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O0yyeHue MmO JJIEKTHUBHOMY Kypcy «PHU3NKO-XHUMHYECKHE METOAbl MCCJIeT0BAHUS
BelIecTB» JOJDKHO o0ecreuuTh (HPOPMUPOBAHHE CUCTEMbI TEOPETHUECKUX 3HAHUU, MPAKTUUYECKUX
YMEHUH U HABBIKOB IPUMEHEHUS BBICOKOUYBCTBUTEIBHBIX M CEJIEKTUBHBIX HMHCTPYMEHTAIbHBIX
MeTOAOB Uil 1enedt (apmanuu. M3ydeHume Kypca MOMKET CIYXXKHTh OJHMM M3 STaloB BBICIIETO
npoeccHoHaIbHOTO U TIOCIIEBY30BCKOTO  00pa3oBaHUsl  JUIsl  KaTeropuii  o0y4yaemblX,
CTIELUANTM3UPYIOUINXCS B 00J1IacTH (hapMalleBTUYECKOW M TOKCUKOJIOTUYECKON XMMUU U TEXHOJIOTUU
JIEKApCTB.

B mHacrosmee Bpems B 00uxon (apMaleBTUYECKOrOo aHalli3a BOILIM MHOTHE (U3HUKO-
XUMHUYECKHE METOJbl, OOECHeuMBAIOIINE MOJyYeHUE YHHUKaIbHOW HHGOpPMAIMU U MO3BOJIAIONINE
pealn30BbIBaTh BBICOKHE COBpPEMEHHBIE TpPeOOBaHUS K KadecTBY, TJyOMHE M JManma3oHy aHaiu3a
JICKQpPCTBEHHBIX BEIIECTB, OOJBIIMHCTBO W3 KOTOPBIX SBIAIOTCS OPraHMYECKUMH COCIHMHEHUSMH.
DUBHKO-XUMHUUYECKHE METOJBl — BBICOKOA(h(EKTUBHAS KUAKOCTHass xpomarorpadus (BOXKX), YO,
HK-, AMP-cniekTpockomnus 1 Macc-ClIeKTPOMETPHUs — IPUOOPEIH pellatollee 3HaUeHUe IpU U3yUEHUH
COCTaBa, CTPOCHMS, CBOMCTB M MPEBPALLEHUN JIEKAPCTBEHHBIX CPEJICTB HA BCEX ATamax OT CO3JaHus U
pa3paboTKK IpenapaToB A0 MX MPUMEHEHHUS B JICKapCTBEHHOH Tepanuu. CodeTaHue MepeYrcIeHHbBIX
METO/IOB IO3BOJIAECT YCIEIIHO PELIaTh 33Jlayd pa3/esieHUus CI0KHBIX MHOTOKOMIIOHEHTHBIM CMeceH,
ONpeAeATh HUX KAueCTBEHHBIH U KOJMYECTBEHHbIM COCTaB, a TakKe MPHUPOAY OTAEIbHBIX
KOMITOHEHTOB, B TOM YHCJIE i B OMOJIOTUYECKUX OOBEKTaX.

[lepBoHayaIbHBIE CBEACHUS O (PU3UKO-XUMHUECKUX METOAaX MUCCIIEIOBAHUS BEIIECTB BKIIOYCHBI
B IpOrpaMMy, OJHAKO JUIsi 3HAUMUTEIbHOM YacCTH CTYACHTOB, HHTEpECylIuxcs Oynyen
poeCCHOHATILHON IEATEIIEHOCTHIO, OOJIBIION MHTEpEC MpEeACTaBIIeT Ooyiee IeTaIbHOE 3HAKOMCTBO
C YCTPONCTBOM W NpPHUHLMIIAMU DPAOOTHI MPUOOPOB, MPAKTUKON SKCIEPUMEHTa, WHTEpIIpeTaluen
[IOJIy4a€MbIX JAHHBIX. YJOBJIETBOPUTHh TAaKOW HMHTEPEC W IPU3BAH DJIEKTUBHBIM Kypc «DH3UKO-
XUMUYECKHE METOAbl HCCIEJOBAaHUS BEIIECTB». B 53JIEKTUBE CKOHLIEHTPUPOBAHbI COBPEMEHHBIE
MOJIXOABl K aHalM3y HCCIEAYyeMbIX BEIIECTB, B TOM YHCJE JIEKAPCTBEHHBIX CPEACTB Ha 0ase
BBICOKOpa3pemaumx (Gpusnko-xuMmudeckux MetonoB. Coaep)kaHUE TAHHOTO SJEKTUBHOTO Kypca
BKJIIOUAET U3YUYEHUE COBPEMEHHBIX (PU3UKO-XHUMUYECKHX METO/I0B, KOTOPBIE IUPOKO UCIIOIB3YIOTCS B
(dapMalnieBTUUECKOM aHalM3e — B  HAy4yHO-HCCIeI0BaTelbCcKOM paboTe, B  MPOU3BOJACTBE
JIEKapCTBEHHBIX CPE/ICTB, B (hapMaKONEeHHOM aHaIU3e.

Beenenue

OreHka KadecTBa JIIOOBIX M3JENUN U MaTepuaioB ¢ nHpopMmanuendn 06oux (GpU3NKO-XUMHUUECKUX
CBOMCTBAaX U XUMHUYECKOM cocTaBse. [1o7 (prU3nKO-XUMUYECKUMH CBOMCTBAMU OOBEKTOB MCCIEA0BAHUN
MOHUMAIOT Te (U3NYECKHE CBOMCTBA, KOTOpBIE OMNPEAEISIOTCS OCOOEHHOCTIMH HX XHUMHYECKOTO
cocraBa. [loaTomy B onpe/ieieHnn cocTaBa U OLIEHKE KaueCTBa aHAIN3UPYEMbIX BEIIECTB BCE OOJIbIlEe
MECTO 3aHMMaeT U3MEpPEHHE UX (PU3NKO-XUMHUUECKUX CBOMCTB.

B 3aBucumocTH OT HCClENyeMbIX CBOWCTB pa3MyaloT ClEAyIoIlde TIpynnsl (pusuko-
XUMHUYECKUX METOJOB aHAJIM3a!

a) OnTuyeckue, OCHOBaHHBIE HA U3MEPEHUU ONTUYECKUX CBOMCTB CUCTEM:

®otometpus (POTOKOIOPUMETPUS U CIIEKTPOHOTOMEPHS);

Pedpakromerpusi;

[Honspumerpus;

dnyopumerpus;

Crnekrpomerpusi;

0) DieKTpOoXUMHYECKHE, OCHOBAHHBIC Ha H3MEPCHUH JIEKTPOXUMHUUYCCKUX CBOUCTB CHCTEM:

IToTrenunomerpus;

[Tonsaporpadus;

Konnykromerpus;

DIIeKTpOaHaIu3;

B)COpOLMOHHO-)KCTPAKIIMOHHBIE, OCHOBAaHHBIE HA  pAa3IMYHOW  COPOMPYEMOCTH U
JKCTPArupyeMOCTH KOMIIOHEHTOB XapaKTEPU3yEMbIX CUCTEM:

Xpomarorpadus;

Honnslii oOMeH;

DKCTpaKIHUA.



CymecTByeT psii METOAOB aHajiN3a, OCHOBAHHBIX HAa M3MEPEHHMH JPYTUX HHIWBUIYaTbHBIX
(hU3MUECKUX CBOWCTB BEIIECTB, TAKHE KaK:

Macc-cniektpomMeTpusi (M3MepSeTCs Macca MOJIEKY);

Kanopumerpus (u3mepsieTcs ynenbHbIi TemnoBoi 3¢ dekr);

Paguoxumus (u3mepser paIuoakTUBHOCTD);

(OIIP) DnekTpOoHHBIN TapaMarHUTHBIA PE30HAHC (M3MEPSAETCS YUCIIO CBOOOIHBIX PaIUKAIIOB);

(JIMP) SlnepHblii MarHUTHBIA pe30HAHC (OMpPEAEIACTCS CTPOSCHHUE MOJIEKYJ, Ka4YeCTBEHHBIN U
KOJIMYECTBEHHBIN COCTaB cMeceil);

Otu  MetoAbsl TpeOyIT MNPUMEHEHHsS] YHHKAIbHOTO JOPOrOCTOSIIIEr0 H3MEPUTENbHOTO
000pyIOBaHUs, UTO HE BCET/IA ABIISETCS IKOHOMUYECKH OOOCHOBAHHO.

OU3NKO-XUMUYECKUE METOJbI 110 CPABHEHUIO C KJIACCUYECKUMM (XMMUYECKMMM) OTJIMYAKOTCS
MOBBIIEHHOW YYBCTBUTEIBHOCTBIO M HM30MpATENbHOCTHIO, TPEeOYIOT HE3HAUYUTEIBHOE KOJIHYECTBO
aHATM3UPYEMbIX MaTepuajoB. Bo MHOrMX ciyyasix 37e€Ch OTNaaeT HEOOXOIUMOCTh BBIICICHUS
OTpe/ieNIIeMbIX KOMIIOHEHTOB W3 aHAIM3HPYEMbIX MaTepHalioB, a HAa BeCh XOJ aHaiM3a HHOTIa
TpeOyeTcsi BCEro JIMIIb HECKOJBKO MHHYT. [loaTOMy (M3HKO-XMMHUYECKHH KOHTPOJIb MO3BOJISET
ObICTPO coOpaTh HEOOXOAMMYIO0 MHGOPMAIUIO ISl OLEHKH KadecTBa pazHOooOpa3HbIX ToBapoB. OH
MO3BOJISIET OMPEICTUTh YPOBEHb YUCTOTHI BEHIECTB, HAIMUKE U BUJ NpuMecei. ODU3NKO-XUMHUYECKUMA
KOHTPOJIb HAXOJAUT MIPUMEHEHHUE MPU XaPAKTEPUCTHKE MOJIE3HBIX MCKOMAEMbIX, MTUIIEBBIX MPOIYKTOB,
a TaKKe MaTepUaJIOB TEXHUUYECKOIO HA3HAYCHUS U TPOUCXOXKACHHUS.



Tema: TEOPETUYECKHUE OCHOBBI KOJIMYECTBEHHOI'O AHAJIN3A.
METOAUKA NTPUT'OTOBJIEHUSA PABOYEI'O U CTAHAAPTHOI'O PACTBOPOB JJIAA
TUTPUMETPUYECKOI'O AHAJIM3A

He.ﬂb 3aHATHUSA. Z[I/Ial"HOCTI/IKa MHO’KecTBa 3a00jieBaHHI OCHOBaHAa Ha CpaBHCHHHU PE3YJIbTATOB
aHaInu3a OJis1 JaHHOI'O OO0JILHOIO C HOPMAJIbHBIX COACPKAHUCM ONPCACICHHBIX KOMIIOHCHTOB B KPOBH,
MOYE, XKCIYAOYHOM COKEC, OPYrux XHUIAKOCTAX W TKaHIAX OpraHu3Ma. HOBTOMy MCIHULMHCKHUM
paGOTHI/IKaM HaaO 3HaTb OCHOBHBIC MPUHOUIIBI W MCTOIbI aHAJUTUYECKON XHMHHU. I/ISYLII/ITB
TEOPETUICCKHNE OCHOBBLI METO/JIA. HayLII/ITBCSI HaXOAUTh 5KBHBAJICHTBI OKUCIIUTCIIA U BOCCTAHOBUTECIIA.
3aerHI/ITB HAaBBIKK IIPUI'OTOBJICHHUA PaCTBOPOB TOYHO H3BECTHOM KOHLCHTpPAIUH. HayLII/ITBCﬂ
TUTPOBATH PaCTBOPLI, HC NPUMCHAA UHAUKATOPHI IJIA OIIPCACICHUA TOUYKU SKBUBAJICHTHOCTH.

Heab 1eITeILHOCTH CTY/I€HTOB HA 3aHATHHU

Cmyoenm 0onicen 3Hamy:

a) Knaccudukanuro MeTo10B aHAIN3A.

0) Buibl KOJTMUECTBEHHBIX METO/IOB aHAJIM3A.

B) [IpenMytiiecTBa U HEOCTATKU THTPUMETPUICCKOTO METO/Ia aHAIH3A.
r) OU3UKO-XMMUYCCKHE METO/IbI aHAIH3A.

Cmyoenm Oondicen ymemn:

a) [lonb3oBarbcss MepHOW moOCyAOW W ApyruM  OOOpYyAOBaHHMEM JUlId  IPOBEIEHUS
TUTPUMETPUYECKOIO aHAJIN3A.

6) ['0TOBUTH pacTBOPHI C TOYHO U3BECTHOM KOHIICHTPALIUEH.

B) Onpenenars KOHIEHTPALUU pAaCTBOPOB METOIOM IIPSIMOIO M 0OPaTHOTO TUTPOBAHMS, @ TAK XKe
TUTPOBAHUEM METOJIOM 3aMELICHUS.

r) B3BemmBare Ha TEXHOXMMHYECKHX BecaX, Ha AHAJIUTHYECKUX BECAX W IPHUTOTABIMBATH
3aJlaHHBIE CTaHAaPTHBIE PACTBOPHI.

Teopernyeckas 4acTb

KonuuecTBeHHBIN aHaNM3 TMpeAHa3HAYEH MJis OINPEJCICHHUS] KOJIMYECTBEHHBIX COOTHOLIECHUMN
COCTaBHBIX YacTe wuccieayeMoro BemiecTBa. KoMW4YecTBEHHBIM aHAIM3 JaeT BO3MOXHOCTh
YCTAaHOBUTh KOJIMYECTBEHHBIN 3JIEMEHTHBIM WJIM MOJEKYJSIPHBIA COCTaB aHAJIM3UPYEMOIO BEIECTBa
WJTU COJIepKaHUE OT/IETbHBIX €r0 KOMIIOHEHTOB.

KonuyecTBeHHBII aHAIHU3 — COBOKYITHOCTh XUMHUECKUX, (PU3NUECKUX U (PU3UKO-XUMUYECKUX
METOJIOB HCCIIEIOBAHUSA, TIO3BOJSIOMIMX C TpeOyeMoil TOYHOCTBIO ONpENeNuTh B 00pasie
AHAIM3UPYEMOIr0 BEIIECTBAa KOJMYECTBEHHOE COJIEP)KAHUE OTAENIbHBIX COCTABHBIX YacTed WU
KOHIIGHTPAIUI0 MX B PACTBOpPE, a TAKXKE YCTAHABIMBATH COJACp)KAHWE IMPUMECEH B HUCCIEAYEMOM
TEXHUYECKOM OOBEKTE.

OCHOBOMOJIOKHUKOM COBPEMEHHOTO KOJIMYECTBEHHOro aHaim3a sBisercs M.B. JlomoHOCOB,
MOJIOKUBILIUKA HAYaJI0 CUCTEMATUYECKOMY MPUMEHEHHUIO BECOB MPU XUMHUYECKUX HCClIeJOBaHUAX. B
1756 r. M.B. JIoMOHOCOB 3KCHE€pUMEHTAIbHBIM MyTEM JI0Ka3ajl cHOpMYIMPOBAaHHBIA UM €lIe paHee
(1748 r.) 3aK0H cOXpaHEHHS MACChI BEIIECTBA, SIBISIONINIICS OCHOBON KOJIMYECTBEHHOTO aHAIM3A.

Bce meTonmpl KOTMYECTBEHHOTO aHajiu3a B 3aBUCUMOCTH OT XapaKTepa SKCIEPUMEHTAIbHOU
TEXHUKU, TPUMEHSAEMOM NI KOHEYHOTO ONpPENENIEHUs COCTaBHBIX YacTel aHaTU3HPYyeMOro BEIIECTBA
WM CMECH BEIIECTB, NIENATCA Ha TPH TPYIIBL: Xumuueckue, Quauyeckue W @QuU3UKO-XUMUUECKUe
(uncmpymenmanvhvie) memoowt ananuza.

K xumuueckum METOJdaM aHAJIN3Aa OTHOCATCA:

1. T'paBumerpuyeckuii (BecoBoOii) aHAJM3 — OCHOBAaH HAa TOYHOM HW3MEPEHUU MacCChI
OTIpe/IeIIEMOTr0 BEIIECTBA UM €r0 COCTaBHBIX YaCTeH, BBIIEISIEMbIX B XUMHUUECKU YUCTOM COCTOSIHUU
WU B BUJE 0CaJKa TOYHO M3BECTHOTO MOCTOSHHOI'O COCTaBa, B KOTOPOM COJIEPKHUTCS ONpeaesieMoe
coenuHenne wiu uwoH. Hanpumep, onpenenenrie HCl no konmvectBy Boigenuiierocs ocaaka AgCI



OTHOCHUTCSI K TPaBUMETPUUYCCKOMY METOJIy aHajau3a. Maccy Mojy4aeMoro ocajka ONpPeIeisioT Mpu
IIOMOIIM aHAITUTUYECKUX BECOB.

I'paBuMeTpHUYCCKHI METOJI BKIIFOUACT OIEpallMi — B3BCIIHMBAaHHE, OCAXIACHHE, (QUIBTPOBAHUE,
MIPOMBIBAaHUE OCAJIKa, BRICYIITUBAHUE, IOBTOPHOE B3BEIIMBAHHE.

JlnutenbHOCTh onepanuii oT 2 10 24 yacoB. Tounocts — 0,01-0,005%

2. Turpumerpuuyeckuii (00beMHBII) aHAIM3 — OCHOBaH Ha W3MEPECHMH O0BEMa pacTBOpa
peaKTUBa TOYHO U3BECTHOW KOHIIEHTPAIIMH, U3PACXOJOBAHHOTO HA PEAKIUIO C JIAHHBIM KOJMYECTBOM
ompezeasieMoro BeriecTBa. Hampumep, ompenenenue coaepkanuss HCl B xmopucToBomopoaHOi
kucnore mo oobemy pactBopa AGNO;3; TOYHO M3BECTHOM KOHIICHTpAIUH, IMOIIEIIEMY Ha PEaKIUIO
obpazoBanust AgCl, oTHOCHTCS K 00BEMHOMY METO/y aHAIIN3A.

JIMMTEeNbHOCTh — OT HeCKOJIBKUX MUHYT J10 1 waca. Tounocts — 0,1-0,05%.

HenocraTku XMMHYeCKHX METOI0B aHAJIHM3A:

1. HenocTaTO4HO 4yBCTBHUTENBHBI JUIsl ONpPEAEICHUS HEKOTOPBIX NpUMEcEH B HCCIIETyEMbIX
MaTepuanax.

2. I'paBUMETpUYECKHE OIPEICICHUS] CIMIIKOM JUIUTENbHBI, a TUTPUMETPUYECKHE HMEIOT
OrpaHUYEHHYIO 00JIaCTh IPUMEHEHUS.

3. CpaBHHMTENBHO Majasi WX YyBCTBUTEJIBHOCTh, HECMOTPS HAa OTHOCHUTEIHHO OOJBIIYIO
TOYHOCTb OIIPENEICHUN.

MeToapl KOJIMYECTBEHHOTO aHalK3a, IO3BOJISIONIUE OMNPEACIUTh COCTaB aHAIU3HPYEMOTO
BELIECTBA, HE MpubOeras K MCIOIb30BAHUI XHUMHUYECKUX PEaKIHi, Ha3bIBalOT (PU3MYEeCKHUMH
Merogamu aHajam3a. [Ipu wucnonp3oBaHUM (QU3NYECKHMX METOJIOB Ui OMNpENCNICHUsS COCTaBa
AQHATM3UPYEMOTO BEIIECTBA OKA3bIBACTCS JOCTATOYHBIM H3MEPUTH IOKA3aTeN  KaKHUX-JIH00
(bu3MYECKUX CBOWMCTB, HATpUMep KOAPOUIIUEHT JIydenpeToOMIICHHUS, JJIEKTPO- WU TEIUIONPOBOJAHOCTD,
Pa3HOCTh MOTEHLIMAJIOB AJIEKTPOAOB M T.I. Tak, ONpeAenuB IUIOTHOCTh PACTBOpAa KUCIOTHI WIIU
IIEJI0YH, MO’KHO HaWTH MO COOTBETCTBYIOIIUM CIIPABOYHBIM Ta0JIMIIaM MPOLIEHTHOE COJIEpKaHUEe UX B
JTAHHOM PacTBOPE.

Mertoapl aHanu3a, OCHOBaHHbIE Ha HAONIOJEHHMM M3MEHEHMH (U3MUeCKUX CBOMCTB
aHAJIM3UPYEMON CHUCTEMBbI, NPOUCXOAIINX B pE3yJbTaTe OINpEAENEeHHBIX XHMHUYECKUX pPEaKIHil,
Ha3bIBAIOT (PU3MKO-XMMHMYECKHMMH MeToAaMu. JlJI1 KOJIMYECTBEHHOIO aHAIW3a BELIECTBA MOYKHO
HCIOJIb30BaTh TAaK)KE€ XUMHUYECKHE pEeaKIMM, MPOTEKAHHE KOTOPHIX COMPOBOXKIAETCS H3MEHEHHEM
($U3MYECKUX CBOMCTB aHAIM3UPYEMOT0 PACTBOpA, HAIIPUMEP U3MEHEHUEM €ro 1[BeTa, HHTEHCUBHOCTHU
OKpPACKH, 3JIEKTPOIPOBOJHOCTU U T.N. M3Mepss 31MeKTPONpPOBOJHOCTh KaKOT0-IHOO 3IIEKTPOJIUTA,
U3MEHSIOIIYIOCS B pEe3ylbTaTe B3aUMOACUCTBHUS €ro C JIPYI'MM BELIECTBOM, MOYKHO OIPEIEIHUTH
KOJMYECTBO JTOr0 BellecTBa B pacTtBope. Hampumep, 371eKTpONpoOBOIHOCTb OapUTOBOM BOJBI
U3MEHSIETCA B ITPOLIECCE MOTJIOEHUS €10 ABYOKUCH yriepoaa. Ha 3Tom ocHOBaH MeToz onpeneneHus
CO..

dusznueckue U (QU3MKO-XMMHUYECKHE  METOJbl  aHaju3a  OTIMYAIOTCS  OOJIbIION
YYBCTBUTEIBHOCTBHIO U OBICTPOTON BBITIOJHEHHS AaHAJTUTHUECKUX OIpe/IeIeHHH.

Turpumerpudecknii (00beMHbI) aHAJIN3

TurpuMeTrpuueckuM METOJOM aHalIM3a HAa3blBAIOT METOJ KOJMYECTBEHHOIO aHaJM3a,
OCHOBaHHBIM Ha HM3MEPEHHUU KOJIMYECTBA pEeareHTta, TPEOYIOLIErocs IJis 3aBepIEHUs pPEaKIUH ¢
JAaHHBIM KOJIMYECTBOM ONPEENIIEMOT0 BEIIECTBA.

OCHOBOITOJIO)KHUKOM TUTPUMETPHUYECKOT0 aHanu3a siBisiercs (ppaniry3ckuil yuensid XJI. [eii-
JIroccaxk.

B TuTpumerpumueckoM aHanM3€ HCHOJIB3YIOT TaK Ha3blBaeMble TUTPOBAHHbIE (WM
CTaHJapTHBIE) PACTBOPBI, KOHICHTPALUs, WIH, HHAUY€ TOBOPS, TUTP KOTOPHIX TOYHO M3BECTEH. DTH
PacTBOPBI UMEHYIOT TUTPAHTAMM.

Tutpom pacTBOpa Ha3bIBAETCS Macca BEIECTBA, COAEPIKALIErocs B OJHOM KyOHYecKOM
caHTUMETpe (WM B OJHOM MIJUTHJIMTPE) pacTBopa. EnuHuIa namMepenus tutpa r/em’ (wm r/mo).



[Ipouiecc MOCTENEHHOTO MPWIMBAHUSA PpAcTBOpPA-TUTPAHTAa K PacTBOPY aHAIU3UPYEMOIO
BEIIECTBA HA3bIBAIOT TUTPOBAHHEM.

[Ipn TuTpoBaHUU YNOTPEOISIIOT HE H30BITOK pPEaKTHBAa, a KOJIMYECTBO €ro, XHUMHUYECKU
SKBHUBAJIEHTHOE OIPENEISIEMOMY BELIECTBY, T.€. TOYHO OTBEYAIOIIEE YpaBHEHMIO peakiuu. IloaTomy B
XO0Jle TUTPOBaHHUS HEOOXOAMMO YCTaHOBUTh MOMEHT OKOHYAHHUSl pEaKIUH, WU, KaK TOBOPIT,
OTPEACITUTh TOYKY IKBHUBAJIEHTHOCTH. OOBIYHO €€ YCTaHABIWBAIOT [0 HW3MEHEHHUIO OKPACKU
UHIMKaTOpa (MHOUKATOPHBIM Crmoco0), HO HHOrJa MpUOEralT K H3MEPEHHUI0 AIIEKTPUYECKOU
MIPOBOJMMOCTH WM APYTUX CBOKWCTB pacTBOpa ((HU3HKO-XUMUIECKHE CITOCOOBI).

JIOCTUTHYB TOYKHM SKBHBAJIEHTHOCTH, TUTpPOBaHUE MpekpamarT. [lo 3arpaueHHOMY 00BeMy
TUTPAHTAa M €ro KOHIIEHTPALlMM BBIUUCISIIOT pe3ylbTaT aHanu3a. [Ipenmnonoxum, 4to OmpenessioT
coJiepKaHue TUJIPOKCUA HATpUsl B pacTBOpe. s 3TOro OTMEpUBAIOT B KOHUYECKYIO KOJIOY TOYHBIN
00BbEM aHANIM3UPYEMOrO0 pPAacTBOpa M NPUIUBAIOT K HEMY U3 OIOPETKH TUTPAHT — TUTPOBAHHBIH
pacTBOp XJIOPOBOAOPOAHOH KUCIOTHL. [1o OropeTke ompenernsieM 00bEM pacTBOpa, YMHOXKAEM €ro Ha
TUTP, TOJy4aeM HU3PaCXOJOBAHHOE HA PEAKIMIO KOJIMYECTBO peareHTa B rpaMMax. A 1O ypaBHEHHUIO
MEX/1y BEIIECTBAMHU ONPEEIIieM KOJIMUECTBO BEIIECTBA B UCCIIEYEMOM PACTBODE.

TpeOGoBanus, npeabsB/sieMble K peaKIUsIM B THATPUMETPUYECKOM aHAJIN3e

1. BemectBa, BCTyHaromiye B pEaKIHMIO, JOJDKHBI pearupoBaTb B CTPOTO OINPEAETICHHBIX
KOJIMYECTBEHHBIX COOTHOUIEHUSIX (CTEXMOMETPUYECKUX OTHOIICHUSX );

2. Peakuuu Mexay OIpeaensieMblM BEIIECTBOM M CTaHIAPTHBIM (TUTPOBAHHBIM) PACTBOPOM
peaKTuBa JOJKHBI IPOTEKATh OBICTPO U MPAKTHUYECKU J0 KOHIA;

3. IlocropoHHue BeliecTBa, MPUCYTCTBYIOUIME B HCCIEAYEMOM MPOAYKTE U TEPEXOMAsIIne
BMECTE C OCHOBHBIM OIIPEIENIIEMbIM KOMIIOHEHTOM B pPacTBOp, HE JOJDKHBI MELIaThb TUTPOBAHMIO
ONpEIEIEMOT0 BELIECTBA;

4. Toyka SKBHBAJICHTHOCTH JOJDKHA (PUKCHPOBATHCS TEM HIIM HHBIM CIIOCOOOM PE3KO U TOYHO;

5. Peakuuu 1omKHBI IO BOBMOXKHOCTH MPOTEKATh P KOMHATHOM TeMIlepaType;

6. TurpoBanue HE JODKHO COMPOBOXKIATHCS TOOOYHBIMH PEAKIUSAMH, HNCKAKAIOUIMMU
pe3yJIbTaThl aHAIH3A.

Ilo muny ucnonb3yemuix Xumuieckux peaxyuti METOJIbl TATPUMETPUYECKOTO aHANIN3a Pa3IENIIOT
HA Mpu 2pynnwl:

1. MeToj KUCIOTHO-OCHOBHOTO TUTPOBAaHUS (MJIH HEHTpaTU3allim)

2. MeTopl 0CaIUTEIHFHOTO U KOMIUIEKCOMETPUYECKOTO THTPOBAHHUS

3. MeTopI OKUCIUTENHFHO-BOCCTAHOBUTEIHHOTO TUTPOBAHUS (PEIOKC-METOIbI).

B 3aBUCHMOCTH OT MPHMEHSIEMOTO THTPOBAHHOTO PAcTBOpa Pa3IMYarOT PEIOKCOMETPHUYECKUE
METO/IBIL:

nepmaneanamomempust (TATPAHTOM STOTO METOJA SBJIICTCS MEPMAHTaHAT KaJHsl, UTPAIOIINN B
pEaKusix poJib OKUCIHUTES);

uooomempus (METOJ OCHOBAaH Ha TOM, YTO CBOOOJHBIM HOM BemeT ceOsl B pEeakIusaxX Kak
OKHCJIUTENb, @ NOH |~ — KaKk BOCCTAaHOBHTEIIb);

ouxpomamomempust (B OCHOBE JIS)KAT TPOIECCHI OKUCIICHUS BEIIECTB TUTPOBAHHBIM PacTBOPOM
muxpomara kaius KoCro07);

OpomMaTomMeTpus (MCIOIB3YeT B KauecTBe oKucutTens opomar kanus KBrOs).

Cnoco0bl BBIPAKCHHUA KOHIECHTPAIMHU CTAHIAAPTHBLIX U BCIOMOI'aTeJIbHBIX PaCTBOPOB

MaccoBasi 10J1s1 BEIECTBAa B MPOICHTAX IOKA3bIBACT YHCIO TPAaMMOB (€IMHHII MAacCChl)
BemecTBa, coaepxkaiieecs B 100 T (equHUIl MacChl) pacTBOpa

w=-""6=6a__1000p.

M p—pa
MoJssipHasi KOHIEHTPAaUMsl T[OKAa3bIBA€T YHCIO MOJIEM pacTBOPEHHOIO  BEILECTBA,
coaep:kamuxcs B 1 1 pactBopa



C= Ds—ga_ , MOJIB/JL.
Vp—pa
MousisiibHasi KOHIEHTPAMsl TI0OKa3blBaCT YWCIO MOJIEH PAacTBOPEHHOTO  BEINECTBA,
conepskamuxcs B 1000 r pactBoputens

Cn = n“;“”, MOJIB/KT.
mp—ﬂﬂ
HopMasIbHOCTb HJIM MOJISIPHAsT KOHLICHTPALHS S9KBHBAJICHTA MOKA3bIBACT YHCIIO YKBHBAJICHTOB
PacTBOPEHHOrO BEILIECTBA, COACPIKALIMXCS B | 11 pacTBOpa
c, =
VP*P"
JKBUBAJEHT JJ1eMeHTa Ha3bIBAIOT TAKOC €ro KOJIMYECTBO, KOTOPOE COCAMHsETCS ¢ | MoieM
aTOMOB BOZOPO/Ia MIIH 3aMEILAeT TO XKe KOJINYECTBO AaTOMOB BOAOPO/(a B XUMUYECKHX PEAKIIHSX.
3aKoH JKBHBAJIEHTOB: BCIIECTBA B3aMMOACHCTBYIOT APYr C OPYyrOM B KOJIMYECTBax,
IPOOPIMOHATBHBIX HX IKBUBAICHTAM.
Macca BemecTBa B IpaMMax, YHCICHHO paBHas €ro OSKBUBAJICHTY, HA3bIBACTCS IPaMM-
SKBHUBAJICHTOM U 0003HAYACTCS I-IKB.
['paMM-OKBUBAIIEHT KHCIOT OIPEJENSETCS KOJIMYECTBOM HOHOB Bojopoga H', koropbie
IPUHUMAIOT Y4aCTHE B TaHHOW PEaKIuu

M B _ .. _
IH,s0, =?=49, 1 r-skB =49 r.

3K—mbl = )
OCHOBHOCHIb

['paMM-3KBUBAJIEHT OCHOBaHMii OymeT onpenenstbess umcioM OH -MOHOB, KOTOpbIE
npopearupyior ¢ nonamu H'
M _ 74
3Ca(OH)2 = ? = 37 .

rou. = )
eanenmmnocmv Me

HpI/I BBIYUCJICHUN I'PAaMM-3KBUBAJICHTOB coleit YUUTBIBAIOT YU CJIO MOHOB METaJlJia U CTCIICHBL €Ir0
OKHCJICHUA

M 342
JAlx(s04)3 =35, = 97

96‘0]1” = ;
eéan — mo Me x uucno amomoe Me

['-5KB HE TOCTOSIHHOE YHMCIIO, 3aBUCUT OT PEaKIUU, B KOTOPOW y4acTBYET BEIIECTBO.

IIepexo OT HOPMaAIBHOCTH K TUTPY:

_N-3, T Mg_ga
1000 Vp—pa

r7ie Mg — HABECKA PACTBOPEHHOT'O BEILIECTBA, T}

V — 00beM pacTBOpa, MIT;

9 — HKBUBAJIEHTHAsl Macca PaCTBOPEHHOIO BEIIECTBA.

N -  KOHIEHTpamusi  pacTBOpa,  BBIpAXEHHas B  CIWHUIAX  HOPMAIBHOCTH,

I-3KB/J;
T — tutp pactBopa, I/MIIL.

HopmansHocTs pacTBopa N TOKa3bIBaeT, CKOJBKO IPaMM-IKBHBAJICHTOB BEIIECTBA COJEPIKUTCS
B | 11 pacTBOpA.
[Tpu ompeneneHny KOHIICHTPALMU PACTBOPA BBIYHCICHHS TPOU3BOISAT, UCXOMAS U3 TTOJIOKEHUS,
YTO B TOYKE SKBHBAJEHTHOCTH MPOM3BEACHUS OOBEMOB (B MJI) pearupyrollux pacTBOPOB Ha HX
HOPMAJILHOCTH PaBHBI:
NiVq = NaVy
JIpyruMH CIIOBaMH, B TOUKE SKBHBAJICHTHOCTH 00BEMBI ITPOPEArMPOBABIINX PACTBOPOB PEAKTHUBA
U OIIPEJEIIIEMOr0 BEIeCTBa 0OPAaTHO MPONOPLUOHAIBHBI UX HOPMAJIBHOCTSIM:
Ny _ Np
Vo, Vg



3T0 npaBUIIO HA3bIBAIOT MPABUIIOM MIPOMOPLHUOHATEHOCTH.

Buabl CTAaHAAPTHLIX PaCTBOPOB U CIoOCO0bI HX MPUTOTOBJICHUSA

Pa3nuyaror nepeuunsie i émopuuHble CTaHIAPTHBIC PAacTBOPHI. Bce BO3ZMOMKHBIE CIIOCOOBI MX
MIPUTOTOBIICHHSI TPEIICTABIICHBI HIDKE.

CrangapTHbie pacTBOPbI

1) nepsuunsie (npucomosnennvie):

-M3 CTAH/IaPTHOTO UCXOAHOTO BEIIECTBA
-u3 (puKcaHanza

2) emopuunble (ycmanosieHuvie):
-M3 KPUCTAJUTMYECKOTO BEIIECTBA
-u3 0oJiee KOHIICHTPUPOBAHHOTO PacTBOPa

Ilepsuunvlii cmanoapmuwlii pacmeop MOXKHO TPUTOTOBUTH Cpa3y C TOYHO H3BECTHOU
KOHIICHTpalle! U HE CTaHAapTU3UPOBATD.

Cnocoo6vt npuzomoenenus nepeuUYHbIX CMAHOAPMHBIX PACHIEOPOE:.

1. U3 xkpucmannuyeckoeo cmanoapmuozo eeujecmea (YCTAaHOBOYHOTO BELIECTBA, HCXOJHOTO
BEIIECTBA, IMEPBUYHOIO CTaHIApTa). B3BEHIMBAIOT HA aHAIUMUYECKUX BECAX MOYHYI0 HABECKY
CManoapmuo2o BEUIECTBA, NEPEHOCAT B MepHYIO KOa0Oy, PAaCTBOPSIOT B JUCTHJUIMPOBAHHOW BOJE,
3aTeM JIOBOJISIT JI0 METKH.

Opuenmuposoynylo Maccy HaBECKH BELIECTBA JUISl IPUTOTOBJIEHHS PACTBOPA PACCUUTHIBAIOT IO
bopmyie:

m(A)=C(1/z A) -V(A) - M(1/z A)

[Tocme B3sATHS HaBECKM M €€ pACTBOPEHUS B MEPHON KOJIOE pPacCUUTHIBAIOT TOUYHYIO
KOHIEHTPALMIO IPUTOTOBJIEHHOT'O pacTBopa 1o Gpopmyie:

C(1/z A) = m(A) / M(1/z A) *V(A)

Hanpumep, Hago mpuroroButs 100 ma 0,1 H. NayB,O7 (faKB = 1/2) U3 KPUCTAIUTUYECKOTO
npemapata NayB407 - 10H,0. Paccunrtanu opueHTHPOBOYHYIO MAcCy HAaBECKH:

m (NazB407 : IOHQO) = C(1/2 NazB407) . V(1/2 NazB407) . M(l/Z Na,B4O7 - 10H,O = 0,1'
0,1-190,686 =1,9069 r

3aTeM HpOBeHI/I B3JTHC HABCCKHU HA AaHAJIUTUYCCKUX BECaAX.
m (NazB4O- - 10H,0) = 1,9371 1,

MepeHecan ee B MepHyl KonlOy BMectumocThio 100,0 M, pacTBOpUIM U JOBENH
JTUCTUJUTMPOBAHHOMN BOJIOM 0 METKH. PaccunTaeM TOYHYIO KOHIIEHTPAIHMIO MOTYYEHHOTO MTEPBUYHOTO
CTaHIApTHOI'O pacTBOpa:

C(1/2 NaB4O7)=1,9371/190,686 - 0,1 =0,1016 mon/1.

Kpucramimueckoe BemecTBO I TPUTOTOBIEHUS IEPBUYHOIO CTAaHAAPTHOIO PACTBOPA JIOKHO
COOTBETCTBOBAThH pANy mpebosanuii (cM. nanpiie). Ecnu B3ATh BEIIECTBO, YIOBIETBOPSIOIIEE 3TUM
TpeOOBAHUAM, B3BECUTh €r0 Ha aHAJMTUYECKHX BECAaX M PACTBOPUTH B MEPHOM Koibe, TO MOJyduTCs
IIEPBUYHBIN CTAHIAPTHBIN pacTBOP.



2. U3 puxcanana (cmanoapm-mumpa).
[Tockonbky wame Bcero B ammyie coxepxkutcs 0,1 Moib-3KB

BEIIECTBA, TO KOHIICHTPALMIO CTAaHAAPTHOTO PACTBOPA, MPUTOTOBIEHHOTO
n3 puKcaHajia B MEpHOU K0JIO€ BMECTUMOCTHIO V, HaxoasT o hopmyie:

C(l/izA) =n (LzA)/ V(A) = 0.1/ V(A)

dukcanan - 3anasiHHas amITyJia, B KOTOPOH HAXOAWUTCS TOYHO M3BECTHOE KOJIMYECTBO BEIIECTBA
unu pactopa (0,1H.).

ConepxuMoe aMmysbl KOJIMYECTBEHHO NEPEBOASAT B MEPHYIO KOJIOy 3alaHHOTO o0bema,
pa3duBas aMIyiTy O BJIOXXCHHBIH B BOPOHKY OOEK, BTOPBHIM OOMKOM pa30MBaIOT BepXHEe yriayOlieHUe
aMITyJIbl, C TOMOUIBIO TPOMBIBAJIKM Y€Pe3 OTBEPCTHE TIIATEIBHO MTPOMBIBAIOT aMITy.Ty. J{iis mpoMBIBKH
pEKOMEHyeTCs HE MEeHee, 4YeM 6-KpaTHbBI 00beM BOJBI (IO CPABHEHUIO C BMECTUMOCTBIO aMITYJIbI).
PacTBop HOBOJAT 0 METKH JUCTHIUIMPOBAHHOW BOJIOW M mepeMemnBaroT. V3 gukcanama roroBar Kak
CTaHJIaPTHBIC, TAK U pabOUYUe PaCTBOPHI. DTO OBICTPBIA U JOCTATOYHO TOYHBIN CIIOCOO MPUTOTOBIICHUS
TUTPOBAaHHBIX PACTBOPOB, T.€. PACTBOPOB C TOYHO M3BECTHOM KOHLIEHTPALIUEH.

Bmopuunstii cmanoapmmuulii pacmeop TOTOBST B JIBa dTarla.

1. T'oTOBAT pacTBOp C npumepHo W3BECTHON KOHIEHTpalMed M3 KPUCTAUTMYECKOTO BEIIeCTBa
WK u3 0ojee KOHLUEHTPUPOBAHHOIO PacTBOpA, WUCIOJNIB3YS mexHuueckue BEChl U MEPHYIO MOCyay C
OpUEHMUPOBOUHBIMU NIETIEHUSIMU (MEpHBIE LIMIIMHPHI, CTAKaHbI C JEICHUSIMH).

2. OnpenensoT €ro moyHyro KOHIEHTPAlUio (CTaHAAPTH3UPYIOT) IIyTeM THUTPOBAHHUS
MEPBUYHOTO CTaHAAPTHOI'O PacTBOPA.

Hanpumep, padouune pactBopsl HCl 1 NaOH M0>XHO IPUTOTOBUTH KaK 6mopuuHsie CaHOapmol
nyTeM paz0aBiieHusi Oosiee KOHIIEHTPUPOBAHHBIX PACTBOPOB C MOCIEAYIOLIEH cTaHAapTU3alued 1o
NepeUYHbLIM  CMAaHOapmubim  pacmeopam Terpabopara Hatpus NapB,O; - 10H,O wm maBeneroii
kucinotel HoCoO4 - 2H,0.

KoHIeHTpaluio pacTBOPOB YCTAHOBOUHBIX BEIIECTB 3aJ1al0T OJU3KOI K KOHIIEHTpaluu pabounx
pacTBOpPOB.

TpeOoBaHNsI K YCTAHOBOYHOMY BeLIECTBY
Kpucrannuueckoe BEIecTBO UIsl IPUTOTOBIEHHS IEPBUYHOIO CTAHJAPTHOTO PacTBOpa JOJIKHO
COOTBETCTBOBATb PSAAY Mpebo8aHUlL.
— COCTaB BEIIECTBA JIOJKEH CTPOT0 COOTBETCTBOBATH €r0 (JOPMYIIE;
— BEMIECTBO JOJDKHO OBITh YCTOMYMBO Ha BO3AyXe (HE JOJDKHO OKHCIATHCS, moriomarh COo,
H>0) npu XxpaHeHnun B TBEpIOM COCTOSIHUM M B pacTBope. Hampumep, M3 KpHCTaNIMUECKOTO
npenapata NaOH HEBO3MOXHO NPUTOTOBUTH IEPBUYHBIA CTaHAAPTHBIA pPacTBOp, MOCKOJBKY Ha

BO3YyXC IMPOTCKACT pCAKIIUA:
2NaOH + CO; — Na,CO; + H,O

[Ipm XpaHEeHWUH pPacTBOPOB, cojepkammx coeaunHeHus jxene3a (II), pacTBopoB woamIOB
METAJIJIOB MPOUCXOAUT OKUCIIEHUE UX KUCIOPOJIOM BO3IyXa:
Fe** + 0, — Fe’"
"+ 02 — Iy
— BEIIIECTBO JIOJKHO OBITh XOPOIIO PACTBOPHMBIM, HEJIETYYHM, JKEIaTeIbHO 0€3BOIHBIM;
— BEIIECTBO JIOJIKHO OBITh YMCTHIM (KBATH(DUKALIUK HE HIDKE «X. 4.» WIH 4. JI. ay).



Buumanue! BemectBa kBamuuKaUU «TE€X.» W «4.» B AHAIATUYECKOW XUMHUU HE
HCIIONB3YIOTCS;

— BEIIECTBO JIOJDKHO JIETKO OYHUIIATHCS OT MPUMECeH MepeKprCTaUIN3aIlueH;

— BENIECTBO JIOJDKHO HMMETh OOJIBIIYI0O MOJISIPHYIEO MacCy ASKBHBAJIeHTa (TOTJa OMIMOKa TpU
B3STHH HAaBECKU OYJET MEHBIIIE);

— BEIIECTBO JIOJDKHO OBITh TOCTYITHBIM U HEIOPOTHM.

IMox cmanoapmuszayueti pacmeopa THUTPAaHTA HMEIOT B BHIY YCTAaHOBICHHE €r0 TOYHOM
KOHIICHTPAllUd C OTHOCUTEIBHOM TOTPEIIHOCThI0, O0ObIYHO He mpeBbimaromeid +0,1 %. Bwicokas
TOYHOCTh, C KOTOPOM OINPEACNATCS KOHIEHTpAIMs TUTPaHTa, SIBISETCS 00s3aTeIbHBIM YCIOBUEM,
00ecreunBarOIUM HEOOXOIUMYI0 TOYHOCTh THTPUMETPUUICCKOTO ONPEICIICHHUS.

BaxxHol XapaKTepUCTUKOW THUTPUMETPHUUYECKUX METOOB SIBIAIOTCS Kpusvle mumposarnus. OHU
MOKA3bIBAIOT TIpaHUUecKyr0 3aBUCHUMOCTh Jorapudma KOHIICHTPAIMM yYaCTHHKA PEaKIUH,
MPOTEKAIOMIeH NpU THUTPOBAHWU, WIM KAaKOro-TO CBOMCTBA pacTBOpa OT oObema JA00aBIECHHOTO
TUTpaHTa (WIX OT CTENEHW OTTUTPOBAHHOCTH). Hampumep, st peakimuu KHUCIOTHO-OCHOBHOTO
B3aUMOJICHCTBHUS KPUBBIC TUTPOBAHUS CTPOAT B KoopauHaTax pH-00beM TUTpOBaHUS.

ITo cioco0y TUTPOBaHMS Pa3IHYAIOT:
1. Meron npamoco mumposanus — OnpelnensieMblii HOH TUTPYIOT PAaCTBOPOM peareHTa WU
Ha000pOT. TUMTMYHBIM IPUMEPOM MPSIMOTO TUTPOBAHUS SBJISETCS TUTPOBAHUE MIEIOUN KUCIOTOM.

2. Merox 3amewenus — KOT[a TPYAHO OMPEACIIUTh TOUKY SKBUBAJIEHTHOCTH, HAIIPUMEp, MPU
paboTe ¢ HEYCTOMUMBBIM BEHIECTBOM. B 3TOM MeToae K OmpenesieHHOMY BEIIECTBY JO0ABIISIOT
CHEIHANbHBI peareHT, BCTYMAIUid ¢ HUM B peakuuio. OOUH U3 MPOAYKTOB B3aUMOJICHCTBUS
OTTUTPOBBIBAETCA PabOYUM pacTBOpoM. Hampumep, eciu XOTUM ONpeAeIHTh cr?*:

cret + Fedt > crdt + Fe?t
u3o

F62+OTTI/ITpOBBIBaeM OKHUCJIUTEISIMU, €ro COJIEp)KaHUE DKBUBAJIECHTHO cr?, orpezaenseM
HCXOJHOE COJIepiKaHue cr?,

3. Meron obpamnoco mumposanusi (TUTPOBaHUE nO OCMAMKY) — TPUMEHSIOT, KOTJa Mala
CKOPOCTh MPSIMOM PEaKIMH, OTCYTCTBYET MOAXOMASIIMNA HHIMKATOP WJIM NPU NPSIMOM TUTPOBAHUU
BO3MOXXHBI TOTEPU OIPEISISIEMOT0 BEIIeCTBA, HApPUMEpP, BCICIACTBUE €ro JIeTydecTH. B meromax
0bpamno20 Mmumposanus — WCHONB3YETCs JBa TUTPOBAHHBIX pPabOYMX pacTBOpa — OCHOBHOW H
BcrioMorarenbHbld. CHavalla K aHaJTM3UPYEMOMY PacTBOPY J00ABISIOT 3aBEIOMBIN M30BITOK OJTHOTO
TUTPOBAHHOTO pAacTBOpa, a 3aTéM He BCTYNUBIIMH B PEAKIUI0 OCTaTOK J3TOTO pacTBOpa
OTTUTPOBBIBAETCS APYTUM CTaHAAPTHBIM pacTBopoM. Hampumep, oOpaTHOE TUTPOBAHHUE XJIOPHI—HNOHA
B KHCIBIX pacTBopax. K aHanmmszupyeMomy pacTBOpY XJOpHAa cCHadala JOOaBJSIOT 3aBEIOMBIN
M30BITOK TUTPOBAHHOTO pacTBOpa HUTpaTa cepedpa (OCHOBHOTO pabouero pactBopa). [lpu sTom
MIPOUCXOUT peakiius 0Opa3zoBaHMs MAIOPaCTBOPUMOTO XJIopuaa cepebpa:

Ag'+ CI'= AgCl

He BcTymuBmiee B peaknuio H30BITOYHOE KOIMYECTBO HHUTpaTa cepedpa OTTUTPOBLIBAIOT

pPacTBOPOM THOITMAaHATa aMMOHHUS (BCIIOMOTATEIILHOTO pabovyero pacTBopa):
Ag'+ SCN = AgSCN

Conepxkanne XJIOpHAa JIETKO PacCYUTaTh, T.K. U3BECTHO 0O0IIEe KOJUYECTBO BeEIIeCTBa (MOJIb)
cepeOpa, BBEIEHHOE B PAacTBOp, M KOIMWYECTBO HHUTpaTa cepebpa, HE BCTYIHUBIIEE B PEAKIUIO C
XJIOPUJIOM.

HU3mepurenbHas nocyaa
MepHLIe OUIWHAPEI — UCIIOJIB3YIOT, KOT'Ia TOYHOCTE HEC UMECT 0O0JIBIIIOTr0 3HAYEHUS.
MepHbie KOJIOBI — 711 IPUTOTOBJICHUS! PACTBOPOB OIIPEIEICHHON KOHIICHTPAIUH.
[TuneTku — UCnoab3yI0T AJ1 OTOMPaHUsI TOUHOT'O 00bEeMa JKUIKOCTH.
BropeTka — 17151 TUTPOBaHMS U TOYHOTO OTMEPHBAHUA 00BbeMa U3PACX0JOBAHHOTO PEAKTUBA.
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JlaGoparopHasi pabdora
MNPUT'OTOBJIEHUE CTAHJAPTHBIX PACTBOPOB

Heabr pabotbi: [lpurotoBneHue nepsuyHvlx W 6MOPUYHBLIX CTAHIAPTHBIX PACTBOPOB,
MIPUMEHSAEMBIX B METOJI€ KUCIIOTHO-OCHOBHOT'O TUTPOBAHUSI.

3agauu paborel: [IpuroroBnenue mnepsuuyHoro cranmaptHoro 0,1 H pactBopa kapOonara
HaTpusi U BTOpUYHBIX cTaHnapTtHeix 0,1 H pacTBOpOB XJIOPOBOAOPOAHOW KHCIOTHI U THUAPOKCHUAA
HaATpHUSL.

MarepuaJbl 1 000py10BaHHE:

. AHaJIUTUYECKUE BECHI.

. brokcsl.

. be3BoaHEbI kKapOoHAT HATPHS (X.4.).

. Mepnbie kos1061 emkocThio 100,00 1 200,00 M1, BOPOHKH.
. Ilumetkn 00BeMOM 2 M1, MEpPHBIE TPOOHPKH.

. ConsHas KuCIoTa mioTHoCcThio = 1,182 r/mi/dukcanai.

. PactBop runpoxcuna natpus 0,1 v (Pukcanan).

~NOoO Ok WN —

Onovim 1. llpuzomoenenue 100 ma 0,1n pacmeopa kapoonama nampus.

Xoa padoTsl

PaccuuteiBator BennunHy HaBecku NayCOs, Heobxoaumyro st mpurotosieHus 100 mu 0,1n
pactBopa. [lockonabKy OJMH MOJIb KapOOHATa HATPUS HKBUBAJICHTEH JIBYM MOJISIM MOHOB BOAOPOJA,
(dakTop skBuBameHTHOCTH NayCOs paBen 1/2. MomsipHas mMacca SKBUBajJeHTa KapOoHaTa HaTPHS
OyZeT paBHa IOJIOBUHE €ro MOJISIpHON Macchl, T.e. 106 /2 = 53 (r/mMoiab). YuuThIBas, 4TO MOJSpHas
Macca 9KBUBaJIeHTa KapOoHaTa HATPUS B PEaKIIMU C COJSTHONM KHCIOTOM paBHA 53 T/MOJIb:

M(Na,COg3),r = C(MoJib* 3kB/a)-V(i1): M3(I/M0JIb IKB) =
= 0,1M0JIBb - 3KB/JI '0,1}1M3‘53 r/MoJb-3KB = 0,53 r

CrnenoBarenbHo, ans npurorosienus 100 mu 0,1 M pactBopa NayCO3 tpebyercs 0,53 r. Ha
9acoOBOM CTeKJe OepyT HaBecKy kapOoHaTa HaTpusi. OTBECUTh TOYHO BBIUYMCIEHHYIO MacCy TPYIHO,
[I09TOMY Ha TEXHUUYECKUX BecaxX B3BEIIMBAIOT HEOOXOAMMOE KOJIMYECTBO COJIM, a 3aTE€M OIpPEIEISIOT
Maccy HaBECKH Ha aHAIMTUYECKUX Becax ¢ TOUHOCThIO 70 0,0002 r. B uncryro mepuyto kondy Ha 100
MJI TIOMEMIAIOT CYXYI0 BOPOHKY M TEpPEHOCSAT HaBecKy KapOoHaTa HaTpus, TIIATEJIbHO OOMBIBas
9acoBO€ CTEKJI0O U BOPOHKY HEOONBIINM KOJWYECTBOM IAMCTHUILTUPOBAHHON BOJBI U3 TPOMBIBAIIKH.
O06wem Boabl B K0J10€ He 10iKeH ObITh Oosbiie 2/3. [lepeMernBaoT coiepKumMoe KoJIOb! 10 OTHOTO
pactBopeHus conu. JlomuBaroT B KOOy MUCTHJUIMPOBAHHYIO BOAY J0 MeTKW. [IpubaBiieHue BOJBI
3aKaHYMBAIOT C MOMOIIBIO MUIETKH MO KarlisiM, JAepika Kojly Tak, 4ToObl MeTKa HaxoJWjIach Ha
ypoBHe TJ1a3. [[pUTOTOBUB pacTBOP, THIATEIEHO MEPEMENINBAIOT €T0, 3aKPBIB KOJIOY TPOOKOH.

PaccunThIBalOT KOHLEHTpAIMIO W THUTP IPHUTOTOBIEHHOIO pacTBopa KapOoHaTa HaTpus IO
dbopmynam:

C (Na;CO3), moab-akB/1 =M (r) 1000 / M3 (r/mMo.ib. IKB) -V (M.1)

rae, m (Na,COs) - HaBecka KapOOHATa HATPUS, T;

V - 00beM MPUTOTOBIEHHOTO PacTBOPA, MII ;

Mb (1/M011b°3KB) - MOIsIpHasi Macca skBuBajieHTa NayCOs.

