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Ycii0Bus MPOBEIeHUATA00PATOPHBIX PadoT:

1. [lpeaBaputenbHOE O3HAKOMJIEHME C TMpPaBHIAMH  TEXHUKH
0€30MacHOCTH B XUMHUYECKOM JIabOpaToOpuHu.

2. IlpenBapurenbHas 3alydTa TEOPETUYECKON YACTH JUTSl TTOTYUCHUS
JIOMYCKa Ha BBITOJIHEHUE PAOOTHI.

3. JlabopaTtopHasi paboTta odopmiIsieTCsl B TETpau s
1a00paTOPHBIX PadOT.

4. OdopMIIeHHBIE SKCIEPUMEHTAIILHBIE PE3YJIbTAThl JTA00PATOPHOM
pabOThI MOATBEPHKAAIOTCS TOIUCHIO MTPENO1aBaTEIIsI.

5. Ilocne mnpoBeaeHuss U oQopmiieHUsS JTaOOPATOPHOU pPabOTHI
o0s13aTeNIbHA €€ 3alUTa.

DJIEKTPOXUMUYECKUE METOJIbI aHAJIN3a OCHOBAHBI HA UCIIOJb30BAHUN
MOHOOOMEHHBIX WJIM 3JICKTPOHOOOMEHHBIX MPOIIECCOB, MPOTEKAIOIIUX Ha
NOBEPXHOCTH DJJIEKTPOJa WM B NPUBJIEKTPOJHOM IPOCTPAHCTBE.
AHQJIUTUYECKUM CHUTHAJIOM CIY>KUT JIFOOOM SJIEKTPUYECKUN TapaMeTp
(moTeHLMaN, cuia TOKa, COMNPOTUBIECHUE W Jp.), BEIUYMHA KOTOPOTO
ONPEAEISIETCA COCTABOM M KOHLEHTPAIIMEN PACTBOPA.

DIIEKTPOXUMUYECKAE METOJIbl AHAJIM3a XapPaKTEPU3YIOTCA BBICOKOMN
YyBCTBUTEJILHOCTBIO, HU3KUMH TIpelieaMd OOHApYy>KEHHSs, IITUPOKUM
WHTEPBAJIOM OIPEICISAEMBbIX COAECPKAHUNW, NPOCTOTOM H HEBBICOKOMN
CTOMMOCTBIO anmnapaTypbl. K 4uciay TOCTOMHCTB 3JIEKTPOAHATUTUUYECKUX
METOJIOB OTHOCHUTCS TaKXe€ MIMUPOKUM CIHEKTP HX MPAKTUYECKOrO
IIPUMEHEHUS — OT OIPEIEIICHUs CIIE0B TOKCHUYHBIX METAJUIOB B BOJAX,
aTMOC(EpHBIX OCaJKax, APYrMX OOBEKTaX OKpYKawouled cpeasl M0
UACHTU(DUKAIMM ¥ KOJWYECTBEHHOTO  OMNPEACNICHUS]  CJIOKHBIX
OpraHUYeCKUX BEILECTB, BKJIIOYAs JICKAPCTBEHHbIC Mpemnaparbl, OCIKU U
HYKJIEMHOBBIE KHUCJIOTHI, MECTULIUBI. DIIEKTPOXUMHUYECKOE
JIETEKTUPOBAHUE YACTO MPUMEHSIETCS B BLICOKOI(P(HEKTUBHON KUTKOCTHOM
xpoMartorpaduu, KamuUISIPHOM 3JeKTpodope3e U APYruxX BUIAX aHAIU3a.

DNEKTPOXUMHUYECKUE METOIbI aHATIM3a MOKHO KJIaCCU(PUIIMPOBATH B
3aBUCUMOCTH OT MPOLIECCOB, MPOUCXOAAIINX HA AIEKTPOAAX:

1) MeTonbl, He CBS3aHHBIC C JJICKTPOIHON peaKIMel: M3MepPsIeMBbIit
CUTHAJI SIBJISIETCSI OTKJIMKOM Ha U3MEHEHMUS DJIEKTPOXUMUYECKUX CBOMCTB B
o0beMe pacTBopa (KOHIYKTOMETPHUSI HU3KO- U BHICOKOYACTOTHAS);
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2) METOJIbI, OCHOBAaHHBIC Ha DJJICKTPOTHOW pEaKIUH. TOK Yepe3
rpaHully pasznena Qa3 He MpOTEeKaeT, a Ha TIpaHule paszena (a3
YCTaHABJIMBAETCS PABHOBECHBIM MOTEHIIMAN, BEJIMYUHA KOTOPOTO 3aBUCHUT
OT AKTUBHOCTU (KOHUEHTpAlWK) KOMIIOHEHTOB, YYacCTBYIOIIMX B
ANEKTPOJAHON PEAKIUU (IOTCHIMOMETPUS);

3) MeTOo/Ibl, OCHOBAHHBIE Ha JJICKTPOJHONW PEAKIINU MEXKIY IEKTPO-
JOM M TPHUAJIEKTPOJAHOM YACThIO PACTBOpA: DJIEKTPOHbI WU HOHBI
NEPEXONAT 4Yepe3 rpaHully pasziena (a3, oO0yciaoBIMBas BO3HUKHOBEHHE
TOKa (BOJIbTAMIIEPOMETPHSI, aMIIepoOMETPHUS, KYJIOHOMETpHSI,
AIEKTPOTPABUMETPHUS).

HPAMAA KOHAYKTOMETPUA
N KOHAYKTOMETPHYECKOE TUTPOBAHUE

KonaykToMeTpuueckuii MeETOJi aHajJiM3a OCHOBAH Ha HW3MEPECHUU
AIEKTPONPOBOTHOCTH pacTtBopa u OTHOCHUTCS K rpyIIne
AJIEKTPOXUMHUYECKUX METOJIOB, B KOTOPHIX AaHAJUTHUUYECKUM CHUTHAI
dbopMupyeTCcs B MEXIJIEKTPOJIHOM MPOCTPAHCTBE U, CJEIOBATENIbHO,
aBisieTcss (YHKIMEH KOHIEHTpPAlUU 3apsDKEHHBIX YacTUI B 00ObeMe
pactBopa. KoHIyKTOMETpUA TO3BOJISIET HMCCIEAOBAaTh COCTaB U
YCTOMYMBOCTh KOMIUIEKCHBIX COCIMHEHWA W HOHHBIX AacCCOLMATOB,
KUCJIOTHO-OCHOBHBIE CBOWCTBA IPOTOJMTOB, KHHETUKY XUMHYECKHUX
IPOLECCOB, CIY’)KUT METOJOM AHAIMTHYECKOTO KOHTPOJS PacTBOPOB
AJIEKTPOJIUTOB.

[Io cmocoOy  BBINOMHEHUS  U3MEPEHUH,  peaqu3yeMblX B
AHAIMTUYECKOW MPAKTUKE, KOHITYKTOMETPUYECKUN METOJI aHAIN3a MOMKET
ObITh MPSAMBIM WJIM KOCBEHHBIM — B BApUAHTE KOHIYKTOMETPUYECKOIO
TUTPOBAHUS, TOJYUYUBIIEr0 Tropa3fgo Oosiee IMIMPOKOE MNPUMEHEHHUE 10
CPaBHEHUIO C MIPSIMBIM METOJIOM.

Jns  KOHIYKTOMETPUYECKOTO  TUTPOBAaHUS ~ MOTYT  OBITh
UCIIOJIb30BAHbl XMMUYECKUE PEAKIIMU BCEX THUIIOB: KUCIOTHO-OCHOBHOE
B3aUMOJICICTBHE, KOMIUJIEKCOOOpAa30BaHUE, OCAXKIEHUE, OKHUCJICHHE-
BOCCTaHOBJIeHHE. Tak Kak SJEKTPONPOBOAHOCTh SBIACTCS (yHKIUEH
KOHIIEHTPALMK, TO OHA JIOJKHA U3MEHATHCS B XOJI€ TUTPOBAHUSA: 110 MEpE
npuOaBiIeHUs  TUTpaHTa  CIEOAT 32  M3MEHEHUEM  YJeJIbHOM
AJIEKTPOINPOBOTHOCTH WJIM CONPOTUBIIEHUS PACTBOPA.

