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Paznen IV MeTtoabl aHa/in3a nuiieBoro Cbipbs U NpoaAyKToB BBenenue
HNcTopnyeckasi CIpaBKa U OCHOBHbIE MOJIOKEHUSI AHAJIMTHYECKOH XUMMH

HcTtopust pa3BUTHs aHATUTHYECKON XUMUU AHAMTUYECKas XUMUS chopMupoBaiach
B COBPEMEHHYIO HAayKy B MpOLECCe JUIMTEIbHOI0 UCTOpUYecKoro pa3Butusa. C riryOookoi
JPEBHOCTH W3BECTHBI MPOCTEUIINE MPUEMbI KAUECTBEHHOIO PAClO3HABAHUSA BEIIECTB IO
UX TBEPIOCTH, BKYCYy, LIBETY W 3amaxy, a TaKX€ HECJIOXKHbIE MPHUEMbl OYHUCTKH HX C
NOMOUIBIO TMepeKpucTaIn3anuu, QuibtpoBanus uian neperonkud. B IX-X B.B. Ha Pycu
y)K€ YMEJIH ONpeAesiTh YUCTOTY HEKOTOPBIX METaNIOB, HApUMEp YHCTOTYy cepedpa mo
ero ioTHOCTH, a B X VII-XVIII B.B. 7OBOJBHO HMIMPOKO MOIB30BAJIMCH TAK HA3BIBAEMbIM
,IpoOoupHBIM MeTosoM. ET0o B coBepmienctBe ocBow lletp I mpu uccrnemoBanuu py.
TepMmuH ,,XUMUYECKHUI aHATU3» OB BBEACH aHTIIMYAaHWMHOM boiijeM B mepBOW MOJIOBUHE
XVII B. CraHOBIEHUE AHAMTUYECKOM XUMHUU Kak Hayku oTHociaT K XIX B. K aromy
BPEMEHHM OTHOCUTCS OTKpBITHE 3aKOHOB KpaTHbix oTHomeHui (K. I'eit-Jlroccak),
pazpaboTka Teopuu sJjeKkTpoxumuueckoro ayanusma (M.S. bepuennunyc), Ha ocHoOBe
KOTOPBIX CO3JaHa TEOpHUS DJJIEKTPOIUTHUYECKOM aucconumanuu. B cepeaune XIX B.
HAKOIMUJIUCh CBEJICHUS O YACTHBIX PEAKIUSAX BELIECTB U MOSBWIUCH TNEPBbIE YUYCOHUKHU C
pa3pabOTaHHONW CHCTEMOM KaueCTBEHHOIO U KOJMYECTBEHHOro aHaiuza. OgHako
aHAIMTUYECKass XUMHUs Hadajla (OpMUPOBATHCS B CAMOCTOSITENIbHYIO HAYKy JIMIIb MOCIHE
pabotr M.B. JlomoHOCOBa, KOTOPBIH OTKPBUI 3aKOH COXPAHEHHUS MACChl BEUIECTBA U BBEI
KOJIMYECTBEHHBIM y4YeT NPU XUMHUYECKHX npoueccax. B kuure «IlepBsie OcHOBaHus
METAJUIyPTMU WM PYIHBIX JEJI» OH ONMCAal MHOTHE MeTonbl aHanu3a. [lepuomnueckui
3aKOH ITO3BOJIMJI CUCTEMATU3UPOBATh 3HAHUA O COCIMHEHUSAX, BAXKHBIX UII XUMHYECKOIO
aHanm3a. AHaJIUTHYECKas Kiaccu(UKalus KaTHOHOB CBA3aHa C MOJO0XKEHUEM 3JIEMEHTOB B
NepPUOANYECKON cucteme. MeToapl pa3ienieHnss Takke 0a3upyroTcs Ha MEPUOAMYECKOM
3akoHe. Takum o6paszom, Tpyast .M. MenneneeBa cocTaBUIN TEOPETUIECKUI (PyHIAMEHT
METOJOB aHAJIUTUYECKOW XMMHUU W ONPENEINIM OCHOBHBIE HAMNPABJICHUS €€ Pa3BUTHSL.
OCHOBBI KaUE€CTBEHHOT'O U KOJMYECTBEHHOTO aHAJIM3a B €r0 COBPEMEHHOM BHJIE 3aJI0KHUII
Kapn Pemurnyc O®peseHnyc (1818-1897r.1.), IIPEIJIOKUB B 1841r.
YCOBEpPUIEHCTBOBAHHYIO CXEMY pa3[eleHus HEOPraHWYeCKuX HMOHOB. Pa3Butuio
aHAIMTUYECKOW XUMUHU B Poccuu Kak Hayku crocoOCTBOBalIM padoThl akajgemuka B.M.
CeBepruna (1796 r.) «PyKoBOACTBO K HCIBITAaHWIO MHUHEpaIbHBIX BO», «IIpoOupHoe
MCKYCCTBO WJIM PYKOBOJCTBO K XUMHYECKOMY HCIBITAHUIO METAJUIMYECKUX PYI U APYTHX
uckonaembix Tem»(1801). B XVII — XIX B.B. Gomnbiioi BkiIag B pa3pabOTKy METOJIOB
aHaIM3a psija HEOPraHMYECKUX BELIECTB BHECIM HIBEACKHE XUMUKHU beprman (1732-1784)
u bepuenuyc (1779-1848), nemeukuii xumuk @Ppesenuyc (1818-1837). dpaniy3ckuii
yuenblii I'eii- JTroccak (1778-1850) BrepBbie OCYIIECTBUA KOJIMYECTBEHHOE ONPEIECICHUE
BEIIECTB C NOMOIIbI0 OOBEMHOTro aHanu3a. B pe3ynabTare paboOT HEMEUKHX YYEHBIX
Bbynzena u Kupxroga B 1859 r. 6p11 0OCHOBaH METOJ CIIEKTpaJIbHOTO aHaiu3a. Haunnas c
cepenunbl XIX B., cHauana JIs 1eseid uaeHTU(UKAIMKY, a 3aTeM U JUIsl KOJIMYECTBEHHBIX
ONPENCIICHUI B AaHAIUTUYECKOM XUMHUU CTAIHM HCIOJIb30BaTh HUHCTPYMEHTAIBHBIE METO/IbI
aHanu3a, oOJaJarolue MPEUMYIIECTBAMU B UYYBCTBUTEIBHOCTH, CKOPOCTH, TOYHOCTHU
BBITIOJIHEHNS aHanu3a. Pa3BUTHE MHCTPYMEHTAIbHBIX METOAOB IPHUBEIO K IOSBICHUIO
HOBBIX MeTooB: xpomarorpadus (M.C. Lger, 1906r.), dboTomMeTpruyeckue MeTOIbl S5
aHamu3a (M.II. Anumapun, B.M. Kysneuon), pamuomerpudeckux (B.I'. Xionun),
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sanektpoxumuueckux (B.M. Bepuanckuii, A.Il. Bunorpagos, b.Il. Hukonbckuii, WN.IL
AnumapuH). C pazsutuem OBM n3MeHuUIach NPUHIMIIMAIBLHO METO0JIOTHUS TTPOBEICHUS
XUMHYECKOTO aHaIu3a — MOJECIMPOBAHUE, AITOPUTMU3ALUS, CUCTEMHOIO MOJAX0/4a — BCE
ATO TMPUBEIIO K <«IEPECTPOMKE» B AHAJIUTUYECKOM XUMHUHM, KOTOPYIO TeENephb
KBATU(DUITMPYIOT KaK HAYKy, 3aHUMAIOIIYIOCS MOJydeHueM UHGOPMAIlUh O XUMHUYECKOM
COCTaBE BEIIICCTBEHHBIX CUCTEM. Pa3BUTHE AaHAIMTHYECKOM XMMHUM OCYLIECTBJIAETCS B
CJeAyIOINX HANMPAaBJEHUsIX: - B OOJACTH TEOPUH: Pa3BUTHE TEOPUH XUMHUUYECKHUX
MPOIIECCOB, PACYET CJIOKHBIX XMMHUYECKHX CHCTEM HA OCHOBE TEPMOJMHAMHUYECKUX U
KBAHTOBO-XMMUYECKUX MPEICTABICHUN C MPUMEHEHUEM AJITOPUTMOB U BBIYUCIUTEILHON
TEXHUKU. - B METOJMYECKOM AacCIeKTe: BHEIPECHHE aBTOMATU3AallMM B AHAIMTHUYECKUU
KOHTPOJIb HA OCHOBE HOBBIX METOJIOB, YCTAHABJIMBAIOIINX 3aBUCUMOCTh MEXIY COCTaBOM
U CBOMCTBAMH XHUMHYECKUX CHCTEM 0e3 WX m3MepeHus ((PU3MKO-XUMUYECKHA aHalu3,
Ja3epHasi, 3JIEKTPOHHAs!, TOJIYIIPOBOJHUKOBASI TEXHUKA). - B PUKJIAJHOM aclEeKTe:

® TIOBBIIIEHHE TIpefiesa OOHapyXKeHUs, TO €eCTh CHWXEHHE MHHUMAJIbHBIX
KOHIICHTpAIMd ¥ KOJUYECTB OMNPEACIISIEMbIX BEHIECTB, YTO CBS3aHO C MOJYYEHUEM
BEIECTBA 0OCOOOM YUCTOTHI;

® YBEJIMYEHUE TOYHOCTH aHAIU3A;

® CO3/JaHME METOJIOB aHajau3a, OOJaJaloIIMX BBICOKOH M30MPaTEIbHOCTHIO,
VCKITIOYAIOIINX HEOOXOAMMOCTh YCTPAHEHHS MEIIAIOIINX KOMIIOHEHTOB;

® pa3paboTKa DOKCIPECCHBIX METOJOB aHalW3a, IMO3BOJIIONIMNX HCCIIEI0BATh
MPOLIECCHI, MPOTEKAIOIINE B KOPOTKUE MPOMEKYTKHA BPEMEHU (SICPHBIC PEAKIINN);

® pa3pabOTKa METOJIOB MUKPOAHAIN3a;

® paspaboTka Oe3pa3pymIMTEIBHBIX W JUCTAHIIMOHHBIX METOJIOB  aHan3a
(panmMOaKTUBHBIC BEIIECTBA, MOPCKHUE BOJIbI Ha OOJBIIMX TIyOMHAX, KOCMHUYECKHE
OOBEKTHI).

B pasBuTue 3TuX HampapJIeHUH OOJNBIION BKJIaJ BHECIM PYCCKUE aHATWUTUKHU:
BCEMUPHO H3BECTHBI MX PaOOTHI MO aHAJIW3y BEIIECTB BBICOKOW YHCTOTHI, pa3pabOTKe
OpPraHMYECKUX AaHAJUTUYECKUX peareHToB, (QortoMmeTpun W napyrue. B Hamel crpaHe
CO3/laH pAJl METOJI0B, KOTOpbIE€ KCIOJIB3YIOT BO MHOTHX CTpaHax (TOHKOCJIOWHAas
xpomatorpadusi, OeccTpykkoBblii Meron anamuza). CormacHo axagemuka VL.IL
AnvMapuHa JaJuM ONpPeeICHUE HAYKH — aHAUTUTUYECKON XUMUK. AHATUTUYECKAST XUMUS
— HayKa, pa3BUBAIOIIAsA TEOPETUUYECKUE OCHOBBI aHAJIN3a XUMUYECKOTO COCTaBa BEILECTB,
pa3zpabaTpiBaroIiasi METOABl HIACHTU(DHUKAIMA U OOHAPYXKEHHUS, OINpEACICHUS W
pa3/ielieHUs] XUMHUUYECKUX BJIEMEHTOB, UX COEJAMHEHUN, a TAaKKEe METOAbl yCTAaHOBJIEHUS
XUMHUUYECKOTO CTPOEHUSI COESTUHEHHUIA.

AHAJIUTHYECKHE 32/1a41 U IPUHIUNBI AHAJIMTHYECKHUX ONpeIeSIeHUH .

B cooTBeTCTBUU € OnpeeieHuEM ;AHAJTUTHYECKAS] XUMMS — 3TO HAYKAa 0 MeTOAax
omnpeaeJeHNs XMMHYECKOI0 COCTABA M XMMHUYECKOI CTPYKTYPbI BellleCTBA

CocTtaB BelIeCTBA HMMEET KAYECTBEHHYID M KOJUYECTBEHHYI) XapaKTEPUCTHUKHU.
YCTaHOBUTH COCTaB BEILIECTBA — 3HAYMUT OMPEACIUTh KAaKHME KOMIIOHEHTHI (3JIEMEHTHI,
HOHBI, MOJICKYJIBI U T.J.) 00Pa3yIoT 3TO BEIIECTBO M B KAKUX COOTHOILICHUSIX.

CtpykTypa BelllecTBa — 3TO MOPAJIOK PACIIONOKEHUS ATOMOB U UX XUMUYECKON CBSI3U
MEK]ly MOJIEKYJIaMU U HOHAMH BellecTB. ONpenesiuTh CTPYKTYPY — 3HAUUT PACKPBITh 3TOT
MOPSIZIOK U BBISIBUTH XMMHUYECKYIO CBSI3b MEXKIYy KOMIOHEHTaMu BemlecTBa. Hampumep,



KAuECTBEHHBIN COCTAB BOJBI - 3TO BOJOPOJ M KHUCJIOPOJ, a KOJWYECTBEHHBIM COCTaB —
11,1% Bonopona u 88,9%xkucnopona; CTpyKTypa BOJBL.

OmnpeneneHne Ka4eCTBEHHOTO M KOJIMYECTBEHHOI'O COCTaBa BEILECTB, UX CTPYKTYPBI
IPOBOJSIT Memooamu XuMuyecko20 aHanu3d.

Cneoosamenvho, aHarumMuueckas XuMus SGIAEmcs HAYKOU, co3zoaioujeli Memoovl
XUMUYECKO20 aHAIU3A.

XWMUYECKUM aHAIW3 B 3aBUCUMOCTHM OT pEIIAEMBIX aHAJIUTUYECKUX 3a/1ad
NOAPA3AEIAIOT HA KAYeCTBeHHbIN, KOJIUYeCTBEHHbIN U CTPYKTYPHBIH.

3amaya  KavyeCTBEHHOr0 AaHAIU3a — OOHAp)JiCeHUe KOMNOHEHMO8 Geujecms
(21emMenmos, uoHo8, MONeKYl, hyHKyuonanohsix epynn). KauecTBeHHOMY aHaJIU3y MOTYT
IIOABEPraTbCsd MW HEOPraHWYECKHME W OpraHndeckue coeauHeHud. Ilpum ananmmse
HEOPTaHUYECKUX COCAVUHEHUN ONPENEIAIOT KAaKUE HOHBI, MOJEKYJIbl COCTaBIIIOT
aHanu3upyemoe BemecTtBo. Ilpm aHanm3e OpraHMYecKuX COEAUHEHMM HaxOoAsT
HEIIOCPEJICTBEHHO OTIEIbHBIE XMMHUYECKUE DJIEMEHTBI, HAIIPUMED, CEPY, YINIEPOX, a30T
WIH (PyHKLIMOHAJIbHBIE TPYIIIBI.

3aa4a KOJMYECTBEHHOI0 aHAJIN3Aa — onpeoeneHue KOIU4eCmeeHHo20 Co0epHCanUsl
KOMNOHEHMO8 Ui ux coomuouienuti opye k opyey. KonnuecTBEeHHOMY aHalIHU3y J1OJKEH
IIPEAIIECTBOBATh KAYECTBEHHBIMN.

3a1a4i CTPYKTYPHOI0 AHAJIM3A — UCCAe008aHUE CIPYKIYDbL 6eU4eCme.

XWMUYECKUM aHAM3 MCCIEAYyEMBIX BELIECTB OCYILIECTBISIIOT C  IOMOIIBIO
XHUMHYECKHX, GU3NYeCKUX H (PU3UKO-XUMHYECKUX METOI0B.

B ocHOBe MeTOOMKM aHanu3a JIeKAT NPUHIMUIIBI AHAJUTUYECKUX OIPEACIICHUMN.
[IpyHIMO aHanMM3a ONpENENsAeTCs SBICHUSAMU NPUPOABI, JEKAIMMH B OCHOBE
XUMHYECKOro WM (u3nueckoro mpouecca. Hampumep, BecoBoi MeToA, B KOTOPOM
KOJIMYECTBO BEIIECTBA OIPEACISAIOT IIyTEM HM3MEPEHHMs MacChl, OCHOBAaH Ha 3aKOHE
BCEMUPHOTO TATOTEHUS; TUTPUMETPUUYECKAN aHAIU3 OCHOBAH HAa 3aKOHE DKBUBAJICHTOB —
10 KOJUYECTBY IPOAYKTa PEAKIMM MOXHO PACCUUTBHIBATH KOJHWYECTBO OIPEAEISIEMOIO
BELIECTBA; JUOO MPOBOAAT U3MEPEHHE (PU3MUECKUX CBOWCTB BEUIECTB UJIU MPOIYKTOB UX
XUMHUYECKUX peakuuil. M3 ¢Qusnueckux CBONCTB UCHOJB3YIOT IUIOTHOCTh, LBET,
JJIEKTPUYECKYIO TMPOBOJAMMOCTh PpPacTBOpPOB U  BemecTB. * HMpaeHtupukauusa —
YCTAaHOBJICHHE WIEHTUYHOCTU (TOXKAECTBA) HUCCIEAYEMOIO0 XMMHUYECKOTO COCAUHEHUS C
y’K€ M3BECTHBIM BEIIECTBOM ITyTEM CPAaBHEHHUS MX (PU3MUYECKUX U XUMHUYECKUX CBOWCTB.
OOHapykeHue — MpoOBEpKa MPHUCYTCTBUS B aHATU3UPYEMOM OOBEKTE TEX WM HHBIX
OCHOBHBIX KOMIIOHEHTOB, NpHUMecel, Hanuuue (YHKIUOHATBHOM TpyNmbl H T.IL.
Knaccudukanusa ananuruueckux metofoB anammsa CornacHo pexomenmauuu MIOITAK
(MexnyHapoaHbI COKO3 YHCTOM W NPHUKIAJIHOM XUMHH) aAHAJUTUYECKUM IIPOLECC
BKJIIOYaeT B ce0s HECKOJNbKO YypoBHEH. MeTonoM aHanmM3a Ha3bIBAIOT TNPUHIHUIHI,
IIOJIOKEHHBIE B OCHOBY aHajau3a BEIIECTBA, TO €CTh BHUJ W NPUPOLY DHEPIuH,
BBI3BIBAIOIIEH BO3MYIICHUE XMMWYECKMX YaCTHIl BEIIECTBA. B OCHOBE aHamu3a JIEKUT
3aBUCHUMOCTb MEXAY (PUKCUpYEMBbIM aHAJIUTUYECKUM CHUTHAJOM OT HaJu4uus WU
KOHIIEHTPALMU ONPEIENIIEMOr0 BEeIECTBA. AHAIMTUYECKUI CUTHAJ — 3TO (PUKCHUpPYEMOE U
U3MepsieMO€ CBOMCTBO 00bekTa. B aHamuTHUecKOW XHMMHUM METOABl  aHajau3a
KJIACCU(PUIMPYIOT MO XapaKTepy ONPEAENIiEMOro CBOWCTBA U MO CHOCOOY pEerucTpanuu
AHAJIMTHYECKOr0 CUTHAaJja:

l.xumuueckue



2.pusnueckue

3.(hU3HKO-XMHYECKHE

XuMHYecKHEe MeToAbl OCHOBAaHBI HAa WCIIOJNB30BAHUH XHMHUYECKUX PEaKIui,
COTIPOBOXKIAIOIINXCS HATJISITHBIM BHEITHUM d()PeKToM, HampuMep, N3MEHEHUEM OKPACKH
pacTBOpa, pacTBOPEHHEM WJIM BBIMAJICHUEM OCaJlKa, BBIJCICHHEM Ta3000pa3HOro
POAYKTA.

®dusuyeckue U (U3MKO-XUMUYECKHE METOAbI B OTIMYHME OT XUMHYECKHX
HA3bIBAIOT MHCTPYMEHTAJBHBIMH, TaK KakK /s TPOBENCHUS aHalu3a TMPUMEHSIOT
aHAJIMTUYECKHe TPUOOPHI U allaparhl, PETUCTPUPYIONINE (PU3NUECKIE CBOICTBA BELIECTB
WA U3MEHEHHUS STUX CBOMCTB.

[Ipu mpoBeaeHnn aHanu3a (PU3MYECKHUM METOJOM HE HCIOIb3YIOT XUMHYECKHE
peaKkiuyu, a U3MEHAIOT Kakoe-T100 (U3nYecKkoe CBOICTBO BELIECTBA, KOTOPOE SBIIACTCS
byHKIMEHN ero cocTaBa.

[Ipu mpoBeneHuM aHaiu3a (U3MKO-XHMHYECKHMM METOJ0M COCTaB BEIIECTBA
OTIPECIISIOT HA OCHOBAHWW M3MEPEHHUS KaKOTro-Tr00 (PU3MUECKOro CBOKWCTBA C TOMOIIIBIO
XUMHYECKON peaKIIHu.

[To cpaBHEHMIO C XUMHYECKHM METOJOM aHalmu3a (Qu3nYecKue U (QHU3UKO-
XAMHYECKAE METOMAbl TO3BOJIIIOT OJHOBPEMEHHO YCTaHABIMBATh KadeCTBCHHBIH U
KOJIMYECTBEHHBIM COCTaB BEIIECTB OBICTPO W TOYHO. OTO JAaeT BO3MOXKHOCTH
aBTOMATHU3UPOBATh aHAJIN3 U MPOBOJUTH €r0 Ha OOJBIINX PACCTOSTHUSIX.

C noMoub0 XUMHYECKOT0 AHAJM3a MOKHO PelIUTH CJIeyIolne 3a1a4u:

1) BBISICHUTH MPUPOIY HCCIEAYEMOTO BEIIECTBA, T.€. YCTAHOBUTH MPOUCXOKACHHE
JAHHOTO BELIECTBA (OpraHMYeCKOe WK HEOPTaHUUECKOE);

2) onpeaenuTh COCTaB U COAEP>KaHUE OCHOBHOTO KOMITIOHEHTA B JAHHOM 00pa3Iie;

3) yCTaHOBUTH XUMUYECKYIO (DOPMYITy HEM3BECTHOTO COCTMHEHHS;

4) yCTaHOBUTH CTPYKTYpPY BEILIECTBA.

XUMUYECKUN aHAINU3 TPOBOMAAT PYUYHBIM, IMOTYaBTOMATHUYECKUM U aBTOMATHYECKIM
METOJIOM.

Tema 4.1 KauecTBeHHBINH aHAJIN3

CyuHoOCTh ¥ MeTO/IbI KA4eCTBEHHOT0 aHAJIU3A

OCHOBHOI 3ajauell KayeCTBEHHOI'O aHalW3a HEOPraHMYECKUX BELIECTB SIBISETCA
YCTaHOBJIEHHE XHMHUYECKOTO COCTaBa, T.6. OOHAapy>KEHHWE KAaTHOHOB U aHUOHOB,
COZIepXKAIIMXCS B AHATN3UPYEMOM BEILECTBE.

KauecTBeHHBINI aHaJINW3 MNPOBOJAT XUMHUYECKUMH, (QUINYECKUMU U (PU3UKO-
XUMUYECKUMH METOAAMM.

B XuMMH4YeCKHX MeT0JaX KAuyeCTBEHHOI'O AaHalIM3a OIPEACIsIEMbId KOMIIOHEHT
(aHMOHBI, HMOHBI, MOJIEKYJIbI) NEPEBOJAT B COEIUHEHHE, O00Jalarllee XapaKTEPHbIM
CBOMCTBOM, Ha OCHOBaHUHU KOTOPOI'0 MOYKHO YCTAHOBHTb, YTO IIPUCYTCTBYET UMEHHO 3TOT
KOMIIOHEHT.

XUMUYECKUE PEAKIIMH MPOBOIAT B OCHOBHOM JIBYMSI CIIOCOOAMU: «CYXHUMH IIyTEM» U
«MOKpBIM TIyTeM». ECIM peakuuu NpOBOIAT MEXKAY TBEPABIMU BEIIECTBAMM, TO HX
OTHOCAT K PEAKIMSIM «CYXUM IIyTEM», a PEaKUMU B PAacTBOPAX HA3bIBAIOT PEAKLMSIMU
«MOKpBIM IIyTeM». K peakuusaMm «CyXHM IIyT€M» OTHOCAT PEAKLMIO, BBHIIOJHEHHYIO
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METOOM PACTHPAHUS MCCIEAYEMOrO TBEPAOrO BEUIECTBA C OMNPEIEIICHHBIM TBEPbIM
peaktuBoM. K peakuusiM CyxuM IyTEM OTHOCAT M PEAaKUUMU OKpAIIMBaHUS ILIAMECHH.
Peakunn «cyxuMm myremM» UMEIOT OTPaHUYEHHOE PUMEHEHNUE, T.K. JIUIIb OTAEIbHbBIE HOHBI
00pa3yroT XxapakTepHOE OKpalluBaHuE.

B mnpakThke KadyeCTBEHHOrO0 aHaldu3a OCHOBHOE IPHUMEHEHUE HMEIOT PEaKIuH,
npoucxonsiye B pactBopax. [Ipu sTom ananmsupyembiii oOpasel] cHayajga pacTBOPSIOT,
3aTEM MPOBOJSAT UCCIIETOBAHHUE.

Cnoco0bl BbITOJTHEHUS AaHAJTIMTUYECKUX PeaKIHil.

B 3aBucmMocTM OT Maccel PacTBOPEHHOTO BEIIECTBAa, OOBEM PacTBOPA,
MIPUMEHSAEMOTO JUISI aHAJIN3a, PA3IUYal0T MAKpPO-, MOJIYMHUKPO-, MUKPO-, YIBTPAMHUKPO-,
CyOMUKpPO-, CyOyITbTPaMHUKPOMETO Il KAUECTBEHHOTO aHAN3A.

B 3aBucuMocTH OT Macchl WM 00beMa pacTBOpa MCCIETYEMOTO BEIIECTBA PEaKINu
BBITIOJTHSIOT IPOOUPOIHBIM, KaNleIbHBIM U MUKPOKPHCTAJUIOCKOITMYECKUM METOIaMHU.

KauyecTBeHHbIE peakIMU U TPeOOBAHUA K HUM U XUMHYECKHMM PeaKTHBaM.

[Ipu npoBeAeHNN Ka4E€CTBEHHOTO aHAIM3a PEAKIIMU U PEAKTUBBI, UCIOJIb3yEMbIE IS
pazzeneHusi 1 OOHapy>KEHUsI HOHOB, TIOIPA3IEIAIOT Ha O0IME U XapaKTepHBIE.

Ecnu noGaBnsiemblii peakTWB B3aUMOJCMCTBYET B pPAacTBOPE OJHOBPEMEHHO C
HECKOJbKMMHM HOHAaMHU, TO OH Ha3bIBAaeTCsi OOIMM (CeJIeKTMBHBIM) PEAKTHBOM, a
peakiusa — o0mei peaknueii (cejekTuBHOM). [Ipu aHanM3e KaTHOHOB W aHMOHOB Yallle
BCETO B KA4eCTBE OOIIUX PEAKIMi MPUMEHSIOT PeaKIuu ocaxaenus. Hanpumep, obmen
peakiueit g anuoHoB C1, I, Br™ aBnsieTcs peakuusi B3auMOJICUCTBUSL C KATAOHAMU Ag+,
¢ KoTopbIMu OHU 00pa3ytoT ocaaku AgCl, Agl, AgBr.

PeaktuB, ¢ mMOMOMIBIO KOTOPOTO B MCCIEAYEMOM pPACTBOPE OOHAPYKUBAIOT
ONPEAECIAEMbI HOH, Ha3bIBAIOT XAPAKTEPHBbIM PEAKTHBOM, a PCAKIMIO XapaKTepHOU
WM peaknmeii oGHapysxenmus. Hanpumep, xapakTepHOil peakimeil Ha kaTuoH Fe’'
sBnseTcs peakuus ¢ rexcamuanodepparom (III) kamms Ks[Fe(CN)g], T.x. Tonbko Fe’
obpaszyeT ¢ HuM ocaaok cuHero mBera. CnemoBarenbHo, K;[Fe(CN)¢] sBmsieTcs
XapaKTepHBIM peakTHBoM Ha Fe’*.

TpedoBaHus K Ka4eCTBEHHBIM PeaAKIMAM:

+

1. Peakinu 1OmKHBI IPOTEKATh OBICTPO (MTHOBEHHO).
2. Peakinu 10mKHBI OBITH IPAKTUYECKH HE OOPATUMBIMH.
3. Peakinu 1OMKHBI COMMPOBOXKIATHCS BHENTHUM 3P heKToM:

A) U3MEeHEHHEeM OKpacKH pacTBOpa; 0) ocaxaeHueM (UM PacCTBOPEHHEM) OCaKa; B)
BbIJIEJICHUEM ra3000pa3HbIX BEIIECTB; I') OKpalllMBaHNE TUIAMEHU U JIp.

4. peakuus JOJDKHA OTJIMYaThCs BBICOKOM  YYBCTBUTEIBHOCTBIO M IO
BO3MOXKHOCTH CTIEHU(PUIHOCTHIO.

YcaoBus npoBeieHUs KAa4eCTBEHHbIX PEAKIMM:

1. CooTBeTcTBYyIOIIas Cpea pacTBOPA.
2. JloctaTouHasi KOHIIEHTpAIs 0OOHApY>KMBA€MOIO PacTBOpa.
3. Temnepatypa pacTBopa.

TpeGoBaHus K XHMHUYECKHM PeaKTHBAM:

OCHOBHBIM TpeOOBaHMEM K XMMHUYECKMM pEaKTUBaM SBIsAETCA MX yuctoTa. [lpum
UCIIOJIb30BAHUU 3arpsi3HEHHBIX PEAKTHBOB, COJEPKAIUX MPUMECH HWIIU OIpeessieMble
MOHBI, pe3yJIbTaThl aHAJIM3a MOIY4YaloTCsd HeBEepHbIMU. 110 cTeneHn YMCTOTh XUMUYECKUE
peaKkTUBBI KJIAaCCU(UIUPYIOT HA TeXHUYECKUE (T), YUCTBIE (4), - COAEPKAT MPUMECEH 10
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2%, unucteie a1 aHanuza (yga) — 10 1,0% npumeced, XUMUYECKH YUCThIE (X4) — MEHEE
0,1% npumeceii, BHICOKOATAIOHHO YUCTHIC (BY) M 0c000 uncThie (ocu). JIBe mocnenHue
IPYNIbl PEaKTUBOB XapakTepusyrorcs Bbicokoil umctoToit: 0,01-0,00001% mnpumecei.
Uucrota peaktuBoB pernameHtupyerca ['OCTamu M TeXHUYECKUM yCHOBUAMH. Jlis
poBeIeHUs OOJIBIIMHCTBA AHATUTUUYECKUX padOT MOJB3YIOTCS PEAKTUBAMU C MapKaMu X4
U 4/a.

B kauectBe pacTBOpUTENS PEAKTHBOB (XY M Yha) NPUMEHSIOT AUCTUIUIMPOBAHHYIO
BOAy. Eciii peakTuB B BOJIe pacTBOPSIETCS, HO TIPHU CTOSTHUU B PacTBOpe 00paszyeTcss MyTh
WM 0CaJIOK, TO K 3TOMY PacTBOPY J00ABIISIFOT COOTBETCTBYIONIYIO KUCIOTY (K XJIOpUIAM —
HC1, k cynsdaram — H,SO,, k autpatam — HNO;, k anieratam — CH;COOH u T.1.).

Ecnum peakTuB He pacTBOpSIETCS B BOJE, €r0 PACTBOPSIIOT B OPraHMYECKOM
pacTBopuTenie (COUpT, aneToH, OEH30J W Jp.), HampuMep [, pacTBOPSIOT B 3TUIOBOM
criupte C,HsOH.

Cnenu(pu4aHOCTH peaKumid.

Cnenuduyeckoil peakiueid Ha JaHHBIM MOH HA3bIBAETCS TaKasl PEAKLMs, KOTOpas
M03BOJISIET OOHAPYKUThH €T0 B YCIOBUAX OMbITA B MPUCYTCTBUU ApYrux HoHOB. Hampumep,
kaTuoH ammonus NH," nelficTBueM pacTBopa 1IEI04YM IIPU HArPEBaHUMU:

1\IH4+ + OH —t NH3+ + HZO

Brinenenne NH; MoxkHO Jierko OOHapyXUTh IO 3amaxy W APyruM cBoiicTBam. M3
BCEX HEOPTraHUYECKUX COCNMHEHUMN, KOTOPBIE UCIIONB3YIOT IPHU MPOBEAECHUN XUMHUYECKOTO
aHaM3a, TOJBKO COJM aMMOHHMS 00pa3yroT ra3 NHj, mosToMy peakinuu co meaodbio mpu
HarpeBaHuM — crienuduaeckas Ha KaTHOH.

Crnenmnpuieckux peakiuii U3BECTHO OYE€Hb HEMHOTO, Yallle MPUXOIUTCS MPOBOIUTH
peaKkiuu, MArOIINe OJUHAKOBBIA dPPEKT OTHOBPEMEHHO C HECKOJBKHUMH, & WHOT/IA U CO
MHOTHMH MOHAMH. Peakimu, UMEroIe CXOHbIN BHEITHUHN A((EKT TUIIh C HECKOIBKUMH
MOHAMH, HA3bIBAIOTCS CeJIEKTUBHBIMM WM U30upareabHbiMu. Hanpumep, xapakrepHoi
peakumeit Ha kaTioH Ca’’ sBiseTcs peakius oOpa3soBaHMs OCAAKA OKCANATa KasIbIHs
CaC,04 npu AeHCTBUYU HA UCCIEAYEMBINA pacTBOp okcaiatoM aMMoHus (NHy),0y:

Ca™ + C,0,” = CaC,0,

YyBCTBUTEIBLHOCTh PeaKIUH.

B anamuTMyeckol XHMMHMM HCHOJB3YIOT peakluu, OO0JaJarolife JOCTaTOYHOM
YyBCTBUTEJIIBHOCTBIO. UYBCTBUTEIIBHOCTh PEAKIUH  XapPaKTEPU3YIOT MHUHUMAIBHOU
KOHIICHTpAIel, OTKPhIBAEMbIM MUHUMYMOM U TIPEIETIOM pa30aBIICHHUS.

MuHuMaJibHAsE KOHLIEHTPAaUMs [MOKAa3bIBACT, PU KAKOW MPEICITbHO MUHUMAJIbHOU
KOHIICHTPAI[MU OMNpPEJEIsIEMOr0 MOHA B PACTBOPE JIaHHAs peakius €Ile BO3MOXKHA st
0OHapYyKEHHS B OMPEICICHHOM 00beMe HCCIIEyeMOr0 PacTBOpA.

OTKpBITHIA MUHUMYM — HAaUMEHBIIIA MAcCa OMPEIETAEMOr0 HOHA, KOTOPask MOXKET
ObITh OOHapyKeHa C TOMOIIbIO JAHHON PEaKIMU B HaUMEHBIIEM 00BbEME HCCIEAYEeMOTrO
pactBopa.

IIpenensHoe pa3dasiienne — HauOoJibllee pa3daBlieHUE pacTBOpa, coaepxamiero 1r
UCCIIEAYEMOTO HMOHA, MPU KOTOPOM €IIE 3aMETHA JaHHas peakuus (BbIIAJCHUE OCaaKa,
BBIJICJICHUE T'a3a, U3MEHEHUE OKPACKH)

AHQINTUYECKHE PpPEAKIMM TEM YYyBCTBUTEIBHEE, YEM MEHBIIE OTKPHIBAEMBbIN
MUHHMYM U MUHUMaJbHasl KOHLIEHTpAIUs U 4YeM OoJIbllIe NMpeesibHOe pa30aBieHue.



Bonpocel 111 caMOKOHTPOJISA

B yeM CyIHOCTh Ka4eCTBEHHOTO aHan3a?

Yem 00111251 peakiiysi OTIMYAETCS OT XapaKTEpHOIt?

[TpuBenuTe OCHOBHBIE TPEOOBAHUS K KAUECTBEHHBIM PEAKIIMSIM.

Kakas peakuus Ha3bIBaeTCsl CIEMPUIHOMN?

Kakue 1o uncrore peakTUBBI HCIIOJIb3YIOTCS B KAUECTBEHHOM aHanu3e”?
B uem 3akioyaeTcst 4yBCTBUTEIBHOCTh KaU€CTBEHHBIX PEAKLM?

A S

Tema 4.2. KoimuecTBeHHbII aHAIN3

CylmHOCTh M MeTOAbI KOJIUYECTBEHHOI0 aHAJIN3A.

C moMOMIpI0 KOJMYECTBEHHOTO aHAllM3a PEMIAlTC MHOTOO0Opa3HbIe 3ajadd
OCHOBHBIMU U3 KOTOPBIX SIBJISIFOTCS CJIEYIOIINE.

VYcraHaBnuBalOT aTOMHbIC, MOJSIPHBIE W SKBHUBAJIEHTHBIE MacChl BEIIECTB.
OnpenensitoT KOJIMYECTBEHHOE COJEpKaHUE KOMIIOHEHTOB (3JIEMEHTOB, HOHOB WU
aTOMOB), BXOJSIIMX B COCTaB MCCIEAYEMbIX BEIIECTB. YCTAaHABIMBAIOT, B KAaKOM
COOTHOIIIEHUM HAXOJSATCSl B HUCCIEYEMOM BEIIECTBE €r0 COCTaBHbIE YACTH, YTO HUIPaET
BAKHEMIIYIO POJIb ITPU OLIEHKE CBOMCTB BELIECTB.

Ha ocHOBaHMM [aHHBIX KOJMYECTBEHHOTO AaHajiu3a OMNPEACISIOT KOJIMYECTBO
BEILIECTB, KOTOPOE 3aBUCUT OT KOJIMYECTBEHHOI'O COAEPKAaHUS OCHOBHBIX KOMIIOHEHTOB U
npuMeceil. OTO B CBOK O4YEpelb IMO3BOJISIET YCTAHOBUTH IPUTOAHOCTh BEIIECTB K
MIPUMEHEHUIO.

MerogamMu  KOJMYECTBEHHOTO  aHANIM3a BEAYyT XUMHUYECKUE  HCCIIEIOBAHUS
KOCMUYECKUX OOBEKTOB, OMPENENSIOT MPUCYTCTBUE TOKCHYHBIX BEUIECTB B MPOAYKTaX
MUTaHUsS, B OKPYXKAIOIIEH CpeJie, M3ydaroT COCTaB MOYB, MOAOUPAIOT ISl HUX YI00peHus
U T.J..

C mnoMoIlbI0 KOJMYECTBEHHOTO aHAM3a MPOBEPSAIOT MPABUWIBHOCTh BEJCHUS
TEXHOJIOTUYECKUX MPOLIECCOB IMPOU3BOJCTBA, MNPOBOAS MNOCTAAUUHBIA XUMUYECKUU
KOHTpoib. HU oAuH Marepuan He MOCTyHnaeT B MPOU3BOACTBO M HU OJHA TOTOBAas
MPOIYKIIMS HE BBIMYCKAeTCs 0€3 XUMUYECKOTO KOHTpoyis. Ha ocHOBaHMM JTaHHBIX
XUMHUYECKOTO aHAJIM3a MIPOBOAST TEXHOJOTHUYECKNE PACUETHI.

Pe3ynbTaThl KOJIMUECTBEHHOIO aHAIM3a BBIPAKAIOT B MAacCOBBIX JOJISIX (%), B MOJIAX
Ha JIMTP pacTBOPA, B MOJIIX HA 1Kr pacTBOpUTENS U T.A.

[Ipuctynasi K KOTUYECTBEHHOMY aHAIN3y, HEOOXOAMMO 3HATh KaY€CTBEHHbI COCTaB
UCCIIEYEMOTO BEIIECTBA, TaK KAK HA OCHOBAHUM KAYECTBEHHOW XapaKTEPUCTUKH MOKHO
paBUJIBLHO MOJ00PaTh METOJT KOJUYECTBEHHOTO aHAIN3a.

KoaunvecTBeHHBII aHAIU3 BHINOJIHAKT: 1. XUMHYeCKUM MeTOI0M

2. UHCcTpyMeHTAJILHBIM METOA0M

XHUMUYECKHE METOAbl OCHOBAHbI HAa PEAKUUHM B3aUMOJCHCTBUSI pPEArHPYIOIIUX
BEIIIECTB U M3MEPEHHM JIMOO MacChl MOJTYYEHHOTO MPOIYKTa, JMOO o0OBeMa peakTHuBa
M3BECTHOM KOHIEHTpAllMU, U3PACXOJIOBAHHOTO HA B3aMMOJICUCTBUE C AHAIU3UPYEMBIM
BEILIECTBOM.

K xumuueckum  MeTomaM  aHaimv3a  OTHOCATCS  2PAGUMEPMUYECKUU U
mumpumempuyeckuil aHalv3bl. B TPABUMETPUYECKOM BAXKHEWILIEE 3HAYEHUE HMEET
TOYHOE U3MEPEHUE MACCHI OMPEAEIAEMOr0 KOMIIOHEHTA, 4 B TUTPUMETPUUECKOM — TOUHOE
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U3MepeHue o0beMa peaKkTHBa M3BECTHOW KOHLIEHTpAllMW, 3aTpayeHHOE Ha JaHHOE
onpeJeseHue.

B KkoiMyecTBEHHOM aHalIM3€ HMCHOJB3YIOT B OCHOBHOM T€ € THUIbl XMMHYECKUX
peakiMii, KOTOpble NPUMEHSIOTCS B KAueCTBEHHOM aHajiu3e (peakuuu pas3iiokKeHus,
3aMEIICHMS], OKUCIICHUSI-BOCCTAHOBIIEHUS, & TaK K€ PEaKIMU 00pa30BaHUsI KOMILIEKCHBIX
COEIMHEHHI ), U OCYLIECTBISIOT UX MAKpPO-, MUKPO-, TOJTYMHUKPOMETOAMH U JIP.

IIpaBuia BbIYKMC/IEHUS] B KOJINYECTBEHHOM aHAJIN3E

[Ipn mpoBeneHNM KOJWYECTBEHHOTO aHaIM3a HEOOXOJWMO OYEeHb BHUMATEIHHO
BHITIOJIHATh ~ BBIYMCIICHHs. MareMatuyeckas OImmuOKa, JOMyIIeHHAas B  YHCIIOBBIX
BBIPOKCHUSIX, PABHOCUJIbHA OIIMOKE B aHain3e. YHUCIOBBIE 3HAUYCHUS MOXKHO pPa3IeinuTh
HAa TOYHBIC W TPUOTMKEHHBIC. TOYHOCTh MPUOIMHKEHHOTO YHCIA OMpeaesaeTCs
KOJIMYECTBOM 3HAYAIIUX UG WA YUCIOM JECATUIHBIX 3HAKOB.

KonnuecTBO 3HAKOB B TpaBUMETPUYECKOM aHAIM3€ TMPU B3BEIIMBAHUM Ha
aHAJIMTHUYECKUX BECaxX PaBHO YETHIPEM.

[Tpubnv>keHHbIE YUCIAa OKPYIJISIIOT MO MPaBHIy: €CIU MOCHeAHssl uudpa MeHbIe
ISTH, TO €€ OTOPACHIBAIOT, €CJIM OHA PaBHA MJIM OOJIbIIE MATH, TO MPEANOCIEIHION TUDPY
yBEIWYUBAIOT Ha enuHuIly. Hampumep, mmeem nBa umcna: 0,86527 u 0,86534. Ilpu
OKPYIJIEHUM COOTBETCTBEHHO nosryuum: 0,8653 u 0,8653.

OmnOKM B KOJMYECTBEHHOM aHAJIU3e

Ilo xapakTepy omMOKM NOAPaA3EJSIOT HA CJOydaiiHble W CHCTeMaTH4YecKHe,
a0COJIIOTHBIE M OTHOCUTEJIbHBIE.

Cayuaiinvie owiuoKu.

DTOT BHJ OMMUOOK 3aBUCHUT OT HETOOPOKAUYECTBEHHOTO BBITIOJIHEHUS OTAEIBHBIX
onepanui B aHAJIN3E.

[Tpu axkypatHOil paboTe ciydaiiHble OMIMOKH MOKHO HCKJIIOYMTH WJIM CBECTH JO
MUHHAMYMA.

Cucmemamuueckue ouwinoku.

OTU OMOKUA MOTYT OBITh BbI3BaHBI HECOBEPIIEHCTBOM MPUOOpa MM HEMPaBUIbHBIM
BBIOOPOM METO/1a aHAIH3A.

Abconomusie u omnocumenvHvle OUIUOKU.

TO4YHOCTH pe3yNbTATOB aHANIM3a XapPAKTEPU3YETCS Pa3HOCTHIO MEXKIY MOJTYyYEHHBIM
3HQYEHHUEM U HUCTUHHBIM COJIEp)KaHHMEM KOMIIOHEHTA B aHaJU3UpyeMOM o00pas3le Hu
HA3bIBACTCS a0COFOTHOM OITMOKOM.

OtHomieHne aOCOMOTHOW OMMOKM K TOYHOMY (MCTUHHOMY) COJEPIKAHUIO
KOMITOHEHTA B aHAJIM3UPYEMOM 00pasIie Ha3bIBAETCS OTHOCUTEIHLHOM OITHOKOA.

AOcCoIOTHas U OTHOCUTENbHAS OMMOKM Yalie BCEro BeIpaxkarorcs B %. Hampumep
npu onpeaeneHun okcuaa kanpius CaO B kapOonate kanbuusa CaCO;s nmoxydeHo 55,86%
Ca0O. Teoperuueckoe coxaepxkanue CaO B XuMUYeCKH uuUCTOM peakTuBe 56,08%.
CrnenoBatenbHO, aOCOMIOTHAS OMIMOKA paBHA:

56,08 — 55,86 =0,22%

OTHOcHTEeNbHASI OIMOKA COCTABUT:

0,22x100

=0,33%
56,08
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Tema 4.2.1 KosimuecTBeHHBbIH aHaau3. 'paBuMeTpuYecKuii aHaIN3

I'paBumMeTpus — cTapblil, «<KJIACCUYECKHII», XOPOIIO PAa3pad0TAHHBIN U TOYHBII
merola. Hasecky ananusupyemMoro marepualia pacTBOPSIOT, OCAXKIAIOT OIpPEACIIeMbll
KOMIIOHEHT B BHJE MaJOPaCTBOPUMOIO COEIWHEHHUsS M3BECTHOIO COCTaBa, OTACISIOT
0CaJI0K, OCBOOOXKJAIOT €ro OT IpuMecel M B3BelMBarOT. [lo Macce ocajnka BBIUUCISIIOT
IIPOLICHTHOE COJIEpKAaHUE KOMIIOHEHTA B BellleCTBE. Tak, IpH ONPENEICHUN COACPKAHUS
XJIOpa XJIOPUJ-MOH OC@XJAIT W3 pacTBOpa KaTHOHOM cepedpa M IO Macce Ocaika
xJlopuja cepedpa AenaroT BEIUUCICHHUS.

[Ipu rpaBUMETPUYECKOM aHAJIM3€ HABECKY BEIECTBA PACTBOPSIOT B Boje (WM B
JPYTOM pPaCTBOPUTENE), OCAKAAIOT OMPENEIIEMbIl AJIEMEHT MOJIXOJSAIIUNA pPEeareHTOM B
BUJIC MAaJoOpacCTBOPHUMOTO COCIWHEHHUS, OCAJAO0K OT(OUILTPOBBIBAIOT, MPOMBIBAIOT,
BBICYIIIMBAIOT, NPOKAJIMBAIOT, B3BEIIMBAIOT M, 3HAS MAacCy IMPOKAJICHHOTO OCaJIKa,
BBIYUCJIISIIOT COJIEpP)KaHUE OMPENeNIeMOro 3JIeMeHTa (Wi BelecTBa) B mnpoueHtax (%).
[lepeuncieHHbIe Omepanyuy OTHOCSITCS K TaK HA3bIBAEMBIM METOJIaM OCAXKICHHS, KOTOPHIC
IIUPOKO HCIOJIB3YIOTCS B TpaBUMETpuu. Kpome METOI0OB OCaXIEHHWS, B TPaBUMETPHUH
UCITIOJIB3YIOT M IPYyTHE METOIBI.

