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NPEOUCINOBUE PESAKTOPA MEPEBOLA

OnpenescHye HeOPraHHYecKUX H OPraHHYecKHX HOHOB HABJAETCH

IpaKTHYECKH BAXKHOA M AOCTATOUHO CJIOXKHOH amaJuTHYECKOA npobie-
smofi. Haubosee o6mHM ¥ YHHREPCAJBHEIM MeTOJAOM pelleHHd 3TOH 3a-
faun ABgaseTcd HoHooOMeHHasd xpomartorpadus. Passutie BbeICOKO3(]-
GEeKTHBHOA  KHJAKOCTHOH XpoMaTorpaduu BHICOKOIO MAABJCHHS CTHMY-
JHPOBAJO DPA3BHTHE HOBOTO HANpPABJEHHA B HOHOOOMEHHOH XpoOMaro-
rpadup — TaK HasblBaeMOH# HOHHOH Xpomarorpagui.

HouHast xpomartorpacdusa — 5TO BapHAHT HOHOOOMEHHOH XpoMaro-
rpaduy, BKJIOUAIOLHA HOHOOOMEHHOE pasieseHHe HOHOB M KOHAYKTO-
METPHUECKOE oOlpelieieHHe KOHUCHTPALMH XpoMaTorpadHyecku pasie-
JeHHEIX HOHOB. [TOCKOJBKY  BBICOKOUYBCTBHTEJbHOE KOHAYKTOMETpHYE-
CKO€ OTpejesieHHe HOHOB BO3MOXKHO TOJBKO IIDH HEBHICOKOH (DOHOBOH
3/JEKTPONPOBOAHOCTH TMOTOKA KHAKOCTH, IMOCTynaiolllefi B AeTeKTOp, OHI-
JU NPeNJOKEHB ABa OCHOBHBIX MeTOJa HOHHOH Xpomarorpadumu.

[epBulll MeTox, npensoxennuft 8 1975 r. Cmonnoym, CrHBeHcoM H
BaymanoMm [1], ocHoBaH Ha KoMIneHcauud (IOJABJACHHH) 3JCKTPOJIHTA,
COAEPsKAIlerocss B 3JI0€HTe IJd PasieNeHHd CMecH HOHOB Ha KOJIOHKE,
¢ TOMOLIBX0 BTOPOH HOHOOOMEHHOH KOJIOHKH, PAacnoJIOXeHHOH Mexay
LNEeTeKTOPOM H pasfensiioniell KOJAOHKOA. DToT MeToa 6blJ Ha3BaH HOHHOM
xpomatorpacduei {1, 2]. B macrosmee BpeMd 3TOT TEPMHH HCIIOJNb3yeTCH
B OoJsiee IIHPOKOM CMBic]e — AJs 00O03HAUeHHS HOBOI'O Hanpas.IeHHA
B LEJOM.

Bropoit meron, nmpennoxenunit I'veppe, @putuem u Umyknep [3],
OCHOBAH Ha HCMOJIb30BAHHMH AJAA DPAa3JeNeHHs SJACKTPOJIHTZ C HEBLICOKOH
9JeKTponpoBoAHOCTEI0, BTopas (KOMNEHCAIIHOHHAsA) KOJOHKA B 2TOM
METOIE HE HCIIOJAb3YEeTCH. . ‘

Merony uoHHON xpomartorpadMu DPHCYIIM ClENVIOMIE eHHO
ctH: 1) Hcnonb3oBaHHE HOBBIX NMOBEPXHOCTHO-CJAORHHIX COPOEGHTOB ¢ He-
Gosbiiofi  eMKOcThIo (mopszkKa 10-2—10-! wmakB.-r—1) u wHeBosbIIEM
pasmepom yacruy, (20—50 MKM) AJH pasHeseHHs HOHOB, 2) IOBHUIEHHE

CKOpOCTH TIOTOKAa H, cJeaoBaTeJbHO, NOBEILIEHNe mapJeHHSI HA BXole
WO TTATINTT {,-..‘42__’-'{ MTTal.