T(NaCO3), r/ma =M (r) / V(mia)
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OBPABOTKA PE3VJIbTATOB U BbIBO/IbI:

Onvim 2. Illpuzomoenenue 200 ma 0,1 H pacmeopa conanoi Kuciomol

Xox padoTsl

PacTBOp CONSHON KHCIOTHI 33/JaHHOW KOHIIEHTPAIMH TOTOBAT M3 OoJiee KOHIICHTPUPOBAHHOTO
pacTBopa METOA0M pa30aBieHUs. PacCUNTHIBAIOT KOJMYECTBO 0€3BOHON KHCIOTHI, HEOOX0AUMOE IS
npurotosneHus 200 mia pactBopa, coaepxariero 0,1 mons HCI B 1 M. It nanbHeHIIuX BoIYMCIECHUI
U3MEPSIOT TUIOTHOCTh KOHIIEHTPUPOBAHHOI'O PAcTBOpa KUCIOTHI ¢ MOMOIIBI0 apeoMmeTpa. PacTBop
COJISTHOM KHCJIOTHI HAIMBAIOT B CYXOH HWIMHIDP M TMOTPYXAIOT B ero apeomerp. OTCYET MO IIKaje
apeoMeTpa MPOBOAAT MO HUKHEMY MEHHUCKY cBepxy BHHM3 ¢ TouHocThio 0,001 r/mim. Ilo Tabmmue
HAXOJAT TPOLEHTHYIO KOHIICHTPAIUIO KHUCIOTHI W BBIUMCIAIOT O0BEM pacTBopa, B KOTOPOM
COJIEPKUTCS HEOOXOJUMOE KOJMYECTBO COJSHON KHCHIOThl. B MepHyto konlOy o6sémom 200 min
MIEPEHOCAT PACCUYMTAHHBIA 00BbEM KOHIEHTPUPOBAHHOTO PACTBOpPA COJITHOM KHCIOTHI M Pa30aBIISIOT
ero JUCTWUTMPOBAHHOM BOJOM, mepeMemiuBas cojaepkumoe KoiObl. [IpuOaBneHue BoJibI
3aKaHYMBAIOT C MOMOIIBIO MHUIETKH MO KarulsiM, Aepika KojlOy Tak, 4ToObl MeTKa HaxoJIWiach Ha
ypoBHEe Tya3. IIpUroToBIEHHBIH PAacTBOp TIIATEIBHO MepeMelINBarOT. PacTBOp CONISHOM KHCIOTHI
TOTOB JJIsl CTAaHAPTH3AIHH.

IIpumep. Paccuntath 00beM KOHLIEHTPUPOBAHHOTO PacTBOpPa COJISIHON KHCIOThI, HEOOXO MBIt
s npurotosiaeHus 200 mu 0,1M pactBopa KucioTel. Beruucistor xonudectBo 6Oe3Bonnoit HCI,
HeoOxoaumoe i npurorosnenus 200 mua 0,1M pactBopa. MosipHas Macca SKBHBAJICHTa COJISTHOM
KHUCJIOTHI paBHa 36,5 r/mMo1b, moaTomy B 200 M 0,1 M pacTBOpa ee n1omxHO coaepkarbes 0,73 T

M 1ct) = Cirely-V(Heny-Mncry = 0,1moab/mi1+0,2 Mi1-36,5 r/moas = 0,73 1.

[Ipenmonoxum, 9T0 U3MEpEHHas TNIOTHOCTh KOHIIEHTPUPOBAHHOTO PACTBOPA COJITHON KUCIIOTHI
p= 1,050 r/mu. ITo TabGnuiie B cipaBOYHUKE HAXOMAT, YTO JAHHOM TJIOTHOCTH COOTBETCTBYET 10%-Has
koHneHTtpanus HCI. PaccuuteiBator maccy 10%-HoOro pacTBopa KHCIOTHI, coiepxkamiei 0,73 T
0€3BOIHON KHUCIOTHI.

100 r pactBopa conepxkut 10 r HC1

Mmr - 0,73 r HCI,

m, r=100-0,73/10="7,3.

OnpenensroT 00beM UCXOTHOTO PACTBOPA KUCIOThI, COOTBETCTBYIONTNI BRIYMCIICHHONW Macce
V,m1=m/p=73/1,050=7,0.
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Taxkum o6pazom, mist npurorosiaeHuss 200 mi 0,1 M pacTBopa CONSTHON KHUCIOTHI HEOOXOAMMO
B34Th 7,0 MJI KMCJIOTBI ITIOTHOCTRIO 1,050 r/mit.

OBPABOTKA PE3VJIbTATOB 1 BbIBO/IbI

3aganus AJ151 CAMOCTOATEILHON padoThI
KoHTpoJibHbIE BOPOCHI:

B 4yem cocTouT 3aa4a KOJIMYECTBEHHOIO aHauu3a’?
[lepeuncnure BaxHeHINE METO/bI KOJIMUYECTBEHHOTO aHaIu3a’?
B 4eM cyIHOCTh THTPUMETPUYECKOTO aHAIHU3a?
KakoBa TOUHOCTbh TUTPUMETPUUECKOTO aHAIN3A?
B 4em cyImHOCTh rpaBUMETPUYECKOTO aHaIU3a?
KakoBa TOUHOCTb IPaBUMETPUUECKOIO aHAIN3a?
[Tepeuncnnre METOABI THTPUMETPUUECKOTO aHAIIN3A.
Uto Takoe TUTp pacTBOpa’?
. CriocoOb! BeIpaXKeHUs KOHIIEHTPALMU PACTBOPOB.
10. [TpuemMbI TUTPOBAHUSI.
11. Kakue BenjectBa Ha3bIBAIOTCSA INEPBUYHBIMU U BTOPUYHBIMU CTaHIApTaMU?
12. KakoBBl METO/IbI, TPUMEHSIEMBIE TIPH TIPUTOTOBJICHUU CTaHIAPTHBIX PACTBOPOB M KaKOBA MX
CYILIHOCTh?

CoNo~WNE

3agauu:

1.0npenenute Mmaccy 0,5 skBuBanenra Hutpara xpoma (llI); 0,25 skBuBamenta cynsdata
HaTpus; 0,5 SKBUBaNIEHTa THAPOKCHIA AMMOHHUSI.

2. Paccuurare HaBecky NaOH mna mpurortoBnenus 2 i pactBopa ¢ Cy = 1MOIb/1, KOTOPHIA
UCTOJb3yeTcs B (hapManuu Ajsl ycTaHoBIeHHs TUTpa dpochopHoit kucaoTsl.(80 ).

3. Kakoit o00weM 20 % -ro pactBopa H3POu(p= 1,18) HeoOXoauM Il MPHUTOTOBJICHHS 4 JT
pactBopa e€ ¢ CH = 1,5 monw/a (faxB = 1/3).(553,67 mu)

4. Paccumtarh HaBecky s mpurotomienust 0,5 1 pacTBopa  acCKOPOMHOBOI KHCIIOTHI €
MaccoBoit goneit e€ 5 % (p = 1,08). (27 ).

5. [IpurotoButs 3 11 pusnonoruyeckoro pacteopa (p =1,03) (27,8r).

6. Cxonbko M 10 % -ro pactBopa HoSO4(p = 1,065) HE0OX01uMO Il IPUTOTOBJICHUS S5 11 €€
pactBopa ¢ Cu = 0,1 mounp/n (f2xB = 0,5).(230 mu).

7. Paccunrtare HaBecKy Uil mpurotoBieHus 4in pactBopa FeSOs ¢ Cy= 0,1momnb/n, ecnu B
peaxius uzet 1o cxeme: Fe™ — Fe™. (60,8r).

8. Paccumrare HaBecky s npurorosienus 31 0,1M pacrsopa HCIL. (10,96r).

9. Paccuurate Cx pacTBOpa, koTopsii cogepxkut 30r NaOH B 211 pactBopa. (0,375Momb/7).
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10. B xakom oO6beme BOJbI HEOOXOaUMO pacTBOpUThH 1,5Momb NaOH mnsa momydenust 5%-to

pactBopa? (1140mm).

11. B xakoMm cooTHOIIEHUU Hano B3ATh 37%-Hblll pacTBop HCI 1 Bomy 1uist mpuUroToBiieHus

8,2%-ro pactBopa. (1M1 37%-us1it pactBopa HCI u 3,5mi1 BoibI).

12. Cxonbko M1 BoJbI Haf0 100aBUTh K 50 1 2%-ro pactBopa NaCl mns mpurotosienus 0,9%-

ro pactBopa? (oTBet: 48,9 M1 BOJIbI).
13. Onummte npurotoBienne 1000 mun 0,1H. pacTBOpa cepHOM KHUCIOTHI U3 62%-HOTO
pacTBopa CepHOU KUCIIOTHI C INIOTHOCTHIO 1,52 r/mut.
14. Onumure npurorosienue 400 ma 6M pactBopa oprodocGopHOii KUCIOTH U3 85%-HOTO
pactBopa opTodocdopHOit KUCITOTHI TIOTHOCTHIO 1,69 T/MII.

15. Cxonbko mi 40 % pactBopa H3PO4 (p = 1,25 r/mi) motpeOyeTcst it IPUroTOBJICHUS 3
1 0.15 1 pactBopa oprodochopHOit KUCTOTHL. (26 M)

TecToBBIC 3aJaHUA;

1. K Xxumuueckum memooam aHaiu3a OmMHOCUMCA:
a) horomerpus

0) TUTpUMETPHS

B) KyJIOHOMETPHUS

I') KOHIYKTOMETPUS

2. K gbu3ux0-xumuquKuM Memooam aHaIu3a OMHOCAMCA:

a) HeUTpanu3aus

0) KOMIUUIGKCOHOMETPHS

B) peppakromerpus

') SMUCCUOHHBIN CIIEKTPAIIbHBIA aHATN3
1) TOTEHIIMOMETPUYECKUI aHaAIN3

€) MOJIIPUMETPUUYECKUN aHAIN3

3. B ocnose memooa Helumpanuzayuu 1excum peaKyus.
a) KHCIIOTHO-OCHOBHOT'O B3aUMO/ICHCTBUS

0) OKHCIIUTEILHO- BOCCTAHOBHUTEIIbHAS

B) OCaX/ICHUS

T') KOMIUJIEKCOOOpa30BaHUs

4, Dreusanenm — 3mo yciaosHas uiu pealbHas Hacmuyda, coomeemcmeyrouasl

a) OJTHOMY TIPOTOHY

0) OZTHOMY JIEKTPOHY

B) OJTHOMY OJTHO3aPSITHOMY HUOHY
T') BCEMY BBILICTICPEUHCICHHOMY

5. Dkeusanenm 6 memooax KUCJIOMHO-OCHOBHO20

coomeemcmaeuro

a) O/IHOMY TIPOTOHY
0) OHOMY DJIEKTPOHY
B) OJTHOMY OJTHO3apSITHOMY HOHY

mumpoearnus

onpeoensiom

no

6. Dxeusanrenm 6 Memooax OKUCIUMENbHO-60CCMAHOBUMENIbHO20 mumpoeanus OI’ZPQC)EJZ}ZIOWI no

COOmMBEMCMEUIO .

a) O/IHOMY TIPOTOHY

0) OHOMY DJICKTPOHY

B) OJTHOMY OJTHO3apsIIHOMY HOHY
T') BCEMY BBIIICTIEPEUUCICHHOMY
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7. Monsapuas xonyenmpayus 3K6UBAIeHMA 8eulecmea — Smo:.
a) YMCJI0 TPaMMOB BellecTBa B 1 1utpe pacTBopa

0) urcno MoJieli BeecTBa B 1 tutpe pacTBopa

B) YKMCJIO TPaMMOB BelllecTBa B 1M1 pacTBOpa

T') YUCJIO MOJICH-9KBUBAJICHTOB BeIlleCcTBa B | TUTpe pacTBOpa
1) OTHOLIEHHE MAcChl BELLIECTBA K Macce pacTBopa

8. Monsapuas konyenmpayus eewjecmea — 3mo.

a) YUCJIO TPaMMOB BellleCTBa B 1 JIUTpe pacTBOpa

0) urcno MoJieli BeuecTBa B 1 tutpe pacTBopa

B) YKMCJIO TPaMMOB BelllecTBa B 1M1 pacTBopa

T') 4UCJIO MOJICH-9KBUBAJICHTOB BeIlleCcTBa B | TUTpe pacTBOpa
1) OTHOIIIEHHE MacChl BEILIECTBA K Macce pacTBopa

9. Tump pacmeopa — 3mo:

a) YUCIIO TPaMMOB BeIlleCTBa B 1 JIUTpe pacTBOpa

0) 4rciio MoJIel BemecTBa B 1 tuTpe pacTBopa

B) YMCJIO TPaMMOB BeIlIeCTBa B 1 MI1 pacTBOpa

I') YUCJIO MOJIEH-7KBUBAJIEHTOB BEILlECTBA B | TUTpe pacTBOpa
1) OTHOLIIEHHE MACChl BEIIECTBA K Macce pacTBopa

10. Monapnas konyenmpayus 3K6UBALIEHMA USMEPAEMCL 8.
a) I- 9KB/JI

0) MOJIb-IKB/IT

B) Oe3MepHas (1071 eUHUIBI Win %)

T) I/MJI

11. 3anuce «0,89%-uwiii pacmeop NaCly o3nauaem, yumo:
a) B 100 r pactBopa conepxurcs 0,89 r NaCl

6) B 100 mix pactBopa conepxkutcs 0,89 r NaCl

B) B 1 11 pactBOpa conepxutcs 0,89 r NaCl

12.  3anuce «3M pacmeop 2n0ko3e1» 03Hauaem, 4mo.
a) B 1 1 pacTBOpa coepKUTCS 3 MOJb TITFOKO3bI

6) B 100 M1 pacTBOpa COACPIKUTCS 3 MOJIb TITFOKO3BI

B) B | KI pacTBOpa COAEPKUTCS 3 MOJb TITFOKO3bI

r) B 100 r pactBOpa copepKUTCs 3 MOJIb TIIFOKO3bI

13. Jns npueomosnenus 5002 0,5%-no2o pacmeopa NaCl neobxooumo:
a) B3BecuTh 0,5 r conu u 106aBuTh 100 I TUCTUILTUPOBAHHOMN BOJIBI

0) B3BECHUTH 2,5 T conu U 100aBUTh 497,5 T AUCTUINTUPOBAHHON BOJIBI
B) B3BecuThS0 1 comt u 106aBuTh SO0 T TUCTHILTUPOBAHHOMN BOIBI

T') B3BECUTH 25 T CONM 1 100aBUTh 475 T AUCTUINIMPOBAHHON BOJIBI

14. Jins npueomosnenus 502 20%-no2o pacmeéopa KCl neobxooumo:
a) B3BecuTh 10 r conu u 106aBuTh 40 T TUCTUILTUPOBAHHOMN BOJIBI

0) B3Becuth 20 r cou 1 106aBuThH 100 © TUCTHILTUPOBAHHOMN BOJIBI
B) B3BecuTh 20 T conu U 106aBUTh 80 I AUCTUIIIMPOBAHHOM BOJIBI

B) B3BecuTh 0,2 T conu 1 100aBUTH 49,8 T MUCTUIITUPOBAHHOU BOJTBI

15. Knaccu¢ukaius METOI0B TUTPUMETPUIECKOTO aHAIM3a OCHOBaHA Ha!
a) IPUMEHEHUH OIPEICIEHHOI0 BU/1a MHIANKATOpa

0) UCTIOIB30BAHUH KOHKPETHOTO CIIOCO0a TUTPOBAHMS
B) THIIAX PEAKIINH, JISKAIIUX B OCHOBE OIPEICIICHUS
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') IPUMEHEHUH ONPEEIEHHOr0 TUTPAHTa

16. Tumpumempuuecxkuii anaius - 5mo:

a) METOJl KOJMYECTBEHHOTO aHaiM3a, OCHOBaHHBIH HAa TOYHOM HM3MEPEHHH O0beMa pacTBOpa
OIIPEIeNIIEMOTO BEIIECTBA

0) MeTo/1 Ka4YeCTBEHHOT'O aHaJIN3a, OCHOBAaHHBIN Ha M3MEPEHUHN 00beMa pacTBOpa-THUTPAHTA

B) METOJ KOJHMYECTBCHHOTO aHajHM3a, OCHOBAaHHBI Ha TOYHOM HM3MEPEHHH O0beMa pacTBOpa
peareHTa, HeOOXOJUMOTO JIJIsl SKBHBAJICHTHOTO B3aMMOJICHCTBHSI C ONPEIEIIIEMBIM BEIIECTBOM

') METO/I KOJIMYECTBEHHOT'O aHAJIN3a, OCHOBAaHHBIN Ha U3MEPEHUHU MaCChl pacTBOpa

17. B ocnoge mumpumempuuecko2o anaiusa 1eHCum 3aKou.:
a) COXpaHEHHS MacChl

0) KpaTHBIX OTHOIIICHUH

B) SKBUBAJICHTOB

I') IOCTOSIHCTBA COCTaBa

18. Monsapnas macca sxeusanenma H3POy (e/monw) 6 peakyuu H3POy4 + 2NaOH — pasna:
a) 98

0) 49

B) 32,67

r) 196

19. Monapnas macca sxeusanenma H3POy (2/mons) 6 peakyuu H3PO4 + 3NaOH — paena:
a) 98

0) 49

B) 32,67

r) 196

20. K npomonumuueckum (KUCIOMHO-OCHOBHbIM DEaKyusm) OMHOCAMCA CleOVIouue 6uobl
pearyuii:

a) Zn +2HCI — ZnCl; +H;

06) CH3COOH + H,O0 —» CH3COO + H30

8) CUSO, + 2NaOH — Cu(OH), + 2H,0

r) CuSOy4 + 4KCN — K3[Cu(CN)4] + K2 SO4

XpoHomerpaxk:

2 4acoBOIo 3aHATHS:

Opranu3alnOHHbIA MOMEHT — 5 MUH.

Ompoc — 40 muH.

[TosicHeHust K BBINOJIHEHUIO pabOThI — 20 MUH.
Brimonnenue u opopmieHue paboTsl — 25 MUH.

1 yacoBOro 3aHATHA:

N3noxenne HoBoro marepuana — 40 MuH.
ITpoBepka paboT U 3a1aHUE HA IOM — 5 MHH.

Jdumepamypa:

OcHosHas:

1. Xapuronos, 10.5. Ananutnueckas xumus. Ananutuka 2. KoauduecrBeHHbIN aHanu3. Ou3uko-
XUMUYeCKue (MHCTpYMEHTalbHbIe)MeTonbl aHanm3a[Tekcr]6 yueOnuk /HO.A XaputoHOB.-6-0€
u3nanue., uctp. u jom.- [D0TAP-Menua, 2014.
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2. XapurtonoB, 0.4 Ilpumepst m 3amaum mo aHamutudeckoil xwmmuu  (I'paBuUMeTpus,
IKCTPAKIUs, HEBOJHOE THUTPOBAaHHE, (PU3MKO-XUMUYECKHE (MHCTPYMEHTAIbHBIE) METOABl aHAIHM3a)
y4eOHHK

Lononnumenvhas:

1. Bacunwes, B.I1. Ananurnueckas xumus : yue0.: B 2 kH.. KH. 2: OU3UKO-XUMHUYECKHE METOIbI
ananuza. - 2007. - 384 c.

2.AHamutrueckas xumus. Ousnueckre u GU3NKO-XUMHUYECKHE METObl aHATN3a ;| YUYeOHUK s
By30B / XKykoB A.®., Komocoa N.®., Ky3uenos B.B.; pen. Ilerpyxun O.M. - M. : Xumus, 2001. —
496 c.

3. OcuoBel ananutrueckoit xumuu: B 2 ku. / [lox pea. FO.A. 3onorosa -: Beicmas mkouna, 2002-
Meroapl xumudeckoro ananusa -494c. ISBN 5-06-003559-X (kH.2).

4 Ponuna, T.A. MeToasl XuMudeckoro aHanusa (u30paHHbIe I1aBbl) : yue0. mocobue: / T.A.
Ponuna, B.U. Mutpodanosa. - binarosemenck: M3a-so Amyp. roc. yH-ta, 2005. - 116 c.

5.bokoBa T.M. MHCTpyMEHTa bHBIE XMMHYECKHE METOABI aHaIM3a: MeToi. mocobue./bokoa
T.1., Yemepuc M.C., FOcymnosa I'.I1., Kycakuna H.A.- HoBocubupck: HI'AY, 2002.-80 c.

6.Caiitbl yueOHbIX 1eHTpoB —ObC «KoHCYNbTaHT CTyeHTa»
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Tema: METOJ] KMCJIOTHO - OCHOBHOT'O TUTPOBAHUSI
(MPOTOJIMTOMETPUS)

Hean 3ansaTusa: V3yduTs TeOpEeTUYECKHE OCHOBBI MeTOa. HayunuThcs TUTPOBATh PaCTBOPHI, HE
IIPUMEHSISI UHIMKATOPBI IS ONIPENEICHHS TOUKH SKBUBAJICHTHOCTH.

Cmyoenm 0ondicen 3Hamy:

a) Knaccudukanuro MeTo10B aHaIN3A.

0) Buibl KOJTMUECTBEHHBIX METO/IOB aHAJIH3a.

B) [Ipermy1iecTBa 1 HEOCTATKU MPOTOIUTOMETPUYECKOTO METO/1a aHAITH3A.
r) UnaukaTopsl MeTO1a TPOTOIUTOMETPUH U HA Y€M OCHOBAHO UX JICWCTBUE.
1) OnpeneneHre KPUBBIX TATPOBAHUS M CKAYKa THTPOBAHHUSL.

Cmyoenm Oondicen ymems.

a) [lonb3oBatbcss  MepHOW MOCYIOW W ApyrMM  OOOpPYAOBaHHMEM JUIsl  IPOBEIEHUS
TUTPUMETPUYECKOIO aHAJIN3a U Pa3JCIICHUS BELIECTB.

0) ['0TOBUTH pacTBOPHI C TOYHO M3BECTHOM KOHIICHTPALIUEH.

B) OnpenenaTs KOHIEHTPALUU PAaCTBOPOB METOIOM IIPSIMOIO M 0OPaTHOTO TUTPOBAHMS, @ TaK XKe
TUTPOBAHUEM METOJIOM 3aMELIEHUS.

r) B3BemmBare Ha TEXHOXMMHYECKHX BecaX, Ha AHAJIUTHUYECKUX BECAX W IPHUTOTABIMBATH
3aJlaHHBIE CTaHAaPTHBIE PACTBOPHI.

n) VYcraHaBnuBaTh HOpPMaibHOCTH u TUTp pactBopa HCl mo cranmaptHOMy pacTBOpYy
TUIPOKCHULY HATPUSL.

e) [IpuMeHsTh MpakTUYECKH JaHHbII METOJ] aHaIM3a.

MeTon KHCIOTHO-OCHOBHOTO THUTPOBAHHUS OCHOBAaH HA PEAKIUSIX KUCIOMHO-OCHOBHO2O
83aumooeticmsusi. B 3aBUCUMOCTH OT TNPUMEHSIEMBIX THTPAHTOB Pa3IMYalOT JBE PAa3HOBHIHOCTH
MeToja:

- ankanumempus — pabOUYUMH PACTBOPAMH SIBJISIIOTCS PacTBOPHI CHIIbHBIX ocHOBaHmii (NaOH,
KOH u np.);

- ayuoumempusi — pabOYUMH PaCTBOPAMHU SIBIISTIOTCS pacTBOPhI cHutbHBIX kKuciaoT (HCI, HoSO4 n
Ap.).

PabGoune pacTtBOpsl MeTOJa Haille BCETO TOTOBSAT C MOJIIPHON KOHIIEHTpPAIMEH SKBHUBAJICHTA
BemecTBa ot 0,05 mo 0,1 Monb/m.

Jlnst onpenienieHrst TOUHON KOHIIEHTPAIMKM pabouux pacTBOPOB (cmanoapmu3zayuu) UCTIONb3YIOT
YCMAaHOBOUHblE 8eujecmea — XUMUYECKH YUCThbIE COEIMHEHMS] M3BECTHOTO COCTaBa, PEArupyrolife ¢
KHCJIOTOM WJIM C OCHOBAaHHWEM B CTEXHOMETPHUYECKHUX COOTHONICHMSX (HarpuMep, TeTpadopar HaTpus
Na;B4O7 - 10H,0, xap6onar natpusi NayCOs, masenesast kucnora Ho,Cy04 - 2H,0 u ap.). PactBop
YCTAaHOBOYHOT'O BEIIIECTBA TOTOBUTCS TAKOM e KOHIIEHTPAINH, KaK U pabO4Yuii pacTBop.

Jnis hukcupoBaHUS KOHEYHOW TOYKHU TUTPOBAHUS MPUMEHSIOT UHOUKAMOPbL, PEarupyromme Ha
n3MeHnenue pH pactBopa: MeTUIIOBBIN OpaHKeBbIN, peHOoN(TaTenH, METHIIOBBIA KpAaCHBIN U JIp.

MeTobl KUCTIOTHO-OCHOBHOT'O TUTPOBAHUS IIMPOKO MPUMEHSIOTCSA B KOJIMYECTBEHHOM aHaJIN3e
HEOPraHMYECKUX W OPraHUYECKUX BELIECTB, OOJIAZAIOIIMX KHUCIOTHO-OCHOBHBIMH CBOMCTBaMHU. DTH
METOJIbl  SIBJISIFOTCSL  (hapMaKONEWHBIMM M HCIIOJIB3YIOTCA IPU  KOHTPOJIE KauecTBa MHOTHUX
JIEKapCTBEHHBIX IPENapaToB: aCKOPOMHOBOM, aleTHJICAIMIMIOBON, TTTyTaAaMHHOBOM M JIp. KHUCIIOT;
IUKyMapuHa; METHOHMHA; OeTasMHa W T. 1. Meron HeWTpanu3alu HUCHOJb3YyeTcs IJIsi aHalu3a
KHUCJIOTHOCTH OMOJIOTHUECKUX JKUAKOCTEH — KHUCIOTHOCTH MOYH, KETYJOYHOTO COKa, a TaKXkKe JUIs
oTpesieNIeHUs] KUCIOTHOCTH MOJIOKa, Xj1e0a, Msica, MyKHU U JIp. MUILIEBBIX IPOAYKTOB.

Teopernyeckas 4acTb

Meton OCHOBaH Ha MPUMEHEHHUM peakiuu HeuTpaauzanuu. OCHOBHOE YpaBHEHHME B BOJHBIX
pacTBOpax:
H;0" + OH =2H,0 wiaun H' + OH = H,0
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Ota peakuus UIeT ¢ OOIBIION CKOPOCTHIO (TPAKTUYECKH MTHOBEHHO), CTPOTO CTEXHOMETPUYHO
u 10 KoHuA. Takum oOpa3oM, OHa YAOBJIETBOPAET BaXXHEWIIMM TpeOOBaHMSAM K peakUUsM B

TUTPUMETPUH.

MeToapl HEWTpalM3alluK IO3BOJISIIOT KOJIMYECTBEHHO OINPEAENATh KHUCIOTHI (C IOMOLIBIO
CTaHJIaPTHBIX PACTBOPOB Iesioueii), OCHOBAaHUA (C MOMOUIbIO CTaHJAPTHBIX PACTBOPOB KHUCIOT) U
JpYTU€ BEILECTBA, PEarupyroLIie ¢ KUCIOTaMU U LIEJI0YaMU B BOJHBIX pacTBOpax, HalpUMEp, COJIU
ammonns NH4', pearupyromue co menouamu, KapOOHATHI, pearupyrolye ¢ KHCIOTAMH 1 T. 1.

[To sTOMy MeTOIy MOXKHO, MOJIB3YSICh THTPOBAHHBIM (CTaHAAPTHBIM) PACTBOPOM KakKOW-1H00
KHCIIOTBI, TPOBOJAUTH KOJUYECTBEHHOE OIpejesieHue Mienouel (alkaluMeTpHs) WIH, MOJIb3YACh
TUTPOBAHHBIM PaCTBOPOM LIEJIOUH, KOJIMYECTBEHHO ONPEAEIIATh KUCIOThI (AUAUMETPHS).

Pa6ounmn pacTrBopaMu ME€TOAA ABJHIOTCH:

1) pactBopsl cmabHbIX KucaoT — HCl, HNOj3; (nmpumensitor nipu onpenenenunn dpochopa), HoSO4
n HCIO4 (mpuMeHsoT, Korja nNpuOeraroT K KHUIISTYCHHIO aHAM3UPYEMbIX PacTBOpOB) U ap. Paboune
pacTBOpPbl KHCIOT yCTOWYMBBI, MOTYT XPAaHUTBHCS OBOJBHO JOJTO. X MOXHO HMPHUTOTOBHTH Kak
nepeuyHvie CTAaHJAPTHBIE PAcTBOPHI M3 (PHKCaHANa JHOO KaK 6mopuyHbie CTAaHJAPTHBIE PACTBOPHI
myreM pa30aBineHHs Ooiee KOHIEHTPUPOBAHHBIX C TOCHEAYIOUIEH cmanoapmusayuell 1O
yctaHoBOuUHBIM BetiectBaM Nap,COs, NapB4O7 - 10H0 u np.;

2) pacTBOpHI CWJIBHBIX OcHOBaHmi (1enoueil) — NaOH, KOH u np.

PacTtBopb! 1ienoyel ycToMunBbI, HO OHU B3aUMOJAEHUCTBYIOT €O CcTeKJIoM U noriomarT COz u3
BO3/yXa, MO3TOMY HMX HE XpaHAT B CTEKJISHHOW IIOCYy/l€ U 3aKpbIBalOT €MKOCTH HpOOKaMHu C
MOTJIOTUTENbHBIMU TpyOKamMu. X MOXKHO IPUTOTOBUTH KaK nepeuyHvle CTAHJAPTHHIE PACTBOPHI U3
¢ukcanana aub0 Kak 6mopuyHble CTaHIAPTHBIE PACTBOPbI M3 KPUCTAJUIMYECKHX IpEenapaToB HIU
nyTeM pa30aBieHus Oojiee KOHLIEHTPUPOBAHHBIX PACTBOPOB € MOCHEAYIOIIEH cmanOapmusayueli 1o
yctanoBouHbIM BemectBaMm HoC204 - 2H20, 6eH301HOM KUCI0Te, SHTAPHOU KUCIOTE U JIP.

Paboune pacTtBopsl MeTOMa HENTpATU3AIUU OOBIYHO TOTOBAT ¢ koHyeHnmpayueti ot 0,01 1o 1,0
MOJIb JKB/II.

Knaccugpuxkayuss memoooé KUCIOTHO-OCHOBHOT'O THTPOBAHUS MPOBOJUTCS 1O NPUMEHAEMbIM
mumpanmam 1 ekarouaem 2 2pynnsvl Memooos:.

1) ammauMeTpus (TUTPAHTOM SIBISICTCS] PACTBOP CHIIBHOM KHUCIIOTHI);

2) aIKaJuMeTpHs (TUTPAHTOM SIBIISICTCS] PACTBOP LICIOYH).

Qukcuposarue K. m. m. TPOBOJAT C MPUMEHEHHEM KHCJIOTHO-OCHOBHBIX WHAHKATOpPOB (pH-
WHJMKATOPOB), KOTOPHIE MEHSIOT CBOIO OKPAacKy B 3aBUCHMOCTH OT 3HaueHus pH TuTpyemoro
pacTBopa.

Tounocmo metona cocrasiser 0,1-0,2%.

I/IHI[I/IKaTOpI)I B MeToa¢ HCﬁTpﬂJ’IHfSﬂIIHH

Kak wu3BecTHO, peakiusi HEWTpalu3allid HE COIMNPOBOXKAAETCS BHUAUMBIMU H3MEHEHUSMU,
HampuMep HepeMeHOM OKpacku pacTtBopa. [lostomy 1uist uKCHpOBaHUS TOYKH SKBHUBAJIECHTHOCTH
MPUXOAUTCS MPUOABIATH K TATPYEMOMY PacTBOPY KakoW-TUO0 MOIXOAAIMNA HHANKATOP.

WHaukaTopel — 3TO BEIIECTBA, M3MEHSIOLIME IBET, JIIOMUHHMCLEHLNIO (CBEYEHHE BEILECTBA,
BO3HHUKAIOIIEEe TIOCEe TOIVIOMIEHUS WM DJHEpPruM) WiIM o00pasylolMe OcaJoK NpH H3MEHEHUU
KOHIIGHTPALIMU KaKOTro-TM00 KOMIIOHEHTA B pacTBope. MHaMKaTOpaMu B METO/Ie KUCIIOTHO-OCHOBHOTO
TUTPOBAHHUS CIIy’KaT BEIECTBA, OKPACKA KOTOPBIX MEHSETCA B 3aBUCUMOCTH OT U3MCHECHHMSI BEJITMYUHBI
pH. IlosToMy 3TH BeliecTBa Ha3bIBAIOT KUCIOTHO-OCHOBHBIMM MHJMKaTOpaMu. OKpacka KaKIoro 3
HUX U3MEHAETCS BHYTPH ONPEICICHHOIO y3KOr0 MHTEpBalla 3HaueHU! pH, mpuyeM 3TOT MHTEpBAl HE
3aBUCHUT OT MPHUPOJIBI PEArHPYIOLINX MEKIY COOON KUCIOTH U OCHOBAHMUA.
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K unouxamopam npeowvagnaiomces credyiouwjue mpebosanus.

1. Okpacka uHAMKATOpa MpU OIU3KKUX 3HaYeHUsIX pH qomkHa SBHO OTINYATHCS.

2. V3MeHeHHWe I[BETa HMHIUKATOpA JOJHKHO MPOUCXOIUTHh PE3KO B HEOONBIIOM HHTEPBAJIC
3HayeHuit pH.

3. Okpacka uHARKATOpa IOJKHA OBITh BO3MOXHO 00JIee HHTEHCHUBHOM.

4. KonuuyecTBO IIEIOYU WM KHUCJIOTHI, HEOOXOIMMOE I M3MEHEHUS OKpPacKW HHIUKATOPA,
JOJKHO OBITh HACTOJIBKO Majio, 9YTOOBI HE HCKAKATNCh PE3YJIbTaThl THTPOBAHUS.

5. I3MeHeHue OKpacku MHANKATOPA JTOJKHO OBITh BIIOJIHE 00PaTHUMbBIM IPOIIECCOM.

B 1894 r. OcrtBanbiom Obula co37aHa MOHHAS TEOpUs MHAUKATOPOB. COTJacHO 3TOM TEOpHH,
MHIUKATOPbl B METOJE KHCIOTHO-OCHOBHOTO THUTPOBAaHUS IIPEICTABISIIOT co0OW Takue cialble
OpPraHn4YC€CKUC KUCIIOTHI UJIM OCHOBAHUS, Y KOTOPLIX HCHOHU3UPOBAHHBIC MOJICKYJIBI U MOHBI UMCIOT
paznM4YHyl0 OKpacKy. Ecim cxemaTH4ecKH WHIMKATOPHYI KHCIOTYy 0003Hauuth depe3 HInd, a
aHMOHBI ee — uepe3 Ind’, To quccorranus Takol KUCIOTH B pacTBOpE OyIeT MMETh BUIL:

Hind < H + Ind’

Nunukatopel MOTYT OBITh  OAHOLBETHBIMM WM  JBYIBETHBIMH. Y  OJHOIIBETHBIX
HEJIMCCOIIMUPOBAHHBIC MOJICKYJIbI OSCLBETHBI, @ HOHBI OKpameHbl ((PeHONPTaNIenH), Y IBYIBETHBIX —
MOJIEKYJIbl OKpPAILIEHbl B OJMH LIBET, @ MOHBI — B JAPYyroil (JJakMyc, Metuiopanx). Ilepemena okpacku
MHIUKaTOpa CBsi3aHa ¢ m3MeHeHHeM pH pactBopa. Hampumep, mpu pacTBOpeHHH JakMmyca B BOJIE
HCUOHU3UPOBAHHBIC MOJICKYJIBI €TI0, IMPHUCYTCTBYd COBMECTHO C HWOHaMH, IMPUIAAIOT pacTBOpPY
POMEXYTOUHYI0 (hroJeToByro okpacky. Ecim k 3TOMy pacTBOpy mpHOaBHTH KAaIUlO KHCIOTBI, TO
IMPUBCACHHOC BBIIIC PABHOBECHUC CMCCTUTCA BJICBO, T.K. NOHBL H+ HHAWKATOpPa CBAXKYT 6OJII)IHYIO qacCTb
noHoB Ind” B HenonusupoBanHbie Mosiekybl HINd, u pactBop nokpacheer.

Hao6oport, ecnu k pacTBOpy Jiakmyca nmpuOaBuTh menoub, To €€ OH -moHbsl OyIayT CBS3BIBATH
H'-uonsl uuaukatopa B Mosekyasl H,O. B pesymbTaTe 3TOro paBHOBECHE MOHM3AIMM MHAMKATOPA
CMECTHTCSI BIIPABO, T.€. B CTOPOHY HaKOILJICHUS B pacTBOpe HOHOB Ind’, u pacTBOp mocuHeer.

OnHako, cieayeT UMETh B BUAY, YTO Y OOJIBIIMHCTBA MHAMKATOPOB MEPEX0J] OAHOM OKpacKu B
JpyTylo mpoucxoauT He B Touke pH = 7, a B cnabokucnoi miu crnabouienodnoil cpene. Hanpumep,
METHJIOPaHK MEHSET IBET U3 XKENTOro (B LIETOYHOM cpefie) 10 po30BOro (B kucioit) B nuHTepBane pH
ot 4,4 o 3,1 (t.e. B kucinoi cpeze); gpenondranenn menser user B odnactu pH or 8 no 10 (t.e. B
CITa0oIIENIOYHOM Cpene).

30Ha MepeMeHbl OKPACKW WM MHTEPBAJ Mepexoja HMHANKATOpAa — ATO 00JIaCTh MEXKIY JIBYMS
3Ha4eHusIMU pH, B KOTOPOM MPOMCXOIUT 3aMETHOE M3MEHEHHME OKpacku MHAMKaropa. a3 uenoBeka
UMEeT OTPaHHYCHHYIO CIIOCOOHOCTh K BOCHPHUSTHIO OKPAacOK M OOBIYHO TIEpecTaeT 3aMedaTrh
MIPUCYTCTBUE OJTHOW M3 OKpAIIEHHBIX (JOpPM MHAMKATOPA, €CIIM €€ KOHLEHTpalus npumepHo B 10 pa3
MEHbIIIe KOHLIEHTPALUU APYroil popmsl, clie0BaTEIbHO, HHTEPBAJ Mepexoa paBeH JBYM €IMHUIIAM
pH.

3HaueHne pH, IIpU KOTOPOM 3aKaHYMBACTCA TUTPOBAHUC C JAHHBIM WHAWKATOPOM, HA3bIBACTCA
ero mnokasareneM TtuTpoBanus pT (mpu »ToM pH H3MEeHeHue IBeTa HWHAMKATOpa CTAHOBUTCS
OTYETJIMBBIM /7Sl T71a3a). pT mpuMepHO JIEKUT B CepeIMHE MHTEpBaJla Mepexo/1a HHINKATOPA.

Kpussblie TuTpOBaHuS

KpuBble TtuTpoBaHuss — 3TO rpaduyeckoe wuzodpaxkenue usMeHeHuss pH pactBopa mnpu
MOCTETIEHHOM J100aBJIeHUU paboyero pacTtBopa K ONPEAEIEHHOMY KOJHMYECTBY HCCIEIyEMOro
pacTBopa.

a) Tumposanue cunvhoii kuciomul wenouwvto. (Hanmpumep, consayro kucinory HCI tutpyror
menousto NaOH)
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g } numepban nepezoda

pH
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genongmaneara (8,0 -10,0)

NaOH

1
90 0 10
Obsem pacmbopa NaOH,mn

Pe3koe m3menenue pH pactBopa BOMM3M TOYKM SKBUBAJECHTHOCTH, T.€. B KOHIIC THUTPOBAHUSA,
Ha3bIBalOT CKaykoM pH (CKaukoM THUTpPOBaHHUS, CKauyKOM HEHTpanu3aluuu). DKBUBAJICHTHAs TOYKa
COBIAJACT ¢ TOYKOW HEUTPAIBHOCTH, T.K. B MOMEHT 3KBUBAJICHTHOCTH B PACTBOPE HAXOAUTCS TOJIBKO
NaCl, kortopslii He moasepraercs ruaponusy, pH = 7. Uem Bblllle KOHLEHTpalUUs TUTPYEMOIO U
CTaHJIapTHOI'O pacTBopa, TeM Oosbuie ckayok pH. Ha ckauox pH Binusier u temneparypa — 4yeM BbIIIE
TEMIIEpPAaTypa TUTPYEMOTO pacTBOpa, TEM MEHBIIIE CKAYOK TUTPOBAHUS.

0) Tumposanue cnaéou xucromol wienousvto. (Hampumep, ykcycuyto kuciory CH3COOH
tuTpytoT menousto NaOH)

JSlurus sKBubanesmuocim
0 -
] -
2 =
3 -
4k Toyna wedmpaiuseyuy | _
5 HHmepban nepezode
- 54 i memuniofozo spacrozo (4%-6,2)
Qo 7 (C) JIUHUS HELmpamsHOCTTIY
4 S« \0)| #emepban nepezode
9} 3N \}\wﬂo/w/mﬂwﬁa (6,0-10,0)
n- ] Toyne swbubanenmuocmus
e O (pH=527)
/4 ol
sk NaOH
7% L
g0 100 710

O6sem pacmbope. NaOH , mn

Korma Bcst xucimora HeiiTpanmmszoBaHa, pH pacTBopa 3aBHCHT TOJBKO OT TPHCYTCTBHUS
CH3COONa. WM3-3a ruaponmsza 31oit comu pH > 7, mo3ToMy TOYKa SKBHMBAJEHTHOCTH JIEKUT B
LIEJIOYHOU cpefie.

Ckauok pH wmenwpme, wem B cimydae HCI T.x. cucrema  CH3COOH + CH3COONa,
o0pa3oBaBIIascs B Mpollecce TUTPOBaHUs, oOnagaer OydepHbIM AeHCTBUEM, T.€. IPOTUBOACUCTBYET
n3Menenuto pH npu noGaBieHuH KUCIOTH WM mienodd. Yem crmabee TUTpyemas KUCIIOTa, TEM IPU

6onbiieM pH HacTynaeT MOMEHT SKBUBaJICHTHOCTH.
KpuBas tutpoBanus HaumHaeTcs Onvke K JIMHUU HeitpanbHocTH (pH = 7) 1 HakioHeHa K ocu

abcrucc. Yem cnabee TuTpyemas KUCIOTa, TEM MEHbIIE ckadok pH.

B) Tumposanue cnab6ozo ocnosanus cunvhou kuciomou. (Hanmpumep, TUAPOKCHI aMMOHHUS
NH4OH tutpyrot pactBopom coisinoit kucioTsl HCI).
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Obvem pacmbope. HCI, mn
OKBHMBaJICHTHasi To4kKa TUTpoBaHus JexuT npu pH menbme 7 (T.x. rugponu3 NH4Cl naer
kuciyto cpeny). Ckagok pH raxke meBenuk, T.K. NH,OH + NH4Cl — ammonuiineii Oydep. Uem
crnabee TUTPyeMOE OCHOBAaHHUE, TEM MEHBIIIE CKkadyok pH.

r) Tumposanue cn1avou Kuciomol ci1adblM OCHOGAHUEM WM HA0OOPOT — Ha MPAKTHKE HE
MpUMEHAETCS, T.K. Ckauok pH mouTu ucyezaer, pe3koro M3MEHEHHUs] OKPAaCKHU MHIAMKATOPOB OT OJIHOM
KAaIlTi KUCJIOTHI UM OCHOBAHUS HE IPOUCXOAMT, CIIEJOBATEILHO, TOYHOE TUTPOBAHUE HEBO3MOXKHO.

BbIGOP MHINKATOPA

AHanu3 KpUBBIX TUTPOBAHUA IOKa3bIBAET, YTO HACTYIUICHHE HEUTPAJIbHOW pEaKIHUH CpEe.bl,
ompesensieMoe M3MEHEHHEM I[BeTa MHJIUKATOpa, HE BCErJa COBMAJACT C TOYKOW SKBHUBAJIEHTHOCTH,
MO3TOMY TOUKa Mepernda KpuBou JOHKHA HAXOAUTHCS B MpeeNiaX HHTEpBalla Mepexoa HHAUKATopa.

TutpoBaHHBIE PACTBOPHI KUCIIOT U IIETIOYEH HEJIb3s1 TPUTOTOBUTH MO TOYHO B3SITOW HAaBECKE, T.K.
IIeNIOYH, TOTJIONIAsl YTIIEKHUCIBIM Ta3 M3 BO3IyXa, PACIUIBIBAIOTCS U TMPEBPAIAIOTCS B KapOOHATHI,
3HAYUT, COCTAB UX MOCTOSAHHO MeHseTcsl. KHCIOThI Helb3s B3BEIIMBATh Ha aHAJIMTHYECKUX Becax, T.K.
3TO arpeCcCUBHBIE )KUJIKOCTH.

TouHyI0 KOHIEHTpAIUIO IIEoYel YCTAaHABJIMBAIOT THUTPOBAHHEM II0 MIABEJIEBON KHUCIIOTE,
H,C,042H70, a TouHyr0 KOHIIEHTpAIUio KUCIOT ycraHaBnuBaioT mo coxe NayCOs; wnu mo Oype
Na,B40710H,0.

[Ipumenenue Oypbl Il YCTAaHOBKH TUTPa pPacTBOpa KHUCIOTHI OCHOBAaHO HA TOM, YTO OHAa Kak
COJIb CNMa0OW KHUCJIOTHI M CHJIBHOTO OCHOBaHHUS, JIETKO THUIPOJU3YETCSA U COOOIIaeT pacTBOpY
HIEJIOYHYIO PEAKIHUIO:

Na,B4O; + 7H,0 = 4H3BO3; + 2NaOH

Konnuectso NaOH, Beiensitonieecs B pe3yibTaTe peakliy, SKBUBAJIEHTHO KOJIUYECTBY OYpBHI.
Tutpys NaOH npu moMomy KUCIOThI onpeiesieM HOPMaTbHOCTh U TUTP KUCIIOTHI:

2NaOH + H»,S0O,4 = Na, SO, + 2H,0

CyMMapHoO€e ypaBHEHHE:

Na;B4O7 + 5H,0 + HySO4 = 4H3BO3 + NapSO4
KomnyectBo NaOH 5KBUBaJIEHTHO KOJMYECTBY OYpbBI, MO3TOMY HOPMAaJbHOCTH KHCIIOTHI,
KoTopasi TpeOyercst ans HeWTpanuzauuu NaOH MoxHO paccuuTarh MO KOJIMYECTBY OYpbI, T.€. IO

HOPMAaJIbHOCTHU OYpBHI.
) H2S04 — M/2=98/2=49r
2 Na2B407.10H20 — M/2 = 381,42/2 = 190,71 r
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METOAMKA BBIIIOJTHEHUA TUTPUMETPUYECKOI'O AHAJIM3A

JUis mojydeHus NpaBUIIBHBIX PE3YJIBTATOB BCE ONEpaluyd B TUTPUMETPUYECKOM aHAJIU3E
HEOOXOAMMO BBIOJHATH O4eHb TmIaTenbHO. [lpuctymas k pabore, cienyer yOenuThCs B YHCTOTE
pabodero Mecra, HaJM4YMM Bcel HEOOXOAMMOW MOCYZABI U €€ MPUTOJHOCTH K paboTe, BHUMATEIbHO
O3HAKOMHTHCS C METOJIMKON aHAIM3a, IPOU3BECTH PACUETHl U MIPUTOTOBUTH J1A00PATOPHBIN KypHAT
IS 3alIUCU PE3yJIbTaTOB.

HamosiHeHue Omoperknm padouuM pacTBOpoM. broperky omosiackKuBaroT CcHayaia
IUCTUINIMPOBAHHON BOJOH, a 3aTeM pacTBOPOM, KOTOPBIM IIpeiroJiaraercss ee 3amojHATh. [lis
OTIOJIAaCKMBAHMS PACTBOpP HAJIMBAIOT B OOpeTKy Ha 1/3 BBICOTHI M ciIMBalOT uepe3 HocHK. llocie
3TOro pabouuii pacTBOp HAJMBAIOT HEMHOrO BhIlIEe HyneBoro aeneHus. [ly3plpek Bo3ayxa u3
HOCHKa OIOPETKH BBITOHSIOT, OTOTHYB CJe€TrKa HOCHK BBEpPX M Ha)XMMas IpPH TOM Ha LIApHK B
LUIaHTe. BBIHMMalOT BOPOHKY M YPOBEHb pacTBOpa YCTAaHABJIMBAIOT HAa HYJIEBOM JIEJICHUHU.
Haxxumas Ha mapuk, MEIJIEHHO BBIITYCKAIOT pacTBOP U3 OIOPETKH /10 T€X MOp, MOKa HMKHUN Kpal
MEHHUCKa PacTBOpA HE OKAXKETCS Ha YPOBHE HyJeBOro feieHus. OTcyeT AeneHui Npou3BOIsT Tak,
9TOOBI IJ1a3 HAONIOAATENs] U MEHHCK HAaXOJIWUJIUCh HAa OAHOW TOPU3OHTAIBHON JHMHHUH. YCTAaHOBUB
HYJIEBOW YpOBEHb, HY)KHO CHAThH KaIUIIO )KMJKOCTH C HOCHKA OIOPETKH, IMOJHECSH K HEMY I'OPJIBIIIKO
CTEKJITHHOM KOJIOBI.

JUist BBINOJIHEHUS KaXJAOro TUTPOBAHHUSA OIOPETKY HANOJIHSIOT JI0 HYJIEBOIO JEJeHHUs.
Haunnas tutpoBaHme Kaxaelii pa3 ¢ «0», yMEHBIIAIOT OMMUOKY, CBS3aHHYIO C BO3MOKHBIM
HEIOCTOSIHCTBOM Juamerpa OropeTku. OTcueT mNokKa3aHMil OHOPETKH clelyeT IpPOU3BOJAUTH C
TOYHOCTHIO 0,5 OT HAUMEHBUIETO JAEJICHUS.

OtrMmepuBanne pacTtBopoB mnunerkamMu. OJIMH U3 pacTBOPOB IpU TUTPOBaHUU (Halle
aHaAJIM3UPYEMBbIH PACTBOP) OTMEPUBAIOT MUNETKON. Ee omyckaloT B CKISHKY C pacTBOPOM IOYTH [0
JHa U B NEPBbIM pa3 HabuparwT pacTBOpP AJs ONOJacKWBaHUs NUNeTku. llepenecs 3ty nmopuuio
pacTBOpa B CIMBHYIO CKIIIHKY, HAOMpAIOT pacTBOpP CHOBA HEMHOIO BbILIE METKU. BepXHuil koHer
MUINETKN OBICTPO 3aKUMAIOT YKa3aTeldbHBIM HanblieM. Ocnabisis HaXXuUM Majablia, JalT U30BITKY
pacTBopa BBITEKATh MO KarlIsiM, YTOObl MEHUCK YCTaHOBMJICS TOYHO Ha ypoBHE MeTKHU. CHUMAIOT
KaIlIl0 pacTBOpa C HOCHKA MUIETKH, KOCHYBIIUCH UM TOPJbIIIKA CKISHKH. OCTOpPOXKHO, cliels 3a
TeM, 4TOOBl pacTBOpP HE Kamajl, MOJHOCAT MUIETKY K KoJi0e, B KOTOPYIO HYXHO IMEPEHECTH
3a7aHHBI 00beM pacTBopa. OTKPBIBAIOT BEPXHUW KOHEI] MUIETKH, YTOOBI pacTBOpP CBOOOJIHO
nepenuBancs B kos0y. CrensT 3a yMEHbIIEHHEM YpPOBHS pacTBOpa B NMHUIETKE U B HYXKHBIH
MOMEHT, KOT/la U3 MUIIETKU B KOJIOYy nepenuiicsa TpedyeMblii 00beM pacTBOpa, BHOBb 3aKUMAIOT
MUIIETKY CBEPXY YKa3aTEIbHBIM MAJIBLIEM.

IIpoBenenue tutpoBaHuMsa. KoHudeckyro Koi0y C pacTBOPOM, HPUTOTOBJIEHHBIM A
TUTPOBaHUS, NIOMEUIAIOT HA JHUcTe Oenoil Oymaru moJ HocukoMm OropeTku. KoHunk Hocuka
J0JKEH HaXOJUThCS HAa YPOBHE TOpIbIIIKa KOJOBl. OTTATHBas OOJBIIUM U yKa3aTelbHBIM
najblleM JIEBOM PYKH PE3UMHOBBIM HIJIAHT OT IIapuKa OHOPETKH, N00aBIAIOT TUTPAHT B KOJOY
HeOonpmMMU mopuusiMu. [IpoBoas TUTpoBaHHMe, HENB3S CHXKUMATh LUIAHT HMXKE IIapUKa
OIOpeTKH, TaK Kak II0clle 3TOTO B HOCUK Mmomajnaer Bo3ayX. ONHOBpPEMEHHO ¢ J00aBiIeHHEM
TUTpAaHTa TPABOM PYKOH OCTOPOXKHO BCTPSAXHMBAIOT KOJOYy s OBICTPOTO MepeMelIMBaHus
pacTBopoB. BOiM3M TOUKM SKBHBAJIEHTHOCTH PAacTBOpP B MeECTE MOMaJaHUs KaIllid TUTpaHTa Ha
KOPOTKOE BpeMsl MpuoOpeTaeT OKpacKy, XapakTEPHYIO JUJIS TOUYKH SKBUBAJIEHTHOCTU. DTO CIYKUT
MIPU3HAKOM MpUOIMKAIOLIETOCs] KOHIa TUTPOBaHUS. TUTpPAHT HAUYMHAIOT JOOABIATH MO OJHOM
Karule, KaXAbli pa3 MOJHOCTBIO IepeMellnBas pacTBOPbl. Kak TOJBKO NPOU30LIIO CTOWKOE
U3MEHEHHE OKPACKH TUTPYEMOI'O pacTBOpA, TUTPOBAHHE MPEKpallalOT M 3alKChIBAIOT MOKa3aHUe
Oropetku. [lepBoe TUTpOBaHUE CIYXUT i OPUEHTUPOBOYHOTO YCTAHOBJIEHHUS OoO0beMa U €ro
pe3ynbTaT IIpU pacdyeTax He UCIOJb3YIOT. 3aTeM IPOBOJAT TUTPOBAHUE CLIE HE MEHEE YETBIPEX Pa3.
IIpu sTOM Kaxablii pa3 OTMEpHBAIOT M3 OIOpETKH 00bEeM pacTBOpa, JHUIIb HEMHOTO MEHBIIUM
pe3yabpTara nepBoro TUTpoBaHus. [locie 3TOro TOYHO TOTUTPOBBIBAIOT PACTBOP MO KaIlJISIM.
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JlaGoparopHasi pabdora

OMPE/IEJIEHUE COJEPKAHUS KAPBOHATA HATPHSI U BPEMEHHOIA
(KAPBOHATHOI1) JKECTKOCTH BO/JIbI

Henp padoTbl: OCBOUTH TEXHUKY THUTPOBAaHUS C BHU3yaJbHOM HHIUKaLUMEH TOYKHU
SKBHMBAJIEHTHOCTH IIPHU NOMOIIM PAa3JINYHBIX MHIUKATOPOB. 3aKPENUTh HABBIKM TUTPUMETPUYECKOIO
OIIpEJIeJICHUs BELECTB HA IPUMEPE aHAIN3a PACTBOpA KapOOHATa HATPUS.

CymHocTb padoThbl

OmnpeneneHre OCHOBAaHO HAa THUTPOBAaHWM KapOoHATa HATPHUS COJISTHOM KHCIOTOH C JIBYyMS
UHIUKATOpaMH - (heHoI(PTaTCHHOM U METHIIOBBIM-OPaHKEBBIM.