Meton BbiAeseHusi .MeToJl BbI€NIEHUS OCHOBAaH Ha BBIIEICHUHM OIPEACIIIEMOro
KOMITOHEHTA U3 aHAJIM3UPYEMOTro BEIIECTBA U TOUHOM B3BEIIMBAHUU €0 (HAIpUMeEp, 30J1bI
U3 TBEPJOT0 TOILIMBA).

Metrox oTroHku.Meroa OTTOHKM OCHOBAaH Ha BBIICICHUU OIPEAEIISIEMOTrO
KOMIIOHEHTa B BHUJE JIETYY€ro COEJIMHEHHUs ACHCTBMEM HA aHAIM3UPYEMOE BEIIECTBO
KHCJIOTBI UM BBICOKOW TeMriepaTypsbl. Tak, onpezaenss coaep:kanue okcuaa yraepoaa (IV)
B KapOOHaTHOUW mpoOe, 00padaThiBatOT 00pa3ell €€ COJSIHOW KHUCIOTOM, BBIICIUBIIHIACS
ra3 MpoMmyCKaloT 4epe3 MOTIOTUTEIbHBIE TPYOKHA CO CHEIUaIbHBIMU PEAKTUBAMHU U, 3HAS
MacCy BBIJICTTUBIIETOCS Ta3a, JEIaf0T BEIYUCICHUS.

Onepannu rpaBUMETPHYECKOT0 aHAJIN3A

1) OuncTKa BellecTB OT NMpUMecei

[ToaroToBKka BemecTBa K aHAIU3y COCTOMT B OYMCTKE €r0 OT MPHUMECEH, KOoTopas
OCYIIECTBIISIETCS MTyTeM MEPEeKPUCTAIIN3AINNA, BOSTOHKH, (PPAKIIMOHHOMN TIEPETOHKHU.

OOBIYHO BEHIECTBO PACTBOPSAIOT B MUHUMAJILHOM 00beMe BOjbl, Harperoil g0 90-
95°C; pactBOp DHUIBTPYIOT, (GHIBTP COOHPAIOT B COCYJ, OXJIAXICHHBIA CHEroM (MM
JIeASTHOM BOJIOM), KPUCTAILIBI OTAEISIOT OT MATOYHOI'O PAcTBOPA U CYIIAT MEXKY JIMCTAMU
bunbTpoBaILHON OyMary.

2) Ort6op cpeaneii mpoobl.

[IpaBuna otbopa Takux MpoO MNPEeaTyCMOTPEHbI TOCYJApPCTBEHHBIMHU CTaHIApPTaMU

(W TeXHUYECKUMH YCIoBUsMHU). CpemaHioro mpoOy COCTaBISIOT W3 OOJBIIOTO YHCIIA

MCJIKHUX HOpHHﬁ, B34TBIX B PA3HbIX YACTAX AHAJIM3UPYCMOI'O MaTCpHrajia.

[lepBuuHas cpeanss mpoOa ellle HeMPUroHa JJIsl aHAIM3a: OHA CIUIIKOM BeluKa (110
HECKOJIbKUX KWJIOTPAaMMOB) M HEOJHOPOJHA. [IoAroToBKa €€ COCTOMT B U3MEIbYECHUH,
NepeMENIMBAHUHU U COKPAIICHUU 10 HeOO0IbIIoi Macchl (0koi0 300r) KBapTOBAHHEM.
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Bech u3MenpueHHbI MaTepuai NepeMEeNlnBaOT, pacChlIalOT POBHBIM CJIOEM B BUJEC
KBagpara (nim xpyra), AT HA YETBIPE CEKTOPA, COAEPKUMOE ABYX IPOTUBOIIOIOKHBIX
CEKTOpOB OTOPAChIBAIOT, a JABYX OCTalbHBIX COCAMHSIOT. KBapToBaHHWE MOBTOPSIOT
MHOTOKPATHO M U3 MOJIy4Y€HHOTO OJHOPOJAHOr0 MaTepuraia OepyT HaBECKU JIJIsl aHAIM3a.

3) B3siTue HABECKHU M ee PaCTBOPEHUE.

Haegecka — 3mo Konuuecmeo geujecmea, HeoOXooumoe 015 6blNOJIHEHUA AHATU3A.
Bpi0op BenMuMHBI HABECKU OMPENENseTCsl KOJUYECTBOM OCajika, Hanbosee yJO0OHBIM B
pabore.

[IpakTHKOI yCTaHOBIEHO, YTO YAOOHBI B pa00OTE KPUCTAIUIMUECKUE OCATKU C MACCOM
okoio 0,5r u oOwemucteie amopdubie ocaaku ¢ Maccou 0,1-0,3r. 3Has 3TH HOPMBI
OCaJKOB M NPUOIM3UTENIBHOE COJEp)KaHUE  OMpeNesieMOro 3JeMEHTa B BEIECTBE,
BBIUUCIISIOT HEOOXOAMMYIO BETUYMHY HABECKU.

Ecnu omnpezneneHne He CBSI3aHO C ONPEIEICHUEM OCalKa, Kak, HalpuMmep, MHpH
U3YyYEHUHU BIQXXHOCTH WJIU 30JIbHOCTH MaTepuana, OepyT HaBecku B 1-2r u 6oJbiie.

HaBecky aHanmu3upyeMoro BellecTBa  MNPUOJM3UTEIBHO  OTBEUIMBAIOT  HA
TEXHOJOTHUECKHUX Becax, a 3aTeM 0oJiee TOUHO — Ha aHATUTUYECKUX BECax.

4) OcaxneHne KPUCTAUIHYECKUX U aMOP(HBIX BelleCTB.

Ocasicoenue — 3mo  eajrcHelwias ONeEPAUUA 2PAGUMEMPUYECKO20 AHAU3A,
8bINOIHAA KOMOPYIO HYHCHO NPAGUILHO 8b1OPAMb 0CAOUmMENb, PACCUUMAMb €20 00beM,
codnlocmu  onpeoenennple ycioeus, ydeoumeco 6 NONHOME O0CANCOEHUS UOHA U3
pacmeopa.

Haunyumuii ocaautens BBIOMPAIOT, MCXOAS M3 TpeOOBaHUM, NPENBABISIEMBIX K
ocaaky. IIpexxne Bcero moyiydarolMiicsi OCagOK JIOJDKEH OTIMYaTbCS HaWUMEHbLIEH
pacTBOpUMOCThIO B Bojae. Hampumep, katnoHsl Oapusi ocakaaloT B Bue cyib(ara,
MMEIOLIEr0 HAaMMEHBINYI0 Bennunny [1P.

Ocalok [MOKEH TakXke JIeTKO OT(QMIBTPOBBIBATECA M XOPOIIO OTMBIBATHCS OT
IPUMECEH, UTO XapaKTEPHO JJIs1 KPYITHOKPUCTANIMYECKUX OCATKOB.

S) PuiabTpoBaHue.

C nomoibio GUIBTPOBAHMS OTAEISAIOT OCAIOK OT PACTBOPA, COAEPIKAILIETO MPUMECH.

[Ipu 3TOM IPUMEHSIOT TaK Ha3bIBaeMble 0€330JbHbIE (DUIBTPHI, KOTOPBIE B MPOIIECCE
U3TOTOBJICHUSI ObUIM MPOMBITHI KHCIOTaMU JUIsl YAaldeHUsT OOJbIIeH 4acTh MUHEPATbHBIX
BelecTB. Maccy 3011bl, OCTaBIIYIOCS TPHU CKUTAaHUU (UIBTPA TOrO WJIM MHOTO pa3Mmepa,
YKa3bIBalOT Ha 00JIOKKE Mauku U, eciu oHa rnpesbiiaet 0,0002r, ee BRIYUTAIOT U3 MACCHI
MIPOKAJIEHHOT'O OCAJIKa.

6) IIpombIBaHMe ocaaKa.

Llenbp mpOMBIBaHUSA COCTOUT B yAAJIEHUHM IMPUMECEH U3 BCIEACTBHE COOCAXKICHUS.
[TpuunHOI cooCakIeHUSI MOXKET ObITh OKKITIO3HS — 3aXBaT MPUMECE MUKPOKOMIIOHEHTa
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BHYTPb PacTyLIMX KpUCTALUIOB ocajka. IHOT1a uMeeT MecTO U30MOpP(HOE COOCAKICHHUE,
TO €CTb OOpa30BaHME «CMEUIAHHBIX KPHUCTAJUIOB» HMOHAMHM OCHOBHOI'O KOMIIOHEHTa M
MUKPOKOMITOHEHTA.

7) BeicyminBaHue ¥ IPOKAJIHBAHKE 0CAJKA.

[{enb BBICYIIMBAHUS U NMPOKAINBAHUS COCTOUT B TOM, YTOOBI U3 MIPOMBITOIO OCAKa
YIAIUTB BIIAry U MOJIYYUTh BELIECTBO C ONPENEIECHHBIM XUMHUYECKUM COCTABOM.

OOBIYHO BOPOHKY C OCAJKOM HAaKpBIBAIOT JIUCTKOM (DUIIBTPOBAIBHON OyMarw,
OPWKUMAIOT Kpas €€ K MOBEPXHOCTH BOPOHKM M cTaBAT Ha 20-30 MUH B CyIIMJIBHBIN
mkad ¢ Temmeparypoii 90-100°C.

B3sTeiii a5 pa®oThl TUredbh MPEABAPUTENHHO MPOKAIMBAIOT 10 MOCTOSTHHON MacChl,
TO €CThb J0 TeX IOp, MOKa Macca €ro He MepecTaHeT M3MEHAThCs. 3aTeM OepyT THUrelb
TUTENBPHBIMH IMUIIAMH 32 Kpail M TMOMeHIaloT B My(QelbHyI0 Medb, mnocie 25-30MuH
NpOKaluBas BBIHUMAIOT M3 M€Y, JalOT OCTHITh Ha JIMCTe acOecTa, MEPEeHOCAT B
DKCHUKATOP, B3BEIIMBAOT TUTEJIb, 3AIIUCBIBAIOT €I0 Maccy.

Bonpocs! Aj1s1 cCaMOKOHTPOJISA

1. Kak knaccupuuupyroTcsi METO/Ibl KOJIMUECTBEHHOTO aHanu3a?

2. Kakue MeTo/ibl KOJIMYECTBEHHOTO aHAJIM3a OTHOCATCS K XMMHUYECKUM ?

3. Urto Takoe rpaBUMETPUYECKUN aHAIN3?

4. KakoBo OCHOBHO€ YycjoBHE BbIMmageHusi ocaaka? Kakue TpeboBaHus
NPEABSBISIIOTCS K OCAUTENIO?

5. Kak yMeHbIIUTh paCTBOPUMOCTh OCajIKa?

6. B dyem cyuHOCTh TUTPUMETPUYECKOTO aHaIMU3a?

7. Ilepeuncnurte 3a7a4¥ U3BECTHBIX BAM METOJI0B KOJMYECTBEHHOTO aHAJM3a.

8. HazoBuTe BO3MOXKHBIC OIMMMOKHA B KOJIMYECTBEHHOM aHAM3€ U YKAKUTE, KaK
MOKHO U3 H30€XKaTh?

9. Ilepeuucnure M3BECTHBIE BaM METOAbl OMPEACIICHUIl B IpaBUMETPUUYECKOM
aHaJU3€ U YKAXKUTE UX CYIIHOCTb.

10. Yro Takoe ocaxkmaemass M TrpaBUMeTpuueckas (Gopmbl ocanka? YKaxuTe
OCHOBHBIE TPEOOBAHUS K HUM.

11. Kak ®w mi1g8 dYero mnpousBOguTCa oOTOOp cpeaHedt mnpooOwi? Kakue
PA3HOBHUIHOCTH CpeJiHel MpoObI BbI 3HAETE?

Tema 4.2.2 TuTpuMeTpuYecKNi aHAIH3.

CyurHocTh ¥ MeTOIbI THTPUMETPHYECKOTO aHAJIH3A.

B TtuTpuMerpuyeckoM aHanmM3e KOJWYECTBEHHOE OIPEICIICHHEe KOMIIOHCHTOB B
UCCIIeMyeEMOM 00pasIle OCYIIECTBISIOT TOYHBIM HM3MEPEeHHEeM o0beMa pacTBOpa OJHOTO
WIN JIBYX BEIIECTB, BCTYMAIOIMINX MEXKIY COOOW B PEaKIMIO, KOHIIEHTPAIHS OJHOTO M3
HHUX 00s3aTEJILHO JOJKHA OBITh TOYHO U3BECTHA.

Pacmeop, cooepocanue pacmeopennoco eewjecmea 8 KOMOPOM MOYHO U3BECHIHO,
HA3b18AIOM CHAHOAPMHBIM DACHIE0POM UTU MUMPAHIOM (MUMPOBAHHBIM).

[Ipn aHanmu3e daiie BCEro CTaHAAPTHBIM PacTBOP IOMEIIAIOT B H3MEPUTEILHBIN
COCY/l, Ha3bIBaEMbIH OIOPETKOH, U OCTOPOIKHO, MAJICHHKUMH TOPIUSMHU TPHJIMBAIOT €ro K

UCCJIeyeEMOMY pacTBOpPY 1O TeX MOp, MOKa TEeM WM HMHBIM CrIocoOoM He Oyaer
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YCTAaHOBJICHO OKOHYAaHHUE pEAKUMU. OJTa OIepauus Has3blBacTcs mumposanuem. llpu
TUTPOBAHUM 3aTPAa4CHHOE KOJUYECTBO (MOJIb) CTAHIAPTHOIO PAacTBOPA JOJDKHO OTBEYATh
YPAaBHEHHUIO peakUMU M ObITh XMMHYECKH OSKBUBAJICHTHO KOJWYECTBY (MOJIb)
ONPEIEIIEMOTO KOMIIOHEHTA.

Momenm OKOHYAHUA peaKuuu 6 MUMPUMEMPUUYECKOM aAHAU3E HA3bIEACMCA
MOYKOU IKEUBATIEHIMHOCHU.

B 3TOT MOMEHT KoOJHMYECTBa MPOPEArMpOBABIIMX BEUIECTB CTPOIO 3KBHUBAJICHTHBI.
CrnenmoBaTenbHO, TpPU  TUTPOBAHMM  HEOOXOJUMO  TOYHO  YCTAHOBUTH  TOYKY
DKBUBAJICHTHOCTH (KOHEIl THUTPOBAHUs). TOUYKY OKBUBAJIEHTHOCTH (UKCUPYIOT C
NOMOIIbI0 HMHIUKATOPOB, KOTOpPbIE JOOABISIOT B HCCIEAYEeMBbIH pacTBOp TMepen
TuTpoBaHueM. K HUM OTHOCSTCS pacTBOpHI METHIJIOBOTO OpaHKeBOro, (eHondranenHa,
METUJIOBOTO KPAacCHOrO W Jp., U3MEHSIOIIHE OKPACKYy B MOMEHT OKOHYAaHUS PEaKLHH.
MHorna TOYKy S3KBHBAJICHTHOCTH YCTAHABIMBAIOT [0 W3MEHEHHUIO OKPAcKH pacTBOpa
pearupyromux BEIIeCTB B MOMEHT OKOHYaHHUs peakuuu, Hampumep, pactBop KmnO, B
KHCJION cpejie IpU J00aBIEHUH BOCCTAHOBUTENSI O0ECIIBEUNBAETCS.

B Hacrosiee BpeMs B XMMHYECKOM aHaiu3e Oosee TOYHO (UKCUPYIOT TOUKY
DKBUBAJICHTHOCTH C IIOMOINBK) HHAMKATOPOB HMHCTPYMEHTAIBHOIO THma. B kauecTse
UHCTPYMEHTAJIBHBIX ~ MHAMKATOPOB  HCIOJIB3YIOT  HpuOOpbl,  Qukcupyroume pH,
OKHUCJIUTENIBHO-BOCCTAHOBUTENBHBIM ~ MOTCHIHMAJ,  IEKTPUUECKYIO  NPOBOAMMOCTH
pacTBOpa M JApyrue CBOMCTBAa cpelabl. MeToabl aHaiau3a, B KOTOPBIX HCHOJB3YIOT
UHCTPYMEHTAJbHBIE MHAUKATOPHI, HAa3bIBAIOT HWHCTPYMEHTAJIbHBIM WA  (U3UKO-
XUMHUYECKUM TUTPOBAHUEM.

Tumpumempuueckuii. aHalu3 6 OMHOWIEHUU CKOPOCHU 6bINOJIHEHUA UMeem
001bU10€ npeumMyuiecmeo no CPAGHEHUIO ¢ ZPAGUMEMPUUECKUM AHATIUZOM.

OOnacTh NOpPUMEHEHUS TUTPUMETPUUYECKOTO aHallM3a 3HAUUTENbHO IIHpE, YeM
IPaBUMETPUYECKOTO, BCIEACTBUE BO3MOXHOCTH NPUMEHEHHUS CaMbIX Pa3HOOOpa3HbIX
TUIIOB PEaKUMW: HEUTpaIu3alllH, OKUCIEHUS — BOCCTAHOBIICHHS, OCaXICHMUS,
KOMIUIEKCO00pa3oBaHusi U T.A..TOYHOCTh TUTPUMETPUUECKOIO aHAIN3a HUXKE TOYHOCTHU
IPaBUMETPUYECKOIO0  aHalW3a, HO OHAa BIOJHE JOCTYIIHA JUIsl  BBINOJHEHUS
IIPOU3BOJCTBEHHBIX U HAYYHBIX UCCIIEOBATEIBCKUX PAOOT.

MeToapl TUTPUMETPUYECKOTO aHAIM3a KIACCUPUUMPYIOT MO THUIY XUMHYECKHX
peakuuii, IpUMEHSAEMBIX JJIs1 ONPEEIICHUS BEIIECTB, U IO CIIOCO0Y TUTPOBAHUS.

B 3aBHCMMOCTH OT THIA peaKUUi, HCHOJb3YyeMbIX B THTPUMETPUYECKOM
aHaJIu3e, Pa3jJMYAK0T CJeAyIue OCHOBHbIC METOABI:

1.Kucnomno-ocrnoenoii memood, OCHOBAaHHBIM HA PEAKLINA HEUTPAIU3ALINH;

2.Memoo oxucnenua-eoccmanosnenus (PeAOKCMETPHSI), B KOTOPOM HCIOJIb3YETCA
peaklys OKHCIICHUSI-BOCCTAHOBIICHUS;

3.Memoo ocaxcoenus. (OCHOBaHHBII HA PEAKLUHUH, COIMNPOBOXKIAIOIIEHCA
o0pa3oBaHMEM MaJIOPACTBOPUMOTO MPOAYKTa PEAKIIHH;

4.Memoo Komnaekcoobpazoeanusa, OCHOBAHHBIM Ha peakuuu oOpa30BaHUs
IIPOYHOT0 KOMIIJIEKCHOTO COEIMHEHUS OIIPEAEISIEMOr0 MOHA CO CTAHAAPTHBIM PaCTBOPOM.

Peakuuu, ucnoJib3yemMbie B aHAJIM3€, J0JIKHBI COOTBETCTBOBATH OINPe/ieIeHHbIM
TpeOOBAHUSAM:

1.Peakuus nomkHa OBITH HEOOPATUMOW;
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2.Peakuusi JOJDKHAa TIPOTEKATh CTPOrO B OSKBUBAJEHTHBIX KOJIMYECTBAX MU C
JIOCTAaTOYHOM CKOPOCTBIO;

3.1IpubaBnsgemMblii CTaHJAPTHBIA PAcTBOP JOJDKEH pPAacXOAOBaThCsl TOJBKO Ha
PEAKIIMIO C OTPEEIISIEMbIM KOMIIOHEHTOM;

4.BcrioMoraTenbHble BEUIECTBA, HAXOJSIIMECS B PAcTBOpE, HE JOJKHBI MeElaTh
OCHOBHOM pPEaKIIMH.

[lepeuncnennpie TpeOOBaHMUS K PEAKIUSAM OTPAHUUYMBAIOT O0JACTh MPUMEHEHHS
TUTPUMETPUUECKOTO aHAIIN3A.

Ilo cnoco0y THUTpPOBaHHSI B XHMHYECKOM AHAJIH3e HCHOJIbL3YKOT CJeaAyllue
MeTO/bI:

1. Ilpamoe mumposanue.

PactBop wuccienmyemMoro BemiecTBa HEMOCPEACTBEHHO THUTPYIOT CTaHAAPTHBIM
pPacTBOPOM.

2. Oopamnoe mumposanue.

Hcrnonb3ytoT, eciau CTaHAapTHBIA pacTBOpP HE B3aUMOJIEUCTBYET C HCCIIETyeMbIM
pacTBOPOM HWJIM HEBO3MOXHO TMOJ00paTh COOTBETCTBYIOIIMNM HHIUKAaTOp. Torma K
UCCJIelyeEMOMY pacTBOPY MAOOABISIOT 3aBEJOMO B H30BITKE ONpeeiIeHHbId 00beM
pacTBOpa TPETHETO BEIIECTBA U3BECTHOM KOHIEHTPAIMHU, PEATUPYIOIIETO U UCCIIEeTyEeMbIM
BEII[ECTBOM B SKBUBAJICHTHOM KoinuecTBe. M30bITOK TPEThEro BelecTBa OTTUTPOBBIBAIOT
CTaHJapTHBIM PACTBOPOM.

3. 3amecmumenvHoe mumpoganue.

[IpumenstoT, koraa:

1) onpenensieMble HOHBI HE B3aUMOAEHCTBYIOT CO CTAHAAPTHBIM PACTBOPOM;

2) pearupyloT €O CTaHJapTHBIM pacTBOPOM, HO B HECTEXHOMETPUUYECKOM
cootHomeHu. Torma ompenensieMble KOMIIOHEHTHI MEPEBOJAT B COCTUHEHHE, KOTOPOE
CTEXHOMETPUYECKH B3aUMOICUCTBYET CO CTAHIAPTHBIM PaCTBOPOM.

Tumpoeanue npoeooam 08ymMa CROCOOAMU: NUNEMUPOBAHUEM U MUMPOBAHUEM
OMOEIbHBIX HABECOK.

TutpoBanue crnocoOOM nunemupoéanus 3aKIOYAETCs B CJIEAYIOIIEM: Ha
aHAIMTUYECKUX BECax B3BEIIMBAIOT HABECKY MCXOIHOIO WM aHAJM3UPYEMOTO BEIIECTBA,
MOJIHOCTBIO MEPEHOCAT €€ Yepe3 BOPOHKY B MEPHYIO KOJIOY, pacTBOp pa30aBIsItOT BOAOU
no metku. Konly 3akpbiBaioT MpoOKOW W THIATENIBHO TNEPEMENIUBAIOT, OCTOPOMKHO
nepeBepThiBas. OmnpeneneHHblii 00beM (ATMKBOTHYIO 4YacTh) MPHUTOTOBIEHHOTO TAaKUM
o0pa3oM pacTBOpa OTOMPAIOT MUIETKOM, MOMENIAI0T B KOHUYECKYI0 KOJIOYy M TUTPYIOT.
TutpoBaHue NpoBOJAT TPU pa3a U Ui pacuera OepyT CpeIHUM pe3ynbTar.

Ilpu mumposanuu omoenvbHLIX HABECOK TIOCTYMAIOT TaK: TOYHYIO HABECKY
UCXOAHOTO B WM MCCIEAYEMOTO BEIIeCTBAa, PACCUMTAHHYIO Ha OJHO THUTPOBAHUE,
B3BEIIMBAIOT HA YaCOBOM CTEKIE HIH B cTakaHe oobemMoM 100-150 cM’, pacTBOpSIOT B
HeGobIOM 06beMe Boabl (20-30cM’) M OTTUTPOBEIBAIOT. IIpH 3TOM CIIOCO6GE THTPOBAHHS
HEO0OX0AMMO OpaTh HE MeEHee JABYX HAaBECOK M BBIUUCIATH CpEAHEEe 3HAYCHUE U3
MOJIyYEHHBIX PE3yJIbTaTOB.

Cnoco0 OTIeabHBIX HABECOK MO CPaBHEHHUIO CO CHOCOOOM MUMETUPOBaHUS Oosee
TPYJOEMKHUM, HO OH OoJyiee TOYEH BCIEACTBUE H30€KaHUS OIIMOOK, CBSI3aHHBIX C
HETOYHOCTBIO 00BeMa MEPHOU KOJIOHI.
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Kakum ObI MCTOAOM HH IPOU3BOJHUIIOCHE TUTPOMECTPHUYCCKOC OIPCACICHHUEC, BCCriaa
IIpu 5TOM HCO6XOI[I/IMOZ

1) TUTPOBAHHBIA PACTBOP;
2) MOAXOASAINA UHIUKATOD;
3) TOYHOE U3MEPEHHE 00BEMOB PEarupyroIuX BeIleCTB.

MeToauka TUTPOBAHUS

Yuctyto OIOpeTKy OIoJacKuBaroT [-2 pas3a pacTBOpOM, KOTOpPBIM €€ OyayT
3aMOJHATh, 3aKPEIUISIOT 3AKMMOM K IITAaTUBY M 4Y€pE3 BOPOHKY 3AMOJHSAIOT PACTBOPOM
HEMHOTO BBIIIE HYJIEBOTO nejeHus. HanuB pacTBop, BOPOHKY 00s3aTe€IbHO YOMPAIOT U3
OIOpeTKH, MHAaYe BO BpEMs TUTPOBAHUS C BOPOHKU OyAeT CTEKaThb OCTaBIIAsCS B HEM
KHUJKOCTh M U3MEpPEHUE 00beMa OKaKETCS HE TOUHBIM. BBITOHSIOT My3bIpbKH BO3IyXa U3
HIOKHEW vacTH OIOpeTKH, U YpPOBEHb pPacTBOpa JOBOJAT JO HYJIEBOTO JEJICHUS.
Hccnenyemblit pacTBOp MOMEIIAIOT B KOHUYECKYIO KOJOY WM AJIi YCTAHOBJIEHUS TOYKHU
HKBUBAJIEHTHOCTHU B KOJIOY 1OOABIISAIOT HECKOJIBKO Karelb NHAUKATOpa.

TutpoBanue BenyT cUJs, MPAaBOM PYKOW AepikaT U BpallaloT KojilOy ¢ TUTPYEMbIM
pacTBOpPOM, a JIEBOM yNpPaBIAIOT 3aKUMOM WIM KpaHoM OropeTrku. CHauana pacTBop U3
OIOpEeTKM IPUIMBAIOT OBICTPO, Bpamias Koily, a 10 Mepe TUTPOBAHUS IO KaIlIsM JI0
PE3KOro M3MEHEHHUs] OKPACcKU pacTBopa B KojiOe oT 1 Karmmm 100aBJIEHHOTO U3 OHOpETKH
pacTBopa. UToOBI jierye 3aMeTUTh NEPEXOJ OKpPAacCKU pacTBOpa, Koy C TUTPYEMbIM
pacTBOpPOM BO BpEMsI TUTPOBAHUS NMOMEMIAIOT HA CTEKISIHHYIO IIACTUHY, MOJA KOTOPYIO
nojio)keHa Oenast Oymara, winm Ha Oenyio KadenpHyO MIUTKY. UTOObI yOenuThcs B
PAaBUJIBHOCTH OKOHYAHUS TUTPOBAHUS, MOCTYMAIOT CIEIYIOIINM 00pa3oM:

1) K OTTUTPOBAaHHOMY PacTBOPY A00aBIAIOT | Karito aHaTU3UPYEMOTO PacTBOPA;

2) ¢uxcupyroT 00beM pacTBOpa B OIOpETKE U U3 HEE K OTTUTPOBAHHOMY PacTBOPY
n00aByISIOT | Karuto pacTBopa.

B 06oux ciydasix 1mBeT pacTBOpa B KOJO€ OJKEH PEe3KO M3MEHUThCA. TUTpoBaHHE
Ka)KZI0ro pacTBOpa MpOBOAAT He MeHee 3-X pa3. [lociie kaxa0ro THTpoBaHUs, HaXOs 110
HIKane OIOpPETKH 00BEM M3PACXOJI0OBAHHOTO pacTBOpA, 3aIMCBIBAIOT €T0 B JIAOOPATOPHBIN
KypHaJI. Pe3ysbTaThl TUTPOBAHMS HE OJDKHBI OTIMYAThCS Oonee geM Ha 0,5 cv’ (1 — 2
Karjn).

CranaapTHbIe U CTAHAAPTH3HPOBAHHBIE PACTBOPHI.

TutpoBaHHBIE pacTBOpPHl MOrYT OBITH IOJY4E€HBl pa3HbIMH crocodbamu. B
3aBUCUMOCTH OT 3TOr0 pPAa3jIM4YalT pPAacTBOPbI CTaHAApTHbIE (IIPUTOTOBJIEHHBIE) H
CTaHJAPTU3UPOBAHHBIE (YCTAHOBIICHHBIE).

CranaapTHble pacTBOPBI.

TouHyio HaBecKy BeIIEeCTBa TMEPEHOCAT B MEPHYI0 KOOy oOmpeaeseHHOM
BMECTUMOCTH, PACTBOPSIIOT U JOBOJAT 0OOBEM PacTBOpa BOJIOM 10 METKH.

Tumposannvie pacmeopvl, nojayYeHHble U3 HMOYHOU HABECKU 6eujecmed,
Ha3b16a10M CMAHOAPMHBIMU (UTU NPU2OMOETIEHHBIMUL).

Onuca"HbIM CIOCOOOM IPUTOTOBJISIIOT TUTPOBAHHBIE PACTBOPHI TOJIBKO TEX BEIIECTB,
KOTOpBIE€ YJOBJIETBOPSIIOT ONPEAEIICHHBIM TpeOOBaHUSAM. OTH BEIIECTBA JIOJKHBI OBITH
XUMHMUYECKH YUCTBIMH, YCTOWYMBBIMM IPU XpaHEHWH, KaK B TBEPAOM BHJIE, TaK U B
pacTBoOpe, COCTaB UX JOJDKEH CTPOrO COOTBETCTBOBATH OIPEIEIIEHHON (opMyIIe.

CoenuHeHus, yIOBJIETBOPSIOLUIME 3TUM TPEOOBAaHUSAM, HA3bIBAIOT CTaHAAPTHBIMU
UCXOAHBIMU BEIIECTBAMU WJIM HOPMAaJsIMU Il YCTAHOBKM THUTpa JpYrux padouux
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pacTtBOpoB. TUTPBI (MM HOPMAIIBHOCTh) PACTBOPOB LIEIOYEH YCTAHABIMBAIOT MO TAKUM
VCXOJHBIM CTaHAAPTHBIM BELIECTBAM, KaK KUCIJIOTHI IIABEJIEBAS

H,C,04 . 2H,0 unu sgutapuas H,C,H,O,. PacTBopeHHEM HaBECKHM HCXOIHOIO
CTAHJApTHOTO  BEIIECTBA  IOJYYAalOT PACTBOPbl  MEPBUYHBIX  CTAHAAPTOB A
CTaHJapTU3auuu (YCTaHOBKHU TUTPA) IPYTUX PACTBOPOB.

CranaapTu3upoBaHHbIe PACTBOPBI.

B kaudecTBe TUTPAHTOB Yallle BCETO MCIMOJIb3YIOT MUHEPAIbHBIE KUCIOTHI, HIEI0UH,
NepMaHTaHaT Kalns, THOCynbpaT HaTpus. Bce 3T BemecTBa HE YAOBICTBOPSIOT
TpeOOBaHMSIM, MPEIBSIBISIEMBIM K CTAaHAAPTHBHIM BEIIECTBaM. TOYHBIE PACTBOPBHI UX
HelIb3s TOTOBHTh M3 HaBecku. Tak, emkume mienoun (NaOH, KOH), moriomas oxcup
yraepoaa (IV) m Bmary wm3 BO3myxa, M3MEHSIOT COCTaB IIPU XPAaHEHMM WU JAXe IIPH
B3BEIIMBAaHUU. Ha KOHEI] KOHIIEHTpalus MepMaHTaHaTa KaJusg W THOCYNb(aTa HATpUs
U3MEHAETCS YK€ MPU PACTBOPEHUH, TaK KAaK OHU B3aUMOJIEUCTBYIOT C MPUMECSMH BOJIBI.
CrnenoBarenibHO, COIEPKAHUE UX B PACTBOPE HE MOYKET TOYHO COOTBETCTBOBATh HABECKHU.
[ToaToMy mpUOAN3UTENBHOE KOJUYECTBO TAKMX BEUIECTB PACTBOPSIOT B HEOOXOIUMOM
o0beMe BOABI M THUTPYIOT PACTBOPOM MOAXOISIIEr0 cTaHaapTHoro Bemectsa. [lo
3aTpayeHHbIM 00beMaM M W3BECTHON KOHIIEHTPAllUM PacTBOpa MEPBUYHOTO CTaHIApTa
BBIYUCIISIIOT HOPMAJIBHYIO KOHLIEHTPALUIO U TUTP CTaHIaPTU3UPYEMOTO.

Tak, HOpMaNbHYI0 KOHLEHTPALMIO PACTBOPA THAPOKCUAA HATPUS YCTAHABIUBAIOT 110
CTaHJIAPTHOMY pPAacTBOpPY IIABEJIIEBON KHUCJIOTHl, a HOPMAaJIbHOCTH XJIOPOBOJIOPOIHOM
KHCIIOTHI — TI0 PaCTBOPY TeTpabopara HATPHSI.

Pacmeop, mump Komopwix HAxX00am He nO MOYHOU HABECKe, a YyCHMAHAGIUBAIOM
nO MOMY WU UHOMY CHAHOAPMIHOMY Geuiecmey, HAa3bléaiom YCHAHOEIEHHbIMU WU
CIMAHOApMU3UPOBAHHBIMU (PACMEOPAMU M OPUYHBIX CHLAHOAPMO0B).

KoHueHTpauus TUTPOBAHHBIX PACTBOPOB.

XUMUYECKHUI 3KBUBAJIEHT — 3TO KOJUYECTBO 3JIEMEHTA, COeAMHsIoNeecs ¢ 1 MoJb
aTOMOB BOJOpOJAa WIM 3aMellaroliee ux B peakuusax. Maccy 1 skBuUBaJIeHTa Ha3bIBAIOT
DKBUBAJICHTHON MACCOM.

B tuTprMeTpuun ucnonab3yr0OT HOpMaJIbHBIE PACTBOPBI.

Ilo0 nopmanwvnoil Konuenmpauueil NOHUMAIOM YUCIAO IKEUBATNECHHIHBIX MACC
pacmeopennozo eeuiecmea, cooeprcauieeca 6 1n pacmeopa. Jeuynopmansusie (0,1H.)
pactBopsl coxaepxkat 0,1, cantunopmanbhbie (0,01H.) — 0,01, a MwUIMHOpPMAaIbHbBIC
(0,0011.) — 0,001 skBuBaneHTHOM Macchl B 1 1. wame ucnonsdyrotr 0,1n. u 0,02 H.
PAcTBOPHI KaK HE CIMUIIKOM KOHIIEHTPUPOBAHHBIE.

[IpuroToBiisisi HOpMaJbHBIE PACTBOPHI, BHIYUCISIOT 3KBUBAJIECHTHBIE MACChl KHUCIOT,
OCHOBaHMM M cojed. ODKBHBAJEHTHAs Macca BeIIeCTBA — JTO KOJIUMYECTBO €ro,
PaBHOLICHHOE (PKBHUBAJIEHTHOE) OJHOMY MOJIIO aTOMOB (WJIM MOHOB) BOJAOPOJA B JAHHOMU
peakiuu (pa3MepHOCTh I/MOJIb). DKBUBAJIEHTHI KUCIOT, OCHOBAHHM U COJIEN 3aBUCSIT OT
TEUEHUSI PEAKIIU, B KOTOPbIX OHH YYaCTBYIOT.

A). MeTo KNCJIOTHO-OCHOBHOT'O TUTPOBAHUS

1. CymHOCTh 1 METOAbI KMCJIOTHOIO TUTPOBAHUS.

KHUCHOTHO-OCHOBHOM METOJ OCHOBAaH Ha PEaKIUU HEUTpAIM3alHuH, IMPU KOTOPOM
IPOMCXOAUT CBsA3bIBaHUE KaTHOHOB H' kuciorel ¢ OH™ - noHaMu ruapoKcua:

H" + OH = H,0
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OOpa3yroTcsi MOJIEKYJbl BOJBI U, CJIEIOBATEIbHO, MPU TUTPOBAHUU MPOUCXOJUT
u3meHenne pH pactBopa.

OTUM METOJIOM OMNPENENSIIOT COAEpKAHUE, TUAPOKCUIOB, COJIeH CIabbIX KUCIOT U
CUJIBHBIX THUAPOKCHJIOB, COJEH CUJIBHBIX KHUCJIOT M Cla0bIX THAPOKCUIOB, OCHOBHBIX U
KHUCJIBIX COJIEH, OKCHJIOB, JKECTKOCTU BOJbl. OCHOBHBIMM CTaHJIAPTHBIMHU pPAacCTBOPAMH B
ATOM MeToje sABJsAeTCS pacTBOp KuciaoTel (006uHO HCI) m pactBop mienoun KOH wunu
NaOH.

KuCI0THO-OCHOBHOM METOJ [JeNAT Ha JBa BHUJA aHAIKW3a: QIKAJUMETPUIO U
alUIUMETPUIO.

AakaauMerpus. B n1aHHOM aHanu3e CTaHIAPTHBIM PACTBOPOM SIBIISETCS PACTBOP
menoun KOH wu NaOH. Ero roToBsT mnpuONMMKEHHOW KOHIICHTPAIMH, a TOYHYIO
KOHIIEHTpAIMI0 ycTaHaBiuBaroT no maseneBoil kuciore H,C,04 x 2H,O (xu) unu mo
pactBopy HCI u3BeCTHOIl KOHIEHTpalMK. DTUM METOJO0M OMNPENEIAIOT B UCCIETYyEMBbIX
pacTBOpax coAepxKaHUuE KUCIOT, COJIEH Ca0bIX THAPOKCUIOB U CUIIBHBIX KUCIOT.

Auuaumerpus. B 3TOoM aHanmze cTaHZapTHBIM PAacTBOPOM SIBIISIETCS PaCTBOP
KHUCIIOTBI, KOTOPBIM TOTOBSIT TakKe MNPUOTMHKEHHOW KOHIEHTPAIMK, a TOYHYIO
KOHIICHTPAIMIO YCTAHABJIMBAIOT MO XMMUYECKUA 4YUCTBHIM BemectBaMm Na,B,0; x 10H,0,
Na,COj;. JlaHHBIM METOOM aHaju3a ONPEICISIOT B UCCIEYEMBIX PACTBOPAX COAEPKAHUE
Hiesioyeil, coyiel CHJIBHBIX TUJPOKCUAOB U CHA0bIX KHCIOT, OKCHJIOB, a TaKxKe
KapOOHATHYIO KECTKOCTH BOJIBI.

I[To X0my KHCIIOTHO-OCHOBHOTO THTPOBAHUS M3MEHSAETCS KOHLEHTpaus KaTHOHOB H
u OH - woHOB, cnenoBarenbHO, u3MeHsiercs u pH turpyemoro pactBopa. Ilpu
onpeeieHHOM 3HaueHuu pH nocTuraercst Touka SKBUBaJICHTHOCTH, U TUTPOBAHUE B 3TOT
MOMEHT JIOJDKHO OBITh 3aKOHYEHO.

2. NuankaTopbl KUCJI0THO-OCHOBHOTO METO/1A.

Peakuusi HeWTpanu3aluu HE CONPOBOXKAACTCS HM3MEHEHHMEM OKpPACKU pPacTBOpa,
MIOATOMY B KHCIIOTHO-OCHOBHOM TOYKY 3KBHMBAJEHTHOCTH YCTAHABJIMBAIOT MPHU MOMOILIU
WH]JMKaTOPOB, U3MEHSIOIINX OKPAcKy, B 3aBucuMocTu oT pH pactBopa.

CornacHO HMOHHOW TEOpPUM WHAUKATOPOB, WHIMUKATOPBI KUCIOTHO-OCHOBHOIO
TUTPOBAHUS MPEJICTABISAIOT COO0O0M ciabble OpraHUYecKre KUCIOThI WM THAPOKCUIBI, Y
KOTOPBIX HEIUCCOLIMMPOBAHHBIE MOJEKYJIbl UMEIOT OJHY OKpacky, a oOpa3zyeMmble UMHU
MoHbl — gapyryro. [losToMy nBET pacTBOopa 3aBUCUT OT TOIO, COIEPKHUT JIM OH
HEJIMCCOLIMMPOBAHHBIE MOJICKYJIbl WJIM HOHBl HHJUKATOpa. YCIOBHO HHAUKATOPHYIO
kucioTy o6o3nadaroT Hind, a ee annons! — Ind’, MHAUKATOPHBIN TUAPOKCHT 0003HAYAIOT
IndOH, a ero katmon - Ind", aMCCOLMALUIO KUCIOTHO-OCHOBHBIX WHIUKATOPOB
BBIPAXKAIOT YPABHEHUSIMU:

HInd = H" + Ind’

IndOH = Ind" + OH

M3mMeHeHne 1BeTa WHIAMKATOpa BbBI3BIBAETCA CMEIIEHHEM paBHOBecus. M3 Bcex
WHUKATOPOB, YNOTPeOIsieMbIX B pPEaKIMW HEWTpaiau3aluy, HauOoJiblliee NMPUMEHEHUE
MMEIOT METUJIOBBIN OpaHKeBbIi U (eHonTaienH. PaccMOTpUM M3MEHEHHE OKPACKU ATUX
WHJUKaTOPOB.

HenuccounnpoBaHHbIE MOJIEKYJIBI METUIIOBOTO UMEIOT KPACHYIO OKPACKY, & AaHHUOHBI
— KENTYIO:

Hind = H" + Ind’
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KpacHas  xkenras

HenucconumnpoBanubie MOJIEKybl peHo(TaienHa OeClIBETHBI, @ aHUOHBI — KPACHO-
¢buroseToBOrO 1BETA:

IndOH = Ind" + OH"

becuseTHas KpacHO-(PHOJIETOBBIN

Ecnu paBHOBecHE MPUBEACHHBIX PEAKIMI CMELIEHO B MPABYK CTOPOHY, TO TO B
pacTBope npeoliasaeT OKpacka, XxapakTepHasi 11l HOHHOW opMbl HHAMKATOpa

(Ind’).ecniu e paBHOBECHE CMEIIEHO BJIEBO, TO B PacTBOpE IMpeolagaeT OKpacka,
xapaktepHas i MosekynsipHon ¢opmbl umuaukatopa (HInd). Hampumep, ecnmm
pactBOopy GdeHondTanenHa NpuOaBUTh KUCIOTY, TO PABHOBECHE CHCTEMBI CMECTHUTCS
BIIEBO, T.K. BBEJEHHBbIE KaTMOHbI H' CBSKYT MMeBLIMECS B pacTBope aHuoHbl Ind B
HeauccoruupoBanueie MoJekynsl HInd u pactBop obecuserutcs. HaoGopot, ecnu k
pactBopy (deHondTanenHa npruOaBUTH IIET0Yb, TO PABHOBECHE CMECTHUTCSI BIIPaBO, T.K.
Beenennble OH - moHbl OymyT cBsa3biBaTh KaTMoHbl H' mHmMkaTopa ¢ 00pa3oBaHHEM
HEJIMCCOLMMPOBAHHBIX MOJEKYJT BOAbl. B cucreme HakamimBaroTcs aHuoHbl Ind u
pacTBOp OKpacHUTCs B KpacHO-(UOIETOBbIN LBET. TOYHO Takxke OOBSICHIETCS M3MEHEHUE
OKpacKH APYruX UHAUKATOPOB, UCIIOIb3YEMBIX B KUCJIOTHO-OCHOBHOM THUTPOBAHUH.

CrnenoBaresibHO MEPEXO] OJHOW OKPACKA MHAMKATOPA B JIPYTYIO MPOUCXOIUT IO
BusgHreM katnoHoB H' umu OH - noHos, T.€. 3aBucut ot pH pactsopa.

3. Bb10op unankaTopa.

UroObl MpaBWIIBHO BHIOpAaTh WHAMKATOP, HYXHO 3HATh, Kak wu3MmeHsercs pH B
IIPOLIECCE TUTPOBAHMUS, U KAKOE €T0 3HAYEHUE B TOUKE YKBUBAJICHTHOCTH.

PaccmoTpuMm Hanbosee 4acTo BCTpeUarouIrecs Ciyyad TUTPOBAHMSL.

IIpy TUTPOBAHMM CHJIIBHOM KHCJIOTHI CJIa0bIM THAPOKCHAOM MJIH CJadoro
THAPOKCHUIA CWJIbHOW KHUCJIOTOM. BcenmencrBue ruaponusza coam B TOYKE
SKBUBAJIECHTHOCTH HAKAIUIMBAIOTCS KaTHOHBl HY, mosTomy cpema pacTBopa Kucias.
TuTpoBaHHEe HANO 3aKOHYUTh B KHUCIOM cpene. B kadecTtBe WHIMKATOpa MOKHO
MIPUMEHSTH JIAKMYC, METUJIOBBIM OpaHKEBBIN WJIM METHJIOBBIA KPACHBIN, T.K. OHH MEHSIIOT
OKpacky nipu pH MeHble 7 B KUCIION Cpele.

IIpy TUTpOBaHMH €200 KHMCJOTHl CHWIBHBIM THAPOKCHAOM WJIH CHJIBHOIO
THAPOKCHIA ¢J1a00# KMCJI0TOM. Benmencrtsre ruiposinsa coji B TOUYKE SKBUBAJIECHTHOCTH
HakarmBatoTcs OH™ - WMOHBI, MO3TOMY cpena pacTBopa WIENO4YHAs. TUTpoBaHUE
3aKaHYMBAIOT B IIEJIOYHOW cpeae. B kadecTBe MHIMKATOpa MOXKHO IPUMEHSTH TOJIBKO
¢denondranens, T.K. OH MEHSIET OKpacKy B 1eno4yHoi cpeae npu pH 8,2 — 10.

IIlpy TUTPOBAHMU CHJIBHOH KHCJIOTHI CHJIBHBIM THAPOKCHIOM WJIH CHJIBLHOIO
FHAPOKCHIA CWJIBHOM KHMCJIOTbI. B MOMEHT OKBHBAJIEHTHOCTH Cpefa pacTBopa
HelTpanbHas (pH7). Cienyer npuMeHTh TaAKOM MHAMKATOP, KOTOPBI MEHSET OKPACKY
npu pH7. B monoOHBIX CiiydasiX MOKHO NMPUMEHSTh TAK)KE WHIUKATOPHI, U3MEHSIONINE
OKpacky B mpezenax ot 4 1o 10, T.K. Ipy UX UCTIOIB30BAHUH OIINOKAa TUTPOBAHUS OyJIET
oxoJo 0,125%.

b). MeToa OKHCIEHNA-BOCCTAHOBJICHUS

CymHOCTh M METOAbI OKMCJINTEIHbHO —BOCCTAHOBUTEIbHOI0 TUTPOBAHUS.

Mertoapl  OKHCIMTEIBbHO-BOCCTAHOBUTEIBHOTO  TUTPOBAHMS ~ OCHOBAaHbl  Ha
NPUMEHEHUN PEAKIUi, CBS3aHHBIX C MU3MEHEHUEM CTEIEHH OKHUCJIEHUS PEArupyrolnx
BEILIECTB, T.€. HA PEAKIUSIX OKUCICHUSA-BOCCTAHOBIICHUSI.
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Haubosee mmpokoe npuMeHeHre MOJIyYHIId METO/IbI:

1.IlepmaHranaromMeTpuu,

3. XpOMaTOMETPHH,

4. iopoMeTpuH.

B kadecTtBe CTaHZapTHBIX pPACTBOPOB MNPHUMEHSAIOT PACTBOPHl OKHUCJIUTENEH U
BOCCTAHOBHUTEJIECH.

Hanpumep, oxkucauresan: nepmanrasat kanuss KMnQO,, pacteop loxaa I,, nuxpomar
K,Cr,0;7 umu K,CrO, xanus, nepoxcun Bogopona H,O, u ap. BoccTanoBUTE U CylbdaT
wenesa (II) FeSO,, cons Mopa (NH,),FE(SO,4), x 6H,0, maseneBas kucnora H,C,04 x
2H,0 u ee comm, Tnocynsdar Hatpus Na,S,0; x SH,O u ap.