DUCVIIY Cenvmue ocnhaHHu0-
PFr i v AT LR

TANATIA TTL QMM ATITEA T EAATT AT I AT T A TTT T T

o oivijiayg, 3) ALVIVIDOUD AL DBhIVURUMYDULIDAIC/ADIDLA
AETEKTOPOB ¢ aBTOMATHYECKOH 3alHChI0 CHrHAJ4, NPOIOPHHOHAIBHOTO
KOHUECHTPALHH pasieJeHHEX wonoB. Hanpumep, ucnosab3oBalue KOHAYKe
TOMETPHYECKOTO JNeTeKTOpa MO3BOJISET ONpeleqsiTh HOHE ¢ KOHIUEHTpa-
uhel mopaixa 10—% Mkr/ma (npuMeHeHHE KOHBHEHTPHPYIOUICH KOMOHKH
MO3BOJIAET YMEHUBIIHTL 3TO 3HaueHHe Ha 2—3 mopsaKa BeJHUHHHE).

B nacrosimee Bpems Meron HOHHON XpoMaTorpaduu ILIHPOKO —HC-
HO/IB3YETCH B aHaJHTHUEeCKoH npakKtuKe, [last xapakrepHcTHKH obsacteil
HPHMEHEHNS METOJAAa DPeKOMEHJAyeM O3HAaKOMHTbCS CO CIHCKOM AaHaJjH3H-

ARSVLVALRAN)



6 Ilpeducaosue pedaxTopa nepesoda

PyeMEIX HOHOB, NpHBeAeHHEIM B 0630pe llmuryna u 3ogaotoma [4]. dToT
CIIHCOK CBHAETeJbCTBYeT 0 OosblloM pasHooOpasHu obnacTeil TpuMeHe-
HUA HOHHOH xpomarorpaduu. HecomHeHHO, uTO ¢ pa3BHTHeM MeTona OH
6yner HaXOAHTb NMPHMCHeHHE BCE B HOBBIX 00JacCTAX.

DTa KHura — neppasi MoHorpadusd, nOocBsilleHHAd HOBOMY XpOMAaTo-
rpadryeckoMy MeTony. JIaKOHMYHBIA CTHAb, YeTKas JIOTHUecKas mnocje-
JOBATeJBHOCTE H3JOXKEHHA, KpaTkoe cojep:KaHHe KaxAoH TIJashHl
(Kkpome ri, 1), noMemeHHOe B e Hayaje, IIOMOTAIOT YUTATEJIO JIyuille
OPHEHTHPOBATBCA B MaTepHasae KHUTH H 00JerdardT OCBOeHHE HOBOTI'Q
MeTopa. HeoOxoaumMo OTMeTHTb, 4YTO KHHI'A HAChIIeHA (DAKTHYECKHM
MatepuajoM, a oburpHad Oubadorpacdus NMOMOXKET YHTATENIO B Ciaydae
HEOGXOAUMOCTH OOpaTUTHCH K OPHTCHHAJNBHBIM CTaThAM. B jonogHenue
K KHure pelakTop NepeBOoJa peKOMEHAYeT uHTaTeNl0 OOpaTHTh BHUMA-
HHe Ha jaBa of3opa no HonHoH xpomartorpadun — lllnuryna u 3osoToBa
{4] u Cmonna [2].

Kuura npeacrasiaseT HHTepPeC AJAA LIHPOKOro Kpyra ClenHaJHCTOB:
HAYUHHIX H HHXEHEPHO-TeXHHYCCKHX DPabOTHHKOB, XHMHKOB, TEXHOJOIOB,
6HoxuMHKOB, $apMaleBTOB, MEIMKOB, PaOOTHHKOB CayXKOH KOHTPOJA
oKpy:kawuei cpeasl. OHa MOXKET CAYXKHUTb y4eOHBIM NOCOGHEM AJdA CTY-
OEHTOB CTApPHIMX KYypPCOB XHMHYECKHX M XHMHKO-TeXHOJOIHYeCKHX BBIC-
IHX yueGHBEIX 3aBeJEHHH.