KpuBasi KOHIYKTOMETPHUUYECKOTO TUTPOBAHUS SBIISIETCS IPadUUECKUM
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U300pakKE€HUEM MOJTYUYEHHBIX PE3yJIbTATOB U MOXKET ObITh HCIOJb30BaHA
JUISL  ONPENENICHUS. TOYKM SKBUBAJICHTHOCTH, €CJIM HMEET U3JIOM,
COOTBETCTBYIOIIUN 3TOM Touke (puc.l). Ilpu TuTpoBaHMM HEOOXOAUMO
YUUTBIBATh CIEAYIOIIME OCHOBHBIE YCIIOBUS: a) TEMIIEparypa B sSUEHKE B
XOJIe TUTPOBaHUS JOJDKHA  OCTaBaThbCAd  IOCTOSIHHOM, TaK  Kak
ANEKTPONPOBOJHOCTh 3aBUCUT OT TEMIEparypbl; 0) KOHUEHTpauus
TUTPAHTa JOJDKHA OBITh 3HAYUTENBHO OOJBIIEH, YEeM OMNpPEAeNsIeMOro
BEIIIECTBA B PacTBOpPE, MJII TOro 4YTOOBI pa3daBiieHHE pacTBopa ObLIO
HE3HAUUTENIbHBIM U €r0 MOXHO OBUIO HE YYUTHIBATh, B) TUTPAHT U
PaCTBOPUTEINH CIEAYET MOAO0UPATh TAKUM 00pPa3oM, YTOOBI MOJIBUAKHOCTU
MOHOB, BCTYNAIOIIUX B PEAKIIUIO, U MTPOJAYKTOB PA3IMYAIMCh3HAUYUTEIBHO.
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Pucynok 1 - KpuBble KOHIYKTOMETPHYECKOTO KHUCIOTHO-OCHOBHOIO
TUTPOBAHUSA: & — CHUJIBHOW KUCJOTHI CHJIbHBIM OCHOBaHHEM; 0 — ciiabou
KHCIIOTHl CHJIBHBIM OCHOBaHHMEM; B — CIIa00OM KHCIOTHI CJIa0bIM
OCHOBaHMEM;, I — CMECH CWJIBHOM MU cjJ1abol KHUCIOT CHJIbHBIM
OCHOBAHMEM.



JIABOPATOPHAS PABOTA Nel

Onpez(e.ﬂeHI/Ie CJIA00M KHCJIOTHI M COJIH ¢J1a00ro OCHOBAHMSA
IIPpA UX COBMECCTHOM IPUCYTCTBUH

N3 pacyera TEOPETHUUECKUX KPUBBIX TUTPOBAHUS CIEIYET, YTO B
3aBUCUMOCTH OT 3HaueHus cymmbl (pK,+tpK,) BO3MOXHBI cieayromme
CJIy4au TUTPOBAHHUS CMECEH KHUCIIOT C COJIIMM:

1) (pK,+pK;) < 12 — cHayajga pearupyeT KHCIOTa, a 3aTeM

BBITECHAETCS C1a00€ OCHOBAHUE U3 €TI0 COJIH;
2) (pK,+pK;) > 16 - peakiuist BBITECHEHUS CJIA00OT0 OCHOBAHUS U3 €TI0
COJI MPEIIECTBYET B3aUMOACHCTBUIO KUCIIOThI C TATPAHTOM;

3) (pK,tpK;) = 12+16 — 00e peakiuu MPOTEKAIOT MapauieibHO,

mudpepeHIImpoOBaHHOE TUTPOBAHUE HEBO3MOKHO.

B mpemnaraemoii  paboTe HEOOXOAMMO ONPENETUTh COJAEPIKAHHE
oopHoii  kucnotel (pK,=9.24) U COJAHOKHUCIOrO THUAPOKCUIAMHHA
(pK;=8.3) mpuux COBMECTHOM TMPHUCYTCTBUM B pacTBope. Tak Kak
(pK.tpK,) =17.54, cHavanma TUTPYETCS COJSTHOKHCIBIA THIPOKCHIAMUH,
3aTeM OOpHas KHUCJIOTa — Ha KPUBOM THUTPOBAHUSI MPOSBISIOTCA JBa
neperuoa.

Peacenmot u annapamypa. Crannaptaeiii pactBop NaOH, 0.1M;
nuneTka BMmecTHMocThio 10 Mi;  OropeTka Juisi  TUTPOBAHUS;
KOHYKTOMETp; MarHUTHasl MelIaJika.

Memoouka ananu3a. [TunieTkom oTOMparoT AJINKBOTY
aHaJTU3UPYyeMOro pactBopa o0beMoM 10 M U BHOCST €€ B €MKOCTh IS
TUTPOBAHUS, JTOJMBAIOT JAUCTWIUIMPOBAHHYIO BOJAY TaK, UYTOOBI pacTBOP
MOJIHOCTBIO MOKPBIBAI pab04yI0 4acTh MEKTPo10B (40-50 Mi1) U TUTPYIOT
ctangapTHeiM pacTBopoM NaOH npu HenpephlBHOM NMEpEeMEIIMBAaHUUA Ha
MarHuTHOM Memayike. TUTpaHT mnpuiauBaroT nopuusiMu mo 0.5 mi, u
pPErucTpUpys MOKa3aHus Mpudopa — yAeIbHYIO AJIEKTPOIPOBOIHOCTD &.

CTposT IMHEHHYIO KPUBYIO TUTPOBAHUS HA MUJUIMMETPOBOM Oymare

B koopauHaTtaX & = f(Vnson). I'paduueckm mo mneperndy mpsSMBIX
OIPEACISAIOT TOYKH THUTPOBAHUS, COOTBETCTBYIONIHME SKBUBAJICHTHBIM
o0beMaM,  HM3PACXOJIOBAaHHBIM HA  THUTPOBAHUE KHCJIOTBI |

conu.PaccunThIBalOT ~ COAEpKAHUE  OMNPENENIEMbIX  BEIIECTB B
aHaJM3UPYEMOM PacTBOpPE MO GpopMynam:

C* = 0.1V Naor/Vamu. C* = 0.1V Naor/Vasmx.
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rae C" u C® — cOOTBETCTBEHHO, KOHIEHTPALM OOPHON KMCJIOTHI U COIM
TUApOKCHIAMKHA, MOJB/T;, V¥NaoH U VNaoH — DKBHMBAJIEHTHBIE OOLEMBI,
3aTpayeHHbIC HA TUTPOBAHUE KHUCIOTHI M COJHM, MI; Vuue — 00BeM
0TOOpaHHOM MPOOBI J1JISI aHAJIU3a, MII.

JIABOPATOPHAS PABOTA No2

OnpenesieHue XJI0pUAOB M HOAMAOB B BOAHOM pacTBope

[Ipu TuTpOoBaHMU cMecu XJIOpuoB U oauaoB pactBopom AgNO; B
KUCIIOW W HEUTPAIBHOM Cpelax IMPOUCXOAUT  IIOCJIENOBATEIbHOE
ocaxxaeHue Agl (ITPpg = 8.3-10™"), zatem AgClI (ITPagcl = 1.8:10™). Tax
KaK 1moaBmkHOCTH MOHOB |” u ClI” Omusku (Al = 76.4; A,. = 78.8), Ha
KPUBOW KOHJAYKTOMETPHUYECKOTO TUTPOBAHUSI HAOIIOAETCS TOJIBKO OJIMH
U3JIOM, COOTBETCTBYIOIIMN CYMMAapHOMY COJEpP>KaHUIO TaJOreHuaoB. B
NPUCYTCTBUM PACTBOpPa amMMHUaKa MpU TUTPOBAHUM oOOpa3yeTcss MeHee
pactBopuMbIi  ocamok Agl, a B wu30bITKE TUTpaHTa oOpa3yercs
pactBopumblii  komiuiekc  [AQ(NHs),]Cl.  Tlostomy Ha  KpuBOii
KOHJYKTOMETPUYECKOTO TUTPOBAHUS OOpa3yeTrcs OJHa TOuYKa reperuoda,
COOTBETCTBYIOIIAasi TUTpoBaHUIO HoauaoB. CoaepkaHue XJIOPUAOB B
CMECH paCCUMTHIBAIOT IO PA3HOCTH PE3YJbTATOB TUTPOBAHUS B
HEUTPAIIbHOW M1 aMMHAYHOU CpeJIax.

Peacenmot u annapamypa. Ctangaptaeiii pacteop AgNO3, 0.01M;
pactBop NHs, koHi.; mumetrka BMecTHMOCThbiO 10 Mu; OropeTka s
TUTPOBAHUS; KOHIYKTOMETP; MarHUTHAs MeIlaJiKa.