Kak mpaBwiio, OKMCIUTENH TUTPYIOT PAacTBOpAaMU BOCCTAHOBHTENCH M, HA00OPOT,
BOCCTAHOBUTEIMN — PACTBOPAMH OKUCIUTENECH.

Ecaiu craHmapTHblii  pacTBOpP — OKHCJIUTE]b, THTPOBAaHHME HAa3bIBAKOT
OKHCJINTEIbHBIM, IPH TUTPAHTE BOCCTAHOBUTEJIE — BOCCTAHOBHUTEIbLHbBIM.

TpedoBaHus K peakUMsIM :OHU JOJKHBI

1. IIporekath 10 KOHIIA (HE OOPATUMBI)

2. IIpoxoauTh OBICTPO U CTEXMOMETPUYHO.

3. O0Opa3yroT MPOAYKTHI ONPEAEICHHOI0 XUMUUECKOTO cocTaBa (popMyJibl)

4. T1o3BOJSITH TOYHO (PUKCHUPOBATH TOUKY IKBUBAJIECHTHOCTU

5. He BcTtynaTth B peakuuio ¢ MOOOYHBIMUA TPOAYKTaAMH, MPUCYTCTBYIOIINMH B

HCCIIETyEMOM PacTBOpE

YcnoBus NpoTeKaHus:

1. KoHueHTpanus pearnpyromux BeIecTB
2. Temnepatypa

3. 3uauenue pH pactBopa

4. IlpucyTcTBHE KaTaiu3aTopa

[IpakTM4YECKH YCTAHOBJIEHO, 4YTO C MOBBIIMIEHUEM KOHILEHTPALMU PEArUPYIOLINX
BEILIECTB CKOPOCTh OKHUCIIUTEIbHO-BOCCTAHOBUTEIBHOW peakuuu Bo3pacTaeT. WUHorma
KATAJIU3aTOPHI 00pa3ylOTCsi BO BpeMsl CaMoOil peakuuu. JTO sIBJeHHE HA3bIBAETCH
aBTOKATAJIM30M.

[Ipn ananuze ucnoib3yercs MNpsMOE, OOpaTHOE U 3aMECTUTENIbHOE TUTPOBAHHE.
Touxky IKeueanreHmHocmu  OKUCTUMETAbHO-80CCHIAHOBUMENbHO20  MUMPOCAHUSA
duxcupyriom unu ¢ nomowgpio uUHOUKamopa uau 60e3 Hezo (Oe3uHOUKAMopHoe
mumposanue). B KauecTBe HHAMKATOPOB MPUMEHSIIOT PAcCTBOPHI BEIIECTB, KOTOPbHIC
BCTYIAIOT B PEAKIUIO C OKHUCIHUTESIMA WM BOCCTAHOBUTENSIMU, MPUYEM ATU pPEaKIUU
COIIPOBOXK/IAIOTCA U3MEHEHUEM OKPACKHU PacTBOpa.

Kpome crnenuduyecknx HWHIAKATOPOB B METOAAX OKHUCICHHSI-BOCCTAHOBIICHUS
MPUMEHSIIOT MHAUKATOPBI, U3MEHSIOIINE CBOIO OKPAcKy B 3aBUCUMOCTH OT BEJIMYHUHbI
OKHCIINTEIHHO-BOCCTAHOBHTEILHOTO IOTEHIMATA @' .

be3unankaTopHoe THUTPOBaHUWE TPOBOASAT TMpu paboTe C  OKpalIeHHBIMU
OKHCJIUTEIIIMU WJIM BOCCTAHOBUTEISIMU, KOTOPBIE, BOCCTAHABIMBAACH WIIM OKUCIIASCH,
oOecuBeunBaroTca. Hampumep, mnpu TUTPOBAaHMM  BOCCTAHOBHUTENIEH  PacTBOPOM
nepmanranatoM kamus KMnQO, mpucymas emy KpacHO-(HOJETOBas OKpacka HCYe3aeT
BCJIeACTBUE BoccTaHoBiaeHUSI MnO, - HOHOB 10 OECIIBETHOTO Mn?**,
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OKBUBAJIEHT, YMCJIO SKBUBAJCHTHOCTH, a, CJIEOBATEIbHO, W MOJSpHAs Macca
SKBUBAJICHTOB BEIIECTB B  OKHUCIUTEIbHO-BOCCTAHOBUTENIBHBIX  pPEAKIUAX  YacTo
OTJIMYAETCS OT X 3HAYCHUS B PEAKIUAX OOMEHa.

JKeueaienm OKUCIUTESA WIH BOCCTAHOBUTEJS — YCJIOBHAs YacTHIla BEIIECTBA,
KOTOpasi B JIaHHBIA OKHUCIUTEIbHO-BOCCTAHOBUTEILHONW PEAKIIMU SKBUBAJICHTHA OJHOMY
WU TTPUOOPETEHHOMY WJIM TTOTEPSHHOMY AJICKTPOHY OJTHOM MOJIEKYJIbI BEIIECTBA.

Uwucno, mokasbpIBaroIiee, CKOJBKO S3JEKTPOHOB OTAAHO WJIM MPUOOPETEHO OTHUM
aTOMOM, MOJIEKYJIOM WJIM MOHOM B JIAHHOM OKHUCIIMTEIIbHO-BOCCTAHOBUTEIBHON PEAKIINH,
Ha3bIBACTCS YUC/IOM IKBUBAICHMHOCMU 7.

Hanpumep, pactBopeHne meau (MaJOakTUBHOIO MeTajula) B KOHUEHTPUPOBAHHOU

o 4
a30THOM KHCJIOTE COMPOBOKAAETCS BbeneHrneM raza NOy(N*

Cu + 4HNO; = Cu(NO;), T+ 2H,0

Cu’ - 2e = Cu™? 1 (okucneHue)

N°* +e =N* 2 (BOCCTAaHOBJIEHUE)

B monexkyne HNO; coaepkuTcsi OJuH aTOM a30Ta, KOTOPBIA MPUCOEAUHSIET OJUH
anekTpoH. Ciie10BaTENbHO, B MPUBEICHHON PEAKIIMY YUCIIO YKBUBAIIECHTHOCTH

z (HNO;) = 1, noatomy mousipHas Macca 3kBuBajieHTOB HNO; paBHa MoJsipHOM
Macce:

M (1/HNOs) =M (HNO;) = 63,01 r/monb

TuTpoBaHHBIA PACTBOP IE€pMaHraHaTa KaJUsl HEJIb3sl MPUTOTOBUTH PACTBOPEHUEM
TOYHOW HABECKH: MTPOJAXKHBIA IEPMAHTAHAT KaJus COACPKUT psAll npumeceit. Kpome Toro,
KOHIICHTpAI[Usl MepMaHTraHaTa Kajivsl, MEPEeBEJEHHOIO0 B PacTBOP, 3aMETHO MOHMKAeTCH,
T.K. OH pacxoJyeTcsi Ha B3aUMOJEHCTBUE C aMMHAKOM, OPTaHMYECKHMMH BEIIECTBAMU U
JPYTUMHU BOCCTAaHOBUTEISIMHM, MPUCYTCTBYIOIIMMU B Bojae. [loaTomMy HOpManbHOCTH
pacTBOpa TepMaHTaHATa KaJdsg YCTAaHABIMBAIOT OOBIYHO depe3 S5-7 pgHEd mocie
npurotoBiieHusi. VICXOOHBIMK  BELIECTBAMHU  JJI1  CTAaHJAPTU3AIMU  €r0  CIIYKHUT
CBEXKEIMPUTOTOBIICHHAS IIaBeJieBas KucioTa uiu ee coiu Na,C,0, u (NH,),C,0,4 . H,O

B).MeToa KoMILIEKCOMETPUHA

Hapsiny ¢ pacCMOTpPEHHBIMM METOJAMU KHCIOTHO-OCHOBHOTO W OKHUCJIHUTEIIBHO-
BOCCTAHOBUTEJIBHOTO TUTPOBAHUS B XMMHYECKOM aHAJIU3€ IIUPOKO MCIOJB3YIOT METO/
KOMIIJIEKCOHOMETPHH.

DTOT METOJI OCHOBAaH Ha peakiuyi 00pa3oBaHUs MPOYHBIX KOMILJIEKCHBIX COCTMHEHUI
WOHOB METAULIOB C PAJIOM KOMIUIEKCOOOpa3yIOIUX OpPraHUYECKHX PEaKTHUBOB,
MOJYYMBIINX HAa3BAaHUE KOMILUIEKCOHOB. CBS3bIBaHUE OMNPEACISIEMOr0 KaTHOHA B
KOMITJIEKC MPOUCXOIUT TEM TIOJIHEEe, YeM MpovHee oOpa3yromnuiics koMruieke. s atoro
TUTPOBAHHE KOMILUIEKCOHAMU MPOBOAST IMPU CTPOrO OMNPEACIICHHBIX YCIOBUSX, U3
KOTOPBIX HanOoJbIllee 3HaUeHne nMeeT pH TuTpyeMoro pacTropa.

MeToa KOMILJIEKCOHOMETPHUU MMeeT PSi/I MPeuMYIeCTB.

[. O6mamaer BRICOKON YYBCTBUTEIBLHOCTHIO (I10 107 momnb/1).

2.Peakiiuu mpoTEKaroT OBICTPO U CTEXHOMETPHUYHO, T. €. B CTPOr0 IKBHBAJECHTHBIX
OTHOUIICHMSX, YTO OTKPBHIBAET IIMPOKUE BO3MOKXHOCTH MPUMEHEHHUS KOMIUJIEKCOHOB JIJIs
omnpeesieHUs] OOJBIIMHCTBA KaTUOHOB, B TOM YHCJI€ KaJbIlWsl, MarHus, Oapus, UHIUS U
JIp., KOTOPBIE HEBO3MOKHO MEPEBECTH B KOMIUIEKCHBIE COEIMHEHUS IPYTUMU METOIaMH.
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3. OOnagaeT BBICOKOW HM30MPATENHLHOCTBIO, YTO MO3BOJISIET MCIOJIB30BATh METOJ B
XUMUYECKOM aHaju3€ pa3JIMYHbIX CIUIABOB, MHUHEPAJIOB, B YAaCTHOCTH CHUJIMKATHBIX
MaTepHaioB U BSLKYIIUX BEIIECTB.

B KOMIJIEKCOHOMETPUM HCMOJIB3YETCS MpsSIMOe, OOpaTHOE U 3aMECTUTEIbHOE
TUTpOBaHUE. PacCMOTpUM TOJIBKO MPSMOE TUTPOBAHHUE.

MeToI0M MPSMOr0 KOMIUIEKCOHOMETPUUIECKOr0 THUTPOBaHMsS ompenesior Cu’',
Pb**, Co™, Ni**, Ba™, Ca™, Mg*" , Sr**, AD’, Fe** , Fe’* u MHorue apyrie KaTHOHBI Ipu
onpenaeneHHoM 3HaueHnnu pH pactBopa.

B KuCII0ii cpejie IPOBOJIAT aHAIM3 JIMIIb HEKOTOPBIX KaTnoHoB: Fe'*, A1°*, Se , Zn™*
00pa3yromux ¢ KOMIUIEKCOHAMH TPOYHBIC KOMIUIEKCHBIE COeMUHEHUs. Tak, Hampumep,
ompeneneHue xenesa Beayt npu pHI1—2; amomunus — npu pH-5. J{ns obecneuenus
KHCIION Cpelsl B HCCIEAYEeMBId PACTBOP JO0ABISIOT aleTaTHbIM OydepHBId pacTBOP
(CH3COOH + CH3COONa) nnu pacTBOp MUHEPAIBHBIX KUCIIOT U UX COJIEH.

BoabIIMHCTBO K€ KaTMOHOB B KHUCJIOW Cpelie ¢ KOMIUIEKCOHaMHU 00pa3yloT OYEHb
HEYCTOWYMBBIE KOMIUIEKCHBIE COEIMHEHMS WM COBCeM HuX He oOpasyior. [losTtomy
TUTPOBAaHUE PACTBOPOB OIPEACIAEMbIX KATHOHOB, 3a HEKOTOPbIM HCKIIOYEHHEM,
NpoBOAAT B meiouHon cpeae npu pH8—13. Jlns oOecrnedeHus ImIieI0OYHOM cCpeabl B
npoliecce TUTPOBaHUS J0OABIIAIOT COOTBETCTRYIOLIME OypepHbIe PACTBOPHI UM PACTBOPHI
menoveit KOH nnm NaOH. Hanpumep, npu onpeaeneHusx B meao4Hou cpeae npu pH8—
10 noGasnstor ammonHmitHBIN Oydepubrit pactBop (NH; H,0 + NH,C1). Jlna oGecrieuenus
cunbHoMIenouHoi cpensl pH>10 B uccnenyemsiit pactBop 106aBnsaioT 20%-Hblil pacTBOp
meioun KOH nim NaOH.

HawubGonpmiee 3HaueHWE W3 KOMIUIEKCOHOB HMEET JTHIJICHIUAMUH-TETPAYKCYCHAsS
kucinora (OATY) u ee kucnas JBYHATPUEBASA conb (DJITA), xoTopyro Ha3bIBalOT
koMmriekTHOM 111 nnu Tpunornom b (cokpamennas hopmyna Na,H,Y):

HOOCH,C — N - CH,; - CH, - N - CH,COOH
! !

NaOOC - CH, CH,; - COONa

Komnnekcen 11 oGpa3syer npouHble pacTBOPUMBIE B BOJI€ KOMIUIEKCHBIE COEAMHEHUS
C KAaTMOHAMM IIEJIOYHO-3EMEJIBHBIX MeTauioB (mmaBHas noarpynna II rpynmsr
NIEPUOANYECKOM CHUCTEMBI), MapraHia, BCEX pEIKO3eMENbHBIX M aAp. B pesynbrare
peaKuy KaTHOHBI METajljla 3aMeIaloT KaTHOHBI BOAOPOJa B KapOOKCHIIBHBIX TpyHIax -
COOH KOMIUIEKCOHA M CBSA3BIBAIOTCS JOHOPHO-AKLENTOPHOM CBS3bIO C aTOMamH a30Ta.
Hanpumep, B KOMILUIEKCHOM coyM Kaiblus ¢ KomiiekconoM [1I:

0 =C-0

NaOOC—CH, CH,—CH CH,—COONa
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Peakuuro B3aumonencteus komiuiekcoHa Il ¢ katTmoHamMu Kaybius yCIOBHO MOKHO
MIPEACTABUTh YPAaBHEHUEM

Ca* +H, Y =CaY” + H'

Ota peakuus oOpatuma. YToObl CMECTUTH paBHOBECHME B CTOPOHY OOpa30BaHMUS
BHYTpH KoMIuieKcHoro coeauHeHust Naz;[CaY], Heo6xoaumo cBsi3aTh KaTHOHBI BOJOPO/A.
Jto nocturaercs nobOasinenneM ammoHuiHoM Oydepnoit cmecu (NH3H,0 + NH,C!)*,
obecmeunBarorieit Tpedyemoe 3HaueHne pH pactBopa.

B Merome KOMIUIEKCOHOMETPUM TNPU THUTPOBAHUM TOYKY SKBUBAJEHTHOCTH
YCTaHABJIMBAIOT C IOMOUIbI0O MHAUKATOPOB (METAJJIMHAUKATOPOB), MPEICTABISIOIINX
co00l OpraHWYecKUe KPacUTeNd, 00pa3yoIIne ¢ ONpeAeIIeMbIMA KATHOHAMU METaJJIOB
pPacTBOPUMBIE B BOJIE OKPAILIEHHBIE KOMIUIEKCHBIE COEIUHEHUSI.

[lomy4yeHHble TpPU 3TOM KOMIUIEKCHBIE COEIMHEHHS MEHEE IPOYHbIE, YEM
BHYTPUKOMIUIEKCHBIE COJIM, OOpasyemMble KaTHOHAMH METAUIOB C KOMIUJIEKCOHAMHU.
[losTOMy TIpM TUTPOBAHWM, KOTJa BCE OINpEIEIsEeMble KAaTHOHBI CBSI3aHbl B IIPOYHBIC
BHYTPHUKOMIUIEKCHBIE COJIM (TOYKA SKBUBAJIEHTHOCTH), HAOIIOJAETCS U3MEHEHUE OKPACKH.
DT0 OOBSACHAETCS TE€M, YTO HEYCTOMYMBOE KOMIUJIEKCHOE COEIMHEHHE HWHIUKATOpa C
ONPENCISIEMBIMU KAaTHOHAMM TIOJHOCTBIO Pa3pylIaeTCs, W WHIWKATOpP BBIAECISAETCA B
CBOOOJTHOM BH/JI€, IIBET KOTOPOTO PE3KO OTIMYAETCS OT L[BETA KOMILJIEKCHOT'O COE€IUHEHUS
WHJAKATOPA C ONPEAECIIEMbIMA KATUOHAMH.

B kayecTBe WHAMKATOPOB B KOMIUIEKCOHOMETPUYECKOM METOAE IPUMEHSIOT
CIEAYIOUIME OPTaHUYECKUE KPACUTEIN: IPUOXPOM YEPHBIM T M KHUCIOTHBIM XpOM TEMHO-
CHUHHM, MypEKCHU U JIP.

JpuoxpoM 4YepHblii T M KHCJIOTHBI XPOM TEeMHO-CHHMH. DT HHAMKATOPHI
OKpallleHbl B CUHUN LBET. VX MPUMEHSAIOT IPU TUTPOBAHHM AHAIM3UPYEMBIX PAaCTBOPOB
KAaTHOHOB METAJJIOB CTaHAApPTHBIMU pPacTBOPaMU KOMIUIEKCOHOB IIPH ONPEAEICHHOM
3HaueHuu pH, nHanpumep katnonoB nuHka (pH 9—10), marnusa (pH 10—11) kanbius
(pH>12).

C xaTMoHamMu KajbLWs, MarHusl U HEKOTOPBIMU IPYTHUMH KUCIOTHBIM XpOM TEMHO-
CUHHUU W 3pHOXpoM 4YepHbIl T B 1IEeT0YHOM cpefe 00pa3yeT KOMILIEKCHBIE COCTUHEHUS
BUIIIHEBO-KPACHOTO IB€Ta. B TOYKE 5SKBHBAJECHTHOCTH KOMIUIEKCHOE COEAUHEHUE
ONpPENCISIEMbIX KAaTHOHOB M HWHAMKATOpa pa3pyllaeTcs, WHIAUKATOpP BBIIEISAETCS B
CBOOOJTHOM BHUJE, M OKpacka pacTBOpa pEe3KO M3MEHSAETCd B CHHMA LBET (IBET
VH]INKATOPA).

Jlis mpurotoBieHUs aMMOHHIHON OydepHoit cmecu 54 r© XJjopuaa aMMOHHS
pactBopsitoT B 350 cM3 koHueHTpupoBaHHOTO pactBopa NH,OH u muctuiuimpoBaHHOM
BOJIOM NOBOJAT 00beM pactBopa A0 1 n. [IpuroToBieHHBI pacTBOp XpaHAT B CKIISTHKE,
IUIOTHO 3aKPBITON TPOOKOIA.

Mypekcua. OH OKpallleH B TEMHO-KpPAcHbIi LIBET. BOAHBINA pacTBOp €ro oKpalieH B
(buoneTOBO-KpacHbBIN LBET, N3MEHSIOMINNACSA B 3aBUCUMOCTH OT cpefbl pacTBopa npu pH <
9 B kpacHo-puoneroBbiii, mpu pH 9—10 - ¢uoneroswiii, mpu pH > 11 - cune-
¢uoneroBbii. C KaTHOHAMH, HAMpHUMEp, KalbIUs MYpPEKCH7 00pa3yeT KOMILIEKCHOE
COEMHEHHE KPacHOTro 1BeTa. B mpoiecce TUTpoBaHUS paCTBOPOB COJIEW KaJlbLIMsI, MarHUs
U IPYTUX METAJUIOB B MIPUCYTCTBUHM MYPEKCHAA B TOYKE SKBUBAJICHTHOCTH KPACHBIN I[BET
pacTBOpa U3MEHSAETCS B CUHE-(DHOJIETOBBIM.
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Bonpocel 111 caMOKOHTPOJISA

1. B ueMm cynHOCTb TUTPUMETPUUECKOTO aHaAIN3a?

2. UYto Takoe CTaHIApTHBIN pacTBOp?

3. Uto Ha3bIBAETCS MHAUKATOPOM?

4. KakuM TpeOoBaHUSAM  JOJDKHBI  OTBEYATh pEAKUUU  OKUCIECHMS  —
BOCCTAHOBJIEHUSI, YTOOBI UX MOXHO OBLJIO UCIOJIB30BaTh B KOJIMYECTBEHHOM aHaIN3e?

5. IlouemMy Henb3s IPUTOTOBUTH TOUHBIN pacTBOp KMnO, npsimMo u3 HaBecku?

6. Kakue BemiecTBa MOKHO ONPEAEIATh NEPMAHTAHATOMETPHUECKUM METOJIOM?

7. Ha 4yem ocHOBaHa METOIMKA OIPEAECIECHUS TUTPUMETPUYECKOM AHAIM3E U
KaKOBBI HEOOXOAMMBIE YCIOBHS JIJIsl MPOBEACHUS TUTPOBAHUS?

8. SBnsgercs M MOJSpHAs Macca SKBUBAJEHTOB BELIECTBA IMOCTOSHHOMN
BeMYMHONU? OT Yero 3aBUCHUT €€ 3HaUeHHE?

9. Yto takoe TUTp pactBopa? Kakue pacTBOphl HA3bIBAIOTCS THUTPOBAHHBIMU?
[TpuBenuTe npuMepsl.

10. Onummre ¥ NOATBEPANUTE NMPUMEPAMU PA3IUYHbIE CIOCOOBI MPUTOTOBICHUS
CTaH/apTHOIO pacTBopa’?

11. Ha3oBure MeTOABl TUTPUMETPUUECKOIO aHaiu3a. UYTO JEKUT B OCHOBE
METOI0B?

12. IlpuBeaute mnpumepbl U OOBSICHUTE TEXHUKY BBIIOJIHEHUS Pa3IMYHbIX
IPUEMOB TUTPOBAHUS.

13. Ha uyem ocHOBaHO  (UKCHpPOBaHHWE TOYKA  HKBUBAJEHTHOCTH B
TUTPUMETPUUECKOM aHAIN3E?

14. [aiite kiaccu(uKaluio XUMUIECKX HHANKATOpoB. Ha yem oHa ocHOBaHa.

15. Onummre npyuHUMI JEHCTBHS KHUCIOTHO-OCHOBHBIX MHAMKATOPOB. UTO Takoe
uHTepBai nepexona? Kak ero paccunrarsb?

16. Ha3oButre Haumbojee pacnpoCTpaHEHHBIE HWHIMKATOPHI, HX OKpPacKy B
Pa3IUYHBIX Cpelax.

17. Kaxue MHIMKATOPHI HA3BIBAKOTCS METAJUIMHIUKATOPAaMU ?

18. Omnpenenutre MoNspHYIO Maccy OdkBUBaIEHTOB M [(1/z)X] craemgyrommx
coenunenuii: NaH,PO,, HBr, Mg3(POy,),, K;HPO,.

19. Onwuimrte 4MCI0 3KBUBAJIEHTHOCTU M MOJISIPHYIO Maccy 3kBuBajieHTOB H3PO,
B peakuusix: a) H;PO4+2KOH=K,HPO,+2H,0;

6) H3PO4+3KOH=K3PO4+3H20

20. B wuccnenyeMoM pacTBOPE METHJIOBBI OpaHXEBBIM MPUHSAI KPAacHYIO
OKpacKy. MOKHO JI1 TOYHO Ha3BaTh 3HaueHue pH nanHoro pactsopa?

21. KonueHnrparms kaTHoHOB Bojopona [H']=10". Uemy paBHa koHueHTparms
ruapokcun - noHoB [OH'], pH pactBopa? Ha3zoBuTe OKpacku METHIOBOIO OPaHXKEBOTO
u peHonTanenHa B 3TOM pacTBOpeE.

22. B wuccnemyemoM pactBope ¢eHon(pTaienH NPUHI KPacHO — (PHOIETOBYIO
okpacky. Onpenenure pH u cpeny 3Toro pactsopa.

23. Yto0 Takoe KOMIUJIEKCOHBI U KAKOBO MX 3HAUYCHUE?
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Tema 4.2.3 ®u3uko-xuMu4ecKue MeTo/ibl aHaau3za .doromerpust

A).CymHocTh ¥ MeTOABI GOTOMETPHYECKOT0 AHATH3A

K ¢usuko-xuMudeckuM MeETOJIaM OTHOCSITCS METOJbl aHalu3a, OCHOBAaHHBIE Ha
3aBUCUMOCTH duznyeckoit XapaKTEPUCTUKN BELIECTB (cBETOMOIIAIEHHS,
CBETOIPEIIOMIICHUS, JIEKTPUYECKON TPOBOUMOCTH U T.JI.) OT UX XUMHUYECKOI'O COCTaBA.

MHTEHCUBHOCTh (PU3MYECKOIO CUTHAA (M3MEHEHHUs) 3aBUCUT OT KOHLEHTPALUU
ONpENEIIEMOTr0 KOMIIOHEHTA. M3MepeHne NnpoBOIAT C IOMOIIBI) COOTBETCTBYIOIIEH
annaparypsl (MHCTPYMEHTAJIBHBIE METOJIBI).

DU3NKO-XMMUYECKAE METOJBI aHAIM3a MMEIOT LIMPOKOE NPHUMEHEHUE TaK Kak OT
JIPYTUX METOJOB OTINYAOTCS:

1) 0oJiee BHICOKOW YyBCTBUTEIHLHOCTHIO OMPEICIICHNUS;

2) OBICTPOTOM OMPEECIICHUS.

PaccmoTpum TONIBKO TpHU METOAA.

1. dotomeTpuio (HOTOIIEKTPOKOIOPUMETPHIO).
2. Xpomarorpaduio (MOHOOOMEHHYIO).
3. [Torenunometputo (pH — Metpuro).

DOTOMETPUYECKHI METO AHAJHU3A MNOAPA3ACJAIOT HA KOJOPUMETPUUYECKU,
(GoT032/1eKTPOKOJIOPUMETPUYECCKUI U CIEKTPOPOTOMETPUYECKU .

Konopumempua u ¢pomosnekmpokonropumempus OCHOBAHBI Ha H3MEPEHUU
MOTJIOUIEHUS CBETOBOTO MOTOKA, MPOUIEAIIETO YEPE3 OKPALLIEHHBI PacTBOP.

Cnekmpoghomomempusa OCHOBaHA HAa WU3MEPEHUU IMOIJIOLIEHUS] CBETOBOIO MOTOKA,
MPOLIEIIIETO Yepe3 OKPaIIeHHbIA UM OECLIBETHBIN PACTBOPHI.

CreneHp MOTJIOIIEHUSI CBETA HAXOAMUTCS B MPSAMOUN 3aBUCHMOCTH OT KOHLEHTPALUU
OKpAIIEHHOI0 KOMIIOHEHTa U OT TOJILIMHBI PACCMaTPUBAEMOTIO Ci10s pacTBopa. CBeTOBOU
NOTOK, MPOXOJs 4Yepe3 OKpPAIICHHBIA pPAacTBOp, TEPSIET 4YacTb HMHTEHCHUBHOCTH M TEM
OOJBITYI0, YeM OOJBINe KOHIIEHTPAIUs OKPAIIEHHBIX MOJIEKYJ WM WOHOB W TOJIIWHA
cj04 pactBopa. s oKpalleHHbIX paCTBOPOB MEXAY HHTEHCUBHOCTBIO MAJAIOLIETO CBETA,
NOTJIOIIEHUEM CBETa, KOHIIEHTPAalMEeW OKPAIEHHOTO KOMIIOHEHTa M TOJIIMHON CJOA
CYILIECTBYET 3aBUCUMOCTh, Ha3bIBa€Masi 3aKOHOM IOIJIOLIeHHs cBeTa (3akoH Bbyrepa —
JlamOepTa — bepa). [lo 3TOMy 3aKOHY MOIJIOIIEHUE CBETA, MPOIIEAIIETO Yepe3 CJIOU
OKpALIECHHOW KUIKOCTH, 3aBUCHUT KOHIIEHTPAlUMU OKPAIIEHHOIO0 BEIIECTBA W TOJIIHHBI
MOTJIOUIAOIIETO CJ0SI pacTBOPA.

CpaBHEHUE CBETOBBIX IOTOKOB B KOJOPHUMETPUYECKOM aAHAJIU3€E OCYILIECTBISACTCS
BU3YaJIbHO (HEBOOPYKEHHBIM TJiazoM). [Ipubopkl, mpeaHa3HAYeHHbIE AJII CpPAaBHEHUS U
U3MEPEHUSA CBETOBBIX NIOTOKOB (MHTEHCUBHOCTH OKpPACKH pAacTBOPOB) BHU3YaJbHBIM
METOJOM, Ha3bIBAIOT KOJIOPUMETPAMH.

CpaBHEeHHE  CBETOBBIX  TIOTOKOB B METOAAaX  (DOTOKOJIOpUMETpUU U
CHEKTPO()OTOMETPUH OCYIIECTBISIOT C TMOMOIIBI0 (POTOMETPUUYECKUX MNPUOOPOB —
(p0T03/IEKTPOKOJIOPUMETPOB U CNIEKTPO(OTOMETPOB.

B ¢dotosnexTpokonopuMeTpun  cTeneHb morjomeHus cera. DoTosnemeHt
NpeCTaBIsieT cOO00M METaJUIMYECKYIO IUIACTUHKY, MOKPBITYIO CJIOEM MOJIYIPOBOIHHKA
(ceneH, cynbdua cepedpa u ap.). CBETOBOM MOTOK, Mmomnaaas Ha (OTOIIEMEHT, BO30YK1aeT
B HEM DJIEKTPUYECKUM TOK.

Benuunna Bo3HHKaromero (GoTroToka MpsAMO PONOPLMOHAIbHA —MAJAoIEMy

CBETOBOMY IMOTOKY (3ak0oH CToJieTOBA).
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Bo3nukamommii TOK perucTpupyercsi BKIIOUYEHHBIM B 1I€Mb YYBCTBUTEIbHBIM
MUKpPOAMIIEPMETPOM, OTKIFOUEHUE CTPEIKUA KOTOPOTO MPOMOPIMOHATIBLHO OCBEIICHHOCTH
doTornemenTa. Paznuyaior GoTo3s1eMeHThl, TO3BOISIONIME TPOBOUTH ONpPENEIEHUsl KaK
B BUJIUMOM, TaK U B yJIbTpadUOIETOBON 00JACTAX CHEKTpA.

[Ipumenenue (GHOTOIIEMEHTOB /a0 BO3MOKHOCTh aBTOMATU3UPOBAThH OINpPECICHHE
KOHLIEHTPAIlMi KOMIIOHEHTOB MPU XUMUYECKOM KOHTPOJIE TEXHOJOTUYECKUX IMPOIIECCOB.
[Ipeo6pa3oBanue CBETOBOW JHEPIMHM B JJIEKTPUUYECKYIO Ha (POTORIEMEHTE CBSI3aHO C
sBierneM Gotodrddexra.

DoT103¢dPeKTOM HA3BIBACTCS OTPHIB OT aTOMOB PA3JIMYHBIX BEIIECTB SJIEKTPOHOB
MO/ BJIUSIHUEM CBETOBOW SHEPIUMU.

@DOTOANEKTPOKOJOPUMETPEl B 3aBUCHMOCTH OT YHCJIA MCHOJIb3YEMbIX IIpH
U3MepeHUH (POTOAIEMEHTOB JENAT Ha JABE Ipynmnbl: 1) (HOTOIIEKTPOKOIOPUMETPHI C
0JIHUM (HOTORIEMEHTOM (OJHOTYUYEBbIE MPUOOPHI); 2) (POTOIIEKTPOKOTOPUMETPHI C IBYMS
dboTornemMenTaMu (AByXJyuyeBbie). B 3aBOJICKMX M Hay4HBIX JIaDOpATOPHUSIX Yalle BCEro
UCIIOJB3YIOT (POTOIIEKTPOKOIOPUMETPHI ¢ ABYyMs (oTodnemeHTamu: OOK — M; OOK —
56M; ®OK — H - 57 u np.

®otomeTp porornekTpuuecknii KOK-3

Hasnauenue

dotometp dotoanextpuueckuit KOK-3 (B nanpHeiimem — oToMeTp) npeaHazHaueH
Ui U3MepeHHsT KOA(P(GUIUEHTOB MPOMYCKaHUs M ONTHYECKON IMJIOTHOCTH MPO3PavyHbIX
KHUJKOCTHBIX PACTBOPOB M MPO3PAUYHBIX TBEPABIX O0Opa3loOB, a TaKXKe ISl U3MEPEHUs
CKOpPOCTH M3MEHEHHUs ONTUYECKOW IUIOTHOCTH BEILECTBA U OINPEAEICHUs KOHILIEHTpaluu
BEILIECTBA B PACTBOPax.

@oTOMETp MpENHA3HAYEH Ui NPUMEHEHUS B CEJIBCKOM XO35MCTBE, MEIWLHMHE, HA
OPEeINpUITUSIX  BOJAOCHAOKEHUS,  METAJUIYPTUYECKOW,  XUMHYECKOW,  MHILEBOMN
IPOMBIIIIIEHHOCTH U JPYTUX 001acTAX HAPOJHOTO XO34HUCTBA.

YCTpPOMCTBO , IPUHIUI JelcTBUS U padoTa ¢goTomMeTpa

IIpuHuun geiictBusi (poTOMETpa OCHOBAH HAa CPAaBHEHUU CBETOBOIO IMOTOKAa @D,
IPOIIEIIET0 4Yepe3 pPACTBOPUTENb WM KOHTPOJBHBIM PacTBOpP, IO OTHOIICHUIO K
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KOTOPOMY MPOU3BOAUTCA H3MEpPEHHE, U CBeTOBOro mnoroka @, mpomexamiero yepes
UCCIIENYEMYIO CpELY.

CeetoBble TOTOKH Dy U @ QoTOnpUEeMHUKOM Tpeodpa3yeTcsi B IIEKTPUUYECKUE
curHaibl Uy, U u U, (U, — cuUrHaJl 1pud HEOCBEUICHHOM MPUEMHHUKE), KOTOpbIC
oOpabartbeiBatoTcss MUKpo-OBM (dotomerpa u mpencrapistorcs Ha 1udpoBoM Tabiio B
BUJIe Kodh(dUIMEHTa MPOMyCKaHUsl, ONTUYECKOM IUIOTHOCTH, CKOPOCTH W3MEHEHUs
ONTUYECKON INTIOTHOCTH, KOHUEHTPALUH.

YcrpoiicTBo 1 paboTa cOCTABHBIX YacTeil (poTomMeTpa

doTomeTp BHIMOJIHEH B BUAE OAHOro Onoka. Ha MerammmueckoM OCHOBaHHUU
3aKperieHbl y37bl (pOTOMETpa, KOTOphIE 3aKpbIBalOTCA KOXKyXoM. KroBeTHOe oTaeneHue
3aKPBIBAETCS CbEMHOM KPBILIKOM.

B ¢dotomerp BxoasaT dhoTomerpuueckuii 00K, OJIOK MUTAHUS, MUKPOIPOIIECCOPHAsI
cucrema.

Ha GokoBoii creHke poromeTpa pacrosoxena pesucropa u tymonep (CEThD).

bJok poromeTpruecKui

B ¢doromerpuueckuii OJ0K BXOAAT: OCBETUTENb, MOHOXPOMATOpP, KIOBETHOE
OTZIeJIeHUE, KIOBEToiepkKaTesl, POTOMETpHUUECKOE YCTPOUCTBO.

MOHOXpOMATOP CIYKHUT JJIS MOJTYYEHHS 3aIaHHOTO CIIEKTPAJIBHOTO COCTABA.

Pyuxa ciayxut aiist moBopota qupakiiMOHHON PEIIeTKH.

KroBeTHOE OTHeneHue mpeacTaBiseT co00il KOPIMyC, KOTOPBIA C MOMOIIBI0 OOJITOB
KPEMUTCSA K KOPILYCY MOHOXPOMATOPA.

B xroBeronep:karTenb yCTaHABIMBAIOT KIOBETBI C PACTBOPUTEIEM U HCCIETYEMBIM
pacTBOpPOM.

BBon B CBETOBOM Iy4OK OAHOM WJIM IPYTrOM KIOBETBHI OCYIIECTBISETCS MOBOPOTOM
PYKOSITKH JIO yIIOPa BJIEBO WJIM BIPABO.

[Ipy ycTaHOBKE PYKOSITKM JO yIOpa BJIEBO B CBETOBOM IMYYOK BBOJUTCSl KIOBETA C
pacTBOpPUTEIIEM, IIPU YCTAHOBKH PYKOSITKH O yIIOpa BOPABO B CBETOBOM IyYOK BBOJIUTCS
KIOBETA C UCCJIEAYEMBIM PACTBOPOM.

bJioxk nuranus

B 06roke muTaHus pacrosioKEHbl MeyaTHbIE IUIaThl CTAOWMIIM3aTOPOB HAMpPsKEHUH,
CUJIOBOM TpaHchopMaTop.

Ha 60k0BoOi1 cTeHke 0J10Ka MUTAaHUsI UMEETCS BBIKJIIOUATENb CETEBOIO HAIIPSAKEHUSI.

MuxponpouneccopHasi cucrema

MukpomnpoliieccopHas cucTeMa 00ecreunBaeT BHIMOIHEHUE CEMU 3aau:

HVYIJIb — u3mepenue u yuyet CUTHaja Mpu HEOCBEIEHHOM (DOTONIPHUEMHHUKE;

I' — rpanyupoBka poTomeTpa;

E — n3MepeHne onTuiecKkomn II0THOCTH;

1 — u3mepenue k03P PUIMEHTA TPOITYCKAHUS;

C — u3MepeHue KOHUEHTpaLuy;

A — M3MEHEHHE CKOPOCTH U3MEPEHHS ONTUYECKOM IIJIOTHOCTH;

K — BBOZ KO3 (pdunrieHTa hakTOpU3aLIUN.

IloaroroBka Kk padore

[Toncoenuuuth Pporometp k cetu 220B, 50/60 I'tt u Brtounth TyMOaep CETD.

Haxarp knaBumy IIYCK - Ha uudpoBom Tabio moSBISETCS CUMBOJI «I'»,
COOTBETCTBYIOIIEE €EMY 3HAUYCHHUE U 3HAUYCHUE JITTMHBI BOJIHBI.
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[locne AnMUTENHLHOTO XpaHEHUs WIM TPAHCHOPTUPOBaHUS (PoTOMETpa HEOOXOIUMO
MPOBECTH MPOBEPKY TEXHUUYECKOTO cocTosiHUs (oTomerpa. IIpu Tekyiield MoAroToBKE
dboTomeTpa K paboOTEe NPOBEPKY TEXHUUECKOTO COCTOSHUS HE JIeNaloT, JOCTATOYHO
BbIJIEPKaTh (POTOMETP BO BKIIOYEHHOM COCTOSIHMM 30 MUHYT MpU OTKPBITOM KPBIIIKE U
MIPOU3BECTU U3MEPEHHUE U yUET HYJIEBOTO OTUeTa. MI3MEpeHue u y4eT HyJIeBOro OT4eTa I
npou3BectTd HaxatueMm kinaBuid HYJIb. Ilpu u3sMepeHun HyneBOTO OTCYETA KPBILIKU
KIOBETHOTO OTJEJICHUSI JODKHO ObITh OTKphITa. Ha mmdpoBoMm Tabmo cmpaBa oOT
MUTAIONIEH 3amsiTONM BBICBEUMBAETCS 3HAYEHHUE T , ClI€Ba — CUMBOJ «(0». 3HaueHHUE I,
nokHO ObITh He MeHee 0,005 u e 6oiee 0,2000.

Ecnm oTyeT m)HE yKIaapBacTCs B yKa3aHHBIC MPEEIbI, CIETYET JOOUTHCS HY)KHOTO
3HaueHusa ¢ nomoinpro pesucropa YCT.0. YcTaHOBKY Hyssl NPOM3BOJIWTH IPU HAXKATUU
xiasumm HYJIb.

ITopsok padoTsl

HN3mepenne KO3 PUUMEHTA NPONMYCKAHUS UJIU ONTHYECKOU IVIOTHOCTH

1.1 VYcraHoBUTh B KIOBETHOE OTACICHUE KIOBETbl C PACTBOPUTENEM WJIHU
KOHTPOJIBHBIM PacTBOpPOM. II0 OTHOLIEHHIO K KOTOPOMY MPOU3BOAMTCS H3MEpPEHUE, U
UCCIIEyEMBIM PaCTBOPOM.

KroBeTy ¢ pacTtBopuTesieM WM KOHTPOJBHBIM PAaCTBOPOM YCTAHOBUTH B JaJIbHEE
THE3/10 KIOBETOJIEpIKaTeNs, a KIOBETY C MCCIEAyeMbIM PacTBOPOM — B OJIMKHEE THE3Z0
KIOBETOJIEPAKATEIIS.

B cBeroBoM nydOK YCTaHOBUTH KIOBETYy C pactBopureneMm. Eciau usmepenue
MIPOU3BOANTCSI OTHOCUTEILHO BO3/yXa, HAPUMEDP, s o0pas3iia U3 CTeKJIa WIH APYTroro
MpPO3payHOTO MaTepuana, TO B 3TOM Cilydyae JajJbHEE THE30 KIOBETOJEp KaTelsl JOJKHO
OBITH CBOOOIHBIM.

1.2 YcTaHOBUTH PY4YKOW [JIMHY BOJIHBI, HA KOTOPOM IMPOU3BOJIUTCA H3MEPEHHE
pacTtBopa. JITnHA BOJTHBI BHICBETHTCS HA BEpXHEM ITU(DPOBOM TabII0.

1.3 Ilpu 3aKpbITOM KpBIIIKE KIOBETHOIO OTIENEHUs HaxaTh kiaBumy «[». Ha
HIUOKHEM LU(pOoBOM TabJI0 ciieBa OT MMIaloIIed 3amsiTOl BBICBETUTCS CHUMBOJ «I'».
Haxate wmaBumy «II» wmm «E». CneBa oOT wMwuraromeil 3amsiTod BBICBETUTCS
COOTBETCTBEHHO cuMBOJ «[I» wmm «E», a cmpaBa oT Murarmomied 3amsaTol —
coorBeTcTBeHHO 3HaueHus «100,0 +0,2» wmm «0,000 +0,002» o3Ha4aroliee, YTO
HadalbHBI  oTcueT mnpomnyckanus (100,0%) wnm ontuueckoi mnotHocty (0,000)
YCTaHOBWJICS Ha (POTOMETpPE MPABUITBHO.

Ecmm otuetsr «100,0 +0,2» wumm «0,000 +0,002» ycTaHOBUIUCH € OOJNBIIAM
OTKJIOHCHHEM, HaXaTb Ha KiaBumu «I» wmm «E» moBTOpHO, coOmoass HEOONBIIYIO
nay3y (3-5c¢.).

OTKpBITh KPBILIKY KIOBETHOTO OTIENEHUS M HaxaTh Ha kiasuiry HVYJIb, 3akpsiTh
KpBILIKY, HaXaTh Knasuiy [1 nnm E.

1.4 3arem pyKOSITKY YCTaHOBUTH BIIPABO /10 YIIOpa, MPU 3TOM B CBETOBOM IMYyYOK
BBOJIUTCSI KIOBETA C MCCIIEyeMbIM pacTBOpoM. OTCUYET HA CBETOBOM Ta0JI0 OT MHTarolen
3amsTOM COOTBETCTBYET KOA(D(PUIIMEHTY NPOMYCKAHHUS WM ONTUYECKOM IUIOTHOCTH
UCCIIEyEMOTO PacTBOpa.

1.5 IloBToputh omepauuu mo myHkram 1.1 — 1.4 Tpu pasza, BBIYHCIUTH CpPEIHEE
apu(pMETHYECKOE 3HAYECHUE U3MEPSIEMON BETUUNHBI.
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1.6 Jlns mocTpoeHMsl CHEKTpadbHOM KpUBOW KOA(P(GUIIMEHTa NPOIMYCKAHUS WM
ONTHUYECKON IIOTHOCTH 00pa3iia MPOBECTU MO METOAMKE MyHKTOB 1.1 — 1.4,

1.7 TlocTpouTh CHEKTPaJbHYIO KpPUBYIO CBETONPOMYCKAHUS WJIM ONTHYECKOU
IJIOTHOCTH UCCIEyeMOro pacTBOpa, OTKJIAbIBAS 110 TOPU3OHTAIILHON OCH JIJTMHBI BOJH B
HAaHOMETPAX, a M0 BEPTUKAIILHON — CBETONPOMYCKAHUS WU ONTUYECKOIO MJIOTHOCTD

Bonpocs! Aj1s1 CAaMOKOHTPOJISA

1. B dewm 3akiodaercs CyImHOCTh (POTOMETPHUECKOTO aHaIn3a?

2.  CocraBbre ontuueckyto cxemy @OK u u3l0kKuTe NPUHILIUI €r0 JEHCTBUSL.

3. Yto Takoe 3TajJOHHbIE, CTAHIAPTHBIE, HYJIEBBIE H UCCIIEAYEMbIE PACTBOPHI?

4. Kak cTodr rpagyupoBaHHbIN rpaduK U KaKOBO €ro 3HaueHue?

5. Kakoe Ha3HAYEHUE UMeeT KOJIOPUMETP (bOoTORIEKTPUUECKHIA
KoHUeHTpupoBaHHbI KOK u B uem 3akirouaercs ero NpuHUMUI AEHCTBUA?

6. Kak 3anuceiBaercs u uto BelpaxkaeT 3akoH byprepa-Jlambepra-bepa?

7.  KakoB npuHUun paboTsl GOTOIEKTPOKOIOpUMETpa?

8. Kak mno xanuOpoBOYHOMY TIpauKy MOKHO OINpPEAEIUTh KOHILIEHTPALHIO
UCCIIENyEMOT0 pacTBopa’?

B).IloasspumMeTpuyecknii MeTO aHAIU3A.

Hoasspumerp CM-3 Ilonspumerp CM-3 npenHasHaueH [Uisi U3MEPEHHUs YyIUia
BpalleHUs] IUIOCKOCTH MOJSIPU3AaLMM  ONTUYECKH AaKTUBHBIMU  IPO3PAYHBIMU U
OJIHOPOJIHBIMU pPacTBOpPaMU M KUIAKOCTSMHU C LEJIbI0 ONPEAENICHUS WX KOHLEHTPALMH.
[lonapumeTp BHU3yalbHOTO THNA YyIOOEH B OKCIUTyaTalMd, oOO0JaJaeT BbICOKOU
HAJIC)KHOCTHIO U TOYHOCTBIO U3MEPEHUM, COOTBETCTBYET COBPEMEHHBIM J3CTETHUYECKUM M
spronomuueckum tpedoBanusM. [lonspumerp CM-3 npuMeHseTcs B pa3IMUHbIX OTPACIIAX
MPOMBITIUICHHOCTH: TTUIIEBON, XUMUUIECKOU, TOTUTPAPUIECKOMN.
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Hoasipumerp I1161-M nopratuBHbIi [lonspumerp [1161-M npennaznaueHn s
U3MEpPEHHsSl yIJla BpallleHWs IUIOCKOCTH TOJSpU3AlMM  ONTHYECKH aKTUBHBIMHU
NPO3pAaYHBIMU U OJHOPOJHBIMH pacTBOpamMu H kuakocTsmu. [lomspumerp I[1161-M
NPUMEHSETCS B JIA0OpaTOPUSAX TMHIINEBOH, XMMHUYECKON TPOMBINIJICHHOCTH W APYTUX
OTpacIsIX HAyKW W MPOU3BOJICTBA VISl OTIPEACIICHUS] KOHIIEHTPAIUK PACTBOPOB ONTUYECKU
AKTUBHBIX BEIECTB, TAKUX KaK caxap, TJIF0OK03a, OENOK MO YTy BpAaIIEeHUS TIOCKOCTH
TIOJISIPU3AITI Y.

