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BBEJAEHUE

OO6miast ¥ aHanUTUYECKash XUMHUSA — JTUCUUIUIMHA, U3y4yaeMmas CTyJIeHTaMu
HanpasiaeHus noAroToBku 19.03.02 [IpoayKThl MUTaHUSA U3 PACTUTEIIBHOTO CHIPbS
poduIib MOATOTOBKU HA MEPBOM KypcCe, B IBYX CEMECTPaX.

[IpencraBieHHblE METOOUYECKUE YKa3aHUS MPEAHA3HAUYECHBI ISl CAMOCTOS-
TEJIbHO PabOThl U BBITOJIHEHHUS] KOHTPOJIBHOM pabOThl BO BTOPOM CEMECTPE U OT-
HOCATCS K pa3feny «AHAIUTHYECKAs XUMHUSD U 3HAKOMST CTYyJAEHTOB C OCHOBaMU
KJIACCUYECKUX METOJIOB KAU€CTBEHHOI'O M KOJMYECTBEHHOTO aHajIu3a HEOpraHuye-
CKUX W OPraHWYEeCKUX COCIWHCHHWHA, a TakKe C COBPEMEHHBIMH (DHU3UKO-
XUMHUYECKUMH METO/IAMU aHaJIu3a.

[{enbro AUCIUIIIMHEI SIBJSETCS MOATOTOBKA MHXXEHEPOB — TEXHOJIOTOB BbIC-
e KBanu(pUKaIKK, BIAJACIONINX TCOPETUICCKUMUA OCHOBAMH W MPAKTHUYCCKUMHU
HaBBIKAMU OCHOBHBIX XMMUYECKUX U MHCTPYMEHTAJIbHBIX METOJOB aHajIu3a, yMe-
IOIUX MPOBOJIUTH 00PabOTKY pe3yIbTaTOB aHATIMTUYECKUX OompeneneHui. Jucim-
IUIMHA TECHEUIIMM 00pa3oM CBs3aHa C MOBCEIHEBHON MPAKTUKOM, MOCKOJIbKY 0e3
JAHHBIX XMMHUYECKOT0 aHAJIM3a O COJIEPKAHUHM B MCXOJIHOM CBHIPhE, B IIPOMENKY-
TOYHBIX U FOTOBBIX M3JEIUSAX OCHOBHBIX KOMIIOHEHTOB M IMPUMECEH HEBO3MOMKHO
IrPaMOTHOE TPOBEAEHUE TEXHOJOTHMYECKOTO Mpoliecca MPUTOTOBICHUS MHILEBBIX
MPOAYKTOB. Bonbllloe 3HAUEHUE aHATUTUYECKash XMUMUS MMEET MPU CAHUTAPHO-
TOKCUKOJOTUYECKON M TMTMEHHYECKON OLEHKE ChIPbS UM FOTOBBIX MUIIEBBIX MPO-
JIYKTOB Ha HAJIMYHME B HUX TSKEIBIX METAJUIOB, KAaHIIEPOTCHHBIX BEIIECTB, MECTH-
[UJI0B, HUTPUTOB U JIPYTUX TOKCUYHBIX BEILIECTB.

N3ydenne Kypca cTyjaeHTaMU 3a04HOU (PopMbI 00yUeHHsT Oa3UpyeTcs B OC-
HOBHOM Ha CaMOCTOSITEJIbHOM paboTe. B CBA3M ¢ 3TUM LIeNbI0 TOCOOUS ABISIETCS
MPEIOKEHUE CTYJEHTaM METOJUYECKUX YKa3aHWM, HAMpaBISIONIUX U OPUEHTHU-
PYIOIIUMX CTYACHTOB Ha TEOPETHUYECKOE OCBOCHHE MaTepuajia B COOTBETCTBUU C
TpeOOBAHUSIMU TOCYAAPCTBEHHOTO CTaHAApTa K COJCPKAHUIO ITUCIUIUIMHBI, a
TaKKe Ha MPAKTUYECKOE MPHIOKEHUE MOITYUYCHHOro 3HaHus. s okazaHus pe-
aJbHOM MOMOIIM CTYAEHTAM-3a0YHUKAM B U3YUEHUHU Kypca PEIIAIKCH CIETYIOLINE
3a/1a4d: ONPEAEIICHUE KPyra OCHOBHBIX BOIIPOCOB IO KaXKJI0H TeMe; MPEAJIOKEHNE
METOAUYECKUX YKa3aHUU ISl MOCIEN0BATEIBHOTO CAMOCTOATEIIBHOTO H3Y4YEHUs
BCEX Pa3AEJIOB TEMBI; PACCMOTPEHHE KPATKOTO TEOPETUUECKOT0 MaTepUalia; pelie-
HUE TUIIOBBIX 3a/1a4; MO00p BOMPOCOB ISl CAMOKOHTPOJISL M 3a]1a4 JJIsl BHITIOJTHE-
HUSI CTYJIEHTaMH KOHTPOJIbHOU pabOTHI.

Metoauyeckue yka3zaHHsl COCTaBJICHbI B COOTBETCTBUM ¢ TpeboBaHusiMu OI'OC
3++, OpeabsBISEMbIMU K MOJATOTOBKE TUINIOMUPOBAHHBIX OaKaJIaBPOB HaIlpaB-
neHust moarotoBku/crienianbHOCTH 19.03.02 TIpoayKThl MUTaHUS U3 PACTUTEIb-
HOTO CBIpbsi MPOQWIb TOArOTOBKH, HampasieHHoctd (mpodwmist) 19.03.02.31
"Texnonoruu xjieba, Xae000yI0UHBIX U KOHIUTEPCKUX U3aeTui"



OO0mue ykazanus

B cootBeTcTBUM ¢ yueOHbIMU MIaHaMH Ha u3ydeHue |l yactu AMCIMIUIMHBL
«OO011ast ¥ aHAIUTUYECKAsT XUMUSD» CTYJIEHTaMU 3a04HOU (OpMBbI 00YUEHUSI OTBO-
JISITCSL JIEKIIMOHHBIE U JTA0OpaTOpHbIE 3aHATUSL B 00beMe He Ooree 25% oT HeoOxo-
nuMoro. B ocHoBHOM, oOydeHue 0a3upyeTcsi Ha CaMOCTOSITENIbHON paboTe, KOTo-
pasi ciaraercs U3 CIEIYIONINX TaNoB:

- U3y4YCeHHE MaTepuala o yueOHHKaM 1 y4eOHBIM TOCOOUSIM;

- 3A0YHO€ BBINOJHEHUE KOHTPOJIBHOU paOOTHI.

CamocrositenbHass padora. CaMOCTOSATENBHOE HM3YyYEHHUE MO KHUTE WIIU
y4eOHOMY MMOCOOHIO CIEAyeT paccMaTpuBaTh KaK OCHOBHYIO padOTy NpU H3y4e-
HUU AUCUUIIINHBL. OCBanBaTh MaTepHall Kypca Hy»KHO [0 TeMaM C Y4ETOM BOIPO-
coB B mporpamme. [Ipu mepBoM YTeHHH HE 3aJIepPKUBAWTECh HA MAaTEMATHUECKUX
BBIBOJIaX, COCTABJICHWU YpPaBHEHUU peaKUuil, HO CTapalTech MOJYy4UTh oOlIee
npejcTaBiIeHUe 00 U3J1araéMbIX BOIPOCAX, & TAKXKE BBIIBUTH TPYJIHbIE U HESICHBIE
MecTa. BHUMaTeNnbHO YMTaliTe TEKCT, BbIAEICHHBIN KUPHBIM IIpudTom. Ilpu mo-
BTOPHOM H3YyY€HUHU TEMBbl YCBOITE BCE TEOPETHUECKUE IOJIOKEHUS, MaTeMaTHuyie-
CKHE 3aBUCHUMOCTH U UX BBIBOJbI, @ TAK)K€ MPHUHIIMIIBI COCTABICHUS XMMHUYECKHUX
ypaBHeHul. [Ipu 3TOM riy6ike BHUKaWTE B CYIIHOCTh BONpPOCA, a HE IMbITAUTECH
3alIOMHUTb OT/AEJbHBIE sIBIEHUS M (PakThl. Takoi MoAXoJ K M3YYEHHIO BOIpOca
crocoOCTByeT OoJsiee MIyOOKOMY M MPOYHOMY YCBOEHHUIO MaTepuana. Takxke st
JY4YIIero NOHUMAaHMS HEOOXOAMMO 3aBECTH pabdOuyl0 TETpaib U 3aHOCUTh B HEE
(GbOpMyIMPOBKH 3aKOHOB M OCHOBHBIX MOHSTHI Kypca, HE3HAKOMbIE XUMUYECKHUE
TEPMHHBI M Ha3BaHUS BEIIECTB, (DOPMYIBI M YpaBHEHHS peakluid, MaTeMaTHUYECKHE
3aBUCUMOCTH U UX BBIBOJIbI. B ciydae, korja marepuan MoAaaeTcsl JOrMYeCcKon
CUCTEMATHU3ALIMH, COCTABISIUTE CXEMbI, rpa@uKu, JuarpaMmbl, Tadbauubl. OHU 00-
Jer4aroT 3allOMUHaHNE U YMEHbIIAIOT 00beM KOHCIEKTHpyeMoro Matepuaia. [lpu
NOBTOPEHUM MaTepuaia (B MEpUoJ MOATOTOBKHU K AK3aMEHY) KpaTKU KOHCHEKT
Kypca OyaeTr HeoOXoauM U moje3eH. M3yueHue Kypca JOJIKHO COIMpPOBOXKAATHCA
BBIMIOJITHEHUEM YIPA)KHEHUH, TECTOBBIX 3a/laHuM, PElIeHHWEM THUIOBBIX 3aJay IO
KaX7A0My paszzaeny. Pemienue 3amad — ouH U3 Jy4IIMX CIIOCOOOB CaMOKOHTPOJIS
IPOYHOCTH YCBOCHHS TEOPETUYECKOTO MaTepuaia.

BoinosiHeHue KOHTPOJILHOM padoThl. CTyJeHT 3204HOM (HOPMBI OOYUECHHS
B TIPOIECCe M3YUYCHHs TUCHUIUIMHBI «OO0Ias U aHaTUTHYeCKas XUMHs JOJHKEH
BBINIOJIHUTH 3a0YHO JIB€ KOHTPOJIbHBIE padOTHI — MO OJHOU paboTe B KaXKIOM ce-
MecTpe (JJ1s1 TTIOJTHOTO 3a0YHOT0 Kypca) ¥ MPOUTH MO0 HUM YCTHOE COOECeJIOBaHUE C
npernojiaBaresieM-perieH3eHTOoM. K BBIMIOJIHEHUIO KOHTPOJBHON padOThl MPUCTY-
MaloT B MOMEHT, KOTJla U3y4YeHa HY»KHas 9acTh Kypca U pa300paHbl perieHHs TpH-
MEpPOB, MPUBEACHHBIX Mepe 3aa4aMi K KOHKPETHBIM TeéMaM KOHTPOJIBHOTO 3a/1a-
Hus. B KOHTpOJbHON paboTe perieHue 3a1a4 U OTBEThl HAa TEOPETUYECKUE BOIIPO-
Chl JIOJDKHBI OBITH KPaTKo, HO YeTKO 00OCHOBaHbI. VICKITIOUEHHE COCTaBIISIOT CITy-
yau, TJIe 10 CYIIECTBY BOIpOCA Takas MOTMBUPOBKa He TpeOyercs. [Ipu permenun
3aJ1a4 HY>KHO TIPUBOJMTH BECh XOJI PELIECHUS U MaTeMaTH4YeCKHe MPeoOpa3oBaHMUsL.

B mexcecCMOHHBINM MEPHUOJ CTYJICHT BBIIOJHSAET CBOM BAPUAHT KOHTPOJIb-

HOM paboOThl B COOTBETCTBUU ¢ TpeOoBaHusMu Ha cTp. 82. Kontponbhas pabora
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JOJDKHA OBITH ClIaHa CTYACHTOM JI0 Hadayia ceccud. Eciu paboTa pereH3eHTOM
BO3BpallleHa, TO JI0 CJlayd AK3aMEHa OHa JIOJhKHA OBITh JopadoTaHa C y4eTOM 3a-
MEYaHUM.

Bo BpeMs ceccuu CTYJICHTBI BBITIOJIHSIOT JIJAOOPATOPHO-TIPAaKTHYECKUE pabo-
ThI, TIPEYCMOTPEHHBIC yUeOHBIM IJIaHOM. JIaGopaTOpHBIN MPAKTUKYM CUUTACTCS
BBIIIOJHEHHBIM, €CIH CTYACHT OTpadoTall Bce J1aOOpaTOpHBIE pabOTHI, CAENal OT-
YeT 10 HUM U OTBETHJI HAa BOIIPOCHI IPEMOAABATENS MIPU UX 3AILMTE.

CryneHT cuuTaercsl MOMYIIEHHBIM K 3K3aMEHY MPU BBINOJHEHUH UM BCEX
HEOOXOMMMBIX TPEOOBAHUN: HATMYMS 3AIUTHI TI0 JTAOOPATOPHOMY MPAKTUKYMY U
MIPOHICHHOMY YCTHOMY COOECEI0BaHMIO TI0 KOHTPOJIBHOU paboTe.



METOAMYECKUE YKA3AHUA 1JIA CAMOCTOATEJIBHOI'O
TEMATUYECKOI'O U3YYEHUA JUCLHUIIIMHDBI
«OBIIAS N AHAJINMTUYECKAS XUMUST»

YACTbD . AHAJIMTUYECKAS XUMUA

TEMA 1. IPEJIMET, 3AJTIAYH, 3SHAYEHHUE AHAJIMTUYECKOU XH-
MHHU. KAYECTBEHHBIN AHAJIN3

OCHOBHBLIE BOITPOCHI

[IpeameT u 3a7auv AHAIUTUYECKOM XUMHUHU. 3HAYEHUE AHAJTUTHUYECKON XWMHH B
CAaHUTAPHO-TOKCUKOJIOTUYECKOW M TUTMEHUYECKOW OLEHKE CBIPbsl, MATEPUAJIOB U
MULIEBBIX MPOAYKTOB. OCHOBHBIE pa3leibl aHAIUTHYECKOW XUMHUU — KaueCTBEH-
HBI Y KOJWYECTBEHHBIM aHANW3. AHAJIN3 HEOPraHWYECKUX U OPTraHUYECKUX Be-
niecTB. Buapl aHanmuza: 31€MEHTHBIN, MOJEKYJSIpHBIM, ()a30BbIHd, CTPYKTYpHO-
IPYINIIOBOM WIH (DYHKIITMOHAJIBHBIH.

Knaccudukanus MeToq0B KauyecTBEHHOrO0 XMMHMUecKoro ananuza. Iloaro-
TOBKa MpOOBI K aHanu3y. Makpo-, MUKpO- U MOJYMUKpOaHaJIN3. AHaJIUTHYECKUE
peakuuu. BHelHNe Npr3HAKY aHAIUTUYECKUX peakuuid. TpeOoBaHUs, IPeabIBIs-
€Mbl€ K AHAJIUTHUYECKUM peakuusM. AHAIN3 «MOKPBIM» U «CyXUM» IyTéM. OT-
KpbhIBa€MbIi MUHUMYM U TpelieibHOe pazbaBieHue. CnenupuuHOCTb U YyBCTBU-
TEJIbHOCTh AHAIUTUYECKHUX peakuuid. J[eJleHne NOHOB HAa aHAJUTUYECKUE TPYIIIIBL.
['pynnoBeie peareHTbl. OCHOBBI pa3IMYHBIX CXeM Kiaccupukanuu katuoHoB. Ce-
POBOJIOPOJHBIN METOJI aHanu3a KaTuoHOB. KucnoTHo-menoyHo metoa. Ocoben-
HOCTH KJlacCU(UKAMU U OOHapyeHUs aHHMOHOB. CUCTEMATUYECKUI U IPOOHBIN
XOJl aHaJIu3a.

METOJUYECKHUE YKA3AHUA

[Ipu u3ydyeHnn MaHHON TEMbl HEOOXOAMMO TMOHSTH, YTO TJIABHOW 3ajiaueit
AHAJIMTUYECKOW XUMHH, B OTIIMYMUE OT APYIMX XUMHUYECKUX JUCLHUIUIAH, SBJISIETCS
YCTAHOBJICHHE XMMHMUYECKOI'O COCTaBA BEILECTBA. Y CTAHOBUTh XMMHWUYECKUN COCTaB
O3Ha4yaeT OTBETUTh HA BONPOC, KAKUE DJIEMEHTBHI WM UX COCAUHEHUs U B KAKUX
MMEHHO KOJIMYECTBEHHBIX COOTHOLIEHUAX COJIEPIKATCA B aHATU3UPYEMOM MaTepH-
asie. OCHOBY aHaJIMTUYECKON XMMHH COCTaBIISIIOT METOJbI aHalln3a, pasHooOpas-
HbI€ [0 HAa3HAYEHWIO, BBIMOJIHEHUIO U UCIOJIb30BAHUIO PEAKTUBOB U MPUOOPOB.
Crnenyer pa3oOparhCs, MOYEMY MPOU3OIUIO KIIACCUYECKOE pa3lielIeHue METOOB
aHaju3a Ha Ka4eCTBECHHBIM U KOJMYECTBEHHBI aHAJIN3, 4 TAK)KE aHalM3 Heopra-
HUYECKUX U OpraHnyeckux BemiecTs. HeoOXxoaumMo Takxke paccMOTPETh U BBHIIBUTh
OTIMYMS  MEXAY BHJIaMHU aHAJIM3a: DJIEMEHTHBIM, MOJIEKYJSPHBIM, (Pa3oBbIM,
CTPYKTYPHO-TPYIIOBBIM ((PYHKIIMOHAIBHBIM).

N3ydeHue npenMera aHAIMTUYECKOM XMMUY HAYMHAETCS C U3YYEHUS METO-
JIOB Ka4E€CTBEHHOI'0 aHanm3a. Jlanee cienyeTr ysaCHUTh, 4TO L€JIb Ka4yeCTBEHHOIO
aHaJin3a — OOHapyXeHHe U UIeHTU(UKALMA KOMIIOHEHTOB B aHAJIU3UPYEMOM Ipo-
oe. Cnenyer oOpaTUTh BHUMAHUE, YTO BCE XUMHUYECKUE METObl aHAJIM3a OCHOBA-
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Hbl HA IPUMEHEHUN aHAJUTHUYECKUX PEaKIuil, a UMEHHO PEeakiuii, COMpOBOXKIa-
IOLMXCSl XapaKTEepHbIMU BHEITHUMU Mpu3Hakamu. M3yunre 3tu npusHaku. Pa3oe-
pUTE U 3allOMHHUTE HOBBIE TEPMUHBI: pEareHT, TPYNIOBOM peareHT; ollue, 4acT-
HbI€, CEJIEKTHBHBIC (M30MpATENbHbIE), CHEHU(PUUECKUE PEAKIMH;, OTKPbIBAEMbIN
MUHUMYM, TpeIenbHOe pa3daBieHUe; IPOOHBIN aHalu3, CUCTEMaTHYEeCKUN aHa-
JIN3; aHATIU3 «MOKPBIM» U «CYXUM)» ITYTEM.

[Ipu M3yyeHUn OCHOBHBIX CX€M KjacCU(UKaIlMM KATHOHOB U aHUOHOB B Ka-
YECTBEHHOM aHAJIM3€E CIEAYET MOHSATh, YTO OOIIUM B MIPUBOJUMBIX CXEMax SIBIISICT-
Ccsl pa3/iefieHue KaTHOHOB M aHHMOHOB HA aHAIMTHYECKWE TPYIIBI 110 UX OTHOIIIE-
HUIO (B3aMMOJEICTBUIO) K TPYIIOBBIM peareéHTaM (CUCTEMaTUYeCKUid aHaiu3). B
KayecTBe mpuMepa pa3depuTte pasjieieHre KaTHOHOB Ha 6 aHATUTHYECKUX TPYIII B
KHUCJIOTHO-IIIEJIOYHOM MeToj/ie aHaiu3a. Jlanee mpoaHanusupyire crnennduyueckue
peaKkuu OIpeneNeHUs] WHIWBUIYaTbHOTO KAaTHOHA B KaXJAOW aHAIUTUYECKOU
rpynne (apoonsiit ananu3). OO0paTtuTe BHUMaHUE HA OCOOCHHOCTH aHalM3a aHHO-
HOB, IJIE B OCHOBHOM HCHOJIb3yETCs IPOOHBINA METOJ] aHAIN3A.

Kparknii TeopeTnyeckuii MaTepuaJl

AHanuTHyecKas XUMHsI — 3TO HayKa 00 OIpeaeleHuH XUMHUIECKOTO COCTaBa
BEIICCTB M OTYACTH MX XMMHUYECKOTO CTpOoeHHs. Tak Kak OCHOBHOW 3a/jaycii aHa-
JUTHYECKON XWMHH SBISICTCS pa3padOTKa METOJOB KadeCTBEHHOTO M KOJIMYe-
CTBEHHOTO MCCJIEIOBaHMSI COCTaBa BEIIECTB (WJIM UX CMECEH), ee MOopa3IeiisiioT Ha
JIBa KPYIHBIX pa3jieia - Ka4eCTBEHHBIN M KOJIMYECTBCHHBIN aHAIN3.

KadecTBeHHBIN aHANMHM3 3aKIIIOYAETCS B OOHAPYKCHUHU OTACIBHBIX JIEMEHTOB
(W11 MIOHOB), U3 KOTOPHIX COCTOUT AaHATM3UPYEMOE BEILIECTBO.

KonndecTBeHHBI aHANMHM3 3aKIIOYAETCS B OMPEICICHUH KOJUYCCTBEHHOTO
coJlep KaHMs OTACIIBHBIX COCTABHBIX YaCTEH CIIOKHOTO BeliecTBa. Pe3ynbTaThl KO-
JUYECTBEHHOTO aHAJIN3a OOBIYHO BBIPAKAIOT B MPOIEHTAX.

B 3aBHUCHMOCTH OT XapakTepa MOCTaBICHHOW 3aJa4d Pa3IHyaroT CIICeTyFo-
IIME BHUJIbI aHAJIH3A!

1. Dnemenmmuutii ananu3z — yCTaHOBIICGHWE HAIMYUS U COJIEPKAHUS OTIEITBHBIX
AJIEMEHTOB B JIAHHOM BEIIECTBE, T.€. YCTAHOBJIEHUE DJIEMEHTHOTO COCTaBa.
Hanpumep, aHamm3 MsCOMPOTYKTOB HA COEP)KAHUE PTYTH.

2.Monekynaphutii ananu3 (BEIIECTBEHHBIA aHANIN3) — YCTAHOBJICHUE HAIMYUS
U COJCp)KaHUS MOJICKYJl B CJIIOKHOM MaTepuaje, IPYyTMMH CJIOBaMH yCTa-
HOBJICHHE YHCJIa U TIPUPOABI KOMIIOHCHTOB CJIOKHOHM cucTeMbl. Hampumep,
aHanMM3 aTMOC(EPHOTO BO3IyXa: OMPENCICHUE KOJIMYECTBA YIICKHUCIOTO H
yrapHOTO Ta30B, CEPOBOJOPOJIA, KHUCIOPOAA, BO3MOXKHBIX SITOBUTHIX Be-
IIECTB.

3.@a3o06blil ananu3 — yCTAHOBJICHUE HAIMYNS W COJEPKAHMS OTACIBHBIX (a3
UCCIIEyeMOT0 BelecTBa. Tak, yriiepo B UCCIeTyeMOM 00pasiie cTalu Mo-
KET HaXOJUThCA B BHIE KapOWIoB, rpadura, WHOTAA B BHIE aMOpP(HOTO
yraeposa.

4. Dynkyuonanvuotii ananu3 (IPEUMYIIECTBEHHO OPraHUYECKUX COETMHEHUN)
— YCTaHOBJICHUE HAWYMS U COJICPKaHUs (YHKITMOHAIBHBIX TPYII B MOJIE-
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KyJax, HalpuMep aMUHOTPYIIN, HUTPOTPYMI, TUAPOKCIIBHBIX, KAPOOHUIIb-
HBIX, KAPOOKCUIIBHBIX U T.JI.

Uccnenys xakoe-HUOYIb HOBOE COEIMHEHUE, MPEXKIE BCETO, OMPECIIIOT, U3
KaKUX AJIEMEHTOB (MOHOB) OHO COCTOMT, a 3aT€M YK€ KOJIMYECTBEHHbIE OTHOIIIE-
HUS, B KOTOPBIX OHU cojiepkarcs. [103ToMy KauecTBEHHBIM aHAIN3 BEIIECTBA, KaK
MpaBUJIO, MPEANIECTBYET KOJIMUYECTBEHHOMY.

TpebGoBaHus, NpeIbIBIsIEMble MPAKTUKON K aHATUTUHYECKON XUMUU, ITOCTO-
SHHO BO3pacTaloT, YTO OOYCJIOBJIEHO pEIIeHHEeM Bce Oojiee CIOXKHBIX MpoOseM,
IPEXKIEe BCErO HSKOJOTHYECKOro xapakTepa. JIMHaMHuKa M OrpOMHBIE MacCIITaObl
COBPEMEHHOTO TPOM3BOJICTBA 3aCTaBISAIOT pPa3padaThIBaTh OBICTPHIE JKCIPECC-
METO/Ibl aHAJIM3a, METO/Ibl JUCTAHIMOHHOTO aHaln3a. AKTYyaJIbHOCTh PUOOpETaET
aBTOMAaTHU3allMsI METOJI0B XUMHUYECKOIO aHAJIN3a U CBOEBPEMEHHOIO KOHTPOJISI IPH
onpenenennu [1JIK otnensubix coequnennii. s Toro, 4T00b1 y10BIETBOPUTH BCE
TpeOOBaHUS aHAJUTHUECKas XHMHS B CBOEM apceHaje HCIHOJIb3yeT OoraThlid
CIEKTP METOJIOB aHAJIN3A.

3aauyn aHAIUTUYECKONM XUMUU MOTYT OBITh PEIICHBI C MOMOIIBI0 pPa3iny-
HBIX METOJIOB: 1) XUMHUECKUX, 2) PU3NKO-XUMUYECKUX, 3) GU3HUUECKUX.

XHUMUYECKHE METOJbl aHalii3a OCHOBAHbl HAa IMPUMEHEHUU XapaKTEPHBIX
XUMHUYECKUX PEaKIMM JUIsl OTKPBITHS COCTaBHBIX yacTed BenlecTBa. [Ipoucxons-
II1€ IIPU ITOM XHUMHUYECKHE IPEBPALLECHNS HA3bIBAIOT AHAIUMUYECKOU PeaKyueil,
a BEIIECTBO, UX BBI3bIBAIOILIECE — PEACCHNIOM.

AHaNUTUYECKUE PEAKLHUH CONPOBOXKIAIOTCA XAPAKMEPHBIMU GHEULHUMU
npU3HaKamu:

a) oOpa3oBaHUEM TPYAHOPACTBOPUMOTO OCAJIKA;

0) U3MEHEHUEM OKPACKHU PacTBOPa;

B) BbIICJIEHHEM ra3000pa3HOro BEIECTBA.

AHaTUTUYECKHE PEAKIIMH MOTYT BBIMIOJHATHCS «CyXum» IyTem (uccriemye-
MO€ BEIIIECTBO U PEAareHThl B KPUCTAJUTMYECKOM COCTOSIHUN) U «MOKPbIM» HYHeM
— HaOJIOAAIOT B3aMMOJICHCTBUE aHAIM3UPYEMOTO BEIleCTBa M PEarcHTOB B pac-
TBOpE. Peakiuu, BHIMOTHAEMBIE CyXUM ITyTEM — BCIIOMOTATENIbHBIN aHAIU3 - MOJ-
pa3zeNsaioT Ha MUPOXMMHUYECKHM aHAU3 M aHaiuM3 pactupanueMm. [lupoxummde-
CKU aHAJIN3 — HArPEB aHAIM3UPYEMBIX BEIIECTB B MJIAMEHU TOPEIIKH JI0 BHICOKOM
TeMIiepaTyphbl. [Ipu 3TOM mitaMs TOpeski OKpPaITMBaeTCs B ONIPEICTICHHBIN IIBET.

CyIIecTBYIOT TaKXe aHATMTHYCCKHE PEaKIMH, OCYIIECTBIISIEMbIE «Kamelb-
HBIM ITyTEM» - HECKOJIbKMMH KaIUISIMHU BEIIECTBA M pearcHTa Ha (GUIbTPOBATBHON
Oymare — o0pa3yroTcsi OKpalleHHbIE OpeoJibl. B OTIENbHBIX clydasX KamneabHbII
METO/I TI03BOJISCT OMPEISTUTh PSIJT KATHOHOB ITPH MX COBMECTHOM IIPHCYTCTBHH.

AHanumuueckue peakuyuu Ovigarom oduwgue, Yyacmuovle, U3OUpamenvHovle
(cenexmuenwie) u cneyuguuecxkue:
e Oobuwue peakiiiv — peakvu, TP KOTOPBIX PEareHT B3aUMOJIEUCTBYET C 11€-
JIOM TPYNION MOHOB. TakoW peareHT Ha3bIBatOT IPYIIIOBBIM.
e Yacmmuele peakuun — peakiuu, MPHU KOTOPBIX pa3IMYHBIC peareHThl oOpa-
3YIOT XapaKTEpPHbIE COCTMHEHUS C OTIPEICIICHHBIMU HOHAMM.
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o (Cenekmug@nble PEaKUIUU — PEAKIHMU, KOTOPHIE TAIOT CXOJHBIE 3(PPEKTHI

JIMIIb C OTPAaHUYEHHBIM YUCIIOM HOHOB (M30MPaTEebHOCTD).

o Cneyuguueckue peakuuu — MO3BOJIAIOT OOHAPYKUTh UOH B CMECH C JPY-

TUMU UOHAMM.

B 3aBUCHUMOCTH OT TOTO, C KaKMM KOJMYECTBOM BEILECTBA ONEPUPYIOT MPHU
BBITIOJTHEHUY aHAIMTUYECKUX PEaKIUi, pa3inyaroT:

a) Makpomemoo - Gepetcs ipoda BemectBa 100-1000 mr, 00beM pacTBOpa
pu 3tom 0T 1 10 100 mut.

0) Mukpomemoo — macca ananuzupyemoro Beuiectsa ot 1 1o 10 mr, o0bem
pactBopa — 0,01-0,1 mu1.

B) lloaymuxkpomemoo — npoMexyTOUHOE TMOJ0XKEHUE; BemecTBa — oT 10 10
100 mr, pactBopa 0,1-3 mi1. DTO camblil pacIpOCTPAaHEHHBIA METO/.

Jlns mpoBefieHUs TOM WM WHOM aHaJUTUYECKOM peakiuh HEOOXOJUMO CO-
3/1aBaTh OIpeJeNeHHbIe ycaoBua: pH, Temneparypy, KoHIeHTpauto. Eciu nmpose-
JICHHE aHAJUTUYECKOW peaklMy BO3MOXHO MPHU OYEHb MaJOW KOHLEHTPALMHU OT-
KpPbIBAEMOT'O HMOHA, TO TOBOPAT, YTO pPEAKLUUs uyecmeumenvha. KonmuecTBEHHO
YyBCTBUTEJIBHOCTh PEAKIIUM XapaKTEPU3yeTCsl ABYMSI B3aUMOCBSI3aHHBIMH MMOKa3a-
TEJSIMU - OMKPbLEAEMBIM MUHUMYMOM U MUHUMATbHOU KOHYeHmpayueil.

OmKpuoleaemuliit MUHUMYM — HAUMEHbIIIEE KOJUYECTBO BEIIECTBA WM HOHOB,
KOTOPO€ MOXKET OBITh OTKPBITO JIAHHBIM PEAr€HTOM MPU ONPEICTICHHBIX YCIOBUSX;
€ro BBIPAXKaIOT B MUKpPOTpaMMax.

Munumanvhana KOHYeHmpayusa NOKa3bIBACT, PU KAKOW KOHIEHTPALMU pac-
TBOpa peaklus JaeT pe3yybTar.

Hapsiy ¢ 4yBCTBUTENBHOCTHIO OOJBINIOE 3HAYCHHUE ISl aHAJIM3a UMEET CIie-
MGUIHOCTh peakiuu. Cneyughuueckoili peakyueil Ha JAaHHBIM UOH Ha3bIBACTCS
Takasi peakius, KOTopasi B YCIOBHUSIX OIbITa MO3BOJIET OTKPBIBATh €0 B MPUCYT-
CTBUH JIPYTHX HOHOB.

CylecTBYIOT /1Ba BU/Ia KAYECTBEHHOTO aHAJIn3a:

1. [Apoonsuii ananu3 — VOHBI OTKPBIBAIOTCS CHEUU(DPUUECKUMU PEAKIUSIMU B
OTJIEIBHBIX MOPIUAX UCCIEAYEMOTO pacTBOpa M B MPOU3BOJIBHOM MOCIe-
JIOBATENbHOCTH.

2. CucmemamuuecKkuii anaiu3 — BBIICTSIOT HOHBI B OCAJIOK TPYIMIIaMy TpU
MOMOIIM TPYIIIOBBIX PEAreHTOB, a 3aT€M OTKPBHIBAIOT HOHBI B KaXKIOH
rpynmne B ONpeeiIeHHOW MOCIeI0BaTeIbHOCTH, UCIONb3Ys cnenuduye-
CKHE PEaKLIUH.

Peazenmupl, MO3BOJIAIONINE BBIJCTUTh U3 CJI0XKHOW CMECH TpYINIy HOHOB,
Ha3bIBAIOTCS 2pynnogvimu. Hampumep, xatnonsl Ag', Pb**, Hg,*" o0pa3yioT ¢
anroHamu ClI° manopactopumsie xnopuasl AgCl, PbCl,, Hg,Cl,, Torna kax xio-
pUIBI BCEX APYIUX PACHPOCTPAHECHHBIX KATHOHOB XOPOIIO PacTBOPUMEI B BOJIE,
YTO MO3BOJISIET OTAECIUTH UX OT OCTaJbHBIX KATHOHOB.

[Tpu cucteMaTuuecKOM METO/IE aHAJIN3a HAPAlY C PEAKIUSAMHU OTKPBITUS OT-
JIeTLHBIX MOHOB MPUXOJUTHCS MPUOEraTh TAKKE K PEAKIUSIM OTACICHUS UX JIPYT
oT apyra. Jlns pazneneHus: NoJab3yITCs pa3indyusiMU B PACTBOPUMOCTH aHAJIOTHUY-
HBIX COCAMHEHUN pa3JesieMblX MOHOB WIM Pa3IMUUSIMH B JIETy4E€CTH COOTBET-

CTBYIOIIMX COEIMHEHUN (BBIIAPUBAIOT PACTBOPHI). B 3aBUCHMOCTH OT TOr0, KaKoiu
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IPYIIOBOM PEAreHT UCIOJB3YIOT IS pa3eJIeHUs ITPYII HOHOB, B aHAJUTUYECKOU
XUMHH PA3IHYAIOT CIEAYIOINE OCHOBHBIE MEM00bl KNACCUPUKAUUL KAMUOHOE.

1. Ceposooopooustii memoo ananuza KamuoHoe, OCHOBaHHBI Ha 00Opa3oBa-
HUU CyJIb(QUIOB UIH CEPHUCTBIX COCIMHEHUN MPU B3aUMOJCHCTBUU COJIECH C
CEepoBOJIOPOIOM. B kadecTBe rpynmnoBoro peareHta ucnoisbdyerca H,S. B
CEpPOBOJIOPOJTHOM METOJIE KaTHOHbI OOBEIWHEHBI B ISTh AHATUTHYECKUX
TPYIIIL.

2. Ammuauno-pocpamnulit. memoo auanuza OCHOBAH HA WCIIOIH30BAHUU
pasTuYHON pacTBOpUMOCTH (pocaTtoB B BozE, KUCIOTAX, MIENOYaX U BOJ-
HOM pacTBOpe amMMmmuaka. [I[puHSITO pa3jeneHne KaTHOHOB Ha IISITh aHAJIUTH-
YECKUX TPYIIII.

3. Kucnomno-ocnoenoii memoo ananuza - OCHOBaH Ha B3aUMOJICCTBUM Ka-
TUOHOB C HEKOTOPHIMHU KHCIIOTaMU U OcHoBaHUsMU. [lo 3TOM Kiaccuduka-
I[UU KaTUOHBI JICTISATCS HA MIECTh TPYIIIL.

4. Cynvgpuono-wenounoi memoo ananuza. OCHOBHBIM PEareHTOM B 3TOM
metoze saBisiercs cynbdun ammonus — (NH,4),S. Katnons! nensarcs Ha msTh

rpymiL.

Tabnuna 1.1.— Ananutrueckue rpynibl, BbIIEIsIEMbIE IPU KUCIOTHO-OCHOBHOM

KJ1accu(UKali KaTHOHOB

Homep n
Ha3BaHUe aHa- KaTuonsl, Bxoasimue B I'pynnoBoii pearenr
JIMTHYECKOM COCTaB rPyNMbI XapakTepucTHKA IPYyNbl
TPyNnbl
I I'pynnoBoro peareHra Her. XJIOpHIBI,
K* Na*, NH, cynb(haThl, THAPOKCHIBI PACTBOPUMEI B BOJIE
1 Pasz6asnennas HCIl. B ocamgox BbeImagaroT
Xnopuonas b2+ o+ XJIOPU/IbI, HEPACTBOPUMEIE B BOJIE
opynna Ag’, Pb™", Hgy
"I Pas0asinennas H,SO,4. Brimagaror B ocamok
Cynvghamuas 24 N2+ @2t 2+ cynbdaThl, HEPACTBOPUMBIE B BOJIE U KHUCIIO-
opynna Ba™, Ca™’, Sr™, (Pb™) Tax.
v N36pTok NaOH nimn KOH. B dumnbTparte:
Amcponumnas AP, cr¥, zn?, sn®*, | AlOy, CrOy, Zn0Oy%, SnOs%, Sn0O,%, AsOs*
epynna Sn‘“, AS?’+, As®* , ASO43'
v . e o H36eTOKk NH4,OH. B 0CaJIOK  BBITIAZIAIOT
Tudporcudnas Mg ,3|YIn é?' ,slie , rugapokcuabl. Mg(OH),, Bi(OH); wu TA -
opynna Fe®", Sb", Sb HEPAaCTBOPMMBI B pAacTBOpax IMICIOYCH W
NH4OH.
N36piTok NH,OH. B dunprpate — K012v1-
VI n 24 N0t n ILUIEKCHBIE aMMHAKaThI [Cu(NHa3)4]",
opynna Cu ’Cocaz'\l' HO™ | [Co(NHa)e?*, INi(NHa)s]2*, [Hg(NHs)el* 1
T.]I.
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W3 nepeurciaeHHbIX METOI0B Haubojee pacIpOCTPaHEHHBIM U HaUMEHEe TOK-
CHUYHBIM SIBJISIETCSI KACJIOTHO-OCHOBHOM METON Kiaccu(uKaiu KaTHOHOB (TalJl.
1.1). C maHHBIM METOJIOM CHCTEMAaTHYECKOTO aHaJIKM3a, a TAK)KE OCHOBHBIMH Kaue-
CTBEHHBIMHU PEAKITHSAMH OIpeieTeHHsI (OTKPBITHS) KATHOHOB M AHHOHOB CTYICHTHI
3HAaKOMSATCS Ha JIA0OPATOPHO-TTPAKTUICCKHUX 3aHATHSX.

B ocHOBY kiaccuuKkanuyd aHUOHOB IOJIOKEHO UX PA3IUYHOE OTHOIICHUE K
pactBopam AgGNO; u BaCl,. Bce annonbI AenaTcs Ha TPU TPYIIIbL:

| rpynma: C032', PO,*, B,O/*, SO u ap. I'pymmosoii pearent BaCl, B
HENUTpaJIbHON WM CJIA0OILEIOYHOM Cpeie.

Il rpymma: CI, Br, S u ap. I'pynmosoit peareat— AgNO; B mpUCYTCTBHE
HNO:;.

Il rpymmia: NO3', NO,, CH3;COO™ u np. ['pymmoBoro pearenta net. Conu 6apus u
cepedpa pacTBOPUMBI B BOJIE.

B ornuume OoT KaTHOHOB, OOJIBIIMHCTBO AHHOHOB MOXHO OOHAPY>KUTH
JPOOHBIM IIyTEM U3 OTJEIbHBIX MOPLUN UCCIIETYEMOTO PacTBOPA.

PemieHne THNIOBBIX 3aa4

3agaua 1: Kak onpeaenutb NpucyTCTBUE TOKCUYHBIX KATHOHOB CBHUHIIA M HUKE-
15 B pactBope? Hanummre ypaBHEHUS peaKUi.
Pewenne: 1. K 3-4 kamsaMm uccimenyemMoro pacTsopa OCTOPOKHO MO KarulsiM IMPH-
0aBuTh pactBop noauaa kanus Kl nqo odpasoBanus ocaaka. K ocagky npuiauts 4-5
Karesb BOJABI U CTOJBKO ke 2H pactBopa CH3COOH. PactBop Harpets, a 3ateM
OXJIAJINTH TIOJ CTPYEN XONOAHOU BOAKI. [[poTekaeT peakuus:
Pb*™ + 21" — Pbl,|

[Ipn HarpeBaHUM OCaTOK MEPEXOAUT B PACTBOP, a MPU OXJIAKICHUU CHOBA
BBINIAJIa€T B OCAJ0K B BHJIE€ MEJIKUX IJJACTUHOK 30JIOTHCTOrO I[BETA. JTa peaKus
Ha KaTUOH CBUHIIA ABJIAECTCS HanbOoJee XapaKTepHOW W JOCTATOYHO YyBCTBUTEIb-
HOM M UCIOJIb3YETCs] KAaK OCHOBHASI peaKIusl JJii OOHAPY>KEHHSI CBUHIIA B PacTBO-
pe.

2. OpgHoit 3 HamboJee XapakTEPHBIX W YYBCTBUTEIBHBIX PEAKIMiA HA WMOH
Ni?* genseTcs peaktuB UyraeBa — IUMETWITIIMOKCUM. B amMmMHuauHOM cpene OH Ja-
€T C KATHOHOM HHKEJISI KPACHBIM 0CaI0K BHYTPUKOMITJIEKCHOM COJINU

CH3 — C = NOH
NiOH), + 2 | .
CH3 — C = NOH
CH3 —C=NO - _ON = C— CHs
| Ni + 2H20

|
CH3 — C—NOH -~ "NHON — C —CHS3
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3agaua 2. Kakum oOpa3om ompeaenutb B pacTBOPE  MPUCYTCTBUE
AHUOHOB: C032', Cl, 8042"? 3anuimTe ypaBHEHUS PEaKIUi OMPENeJICHUS ITHX
HWOHOB B pacTBOpE.

Pemienue: B oTimune OoT KAaTHOHOB aHMOHBI B OOJIBIIMHCTBE CIIy4acB HE MEIIAIOT
JIPYT APYTY MPU OTKPHITHU U MIO3TOMY MX MOYKHO OTKPBIBaTh APOOHBIMH PEAKITHSI-
MH.

2- .
1. Onpenenuts anuoH CO3~ MOXXHO KHCJIOTOM, KOTOpasi pazjaraetr kapoo-
HaThl ¢ oOpazoBaHueM My3bIpbkOB CO, MO YypaBHEHUIO:

Na,COs + 2HCI = 2NaCl + H,0 + CO,1
Unn COs” +2H" = H,0 + CO,?

2- .
2. Onpenemnsiem non SO47: PactBop BaCl, mpu netictBuu Ha pacTBOpHI, cO-
2- ) )
nepxkamue aannon SO, oOpasyet Oenbiii ocagok BaSO,, HepacTBOPUMBIA B KHC-
notax. MOHHOE ypaBHEHHE:

SO,/~ + Ba®* = BaSO,|

3.0Onpenensiem uon Cl: Hurpar cepebpa obpasyer ¢ annonom Cl Gemnbiii
TBOpOKUCTHIN ocanok AQCI mo peakiuu:

Cl + Ag® = AgCl |

Ocanok nerko pactBopuM B u3dsiTke NH,OH € oO6pasoBanuem ammuakara ce-
pebpa 1o peakiuu:

AgCl l + 2NH,OH = [Ag(NHg)g]Clg + 2H,0

[Tpu moakuciennu pacTBopa amMMmuakara cepedpa pazdaBienHoit HNO; xom-
TUIEKCHOM MOH pa3pyIIacTcsi U BHOBB Bhimagaet B ocanok AgCl.

3agaya 3. Hanummte OCHOBHYIO CXEMY pa3fielieHUs] U ONpeAesiCHUs] KaTHOHOB
Il aHamMTHYECKOM TPYNIBI KHCIOTHO-OCHOBHOW CXEMBI B KAYECTBEHHOM aHaJIH-
3e.

Pemenue: |l amanmuruueckas rpymnma KUCIOTHO-OCHOBHOW CXEMBI COJIEPKHUT
xatronsr Ag®, Pb™, Hg,”". Cxema ompee/eHus JaHHBIX KATHOHOB TIPEACTaB-
neHa Ha puc. 1.1.

Bonpocsl 1151 CAMOKOHTPOJIS

1. Ilenu v 3a7aun aHATMTHYSCKON XUMHH.

3aja4n Ka4eCTBEHHOI'O U KOJMYECTBEHHOT'O aHAJIA3a.

3. Buapl ananm3za: 2JIEMEHTHBIA, MOJICKYJSPHBINA, (Ha30BbIA, CTPYKTYpPHO-

T'PYIIIIOBOM.

AHanutuyeckue peakuuu. J{poOHbIi U CHCTEMAaTUYECKUI aHaIu3.

OCHOBHBIE CXEMbl KJIaCCU(PUKALUU KaTHOHOB U aHUOHOB. JleneHre HMOHOB

Ha aHAJIMTUYECKUE TPYIIIIHIL.