[Ipu TUTpOBaHWU pacTBOpa, COAEPIKAIIETO KapOOHAT HATPHUS, XJIOPOBOJOPOIHOU KHUCIOTOW B
MPUCYTCTBUH (PeHOoIPTaNenHA TPOUCXOAUT PEAKIUS:

Na,CO; + HCI = NaHCO3; + NaCl

O0ecuBeunBanue (eHoNPTanenHa yKa3blBaeT HA TO, YTO PEAKLUs IOJHOCTHIO 3aBEPIINIACH U
BMecTO UCXOHbIX BemiecTB B pactBope umerorcss NaCl u NaHCOj3 u eciu TuTpoBaHue MpOIOIDKATb,
TO OyZIeT MPOTEeKaTh peaKIus

2Na;COg3+ 4HCI = 4NaCl +2H,0 + CO;

[Ipu TUTpOBaHUM pacTBOpaA, COJEPKAIIECTO KApOOHAT HATPHUSA, XJIOPOBOJOPOIHON KUCIOTOU MPH
N00aBJICHUH METHUIIOBOTO OPAHXKEBOTO OH OKPAIIMBACTCS B IKENTHIM IIBET, MOCKOJIbKY OECLIBETHBIN
pactBop, obpasyrommiics rpu turpoBannr NaHCO3; nMeeT craboIeTouHyro PeakIuio.

Na,CO3; + HCIl = NaHCO3; + NaCl

W3meHeHne xKenroi OKpaCKM Ha OpaHXCBYIO CBUACTCIBLCTBYECT TOM, YTO pC€aKUHsA IMOJIHOCTBHIO
CBCPIINJIACD.

Martepuansl 1 000py0oBaHue:

. bropeTka eMkocThIO 25 M

. Habop nunerokx BMectumocthio 10 — 20 mi

. Mepnas kon6a BMmectuMocThio 100 M

. Mepnble nunuspsl BMecTuMocThio 10 1 200 M

. Konnueckue kon0Obl A1 TATPOBAHUSI BMECTUMOCTBIO 250 M
. Boponka

. Crannapthsiii pactBop menoun NaOH 0,11 (pukcanan)

. BontHblii pacTBOp KapOOHaTa HATPUS C ONPEAETIEHHBIM TUTPOM
. Boma quctminmmpoBanHas

10. MetunoBslif opanxesblii 0,1 %-Hbli BOIHBINA pacTBOP

11. ®enondraneun 0,1 %-HbIi pacTBOD.

O OO ~NO bW —

Onvim 1. Cmanoapmusauus padouezo pacmeopa CoAAHOU KUC/I0MbL.

Xox padoTsl

N3 xonuentpupoBanHoro pactsopa HCI rorosar npubnuzutensHo 0,1H. pactBop o6bsemom 100
M, u3Mepsis miotHocTh pactBopa HCl apeomerpoM B numinHzape BMectuMmocThio 200 Mi1 U 1o
CIpaBOYHHUKY Haxoaar maccoByio noito HCl. BropeTky HamomHsSIOT pacTBOPOM COJSTHOM KHCIIOTHI,
3aMlOJIHAIOT HOCUK M YCTaHABJIMBAIOT YPOBEHb XHMJIKOCTH Ha Hyjle. B konOy ans TUTpoBaHUS C
nomouisto nunerku ormepusarot 10,00 mut 0,1H. pactBopa NaOH, npunuBarot 1-2 kaniau uHAMKaTOpa
METHJIOBBIM OPaHXEBbI U TUTPYIOT PACTBOPOM COJISIHOW KHUCJIOTHI JO TMEpPexoaa KEITOH OKpacKu
pacTBopa B OpaH)KEBYIO. 3alMCHIBAIOT OOBEM H3PACXOAOBAHHOW KUCIOTHL. [lepBoe pe3ysibTaroB
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(TUTpOBaHKME MOXHO CUUTATh YIAOBJICTBOPUTEILHBIM, €CIIU MOCIEAYIOIEe TUTPOBAHUE OTINYACTCS OT
npenpiayiiero He 6onee, yem Ha 0,1 mur).
Ilpumeuanue: llepem KaxaplM THUTPOBAHMEM  BBUIMBAIOT OTTUTPOBAHHBIM  PacTBOP,
OTIOJTACKUBAIOT KOJIOOUKY JUCTUUIMPOBAHHON BOJIOM M BHOBB 3aMOJHSIOT OropeTKy pactBopom HCI.
N3 nmomydyeHHbIX naHHBIX 0TCU€TOB 00bEMOB HCl B TOUYKE SKBHBAJIGHTHOCTH HAaXOJST CPEIIHEE
apupMeTHIECcKOoe

3areM paccuuThIBaeéM HOpMaJLHOCTB U TUTP pactBopa HCI o dpopmynam:

NNaoH-VNaoH

T :
VHcl
Nuci-MsynHen
Tha = --- , T/MJI
1000

OBPABOTKA PE3VJIbTATOB 11 BbIBO/IbI

Onoim 2. Onpeoenenue cooepricanus KapooHama Hampus.

Xoxa padoTsl

TutrpoBanue ¢ HHIUKATOPOM Memunogulii opaHiceswii. Viccnenyemslit pactBop NapCOs
MEPEHOCAT B KOJIOY IUISI TUTPOBAHWS, NMPHIUBAIOT 1-2 KAl WHAWKATOpa W TUTPYIOT PAacTBOPOM
COJISTHOM KHCIIOTHI JI0 TEpexoja >KeITOM OKpacku pacTBOpa B OpaHkeByro, oTmeuaroT oobém HCI,
3aTpayeHHbI HAa TUTPOBAHHE.

TurpoBanue ¢ uHIUKATOpPOM @penongmaneun. Vccnenyemsiii pactBop NapCOjz mepeHocsT B
KOJIOY TSl TATPOBAHUS, IPHIIMBAIOT 4-5 Kalenb WHAUKATOPA ¥ TUTPYIOT PACTBOPOM COJISTHOW KHCIIOTHI
1o obecreunBanusi, orMevaroT 00béM HCI, 3aTpauenHslit Ha TUTpoBaHueE. J[JIs1 KaK0r0 TUTPOBAHUS
BeIUCIIOT Maccy NapyCOs (T) B aHanm3upyeMoM 00beMe, YUUTHIBAasi MOJIIPHYIO MacCy SKBHBAJICHTA
Na,CO3 mo popmyre

m (Na2C03) = NHCI -V(HCI)- Ma(Na2C03)/ 1000

26



OBPABOTKA PE3VJIbTATOB 1 BbIBOJIbI

Onovim 3. Onpeodenenue epemennon (KapooHamuou) HcecmKoCcmu 600bl

Heasb padoThl: onpenenuTs KapOOHATHYIO KECTKOCTh BOJIBI METOJIOM KHCIOTHO-OCHOBHOTO
TUTPOBAHUA.

Marepuanbl u 000py10BaHue:

. bropetka emkocTsio 25,00 mi

. ITnmerka emxocthio 50,00 ma

. Konba nns TutpoBanus

. Boponka

. CranmapTHbIil pacTBOp coJisiHOM KucioTsl 0,1 M
. AHanmM3UpyeMbIil pacTBOp

. MeTnunoBelil OpaHKEeBBIN.

NN R W=

CyumHocTb padoThl

XKecTkocTh BOABI 00YCIIOBIIEHA MPUCYTCTBUEM B BOJE PACTBOPUMBIX COJICH KaJbIMsl U MarHHsL.
KapOonartHas 5KeCTKOCTB OIIpEeNIeTCs COIep )KaHnueM B Bojie THIpoKkapOoHaToB. [Ipu kunsaeHnn oHu
pasnararoTcs:

C&(HCOg)z = CaCO;z; + H,O + CO,
Mg(HC03)2 = MgC03 + H,O + CO,

[Ipu 3TOM K€CTKOCTbh BOJABI YCTPAHSAETCS WU YMEHBIIAETCS, T03TOMY KapOOHATHYIO KECTKOCTh
Ha3bIBAIOT YCTpaHUMOW. JKeCTKOCTb BOIBI BBIPAXKAIOT MOJSPHOM KOHIIEHTPALUEl 3KBUBAJIEHTOB
Kanpuus U mMaraus (fHxB = 1/2) B MMOJIB/IIM® Kap6oHaTHy10 K€CTKOCTh ONpeAeNsiioT TUTPOBAHUEM
BOABl CTaHJAPTHBIM DPACTBOPOM COJISHOM KHCJIOTBI C METUJIOBBIM OpaHXEBbIM. B pesynbrare
TUTPOBAHUS MIPOTEKAIOT PEAKINH:

22CO0O;

Ca(HCO3), + 2HCI = CaCl, + 2H2C0§
2H,0
ﬂZCOZ

Mg(HCO3), + 2HCI = MgCl, + 2H2C0§
2H,0

B Touke akxBHBaneHTHOCTH oOpasyeTcs ciabas yrompHas kuciora, pH pactBopa paBen 3,85.
TutpoBanue NpoOBOAAT C UHAUKATOPOM METUIOBBIM OPAHIKEBBIM.

Xoxa padoTsl

B xon0y nns tutpoBanus orbupatot nunetkor 50,00 mur ananmm3upyemont Boabl. [Ipubasmstor 2
KalTd METUJIOBOTO OPAH)XEBOT'O M TUTPYIOT PAacTBOPOM COJSTHOM KHCIOTHI IO MEPEeX0/a OKPACKH
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HHAMKATOpa OT JKEITOM B po30ByI0. THTpOBaHHE MPOBOMAT CO «cBUACTEaeM» (cBUAeTenb: K 10 mur
H,0 npubaButh 1 kammo TurpanTa U 1 Kammo WHAMKATOpa). [TOBTOPSIOT aHAM3 HECKOJIBKO pas,
IIOJlyYeHHbIE PE3y/bTaThl 3alUCHIBAIOT B TAOJUIy M PACCUUTHIBAIOT CpelHee 3HayeHue oObeMa
COJITHOM KMCJIOTBI, ITONIIEJIIET0 HAa TUTpoBaHUe. Pacuer kapOOHATHON KECTKOCTU BOJIbI IIPOBOJAT 110
dhopmyie:
Cacy-VHe
H, MMOJIB/AM® = —-mmmmmmmmmmmmeeee 1000,
V(H20)
rae V(o) - 00beM BOJIbI, B3ATHI HA THTPOBaHHE.

OBPABOTKA PE3VJIbTATOB U BbBIBO/IbI

3anaHus 1S CAMOCTOATEILHOM PaGoThI

KoHnTpoJibHbIE BONIPOCHI:

1. Kakoif MeToJ aHanM3a Ha3bIBAlOT METOJOM HeMrpanuzanuu? Kakue BemiecTBa MOXHO
OIIpEeAEIATh JAHHBIM METOAOM?

2.Yto Takoe uHaukaTopbl? Kakue HHAMKATOPHI UCHONB3YIOT B METOJI€ HEUTpaIU3alHH.

3. Ilepeuncnuth TpeOOBaHUS, IPEABIBIIEMbIE K MHIUKATOPAM.

4. Yro Ha3pIBaeTCA OJHOLBETHBIMU U ABYLIBETHBIMHM HHAUKaTOpaMu? IIpuBecTr ux npumepsl.

5. Uto Ha3bIBaeTCs 30HOW NMEPEMEHBI OKPAaCKU MHAMKATOpA U MOKa3aTeaeM TUTPOBAHUS?

6. JlaTb onpeneseHnss KpUBBIX TUTPOBAHUS U CKauKa TUTPOBAHUS.

7. Kak 3aBHCHT CKauOK THUTpPOBaHHS OT KOHLEHTPAallMd W TeMIepaTypbl TUTPYEMOro H
CTaHJapTHOI'O PacTBOPOB?

8. [loueMy TUTpOBAaHHBIE PACTBOPHI KUCIOT U IIEJI0YEH HENIb3sl IPUTOTOBUTH MO TOYHO B3SITOM
HaBecke? ([ToaTBepauTh ypaBHEHUSIMU peakiuil).

9. Ha ueM ocHOBaHO TNpUMEHEHHE OYypHI Ul YCTAHOBKH TUTPa pacTBOpa KUCIOTHI?

10. Oncats HOHHYIO TEOPUIO HHANKATOPOB OCTBaIbBAA.

11. OcobeHHOCTH KPUBOM TUTPOBAHUS CJIA00I0 OCHOBAHUS CUJIBHON KHCIOTOM.

12. Hanmcath cyMMapHO€ ypaBHEHUE TUTPOBAHMSI KMUCIOTHI IPU TTOMOILIH OYypBHI.

13. Uro Takoe )KeCTKOCTh BOBI? B KakuX eAMHHIIAX OHA U3MEpSIeTCs?

14. Jlaiite onpenenenue oOIiel, BpeMEHHOM U MOCTOSHHOW *ecTKocTU. [IpuBeaure ocHOBHBIE

(dbopMynbl 1S BBIUMCICHHUM pe3ylbTaTOB OINpEAENeHUN KECTKOCTH METOJaMH KHCJIOTHO-

OCHOBHOT'O TUTPOBAHMSI.

15. Kakumu criocobamu mpoBoAST ymsirueHue Boibl? [{iist uero sto nenaercs?

3apaum:

1. Bpluncnure Maccy YKCYCHOM KHCIIOTBI, HAXOJIUBIIEHCS B pacTBOpE, €CIM M3BECTHO, YTO Ha
TUTpoBaHue ObLI0 3arpadyeHo 20,50 mu pacTBOpa THAPOKCHUIA HATPUS C MOJSPHOW KOHIIEHTpaIUeH,
pasHoii 0,1145 moinw/n.(0,140 )

2. CKOITbKO TPaMMOB COJITHOW KHCIOTBI cojepkutcss B 500 M1 pactBopa ee, eclidm Ha
tutpoBanue 10 mi Takoro pacrtBopa pacxoayercs 1,2 ma pactBopa 0,11M pactBopa rumpokcuiaa
kamus?(0,2409 1)

3.Ha TutpoBanme 10 Ma pacTBopa IIaBENEBOM KHUCIOTHI C MOJIAPHOM KOHIEHTpauuen
skBuBaneHnta HC,04 -2H,0 paBnoii 0,02 monb/nm m3pacxomoBano 12,6 mi pacTBOpa NepMaHraHaTa
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KaJlus B CHJIBHOKHCIION cpejie. BerumcianTe MOJSIpHYIO KOHIIEHTpAIIHIO SKBUBayieHTa B pactBope. (0,15
MOJIB/11).

4. Jlna cma3bIBaHUS JIECEH MPUTOTOBIIEH pacTBop u3 5 mu nepruapons (30% Hy02) u 15 mn
JMCTHIUIMPOBAHHOM BoJbl. Paccunraiite MaccoByro noato HyOz B moimydeHHOM pacTBOPE (Ppacrsopa = 1
r/mn). (7,5 %)

5.3 100,0 M UCXOAHOTO aHAIM3UPYEMOIO PacTBOpa, COACPIKAIIETO CONb IMHKA, OTOOpain
anukBoTy 25,00 M, TOAKUCITWIM €€ CEpHOM KHUCJIOTOH, NMPUOABUIM HEOOJIBIIOE KOJUYECTBO
uHIuKaropa audpenmwiamuna, kamus geppurmannga Ks[Fe(CN)g] u MemieHHo, npu nepeMeriBaHiu
OTTHTPOBAJIM KATHOHBI IIMHKA CTaHIAPTHBIM pacTBopoM kamus ¢eppormanuna Ks[Fe(CN)s] ¢
MoJsipHOW KoHmeHTpareit 0,0518 Monb/n 10 mepexona okpacku u3 (UOJIETOBOM B canaToByro. Ha
TUTPOBAaHUE M3pacxonoBaHO 15,45 M pacTBOopa TUTpaHTa. Beluucinure MOJSPHYIO KOHLIEHTPALHUIO,
TUTP UCXOIHOTO aHamu3upyemoro pacrsopa.(0,03 M)

6. Beruncnuth HaBecky Oypwl Uit mpurotoienus 0,51 tutpoBanHoro pactsopa ¢ Cpy = 0,1
Moub/n. (4,551)

7. Bwraucnuts Cy pactBopa (ocdartHoil KUCIOTHI, ecau B 1,511 ero copepxutcst 7,5 T KUCIOTEHI.
(0,15momb/m)

8. BpluMCIUTD MOJSPHYIO KOHLEHTpPALUIO COJSHOM KuciaoThl, ecnu B 700 mMa pacTBopa
conepxutcs 3,5t ee. (0,13moitb/im)

9. BbIUMCINUTHD MOJSIPHYIO KOHLEHTPALMIO 3KBUBAJIEHTAa CEPHOW KHUCIOTHL, eciau B 600mi
pactBopa coaepxkurcs 5,51 ee.. (0,18moib/ir)

10. Berauciaute Cy pacTBopa CONsTHOM KHCHOThI, ecii B 200 My pacTBopa conepkutcs 15r
KuCIOTHI. (0,2M0JIB/IT)

Auyuoumempusa - >TO METOJ OIpPEICICHHUS OCHOBAHWH W COJEH, MAIOUIMX NpPU THIPOIHU3E
IIETOYHYIO PEaKIHIO, C TOMOIIbIO THTPOBAHHOTO PACTBOPA KUCIIOTHI.

TurpoBannsie pactBopbl Kucior HCI u HySO4rotoBsaT no npubiausuTenbHOi HaBecke, a 3aTeM
YCTQHABIMBAIOT WX THTP, T.€. TOYHYIO KOHIEHTPAIMIO, TIO0 WMCXOTHBIM BEHIECTBAM M HATPHH
kapbonaty Nap,COs, Harpuii terpabopary (0ypa) NaB4O;° 10H,O um natpuit okcanaty NayCyOg.
PacTBOpBHI KHCIIOT TOTOBAT MPHOIM3UTENBHO TaKOH e KOHIIEHTPAIMH KaK U MCXOIHOE BEIIECTBO, T.C.
HAaBECKY KHCJIOTHI PaCCUNUTHIBAIOT 3HAsI KOHLEHTPAIMIO HCXOAHOTO BEIECTBA.

IIpuMepnl pelmeHus 3a;1a4.

1) BeIYUCIUTE Maccy COJSTHOM KHCIIOThI, HEOOXOIUMOM ISl TPUTOTOBJICHHS 31 pacTBOpa, €Clin
TUTp ero Oynyt ycranasnusath 1o 0,1H pactBopy Hatpuii kapOoHara.

Jlano:

V=3n

Cu(NaCO3) = 0,1momb/n

m (HClI) -?

Pewenue:
1) Tak kak TUTpP COJSTHOM KUCIOTHI OynyT ycraHasiausaTh 1o 0,1H pactBopy NayCOsto pactBOp
KHCIIOTHI T0JDKEH ObITh Toxke 0,1 H-HbIM.
2) JInst pacuera Macchl KUCIOTHI UCTIONB3yeM Gopmyrny Cy:
Cu=Mx/Mx- V- foxpx
orcrona Mx=Cy ‘Mx - foxg- V=0,136,5-1-3=10,5T.
OTBeT: macca KucaoTsl 10,5 r.

2) Bpruucnute MoisipHyro koHieHtpanuto H,SO,, eciu B 400 M pactBopa comepxurcs 49 T
KHUCJIOTHI.

Hano:
V =400 mn

m (H2804) =49r
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Cxy?

Pewenue:

3anuceiBaeM GopMYyITy MOJSPHON KOHIICHTPAIUH:
Cu=Mx/Mx-V=49/980,4 =1,25 moiub/n

Otser: (H2SOy) = 1,25 moms/n

3) Beruncoute HaBecky NayCOsz 11 mpurotoBieHuslia TUTpoBaHHOrO pactBopa ¢ Cy=
0,1momb/11.

Jano:

V=1n

Cu(NapCO3) = 0,1 moms/n

M (Na,COs3) -?

Pewenue:
Jia pacuera maccbl NapCO3 ucnionb3yeM ¢popmyiy Cy:

Cu=Mx/Mx* Ve foxpx,
orctona  Mx=Cy * Mx - foxp.- V=0,1-106 - 1/2- 1 =53 .
OtgeT: macca kapboHnata 5,3 T.

4) Bpruncnuth mMaccy (ochaTHON KHCIOTHI, HEOOXOIUMOW Ul MPHUIOTOBICHUS 271 PacTBOpa,
ecii TUTp ero OynyTt ycraHaBiusath 1o 0,1H pactBopy Oypsr.

Jlano: V =2,

Cu(NazB407) = 0,1momb/1t

M(H3PO,) -?

Pewenue:
1) Tak kak tutp ¢ocharHON KucnoTel OynyT yctanasnuBarh nmo 0,1H pactBopy Oypsl, TO
pacTBOpP KUCIOTHI A0JKeH ObITh Toke 0,1 H-HbIM.
2) Inst pacueTa Macchl KUCIIOTHI HUcTonb3yeM opmyiny Cy:
Cu=Mx/Mx V- s x,
orcroa Mx=Cp - My - foxp.- V=0,1-202-1/2-2=20.2r.
OrtBert: Macca kuciaotsl 20,21,

TecToBBIC 3a1aHNA;

1. B ocnose Kuciomno-oCcHO8HO20 mumpoOe6aHrusl iedxcunt peakyus
83aAUMOOCUCNEUSL:

a) KaTHOHOB U KOMIIJICKCOHOB

6) H:O"u OH

B) OKHCJIIHUTEIIS U BOCCTAaHOBUTECIIA

F) BOCCTAHOBUTCIIAA U OKHUCIIUTCIIA

2. B zasucumocmu om Ucnoab3yemozo mumpanma pasiudarom Cﬂe()yiou;ue munvl KUCjioniHo-
OCHOBHO2O MUmMpO6aHUsL.

a) 6)

3. B kauecmee pabouux pacmeopos 6 mMemooe Heumpaiu3ayuu UCHoab3ym pacmeopvl
CUNbHBIX KUCIOM U OCHOBAHULL:

a) HACBHIIIIEHHBIE

0) craHaapTHbIC

B) TIEPECHIIIICHHBIE
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') KOHIICHTPUPOBAHHBIE

4. B memolde wneumpanuzayuu 6 Kawecmee padouux pacmeopos UCHOLb3VIOM PACMEopbl
OCHOBAHUIL:

a) KOH, NaOH

0) Ba(OH),, NaOH

B) Ca(OH),, KOH

5. B memooe Heﬁmpaﬂus’auuu 8 Kauecmee pa60qux pacmeopoe UCHOIb3YIOm pacmeopbl
Kucaom:

a) H3PO4, HCI

6) HCI, H,SO,4

B) HzSO4, HN03

1. Oxpacka uHOuKamopos 6 Mmemooe Heumpaiu3ayuu U3MeHsemcst 8 3a8UCUMOCIIU OM.
a) TeMIepaTypbl

0) naByieHUs

B) KOHIICHTPAILIUH H;0"u OH

8. Ilo meopuu Ocmeanvoa uUHOUKAMOPHL:

a) BEIECTBA, OKPACKa KOTOPBIX MCHSCTCS B 3aBUCIMOCTH OT U3MEHEHUS BeTMYUHBI pH

0) BelecTBa M3MEHSIONINE CBET, JFOMHUHECICHIIMIO MM 00pa3yrolre OCaioK MPH M3MEHEHUU
KOHIIEHTPAIMU KaKoTro-Tu00 KOMITOHEHTA B pacCTBOPE

B) Takue cladble OpPraHMYECKHE KHUCIOTHI HJIM OCHOBAHHUS, Yy KOTOPBIX HEHOHH3UPOBAHHBIC
MOJICKYJIBl M HOHBI HMEIOT PA3IMYHYIO OKPACKY

8. B memooe Kuciommo-oCHO8HO20 MUMPOBAHUS CKAYOK MUMPOBAHUS He 3A8UCUM OM.:

a) KOHIIEHTPALMU TUTPYEMOTO pacTBOPA;

0) M3MEeHEeHUs MOHHOM CUJIbI PACTBOPA B MPOLIECCE TUTPOBAHMUS;

B) KOHIIEHTpAlMU TUTPAHTA U MIPUCYTCTBUS IIOCTOPOHHUX BEILECTB B PACTBOPE;

I') KOHLIEHTPALUU TUTPAHTa U TUTPYEMOI'O BELIECTBA, KOHCTAHTBI AUCCOLUAIIMHN U TEMIIEPATYPHI.

9. I]enounyio peakyuto cpedvl 600HO20 PACMBEOPA UMEION.
a) HATPUS XJIOPUL

0) maraus cynbdar

B) HaTpus TeTpadbopar

I') HaTpusl TUAPoKapOOHAT

(mpuBecTH ypaBHEHUE peaKIim)

10. Conu xaxux kamuoHog 00YCI08IUBAIOM HCECMKOCTb BOObL:
a) Na"

6) Ca’*

B) M 92+

r) K*

11. Humepsan nepexooa oKpacku uHOUKAmMopa — 3mo:

a) 00JIaCTh KOHIICHTPAIIMK THAPOKCH/I- HOHOB, B Tpejieiax KOTOPOH HHANKATOP pa3pyIiaeTcs

0) o001acTh KOHIIGHTPALlMU HMOHOB BOJIOPOJa, B IMpeEleiiaX KOTOPOW OKpacka MHIUKATopa He
H3MEHSCTCS

B) 00JIaCTh KOHIICHTpAIIMX MOHOB BOJOPOJA, B Mpe/eiiaX KOTOPOU TJia3 CIOCOOCH OOHAPYKUTh
HU3MCHEHHE B OTTCHKE, BHI3BAHHOE M3MEHEHUEM COOTHOILICHHUS IBYX COOTBETCTBYIOMIUX (hopm

r) 00JIaCTh KOHIICHTPAIIMU HOHOB BOJIOPOJIA, B ITPe/esiaX KOTOPOH HHIUKATOP YCTOWYUB

12. Omauyue okpacku paznuunvlx popm UHOUKAMOPA 3a8UCUM O
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a) CIOCOOHOCTH MOJICKYJSAPHONW M MOHHOW (hOpM HHIMKATOpa IOTJIONIATh Jy4d Pa3THIHON

JJINHBI BOJIH

6) Kn unnukaropa u pH pactBopa
B) KOHCTaHThI KHCJIOTHOCTM WHJUKATOpa, KOTOpas HampsMyko cBsizaHa ¢ pH pactBopa, B

KOTOPOM OH HAXOAUTCA

T) JUAJICKTPUUYECKOMN MPOHUIIAEMOCTH CPEJIbI, B KOTOPYIO ObUT T0OABICH TAaHHBIA UHIUKATOP

13. Kaxoti unouxamop MoxcHo npuMeHums, eciu CKAYoK Mumposanus Haxooumcs 6 npeoenax

pH 3,5-7:

7?

a) )eHOJIOBBIN KpaCHBIN
0) akmyc

B) METHJIOBBIA KPACHBIN
r) hbenondranenn

14. Jlna cmanoapmuzayuu pacmeopa HCI ucnonvzyrom 6ypy. 9mo — ...
a) CTaHJIapTHBIN 00pa3elr
0) TepBUYHBINA CTaHIAPT
B) BTOPHYHBII cTaHIapT
I') XMMHYECKUN peareHT

15.  Cmanoapmmnuiii pacmeop NaOH ucnonv3yrom npu onpeoenenuu
a) IIEIOYHOCTU BOJIBI

0) KUCIOTHOCTH XJjeba

B) JKECTKOCTH BOJIbI

r) kKapOoHaTa HaTPUA

16. B kakom us nepeducieHnvlx mumpoeaHuzZ mou4Ka 9KeueleHmHrocmu coomeencnmeyem pH =

a) HNOs;+ NaOH
6) HCOOH + NaOH
B) NH3+ HCI

B) Na,CO3+HCI

17. Yemy pasna xonyenmpayusa monw/1 uonoé H', eciu pH = 7:
a) 10”7

6) 10

B) 10™

r) 1

18. Yemy pasna xonyenmpayus uonos H' 6 600nom pacmsope, eciu xonyenmpayus OH paena:
a) 10°mounb/n

0) SMoub/1

B) 10™°Mounb/n

) O9MOIIB/ 1T

19. Moowcrno nu onpederums codepacanue HCl u H3BO3zs cmecu mumposanuem pacmeopom

CUTILHO20 OCHOB8AHUSL 8 B0OHOU cpede? C KakuMu UHOUKAMOPAMU U 8 KAKOU NOC1e008amenbHocmu?

a) Ja, JJakMyc U ¢eHoadTatenH

0) 1a, METUJIOBBII OpaHXKeBbIil U peHondranens
B) J1a, JAKMYC ¥ METHJIOBBIN KPACHBIN

T') HET

XpoHomerpax:
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2 4acoBOro 3aHATHA:

Opranu3aiOHHBI MOMEHT — 5 MHH.

Onpoc — 40 mMuH.

[TosicHeHMs K BBIIOJTHEHUIO paOboThl — 20 MUH.
Brimonnenue u opopmieHue paboTsl — 25 MUH.

1 yacoBoOro 3aHATHA:

W3noxxenne HoBoro Matepuaia — 40 MUH.
[TpoBepka paboT u 3a7aHne HA JOM — 5 MHH.

Jumepamypa:

Ocnognas:

1. Xaputonos, 10.4. Ananutndeckass xumus. AHanutuka 2. KonndectBeHHbl aHanu3. OU3nko-
XUMHAYeCKHe (MHCTpyMEHTaNbHbIe) MeToabl aHanu3a /FO.5 XaputoHos.-6-oe u3nanue, ucmp. ¥ JOI.-
I'SOTAP-Menua, 2014.

2. XaputoHos, 0.4 [Tpumeps! u 3agaun no aHanuTHueckor xumuu (I'paBUMeTpus, SKCTpaKLys,
HEBOJIHOE TUTPOBaHME, (H3MKO-XUMHUYECCKHE (MHCTPYMEHTAIbHBIC METO/Ibl aHaIn3a)) yueOHUK M.:
Bricm. mik., 2014-752c¢.

Honoanumenvras:
1. Bacuibes, B.I1. Ananutndeckas xumus : yue0.: B 2 kH.. KH. 2: ®u3nKo-XUMHUYECKHE METObI
anamm3a. - 2007. - 384 c.
2 .Ananutudeckas xumus. Puzndeckue U GU3NKO-XMMHUYECKUE METO/IbI aHalu3a: YUeOHUK Jis
By30B / KykoB A.®., Konocosa N.®., Ky3zuenos B.B.; pex. [lerpyxun O.M. - M.: Xumns,2001. — 496
C.

3. OcuoBel ananmuTHueckoit xumun: B 2 kH. / [lox pexa. FO.A. 3onorosa - :Beicmas mkouna, 2002-
MeTtoasl xummudeckoro ananusa -494c. ISBN 5-06-003559-X (kH.2).

4. Ponuna, T.A. MeToapl XUMHUYECKOTO aHann3a (M30paHHbBIE TaBbl) : y4ed. mocodbue: / T.A.
Ponuna, B.M. Mutpodanoga. - bnarosemenck: U3n-so Amyp. roc. yu-ta, 2005. - 116 c.

5. bokora T.U. UHcTpymMeHTaNbHBIE XUMHUYECKHE METONBI aHajau3a: MeToJl. mocodue./bokosa
T.U., Yemepuc M.C., FOcynosna I'.I1., Kycakuna H.A.- HoBocubupck: HI'AY, 2002.-80 c.

6. Caiitel yueOHbIX IeHTpOB — DBC «KOHCYNBTaHT CTyIeHTa»

7. CrosHoBa O.®. XoxioBa O.H. Opoc I'.IO. Moxkmmua H.SI TexHuka XUMHUYECKOTO
JKCIIEpUMEHTa YuyeOHOoe mocoOue sl MPaKTUYECKUX 3aHATHM 10 aHaJIUTHYECKONM XHMMHU.
Boponexckuit rocynusepcuret.2000r.
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Tema. KOMIIVIEKCOMETPUSA. KOMINIEKCOHOMETPUYECKOE TUTPOBAHUE

He.ﬂb 3aHATHUA. O3HaKOMHUTBECA C KOMIINIICKCOMETPUUCCKUMU MECTOdaMHU. KomiiekcoHsl.
I/IHI[I/IKaTopr KOMITIJICKCOHOMCTPHUYICCKOI'0O TUTPOBAHUA.

Heﬂb ACATECJIbHOCTU CTYACHTOB HA 3aHATUH

Cmyoenm 0oadceH 3Hamy:

a) Knaccudukaruio MeTo10B aHaIu3a.

0) Buibl KOJTMUECTBEHHBIX METO/IOB aHAJIM3A.

B) [IpenMytiecTBa U HEMOCTATKU KOMILIEKCOHOMETPHYECKOTO METO/Ia aHATTN3A.

r) Kakue BemiecTBa Ha3bIBalOTCS KOMIUICKCOHAMHU M KaKW€ MX CBOMCTBA JAOT BO3MOXHOCTb
WCIOJIb30BaHUS B KOMIIJICKCOHOMETPUYECKOM TUTPOBAHUMU.

1) [TocTpoeHre KPUBBIX TUTPOBAHHS B KOMILICKCOHOMETPHHU.

¢) MHauKkaTopbl MeTO/1a KOMIUICKCOHOMETPUHU U Ha Ye€M OCHOBAHO WX JICHCTBUE.

Cmyoenm 0ondceH ymems.

a) Ilonp3oBaTbcss  MepHOM MOCYAOM M APYyrdM  00OpyIOBaHMEM Il MPOBEICHHS
TUTPUMETPUYECKOTO aHAIN3a U PA3ECIICHHS BEIIECTB.

6) I'oTOBUTH pacTBOPBI C TOYHO U3BECTHOM KOHIIEHTpaLUeil.

B) Onpenenars KOHUEHTPALUU PACTBOPOB METOJIOM MPSMOT0 U 0OpaTHOTO TUTPOBAHUS, @ TAK JKE
TUTPOBAHUEM METOJOM 3aMEILIEHUS.

r) B3BemmBarh Ha TEXHOXMMHYECKMX BECAX, HAa AHAJUTUYECKUX BEcax M IPUTrOTABIIMBATH
3aJlaHHBIE CTaHJAPTHBIE PACTBOPHI.

1) [IpuMeHsTh NpakTUYEeCKH TaHHBIM METO/1 aHAIN3a.

Teopernyeckas yacrb

Tutrpumerpuyeckre METO/bl, B OCHOBE KOTOPBIX JIEXKAT peaKIUH KOMIIJIEKCOOOpa30BaHUS
Ha3bIBAIOT KOMILJIEKCOMeTpHYecKUMHU. JIy1g Toro uytoObl peakius KOMIUIEKCOOOpa3oBaHUs Morja
ObITh HCIIOJI30BaHA B THUTPUMETPHM, OHA JIOJDKHA IPOTEKaTh OBICTPO, CTEXHOMETPUYHO U
KOJIMYECTBEHHO.

Cpenu peakuuii ¢ y4aCTHEM HEOPraHWYECKHX JIMTAHJIOB B TUTPUMETPUU NMPUMEHSIOT PEAKLUU
oOpazoBanust ramoreHuaoB pryta (ll), ¢TopumoB amoMuHUSA, LUUPKOHMS, TOPHUS U LUAHUIOB
HEKOTOPbIX METaJIOB (HHKeNb, KoOanbT, UUHK). Ha oOpa3oBaHMM 3THUX KOMILJIEKCOB OCHOBAHbI
METO]Ibl MEPKYPUMETPUH, (PTOPUIOMETPUH U LIUAHUJAOMETPUH.

ITprumMepoM MOXKET CITy>KUTh METO/]I OIIpEIeIIEHHS LINAHUI0B PaCTBOPOM COJIM cepedpa:

Ag*+2CN~ =[Ag(CN),T".

Ilpu npaneHelmeM mnpubaBieHHH cepebpa B pacTBOP KOMIUIEKCHOTO MHAHHIA OCAXKIAETCS
uaHua cepedpa:

[Ag(CN),]" +Ag* — Ag[Ag(CN),]¥

Toukoit KOHIIa TUTPOBAHUS CYMTAETCS MOMEHT IOSIBJICHUS MYTH.

[Io meTongy KOMILJIEKCOMETPUM MOXXKHO Takxke TUTpoBaTh conu amomunus (ll), topus,
LUPKOHHUSL:

Zr*t +6F = [ZFFG]Z_ , IPUMEHSIS B KAUECTBE MHMKATOPA ATM3apHH:
ﬂ QH
‘O OH  (1,2- nuruapokcHaHTpaxHHOH)
0]
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OnHako HEOpraHMYECKHE TUTPAHTHI U B HACTOSIEE BPEMSI HAXOAAT OrpaHUYEHHOE TPHUMEHEHHE.

[upokoe npuMeHEHHE KOMILICKCOMETPUS OJTY4HIa ¢ TeX MOp, KaK B MPAKTUKY aHATUTUYECKON
XMMHUH BOIIIM AaMHHOITOJMKAapOOHOBBIC KHCIOTHI M MX COJIM, ITOJYYMBIINE Ha3BaHWE KOMIUIEKCOHOB,
MO3TOMY M TUTPUMETPUYECKUN METOJ, OCHOBAHHBIM Ha MPUMEHEHHH JTHUX PEareHTOB, HA3BIBACTCA
KOMITJIEKCOHOMETpPHUEH.

KommiekcoHoMeTpus (XeTaTOMETpHsI) — TUTPUMETPHUECKUI METOJl aHaJIn3a, OCHOBAaHHBIN Ha
00pa30BaHUM MPOYHBIX BHYTPHUKOMIUICKCHBIX COCIMHEHUH (XEIaTOB) MEX/Y KaTHOHAMH METAJJIOB U
KOMILJIEKCOHAMHU.

KomriekcoHbl — opraHnueckre CoeTMHEeHNUS, TPOU3BOAHBIE aMUHOIOIMKAPOOHOBBIX KUCIIOT.

Hawnbonee pacripocTpaneHs! CIeyOMNe KOMIUICKCOHBI:

Hutpunorpuykcycnas kucnora (HTA) — komnnexcon .

CH,COOH CH,COOH
WIH + _

N— CH,COOH H—N— CH,C00
CH,COOH CH,COOH

HauOoinbiiee 3HavueHHWE MMEET 4YETHIPEXOCHOBHAS OATUJICHIMAMUHTETPAYKCYCHAs KHCIIOTA
(OTAY) — komnnexcon |l

HOOCCH, CH,COOH
~— /
_— N-CH,~CH,-N
~
HOOCCH, CH,COOH

Ha npakTrke 0OBIYHO TMPUMEHSIOT JIBYHATPUEBYIO COJIb ATHIICHIMAMHHTETPAYKCYCHON KHUCIOTHI
(BATA) — komnaexcon 11

HOOCCH, CH,COONa
~— ~
- N-CH,—CH,—N - -2H,0
NaOOCCH, CH,COOH

(6e3 H2O — tpunon b)

Kowmmnekcon |1, xak 1 apyrue KoMImiekcoHsl, 00pa3yeT cO MHOTMMH KaTHOHAMM JOCTaTOYHO
IIPOYHBbIE U PAaCTBOPUMBIE B BOJI€ BHYTPUKOMIUIEKCHBbIE coiu. OHM 00pa3yloTcsi MyTeM 3aMelleHus
METAJIJIOM aTOMOB BOAOPOJa KapOOKCUJIBHBIX TPYNI M B3aUMOJIEHCTBUS KaTMOHA C aTOMaMH a30Ta
aMMHOTPYIN (3a CueT KOOpJIMHALMOHHOHM cBsi3u). B3aumopelictBue TpmwioHa b ¢ nByx3apsaHbM
KaTHOHOM IPE/ICTaBUM B BUJIE CXEMBI:

HOOCCH, CH,COONa
—~ ~ 2+
_— N=CHyCHN +Me™ >
NaOOCCH, CH,COOH
Me
/, k
ooCCH; .~ '\, _CH,COONa
- _— N-CHCHN' +2H'
NaOOCCH, CH,CO00 —

Kommiexconsl Hapsiay ¢ kapookcuabHbiME rpymnnamMu (—COOH) conepxar amuuHbI#H a30T (=N).
bnarogaps TakoMy CTPOEHHIO 3TH COETUHEHHS OTINYAIOTCS MOJMICHTATHOCTBIO (MMEETCSI HECKOJIBKO
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JIOHApHBIX aTOMOB), T.€. CIIOCOOHOCTHIO 00PA30BBIBATh CPa3y HECKOJIBKO KOOPAMHALMOHHBIX CBS3EH C
MOHAMH METaJNIOB-KOMILIEKCOOOpa3oBareneil.
. L \4
Peakiust xomIuiekcooOpa3oBanuss Mekay uoHmsupoBanuoi (opmoit Y ((OATA) u uoHamu
2+ o o
Metamia (Me“') mpOXOOUT TOTHOCTRI0O U XapaKTepu3yercs oOIeld KOCTaHTOW 00pa3oBaHUs, WU
YCTOMYHUBOCTH [3:

Y*+ Me*= [MeY]*
B =[MeY]?/ [Y™*][ Me**]

UroObl peakius KOMILIEKCOOOpa3oBaHus fonuia coOonpbmieid momHoroit (99,99%) u morna
OBITb HCIIOJIb30BaHA B KOJMUYECTBEHHOM aHAIH3€, B[mMey] 2- 1OTKHA OBITH OOJIBILIE 108,

C HEKOTOphIMM HMOHAaMHU METaJUIOB-KOMIUIEKCOOOpa3oBareiell KOMILUIEKCOHBI  00pa3yloT
HACTOJIBKO YCTOMYMBBIC CJIa0ble 3JIEKTPOJIUTBI, YTO OOBIYHBIMH Ka4eCTBEHHBIMH DPEAKIHSIMHU
HEBO3MOXKHO JI0Ka3aTh MPUCYTCTBUE TAHHOTO KaTHOHA B PACTBOPE 3TOT0 KOMIUIEKCHOTO COCTMHEHUSI.

YcroitunBocth koMiuiekcoB MetamuioB ¢ DJATA pasnuyHa, 3aBUCUT OT HMOHAa MeETallla, €ro
3apsAIHOCTH M DJIEKTPOHHON KoHpuryparmuu u Mensercs oT pH cpensl. Hambonee ycroiiuus
komiuiekebl D/ITA ¢ MHOro3apsiAHBIME HOHAMH P- U -3JIEMEHTOB MOT'YT 00pPa30BBIBATHCS U B KHCIIOM
cpene ( komruiekcs ¢ Bi®*, Fe**, Cr** i 1.1.). Menee ycroiiunssr kommiekcsl ¢ DJITA 06pasyoT HOHbI
S- aneMeHTOB. VX ompeneneHrne KOMIIEKCOHOMETPUYECKUM THTPOBAHHEM MPOBOAAT B IIEIOYHON
cperne.

OCHOBHBIM ~ yCIIOBHEM KOMIUIEKCOHOMETPHUYECKOTO THUTPOBAHUS SBISETCS TpeOOBaHHE
NPEIbSBIIEMOE K pPEaKluu, KOTOpas JOJDKHA NPOTEKAaTh TaK, YTOOBI B TOYKE SKBHBAJCHTHOCTH
ompezesieMble KaTHOHBI OBUIM NPAaKTHYECKH MOJHOCTHIO CBsi3aHbl B Komiuiekc. Kocranra
YCTOMUMBOCTH TaKMX COEAWHEHHH JJOJDKHA OBITh 3HAYUTEIbHA BBICOKA.

Bricokass mpoYHOCTh COEAMHEHHH M OOJbIIas CKOPOCTh B3aWMOJCWUCTBHS MOYTH CO BCEMH
MOHAaMH METAJUIOB TOCIHYKWJIM TPUYAHOW IIHPOKOTO PACIPOCTPAHEHHS KOMILUIEKCOHOB B
TUTPUMETPUUECKOM aHaiIM3€e. boibIuM npenmMyIiecTBOM KOMIUIEKCOHOB MEpes] IPYTrUMU TUTPaHTaMU
SBIISIETCS TO, YTO MPAKTUYECKH CO BCEMH KaTHOHAMH OHH JAIOT KOMIUIEKCHI C COOTHOIIEHUEM HOHOB
Metajuia K suraday 1:1. [upokoe ncnons3oanne kommiekcoHos Il u Il obycnoBneno Tem, uto ux
peakiuu C KaTHOHAMH METaJUIOB TPOTEKAOT TIOJMHO W CTEXHOMETPHYECKH, T.€. B CTPOTO
HKBHBAJIECHTHBIX OTHOLICHUAX; UX PACTBOPHI YCTOMUMBBI MPU XPAHEHUHU; 3TH PEAreHThl TOCTYIHBI U
MO>KHO TIOJTYYHTb UX MPenapaThl BBICOKOW YHCTOTHI.

KommiekcoHbl B3aMMOJEHCTBYIOT € KaTHOHAMM OY€Hb MHOTMX METaJJIOB, IO3TOMY IO
CENIEKTUBHOCTH  YCTYIAOT ApPYyrUM TUTpaHTaM. CeleKTUBHOCTh KOMIUIEKCOHOB — TOBBIIIAIOT
pa3NUYHBIMM TpUeMaMH — HM3MeHeHueM (yMmeHblleHueM) pH cpenbl, BblAeTeHHEM (OCaXIECHUEM,
OKCTpPAKIKEil) ONpenensieMoro HoHa, MAaCKUPOBAaHUEM, M3MEHEHHUEM CTETICHW OKHCIICHUS KaTHOHA U
T.JI.

B Merone KOMIJIGKCOHOMETPHM HYXHO HWMETh B BHAY TO, YTO KOMIUIGKCOH |l —
YeTHIPEXOCHOBHAs KHCJIOTa. B o0pasyromuxcst KoMIiekcax MOHbBI MeTajla 3aMeIlaloT BOJOPOIHBIE
MOHBI JIBYX WM Oonee KapOOKCWIBbHBIX rpynn peareHTa. Ilostomy pH pactBopa mmeer Oosbiioe
3Ha4yeHue npu TutpoBaHuu kKomruiekconamu Il u I, dnsa nognepxxanust pH pactBopa Ha Tpebyemom
YpOBHE OOBIYHO B THUTPYEMBIH pPACTBOp MO0ABISAIOT KakKykoo-TnbOo OydepHyr0 cMech, UMEIOIIYIO
onpesenennoe 3Hauenne pH. BydepHble cMecH CBA3BIBAIOT BBIAEISAIOIIMECS NMPM THTpoBaHMU H'-
MOHBI, CMeIasi TEM CaMbIM PaBHOBECHE PEAKIIMU B CTOPOHY 00pa30BaHMS KOMILIEKCa

W3BecTHBI cienyronme crocoObl MPOBeIeHHsI KOMIIJIEKCOHOMETPUYECKOTO TUTPOBAHUS: TPSAMOE
TUTPOBaHHE, OOPATHOE TUTPOBAHKE, THTPOBAHUE IO CIIOCOOY BBHITECHEHUS, KOCBEHHBIE CITOCOOHI.

To4yHOCTH TUTpPOBaHMS OINpENEIsIeTCs H3MEHEHHEM KOHLIEHTpPAIlMM HOHOB MeTaia BOJIM3U
TOYKH DKBUBAJIICHTHOCTH. 3aBUCHMOCTH ITOH BEIMYMHBI OT KOJIMYECTBAa TPUOABICHHOTO TUTPAHTA
y100HO BBIpaXXaTh rpa)MuecKy B BU/I€ KPUBOH THTPOBAHMS, HA OCH OPJMHAT KOTOPOH OTKJIA/IbIBAIOT
—Ig[Me] = p[Me], a nHa ocu abermee — oGbeM paGouero pacreopa(V, cM’), H3PACXOLOBAHHOIO Ha
tuTpoBanue. OHa JaeT HarJsIIHOE MPEICTABICHHE O XO0/1€ 3aBUCUMOCTH U MOKET CITYKUTh KpUTEpUEM
BBIOOPA ONTHMANBHBIX YCIOBUH TUTPOBAHMS.

37



Koneunyio TOuky TUTpOBaHMSI B KOMIUIEKCOHOMETPUU MOXHO OINPEAETUThH MO HCUE3HOBEHUIO
OMpeIEesIEMOTr0 KaTUOHA B PAacTBOPE C MOMOUIBIO TaK HA3bIBAEMBIX MeTAJIMHAMKATOPOB. Ecnu
METAJJIOUHJIMKATOPBl MMEIOT B CBOEM COCTaB€ XPOMO(OpHBIE TPYIIbl, X HHOTAA Ha3bIBAIOT
METAJJIOXPOMHBIMU MHAUKATOpamMu. K HUM OTHOCSTCSI OKpalllEHHbIE HHIUKATOPbI: SPUOXPOM YEPHBIH
T, Mypekcua, KCUJICHOJOBBIM OpaH)XEBBIM, METHITUMOJIOBBIH CcHUHHH u 1p. OHuU HamOojee
yrnotpebutenbHbl.  OJHAKO  €CTh  eme  OeCUBETHbIE  METAUIOMHIUKATOPHI:CAMIIIIIOBAS |
Cyab(hOCaTUIUIOBas KUCIOThI, TUOIMOHATHL. MeTalIoOMHIMKATOpbl 00pa3yloT ¢ MOHAMHM METAaJlIOB
OKpAalLLEHHBbIE KOMIIJIEKChl, OKpacka KOTOpPbIX YacTO HACTOJIBKO MHTEHCHUBHAsg, YTO 3aMETHa B
HWHTEpBaje KOHIEeHTparui 10 107" monb/in. IIpu TUTpOBaHWU TPUIOHOM b TaKOro OKpameHHOTO
KOMIUIEKCHOTO COEIMHEHHUsI OHO MOCTENEHHO pas3jaraercsi BCielcTBHE 00Opa3oBaHUS HOBOro, Oosee
IIPOYHOT'O0 BHYTPUKOMILUIEKCHOTO COEIMHEHUS! KaTUOHA C KOMIUIEKCOHOM. B TOUKe SKBMBaJIEHTHOCTU
HaOJII0/IaeTCsl pPe3KOe H3MEHEHHE OKPAacKHM — TOSBISIETCS OKpacka, CBOWCTBEHHAss CBOOOJAHOMY
UHIUKATOpY, T.€. 0Opa3zyIOLIMecs] COEJUHEHHUS OTIMYAIOTCS MO LBETY OT CBOOOJHBIX HMOHOB WM
MOJIEKYJI MHAMKATOpa. JTU OKpAallIeHHbIE KOMIUIEKCHl MEHEE YCTOWYHMBBI, YeM KOMILJIEKCHI TeX K€
KaTUOHOB C TPWIOHOM b.

Iupoko ucnonb3yercs HHAUKATOp 3puoxpoM uepHbiid T, cogepxamiuii 18e GeHOIbHBIE U OJHY
cynbdorpynmy. [loatomy cokpaientno ero ¢popmyny obo3navaror Hzlnd. Ilpu pH 7-10 npeobnamaer
ero TayromepHas ¢gopma HInd?, okparueHHast B ciHE 1BeT. KOMIUIGKCHI ke MHINKATOpA ¢ METalll-
nonamu (Cu, Mg, Zn, Mn, Al) kpacHoro 1Berta. [Ipoucxozmsmue npu npamom mumposanuy peaKium
MO>KHO MPEJCTaBUTh YPABHEHUSIMHU:

Me?" + HInd*> = Melnd + H'
Melnd + HY®= MeY? + HInd*

Takum oOpa3oMm, B TOYKE HSKBHUBAJIEHTHOCTH OKpacKa pacTBOpa OT OJHOM Kamiu H30bITKa
TpuiioHa b mepexoanuT n3 KpaCHOM B CHHIOKO.

IIpu obpamnom mumpoeanuu K aHATU3UPYEMOMY PacTBOPY MPUOABIIAIOT OTMEPEHHBIH 00BEM
CTaHJIapTHOTO pacTBopa TpujoHa b, M30BITOK KOTOPOrOo OTTHUTPOBBIBAIOT CTAHJIAPTHBIM PACTBOPOM
COJIM IIMHKA (MJIM APYroro Merayia) B NPUCYTCTBUM METAJUIOMHIUKATOPA, PEarupyrollero Ha MOHbI
[UHKA (WJIK MOHBI IPYrOoTro METaIa).

IIpu evimecnumenvnom mumposanuu B aHANU3UPYEMBIH pacTBOp BBOIAT u30bITOK DJ[TA B
BHJI€ KOMIUIEKCAa C MarHMeM WIM IIMHKOM. Eciu KaThoH ompenenseMoro meraimia oopasyer ¢ D[ATA
Oosiee yCTONYMBBIN KOMIUIEKC, YeM MAarHUi U IIMHK, IPOTEKaeT peakLus:

MgY? + Me*" = MeY? + Mg?*

BricBoOoaMBIIMICS MAarHU TUTPYIOT 3aTEM CTaHJAPTHBIM PACTBOPOM TpHiioHa b.

OCOOCHHOCTBIO METAI-UHIUKATOPOB SBJISIETCS TO, YTO OHHU MEHSIOT CBOIO OKpPacky B
3aBucuMocT oT pH pactBopa. [loaTomMy mpu KOMIUIEKCOHOMETPUYECKOM THUTPOBAHUU TpeOyeTcs
MO//IEPKUBATh TIOCTOSIHHOE 3HaueHne pH B Xxoje TUTpoBaHUS. DTO TOCTUTAETCS MCIOJIB30BAaHUEM B
MpolLecce TUTPOBAHUS OyPEpPHBIX CMECEH.

[Tockonpky DJITA moxeT 00pa3oBbIBaTH XeJaThl C OOJBITMHCTBOM KAaTHOHOB, Ha TIEPBBIN
B3TJIS, KaXKETCs, 4TO ITO MalloM30HMpaTeNbHblil peareHT. OJHAKO peryaupoBaHUE KHCIOTHOCTH
pacTBOpa W BBEJEHHWE MACKHPYIOIIUX areHTOB IO3BOJISIET 3HAYUTEIBHO TMOBBICUTH CEIEKTUBHOCTH
JEHCTBUS KOMILUIEKCOHAa W TIPOBOJAUTH OIpeAeTieHHEe HEKOTOPhIX KAaTHOHOB B CMecH 0e3 HX
peABapuTeNIbHOrO pasneneHus. Tak, npu pH=1 moxxHO omnpenenuts Me®* (Hampumep, Fe3+) B
MPUCYTCTBUU JABYX3apsIHBIX KATUOHOB METAJUIOB, KOMIUIEKCHl KOTOPBIX MEHEE YCTOMYMBBI U B 3THUX
yCIOBUSX HE oOpasyroTcs. AHamornuHo, kaamuii oopasyer ¢ DJITA Gosee yCTOWUYMBBIA KOMILIEKC,
4eM MarHii, ¥ ero MO>XHO OIpeAeNsATh B MPUCYTCTBUU MarHus B OydepHoM pactBope ¢ pH=7.
Hcnonb30BaHue pa3nuyHbIX MACKUPYIOMIMX areHToB (aMMuayHoro 0ydepa — mis mackupoBanus Cu,
Ag, Zn, Ni, Cd; nurpatHoro — mius Al u Fe) mo3BONSeT CENEKTHBHO MPOBOIUTH OMpEAcIICHUE
OT/IEJIbHBIX KOMIIOHEHTOB CJI0KHON CMECH.
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[Iupokoe pacnpocTpaHeHHE TMONYyYMIa KOMIUIEKCOHOMETPHUS B MEIUKO-OMOJIIOTMYECKUX
paboTtax. DTOT METOJ HEOOXOIUM I OTPEIETICHNUS B )KUBBIX OPraHU3MaXxX KaJIbIHsl, MarHUSI 1 MHOTUX
MHUKPO3JIEMEHTOB.