Caxapumerp yHuBepcajdbHbli CVY-5 Caxapumerp CVY-5 npenHazHaueH s
U3MEPEHUs KOHLIEHTPALMM C€axapo3bl B PacTBOpax II0 YIVIy BpallE€HHs IIOCKOCTH
nonspuzanuu. 28 Caxapumerp CVY-5 npumensiercss AJisi KOHTPOJS TEXHOJOTHMYECKUX
IPOLECCOB Ha TMPEANPUATUSX MHUIIEBOM, MepepadaTbiBaomieH, (apmMaleBTHUYECKOH,
XUMHUYECKOM W JPYTUX OTpaciieldl NPOMBIIIEHHOCTH, a TaKXe JJI1 KOHTPOJsS KadyecTBa
MUILIEBBIX TPOIYKTOB.

D yilis & = yamepuieabnan ro1onka; 3 — Mexinmat YOranonki nomnyca: 4 — ko

4= RMBCIHCE 13e00MNe, G- Tpasepa; 7—onpasd nodapiaatopa; 8 — nonopornas

ofioina; I —ocacrareniit yiea; 10— pecyaiposaniui pann 11— smie 13 WALTCHI

b2 —puara paiveua; 13 —ncranka ndaokan; 14— wpsnma; 15— cmoma; i = pruia

pesietopa; 17— eqoiia; 18- ocnvoaie; 19— pyrostea Kanionorn ORI T !
20— aprreawias Tpyla,
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Hoasipumerpus OnTrueckoe BpalleHUE — CBOMCTBO BEIIECTBA BPAIlaTh IIOCKOCTh
MOJISIPU3ALMH [IPY NPOXO0KIECHUHU YEPE3 HErO MOJSIPU30BAHHOTO cBETa. B 3aBHCUMOCTH OT
NPUPOJBl ONTHYECKH AKTUBHOTO BEUIECTBA BPALICHUE TUIOCKOCTH MOJISIPU3ALAN MOKET
MMETh PA3JIMYHOE HAIIPABJIECHNUE U BEJIMUHUHY

HonsipumeTpuyecKuii aHAJIU3 OCHOBAH HAa M3MEPEHUM BpAILIEHUS IUIOCKOCTH
MOJISIpU3AllMM CBETa ONTHUYECKHM AKTUBHBIMHU BEIIECTBAMU. JTO CBOMCTBO OOYCIOBJIEHO
HAJIMYUEM B MOJIEKYJIE OPTaHUYECKOTO COCIUHEHHS XOTS Obl OJJHOTO aCHMMETPUUYECKOTO
aToma yriepona. ONTHYECKHA aKTUBHBI OOJIBIIMHCTBO YTIAEBOAOB, Y(OUPHEBIE Macia U Jap.

CylecTBYIOT KOJUYECTBEHHBIE 3aBUCUMOCTH MEXKY KOHIIEHTpAIIMEHd ONTHUYECKU
AKTUBHBIX BELIECTB OCYIIECTBIISIOT PU TOMOIIM MOJSPUMETPOB.

[TonapumeTpruYeCcKnl aHAIN3 MPUMEHSIOT ISl ONPEIEIICHUs KOJWYEeCTBa caxapa B
npoaykrax. OH SBISIETCA SKOHOMHYHBIM, OTJIMYAETCS MPOCTOTOM  BBHIMOJIHEHUS,
OBICTPOTON U BBICOKOM TOYHOCTBIO.

YCTaHOBIEHO, YTO BBICOKAS AKTHUBHOCTh TBEPIBIX KPUCTAIUIMYECKUX BEIIECTB
(ucnaHackuii  mmar, KBapl M T.J.) OOyCIIOBJI€HAa OCOOCHHOCTSMHU CTPOEHUS
MIPOCTPAHCTBEHHOW KPHUCTAJUIMYECKOM pemeTku. Onrhueckas akTUBHOCTH KUAKHX
BEILIECTB M PACTBOPOB BBI3bIBACTCS HAJIMYMEM ACHUMMETPUYECKOrO aToMa yrjiepoja B
Monekyne. Korga uepes cioil ONTUYECKH aKTUBHBIX BEIIECTB MPOXOIUT MOJIAPU30BAHHBIN
Jy4, OJHU U3 HUX BPaIlalOT IUIOCKOCTh MOJIIPU3ALMUA €r0 IPOTUB YaCOBOM CTPEJIKHU, YTO
HAa3bIBACTCS JICBBIM BpallleHueM. J[pyrue BemecTBa BpalAlOT IUIOCKOCTh MOJISIPU3AUU
Jy4a IO YaCOBOU CTPEJIKE — MPABOE BPAILICHUE.

Mexny KOHLEHTpAalMENd BEIIECTBA, TOJNIIMHOM CJIOSI WM YIVIOM BpalleHUs a
CYLIECTBYET CIEAYIONIAsl 3aBUCUMOCT:

A=[a]-C-L

rae C — KOHLEHTpalus pacTBopa r/mi;

L — TonmuHa cosi ONTUHYECKH AKTUBHOTO BEILIECTBA B JELUMETPAX

[a] — Tak Ha3pIBaEMOE€ YAEIbHOE BpAlICHUE, NOJ KOTOPHIM NOHUMAETCS YroJl
BpAIlICHUSA IUJIOCKOCTH TMOJIAPHU3alMU JIydya PACTBOPOM, COJAEpKAIIUM Ir ONTHYECKHU
aKTMBHOTI'O BEIIECTBA B 1cM npu TommuHe pactsopa L = 1am

Ecmm ot Habmomarens, K KOTOpOMY HAIPaBJICH CBET, MIPOXO/ISIIUA Y€pe3 ONMTHIECKH
AKTUBHOE BEIIECTBO, IUIOCKOCTh MOJISIPU3ALMUA BPAIIAETCSd IO YacCOBOM CTPENKE, TO
BEIIECTBO HA3BIBAKOT MPABOBPALIAIOIIMM M MEPE] €r0 HA3BAHMEM CTaBAT 3HAK (+); €Ciu
K€ IUIOCKOCTh NOJSPU3ALMAM BpAIACTCS MPOTHB YaCOBOM CTPEIKH, TO BEIIECTBO
HAa3bIBAIOT JICBOBPAIAIOIIMM M TI€pell €ro Ha3BaHUEM CTaBiAT 3HAK (—). Benuunny
OTKJIOHEHUS TUIOCKOCTH TOJISIPU3AalMM OT HAYaJbHOTO TMOJOKEHUS, BBIPAXKEHHYIO B
VIJIOBBIX TPajycax, Ha3bpIBAIOT YIJIOM BpallleHWs U 0003HA4yaloT Ipedyeckod OyKBOW L.
Benuunna yrna BpameHusi 3aBUCUT OT MPUPOJIbI ONTUYECKU AKTUBHOTO BENIECTBA, JIJIMHBI
IyTA MOJISIPU30BAHHOTO CBETA B ONTHUYECKU AKTUBHOW CpeAe (YMCTOM BEIIECTBE WU
pacTBOpPE) M JUIMHBI BOJIHBI CBeTA. J[JIsI paCTBOPOB BEJIMUMHA yTJIa BPALCHUS 3aBUCUT OT
MIPUPOABI PACTBOPUTENA U KOHUCHTPALMU ONTHYECKH AKTHUBHOIO BEUIECTBA. BennuunHa
yIjla BpalleHus NOpsiMO MPONOPUHOHANIbHA JUIMHE IIyTH CBETA, T.€. TOJIIUHE CJIOA
ONTUYECKH aKTMBHOTO BEIIECTBA WM €ro pacrBopa. BausHue Ttemneparypsl B
OOJBIIMHCTBE Cily4aeB HE3HAuyuTeNbHO. JIJIsi CpaBHUTENBHOM OLIEHKH CIOCOOHOCTU
pPa3IMYHBIX BELIECTB BpAIaTh IUIOCKOCTh IMOJSPU3ALMU CBETA BBIYMCISIOT BEIUYUHY
yAenbHOTO BpameHus o D . YaenpHoe onTuueckoe BpamieHue o D npeacraBiseT coOoi
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yroa BpauieHus O IUIOCKOCTH IOJIApU3ALUMM MOHOXPOMAaTHYECKOTO CBETa IIPU JUIMHE
BOJIHBI TIuHUU D cnektpa HaTpus (589,3 HM), BeIpaXKEHHBIA B Irpajlycax, M3MEPEHHBIN pH
temmeparype 20°C, pacCUMTaHHBINA [T TONIIMHBI CIIOS UCIBITYEMOTO BemiecTBa | M u
OPUBEACHHBI K  KOHILIEHTpAalMM  BeEllecTBa, paBHOW lr/mu.  BeIpaxaercs B
rpagyc- MWUIMIIATP HA AeUUMETpP-TpamM [rpag-mi-aMm -1 -t -1 |. MHoraa ans usmepenus
UCIIOJIB3YIOT 3€JIEHYI0 JIMHUIO CIEKTpa PTYTH C JiauHOM BoaHbl 546,1 HM. Ilpu
ompezaeneHud O D B pacTBOpax ONTHYECKH aKTUBHOTO BEIECTBA HEOOXOIUMO UMETH B
BUJly, YTO HaWJCHHAas BEIWYMHA MOXKET 3aBHUCETb OT IPUPOABI  PACTBOPUTENS H
KOHLIEHTPalUy ONTUYECKH aKTHUBHOI'O BEILECTBA. 3aMEHA PACTBOPUTEINSI MOXKET NIPUBECTH
K U3MEHEHHIO Ol D He TOJIbKO MO BEIMYMHE, HO U 1O 3HaKy. [losToMy, IpUBOAS BEIMYMHY
yIEIBHOTO BpalIeHHsl, HEOOXOAMMO YKa3blBaTh pACTBOPUTENb M BBIOPAHHYIO IS
U3MEPEHUS] KOHLEHTPALMIO pacTBOpa. YJENbHOE BpallCHHE OINpEeAesoT Jnbo B
IepecyeTe Ha CyXO€ BEIIECTBO, JUOO M3 BBICYIIEHHOM HABECKH, YTO JIOJDKHO OBITh
YKa3aHHO B 4acTHOM (papmakoneiHoil ctaThe. M3MepeHue yria BpallleHusi NpoBOJSAT Ha
NOJIIPUMETPE, TO3BOJIAIOLIEM OINPEACIIATh BEJIWYMHY YIVIA BpAIEHUS C TOYHOCTBIO
+0,02°C, mpu temneparype (20+0,5)°C. HM3mepeHHe ONTHYECKOTO BpAIIECHHS MOIYT
IIPOBOJUTBECA U IIPU APYTHX 3HAYCHUAX TEMIIEpPATyphbl, HO B TaKMX CIy4asx B YaCTHOU
dapmakomnenHoil cTratbe JOMHKEH OBITh yKa3aH croco0 yuera TemmepaTypsl. Llkamy
OOBIYHO TMPOBEPSAIOT MPU TMOMOIIM CEPTUPUIMPOBAHHBIX KBAPIEBBIX IJIACTHHOK.
JIMHEHHOCTh TIKadbl MOXET OBITh MPOBEpPEHA NPH TOMOIIM PACTBOPOB Caxapo3bl.
OnTHueckoe BpalleHHE PACTBOPOB JOJDKHO OBITh M3MEpeHO B TeueHue 30 MUHYT C
MOMEHTa UX TMPHUTOTOBJIEHUS; PACTBOPHl WM JKUJIKHE BEIIECTBA JOJKHBI OBITh
npo3pauHbiMu. [Ipu M3MeHeHUH, MpexAe BCEro, CIEAYET YCTAHOBUTH HYJEBYIO TOUKY
npulopa WM ONPENEIUTh BEIMUYMHY MOMPABKH C TPYOKOH, 3alOJHEHHBIM YHCTHIM
pacTBopuTeseM (Ipu paboTe C pacTBOpaMu), WM C IycTol TpyOkoi (mpu pabote ¢
KUJKUMU BelecTBaMu). [lociae ycTaHOBKM puOoOpa Ha HYJIEBYIO TOUKY WM ONPEEIICHNE
BEJIMYMHBI NONPABKUA IIPOBOJSAT OCHOBHOE M3MEHEHME, KOTOPOE IOBTOPSIOT HE MEHee 3
pa3. st nosyyeHus: BEIMYMHBI yIJla BpalleHUsl 0L MOKa3aHUs Iprubopa, MoJyYeHHbIE IpU
U3MEPEHMSIX, anredpanyecku CyMMHPYIOT C paHee HalJIeHHOW BEIMYMHOW TMOMPABKHU.
Benuunny ynenbHOTO BpallleHUs PACCUUTHIBAIOT 1O OJHOU U3 (hopMyI.

Bonpocs! A1 cCaMOKOHTPOJISA

1. /IaTe onpeneneHue NOHATHIO «ITOISPUMETPHUS»

B ueM 3akmmroyaeTcs CylHOCTh NOJIIPUMETPUYECKOTO ONPEACIICHMUS.

Kakoil MEXaHHU3M JIEKUT B OCHOBE METO/1a OJISIPUMETPUN ?

KakuMy MOHATUSAMHU XapaKTEPU3yeTCs NOJAPUMETPHs?

JIist perenus, Kakux 3a1ad MOKET IPUMEHATHCS MOJIAPUMETPHSL ?

Kakas anmapaTypa ucnoJib3yercs B MOJAPUMETPUU?

JlaTb CpaBHMTENBHYI0 XAPAKTEPUCTHUKY METOJA MOJAPUMETPUU C APYTUMU
METOJAaMH, UCIIOJIb3yEMBIMU B aHAJIN3E

A e

B).PedpakTomerpuueckuii MeTO0/ aHaJIn3a CymHoCTh MeToaa
pedpaKkTOMETPHH, U €r0 TEOPeTHYECKHEe OCHOBBI.

PedpakTomerpuuecknii MeTOJ] MMEET MHOTOJICTHIOIO HWCTOPUIO TPUMECHECHHUS.
PedpakTomerpus (ot natuHckoro refraktus — mpesOMJIEHHBIM U TPEYECKOro metreo —
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MEpIO, HM3MEPSII0) — O3TO pas3fes MNPUKIATHON ONTHKH, (U3UKO-XUMHUYECKUI METO]
UCCIICNOBAaHUS, B KOTOPOM pPAacCMaTpUBAIOTCS METOAbl U3MEPEHUS  MOKa3aTess
MIPEJIOMIICHHSI CBETa MpHU mepexojie u3 oaHou daszel B aApyryw. Pedpaxkromerpuueckuii
aHAJIM3 OCHOBAH HA OINpeJeeHUM KOHIEHTPAalUU BellecTB M0 IO0KAa3aTesI0
MpeJIoMJICHHUS CBETa

[IpuMeHuTENBHO K XMMUHU pedpakius UMeeT 00Jiee NIMPOKOE CMBICIIOBOE 3HAUCHHE.
Pedpakuus ectb Mepa 5SIEKTPOHHOM MOJMSPU3YEMOCTH aTOMOB, MOJEKYJ, HOHOB.
[Monsipu3anusi ANEKTPOHHBIX OOJAKOB B MOJEKyJlaXx OTYETIMBO MPOSBISETCS B
undppaxpacaom (UK) u ynprpaduoneroBom (YD) moriomeHnu BEIIECTB, HO B eI
Oonblllell CTEMEHM OHAa OTBETCTBEHHA 3a SBJCHHE, KOTOPOE KOJMYECTBEHHO
XapakTepU3yeTcsl MOJEKyIsipHOH pedpakiueii. Korma cBeT Kak dJIEKTPOMarHUTHOE
U3JIyYEHUE MPOXOJUT YEPE3 BEIIECTBO, TO AAXKE B OTCYTCTBHE IPSMOIO MOTJIOIIEHUS OH
MOJKET B3aMMOJECHCTBOBATH C ANEKTPOHHBIMU OO0JaKaMU MOJIEKYJI UM HOHOB, BBI3BIBAS UX
nojspu3anvio. B3aumoneicTBHE AIIEKTPOMArHUTHBIX MOJIEW CBETOBOIO MydKa U
AIIEKTPOHHOTO TOJISI aTOMa MPUBOJIUT K U3MEHEHUIO MOJISIPU3ALMKU MOJIEKYJIBI U CKOPOCTH
CBETOBOro mnoToka. Ilo mepe Bo3pacTaHusi NONSIPU3YEMOCTH CpEObl BO3pPACTacT U
MoKasaTellb MPEJOMIICHUS, BEJIMYMHA KOTOPOIO CBSI3aHA C MOJEKYJSIPHOU pedpakiuei.
VKa3aHHOE SBIECHHE HCHOJIB3YETCS HapsAdy C METOAOM JMMOJIBHBIX MOMEHTOB JUJIs

W3YUYCHHUS CTPYKTYpBbI U CBONCTB HEOPTraHUYECKHUX, OpraHUYECKUX U
AIIEMEHTOOPTaHWYEeCKUX  coenuHeHud. Pedpakromerpuss  sABiIseTCSs  OJHUM U3
pacrpoCTpaHEHHBIX METOZ0B UACHTU(DUKAIIIH XUMHUYECKUX COEIMHEHU,

KOJIMYECTBEHHOTO M CTPYKTYPHOTO aHaju3a, OmpeaeNeHus (U3NKO-XUMHUYECKUX
napameTrpoB BemiecTB. OOjacTM NpPUMEHEHHUS O3TOTO METOJa: B MEAHMIMHE IS
OTpe/IeNieHUs] KOJIMYEeCTBA TJIIOKO3bl B OHMOJOTHYECKHX >KUIKOCTSIX U JIEKAPCTBEHHBIX
CPEICTB B pacTBOpax sl OMpeJesieHus OeiaKka B MOue, ChIBOPOTKE KPOBH, IUIOTHOCTH
MOYH, aHaJIN3 MO3TOBOW U CyCTaBHOM KHJIKOCTH, TUNIOTHOCTH CYyOpETHHAIBHOU U APYTUX
KUJKOCTEH TJa3a; B (apmaluu JJid aHaiu3a JIEKAPCTBEHHBIX CPEJCTB; B MUIIEBOM
MIPOMBILUICHHOCTH U TEXHUKE. PeppakTomerpusi He3aMeHMMA TAKKE MPU ONPENCIECHUN
JKUPHOCTU MOJIOKA, MOJIOYHBIX HPOAYKTOB, CIMBOYHOTrO Macna. Onpenenenus,
OCHOBAaHHbIE HA M3MEPEHUM MOKa3aTeNlsl MPETOMIIEHUS KUIAKOCTEH C€ TOMOILBIO
pedpakToOMeTpOB, OTIMYAETCS MPOCTOTOM, YIOOCTBOM, HAJIEKHOCTHIO, MUHHUMAJIbHBIM
pacxoA0M OIpeesieMbIX BEIIECTB.

PedpakToMeTpus — 3T0 YCKOPEHHBIN METO/ ONpeJesIeHUs COAEPKaHUA CaxapoB

Ilokazarens mpenoMIIEHUS N — TOCTOSIHHYIO JUI KaXKAOrO BEIIECTBA BEIWYMHY,
HAaxOJT IO OTHOLIEHHUIO K BO3AYXY, T.€. IPU NaJCHUU CBETA HA MIPEIOMIIIIOLLYIO CPENy U3
Bo3ayxa. [Iokasarens npemomMineHus OonpeaessitoT B MOHOXPOMAaTHYECKOM CBETE, TAIOLIEM
V3JIyYCHUE C ONPEICIICHHON JJIMHHOW BOJIHBI.

B ananuze, a Taxke IpU TEXHOJOTMYECKOM KOHTPOJIE ITOKA3aTENIU IPEIOMIICHUS
BEILIECTB M3MEPSIIOT B CBETE JIAMI HAKAIMBAaHWA WJIA IIPU JHEBHOM OCBEIICHUMU.
Hcnons3yemble  ajis  3TOro  OPUOOpPBI  CHAOXKEHbI  OCOOBIM  MPHUCIIOCOOJICHUEM,
KOMITEHCUPYIOIIUM Pa3ioKeHHe O0esIoro BeTa MPU3MOil U MOCHUIAIOIIUM CBETOBOM MOTOK
B HAIIpaBJICHUM, COBMHAJAIOIIMM C HAIpPaBJICHHEM JKEJITOro jyda. HalJleHHBIM TakuM
o0pa3oM TOKa3zareslb MNPEJIOMJICHHUS TOYTH COBIMAJaeT C IOKa3aTeleM MpeIoMIICHUs
BEILIECTBA, U3BMEPEHHBIM B MOHOXPOMATHYECKOM YKEJITOM CBETE.
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Kornma myd cBeTa mepexoauT W3 OAHOW MPO3PAuyHON CpEIbl B APYTyH0, HA TPAHMIIC
THX Cpel HalpaBJICHWE €ero MEHSAETCs, T.e. Jyd MperomiisieTcs (CM. PHUCYHOK).
OTHolleHre CUHYyca yrija majeHus Jyda (Sin @) K CHHYCy ero mpejiomiieHus (sin f)
PUHATO HA3bIBATh [TOKA3aTeIeM MPETOMIICHHS.

N =sina/ sin S

Ecnu nyu cBeta mepexoJuT U3 WK BaKyyMa C BO3/AyXa B IPYroe cpeay, TO Yrojl MmajaeHus
Bcera 0oJblIIe yria npeaoMiIeHHs (PU3NKO-XUMUUIECKIX CBOICTB BEILIECTB.

Bce npubopwl, ucnonv3zyemvie 0nsa onpedenenus noKazamens npPeaOMIAEHUA
eeuyecma, HA3LIBAIOMCA PepaKmomempamu.

Haubonee pacnpocTpaHeHHbl B aHAJIUTHYECKUX JabopaTopusx pedpakToMeTpbl
A0oe.
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Tounoctr wu3MepeHuss Ha pedpaktomerpe AO66e mocturaer 0,0001-0,0003.

[TokazaTenb NMpesoOMIIEHHsS] UCCIENYEeMOTo BellecTBa B pedpakromerpe AGOE OTUUCTSIOT
HEIMOCPEJICTBEHHO MO IIKajde WM ONpPENeNsiioT ¢ IMOMONIbIO CHEHUaNbHBIX TaOMMIL.

Pedpaktomerpus - wMertof,

OCHOBAaHHBIM Ha SBJICHUH NpCIOMJICHHA, HW3MCHCHUU

Ha3bIBAEMOI0 pedpakKiinei.

NPSIMOJIMHEMHOTO PACIPOCTPAHEHUSI CBETA MpPH IEpPEXoJie U3 OJHOM cpeibl B JAPYIrYIo,
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UYTto Takoe moKas3aTesv MpeIoMIIeHUs ?

ChopmynupyiiTe 3aKOHBI TPEITOMIICHHS U OTPAKCHHS CBETA.
Uro Takoe yriael naAeHus U NpeaoMIeHus?

B ueMm cyTh pedpakTomMeTpruyecKoro aHaanza?
OnTuyeckas cxema peppakToMeTpa.

Kak npousBoauTcs m3MepeHne KOHLEHTpAlUi C MOMOIIbIO peppakToMeTpa

I').XpomaTorpaduyecknii MeToa aHATH3A

[Iupokoe nprMeHEHUE B aHATTUTUYECKOMN ITPaKTUKe NpUoOpen XpoMaTorpaduuecKkuii
METOJ] aHau3a, npeaoxeHHslil B 1903 1. pycckum yuensim M. C. L[BeToM.

M. C. IBer (1872—1919).
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Meron ocHOBaH Ha U30UpaATENbHOM TMOIMJIOUIEHUU OTAEJIbHBIX KOMIIOHEHTOB
aHAIM3UPYEMON CMECH Pa3IMYHbIMU aficopOeHTaMu. AJCOpOEeHTaMU Ha3bIBAIOT TBEPbIC
Teja, Ha MOBEPXHOCTU KOTOPHIX MPOUCXOJUT MOTJIOIIEHUE aCOPOMPYEMOTO BEIIECTBA.

CymHOCTh XpOMaTOrpauMyeckoro MeETO/Ja aHajlh3a KpaTKO 3aKjIo4yaeTcss B
cienyromeM. PacTBop cMecHu BeIECTB, MOJJIEXKAIIUX Pa3/IesIeHUI0, MPOIYCKAIOT uYepes
CTEKJISIHHYIO TPYOKY (aJICOPOIIMOHHYIO KOJIOHKY ), 3aIIOJTHEHHYIO aicopoeHToM (puc. 1).

BcenenctBue pasnuaHOi ancopOUpPyeMOCTH W CKOPOCTH TEPEIBIKECHUS OTACITBHBIX
BEILIECTB, HAXOASAUIUXCS B aHAIIM3UPYEMOM PACTBOPE, KOMIIOHEHTHI CMECH YAEPKUBAIOTCS
Ha Pa3IMYHON BBICOTE CTOJI0A a1cOpOEHTa B BUIE OTAEIbHBIX 30H (CIOEB).

BemectBa, obmangaroniie 0obiieii CltocOOHOCTHIO aIcOPOMPOBATHCS, TIOTIIOMIAFOTCS
B BEpXHEHW YacTH afcOpOIMOHHON KOJIOHKH, XYK€ aJICOpOMpyeMbIe — PacIoIararoTcs
HUKe. BemecTtBa, He CrOCOOHBIE ancOpOMPOBATHCS MTaHHBIM aICOPOCHTOM, MPOXOMIST
4yepe3 KOJIOHKY, He 3a/IepKUBAsICh, U COOUPAIOTCS B GUiIbTpaTe.

Xpomarorpamma. [lo Mepe mpoxokaeHus depe3 CIor afcopOeHTa HOBBIX MOPIIHMA
pacTBopa XOpOIIO aAcopOMpyeMble BEIIeCTBa MPOJOIKAIOT YACPKUBATHCS B BEpPXHEU
YacTH KOJIOHKH, a BEIECTBa, aJcopOMpyemble ciabee, BBITECHSIOTCA C TMOBEPXHOCTU
ajgcopOeHTa B HIDKHUE CJIOW. B pe3ynbrare Ha CTOJOMKE afcopOeHTa IOIydaeTcs
HECKOJIBKO 30H.

[TpenmytiecTBO XpoMaTrorpadhuyecKoro MeTo/ia aHaJil3a COCTOMT B TOM, YTO B Psifie
CJIy4aeB OH MPUMEHHUM TOTJa, KOTJa APYTHE METOJbI pa3fesieHHs] CMECH OKa3bIBAIOTCS
HenpurogHeiMH. [Ipw MmomoIM 3TOTO MeToAa MOKHO pa3IeiUTh Mallble KOJIHYECTBA
BEIIECTB C OYEHb OJM3KMMHU XUMHYECKHUMH CBOMCTBAMH. XPOMATOTPAUUISCKUI METO]
IPOCT B BBITIOJIHEHUH, W TIOPTOMY BCe OoJiee MIMPOKO HCHOJIB3YeTCS IS pa3ieiieHUs
CaMBIX pa3HOOOpa3HBIX CMECEH HEOPTaHMYECKUX U OPTaHUISCKUX BEIECTB.

OOpazoBanue XpoMaTorpaMM MPOUCXOJUT HE TOJIBKO B Pe3ybTaTe aJcopOIH, HO U
BCJICJICTBHE JIPYTrUX  (HU3UKO-XUMHUYECKHX SBJICHWA. B  CyImIeCTBYIOIIHUX  BHIAX
XpoMaTorpauueckoro aHaian3a HCIONb3YIOTCS SBICHUS aACcOpOILUU, pacrlpeieeHus
aHAIIM3UPYEMbIX BEIIECTB MEXTY TBYMSI HECMEIIINBAFOIIIA-MUCS
KHUJKOCTAMHU, HOHHOTO OOMeHa 1 00pa30BaHus OCAIKOB.

B 3aBucumocTu OT TOTO, Kakoe M3 yKa3aHHBIX SIBICHUI MpPEBaJUpPYET B IpOIEcce
pas3zienieHusl aHaJIU3UPYEMO CMECH Ha COCTaBHbIE KOMIIOHEHTBI, pa3IN4alOT YeThIpe BUA
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xpoMarorpauueckoro MeToJa aHaiuu3a:  aJCOPOLUMOHHYIO, pacHpeneluTeNbHYIO,
MOHOOOMEHHYIO M 0CaJIOUHYIO0 XpoMaTorpaduio.

AncopOunonHasi xpomarorpagusi ocHoBaHa Ha
n30upaTebHON aIcopOIUu (MOTJIOMIEHNH) OTAECNbHBIX KOMIIOHEHTOB aHaJIU3UpyeMOn
CMECH COOTBETCTBYIOUIMMU ajicopOeHTamu. [Ipu paboTe 3TUM METOIOM aHaJIU3UPYEMbIi
pacTBOP MPOMYCKAIOT Yepe3 KOJIOHKY, 3a0THEHHYIO MEJIKUMU 3€pHAMHU aJICOPOEHTA.

[TpumeHsroT aacopOIMOHHYI0 XpoMaTorpaduio MPEUMYIIECTBEHHO TSl Pa3AeICHUS
HE3JICKTPOJIUTOB, IMAPOB U T'a30B.

PacnpenenureabHas XxpoMarorpaus OCHOBaHA Ha HCHOJIB30BAHUM — Pa3InyUs
kodddummenToB  pacnpeneneHus — (copOUpyemMocTH) — OTHAEIBHBIX ~ KOMIIOHEHTOB
aHAJM3UPYEMOM CMECH MEXAYy JABYMS HECMEIIMBAOMMMUCA KUJAKocTsMUu. OpHa
13 XKUJAKOCTEN (HEMOABUIKHAS) HAXOAUTCA B IOpPax IMOPUCTOTO BEIIECTBA (HOCUTEIS), a
BTOpas (OJBM)KHAsA) MPENCTaBIsIeT COOOM Ipyroil pacTBOPUTENb, HE CMEIINBAIOLIMNCS C
NEePBLIM. DTOT PACTBOPUTEIIb MTPOITYCKAIOT Yepe3 KOJIOHKY C HEOOJBIIONW CKOPOCTHIO.

Paznuunbie  BenuuuMHbl  KOA(P(GUIMEHTOB  pacmhpeneseHusi  00ecleYynuBaIOT
HEOJMHAKOBYIO CKOPOCTb JIBH>)KEHUS U Pa3/I€JICHUS] KOMIIOHEHTOB CMECH.

Koadbdumment pacnpeneneHuss BemiecTBa MEXAY JBYMS HECMENIMBAIOIIUMHUCS
pacTBOPUTENIIMU €CTh OTHOLIEHWE KOHILIEHTPAI[MM BELIECTBA B OAHOM (B HAILIEM Cydae
NOABWKHOM) pAacTBOPUTENIE K KOHUEHTPAlMM TOTrO JKE€ BEIIECTBA B JAPYroM
(HEMOABMKHOM) PACTBOPUTETIE:

B pacnpenenurenbHoi Xxpomarorpaduu OTHUM HU3 PACTBOPUTENIEH OOBIYHO CITYKHUT
Bojia. OHa ABISETCA HEMOJBHXKHBIM PACTBOPUTENIEM M HAXOJUTCS B MOPAX HOCUTEI,
HanpuMmep Kpaxmania 1581051 CUJIMKAreJIs. Paznenenue c MTOMOILBIO
pacnpenenuTeIbHOM XpOMaTorpad vl BRIMMOTHSIIOT — CASAYIOIMMUM  ImyTeM.  PacTBop
AHAIM3UPYEMOW CMECH BEIIECTB BBOJAT B KOJIOHKY U, IIOCJIE TOrO KaK PaCTBOP BIIUTAETCS
BEpPXHEM 4YacTblO HOCHUTEINS, HAYWHAIOT MPOMBIBAHME  KOJOHKH  IOJBHXKHBIM
pacTBopuTelieM (Hampumep, OYTWIOBBIM CIHUPTOM WM CMEChIO pacTBoputeneil). B
MPOLIECCE MTPOMBIBAHUS MPOUCXOAUT HEMPEPBIBHOE NEPEPACIPENCICHUE BEIIECTB CMECU
MEXKy IBYMSI HECMEIINBAOIIUMUCS KUIKOCTIMH.

Puc. 2. Kamepa mis xpomarorpadbuu Ha Oymare: 1 — CTeKJIssHHas Majoyka; 2 —
CKperKa Jijist Oymaru; 3 — CTeKJISSHHBIN LIMIUHID; 4 - paCTBOPUTENb.

[Tockonpky pa3Hble BeHIECTBA CMECH HMEIOT pas3iuyHble  KOd()(PUIIMEHTHI
pacmpeziesieHusi, TO M CKOPOCTb MEPEIBHKEHHUS OTIEIbHBIX BEIIECTB CMECH TOXKE
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pasznuuHa. HaunOonbleil CKOpOCThIO BUKEHHUS 00JIaJaeT TO BEIECTBO, KOTOPOE MMEET
HauOonbui KodpPuuUeHT pacnpeneneHus. Ilpy mpoMbIBaHUM KOJOHKH MOABUKHBIM
pacTBopuTEIeM 00pa3yrOTCs OTAENIBbHBIE 30HbI YUNCTHIX BEIIECTB.

B nocnennee BpeMs B KaueCTBE HOCUTENS ISl HEMIOJBUYKHOTO PACTBOPUTENSI BMECTO
KOJIOHKH HCIIOJIB3YIOT IMOJOCKHM WJIM JMCThl (UIBTPOBAIBHON Oymaru, He cojaepiKaiien
MUHEPAJBHBIX IpUMeced. B 3TOM ciyyae KaIlll0 HCHBITYEMOTO pacTBOpa, HampUMeEp
cMmech pactBopoB coneit skenesa (III) m koOanbTa, HAHOCAT Ha Kpal MOJOCKKA Oymaru.
Bymary nojBemuBarOT B 3aKpbITO Kamepe (puc. 2), ONyCTUB €€ Kpail ¢ HAHECEHHOW Ha
HETo KaIljiell MCIBITYEMOTO PacTBOpa B COCY[ C MOJBHXKHBIM PAaCTBOPUTENIEM, HAIIPUMED
c -OyTunoBsIM crnupToM. [loIBWXKHBIM pacTBOpUTENb, MEpeMemiasch 1Mo Oymare,
cmaumBaetr ee. IIpu 3ToM Kaxknoe colepikalieecss B aHAIM3UPYEMOU CMECH BEILECTBO C
NPUCYIIEH €My CKOPOCTHIO MEPEMEIAETCS B TOM K€ HAMPaBICHUH, YTO U PACTBOPHUTEIb.
[Io oxoHuaHuu pasfaeieHuss MOHOB OyMary BBICYIIMBAIOT M 3aT€M OINPBICKUBAIOT
PEaKTUBOM, B JAHHOM CJIy4ae pacTBOPOM , KOTOPBI 00pa3yeT OKpalleHHbIE COEUHEHMSI C

paszensieMbIMU BellecTBaMU (CMHEE — C HOHAMHU JKele3a, 3€JIEHOE — C HOHaMu
koOanbTa). OOpasyromuecs: Mpu 3TOM 30HBI B BHUAEC OKPAIICHHBIX ISITEH MO3BOJSIOT
YCTaHOBUTh HaJIU4ue OTJIETTbHBIX KOMITOHEHTOB (puc. 3). Takoi

BUJ] pacpe/IeInTeapHON XxpoMaTorpaduy Ha3bIBalOT OyMaxxHOW XxpomaTorpaduen.

MHorna ogHMM pPAacTBOPUTENEM HE yNAaeTcs pas3leluTb BCE B3AThIE BelecTsa. B
TaKUX CIy4yasx MOAOWparOT BTOPOW PACTBOPUTENb M Pa3felieHHuE OCYILECTBISIOT MyTEM
IIOJIyYEHHsI TaK HA3bIBAEMOW NIBYMEPHOM XpOMaTorpammsl. [lis MmojgydeHus JBYMEpPHOMU
XpoMaTorpaMMbl Ha OJMH W3 YIJIOB JIUCTa (QUIBTpOBaNbHOM Oymaru (mpumepHo 50X50
CM) HaHOCST KaIlII0 aHAJIM3UPYEMOr0 pacTBOpa. 3aTeM JIUCT OJHOW CTOPOHOM OITYCKArOT B
pacTBOpPUTENb (HAlPUMEP, CMECHh AllETOHA C XJIOPUCTOBOAOPOAHOM Kucioton). [lo mepe
JBUKEHHUSI pPacTBOpUTENE Ha Oymare MpOUCXOAUT YacTHYHOE pa3/elieHue BEIIECTB,
pacIpenensaiommuxcsi B BEpTUKAJIbHOM HAaIlpaBJICHUU. byMary BBICYIIMBAIOT, 3aTE€M JIUCT
noBopaunBaroT Ha 90° u cHOBa omycKarT BO BTopoli pacTBOopuTens (Harmpumep, B CMeCh
NUPUAMHA C BOAOW), KOTOPBIM M IIPOU3BOAMT JAJbHEHIIEE pa3[eiIcHUE BEIIECTB, BHOED
pacipenesoIMXcs B BEPTUKAJIBHOM HAMPABICHNUH, TIEPIICHIUKYIIIPHOM 10 OTHOILICHHIO
K IIepBOHayalbHOMY. brnaromaps 3TOMy pasfensemMbple KOMIIOHEHTBI CMELAroTCs
OTHOCHUTEJIBHO JpYyr Jpyra HE TOJbKO B BEPTUKAJIbHOM, KaK 3TO HAOJIIOAETCsl NpHU
OJIHOMEPHOI XpoMarorpamMme, HO U B TOPU30HTAJILHOM HAaINpaBieHUU. 3aTeM Oymary
CHOBAa BBICYIUMBAIOT U IIOJOKEHUE OTIEIbHBIX KOMIIOHEHTOB CMECU OIPEACIIIOT,
OTIpBICKMBAsi OyMary peakTHBOM, JAIOIIMM OKpPAIlIEHHbIE COCAUHEHUS C OMPEIeNIIeMbIMU
komnonentamu. [lomydyeHHas TakuM crocoOOM XpoMaTorpamMma MpencTaBisieT co0oi
COBOKYITHOCTb LIBETHBIX MSATEH, PACIOJI0KEHHBIX Ha MOBEPXHOCTH OyMaru.

Bymaxknast xpomatorpadus B coueTaHUM C MPUMEHEHHEM OPTaHUYECKUX PEaKTHBOB
IIO3BOJIAET IIPOBECTH KAYECTBEHHBIN AHAJIN3 CIIOKHBIX CMECEH KaTMOHOB M aHMOHOB. Ha
OJIHOM XpoMaTorpaMMe C MOMOIIBI0 OJJHOTO PEaKTHBA MOKHO OOHAPYKUTh PAJI BEILIECTB,
TaK KaK JUIsl KaKJI0T0 BEIIECTBA XapaKTEPHO HE TOJIBKO COOTBETCTBYIOIEE OKpAIIUBAHUE,
HO U OIIPENIEJIEHHOE MECTO JIOKAIU3aLN Ha XpOMaTOTpaMMe.
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Puc. 3. Bun OyMakHON XpoMaTorpaMMbl TIOCJE MPOSIBJIEHUM: 1 - MECTO HaHECEHUs
KaIuIl pacTBOpPA JIBYXKOMIIOHEHTHOM CMeECH; 2 — 30HAa MEeploro KOMIIOHEHTa; 3 — 30Ha
BTOPOr0 KOMIIOHEHTA.

Xpomarorpadus Ha Oymare ¢ ycrexoMm MpUMEHMMA JJi Pa3AeieHUs] OUeHb OJIM3KUX
N0 XUMHYECKHMM CBOWCTBaM KOMIIOHEHTOB, OIPEAENCHHE KOTOPHIX OOBIYHBIMU
XUMHYECKUMH METOJIaMU 3aTPYJHUTENBHO.

OcoObIM BUIOM pacnpeeuTe/bHOI XpoMaTorpadum sBIsSeTCs Ta30KUIKOCTHAS
xpoMarorpadusi, IMPOKO MNpUMEHsieMas B MOCJEAHEE BpeMs B PA3NIMUHBIX OOJACTAX
HAyK{ U MPOMBIIUIEHHOCTH. Ee ncnonb3yroT A pa3esaeHus ra30oB U MapoB KUIAKOCTEH.
B kaudectBe HemoABMXKHOU (ha3bl UCHOJIB3YIOT pa3MYHbIE MaJOJETy4yue PAaCTBOPUTEIH
(HanpuMep, KpeMHHUI-OpraHMYecKue COEAMHEHUs), a B KaueCTBE MOABMXKHON (a3pl —
razoo0pa3Hble a30T, BOJIOPOJ, TeIHil, IBYOKUCH YIIIepoia U T. M.

HNonooOmennasi xpomarorpagusi OCHOBaHa Ha HCIHOJIb30BaHUU HOHOOOMEHHBIX
IPOLIECCOB, TMPOTEKAIONINX MEXIY MOABMKHBIMA HMOHAMH aJcopOeHTa U HOHAMHU
AJIEKTPOJIUTA MPHU MPOMYCKAHUU PACTBOPA aHAIM3HPYEMOTrO BEIIECTBa 4epe3 KOJOHKY,
3aMOJTHEHHYI0 HOHOOOMEHHBIM BEIIECTBOM (MOHUTOM).

HNouutsl  mpencTaBisiloT  coOOW  HEpacTBOPUMBIE  HEOPTaHWYECKHUE U
OpraHMYECKHE BEICOKOMOJICKYISIPHBIE COSAMHECHHUS, coJiepIKalie aKTUBHBIE
(noHoreunsnie) rpynmnbl. [logBHMXKHBIE HOLBI ATHX TPYMN CIOCOOHBI MPU KOHTAKTE C
pacTBOpaMM JJIEKTPOIUTOB OOMEHHBATHCS HA KATHOHBI WJIM AaHMOHBI PACTBOPEHHOTO
BEIIECTBA.

B  kadyecTtBe HMOHHUTOB TPHUMEHSIOT  OKUCH aJIOMHUHHUS (JJ1s1 XpomaTorpadun),
NEePMYTHUT, CYJIb(POYToib U pa3HOOOpa3HbIE CHHTETHUYECKUE OPraHMYeCKUE HOHOOOMEHHbIE
BEIIECTBA — MOHOOOMEHHBIE CMOJIBI.

NoHuThl 1eisST Ha KATUOHUTHI, CIHOCOOHBIE K KAaTHOHHOMY OOMEHY; AaHMOHHUTHI,
CIIOCOOHBIE K aHUOHHOMY OOMeHy; aMmQoJMTBI — HWOHOOOMEHHBIC BEIIECTBA,
obnmagaronue aMm(pOTEpHBIMH CBOMCTBAMHU, T. €. CIHOCOOHBIE M K AaHHOHHOMY H K
KaTHOHHOMY OOMEHY.

Kartnonoobmennble cmoibl conep:kar akTtuBHble rpymmel:, —COOH, —OH,
KOTOpBIE CTPYKTYPHO CBSI3aHBI CO CKEJIETOM MOHUTA; 3TU TPYIIBI HE MOTYT MEPEXOAUTH B
pactBop. [1oaBHKHBIMU OCTAIOTCS TOJIBKO MOHBI BOAOPO/A ATHX TPYII WM 3aMEIIAI0NINe
UX KAaTHOHBI. B aHMOHOOOMEHHBIX CMOJIaX AKTUBHBIMU SIBJISIFOTCSI OCHOBHBIE TPYIIIHI .
OOMEHHBIMM aHUOHAMH SIBJIIIOTCS. HMOHBI TUAPOKCHIIA, KOTOpbIe O0O0pa3yroTcsi Ha
MOBEPXHOCTU CMOJIbI B TIPOLIECCE €€ THApaTallvu.

[Ipoiieccsl 0OMeHa YepeayroT ¢ MPOIECCOM PEreHepallii KaTHOHUTA WM aHUOHUTA.
DTO MOXKHO MIPEICTABUTH B BUJIE CIEIYIOUIUX YPaBHEHUN.
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KaTtnoHHBIH 0OMEH:
9RH + CuSO, —» R,Cu+ H,SO,

WJIA B OOIIIEM BHJIE

RH + KtAn =—= RKit+ HAn

rae R — ciioxHbIM OpraHu4ecKuii paguKal.

J{ns1 pereHepalmy KaTHOHUTA YEPE3 KOJOHKY MPOIMYCKAIOT KUCIIOTY:

RsCu + 2HC] —» 2RH 4 CuCl,
AHWOHHBINA OOMEH:
2ROH + H 50, — RS0, + 2H.0
WJIA B OOIIIEM BHUJIE
ROH+ HAn &—= RAn+ H;0
JIns1 pereHepanu aHMOHUTA Y€PE3 KOJIOHKY POIMYCKAIOT IIEJI0Yb;
R.50, + 2NaOH — 2ROH + Na,50,

Hcnone3yst pa3auyHyr0 COpOMPYEMOCTh HOHOB Ha  OKHCH aJlOMUHUS (115
xpomatorpadun), K. M. OnbsimanoBa paspadoTajga CHUCTEMAaTHUYECKHUNA KadeCTBEHHBIN
aHaJIn3 KAaTHOHOB U aHHOHOB.

Ocanounast xpoMmatorpadusi OCHOBaHa Ha Pa3jIUYHOM PaCTBOPUMOCTH OCAJIKOB,
00pa3yeMbIX KOMIIOHEHTaAMHU aHAJIM3UPYEMOM CMECH CO CHEIUaTbHBIMH pPEaKTUBaAMU,
HAHECEHHBIMHU HA BBICOKOJIMCIIEPCHOE BEILIECTBO. AHAIU3UPYEMBbIE PACTBOPHI MPOITYCKAIOT
yepes KOJIOHKY, 3alO0JIHEHHYIO TOPUCTBIM BEIIECTBOM (HocuTenem). Hocurens nponuran
PEaKTUBOM-OCAAUTENIEM, KOTOPBIM OOpa3yeT ¢ HMOHAMH pPacTBOpa OCAIKW, HUMEIOIIHE
Pa3IMYHYIO0 PACTBOPUMOCTS.

OOpazoBaBimecss OCaAKd B 3aBUCUMOCTH OT PAaCTBOPHUMOCTH PACIONararTcs B
ONPEAECICHHON MOCIEA0BATEIIBHOCTH MO BBICOTE KOJOHKHU.

Hanpumep, npu mnponyckanuu pactBopa cmecu coiier prytu (II) m cBuHIA yepes
KOJIOHKY C HOCHUTEJIEM, NPEABAPUTEIBLHO TMPOMUTAHHBIM PACTBOPOM HOAUIA KAJIUs,
00pa3yroTCs J1Ba OKPAIIEHHBIX CJIOS: BEPXHUH, OKPAIICHHBIM B OpaH)KEBO-KPACHBIN IIBET ,
Y HUWKHUM, OKPAILLICHHBIA B KEJITHIN LBET .

3aKpernyieHue OCaJKOB Ha KOJIOHKE MTPOUCXOAUT B PE3YJIbTATE YIEPKUBAHUS OCAJKOB
B MOpax HOCHUTEJIS, MOBEPXHOCTHOTO B3aMMOJCHUCTBUSI KPHUCTAUIOB OCaJIKa C 3€pHAMU
HOCHUTEJIS U COPOIIMU HAa HOCUTEJIE BCTYIUBIIETO B PEAKIIUIO OCATUTEIIS.

Jlnst aHaJin3a HEOPraHUYECKUX BCIIICCTB
MPUMEHSIOT XpOMaTorpaduo HOHOOOMEHHYIO, PACTIPEACITUTEILHYIO U OCAI0YHYIO.

Bonpoce! Aj1s1 cCaMOKOHTPOJISA

1. B uem cymHocTh XpomaTorpaduueckoro nporecca?
2. KakoBo Ha3HaueHUE MOABMKHON M HETIOABMXKHOM (a3?

3. Kakue nponeccel IpOUCXOAAT B KOJIOHKE?

4. Kaxk xrnaccuuuupyroT METOIbl XpoMaTtorpaduu 1Mo arperaTHOMY COCTOSIHUIO
¢a3 u o cnocoby xpomarorpadupoBanus??

5. B 4em cocTouT NpOsSBUTENbHBIA aHAIU3?

6. B dem mpeumymiecTBO 3MIOEHTHOM Xpomarorpaduu mnepen (GpoHTaIbHOU U
BBITECHUTEBHON?

7. Kak xmaccuuuupyroT METOAbl XpoMaTorpauu MO TEXHUKE IPOBEICHUS

9KCIICPUMCHTA U HCJII/I?
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8. B uyeMm cymHOCTh XpoMarorpaduueckoro pasieieHHs IO METOHy: a)
ra3okMJIKOCTHOM  Xpomarorpaduu; 0)  pacmpeienuTenbHOM  KMJIKOCTHOM
xpomartorpaduu; B) 0Ca0YHON XpomaTtorpaguu; I') TOHKOCIOWHON XpomaTtorpaduu;
1) HOHOOOMEHHOM XpoMaTtorpaduu; €) SKCKII03UOHHON XpomaTorpadpuu?