Memoouxa ananu3a.llunerkon OTOUpaIOT AITUKBOTY
aHaJTU3UPYyeMOro pactBopa o0beMoM 10 M U BHOCST €€ B €MKOCTh IS
TUTPOBAHUS, JTOJMBAIOT JAUCTWIUIMPOBAHHYIO BOJAY TaK, 4YTOOBI pacTBOp
MOJIHOCTBIO MOKPBIBAT pab04yI0 4acTh EKTPo10B (40-50 Mi1) U TUTPYIOT
ctangapTHeIM pacTBopoM AGNO3 npu HenmpepbIBHOM MEpEeMEIIUBaHUN Ha
MarHuTHOM Memanke. TuTpaHT mnpuiauBatoT mopuusamu no 0.5 mi u
PErUCTPUPYIOT MOKA3aHUS IPUOOpa — YAEIbHYIO 3JEKTPOIPOBOIHOCTD &.

CTposiT JUHEWHYIO KpPUBYIO THUTPOBAaHUS B KOOpAMHATaX &
=f(Vagnos). I'padmueckn mo meperu®y mNpsIMBIX OHPEAENAIOT TOUKY
TUTPOBAHUSI, COOTBETCTBYIOIYIO3KBUBAJICHTHOMY o0BeMy,
M3pacX0J0BaHHOMY Ha TUTPOBAHHUE XJIOPHUIOB U HOIUIOB.

3aTeM MPOBOJSAT BTOPOE TUTPOBAHHWE B aMMHUAYHOM pacTtBope. Jlis
storo Kk 10 M aHanu3upyeMoro pactBopa ao0apisaoT 40-50 M aucTHI-
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JIMPOBAHHOW BOJIBI M MO KaruisiM pacTBOp ammuaka a0 pH=9. Tutpyrot
ctangapTHeiM pacTBopoM AGNO; mpu HEnmpepbhIBHOM MEpEeMEIINBaHUH,
perucTpupys rokazaHus npudopa.

CTpoAT KpHUBYIO THUTPOBAHMS, HAXOJAT SKBHUBAJECHTHBIM 00BEM
AgNOQO3, cOOTBETCTBYIOIINI COAEPIKAHUIO HOIUIOB B UCXOTHOM PacTBOpE.
ITo pa3zHOCTH 3HAYEHUM SKBHUBAJEHTHBIX OOBEMOB IMEPBOIO U BTOPOTO
TUTPOBAHUN ONPEICTAIOT SKBUBAJICHTHBIA OOBEM, COOTBETCTBYIOIIUI
COJZIEPIKAHUIO XJIOPUIOB.

ConepxxaHue MOAU- U XJOPUJ-MOHOB B PACTBOPE PACCUUTHIBAIOT
o dhopMmynam:

CI— = 0'01V3KB.2/V3JII/IK.CC|- - 0'01(V3KB.1 _V3KB.2)/V3J'H/IK.,1

I'ne Cy. u Cg}. - COOTBETCTBEHHO, COACPKAHUE WOJIUI- U XJIOPUI-UOHOB, T-
UOH/TI; Vg1 UV,p2 — DKBHUBAJEHTHBIE OOBEMBI IEPBOTO M BTOPOIO
TUTPOBAHUSA, MIT; Ve — 00BEM OTOOPAHHOM MPOOBI 1JIs1 aHATIM3a, MIL.

JIABOPATOPHAS PABOTA Neo3

2 2
Onpenenenne nonos Ni-" u Ca“ ' npu ux cOBMeCTHOM IPUCYTCTBHH
B BOJJHOM pacTBOpe

[Ipy  KOHAYKTOMETPUUECKOM TUTPOBAaHWH, OCHOBAHHOM Ha
KOMILIEKCOOOpa30BaHUH, B KaUu€CTBE TUTPAHTA Yallle BCETO MCIOJIb3YIOT
pacTBOp JABYHATPHUEBON COJM ATUICHAMAMUHTETPAYKCYCHON KHCIIOTHI
(BATA). B 3aBucumoctu ot pH cpenbl B pe3yibTaTe TUTPOBAHUS MOTYT
00pa3oBBIBATHCS CPEAHUE W KHUCIBbIE COJIM (KOMILJIEKCOHATHI), a TaK¥Ke
pa3liMuHbIe MPOJAYKTHl  JHUCCOLMALMHU  ATWICHIUAMUHTETPAYKCYyCHOM
KUCIIOTBl. HecMOoTpst Ha CIOXHBIM COCTaB pacTBOpa Ha KPUBBIX
TUTPOBaHUS B OypepHOM pacTBOpE WIM B €ro OTCYTCTBUMHAOIIOIAETCS
YETKO BBIPAXKEHHBIA U3JIOM.

bonee weTkuil W370M Ha KPUBOM TUTPOBAaHUS HAOIIOJAETCS B
oTcyTcTBHM OydepHbIX cmecedd. Ilpu TuTpoBaHMM cMecell KaTHOHOB
NEepBbI  KOMIIOHEHT, oOOpa3yromuii 0ojiee yCTONYMBBIA KOMILUIEKC,
TUTPYIOT 0Oe3 nobOaBieHuss OydepHOro pacTBopa, BTOPOMl — TOCIHE
nobapieHusi. C TOMOIIBIO TAKOTO MpHEMa MOXKHO  OINPEICTUTh
cogepxanne noHoB Ni** u Ca’’ mpu MX COBMECTHOM IPHCYTCTBHH B
pactBope. IIpu tutrpoBanum pactBopoM DJITA B crabokucioil cpene B
oTcyTcTBUU Oy(depHoro pactBopa omnpenenstor Hukenb (IgBniy.=18.62;
(IgBcav.=10.70), 3aTteM BBOIAT aMMHUAYHBIA OydepHBIH pacTBOD,
noaaepxkuBaromi pH=9, u TuTpyroT nons! kKaneusa. Kpusas TutpoBaHus
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cmecu noHoB NI“" u Ca“" mpexacraBneHa Ha puc.2.
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PucyHnok 2 - KpuBasi KOHTYKTOMETPUYECKOTO TUTPOBAHUS
2+ 2+
cmecu noHoB NI u Ca”™ pactBopom DJITA

Peacenmot u annapamypa. Crangaptaeiii pactsop ITA, 0.05
H;ammuaunbiii  OydepHbli  pacTBOp;NUIETKA BMECTUMOCTbIO 10 Mt
OropeTka JiJisi TATPOBAHUS;, KOHAYKTOMETP; MarHUTHAs MEIllaJiKa.

Memoouka aHanu3a. [TunieTkom oTOMparoT aJIMKBOTY
aHaJTU3UPYyeMOro pactBopa o0beMoM 10 M1 U BHOCST €€ B €MKOCTh IS
TUTPOBAHUS, JTOJMBAIOT JAUCTWIUIMPOBAHHYIO BOJAY TaK, UYTOOBI pacTBOP
MOJIHOCTBIO MOKPBIBAJI pad0YyI0 4acTh JIEKTPo0B (40-50 Mi1) U TUTPYIOT
OpU HEMPEPHIBHOM MEPEMEIIMBAHUM CTaHAApTHBIM pactBopom D[[TA.
[Tocne npubasnenus 0.5 M TUTpaHTa PETUCTPUPYIOT MOKa3aHUs MPUOOpa
— VACTBHYIO DJICKTPONPOBOJHOCTh (&). YienbHas 3JIEKTPOIPOBOIHOCTE
pactBopa a0 TO yBenuumBaeTcs, Iociie TO HayMHAET YMEHbIIATHCS
(puc.2). [Tocne JOCTUKEHHUS MaKCHMaJIbHOIO 3HAYEHUS
AJICKTPONPOBOJHOCTH, B s4elKy pgoOaBiasroT 20 M aMMHAYHOTO
Oy(depHOTO pacTBOpa M MPOI0HKAIOT TUTPOBAHHUE,

CTposiT NHHEHHYIO KpPUBYIO THUTPOBaHUS B KOOpAMHATaX & =
f(Voara.) IlepBblii W3mMOM Ha KpPHUBOH COOTBETCTBYET 3aBEPIICHHIO
mpoIecca KOMIIEKCOOOpa30BaHUsI MOHOB HUKENS, BTOpou — Kaibius. [1o
rpaduky Haxomiar oobem OJITA, coorBercTByromuii mepsoit (TDq)u
BTopoit (T3;) TOUYKEe HKBHBAJICHTHOCTH. PacCUMTBHIBAIOT COCpKAHHE



10
-2+ 2+
noHoB NI“" u Ca”" B aHanu3upyeMoM pacTBope 1o ¢popmysiam:

CNi2+ = 0-05V31/VaJmKB.CCa2+ = O-O5V32Namﬂcm

raeCpi» U Ccar - COOTBETCTBEHHO, COJICP)KAHUE NOHOB HUKENS M KaJabIUs
B pacTBOpeE, I'-MOH/J; V31 u V32 — COOTBETCTBEHHO, JOOABJICHHBIH 00BEM
pactBopa D/[TA B nepBoii U BTOPOIl TOUKE SKBUBAJIEHTHOCTH, MIT; Vs —
00beM TTPOOBI pacTBOpPaA, B3SITOM JJIsl aHAJIU3a, MJI.