B. Bepesxun

Jinteparypa
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1IPEABEIANE

ITos HO J0BOJ o M COGHITHEM —-
POXKACHHE ag Hyeckoro H OHICT-
poro clroc . 0 B By epeldb OTHOCHT-
¢ K HOHOOMIeHyli~2p ffdyorgacd x BEILECTB, KOTOpas
0 CBOEMY pasnfem S |MengBHero\ BpeMe OTC BaJja OT XHIAKOCTHOH

xpoMateTpaduy opraHgfecKyx Nnpox Telepp MOXKHO pasfiensiTh
CMeCH ¢ BJBO& MEHbIIY { cojfepKaHueM HeopratheCKHx aHHOHOB 32 KO-
POTKHA NPOMEKYTOK/ $peMerd H C NPeBOCXOANOI UYBCTBHTENBHOCTBIO.
Huorpa ¢ o,th(:I(OBd JETKOCTBIO  yaaeTdd pasiedsiTb CMeCH HOHOB
HeCKONBKHX MeTasvios.||PgbreneHnrie KOMIIOHEHTH YAAETCH PErHCTPHPO-
BATb C OYEHb BEICOKOQHY{ Y}BCTBHUTEJIBHOCTBIOA MHOTHE, BaApPHAHTH pasjie-
JeHHH CTAJH BO3MOXKHH n Gnaronapa npfikedeHuyff HOBHIX 3J10€HTOB,
HOKOOOMEHHEX CMOJ C NWIOH eMKOCTbIO M OBHIX/ AR FEKTHPYIOIIUX YCT-
poficte. Ocobenuo a(pcpe BeH KoHIypfomgrpuyle { cnocod JeTeKTH-
pOBaHHs, H 1O3TOMY Goabimg uacTy”/Kuurk pHcBsyfdis BompocaM era
IIPUMEHEHUS; HO HapAAy C HUM WRSXCTABJSIOf AHTE[Y ApVTHe ciocoOH
HNEeTEeKTHPOBAHHUS,

B Kuure TepMnHH «HOHHAsl XpoMartorpagusa» pLINgIb3yeTCH B IUHPO-
KOM CMEIC/Je: IJif ONHUCcAaHUy COBPEMEHHHIX NQUENOB DPa3j]eAeHHs UOHO8
(kaTHOHOB H anuoHoB) xpomarorpadHuecKuMm \METOAOM C aBTOMATHYE-
CKOH perucrpanueid paspaeseHHHX dYacTHiu. XoTslda nocaelHHe HeCKOJbKQ
JeT HOHHAs Xxpomarorpadus mIaryysaa Raneko¥Bnepej, clenatb npen-
CTOUT ellie oueHb MHoroe. I'maBHoe, HYXKHO Hay4dHTbCH ﬁbICTp e-
JATb CMECH, coJep¥Kamue MHOXeCTBO PasHQoOpasHHIX aHHo

’

pusae [IImykgep 3a noMmomp B paspgh
torpadHyeckoll cucTeMbl H BHICOKO { LeHHM Il

Jepxkky npodeccopa Yonarepa HkehHuHrca.
CTBHE BHIPA3HThL HCKPeHHee NPH3HAHHE HalUIg{ /
TOH 32 €¢ HeoOWYAaHHO AKTHBHYIO HOMOIib.
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BBEAEHME

1.1. TepmuHOnorua u onpepeneHus

Honoob6menHas xpomaTorpadusi SBJSCTCS METOLOM pPas-
JEJNIEHHs BCIIECTB 10 HMX CNOCOOHOCTH MHIPHPOBATH MO
HOHOOOMEeHHO} KOJIOHKe HJIH II0 NJIaCTHHE, TIOKPBITOH HOHO-
oOMcHHHKOM. MoHB (KaTHOHB! M aHMOMBI) pas3AeIfTCs B
pesysbTate HMOHOOOMCHHBIX peakKHHH, XapaKTePHBIX [Jd
Kaxjo0ro THHa HOHOB. XpoMmaTorpaHus, B KOTOPOH MOJICKY-
Jbl BellecTB, HanpuMep caxapos [I}] wau kapGomnosbix XKuc-
J0T [2], pasaensiorcs Ha WOHOOOMEHHOH KOJIOHKe, HO} HE
yTeM HOHOOGMEHHBIX DPEAKIMH, HA3BIBACTCS HOHOIKCKIRIO-
SHOHHOH pacHpelesuTeJIbHOH XpoMaTorpagpuei.

