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Teopernyeckas 4acTb Kypca COCTOMT M3 psAlla BaXHEHIINX TEM, U3y4YEHHUE
KOTOPBIX JIOJDKHO MPEAIIECTBOBAThH JIA0OPATOPHBIM pabOTaM MO AHAIUTUYECKON
xumun. [lpu u3ydeHuu Teopuu, MPeayCMOTPEHHON MPOrpamMmoi, HEOOXOIUMO
pemarb 3a1a4, IPUBEACHHbBIE B COOTBETCTBYIOIIMX pa3/ieliax PEKOMEHIOBaHHOM
JUTEPATYPBHI.

JUIss npoBepKH MPOYHOCTHM YCBOCHHS MaTepHalla B KaXIOM pasfene
MPUBEAEHBI BOMPOCHI JIs1 «caMonpoBepkm». HoMep BapumaHTa — 3TO cymMma ABYX
nociaeAHux uudp auuHoro mudpa, ecau cymma oomeie 10, To U3 Hee cienyer
BbiuecTh 10. Hampumep, Bam mmdp 12095, cymma aByx mocieaHux nudp paBHa
14, 3Hauyut cienpoM BeiuuTaeM: 14-10=4. Takum oOpa3oMm, BBIMOJIHSAETCS BapUaHT
4. OTBEeTHl Ha KOHTPOJBHBIE BOINPOCHl U 3aJa4l JIOJDKHBI OBITh KPATKUMH, HO
TOYHBIMH M SICHBIMU. YPAaBHEHHUS PEAKLUUN HANO MHUCATh B MOJIEKYJSIPHOU U
noHHoW (opmax. Tam, rme 3T0 HEOOXOIMMO, yKa3bIBailTe (PU3UKO-XUMUYECKUE
KOHCTAHTBhl JIUCCOLMAIIMU W YCTOWYMBOCTH, TPOU3BEIAECHUE PACTBOPUMOCTH,
CTaHJApPTHBIE PEIOKC-TIOTCHIIMAIbl W JPYrUe XapaKTePUCTUKU COCAUHEHUH,
KOTOpBIE Bbl MOKETE HAWTH B XMMHUYECKUX CIIpaBOYHUKax. [Ipu pemenun 3amad
cleayeT MPUBOAWTH BEChb XOJ pelieHus ux. [locTpoeHue KpUBBIX TUTPOBAHUS
CJIEIyeT BBIMOJHATh HAa MIJIJTUMETPOBOM Oymare. Bce o0o3HaueHust Ha rpadukax
JIETIAI0TCS TOJIBKO MPOCTHIM KapaHAAIlIOM.

BBenenue

AHanuThdeckas XUMHS & — HayKa O METOJaX  KadC€CTBCHHOI'O 151
KOJIMYCCTBCHHOI'O HCCICAOBaHUA COCTaBa BCIICCTBA, Hay4dHasA OCHOBAa
XUMHUYCCKOI'O aHaJIi3a.

Teoperndyeckyto OCHOBY XMMHYECKOTO aHAIM3a COCTABISIET Psl (U3HKO-
XAMUYECKUX 3aKOHOB M MPEXE BCero nepuoanyecknit 3akon /.M. Mennaeneena, a
TaK)K€ OCHOBHBIC TEOPETHUYCCKHE IIOJIOKCHUS OOIMeH XUMHH — TCOpHS
AJIEKTPOJUTUYECKOW  JIMCCOLMAIIMK, 3aKOH JICUCTBHSL MacC, XUMHYECKOE



PaBHOBCCHC B T'OMOI'CHHBIX n TCTCPOIrCHHBIX CHUCTEMAX, BOIIPOCHI
KOMHHGKCOO6pa3OBaHI/I}I, rmapojn3a COJIEH U T.O.

B Hacrosmee Bpemsi aHaIMTUYECKas XUMHSA HCIOJIB3YET MHOTOYHMCIICHHBIE
METO/Ibl, KOTOPbIE MPUHATO MOAPA3AEIATh HA XUMUYECKUE, PUZNKO-XUMUUECKUE U
¢uznueckue. XUMHUYECKHE METOJbl OCHOBAaHbl Ha pA3IMYHBIX  XMUMHUYECKUX
IpEBpPALICHUSIX, KOTOpPbIE MPOTEKAIOT B PacTBOpax U NMPUBOAAT K OOpa30BaHMIO
OCAaJIKOB, OKpAILIEHHBIX COEIWHEHHA WM Ta3000pa3HbIX BewlecTB. Psa meTonos
CUMTAIOTCS KJIIACCUYECKMMH M XOPOIIO IPOBEpPEHBI. [I0CTENEeHHO OHM YCTYINaroT
MECTO HHCTPYMEHTAIBHBIM ((PU3UKO-XUMHUUECKUM U (PU3HUUECKUM) METOIaM.

Kitaccnueckre XMMUYECKHE METOJIbI aHAM3A SIBJISIOTCS CTAHIAPTHBIMU IS
OLICHKM TMpaBWIbHOCTH  ompeaeneHuid. OcHOBHas  00JacTb NPUMEHEHUS
KJIACCUYECKHUX METOJIOB (TPaBUMETPUU U TUTPUMETPUHU) — ONpPeNeSIeHue OOIbIINX
U CpeIHMX KOJMWYECTB BemecTB. HHcTpymeHTanbHbIe, (U3UKO-XUMHUECKHE
METO/BI IO3BOJISIOT MPOBOAUTH KOJWYECTBEHHBIM M KAYECTBEHHBI AaHAIN3 C
OIPEJENICHUEM MAJIBIX U OYEHb MAJIBIX KOJINYECTB BEILIECTB.

Yacrs |
O0mue TeopeTrnyecKue OCHOBBI AHAJIUTHYECCKOH XUMMUH

Tema 1. Ilepuoouueckasn cucmema 3Inemenmos J[.H. Menoeneesa, 3axKon
Oelicmeuss macc. JlunHamuueckoe paeHogecue 6 20MOZEHHBIX Cpeoax,
ouccoyuayus 600vl, 6000POOHDBLIL NOKaA3amensv U Oyghepuvie cucmemol

Ilepuoanueckass cucrema 3jiemeHtToB /.M. MenpgeneeBa. B ananmuTuueckoin
xumMun nepuoaunyeckas cucrema .M. MenneneeBa mmeer OOJbIIOE 3HAYEHUE.
CBoiicTBa »3JIEMEHTOB M O00pa3yeMbIX HMH MPOCTBIX U CIIOXHBIX HOHOB
OINPENENSIOTCS MOJIOKEHUEM DIEMEHTOB B IepuoAndeckoi cucreme. C MOMOUIIBIO
NEPUOINYECKOTO 3aKOHA MOXHO MNMPEABUAECTh XMMHUKO-AHAIIUTUYECKHE CBOMCTBA
3JIEMEHTOB M HMX HOHOB, CHUCTEMAaTHU3HpPOBaTh  OOJBIIOE  KOJIUYECTBO
AHAIMTHUYECKUX PEaKLMi, H3y4YUTh 3aKOHOMEPHOCTb M3MEHEHHUS CBOWCTB
coenuHeHuid. Hampumep, mpu paccMOTPEHUM DJIEMEHTOB TJIABHOW MOATPYIIIIBI
BTOpOU rpymibl neproandeckoi cucremsl (Be, Mg, Ca, Sr, Ba, Ra) Buaum, uto ¢
BO3pAaCTaHUEM pPaJUYyCOB HOHOB YCWIMBAIOTCSI OCHOBHBIE CBOWCTBA U
pacTBOPUMOCTh B BOJE TMAPOKCHIHBIX COEIWHEHUH YKAa3aHHBIX 3JIEMEHTOB.
PacTtBopuMOCTh € Cynb(paToB Kajblus, CTPOHLHUA U Oapusi 3aKOHOMEPHO
YMEHBIIAETCS, YTO ¥ 3aME€YaeM IIPU U3yYEHUH BTOPOM aHATMTUYECKOMN TPYIIIIBI.

3akoH aelictBuA Macc. bosbloe 3HaueHWE B XUMHUKO-aHAIUTHYECKON U
XHMHKO-TEXHOJIOTHYECKON TMpaKTUKE HMEEeT 3aKoH jAehcTBuUa Macc. CKOpoCTh



XUMUYECKON peaknuu sBIseTCa (GYHKIUEH KOHICHTPAIMH PEarupyrommx
BEILIECTB: OHA PACTET C YBEIMYEHUEM KOHIICHTPAIlMU. 3aKOH NEHCTBUS MaccC s
peakiuu A+B«—JI+E dbopmynupyeTcs Tak: ckopocmb XuMuieckou peakyuu npsamo
NPONOPYUOHANBHA NPOU3BEOCHUI0 KOHYEHMpPAayuil peasupyiowux eeujecme npu
npouux pasuvix Ycaoeusx. 3HAs KOHCTAHTY XHWMHUYECKOTO paBHOBECUS U
HAYaJIbHBIE KOHIIEHTPALIMU, MOXXHO PACCUUTATh BCE PABHOBECHBIC KOHIICHTPAILIUU.
[IpumeHsis 3akOH JEUCTBUS Macc IS Tpollecca JUCCOIUAIN  CITa0bIX
AIEKTPOJIUTOB, MOKHO ONPEAETUTh KOHCTAHTY JJICKTPOJIUTHUYECKONW TUCCOLUALINI
U PEMNTh 3aJlayd, CBSI3aHHBIE CO CMEIICHHEM pAaBHOBECHUS MPHU BBEICHHUU
OIHOMMEHHOTO HWOHA. 3aKOH JCUCTBHS MacC IMPUMEHHM Takke IS
XapaKTEPUCTUKN PABHOBECHUS MEXKAY OCATKOM MaJIOPACTBOPUMOTO AJIEKTPOJIUTA U
€r0 pacTBOPOM.

JIlnHaMn4YecKkoe paBHOBecHEe B PacTBOPax. BOJBIIMHCTBO aHATIUTUYECKUX
peaxiuii MpoBOUTCS B pacTBope. Hamnpapienue, CKOpOCTh U IOJTHOTA MPOTEKAHUS
XUMHUUYECKUX MPOIECCOB B PACTBOPAX 3aBUCUT OT YCIOBUM UX OCYIIECTBIICHHUS,
IJIaBHBIM 00pa3oM OT KOHLEHTPAIMM PEArupyrolluX BEIIECTB, TEMIEPATyphbl U
cpeabl. HeoOxoaumMo uMeTh 4eTKOE MPECTaBICHUE O HEOOPATUMBIX U 00OPATUMBIX
XUMHYECKMX peakuusax. I[Ipum cocTaBlieHMHM ypaBHEHUW pEaKUMU B Ciydae
o0paTUMBIX peakIui clieayeT MUcaTh 3HAaK OOpPaTUMOCTH <> , B IPAKTHYECKHU
HEOOPATUMBIX PEaKIUsIX — 3HaK HEOOPAaTUMOCTH —> , @ HE 3HAK PaBEHCTBA.

BoccranoBute B mamMsiTH OCHOBBI TEOPUH CHIIBHBIX U CIA0BIX DJIEKTPOJIUTOB,
MOHATHE O  CTEMEHU  DJICKTPOJUTHUYECKOM  JTUCCOIMAIlMU,  AaKTUBHOCTH,
K03 pUIIEHTe aKTUBHOCTU M HIOHHOM CHUJIE PACTBOPOB.

AxmusHocmvio  WoOHa (a) Ha3bIBalOT A(OPEKTUBHYIO, KaXKYIIYIOCS
KOHIIEHTPAIIMIO €ro, COOTBETCTBEHHO KOTOPOW OH JEWUCTBYET MPH XUMHUYECKHX
peakuusix. OTHOIIEHUE aKTUBHOCTH a K JEHCTBUTENHHON KOHIIEHTpanuu noHa C
Ha3bIBAIOT KO3 uyuenmom akmusnocmu f:

B wmeansHOM pactBope f=1. YUem Ooibllic aKTUBHOCTH OTJIIMYACTCS OT
VMCTUHHOM KOHIIEHTpAllMK, TeM MeHblle Kod(pduimeHT aktuBHOCTH. CocTosHUE
UJICAIBHOIO PACTBOPA MOXKET OBITh JIOCTUTHYTO HpU OECKOHEYHOM pa3BEIECHUM,



nodtoMy f=1 B OGeckoHe4HO pa30aBIEHHBIX pacTBopax, korma C CTPEeMHTCS K
HYJIIO.

PaccmoTpute 3HaueHwe KOIPPHUIMEHTOB AKTUBHOCTH C TOYKUA 3pPEHUS
TepMOAUHAMUKU. M3MEHEHHE BHYTPEHHEH OJHEPIMM BELIECTBA OIpPEHAEIACTCA
U3MEHEHUEM 4YHCJIa YaCTHUIl U DHEPTUU OTAEIbHBIX YACTHULL; MOCIEIHEE OCOOEHHO
IIPOSIBIIAETCS I CUJIBHBIX JIEKTPOJIUTOB.

B pa3baBiieHHOM pacTBOpe M3MEHEHHWE SHEPTUU PAaCTBOPEHHOTO BEIIECTBA
OTNPENETSETCS B OCHOBHOM 3JIEKTPOCTATHUYECKHM B3aMMOJCHCTBHEM MEXIY
MOHAMH, TTOATOMY KOA((UIIMEHT aKTHBHOCTH OTKJIOHSETCS OT €UHUIIBI B CBS3H C
W3MCHCHUEM JHEPTrUU CaMUX YacTUIl. B KOHIIGHTPHUPOBAHHBIX PACTBOpPaxX 3TO
B3aMMOJICCTBUE JOTIOJHSAETCS W3MEHEHHEM 4YHCJIa 4YacTUI[ B CBS3U C
coJibBaTanyeil HoHOB. [IpuueM conpBaTalys 3aBUCHT OT KOHIICHTPAIIUU, TIPH 3TOM
U3MEHSIETCS HE TOJIBKO YHCIIO MOJIEKYJ, COJbBATUPYIOMIUX HOHOB, HO U DHEPTUs
B3aMMOJICUCTBUSI MOHOB C MOJIEKYJIaMH pacTBOpUTENss. Bce 3TO O4YeHb CHIIBHO
MEHSAET BENUYMHY KOA(P(OUIIMEHTOB aKTUBHOCTEW. BenuumHa kod3PuImeHToB
AKTUBHOCTEW YUMUTHIBAET BCE B3aUMOJCHCTBUSI CyMMapHO, HE pa3felisis UX U He
packpeiBass ux Tmpupoxay. KodpduimeHTH aKTHBHOCTEH JIHIIb ITOKA3bIBAIOT
CTETICHb OTKJIOHCHHS CBOMCTB pEabHBIX PAaCTBOPOB OT HJICATHLHOTO (OCCKOHEYHO
pa30aBJICHHOTO).

Teopust pacTBOPOB  BJIEKTPOJIUTOB  PACCMATPUBAET BCE  IMPOLECCHI,
MpOXOAsMEe B Takux pacTtBopax. OCHOBHOW €€ 3JIEMEHT — TEOpHUsi HOHHOM
COJIbBATaLlAH.

HaunbGonee oOmee omnpeneneHwe  coiabBaTalldd — 3TO  SIBJICHHE
B3aMMO/ICHCTBUS YaCTHUIl PACTBOPEHHOTO BEIlleCTBA C pacTBoputTeneM. ['uapararus
— YACTHBIM ClIy4al COJIbBAaTallMH, KOTJAa pacTBOpUTENeM sBisieTca Boxa. [loka He
CYIIECTBYET €IWHOr0O MHEHHS O TMPUPOAE CHUJI COJbBaTalluu. XUMUYECKas
KOHIIENIUS CBSI3bIBAECT COJIbBATALIMIO C XMMHUYECKUMHU IPOLIECCAMU: MEPECTPOIKa
BHEIIIHUX  JJICKTPOHHBIX  OOOJIOYEK BIUIOTH JI0 00Opa3oBaHHs  JOHOPHO-
aKIIENTOPHBIX  CBsi3ell. Du3uyeckas KOHIEMIUS OOBICHSAET COJIbBATALUIO
MOBEJICHUEM MOJIEKYJ pPacTBOpUTEIs (BOIbI) B DJIEKTPOCTATUYECKOM TIOJIC
4acTHUIIbI (MOHA).

[To-BuauMoMy, coJbBaTallMOHHBIE S(PQEKTHl JTODKHBI BKIIOYATh Kak
(GU3MYECKYyI0, TaK U XHMHUYECKYI0 COCTABIISIONIUE, NMPUYEM XUMHUYECKas UMEeT,
BEpOSATHO, Oonblllee 3HAYEHWE I YaCTHIl, SBISAIONIMXCS  CHJIBHBIMU
KOMITJIEKCOOOpa30BaTEIISIMH.



N3yunte nNpUMEHMMOCTh 3aKOHA JACUCTBHS MacCc K  IIPOLECCaM,
IPOUCXOSAIINM B pacTBOpax ci1a0bIX JIEKTPOJIUTOB.

B pactBopax cmalbix 3JEKTPOJIUTOB NpPU AMCCOIMAIMHM yCTaHABIUBACTCS
paBHOBECHE MEXIY MOHAMU M HEJIUCCOIMUPOBAHHBIMU MoJieKyJaMu. OTHOIIEHUE
YHCIia MOJICKYJI, PACTIaBIINXCsl HA UOHBI, K OOIIEMY YHCITy MOJIEKYJ DJICKTPOJIHTA
Ha3bIBACTCS cmenenvio ouccoyuayuu ciaadoro snexkrpoiuta ( h). B pactBopax
CTa0bIX JJICKTPOJUTOB KOHIIEHTPAIMS HOHOB CPAaBHUTEIBHO Maja, 4YTO JaeT
OCHOBAaHHE TIPEHEOpPEeYh CHJIAMH HX D3JIEKTPOCTATHYECKOTO B3aMMOJCUCTBUS U
MPUHATH, YTO CBOWCTBA OJJICKTPOJIUTOB OMPEICTSIOTCS TOJBKO PaBHOBECHEM
JTUCCOLMAIIMN, KOTOpas B OJTOM Cllydyae IOJHOCTBIO TOAYMHSACTCS 3aKOHY
JIECHCTBYIOIUX Macc.

KoHCTaHTa  DIIPOTEKAOIIETO  PAaBHOBECHOIO  IIPOLlECCa  HA3bIBACTCS
KOHCmanmou Ouccoyuayuu 3aekTponuta. OHa ompeaensercss OTHOIICHUEM
IPOU3BENIEHUS KOHLEHTPAallMd HOHOB B PACTBOpPE CJIa0Oro 3JEKTPOJIUTA K
KOHLIEHTPAllMl €ro HEIUCCOLMUPOBAHHOW YaCTH. OJTO OTHOLIEHUE OCTaeTCs
NOCTOSIHHBIM JIJI1  pacTBopa JI0OOM KOHIIEHTpaMu IpU OJHOM U TOM Ke
temneparype. M3ydnre cmenieHue roMOreHHbIX PAaBHOBECHM.

JJIEKTPOJIUTHYCCKAA JUCCOUMALMSA BOAbI (MOHHOE TNpPOM3BeeHHe
BOJbI).

Konuentpauus nonoB H' u OH™ oka3bIBaeT CyIIECTBEHHOE BIMSHHE HA
MPOTEKaHUE Pa3HOOOPA3HBIX XUMHUYECKUX peakiuid. J[Js BOIbI U €€ pacTBOPOB
MPOM3BEICHUE KOHICHTPAIIM HOHOB H" u OH  BenuunHa MOCTOSHHAS MpY TaHHOMN
temneparype. OHa Ha3bIBACTCS UOHHBLIM npousgedernuem 600vl K no u npu 298 K
pasma 1-107™,

B no6om BOAHOM pacTBOpe — HEUTPATbHOM, KUCJIOM WM IIETOYHOM —
BCErja MpejacTaBieHbl 00a BUJA MOHOB, T.€. BOJOPOJHBIC (TMIAPOKCOHHUEBBLIE) U
TUIPOKCHUAHBIE. XapaKTep CpeAbl OMPENCNseTCs TEMH HOHAMH, KOHUECHTpaIus
KOoTOpbix Oombine. [loHsTne — Kucnas, HeEWTpaidbHas, IIEJIOYHAs cpena —
BCIICJICTBUE  TOCTOSSHCTBA HOHHOTO  TPOW3BEACHHUS  BOABI  MpUOOpeTaer
KOJTMYECTBEHHBII cMbICI. BermomuuTe pacuersl KoHneHTpanuu nonos H' u OH', a
taxxe pH 1 pOH pacTBOpoB CHIIBHBIX U CJIA0BIX OJTHO- 1 MHOTOOCHOBHBIX KHUCJIOT
1 OCHOBaHUM. pH cpenbl sBAsSETCS OJHUM U3 TJIABHBIX (DaKTOPOB, ONMPEICIISIIONINX
HaIpaBJIEHUE W CKOPOCTh peakuuu. M3menenne pH cpembl MokeT BBI3BATH
MPOTEKAHKUE HEXKENATSIBHBIX MOOOUYHBIX PEAKIIUMA.

by¢epHbie pacTBOpBI.



B xumudeckom ananm3se st crabuim3anuy pH cpebl 4acTo UCTOIb3YIOTCS
OydepHbIE pacTBOPHI.

BydepHbsiMu Ha3bIBAIOTCS PacTBOPBl, B KOTOPBHIX KOHIIGHTpAIMsl HOHOB
BOZIOpO/ia (WJIM BBIpaXKArOUIUH €€ BOJOPOAHBINA moka3arens pH) He u3MmeHsieTcs
npyu pa30aBICHUU U MaJI0O U3MEHSETCS MPH J100aBICHUH HEOOBIIOI0 KOJUYECTBA
CUJIbHOM KHMCJIOTBI WIH IIEJIOYH.

D10 00BACHSETCS TeM, 4TO OyQepHble pacTBOPHI SIBIAIOTCS PACTBOPAMHU
CMeCH Cla0bIX KHCJIOT C WX COJSIMH WU CIaObIX OCHOBAaHWUH C WX COJISIMHU.
Hanpumep, B anetatHoM 0ydepe (CH3;COOH + CH;COONa) naxonutcs ciadas
kuciota CH3COOH wu cunpnbni amektpoaut CH3COONa. Anmonsl  ob6omx
AJIEKTPOJIUTOB OMHOWMMEHHBI. [loaTOMy Tpm wm3ydeHHH Oy(hepHBIX pPacTBOPOB
HEOOXOMMO WMETh MPEACTABICHUE O BIUSHUN OJHOMMEHHBIX HOHOB Ha CTEIEHb
AIEKTPOIUTUUECKOMN TUCCOIUAIINU CIA0BIX SJIEKTPOJIUTOB.

[Ipu noGapnenuu k OydepHBIM pacTBOpaM HEOOJIBIINX KOJIUYECTB CHUIIbHBIX
KHUCJIOT U OCHOBaHMM 3HaueHue pH OydepHbIX pacTBOPOB TaKKe MPAKTUYECKHU HE
U3MEHSETCS. DTO OOBSICHSIETCS TEM, YTO COCIUHEHUsS, BXOJSIIME B COCTaB
OydepHOii cMecu, cBs3bBafoT MOoHBI H' mmum OH B MoJekymsl claboro
AIIEKTPOIIUTA (BOJIbI, KUCIOTHI, OCHOBAHUA).

BydepHbie pacTBOpbl 00J7a7aI0T OIpPEAENEHHON OygepHol emKocmbio.
bydepHas eMKOCTh U3MeEpAETCS KOJIMYECTBOM CHIIBHON KHUCIOTHI WJIW CHUIBHOTO
OCHOBAHHS, KOTOPOE HEOOXOXMMO 106aBUTh K 1 IM° GydepHOro pacTBopa, 4T06b!
n3MeHuTh ero pH Ha exuammy. I[lpm goGaBmeHUH OOJBIMX KOJMHYECTB CHIBHBIX
KUCJIOT M OCHOBaHUU OyJeT MocTeneHHO u3MeHsAThcs u pH cpeawst OydepHoit
CMECH.

BydepHbie cucTeMbl BO3HUKAIOT U B PE3yJbTaTe€ HEKOTOPHIX XMMHUYECKHUX

peakuuii, 4yTo CrnocoOCTBYET Jy4YIIeMy OCaXJAeHHIO ocaakoB. Hampumep, nns
2

oOHapy KeHUs MOHOB Ba”" HCIOMB3YIOT IMXpOMAT B IPMCYTCTBUM alleTaTa HaTpUs:

2Ba** + Cr,0;" +H,0 « 2BaCrO, + 2H'
Peakmuss obpatuma, Tak kak BaCrO, pactBopuM Tmpu TOBBIIIEHHOM

colepkaHuU MOHOB H'; HO OHHM CBS3BIBAIOTCS ALETAaT-MOHAMHU C OOpPAa30BaHHUEM
YKCYCHOM KUCJIOTHI, CJTa00 TUCCOITMUPYIOIICH B PaCTBOPE:

H' + CH;COO — CH3;COOH



OOpazoBaBmiasicss B Pe3yJbTaTe PEaKIUH YKCYCHAs KHCJIOTa C H30BITKOM
alieTaTa HaTpusl JaeT aleTarHylo OydepHyl cucTeMy, MNOIIEP>KUBAIOIIYIO
NOCTOSIHHOE 3HaueHue pH pacTtBopa, 1 0cajiok HE pacTBOPSIETCS.

N3yunte MeXaHu3M JIEWCTBUSA KUCIBIX U OCHOBHBIX Oy(EpHBIX pacTBOPOB.
Brrsicaute, ot uero 3aBucs pH Oy¢depHbIX pacTBOPOB, MX EMKOCTh M KaK MOKHO MX
perynupoBartb. O3HAKOMBTECh C BBIYMCICHHEM KOHILICHTPALlMM W AKTUBHOCTH
nonos H' u OH', 3nauenusmu pH u pOH B BonHEIX Gy(hepHBIX pacTBOpaX.

BydepHbie pacTBOphl MIMPOKO MPUMEHSIOTCS B MPaKTUKE XHUMHYECKOTO
aHanu3a. MHOrMe OKHUCIUTEIbHO-BOCCTAHOBUTENBHBIE pEaklUuh, OOMEHHbIE
peaxIuu, COMpoBOXKAAIONINECS 00pa30BaHUEM MaJOPACTBOPUMBIX COCAMHEHUN —
CylbpuI0B, KapOOHATOB, THAPOKCHAOB U T.J., OJIATONMPUSATHO MPOTEKAIOT B
HEKOTOPOM OIPEICIICHHOM HWHTEpBajie 3HadeHUsi pH, KOTOpbIA MOXHO CO3/1aTh,
100aBJIsAsI K paCTBOPY Ty WIHM UHYIO Oy(GEpHYIO CMECH.

Ipumepnl pacueroB no onpenenenmio [H'], [OH], pH, 6ydepHnoii
€MKOCTH H KOHIIEHTPAIMH KOMIIOHEHTOB 0y(epHbIX PacTBOPOB.

Konrentpanuto noHoB Bojioposa u pH B pacTBope ciaboil KUCIOTHI U €€
coyii (KUCibI Oydep) pacCUUTHIBAIOT MO (PopMysiaM:

CKI/ICJI . CKI/ICH
[H+] = Kiuen " = 7 PH = pKiucx _lg_

CCOJ]I/I CCOJ'II/I

B pactBope ciiaboro ocHoBaHMs U €ro cojiu (OCHOBHOM Oydep):

- COCH COCH
[OH7] = Koo - C , PH = 14 — pKy¢y + lgc_
COJIN COJIN
[Ipu pazbaBieHun Oy(depHbIX pacTBOPOB KOHILIEHTpAIMsi HOHOB BOJAOPO/IA, a
cienoBatenbHo, pH mouYTH HE U3MEHSOTCS, T.K. OTHOMICHUS Ciyen/Ceonn WIH
Coc/ Ceon IPU DTOM HE U3MEHSIOTCS.