B ¢dapmanuu KOMIUIEKCOHOMETPHUECKOE TUTPOBAHHME IMPHMEHSIOT Ui aHalu3a IpenapaToB
KaJIbLMSL: XJIOPHJA, [NIIOKOHATA, JIAKTaTa; IpenapaToB LMHKA, Cylb(ara MarHus U Jp., a IpU aHalIu3e
BOJIbI JUIS OTIPENICIICHUS €€ KECTKOCTH, O0YCIIOBICHHOM COJISIMU KaJIbIUs U MarHusl.

B Ounonorun m MeauuyHE KOMIUIEKCOHBI IPUMEHSIOT HE TOJbKO B aHAIMTHYECKUX Hessax. Mx
UCTOJB3YIOT KaK CTaOMIM3aTOpbl MPH XPAaHEHHH KPOBH, TaK KAaK OHU CBS3bIBAIOT MOHBI METAJJIOB,
KaTaJlM3upyroue peakuuu okuciaeHusa. llpm mnpodeccruoHanbHbIX 3a00sIeBaHUSAX € IIOMOILIBIO
KOMIUIEKCOHOB M3 OpraHu3Ma BbIBOJSAT HOHBl TOKCHYHBIX METAJUIOB, PaJMOAKTUBHBIE H30TOIBI U
IIPOJYKTHI UX pacraja.

JlaGoparopHas pabdora
. OITPEAEJIEHUE KECTKOCTH BO/bI

Ienb padoThl — aHaIN3 BOABI HA JKECTKOCTb.

JKecTKoCTb - OAMH U3 TEXHOJOTMYECKHX ITOKA3aTeNIeH, IPUHATBIX U1l XapaKTEPUCTUKHU COCTaBa
Y Ka4eCcTBa IPUPOAHBIX BOJ. JKeCTKOM Ha3bIBAIOT BOAY C IMOBBIIICHHBIM COACPKaHUEM HOHOB Ca’* u
Mg2+ . CymMma KOHIIEHTpaluii HOHOB Ca’* u Mg2+ SABJISIETCS] KOJIMYECTBEHHOW MEpPOM )KECTKOCTH BOJIBI:

K= Copr JrcMgz+

N3mepstoT KECTKOCTh YMCIOM MUJUIMMOJIEH MOHOB JKECTKOCTH (Ca2+ u Mg2+) B | Kr BOABI
(MMouIb/Kr). B cBsi3u C TeM, YTO INIOTHOCTH BOJIbI OJIM3KA K €AMHHULE, KECTKOCTh MOYKHO M3MEPSTh B
MMOJIB/ZIM® HIIH MMOJTB/IL.

Paznuuarot jxecTkocTh BoJbl 00111y10 Ko, kKapOoHaTHYIO0 XK 1 HeKapOOHATHYIO K.

B cBs13u ¢ Tem, 4yTO B BO3/AyX€ JOCTAaTOYHO BeNUKO cojaepkanue COz, B IpUPOJHON BOJE €CTh
pacTBopeHHBIN Auokcua yriepoaa. IIporekaer Bzanmonericteue CO; ¢ HyO:

CO, + HzO: H2CO3: H++HC03_,

pe3yabTaTOM KOTOPOTO SBJISIETCS: 00pa3oBaHUe THAPOKapOOHAT-HOHA.

Konrentpammss nouoB Ca’" m Mg B Boje, dKkBuBajeHTHas cojepkanmio woa HCO3,
onpesenser KapOGOHATHYIO JKECTKOCTh BOJbI, @ KOHIEHTparus uoHoB Ca’’ u Mg”', okBuBaneHTHAs
BceM mpounm annonam (SO,7, C1” u T.1.), - HekapGoHaTHyI0 CyMMa KapGOHATHON M HeKapOOHATHOM
KECTKOCTH COCTABJIAET OOIIYIO )KECTKOCTh BOIBI.

OmneHKa MPUPOTHBIX BOJ IO CTETIEHH OOMIEH )KECTKOCTH B Pa3HBIX JUTEPATYPHBIX MCTOYHMKAX
Jaercss pasnuyHas. B kpaTkoW XMMHYECKOM OSHIMKIIONEAMHM KayecTBO BOJBI IO JKECTKOCTH
OLIEHUBACTCS CIIECAYIONIMM 00pa3oM: BOJa C )KECTKOCThIO MeHee 4 Mr-3kB/1 - msekas, oT 4 10 8 mr-
9KB/NI- cpedHnett scecmrocmu, OT 8 10 12 Mr-akB / 1- sorcecmras, Boiie 12 Mr-3kB / 1- ouers dcecmrast.

Hcnonp3oBaHne TPUPOJHON BOIBI B TEXHUKE TPeOYeT €€ MpeaBapUTEIBHOW OYNCTKH, B TOM
qrcie yMATYEeHUS (CHIDKEHHS XECTKOCTH J0 ONpeAelieHHOH HopMmbl). B Hacrosmiee Bpems st
YMATYEHUS BOJbI IIUPOKO UCIIOIB3YIOT HOHHBIM OOMEH.

Onovim 1. Onpeoenenue oduteil 3HcecmKocmu 600bl KOMHICKCOHOMEMPUUECKUM MEMOOOM.

Kommnekcon I (unu tpunon b) momyuwn mupokoe NpUMEHEHHE B XMMUYECKOM aHalln3e, Tak
KaK OH 00pa3yeT JOCTATOYHO NMPOYHBIE KOMILIEKCH C TAKHMH KaTHoHamu kak Ca’t, Mg®*, koropsie
OYeHb TPYIOHO TEPEBECTH B KOMIUIEKCHBIE COEIUHEHUS JpyruMH crnocobamu. TutpoBaHue
KoMmIuieKcoHOM |l ucnonmb3yroT 1 KOJIMYECTBEHHOTO ONpeAETIeHNs TUX KaTHOHOB, B YACTHOCTH, JUIS
OIIpeJIeJIEHUs OOIIEH KECTKOCTH BOJBI.

Kommnekcon Il o6o3naqaror cokpamiennoi popmynoit NapH,Y nnu D/ITA. AHuoH 310 conn
o0pa3yer 0co00 MpPOUYHbIE MATUYICHHBIE [IUKJIbI C HOHAMHM METAJIOB, MPOSBIAA ce0s KaK YeThIpex-,
MATH- ¥ MIECTUWICHHBIA nurana. He3aBucuMo 0T cocTaBa, Kak MPaBHIIO, 00pa3ylOTCs KOMILJIEKCHI C
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COOTHOIIIEHUEM KOMIOHEHTOB 1:1. B pesynbrare peakuun ¢ DJTA KaTHOHBI MeTajia 3aMemiaroT
KaTHOHBI BOJOpoJa B KapOoKCHibHBIX rpynnax —COOH KOMILJIEKCOHA U CBS3BIBAIOTCS JOHOPHO-
aKLENTOPHOM CBS3BIO C aTOMaMH a30Ta.
Peaknuto B3aumonerictBus komruiekcona |l ¢ kaTmoHamm KaiblUs YCIOBHO MOXHO
MIPE/ICTaBUTh YPaBHEHUEM:
Ca’* + HyY? & [CaY]¥ + 2H"

Ora peaknus oOparuma. YToOBI CMECTHTh paBHOBECHE B CTOPOHY 0Opa30BaHUS
BHyTpUKOMIUTEKCHOTO coenuneHust Nay[CaY], HeoOxoauMo CBsi3aTh KATHOHBI BOJOPOjAa. ITO
JocTuraercs a00aBlieHHEeM aMMOHUNHONW OydepHOW cMmecH, COCTOAILIEH M3 XJIOpHUIa aMMOHHS U
ruapokcuaa amMmmonus. Mimenno ammonuiinas OydepHas cmech obecrieunBaeT TpeOyeMoe 3HAUYECHHE
pH pactBopa.

PactBop Tpmiona b roToBAT M3 (uKcaHana WIM M3 TOYHOM HABECKU, KAK NEPEUUHDILL
cmanoapm. inu xax emopuunsiti cmanoapm — u3 kpuctamdeckoro NaoH,Y - 2H,0 nnm u3 6oree
KOHIICHTPUPOBAHHOTO PAaCTBOPA.

Ero xumuueckas ¢popmyna NaH,C19H1208N2-2H,0. Monsipuas macca 372,30 r/mons. HYucno
HKBUBAJICHTHOCTH PAaBHO 2 (HE3aBUCHMO OT CTEIICHH OKHCIICHUS! KaTHOHOB MeTaiuia). ClieoBaTeNbHO,
MOJIIpHAsl Macca SKBUBAJICHTa paBHA 2 MOJIb, T.e. 186,15 r/Monb.

Yame Bcero HCIOJB3YIOT PAcTBOPBI C MOJISIPHOW KoHIeHTpanued skBuBaientoB 0,01-0,1
Mounb/n. [{ns mpurotosnenuss 1 1 pactBopa TpuioHa b (kommuiekcona lll), umeromero monbHYyIO
KOHIICHTPALIMIO JKBUBaJIEHTOB, paBHylo 0,1 Momb/n, HeoOxomumo 18,615 r KpucTaIUIMYECKOTO
komiuiekcona Il. Cnenyer ydecth Takxke, 4TO JUIsl MPUTOTOBJICHUS 3TOr0 pacTBopa (komiuiekcona 1)
MPUMEHSIOT HEe OOBIYHYIO JUCTHJUIMPOBAHHYIO BOXY, @ OMAMCTIILIAT (ABaXIbl TUCTUIUTMPOBAHHYIO
BOZY).

Tutp npuroroBieHHOro pactBopa TpuioHa b (kommiekcona I1l) MoxHO poBEpUTH METOIOM
MUIIETUPOBAHUS 110 CTAHAAPTHOMY PACTBOPY, HANpuMep, cyib(ara Maruus (X.4), IPUTOTOBICHHOTO
u3 (puKcaHasa;, yCTaHOBJICHHEM TOYHOW KOHIIEHTpAIMK Mo MeTaymndeckoMy Zn (pactBopsitor B HCI),
ZnO (pactBopstot B H,SO,4), CaCO3 THT. I

Martepuansl 1 000pynoBaHue:

1. Tpunon b, 0,1 H cTanmapTHBIN PacTBOP.

2. Ammuaunslil 6ydepnas cmecs ¢ pH 9-10

3. CiupToBBIil pacTBOP MHAMKATOPA 3pHOXpoMa yepHoro T (Wi cyX. MOpOIIL.)
4. Mypekcua (cyx. Hopo. )

5. 2M pactBopa NaOH

6. Mepnbie ko061 emkocThi0 100,00 mut, 250 M
7. Konba aist THTpOBaHUSL.

8. INunetku emkoctrio 10,00 1 25,00 Mt

9. Hunuaap eMkocThio 50 M

10. AHamUTHYECKUE BECHI

Xox padoTsl

bropeTky npenBapuTEIbHO CIIOJIOCHYTh TUTPAHTOM, @ 3aTEM 3allOJIHUTh

Mepnyro kon0y Ha 100 M1 HAMOTHUTE aHATU3UPYEeMOM Bo10M. KomndecTBEeHHO TIEPEHECTH BOTY
B KOJIOY JUI TUTPOBaHMS U JOOABUTH TYyJA K€ 5 MJI aMMHayHOU OydepHoil cMecH (ToaaepKuBaroeit
pH pactBopa okono 10). B mocnennioro ouepens n100aBUTH B KOJIOY IJIsi TUTPOBAHUS CIUPTOBBIM
pacTBOp HMHAMKATOpa 3pHoXpoMa 4depHOro T (MM k€ HECKOJNbKO KPYMHHOK CYXOro TOpOIIKa
WHJIUKATOpa).

TurpoBanue HauaTh cpasy xe. [Ipy M3MEHEHUH OKpacKu TUTPOBATh aKKypaTHO, IO KaIlIsAM, 10
nepexona (uoJeTOBO-KPaCHON OKPACKH B CHHIOIO.

[loBTOpUTH TUTpPOBAaHUE O MOJYYEHUS TPEX BOCIPOM3BOAMMBIX pe3ynbTartoB. [lo cpennemy
3HaYeHUI0 oObeMa TpwioHa b, momienmero Ha TUTPOBAHHME BOJbI, PACCUUTATH OOIIYIO KECTKOCTb
BoabI /K, 10 hopMmyIe:
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K, =V naznzy *N Naznzv #1000 / Voo

rae VNaH,Y - cpennuii 00beM TUTpaHTa — TPUIIOHA b, IIOHIENIIEro HAa TUTPOBAHHUE
BOJIBL;

N Na,H,Y - HOpMaJILHOCTb CTAaHJAAPTHOIO PACTBOPA TPHJIOHA b;

V20 - 06beM Bozibl, B3siTOM 11 TuTpoBanus (100 mi).

HOJ’IB3y§ICB JaHHBIMH, IIOJTYYCHHBIMU B HaCTOHH.[efI n Hpeﬂbll[ymeﬁ pa60TaX, BBIYUCIIUTH
MOCTOSIHHYIO YKECTKOCTh BOJBI M CPAaBHUTH €€ BEIMYMHY CO 3HAUYCHHUEM BpPEMEHHOW JKECTKOCTH.
Hcnonp3ys pe3ynbTaThl ONpeelieHus 00IIei KECTKOCTH, CAeNaTh 3aKII0YCHUE O TOM, Kakas BOja B
HAIllEeM PETHOHE.

OBPABOTKA PE3VJIbTATOB 1 BbIBO/IbI

Onovim 2. Komnnekconomempuueckoe onpeoeieHue Kaabuus U MAazHUs 8 cmecu

KOMIIEKCOHOMETPUYECKHM METOJIOM MOXHO OIPEACINTh KOHLEHTPALuU ca® u Mg2+ B
OTJENBHOCTH MPU UX COBMECTHOM MPUCYTCTBUU B npobe. CyIIHOCTh ONpeAeiIeHUs: CBOAUTCSA K TOMY,
YTO BHAYATE ONPEIEISIIOT CyMMAapHYIO KOHIEHTpammio noHoB Ca’* m Mg®*, a sarem Haxomsr
KOHIGHTPAIMIO TONbKO HOHOB Ca’’, turpys pactBopom DJITA B CHIBHOIENOYHON cpeme ¢
mypexcimom. Morsr Ca®* ¢ MypeKkcHIoM 06pasyloT KOMILIEKC KPaCHOTO I{BETa:

Ca** +Ind” — Calnd",
KpacCHBII
KOTOpBIN paspymaercs komiiekcoHoM |1l B mporecce THTpoBaHMs U IIPU 3TOM OCBOOOXKIAeTCs
MHIUKATOp, KoTopblil mpu pH = 9 npuoOperaer cuHe-PpHOIETOBYIO OKPACKY:

Calnd + H,Y* — CaY? +2H" +Ind".
KpaCHBIN CHHE-(HUOJIETOBBIN

Marnuii npu 3TOM OCaXKAaeTcss B BHUJAE THAPOKCHAA Oeloro 1BeTa M ¢ TUTPAHTOM HE
B3auMozeicTByeT. Kpome TOro, Mypekcua ¢ noHaMu Mg2+ oOpa3zyet 6osiee MPOUYHBIA KOMILIEKC, YeEM
KOMITIEKCOHAT MArHHs, TIO3TOMY € 9THM HHanKatopoM Mg onpesienen 6bITh He MOJKET.

3Hast 00beM pacTtBopa komruiekcoHa lll, u3pacxomoBaHHBI Ha TUTpOBaHUE Ca®* u Mgz+, "
00BbeM pacTBOpa, MOLICANIMHA Ha THTPOBAHHE ToNbKko Ca’’, HAXOIAT 00BEM PACTBOPA KOMILIEKCOHA
I11, xoTOpBIit pacxoayercs Ha TUTPOBAHHE Mgz+.

Xoa aHajau3a

Uccnenyemplii  pacTBOp, 3alaHHBIM O0BEMOM, pPa30aBisAOT BOAOW B MEPHOW KojbOe
BMecTuMOcThi0 200-250 M1 u mepemermmBaioT. [TumeTkoil mepeHOCAT B KOJOBI Ui TUTPOBAHUS
QTMKBOTHYIO YacTh 3TOTO pacTBOpa, pa30aBisIOT BIBOE BOAOW, MpuOaBisioT 10 Mu1 aMMOHUKHOM
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oydepnoii cmecu (pH = 10) u menotky spuoxpoma yepHoro T. TutpyroT pactBopom komriiekcona |1
710 TIepex0/1a KPaCHOW OKPACKH pacTBOpa B roiiyOyro. 3auchIBatOT 00beM V.

3areM MHIETKOW OTOMPAIOT B KOHMYECKUE KOJOBI HOBBIC aTMKBOTHBIC MPOOBI, pa30aBIsSIOT
BJIBOC BOJOH, nMpubaBisitor 6-8 M 2M pactBopa NaOH u menoTky mypekcuaa. TUTPYIOT pacTBOpOM
komruiekcona Ill, TmarenpHO mepememuBas, 10 mMepexolia OKPacKH pacTBOpa OT KpacHOW B CHHe-
¢duoneroByto. 3anmuceBaloT 00beM Vs.

OBPABOTKA PE3VJIbTATOB 1 BbIBO/IbI

Maccrl KaJIbIIUA U Mardusl BbIYUCIEAIOT 110 YPABHCHUAM:
Mca) = C(QHTA) V, ‘M (1/2 C&2+)' Vonsw / 1000 -V

Mmg) = Coara) (V1 — Va)- M (1/2 M@®*) Vieousw / 1000-Vy

Il. ONPEJAEJIEHUE B JEKAPCTBEHHBIX ITIPEITAPATAX
COEJMHEHNU MATHUA U IUHKA

Heans padoTbl: ompeaeneHre COJEPKaHMS OKCHJA MarHus M IMHKAa B IperapaTax MeETOJIOM
KOMILIEKCOHOMETPHHU.

CymHocTh MeToaa

[Ipenapatr maraust okcupa (Magnesii oxydum) NpUMEHSIIOT NPU TMOBBIILIEHHOW KUCIOTHOCTU
xKemynouHoro coka. Ilpemapar numHka okcua (Zinci oxydum) NPUMEHSIOT HAapyXKHO B KadyecTBe
BSDKYILET0, TIOJICYIIUBAIOILIETO U IE3MH(PUIMPYIOIIETO CPEICTBA MPU KOKHBIX 3a00I€BaHUSIX.

IIpemapaTel MarHus MW LHMHKA KOJMYECTBEHHO ONPEACIAIOT NPSAMBIM  TUTPOBAHHUEM
KOMIUIEKCOHOMETPUYECKUM METOJIOM C UCIHOJIb30BaHUEM MHIMKATOPA IPUOXPOMA YEPHOTO.

MarepuaJbl 4 000py10BaHHE:

. Oxkcuner: MgO, ZnO.

. Consinas kucnora, HCI, 1 M pactBop.

. AmMuaunslii Oydepnas cmecs ¢ pH 9-10.

. Tpunon b, 0,025 M cranaapTHBII pacTBOp.

. AMMuak, NHs.

. UHIMKaTOpBI: METUIIOBBIN KPACHBIN, 3pUOXPOM YEPHBIH.
. Mepasbie kon6bl eMKkocThio 250 M 1 100,00 mur.
. Kon6a nnst TuTpoBanms.

. ITnnetku emxocthio 10,00 u 25,00 mn

10. Hunmuaap emkocThio 50 M.

11. AHaguTHYECKHE BECHI, YACOBOE CTEKIIO.

O©Ooo~NoO ok ownN —

42



Onovim 3. Onpeodenienue OKCuoa MaziHus 6 npenapame

Xox padoTsbl

Hagecky npenapara 0,5000 r (B3sTyr0 Ha aHAJIUTUYECKUX Becax) pacTBopsioT B 40 ma 1 M
pacTBoOpa COJITHOW KUCJIOTHI B MEPHOH K0JIOe eMKOCThIO 250 MII M JOBOJISAT 0OBEM pPacTBOpa BOJIOH 10
meTkd. K 25 M momydenHoro pactBopa npubasisitor 20 mi Boabl, 10 mu ammuaunoro OydgepHoro
pacTBOpa W TUTPYIOT NpU 3HeprudyHoM nepememubanuu 0,025 M pactBopom Tpwiona b no cunero
OKpalllMBaHUs B IPUCYTCTBUU UHAUKATOPA SPUOXPOMA YEPHOTO.

Maccy okcuia MarHus B penapare pacCyuThIBAIOT 10 hopMyIie:

M (mgo) = Cr-Vr-M (MgO)s

rae Cr— koHueHTpanusa Tpuiiona b, M;

VT — 00beM TpuiioHa b, momeaniero Ha TUTPOBaHUE, MIT;

M — MoJsipHasi Macca OKCHJIa MarHusi, I/MOJIb.

MaccoBas 107151 OKCHJIa MarHus B MperapaTe BhIYUCIAETCS 10 hopmyIe:

® (Mg0O),% = (m/ mo) 100,
rae Mo — HaBecka npemnapara.

OBPABOTKA PE3VJIbTATOB 1 BbIBO/IbI

OnbIT 4. OnpenejieHue OKCHIA IUHKA B Ipenapare

Xoa padoTsl

Hagsecky npemnapara 0,7000 r (B35Tyl0 Ha aHaJIUTUYECKHX BECax) MOMELIAIOT B MEPHYIO KOJIOY
BMecTuMocThbio 100 mi, pactBopsitoT B 50 My pa30aBiIeHHON COJITHOM KHUCIOTBHI U JOBOJSAT OObEM
pacTBopa BOJIOM 70 MeTKH. TouyHO oTMepeHHbIe 10 M1 pacTBOpa MEepeHOCIT B KOJIOYy BMECTUMOCTBIO
250 My, HEUTPaTU3yIOT PaCTBOPOM aMMHAK B MPHUCYTCTBUU | Karum pacTBOpa METHUIIOBOTO KPACHOTO,
npubaBiA0T 5 Mi1 aMmmuagHoro o6ygepnoro pactsopa u 90 mi Boasl. Tutpyrot 0,025 M pactBOpoM
TpwiIoHa b 10 cuHero okpamMBaHus B MPUCYTCTBUU UHIMKATOPA IPUOXPOMA YEPHOTO.

Maccy okcuia IIMHKa B IIperapare pacCUUTHIBAIOT 10 popmyIie

M (ZnO) = Cr* V1 M (Zn0),
rae Cr — KoHueHTpauus TpuioHa b, M;
VT — 006beM TpuiioHa b, momeaiiero Ha TUTPOBaHUE, MIT;
M — monsipHast Macca OKCH/a ITUHKA, T/MOJIb.
MaccoBast 10711 OKCH/Ia IMHKA B TIpenapare BBIYUCISIETCS 0 popMmyiie:
® (Zn0),% = (M / my) 100,
rJe m, — HaBecKa mpenapara

OBPABOTKA PE3VJIbTATOB 1 BbIBOJIbI
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3ananue 1J151 CAMOCTOATEIbHOI PadOThI

KoHTpo/ibHbIE BONIPOCHI:

1. Kakue MeTo/1bl aHaJIM3a Ha3bIBAIOT KOMILUIEKCOMETPUYECKUMU?

2. TpeboBaHus, MPEABIBISIEMBIC K PEAKIIUSIM B KOMIIJICKCOMETPUIECKOM TUTPOBAHUH.

3.Ha uem ocHOBaH MeTO]T KOMIUIEKCOHOMETPUU?

4. Kaxkue BeniecTBa 00bEAUHSIIOTCS TI0]] HA3BaHUEM KOMIUICKCOHBI?

5.Kak roroBsaT pactBop Tpwiona b? K kakum craHgapraM OH OTHOCHTCS — MEPBUYHBIM HIIU
BropryHBIM? Kakue BemecTBa HCIONb3YOTCS ISl CTAHJAPTU3AIMHA PacTBOpa TpHiIoHa b?

6. Kakue cBoiicTBa KOMIUIEKCOHOB JalOT BO3MOXHOCTh HCIIOJB30BaHHUS KOMIUJIEKCOHOB B
TUTPUMETPUU?

7. 30uparenbHble WM HET — peareéHThl KOMIIJIEKCOHBI?

8. Kak MmoBBICUTH CEJICKTUBHOCTH KOMITJICKCOHOB?

9. [Ipusectu popmynsl komruiekconos |, 11, 111

10. ITpuBecTn mpuMeEpbI peakiuii ¢ y4aCTHEM KOMITICKCOHOB. OOBSICHUTH UX.

11. Yro 11eHHOTro B KOMIUIEKCOHAX, YTO JENaeT BO3MOXKHBIM UX MPUMEHEHHE B aHAIH3e?

12. Kak cTposiTCsl KpHBBIE THTPOBAHUS B KOMILIEKCOHOMETPHH?

13. Uunukatopbl MeTO1a KOMILJIEKCOHOMETPUHU (Ha YeM OCHOBAHO UX JIeHCTBUE)?

14. KakoBa MeIUIIMHCKAsl POJIb KOMIIEKCOHOB?

3agauu:

1. 0,0600 r MeTayuIMYECKOTO MarHus pacTBOPHJIM B cepHOM kuciore. [lomydeHHbIH pacTBOp
ortutpoBamu 9,64 mn pacrBopa DJITA B mpucyrcTBUM aMmmuayHoro Oydepa. Borumcioure TuTp
pactBopa IJITA.(0,006 r/cm®)

2. Haecky wmarHus cynbdara renrarmppara waccod  0,1100 r  pactBopmim B
JUCTWJUIMpOBaHHOW Bojxe u ortutpoBand 13,00 mn pactBopa OJITA. Beluucnure MOISpHYIO
koHIeHTpanuio pacteopa DJTA. (0,003 mob/m)

3. 0,0500 r meranIM4ecKoro IMHKAa pacTBOPWIM B cepHOM kuciore. IlomydeHHBIN pacTBOp
orrutpoBanu 9,80 mn pactBopa DJTA (NaH,Y e« 2H,O) B mpucyrcTtBum ammuaddoro Oydepa.
Beruncnute MOJSIpHYHO KOHIICHTPAIMIO U TUTP Hcmob3oBanHOro pactBopa DJITA.(0,01 mons/n 5,1)

4. Ilpu cranpmapTH3aluu pacTBopa cepeOpa HUTpaTa MO CTaHJAPTHOMY pPacTBOPY HaTpus
xyopuna Ha TutpoBanue 20,00 mu pactBopa cepeOpa HHMTpaTa B MPUCYTCTBHM HMHIMKATOpa Kasus
xpomarta 3arpaueHo 19,85 mu pacTBopa HaTpus xjiopuja ¢ MosipHOi koHeHTpaueit 0,0512 monb/m.
Bbruuciure MOJIIpHYIO KOHILIEHTpAllMIo, TUTP M Maccy cepeOpa HUTpaTa B aHAIU3UPYEMOM
pacteope.(0,05M, 0,17 1, 0,0085 r/cm’)

5. Jlns obpaboTku paH umcnonb3yercs 3% pacTtBop mepokcuaa Boaopona. Kakoit oovem 30%
pactBopa H,O, HeoObxoxumo B3sTh 1t mpuroroBierus 500 mi 3% pactBopa (Ppacrsopa = 1 T/MiI).(50
MJT)

6. Beruncnuth HaBecky Oypel mis mpurotoBieHus 0,51 TturpoBaHHOTO pactBopa ¢ Cy =
0,1momw/n. (4,551)

7. Beruncnuts Cy pactBopa ¢docdaTtHoil KUCIOTHL, eciid B 1,51 ero copepxurcs 7,5T KUCIOTHI.
(0,15Mmomb/m)

8. BplUHMCIUTH MOJISIPHYIO KOHIIEHTPAIMIO COJSHOM KHUCIOThI, ecau B 700mi  pactBopa
conepxkurcs 3,5t ee. (0,13momnb/m)

9. BBYHCIUTE MOJISIPHYIO KOHIIEHTPAIIMIO JKBUBAJICHTA CEPHOW KHUCIOTHI, eciau B 600M
pactBopa cogepxkutcs 5,5t ee. (0,18Moinb/m)
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10. Berunciiute Cy pacTBopa COJSTHOM KHCIOTHI, ecau B 200Mi pacTBopa coaepKutcs 15t
kucnoTel. (0,2MOIB/1)

IIpuMepnl penieHus 3a1a4.

1) Ckoapko rpamm TpuiioHa b HeoOxomumo i mpurotosicHus 250 mia pactBopa ¢ Cy =
0,05moms/1?

Jano:

V =250 mn

Cy = 0.05mo0mb/1

My - ?

Pewenue:

1.Tak kak B 3a1aue gaeTcsi MOJISIpHAst KOHIIEHTpaIus ; skBuBajieHTa Cy, TO pelIeHHEe HAUUHAEM C
dbopmyibl Cyy.

Cu=Mx/Mx Ve foxpx,

OTCIO,I[a Mx= CH : MX : fBKBX V== 0,05 372 - 1/2 0,25 = 2,3F.

OtBet: MaccaTpb=2,3r.

2) Ha tuposanue 10mn pactBopa MQCl, ¢ C= 0,1monb/n uspacxomoano 11,9Mi1 pabouero
pacTBopa TpuiaoHa b. BeruucinTh KOHIIEHTpALKIO pacTBOpa TpuioHa b.

Iano:

V(MgCly) = 10 mn

Cu(MgCly) = 0,1 momb /1

V(Tpb)=11,9 mn

C H( T P B) -?

Pewenue:
1. JInst pereHust HCIoJIb3yeM 3aKOH SKBHBAJICHTHOCTH:
(MgCly) - V(MgCly) = Cy(Tp B) - V(Tp b);
orcioga Cy (Tp B) = Cy(MgCl,)-V(MgCl,) VI V(Tp B) =0,1-10/ 11,9 = 0,084 monb/n
OtBet: Cy (Tp b) = 0,084 monb/m.

3) BerunciuTh OOIIYIO JKECTKOCTh BOJBI, €CIM Ha THTpoBaHHe 30MII ee M3pacxo0BaHO 2,7MiI
0,1H Tpunona b.

Hano:

V(H20) =30 mn
V(Tpb) =2,7 mn
C(Tpb) = 0,1 monb/n
C(H0) -?

Pewenue.
Jl11s petieHust UCTIOIb3yeM 3aKOH SKBUBAJICHTHOCTH
Cw(H:0) - V(H,0) = Cy(Tp B) - V(Tp B),
orctoga Cy(H20) =Cy(Tp B) - V(Tp B) =0,1 -2.,7/ 30 =0,009 = 9 moub / 11
OTBeT: 00111331 )KECTKOCTE BOIBI 9 MOJIB/II.

4) BbuKCIUTh HABECKY TPUIJIOHA b /jist mpuroToBieHust 1J1 pacTBopa ero, eciau THTP (TO4Has
KOHIIeHTpauus) Oyner ycranaBnusathes 1o 0,1H pactBopy ucxonnoro Bemectsa MgO.

Hano:
V(Tpb) =1 mn
C(MgO) = 0,1momb/1
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MMgO) - ?

Pewenue.

1. Tak kak Tutp Tp b Oyayr ycranaBausate 1o 0,1H pactBopy ucxomnoro Bemiectea MgO, o
HaBecky Tp b paccumtsiBaem Takke uicxons u3 KoHueHntpamuu 0,1Mons/n. Tak xak B 3agaue jgaercs
MoJIIpHas KOHIeHTpalus skBuBajienTa Cy, To peuieHre HaunHaeM ¢ popmyiibl Cy:

Cu=Myx/Mx*VeTomxx,
orciona Mx=Cy - Mx - Foxp. x -V =0,1-372-1/2- 1 =186 .
OtBet: macca Tpb 18,6r.

5) BerumcanTh HaBeCKY HUHK Cyibdara 1 npurotosienus 200r pactBopa ¢ MacCoBO foei
coimu 1,5% .

Jano:

M p.pa= 200r
®(ZnS0O4) = 1,5%
M(ZnSQy) - ?
Pewenue.

1. Tak kak B 3ajaue aeTCsl MACCOBas JI0JIsA, TO HCIOJIb3YeM (hopMyITy:
®=My/ My, 100 %

orcroma Mx =@ Mp-pa/100=15% -200/100 =3 .

Ortset: HaBecka ZNnSO4= 3 1.

TecToBBIC 3a1aHNA;

1. B xomniekcHviX COeOUHEHUSX BHeWHsAs U GHYMPEHHSs c@epbl C8A3aHbl Mencdy coboll
CNLe0YIOWUM MUNOM CBA3U:

a) KOBaJICHTHBIM

0) MOHHBIM

B) BOJIOPOJHBIM

') METAININYECKUM

2. [Tepsuunvim cmanoapmom 01 cCmanoapmuzayuu pacmeopa mpuiona b moosxcem 6Ovims:
a) Na,CO3

6) KOH

8) ZnSO; - 7H,0

F) H2C204 ' 2H20

3. Kakas u3 npeonodceHHbIX KOHCMAHM SGIAEMCS  XAPAKMEPUCMUKOU — KOMNIEKCHbIX
coeOuHeHull:

a) Kuect

6) Kpasn

B) Kn

r) Kconbar

4. Conu kaxux KamuoHoe 06yCJlO€Jlu6‘Cli0m HCECMKOCIL 600bL:
a) Na"

6) Ca**

B) MgZ+

r) K
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5. Ilpu onpeoenenuu sxcécmrocmu 600l 015l CO30anUsi Heobxooumozo pH dobasnsrom:
a) NaOH

0) amMmuauHbIi Oydep

B) HNO3

I) aleTaTHeIi Oydep

6. Kaxoeo ysema xomniexc spuoxpoma uépnoeo T ¢ memannamu:
a) CUHHI

0) KpacHbBIN

B) OECIIBETHBIN

1. Tumpanmamu 8 Memooe KOMNIeKCOHOMEMPUU MOZYM ObIMb.
a) komruiekcoH |1

6) NH4Cl + NH3

B) TpuJjioH b

1)ZNS0O4

1) TUHATPUEBAsI COJIb

€) STUICHIUAMUHOTETPAYKCYCHON KUCTIOTHI

8. K memooam komniekcooopazo8aruss OMHOCIMCIL:
a) apreHTOMETPHS

0) MepKypuUMeTpUs

B) KOMIUIEKCOHOMETPUS

I') IEpPMaHraHATOMETPHS

9. Ilpu kaxom pH credyem eecmu mumpoganue ZnSO4 mpunronom B ¢ unouxamopom spuoxpom
yépnwii 1

a) 5-7

0) 1-3

B) 8-10

r) 11-12

10. K memannoxpomuvim uHOUKAmMopam omHOCAMCAL:
a) ¢peHoadTanenH

0) spuoxpom uépubiii T

B) METHJIOPAHX

I') KUCJIOTHBIN XpOM TEMHO-CUHUI

1) TUPOKATEXUHOBBIN (PHOJIETOBBIN

€) MYPEKCH]T

11.B xaxom coomnouienuu npomexaem peaxyus mpuioua b ¢ conamu memannos:
a) 1:2

0) 3aBHCHUT OT BaJICHTHOCTH MeTaJlia

B) 1.1

r)l: 4

12. Ilocmosncmeso pH npu mumposanuu noooepicusaiom.:
a) MEJUICHHBIM TUTPOBaHUEM

0) OydepHBIM pacTBOPOM

B) UHIUKATOPOM

13. /{nsa [Cu(NH3)4] (OH), yxascume svipasicenue, onpedensitouee KOHCMAanmy yCmouuusoCmu:

a) [Cu*1-[NHs]* / [Cu(NH3)]*
6) [Cu(NH3)4]*"/ [Cu*"]-[NHg]"
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B) [CU?*]-[NH3]* [OH ]?/ [Cu(NH3)4]*"
r) [Cu*]-[NH3]* / [Cu(NH3)s]*" [OH ?

14. Kaxkue coeouHeHUs. MOJICHO KOUYECMBEHHO onpeoenumau npAMbIM
KOMNJIEKCOHOMEMPUUECKUM MEMOOOM.

a) NaCl

0) CaCl,

B) ZnCl;

r) NaOH

1) BIOH(NO3),

e) ZnO

15. Cocmas ammuaunozo 6ygpepa:
a) NH4NO3

6) NH,OH

B) NH,Cl+ NH3 - H,O

r) NH;

16. Moowcno au comosums pacmeop mumpanma mpuiona b uz x.u. peaxmusa no mounoi
Haeecke.
a) 1a 0) Het

17. Yem obycnosnen cunuii ysem pacmeopa 6 moyKke IKEUBANEHMHOCMU NPU MUMPOBAHUU
ZnSO4 mpunonom b ¢ uHOuKamopom KUCIOMHbBLU XPOM YEPHBLI CNeYUATbHBLIL

a) KOMILJIEKCOM ZN-UHIUKATOP

0) komruiekcom ZN-TpuiioH b

B) IIBETOM CBOOOJIHOTO MHIUKATOPa

I') oKpackoi Tpuiona b

18. Baowcnvimu ycnosuamu KoMHIEKCOHOMEMPUU ABTIAIOMCA!
a) OTCYTCTBUE MOOOYHBIX pPEaKIMi ¢ MOHAMU MeTaJla

0) cTporo onpeaenéHHoe 3HaueHue pH

B) KOHTPACTHBIN TMEPEX0]l OKPACKH HHIHKATOpPa

I') HaJIM4YKe KaTaau3aTopa

19. Hlupokoe npumenenue I/TA u ee ounampuesoii coru (mpuron b) 6 ananumuueckoii
NPpaKkmuke 00bACHAEMCA HATUYUEM 8 HUX CeOVIOWUX PYHKYUOHATLHO-AHATUMUYECKUX SPYNNUPOBOK:

a) KapOOHMJIbHASI TPYIINA U TPETUYHBIHN a30T

0) OKCHUTpYIINa U a30TPyIIna

B) KapOOKCUJIbHASA TPYIINA U TPETUUHBIN a30T

r) KapOOKcUJIbHAs U a3orpymnmna

20. Botuucnume scecmrocns 800bl, eciu 6 350 mn ee cooepacumes 105 2 Ca(HCO3);.
a) 0,0037 mMaKB/MII

6) 1,85 MakB/MI

B) 3,70 M3KB/MII

r) 0,0019 mMaKB/MI

XpoHomeTrpax:

2 4acoBOI0 3aHATHA:

Opranu3alMOHHbIA MOMEHT — 5 MUH.

Ompoc — 40 muH.

[TosicHeHUsI K BBITIOJIHEHUIO paboThl — 20 MUH.
Brimonnenue u opopmieHue paboTsl — 25 MUH.
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1 yacoBoro 3aHATHSA:
N3noxenue HoBoro marepuaina — 40 MuH.
[IpoBepka paboT u 3ajaHKEe HA JOM — 5 MHH.

Ocnognas:

1. Xaputonos, 10.4. Ananutndeckas xumus. AHanutuka 2. KonndectBeHHbl aHanu3. OU3nko-
XUMHUYECKHe (MHCTpyMEeHTalbHble) MeTo bl aHanmu3a. /FO.5 Xaputonos.-6-oe uznanue, ucnp. 1 gor.-
I'DOTAP-Menua, 2014.

2. Xapurtonos, 0.4 Ilpumeps! u 3a1a4n o aHaaTuTH4YeCKON XumMuu (I"paBUMETpHs, SIKCTPaKIIUS,
HEBOJIHOE TUTPOBaHUE, (U3UKO-XMMHYECKHE (MHCTPYMEHTAIBHBIE METOJbI aHaIN3a)) yuyeOHuK M.:
Bercm. mk., 2014-752c.
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By30B / KykoB A.®., Konocosa U.®., Ky3uenos B.B.; pex. [lerpyxun O.M. - M.: Xumus,2001. — 496
c.
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Tema: OKHCJIMTEJIbBHO-BOCCTAHOBUTEJIBHOE TUTPOBAHHE.
INEPMAHI'AHATOMETPUSA

CymHocTb MeToaa. MeToibl OKUCIUMENbHO-80CCIAHOBUMENbHO20 MUMPOBAHUS, UL PEOOKC-
MemoObl, OCHOBAaHbl Ha HCIOJB30BAHUU PEAKIHMH C MEPEHOCOM OJJIEKTPOHOB - OKHUCIMTEIHHO-
BoccraHoBUTENbHBIX (OB)  peaknuil. OKHUCIUTEIbHO-BOCCTAHOBUTEIBHOE  TUTPOBAHHUE, WIIU
peookcmempus, STO TUTPOBAHME, COMPOBOXKIAAEMOE IIEPEXOJIOM OJHOTO WM OOJBIIEro 4Yucia
3JIEKTPOHOB OT MOHA-IOHOPA WK MOJIEKyIbI (BoccTtaHoBuTens) Red; k akuenropy (okucnurento) Oxy:

Red; + Ox, = Ox; + Red,

Boccranoenennass ¢opma ongHoro BemectBa Red; otTmaBas aieKTpOHBI, NEPEXOIUT B
okucieHnyro ¢opmy Oxj, Toro xe BemectBa. O0e 3T GopMBl 00pa3ylOT OAHY pPEIOKC-TIapy
Ox4 | Red;.

Oxwucnennast ¢opma OXx BTOpPOro BemiecTBa, ydactBytoumiero B OB peakuuu, npuHHMAas
AJIEKTPOHBI, IEPEXOAUT B BOCCTaHOBIEHHYIO (hopmy Red; Toro xe BemiectBa. O6e 3T (HOpMBI TakKe
o0pa3yrT pepokc-tapy Ox» | Red,.

B m060#t OKMCIUTENbHO-BOCCTAHOBUTEIHHOM pPEAaKIMM Y4acTBYIOT, MO KpaiiHeil Mepe, nBe
pEIOKC-TIaphl.

UYewm Boimie OB notennuan penokc-mapel Oxs | Red;, okucnennas popma KOTOpoOil Urpaer posb
OKHCJIUTENSI B JAHHOM peakiyu, TeM OoJIbIliee YMCI0 BoccTaHoBHUTeNeH Red; MOXXHO OTTUTpOBaTh U
OTIPEAETUTH C MOMOIIBI0 JaHHOTO okucnuTenst Oxy. [IoaTomy B petokcMeTpun B KaueCTBE TUTPAHTOB
Jaie BCEro MPUMEHSIOT OKUCIHUTENH, cTaHnaptHbie OB moTeHmmansl peoke-mnap KOTOPBIX WMEIOT
KaK MOXHO 0oJiee BBICOKHE 3HAYCHHUSI, HAaIpUMep (MIPU KOMHATHON TeMIepaType):

Ce*, E%(Ce™ | Ce*") = 1,44 B; MnO,, E° (MnO4, H* | Mn*") = 1,51 B,

Cr,0,%, E® (Cr,0,%, H" | Cr*") = 1,33 B u p.

HaHpOTI/IB, CCJIn  OIIpCACLICMBbIC BCHICCTBA - OKHCIUTCIN OX2 TO M1 HUX THTPOBAHHA
1enecoo0pa3Ho MPUMEHITh BOCCTAHOBMUTENH, cTaHAapTHHIM OB pemokc-map KOTOpBIX HMeEET IO
BO3MOXHOCTH MUHUMAJIBHOC 3HAYCHUC, HAITPUMED

I, E°(I,| ') = 0,54B; S,05”, E°(S406” | S205>) = 0,09B ur.x.

PG,Z[OKC-MGTOI[BI - BAKHEHIIne Q)apMaKOHeI\;IHBIe METOAbBI KOJIMYCCTBCHHOI'O aHAJIN3a.

He.]'lb ACATCIbHOCTHU CTYICHTOB HA 3AHATUHA

Cmyoenm Oondicen 3Hamv:

a) Knaccudukaruio MeTo10B aHamm3a.

0) Busibl KOJMUECTBEHHBIX METO/I0B aHAJIM3A.

B) [IpenmyIiecTBa 1 HEOCTATKN IEPMAHTAaHATOMETPHYECKOTO METO/Ia aHAN3a.

Cmyoenm 0ondicen ymems.

a) Ilonp3oBaTbcss MepHOM MOCYAOM M JAPYyrUM  00OpyIOBaHMEM ISl MPOBEICHUS
TUTPUMETPUUECKOTO aHAJIN3a U Pa3fiesIeHuUs BEIIECTB.

6) ['0TOBUTH pacTBOPHI C TOYHO U3BECTHOM KOHIIEHTpaLUEH.

B) OnpenenaTs KOHUEHTPALUK PACTBOPOB METOJIOM MPSMOT0 U 0OpaTHOTO TUTPOBAHHUS, a TAK JKe
TUTPOBAHUEM METOJOM 3aMELICHUS.

r) B3BemmBarh Ha TEXHOXMMHYECKHX BeCax, Ha AHAJUTHYECKHX Becax M IPHUrOTaBIMBATH
3aJlaHHBIE CTaHAAPTHBIE PACTBOPHI.

1) YcTaHaBIMBaTh HOPMAJIBHOCTH U THTP pacTBopa KMnO, o pacTBopy okcanata HaTpHs.

Teopernyeckas yacTb

IlepmaHranaTomMeTpus - nepmaneaHamomempuieckoe mumpoearue, MeTo KOJIMUYeCTBEHHOTO
oTpe/ieJICHUsT BEIIECTB (BOCCTAHOBHUTEIICH, PEXE — OKHUCIUTENCH W COCAMHEHHH, HE 00J1aJaronnux
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OKHCIIUTEIbHO-BOCCTAHOBUTEIbHBIMU ~ CBOWCTBAMM) C€ HIPUMEHEHMEM TUTpaHTa — pacTBOpa
nepmanranata kaiaust KMnQOg4. Meton — dpapmakoneiiHbli, BKIIOUEH BO Bce n3BecTHbIe Dapmokomnen.

Meto OCHOBaH Ha peakLusx okucieHus soccranosutenei norom MNO ;. Okucienne moxer
OBITh KaK B KHCIIOW, TaK U B MIETOYHOU (HEHTpaIpHOU) cpee.

B kncnoii cpene: MNO; +8H* +58 — Mn*™ +4H,0

(w0 )= M 21000y,

B neiirpansnoii cpene: MNO, +2H,0+ 38 &> MnO, + 40H™

3(KMnO,) = % = @ = 52,68

B Gosbiom u3beitke OH: MNO, +€ — Man‘

3(KMnO ,) = % —158,03r.

2—- o o
|V|nO4 3CJICHOT'O LIBCTA, YCTOUMYHMB TOJIBKO B IICJIOYHOU CPCAC, B IPOTHUBHOM CJIydac:

3K,MnO, +2H,0 == 2KMnO, + MnO, +4KOH

Cranpmapraerii norennuan napst MNO; / Mn 2 ropaszzo Beie, uem napst MNO, /MO,

[IO3TOMY OKHUCJIUTEJIbHAsI aKTMBHOCTb II€PMaHIaHaTa B KHUCJIOH cpeae OoJjbllie, YeM B LICIOYHOU U
HeuTpanbHOU. V3 KUCTIOT 17151 cCO3AaHus Cpelibl MPUroHa pa30aBJICHHAs CEpHAs.

WNHaukaTopoM B METOAE NEPMAHTaHATOMETPUM CIYXKUT caM IepMaHraHar kanus. CBONCTBOM
NepMaHTraHaTa — OOCCIIBEUYMBAHHE B PE3yJbTaT€ BOCCTAHOBICHHS — IMOJB3YIOTCSA VIS ONpPEACTICHHS
KoHIIa peakiuu. Kak Tonbko Bech BOCCTaHOBMTENb Mpopearupyet, aumHss kamwis KMnO, okpacur
pacTBOp B PO30BBIN 1BET. DUKCHUPOBAHNE TOUYKH SKBUBAJICHTHOCTH B HEUTPAIBHOW M ILIEJIOYHOM Cpesie

. . 2-
3aTpysHEHO m3-3a Oypoll okpacku MnO,, senenoit MNO;™. Tostomy wame Beero TTpoBaHHE
MPOBOJUM B KHUCIJIOW CpETIE.

MeTon mepMaHTaHATOMETPUM TMPUMEHSIOT B KIMHMYECKOM aHajn3€ HUCIOIb3ys B KadecTBe

pabouero pactBopa KMnO,, ompenensiroT coiepkaHUE MOYEBOW KHCIOTHI B MOYE, KalbIUS B
CBIBOPOTKE KPOBH, caxapa B KPOBH.

IIpurorosiienue u xpanenue pactsopa KMnO,

O6b1uno npumenstor 0,02-0,05 H pactBopsl. KMnOy4 Bceraa comepkUT NMpuUMecH MPOTYyKTOB
BOoccTaHOBNeHHs, Hampumep, MnO,. Kpome Toro, oH Ierko pasmaraercs IOA JCHCTBHEM
BOCCTAaHOBUTEJIEHW — aMMMaKa, OpPraHMYECKMX BEIIECTB, INONAJAIOUIMX B BOAY C IMBUIBIO,
clleioBaTeNbHO, KOHIIeHTpaIus pactBopa KMNO, mociie mpuroToBIeHUs HECKOIBKO YMEHBIIIAETCS.

IToaTOMy PUTOTOBUTH TUTPOBAHHBIN PACTBOP IEpPMaHIaHaTa Kajaus 110 TOYHON HABECKE HEJIb3sl.
Tutp ero HeoOXxoauMo ycTaHaBiIMBaTh 4epe3 7-10 aHel mocie MPUTOTOBIEHUS pacTBopa. 3a 3TO
BpEMS TEPMAHIaHAT OKHUCIWUT BCE ClIydallHble OpraHMYECKHE IMPUMECH, COJEpIKallvecs B BOJE, a
00pa30BaBIIMICS B pe3yJbTaTe YaCTHMYHOTO BOCCTAHOBJICHUS TepMaHraHarta okcuj maprania (1V)
OCSJIET Ha THO CKJISTHKH.

Ecnu ke pacTBOp NMpOKUNSATUTH, TO OKHUCIEHHE BOCCTAHOBUTENEH CHIIBHO YCKOpSIETCS, M BCHO
ornepauuio npurotosiaeHus pactsopa KMnO, MoxHO 3aKOHYMTS 3a 1-2 yaca.

Korna B kauecTBe paboyero pacTBopa MCIOJIb3yeM MepMaHraHaT Kajlks, TO MOJIb3YeMCs TOJIBKO
OropeTKaMH €O CTEKJISIHHBIM KpPaHOM, TaK KaKk OH OKHUCIISIET pe3UHY, KOPKOBBIE MPOOKHU, OyMary u T.J.

Xpaaute KMNO,4 HY)XHO TOJIBKO B TEMHOTE, TaK KaK CBET YCKOPSIET pa3jioKEHUE €ro Io
peaxkuuu:

MnOj; +2H,0+ 38 > 4Mn0O, +40H" + 30,
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B kauecTBe yCTaHOBOYHBIX BENIECTB IpU CcTaHmapTtu3anuu pactBopa KMnO4 wucnons3yroT
pasnuunbie BocctanoButenu: H,Cy04 - 2H,0, okcanatel, Metammndeckoe xene3o, KI, cons Mopa u T.
1.

IIpenmymecTBa MeTO/1a MEPMAHTAHATOMETPHH

1. PacTBOp nmepMaHTraHara Kajusi OKpalieH, M0O3TOMY MOKHO THTPOBATh 0€3 WHANKATOPOB

2. Tak Kak y nmepMaHraHara KaJids BbICOKas OKUCIUTEIbHAS aKTHBHOCTh, TO MOYKHO ONPEICIIATh
ci1abble BOCCTAHOBUTEIH, KOT/1a APYTHUe OKUCIUTEIH HEITPUTOTHBI

3. KMnO4 M0OXHO TPHMEHSTh IJIsi ONPEACIICHHUs] BEUIECTB, HE O0JadaroNIuX OKHUCIUTEIHHO-
BOCCTAaHOBUTEJIBHBIMU ~ CBOWMCTBaMHU. J[isi 3TOro ompejenseMble HOHBI OCAXIAIOT B BHUIC
MaJOpacTBOPUMBIX COCAMHEHUN JCHCTBHEM BOCCTAHOBUTENEH. 3aTeM H30BITOK BOCCTAHOBHUTEIS
TUTPYIOT IIEPMaHTaHATOM.

Henocrarku MeToa NepMaHIraHATOMETPHUH:

1. Henb3s mpUroTOBUTH TUTPOBAHHBIM pPAacTBOp IEepMaHraHaTta MO TOYHOW HaBecke. TuTp
IepMaHraHaTa Hy’>KHO YCTaHOBHTb.

2. Tutp KMnO,; MeHsieTcss co BpeMEHEM, TO3TOMY pPacTBOpP HEOOXOIUMO TIEPUOJIMUYECKU
MIPOBEPSITh.

Henp3s npumenste HCl s mogkucnenus, tak kak uonsl ClI™ moryr okucnsareest 10 Cly. mo
cXeMme:

10CI' +2MnOy4 +16H" = 5C1, +2Mn’* + 8H,0

3. Hekoropeie peaknuy OKMCICHUS NEpPMaHTaHATOM IPU KOMHATHOH TeMIlepaType MpPOTEKaroT
OYEHb MEJUIEHHO, [TI03TOMY PacTBOPBI OOBIUHO HarpeBaroT. OIHAKO MPU TUTPOBAHUU JIETKO JIETYUUX U
TEPMUYECKH pa3JIararoluXxcs IPOAyKTOB HATPEBAHUE HE JIOIIYCKAETCH.

[lepmMaHTaHATOMETPUYECKOE THTPOBAHUE NPUMEHSIOT TPEUMYIIECTBEHHO Ui OMpPEIeSICHHS
BEIIECTB, UTPAIOIINX MO OTHOUICHHUIO K MEPMaHTaHaT-UOHY POJIb BOCCTaHOBUTENEH, TakuX, kak HoOo,
MgO,, NaNO,, MmeTaianyeckoe >XKele30 M HEKOTOpble Ipyrue MeTallibl, KapOOHOBBIE KHUCIOTBHI,
coequHeHus c¢ rumapazorpynnamu R-NH-NH-R, nns ompenenenust oOmieil okucnsieMocTd BOJbBI U
MOYBHI (T.€. UTS OTIPE/ICTICHUS CyMMBI BOCCTAHOBHTEJEH, MPHUCYTCTBYIOIINX B OTHX O0BEKTaX).

JlabopaTopnasi padora

Martepuansl 1 00opyoBaHue:

1. Cyxas: Hy,C,04:2H,0 wu ee comu NapC,04 1 (NH4)2C204-2H,0; KMNnOy,
2. Mepubie konosi: 250, 200 mur.

3. [luneTku, O1OpETKU, CTAKaHBI.

4. InaTtenu.

5 AHaTUTUYECKHUE BECHI.

Onovim 1. llpuzomoenenue 250 ma 0,05 H pabouezo pacmeopa nepmanzanama Kaius

Xox padorsl

HcxomupiM  BeIIeCTBOM JJisi  CTaHAApTHU3AllMM  PAcTBOpAa TMEpPMaHraHaTa Kallus CIyKar
CBeXKeIepeKkpucTaUI3oBanHas 1maBeneBas kucimora HyCy042H,O0 wmmum ee comm NaC,0O4 m
(NH4)2C204-2H,0.

[Tepmanranat kajiusi B3aUMOJEHCTBYET C OKCAJIaTOM HAaTpUsi B CEPHOKHUCION cpele Io
YPaBHEHUIO:

2KMnO , +5Na,C,0, +8H,SO, —»
— K,SO, +2MnSO, +5Na,SO, +8H,0+10CO, T
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Mn'* +58 = Mn?* 2

PaccuuTaiite sxBuBasienTHYI0 Maccy KMnO4 u maccy HaBecKH, KOTOPYIO HEOOXOAWMO B3SITh
JUIs IPUTOTOBJICHUS 3aJaHHOTO pacTBOpA:

3(KMnO,) = % = 1585’03 =3161r

B 1000 mu 1 H pactBopa comgepxkurcss 31,61 1 KMnO,

0,05 H pactBopa - XT
x=31,61-0,05=1,58T
B 1000 M 0,05 H pactBopa conepxxurcs 1,58 r KMnO4
B 250 mn 0,05 H pactBopa - yr

y =250-1,58/1000 = 0,40 r
Hagecky Taxxe MOYKHO paccuuTaTh 1o popmyie:
~_N-9-V
1000
rae V — o6bem pactBopa, Ml
9 — 5KBUBAJIEHTHAs Macca pacCTBOPEHHOTO BEIECTBa, I/MOJIb;
N — KOHILIEHTpal¥s pacTBOPA, BhIPAKEHHAs B €IMHUIIAX HOPMAJIbHOCTH.