9. Kak BiusieT Temneparypa Ha xpoMarorpaduueckuii mpouecc?

10. KakoBbl mnpeumyliecTBa ABYMEPHOW XpoMarorpaguu mepen OJHOMEPHOMH
oymaxxuou mm TCX?

11. 2. Kak uaeHTHQUIMPOBATH MATHA OPraHUYECKHX COCAMHEHUNW B METOJE
TCX?

12. Kaxk BBINOJHSAIOT KOJIUYECTBEHHBIN aHain3 B Metoae TCX?

13. Kaxk onpenensatotr Rf B meroge bX u TCX? Ot yero 3aBucut BenuuuHa Rf u
KaKH€ YCJIOBHUS HYXKHO MOJIEP>KUBATH MMOCTOSTHHBIMHU MPU MPOBEJICHUH SKCIIEpUMEHTA?

14. Kak MOXHO ONpEeNeauTh KOHIIEHTPAIIMM KOMIIOHEHTOB CMECH MOCIie
pazaenenust MetoioM bX i TCX?

15. Kak BBINOJHSETCA KAayeCTBEHHbI aHAIW3 C MOMOIIBK IUIOCKOCTHBIX
BapuaHToB Xxpomarorpapuu — bX u TCX?

16. Kakumu cnocobamu mnpoOa aHaIM3UPYyEeMOW CMECH BEIEeCTB BBOAMUTCS B
XpoMaTorpaduyeckyro yCTaHOBKY B OyMa)kHOU Xxpomarorpadun?

17. JIns kakux 1efied MCHoJIb3yeTcsi XpomaTorpaduueckoe pasleiieHue cMmecen
wi KoMnoHeHToB? Kakum 00pa3oMm yCTaHaBIMBAETCS COJEPIKAHHUE OIMPEACIIIEMbBIX
KOMIIOHEHTOB?

JlabopaTropHblie padoThl

JlabopaTtopHas paGora

Tema 4.1 KauecTBeHHBbI aHAIN3

HaumenoBanue padorbl: YacTHbIe peakuuy KaTHOHOB.
Heab: Hayuntbcs onpenenars KaTUOHBI B PaCTBOPE.

Bpemsi:4 yaca

IIpu6ops1 u peaktuBbl: K;[Fe(CN)g], NaCl, KCI1, Na[Co(NOs;),], KSCN, FeCl,,
F@SO4, CﬂClz, CUSO4, HzSO4, BﬂClz, AgNO3, N32C03, Na3P04, KI, Pb(NO3)2, KCTO4,
K4[Fe(CN)g], Pb(NOs3),, K,Cr,0;, xuMuueckas nocyaa.

AHaJIN3 KATHOHOB

Kucj10THO-0CHOBHOI MeTO aHAJIHM3a

[Ipu KHUCIOTHO-IIETOYHON CUCTEME KIIacCU(UKAIIMU KaTUOHBI JESIT Ha 6 rpymm B
3aBUCMMOCTH OT MX OTHOIIEHHUSA K COJISIHOM, CEPHOM KHUCJIOTaM, K pacTBOpaM IIEJIOYEH,
aMMHaKa.

1. [lepBas aHanMTUYECKasl Tpynmna KaTUOHOB OOBEAMHSET KAaTHOHBI NH*, K*,
Na'. KartuoHbl 5TOM Ipynmbl HE OCAKIAIOTCS HU MHMHEPAIBHBIMM KHMCJIOTAMH, HH
1IeJ049aMu, T.€. HE UMEIOT IPYNIIOBOTO PEaKTUBA.

2. Bropas amamutnueckas rpynma Ag', Pb", Hg'. VX rpynmoBbIM peakTHBOM
SIBJIIETCSL COJIIHAs KUCJIOTA, KOTOpas OCAXAAeT 3TU KAaTUOHBI B BHUJIE HEPACTBOPHUMBIX
XJIOPUAOB.

3. Kartronsl TpeTseii rpymmst Ba®, Ca™, S ocaaaloTcst CepHOil KMCIOTOM, mpy

3TOM 00pa3yIOTCs MaOPacTBOPUMEBIE CYIb(ATHI.
42



2 3

4. YerBepTas aHaAMTHYECKas IPynna oObeauHseT katnonsl Zn~', AlI'Y, C. Ux
IPYNIOBBIM PEAKTHUBOM SBIISIETCS €lIKas I1eJioub, B HU30BITKE KOTOpOH oO0pa3yroTcs
COEIMHEHMSI TUIA [IMHKATa VI alFOMHHATA.

2 3 2

5. [IaTyI0 aHATUTHYECKYIO TPYIITy COCTABIAIOT KaTnonsl Pb", Fe™*, Fe™*, Mn~".
Bce 3TH KaTHOHBI OC@XKOAIOTCS MLIENOYBI0 B BUJE THAPOKCHIOB M PACTBOPSIOTCS B
M30bITKE PEAKTHUBA.

2 2
6. Illectas aHanuTHyecKas rpymma katmoHos Cu’*, Ca™, Ni**. Ix rpymnmoBeiM
peaKkTUBOM ABIISIETCS 25% pacTBOpP MAPOKCHIA AMMOHMUS.

Odopmiienue J1adopaTopHoii padoThl IPOU3BOAUTH B BH/Ie TA0IUIIbI:

Hon PeakTus Peaknus Haoaronenus

Xoa paéoTbi
Peaknuu Ha KaTHOHBI 1-i rpynnbI

Peaknun katuona K*

1. Jeiicmeue 2excanumpoxooanrvmama (I11) nampusa Nasz[Co(NO,)g].
HNoHbI Kanus 1ar0T ¢ 3TUM BEIIECTBOM KENTHIM KPUCTAIUIMYECKUN OCAIOK:

2KC1 + Na3[Co(No»)s] = KhoNa[Co(No,)s]| + 2NaCl

BoinosiHeHUe peakuuu: B TPOOUPKY TMOMEIIAIOT 2-3 KAl UCCIeTyeMOTO PacTBOpa
1 ocTOpokHO TpubaBsitoT 2-3 karum 2H pactBopa CH3;COOH no cnaGokucion peakium.
3aTeM K TMOJy4eHHOMY pacTBOpy NPHOABISIIOT 1-2 Kamim CBEXKETPUTOTOBICHHOTO
Na;[Co(No,)g]. IIpu nanuunu nona K* BelmagaeT xenTslii 0cagox.

2. Jeiicmeue cuopomapama nampus NaHC,H O
Nownsb! kanus narot ¢ pactBopom NaHC,H,O4 Genbiil KpucTaminyeckuii 0caiok.
KCI1 + NaHC4H4O6 = KHC4H406l + NaCl

BoinosiHeHue peakmuMm: B MNpoOUMPKY HamuTh 4-5 kamenb pactBopa coiu K u
npubaBUTh CTOJIBKO ke Kamenb pactBopa NaHC,H,O4. mnepememath cojepKumMoe
CTEKJISTHHOM majoukoil. Beimagaer 6eblii KpUCTAUTMYECKUM 0CaIOK.

3. Ilpoba na oxkpawueanue naiamenu

Jleryune conM Kajdusl OKpAIIMBalOT OECHBETHOE IUIaMsi TOPENKU B XapaKTEPHBIH
(uONETOBBIN 1IBET.

Peaxnun katnona Na*

1. Jeiicmeue ouzuopoanmumonama kanun KH,SbO, - 2H,0

Na" nonsl ¢ KH,SbO, - 2H,0 6enblii KpUCTaIIIMYECKU 0CaI0K.

NaCl + KstbO4 = NﬂHszO4l + KCl1

BeinosiHenue peakmum: 5-6 Kamenb pacTBOpa COJM HATPUS W TPU  TOMOIIU
WHJIUKATOpHOW OyMmaxkku yctaHoBUTH pH cpensl. Kucnyro cpeny HeUTpanusyrorT,
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npuOaBIIss MO KarisiM 1enoub. Llenounyto cpeny HelUTpanu3yroT mpudaBsisis MO KarisM
pacTBOp YKCYCHOM KHCIOTBHL. K HEWTpanm3oBaHHOMY pacTBOpy S5-6 Kamenab pacTBopa
KH,SbO, u mnoteperh CTEHKM MNPOOMPKH CTEKISTHHOW majoukoi. Bwimamaer Oemnbrit
KPUCTALUTMYECKUN OCAOK.

2. Okpawueanue niamenu

Bce neryune conu Na* okpammBaroT GeCLBETHOE IUIaMS B JKENITHIH 1IBET.

Peakuun katnona NH*

1. [eiicmeue wienoueil.

[Ilemoun mpu HArpEeBaHUM PA3Taral0T COJIM aMMOHUS C BBIJICIICHHEM ra3000pa3HOro
aMMHaKa.

NH,C1 + NaOH — ' NH;1 + H,0 + NaCl

BoinosiHeHHe peaknuM: B TPOOUPKY HaIUTh 6 Kamenb pacTBOpa 00U comm
coneprkaieii non NH," nmpubaButh paBHbIi 00beM 2H pacTBopa LIENOYM W HATPETh Ha
BOAsiHOUM OaHe. OCTOPOKHO MOHIOXATh BBIACISIOUIMICS a3, OLIYIIAETCS 3aMax aMMHUaKa.
[ToxkpacHeHHE (eHONPTATECUHOBOM OYyMAaKKM TaKKe yKasbiBaeT Ha mpucyrctBue NH,'
MOHOB.

2. Heiicmeue peakmuea Heccnepa.

Karuons! natot ¢ peaktuBoMm Hecciiepa ocaiok KpacHO-Oyporo 1BeTa.

AHaJIU3 cMeCcH KATHOHOB 1-ii rpynnsbl

A) Kamuon NH; moxcno omkpeimv 6 npucymcmeuu kamuonoé K' u Na*
peaxmueom Heccnepa unu peaxyueii c NaOH

5) Na* u K' ne mewarom omxpsimuio opyz opyza.

B) NH,;" mewaem omkpoimuio K* u Na* npu ananuse cmecu kamuonoe.

CneoBaTeNbHO: IPEXIE BCEro, HEOOXoauMmo ompenenuts uoH NH,', u ecam om
oOHapyXeH, TO YAAJIUTH €To.

st atoro 15-20 kanenb KcciieyeMoro pacTBopa NOMECTUTh B TUT€b U BBIIAPUTH
nocyxa. Cyxoil 0OCTaTOK OCTOPOKHO MPOKAIHUTh MOJ TArOM. OXJIaauTh COIEPHKUMOE TUTIISA
¥ IIPOBEepHUTH Ha nonHoTy yaamenus NH,". Ilocme ymanenms NH,® cyxoit ocraTok
PacTBOPUTH B BOJIE U NIEPEHECTH B IIPOOUPKY U ONPENEIUTh Hanuuure katnoHoB Na™ u K*

Peakunu Ha KATHOHBI 2 TPYNIIbI

Kamuonwt 2-11 cpynnut 63aumooeiicmeyron ¢ coaAHOU KUC10moi, o0pazysa 0caoxku

Peakuus kaTuona Pb*'

1. Peakuus co wenouamu.

[lemoun NaOH, KOH, a takxxke NH,OH 00pa3ytoT ¢ noHOM OembIii 0CaoK.

Pb(NO;), + NaOH = Pb(OH),| + 2NO;5 + Na

Oo6manas amdoreprocthio Pb(OH),, pacTBOpsieTCS B KHCIIOTaX U B H30BITKE IMIEIOYCH
¢ 00pa3oBaHUEM ILIFOMOUTOB:

Pb(OH)z + 2HN03 = Pb(NO3)2 + Hzo

Boinosinenue peakuum: 4-5 kanens NaOH, BeinagaeT ocajiok THAPOOKUCH CBUHIIA.

OO0pa3zoBaBUIMICS OCAIOK PACTBOPUTH IIEJIOUbIO HIJIU KUCIOTOM.

HszOz + 2NaOH + Naz[Pb(OH)4]

Peakuuu ¢ xpomarom K*

2 g
L Pb”" - uonwt 00pazyrom ¢ xpomamom Kaaus Hceamolii 0CaA0oK:
2

Pb** + K,Cr,04 — PbCrOy4] + 2K*
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BoinosiHenue peaknum: 2-3 Kaljid — HUCCIEAYEeMOrOo pacTBOpa IOMECTUTh B
npoOupKy, NpuOaBUTh HECKOJIbKO Kareiab 2H pacTBopa yKCYyCHOW KHCIIOTBI U HECKOJIBKO
Kameyib pactBopa Xpomara Kanusg. OOpasyercs XKeNTbld OCaJOK XpomaTa CBHHIIA.
[IpoBepuTh pacTBOPUMOCTH OCajJKa B U30bITOUHOM pacTBope NaOH.

Peakuus ¢ HoAuI0M KaJIusl.

1. KI svioensem uz pacmeopoe coneit yceamulit 0Ca00K HOOUOA C6UHUA.

Pb(NO3)2 + 2KI = Pblzl + 2KNO3

BoinosiHeHue peakumu: 2-3 Kariv UCCIEAYEMOTr0 pacTBOpa MOMECTUTh B MPOOUPKY
U MpUOaBUTh HECKOJIKO Karenb hoawuma xanus. HaGmrogaTs BeIIaZieHUsT Ocajka Hoauaa
ceunia. K obOpaszoBaBimemycs ocanky mo kamisiMm ao0aButh n30biTok KI. Habmomats
NOCTENIEHHOE PACTBOPEHHUE OCAKA.

AHaJIU3 KATHOHOB 3 rpynnbl

Peakiusi KaTHOHA Kaabuus Ca*

Jl1st oTKpbITHS KaTHOHOB Ca’ MCIIONB3YIOT 06IeaHATNTHYECKUE PeaKIIH.

1. Peaxkyus c oxkcanamom ammonus (NH,),C,0,
2 . .
OKcalar aMMOHHUS oOpasyeT ¢ katuoHoMm Ca”" Genblii KpUCTaJUIMYECKHH OCajoK,

HEPAaCTBOPUMBIN B YKCYCHOW KHCIIOTE.

CaCl, + (NH4),C,04 = CaC,0,] + 2NH,C1

BbinosiHeHue peaknuu: 3-4 Kamiud HCCIEAYEMOTO pacTBOpa IMOMENIAIOT B
npoOHupKy, MpuOaBIsIOT 3-4 Kamid YKCYCHOM KHCIIOTBI. 3aTeM MpUOaBISIOT HECKOJIBKO
kamenb  (NHy),C,O, wu mnHarpeBaror. Ilpu Hanmumu WOHOB BHINIAZACT  OEJBIMA
KPUCTAIIIMYECKUI OCa/IOK.

2. Peakuyus c zexcayuanogpeppamom K [Fe(CN)s]

Ca-wnonsl B ipucyrcteud NH," - nons! naror ¢ K;[Fe(CN)y] Genblii KpucTauIMuecKuii
0CaJI0K, HEPACTBOPUMBIN B YKCYCHOM KHUCIIOTE.

BoinosiHeHue peaknuu: 4-5 Kamenb HCCIEAYEMOro pacTBOpa IOMEIIAIT B
poOUpPKy, MPUOABISIOT HECKOJBKO Karelhb aMMHAadHOW OydepHOW cMecn M 2 Kamm
K4[Fe(CN)g]. [TomyueHnHyI0 cMech HarpeBaroT J0 KUTIEHUST — 00pa3yeTcst OembIii 0CaoK.

AHAJIN3 KATHOHOB S I'PyNIIbL.

Peakius katuona Fe’

1.  Peakuyus c cexcauyuanogeppamom K;[Fe(CN)g].

Fe’ — nonsl ¢ K5[Fe(CN)] 06pasyroT ocazok CHHEro 1BeTa, rekcaHobeppara xeiesa

Boinosinenne ombita: 2-3 ;3[Fe(CN)¢]. B caydae npucyrcTBus Fe”* - WoHOB
o0pasyeTcss ”HTEHCUBHO CHHUN OCAJIOK.

Peakius karuona Fe*'

1. Peaxkuyus c zexcayuanogpeppamom kanua K /Fe(CN)4]

Fe’* - woHsI ¢ K4[Fe(CN)g] oOpasyroT TeMHO crHMI 0caioK rekcanodeppara xenesa,
TaK Ha3bIBAEMYIO OCPIUHCKYIO JIa3yph

BoinosiHeHue onbITa: 2-3 KAy UCCIEAYEMOTO PacTBOpa MOMEIMIAIOT B TTPOOUPKY,
npubasisitor 2-3 kammm Ky[Fe(CN)g]. Tlpu nammuun Fe’* - woHOB o0Opa3yeTcsi 0caJiok
OCpJIMHCKOW Jla3ypu. Kalld MCCJIEAYyeMOro pacTBopa TMOMEIIAI0T B MPOOHUPKY,
npubaBisroT 1-2 karum pactBopa K
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2. Peakuyusa c pooanumoe ammonus NH,CSN, KSCN
Fe'* - wnomsl o6pasytor ¢ SCN KpacHoe OKpalllMBaHHE, B 3aBHCHMOCTH OT
KOHIICHTPAIIUU TPUMEHSIEMOTO POIaHNTA

Fe’* + 3SCN™ = Fe(SCN),

Bbino/jiHeHHe onbITa: 2-3 Kalid UCCIEAYEMOro pacTBopa, NpuOaBisioT 1-2 karim
KHCIOTHl pOJAHMTa Kamus. Ilpu Hammumm Fe’® - HOHOB HpPOMCXOIUT KpacHoe
OKpAILMBaHUE PAaCTBOPA.

AHaJIN3 KATHOHOB 6 rpynnbl

Peaknuu katnona Cu 2

1. Peaxkyus c NH;
Cu — uwoHBI C H30BITOYHBIM KOJHMYECTBOM BOJHOTO pactBopa NH;, o0pasyror
KOMITJIEKCHOE COCTMHEHHE, OKPAIIIEHHOE B MHTCHCUBHO CHHUM IIBET.

Cu** + NH; — [Cu(NH;),]**

BoinosiHeHue peakuuu: 2-3 KaliM MCCIEAYEMOTO pacTBOpa IOMEHIAIOT B
npobupky. IlpuGasnsror 3-5 kamens BogHoro pactBopa NHj;. oOpasyercs cuHee
OKpalllBaHUeE.

2. Peaxyusa ¢ muocynvgpamom nampus Na,S,0;
2 .
Cu™ - MOHBI ¢ THOCYIL()ATOM HATPUS B KUCIOH Cpele NPU HArPEBAHMU OOPa3yroT
yepHbii ocasiok Cu,S.

2Cu”" + 35,05 + H,O = Cu,S| + S,06~ + SO~ + HY

Boinosinenue peakmum: 10-15 kanmens wucciaegyemMoro pacTBopa NOMENIAIOT B
npoOHpKyY U MpUOABIAIOT 2-3 KaruM pacTBopa THocyabdaTta HaTpus. [lonmyueHHyo cMmech
HArpEeBAIOT 10 KumeHus. B ciyuae mpucyrctsus Cu’* - HOHOB 06pasyerTcs depHSIid
0CaJIOK.

Otuert o0 pabore
JKCcIepUMEHTAJNbHAS 3a/1a4a:

B npennoxxeHHoM o0pasiie onpeaeauTh COCTaB KATUOHOB, UCIIONb3Ysl KaUeCTBEHHbIC
peaKIuu.

KoHTpoabHBIE BONIPOCHI

1. Kakue kaTHOHBI Bbl 3HaeTe?

2. YUto Takoe rpynnoBoil peakTuB?

3. Kakue peakiny Ha3bIBaIOTCA KAUYECTBEHHBIMU ?

4. Kakue TpeOoBaHUS IPEABIBISIIOTCS K KAYECTBEHHBIM PEAKITUSIM ?
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JlaGopaTopHas padora

Tema 4.1 KauecTBeHHBIN aHAIU3

HaumenoBanue padorbl: YacTHble peakiii aHUOHOB.

Heab: HayunTtbcs onpenensaT aHUOHBI B paCTBOPE.

Bpems:2 yaca

Ipuodopsl u peakTuBbl: K;[Fe(CN)g], NaCl, KC1, Na[Co(NO;),], KSCN, FeCl,,
F@SO4, CaClz, CUSO4, HZSO4, BﬂClz, AgNO3, N32C03, Na3P04, KI, Pb(NO3)2, KCTO4,
K4[Fe(CN)g], Pb(NOs3),, K,Cr,0;, xumuueckas nocyaa.

AHaJIU3 AHUOHOB

B ocHoBy knmaccudukanyy aHHOHOB TOJIOKEHO Pa3u4he B PACTBOPUMOCTH COJICH
Oapus u cepedpa.

Ilo HauGoJiee pacnpocTpaHeHHOH KJIacCH(PUKANMH BCe AHMOHBI AeJIATCH HA TPH
aHAJIMTUYEeCKHe TPYNIIbI.

K 1-#1 rpynne oTHOCSTCS aHUOHBI, OapUEBbIE COJIM KOTOPBIX HEPACTBOPUMBI B BOJIE.

Ko 2-ii rpymnme OTHOCAT aHUOHBI C MAaJOpPaCTBOPUMBIMH B BOJE CEpeOPSHBIMU
COJISIMU.

K 3-ii OTHOCAT aHHOHBI, COJIM KOTOPBIX PaCTBOPUMBI B BOJIE.

Odopmirenne 1adopaTopHoii padoThl NPOU3BOAUTH B BU/I€e TA0JIUIIbI:

Hon PeakTus Peaknus Haomonenus

Xoxa padoTbl
AHayiu3 aHuoHOB 1-if rpynnsl

Bce anuonwt 1-11 cpynnut ocaxcoaromes conamu cepeopa, oopasysa ocaoku 6enozo,
HCENMO20 U ULOKOTIAOHO20 Heema.

Peakiuu cyibdar-anuona SO*

1. BaCl, ocaxnaer annon sO,>, 06pasyst Genblit ocamox
SO,” + Ba®* — BaSO.|

2. AgNO; ocaxcoaem om KOHUEHMPUPOBAHHBIX PACMEOPOE 0Oenblil
0CA00K, pacmeopumbslil 6 A30MHOU KUcjiome.
2Ag" +SO,” = Ag,SO,|

Peakuuu kap0ooHAT MOHA COg&

1. BaCl, ocasxcoaem anuon CO;*, o6pasys Genviii 0cadox, pacmeopumslii
Kucaomax (Kpome cepHoil Kucaiomaot)
Ba®* + CO;~ = BaCO;|

2. AgNO; o6pasyem ¢ anuonom CO3” Genviii 0cadok, pacmeopumbvlii 6
Kucaomax (Kpome consaHoul Kucjiomul)
CO;” + 2Ag = Ag,CO;5)

3. Kucnomut paznazaom conu y201bHoul Kucaomol ¢ evioenenuem CO,
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CO;” + 2H" = CO,% + H,0O
VYriekucnslii ra3 MOXHO OOHAPYKUTh U3BECTKOBOM BOJIOM
Ca(OH)z + C02 = CaCO3l + HZO

Peakiuu docdar-nona PO>

3- « o
1. BaC!, oopazyem c¢ anuonom POy Oenwiii 0cadok, pacmeopumslii 6

Kucaomax (Kpome cepHoil Kuciomot)
Ba** + HPO,” = BaHPO,|

2. AgNO; ¢ anuonom PO oépazyem acenmuiii ocadox gocama
cepedpa, pacmeopumblii ¢ A30MHOI KUCIOME:
3AgNO3 + Na,HPO, = Ag3PO4l + HNO3 + 2NaNO3

3- -
3. Mazuesuanvnaa cmecv c¢ aunuonamu PO;” oo6pazyem oenwiii

KpUCMaiiu4eckuii 0cadok
NazHPO4 + NH4OH + MgC12 — MgNH4SO4l + 2NaCl + HzO

BoinosiHenue peakuum: Kk 5-6 kammsim MgCl, npubaBuUTh HECKOJIBKO Karelnb
NH4,OH. O6pasyercs ocamok Mg(OH); pactBoputh mo6aBinenuem NH,C1l, a 3arem
npubaBUTH HECKOJIbKO Kamnenb Na,HPO,. benblii ocaiok ykaxeT Ha NPUCYTCTBUE aHUOHOB
PO,

AHaJIN3 KATHOHOB 2-i TPyNIIbI

I'pynnoBbiM peakTMBOM Ha AaHWOHbI 2-ii rpymnnbl sBjasietcs AgNQO; B
NPUCYTCTBUH Pa30aBJICHHON a30THOM KMCJIOTHI

Peakuuu anuona C1°

1. AgNO; oopazyem ¢ anuonom CI 0Oenvlii meopoxcucmolii 0cadok

AgC1 nepacmeopumpltii 6 600e u Kuciomax
Ag+Cl =AgCl1]|

2. MnQO,, PO; u opyzue okuciumenu npu 3aumooeiicmeuu ¢ AHUOHOM
CI" oxucnarom e2o 00 c60000H020 X10PA, KOMOPBLIL OnpedeIiemcsa no 3anaxy u
N0 NOCUHEHUI0 Oymazu CMOYEHHOU pACMEOPOM UOOUCHIO20 Kaaus U
KpaxmanvHozo Kieicmepa. Imoii peakyuu mewiarom anuonvl I', Br'.
Peakuuu annona Br’

1. AgNO; obpazyem c¢ anuonom Br owenmosamwlit ocadoxk AgBr,

Hepacmeopumblii 6 a30MHOU KUciome
Ag + Br = AgBr|

2. Xnopuasa eoda npu e3aumoodelicmeuu ¢ anuonamu Br okucnaem ux
00 c80000H020 Opoma
C1 +2Br =2C1 + Br,]
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BbinosiHeHHe peakIuM: TMOMECTUTh B Tpobupky 1-2 kamaum pactBopa NabBr,
MOAKUCIIUTE HecKoNbKkuMHU Karisimu H,SO,, mpubaBbTe 1-2 Kamid XJIOPHOM BOJBI.
PactBop Oypeer B pe3ynbTaTe BblJeNIEeHUsS CBOOOAHOro Opoma. JloGaBbTe 5-6 Karmenb
OeH3071a u B30osTalTe. beH30JbHOE KOJIBIIO OKPAIIUBAETCS B KPACHO-OYPHBIH IBET.

Peaxnuuu agnona I'

1. AgNQO; obpazyem ¢ anuonom I sncenmuwlit nepacmeopumslii 6 600e, 6
azomnou kuciome u NH,OH ¢ omauuuu om AgClI.
Agt+T1 =Agl|
2. Kamuonwt ceunya Pb** o6pasyrom ¢ anuonom I' 30n0mucmur ocadok
PbI,

Pb’* + 2I' = PbL,|

3. Xnopuasa eooa 6 kucnoiui cpede oxkuciasiem anuonvt I 00 c600600n020

1100a, Komopulil OKpawueaem Kpaxmasu 6 CUHUILL YGem
C12 +2I =2C1" + I,

AHaJIN3 aHUOHOB 3-il TPyNNbI

Peakuyuyu nurpar-anuona NOs’

1. Jugpenunamun (CsHs),NH ¢ anuonom NOj3 odpazyrom unmencueHo-cunee
OKpawiuganue

Beinosnenue peakuuu (C¢Hs),NH ¢ anmonom NO; 00pa3yeT MHTEHCUBHO-CHHEE
OKpalIuBaHUe

BoinosiHeHHe peaKkuMu: OMOJOCHUTE MPOOMPKY HECKOIBKUMH KaIlJIIMA pPacTBOpa
HUTpaTa Kayms Wik Hatpus. [lomecTrTe Ha BHYTPEHHIOK CTEHKY Karulio nudeHrmaMmuHa.
Habmronaiite nosiBiieHnEe TEMHO-CHHETO OKPAIIMBAHMS.

2. Peakyus c medvto u cepnoit Kuciomoiu

Annod NO; BOCCTaHaBIMBAETCSd METAUIMYECKONM MENbI0 B MPHUCYTCTBUU CEPHOMU
KHCIIOTHI 70 OKHCH a30Ta (Oyporo 1BeTa)

8NaNO3 + 3Cu + 4HZSO4 —! 2N02 + 3CU(N02)3 + 4NaQSO4 + HQO

Peakuyn nurpur-anuna NOy

Otnanuntk aHnoHbl NO3™ 0T aHHOHOB NO, MOXHO CIEAYIOINMU PEAKIIUIMU:

1. Kucnomut paznazaiom eéce numpumol ¢ evloeienuem okucu azoma (0ypoz2o
ueema):

2H + NOZ_ = 2HN02

2HN02 = NOzT + NOT + Hzo

2. KI ¢ npucymcmeuu pa3zoaenenHnon cepHou KUCAOMbL OKUCTIACMCA
Humpamamu 00 c60000H020 1100a

- + ZNOZ- +4H" = L+ 2H20 + 2N02T

BoinosiHeHue peaknmum: K 4-5 KamwisiM TOAKUCICHHOTO pacTBOpa HUTPUTA
npuOaBUThH CTOJBKO K€ pacTBOpa Hoauaa Kanus. BeinensieTcss cBOOOIHBIN MO, KOTOPBIH
Y3HAETCs 10 MOCUHEHHUIO KpaxMara.

IIpeaBapuTebHble HCIIBITAHUA AHUOHOB

1. Ilpooba na anuonwt 1-it zpynnut
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K 4-5 xamism npuOaBuUTh CTOJIBKO € pacTBopa xyopuaa Oapus. OOpazoBaHHe
0CaJiKa YKa3blBA€T Ha IMPUCYTCTBHE AaHWOHOB 1-U rpynmsl. B 3TOM cinydae mpojaenainte
YaCTHBIE pEaKLMK Ha KayKbIil aHUOH.

2. Ilpooba na anuonwt 2-it 2pynnwt

K 4-5 kamiaMm uccnegyeMoro pactBopa MpuOaBUTh HECKOJIbKO Karellb a30THOM
KHUCIIOTHI U 4-5 Kamnenb pacTBopa HUTpaTa cepedpa. Beimamarommii ocagok yka3biBaeT Ha
IPUCYTCTBHE aHUOHOB 2-U Ipynmbl. B TakoM cilydae OTKpONTE UX B OTAEIBbHON MOPLIHH
pacTBopa.

3. Peakuyusa pacmeopa na 1axkmyc

HcnblTaliTe aHanu3upyeMbld pacTBOp Ha JIakMyC. Eciam OH 1okaszai, KHUCIYHO
PEAKIMIO CPEJIbl, TO B HEM MOTYT MPUCYTCTBOBATH aHHOHBI CO5~, SO5™

4. IlIpooba na npucymcmeue anuono6-oKkuciumeneil

K 5-6 kamnsiM wucclieyeMoro pacTtBopa, MOJKUCIEHHOTO CEPHOW KHUCIIOTOH,
npubaBbTe 2-3 kamu HI u Heckonbko kamenb kpaxmana. [Ipu Hammuymum annona NO,
OKHCIIUTEIIS paCTBOP OKPAILIMBAETCSA B CUHUM LIBET

5. Hcnoimanue na anuonwl-60ccmanogumenu

K 5-6 kammsam wuccienyemMoro pacTBopa npuOaBbTe 2 KalUlM pacTBOpa CEpPHOM
KUCIOTBI W 2-3 kamim nepmanraHata kamua (KMnO,). Ecmu nocnennuit
o0eclBEeUrBaETCs, TO B PACTBOPE MOTYT MPUCYTCTBOBATh aHMOHbI-BOccTaHOBUTENMU NO;',
I', Br-

6. Ilpo6a na evidenenue 2azoe

K 3-4 kamisam pacTBopa mpuiieidte 3 Kaluld pacTBOpa KHUCJIOTBhI, MOKHO HArpeTh.
BhIJIelIeHHE MTy3bIPHKOB I'a3a YKa3bIBaeT BO3MOXkHOe npucyTcrie CO,” .

OOHapy>keHue OTACIbHBIX aHUOHOB JIENAIOT BBIIIECKa3aHHBIM METOOM.

NCKJIIOYEHHUE:

Ecnu B mcnbITyeMOM pacTBOpe OTCYTCTByeT aHMOH Br, To anmon Cl OTKpbIBarOT
Kak onucaHo. Eciu ke B pacTBOpe NPUCYTCTBYIOT aHUOHBI B, TO OTKpbIBaTh aHHOHBI C1°
cIeAyeT TakXe, HO TOJIbBKO OCaJoK coJjie cepebpa oOpadareiBator He NH,OH, a
(NH4).COs.

Ecimm B pactBope orcyrcrByroT uOHBI NO,, To aHnoHel NO; OTKpBIBaKOT
mupenmnamMuaoM. Ecnu ke aHnonsl NO, NpUCYTCTBYIOT, TO MX HAJIO NPEABAPUTEIBHO
yAAIUTh TpPU MOMOLIM OCTOPOXHOro HarpeBanusi pactBopa ¢ TeepasiM NH,Cl wnnm
MOYEBUHOU

NH4+ + N02 = NzT + 2H20

Otuert o0 pabore
B npennoxxenHoM 00pasiie ompeneanTh COCTaB aHUOHOB, MCTIOIB3YsI Ka4eCTBEHHBIC
peaxiuu.

KoHTpoabHBIE BONIPOCHI

1. Kakue aHHOHBI BbI 3HaeTe?

2. YUto Takoe rpynnoBoil peakThuB?

3. Kakue peakiyiy Ha3bIBAIOTCA KAYECTBEHHBIMU ?

4. Kakue TpeOoBaHUS IPEABIBISIIOTCS K KAYECTBEHHBIM PEAKITHSIM ?
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JlaGopaTopHas padora

Tema 4.1 KauecTBeHHBIH aHAJIH3

HaumenoBanue padoThl: AHAJU3  COJM, PACTBOPUMOCTHL B  BoOJe
(AKcnepuMeHTAJILHASA 3a/1a4a).

Heab padorei: OnpenenuTh HATMYUE KATHOHOB U aHUOHOB B COJIH.

Bpems:4 yaca.

IpubGopsl u peaktuBbl: K;[Fe(CN)g], NaCl, KC1, Na[Co(NOs;),], KSCN, FeCl,,
F@SO4, CaClz, CUSO4, HzSO4, BﬂClz, AgNO3, N32C03, Na3P04, KI, Pb(NO3)2, KCTO4,
K4[Fe(CN)g], Pb(NOs),, K,Cr,0;7, xumnueckas nocyaa

Xoa paéoTbi

OnbiT Nel. [ToaroroBka cyxoro BemecTBa K Ka4eCTBEHHOMY aHAJIU3Y.

[ToaroToBKy BellleCTBA K aHAJIW3Y HAYMHAIOT C HM3MEJIbYEHHs, HO €ciau oOpasell
NpeAcTaBisgeT co0Oll CMechb MEJNKUX KpUCTAUIOB, TO pacTUpaHUs He Tpedyercs,
JIOCTAaTOYHO MepeMenaTh €ro CTEKJISIHHON Mal0yKOu.

Hanuume B oOpasiie 3eleHbIX KPUCTAIUIOB MO3BOJISET MPEANOI0KUTh MPUCYTCTBHE
couteii xenesa (I1), cuanx — meau (II), po3ossix — mapranma (II) wim ko6ansta (II).

AHanmu3upyembiii  00paszer] AensaT Ha TPU YacTH: OJHA MpeTHA3HAYAeTCS JUIs
0OHapyXeHHSI KaTHOHOB, IPyTasi — aHWOHOB, & TPEThSI PACXOAyeTCS Ha MPEIBAPUTEIHHBIC
VCTIBITAHUS.

OnbiT Ne2. IIpeaBapurebHbIe HCIIBITAHUS U PACTBOPEHHE BelleCTBA.

K mpenBapuTelbHBIM HCHBITAHUSIM OTHOCSITCS MPOOBI Ha OKpalIMBaHUE IJIaMEHH,
MOJIy4YeHHE IBETHBIX MEPJIOB TeTpabopaTa uiau ruapodocdara HaTpUs-aMMOHUS U T.II.
Pe3ynbratThl MX JOJKHBI OBITH HOATBEPKACHBI CUCTEMATUYECKUM aHATTU30M.

OOpaiaroT BHUMAaHKE Ha LBET MOJYYEHHOTO PacTBOPA; B CIA0OOKUCIBIX pacTBOpax
xkene3o (II) umeer 3eneHoBaTyro okpacky, skenezo (III) — »xenroBatyto, mennp (II) —
rojiyoyro, ko6ansT (II) — po3oByro.

OnbIT Ne3. O0Hapy:xeHHEe KATHOHOB.

PacTtBOpuB cyxoe BeIlIEeCTBO, MPUCTYMAOT K OOHapyXEeHHIO KaTHUOHOB. B xoze
aHAJIM30B CMECH KATHOHOB IMOJYYaroT CBEACHMS O MPHUCYTCTBUU aHMOHOB. Eciu cyxoe
BEII[ECTBO PACTBOPUThL B YKCYCHOW, pPa30aBICHHOW XJIOPOBOJOPOIHOW WM a30THOU
KHUCJIOTE U B HEM OOHApY>KEHbI KATHOHBI Oapusi, TO, OYEBUIHO, OHO HE COJAECPXKUT Cyb(dat-
aHnoHOB. OOHapyXMB KaTHOH Oapus B HEUTPAJIbHOM WJIM IIETIOYHOM PAacTBOPE, MOKHO
3aKJIIOYUTh, YTO BCE aHUOHBI 1-U rpynmbsl oTcyTcTBYIOT. OOHapyXeHHe KaThuoHa cepedpa B
pacTBOpe, He UMEIOIIEM OCaJIKa, YKA3bIBAET Ha OTCYTCTBHE AHMOHOB 2-i IPYIIIIHI.

Kap6oHaT-uoHbsl MOTYT ObITh OOHAPYKEHBI B XO/I€ aHAJIW3a KATUOHOB MO BBIIEJICHUIO
okcuaa yriepozaa (IV)mpu nogkucieHuu.

Cwm. naGopatopHbie pabotsl 15,16.

OnbIT Ned4. OoHapyxenue aHuoHOB. Co10Basi BBITSIKKA.

HNuorna obHapykeHHE MOHOB TpeOyeT CrelHabHON MOATOTOBKU CYyXOI'O BEIEeCTBA;
OecnpensaTCTBEHHOE OOHApYyKEHHWE BO3MOXKHO JIMIIb B MPUCYTCTBUU KATHUOHOB Kallus,
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HaTpus U aMMOHUsA. YUTO ke KacaeTcsi KaTHOHOB 2-1 rpynn BMecte ¢ maraueM (1), To onn
MEMIAIOT OOHApY)KEHHIO aHMOHOB  (AalOT  OCaJAKH, MPOSBISIOT  OKUCIUTEIbHO-
BOCCTAaHOBUTENbHBIE CBOWCTBA U T.I.). YTOOBI y1aduTh KAaTHOHBI «TSKEJIBIX METAJUIOB» U
IIEPEBECTH BCE COJIM B HATPUEBBIE, aHAIM3MPYEMOE BEIIECTBO KHUIATAT ¢ KapOOHATOM
HaTpus (comoil).

Oxkoso 0,1 r cyxoro BemiecTtBa cmemmuBarT B Turie ¢ 0,4 r xapOoHaTa HaTpus,
npunuBaioT 50-60 kanens BOABI U KUTATAT S MUH, J00ABJIss BOAY B3aMEH HCIApPHUBIIEHCS.
3areM coAEpKUMOE THUTJS MEPEHOCAT B KOHUYECKYIO MPOOUPKY, LEHTPUPYPUPYIOT U
oTneNstoT ocanok. [lomydeHHbIN HeHTpU(yraT Ha3bIBAIOT COAOBOM BBITSKKON. B Hell u
OoOHapyXMBAIOT aHUOHBI 1-3 Tpymm, HEHTPaTU3UPOBAaB COAOBYIO BBITSDKKY YKCYCHOM
KHUCIIOTOM /IS yaleH!s N30bITKA KapOOHaTa HATPHS.

AHanu3 CcOAOBOM BBITSKKM HAYMHAIOT ¢ NMpod Ha aHWOHBI 1-i1 U 2-i rpynm B
OTJIENbHBIX MOpLUAX pacTBopa. [lockonbky xapOOHAT-HOH OBLI BBEACH NPU MOTYyYECHUHU
BBITSDKKH, €r0 OOHApYKMBAIOT B YAaCTH CYXOrO BEILIECTBA JCHCTBUEM XJIOPOBOIOPOIHON
KHCJIOTBI.

OTuer 0 padoTe
BrinonHuB ananus, cienath BEIBOA O COCTaBe oOpasla.

KoHTpoabHBIE BONPOCHI

1. IlepeuncnuTh 3Tanel aHanU3a COJH.

2. Ykaxurte orinnune katuoHoB III rpymnmer ot katronos I u 11 rpynm.

3. Kak mpakThyeckdu MOXKHO pa3leiauTh npucyrcTBytomme B pactBope CI u
CO5> -nons1? HanummTe cOOTBETCTBYIONINE YPABHEHHS PEAKIIHH.

4. Kak moxuO o6Hapyxuth CI' um SO, -HOHBI IPU HX COBMECTHOM
MIPUCYTCTBHH B pacTBOpe?

JlaGopaTopHas padora

Tema 4.2.1 KoanmuecTBeHHbIN aHaau3. 'paBuMeTpuYecKuii aHaan3

HaumenoBanne pabotbl: OrmnpeeneHne BIAKHOCTH MHUIIEBBIX MPOAYKTOB [0
MOCTOSIHHOM MacChl

Heanb: Hayuuthcs ompenensith BIAKHOCTh MHUILEBBIX MPOAYKTOB YCKOPEHHBIM
METOJIOM

Bpemsi:4uaca

IIpubopbl U peakTUBBI: BEChI AHATUTUYECKUE, CYIIMIBLHBIN MKad, YKCUKATOpP, OFOKC
METaJUTMYECKHI, TUMETKa Ha SMJI, MapiieBble KPY>KOUYKH, BEChl TEXHHUYECKHE, CTaKaH
ATIOMUHHEBBIN, IEPKATEIb, CTEKIIO, 3EPKAIIO.

OnbiT Nel VYcekopeHHBII MeTOQ oOmpelejieHHsI CYXOro BellecTBa B
NACTEPU30BAHHOM M CTEPUJIM30BAHHOM MOJIOKE U KHCJIOMOJIOYHBIX MPOTYKTAX.

Xoa paéoTbi

B meramnuueckuii OOKC Ha JHO YKJIaAbIBal0 2 KpPYKKa Mapiu, BBICYLIIMBAIOT C
OTKPBITOH KpbImKOH mpu Temmeparype 105°C 20-30 MHHYT M 3aKpBIBAIOT KPBIMIKOM,
OXJIAXIAI0T B 3kcukarope 20-30 MUHYT, 3aT€M BBICYIIIMBAIOT HA aHAJTUTUYECKUX BECax 0
0,0001r
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B noxaroroBneHHbI OHOKC MHUMETKOM BHOCMM 3 MJI HCCIEAYEMOro MpPOAYKTa,
PaBHOMEPHO pacHpeAensieM O BCEHd MNOBEPXHOCTH MapJu. 3aKpbIBAEM KpPBIIMIKOH H
B3BEIIMBAEM. 3aTEM OTKPBITHII OIOKC M KPBIIIKY MOMEIIAIOT B CYIIMJIbHBIN IIKad mpu
temmeparype 103°C Ha 60 MHHYT, mocie 4ero OIOKC 3aKpHIBAIOT, OXJIAKIAIOT U
B3BECILIUBAIOT.

BricymuBanue u B3BemIMBaHUE MNpoaoxarT yepe3 20-30 MUHYT 10 MOJy4YEHUS
pa3HUIIBI B MAacce MEXIY ABYMS TTOC/IeI0OBAaTEIbHBIMY B3BemuBanusaMu He 6omee 0,001 T.

Cyxoil 0CcTaTOK Ha MOBEPXHOCTH MAapJIeBOr0 KPY>KKa JIOJHDKEH UMETh PaBHOMEPHBII
CBETJIO->KEJITBIN IBET.

Otuert o0 pabore
1. Paccuntath MaccoByIO JOJIIO CYXOT0 BemiecTBa B % 1o popMmyiie:

_ (my—my;)-100

m—nmy,

m — Macca 0roKca C HaBECKOW UCCIIETYEeMOTO MPOTYKTa IO BHICYIIIMBAHUS

m, - Macca O0rokca ¢ MapJeit

m; — Macca NOCJ€e BbICYIIUBAHUS

2. PaccumnTaTh MacCOBYIO JIOJIO BJIArd B MPOAYKTax 1Mo GhopmyIie:

W=100-W CyXO0ro BelecTsa

OnbiT Ne2OmpenesieHne BJIAKHOCTH B CJAMBOYHOM Macje BBICYIIMBAHHEM
HaBecku npu temneparype 102°C.

w

Xoa paéoTbi

B BbICYIIIEHHOM aJIFOMMHUEBOM CTaKaHE B3BeIIMBAIOT 5 win 10r cIMBOYHOro Macia,
¢ morpemHocThio He 6oiee 0,011

C noMmouipl0  CHeHUadbHOTO  METAUIMYECKOro  JepKareiss WM  IIUIIOB
QIIOMUHUEBBIA CTaKaH OCTOPOXXHO OCOOEHHO BHayaljie, HArpeBAalOT HAa AJIEKTPOILIUTKE,
NOAJCPKUBAsi CIHOKOWHOE pAaBHOMEPHOE KWUIEHUWE, HE JOMyCKas BCICHUBAHUS U
pa30Opei3ruBaHus. HarpeBanue mNpoW3BOMAT 0 MPEKPAIICHUS OTIOTEBAHUS XOJIOJHOTO
3epKajia, MOJAEPKMUBAEMOro HaJl cTakaHoM. [IpM3HAKOM KOHEUHOrO HCIAPEHHS BOJbI
CIIYXUT TIpEKpaIieHue BCTICHUBAHUSA M TPECKA W TOSBIICHHE JierTkoro mooypenus. [locie
BBICYIIIMBAHUS CTAKaH OXJIAXJAEM B SKCUKATOPE U B3BEIIMBAEM.

Otuert o0 pabore

1. Paccuutath MaccoBylo JOJIIO BJIard B CIMBOYHOM Maciie o Gopmyiie:

npu HaBecke 10r

B =10(m - my)
NpH HABECKe Sr:
B=20(m-m,)

m — Macca CTakaHa C HaBECKOM 10 HarpeBaHUs

m; — Macca CTaKaHa ¢ HaBECKOMU I10CJIe HarpeBaHus

KoHTpoabHBIE BONPOCHI
1. Kak onpenenuTs BIaXKHOCTh MOJIOKA YCKOPEHHBIM METOJIOM ?
2. B yem 0cOOEHHOCTH ONpEIEICHUs BIIard B Macie?
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JlaGopaTopHas padora

Tema 4.2.1 KoanuecTBeHHbIN aHaau3. 'paBuMeTpuYecKuii aHaan3

HaumeHnoBanue padorsi: OnpeesieHre 301bHOCTH NUIIEBBIX IPOIYKTOB.

Heab: HayunTtbcs onpenensiTe 30JbHOCTh MOJIOYHBIX NMPOJYKTOB M Kau€CTBEHHBIN
COCTaB.