6. Urto Takoe aHANM3 «CyXUM» U «MOKpbIM» myTeM? [IpuBeaute npumepsl Ta-
KUX aHAUIUTUYECKUX ONIPENCIICHUM.

N

o b
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A

| rpynna (Ag+, Pb2+, Hg22+)

Hccnemyemblii pacTBop +
+ HCI + ropsiqas Boma

y

Ocanoxk: AgCl, Hg,Cl, +
M366rrox NH,OH

A 4

Ocagnok: Hg,*"
[HgNH,]CI + Hg
4epHOTO HBETA

A 4

A 4

Leutpudyrat: PbCl, +

+KI

Hentpudyrar:
[Ag(NHg)g]Cl + HNO;

\ 4

Ocazok
AgCl — 6enoro nBera

A 4

Pb?*+ KI = Pbl, + K - 30110-
THUCTBIM 0CaJ0K

Puc. 1.1. Cxema onpenenenust kKatuoHoB || aHanuTHYECKOI rpymNIbl KUCIOTHO-
OCHOBHOM KJlaccu(ukanuu

TEMA 2. KOJIMYECTBEHHBIN AHAJIU3. TPABUMETPUS

OCHOBHBIE BOITPOCBHI

Cymaocth MeToaa. Ocaxaaemasi 1 BecoBasi pOpMbI; TpeOOBaHMS, TIPEAbSIB-
asiemble K HUM. OmpeneneHust 1o MEeTOoly OTTOHKM U METOAY ocaxkaeHus. Meron
ocaxeHUs. MexaHu3M OCaxJAeHUs; (aKTOphl, BIUSAIOLIME Ha MOJHOTY OCaXIe-
Hus. Ocaaurtens; TpeOOBaHuUs, peaAbsaBIsieMble K ocaauTento. [Ipoussenenue pac-
TBOPUMOCTH. AKTHBHOCTH, KOI(PQPHUIIMEHT aKTUBHOCTH, MOHHAs CHJIa PacTBOPA.
[IpousBesieHne aKTUBHOCTHU. Y CJIOBHSI 00pa3oBaHus ocajaka. MexaHu3Mm o0pa3oBa-
HUSI KPUCTAJUNIMIECKUX U aMOP(HBIX 0CAIKOB. Y CIIOBHS OCAKICHUS KpUCTaTNIe-
CKUX M aMOp(HBIX OCaJKOB. PacTBOPUMOCTH MalOpACTBOPUMBIX SJICKTPOIHUTOB.
®akTOphI, BAUSIONME HA PACTBOPUMOCTH: BIMSHUE OJHOMMEHHOTO MOHA, TEMIIE-
patypa, pH cpensl, coneBoit a3 dext, kommiekcoodpazoBanue. 3arps3HeHue oca/l-
KOB, COOCaKJeHUE. BrIunciieHns: B TpPaBUMETPHUECKOM aHAIIN3e.
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METOAMYECKUE YKA3AHUA

Crnenyer ysCHUTBH, UTO TI'PaBUMETPUUYECKUN METOJI aHAIM3a SIBISETCSA Kllaccuye-
CKUM METOJIOM KOJHMYECTBEHHOTO aHajn3a W OCHOBAaH Ha OMNpPEICJICHUH KOJHYe-
CTBa BEIIECTBA MyTEM €r0 BBIICIICHHS U MOCJICIYIOMIEro B3BEIINBAHNS HA aHAJIH-
TUYECKUX Becax. B OCHOBe MeToja JEeXHUT TOYHOE m3MepeHue Mmacchl. Ciemyer
pa3zobpaTh, YeM OTIUYAOTCS METOJIbI OTTOHKH OT METOJIOB OCAKICHUS, a TaKkKe
pa3o0paTh MOCIECIOBATEIHFHOCTD BBITIOJIHEHHSI OTIEPAIM B KAKIOM M3 3THX METO-
TIOB.
Crnenyer oOpaTuTh BHUMAHUE HA TO, YTO MPOIIECC OCAKICHUS UMEET CIIOKHBIN Xa-
paxkTep U B 3aBUCUMOCTHU OT YCJIOBHM OCAXIEHUS MOXKET COMPOBOKIATHCS 00pa3o-
BaHHEM OCAJKOB pazIuIHON (POpMBI (KpHCTAIITMYECKHE, aMmop(dHBIE), a 00pa3yo-
IIUECs] OCAJIKM MOTYT COAepKaTh mpuMecu. Pazdepute TpeOoBaHUSA K peaKIusM
ocaxJeHus. BaXHO MOHATH W 3alIOMHUTH HOBBIC TEPMHUHBI: OCAUTENh, OCAXKIAEC-
Mas 4 BecoBasi (POpMBI, a Takxke pa3zoOpaTh TpeOOBaHMS, MPEIbSIBISIEMbIE K HUM.
Crnenyer y4ecTh, 4TO BCE OCAJIKK B TOW WJIM MHOM CTENIEHU PACTBOPUMBI U HA MOJI-
HOTY OCaXKJIEHUS OTPEJIEISIEMOro HOHA OYAYT BIMSATH CIEAYyIOIHe (PaKTOphl: TeM-
neparypa pactBopa, pH pacTBopa, Hamu4re KOMILUIEKCOOOpa3oBaTeIeH.

Crnenyer U3y4yuTh MEXaHU3MbI 00PA30BaHUS KPUCTAIUTMUECKUX U aMOP(HBIX
OCAaJIKOB U YCIIOBHUS MIPABUIILHOTO OCAXICHUS B KaXJIOM ciiydae. Pasbepure siBie-
HUE COOCAKICHHS, YaCTO MEIIAIOIIee MOMYyUYEeHUIO YHCTHIX OCAIKOB.

Kparkuii Teopernyeckuii MaTepuall

['paBUMeTpHUYECKHIA METO/ aHAJIM3a OCHOBAH Ha KOJWYECTBEHHOM OIpeeIie-
HUUW BEIIECTBA MYTEM €T0 BBIICIICHUS M TOCISAYIONIETO B3BEITMBAHUS HA aHAIH-
THYECKUX BecaXx. B OCHOBe MeToja — TOYHOE HM3MEpeHHEe Macchl. BrimeneHue
OTIPENICIIIEMOT0 BEIECTBA M3 aHATU3UPYEMOW MPOOBI MOKHO MPOBOJUTH MYTEM
€ro OTTOHKHM WIM OCAXKJCHUSA. Om2oHKa — Memoo, npu KOmopom onpeoeinemulil
KOMNOHEHM KOJUYeCHBEHHO OMZOHAIOM 6 guoe emyue2o coeounenus. Ote-
JICHHE KOMIIOHEHTa OCYIIECTBIISICTCS HarpeBaHHEM aHAJIU3HPYEeMOI'O BEIICCTBA
WJIU JCHCTBHEM COOTBETCTBYIOIIETO pearcHTa:

Na,CO; + 2HCI = CO,1 + H,0 + 2NaCl

Ilpamoii memood omzonku. JleTyunii KOMIIOHEHT TOTJIONIAeTCsl crenuduye-
CKUM morsoTutesieM. 1o yBenrueHnio Macchbl MOTJIOTUTENST KOJIMYECTBEHHO OIpe-
NS0T ATOT KOMIIOHEHT. Tak, onpezenenne IMOKCUIa yriepoaa B KapOOHATHBIX
nopoAax OCYUIECTBISIOT METOJIOM MPSAMOW OTTOHKHU; PHU 3TOM B KayeCTBE MOTJI0-
TUTEJIS UCTIOJIb3yeTcs HaTpoHHas u3Becth (NaOH + CaO):

CaCO; + 2H" — CO, + H,0 + Ca**
2 CO, + (2 NaOH + Ca0) — Na,CO; + CaCO; + H,0
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Koceennwtit memoo. OnpenensitoT Maccy BeIeCTBa IMOCJE MOJHOTO yaalie-
HUS onpenensseMoro BemiectBa. TouHocTh ompeaenenus no 0,01%. Tak MOkHO
OTPENICIIUTh COJIePKaHNE KPUCTAIUIU3AIMOHHON BOJIbI B KPHUCTAJIOTHIpaTaXx:

BaCl, - 2H,0 — BaCl, + 2H,01

Ocasicoenue - Hanbolee 4acTo MpUMeEHsIeMbIi MeTo . O01as cxema rpaBUMETpH-
YeCKOro aHajiu3a 10 JAaHHOMY METOJly JOBOJIbHO INpocTa. HaBecky pacTBOpSIOT U
N00aBIAIOT M30BITOK peareHTa — ocaautens. Ocagok (UIbTPYIOT, MPOMBIBAIOT,
BBICYIIIMBAIOT, IPOKAIMBAIOT U B3BEIIMBAIOT. 3HAsl MAcCy M COCTaB OCaJKa MOKHO
BBIUHCIIUTh KOJMYECTBO OCAXKIEHHOro HoHa. [lomydeHHBIN pe3ynbTarT U Macca
B3SITON NMPOOBI MO3BOJISIOT PACCUUTATH MPOLIEHTHOE COJIEPIKaHUE OMPEIEIISIEMOTrO
BELIECTBA B UCXOJTHOM 00pasLe.
W3 Bcex mepeunciaeHHbIX onepanuil Hanbojee BaKHOM SABISETCA OCaXKIe-
Hue. TOYHOCTh pe3ysIbTaTOB aHaIN3a B 3HAUUTEIbHON CTENEHU 3aBUCUT OT yAau-
HOTO BBIOOpA OCaaUTENs U MPABUIILHOTO MPOBEAEHUS onepauu ocaxaenus. [Ipo-
LECC OCAXKACHUS UMEET CIOKHBIN XapaKTep U MOKET COIPOBOXKIATHCA PSIIOM MO-
OOYHBIX SIBJICHUM:
-B 3aBHCHUMOCTH OT IIPUPOJIbI, @ TAKKE YCIOBUN OCAXKJICHUS OCATKU MOTYT OBITh
pa3InyHON POpPMBEI,
-0CaJIKH IIPU OCAKJIECHUU MOTYT 3aXBaTbIBAaTh IPUMECH;
-IPAKTUYECKU BCE OCAJKHU, XOTs Obl B HEOONBILION CTENEHH, paCTBOPUMBI B BO-
JI€ WIHA IPYTUX PACTBOPUTEIISX.
Bcé 3TO OMKHO YUUTBIBATHCS IPU BHIOOPE YCIOBUN OCAXKICHMSL.

Peakyuu ocasricoenus 00131cHbl OMmeevams Cie0yiouuUM mpedosaHuAM:
-I0JDKHA OBITH IOCTUTHYTA TIOJTHOTA OCAXKIACHUS OMPEISISIEMOTO dJIEMEHTA;
-0CaJI0K JOJKEH UMETh BBICOKYIO CTETICHb YHCTOTHI,

-0CaJIOK JIOJKEH UMETh IIOCTOSIHHBIA COCTAB;
-0CaJI0K JOJKEH UMETh OTIPECIICHHYIO arperaTuyio (hopmy.

B BecoBOM aHanmm3e pazIudaroT 0caxicoaemyio v 6ecogyio HGopMmel.

Ocasicoaemoil popmoit nHazviearom mo coeOuHeHue, KOmopoe vloeaAIom
U3 AHATU3UPYEMO20 PACmMEopa npu oelicmeuu peakmuea-ocaoumensn. Hanpu-
mep, npu onpexneiternn SO~ — HoHa mpu oMoty ocaxurers BaCly:

SO, + Ba®* — BaSO0,|

ocaxxnaemas dopma — BaSO,, Genbrit kpuctammmaeckuii ocanok. [Ipu ompenene-
nun Fe®* — nona ocaxaemoii hopmoii siBisiercs: Fe(OH); — kpacHO-6ypBIii 0camok:

Fe** + 3NH,OH — Fe(OH)z| + 3NH,"

Becosasa popma — coedunenue, 6 sude Komopoz2o 636euiugarom 0cadoK onpeoe-
J1eM020 6euiecmea nocie nPOKAaIUuBaHus:.

Ocaxmaemas 1 BecoBasi GOpMBI MOTYT OTJIMYATHCS 10 COCTaBY, @ MHOTJIa OHU COB-
naznator. Hanpumep, B ciaydae onpenenctus Fe** — nowa:

ocaxxnaemas popma — Fe(OH)s3;
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BecoBas popma — Fe,0s.
IIpu onpenenennu SO, —HoHa:
ocaxkxipaemas popma — BaSOy;
BecoBast hopma — BaSO, (nauHas cois yeroitunsa npu npokammsasui 10 900°C).
Ocaxmaemas 1 BecoBasi (GOpPMbI JJOJKHBI OTBEYATh Psiy TpeOOBaHUM.
Tpebosanusn k ocaxcoaemoit popme:
-ocaxxgaemasi (¢opma JIOJDKHa 00J1aaTh JOCTATOYHO MAajod PacTBOPHUMO-
CTBbIO 7Sl OOECTeUeHUs] MPAKTHUECKU TMOJHOTO BBIJCICHUS ONpeaessie-
MOTO BemecTBa u3 pacrsopa. IIpumep: SO, — non. Ocagurens: BaCl,,
CaCl,. Beioupaem BaCl,, Tak kak pactBopumocth BaSO, MeHbIle, yeM
CaSQO,. PactBopuMOCTh TPYyIHOPACTBOPUMOTIO 3JIEKTPOIUTA XapaKTepH-
3yetcst BenuunHoi [IP. OObruHO B KauecTBe ocakaaemoil GopMbl TpH-
MeHstfoTest coequuenust ¢ [P < 107 (ITpunoxenue 1);
-0CaJIOK JTOJDKEH MOIy4yaThesi B hopme, YI0OHOM JUIsl OTIIEJICHUS €ro OT pac-
TBOpa (PuiIbTpoBaHUEM. Y NOOHBI ISl pabOTHI KPYMHOKPUCTAIUIMYECKUE
OCaJIKM, TaK KaK OHU HE 3a0MBAIOT MOPHI (PUIBTPA, JIETKO OTMBIBAIOTCS OT
MIPUMECEHN;
-ocaxkaaemasi hopMa JOJKHA JIETKO M HaleJIo0 MEePEXOUTh B BECOBYIO (Pop-
My.
Tpebosanusa k secosoit ghopme:
-COCTaB BeCOBOW (POPMBI JOMKEH TOYHO COOTBETCTBOBATh XWMHYECKOU
dbopmyie;
-BecoBasi (hopma JODKHA OBITH XMMHUYECKH ycToiunBa. He momxHa m3me-
HSTh CBOW COCTaB IPH TOTJIONIEHUH MTAPOB BOJBI WM YTIEKUCIOTO Tras3a
U3 BO3IyXa, pasiiarathCs MPH BHICOKUX TeMIepaTypax u T.1.;
-COJIEpP>)KAaHHUE OMPEIEISIEMOro 3JeMEHTa B BECOBOM (popMe JOIKHO OBITh
BO3MOYKHO MEHBIIUM. DTO YMEHBIIAET MOTPEITHOCTD ONpPEACIICHHUS, T.K.
MUHUMU3UPYET MOTEPU MPU PACTBOPEHUHU OCAJKa U OIMIMOKHU B3BEIIMBA-
HUSL.
Buvioop ocadoumensn npoBOJAT ¢ YISTOM CICAYIOMINX TPEOOBAHMIA:
-0CaJUTENb JIOJDKEH OBITh CIEIM(PUIECKUM, T.€. HE JIOJDKEH OCaXIaTh Jpy-
r've MPUCYTCTBYIOIIUE B PACTBOPE UOHBI;
-)KeJaTeIbHO, YTOOBI OCaUTENh OBLT BEIIECTBOM JIETy4yuM. B aTOM ciyuae
HEeyTaJICHHAs TIPY TTPOMBIBAHUH €TI0 YacTh yJICTYYHBACTCS TPU TIPOKAITH-
BaHHH, HaIIpUMED:

2Fe** + 3NH,OH — Fe,0; + 3NH31 +6H*

Ocagutenb ynoTpeOssitoT OOBIYHO B MOJTYTOPOKPATHOM H30BITKE, YEM BbI-
YHCIICHO M0 YPAaBHEHHIO PEaKIINH.

Ha pacTBoprMOCTH OCaZKOB BIUSIET TeMIlepaTtypa pactBopa, pH, Hamnuue
KOMIUIeKcooOpazoBateneidl. Bece 3Tu (akTopbl OKa3bIBalOT BIUSHUE HA MOJIHOTY
OCaXJACHUS ONPEEIISIEMOr0 HOHA.
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IIpousBenenune pacTBOPUMOCTH

B mporneccax ocaxkaeHus, OTAETICHHUS, PACTBOPEHHUS OCAIKOB MBI CTaJIKUBa-
eMCs C PaBHOBECHEM B T'€TEPOICHHBIX CHCTeMaX. B cOCTOSHHM TUHAMHUYECKOTO
PaBHOBECHUSI CKOPOCTh PACTBOPEHHSI OCaJIKa PaBHIETCA CKOPOCTHU €r0 OCaXICHUS.
Ha npumepe peaxiuu:

BaSO, < Ba® + SO/~
TBepAas daza pacTBop
3allyIIeM BhIpaXKEHNE KOHCTAHTHI pPABHOBECHS IIPOIECCa PACTBOPEHUS:

« —[B2”1[SO0," ]

[BaSO,]
rie [Ba*], [SO,*] - KOHIEHTpALHH COOTBETCTBYIOMIIX HOHOB B PACTBOPE;
[BaSO,] — BenuumHa, XapakTepH3yIOIlas KOHICHTPAIMIO BEIISCTBA B

TBepIoi (asze.

OueBuaHo, BenuunHa [BaSO,] npu naHHbIX PU3NYECKUX YCIOBUSX SIBISET-
Csl BEJIMYUHOM MOCTOSHHOM, T.K. MO (PU3NYECKOMY CMBICIY OHAa COOTBETCTBYET
IJIOTHOCTH TBEPAOro BemecTBa. [[03TOMy MOCTOSSHHOW BETMYMHOW SIBIISIETCSA TaK-
K€ TIPOM3BEACHUE KOHIICHTPAIIMH HOHOB B HACKIIIICHHOM PacTBOPE:

[Ba®1[SO.*] = Kgaso. - [BaSO,] = const
[Ba®] - [SO4*] = const

OTa MOCTOSHHAS BEJIWYMHA HA3BIBACTCS MPOU3BEICHUEM PACTBOPUMOCTU H
ob0o3navaercs [IP (Ilpunoxenue 1). IIpousBeneHne pacTBOPUMOCTH OIpPENEIICH-
HOro ocajaka obo3Havaercs uepe3 [IP ¢ MHOEKCOM, COOTBETCTBYIOIIUM COCTABY
ocazaka: [1PBaso,; ITPAgcCI.

JlJ1 0caikoB, COCTOSAIIMX U3 MOHOB, UMEIOIIMX Pa3IMYHbIM MO BEJIMYMHE 3a-

PsiI, 3aBUCHUMOCTh HECKOJIBKO yCIoXKHseTcss. Hampumep, 11 XxpoMara cepedpa:
Ag,CrO, « 2Ag" + CrO,~

+ 2—
HPAQZCrO4 :[Ag ]Z[Cro4 ]
B o6mem Buze Beipaskenue 1P it ocanka ByA, MOKHO 3anMCaTh:
I1P ByAXx = [BX+]y[Ay-]X .

Ycnosue oopazosanusa ocaokoe. O6pa3zoBaHne ocajakKa MPOUCXOAUT TOTIA,
KOTJla TPOM3BEICHUE KOHIIEHTpAIIMi HMOHOB, BXOJAIIMX B COCTaB OCAXIaeMOTO

BEII[ECTBA TpeBbIIaeT Tabnuunoe 3Hauenue [1P pist atoro coenunenns. [Ipumep:
[Ba®*]-[SO4”] > [1PBaso..
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Pacmeopwnocmb Maiopacmeopumblx 3J1eKmpoiumaoe

PacTBOprMOCTh Ocajika - S - YUCIICHHO paBHA KOHIICHTPAIMHA HACHIIICHHO-
ro pactBopa (T.e. pacTBOpa HaJ OCAIKOM):
BaSO, . < [B&SO4]B p-pe
2+ 2-
[BaSO,],., < [Ba’],+ [SOT,

B cayuae ocanka PbhCl,:
PbC|2 m [PbCIg] pp
[PbCl,],, <> [Pb*], + 2[CI],
1 Moub amektponuta <> 1 Moub HoHoB Ph?* 1 2 Momns nowo CI

Takum 06pa3zom, pacCTBOPUMOCTH OCaJKa paBHA KOHIIEHTPAIIMH HACHIIIEHHO-
TO pacTBOpPa MaJIOPACTBOPUMOTO SJEKTPOIUTA HAJ 0CATKOM; KOHIIEHTPAIIUs dJIeK-
TPOJIHUTA MPOMOPLINOHAIbHA KOHIICHTPAIIMH BXOASAIINX B €T0 COCTaB HOHOB.
B o6mem ciaydae, pacCTBOPUMOCTD — S - MAJTOPACTBOPHUMOTO JICKTPOIHTA (0CaIKa)
obmeit popmynsl AyBy MOKHO paccuuTath 0 GopMyIIe:

Dakmopul, enuaouiue Ha pacmeopuUMoCmsy:

1.Bauanue 00nHoumennozo uona. V30bITOK OJJHOMMEHHOTO UOHA MIPUBOJIUT K TO-
HIDKEHHUIO PACTBOPUMOCTH MaJOPACTBOPUMOIO 3JIEKTPOJIUTA, T.K. MPUBOJIUT K
CABUTY T€TEPOre€HHOro0 paBHOBecHs BIpaBo. Ho Oosnee yem moayTopoKpaTHBIN
U30BITOK BBOJUTH HELENECO00Pa3HO, T.K. 3TO MPUBEJIET K YBEIMUECHUIO HOHHOU
CUJIBI PacTBOpa U, KaK CIEJCTBHUE, MOXKET MPUBECTU K YBEIUUCHUIO PACTBOPHU-
MOCTH OCaJIKa.

2.Bnuanue memnepamypoi. PacTBOpUMOCTh MHOTHX OCAJKOB, MCIOJIb3yEMbIX B
IPaBUMETPUYECKOM aHAJU3€, YBEJIMUYUBACTCS C MOBBIIIEHUEM TeMIlepaTypsl. B
OJIHUX CIIy4asX 3TO YBEJIMYECHHE HE3HAYUTENBHO, B JIPYTUX — JOBOJBHO CHJIb-
HOE, KakK, Hampumep, Ui XJIopuaa cepedpa. 3aMEeTHO BO3pacTaeT pacTBOPH-
MOCTb C TIOBBIIIIEHHEM TeMmIiepatypsl y ocaakoB MgNH,PO,, CaC,0,4, PhSO.,.
Pexxe BcTpeuaroTcsi cilyyad, KOrJa pacTBOPUMOCTh IMANAE€T C IOBBIIIEHUEM
TeMIiepaTypbl. PACTBOpMMOCTh HEKOTOPBIX BEUIECTB CHavajia BO3pacTaeT, a 3a-
TEeM HauMHAET MajaTh, HAPUMED, y CyJb(aTa KabIlusl.

3.Bauanue cpeovl - konyenmpayuu H' - uonoe. 1o BausHue onpeensercs npu-
ponoit ocankoB. Hampumep, ocaxaenue ruapokcuaa xenesa (1) Oyaer npak-
TUYeCKH MOoHBIM Tipu pH = 3,5, a HauboJIee MoJHOE OCAXKACHUE ATIOMUHUS J10-
cruraercs npu 4,7 npu npumenennn NH,OH, B To Bpems kak ocaxkaeHue ero B
Bujsie ocharoB Heobxoaumo Bectu npu pH = 3,7 — 3,9. B otnmuue ot coneit
CJIa0bIX KHUCIOT OCAXKIECHHWE MAaJOPACTBOPUMBIX COJIEH OJTHOOCHOBHBIX KHCIIOT
(AgCl, AgBr, Agl) mano 3aBucut ot pH pactBopa. ManopacTBopuMbIe CYJib-
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¢daThl U3 KUCIBIX PAaCTBOPOB OCAXKIAIOTCS MEHEE IMOJIHO, YEM M3 HEHTpalIbHbBIX
WJIU IIEJOYHBIX.

4.Conesoit 3¢hhexm. PaznuyHbie CUIIbHBIE DJIEKTPOIUTHI, IPUCYTCTBYIOIINUE B pac-
TBOpE, YBEIWYMBAIOT MOHHYIO CHIIy PacTBOpa M, KaK CJIEACTBHUE, UX IMPUCYT-
CTBUE MOXKET CIIOCOOCTBOBATh YBEIIMUEHUIO PACTBOPUMOCTH OCAJIKA.

S.Bnuanue obpazoeanus KOMRAEKCHbIX UOHOG. P 0CaIKOB XapaKTEepU3yeTCs
CIIOCOOHOCTBIO pearupoBaTh ¢ M30BITKOM OCAAUTENsA, 00pa3ys pacTBOPHUMbIC
KOMIUIEKCHBIE cOoeluMHEHUs. TakoBbl, HampuMep, UAHUABI OOJBIIUHCTBA MeE-
TAJJIOB, OKCAJIAaThl U aMMHAKaThl HEKOTOPBIX MEPEXOAHBIX METAIIOB, (hochaTh
XpOMa U Psiji APYTUX OCATKOB.

MexaHu3m Oﬁpa3OBaHI/Iﬂ 0CaaKoOB

PaccmoTpum mporiece oOpa3oBanus ocaakoB. OOpa3oBaHHe ocajka MPOUC-
XOJIUT TOT/a, KOT/Aa MPOU3BEICHNE KOHIIEHTPAIIMN HOHOB MPEBHINIACT MPOU3BEIC-
HHE PACTBOPHUMOCTH OCaXJAEMOro coeaquHeHud. Ha mnepBoil cragnu OcakaeHUs
o0pa3yloTcs MelbYalIiie YacTUIlbl 0CaJiKa, TaK Ha3bIBAEMBIE 3apoobliiesble KPU-
cmainnvi. BpeMsi ¢ MOMEHTa CMEIICHHs] paCTBOPOB PEAreHTOB 10 MOSBJICHUS TEP-
BUYHBIX YaCTHII (3apOJIbIIICH) Ha3bIBACTCS UHOYKYUOHHBIM nepuodom. Ilocne nep-
BOT'O 3Tara 00pa3oBaHus 3apobliiei 0osee BEposiTeH UX POCT, a HE 00pa3oBaHUE
HOBBIX 3apOJIBIIIEBBIX KPUCTAIIJIOB.

B 3aBucumMocTH OT HHAMBUAYAJIBHBIX CBOMCTB OCaXIa€MbIX COCIMHEHUM, U,
B TICPBYIO OYEPElb, OT UX PACTBOPUMOCTH, a TAK)KE OT YCIOBHHA OCAXKICHUS, TIPO-
IIECC YKPYITHCHHSI TICPBUYHBIX YaCTHIl MOXKET MPOTEKATh JBYMS Pa3INYHBIMH TTY-
TSAMH. B COOTBETCTBUU C 3THM 00pa3yrOTCsA Kpucmaiiuueckue, oo amopguoie
ocaoku.

Ocaknenue KPUCTANIMYECKUX 0CAAKOB

[Ipu oOpa3oBaHMM KPHUCTAUIMYECKUX OCAIKOB MPUOABICHUE KaXIOU IOP-
UM OCAQJWTENISI HE Cpa3y BBI3bIBACT 00pa30BaHHE 3aPOJIBIINICBBHIX KPUCTAIOB, U
OCAXKJaEMOE BEIIECTBO HEKOTOPOE BPEMsI OCTAETCS B IMEPECHIIEHHOM pPacTBOPE.
[Ipy moCTENEeHHOM BBEJICHUM OCAJIUTEIIS BBIJICIICHUE BEIIECTBA M3 MEPECHIIICHHO-
ro pacTBOpa MPOUCXOJUT MPEUMYIIICCTBEHHO Ha TOBEPXHOCTH paHee o0pa3oBaB-
ITUXCSL 3aPOJIBIIIEBBIX KPHUCTAIJIOB, KOTOPBIE TMPH ITOM PACTYT IOCTENCHHO, B
KOHIIC KOHIIOB, TOJy4aeTCs KPUCTAIMYECKUN OCallOK, COCTOAIIUN U3 CpaBHHU-
TeJIHLHO HEOOJBIIIOTO YMCIIA OTHOCUTEIIHHO KPYITHBIX KPUCTAILIIOB.

Takum 00pa3om, kenas TOJYYUTh OCAJOK KPYMHOKPHUCTAJUTMYCCKUHN, MBI
JOJDKHBI CO37aTh YCIIOBHUS JUIS OOpa30BaHUsS MCHBIIETO YHCIA 3apOJBIIIEBBIX
KPHCTAJUIOB, KOTOPBIC SIBJISFOTCS HaYabHBIMH IIEHTpaMu Kpuctaiu3anun. Clie-
JIOBATEJIBHO, PACTBOP JIOJDKEH OBITH TTO BO3MOXKHOCTH MEHEE IEPECHIIICH OTHOCH-
TEJIHHO 0CAXAACMOTO COCTUHEHUS.

Ilpu ocasricoenuu Kpucmaniuyeckux 0cadkog HeoOXo0umo coodnwoamsy cieoy-
rowue ycioeus:
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1. Bectu ocaxxaeHue u3 JOCTAaTOYHO Pa30aBICHHOTO PacTBOpPa pa30aBICHHBIM
pPacTBOPOM OCAJUTEIIA.

2. IlpubaBnsaTe ocaauTeNb MEIJIEHHO, MO KamisgiM, OCOOCHHO B Haydajie oca-
KICHUS.

3. TlocToSIHHO TIepeMEeINBaTh PACTBOP CTECKIISTHHOM MaJo4Kol (BO M30eKaHUE
CHJIbHBIX MECTHBIX MEPECHIIICHHN).

4. OcaxJieHHe BECTH U3 TOPSYEro pacTBOpPa rOpsiudM PacTBOPOM OCAUTEIIS,
T.K PacCTBOPUMOCThH OOJIBIIIMHCTBA OCAJKOB C IMOBBLIIICHUEM TEMIIEpPaTyphl
YBEIINYMBAETCH.

5. IlpubaBnsaTe TpPH OCAXKIACHUHM BEIIECTBA, IOBBIIIAIONINE PACTBOPUMOCTD
ocazka. [lo okoHYaHUU OCaXKJIEHUSI ATa MOBBIIICHHAS! HAMU PACTBOPUMOCTD
JOJKHA OBITh MTyTEM MPUMEHEHUS N30BITKA OCAAUTENSI CHOBA MMOHMKEHA.

Ocaziok BbIAEPKATH HECKOJIBKO YacOB (MM HECKOJBKO JIHEW): IpU 3TOM OH Ipe-
TEpIIEBAET TaK HA3bIBAEMOE CO3PEBAHUE, B XOJE KOTOPOrO MEJIKUE KPUCTAILIBI pac-
TBOPSIIOTCS, U 32 CYET ATOTO YBEIUUYHUBAIOTCA 00Jiee KPYITHBIE.

Ocaxnenne aMOpP(PHBIX 0CATKOB

[Ipouecc obpazoBaHuss aMOPPHBIX OCAJKOB MPOUCXOJUT CIIEIYIOIIUM oOpa-
30M: MPUOABJICHHE KaXKJIOW MOPIUU OCATUTENS BBI3BIBACT OBICTPOE BO3HUKHOBE-
HUE B XUJKOCTH OTPOMHOIO KOJUYECTBA MEJKHMX 3apOJBIIIEBBIX KPUCTAJUIOB C
pa3mepamu, XapakTepHbIMU 1JI KOJUTOUIHBIX YacTHll (1-100 MxM). Y cTOWUYHUBOCTD
KOJUIOMJHBIX CUCTEM OOBSCHAETCS TEM, YTO YACTULBI U3 pacTBOpa aJCcoOpOUPYIOT
HaxoJsIIMecss B U30bITKE MOHBI (OCAAUTENS] WM PACTBOPUTEINSI) U, MpUOOpeTas
IIPU 3TOM OJIHOMMEHHBIE 3apsijibl, HE YKPYIHAIOTCA. ECM K TakOMy KOJIJIOMJTHOMY
pacTBOpy 100AaBUTH 3JEKTPOJUT, TO MPOTHUBOIOJIOKHO 3apSKEHHBIE MOHBI AJIEK-
TPOJIUTA, aJCOPOUPYSICH HA TTOBEPXHOCTU KOJUIOUIHBIX YACTHII, Pa3psDKAIOT UX H,
TE€M CaMbIM, JIal0T BO3MOXHOCTh YKPYITHSATBCSI U BBINIAJaTh B 0CaJ0K. Pa3pymieHue
KOJUIOMJIHOM CHCTEMbI Ha3bIBaeTCs Koazyrayueti, KOTopasl 3aBepIlIaeTcsi ceouMen-
mayueri WA OCAKJCHUEM IO/ BIUSHUEM CHII TSKeCTH. T.0. amopdHbIEe Ocaaku
BO3HUKAIOT 3a CUET CIIMMNAHUS KOJUIOMJHBIX YAaCTHUI B KPYyIHBIE arperarbl, KOTO-
pBIE OCENIAIOT U3 PACTBOPA B BUE XJIOMBEB.

DNEKTPOJIUTHI, J0OABIsIEMbIE K KOJUIOMIHBIM PACTBOPaM JJisl YCKOPEHHUS KO-
aryJsiuu, Ha3bIBAIOTCA dnekmpoaumamu-koazynaumamu. OObIYHO B KaU€CTBE KO-
aryJsiHTOB NMPUMEHSIOT BEIIECTBA, JIETKO YJETYYUBAIOIIMECS MPU MPOKAIMBAHUU
(Hanpumep, COJIM aMMOHUS).

Takke KoaryJsiuu CocOOCTBYET MOBBIIICHUE TEMIEPATYpPbI, T.K. CIOCO0-
CTBYET CHIKEHUIO a/IcCOPOLIMM MOHOB, MPUIAIOIIUX 3apsia KojuionaaM. Iloatomy
OCaXKJIEHUE aMOP(PHBIX OCAJAKOB BEIYT U3 TOPSYMX PACTBOPOB rOPSIYUM PACTBOPOM
ocanutens. [Ipu ucnonb3oBaHWU pa3z0aBICHHBIX PACTBOPOB aMOPGHBIE OCAIKH
MOJIYYarOTCSl PHIXJIBIMU, C OUYEHBb OOJIBIIION MOBEPXHOCTHIO M MOATOMY CHUIIBHO aj-
COpOMPYIOT TOCTOPOHHME BemiecTBa. UTOOBI MCKIIIOUUThH 3TO HEXKEIATEeIbHOE SB-
JICHUE OCaXJICHHE aMOP(PHBIX 0CATKOB BEAYT U3 KOHIIEHTPUPOBAHHBIX PACTBOPOB.
Ocanky B 3TOM Cily4ae IMOJy4aroTcs ropasfo 0oJiee TUIOTHBIMH, C MEHBIIEH IMo-

20



BEPXHOCTHIO, OBICTpEe OCENAIOT W Jerdye OTMBIBAOTCS OT mpumeceil. [Ipu stom
0CaJIUTEIh MOKHO TPUOABIATH OBICTPO.
T.o. npu ocaxccoenuu amopguvix 0cadkos Heodxo00umo codarwoams ciedyroujue
ycnoeusa:
1. Bectu ocaxieHue B MPUCYTCTBUU AJIEKTPOIUTA-KOATYIISIHTA.
2. OcaxJaTh U3 ropsyero pacTBOpa ropsyuM pacTBOPOM OCATUTEIIS.
3. OcaxnaTh U3 KOHIEHTPUPOBAHHBIX PACTBOPOB KOHIIEHTPUPOBAHHBIM pac-
TBOPOM OCaJUTENS.
4. PacTBOp BO BpeMs OCaXK/IC€HUS HE MIEPEMEIINBATb.
Cpazy xe mociie OKOHYAaHHS OCAKICHUS N00aBUTH Oonbinoe koiamdecTBo (100-
150 mu1) ropsiueit Bojbl, IepeMeniaTh U 0Ca 0K cpa3y OT(HUIBLTPOBATS.

Coocaxkaenue

[Ipormecc oOpazoBaHus 0CAJIKOB MOXKET COTPOBOXK/IATHCS BTOPUYHBIM SIBJIC-
HHEM — COOCaXKJIeHHEM. BrimajeHre B 0caloKk BMECTE C OCaXKJaeMbIM COCIHMHCHHU-
€M KaKuX-JIMOO TTOCTOPOHHHUX BEIIECTB, KOTOPhIC B OOBIYHBIX YCIOBHUSAX MPUMEHS-
€MBIM PEAKTHBOM BOOOIIIE HE OCAXKJIAFOTCS, Ha3bIBAETCS COOCAXKICHUEM.

Hanpumep, npu ocaxxaennn BaSO, u3 pacTBopa MOTyT 3aXBaThIBaThCS HO-
usl Fe**, NOj, a ocamok Fe(OH); 3axBaThIBaeT HOHBI A|3+, €CIIM OCaJIUuTEIIeM
ciykut ruapokcun ammonnst NH,OH.

Kax mokazanu skcriepuMeHTaIbHbIE UCCASAOBAHMS, CYIIIECTBYET HECKOJIBKO
BUJIOB coocaxeHns. C TOYKHU 3pEHUs aHAIMTUYECKOW XUMHUHU WX BCETO yIoOHEe
pa30uTh HA JIBE TPYIIIHI B 3aBUCHMOCTH OT TOTO, TJIe HAXOIUTCS MPUMECh — Ha TI0-
BEPXHOCTH WJIM BHYTPH YaCTHIl OCaJKa. B COOTBETCTBHM C 3TUM pPa3IHYAOT d0-
CcopoOyUIO U OKKIIIO3UIO.

Pacuyernl B IrpaBHMETPHYCCKOM METOAC aHAIHU3a

BecoBoii aHanmn3 00bIYHO IPUMEHSIETCS JJIs ONPEETICHHS KOJIMYECTB Belle-
ctBa nopsanaka 0,02-0,1 r. OTHocuTeNbHAS OMMOKA OMPENETCHUSI HE MPEBBIIIACT
0,1%, a mpu ocobo TIIaTenpHOM padoTe MokeT ObITh JoBeaeHa 110 0,02-0,03%.
Brruncnenne cofepkaHus OMpeeieMOro 3JIEMEHTa MPOBOJIUTCS M0 MacCe BECO-
BO# opmpbl, Harpumep: Macca ocaaka AgCl pasua 0,1290 1, 11 HaX0XKICHUS KO-
JMYECTBa XJIOpa COCTABIISAIOT MPOTOPIHIO:

B 143,3 r AgCl comepxures 35,5 r xopa
B 0,1290 r AgCI coxepsxutcs X r xiopa

Y- 0,1290x 35,5
1433

T.o. macca xisopa cocrasuina 0,0319 r.

B naHHOM ciydae BBIYMCISEMOE KOJHWYECTBO OMPEACNISIEMOTO BeIeCTBa
(anemenTa) X BbIpakaeTCs MPOU3BEJCHUEM JBYX MHOXUTeled. OIUH U3 HUX —
HaliJICHHas TP aHaJIM3e Macca ocajka (a) — SBISETCS BEJIMYMHOW MEPEMEHHOM,
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JPYrol MHOXHTENIb — OTHOIIEHHE MOJEKYJISIPHOM (aTOMHOI) Macchl OIpezesnse-

MOT0 BelllecTBa (dJIEMEHTa) K MOJEKYJISIpHONW Macce ocaaka (BecoBOM (hOpMBI).

[TocnenHuii MHOXUTENb MIPEJICTABIIAECT COOOM BEIMUMHY MTOCTOSIHHYIO M Ha3bIBACT-

Csl aHAJIMTUYECKUM MHOXKUTENIEM WiIH pakTopoM repecyeta. CieoBaTeIbHO:
X=a-F, rine F=M onpen/ M p3pem.

daxTopsl IepecyeTa NPUBEACHBI B CIIPABOYHHUKAX M0 aHATUTHYECKON XUMUHU.

Pemenne THNOBBIX 3aga4d

3agauya 1: BeruuciauTh Npou3BelIEHHE PAaCTBOPUMOCTU Cyibdara Oapus, €ciu B
JUTpE HACBIIIEHHOTO pacTBopa coaepxkutrcs 0,0025 r BaSO,.
Pemenne: B pacTBope MpOMCXOAUT YaCTUYHOE PACTBOPEHHE U AMCCOLUAIINS COIH
Ha WOHBIL

BaSO, <> Ba™ + SO~
[IpousBeneHNE paCTBOPUMOCTH ONPEACISICTCS COOTHOIICHUEM:

[P Baso, = [Ba”"]-[SO.*].

YtoOBl BEIYHCINTH Tpom3BeaeHne pactBopumoct BaSO,, HEoOXomuMo ompene-
JINTh MOJISIPHYIO KOHIIGHTpauuio nonos Ba®* u SO, :

1 moab BaSO, coctaBnser: M BasO, = 137+32+16-4=233 2.

MoJtsipHOE COJIEp’KaHHE COIM M COOTBETCTBEHHOT'O KaXKJIOTO M3 HOHOB COCTaBIISCT:

0?3?32,5 —1,073-10~° Momb/11.

T.o.: [Ba®] = [SO4%] = 1, 073-10™ moms/.
CnenmoBarteibHO,
TP Baso, = [Ba?']-[SO.] = (1, 073-10%)2 = 1,15:10°.

3agaua 2. OGpasyercs 1 ocamok mpu cmemmBanun 100 ma 1-10° M pacrsopa
Pb(NO3), n 200 ma NaJ ¢ konnenTpanueii 0,15 r/n ? [IpousBeneHue pacTBOPUMO-
CTH MOAMa CBUHIIA PABHO 1,1-10'9.
Pemenue: [lpu cMmemrBaHUM 3TUX PaCTBOPOB BO3MOKHO 0Opa30BaHUE OCAJIKa IO
YpaBHEHUIO:

Pb(NO3), + 2NaJ = PbJ,) + 2NaNO;
OO0beM mocie CMENIeHUs IBYX PACTBOPOB CTAHOBUTCSI PABHBIM:

V p-pa =100 + 200 = 300 mu

PaccuntaeM MossipHbIE KOHIIEHTPALIMK HOHOB, 00pa3yIOIIUX 0CAI0K:
Konuenrpanus [Pb2+] M0CJIE CMEIICHUSI CTAHET PABHOM:

100-1-10°°

[Pb%]= =3.33-10"* momnp/m.

T.x. konuentpauusa NalJ gana B r/1, He0OX0AUMO €€ IEPEBECTH B MOJIIPHYIO KOH-
uentpauuto: 1 monb Nad cocrasusier 23 + 127 = 150 r. U3 nmponopuuu onpenens-
eM MOJIsIpHYt0 KoHIeHTpauto NaJ u cootBeTcTBeHHO [J'] 10 cMeleHus:
1 monb - 150
X MOJIb - 0,15r
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OTCIO/Ia C,=x=0,15/150=1 - 10-3 MOJIB/JI.
[Tocne cMeleHust pacTBOPOB KOHIIEHTpaIys [J'] CTaHOBHUTCS paBHOM:
1 = 1.10-3
[J ] 2003%%0 ~-6,67-10 4 Mounb /1.
PaccunThiBaeM mpoun3BeieHNE KOHIICHTPAIIM MOHOB, 00Pa3yIOIMNUX OCAO0K C y4e-
TOM YpaBHEHHSI TUCCOIUAIINN JAaHHOW COJIM B PacTBOPE:
Pbl, <> Pb* + 27

TIP Pby, = [Pb?] - [J1P =333 - 107 - (6,67 - 102 =148 - 107

H CPpaBHHUBACM PC3YJIbTAThI PacycTa C TaOJIMYHBIM 3HAYEHHUEM IMPOU3BCACHUA pac-

TBOpUMOcTH PbJy:

148 - 10°%< 11 -10°,

Pacdersl moka3pIBaloOT, 4TO NPOU3BEICHUE KOHIICHTPAIIU HOHOB Pb* uJ B Oy~
YEHHOM IOCJI€ CMEIIUBAHUSI PACTBOPE MEHBIIE BETUYMHBI TAOJUYHOTO 3HAYEHUS
IIPOU3BEACHUS PACTBOPUMOCTH MoaAuAa cBUHIA. ClIeI0OBATENBHO, M0 OTHOIICHUIO
K UOJUAY CBUHIIA pACTBOP Oy/I€T HEHACHIICHHBIM U OCA/IKa HE TOJYYUTCS.

3agaua 3: PaccuutaTth pacTBOpuMOCTh Okcanata cepedpa Ag,C,04 1 KOHIICH-
TpaIIo Ka)XJ0ro U3 MOHOB B HACHIIIEHHOM pacTBope. [IpousBeaeHue pactBopu-
MOCTH JJaHHOM COJii paBHO 4,99- 107,
Pemnenue: [ cnoco6: Ag,C,0, muccomuupyer B pacTBope Ha nobl Ag™ 1 C,0,°
Ag,C,04 <> 2 Ag* + C,0,%.
Tak kak n3 kaxa0i Mosekyasl Ag,C,0,4 momydaeTcs aABa noHa cepedpa U OJIUH OK-
caylaT-uoH, TO KOHIICHTpAIlUs OKCajJaT-MOHOB paBHA OOIIECH KOHIICHTPAIIMH pPac-
TBOPEHHOM COJIM, a KOHIICHTPAIUs HOHOB cepedpa B JiBa pasza 6obine. O603HaUUM
MOJISIPHYIO KOHIIEHTpAIMIO HackIlieHHoro pactBopa Ag,C,0, yepes x. Toraa:
[A92C204] =X; [Ag+] = 2X; [C204_] =X;
TP Ag.C,0.= [Ag*]* - [C,0,]=4.99 - 107,
[ToacraBisis crojja KOHIIEHTPAIIMM HOHOB, BRIPAKEHHBIE Yepe3 X, MOTydaeM:
4x° = 4,99 - 10°%;
x*=1.25-10"
x =241,25-10"° =1,0785-10°

PacTBopuMOCTh BemiecTBa Npu AAHHOW TEMIIEpAType U3MEPSETCS KOHLUECHTpauuen
ero HaChIIIEHHOTO pacTBopa. CrnengoBarenabHO, pactBopuMocTh AgJ,C,0, paBHseTcs
1,0785 - 10 Moms/n, comeprkanue noHoB cocrasmsier [Ag'] = 2,157 - 10™ mounb/x;
[C,0,]=1,0785 - 10”° moub/m.

2 cnoco6: Ilpu pacuere pactBopumocTt conu Ag,C,0, MOXKHO BOCIOIB30-
BaThCsl (HOPMYIION:
1P, 5

xX*.yY

S:X+Y
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3nech (C ydeToM AMCCONMAIUN JaHHOUM conu B pactBope) X = 2, Y= 1 nmomyuyum
3HaYEHHE PaCTBOPUMOCTHU:

HPA92C204
22.1!

-15
S=3 % =1,0785-10"" momp/a.

Jlanee aHAJIOTHYHO BBIIIIE IPUBEICHHBIM pacCyXICHHIM: pacTBopuMocTh Ag,C,0,
pasna 1,0785 - 10™ Monb/i; coJiep>KaHhe HOHOB [C2042'] =1,0785 - 10 moun/i;
cozeprKaHue HOHOB cepebpa cocrasisier [AgT] = 2,157 - 107

— 2+

3apaua 4: Ocanok, conepxamuii 0,3 T CaCOj3, mpomerT 300 M Boabl. Beramc-
JUTH CKOJIbKO TpaMMoB CaCO3 OyaeT mpu 3TOM pacTBOPEHO M KaKoBa OyJEeT MoTe-
psi ocajgka (B MPOLIEHTAX ) BCIEICTBUE PACTBOPUMOCTH COJIH.

Pemenue: 1. B npunoxxennn 1 Haxoaum Benuuuny [IPCaCO; = 4,8 - 107,

2. Ilo ypaBuenuto muccoumanuu comu CaCOjz; MOXKXHO MPUHATH KOHIEHTPALUU
noroB Ca”" u nonoB CO3° paBHBIME X W OIpPEeAeTIHTh pacTBopuMocTs CaCOs; B
MOJIB/JI

IMPcacos = [Ca®*][COs*]=x-x=4,8-107,
x = +/4,8-10° =6,9-107°:
[Ca®"] = [CO5*] = [CaCO3] = 6,9 - 10 moub/.

B 300 My BobI pacTBOpuTCS 6,9 - 10°-0,3=2,07 - 10° moms CaCOs.
3.0npenennm, ckosbko rpammoB CaCO; pactBoputcs B 300 M1 BOJIBI:
M.m. CaCO3 =40+ 12+ 16 -3 =100 ¢,

torma: 2,07 - 10 - 100 = 0,00207 2 CaCO; mepeiiner B pacTBOp.
4. HalineM, CKOJIbKO MPOIIEHTOB 3TO COCTABHUT OT HABECKH:

0,3 2 CaCOs3 cocraBuseTr 100%

0,00207 2 CaCOj cocrtaBut x %.

~0,00207-100
0,3
Takum 006pa3om, MOTEPst OT MPOMBIBaHUS OcajKa Bojoi coctaBuT 0,7%.

X =0,7%.

Bonipocsl 1151 cCaMOKOHTPOJISA
1.CymHoCTh rpaBUMETPUUECKOTO METO/1a aHAIHU3A.
2.01nu4me BeCOBOM (POPMBI OT OCAXKIAEMOM.
3.CylHOCTh MeTO/a OTTOHKH.
4 MexaHu3mbl 00pa30BaHUs KPUCTATNIMYECKUX U aMOP(HBIX 0CAKOB.
5.YcnoBus NpaBUIBHOTO OCAXKACHUS PA3HBIX MO MPUPOJIE OCAIKOB.
6.[1pou3BeneHrne pacTBOPUMOCTH, PACTBOPUMOCTD OCAJIKOB.
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7.5IBeHre coocaxkAeHus, MO3UTUBHBIE U HETAaTUBHBIE MOMEHTHI JAHHOIO SIB-
JICHUSL.