0,05-31,61- 250
mKMnO4 - ~ 0,40F
1000
OTBeChTE HAa TEXHOXUMHUUECKUX BECAX pPaCCUUTAHHYIO HABECKY KMnO4 " BBICBITNIBTC B CKIIAHKY.

B OTY K€ CKIIAHKY BierTe 250 M ,I[PICTPIJ'IJ'IPIpOBEIHHOﬁ BOJHI, HepeMemaﬁTe U IIOCTAaBBTC Ha MCECTO
OTBCACHHOC IJId XpaHCHHA paCTBOpaA.

5

OBPABOTKA PE3VJIbTATOB 11 BbIBO/IbI

Onoim 2. Ilpuzomoenenue 100 ma 0,05 H cmanoapmmuozo pacmeopa oxcaiama Hampus

Xoxa paGoTsl

PaccumTtaiite 5SkBUBaJIeHTHYI0 Maccy okcanata Hatpus Na,C,Os u  Maccy HaBeckw,
HEO0XOAUMYIO Ul IPUTOTOBIICHHSI 3aJaHHOTO pacTBOpPa
Hcxons n3 ypaBHEHUS peakliMU

2KMnO , +5Na,C,0, +8H,S0, —

— K,S0, +2MnSO, +5Na,SO, +8H,0+10CO, T
Mn™* +5g8=Mn?% 2
C,05" —28=2CO0,

OIMPCACIIACM DKBHUBAJICHT OKCaJlaTa HATpUA
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M
e, = =67.00

Haxoaum MacCCy HAaBCCKH OKCaJlaTa HAaTpUA

_0,05-67,00-100

Me,c00 = 1000

Ha texHnmuyecknx Becax OTBEIINBACM 0,34 T OKCajlaTa HaTpHs, a 3aTEM 3Ty HABECKY YTOUHACM Ha

AHAJIUTUYCCKUX BCCaAX.

Ha Texanueckux Becax Ha anannTnyeckux Becax macca
Macca Ormwokca 0e3 okcajaTa macca Orokca 0e3 oOkcanara X
HaTpHs HaTpHsL
Macca OIOKca C OKcajaaToM Macca OmlKca C OKcallaToM y
HaTpus HaTpust

TOYHAsA HABCCKa y — X

B3sTyro HaBecky pactBopute B Kojbe Ha 100 mur. K MmyTHOMY pacTBOpy m00aBbTE 5 MII KOHII.
H,SO4, a 3aTem noBeauTe pacTBOP 0 METKH 110 HIKHEMY MEHUCKY.
[To Touno¥l HaBecke BhuMcauTe TUTPp T M HOpManbHOCTH N pacTBopa OkcajaTa HATpus IO

dbopmynam:
m
TTO‘-[H.HaB. = TO:;LHaB =
N — TTO'-[H.HaB -1000 — _ TOYH.HAB 1000
TOYH.HAB.
IniayCr08 67,00
WA
N — M roumnas ° 10 _ ""'yoyn.nas ° 10
TOYH.HAB.
3Na2C204 67,00

OBPABOTKA PE3VJIbTATOB 1 BbIBO/IbI

JlabGoparopHas pabdora

MarepuaJjibl 1 000py10BaHue:

1. Bonuslii pactBop 6 H H2SO4,

2. Mepusble kon6si: 250, 200 mur.

3. Ilunetku Mopa, 610peTKH, CTaKaHbI.

4. [HInareny.
5 AHaJIUTUYECKUE BECHI.
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Onoim__1. Ycmanosnenue nopmanvhocmu _u__mumpa pacmeopa KMnOs no pacmeopy
oKcanama nampus

Ot6epure munetkoir Mopa 20 mul pacTBOpa OKcajata HATpus M TEPEHECHTE B KOJOY IS
tutpoBanus. K pactBopy no6assre 5 M 6 H pactBopa H2SO4. Konly co cMmeckio Harpeiite, He JOBOAS
710 KUIEHHMSI, U TOPSYUI pacTBOp TUTPYHTE pacTBOPOM INEpMaHraHaTa Kajlus U3 OIOPETKH, IPOBEPUB
nepes] STUM YCTaHOBKY YPOBHS IIEpMaHTaHaTa Kajiusl B OIOpeTKe Ha HYJIb.

[Ipu tutpoBanuu pactBop KMnO, mpubasnsiite MeAneHHO: KaXIylH0 KaIUll0 TOJBKO IOCIE
MCYE3HOBEHHs OKpacku mnpensiaymend kamum KMnO,. TutpoBanue cumTaTh 3aKOHYEHHBIM, KOT/A
MOSIBUTCSL HE Mcue3amlnas B TedeHue 1-2 MHUH OJeHO-pO30Basi OKpacka pacTBOpa B TUTPOBAHHOM
koJioe. 3ameprTe 00beM pacTBopa KMnQO,4 1 3anuimute pe3ynbTaT TUTPOBAHUSA.

TurpoBanue mpoBoauM 3 pasa, 3aTeM OIpeleNsieM cpeiHee apu(pMeTHYecKoe, KOTOpoe WU
HCIIOJIb3YEM B JIaJIbHEHIINX pacyeTax.

3areM paccyMThIBa€M HOPMaIbHOCTH U TUTP pacTBopa KMnO4 o popmynam:

N _ NN8.2C204 : VN32C204 i
KMI’]O4 - V 4
KMnOy4(cp.)
KMnO4 ~ ~2 KMnO
N 4 3 4
Tvno, = , T/MIL.
e 1000

3o, = 31,61

OBPABOTKA PE3VJIbTATOB 11 BbIBO/IbI

KonTtpouabHnas padora

Onoim 2. Onpedenenue % cooepixycanus  dceneza 6 pacmeope coau  Mopa
FeSO4'(NH4)QSO4'6H20

B ocHOBe paboThI IEKUT peakiys, MPOTEKAIOIIAs 10 YPAaBHEHHUIO:

10FeSO, + 2KMnO , +8H,50, — 5Fe,(SO,), + 2MnSO, + K,SO, +8H,0

Fe? —le=Fe®| 5
Mn* + 58 = Mn *

+
Woust Fe**, oxucisscs, tepstoT 1 anekrpon. [losTomy MomsipHas Macca sxkBuBaienTa xenesa (I1)
paBHA MOJISIPHOM Macce Kemesa.
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3., =M, =55,84

Konnentpanuro pactBopa xene3a (1) MoxkHO ompenenuTbs ¢ MOMOIIBIO pabdoyero pacTBopa
KI\/InO4.

bropetky mpomoiite padourm pactBopoM KMnO, u 3aTem 3amosHuUTe €€ pabovyrM pacTBOPOM
KMnQ,. IIpuroToBsTe YMCTYIO MUNETKY U TUTPOBAIBHYIO KOJIOY.

[Tonyuute y mpemnojaBaTesis KOHTPOJBHBIM pacTBOp conu xeneza (ll) m 3anumure HOMEp
KOHTPOJILHOT'O PacTBOpA.

Jlisa  omnpeneneHus KOHIEHTPAMM KOHTPOJBHOTO pacTBopa OTOepUTE ero B Koily s
TUTpOBaHus, pubassTe B K00y H2SO4 u orTuTpyiite pabounm pactBopom KMnO, no nosiBnenus
HEHcYe3arolieil po30BOM OKpacKh THUTPYEMOTo pacTBopa. 3anuimmure o0bem pactBopa KMNOy,
M3pacxo/I0BaHHbIN Ha okuciieHue xenesa (11).

B anamusupyemMoM pacTBOpE ONPENEISAEM:
1. Tutp nepmaHranara Kajus 1o onpezeasieMoMy BemecTsy Fe, 1.e.
_ NKMnO4 g

T =
KM nO4 /Fe 1000
2. Maccy JKeJesza B pacTBope co Mopa

TKMnO4/Fe ' VKMno4

3. Maccy HaBecku cosin Mopa
392,16 r conmu Mopa cootBercTByeT 55,84 T Fe
m coiu Mopa - mr Fe

392,16-m,,
mco.ImMopa = 55,84
4. HpaKTI/I‘leCKOG COACPpIKAaHUC Fe B conu Mopa
m

Oy = ——=—+100%
cosmMopa
5. Teopetnueckoe cofepkaHue
W, = _ 584 100=14.24%
P 392,16

6. AGcomoTHyio ommbky: A =@,,,, —®

NpaKT

OBPABOTKA PE3VJIbTATOB 1 BbIBO/IbI
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3aganus 1J151 CAaMOCTOATEILHON padoThI

KoHTpoJiIbHbIE BOPOCHI:

1. B ueM cylIHOCTb IEPMAHIAHATOMETPUYECKOTO TUTPOBAHUSA?

2. [loueMy He HYKEH UHAMKATOP MPU NEPMAHTAHATOMETPUUYECKUX OMPEICICHUIX ?

3. Mmeer nm cmbicn OpaThb TOYHYIO HABECKY II€pPMaHTaHaTa Kajusl Ui NPUTOTOBJICHUS
TUTpOBaHHOTO pacTtBopa ero? [Touemy?

4. Kakoe neiicTBiE OKa3bIBa€T CBET HA PacTBOP IEpMaHIraHaTa Kajaus IpU €ro XpaHeHUH?

5. MOHO JT1 UCIIOJIB30BATh JJII pa0OTHI CBEKEPUTOTOBICHHBIN pacTBop KMNO,?

6. [Touemy B mepMaHraHaTOMETPUU PEAKIIMIO MIOYTH BCET/1a IPOBOISAT B KUCIIOH cpeze?

7. Ilepeuncnure JOCTOMHCTBA METOJIAa TIEPMAaHIaHATOMETPHUH.

8. [lepeunciure HEAOCTATKU METOa IEPMaHTaHATOMETPUHI

9. Kak, ucnomip3ys METo]] IepMaHraHATOMETPHH, MOYKHO KOJIMYECTBEHHO ONPEACIATh BEIIECTBA,
He 00J1a/1a011e OKUCIUTEIbHO-BOCCTAHOBUTEILHBIMUA CBONCTBAMU?

10. Anst wero MeTo1 nepMaHraHATOMETPHH UCIIOJIB3YETCs B KIIMHUYECKOM aHan3e?

BbInoJHUTH yHpakHeHus:

1. IlpuBenute ypaBHEHHs peakluil, WUIIOCTPUPYIOLIMX KHUCIOTHO — OCHOBHBIE CBOMCTBa
okcugoB MnyO3, MnO;, MnO3;, Mn,0O7 Kakue creneHd OKUCICHUS Haubojee XapaKTEepPHBI ISt
Maprasua?

2. Vcrionb3ysi METOJ TMOJIypeaKuii JOMUIINTE MPOAYKTHI PEaKIUU U YpaBHSUTE:

KMnO4 + Na,SO3 + H,SO4 —

KMnO4 + Na,SO3 + H,O—

KMnQO4 + Na,S + H,O —

KMnO, + Na;SO3 + KOH —

Kak paccuurats 3xBuBasieHT MNO4™ B Kax/10M JaHHOM ciydae?

3. 20 M7 pacTBOp HHUTpara cepedpa oTTuTpoBasK cTangapTHEIM 0,05 M pacTBOpoM THOIMaHATa
aMMOHHS B IIPUCYTCTBUU JKEJI€30aMMOHUIHBIX KBACLIOB 10 MOSIBJICHUS PO30BOM OKpacku pactsopa. Ha
TUTpOBaHUE H3pacxojoBaHo 21,45 mi TuTpanTta. PaccumTtaiiTe MOJSPHYIO KOHIIEHTPAIHMIO, TUTP U
Maccy HUTparta cepeOpa B aHAJIM3UPYEMOM PacTBOPE.

4. Tlpy apreHTOMETPUYECKOM OIpeAeCHUN XJIOPHA-UOHOB Ha TuUTpoBaHue 20 M pacTBopa
xJiopuza Hatpus 3arpadeHo 18 mia 0,0459 M pactBopa HuTpaTta cepebpa. Paccumraiite MonsipHyrO
KOHLEHTPALMIO, TUTP PACTBOPA XJIOPUJIA HATPUS U €T0 MACCy.

5. CocTaBbTe ypaBHEHHE PEAKIIMU B3aUMOICHCTBHS IEPMAHTaHaTa Kalus ¢ OKCAJIaTOM HaTpus B
CEPHOKUCIION cpejie, MepMaHranara kanus ¢ cyibdarom xkenesa (1) B cepHokucioit cpene (nmpuBenure
ypaBHEHMs peaklUi 1 paccTaBUB KO3()(PUIIMEHTHI ¢ TOMOIIBIO0 METO/1a TIOTYPEaKIIUiA)

6. Beraucnuth HaBecky s npurotosiienus 400 M pactBopa KMnQy, ecnu TuTp ero Oyayt
ycranasiuBath 1o 0,1H pactBopy ucxonnoro Bemectsa HoCy04.(1,26r)

7. Beraucnute Cy pactBopa HyO,, ecmm Ha TuTpoBanue Smut ero uspacxonoBano 4,8mi 0,09H
pactBopa KMnOu(THpoBanue npoBoautcs B kucioii cpene). (0,086)

8. B maboparopun mmeercst 5%-HbIil pacTBop Kanmuii mepmanranara (p = 1,15). Ckombko mi
3TOr0 pacTBopa HeoOxoanMo i npurotosierus 1 0,1H pactBopa kanuit nepmanaranata? (54,96 r)

9. Crompko Mt 5%-ro pactBopa Na,CoOu(p = 1,1) HeoOXoaumo it npuroToBieHus 200Mi
0,1H pactBopa? (24,36Mm)

IIpumepsbl pelienud 3ajaaud.

1) Beruucnute HaBecky s mpurotosienus 400 mi pactBopa KMnOg,ecnu TuTp ero Oyayt
ycranasnuBath 1o 0,1H pactBopy ucxonnoro Bemectsa HyC0O4.

Jlano:
V(p.pA) =400mn

C(H2C204) = 0,1momb/1
M (KMnO4) - ?
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Pewenue.

1) Tak kak tutp pactBopa KMnO4 Oyayr ycranmaBmuBate mo 0,1H pactBopy HC;04, TO
KoHIeHTpanus pactBopa KMnO, Takke nomxHa 0,1monb/n. Hcnonb3dyem ¢opMyny MOJISIpHON
KOHIICHTPALIUU SKBUBAJICHTA!

Cn=Mx/Mx* Ve fxpx,

Orcroma Myx=Cp* Mx * foxgx*V=0,1"158-1/50,4=12,64r.

OtBer: macca KMnO4 = 12,64 r.

1) B naboparopuu ecth 10%-ub1it pactBop KMnO4 (p = 1,4 r/mi). Berauciuts Cy.
Jlano:

®(KMnO4) = 10%

p=14r/mn

Cy-?

Pewenue.

1) Ucnionb3yem opmyiry, koTopas cBsizbiBaeT Cy 1 O:

Cu=® %p-10/ Mx * Ve foxpx,= 10% 1,4 -10 / 158 -1/5 = 4,43 monn/n
Otet: Cy(KMnOy) = 4,43Mom5b/m1.

2) Boruncauth HaBecKy Nap,CoOy4 st mpurotosienus 500 mut 0,1H pactsopa.
Hano:

V(p.pA) = 500Mmu

Cy=0,1H

m (Na2C204) -?

Pewenue.

1) Ucnonbzyem GpopMyily MOJISIPHOIN KOHIIEHTpAIlMM SKBUBAJICHTA!
Cu=Mx/Mx* Ve oy,

Orcrona Mx=Cy* Mx * foxpx * V=0,1-134 - 1/2: 0,5=335.

Otser: macca Na,C,04=3,35T.

3) Ckonbko rpamm deppym (II) cynpdara Heooxoaumo aast npurotosieHus 100Mi pacTBopa,
eci uMeeTcst TuTpoBaHHbI pactBop KMnO4c CH = 0,08 mMosnb/.
Jlano:
V(p-pA) =100 mx
Cu(KMnO4) = 0,08 moss/n
M(FeSO4) - ?

Pewenue.

1) Tak xak TurpoBanue npooaurcs 0,08 H pactBopom KMnOy4, TO pactBop FeSO4 HeoOxoanmo
MPUTOTOBUTh TAaKOW K€ KOHIGHTpamuu. VcmonmbdyeM ¢opMyly MOJSPHOW — KOHIICHTPAITUH
skBuBajieHTa Cy:

Cny=Mx/Mx*Vefopx,
orciona Mx=Cy-Mx - Forgx - V=0,08152-1-0,1=1,216T.
Ortser: macca FeSO, =1,216T.

4) Berunciauts 00beM 30%-ro pactBopa H20; (p = 1,27) amst mpurotoBieHus 21 pacTBopa, eciid
tutpoBanue nposoautcs 0,09H pacrsopom KMnO4 B kucioii cpene.

Jlano:

(01(H202) = 30%
p1= 1,27
Vp.pa2(H202) = 21
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Cu(KMnOy) = 0,09momb/1
Vp-par(H202) -?

Pewenue.

1) Tak kak TurpoBanue nposoautcs 0,09 H pactsopom KMnQy, To pactBop H,O, HE0OX01uMO
MIPUTOTOBHUTH TAKOW ke KOHIEHTpauuu. Mcmonb3ys GopMyiry MOJISPHON KOHIIGHTPAIIMH YKBUBAJICHTA
Cy HaxoguMm maccy H20O2 B 200 mut 0,09H pactBopa:

Cu=Mx/Mx* Ve foxsx,

OTCrO1a mX = CH * MX ° f3KBX° A/ =0,09 "34-1/2° 2= 3,06F;

2) Macca nepokcuia oilMHaKoBa B pacTBopax 1 u 2:

Mx1 = Mxz;

3) Ucnonb3yst popmyity MacCOBOM JI0JTH, HAXOMM MacCy pactBopa 1:

o=mx/mppa-100% ,

orcrona Mp-pa=Mmx;/ ®; - 100% = 3,06-100/ 30 =10,2 r

4) Haxomum o0beM pacTtBopa 1:

V= mppa/p=10,2/1,27= 8,03 mu.

OtgeT: 06beM 30%-ro pacTBopa nepokcuaa Bogoposaa 8,03 mi.

TecToBBIC 3a1aHUA:

1. Kakas peaxyus nedxcum 8 0CHO8e NepMaHeAHAMOMEMPUU:
a) KHCJIIOTHO-OCHOBHAsI

0) OKHCIUTEIHHO-BOCCTAHOBUTEIIbHAS

B) 00pa3oBaHMs OcajiKa

r) oOpa3zoBaHuE KOMILIEKCa

2. Kaxou mumpanm neobxooum 0ns kKoauwecmeennoz2o onpeoenenus FeSO,  npsamovim
MUmMpOBaHuemM:

a) KOH

6) HCI

B) KMnQO,

F) Na28203?

3.Yemy pasen paxmop skeueanenmuocmu oxuciumens 6 npegpaujernuu- MnO 4 > MnOZ:
a)l/5

0)1

B)1/3

r)1/2

4. Kaxue coeounenusi MOJICHO KOIUYECMEEHHO ONpedesimb NePMAHSAHAMOMEMPUIECK:
a) OKUCITUTEITN

0) HCI, H,SO4

B) NaOH u KOH

I) BOCCTAHOBHUTEIN

5. Tumposanue FeSO4 pacmseopom KMNO4 nposodsim:
a) 0e3 uHANKaTopa

0) ¢ karasmzaropom CuSO,

B) B nipucytctBuu HySOy

T') C UHAUKATOPOM (peHo(pTaIenHOM

6.Ymo uz nepeducieHnoco0 Rualice 6epHo.
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a) Mn%* siByisieTcs KaTanu3aToOpOM B IEPMAHTAHATOMETPHHE

6) pactBop KMnO, siBisieTcst HIEpBUYHBIM CTaHIAPTOM

B) OKUCJIMTEIHM METOAOM IIEPMAHIAHATOMETPUN OIPEIEIIAIOT OOPaTHBIM CIIOCOOOM
T) IIepMaHraHaTOMETPUs — OC3UHIMKATOPHBII METO/T

7. Haubonee cunvnvie oxucaumenvhsie ceoricmsea KMnOa nposensem:
a) B KHUCJION cpene

0) B LIEIIOYHOM cpene

B) B HEUTpaIBHOU cpesie

T') B CJIA0OIIETIOYHOM cpejie

8. Yemy pasen Toxe. NaySOs 6 peaxyuu: NaSO3 + KMnOy +H,SO; >
a)l

0) 1/5

B) 1/2

r) 1/3

9. B kaxoti cpede mumpyrom HyCrO4 pacmeopom KMNOy:
a) COJITHOKUCIIOMN

0) CepHOKHUCIION

B) @30THOKHCIION

') HEUTpaJIbHOM

10.Yemy pasen ghaxmop 3xeusaienmHocmu 60CCManos8umens 8 npespaujeHun SO 2S04
a) 1/5

0)1

B) ¥4

r) 1/3

11. Tumpanm KMnOy:

a) TOTOBST MO MPUOTU3UTENBHON HAaBECKE

0) crangapTu3upyroT o NayCoOy

B) IIPOIICKUBAIOT Uepe3 BaTy

I') KUIATAT U OCTABJISIOT HA HECKOJILKO JTHEH JI0 CTaHIapTH3AIMH

12. Konuuecmsenno onpedensirtom KMNOy memooom nepmaneanamomempuu:
a) IpsSIMbIM CIOCOOOM

0) 0OpaTHBIM CITIOCOOOM

B) CITOCOOOM 3aMEIICHHUS

r) J100BIM U3 BBIIIEHAa3BaHHBIX CIIOCOOOB

13. Ymo u3 nepeuucnennozo nusxice 6epHo OJis NEPMAHLAHAMOMEMPUU:
a) ipu HeocTatke H' TpyaHO onmpesenuTs TOYKy SKBUBATEHTHOCTH
0) NepBUYHBIM CTaHIAPTOM sIBJIIETCS Oypa

B) MHAMKATOPOM SIBJIIETCS KpaxmaJ

r) TuTpanToM MoxeT 0biTh HoC204 1 KMNO4

14. Kaxue coedunenusi MOINCHO Onpedenums NepMaAHeaAHaAMOMEeMPUYECKU.
a) Fe

0) H,O,

B) Na2503

r) NaOH

15.Yemy pasen foxe. FeSO, 6 peaxyuu: FeSO4 + KMnO4 + HySO; =
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a) 1/2
0)1

B) 1/5
r)1/3

16. Kaxoii unouxamop crnedyem ucnonvsoeams npu mumpogaruu HyCoO4 pacmeopom KMNnO, 6
cpede HSOy:

a) METUIJIOPAHK

0) benondrazenn

B) Kpaxmaj

) HHIUKATOP HE HYXKCH

17. Ymo saensemcs kamaauzamopom 8 memooe nepmManeaHamomempuiL.:
a) MnOy4

6) Mn**

B) H,SO,

F) MnO,

18. Ymo u3 nepeuucnenno2o Hudice 6epHo:

a) mocne npurotosneHus: pactBop KMnQOy4 ocTaBiIsIOT Ha HEKOTOPOE BpeMs, 3aTeM  (PUIBTPYIOT
Y CTaHIAPTH3UPYIOT

0) cranmapTtuzanuio pacreopa KMnO,4 npoBoasT cpasy xke 1mocie NpuroToBIeHUs

B) JUIsl IOJIKUCIICHUS B METO/I€ TIepMaHTaHaToMeTpuu uctonb3yroT HCI

r) pactBopsl KMNO, punbTpyrot uepes 6ymakHbie (GUIBTPHI

19. Yemy pasen T oxe. NaNO, 6 peaxyuu: NaNO, + KMnO,; +H,S04 2
a) 1/2

0) 1/5

B) 1

r) 1/3

20.HYemy pasen f. . Ho0, 6 peaxyuu: H,0, + KMnO, +H,SO, 2>
a) 1/5

0) 1

B) ¥4

r) 1/3

XpoHomerpaix:

2 4acoBOro 3aHATHA:

Opranu3aiOHHbBI MOMEHT — 5 MUH.

Onpoc — 40 mMuH.

[TosicHeHusI K BBITTOIHEHUIO PaboThI — 20 MUH.
Breimonuenue u odopmieHne paboTsl — 25 MUH.

1 yacoBOro 3aHATHA:

N3noxenne HoBoro marepuana — 40 MuH.
ITpoBepka paboT U 3a1aHUE HA IOM — 5 MHH.

Jdumepamypa:

Ocnosnas:
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1. Xaputonos, 10.4. Ananutndeckas xumus. AHanutuka 2. KonndectBeHHbl aHanu3. OU3nKo-
XHUMUYeCcKHe (MHCTpyMEHTalbHbIe) MeTo bl aHanu3a. /F0.5l XapuTonos.-6-oe u3nanue., ucnp. U gom.-
I'S0TAP-Menua, 2014.

2. Xaputonos, 0.4 [Ipumeps! u 3a1aun no ananutuyeckor xumuu (I'paBumerpust, sKcTpakuus,
HEBOJIHOE TUTPOBaHUE, (DU3UKO-XUMUYECKHE (MHCTPYMEHTAIbHBIC) METO/IbI aHAIN3a) YICOHHUK.

Jlonoanumenvnas.:

1. Bacunwes, B.I1. Ananutuyeckas xumus : yueO.: B 2 kH.. KH. 2: OU3UKO-XUMUYECKHUE METO/IbI
ananusa. - 2007. - 384 c.

2. Ananutrdeckas xumus. Ousnyeckne U PU3NKO-XUMHUUYECKHE METOJIbI aHAIW3a: Y YeOHHK IS
By30B / XXykoB A.®., Konocosa N.®., Ky3uenos B.B.; pen. [lerpyxun O.M. - M.: Xumus, 2001. — 496
C.

3. OcuoBel ananuTHueckoit xumuu: B 2 ku. / [Tox pea. FO.A. 3onorosa -: Beicmas mkouna, 2002-
Mertoapl xumudeckoro ananusa -494c. ISBN 5-06-003559-X (kH.2).

4 Ponuna, T.A. MeToasl XHMHUYECKOTO aHanu3a (M30paHHBIC TaBbl) : yueO. mocodue: / T.A.
Popuna, B.. Mutpodanosa. - bnarosemenck : 3a-so Amyp. roc. yH-ta, 2005. - 116 c.

5.boxoBa T.M. MHCTpyMEHTa bHBIE XMMHYECKHE METOABI aHaIM3a: MeToi. mocobue./bokoa
T.1., Yemepuc M.C., FOcymnosa I'.I1., Kycakuna H.A.- HoBocubupck: H'AY, 2002.-80 c.

6.Caiitbl yueOHbIX 11eHTpoB — DBC «KoHCyNnbTaHT CTyIeHTa»

7. CrosnoBa O.®. XoxyoBa O.H. Opoc TI'HO. Moxkmuna H.Jl TexHuka XUMHYECKOIO
JKCIIEPUMEHTa YUYeOHOe TMOCOOMe Uil MPAKTUYCCKUX 3aHATHH 10 AHATUTHYCCKOH XWMHH.
Boponexckuii rocynusepcutet.2000r.
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Tema: HOJOMETPHUS

Iean 3aHATHSA:

JlmarHocTuka MHOKECTBa 3a00JIeBaHMN OCHOBaHA HAa CPaBHCHUU PE3YJIbTATOB aHAIM3a s
JAHHOTO OOJILHOTO C HOPMAJIbHBIX COJEPKAHHUEM OIPECICHHBIX KOMIIOHEHTOB B KpPOBH, MOUYeE,
)KGJIYI[O‘IHOM COK€, IlpyI‘I/IX KUIOKOCTAX U TKAHAX OpI‘ aHUu3Ma. HOE)TOMy MCIOUIITMHCKUM pa6OTHI/IKaM
HaJI0 3HaTh OCHOBHBIE IPUHITUIIBI M METOJIBI AHATUTHYECKON XUMHH. M3yduTh TEOPETHUECKHUE OCHOBBI
MeToaa. HaquTBCH HaXOAUTh JKBHUBAJICHTHBI OKUCIIUTCIIA WU BOCCTAHOBHUTCIIA. 3aerHI/ITB HaBBIKHN
MIPUTOTOBJICHUSI PACTBOPOB TOYHO HM3BECTHOW KOHIICHTpamuu. HayduTbcs TUTPOBATh pPacTBOPHI, HE
MPUMEHSSI WHIUKATOPBI JJIsi ONPEACIICHHS TOYKH SKBHUBAJICHTHOCTH. HaydWThCs MMOJIB30BATHCS
CIIELIMAIbHOM MTOCYIOW JIJIs1 Pa3/ICJICHUS BEILIECTB.

Heab 1eTeILHOCTH CTY/IEHTOB HA 3aHATHHU

Cmyoenm 0onicen 3Hamy:

a) Knaccudukanuro MeTo10B aHaM3a.

0) Byl KOTM4eCTBEHHBIX METOIOB aHATU3A.

B) [IpenMytiiecTBa U HEOCTATKU THTPUMETPUICCKOTO METO/Ia aHAIH3A.
r) OU3NKO-XUMHYECKHE METO/IbI aHAIH3A.

1) Metosl pazieneHus.

Cmyoenm 0ondceH ymems.

a) Ilonp3oBaTbcss  MepHOM MOCYAOM M APYyrdM  00OpylOBaHMEM Ui MPOBEICHHS
TUTPUMETPUUECKOIO aHAIN3a U Pa3/IeJICHUs BELIECTB.

6) I'oTOBUTH pacTBOPBI C TOYHO U3BECTHOM KOHIIEHTpaLUeil.

B) Onpenenars KOHUEHTPALUK PACTBOPOB METOJIOM MPSMOT0 U 0OpaTHOrO TUTPOBAHUS, @ TAK K€
TUTPOBAaHUEM METOJIOM 3aMEIIECHUS.

r) B3BemmBarh Ha TEXHOXMMHYECKHX BecaX, Ha AHAJUTUYECKHX Becax M IPHUTrOTABINBATH
3aJlaHHBIE CTaHJIAPTHBIE PACTBOPHI.

1) YcTraHaBIMBaTh HOPMAJIBHOCTH U THTP pacTBopa KMnO, o pacTBopy okcanaTta HaTpus.

e) [Tonbp3oBaTbes AETUTEIBHBIMI BOPOHKAMH.

Teoperuyeckas 4acTb
Hoxomerpus

HNonomerpueli Ha3bIBae€TCd METOJl PEJOKCUMETPUUYECKOTO aHANIN3a, P KOTOPOM O KOJIMYECTBE
OTIpEETIIEMOTO BEIIECTBA CY/IAT MO KOJIMYECTBY MOTIOMIEHHOTO WIIM BBIICJICHHOTO HO/1a.

OcHOBHas peaklusi METOJa ONUCHIBAETCA CIEAYIOIIUM YPABHEHUEM:

|2 +28 & 21°

Ora peakiusi oopaTuma. B 3aBHCHMOCTH OT YCJIOBHI OHAa MOXET MPOTEKATh B MPSIMOM HITU
o0paTHOM HaIpaBJICHUSX. Hon MpEeACTABISIET COOOM OKHCIUTENh CpPeIHEH CHIIBI: CTaHJAPTHBIN
noreHnuan cucremsl paBeH + 0,54 B. IlosTomMy BemiecTBa, OKHUCIUTEIbHBIM MOTEHIHAT KOTOPBIX
HUKE ATOW BEIMYUHBI, OyIyT SBISTHCS BOCCTAHOBHUTENSIMU W, CIEAOBATENbHO, OyIyT HANPAaBIATH
pEeaKIuIo CJIeBa HAMpaBo, «roryomnas» Woj. K TakuMm BemecTBaM OTHOCSTCS, HAIIPUMEP, OKCHUJ] CEPBI
(1V) SO,, tTnocynwdar natpus Na,S;03, xmopun osioBa (1) SnCl, u np. BemiectBa, OKuCIUTENbHBIH
noTeHuan: KoTopbix Beiie 0,54 B OyayT okMCIUTENISIMU 110 OTHOLLIEHHUIO K MOHY | 1 OyAyT HampaBisTh
pEaKIuio B CTOPOHY BBIIEIEHUS CBOOOTHOTO Hoa:

217-28 2 b
K TtakuMm BermectBaM OTHOCSATCS, Hampumep, mnepmanradat kamus KMnQO, auxpomar Kamus
K2Cr,0y7, okcun maprania (1V) MnO,, xmop Cl,, 6pom Bry u np.

M3Mmepsist KOIM4YeCcTBO MOTJIOMIEHHOTO WJIM BBIICJIEHHOTO HO/a, MOKHO BBIYMCIUTH KOJIMYECTBO
OKHUCJIUTENEN NI BOCCTAHOBUTEIIEN.
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OOBIYHO TOTOBSIT PACTBOpP HOAa ¢ MOJISIPHOW KOHIIEHTpanued skBuBajeHTa 0,05 Monw/n mo
TOYHOUN HaBecke Iy Kak nepsuunwviii cmandapm TUO0 KaK 8MOPUUHBIL CMAHOapm C TOCIEAYIOUTIM
YCTAHOBJICHMEM TOYHON KOHIIEHTpAIIMH 110 CTaHAapTHOMY pacTBopy NayS;03. Konnenrpamuto
MIPUTOTOBIICHHOTO pacTBoOpa Iy Ha/lO peryssipHO MPOBEPSTH, T. K. OHA OBICTPO MEHSETCS.

OmnpenesieHne BOCCTAHOBHUTeIEI

BoccranoBurenu omnpenensiorT JIU00 NPSAMBIM THTPOBAaHUEM, JMOO crmocoOoM 0O0paTHOTrO
TUTPOBAHUA.

Metoabl nmpsimoro TutpoBanusi. Kpucrammdeckuil ion mamopacTBopuM B Boje. IlosaTomy
OOBIYHO B KaU€CTBE CTAHAAPTHOTO pacTBopa npuMensoT ero pactsop B Kl. [Ipu pactBopenuu iona B
pacTBope uojuaa Kajaus oopasytorcs [l3] -noHst:

+17 & [l

BemecTBa, 1€rko OKUCISIEMBIE HOJOM, THTPYIOT HEMIOCPEJICTBEHHO CTaHIAPTHBIMU PACTBOPAMHU
fona B momuae Kamwus, T.e. pactBopamu K][ls]. Takue meromsl ompeneiieHus HA3bIBAIOT METOJIaMHU
MPSIMOTO MOJIOMETPUYECKOTO0 THUTPOBAHUS. DTUM IIyTEM JIETKO ONPEACIUTH CYIb(UIBI, CyIb(aThI,
THOCYIb(ATHl U IPYTUE CUIIbHBIE BOCCTAHOBUTEIH.

MeTtoa 00paTHOr0o THUTPOBAHHSI COCTOMT B TOM, YTO K ONPEICICHHOMY O0BEMYy pacTBOpa
BOCCTAHOBUTEJSI TIPUIMBAIOT B M30BITKE OTMEPEHHBIH 00bEM TUTPOBAHHOTO PACTBOpa KO/, a 3aTeM
n30bITOK | 0TTHTpOBBIBatOT. OmpeAessoT, Kakoe KoimdecTBo |, He mpopearupoBano. 3Has B3SATOE
KOJIMYECTBO |z, paCCUMTHIBAIOT COJEPKAHNE BOCCTAHOBHUTENS B PaCTBOPE.

TutpoBaHHBIM PAaCTBOPOM IIPH 0OPATHOM TUTPOBAHUU CITYKUT NapS,03:

2N3.28203 + |2 =2Nal + Na28406

I, +28=21"
25,05 - 26 = S,08

I, +25,05" =217 + 5,08

OueHp UYyBCTBUTENIFHBIM MHIMKATOPOM B MOAOMETPUM SIBIISIETCS pacTBOp Kpaxmaia. OH Jaer ¢
HOJJIOM HENpOYHOE COEAMHEHWE WHTEHCHBHO cuHero IBeTa. CHHee OKpallMBaHHE OOBSICHACTCS
oOpa3oBaHMEM aJICOPOLIMOHHOTO COEIMHEHHs 4YacTUI[ KpaxMala ¢ MOJOM, TaK Ha3bIBa€MOIo
nonokpaxmaia. C MoBbllLIEHHEM TEMIEPATYPbl COETMHEHUE Ho/la C KpaXMaJIOM paclaiaeTcs U pacTBOp
obecrpeunBaercs. [loaToMy noomMeTpuueckue onpeieIeHUss He00X0JUMO MMPOBOAUTH Ha XOJIOJE.

Ecmu k pacTBOpYy Kakoro-au0o BOCCTAHOBUTENS IMOCTENEHHO NPHJIMBATH PAcTBOp Hoaa, TO B
SKBHBAJICHTHOM TOYKE OT JMIIHEH Kammu #ona pacTBOp B HPUCYTCTBHM Kpaxmaya IpuoOpeTaer
HEHMCYE3AIOUIYI0 CHHIOKO OKPACKY.

IIprMepsI peakiuii ONpeaesIeHHs BOCCTAHOBUTEIICH:

SO5™ + 1, +H,0=S05"+21" +2H"%;
Sn?* + 1, =sSn* +217;

Fe?m +1,=Fe3" +217,

OmnpenesieHue OKUCIUTENEH

[Ipu nocreneHHOM NpHOABICHUN BOCCTAHOBUTENS K PacTBOPY HoJa, SKBUBAJICHTHAs! TOUYKa OyjaeT
XapaKTepU30BaThCsl HCUE3HOBEHNEM CHHEN OKPACKU PacTBOPA.

JUid ompeneneHus OKHUCIUTENeH, Ka3aJloch Obl, HEOOXOIUMO UMETh PabodMil pacTBOp MOaUIA
KaJIMs:

Cr,07~ +61~ +14H* =31, +2Cr3* + 7H,0.
OnHako Tpu ONpPENENICHUM OKUCIIUTENEH KOHEl| peakUUH XapaKTepU3yeTcs IpeKpalleHHeEM

o0pa3oBaHMsi CBOOOTHOTO 0712, M 3TOT MOMEHT KpaxMajioM 3aMeTHTh Helb3sl. KpaxmaaoM JIerko MoyKHO
3aMETHTh TOSIBIICHHE B PAcTBOPE CBOOOJAHOTO Hoja (TIOCHMHEHHE) W €ro WCYE3HOBEHHE W3 pPacTBOpa
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(oGecuiBeunBaHue cuHEro pactBopa). Ho MomeHT mnpekpamieHusi oOpa3oBaHHsi CBOOOMHOTO Homa
(9KBUBAJIEHTHYIO TOYKY) KPaXMajoOM 3aMETUTb HEJIb34.

[TosTomy asist onpeneneHus OKUCIUTENENH HOIOMETpUEl IPUMEHSIOT MeTO/l 3aMellleHusl: eClid K
pacTBOpy OKHCIUTENsT A00aBUTh M30BITOK pPAacTBOpa HOAMIA KajHsi, TO OKHCIHUTEIb BBIACIUT M3
pacTBopa CTPOro 3KBHUBAJIIEHTHOE KOJIMYECTBO CBOOOAHOTrO #onaa. OTTUTPOBAB BBLACTUBILMICS MO
KaKUM-THM0O BOCCTAQHOBHTENIEM, JIETKO MOXHO OYAET ONpeNeNuTh U COACPKAHWE OKUCIHUTENS B
aHaIM3upyeMoM pactBope. Takum o0pa3om, HOUA Kallusl UCIIONIb3YETCSl HE KaK padounii TUTPOBAHHBIN
pacTBOp, a KaKk BCIIOMOTATEIbHBINA PacTBOpP.

B kauectBe TUTpOBaHHOTO paboyero pacTBopa HpU ONPENETICHUN OKHCIHUTENEH HCIOJIb3yeTCs
00BIYHO PAacTBOP THOCYJb(aTa HATPUS.

[Tpumeps! onpeaeneHus OKUCTUTENEH:

Bro+21" =2Br +15;
2MnOz +101~ +16H* =51, + 2Mn?* +8H,0;
ClO3 +61~ +6H" =31, +Cl~ +3H,0.

YcaoBusa NMPOBECACHUA HOAOMETPUIECCKHUX Ol'lpejleJ'[eHI/Iﬁ

1. Mon — BemecTBO JieTyuyee, MO3TOMY THUTPOBAaHUE HY)KHO BecTH Ha xoisiony. Kpome Toro,
4yBCTBUTEIBHOCTh KpaxMaja Kak HHIUKAaTOpa YMEHbUIAECTCA C YBEIMYEHUEM TEMIIEPATYPHI.
2. TurpoBaHUe HENB3s BECTH B IIEIIOYHON CPEAE, T.K. MPOTEKACT PEaKIIs:

I,+20H™ & 10" +17 +H,0,
oOpa3yercss THUMOUOAM], OONaNaronuii 00jee BBICOKUM OKHCIUTEIBHBIM TOTCHIIMATIOM, YeM
CBOOOJTHBIN MO, KOTOPBIH MOXKET OKUCIISATh THOCY/Ib(AT YaCTUYHO 10 CyJIbdara:

S,037 +410™ +20H™ = 2S0Z™ +41™ + H,0.
Orta HO6OLIH3.$[ peaKknus NpUBOAUT K HCKAKCHUIO PE3YJIbTATOB aHAJIn3a.

3. Hox miaoxo pacTBOpACTCA B BOAC, HO €ro pacTBOPUMOCTH 3HAYUTCIIBHO BO3pacTacT B
MPUCYTCTBUH NOAUA KAJIUs, YTO O6y0J’IOBJ'IeHO O6p830BaHI/IeM nojauuoagounaa:

L+17% [I3].

Jlia  pactBopeHuss Homa uenecooOpasHo OpaTh 3-4-KpaTHbI MPOTUB SKBUBAJEHTHOI'O
KOJIMYeCcTBa M30BITOK MOAMA Kanus. Takoi n30bITOK HEOOXO0AUM, YTOOB! YBEIUYUTH PACTBOPUMOCTh
fioa; KpoMme TOro, JIETy4ecThb HoJa B pPacTBOpax C BBICOKOW KOHIIEHTpAIMed WOJMAa Kaius
3HAYUTEIBHO MEHBIIIE IO CPABHEHMIO C JIETYYECThIO TBEPJOTO Hofa.

4. TuTpoBaHHbIE PAaCTBOPHI H0J1a HEOOXOAUMO XPAHUTh B CKIISIHKAX U3 TEMHOI'O CTEKJIA, YTOObI
n30eKaTh OKUCIIEHUS MOAUIA KaJlusl KUCIIOPOJIOM BO3/yXa C BBIAECIEHUEM CBOOOJHOTO ofa:

417 +4HT + 05 =21, + 2H,0.

IlOCTOI/IHCTBa HOAOMETPHUYECCKOI0 METOAA

1. Honomerpuyeckuii MeTOA TNPUMEHHUM JUIS OIpENCNIeHUs] MHOTMX COCIUHEHUH, He
pearupyromux HENOCPEICTBEHHO ¢ HOI0OM MJIN MOIUAMHU.

2. Honomerpuueckuii MeToj OTIMYaeTCs OONBIION TOYHOCTBIO, MPEBOCXOJSAIIEH TOYHOCTh
JIPYTUX OKUCIIATEIBbHO-BOCCTAHOBUTEIIBHBIX METOJIOB.

3. PactBOpHI Hf0/1a OKpAIIEHBl, U TO3TOMY MOJOMETPHUUECKOE TUTPOBAHHE MOKHO OCYIIECTBUTh
0e3 MHAMKATOPOB, TaK KaK O KOHEYHOM TOYKE TUTPOBAHUS MOKHO CYAMUTH IO MCUE3HOBEHMIO HIIU
IIOSIBJICHUIO OKPACKH HoJa.

4. Vo XOpOILIO PacTBOPHM B OPTaHHUECKHX PACTBOPUTENISX, TIOITOMY ITHPOKO MPHMEHSIOT He
TOJIKO BOJHBIE, HO M HEBOJHBIE pACTBOpPbI MHOAA M1 BCEBO3MOXHBIX HOJOMETPUYECKUX
ONpeACIICHUH.
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JlabGoparopHnasi pabora

Onwvim 1. Ilpuzomoenenue pabouezo pacmeopa muocyavama nampusa (250 ma pacmeopa
Na,S,03 ¢ morapnoi konuenmpauuen rxeueanenma 0,02 moav/n)

OKBHUBAJICHTHYIO MacCy THOCYlIb(ara HATpUs ONPEACTSAIOT IO €ro peakuud ¢ HoaoM,
IIPOTEKAroILEeH 110 YPaBHEHUIO:

I, +2S,05" =217+ 5,08~
1] 1,+28=21"
1| 25,05 -2 =5,08"

W3 ypaBHeHus peakuuu cjieayeT, 4To JBa HOHa 82032,_ TUHOCYIb(aTa B3aUMOJCIHCTBYIOT C

MOJICKYJIOW #OJa, OTAAIOT TPU STOM JBa DJEKTPOHA, MpEeBpamiasch B TETPAaTHOHAT-WOH. T.K. B
OKHCIIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKLUAX SKBUBAJIEHTHAs Macca BELIECTBA paBHA MOJICKYJISIPHOM
Macce, JENeHHOW Ha YHCIO OSJIEKTPOHOB, TNPHHATHIX WM OTIAHHBIX aTOMOM WJIM HOHOM, TO
skBUBaieHTHas Macca NaS,0O3 paBHa ero mosspHoil macce. Kpucramimueckuil Tuocynbdar HaTpus
umeer popmyny NaS,03-H20. PactBop THocynbdara Hatpusi NapS;03 Beerza ToTOBAT Kak BTOPHY-
HBIH CTaHJApT, IOCKOJbKY KpucTajulndeckuil mpenapar NapS;03-5H,O He coorBercTBYyeT
TpeOOBaHUSAM K TIEPBUYHOMY CTAHIAPTHOMY BEHIECTBY (KPHCTAUTM3AlMOHHAs BOAA JIETKO
BBIBETPUBAETCS).

B BoaHBIX pacTBOpax THOCYJb(AT pasjaraercs Moj JACHCTBHEM KHCIOpPOJa BO3AyXa W OKCHA
yriepona (1V)

2Na,S,03 + 0, =2Na, SO, +2S 4
2N325203 + H2CO3 = NaHSO3 + NaHCO3 +S Jf

OCOOEHHO MHTEHCHBHO MJIET pa3jOXKEHHE €ero Ha COJHEYHOM CBETY U B MPUCYTCTBUHU
MHUKpPOOPTaHHU3MOB.

[lo mpuymnHaM, yka3aHHBIM BbIIIE, MPUTOTOBUTH PAacTBOP THOCYJb(paTa MO TOYHOM HaBECKe
HeBO3MOXkHO. [loaToMy pacTBOp roToBAT, Oepsi TpeOyeMyr0 HaBECKYy Ha TEXHOXMMHUYECKHX Becax.
[locne mnpuroTOBIIEHHS PAcCTBOP JIOJDKEH BBICTOATHCS HE MEHEe HENEeNH, TIO0CIEe YEero Yyke
YCTaHABJIMBAIOT €r0 TOUYHYIO KOHIIEHTPALUIO M0 CTaHIapTHBIM pacTBopaMm KMnO4, KoCrO7, I u 1. 4.
yepe3 1-2 nHs nociie IpUroToBIeHUs. 3aTeM KOHTPOJIUPYIOT KOHIIEHTPALIUIO €KEHEIENbHO.

BoinosiHeHune IKCNICPUMEHTA.

1. PaccumTaiiTe Maccy M HaBeCKH KPUCTAILIMYECKOTO THOCYIb(aTa HATPHUs ISl TPUTOTOBICHUS
pacTBopa 3aJaHHOTO 00BeMa U KOHIIEHTpAIUHU 1o GpopMmyiie:
_N-9.V
1000
rae V — o0beM pacTBopa, MI;
D — DKBHBAJICHTHAs! Macca paCTBOPEHHOTO BEUIECTBA, I/MOJIb;
N — KOHIIEHTpaI¥s pacTBOPA, BHIPAKECHHAS B €IMHUIIAX HOPMAIILHOCTH.

2. B3BecbTe Ha TEXHOXMMHYECKHX Becax B Omokce TpedyeMylo Maccy KpHUCTaUNIMYEeCKOTro
THocyibdaTa Hatpus. [lepecrinbTe HaBecKy B MEpHYIO KoJ0y. PacTBopuTe HaBecKy B MPOKUIITYEHHON
TUCTULTUPOBAHHOM Boze U JoBenuTe 00beM pactBopa a0 250 mul. [IocTaBbTe CKISIHKY C pacTBOPOM
Ha OTBEJIEHHOE Ul €€ XpPaHEHUS MECTO.
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OBPABOTKA PE3VJIbTATOB 1 BbIBOJIbI

Onvim 2. Ycmanoesnenue mumpa u HopmaibHocmu pacmeopa NaQSQO'; no pacmeopy |,

Xoa padoTsl

Otbupaem mnunetkoit 20 Mi pacTBopa HoJa B KOHHUYECKYIO KOJIOy U TUTPYEM pacTBOPOM
trocyibdara HaTpus Na,S,0O3; 10 mepexoma KpacHO-Oypol OKpacku B CBETNIO-kenTyro. K pactBopy
no0aBisieM 2 Karid KpaxMaia U JoTUTpoBbiBaeM pacTBopoM NapS;03 mo obOeciiedrBaHUs pacTBOpa.
ObecrBeunBaHNe MPOUCXOAUT OT OHOM MMOCIETHEH Karliy.

[TuneTky npeaBapUTEIBHHO OMOJIACKUBAEM H010M, a OropeTky — pactBopoM NaS,0s.

TurpoBanue mpoBomuM 3 pasa, 3aTeM OmperernsieM cpenHee apudMeTrHdeckoe, KOTOpoe u
UCIIOJIb3YEM B IaNbHEHIINX pacyeTax.

3areM pacCuMTBIBA€M HOPMAJIBHOCTb U TUTP pacTBOpa THOCYJb(aTa HaTpus Mo hopMysIam:

N|2 'V|2

N Na28203 = V
NapS203(ep.)

N Na23203 ' 3Na28203
T = , T/MIL.

1000

OBPABOTKA PE3VJIbTATOB 1 BbIBO/IbI

Onwvim 3. Onpeodenenue % cooeprcanus xpoma ¢ pacmeope K-Cr,0O;

K,Cr,0,+6KI +14HCI = 31, + 2CrCl ; + 8KCl + 7H,0
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Crt®+3e=Cr*3 M
2 9 =—0" 1734 (1)
217 -2 =17 3 3

crt3 T

BreinenuBiuiicst Hoa TUTPYyEM THOCYIIb(GAaTOM
|2 + 2Na28203 - 2Na| + N8.25406

BreigenuBimiics oy Oyner skBUBalieHTeH BerynuBinemy B peakiuio KoCrOs.

Xoxa pa6oTsl

HewusBsectnas naBecka K,Cr,O; pactBopena B Boae. B koi0y ¢ HEHW3BECTHOW HaBECKOM
no6asisiem 10 mu 2N pactBopa HCI u 10 mu 0,2N pactBopa Kl. KonOy 3akpbsiBaeM CTEKIISIIKON 1
OCTaBJISIEM Ha 5 MHHYT, a 3aT€M BBIICTUBIIUICS Hoa TUTpyeM pacTBopoM NaxS,03 10 cBETIIO-3eeH0M
OKpAaCKH, 3aTeM Jo0aBisieM 2 KAl KpaxMmalia i JOTUTPOBBIBAEM JI0 TIEPEX0/ia pacTBOpa U3 CHHETO B
CBETJIO-3€JICHBIH.

Ha TutpoBanue BoienuBerocs ioja 3arpaueHo pacrsopa NaS;03 V(m) =..... cN = ...

B ananmsupyemMom pacTBope clieAyeT ONpeIeIuTh:
1. Tutp NayS,03 no onpenensemomy BemiectBy Cr

N Na25203 ' 3CI’
TNa28203/Cr = 1000

2. Maccy Cr
m(Cr) = TNa25203 /Cr 'VNa28203
3. Maccy nasecku m (K;Cr,07)

294,22 r K,Cr,07 cooTBeTCTBYET 104,02 Cr
m Ksz207 - m (Cr)

M(K,Cr,0,) = 294,22 - m(Cr)

104,02

4. Tlpaktuyeckoe copepxkanue Cr B Omxpomare
» B m(Cr)
PP m(K,Cr,05)

5. Teopermdeckoe conepxanue Cr B Ouxpomare

Oreap = 104,92 1 5096 = 35,36%
294,22

-100%

6. AOcomroTHas omnoOKa

A=ow

meop o

npaxkm

OBPABOTKA PE3VJIbTATOB 11 BbIBO/IbI

Onovim 4. Onpeodeneriue cooeprHcanus anaib2una ¢ npenapame

Leanb padoThI: HOJOMETPUIECKOE OTIPEICIICHNE COACP)KaHUs aHaIbIMHA B TIperapare.
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CymHocTb padoTsl

Amnaneru (1-penun - 2,3 - aumetun — 4 - METUIAMHUHONHUPA30J0H - 5-N-meraHCyabpOHAT
Hatpusi) (Analginum) TpPUMEHAIOT B KadecTBe OOJICYTOJSIONIECTO, KAPOMOHUKAIOMIETOo |
IIPOTUBOBOCIIAJIUTEIILHOTO CPEACTBA.

HNonomerpuueckoe ompeaesneHre aHaJbrMHA OCHOBAaHO HAa OKUCJICHHM Ipenapara HOJOM B
CIIa0OKUCIION BOJTHO-CIIUPTOBOH cpeze no okuciernus cepsl (IV) B cepy (V).

Konen, TuTpoBaHHsS MOXHO YCTAaHOBHUTH MO M30BITKY TUTPOBAHHOIO pacTBopa HoAa (3KeiToe
OKpAILLIMBaHUE).

1 M 0,05 M pactBopa nona coorserctByer 0,01667 r aHanbruHa, KOTOpOro B IMepecdeTe Ha
CyX0€ BEIIECTBO JOKHO ObITh HE MeHee 99,0%.

MarepuaJbl 1 000py/10BaHHE:

1. AHaJIBTUH.

2. Otanoiu, CoHsOH.

3. Comstaast kuciota, HCI, 0,01 M pactBop.
4. Uon, I, 0,05 M pactBop.

5. AHaguTHYeCcKHE BECHI, 9aCOBOE CTEKIIO.
6. BropeTka eMKOCTBhIO 25 MII.

7. Konba asis TMTpOBaHUSL.

8. HuwiHap eMKOCThIO 25 MIL.

Bbinosinenune padoTsbl

Hagecky npenapara 0,2000 r (B34Tyl0 Ha aHAJIMTUYECKUX Becax) MMOMEILAIOT B CYXYyH KOJOYy,
npubasistor 20 mu staHona, 5 miu 0,01 M pacTtBopa CONSHOW KHCIOTBI, MEPEMEIINBAOT 10
pactBoperust u TuTpyroT 0,05 M pacTBOopoM HMOJa J0 TOSBICHUS KEJITOH OKPACKH pacTBOpa, HE
ucuesaromiei B reuenue 30 c.

[IpouieHTHOE cozepkaHNe aHAJIbTMHA B Ipenapare onpeAesstoT o GopmyIe:

V(I)T (1, /an)
m(aw)

w(an) = -100%

rje m(aH.) - HaBeCKa aHaJIbIMHA

OBPABOTKA PE3VJIbTATOB 1 BbIBO/IbI

IIpumMepsbl pelieHud 3ajaaud.