Bpems:4 gaca

IIpudopsl m peakTuBbl: (GapPopoBble YAIIKH WM TUTENb, CYIIWIBHBIA IIKad,
HarpeBaTeNbHbBIN NMPUOOP, Bechl, My(denpHas meub, 0e330JbHbIN (QUIBTP, BOPOHKA, KOJIOA,
MOJIOKO, MacJjo, IUCTUINIMPOBAHHAS BO/Ia, OCH3MH,

Xoa padoTbl

OmnbiT Nel. OnpenesieHue 30J1bHOCTH MOJIOKA

20r momoka otBemeHHoro Ao 1,00lr B ¢apdopoByro dUamKy WIM TUTENb
(MpoKaNeHHbI 10 B3BEIIMBAHWSA) BBINAPUBAIOT 1O CyXa Ha BOASHOW OaHe. 3areM
BBICYIIIMBAIOT B CYLIMIBHOM Inkady mpu temmeparype 102-105°C 1 cXHUraroT 0CTOPOKHO
Ha ciabom orHe. OOyrieHHyI0 Maccy o0pa0aThIBalOT HECKOJBKO pa3 Topsiyeil BOJIOi,
KOKIbIM pa3 ciuBas pacTBOp uepe3 HeOosblIoN (GUIbTp B KOJOOUKY. DPUIbTp C
MOMaBUIMM Ha HEro OOYIJIMBIIMMMCS YacTHIIAMHU MPOMBIBAIOT BOJOW CIIMBAs €€ B Ty K€
K0J100uKy. DUIBTP C OCAJAKOM IMEPEHOCAT B YAIKy WJIM TUTENIb ¢ OOYIJIEGHHOM Maccoii,
BBICYIIIMBAIOT U MPOKAJIMBAIOT HAa CHJIBHOM OTHE WJIM B MyQese Mpu KPaCHOM KaJCHHUH 0
MOJTyYEHUS 30JIbI CBETJIO-CEPOro I[BeTa 0€3 OOYIJIEHHBIX YacTUll. B OXIaXKIeHHYIO YaliKy
WM THUTEIh BBUIMBAIOT M3 KOJOOYKH, TONYYEHHBIM paHee (UIbTpaT, OMOJIACKUBAs
K0100uKy 2-3 pa3a HEOOJBUIMM KOJUYECTBOM BOJBI, 3aTE€M BBIIAPUBAIOT HA BOASHOMN
0aHe, BBICYIIMBAIOT B CYIIMJIBHOM IIKay M OCTOPOXKHO MPOKAIHBAIOT B My(dene Ha
c1aboM KpacHOM KaJIeHU! (4400C) HE JONyCKas CIUIaBieHus 30Jibl. [locne oximaxienus B
AKCHKATOpE B3BelIMBaeM ¢ TOUHOCTHIO 0 0,0005T.

OmnbIT Ne2. Onpenesienue 30JbHOCTH MacJia

[IpeaBaputenbHO yHAISIIOT SKUpP OSKCTparupoBaHueM OensuHoMm. 10-15r wmacna
oTBemMBaioT ¢ ToYHOCThIO A0 0,001r B dapdopoBylo yaliKy ¢ HOCUKOM WJIM TUTEIb U
HarpeBarOT /0 IUIABJICHMS Macjia W TpU T[OMEIIMBAHUM CTEKJISIHHOW MajJOuYKou
pacTBOpsAIOT kup B 25-30my OeH3uHA. DTOT CJIOH JACKAHTUPYIOT uepe3 0e330JbHbIN
dumbTp. BeicymenHsrit mpu temmeparype 102-105°C ocraTox Macna mocie oXIaxeHus
MEPEHOCHT B TOT K€ (PUIIBTP CTEKISTHHON MANIOYKOM, 0OMBIBas YalIKy OCH3HMHOM.

OuIbTp MOMEMAIOT BO B3BeMICHHBINH ¢ TOYHOCTHIO 710 0,0005T dapdopoBsiii Turens
¥ BBICYIIMBAIOT B CYIIMJILHOM KAy U OCTOPOKHO MPOKAIUBAIOT B Mydene mpu cinadbo
KpacHOM KajeHuu. [locie 4ero oxnaxJIeHHeM B 3KCHKATOpE, B3BEIIMBAEM C TOUHOCTBHIO
10 0,0005r u mpoBOAAT pacyer.

OO6paboTKa pe3yIbTaTOB aHAJIOTUYHO MOJIOKY.

OTuer o pabore:

1. PaccuuTaTh comepxkaHue 30761 B MOJIOKE.

2. Paccuutath comepikaHue 307161 B MacIe.

m - Macca papdopoBoii yaIIku

m; - Macca ¢papPopoBOIi YAIIKH C MOJIOKOM

m, - Macca Yamlku ¢ HaBECKOH MOcie MPOKaIMBaHUS
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m3 - Macca 30J1bl (M3 = my — m)
m,, - Macca HaBecKHu (m, = m; — m)
Conep:kanue 30/1bI BLICYUTHIBAIOT M0 (hopmylie:

W = ﬁ'1()()‘70
m

H

KoHTpoJibHBIE BOIPOCHI

1. Kakyto nocyy UCTONb3YIOT JUIsl BRIAPUBAHUS U COKUTAHUA?

2. 3a7a4M rpaBUMETPUUECKOTO aHAJIN3a.

3. Urto Takoe 3071a?

4. Kakve ommOKM aHAIUTHYECKWX ONpPENEICHUNH €CTh B KOJUYECTBEHHOM
aHanusze?

JlabopaTtopHas paGora

Tema 4.2.1 KonuvecTBeHHblI aHanu3. ' paBuMeTpudeckuii anaaus

HaumenoBanue padorbl: Onpenesienue coaep:kaHusi Ba B kpucramimieckom
BaClz.

Heab: Hayuutscs onpenenats cogepxanne Ba B kpuctammmueckom BaCl,.

Bpems:4 yaca

IIpuGopsl M peakTUBBI: CTEKIIIHHbIE NTalouky; 2H. consHas k-ta; 2H cepHas k-Ta;
BOJIsiHasE OaHs; 0€330JIbHBIM (DUIBTP; BOPOHKH; CYIIWIBHBIN IiKad; mydenbHas Medb;
TUTEJIb; TUTEJIBbHBIE NIUIILBI; SKCUKATOP; Bechl; BaCl,; siekTpuyeckas minTkKa.

Xon padoThI.

1.B3siTHe HAaBeCKHU M ee pacTBOPEHMeE.

[TomyunTe ManeHbKYI0 HPOOHPKY C 00paslioM [Js OMpeneieHHs B HEM XJIOpHAa
o6apus BaCl, . 2H,O. Hanelite B crakan c¢ HaBeckoi BemectBa 100 — 150 wmn
JUCTWIJIMPOBAHHOM BOJBI M JUISL JIyYLIEro PAacTBOPEHMS IIEPEMEIIANTE CTEKISIHHOU
nanoukoil. Ilocne 3Toro y»e He BBIHUMAaWTE MAJI0YKY U3 CTaAKaHa 10 KOHIA OCAXKICHUS: Ha
HEW MOTYT OCTaThCS KaIlJId pacTBOPA, MOTEPSI KOTOPBIX CKAKETCS HA PE3YJIbTAaTE aHAIN3A.
[Ipuneiite B cTtakan 2 — 3 mul 2H. XJIOPOBOJOPOAHOU KHUCJIOTHI, UTOOBI MPEAOTBPATUTD
o0pa3oBaHMe KOJUIOMJHBIX YacTul] cyibdara Oapusd W TOIYy4UTh OoJiee KpYyHHbIE
KPUCTAJLIBI.

2.0caxxaenue.

AHaJIM3UPYEMBII PACTBOP HArpEUTE MOYTH O KUIEHUA (KUIIEHUE HENOMYCTUMO, TaK
KaK Iapbl BOABI MOTYT YBJIEKaTh MEIbYANIINE KAIUIA KUIKOCTH U3 CTAKAHA).

[TapannenbHO ¢ 3TUM B Apyroi crakaH Hajeite 30 mil IUCTUIUIMPOBAHHOM BOJBI,
npubaBbTe 3 — 5 M1 2H cepHO#t KHCTIOTHI, T.€. OCaAUTENs, ¥ TaKXKe HarpeuTe 10 KUMECHUSI.
3aTeM ropsiduii pacTBOP CEPHOM KHCIOTHI MEUIEHHO, MO KaIulsiM, HPH HENpPEpPbIBHOM
NEPEMENIMBAHUN MAJOYKOW, MpPWIEHTe K TOpAYEMY AHAIU3UPYEMOMY PpacTBOpY.
[TocTaBbTe CTakaH € JKUIKOCTHIO U OCAJAKOM Ha TOPSYYIO BOJASHYIO OaHIO U JaiiTe cMecu
OoTCTOAThCA. OCaxIeHWEe W3 TOpPSYEro pacTBOpa TOpPSYMM PAcTBOPOM OCAIOUTENS U
MOCJIEIYIONIEe MEIJIEHHOE OXJIaXAeHHe Ha O0aHe CrocOOCTBYIOT OOpPa30BaHUIO KPYITHBIX
KPUCTAILIOB Cynbdara 0apus.
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Korma pactBop HaJ 0cagkoM CTaHET COBEPIIEHHO MPO3pavyHbIM, CleNlaiiTe mpoly Ha
NoJIHOTY ocaxaeHus. [lo cTeHke crakaHa npubaBbTe K pacTBOpY 2 — 3 KaIljld CEpHOU
KHUCIIOTHI. Ecnu npu 3TOM He MOABUTCS MYTh, TO, CJI€IOBATEIbHO, CyIb(hat Oapust Oobliie
He oOpasyeTcsi M MOJHOTA OCAKICHHS HOHOB Ba®* nocturhyrta. B mpoTHBHOM ciyudae
n00aBbTE B CTAKaH TOpPSYUN PACTBOP CEPHOM KHUCIOTHI, XOPOIIO NMEepeMelIaiTe u aaite
OTCTOSITHCS.

Hakonen, korna mojgHoTa ocaxkaeHusi OyleT JTOCTUTHYTa, HE BBIHMMAsl MAJOYKU U3
CTaKaHa, HAaKpOMTE ero JHUCTKOM OymMaru M OCTaBbTE [0 CICAYIOLIETO 3aHSATHUS IS
«co3peBaHus» ocanka. He 3a0ynpTe 3amucaTh HOMEp Balllero CTaKaHa.

3.PuabTpoBanue. [IpombiBanne ocaaka.

Bo3bmute 0€3305bHBIN (QUIBTP, XOPOILIO MPUTOHUTE €r0 K BOPOHKE U, MOMECTUB
BOPOHKY B KOJIBLIO IITaTHBA, MOJCTaBbTE CTaKaH A coOupaHusi QuibTpara. 3aTem
OCTOPO’KHO IO CTEKJISIHHOM MajO4yKe JEKAaHTUPYHTE MPO3PAvyHyIO JKHJKOCTh C OCaJKa Ha
¢bunbTp. CTapaiiTecb BO3MOXKHO MEHbIIIE B3MYTUTh OCA/IOK; CTEKJISHHYIO MAaJO4Ky CHOBa
MIOMECTHUTE B CTaKaH, a HE Ha CTOJ.

OAHOBPEMEHHO C JTUM NPUTOTOBHTE MNPOMBIBHYIO JKHAKOCTH: Harpeure B
npombiBaike 250 — 300 M IUCTUITMPOBAHHOM BOJBI M TIPUJIEHTE K HEeM 4 — 5 Kamnesb 2H.
cepHoil KHUCIOThL. TakuM o00Opa3oMm, MPOMBIBHAS >KUIKOCTh OyAET MPEeACTaBIsATh COOOM
pa30aBlIEHHBIN PacTBOP OCAIUTENS.

JIekaHTHpPOBaB BCIO JKHUJKOCTb C OCaJiKa, MPUCTyNAalTe K €ro mpoMbIBaHUIO. Jlis
TOoro HaienWte B crakaH 20 — 30 MJI MPOMBIBHOM KHIKOCTH, NEPEMEIIANTE MATOYKOM,
JaiiTe OCaJKy OTCTOATbCA W JCKaHTHUPYHTe JXKUAKOCTh Ha QuubTp. I[IpombiBaHue
NOBTOPUTE HECKOJIBKO pa3 A0 MoiaHoro ynaideHuss noHoB Cl, T.e. 10 Tex mop, IMOKa
coOpaHHasi B mpoOUpKy nopuust (puiabTpaTa HE OyAeT AaBaTh MyTH XJIOpUJa cepedpa mnpu
neiicTBuM HUTpaToM cepebpa (B mpucyrctsur HNO;).

OTtmbIB ocaniok ot npumeceid Cl', KoMMn4ecTBeHHO NIEPEHECUTe ero Ha QUIIbTP.

Ha ¢unpTpe ocagok mpoMONTE HECKOJBKO pa3 HEOONBIIUMH MOPLUSAMHU TOpsSYe
BOJIbI (6€3 CepHOit KHCTOThI) uts yaaneHust nonoB SO, . [IpoMbIBaHHE MPEKPaTHTE, KOT/Ia
coOpaHHasi B mpoOUpKy nopuus (GUIbTpaTa nepecTaHeT JaBaTh MyTh CyJbdaTa Oapus npu
n00aBJIeHUHN XJI0praa Oapusi.

4.BpicylmiuBaHue H MPOKAJIMBAHHE 0CAIKA.

Boponky ¢ ocaakoM HakpoiTe IMCTKOM (UILTpOBaIbHONM Oymaru (co cBoew
damunmeil) ¥ mOMeCTUTE B CYUIMIBHEIA mmKad, Harpetsii g0 100 — 105°C. TIpokanuTs
TUTEIb JI0 MMOCTOSIHHOW MacChl MOJCOXIINNA (GUIBTP CBEPHUTE, MOJOKUTE B MPOKATICHHBIN
TUTEJIb U OCTOPOYKHO O30JIMTE IMOJ TATOM Ha AIEKTPHUUECKOW IUIMTKE. 3aT€M IMOMECTHUTE
TUTENb B My(QenbHYIO Meub, IpokanuBaiTe 25 — 30 MHUH, JaliTe OCTHITh B SKCUKATOpPE U
B3BEChTE Ha aHaNUTH4eCKuX Becax. lIpokanuBanue (mo 10 — 15 MuH) ¥ B3BelIUBaHUE
NOBTOPUTE HECKOJIBKO Pa3 A0 MOJIYYEHUSI NOCTOSTHHONW MacChl.

JloBeeHre TUIJS C OCAJKOM JI0 IOCTOSSHHOM MacChl YKa3bIBa€T, YTO 3TH IPOLIECCHI
3aKOHYMJIMCH U TTOJTYYEHHBIN Cynb(aT Oapus yKe He COAEPKUT MpuMecei cyibduaa.

OTtuer 0 padoTe

1. Pe3ynbTaThl BceX B3BEIIMBAHUI 3aMMCHIBAIOT B TAOOPATOPHBIN KYpHAT:
dopma 3anucu

B3gewueanue ananuzupyemozo oopazya

56



HaBecka aHaNMM3UPYEMOTO OOPABIIA —-----===m === mm oo oo o o oo oo
B3zeewusanue cynvgpama dapus BaSO,
Macca turens nocie 1-ro MPOKAMMBAHUS ------=-==========mmmmm oo oo
« « « 2-T0 L S
[TOCTOSIHHASI MACCA TUTEIISL  —-==== === = mm oo o o oo o o e e e e
Macca turens ¢ BaSO,4 nociie 1-ro TpOKaIUBAHMS  --------===========mmmmmmmmmmmmmommo oo
« o« ¢BaSO;, « 2-ro K
IToctosaHas Macca tureisd ¢ BaSOy  ————-—m e
Macca nonydeHHOTO BaSOy  —--mmmmmmm oo
2.Mcnones3ysl OMBITHBIC JAaHHBIC, BRIUMCIUTE MACCOBYIO J0Jt0 (%) xjopuaa Oapus
B&Clz . 2H20
Hagecka uuctoro BaCl, . 2H,0 paBna 0,4872 r. macca ocagka cynbpara Oapus
BaSO, nocne npokanusanus 0,4644 r.
Pewenue. Bpraucnstor maccy Oapusi (oTHocutTenbHass aTtomHas wmacca 137,40),
coJiepKallyrocs B IOJYYeHHOM Ocajike cylibara Oapusi:
B 233,40 r BaSO, conepxurcs 137,40 r Ba
« 0,4644 « BaSOy, « X « Ba
x =0,4644 . 137,40/233,40 = 0,2733 r.
Ota xe Macca 6apus BXojuiia 10 peakiuu B coctaB HaBecku BaCl, . 2H,0, nostomy
MOHO COCTaBUTbH MPOIOPIIUIO:

0,4872 r BaCl, . 2H,0 cocraBasior 100%
0,2733 « Ba « X%
x =0,2733 . 100/0,4872 = 56,09%.

KoHTposbHBIE BONPOCHI.
1. Kakue OCHOBHBIC aHAJTUTHUYECKHE OIEpallMM HCMOJB3YIOTCS B 3TOM
MeTo1€e aHaiau3a’?
2. Kak Ha3piBaeTCs METOJ aHajdu3a MpPU IOMOIIM KOTOPOTO OIpPEACIsIeTCS
conepxanue Ba ?

JlaGopaTopHas padora

Tema: 4.2.2 TurpuMeTprUYecKUii aHATHU3.

HaumenoBanue padorsl O3HaKOMIIEHHME € MOCYI0H M TEXHHKOH XMMH4YECKOIo
JIKCIEPUMEHTA B TATPUMETPHYECKOM aHAaJIn3e.

Heab: M3yyeHne XMMHMYECKOM IOCYABI M BCIOMOTATENBHBIX ITPUHAIIEKHOCTEH,
UCIOJIb3YEMBIX B XUMUYECKOM Ta00OPATOPUU U TEXHUKH UX HCITIONb30BAHMUS.

Bpemsi:2 yaca

IIpubopsl n peakTuBbL: Bee BUbI OCY b1

Teopernyeckas 4acTb

B xumnueckux 1abopaTopusx UCHOJIb3YIOTCS pa3HOOOpa3Has XMMUYECKas Mocya u
pa3auyYHble  NPUHAIEKHOCTH  JJI1  M3MEJIbYEHUs  Marepuana, (QUIbTPOBAHMUS,
BBICYIIIMBAHUs, IPOMBIBAaHUs, MpoKanuBaHus U T.a1. HaubOonee BaxHOE 3HaYEHHE HMEET
cTeKiIsiHHas mocyna. Kpome Hee, mpuMeHsIOT Takke mnocyny u3 (apdopa, kBapua,
IUIacTMace, IUIaTUHBI, cepedpa u Apyrux MarepuanoB. Habop mocyasl B naboparopuun
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3aBUCHUT OT XapaKTepa BHIMOJHIEMOU pabOThl, HO HEKOTOPBIE BUJIbI XUMUUYECKOU MOCY/IbI
SBJIIOTCS. HEOTHEMJIEMOM YacThlO JII000W JabOpaTOpuu: CTaKaHbl, TPOOUPKU, BOPOHKH,
MepHasi Iocy/ia u T.1I.

ITocyna o0urero Ha3HA4YeHUs.

B m1000i1 xuMuyeckoi J1abopaTopuu UCIONIb3YIOT MPOOUPKH, BOPOHKH, XUMUYECKHE
CTaKaHbl, JCJUTEIbHbIE BOPOHKHU, MJIOCKOJIOHHBIE KPYIJIble KOJObI, KOHUYECKHUE KOJOBI U
T.1. (puc.l).

IIpoOupku ObIBaiOT MpocThie M KanuOpoBaHHbIE. [IpoOupka mpencramisier codoi
CTEKJITHHYIO TpPYOKy, 3alasHHyl0 C OJHOTO KOHIIA, KOTOPYIO WCHOJB3YIOT IS
pPa3HOOOPa3HBIX OMBITOB ¢ HEOOIBIIMMH KOJTMYECTBAMH BEIIECTB (MPEUMYIIIECTBEHHO TIPH
KaueCTBEHHOM aHanm3e). JKUIKoCTH B MPOOMPKY CIEAyeT HAJIMUBATh CTOJIBKO, YTOOBI €¢
o0beM 3aHuMan He Oozee Y2 oObema mpoOupku. CMelMBaHHE PEAaKTUBOB B NMPOOUpPKE
MPOBOJIAT aKKypaTHO CTEKJITHHOW MAJOYKOW WIIM, JepkKa MPOOMPKY MEXKTYy OOIBIINM H
yKa3aTellbHbIM MaliblieM JI€BOM PYKM 3a BEPXHUH KOHEL M MPUAEPKUBAS CPEIHUM
najablEeM IPABOM PYKH HAHOCST CKOIB3AIIME yIaphl 0 HUKHEN YacTh MPOOUPKH.

XuMHYeCKHe CTaKaHbl WCIOJIB3YIOT NPU CaMbIX pPa3HOOOpa3HbIX paboTax,
0cOOEHHO TpH aHanUTHYeCKUMX. OHM TPENCTaBIAIOT COOOM TOHKOCTEHHBIE LMJIMHJIPHI
pazimunoi BMectumoctu (50, 100, 200,250, 500 u 1000 cm3) ¢ HocukoM U 6e3 Hero. Mx
HEJb3d HarpeBaTb Ha OTKPBHITOM IIJIJAMEHU Ta30BOM TOPENKU WM OTKPBITOM cHupaiu
AJIEKTPOILIUTKY U HA BOASHOW OaHe.

XuMHYeCcKHe BOPOHKH OBIBAIOT pa3inyHbIX pazMepoB u (opm. [IpegHazHaueHsI
OHM JIJIsl TIEPETMBAHUS KUAKOCTEH M3 OJHOTO COCyNa B IPYroH, mist GUIbTPOBAHUS, IS
MEPECHINaHUsl ChITyYNX BEIIECTB (BOPOHKH C MIMPOKUM TUAMETPOM U KOPOTKUM KOHIIOM)
U T.J.

IlnockomoHHBbIE KOJOBI TPUMEHSIOT IS PA3IMYHBIX AHAIATHUYECKHX padoT, a
TaKK€ JUIsl TPUTOTOBIIEHUS W XpaHEHUs pacTBOpoB. OHU OBIBAIOT Pa3IWYHOU
BMecTUMOCTU. VX cremyeT HarpeBaTh Ha BOJSHON OaHe WJIM Ha TUIAMEHH TOPENIKH, a
TaK)K€ JJIEKTPOIUIUTKE, HCIOJIb3ysl acOeCTUPOBaHHYIO CeTKy. [ImockomoHHBIE KOJIOBI
OBIBAIOT C OOBIYHBIM OTKPBITHIM T'OPJIOM WM C TOPIOM, UMEIOIIUM HITU(.

Konnyeckue k0/0bl MOTYT OBITh MCIIOJIB30BAHBI JUIsl PA3IMYHBIX padOT, HO yalle
BCEr0 B HUX MPOBOJUT TUTPOBAaHUE PacTBOPOB. OHM OBIBAIOT C MPUTEPTON MPOOKOIl U 6e3
Hee, C OOBIYHBIM TOPJIBIIIKOM M ¢ HOCUKOM. BmecTuMocTh ux ObiBaeT oT 10cMm3 1o 2 am3.
OTu KONOBI HEb3S HarpeBaTh HA OTKPHITOM TUIAMEHH TOPEITKH.

Kpucranamszaropsl — 3T0 IUIOCKUE UUIUHIPUYECKUE TOHKO- WM TOJCTOCTEHHBIE
COCylbl pPa3IMYHOM BMECTUMOCTH U JuaMeTpa. B HUX NOPOBOAST KPUCTAJUIU3ALMIO
BEILIECTB, MHOT/IA K€ B HUX MPOBOJAAT W BbIMAPUBAHKE, HATPEBAsl UX TOJIBKO HA BOJSHOMU
Oane.

CoenuHuUTEIbHbIE JIEMEHTBI — TEPEXOibl, M3THOBI, KEPHBI, MY(PTHI 3aTBOPHI,
HACaJKH, AJJIOHXKU MPHUMEHSIOTCS MpH COOpPKE pa3IUYHbIX J1IaOOpaTOpPHBIX MPHOOPOB,
anmapatoB W ycraHoBoK. Illupoko wucmonbp3yrorcs B Mpubopax U amnmaparax
COEIMHUTENIbHBIE KpaHbl Pa3iu4HOM (OpMBI M pa3mMepoB. BrimyckaioT cTaHgapTHbIE
KpaHbl OJHOXOJIOBBIE, JIBYXXOJIOBbIE€ C MPOXOAHBIMH OTBEpCTHsIMU Toj yrioMm 30°,
TPEXXOJ0BBIE, CEPIIOBUIHBIE C MPOXOAHBIMU OTBEPCTUIMU MO yriioMm 120°.

IMocyaa cnennaJabHOr0 Ha3HAYEHMSI.
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IKCHKATOPBI — ATO TOJCTOCTEHHBIE NPUOOPHI (puc.6), NpeaHa3HAYEHHBIE IS
MEJIJIEHHOTO BBICYIIIMBAHMS BEIIECTBA WM XPAHEHUSI TUTPOCKOIIUYECKOTO BeniecTra. OHu
COCTOSIT W3 KOpIlyCa M IPUTEPTON CTEKISIHHOM KpbIIIKU. HWKHIOK 4YacTh Kopiryca
HKCUKATOpa 3aMOJHAIOT BEIIECTBOM, MOTJIOIIAIIMM BOJISHBIE MTAPbI, HAIPUMEP KyCKaMu
CBEXKETNPOKAJIEHHON OKHWCH KajblMs, WIM NPOKAJIEHHOTO XJOpUJa Kalablus, WU
0€3BOJHON OKHCH alIOMUHUSA U Jp. Bo3ayx B dKCHKAaTOpe CyXOil, MOATOMY MOMEIIEHHOE
Ha Gap(opoBYIO BKIAIKY BEIIECTBO MPU XPAaHEHUH HE MOTJIONIAET BOASHBIX MTapOB.

DKCUKaTOPhl OBIBAIOT OOBIYHBIE M BAKyyM-3KCUKATOPHI. [locnennne nMeroT KpaH Ha
KPBIIIKE WM COOKY KOpITyca, depe3 KOTOPBI MPUCOSAMHSIOT YKCHKATOP K BaKyyM-
Hacocy. [nu¢ sxcukaropa A0KEH OBITO XOPOILIO CMa3aH BaKyyM-CMa3KOW MJIM TOHKUM
cioem BazenuHa. OTKpbIBasi SKCUKATOP, KPBIIIKY CJIEAYET CIBUTaTh B FOPU30HTAIHLHOM
HaIlpaBJICHUM B CTOPOHY, a HE MOJHUMATh BBEpX. TOUHO Tak € MpHU 3aKpbIBAaHUU
IKCUKATOpa KPBIIIKY MOCTETIEHHO HaaBHraioT cOoky. IlepeHocst skcukarop ¢ mecra Ha
MECTO, CJIETyeT BCEr/Aa MOJEPKUBATh KPBIIIKY OOJBIIMMH NalbllaMu 00€UX PYK, TaK Kak
OHa MOJKET JIETKO COCKOJIb3HYTh U pa30UTHCS.

Henb3s ocTaBAsATh IKCHKATOP OTKPBITHIM, TAK KaK BOJOIOIVIOLIAIOIIEE BEHIECTBO B
HEM ObICTpo HaOWpaeT Bjary BO3[yXa U DSKCUKATOP CTAHOBUTCA HENPHUTOJHBIM s
JajabHenIel paboThl.

XuMuYecKas mocyaa u3 Apyrux MaTepmasioB.

®apdopoBasi u BbIcOKOOrHeynopHass mocyaa. dapdoposas mocyaa (CTynku ¢
NEeCTUKaMH, BOPOHKU BroxHepa, TUIu, 4Yalllku, CTakaHbl U Ap.) (puc.l5) BbLAEpKUBaAET
CPaBHUTEIBHO BBICOKYIO TEeMIIEpaTypy, €€ MokHO HarpeBaTh a0 1200°C. dapdopoBsie
U3JIeNUsl YCTOMYMBBI K JEHCTBHUIO WIEJIOYE W Jpyrux peakTuBoB. OJHAKO mpH
B3aMMOJICUCTBUH BEIIECTB CO IIEI0YaMu Wi kapOoHaTamu (haphopoBhIe TUTIIA YACTUIHO
pa3pylialoTcsi U MOPOJYKTHl pa3pylleHUs B JajbHEUIIEM MONajalT B HCCIEAYyEeMbId
pacTtBop. B maboparopHoii mpakTHKe UCTIONB3YIOT (hapdOpOBBIC TUTIIH, TPUMEHSIEMbBIC IS
IpPOKAJIMBAHUSL OCAJIKOB; OHUM B JOCTATOYHOM Mepe YAOBIETBOPSIOT TpeOOBaHUSIM,
NpeabIBIsSIEMbIM TMpPU aHaNU3aX cpeAaHell TouHocTH. Jlyig Oosiee TOYHBIX aHAIM30B
HEO0OXOJAMMO UCIOIb30BATh MJIATUHOBBIE TUTIIH.

dapdopoBbie YaAIKU IS BbINAPUBAHUS MCIIOJIB3YIOT Uil HArpeBaHUs H
BbINIAPUBAHUS KUIKOCTEN Ha BOAsiHONW OaHe. OHU OBIBAIOT Pa3IMYHOIO JUaMerpa — oT 3
no 45 cm. Yamku [ais BbIMAPUBAHMS HEOOJBIION BMECTUMOCTH OBIBAIOT MOKPBITHI
T71a3ypbl0 BHYTPU M CHApYXKH, a y 4Yallek OONbIIEro pasMepa ria3ypblo MOKpbITa BCS
BHYTPEHHSISI TOBEPXHOCTH, @ CHAPY>KH — TOJILKO Ha HEOOJIBIIIOM PACCTOSIHUU OT Kpasl.

CTynkm nOpuUMEHSIOT Ui W3MEIbYEHUS HE OYEHb KPYMHBIX KYCKOB BEIECTBA,
TBEPAOCTh KOTOPBIX MEHbIIe TBepaocTu (apdopa. CTymka COCTOMT M3 JABYX YacTei:
COOCTBEHHO CTYIIKH, B KOTOPYIO TOMEIAI0T U3METbYaeMOe BEIIECTBO, U MECTHKA.

JIo:KKH, mmaTeau TPUMEHSIOT B JIa0opaTopuu JJjisi 0TOOpa BEIIECTBA, JJIST CHATHS
0CcaaKoB (GUIBTPOB U T.J.

Metaninyeckoe 000pyaoBaHue

B mpouecce paboTel B XMMHUYECKOW 1a00OpaTOpUM HCIOIB3YIOT pPa3sHOOOpa3HOE
METaNInYecKoe 00OpYyIOBaHME MJiIsi YCTAHOBKM M KpEIUIeHUs MpUOOpOB: isi pabOThI C
pacKaJI€HHbIMU MIPEAMETAaMHU, JIJIs 3aXBaThIBAHHS MEJIKHUX MPEAMETOB U T. 1. ( puc.16).

HITaTUBBI UCIIONB3YIOT ISl KPETUICHUSI HA HUX PAa3JIMYHbIX MPUOOPOB, AEIUTEIbHBIX
BOPOHOK U T. JI. C IOMOLIBIO MY (T, JIANIOK, KOJel, BWIOK.
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3aKUMBbI — 3TO NMPUCTIOCOOTICHUS ISl 3aKMMaHUs PE3UHOBBIX TPYOOK (puc.17). OHu
ObIBAIOT JBYX BHJIOB: TMpPY>KHHHbIE 3aKMMbl Mopa u BuHTOBble — [odmana. Jlns
NEPEeKPhIBAaHUS JKUJKOCTU B OECKpaHOBBIX OIOpETKax yA0O0HEee MOJb30BATHCS 3aKUMOM
Mopa, o3BOJISIOIIKUM JIETKO PEryJIUPOBaTh CKOPOCTh BHITEKAHUS PACTBOPA.

IuHueTbl — npucnocoONeHusl IS 3aXBAThIBAHUSI MEJKUX NPEIMETOB U BEIIECTB,
KOTOpbIE HeNb3sl OpaTh pykamu. B 3aBUCMMOCTM OT Ha3HAY€HUS NUHIEThI HWMEIOT
pa3nuuHyio GopMy U pa3Mepsbl.

MeTtainyeckue CTYNKHU MPeIHA3HAYEHBI TSI U3MEJIbUYEHUS BEIIECTB, KOTOPhIE HE
JEHCTBYIOT HAa MeTall1 cTynKU. OHM OBIBAIOT YyT'yHHBIE, CTAJIbHBIE, OPOH30BBIC U T.1I.

OmnbiT Nel. O3HakoMIIeHHe U NMPaBUJIA MOJIb30BAHUS MOCYA0M, HCIOJIb3yeMO B
TUTPUMETPUYECKOM aHAJIN3e.

Mepnas nocyaa

Jlis TOYHOrO u3MepeHuss 0O0bEeMOB B KOJUYECTBEHHOM AaHANINU3€ MPUMEHSIOT
OIOpeTKH, MUIETKM W MepHble KojoObl. [Ipu oTMepuBaHUM OOBEMOB C HEOOJBIION
TOYHOCTBIO MOKHO MOJIb30BATHCS LIMJIMHIPAMHU I MEH3ypKaMH.

MepHble UMJIMHAPBI U MEH3YPKH OBIBAIOT pa3IndHON BMeCTUMOCTH — OoT 10 10 200
cM3. Ha HapyXHOW CTEHKE MEpHBIX LMUJIUHIAPOB M MEH3YPOK HAHECEHBI NENEHUs C
nudpamu, ykasblBaromMMu o0beM B cm3. PaccrosiHue mexay uudpamu nenst Ha 10
yacTteil. YTo mO3BOJISIET OTMEPUBATh 00BEM C TOYHOCTHIO 710 1 cm3. YpoBeHb >KHIIKOCTU
CleTyeT OTMEpPUBATh IO MEHUCKY, O YeM MoipoOHee OyAeT U3I0KEHO B JalbHEHUIIEM.

Broperkun cayxar [ TUTPOBaHMS U SBISIOTCA MPHUCIOCOOJICHUEM IS
OTMEPHUBAHUS TOYHBIX O0BEMOB KHUAKOCTEH. OHU MPEACTABIAIOT COOON IMIMHIPUYECKUE
TPpyOKH C CYXEHHbIM KOHIIOM, K KOTOPOMY TpHU T[OMOIIU PE3UHOBOMH TPYOKHU
OPUCOEAMHSIOT OTTSIHYTYIO CTEKISHHYIO Tpyoouky (puc.10). Ha cBoGomnyo wyacTh
PE3UHOBON TPYOKH HAACBAIOT METALIUYCCKUAN 3aKUM, HAJAABIMBAsS HA KOTOPBIA JBYMS
nanbllaMHd, MOKHO BBIYCTUTh JKHUIKOCTh W3 OropeTku. MHorma BMecTo 3akuma B
PE3MHOBYI0 TPYOKY BCTaBJSIOT CTEKJISHHBIM 1mapuk. Eciam crierka cxaTh pe3sMHOBYIO
TpyOKy B TOM MeCTe, IJie MOMEUIAETCs IapuK, TO MEXIYy HUM U TpyOKoW oOpasyrorcs
y3KHE KaHaJbl, YePE3 KOTOPbIE BHITEKAET KUJIKOCTh U3 OIOPETKHU.

bropeTkn KanmmOpyroTcsi B KyOMYECKUX CAHTUMETpaxX W JECATBHIX JOJISIX; HYJIEBOE
JieJieHre TMoMelaercss B Bepxy OropeTku. OOBIUHBIMU OIOpPETKAMU MOXKHO OTMEPHUTH
006bemM ¢ TouHOoCThIO 10 0,03-0,05 cm3® (Bmectumocth Oroperku oT 10 mo 100 cwm3,
Haubosee ynoOHbI OI0peTKH BMECTUMOCTBIO 25 1 50 cm3).

IIpaBuia noab3oBanus Oroperkoii [lepen HamonHeHneM GIOPETKU TEM PaCTBOPOM,
00BEM KOTOPOTO XOTAT HU3MEpPUTh, €€, KaK U BCSIKUH H3MEPUTENbHBIH COCYJ] HY>KHO
TIIATEBHO BBIMBITH. HE00X0IMMO OCOOEHHO CIIeUTh, YTOOBI HAa CTEHKAX OIOpPETKH HE
OCTaBaJIOCh HU MaJEHUIINX CIEI0B KHUPA, TAK KaK MPU BBUIMBAHUU KUAKOCTU U3 OIOPETKU
Ha CTEHKaX OCTal0TCA KaIll, U, CIeI0BaTeNIbHO, N3MEHEHHE 00beMa OKaKETCSI HETOUHBIM.

Heo0OxonuMo BHUMATENBbHO CIEANUThH, YTOOBI B HUKHEH, y3KOi TpyOKe OIOpETKH He
OCTaBaJIOCh IMy3bIPHKOB BO3AyXa. sl yIaneHus: uX OTKPbIBAIOT 3a>KUMbI OIOPETKU U JTal0T
KUJKOCTH BBITEKAThb CHJIBHOM CTpyed B MOJCTABICHHBbIM cTakaH. st OrOpeTok co
CTEKJISHHBIM IIaPUKOM HYXKHO OTOTHYTh KBEpPXY OTTAHYTYIO CTEKISHHYIO TPyOOUKy U
BBIITYCTUTh HEKOTOPOE KOJIUYECTBO JKUJIKOCTH.

[ToBepXHOCTh KMJIKOCTU B OIOpETKE MPEACTABISIET COOONW BOTHYTYIO IJIOCKOCTD,
Ha3bIBAEMYIO MEHUCKOM. OTCUET MPOBOJIAT MPU HAXOKJICHUH TJ1a3 Ha YPOBHE MEHHUCKA 110
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HIDKHEMY ero kparo. /[ist Toro 4roObl mpu oTcyeTax MEHHCKa ObUI BHJEH OTYETIIMBEE,
c3au OIOPETKH PEKOMEHIYETCsl IOMECTUTh dKpaH, CAeIaHHbId U3 HeOOobIIoro (5x5 cm)
KyCKa KapTOHa, OKJIEEHHOro Oejoi OyMaroi, HM)KHSAsS IIOJIOBUHA KOTOPOIO OKpalleHa
yepHOU Tymibto (puc.11). I1o OropeTke ¢ IBETHON KUAKOCTbEO OTCUET CIIEAYET MPOBOIUTH
110 BEpXHEMY Kparo MeHHUCKa (puc.12).

IInneTku ciyxaT i TOYHOI'O OTMEPUBAHUS ONPEIEIIEHHBIX 00BEMOB KUJIKOCTEM.
OnHu npeAcTaBIAIOT cOO0M IIMHHBIE y3KHe TpyOku (puc.13); ObIBatOT MUMETKH MPOCTHIE U
KanuOpoBaHHbIE, HAaMOMUHAOIME 1O (opMe OIOpPEeTKH U HUMEIOIIHNE TaKyl e
KaTuOpoBKy. B BepxHell y3Koil 4acTu MPOCTOM MUIETKU UMEETCsS KOJbLIeBask METKa, JI0
KOTOPOU MUIETKY HAMOJIHIIOT )XKUAKOCThIO0. [InneTku moryt 61Tk BMecTuMOCTHIO 100, 50,
25,15.10,5u 1 cm3.

IIpaBuna mnoab3oBaHusi muneTkoil. JXuakocte HaOWPAIOT B MPOCTYIO MHUIETKY
TUIATEIBHO MOIOT JUJIsl YAJIEHUS KUpPA U IPYTUX 3arpsi3HEHUNA U JBAXKIbl OMOJIACKUBAIOT
UCCIIEyEMbIM pacTBOPOM JUIsl yaaineHus Bojbl. Ilocne sToro, mepxka BEpXHIOK 4acTh
NUNETKU OOJBIIMM M CPEIHUM HalbliaMU MpaBoil pyku (puc.13), riyOOKo MmOrpyxaror
HIOKHUM KOHEI| MUIIETKU B JKUIKOCTh (MHA4Y€ MOYKHO MXHUAKOCTb 3acocarb B pPOT) U
BCAChIBAIOT B MUIIETKY PACTBOP TaK, YTOObI YPOBEHb XKUAKOCTU MOAHSIICS IPUMEPHO Ha 2
CM BBIIIE METKU. 3aTeM OBICTPO 3aKpbIBalOT BEPXHEE OTBEPCTUE IMIETKH CJErka
BJIQKHBIM (HEMOKpBIM) YKa3aTeJIbHbIM MaJbLEM U OCHA0ISIOT HUXKHHUM TaK, 4TOObBI
XKUJKOCTh Hayalla MEJJIEHHO OMYCKAaTbCA O TE€X IOp, MOKAa HWKHUU Kpail MEHHCKAa He
KOCHETCS METKHM; B 3TOT MOMEHT MaJlell CHOBAa MPHKUMAKOT. YPOBEHb IPO3PAYHBIX
KUIKOCTEH B NUIIETKE OTMEPUBAIOT 0 HW)XKHEMY MEHHCKY, a HENpO3padyHbIX — IO
BEpXHEMY (TJ1a3a TOJHKHBI HAXOUTHCSA Ha YPOBHE METKH).

[TunieTky mepeHocsAT B 3apaHee MPUrOTOBJICHHBIM COCYH M, JEp)Ka €€ BEPTUKAIBHO,
JAI0T JKUJKOCTU BBIT€Yb. 3aTEM IPUKACAIOTCS KOHYMKOM NUIETKH K CTEHKE COCyla W
xayT npumepHo 15 c. Ilocne 3TOro BRIHMMAIOT M3 COCyAa, HE oOpailas BHUMaHUS Ha
OCTaBILYIOCS KaIlItO, TaK KaK MUIETKA KaTHMOPYIOT MO BBITEKAHUIO. BhITyBaTh 3Ty Karuito
HEJb35.

MepHble K0/10bI UCIOJIB3YIOT JUIsl IPUTOTOBJIEHUSI TUTPOBAHHBIX PAaCTBOPOB, a TaK
e MpH pa30aBIEHUH HCCIEAYEMOr0 pacTBOPA /10 ONPEAEICHHOI0 00beMa.

Mepusblie konObl (puc. 14) npeacraBistoT coO0M MIOCKOAOHHBIE KOJOBI € JUIMHHBIM
y3KUM TOpJBIIIKOM, Ha KOTOPOE€ HaHeceHa KpyroBas MeTka (uepra). Ha konbe
BBITPABJICHO YHCJIO, YKa3bIBaIOIIEEe €€ BMECTUMOCTh B KyOHMYECKHX CAaHTHUMETpax IMpHU
omnpezeneHHoM TemnepaType. MepHbie K0y0bl Ob1BatoT BMecTUMOCTHIO OT S0 1o 1000 cm3
u pexe 1m0 2000 cm3. OHM HUMEIOT MNPUTEPTYIO CTEKISIHHYIO MPOOKY WM Ke
IPUCTIOCOOJICHBI IJIS1 3aKPBIBAHMS PE3UHOBOM MPOOKOHA.

IIpaBuna mnoan3oBanuss MepHas konba (kak 51000 H3MEPUTETBHBIA COCYN)
JOJKHA OBITh TIIATENBHO BBIMBITA, YTOOBI MPH CMEIIMBAHUU PACTBOpA HE OCTABAIUCH
KaIlJIu Bblle METKU. [Ipy nepemMenmnBanuy )KUIKOCTH B MEPHOI KOJIOE HENb3sI IepKaTh ee
32 pacHIMPEHHYI0 4YacTh, TaK KaK JKUJIKOCTb B OTOM CiIy4yae HarpeBaeTcs OT
COIPUKOCHOBEHHUS C PYKOM, UTO BIIMSET HA TOYHOCTh U3MEPEHUs 00bEMa; KOOy ciaeayeT
Jep’KaTh 3a TOPJBILKO OOJIBIIMM M YKa3aTeJIbHbIM MalbllaMM NPaBOM pyKH, a
yKazaTelbHbIM IOJAJIEP)KUBATh MPOOKY M MEPEBOPAYMBATH KOJIOYy HECKOIBKO pa3 (eciu
Kos10a BMecTuMocThI0 Ooitee 0,5 M3, To ee ciaenyeT NoAAep >KUBATh MajblaMH JIEBOM pyKU
3a THO Yepe3 YUCTOE CYyXO€ MOJIOTEHIIE).
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HanonHsoT MepHYI0 K0JIOY CHayasa 4yepe3 BOPOHKY, a Mepesl 3all0JHEHUEM BOPOHKY
yOHparoT M J0JIMBAIOT OYE€Hb OCTOPOXKHO, MO KaIlIsAM, JIy4dlle MPH MOMOILM KaneabHON
NUIETKH J0 TeX Iop, IOKa HWKHHUHA Kpalh MEHHCKAa HE KOCHETCSd METKM. [asza
HaOMoaTeNss IpU 3TOM JOJDKHBI HAXOAWUThCS Ha ypoBHe MeTku. Ilocne noseneHus
o0beMa 10 METKH KOJI0Y 3aKpbIBAIOT IPOOKOH U PACTBOP TYATEIBHO MEPEMEIINBALOT.

He pa3pemiaercs HarpeBaTh pacTBOPbI, HAXOASAIIMECS B MEPHBIX KOJI0axX.

Tak kak MepHbIe KOJObI IpeaHa3HAYeHbI JJi1 pa30aBiIeHHs ONpPEAEIEHHOro 00beMa
pacTBOopa, OOMBIBaTh MX HCCJIEIYyeMBbIM PAacTBOPOM, KakK 3TO JAeNaeTcs mpu padboTre ¢
NUNETKAaMU U OIOPETKaMU, HEb3sL.

OnbiT Ne2. M3yueHne MeTOAUKY THTPOBAHUS.

Meroanka TUTpOBaHUS

Yuctyro OmOpeTKy omojackuBaioT 1-2 pas3a pacTBOpOM, KOTOPhIM €€ OyayT
3aMOJHATh, 3aKPEIUISIOT 3a)KMMOM K IITAaTUBY M YEPE3 BOPOHKY 3AMOJHSIIOT PAaCTBOPOM
HEMHOTO BbILIE HYJEBOro jejeHus. HamuB pacTBop, BOPOHKY 00s13aTeNbHO yOUparOT U3
OIOpETKH, MHAa4Ye BO BPEMsI TUTPOBAHMsI C BOPOHKM OYJET CTEKaThb OCTaBIIAsICS B HEM
KHUJIKOCTb U U3MEPEHNE 00bEMA OKAKETCSl HE TOUHBIM. BBITOHSIOT My3bIpbKH BO3yXa U3
HIDKHEW dYacTh OIOPETKH, W YpPOBEHb pacTBOpa JOBOAAT [0 HYJIEBOTO JIEJIECHMUS.
Hccnenyemblii pacTBOp NOMELIAIOT B KOHMUYECKYHO KOJOY M JUIsl YCTAHOBJIEHUS TOYKH
HKBUBAJIEHTHOCTHU B KOJIOY 10OABIISAIOT HECKOJIBKO Karejb MHAUKATOpA.

TurpoBanue BeayT cuias, MpaBoOil PyKOW AepKaT M BpallalOT KOJOy ¢ THUTPYEMbIM
pPacTBOpPOM, a JIEBOM YMHPAaBISAIOT 3aKMMOM WM KpaHoM Oropetku. CHavalia pacTBOp W3
OIOpEeTKM TPUIMBAIOT OBICTPO, Bparias KoJ0y, a MO0 Mepe TUTPOBAHUS MO KaIlIsiM JI0
PE3KOT0 M3MEHEHHUS] OKPacKH pacTBopa B Koyidoe OT 1 karmmu qo00aBI€HHOTO W3 OIOpPETKH
pactBopa. UTOOBI Jlerye 3aMeTUTh MEPEXO0] OKPACKH pacTBOpa, KOJIOy C TUTPYEMBIM
pPacTBOPOM BO BpeMs TUTPOBAHHS MOMEIIAIOT HA CTEKJISHHYIO IUIACTUHY, NOJ KOTOPYIO
noyioxkeHa Oerast Oymara, wiM Ha Oenyio KadenbHyl MINTKY. YT0oObl yOenuThCcs B
IOPAaBWJIBHOCTH OKOHYaHWS TUTPOBAaHHUA, MOCTYNAOT CleayromuM obpazom: 1) K
OTTUTPOBAHHOMY pacTBOpYy [J00aBisAOT 1 Kalwilo aHajIu3upyeMoro pacTtBopa; 2)
¢ukcupyror 0o0beM pacTBOpa B OIOpETKE M M3 HEE K OTTUTPOBAHHOMY pPacTBOPY
N00aBJIAIOT 1 Karo pacTBopa.

B 00oux cinyuasx LBET pacTBopa B KOJIOE OJKEH PE3KO M3MEHUTHCS. TUTpOBaHUE
KaXX/10r0 pacTBOpa MpOBOJAT HE MeHee 3-X pa3. [locie kaxaoro TUHTpoBaHMsI, HAXOAs 1O
nIKanse OropeTKr 00beM M3pacX0J0BAaHHOTO PacTBOPA, 3aMUCHIBAIOT €0 B J1a00paTOPHBIMA
KypHas. Pe3yIbTaThl THTPOBAHMS HE JIOJKHBI OTIHMYAThes Gonee ueM Ha 0,5 e (1 — 2
Karjin).

OTuert o0 padoTe
1. 3apucoBaTh OCHOBHBIE BUbI ITOCYIBI.
2. CocTaBUTh IUIAH TUTPOBAHUSI.