[Ipu npubaBienuun k  OydepHbIM pacTBOpaM HEOOJbIINX KOJIUYECTB
CWJIBHBIX KHUCIJIOT WM wmenoderd pH ux uameHsercs He3HaunTenbHO. Hampumep,
eciM K areraTHomy Oydepy mpuOaBUTH CHIBHYIO KHCJIOTY, TOT KOHIIEHTpPAIlHs
c1a00# KUCIOTHI YBEIUYUTCS, & KOHIICHTPAIIUS COJTM YMEHBIIIUTCS, T.K. B paCTBOPE
MPOUCXOJUT PEAKIIUSL:



H' + CH;COO — CH3;COOH

B aneratHoM pacTBope HOHbI H' CHIIBHOI KMCIIOTBI CBA3BIBAIOTCSA AHHOHAMMU
CH3COO  comu B HeauccomumupoBaHHble Mosekynsl CH3;COOH, mnostomy
KOHIIeHTpaluss MoHOB H' pactBopa moutu He wusMensercs, pH pacTtBopa
u3MeHuTcs ¢ 4,74 no 4,67. Takoe ke BIusHHE OyneT HAONIOMAATHCS W B CIydae
NpUOaBJICHUS K alleTAaTHOM CMECH IIEIO0YH.

[Ipu mnpubaiennn K OydpepHOMY pacTBOpY IIEIOYM KOHIIEHTPAIIHS
YKCYCHOM KUCJIOThl YMEHBIIIUTCA, 4 KOHLIEHTPALXS COJIM YBEJIUYUTCS:

OH + CH3;COOH~CH3;COO + H,0O

B npucyrcBum aneratHoit cmecu moHbl OH™ mienoun OyayT CBSI3BIBATHCS
noHamu H' kucnoTsl 1 06pa3oBbiBaTh Boxy. pH B 3TOM ciydae nosbicuTes ¢ 4,74
no 4,84. B ciuyuae pasbaBieHus areratHoro Oydepa Bomol yBeTuYMBaETCS
JIACCOLMALINS KUCIOThI, 1 pH pacTBOpa Takke Mano U3MEHHUTCS.

Ilpumep 1.

Boraucnuts [H'] u pH aneratnoro 6ydepHOro pacrsopa, CoCTaBIEHHOIO
u3 0,01 M pactBopoB ykcycHou kuciotel u arerata HaTpus. K(CH3;COOH) =
1,8:10”, pK(CH;COOH)= 4,76.

Pemienue.

PaccuutsiBaeM 1o ypaBHEHHSIM:

CKHCH - CKHCH
[H+] — KKI/IC}I R pH — pKKI/ICJI_lg_

CCOHH CCOHH

1,8:107°-1072
[H'] = - 1,8:10°; pH = 4,74 — Ig

102
102

= 4,74

Ilpumep 2.

Aueratnbiit Oydep, cocranennsiii u3 0,1 M pactsopa CH3;COOH u 0,1 M
pactBopa CH;COONa, nmeer pH 4,74. K., = 1,8-10”. Kak m3menurcs pH ot
npubasyieauss HCl u NaOH ?



Pemienue.

3 3

a) Ilocme mpubGaBnenuss k 100 cm” Oydepnoro pactBopa 10 cm™ 0,1 H.
pactBopa HCI o6wem pactBopa coctaBut 110 MII, COOTBETCTBEHHO U3MEHUTCS U
KOJINYECTBO KUCIOTHI U coiu. Yuciio mosib HCI B 10 mut pacTBOpa:

x=0,1-10/1000 = 0,001 monb.

Hrak, xonuuecTBO KUCIOTHI B pacTtBope yBeqnuutca Ha 0,001 Momb, 4dto
coctaBuT o001y koHieHtpauuro ( 0,1 + 0,001) Moib, COOTBETCTBEHHO
yMeHbIUTCS KoHueHTparust coimr Ha (0,1 — 0,001) monb. Torna xKoHIEHTpaluu
KHUCJIOTHI ¥ COJIM B 3TOM PAaCTBOPE OMPEICIATCS U3 YPAaBHEHUM:

Ciuen = (0,1 +0,001)-1000 / 110 = 0,918 momb/1;
Ceom = (0,1 - 0,001)-1000 /110 = 0,9 monb/1;

KoHuenTpaiuss HOHOB BOJIOpOjia B pacTBOpE MOCIe MPUOABICHUS KUCIOTHI
paBHa:

CKI/ICJI - CKI/IC]I
[H+] = Kiuen " = + PH = pKyuex _lgc_

CCOJ]I/I COJIN

1,81075-0,918
[HT] = "y =1,8410°; pH=4,73

6) Ipu mpubasnennn k100 cm® Gydeproro pactsopa 10 cm® 0,1 m.
pacTBOpa €IKOT0 HAaTpa KOHIICHTPAIUS KUCIOTHI M COJIH:

Ceom = (0,1 +0,001)-1000 /110 = 0,918 mounb/1;
Ciwen = (0,1 - 0,001)-1000 / 110 = 0,9 monb/7;

1,8:107°-0,9
[H+] = ~ools 1,76:107° ; pH =4,75

Takum o0pa3om, oT mnpuOaBieHUS HEOONBIIMX KOJIMYECTB KHUCIOTHI U
niesoun K 0ydepHsiM pacTBopaMm pH ux modtu He U3BMEHSIETCS.

Ilpumep 3.

KakoBa OydepHas eMKOCTh pacTBOpa, CoJAEpIKaIero mo 1 Moyib/in yKCyCHOM
KucoTh U anerata Hatpust? ( K, = 1,8 10'5).



Penienue:

Tak kak cootHomeHue Cyuer / Ceony = 1, TO B HcxomHOM pactBope pH =
PKier = 4,74. UtoObl noHn3uth pH Ha eguHMILy, T.€. YBEIMYUTH KOHIEHTPAIIUIO
BOJOPOAHBIX MOHOB B 10 pa3, um co3garb TeM cambIM Oojiee KHUCIYIO Cpefdy,
HEOOXOUMO J00aBUTh K pacTBOPY TaKO€ KOJWYECTBO MOJb KHUCIOTBI, IpHU
KOTOPOM Cyyen / Ceomn = 10.

[Ipu yBenuyeHUM yuCiIa MOJIb KHCIOTHl Ha X MPOUCXOAUT yMEHBIICHUE
Yyciia MOJIb COJIM Ha Ty Xe BenuuuHy. CreqoBaTesNbHO, MOXKHO COCTaBUTH
ypaBHEHHUE:

(1+x)/(1—-x)=10, orkyma x = 9/11 = 0,818 moub/1.

UtoObl MpPOBEPUTH MPABWIHLHOCTH PEIICHUS, ONPEICIUM KOHIICHTPALIUIO
BOJIOPOIHBIX MOHOB M pH pactBopa mocne mobaBieHuss k Hemy 0,818 momb
YKCYCHOU KUCJIOTBI:

[H*] = 1,8:107°-1,818

=1,810" mons/n; pH = 3,74
0,182

K TOMY KC BBIBOAY MOXHO HpHﬁTH, OIIpCACIIAA KOJIHMYCCTBO IICI0YH,
H€O6XOIII/IMOC JJIS ITIOBBIINICHU S pH PacTBOpa HAa CAUHUILY. B sTom cy4dac:

(1-x)/(L+x)=0,1,orkyna x= 0,818 monp/1.

IIpu mpoBepke pelIeHns1 HaXOIUM :

[H*] = 1,8:107°:0,182

=1,8:10° moms/n; pH = 5,74
1,818
Ilpumep 4.

K 0,8 1 0,5 M pactBopa MmypaBbrHO# KuciI0Thl (K= 1,77-10*) no6asmmu 0,2
a1 0,4 M pactBopa enkoro HaTpa. Berumcnute: a) pH oOpasoBaBuierocs
dbopmuatHoro Oydepa; 6) ero OydepHYH0 €MKOCTh MO OTHOIICHUIO K E€IKOMY
HATpy U COJITHOU KHUCIIOTE.

Pemmenue:

a) OnpexnensieM KoiauyecTBa UCXOoAHbIX BemiecTB: 0,5 - 0,8 = 0,40 monb
HCOOH;

0,4-0,2=0,08 morb NaOH. Ilocnie ycTaHOBIEHUSI paBHOBECHSI:

HCOOH + NaOH <~ HCOONa + H,0



KoHueHTpanust KUCIOThI COCTABUT
0,40 — 0,08 = 0,32 moab/1,
a koHuentpauus conu 0,08 Moub /1.

Otcrona:

[H+] = 1,77-107%-0,32

=7,08 -10* mons/m; pH = 3,15
0,08

0) Otaomenune Cye / Ceome = 0,32 : 0,08 = 4 : 1, a mocne mpubaBieHust x
MOJIb IIEJIOYH OHO JOJDKHO COCTaBUTh (CM. IpuMep 2):

(4-x)/(1+x)=4/10, otrkyga x = 2,57 MOJIB/II.
Ecnu sxe 100aBUTh X MOJIb KHCIIOTHI, TO 5TO OTHOIIIEHHE JOJDKHO COCTaBUTh:
(4+x)/(1—x)=40utorma x = 0,878 MOJIB/1.

B sTtomM mnpumepe B oOTiAMYME OT MPEABIAYIIETO HCXOJIHBIN OydepHbIit
pacTBOp COAEPKUT Pa3HOE KOJIUYECTBO MOJb KHUCIOTHI M IIEIOYH, TTO3ITOMY €ro
Oy(depHas eMKOCTh 110 OTHOUIEHUIO K KUCJIOTaM U LIeJI0YaM pa3InyHa.

Bonpocwt ona camonpoeepku

1. Uto Ttakoe oOpaTUMble W TPAKTUYECKH HEOOpaTUMbIE peakiuu?
[TpuBenute no 2-3 nmpumepa. Uem o0ycrioBIMBaeTCS HEOOPATUMOCTD PEAKITAN?

2. Chopmynupyiite npasuino bepromie — MuxaidaeHko 0 HampaBiIE€HUU
XUMHUUYeCcKux peakuuil. [lonrBepaute ero ypaBHEHUSIMU XUMHYECKUX PEaKIUi B
MOJIEKYJIIpHON U MOHHOU (opmax. [IpuBenure mpumepbl peakluii OCaxaACHUS U
pacTBOpEHHs] B  KHUCIOTaX KapOOHATOB  IIEJIOYHO3EMEIbHBIX  AJIEMEHTOB,
HEUTpaIu3aIuu, paCTBOPEHUS THIPOKCUIOB MEIN U KOOAJIhTa B aMMHUAKe.

3. Kak dopmynupyercss 3akoH paeiictBus Macc? Ompenenure €ro
MPUMEHEHUE B AHAIMTUYECKOW XMMUU. Hanumure BbIpakKeHUE Ji1 KOHCTAHTBHI
PaBHOBECHS PEAKIIMM B3aUMOJICWCTBHS XJIOPUAA HATPUS U CEPHOU KUCIOTHI. YUTO
HA3bIBACTCA KOHCTAHTON XMMUYECKON PEAKIINU?

4, YTto Takoe AaKTUBHOCTh CHJIBHOTO OJJIEKTpoiuTa U KOA(PUIIMEHT
akTUBHOCTU? KakoBO €ro 3Ha4y€HHWE C TOYKHU 3PEHUS TEPMOJAMHAMHUKHU? 3a CUeT
YEro MOKHO YBEIHYUTH KOI(PPUIIMEHT aKTUBHOCTH B pacTBOpeE?

d. Urto Takoe monHas cuia pactBopa? Kak msmenstorcs kodhPuimeHTsI
aKTUBHOCTUA B Pa30aBJICHHBIX PACTBOPAX JJICKTPOJIUTOB C W3MEHEHHUEM HOHHOU
cwibl pactBopa? B yem mnpuumHa oTaMuMsS KO3(PPUIMEHTOB AKTUBHOCTH OT
STUHUIIBI?



6. Yto Takoe conbpBaranus W ruapartanus HoHoB? Kakue ycnoBus
0JIaronpuATCTBYIOT 00Jiee CUIIbHOM TUapaTalii HOHOB?

7. Uro takoe accoumanus moHoB? Kakue ycinoBus OJIaronpusiTCTBYIOT
acconanuu  MoHoB? Kak BiMseT accouManus Ha BETUYMHY KO3(pUIIMEeHTa
aKTUBHOCTHU?

8. Hanummre peaknuro B3aumMojelicTBus xiopuma skenesa () ¢
POJAHUIOM Kallisg B MOJIEKYJSIPHOM W HOHHOW ¢opmax. Hamummnre KOHCTaHTY
YCTAHOBMBIIErOCsl TMOJBUXKHOTO paBHOBecUs AToMl peakiuu. Kak cmecTuTh
paBHOBecue B Ty W Apyryto cropony? Kakoit BHemHuii sddext Oyner mnpu
CMEIICHUHN PaBHOBECHS pEeaKIUu?

Q. Ot Kakux (paKTOpoOB 3aBUCUT CKOPOCTh XUMUYECKON peaKinu?

10. Yrto Ha3bIBacTCS KOHCTAHTOW IUCCOIMAITMU CIAOBIX AJICKTPOJIUTORB?
HanummTe BbIpakeHHWE KOHCTAHTHI IUCCOLMAIIMU JJISi CEPOBOJOPOJA, YKCYCHOM
KHUCJIOTBI, BOJHOTO pacTBOpa amMMuaka. Haiiaute B CHpaBOYHUKE YKCIIOBBIC
3HAYCHUSI KOHCTAHT.

11. Yrto Ha3pIBaeTCi CTENEHBIO AJIEKTPOIUTUYECKON JTUCCOIUAIIN?
Kakue daxTopsl BausioT Ha ee BenuunHy? Kak cBsi3aHa cTeneHb TUCCOIUAIIUU C
KOHIICHTpaIuen?

12. Kak Biuser Ha CTENEHb OJCKTPOJUTHYECKONH  JTUCCOIHAITUN
no0aBiaeHrne  00aBJIEHUE HJIEKTPOJIMTA, COACPKAIIET0 OJHOMMEHHBIA HOH C
PaCTBOPEHHBIM DJIEKTPOIUTOM?

13. Yro Ha3pIBaeTCSI HOHHBIM MPOU3BEACHUEM BOIbI? Hanummmre 11 HeTo
MaTEeMaTU4YeCKOe BBIpAKEHHE B OOBIYHOW (QopMe U B CHCTEME OOpaTHBIX
norapudmos (pH u pOH).

14. Kax ompenenuts [H'], [OH], pH u pOH B pacTBOpax CHIBHBIX
KHUCJIOT U OCHOBAHHI1?

15. Kaxkosa cpena pactBopa, ecm: a) [H]=9,1 - 10°® mons/n, 6) pH = 2;
B) [OH]=2,5 - 10% moxs/m; T) pOH = 11?

16. Kak pacCcyuThIBaIOT KOHIICHTPAIIMIO HMOHOB BOJOPOJA C Y4ETOM
WOHHOM CHUJIbI pacTBOpa’?

17. Beruuciaure pH pactBopa enkoro kanu, eciu B 200 mi pactBopa
coaepxkutcs 1,400 r KOH.

18. Paccumraiite pH 0,01 H. pacTBOpa COJNSIHOW KHCIOTHI 0Oe3 yuera
WOHHOM CHJIBI U C YYETOM MOHHOM cuiibl. (0TBeET: 2; 2,05)

19. Brseaute popmynsl ans onpenenenus [H'], [OH], pH u pOH B
C1a0bIX KUCJIOTAX U OCHOBAHUSIX.

20. Bpruucaute pH pactBopa, B 1 1 koToporo coaepxkutcs 2,3 T
ammuaka? (otset: 11,17).



21. 20mn 0,1 . pactBopa KOH paz6aBunu Bomoit 1o oobema 100 mu.
Boruucnure pH nosrydeHHOro pa30aBjieHHOTO pacTBoOpa.

22. 20 mu 4%-ro pactBopa HCl (tutotHocts 1,173) pazbaBuim BoAOH 10
1 1. Beruncnute [H'] u pH nonyuennoro pacrsopa.

23. Kaxkue cmecu BemecTB Ha3wpBatoT OydepHbIMU pacTBopamu? Kaknmm
CBOMCTBAMH OHU O0JIAAIOT M JIJISl YeTO MPUMEHSIOTCS B XUMUYECKOM aHaau3e?

24. OObsacHUTE cBolicTBa Oy(epHBIX PacTBOPOB Ha MpUMEpPE ACHCTBUS
KHCIIOTHI 1 TIEJIOYH Ha alleTaTHBIN Oy(epHbIi pacTBOp.

25. UYro Ttakoe OydepnHas emkocth? Kakue QakTopsl BIMSAIOT Ha ee
MU3MEHEHHE?

26. BwiBenute Qopmynsl juis Beluucienus: a) [H'] u pH aueratHOro
6ydeproro pactsopa; 6) [H'], [OH] u pH ammoHuiiHOTO 6yhepHOTro pacTBoOpa.

27. OObjIcHUTE MEXaHU3M [IEUCTBUA AaMMOHHWHHOIO U alleTaTHOTO
Oy epHBIX pacTBOPOB MpH B3auMocicTBrH nX KomroHeHToB ¢ HCl 1 NaOH.

28. Moxet au u3meHuThesl pH OydepHOTro pacTBopa oT pazbaBieHUs €T0O
BoJioM B 10 paz?

29. K 100 mxn 0,1 H. pacTBOpa ykcycHOM kucnoTsl npuwman 100 ma 0,01
H. pacTBOpa eAKoro Hatpa. Beruucnure pH momydeHHOro pacTBopa.

30. Beruucnoute pH pactBopa, moiaydeHHOro cmemeHueM 19 mu 6,2 H.
pacTBopa yKCyCHOM KucioThl U 1 Mi 2,0 H. pacTBopa aierara HaTpus. (OTBET:
2,99).

31. K 15 M 0,05 H. pactBOpa ykcycHo# kuciaoTsl npuiwad 20 mi 0,02 H.
pactBopa eakoro kanu. Onpenenure pH nomyduenHnoro pactsopa. (otBet: 4,81).

32. K 80 mu 0,2 H. BogHOTO pacTBOopa ammuaka npudasmiu 70 mi 0,2 H.
pacTBopa CoNsTHOM KUcIoThl. Berauciure pH aToro pacreopa. (otet: 8,4).

Tema 2. ZIMH(IMM‘I(?CKO(? PpasHoeéecue 6 cemepozeHnblx cucmemax

B Boze pacTBOPAIOTCS MPAKTUYECKH BCE BEILIECTBA, HO UX PaCTBOPUMOCTH
paznuyHa. OOBIYHO K MaJOpacTBOPUMBIM BEIIECTBAM OTHOCATCSI BEIECTBA,
PacTBOPUMOCTHh KOTOPBIX NPH KOMHATHOW TEMIEPAType MEHBLIE 10 momb/1. B
AHAJIMTUYECKOW XMMHUU HCIIOJB3YIOTCS PEAKLUNUHU OCAKICHMS ISl ONpPENCIICHMUS,
pa3zaeieHus, KOHIEHTPUPOBAHUS BEIIECTB U T.J.

Jma  aHAaTMTUYECKUX  ONPENEJIEHWM  BEIIECTB  4YacTO  MCIOJIb3YIOT
oOpa3oBaHHE OCAJKOB MpH JEHCTBUU peareHTa Ha aHaJIM3UpyeMblil pacTtBop. B
KaueCTBEHHOM aHaJIn3e Mo (hOopMe U MBETY OCaIKa, OTHOIICHHUIO €T0 K Pa3IMUYHbIM
pPacTBOPUTEISAM  ONPEAEISAIOT IMPUCYTCTBHE B PACTBOPE MCKOMOTO HOHA.
Hampumep, mi1si oOHapyXeHUS HWOHOB Ba® « AHATU3UPYEMOMY PaCTBOPY
n00aBISIOT XpoMmaT Kanus. Bemmagenue skentoro ocanka BaCrOy, pacTBopumoro B



CHWJIBHBIX KUCJIOTaX, CBUJETEIHCTBYET O MIPUCYTCTBUHM MOHOB Oapwuisi B pacTBope. B
ykcycHol kuciore BaCrO, He pacTBopsieTcsi. B KOMUeCTBEHHOM aHAIM3€ TaKKe
UCTIONB3YETCSl  OCAXKJICHWE B  Pa3IMUHBIX  METOJaxX: T'PaBUMETPUUICCKOM,
TUTPUMETPUYECKOM, He(demoMeTpuueckoM, TYpOUIUMETPUISCKOM U T.1.
OcaxaeHne UCIoIb3yeTCsl sl pa3ieleHUs] HOHOB Pa3HBIX aHATUTHICCKUX TPYIII,
JUTSL OTZICTICHUST MOHOB, METIIAIOIIKNX aHanu3y. Hampumep, 115 0OHApyKEeHHsSI HOHOB
2+ 2+ 2+
Ca™ um Sr*" wmomsl Ba® ocaxmaroT XpoMaToM U yIAJISIOT UX U3 PacTBOPA.

[Ipy ocaxxnaeHWM WM PACTBOPEHUU BEUIECTB OOpa3yeTcsi TeTeporeHHas
CHCTEeMa, COCTOsAIIas U3 IBYX (pa3 — HACHIIIEHHOTO PacTBOpa MaJopacTBOPHUMOIO
BEIIECTBA M €ro ocajaka. Mexay pacTBOpOM H OCAJIKOM YCTaHaBIMBAETCA
JTUHAMUYECKOE DPABHOBECHE, KOTOPOE OMpeaensercs JByMs IMpolleccaMu —
ocakJIeHueM M pacTtBopeHueM. COCTOSIHME paBHOBECUS CHUCTEMBIL: PacTBOp —
OCaJIOK  OMNKCHIBAETCA MPABWIOM IPOU3BEIAECHUS pPAaCTBOPUMOCTH, KOTOpPOE
MIPUMEHHUMO TOJBKO K HACBHIIIEHHBIM PAacTBOPaM MaJlOpACTBOPHUMBIX BEIIECTB.

Pasbepurech B MexaHu3Mme o0Opa3oBaHusi ocaaka ©  (pakTopax,
CIIOCOOCTBYIONIUX 0OoJiee TMOJHOMY BBIJIEICHUIO TBepaod (a3pl ocanka u3
HACBIILIEHHOTO PacTBOpa.

Paccmotpure TpeOoBaHuUs, IIPENBSBIIIEMBIC K 00pa3oBaHUIO
KPUCTAJUIMYECKUX M aMOPQHBIX OCAAKOB. YSCHUTE BOIPOCH MO BIHUSIHUIO
BPEMEHM U COITPUKOCHOBEHUS OCA/IKa C pACTBOPOM U IOCIEAYIOLIETO BO3MOKHOTO
3arpsisHeHHst ero. M3yuuTe crnocoObl OYMCTKM ocagka oT mnpumeced. Ilocne
BBINIOJIHEHUS BCEX YKa3aHHBIX BOINPOCOB M3YYUTE JUHAMUYECKOE PABHOBECHUE B
CUCTEME HACBIIIEHHBIA pacTBOpP — OCAAOK, T.€. NPOU3BEIACHUE PACTBOPUMOCTH
MajOpacTBOPUMBIX COECINHEHHUN.

JUIsL  COCTOSHMSI JUHAMUYECKOIO PaBHOBECHS XapaKTEPHO PABEHCTBO
CKOpPOCTEW MPOILIECCOB OCAXKIEHHUS U PAaCTBOPEHHs ocaaka. UToObl HApyIIMTh 3TO
paBHOBecHE, HEOOXOUMO M3MEHUTh COOTHOILIEHHE CKOPOCTEW 3THUX MPOIECCOB.
3Has, YTO CKOpPOCTb XWUMHYECKOM pPEaKkUWHW 3aBUCUT OT TEMIEpPATYypHI,
KOHLIEHTpAllu U JIpyTux (HakTOpOB, BHIOMPAIOT TaKHE YCIOBUSA, MPU KOTOPBIX
paBHOBECHE CMEIAeTCid B HYXHOM HampaBiieHud. Harmpumep, pacTBOPUMOCTb
OOJBIIMHCTBA OCA/IKOB YBEJIMUMBAETCA C MOBBIIICHUEM TEMIIEPATYPHI.

JInss  pacTBOpEHMSI MAJIOPACTBOPUMBIX  BEHIECTB MOXKHO TMPUMEHSTH
CJHEYIOIINE TPUEMBI:

a) ecau Ha ocajlok MNS moaelcTBOBaTh COJBIO MU, 00pa3yeTcs MeHee
pactBopumbiii cynbdun CuS ( IIPyns > I1Pcys) u paBHOBecHe cMeliaeTcs B
CTOPOHY pacTBopeHus ocagka MnS:



MnS + Cu®* < CuS| (ocamox) ; MnS — Mn* + S* (pactBop)

0) nefcTBUEM KHCJIOT M IPYTUX PEareéHTOB Ha MaJOPAaCTBOPUMBIE OCAJKH C
o0pa3oBaHUEM MaJIOAMCCOIMUPOBAHHBIX U ra3000pa3HBIX COCTUHEHHIA:

CaCO;| + 2H" < Ca”* + H,0 + CO,t
ZnS| + 2H" — Zn* + H,St

B) CBSA3BIBAHUEM HOHA, BXOJSIIETO B COCTaB MaJOpacTBOPUMOIO BEIIECTBA,
B KOMIUICKCHOE coenuHeHue. Hampumep, rupokcuy Mead pacTBOPSETCS MOJ
JIeCTBMEM  BOJHOTO  pacTBOpa  aMMHUaka,  BCJIEACTBUE  OOpa3oBaHUsA
MaJIOAUCCOLMMPOBAHHOIO AMMHUAKaTa MEIU:

Cu(OH), < Cu** + 20H; Cu* + 4NH; < [Cu(NH,).]*

r) JAeWCTBHE OKHUCIWUTENEH WIM BOCCTAHOBUTEIEHM MOXET CMECTUTH
paBHOBECHE B CTOPOHY PpAacTBOpPEHHS OCaaKoB. Hampumep, mpu pacTBOpeHUU
Cyib(GUI0B HUKEI U KOOATbTa MPUMEHSIOT CMECh COJITHOM KUCIIOTHI U TIEPOKCHIA
Bojiopoza. Ocagok pacTBOPSETCS O CIEAYIOIIEMY YPaBHEHHIO:

NiS| < Ni*" + S§*
S* + H,0, + 2H" — S + H,0

bosbmioe 3HadyeHwe npu pacTBOpEeHHHM oOcagkoB umeer pH pacrtsopa.
PacTtBOoprMOCTh CyJIb(GUIOB CHIBHO 3aBUCUT OT KOHLIEHTPALIMK MOHOB BOJOPO/A.
O3HaKOMBTECH C 3HAYEHUSIMU MPOU3BEACHUS PACTBOPUMOCTH U PACTBOPUMOCTBIO
Cyab(HIOB TpeTbed W  YETBEPTOMl  aHamuTU4eckux rpymni.  CpaBHUTE
PacTBOPUMOCTH COJIC CEPOBOJIOPOJHON, YTOJBHOM U JIPYTUX CIA0bIX KUCIOT C
COJISIMU CEPHOM, A30THOM U APYIUX CHIIBHBIX KUCIOT.

3Has MOpaBWIO PACTBOPUMOCTH  BEIIECTB, MOXKHO pacCUUTaTh MX
pPacTBOPUMOCTb, KOJIMYECTBO OCAAUTEINS U APYrUe (GaKTOPHI.

IIpuMepsbI pacyeToB ¢ UCNOJb30BAHUEM NMPaBUJIA
Npou3BeJAeHUs] PACTBOPHUMOCTH.
Ilpumep 1.

Briuncnure mnpousBeeHUE PACTBOPUMOCTU THUIPOKCHUJIA MACHHS, €CIIH
pacTBOpUMOCTH ero B 1 nutpe Boabl paBHa 0,0120 r.

Penienue:



1)  Omnpenensiem moisipayto koHrenTpanuto Mg(OH),. Monsipras macca
ruApokcuaa Mmaraus pasaa 58,34 r/mons. [ToaTomy:

58,34 B | nmutpe pactBopa — 1M

0,012 r B 1 nutpe pactBopa — x

X =0,012-1/58,34=2,06" 10" Mo/

2)  Ilpu muccommaumy ruapokenga marans Mg(OH), — Mg®* + 20H
U3 KaKIOH MOJICKYJIbl 0Opa3yercsi OJWH WOH MarHWs M JBa MOHA THAPOKCHIIA,

CJICAOBATCIIbHO, NX KOHICHTPAIUN:
[Mg*] = [Mg(OH)?] = 2,06 - 10™ moub/x.

[OH] =2[Mg(OH)*]=2-2,06 - 10* moub/x.