OnucaHO MHOro METOAMK pasae/ICHHsS C MOMOIIbIO HOH-
Horo o6MeHa Kak HeOPraHH4YeCKHX, TaK H OpPraHHYeCKux
uouoB (cm., mampumep, kKHuru Comiosncoua [3], Kopxu-
wa [4], Pumana u YouartoHa [5], a Takxke 0630pbl 10 HOHHOMY
o6MmeHy, nepHoAHMYecKu ny6amKyembie B XypHaine Analyti-
cal Chemistry). Bo MHorux ciy4asx xpoMmaTorpagpHuyeckoro
PAasAcieHAs! MOJb3YIOTCA 4YaCTHHAMH CMOJ  JOCTaTOYHO
60Jp1IOr0 pasmepa ¥ NOTOKOM 3JI0CHTA, ABHKYIUIErocs NOA
JeHcTBHEeM COOCTBEHHOrO Beca, H OCyLIeCTBJASIOT c6op ¢pak-
IMA U HelpHOOPHYIO DPErHCTpalHiO pasfieJiCHHBIX BelNeCTB.
Takoe pasieneHne, Kak NpapBujio, NPOUCXOHAT MCAJCHHO,
a4 YMCJ0 KOMIIOHEHTOB B IpoGe, KOTOPOC MOXKHO Pa3ieiuThb
B TeuCHHe Pa3yMHOro InPOMEXYTKA BPEMEHH, OorpaHHYCHO.

Has npuMmeHcHus xpomarorpaduu B aHAJHTHUCCKUX Ie-
JsIX PasjeCHHE JOMXKHO ObITh <«BBICOKO3((MEKTUBHBIMY.
Takoe paspelicHue AOCTHUrAaeTcss NPH MCIOJAb30BAaHHH KOJIO-
HOK CPAaBHHTECJBHO HeOoJiblIOro Jauamerpa, 3anoJHCHHBIX
OJHOPOJHBIMH MCJKHMH 4aCTHIIAMY HAamNOJHHTENs,, BBeJCHHH
11po6 maJoro o6bema, HOCTOSIHHOM IIOTOKE 3J0eHTa (Ioja-
BaeMoro o6bIYHO HaCOCOM) H B OCOOEHHOCTH aBTOMatuyec-
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KOM [CTCKTHPOBAHMM DAa3JCJCHHBIX KOMIIOHEHTOB NPOOHL.
Boicokas 3(dheKTHBHOCTh XKHAKOCTHOH XpoMmaTorpaduu op-
raHHYeCKHUX BellecTB Oblia jpocturuyrta kK 1970-m rogam, B
TO BpeMs KaK DasBHTHE TeXHHKH XpomarorpadHuecKoro
pasnesenus HeOpraHHYECCKHX HOHOB HECKOJbKO 3ajepixka-
JIOCh.

Hauunasa ¢ 1971 r. ony6iaukoBan psij cratefi, B KOTOPbIX
ONHCAHO [PHMEHEHHE aBTOMATHYECKOIrO CICKTPOGhOTOMETpu-
YECKOI'0 JEeTEKTHPOBAHUS HOHOB METaJJIOB, pas3ieleHHBX C
IOMOIIBpIO HOHOOOMeHHOH xpomatorpaduu [6]. B 1975 1.
Cmouan, Ctuenc u Dayman [7) npensoXuan HOBBHIH MeToM
HOHHOH XpomaTtorpaduH, BOCNOJB30BaBIINCh aBTOMAaTHYCC-
KHM KOHJAYKTOMCTPHYCCKHM JeTeKTUDOBaHUCM. J3HaYeHUe
3TOH paboThl OYEHb BEJIMKO, IOCKOJBKY BIEPBbIE Gbljia NpoO-
JEMOHCTPHPOBAaHA BO3MOXKHOCTb OHICTPOr0 pasjeeHHsS H
KOJIHYECTBEHHOTO  OnpefesieHHsT OOBIUHBIX HeOPraHHYECKHX
M OpraHHd4ecKuX HoHOB. TepMHH «HOHHas Xxpomartorpadus»
BBeJeH B NPaKTHKYy H YNOTpe6/afeTCs MHOTHMH aBTOPAMH
JJg 0003Ha4YeHHs HpoLecca PasAes]eHHs KaK aHHOHOB, TakK
H KaTHOHOB, B KOTOPOM OAHAa HOHOOOMEHHAs KOJOHKA HC-
N0Jb3yeTcs [Jis pas3felieHHs, a JApyras, KOMIICHCAamHOUHas
(«momaBJsoasg») KOJOHKAa — AJIA YAAJICHHS GoJblief
YaCTH WOHOB 3JIOCHTA, JCTEKTHPOBAHHE BEAETCS NO 3JCK-
TPOIIPOBOJHOCTH,