KoHTpoJibHBIE BOPOCHI
1. HazoBuTe Bce BUJIbI MOCYABI UCIIOJIb3YEMbI€ B TUTPUMETPUYECKOM aHauze?
2. Kak nmoyib30BathCsi OOpETKOM ?
3. 1711 4ero UCMoiab3yTCs MEPHBIE KOJIObI?
4. Kakue BUIbI IIUIIETOK OBIBAIOT?
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5. IlpaBuia 1mojab30BaHUS MUIETKOM.

6. Kakoili usmepuTenbHON MOCY10M Ha0 MOJIb30BAThHCS MPHU paboTe € JIETYyYUMHU
U SITIOBUTBIMHU BEIIECTBAMM ?

7. Kakasa xumMuueckas nocya Ha3blBaeTCs MEPHOU?

JlaGopaTopHasi paboTaNe22

Tema: 4.2.2 TurpuMeTprUYeCcKUil aHATHU3.

HaumenoBanue paGorbi: IIpuroroBiieHne CTaHAAPTHU3MPOBAHHOIO PacTBOpPa
THAPOKCH/IA HATPHSA.

Heab: HayuuTbCd  TOTOBHTH  PAcTBOPHl  PA3JIMYHOM  KOHUEHTpPAUUH U
CTaHAApTU3UPOBATH HX.

Bpemsi:4 yaca

IIpubopsl U peakTHBBL: MEpHbIE KOJIOBI, TMHIETKH, MNPOOUPKH, OIOPETKH,
unaukaropsl, NaOH, H,C,0, (cyxoii)

Xoa paéoTbi

OnpiT 1.IIpurorosienue 100Ma pacTBopa maBeeBOi KHCJIOTHI.

B3aumMogeiicTBue miaBenaeBoOil KUCIOTHI C THAPOKCUIOM HATpHsl MPOUCXOIUT IO
YPaBHEHUIO:

H2C204 + 2NaOH = N32C204 + 2H20

[TosTomy sxBuBanentHas macca H,C,0, - 2H,0O paBna 126,07 : 2 = 63,04r/mounb. dns
YCTAaHOBKM THUTpa THUAPOKCHAA HATpusi BIOJHE A0cTatoyHO 100MI KHUCIOTHL €
koHneHtpaiuend okono 0,1H. CnenmoBarenbHO, HaBecka JOJMKHA  COCTaBJISATh
npubmmsutensao 63,04 - 0,1 - 0,1 =0,6304r

BrinosiHeHue onbITA:

B3are maBeneByro kuciotry W B3BecuTh 0,6304r Ha aHaIMTHUYECKUX BeECax.
[lepenectn kucioty B MepHyto KkoinOy Ha 100mi. pacTBOpUTH HAaBECKy B
JUCTUNIMPOBAHHOM BOJIE U OCTOPOKHO JIOBECTU O0BEM PACTBOPA O METKH, TIIATEIHHO
nepemMenivBasi. BelunciauTe TUTP U HOPMAJbHOCTh CTAHJAPTHOTO PAcTBOpA IABEJICBOU
KHCJIOTHI 1O hopMyiam:

1. T=m/V
2. C,=T -1000/9

Hanpuwmep, naBecka H,C,0, - 2H,0 cocrasuna 0,6454r, Torna TuTp pactBopa:

T =m/V =0,6454 : 100 = 0,006454r/ma

A HOpMaJIbHAsI KOHIICHTPALIUS:

C,=T-1000/3 = 0,006454r/m - 1000 : 63,04 = 0,1024

OmnbiT 2. lIpurorosiaenune 250ma npudausurensno 0,1H pacrBopa ruapokcuaa
HATpus U3 00J1ee KOHHEHTPUPOBAHHOTO

[IpuroroBnenune pactBopa wu3 TBepaoro NaOH cBs3aHa C HEKOTOPBIMH
3aTpyAHeHUsIMU. [loBEepXHOCTH €ro Bcerja TMOKpbITa CJIOeM KapOoHaTta HaTpus,
MPUCYTCTBHE KOTOPOIO B PACTBOPE HMCKA3UT pe3yJbTaThl TUTpOBaHUs. JlomycTum, 4TO
UMEETCS pacTBOP TMAPOKCHUIA HATPHS, IIIOTHOCTh KOTOPOro ObliIa U3MEpPEHa apeoMETPOM
M okasanach paBHOH 1,39r/cv’. ITonmb3ysich TaGMHIEH JTErKO YCTAHOBHTB, YTO MAcCOBAs
1o ruapokcuaa Harpus 36%

OxBuBaneHTHas Mmacca NaOH pasna 40,01r/mob.
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CnenoBarenbHo, misg mpurotosieHuss 250mn npubmusutensHo 0,1H pactBopa
notpedyercs 40,01 - 0,1 - 0,25 = 1,0003 yuctoro NaOH. 3Hast, 4TO B KICXOJTHOM pacTBOpeE
MaccoBas 1o NaOH 36%, M0oXHO HaIMcaTh:

36 NaOH coaep:xutcs B 100r pactBopa

1,0003r Xr

X=1,0003 -100/36 = 2,782

UtoObl HE B3BEIIMBATH PACTBOP LIEIOUH, IEPECUUTANTE MACCYy €ro Ha 00BEM:

V =m/p =2,78/1,39 = 2ma

Brinmonnenue onsita:

OTMmepbTe HYXXHBIII 00BEM KOHIIEHTpHUpOoBaHHOTO pactBopa NaOH ¢ momorursio
MaJIEHbKOTO MEPHOr0 UWJIHHJIpa, pa30aBbTe IUCTUILTUPOBAHHOW Bogod A0 250mn u
TIIATEJIBHO MTEPEMELIANTE.

OmnpiT 3.CTaHaapTU3anus pacTBOPa HATPUS 1O IIABeJIEeBOH KHUCIO0TeE.

Brinonnenue orneita:

TmiarenbHO BBIMBITYIO OlOpeTKy omnosiocHuTe pactBopom NaOH, 3amonnute um
HOCUK, M YyOpaB BOpPOHKY, YCTAaHOBUTE MEHHCK >KHUJIKOCTH Ha HYJEBOM JCJICHHH.
OnosiocHute nunetky Ha 10 M CTaHAAPTHBIM PAacTBOPOM IIABEJIEBOM KHCIIOTHI,
MIEPEHECUTE €r0 B KOHWYECKYI0 KOJIOy, mpubaBbTe Karuio (geHondTaaenHa U TUTPYHTE
pacTBOPOM IIEJIOYM JO TOSBICHUS OJeAHO-MaTMHOBON OKpAacKH, HE HMCUe3arouleil mnpu
B30ANTHIBAHWY B T€YCHUHM | MUHYTHL. M3 Tpex OTYETOB TUTPOBAHHS BO3BMHUTE CPEIHEE U
BBIYHCIIUTE HOPMAJIbHYIO KOHIIEHTpanuto pactBopa NaOH mo ¢popmyie:

C

H.KUCJionvl Kucijioniol

CH. IEJIOYH = V

wenouu

Hanpumep, Ha tutpoBanure 10mn 0,1024H pactBopa miaBeneBoi KUCIOTHI MONUIO B
cpeaneM 10,85mn menoun

CNGOH = PO2E-10

b

OTuer 0 padoTe

1. Berurcnure TUTP U HOPMAJIBHOCTh CTAHJIAPTHOTO PACTBOpA IABEJIEBOM KUCIIOTHI
no popmymnam:

T=m/V

Cy=T -1000/9

2. W3 Tpex OTYETOB TUTPOBAHMS BO3BMHUTE CPEIHEE M BBIUHUCIUTE HOPMAJIBHYIO
koHIeHTpauio pactsopa NaOH no dpopmyre:

H.KUCi10mvl = KUCJl10mbwi

CH. 1IEJI0OYU = V

wenouu

KoHTpoabHBIE BONPOCHI
1. Kakoii pacTBop Ha3bIBae€TCs TUTPAHTOM WJIM CTAaHAAPTHBIM?
2. Kak onpenenuts TOYKY SKBUBAJIEHTHOCTHU?
3. OnucaTh METOAUKY TUTPOBAHHS.
4. Kakast XuMH4eCcKas ocyJia Ha3bIBA€TCsI MEPHOM ?
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JlaGopaTopHas padora

Tema: 4.2.2 TurpumeTpruyecKnii aHATIH3.

HaumenoBanue paGorel  [lpuroroBieHue CTaHAapTU3UPOBAHHOIO PacTBOpPA
COJITHOM KUCIIOTBHI.

Heab: HayunTbcs  TOTOBUTH  pacTBOPbl  Pa3IMYHON  KOHLEHTpAlMM U
CTaHIapTU3UPOBATh UX ONPEIENIATH HIEJIOYHOCTh MUIIEBBIX IPOAYKTOB.

Bpemsi:4uaca

IIpudopsl u peakTuBbl: MepHble KONOb Ha 100mim, 250mn, nunetku Ha 10m,
MepHbIe NPOOMPKH, GIOpETKH, MeTHIOBbIH opamkesbii, HCI 1,179r/cm’, Na,B,0;
10H,O

Ota naboparopHas paboTa CKIaJbIBA€TCS M3 HECKOJbKUX omepanui. CHauana u3
HABECKU TOTOBAT CTAHJAPTHBIM pacTBOp TeTpabopaTa (uiaum KapOoHaTa) HATpusA. 3aTeM
nonyyator — npubmusurensHo  0,1H.  pacTtBOp  consHOW  KucioTel.  Hakower,
CTaHApPTU3UPYIOT KUCIIOTY 10 TETpadbopary (Miau KapOoHaTy) HaTpusl.

Xoa paéoTbi

OnwiT Nel. IlpuroroBienue 100 mu crangapTHOro pacrBopa TeTrpadopara
HATPHSL.

HcxonHbIM BelECTBOM, HauOosiee YAOOHBIM JJisi YCTAaHOBKM THUTpPa COJISTHOM
KHCIIOTBI, CUMTAaOT TeTrpadopatr Na,B,0; . 10H,O. Bomusriii pactBop ero Omaromaps
TUAPOJIM3Y UMEET MIETOUYHYIO PEAKITUIO:

N32B4O7 + 7H20 < 2NaOH + 4H3BO3

MIO3TOMY €T0 MOKHO TUTPOBATh KHUCJIOTAMHU:

2NaOH + 2HCI = 2NaCl + 2H,0

B xozxe TutpoBaHus paBHOBECHE THAPOIM3a TETpabopaTa HATPUs CMEIAETCs BIIPaBO
U BCE HOBBIE KOJMYECTBA WIEJIOYM MOCTYNAOT B PACTBOP 10 TE€X IOp, MOKa COJIb
MOJIHOCTBIO HE MTPOpearupyer.

N3 cymmapHOTO ypaBHEHHUS

Na,B,07 + 2HCI + 5H,0 = 2NaCl + 4H;BO;

BUJIHO, YTO B PE3yJIbTaTE€ PEaKIMU HaKallJuBaeTcd ciiabasi opToOOpHas KHCIOTA.
CnepnoBatenbHo, pH pacTBopa B TOYKHM 3KBUBAJIEHTHOCTH OYJI€T HECKOJIbKO MEHbIIE 7 U
JUJ1S TATPOBAHUS CIIEIYET B35ITh METHIIOBBIM OPAHXKEBBIN (MM METHIJIOBBIN KPACHBINM).

[Tockonmbky ™moisib TeTpabopara Hatpus Na,B,O; + 10H,O B 310l peakiuu
B3aMMOJICHCTBYET C JBYMs MOJISIMA MOHOB BOAOPOJA, DKBUBAJICHTHAS Macca COJIM paBHA
381,4 : 2 = 190,7 r/monb. Jdns npurotosnenust 100mi 0,1 H. pactBopa TpebOyetcs 190,7 .
0,1 . 0,1 = 1,907 r Terpadopara Harpus. Ho OTBECHTh TOYHO BBIYUCICHHYIO MAaccy
TpyaHo. [loaTomy B ManieHbKON NpPOOHpPKE MM HAa YaCOBOM CTEKJIE BO3BMHTE HABECKY
CBEXETNEePEKPUCTAIIIN30BAHHOTO (HE BBIBETPHUBIIETOCS) TeTpabopaTta OKOlIO 2 T, C
tounocthio 110 00,0002 1, mepeHecWTe MpPU TOMOIIA BOPOHKH B MEPHYIO KOJIOY
BMecTuMOocThiO 100 M1 1, 0OMBIBass BOPOHKY, MPUJICHTE HEMHOTO TOpsiuE BOJBI, TaK KaK
B XOJIOJJHOW OH pacTBOpsETCS TI0X0. JJOOUBIINCH TOJHOTO PACTBOPEHUS, OXJIATUTE KOJIOY
BOJIOH TMOJT KPaHOM M JOBEIUTE 00BEM PacTBOPA TUCTHILTUPOBAHHOM BOMIOM 10 MeTku. He
3a0yAbTe MpU ATOM yOpaTh BOPOHKY, WU MPHUOABJICHHE BOJbI 3aKaHYMBAUTE C MOMOIIBIO
MUANIETKA OCTOPOYKHO, MO KarulsiM, AepKa TJla3 Ha ypoBHE METKU. Eciu Bce-Taku BOABI

6y,Z[CT IMPpUINTO 60J'IBIHC, 4eM CICAYET, TO OTIMBATL €€ HECJIb3A, HY>KHO IIOBTOPHUTHL BECH
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MPOLIECC TPUTOTOBJICHUS pacTBOpa. [I[pUroToBUB pacTBOp, TIIATEIBHO MEPEMENIANTE €TO,
3aKpbIB KOJIOY MPOOKOMH.

Tutp pacTBOpa BHIYUCIUTE KaK OOBIYHO, JIEJICHUEM HABECKH Ha 00BEM pacTBOpa.
[Tonoxxum, yto HaBecka TeTpabopara HaTpus cocraBmsuia 1,8764, torma T =
1,8764/100 = 0,01876 r/monb.

HopmalibHyI0 KOHIIEHTpallMIO pacTBOpa Haiaute mno ¢popmyse

N =T 1000/2 =0,01876 . 1000/190,7 = 0,09837.

BenuuuHbl TUTpa WM HOPMAJIBHOM KOHIIEHTPALMA PACTBOpA BCErAa JOJAKHBI UMETh
YEThIPE 3HAYANTUX TU(PHI.

OnbiT Ne2. Ilpurorosiaenue 250 M npudausureasno 0,1 H. pacTBopa coJisHOMI
KHCJIOTHI.

OkBuBanentHas macca HCI paBua 36,46 r/moins. [Tostomy B 250 M 0,1 H. pacTBOpa
ee JOJKHO cojaepxkarbes 36,46 . 0,1 . 0,25 = 0,912r.

Jns nanpHEMIIUX BBIYUCICHUN HEOOXOIWMO OIPEIEIUTh MOJTHOCTHIO MMEIOIIEHCs
KOHILIEHTPUPOBAHHOMN KUCIOTHL. M3MephTe €€, OMyCTUB apeoMETp B UUIIUMHAP C KUCIOTOM.
JonyctuMm, MIOTHOCTh OKa3zanack paBHa 1,179 r/em’. U3 npuiioxenuss IX BHUIHO, 4TO
KMCJIOTa TakOW TIOTHOCTH uMeeT MaccoByto noito HCl 36%. 3Has 31O BbIYMCIUTE, B
KaKOM Macce KOHUEHTPUPOBAHHOW KUCIIOTHI COAEPKUTCS HY>kHasi Macca uncto HCI:

36r HCI conepxutcsa B 100 r© KMCIOTHI

0912 « HCI « « X « o« x=0,912.100/36 = 2,53 r

Ho B3BemmBath kucnoty HeynoOoHo. [ToaTomy nepecunraiite Maccy ee Ha 00beM:

V=m/p=2,53/1,179 = 2,1 M.

OtmepbTe 3TOT 00BEM KOHIICHTPUPOBAHHOM KHUCIOTHl MAaJEHBKOW MEH3ypKOU
(Jrydine rpaayupoBaHHONM NpOOUPKOIL) U pa3daBbTe JUCTHUILTMPOBAHHOM BOAOM 10 250 M.
MOJIYYEHHBIA PACTBOP THIATENBHO MEPEMELIANTE.

OnbiT Ne3. CranaapTu3zanmsi pacTBopa CoOJISIHOW KHCJOTHI MO TeTpadoparty
HATpHS.

TuTpoBaHue BeIUTE C METUIIOBBIM OpaHKeBbIM. [IpuiiiBaeM pacTBOp KHUCIOTHI W3
OIOpPETKHU K pacTBOpPY TeTpabopaTa HaTPHSI.

THiarenbHO BBIMBITYIO OIOPETKY MIBAXKIbl OIOJOCHUTE HEOOJBITUMHU TOPIUSIMHA
KUCJIOTHI /I yAAQJ€HUs OCTaTKOB BOJbL. [l0Jib3ysicb BOPOHKOM, HAMOJHUTE BOPOHKY
KHCIIOTOM TaK, 4TOOBI MEHHUCK €€ ObLI HECKOJBKO BBIIIE HYJICBOTO JEJICHUS. 3aNOJIHUTE
pPacTBOpPOM OTTSHYTYIO TPYOKYy, BBITECHHWB W3 HEe MYy3BIPbKH BO3ayXa. 3aTeM yOepuTe
BOPOHKY, TaK KaK C HEe MOKET KamaTb pacTBOp, W, BBIMYyCKash JUIIHIOK KHUCIOTY,
YCTAaHOBUTE HIDKHHUM Kpail MEHHCKa Ha HYJIEBOM JieJieHMU. B TakoM cocTossHMM OropeTka
MOJATOTOBJIEHA K padoTe.

Uuctyro numnetky BMecTUMOCThIO 10 M1 OMOJIOCHUTE pacTBOpOM TeTpadbopaTa
HaTpus 1 otMepbTe 10,00 M1 ero B KOHUYECKYI0 KO0y ayig TuTpoBaHusi. He BbimyBaiite
U3 MHUMNETKU MOCIEAHIOK KaIUTIO0 KUJIKOCTH, & TOJIBKO MPUKOCHUTECH KOHIIOM €€ K CTEHKE
kojObl. IlpuneiiTe K OTMEpPEHHOMY pacTBOpY TeTpadopara HaTpus OAHY KaIlIio
METHJIOBOTO OPaHXKEBOTO.

g yno6cTBa TUTPOBAHUS B APYrod KOHUYECKOM KOJO€ MPUTOTOBBTE «CBUIECTEIb>.
Otmeppre B Hee 20 MJ AUCTUIUIMPOBAHHOM BOABI, MpuOaBbTe | Karuio METHIOBOTO
opamkeBoro u 1-2 kamiau KUCJIOTHL. [Ipwm 3TOM pacTBOp MODKEH NPHOOPECTH OYEHB
cnaboe, HO 3aMETHOE PO30BOE OKpAaIllBAHUE.
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Ha ocHoBaHue mITaTMBa MOJIOKHUTE JUCT Oenod Oymaru, MOJCTaBbTe KOJOY C
UCXOJIHBIM PAacTBOPOM TeTpabopara HaTpusl MO OIOPETKY U MPUCTYIANWTe K TUTPOBAHUIO,
cobmonias Bce mpaBuia. [lepBoe TUTpoBaHME cuMTaiiTe OpUEHTUPOBOUHbIM. Ho 3arem
no0elTech TOro, 4ToObI XKeTasi OKpacka METHIIOBOTO OPaHKEBOTO MEpexoauiia B OJIeTHO-
PO30BYIO OT OJJHOM M30BITOYHON KarlJid KUCIIOTHI.

TutpoBanue BeauTe 10 3-X pa3, BO3bMUTE cpeAHee apu(METUYECKOE U BBIUYUCIUTE
HOPMAJIBHYIO KOHLIEHTPALMIO pacTBOPa KUCIOTHI.

Homyctum, yto Ha 10,00 M 0,09837 H. pacTBOpa Terpabopara HaTpus MPH Tpex
TUTPOBaHUAX ObLIO m3pacxomoBano 9,50; 9,70 u 9,65 mu constHOM KucnoThl. [lepBoe u3
THX YHCEN OTOPOChTE KaK CUJIBHO OTKJIOHUBIIYIOCS BeNWYMHY. M3 OCTanmpHBIX ABYX
OTCUETOB BO3BMUTE CPEHEE:

Viucar = (9,70 + 9,65)/2 = 9,68 mu.

Brruucianre HOpManbHYI0 KOHUEHTPALMIO KHUCIOTHI:

Nyqr - 9,68 =0,09837 . 10,00, orkyna Nyc = 0,09837 . 10,00/9,68 = 0,1016.

TUTpOBaHHBIA PACTBOP COJSHOM KHUCIOTHI HUCIOJIB3YWTE Uil TMOCIEIYIOUIUX
OIPENICIIEHU M.

3Has HOpMaJIbHYIO KOHIEHTPAINIO KUCIOThI, MOKHO BBIYMCIIUTD U €€ TUTP:

T =N3/1000 = 0,1016 . 36,46/1000 = 0,003704 r/m.

Opnako st OOJBIIMHCTBA AHAJIM30B JOCTATOYHO 3HATh TOJBKO HOPMAJIbHYIO
KOHLIEHTPALMIO pacTBOpA.

OnbiT Ne4. AupauMeTpudeckoe THTPOBAHME.

OmnpenesieHue coepxaHus LIEJOYH B pacTBOpe.

CraHaapTU3UPOBAHHBIM PACTBOP COJSHOM KHUCJIOTBHI CIHYXUT Il ONpPEAEIICHUS
colepxkaHusl (WM KOHLIEHTpalUWH) ILuejaodeld B pacTBopax. OmnpeneneHue aHajJOoruyHO
YCTaHOBJICHUIO HOPMAJIbHOCTH KHCIIOTHI IO TETPOOOpaTy HATpHSI.

B mepnyto konOy BMectumocThio 100 M1 BO3bMUTE IS aHAJIM3a HEMHOTO pacTBOpa
menoun (NaOH wim KOH). JloBeauTe 00BeM pacTBopa JNUCTHILUIMPOBAHHOM BOAOM 0
METKH U THIATEIBHO MepeMeniaiTe.

[ToaroToBhTe OHOPETKY, KaK OMHCAHO BBILIE JJII TUTPOBAHUS IIEJIIOYH KHUCIOTOM.
[IpoMoiiTe NUNETKY aHAUTM3UPYEMBIM pacTBOpoM Ienouun. 3atemM 10,00 M1 uccnemyemoro
pacTBOpa MEPEHECUTE MUIETKONM B KOHUYECKYIO KOJIOy, MpuOaBbTe KaILI0 METHIOBOTO
OpPaH)KEBOIO0 W TUTPYHUTE PACTBOPOM KHUCIOTHI 10 TMEPEX0Aa OT OJHOM Karulk >KEATOU
OKpPAaCKH MHIUKATOpa B OJIEAHO-PO30OBYIO.

N3 cxompdmuxcst pe3yiabTaTOB TUTPOBaHUS BO3BMUTE cpefHee. Briunciaure cHavyana
HOPMAJIbHYIO KOHILIEHTPAlMIO IIeJo4Yd, a 3areM maccy ee B 100 mMi aHanu3mpyemoro
pacTBopa.

Otuert o0 pabore
1. Brruuciante HOpManbHYIO KOHIICHTPAIUIO pacTBopa TeTpabopaTa HATPHS IO
bopmyie:
N =T 1000/2
2. BbluncauTe HOPMAIBHYIO KOHUEHTPALUIO KUCIIOTHI.
3. Beluucaure cHayana HOPMAJIBHYIO KOHLEHTPALMIO IIEI0YH, a 3aTEM MaccCy €€ B
100 M1 ananu3upyemMoro pactopa.
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KoHTpoJibHBIE BONPOCHI
1. Kak ¢puKcupyrOT TOUKY 3KBUBAJIEHTHOCTU?
2. Kak nmoyib30BathCsi OOPETKOM ?
3. Kakue MeToapl TUTPOBAHUS BbI 3HAETE?

JlaGopaTopHas padora

Tema: 4.2.2 TurpuMeTpruYecKUii aHATH3.

HaumenoBanue pabGorpl: OnpeneneHue TUTPYEMOW KHUCIOTHOCTH ChIpbS H
IPOTYKTOB.

Henab: Hayuntbes onpeaensaT THTPYEMYIO KUCJIOTHOCTh MUIIEBBIX MPOTYKTOB.

Bpemsi:2 yaca

IIpudopsl 1 peakTUBbI: NUIeTky, Koaosl Ha 150-200mi1, GropeTku, henondranens,
muctTwinpoBanHas Boja, 0,1H pactBop ruapokcuia HaTpusi, MOJIOKO, CIUBKH, Ke(up,
TPOAKU...

TeopeTnueckuit MmaTepual.

Meroa 3akirodaeTcsi B TUTPOBAHUM KHUCIBIX COJIEH, OENKOB, YIJIEKUCIOTO rasa, u
JIPYTUX KOMIIOHEHTOB MOJIOKA PAacTBOPOM IIEJIOYM B MPUCYTCTBUU (PeHomdTasenHa.
TuTpyemMyr0 KHCIOTHOCTh MOJIOKa M MOJIOYHBIX HPOJYKTOB BBIPAXAKT B Ipaaycax
Tepuepa (uucno mu 0,1H pactBOopa mienoun, nomexamiel Ha HeWTpamuzamuioo 100mi
MPOAYKTA).

Xoxa pa6oTbl

OmnbiT NelOnpeaeanTs KHCJIOTHOCTH NUIEBBIX MPOAYKTOB

Mosioko. 10 M XOpOIIO MNEPEMENIAHHOTO MOJIOKA OTMEPUBAIOT MUMIETKOW B
KOHUYECKYI0 K00y, mob6aBmstor 20Mi1  AUCTWILTMPOBAHHOW BOABI W 3 Karum
dbenondranenna, TmareapbHO nepemenuBarT. Konly mnepememaroT Ha JucT Oenoi
OyMaru U TUTPYIOT PAaCTBOPOM IIEJIOUYH JI0 MOSBIICHUS C1a00-pO30BOr0 OKpallluBaHUs, HE
ycyesaromiero B teueHne 1 muH. KucnotHocte moiioka (B rpamycax TepHepa) paBHa
kosmuectBy M 0,1H pactBopa NaOH, nmomenmero Ha Hedtpanuzanuoo 10 mi MoJioka
yMHOeHHoro Ha 10.

CaunBku. B konuueckyro konOy emkocthio 150-200mm Boael w10 wma
nepeMelaHHblX  CIMBOK. DunbTpoBaibHOW Oymaroil ynajsitoT OCTaTKH CIHMBOK C
Hapy’>KHOM CTOPOHBI MHUIETKH, OMOJACKHUBAIOT €€ 3TOM CMechlo 3-4 pa3a KaxIblid pa3s
BTATHBAsI CMECh 10 METKHU, U J1aBasi IOCIIE 3TOTO KUJIKOCTHU MOJHOCTBIO cTeKaTh. B kon0y
npubaBuTh 3 Karmu ¢peHonpTantenHa, NIepeMenInBaloT U TUTPYIOT aHATOTHYHO MOJIOKY.

Kedup. Jlo ynaneHuss u3 HEro yriaeKuCIIOTo ra3a OnpeaesioT OO0ITY0 KUCIOTHOCTD.
Jlnst 3TOTO TOCHE TepenuBaHUS OTMEPUBAIOT mumeTkor 10mi kedupa ompeaensroT
KHCJIOTHOCTb, KaK B CIIMBKax. /{151 yCTaHOBJIEHHS TOCTOSIHHOW KUCIOTHOCTH COJEPKUMOE
OyThUIKM BBUTMBAIOT B K00y Ha S500MJ M ymansioT, YrieKHUCIbl ra3 HarpeBaHUEM Yy
Teyenne 10MUH Ha BOIsHOMN Gane mpu Temmepatype npoaykra 45°C. B OXJIaKICHHOM [0
20°C HposyKTe OMPEnesIOT KUCIOTHOCTD KAK B CIIMBKAX.

YcerpaHuMyro KUCIOTHOCTh HAxOIAT MO Pa3sHUIE MEXAy OOUIed M MOCTOSHHOM
KHCJIOTHOCTBIO.
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JApoxxu

bepyt HaBecky apoxxen maccoit 10r ¢ Tounocthio He Oosee £0,01T, pacTuparor B
dbapdopoBoil CTyNKe M MEPEHOCAT B CYXYIO KOHMYECKYIO0 K00y BMecTuMOcThio 100-
1500M3, MPUIMBAIOT HWJIMHIPOM SOCM3HHCTHHHHpOBaHHOﬁ BOJIbI U TMEPEMEIINBAIOT 10
MOJIHOTO PACTBOpEHHUs Apoxckeil. B momyueHHyro OontTymky aoOaBisiioT 3 kamm 1%
pactBopa denondranenna. bonrymky turpyror 0,1 H pactBopom NaOH no mosiBneHust
YCTOMYMBOIO PO30BOr0 OKpAIIMBAHUS, HE MCUE3AIOIIET0 MPU CIHOKOMHOM COCTOSIHUU
k0J10561 B TeueHue 20-30c.

Otuert 0 pabore
1. BbIUKMCIUTH TUTPYEMYIO KUCIOTHOCTH BCEX MPOIAYKTOB.
2.BeancauTh KUCIOTHOCTD JPOXKKEH 1o popmyie:
X = V-k-6-100
10

I'ne V- konmuuectro 0,1 H menouu, nomeameid Ha TATPOBAHUE, MIT;

k — monpaBo4HbIN KO3 UITUEHT K TUTPY pacTBopa Ienouu, k = 1;

6- KOTMYEeCTBO YKCYCHOM KUCOTHI, cooTBeTcTBYIoMIee 1M 0,1 H pactBopa mienouw,
mi; 100-iepecuet Ha 100r apoxxken;

10-macca npoxokeit, .

3a OKOHYATEIbHBIN Pe3yJIbTaT MPUHUMAIOT CpeHee apu(PMeTHUECKoe 3HaUYeHUE JIBYX
napasuiesIbHbIX OMpPeIeIICHUIA.

KoHTpobHBIE BONIPOCHI
1. B yewm 3axirodaercsi CyIiHOCTb METOJA TUTPOBAHHUS ?
2.  OnummTe METOIUKY TUTPOBAHMUS.

JlabopaTtopHas paGora

Tema: 4.2.2 TurpumeTpruyecKnii aHATIH3.

HaunmenoBanue padoThl [IpuroroBieHue CcTaHAAPTU3UPOBAHHOIO PACTBOpa
nepMaHraHaTa Kajius.

Heab: HayunTbcs roTOBUTH CTaHIAPTHBIC U CTAHAAPTU3UPOBAHHBIE PACTBOPHI.

Bpems :4uaca

IIpuGopsbl u peakTuBbl: MepHbIe KOJOBI HA 100 u 500 mui, OropeTka, XUMUYECKas
nocynaa, KMHO4, H2C204 . 2H20, 2H HZSO4.

Xoa pa6oTbl
OmnbiT Nel. IIpuroroBiieHre CTAHAAPTHOIO PACTBOPA HIABEIEBOH KHCJIOTHI.

[lepmMaHranar kanus B3aMMOACHCTBYET CO IIABEJIEBOW KHUCIOTOM B CEPHOKHCION
cpezie Mo YpaBHEHHUIO:

2 KMHO4 +5 H2C204 +3 HzSO4 =2Mn SO4 + 10C02 + K, SO4 + 8H20

aHAJIOTUYHO B3aMMOJICHCTBYET C OKCaJaTaMuU:

2 KmnO4 + 5Na2 C204 +8 HQSO4 = 2MHSO4 + 10C02 + KQSO4 + 2NaZSO4 + 8H20

B sTux peakuusx OKUCISIOTCS aHHUOHBI C2042'. Kax bt u3 HUX, TEpsa 2 SIEKTPOHA,
npeBpaiaercss B 2 ayekTpoHedTpaidbHble MoJiekysnbl CO. 3atro Mn (7), HaoGoporT,
npuodpeTas 5 3JEKTPOHOB, BOCCTaHaBIUBaeTCs 10 Mn (2).
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5 C,0,7-2e=CO0,
2 MnOy + 8H" + 5¢ = Mn** + 4H,0

OueBuIHO PKBUBaJIEHTHAs Macca maseneBoil kucinotsel H,C,0O4 . 2H,0, koTOpO# MbI
BOCIIOJIb3YEMCSl KaK CTaHJapTHBIM PacTBOPOM, paBHa Y2 MossipHOM Macchl, T.e. 126,07/2 =
63,04 r/monb. [{ns npurotoienus 100 ma 0,005 H pactBopa Hy»)HO B3sTh 63,04 . 0,05 =
0,3152 r 1maBesIeBON KUCIIOTHI.

Bossmute HaBecky H,C,0, . 2H,0 Ha ananmuTH4YecKUX Becax, paCTBOPUTE €€ B KOJIOE
BMecTUMOCThIO 100MI1, OoBeanTe 00BEM pacTBOpa 10 METKH U TIIATEIBHO TIEpeMeEIIainTe.
Bpiuncnure TUTP, M HOPMAJIBHYIO KOHIEHTPALMIO HMCXOJHOrO0 pacTBopa IaBeseBOM
KHUCJIOTHI.

Hanpumep naBecka koropoit cocrasuna 0,2988 r, Torna

T =0,2988/100 = 0,002988 r/m,

a HOpMaJibHasl KOHIIEHTpalus

Cu =T . 1000/3 =0,2988 . 1000/63,04 = 0,04741

OnbiT Ne2. I[IpuroroBienue npudausurteabHo 0,05SH pacTBopa mepMaHranara
KaJIusl.

HopMmanpHy0 KOHIEHTPALMIO pacTBOpa MEPMaHraHaTa YCTaHABJIMBAIOT [0 PEAKIUHU,
MpoTeKaronie B Kuciou cperne. B atom ciyudae skBuBasieHTHass macca KMnO, paBHa
158,03/5 = 31,61 r/monb. Teopetudecku s npurorosienus 0,25 i1 0,05H pacrBopa
cnemoBanmo Obr B3saTh 31,61 . 0,05 . 0,25 = 0,3952 v KMnQO,, HO yuyuThIBas, 4TO
MPOJIAXKHBIN MpenapaT He COBCEM YHUCT U, KPOME TOTO, YacTh MEPMaHraHATa PacXOyeTcCs
Ha OKHCJICHHE MPUCYTCTBYIOIIMX B BOJIE BOCCTAHOBUTEJEH, OTBECHTE HA TEXHUYECKUX
Becax 0,4 r KMnO,. HaBecky pactBopuTe 250 M BOJIBI, CIEAYIOIIMM 00pa3oM:
PWINBANTE B CTAKaH C HABECKOM HEOOJIBIIINE TIOPIIUU TOPsiYeh BOIBI BPEMsi, OT BPEMEHU
CJIMBAsl )KUAKOCTh C KPUCTAUIOB B CHELMAIIBHO MPUTOTOBJIEHHYIO CKJISHKY. PacTBopeHue
YCKOpSIUTE NyTEM HENPEPBIBHOTO NepeMelmmuBanusa. Korjga Bcs HaBecka NEpPEUIET B
pacTBOp, NpUJIEHUTE K HEMY OCTaBIIYIOCA BOJy, TIIATEJIBHO MEpEMENIanTe, 3aKpPOUTeE
npoOKo#, o0epHUTEe YepHOM Oymaroil u ocraBbTe. [Ipu XpaHeHMHM pacTBOpa Ha CBETY
MPOUCXOUT PA3JIOKEHNE IEPMAHTaHATA KA.

3 KMnO, + 6H,0 = 4MnO(OH), | + 4KOH +30, 7

Tor xe ocagok MnO(OH), BblmenseTcs B pe3ysbTaTe€ B3aUMOACHCTBUS
IIEpPMAaHraHaTa Kajausi ¢ BOCCTAHOBUTEISIMH.

Uepes 5-7 nHeM, pacTBOP TUTP, KOTOPOIO CTAHET MOCTOSIHHBIM, OCTOPOYKHO CIIEUTE C
ocajJika B APYTylo CKISIHKY. OH HYXJaeTcsl elle B YCTAHOBKE HOPMAJIbHOW KOHIIEHTpaIlUu
110 UCXOJIHOMY BEIIIECTBY.

OnbiT Ned.Cranpapruszanusi pacTBOpa NepMAHraHaATa KaJWs IO IIaBeJeBOM
KHCJIOTE.

Xopomio BBIMBITYIO OIOPETKY TPOMONTE pacTBOPOM TIEpMaHTaHATA Kalusg |
MOATOTOBbTE K TUTPOBaHUIO. OMOJOCHUTE MUIETKY PACTBOPOM IIABEJIEBOM KHUCIOTHI U
nepenecute 10 mi ero B koHndeckyro koioy. [Ipubasere 8-10 M 2H pactBopa cepHoi
kuciothl, Harpeiite 10 70-80° C (He momycKa KHIIEHHs, IPH KOTOPOM IIaBeJIeBasi KHCIOTa
pasnaraercsi) ¥ TOpsiYui pacTBOP TUTPYWUTE MEPMAHTaHATOM KaJIHS.

PactBop mnepmaHranara Kkanus OPWIMBAWTE MEIJEHHO, [0 KalluisiM, [pHU
HEIMPEPHIBHOM B30QJITHIBAHUHU KUAKOCTH. KaxKayro clienyronyro Kamio 100aBiIsiTe JIHIb
mocie TOro, Kak oOecuseruiiachk mnpeapiaymas. llepBoHauanbHOe oOeclBeUEHUE
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nepMaHrasara OyJieT IpOMCXOJIUTh MEUIEHHO, HO 3aTeM M0 Mepe o0pa3oBaHus cyibdaTa
Maprasiia, Wrparoliero pojb KaTajau3aTropa, OHO YCKOpHUTCS. TUTpoBaHuE HpeKpaTHUTE,
KOrjla HW30bITOYHAsl Karulsl [epMaHraHaTta CoOOOIIMT pacTBOpPY OJieTHO-MaIUHOBYIO
OKpackKy, HE MCYe3aolyIo B TeyeHue 1-2 muHyt. O0beMbl pacTBOpa epMaHraHaTa Kajius
OTCUMTBHIBAHTE IO BEPXHEMY Kparw MEHHUCKA, T.K. HWKHHMH 1uioxo BujeH. [loBTopure
TUTpOBaHUE 3 pa3a, BO3BMUTE CpEJHEE 3HAYEHHE U BBIYUCIUTE HOPMAJIbHYIO
KOHLIEHTPALMIO pacTBOpA.

Hanpumep, ecnu Ha tutpoBanue 10 mu 0,04741H pacTBOpa IaBesneBOl KUCIOTHI
MoNuIo B cpeaneM 9,15 mi1 pacTBopa nepMaHraHaTa Kajiusi, TO HOpMaJibHasi KOHIIEHTpAIs

€ro
Cukmno, = 0,0474 . 10/9,15 = 0,05181

Otuert 0 pabore

1. Bpluuciaure THTP, W HOPMaJbHYIO KOHIICHTPAIIMIO WCXOJHOTO pacTBOpa
IIaBEJIEBOI KUCIIOTHI IO PopMyTIam:

T =m/100

a HOpMaJlbHasi KOHIICHTPAIUs

Cu =T*1000/2

2. BpluncnuTe HOPMaNBbHYIO KOHIIGHTPAIMIO PacTBOpa IMEpMaHraHaTa Kajus TIO0

dbopmye:

i .éenéion éenéion

Véi nO4

CKMnO4 =

KoHTpoJibHBIE BONIPOCHI.
1. Uto Ha3bIBaeTCs CTAaHIAPTHBIM PACTBOPOM?
2. IlouemMy HeJb3s1 IPUTOTOBUTH TOYHBIN pacTBOP MEpMaHraHaTa Kanus?
3. Meroauka TUTPOBAaHHUS.
4. Kak onpeaenuTh TUTP KOHLIEHTPALMIO pacTBopa’?

JlabopaTtopHas paGora

Tema: 4.2.2 TurpuMeTprUYecKUii aHATH3.

HaumenoBanue padoThI: Omnpenenenue coepKaHus JKejiesa
MePMAaHIAHATOMETPUYECKUM MeTOoA0M B cosin Mopa

Heab: HayuuTbCcs oOnpenensaTh KAadyeCTBEHHBIM COCTaB MCCIEIYEMOM CMecHu
MIEPMAaHIaHATOMETPUUECKUM METOJIOM.

Bpems:2 yaca

IIpuGopsl u peakTUBBI: MepHbIC KOJOBI HA 100MIT; TUTNIETKH; OrOpETKH; colb Mopa;
nepMaHranar kanus; 2H pacTtBop cepHO#l KUCIIOTHI.

Teopernueckasi 4acTb

Onpenernenne conepxanus Fe™ B pacTBOpax CUMTAIOT OJHUM M3 CAMBIX BaXKHEHIINX
NPUMEHEHUN IepMaHraHaTopun. PaccMoTpuM nepmMaHraHaTOMETPUYECKOE ONpeiesieHue B
pactBope conu Mopa, umeromuii coctaB (NH,),SO4Fe(SOy), . 6H,0 unu (NH,),Fe(SO,), .
6H,O. Ilpu TUTpOBaHMM NEPMAHTaHATOM pacTBOpa 3TOW COJM B KHUCIOW cpene
IMPOUCXOAUT PEAKIUS:
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2KMHO4 + 10(NH4)2F€(SO4)2 + 8stO4 = MHSO4 + 5F€SO4 + KzSO4 +
10(NH4)2$04 + 8H20
10 |5 Fe** +e=Fe™
2 1 MnO™ + 8H" + 5e = Mn** + 4H,0
B nmaHHOM ciyyae >KBUBaJICHTHass mMacca coiu Mopa paBHa €€ MOJIIPHOM Macce.
[TosTOMy 1 KBUBAJICHTHAs Macca kesesa paBHa 55,85 r/Mob.

Xona padoThI.

OmnpenesieHue coepxaHus Kejie3a B pacTsope coum Mopa.

MepHyto Koi0y BMmecTuMOCThi0O 100 M BO3bMUTE Ui aHadu3a HEMHOTO
(mpou3BOJILHO) pacTBopa coiu Mopa, H0BeauTe 00bEM €ro J0 METKH M IMepeMellanTe.
OnoJIoCHUTE NOJYYEHHBIM PAacTBOPOM IHUIETKY, nepeHecuTe 10 M ero B KOHUYECKYIO
kon6y, noaxuciure 8-10 mx 2H pacrBopom H,SO, (Ha xonoxy, npu HarpeBanun — Fe™'
OKHCIIETCS. KHCIIOPOIOM BO3yXa 10 Fe’*), u THTpyiiTe pacTBOpPOM MepMaHraHaTa KasIus
N0 TIOSIBJIEHUs OJIEMHO MAaJIMHOBOM OKpAacKM HE HCYE3allle B TeYeHHe | MUHYTHI.
[ToBTOpUTE TUTPOBaHUE 3 pa3a, BOZBMUTE CPEIHEE U3 OTCUETOB U BHIUYMCIUTE KOJIUYECTBO
IpPaMMOB >K€JIe€3a B aHAJIM3UPYEMOM PaCTBOPE.

Hanpumep: nonyctum, 4yto Ha TutpoBaHue 10 mi conu nouwio B cpeaeM 12,50 min
0,05181H pactBopa mepmanranata. Torga HopMalibHasi KOHIIGHTpPAIMs pacTBOpa COJIU
Mopa

Cn =0,05181 . 12,50/100,06476

YMHOXHUB HOPMaJIbHYI0 KOHLIEHTPALMIO HA 3KBUBAJIEHTHYIO Maccy »xeinesa (55,85),
MBI Hanu| OBl cpefHee coaepxanue ero B 1 1 pactBopa. Ho anammsupoBanuck mums 100
mi pacTtBopa. Coneprkanue xenesa B Hux 0yaet pasno: 0,06476 . 55,85 . 0,1 =0,156r

OTuert o padore.
1. Paccuntath comeprkaHue xeies3a B pacTBope coiu Mopa.

KoHTpoJibHBbIE BONIPOCHI.
1. Ha xakoM MeTojie OCHOBAHO OMPEICJICHUE COJIepKaHUsI JKee3a’?
2. Kakoe BenecTBo B JAHHON METOJIUKE SIBISETCS TUTPAHTOM?

JlabopaTtopHnas paGora

Tema: 4.2.2 TurpuMeTpruYeCcKUil aHATH3.

HaumenoBanue padotbl: [Ipurorosienue pabouero pactopa Tpunona b u ero
CTaHJapTU3aLMs 10 YCTAHOBJICHHOMY BEILIECTBY.

Heab: M3yunTh METOAMKY NMPUTOTOBJIEHUS pacTBOpa KomIiuiekcoHa III m Hayuntscs
CTaHJapTU3UPOBATH €r0.

Bpemsi:4 yaca

IIpubGopbl M peakTHBBI: MEPHbIE KOJIObI, aHAJTUTHYECKUE BEChl, muneTku Ha 20,
25mi1, koHWueckue kool Ha 250mi, Oroperku, xomriuiekcoH III, duxcanan MgSQO,,
aMMOHMUITHast OyepHasi CMECh, KUCIOTHBIN XpOM TEMHO-CUHHUI WJIM 3pUOXPOM YepHBIN-T.
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Xoa paéoTbi

OnbIT Nel. IlpuroroB/ieHre CTAaHAAPTHOrO pacTBopa koMmiuiekcona II1.

HaBecky maccoit 4,65 unu OnM3Kyl0 K HEH MO Macce TOYHO B3BEIIMBAIOT HA
aHAJIMTUYECKUX BECaxX, MEPEHOCAT Yepe3 BOPOHKY B MEpHYI0 Koy0y oOwvemom 0,251,
OCTaTKH CO CTEKJa CMBIBAKOT CTPyEH BOAbl. BpamiaTenbHbIMU JBHKEHUSIMU TIIATEIBHO
NEePEMENIMBAIOT COACPKUMOE KOJIObI JI0 MOJTHOTO PACTBOPEHUSI HABECKH, JOBOJISAT PACTBOP
TUCTWUITMPOBAHHONW BOJMOM 10 MeTkd. Konly IIIOTHO 3akpbIBalOT MpoOKOW M CHOBA
THIATEIBHO MTEPEMENINBAIOT.

TUTp NPUTOTOBIEHHOIO PAacTBOpPA MOXHO MPOBEPUTh METOAOM IMHUIIETUPOBAHUS IO
CTaHIapTHOMY pacTBOpY, Hampumep cyiabdaTa MarHus (X4), MPUTOTOBICHHOTO U3
¢ukcanana (MpUroTOBJICHUE CTAHAAPTHBIX PACTBOPOB U3 (PUKCAHATIOB)

OmnbiT Ne2. OnpeneneHue TUTPA U MOJIAPHOM KOHIEHTPALMH 3KBHUBAJICHTOB
pacTBopa komiuiekcona III.

[Tunetkoit ToyHo otOuparT (20,00-25,00 M) TPUTOTOBJIEHHOTO U3 (UKCaHaja
pactBopa cyibdara Mar"us, IEPEHOCAT B KOHHUYECKYH0 KoJIOy oObemMoM 250mu1,
npubasisaroT 10,00 M pacTBopa aMmmMoHUNHON OydepHOU cMmecH, 5-7 Kareilb CIUPTOBOTO
pacTBOpa KHUCIOTHOTO XPOM TEMHO-CHUHErO WJIM 3puoXpoMa uepHoro T (MOXKHO cyxou
cmecu unaukaropa ¢ NaCl wiam KC1 B coorHomenun 1:100 mmu 1:200 Ha xoHuwMKe
mmarens). PacTBop oOkpacuTCcsi B BHIIHEBO-KPACHBIM LIBET BCIEACTBUE OOpa3oBaHUs
KOMIUIEKCHOTO COEIMHEHUS UHIUKATOpa ¢ KaTHOHAMH MarHus. PacTBop B K0J10€ TUTPYIOT
IIPUTOTOBJIEHHBIM DPAcTBOPOM KoMIuIekcoHa III mpu TmatensHOM IepeMElMBaHUUA 10
nepexo/ia BULITHEBO-KPACHOM OKpacku B cHHE-(HOJIeTOBYIO. /{151 TOYHOTO yCTaHOBICHUS
TOYKH SKBUBAJICHTHOCTH B TUTPYEMBI pacTBOp M00aBISIOT emle | Karumo KOMIUIEKCOHA
III. IlosABneHnEe CUHEW OKPACKH CBUACTENBCTBYET O KOHLE TUTPOBAHMS U O IIOJHOM
CBA3BIBAHMM KaTHOHOB Mg™* B mpouHOe BHYTpHKOMIUIGKCHOE coequHenne Na’[MgY].
TutpoBaHue MOBTOPAIOT 3 paza U HAXOAAT cpeaHuil 00beM KomruiekcoHa 1.