3) 3Ha4YeHUE MTPOU3BEAECHUS PACTBOPUMOCTH PABHO:
[IP(Mg(OH),) = [Mg*] - [OHT?=2,06 - 10™ - (4,12 - 10%)?=3,5- 10™.
Ipumep 2.

Briuucnure mnpousBefeHHE PAcTBOPUMOCTH € ydeToM KoddduimeHnrta
aktuBHocTH MQ(OH),, ecim mpu 20°C B 100 MI HACHILICHHOTO pacTBopa
coaepxurcs 0,84 mr Mg(OH),.

Penienue:

1)  OmnpenenseM MOSAPHYIO KOHIIEHTPALMIO THAPOKCHAA MAarHHs.
Mounspuas macca Mg(OH), pana 58,34. B 1 nutpe pactBopa coaepxurcs 8,4 r
Mg(OH).:

Cy=8,4/5834=144- 10" mons/n.

2)  Vpasrenue auccomuanun: Mg(OH), < Mg®* + 20H

3)  Konuenrpauus noros Mg?* u OH™:

[Mg?*] = [Mg(OH)?] = 1,44 - 10™* mons/.

[OH]=2[Mg(OH)*]=2"1,44- 10” =2,88 - 10™ mous/.

4)  HoHHYyIO CHIIy pacTBOPa PaCCYMTHIBAEM I10 YPABHCHHIO:

H=3

I'ne Cq, Co, .... C, — MOJISIpHBIE KOHIIEHTPALIMK HOHOB B PaCTBOPE;
Z1,Z,,.... Ly — 3apsabl HOHOB.

n="%-(1,44-10+4-22 +2,88-10%) =4,32- 104

5) OmnpenensieM K03 HUIIMEHTHI AKTUBHOCTH MOHOB:

log f(Mg?*) = —0522 /[u = —0,5 -4,/4,32 - 10~* = —0,0416




f(Mg*)= 0,91

logf (OH") = —0,5Z%u = —0,5/4,32 - 10~* = —0,0104
f(OH)=0,98

6)  IP(Mg(OH),) = [Mg*] - [OHT* - f(Mg*") - f/(OH).

7)  TIP(Mg(OH),) = 1,44 - 10™*- (2,88 - 10)?- 0,91 - (0,98)*=1,1 - 10
Ilpumep 3.

Beranciute pactBopumocts PhCl, B Bose, ecim I[TP(PLCly) = 2,4 - 107,
Pemenue:

Pacuem no npubausicennoti popmyne.

1)  VYpaBHeHHE HOHU3ALUN COJIH:

PbCl, <> Pb** + 2CI

2)  MonspHble KOHIICHTPAIIMK COJIM U HOHOB 0003HAYHUM Yepe3 X.

[PbCl,] = x; [Pb*]= x; [CIT=2x.

3) IloxcraBiasieM MOJIIpHBIC KOHIIGHTPAIlMM WOHOB B  YpaBHCHHC
MIPOU3BEICHUS PACTBOPUMOCTH:

[IP(PbCly) = [Pb*]- [CITP=2,4-10" = x- (2x)* = 4x°

x= /2,4 -107%/ 4 = 3,9 107 moms/m.

Mounspnas macca PbCl, =278,13; orcrona ero pacrsopumocts (P) paBHa:

P(PbCl,)=3,9- 107 - 278,13 = 10,86 r/x.

Pacuem c ydemom KOQQb([)MI/ﬂ/leHWZOG dKmueHocmu UOHOe6.

1)  Homnyrwo cuiny HackimeHHoro pactBopa PbCl, Beramcnasiem 1o
dbopmyie:
_1 . 72
H=32.0

[Toacrasmnsiem B (hopMysTy KOHIICHTPAILIUIO HOHOB (B MOJIB/JT):
n=(3,9-10%- 2> +2 -39 -10°-1)/2 =0,12
2)  Orcroaa ko3 GHUIMEHThI AKTUBHOCTH PABHbI:

—0,5 - 40,12
lg f(Pb?**) = = —0,52; f(Pb?*) =0,30;
gf(Pb*™) T Voiz f(Pb")
—0,5 -+/0,12
lgf(Clo) = = —0,13; f(Cl") =0,74;
gf(Cl™) T V0iz fcr)

3) OO6o3HauuM depe3 X MOJISIPHBbIC KOHIICHTPAIMU COJU W HOHOB,
TOJICTaBJIsIEM B BbIpakxeHue 1is [P ux 3HadeHus:

[PbCl,] = x; [Pb*]=x; [CI]= 2x

IIP(PbCl,) = [Pb*]- [CIT*- F(Pb?*) - F(CL™)*

[IP(PbCly) =2,4-10" =x-0,30 - (2x)*- 0,74* = 0,6571 x°



3[2,4-10"4

=72 10 Mo/
0,6571

X =

4)  PacTBOpHMOCTH XJIOpH/Ia CBUHIIA COCTABJISCT:

7,2 107 - 278,13 = 20,02 r/x.

5)  PasHuma Mexay MoJaydeHHBIMU Pe3y/IbTaTaMH :

20,02 -10,85=9,17 r/n.

Takum 00pa3oM, paccuuTbiBasg pPacTBOPUMOCTh IO MPOU3BEICHUIO
PacTBOPUMOCTHU JJII TAKOT'O CPABHUTEIBHO XOPOIIO PACTBOPUMOIO AJIEKTPOJIUTA,
kak PDbCl,, HacwIeHHBIH pacTBOP KOTOPOTO HMMEET OOJBIIYI0 HOHHYIO CHITY,
HEO0OXOMMO YUYUTHIBATh AKTUBHOCTH MOHOB.

JIJIsi ManopacTBOPUMOTO 3JIEKTPOJIUTA, HACBHIIICHHBIA PAcTBOP KOTOPOTO
UMEET HE3HAUYNTEIbHYI0 MOHHYIO CHITY, KO3 GHUIIMEHT aKTUBHOCTH HOHOB MOKHO
CUHTATh PABHBIM CAMHUIIE.

PactBopuMOCTh  BellecTBa TMMOHWXKAETCSI B PacTBOpe, COJEpXKaIIeM
CPABHUTEJIBHO XOPOIIO PACTBOPUMBIN 3JEKTPOJIUT C OJHOMMEHHBIM HOHOM, H
YBEJIMYMUBAETCS B MPUCYTCTBUU DJICKTPOJUTA, HE COJEPKAIIEro OJHOUMEHHOIO
noHa, - coneBol 3ddekr. I[Ipu BBHYUCICHHH PACTBOPUMOCTH BEIIECTBA B
MPUCYTCTBHM TOTO WM HWHOTO  DJCKTPOJMTa HEOOXOIMMO  YUYHUTHIBATH
KOA(PPUIIMEHTHI aKTUBHOCTH.

Bonpocwt ona camonpoeepku

1. Cdopmynupyiite npaBuiio NpOU3BEACHUS PACTBOPUMOCTH.

2. K kakuMm 37eKTpojuTaM M KaKOMy pPacTBOPY MPUMEHHUMO TPABHUIIO
MIPOM3BENIEHUS] PACTBOPUMOCTH.

3. Hanumure MaTEeMaTUYECKOe BBIpKEHUE POU3BE/ICHUS
pacTBOPUMOCTH IS caeayromux coequneHuii: BaSO,, CaC,0,4, Ni(OH),, Fe,S;,
Caz(PO,),. Haiigure mpousBefcHHE PacTBOPUMOCTH YyKa3aHHBIX COCIUHCHHUU B
CIIPaBOYHUKE U MOJICTABbTE UX B ypaBHEHue [1P.

4, PactBopumocts BaSO, B Bojie mpyu KOMHATHOM TeMIIepaType paBHa

1,05-10"° monb/m. Berauciute IIP (BaSO,) 1 momydeHHbIC JAHHBIE CPABHHTE
C TaOJIMYHBIMH.

5. Kakoe BiusHME OKa3bIBa€T BBEJECHHWE B HACHIIMICHHBIH PacTBOP
cynb(ara Oapus OJHOMMEHHOTO WOHa, Hampumep cyibdar-uoHa, Ha
PacTBOPUMOCTH OcajiKa?

6. Cdopmynupyiite noustue o coaeBoM 3¢ dekTe.

Tema 3. Ponv cudponuza u amgpomepnvix c60ICME COCOUHEHUIL
6  xumuueckom  ananuze.  Ilpumenenue  KoONIOUOHBIX  pACMEOPOE
6 AHATUMUYECKOUl XUMUU



AHanuTH4ecKkas XWUMHS HMEET JIeI0 B OCHOBHOM C PEaKIUsIMH,
IpoTeKalouMU ¢ oOpa3oBaHueM cojed. [umaponus coneid — peakuus,
MPOTUBOIIOJIOXKHAS PEaKIMU HEHUTpalu3aluu. [ uaponu3y IMOJBEpraroTcsi COJH,
oOpa30oBaHHbIE CIIA0BIMU KUCJIOTaMHU W CWJIbHBIMM OCHOBAHUSMH (THIPOJIU3 IO
aHNOHY) WM CUJIbHBIMU KHCJIOTaMH U CIaObIMH OCHOBaHUSIMHU (THIPOJIH3 IO
KaTUOHY), WU CJIa0bIMU KHUCJIOTaMU U CIA0BIMH OCHOBaHUSIMHU (THUAPOJINA3 U TIO
aHUOHY U 1O KaTHuOoHY). Conu 00pa3oBaHHbIC CUILHBIMU KUCIOTAMHU U CHIIbHBIMHU
OCHOBAHUSIMU TUIPOJIHU3Y HE TIOJIBEPTAIOTCS.

B ananusze ruaponan3 MoKeT aBath OOJbIINe oclioxkHeHus. Hanpumep, mpu
OCAXKJIEHUM KAaTHOHOB BTOPOM U TPETbEeW aHATUTUYECKUX TPYII MPUMEHSIOTCA
KapOOHAT aMMOHHUSA U CyJIb(UI aMMOHHUS. DTHU COJIM THUIPOJU3YIOTCS U KpoMe
moroB NH,", CO;* u S* maroT psig APYrHX HOHOB, OCIOXKHSIONMX IIPOIECC
OCaXXICHHUS KapOOHATOB BTOPOU TPYMIIBI U CYIb(PUAOB TPETHEH TPYIIIIHI.

Wuoraa peakuus THAPONIN3A KeIaTelIbHA U UCTIONB3YeTCs IS pa3fesieHus U
OOHapy>KeHHsI HIOHOB, HAITPHMEP MOHOB OJIOBA.

[Ipu mpoBeeHUM MHOTHX aHAJMTUYECKUX PEAKIUN OOJIBIIYIO POJIb UTPAET
KOHIIEHTpalUsl BOJOPOJHBIX MOHOB B pacTBope. B pesynbrare ruaponusa conen
usmensercss pH cpenpl. ITosToMy HeobXomumo ymeTh paccuutshiBaTh pH, [H'],
[OH] B pactBOpax coseii. OT0 HEOOXOAMMO TAKXKE U JIJISl BRIOOpA MHIUKATOPA B
KOJIMYECTBEHHOM aHAIM3€ MPU TUTPOBAHUH KHCIOTHO-OCHOBHBIM METO/IOM.

Hcxons w3 ypaBHEHHS KOHCTaHTBI JUCCOLMAIMU cIa00i KHUCIOTHI (WK
OCHOBAHUS) 1 HOHHOTO TIPOM3BEICHHUS BOJIbI, MOKHO BBIBECTH (DOPMYIBI crmenenu
2UOPONU3A.

Kw

Ceomn * Kocu
rne h — crenens rumponmsa; Ceon — KOHIEHTpAIUS COJH, MOJB/T, Kooy -
KOHCTaHTa Juccoluanuu ocHoBanus; K, - HOHHOE Mpou3BeIeHUE BOJIBI.
Hcxons u3 ypaBHEHUsSI KOHCTAHTBI THAPOJIU3a, MOXKHO BBIBECTU (HOPMYITY
pH pacTtBOpa conu, ruaApOIU3yIOMIEHCA O KATHOHY:

Kw . Ceonu
[HT] = WK— MOJIB/II;
1
pH =7- Z_pKOCH - E log CCOHI/I

rae pKoey — CHIIOBOM MOKa3aTesib OCHOBAHUS.
Crenenb TuIpoIM3a O aHUOHY U pH coM pacCUMTHIBAIOT MO CJICAYIOITUM

dbopmymnam:



MOJIB/JI

1
Y log CCOJII/I
2

rae Ky, — KOHCTaHTa nucconuanuu KuciaoThl; pKy,., — CHIIOBOM MOKa3aTellb
KHCJIOTHI.

1
pOH =7- 2_pK1<1/1c11 +

PazOeputech B mNpUYMHAX, BBI3BIBAIOIIMX TUAPOJIN3 COJCH, crocodax
NOJIABJICHUS] U YCWJIEHUS TUAPOJIM3a. DTH IMPOLECCHl UMEIOT OOJbIIOE 3HAUECHHE
JUISL TIPaBUIJIBHOTO IIPOBEJICHUSI aHAJIN3a BEIIECTBA.

[loBTOopuTe Marepuas 10 aMQpOTEPHOCTH TUIPOKCHIOB MO  Kypcy
HEOpraHu4yeckoil xumuu. Paccmorpute npumepsl amMm(pOTEpHOCTU MPU AHATIU3E
HEKOTOPBIX T'MIPOKCUIOB (aJTIOMUHHUS, LIMHKA, XpoMa U T.1.) B 3aBucumoctu ot pH
Cpellbl OHM MOTYT MpOSIBJISTh KHCIOTHBIE WJIM OCHOBHBIE cBoMcTBa. Hampumep,
TUAPOKCH]T IIMHKA YaCTUYHO pPAaCTBOPUM B BOJE W JHMCCOUMUPYET IO JIBYM
(KUCIIOTHOMY Y OCHOBHOMY) THUIIaM:

2H" + Zn0O,* — Zn(OH), « Zn** + 20H

N3MeHsisi KOHIEHTpAlMI0 HMOHOB BOJOPOJA, MOXKHO MOJYYUTh PacTBOP,
comepKammii TOIbKO HMOHBI ZN** mwm wmomsl ZnO,” , WIM e BBLICIHTH
IPAKTHYECKU BCe HOHBI ZN° B 0CAIOK HAPOKCHAA LHHKA. CIeayeT MOMHHTb, Y4TO
ATO YNPOIICHHOE TPEJCTaBIEHHEe O cocTaBe aM(OTEepHBIX THUAPOKCHIOB. B
JICHCTBUTEIILHOCTH OHU MPEICTABIIAIOT co00i ruapaThl okcumoB Truma Al,O3xH,0
U T.J.

IIpu pactBOpeHun ampOTEPHBIX TUIPOKCUJIOB AIFOMUHUS, [IUHKA U JAPYTUX
o6pasyrorcst kommekcrble noHsl [AI(OH).], [Zn(OH)4]* u T.1. PeambHO HOHEI
ZnO,” u AlO, B pacTBOpax He CYIIECTBYIOT.

OTMeTbTE BIUSHHE pazMepa paauyca [EHTPaIbHOTO HOHA U 3apsiia ero sjpa
Ha TIPOYHOCTH CBs3el B ruapokcuaax. IIpu HecoOmoaeHUN YCIOBUM OCaXISHUS
WHOTJa OO0pa3yroTcs KOJUIOMAHBIE CHUCTEMBI, YTO MEIIAeT MPOBEIACHHUIO
XUMHUYECKOTo aHanu3a. Hanmpumep, cynbpuabl KATHOHOB TPEThEH aHAIMTHYECKOU
IPYIIBl OCAXIAIOT U3 TOPSYETr0 pacTBOpPa, TaK KaK MPU OCAXKIECHUU CYIb(PUaoM
aMMOHHUS U3 XOJOJHBIX PACTBOPOB 00pa3yeTcsi KOJUIOUAHBIA pacTBOP CyIb(UIO0B.
B aToM ciyuae TpyaHO TOOUTHCS XOPOIIIeH KOAryJISiiy 0CaaKa u, CIIe0BATENbHO,
MOJTHOTBI OCAXKACHUS.

Heo6xoaumo u3ydnTh CBOMCTBA KOJIJIOUIHBIX CHCTEM, COCTOSIHHE BEIIECTB
B KOJUIOMJHOM PacTBOPE, MPOIECCHI, MPUBOSANINE K 00Pa30BaHUIO KOJIJIOUIHBIX
CUCTEM U K UX Pa3pyIICHHUIO.

Bonpocwt ona camonpoeepku



1. Kakoii mpouecc HazpiBaeTcst ruaponn3oM? OObSICHUTE XMMHYECKYIO
CYIIHOCTb THAPOJIN3a C TOYKH 3PEHHUSI TEOPUU CTPOEHUS BELIECTBA U 3aBUCUMOCTH
THUIIA TUAPOJIUTHYECKOTO PACHIEIJIEHUS OT MOJSPU3YIOIIETO JEHCTBUS HOHOB.

2. OObsicHUTE 3aBUCHUMOCTb  THJAPOJIM3a COJEH OT  TOJIOKEHUS
COOTBETCTBYIOIIMX JJEMEHTOB B MEPUOAUYECKON cucteme sneMeHToB J[.1.
Menneneena.

3. Yro Takoe KOHCTaHTa rufpoiu3a? Hanummre KOHCTAaHThI TMAPOIU3a
conenr FeCl;, NH,CIl, NH,CN.

4, UTo Ha3bIBAETCS CTENEHBIO TMAPoan3a? Kak paccunuThIBAETCS CTENIEHD
TUAPOIIU3a I BCEX €T0 CIy4aeB.

S. Hanumute dhopmysasl 115 pacuera KOHIEHTPAIUU BOJAOPOIHBIX HOHOB
u pH B rugponm3yronmxcs cosix.

6. Kakumu cnocobamu MOXXHO yCUIUTh ruapoiin3? [TogaButh ruaponmns?

7. Cdopmynupyiite noHstue ampoTepHocTu coieil. [louemy runpokcun
LIMHKAa MOKET pearupoBaTh KaK KHCIOTa U OCHOBaHUE, a TUAPOKCHUI Oapus TOJIBKO
KaK OCHOBaHHE?

Tema 4. OkuciumenvbHO-60CCMAHOGUMEIbHBIE PEAKUUU, KOMNJIEKCHblE
COCOUHEHUA U OP2AHUYECKUE PACIEOPbL 8 XUMUYECKOM AHANU3E

B KauyecTBEHHOM W KOJWYECTBEHHOM AaHAJIU3€ IIUPOKO HCIOJIb3YIOTCS
OKHCIIUTENIbHO-BOCCTAHOBUTEbHBIE peakiMi. MHOTrue peakiuu OOHapYyKEeHUS,
pa3feneHdss M BBIACICHHS  MOHOB  OCHOBAaHbl  HA  OKHUCIHTEJIBHO-
BOCCTAaHOBUTEBHBIX (PEIOKC-) MPOIECCaX.

[ToBTOpUTE OKHCIIEHWE W BOCCTAHOBJIEHHE IO KYypCy HEOPraHUYECKOU
xumun. Pazbepurech B MOHITHIX BAJICHTHOCTh U CTETICHb OKUCIICHHS. Bpibepute
U3 TEPUOAUYECKOM CHCTEMBI JJIEMEHTOB BEIIECTBA, HMEIOLIUE HECKOJBKO
Pa3JINYHBIX CTENEHEN OKHUCIEHUA. Pacronokurte 10 BO3pPACTAHHUIO CTENEHEU
OKHCJICHUS CIICAYIOUIME DJIEMEHTHI: XJIOP, MO, MapraHel, XpoM, a30T, MbIIIbSIK,
cepy, MEIlb U PTYTh.

N3yuure cocTaBiieHUE 3JIEKTPOHHBIX U MOHHO-3JIEKTPOHHBIX OKUCIUTEIBHO-
BOCCTAHOBUTEJBHBIX peakiuu. s onpeaeneHuss HanpaBlICHUS PEaKIHUU
MOJIB3YUTECh TAOJIUICH CTaHMAPTHBIX TMOTEHIMAIOB (CM. crmpaBoyHUK Jlypbe).
KosimuecTBEHHON XapaKTEPUCTUKOW OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX CBOMCTB
CUCTEMBbI SIBJIICTCS OKHCIUTEIbHO-BOCCTAHOBUTENIBHBIN (PEIOKC-) TMOTEHIIUAM,
KOTOPBIM PACCUMTHIBAIOT IO ypaBHEHUIO HepHcTa.

Omnpenenenue snekTpoasrkymien cuwibl (DJIC) peakiuu naet npaBUIbHBINA
OTBET O HANIPABJICHUU PEAOKC-PEAKIIUH.

N3yuute (akTophl, BAUSAIOMNE HA 3HAYEHWE PEAOKC-TIOTCHIIMAa TMapbl
(xoHuenrtpauusi, pH pactBopa u Temneparypa).



B KkonmMuecTBEHHOM  aHainuM3€ TMNPU  TUTPOBAHUM  BOCCTAHOBUTEIA
OKHCJIUTENEM WM HA00OpPOT HM3MEHSAETCS BEIMYMHA peloKC-noTeHuuana. Jlis
BBIYMCJICHUs [IOTEHIMajga B IPOLECCEe TUTPOBAHMUA UCIIOIB3YETCs YpaBHEHUE
Hepucra. [Ipu 3TOM A0 SKBUBAJIEHTHOW TOYKH yJIOOHEE BBIYMCIATH M3MEHEHUE
IIOTEHIHAJIa TUTPYEMOM CHCTEMBI, a MOCJIE JKBUBAJICHTHOM TOYKM — IMOTEHIHAI
Iapel TUTPAHT — NMPOAYKT BOCCTAHOBJICHHs. B SKBHBaJIE€HTHOM TOYKE IOTECHIMAI
PACCUMTHIBAIOT 110 YPABHEHUIO:

me? + ne?

(pSKB m _I_ n

I'me mun - crexuomerpuueckue KO3 OUIIMESHTHI; go?z — CTaHJapTHBIN

OKHCIIUTENIbHO-BOCCTAHOBUTEIBHBIN OTEHIUAT.

KommiekcHble cOeAMHEHUs] IMHUPOKO MPUMEHSIIOTCS B AaHAIMTHYECKOU
xuMun. OHU UCTIONB3YIOTCS JJIs1 OOHAPYKEHUSI HOHOB, Pa3/IeNICHUs] U MaCKUPOBKHU
U T.J1. CyIHOCTh KOJIMYECTBEHHOIO0 METO/a KOMILIEKCOOOpa30BaHUsI OCHOBAaHA Ha
MIPOBEICHUH PEAKIIMN 00pa30BaHUs MPOCTHIX KOMIUIEKCOB U BHYTPUKOMIIJIEKCHBIX
coenuHeHuii. M3BecTHast peakiusi mo OOHApyKEHUI0O MOHOB HUKENSI C MOMOIIBIO
JTUMETUITIIMOKCHMA — COTMPOBOXKAAETCsT  00pa3oBaHHEM  BHYTPUKOMILIEKCHOTO
COEIMHEHUs HUKeNs. B XuMHUecKkoM aHanu3e HYKHO YMETh CO31aBaTh YCJIOBUS,
CIIOCOOCTBYIOIIME 00PA30BAHUIO U PA3PYIICHUIO KOMITJIEKCHBIX COEUHEHUM.

B KOMIIIEKCHBIX COEAMHEHUSX HOHBI KOMIUJIEKCOOOPa3YIOIMX 3JIEMEHTOB
MPOYHO CBs3aHbl B KOMIUIEKC. OJHAKO, XOTS W B HE3HAUYUTEIHHOM CTEINEHH,
KOMIUIEKCHBIA MOH BCE ke auccouuupyer. [Io KOHCTaHTE HECTOMKOCTH MOKHO
paccuMTaTh COAEpKaHue NOHA-KOMIUIIEKCOOOpa3oBaTesi B pacTBOpE.

Bosnpiioe 3HaueHWE MMEIOT B aHAIM3€ OPraHUYECKHE peareHTbl. MHorue
OpPraHWYECKUE  peareHTbl  JalT  BBICOKOUYBCTBUTEJIBHBIE  PEAKIUU  MpHU
B3aUMO/ICHCTBUU c HEOPTaHUYECKUMU HOHAMHU C o0pa3zoBaHHEM
BHYTPUKOMIUIEKCHBIX ~ COE€IUHEHUN. WM3yunrte peakuuu ¢ OpraHuYeCKUMU
peareHTaMM Ha TMpUMepax JACHCTBUS JTUMETHITJIMOKCUMA, 8-OKCUXWHOJIMHA,
anu3apyHa, TMTU30Ha U Ap. OpraHuyecKue peareHThl B aHAJIU3€ MPUMEHSIOTCS IS
OoOHapy>KeHHUsI U pa3[eJICHUsT HOHOB, a TakkKe JUIsl HMX KOJUYECTBEHHOTO
OINpPEIEIICHHUS.

Bonpocwt ona camonpoeepku

1. ChopmynupyiiTe  CyHIHOCTh  OKHCIUTEIbHO-BOCCTAHOBUTEIHBHOTO
pouecca.
2. [lepeuncnure  peakTUBBI, IPUMEHSIEMBIE B  AHAJIUTHYECKOU

1ab0paTOpUM B KQUE€CTBE OKUCIIUTENEN, M PEAKTHUBBI — BOCCTAHOBUTEIH.
3. OOBsSICHUTE OKHMCIUTEIbHO-BOCCTAHOBUTENILHBIE CBOMCTBA aTOMOB U
MOHOB B 3aBUCHUMOCTHU OT MX AJIEKTPOHHON KOH(UTYpaLIUU.



4. YUrto Takoe  CTaHAAPTHBIA  OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIN
norteHuuan? Kak onpenenuTs HampaBlI€HHUE OKHUCIUTEIbHO-BOCCTAHOBUTEIBHOTO
poI1iecca.

S. Or kakux  (PaKTOpoB  3aBUCUT  3HAYEHUE  OKHUCIUTEIIbHO-
BOCCTAHOBUTEILHOTO NoTeHMaa? Hanumure ypaBuenue HepHcra.

6. [TpuBeauTe 0OMTYIO XapaKTEPUCTUKY KOMIUIEKCHBIX coeqrnHeHui. Yem
OHM OTJIMYAIOTCSI OT IBOMHBIX COJEH.

1. OOBsicHUTE BIMSHUE KOMIUJIEKCOOOpA30BaHUSI HAa OKUCIUTEIBHO-
BOCCTAHOBUTEIBHBIN TOTEHIIUAI CUCTEM.

8. B kakux ciy4asx B aHAJIN3€ HEOPTaHMYECKHUX BEIIECTB MPUMEHSIOT
OpraHWYECKUE PEAreHTHI?

Tema 5. Ocroébl KauecmeeHH020 aHanu3a

[lenb wu3yueHHs] OCHOB Ka4eCTBEHHOIO aHAJIM3a: 3aKPENUTb 3HaHUs
TEOPETUYECKUX OCHOB AHATUTUYECKOM XMMUU; U3YYUTh KAYECTBEHHBIC PEAKIIUU
KaTUOHOB M aHHMOHOB, BBISIBUTH CXOJCTBO M Pa3IMUME UX XUMHUKO-aHATUTUUECKHUX
CBOMCTB; W3YYUTh METOJbl AHAIN3a CMECEHd KAaTUOHOB W AHHOHOB, METOJbI
pazznencHuss W OOHApyXEHUS OTICIbHBIX MOHOB. KadecTBEeHHBINM aHamu3
HEOPraHMYECKHUX BEIIECTB BKIKOYAET aHAJIN3 KATHOHOB U AHMOHOB.

CxomHble MO XHWMHMKO-aHAJUTUYECKUM CBONCTBAM HOHBI COCTaBJISIIOT
aHanuTU4Yeckyro  rpynny.  CXOACTBO  XMMHKO-aHAJIMTUYECKUX  CBOMCTB
XapakTepu3yeTcsl TIJIaBHbIM OO0pa3oM OOIIMMHM pEaklusIMU, a pa3audyue —
YACTHBIMU PEAKIUSIMH.

O3HAKOMBTECH C TIOJIOKEHUEM DJIEMEHTOB, 00Pa3yIOMIUX KATHOHBI KaXKIOM
AHAJIMTUYECKOU TPYIIIbL, B iepuognyeckon cucreme /.M. Menneneesa.