HPAMASA IOTEHIHIUOMETPUA
N HNOTEHHUOMETPUYECKOE TUTPOBAHHUE

IToTeHUMOMETPUUECKUN aHAIU3 MCIOJIB3YIOT JJIsl  OIpEeaeiICHUs
AKTUBHOCTH  HWOHOB,  HaxXOJSIIMXCI B  PacTBOpE, —npamas
nomenyuomempusi, uorHomempus (C UCIOJb30BAHUEM HOHOCEIEKTUBHBIX
AJIEKTPOJIOB), a TaKXKe JUIsl ONPENENICHUST TOYKH DKBUBAJICHTHOCTH TPHU
TATPOBAHUU 110 M3MEHCHUIO NOTCHIMAIA HWHIAWKATOPHOIO SJIEKTPOJa
—nomeHyuomempuieckoe mumposarue.

I[Ipy  MOTEHIIMOMETPUYECKOM  TUTPOBAHMM  MOTYT  OBITh
MCMOJIb30BaHbl XUMUYECKHE PEAKIIMU PA3JIMYHBIX THIIOB, B XOJI€ KOTOPBIX
U3MEHSETCS KOHLUEHTPAUKs MOTEHUHAIONPEAEIAIOIINX HOHOB: KUCIOTHO-
OCHOBHOE€  B3aMMOJICMCTBUE, OKHUCIIEHUE-BOCCTAHOBJIEHUE, PEAKLUUU
OCaXJICHUS U KOMILIEKCOOOpa30BaHUsl.

I'maBHOE  JTOCTOMHCTBO  NOTEHIIMOMETPUYECKOrO  METOAa IO
CPaBHEHMIO C JIPYTMMHU METOJAMHU aHAJIN3a — JKCHPECCHOCTh aHAIM3a U
MIPOCTOTa NPOBEACHUS MW3MEPEHUM. PaBHOBECHBIM MOTECHIHAT HA
UHJUKATOPHBIX 3JIEKTPOJIaXyCTaHABIMBAECTCS OBICTPO, YTO TIO3BOJISIET
U3y4aTh KUHETUKY XUMUUYECKUX PEAKLIUN U aBTOMAaTU3UPOBATh KOHTPOJIb
TEXHOJIOTUYECKUX IPOLECCOB. MCHonp3ys MUKPOIIEKTPOAbI, MOXKHO
OPOBOJUTh H3MEPEHUss B Mpobdax o0O0bEMOM 1O JECATHIX JOJIeH
MWUTIATPA. MeTon maer BO3MOKHOCTH IPOBOJAUTH ONPEAECICHUS B
MYTHBIX W OKPAILIEHHBIX PACTBOPAX, BA3KHUX IMACTaX, UCKIIKOYas ONEpalnu
bunsTpanuu U neperoHku. [loTeHMoMeTpuYecKre n3MEPEHUs: OTHOCSITCS
K TpYMIe Hepa3pylIatouuX CIOCOO0B KOHTPOJIS, aHATM3UPYEMBIN PacTBOP
MOCJIE M3MEPEHUM MOXET ObITh MCIOJB30BaH JJIs  JaJIbHEUIIINX
VCCIIEIOBAHU M.

[lorpemiHOCT,  ONpencNeHrusT MNPSIMBIM — MTOTEHIIMOMETPUUYECKUM
MerogoM coctaBisieT 2-10%, a moTeHuuoMeTpuyeckuM TutpoBanrem 0.1-
0.5%. WnaTepBan onpenencHuss MOHOB MOTEHIIMOMETPUYECKUM METOJOM B
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Pa3IMYHBIX MPUPOJHBIX U MPOMBIILICHHBIX OOBEKTAX HAXOJUTCS B
npenenax ot -1 10 14 pH st CTeKISHHBIX 2JIEKTPOIOB, U 40 107 Momb/I
OMPEIENAEMOro HOHA JIJISl APYTUX TUIIOB MOHOCEJIEKTUBHBIX JJIEKTPOJIOB.

[ToTeHUMOMETPUYECKOE THUTPOBAHUE OCHOBAHO HA pPErUCTpaluu
U3MEHEHUs TMOTEHUHAJIa WHAWKATOPHOIO 3JIEKTpoJa B  IpOLEcce
XUMUYECKOM pEaKUUh MEXAYy ONpeAesiieMblM KOMIIOHEHTOM U
TUTPAHTOM. Touky 3kBHUBaJeHTHOCTH (TD) HaxoAsST 1O CKAuKy
NOTEHI[MaJa, OTBEYAIOIEMY MOMEHTY 3aBEPILICHUS PEAKIIUU.

ITorenunomerpuueckas VHIVKALUA O II03BOJISIET
mudPepeHIIuPOBaHHO TUTPOBATH CMECHU KHUCIOT WJIM OCHOBAaHHM, JHOO
MHOT'OOCHOBHBIX KHCJIOT (OCHOBaHHUi) ¢ morpemHocthio A0 0.1%, eciau
Ki: K, > 107 Ipyd ATOM KOHCTAHTA JUCCOLMAIUM CJIa00H KHUCIOTHI
(ocHOBaHMs) HODKHA ObiTh He Hmke 107, KHCIOTHO-OCHOBHOE
TUTPOBAHUE BBINOJHAIOT C UCHoib3oBanuemM pH-merpa, mmbo B
aBTOMAaTHUYECKOM PEKHUME Ha aBTOTUTPATOPAX.

Texnuka padomwt.CHavana MIPOBOJIAT OPUEHTUPOBOYHOE
TATPOBAaHWE U  HAXOOIAT OOBEeM  TUTpaHTa,  MNPUOIHU3UTEITBHO
COOTBETCTBYIOIMNN T3 B CIEAYIONMIEHITOCICA0BATEIIbHOCTH:

1. ITIpubop (pH-meTp, MOHOMEpP) NPHUBOIAAT B pabouee COCTOSHUE
COTJIACHO MHCTPYKIIMH MOJIb30BATENS.

2. AHanu3upyeMbIil pacTBOP pa30aBJISAIOT 10 METKU B MEPHOM KOJIO€
U THIATENIbHO MEPEMEIINBAIOT.

3. AJJMKBOTY pacTBOpa IEPEHOCSAT MHUIIETKOM B YHCTBHIM CTakaH
BMecTUMOCTBIO 100-150 M u, ecnmu 3TO MPEXYCMOTPEHO METOJIHUKOM,
N00aBJISIIOT HEOOXOJUMbIE KOMITOHEHTHI.

4. CtakaH ¢ pacTBOpPOM IIOMEHIAIOT HAa MAarHUTHYIO MEIIAJIKY,
OMYCKAaIOT B CTaKaH WHAMKATOPHBIA AJIEKTPOA W DJIEKTPOJ CpaBHEHUSA
(0OBIYHO, XJIOPCEPEOPAHBIN PIEKTPO), LIEHTPUPYIOT SJICKTPOIBI.

5. bropeTky 3amoyiHSAIOT PAacTBOPOM THUTPAHTA U 3aKPEIUISIOT B
IITaTUBE TaK, YTOOBl KOHUYMK OIOpPETKH ObLI OIYIIEH B CTakaH, HO HE
COMPUKACAJICA C IOBEPXHOCTHIO TUTPYEMOTO PacTBOpA.

6. Bxi1ro4aroT MarHUTHYIO MEIIAJIKY U TPOBOJST OPUEHTUPOBOUYHOE
TUTPOBaHUE, IPUOABIAS U3 OIOpPETKH Mo 1 MJI pacTBOpa TUTpaHTa U U3-
mepsia AE (pH) nocine kaxaoi ero nopiuu.

Otcuersl AE mpou3BOAAT TONMBKO MOCIE JTOCTHUXKEHUS MMOCTOSSHHOTO
3HaueHus (n3mMeHenue AE He goibkHO npesbiiath 2-3 MB B Teuenue 1
MUH). TuTpoBaHHWE MNPOAOIKAIOT JO TEX MOp, IOKAa TOCJIE PE3KOro
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u3meHenusi AE wnu pH npu naneHeimeM npruOaBieHUM HOBBIX MOPIUNA
pacTBOpa peareHTa OyJeT MEHSATHCS HE3HAUYUTEIIBHO.