TepMmun «HoHHas Xpomartorpa@us» JOCTATOYHO pPacIpo-
CTPaHCH, OJHAKO ero ynorpebJeHHe [Jisi KOHKPETHOH CHCTe-
Mbl, BKJIIOYAIOIIEH HEeTEKTOP 3JEKTPOIPOBOJHOCTH, MPeaCcTaB-
JISIeTCs] M3JHIIHEe OTPAHMYEHHBIM, H MBI BKJaAbIBAEM B HEro
6osce wupokuii cmpica. Yonnas xpomarorpacdus mo Joruke
OTHOCUTCA K mpoueccy xpomarorpadupoBanus uonos. I1os-
TOMY B HacCTOSILICH KHHre Mbl Oyiem ynorpebasiTe 3TOT Tep-
MHH B KayecTBe oOUICro HasBaHus IIpOIECCca, B KOTOPOM C
Henbl0 aHaJ/JH3a HOHBI PasAC/ISIlOTCA XPOMATOrpadHUCCKH.
OnHo w3 AOMONHUTENBHHX YCJOBHH 3aKJIIOYaeTcss B TOM,
YTO TEPMMH <«HOHHAasi XxpomaTorpaduss ONpeAC/seT TaKoe
pasjeleHue, KOTOPOE 3aBCPLIACTCS TCM HJH HHBIM CIIOCOOOM
ABTOMATHUECKOI'0 ACTEKTHPOBaHHA. Mgyl cuHTaeM 3TOT Tep-
MHH BIIOJIHE TIPUTOAHBIM M, ynorpebJsis ero, O6yaeMm mnoipa-
3yMeBaTth 0OoJiee MJIH MeHee «BBICOKO3(hGhEKTHBHYIO» TEXHH-
Ky pasiejeHus. Kax mnpasuio, HOHHAs xpomarorpadus
6yJeT OTHOCHTBbCS K BAapHAaHTy pasjejeHHMs Ha HOHOOOMEH-
HOH KOJIOHKE.
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B Tex caydadax, Koria HCo6xoAMMo 6oJsiec TOYHOE ompe-
AejeHue, OYJEM MOJb30BATHCS HA3BAHUSIMH «KATHOHHAS
xpomatorpadudas U «aHHOHHas XpoMmaTorpacdus». ITH Has-
BaHHUs XapaKTepH3yOT xpomartorpaduueckoe pasieleHHe
COOTBCTCTBEHHO KAaTHOHOB M AHHOHOB C NPHMCHEHHEM aBToO-
MaTHYECKOro ACTCKTHPOBAHHUS,