8.Bri00p ocamuTens B rpaBUMETPUYECKOM aHAIN3€e; TPeOOBaHUS, MIPEAbSIBIIS-
€MbI€ K 0CaIUTEINIO.

TEMA 3. KOJINYECTBEHHBIN AHAJIU3.
TUTPUMETPUYECKHUE METO/IbI

OCHOBHBLIE BOITPOCHI

CyIHOCTh TUTPUMETPUUECKOTO aHAIN3a U KJIacCHU(PUKALMS ero MeTo0oB. OCHOB-
HBIC TMOHATHUS B 00BEMHOM aHaJM3e: CTaHAapTHbIE PACTBOPHI, SKBUBAJICHTHAs Mac-
ca, TUTP, TATPOBAHHE, TOUYKA YKBUBAJIECHTHOCTH, MHAUKATOPbI. CrIOCOOBI BhIpaXke-
HUSl KOHLEHTPALUNA pacTBOPOB. Y CTAaHOBOYHBIE BELIECTBA U TPEeOOBaHUS, MPEIb-
sBisieMble K HUM. CriocoOsl TuTpoBanus. bydepnsie pactBopsl. Kpussle TuTpOBa-
Hus. TutpoBaHHe CUIBLHOW KHUCIIOTHI CHIIBHBIM OCHOBaHMEM. TuUTpoBaHue cialoil
KHCJIOTBI CWJIBHBIM OCHOBaHHEM. THUTpOBaHNE MHOTOOCHOBHBIX KHUCIIOT. Berunciie-
HUS pe3yIbTaTOB ONpeesIEHUN B 00bEMHOM aHAIN3E.

METOAMNYECKUE YKA3AHUA

TutpumerpruueckuM (0ObEMHBIM) aHAJIM30M HA3bIBAIOT METOMA, B KOTOPOM
KOJIMYECTBEHHOE MU3MEPEHUE OMPEIEIIeMOro BEUIECTBA MPOBOJAT MyTEM TOYHOTO
U3MEpPEHUsI 00BEMOB PACTBOPOB JBYX BEILIECTB, BCTYNAIOLIUX B peakuuto. Cienyet
o0OpaTuTh BHUMaHUE, YTO B TUTPUMETPUUYECKOM METOJE aHAJIU3 BEIIECTBA OCHOBAH
Ha MPUMEHEHUU 3aKOHA SKBUBAJICHTOB. MOMEHT OKOHYAHMs pEaKIMM, KOT/la B3a-
UMOJICHCTBYIOIIKE BEIIECTBA MOJHOCTHIO MPOPEArUPYIOT MEXKITY COOOM, Ha3hIBAIOT
TOYKOM SKBHUBAJIEHTHOCTH, T.K. B 3TOT MOMEHT KOJMYECTBA B3aUMOJECHCTBYIOIINX
BEII[ECTB CTPOTO KBUBAJICHTHBI. MOMEHT SKBUBAJIEHTHOCTH MOXET OBITH yCTa-
HOBJICH N0 M3MEHEHMIO OKPACKHU PEarupyrollux BeIIeCTB (HAMpUMeEp, B METOJE
MEPMAHTaHATOMETPUM) WM 1O HW3MEHEHHIO OKpPAaCKHM HHANKATOPOB (METOJ
HehTpanuzauu). Cnenyer pa3o0paThCs, MOUeMy HE BCE aHATUTHYECKUE PEAKIIUU
MPUMEHUMBI B TUTPUMETPUYECKOM METOJIE U KaKUM TPeOOBAHUSAM JIOJDKHBI YA0-
BJIETBOPATH PEAKIIMU, UCTIOIB3YEMbI€ B JAHHOM METO/IE.

O3HaKOMbBTECH U 3aMIOMHHUTE HOBBIE TEPMUHBI TUTPUMETPUU: TUTPAHT, YCTa-
HOBOYHOE BELIECTBO, CTAHJIAPTHOE BEIIECTBO, pabOYMil pacTBOp, THUTP PacTBOpA,
HOPMAaJIbHOCTh PACTBOpa, TOUYKA SKBUBAJICHTHOCTH, KpUBasi TUTpoBaHus. M3yuute
TpeOoBaHUsI, MpeaAbsIBIsIeMble K TUTpaHTaM. HeoO0xoaumo HaydHUThCSl MPABUIHLHO
pPacCUUTHIBATh DKBUBAJICHTHYIO MacCy (3KBUBAJIEHT) KUCJIOT, IIEJI0Uel U COJIeH.
Taxke 03HAKOMBTECh C KJIaCCH(PUKAIMEH METOJ0B TUTPUMETPUU: METOJOM KHC-
JIOTHO-OCHOBHOTO THUTPOBAaHUS (HEUTpalU3allii), METOAAMU OCAXACHUS U KOM-
MJIEKCO00pa30BaHUsl, METOJAMH OKHUCIICHUS-BOCCTAHOBJICHUS M pa3z0bepuTe, 4TO
JICKUT B OCHOBE JICJICHHUSI.

Kparkuii TeopeTu4ecKuil MaTepuall
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Tumpumempuueckum aHAIU3OM HAZLIEAIOM MEM OO, 6 KOMOPOM Koluye-
CMeeHHOoe onpeodesieHue eeulecmed nPoeooam nymem moYHo20 usmepeHus 00b-
e€M06 Pacmeopoe6 08yx 6euiecme, 6CHYnaouiux 6 peaKuyuio.

IIo cpaBHEHMIO C T'PaBUMETPUYECKUM METOJOM TUTPUMETPUYECKUN METOL
MMeEET IIPEUMYILIECTBO IO CKOPOCTH BBIIIOJIHEHMS aHANIN3a. Y CKOPEHUE OIpeeIie-
HUS JIOCTUTaeTcs Ojarojaps TOMY, 4YTO BMECTO B3BEIIMBAHMS MPOIYKTa (@ TaKkKe
TPYAOEMKHX ollepaluil (pUiabTpoBaHus, IPOMBIBAHUS, CYIIKH, IPOKATUBAHMS) U3-
MEpPSIOT 00BEMBI PACTBOPOB PEATMPYIOMIMX BEIIECTB, KOHUEHTpAIUs OJHOTO M3
KOTOPBIX — TUTPAHTA - U3BECTHA.

TuTpuMeTpryecKue METOAbl aHajlu3a OCHOBAHBI HA 3aKOHE JKBUBAJICHTOB:
BEILIECTBA B3aMMOJECUCTBYIOT APYr C IPYrOM IPSMO NMPONOPLUOHAIBHO MX JKBH-
BAJICHTAM

m1/m2 = 31/32 ,

rae M; ¥ M, - Macchl pEarupyronnux BEUIECTB;
D1 ¥ 37 — UX KBUBAJICHTHI (9KBUBAJIEHTHBIE MACChI).
[Ipu nepexoie kK pacTBOpaM 3aKOH MPUHUMAET HOpMy

N;V1=N,yVy,

rae Vi u V, — 00beMbl pearupyronux BeecTB
N; u N, — HOpManbHOCTH (HOpMasibHasi KOHIIEHTPAIMsI) PACTBOPOB PEAarupyronux
BEILIECTB.

Hopmansnocms pacmeopoé — cniocod BbIPAKEHUS KOHIIEHTPALUH, BbIpa-
YKAIOIIUN YHCIIO TPaMM-3KBUBAJIEHTOB PAaCTBOPEHHOI'O BellecTBa B | ymrtpe pac-
TBOpA.

I'pamm — 3Keueanenmom eeuiecmea VI €r0 SKBUBAJICHTHOW Maccou
HAa3bIBAIOT KOJMYECTBO €r0 IPaMMOB, XUMUYECKH PaBHOLIEHHOE | TpamMm — aTomy
(1 TpaMM-HOHY) BOJOpOJA B TaHHOM peakuuu. Pacuer 1 r-skB. BeniecTna:

JIJ1st KUCJI0T: MOJIsIpHAsi Macca / Yuciio MPOTOHOB.

JIns ocHOBaHMIA: MOJIIpHAs Macca / YUCiIo THIPOKCO-TPYIIIL.

Jlns coneit: MosisipHas Macca/ (4MCI0 aTOMOB MeTajljla COJIM * BaJICHTHOCTD

KaTHOHA).

OnHako rpaMM-3>KBHUBAJICHT HE SIBJISIETCS. BEJIMUMHOW MOCTOSIHHOW, @ 3aBUCHUT OT
peakiuu, 4TO 0COOEHHO BaXKHO JIsI MHOTOOCHOBHBIX KHCJIOT.
Paccmotpum 3 peakiuu:

H;PO, + 3NaOH = NazPO, + 3H,0

HsPO, + 2NaOH = Na,HPO, + 2H,0

H3PO4 + NaOH = NaH2PO4 + HZO

B nepBom ciywae 1 rp-skB. ¢pochopHOil KHCIOTHI OTBeuaeT 1/3 MonsipHO
Macchl — 32.66 2. Bo BTopoMm citydae TobKO 2 MossipHOU Macchl (49 2). B Tperbeit
peakuuu | rpaMM — SKBHUBaJIEHT (POCPOPHON KHCIOTHI paBeH MOJIIPHON Macce
KHUCJI0ThI-97,99 2.
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B CiIydac OKHUCIIMTCIIbHO-BOCCTAHOBUTCIBHBIX peaKHI/Iﬁ rpaMM-9KBUBAJICHT
BCIICCTBA PACCUUTHIBACTCA KaK OTHOIICHHUC MOJ'IHpHOfI MacCChl K YHUCIIYy IpUHHUMAC-
MBIX WUJIN OTAABACMBIX 3JICKTPOHOB. HaHpHMep, JJISL pCaKIUH.

10FeSO, + 2ZKMnO, + 8H,S0O, = 5F€2(SO4)3 + 2MnSO, + K,SO, + 8H,0

MnO, +5¢ — Mn% : rpaMM-dKBHBaNEHT KMnO, paBen 1/5 MmoisipHOI
rp p p

MAacCCHI,

Fe?* -le — Fe*: rpamm-sxBuBanent FeSO, paBeH MOIsIpHOIT Macce.

W3 nousaTus 00 SKBUBAJIEHTE KaK O XMMHYECKHA PABHOIICHHOM KOJHYECTBE
CIIEIyET, YTO I'PaMM-3KBUBAJICHTHI MPEJCTABISIOT COOOM KaK pa3 T€ BECOBBIE KO-
JIMYECTBA BEILIECTB, KOTOPHIMH OHM BCTYMAIOT B PEAKUHUIO APYyT ¢ Apyrom. Hampu-
Mep, Ha HeHTpau3auio 1 r-skB. 000U KUCIOTH MoHAeT 1 r-3KkB. M1000H 1Ieso-
qH.

O4eBUIHO, YTO U NPU TUTPOBAHWH B PEAKLUU 3aTPAYMBAIOTCS OJAUHAKOBBIE
KOJIMYECTBA I'PAMM-3KBUBAJICHTOB TUTPYEMOIO W THUTPYIOIIETO BEIIECTB A0 MO-
MEHTa OKOHYAHHMSI PEAKIIUH.

PactBOpsl, conepxamue 1 r-nkB. BeniecTsa B | J1, Ha3bIBAIOT HOPMAJIBHBIMU
(UM OJHOHOPMAJbHBIMU). Tak OJHOHOPMANBbHBIN PAaCTBOP CEPHOM KHUCIOTHI CO-
nepxut 98,08 : 2 = 49,04 2 H,SO,4 B 1 nmutpe pactBopa. Yamie misi yMEHbIICHUS
OLIMOKH B TUTPpUMETPHUH Hcodb3ytoT 0,1 H pacTBops! nim gaxe 0,01 H.

TuTpoBaHue MPOUCXOIUT OT CIOBA TUTP. 1100 mumpom nonumaiom yucio
2PAMMO8 UNU MUTTUSPAMMOB 8euecmaa, cooepicaweecs 8 1 man pacmeopa.

Tumpoeanue — npoliecC MOCTENIEHHOTO MPUINBaHUS (HEOOIBIITUMHU MOPIU-
SMH) TUTPAHTa - PacTBOpa C M3BECTHOM KOHLEHTpaLUEl BEIECTBA - K pacTBOPY
OINPEAEISIEMOr0 BEUIECTBA 10 MOMEHTA JJOCTUKEHUS TOUYKH SKBUBAJICHTHOCTH.

Touka sKeuganenmuocmu — OKOHYAHHE PEAKLNHU, B 3TOT MOMEHT B3aWMO-
JEHCTBYIOLIME BEIIECTBA MOJHOCTBIO IPOPEATUPYIOT APYT C APyroM. B 3ToT MoO-
MEHT KOJIMYECTBA MMPOPEArupOBaBLIMX BELIECTB CTPOrO0 SKBUBAJIEHTHBI. ToUuKa 3K-
BUBAJICHTHOCTU MOXXET OBbITh YCTAHOBJEHA MO M3MEHEHUIO JIMOO OKpacKu pearu-
pYIOLIMX BEIHIECTB (HAlpUMep, B IMEPMAHTaHATOMETPUH) WM IO H3MEHEHUIO
OKPAaCK{ MHIUKATOPOB.

Peaxkyuu, npumenaemovle 6 mumpumempuieckom memaooe, 00J1HCHbL YOo-
611€MEOpPAmMb CEOYIOUUM MPEDOCAHUAM:
1.Peakiusi 1oKHA OBITh MPAKTUYECKH HEOOpaTUMOM. DTO YCIOBUE B TUTPHU-

METPUYECKOM METOJIE €€ Ba)KHEE, YeM B IPaBUMETPUYECKOM, T.K. 37€Ch

HET BO3MOXXHOCTH CMEIIATh PaBHOBECHE PEAKIUHU, BBOJS M30BITOK PEaKTHU-

Ba.

2.MOMEHT OKOHYaHHUsl peakiuu (TOUYKa HKBUBAJIEHTHOCTH) JIOJDKEH OBITh XO-
powo 3ameTeH. B Touke 3KBHBAJIEHTHOCTH JOJDKHA M3MEHSTHCS OKpacka

WIM CaMHUX BEILECTB, YYaCTBYIOLUIUX B PEAKIMH, UM IOCTOPOHHMX BEIIECTB

- UHAMKATOPOB, KOTOpbIE MPEIBAPUTEIHLHO B OYEHb HEOOJBIIUX KOJUYE-

CTBax BBOJSAT B aHAJIIM3UPYEMBII pacTBOP.

3.Peaxnus mommkHa IpoTEKaTh OBICTPO, TPAKTUIECKH MOMEHTAIBHO.
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4.VI3MeHEHHE BHEIIHHUX YCJIOBUM, NPH KOTOPBIX BBINOJHSIOT PEAKLHIO, HE
JIOJKHO BIIMSATH Ha €€ X0 U Ha CBOMCTBA KOHEYHBIX IIPOJYKTOB.

Tumpanm Wi pacTBOP C TOYHO H3BECTHBIM THUTPOM MOXKHO MPUTOTOBUTH
MyTEeM B3STH TOYHOM HABECKU BEIIECTBA HA AaHAIMTUYECKUX BECaxX U paCTBOPEHUU
ee B MepHOH Koj0e (B TouHoM oObeMme). Torma TUTp pacTBOpa pacCUYUTHIBAIOT IO

bopmyie:
T=9/V, mi'r,

rje g — HaBecKa BemiecTBa, I; V — o0beM pacTBopa, J.
JlJis IpUTOTOBIICHUSI TUTPAHTOB MO HABECKE MOXKHO OpaTh HE JIIOObIE Bellle-
CTBa, a Y OBJIETBOPSAIOIINE CIAEAYIOIINM TPEOOBAHUSIM:

1.BeniecTBO TOMKHO OBITh XUMHUUYECKH YHUCTHIM (HE JIOJKHO COJIEPKATh IIpUMe-
ceit ve 6onee 0,1 —0,05%).

2.CocTaB BellecTBa JOHKEH CTPOr0 COOTBETCTBOBATH €r0 XUMHUYECKOU (hopMy-
ne (manpumep, CuSQO,4-5H,0).

3.BeniecTBO MOMKHO OBITH YCTOWYHMBBIM Kak B TBEPJIOM COCTOSIHMM, TaKk U B
pacTBope.

4. KenarenpHa BO3MOXHO OOJiblllasi BEJMYMHA TpPaMM-IKBUBAJICHTa TUTPAHTA,
YTO MEHbILIE CKAXKETCS Ha OIINOKE U3MEPEHMUSL.

BemectBa, ya0BIETBOPSIOIIME BBIIICTIEPEYUCICHHBIM TPEOOBAHUSIM, Ha3bl-
BAIOT UCXOOHbIMU UMU cmanoapmubimy (YCTAHOBOYHBIMM), T.K., MOJB3YSICh UMHU,
YCTaHABIMBAIOT TUTPHI BCEX OCTAIBHBIX BEIIECTB.

Ecnu BemecTBa He yIOBIETBOPSIOT MIEPEUUCICHHBIM TPEOOBAHUSAM, TO U3 HUX
TOTOBSIT PACTBOPHI MPUOIUZUTEIHHON KOHIIEHTPALMU W YCTAHABIMBAIOT UX TUTP C
MIOMOIIIBIO0 TUTPOBAHUS PACTBOPAMH, PUTOTOBICHHBIMHU U3 UCXOHBIX YCTAHOBOY-

ueix Bemrects (NaOH, HCI, H,SO, u 1. 1.).

Kunaccndguxkanusi THTpUMETPUYECKUX METOI0B AHAJIN3A

l. Ilo xapaxmepy npomexaemoii xumuueckou peaKyuu pa3IndaioT:

1.Memoo rucnomno-ochogHo2o0 mumposarus (METOJ HEUTpanu3auu). ITUM
METOJ/IOM OIPEACNISIOT KOJTUYECTBO KUCIOT (AKAIMMETPHs1) UM OCHOBaHUI
(armmmoMeTpusi), KOJMYECTBO COJIEH CIa0bIX KUCIIOT U CIa0bIX OCHOBAaHMM, a
TaK)K€ BEIIECTB, KOTOPHIE PEarupyrT C JTHUMH cojisiMu. [lpumeHeHue
HEBOJHBIX PACTBOPUTENCH (CIHUPTHI, alleTOH) MO3BOJIMIIO PACIIUPUTH KPYT
BEII[ECTB, KOTOPHIE MOKHO OTPEIEITUTH 3TUM METOIOM.

2.Memoowvl ocadicoenusi u komniekcooopazosanus. Croga OTHOCATCS TUTPH-
METPUYECKUE ONPEICICHUS, OCHOBAaHHBIC HAa OCAXKICHUU TOTO WM WHOTO
HMOHA B BHJIC MAJIOPACTBOPUMOTO COCIMHCHHSI UJIN CBSI3BIBAHUS €TI0 B MaJjlo-
JTUCCOITMUPOBAHHBIN KOMITJICKC.

Ag- + X — AgX| (rne X —CI', Br, I', SCN)).

3.Memoowbl okucnienus-6occmanosienus (pedokcumempust). ITU METOAbI OCHO-

BaHBI Ha PEAKIIUAX OKHCIICHUSI-BOCCTAHOBIIEHUS. X Ha3BIBAIOT OOBIYHO ITO
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MPUMEHSEMOMY THUTPOBAHHOMY PAacTBOPY peareHTa: MepMaHTaHATOMETPHS
(peakuusi OKHUCJIEHHUS IepMaHTaHaT-UOHOM), OpomaToMeTpus (peaxius
okucienuss 6pomatoMm kKanmsi — KBrOs), TuranomeTpusi (peakiusi BoccTa-
HOBJIEHUA MOHAMHU TUTAHA — Ti3+) AT. 1.

Il. ITo cnocoby mumpoeanusa pa3nuyaroT CIEAYIOMUE TATPUMETPUUECKHAE METO-
TTBI:
1.Memoo npamozo mumposanusi. B 3ToM ciydae onpeaensieMblii HOH TUTPYIOT
pacTBOpOM peareHTta (Wim Hao0opoT).
2.Memoo obpamnoco mumpogarus (Mumpogarue no ocmamky). ITOT METOJ
NPUMEHSIOT KOTJa HET MOAXOJALIET0 MHANKATOpa WX KOTJla OCHOBHAs pe-
akius mpoTtekaetr MmemiaeHHo. Hampumep, minsa onpenenenus CaCO; HaBecky
BEIIEeCTBA 00pabaThIBAIOT N30BITKOM TUTpOBaHHOTO pacTBopa HCI:

CaCO; + 2H* — Ca** + H,0 + CO,t

OcraBirytocst Hermpopearupoabinyio kuciaoty HCl oTTuTpoBbIBaloT pacTBOpOM
IIEJI0YN U TEM CaMBIM OIPEISSIOT KOJIUYECTBO COJISTHOM KUCIOTHI, HE BOIIIE/IIEE
B peakinio ¢ CaCOj. 3nas npumuroe k CaCO; xomumuectBo HCI, paccunrthiBaior
conepxxanne CaCOj3 B mpobe.

3.Memoo 3amewenus. ITOT METO IPUMEHSIOT TOTJa, KOTJIa 3aTPyAHEHO OIlpe-
JieJICHHE TOYKH SKBUBAJICHTHOCTH, HaPUMED TMIPH paboTe ¢ HEYCTOMYMBBIMU
BemecTBamMu. Harmpumep, B peakiuu:

cr + Fe** = crft + Fe?

wonsl Cr** 3amensroT Ha mons! Fe?, KOTOPBIC 3aTEM OTTUTPOBBIBAIOT (HAIpUMeED,
2
KMnO,) u, TeM caMmbIM, onpesensior coaepxkanue Cro',

I11. ITo mexnuke evinonnenus ananuza paznuyuaiom 06a Memooa:
1.Memoo nunemuposanusi. HaBecka aHaIM3UPYEMOTO BEIIECTBA PACTBOPSIETCS
B TOYHOM 00beM (Hampumep, 5,0765 2 pacTBOpsIOT B BOJie Tak, 4TOOBI 00-
it 00bem pactBopa coctasisul 100 mit). [lanee mnumerkoil U3 3Toro pac-
TBOpa OTOMPAIOT AJIMKBOTHI — TOYHO U3MEPEHHBIE 00BEMBI PacTBOpA - JJIs
MpoOBeNeHUsI N MapajuIebHbIX H3MepeHult (Hanpumep, 1o 10 mi1 B 3 Koobl).
[IpoBOAT N MapauIeIbHBIX TUTPOBAHUM PACTBOPOB OIPEIEIIIEMOIO Bellle-
CTBa pacTBOpPOM THTpaHTa. Pacuer oObemMa TUTpaHTa, MOMISANIETO HA THUT-
pOBaHWE aHAIM3UPYEMOTO PacTBOpa, MPOU3BOJIAT KaK cpeaHee apudmeTu-
YECKOE U3 N mapajuiesiei.
2.Memoo omoenbhbix HagecoK. 3 Pa3HbIX HABECKH aHAIM3UPYEMOI'O BEIIECTBA
PacTBOPSIOT B Pa3HbIX HEOOJBIINX 00beMaxX pacTBOpUTEN. [IpoBOIAT THT-
pOBaHUE TUTPAHTOM KaXKJIOTO pacTBOpa. PacCYMTHIBAIOT TUTP KaXKIOTO aHa-
JU3UPYEMOTO PACTBOpA U J1ajiee OOIINI TUTP KaK cpeHee apupMeTHIECKOE
TpeX MapauieTbHO H3MEPEHHBIX U PACCUNTAHHBIX TUTPOB.
Kakum Obl 13 METOZOB THUTPOBAHUS HE MPOBOAMIOCH OTPEEICHUE, BCEria
MPEANoaraeTcs:
- HaJgu4#e TUTPAHTA, MPU MTOMOIIX KOTOPOTO MPOBOJSAT TUTPOBAHUE;
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- TOYHOE M3MepeHHne 00bEeMOB OJHOTO MM O0OMX PACTBOPOB pearupy-
IOIINX BEIICCTB;
- BBIYHCJICHHE PE3yJHTATOB aHAIHN3a.

Pacuyernl B TUTPUMETPHUYECCKHUX METO/IaX aHAJIHU3A

Breraucnenus IMPOBOIAT C UCIIOJIB30BAHUCM CIICOYIOIINX (I)OpMy.]'I:
3aKOH PKBUBAJICHTOB:

N:1Vi=NyV,.
Brruucnenne tutpa pacrtsopa:
N-O
= 1000 °

Brruucnenue Maccol OIIpCACIIACMOI'O BCUICCTBA!

MB-BA = N - 3Vp-pa

Buiuucnenusn npu eviparxcenuu KoHUeHmpauuii yepes mump no onpeoe-
naemomy eéeujecmay. [Ipu MaccoBbIX aHANIM3aX OYEHb YIOOHO BBIpaKaTh KOHIICH-
Tpanuu paboyux pacTBOPOB HE Ye€pe3 HOPMAIBLHOCTh UM TUTP, a Yepe3 TaK Ha3bl-
Ba€MbIi TUTP MO ONPECIISIEMOMY BEIIECTBY, T.K. 3TO 3HAUUTEILHO YIIPOIIAET BbI-
yucienus. Hanpumep, tutp pabouero pactBopa AgNO;, ynorpebisiemoro mnpu
MaccoBbIX omnpeneicHusx noHa Cl’, 00bIYHO BBIpaXKaIOT MO XJIOPY, T.C. YKa3bIBAIOT
co ckoibkumu rpammamu Cl™ pearmpyer 1 mi pactBopa AgNO;. Boerumcienus
MPOBOJIAT IO (popMyIIam:

T _ NAgNos o .
AgNO;/CI™ 1000 )
My =TAgNO3/CI‘ “Vagno,

Kucsi10THO-0CHOBHOE TUTPOBAaHUE (METO/ HEMTPAIU3ALMHI)
OCHOBHBIE BOITPOCHI

Kucnorno-ocHoBHoe tuTpoBanue. OcHOBHas peakuus mMerona. Kpuseie TutpoBa-
Hus. Ckadok TuTpoBaHus. Touka skBUBajieHTHOCTH. M3menenne pH pactBopa B
npoiiecce tutpoBanus. bydepusie pactBopsl. Pacuer pH 3nauenuit cpemwl as
CWJIBHBIX U CJTA0BIX KUCJIOT U OCHOBAHUH, THIPOJIU3YIOMUXCS coyiei. HIuKaTopsI
METOJ]a KHUCIIOTHO-OCHOBHOTO TUTpoBaHuA. CTaHAapTHbBIE PAaCTBOPBI, UX MPUTO-
TOBJICHUE U YCTAHOBKA TUTPA U HOPMAJIbHOCTH.

METOAMYECKUE YKA3AHUA
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Crnenyer 3allOMHUTB, YTO K METOAY KUCIOTHO-OCHOBHOI'O TUTPOBaHHUS (HEUTpaIn-
3allMK) OTHOCST BCE aHAJUTHUYECKUE OMpEETIeHHsI, B OCHOBE KOTOPBIX JICKHUT pe-
aKIIMS:

H" + OH < H0

H;0" + OH <  2H,0
[To aTOMy MeTOAY MOKHO, MOJB3YSACh TUTPOBAHHBIM PACTBOPOM KaKOW-TMOO KHC-
JIOTHI, IPOBOJUTH KOJIMYECTBEHHOE OIpe/esieHre Ienoue (aluanuMeTpusi) Uiy,
IIOJIb3YSICh TATPOBAHHBIM PACTBOPOM LIENOYHN, KOJIMYECTBEHHO ONPEAEIIATh KUCIIO-
ThI (ankanuMmertpus). Kpome Toro, 1aHHbIM METOJIOM BO3MOXKHO OIpEEICHUE He-
KOTOPBIX COJIEM, UMEIOIINX CHJIBHOIIEIOYHYIO PEAKLIHIO BCIEACTBUE T'MAPOJIN3a,
KECTKOCTU BoAbl U T.A4. CienyeTr pa3oOpaThCs, paCTBOPHI KAKUX BEIIECTB IPUMeE-
HSIIOTCS B METO/IE HEUTpanu3aliy B KaUeCTBE YCTAHOBOUHBIX U pabOYHX.

OOparvuTe BHUMaHUE, YTO B MPOILIECCE TUTPOBAHUS MPOUCXOAUT U3MEHEHHE
pH pactBOpa (3T0 MOKHO HPOCIEIUTH IPU MOCTPOESHUU KPUBOM TUTpoBaHus). B
MOMEHT 3KBHUBAJICHTHOCTH BeJInunHa pH pacTtBopa 3aBUCHT OT IPUPOABI pearupy-
IOIMX BEIIECTB U UX KOHLEHTpauuu. B ciydae pearnpoBaHusl CWIIBHBIX KUCIIOT U
ocHOBaHUU pH pacTBOopa B TOUKE 3KBHUBaJICHTHOCTU paBeH /. Ho ecnm B peakuun
Yy4acTBYET CJIa0bIN 3JEKTPOJIUT (T.€. BEIIECTBO, AUCCOLMUPYIOIIEE Ha HOHBI B pac-
TBOpE B MaJIOM CTEINEHU), TO 3a CUET TMIpoan3a obdpasyromuxcs coneld, pH B mo-
MEHT 3KBUBAJIEHTHOCTH MOXKET OBITh OOJIbILIE MM MEHbLIE 7.

Pa3zbepute, yTo mpencTaBiAOT coO0i OydepHble pacTBOPBI, UX MpPaKTHUE-
CKO€ 3HAYEHUE U IPUMEHEHHUE.

O3HaKOMBTECH C HOBBIMM TEPMHHAMHU: HWHJHMKATOPBI PEAKIMH, KUCIOTHO-
OCHOBHBIE MHIMKATOPbI, HUHTEPBaI (00JIaCTh) NEepexoja OKpacku MHAUKaTtopa, pK
MHIUKATOpa, MHAUKATOpHAs OUIMOKa TUTpoBaHus. Pa3depure, moueMy BaKeH mpa-
BUJIbHBII BBIOOP MHIAMKATOpA JJIA KaXIOW aHAIUTUYECKOW PEaKIUH MO JAHHOMY
METO/y U TIOYEMY B 3TOM Cllydyae HEOOXOJIMM MPaBHIIbHBIN pacyeT 3HaueHuid pH B
polecce TUTPOBAHMS M MOCTPOEHUE KPUBBIX TUTpoBaHuUs. Pazbepure mnpumepsl
pacuera pH 3HadueHMi1 cpenbl B ciiydyae CUIIbHBIX M CJIA0BIX KUCIOT M OCHOBAaHMUIA, a
TAKK€ TUIPOTU3YIOLIUXCS COJIEH.

KpaTkuii TeopeTu4ecKuii MaTepuall

B ocHOBe KHCIIOTHO-OCHOBHOIO THUTPOBAHHUSl - METOJA HEUTpamu3aluu -

JICKUT PEaKIIUS:
H + OH < H0

TexHHKa KUCIOTHO-OCHOBHOTO TUTPOBAHUS MPOCTAa U COCTOUT B TOM, YTO K
OIIpEEIEHHOMY 00BEMY PacTBOPA aHAIM3UPYEMOIO COEIMHEHUS (KUCIOTHI, COJIH,
OCHOBAHMSI) TIOCTETIEHHO MPUJIMBAIOT U3 OIOPETKU TUTPOBAHHBIN pacTBOp (OCHOBA-
HUS WIM KUCJIOTHI) O HACTYIUIEHUS] TOYKH SKBUBAJEHTHOCTH. KoauuecTBo Bele-
CTBa B pacTBOpE, T.€. €r0 KOHLEHTPALMIO BBIYUCILIIOT MO KOJIMYECTBY PEArcHTa,
MOIIEIIEr0 HA TATPOBAHHUE.

TouKy 3KBHBAJIEHTHOCTH B KUCJIOTHO-OCHOBHOM METOJI€ YCTaHAaBIIMBAIOT C
MOMOUIbIO0 UHAWKATOPOB, T.K. PACTBOPHI IMOYTH BCEr/1a OECIIBETHBI.
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[Ipu KHCIIOTHO-OCHOBHOM THUTPOBAHHMH B 3aBUCHMOCTH OT TPHUPOJBI pearu-
PYIOIIMX BEIIECTB TOYKY 3KBUBAJICHTHOCTH YCTAHABIMBAIOT JTMOO B HEHUTPAIbHOM,
HO Yallle B HICJIOYHON WJIM KUCTIou cpeze. st Toro, 4ToObl MpaBMIIbHO MOA0OPATH
WHUKATOpP, HAJ0 YMETh MPAaBWIBHO PAacCUMTHIBATh 3HaueHusi pH pactBopa, mpu
KOTOPOM HACTyMaeT TOYKa SKBUBAJIECHTHOCTHU, MOCKOJIbKY UHAMKATOPHI U3MEHSIOT
CBOIO OKPAacKy JIOCTaTOYHO B y3KOM MHTEpBaje 3HaueHui pH.

Tak, ecnmu OynyT pearupoBaTh CHUJIbHASI KHCJIOTa U CUIILHOE OCHOBAaHHE, TO
TOUYKA IKBUBAJICHTHOCTH HACTYNUT npu pH = 7, ecnu ke Mbl OyJaeM TUTPOBATh
NH;OH cunpHO#t KMCI0TOH, TO TOYKA SKBUBAJCHTHOCTH HACTYIUT B KUCJIOW Cpe-
ne, T.K. NH;OH - ato cnabsrii snektponmt. B citydae mpuMeHeHUs ClTa0bIX dJIeK-
TPOJMUTOB i pacueta pH crieayer moiab30BaThCS TaOIMUHBIMHM 3HAUYCHHUSIMU HX
koHcTaHT auccormaruu (I[lpun. 2). Ecnu M1 Oyznem TutpoBaTh Caabyro KHUCIOTY
CH3;COOH cunbnabiM ocHoBanueM - NaOH, To tutrpoBaHue Haj0 3aKOHYUTH B
IEJI0YHOM cpene. PaccMoTpum nocineHuii ciryJai:

CH;COOH + NaOH < CH;COONa + H,0
20M10,1la  20mn0,1 8

ITo 3akony 3xBHBaneHTOB N;1V; = N, V..

Jlo Havana TUTpOBaHMS cpena cliaboKuciasi, T.K. YKCyCHas KUCJIOTa — clia-
ob1it anekTponut. [lo mepe nobasnenus NaOH cpena Oyner cTaHOBUTHCSA BCe Me-
Hee KHUCIION M, HaKOHEIl, CTaHeT HelTpanbHoil. Ho K ATOMy MOMEHTY M3pacxoo-
BaHO He 20 MJI 1IENOYH, a 3HAYUTENIbHO MeHbIe. ClieIoBaTeIbHO, PACTBOP HENO-
TUTPOBAH, T.K. KOJIMYECTBO IIEIOYN HE SKBHUBAJCHTHO KOJIMYECTBY KHUCIOTHL Ko-
I/1a )K€ K PaCTBOPY KHUCIOTHI Oy IyT MpHINTHI Bce 20 MIT IIEN0YH, T.€. KOTJa HaCTYy-
ITUT TOYKA SKBUBAJICHTHOCTH, Cpefia YKe OyJeT MMETh IICTOYHYI0 PEAKIIHIO.

W3 BhINIeCKa3aHHOTO CJEAYET, YTO MPH KHUCIOTHO-OCHOBHOM THTPOBAHUH,
HY)KHO TIPaBUJILHO paccunTaTh 3HaueHWe pH cpeapl B TOYKE IKBHBAJICHTHOCTH,
4YTOOBI MPABWJILHO BBIOPATh WHIUKATOP.

Pacuem 3nauenusi pH 6 600HbIX pacmeopax 31eKmponumos

B nanHoM pazjene npuBeieM OCHOBHBIC (DOPMYIIBI M IPUMEPHI JIS OTIpeie-
neHuss pH pacTBOpoOB CHUJIIBHBIX KHCJIOT W OCHOBAHUH, CJIa0bIX KHCJIOT M OCHOBa-
HUMH, a TAKXXKE paCTBOPOB THIPOJIM3YIOIIUXCS CoJiel U Oy(pepHBIX pacTBOPOB.

pH=-1g[H]  pH + pOH = 14
pOH =-Ig[OH] pH=14 -pOH
1. J[na cunvuovlx xuciom:
[H+] = CK-TLI
pH="-1Ig [H']
pH = pC K-TbI
Ipumep: onpeneanm pH 0,02 M HCI:
pH = -1g0,02 = Ig(2:10%) =2-1g2=2-0,3=1,7
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2. [{nsa cunvhblx 0OCHOBAHUIL:
pH =14 — pOH pH=14 - (-lg [OH]) wmu
pH = 14 - pCqe.
Ipumep: onpenenum pH 0,03 M NaOH:
pH = 14— (-lg [OH])
pH= 14— (-lg3-10%) = 14— (2—-1g3)=14-2+ 0,48 = 12,48

3. Jlnsa cnabwvix kucuom:

[H'] 6yzmer onpenensarhes 3Hauennem K, xkucnorsl (IIpunoxkenue 2).

Hanpumep, 1711 yKCyCHOM KUCIOTBI:
,_[H"I[CH,C00"]

[CH,COOH ]

Io ypasrenuto auccomuanuu: [H] = [CH;COOT.

Iyctb x — [H'] , a xonnentpanuio kucnorsl [CH;COOH] 3anmumem kak Cy.py,;

CraenoBaTteibHO, X% = K- C

[H+]:\/ Kzz 'CK—TH _
pH = - Ig (\/ Kg 'Cl(fTbI ) ni

oH = pKx —muwvi+ pCconu

2
IIpumep: Beruncnum 3nauenue pH 0,04 M pactsopa CH;COOH. U3 Ilpunoxe-
HEst 2 HAX0AuM 3Hadenne K, CH;COOH = 1,86-107; pK = 4,75. TIpoBoauM pacuer:

_475+(-lg4-10?%) 475+2-Ilg4 6,75-0.6
2 2

=1,85- 10>,

pH =3,075

4. Jlnsa crabwvix ocHosaHull.
OH =14 — pKocn+ pCoch

Ipumep: Paccunraem 3nauenune pH 0,05 M pactBopa NH,Cl (ITpunoxenue 2: K,
NH.Cl = 1,79-10”%; pK = 4,75):

4,75+ (-1g5-1072) 4,75+ (2 -1y 5) 4,75+ (2-0,7)

pH =14— =14- =14-

=10,98

5. Bviuucnenue pH pacmeopoé cudpoiuzyioumuxcs coneti:
5.1. Conb, oOpazoBaHa cj1aboi KUCIOTOM U CHJIBHBIM OCHOBaHHMEM (Halpumep,
CH3;COONa):

pKx —mut— pCconu

2
5.2. Conb, oOpazoBaHa c1abbIM OCHOBAHHEM M CHJILHOM KHUCIIOTOM (Hampumep,
NH,4CI):

pH =7+

pH =T+ pCconu— pKocH
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5.3. Conb, oOpa3oBaHa cinaboi KUCIOTOW M CIA0BIM OCHOBAaHHWEM (HAIpHUMeED,
(NH4)2C03):

7. pKk —muv1— pKocH

2
6. Buiuucnenue pH 6ygepnvix pacmeopos. bybepHbIMU Ha3bIBAIOT PACTBOPHI,
MOI/ICP KUBAIOIINE TTOCTOSTHHOE 3HaYeHue pH cpenpl pu q100aBIeHNN HEOOIBIINX
KOJIMYECTB KUCJIOTHI WK 1ienouu. Kak npaBuiio, 3T0 cCMecH CllabbIX KUCIOT U UX
coaeit (Hampumep, CH3;COOH + CH3;COONa) uimu cMecH ¢iiaObIX OCHOBaHMIA U UX
coaeit (NH4OH + NH4Cl). Pacuer pH OydepHbIX cucTeM Beaercs 1o Gopmyiam:
6.1. Cnabast KucjaoTa u ee CoJlb:

pH = pKk-mwut + pC k-mw1t — pCconu.

pH

6.2.Cimaboe OCHOBAHUE U €I0 COJIb:
pH = 14 — (pKocn. + pCocn. — pCconu).

Pemenue THNOBBIX 3agav

3agaua 1: Hagsecka comsr (Na,CO3) 2,500 T pacTBOpeHa B MEpHOIA K0JI0€ EMKO-
cThio 500 M. Beruuciuthb: a) HOpMaIbHOCTh pacTBOpa; 0) MOJISIPHYIO KOHIIEHTpA-
1o pacTBopos; B) Tutp mo HCI.
PemieHue:
1. HaxoauM HOpMaJibHYIO KOHIIEHTPAIUIO PaCTBOPA:
1 r-3xB. Na,CO; (3xBUBaJIeHTHasE Macca - D) COCTABIISIET:

3 NaCO, = M/2 = 23:2+12+16-3 106 _

532

B 2,500 r Na,CO;3 coaepxutcs 2,500/53 = 0,047 r-axB. Na,COs.
CocrasisieM MpONoOpLHIO:

0,047 r-skB. B 500 M pactBOpa

x r-3kB. B 1000 mx (1 ;) pactBOpa.
OTtcroa: HOpMaJIBHOCTh pAcTBOPA (YMCIIO r-3KB. B | J1 pacTBOopa) paBHa:

~0,047-1000
500

N =0,0943

2. Nna comu Na,COz; axTop 3KBHUBaNEHTHOCTH COCTaBisieT .. PaccumThiBaem

MOJISIPHYIO KOHIICHTPAITUIO PACTBOPA, €CIIM U3BECTHA HOPMAITBHOCTh PacTBOPA:
C,=N-1/2 =0,0943-1/2 =0,047 momb/m.

3. PaccunthiBaecm THTp pactBopa Na,COj; o onpenensiemomy BeriectBy — mo HCI:

N Na,CO;, '3HC|
TNa2C03/HCI = W ’
rae Dy =M/1=1+355=36,52.
0,0943-36,5
Torna T =——— " =0,003448 r/mu.
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3agaua 2. Ckonbko Muumntpos H,SO, (totHOCTBIO 1,84 T/eM®) HE06X0AMMO
B3Th 151 npurotosieHus 500 mu npubnusurensHo 0,1 H pacTBopa KHUCIOTHI.
YcraHoBuTh TOUHYH HOpMaiabHOCTh H,SO,, ecnm Ha 10 mi 0,1234 H pacTBOpa
NaOH uzpacxonoBanu B cpennem 11,25 mi H,SO,.
Pemienue: [lpu nomHONM HEUTpaIU3alUMU CEPHOM KUCIOThI BEJITMYNHA €€ SKBUBAJICH-
Ta paBHa 98,04 : 2 = 49,02. KonuyecTtBo rpammoB unctoi H,SO,4, HEOOXOaMMOE
st mpurotoBienus 0,5 n npubnusurensHo 0,1 H pacTBopa, MOKHO BBIYHMCIIUTH
TakK:

Mpsos =2 N-V=4902-0,1-05=245T.
W3 cnpaBounnka Haxoaum, 4to H,SO, motHOCTRIO 1,84 r/em® umeer KOHIICHTpa-
o 96%. Beruucianm, B KAKOM KOJIMYECTBE ITOW KUCIOTHI COEpPKUTCS 2,45 T un-
croit H,SOy:

100 r 96 %-noii kucnotsel coaepxkar 96 r H,SO4

X T 96 %-Hol KuCIOTHI conepxar 2,45 r H,SO,

o 100-2,45 _255

YT0oObI IEpENTH OT MACCHI K 00BEMY BOCIIONIB3yeMCs (OPMYJIION:

v="

P
2,55
V =——=13%ux

1,84
Takum o6pazoMm, s npurotoBieHuss S00 mu nmpubiusurensHo 0,1 H pacTBOpa
CEPHOUN KHUCIOThl HYKHO OTMEPUTh MEPHBIM HWJIMHIAPOM 1,39 Ml KOHLIEHTpHUPO-
BanHo H,SO,4, pacTBOpUTH U T0BECTH BOAOM 10 00bema 500 mit.
Y CcTaHOBUM TOUYHYIO HOPMaJIbHYHO KOHUEHTPALHIO MOJTYYEHHOTO PAcCTBOpa CEPHOM
KHUCJIOTHI IO (hopMyJIe:

N H,S0, = N NaOH - VNaOH / VH,S0,
N H,50,=10-0,1234 /11,25 = 0,1097 r-5kB./m.

3agaua 3. Ilpu xakom 3Hauenuu pH crnenyer 3akoHunTh TUTpoBanue 0,2 M pac-
tBopa CH3COOH 0,1 M pactBopom NaOH u kakoii ”HIUKATOp CIEIyeT MPU ITOM
UCIIOJIB30BAaTh?

PemieHue. YpaBHEHUE peaklnu.

CH3;COOH + NaOH = CH3;COONa + H,0.

CorylacHO 3aKOHY 2KBHMBAJICHTOB M C yYETOM JAHHBIX 3aJladyd BBITCKACT, YTO Ha
tutpoBanue 1 oovema 0,2 m pactBopa CH3COOH 6ynet 3atpaueno 2 oowema 0,1
M pactBopa NaOH. Torma B Touke SKBHBaJICHTHOCTH MbI mMeeM 3 oObema. B
TOYKE SKBUBAJIEHTHOCTH KHCIIOTa W IIEJIO0Yb MOJHOCTHIO M3pacxoaoBaHbl, a pH
cpenbl OyZeT OompeneNsIThCs KOHIIEHTpalueil oOpa3oBaBIIEWCS COJM  areraTra
HATPHS U CTETICHBIO ee Tuaponn3a. KonmnenTpanus conu OyneT paBHa:

35



Cy =0,2/3=0,07 mons/m.
CH3COONa — conb, o6pazoBaHHasi CHJIbHBIM OCHOBAaHHEM M C1ab0 KUCIIOTOM. B
[TpunoskeHnn 2 HaXO UM KOHCTaHTY JHUCCOIMAINH CJIa00i YKCYCHOM KUCIOTHI K,
=1,85:10°. Pacuer pH pactBopa coim, 06pa30BaHHOM CHIBHBIM OCHOBAHHEM U
c1a00¥ KUCTOTOM:

PK s = PCosis
2 .
~lg(18-10°) ~1g0,07 _, 474115 _
2 2 _
Omeem: UToOBI TpaBWIBHO 3a(PUKCHPOBATH TOYKY SKBHUBAJICHTHOCTH CIICTYET
B35ITh MHJIUKATOpP TUMOJOBBIN cuHui (uHTepBan pH nepexona: 8,0 — 9,6; usmene-

HUE OKPAaCKHU: JKeNTas - CHHsSA) Wwin Ooyiee nocTymHbli ¢denondranenn (8,2-9,8;
OeclBeTHAsI — MaJIUHOBAs).

pH= 7+

8,8

pH= 7+

3agaua 4. UYewmy paBHBI HOpMaIbHOCTh U TUTP pacTBopa NaOH, ecnu npu tutpo-
BaHuu UM HaBecku 0,159 r maseneBoit kucinotel H,C,04 - 2H,0 (pacTBOopeHHOM B
IPOU3BOJIBHOM 00beMe BOJIbI) 3aTpaueHo 24,60 mu pactBopa NaOH?

Pemienue. Peakiusi mpoTekaeT COrjacHO ypaBHEHUIO:

H,C,0, + 2 NaOH = Na,C,0, + 2H,0

T.x. va 1 Mo H,C,0,4 Tpebyercst 2 Mo NaOH, To skBuBanent H,C,0, coctas-
JISICT TTOJIOBUHY €r0 MOJICKYJISIPHON MacChl

M H,C,0,-2H,0
D= 5 =126/2=63 2.

PaccunTaeM KOJIM4ECTBO IPAMM-3KBUBAJIEHTOB B HABECKE IIIABEJIEBOM KUCIIOTHI:
0,159/63 = 0,0025 r-skB.