3aTeM MPUCTYNAOT K TOYHOMY THUTPOBAHHUIO B o0OyiacTh ckauka AE
(pH), aJist yero mocJe TIIATENbHOTO MIPOMBIBAHUS JIEKTPO/Ia CPABHEHUS U
MHJMKATOPHOIO 3JIEKTPOJA B YMCTBIM CTakKaH JUisl TUTPOBAHUS BHOCST
HOBYIO QJIMKBOTY HCHBITYEMOI'O PACTBOpa W BBINOJHSIIOT OIEpaluH,
yKa3aHHBIE BbIIIE. 3aTEM K TUTPYEMOMY PacTBOPY MPUOABIISIOT TUTPAHT B
oObeme Ha | M MeHblIE, YeM HTO COOTBETCTBYET 3HaueHH0 10,
HalJICHHOMY IpPU OPUEHTHUPOBOYHOM THUTpOBaHUM. [locie mocTukeHus
NOCTOSIHHOTO 3HaueHus mnoreHiumana (pH) npomomkaroT TUTpoBaHUE
pPacTBOPOM peareHTa Mo KamiaM Il HaxoxaeHuss TO nmpu MUHUMAaJbHO
BO3MO>KHOM IPUOaBIIIEMOM 00bEME TUTPAHTA.

[Tocne noctuxenus ckauka AE (pH), kak u npexzae, yoexxaatorcs B

majoMm usMmeHeHuu AE (pH) npu panmbHeillieM TUTpOBaHUSA MO KarlIsM.
OtMmeuaroT o0t 00beM 3aTpauYeHHOr0 TUTPAHTA.

[Ipu nuddepeHurpoBaHHOM ONpEACIICHUH CMECH JIBYX U Ooiee
KOMIIOHEHTOB B IPOILIECCE€ OPUEHTUPOBOYHOTO TUTPOBAHUS (MOPLUSAMU
pacTtBopa 1o 1 mu1) OOHApY>KHMBAIOT COOTBETCTBYIOIIEE YHMCIO CKAYKOB
noTeHuuana B obmactu kaxaou TO. Jlamee B 3Tux 00JacTsAX MPOBOAST
TO4YHOE TUTpoBaHue. [locime HaxoXAeHUs NEPBOro CKayka, Kak I3TO
ONMCAaHO BBIIIE, IPOJOJDKAOT TUTPOBAHME, MIPWIMBAs CHadasla
HEOOXOIMMBII 00BEM TUTpaHTa A0 BTOpor TO, a 3aTeM mo KaruisiM — JI0
OPOXOXKJAEHUS BTOporo makcumyma u T. A. CopxepkaHue BTOpPOTO
KOMIIOHEHTa HaxoAsAT MO Pa3HOCTH: U3 o00Iero oodobeMa pacTBopa
TUTPAHTA, 3aTPAYEHHOI'0 HA CyMMapHOE ONPEAECICHUE IBYX KOMIIOHEHTOB,
BBIYMTAIOT 00BEM, 3aTpadyeHHBIM [JIs JOCTIKEeHWs TnepBod TO
TUTPOBAHUS.

KpoMe pacueTHbIX, CYIIECTBYIOT Takke Trpaduueckue CrocoObl
oOHapyxeHus TO, 3aKiO4aroONUMecs B MOCTPOCHUU KPUBBIX THUTPOBAHUS
CJICAYIOIINX THUIIOB.

1. Uzo6paxator rpaduuecku 3aBucumocth AE (pH) or obbema

tutpadTa (V), T. €. CTPOAT HUHTErpajbHyr0 KpuBylo (puc. 3a). Touxka
nepernba Ha KpHUBOM OTBedaeT T, KOTOpas MOXKET COBIAJaTh W HE
coBmagath ¢ TO. [lns HaxoXIeHWs TOYKM meperuda MpOBOASAT JABE
napajule/ibHbIE KacaTelIbHbIE K IIOJOTMM BEPXHEHM M HUXKHEU 4YacTIM
KPUBOM U COEAWHSAIOT HUX TMPsSAMOA TakKUM 0Opa3oM, UYTOOBI TOYKa
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NEPECEUEHUsI €€ C KPUBOM TUTPOBAHHUS JACNIWJA ATy NPSIMYI0 Ha JIBE
paBHbIC YaCTH.

2. bonee mpoCThIM U TOYHBIM CIIOCOOOM HaxoxjeHus TO sBisercs
rpaduuecKkoe U300pakeHrne 3aBUCUMOCTH BEJIMYMH MEPBOM MPOU3BOIHOMN
AE/AV ot o0pema npubaBienHoro tutpanta V (muddepeHnuansHas Kpu-
Bas). B 3TOM ciiyyae KpuBasg uMeeT MUKOOOpa3Hyr (PopMy, MaKCUMyM
KOTOpo# cooTBeTcTBYET TO (puc. 30).

& AE/AV
i 0
a

-

fie V. mn 1o V.
Pucynox 3 - KpuBble MNOTEHIIMOMETPUUECKOTO TUTPOBAHHSI: a —
UHTErpajbHas; 0— quddepeHnnanbpHasl.

JIABOPATOPHAS PABOTA Ne4

Onpenenenue pH pacrBopa
C HCIOJIb30BAHUEM CTEKJIAHHOIO JJIEKTPOAA

Hna  wusmepennss pH HCOONB3yHOT TrallbBAHUYECKHAM JJIEMEHT,
COCTaBJICHHBIH M3  CTEKJISHHOIO  WHJIUKATOPHOTO  JJIGKTpoJIa |
xJiopcepedpsiHoro ekTpoaa cpaBHeHus. [lepen Havamom msmepenus pH
HOBBIN CTEKJISTHHBIN 3JIEKTPOJ] IOJDKEH OBITh BBIJIEpKaH HE MEHEE CYTOK B
0.1 M pactBope HCI1. [IpoBepky 3J€KTpOI0B U HACTpOUKy mpudopa (pH-
MeTpa) MpoBOAAT Mo OydepHbIM pacTBopam. Eciu ucnonb3yercs OauH
OydepHbIli pacTBOp, JKeNaTebHO BbIOpAaTh TOT, pH KOTOpOro HaxomauTCs
BOmm3un pH wuccnenyemoro pactBopa. [nsi  Oonblield  HaIeKXHOCTH
MPOBEPSIOT TOKa3aHus Npubopa W Mo JApyruM Oy(depHbIM pacTBOpam.
[TorpemHoCcTh U3MepeHus He omkHa npeBbimars(.05 pH.



14

Peazenmwt u annapamypa. bydepusie pactBopsl: pH 3.56 (Hachi.
pactBop KC4H50¢)u pH 9.18 (0.05 M pactop Na,B40O7-10H,0).

pH-MeTp; WHAWMKATOPHBIA JJIEKTPOA — CTEKJISHHBINA; DJIEKTPOJ
CpPaBHEHMS — XJIOPCEPEOPSHBIN; MUIleTKa BMECTUMOCThIO 10 mit; OropeTka
JUIS1 TATPOBAHUS, MATHUTHAS MEIIAJIKA.

Memoouxa onpedenenusn pH.IlogxiodatoT mpudOp K CETH U JIalOT
nporpetbesa B TeueHue 30 muH. HactpauaroT mpudop 1o ABym OydepHbIM
pacTBOpaM — B KHUCJION U 11es104HOM o0nactsax pH. JIjst 3TOro HajiuBaroT B
CTakaH COOTBETCTBYIOIIMNA Oy(epHbIii pacTBOp, OMYCKAIOT B HETO
NeKTpoAbl, (ukcupyror 3HaueHue pH u, eciu  HEoOXoaUMO,
KOPPEKTHUPYIOT €r0 C MOMOIIBIO CIIEUAIILHON HACTPOUKHU. [lepen kaxapim
NOTPYKEHUEM 3JIeKTpofa B OydepHbld WM HCCIEIYyEMbId PacTBOP
AJEKTPOJBl THIATEIBHO MPOMBIBAIOT JUCTWUIMPOBAHHOM BOJOM U
OCTOPOXXHO YAAJISIIOT M30BITOK BOJIBI C MX MOBEPXHOCTH (DUIBTPOBAIBLHOM
OyMarof.

Nsmepsaror BemmuuHny pH B aHaimmsupyemom  pactBope. llo
OKOHYaHUM PabOThl BBIKIOYAIOT MOPUOOP. DIEKTPOJbl MPOMBIBAIOT
JVCTHIUTAPOBAHHON BOJOM M OCTABIISIIOT UX IMOTPYKEHHBIMU B BOAY.