B Knure mbl ONHCHIBaEM ¥ CpaBHHBAEM [JBa OCHOBHBHIX Me-
TOJa HOHIIOH Xpomarorpaguu ¢ KOHAYKTOMCTPHYCCKHM JC-
TeKTHpoBaHHeM. llepBuifi mMeTol, BmepBbie MNPEATONKCHHBIH
Cmonsiom u cotp. {7], npencrapisier co60H ABYXKOJOHOUYHBLIH
MCTOH, a Apyro# merox, paspaboranHbii I'bepne, @purnem
u lImykmaep [8, 9], aBasgercs OHHOKOJOHOYHEIM. TiaTeNb-
HBIH TIOAG0p pas3aensiolledl KOJOHKH M 3JI0elTa NO3BOJSeT
MCKJIOYUTh KOMIEHCALHOHHYI0O KOJNOHKY. Hekoropbie uccre-
AoBarteJsu, CpaBHHBasa oba MeTOAa, [PHUMCHSIOT Ha3BaHHE
«HOHHAfA XpoMaTorpadHs ¢ KOMIEHCAUHEH» B OTJIHYHE OT
«HOHHOH XxpomaTtorpaduu 6e3 KOMNEHCAIlHHM» HJH Ha3BaHHC
«HOHHasi xpomartorpadus ¢ KOJOHOYHOH KOMIICHCAIHMCH» B
OTJIHUME OT «HOHHOH xpomarorpaduH ¢ 3JCKTPHUECKOi
KoMmneHcanuerh», Ham kaxeTcss, 4To 3TH Ha3BaHHS BBOAAT
B 3a0ayKJeHHEe ¥ Jaxe OWIKMO0YHH. B 000X BapuaHTax
HOHHOH XpomaTorpaduu reHepHpyercss (HOHOBBIH CHrHadJ,
KOTOPHH HeOO6XOJUMO KOMIEHCHPOBATH 3JEKTPHUECKH. Kpo-
M€ TOro, HEKOTOPbI€ THIBl 3JIIOCHTOB IIOCJE NPOXOXKACHHSA
yepe3 KOMIEHCAUMOHHYIO KOJOHKY B NE€HCTBHTEJNbHOCTH Ha-
IOT Jaxe 6oJiee BBICOKYIO (POHOBYW 3JCKTPONPOBOAHOCTH
(IpHYMHBI 3TOTO ABJCHHSA 00CyXKAawTca B ria. o). Ham ka-
XKETCS, YTO TEPMUHBI «OAHOKOJOHOYHAS HOHHAS XpOMAaTo-
rpaduay M «IABYXKOJOHOYHA® HOHHAs XpomarorpadHsa» gB-
JAITCA 60Jice TOUHBIMH.

12 PauHMM nebpMoOn DAIBUTUA
............... ebuon b

noHoobGmeHHOM xpomartorpapum

B xamuvecko#i autepaType eCTh ONHCAHHSY MHOTMX yi006-
HHX M NOJE3HBIX METOAMK [JI1 M3BJICUCHHUS] MOHOB, MeELIAlo-
IHX KOJHYECTBEHHOMY aHaJ/iu3y, M AJis Pa3fejCHUSA KaTHO-
HOB HJIM aHHOHOB C NMOMOIIbI0 HOHOOOMEHHOH Xxpomartorpa-
¢un. XoTd TH METOAHKH 4YaCTO YCTYNalOT B CKOPOCTH u B

BO3MOXKHOCTH aBTOMAaTH3alHH Ipolecca COBpPeMEHHO!N aHa-
JIMTHYECKOH xpomartorpaduu, oHu TeM HE MeHee 3GhdexTHB-
Hel M 3acayxkHuBalor BHuMauusa. Ux ciaegyer omnpo6oBath,
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npHucnocabsuBass K COBPEMEHHBIM XpoMmartorpaduuecKHM
npuemMaM paboThl U 060pPYIOBAHHIO.

[lepspie mpucmocobseHHst 1/ HOHOOOMEHHOH XpOMaTo-
rpaduy OTNHYAXOTCH OT COBPEMEHHBIX MPHGOPOB cmocoboM
BBEJCHUA 3JI0€HTa H npobbl B KOJOHKY, THIOM CMOJBI H
pasMepaMH KOJIOHKH, a TaKikKe CIIOCOG0OM HAETEKTHPOBAHHSA.
Panbile 06bIYHO NpPHMEHSJIH BHITYCKABIIMECHS IIPOMBILI-
JIEHHOCThI0O AHHOHO- W KATHOHOOOMEHHBIC CMOJIBI, KOTOPBIC
Pa3JHYaJd TOJbKO 1O PAa3MEpPy YacTHI[ NOCJAC pacCeHBaHHUI.
Yame Bcero mMoJjb30BaghCh CMOJaMH, YACTHIBI KOTODBIX
NPOXOJMJIM 4Yepe3s CHTO C pa3MepoMm suetiku 100 memr
(0,149 mm), HO 3aAepXKHBAJHUCh CHTOM C OTBEPCTHSIMH
200 mem (0,074 mMm). THNHYHHIE KOJOHKH MMEJH BHYTpCH-
Huit guamerp 10—20 mm m gauny 100—500 mm. KoJsoHKy
3anoaHsAau CMOJIOH 6e3 ocobrX mpepoctopoxkHocred. [locue
BBC/ICHHSI TPpOOBI B BCPXHIOI YaCTb KOJOHKH 4epe3 Hee He-
HNpEpPbIBHO MNOJaBajd NOAXOASIIMH 3JI0CHT, KOTOpHIA obec-
NeYuBaJj NnepeMellleHHe HOHOB IPOoOH BHOJb KOJOHKH H OT-
JCHCTBHEM COGCTBEHHOIO BECA, B PE3yJbTaTE€ YETO CKOPOCTh
[I0TOKa HHOTAA OKa3biBajgacb HEOHGOJBUIOH, & IOTOK HepaB-
HoMepHbiM, OOBYHO pasjeseHue AJHI0CH JOBOJBHO JI0JTO.