[To xnaccubukanuu, npemioxeHHo H.A. MeHITYTKMHBIM, BCE KATHOHBI
JIEJSATCS Ha MATh aHATUTUYECKUX TPYII COTVIACHO UX OTHOIICHUIO K CyJb(ui-
HOHAaM.

K xaTHoHam nepBoii anajauTH4Yeckoii rpymnsl otHocsatces: NH,', K*, Na”,
Mg*, k kaTHoHam BTOpOii aHaamTH4ecKoii rpynmbl Ba®*, Ca®*, Sr**. Ilepsas
aHaJUTUYECKas TPYyIIa KATUOHOB HE UMEET IPYNIIOBOIO PEareHTa.

Cynbbuasl, THAPOKCUILI, KapOOHATHI M XJOPUABI KATHUOHOB TIEPBOMU
aHAJIUTUYECKOU TPYIIIbI paCTBOPUMBI B BoJie. [[03TOMY Mpu OCakI€HUN KaTUOHOB
BTOPOW — IIATOM TPyNnn B BHUAE MaJOPACTBOPHUMBIX OCAIKOB KAaTHOHBI NEPBOU
IPYIIIBI OCTAIOTCS B PACTBOPE.

Katmomst K', Na* u  Mg” wuMCIOT 3aKOHYCHHBIC BOCHMH WM
IBYXDJIEKTpOHHBbIe o0onouky. Kartmon Mg®* Haxommrcs BO BTOpOH rpyrme
MEePUOANYECKON CUCTEMBI U SIBIIIETCS MEPEXOJAHBIM MEXKIy KaTUOHAMU MEPBOM U
BTOPOW aHATTUTUYECKUX TPYMI, TOITOMY OH MOKET OBITh OTHECEH KaK K TOU, TaK U
K apyroit. Co BTOpOii TPyIIOil KaTHOHOB HOHBI MQ> 0GBEIHHSET CIIOCOGHOCTD



JaBaTh MaJOPaCTBOPUMBIM B Bojie OcHOBHOH kapOonat (MgOH),COs;. Ho on
pacTBOPSIETCS B COJIIX AMMOHHUS, a TaK KaK OCAKIEHHE KATHOHOB BTOPOM I'PYIIIIbI
kapGoHaTOM aMMoHHs Bexercs B pucyrereur NH,Cl, B xone ananmsa nonsr Mg
HE BBINAJAIOT B OCAJ0K, a OCTAlOTCS B PacTBOpPE C KATHOHAMM IE€PBOU IPYyMIIbI.
[Toatomy ero ymoOHee u3ydarb BMECTE C KATHOHAMU NIEPBOM TPYIIIIHI.

['pynmoBsIM peareHTOM I OCakACHUS KaTHOHOB BTOPOM AHAIMTHYECKOU
TpyOmbl  SBISE€TCA KapOOHAT aMMOHHUS B CIa0OIIEIOYHOM cpeae, T.e. B
IPUCYTCTBUM aMMOHUUHOTO Oy(depHoro pactBopa. Kpome TOoro katuoHsl BTOpOii
Ipynnbl UMEKT psaf oOummx peakTuBoB. OHU 00pa3yloT MajopacTBOPUMBIE
cynbdarsl, Qocdarbl, okcanmatel U kapOoHaThl. CynbQuabl BTOPON T'PYIIIbI
KaTHOHOB pacTBOpPUMBI B Boje. Ha 3TOM OCHOBaHO OTJEelE€HHE UX OT KaTUOHOB
TpeTbell — mnsATOM rpynn. Bce Meramnbl, oOpasyrolue KaTHOHBI BTOPOU
AHAJIMTUYECKOW TPYyNIIbl, IPUHALIEKAT KO BTOPOM TPYNIE IMEPUOAUYECKON
cuctembl J[.M. MenneneeBa, pacnosiarasicb B TEpPBOM MOJOBUHE OOJBIINX
NEPUOJIOB, T.€. B YETHBIX psAgax. XMMHUYECKass aKTUBHOCTb WX BO3pPACTAET OT
KaJpIus K 6apuio. B 3ToM ke HampaBiIeHUM U3MEHSIETCS U psif APYTrUX CBOMCTB,
HaIlpUMeEp, PpaCTBOPUMOCTD COJIEHM, OCHOBHBIE CBOMCTBA TMAPOKCUAOB H IP.

K Tperbeil aHaJIUTH4YeCKOH IpymIe OTHOCITCS CIEIYIOLIUE KaTHOHBI:
AP, Cr**, Fe**, Fe**, Zn®*, Mn?*, Ni**, Co*". B cocTaB KaTHOHOB TPETbEH IPYIIIbI
BXOZAT O- 3JIEMEHTHI C HE3aKOHYCHHBIMH MIEPEXOIHBIMU OT 8- K 18-311eKTpOHHBIMU
BHEIIHUMU CJIOSMH.

IIpy B3aHMOJCHCTBHH X C JIETKO AeOPMHPYEMBIM HOHOM S° IPOHCXOIHUT
B3aMMHasl MOJIAPU3alUs, TaK KaK KaTHOHBI TPEThEH I'PYMIIbI SBISIFOTCS XOPOIIMMHU
nosisipuzatopamu. OOpazoBaBiuecs CyabPuabl UMEIOT CHIbHYIO AedopMaIuio
BHEIIHUX 3JIEKTPOHHBIX 000J704YeK. XMMHUYECKasi CBA3b YKA3aHHBIX CYIb(PHUI0B
3HAYUTENIbHO MPUONMKAETCS K KOBAJCHTHOM, a OTCIOJa CyIb(UIbl OTINYAIOTCS
HE0OJIbLION PaCTBOPUMOCTBIO B BOJIE.

Cynsbuasl TpeTheil rpynmbsl pactBopsitorcss B 1H. pactBope HCI, kpome
NiS u Co0S, koTopbIe pacTBOPSIOTCS B @30THOW KHCJIOTE WM B CMECH TIEPOKCHIIA
BOZOpOAa ¢ kuciotamu. Ilpu pactBopennu cyiasduma xenesa (111) monsr Fe**
BOCCTAHABIMBAIOTCA 10 Fe”* 1 BBIEIACTCS Cepa.

Cynbduapl nepBoit U BTOPOIl aHAIMTUYECKUX TPYI XOPOLIO PaCTBOPUMBI B
BOJIE.

OOparure  BHMMaHue, 4to  QocpaTbl U  HEKOTOpPbIE  ApYyrue
MaJjOpacTBOPUMBIE COEAMHEHUS KATHOHOB TPEThEW TpYIIbl PACTBOPSAIOTCS B
KHCIIOTax U 1iesnoyvax (amdoTepHble COeAMHEHMS) U B BOJHOM pacTBOPE aMMHUaKa.

K 4erBepToii aHAJIUTHYECKON Ipylne KATHOHOB OTHOCSTCS IOArPYIIIA
MEIn (Cu2+, Cd*, ng+, Bi3+) U TOATPYIIA MBIIIbIKA (AS“', AsY, sb" spY, Sn**,
sn™).



KatnoHsl deTBepTOil aHATUTHUYECKOW Tpymnmbsl oOpa3zoBanbl pP- u  d-
JIEMEHTAMHU Y MMEIOT BO BHEIIHEM JJIEKTPOHHOM cioe 18 wim 18+2 anekrpoHa.
OHM SBJIAIOTCS] CUIIBHBIMU NOJISIPU3ATOPaMH U JIETKO nojsipusyrorcs. C cynbpua-
MOHOM O00pa3yloT MEHEE pacTBOPUMbBIC COEIMHEHHUS, YeM KaTUOHBl TpPEThe
TPYIIBL, U JIETKO OCAXAAK0TCA B CUIIBHOKHUCIION CpeE.

['pynmoBbIM peakTUBOM YETBEPTOM aHATUTUUYECKOM Tpymisl sBusgerca H,S
B xuciou cpene (HCI) mpu pH~0,5. KaTroHBI TpeTheid TpyNIbl HE OCaXKIAI0TCS B
3THX ychnoBusX. Kartuonsl weTBepToil rpymmbel ocaxnpaoorcas H,S Takke B
HEUTpaJdbHOM U MIENOYHOM cpenax. OOpaTtuTe BHHMMAaHHME, YTO SJIEMEHTHI
NOJrPYNNbl MbILIbsKa 00Ja/1al0T MEPEMEHHON BAJIEGHTHOCTBIO U PSJIOM CBOMCTB,
IPUCYIIUX HEMETAILIAM.

B ornanume oT Ccynab(uOOB KAaTHOHOB MOATPYIIBI MEAH CEPHUCTHIE
COCMHEHHsS] WOHOB TPYMINBl MBIIIbsIKa (KpoMe  SNS) MposBIAIOT ceds Kak
troaHrUApU LI U pactBopsroTcs B (NH4),S,, (NH4),S, NaOH, Na,S.

Cynbuapl KATHOHOB YETBEPTOM aHATUTHYECKOU TPYMIbl MOKHO OCAIUTh B
JIPOOHOM NOCTIEI0BATENBHOM HOPSAKE.

K nsiToii aHaJIMTHYECKOl Ipynme OTHOCATCS clemyrolye KathoHsl: Ag',
Pb**, [Hg.]**. CepeGpo, cBuHen u pryTh sBIsIOTCS O- M p-dIEeMEHTAMH H Ha
BHEIIIHEM DJJIEKTPOHHOM ciioe UMEKT 18 mmm 1842 anexrtpona. OHU SABISIOTCS
CWIbHBIMH TOJIIPU3aTOPaMU M JIETKO MOJIIPU3YIOTCS CaMH, MO3TOMY OOpa3yroT
MajiOpacTBOPUMBIE CYJIb(PUIBL.

['pynmoBsIM peareHTOM Ha KAaTHOHBI NSATOM aAHAJIUTUYECKOW TPYIIIbI
SBJISIETCSL XJIOPOBOJOPO/IHASL KUCIOTa. Bce KaTHMOHBI OCaKJAlOTCs B BUAE O€JbIX
OCAJIKOB M OTAEJISIFOTCS OT KATHOHOB OCTAJIBHBIX aHAJIUTHYECKHUX TPYIIIIL.

AHMOHBI. Pa3nuuHble aBTOPBI MOAPA3IEISIIOT AHWOHBI Ha PA3HOE YHCIIO
rpynn. Takum o0pa3oM, CTpOro yCTaHOBJIEHHOM Kiaccu(uKaluu Uisi aHUOHOB
HeT. CunTaercs, 4To aHMOHBI MOAPA3IEIAIOTCA Ha ABe rpynmbl. K nepBoi rpymnme
OTHOCSITCSI aHHOHEI, 0Opasyomue ¢ noHamu Ba®* pactBopumsie B Boge comu: Cl',
Br, I, §%, NO,, NO;3. Ko BTOpO#l aHAIUTHYECKON TPYyMIE OTHOCATCS aHWOHBI,
oOpasyroIue ¢ HOHaMH B&2+MaJ10paCTB0pI/IMI>Ie B BOJIE COEIMHEHUS: SO42', 8032',
52032', COgZ', PO,, SiOgZ-.CHCILOBaTeJIBHO, KJ1accuuKaIis aHUOHOB OCHOBaHa
Ha pacTBOPUMOCTH UX cOjiel Gapus.

[Ipy u3yueHuM peakiy Ha aHMOHBI OOpaTUTE BHUMAaHHE HA CIEAYIOLIUE
MoMeHThl. C KMnO, pearupyroT HOHBI s%, 82032', 8032', I, Br,Cl' u NO,,ac
l, — Tomeko S% , S,05%, SOs%, SO, u NO,. Wowst NO, u NO; wumeror
OJIHOTUITHBIE peakiuu, nmotoMy HOHbBI NOj 00HapY)KHUBAIOT TMOCJE TMOJHOTO
ynanenust uoHoB NO;.

Uonbr SO5> CJIETyeT OTAENSTh OT S,05% neticteuemM SrCl,, Tak kak oum
uMmeroT obmue peakuu. [locie 3Toro MokHO 0OHaPYKUBATh UX B OTAEIBHOCTH.



['unponn3 cuMkaTa HaTpHsl YCUIIMBAETCA B IPUCYTCTBUU XJIOPUIA AMMOHUS
c o0pa3oBaHUEM OCa/IKa KPEMHUEBON KUCIIOTHI.

KaTtnoHbl TsKeNbIX METAUIOB MEMIAIOT OOHApYKEHUI0 OOJIBIIUHCTBA
AHUOHOB, TaK KaK JIal0T C HUMH OCaiku. [103TOMy KaTHOHBI TSKEIbIX METAJIIOB
HEOOXOMMO MPEIBAPUTENILHO YAAIATH U3 PacTBOpA.

Bonpocwt ona camonpoeepku

1. Ha yem ocHOBaHa aHanuTHYecKass KiaccU(UKaIMs KaTHOHOB IIO
rpymnmnam?
2. OObsAcHUTE CBOMCTBA KaTHMOHOB AaHAJIMTUYECKUX TPYMHI B CBS3U C

IIOJIOKEHUEM DJIEMEHTa B nepuoandeckou cucreme [[.11. Menzeneena.

3. PaccmoTpuTte pacTBOPUMOCTD B BOJIE€ M APYTHE CBOMCTBA XUMUYECKUX
COCIMHEHNH KATHOHOB BTOPOM M TPEThEU TPYIIl B CBA3U C DJIEKTPOHHOU
KOH(UTrypanuei, 3apsa1oM U pagnycoM 00pa3yrolnX aTOMOB.

4, YTo Takoe rpynnoBoN peakTuB?

S. [IepeunicnuTe METOABI PA3IOKEHUA U yIAlCHUs cojiell amMoHus. Ha
4eM OHH OCHOBAHBI?

6. B yeM 0CHOBHOE OTIIMUKME KATUOHOB TPEThEN aHAJUTUYECKOU TPYIIIBI
OT KaTUOHOB IMI€PBOW U BTOPOU IpyI?

7. [Io kKakuM CBOMCTBAM MOAPA3JEIACTCS 4YETBEPTAsl AHAIUTHYECKAs
rpymnma Ha HOATPYIIIBI MEAU U MBIIIbSIKA?

8. JaiiTe TeopeTnueckoe 0OOCHOBAHHME YCIOBHM OCaXACHUS CYIb()UI0B
Y CEpHUCTBIX COEIUHCHUMU.

Yacts

KosmmuecTBeHHBIN aHAJIN3
Tema 1. 0(3H08bl KOJlu4eéCmeeHHO20 aHa/iuza

3agayeit KOJIMYECTBEHHOT'O a”Hajan3a SIBJISICTCS ONPEAECITICHUE
KOJIMYECTBEHHOTO COJIEPKAHUS AJIEMEHTOB. MIOHOB MJIM XUMUYECKUX COCAUHEHUN,
BXOJSIIUX B COCTaB HUCCIEAYyEMBbIX BEIECTB U MarepuanoB. KonudecTBEeHHbIN
aHajau3 uMeeT OOJIBIIOE 3HAYEHUE MJIS HAYKW W MPOU3BOJACTBA. XUMHUK JOJKEH
3HATh KaYECTBEHHBIN M KOJIMYECTBECHHBIN COCTaB MepepadaThiBaeMbIX MaTepHAIOB
Ha JIFOOOM CTauu HAYYHOTO WM MPOU3BOCTBEHHOTO TIpoliecca.

KonnuectBeHHOE onpenenenre BemeCcTB COCTOUT U3 CIEAYIOIIUX OCHOBHBIX
OTIepaLWA:

1. OT60p cpenHei MpoObl U MOJATOTOBKA BEIIECTBA K KOJIMUYECTBEHHOMY
ONPEAEIIECHUIO, T.€. B3ATHE HABECKU U IIEPEBEIICHUE €€ B paCTBOP.



2. Pasnenenne wucciemyemoro o00bEeKTa Ha  COCTaBHBIE  YaCTH,
KOHLIEHTPUPOBAHUE UX.

3. Omnpenenenue KOJIMYE€CTBEHHOTO coJiep KaHus OTJIEIBHBIX
KOMITOHEHTOB OJTHUM U3 0oJiee yA0OHBIX METOAOB JIJIsl JAHHOTO aHan3a

4, Boeruncienus no pe3ysibraraM aHajlu3a.

Ommbku, BCTpeyarolmuecs NpH KOJUYECTBEHHOM ONpPENEICHUU, OBbIBAIOT
CUCTEMATHYECKHE M  Ciay4dauWHble. PaccMoTpuTe  METOABI  yCTpAaHEHUS
CUCTEMATUYECKUX OLIMOOK M BIMSHHUE MX HA KOHEUHBIN pe3yJbTaT ONpeeICHU.
[Io xoHEYHOMY pe3yJbTaTy KOJMUYECTBEHHBIX OMNPEICICHUN pacCUUTHIBAIOT
a0COJIIOTHBIE U OTHOCUTENIbHBIE OIIUOKH.

Pe3ynbTaThl aHamm3a HOHKHBI OTIAMYATHCS OOJBIION BOCIIPOU3BOAUMOCTHIO.
O3HAaKOMBTECh C MOHATUSMH TOYHOCTH M BOCIPOM3BOAMMOCTbH aHadu3a U C
MaTeMaTH4YeCKO 00pabOTKOM pe3ybTaTOB U3MEPECHHUIA.

Cucremarnueckyro 00paOOTKYy 5SKCIEPUMEHTAIbHBIX JAHHBIX CIEIYeT
IPOBOJUTh B COOTBETCTBUU C MpaBUJIAMU MEXIYHApPOJHOTO COK3a YUCTON W
npuknagason xumun (MIOITAK).

Bonpocwt ona camonpoesepku

1. KakoBbl 3amauM KOJMYECTBEHHOrO aHanu3a? YKaXUT€ OCHOBHBIC
olnepanry KOJIMYECTBEHHOTO ONPEACIICHUS BEIIECTBA.

2. Kakue MeToapl KOJWYECTBEHHOTO aHain3a Bbl 3Haere? Yem
OTJIMYAIOTCA XUMUYECKHUE METOAbl OT (UBUYECKUX U (DPUIUKO-XUMUYECKHUX
METOJIOB aHaian3a?

3. [IpuBenute KJ1acCU(UKAITUIO METOJ0B KOJINYECTBEHHOTO
XUMHUYECKOTO aHaiau3a. Jaiite CPaBHUTEJIBHYIO XapaKTEPUCTUKY
TUTPUMETPUUECKOTO U TPABUMETPUUYECKOTO METO/IOB, YKAKHUTE UX JOCTOMHCTBA U
HEJOCTATKHU.

4, Kakue TpeOoBaHUS TPEABABISIOTCS K PEAKIUsM, MPUMEHSEMbIM B
KOJINYECTBEHHOM aHanu3e?

S. C kakoll TOYHOCTBIO BEIYTCS BBIYHCICHUS B TUTPUMETPUUECKOM
aHanuse?

Tema 2. Tumpumempuuecxkuii (00vemHwlil) anaiusz

ChopmynupyiiTe CyIIHOCTh THUTPUMETPUUECKOTO aHanmu3a. KoaumdecTBo
UCCIIETyEeMOI0 BEIIECTBA H3MEPSETCS OINpeAeieHHbIM O00BEMOM THUTPOBAHHOTO
pacTBopa, T.€. paCTBOpPa C TOYHO U3BECTHOU KOHLICHTPALMEN, KOTOPBIM BCTYNAET B
peaKklMio ¢ 3TUM BenlecTBOM. O3HaKOMbTECH C TPEOOBAHUSIMU, TIPEIbABIIEMBIMU
K peakluusM, HCIOJb3yEeMbIM B TUTPUMETPUUECKOM aHanuze. TumpoeaHuem
Ha3bIBAIOT TMPOIECC MNPUIMBAHUA TUTPOBAHHOIO (CTAHIAPTHOTO) pacTBopa K
pacTBOpy ompenenseMoro BemiecTBa (Wiau Haobopotr). CTaHAapTHBIA PacTBOP
MPUJIMBAIOT J0 MOJHOTO 3aBEPUICHUS PEAKIIUH, T.€. 10 TOUKH SKBUBAJIEHTHOCTH.



O3HaKOMBTECh C TEXHUKOW TUTPUMETPUUYECKOTO aHAIIN3a, IPUTOTOBICHUEM
CTaHJApPTHBIX (TUTPOBAHHBIX) PACTBOPOB, OMPEIEICHUEM TOUKH IKBUBAJIEHTHOCTH.
Hayuutech TOUHO M3MeEpSTh 00BbEMBI PACTBOPOB, pabOTaTh C MEPHOU MOCYJION U
KaJIMOpOBaTh €e€.

B ocHoBe kiaccuukanmuy TUTPUMETPHUUECKUX METOAOB JIKHUT XapaKTep
peaKIuy, HCIOJIb3YyEeMON sl OIpeAeNCHHs; KUCIOTHO-OCHOBHOE THTPOBAHHE
(HedTpanu3zanus), OKCUIUMETpUS (PEAOKCUMETPHS), KOMIUIEKCOOOpa3oBaHUE U
ocaxxaeHue. CrocoObl THUTPOBaHWS MOJPA3JCISAIOTA Ha: NpsiMOe, OOpaTHOE H
TUTpoBaHue 3amectutens. [Ipu HpsIMOM TUTPOBAHUM PACTBOP HCCIEAYEMOIO
BEII[ECTBA HEIMOCPEICTBEHHO TUTPYIOT CTaHIApPTHBIM pacTBopoM. IIpu obGparHoM
TUTPOBaHUM (TUTPOBAHME MO OCTAaTKy) MPWIMBAIOT K PAcTBOPY HCCIEIYyEeMOro
BEIIECTBA 3aBEOMBIA HM30BITOK CTAaHAAPTHOTO pacTBopa. 3aTreM H30BITOK
OTTUTPOBBIBAIOT  BTOPHIM  CTaHAAPTHBIM  pacTBOpoM. Ilpu  TuTpoBaHuuU
3aMecTuTeNd (METOJA 3aMEUIeHUs) K ONpENesieMOMY BEIIECTBY MPUOABISIOT
peareHT, KOTOPbIi, B3aUMOACHCTBYS C HUM, BBIJICIISIECT YKBUBAJICHTHOE KOJIUYECTBO
HOBOT'O BEILIECTBA, KOTOPOE OTTUTPOBBIBAIOT CTaHJAPTHHIM pacTBopoM. Hampumep,
st onpenenenust okuciurenedt ( KMnO,, K,Cr,O; u ap.) HomomeTpuyeckum
METOJIOM K UX PacTBOpPY NMPUIMBAIOT HOAWJ Kaius B KUcIoi cpene. [Ipu peakuuu
B3aMMOJICHCTBHSI €r0 C OKHCIUTEIEM BBIIEISIETCS HKBHBAJIEHTHOE KOJIUYECTBO
fio/1a, KOTOpPOE OTTUTPOBBIBAIOT CTAHIAPTHBIM PACTBOPOM THOCYIb(aTa:

2KMnO, + 10Kl + 8H,S0O, = 2MnSO, + 51, + 6K,SO, + 8H,0
I, + 2Na,S,0;3 = 2Nal + Na,S,0¢

TutpoBanue BeIyT MO0 TOYKH SKBUBAJICHTHOCTH, T.€. JI0 MOMEHTA, KOTJa
KOJIMYECTBO CTAaHJAPTHOTO PACTBOPA CTAHOBUTCS SKBUBAJCHTHBIM KOJIUYECTBY
OTIpEeJIeIISIEMOr0 BemiecTBa. TOYKY SKBUBAJIEHTHOCTH OMNPENEISIOT C TOMOIIBIO
WHIUKATOPOB, WHCTPYMECHTAIBHBIX METOJOB WM BEAyT OE3WMHIUKATOPHOE
TUTPOBAHUE.

[Ipy u3ydeHUM KaKIOTO TUTPUMETPHUECKOTO METOJa Haao oOpamiarh
BHUMAaHHE Ha: a) PEAKUHUIO JIekKAU[yl0 B OCHOBE MeTojAa; O) MPUTOTOBIECHUE
CTaH/JAPTHBIX, YCTAHOBOYHBIX W OMPEIEISIEMBIX PACTBOPOB M MX XpaHEHHE; B)
BBIOOp MHAMKATOPA (KPUBBIE TUTPOBAHUS) U TIOICUET WHANKATOPHON OIIUOKH.

Bonbioe 3HaueHne MMeEET COBMAJCHUE TOYHOCTH U3MEPEHUN C TOYHOCTHIO
BbIunciaeHud. [Ipu UCTIOIB30BaHUM PEKOMEHIYEMOI0 Croco0a pacuera B KaKI0M
cinydae (0ynb To pa3daBieHHUE pacTBOpa BEIIECTBA, OCAXKICHUE, YAAICHUE JIETYINX
MIPOTYKTOB, HEHTpanm3anus, OKHCJICHUE — BOCCTAHOBJICHHE,
KOMIUIEKCOOOpa30BaHUE), CIEAYeT HCXOAHBIE U ONpeAessieMble KOJIUYECTBA
BENIECTBA BBIPAKATh SKBUBAJICHTHON MaCcCOM.



Cnenyer TOMHHTH, 4YTO: a) B TMPOIECCE PACTBOPCHHS BEIIECTBA WIH
paz0aBlieHHsT pacTBOpa KOJMYECTBO BEILECTBA, a CJEJOBATENIbHO, M YUCIO €ro
HKBUBAJICHTOB HE HM3MEHAETCS; 0) B JI00OW peakiuu BeElIecTBa PEarupyrorT B
HKBUBAJICHTHBIX  KOJMYECTBAX, T.€. UHUCIO DSKBUBAJICHTOB OJHOTO W3
MPOPEarupoBaBIINX  BEMIECTB  PaBHO  YWCIAYy  OKBUBAJEHTOB  JIPYTrOTO
MIPOPEArnupoOBAaBIIIETO BEIIECTBA W PABHO YHCIY SKBUBAJICHTOB KaXIOTO U3
TIOJTYYHMBIITNXCS B PE3yJIbTaTe PEAKITUU BEIICCTB.

Pemenne pacueTHOW 3amadu clieayeT MPOBOIUTH B HECKOJIBKO JTAIlOB: a)
YSCHUTH XapakTep Mpollecca M HamucaTh YpPaBHEHHS peakiuil; 0) onpeaenuTb
YUCJIO KaXJOr0 M3 pPEarupyrolux BEHIECTB YHCIOM TI'PaMM-3KBUBAJICHTOB;
MOJICTABUTH YUCIIOBbIC 3HAYCHUS U MPOU3BECTH BBIUHUCICHUSI.

B tuTpuMerpuyeckoM aHaiM3e MPH BBIYUCICHUSX TPHUHATHI CIETYIOIIHE
o0o3HaueHusi: M — MoJsipHas macca; D — SKBHUBaJICHTHas macca, A — aTOMHas
Macca, N — HOpMalbHOCTH pacTBOpa, 3kB/1; C,, — MOJISIPHOCTh PacTBOPA, MOJIb/JI;
Cy - KOHIeHTparms BemectBa, %; T — Tutp pacTBopa, r/ecm>; Tap — THIP
ompememsieMoro BemiectBa A 1o BemectBy B, r/em®; K — mompaBodHBId
KO3 HLIEHT; p — ILIOTHOCTB PACTBOPA, I/cM°; V- 06beM pacTBOPa, AM® WIH I,CM
win M1, d - HaBecka ONpenessieMOro BelecTBa, r; M(Qg) - KOJMYECTBCHHOES
CoJiep>KaHuE BEIIECTBA, T.

DKBUBAJICHTHYIO MACCy BEIIECTBA MOYKHO BBIPA3UTh (hOPMYJIIOM:

N m TV
J )
Bonpocwl ons camonposepku
1. N310%uUTE CYIIHOCTH THTPUMETPUUECKOTO aHAIU3A.
2. ITo KakoMmy IIPUHLIUITY KJIACCU(DULIMPYIOT METO/IbI

TUTpUMETpUUECcKOTo aHanu3a? Kakue crnocoObl TUTPUMETPUUYECKUX ONMPEIeTICHUM
BbI 3HaeTe?

3. Kakas mocyma wucnons3yercs B OOBEMHOM aHaliM3e M KaKue
TpeOOBaHUS MPEIBABISIOTCS K HEH?

4, UTo Takoe «XOJOCTOM ONBIT» U PacTBOP-CBUAECTEIb, KaK OHHU
MIOMOTAIOT MOBBIIIEHUIO TOYUHOCTU OTNpeeIeHus?