JIABOPATOPHAS PABOTA Neo5
Omnpenesienne ¢pochopHOl KUCIOTHI B pacTBOpe

[loteHnmomerpuyeckoe  TuTpoBaHue  (GochopHOM  KHUCIOTHI
BO3MOYKHO TI0 IByM CTQJIMSIM:

H;PO,+NaOH—NaH,PO,+H,0
NaH,PO,+NaOH — Na,HPO4+H,0

TaK KaK COOTBETCTBYIOIIME KOHCTAHTBhI HMOHHU3AIIUM OTIMYAIOTCS Oojee
-3 -
yeM Ha 4 nopsaka: K; =7.08-107, K,=6.17-10 8,

Peazenmur u annapamypa.lwvnpokcun Hatpus, 0.1000 M
craggapTHeld  pactBop. pH-merp; pH-uHmukaropssiii  3meKTpOL,
CTEKJITHHBIN;3JIEKTPO/T CpaBHEHUs, XJIOpCEPEOPSHBIIA; IIATIETKA
BMECTUMOCTBIO 10 Mi1; OropeTKa /it THTPOBAHU S, MarHUTHAsI MeIajKa.

Memoouka ananuza.B cTakaH IJs TATPOBAaHHUS BHOCST NHUIIETKOU
aJMKBOTY HCIBITYyeMOro pactBopa oobemom 10 min u 20-30 wmn
JTACTAWUIMPOBAHHOW BOJBI. B  MOJY4EHHBIM pacTBOpP MOTPYKAKOT
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WUHJMKATOPHBINA AJIEKTPOA WU B3JIEKTpoA cpaBHeHHus. lIpoBomsar mepBoe —
OPUEHTUPOBOYHOE TUTPOBAaHME, AOOABIAS MO 1 MiI pacTBOpa TUTpaHTA.
[Tocne kaxmoro mpuOaBieHus GukcupyroT usMenenue pH pactBopa. B
X0/JI€ THTPOBAHHUS TOJHKHBI MPOSBUTHCS JBa cKauka pH.

Pe3ynbraThl BTOPOTO TUTPOBAHHUS HCHOJB3YIOT JIA pacueroB. B
X0JIe BTOPOrO TUTPOBAHUSI CTaHAAPTHBIA PACTBOP IIEJIOYU NPHUOABISAIOT
paBHbIMH nopuusamu 1o 0.1 M B o0stactu mepBoro ckadka u mo 0.2 M — B
00J1acT BTOPOTO.

CTposIT UHTETPAIbHYIO KPUBYIO TUTPOBAHUS B KOOPIUHATAX
pH = f(V) u mudbdepernmansuyro — B koopauHatax ApH/AV = f(V).
['paduuecknn HaxoAsT SKBUBAJICHTHBI  O00BEM pacTBOpa THUTPAHTA,
orBeuarontuii epeoii (V1) u Bropoit (V,) TO. Conepxanue dhochopHOit
kuciaoTel (C, MOJIb/JI) B HCHBITYEMOM PAacTBOPE PACCUUTHIBAIOT Kak
CpelHee M3 pe3yiabTaToB ompeaencHus mo mepBoi (Vi) u Bropoi (V)
CTYIICHHU:

Cl S 001V1C2 - OOOSVZC = (C1+C2)/2

JIABOPATOPHAS PABOTA Ne6

OmnpenesieHne COJIAHOM U YKCYCHOM KUCJIOT B PacTBOpe
IPHA X COBMECTHOM NMPHUCYTCTBUM

HuddepeHnupoBaHHOe TUTPOBAHME CMECH COJISTHOM U YKCYCHOM
KUCJIOT B BOJHOM pPAacTBOPE HEBO3MOXHO IIPOBECTH C JIOCTATOYHOU
TOYHOCTBIO M3-3a OTCYTCTBMSI 3aMETHOIO CKayKa IMOTEHUHANIA B IEPBOU
TD, COOTBETCTBYIOIIECH COJIEP)KAHUIO COJITHOM KHCJIOTHL. IloaTomMy
TUTPYIOT JIBE AJIMKBOThI AHAIIM3UPYEMOTO PACTBOPA: B IEPBOU — B BOJAHOMN
cpeae —  HaxXoAT O0BEM  CTAHJAPTHOIO  pacTBopa  IIEJIOYH,
DKBUBAJIICHTHBI CYMMAapHOMY COJIEP>KAHUK) KHUCJIOT, BO BTOPOM — B
BOJIHO-AIIETOHOBOM CPEAE — ONPEAEISAIOT COAEPKAHUE COJITHOM KHUCIIOTHI.
ITocnenHee CTaHOBUTCS BO3MOXKHBIM BCJIEACTBUE YMEHBIIECHHUS CTENICHU
JIACCOLMALMN YKCYCHOU KHUCJIOTHI B IPUCYTCTBUU ALIETOHA.

Peazenmul u annapamypa

I'mapokcun Hatpusi, 0.1000 M cranmapTHbiil pacTBOp aueroH. pH-
MeTp; pH-MHIMKATOPHBIM 3IEKTPOM , CTEKJISIHHBIN;AJIEKTPOA CpPaBHEHUS,
XJIOpCepeOpsHBIN; MHUIETKa BMECTUMOCTRIO 10 wmm; Oroperka s
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TUTPOBAHUA; MAaIrHUTHAs MCIIAJIKA.

Memoouka ananuza.B ctakaH 8 TUTPOBAHUS ITOMEMIAIOT
anukBoty aHanmuzupyemor cmecu HC1 u CH3COOH ob6wvemom 10 mu,
npuoasmsitor  20-30 M guCcTWIIMpOBaHHOM — Boawl.  [IpoBogst
OPUEHTUPOBOYHOE TUTPOBAHKE, OOHApYKMBas JiBa ckauka pH: mepBbiil —
HEOOJIBILION U BTOPO — OCHOBHOHA.

IIpu BTOpOM THUTPOBAaHUM B BOJHOM Cpele CTAaHAAPTHBIA PacTBOP
IeJI0YM NpuOaBISIOT paBHbIMU TopuusiMu no 0.1 mu BOIM3M mepBOro
ckauka pH, oOHapy>KeHHOr0 Npy OPUEHTUPOBOYHOM THUTPOBAHUHU.

OTcyTCTBHE 3aMETHOTO MEPBOr0 CKAYKa MOTEHUHUAIA HE MO3BOJISIET
YCTAHOBUTH TOYHBIM PACXOJl PACTBOPA IIEJIIOYM HA TUTPOBAHUE COJSTHOU
KHCJIOTHI. BOJIM3M BTOPOro ckauka TUTPYIOT MOPLMSAMHU pacTBOPA MIEIOUYU
no ase kamwm (0.1 M), TeM caMbIM yCTaHaBJIMBAlOT 00BEM pacTBoOpa
TUTPAHTA, COOTBETCTBYIOIIMN CYMMAapHOMY COIEpPKAHUI0O O0E€UX KHUCIIOT
(V).

ConepxaHue COJSTHOM KHUCIIOTHI ONPENENIAIOT B BOJHO-allETOHOBOM
cpene, npudaBiisAs K aJTMKBOTHOW YaCTH MCIBITYEMOTO pacTBOpa JBOMHOM
o0beM areroHa (20 M) W TUTPYS CTaHAAPTHBIM PACTBOPOM MIEIOUU
nopuusimu 1o 0. 1M1 B o61actu nepBoro ckauka (Vs).

Copnepxanue consiHoM KHUCIHOTHI (Cpcj, MOJB/JT) pacCUUTHIBAIOT C
yueToM oobeMa Vy, a ykcycHOM KHCHOTHI (Cyxeye, MONB/N) — IO PA3HOCTU
00bEMOB THUTpaAHTa, 3aTPAYEHHOTO Ha CYMMAapHOE THUTPOBAHUE OO0Enx

KHACJIOT B BOJHOW Cpelic¢ M Ha TUTPOBAHHUE COJITHOW KHUCJIOTHI B BOJHO-
arieroHoBoi cpene (Vi - Vy):

CHCI - 001\/2 CyRcyc.: 001(\/1 - VZ)

JIABOPATOPHA PABOTA Ne7

OmnpenesieHne cOJIAHON U OOPHOM KHCJIOT B PacTBOPe NMPH X
COBMECTHOM NMPHUCYTCTBUH

BOpHYIO KHUCIIOTY HEIb3d ONPENEIUTH HEMOCPEACTBEHHO METOAOM
KUCJIOTHO-OCHOBHOI'O  THUTPOBAHUS  BCJIEACTBHE MaJOl  KOHCTaHTBI
muccommaruu - (pK,=9.24). Opnako ee omnpeaeleHHe CTaHOBHUTCS
BO3MOXHBIM, €CJIIM K PacTBOPY MOCJE 3aBEPIIECHUS TUTPOBAHUS COJISTHOU
KHCJIOTHI TPUOABUTH TJIMIIEPUH, MAHHUT, JUOO IPyroil MHOrOATOMHBIN
CIIUPT, MPU B3aUMOJICHCTBUU KOTOPBIX C OOPHOM KHUCIOTOW 00pa3yroTcCs
Oosiee CUJIbHBIC KOMIUJIEKCHBIE KHUCIOTHI (TJIUIEPUH-OOpHAsl, MaHMUT-
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OOpHas u JIp).