CrnenoBaTesibHO, TAKOE K€ YHUCIO HKBUBAJIEHTOB COJIEPKAIOCH B 3aTPAYCHHBIX IS
tutpoBanus 24,60 M NaOH. Otcroga cocTaisieM MpOMOPIHIO ISl pacdeTa HOP-
MaJIbHOW KOHIIEHTpPAIlMU pacTBOpa (YUCIIO T-3KB. B 1 J1 pacTBOpa):

0,0025 r-3kB. conepxkurca B 24.60 M

X T-DKB. - B 1000 mu1.

. 0,0025-1000
24,60
T.e. HOpMaibHOCTH pacTBopa NaOH: Nyson = 0,1026 r-skB./m.

Omnpenenum tutp pactBopa NaOH, npenBaputTenbHO paccUUTaB SKBUBAJIEHT
NaOH:

=0,1026 r-sks.,

Onaon =M/1 = 23+16 +1=40-.

N, p_010%6:40

: =0,004104 /M.
1000 1000
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Bomnpoce! AJ1s1 CAMOKOHTPOJIA:
1. CymHoCTh TUTPUMETPUH - 0OBEMHBIX METO/IOB aHAJIU3A.
2. Knaccudukanusi THATpUMETPUUYECKUX METOJIOB aHAIH3A.
3. TpeboBaHMs K peakysIM, IPUMEHIMBIM B TUTPUMETPHH.
4. CylHOCTh KHUCIOTHO-OCHOBHOTO METO/1a (METO/1a HEUTpaIU3aIin ).
5. YcraHOBOYHBIE BEUIECTBA, MPUMEHSAEMbIE MJii MNPUTOTOBICHUS pPabOYMX
pacTBOpPOB B KUCIOTHO-OCHOBHOM METOJE aHAIU3a.
Bydepnbie pacTBOpEHI, MPaKTUYECKOE MTPUMEHEHUE.
7. KpuBble TUTpOBaHMS, CKaYOK TUTPOBaHHWSA, TOYKA 3KBUBAJIEHTHOCTH. llo-
CTPOCHHUE KPUBBIX TUTPOBAHUSI.
8. uaukaTopsl KHUCIOTHO-OCHOBHOTO THUTpoBaHus. HHTepBanm mepexoaa
OKPAaCK! MHAUKATOPOB.

S

TEMA 4. METOAbI PEJOKCUMETPUU (OKUCJ/IMTEJIBHO-
BOCCTAHOBHUTEJBHOI'O TUTPOBAHMUA)

O01mas xapakTepuCcTUKA METOI0B PeIOKCUMETPUM
OCHOBHABIE BOITPOCBHI

MGTOIH)I OKHCIUTCIIbBHO-BOCCTAHOBUTCIIBHOT'O THTPOBAHMUA. O6Hlaﬁl XapaKTCpu-
CTUKAa U IIPUMCHCHUC IIPU KOJIMYCCTBCHHBIX OIIPCACICHUAX B AHAJIMTUYECKOM XH-
MuH. OKHCIUTEILHO-BOCCTAHOBHUTEILHEIC IIOTCHII UAJIBI. YPaBHeHI/IC HepHCTa.
Bausnaue Ppa3INIHbIX CpaKTOpOB Ha BCIIMYMHY OKHCIUTCIBHO-BOCCTAHOBHUTCIIbHBIX
IIOTCHIIAJIOB. OHpCI[eJ'IeHI/IC MOMCHTAa J5KBHUBAJICHTHOCTH. I/IHI[I/IKaTOpBI METOda
OKHCJICHUA-BOCCTAHOBJICHUA.

METOAMYECKUE YKA3AHUA

Crnenyer 3alOMHUTBH TJIaBHOE OTJIMYME METOJOB PEIOKCUMETPUHU: IPU JaHHBIX
aHAJIMTUYECKUX OTIpeeICHUIX UCTIOJIB3YIOTCS OKHCIIUTEIbHO-BOCCTA-
HOBHTEJIbHBIE PEAKIIMU — PEAKIIUU C TIEPEHOCOM 3JIeKTpoHOB. Eciu onpenensiemoe
BELIECTBO CIIOCOOHO OT/IaBaTh AJIEKTPOHBI (BOCCTAHOBUTEND), T.€. OKHCIATHCS, TO
€ro MOXHO OIpPEAENsATh TUTPOBAHUEM CTAHIAPTHBIM PACTBOPOM OKUCIHUTENS U
HaoOopoT. Cremyer HaydUTbCA OMpPENSsITh HANpaBICHUE PEaKIMH, UCIIOJb3Ys
ypaBHeHue Hepucta. B pegokcumeTpun BaXHO TOHATH, YTO YeM OOJIbIIe OKUCITH-
TETHHO-BOCCTAHOBUTENIbHBIN MOTEHITAN JAHHOU Maphl, TeEM 00JIee CHIbHBIM OKHC-
JuTeneM sBJIsSIeTCsl €€ okuciaeHHas popma U TeM OoJiee caabbiM BOCCTAHOBUTEIIEM
e¢ BoccraHoButenbHas Gopma ([Ipunokenue 3). Crnemyer pa3o0Oparhesi, KaKUM
0o0pa3oM BETUYHMHA OKHCIHMTEIHHO-BOCCTAHOBUTEIHHOTO TMOTEHIIMATA PEaKIuu
3aBHCUT OT CJIEAYIOUMX (PAaKTOPOB: BEIMYMHBI CTAHJAPTHOIO OKUCIUTENbHO-
BOCCTAHOBUTEJIBHOTO MOTEHIMANIAa, KOHIIEHTPALUi OKUCIEHHOW M BOCCTAHOBJICH-
HOW (hopMm, yHClia FJIEKTPOHOB, YYACTBYIOIIUX B PEAKLMUH, KOHIEHTPALUU BOJIO-
pPOIHBIX MOHOB. PaccMoTpuTe Kinaccudukaiuo METOI0B PEIOKCUMETPHUH; KIacCH-
YeCKUEe METOJIbl TUTPOBAHMS: MEPMaHTaHATOMETPUIO, MOJOMETPHIO, OMXpOMaTo-

37



MCTPHUIO. P336epI/ITe BO3MOKXHOCTHU HUCIIOJIb30BAHUA MHANKATOPOB B MCTO/IaX OKHC-
JIUTCJIBbHO-BOCCTAHOBUTCIILbHOI'O TUTPOBAHUA.

KpaTkuii TeopeTu4ecKHil MaTepuall

MeToapl OKHMCIEHUA-BOCCTAHOBICHUSI OCHOBAHBI HA HCIIOJIb30BAHUU peEak-
LM OKMCIICHUA-BOCCTAHOBIICHNUS. B KauecTBe CTaHIapTHBIX PACTBOPOB B 3TUX Me-
TOJAaX HPUMEHSIOT PACTBOPBI CaMbIX Pa3HOOOPA3HBIX OKHCIUTENEH U BOCCTAHOBH-
TEJIEH.

Kak npaBuio, BOCCTAHOBUTENU TUTPYIOT PacTBOPAMU OKHMCIUTEICH, a
OKHCIIMTEIN — PacTBOpaMH BoccTaHoBuTened. IlocpencTBOM CTaHAApTHBIX pac-
TBOPOB OKHMCIIUTEIIEH 1 BOCCTAHOBUTENIECH MOKHO OIPENENATh BEIIECTBA, HE 0011a-
JAIOIINE OKUCIIUTECIBHBIMA U BOCCTAHOBUTEIBHBIMU CBOMCTBAMH, HO OCaXKIalo-
IIAECA B BHMJE HEPACTBOPUMBIX COCIWHEHUH IPU JICHCTBUU OKUCIUTENIEH WIH
BOoccTaHOBHTENEH. OIpelieNeHne Takoro pojia BEIECTB OCHOBAaHO Ha IpElIBapu-
TEJIBHOM MX OCaXKIE€HUM M IIOCIEAYIOIIEM TUTPOBAHUU MOHOB, CBA3aHHBIX B OCa-
JOK, MJIM N30BITKA OKUCIUTENS WA BOCCTAHOBUTEILS, HE BOLICAIIETO B PEAKIHIO.

B nmpouecce TuTpoBaHus 10 METOLY OKHCIIEHUSA-BOCCTAaHOBJICHUS HAOIIONA-
€TCd M3MEHEHUE OKHCIIHUTENBHO-BOCCTAHOBUTEIBHBIX IIOTEHIIMAIOB B3aUMOJCH-
CIBYIOIIMX  JIpyr ¢  JApyroM  cucreM. IloTeHUual  OKHUCIMTENBHO-
BOCCTAHOBHTENBHOM Maphl BBIYUCIAIOT 110 ypaBHEeHUI0 HepHeTa:

RT [OKMCJZ.]

E=E°+—In
nkF [Boccm.]

rjae E — okucnutenbHO-BOCCTaHOBUTEbHBIN MTOTEHIIUA JAHHOMU Tapsl, B;
Eo - cTanmapTHBII OKUCIUTENBHO-BOCCTAHOBUTENbHBIM noTeHuuan, B (Ilpu-
J0XeHHe 3);
R — yHuBepcanbpHas razoBas noctosHaas (pasHas 8,313 J[>/Momnb Tpan);
T — abcomoTHas Temmneparypa, °K;
N — YUCIIO 3JIEKTPOHOB, MPUOOPETAEMBIX OKUCIUTENBHON (HOPMON MM Tepsie-
MBIX
BOCCTaHOBUTEIHHOU (POPMOIL;
F —uucno ®apanes, pasaoe 96500 Kin/r-skB.;
[OkwucCI.] — KOHIIEHTpAIUs OKUCICHHON (hOPMBI JIEKTPOJIUTA;
[BoccT.] — KOHIIEHTpaIuss BOCCTaHOBJICHHOM (POPMBI DJIEKTPOJIUTA.

YpaBaenue HepHcTa 4acTo ynpoIinarT, TOACTaBIsAA B HETO YUCIECHHBIE 3HA-
YEHHUS W3BECTHBIX KOHCTAHT M MEPEXOs OT HATypaJIbHOTO Jiorapudma K JecsTH-
HOMY:

0,059, [Oxucn]
+ o
n [Boccm.]

E=E°

Enu B peakiuu npuHUMAalOT ydyacTHE UOHBI BOJIOPOJia, TO BennuuHa E 3aBu-
CUT U OT KOHIIEHTpAIlU1 HUOHOB BOJIOPOJIA:
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N 0,059 . [Oxuca J[H]"
n [Bocem.]

E=E°

rie [H'] — koHeHTpalys BOOPOIHBIX HOHOB;
M — ko3¢ PULIMEHT Py BOAOPOIHOM HOHE B YPAaBHEHUU PEAKITUH.
Hccnemyst 3T0 ypaBHEHHE, MOKHO CIIENATh CIIEIYIOIIHE BEIBOBIL:
1.ITlotenman cucrembl E 3aBUCUT OT BEIWYMHBI HOPMAJIbHOIO MOTEHLIHAJA
(E%oen moceran), OT KOHIIGHTPALIMIA OKHCITHTENS X BOCCTAHOBHTEIS, OT TEMITe-

parypsl (I[Ipunoxenue 3).
2.C yBeIMYeHUuEeM TeMIlepaTypbl MOTEHIIMAT CUCTEMbI YBEIMUHBACTCS
E ~f(RT/F).

3.B peakuusx, B KOTOPBIX ydacTByIOT [H'], moTeHnman cucteMsl yBeIMuUBaeT-
Csl C pOCTOM aKTUBHOCTH MOHOB BOJIOpOAA
E ~f(Cyt).
4 IloTeHnMan CUCTEMbl MOKHO M3MEHUTH BBEICHHEM B CUCTEMY OCAJUTEIS,
KOTOPBIM OCaKIa€T OKUCIUTENh UJIM BOCCTAHOBUTEIIb.

MOMEHT PKBUBAJICHTHOCTH B METOAaX OKUCIICHHUS-BOCCTAHOBJICHUS OIpeE/Ie-
asieTcst MO0 IO U3MEHEHUIO OKPACKU Pearupyromniux BEUIECTB (Hampumep, B mep-
MaHIraHATOMETPUH), JTUOO J00ABICHHEM HWHIUKATOPOB, KOTOPHIE MEHSIOT CBOIO
OKpacKy B 3aBUCHMMOCTH OT MOTEHLHAIA CUCTEMBI. [I03TOMY CTpOSAT KpUBBIE TUT-
poBaHus B 3aBUCUMOCTH E oT V 1 110 HUM MOa0MparOT HHIUKATOP TaK, YTOOBI €ro
MOKa3aTellb TUTPOBAHUS BOILIENI B CKAYOK Ha KPUBOW TUTpOBaHMS. MHAUKATOPHI B
TOM CJIy4a€ Ha3bIBAIOT pPEIOKC-MHAUKATOPAMU B OTIUYUE OT KHUCIOTHO-
OCHOBHBIX, TPUMEHSEMBIX B METOJI€ HEWTpanu3aluu. Peqokc-uHINKaTOPbl Mpe-
CTaBJISIOT COOOM BEIIECTBA, CIOCOOHBIE 0OPATUMO OKHCIISITHCS HJIM BOCCTAHABIIU-
BaThCsl, MPUYEM OKHUCJICHHAss U BOCCTAaHOBJICHHAs (POPMBI UX UMEIOT Pa3IUYHYIO
OKpacKy:

Ind o + Nne — Ind .

Ecnu x pactBopy Kakoro-in0o BOCCTAaHOBUTENS (MM OKUCIUTEN) nmpuda-
BUTH 1-2 Kamjau TOTO WM WHOTO PEAOKC-WHIUKATOpPA, TO YCTAHOBUTCS COOTBET-
CTBYIOIIIEE TIOTEHIIMATY pacTBOpa OTHOLICHHE MEXAY KOHIICHTPAIUSIMU OKHCIICH-
HOM M BOCCTaHOBJIEHHOU (hopM mHaukaTopa. [Ipu sTomM pacTBOp mpuodpeTaeT co-
OTBETCTBYIOIIYIO JAHHOMY OTHOLICHHIO OKpacKy. Eciu Takoil pacTBOp TUTPOBATh
KaKuM-JTH00 OKHCIHUTENeM (MM BOCCTAHOBHUTEINSI), TO BeIUMYMHA TMOTeHIMana E
pactBopa Oyaer u3MeHsATbCsA. COOTBETCTBEHHO OYJET MEHITHCS TaKkKe U OTHOIIIE-
aue [Ind o J/[INdyoce:]. 1O mOCTHIREHMIO TOYKH SKBUBAJICHTHOCTH MPOU30MIET pe3-
KO€ U3MEHEHHE OKPacKU pacTBOpa.

Penienyne TMIIOBBIX 33124

3agauya 1: B kakoM HampaBJIeHUH MMOMAET peakius MPU CMEIIEHUN IBYX OKHCIIH-
TebHO-BOCCTaHOBUTENIbHBIX Tap pactBopoB FeCls/FeCl, u SnCl/SnCl, ¢ xon-
HCHTPAIUIMA OKMCICHHON U BOCCTAHOBICHHOM (hopM, paBHBIMU 1 MOJIB/1?
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Pemenne. CocraBisgeM YPaBHCHUC OKHCJIUTEILHO-BOCCTAHOBUTEILHOM pc€aKuuun B
MOJICKYJIIPHOM U MOHHOM BHUC!

2 FeC|3 + SnC|2 — 2 FeCl, + SnC|4
2 Fe** + Sn®* — 2 Fe** + Sn**

Haxoaum mo Tabmwuie (mpui.3), 4To IS maphbl Fe¥/Fe? CTaHIAPTHBIN OKUCIIH-
TEJIbHO-BOCCTAHOBUTENIbHBIN noTeHMan Eq = + 0,78 B, ayis napsl Sn**/Sn?" senn-
ypHa Ey= +0,15 B.

Ponp okmciuTens MOMDKHA BBIMIOJNHATH OKHCICHHAs (opma mapbl ¢ OOJBITUM
OKHCJIUTEIbHO-BOCCTAHOBUTEIBHBIM OTEHIIMAJIOM, T.€. B JAHHOM CJIy4ae Fe¥".
ClIe/I0BaTeIbHO, PEaKIHsl MOHICT clIeBa HANPaBo, ¥ HOHB Fe** GyayT OKHCIATH
HOHBI SN>*, a He HA0GOPOT.

3agaua 2. 3anummTte GOpMYIIBI TSI pacdeTa OKHCIUTEILHO-BOCCTAHOBUTEILHOTO
MOTEHIMAIa CUCTeMbl MpU TUTpOBaHUU cyibduta Hatpusi Na,SO; OGuxpomarom
kaumms K,Cr,O7 B kucioi cpene.

Pemienue: 3anucbiBaeM ypaBHEHUE PEAKITUU

3Na,SO; + K,Cr,0; + 4H,SO, = Cr2(804)3 + 3Na,S0O, + K,SO, + 4H,0.

OOmuMii MOTEHIIHAJI CUCTEMBbI OYJIET ONMPENeNATbCSl CYMMOUM MOTEHIIMAIOB MPOTE-
KaIOMINX MOJyPEaKIni:

1. Cr,0,> + 14H" + 6e — 2Cr** + 7H,0.
2. SOs% +H,0-2e — SO,* + 2H",

B cnpaBounuke (mpwi. 3) HaxXOJUM BEIMYMHBI CTAHJAPTHBIX MOTCHIIMAJIOB JIJIs

map Cr,0;°/Cr*" u SO,%/SO4”:
E® cro2/crt =+ 1,33 B u E%s0.2/504=+0,17 B.

3anuceiBaeM ypaBHeHHMs HepHcra g pacdera  OKHCIMTEIBHO-BOCCTaHO-
BUTEJILHOIO OTEHIMAJIA KaXKIOW MTAPBI:

_ES .., 0059 [Cr,O0,” ][H T
Cr20727/(:r34r - CI’207 /Cr + 6 [Cr3+]2
0,059, [SO,” ][H T
—EFO. .2 2= ! 4
502 1502 E so2 1502 + > lg [80327]
OOmumii MOTEHIMAT CUCTEMBI OYJIET OMPEIEIATHCS CYyMMOM:

E—=E + E

E

E

Cr,0,% /Cr3* S0,%" /S0,°

Bonpocsl 1151 CAMOKOHTPOJIsE

1. CylmHOCTh METOAOB PEIOKCUMETPUHU.

2. Omnpenenenrie HaMpaBIeHUs TPOTEKAHUS PEAKITUU.

3. Pacuer okuCINTENBHO-BOCCTAHOBUTEIHLHOTO MOTEHIIMAIA CUCTEMBI, YpaBHEHUE
HepHcra.
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4. @aKkTOophl, BAMSIONINE Ha 3HAYECHHE OKUCIUTEIbHO-BOCCTAHOBUTENLHOIO MOTEHIINA-
JIa.

5. PenoKC-uHIUKATOPBI.

6. Pacuer rpaMM-3KBHBaJICHTa BEIIECTBA B OKHCIUTEIHLHO-BOCCTAHOBUTEIHHOMN peak-
1117078

Ilepmanranaromerpus
OCHOBHABIE BOITPOCHI

[IlepmaHraHaTOMETpUsL KaK OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIM METOJI P aHAJIH-
TUYECKUX ompeaeneHusXx. OCHOBHBIE peakluu MeToAa. BennunmHa 3KBHBaJICHTa
NepMaHraHara Kajius B 3aBUCMMOCTH OT pH 3Hauenus cpeasl. [IpuroroBnenue n
xpanenue pactBopa KMnO,. YcranoBouHbIEC BeliecTBa B METO/E IEpMaHTaHATO-
meTpuu. OrmpesneneHue BOCCTAHOBUTENEW M OKHUCIUTENEW METOAOM OOpaTHOTO
TUTPOBAHUS.

METOAMYECKUNE YKA3AHUA

[Ipn n3yyeHUH AAHHON TEMbI CIEAYET 3allOMHUTH, YTO HAHHBIA OKHUCIIHU-
TEJIbHO-BOCCTAHOBUTENBHBIN METOJI aHaJdu3a Ha3BaH NEPMAHraHATOMETPUEH T.K.
paboyuM pacTBOPOM TMPU TUTPOBAHUM CIY>KUT PAacTBOp IEepMaHTaHaTa Kallud.
Cnenyer oOpaTuTh BHHUMAHHME, YTO MEPMAHTaHAT KaJIUs TPOSBISAET OKUCIUTEINb-
HbIC CBOMCTBA KaK B KUCJIOM, TaK ¥ B HEUTPAIILHOM U IIEJIIOYHOU cpenax. CpaBHUTE
10 crpaBOYHBIM JaHHbIM ([Iprnoxkenue 3) OKUCIUTEIBHYIO CIIOCOOHOCTD ITepMaH-
raHara Kaius B KHCJION Cpelie, a TAaKKe B HEUTPAJIIbHOM M 1Ieno4Hou cpenax. [lo-
ClIe CPaBHEHUSI CTAHET $ICHO, MMOYEMY aHAIMTHYECKHE ONpPENIEICHUs Yalle BCEro
MPOBOJSAT B KUCIIBIX Cpeaax.

Kparkuii TeopeTu4ecKuii MaTepuall

OCHOBHBIM BEIIIECTBOM, MPUMEHIEMBIM B Kau€CTBE CTaHAAPTHOTO pacTBOpa
OKUCJIHTENS B TepMaHraHatoMmeTpuu, sBisietrcss KMNO,. OObYHO TUTpOBaHUE
CTaHJApTHBIM PAcTBOPOM TEpMaHTaHaTa Kajusl MPOBOJAT B KUCIOW cpefe, Mpu
sroM KMnQO, BoccranaBinBaercs 10 OECIBETHBIX KATUOHOB Mn?*:

MnO, + 5¢ +8H" — Mn*" + 4H,0.
B sToMm ciydae pacdeTr OKHCIUTEIbHO-BOCCTAHOBUTEIHLHOTO TOTEHIIMANA TMaphl
MnO,/Mn** OyJzieT MpoBOAUTHLCS 1O ypaBHEeHHIO HepHera:

E MnO,/Mn?* = E° Mno,/Mn* + 0,059/n - Ig [MnO,J[H*T¥/[Mn**],
rae E° Mno,/Mn?t = + 1,52 B (Ilpunoxenue 3).
OxBuBajeHTHass macca KMnQOy, B 3TOM citydae paBHa:
kmnos = 1585,03 =316l

[Ipu TutpoBanuu B HelTpanbHOU cpene KMnO, BoccTtanaBnuBaerca 1o MnO; o
YPaBHEHUIO:

MnO4 T+ ZHZO +3e — Mn02+ 40H .
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B HeliTpanpHOI cpejie SKBUBAJICHTHAS Macca paBHA D kvno4 = M.M./3 =52,67

B IIEIOYHBIX CpejaX epMaHraHaT Kalns OKHCIeTces 10 noHa MnO,~:
MnO, "+ 1e" — MnO, .

DKBHUBaJICHTHAs Macca IIpu 3TOM paBHa MojleKysipHOit Macce KMNO,.

Ucnonb3oBanne KMnO, B MeTO/Ie TIepMaHTaHATOMETPUH B KaueCTBE CTaH-
JIApTHOTO PacTBOpa JaeT BO3MOXKHOCTh (DMKCUPOBATh TOUKY SKBHBAJICHTHOCTH TIO
MOSIBJICHUIO OJIeTHO-MAJIMHOBOM OKpacKW pacTBOpa, BBI3BIBAEMOH J00aBICHUEM
JUIIb OJTHOM Karuid U30bITKa cTaHaapTHOro pactBopa KMnQO, , T.K. Jaxke OueHb
pazbaBnenHbie pacTBopbl KMNO, HHTEHCUBHO OKPAIIICHBI.

Tutp pactBopa KMnO, ycraHaBmuBaeTcss 1O IIABEJIEBOW KHUCIOTE
H,C,042H,0. DTta K1cnoTa Jerko OYuIlaeTcsl OT IpuMecei nmepeKpucTaiu3alm-
i1, XOpOIIIO PaCTBOPSIETCS B BOJIE.

TuTpoBaHne nepmMaHraHaToM OOBIYHO MPOBOJAT B Kuciou cpene. [lpu aTom
UCIOJIB3YIOT pa3danieHHyI0 cepHyro kuciaory (HCI okucisieTCs mepManranaTom ¢
obpazoBannem Cly). Eciu ke B pacTBOpe HPHCYTCTBYIOT HOHBI, OOpa3yIOIIHe
OCQJIKH C CEpHOM KHCIIOTOH, IPUMEHSIOT a30THYIO KHCIIOTY.

MeTto0M nIepMaHraHaTOMETPUHM MOXKHO OIPEENsATh pa3HOOOpa3HbIe opra-
HUYECKHE U HEOPTaHNMYECKUE BEICCTBA:

a) Bocctanosurenn: metawisl (Fe, Bi, Ag, Cd, Zn u ap.), nemerasmisl (S, P u
ap.), 3apsbkeHHble noHbl HemetauioB (Cl, Br, I, S u T.I1.), KOMIUICKCHBIC HOHBI-
BOCCTAHOBUTEIIN (8032', S,0,>, SCN', CN’, NO;, [Fe(CN)G]Z', KapOOHOBBIC KHCIIO-
ThI, aJTBJETH]IBI, caxapa | JIp.

6) oxuciurenn: Fe®*, Mo®™, Cr®*, PbO,, NOg, CIO5', 105 u ap.

Memoo nepmanzanamomempuu umeem psao nPeuMyuLecme.

1. CranpapTHBIA pacTBOpP OKpalleH B MaJWHOBBIM 1BET. Toyka SKBUBaJEHTHOCTU
JIeTKO (PUKCUPYETCS MO MOKPACHEHUIO PacTBOpa MM MO MCUYE3HOBEHUIO OKpac-
ku KMnQO, (oOpaTHOE TUTpOBaHUE).

2. TurpoBanue KMnO, MOXHO MPOBOAUTH B KUCIOW, HEHTPAILHON WM IIIEI0Y-
HOU Cpeje.

3. E° MnO,/Mn** =152 B, nmoaToMy MHOTH€ BElecTBa, KOTOPbIe HEBO3MOXKHO
OTTUTPOBATh pacTBOpaMHu OoJjiee Cia0bIX OKUCIMTEICH, MOXHO OIpeneisaTh
IIEPMAaHraHATOMETPUEH.

4. KMnOQOy — 51erko AOCTYNHBINA U JEIIEBbIA PEareHT.

5. KMnO, npuMeHs0T 1151 ONpeAesieHUs BEIEeCTB, KOTOPbIE HE 00J1aal0T OKHUC-
JIUTENbHO-BOCCTAHOBUTEILHBIMU CBOMCTBAMHU (Ha HUX JIEMCTBYIOT BOCCTAaHOBU-
TEISIMU — MEpPeBOJAT B OCAAOK (HAmpuUMep, OKcajaThl) U 3aTeM TUTPYIOT
KMnO,4 ocTaTok BOCCTAHOBUTEIISI MJIM HOHBI OCAIUTENS).

Ilepmanzanamomempusn umeem HeOOCMAMKU.

1. KMnO, TpyaHO MOJy4YuTh B XMMHYECKH 4ynucTOM Buue. Iloatomy, ucxons wus
HaBeckH KpucTtamumueckoro KMnQ,, Heab3si MOMy4YUTh TOYHBIA TUTP pacTBOpa
KMnO,.

2. Cranpaptabie pactBopbl KMNO, HEyCTOWMYNUBBI M MEHSIOT CBOM TUTP; UX HEO0-
XOJIUMO IIEPUOJNYECKU IIPOBEPSITH.

3. Henbss npumensts HCI mist mogkucienus (oopasyercs Cly).
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4. TpebOyercs HarpeBaHWe pacTBOPOB JJIsi TUTPOBAHUS C JOCTATOYHON CKOPOCTBIO.
Ho B HekoTOphIX ciaydasx (mpu oOpa30BaHUM JIETYUYUX U TEPMUUECKU HEYCTOMU-
YUBBIX MPOJYKTOB) HarPEBAHNUE IPOBOIUTH HENb3SI.

5. CocrosiHME TUHAMHYECKHUX paBHOBecui (0Opa3oBaHue MOHOB MN ¢ mpoMmexy-
TOYHBIMM CTEIICHSIMU OKUCIICHMSI), YCTAHABIMBAEMBIX B IIPOLIECCE TUTPOBAHUS
KMnO,, 3aBUCUT OT MHOTUX (PAKTOpPOB, IMOATOMY OIIPENEICHHE HEOOXOIUMO
IPOBOAUTH IIPU CTPOIO OMPEEIIEHHBIX YCIOBUSIX.

Honomerpus
OCHOBHBIE BOITPOCBHI

HNomoMeTpusi Kak OKMCIUTEIbHO-BOCCTAHOBUTEIIBHBIN METOM. Peakunu, nexaine
B OCHOBe MeTona. OrmpeneneHue MOMEHTa 3KBUBaJEHTHOCTU. [IpuroTtoBieHue
CTaHJApPTHBIX PAaCTBOPOB HMOJia M THOCYJIb(paTa HATPHUsS; YCTAHOBOYHBIC BEICCTBA
T iogoMeTpud (Ouxpomart Kayusi). TUTpOBaHHUE IO METOTY 3aMEIeHHS.

METOANYECKUNE YKA3AHUA

N3yyass nanHyio Temy, oOpaTUTE BHUMAHHE, YTO BCJIEACTBUE JOCTATOYHO
HU3KOTO 3Ha4eHHs cTaHaapTHoro morenrmana mapsl (E° 1217 = + 0,5345 B) cBo-
OOIHBIN 1O/ sABISETCS CnabbiM okucauTeneM. OH OKHCISET JIMIIb BOCCTAHOBUTE-
JIH, OKUCINTEIbHO-BOCCTAHOBHTEIBHBIA MOTEHIHAT KOTOPBIX MeHbine E° /21 mo
pEaKInn:

I, + 2e — 21,
HaobGopot |I" -noHbl sBAst0TCS 00Jiee CUIIBHBIMH BOCCTAHOBUTEISIMU, T.€.
JIETKO OTAAIOT CBOM 3JIEKTPOHBI BEIIECTBAM-OKUCIUTEISM:
21" - 2e — |,

DTH CBOMCTBA HOJ1a 1 €r0 HOHOB | JIe)kaT B OCHOBE HOJIOMETPHH.

Pa3bepute mpuMepbl HCHOJIB30BaHWS HAa NPAKTUKE HOJOMETPUYECKOTO METOjIa
aHajau3a, KaK MpH NPSIMBIX ONpPEISICHUAX, TaK M IPH KOCBEHHBIX (IT0 METOAY 3a-
MeleHus ). Pazdbepure Takke orpaHUYCHUS MPUMEHEHNS METOAa B AaHATMTHYCCKON
MIPAKTHUKE.

KparTkuii TeopeTu4ecKuii MaTepuall

OCHOBHBIM BEILIECTBOM, IPUMEHSIEMBIM B KAYE€CTBE OKUCIUTENS B HOJOMET-
pUM SIBIIAETCSA 3JIEMEHTAPHBIA MO (E° 1y21 = + 0,5345 B). Kak BugHO, oTHOCHU-
TeJIbHBIN MOTEHIMAN JaHHOW Maphl CPAaBHUTEIBHO HEBEJIMK, CIIEI0BATEIILHO, CBO-
OO0NHBIN Hoj sABIsAETCS CIabbiM OkucauTeaeM. OH OKUCIISET JIUIb BOCCTAHOBUTE-
JIH, OKHCITUTETBHO-BOCCTAHOBUTEIIBHBII MOTCHIIHAN KOTOPBIX MeHbIre E° 1,/21-

HaoGopot |' -uoHsl siBisitoTcst 00Jiee CUIIBHBIMH BOCCTAHOBUTEISMH TIO
cpaBreHmio ¢ Mn®" - u Cr¥'- nonamu. MiMeercs psix OKHCIUTENEH, CIIOCOGHBIX BOC-
CTaHaBIWBaTbCS |-MoHamMu (TakOBBI BCE OKHUCIUTENM, UMEIOIINE E° > +0,54 B).
Otcrola BO3HHMKAET JABOSKOE HCIOJb30BaHMe mapbl /217 B TUTprMeTpHuecKoM
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aHaJIM3C: JJIs1 OIIPCACIICHUA BOCCTAHOBHUTENEH — OKHUCIICHUEM UX pacTBOpOM fIOI[EI nu
AJI1 OIIPEACIICHUSA OKHCIIUTEJIEN — BOCCTAHOBJICHHUEM UX noaAna-UOHAMU.

Kpucrannmuueckuit o mManopactBopuM B Boje. [loaTomy oOBIYHO B Kaue-
CTBE CTaHIApTHOTO pacTBopa npuMeHstoT ero pacteop B KI: K[ls].

[IpyHIMIIHATBHYIO CXEMY PEaKUIHH, MPOTEKAMIEH MPU MOJOMETPUUYECKUX
OIIPCACICHUAX, MOKHO IIPCACTABUT CIICAYIOIIUM 06paBOM

l, +2e — 2I.

OKI/ICJ’II/ITGJ'IBHO-BOCCTaHOBI/ITeJ'H)HHﬁ IIOTCHIHAJI CUCTEMBI HEC 3aBHCUT OT
KOHIEHTPAIIMM UOHOB BOJAOPOJIA, €CIM PEAKUHUs MPOTEKAECT B KUCIOW CPEXE. Hon
okuciser SO57, S,047, S, CN', SCN', AsOs*, Cr** u mp.

OCHOBHBIM BCIICCTBOM, INPUMCHACMBIM B Ka4CCTBC BOCCTAHOBUTCIIS B no-
JIOMETPHH, ABIISETCS THOCYIb(AT HATPUSA, KOTOPBIA pearupyeT ¢ MOAOM IO ypaB-
HCHHUIO:

25,05” + 1, — S,05° +2I.

3Has HOPMAJIBHOCTL paCTBOpa ﬁOﬂa N 3aTPAYCHHLIC Ha THUTPOBAHHC 06’56-

MBI, BBIYUCISIOT KOJUYecTBO TuUocylb(arta Hatpus Na,S,03; B ananmsupyemon
)I(I/II[KOCTI/I.HpI/I ﬁO,Z[OMGTpPI‘{eCKOM OIIPCACIICHUU OKHUCIUTENEH IMOCTYIIAOT MHAYC.
K HCCICAYCMOMY paCTBOPY HpI/I6aBJ]5HOT H36I>ITOK noauaa Kallus, U3 KOTOpPOro
OKHUCJIHUTCIIb BBIACIIACT CTPOI'0 S3KBUBAJICHTHOC KOJIHYCCTBO CBO6OI[HOFO I?IOII&. I1o-
CJ]G,[[HI/Iﬁ OTTUTPOBBIBAIOT PACTBOPOM BOCCTAHOBHUTCIIA B IIPUCYTCTBHUH KpaxXMaJla U
BBIYHUCIAIOT COACPIKAHUC OKHUCIIUTCIIA.
B xauectBe MHJAMKATOpa B HOAOMETPHUH IIPUMCHAIOT Kpaxmall, T.K. CBOOOIHBIN N0
OKpallliBaeT KpaxMaj B CUHUH 1BeT. Eciu Kk pacTBOpy Kakoro-HUOyAb BOCCTaHO-
BUTCIISL HpI/I6aBI/ITB KpaxMall 1 THTPOBAaTb ﬁOHOM, TO ITOCJIC JOCTHUXKCHHUA TOYKU DK-
BHUBAJICHTHOCTHU I/I36BITO‘IHEI$I Karuist ﬁoz[a BbI3bIBACT HCHUCYC3AIOIYIHO CHHIOIO
OKpAaCKy.

Hooomempuueckoe onpedenenue kucnom. Vomumst (1) ¢ fiomatamu (103) B mpu-
cyteTBuu KucnoT (H') pearnpyior cornacHo ypaBHEHHIO:

51"+ 105 +6H" = 3l, + 3H,0.
Hcnonb3ys 3Ty peakiuio, MOKHO ONPEAENATh KUCIOThl 0IOMETPUUECKUM METO-
noM. MonoMerpudeckie OmpeeneHns OTIHYAIoTCsS OOMBIIMM Pa3sHOOOpasueM H
ATUM OOBSCHSAETCS IIUPOKOE MPUMEHEHHUE METO/Ia B MPAKTHKE.
Ilpeumywiecmea iiodomempuueckozo memooa:

1. Merton otnuyaercss OOJBIIION TOYHOCTHIO. PacTBOpHI 1oJa OKpalleHbl U
TUTPOBAHKUE MOXKHO OCYIIECTBIISATh 0€3 HHIUKATOpA.
2. HNon pacTBoprM B OPraHUYECKUX PACTBOPUTEIISIX, MIO3TOMY HIUPOKO MPU-

MEHSIIOT HEBOJIHBIC PACTBOPHI JIJI1 HOJOMETPUUIECKHUX ONPEACICHUN.
Heoocmamku memooa:
1. Tlorepu #tona BCIENCTBUE €TI0 JIETYYeCTH (TUTPYIOT Ha XOJ0ay U ObICcTpo). 13-
obiToK Kl ymenbIiaer ommuoky.
41 + 02 +4H+ — 2|2+ 2H20
2. Ilpn wuskux 3HadyeHusx pH (oueHb KHUCIBIM pacTBOpP) W HA CBETYy HMOHBI |
OKHUCIIIOTCS, TIO3TOMY TUTPOBAaHHE BEIYT B YMEPEHHO KHCIJBIX Cpelax U pac-
TBOPBI JIEP’KAT B TEMHOTE.
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3. Ocanku 00J1a7al0T CIIOCOOHOCTHIO a/IcCOPOUPOBATh |y, MOATOMY B KOHIIE TUTPO-
BaHUs HY)KHO XOPOIIIO B30AJITIBATh TUTPYEMBIH PacTBOP.

4. N3smenenue tTutpoB pactBopoB Na,S,03 u |, B mporiecce XpaHeHHS U UCTIOJIb-
30BaHUS MOXKET NMPUBECTH K OIMUOKaM B TUTpoBaHUU. [loaTomy mepen Havaiom
OTIBITA CTIAYET MPOBEPATH TUTP ITUX PACTBOPOB.

Penienye THIOBLIX 332,124

3amaua 1: Hasecky 0,09123 r xene3HOl pyAbl IIEPEBEIN B PaCTBOP, BOCCTAHOBHU-
mu xkenezo (1) mo xenesa (1) u orrurpoBanmu 15,10 ma 0,1020 H pacTBopoM
KMnO,. Beraucnuts MaccoByrO JAOJIO kKeje3a B py/e.
Pemiennie. OCHOBHAsI peakiys, MPOTEKAIOIIAsl B paCTBOPE:
Fe’* + MnO, +8H" = Fe®" + Mn°* + 4H,0.
Paccunrtaem, ckoapko rpaMmM-3kBUBasieHTOB KMnQO, coiepKUTCs B 3aTpauyeHHbBIX
Ha tutpoBanue 15,10 ma 0,1020 u pactBOpa:
0,1020 r-3kxB. coaepxkutcs B 1000 mn pactBopa
X T-DKB. - B 15,10 M pacTBOpa
OTCIOJ1a
‘e 0,1020-15,10

1000
CrnemoBaresibHO, TOYHO TaKO€ K€ YUCJIO IPpaMM-3KBHUBAJIEHTOB jKEJe€3a COAepKa-
JIOCh B pacTBOpEHHOM HaBecke pyasl, T.€¢ 0,00154 r-skB. Fe.
BrIuncnyuM 3KBUBAJIEHTHYIO MACCy JKeJie3a U KOJIMYECTBO KEJIE3a B HABECKE:

Ore=M.M./1 =55852
Mee = 55,85 - 0.00154 = 0,08602 2.

[To OTHOIIICHHIO K HABECKE JKEJIC3HOM PY/AbI COJACpKaHKE JKelie3a B MPOLIEHTaX CO-
CTaBJISICT: 0,091232 - 100%
0,086022 - x%

‘e 0,08602-100
0,09123

3agaua 2. B pactBop, conepkamuii n30bITOK UOAUAA KaJusl U CEPHOM KUCIOTHI,
BHecnu 20 mu1 pacTBopa nepmanraHata kainuss KMnO, C TUTpOM MO KUCIOPOIY
0,0011 r/mn. BeigenuBmwmiicst o ortutpoBaiu 23,15 Mt pacTBopa THOCyb(dara
Hatpus Na,S,0;. Paccunrats THTp THOCYIB(DATA IO HOTY.

Pemienne. Paccuntaem HopManbHOCTh pactBopa KMnQy, eciii U3BECTEH €ro TUTP
o kuciopony. HopmaabHOCTE BXOAUT B (hOpMYITy ISl pacueTa TUTpa o Belle-
CTBY:

=94,29 o,
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NKMno4 '30

TKMnO4/OZ = TOZ
Orcrona
T -1000
N no, —_ ~
KM 302

C yderom, uto D0,=16/2=8

0,0011-1000
N KMnO, — T =0,1375r-3kB./m1.

3Hasi HOpMAJIBLHOCTh PACcTBOpA, paccunTaeM uuciio r-skB KMnQ, , coaepkamuxcs
B 3aTpa4yeHHBIX HA TUTpoBaHue 20 M1 pacTBOpa:

0,1375 r-3kB. B 1000 Mu1 pacTBOpa
X Tr-3kB. B 20 M pacTtBOpa

~01376-20

1000
To4HO Takoe e YUCJIO TPaMM-3KBHBAJIECHTOB TUOCYJIb(haTa HATPUsS COACPIKAIOCH
B 23,15 M pacTBOpa M Takoe€ K€ YHCIIO TPaMM-3KBUBAJIEHTOB HOAa, KOTOPBIN OT-
TUTPOBAIH TUOCYIb(ATOM.
J171st TOro 4yTOOBI ONPEACIUTh TUTP THOCYIIb(AaTa Mo oy 1o dhopmyie:

=0,00275 r-sks.

T _ NNa28203 '9|2
Na,S,05/1, — W

[IpenBapuTenbHO paccyuTaeM HOPMAJILHOCTh PacTBOpa TUOCYIb(haTa HATPUSL:
0,00275 r-3kB. conepxkarcs B 23,15 ma pacTtBopa
X T-3KB. - B 1000 M1 pacTBOpa

~0,00275-1000
- 2315
['pamm-sKBUBAJICHT Hojaa cocTaBisger Dl, = 126,9.
Hcnonb3ys 3TU JaHHbBIE, PACCUUTHIBAEM UCKOMBIN TUTP:
~0,11879-126,9
Na,S,0,/1, — 1000

N = x =0,11879 r-3kB./m.

= 0,01507 r/m.

3amauya 3: Hagecka menHoro kynopoca CuSO45H,0 B konuuecTtBe 6,2508 2 pac-
TBOpEeHa B MepHOU KosiOe Ha 250 mi. st TATpoBaHMs B3STO 25 MII IPUTOTOBIICH-
HOTO pacTBOpa MEJHOI0 Kyrnopoca, K HeMy go06aBieH u30bITok pactBopa Kl. Ha
TUTPOBAHME BBIACIMBIIEroCs Moma mouwio 24,1 mu thocyiabdarta HATpUs, HOP-
MajbHas KOHIIeHTpaIus kotoporo paBHa 0,1016 r-akB./1n1. Beraucnuth copepxanue
YHUCTOU MEU.

Pewenne: Hcnonw3ys ypaBHEHHE:

NCUSO4 : V CuSO, = NNa28203 : V Na28203.
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MOXHO y3HaTh HOPMAIBHYIO KOHIIEHTPAIMIO MPUTOTOBICHHOTO PAacTBOpa CYJib-
data meau: Ncusos = %55241 =0,0978...2—oxe./ 1.
B 250 mu pactBopa meaHoro kymnopoca (B HaBecke CuSO,4-5H,0) conepxanue un-

CTON MEIM COCTABJISAET:
Mcw?* = D cu®- Ncuso, - V cuso,/1000 = 63,54 - 0,0978 -250/1000 = 1,5535 .

Bonpocel 111 CaMOKOHTPOJISA
1. CymHocTh METO/1a IEPMAHTaHATOMETPUHU U OCHOBHBIE PEaKITHH.
2. PabGoune pacTBOPHI B IEpMAaHTaHATOMETPUHU U YCTAHOBOYHBIE BEIIIECTBA.
3. 3HavyeHWE YKBUBAJICHTHON MAaCChl IEPMaHTaHATa KaJIus U BETMYMHBI CTaH-
JAPTHOTO OKUCIIUTEIBHO-BOCTAHOBUTEIBLHOIO MOTEHIINANIA B 3aBUCUMOCTHU
ot pH 3Hauenusa cpensl.
4. TlpuMeHeHHEe IepMaHTaHATOMETPHUH JJIsl aHAJTUTUYECKUX OIpeIeTICHUN Be-
1IECTB - BOCCTAHOBUTEIICH.
CymHocTs MeToa ogomerpun. OCHOBHBIE pEaKIIUM METOA.
PaGouune pacTBOpHI U YCTAHOBOYHBIC BEIIECTBA B HOJJOMETPUHU.
7. IlpuMeHeHue HOJOMETPHUU ISl ONIPEICIICHUS OKUCIUTEICH U BOCCTAaHOBH-
TEJEH.

o vl

TEMA 5. ®PU3UKO-XUMHNYECKHUE METOJAbI AHAJIN3A.
XPOMATOI'PA®UA

OCHOBHBIE BOITPOCHI

Knaccudukanusa Qu3nko-XMMHUYECKHX METOAOB aHaiu3a. Xpomarorpadus
— Kak (pU3M4ecKuii MeTO/| pa3esieHnss U KOHIICHTPUpOBaHus BemiecTB. [Iporecchr,
Jexaniie B ocHoBe xpomarorpaduu. Knaccudukanus xpomarorpapuieckux me-
TOAOB aHanu3a. [loHATHE MOABMXHOW M HEMOABUXKHOM (pa3pl B xpomarorpadum.
Kononounass xpomatorpadus. TonkocnoitHas xpomatorpadus. MonooOMeHHas
xpoMarorpadus. ['a30-aacopOIrOHHAs U Ta30-KUAKOCTHAS BUBI XpOMaTorpadum.
OCHOBHBIE y3JIbl U JIETEKTOPbI COBPEMEHHOTO XxpomaTorpada. [Ipaktnyeckoe npu-
MEHEHHE XpoMaTorpahuu.

METOAMNYECKUE YKA3AHUA

CrnemyeT pa3o0paThCs, YTO B OTJIMUUE OT KJIACCUYECKUX (XMMHUYECKHX) Me-
TOJIOB aHaJu3a TJIaBHOW OCOOCHHOCTBHIO (PU3MKO-XUMUUYECKUX METOJOB SIBISETCS
BO3MOXXHOCTh aHajM3a XMMUYECKOT0 COCTaBa BEIIECTB IMyTeM H3MEpPEeHUsS Ux (u-
3UYECKUX WU (PUBNKO-XUMHUYECKUX XapaKTepucTuk. [Ipu TakoM aHann3e UCTOJIb-
3yeTcsl He MPOCTO B3aUMOJICUCTBHE BEIIECTBA C PEaKTUBOM, HO M B3aUMO/ICHCTBUE
C Pa3IMYHOrO BUJA MOJISIMU, JIEKTPUUECKUM TOKOM, IJIEKTPOMArHUTHBIMU U3ITY-
yeHusiMu. [Ipu n3yuenun kinaccuukanuu GU3NKO-XUMHUIECKUX METOJ/IOB, CIETyeT
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MOHSTh, KaKhe (PU3NUecKre CBOMCTBA BEILECTB MOJOKEHBI B OCHOBY JIEJICHHS Me-
TOJOB.

N3ydeHne (pU3NKO-XMMHUUECKUX METOJOB aHAIM3a HAYHUTE C U3YUYEHHUS XPO-
MaTOrpauueckoro MeTojla — B HACTOsIEe BpeMs SIBISIOLIErocs Hambosee 3¢-
(EKTUBHBIM METOJOM pAa3JElCHUs] U aHalu3a CJIOXHBIX MHOTOKOMIIOHEHTHBIX
cmeceil. PaccmotpuTe, kakue pu3anyeckue cBOCTBa BEUIECTBA MOJOKEHBI B OCHO-
BY XpoMaTtorpaQuu.