5. Kak BIUSAIOT HA TOYHOCTH TUTPOBAHUS TEMIIEpAaTypa U KOHIICHTPaIIUsI
pacTBOpa, KOHIIEHTpaLusl TUTPAHTA?

6. Uto Ha3bIBAIOT XapaKTEPUCTUKAMU  CTAHAAPTHOrO  pacTBopa?
[IpuBenute pacdetHbie (OpPMYIbI IS HOPMAJIBHOCTH ¥ TOMPABOYHOTO
kodpdummenta. UYUro Ha3bBAIOT TUTPOM  CTAaHAAPTHOTO  pacTBopa IO
OMpeIeNIIEMOMY BEIIECTBY?



1. Kak moabuparoT WHAMKATOp TpU TUTPOBAHUU KHUCIOTaMH U
meaouyaMu? UTo Takoe TOUKa SKBUBAJICHTHOCTHU?

8. Uemy paBHa SKBHUBAJCHTHAs Macca IUXpoMara Kajaus B pEakKIUsaX
B3aMMOJICHCTBUS: a) C XJIOPUIOM Oapus; 0) ¢ HOIUIOM KaJlus B KHCJION Ccpe/ie.

Tema 3. Memoo neiimpanu3zayuu (Kucji0mHo-oCHO6HOE MuUmMposanue)

CymHOCTh METOJ@a 3aKJIIo4YaeTcsi B KOJUYECTBEHHOM  OIpPEJETICHUU,
OCHOBAaHHOM Ha PEaKI[UU HEUTpaIu3aluu:

H;0" + OH < 2H,0

OTHUM METOJOM MOJKHO pellaTh 3aJ]aud KOJUYECTBEHHOTO OIPEIACICHUS
KHCJIOT, OCHOBaHUM, KapOoHATOB, ruapokapoonaTtoB, cmeceit Na,CO; + NaOH,
Na,CO; + NaHCOg;, comeii aMMOHHUS, a30Ta B OPTaHUYECKUX COCAMHCHHSIX H
MUHEPAJIbHBIX YJIOOPEHUSX, )KECTKOCTU BOJbI, KOHIICHTPALIMU COJICH HIECTOUYHBIX U
IIEJIOYHO3EMENBHBIX ~ META/UVIOB  MOCJE€  MPEABAPUTEIIBHOTO  IPOITYCKaHUS
aHaJIM3UPYEMOro pacTBopa uepe3 kaTuoHut B H-popwme.

N3yuute TEOpPETUUECKUE OCHOBBI KHCIOTHO-OCHOBHOTO THUTPOBAHUA.
TodHOCTH OmpeieNeHni 3aBUCUT OT YCTAHOBJICHHS TOYKH SKBUBAJICHTHOCTH. J[Jis
ATOTO MPUMEHSIOT HWHCTPYMEHTAJIbHBIE METOJBI W  KHUCJIOTHO-OCHOBHBIC
MHAUKATOpbl. MHIuWKaTOpbl METOJa HEWTpadu3aluu SIBIAIOTCS — CJIa0bIMU
KUCJIOTAaMH WM OCHOBAHUSIMU M XapaKTEPU3YIOTCSd KOHCTAHTOW JMCCOIMAIUU,
MHTEPBAJIOM IE€PEX0/ia OKPACKU M MmokazareyieM TuTpoBanus (pT), T.e. BEIMUHHOM
pH, ripu KOTOpOI MPOUCXOIUT U3MEHEHUE OKPACKH MHIUKaTOpa. M3yuuTe Teoputo
KHCJIOTHO-OCHOBHBIX ~ MHAUKATOPOB (MOHHYIO, XpOMO(OpPHYHO H  HOHHO-
xpomodopHayto). TTozHakoMbTeCh ¢ HamboJiee YacTO MPUMEHSIEMBIMU KHCIIOTHO-
OCHOBHBIMH HHIuKaTopamu. OOpaTuTe BHMMaHHE Ha HX 00JIaCTH Tepexoja
OKpPAaCKH.

Jlnst oGecrieueHns yCIemHoro onpeiesieHus METOJIOM KHUCJIOTHO-OCHOBHOTO
TUTPOBAHMUS HEOOXOJAMMO TMpPaBWIHHO BbIOpaTh wuHAUKaTOp. Jlis moadopa
WHJIUKATOPA MOJb3YIOTCS:

1. ['padprueckum meTo10M;
2. Pacuerom 3HaueHus pH B 5KBUBAJIEHTHOW TOYKE TUTPOBAHUS,
3. [TogcueToM MHANKATOPHON OMIUOKH.

B MeTone KUCIOTHO-OCHOBHOTO TUTPOBAHUS BO3MOXKHBI CIICAYIOIIUE CIIydan
TUTPOBAHUS: &) CUIBHYIO KUCIOTY TUTPYIOT CUJIbHBIM OCHOBAaHHUEM U HA000pOT; 0)
c1abylo KUCIIOTY TUTPYIOT CHIIBHBIM OCHOBAHHEM; B) Cllab0€ OCHOBAaHUE TUTPYIOT
CHJIBHOHM KHCJIOTOHM. B KakaoM ciydae CTpOAT KpHUBBIE TUTPOBAHWs, Ha KOTOPBIX
OKa3aHO U3MeHeHue 3HayeHuss pH Tturpyemoro pactBopa B mpolecce
TUTpoBaHus. KpuByr0 THUTpOBaHUS CTpPOAT MO ClENyIOIMM To4ykam: a) pH
OTIpPENENIEMOr0 PacTBOPA, HAXOSIIErocs B TUTPOBaJIbHON kosbe; 6) pH mpwu



TUTPOBAHUMU CTAHJAPTHBIM PACTBOPOM IE€PE] TOUKOW 3KBHUBAJIEHTHOCTH; B) pH B
TOYKE OJKBUBaJEHTHOCTH; T) pH mnpu TuTpoBaHMM cpa3y TOClIE€ TOYKU
HKBUBAJICHTHOCTH.

KpuByto THUTpOBaHHS CTpOSIT, OTKIaJbIBas IO oOcH alcuucc 00beM
CTaHJApTHOTO pacTBOpa (MJ), a MO OCH OpAuHAT 3HauyeHue pH TuTpyemoro
pacTtBopa.

3Has CcOCTaB pacTBOpa B TUTPOBAIBHOW KOJIOE B KaXJbIH MOMEHT
TUTPOBAHUSI, MOXHO COOTBETCTBEHHO BBIOpaTh pacyeTHbie GOpMYJbl s
onpenenenuss pH (ans cuiibHBIX U cHaObIX KHCIOT M OCHOBaHUH, Oy(epHBIX
PacTBOPOB U THAPOIU3YEMBIX COJIEH B TOUKE SKBUBAJICHTHOCTH).

Heo6xoaumo touHo paccuutath pH mna touku skBuBasieHTHOCTH (TD) u
KoHeuHo Touku TutpoBanus (KTT).

IIpu pacyere KpUBOM TUTPOBAaHUS BbLIECIUTE HauOoJiee Ba)KHBIA Yy4acCTOK,
KOTOpBI HAaXOAWUTCSA BOJU3M TOYKM SKBUBAJIEHTHOCTU. ODTOT Y4YacTOK, KOTIJa
ONpENEIAEMBI  pAacTBOP HENOTUTPOBAH WM IEPETUTPOBAH CTAaHIAPTHBIM
pactBopoMm Ha 0,10 mu. Ha sTOoM ywacTke mpoucXomuT pe3koe nm3meHenne pH
pacTBopa, TaK Ha3bIBAEMBIM CKAadOK TUTpoBaHusA. CpenHss Touyka ckauka pH
OIIpENENSIET SKBUBABAICHTHYIO TOUKY. OHa MoXxkeT umeTs 3Hauenue pH=7, pH > 7,
pH < 7. Ecnu TUTpyeM CUIIbHYIO KUCJIOTY CUJIbHBIM OCHOBaHMEM U Ha00OpPOT, TO B
TOYKE DKBUBAJIIEHTHOCTH pH = 7, eciu cuia KUCIOTHl MEHBILE CUJIbl OCHOBAHUS,
pH > 7, ecnu cuina KUCIOTHI O0JbIlie CUiTbl OocHOBaHus, pH < 7.

3nauenne pH, 70 KOTOPOTO TUTPYIOT PAacTBOP C JAaHHBIM HMHIUKATOPOM
Ha3bIBAIOT nOKazamenem mumposanusi 3Toro wunaukaropa, pT. Ilpu BbeiOOpe
WHAWKaTOpa HEO0OXOIMMO, YTOOBI €ro MoKa3aTelb THTPOBAHHS COBMAAAl CO
3HaueHneM pH pacTBopa B THUTPOBAIBbHON KOJIOE B TOYKE SKBHUBAJICHTHOCTH U
WHTEPBAJ TIEPEex0/ia OKPACKH WHANKATOPA JIeKaT BHYTPH CKadKa TUTpoBaHus. Jliis
O0osee TOYHOro MoOA0Opa HMHAMKATOpAa MPUMEHSWTE pacdyeT HWHIUKATOPHBIX
OLINOOK.

Kpome Boabl B KayecTBE pPACTBOPUTENS IIMPOKO NPUMEHSIOTCA IPYyrue
OpPraHWYeCKHWE W HEOpPraHWYeCKHe pacTBopuTenu. M3yuure nuHammdeckoe
PAaBHOBECHE B HEBOJHBIX PACTBOPAX AIEKTPOJIMTOB, IPUMEHEHHUE 3aKOHA JECUCTBUS
Macc K pacTBOpaM JIEKTPOJIMTOB B HEBOJHBIX CPEIaX.

KucnotHo-ocHOBHOE THUTPOBAHHWC B HCBOAHBLIX PACTBOPAX IPHUMCHAIOT IJIA
KOJIMYCCTBCHHOI'O OIIPCACIICHUA B PACTBOPUTCIIAX: B 663BOI[HBIX KHCJIOTax, B
KUIKOM aMMHAKEC H €TI0 JKHIAKHX IIPOU3BOJHBIX, B CIIMPTAX M HX CMCCIAX C



WHEPTHBIMU pacTBOpUTEISIMU. K 3TOW rpynne MOXKHO OTHECTU M PsiJi allPOTOHHBIX
JTUTIOJIAIPHBIX pacTBOpUTENied (alleTOH, alueTOHUTPUII, METHJIITUIKETOH W JIp.),
WHEPTHBIE, CMELIAHHbIE, CIIEHIUAIBHBIE U CTAHAAPTHBIE PACTBOPUTEIIN.

Bonpocwt ona camonpoeepku

1. CdhopmynupyiiTe CyIHOCTh KUCIOTHO-OCHOBHOTO TUTpOoBaHus. Kakas
peakuus SBIAETCA OCHOBHOM?

2. Ha kakume wuerelpe »dTana JemsaT npouecc TurTpoBaHus? Kak
paccunThiBaTh 3HaueHHs pH Ay CUJIBHBIX M CJIAOBIX KHUCJIOT M OCHOBAaHUH,
Oy(epHBIX pacCTBOPOB U PACTBOPOB TUAPOJIN3UPYIOIIUXCS COTEH?

3. Kak BpIOMpAIOT HHAMKATOP AJIS PA3IMYHBIX CITy4yaeB TUTPOBAHHUS.

4, Kakoe npakTtnyeckoe 3HaYEHUE UMEIOT KPUBBIE TUTPOBAHUS U PACUeT
UHAUKAaTOpHOW  ommOku?  Ilepeuncnure  cnocoObl  ONpEAENIEHHS  TOYKHU

DKBUBAJICHTHOCTH.

S. Uto Takoe ckadyok TuTpoBaHus? OT Kakux (HaKTOPOB 3aBUCHUT
BEJINYMHA CKAYKa TUTPOBAHUSA?

6. N310XuTe TEOPUIO HWHIUKATOPOB KHUCJIOTHO-OCHOBHOIO METOZAA
TUTPOBAHUS.

1. Yto Takoe mokazaTesib TUTpoBaHUs UHAukKaTopa? Kakue dakTopsl Ha

HETO BJIMSIOT.

8. Kakumu ocoOeHHOCTSIMU 00J1a/1aI0T HEBOIHBIE PACTBOPHI?

Tema 4. Memoowvl oxucienus — 60ccmanos1eHus (OKCuOUMempus)

OO6mrast xapakTepucTUKa METO/IOB OKHCJICHHS] — BOCCTAHOBJICHUS. BrusHue
pasnuYHBIX (DAKTOPOB HA pEaKIMU OKUCJIEHUSI — BOCCTaHOBIeHUs. [Ipumeps
OKHCIIUTENIbHO-BOCCTAHOBUTEIBHOTO  TUTpoBaHUsA.  CoONpsoKeHHbIE — peakiuu
OKHCJICHUSI — BOCCTaHOBJIEHUSA. V3MEHEHHE OKHCIUTEIbHO-BOCCTAHOBUTEIHLHOTO
MOTEHIIMAJIa pacTBopa B Tpolecce TUTpOBaHUS. KpuBble OKHUCIUTENIBHO-
BOCCTaHOBUTEIHLHOTO TUTPOBAHUS. OKUCIUTETFHO-BOCCTAHOBUTEIIHHBIC
WHIUKATOpbl. MHTEpBan mepexoja OKPAaCKHW OKHCIUTEIbHO-BOCCTAHOBUTEIBLHOIO
(pemoxc) mnankaropa. Knaccudukanys MEeTO0B OKHCIEHHS — BOCCTAHOBIICHUS.
TuTpaHThl IPUMEHSIEMBIE B METOJaX OKUCIIEHUSI — BOCCTaHOBJIEHUS. OnpeiesieHne
OKHCIIUTENIeH, BOCCTAHOBUTEJICH M BEIIECTB, HE SBIISIOMIUXCA OKHCIUTEIISIMUA U
BOCCTAHOBUTEJISIMU.

[Hepmanranaromerpusi.  Xapakrepuctuka wmerona. IIpurorosinenue
CTAHJAPTHOTO pacTBOpa TEpMaHraHaTa Kajius. YCTaHOBOYHBIC BEIIECTBA,
NPUMEHSIEMbIE 11 ONPENENICHUs] KOHIUEHTpAllMh II€pMaHraHara. Y cCJIOBUS
XpaHEHUs CTaHAApPTHOTO pacTBOpa mMepMmaHraHata kKauus. I[IpemmymiectBa u
HEJIOCTATKU METO/A.



ﬁOIlOMETpI’IH. Xapakrepuctuka Metona. lIpurotoBineHne CTaHIAPTHBIX
pacTBOpoB Homa M Tuocyinbdara. VYciaoBuUS UX XpaHeHus. VHIuKaTopsl.
HonoMeTprdeckoe OIpesieieHHe OKHCIIUTENeH, BOCCTAHOBUTENEH H KHCIOT.
Bnusinue cpenpl Ha ilogomeTpudeckue onpeneneHus. Mctounrkn ommbok u Mepsl
WX YCTPAHECHUS.

B wmMerome oOKCMAMMETPUM ~ MCHOJB3YETCA PEaKUUs OKUCICHHUS  —
BOCCTAHOBJICHUS IIPM TUTPOBAHWU ONPEAEISIEMOIO BEIIECTBA CTAHIAPTHBIM
pacTBOpOM. IHTEHCHBHOCTH OKHCIHTEIBHO-BOCCTAHOBUTEIBHBIX IPOLIECCOB
U3MEPSETCS] OKMCIINTEIbHO-BOCCTAHOBUTEIBHBIMU TOTCHIIMAJIAMH.

B Xxome THUTpOBaHUS HW3MEHSIOTCS OKHMCIHATEIBbHO-BOCCTAHOBUTEIIBHBIE
NOTEHIMAJIBl JIBYX pearupyromux cucreM. Ha CKOpoCTb OKHCIMTEIBHO-
BOCCTAHOBUTENBHBIX PEAKIMI BIUAIOT pa3iauuHble gakropsl (pH, Temmeparypa,
Katanu3aTtop u ap.). OKUCIUTEIbHO-BOCCTAHOBUTEbHBIE MTOTEHIUAIIBI 3aBUCAT OT
COOTHOIIIEHHSI KOHLEHTpPAalUMd OKHCIEHHOM M BOCCTAaHOBJICHHOW (opM U
KOHIICHTPAIIMX BOJOPOAHBIX HOHOB. DTa 3aBUCUMOCTD BBIPAKAETCSI YPABHEHUEM:

RT _ [Ok]-[HT]™
o= @2 + —1In
ox/socet T g [BoccT |

Koropoe nia remneparypsl 298 K npuHuMaeT Buz

0,059 [Ok]-[H*]™
g
n [BoccT |
I'me N —4ucno 3neKTpOHOB (OTAAHHBIX WU MPUHATHIX). [Ipu q0OaBIeHuN B

¢ = (pgK/BOCCT +

PEIOKC-CUCTEMY pPEareHTOB, KOTOpble 00pa3yloT ¢ HOHAMU OKHUCJIECHHOW WIH
BOCCTaHOBJICHHOM bopmbI KOMIIJIEKCHOE COCTUHEHHE, YMEHBIIAETCS
KOHHGHTpaHI/IH HNOHOB OKHUCIIUTCIIA HWIN BOCCTAHOBUTCIIA. COOTBGTCTBGHHO
YMGHBHIaeTCH n peHOKC-HOTeHHHaJ'I CHUCTCMBI. Ha06op0T, C TIIOBBIIOICHHUECM
KOHIIGHTpAIlMd  OKUCJIEHHOM  WJIM  BOCCTAaHOBJIEHHOW  (opM  cHCTEMbI
YBCINYHNBACTCA €€ PCAOKC-IIOTCHIIUAII.
BOJ’IBIHOG BIIMAHUC Ha BCJ’H/I‘H/IHy peI[OKC-HOTeHL[I/IaJ'Ia CUCTCMBI OKa3bIBACT
KOH]_IGH’[]Z)aI_II/ISI BO)IOpO)IHBIX HOHOB, yqaCTBy}OH.II/IX B peaKI_II/II/IZ
MnO, + 5e + 8H" < Mn?" + 4H,0
. 0,059  [MnOz]-[H*]®
¢ = Pok/soccr + 5 Ig [Mn2+ ]

Ecnmu B pemoxc-mporiecce oOpasyeTcsi BoAa, WM OJHO W3 PEarupyrommx
BEILIECTB BBHINAJAET B OCAJOK, WM BBIJAEISETCA MaJIOPACTBOPUMBIA Ta3, T.€.
oOpa3yeTcsi COeNWHEHHE, MPAKTUYECKH HE NPUHHUMAIOIIEE Y4YacTHE B PEIOKC-
peaKIuu, TO JAJI TAKUX CUCTEM MOKHO HalucaTh ypaBHEHUE:



MnO, + 3e + 2H,0 < MnO, + 40H

. 0,059  [MnOj]
¢ = ¢0K/BOCCT + 3 8 [OH—]4

TBepnoe BewiecTBo, BOAA U ra3 sSBILIFOTCSA MOCTOSHHBIMU BEJIMYMHAMU U B
YPAaBHEHHE HE BIIUCHIBAKOTCA.

CnenoBarenbHO,  PEAOKC-IOTEHLIMAN  3aBUCUT  OT  COOTHOILIEHUS
KOHIICHTpAIlMil HOHOB OKHCIIEHHOW M BOCCTaHOBJIEHHOW (OpM, a TaKkKe OT Cpepbl,
B KOTOPOM ITPOTEKAET PEaKIIUs.

PaBHOBecHME peakIMM HACTyllaeT IPU PABEHCTBE IIOTEHLHMAana JBYX
OKHUCJIMTEIIBHO-BOCCTAHOBUTENBHBIX Iap, HAIPUMED:

I, + 25,05 < S0 + 2I

Hanpumep, npu B3aummoaecTBUM Hoda U THOCYJIb(aT-HOHOB UX
KOHIICHTPAIMS YMEHBIIIACTCSI, @ KOHLEHTpalus TEeTPaTUOHAT- M WOJUI-MOHOB
yBeJIMUMBaeTCA. B pe3ynbTare COOTBETCTBEHHO YMEHBILACTCS IOTCHIMAN Iaphl
S,06%1 2S,05%. Pa3sHOCTD MOTEHIUANIOB YMEHBIIIAETCS M HACTYIAeT paBHOBECHE,
MpU KOTOPOM OHHM OYIyT paBHbI. DTO COCTOSIHHE JUHAMUYECKOTO PaBHOBECHS
XapakTepUu3yeTcsi KOHCTAaHTOM:

[S,067]- 17T
[I2] - [S,057]?
KoHcTanta paBHOBecHs SBJISETCA KOJMYECTBCHHOM XapaKTEPUCTUKOU

K(I2/5,057)

penokc-peakiuu. YeMm OoJibllle KOHCTaHTA, TEM TIIOJIHEE IPOTEKACT PEaKIIus.
CKOpOCTh XHMHYECKOH pEaKIMH pPe3KO HW3MEHSETCS TIPH BO3HHUKHOBCHHUH
WHIYIIUPOBAHHBIX (COMPSHKEHHBIX) peakiuid. CyIIHOCTh COMPSIKCHHBIX PEeaKIni
COCTOUT B TOM, YTO HEKOTOPBIE PEOKC-PEAKIIMH HE MPOTEKAIOT WJIM MPOTEKAIOT
MeUIeHHO. VX MOYKHO WHIYIMPOBATh C TMTOMOIIBIO APYyroro BemiecTa. Hampumep,
MEpMaHraHaT pearupyeT C XJIOPUJOM B NIPHUCYTCTBUU BOCCTAHOBUTEISI — HOHA
Fe?*. TIosToMy IMepMaHraHAT-HOH Ha3bIBAIOT akTopoM, HoH Cl - akmenTopoMm u
non Fe®* - urmykTOpOM.

PaccmoTpuTe mpuMepsl OKHCIMTEIBHO-BOCCTAHOBUTEIHBHOTO THUTPOBAHUS.
J{nst 5TOr0 03HAKOMBTECH € KiacCHU(UKaIMEe METOA0B okcuauMmeTrpuu. Kaxmbiii
OKCUIMMETPUUCCKUI METOJ OCHOBaH Ha OIPEACIICHHONW PEeIOKC-PCaKInH.
Ha3Banme MeToma COOTBETCTBYET IPUMEHSEMOMY CTaHIAPTHOMY pPacTBODPY.
Hampumep, nmepManraHaToMeTpHsi OCHOBaHA Ha PEaKITUU:

MnO, + 5¢ + 8H' & Mn*" + 4H,0

rac CTaHAapTHBIM pacTBOPOM ABJISCTCA II€pMaHraHaT, XpPOMATOMCTPHA
OCHOBAHa HAa PCAKIHUH



Cr,0;% + 6Fe** + 14H" = 2Cr** + 6Fe* + 7H,O

/1€ CTaHJAPTHBIM PACTBOPOM CIYKUT AUXPOMAT Kaaus U JIp.

O3HAKOMBTECH CO CBOMCTBAMHU BEIIECTB, YIOTPEOIIEMBIX B OKCUAUMETPUU
B KayeCTBE CTAHJAPTHBIX M YCTAHOBOYHBIX PACTBOPOB, U C PEAKLUUSIMH, Ha
KOTOPBIX OCHOBAHBI Pa3JINYHbIE METOIbI OKCUUMETPHUH.

[log BiusHHEM pa3IUYHBIX (PAKTOPOB MHOTHE PACTBOPBI, HAIPHUMED
nepMaHranar, THocyiabdar, Hoa U Ap., U3MEHSAIOT CBOIO KOHIICHTPAILIUIO U COCTAB,
T.€. OHM SIBJISIIOTCS HEeCTaOWIbHBIMU. C T€UYEHHUEM BPEMEHH UX TUTP HU3MEHSETCS.

Tax, npu xpanenuu pactsopa KMnO, oH MOXXET 4aCTUYHO BOCCTAHABIUBATHCS JIO
MnO,:

4KMnO, + 2H,0 = 4MnO, + 4KOH + 30;

tuocynbdar B3aumozaeictTyer ¢ CO, 1 KUCIOPOJIOM BO3TyXa:

Na,S,0; + CO, + H,O — NaHCO3; + NaHSO; + S
2Na,S,03 + O, — 2Na,SO, + 2Su 1.1.

[ToaToMy HEOOXOAMMO UMETh TMPEACTABICHHE O TMpaBWIAX XPaHEHUS
pacTBOpPOB, IPUMEHSIEMBIX B OKCUJIUMETPHUH.

B nmpomecce OKCHAMMETPUYECKOTO TUTPOBAHHS B COOTBETCTBHHM C
M3MEHEHUEM KOHIIEHTpAIlMU PEarupyrolyx BEIIECTB U3MEHSAETCS OKHUCIUTEIIBHO-
BOCCTAHOBUTEIbHBIN MOTeHIIUAN. OKOJIO TOYKA SKBUBAJICHTHOCTU MOTEHIIMAI
PEIOKC-CUCTEMbl H3MEHSIETCSI PE3KOo, T.€. Mbl HMEEM CKayOK THUTPOBAHUS.
N3meHeHne penokc- TMOTEHIMAIOB B MPOLIECCE TUTPOBAHUS  ONMCHIBACTCS
ypaBHeHHneM HepHcra:

0,059l [OK]
n & [BoccT |
Opy 3TOM JI0 DSKBUBAJCHTHOM TOYKH YJO0OHEE BBIYUCIATH H3MECHEHHE

¢ = (pgK/BOCCT +

MOTEHIMAIa TUTPYEMOU CHUCTEMBI, a MOCJe YKBUBAJICHTHON TOYKH PACCUUTHIBAIOT
MOTEHITMAI TTaphl TUTPAHT/IIPOYKT BOCCTAHOBJICHHS.

I'paduueckoe n300pakeHUE H3MEHEHHS PEAOKC-TIOTEHIMAIa CUCTEMBI B
MpoIlecce TUTPOBAHUS B KOOPJWHATAX KOJMYECTBO MPUOABICHHOTO pacTBopa (Ha
ocH a0CIucC) — TOTCHIMA CUCTEMbI (HAa OCH OpPJMHAT) HA3bIBAETCS KPHUBOK
okcuaumeTpur. Hanbosee BaKHBIM y9acTKOM JJII BBIOOpa MHIUKATOPA SBISETCS
CKauOK TUTPOBAHMSI, KOTOPHIA 3aBUCUT OT BEJIMYMH CTAHJAPTHHIX MOTEHIIAAJIOB.
Touka HSKBUBAJECHTHOCTH B OKCHIMMETPUU OMpEAeseTcss Oe3bIHIUKATOPHBIMH,
WHUKATOPHBIMU U TTOTCHIITMOMETPUIECKUMH METOIaMHU.

NHaukatopel  OKCUIUMETPUU  SBISIOTCS  CIA0BIMH ~ OpPTaHUYECKUMHU
OKHUCJIUTEIISIMA M BOCCTAHOBUTEIISIMH. VX OKpacka H3MEHSETCS IMPU ONPeIeICHHOM



penokc-noreHuuane.  M3yuyute  OCHOBBI ~ TE€OpPUH  PEIOKC-WUHIUKATOPOB.
PaccmoTpuTe mnpakTHUEeCKME PEKOMEHJAIMM IO ONPEACNICHUI0 OKHCIUTENEH,
BOCCTAHOBUTEJIEW M BEIECTB, HE SBISAIOUUXCA pEAOKC-COeNUHEHUusIMU. B
OKCUJIUMETPUM MOYKHO OINpPEAENATh BEIIECTBA, KOTOpPbIE MPEIBAPUTEIILHO
MOJIBEPral0T OKUCIEHUIO WM BOCCTAHOBIIEHUIO, & 3aT€M TUTPYIOT CTaHIAPTHBIM

PacTBOPOM.

Bonpocw ona camonposepku

1. Yro Ttakoe penokc-moreHuuan? Kak 3aBUCHT €ro BeJIMYMHA OT
COOTHOLICHHsI KOHIIEHTpAlMii OKHUCIEHHOM M BOCCTAHOBJIEHHOH (opM U OT
TeMIeparypbl?

2. B ueM cCymHOCTH METOAOB IIEPMAHTAHATOMETPUM, WOJOMETPHUH,
XpoMatomMeTpuu, OpomaroMeTpuun? Hanummre ypaBHEHHUSI OCHOBHBIX PEAKLIUU.