Peazenmor u annapamypa. I'wapoxcun Hatpus, 0.1000 M
CTaHJAPTHBIA pacTBOpP. MaHHUT WK TUUEPUH.pH-METp; UHIAUKATOPHBIN
AJIEKTPOJI, CTEKJISIHHBIN; 3JIEKTPOJI CPABHEHUSI, XJIOPCEPEOPSHBIN; MTUIETKA
BMECTUMOCTBIO 10 MJT; OrOpeTKa /i1 TUTPOBAHUSI; MATHUTHAsI MEIIIAJIKA.

Buvinonnenue onpeodenenusa. ATIKBOTY HCHBITYEMOIO pacTBOpa
oobemom 10 M B crakaHe I8 TUTpoBaHUs pazOaBisitoT 30 M
TUCTUJUTUPOBAHHOM BOJIBI, TOTPY)KAIOT B PACTBOP CTEKJISTHHBIN 3JICKTPOJ U
AJICKTPOJI CPABHEHHUSI, BKIIFOYAIOT MEIIAIKY U MMPOBOASAT OPHUCHTUPOBOYHOE
TUTpOBaHUE, NpuUOaBisisi pacTBOop TUTpaHta nopuusmMu 1no 1.00 wmuL
OOHapyxuBalOT TEpBbIA CKauyok pH, oTBeyaronUii OTTUTPOBBIBAHUIO
COJITHOM KHCJIOTBL. 3aTeéM TOJHHMMAIOT JJIEKTPOALI M3 PACTBOpA, IPH-
O0aByAOT B cTakaHuyuk 10 M1 TIIMIIEpUHA, THIATEIBHO MEPEMEITUBAIOT JI0
MIOJIHOTO PACTBOPEHUSI.

[TorpyxaroT 3J€KTpOJLI B PaCTBOpP M IPOJOHKAIOT TUTPOBAHUE IO
OoOHapyXeHUs BTOPOro cKauyka pH, COOTBETCTBYIOIIErO THUTPOBAHUIO
OOPHOTJIMIIEPUHOBOM KHCJIOTHI. BBIMOTHSAIOT BTOpPOE TUTPOBAaHHWE HOBOK
aJMKBOTHl pacTBOpa B TE€X JK€ YCIOBUsX, HpubaBisiss B obOmactu TO
TUTPAHT MOPLUSIMU T10 JBE KATUIH.

Conepsxanue consiHoi KUciaoThl (Cyc), MOJIB/JT) HAXOASAT O EPBOMY
ckauky pH (V3), 6opuoii (Cy, Moib/1) — BblUKMTasg 00beM Vi U3 00IIEro
pacxona TtutpaHta (V3), OTBEUAIOIIET0 CYMMapHOMY COACPKaHUIO
COJISHOM ¥ OOPHOM KUCIIOT:

CHCI - 001V1C]; - 001(V2' Vl)

JIABOPATOPHAS PABOTA Ne8
Onpenenenne kodoananTa (11) B pacTBope

OKHCIUTENbHO-BOCCTAHOBUTEIHLHOE TUTPOBAHUE KOOAJIbTa OCHOBAHO
Ha PCAKIUU OKHCJICHHS aMMHAYHBIX KOMIUICKCHBIX HOHOB KoOambTa(ll)
rekcarmanogepparom (1) kanus B ammuaunoit cpene:

Co(NH3)s”* + Fe(CN)s” — Co(NHy)g™" + Fe(CN)g*

AMMuaunbiii  koMiuiekec koOambpTa(lll) uMeeT spKoO-BUIIHEBYIO
OKpacKy, MHTEHCUBHOCTb KOTOPOHM BO3pacTaeT MO Mepe MPHUOIMKEHUS K
TO. IloaTomy »TOA METOJ SBISETCS XApPaKTEPHBIM IMPUMEPOM,
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MOKA3bIBAIOIIAM MPEUMYIIECTBA MOTEHIMOMETPUYECKON MHIUKAUU 13
10 CPABHEHUIO C MCMOJIb30BAHUEM IIBETHBIX UHIUKATOPOB.
1o TO mpoTekaer cneayromas JIEKTPOXUMHUYECKAs PEAKITUSA

Co(N H3)63+ +& — Co(N H3)52+, nocneTO—
Fe(CN)g” + & — Fe(CN)g"

DJIEKTPOXUMUYECKAE  TMOTEHUUANbl 3THUX  PEAKIHU  PE3KO
oTaM4aroTcs, odecrneunBas 00JIBIION CKAaYOK pa3HOCTH MTOTEHIUATIOB.

Peazenmovt u annapamypa. I'excarmanodeppat(lll) xamms, 0.0500
M cranmapTHBIN pacTBOp; XJIOpUA aMMOHUs, 20%-HBIM pacTBOpP; aMMHAK,
25%-ub1ii  pacTtBOp. HMoHOMEp WM TMOTEHIIMOMETP;, WHIUKATOPHBIN
AIEKTPO/, TUIATUHOBBIN; 3JIEKTPO CPABHEHUS, XJIOpCEPEOPSHBIN; MUIETKA
BMECTUMOCTBIO 10 Mi1; OropeTKa Jijisi THTPOBAHU S, MarHUTHAsI MEIIaJKa.

Memoouka ananuza.K anvkBOTE UCHBITYEMOTO PacTBOpa 00bEMOM
10 M B crakane juist TutpoBanus npudasisitor 10 mu pactBopa NH,C1 u
10 mn pactBopa NHj. I[Tonmyuennslii pactBop pazbasisitor no 60-70 mi
OUCTUIUTMPOBAHHOW BOJOM. LIEHTpHPYIOT M 3aKperuIfioT CTAaKaHYMK Ha
BPAIIAIOIIEMCS] CTOJIMKE, MOTPYKAIOT B HErO JJIEKTPOABl M BBITOIHSIOT
OpPUEHTUPOBOYHOE TUTPOBAHUE.

[IpoBoIAT BTOpOE TUTPOBAHUE HOBOW MOPLMHU PACTBOpA, IPHOABIIAS
no JBe KaruM TuTpaHta B oOnactu TO. Ilo pesynbTratamMm BTOpOTro
TUTPOBAHUS CTPOSAT HWHTETPAJIBHYI0 KpPUBYIO, (UKCUPYIOT CKAadOK
Pa3HOCTM NOTEHUHAIOB W ompeAeistoT T3. BeMUCIAIOT copepkaHue
kobanbTa (C, 1/11) B UICHIBITYEMOM pacTBope 1o Ghopmyrie:

C =0.005V, .z Mco = 0.295:V, 4., THIE

V., — 00beM TuTpanta B T3, mi; Mg, = 58.93 — aromuas macca
KOOaJIbTA.

JIABOPATOPHASA PABOTA N9
Omnpenenenne mapranua(ll) B pacrsope

Meronuka ocHoBaHa Ha okucieHun Mapranna(ll) B HedTpanbHOM
cpeiae B TPUCYTCTBUU MHUPO(OchAT-MOHOB CHIBHBIMH OKHUCIUTEISIMU
(mepmanranat kamus, cyiabdar uepus (IV)) no mnupodocdaTHoro
komiutekca mapranna(lll):
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4Mn®* + MnO,+15H,P,0,% + 8H" — 5Mn(H,P,0)s> +4H,0

Peazenmut u annapamypa. llepmanraHaTt KaJius Wi CylibQar Lepus
(IV), 0.0200 M cranmapTHbie pacTBOPHI; mupodocdar Hatpusa, 50%-biid
CBEXKECIPUTOTOBJIEHHBIM  pacTBOp. oHOMEp WM  MOTEHUHUOMETD;
WHJAKATOPHBIM  DJEKTPOJ,  IUIATUHOBBIM.  OJEKTPOJ  CPAaBHEHMS,
XJIOpcepeOpsAHbI; mNUIeTKa BMECTUMOCThIO 10 wu; Oroperka st
TUTPOBAHUS, MATHUTHASI MEIIAJIKA.