1) Beruucnuts HaBecky NazS;03°5H,O mnst mpurorosnenust 200 M pacTBOpa, €Clid TUTP €ro
ycranasnusarot 1o 0,1H pacteopy L.

Hano:

V(p_pA) =200 M
Cxu(l2) = 0,2 momas/a
m(Nazszog‘SHzo) -?
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Tak kak TuTp NayS;03 ycranasnusaercs mo 0,1H pacTBopa noaa, To KOHIIEHTpaIUs

THOCYNb(aTa JoJKHA OBITH IPUMEPHO TAKOH K€ KOHIIEHTpanuu. Tak Kak B 3ajade gaeTcs

THOCYyJIb()aTa JTOJDKHA OBITH NMPUMEPHO TAaKOW K€ KOHIICHTpalMH. Tak Kak B 3ajade JacTcs
MOJIIpHas KOHIICHTpaIus dkBuBaienTa Cy, TO HCONb3yeM GopMyITy:

Cu=Myx/Mx*VeTfrmx

orcioia Mx=Cy*Mx*Frpxs V= 0,1 -248-1-0,2=496r;

OrtBert: HaBecka NayS,03°5H,0 = 4,96r.

2) B mabopatopun umeercsi 5%-upiii pactBop moma (p = 1,15). Ckoabko MJI 3TOro pactBopa
HeoOxomumo futst mpurotosnenus 1 0,1 Hpactopa nona?

Jano:

®; =5%

p1= 1,15

V2 =1n

Ch = 0,1Momp/11

Vy-?

Pewenue.

1) ManubIx mig pacuera Vi [0 MacCcoOBOM J10Jie HEIOCTATOYHO, IIOITOMY UCTIONb3yeM (HhOpMyITy
MOJISIPHOW KOHIIEHTpanuu skBuBaigeHTa CH 115 HaX0XKIeHusI MacChl BEIIECTBA B PACTBOPE:
Cu=Mx /My * Ve f g,

orciona My =Cy* Mx * Foxgx* V =0,01-254-1/2-1=12,7t;

2) Macca noga oguHakoBa B pactBopax 1 u 2:

mX; = mXs;

3) Ucnionb3yst popMyity MacCOBOM JTOJTH, HAXOMM MacCy pactBopa 1:
®=Mm-x/Mmp-pa-100%,

orcroma Mp-pa=Mxy/ ®; - 100%=12,7-100/ 5=10,2

4) Haxoaum o6bem pactBopa 1:

V = mppa/p=254/1,15= 220,87 m.

OtBet: 00beM 5%-r0 pacTBopa nonaa 220,87mi.

3agaHusA 1JIs1 CAMOCTOAITEILHOH PadoThI

KoHTpoJsibHBIE BONIPOCHI:

1.3anuimuTe peaxiuio, JeXKaIlyo B OCHOBE METOAa HOJJOMETPUH.

2. B kakux ciydasx METOJ MOJOMETPUU INPUMEHSETCS IJI1 ONpPENEICHUS OKUCIMUTENEH, a B
KaKWX — JUIs ONIpeNiesieHns BoccTaHoBUTenen? [Ipusennure npumMepsl.

3. 3anumuTe peakuuo B3auMOJeHCTBUS oaa ¢ THOCYIb(hATOM HaTpus. Y paBHSNUTE, IPUMEHUB
METO/T OJTYPEAKIIHIA.

4. B xakux ciy4yasx U Kak IPOBOJUTCS METOJ MPSMOTO TUTPOBAHUS?

5. Korna B ilojoMeTpuu MPUMEHSIOT METOJ] 00paTHOro TuTpoBanusa? B yem on cocrout?

6. Ilouemy TuTpOBaHUE B METOE HOAOMETPHUH HYKHO MPOBOJUTH HA XOJIONY?

9. IloueMy TUTpOBaHHME B METOJAE HOAOMETPUU HENb3s BECTU B IuenodHou cpene? Kakas
npotekaeT peakiusa? Kak oOpasyrommiicss TUIONOIUA—HMOH OKHCIseT THocynbpar—uon? [Ipusenure
COOTBETCTBYIOIINE YPABHEHUS PEAKIIHII.

8. OObsicHUTE, TOYeMY HOAOMETPUYECKUE ONpPEETICHUS HYKHO BECTU B NMPUCYTCTBUU M30BITKA
HOINIA KaTHs?

9. [Toyuemy TUTpOBaHHBIE PACTBOPHI H0/1a HEOOXOAUMO XPAaHUTh B CKIISIHKAX U3 TEMHOTO CTEeKJa?
[To kakoi peakuuu HOJIUJ KIHS OKUACIAETCS KUCIOPOIOM BO3ayxa?

10. Kak BoHBIN pacTBOp THOCYIb(AT HATPUS paziaraetcs MoJ JeHCTBUEM KHUCIOPOAa BO3ayXa
u okcupa yriepona (1V)?
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11. IIpuBenute dopmyny AJIS pacdyeTa MAacChl HABECKU KPUCTAIUNIMUECKOTO THOCYIb(aTa HaATpHs
AJI IPUTOTOBJICHUA pacTBOpa 3aIaHHOTO O6’beMa 1 KOHILICHTpAlluu.

12. Kak MOXHO paccuuTaTh HOPMaJIbHOCTh U THTP PacTBOpa THOCYNb(aTa HATPHsI, UCTIONb3Ys
HOPMaJIBHOCTh U 00BEM pacTBopa oaa?

BbINOJHUTE yHIpaKHEHHUS:

1. JonummTe peakuuu U ypaBHsiTe, IPUMEHUB METO/I OJIyPEaKIIUM:
a) 8032- + |, + H,O —

6) Sn** + 1, —

B) MnO,* + '+ H'—

r Clos +H + 1 —

2. Ilo npuBeEHHBIM CXEMaM COCTaBbTE MOJIHBIE YPAaBHEHHUS PEAKIUIL:

Bro+21" =2Br +1,

Fe?t +1,=Fe3* +21~

3. Jlonmuinte ypaBHEHUS PEaKIIHii:

Na,S,03 + O, —

Na,S,03 + H,CO3—

4. Berumcnuth HaBecky NapS;03'5H,O mns npuroroBnenmst 400 mu pactBopa, ¢ Cy =
0,05momb/n1. (4,96r)

5. Beruucauts HaBecky noxa aist npurorosieHus 1000 miu 0,11 pactBopa. (12,71)

6. Cxonbko mi 10%-Horo pactBopa iozna (p = 1,32 r/mi) Heobxonumo aiist npurorosienus 500
mi 0,11 pactBopa noxa?

7. Boruncoute HaBecky KoCrOz, nns ompeneneHuss TOYHOM KOHIEHTparmuu NapS;0s
(mpubnmsuTenbHas KoHueHTpamus kotoporo 0,1momnw/m). O6vem pactBopa KoCr,O7 — 200 wmu.
TurpoBanue npoBoaAT B kucinoii cpexe. (1,96r.)

TecToBBIC 3a1aHUA:

1. B ocHoge pedoxkcumempuu nexcum peaxyus:
a) OKHMCIICHHUSI-BOCCTAHOBJICHHSI

0) HeWTpaTu3aIuu

B) TUAPOJIM3a

') KOMIUIEKCOOOpa30BaHUsI

2. B siooomempuu 6 kauecmee uHOUKAmMopa UCHOIb3VION.:
a) JTaKMYC

0) penondranenn

B) pactBop KMnO,

r) pactBop I»

3. Tumpanmom 8 tio0oMempuL CLyHCUmM.:
a) pactBop #oja B pactBope Kl

0) THocynb(at HATPHs

B) IlIaBeJieBasi KUCJIOTa

r) KMnO,

4. Bvibepume sewecmao 015t cmanoapmusayuu mumparma l,:
a) Nazszog

6) ASzo3

B) H2C204'2H20

r) Zn (MeTal.)
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5. Yemy pasen paxmop s3xsusanenmuocmu okuciumens 8 npespawjeruu BrOz —Br:
a) 2

0) 1/6

B) 1

r)1/5

6. Unouxamopwvl memooa uodomempuu:
a) METHJIOBBIN OpaHKEBBIN

0) Kpaxmai

B) deHON(pTATCHH

7. Kakoti mumpanm ucnoivb3yom npu onpeoeienuu iooa:
a) Kl

6) Na,S,03

B) NaOH

F) K>Cr,07

8. Kaxoiui cnocob6 mumpoganusi ucnoav3yiom OJs KOauvecmeeHHo2o onpeoenenus HoO;
UOOOMEMPUUECKU.:

a) npsiMoit

0) oOpaTHBIN

B) 3aMEIICHUS

9. Kakxue coeounenusi MOJCHO KOJUYECNBEHHO onpe()ejlumb uodomempuqecmt:
a) K>Cr,07

6) CuCl,

B) KMnQOy4

r) MgSO,

10. Kaxort mumpanm Heobxooum 0ns  onpedenenuss NaS;03  memodom npsimozco
MUmpOB8aHUsL:

a) |2

0) KOH

B) Na,S,03

r) KMnO,

11. Kaxouti mumpanm Heobxo0um 05 onpedeieHus uo0a Npamvim mumposaHuem:
a) I,

6) KOH

B) Na,S,03

r) KMnOy,

12. Kakou unouxamop credyem ucnoavzosams npu mumpoganuu FeSO4 pacmeopom KMNQOy 6
cpede H,SOy:

a) METUJIOpaHXK

0) penondranenn

B) Kpaxmai

I')UHJIUKATOp HE HYKEH

13. Kaxou  mumpanm neobxooum 0as onpedenenus HrOr memodom 3amecmumenbHO20

u@oMempulleCKoeo mumpo6aHnus.
a) KMnO4
6) I,
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B) Na,S,03
r) KOH

14. [lo kakou gopmyne paccuumvi6aemcsi MOIAPHASL MACCA IKEUBANICHMA OKUCIUMENS 8
peakyuu H>S + 1,=S + 21"+ 2H™:

a) M(HzS)

6) M(l2)

B) 1/2M(H,S)

r) 172M((l2)

15. I1o xaxoii popmyne paccuumoigaemcs MOIAPHAS MACCA IKBUBAIEHMA B80CCMAHOBUMENSL 8
peaxyuu HS + 1,= S + 21"+ 2H™:

a) M(HzS)

6) M(l2)

0) 1/2M(H,S)

B) 1/2M((1,)

16. Kakas peaxyus nexcum 6 0CHO8E UOOOMEMPULL:

+ 2e-
a) b2
+6¢-
6) Cr,07* + 14H* —2Cr** + 7TH,0
B) |, + KI =K]I3]

+5e-
r) MnO, + 8H" — Mn*" + 4H,0?

17. Yemy pasen ¢paxmop sxeusanrenmuocmu oxuciumens 6 npespawjenuu NOz — NO;
a) 1/2

0) 1/6

B) 1/5

r)l

18. Mooicro 1u uooomempuiecku mumposams 6e3 UHOUKAmopa.:
a) na
0) HeT

19. [lo xakou gopmyne paccuumvleaemcs MOIAPHASL MACCA IKGUBALEHMA OKUCIUMENSL 8
peaxyuu: 1y + NayS,03—:

a) M(l,)

0) M(Na,S,03)

B) 1/2M(ly)

F) 1/2M(N3.28203)

20. Yemoiiuus u pacmeop NaxS,;03 npu xpanenuu:
a) na
0) HeT

XpoHomerpaix:

2 4acoBOro 3aHATHA:

Opranu3aiOHHBI MOMEHT — 5 MUH.

Onpoc — 40 mMuH.

[TosicHeHMs K BBIIOJTHEHUIO paboThl — 20 MUH.
Brimonaenue u opopmieHue paboTsl — 25 MUH.
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1 yacoBoro 3aHsATHSA:
N3noxxenne HoBoro matepuaia — 40 MUH.
[IpoBepka paboT u 3aaHne HA JOM — 5 MHH.

Jlureparypa:

OcHosHas:

1. Xapuronos, F0.5. Ananutnueckas xumus. Ananutuka 2. KoaudyecrBeHHbIN aHanu3. Ou3nko-
XUMHUYecKHue (MHCTpyMEHTaIbHbIe) MeToAbl aHanu3a /FO.5 XapuroHos.-6-oe u3ganue, ucnp. U porm.-
I'S0TAP-Menua, 2014.

2. Xapurtonos, 0.4 [Ipumeps! u 3agaun no ananutuyeckor xumuu (I'paBumerpust, sKcTpakuus,
HEBOJIHOE TUTPOBaHUE, (PU3UKO-XUMUYECKHE (MHCTPYMEHTAIbHBIC) METOIbI aHATIN3a) YICOHUK

Jlonoanumenvhas.:

1. Bacunbes, B.I1. Ananutndeckas xumus : yue6: B 2 kH.. KH. 2: OU3HKO-XUMHUYECKHUE METOIbI
ananmsa. - 2007. - 384 c.

2.AHamuTndeckas xumus. Ousnueckue U GU3NKO-XUMHUSCKAE METOJIbI aHAIH3a: Y UYCOHUK s
By30B / KykoB A.®., Konocosa U.®., Ky3uenos B.B. pex. [lerpyxun O.M. - M.: Xumus, 2001. — 496
c.

3. OcHoBsl ananuTudeckoi xumuu: B 2 kH. / [lox pen. FO.A. 3omoroBa: Beicmias mkosna, 2002-
MeTtoasr xumudeckoro ananmsa -494c¢. ISBN 5-06-003559-X (kH.2).

4 Poguna, T.A. MeToapsl XUMHUYECKOTO aHanu3a (u30paHHBbIC TNaBbl) : yueO. mocobue: / T.A.
Ponuna, B.. Mutpodanosa. - brnarosemenck: M3n-Bo Amyp. roc. yH-Ta, 2005. - 116 c.

5.boxoBa T.U. MHCTpyMeHTanpHbIE XMMHYECKHE METOIbI aHaiu3a: MeTof. nocobue./bokosa
T.1., Yemepuc M.C., FOcynosa I'.I1., Kycakuna H.A.- HoBocubupck: HI'AY, 2002.-80 c.

6.Caiitbl yueOHbIX 11eHTpoB —ObC «KoHCynbTaHT CTyEeHTa»

7.CtossnoBa O.®. XoxmoBa O.H. Opoc T'.IO. Moxmuuna H.A. Texnuka XuMHYECKOTO
JKCIIEpUMEHTa YuyeOHOe TMOocoO0Me M MPAKTUYECKUX 3aHATHH M0 aHAIUTUYECKOW XUMUHU.
Boponexckuit rocynusepcuter. 2000r.
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Tema. IKCTPAKIIUA

CymHocts Metoga. MeTon pasielieHus, OCHOBaHHBIM Ha HMCIOJIb30BAaHUM JKCTpareHTa, He
CMEILIMBAIOIETOCS ¢ HMCXOMHOH (pa3oi M JIErKO OTAENSIOMIETOCsS OT Hee M OT IKCTPAarupyeMbIX
KOMITOHEHTOB. B 3aBUCHMOCTH OT UCXOAHOM (a3l pa3iHyaloT HKCTPAKIMIO U3 TBEPAOro BellecTBa U
SKCTPAKLMIO U3 pacTBopa (KUAKOCTHYIO). [lo KonmuuecTBy omepanuii SKCTPAKUUS MOXKET OBITh
OJIHOKPATHON U MHOTOKPATHOM. DKCTPAKIIUIO COYETAIOT COUETAIOT ¢ OTOMETPHUEH B SKCTPAKIIMOHHO-
(OTOMETPUUYECKOM METOJIe, OCHOBAHHOM Ha OOpa30BaHMM HCIIBITYEMbIM BEIIECTBOM ILIBETHBIX
MPOJIYKTOB PEAKIUHU, CIIOCOOHBIX AKCTPAarupoOBaThCS KaKUM-TUOO OPraHMYECKUM PACTBOPHUTEIIEM.
3areM B OpraHuueckodl ¢ase BBIMOIHIIOT (OTOMETPUUECKOE OINpeAeNieHHE SKCTPAarupoBaHHOIO

MIPOJYKTA.

Llesb 1esITeILHOCTH CTY/IEHTOB HA 3aHATHH:

Cmyoenm 0onicen 3Hamy:

1.3akoH pacnpenenenus Hepucra-1lunosa.

2. KonnyecTBeHHBIE XapaKTEPUCTUKHU TPOIEcca SIKCTPAKIIH;
3. IlpumMeHeHne SKCTPaKIMK B MEIUITMHE U (hapMaIlyy.

Cmyoenm 0ondceH ymems.

1. IIpou3BOIUTH MPOIIECC IKCTPAKIIUK B JTA0OPATOPHBIX YCIOBUSIX

2. [Tonp30BaThCs IEMUTEIHLHBIMA BOPOHKAMH, B COOTBETCTBHH C IIPABHIIAMHA

3. PaccuuThIBaTh KOJIMYECTBEHHBIC XaPAKTEPUCTHKHU MpoIiecC KOAPOUIIMESHT paclpeesicHus U
CTCTICHb M3BJICUCHUS BEIIECTBA MIPH IKCTPAKIIUU 110 IKCIIEPUMEHTAIBHBIM JIAHHBIM;

4. OcymecTBIATh BBIOOp DKCTpAareHTa U PedKCTpareHTa Ajs pas3ieieHus, KOHIEHTPUPOBAHUS U
W3BJICYCHHS] KOMITOHEHTOB U3 PaCTBOPOB.

Teopernyeckas 4acTb

DKCTpaKLMOHHBIE IPOLECCHI UCTOIb3YIOTCS B MEIULIMHE U (papMalluu:

1) B TEXHOJOTHSX H3TOTOBIEHUS JIEKAPCTB — JUIS HW3BICUYEHUS JIEKAPCTBEHHBIX BEIIECTB W
OMOJIOTrMYECKH aKTUBHBIX BELECTB U3 IPUPOJIHOTO ChIPbsI U JUIl OUUCTKH MOJIYYEHHBIX CyOCTaHIUM;

2) KaK crmocoObl pa3/ieNeHusl U KOHUEHTPUPOBAHUS — /ISl KaYeCTBEHHOTO U KOJMYECTBEHHOTO
OTIpe/ieNICHUs BEIIECTB B MHOTOKOMIIOHEHTHBIX CMECSIX;

3) kKak cnocoObl BbIIEICHUS HEOOXOAMMBIX KOMIIOHEHTOB C LIENbIO OLEHKH KaueCTBa ChIPbS U
MaTEepUaJIOB U C IIEJIbI0 U30JUPOBAHNUS BEUIECTB, UMEIOLIUX TOKCUKOIOIMYECKYI0 aKTUBHOCTb.

4) Tak>Ke A7l OYUCTKU PEAKTHBOB U PACTBOPHUTENEH.

DKCTparupoBaHHe HIMPOKO HCIIOJIB3YIOT HE TOJNBKO B MEAMIMHE, (apManuy, OWOJIOTUH, HO U
MPOMBIIIJICHHOCTH i1 BBIACNEHUST W pa3felieHuss OENKOB, J>XUPOB, BUTAMHUHOB, TOPMOHOB,
aHTHUOMOTHKOB, M30TOMNOB, U MPOU3BOJCTBE CHUHTETUYECKOTO KaydyKa, KalpoJiakTama, JJIsi OYHUCTKU
CTOYHBIX BOJl, B IIPOMU3BOJICTBE TaJ€HOBBIX IIpenapaToB, HacToek W T. I. [llupoko npumeHstoT
nuuieBble (MSCHOM, STOAHBIE, COJOJOBBIE), MyOWJIbHBIE, KpPAacUJIbHBIE, JIEKAPCTBEHHBIE U JpYyrHe
9KCTPAKTHI.

DKCTpaklMsg OTHOCUTCS K XMMUYECKUM METOJaM aHaJTUTHYEeCKONW XMMUU U MPUMEHSETCS KakK B
KaueCTBEHHOM, TaK U B KOJINYECTBEHHOM aHAJIN3E.

Oxempaxkyus (0T 7naT. extrahere —  BBITATHBATh, W3BJIEKaTh — TMPOIECC HU3BJICUCHUS
pPacTBOPUTENIIMU COOTBETCTBYIOIIMX BELIECTB M3 PA3IUYHBIX OOBEKTOB. OOBEKTHI, M3 KOTOPBIX
U3BJIEKAIOT COOTBETCTBYIOIIME COEIUHEHMS, MOTYT OBITh TBEPABIMU BEIIECTBAMHU WJIU KUIKOCTSIMH.
IToaTomMy mpoueccel M30JIMPOBAaHUS MOIAPA3AEIAIOT HA JKCTPAKIHMIO B CHUCTEME TBEPAOE TEJIO —
KHUAKOCTh (TBEPAOKHMIKOCTHASsI IKCTPAKIMS) U HAa DKCTPAKIMIO B CUCTEME JKUIKOCTh-KUIKOCTb
(>KUKOCTHAS SKCTPAKIIHA).

Oxcmpazenm — OpraHu4ecKuil pacTBOPUTENb, B UHAWBUIyaJbHOM COCTOSTHUM WIJIM COZEpKaIlui
KaKHe-I100 peareHThl, U3BJICKAIOMUI (SKCTPAarupyIOLIHii) JaHHOE BEIIECTBO U3 BOJHON (ha3bl.

Oxempaxyus (SKCTparupoBaHue) cBsizaHa ¢ Auddy3nuei, pacTBOpeHUEM, a JUIsl OMOJIOTHUUECKHUX
00BEKTOB — W C JUAITU30M.
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[lpu 9SKCTpakiMk BEIIECTBO, PAaCTBOPUMOE B BOJAE KM OPraHHYECKOM pAacTBOPHTEIE,
pacnpeacirsicTCa Meay ABYyMs HCCMCIIMBAOMUMUCA CIIOAMU KUAKOCTH - 3aKOH paCIIpCACIICHUSA (3aKOH
Hepucra-11lunosa). 3akoH CripaBe kB JHIIb B TOM ClIy4ae pacrpeaeisieMoe BEIIeCTBO B 00eux (azax
HaXOJUTCSI B OAHOU M TOH ke (hopMme.

[lepexoa 3KCTparupyeMoro BEIIeCTBA M3 OJHOIO PACTBOPUTEIS B JPYrol MPOUCXOIHUT B

pe3yabTare Pa3HOCTH KOHIIEHTPALMH M HEOJWHAKOBOH pPAacTBOPUMOCTH ATOTO BEIIECTBA B 00OUX
pacTBOpUTENAX. OTOT MPOLECC IPOUCXOOUT 1O TeX IOop, IMOKa HE HACTYNUT paBHOBECHE
KOHLIEHTpaLUi U3BJIEKaEMOr0 BEILIECTBA B OJTHOM U IPYTOM PACTBOPUTEIAX.

[X]Boau < [X]opr

[Tpu pmoctmwkeHnn Mex(pazHOTro PaBHOBECHS CKOPOCTH MEPEX0J]la PACTBOPEHHOI'O BEILECTBA U3
BOJHOM (ha3pl B OPraHMYECKYH0 CTAaHOBUTCS PAaBHOM CKOPOCTH Iepexoja TOro K€ BELeCTBAa M3
OpraHU4ecKoi (as3sl B BOAHYIO, T.€. OCYILECTBIISIETCS] COCTOSIHUE JUHAMHUecKoro paBHosecus. [locie
IIPEKpaIlEeHUs] BCTPSIXUBaHUs 00€ >kujKkue (as3bl pacciauBaroTCs, IpUYeM TeM ObIcTpee, YyeM Oosblie
pa3HuIa B IUIOTHOCTH BOABI (BOJAHOIO pacTBOpa) M IMPHUMEHSEMOIO OPraHUYECKOro pPacTBOPUTEIS,
IUIOTHOCTh KOTOPOI'O MOXKET OBbITh KaK BBIIIE, TAK U HUXKE TNIOTHOCTH BOJIBI.

Jljig pacueTa KOJIMYECTBA BELLIECTBA, KOTOPOE IKCTPArupyeTcsi OpraHu4eCKUMHU pacTBOPUTENSIMH,
HE00XO0/AMMO 3HaTh KOHCTAHTY U KO3(pULIMEHT paciipeesieHus], CTENEeHb SKCTPAKIUH.

Koncmanma pacnpeoenenuss eewjecmeéa — BEIMYMHA, IPU JaHHOW TEMIIEpaType €CTh
MOCTOSIHHAS, BBIPXKAIOIAsi OTHOILICHUE aKTUBHOCTEW (a) mim KoHuUeHTpauuit (X) pacrpeaensiemMoro
BELIECTBA, HAXOJIIErocsi B BOAHOW M OopraHmyeckoi (paszax (mocie HaCTYIUIEHHs paBHOBECHS) B
OJTHOM M TOM ke (opme.

Kp = [X]opr / [ X]Boau (1)

rne Kp — KoHCTaHTa pacipeeneHus; [ X]opr — KOHLIEHTpalys BellecTBa B (pa3ze opraHMuecKoro
pacTBOPUTEIISL, MOJIB/M; [ X]BOJIH — KOHIIEHTpPAIIHS BEIIECTBA BOAHOU (pa3ze MOJIb/JI.

KoHncranTa pacrtipeniesieHusi OObIYHO MaJlo  3aBHCUT OT a0COJIIOTHOTO  KOJIMYECTBA
pacTBopeHHOro BemiecTBa. Kpome TOro, pacTBOpEHHOE BEILECTBO PACIPEAETSAETCS MEXIY ABYMS
HECMEIINBAIOIIUMHUCSA )KUIKOCTSIMH, HE3AaBUCUMO OT IPUCYTCTBUS B PACTBOPE MOCTOPOHHUX BEIIECTB.
BenuunHa KOHCTaHTBI pacrpeesieHus: 3aBUCUT OT MPHUPOABI paclpeaesieMoro BellecTBa, CocTaBa U
CBOMCTB TPUMEHSAEMOI0 JKCTPAareHTa, TEMIIEPATypbl, MPU KOTOPOH MPOBOIUTCS HKCTpaKUusA. ITa
KOHCTaHTa HE 3aBHCUT OT PAaBHOBECHBIX KOHIEHTpALMH SKCTParupyeMoro BeLIecTBA U OOBEMOB
BOJIHOM 1 HeBOAHOH (a3. Yem bonvuie Kp, mem nyuwe uzenexaemcs X 6 nogyio ¢ghasy.

Tak, Hanpumep, ko3P hUIMEHT pacripeaesieHns Homaa Mexay Bo1oi u xjaopodopmom paseH 130.
Ecnu x Bozme, conepxaieil pacTBOpeHHbIH I, 100aBUTh HE CMENIMBAIOIIUICS C HEKO XJIOPOPOpM,
B300JITaTh 3Ty CUCTEMY M JaTh €M OTCTOSITHCS, TO MOCJIE YCTAaHOBJIEHMSI PABHOBECUS KOHIIEHTPAIIHS
iona B xijopopopme okaxercss B 130 pa3 Oonee BBICOKOW, YyeM B BOJE, HE3aBUCHUMO OT OOILIEro
KOJMYECTBAa PACTBOPEHHOro Hoaa. TakuM o00pa3oM, C THOMOIIbIO XJIOpoQopMa MOXKHO H3BJIEUb
(9KCcTparupoBathb) U3 BOJABI MPeoOIa Aoyl YacTh PACTBOPEHHOTO B Hell Hona. Takoi, OCHOBaHHBIM
Ha 3aKOHE pachpefesieHus: crnoco0 M3BJIEYEHUsS PACTBOPEHHOI'O BEIECTBAa M3 PAacTBOpPa C MOMOIIBIO
BTOPOT'O PaCTBOPUTEINS], HE CMEIINBAIOIIETOCS C IIEPBBIM, HA3BIBAETCSA IKCTPAKLUEN.

B skcrpakiuoHHO# cucTteMe U3 00beMa BOJHOTO pacTBOpa M3BJIEKAETCS BEIIECTBO B ropas3fo
MeHbIIMH o0beM. KoHneHTpamus BemiecTBa B 3TOM CIy4ae IIOBBIIACTCA. JKCTparupoBaHHE
ITO3BOJIIET BBIJIEJIUTh MHUKPOKOMIIOHEHT M3 pacTBOpa NpH OTHOWIEHWMH KoHueHTpauui 1:10. Tak,
HanpuMep, MpU SKCTPAKIUU 5 MJI 3KCTpareHTa Mo>KHO BblIenuTh 10 r Bemectsa U3 1-2 i1 pactBopa.
[ToBbicuTh KOHIIEHTpaUio 200-400 pas.

Yame 3KCTparupyroT HNPUMECH OT OCHOBHOIO BEILECTBA, HO MHOIJA ADKCTPAKIHUEN YAAIAIOT
OCHOBHO€ BEILIECTBO OT NMPUMECEH.

IIpu pacuerax KOHCTaHTHI pacnpenenenus BemecTsa no ¢opmyne (1) HeoOXoauMo OBITH
YBEPEHHBIM B TOM, YTO paclpeensieMoe BEIIeCTBO B 00enx (a3zax HaXOAUTCS B OJMHAKOBOM dopme (B
OJIMHAKOBOM MOJIEKYJIIPHOM COCTOSIHMM). OJHAaKO BO MHOTMX OJKCTPAaKIIMOHHBIX CHUCTEMax HeE
co0uroaeTcsl yKa3aHHOE BhILIE yCIoBUE. B 0HOM u3 %UAKKUX (a3 MOTYT IPOUCXOIUTh AUCCOLUALINS,
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accoluaIys, CoJbBATAIHs, TUAPOIU3 PACIPEICIIAEMOro BEIIeCTBa, 00pa30BaHUE KOMILJICKCOB U T. JI.
Jnisi pacueToB KCTPAKIIMOHHBIX PABHOBECHUN B TAKHX CUCTEMax HE MPUHHMAIOT BO BHUMaHHE (HOpMY
CYILIECTBOBAHMUS BEIICCTBA B KaXI0W (a3e, a YYUTHIBAIOT TOJBKO OTHOIICHHE CYMMAapPHBIX
(aHATMTUYECKHX ) KOHIICHTPALUH pacipeessieMOro BeliecTBa B obenx dazax.
Ha ocHOBaHuM OmpeesicHuss CyMMapHbIX KOHIICHTPAIMH MOKHO — pacCuuMTaTh HE KOHCTAaHTY, d
KO3¢hpuyuenm pacnpedenenusi JaHHOTO BEIIECTBA B IPUMEHIEMOM CUCTEME pacTBOpHTeel (Boga —
OpPraHUYEeCKUN PaCTBOPHUTEID).

Kosgppuyuenm pacnpeoenenus D — 3TO OTHOIICHHE CyMMapHOM
AHAJIMTUYECKON KOHIICHTPAIIMU BelecTBa B (aze  OPraHMYECKOrO PacTBOPHUTENSA K CyMMapHOMH
AHAJIMTUYECKON KOHIICHTPAIIMU 3TOTO BEIIeCTBAa B BOJAHOW (aze (0e3 yduera TOro, B Kakoil Qopme
HAXOJUTCSI BEIIECTBO B KaXKI01 (paze):

D = Copr/ Coomn 2

rie D — kxoaddunuent pacnpeneneHus; Copr — CyMMapHas aHAIUTUYECKas KOHLIEHTpaLUs
BemiecTBa B (ha3ze OPraHUYECKOTO PACTBOPUTENS, MOJB/N, Cpopy — CYMMapHas aHaTUTHYECKas
KOHIIEHTpallMs BEeUIecTBa B BOAHOM (haze, MOJb /I1.

Benuuuny D onpenensitoT OnbITHRIM ITyTeM, pasensis ¢ha3bl U u3Mepsisi B HUX KOHIEHTpaluu X.
3nauenuss Kpu D B3aumMocBszanbl. Eciu BemecTBO X MOXET HAXOIUTHCSA TOJIBKO B OJHOUN (opme,
torga Kp~D. Koadduuuentsl pacnpeneneHus (Kak M KOHCTAHTHI PACHpPENENICHHUS), 3aBUCAT OT
npupoasl X, npupoas! Gasz u remmeparypsl. Kpome Toro, sHauenus xosgguyuenmos pacnpedenenus
MO2ym 3a8ucems om NpUCymcmeus NOCMOPOHHUX 8ewecms, a makace om opyaux ¢axkmopos. ImeHHO
s1o otimyaer D ot Kp, ®@aktuuecku D — 310 yenosnas koncmanma 3KCTPaKIIMOHHOTO PaBHOBECHS.

Koaddunments! pacnpeneneHus UMEIOT Oolbliiee MPAKTUYECKOE 3HAYCHHE, YeM KOHCTaHThL. B
YaCTHOCTH, 3HAs OTH KOI(PPUIIUCHTHI, aHATUTHK MOXXET MPEABUACTh IOJTHOTY H3BJICUYCHUS Pa3HBIX
KOMITOHEHTOB NPOObI, BO3MOKHOCTh MX pa3/ieJieHHs] B 33/JlaHHBIX YCJIOBUAX, U T.I. B Xome Takux
pacdyeTOB HCMOJIB3YIOT CIEAYIOIINE XaPAKTEPUCTHUKU:

Cmenenv skcmpakyuu R (AT CTETIEHb W3BJICYEHHS) — OTHOIICHHE KOJHYECTBA
AKCTPAarupoOBaHHOTO BelIeCTBA X K 0OIIeMy (HadaabHOMY) KOJWYECTBY ATOTO BEIIECTBA B BOJHOM
pacTtBope:

R= nopr/ nopr + Npoan (3)

rie R — cremeHp OSKCTpakuuM BEWIECTBA, %, Ngpr — KONMYECTBO BELIECTBA, KOTOPOE
SKCTPArupoBalOCh OPraHMYECKUM PACTBOPUTENEM; Nopr + Ngopu — 0OOIIEE (HAYaIbHOE) KOIHYECTBO
BELIECTBA B BOJHOM pacTBOpe. BMecTO OTHOIIEHHs 4uCila MOJIEH MOXKHO B3SITh OTHOILEHUE Macc.
OtmerumM, uTo Oe3pa3MepHyl0 BennuuHy R BelpakaroT u B mporeHtax. CTeneHb 3KCTPaKIMU
HEDJICKTPOJINTA 3aBUCHUT OT KOHCTAHTHI paclpesieleHus W OTHOIIEHHs OO0BEeMOB BOJHOW U
oprannueckoil ¢a3. Ilpu npodMx paBHBIX YCIOBUSAX CTENEHb SKCTPAKLUHU TEM BbIlIE, yeM OoJble
KOHCTaHTa pacrlpeesIeHus

Bennuunny, XapakTepH3yoIIyl0 BO3MOKHOCTh pa3/ieNieHHs IByX BEIECTB, Ha3bIBAIOT (hakmopom
pazoenerus.

@Daxmop pazdenenus NBYX BellecTB A U B 3To oTHomeHHe KOA(PPHUIMEHTOB pacipeaesieHus
D) 1 D) nByxX pa3aenseMbIX BEIIECTB, OOBIYHO OOJIBIIETO K MEHBILEMY.

Sae) = Da)yDg) 4)

Pa3,Z[CJ'ICHI/IC BO3MOXHO, €CJIN
S(A/B) >10

Heo6xomumMo Takke, 4TOOBI MPOM3BEACHUE KOHCTAHT MX paclpeicsieHus] ObLI0O MEHBIE WA

paBHO equHuLbl D) D) < 1.
B ciyuae, korna Sia) =1 paszaenenue IByX BEIIECTB METOIOM SKCTPAKIIMU HEBO3MOKHO.
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Bansinue pa3jiu4yHbIX (PAKTOPOB HA NMPOLECC IKCTPAKUUM

Ha skcTpakiuio BelecTB OpPraHMYECKMMM PAaCTBOPUTEISIMU OKAa3bIBAIOT BIMSHUE DPA3JIMYHBIC
(akTOpBl: MPUPOJA SKCTPArHPyEeMOro BEUIECTBA, MPUPOAA IKCTPAreHTa, YUCIO SKCTPAKIUN, 00beM
JKCTpareHTa, Temieparypa, pH cpenpl, NpuUCyTCTBHE 3JIEKTPOJIMTOB B BOJHBIX PAaCTBOpax, CKOPOCTh
B30aNTBIBAHUA U AP.).

Bnuanue oovema IKecmpazenma u ducia nocneooeameibHbIX 3l<cmpal<um2.
3aBUCHMOCTh CTEIICHH M3BJIEUEHUS OT 00beMa HCXOHHOﬁ BOI[HOI‘/'I (1)33[)1 o0beMa QKCTparcHTa
n yuciia 3KCTpaKHI/Iﬁ OJMHaKOBBIM 00BbeEMOM 9KCTparcHTa BbIPAXKACTCA 3aBUCUMOCTBIO!

R=[1—-1/(1 + DV, /Vg)]100%, (5)

rae D -xoadunment pacrpeneneHus, 9uciao N mociea0BaTeIbHBIX IKCTPAKINH.

N3 stoii hopmyIbl crneayer:

geM OOJIBIIE YUCIIO MOCTIEI0BATEIbHBIX SKCTPAKIINK, TEM BBIIIE CTETICHb H3BJICYCHUS;

4yeM OoJibliie 00beM OPraHMYeCKOro IKCTPAreHTa, TEM BBIIIE CTEIIEHb U3BIICYCHHUS,

YBEJIMUEHHUE YHUCIIA MOCIEI0BATEIbHBIX 3KCTPAKLIUNA CUJIbHEE BJIMSET HA CTENEHb W3BIICUEHMUS,

4YCM YBCIUUCHUC O6’bCMa PACTBOPUTECIIA B TO K€ YHUCJIO Pas.

Hcxonst w3 3TOrO, Kak MpaBUJIO MPUMEHSIOT 3-5 MOCIIEA0BATEIBHBIX 3KCTPAKIIUH HEOOJIBIIUMH O0beMaMHu
pactBoputeis. Ho mpu BeiIcOkOM KOX(UITMEHTE paclpeneieHus sl TPaKTUYeCKH TOJTHOTO U3BJICUCHUS BEIIECTBA
OBIBAET JOCTATOYHO OJHOM SKCTPAKIHH

Bausanue pH cpedwt na skcmpaxyuro.

C noswimienuem pH (T.e. ¢ yMEHbBIIEHHEM KOHIIEHTpPAllMA BOJOPOJIHBIX HMOHOB B BOJIHOM
pacTBOpe) YBEIMYUBACTCS JUCCOLMALIMS KHCIOTHI B PAacTBOpPE, YTO MPHUBOJUT K YMEHBIICHHUIO €€
HEJIMCCOIIMUPOBAHHBIX MOJEKYI. B pe3ynbrare MOHUXKAETCS IKCTPArupyeMoCThb Ciab0N KHCIOTHI
OpPraHMYECKUMHU pacTBOpUTENsAMU. [Ipy TOBBINIEHUH KOHIIEHTPALMM BOJAOPOJHBIX HOHOB (T.e. C
noHmwxkenueM pH) B BOJAHOM pacTBOpEe YBEIMYHMBAETCS YHUCIO HEAMCCOLIMMPOBAHHBIX MOJIEKYJ, a
CJIE0BATEIBbHO, BO3PACTaeT JKCTPArMPyEMOCTh BELIECTB KHUCJIOTHOIO XapakTepa OpPraHu4YeCKUMU
PacCTBOPHUTENSIMH.

[Ipn npubaBneHUH KHCIOT K OPTaHUYECKUM OCHOBAHUSM OHHM IepexodsT B coiu. [Ipu sTom
YBEIIMYMBACTCS KOJMYECTBO HMOHOB M YMEHBIIAETCS KOJMYECTBO HEIMCCOLIMUPOBAHHBIX MOJIEKYII.
Bcenencrteue  3TOro  yMEHBIIAETCA  CTENEHb  JKCTPAKUMM  ITHUX  BEIIECTB  OPraHUYECKUMHU
pactBoputensiMu. OT TpUOABICHHUS WIEIOYEH K COJISIM OPraHUYeCKMX OCHOBAaHUW YMEHBIIAETCS
KOJINYECTBO MOHOB U YBEJIIMUYMBACTCS KOJINYECTBO HEAUCCOLMUPOBAHHBIX MOJIEKYJI 3TUX OCHOBaHUN. B
pe3yabTaTe 3TOro, B IIEIOYHOM CPeJle YBEINYUBACTCS CTENEHb DKCTPAKIIMM OPIraHUYECKUX OCHOBAHMIA.
HaubGonpmme xomudyecTBa aMOTEpPHBIX COECIWHEHUH OKCTpPAarupyrloTcs TMpu 3HaueHuu pH,
COOTBETCTBYIOIIEM U303JIEKTPUUECKON TOUKE ITUX BEIIECTB.

Bnuanue memnepamypul na 3kcmpaxyuio.

N3meneHue temmepaTrypbl BIMSIET Ha KOHCTAHTY PACIpPEIEICHUs YKCTPArupyeMoOro BELIECTBa.
OT0 O00BsICHSETCS TEM, UTO TMpU HM3MEHEHUU TEeMIlepaTypbl H3MEHSAETCS pPAacTBOPUMOCTh
SKCTpAarupyeMbIX BeELIECTB B KaxkJIoW (aze, a TakkKe HU3MEHSETCs B3auMHas pPacTBOPUMOCTh
opranuyeckoil u BoaHOHM (a3. IlpuueM c HM3MeHEHHEM TemIepaTypbl PaCTBOPUMOCThH BeEIeCTBa B
Kax/10# (paze n3MeHseTcs HEOMHAKOBO.

[Ipn n3MeHeHHH TemmepaTypbsl MOKET MU3MEHSTHCA JMCCOLMALMS M acCOLMALMS BEIIECTBA B
cooTBeTcTByIole ¢aze. IloaToMy mnpu U3MEHEHHH TeMIepaTypbl HM3MEHsSETCs THApaTaius
(conbBaTalMsl) U IKCTPATUPYEMOCTh XUMHUUECKUX COCAMHEHUH.
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Bausanue anekmponumoe na IKCmpaxyuio.

Ilonmxkenue pPacTBOPUMOCTU BCIICCTB B BOJHLIX pPaCTBOpax MOJ BJIHUAHHCM 3JJICKTPOJIMTOB
HA3bIBACTCS BHICAIIMBAHUEM, a ITOBBIIIICHUE PACTBOPHUMOCTH — BCAJTBAHHUEM.

BricanuBanue sBisieTcs (baKTOpOM, IMOHMKAOIHUM PACTBOPUMOCTL BCHICCTB B BOAC U
MOBBIMIAIONIMM HMX SKCTPAarHpyeMOCTh OpPraHMYECKHMMH PACTBOPHUTEISIMA M3 BOJHBIX PacTBOPOB.
BBICEUII/IBaIOH_Iee ﬂeﬁCTBHe SJICKTPOJIUTOB 3aBUCUT OT NPHUPOALI U CBOMCTB BBICAIUBAEMOTO BCIICCTBA,
OT TIPUPOJIBI U CBOWCTB BBICAIMBATENS, KOHIICHTPAIIMHA U paJinyca MOHOB BBICATMBATENS U T.1. VIOHBI
BBICAJIMBATCIIA C MaJIbIM PAaaANnyCOM HMCIOT 6OJIBI_HYIO IUIOTHOCTL 3apsja, 4YCM HOHLI C 60J'IBI_HI/IM
pamuycoMm. [1o3TOMy MOHBI ¢ MajbIM pPagHyCOM THIPATUPYIOTCS JIydlle, YeM HOHBI C OOJBIIMM
pamuycoM. B CBsI3M ¢ 3THUM BBICAIHMBAOIIEE JCHCTBUE MOHOB C MajbiIM PaJnycoM OOJbIIee, YeM
BbICAJIMBAKOIIICC ﬂeﬁCTBHe KPYIIHBIX HOHOB. OIIHaKO 9TO MPaBUJIO UMCCT U P HUCKITIOUEHUH.

YCTaHOBIIEHO, YTO BBICAIMBAIONIMM JCHCTBUEM OO0JAJal0OT M HEKOTOPhIE  XOPOIIO
PaCTBOPUMBIC B BOJAC HCIJICKTPOJIUTHI. TaK, Harpumcep, STHUIOBBIN CIIUPT XOPOIIO BbICAIMBACT
YKCYCHYIO KHCJIOTY U3 €€ BOJHBIX PACTBOPOB IPH IKCTPAKIIUU ITOM KHCIOTHI ATUIIAIETATOM H T.JI.

BGHICCTBa, IMPOSABJIAIOIIUC CBOMCTBA BC&JII/IBaTeJIef/'I, INPUMCHAIOTCA  AJId  HOBBIIICHUA
pacTBOpUMOCTH CIa00PACTBOPUMBIX BEIECTB B BoJe. V3BECTHO HECKOJIBKO TEOPUH, OOBSCHSFOIINX
mporecc BcamuBaHusA. COMIAaCHO OJHOHM W3 HUX, BCAIMBAHHE OOBSICHACTCS XUMHUYCCKHM
B3aMMOJICHCTBHEM BCaJMBaTe]ICH M BCAJIUBAIOIIMX BEIISCTB B OSKCTPAKIMOHHBIX CHCTeMax. B
pe3ylIbTaTe 3TOTO MOTYT OOPa30BBIBATHCS COCAMHCHHS WM KOMILJICKCBHI, XOPOIIO PAacTBOPUMEIC B
BOJIE, KOTOPBIC HE AKCTPArHPYIOTCSI OPraHUUECKUMH PACTBOPUTEIISIMHU.

PaCTBOp, conepmamnﬁ H3BJICKACMBIC COCAMHCHUS, BCTPAXUBAIOT C HGCMCMHBammeﬁCH C HUM

KHUJIKOCTBIO (PKCTPAreHTOM), B CHCIHAIBHBIX COCYIaX - O€IUMENbHbIX B0POHKAX PA3ZHbLIMU
cnocooamu:
. OOHOKpAMHAsL IKCMpaxKyus B JEIUTEIBHOW BOPOHKE, KyJa

BBOJAT OO0JbIION 00BEM pacTBOpa MPOOBI UM HEMHOTO JKCTpareHTa.
BopoHKy BCTpSIXHBAIOT BPYYHYIO B TCUCHHUE OIPEIACICHHOTO BPEMEHH,
Moclie TPEKpaIIeHUs BCTPSIXUMBAHUA CMECh PACCIIauBaeTCs M HUKHIOKO
(hazy camBarOT uyepe3 KpaH. 3aTeM IKCTPAKT aHATU3UPYIOT;

*  nepuoouueckas dKCMpakyus MPU MHOTOKPATHOM J100aBIEHUHU @
JKCTpareHTa K pactBopy mnpooOsl. [locne BBOMA KaKI0¥ MOPIMH BOPOHKY HI
BCTPSXMBAIOT W OTHENAIOT  OKCTpakT. [lomydeHHbIE  AKCTPAKTHI
o0benuHsA0T. Takoil cmoco® MO3BOMSET KOJMYECTBEHHO H3BJIEYbh X W3
MpoOBI, TaXKe €CH MPH YCTAaHOBJICHUH PaBHOBECUS 3HAYUTENbHas A0S X
ocTaercs B BOJHOH (haze;

. HenpepuvleHas SKCMpakyus TPOBOJUTCA B CIELMANBHBIX ammaparax (dKCTpakTopax),
o0ecneunBarIIUX JIUTENbHBIN KOHTAKT Pa3. OObIYHO SKCTPAreHT MPOITYCKalOT Yepe3 pacTBOp MpoObI
70 TeX TMOop, KOIjJa NpPaKTHYeCKH Bech X Tepeiner B HKCTpakT. MHorga B 3KCTpakTopax
YCTaHABIIMBAIOT BCTPEUHOE IBWKEeHUE oOeux (a3 (nmpomusomounas skcmpaxyus), 9To eme Ooee
noBbIIaeT 3¢ (HhEeKTUBHOCTH Mpoliecca.

82



JUia  BBIAENEHUS BEIIECTBA B UYUCTOM BHJE OKCTPAKT IOABEPralOT  BBIAPUBAHUIO,
BBICYLIIMBAHUIO, IIEPETOHKE, KpHUCTAUIM3alMM. BpliensemMble KOMIIOHEHTHI JIy4dllle pacTBOPSIHOTCS
JKCTPAreHTOM, B TO BpeMs KaK JIPYrHe BEIIECTBA, NPUCYTCTBYIOIIHUE B CMECSX, NPAKTUYECKU UM HE
IKCTparupyrorcs (He pacTBopsitoTcs). OpraHudeckyro ¢asy, OTICICHHYI0 OT BOAHOW (a3el u
COJEPIKallYl0 SKCTparMpoBaHHBIE COCIMHEHHUs, Ha3bIBAIOT JKcTpakToMm. llepeBox BemecTtBa us
opraHudeckoil (a3pl B BOAHYIO HAa3bIBAIOT pedKcmparyueli, a PpPacTBOP, HCHOIb3YEMBIA IS
PEDKCTPAKLINY — PEIKCIMPALEHMOM.

MHorue HEOpPraHMYEeCKHE BEIIEeCTBA OJKCTPATUPYIOTCS M3 BOAHBIX pacTBOpPOB cMecer
OpPraHUYECKUMHU PACTBOPUTEISIMU (3KCTPAKLMOHHBIE pEareHThl, HAIpPUMEp, YEThIPEeXXJIOPUCTHIN
yIiaepoa), B 6ude KOMNIEeKCHblX W, B OCOOCHHOCTH, BHYTPUKOMIUIEKCHBIX coenuHeHuid. Cepebpo,
pmyms, Meob, YUHK, céuHey U IPYTUE msdicenble Memanibl SKCTPArupytoTcsl B BUJE AUTH30HATOB U
KapOaMUHATOB; AJIOMUHMM, TaluIUi, *ejne30, BaHAAUN M Jpyrue B BUAE 8-OKCHUXUHOJSATOB; 4aCTO
MPAKTUKYETCS SKCTparupoBaHUe POAAHUIHBIX KOMIUIEKCOB jKeie3a, MoiIuOeHa, KkodanbTa, HIOOUS U
ap. Jid SKCTpakUuii COEIUHEHUI MHOTHX JJIEMEHTOB MCIIONB3YIOT TaKK€ IUMETHIIIMOKCHM, a -
HUTPO30- b -HadTON, KynipepoH u MHOTHE APYTUE PEaKTUBBL. DKCTPAKIIMOHHBIC PEareHThI, CBA3bIBAIOT
METaulbl B HEHUTpaJbHbIE KOMIUIEKCHI (JUTU30H, OKCUXHWHOJMH, KapOaMUHATbI, HUTPO30HA(DTOIBI U
T.I.). B oTiimunie oT cBOOOJHBIX MOHOB MeTajlla, TAKUE KOMIUIEKCHI IIJIOXO PAacTBOPUMBI B BOJIE, HO
XOpOIIO pacTBOPHUMBI B OpraHuuYecKux pactBoputeisx. llpu noGaBnenun peareHra ko3dduuumeHt
pacrpenieieHus MeTajula MEXAy ABYMs (a3amMu pe3KO IMOBBIIIACTCS, M MeTajula KOJIMYECTBEHHO
MIEPEXOUT B IKCTPAKT.

Ecnu xe mpuxoauTees UMETh JEJI0 C paCTBOPUTEISIMH, YACTUYHO CMEIIMBAKOUIMMUCS C BOJOU
(HampuMep, cepoyriiepoJ, 3TUJIOBBIM 3(Up WIM aMUIIOBBIA CIUPT), TO Ui «BBICAIMBAHUSN» T.C.
YMEHBIICHUS PACTBOPHUMOCTH JSTHX BEIIECTB B BOJE, B 00pabaThIBaeMblii pacTBOp MPHOABISIOT
O0JIbIIIME KOJIUYECTBA 3JIEKTPOJIUTOB.

Cnenyer uMeTb B BUJAY, YTO HEYJAYHO BbIOpaHHBIC BbHICAJIIMBAIOLINE AJIEKTPOJIUTHI MOTYT
IIPUBOJUTL B HEKOTOPBIX CIy4yasX K IIPOTHBOIIOJIOKHOMY pE3yJabTaTy, T.6. K YBEJIHUYEHUIO
pPacTBOPUMOCTH OPraHMYEeCKOro pacTBOpUTENS B Bojae. Bo3MoxHO Takxke oOpa3oBaHHE HWHBIX
KOMIIJIEKCOB, MEILIAIOMIUX TEepPEeBOJy 3JEMEHTOB B OpPraHMYECKUH pacTBopHUTenb. Booliue sxe ams
o0Opa30BaHMs B BOJHOM pPacTBOPE TOrO COEAMHEHHUS, KOTOPOE JOHKHO MEPEXOJUTh B OpraHMYECKUi
pacTBOpUTEIb, HEOOXOIUMO J100aBISATh PEAKTUBBI CTPOTO ONPEACICHHBIX KOHIIEHTPALU.

Bcerna cnenyer moMHUTB O CTYIEHYaTOM XapakTepe 00pa3oBaHUsl KOMIUIEKCHBIX COEIMHEHUH,
U3 KOTOPBIX Kakoe-HMOYJb OJHO COEAMHEHHE H3BJIEKAETCS JaHHBIM DPACTBOPHUTEIEM Jydlle BCeX
IPYTHUX, W TO03TOMY €ro MpeuMYIIECTBEHHOE 00pa3oBaHUME B BOJHOM pPACTBOPE JOJKHO OBITh
COOTBETCTBYIOLIMM 0Opa3oM obecredeHo. OueHb 4YacTO OJHOTUIIHBIE KOMIUIEKCHBIE COEAMHEHUS
OJIHUX 3JIEMEHTOB YCTOMYMBHI IPU OJIHOM 3HaueHuu pH, a aApyrue npu apyrom.

OTHUM MOJIB3YIOTCS JUI U30MPATENBbHOIO OTACICHHS OTHUX JIEMEHTOB OT APYIHX, peryaupys pH
pacTtBopa.

IIpu omnpeneneHun wHememannoé B KAueCTBE OSKCTPAKLUMOHHBIX pPEArceHTOB IPUMEHSIOT
OpraHMYecKre KpacuTesn, o0pa3yolirue ¢ HEMETAJUIOM HEeHTpajibHbIM HOHHBIN accouuar. Tak, 60p BO
(GTOpPHIHBIX pacTBOpax CYIIECTBYeT B OCHOBHOM B BHje aHumoHa BF, . B xucnoii cpene 31oT aHMOH
JaeT HEWTpaJIbHbIM accoluar ¢ KaTHOHHOM QOpMON KpacuTenls METHUIIOBOrO (PHOIETOBOro, U
MOJTyYEHHBIM accolMaT H3KCTparupyroT OeH3oioM. B mo0oM ciiydae S3KCTpakIMOHHBIA peareHT
OA0UPAIOT TaK, YTOOBI OH pearupoBaj ¢ X CEIeKTUBHO.

DKkempazenmol 001H#CHbL COOMEENCMEO8AMb C/1EOYIOUAUM MPEOOBAHUAM .

*  pPacTBOPUMOCTH X B IKCTpAreHTe JOJDKHA ObITh 3HAYUTENBHO BhINIE, 4eM B Bojie. HaoOopoT,
BeIeCTBa, MEMIAIOIINE OTPEICIICHNIO X, B OKCTPAreHTe PaCTBOPATHCS HE JIOJIKHBL;

* DKCTpAreHT He JOJIKEH PacTBOPSATH BOJY, a BOJIAa HE JIOJDKHA PACTBOPATHCS B SKCTPAreHTE;

. JIETYy4eCTh TapOB JIKCTpAreHTa JOJDKHA OBITh Kak MOXHO MeHbIne. [IpeamourutensHb
9KCTPAreHThI C BEICOKOH TeMIiepaTypoil KUTIEHUS;

*  IUIOTHOCTh JKCTParcHTa JOJDKHA CHJIBHO OTJIMYAThCS OT IUIOTHOCTH BOJHBIX PacTBOPOB,
nHave nByx(dasHas cucreMa He OyAeT pacclauBaThCsi. B KauecTBE SKCTPAreHTOB MPUMEHSIIOT Kak
JIETKHE pacTBOpHUTENH (3(PUPHI, yTIAEBOAOPOIBI), TAK U TSHKEIIBIE TAIIOUICOIEPKAIINE BEIIECTBA, Ooee
TSDKEJIBIC, YEM BOJIA;
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* DKCTPAreHT JIOJKEH OBITh JICTIEBBIM, MaJIOTOKCHYHBIM, YCTOHYNBBIM MIPHU XPaHCHUU
DOTOMY KOMIUIEKCY TpeOOBaHMI OTBEYAIOT IUIIh HEMHOTHE OpPraHWMYECKHe BeIIeCTBa:
TerpaxyiopMmeTaH(derbipexxiaopucteii  yriepoa, CCly), xmopodpopm (CHCl3), H-rekcaH, H300KTaH,
M300yTUIIOBBIN M M30aMUJIOBBIN CIIUPTHI, HEKOTOPHIE AMHUHBI, CIIOKHBIE d(DHUPHI.