3. [lepeunciure  mpaBuja  XpaHEHHUsS  CTAHAAPTHOTO  pacTBoOpa
nepMaHraHara.

4, VYkaxxure cnocoObl ONpenesneHus TOUYKA 3KBUBAJIECHTHOCTH B PEIOKC-

MGTOILaX? Kakue I'PYIIIIBI HHIUKATOPOB IIPUMCHAIKOTCA B 9THX MCTOAAX.
5. Kakwne CTaHIAPTHBIC PACTBOPBI MW BCIIOMOI'aTCJIBHBIC PACTBOPBI
IMIPUMCHAIOTCA B ﬁOﬂOMGTpHH? HpaBI/IJIa XPaHCHUS 3TUX PACTBOPOB.

6. B kakux ciydasx romomerpun nMeet 3HadeHne pH? Kak nenctByror
€IKUE IIEJIOYM U COoAa Ha pacTBOp roaa?

1. Kak iogomeTpuuecku onpeaesstoT OKUCITUTENIN?

8. Kakue pocTomHCTBAa M HEOOCTATKA HMEET XPOMATOMETPUYECKHI

Meton? Kak onpeaensitoT TOUKy 3KBUBAJIECHTHOCTU?

Tema 5. Memoowl ocasricoeHus u KOMNaAeKcooOpa308anus

N3yunte Teopuio OCaxJIeHUs M KOMIUIEKCHBIX coeauHeHui. lloBTopute
MpaBWIO TMPOU3BEJAEHUS pacTBOpuMocTH. OOpatutre oco0oe BHUMaHHE Ha
CBOMCTBa OCAJIKOB, CBS3aHHBIE C OCOOCHHOCTSIMU HX MOBEepXHOCTU. [loBTOpUTE
MaTepuas Mo YCTOMYMBOCTH KOMIUJIEKCOB. OOpaTtuTe BHUMAaHHE Ha PaBHOBECHOE
COCTOSIHUE HOHHU3AIlMM KOMIUIGKCOB U BIHMSHUE PA3IUYHBIX (akTopoB Ha
CMEILIEHUE 3TOT0 PAaBHOBECHS.

Metoabl ocaxaenusi. Ilo3HakOMBTECh C KIIacCH(UKAIMCH METOJIOB
OCaXJeHus. B KakaoMmM MeToje, KpoMe MEpPKypUMETpuu, Tae oOpasyeTcs
MAJIOJIUCCOIIMMPOBAHHOE COCAMHEHHUE CYJIEMbl, B TIPOILECCE TUTPOBAHUS B
TUTPYEMOM PACTBOPE M3MEHSACTCS KOHIUEHTPAIUS OCAXKIAEMOIro MOHA. B OCHOBY
pacuera KpUBBIX TUTPOBAHUS OEPETCS MPABUIO MPOU3BEIECHUS PACTBOPUMOCTH, TIO
KOTOPOMY MOJKHO pacCyuTaTh KOHIICHTPAIIMIO WOHOB B JIIO0OOM MOMEHT
TUTpOBaHUS. BenuumHa Cckayka TUTPOBAHMS 3aBUCHUT OT KOHIICHTpALMH
TUTPYEMBIX PACTBOPOB, PACTBOPUMOCTH OCAJIKOB U TEMIIEPATYPHL.



Paz0eputech B mpuMmepax apreHTOMETPUYECKOTO U POJAHOMETPHUYECKOTO
OTpEJENICHHs] TaJOreHUZ0B U WX cMmeceil. Jljiss 3amMeHbl apreHTOMETPUYECKOro
METO0/1a MOXXHO PEKOMEHI0BATh MEPKYPOMETPUUECKUNA METOI.

TurpoBanue cosbto pryta (Il) HaswIBaeTCs Mmepkypumempueti,a METOJ
tuTpoBaHus conblo prytu () HaseBaeTcs mepkypomempueti. MepKypoMeTpus
(meton BerpoBa A.C.) ¢ ancopOLMOHHBIM HMHIUKATOPOM AUQPEHHIKAPOA30HOM
3akimouaercss B cienyomeM. HMom  prytu  (l), Mepkypo-uoH gaeTr ¢
nudeHIITKapOa30HOM CHHHUI 0CaJIOK, KOTOPBI HEPACTBOPUM B 4 — 5 H. pacTBOpE
a30THOM KUCIOTHI.

[Tpu tuTpoBanum HuTparoM prytu (I) MOH xyopuaa maeT OEnbId OCaIOK
kajomenmu Hg,Cl,, koTopas B TOUKe KOHIIa THTPOBAHUS BHE3AITHO OKPAIINBACTCS B
CUHUM WM CHUHE-QUOJICTOBBIM 1BeT Osmarogaps audenuwikapdbazony. s
3aMETHOrO0 PE3KOro Iepexojla HMHIUKATOp HE CIeAyeT BHOCHUTh B Hayale
TUTPOBaHUS, a OJMKe K KOHIY. TUTpOBaHUE JIydllle BCErO BECTU B KUCIION Cpeie, B
pacTBOpPE a30THOM KUCIIOTHI.

MeToabl KOMILIEKCO00pPa30BaHUsA. B OCHOBE JTUX METOIOB JIEKUT
oOpa3oBaHME MaJOJUCCOLMUPYIOIUX KOMIUIEKCHBIX  coeauHeHuid. Iupoko
IPUMEHSAETCS METOJ KOMIUIEKCOHOMETPHUH, B KOTOPOM B KayeCTBE THUTPAHTA
UCIIOJIB3YIOTCSL  KOMNJIEKCOHbl — TIPOU3BOJHBIE MOJMAMHHOIOIUKAPOOHOBBIX
KUCJIOT. KoOMIIEeKCOHBI 00pa3yloT MPOYHBIE KOMIUIEKCHBIE COEIWHEHHS C
KaTHOHAMH, 4YTO OOBACHSETCS HAJIMYMEM B HUX KapOOKCWIBHBIX TPy U
aMUHOTpyNN. AHHOHBI ONPENENSAIOT KOCBEHHBIM MeToAOM. Jljisi 3TOro aHuoH
OCaXAAr0T U30BITKOM OCAJAMUTENS B BUJEC MaJIOpacTBOPUMOro coenunenus. Katnon
u30bITKa OCAAUTENs] OTTUTPOBBIBAIOT CTAaHAAPTHBIM PACTBOPOM KOMILIEKCOHA U
IIPOU3BOAAT COOTBETCTBYIOUIMI pacyeT I ONpENeIeHUs] KOHUEHTPAMU aHHOHA.
[Ipn pacuerax o KOMIUIEKCOHOMETPUYECKOMY METOJIY SKBHUBAJICHTHBIE MACCHI
MHOT'OBAJICHTHBIX KAaTMOHOB YHUCJIEHHO paBHbl M/2 (tme M — MonekymspHas
Mmacca). Ilpu B3aMMOAEHCTBUM MHOTOBAJEHTHBIX KAaTHOHOB C KOMILJIEKCOHAMU
o0Opa3yeTcsi BHyTPUKOMIUJIEKCHOE COEIMHEHHE, B KOTOPOM y4acTBYET OJUH KaTHOH
¥ OJTHA MOJIEKYJIa KOMIUIEKCOHA, SKBUBAJICHTHAsl Macca KOTOpoi paBHa M/2.

KpuBble TUTpOBaHHA 1O METOAY KOMIUIEKCOOOpPAa30BaHUSI BBIPAXKAIOT
3aBUCUMOCTb pMe OT KOHIIEHTPALIUK pEareHTa.

Paz0Oeputech B pacuere KOHUEHTPAlMM HMOHOB METajUla MPU Pa3iNuHbIX
ycnosusax. Ilpeanonosxkum, tutpyeM conb Me™, To 10 SKBUBANEHTHON TOUKM
KOHLIEHTpalsi MOHOB MeTajla OyJIeT paBHA KOHUEHTpAaMM HEOTTUTPOBAHHOMN
COJIM C Y4eToM pa30aBiieHHs] pacTBOpa. B SKBHBaJeHTHOW TOYKE paBHOBECHAs
konuenTpamus Me™ BelumCIseTCs 10 YpaBHEHHUIO:
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Bonpocwi ona camonposepxku.

1. JlaliTe XapaKTEpUCTUKY METOJIOB OCAXKICHHUS W TMPUMEHSIEMBIX JIs
ATOTO XUMUUYECKUX PEAKIIUM.

2. Kak mnpuroToBUTh TUTPOBAHHBIE PACTBOPHI aAPrEHTOMETPUUECKHUX
MeToJ10B. KakoBBI HX CBOMCTBA.

3. Ha d4yem oOCHOBaHO TMpUMEHEHHWE XpomaTa Kajusgd B KauyecTBE
WHJIMKATOPa IMPU TUTPOBAHHUH XJIOPHUIOB paCTBOPOM HHUTpaTa cepedpa’?

4, Jaiite 000CHOBaHME MPUMEHEHUIO OE€3bIHAUKATOPHOIO CIIOco0a
onpeieSIeHUs] IKBUBAJICHTHOM TOYKH B apT€HTOMETPHHU.

S. Vkaxure ycinoBus IpuMeHeHuss metona Mopa m merona PasiHca.
OOBsICHUTE MEXaHU3M JICHCTBUS aJICOPOIMOHHBIX HHINKATOPOB B apPIr€HTOMETPHHU.

6. Kakue peakunu moyioxeHbl B OCHOBY POJIaHHIOMETPUUECKOTO METOIA
OTpeIeIICHUS COCTMHEHUI cepedpa U TaJIoreHUI0B.

1. Kakue peakiiuu moJyioKeHbl B OCHOBY MEPKYPOMETPUUYECKOTO METO/A.
CranmapTHbIC PAaCTBOPBI METO/Ia U MHAUKATOPHI.

8. Pacckaxute o cymHOCTH KOMIUIEKCOHOMeTpuu. Kakue BemiecTBa
MOYHO OTIPEJIENATh 3TUM METOIOM.



Tema 6. I' pasumempuueckuii (6ecoeoii) ananu3

['paBuMeTpUuecKUil aHanM3 SBISETCA OJHUM U3 BAXHEHIIMX METOOB
KOJIM4eCTBEHHOro aHanu3a. CylniHOCTh METOJa OCHOBaHa Ha TOYHOM H3MEPEHUU
MacChl OIpPEIEIISIEMOr0 BEUIECTBA WJIM €r0 COCTaBHBIX YacTed, BBIACISIEMBIX B
XUMUYECKA YHCTOM COCTOSHHHM WJIM B BHJE COOTBETCTBYIOIIMX COCIHMHCHHM
(TOYHO M3BECTHOI'O MOCTOSIHHOIO COCTaBa). /[ 3TOro aHanu3upyeMoe BEIIECTBO
MEPEBOMSIT B PAacTBOP, MPHUOABIISIOT COOTBETCTBYIONIUE pEareHThI (OCATUTENh U
Jp.), KOTOPBIM BBIIEISET MaJOPACTBOPHMOE COCAMHEHHE — MPAKTHUECKH
HEpacTBOPUMBIA  OCaJ oK. BrimenuBmmiics ocafok OTQUIBTPOBBIBAIOT HIIU
HEHTPUPYTUPYIOT, MPOMBIBAIOT, BBHICYIIUBAIOT WM MPOKAIUBAIOT 10 TOCTOSHHON
MaccChl, B3BEIIMBAIOT Ha aHAJUTHUYECKUX BeCax U MPOU3BOJSAT COOTBETCTBYIOIIUN
pacyer.

PaccmotpuTe Kkimaccupukanuio METONOB TPaBUMETPUUYECKOTO aHaIH3a:
BBIICIICHHSI, OCAKICHHS M OTTOHKH, OTMETHTE WX IOCTOMHCTBA Ml HETOCTATKH.

[Ipu ocaxaeHnn onpenenasieMoro BelecTBa oopasyercsa ocaxaaeMas hopma
ocajika, MocJjie MPOKAIMBAHUSI €r0 UMeeM BecoBYIO (popMy ocagka. O3HAKOMBTECh
c TpeOOBaHUAMH, TPEIBSIBIIEMBIMA K OCaXKIaeMOH, BECOBOW QopMaM H K
UCITIOJIb30BAHHOMY OCAJHUTEIIO.

[ToBTOpHTE MPABHIIIO IPOU3BEACHUS PACTBOPUMOCTH U TEOPHUIO PACTBOPCHHS
— ocaxaeHus. BcmomauTEe (PaKTOpHI, BIMAIONINE HA HApYIICHUE TAHAMHAYECKOTO
pPaBHOBECHS CHUCTEMBI: OCAJI0K — HACHIIICHHBIA PAacTBOP (BIMSHHUE OJHOMMEHHBIX
HMOHOB, coJIeBOM 2 (DeKT, u3MeHeHue TemMnepaTypsl, 3Hauenue pH u nip.)

Pazbepurech B MeXaHU3ME OCAXKICHUS KPUCTALUIMYECKUX U aMOP(HBIX
ocaskoB, (OpMBI U CTPYKTYphl oOcajaka. Pa3z0epurech B METOJaxX TIOBBIIICHUS
TOYHOCTH ONpenesieHui (MOHMKEHHE PACTBOPUMOCTH OCAXKIa€MOTO COCTUHECHHS,
MOBBINICHUE CTICNU(PUUHOCTH PEaAKIUi, BEIOOP OCAXKAAIOIIETO PEaKTUBA U T.J.).

bonpmioe 3HaueHHME WMEIOT YCIOBUS OCXKACHHS, OIPEACISIIONINEe €ro
MOJIHOTY, pa3Mep U (OpMy HYacTHI] OCaJKa M €ro 4ucTory. CBekeoCakICHHOE
BEII[ECTBO COCTOMT W3 YACTHUI[ PAa3JIMYHBIX pa3mepoB. [lo mepe mpubaBieHUS
OCaJIUTENISl YMCIIO YACTHI] TBEPAOU (a3bl YBEIMUUBACTCA, a TIPHU BBIJEPIKKE OCaIKa
MIPOUCXOUT YKPYITHEHHUE YaCTHII, T.e. co3peBaHue ocanka. Co3peBHIUi 0CajoK
yke Xopomo (uisTpyercs W TpombiBaeTcs. Pazbeputech B Teopuu BBIOOpa
ONTUMAJIBHBIX ~ YCJIOBHH JJIi TPaBUMETPUUYECKOTO OMPEACIICHUS JaHHOTO
KOMIIOHEHTa M OCHOBaX aHajM3a CMECEH, COMEePKalINX HECKOJIHKO KOMIIOHEHTOB.
O3HAaKOMBTECh C SIBJICHHEM COOCXKJICHHS, T.€. C Pa3IUYHBIMH TMPUIMHAMHU
3arps3HEHUs] OCAAKOB (aacopOrus, OKKIIO3Us, W3oMopdHOe coocaxaeHue). s
MOJIy4eHUsT O0Jie€ YUCTHIX OCAJKOB MPUMEHSIOT pa3u4HbIe CIIOCOOBI HX
MOJIYYCHUSI W OUYMCTKH. PaccmoTpuTe CrmocoObl TepeocaxaeHUs OCaakoB. B



HEKOTOPBIX CIydyasX MCIHOJIb3YyeTCs SBJICHHE OCAXKACHUS B aHaIM3€ A
OOHapy>KEHUsI Pa3IMYHbBIX KOMIOHEHTOB.

PaccMoTpuTe  BO3MOXKHBIE  MEpBl, MPEMATCTBYIOIIME  OOpPa30BaHUIO
KOJUIOMJHOTO PACTBOpa IIPU OCAXKICHWHM, A IPHU IMPOMBIBAHUU OCAJAKOB —
NpEensATCTBYIOUME UX nenTu3auud. [Ipy npombIBaHMM OCAaJKOB B COCTaB
IMPOMBIBHOU KHUJKOCTU BBOJST DJEKTPOJIUT, MUMEIOMMN OOUIMI HOH C HMOHaMU
ocalka, M TE€M CaMbIM [PEMATCTBYIOIIUA  pPACTBOPEHUIO €ro U
KOJUTOMI000Pa30BaHUIO.

Bonpocul ona camonposepku

1. B ueM 3aknro4aeTcs CylHOCTh TPAaBUMETPUYECKOIO aHanu3a?

2. Uro Takoe HachILIEHHBIA pacTBOp? YcioBus oOpa3oBaHMs Ocajika ¢
TOYKH 3PEHUS TPOU3BEICHUS PACTBOPUMOCTH.

3. MoTuBUpyiTE pa3HUIy B MPUEMAX OCAXKICHUS KPUCTALTUYECKUX U
aMOp(HBIX 0CATKOB B TPaBUMETPUUECKOM aHAIHU3E

4, Kak cnenyer npoBoauts ocaxaenue? OuibtpoBanue? [IpomeiBanue?
Uro Takoe aexkantanua? Kak mpon3BoaUTCs BBICYIIMBAaHHUE OCaaKa?

5. [ToueMy HEOOXOAMMO CKUTAHKE (PUIBTPA U KAK MOXKET OHO MOBIIHUATH
Ha 0cafok? UTo 3HaYUT MPOKAJIUTh A0 NOCTOSTHHONW Macchl?

6. Ot Kakux (paKTOpOB 3aBUCUT UYBCTBUTEIBbHOCTH BECOB?

7. Yro HazpiBaeTca «ocaxaaeMoil gopmoitn? Ilepeuncinre OCHOBHbBIE
TpeOOBaHMsI, TpEAbSIBIsIEMblE K oOcaxaaeMoil ¢opme? UYTO NOHMMAIOT TOJ
MPAKTUYECKU MOJHBIM OCAXICHUEM?

8. Uto nHaspiBaloT coocaxaeHueMm? Uem oHO 0OyCIOBIEHO? YKaKuUTE
THUIIBI COOCAXACHUS. YeM COOCaKAEHUE OTINYAETCS OT XUMUYECKOIO COBMECTHOTO
OCAKJIEHUSI NOHOB?

Tema 7. MemooOwl pazoenenus, 6vloe1eHUA U KOHUEHMPUPOBAHUA

OCHOBBI METOZIOB  pas3feleHuss W KOHUEHTPUPOBAHUS  DIIEMEHTOB.
OcaxxeHne W COOCaXJEHUWE KaK METOIbl Pa3JelICHUs U KOHIIEHTPUPOBAHUS.
Opranuyeckue W HEOPraHWYECKHUE  COOCATUTENU.  DJIEKTPOXHUMHUYECKOE
OCAXKJEHUE. DKCTPAKIUSA KaK METOJI pa3/IeJI€HUsI U KOHUEHTPUPOBAHMS. MeXaHn3m
skcTpakiuu. KoHcranta pacnpenenenus.  Xpomarorpadpuyeckue  METOIbl
pa3fenieHuss U KOHILIEHTpUpOBaHUS.  Xpomartorpaduueckue  MeETOJIbl B
KOJIMYECTBEHHOM aHAJIN3E.

TeopeTnueckue OCHOBBI xpoMarorpaduu. AncopOuroHHas,
pacrnpeaenuTeabHas, MOHOOOMEHHas!, 0CcaJ0uHas XxpoMarorpadus.

Oco0eHHOCTH Ta30BOM, ra30KUIKOCTHOM M TEPMOTa3oBOM XpomaTorpaduu
U TNPUMEHEHHE €€ B IPOMBIIUIEHHOCTH OPraHWYECKOr0 CHUHTE3a M B aHAIU3E
NUIIEBBIX MPOAYKTOB. ANMNapaTypa U T€XHHUKa BBINOJHEHUs aHaiu3a. CopOeHTHI,



HOCUTEJIM M PacTBOPHI IpUMEHsAeMble B XxpomaTtorpaduu. CrnocoObl moyuyeHus u
aHaJIM3 XPOMATOIPaMM B pa3IMYHBIX BUJAX XpoMaTorpaduu.

Bonpocwi 0113 camonposepku

1. Jnsg 4ero MpUMEHSIOT XHIKOCTHYIO dKcTpakiuio? Kakue peareHTh
OPUMEHAIOT JAnsi JSKcTpakiuuu? Kakuwe BemiecTBa MNPUMEHSIOT B KadecTBe
HKCTPAreHTOB U KOIJIEKcooOpa3oBaresen?

2. YTo Takoe MOHUTHI U HA KAKUE JIBA BUJIa OHU MOJAPA3ACSIOTCS?

3. Yro Takoe uWOHOOOMeHHbIe Tpynnel? IlpuBenure mnpumMepsl
MOHOOOMEHHBIX TPy Y KATHOHUTOB U aHUOHUTOB.

4, [IpyumMeHeHne MOHUTOB B KOJMYECTBEHHOM aHayin3e. Kakue HOHBI
MO>KHO Pa3JeUTh C IOMOIIbIO HOHUTOB?

S. PacnpenenurensHas xpomatorpagusi U €€ NPUMEHEHUE B aHAJIU3E
HEOPTraHUYECKUX MOHOB U aMUHOKHCIIOT.

6. Kak MOXXHO ompenenuTh KOHUEHTpalus COJIM XJIOPUAA HATpUs C
IMOMOIIBI0 KATHOHHOT'O OOMeEHa.

7. Kak MoOXHO pa3nenuThb Al u Fe** ¢ momompmo
KaTHOHOOOMEHHHUKA?

Tema 6. OcHnoenbie npunuunsl NPUMEHEHUA d)u3ul<0-xumuuec1<ux
Memoo008 6 KOIUUeCmeeHHOM AHAIU3e

DU3UKO-XUMHYECKHE MCTOAbI ITPUMCHAIOT B KOJIHYCCTBCHHOM aHAJIN3C JJIA
peuiCHUA ABYX THUIIOB 3a14a4.

Omnpenesienne KoJM4YeCTBA  BellecTBA MO0  (PU3HMKO-XHMHYECKHM
cBoiicTBaM pacrBopa. KoOHIEHTpanuss BELIECTBA B pPacTBOPE B HU3BECTHBIX
npenesiax CBs3aHa C HEKOTOPhIMU (PU3MKO-XMMUYECKMMH CBOMCTBAMHU MPSAMOMN
MPONOPUMOHAIIBHOW ~ 3aBUCHUMOCTBIO. Tak, BeNMYMHA YyIrja MpPeJIOMIICHUS,
ONTUYECKAs] IUIOTHOCTh, BEJIMYMHA YIJIA BPAIICHUS IUIOCKOCTH IOJSPU3ALNH,
BEJINYMHA JJIEKTPUYECKOTO TOKA, MPOXOJAILIET0 4Yepe3 pacTBOpP HPH HEKOTOPOM
IIOTEHLHAJIC, JJIEKTPONPOBOJHOCTH — BCE OTH  BEIUWYUHBI  U3MEHAKOTCA
IPONOPIMOHATIBHO KOHILIEHTpAallUM BellecTBa (B OINpeAeNieHHbIX TpaHuIax). B
oO1eM BUJIE Takas 3aBUCMMOCTD BbIpaxkaeTcs (popmyioi:

C=k-f
rne f — Qusuko-xumudeckue cBoiicTBa pactBopa; K — koadduimeHt
nponopunoHanibHocTH; C — KOHIIEHTpalusi BellecTBa B pacTBope. ITa

3aKOHOMEPHOCTh IIMPOKO HMCHOJIB3YETCS MPU KOJWYECTBEHHOM OIPENEIICHUN
KOHLIEHTpaLuu BELIECTBA METOJIaMH, MO3BOJISFOILIUMHA U3MEPSATH
COOTBETCTBYIOIINE (PU3UKO-XUMHUECKHE CBOMCTBA PacTBOPaA, - pePpaKkTOMETPUEH,



dboTtomeTpuei, MOJISIPUMETPUEN, KOHJTYKTOMETPHEH, IIOTEHLIHOMETPHUEN,
noJysiporpapuei. DTH METOAbl Ha3bIBAOT METOJAMHU HEMOCPEICTBEHHOTO WU
IpSIMOTO (PU3UKO-XMMHUECKOTO aHAJIN3A.

OmnpenesieHue TOYKH IKBUBAJICHTHOCTH 00bEMHBIX METO/I0B AHAJIN3A 110
U3MEHEHUI0 (PU3MKO-XMMHUYECKHUX CBOMCTB pacTBopa. B psge ciydaes
ONpENEIICHNE TOYKA HKBUBAJICHTHOCTH IIPU THUTPOBAHUU 3aTPYAHEHO —
AHAIM3UPYIOTCS TEMHOOKPAIICHHBIE PACTBOPBI, MCKIIOYAIONIME NPUMEHEHUE
VHJINKATOPOB, HET MOAXOMSIIIMX MHAUKATOPOB U Ap. B Takux cuTyauusix MOKHO
Py TUTPOBAHWHM OMPEHCHATh (PU3UKO-XMMUYECKHE CBOWCTBA THUTPYEMOTO
pacTBopa € MOMOIIBIO CHEHHAIBHBIX MPUOOpOB. [Ipu TUTpOBaHMM H3MEHSIETCS
KOHIICHTpAalUsl aHAJM3UPYEMOr0 BEIIECTBA, MPOUCXOJUT €€ YMEHBIIEHUE, YTO
BEJIET K YMEHBIICHUIO BEJIMYMHBI COOTBETCTBYIONIETO (PU3UKO-XUMUUYECKOTO
IoKasarenss - OJJIGKTPOIPOBOAHOCTH, ONTHYECKOM IUIOTHOCTH, BEJIMYHUHBI
AJEKTPOJHOrO MOTEHIHUAIA, BEJIMYUHBI AJIEKTPUUECKOTO TOKA MPU ONPEAECICHHOM
MOTEHIIUAJIE U T.1. B TOYKE HKBUBAJICHTHOCTH MPOUCXOJUT OOBIYHO PE3KOE
n3MeHeHne (UBUKO-XMMUUYECKUX CBOMCTB pacTBopa. IIpu mocTpoeHun KpuBBIX
TUMA «00BEM TUTPAHTA — CBOMCTBO PACTBOPa» MOJYy4altOT KPUBbIE TUTPOBAHUS, 11O
KOTOPBIM JIETKO ONPEAECIUTh TOUYKY 3KBUBAJICHTHOCTH.

Bonpocwl ona camonpoeepku

1. Knaccudukanusa pusnko-XxuMUYECKUX METOIOB aHAIH3A.

2. CyIHOCTh ONTUYECKUX METOJIOB aHAJIM3A.

3. ArmmapaTtypa u pacTBOpbI PUMEHsIEMbIE B (DOTOMETPHH.

4. OCHOBHBIE 3aBUCHMOCTH B OITHYECKUX METOJAX aHAIU3A.

S. 3akoH cBeToNoOryomeHus. Yto Takoe MOJSIpHBIA KO3()PUUIUEHT
CBETOIOTJIOIICHUS?

6. DNEeKTPOXMMHYECKHME  METOAbl  aHalinu3a, CYIIHOCTh  METOJO0B
NOTEHIIMOMETPUU U KOHAYKTOMETPUHU.

7. Arnmapatypa M 3J€KTpOJAbl IPUMEHSEMBIE B 3JIEKTPOXUMHUYECKHX
METO/IaX aHaJIN3a.

KOHTPOJIBHASA PABOTA.

Bapuant Nel

1. Kakoli nnaukarop cieayer B3saTh s tutpoBanust 0,18 H.pacTtBopa

NH,OH, 0,18 Hu. pactBopom xmopoBogopoanoi kucioTei? IlocTpoiite
COOTBETCTBYIOIIYIO KpHUBYKO TUTpoBaHMA. Ormnpenenure TMpeaenbl  CKadka
TUTpOBaHus U pH cpenbl B Touke SKBUBaJICHTHOCTU. PaccunrainTte HHIANKATOPHYIO
OLIMOKY TUTPOBAHMS JIJIsl BHIOPAHHOT'O MHIUKATOPA.



2. KoHCTaHThl MOHU3AIMU TPEXOCHOBHOW KUCIOTHI H3AN K1:1-10'2,
K,=1-10°, K3=1-10", Berumciure 3nauenme pH B mepBoil W BTOpOil TOYKAax
HKBUBAJICHTHOCTU MPU TUTPOBAHUU ITOU KUCIOTHI pacTBopoM mienoun (NaOH). C
KaKUM HMHJIMKATOPOM OHA TUTPYETCS 1O OJIHO3AMEIIEHHOM M C KakuM J10
JBy3aMelIeHHONW coyin? Bo3MOXkHO, U MpsiMOE€ TUTPOBAHHE IO CpeaHEd coyin?
KaxkoBo 3nauenue pH B TpeTheli Touke s3kBUBanieHTHOCTH (ipu Cy,=0,1M)?