Paz0epute moHATHS MOABMXKHON M HETOABMXKHOM (a3, UX BO3MOXKHBIE arpe-
raTHele cocTosgHMs. (OOpaTuTe BHHUMAaHHME Ha MHOrooOpa3ue NPUMEHSEMBIX Ha
NPaKTUKE TOJIBIKHBIX (ha3 - AIFOCHTOB U HETOABIKHBIX (a3 - copOeHTOB (MOIu-
(GUIUPOBAHHBIX, MPUBUTHIX U T.1I.).

W3yunte OoTIMYMS KOJIOHOYHOM XpoMaTorpapuu OT TOHKOCIOMHOM, a TaKkxke
0COOCHHOCTH U MTPUMEHEHHE Ha MPAKTUKE HOHOOOMEHHOM XpoMaTorpaduu.

Ha npumepe razo-xuxocTHON Xxpomarorpaduu pazdoepure, Kak ¢ IOMOILBIO
Xxpomatorpaduu MO>KHO C/I€NIaTh KaYeCTBEHHbBIN U KOJIMYECTBEHHBIN aHAJIN3 Bellle-
CTBAa, KaK 3TH 3aJa4¥ PELIAXOTCs IIPU OINPEIECICHUN OCHOBHBIX Ia30-XpOMaTorpa-
¢uyeckux napaMmeTpoB paszzgeneHus. [lonpoOyiite pa3o0parbcs B YCTPOHCTBE CO-
BPEMEHHOI'0 I'a30BOr0 XpomaTorpada.

[TpuBenute npruMepsl IPUMEHEHHUSI HA MPAKTUKE XPOMATOrpapUuecKux me-
TOJZOB JUI aHAJINU3a MHOTOKOMIIOHEHTHBIX CMECEH, a TaKXKEe aHAJIM3a KauyeCcTBa BhI-
IIyCKAEMOMN IPOTYKIIUH.

Kparkuii Teopernyeckuii MaTepuall
Knaccnpuxkauus pusnko-xuMu4ecKuX METOI0B aHAJIN3A

B ocHOBe (U3HKO-XMMHUYECKHUX (MHCTPYMEHTAIbHBIX) METOIO0B aHAJIM3a Jie-
KUT U3y4CHHE M3MEHEHUN (U3MUECKUX WM (PU3UKO-XUMUYECKUX XapaKTEPUCTUK
AHAJIM3UPYEMOU CUCTEMBI, IIPOUCXOIAIINX B PE3YyJIbTATE ONPENCIICHHBIX XUMHUYE-
CKUX peakiui. MeTosbl MOTYyT OBITh OCHOBAaHBI Ha W3YYCHUU B3aUMOJICUCTBUS
AHAJIM3UPYEMOI'0 BEIIECTBA C PA3JIMYHOIO BHUJA MOJISIMU, JEKTPUUECKUM TOKOM,
nH(paKpaCHBIM, BUAUMBIM U YJIbTPA()HOIECTOBBIM H3ITYyUECHUEM.

Knaccudukanus Gpuanko-XxuMHUYECKUX METOAOB MPOBEACHA C YU4ETOM IMpO-
TEKALIMX B aHAJIU3UPYEMOM CUCTEME IPOLIECCOB, KOTOPBIE B CBOI OYEPEIb 3a-
BUCAT OT WHJMBHUIYaJbHBIX CBOWCTB BEIIECTB. KaXk70€ BEIMIECTBO OTIMYAETCA OT
JIPYTUX BEIIECTB CBOUM COCTaBOM, CTPOCHUEM U 00JaJaeT HEKOTOPHIMU WHIUBU-
JlyaJbHBIMH, TOJIBKO OJTHOMY €My MPUCYLIMMH CBOMCTBaMU-TIpU3HaKamMu. MHOTO-
o0Opa3ue METOJOB BBITEKAET U3 MHOTrooOpa3usi CBOMCTB BEILECTB, MOCKOJIbKY JIIO-
00€ OTHOCHUTEINIBHO JIETKO U3MEPSAEMOE CBOMCTBO MOKET OBITh MOJOKEHO B OCHOBY
(U3UKO-XUMHUUYECKOTO METO/Ia aHalin3a. B 3aBUCUMOCTH OT HUCCIIeTyeMbIX CBOMCTB
pa3IUYaroT CASAYIONINE TPYIIBl METOJOB: XpoMaTorpaduuecKne U IKCTPAKITUOH-
HBIC, CIIEKTPaJbHbIE, MAaCC-CIIEKTPOMETPUUYECKUE, PAAUOMETPUUECKUE, DIIEKTPO-
XAMHUYECKHUE U JIP.

Xpomamozpaghuueckue u IKCMPAKYUOHHbBIE MEMOObl OTHOCATCA K METO-
JlaM pa3feseHus] i KOHUCHTPUPOBAHUSI KOMIIOHEHTOB CIIOXKHBIX CMECEW U OCHOBA-

Hbl Ha TakuX (PU3MYECKHUX CBOMCTBAX BEIIECTB KaK afcOpOIMsS M pPacTBOpPEHHUE, a
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TaK)X€ CIMOCOOHOCTh KOMITOHEHTOB CMECH K PACIPEACIICHUIO MEXTy ABYMs He-
CMENIMBAIOIIUMHUCS (pazaMH.

Cnexkmpanvnble (onmuueckue) MemoObl OCHOBAHBI HA B3aHUMOJICUCTBUU C
UCCJIEYEMbIM BEIIECTBOM HM3Iy4Y€HHUS B Pa3IMYHBIX O0JACTSX MIKAJIBI 3JIEKTPO-
MarHUTHOTO CIEKTpa: B 00JIACTH PEHTIEHOBCKUX JTydel, Y D-, Buaumoii u MK- 06-
jacTsax. Pa3nuuaioT aTOMHYIO CIIEKTPOCKOIHUIO (JIEMEHTHBIA aHalIW3) U MOJIEKY-
JSIPHYIO CIIEKTPOCKOIHUIO (MOJIEKYJSIpHBIN aHanu3). K aroMHO# crnekTpocKonuu
OTHOCSIT aTOMHO-3MHUCCHOHHBIM U aTOMHO-aOCOpPOIIMOHHBI METOJIbI, a TaK¥kKe
PEHTTCHOBCKHE METOJbl aHAJINW3a: PEHTTCHOMIyOpPECHEeHTHBIN, pPEHTTeHO(POTO-
ANEKTPOHHBIN U Jip. K MOJEKyIspHON CIEKTPOCKONMHUHU OTHOCIT WH(PAKPACHYIO
(MK), ynerpaduoneroByto (YD) cnekTpockomuto, (hOTOKOIOPUMETPHIO, JTFOMHUHEC-
LCHTHBI aHAJIN3 U JP.

K onTudeckuM MeTomaMm aHain3a OTHOCST Takke pedpakTOMETPHIO — B OC-
HOBE JISKUT U3MEPEHHE MOKA3aTeNsl MPEIOMIIEHUS BEUIECTBA, MOJSAPUMETPUIO —
M3MEpPEHUE yTiia BPAICHUs IIOCKOCTH TMOJISPU30BHHOTO CBETOBOTO Jiyuya, Hede-
JIOMETPUI0 — U3MEPEHUE MHTEHCUBHOCTH CBETA, PACCESHHOrO B3BEIICHHBIMHU 4Ya-
CTULIAMH CYCIIEH3UH WIH 3MYJIbCUH U JIP.

Macc-cnekmpomempuueckue mMemoobl AHAIU3A@ TTOMOTAIOT OCYLIECTBUTH
UJCHTU(UKAIINIO aHATTM3UPYEMOTO BEIIECTBA MTyTEM MOHU3AIUU €T0 MOJIEKYJI, I10-
CJIEAYIOLIETO PAa3JeICHUsI HOHOB B MarHUTHOM II0JI€ C OIIPEACICHUEM HX MACCHI.
Cunte3 xpomaTorpapyeckux U Macc-CIEeKTPOMETPUUECKUX METOJ0B IMPECTaB-
JIEH B OJIHOM M3 CaMbIX COBPEMEHHBIX METOJIOB — XPOMATO-MacCC-CIIEKTPOMETPUH,
C TOMOIIBIO KOTOPOTO CHEHUATUCTBI MPOBOASIT HACHTU(DUKALNIO KOMIIOHEHTOB
OYEHb CIIOKHBIX CMECEN.

Hoepnotit macnummnbwtit pezonanc (AMP) u rnekmponno-napamazHumHlil
pesonanc (II1IP) - meToapl UCCIEIOBAHUS, TIPUMEHNUMBIE TOJIBKO K COCIUHEHUSIM,
aTOMBbI KOTOPBIX MPU NOMENIEHUU UX B MATHUTHOE T0JI€ MOTJIONIAI0T KBAHThI CBETA
OTIPEJICTICHHON YacCTOThI, COOTBETCTBYIOIIEH SHEPTUH TIEpexo/1a Ha 00Jiee BRICOKHIA
SHEPreTUYECKU YPOBEHBb, U MPU 3TOM MEHSIOT 3HAK CIIMHA — MOMEHTA KOJIHYe-
CTBa JIB>KCHUSI.

AnekmpoxumuuecKue memoovl aHaau3a OCHOBAHBI HA U3YYEHUU SIBJICHUI,
KOTOPBIE MPOUCXOMSAT HA JIEKTPOJIaX, HAXOJAIIUXCSA B KOHTAKTE C UCIIBITYEMbIMU
pacTBOpaMH, a TaKXe B MEXAIJIEKTPOAHOM MPOCTPaHCTBE. Bce METONbl MOXKHO
pa3aenuTh Ha ABE TPYMIIbL:

1. MeTtofbl, OCHOBaHHBIC Ha MPOTEKAHUU AIEKTPOIHON PEAKIIUN: HOMEHYUOMEN -
pusi, KYTOHOMeMmpUsl, 801bMamMnepomempusi u op.

2. MeToJibl, CBA3aHHBIE C TPOTEKAHUEM PEAKIIUH B MEKIJIEKTPOIHOM MIPOCTPAH-
CTBE. KOHOYKMOMEMPUsi, OUDJIeKMPOMempusi u op.

XpoMmarorpapuyeckue MeTOAbl AaHAJIU3A

Xpomatorpadusi — oguH U3 Hanbosee 3PPEKTUBHBIX METOJIOB PA3ACICHUS U
aHaJIM3a CJIOKHBIX MHOTOKOMIIOHEHTHBIX cMecel. B ocHOBe xpomarorpaduueckux
METO/IOB JIEKUT TaKkoe (PU3NYECKOe CBOMCTBO MOBEPXHOCTU TBEPJOTO MIIU SKHUJIKO-

ro BelllecTBa Kak aJcopOIus - CHOCOOHOCTh MOTJIOMIATh MOJEKYJbl IPYTUX Ta30-
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0Opa3HbIX WM KHUJIKHUX BemecTB. Ha 3ToM CBOICTBE OCHOBAHO pa3iesieHUue CIO0XK-
HBIX CMECEH BEIECTB HA COCTABJIIIOLIUE KOMIIOHEHThI, KOHUEHTPUPOBAHUE MUK-
POKOJINYECTB COCIMHEHNN, OYMCTKA XUMUYECKUX COCAUHEHUIN OT 3arps3HSIOIMX
MIPUMECEN.
JIrobast xpoMaTorpaduueckas cucTeMa COCTOUT U3 TPEX COCTABHBIX UYaCTEH

(Puc.5.1):

1. HenonsuxHas ¢a3a — copOeHT: pa3a, Ha KOTOPOU MPOUCXOIUT pa3JIeIeHHUE.

2. TlomBwxHas (ha3a — IIIOCHT: MPOJBUTAET KOMIIOHEHTBI CMECH BJIOJb HEIO-

JBYDKHOM (pa3bl.

3. AHanu3upyemasi MHOTOKOMIIOHEHTHAsI CMECh.

SMOeHT
CoOpGeHT .
KOMMOHEHTH
CheCcH
@
(=
2
o =
- = k]
= =
= 2
o = A B C

Puc. 5.1. O6miast cxema pazfeneHusi CMECH Ha HHAUBUAYaIbHbIE KOMIIOHEHTHI
METO/IOM KOJIOHOYHOM XpoMaTorpadumu.

Knaccudukanusa xpomarorpaguyeckux MeToI0B aHAIM3A

1.I1o npupooe aenenuii paznuuaiom:

Aocopbyuonnyro xpomamoepaguio — B OCHOBE JICKHUT SIBJICHHUE aJCOPOLIUM.
OnuceiBaetrcst ypaBHeHusiMu Jlenrmiopa, ['nOca, @peiinanuxa.

Pacnpedenumenvnyro xpomamoepaghuro - B OCHOBE JIEKUT PacCTBOPUMOCTH
Pa3IMYHBIX BEHIECTB B KUAKOCTH. PazneneHue cMecu NMPOUCXOIUT HA TPaHULIE
pazzeiia MmoJBM>XKHOM U HEMOABUKHOM ¢a3.

Ocaodounyro xpomamozpaghuro - B OCHOBE JIEKUT 00pa30BaHUE HEPACTBOPUMBIX
COEIMHEHU — OCAJIKOB B PE3yJIbTaTE€ XUMUYECKUX PEAKIHMI pa3IesiieMbIX KOMIIO-
HEHTOB C TIOJIBIKHOM (ha30i — 0caauTesIeM.

2. Ilo acpezamnomy cocmoanuio nOOGUNCHOU — HENOOBUNCHOU pa3 pas3-
JUYAIOT  HCUOKOCMHO-AOCOPOYUOHHYIO,  IHCUOKOCMHO-ICUOKOCMHYIO,  2A30-
a0CcopOYUOHHYIO, 2A30-HCUOKOCMHYIO XPOMATOTpa(uIo.

3. Ilo mexnuke 6bINOIHEHUA pPA3IUYAIOM KOJIOHOUHYIO, MOHKOCIOUHYIO,
OYMAICHYIO, KANULISIPHO-KOJIOHOYHYIO 8UO0bL XPOMATOTpa(uu.
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B mpocreiimem ciiydae pa3aeneHusi METOIOM XpoMaTorpapuu UCCiaeryeMyro
CMECh, COJIEpPKAIllyl0 OKpAallIEHHbIE KOMIOHEHTHI, (UIBTPYIOT MOJ HEOOIBIINM
pa3pexeHrueM yepe3 CTEKISIHHYIO KOJIOHKY, 3all0JIHEHHYIO0 O€CIIBETHBIM a/IcCOPOCH-
TOM — HETIOJABMXKHOM (a3oii (puc.2.1.). PazaensieMyro MHOTOKOMIIOHEHTHYIO CMECh
MOMEIIAIOT BBEPXY KOJIOHKU. CBEpXy MNPUIMBAIOT YHUCTBHI pPAaCTBOPUTENb WIIU
CMECh pacTBopuUTEIe — moaBIKHYIO (ha3y (amroeHT). [Io Mepe npoaBMKEHHSI 110-
JMBIKHOM (Da3bl M 3aXBAYCHHOM €10 aHaUM3UPYEeMOM CMECH KOMIIOHEHTHI CMECH
BCJIEICTBHE UX DPA3IMYHOW COpOMPYEMOCTH Ha HEMOABMXHOW (haze — copOeHTe
OyJlyT IPOJIBUTATHCS 110 KOJIOHKE C Pa3HON CKOPOCTHIO U TEM CaMbIM Pa3JIeNsThCsl.

[Ipy mpaBWIBHO MOCTABIEHHOM SKCIEPUMEHTE BJOJb KOJIOHKH MOSBIISETCS
pSAI OKpallE€HHBIX IOJOC, COJAEpKAIIUX HWHIAUBUIYAIbHBIE KOMIIOHEHTHI CMECH
(puc.2.1). Pa3znenenHble KOMIIOHEHTHI BEIMBIBAIOT PACTBOPHUTEIIEM B COOUPAIOT OT-
JIeTbHBIE TTOPIUU — 3It0aThl. Takoil BUII XpomaTorpaduu — rie pa3aeicHue npo-
HCXOJIUT B KOJIOHKE - Ha3bIBAIOT KOJJOHOYHOM XpoMartorpadueii.

Crnenyer oTMETUTD, 4TO A((PEKTUBHOCTD pa3/ieNICHUs] 3aBUCUT OT MPABUIIbHO-
ro MoJI0opa CUCTEMbI COPOEHT — AJIIOEHT — pazjenseMas cMech. Hammydmmm Ba-
PUAHTOM SBJISIETCSI MPUMEHEHHE TOHKOCIIONHOW Xpomartorpaduu A dKCIpecc-
aHaJKM3a MPUTOJIHOCTH CUCTEMbI COPOCHT-3JIIOCHT C MOCIEAYIONEH ONTUMU3AIUE
YCJIOBUUM MPUMEHUTENBHO K Pa3/IEICHUIO HA KOJIOHKE.

Tounkocs0iiHas xpomarorpagus

Cpenu coBpeMEHHBIX XpoMaTorpauyeckux METOJ0B B 3HAUUTEIBHON Mepe
CHOCOOCTBOBABIIMX PA3BUTHUIO aHAIM3a OPraHMYECKUX U OMOOPraHUYECKHUX CO-
€IMHEHUH U COBEPILIEHCTBOBAHUIO CIIOCOOOB MpENapaTuBHOTO pa3AeieHus], 3aMeT-
HOE MECTO 3aHUMaeT ToHkocyokHas xpomarorpadus — TCX. Merogom TCX pas-
JIEJSIIOT BEILECTBA, CTPOCHUE KOTOPBIX Pa3IMyaeTcsl MPUPOAON, YACIOM U Xapak-
TE€pPOM TOJISIPHBIX U HEMOJISIPHBIX TPYII WIIM UX 3aMECTUTENEH, a TAKXKE CTPYKTYp-
HbI€ U MPOCTPAHCTBEHHBIE U30MEPHI.

OnHrM u3 ocHOBHBIX NpenmyiecTB TCX sABIIIETCSA MPOCTOTA UCITOIB3YEMO-
ro 000pyJI0BaHUA: CIELHMAIbHbBIE, BBIITYCKAEMbIE MPOMBIIIJIEHHBIM CIOCOOOM, Me-
TaJUIMYECKUE WM CTEKJISIHHBIE IJACTUHKHA C HAHECEHHBIM TOHKUM CJIOEM COpOEeH-
Ta, TEPMETUYHBIE CTEKJISHHBIE KAMEPHI U 3JIFOCHTHI, UCIIOJIb3yEMbIE€ B KOJIOHOYHOMN
xpomatorpaduu. YUem 06o0Jbllie MOISIPHOCTH 3JIFOEHTA, TEM BBIIIE CKOPOCTh Mepe-
JBUKEHUSI DJIFOEHTA 110 TOHKOMY CJIOI0 COpOeHTa.

Texnuka BblnonHeHUs pazaenenus merogom TCX: B 2-3 cM ot kpas mia-
CTHMHKH Ha CTapTOBYIO JIMHUIO B BUJIE MMATEH BHOCAT MPOOBI aHAIU3UPYEMON CMECH
Y METUYHMKOB—CBHUJETENEH — OKUIAEMBIX KOMIIOHEHTOB JUIsI HAAECKHOCTU UJIEHTH-
¢dukamuu (puc. 5.2.). Ha paccrosiHun 1 cM OT BepxHEro kpasi OTMEYaroT JIMHUIO
(dbuHUIIA — TUHUIO (PPOHTA PaCTBOPUTES.

HwxHuii Kpail INIACTUHKYU MOTPYKAKOT B paCTBOPUTENb — dJItOeHT. [lox nen-
CTBMEM KaNWUIAPHBIX CHJI PACTBOPUTEINb JBHXKETCA BJAOJbL CJIOS COPOEHTa M C
Pa3HON CKOPOCTBIO MEPEHOCUT KOMIIOHEHTBI CMECH, YTO MPUBOAUT K UX MPOCTPAH-
CTBEHHOMY Pa3J/ICJICHUIO.
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Puc. 5.2. Pa3genenne KOMIIOHEHTOB CII0KHON cmecu MeTotoM TCX

CopOLMOHHBIE U Pa3JeIUTENIbHbIE CBOMCTBA CUCTEMBI XapaKTEPU3YIOTCS KO-
a¢dunrentom nBmwxenus — Ry [{ns onpenenenHoir xpoMarorpaduueckoi cucre-
MBI COPOEHT - AJIOEHT 3HAaYeHUs Ry ABISIOTCS KOHCTAaHTaMH.

Ecnu Ha xpomarorpamme 00pa3yroTcsl OKpalleHHbIE 30HbI, TO IPOBOJST BU-
3yajbHble HaOmoAeHus. HeBuanmbie XpoMaTorpaMmel (cofepkaniue OeCIiBETHbIC
KOMITOHEHTHI) MPOSIBISIOT COOTBETCTBYIOIIUMU XUMUYECKUMU peareHTamu. Tak,
HaIpuMep, JUIsl OOHAPYKEHUS AMUHOKHUCIIOT U TETTH/IOB MPUMEHSIOT HUHTUIPOH.

Heckonbko pexe 1uist 1esnen pa3ieieHusl UCIOIb3YI0T OyMaKHYI0 XpOMaTo-
rpaduto (bX), riae B xauecTBe HEMOJABMXKHOU (ha3bl MUCHOIB3YETCS IEJUTIOJI03HOE
BOJIOKHO OyMaru. bymaskHast 1 TOHKOCJOWHAs XpomaTorpaduu CXOAHbBI M0 TEXHU-
ke BbimosiHeHus. Takum oOpazoM, bX u TCX — Meroasl pa3aeneHust mpocThie 1Mo
TE€XHMKE BBIIIOJIHEHUS, SKCIIPECCHBI, HE TPEOYIOT JOPOTrOCTOSIIET0 000PYIOBAHMSL.

HonooOmenHnas xpomarTorpagust

OngHuM U3 BUJOB KOJIOHOYHOW XpomaTtorpaduu SIBISETCI MOHOOOMEHHas
xpoMarorpadus (MOX). 3nech B KadecTBE HEMOJABHXKHON (Pa3bl HCIONB3YHOTCA
WOHUTHI WM MOHOOOMEHHUKH - TBEpJbIC, MAJIOPACTBOPUMbIE OPraHUYECKUE WITU
HEOPTraHWYECKHUE BBICOKOMOJIEKYJISIPHBIE KUCIIOThI, OCHOBAHUS U UX COJIH.

B coctaB BRICOKOMOJEKYJIIPHBIX KUCJIOT U UX COJIEd BXOAMUT BBICOKOMOJIE-
KYJISIPHBI aHUOH — MAaKpPOAHUOH, KOTOPBII HE MOXKET MEPEXOJUTh B PaCTBOpP. JTU
BBICOKOMOJIEKYJISIPHBIE BELIECTBA JIETKO OOMEHMBAIOTCS KATHOHAMH C PacTBOPOM
Y MIO3TOMY Ha3bIBAKOTCS KamuoHumamu. AHUOHBI, HAXOJSAIIUECS B pacTBOpE, OT-
TaJKUBAKOTCA OJHOMMEHHO 3apSHKEHHBIM MAaKpOAHMOHOM M HE MOIJIOLIAKTCA Ka-
THOHUTAMU. [IpakTHyecku He COpOUPYIOTCS M HEUOHU3UPYIOUIUECS MOJEKYJIBI,
HaIlpUMEP, MOJIEKYJIbI MHOTMX OPraHWYeCKUX BellecTB. IMEHHO Ha 3TOM OCHOBa-
HO OTJEJICHHE MPU MTOMOIIY KaTHOHUTOB KATHOHOB OT AHMOHOB (C OJTHOBPEMEHHOM
3aMEHOW JaHHBIX MOHOB JIPYTMUMH) U OT OpraHuyYecKux BemiecTs. [lonb3ysce pas-
JMYHOU PACTBOPUMOCTBIO BHICOKOMOJIEKYJISIPHBIX COJIEH B T€X WJIM MHBIX yCIIOBH-
AX (pa3nyueM B COpOIMU KaTUOHOB), MOXKHO PA3AeNATh Ha KATHOHUTAX TAKXKE U
KATHOHBI.
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KaTtnoHUTHI coaepkaTr B CBOEM COCTAaBE aKTHBHBIE KUCJIOTHBIE IPYMIbI TH-
na:
-SOzH; -CH,SOsH; -COOH wu  np.

Bomopoa 3tux rpynn cnocoOeH 0OMEHUBAThCS Ha Ipyrue KatuoHbl. Cy1il-
HOCTh KATHOHHOTO OOMEHAa MOYKHO BBIPA3UTh CJICIYIONIUM 00pa3oM:

a) co menounrto: RH+ NaOH — RNa + H,0;

0) ¢ CoIbIO: 2RH+CaCl, — R,Ca + 2HCI,

rae R — clnoHbBIIT aHUOH CUHTETUYECKOU CMOJIBI.

B cocTaB BBHICOKOMOJEKYJSIPHBIX OCHOBAaHUM M UX COJEH — aHUOHUMOG -
BXOJIUT BBICOKOMOJICKYJIIPHBI KaTHOH. AHMOHUTHI MOTYT OOMEHHMBATHCS AHHO-
HaMU U HE COPOUPYIOT KAaTHOHBI ¥ HEMOHU3UPOBAHHBIC MOJICKYJIHI.

B mactosimee Bpems MIMPOKO WCHOIB3YIOTCS OPTraHUYCCKAE HOHUTHI —
MOHOOOMEHHBIE CMOJIbl. B KayecTBe KaTHOHUTOB YACTO MPUMEHSIOT BHICOKOMOJIE-
kyssipabie cyibdokucioTel [MA](SOzH), , nHanpumep, kaTroHuT Mapku KY-2 .

[IpakTUueckoe NpuMEHEHHE MEeTo/Ia: XpomaTorpadudyeckoe pasjiesieHue Ha
MOHUTAX IUPOKO UCTOIB3YETCS B TEXHUKE JJIS ONIPECHEHUS BOJI, OUMCTKH PacTBO-
POB OT HEXKETATEIbHBIX IPUMECEH, JIJIsl U3BJICUEHUS MOJIE3HBIX BEIIECTB, & TAKXKE B
XUMUYECKOM aHaJIM3E.

AnmnapartypHoe o)opMIiIeHHEe XPOMATOrpagu4YecKUX MEeTOA0B aHAIN3a
I'azo-agcopOuMoHHAsA U ra30-KUAKOCTHAsA Xpomatorpadus

[Ipu Mcnonb30BaHMU B KaueCTBE MOABUXKHOM (ha3bl raza, MpoOXOASAIIEro ye-
pe3 TBepAbId COPOEHT, HMeeM JIeJI0 C Ta30-aJCopOIMOHHON XpomMaTorpadueit
("'AX), a npu NPOXOKIAEHUH Ta3a yepe3 KUAKOCTh, HAHECEHHYIO B BUJE MJICHKU Ha
TBEPJbIA COPOEHT, — C ra3o-xKuAKOocTHOUM xpomarorpadueit (IKX). Peanuzanus
JTAHHBIX METOJIOB BO3MOXKHA TOJIBKO C MCIOJIb30BaHUEM MPUOOpa — ra30BOro Xpo-
matorpada.

B Merogax I'AX u [7KX npu npoX0oxKIAEHUN CMECU BELIECTB YEPE3 KOJIOHKY
C COpOEHTOM AT BEIIECTBA MHOTOKPATHO YYAaCTBYIOT B MpOIECCaX aJCcOpOIHH U
JecCOpOIMU WM B MpOIIeccax paclpeeicHus, TAaKUM 00pa3oM, 4To 4eM OoJIbIIe
LMKJIOB MPOXOJHUT BEIIECTBO, TEM JOJIbIIIE OHO HAXOQUTCA B KOJIOHKE. BelecTso,
KOTOPOE XyXe aJicopOupyeTcs, BBIXOJIUT U3 KOJOHKH mepBbiM. IlocrienoBarenb-
HOCTb BBIXOJIa BCerJia OyAeT ONpeeaThCsl CIIOCOOHOCTHIO BEIIECTBA K aJICOPOIUU
Ha JJaHHOM COpOEHTE.

AnmnapatypHo opopMIIeHHBIE BUJIbI XpOMaTorpaduy BBITOJIHO OTJIMYAKOTCS
OT «PYUYHBIX» €€ BUJOB TE€M, UTO:

-MI03BOJISIIOT OBICTPO MPOBOAUTH aHAJIU3 MHOTOKOMIIOHEHTHOM CHCTEMBbI Ha KOJIH-
YECTBEHHOM YPOBHE BILIOTH JI0 cojiepkanus kommoreHTa - 0,001%;

-Ha OJTHOM U TOM e KOJOHKE MOKHO MPOBOJIUTH OECKOHEUHOE MHOKECTBO aHATH-
30B M 3aKOHOMEPHOCTH BBIXO/Ia WHINBUYAJbHBIX BEIIECTB HA OJTHOM U TOM K€
copOeHTe Bcerna OyIyT OJTHU U T€ KeE;
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-[IpoLIeCC XpoMaTorpagpupoBaHus OCYILECTBIIAETCS B XpomaTorpade, T.e. aBTOMa-

TU3UPOBAH, CJIEI0BATENIBHO, JIETKO MOJYyUYUTh BOCIIPOU3BOIUMBIE JTAHHBIE;
-IIOJICOEAMHEHHBIN K XpoMarorpady KOMIbIOTEP, HMEIOIIUN 3allOMUHAIOLIEe

yCTPOMCTBO U OaHK XpomaTtorpauyeckux JAAHHBIX, 00ECTIEUNBAET NPOBEICHUE

JKCIIpEcC-aHaIN3a.

B aHanuTHueckoil mpakTUKe yalle MCHOJIb3YIOT METOJ Ia30-KUAKOCTHON Xpo-
MaTorpaduu, T.K. 3TO CBS3aHO C YPE3BbIUAMHBIM Pa3HOOOpPA3HEM XKUAKUX HEMO-
IBUKHBIX (a3. PaznuyaroT skunkue Ga3pl TpeX TUIOB: HEMOJIAPHbIC (HACHIIICHHBIC
YIIEBOAOPOABI U JIP.), YMEPEHHO MOJSIPHBIE (CIOXKHBIE 3(DUPBI, HUTPUIBI U 1Ip.) U
NOJISIPHBIE (TTOTUTIIUKOIN, THAPOKCHUIAMUHBIL U Ap.).

CHrHan aeTeKTpa

BEpEeMA

Puc. 5.3. XpomarorpamMmma, WUTFOCTPHPYIOIIAs OCHOBHOM IapaMeTp XpoMarorpa-
(bUYECKOTO pa3e/ICHHS : - BpeMs YACPKUBaHUSA KOMITOHEHTA: t, — o0Iriee Bpemst
yaep:kuBaHus xpomaTtorpadupyemoro Beriectsa; t,(0) — Bpems yaep:kuBaHus He-
COpOUPYIOIIETOCS BEIIEeCTBA.

3Has CBOMCTBAa HEMOJBHW)KHOM (pa3bl M MPUPOAY Ppa3AeiIeMbIX BEILECTB,
HaIlpuMep, KIacc, CTPOEHHE, MOKHO JOCTATOYHO OBICTPO MOA00paTh MOIXOJs-
Y10 JUTS pa3JieeHus JaHHOW CMECH CEJIEKTUBHYIO KHUIKYIO (azy.

PesynbraTomM aHanusza SBIIETCS XpOMATorpaMma — 3alMCh MOCIEI0BATEIb-
HO BBIXOSIIMX XpOMaTorpapuuecKnux MUKOB, KaKbI U3 KOTOPBIX COOTBETCTBYET
UHINBUIYATbHOMY KOMIOHEHTY cMecH (puc. 5.3-5.4). Ilnomane nmuka npsMo mpo-
NOPLIMOHAJIbHA KOHUEHTPALMY KOMIIOHEHTA B CMECH.

KuaKkocTHO-21COPOIUMOHHAS U KUIKOCTHO-KUIKOCTHAS
BHU/bI XpoMaTorpaguu

KuakocTHo-ancopOIMOHHAS U KUIKOCTHO-KUJIKOCTHAs! BUBI XpOMaTorpa-
¢un ormmuarores ot 'AX u I'’KX rcnons3oBaHreM >KHIKOW MOABUXKHON (azbl -
antoeHTa. [IpuMeHsIOTCS 11 CEpUMHOTO ONPENEIICHNUS] OPTaHUYECKUX COETMHEHUI
MHOTHUX KJIacCOB, HallpUMEp, aHAJIN3 CMECEH aMHHOKHUCIIOT, OEJIKOB, JIEKapCTBEH-
HBIX MpenaparoB (puc. 5.4.)

XKunkoctHoil xpomarorpad — GoJiee CIOXKHBIM MPUOOP MO CPABHEHUIO C Ta-
30BBIM. JTO CBSI3aHO C T€M, YTO CHCTEMa IIOJAa4M JJIIOCHTA BKIIIOYAET Psif] JTOIOJI-
HUTEJIBHBIX Y3JI0B: CHCTEMY Jera3auuy, yCTPOWCTBO A CO3JaHUs TI'PAJUEHTA,
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HACOCHI U U3MEPUTEINN JIaBJIeHUs. B JKMIKOCTHBIX XpoMaTorpadax 4acTo UCTOJb-
3yIOT aBTOMAaTUYECKHUE KOJUIEKTOPHI (hpaKLuid.

)
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Puc. 5.4. Xpomarorpamma cMECH aMUHOKHCIIOT, BXOJIAIIUX B COCTaB MPOYKTOB TH/I-
ponu3a OenKoB: 1-acnapruHoBas K-Ta, 2-TPEOHUH, 3-CEpHH, 4-TIIyTaMUHOBAs K-Ta, 5-
MIPOJIMH, 6-TJIULIMH, 7-aJlaHuH, 8-1MCTUH, 9-BasmuH, 10-MeTnonuH, 1 1-uzoneinuy, 12-

neiuH, 13-tuposuH, 14-denmnananu, 15-ructuaus, 16-m3uH, 17-aMMuax,
18-aprunun (HenoaBkHas ¢aza: 1yppym — C-A4).

Bonpocsl 1151 CaMOKOHTPOJIS
1. Knaccudukanus Gpu3nKo-XMMHUECKUX METOAOB aHanu3a. duznueckue u
(GU3UKO-XMMHUUYECKUE SBJICHUS, JIS)KAILUE B OCHOBE JIEJICHUS] METO/I0B.
2. CymHocThs XpoMaTorpaduyeckoro MeTo/1a aHaJInu3a.
3. OObsSICHWTE TEPMUHBI: MOABWKHAS W HEMOABMXHas (a3a, dIIOCHT, COp-
OCHT.
4. ToukocnoiiHasi, HOHOOOMEHHAs U KOJIOHOYHAsl BUJIbI XpoMaTorpagpuu.
["a30-)xuakocTHas xpomaropradus.
OCHOBHBIE y3JIbI COBPEMEHHOTO XpoMarorpada, mpuMeHsieMble Ha Mpak-
TUKE JIETEKTOPBHI.
OcHOBHbIE XpOoMaTorpapuuecKe napameTpsl pa3aesieHusl.
8. IlpumeHeHue MeToJa Ha MPAKTUKE: pa3felieHue MHOIOKOMIIOHEHTHBIX
CMEecell Ha WHAWBUIYaJbHbIE KOMIIOHEHTHI, KAYECTBEHHBIA W KOJIUYE-
CTBEHHBIW aHAJIU3 BELIECTB.

o ol

~

TEMA 6. MACC-CIIEKTPOMETPUA
OCHOBHBIE BOITPOCHI

DuU3UYECKUE SABJICHUS, JIEKAIIUE B OCHOBE MacC-CIIEKTpoMeTpuu. Momeky-
JAPHBIA HOH, OCKOJIOUHBIM HOH, MAaCCOBOE€ YHCJIO, HOPMaJM30BaHHBIM MacC-
criekTp. HampaBienus gpparmeHTanuu MoJiekys. PazieneHue MOHOB B COBPEMEH-
HOM MacC-CIIEKTPOMETPE; PUHITMITHAIIBHAS cXeMa Macc-crekrpomeTrpa. OcobeH-
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HOCTH MAaccC-CIEKTpa, Ha KOTOPBIX OCHOBAHO MPOBEACHUE UACHTHU(UKAINKI MOJIE-
kyna. [Ipumenenue mMerona juist uAECHTU(GUKAIIMM U YCTAHOBJICHUS CTPYKTYpBI Op-
raHUYECKUX COeAMHEHUI. XpomaTo-Macc-crieKTpomeTpusi. OCHOBHBIE 3aKOHOMED-
HOCTH (pparMeHTaluu adupaTUIECKUX U apOMaTUHYECKUX MOJIEKYI.

METOAMYECKHNE YKA3AHUA

[Ipy u3ydeHun NaHHOM TEMBI CIENYyEeT MOHATh, YTO B OCHOBE METOJA Macc-
CTIIEKTPOMETPHUH JICKHUT MOHU3AIMS aTOMOB M MOJIEKYJI M3y4aeMOro BEIIECTBA O
BO3/ICHCTBUEM, HAIPUMED, SIEKTPOHHOTO yJapa U MOCIEAYIOUIEM pa3ieleHun 00-
pa3yIoIUXCcs HOHOB B AJIEKTPUUECKOM M MarHUTHOM MOJIAX. M3ydnTe BO3MOKHBIC
CIOCOOBI MOHM3ALUU MOJIEKYIT.

Paz0epurte cxemy 00pa3oBaHUsS MOJIEKYJISIPHOTO MOHA M Jlajiee IpU MOCIeay-
fouiel pparmeHTanuu 00pa3oBaHUE OCKOJIOYHBIX MOHOB. [locTapaiiTech MOHSATS,
oYyeMy BO3MOXKHBI MapajielbHble HANpaBiIeHUs (pparMeHTaluu MOJIEKYJ U C Ka-
KOH 1IeJIbI0 COCTABJIAIOT OOIIYI0 CXeMY (pparMeHTalUH.

Jlanee cienyer NOHATh, KaK IPOUCXOAUT Pa3AeiIeHUE HOHOB B COBPEMEHHOM
Macc-CIIEKTPOMETpE, B KOMOMHALIUU 3JIEKTPUYECKOT0 U MarHUTHOTO TOJIEH; moye-
My pa3/ieJIeHHEe MOHOB MOKHO IPOBOJUTH B MPOCTPAHCTBE WJIM BO BPEMEHH; KaK
IPOUCXOAUT PETUCTPALIMS NOHOB U 3aIllUCh Macc-creKkTpa. O3HaKOMbTECH C MOHSI-
THEM HOPMAIU308aHHblU Macc-cnekmp. Pazdepurech, B KaKMX €IUHHIIAX H3Me-
PEHHSI 3aIICBIBAETCS MACC-CIIEKTP U YTO TAKOE MAaCCOBOE YHCIIO.

OOpatuTe BHUMAHHE, UYTO MAaCC-CIIEKTPOMETPUUYECCKUN aHAINU3 CIIOKHBIX
(MHOTOKOMIIOHEHTHBIX) BEILIECTB I1I€JIECO00PA3HO MPOBOJUTH MOCIE UX XPOMATO-
rpaduueckoro paszzaenenusd. Crenyer pa3oOpaThCsi, KakMe OCOOEHHOCTH Macc-
CTHEKTpa JeJal0T BO3MOXXHBIM IMPUMEHEHHE MacC-CIIEKTPOMETPUH JIs aHaln3a
BELIECTB; IOYEMY YacTO TPeOYIOTCS JaHHbIE IO €CTECTBEHHOMY COJIEP)KaHUIO U30-
TOTOB AJIEMEHTOB; KaKH€ BU/Ibl aHAIM3a MOXHO ITPOBECTU ATUM METOJIOM.

[Tpu M3y4yeHHH Macc-CIEKTPOMETPUHU HEOOXOJUMO O03HAKOMJIEHHE C OCHOB-
HBIMU 3aKOHOMEPHOCTAMHU (hparMeHTalMi OpraHuuecKux coeanHeHuil. Pazdepute
OCHOBHBIE TyTH (parMeHTanuu anudarnyeckux (I[EMOYeYHBIX) OPraHUYEeCKUX
MOJIEKYJI: T€TEPOATOMHBIX COEMHEHUN U Pa3BETBICHHBIX MoJIeKyI. Jlanee mocta-
palTech U3YYUTh OCHOBHBIE IMyTH (hparMEeHTAIIMN ApOMATHYECKUX (LIIUKIMYECKHUX)
MOJIEKYI.

PaccmotpuTe mpuMepsl MpUMEHEHUs METO/Ia Ha TMPaKTHUKe. 3allOMHHUTE, YTO
CYIIECTBYIOT TaOJHIIBI HauOoJee MPeaCTaBUTEIbHBIX MOJCKYISPHBIX U OCKOJIOY-
HBIX MOHOB C yKa3aHHWEM COOTBETCTBYIOIIMX CTPYKTYp, KOTOPbIE MOTYT OBITh HC-
MOJIb30BaHbl B KA4€CTBE PYKOBOJCTBA MPU WHTEPIIPETallMd Macc-crekTpa. Ecim
CTIEKTP COICPKHUTCS B KaTaJlore, TO COMOCTABIEHNE MACC-CIIEKTPa H3y4aeMoOro CO-
€IMHEHUS C KaTaJIoraMU MOMOXET ObICTPO HJIEHTU(PUIIUPOBATH COCTUHEHHE.

KpaTkuii TeopeTu4ecKuidi MaTepuall
Macc-CrekTpoMeTpUIEeCKUM METO aHAJIM3a OCHOBAH HA MOHU3ALMU aTOMOB

N MOJICKYJI NU3y4aCcMOI'0 BCUICCTBA, UX (bpaFMeHTaHI/II/I " TIOCJICAYIOIICM pa3aciic-
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HUU 00pa30BaBIINXCS MOHOB B MIPOCTPAHCTBE WJIM BO BpeMeHH. Hambomnee BakHOE
MPUMEHEHHUE TOJyYnsia MacC-CIIEKTPOMETPHS Il UACHTU(UKAIIUA U YCTAHOBJIIE-
HUSl CTPYKTYpPbl OPTaHUYECKUX COCIUHEHUU. MOJIEKYISIpPHBIA aHAIU3 CIOKHBIX
CMeCe OpraHuYecKuX COCAMHEHUM I1eJeCO00pa3HO MPOBOJIUTH MOCIE UX XpoMa-
torpadguyeckoro paszaeneHus. CHHTE3 XpomaTorpapuyeckux M Macc-CIIEKTPO-
METPUYECKUX METOAOB MPEACTABJICH B OJJTHOM U3 CAMbIX COBPEMEHHBIX METOJ0B —
XpPOMaTO-MaCC-CIIEKTPOMETPHH.

CyliecTBYIOT pa3jIMuHble CHOCOOBI MOHU3AIMM aTOMOB U MOJIEKYJI: 3JICK-
TPOHHBIA yJap, XUMHYECKAsT MOHU3ALMS, UCKPOBOM paspsifl, JIA3€PHOE U3ITyUYEHUE.
B opranndeckom CTpyKTypHOM aHAJIM3€ OOJIITMHCTBO MCCIICIOBAHUIN MMPOBOIST C
MCMOJIb30BAaHUEM MOHU3ALNH JIEKTPOHHBIM yIapOM.

[Ipy MOHU3ALMK MOJIEKYIIBI 00pa3yeTcs MoneKynApHbiil uoH M', BHYTpeH-
HSIS DHEPTUs KOTOPOTO MOKET OBITh JOCTATOYHOW IJIsi pacraga C BBIOPOCOM
HEUTPAIIbHON YACTHUIIBI m’ u 00pa30BaHUEM OCKOJIOYHO20 UOHA, UlU (hpazmenma
A". Ecin ockonouHslii HoH A” 0671a1aeT 10CTaTOYHOM PHEprueil, To MOXKET Ipo-
MCXOUTH €ro JanbHeHIuii paciaz ¢ oopazoBanueM HOBBIX pparmentos (B*, C* u
T.JI.) 10 T€X TOp, MOKa He oOpa3yeTcsl HOH, BHYTPEHHEH 3HEPruu KOTOPOTo HE0-
CTATOYHO JUIS1 TAJIbHEUIIETO MIPEBPAILICHUS:

'e 'm 'ma 'mb 'mc
M - M > A" > B > C" wurn

Takue mocnemoBaTe/ibHbIC paclaibl HA3bIBAIOTCS MYTSIMH MU HAIPaBJICHH-
aMu (parMeHTamuu. MonekysapHbelii HoH M™ U m000i M3 OCKOJIOYHBIX MOHOB
(A", B", C" u T.1.) MOTYT pacmajarthcs 10 HECKONLKUM HanpasiaeHusM. O0benu-
HSISL pa3IMYHbIC HANPABJICHUSI paclaja, COCTABISIOT CXeMy (parMeHTaIluH, XapakK-
TEPHYIO JIJISl KCCIICAYEMOTO COCIMHCHHSI.

OOpasytomuecst B pe3ysibTare JIeKTPOHHOTO yapa HOHBI PA3JICIsioT 0 UX
MaccaM B Macc-criekrpomerpe (puc. 6.1.).

Cucrema | | Honnbrii .| Pa3gesienue .| Perucrpa- .| 3amuce
BBO/1a HCTOYHHMK HOHOB Usl HOHOB CIeKTpa

A
A
A
A

Puc. 6.1. IlpuHIIMIIMABHAS CXeMa MacC-CIIEKTPOMETPA;
BO BCEM CHUCTEME IOJJIEPKUBACTCS BAKYYM 107 Mm pT.CT.

Pe3ynbTaThl n3MEpeHHs] OTHOCHTEILHOTO KOJIMYECTBA U MacCOBOTO YHCIIa -
m/e - MOHOB MOXKHO MPEACTaBHTHh I'paUUCSCKU. MO OCH aOCIMCC OTKIIAIbIBAIOT
3HAYEeHUs M/e, a Mo OCH OpJAWHAT WHTEHCUBHOCTH MUKOB MOHOB (puc. 6.2). Takoii
rpaduK ¥ MPEACTaBISIET MaCC-CIIEKTP, KOTOPBIM MOKHO 3alKcaTh HA OCHUIUIOrpa-
de, OyMaxxHO# JieHTe Wi (GOTOIIIACTHHKE.

Kax mpaBuio, Macc-CrieKTp mpeacTaBiIsIOT B HOpMAITM30BaHHON (hopme — B
MPOIIEHTAaX OT MAaKCUMaJILHOTO (OCHOBHOTO) TKa. KpomMe rpadudeckoro Bapuanra

HCIIOJIB3YCTCA TAKIKC 3aIlIMCh MACC-CIICKTPAa B BUAC Ta6J'II/II_U>I JaHHBIX.
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WMHTEHCHEHOCTE NMKOBE

l:,+ B+ A+ M + me

Puc. 6.2. I'papuueckoe m3o00pakeHHe WHTCHCUBHOCTEH MPUPOIBI MUKOB
+ + pt ~t
noHoB M', A", B', C", oOpa3yromuxcsi B HOHHOM HCTOYHUKE.

B03MOXHOCTP HUCHOJB30BAaHUS MAacC-CIIEKTPOMETPUU JJI  OMpEeIICHUs
CTPYKTYpPBl OPTraHHYECKHX MOJIEKYJ OCHOBaHa Ha CIEAYIOIMIUX O0COOEHHOCMSX
macc-cnekmpa:

1. B macc-criekTpax OOJBIIMHCTBA MOJIEKYJ UMEIOTCS MTUKU MOJICKYJISIPHBIX
HOHOB M, Macchl KOTOPHIX PaBHBI MACCaM UCXOIHBIX MOJIEKYI.