Hns  Oonee TOYHOTO (DUKCUPOBAHUS TOYKM HKBUBAJIEHTHOCTH TUTPOBAHHE
PEKOMEHJIyeTCs TPOBOJUTH B TMPUCYTCTBUU «CBUAETENs». [l MPUTOTOBICHUS
«CBUACTEIISI» K 100cm’ JTUCTUJUTMPOBAHHON BOJABI JT00ABISIOT 5,000M3 aMMOHHUHNHOTO
Ooydeproro pactBopa u 0,01 r cmMecH HHAMKATOpa C XJOPUAOM HAaTpUs WIM Kallus.
Oxpacka pacTBopa CTaHOBHUTCS CHHe-puosieToBoil. Ilo sTOoMy 1BETY «CBUIETENS»
CPaBHUBAIOT OKPACKY TUTPYEMOTO pacTBopa. 3aTeM B KOJOY C HCCIEeNyEMbIM PACTBOPOM
nobasmsioT 1 kammo komruiekcona II1. PacTBop momkeH mOCHHETb.

MoJsipHyI0O KOHIEHTPALMIO 3KBUBAJICHTOB KOMIUIEKCOHA III BhUMCHAIOT 1O
dbopmye:

c(1/2Na,H)Y)  V(MgSO,)

¢(1/2MgS0,) ~ V(Na,H.,Y)

W

C( 1/2N&2H2Y) =

c(1/2MgS0,)-V(MgSO,)

V(Na,H,Y)

3Hasi MOJISIPHYIO KOHIIEHTPAIMIO AKBUBAJIIEHTOB KomruiekcoHa III, BbluucCHAOT ero
TUTP

T(NaszY) =

¢(1/2Na,H,Y - M (1/2Na,H,Y)
1000
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B nanpHeiiiem Ais BBIYUCIEHHUS pPE3yJbTATOB aHaiW3a yAO0OHEe IO0JIb30BaThCs
TATPOM IO OINPEAETAEMOMY KOMIIOHEHTY.

PaccmoTpum omnpeneneHre MOJIAPHOM KOHLIEHTpPAlMM HKBUBAJICHTOB M THUTpA
koMmiutekcona III  mo kambiumio, ecnmu Ha TutpoBanme 20,00cMm’ pactBopa MgSO.,
PUrOTOBIEHHOrO n3 (ukcanama c(1/2MgS0y4) = 0,1 Mois/n1, u3pacxomgosano 19,55cm’
(cpennuii o0bem) pactBopa komruiekcoHa III. CocTaBisiOT ypaBHEHHE PEaKIUU:

Mg** + Na,H,Y — N,(MgY) + 2H"

BpauciAioT  MONSPHYIO KOHLEHTPALMIO OKBUBAJIEHTOB KomiuiekcoHa [II mo
dbopmye:

C(1/2NaH,Y) = c(1/2MgS0,) -V (MgSO,)
V(Na,H,Y)

c¢(1/2Na,H,Y) = ?’;'20

MoJIs/11 = 0,1025Mo0b/1

9

2
BBIUKCIIAT TUTP KoMmiuiekcona 11T mo Ca™:

T(NayH,Y/Ca?") = C1/2Na,H.Y) M (1/2Ca™)
1000
Otuert o0 pabore
1. Bpruncnute MOJSPHYIO KOHLUEHTPAUMIO 3KBUBAJICHTOB KoMIuiekcoHa III  mo

dbopmye:
c(1/2Na,H)Y)  V(MgSO,)

c(1/2MgS0O,) V(Na,H,Y)

KoHTpoJibHBIE BOPOCHI
1. Kakue MHAMKATOPHI UCHOJIB3YIOTCS B KOMIIJIEKCOMETPHUH ?
2. B yeM cymHOCTh KOMILIEKCOMETPUU?

JlabopaTtopHas paGora

Tema: 4.2.2 TurpuMeTpruYecKUii aHATHU3.

HaumenoBanue pa6orsl OrmpeneneHue oO0IIeH MKECTKOCTU BOABI (KOHTPOJIbHAsS
3aj1aya)

Heab: Onpenenuts 0OIIYIO )KECTKOCTh BOJIbI KOMITJIEKCOMETPUUECKIUM METOIOM.

Bpems 4uaca

IlpuGopsl M peakTHBbI: KOHMYECKHE KOJaObI Ha 250Mmi, Bechl, OIOpPETKH,
aMMOHMITHast Oy(depHas cMechb, KUCIOTHBIM XpPOM TEMHO-CUHUN WM 3PUOXPOM UYEPHBIii-
T, komruiekcoH II1, NaOH (2H), cynsdun Hatpust Na,S

Teopernueckas 4acTb

OO01mast KEeCTKOCTh BOJbI MOKA3bIBAET COJEPKAHHE MUJUIMMOJbL TUAPOKApOOHATOB,
CyJb(aToB U XJOPHUAOB KaJIbLMS U Maruus B 171 BOJIbI.

Xox padoTsbl

B xonmueckyro koia0y oObemom 250Mn BHOcAT 100Ma  wmcciemyemoil BOIBI,
OTMEpPEHHOW OIOpeTKOM WM MepHOW KOoJOOM (MYTHYIO BOAY MpEABAPUTEIBHO
¢unbTpyroT). 3aTeM MNpUOABIAIOT SMI aMMOHUITHOW OydepHON cmecu, 5-7 Kamemb
CIOUPTOBOTO pacTBOpa HHAWKAaTopa  wium npubmumsutensHo 0,01r cyxoit cmecu
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KHCJIOTHOTO XPOM TEMHO-CUHETO (WJIM 3pHOXpoMa 4epHOro T) ¢ CyXuM XJIOPUAOM HaTpus
unn kamua (1:100) u cpazy ke TUTPYIOT pacTtBopoMm KomruiekcoHa III, mossipHas
KOHLIEHTpAlUsl 3KBHBAJIEHTOB KOoTOoporo paBHa 0,1 Monwp/m (y4uThIBas, 4TO pacTBOp
OpUTroTOBIeH U3 (Qukcanana). K KkoHIly TuTpoBaHus pactBop KomiiekcoHa III
OpUOABIISIIOT MO KarisAiM, TIIATENbHO BCTPSIXMBasi CMECh B KoyiOe mociie A00aBiieHus
KOKIOW Kariau. TUTpoOBaHHME NPOJIOJHKAKOT 10 W3MEHEHMS! BHIIHEBO-KPACHOW OKPACKU
pacTtBopa B (pMOIETOBYIO U OT OJHOM cieayromleil karm komruiekcona Il — B cunroro (¢
3€JICHOBAaThIM OTTEHKOM IMpPU TUTPOBAHMM B TPUCYTCTBUM 3puoxpoma uepHoro T).
ONpeieICHUE TPOBOSIT TPH pasa.

Ecnu Ha tutpoBanue 100mi1 Boabl pacxoayeTcs: 60JbIne SMI pacTBOpa KOMILJIEKCOHA
I, ¢(1/2Na,H,Y) = 0,1 Momp/m, TO 3TO yKa3bIBaeT, YTO B OTMEPEHHOM OOBEME BOIBI
cyMMapHOe copepkaHue Kambims, maruus c(1/2 Ca®*, Mg®") Gombure 0,5 MMomb/i. B
TaKUX CIydasx CJIeayeT OmpeieJieHuEe TOBTOPUTD, B3sIB MEHBIIINI 00HEM BOJIBI U pa30aBUB
ero B MepHoi koside 10 100M AUCTUITMPOBAHHOM BOJIBI.

Heuerkoe M3MeHEHME OKPACKM PAacTBOpPa B TOUKE DKBUBAJICHTHOCTH YKa3bIBA€T Ha
npucyTcTBue Boae katronos Cu’t, Zn**, Mn**, Memrarommx otnenenuio. Jlis yeTpaHeHus
BJIUSIHUS MEIIAIONIMX KATHOHOB K OTMEPEHHOM JJi1 TUTPOBAaHUS MpoOe BOABI MPUOABISIOT
1-2 M pactBopa cynbuaa Harpus Na,S, MaccoBas 0sl Cyiab(duia HaTpUsi B KOTOPOM
1,5-2%, mocne 4ero, He OTHENAS oOcaaKa CyIb(pUIIOB Cu2+, Zn2+, Mn2+, MPOBOJAT
TUTPOBaHME pacTBOpoM KomriuiekcoHa III, xak ykaseiBanmoce Bbele. IIpu aHammse BOABI
METOJIOM KOMIUIEKCOHOMETPUU MOXKHO OIPEACNATh HE TOJBKO OOIIYI0 JKECTKOCTh,
VCIIOJb3Ysl WHAMKATOP KUCIOTHBIM XPOM TEMHO-CUHUW WM 3PUOXPOM 4YepHBIM T, HO M
KECTKOCTh, OOYCIIOBJIEHHYIO TPHUCYTCTBHEM TOJBKO COJIEH KajbIlus WM MarHus. Jlis
ATOTO TUTPYIOT OJIHY MOPILMIO BOJbI, KaK OMUCAHO BbIIIE (B MPUCYTCTBUU OJHOTO M3
WHJIUKATOPOB: KHCIOTHOIO XPOM TEMHO-CHHEro WM 3puoxpoma uepnoro T). 3arem u3
JIpYrod MOpLMHU BOJIbI, MPUMEHSS B KaueCTBE MHIUKATOPA MYPEKCHU], OTTUTPOBBIBAIOT
TOJBKO COJH KaJIbLIUS.

[IpakTuuecku AJig ONpEAENIeHUs KECTKOCTH BOJAbI, 00YCIOBICHHOW MPUCYTCTBUEM
TOJIBKO cojiel Kanbius, kK 100MI1 ucciieyeMoi Boibl J0OABISIOT 5-6MJ1 pacTBOpa IIEI0Un
NaOH wnu KOH, MosspHasi KOHLEHTpaluss KOTOPOW paBHA 2 MOJb/J, CYXylH CMECh
mypekcuga ¢ NaCl (pacTtBop mpuoOpeTaeT po30BYIO OKpPAaCKy) M TUTPYIOT PacTBOPOM
komruiekcoHa III 1o mepexoa okpacku B cuHe-(HOIETOBBIH IIBET.

3Has o6beM pacTBOpa KoMmruiekcoHa III, m3pacxomoBaHHbIA Ha TuTpoBanue Ca ",
Mg** ¢ KHCIIOTHBIM XPOM T€MHO-CHHHM WIH 3pHOXpoMoM depHbiM T, H 00beM pacTBopa,
nomexuMii Ha TUTpoBaHMe Tonbko Ca’*, HaxomAT o6keM pacTBOpa Kommiekcona III,
KOTOPBIif pacXoyeTcs Ha THTpoBaHHe Mg,

Paccmotpum ompenenenne oOmiel KECTKOCTH BOJBI, €ciav Ha TuTpoBanwe 100M
BOJIbI M3pacxoaoBaHo 2,4mi pactBopa komiuiekcona III, c¢(1/2Na,H,Y) = 0,1 mons/n, no

bopmyne

¢(1/2Na,H,Y) -V (Na,H,Y)-1000
X, =

100
_0,1-2,4-1000

100

Ko

mmoawbl 1 =2, mmonw/ 1

Ky = 2, dmmoan/a
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3Has oO0mIyl0 M KapOOHATHYIO >KECTKOCTb, MOXHO BBIYHCIUTH HEKApOOHATHYIO
JKecTKOCTh K,

K, - Ky - XK,

Hampumep, ompenenum oOuIyl0 ¥ HeKapOOHAaTHYIO JKECTKOCTb BOJIbI, €CIM Ha
tutpoBanue 100mi1 Boabl u3pacxoaoBano 4,8Mi1 pactBopa komruiekcona III,

¢(1/2Na,H,Y) = 0,1moan/1, K, = 2MMoJb/1:
_0,1-4,8-1000
T 100

K, = 4,8 - 2mmoub/a = 2,8 MMoJab/1

B meTone kommnekcoHoo0pa3oBaHus, KaK U APYTUX METOIAX

TUTPUMETPUUECKOTO aHAIN3a, €CJIM HEBO3MOXXHO IPOBECTU TOYHOE OIpPECICHUE
COJIepKaHUsl KaTUOHOB TPSIMBIM THTPOBAHHUEM, MPUMEHSIOT OOpaTHOE TUTPOBAHHE WIIH
TUTPOBAHKE MO METOlY 3aMEMICHUS.

KoMIiiekcCoHOMETpHUECKH MOXKHO OIpPEAEATh B UCCIAEAYEMbIX 00pa3ax He TOJIBKO
KaTHOHBI, HO U aHWOHBL. Hampumep, gocdar-uonsl. /s 3TOro ux ocaxxkaarT pacTBOPOM
cynbara MarHusa. BpImaBmmii 0cagoKk KOJMYECTBEHHO OTIEHSIOT (UIBTPOBAHHUEM,
pPacTBOPSIOT B KHUCIOTE M B MOJYYEHHOM PAcTBOpPE, MPU COOTBETCTBYIOLIUX YCIOBHUSX,
OTTUTPOBBIBAIOT KATUOHBI MarHusi CTaHAApTHBIM pacTBopoM komiuiekcoHa III. Tlo
JAHHBIM TUTPOBAHUS BBIYUCIISIIOT cosiepxanue ¢pochar-uoHOB.

0 mmonwv! 1= 4.8 mmonv/ 1

Otuert o0 pabore
1. Omnpenenuts 00ITYO KECTKOCTH BOJBI, IO (hopmyiie
c(1/2Na,H,Y)-V(Na,H,Y)-1000

K, =
100

2. Bpraucnuth HeKapOOHATHYIO KEeCTKOCTh JK;, 110 opMmyiie:

K, - Ky - XK,

KoHTpoJibHBIE BOPOCHI

1. UTo Takoe KOMILJIEKCOHBI M KAKOBO UX Ha3HaUeHHE?

2. Ykaxure CBOMCTBa METaNIMHIUKATOPOB, UCIIOJIb3yEeMbIX B
KOMITJIEKCOHOMETPHH.

JlaGopaTopHas padora

Tema 4.2.3 ®U3UK0O-XMMUYECKHE METO/IbI AHAJIU3A

HaumenoBanue pat6ornl: OnpenencHue CoAepKaHUS MEIW B PacTBOpe Cyib(dara
Mesu HOTORTEKTPOKOIOPUMETPUIECKIM METOIOM.

Heab: Ilo3nakomutbes ¢ TexHUKOM paborei Ha OOK-M u onpenenutsb
KOHIICHTPAIUIO MEIA B PACTBOPE CyJb(aTa MEIN 3TUM CIIOCOOOM.

Bpemsi:6 yaca

IlpuGopsr u peaxkTuBbl: Dorosrnexkrpokosopumerp (PIK-M), MepHble KOIOBHI,
nunetku, H,SO, (kon1r.), CuSO, (cyxoii), aMMHaK.

Xoa padoThl.
Onbir 1. IlpuroroBjieHue pacTBopa CpaBHeHMsI /Ui  NOCTPOEHUs
KaJUOPOBOYHOI0 rpajuxa.
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10m1 paz6aBnenHoro (1:3) pacTBopa aMMuaka MepeHocsIT B MEPHYIO KoJIOy Ha S50Mi1,
n00aBISAIOT 1 Karuiro KOHIIEHTPUPOBAHHOW CEpHOW KHUCIOTHI /P = 1,81r/CM3/ A JIOBOJAT
JTUCTUIITMPOBAHHOM BOJION 10 METKHU /HYJI€BOM pacTBOp/.

OmnbiT 2. I[Ipuroros/jieHue CTAHAAPTHOIO PACTBOPA COJIA Me/IH.

3,927t cynbdara Menu MepeHocsAT B MEPHYIO KO0y BMECTUMOCTBIO 171, pacTBOPAIOT,
IPWIMBAIOT SMJI KOHLIEHTPUPOBAHHOM CEPHOM KUCIOTHI M JOJIMBAKOT BOJOM 10 MeTKU. B
1M1 3TOTO pacTBOpa comepxarcs 1Mr nona Cu’*,

OnTHyYecKyIo IIOTHOCTh PacTBOPOB u3MepsaoT Ha @OK-M pa3nuyHbIMU CIOCOOAMH.

O3HAKOMUTBCA ¢ TEXHUKOH padoThl Ha PIK-M.

OmnpIT 3. [locTpoenne kaauOpoBOYHOT0 rpadguka.

B 6 wMepHbIX KOIO BMecTUMOCThIO 1O S0MII OTMEPHTE COOTBETCTBEHHO IIO
25,20,15,10,5,3mM11 cTaHAapTHOTO pacTBopa coyi Meau. B kaxyro u3 koiab nmpudapisiiiTe
no 10mn pa30aBIEHHOTO pacTBOpa aMMHUaKa U JOBEAUTE OObEMbl AUCTHILTUPOBAHHOU
BOJIOM 10 METKH.

OnpeneneHue ONTUYECKOM IUIOTHOCTH JI HAyHUTE C pacTBopa HMEIOIIETO
HauOOMbIIYI0 KOHLEHTpaLno Meau. st 3Toro pacTBop U3 KOJIOBI HalleHTe B KIOBETY C
paboueii nauMHON 1cM, 3aKpOilTe KIOBETY KPBIIIKOW U M3MEPHTE ONTHUYECKYIO TIOTHOCTH
pactBopa. M3MmepuB ONTHYECKYIO IUIOTHOCTH J[ BCEX pacTBOPOB, IOCTPOMTE
KamuOpoBouHBIM Tpaduk. I[Ipm 3TOM MO TOPU3OHTAILHONW OCH  OTKJIAQJBIBANTE
KOHIICHTpAIlUd HOHOB Cu®* /1.e.05; 0.4; 0,3; 0,2; 0,1; 0,06Mr menu B lmi/, a 1o
BEPTUKAJIM COOTBETCTBYIOIIME UM ONTUYECKUE ITIOTHOCTU PACTBOPOB.

OnbIT 4. OnpenesieHue MeIn B HCCJIeyeMOM pacTBope.

B wMepnyio konlOy BMmectuMocThio S50MiI  BO3bMHTE IS aHAIU3a HEMHOIO
HCIIBITYEMOTO PacTBOpA, KOTOPBIi MoxkeT comepxath oT 0,01 1o 0,5mr Cu®*. [IpubasbTre B
K0J0y 1 Kario KOHIIEHTPUPOBAHHOM CEpHOM KHCIIOThI, HEUTpaIU3yilTe pa30aBiIeHHBIM
/1:3/ pactBopom NH,OH mnipubaBinisisi ero mo karisiM 70 nosBiaeHus MyTu. [Ipuneiite eme
10m1 NH,OH u noseanre 006beM 10 METKH BOJIOM.

PacTBOp TIIaTENBHO TIEpEMeEIIaiiTe, HAIOJIHUTE UM KIOBETY ¢ pabouel nHO# 1cM u
W3MEPhTE ONTHYECKYIO TJIOTHOCTh €T0 Ha MEepBOM OapabaHe Mpu KPacHOM CBETODUIIBTPE,
T.€. IPU T€X YCJIOBUSIX MPH KaKUX ObUT MOTyYeH KaTHOPOBOUHBIN rpaduK. 3HAS BEIUUUHY
ONTHUYECKON MJIOTHOCTH, HAMIUTE MO KAIMOPOBOYHOMY TpaduKy KOHIICHTPAIUIO HOHA
Cu’* B MuuMrpamMMax Ha | M pacTBOpa. YMHOKHB ee Ha 00beM BCEro aHAIM3UPYEMOTo
pactBopa /50mi1/, BbIUnCIUTE OOIIYIO MacCy MEJIH.

OTuer o pabore.
1. BBITIOTHUTH OTBITHI.
2. IlocTpouTh KaTuOPOBOUHBIN IpaduK.
3. Onpenenuth comep kaHne MEAHM B paCTBOPE MO KaTUOPOBOYHOMY TpaduKy.

KoHTpoJibHbIE BONIPOCHI.

1. Kak noctpouts KanuOpoBoUYHbIN Tpaduk?
HazoBute ocHOBHBIE Y3761 (hOTOMETpA.
3HadeHne 0J0Ka MUTAHUS.
3HaYeHUE MUKPOMIPOLIECCOPHON CUCTEMBI.
CocraB (hoTomeTprueckoro 0JI0Ka.

Al
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UYro Takoe MOHOXPOMATOP.

UYro npencrasisier co00il KIOBETHOE OT/ACIICHHE.
doToMeTprUIEeCcKOe yCTPOMCTBO, €T0 3HAUYCHHE.

9. Ilpunuun newctus GoToMeTpa.

10. Yro Takoe ¢poTodrdpdext, hoToIeMEHT.

11. I'ne ssBnenue pororddekra ucnonb3zyercs B ObITY, B KU3HH.

0~

JlabopaTtopHnas paGora
Tema 4.2.3 ®u3nko-xuMHu4YecKHe METOAbI AHATH3A
HaumenoBanue padorbl: OnpeneneHue coAep:KaHusl IIIIOKO3bl B BOJHOM pacTBOPE
Ha NOJIIPUMETPE.
Heapb: M3yunTh yCcTpONHCTBO MOPTATUBHOTO MOJSPUMETpPAa W MPUHIMUN pabOThl HA
HeM. Bpewms:4uaca
ITpubopbl U peaKTHBBI: OJSIPUMETP NOPTATUBHBIN, BOJAHBINA PACTBOP INIFOKO3bI

Xoa paéoTbi

[Tosyuute y npenoaBaress BOJHbIN PaCTBOP IJIFOKO3bl HEU3BECTHOW KOHLEHTPALMH
Y IPUCTYIIAWTE K aHAIU3Y.

VYcraHoBUB npubOp mepes MCTOYHMKOM CBETa M IIOBOpAauMBas OCBETUTENIBHOE
3epKajo, HampaBuTh cBeT B npubop. OTBUHTUTE Talku C O00€HX CTOPOH
NOJIIPUMETPUYECKON TpPYOKH, CHUMHUTE IIOKPOBHbIE CTEKJA. TIIATeNTbHO BBIMOWTE
JUCTWUTMPOBAHHOW BOJIOM MONAPUMETPUYECKYI0 TpYOKy M BbicymmuTe ee. [lokpoBHbIE
CTeKJIa TaK K€ BBIMONTE U BBHITPUTE HACYXO (DUIBTPOBATIBHON OymMaroi.

1. IToaroroBka moJisipuMeTpa K padore.

VYCcTaHOBUB HMCTOYHHMK CBETa K NpUOOpPY HAIO MPUBECTH MOJSIPUMETP B HYJIEBOE
noyioxkeHue. [y 3Toro, Bpamias aHaau3aTop MO0OEHTECh OJMMHAKOBOW OCBEIICHHOCTH U
OKpAacKM O0€eMX IOJIOBHUH MOJsSI 3PEHUS W ONPEAEIUTh MPU 3TOM OTCYET M0 MIKaJe
aHanu3aropa (HyJeBasi yCTaHOBKA).

3areM COWUTh TIOJOKEHUE aHajau3aTopa U BHOBb JOOUTHCA  OJUHAKOBOU
OCBELICHHOCTH.

® II K kmopera c pacTBOpoOM 00 Ok

AHETR
100

Puc. 11.1.

Takum 06pa30M claciaTh TpH pa3a u HAWUTHU CpCAHCC 3HAYCHUC HYJICBOI'O OTCUECTA:
m + m, + my
3

my, =
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B35ITh YUCTYIO KIOBETY W 3aIIOJIHUTh €€ 10 BEPXHErO Kpasi UCCIEAYEMBIM PACTBOPOM.
3ateM TpOJBMKEHHEM COOKY, HAJOXXUTh 3alIUTHOE CTEKJIO, Ha TOpEl KepaMHueCKOu
TpyOKM W 3aBUHTUTH Oe€3 0co0Oro aaBieHHs Ha Kojmnadok. CHIIbHOE [AaBJICHHE MpH
3aBUHYMBAHUU KOJIMAYKa MOXKET BbI3BaTh OIIMOKY B U3MEPEHUHU. B HaMoJIHEHHON KIOBETE
HE J0JKHO OBITh BO3AYIIHBIX My3bIpeid. [lanee KIOBeTy BCTaBUTh B TPYOKY MOJSIpUMETPA U
IPOU3BECTU 3aHOBO YCTAHOBKY OKYyJsipa Ha  pe3Koe H300pakeHue JUHUN paszjena.
[TpousBecTr OTCUET MO LIKAJIE aHAIU3AaTOpPa:

[ITxama Honuyca

2. Onpenesenne MOJ0KEHUS AHATU3ATOPA

Tos0XKeHHe aHATH3aTopa ONpeaesieTcs ¢ TOuHocTbio 10 0,1° ¢ MoMOIIbIO MIKATE! 1
HOHHMYcA. OTCYET MPOU3BOIUTCS MPU HAOIIONCHUH Yepe3 MIECTUKPATHYIO JIYITy.

3. OTcyeT Npu NOMOIIM HOHMYCA

CHavasla HYXHO YCTaHOBUTb, HAa CKOJIbKO IIOJHBIX TPaJyCOB HYJEBOW IITPUX
HOHMYCA (HMKHSIS IIKAJIa) CIABUHYT OTHOCUTEIBHO OCHOBHOM IIKAJIBI (BEPXHSAS IIKAJIA)
BIIPABO WJIM BJIEBO. 3aT€M OTMETUTh KAKOM IO CYETY IITPpUX HOHUyca. [loryuenHoe uncio
MOKa3bIBACT ACCATHIE JOJU Ipaayca, KOTOpbIE HY)KHO MPUOAaBUTh K paHee HaWJEHHOMY
YUCITY LENBIX TPATYyCOB.

Ecnu TOYHOro coBHAJeHUs IITPUXOB IIKAJIbl HE MPOUCXOIHUT, TO OMPEAECISIOTCA
T0JIOBHHHBIE BETHYHMHBI 1ECATHIX A0Iei rpagyca (0,05).

TIpuMep: HYJIEBOH IITPHX HOHMYCA JISKHUT BIIPABO OT HYJIEBOro mrpuxa mexay 1° u
2°. CempMOii IITPHX HOHMYCA COBIIAAACT CO IITPUXOM OCHOBHOM IKasbl. Clie[0BATEIBHO,
otcuer paseH 1,7°.

CHATp TpHU OTCUETAa HOHUYCA M ONPEACIIUTh CPEOHEE 3HAYCHHE, YUYHUTHIBAs 3HAK
MIOIIPaBKHU.

[lpumep: HaugampHoe monoxenne +0,3°(BmpaBo), a KOHEYHOE IIOJIOMKEHHE
+3,30(BHpaBO)

CrnenoBaresibHO, Yroji BpallleHUsI COCTaBIISET =3,3" — 03° = 3° a coJiepKaHue
TITIOKO3bI B pacTBope Oyer 3-2=6%. Ecim HavansHoe nonoxenue 66110 661 —0,3° (BeBo),
TO yTOJI BpalllCHUS 3,30 + 0,30 = 3,60 Y COJIEpKaHME TIIFOKO3bI B pacTBope 3,6 - 2 =7.2%

[Tocne kaxa0oro M3MepeHus: KepaMUYECKyr0 TPYOKy cienyeT MpOYUCTUTh, MPOBOJIS
yepe3 Hee (UIbTPOBAIBbHYIO OyMary, IpOMUTAaHHYIO CIUPTOM WIIM TEIUION BOJIOM.

OTuert o0 pabore
1. OmpenenuTh KOHUEHTPALMIO PacTBOPa IIFOKO3bI Mo mkaine HoHuyca, ncnosnbs3ys

(Gopmyiry.

KoHTpoJibHBIE BONIPOCHI
1. B uem cyniHoCTh MONSIPUMETPUUYECKOTO aHaIn3a?
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2. Kakue BeliecTBa ONITUYECKU aKTUBHEI?
3. Ilo kakoii popmMysie MOKHO ONPEISTUTh KOHIICHTPAIUIO BEIlecTBa?

JlaGopaTopHas padora

Tema 4.2.3 Ou3uKo-XUMHUYECKHE METOAbI AaHAJIN3A

HaumenoBanue padorbl OnpeneneHne MacCoBOM JOJIM caxapa B BOJHOM PacTBOPE
Ha pepaKkToMeTpe-caxapuMeTpe

Heab: N3yunTh ycTpONHCTBO M MPUHIUN ACUCTBUA pedpakTOMETpa U MOJSPUMETPa U
ONPEEIUTh MACCOBYIO JIOJIO Caxapa B pacTBOPE

.Bpemsi:4 yaca

IIpudopsl U peakTuBbI: pePaKTOMETP, CTEKIISIHHBIE MaJOYKU, PACTBOP Caxapo3bl,
Bara, BOJA.

Xoa paéoThl.

[lonyunth y mpenojaBaTenss BOIHBIA  pacTBOpP  caxapo3bl  HEU3BECTHOM
KOHLeHTpanuu. OTKpoWTe MpU3Mbl HACyXO BBITPUTE BaTOM MX paboyue MOBEPXHOCTH.
[TomecTuTe MEXAY HHUMHU CTEKJISHHOM TNAJOYKOM WM TuneTkor 1-2  kamum
aHAJIM3UPYEMOI0 pacTBOpa, BpAIllEHUEM KOJIblIa KOMIIEHcaTopa Jo0elTech YeTKOU
IPaHULIbl CBETOTEHU B ONTHYECKOM II0JI€, MPUBEIUTE OTCUETHBIM OapabaH B HYJIEBOE
MOJIOKEHUE 1 HAOMI0IaliTe Ha IIKaJe T0JI0KEHNE TPaHuIlbl cBeToTeHu. Ecnu aTa rpanuima
OKaXETCSI MEXKIY NIEeTICHUSMHU IIKAJIbI, TO TIOBOPOTOM OTCUYETHOTO OapabaHa JHOBEIUTE €€
0 OMbKalImero HIKHETO JelCHHS. 3allUIIUuTe pPe3yabTaThl U3MEPEHHS, OTCUUTHIBAS
1eJIbIe YUCIIA 10 TIKaJe, a JECATHIC IOJIH 110 OTCUeTHOMY OapabaHy.

Otcuer mokazaHuil pepakToMeTpa MpU KAKIOM OINPEACIICHUN JCIAI0T HECKOJIBKO
pa3. Iloatomy, cMmemias rpaHuily CBETOTEHH MOIEPEMEHHO BBEPX WJIM BHHU3 IO IIKAaJIE,
ITOBTOPHUTE OTCYETHI MOKA3ATENS IPEITOMIICHHUS TIATh Pas.

[Tocne 3Toro cHOBa MPOMOMTE U BHITpUTE paboyre MOBEPXHOCTH MPU3M, HAHECUTE HA
HUX ele 1-2 kamim aHaau3upyeMOro pacTBOPA, BBHIMOJHHUTE BTOPYIO CEPUI0 U3MEPEHUM.
Brruncnure cpeiHee 3HaYEHUE MMOKA3ATEIS PETOMIIEHUS.

[TockonbKy y pedpakTomMeTpa IIKajga yCJIOBHas, HAMAUTE COAEpKAHUE Caxapo3bl B
pacTBope 1o Taduiie, MPUIOKEHHOHN K Tprbdopy.

[IpoBeppTe y mpenojaBaresiss NPaBUIBHOCTb  ONPEAEIEHUS  MPOLEHTHOTO
ONpPENECIICHHS caxapa.

BrmmonauB omnpeneneHue Ha pedpakTOMETpe, MPOMBIBAIOT paboyue MOBEPXHOCTH
IPU3M JUCTHJUIMPOBAHHOM BOJOM, HACYXO BBITHPAIOT BAaTOW, OCTaBJIAA HPOCIOUKY
TUTPOCKOMTUYECKOM BaThI MEXKy KaMepaMu, MPUOOp 3aKPHIBAIOT YEXIIOM.

Otuert 0 pabore
1 Beruncnure cpeaHee 3Ha4CHUE MOKa3aTeNs MPEJIOMIICHUS.

2.Haiitu conepsxanue caxaposbl B pacTBOpE 10 TabJulie, IPUIOKEHHOU K mpudopy.

KoHTpoJibHBIE BONPOCHI

1. Ha kakux siBJieHUS OCHOBaH METOJl pePpakToMeTpun?
2. ConeprxkaHue KakvMx BEIIECTB MOXKHO OMPEEINTh Ha pedpakTomerpe?
3. KaxoBa 3aBUCMMOCTb yTIJia MPEIOMIIEHUSI CBETAa OT KOHIIEHTpauu?
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4. B ueMm mpeumyiiectBa pedpakToMeTpuu HaJ XUMUYECKUMH METOJaMU
aHanu3a

JlaGopaTopHas padora

Tema 4.2.3 Ou3uKo-xuMHUYECKHE METOAbI AaHAJIN3A

HaunmenoBanue padorbl KauecTBEeHHBI aHaaM3 NOPOCTEHIIMX aAMUHOKHCIOT
METOIOM OyMasKHOU XpoMaTtorpaduu.

Heab: W3yunts meron OyMaxHOW XpoMaTorpauu U HAYYUThCS OMNPEIENATbH
KAueCTBEHHBIN COCTaB aMUHOKHUCIIOT.

Bpems:4 yaca

IIpudopsl u peakTHBBI: KA CYMWIbHBIA, NHUIETKH, CTaKaHbl, MaJOYKH,
xpomatorpaduueckas Oymara, HuHTUApUH (0,5%) B aimeroHe, H-OyTaHOJ, JeasHAs
YKCYyCHasi KHCJIOTA, PACTBOPbl aMUHOKHCIOT B wu3onponuwioBom crupre (10%),
ITOJKUCIJIEHHOM COJISTHOM KUCIIOTOM.

Xoa paéoTbi

1. [loaroroBka cocyaa k xpomarorpagun

B kauecTtBe kamepbl ansi xpomarorpadguu UCmoiab3yroT HuauHap Ha SOmi. B aror
WIMHAP TEPeHOCAT MHUMIETKOM OyTaHOJIOBBIM pacTBOpUTENb. J[OCTAaTOYHO NEpeHecTH
CTOJIKO PAcCTBOPUTEINSA, YTOOBI Ha JHE IIWIIMHIPA, CIYXKaIIero XpomaTorpaduueckoi
KaMmepoil oOpasoBaiucsi cioi, BbicoToi 7-10MM. Cnemyer oOpaTuTh BHUMaHHE Ha TO,
YTOOBI IPH 3AMOIHEHUH UIHH]IPA PACTBOPUTEIEM HE HAMOYHUTH €0 CTEHKU.

2. HaneceHue cMecH aMUHOKHUCJIOT HA Oymary

[TpoBOIAT IPOCTHIM KapaHAALIOM JIMHUU Ha PACCTOSIHUM 2 CM OT OJHOT'O U3 KOHIIOB
MOJIOCKU XpomaTtorpadudeckoit Oymaru. KapanmanoM oTMeuyaroT MeCcTa HAaHECEHUsI CMECH
aMUHOKHUCIOT. /[lnaMeTp msiTHA He JOJKEH mMpeBblarh SMM. [lonocky mocne HaHeceHus
pacTBOpa CyILIAT Ha BO3AyXe MM B cymmibHoM mkady T=70-90°C 3akpenus ee komel,
YAQJICHHBIN OT ISITHA, B IITATUBE U MPHUKAB €€ TPY30M.

3. Xpomarorpadus

YOeauBIINCh, YTO TMATHO BBICOXJIO, OINYCKAIOT TMOJOCKY B Kamepy Juis
xpomartorpaduu. Mecto, rie Obljla HaHeCeHa CMECh aMUHOKHUCIIOT, I0JXKHO HaXOAUTHCS B
HIDKHEM KOHIlE OyMaXHOW TMOJOCKM M HU B KOEM CiIy4yae He JOJDKHA MOTrpPYKaTbCid B
pacTBOpHUTENb, HAIUTBIA HA JAHO Kamepbl. LlunuHap 3akpeiBaloT  MpOOKOH,
IpeIBapUTEbHO 3aKPENUB MOJOCKY Oymaru. byTaHONOBBII pacTBOpUTENb BTHPAETCS B
OyMakHYIO TIOJIOCKY M MOJHUMAETCS 0 Heil BBepX. PacTBOpuTENb AOKEH MOTHUMATHCS
POBHBIM TOPHU30HTANBHBIM (PpoHTOM. [locme Toro kak oH moanumercs Ha 10-12 cm,
cyuTasg OT HWKHETO KOHLA IOJIOCKH, Pa3AC/ICHUE 3aKaHYMBAIOT, IOJOCKY BBIHUMAIOT 32
BEPXHHUI KOHEI] U OTMEPUBAIOT KapaHJAIIOM TpaHuiy ((GPOHT) PACTBOPUTEINS U CyIIaT
MOJIOCKY TIOJT TATOM HA BO3AYX€E WJIH B CYHIMJIBHOM HIKAQYy.

4. IlposiBiieHue

Ha BpICylIEHHYI0 XpOMaTOrpaMMy HAaHOCST NpU nomouu myiasBuin3aropa 0,5%
pacTBOp HUHTHUIPHUAA B allETOHE TaK, YTOObI BCA XpoMaTrorpaMMa ObLia paBHOMEpPHO 0e3
MOATEKOB CMOYEHA pacTBOpOM. [locne nenapenus aneToHa XxpomMaTorpaMMy OMENIAKOT B
cymmnbHbiii  mkap mpu T=70-90°C wa 15 wmumn. B mpomecce HarpeBaHms Ha
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XpoMaTorpaMMe  BBICTYNAIOT  IISITHA, COOTBETCTBYIOIIME MECTaM  JIOKaJIU3aluH
AMUHOKUCJIOT.

HuxHee nTHO COOTBETCTBYET CpEIHEE BEPXHEE — TUPO3UHY

M3MepsroT pacCTOSIHME OT MECTa HAHECEHUsI AMUHOKHUCIIOT 10 CEPEIMHBI KAKI0TO U3
naTeH W 10 (QpoHTa pacTBOpPUTENsA. BbIUMCIAIOT KO3PPUIMEHT NOABUKHOCTH
amuHokucnor (Kt). g 3TOoro nmenmar myTh, HMPOWIECHHBIA aMUHOKHCIOTOM OT MeCTa
HAaHECEHUS, Ha ITyTh, IPOMJACHHBIN PACTBOPUTENIEM (TAKKE CUUTAsA OT MECTA HAHECEHNS).

Otuert 0 pabore
1. HapucoBaTte XxpoMaTorpammy M CAENATh BBIBOJ O COCTABE CMECH.

KoHTpoabHBIE BONPOCHI
1. Yro Takoe korhduIMEeHT pacupeaeneHus?
2. B uem cyniHocTh pacnpenenuTeabHol xpoMarorpadum?
3. Kakue onepauyu npoBOAAT MPU BBITIOJTHEHUHM JI/p?

JlaGopaTopHas padora

Tema 4.2.3 Ou3uKo-xuMHUYECKHE METOAbI AaHAJIN3A

HaumenoBanue pabGorbl Xpomartorpagus caxapoB. OnpenesneHue TIpyImnoBOro
cocTasa Junu10B MerogoM TCX.

Heab: Hayuntbcs ompenensTe KayeCTBEHHBIM COCTAB CMECH CaxapoB METOAOM
OymaxxHoi xpomarorpaduu. Hayaurbcst onpeneiste coctaB Junuaos merogom TCX.

Bpewms:4 yaca

IIpudopsl n peaxkTuBbl XpomaTtorpaduueckas Oymara, yamku [lerpu, mumerkw,
I eHNIaMyH, paCTBOPUTEN, IIacTuHbl «CUJTY ®OJD»

Xoa paéoTbi

OmnbiT Nel. : Xpomarorpadusi caxapoB. Paznenenue caxapoB nMpoBOAST OJHUM U3
BapUAHTOB paclpe/eNuTeNIbHON XpoMarorpadguu Ha Oymare paauaibHbIM MeTojoM. M3
xpoMmartorpaduueckod OyMard BBIPE3alOT KpYr JIUAMETPOM HECKOJbKUM  OoJibllie
nuametpa yamku [letpu. Kpyr nenst Ha cektopa 4-5 (cM., puc). Bokpyr 1ieHTpa npoBOJsT
OKPY>KHOCTh paguycoM 1-1,5 cM. DTa OKpyKHOCTb SIBUTCS IMHUEH CTapTa, HA KOTOPOM B
KQ)KJIOM CEKTOPE HAHOCST UCIBITYEMbIN pacTBOP (CBUAETENH - YUACTHIE PACTBOPHI CaxapoB
U UX CMECh).

JluameTp msATHA COCTaBIsAET NMPUMEPHO S5 MM. PacTBOp HaHOCAT KanWUIAPOM WU
CHELUAaJIbHOM MUIIETKOU 2-3 pa3a B OJTHO U TOKE MECTO, KaXKIbli pa3 MOJACYIIHUBAs MSATHO
Ha BO3JyXxe. B 1eHTpe XpoMaTorpaMMbl NPOKAJIBIBAIOT OTBEPCTUE, B KOTOPOE BCTABJISIOT
¢uTHiieK (IIOTHO CKPYYEHHBIA XTYTHK U3 (PUIBTpOBaIbHONU Oymaru). XpomaTorpamMmy
nomemaT B vamky llerpu Tak, 4ToOBbl (uTHUIEK OBLT TOTPYXKEH B PACTBOPHUTEINH
(byranon: ykcycHas kucioTa: Boga 4:1:5). Cpepxy misi YMEHBIICHUS HWCHApEHUS
pacTBOpUTENIA, XPOMATOIPAMMY HAKpBIBAIOT BTOpPOM moJoBMHON yamiku [lerpwm.
PactBoputens mo QUTHIBKY HENPEpPHIBHO TMOCTYHNAeT B LIEHTP XpOMaTOrpaMMbl W,
JIBUTAsICh K KpasiM yBJIEKaeT 3a co0O HaHECEHHbIE BellecTBa. Pa3roHka BemIeCTB A0 TEX
1op, MOKa pacTBOPUTENb HE JNOCTUTHET KpaeB yamiku [letpu (mpumepno 1,5 u). Iocne
ATOT0 XPOMATOIPaMMY BBICYIIIMBAIOT B BBITSDKHOM IIKady MpU KOMHATHOM TeMIeparype,
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a 3aTeM CMauMBalOT B pacTBope Au(dEeHUSIaMUHA U TMOMEIAI0T Ha HECKOJIbKO MHUHYT B
cymrubHBIN mKad npu T=100C.

XpomaTorpamMmy 3apUCOBBIBAIOT W OTMEUYAIOT 3aBUCUMOCTH CKOPOCTH JIBHIKECHMS
caxapoB OT X MOJIEKYJIIPHOTO Beca.

OmnbiT Ne2. OnpeaesieHue rpynnoBoro cocrasa aunuaos meroaom TCX.

B kayecTBe IUIACTHH ¢ TOHKHUM CJIOEM CHJIMKArejas MO>KHO HCIIOJIb30BaThb I'OTOBBIE
mnacTuabl «CUJTY DOJI», a Takke TpUTOTOBICHHBIC B TJA0OPATOPHH.

[Tnactuakn  «CUIIY®OJI» okpammBaioT  (HochopHOMOTHMOIEHOBONH — KUCIOTOU
OKyHasi uX B 5% pacTBOP 3TOM KUCIOTHI B 3TAHOJIE U CYIIAT HA BO3yXE.

Wi Gepem CTEKISHHYIO IUIACTUHKY M HAHOCHM Ha HEe TOHKHM cloil ajgcopOeHTa.
CocraB ajicopOeHTa: OKCUJ] aIIOMUHUS; KpaxMajl B COOTHOIIeHuH 3:1.

B cTynke cMemmBaeM cOCTaBHbIE YAaCTH M Pa3BOJUM JTUCTUIUIMPOBAHHON BOAOW 10
CMETaHHOTO COCTOSIHUS. DTy CMECh HAHOCUM Ha IJIACTUHKY TOHKHUM CJIO€M, BBICYIIIMBAEM
Ha Bo3ayxe 10 muH., a 3aTeM B cymuibHOM mikady 10 MuH.

[IpoBenenne ananusa.

BemectBa mst xpomarorpaduueckoro aHanv3a HAaHOCST Ha TUTACTHHKY (Karuto 2%-
ro pacTBopa JHMIUIOB B XJIopodopMe) Ha JIMHUIO CTapTa, KOTOpas OTCTOMT OT Kpas
IUTACTUH Ha PACCTOSHUE 5-7 MM U OT OOKOBBIX KPA€B IJIACTHH 5 MM.

Paznenenne mpoBOIAT B CTEKISHHOM KaMepe, KOTOpas 3aKPbhIBACTCS KPBIIIKOM.
Kamepy 3amomHSIOT CHUCTEMOW pacTBOPHUTENECH 1O BBICOTBI 5 MM C TEM, YTOOBI
pacTBOpPHUTENb HE Kacalicsi CTapTOBOW JMHHMM. [IMacTWHKY ¢ HaHeCeHHBIMH OOpa3laMu
MOMEIIAIOT B KaMepPy, BEPTUKAIBHO MOTPYKasi B Pa3JeIsIHHYIO CMECh U OCTABJISIIOT B HEH
JI0 Te€X TOp, MOKa BbICOTA MOAbEMA (PPOHTA BOCXOISIIETO PACTBOPUTENS HE JTOCTUTHET
OTMOYEHHON JHMHUM PA3ACIUTENLHOTO MyTH. Pa3znenuTenbHbId MyTh (PacCTOSIHHME OT
JIMHUY cTapTa 10 PpoHTa pacTBOPUTENs) paBeH s TacTubl «Cuimydon» 90 mwm.

Pazgenenne cucrembl MPOBOJAT B CHCTEME TI'€KOAH-TUATUIIOBBIA 3(UP-YKCyCHAs
kuciora 80:20:1. Ilocrme okxoHuaHust Xpomatorpaduyeckoro pasfeieHUus TUIACTUHKY
BBIHUMAIOT M3 KaMepbl U CylIaT B FOPU3OHTAIIBHOM IOJOKEHUU JI0 MOJHOIO HCHAPEHHUS
OCTaTKOB PaCTBOPUTEIIEH.
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[IposiBnenue Gppakuuii TUIUA0B MPOBOJAAT B KAMEPE C KPUCTALIIMUECKUM HOJIOM.

['pynmoBoy cocTaB JTUMUIOB.

['pymimbl AUNUIOB. 3HaueHune
ITo IToncomneun
Canomac

JIUT-pe 0€ Maclio
[TonstpHble TUMKABI Ha

cTapTe
MoHoanuATIMIEPU bl 0,2
1,2-nnanuariuuepuibl 0,13-

1,3-nuanuariuuepu bl 0,31

JKupHble KUCTOTHI 0,39
Tpuanuirauepu bl 0,6
O¢upsl cTeaprHOB 0,94

OTtuer 0 padoTe
1.  3apucoBarb XpoMarpammy
2. Cpenatp BbIBOA. CKOPOCTh JBUKEHMS CaXxapoB OT UX MOJIEKYJISIPHOTO
Beca
3. 3anonHuTh Tabnuily: «I'pynmnoBoii cocTaB JUMUI0B»
KoHTpoJibHBIE BONPOCHI
1. B uyewm pasuuna 6ymaxHoi xpomatorpadpuu u TCX
2. Kakue pacTBopuUTEIM HUCHOJB3YIOT B KadyeCcTBE MOABMKHOU (pa3bl B
KHUAKOCTHOM xpomaTtorpaduu? Kakue gaxTopsl ciaenyeT yuuTbBaTh MpU BbIOOpE
MOJIBIXKHOM (pa3bl B HE?
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YueOHoe n3ganue

Xumus
Pazoen 4 Memoowvl ananuza nuuiego2o covlpvsa u npoOyKmog
VYyebHoe nocodue

Casenpkruaa H.A.

Penakrop E.H. Ocunoa

[Toanucano k nmeuatu 08.09.2015 r. dopmar 60x84 1/16.
bymara nevarnas. Yei. . 1. 5,11. Tupax 20 sx3. M3a. Ne 3551.

N3narenscTBO BpstHCKOTO roCcy1apcTBEHHOTO arpapHOro yHUBEPCUTETa
243365 bpsiackas 00:1., Beironnuckuii paiion, ¢. Kokuno, bpstackuit TAY
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