Memoo >kcmpakyuu OTANYAETC OT JPYTHX MeTOJ0B pa3JesieHHS] BellecTB pAdom
npeumyuiecms:

1. MoXHO H3BJIEYH OIpEACNIIEMOE BELIECTBO M3 OUYCHb pA30aBICHHBIX pPAaCTBOPOB, T.C.
HOBBIIIACTCS YYBCTBUTEILHOCTh METO/IA.

2. He mpoOMCXOOHUT COOCaXICHUS M IKCTPArHPYEMOE BELICCTBO KOJIMYECTBEHHO BBIICISIOT B
YUCTOM BUAC.

3. BO3MOXXHO BBIJICIICHHE U Pa3JIeiCHIE BELIECTB, KOTOPHIC TPY/IHO WK HEBO3MOXKHO Pa3lelIUTh
JAPYTUMH crioco0amu.

4. BO3MOKHOCTh MPOBEACHHs IIpolecca NP KOMHATHOH TeMmIieparype H aTMochepHOM
JIaBJICHUY;

5. IlpocToTa METOIUK, HHM3Kas CTOMMOCTb OOOpPYJIOBaHUS W MAaTEpUAlOB, Majble 3aTpaThl
BPEMECHH.

DKCTpakysi UMEeT U CBOM HEAOCTAaTKU. B wacTHOCTH, OoHa TpeOyeT OONBLIMX TPYyA03aTparT,

IJIOXO MoAAaCTCd aBTOMAaTu3aiuyu, MHOI'MC OKCTPArCHThI TOKCUYHBI U IMOXKApPOOITaCHBI.

TexHuka IKCTPArupoBaHusd

1. Baxuo! Crnemyer cieauTh, 4TOOBI KpaH M TPOOKa HE MPOIYCKAIH SKCTparupyeMmbie
KUIKOCTU. [[1s1 3TOro HaJMBAaIOT B JIETUTEIBHYI0 BOPOHKY 3KCTPAareHT, BCTPAXUBAIOT U MPOBEPSIOT
MIPOIYCKAIOT JIM KPaH MK MpoOKa.

2. B nmenutenpHyI0 BOPOHKY MOMEIIAIOT KCTPAreHT W ucuepnbiBaroilyio (azy. Komuuecto
JKCTpareHTa OMNpeNeNseTcs CBOWCTBAMU M3BJIEKa€MOro KOMIIOHEHTa CMECH M ero kosnuyectBoM. Ho
KaK MpaBUJIO KOJMYECTBO HKCTPAreHTa MEHbILE, YeM KOJIMYECTBO McUeplbiBarouiel ¢asbl. [lpumep:
JUId W3BJieYeHus | I BellecTBa OrpaHMYEHHO PACTBOPUMOrO B BOJE M XOPOIIO PACTBOPUMOIO B
opranuke Tpedyercs -20 MJI OpraHUYECKOrO PAaCTBOPHUTENS, NMPOLEAYPY MOBTOPSIOT CO CBEKHUMHU
nopuusiMu pactBoputens (o 15-20 mir) 3-4 paza.

3. Kornma skctpareHT u ucyepnbiBaronias (a3a NmoMelleHbl B JAEIUTEIbHYIO BOPOHKY €€
3aKpBIBAIOT IPOOKOM U MHTEHCUBHO BCTPSIXUBAIOT B T€YEHHE 1-2 MUHYT.

4. B TeyeHue 3TOro Mmpolecca HECKOIbKO Pa3 OTKPBIBAIOT KpaH, JJIsl TOTO 4TOOBI BBIMYCTUTh
oOpasyroIuecs naphl Jerko JeTydyero komnonenra. Baxuno! Ecnu nmapel He BbIITycKaTh, TO JaBJICHHE
NapoB MOXKET BBIOMTH MPOOKY MITH KpaH.

5. 3aTeM OCTaBJISIIOT AMYJIBCHIO pacCliauBaThCsl Ha ABa cios. st aToro tpedyercs He MeHee S
MUHYT.

6. Horaa smynbcusi He pacciauBaeTcsl B T€UEHHUE UIMTEILHOTO BpEMEHH (CTOMKAasi SMYJIbCHUS).
B sToMm ciyuae pexomenayercs:

- 100aBUTh HEOPTaHUUYECKYIO COJIb (XJIOPHI HATpHUs, Cyab(haT Maruus u T.IL.).

- 100aBUTh HKCTPAreHT WM PACTBOPUTENb HCUEPIIbIBAIOIIEH (a3bl.

- 100aBUTh KUCIIOTY (B CIIy4yae €Cciu MPOUCXOANUT FKCTPAKIUS U3 IIETOYHOTO PacTBOPA).

7. Ilocne paccinoeHust CMECH Ha JBa CJIOS] BaXKHO ONPEAEIUTh KaKOH U3 CIIOEB dKCTPAreHT.

Jlns amoeo.

- MoXHO OpHEeHTUpOBaTbCs Ha TaOJWYHble 3HAUY€HHE IUIOTHOCTH JKCTpareHra u
ucyepneiBaromierd ¢aszpl. CBepXy pacrojaraercss pacTBOPUTEIb C MEHbIIEH MIOTHOCThIO. OJHaKo,
TaKOW METOJ HE JOCTaTOYHO TOUYEH, TaK KaK B OoJiee JIerKHii (¢ MEHbIIEH TNIOTHOCTBIO) PACTBOPUTEIH
MOYKET MEPEUTH BELIECTBO, INIOTHOCTh U3MEHUTCA U "MErKUil” paCTBOPUTEh OKAKETCS BHHU3Y.

- Ha nenutenpHON BOpPOHKE OTMETUTh MAapKEpPOM TOJO0XKEHHUE CIIOEB. 3aTeM JA00aBUTh OJUH M3
HCIOJIb3YEMBIX pacTBOpHUTENEH (MpU SKCTPAaKIMU U3 BOABI - 100aBIAIOT Boay). M3MeHeHue ypoBHS
CJIOEB MTOKAXKET KAKOM CJIIOM 3KCTPAreHT.
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8. Ilpu pa3neneHuu ciioeB BaXKHO CIMBATh HUKHUW CIIOW Yepe3 KpaH, a BEPXHUI - 4Yepe3 BEpXHeEe
OTBEpCTUE JACTHUTEIbHON BOpOHKH. HyXHO ciemuTh, YTOOBI Kaluld OAHOM (a3pl HE MONajaiud B
IPUEMHHUK JUIsl IpYrou (azbl.

9. l711 OJIHOTO U3BJIEUEHUS BELIECTBA SKCTPAKLMIO TOBTOPSIOT el 2-3 pasa.

JlaGoparopHas paboTa.

Onpeneﬂefme KOJMYECTBCHHBIX XapPaKTCPUCTHUK Ipouecca
IKCTPAKIHUHA — KOHCTAHTBI pacnpeacJeHus U CTCINCHU UH3BJICIYCHUSA

Heab paGoThl — OmMpeneluTh KOHCTAHTY pACIpEACICHHsI W CTENeHb KCTPAKIUU HOJA W3
BOAHOH (ha3bl B OPraHUYECKyro (a3y.

CymHocTh padoThbl. DKCTPaKIUsi — INPOILECC paclpelesieHrs BeEIIecTBa MEXAY IBYMS
HECMEUIMBAIOIUMHUCS KUAKUMHU (pa3amu, yale BCero Mex,1y OpraHMuecKiUM pacTBOPUTENIEM U BOJIOM.
DKCTpaKLHIO MOKHO MCIOJIb30BaTh JJIsl U3BJICUEHUS BELIECTB, pa3Ae/ieHUs] WM KOHLIEHTPHUPOBAHHUS.

IIpn skcTpakuuu BelIeCTBa YAaCTUYHO WJIM IPAKTHUYECKH IIOJHOCTHIO NEPEXOAAT U3 OJHOU
¢da3pl B Ipyryro. OKCTparupoBaTbCs MOTYT KaK MOJEKYJIbl  BEMIECTB, TaK ©  HOHBl  (TIO
HOHOOOMEHHOMY MexaHu3My). Ecim K BOAHOMY pacTBOpY HEINIEKTpoiauTa Il npuiute He
CMEILMBAIOIIMNCA C BOJAOM OpPraHUYECKUH pacTBOpUTENb (HAallpUMep TeNTaH) U BCTPSIXUBATh
MIOJIyYEHHYIO CUCTEMY, TO I pacripenensercss MeXay OpraHuuecKoi U BOJHOM (a3amHu:

I, (Bogn)«> I, (opr)

BerpsxuBanue HeoO0XOAMMO Ui yBEIMYEHHMsS] IOBEPXHOCTM KOHTakTa a3 ¢  LEeJbio
OBICTPOrO JOCTHXKEHMS paBHOBecHs. JlaHHOE paBHOBECHE DPACHpPEENICHHs] BEIIeCTBA MEXAy
(dazamu omnuchIBaeTCsl KOHCTaHTOW pacrnpeaeneHus Kp:

Kp = C(l2 (opr)) / C(l2 (Bomn)) 1)

rae C(Ip)opr. u C(I2)BoaH. — paBHOBECHBIE KOHIIEHTPALlMM HOAA B OPraHUYECKOM U BOJHOM
(a3zax COOTBETCTBEHHO.
Eciu oO6bembl (a3 He paBHBI, TO KOHCTAHTY pPAaclpeaeseHUs] BBIPaXKalOT KaK OTHOLICHHE
KOJINYEeCTBa MOJIb BELIECTBA B (a3ax:

Kp * = C(12 (opr))*Vopr / C(Iz (Boan)) *Veoan = Kp *Vopr / VBoan (2)

rne Vopr 1 VBoiH — 00beMbl OPraHn4ecKoil 1 BOJHOM (ha3 COOTBETCTBEHHO.

KoHcranTta pacnpeneneHuss 3aBUCHT OT MNPUPOJABI  PACIPEAECISIEMOrO BEIIECTBA, NPUPOIBI
¢a3 u Temreparypsl U HE 3aBHUCHT OT PaBHOBECHBIX KOHIIEHTpalWi BelecTBa U 00beMoB (a3. Uem
6ompiie Kp Tem mydiie u3BiaeKaeTcs BEMEeCTBO B HOBYIO (ha3y.

OTHOIIEHHE KOJMYECTBA SKCTPArMpoOBaHHOTO BemectBa N kK ero oduiemy (cymMMapHOMY)
KonuyecTBy N(T. €. K HCXOAHOMY) HpEICTaBIsSeT COOON CTeneHb JKCTpakiuuu R (uiam creneHb
W3BJICUYCHHS):

R= n(|2 (Opl")) / N(IZ)CyMM:
= C(l2 (opr))*V(opr) / C(l2 (opr) ) *V(opr) + C(l2 (BoaH)) *V(BoaH) 3)

CrencHb OKCTPAKIIUU HEIJICKTPOJIUTA 3dBUCUT OT KOHCTAHTHI PACIPCACIICHUA W OTHOIICHUA

00BbeMOB BOAHOW M opranumdeckoi ¢a3. Ilpu mpouymx paBHBIX YCIOBUAX CTENEHb SKCTPAKIIMU TEM
BBIIIIE, YeM OOJIbIIIe KOHCTAaHTA pacTpee/iCHusI.
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Ecmu pacnpenensiemoe BemiecTBO 00JaaeT WHTEHCUBHOW COOCTBEHHOM OKPACKOM XOTs ObI
B OAHON W3 (a3, TO JUIA ONpEeeNIeHUs] €ro KOHIICHTPALUU MOXKHO NMPUMEHUTH (HOTOMETpUUECKUI
METOI.

MarepuaJbl 4 000py10BaHHE:

1. Cnekrpodotomerp mmm (orokonopumerp KOK-3
2. KroBeTbl CTEKJIIHHBbIC JJIUHOM 3 MM
3.IIpobupka ¢ npunumdoBaHHON MPOOKOI

4. ITunetku rpaayupoBa”Hbie - 5,0 wim 10,0 M

5. CrexiisiHHasl BOPOHKA

6. OunbTp OyMaKHBIN, MPOOUPKH KOHHYECKHUE

7. CTaHapTHBIN 110°M BozHBIi pactBop I»

8. 'enrran (Miu Apyroi pacTBOPUTEIID).

Onpit 1. IloayyeHue cieKTPA NOIJIONIEHNSI M BLIOOP padoyeid JJIMHbI BOJIHBL.

Xoa pa6oThl.

Bxmrouaror  ciektpodotomMeTp uiu  (POTOKOIOPUMETP COTJIACHO HMHCTPYKIUH K MPUOOpY.
OpHy KIOBETY 3aloJHSIOT  CTaHJapTHBIM 1+10°M  BomHEIM pactBopom I, npyryro —
JUCTUJUIMPOBAHHOW BOJOM (pacTBOp cpaBHeHUs). [loMemaroT ux B S4YEHKU KIOBETHOTO OTIEIICHUS
cnekrpodoromerpa. [IpoBOAST W3MEpPEHHS ONTHYECKOH IUIOTHOCTH pacTBopa [, B amama3oHe JIHH
BOJIH 370-550 HM ¢ UHTEpBAIOM 5 HM.

[To mosy4eHHBIM JAHHBIM CTPOST rpaduK B KoopauHarax D — A, HM.

Bribupator 1iMHY BOJIHBI, IPU KOTOPOM HAOIIOJAeTCsi MaKCMMalbHOE CBETOMOIVIONICHUE, U
pacCcUMTHIBAIOT 3HAa4YeHHE MOJIIpHOro Ko3(dduiuenta nornomeHus (€) uojga Mpu JaHHOM JJIMHE
BOJIHBI, TNpuMeHss 3akoH byrepa-JlamGepra-bepa: ommuueckas nnomnocme pacmeopa npsamo
NPONOPYUOHATLHA KOHYEHMPAYUU euecmea U Moauune no2iouaue2o clost

D=¢glc,

rne D=-lg(1/1p) =— Ig T — onruyeckas mioTHOCTH; lp U | — MHTEHCHMBHOCTH MOTOKa CBETa,
HaIpaBJIEHHOTO Ha TOTJIONIAOIINI PAcTBOp W TMPOIIEANIETO dYepe3 Hero;, [ - Kod(p(UIUEHT

HpOHYCKaHI/IH,l — TOJIIIMHA CBETOMOIIOIIAOMIIETO CI05;&E —MOJIHpHBIﬁ

KO3 (PHUIUEHT CBETOINOTJIOIIECHNUS, BEIMYMHA € 3aBUCUT OT MPUPO/IbI BELIECTBA, MOMVIOIIAIOIIETO
CBET, OT BBIOpPaHHOM! JJIMHBI BOJIHBI U TEMIIEPATYphI.

Kaxxnoe BemiecTBo MOIIoOMaeT U3ayyeHHe ¢ ONpeAeICHHbIMU (XapaKTepHbIEe TOJIBKO JUISl HETO)
JUIMHaMU BOJH, T.€. JUIMHA BOJIHBI IOIJIOLUIAEMOIO M3JIy4EHMs MHAMBHUIYyalIbHA UI1  KaXAOro
BEUICCTBA. Bemnunna D , XapaKTEp NOTJIIOIMICHUA U OTPAXKCHUA CBETA 3aBUCHUT OT IMPUPOABI BEIIECCTBA
U €ro KOHIIeHTpauuu B pactBope. Ha 3ToM oCHOBaHBI (pOTOMETpUUYECKHE METO/bl Kaue€CTBEHHOTO U
KOJINYECTBEHHOI'O aHAJIN3a UCCIIENYyEeMbIX OOBEKTOB MO CBETOIOIIIOIIEHUIO.

OBPABOTKA PE3VJIbTATOB U BBIBO/IbI.

IIpoBeaeHue HYKCTPAKIMH.

Xox padoThI.

1. B uncryio mpobupky ¢ mnpumuadoBaHHOM mpoGKoii BHOCST 10,0M1 cramapTHOro 1410 °M
BoJiHOrO pactBopa I, u 2,0 M1 renTaHa WUiau APYroro pacTBOPUTENS MO YKa3aHUIO MPEnoaaBaTes.
[110THO 3aKpHIBAIOT MPOOUPKY MPOOKOH M BCTPAXHMBAIOT IKCTPAKLIMOHHYIO CHCTEMY B TEUCHHE 5
MuHYT. [Ipu 3TOM BCTpsIXMBaHUE HE JOJDKHO OBITh YpE3MEPHO MHTEHCHBHBIM BO H30e€xaHue
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00pa3oBaHMsl AMYJIBCUU WK TEHbl. OCTaBISIOT MPOOHMPKY B IITATHBE JO MPAKTUYECKH TTOJTHOTO
paccioenus das.

Jlnst oTOopa HWKHEH BOJHOW (ha3bl 32KUMAIOT BEPXHEE OTBEPCTHE MUIECTKH BMECTHMOCTBHIO
10,0 mu1, 6BICTPO OIMYCKAIOT €€ Ha THO MPOOUPKHU M OTKPHIBAIOT BepxHee oTBepcThe. OTOHMparoT ~ V4
ob0beMa BOMHOH (a3bl M MPOPMIBTPOBBIBAIOT Yepe3 OyMaKHbIM (GUIBTP B KOHUYECKYIO TPOOUPKY.
Oprannyeckyto a3y nepeauBaroT B eMKOCTb Il OTXO/IOB.

2. OmpenerieHUe PaBHOBECHOH KOHIIGHTpallMM Hojga B BOAHOM (aze ToOcCiHe TpPOBEICHUS
HKCTPAKLIMH.

Xox padoThl

3anoyHAOT KIOBETY BOJHOW (a30i U U3MEPSIFOT ONTHUYECKYIO IIOTHOCTh OTHOCHTEIBHO TOTO
K€ pacTBOpa CpaBHEHUS. Paccuumvléarom pasHO8eCcHY0 KOHYeHmpayuro Wona 6 ooHol ¢hasze 1o
3akoHy byrepa — Jlambepra — bepa, wucnoms3ys wu3mepenHoe D, u3BectHoe 3HaueHue | u
paccynTaHHOE 3HAUYEHUE €.

OBPABOTKA PE3VJIbTATOB U BbBIBO/IbI

Paccuumvisalom KOHCTaHTy pacmpeneneHus Kp * W cTemeHb H3BIedeHHs R ifoma 10
MIPUBEJCHHBIM BhIIIe GopmyrnaM. Jls pacyera paBHOBECHOW KOHILEHTpAIMHM HOAAa B OPraHUYECKOMH
¢aze ucnonb3yroT hopmyIy:

C (I2) opr =n (I2) opr / Vopr =n (l2) ucxomu. — N (I2) Boan. / Vopr. =

=Co(l) Bomn. - C (I2)Boan / Vopr

Co(l2) BomH. — mMcxomHast KOHIIEHTPAIKS o1a B BOIHOM (dase.

Ha ocHoBanuu MOJIYYCHHBIX JAHHBIX ACJIAIOT BBIBOI 00 3(1)(1)CKTI/IBHOCTI/I OKCTPAKIITMOHHOT'O
MU3BJICUYCHUA ﬁOI[& JaHHBIM PACTBOPUTCIIEM U O BOSMOXHOCTH HNPHUMCHCHUA I[ﬂHHOfI 3KCTp3KHHOHHOI71
CUCTCMbI IJIsI KOHUOCHTPUPOBAHUA fIOI[B..

3agaHusA 17151 CAMOCTOSITE/IbHOM PadOTHI.

KoHnTpoJsbHbIE BONIPOCHI:

1. 3akoH pacnpenenenus Hepucra-Illunosa.

2.YT0 Takoe 3KCTpaKuus?

3.Yto Takoe 3KCTpareHT, Kakue BEeIIeCTBa CIOIb3YIOT B KAUYECTBE SKCTPAreHTOB?

3.Yto Takoe pa3baBUTEINb, KAKME BEIIECTBA UCIIONB3YIOT B KauecTBe paz0oaBuTes?

4. KonuuecTBEeHHbIE XapaKTEPUCTUKU Mporecca dSKcTpakuuu. DakTopsl, BIUAONME Ha
BEIMYMHY K03 (HUIIMEHTa pacpeeTICHUs U U3BJICUCHHUS.

5 . Ilepeuncnure cnocoObl MPOBEAECHUS IKCTPAKIIUH.

6. UTo Takoe pesKCTpaKkLy, peIKCTPAreHT?

7. KakoBbl TpeOOBaHUS K BBIOOPY IKCTPAreHToB?

8. IlpenMy1iiecTBa 1 HENOCTATKHU JTAHHOTO METO/A.

9. DKcTpakuus U €€ MPUMEHEHHE B MEIUIIMHE U (papMariin

10. TexHuka sKCTparupoBaHusl.

Koadduuuent pacnpeneneHus pacCUUTHIBAIOT MO (GOpMysiaM, YYUTHIBAIOIIUM COCTOSIHUE
MOJIEKYJI TPETHEro KOMIIOHEHTA B IBYX JKUJAKHX (hazax:

D =Copr/ CBoxg - pacmpenenstomieecs BEIIECTBO HE TUCCOMUUPYET U HE aCCOIUUPYET HU B
onHOM u3 (a3s;
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D = Copr / Il\/CBOI[ - pacmpenenstonieecs: BEIECTBO B OpraHnueckor da3e HaxOAUTCs B BUJIE
MOJIEKYIT, B BOTHOH (haze acCOMUUPYET IO «N» MOJIEKYIT;

D = Copr / (Cox(a-1)) - pacmpepensroiieecss BEMICCTBO B OpraHMYECKON (a3ze HaXOAWTCSA B
BUJIE MOJIEKYJ, B BOJHOW (hase muccomuupyer ¢ yderoM cremeHu aucconumanuu o; Copr, CBox -
KOHIEHTPALUs TPEThero KOMIIOHEHTa B OPraHMYECKOM U BOAHOM (azax.

CreneHp 5KCTPAaKIMOHHOTO M3BJICUEHUs BemecTBa u3 pactBopa (R) waxoautcs u3 popmyssi
R= D-+100/D + VBoa./Vopr.,

rze -VBoa u Vopr 00beMbl BOJHOW U OPTaHUYECKOM (Dassl.

[Ipu oqHOKpPATHOM SKCTpaKIIUU

R=D/D + 1Ir,
rzae r = VBoa./Vopr, a Ipu MHOTOKPaTHOM SKCTPaKLIUU
Rn=1-(1/Der+1)" wm cM. (5)

Jlnist HaXO0XKJACHUS MacChl SKCTPArMPOBAHHOTO BEIECTBA MCIIONB3YIOT YpaBHEHUE AJISl ApOOHOMN
AKCTPaKIUU:

mMn = MyV1/( D (V2/n)+V,)

rae Mn — Macca HeM3BIEYEHHOT'O BEIIECTBA MOCIIE N SKCTPAKLIUM;

My — HaYaJIbHAsE Macca PacCTBOPEHHOTO OPraHUYECKOro BEIECTRA,;
V1 — 00beM BOJHOTO pacTBOPA;

V;, — 00BeM IKCTpareHTa;

N — 9KCIIO IKCTPAKIINIA;

Mg - MnN - Mmacca U3BJIEYEHHOTO OpraHHN4YC€CKOI'0 BCHICCTBA

IIpumepbl pelieHust 3a1a4.

1) Ompenenute CTENEHb SKCTPAKIIMOHHOTO H3BJCUCHUS OpoMa MEKAy BOAHOW (a3od u
cepoyriepoom. Koadumuent pacnpenenenus Opoma MexXIy BOJHOW (a30il U CEpOyrIIepoIoM Ipr
25°C Kp OpoMa Mexay cepoyriepoaoM U BoJ0i paBHsieTcs 77.

[Tpu o6weme BogHOM dazer 2 1 (2000 M), o6beme cepoyraepoaa 150 mur; 50 mut.

Hano:

D (Brp) =77

VBox =2000 mi

V cepoyrnepona =150; 50mn

R-?

Pewenue.

Haxoaum cTeneHb SKCTPaKIIMOHHOTO M3BJIeUeHUs, 00beM BoaHOU (a3bl 2 i (2000 mi), oObeM
cepoyriepona 150 mn

R =77+100/ 77 +2000/150 =85,2%

ITpu o6Bpeme 50 M

R = 77100/ 77 +2000/50 =65,8%

2) OrmpenenuTh KaKoe MaKCHMAJbHOE KOJWYeCTBO I, MOXHO m3Biedb u3 10 M MHUHEPaTbHON
BO/Ibl, €CJIM KOHLEHTpALUs HoJa B HEN paBHA 3-10" Mo/, 9KCTpareHT xjaopodopm, o0bémMom 0, 1 M.
Koadpdumment pacnpenenenust paBen 0,0075. Ilpu omHOCTynmeHUaTOW | YETBIPEXCTYMEHUYATOM
AKCTPaKL1H.

My = Mo( Ko'Vo) / Va/n+ KpVo)*

Jlano:

V (MuH.Boga) = 10 M°
C(Ip)=3-10"momb/n
V(xmopogopma) = 0,1 m°,
m(l,)-?
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Pewenue:

1) Haxogum mg — Macca 3kctparupyemoro Beuiectsa (Io) B uCxoqHoM pacTBope.
My = n'M; C= n/Vo; N=CVy; My=C-Vgo M

Mo =3:10-254-10° = 7,62 kr

2) Haxomum M; — macca I, B padunare
m; = 7,62-0,0075-10/(0,1 + 0,0075-10) = 3,26 xr

3) Haxoaum Mg — My — maccy |z, KoTopoe MOKHO U3BIIeYb NMPH 1-CTYMEeHYaTON SKCTPaKIINU
My — My =7,62—-3,26 =4,36 (xr)

[Tpu 4-x cTyneH4aTon IKCTPAKIIUH B KAKAOH CTYIIEHU HCIIONIB3YeTCs 00BbEM IKCTpareHTa —
V5 = 0,025m°

M4 = Mo( Ko'Vo) / Va /N + Kp-Vo)* = 7,62- (0,0075- 100) / 0,025 + 0,0075- 10)* = 2,41 kr
My — My = 7,62 — 2,41 = 5,21 (xr), To ecTh NpHu 4-X CTYNEHUYATOW SKCTPAKIMU H3BIEKAIOT
Oosbliee KOIM4YecTBO Ip, yeM npu 1-cTyneHuaTou.

3) KoabduuueHT pacrpeneneHus SHTAPHOW KHCIOTHI MEXKIY BOmoW U 3(hUpoM paBeH 6.
Konnenrpanus sHTapHON KHCIOTHI B BoJe paBHA 48 Moib/M3. OnpeaenuTh KOHIEHTPAINIO SHTAPHON
KHCJIOTHI B 3upe.

Jlano:

D=6

Cp = 48 momb/M®

Cop-?

Pewenue.
Hcnons3yem 3akoH pactpeaenenust Hepuera-1lnnosa:-
K=Cy/C

s nannoii 3agaun D = Cp /Che ; Coo=Cp/D=48/6=28 MOITB/M®

3angaun.

1. Ompenenuts cTeNneHb W3BJICUYEHUS MUKPUHOBOW KUCIOTH U3 BogHoro 0,05 M pactBopa npu
TpEeXKpaTHOM 3KcTpakuuu OeHzosnoM npu = VOen3 / VBoan = 1:10. Koapdunuent pacnpenenenus
MUKPUHOBOW KHUCIIOTHI B cUcTeMe OE€H30J1 — BOJIa cocTaBisieT 35.

2. OnpenenuTbh CTENEHb H3BJIEUYEHUS B BOJHOM (ha3ze 3a OJHY CTYNEHb SKCTPAaKIHUU HpU
BerpsixuBanuu 50,0 mi pactBopa 0,5M no FeCls u 5 M o HCI ¢ 5,0 mn nustunoBoro a¢gupa, ecinu
ko3 dunment pacnpenenenus FeCls B cucteme 3¢up - Boa B 3THX YCIOBHUSIX COCTaBIsIeT 17,6.

3. IIpu 25°C paBHOBECHBIE KOHIIEHTpAaLUH (MOJIL/JI) 012 B BOJHOM CJIO€E 5,16-10'5, a B clloe
CCly=4,412+10" Boranciants ko uument pacnpenenenus oaa mexxay Bogoi u CCly.

4. Koohduiment pacnpeneseHus oga MEKIy aMUIOBBIM CIHPTOM W Bojou npu 25°C -
Coly(ciupr) / Clp(H20) = 230. BeraricnuTh KOHIEHTpAIMIO [ B aMUIIOBOM CITUPTE, €CIM paBHOBECHAs
KoHIeHTpanus [, B BogHom cioe 0,2 /.

TecToBBIC 3a1aHUA:

1. Vkaoswcume npasunvrnoe onpeoenenue nonamus “KoHcmauma pacnpeoenenus’”:

a) OTHOILIEHHE PABHOBECHBIX KOHIIEHTPALMI paclpenessiomerocs Mexay IByMs (dazaMu
MHIUBUAYAIBHOTO XUMUYECKOTO COEAMHEHUS

0) oTHomeHHE OOIMMX (AHATUTUYECKHX) KOHIEHTpAIMH pPaCHpeAessSIONIerocss MeXAy ABYMs
(hazamMy HHAUBUAYAIBHOTO XUMUYECKOTO COEAMHEHUS
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B) OTHOLIEHNE aKTUBHOCTEN MHIMBUAYAJIbHOIO XMMUYECKOTO COEIMHEHMSI B Pa3HbIX (hazax
I') OTHOILIEHHE PAaBHOBECHOW KOHIIEHTPALMU XUMHUECKOT0 COeTMHEHHS B OHOM U3 (a3 K olrien
(aHaNUTHUYECKOI) KOHLIEHTPALMHU TOTO e COeIMHEHUs BO BTOpOoi (haze

2. Vkaosrcume npasunvroe onpedenenue nonsmus ‘“‘¢hakmop pazoenerus”:

a) OTHOILICHHE KOHCTAHT paclpe/ieieHus pa3/Ie/IieMbIX BEIECTB

0) oTHOIICHHE KOY(PPHUITUESHTOB pacpeIeTICHUS Pa3AeIsIeMbIX BEIIECTB

B) OTHONIEHHE KOA((HUIIMEHTOB aKTUBHOCTHU Pa3JIENIIEMbIX BELIECTB B Pa3HbIX (hazax
') OTHOIICHHE aKTUBHOCTEH pa3/iesisieMbIX BEIIECTB B pa3HbIX (azax

3. Ecnu xoaghgpuyuenm pacnpedenenusi (D) u coomunowenue o6vemos 600HOU U OpeaHUYeCKoOU
¢as npu sxcmpaxyuu pasuol 10, mo snawenue R 6yoem pasno:

a) 99

0) 1

B) 50

r) 75

4. @axmop pazdenenus onpedensiemcs GblPadtceHuem.
a) Dj_/ D2

6) C1(0)/C2(0)

B) C2(0)/Cy(b)

r) C1(b)/C>(0)

5.9xempakyus — 3mo npoyecc pacnpeoenenus 8ewecmed Mexcoy:
a) JKUJKOCThIO U TBEPAOH (a3oil

0) ra3zoM M KHIKOCTBIO

B) IBYMS KHJIKOCTSIMU

T') )KUJKOCTBIO M Ta30M

6. Koncmanma pacnpedenenusi 6 npoyecce s3KCmpakyuu ORUCbIBACMCS GbIPANCEHUEM.:
a) Kp=[A]Boan / [A]opr

6) Kp = nopr / nopr + nBogH

B) Kp=[Al]opr/[A]Bogn

r) D =copr/cBoan

7. Omuowenue obwux KOHYeHmpayuii eeujecmea 6 ooeux (hazax Ha3vieam
a) CTETICHb U3BJICUCHUS

0) k03¢ pumeHT pacnpeneneHus

B) KOO(QGUIMEHT pa3esieHus

r) K03(pPUIIUEHT KOHIIEHTPUPOBAHUS

8. Vcnosuem pazoenenus 08yx gewecma s6isemcs
a) S=0

6) Ko , Kp <1

B) R=100%

1") KD =100

9. Buipasicenue R = Nope / Nope + Neoon x 100% xapaxmepusyem
a) CTENeHb KCTPAKIINH

0) koa(pdurmeHT pacupeneacHus

B) CTENEHb pa3eiieHus

T') MPOIICHT U3BJICUCHUS
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10. Vkaoswcume coedunenus, omuocawuecs K 2epynne O9KCMpAUpyemvlX cOeOUHeHUll mund
UOHHBIX ACCOYUAMOB, UCNONb3VEMbIE 8 XUMUUECKOM AHANU3e:

a) I

0) H[FeCl4]

B) AMTHU30HAT IIMHKA

r) [SbC16]3_*R, rae R-kaTnoH OCHOBHOTO KpacuTeNsi  METHUJIOBOTO (PHOJIETOBOTO

11. Ilpuseoume ocno6Hbie YCNO8USL IKCMPALUPYEMOCTIU KOMNIEKCO8 KAMUOHO8 MEmAlos C
Op2aHU4eCKUMU PeazeHmamu:

a) IEKTPOHEHTPaTbHOCTh KOMILIEKCOB

0) TUAPATHPOBAHHOCTH KOMITJIEKCOB

B) KOOPAMHALIMOHHAS HACHIIIEHHOCTD

I') HU3Kas TeMIleparypa IJIaBIeHUs

12. Vkasxcume coeOunenus, omuocawuecs K 2epynne 3KCMpAUupyemviX COeOUHeHUll muna
UOHHBIX ACCOYUAmMO8, UCNOIb3YeMble 8 AHaNu3e:

a) K[Is]

0) [BF4] + pomamun B

B) 8 — OKCUXUHOJIST MEJIU

r) [AuCly]” + MeTHIIOBBII (HHOTETOBBIIM

13. Oxcmpakyus eewjecmsea uz 00HOU Pazvl OMOENbHLIMU NOPYUIMU CBENHCE20 IKCMpa2eHma
HA3b16A€MCA:

a) IPOTHUBOTOYHAs

0) mepuoarIecKast

B) HEIIpEepbIBHAS

I') IOpLUOHHAs

14. U3 nepeuucnennvix nudice hopmynuposok evlbepume npasuibHyo 0 OnpeodeieHus NOHAMUsL
"skempazenm"':

a) PactBop pearenTa, 0OBIYHO BOJHBIHN, HCIIOIB3yEMBIi JIJIS M3BJICUCHUS BEIICCTB U3 IKCTPAKTa

6) OpraHuveckuii pacTBOPUTENb B YHCTOM BHJE WJIH COJEPKAIMil peareHT, M3BJICKAIOIINN
BEILIECTBO U3 BOJIHOM (ha3bl

B) CocTaBHas 4acTh DKCTpaKTa, Mepemieimias W3 BOAHOW (pa3pl B OpraHMYECKYyl0 BMECTE C
M3BJICKACMBIM BEIIECTBOM

r) OtnenenHas BoaHas (asa, coepikaiias BEIecTBO, H3BJIEKAEMOE U3 SKCTPAKTa

15. U3 nepeuucnennvix nHudice opmynuposox gvloepume npasuivHyro 07 OnpedeneHus NOHAMuUs.
"skcmpaxyuonnwlli peacenm”.

a) PactBop peareHTa, 0OBIYHO BOJHBIH, UCIIOIB3YEMBIi IS U3BICUSHUS BEIIECTB U3 IKCTPAKTA

0) Bomnas dasa, comeprkarasi BemecTBa, H3BJIEKaeMbIC U3 DKCTPAKTa

B) CocraBHas YacThb OJKCTpareHTa, B3aMMOJCHCTBYIONIAs C W3BIEKAEMBbIM BEIIECTBOM C
o0pa30oBaHMEM SKCTPArUPYIOMIETOCS COCTUHEHUS

r) OpraHu4yeckuil pacTBOpPUTEIh B YHCTOM BHJE WIH COJACPKAIIUN DPEareHT, W3BJICKAIOIIUN
BEIIIECTBO U3 BOJIHOM (ha3bl

16. 13 nepeuucnenuvix Hudxice opmyIuposox eploepume npasuivHyio 0 onpeoeieHus NOHAmMus
"peaxcmpacenm”’:

a) OpraHnyeckuii pacTBOPUTENh B YHCTOM BHJIE WM COJAEPXKAIIMK pPeareHT, W3BJICKAIOIINN
BEIIIECTBO U3 BOJIHOM (hazbl

6) CocraBHas YacThb OSKCTpareHTa, B3aUMOJACHMCTBYIOLIas C W3BJIEKAEMbIM BEIIECTBOM C
00pa3oBaHNEM HKCTPATUPYIOLIETOCS COSAMHEHUS

B) OtneneHHas >KujKkas opraHudeckas ¢asa, coaepikaimias dKCTparupyemMoe u3 BOJTHOU (a3bl
BELIECTBO
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r) PacTtBOp pearenta, 0ObIYHO BOAHBIN, UCIIONB3YEMBI JIJIsl U3BJICUEHUS BEIIECTB U3 KCTPAKTa

17. U3 nepeuucnennuvlx gviue popmynuposox evloepume npasuivHyto 0 OnpeoeneHus NOHAMuUs.
"sxempaxkm"':

a) Oprannyeckuil paCTBOPUTENb B UNCTOM BH/JIE, M3BJICKAIOUINI BEIIECTBO U3 BOJHOM (pa3bl

0) Opranudeckuii pacTBOPUTENb, COMCPIKAIINI pEareHT, U3BIEKAIONIUN BEIIECTBO M3 BOJIHOMN
hazbr

B) OtnmeneHHas >KujKas opranmueckas (asza, cojaepkamias HW3BICUYCHHOE W3 BOJTHOW (haswl
BEILIECTBO

r) PacTBOp pearenTa, 0ObIYHO BOJHBIH, UCIIOJIb3YEMBIH [Tl U3BJICUEHUS BEIIECTB U3 SKCTPaKTa

18. U3 nepeuucnennuvlx gviute popmynuposox evloepume npasuibHyI0 0 ONpeoeneHus NOHAMuUsL
"peaxcmpakm"’:

a) Oprannyeckuil paCTBOPUTEIb B UUCTOM BH/JIE, U3BJICKAIOUIHNI BEIIECTBO U3 BOJHON (ha3bl

0) OpranudecKkuii pacTBOPUTENb, COMCPIKAIINI PEarcHT, M3BICKAIONIUN BEIIECTBO M3 BOJIHOMN
hazmbr

B) OtnmencHHas >KuaKas opraHmueckas (asza, cojaepkamias HW3BICUYCHHOE W3 BOJTHOW (haswl
BEILIECTBO

r) PacTBOp pearenra, 00bIYHO BOJIHBIHN, UCIIOJIb3YEMbIH ISl U3BJICYCHUS BELIECTB U3 KCTPAKTA

XpoHoMeTpaiK:

2 4acoBOro0 3aHATHS.

OpranuzaliOHHbIA MOMEHT — 5 MUH.

Ompoc — 40 muH.

[TosicHeHHsI K BBITIOJHEHUIO paboThl — 20 MUH.
Boinonnenue u opopmienue padboTsl — 25 MUH.

1 yacoBoro 3aHsaTHs:
N3noxxenne HoBoro Matepuana — 40 MUH.
[IpoBepka paOoT u 3a1aHue HA TOM — 5 MUH.
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Tema. XPOMATOI'PA®UA KAK METO/I PA3JIEJIEHUA BEIIECTB

Heap 3ansatusa. OcBouth Xpomarorpaduyeckue MeTonbl aHanuza. [IpuoOpectu HaBBIKU
pa3eneHns CMECH BEIIECTB C MOMOIIBI0 OCAJ0YHOM, KOJIOHOYHOH ¥ OyMa)kHO# Xpomarorpaduu.

Leab 1eITeTLHOCTH CTYAE€HTOB HA 3aHATHH:

Cmyoenm 0ondicen 3Hamy:

a) OcHOBBI XpoMmaTorpadun Kak METOa pa3/IeICHUs BEIIECTB.
0) [IpeumyrecTBa ¥ HEAOCTATKH JAHHOTO METOIA.

CTyneHT 10JI2KeH yMeTh.!

a) Ilonp3oBaTbesi XpoMaTrorpapuuecKUMH KOJOHKAMH W Xpomarorpaduueckord Oymarod mpu
JUISL pa3/IeJICHUU CMECEH BELIECTB

0) [IpoBoaMTH OOPAOOTKY MOIYYECHHBIX OYMaKHBIX M KOJIOHOYHBIX XPOMATOIPAMM.

Teopernveckasi 4acTh

Cpenn XUMHYECKMX M (PU3UKO-XMMUYECKHUX METOJIOB pa3JIeleHMs], aHAIu3a, HCCIETOBAHUS
CBOMCTB MHAMBHIYAJIbHbIX XUMHYECKMX COCJAMHEHUN M MX CJIOXKHBIX CMECEM OJHO M3 BEIYIIUX
MeCT 3aHuMaeT Xxpomarorpadus. XpomarorpadpudeckKue METOJbl HIMPOKO HCIONB3YIOTCS B
OMOXMMHUYECKON MpaKTUKE Il pa3felieHHss HYKIEHHOBBIX  KHCIIOT, JIMIHJIOB, OCIIKOB,
AMUHOKHCIIOT, N7l BBIACTICHHUS U OYHUCTKH (PEPMEHTOB, AaHTHOMOTHKOB, aJIKaJOUIOB U T.JI. AHAIHU3
KpOBM Ha IMPUCYTCTBUE B HEW aJKOIojs, HApKOTHUKOB, JIETYYHMX BELIECTB, BbI3bIBAOIIMX
TOKCUKOMAaHUIO,  TMPOBOJUTCS C  TMOMOILIbI0  XpomaTtorpaguu  3a  CUMTAHHBIE MUHYTHIL.
Xpomarorpadust  SBISAETCS HE3aMEHMMBIM METOJOM JUIS  JIOTIMHT-KOHTpOJisi  (0OHapyKeHHe
CTUMYJIMPYIOIIMX BEIIECTB B opraHuzMe crnoprcMeHoB). C momompio Xpomarorpadpuu B
OMOJIOTMUECKUX JKUJIKOCTAX MOXKHO BBIIBUTH MHMKPOKOMIIOHEHTHI (HE€ OMpeNesieMble JPYTUMH
METOJIaMH), KOTOpbIE TMOSBISIOTCA TMPU HAJIWMYMKM TOHM WM WHOW TMATOJIOTMU. 3HAYeHUe
XxpomaTtorpapuu Kak Ba)KHOTO JMarHOCTUYECKOTO METO/la MOCTOSIHHO Bo3pactaeT. (€ MOMOIIbIO
MOHOOOMEHHBIX MaTepuajoB (MOHUTOB) TMPOBOAIT OOECCONMBAHHE BOJBI, OUMCTKY IHIIEBHIX
MIPOJYKTOB.

CyumHocTh XpomaTtorpaguu

OcHoBbl xpomarorpaduu Obutn  chopmynupoBansl B 1903 r. pycckum 6Gotanukom M.C.
[Berom (1872-1919. Mmenno M.C. 1lBeT ¢ moOMOIIBI0 XpoMaTtorpadUyeckoro MeToaa
YCTaHOBWJI, YTO CYUTABIIMHCA OJHOPOJHBIM 3€JICHBIM MHUTMEHT pPACTEHUWA Ha CaMOM Jeje
COCTOUT W3 HECKOJbKUX BemecTB. Ilpu mnpomyckanum uepe3 XpomaTorpauyeckyro KOJOHKY
(CTeKJIIHHYIO TpYOKYy, 3alOJHEHHYIO aJCOPOEHTOM — TIOPOLIKOM Mela) HKCTpaKTa 3€JIeHOro
JUCTa U TIOCJEIYIOIIEM TMPOMBIBAHUN KOJOHKH TETPOJICUHBIM 3(GUPOM OH TMOIYYUIT HECKOJBKO
OKpallIEeHHBIX ~ 30H. OJTOT  MeTOJ pasfeneHus  cioxHbix  cMmecer M.C. Ilger  HasBan
xpomarorpadueit (0T rped. «XpomMarocy» — IBET).
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Xpomartorpaduss — 3T0 oaAuH M3 HamOojee 3(G(HEKTUBHBIX, YHUBEPCATHHBIX W COBPEMEHHBIX
(U3NKO-XMMHUYECKUI METOJIOB pAa3JeleHusT M aHalnW3a CMeced ra3oB, MapoB, KHUAKOCTEH WIN
pPacTBOPEHHBIX BELIECTB COPOLMOHHBIMU METOJAaMH B JUHAMHUYECKHX yclloBHsX. OHa OCHOBaHa
Ha Pa3JMYuU B CKOPOCTH JIBHKCHMS pa3/esisieMbIX BEIIECTB OTHOCHUTEIBHO HEIMOJBHKHOMN (ha3bl MO
nelicTBueM noaABMKHOU. CyIIHOCTh XpoMaTorpaguu 3aKiI04aeTcsi B TOM, UTO Yepe3 ClIOH ajcopOeHTa,
SBIISIIOIIETOCS. HETMOABIKHOM (Da30ii, MPOITyCKal0T MOTOK AIIIOEHTA — XKHUJIKOCTh WM ra3 (TOABHKHAS
¢daza), coueprkallero pasiensieMyro cMmecb. Tak Kak pasidyHble BEIIECTBA HAa OJHOM U TOM JKe
azicopOeHTe aacopOMpyeTcss B Pa3HOM CTENeHW, TO MPH aJCOPOLMOHHOM PAaBHOBECHHM OHHU pa3HOE
BpeMs OyIyT HaxOJUTbCA Ha MOBEPXHOCTU azacopOeHTa. BemecTBo, nMeromiee 0osblee CpoICTBO K
ancopOeHTy, Oyaer aacopOMpoBaTbCs NEPBbIM, W OyIET IO0JIbLIE YAEP’KUBATbCS HAa IIOBEPXHOCTH
ancopbenta. BemectBo, mMeromee crmaboe CpoacTBO K ajacopOeHTy, Oyaer ancopOoupoBaThCs
IOCJIETHUM U cJ1ab0 yAep)KUBaThCsl HA €ro MOBEpXHOCTU. B pe3ynbraTe 3TOr0 cMech pasiensercs Ha
30HBI, K&KJasi U3 KOTOPBIX IPEUMYIIECTBEHHO COJAEPKUT YNCTOE BELIECTBO.

OTnu4UTENIBHOM OCOOEHHOCTBIO XpOMaTorpapUuecKux METOJOB aHaIN3a SIBJISIOTCA: BHICOKAs
3G GEKTUBHOCTb, MPOCTOTA  JKCIEPHUMEHTAa, CEIEKTHBHOCTh, OKCIPECCHOCTh, BO3MOXKHOCTH
aBTOMaTHU3allUd B COYETAHUU C JPYTUMH (PU3HKO-XUMHUYECKUMHU MeTojamMu. Ocobasi LEeHHOCTh ITHX
METOOB 3aKJII0YAETCS B TOM, YTO C IIOMOIIBIO XpoMaTorpaduu BO3MOXKHO pa3zielieHHe COeTNHEHHIA C
OJIM3KUMHU CBOMCTBAMHU.

HenonBmwkHO#  ¢da3oii  MOXET CIyKUTh TOHKOM3MEIBUEHHOE BEIIECTBO — COpPOEHT,
IIOMEIICHHBIH B KOJIOHKY WJIM HAHECEHHbIH TOHKMM CJOEM Ha MOJEP)KUBAIOIIYIO IUIACTHHKY.
Henoasmxnoii ¢a3zoii MoxeTr ObITh U BOJA, (PMKCHPOBAHHAS COPOCHTOM WIJIM BOJIOKHAMHU Oymarm.
ITonBuxHasg (a3a —3TO MOTOK KMJIKOCTH WIM ra3a, INepeMelarolluiicsi BMeCTe ¢ KOMIIOHEHTaMHU
CMECH 4Yepe3 HETOABIKHYIO a3y (CopOeHT).

Ilon copbyueii moHumaroT 1r000# mporecc, CBs3aHHBI C HAKOIJIEHHEM TOrO0 WJIM HHOIO
KOMIIOHEHTa B HEMOABIKHOW (aze wim Ha TpaHuue pasgena ¢a3. [ecopoyua — otnada
cOpOMpPOBAaHHOIO BellecTBa. A0copbyus — MOTJOIIEHNE PACTBOPEHHBIX WM Ta3000pa3HbIX BEIIECTB
Ha MMOBEPXHOCTU TBEPIOT0 WIIU KUIKOTO Tena. Ab6copbyus — MOTJIOLIEHUE BELIECTB BO BCEM 00beMe
TBEPJIOM MM KUJKOH (a3bl.

Kuaaccndukanusa xpomarorpadpmuuecknx MeTo10B

Xpomartorpaguueckre MEeTOAbl MPUHATO Klaccuguyuposams TO CIEAYIOIUM MPHU3HAKAM:
azpezamHomy COCMOAHUIO NOOBUICHOU W HENOOBUNCHOU (ha3, MEXAHUIMY 63aAUMOOeHCmEus
copbenm—copbam, mexHuKe npogeedeHus W yeau XpoMarorpapupoBaHUs.

Ilo  yenu  xpomatorpadupoBaHHsl  BBICISIOT  aHaiumuyeckyto  (Ka4eCTBEHHBIA U
KOJMYECTBEHHBI aHaNM3); npenapamuenyio (Ui TIONYYeHHUS BEUIECTB B YHUCTOM BHJE, I
KOHIICHTPUPOBAHUSI U BBIICTICHUS MUKPOIPUMECEN), NpOoMbIULIEHHYI0 8UO0bl XpoMaTorpaduu.

Ilo acpecamnomy COCTOSHUIO TIOJBUKHOCTH (pa3bl XpoMaTorpadus JEIUTCS HA HCUOKOCHHYIO 1
2a308Y10.

Tasoeasn xpomatorpadgusi B OCHOBHOM TMpHUMEHsSIETCS JJs pa3felieHus, aHaim3a |
WCCIIC/IOBAHMSI BEUIECTB W HMX CMECeH, TNepexomsmux B TapooOpa3Hoe cocTosiHHe 0e3
paznoxeHusi. B 3aBUCUMOCTH om npupoovl Henoo8ulicHOU ¢hasbl Pa3NUUAIOT 2a30-meepoodhasnyio u
2A302CUOKOCTIHYIO.

B 3aBucumocTH om  npupoovl Henoo8udNCHOU Gazbl  HCUOKOCMHAA xpomarorpadus
noopaszoensiemcss Ha  HCUOKOCMHO-HCUOKOCHHYIO, HCUOKOCMHO-MBEPOOPA3HYI0 T HCUOKOCHHO-
eenesyro. JKHUIKOCTHYIO XpoMarorpaduio MOXKHO UCIOJB30BaTh IS pa3feNieHUs HeleTyduX
BEIIECTB C OTHOCUTEIBbHOW MOJEKYJIpHOU Maccoll oT 300 10 HECKOJBKMX MHJUIMOHOB, BKJIFOYAs
MpeieIbHO CIIOKHBIE MaKpOMOJIEKYIBI MOJUMEPOB, OENKOB, HyKIIEMHOBBIX KHCIIOT.

Ilo xapaxmepy e3aumooeiicmeusn pazoeniaemvix 6ewecmes ¢ Hen00BUNCHOU a3oil Pa3TNIaAIOT
a0CcopoOYUOHHYI0, pACHpedeUmelbHY0, UOHHO-00MEHHYIO0 U 0CAOOUHYI0 XPOMAMOozpaguu.

Ilo mexnuxe npoeedenus BBIICISAIOT KOIOHOUHYIO W NIOCKOCMHYIO Xpomartorpadurio.

B nmrockocmnoui  xpomarorpadum  pasgeneHHe MPOBOJUTCA Ha cHneyuanbHou Oymace
(bymaxknass xpomartorpadusi) WU 8 MOHKOM cloe copbenma (TOHKOCIIOWHAs Xpomartorpadusi).
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Hamnbonee mmpokoe NpUMEHEHHE B MEIUKO-OMOJOTMYECKUX MCCICAOBAHNUAX HAaXOIIT:
OyMakHasi, TOHKOCJOWHas, MOHOOOMEeHHass xpomarorpadus, remb-xpomartorpapus u adduHHaAS
xpomarorpadus.

A/lcopOuMOHHAs XpoMaTorpagus- OCHOBaHA Ha MCIOJIb30BAaHUM HEOJIMHAKOBOM CIIOCOOHOCTH
pa3nenseMbIX KOMIIOHEHTOB BCTYNAaTh B CHENH(PUYECKOE B3aUMOICHCTBHE C IMOBEPXHOCTHIO
aacopbenta - H® - 3a cuer aocopbyuu. Ilpu BBHINOTHEHMM aHANU3a MCCIEAYEMBIH pPacTBOP
MPOIMYCKAIOT Yepe3 XpoMaTorpauyeckyto KOJIOHKY, 3all0JIHEHHYIO aacopOeHToM (amromorensb Al,03 ,
cuukarenb Si0; u ap.). KoMIoHeHTBHI cmecu MOIOmaTcs, aJAcopOEHTOM U pacrojararTcs
MOCIIOMHO 1O Bcel [JIMHE KOJIOHKHM B COOTBETCTBHUHM C COPOIIMOHHOM CHOCOOHOCTBIO KasKIOTO
KOMIIOHEHTa. T.0. IpOHUCXOOUT pasfeleHue cMmecu. B pesynabTate ImoJydaroT B KOJIOHKE
XpoMaTorpaMMy, TJie KaxJI0My KOMIIOHEHTY COOTBETCTBYET OIpe/ieJIeHHAasl 30Ha PacHoI0KEHHAs TeM
OMKe K Havally KOJOHKH, 4eM OoJIbIlie COPOLMOHHAs CIIOCOOHOCTh KOMIIOHEHTA.

Ocagounasi xpomartorpadusi OCHOBAHA HA PA3IUYHOU PACMBOPUMOCIIU MATOPACTEOPUMbBIX
coeOurenuti. Jlns BBIOTHEHUS aHaIM3a KOJIOHKY 3amonHsioT "Hocuteiaem" Al,03, KOTOpHIit
CMCIIIMBAIOT WJIM TMPONUTHIBAIOT OKHCIUTENIEM, CIIOCOOHBIM O0Opa30OBBIBATh OCAJKH C HWOHAMU
aHanu3upyemoin cmecu. Ha momydaemoit XxpomaTtorpaMMe OCaJIKH pacHojiaraloTcs B OINpeaeIeHHOU
MOCJIeIOBATEILHOCTH, COOTBETCTBYIONIEH YBEIWYEHUIO WX PACTBOPUMOCTH B HAIPABICHUU CBEPXY
BHU3. Eciu ocayiku GecriBeTHBI Witk ¢1ab0 OKpalleHbl, XpoMaTorpaMmy MpOsIBIISIOT.