2. MHorue 31€MEHTbl UMEIOT €CTECTBEHHOE COJIEPKaHUE HECKOJbKUX U30-
TOTNOB (TabJ1. 3) U ATH U30TOMBI TPOSBIIAIOTCS B Macc-CIEKTpe. XapakTepHOe pac-
npe/iesieHne HHTEHCUBHOCTEN MMKOB Pa3HbIX M30TOIMHBIX HAOOPOB aTOMOB IMO3BO-
JSIFOT OTIPEACTUTh HATMYKe HanboJiee y3HaBaeMbix atomoB (S, Cl, Br u ap.).

3. Pacmam MOJeKymsSipHOrO HMOHA, YacTO COMPOBOXKIAIONINN HOHHU3AIMIO,
IPUBOJUT K 00pa30BaHUIO OCKOJIOYHBIX MOHOB, OOPa3yIOMIUXCS KaK MPU MPOCTOM
pa3pbiBe CBs3EH, TaK M C MPOTEKaHHWEM TMPOIECCOB MEPETPYNIUPOBKH aTOMOB.
Macchl Takux MOHOB COOTBETCTBYIOT ONPEICIECHHBIM CTPYKTYPHBIM (PparMeHTam
MOJICKYJTBI.

Taxum 06pa3om, 0 Macc-CIEKTPY MOXKHO OTPEICIINUTB:

a) MOJICKYJISIPHYIO Maccy;

0) 2JIEeMEHTHBIN COCTaB,;

B) GYHKIIMOHAJIBHBIEC TPYIIIIBI M CTPYKTYpPHBIE (hparMEeHTHl MOJIEKYJIBI -

— aTI0 UX COBOKYITHOCTH - CTPYKTYPY MOJIEKYJIBI.

Bonpocsl 17151 CAMOKOHTPOJIS

1. CymHOCTh Macc-ClIEKTPOMETPHH.

2. O0OBSACHUTE TEPMUHBL: HOHU3ALMS MOJIEKYJIbl, MOJIEKYJISIPHBIN HOH, OCKOJIOYHBIN
WOH, )parMeHTalrs HOHOB, MaCCOBOE YUCIIO, MAaCC-CIEKTP.

. OCHOBHBI€ y3JIbl MaCC-CIIEKTPOMETPA.

. Cxema pa3neneHusi HOHOB B COBPEMEHHOM MacCC-CIEKTPOMETPE.

. XpOMaTo-mMacc-CleKTPOMETPUS.

. Oco0eHHOCTH Macc-CIEKTpa, UCHOJIb3yeMble I UAECHTU(UKAIIUN MOJIEKYJ.

. OCHOBHBIE 3aKOHOMEPHOCTH (PparMeHTAUU OPTAaHUYECKUX MOJIEKYI.

~NOoO O1Th~ W

TEMBI 7-8. OITUYECKHUE (CIIEKTPAJIBHBIE) METO1bI AHAJIN3A
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OCHOBHBIE BOITPOCHI

Knaccudukanus chnekTpanbHBIX METOAOB aHanmuza. KopmyckymsipHo-
BOJIHOBAs IIPUPOAA JIEKTPOMAarHUTHOTO u3iaydeHns. OCHOBHBIE XapaKTEPHUCTHKH,
BBITEKAIOIINE U3 BOJHOBOW M KOPILYCKYJIIPHOM IPUPOABI CBETA: JJIMHA BOJIHBI, Ya-
CTOTa, BOJIHOBOE 4MCIIO, 3Heprusa ¢gorona. [IpaBuno wacror bopa. 3akon byrepa-
JlambepTta-bopa. Criektp BeniectBa. KauecTBEHHBIN 1 KOJIMYECTBEHHBIA aHAIN3 1O
CIEKTpaM COCITMHECHUIA.

ATOMHBIE METOJBl aHaJu3a: AaTOMHO-PMHCCHOHHBIA, aTOMHO-a0COpOIMOH-
HBII, peHTreHo-(uryopecieHTHbIH. [IpuMeHenrne aToMHBIX METOJIOB IS BHITIOJIHE-
HUS QJIEMEHTHOT'O aHAJIN3A.

METOAMYECKUE YKA3AHUA

[Tpu m3ydeHnn CIEKTPaTbHBIX METOJOB aHAIM3a YSICHUTE MX TJIaBHYIO OCO-
OCHHOCTB: 3TO (PU3MUECKHE METOJbI, OCHOBAaHHBIC HAa B3aUMOJICHCTBUU DJIEKTPO-
MarHUTHOTO W3JIyY€HHUs C aHaJU3UpPyeMbIM BellecTBOM. Pa3zbepurech, B 4eM co-
CTOUT KOPIYCKYJISIPHO-BOJTHOBOM Tyajlu3M MpPEACTABICHUN 00 3JEKTPOMAarHUTHOM
U3ITYyYCHHH.

3anoOMHHUTE, OCHOBHBIE XapPaKTEPUCTUKU DIICKTPOMATHUTHOTO H3ITyUYCHUS,
HE0OXOMMbIC BaM B JIAJIbHEUIIIEM MIPU U3YYEHUU CHEKTPAIbHBIX METOJOB: JIJTMHA
BOJIHBI, €€ 4acTOTa, BOJIHOBOE YUCIO, d3HEprus GoroHa (kBaHTa). CienyeT MOHATS,
KaK TMPOUCXO/IST SHEPTETUUECKUE TIEPEXO0/IbI CUCTEMBI (aTOMa, MOJIEKYJIbI) TIPH TO-
TJIOMIEHNUN (MCIIYCKaHWN) SHEPTeTHUECKOTO KBaHTA; B YeM 3aKJII0YAETCS MPABUIIO
yactot bopa.

BriBeauTe OCHOBHOI 3aKOH ONTHUYECKUX METOJIOB — 3aK0H byrepa-Jlambep-
Ta-bapa, pazdepute Bce COCTABIAIONMINE €r0 (OPMYITHHOM 3aMHCH.

O3HaKOMBTECh C MOHATHSAMH: CIIEKTP, AUCKPETHBIA CIEKTP — CHEKTp dJe-
MEHTa, HEMPEPHIBHBIM CIEKTP — CIEKTP MOJIEKYJbl, Ipaduyeckoe n300pakeHne
CIEKTpa B PA3IUYHBIX ONTHYECKUX MeTojax. Takke HEoOXOIMMO TMOHSTH, Kak
IPOU3BOJUTCS KAUECTBEHHBIN M KOJMYECTBEHHBIN aHalIU3 10 CHEKTPaM COeAUHE-
HUM.

N3ydyeHne aTOMHBIX METOJIOB HauHUTE C UX Kiaccuduxanuu. Onpenenure,
Kakue (pU3nMuecKue sBIICHUS JIEKAT B OCHOBE JIEJICHUS; UTO TaKO€ CHEKTPhl IMHC-
CUU U CHEKTphl abcopOmuu (moryomenus). OOpatuTe BHUMAHUE, YTO CIEKTPHI
AMUCCUU W a0COpPOIMU TOJIYy4alOT B BUJIUMOM W YyJIbTpadUOIETOBON 00macTsIX
KBl 3JICKTPOMArHUTHBIX BOJH, & CIIEKTPHI PEHTICHOBCKOW (DIIyOPECIICHIINHA — B
00acTh PEHTIeHOBCKUX BOJH. 3allOMHUTE, YTO JUCKPETHOCTH (MIPEPBHIBHOCTH)
JVHUHA CTHEKTpa — YKa3blBaeT Ha WX MPUHAUICKHOCTh K aTOMHBIM CIIEKTpaM U
€IMHCTBEHHO BO3MOYKHBIN BHJ] aHAJIN3a MTPH 3TOM — 3TO SJICMEHTHBIN aHAIHU3.

Kparkuii TeopeTu4ecKuii MaTepuall

K CIICKTPAJIbHBIM MCTOJaM aHaJIn3a OTHOCAT (I)I/ISI/I‘-IGCKI/Ie MCTOJbl, OCHOBAH-
HBIC Ha BBaHMOﬂeﬁCTBHH SJICKTPOMAriuTHOI'O M3JTy4YCHUS C BCHICCTBOM. 910 B3a-
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UMOJICHCTBUE TPUBOJUT K PA3TUYHBIM SHEPTETUUECKUM TIEPEX0/1aM, KOTOPhIE pe-
THCTPUPYIOTCSI IKCIIEPUMEHTAIBHO B BUJIE MOTJIONICHUS, OTPAKEHUS U PaCCESTHUS
9JIEKTPOMArHUTHOrO U3nydeHus (puc.7.1).

OmpaxeHue caema ' PaccesHue
ceema
Ogpasey ~
5 | V.
é ‘,’/’. - -y
3
3
5
=S= floznoweHue
g c8ema
X
Thomunecysnyun

Puc. 7.1. O6mas kapTrHa B3aUMOJICHCTBUSA 3JIEKTPOMArHUTHOTO
U3IIyYEHUS C BEIIECTBOM

DJEeKTPOMarHuTHOE MU3IyYEHHE MOXKET OBbITh ONHCAHO JIByMsl CIIOCOOaMH.
[TepBblif UCXOTUT U3 €TO 8OJIHOBOU NPUPOOLL N HEOOXOIUM I OOBSICHEHUS TaKUX
ONTUYECKUX SIBJICHUI, KaK OTPAXXEHUE U PACCESHUE DJIEKTPOMArHUTHOIO HM3IyYe-
HUS, a TaKKe UHTepdepeHIuH, TUPPaKIUU U IpeIoMIIeHus cBeTa. Bropoit criocod
UCXOJIUT U3 KOPRYCKYIAPHOU NPUPOObl U3NyyeHus 1 00bACHIET IPOLECChl €ro mo-
TJIOUIEHUS U UCITyCKaHUsl aTOMaMH M MOJIEKYJIaMHU.

[To MakcBesnty, 3JIEKTPOMAarHUTHOE HU3JIIYyYEHUE MOMKET OBITh MPEACTABICHO
KaK MepeMEHHOE JIEKTPUIECKOE TI0JIe, CBA3aHHOE C MArHUTHBIM T0JieM (puc.7.2).

[lepeunciiiM HEKOTOpBIE XapaKTEPUCTHKH, BBITEKAIOIIUE W3 BOJIHOBOW MpH-
pOJIbI CBETA:!

Jnuna 6onmbl A - paccTOsiHUE, TPOXOJUMOE BOJTHOW 3a BpeMsi OAHOIO MOJIHO-
ro kosnebanus. s usmepeHus JIMHbI BOJHBI UCIIONIB3YIOT equHully cucteMbl CU
— MeTp (M) WK MOAXOSAUIME AJIA TaHHOTO JTMara3oHa KpaTHbIE €JUHUIbI: HaHO-
metp (1am=1-10"m), muxpomerp (1mrm=1-10).

Yacmoma v - 4ucio pa3 B CEKyHIY, KOTJa 3JIEKTpuyeckoe (MarHUTHOE) MoJIe
JIOCTUIaeT CBOEr0 MAKCUMAJIbHOT'O MOJIOKUTEIBHOTO 3HaueHus. YacTory uzmepsi-
10T B repuax (1 repi = 1 c‘l). JImiHa BOJIHBI CBA3aHA C €r0 YaCTOTOM COOTHOIICHU-
eM:

A=C/v,
rae C — ckopocTs cBeTa B fannou cpene (C = 2,99-10% m/c — s Bakyyma).

Bonnosoe uucno - v - 4uciio JUIMH BOJIH, YKJIabIBAOLIEECSd B €AUHULLY JUJIU-
HBI — CAHTUMETP; /IMHUIA H3MEPEHHS BOTTHOBOTO YHCIIA — CM

v=1/M\

CBsi3b MEXIy BOJHOBOM M KOPIYCKYJISIPHON NPHUPOJON CBETAa OMUCHIBACTCS
ypaBHeHueM IlnaHka:

AE=hv=hC/A=hCv,
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rae AE — u3mMeHeHne SHeprun 3JIEMEHTapHOW CUCTEMBI B PE3YyJIbTATE MOTJIOMICHUS
WM ucnyckanus Gpotora ¢ sueprueit hv (h — nocrosiruas [Tnanka: h = 6.62-10°%
JIx-C). B cucreme CU 3HEpruto u3MepsoT B JHKOYIAX — JIx.

\]ul—l-—
AN

N

Puc. 7.2. CxemaTndeckoe n300pakeHre AJIEKTPOMArHUuTHOW BOJIHBIL:

A — ammmTyna, E — BexTop anmexrpuueckoro mojs, H - BEKTOp MArHUTHOTO
T0JIsI, X — HaIlpaBJIEHUE PACTIPOCTPAHEHUSI BOJIHBI, A -JUIHMHA BOJIHBL. TakuMm o0Opa-
30M, Bce ueThIpe BelnuuHbl — E, v, A, v CBs3aHbI MEXy COOOH U MOT'YT paccMart-
pUBATHCS JIJISl XapAKTEPUCTUKHU SHEPTUU KBAHTOB 3JIEKTPOMArHUTHOTO U3JIy4YECHHUS.

Paccmotpum puc. 7.3. Ilpu moryiomnieHuy KBaHTa JIEKTPOMArHUTHOTO H3ITY-
yeHus ¢ sHeprueit E = hv cucrema ¢ HeBo30ykaeHHOTO ypoBHs E; mepexoaut Ha

0oJee BBICOKHI — BO30YK/I€HHBIN - SJHEPreTUUECKU ypoBeHb Ej:
E

o)

—

hv

El

Puc. 7.3. I3MeHeHue SHEpriuy CUCTEMBI ITPH MOTJIONICHUH (OTOHA C SHEprUeH hv

AE:EZ'El :h\/gl,
rne E; u E, - sHeprun koMOMHUPYIOIIIMXCST YPOBHEH.
N3 ypaBHEHUS BbIpa3UM YacTOTY:

v = (Ex-E))/h - npasuio wacmom bopa

Ilpasuno wacmom bopa mO3BOJIIET HANTU NEPBYIO BAXKHEUIIYIO XapaKTepU-
CTUKY KBAaHTOBOI'O ME€pPeX0Jia — 4YacTOTy - V- WIH JUIMHY BOJHBI A (¢ = VA) (B UK-
CHEKTPOCKONMH - BOJHOBOE YHCJIO), KOTOPHIE OMPENEISIOT MOJIOXKEHUE COOTBET-
CTBYIOIIEH JINHUM B CIIEKTPE COCTUHEHUS.
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Baxxnenmen xapakTepUCTUKON dJIEKTPOMATHUTHOTO M3JIyYEHHUs SIBJIAETCS €r0
ciexktp. CrnexkTp — (0T Jat. SPECtrum — mpencTaBiIeHUE) — COBOKYIIHOCTb pa3iny-
HBIX 3HAYEHUI PHEPruM (YacTOThl, JJIMHBI BOJHBI, BOJIHOBOTO 4YHCJA), KOTOPHIE
MO’KET IPUHUMATh cucTeMa. CIIEKTp MOKET ObITh HENIPEPHIBHBIM U JUCKPETHBIM.

I'padmuecku 3MeKTPOMArHUTHBIA CIIEKTP MOXHO M300pa3uTh B BUAE KPUBOI,
10 OCH a0CIMCC KOTOPOM OTJIOKEHA OJIHAa U3 BEJIMYMH, XapAaKTEPU3YIOIIUX SHEP-
T'MI0 KBaHTOB, a 110 OCM OPAMHAT — UHTEHCUBHOCTD M3JIyYEHHSI WIH ONTHYECKYIO
IIJIOTHOCTB.

KJIaCCI/I(l)I/IKaIIl/IH OIITHYECCKHUX METOA0B

DNEeKTPOMarHUTHOE W3JIy4EHHE NPH B3aUMOJEWCTBHHM C BEIIECTBOM MOXKET
BBI3bIBaTh B HEM MPOIIECCHI Pa3HOOOpa3HOH (pu3mueckoi Mpupoabl, OOl Xapak-
TEp KOTOPBIX 3aBUCUT OT dHEPTUH (HOTOHOB: U3MEHEHHE CIIMHA SIIEP U AJIEKTPO-
HOB, BpallleHHE MOJIEKYJI, KOJeOaHNEe aTOMOB B MOJIEKYJIE, SJIEKTPOHHbBIE TIEPEXOIbI
u T.a. CrienoBareiabHo, sl KiacCU(UKAIIMM METOJIOB aHajlu3a BECh JHAma3oH
DHEPTUM ANEKTPOMATHUTHBIX KBAHTOB I1€JIeCOO0OpPa3HO pa3AesiuTh Ha 00JIaCTH, CO-
OTBETCTBYIOIIME TOMY WJIH HHOMY (pU3UUecKoMy Tporieccy (cM. tabi. 7.1).

CHeKTpOoCKOIMUYECKUE METOJIbI TAKXKE MOJPA3ILISIOT HA amoMHble U MOAEK)-
nsipHule (puc. 7.4). B MeTogax aTOMHOM CIIEKTPOCKOMUU MBI HIMEEM JIEJI0 C Y3KUMU
JMHEWYAThIMU CIIEKTPAMHM, @ B METO/IaX MOJICKYJIPHOU CHEKTPOCKOIUH — C IIHUPO-
KUMU CIa00CTPYKTYPUPOBAHHBIMU CIIEKTPAMH.

CrexTpsl UCHOJIB3YIOT KakK JjIsi KaueCTBEHHOTO (HMICHTU(UKAIUS BEIIECTB),
TaK U JJIs KOJIMYECTBEHHOTO (OIMpeeiCHUE COIepKaHus BEIIECTB) aHAIMN3A.

Kauecmeennwiii ananuz. BaxxHeimmmu XxapakTepucTUKAMU JIFOOOTO BEIIECTBA
SBJIFOTCS TIOJIO’KEHHUSI TTOJI0OC B 3JIEKTPOMArHUTHOM CIIEKTpe (TpaBmiio 4yacTtoT bo-
pa). OHM omnpenenstoTcs TOJAbBKO MPUPOIOM BEIIECTBA U HE 3aBUCAT OT €ro KOH-
nentparuu. [losTomy mis upeHTUPUKAIY CIeayeT UCTIOJIb30BaTh CIIEKTPATHHYIO
och a0cuuce. BakHeHuM mokasareseM «KadecTBa» CIEKTpa MPU ITOM SBIISETCS
IMPUHA TUHUH (TI0JI0C).

Tabnuma 7.1. — O6nacTu 3HEPTUil ANEKTPOMArHUTHOTO U3TYUYEHUs, COOTBETCTBY-
IOI[ME UM METOJIbl aHAJIM3a U MPOIECCHI, JISKAIIHNE B UX OCHOBE

Xapaxkmepucmuxa
Obnacmo (M€m0()) OHepeUU K8AHMOE Hpoqecc
A M Lpyaue eenuuunbvi
PannovacrorHas 10101 V10 MTu-1TTx N3menenue crinHOB
o0nacTb AJIEP U DIIEKTPOHOB
(SIMP, DIIP)
MukpoBoaHOBast L _ N3menenune Bpaa-
O6nacTpb 10°-10 v:0l-10cm™ TEJLHBIX COCTOSIHUI

(MMKpPOBOJIH. CEKTP-HS1)
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HNudpakpacuas ob6nacts (MK-, 3 116 — ; H3menenue
(bpaxp ( 10310 v: 10-13000 cm’
KP- KOJIeOaTeNbHBIX CO-
CIIEKTPOCKOIIHS ) CTOSIHHI
VYaerpaduoneronas 6 10
padp 10°-10° A 2 400-200 uMm N3menenue cocto-
H BAMMAd 001acTh SIHUM BaJICHTHBIX
(Y®- u BUIUM. CIIEKTPOCKO- A 1 750-400 ™M
3JIEKTPOHOB
THs)
Pentrenosckas Thb - - HN3menenu TO-
SHTICHOBCKas 00J1ac 108.107%° E:0.1- 100 K>B 3 f €HUE COCTO
(PeHTreHOBCKHME METO/IbI) SIHAW BHYTPEHHUX
3JIEKTPOHOB
I'amma — u3nmydenue (s1epHO- 10 113 sInepuie
T P 1070-10 E:0,01- 10 M>B peaKIym
(bu3HYECKUE METOIBI)
( OnTuueckue mMeTonsr )

[ ATOMHEIE METONHI ] [Monexynap:—me MeTOns ]
AroMHO-aBcopBLMOHHBNL MuxpoBOJIHOBAA CIESKTpPOCKOMINSA
ATOMHO—BSMMCCHMOHHBIL WuHdpakpacHas CHEeKTpPOCKOIIMS
PeHTreHO-$NIYOpPECUSHTHEM YneTpadmoneToBas
n np. CIISKTPOCKOIIMS M Ip.

Puc. 7.4. Knaccudukanusi ONTHYECKUX METOJIOB

Konuuecmeennwviu ananusz. ]l KOTMYECTBEHHOTO aHAJIW3a CIEAYET UCIIOIb30BaTh
MHTEHCUBHOCTb JIMHUH, T.€. CHEKTPAIbHYIO 4acTh OpJAuHAT. NHTEHCUBHOCTDH (aM-
IUINTY/1a) CHEKTPaJbHOW JHMHUU SIBISETCS (PYHKIMEW KOHIEHTpAlMU BEIECTBa,
II0OTOMY MOJKET UCIOJIBb30BaThCS B KAUECTBE aHAJIIMTUYECKOI O CUTHAJIA.

Amomnoie memoowvl anaiu3a

[IpakTHyeCcKOM 1EJIbI0 METOJ0B ATOMHOM CIIEKTPOCKOIIMH TTPU aHAJIN3E BEIIEC-
CTBa SABJIACTCS KAYECTBEHHOE, IMOJIYKOJIWYECTBEHHOE WJIM KOJIMYECTBEHHOE OMpe-
JIeJICHUE PJIEMEHTHOTO COCTaBa aHAJIM3UPYEMOM MPOOHI.

Eme 25-30 netr Hazax 3TH 3a7a4u, 1O CYUIECTBY, PEIIAIMCH JIMIIb OJHUM U3
METOJIOB — aTOMHO-3MHUCCHOHHBIM. B HacTosiiee BpeMsi JOCTATOYHO LIMPOKOE
MPYMEHCHHUE TOJYUMIIA TaKXK€ METOJIbl aHajik3a [0 aTOMHBIM CIEKTpaM IOIJIo-
HIeHUs ¥ (QIyOPECICHIIMN B ONTHYECKOM JMaNa3oHe CIEKTPa, a TaK¥Ke MO YIMUCCH-
OHHBIM U (PJIyOpeCIeHIIUY B PEHTT€HOBCKOM Jrarna3oHe. Bo Bcex ciydasx B OCHO-
B€ ATUX METOJIOB JIEKAT KBAHTOBBIC MIEPEXO/IbI BAJICHTHBIX WJIM BHYTPEHHHX JJICK-
TPOHOB M3 OJJHOT'O YHEPTETUYECKOTO COCTOSIHUS B APYTO€.
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Amomno-smuccuonnviii memoo auanuza. llormomas kBaHT cBeta hv, atom
J1000T0 BEILECTBA MEPEXOJUT B 0OO0J€e BBICOKOE IHEPreTUYECKOE COCTOSHHE.
OOBIYHO 3TO OBIBACT TIEPEXO C OCHOBHOTO Ha OJMH U3 00JIee BBICOKHX, YaIlle BCE-
ro Ha NEepBBIM BO30YKIEHHBII YpPOBEHb (PE30HAHCHBIN nepexon). Uepe3 oueHb Ko-
potkoe Bpemst (~10°¢) aTom caMompon3BOIBHO BO3BpAIIACTCS B HOPMAIBHOE HITH
Kakoe — To OoJjiee HU3KOe BO30YkAeHHOe cocTosiHhe. OcBoOOXKIaromascs npu
sTOoM 3Heprusi AE uziydaercst B BUJe CBETOBOTO KBAHTA.

OCHOBOIl KauecmeeHHo020 AMOMHO20 CHEKMPANbHO20 AHAAU3A SBISETCS
CBOMCTBO Ka)KJIOIO XMMHUYECKOTO JJIEMEHTA M3JIy4aThb XapaKTEPHBIM JTMHEWYATHIN
CHEKTp. 3a/a4ya KaYECTBEHHOI'O CIIEKTPAJIBHOIO aHAJIM3a CBOJUTCA K OTHICKAaHUIO
JUHUHA OIpenensieMoro »JeMeHTa B CIeKTpe MpoObl. [IpuHAIIEKHOCTh JTHHUU
JTAHHOMY 3JIEMEHTY YCTaHAaBIIMBAETCS MO JUIMHE BOJIHBI 1 MHTEHCUBHOCTH JIMHUU.
Jlns modyyeHuss HaAEKHOIO Pe3ysibTara HEOOXOAMM KOHTPOJIb MO HECKOJIBKUM
JVHUSIM.

AmomHo-abdcopoOyUORHBLIL CNEKMPATbHbLI aHanu3. B oTiudue OT CIIEKTPOB
UCIIyCKaHHsI B aTOMHO-3MHUCCHOHHOM METO/IE aHaJlu3a B aTOMHO-a0COpPOLIMOHHOM
METOJI€ MBI HIMEEM [IEJI0 CO CIEKTPaMHM IOTJIOIIEHUs. Mnes cxoxka: eciid Ha aToM,
HaXOJSIIUICSA B OCHOBHOM COCTOSIHUM, IEUCTBYIOT U3JyYEHUEM C YaCTOTOH V, BbI-
3pIBaroIIell BO30YKICHHE, TO KBAaHTHI NV MOTIIOIMIAIOTCS aTOMOM M aTOM MEPEXOIUT
B BO30Y>KIeHHOE cocTosiHMe. Ha cnekTporpamMme MCTOYHMKA CIUIOIIHOTO CIIEKTpa
NOSIBATCSI TOHKHE JIMHUM, COOTBETCTBYIOIME YHEPTUU NIEPEXOAA.
CaeTornoriomneHre ra3oo00pazHpiMi aToMamMu (Ipo0y NpH aHAJIU3€ aTOMU3UPYIOT
npu 2000-3000°C) moguuHseTcs SKCIOHSHIHATBHOMY 3aKOHY YOBIBAHHS HHTCH-
CUBHOCTHM B 3aBUCHUMOCTH OT JUIMHBI CJIOSl U KOHIIEHTPALIMH BELIECTBA B MPo0e 1O
3akony byrepa-Jlamb6epra-bepa.
3axon Bbyrepa-Jlamb6epra-bepa: Eciu |y — MHTEHCHUBHOCTH Majaroniero MOHO-
XPOMATUYECKOTO U3MyYeHUs, TO | — MHTEeHCUBHOCTh M3TyYEHUS MPOLIECAIIEro ye-

PE3 aHAIN3UPYEMOC BCIICCTBO - YMCHBIIACTCA IIO 3KCIIOHCHIHMAJIBHOMY 3dKOHY

(puc. 7.5.):

=1y -10 %1€

Puc. 7.5. Unmoctpanus k 3akony byrepa-JlamOepra —bepa.
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Bemuunny |/lp = T Ha3wIBarOT mpomyckaHueM (KO3 GUITMEHTOM POIyCcKa-
HUS) WIK MPO3PAYHOCTHIO pacTBopa. B3saTeiii ¢ oOpaTHBIM 3HaKOM jorapupm T
Ha3bIBAIOT ONTUYECKOH TIIOTHOCTHIO (a0COPOIIMOHHOCTHIO):

-lg T =-1Igl/lg=1g ly/l
A=¢lC,

rae A - onTUYecKas IUIOTHOCTh PacTBOpa; € — KOA(DPUIMEHT NOrIomeHus (in
MOJISIPHBIN KO3((ULIHUEHT SKCTUHKIMU - BEJIMYMHA MOCTOSIHHASA JUIsl TaHHOTO pac-
TBOpa); | — TonmmuHa cBeTonornomiaoniero cinos; C — KOHIEHTPaNUs BEIeCTBa.

Penmezeno-gpayopecyenmnuiii ananu3. Ilpu nelicTBUM pEHTTE€HOBCKOIO U3-
JTy4eHHUs Ha aToMbl 00pa3la 3JIEKTPOHBI 6HYmMpeHHUX 0007104eK aTOMOB BbIOUBa-
IOTCSI TIOTOKOM JJIEKTPOHOB M Ha OCBOOOJMBINNECS BAaKaHCUU MEPEXOMIST AIIEKTPO-
HBI C 00Jiee BBICOKMX HEPreTUYECKHX YPOBHEW, NMPU 3TOM BBICBOOOXKIas (M3Iy-
yast, Quyopecuupysl) SHEprui0 peHTreHOBCKUX dYacToT. Ilpu sTom nerexropamu
(perucTpupyroMH  YCTPOWCTBAMHU) PETUCTPUPYETCS AaTOMHBIA JIMHEHYAThIN
CHEKTP

Bonpocsl 1151 CaMOKOHTPOJIS
1. SIBnenus, nexaliyre B OCHOBE CIIEKTPAJIbHBIX METOJIOB aHAIU3a.
Knaccudukanus cnekTpaabHbIX (ONTUYECKUX ) METO/IOB aHAJIU3A.
3. OCHOBHBIC XapaKTEPUCTUKH JICKTPOMATHUTHOW BOJHBI, UX €IMHUIIBI H3ME-
penns B cucteme CH.
[IpaBuno yactor bopa, npuMeHeHre npaBuiia JUisi KAYECTBEHHOIO aHAIN3a
3akoH byrepa-JlamGepta- bapa.
ATOMHBIE METOAbl aHAIM3a: aTOMHO-PMHUCCHUOHHBIM, aTOMHO-a0COpPOIMOH-
HBIH, pEHTIe€HO-()ITyOPECIIEHTHBIM.

N

B

o o

MeTtoabl MOJIEKYJISIPHON CIIEKTPOCKOIUH
NudpaxpacHas (kosedaTeibHASA) CIEKTPOCKONUSA

OCHOBHBIE BOITPOCBHI

OTnnure MOJEKYJSAPHBIX CHEKTPaJbHBIX METOAOB OT aToMHbIX. Knaccudu-
Kalusi METOJIOB MOJIEKYJIIPHOW CHEKTPOCKONHH. BUIbI aHanm3a NJaHHBIMU METO-
namu. [lonHast sHeprus MoseKkynbl. BpamiarenbHbie, KojieOaTelbHbIE U 3JIEKTPOH-
Hble crieKTpbl norjomieHust. KonebarensHas crnektpockonus. Konebanust rapmo-
HUYECKOTO OCHMJUIATOPA: 3aBUCUMOCTh YacTOThI KOJeOaHus OT MPUBEACHHONW Mac-
Chl aTOMOB M CUJIbI CBSI3U. UKCIIO M BHUJIBI KOJIEOaHUI B MOJIEKYJie. XapaKTepUCTHU-
YeCKHUE IMOJIOCHI MOTJIONIEHUS B KOsieOaTeNIbHbIX CIIeKTpax MoJiekyn. Unentuduka-
Ul COEIMHEHUH 10 UX KOJIEOATEIbHBIM CIIEKTPaM.

METOAMYECKUE YKA3AHUA
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Hundpaxpacnas (UK) cnexrpockonusi — pusnmdeckuii (ONTUUECKUN) METOA
aHaJln3a, B OCHOBE KOTOPOrO JIEKUT H30MpATENbHOE IMOTJIOLIEHUE MOJIEKYJIaMH
AJIEKTPOMAarHUTHOTO M3Iy4YeHUs B MHPPAKpacHOM 00JacTH, BBI3BIBAIOIIEE KOJIE-
0arenpbHOE JIBUKEHUE aTOMOB B Mouiekyse. Haunure paccmoTpeHue kosiebaTesnb-
HBIX CIIEKTPOB Ha MpUMepe KojaeOaHuss aTOMOB B JIByXaTOMHOM MOJIEKYJIE.

[Tpoananusupyiite 3aBUCUMOCTb YacTOThI KOJ€OaHUs vV OT CUJIOBOM IOCTO-
sHHOU F m nmpuBeneHHoil Macchl (. Caenaiite COOTBETCTBYIOIINE BBIBOJIBI OTHOCH-
TEJIBHO PACIIOJIOKEHUS B CIIEKTPE IOJIOC IOTJIOLIECHUs I'PYIII aTOMOB, COAEpKa-
IIMX JIETKUI BOAOPOJ, a TaKKe (parMEHTOB MOJIEKYJIbI C JBOMHBIMU U TPOMHBIMU
CBA3SIMU.

CrnenyeT HayuuThCS PACCUUTHIBATH YUCIO BO3MOXKHBIX KOJI€OaHUN MOJEKY-
JIBI, @ TAKXKE O3HAKOMHUTHCS C OCHOBHBIMU BUJAMU KOJIEOAHUI: CHMMETPUYHBIMU U
ACUMMETPUYHBIMHU, BAJIECHTHBIMU U JedopMallMoHHbIMU. Pa3depurech, 4TO Kak-
JIOMY KOJIEOAHUIO OTBEYAET M0JIOCa MOTJIOLIEHUS B MH(PPAKPACHOM CIEKTPE, HO
CJIEIyEeT 3allOMHHUTb, YTO MOTJIOMATh B HHPPaKpacHOU 00JaCTH MOTYT TOJIBKO MO-
JIEKYJIbl, UMEIOIUE JUNOJbHBIA MOMEHT.

Pa30epure, kak NpoU3BOAUTCA UIECHTU(UKALNA COETUHEHUM 10 UX KoJyieOa-
TEJIBHBIM CIIEKTPaM, YTO TAKOE XapaKTEPUCTUUECKUE (TPYIIIOBBIE) YaCTOTHI.

CrnenyeTr UMETh Takke B BHJy, UYTO Ha MPAKTUKE 4acTO UJIEHTU(PUKALHUIO CO-
eIMHEHUs (KaueCTBEHHBIN aHallu3) OCYILECTBIIAIOT, cpaBHUBas MK-cnekTp ananu-
3UPYEMOTr0 BEUIECTBA CO CIIEKTPOM U3BECTHOTO COECUHEHMS (3TAJIOHA) U YTO CIEK-
TPBI IPAKTHYECKH BCEX M3BECTHBIX COCAMHEHUI CBEICHBI B CIEKTPAJIBHBIE aTiia-
cbl. KoanuecTBeHHBIN aHaIU3 MPOBOJAT HA OCHOBAaHUU BEJIMYHMHBI a0COPOLIMOHHO-
CTM OCHOBHOM IIOJIOCHI CIIEKTpPa COCIUHEHHS B COOTBETCTBHM C 3aKOHOM byrepa-
JlamGepTta-bapa.

Kpartkuii Teopernyeckuii MaTepuall

HNndpakpacunas (UK) cnextpockonus — GU3NKO-XUMHUYECKUN (OTITUYECKUIA)
METOJI aHaJln3a, B OCHOBE KOTOPOTO JICKUT U30MpPATETHLHOE MOTJIONIEHUE MOJIEKY-
JaMUu DJIEKTPOMArHUTHOTO W3JIy4eHHS B WMH(]pakpacHOW 001acTH, BBI3BIBAIOIIEE
KoJiebaTenbHOe IBUKEHUE aTOMOB B MOJICKYJIE.

Hauynem paccmoTpeHune koljie0aTelnbHBIX CIEKTPOB Ha TMpHUMEpPE KoJeOaHUs
aTOMOB B JByXaTOMHOU MoJliekyje. Takoe kojaebaHne MOKHO YMPOIICHHO Mpe.i-
CTaBUTh Kak KoyiecOaHWE NBYX IIAPUKOB C MaccaMd My M M, CBSI3aHHBIX MPYKHU-
HO, BBITIOJHSIOICH POJIb XMMHYECKOM CcBsi3u (puc. 7.6).

Ecnu npyxuHy HaTSHYTh, a 3aTeM OCBOOOIUTH, MAPUKHA HAYHYT KOJIEOATHCS
OTHOCHUTEJIHHO TIOJIOKCHHS PaBHOBECHS I, TpUUEeM cuiia F, Bo3Bpararorias mapu-
KH B TIOJIO)KCHHE PABHOBECHSI, MPOTIOPIIMOHATBHA aMILUTHTYIE KOIeOaHni — MOJICITb
TapMOHHYECKOTO OCHUIUIATOPA.
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Puc.7.6. Monens konebanusi IByXaTOMHOU MOJICKYJIBI.

YacroTa rapMOHHYECKHX KOJIeOaHUI 3aBUCUT OT MAcChl IIAPUKOB W BO3Bpa-
IIATONIEN CHJIBI.

1 |F
y=— |
27\ u
IJ€ V - 4acToTa KojebaHus 1apukoB, F — cuiioBas mocTosiHHAs, | - IPUBE-
JIGHHAsI Macca MapUKOB:
n= m1m2/m1 +m,
CnencrBus:
1. Yacrora kosieObaHusi v oOpaTHO MPOMOPLUMOHANIbLHA MPUBEIECHHOM Macce,
CJIeIOBATEIbHO, YEM MEHbINIEC NMPUBEJICHHAs Macca |, TEM BBIIIE YacTOTa
(WM BOJTHOBOE YHUCHIO - V). B cBsi3u ¢ 3TUM (yHKIIMOHAIBHBIE TPYIIIIBI, CO-
JIepKaIlMe JIETKUH aTOM BOJOPOa, UMEIOT MOJIOCHI norjomieHus mpu 2800
cm™ 1 BbIIIIE.
1. Tlpu ogHOM M TOM K€ 3HAUYEHUHU MPHUBEIECHHON MACChl YaCTOTa KOJIeOaHUs
IpsIMO TIPOTIOPITMOHAIBHA CUJIOBOM MOCTOsIHHOM F, T.e uem Ooiblie cuia
CBSI3M MEX]ly aTOMaMH, TEM BBIIIIE YacToTa Kojiebanusi. PaccmoTpum cren-
CTBHE Ha IPUMEPE CBSI3U MEKIAY aTOMaMU yriepoja:

C—-C  OounapHas ceés3v LHloznowenue npu  900-1300 emt
C=C  Jleounas cesasv =/= 1500-1800 cm™
C=C  Tpoiinas ces3v =/= 2100-2400 cm™

BaxxHo ormeTuth, yto nornomars MK-u3znydeHne MOryT TOJIBKO MOJIEKYJIBI,
o0Jaaronye JUMoIbHBIM MoMeHTOM. [TonmHocummeTpuanbie MoJiekybl (Cly, Ho,
N, u 1p.), ob6aaaroye HyJeBbIM JUMOJIHLHBIM MOMEHTOM, HE MOTJIOMA0T HH(Ppa-
KpacHoe u3inydeHue. [losgoca morjomeHus: B CeKTpe COCTUHEHUSI TEM WHTEHCHB-
HEM, 4eM OOJIBIIIE €ro IUMOIbHBI MOMEHT.

Yuciao BO3MOXKHBIX KOJeOaHUW B MOJIEKYJie MOXET ObITb pacCUUTAHO IO
dbopmymnam: N=3n-5 - I TUHEUHBIX MOJIEKYJI

" N=3n-6 - 111 HEJIMHEHBIX MOJIEKYI.

Tak nns monekynsl Boasl (H,O — moiiekyna HenuHelHa, 3 aToMa) Ynciio BO3-

MO>KHBIX KosieOanuii paBHo: 3 -3-6 = 3
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Paccmotpum BuibI KoseOaHuit Ha mpuMepe KosieOaHui B MoJieKyse Boabl (puc. 7.
7.):

ooNoNoNoNe

Puc. 7.7. KoneOanus B MoJIeKyJIie BOBL: ) BaICHTHbIC CHMMETPUYHBIC (Vs);
0) BaJICHTHBIC HECUMMETPHYHBIC (V;5); B) AehopMaiinoHHbIe (J).

Kosiebanus npuHATO MOIPA3ACIATh Ha 1) sanenmmuvie cummempuunvte — (Vs)
- KoJieOaHus O JIMHUU CBsi3u (00a aToma BOJOPOJia OTHOCUTEIBLHO aToMa KHCIIO-
poja MepeMenialoTCsl CHayaja B HaNpaBJICHUM PACTSDKEHUS CBSI3M, 3aT€M B
HanpaBlieHUU cxkatus) (puc.2.13, a); 2) eéanrenmuvie necummempuunwvie — (Vys) -
IIepBasi CBSI3b PAaCTATHBACTCS, BTopas — cxkumaetcs (puc.2.13, 0); 3) deghopmanu-
OHHble cummempuunbvle u Hecummempuunvle (0) — KojacOaHUs, HANPABJICHHBIC
NEPIEHIUKYIISIPHO JIMHUU CBSA3U; MPU ITOM MPOUCXOJUT W3MEHEHHE BaJCHTHOTO
yrina (puc. 2.13, B).

Kauecmeennuiii ananuz (uoenmugpukayus) coeounenuii no UK -
cnekmpam. 110 UK-criekTpam MoriomeHns MOXHO YCTaHOBUTH ITPUPOY UHIWBH-
JyaJIbHOTO COEJAMHEHUS, TPOBEPUTH YUCTOTY BEIIECTBA, T.C. OMPEICIUTh HAIUUUE
WU OTCYTCTBUE ONPEIEIICHHBIX MPUMECEH, YCTAHOBUTh CTPYKTYPY COCIUHEHUS.
KauecTBeHHBIN aHAIM3 OCHOBAH HA TOM, YTO KaXX10€ MHAWBUIYaJIbHOE COEIUHE-
HUE€ MUMEET CBOM MOJIOCHI MOTJIONIEHUS B CIIEKTPE. DKCIEPUMEHTAIbHBIE UCCIIE10-
BaHust K-criekTpoB OGOJBIIIOr0 Yucia BEUIECTB MO3BOJIMIIN ClIeJaTh BHIBOJ O TOM,
YTO HEKOTOpbIe (YHKIIMOHAIBHBIC TPYIIIBI B CIOXKHBIX MOJIEKYJIaX UMEIOT Xapak-
TEPHBIE MOJIOCHI TOTJIOMEHUS OOJIBIIION HHTEHCUBHOCTH. DTH TOJIOCHI Ha3bIBAIOTCS
Xapakmepucmudeckumu uiu 2pynnoebiMu.

WNnenTudukanuio coequHeHusl OCYyIIECTBIAIOT, cpaBHuBas MK-cnekTp ana-
JU3UPYEMOT0 BEIIECTBA CO CIEKTPOM H3BECTHOTO COCIMHEHUsS (dTajioHA); CIICK-
TPBI MPAKTUYECKU BCEX M3BECTHBIX COCAMHEHUM CBEJCHBI B CIIEKTpaJIbHBIC aTJia-
CBI.

Ilpumep: CtpykrypHO-TpymnmoBor aHanu3 no K- crekTpy MoJIeKyJibl 3THII0-
BOr0 3(pupa aKpuI0BON KUCIOTHI MIPUBEJEH Ha puc. 7.8:

=0
T~ 0-CH;-CH;3
-1
[Tonocy mornomenus (m.m.) — 2985 ¢cM ™~ OTHOCST K BaJieHTHBIM Kosebanusm C-H
-1
rpynt (Ve.p), a L.i.— 1408 cM ™ oTHOCAT K epopMaIrimoHHBIM KOJICOAHUSM ITHX JKe
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rpymm (Scp). ILm—1725 cm™ — koneGanust KapOOHMIBHOM rpymmsl (Veo); LI~
1295, 1250, 1190 cm™*- koxeGanust 3upHOi rpymms! (Veo); MI— 1639 cm™ — u
990 cM™ - BaneHTHBIC 1 Je)OPMALHOHHbIC KONEGAHNS ATOMOB yIJIepOAa 110 JBOJ-

. -1
HOM cBsizu C=C (Vc—c, Oc=c.); I.IL.— 810 cM ™~ OTHOCUTCS K A€POPMALIMOHHOMY KO-
ne0aHuIo - Oc.c.

4000 2000 1500 1000 g0 700vem™
100 LI T L T T T T
S
Q\)N
R
[
X [ S
< > 2
R N S %
3 . 3
S o $s3
~ Al .
ol ! ! ! L =1 | ! L [ |
J 4 5 & 7 &8 g 0w n 7 B K /'l,Ml(

Puc. 7.8. K — cniekTp 3THIIOBOTO 3Hpa aKpUIOBON KHCIIOTHI.

Konuuecmeennwtii ananu3. B 0CHOBE KOJMYECTBEHHOTO aHAJIN3a MO MOJIEKYJISIp-
HBIM CHEKTpaM TOTJIOIICHUS JICKUT NMpUMEeHeHue 3akoHa byrepa-JlamOepra-bepa

(3akoH BJIB). ITo Hanbonee xapakTepHOI MOJI0CE MOTJIOIMICHUS ONPEAEIIAIOT e¢ ab-
COpOLIMOHHOCTH MO Popmyie:

A=Inlyl

B cootBercTtBUU ¢ 3akoHOM bJIb 1o mgaHHOM mosioce IOTJIOMICHUS HaXOOAT
MOJISIpHBIA KO3 HUIHMEHT - €. M3mMepuB abCOpOIIMOHHOCTD - A, 3Hast € u | — Ton-

IIMHY KIOBETHI - JIETKO PACCUUTATh KOHIEHTPALUIO (COJIEpKAHNE) aHATTU3UPYEMO-
IO COCTUHEHMS.

Bonpocsl 17151 CAMOKOHTPOJIS

1. CnexkrtpanbHble MOJICKYJISIPHBIE METOIbI aHain3a. B03MOXXHOCTH, BHJIBI
aHaJIn3a, OCYIIECTBISIEMbIE JAHHBIMU METOIaMH Ha MPAKTHUKE.

2. HenpepbIBHBIN XapaKTep MOJICKYJISIPHBIX CIIEKTPOB MOTJIOMICHNUS .

3. TlomHast sHeprusi MOJEKYJIbl U €€ COCTABIISIONIME: DHEPTUs BpalleHUs,

SHEPrusl KojaebaHus aTOMOB, YHEPTUsI AJEKTPOHOB. KosmuecTBeHHBIE COOT-

HOUIIECHUS MEXKIY 3TUMU BUIAMU YHEPTUU.

Konebarenbubie (MHGpaKpacHbie) CIIEKTPHI MOJIEKY.

Buael kosiebaHmii ¥ pacueT BO3MOKHOTO YHMCiIa KOJIeOaHU .

6. KadecTBeHHBIN 1 KOJIMUYECTBEHHBIN aHAIN3 MO KOJIEOATEIbHBIM CIIEKTPaM.

o b

Y®- u BuauMas ClieKTpoCKOnus

3.]1€KTpOHHbIe CIICKTPbI MOIJIOICHUSA
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OCHOBHbIE BOITPOCBHI

CymHocTh MeTo1a Y®- U BUAMMON CHEKTPOCKONUKU. OCHOBHBIE THUIIBI 3JICK-
TPOHOB B MOJieKyJie. OCHOBHBIE SHEPIreTUUECKUE YPOBHU MOJICKYJIbl. PazMenieHue
AJIEKTPOHOB HAa SHEPTETUYECKUX YPOBHAX. THIIBI JIEKTPOHHBIX MEPEXOI0B. DJIEK-
TPOHHBIC  CHEKTPHl  TOTJIOIIEHHUS, BpaIIATEIbHO-KOJIEOATEIbHO-3JIEKTPOHHAS
CTPYKTypa IOJIOC ToriomeHus. XpoMopopsl u aykcoxpombl. d-d- mepexoasl B
MOJIEKYyJIaX KOMIUTIEKCHBIX coeauHeHui. MnenTudukanus coequHEHUN M0 dJIeK-
TPOHHBIM CIEKTPaM MOTJIOMICHUSI.

METOAMYECKUE YKA3AHUA

[Ipu n3ydyeHur NaHHOU TEMBI CIEAYET MOHTh, UTO Y P- U BUAMMAS CIEKTPO-
CKOIUS - ONTUYECKUM METOJ| aHaJIn3a, B OCHOBE KOTOPOTO JICKUT U30UpaTeIbHOE
MOTJIONIEHUE MOJIEKYJIAMH 3JIEKTPOMArHUTHOTO U3JIYYCHUS B YIbTPadrOIeTOBON U
BUJIMMOM 00JIACTSX, COMPOBOXK/IAIONIECECS JIEKTPOHHBIMH TIEPEX0AaMHU U COOTBET-
CTBEHHO U3MEHEHUEM SHEPIUU AJIEKTPOHOB B MOJIEKYJIE.