3.  Texuuueckuit kapOboHaT HaTpusi conepkuT okono 90% Na,CO; u
WHEpTHBIC MpuMecH. Kakyro HaBeCKy ero CiemyeT B3STh, YTOObI Ha TUTPOBAHHE €€
¢ MHAHKATOPOoM (eHoIpTacHHOM TonuIo He 6oiee 25 cm® pactopa HCI T (HCI/
Na,C03) =0,01025?

4, MoxHo nu: a) JAeicTBHEM OepTOJIETOBOM COJIM B KHUCIOH cpefe
OKHCIIUTh MOJIU]I - HOHBI 10 CBOOOIHOTO M0/a ; 0) XJIOpUJT — HOHBI 10 CBOOOTHOTO
XJIopa B) IEUCTBUEM AUXpOMAaTa Kajausl B KUCION cpejie OKUCIUTh apCEHUT — UOH B
apceHat — uoH? [loueMy mpHu TUTPOBAHUU ILABEJIEBOW KHCIOTHI (MM OKCajaTa)
NepBbI€ KAIUIM pacTBOpa NepMaHraHaTa 00eclBEUHBAIOTCA MEAJIEHHO, TOTJa KaK B
JTanbHENIIeM 3T0 O0ECIBEUYMBAHME IMPOUCXOJMUT IMPAKTUYECKH MTHOBEHHO? YTO
MOKHO cJIefaTh JJIg TOro, YTOObl TaKK€ MTHOBEHHO OOECIBEUUBAIUCH U TEPBHIC
kar KMnQO,?

S. B MepHo#it k00€ BMECTUMOCTBIO 250cm’ MIPUTOTOBJIEH PACTBOP
0,7112 r okcanata ammonus. Kakoit o0beM 0,045 H nepmaHranaTta Kajausi IOMaeT
Ha TUTPOBaHUE 25 cm® MOJYYEHHOI'0 pacTBOpa OKcajgaTa aMMOHUSA?

6. B d4em 3akmrouaercs CymHOCTh —moaomeTrpuu? Ilouemy B
MEPMAHTaHATOMETPUH U XPOMATOMETPUU UCIIOIB3YIOTCS JHUIIb OKHUCIICHHbBIE, & HE
BOCCTaHOBJICHHBIE (DOpMBI COOTBETCTBYIONUX Map? [loyemy B OTIU4HE OT 3TOTO B
MOJIOMETPUH HCTOJNB3YIOTCS 00e ykazanHbie ¢hopmbl? Kakyro HaBecKy quxpomara
Kallisg CJeAyeT B3sITh, YTOOBI HAa THUTPOBAHME HOMAA, BBIJCIHMBIIETOCS TOCIE
noGaBieHnss K Heil pactBopa moamaa Kamms, momuto 20 cm® 0,05 H pacTBOpa
THocynb(dara Hatpusa? Hanummre ypaBHEHHs peaKIuil.

1. [ns onpenenenusa cBuHIA B pyay B3sTta HaBecka pybl 5,000 r. ITocne
pacTBopenns ee B kuciotre uoH Pb™? ocaxmen B Bume PbCrO, ocamox
ordunpTpoBaH, IpoMbIT u pactBopeH B cMecu HCl u Kl (ypaBHeHue peakiuii).
Breinenennslii, npu 3toii peakiuu uoj ortutpoBan 0,5000 H pactBopoM Na,S,0;3
1 ero uzpacxoaoaHo 42,00 cm®. CKOJIBKO MPOIIEHTOB CBUHIIA COICPKUT pyaa?

8. Kakoe 3Hauennme wumeer [H'] mnpu KOMIUIEKCOHOMETPHUECKHUX
onpenenenusx? Pazoepure Ha npuMepe onpeaeneHus HUHKa (ypaBHEHUE PEaKIuH,
pH pactBopa, Oydepnbie cmecu). OnuiuTe MeXaHU3M JEHCTBUS MeTall-
WHUKATOPA.

Q. Kak pomaHumeTpudecku ONpEAEHsioT  XJIOpuabl?  (ypaBHEHUS
OCHOBHBIX XHWMHUYECKHUX pEaKUH, TUTPOBAHHBIE PACTBOPHI, YCTAHOBOYHBIE



BEILECTBA, MHAMUKATOpPbl MeTonaa). IIpenMyliecTBa polaHUMETPUYECKOTO METOA
ONpeIeNICHNs] XJIOPUAOB MO CPAaBHEHHUIO C METOAOM Mopa.

10. Ckonbko XJIOpa COACPKUTCSA B KapHAJUIMTE, €CIM HaBeCKa ero paBHa
4,2560 r? Ilocie pacTBOpeHHsS €€ pacTBOp IIEPEHECEH B MEpPHYI0 KOJOy u
pazb6aBien g0 250 cM® Ha tutpoBanue 20 cm® MOJy4EHHOTO0  pacTBOpa
3aTpaunBaercst 37,8 cM® HuTpara cepebpa ¢ TurpoM 1o xitopy 0,003602.

11. Ilpemyioxute XO0J IPaBUMETPUUECKOrO0 aHaIM3a HHUTpaTa CBHHIA Ha
coJiep>kaHue CBUHIA. PaccunrtaiiTe HaBeCKy coiid, 00BEM pPacTBOPHUTENS, 00BEM
6%-HO# cepHOM KHUCIIOTHI, MAaCCy 0XKHIaeMOU BECOBOM (hOPMBI.

Bapuant Ne2

1. PaccuuTaiiTe U moOCTpoiiTe KpPUBYIO TUTPOBAHMS pacTBOpa CiadoTo
ocHoBaHHs (KoHCTaHTa aucconuanuu K= 1,79-10°); xonuentpauus ocroBanus Cy,
= 0,1 H. pacTBOPOM COJISTHON KHCIIOTOW TOM € KOHILIEHTPAIUU. Y KaKUTE MPECIIbl
CKauka TUTpoBaHusi U pH cpeapl B ToOUuke AKBUBaJICHTHOCTU. OOOCHYHTE BBHIOOD
WHIUKATOPA.

2. OxapakTepuzynTe KapOOHAT HATPHUS KAaK YCTAHOBOYHOE BEIIECTBO IS
KucioT. Hanuiure ypaBHeHUs peakiuii kapOoHaTa HATpUs C XJIOPOBOJIOPOIHOM
KHUCIIOTOM, paccuuTaiite pH B TOYkax SKBUBAJECHTHOCTH, OOOCHYHTE BBIOOD
WHIUKATOPOB.

3. Haeecka 1,6160 r texuuueckoro (NH,),SO, s ompenencHus
COIep)KAHMS B HEM aMMHUaKa PAaCTBOPEHa B MEPHOIT KOJIOe BMECTHMOCTBIO 250 cm®,
[Ipn xunsyeHun 25,00cm° IIOJIy4EHHOI'0 pacTBOpa C KOHIICHTPUPOBAHHBIM
pactBopoM NaOH Beimenstomuiics aMMuaK TOTJIONMIEH THTPOBAHHBIM PAaCTBOPOM
cepHOU KHUCIOTHL. M30bITOK cepHOil kucnoThl ortutpoBaH NaOH. Paccuwmraiite
npoleHTHOe coaeprkanue ammuaka B (NH;),SO, eciaum mist morsomeHus: aMMuaKka
6but0 B3sito 40,00 cm® 0,1020 H pacTBOpa CepHOil KHCIOTBI, a Ha OOpPAaTHOE
THTpOBaHKE H3pacxogosano 17,00 cm® 0,09690 1 pacreopa NaOH.

4, Kak  3aBucuT  3HaYe€HHWE  OKHCIUTEIHLHO-BOCCTAHOBHUTEIHLHOTO
MOTEHI[MAJIa OT COOTHOUICHMS! KOHIIEHTPALIMH OKHCJIEHHOW M BOCCTAHOBJIEHHOU
dopM? YuMTHIBas 3HAYCHUS CTAHAAPTHBIX PeIOKC-ToTeHnuanos map Fe’*/Fe”* u
[,/2I"  ykaxuTe B KaKOM HaNpaBJICHUH JOJDKHA HMITH PEaKlys MEKIYy HHUMHU.
[IpuroiHa JIM 9Ta peaKius s HOIOMETPHUECKOTO ompeeleHns noHos Fe*. Kak
MIPOBOJIUTCSL TIEPMAHTAHATOMETPUYECKOE OMpeeieHrne okuciaurenein? Onummre
9710 Ha npumepe onpeaenenus KCIOs.

d. Kakyro HaBecky okcamata HaTpusi TpeOyercs B3ATb, 4YTOOBI Ha
tutpoBaHue ee nouwto 25,00 mi 0,02 H pacTBOpa nepmanranara kanusa? Yto takoe
TUTp BemecTBa? UTO Takoe TUTP OJHOIO BEIIECTBA IO JPYromMy BELIECTBY?
Hanpumep, uTo Takoe TUTp THOCYJb(aTa 1o noay?



6. Ckompko rpammoB HCl  comepxurcss B 250 cm® pacrBopa
XJIOPOBOIOPOIHON KHCIIOTHI, €CIH Ha THTPOBAHHE HOJA, BBIICICHHOTO 13 250cM’
pactBopa cmecu KlO; u KI, 3arpagero 24,00 cm® 0,02100 H pacrtBopa
THOCYyNbGara?

1. Jns onpenenenus cBuHUA B pyay B3sta HaBecka pyabl 5,000 r. ITocne
pacTBopeHns ee B kuciote uoH Pb™? ocaxmen B Bume PbCrO, ocamox
or¢unbeTpoBaH, TpoMeIT u pactBopeH B cMecu HCl u Kl (ypaBHeHue peakumit).
Breinenennsiit, ipu 3Toi peaknuu uo oTtutpoBaH 0,5000 H pactBopoM Na,S,0;3
1 ero uzpacxoaonano 42,00 cM°. CKOJIBKO MIPOLICHTOB CBUHIIA COJICPKUT pyia?

8. Kak onpenenuTs KaJlblMi KOMIUJIEKCOHOMETPUYECKUM METOJA0M
(ypaBHeHue peaxkuuid, unaukatop, pH cpensl)? Kak Bnuser pH pactBopa Ha
PaBHOBECHUE PEAKIIUN NOHOB Ca*? ¢ kommnekconom 111? Yto Takoe KOMILIEKCOHH! |,
I wm 1?

9. B yeMm 3aKIII0YAETCS OpoMaTOMETPUYECKUIA METOJ
TATPUMETPUUECKOTO aHanu3a? Ha yeM OCHOBaHO HEWCTBHE MPUMEHSIEMBIX
uHaukaropo? I[loyemy OTH HWHAMKATOPHI HENb3S pacCMaTpUBaTh  Kak
OKHUCJIUTEIbHO-BOCCTAHOBUTEIbHbBIE?

10. U3 nasecku 0,700 T xnopuaa npurotoBuwin 250 cm® pactBopa. K
25,00 cm® aToro pactBopa mpunuiau 25,00 cm® Hutpata cepedbpa ¢ T=0,01700
r/em’. Ha o6parroe TuTpoBanme momwo 20,00 cm® 0,05H pacTBopa pogaHHAA
amMoHusi. CKkoJibko xjiopa (B %) coaeprkain odpazerr?

11. Hagecky 0,4437 r >KeJle3HOTO KyHopoca PAacTBOPWIM W OKHUCIUIU
a3oTHOM kucioTo. Ckonbko Hamo B3sATh 3%-Horo pactBopa NH,OH nmnsa
KOJJMYECTBEHHOTO OCAXACHHUS TUIPOOKCHIA Keye3a (CBepX HeWTpaau3aiuu
cBOOOHOM KucnOThl)? [lpum Kakux YCIOBUSX U TOYEMY CIEAyeT BECTH
ocaxaenue? Jlath 00bsiICHEHNE MEXaHU3MY JICUCTBUS KaXKI0TO U3 (haKTOPOB.

Bapuant Ne3

1. PaccuuTaiiTe m TOCTpPOITE KPUBYIO THUTPOBAHHS pacTBOpa CiadOTo
OCHOBaHMs (KOHCTaHTa JUCCOIMAIIUN K=1,4-10'9); KOHILIEHTpalus ocHoBaHus C,=
0,05 H. pacTBOPOM COJITHOM KHCJIOTOM TOW € KOHLUEHTPALMH. Y KaXKUTE MPEIEIIbI
cKkauka TuTpoBaHusi U pH cpeapl B Touke 3KBUBaJIEHTHOCTU. OOOCHYHTE BBHIOOP
WHJAKATOPA.

2. OOBsSICHUTE C TOYKHU 3PECHHSI HOHHO-XPOMOGMOPHOU TEOPUU N3MEHEHUE
OKpAacKM HHJMKATOpoB ¢ u3MeHeHneM pH pactBopa. Hammmmre cTpyKTypHBIE
dbopMynbl  TayTOMEPHBIX (OPM HMHIMKATOPOB METHJIOBOTO OpPAHXEBOTO U
denondranenna. YKaxure, B KaKUX CIIy4asiX UX IPUMEHSIOT.

3. B nipubop mis onpeeneHuss aMMOHUMHBIX COJIEH METOJO0M OTTOHKH
NpUInAIn 25 cm® pacTBopa XJopujia aMMOHUS U 00paboTaIy KOHIIEHTPUPOBAHHBIM



pacTBOPOM THUAPOOKCHAA HaTpusi. AMMuak oTorHaiu B S0 cm® pactBopa HCI
(T=0,003646 r/cm*). 3arem m36bitok HCl orrurpoBamu 23,05 cm® pacrBopa
menaoun ¢ T=0,0040015 r/em®. Ckonbko IrpaMMOB XJIOPHJIa aMMOHHUS COJICPIKUTCS
BO B35TOM TTpobe?

4, YuuTHIBAs BENMUYMHBI CTAHAAPTHBIX MOTEHIMANOB map MnO,/Mn**
Cly/2CI" , ykaxxuTe, B KaKOM HAIlpaBJICHUM JOJDKHA MITH PEAKIUs MEXKIYy HUMH.
OObscHUTEe TOT (akT, dYTO B JAOOPATOPHUSAX MOIYYAIOT neicTBrEM
koH1eHTpupoBanHoit HCl va MnO,?

S. Ckomnbko xenesa (1) B (%) comepxuT xene3Hasi MpoBOJIOKA, €CIIH 10
pactBopennu 0,1400 r ee B cepHOl KuclIoTe 0€3 10CTyna BO3lyXa Ha TUTPOBAHUE
TOJTy4EHHOTO pacTBopa cyibdara xenesa (1) momuto 24,85 cm® 0,1 H pacTBopa
MepMaHraHara KaJius?

6. a) Kakue TuTpoBaHHBIC W BCIIOMOTATEILHBIC PACTBOPHI MPUMEHSIFOTCS
B nogomerpun? Kakue npuanHbsl 00ycIaBIMBalOT HEYCTOHYMBOCTH PACTBOpPA MO/
u THocynbgara? Kak Hy’)KHO TOTOBUTb U XPaHUTh 3TU PACTBOPHI?

0) [ns ycraHoBKHM TUTpa THOCY b(aTa HaTpus Obliaa B3sTa HaBecka 0,1125 T
X.4. MEJIM, KOTOpasi NMpU PacTBOPEHUU 00paboTaHa HOAMIOM Kajius, KaK IMpu
MOJIOMETPUYECKOM  OMpPEACIICHUH MeIu. BbIIeNeHHbII HOJ  OTTUTPOBAH
UCCIIEyEMBIM PACTBOPOM THOCYJb(arta, KoToporo nouwio 18,99 cm® . BBIYHCIIHTS:
a) TUTP 3TOrO PacTBOPa; O) TUTP €ro Mo UOy; B) TUTP MO MEMH.

7. Kakyro naBecky K,Cr,O; HyxHO B3sTh 1711 ycTaHOBKU THTpa 0,1 H
pactBopa Na,S,03 eci pacrmoiaraloT MepHOH konGoii BMecTuMocThIO 10 cM® i
CTPEMSITCS K TOMY, YTOOBI IPU TUTPOBAHUHU BBIIEIEHHOTO MOJ1a pacXxo10Bajoch 25
cM® pacTBOpa THOCYIb(aTa?

8. Kakue mmerorcsi crnocoObl (UKCUPOBAHMS TOYKH IKBHUBAJICHTHOCTHU
OpU KOMIUIEKCOHOMETPUYECKOM TUTpoBaHuMU? Ha yeM OCHOBaHO NpHMEHEHUE
spuoxpoma yepHoro T B KayecTBE MHAMKATOPA MPH KOMILIEKCOHOMETPUUYECKOM
onpeaeneHnn? ONUILINTE CXEMY ONpPEETICHUs [IMHKAa KOMIUIEKCOHOMETPUYECKUM
METO/IOM.

9. a) Kak n3mensiercs 3aps yacTul] Xjopuaa cepedpa npu TUTPOBAHUU
pacTBopa XJIOpHJA pacTBOpoM HHTpara cepedpa? Ilpu oOpaTHOM TUTPOBAHHUU?
Yrto Takoe N303JIeKTpUIecKas ToUKa?

6) B uem cymHOCTh MEPKYpOMETPHUYECKOTO U MEPKYPUMETPUUYECKOTO
onpeaeIeHUs XJIOPUI0B?

10. Cxombko rpammoB KCl comepxutbes B 250 cM® pacTBopa, eciy Ha
turposanue 25,00 cm® 34,00 em® 0,1050 1. pacrBopa AGNO3?



11. Tlpemyoxute XOJ TPAaBUMETPUYECKOTO METOJAa aHadu3a XPOMOBBIX
KBacllOB Ha cojiepkanue B HUX xpoma (l1l) BeraucnanTe Maccy HaBeCKH ATOM CoJH,
00BEM PACTBOPHUTEINS U OCATUTEISI, MACCY 0KHIaeMOU BECOBOM (POPMHBI.

Bapuant Ned

1. Paccunraiite m mocTpolTe KpHUBYHO THUTPOBAHHUS pacTBopa ciaaboi
KHCJIOTBI (KOHCTaHTa JHUCCOLMAIIU K=4,55-10'5); KOHIIEHTpanusi KUcaoTel Cy=
0,2 H. paCTBOPOM WIECJNOYM TOM K€ KOHLICHTPALMHU. YKAKUTE NPENESbl CKAdKa
tutpoBaHuss U pH cpeapl B Touke »SKkBHBaNeHTHOCTU. (OOOCHyiTe BBIOOD
WHJIUKATOPA.

2. Kakue ycTaHOBOYHBIE BEHIECTBA JUIsl KUCIOT HM3BECTHBI, M KaKue
TpeOOBaHMS K HUM MPEAbIBIA0oTC? OxapakTepu3yiTe moapoOHO TOCTOUHCTBA U
HEJIOCTaTKU TeTpoOopara HATpusi KaK YCTAaHOBOYHOIO BEIIECTBA; HAMMIINUTE
ypaBHEHEHUE PEaKIUil C COJSHON KHUCIOTOW, OOOCHYHTE IyTeM pacuera BBIOOp
WH]IKATOPA.

3. B 20cm® pacTBOpa XI0pPOBOJOPOIHOM KHCIOTHI, THTP KOTOPOTO PAaBEH
0,007 r/ cM® GBLIO MPOIYIIEHO HEKOTOPOE KOIMYECTBO ra3000pa3HOr0 aMMHUAKA.
N30BITOK XJIOPOBOJAOPOAHOM KUCIIOBI OTTUTpOBaH 6,30 cm® pacTBOpa rupokcuaa
HaTpus, | oM’ KOTOPOro sKBHBaneHTeH 1,025 cM® pacTBOpa XJIOPOBOIOPOIHOI
KUCJIOTHI. OnpeaenuTe KOJIUYECTBO aMMHUAKa MOTJIOMIEHHOTO PACTBOPOM KHCIIOTHI.

4, Paccuunraiite BEIINYMHY OKHCIIUTEIIbHO-BOCCTAHOBUTEIBHOTO
norennuana mapst 10571 mpu [1057] = [I7] u [H'] =0, Imomns/mm®, a Taxoke mpu [H']
= 10" mons/om°. Kak MPOBOJIUTCS TUXPOMATOMETPUUECKOE ONIPEACICHUE Kere3a?
Kakoil uHAMKaTOp TpUMEHSETCS B 3TOM Merojae? 3adeM NpuOaBlIOT CMECh
KHUCJIOT Mepe]l TATPOBAHUEM?

S. HaBecky 0,4425 r HuTpuTa HaATpHsl PAcTBOPUIM B MEPHOU KoOJIOE
emKocTbio 250 cm°. Ha turpoBanme 25 cM® pactBopa ¢ T=0,01520 r/cm® mounio
20cm® pactBopa NaNO, Crkombko mporento NaNO, comepskai obpasert?

6. a) Kak ompenensercs skBuBajieHT THOCyIbharTa Hatpus u nona? Kax
CIEQyEeT TPUTOTOBJISATH M XpaHUTh 3TU pactBopbl? [lox npeicTBueM, Kakux
(GakToOpoB, U MO KAaKUM ypaBHEHUSIM HJIIET pa3iiokeHue Tuocyibdara HaTpus? 0)
Hagecky 0,784 cynbduta HaTpusi paCTBOPUIM B MEPHOM KOJIOE EMKOCTBIO 250em’.
K 25 cM® aroro pacTBopa TpuOaBUIU 50cm® 0,045 H pactBopa umoxa. Ha
TUTPOBAHKE MOTYYEHHOU cmecu nonwio 25,00 cm® 0,05 H pacTBopa THOCYJb(dara.
Ckonbko % cynbduTa HATpHS coaepkan oopasern?

7. Hagecky 0,2000 r pyasl, coaepxamieit MnO,, o0paboTtanu n30bITKOM
koHuentpupoBanHori HCIl. OOpa3zoBaBmimiics mpu peakiuyd XJOpP OTOTHATU U
noryiotunu Kl. Ha tutpoBanue Boienusiierocs noaa mnouwio 42,050 em® 0,05200
H pactBopa Tuocyibdara. Cronsko MnO; (B %) conepxut pyna?



8. Kak ompenensroTcss aHMOHBI KOMIUIEKCOHOMETPUYECKUM METOI0M?
Onummre cxemy ompeneiaeHus cyibdar- u xpomar — uoHOB. IlpuBenure
OCHOBHBIE XMUMHUYECKHE PEaKIMHU. YKaKHUTE CIOCOObl OMNpe/esIeHUs] KOHEYHOM
TOYKM THUTPOBAHHUS B KOMIUIEKCOHOMETpUH. ONUIIMTE MEXaHU3M JACHCTBUSA
MeTaJlI-MHIUKaTOpPA.

9. B uwem cymiHocTh pomaHoMmeTrpuyeckoro Meroaa? Ha yem ocHOBaHO
MPUMEHEHUE JKeJIe30aMMOHUIHBIX KBAaCIIOB B KadecTBe HMHauKartopa? Onwummre
POJIAaHOMETPUYECKUI METOJl ompeneneHuss cepeOpa (ypaBHEHHUs pEaKLHid,
TUTPOBAHHBIE PACTBOPHI, YCTAHOBOYHBIE BEIIECTBA, MHAUKATOP, pH cpelibl)

10. CkoabpKko TpamMMOB XJIOpa coaepkuT uccieayembiii pactBop NH,CI |
€ciau Ha TUTpoBaHue ero 3arpayeHo 30,00 cm® pactBopa AgNO3, TUTp KOTOpOTO
1o xJopy paseH 0,003512 r/cm>?

11. OnumuTe TpaBUMETPUYCCKUN METOJ aHAIW3a MOHOB MarHus M3 €ro
comu B Buae MQNH,PO,. Tlouemy crnemyer u3berath OONBIIOTO KOJUYECTBA
XJOopuJa aMMOHHSI B pacTBope mnepena ocaxiaeHuem? [louemy BpeneH CiauIKom
oonpmoi  u30bITok  Na,HPO,? Hanummre ypaBHenus peakuumii. [IpuBemute
MPUMEPHBIN pacueT pe3yJIbTaTOB aHaN3a.

Bapuant Ne§

1. [TocTpoiiTe KpUBYIO TUTpPOBaHUS U BBIOEpUTE WHAUKATOP IS
tutpoBanus (0,2 H. pacTBOpa yKCyCHOW KuCIOThI 0,2 H. pacTBOPOM THAPOKCHAA
HaTpus. BeluuCINTE WHIWKATOPHYIO OIMMOKY TUTPOBAHUS JIi BBIOPAHHOTO
uHaMKatopa. Jus pacuera KpuBoil TutpoBanus onpenenute [H'] u pH a1s Touek,
korga npuwinto pacteopa NaOH: 0; 99; 99,9; 100; 100,1% oT 3KBHBaJIECHTHOTO
KOJIMYECTBA.

2. OnummTe crnocoObl OMNpeAesieHusT aMMOHUWHBIX COJIEH METOJIOM
HehTpanmzaiuu. JlailTe UM CpaBHUTENIbHYIO XapakTepucTuky. OOocHyiTe BHIOOD
WH]IMKATOPA.

3. OGpasers okcuaa Maruus B kommaectse 0,1535 r pactBoprm B 40 cm®
pacTBopa XJIopoBoAopoAHON KUCIOTHI (The = 0,003646 CM3). NBOBITOK KUCTOTHI
orrutpoBau 5,50 cM® pactBopa menoun ¢ T =0,004040 r/cm®. Kakoe mporieHTHOE
conepkanrie MgO 6b110 B 00pasiie?

4. MoxHO nu: a) JeUCTBMEM a30THOM KHCJIOThI OKHUCIUTHL OpoMup -
MOHBI B CBOOOHEIT 6poM; 6) monbl Fe** B nonsr Fe®" B) meiicTBreM GepToneToBoi
COJI B KHCJION CpeJie OKUCIUTH MO — HOHBI B CBOOOIHBIN 1o, [louemy?

d. Hasecky 2 r o6pasua H,C,04 -2H,0 pacreopuu B 300 cm® Bozsr. Ha
THTpoBaHHEe 25 cM° 9TOro pactBopa sarpatiwin 24,5 cm® 0,1064 H pacTBOpa
KMnO, Cxkoarsko H,C,0, -2H,0 (8%) conepxut obpazer?



6. Kak wuomoMerpuuecku MOXKHO ONpeAeauTh KUcaoThl? Hamummre
ypaBHEHUS peakluid, COCTaBbTE CXEMY U pacueT pe3yJbTaTOB aHaJu3a.
Paccuuraiite sxBuBanieHT KIlO3 rpu 3ToM onpeiesieHu .

7. Kakoit o0beM pacTBOopa NEpoKCHAA BOJOPOJA, MPUTOTOBIEHHOTO
pas6asnenmem 20 cm® 3%-Horo pactopa (p=1 r/em’) 1o 250 cm®, HyKHO B3ST,
qT00BbI Ha THTpOBaHKe (mocme obpaborkn Kl m HCI ) momwio 25 cm® 0,045 u
pacTBopa THOCYJb(paTa

8. Onuiurrte cBOiCTBa KOMILIeKcoHa TpuioHa b. Ha yeMm ocHoBaHO ero
pUMEHEHUE npu aHamn3e KaTHOHOB? [lepeuncnure yCIIOBUS
KOMILICKCOHOMETPUIECKOTO OmpeneneHust noHos Mg>". Harmmmre ypaBHEHHs
pEaKiuu.

9. [loueMy XIOpHUIBI HENB3S TUTPOBATh € 303MHOM? Kakyto ponp urpaer
pH cpenpt npu TuTpOoBaHMM C 303uHOM? Ha dYeM OCHOBAaHO [EWCTBHE
a7ICOPOLIMOHHBIX UHJIUKATOPOB?

10. HaBecky 5 r TeXHWYECKOW MOBApPCHHOW COJM PACTBOPWIN B BOJIE,
pacTBop paszbaBuiad B MepHOH kosioe 1o 1000 cm® Ha tutpoBanue 20 cm®
MOJTy4eHHOro pacTBopa 3atpatiwin 27,88 cm® 0,05 u pactBopa AgNO;. CKOIBKO
NaCl (8%) conepsxutcst B oOpasiie?