IIpumeuanue.  IloBEpXHOCTH  HMHAUMKATOPHOIO  IUIATUHOBOIO

AJICKTPOaA TIepea HadajgoM 3aHATHH JTOJDKHA OBITh OUYHWIEHA. DJICKTPOX
obpabareBatoT ropstaet  HNO3z;  (1:1), oxmakmaroT, IPOMBIBAIOT
BOJIOIIPOBOJHOM, A 3aTEM IUCTUJUIMPOBAHHOW BOJIOW W IMOTPYXKAKOT B
terutblid pactBop HCI (1:1), moce yero Takke TIATEILHO IPOMBIBAOT.

Memoouka ananuza. B crakan g TuTpoBaHus nomemarot 50 mi
CBEXXEMPUTOTOBJICHHOIO TOAOTPETOro pactBopa mnupodocdara HaATpHS.
[Tpu >HEPTrUYHOM TIEpEMEIIMBAHUY B CTAKaH BHOCAT MEJJICHHO IO KarlisiM
aJMKBOTY HCIBITYyeMOro pactBopa o0bemoM 10 M. PacTtBop pomxeH
ocTaBaThCsa mpo3payHbiM. [Ipu 00pa3oBaHMM HEMCYE3AIOIIETO OCaJKa
pacTBOp HENPUTOJECH Il TUTpOBaHWsA. [[poBOAST OpUEHTHPOBOYHOE U
BTOPO€ OKOHYATEJIbHOE TUTpOBaHHE. B XoJae BTOpOro THUTPOBAHUSA
100aBJIAIOT IO JBE KaIlJId TUTpaHTa B obyactu T,

Beraucnstor comepkanve wmapranna (C, 1/1) B HUCHBITYyeMOM

pacTBope mo Gopmyie:
C=0.002V, My = 0.11-V, ., TIE

V., — 00beM Tutpanta B TDO, mi; My, = 54.94 — atomHass macca
Maprasiia.

JIABOPATOPHAA PABOTA Nel0

Onpenenenne xee3a (11) B mpucyrcruu :kenesa (111) B pacTBope

Onpenenenne  xeneza  (II)  ocHoBaHo  Ha  TUTPOBAHUH
aHAJM3UPYEMOT0 pacTBOpa CTAHJIAPTHBIM PACTBOPOM OMXpoMaTa Kajus B
CEPHOKHUCIION CcpeAe C WHIWKATOPHBIM IUIATUHOBBIM DJJIEKTPOJIOM U
XJIOPCEPEOPSIHBIM ~ DJIEKTPOJOM  CpaBHeHUdA. IIpu 3ToM mpoTekaeT
CIIenyIoIIas XUMUYECKas peaKIus:
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6FeSO, + K,Cr,0; + 7TH,SO, — 3F€2(SO4)3 + Crg(SO4)3 + 7TH,0O +
K,SO4

Fe’* - & — Fe*'
Cr,0,% +14H" + 68 — 2Cr** + 7H,0

Peazenmovt u annapamypa. PactBop H,SO,, 1M; cranmapTHbIii
pactBop K,Cr,0;, 0.05M. MoHoMep Wi NOTEHIIMOMETP; HHIAUKATOPHBIM
AJIEKTPOJ, IUJIATUHOBBIM. OIEKTPOJ CpaBHEHUS, XJIOPCEPEOPSHBIN;
MUTIeTKa BMECTUMOCTBhIO 10 My, OropeTka Hjii TUTPOBAHUWS, MarHUTHAas
MellaKa.

IIpumeuanue.  IloBEpXHOCTH ~ HMHAUMKATOPHOIO  IUIATUHOBOIO
AJIEKTPOJIa TIepe/l HAuyajioM 3aHSITUM JOJDKHA OBITh OYMINEHA. DIIEKTPOJ
obpabareBatoT ropstaert  HNO3z;  (1:1), oxmakmaroT, IPOMBIBAIOT
BOJIONIPOBOJIHOM, a 3aTeM AWCTHIMPOBAHHOM BOJOW W TIOTPYXAKOT B
terutblii pactBop HCI (1:1), moce yero Takke TIIATEIbHO IPOMBIBAIOT.

Memoouxka ananuza.B ctakan [ TUTPOBAHUS ITOMEMIAIOT
aJTMKBOTY UCIBITYeMOro pactBopa oobemMoM 10 My, MEpHBIM ITUIUHAPOM
no6asisaroT 10 M1 pacTBopa cepHOM KUCTOTHI M 30 MJT JUCTUILIMPOBAHHOMN
BOJIbl. [lorpyxarT »SJIEKTPOAbI, BKIIOYAIOT MArHUTHYK) MEIIAJIKy H
MPOBOJSIT OPUEHTUPOBOYHOE THUTPOBAHUE CTAaHAAPTHBIM PaCTBOPOM
ouxpomarta Kaiaus. B Xxode OpPHUEHTUPOBOYHOTO THUTPOBAHHUS THUTPAHT
00aBJIAIOT MOPIUSIMU MO 1 MJI, TAaIOT YCTAaHOBUTHLCS MOKa3aHUAM Mpudopa
U 3anuchiBaloT 3HaueHue AE mocne mnpubaBieHUs KaXJI0W IOPIUU
TuTpaHTa. Ilpu BTOpOM TUTPOBAHWUU TUTPAHT AOOABISIOT MOPIUSIMHU IO
0.5 mn nmo Havama ckadyka TUTpoBaHusA. Jlamee TuUTpaHT m00aBISAIOT
nopuussMu 1o 0.1 mu. TuTpoBaHwe NPOAOIDKAKOT N0 TEX MOp, IOKa
n3MeHeHrne AEcTaHeT He3HauyuTeJIbLHBIM.

[lo pe3yapTataM TUTPOBAaHUS CTPOAT AUDGEpPEHIINATBHYIO KPHUBYIO

TUTpoBaHuss B KkoopauHatax AE/AV=f(V). Makcumym Ha KpuBOU
cootBeTcTBYeT TO. Comepxxanue xene3a (I1) (Cre, 1/71) pacCUUTHIBAIOT I10
dbopmye:

C =0.005V,z; Mg = 0.279°V ., TIE

V s — 00beM TuTpanta B TO, Mit; Mg, = 55.85 — aTomMHas macca xenesa.
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KOHTPOJIBHBIE BOITPOCHI

1. OOmiast XapakKTEpUCTUKA AIIEKTPOXUMUYECKUX METO/I0B aHAJIN3A.

2. Knaccuukanus 3JIeKTpOXUMUYECKUX METO/IOB aHAJIM3A.

3. Konnykromerpus. Ilpsamas xonaykromerpus. JlocToWHCTBa,
HEJOCTATKU, IPUMEHEHHE.

4. KoHayKTOMETpUYECKOe TUTpOBaHUE. J[OCTOMHCTBA, HENOCTATKH,
TEXHUKA BBITIOJHEHHUS.

5. YcioBus MpoBeAeHUs KOHAYKTOMETPUUECKOTO TUTPOBAHUS.

6. CtpoeHue siuerku 151 KOHAYKTOMETPUUIECKOTO TUTPOBAHMUS.

/. KpuBble KOHAYKTOMETPUYECKOIO TUTPOBAHHUS.

8. BbICOKOYAaCTOTHOE TUTPOBAHHUE.

9. Ilorenuuomerpusi. [IpuMeHUMOCTh TPSIMON TOTEHIIMOMETPUU HA
npaktuke. MoHomeTpus.

10. DnexTposl, IPUMEHSIEMbIE npu BBITIOJTHCHUHT
NOTEHIIMOMETPUYECKUX ompeaeneHuil. MHAMKATOpHBIE 3JIEKTPOJbl U
AIEKTPObl CPABHEHMUSI.

11. NoHceneKTUBHBIE JEKTPOAbI. THUIIBI, CTPYKTYpa, BO3MOXKHOCTH
IPUMEHEHHSL.

12. TToTeHuMOMETpUYECKOE TUTPOBAHUE. | paHUIIbI TPUMEHUMOCTH.

13. Tunbl peakiuii, NTPUMEHAEMBIX MPU TMOTCHIHMOMETPUUECKOM
TUTPOBAHUU.

14. KpuBble noreHunoMerpuyeckoro tTutpopanusa. Haxoxaenue T
rpauyecKuM METOIOM.

15. TexHuka BBIIOJHEHUS TMOTCHIIMOMETPUUECKOTO TUTPOBAHMS.
['pyboe 1 TOUHOE TUTPOBAHUE.

16. TuTpoBaHWE€ UHIUBUAYATbHBIX KUCIOT U CMECH KHUCJIOT.

17. TutpoBanue cMecu MOHOB MeTaiioB. OcoOeHHOCTH aHanu3a. B
KAKHX CIIy4asX BO3MOYKHO TaKO€ OIPEIEIICHHUE.
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