Hauynute n3yueHue MeToJia ¢ paCCMOTPEHHUSI OCHOBHBIX TUIIOB JJIEKTPOHOB B
Mosekyze. Jlanee nmepexoauTe K U3yYEHUIO MOPSAKA PACION0KEHUS SHEPreTuye-
CKHX YPOBHEH B MOJIEKYJIC U pa3MEIIEHHUsI JICKTPOHOB Ha 3TUX YpoBHsX. OTcrona
JIETKO MPOCIEANTh, KAKUE TUIIBI JIEKTPOHHBIX MEPEXO0JI0B BO3MOXKHBI B MOJIEKYJIC.
Pa36epute kinaccuuKkanuio 3MEKTPOHHBIX MEPEXO0JIOB U MPOSIBICHUE ITUX Mepe-
X0JI0B B pa3iuuHbix obnactsax Y d-obnactu (nanpusas YO, omokasas YO, Buaumas
00J1aCTh) B BHJIE TTOJIOC TTOTJIOMICHUS.

Paz6eputech, mouemy sl OJTYUYEHUSI DJIEKTPOHHBIX CIEKTPOB COSTUHEHUIM
U JUIS UX TOCIEayromiell uaeHTUGUKAIMY TPEICTaBIIIeT UHTEpEC BO30YXKICHHUE
BAJICHTHBIX M HEMOJEJICHHBIX 3JICKTPOHOB, a TAKXKE, MOYEMY BaKHBIM SIBJISIETCS
HaJIMYue KPAaTHBIX CBA3EH B MOJIEKYJIE.

O3HaKOMBTECh C HOBBIMH TE€pPMHUHAMU: XpoModopsl U aykcoxpomsbl. [IpuBe-
JUTE TIPUMEPHI XPOMO(OPHBIX U AyKCOXPOMHBIX TPYMI B KOHKPETHBIX MOJICKYJIaX.

CrnenyeTr MOHATH, YTO OKpPacka OPraHWYECKUX M HEOPraHWYECKUX MOJIEKYII
oOyCJIOBJIeHA TOTJIOMICHUEM MOJICKYJIaMU HM3JTy4eHus B BUIMMOUN oOsactu. [ls
OpraHUYECKUX MOJIEKYJI OKpacka CBsi3aHa 4allle BCEro ¢ HaJIM4YheM XpoMO(OPHBIX
rpyni, a JjIsl HEOPraHWYECKUX - C KOMIIekcooOpazoBanueMm. Pa3bepurech, yTo B
B BUJIMMOM YacTHU CIEKTpa MOSIBJSIOTCS TOJIOCHI MOTJIOMICHUS! TOJIBKO Yy TaKHUX
KOMIUIEKCHBIX COCAMHEHUM, B MOJIEKYJIaX KOTOPBIX MOH-KOMIUIEKCOOOpa30BaTelib
UMeEeT He3aBepIIeHHYI0 0-000J10UKYy.

B 3akmroueHue cneayer ykaszaTh, 4YTO WIS Y O-CIEKTPOCKOIINM TaKXKE KaK U
mis UK-criektpockonuu cnpaBelIMBbl 3aKOHBI CBETONOTJIOMIEHUS W 10 Y D-
CIIEKTpaM MOKHO MPOBOJAUTH KOJIMYECTBEHHbIC OMPEACIICHUS BEUIECTB, UMEIOIIUX
XapaKTepUCTUYECKUE MOJIOCHI MOTJIONICHHUS.

KparTkuii TeopeTu4ecKuidi MaTepuall
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Y®- u Bugumas CIieKTPOCKONUS — ONTUYECKUN METOJ aHAJIN3a, B OCHOBE KO-
TOPBIX JIEKUT U30UpATENbHOE MOTJIONIEHHE MOJIEKYIaMHU 3JIEKTPOMAarHUTHOTO U3-
Jy4eHUs B yIbTpa(HOIECTOBOM M BUIMMOMN 00JIACTAX, COMPOBOKAAIOIIEECS dIICK-
TPOHHBIMHU TEPEX0JaMU U COOTBETCTBEHHO M3MEHEHHUEM JHEPIHH DJIEKTPOHOB B
MOJIEKYJIE.

PaccMoTpum mpu ochosénvix muna 31eKmpoHoe 6 moJiexyne.

1. D1eKTpOHbI BHYTPEHHUX O00JIOYEK aTOMOB, KOTOPbIE MPAKTUUYECKU MPUHA/I-
JeKaT OTACNbHBIM aTOMaM U HE MPUHUMAIOT Yy4acTHsi B 00pa30BaHUM XMMHYeE-
CKHX CBsi3eil. FIX Ha3bIBAIOT “aTOMHBIMU 3JIEKTPOHAMHU .

2. DNEeKTPOHBI BHEIIHUX 000J0YeK, MPUHUMAIOIINE YJacTHe B 00pa30BaHUU G-
U T- cBA3ei. MIX Ha3bIBaIOT “MOJIEKYJSPHBIMHU WX “‘BaJICHTHBIMU .

3. DIEeKTPOHBI BHEIIHUX 000JI0UYEK aTOMOB, HE MPUHUMAIOIIHNE y4acTus B 00pa-
30BAHHH CBSI3HU — HEMOJIEJICHHBIE MapPHI.

Hampumep, B monekyne ammuaka NH; UMerOTCs 3J1eKTpOHBI BCEX TPEX TUIIOB.
CeMb 211ekTpoHOB asora (15°25°2p°) pacronararorcst cieayromum oopasom: 15 —
aATOMHBIE DJIEKTPOHBI, HAXOATCS HA BHYTPEHHUX OpOUTAJISX aTroMa a3oTa U B 00-
Pa30BAHMM CBSA3H HE YUYACTBYIOT; 2p° — MOJEKYJIAPHBIE JIEKTPOHBI — C TPEMS aTo-
MaMH BOAOpoJa o0pa3yloT TpU G-CBSI3U; 2S° — HEMOEJIEHHBIE 3JIEKTPOHBI, HAXO-
JSTCSL BO BHEILIHEH 000J104YKe, HO B 00pa30BaHUM CBSI3U MPAKTUUYECKU HE YYacCTBY-
IOT.

Jlnst OOJBIIMHCTBA MOJIEKYJT MOPSIIOK PACIIONOKEHUST 3JIEKTPOHHBIX YpPOB-
HEH OTHOCUTEIBHO APYT Apyra MokaszaH Ha puc. 7.9,

A o)
) T 7
- N>=C" n>Tt
TT-TT
. e}
cC—GC

Puc. 7.9. PacnionoxeHue 3JIeKTPOHHBIX SHEPTETUYECKUX YPOBHEN B MOJICKYJIE
U TIEPEXOIbl MEXAY HUMHU (3BE3/I0UKaAMU OTMEUEHBI BO30YKJICHHBIE YPOBHH )

JI71st TTOJTy9eHUST MOJICKYJIIPHBIX 3JICKTPOHHBIX CIICKTPOB MPEACTABIISICT UHTE-
pec BO30YyK/IeHNE BaJICHTHBIX M HETIOJCICHHBIX 3JICKTPOHOB. DHEPTHUs BO30OYXKIe-
HUS BAJCHTHBIX JJICKTPOHOB 3aBHCHUT OT THIIA CBS3HM, KOTOPYKO OHHU OOpPa3yroT.
HawnGoiee mpouHO# SBISETCS G-CBSA3b, MMOATOMY TSI BO30YKICHUS G-3JICKTPOHOB
TpeOyeTcsi OOJblas YHEPTUsl. T-CBA3b — MEHEe MPOYHasl, U NIl BO3OYKACHUS T-
AJICKTPOHOB HY)KHA MCHBIIIAs HEPTrHsl; BO30YKICHHE HEIOCICHHBIX 3JICKTPOHOB
(n-amexTpOHOB) TPEOYET elie MeHbIel dHepruu (puc. 7.9).

Knaccuguxayusa ynekmponnvix nepexooos. PaccMoTpum 3amnojIHEHUE AJIEK-
TPOHAMH JHEPreTHYECKUX YPOBHEH W BO3MOJKHBIE JJIEKTPOHHBIE TEPEXOJbl Ha
npumepe MoJiekynbl azota — N=N. DnexTpoHHas GpopMyna Kaxaoro aroma a3ora
15°25°2p°. U3 2p° — Tpex BHELIHUX HIEKTPOHOB IO OZHOMY MACT Ha 0OPa3OBAHHE
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G — CBSI3H M OCTABIINECS [BA HIEKTPOHA WAyT HA 0Opa30BaHHE T-CBs3eil. 25° — He-
MOJIEIICHHbIE N-3MIEKTPOHBI (1S°-3/EKTPOHBI — HE YY4aCTBYIOT B OOPa3OBAHHH CBS-
31). 3amoJIHEHUE DJIEKTPOHAMHU MOJICKYJISIPHBIX SHEPreTHUYECKUX YpPOBHEH Oyner
cienymiee (s AByX aToMOB 10 BaJIEHTHBIX W HEMOEJICHHBIX JIEKTPOHOB) (pHC.

7.10.):

*

“A G -
N 1.0~0C

I ament
_ _H_ 4 u TC 3. n>=0~
N - 4 n—-m"

Puc. 7.10. 3amonHeHue 3I€KTPOHAMHU MOJIEKYISAPHBIX YJHEPTETUUECKUX YPOBHEH B
MOJIEKYJIE a30Ta U THIIBI BO3MOKHBIX JIEKTPOHHBIX MEPEXO0B

Ecnu moiiekyne cooOLIUTh 3HEPIHI0, PaBHYI PA3HOCTU €€ 3JIEKTPOHHBIX
YPOBHEM, TO OJMH U3 3JEKTPOHOB MEPEUJET ¢ HEBO30YXKIEHHOIO Ha BO30YX/IEH-
HBII YPOBEHb. B MOJIEKynax KOHKPETHBIX COCIMHEHUN MOTYT COBEpIIAThCA Iepe-
XOJIbl B 3aBUCUMOCTH OT CTPOCHMS MOJIEKYJIBI, OT UMEIOIIUXCS B MOJIEKYJIE TUIIOB
XUMUYECKOU CBSA3H.

Tax, mpu BO30YyKJI€HUU MOJIEKYJIbI a30Ta (@ 3TO MPOUCXOTUT MPHU MOTJIOLIe-
HUU MOJIEKYJION KBAaHTOB Y ®- M BUIMMOIO AJIEKTPOMAarHUTHOTO M3JyYEHHUs) BO3-
MOHBI 4 THMNa nepexonos (puc.2.16.). Cneayer OTMETUTD, YTO MEPEXOJbl G — T*
U T— G* 3ampeleHsl.

KaxxioMmy 3J€KTPOHHOMY COCTOSTHUIO MOJIEKYJbl OTBEYAET OOJIBIIOE YHCIIO
pa3NUYHBIX KOJeOaTeNbHbIX M BpallaTeslbHbIX cOCTOAHMM. [lepexon monekyn co-
€AMHEHUS] C OJTHOTO JHEPreTUYECKOr0 YpOBHS Ha JIPYrod COMPOBOXIAETCS IO-
IJIOIIEHUEM OOJIBIIOrO YUCIIO (POTOHOB, SJHEPTUSI KOTOPBIX OTJIMYAETCS HA BEIUYH-
HY KoJie0aTeIbHbIX WM BpaIllaTeJIbHBIX MEPEX0/0B. B pe3ynbrare 3leKTPOHHOTO
nepexoja MoJiy4aeTcsl AJIeKTPOHHO-KOJIe0aTeIbHO-BpalllaTebHas MHUpOKas MoJo-
ca MOTJIOLIEHUs, COCTOAIIAS U3 MHOXKECTBA OJIM3KOPACTION0KEHHBIX JIMHUM.

[TonoxxeHue 1MoJioC MOIJIOIIEHUSI B CIIEKTpPE ONpeAessieTcss MHOTUMU (haKTo-
pamu, OCHOBHBIMU W3 KOTOPBIX SIBJISIFOTCSI THI 3JIEKTPOHHOI'O Iepexona U obiiee
CTpOEHHE MOJIEKYJ. B 3aBHCHMOCTH OT THIA 3JIEKTPOHHOIO MEPEX0JA, B COOTBET-
CTBUHU C PA3HOCTBIO SHEPI'MI 3JIEKTPOHHBIX YPOBHEW MOJIOCHI MOTJIOMIEHNUS MOTYT
JexaTb B OJNIMKHEM, JalbHEM, BaKyyMHOM YJbTpaduojeTe U BUAUMON oOjacTu
criektpa (puc. 7.11).
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Bakyymuasit JlanbHuit BavkHUM Bunumas
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Puc. 7.11. CnekrpanpHble 00JIACTH U COOTBETCTBYIOIIME UM THIIbI
AIIEKTPOHHBIX MEPEX0I0B

[Tepexon ¢ — o* TpebyeT camoil OOIBIION YHEPTHH U MOXKET OBITh BO30Y K-
JIeH KBaHTaMH JIaJIbHeTO U BakyyMHOro Y®. [IpakTuueckoe mojaydeHue CIeKTpOB
B 3TOH 00JIaCTH CONPSIKEHO C TEXHUYECKUMHU TPYAHOCTIMH, ITOATOMY aHAIU3 CO-
SIMHEHUM, B KOTOPBIX HET KPaTHBIX 7-CBS3CH 3aTpyaHEH M TpeOyeT aeuImTHON
anmapaTyphl.

B aHanmuTHuecKo#l MpaKTHUKE AICKTPOHHBIC CIIEKTPHI UCIIOIB3YIOTCS TPH HC-
CJICIOBAaHUH OPTaHWYECKUX COCTMHECHHM, COACPKAIIUX CHCTEMBI COMPSKEHHBIX
KpPaTHBIX CBSI3eH (T—T*- mepexo/ibl), HECONMPSKEHHBIX COEAMHEHUIN C TeTepoaTo-
mamu (N, S, Cl, F, O), umerommx mojockl nmepexoga N—m*. B clI0XHBIX MHOTO-
ATOMHBIX MOJICKYJIaX MOTYT COJEPKAThCs KaK KpaTHBIE CBSI3H, TaK M TPYIIIHI aTO-
MOB C HETOJICJICHHBIMH JJICKTPOHHBIMH TapaMu. B CBsI3U ¢ 3THM, 3JCKTPOHHBIC
CHEKTPHI TIOTJIOMIECHUS CJIOKHBIX MOJIEKYJI MOTYT COJIepKaTh JOCTATOYHO OOJIBIIIOE
YHUCJIO TIOJIOC MOTJIONICHUS B yAOOHBIX JJIsl U3MEpeHus OJIMKHEW U BUAMMOM 00J1a-
CTSAX CIEKTpa.

['pymnmma atoMoB, KoTopasi COOOIaeT MOJIeKyJle CIOCOOHOCTh TOTJIONIATh
OMMKHUH yIbTpadHuOoIeT WIK BUAUMYIO YacTh CIIEKTPa, Ha3bIBACTCS XpoMOopopHOU
epynnoti unu xpomogopom. K Hanbosee pacnpocTpaHeHHbIM XpoModopam OTHO-
catcs: C=0, N=0, S=0, N =N, 6enzoin u ap.

DIIEKTPOHHBIC CIIEKTPhI MPEACTABISIOT B KoopauHatax Ig € ~ T ().

3J’leKTpOHHI)Ie CIICKTPHbI MOIJTOIICHUA KOMIVICKCHBIX COQ[[I/IHeHI/Iﬁ

M3BeCTHO, YTO MHOTHE OpPraHUYECKHUE U HECOPTaHMYECKUE COCIMHCHUS OKpa-
mieHbl. [IpoucXoXkIeHne OKPaCKU OpeaHU4ecKux coeOuHeHutl MOXeT ObITh CBSI3aHO
C TEM, YTO B MOJICKYJIC UMECTCS OOJIbIIas IEMOYKa CONPSHKCHHBIX KPATHBIX CBSI-
3eil, Oyarogapst uemy mnoJjioca T — - mepexojia CMelieHa B BUAMMYIO YacTh CIIEK-
Tpa. OKpacka OpraHUYECKUX COCAMHEHUN MOKET OBITh TAKXKE CBS3aHA C HAIMYHEM
B MOJICKYJIaX COMPSIKEHHBIX XPOMO(OPOB C HEMOICICHHBIMU JJICKTPOHAMU U
HaJIMYHEM ayKCOXPOMOB.
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Oxpacka HeopeaHuueckux coeouHenuti B OOJBIIMHCTBE CIy4aeB CBs3aHA C
KOMIUTEKCOOOpazoBanueM. Yaiie Bcero KOMIUIEKCOOOpa30BaTESIMK CITYKaT HOHBI
d-2JIeMEHTOB, HMMEIONIMX OOJBIIYID CKJIOHHOCTh K KOMILICKCOOOpPa30BAHHUIO.
Hamnpumep, B BoaHbIX pactBopax nonsl Ni®*, Cu®*, Mn?*, Cr** u mpyrue o6pasyior
ruapokcokommiekcs! tuma [Cu(H,0)4]%, [Ni(H20)]** u 1.1. OHE MoryT 06paso-
BBIBaTh TaK)K€ KOMIUJICKCHI M C OTPUIATEILHO 3apsDKEHHBIMH HOHAMHU, HaIllpUMep,
[PtCls]*, ¥ ¢ HONAPHBIME OPraHMYECKUMH M HEOPTAHMYCCKUMH MOJCKYIAMH -
[Cu(NH3),]*"

B BUAMMON YacTH CIIEKTpa IMOSBJISIOTCS IMOJIOCHI ITOTJIOIIEHUS TOJIBKO Y Ta-
KHX KOMIUICKCHBIX COCJIMHEHUH, B MOJIGKYJaX KOTOPBIX HOH-KOMILJICKCO-
oOpa3oBareilb UMEET He3aBepIICHHYIO (0-0007109Ky. DTO OOBACHACTCS TEM, UTO B
CBOOOJTHOM MOHE dHEprusi Bcex U-3JIeKTPOHOB OJMHAKOBAsl, U OHHU PACIIOJIOKEHBI
Ha OJTHOM CIIO)KHOM ypoBHE. B xomruiekce d-3i1eKTpoHbBI KOMILIEKCO00pa3oBaTes
HAXOATCS B DJIEKTPUUECKOM I10JI€, CO3/IaBaeéMOM JIUTaHaamMu. B pe3ynprare Tako-

Tro BBHHMOHeﬁCTBHH CJIOKHBIN d-yp0BeHI) PaCHICIIACTCA Ha IBA IOAYPOBHA (pI/IC
7.12.).

d*
ATOMHBII ,,' % d

YPOBEHb h .

d

Puc. 7.12. Cxema d —d* nepexoma B MOJICKy/IaX KOMIUIEKCHBIX COCIMHCHHI.

Ecin y mona-koMImiekcooOpaszoBarens 0-0001049ka He3aBepIleHa, BEPXHHMA
€ro ypoBEHb OKa3bIBAE€TCS HE3aNOJIHEHHBIM. [Ipu morjomieHun KBaHTa SHEPIuH,
SJIEKTPOH ¢ OoJiee HU3KOro O- ypoBHS mepexoAuT Ha Ooiiee Bbicokmit — d*. Ilpwm
ATOM B CHEKTPE MOSBISETCA M0JIOCA, KOTOPYIO MPUHSITO HA3bIBATh MOJIOCOM TMOJIS
JAUrangoB — wim mnosnocoi d—d* nepexona. B OonpmuucTBe cnydaeB d—d* mepe-
X0Jl TpeOyeT PHEPTruu, COOTBETCTBYIOIICH KBAaHTaM BUIAMMOTO U3Iy4eHHs. DTO U
OIpeieNsieT OKPACKy MHOTHUX KOMIUIEKCHBIX COeIUHEHHH (cM. TabI1. 3)

Ecnu y nona-xkomriekcooOpasoBaresst 0-000JI0UKH 3aMOTHEHBI, TO CBOOO/I-
HOro Mecta Ha O*-ypoBHsx HeT U d — d*-mepexoj; OCYIIECTBUTLCS HE MOJKET.
Hanpumep, non memu Cu'™ (15°25°2p®3s°3p®3d'®) okpamieHHBIX KOMIIIEKCOB He
UMEET.

B 3akmroueHue cneayer ykaszaTh, YTO IS Y O-CIEKTPOCKOIINM TAKXKE KaK U
nns K-criekTpockonuu CcnpaBelIMBBI 3aKOHBI CBETOMOTJIONICHUS W 1O Y@-
CIIEKTpaM MO>KHO MPOBOJUTH KOJUUYECTBEHHBIE OMPENCICHUs] TeX WM WHBIX Be-
IIECTB, UMECIOIIUX XapaKTEPUCTUUECKHUE TTOJIOCHI TIOTJIOIICHUSI.

Tabnuna 7.2.— CpoiicTBa HekoTopbix d—d* mepexo0B
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Hon-xomnnexco-

Kongueypayus

L{sem eudpoxco-

Maxcumym nono-

06pa306ameﬂb d—060]10111<u KOMILIEKCA Cbl NoclIOUIeHUA,

HM

Ti** 3d* ypIypPHBIH 492

Vv 3d° 3eJICHbII 581

cr¥ 3d° roIy60it 588,416

cr* 3d* 616 THO-T 0Ty 00 709

Co** 3d’ PO30BBIii 1200,500

Ni®* 3d° 3eJICHBIIT 1149,689

cu® 3d° roy6oii 833

BOHpOCBI AJIA CAMOKOHTPOJISA

OO E

ITOTJIOIIICHUS.

o

CymHocTts Y ®-1 BUAMMOMN CIEKTPOCKOIHH.
THIIBI SNIEKTPOHOB M TUIIBI XUMUYECKHUX CBSI3€M B MOJIEKYJIE.

Pacnonoxenne MOJIEKYISIPHBIX SJHEPrETUYECKUX YPOBHEH.

THIIBI ANEKTPOHHBIX MTEPEXOI0B U UX MPOSBICHUE B AIEKTPOHHBIX CIIEKTPAX.
DEeKTpOHHO-KOJIe0aTeNbHO-BpalllaTelIbHas CTPYKTYpa 3JEKTPOHHBIX CIIEKTPOB

XpOMO(i)OpBI N aYKCOXPOMBI B OPTaHHYCCKHUX MOJICKYJIAX.

7. KadecTBEHHBIM 1 KOJTMYECTBEHHBIM aHAJIN3 110 QJICKTPOHHBIM CIICKTpPaM.
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TEMA 9. QJIEKTPOXUMHNYECKUE METO/Ibl AHAJIU3A
OCHOBHbBIE BOITPOCHI

SIBneHus, nexalue B OCHOBE 3JIEKTPOXMMHUUYECKUX METOJOB aHalu3a. DJIEKTPOI-
HBIA TOoTeHIMan cucreMmbl. YpaBHeHue HepHcra. Knaccudukanus 3neKTpoXumu-
YeCKUX METOA0B aHanu3a. CyIHOCTh NOTEHIMOMETPUUECKOTO METOAA (MIOHOMET-
pust u pH-MeTpus); npaktuyeckoe npumeHeHue. CyniHoCTh KyJIOHOMETPHH. 3aKOH
dapanes. Bonbramnepomerpuiyeckre MeTo bl anan3a. CylHOCTh U TPUMEHEHHE
noJisiporpauueckoro MeToja aHaan3a.

METOAMYECKUE YKA3AHUA

[Ipu u3yuyeHun JaHHOM TEMBI CIIEyeT BCIIOMHUTh U3 pasjiesia o0Iel XxuMuu
MOHATHUSL: AJIEKTPOJUTHI, ANEKTPOIUTHYECKAST TUCCOLUALINS, OKUCIUTENN, BOCCTA-
HOBUTEIIA, OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIE MPOLECCHI, TAIbBAHUYECKUN 3Iie-
MEHT, 3JIEKTPOJHBIA MOTEHIIUAJI CUCTEMBI, HAIPABJICHUE MPOTEKAHUS OKUCIUTEIb-
HO-BOCCTaHOBUTENbHBIX peakiuit, DJIC peakiuu. Crienyer pa3odpaTbcs B COCTaB-
JSIOMUX ypaBHeHUs: HepHCTa, onpeaensonero BIusHue pa3auyHbix (akTOpOB Ha
3HAYEHUE AJIEKTPOJHOTO MOTEHIMAIA CUCTEMBL.

Cnegyer mOHATh, KaKM€ PEaKUUU MPOTEKAIOT Ha AJIEKTPOAax; 4To coOoi
IPEACTABIIAIOT KATOAHBIE MU AHOJHBIE MPOLECCHl. Paz0epuTe CymHOCTH METO/IOB
NpsIMOM  TOTEHITMOMETPUU M MOTEHIIMOMETPUYECKOrO0 TUTpOBaHus. M3yuute pa-
00Ty CTaHAAPTHOTO BOJOPOAHOTO JIEKTPOAA, ONPEAEIECHUE €r0 PABHOBECHOIO 110-
TeHIIMaia U BO3MOXKHOCTh u3MmepeHus: pH cpeant pactBopoB. Pazdepurech ¢ moHs-
THEM CTaHJAPTHBIN 3JIEKTPOAHBIN MOTEHIMAN MOoJlypeakuuu. B kauecTBe mpumepa
BO3BMHUTE JIOOYIO OKHCIUTEIHHO-BOCCTAHOBUTEIBHYIO PEAKIUIO U, TOJIB3YSCh
3HAUYCHUSAMH CTAHJAPTHBIX DJEKTPOJHBIX MOTEHIMaI0B noxypeakuuii (IIpumoxe-
nue 3), onpenenure IJIC cucTtembl U HampaBiIeHUE MPOTEKAHUSI TaKOW PEaKIUu.
JlaliTe ompeneneHne METOJa UOHOMETPUU; OOBICHUTE OTIUYHE HTOTO METO/Aa OT
pH-Metpuu. IlosgcHuTe nmpeuMyIiecTBa MOTEHIIMOMETPHUUYECKOTO TUTPOBAHUS IO
CPaBHEHUIO C KJIACCUYECKUM TUTPOBAHUEM (C TIOMOIIBIO0 OIOPETKH).

CylHOCTh METOAa KYJIOHOMETPUHM HAYHUTE C U3YUYEHHUS MPOLIECCOB AIEKTPO-
nu3a u 3akoHa Papanes. Ha npuMepax paccunrtaite Maccy OKMCIEHHOTO WA BOC-
CTAHOBJICHHOT'O J3JIEKTPOAKTUBHOI'O BELIECTBA, HAXOASALIETOCS B pacTBOpE, €CIU
M3BECTHO KOJIMYECTBO MPOIYIIEHHOTO Yepe3 pacTBOp dJeKTpuyecTBa. Pa3zbepure,
B 4YeM OTJHWYUE KYJIOHOMETPHUUYECKOTO TUTPOBAHUSI OT IMOTCHIIMOMETPUYECKOTO
TUTPOBAHMUS.

N3 BosbTaMIEpOMETPUYECKUX METOJO0B OOJbIllee BHUMAHUE CTOUT YACIHUTh
nosisiporpadun. PaccMoTpuTe 3JIEKTPOXMMHYECKYIO Tapy: PTYTHBIN KarelbHbIN
AJIEKTPOJI, UMEIOIIHI OOJBIITYI0 MOBEPXHOCTh M KAJIOMEIBHBIN AJIEKTPO/I, MOCO-
eINMHEHHBIC KJIeMMaMH K Tipubopy-niossporpady. [lonpoOyiiTe moHITh, B pe3yib-
TaTe KaKuX IMPOIIECCOB MOCIE MoAauu MoJIsporpagoM HANpPsDKEHHsS B pacTBOp Ha
JATYMKAX TOSBISIETCS KpUBas - mossiporpaduueckas BosHa. M3yunTe cocTaBisito-

IMC YPpaBHCHUA HNnbkoBuua.
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KpaTkuii TeopeTudecKuil MaTepuall

DNeKTpoaHAIUTUYECKAs] XUMHS BKIIFOYAE€T METO/bl aHAJIN3a, OCHOBAaHHbBIE Ha
SBJICHHUSIX, KOTOPBIE TPOUCXOAT HA 3JEKTPOJAX, HAXOIAIIMXCS B KOHTAKTE C HC-
NBITYEMBIMU PACTBOPAMHU, & TAKKE B MEXKAIEKTPOJHOM IMPOCTPAHCTBE.

Bce MeTopl MOKHO pa3/IenuTh Ha JIBE IPYIIIIbL:

1. MeTobl, OCHOBaHHBIE HAa MPOTEKAHUHU AJIEKTPOJHON peakiuu (MMOTEHIUO-

METpUs, KyJIOHOMETPHS, BOJbTAMIIEPOMETPH)
2. Metonpl, HE CBA3aHHBIE C NMPOTEKAHUEM DJIEKTPOJHOW peakuuu (KOHIYK-
TOMETPHUS, TUIIEKTPOMETPUS).

Yame Bcero kinaccu(puKalMOHHBIM IPU3HAKOM SIBJISIETCS. U3MEPSIEMBIN dJI€K-
TPUUECKUNA MJIM DJIEKTPOXUMHUYECKUI HapaMeTp — 3JEKTPOAHbIM MOTEHLUAN CH-
CTEMBI WJIM TOK, KOTOPBI B CBOK OYEPEIb 3aBUCUT OT AKTUBHOCTU (KOHLIEHTpa-
LIM1) 3JIEKTPONPEBPALIAEMBIX BEIIECTB WU JIPYTUX CIEHU(PUUECKUX CBOMCTB (KO-
JMYECTBA 3JEKTPUYECTBA, 3aTPAYMBAEMOI0 Ha 3JIEKTPOXMMHYECKYIO PEAKLHIO U
Jp.). DTU 3aBUCUMOCTH HCIIONB3YIOT AJI1 KaUeCTBEHHOW UIECHTU(UKALUU U KOJIH-

YCCTBCHHOT'O OIIPCACIICHUS BCIICCTB.

[Horenunomerpus

[ToreHImOMETpUYECKUI METO/] aHAJIN3a OCHOBAH Ha U3MEPEHUH 3JIEKTPOIHO-
rO MOTEHIIMANA U HAX0XK/IEHUU 3aBUCUMOCTH MEXKy €T0 BEJIMYMHON U KOHIICHTpa-
IIUeH, TOUHEee aKTUBHOCTHIO MOTEHITHAIONPEIEIIIONIET0 KOMIIOHEHTa B PACTBOPE.

BO3HUKHOBEHHE 3JEKTPOAHOTO MOTEHIMANA CBSA3aHO C DJIEKTPOXUMHUYECKIM
IpOIIECCOM, MPOUCXOSIIUM Ha IpaHHIle pasaena Merami/pactBop. [Ipu morpyxe-
HUM, Hanmpumep, MHAUPGEPEHTHOro 3JeKTpoaa U3 OJaropoaHoro Meramia (ruia-
TUHBI) B PAacTBOp, COAEPXKAIIMA OKHCIUTEIHLHO-BOCCTAHOBUTEIBHYIO CHCTEMY
(penokc-mapy) ycCTaHaBJIMBAETCA JAMHAMUYECKOE PaBHOBECHE, KOTOPOE MOXKET
OBITh BBIPQXKEHO CIICAYIOIIUM ypaBHEHUEM:

Ok + ne < Boc

A 3JIeKTpOJI MPHUOOpETAET TaK HA3bIBAEMbIN PaBHOBECHBIN MOTeHIMAN - E.

MareMaTtndeckoe BBIPAXKECHHE 3aBUCUMOCTH JJIEKTPOJHOrO IMOTEHIMAIa OT
AKTUBHOCTU KOMIIOHEHTOB PacCMaTpPUBAEMOU PEAOKC-CUCTEMBI TAETCA YPaBHECHU-
eM Hepucra:

E=E% e + RT/NF IN a,/as0c,

rjae E — okucnutenbHO-BOCCTaHOBUTEIbHBIN MTOTEHIIUAI JAaHHOM Tapkl, B;

Eo - cTaHmapTHBIN OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIN MTOTeHIMAN, B (mput. 3);

R — yHuBepcanbHas razoBas moctosinas (pasHas 8,313 Jlx/mounb-rpan);

T — abcomroTHas Temieparypa, °K;

N — YKCIIO AJIEKTPOHOB, TPHUOOPETAEMBIX OKUCIUTENBHOU (POPMOI MM TepIeMbIX
BOCCTAaHOBUTEIBHOU (HOPMOI;

F — gucno ®apanes, pasaoe 96500 Kin/r-3kB.;
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ox — AKTUBHOCTbH (KOHIIEHTPAIUs1) OKUCIEHHON (DOPMBI 3JICKTPOJIHUTA;
Qo — KOHLIEHTPALUS] BOCCTAHOBJIEHHON ()OPMBI JIEKTPOJINTA.

B cBsi3u ¢ TeMm, 4TO MOTEHIMAJ OJHOIO 3JIEKTPOAA U3MEPUTh HEBO3MOXKHO,
COCTABJISIFOT FaIbBAHUYECKUNA DJIEMEHT (JIEKTPOJIUTUYECKYIO SUEHKY) U3 IBYX I0-
JY3JIEMEHTOB C AJIEKTPOJAMU U HU3MEPSIOT PA3HOCTh NOTEHIMAJIOB MEXKIY HUMHU.
[Ipy 3TOM MOTEHUKAT OAHOTO AJIEKTPOAA — DJIEKTPOJa CPABHEHUSI — MOCTOSIHEH U
3apaHee U3BECTEH. /{11 COCTaBIEHUs TajJbBaHUYECKOIO 3JIEMEHTA B Ka4eCTBE OC-
HOBHOTO 3JIEKTPOJIa CPABHEHUS UCIIOIB3YIOT CTAHAAPTHBIA BOJOPOIHBINA SJIEKTPOI.
[Torennuan cranaapTHOrO BOJAOPOJHOIO 3JIEKTPOAA YCIOBHO IMPUHST PABHBIM HY-
a0 (0,00 B).

N3mepuB pa3HOCTh MOTEHIMAIOB OOJBIIOTO YHCIA 3JIEKTPOAOB (TIOIy3JIe-
MEHTOB) OTHOCUTEJIBHO CTAHIAPTHOTO BOJOPOJHOTO 3JIEKTPOAA, MOXKHO OIpee-
JUTh TOTEHIHANbl PA3JIMYHBIX IOJY3JIEMEHTOB OTHOCUTEIBHO Jpyr Jpyra
(mpun.3). Tak KaK BOJOPOJHBIN 3JEKTPOJ MAJONPHUIoJcH B OOBIYHBIX YCIOBHUSIX
aHajau3a, B MPAKTUKE YaCTO MCIOJIB3YIOT JIPYTHUE SJEKTPOJbl CPABHEHUSI, HAMPH-
Mep, KaJIOMEJIbHBINA 3JIEKTPOJI WIIH XJIOPCEPEOPSAHBIN SJEKTPO/I, MOTEHIIUAIBI KOTO-
PBIX TaKXke€ XOPOIIO U3BECTHHI. J.4.c - E = E’ — E% - BO3HUKAIOLIYI0 MEXIy HH-
JUKATOPHBIM (TIJITATUHOBBIM) U CTaHJIAPTHBIM DJIEKTPOJIOM HU3MEPSIOT MPUOOPOM -
ITOTEHIIUOMETPOM.

MeTtobl TOTEHIIMOMETPHUU CIIST HA HPAMYIO HOMEHYUOMEMPUI0O U HOMEH-
yuomempuueckKkoe mumposeanue.

Merton npsMoii TOTEHIIMOMETPUU OCHOBAH HAa TOYHOM HM3MEPEHUN BEIUUYUHBI
AJEKTPOJHOrO MOTEHIMAIa U HAXOXICHUW MO ypaBHEeHHI0O HepHCTa akTHBHOCTH
MOTEHIMATIONPEAESIAIONIET0 HOHA B pacTBope. Jlonroe Bpems mpsiMasi MOTEHIMO-
METpHs HaXoJuja OTpaHUYEHHOE NMMPUMEHEHUE B aHAIMTUYECKON XUMHUH, a UMEH-
HO TOJIBKO 1t onpenenenus pH pactsopos. [lo ypaBaennto Hepncra:

E = E%H"H, + 0,059/2 Ig [H*)/[H,] : [H.] =1 u Bcriomuus pH = - Ig [H']

Honyunm: E = E%2H"H, — k pH.

N3mepenue pH pacTBOpOB BOAOPOIHBIM BJIEKTPOIOM 3aTPYIHEHO, 4 B HEKO-
TOPBIX CIyYasiX U HEIOCTYITHO, TO3TOMY IIMPOKO UCHOJIB3YIOT IPYTHE NEKTPOIbI,
GYHKIMOHUPYIOIIHUE KaK BOJAOPOIHBIN anekTpoa. Ocoboe mecTo B nu3mepennu pH
pPacTBOPOB 3aHUMAET CTEKJISIHHBINA JIEKTPO/I, IIUPOKO MCIOJIb3YEMBIN B HACTOSIIIIEE
BpeMsi Oyiarogapsi psjly €ro npeumyiiectB (Ooiblnasi CeIeKTUBHOCTb, HEMOJBEP-
JKEHHOCTh OTPAaBJICHUIO, OTCYTCTBUE BJIMSIHUSI CUJIbHBIX OKHUCIIMTEJIEH UM BOCCTa-
HOBUTEJICH U 1p.). MeXxaHu3M BO3HUKHOBEHUS MOTEHI[MAIa Ha TTOBEPXHOCTH CTEK-
JISTHHOTO 3JIEKTPOJIa HE SIBJIAECTCS DJIEKTPOXUMHUYECKUM, OH B IPUHIIUIIE OTHOCUTCA
K SIBJICHUSM, TPOUCXOISANIUM B MeMOpaHax HOHCEJIEKTHBHBIX JJICKTPOJOB (CM.
HIDKE).

[ToTeHUHOMETPBI ISl OMPEACIICHUS! aKTUBHOCTH (KOHUEHTPALUU) TOJBKO
H" nounoB HasbiBatoTcss pH-MeTpaMu; CyIIECTBYIOT TakKe MOHOMETpHI (B Habope
UIyT HOHCENEeKTUBHBIE 35eKTpobl |, 11, 111 pona).

HNoHoMmeTpuss — COBPEMEHHOE NPOTPECCUBHOE HAINPABIICHUE MOTCHIMOMET-
pUH, OCHOBHBIMH 33Jla4aMU KOTOPOTO SIBIISIIOTCS pa3paboTKa, H3yuYeHHUE U MpuMe-

HCHHC B aHAJIN3C paSHOO6pa3HBIX QJICKTPOA0B, CCICKTUBHLIX K pa3JIMYHBIM KAaTHO-
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HaM U aHMOHaM. MeTo/J OCHOBaH HAa MPUMEHEHUU MOHCEIEKTUBHBIX MEMOpPaHHBIX
ANEKTPOJOB, (PYHKIIMOHUPYIONIMX MO MEXaHU3MY IepeAadyu 3JIEKTPOHOB, T.€. 00-
JaaroIMX MOHHOU MPOoBOAMMOCTHIO. [lockobKy MeMOpaHa mpoHUIIaeMa JJist O11-
HOTO WJIM HECKOJIbKUX BHJOB MOHOB, TO 3TO CBOMCTBO OOECIEUYMBAET JOCTATOYHO
BBICOKYIO CENIEKTUBHOCTH AJIEKTPOJa. Pa3nuuaroT 35eKTpobl C KUAKUMUA MEMOpa-
HaMu (MeMOpaHamu SIBJISIFOTCSI pacTBOPBI AJIEKTPOJIHOAKTUBHOTO BEIIECTBA: Xela-
Thl, HOHOOOMEHHUKH, OMOJIOTMYECKU aKTUBHbBIC BEIIECTBA, TNICHOYHBIC BEIIECTBA)
U JIEKTPOJIbI C TBEPABIMU MeMOpaHaMu (Yalie BCEro MeMOpaHaMu SIBJISIFOTCSI MO-
HO- ¥ TIOJIMKPHUCTAIUIBI U3 CIEIIMATBHBIX CTEKOI).

MemOpanublii moteHuuan (pukcupyemblii TOTEHIMOMETPOM) BO3HUKAET B
pe3ysbTaTe YCTaHOBJIEHUS PaBHOBECHS MOHOOOMEHHOTO Ipolecca MEXAy pac-
TBOpOM U MeMOpaHoii. Eciu B oOMeHe yyacTBYeT OJMH BHJl HOHOB, TO MOTEHITHAI
Ha TPaHMIIEe pa3jesia MeMOpaHa/pacTBOp sIBISICTCS (DYHKIMEH COCTaBOB pacTBOpa U
MeMOpaHbI U BbIpaXaeTcsl B COOTBETCTBUU ¢ ypaBHEeHHEM HepHcra:

E=E° + RT/ZF Ina/a;,
rae Z; — 3apsj1 HOHA, y4acTBYIOIIETO B OOMEHE;

a8 U @ -aKTUBHOCTb 3TOT0O MOHA B pacTBOPE U MEMOpaHE COOTBETCTBEHHO.

Ilomenyuomempuueckoe mumpoganue. 1lpu TOTEHIMOMETPUUECKOM
TUTPOBAHUU MPOUCXOJUT PETUCTPALlMsl H3MEHEHUS PAaBHOBECHOIO IMOTEHIMAIa
3JIEKTPOJIa B MPOLIECCE XUMUYECKOM PEAKIIMH MEXAY MOTEHIUAIONPEACISIIOIINM
KOMIIOHEHTOM B PacTBOpE M CIICLMAIbHO BBEJCHHBIM PEarcHTOM B KayeCTBE THUT-
panTa. [loTeHIITMOMETpUYECKUN METO/ aHallu3a MO CBOMM BO3MOXHOCTSIM 3HAYH-
TETbHO TMPEBOCXOJIUT KIACCHYECKUI TUTPUMETPUUECKUNA METOJ aHaiu3a, T.K.
CYOBEKTHUBHBIC OIICHKH OIpPEAENeHUS] TOYKM SKBUBAJIEHTHOCTH (T.3.) 3aMEHEHBI
OOBEKTUBHBIMH TOKA3aTENsIMU 9yBCTBUTEIBHBIX TIpuOopoB. Kpome 3Toro merton
MO3BOJIACT OMPEJENATh MEHBIIUE KOJIUYECTBA OINPEACTSEMBIX BEIIECTB U TUTPO-
BaTh MYTHBIE WJIM OKpPAlLlEHHbIE PACTBOPHI, KOT/la 3aTPYIHEHO UM BOBCE MCKIIIO-
YEHO UCMOJIb30BAHUE LIBETHBIX HHIUKATOPOB.

NHAMKATOPOM CIYUT COOTBETCTBYIOLIASl AJIEKTPOXMMUYECKAsT pPEaKIHs,
MO3BOJIAOIAS TPOCTIEANTD 3a U3MEHEHUEM KOHIICHTPAlM TUTPYEMOI'O BEIECTBa
U Ha3bIBaeMasi O3TOMY MHAMKATOPHOU. DJIEKTPOJ, HA KOTOPOM IMPOUCXOAMUT HUH-
JUKaTOPHBIN MpoLIecC, M MOTEHIIMAI KOTOPOTO SBJISETCS (PYHKIIMEH KOHLIEHTpALUU
OTIpPENEIIEMOr0 BEIECTBA, HA3bIBAIOT MHIWKATOPHBIM. J[JIs1 OCYyIIECTBICHMS IO-
TEHIIMOMETPUUECKOTO TUTPOBAHUA HEOOXOAMMA 3aMeHa OJHON WHIUKATOPHOU pe-
aKIMH, MPOTEKAIOIIeH M0 T.3., APYrod - TMOCe JOCTHKEHHUS T.)., U 3Ta 3aMeHa
JOJKHA 00ECHeYHuTh JAOCTAaTOYHO pPE3KOEe M3MEHEHHE (CKayoK) moTeHnuana (oT-
KJIOHCHHE CTPEJIKU Ha IIKajie) B 00JIaCTH KOHEYHOM TOUKU TUTPOBAHUS.

KysioHoMeTpuyeckuii MeTo1 aHAIN3a

KynonomeTpusi ocHOBaHa Ha M3MEPEHUU KOJUYECTBA BJEKTPUUECTBA, 3a-
TPAYMBAEMOTr0 Ha 3JIEKTPOXMMHUYECKOE MpeBpallleHre BelecTBa. CoriacHo 3aKOHY
®apanesi, Mmacca P (r) BemiecTBa 3JIEKTPOXUMHUYECKH OKHUCIEHHOIO WJIM BOCCTa-
HOBJIEHHOT'O paBHa:

P = QM/nF
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rae M — mornekymsipHasi, HOHHAs HJIM aTOMHAsI Macca BelIeCTBa,;

Q — xommuectBO anektpudectBa (Kir), paBHOEe NpPOM3BENECHWIO BETUYHUHBI TOKA
anextponu3a (l,, A) u BpeMenu sektpoiusa (1, ¢);

N — YUCJIO STIEKTPOHOB, YIACTBYIOIIUX B PEAKIIUH,

F — mocrosiunas ®apanes = 96500 Ki/r-3ks.

Taxxe pa3nuyaroT NpsAMYI0 KyJIOHOMETPHIO U KYyJTOHOMETPUUYECKOE THUTPO-
BaHHe. B mepBoM citydae ompesenseMoe BemecTBO (TpU yCIOBUH, YTO OHO JJICK-
TPOAKTUBHO) HEMOCPEICTBEHHO IMOABEPTaeTCS Ha BJICKTPOJIC IECKTPOXUMHUIECKO-
My mpeBpameHnto. OnpenennB KOJTUISCTBO JIEKTPUUYECTBA, PACXOAyeMOe Ha JTO
MpEeBpaIICHNUE, HAXO AT MACCy OMPEILIISIEMOTO BEIIECTRA.

Bo BTOpOM ciyyae HE3aBUCHMO OT TOTO, YYaCTBYET JIM OMPEICISIEMOE Be-
IIECTBO B JJCKTPOXMMHUYECKOW PEAKIIMHA WIM HET, U3 CIENUaIbHO BBEJACHHOTO
AJIEKTPOAKTHBHOTO BEIIECTBA (BCIIOMOTATEIBHBIA PEAreHT) JJICKTPOIUTHICCKU
MOJIYHAIOT KYyJIOHOMETPUUYECKUM TUTPAHT (MIPOMEXKYTOUHBINA peareHT), CIIOCOOHBIIH
KOJIMYECTBEHHO BCTYMAaTh B XUMHUUYECKYIO PEAKIIUIO C ONPEIEISIEMbIM BEUIECTBOM.
3Has KOJUYECTBO JJIEKTPUUYECTBA, M3PACXOJOBAHHOE B IPOLIECCE DIICKTPOJIN3A,
MO>KHO PacCUMTaTh MACCy OMPEIEIIEMOT0 KOMITIOHEHTA.

Boabramnepomerpuuyeckue meroasl aHaausa. [loasporpadus

W3 BonbTaMIEpOMETPUYECKUX METOJOB HanOosiee NOMYISIPHBIMH SBIISIFOTCS
nossiporpadust 1 ammnepoMerpusi. JJaHHbIE METObl OCHOBAHBI HA U3MEPEHUH CH-
Jbl TOKA, MPOTEKAIOUIEro MpPU SJIEKTPOJIHM3E, B 3aBUCUMOCTH OT HAJOKEHHOTO
HaIpsHDKEHUS. M U3YYEHHsI BOJIbTAMIIEPHBIX KPHUBBIX, KOTOPbIE MOJYYAOTCS MPH
AIEKTPOJIU3E DJIEKTPOBOCCTAHABIMBAIOIIETOCS WJIM AJIEKTPOOKUCISIOIIETOCS Be-
IIECTBA B OCOOBIX, CHENU(UYHBIX IS TaHHBIX METOJOB YCIOBUSX.