11. Ilpemyoxute XoA TIpaBUMETPUUYECKOrO aHainu3a coiau Mopa Ha
COJIEp )KaHUE >KeJie3a; BBIYMCIUTE HABECKYy ATOM COJIM, 00bEM paCTBOPUTENS M
OCaJIUTENS, a TAKXKE MAacCy 0KMIaeMOU BECOBOM (DOPMBI.

Bapuant Ne6

1. PaccuuTaiiTe ¥ MOCTpONTE KPUBYKO THUTPOBAaHUS pacTBOpa cinaboi
KUCJIOThI (KOHCTaHTa IUCCOIMAIIUN K=1,85-10'5); KOHIEHTpalusi KUCIOThl C =
0,5 H. pacTBOpPOM TUAPOKCUA HATPUS TOM K€ KOHUEHTPALUU. Y KAKUTE MPEIebl
CKkauka TuTpoBaHusi U pH cpeapl B Touke AKBUBaJICHTHOCTU. OOOCHYHTE BBHIOOD
WH]IMKATOPA.

2. OnummTe crnocoObl onpeeeHuss KapOOHATOB U THAPOKApOOHATOB B
UX CMecAX MeToAoM HeuTpanusanuu. Kakoil BbiOepere mHaukatop? Hamummure
YPAaBHEHUS PEAKIIUI.

3. Ha tutpoanue 00,1060 r x.u. Na,COz; wuspacxomoBano 35 oM’
pacTBopa XJIOPOBOAOPOJHOM KHUCIOTHl (MHIMKATOP METUIIOBBIM OpaHXKEBBIN).
Paccunraiite HOpMaNBHOCTBH M TUTP KHUCIOTHI, a Takxke ee TUTp mo Na,COs;u Na,O.

4, Haiingnte 3HAUCHUS pPEHOOKC-TIOTEHIIAAA npu TUTPOBAHUU
MBIIIBSIKOBACTOM KUCIOTHI IIEPMAHTAHATOM Kajus, ecid B3sTo 40 cM® pacTBopa,
conepxkaiero 0,05 u pactBop HzASO3, u no6asnen 0,1 H pactBop KMnO,. a) 4
cm®, 6) 10 oM®, B) 20 cm®, 20,05 cm’. KoHieHTpamusi BOJOPOIHBIX HOHOB B
pacTtBope paBHa | MOJIB/ M.



S. [louemy mnpu TUTPOBAaHMM IIABEIEBOM KHCIOTHI (WJIM OKcalara)
NepBble Kalljid MepMaHraHaTa Kajius oOeciBeuuBarOTCs MeljieHHO? UTo MOKHO
caenarb Ui TOTO, 4YTOOBI TEPBBIE Karlld ME€pMaHTraHaTta O0O0eCIBEUMBAINCH
osictpo? Kakyro HaBecky Na,CrO,; (x.4.) TpeOyeTcs B3sTh IJid YCTAaHOBJICHUS
tutpa 0,1 H pactBopa KMnO,.ecin pacronarats MepHOil kox6oii Ha 250 cM® u
numeTkoi Ha 20 cm>?

6. Kak paccuntath HaBecKy W MPHUTOTOBUTH pPAacTBOpP THOCYJb(dara
Hatpusa? Kak ompenenuTh 3KkBUBaJIeHT TuUOCyJb(paTa? Kak MOXHO ONpenenuThb
BaJICHTHOCTh CEphl B 3TOM coenuHeHun? I[louemy Henb3si NPUCTYNUTh K
OTIPEJICIICHUIO0 HOPMAJIbHOCTH THOCYJb(daTa cpasy nocie ero npuroronieHus? Kax
CJIelyeT XpaHUTh PACTBOPHI THOCYIIb(aTa?

7. a) PaccuuTaiiTe HaBecKy OuUXpoMara Kajaus s NpurotosiieHus 250
cm® 0,15 u pactBopa; 6) K 25 cM° momkuciaenHoro pacteopa KMnO, ¢ tutpoMm
T=0,001836 mnpubaBnen wu30biTOKk Kl, Ha TUTpOBaHWE BBIACIMBIIEIOCS HOJA
3atpadeHo 20,5 cm® pactBopa Thocyibdara Hatpus. KakoBa ero HOpMaabHOCTH?

8. Kak ompenenutb KECTKOCTb BOJbl KOMIUIEKCOHOMETPUUYECKUM
metogoMm? Hamummure ypaBHeHus peaxkuuii, pH cpeasl, Ha30BUTE NpUMEHSIEMBIN
UHAMKATOp, TUTPOBAaHHBIE PAaCTBOPbl U pacyeT pe3yJabTaToB aHanuza. Kakoe
BIMSHUE OKa3biBaeT pH cpenpl Ha paBHOBECHE pPEAKIMU HOHOB KaNbLHA C
KoMIiekconom 117

9. B d4eM cCymHOCTH MEPKypOMETPUYECKOTO MeToaa (ypaBHEHHUE
OCHOBHBIX XMMHYECKHX pEaKIMid TUTPOBAHHBIE PACTBOPHI, YCTAHOBOYHBIC
BellecTBa, uWHAMKATOpbl)? Kakume mnpeumyimiectBa M HEJIOCTAaTKU  HUMEET
MEPKYPOMETPUUECKHI METO/1 110 CPAaBHEHUIO C ApTreHTOMETPUUYECKUM?

10. Ckomabko xyopa (B %) comepxwutcs B BaCl, -2H,0 , ecnu HaBecky
BaCl, -2H,0 0,215 r pactBopuin, pactsop ortutpoBanu 17,21 em® 0,1 pactBopa
AgNQO3?

11. Ilpemyioxxute XOJ TIpPaBUMETPUUYECKOrO aHajau3a Ha ONpeleieHue
KaJbIUs ¥ MarHUs IPH UX COBMECTHOM MPUCYTCTBUU. BBIUMCINTE HAaBECKYy CMecH
THUX METaNIOB COJIM, OOBEM pPACTBOPUTENS U OCAAMUTENS, a TaKXKe Maccy
0’KHMJIAEMBIX BECOBBIX (DOPM.

Bapuanrt Ne7

1. PaccuuTaiiTe ¥ TOCTpOWTE KPUBYIO THTPOBAHUS pacTBOpa ciaboit
KUCJIOTHI (KOHCTaHTa JIUCCOILMAIIUU K=4,55-10‘5); KOHIIEHTpalusi KUcaoTel C,=
0,1 H. pacTBOpPOM THAPOKCHJIA HATPUS TON K€ KOHIIEHTPALIMU. Y KAXKUTE MPEACIbI
ckauka TuTpoBaHus u pH cpenbl B Touke SKBUBaJICHTHOCTH. OOOCHYHTE BBIOOD
WHJUKATOpa



2. Kak Ttutpyrorcs kapOoHAT Kalusg U THAPOKapOOHAT Kalusi C
METHUJIOBBIM OpaHXKeBBIM U ¢ (eHondTarenHoM? Kak Moiab3ysach STUM ONPEIeTnuTh
cojiep)kaHre KapOoHAT Kajlusg W TUAPOKApOOHAT Kajdus NpPH HUX COBMECTHOM
MIPUCYTCTBUM?

3. Omnpenenure HOpManbHOCTh U TUTP MO P,Os pactBopa ¢ochopuoit
KUCJIOTBI, €ciu Ha TutpoBanue 20 cM® DTOM  KHCIOTHI ¢ WHIUKATOPOM
dbenondraenHoM wuspacxogoBano 27,50 em® 0,1 ® pactBopa NaOH (Knaon
=0,9715)

4. MOKHO JIM OE€HCTBUEM HOHOB Fe?* BOCCTaHOBHTE xyop B nousl Cl™?
Won B nors! 1?2 Uonsr SN** B noHsI Sn?*? Wowusl MnQ, B KuCIIOH cpelie B HOHBI
Mn?*? Hownst Cr,0;% B kucmoii cpexe B nos! Crr*? [Touemy?

S. HopmaneHocTe nepmanranara pasaa 0,0200. UeMy paBHBI TUTPBI €70
oo H2C2O4Y o Fe u o H202.
6. a) Kakue BemectBa MOTyT OBITh ONpPENEICHB HOJOMETPUYECKHU

(IpSIMBIM TUTPOBAHUEM, METOJIOM 3aMEIIEHUSI, METOJIOM OOPaTHOTO TUTPOBAHMUS).

6) Cxompko rpammoB HCl comepxurcs B 250 coM® pacrtBopa
XJIOPOBOJAOPOAHON KHUCIOTHI, €CIIM HA TUTPOBAHUE HMOJIA, BBIJACICHHOTO U3 CMECHU
MoIaTa Kalds U MOuaa Kaius, Ha 25,00cM’® 9Toro pactBopa pacxoxyercs 24,00
cm® 0,0200 H pacTBOpa THOCYIb(MATA.

7. Jl1st onpenieneHus: coiepKaHusi cepbl B MpoOE CTaId, HABECKY MacCon
7,12 T 06paboTanu XJOPOBOAOPOIHON KUCIOTOW. BhimenuBimiicss cepoBoaopo.
OBLT TMOIJIONIEH CMENIaHHBIM PAacTBOPOM alleTaTOB KaaMus W IUHKA. PacTBop ¢
ocagkoM 20 cm’ pacTBopa MOJla W, HAKOHEIl U30bITOK MOJla OTTUTpOBAIHU 5,1 cm®
pacTtBopa Tuocyibdara. PaccuuTaiiTe MpPOLEHTHOE COJIEpKAHUE CEpbl B CTalH,
ecau TUTp moda 1o cepe pased 0,000802 r/eM® u 1 oM’ pacTBopa uoja
skBuBanenten 1,022 cm® THocybdara.

8. B 4yem cynHOCTh KOMITJIEKCOHOMETPUYECKOTO TUTPOBAHUSI KATUOHOB?
Hanummrte 0oCHOBHBIE peaKIMd METOAA, CTAH/IAPTHBIE U YCTAHOBOYHBIE PACTBOPBI,
CXEMy OIpeeeHUus HOPMaJIbHOCTU TpwioHa b, ompejaeneHue >KBUBAJICHTHOU
touku. Yto Takoe Metaui-unaukatop? Kakue OydepHbIe cMecH NPUMEHSIOTCS
py TUTPOBaHUU U ToueMy? pH cpepl B TUTPOBAIBHOM KOJIOE?

9. HazoBute cnocoObl onpeneneHuss MOMEHTa HKBUBAJICHTHOCTH B
apreHTOMETPUUECKUX METOoAax ocaxJeHus? ONuIluTe OnpeaeaeHue raloreHu1 —
WOHOB apTreHTOMETPUYECKUMHU O€3bIHIUKATOPHBIMU METOJAMH (TUTPOBAHUE IO
PaBHOTO TOMYTHEHHUSIH J10 IPOocBeTeHUs1) OOBSICHUTE CYIITHOCTD SIBJICHHUS.

10. HaBecky 5 T TeXHUYECKOW MOBApEHHOM COJIM PACTBOPWIM B BOJE,
pacTBop pasbaBmiu B MepHOH kombe mo 1000 cm®. Ha turposamme 20 cm’



IOTy4eHHOT0 pacTBopa 3arpatwin 27,88 cm® 0,05 u pactBopa AgNO;. CKOIBKO
NaCl (8%) conepxutcst B oOpasie?

11. Ilpemyioxkute X0A TPaBUMETPUUECKOTO aHAIM3a XJIOpUJlAa MarHusl Ha
CoJlep>KaHUEe MAarHusi; BBIYMCIWTE HABECKY 3TOH COJIM, 00bEM PpPaCTBOPUTENS U
OCaJIUTENS, a TAKXKE MACCy 0KMIaeMOI BECOBOM (DOPMBI.

Bapuant Ne8

1. Paccunraiite M MOCTpOiTe KPUBYIO THUTPOBAHUS PacTBOpa Ci1adoro
OCHOBaHHUA (KOHCTaHTa auccormanuu K= 4,65-10'6); KOHIEHTPAIUs OCHOBAaHUS
Cy= 0,2 H. pacTBOpPOM COJSIHOM KHCJIOTONH TOM K€ KOHIIEHTpaluu. Y KaKuTe
mpeaensl ckavyka TUTpoBaHus U pH cpenbl B Touke skBuBajieHTHOCTH. OOOCHYHTE
BBIOOP MHAMKATOPA.

2. Onumure MNPUTOTOBIIEHUE CTAHJIAPTHBIX PACTBOPOB KHCIOT U
mienoyeit. [lpuBeaure mnpuMepsl aHAIU30B C NpUMEHEHHMEM KHUCIOThL. Kak
OTIPEJIETUTh UX HOPMAITLHOCTH?

3. Ha tutposanue 20 cM® pactBopa, cogepxkariero Na,CO; u KOH mo
deroxdTaTenHy Moo 25 cM® pacTBOpa cepHoit KHCIoTh! ¢ THTpoM T = 0,004675
r/cM®; IPH TOTHTPOBBIBAHUH PACTBOPA IO METHIOBOMY OPAHKEBOMY IIOIIIO e 5
cM® pacTBOpa CepHOH KHMCIOTHL. KakoBa HOPMAIbHOCTh THTPYEMOH CMECH IIO
Na,CO; n mo KOH?

4, a) MoxHo i feiictBieM HoHoB Fe?* BoccranoBHTS X110p B HOHBI Cl
? Wox B wonsl 1? Wonsl Sn** B momnm Sn**? Honml MnQO, B kmcnoil cpene B
rorsIMn®*? Nomnst Cr,0;% B Kucmoii cpexe B HoHb1 Crr'?

06) Uto Takoe TUTp BemiecTBa? UTO Takoe OJHOTO BEIIECTBA MO JIPYromy?
Hampumep, 4T0 Takoe TUTp MEepMaHTaHATa KaJlvs;, TUTP NEpPMaHTaHaTa Kajaus I10
maBeneBoi kucinore? KakoBa pasHuma B ompexaeneHuu TUTpoB? (Pa3bepute Ha
puMepe)

5. Ha turpoBanme 20 cM> pacTBOpa maBeneBoil kuciaotsl ¢ T =0,006900
r/em® pacxonayercs 25 cm® pacTBOpa IepMaHrasara kainus. Paccuurante TUTp U
HOPMAJIBHOCTB PAacTBOpa NIEPMAaHIaHATA.

6. Omnpenenute MPOIEHTHOE COAepKaHWE Cylbduma HaTpus B oOpasle.
Hagecky 2,040 r Texandeckoro Na,S pacTBopuin B Bojie B MepHOM koioe Ha 500
cm®. K 20 cm® pactBopa mo6asmmu 50 cm® 0,0569 H. pactopa |, M36bIToK HOzma
ortutpoBamn 15 cm® 0,0476 u. pactBopa Na,S,0;. KaxoBo comepkanme (B %)
Na,S B o6pa3iie.

7. Jns omnpeneneHusl coJepxkaHus cepbl B cTanu HaBecky ee 7,00 r
obopaborasim HC| Beinenusiumiicsi, cepoBOIOpO OBUI TOIJIOHMICH PAaCTBOPOM,
COJIEpIKaIM CMECh alleTaToB KaJIMUs U IIMHKA. 3aT€M PacTBOP BMECTE C OCAIKOM



(CdS +ZnS) o6paboranu 20,00 cm® pacTBopa noxaa B mpucyrerur HCl. M36bToK
nojga orrurpoBanu 15,27 oM’ pactBopa Ttuocyibdara. Ckoiabko cepsl (B %)
comepxuT cranb, ecan T (1,/S) = 0.0004950 r/cm® u Ha TutpoBanme 10,00 cm®
pactBopa noza mouuio 10,20 cm® pactBopa THocyibbara?

8. Kakue opraHmdeckue peakTHBBI IOJYyYHUJIM HA3BAHHE KOMILJIEKCOHOB?
Kakue cBoiicTBa, U Kakue COCAMHEHHs OOpa3yloT KOMIUIEKCOHBI C KaTHOHaMU?
Kak omnpenenuth HoHbI Mg™  KoMIIeKkcoHOMeTprudIecKuM Merogom? Harmmmre
YPaBHEHMS PEaKLMi, HA30BUTE NPUMEHSAEMbIM HHAUKATOP.

9. KakuM MeTOJIOM clieyeT OnpeaesaTh XJIOpUIAbl B Kucion cpeae? [louemy
IpU ONPEACIICHUU XJIOPUJOB POJAAHOMETPUUECKUM METOJOM IIOCJIE OKOHYAHUS
TUTPOBAHMS OKpacKa poJaHua *keje3a MOCTEINEHHO ucue3aeT?

10. Cxonbko cepebpa (B %) COAEPKHUT CIUIaB, €CJIM IOCIE PACTBOPECHUS
HaBecku 0,3000 r ero B a30THOM KHCJIOTE HA TUTPOBAHUE MOJYYEHHOTO PacTBOpa
u3pacxoaoBano 23,80 cm® 0,1000 B pacTBOpa poJIaHUIa AMMOHUSA?

11. Ilpemynoxure XOJ TPaBUMETPUUECKOTO METONA AaHaIM3a XJIOpUAA
AIOMHMHUS Ha COJIEpKAaHHUE amoMUHUA. Paccunraiite MacCy HaBECKH JTOM COJIH,
00bEM PACTBOPUTEIISI U OCAJIUTEIISL, MACCY OXKUJIAEMOU BECOBOM (hOPMHBI.

Bapuant Ne 9

1. PaccuuTaiiTe ¥ MOCTpOHTE KpPUBYIO THUTPOBaHUA M BbBIOEpUTE
uHauKaTop mia tutpoBaHus 0,15H. pactBopa mypaBeuHOM KucioTel 0,15H.
pacTBOPOM €IKOTO Kaiu. BpluuciauTe OMmMOKY TUTPOBAHUS C BBIOpAHHBIM
HUHJIUKATOPOM.

2. Pacckaxkute 00 OYHMCTKE U YCJIOBHUSIX XpaHEHUS YCTaHOBOYHBIX
BEIECTB, 00 YCTaHOBJICHHH TUTPOB pacTBOpoB mienoued. Kakue tpeboBanus k
HUM NPEIbABISIIOTCS? Hanuinre ypaBHEHHS peakinii.

3. A3zoTr u3 HaBecku (0,8880 r opraHmdeckoro BEHIECTBA JIEUCTBUEM
KOHIICHTPUPOBAaHHOM cepHO# KuciaoTel mepeBeian B (NH,),SO, npu kunsyeHun
KOTOPOTO C KOHIIEHTPUPOBAHHOW WIEIIOYBID MOJYYEH aMMHUAK. BbIIEIUBIIUKACS
NH; nornomen 0,1200 H pacTBOpoM CEepHOM KHCIOTBI, KOTOPOTO OBLIO B3SITO
50,0cm® Ckombko % a30Ta COACPIKHT OPTaHMYECKOE BEIIECTBO, ©CIM Ha
THTPOBaHHE M3OBITKA CEPHOH KHCIOTH m3pacxomoBaro 12,0 cm® 0,09800 .
pacTBopa ruApOKCUaa HATpuUs?

4, a) MOXHO U JIeMCTBUEM MOHOB Fe?* BOCCTaHOBHTH xj10p B noHsl Cl
? Wox B uonsl 1? Yousr Sn** B monsr Sn°*? Monsr MNnO, B kucioil cpexe B
norsIMn®*? Nomnst Cr,0;% B kucmoii cpexe B HoHb1 Crr'?



6) Uro mpencraBiAlOT COOOW  OKHUCIUTEIHHO-BOCCTAHOBUTEIHHBIC
uHAUKaTopbl? Kakoll XUMUYECKUN MpoLecC SBIAETCS MPUYMHOU MEepPEMEHBbI HUX
OKpacku?

5. W3 naBecku m3BectHsaka 0,3864 r Bermenuian Kanenuid B Bujge CaC,0,.
OkcanaT Kablis PaCTBOPHIIE B CEPHOI KUCIOTE M OTTUTpoBaH 45 cM® pacTBopa
KMnO,; c¢ tutpom T KMnO,/ CaCO; =0,0074 r/em®. Ckombko CaCOj (%)
COJICPKUTCS B U3BECTHSIKE?

6. Kakyto naBecky K,Cr,0; HyXHO B34Tb 1 yctaHoBienus tutpa 0,1
H. pactBopa Na,S,03 ecim paconaraot MepHoii Ko6oii BMecTuMocThio 10 cv® i
CTPEMSITCS K TOMY, YTOOBI IIPH TUTPOBAHUU BBIJEIEHHOTO MOJ1a PacX010BAJIOCH 25
cM® pacTBopa THOCYIb(aTa?

7. Jlnst ompenernernst H,S k 25,00 cm® pactBopa ero mpubasmm 50,00
cm® 0,01960 H. pacTBOpa HOJA, TOCIE Yero W3OBITOK HE BOLICANICTO B PEAKIIUIO
nona otrutrpoBaimu 0,02040 H. pacTBOpoM THOCYJb(aTa, KOTOPOrO 3aTpayeHo
11,00 cm®. CkonbKo rpammoB H,S conepxkurcs B 1 Y MCCIIETyEMOT0 pacTBopa?

8. B kakmx caydasx mpH KOMIUIGKCOHOMETPHUYECKON THTPOBAHUU
KaTUOHOB  HUCIOJB3YIOT  Ccrocod  oOpatHoro  TuTpoBaHua?  Onuimure
KOMITJIEKCOHOMETPUUECKOE OMPEeIeTICHUE ATFOMUHUS

Q. a) Kakum ycnoBusiM JOJDKHA OTBEYATh PEAKIUS OCAXKJIEHUS, YTOOBI
OHa MOTJIa OBITh MUCTIOJIB30BAHA JIJIS1 KOJIMYECTBEHHOTO OIpeIeNIeHuUs?

0) HAa YeM OCHOBAaHO MPUMEHEHUE XpOoMara Kajus B KaueCTBE MHIAMKATOPA
IIPU TUTPOBAHUU XJIOPHJIa PACTBOPOM cepeldpa?

10. 2 T KHCIIOTHI pa3baBmiIM BoJoi B MepHOi koxbe 10 200 cm’. K 20 em®
sToro pacrBopa mobasmmm 20 cm® pactopa AgNO; tutp T(AgNOs/Ag) =
0,005394. N36srroxk AgNO; orrurposamu 10,50 cm® 0,05 . pactBopa NH,SCN?
KakoBa kOHUEHTpalus KUCIOTHI?

11. IIpennoxure xoA rpaBUMETPUUECKOIO0 METO/Ia aHAJIM3a XJIOPUAA XpoMa
Ha coJepkaHue Xxpoma; PaccumraiiTe Maccy HaBeCKM JTOM coiH, oO0beM
PacTBOPUTENISL U OCAIUTENS, MACCY 0XKMAaeMOM BECOBOM (POPMBL.

Bapuant Nel0

1. PaccuuTaiiTe ¥ MOCTpOHTE KPUBYIO THUTPOBAaHUS pacTBOpa ciaboi
KHUCJIOTHI (KOHCTaHTa JIHUCCOLMAINU K=3,96-10'7); KOHIIEHTpalusi KUCIOThl C =
0,1 H. pacTBOPOM THAPOKCH]IA HATPUS TON K€ KOHIEHTPALIMU. Y KAXKUTE MPEIEIbI
ckauka TuTpoBaHus U pH cpenbl B TOUKe SKBUBAJICHTHOCTH. OOOCHYWTE BHIOOD
WHAUKATOPA.



2. Haiinute HOpMaJIbHOCTH pacTBOPa €AKOI0 HaTpa, €CJIM HAa TUTPOBAHUE
16,78 cm® ero 3aTpadyeHo 17,21 pacTBopa XJIOPOBOJOPOAHON KUCIOTHI C TUTPOM
0,003604. OnummTe METOA ONPEACICHUS HOPMAIBHOCTH XJIOPOBOJIOPOIHOU
KHUCIIOTHI 110 TETpadopaTy HATpPHsL.

3. 25 cm® pactBopa BaCl, o6paboramu 50 e 0,15 B pactBopa Na,CO3
[Tomyuennyo cMech NpOGUIBTPOBAIM, OCATOK Ha (UIBTPE MPOMBLIM BOJOW.
@uiabTpaT W MPOMBIBHBIE BOJbl OOBEAUHUIIN, HAXOASIIUNCA B HHUX H30BITOK
Na,CO; OTTHTPOBAIIM MO METHIOBOMY OpamskeBoMy 25 cm® 0,05 1 pactBopa HCI.
Omnpenenute HOPMAITBLHOCTE M TUTP pacTBopa BaCl,.

4, MoxkHo 1nu: a) JAelcTBMEM JuUXpoMara Kajdusi B KHUCIOH cpene
OKHCITHTH HOHBI MN?* B mepMaHraHaT-HoH; 6) HOHBI CY/Ib(UTA B HOHBI CyIbdara?
OTtBeT 00OCHYITE C MOMOIILI0O OKUCIUTEIHLHO-BOCCTAHOBUTEIBHBIX MOTEHIIMAJIOB.
UeM omiIM4aeTcs TEYEHHE PEaKUW OKHUCJICHHS I[€pMaHraHarta B KHUCJIOM,
HIEJIOYHOW, M HEUTPaIbHOM cpedax M Kak 3TO pa3iauuue oObsicHsaerca? Yemy
paBHBl HKBUBAJICHTHBIE MAaCChl B KaXKIOM U3 OTUX ciy4daeB? Berumciure
OKHCIINTENbHBI MOTeHIuan mepManranata mpu  [MnO; 1=[ Mn*] u mpu
KOHIICHTPAIIMX HOHOB BOJOPOJia paBHOM: a) 1 MOJII)/I[MS; 6)10'5 MOJIL/I[M3.

S. CKOJIBKO IPaMMOB IEPMAaHIaHATa KATHs COLEPIKUTCA B 2,5 IM° €ro
0,02 nH. pactBopa? (HopManbHOCTH Ompe/ieiieHa THTPOBAHUEM B KUCJION Cpejie)

6. CKOJNBKO TPaMMOB XJIOpa COAEPKHUT 1 am° XJIOPHOM BOJbI, €CIIM HA
THUPOBAHUE HMOJA, BbLAEIEHHOrO 25,00 cM® ee U3 MoaMIA KaJus, U3pacxoJq0BaHO
20,10 cm® 0,1100 H. pacTBOpa THOCYIB(ATA?

7. Hagecky 0,2000 t pynsl, conepxarieit MnO,, o6padoTtanu n30bITKOM
koHuentpupoBanHoir HCIl. OOpaszoBaBmiuiics Mmpu peakiuyd XJOp OTOTHATH U
nornotuau Kl. Ha turpoBanme BoimenuBierocs noaa mouuio 42,050 em® 0,05200
H. pactBopa THocynbdara. Ckonsko MnO; (B %) conepxut pyna?

8. Kakue opranndeckue peakTUBBI MOJIYYUIN Ha3BaHHWE KOMIUIEKCOHOB?
Kakue cBolCTBa M Kakhe COETMHEHUS 00pa3yroT KOMILJIEKCOHBI ¢ KatnoHaMmu? Kak
ompexenuts woHBI Mg®*  KomrurekcoHOMeTprmueckuM Meromom? Harmmmmre
YPaBHEHUSI pEAKIMi, HA30BUTE ITPUMEHSIEMbIN UHIUKATOP.

9. HaszoBure ycnoBus npumenumoctu Meroga Mopa. Ilouemy
POIAHOMETPUYECKOE TUTPOBAHUE BEAETCS B KUCIION cpene?

10. 2 r KMCIOTHI pa3baBUIN BOXOH B MepHOI koi6e 10 200 cm® . K 20 o’
3TOTO pactBopa mobaBuiau 20 cm® pactBopa AgNO; tutp T AgNOs/Ag =
0,005394 M36pirox AGNO; orrurposami 10,50 cm® 0,05 u. pactBopa NH,SCN
KakoBa KOHIIEHTpaIusl KUCIOTHI?

11. Ilpennioxute X04 rPaBUMETPUUECKOTO METO/Ia aHAJIN3a XJIOPHUIa HATPUS
Ha cojJepkaHue xJjopa; PaccumTtaiiTe Maccy HaBeCKM ITOW coiid, OOBEM
PACTBOPUTEIISI U OCAIUTEISI, MACCY OKUIAEMON BECOBOM (hOPMBL.
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