PacnpenennrenbHasi (MPOTUBOTOYHAS) XpomaTorpagus OCHOBaHa Ha pacHpeleleHUn
BEIIECTBA MEXKIY HOOBUICHOU U HENOOBUIICHOU (hazamu, npeoCcmasisowumu cooot IBe
HECMEIINBAIOIINECs KHUAKOCTH, B KOTOPBIX OHO pacTtBopsieTcs. B pacmpenenurensHoil OymakHOM
xpomatorpadpun Henodsudichas ¢aza — ancopOUpoBaHHAs OyMaro 60da, a nodsudchas gaza —
opranuyeckuid  pactBoputenb. CKOpPOCTh TMEpeMelleHHs KOMIIOHEHTOB CMECH 3aBUCHUT OT
Kod(ppuimeHToB X pacnpeneneHus Mexnay dazamu. 3a K0dPOUIMEHT pacupeneieHus TPUHUMAIOT
OTHOIIICHHE PaBHOBECHOW KOHIIEHTpAIlMU XpomarorpadupyeMoro BeliecTBa B Oosee MmoisipHOil daze
(c 60mBIICH AMAIIEKTPUUECKON MPOHUIIAEMOCTHIO) K paBHOBECHOM KOHIIEHTPAIIMH TOTO e BEIIECTBA B
MeHee TMOJSIpHOM  >kuakoil  dase (¢ MeHbIIeH  AMAICKTPUUECKOM  MPOHUIIAEMOCTHIO).
Pacnpeoenumenvnass  TCX  ocHOBaHa  HA  pacOpelelieHMHM  BEIIECTBA  MEXAY  JBYMS
HECMEIIUBAIOIIUMUCS KUAKOCTIMHU, B KOTOPBIX OHO pacTBopsercs. [lpu 3ToM oaHa W3 KuAKOCTEH
YACP>KUBACTCS TBEPIBIM HOCUTEIIEM.

MouJgexkyasipao-cutoBasi (rejib-xpomarorpagusi) (curoBasi xpomarorpadusi) - KOJIOHKA,
3allolHeHHass reneM  (CHelUalbHbIi  cOpOeHT, daiie Tmojucaxapuabl). B ornuume  OT
pacrnpenenuTensHol XpomaTorpaduu B Telb-XxpoMaTorpaduu MOJBHKHON W HEMOABUKHOM (azaMu
CIIYKUT OJTHA M Ta € KUJKOCTh-PaCTBOPUTENb. Ta 4acTh KUIAKOCTH, KOTOpask MPOTEKAET BIOJIb CIIOS
TBEPJIOTO HOCUTEIS - 3¢PEH Tellsl, BHIMOIHSICT (DYHKIMIO MOBIKHOM (Pa3bl M MIEPEHOCUT KOMITOHEHTHI
CMECH BJI0JIb KOJIOHKH. Jlpyrasi 4acTh 3TOM K€ KUJIKOCTU MPOHUKAET B MOPbI 3PEH I'ejsl U BBHINOIHIET
GbyHKIMIO HEMOABMXHOW (a3bl. PaznmeneHue cMecu BEIEeCTB B reib-XpoMarorpaduu MpOUCXOIUT,
€CJIM pa3MepPbl MOJIEKYJT 3TUX BEILIECTB Pa3JINYHBI.

HonooOmennass xpomaTtorpadusi OCHOBaHAa Ha CBOICTBE HOHOB HEKOTOPBIX BEIIECTB,
Ha3bIBA€MBbIX HOHUTAMHM WJIM HMOHOOOMEHHHMKAaMH, BCTYNaTh B OOMEHHBIE peakIMH C HOHAMU
aHAJIM3MPYEMOI0 pacTBOpa. B aHanm3e MCHOIB3yIOT HEOPraHUYECKHE M OpraHmdeckue MOHUTHL. [lo
XapakTepy OOMEHHBAIOIIMXCS HOHOB pPa3/IMYarOT KAaTHOHWUTHI U aHUOHMUTHI. KaTHMOHUTHI conepkar
3aKpeIUieHHble Ha MaTpulle (UKCUpPOBAaHHBIE TPYHNBI U CIOCOOHBIE K OOMEHY KaTHOHBI
(npotuBouoHbl). MoHHBIT 00MeH — 0OpaTHMBIN Mpoliecc, MOAYUHSIOUINICS 3aKOHY 3KBHUBAJIEHTOB.
CyIHOCTh KATHOHHOTO OOMEHA MOKHO BBIPA3UTh YpaBHEHUEM (Ha MPUMEpE OJHO3aPSIIHOTO KaTHOHA
M"):

RH + M & RM + H'
MOHUT pacTBOp  HMOHHUT  PacTBOp
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[Ipu mponyckaHuy aHATM3UPYEMOT'O PACcCTBOpPA Yepe3 CIOW KaTHOHWUTA MPOUCXOIUT oOMeH H-+
KAaTHOHUTA HAa KATHOHBI MCIIOIb3yeMoro M* BemecTsa.

Bce paccmoTrpeHHble BUABI XpoMaTorpaduu BBIIOJIHSIIOT OOBIYHO B KOJIOHOYHOM BapUaHTe,
MIPOIYCKasi pasJesiieMyl0 CMECh Yepe3 XpoMaTorpauiecKyro KOJOHKY, 3allOJIHEHHYIO aJIcCOPOCHTOM,
MOHUTOM, OCaIUTE]IeM WIM HOCHTEIEM C YJepXKHBaeMOM HKUIKOM ¢a3oii - Kononounas
xpomamozpaghusn

B xononounoii xpomamocpagpuu wHenoaswkHas ¢daza IMOMELIEHa B KOJIOHKY (KOJIOHOYHAs
xpomarorpadus). PactBopurens (moasrkHas (asza), NpOXOAAIIMil yepe3 KOJIIOHKY, Ha3bIBACTCA
9H0€HMOoM, TIPOLECC MEPEMEIIECHNs BEUIECTB BMECTE C DJIIOEHTOM - JJIIOMpoBaHMe. B pesynbrare
o0pasyeTcs OTJeNIbHbIE 30HbI KOMIIOHEHTOB CMECH, T.€. XPOMAMocpamma.

Bymasknas xpomatorpadgusi OCHOBaHa Ha Pa3IMuUU B CKOPOCTH IEPEMEIICHNUS KOMIIOHEHTOB
aHanM3upyeMoil cmecu 1o Oymare B IIOTOKe pacTtBoputesnd. B OymaxHoi xpomartorpaduu
HCIOJIB3YIOT CHEIHAIbHYI0 OyMary, KOTopasi COJEP>KUT TOJIBKO LIEJUII0JI03HbIE BOJIOKHA. OHAa MOXKET
CIIy’KUTb HEMOJBMKHOM (ha30li I HOCUTEJIEM HETIOABUKHOMN (pa3bl.

Tounkocnoiinass xpomarorpagusi (TCX). Merona xpomarorpadusi B TOHKOM CJIO€ SIBISETCS
IPOCTBIM U OBICTPBIM METOJOM pPa3/eiCHUs aHAIU3UPYEMbIX BEILECTB, WCHOJIb3YIOLUIMX HEIO0pPOroe,
nopTatuBHOEe obOopynoBaHue. TyT codeTaroTcs Kak pachpefeiUTeNbHBI Tak U aJcOpOIMOHHBIN
IPUHLUIB XpoMmarorpaduu. Metox uMeeT oYeHb IUPOKUE BO3MOXKHOCTH. Ero cienyer npuMeHsTh B
TeX ciy4asX, Korja HeoOXOAMMO HCCIeI0BaTh OOJIbIIOE YHMCIO 00pa3lioB, KOMIIOHEHTBHI KOTOPBIX
JIETKO OTZEIMMBI APYT OT ApYyTa.

Tonxocnoiinas xpomatorpadus (TCX) ocHOBaHa Ha paziuuuu 6 ckopocmu nepemeujeHusl
KOMNOHEHMO8 AHAIUIUPYEMOU CMeCU 6001b MOHKO20 Clos cOpbenma 6 NOmoKe pacmeopumeris.
Toukuii cnoti copbenma ¢ TCX MOXKET BBIIOJHATH QYHKYUlO adcopbenma, UOHUMA, HOCUME
JHCUOKOU Pasbi.

Ancopommonnas TCX ocHoBaHa Ha coOpOIMM PACTBOPSHHOTO BEIIECTBA TOBEPXHOCTHIO
copOeHTa.

B TCX ucnonb3yroT CTEKJISHHbIE, METANINYECKHE WU IUIACTMACCOBbIE TUIACTUHKH, MOKPHIThIE
TOHKHM CJIOEM HEMOJBMXKHOH (ha3bl, 00b14HO TONmMHON 100- 300 Mmxm. OGpa3ibl, Kak npasuio, 2-10
MKJI HaHocAT B Buze 0,1-1 % -HbIX pacTBOpOB Ha CJ10il BOJM3KU OCHOBAHUS IUIACTUHKH.

IInacTuHKY noMenaroT B KaMepy, COJZIEPIKALILYIO HECKOJIBKO MUJUIAIIUTPOB
COOTBETCTBYIOIIEH KHMJIKOW MOJBMKHOM (pa3pl, KOTOpas NepeMeIlaeTcs IO CIOI0 MOJ JAEeHCTBUEM
KamWUIApHBIX cwil. IIpr 3TOM KOMIOHEHTHI o0pa3lia MepeMeInaeTcsi 4epes3 CIOoW C pa3iMyHbIMU
CKOPOCTSIMH, 3aBUCSIIMMHU OT aOCOPOLMOHHBIX KO3(PUIIMEHTOB KOMIOHEHTOB cMmecH. [IposiBieHue
3aKaHYMBAIOT, yJaJlsisl IUIACTUHKY M3 KaMephl U HCTapsisl MOJIBUKHYIO (asy.

[TonoxxeHne pas3feneHHbIX BEIIECTB, €CIM OHM HE OKpAaIIeHbl, OOBIYHO ONpPENENSIOT, paccMaTpuBas
XpOMaTorpaMMmy B yIbTpaduoJIETOBOM CBETE WM ONPBICKUBAS €€ OKPALLICHHBIMH peareHTaMu.

[TonockxeHne mATHA pa3feieHHOrO BEIIECTBA OIUCBHIBAETCS IOCPEICTBOM HM3MEPEHMsI €ro
kodpuuneHT pacnpeneneHus Ry.

L( paccrosinue, MpoiIeHHOE BEIIECTBOM OT JIMHUH CTapTa JI0 IIEHTPA 30HbI)
Rf = ---- --- -
L ( paccrosiHMe, npoiiieHHOE IOABMKHON (a3oif (pacTBOpUTETIEM) OT JIMHUU CTapTa JI0 (PHHUIIA)

Koaddumnment pacnpenenenus Rf 3aBUCHT OT menoro psija (GpakTopoB: MPHPOABI U KadecTBa
pacTBOpUTENIS, €r0 YUCTOTHI; MPUPOABI M KauecTBa cOpOeHTa (TOHKOTO CJ0s), PABHOMEPHOCTH €ro
3epHEHUS, TOJIIIMHBI CII0SI; aKTUBHOCTH cOopOeHTa (coAep KaHHs B HEM BJIaru); TEXHUKH SKCIIEPUMEHTA
(maccel o0pasua, 1auHbI L npobera pacTBopuTens); HaBbIKa SKCIIEPUMEHTATOPA U T. 1.

OO0b19HO KOX((GUIMEHT TOIBMKHOCTH JIEKHUT B mpeaenax Ry = 0-1. OnTumanpHOe 3Ha4YEeHHE
coctaisier 0,3-0,7. VYcnoBus xpomartorpagupoBaHus IOAOHPAIOT TakK, 4YTOOBI BenuuMHa R
OTJINYAJIach OT HYJISI U €JUHUIIBL.

Ko duuneHT moaBMKHOCTH SIBISETCS BAXKHOW XapaKTEPUCTHKOW CHUCTEMBbI COpOeHT-copOar.

J1J1 BOCIIPOM3BOJMMBIX U CTPOTO MOCTOSTHHBIX YCIOBHM XpomaTorpadupoBanust R = comst.
B cootBercTBUU ¢ onpenenenueM Rf Bcex aacopOupoBaHHBIX BEIIECTB KOJIMUECTBEHHBIN aHATHN3
MetonoM TCX BBIONHAETCS TOCPEICTBOM XpomarorpadupoBaHusl CTAaHIAPTHBIX PAacTBOPOB
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UCCIIETyeMbIX KOMIIOHEHTOB BMECTE C UCCIIEeyeMbIM 00pa3IoM.

KonuyecTBo MaTepuana B MATHE CBSA3BIBAIOT C IUIONIAJbI0 U MHTEHCUBHOCTBHIO BBISIBIEHHOTO
MATHA: CTaHIApThl U 00pa3lbl MOKHO CPaBHUTH BU3YaIbHO WM M3MEPUTH C MOMOIIbIO, HAIIPUMED,
MPSIMOM CIEKTPO()OTOMETPHH U T.II.

Tonxkocnoiinas xpomarorpadust (TCX) ocHoBaHa Ha pa3IMYMM B CKOPOCTH IEpEMEIICHUS
KOMIIOHEHTOB aHAJU3UPYEMOI CMECH BIOJIb TOHKOTO CJI0Si COpOEHTa B MOTOKE pacTBOpuTelisl. ToHKUI
cinoii copbenTa B TCX MOKeT BBITTONHATH (YHKIUIO aICOPOCHTA, HOHUTA, HOCUTEIIS KUIAKOH (asbl.

Ancopommonnas TCX ocHoBaHa Ha copOLMHM PACTBOPEHHOT'O BEIIECTBA TOBEPXHOCTHIO
copOeHTa.

Buocnenuduueckas (adpunnas) xpomarorpadusi - 3TO METOJ OYHCTKH U Ppa3ICIICHHS
OCJIKOB, OCHOBAHHBI Ha WX W30UPATEIHPHOM B3aUMOJCHCTBMM C JHraHaoM (MX cyOCTpaThl,
WHTUOUTOPHI WU KO(PEPMEHT), KOBAJICHTHO CBS3aHHBIM C HMHEPTHBIM HOCHUTENEM (COpOCHTOM).
Hanpuwmep, ecinu k cOpOCHTY NPULIUTH CyOCTpaT Kakoro-to (pepMeHTa, TO OH crenupuiecku Oyner
U3BJIEKATh U3 CMECU OEJTKOB TOJIBKO 3TOT (PEPMEHT.

JlaGoparopHasi pabora

Pa3nesienue u o0HapyKeHHe HOHOB Pa3THYHBIMH
MeTo/IaMHu XpoMaTorpapuu

MarTepHaJbl, 000pYI0BaAHHE U PEAKTHBI:

. Hunuuapsl MepHBIE BMECTUMOCTBIO S5 mit, 10 M1

. unmuHapsl MepHBIC ¢ IPUTEPTON MPoOKoi Ha 25 mit, 50 M.

. [InneTkn MepHbIE HA 5 MIL

. Hamku Iletpu.

. Kameps! g xpomaTorpadupoBanus ¢ npuiIndoBaHHON KPBIIIKOH.
. IIpenMeTHBIE CTEKIA, CTEKIITHHBIE KAIIMJUISPHI, MUMETKH.

. [lynpBepu3aTopsl.

. bymara HaxxnauHasi, KapaHJaliu, TMHEUKH, HO)KHUIIBL.

. IIMacTUHKH ¢ 3aKpEeTIeHHBIM CII0EM COpOeHTa

O OO ~NO Ol W —

Pa3nesieHue u o0HapykeHHe KATHOHOB METO0M OJJHOMEpPHOii OyMakHOi XxpomaTtorpadun

Bocxogsmyro xpomaTtorpaduio Hambojee YacTO NPUMEHSIOT JUIsl pa3/ieleHHs] KaTHOHOB.
[IpenmymiecTBOM 3TOro MeToJa SBISETCS MPOCTOTa amnmaparypbl; BBEICHHE IOABMKHOU (a3bl
OCYILIECTBIISIETCS MPOCTHIM MOTPYKEHHEM TOJOChl Xpomartorpaduueckoil Oymarn B cocyl ¢
NoJBMKHOM  (pa3oit  (mpu  oTcyTcTBHM Xpomarorpaduyeckoil OyMard MOMKHO HCIOJIb30BaTh
¢dbunpTpoBaNbHYI0). Hanbomnee momHOro pa3aeneHus BEIIeCTB JOCTUTAIOT, ecnu ux Rf 3HauntensHO
pasnuyaroTca. MakcumanbHas JJiMHa XpomaTtorpamm o0br4Ho 30 cMm. Jlis onpeneneHus: moJoKeHHs
Ka)KJJ0OTO KOMIIOHEHTa Ha XpOMaTorpaMmme He0OX0AMMO 3HATh BeMUYUHBI Rf.

Paznenenne mpoOBOJAT B 3aKPBITBIX KaMepax, TaK Kak HEO0OXOAMMO u30eraTb HCIapeHus
PacTBOPUTENIA € MOJIOCKU OyMaru. MOXKHO HCIOJIb30BATh [IJIMHAP C MPUTEPTON KPBIIIKON, K KOTOPOI
C MOMOIIBIO KPIOUKa KPETUTCs MoJIocKa XpoMaTorpaduieckoil Oymaru mupuHoi 2 cM u jymHoi 10-
20 cm. Cucremy pacTBopHTeNell 3apaHee BHOCST B IMJIMHAP JJI HAchILIEHHUS aTMoc(epbl KaMepbl
IapamMy pacTBOPHUTEIIS.
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Hanecenue obpasya
Ha paccrosiHumn 1-2cMm ot kpast OyMa)KHOU MOJIOCKH KapaHIAIIOM MPOBOJISAT CTAPTOBYIO JTMHHIO.
W3 kanumisipa B cepeluHE 3TOM JMHUM HAHOCAT KaIUTI0 MCCIIEIYyEeMOr0 pacTBOpa WM PacTBOpa C
ocaakoM. [Tpu 3TOM He cienyeT pacTBop KamaTh Ha Oymary. Heo0XoauMo TOJBKO MPHKaTh KaMIuIsp
K Oymare, mpu4eMm Tak, 4TOOBI KaIljisi He pacIulbIBANIach (4eM MEHbIIe e€ pasMep, TeM derde Oyner
Xxpomarorpamma). Jlmamerp msTtHa OOBIMHO cocrTamisieT 2-3 MM. [ISTHO OOBOIAT KapaHIAamoM W
BBICYIITMBAIOT Ha BO3/yX€ WJIM HAJl IECOYHON OaHel. DTy omnepalinio MoBTOPSIOT 2-3 pasa.

Ilonyuenue xpomamozspammoi

ITonmocky xpomaTorpadudeckoil uiau (GpuIbTpoBaIbHONW OymMard ¢ HaHECEHHOM Ha Hee Karuien
HCCIIETyEMOI0 pacTBOpa OMYCKAalOT TakK, YTOObI €€ KOHel OblI MOTPY>KEH B PacTBOPUTENHL He Ooiee
yem Ha 0,5 cm. II9THO He HOKHO MOTrpYKaTbCs B pacTBOPUTENb. bymakHas mojocka HE JOJDKHA
KacaThCsl CTEHOK ULMIWHApa. Bpems xpomartorpadupoBanus coctaBisier 1,5-2 yaca. Ilpormecc
IIPEKPALLAIOT [1OCJIE TOTO, KaK pacTBOPUTENb NPOIAET OT IMHUU ctapTa He MeHee 10 cm. Ilociue atoro
OyMaXHYI0 TIOJIOCKY BBIHMMAIOT, OTMEYalOT TMOJO0XKEHHE (POHTA PACTBOPUTENST U TIIATEIHHO
BBICYIIIMBAIOT TIOJIOCKY Ha BO3JyXe WM HaJ MecoyHoW OaHeil. M3MepsioT paccTosHue MEXIy
CTapTOBOM IuHMEN n ppoHTOM pacTBopuTens L (pucyHok 1). 3arem no TabnuyHbM 3HaueHusiM Rf  u
AKCIIEPUMEHTAJIBLHO HalIeHHOW BelnyrHe L BBIUUCIAIOT | — BBICOTY MObeMa 30HbI KaXK/10T0 KaTHOHA
U3 aHAJIU3UPYEMOH CMECH.

Kartuon Rf Kartuon Rf
cre 0,023 cu” 0,70
i2* 2F

Ni 0,13 Zn 0,94
Al 0,15 cd” 1,00
Mn?* 0,25 Bi® 1,00
Co** 0,54 Fe3* 1,00
Pb?* 0,70

Obnapyscenue KamuoHos
BosibmIMHCTBO KaTHOHOB 00pa3ylOT HEBUAMMBIE 30HBI, IOATOMY M HX OOHAapyXeHHS
XpomarorpaMmy o0pa0aThIBAalOT pPAacTBOpaMM OpPraHMYECKMX M HEOPraHWYECKUX pPeareHTOB-
MIPOSIBUTEIIEH.
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Kanumnsipom ¢ peareHToM Ui OOHapyXeHHs KaTHOHAa IPUKACAIOTCS TOJBKO K Y4YacTKy
XpoMaTOrpaMMbl Ha BBICOTE€ DPa3MEIICHUS 30HBI JIAaHHOTO KOMITOHEHTa. [losiBlIeHHEe XapakTepHOM
OKpPACKH MOJTBEPKIAeT MPUCYTCTBUE KaTHOHA B HcCcienryeMoM pactBope. [lpu oOHapykeHUH MOHOB
Maprasiia, kodanbTa U XpoMa He0OXOIUMO COOJIIOIATh CIICAYIOIINE YCIOBUS.

Obnapysicenue kodbanbma. Ilpy BEINOTHEHUHN PEaKIMKU Ha KOOAIbT HEOOXOAUMO YUUTHIBATh, UTO
kommiekc  Co(SCN),~  HEyCTOHuMB, MMOSTOMY PEKOMEHLYETCS BBOAMTH OOJBIION H3GBITOK
ThonManara. g mposiBIeHHUS 30HBI, COJAEpKalied KoOandbT, Ha OMpPENETICHHBIH y4acTOK
Xpomarorpaduyeckoi MoJI0CKH HAHOCAT Karuiio HackimeHHoro pactBopa NH4SCN u kammo anerona.
OO0pazyeTcs MATHO CUHETO 1IBETA.

Obnuapyoicenue xpoma. Oxucnsarot xpom (III) B xpom (VI). [ns 3Toro roroBat B mpoOupKe
OKHUCIIUTEIBHYIO CMeCh: K Karuie 2M pactBopa NaOH mpubasmsirot karumo 3%-Horo pactBopa HyOs.
Kamio, cMecu HaHOCAT Ha y4acTOK XpOMAaTOrpaMMbl, COOTBETCTBYIOIIUN pa3MEIEHUIO 30HBI XpoMa,
Y IpUOABIISAIOT KAaIUTIo pacTBOpa OeH3uanHa. B mpucyTcTBUM Xpoma MATHO CHHEET.

O6napyxenue maprania. COOTBETCTBYIOIIMH YYacTOK Xpomarorpammbl oOpabaTwiBaroT 2M
pactBopom NaOH. OGpasyromuiics Mn(OH); GsicTpo oKuCIIETCS KUCIOpoaoM Bo3ayxa min HyO;
10 MNO(OH),. Ilpu nobaBneHun pacTBopa OCH3MIUWHA MATHO chUHEeT, Tak kak MnO(OH), okucisier
OCH3U/IMH.

OnbiT 1. Pa3nenenye NvOHOB Cu’" u Fe*',

Marepuanbl 1 000opy/i0BaHue:
1. 0,1M pactBop rekcanuanodeppara (I1) kamus
2. Hacwimennsiii pactBop cmecu mutpata meau (I1) u mutpara xenesa (I11).

Xoa padoThbl.

W3 xpomatorpadpuueckoil mim (GuibTpoBaibHON Oymaru BbIpe3aTh IMOJIOCKY LIMPUHON 2 ¢M U
ot 10 cMm. Ha pacctosHun 1cM OT HMKHEro Kpasi KapaHAAllloM IO JIMHEHKE MPOBECTH TOHKYIO
JMHUIO (TaK Ha3bIBAEMYIO JIMHUIO CTapTa). B IIEHTp JMHMM C MOMOIIBIO TOHKOTO KaNuuisipa HAaHECTH
pactBop, cozepxaruii katronst Cu®* i Fe®'.

Buumanwue! Jluamerp nstHa He JOJKEH MPEBHILATH 3-4 MM.

Bbymary nmoacymuTh Ha BO3AYyX€ M 3aKpEMUTh C MOMOIIBIO JIByX COECIUHEHHBIX PE3MHOBBIMU
KOJIEYKaMH CTEKJISIHHBIX MaJIOYeK M OIMYCKAIOT B CTAKaH C TUCTUIUIMPOBAHHON BOJIOM, KaK OKAa3aHO Ha
pUCYHKeE 2.

Cro#t BofbI B CTakaHe JOJKEH ObITh paBHBIM 1-1,5 cM, TiyOMHA MOTpY>KEHHs MOJIOCKU 2-3 MM.
[Tocne monHATHA BOABI HAa 6-7 CM IOJIOCKY BBIHYTh M3 CTakaHa M KapaHJIalIOM OTMETHUTbH JIMHUIO
M0JIbeMa PACTBOPUTENS (Tak Ha3zbiBaeMas JIMHUA GpoHTa). llodydyeHHYI0 XpomaTrorpamMmy BBICYIIHTH
Ha Bo3ayxe. s oOHapyXKeHMs Pa3/IeleHHBIX 30H KaTHOHOB MEIM U JKele3a MOJOCKY CMOYHUTH M3
nyJabBepusaTopa pactBopoMm rekcarranodeppar (II) kanus.

OTMETUTh YHUCIIO M OKpacKy 30H. M3MepuTh paccTosiHME OT IEHTpa Ka)J0H 30HBI 0 JIMHUU
crapTa. Pe3ynbpTarhl 3anucaTth B 71a00paTOPHOM KypHAJIE.

OBPABOTKA PE3VJIbTATOB 1 BBIBO/IbI
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+ + 2+
OnbIT 2. Pa3nesenye cMec MOHOB Cu® . Co’" u Ni%*,

Marepuanbl u 000py10BaHHe:

1. Aueron

2. HachlileHHBbIi CIUPTOBBIM PacTBOP THOLMOHATA aMMOHHUS
3. Konu. HCI; 1M pactBop rexcanmanodeppara (1) xanus
4. 1% cnupToBbIi pacTBOP AUMETHITIMOKCUMA

5. 6M BoaHBIN pacTBOp aMMHaKa

Xoa paéoThl.

N3 xpomarorpaduyeckoit wim GUIbTPOBaILHON Oymaru BbIpe3aTh MOJOCKY IIUPUHOM 2 cM U
mHoit 10 cm. Ha pacctosHun 1 cM OT HMKHETO Kpasi KapaHJAIIoM IO JUHEHKe MPOBECTH TOHKYIO
JMHUIO (TaK Ha3bIBaEMYIO JIMHUIO CTapTa). B IIEHTp JMHUU ¢ TOMOIIBIO TOHKOIO KamWuIspa HaHECTH
pactBop, coaepxamuid katnonsl Cu2+, Co2+ u Ni2+.

Buumanue! JlnameTp naTHA HE TOJDKEH MPEBBILATE 3-4 MM.

bymary noacymuTs Ha BO3yXe U OIYCKAlOT B LIMIMHJIP C PaCTBOPUTENIEM (CMECh, COJeprKallas
8 % koH1.HCI, 5% Bobl, 87% anerona). Croii pacTBOpHUTENs B LUJIUHAPE AOJDKEH OBITh PaBHBIM 1 -
1,5 cm, rmyOuHa norpyxeHus: nojgocku 2-3 mm. Ilocne moausATus pacTBOpUTeNs Ha 6-7 CM IMOJIOCKY
BBIHYTh M3 CTaKaHa U KapaHJaIllOM OTMETUTH JIMHUIO MTOIbeMa PacTBOPUTEIIS (TaK Ha3blBaeMasi JINHUS
¢ponTa). [loaydeHHy0 XpoMaTorpaMmy BBICYIINTh Ha Bo3ayxe. [l oOHapyKeHus pa3feeHHbIX 30H
KaTHOHOB MeJH, KoOanbTa M HUKeNIs OymMary CMOuYuTh M3 IyJbBEpU3aToOpa pacTBOpamMu
COOTBeTCTBeHHO TrekcanuaHodeppar (II) kamus, THonmoHaTta aMMOHHUS (HACBHILIEHHBIH PAacTBOp) U
CIMPTOBOrO pacTBOpa AUMETUWITIMOKCHMA C TapaMyd aMMHUaKa.

OTMeTHUTh BBICOTY M OKPACKy 30H. MI3MepUTh paccTOSHHE OT LIEHTpa Ka)XJAO0W 30HbI J0 JIMHUU
crapTa. Pe3ynbTarhl 3anucaTh B 1a00paTOPHOM KypHale.

OBPABOTKA PE3VJIbTATOB 1 BBIBO/IbI
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Pasnesienne u oOHapy:KeHHMe HMOHOB MeTOA0M KOJIOHOYHOM pacnpeaeJuTe/JIbHOI
xpomaTtorpadpuu

2+ 2+
OunbiT 3. Pazgeaenne nonos Cu”', Co™".

Marepuanbl 1 000py/i0BaHue:

1.0Okcun amomunus II-III crenmenu aktuBHOcTH TOo bpoxmany (mis xpomaTtorpaduueckoit
KOJIOHKH)

2. Haceimennbie pactBopsl HUTpaToB kKodanbTa(ll) m memu(Il).

Xox padoTsbl
Uepe3 xpomaTtorpaduyecKkylo KOJOHKY, 3alOJHEHHYIO OKCHUIIOM AalFOMUHUSA, MPOIYCTHUTh
CMECh, COJEPIKAIIYI0 PACTBOPBI HUTPATOB KoOanbTa U MeAu. OTMETUTh 00pa30BaHHE OKPAIICHHBIX

30H U uX 1BeTa. HabmoneHus 3anucaTh B J1aDOpaTOPHBIN KypHAJI.

OBPABOTKA PE3VJIbTATOB 1 BbIBO/IbI

Pa3nesienue u 00HapykeHHe HOHOB MeTO00M KOJIOHOYHOM 0CaJ04HOil XpomaTorpaduun

OnwiT 4. Paznenenne nonos Ag’, He’', Pb>",

Marepuanbl n 000py10BaHHe:

1. Oxcun amomunusa II-1II crenenn axktuBHOCTM 1O bpokmany (ans xpomaTorpaduueckoi
KOJIOHKH)

2.0,01% pacTtBopsl HUTpaTOB cepedbpa, pryTH (II), cBuHIA(I])

3. 0,5 M pactBop KI

Xoa padoThl.
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Uepes xpomarorpauyeckyio KOJOHKY, 3alOJHEHHYIO OKCHUJOM ATIOMHUHHUS U HOIUIOM Kaus
(0,5 mMr-skxB Ha 1 T HOCHTEJS), HPOIYCTUTh CMECh, COJIEPKAIIYIO 110 1 MJI pacTBOpPOB HUTpaTa cepebdpa,
prytu (II) u cBunma u 20 mi1 Bojwl. [Ipu 3TOM 00pa3yroTCst OKpaIieHHbIE 30HbI HOIUIOB Pa3aesIeMbIX
HOHOB, IIPUYEM BEPXHSA — JKeNTas- Hoaus cepedpa; CpeiHssl — OpaH)KeBas- oAU PTYTH, @ HUKHSIS —
KEJIThIN- HOK/ CBUHIIA. 3aMKUCaTh B )KyPHAJ I[BETa 30H U CBOM HAOIOICHUS.

OBPABOTKA P3YJIbTATOB U BBIBO/IbI:

Onovim Ne 5. Xpomamozpaghuueckoe pazoeienue uonoe Cu’" Fe*" Co?

Mamepuanwt u 0od60opyoosanue:

1. [TpoOupka, nurmerka

2. Xpomarorpaduieckasi KOJIOHKA,

3. PactBop cynbdarta menu CuSOy,

4. Pactop xmopuna xene3a(Ill) FeCls
5. PactBop xnopuna kobansta CoCls.

Xo0 padbomeur.

Hanefite B mpoOupky mo 5 Kamenb pacTBOPOB COJIEe Menu, *kene3a u kobanbra. Buectn 5-7
Karenab MPUTOTOBIEHHOW CMECH CONiel B XpoMmaTorpaduuecKkyro KOJOHKY, 3aMOJHEHHYIO OKCHIOM
amoMunusi. Uto nabmonaercsa? HapucyiiTe KOJOHKY M M300pa3uTe MOCIEI0BATEIFHOCTh aJCOPOITUN
HOHOB.

Cnenaiite BBIBOA M OOBSCHUTE TOITYYEHHYIO MOCIEIOBATEIBHOCTD aJCOPOIMU KaTHOHOB.
JlaiiTe Ha3BaHME JaHHOMY BUJY a/ICOPOLIMH.

OnbiT Ne 6. Xpomartorpadus Ha Gymare

Martepuansl 1 000py0BaHue:
1. bymara xpomarorpaguueckas
2. IIpoOupka, nunerka

3. PacTBOp KOHTO KpacHOTO,

4. PacTBOp MH/IUTO KapMUHA.

Xon paborsr:

1. Haneiite B mpoOUpKy MO TpU Kameild KOHIO KPacHOro M MHAMIO KapMHUHA, IepemeranTe. 2.
Hanecute mnumeTrkoil oJHy Kamuio cMecH Ha Xpomartorpadadeckyro Oymary u 1 Karmio
TUCTUIUTMPOBAaHHON Bonbl. Uto Habmomaercsa? 3. ChenaiiTe BBIBOJ W OOSICHUTE HAOIIOIaEMOE
apneHue. JlaiiTe Ha3BaHUe TaH-HOMY BHUJY aJCOPOLIMU U XpoMaTorpaduu.

103



Bomnpocsl k 3amuTe padoThl

1. [Tepeuncnute OCHOBHBIC ATAllbl METOJUKH XpoMatorpaduu Ha Oymare U B TOHKOM CJIO€.

2. Ilouemy npu xpomarorpaduu Ha Oymare MpH Nepexojie K KaKJOMy HOBOMY dTaly METOIUKU
CIIEYeT BBICYIIMBATH MOJIOCKY Oymaru?

3. Tlouemy mosiocky OyMaru HOMEHIAIOT B XpPOMaTOrpaHUuUecKyl0 Kamepy TakuM 00pazom,
YTOOBI MSATHA HAHECEHHBIX P00 HE MOTPYKAIUCH B KHUIKOCTh?

4. Ilox neiicTBHEM KaKuX CUJI IIepeMelIaeTcs noiBmxkHas ¢aza B xpomarorpaduu Ha Oymare?

5. Hanmmmmre ypaBHEHUs peakIuid, JeKamux B OCHOBe oOHapykeHus nonos meau (1) u xenesa

(.

3aganus 11 CAaMOCTOATEILHOM PadoThI

KoHnTpoJibHbIE BONIPOCHI:

1. CymHocTs Xpomarorpaduu u kiaccupukanus XxpoMaTorpahuyeckux METO10B.

2. ['a30Bast 1 KHUJIKOCTHAsE XpoMaTorpadusi.

3. KonoHouHast U NI0CKOCTHas XpoMaTorpagus.

4. DmoeHTHas (MIposBUTENbHAsE) Xxpomarorpadus, e€ mexaHmsMm u kuHetuka. Kosdduuument
pacripesieneHusl.

5. CymrHocTh aacopOIuoHHOM Xpomarorpaduu.

6. IlpuBenute mnpuMepsl HCIOJIB30BAHUSA XPOMATOrpaUYecKUX METOAOB B MEIMIMHE U
Onosnoruu.

IIpuMepsl pemieHus 3a1a4.

3aoaua 1. Tlpu pa3geneHud CMECH JHMNHAOB Ha IUTACTMHKE C CHUJIMKArejaeM IMOJYyYeHBI
YeThIpe TMATHA, PAcCCTOSHUE KOTOPBIX OT JUHHUM crapta paBHbL: a) 1,2 cM; 0) 2,5 cM; B) 6,4 cM; T)
7,2 cm. Ilyte, mpoiineHHbId pacTBopuTeneM, paBeH 11,6 cm. Waentudunupyiite nsaraa
XO0JIECTEpUHA M CTEapMHOBOM KHCIOTHI Ha XpoMmMaTorpamMme, €clid HWHAEKC yaepkKuBaHus R
XOJIECTEPUHA M CTEapUHOBOW KHCIOTBI B CMECH BOJA - CMEUIAHHBIM OPraHWYECKHH PACTBOPUTEID
paBubl cootBercTBeHHO 0,103 u 0,560. Kakoif M3 KOMIIOHEHTOB CMECH JIMIHJIOB O0Jsee MoyispeH?
OTBeT MosICHUTE.

[ano

L]_: 1,2 CM

Lo=2,5cMm

Ls=6,4 cMm

Ly=72cmMm

Lpacts.= 11,6

Rcreap. k-161=0,560

Rx071.=0,103

Hoenmuguuyuposams na xpomamozpamme NAMHA XO0J1eCMEPUHA U  CHEAPUHOBOU
Kkucnomol. Kakou u3z komnonenmoe oOonee nonasapen ?

Pewenue.

WNunekc ynepxuBaHus R paBeH OTHOILIEHHWIO TYTH, MPOMJEHHOTO BEIIECTBOM OT JIMHUU
cTapTa, K MyTH, MPOHACHHOMY pacTBoputTeneM. J[JIs KaXJa0ro W3 YeThIpeX ISTEH PAacCUMUTHIBAIOT
R mo cootBercTByroMIEi hopmye:

Ri=1, 2/11, 6 =0,103
R, =7,2/11,6 = 0,620
R; =6,4/11,6 = 0,552
R, =2,5/11,6 = 0,216

[Ipn cpaBHEeHMHM pacCUMTaHHBIX 3HAUEHUN WHJEKCOB YICPKUBAHUSA C HHICKCAMU

YAEPKUBAHUS 10 YCIOBUIO 3a/1aud, MOXHO CKa3aTh, 4To msATHO ¢ R1=0,103 cooTBeTCTBYET 3HAUEHUIO
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R =xomecrepmna wu, crnemoBarenbHO, MNpPUHAICKAT eMy. I[lo anamormm 3HadeHume R3=0,552
MPUHAJIEKAT MATHY CTEAPUHOBOW KHUCIOTHI, 3HaueHHMe R koropoil paBHo 0,560 (310 paznuune
HE3HAYUTEIIBHO).

Cunukarens SIBISICTCS TOJSPHBIM  aJICOPOCHTOM U (UKCHPYET TOJSIPHBIN pacTBOPUTEIH —
BoAy (HemoaBwxkHYI (asy). ITlomspHoe BemECTBO JIydlille pacTBOPSCTCS B IOJSPHOM
pacTBOpUTENIC, YeM B HEMOJISIPHOM OPraHUYECKOM PACTBOPHUTENE, KOTOPBIN SIBIISETCS IMOJABHKHOM
($a3zoi, MOITOMY XapaKTepU3yeTCs MEHBIIMM 3HayeHneM R. B Hamem ciydae 3HaueHue R
MEHBIIIC y XOJECTepUHA U TI0ITOMY XOJIECTEpPHH OOJee MOJSIPEH, YeM CTeapuHOBAs KUCIIOTA.

3aoaua 2. Pacnonoxwure katnoHel coseii CaCly, NapSO4, KCI, FeCls, LINO3 B psa mo
YBEIUYEHHIO CNOCOOHOCTH mornomarbes ux H'— gopmoii kaTmoHMTa M3 BOAHBIX pacTBOpoB. Kak
WU3MEHUTCS TOT PSIJl, €CIIM PACTBOPUTETH OynyT ci1abo MOJISIPHBIMU?

Pewenue.

AncopOuroHHas CIOCOOHOCTh MOHOB 3aBUCUT OT BEJIMUMHBI 3apsAnaa U paauyca. Uem Oosblie
3apsi] WOHA, TEM CHIbHEE OH TMPOSIBISIET CIIOCOOHOCTh K HMOHHOMY oOMeHy. [l noHOB
OJIMHAKOBOTO 3apsifia MaKCUMAJIbHYI0O HOHOOOMEHHYIO CIIOCOOHOCTH MPOSIBISIIOT T€ HOHBI, PaHycC
KOTOPBIX B THUIAPATUPOBAHHOM COCTOSHUM MEHbIIE. [l03TOMY CIIOCOOHOCTH TOTJIOIIATHCS
KaTHOHUTAMH U3 BOJHBIX PACTBOPOB BO3pacTaeT B psay HoHOB: Li'< Na'<K'< Ca’'< Fe*

B cmabo moMspHBIX pPACTBOPUTENSIX HANO YYHUTHIBATH PAANYC HECOJBBATHPOBAHHBIX MOHOB,

H03TOMy CHOCO6HOCTB HOHOB IIOTJIOIAThCA KAaTHUOHHUTAMU BOSpaCTaCT B CJ'ICI[YI'OH_IGM pﬂ,[[y: K+<
Na‘< Li*< Ca**< Fe®*

3apauya 3. Ha turpoBanue 0,50 r BO3AYIIHO-CYXOr0 CHJIBHOKHCIOTHOTO KAaTHOHHTA C
cynbpataeiMu Tpynnamu — SOsH momwto 25,5 mn 0,100 M pactBopa ruapokcuia HaTpHUs.

Boruuciure oOMEHHYIO €MKOCTh KaTMOHUTA, €CJIM MaccoBas JOJds BOJAbI B 00pasie
cocrasisieT 8%. Paccuuraiite:

Jano:

m=0,50r

V(NaOH)= 25,5 mn

C(NaOH) = 0,100 M

w(H,0) =8 %

OE -?

Pewenue

O6menHyto eMkocTh HOHUTOB (OE) XapakTepus3yroT KOJUYECTBOM SKBHBAJIEHTOB (MMOJIb)
aKTUBHBIX  TIpynn (WIM HPOTHMBOMOHOB), COJEpXkaluxcsi B | I' CyXOro HMOHUTa M CHOCOOHBIX
0OMEHUBAThCS B pPAacTBOpPE HA HKBUBAJEHTHOE KOJIMYECTBO MOHOB TOTO K€ 3HAKA.

1. Peakiust HOHHOTO OOMEHa MPOTEKAET M0 YPAaBHEHHIO:

R-SOzH + NaOH < R —SO3zNa +H,0

U3 5Toro ypaBHEHMs BHIHO, uTO OOMeH mpoucxomuT Mexay H'm Na'B sKBHBaneHTHBIX
konmyecTtBax. CrenoBarenbHo, konudectBO NaOH paBHO konmuectBy moHoB H+, copeprkamuxcs B
CYXOM KaTHOHHTE.

2. HaxonsaT maccy cyXxoro KaTHOHMTA:
m(cyxoro KaTuoHUTa) = m(katuoHuTa)x w(karnonura) = 0,5x0,92 = 0,46(r)
3. PaccuuteiBaroT OF kaTHOHUTA, HCXOJS U3 €€ ONPEACIICHUS:

OE = n(H") / m(cyxoro karmonura) = C(NaOH)*V(NaOH) / m(CyXoro KaTHOHHTa) =

=25,50,100/ 0,46 = 5,54 (MMOIIB/T)
OtBeT: 5,54 MMOIIB/T.
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3agaun.

1.1,00 r cyxoro karuonuta B H' — dopme 3amumu 100 mn 0,10 M pactBopa NaOH. Ha
tuTpoBaHue 10 MJI PaBHOBECHOTO pacTBOpa, COJEPXKAIIETO H30BITOK HEMPOpearupoBaBIICH ¢
nonutoM mienoun, mnomuio 4,8 ma 0,10 M pactBopa HCI. Paccuumtaiite OOMEHHYIO €MKOCTH
KaTUOHUTA.

Ot1BeT:5,2 MMOJIB/T HOHHTA.

2. Ha turpoBanue 0,4 r anmonuta, comepxkamero rpynmnsl —OH, momuto 20,8 wmur 0,01n
pacTBopa COJISHOM KHUCIOTBL. PaccuuTaiite 0OOMEHHYIO €MKOCTHh KATHOHUTA aHUOHHTA B MMOJB/T.

3. Paccumrarp Rf (ko3ddunment pasgenenus) mias 3-X OKpPAIICHHBIX BEIIECTB IPHU
XpoMarorpaupoBaHUK UX Ha MJIACTUHKE B 3aKPEIICHHOM CJI0€ CHIIMKAresIs MO CJICIYIONTUM JaHHBIM:
paccTostHue 10 LIeHTpa 3-X MATeH OT CTapTOBOM JIMHUM COOTBETCTBEHHO paBHO: 3,0 cM; 5,8 cm; 7,6 cM;
paccTostHUE OT CTAPTOBOM JIMHUM JI0 IMHUM (PpOHTA pacTBOPUTENS paBHO 15 cMm.

TecroBBIC 3aJaHNA:

1. Memoo xpomamoepaguu 611 omkpoim.
a) ['eiipoBckuM

0) LlBeTom

B) ['eii-JItoccakom

r) MUHIITYTKUHBIM

2. Xpomamoepadghus — 5mo memoo:
a) pazzeneHus

0) KOHIICHTPUPOBAHUS

B) MaCKHUpPOBAHUS

T) pa3fefieHusl U KOHIIEHTPUPOBAHUS

3. Xpomamoepaghuueckue pazoenenust UCnoIb3yiom 8:
a) KOJIMYECTBEHHOM aHaJu3e

0) KaueCTBEHHOM aHaJIN3e

B) M B KAYECTBEHHOM M B KOJIHMYECTBEHHOM aHAIIN3e

4. Bce xpomamoepagpuueckue memoovl 0CHOBAHYL:

a) Ha MHOTOKPAaTHOM TMOBTOPEHUHU aKTOB COPOLIUU U 1eCOpOITU
pa3aensieMbIX BEIIECTB

0) Ha pa3MTUYUH B CKOPOCTSX MEPEABIKEHUS OTIETbHBIX KOMIIOHEHTOB
CMECH B TTOABMKHOM (aze

B) Ha pa3IU4MU B pa3Mepax MOJEKYI pa3eisieMbIX BEIIECTB

F) Ha pasjindvu B CTCIICHU PACTIPCACICHUA pa3aCIsICMbIX BEIICCTB
MEX1y TIOJIBMKHOW U CcTallMOHapHOU (azamu

5. Xpomamoepaguueckue memoowt kraccugpuyupyrom no.

a) arperaTHOMY COCTOSIHHIO CPEJIbl U MEXaHU3MY TMpolecca pa3ieeHHsI

0) arperaTHOMY COCTOSIHUIO ¥ (pOpMe TIPOBEICHHUS XpOoMaTorpaguuecKoro mpoiecca

B) MEXaHH3MYy Ipoliecca pa3/iesieHus 1 popMe MPOBEeICHHs XpoMaTorpad)uueckoro mpoiecca

') arperaTHOMY COCTOSIHUIO CpE/ibl, MEXaHU3My U (opMe MPOBEICHHUS XpOMAaTorpaduyeckoro
nporiecca pasaeieHus

6. Ycmanosume coomeemcmesue mexncoy NPUHYUNOM KIACCUDUKAYUU U Xpomamozpaghuyeckum
MemoOOM, OCHOBAHHOM HA HeM

a) cpena 1) KoJOHOYHAs, KaMMIUIIpHAs
0) MeXaHHU3M pa3JIeJICHH 2) razoBasi, >KUJIKOCTHAs
B) (hopma mpoBeeHUs 3) MoseKyJIsipHast, HOHOOOMEHHas
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a- 1 0- ! B-

7. Pazoenenue sewecma 6 d1cuo0kocmuou adcopoyuoHHou xpomamozpaguu 00ycioeiueaemcs

a) oOpaTUMbBIM OOMEHOM HOHAMMU:

0) pa3nuuusAMU aICOPOIMOHHBIX CBOHCTB KOMIIOHEHTOB

B) pasIUYHBIM  paclpeleleHHeM  XpomarorpaupyeMbIX  BEHIECTB  MEXAY  JBYMs

HECMCIINBAOIINMUCA X KUIKOCTAMU

T') Pa3TUYHON PACTBOPUMOCTBHIO KOMIIOHEHTOB CMECH B HETIOJIBMXKHOM (haze

8. Ilo mexanusmy e63aumooelicmeuss copbenma u copbama paziudarom ciedyroujue suovl

Xpomamoepaguu:

a) HOHOOOMEHHas

0) appunnas

B) TelIb-(PruTbTpaIiyst
I') TOHKOCJIOMHAs

9. Konuuecmeenno cmenenv pacnpeoeieHus pazoensieMblX 8eujecms mMexcoy CmayuoHapHou

U nOOBUNICHOU (hazamu (Ko3phpuyuenm pacnpeoenenus) ulpadcaemcsi:

daze

a) COOTHOILUEHHUEM CKOPOCTEH IEpEeMEILEHUsl Pa3INYHbIX KOMIIOHEHTOB CMECH B IOABH)KHOMN
0) COOTHOIIEHNEM KOHIICHTPALMI BEI[eCTBA B CTALIMOHAPHOMN M OJBMKHOM (hazax
B) KOHLIEHTpAIMel BEIeCTBa TOJIbKO B ITOJBUXKHON (ase

I') KOHIIEHTPAIMEH BEIIeCTBA TOIBKO B HETIOABIKHON (haze

10. Kosghgpuyuenm pacnpeoenenus Rf pasen:

L

Rf:T
a)

I

6) Rf :E

L

B)Rf :ﬁ

11. Pazoenenue geujecms no cmenenu cpoocmea K pacmeopumeinto XapakmepHo OJis.
a) reiap-dIeKkTpodopesa

0) OymaxkHOI Xpomarorpaduu

B) YABTPAaLEHTPUPYTUPOBAHUS

r) reib-huabTpanuu

12. Tonxocnounas xpomamozpagus 1611emcs YacmHbIM CLyYaem Xpomamozspapuu:
a) OymMakHOM

0) MIaCTHHOYHOU

B) KOJIOHOYHOM

13. Bymaowcnas xpomamoepagus Oomuocumcsi:
a) pacrpeeuTeTbHON

0) KOJIOHOYHOH

B) KallWJUIIPHOU

C) ra30BOM

14. Ha kxaxom ceoticmee eeuyecms 0CHOBAHA Xpomamozpaghusi:
a) TUapaTauu

0) copOrmu

B) OCaXJIECHUH
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C) IIIOUPOBAHUH

15.  Xpomamoepaghus, O0CHOBAHHAS HA UCHONL30GAHUU PA3IUYUll 6 KOIPPuyuenmax
pacnpeoeiieHusi  pazoesieMbiX KOMHOHEHMO8 MedHcOYy NOOBUNCHOU U  HenoOdBUIICHOU (azamu,
npeocmassaouell cooot HCUOKOCmb, 3Mo:

a) pacmpenenuTenbHas Xxpomarorpadus

0) noHOOOMEHHas Xpomarorpadus

B) ajcopOLnOHHast XpoMaTorpadpus

¢) xeMuxpomarorpadus

16.  Xpomamocpagus, ocHO8aHHAA ~HA  UCNOAL30BAHUU  HEOOUHAKOBOU  CHOCOOHOCMU
pazoensieMvlX KOMHOHEHMO8 6CMYNnamv 6 Ccheyuguueckoe 63aumMoO0eicmeue ¢ Nno8epXHOCHbIO
aocopbenma - HenoOBUNCHOU azvl — 3a cuem adcopoyuu, Smo.

a) pacmpenenuTenbHas xpomarorpadus

0) moHOOOMEHHas XpoMaTorpadus

B) afiIcopOIMOHHAas XpoMaTorpadus

) xemuxpomarorpagus

17. Ilo npunyuny e3aumooleicmeus pazoensemvlX KOMNOHEHMO8 CMeCU CO CMPYKMYPHbIMU
KOMNOHEHMAMU HenoOBUNCHOU ha3bl BblOETAIOM XPOMAMOSPaAPUio:

a) ahUHHYIO

0) pacrpenenuTeNbHYIO

B) TOHKOCIIOHHYIO

r) aCOPOIIMOHHYIO

1) KOJIOHOYHYIO

¢) IpernapaTuBHyIO

) 0CaI0UIHYIO

18. Ilo pacnonosicenuro Henoo0BUNICHOU azvl 8b1OEIAIOM XPOMAMOZPAPUIO:
a) KOJIOHOYHYFO

0) OyMaKHYIO

B) MpenapaTuBHYIO

T) aHATUTHYECKYIO

1) TUTOCKOCTHYIO

19. Ilo cgpepe npumenenus gvioenarom xpomamozpaghuio:
a. OcazouHy1o

6. [IpenapaTuBHyIO

B. TOHKOCIOWHYIO

r. Pacnipenenurensayro

1. AHATUTHYECKYIO

e. Paznenurensuyro

XpoHomeTrpax:

2 4acoBOIo0 3aHATHS:

Opranu3alnOHHbIA MOMEHT — 5 MUH.

Ompoc — 40 muH.

[TosicHeHust K BBINOJIHEHUIO PabOTHl — 20 MUH.
Brinonnenue u opopmieHue paboTel — 25 MUH.

1 yacoBOro 3aHATHA:

N3noxenue HoBoro marepuaina — 40 MuH.
ITpoBepka paboT U 3a1aHUE HA IOM — 5 MHH.
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OTBETHI K TECTAM IO MPOVMJIEHHOMY MATEPHUAJIY:

Teopernueckue 0CHOBBI KOJMYECTBEHHOI0 aHAIM3a. MeTOAMKA NPUTOTOBJIEHHs padoyero
U CTAHJAPTHOI'0 PACTBOPOB IS THTPUMETPHYECKOIr0 aHAIN3Aa.

1-6;2-B, 1, 11, €; 3- a; 4- B; 5- a; 6- 0; 7-1; 8-0; 9-B; 10- 0; 11- a; 12-a; 13-, 14- a; 15- B; 16- B;
17-B; 18- 6; 19- B; 20- 6, a.

110



MeToa KHCJIOTHO-OCHOBHOTO THTPOBAHHS.
1-0; 2- ...; 3- 0; 4- m; 5-0; 6- B; 7- B; 8-0, B, T; 9- B, T; 10- O, B; 11- B; 12-B; 13- B; 14- 6; 15- B;
16- a; 17- a; 18- a; 19- B; 20- a.

Komnuiexkconomerpusi. KoMmmiiekcoHoMeTpuuecKoe TUTPOBAHHE.
l-a; 2-B,1; 3-a;4-0, B; 5-0; 6-a; 7-a,B,¢; 8a, 0,B;9-8;10-06, 1; 0, €; 11- B; 12-0; 13- B; 14-
0,B; 15-B; 16-a; 17- B; 18-a, 0, B; 19- B; 20- B.

OKHCJINTEILHO-BOCCTAHOBUTE/ILHOE TUTpoBaHue. [lepMaHranaTomerpusi.
1-0; 2- B; 3- 06; 4-1; 5-a; 6- 06; 7- a; 8- B; 9- 0; 10-B; 11- 0; 12-a; 13- a; 14- a; 15- 6; 16-1; 17- B;
18- a; 19- B; 20- 6.

Honomerpus.
1-a; 2-1; 3-a; 4- a; 5-0; 6- 0; 7- 0; 8- B; 9- a, B; 10- a; 11- B; 12-1; 13- 6; 14-1; 15- 6; 16- a; 17-
a; 18- 0; 19- B; 20- 6.

IKeTpaKuus
1-B, 1, 2-2,0;, 3-B, 0, 4- 0; 5- B; 6-T; 7- B; 8- a, 0; 9- 0, B; 10-0; 11- B; 12-1; 13-B; 14-6; 15- B;
16-r;17-8;18-1

Xpomarorpadus

1- 6; 2-1; 3- B; 4- 6; 5-1; 6- a-2, 6-3,8-1; 7- 0; 8- a, 0, B; 9- 0; 10-0; 11- 6; 12-6; 13-a; 14-0; 15-
a; 16-B;17-a,0,r;18-a, 1;19-0, 1

111