Jliis mpoBesieHust NoAsporpauyecKoro aHajau3a COCTaBISAIOT LENb U3 JIBYX
JIEKTPOJOB: PTYTHOTO KAaleJIbHOTO 3JEKTPOJA U AJIEKTPOJA CPABHEHUS, KOTOPBII
JOJKEH MM@Th OOJBIIYIO MOBEPXHOCTh - UM MOJKET OBbITh HACBIIIEHHBIM Kajo-
MEJbHBIN AJIEKTPO. DIEKTPOJIbl MPUCOEIMHEHBI KIeMMaMu K noJsiporpady. Ilo-
asiporpad MO3BOJISIET HAKIAAbIBATH HA AJIEKTPOAbI SIUEHKHU HaNpsKEHUE, MEHSIO-
1ieecsi BO BpEMEHU 110 JIMHEHHBIM WIHA IPYTUM 3aKOHaM, U PETMCTPUPOBATH TOK
3JIEKTPOJIH3a. 3aTeM CTPOST BosibTamiepomerpuueckyto kpusyio (I — f (V)). Pas-
HOCTbh OTEHUMANIOB Mexay anekrponamu AE = E, — E, paBHa Benuuune E, npu-
JIO’KEHHOM OT BHEIIHETO NCTOYHUKA HAIPSKEHUS.

PaccMoTpum mpuHIMI MeTona IS ciyyasi, KOrja B pacTBOpE HaXOISATCS
MOHBI METAJIOB, KOTOPBIE 3JEKTPOJUTUYECKH BOCCTAHABIMBAIOTCS HA PTYTHOM
KaToJIe; PACTBOP COJICPKHUT TaKKe KakoW-Tu00 CHIIbHBIA 37eKTpoiuT — KNOs,
NH,Cl wm apyryro coJib IIETOYHOrO MeTauia. B JaHHBIA PacTBOp U OMyCKAIOT
JIBa DJIEKTPOJa, Ha KOTOpbIE MOJAIOT HANpsKEHUE, HaOro1as 3a U3BMEHEHUEM CH-
JIbI TOKAa B 3aBUCUMOCTH OT IPHJIOKEHHOTO HAIPSHKEHUS. DTa 3aBUCUMOCTh UMEET
HEPaBHOMEPHBIN XapaKTep M BbIPAXKAETCs] KPUBOHM ¢ meperudaMu — mnoysporpadu-
YECKUMH BOJIHAMU.

HanpsokeHnue, nmpu KOTOPOM BO3HHMKAKOT 3TH BOJHBI, 3aBHUCHT OT COCTaBa

QJICKTPOJIUTA U XAPAKTCPHO AJIA TOI'O MJIIM MHOI'O MOHA MCTAJlJIA. Bricota BoaH 3a-
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BUCUT OT KOHIIEHTpauuu MoHa. Takum 00pazom, Mo KpUBOW 3aBUCUMOCTU CHIIBI
TOKa OT HANpSKEHUs B JAHHBIX YCIOBUSAX MOYKHO CYIUTh O COCTaBE U KOHLEHTpa-
IIUU JIEKTPOJIUTA, T.€. IPOBECTU KAYECTBEHHBIN U KOJIMYECTBEHHBII aHAIIU3.

Hanpsbkenue - a, Ipyu KOTOPOM HAUYMHAETCS JIEKTPOJIN3, 3aBUCUT OT IIPHUPO-
JIbl M KOHILIEHTPAIMK BOCCTAHABIMBAIOIINXCA B pacTBope HoHOB M. E1/; — moTeH-
[[1aJl MOJIYBOJIHBI, €CTh BEJIMYMHA ITOCTOSHHAS (TaOJIMYHOE 3HAUEHUE), XapaKTepH-
3yroujas nmpupoay Meramia. Jljigs KadeCTBEHHOIO aHajiu3a JOCTaTOYHO HAWTH IO-
TEHI[MAJI TOJYBOJHBI M TIO CIEHUATbHBIM CIPABOYHBIM TaOJIMLIaM OMPECIUTh
NPUPOAY METajlla, a TAKKe ONMbKaillliee OKpYKEHHE BOCCTAHABIMBAIOLIEIOCS Me-
Taya (A7 THIPaTUPOBAHHBIX MOHOB M KOMIUIEKCHBIX HOHAaX JAaHHOTO MeTajia
E1, paznuuarorcs). JJis KOJTUYECTBEHHOTO aHaliv3a HEOOXOIUMO BBIYHCIHUTH BbI-
COTY MoJIsIporpauuecKor BOJIHBI - T.€. BEIMYUHY MpeneabHoro Toka (aupdysu-
OHHOTO TOKa) — lg .CBs13bp 1udPy3uoHHOrO TOKA lg C KOHIIEHTparueit nona C,, me-
penaercs ypasnenuem Hnvkosuua. 1lpu NOCTOSHHBIX YCIOBUIX MOJISIpOrpapupo-
BaHUsl ypaBHEHUE IPUHUMAET BUJ:

rae lq— BenmnuuHa AU y3uOHHOTO TOKA;

Cym — KOHIIEHTpALMSL aHATU3UPYEMOTO HOHA,;
K — KoHCTaHTa, 3aBUCAIIAs OT MPUPOJILI HOHA U YCIOBHH MOJISIpOrpadupoBaHus.

Bonpocsl 1j1s1 CAMOKOHTPO.JIS

1. Knaccudukarus 3J1eKTpOXUMUYECKUX METOIOB aHAIH3a.

2. CymHOCTh TOTEHIUOMETPUHU U TOTEHIUOMETPUUECKOTO TUTPOBAHUS.
3. CymHocTh KynoHoMeTpun. 3akoH Dapajes.

4. CymHocTts nongporpaduu. Ypasuenue NnbkoBuua.

5. AHaAIUTHUYECKOE TPUMEHEHUE AIEKTPOXUMUYECKHX METO/IOB aHAIIH3A.
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O MMOPSIAKE BBIINTOJHEHUSI KOHTPOJbHOM PABOTHI

OBILIUE YKA3ZAHUA

[Tpu uzyyenun Il vactu nucuumvuel «OO0IIas U aHATUTUYECKAsT XUMUS», pa3jiela
«AHAIUTUYECKAs] XUMHUS CTYACHTHI 3a04YHOTO (DaKyJbTeTa BBIMOJIHSIIOT BTOPYIO
KOHTPOJIbHYIO paboTy, cocTosIyto U3 8 3anay. g onpeaeneHus HOMEPOB 3aaad

KOHTpOJIBHOI?I pa6OTI>I H€06XOI[I/IMO ITIOJIB30BATHCA T&6HHHCﬁ:

HavanbHble 0yKBbI

IlepBble TpU OYKBBI

IlepBble TpU OYKBBI

IlepBble n1Be OyK-

(l)aMn_]n/[]/], HUMEHH, OT- aMUJINU HMEHU BbI OTYECTBAa
4ecTBA CTYJAEeHTa 1 2 3 4 5 6 7 8
A P 1 16 31 46 61 76 91 106
b C 2 17 32 47 62 77 92 107
B T 3 18 33 48 63 78 93 108
r Yy 4 19 34 49 64 79 94 109
i | () 5 20 35 50 65 80 95 110
E X 6 21 36 51 66 81 96 111
K 11 7 22 37 52 67 82 97 112
3 q 8 23 38 53 68 83 98 113
u 11 9 24 39 54 69 84 99 114
K 11 10 25 40 55 70 85 100 115
JI bl 11 26 41 56 71 86 101 116
M b 12 27 42 57 72 87 102 117
H ) 13 28 43 58 73 88 103 118
O 1O 14 29 44 59 74 89 104 119
II s 15 30 45 60 75 90 105 120

Howmepa nepBbIx Tpex 3a/1a4 KOHTPOJIbHOU paboThl ONPEAEIIOTCS TPEMsI IIEPBBIMU
OykBaMu (haMHJIMK CTYJIEHTa, HOMEpPA TPeX CIEAYIOIIMX 3a/1ad — TPeMs MEePBbIMU
OyKBaMU MMEHHM M MOCJIEAYIOIIMX ABYX 3a/ay — JBYMs NEpBbIMU OyKBaMHu OTYE-

CTBa, HAIIPUMeED:

MBAHOBA HWPUHA JIbBOBHA
pemaet 3amaun Ne 9, 18, 31, 54, 61, 84, 101, 117.

KontponbsHas paboTa J0/KHA OBITH BBIMIOJHEHA B CPOK, MIPEAYCMOTPEHHBIN yueo-

HBIM TpauKOM, U ClIaHa Ha TPOBEPKY.

OdopmiisieTcst KOHTpoJibHAs paboTa B OTAEIbHOW TeTpaau. Homepa Bompocos
JIOJKHBL COOTBETCTBOBATH 3anaHuio. Cojaep:kaHue BOMpOcCa H3JaraeTcsi MOIHO-
CTBIO TIEpe]] OTBETOM. 3aJlaHUs MOTYT OBITh KaK TEOPETUUYECKUMU, TaK U CBSI3aH-
HBIMH C pELICHUEM 3a/1a4. Bce pacuersl, MpOBOAUMBIE IPU PELIEHUH 3a4a4, JOJIXK-
HBI COITPOBOXKJAThCS KPAaTKUMHU MOSICHEHUSIMU. B TeTpaaum Ha KaXXI0M CTpaHUILIE
HEOOXOJMMO OCTaBUTH MO ISl 3aMEYaHHWi TpernojaBarenisa. B koHie paboThl
MPUBOJUTCS CIUCOK MCIOJIB30BAHHOMN JIUTEPATYPhl, B KOTOPOM yKa3aHbl (paMuiuu
aBTOPOB, HA3BAHWE, MECTO U IOJl U3JAHUA.
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KoHTponbHas paboTa MOAMUCHIBACTCS CTYICHTOM C YKAa3aHUEM JaThl €€ BBITIOJIHE-
Hus. Ha nepBoil cTpanuile He0OXOAMMO MPOCTABUTH HOMEPA BBITIOJHEHHBIX 33724
COOTBETCTBYIOIIETO BapuaHTa. Ha o005oxkKke TeTpanu ykasbiBaeTcs (DakyJbTer,
Kypc, haMuiiusi, UMsl, OTYECTBO, JOMAIIIHUHN aJIpec, Ha3BaHUE JUCIUIUIMHBL, 10 KO-
TOPOM BBITIOJIHEHA KOHTPOJIbHAS padoTa.

BOITPOCHI U 3AJIAUYHU K 2 KOHTPOJIbHOM PABOTE
PA3JIEJI « AHAJIMTUYECKASA XUMUS»

1.Yto u3y4yaeT aHATUTHYECKAsT XUMHUS U KAaKOBBI 1IEJU U 33/1a91 KaYECTBEHHOTO U
KOJIMYECTBEHHOI'O aHaJIn3a?

2.MeToapl, HCTIOIB3YEMBIE B aHATN3E: XUMHUYECKUE, (PU3nKo-xuMmudeckne, husn-
gyeckue. JlaTh UM XapaKTepUCTHUKY.

3.Uto sBisieTcsi OCHOBOM KiacCU(pUKAIMK KaTUOHOB MO KUCIOTHO-IIEIOYHOMY
Metony?

4.Yto Takoe IpoOHBIN U cucTeMarnueckuil ananus? [lpuBecTu nmpumMepsl.

5.Uto npencrapistoT coboi crienudpuueckue U rpynmnoBsie peareHThi? [IpuBectu
IPUMEPHI.

6.AHanuTHYeCcKas KiIacCU(PpUKALNSI AHUOHOB (KUCIOTHO-IIIEIIOYHOM METO.).

7.Yt0 Takoe 4yBCTBUTEIBHOCTb, U30MPATETHLHOCTh U CIEIM(PUIHOCTD PEaAKIU?
[Ipumepsr.

8. 3agaun KOTMYECTBEHHOTO aHAIH3a.

9. Ilpunnumn BecoBoro (rpaBUMETPUUYECKOTO) aHATH3a.

10. Ocaxnenue. YCIoBUS OCaXKICHUS.

11. YcnoBus ocaxaeHus KPUCTAUIMUECKUX OCATKOB.

12. YcnoBus ocaxxneHusi aMOpP(HBIX OCaIKOB.

13. Uto Takoe ocaxmaemasi popma? Becoas dhopma? Kakue TpeGoBaHus mpeb-
SIBJIIFOTCSI K HUM?

14. Kakoe 3HaueHHEe UMEET SIBIICHUE COOCAKICHUS?

15. Kakum TpeOOBaHUSM JOJKHBI YOBIETBOPATH OCAJIKM B TPaBUMETPUUYECKOM
aHanuze?

16. BeiGop ocaauTenss B rpaBUMETPUUYECKOM aHain3e. UeMm ciemyeT ocaxaaTh
vonbr Ca’" - pactBopom Na,C,0, nmu (NH,4),C,04?

17. Cxonpko muwmmamutpoB 0,5 H pactBopa (NH,),C,0, morpebyercs ans oca-
kaenns nona Ca” u3 pacTtBopa, moixydeHHoro npu pactsoperuu 0,7 v Ca-
CO35?

18. BeruncauTe MPOIEHTHOE COACP)KaHWE TUTPOCKOMMYSCKONH BOJBI B XJIOPHJIC
HATpus IO CIAEAYIOIIMM JlaHHBbIM: Macca Orokca 6,1282 1, macca Orokca ¢
HaBecKoM conm — 6,7698 1, Macca Or0Kca C HAaBECKOM IMOCJIE BBICYIIIMBAHUS—
6,7506 r.

19. Cxonpko MummmutpoB 0,1 H pacTBOpa CONSHON KUCIOTHI TOTPEOyEeTCS IS
ocaxknenus cepedpa u3z HaBeckn AGNO; B 0,6 1?7 YuTuTe U30BITOK OCaauTe-
TS
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20.

21.

22,

23.

24,

25,

26.

217,

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

CKoJIbKO BOABI IOTPEOYETCS ISl PACTBOPEHMSI PU KOMHATHOM TeMITepaType
1 r BaCOj3? TlpousBenenue pacTBOpMMOCTU KapOoHara OGapus paBHO 1,9 -
10°.

Ipoussenenne pactBopumoctu SrSO, pasHo 3,6 - 107. OGpasyercst 11 oca-
JIOK ATOH COJIM, eclii cMemiaTh paBHble 00beMbl 0,002 H pactBopoB SrCl, u
K,SO,?

Ipoussenenne pactBopumocti PHCl, pasro 2,3 - 10™. O6pasyercs 1u oca-
1ok xyopunaa ceuHia, ecin k 0,1 H pactBopy PD(NO3), mpubaButh paBHBIit
o0wvem 0,4 H pacTBopa moBapenHoi coar NaCl?

B 500 mn Boasr pu 18°C pactBopsiercs 0,0165 r Ag,CrO,. Uemy paBHO mpo-
U3BEJEHUE PaCTBOPUMOCTEN 3TOM conn?

Jlnst pactBopenust 1 Pbl, mpu 18°C tpeGyercst 1470 Mt Bozsl. UeMy paBHO
MIPOU3BEECHUE PACTBOPUMOCTH 3TOM COJIN?

IIpoussenenne pactBopuMoctu cyibdara cepedpa Ag,SO, pasro 7 - 107,
Haiinmute pacTBOpUMOCTH COJIM U BBIPA3UTE €€ B MOJIb/J U T/11.

Beruucnure norepro maccebl 200 mr ocaaka CaC,04 npu npoMeiBanuu ero 250
MJT BO/IBI.

Ckonbko mporieHToB Na,CO3 comepkuT oOpaser 3arpsa3HEeHHON COJIbl, €Clu
Ha HeWTpanu3anuio ee HaBecku 0,2648 r uzpacxogoBano 24,45 miu 0,1970 v
HCI?

KakoBa HopmansHOCTh M TUTp pactBopa H,C,04 - 2H,0, nosmyyeHHoro pac-
TBOpeHueM 1,7334 r KUCIOTHI B MEPHOM K010€ eMKOCThIO 250 mut?

Cxonbko cepHoit kuciotsl (T = 0,01027 r/mi) Hago B3ATH AJISI TPUTOTOBIIE-
Hus 2 10,1 H pacTtBOpa?

CrocoObl BeIpa)k€HUs KOHLEHTpAlMil pacTBOpOB. TUTp pacTBOpa COJITHOM
kucioThl paBeH 0,003592 r/mi. BeluucauTh €ro HOpMaIbHOCTb.

CymHoCTh 00BEMHBIX METOIOB aHAIN3A.

TutpoBanHble pacTBOpbl. McXoaHbIe M yCTaHOBOYHBIE BeriecTBa. TpeboBa-
HUSL, IPEIBSBIIIEMbIC K HUM.

B 100 r pactBopa kapOoHaTa HaTpusi JOJKHO coaepkarbest S0 T 0e3BOIHOMN
conbl. Kakyto HaBecky comu Na,COsz 10H,0 Hy>XHO B34Th /sl IPUTOTOBJIE-
HUs pacTBopa? BRIYMCIUTH TUTP ATOTO PacTBOpA.

Ckomnbko ceproit kucioTsl (T = 0,0562 r/mi) HagO0 B3STH AJI MPUTOTOBIICHUS
3 10,1 = pactBOpa?

YTo Takoe KHUCIOTHO-OCHOBHBIE MHAUKATOphI? Kak BbIOpaTh MOAXOISIINNA
WHJIUKATOp?

CKOJIBKO TPaMMOB COJISHOM KHCJIOTHI ObLIO B PACTBOPE, €CJIM HA TUTPOBAHUE
ero 3arpadyeHo 35 mi 0,2 H pactBopa NaOH?

YeMy paBHBI HOPMAJIBHOCTH W TUTP PACTBOpA a30THOW KHUCIIOTHI, €CIH Ha
tutpoBanne 20,00 mn ero m3pacxomorano 15,00 mn 0,1200 v pacTBOpa
NaOH?

CKOJIBKO TPaMMOB CEpHOM KHCIIOTBI COACPXKUTCA B 5 J1 pacTBopa, €Clid Ha
tutpoBanue 25,00 miu 3Toro pactBopa uspacxoaosano 22,50 mu 0,09500 n
pactBopa KOH?
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39.00bscHUTE 3HaUeHHe BeIpakeHnd THCI/Na,CO; u T Na,COs/HCI. B rpammax ka-
KHUX BELIECTB BBIPAKEH KaXK/IbIN U3 YKA3aHHBIX TUTPOB?

40. Ha tutpoBanue 0,0340 r AgNO; uzpacxomoBanHo 20 MJI pacTBopa COJISTHOU
kuciotel. Haviti T Hepag.

41. Cxonbko MuuAnuTpoB 20% - ro pactBopa coyiiHOM KUCHOTHI (p = 1,098
r/cM°) Hy)KHO B3SITh U IpHroToBieHus 5 11 0,1  pacTBopa?

42. Yemy paBusl TuTphl 1 H pactBopoB HBr, NH,OH, BaCl,?

43. Meton HeliTpanuzanuu. [Ipurotosnenne pabounx pacTBOPOB.

44, KpuBble TUTPOBAHMS B METOJI€ HEUTpaIU3aIUH.

45.bydepnbie pactBopsl. Pacuetr pH OydepHbIX pacTBOpOB.

46.Pacuet pH runponusyromuxcsi Cojieu.

47.K 25 mn 0,2 1 pactBopa CH3COOH npubasunu 25,1 ma 0,2 H pacTBopa Truj-
pokcunaa HaTpusa. Yemy paBen pH momyuenHoro pactsopa?

48. MeToapl OKHCIUTETHHO-BOCCTAHOBUTEIIEHOTO THTPOBAHMSI.

49. Yto Takoe CTaHIApTHBIE U peajbHbIe OKUCIUTEIFHO-BOCCTAHOBUTEIBHBIE 1O~
teHuuaibl? Kak oHu onpenensrorces?

50. Kak onpenenuTs HampaBieHNE OKUCIUTEIFHO-BOCCTAHOBUTEILHOM PEAKITUU?

51. Kak  ycTaHOBHUTHP MOMEHT SKBHUBAJICHTHOCTH TPU  OKUCIUTEIHHO-
BOCCTaHOBUTEIHHOM TUTPOBAHHUH?

52. Bb160p MHANKATOpPA B METOJIE OKHCICHHUSI-BOCCTAHOBIICHUSI.

53. YpaBuenue HepHcra. 3aBUCUMOCTh OKUCIUTENBHO-BOCCTAHOBUTEIBHOTO TO-
TEHIIMaja OT KOHIEHTPAIIMN OKUCIUTENSI U BOCCTAHOBUTES, PEAKIUU Cpe-
JTBI.

54. HaBecky Ouxpomara kanus 0,4916 r pactBopusiv B 100 mut Boasl. Beranciuthb
TUTP U HOpMaIbHOCTB pacTBopa K,Cr,05.

55. Ha tutpoBanue 10,00 mu pactBopa comnu xene3a (1) pacxomoanocs B cpe-
HeM 8,25 mi 0,1003 u pactBopa K,Cr,0;. Beraucnuts HOpMaTbHOCTh COJIA
xKeJe3a 1 Maccy Fe?*B0,l 1 AHAJIM3UPYEMOTO PaCTBOPA.

56. Kakoit oobem 0,02 H pactBopa KMnO, moiiner Ha tutpoBanue 0,05 T
Na,C,0,?

57. CymHocTh MeTO/a TepMaHraHaTomeTpun. [IpuBeauTe nmpumepsl aHATUTHYE-
CKHUX OMPEEICHUI STUM METOOM.

58. Ilo xakuMm BeliecTBaM yCTaHaBIMBaeTCs TUTP padouero pactBopa KMnO,?
Hcrnionp3yeTcs 1 B 9TUX PEAKIUAX UHAUKATOP?

59. Haiitn tutp KMnO,/Fe”, ecnum HOpManbHas KOHLEHTpALHUs pacTBOpa
KMnQO, pasna 0,02 r-3kB./71.

60. Ckonpko rpammoB KMnO, wyxHO B3sTh a1 npurotoBienus 0,5 1 ero pac-
TBOpa ¢ TUTpOoM - T KMnO,/Na,C,0, = 0,0079 r/mn?

61. Ha xakux peakuusix OCHOBaH METO]l IEPMaHTaHATOMETPHUU?

62.Kak onpenenuts 3kBuBasieHT KMNO, B pa3nuuHbIX XUMUYECKUX PEAKIUAX B
3aBUCUMOCTH OT pH 3HaueHus cpenapi?

63. Ha tutpoBanue 0,1201 r xumudecku uncroro Na,C,04 B kucioi cpene 3a-
TpaueHno 24,2 miu pactsopa KMnQO,. Paccuntate HOpManbHOCTh U TUTP pac-
TBOpa NIEpMaHTaHaTa Kajusl.
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64. HaBecky KMnO, B 1,8750 1 pacTBOopmin 1 J0BeIU 00BEM pacTBOpa BOAOH A0
500 mu1. BprumcnuTe HOPMAbHOCTH PacTBOpA ISl PEaKLMU: a) B KHUCIION
cpene; 0) B IMIEIOYHOM cpelie.

65. 20 mut maBeneBoit kucaoTel oTTuTpoBanu 0,05 H pactBopom KMnQO,, koTopo-
ro nonuio 24,50 mi. BeraucauTte TUTP U HOPMAIIbHOCTh KUCIIOTHI.

66. B yem 3akitouaercs CylmHOCTh HOJOMETPUN?

67. Kak mpoBoauTCsl HOAOMETPUYECKOE ONPE/ICTICHUE BOCCTAHOBUTENEH, OKUCIIH-
tenei? [IpuBecTy npuMepsl.

68. YcioBus, HeoOX0guMBbIE I HOJTOMETPUIECKUX OTPEICIICHUH.

69. /s ycTaHOBIeHUS TUTpa THOCYIh(haTa HaTpus Oblia B3sTa HaBecka 0,1125 ¢
Meau; pacTBop KoTopoil oopadortanu Kl, kak npu HogOMETPUUECKOM OIpe-
NEJICHUN MeIu. BBIIeneHHbI HOA OTTUTPOBAH HCCIEAYEMBIM PACTBOPOM
THOCYJb(aTa, KOTOPOTo u3pacxonoBano 18,99 miu. Berauciaute: a) TUTp 3TO-
ro pactBopa; 0) Tutp ero o Cu; B) Tutp 110 l,.

70. CKOJIbKO TpaMMOB XJIOpa COJEPKUT | J1 XJIOPHOM BOJIbI, €CJIM HA TUTPOBAHUE
rona, BeiaeneHHoro 25,00 ma xiopHoi Boabl u3 Kl, u3pacxomosano 20,10
mi 0, 1100 1 pacTBOpa THOCYIB(DaTa?

71.Pabouune pacTBOPHI M YCTAHOBOYHBIE BEIIECTBA B HOJOMETPHUH.

72. lns onpenenenust H,S k 25,00 mn pactBopa ero mnpubGaBuwiau 50,00 mn
0,01960 = pacTBOpa Hoxaa, rMocie 4ero U30bITOK HE BOIIEIIIET0 B PEAKIUIO
roga orrutpoBanu 0,02040 H pacTBOpOM THOCYJIb(aTa, KOTOPOTO 3aTpaye-
HO 11,00 Ma. Cxombko rpammoB H,S comepxutcs B 1 11 mcciieqyemMoro pac-
TBOpa?

73. Beluucnuth HOPMaIBHOCTDh M TUTP THOCYIb(aTa HaTpus, ecau Ha 10,00 M
0,05181 u pactBopa KMnQO, mocne BbIeIEHNUS 3KBUBAJICHTHOTO KOJIMYeE-
cTBa Moxaa nouuio B cpeaneM 10,66 mu Tnocynbdara HaTpusi.

74. CymHocTh XpoMaTorpaduueckiux MEeTOI0B aHan3a.

75.1ToHsITHE OBMKHOM M HEMOIBMXKHOM (Da3bl B XpoMatorpadum.

76.Knaccuduxarus xpomarorpaduueckux METOI0B aHan3a.

7'7. ToukocnoitHast xpomatorpadus. Pacuer kordduirienTa nBrxeHUs.

78.MonooOomenHnas xpomarorpadusi. [[pumenenne Ha mpakTHKE MOHOOOMEHHH-
KOB.

79.Pa3nenenne MHOTOKOMIIOHEHTHBIX CMeECeld B COBPEMEHHOM Xpomartorpade.
JIeTeKTOpbI, MPUMEHSIEMbIC B XpoMaTorpadum.

80.0Om0eHTBl U COPOCHTHI, MPUMEHSEMbIE B XpomaTorpaduu, MOJSIPHOCTh CH-
CTEM.

81.I'azo-ancopOurionHas U ra3o-KuAKocTHas xpomartorpadusi. CopOeHTHI, HcC-
MI0JIb3yeMbIC B JAHHBIX BHJIaX aHAIA3a.

82.KunkocTHO-a1COPOIIMOHHAS U KUJIKOCTHO-)KHIKOCTHAsI XpoMaTorpadusi.

83.0cHOBHBIE MapaMeTPhbl XPOMATOTPAPUIECKOTO pa3AeICHUS CIOKHBIX CMECEH.

84.KauecTBeHHBI W KOJIMYECTBEHHBIM aHAU3 XpoMarorpauueckuMu MeToja-
MU.

85.CymiHocTh METO1a MacC-CIIEKTPOMETPHH.

86.MeTopl HOHU3AITUY B MACC-CIIEKTPOMETPHH.
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87.Macc-cnektpomeTpusi: 00pa3oBaHHE MOJICKYJISIPHOTO HOHA, OCKOJIOYHBIX
MOHOB; cXeMa (pparMeHTaIuu.

88.00bsCHUTL TEPMHUHBI: MAacC-CIIEKTP, MAacCOBO€ YKCIIO, HOPMAaJIM30BaHHBIN
Macc-CneKTp. Busl npeacTaBiaeHus: Macc-CIIEKTPOMETPUUYECKUX JaHHBIX.

89.0cobeHHOCTH Macc-CIEeKTpa, UCIOJIb3yeMble JUIsl UICHTU(DUKAIIUN MOJIEKYJI.

90.ITpumeHeHnE Macc-CIIEKTPOMETPHUH JJI UACHTUPUKALIUNA COSTUHEHUN. DTarbl
pacippoBKU Macc-CIEKTpa.

91.0OcHoBHBIE y37BI Macc-criekTpoMeTpa. Cxema paszieneHus HOHOB B COBPEMEH-
HOM MacC-CIEKTPOMETPE.

92.Xpomato-macc-criekrpometpus. [[pumeHeHre MeTo1a Ha MpaKTUKeE.

93.Xpomato-macc-criekrpomeTpusi. OCHOBHBIE 3aKOHOMEPHOCTH (PparMeHTaIuu
ann(aTUYECKUX OPraHUIECKUX COCTUHEHHI.

94 . Xpomato-macc-criektpoMeTpusi. OCHOBHbBIE 3aKOHOMEPHOCTH (PparMeHTaIuu
apOMaTUYECKUX OPTaHUYECKUX COCTMHECHUN.

95.5BneHus, nexKaIIue B OCHOBE CIIEKTPATIbHBIX (ONTUYECKHUX) METOJIOB aHAIHU3A.

96.0nTuyeckue Metoabl aHaiau3a. OCHOBHBIE XapaKTEPUCTUKHU DJIEKTPOMATHUT-
HOU BOJIHBI. DHEpreTUYecKue rnepexoisl cuctemsl. [Ipasuino yactor bopa.

97.0nTuyeckue mMetTonpl aHanu3a. BeiBon 3akona byrepa-Jlambepra-bapa. Ilpu-
MEHEHHUE 3aKOHa JJIs KOJUYECTBEHHBIX OMpENEICHUN ONTHUYECKUMHU METO-
JaMHu.

98.Knaccuduxarys onTHIECKHX METOIOB aHAIN3a.

99.ATOoMHBIE METO/IBI B CIIEKTPOCKOTIHH. [I[puMeHeHe aTOMHBIX METOAOB aHAJH-
3a Ha TPaKTHKE.

100.ATOMHO-3MHCCHOHHBINA METOJ] aHaNu3a. J[MCKPETHOCTh AaTOMHBIX CIIEKTPOB.

101.AToMHO-a0CcOpOIMOHHBIN MeToA aHanu3a. KauecTBEHHBIM M KOJUYCCTBEH-
HBI aHATU3 TaHHBIM METO/IOM.

102.CyutHoCTh peHTreHO-(IIyOpECIIEHTHOTO METOIa aHAIN3A.

103.Knaccudukaiysi MOJEKYJISIPHBIX ONTUYECKUX METOJIOB aHAJU3A.

104.MonexynspHbIe ONTHYECKHUE METO/bl aHamu3a. MOJIEKyISpHbIE ONTHYECKUE
cneKTpbl. OTINYUE MOJIEKYJISIPHBIX CIIEKTPOB OT ATOMHBIX CIIEKTPOB.

105.1TonHast SHeprusi MOJEKYJbl. DIEKTPOHHO-KOJIeOATEIbHO-BpaIaTeIbHbIE
sHepreTuueckue ypoBHU. COOTHOLIEHHUS MO 3HEPTUH, HEOOXOIUMOM st
BO30YXJCHUSI MEPEXO/I0B MOJIEKYJIbI Ha 3JIEKTPOHHBIE, KojeOaTelbHbIE U
BpalareIbHbIe TTOyPOBHH.

106.CymuraocTs MeTo1a nH(ppakpacHoH (Koe0aTeIbHOM) CIIEKTPOCKOIIUH.

107.UK-cnektpockonusi: 00pa3oBaHHe KOJIEOATEIbHBIX CIEKTPOB MOJEKYJIbI.
BpamarensHo-kone6aTenbHast CTPYKTYpa MOJIOC TOTJIOIICHUS.

108.KauectBennsiit ananus no MK-cnekrpam nornomenus. Maentudukanus Be-
IMIECTB 10 XapaKTEPUCTUYHBIM YacCTOTaM IIOTJIOMICHUS PA3JIMYHBIX TPYIIII
aToMOB ((DyHKIIMOHATLHBIX TPYIIII).

109.UK-cnekTpockonusi: koneOaHue ABYXaTOMHOM Mojekynbl. KomebarenpHoe
KBaHTOBOE YHUCIIO.

110.UudpaxpacHas CIEKTPOCKONHS: 3aBUCUMOCTh YaCTOTHI KOJI€OaHUS OT CHIIO-
BOW mocTostHHOM (F) U mpuBeneHHON Macchl HA MPUMEPE TAPMOHUYECKOTO
OCLUJUIATOPA.
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111 KonuuecTBEeHHBIN aHAJIN3 BEIIECTB MO X UH(PPAKPACHBIM CIIEKTPaM.

112.CymHocts Y®-u BUAUMON CIIEKTPOCKONUU: TUIBI JIEKTPOHOB U THUIbI XHU-
MUYECKUX CBsI3eil B MoJjekye. PacnonoskeHne MONEKYyJISIpHBbIX dHEpreTuye-
ckux ypoBHel OOpa3oBaHME IMOJIOC MOTJIOMICHUS B AJIEKTPOHHBIX CIIEKTpax
MOJIEKYJI.

113.Y®- u Bugumasi CIEKTPOCKOMUS: TUIIbI SJIEKTPOHHBIX MEPEXOJ0B U UX TPO-
SABJICHHE B  DJEKTPOHHBIX  CHEKTpaxX.  ODIJIEKTPOHHO-KOJeOaTEeIbHO-
BpaIiaTebHasl CTPYKTYpa ICKTPOHHBIX CIICKTPOB MOTJIONICHUS

114.Y®- u BuUIuUMAas CIEKTPOCKOIUSA: XPOMO(OPHI U ayKCOXPOMBI B OpraHHYe-
CKUX MoOJeKyJiax. KaueCTBEeHHBIN U KOJIMYECTBEHHBIA aHAIU3 MO JIEKTPOH-
HBIM CTICKTpaM BEIIECTB.

115.Bumumas cnektpockonus (porokosopumerpus). [Ipupoma okpacku Heopra-
HUYECKUX ¥ OPTAaHNYECKUX MOJICKYIL.

116. Knaccudukanus 371eKTpOXUMUYECKUX METO/I0B aHAJN3a.

117.CyuHoCcTh NOTEHIIMOMETPUHU M TOTEHIIUOMETPUYECKOTO TUTPOBAHMUS.

118.CyurHocTs KynoHomeTpun. 3akoH Dapajes.

119.Cyutnocts nomnsiporpaduu. Ilonstre nomsiporpadguueckoil BOJHBL. YpaBHE-
Hue MnpkoBuya.

120.AHanuTu4YecKoe MPUMEHEHHUE DIIEKTPOXUMHUECKIUX METOOB.

IlepeyeHb y4eOHO-METOAMYECKOT0 O0ecIeYeHUs 1JIsl CAMOCTOSITEIbHOM
padoThI 00y4aKOIIMXCS MO0 JUCHHUIINHE (MOXYJIIO)

1. OOmas u aHanUTHYECKasi XUMUS : [y4eO-MeTo1. MaTepralbl K U3yUYECHHIO JIHC-
uuriHbl 1714 ...19.03.04.01.01 TexHonorust oprann3aluu peCTOPAHHOTO Jena |
/ JI.B Haiimymmna ; Cub6. dbenepan. yn-t, Uu-T ToproBiu u cdepsl ycuyr. -
Kpacnosipck : COY, 2021. - b. u. - Tekcr : anekTpoHHsblil. Pexxum pocrymna:
https://e.sfu-kras.ru/course/view.php?id=33314

2. AHamuTuyeckas XUMHS U (PU3UKO-XMMHUYECKHME METObl aHainu3a : [yuel-
METOJ. MaTepUaJIbl K U3YYEHUIO IUCHMIUIMHBL 1A ...19.03.04.01.01 Texuomno-
rusi opranuzannu pectopanHoro nena, 19.03.04.02.01 Texnosorust opranusa-
MU pectopaHHor nestenbHocTH] / JI.B Halimymuua ; Cub. denepan. yH-T,
Wu-T Toprosiu u chepsl ycayr. - Kpacnospek : COVY, 2021. - b. 1. - Teker :
anekTpoHHbl. C nomabiM npumeHeHnem 20 u JIOT. Pexum pocryma:
https://bik.sfu-kras.ru/elib/view?id=UMKD-UMO-137755-30499
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https://e.sfu-kras.ru/course/view.php?id=33314
https://bik.sfu-kras.ru/elib/view?id=UMKD-UMO-137755-30499

BUBJINOTPA®UYECKHN CITUCOK
OcHoenas numepamypa

. OcHoBbl aHanuTHYeCKON Xumuu [Texcr]: ydeOHHK Ui CTYACHTOB BY30B IIO
XUMHUYECKUM HampaBjieHusM : B 2 T./ noj pea. FO.A. 3ono0toB. — 6-¢ u3., nepe-
pab. u gomn. — Mocksa : M3narenbckuii neHTp «Akanemusi», 2017. — Briciee
obpaszopanue. EctrectBennnic Hayku. T.2 / H.B Anos [u ap.]. — 2014. — 410 c.

. AHanmutndeckas xumus [ TekcT] : ydeOHUK : [j1s By30B 110 HaINlpaBICHUSIM IO/~
rotoBku 22.03.01. «MaTtepuanoBeieHne U TEXHOJIOrMU MeTamuioB» u 18.03.01
«Xumuaeckas texHosorus»| / H.W. MoBuan [u ap.]. — Mocksa : UTHOPA-M,
2017.— 394 c. Pexxum nocryta:
http://znanium.com/bookread2.php?book=770791

/Jlononnumensvhaa aumepamypa

. Monoraposa O.B. Ananutnueckast Xumusi. 3a1a4d U BOMPOCHI [ DJIEKTPOHHbBIN
pecypc] : HomnymieHo Y4eOHO-MeTOANYECKUM 00BEIUHEHUEM IO KIIACCHYECKO-
My YHHUBEPCUTETCKOMY 00OpPa30BaHMIO B KAUYECTBE YU€OHOTO MOCOOUS ISl CTY-
JICHTOB BBICIINX y4eOHBIX 3aBefieHuM. - MockBa : [ DOTAP-Menua, 2016. —
Pexum nocryna:

http://www.studentlibrary.ru/book/ISBN9785970435724.html

. Banosa (KomnbsuioBa), B. JI. AHanutudeckast Xumus U (PU3NKO-XUMUYECKUE Me-
oAbl aHasn3a [ Tekcr] : mpaktukym / B. JI. Banosa (Komnbuiora), E. U. [Tapiiu-
Ha.- Mocksa : [lamkoB u K°, 2013. - 198 c.

Pesxxum noctyna: http://www.znanium.com/bookread.php?book=430507

. AHanuTH4ecKast XuMus U (HU3UKO-XUMHUUECKUE MEeTO bl aHanu3a : [lInmapranka.
- 1. - Mocksa : Uznarensckuii Llentp PUOP ; Mocksa : OOO "Hayuno-
u3narenbekui nienrp MH®PA-M", 2017. - 176 c. - ISBN 978-5-369-00192-9 :
b. 1. - Tekcr : HETIOCPEICTBEHHBIN. Pexum JIOCTyIIa:
http://znanium.com/go.php?id=614848

Ilepeyenb pecypcoB MHGOPMANMOHHO-TEJIEKOMMYHMKAIIMOHHON CeTH

«/HTEpHET», HEOOXOAMMBIX /IJI1 OCBOEHUS AN CIUILIMHBI (MO1YJIA)

1.Kpatkas Tabiauiia XxapakTepHBIX YacTOT MOTJIOMICHUS. [DIIeKTpOHHBIN pecypce] -

Pesxxum noctyna: Characteristic IR Absorption Frequencies of Organic Func-
tional Groups -

2.basbl cniekTpoB [AaekTponHslid pecypc] - Pexxum gocryna: SDBS - Spectral Da-

tabase for Organic Compounds

3.basb1 nannbix MK-criektpoB [DnexkTponusiii pecypc] - Pexxum moctyna: The Sad-

tler Handbook of Infrared Spectra
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[MTPMJIOXKEHUA

IIpousBenenue pacreopumoctu (I1P)
HEKOTOPBIX MAJOPACTBOPUMBIX B Boje coequnenuii (mpu 25° C)

Ipunoowcenue 1

BemiectBo

I1P

Bemiectso

I1P

|. Coenunenus cepedpa

IV. Coeqnuenns cBUHIIA

AgCl 1,78 - 100 PbCl, 2,0-10°
AgBr 53 - 10" PbBr, 9,1-10°
Agl 83 - 107" Pbl, 1,1-10°
AgSCN 1,1 - 107 PbS 2,5-107
AgsPO, 1,3 - 107 PbSO, 1,6 - 107
AgCN 1,4 - 107 PbCrO, 1,8 10"
Ag,S 6,310
Ag,CrO, 1,1 - 10712 V.CoenuHeHus xxejae3a, MeIu,
KoOaabTa, HUKEIIS
Ag,Cr,0; 1,0- 10"
FePO, 1,3 10%
I1.Coequnenus amroMuHus, Oapus 15
FeS 5,0- 10
Al(OH), 57107 Fe(OH), 1,0- 10"
BaSO, 1,1-10™ Fe(OH); 32-10%
BaCrO, 1,2-10™ CuS 6,3 107
Bas((POy); 6,0 - 10 Cu,S 2510
Bas(AsO,), 7,8 -10™" Cu(CN), 32-10%
BaCO; 5,1-107 Cu(OH), 2,210
[11.Coenuuenns KaabIus Co(OH), cBexnit | 2,0 10™
CaSO, 9,1-10° Co(OH), crapsrii |2,0- 10™
Cas(PO,), 1,0-10% Ni(OH), cBexnit | 2,010
CaF, 4,0-107" Ni(OH), crapsiii | 6,310
CaCO; 50- 107 NiS 9,310 %
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Ilpunoswcenue 2

Kouncranrel quccouuanuu K, cinadbix sjexkrpoauros npu 25°C

Cnaowtii 21ekmpoaum Ypaeunenue ouccoyuayuu K,
A3oTHucTas KACJIoTa HNO, = H'+NO, 4,0-10"
AMMOHUS TUAPOKCHU]T NH,OH = NH, + OH" 1,79 10°
Boza H,O = H'+OH" 1,8-10"°
MypaBbrHas KucIoTa HCOOH = H" + HCOO™ 1,8-10™
c N, H,SO; = H'+HSO; 1,2-10%

CPHHC 7 HSO; = H'+ SOs* 1,0 107
CepoBoopoHast H,S = H" +HS 1,08 - 107
KHCJI0Ta HS™ = H'+ §* 1,3- 1013
Cenenucro- H,Se = H"+ HSe 1,3-10™
BOJIOPOJIHAs KUCJIOTA HSe~ = H"'+ Se* 1,0- 01
TeTypHcTo H,Te = H"+HTe 2,3 10°
BOIOPOIHAS KUCIIOTa HTe = H'+ Te* 1,0- 10
v . . H,CO; = H'+HCO; 4,31- 107

TOJbHAsI KACIIOT HCO, = H'+ CO 5.6- 10
YkcycHas KUCIoTa SSECOOH = CH,CO0 1,86 -10°

HsPO, = H'+ H,PO, 7,5+ 10°
docdopHas KucnoTa H,PO,” = H'+ HPO, 6,2+ 10
HPO,” = H'+ PO, 2,2 10"
deHon CsHsOH = H* +CgHsO~ 1,0-107"
dropoBoaopoaHas HE=H" +F 7.0-10°*
KHCJIOTA
[{nanoBogopoaHas HCN = H +CN 79101
KHUCJIOTa
I1aBeneBast H,C,04 = H'+ HC,0, 5,4 - 107
KHCIIOTA HC,0, =H'+ C,0, 54107
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CraHaapTHbIE 2JIeKTPOAHbIE MOTEHIHAIBI (°
B BOJHBIX pacTBopax npu 25°C

Ipunoowcenue 3

DJIeMEHT DIJIEKTPOHHBIN TPOLIECC 0%, B
Ag Ag'+e =Ag 0,80
Al APF* +3e = Al 1,66

AlO, +2H,0 + 3e = Al + 40H" -2,35
As As™ +2e = As™ 0,559
Bi Bi** +3e=Bi 0,21
Ba Ba*+2e=Ba -2,90
Br, +2 =2Br 1,05
2BrO; + 6H,0 + 10 e = Brp + 120H" 0,50
Br 2BrO; +3H,0 + 6e =Br +60H" 0,61
BrO; +6H* + 6e =Br +120H" 1,45
Cl, +2e =2CI 1,36
2HOCI + 2H* + 2e = Cl, + H,0 1,63
Cl ClO; +6H" + 6e = CI” + 3H,0 1,45
2ClO; +12H" +10e=Cl, +6H,0 1,47
ClO; +3H,0 + 6e = Cl + 60H" 0,63
Co®* +e =Co** 1,84
Co Co+3e =Co 0,33
Co™ +2e =Co -0,28
crt +e =Cr* -0,41
Crt+3e=Cr 0,74
Cr¥* +2e=Cr -0,91
Cr Cr,0; + 14H" + 6e = 2Cr*" + 7 H,0 1,33
CrO;s~ + 4 H,0 + 3e = Cr(OH);,+ 50H" -0,13
CrO, +2H,0 +3e=Cr+4 OH" 1,2
Cu” +2e =Cu 0,337
Cu Cui* +e= Cu’ 0,153
Cu” +e=Cu 0,521
F F,+2e=2F 2,87
Fe’t +e =Fe** 0,771
Fe** +3e =Fe -0,036
Fe Fe™ +2e = Fe -0,440
Fe(OH); +e = Fe(OH), + OH~ -0,56
2H" +2e = H, 0,00
y 2H,0 +2e =H, + 20H" -0,828
H,0, +2H" + 2e =2 H,O 1,77
I, + 2 =21 0,536
| 03 +5H" +4e = HIO +2H,0 1,14
I0; +2H,0 +4e =10 + 40H" 0,14
I0; + 12H" +10e = I, + 6H,0 1,19
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Oxonuanue npui. 3

1053 + 3H,0+6e = | +60H" 0,26
105 +6H" +6e = I +3H,0 1,08
K K'+e = K -2,93
Li Li*+e=Li -3,08
Mg Mg®* +2e = Mg -2,37
Mn®* +e = Mn -1,19
MnO, + 4H* +2 e = Mn** +2H,0 1,23
MnO,> +2H,0+2e = MnO, + 40H" 0,6
Mn MnO, +e = MnO,”~ 0,56
MnO, +4H" + 3 e = MnO, + 2H,0 1,69
MnO, + 2H,0 + 3 e = MnO, + 40H" 0,60
MnO, + 8H" +5e = Mn?" + 4H,0 1,51
NOs; +3H" +2 e =HNO, + H,0O 0,94
NO; +H,0+2e=NO, +20OH 0,01
NO; +2H" + e =NO, + H,0 0,80
NO; +H,O+ e=NO,+2OH" -0,86
NOs; + 4H" + 3e = NO + 2H,0 0,96
N NO3; +2H,0 + 3e =NO + 4 OH~ 0,14
2 NOg + 12H*+ 10e = N, + 6H,0 1,24
NO; + 10H" + 8e = NH," + 3H,0 0,87
Ni Ni°* +2e=Ni -0,23
O,+4H" +4e =2H,0 1,229
O, +2H,0+4e =40H" 0,401
O, + 2H" + 2e = H,0, 0,682
0 H,O, + 2H"+2e = 2H,0 1,77
Os;+2H " +2¢ =0, + H,0 2.07
O3+H,0+2e  =0,+20H 1,24
Pl Pb** +2e =Pb -0,126
PbO, +4H'+2e =Pb* +2H,0 1,46
SO,> +4H"+2e =H,SO; + H,0 0,17
SO +H,0+2 =S03 +20H -0,93
S SO +8H' +6e =S +4H,0 0,36
SO +4H,0+6e =S +80H -0,75
Sn** +2e=5n* 0,15
Sn 2t
Sn“" +2e= Sn -0,14
Zn Zn0,> +2H,0 + 2e = Zn + 40H" -1,22
Zn** +2e=2n -0,763
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