Knaccuueckuii cnoco6 perucTpanum pasieseHus Obla ne-
puoauueckuM. Ppakiuu JI0CHTA TOCTE KOJOHKH COGHpaJH
C TOMOIHNBIO aBTOMATHUECKHX KOJJICKTOPOB (pakuuil, omnpe-
JACNABUIMX pasMep (pakUHH [0 YUCJHY Kalesb, HaKalJIuBas
(bHKCHpDOBAHHBIH 06BEM HJIH MEHSAA €ro Yepes 3a/laHHbIR
HHTepBaJ BpeMeHd. Kaxayw dpaknuio aHaau3upOBaJIH
XMMHYECKH M MOJYy4YaJH XpoMaTorpaMmy, HaHocsg Ha rpa-
(MK KOJHYECTBO BEINECTBA B COOTBETCTBYIOLLEH (dpakuuu B
3aBUCHMOCTH OT HoMmepa ¢paxkuum Judo cpegHero obbema
3JII0€HTa B Kaxkjod ¢paknuu, HMaauimHe TroBOpPUTH, YTO
5TOT TponecC YTOMHTCJEH H PE3KO OPaHMYMBAET NPaKTH-
YCCKYIO Pa3lejHuTeNbHYI0 CHOCOOHOCTL HOHOOOMCHHOHU XPO-
MaTOorpadgHuH,

EMKOCTL NPHMCHSIBIIMXCS PAaHblllec HOHOOOMCHHBIX CMOJ
06LIYHO COCTaBJasaa 2—4 M3KB.-r~!. Brlcokas eMKOCTb KO-
JTOHKH (E€MKOCTb €MOJIbl, YMHOKEHHAA Ha ee MacCy) OKa3sbi-
BaJsa BJAHAHHEC HA PA3HCACHHC B HECKOJbKHX HaIPaBJCHHSAX.
Mg smoupoBaHus GOJBUIMHCTBA HOHOB HEOOXOHUMbBI OblJIK
BBICOKHE KOHIECHTPAIHW 3JI0eHTa, UTo6Bl JOCTHYL HAHIYY-
1Iero COOTHOLIEHUA MEKAY KosabhgpuuHeHTaMy pacipene/e-
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HHS uJiau 00beMaM¥ 3JI0MPOBaHHUs, OOKYHO IIPHMEHSJH CTY-
IIEHYaTOC M3MCHEHHEe cocTaBa aJiawenta. ONHakKO [Jaxe NpH
TAKHX YCJIOBHAX o01Me 00beMbl 3JIIOHPDOBAHHS OKa3bIBAJTUCH
00JIBIUMMH: OT HECKOJILKUX COTCH MHJIIMJIMTPOB A0 HECKOJb-
KHX JIMTPOB B OCOOBIX CJyUasiX.

1.3. CoBpemeHHble BapMaHThi
HoHooOMEeHHoro paspaeneHms

CoBpemeHHasas wuoHOOOMenHast xpomaTtorpadust GuicTpee
U ynobOHee, a Takxe ob6sagaer 6oJiee BRICOKOH pa3jesu-
T€JbHOH CIIOCOOHOCTBIO, YeM KJIAaCCHYCCKHE MeTOAH. I1oBHI-
ieHue 3(PQEKTHBHOCTH JOCTHIHYTO B OCHOBHOM OJaropaps
yeThipeM (pakrTopam: 1) jaydmwied KOHCTPYKUMH Y3JI0B XpO-
martorpaduyeckux npubopos; 2) Gosee sdhdeKTHBHBIM
HOHOOOMEHHBIM CMOJIAM H KOJIOHKaM; 3) MECHbIIHM pasMc-
pam npo6 H 4) aBTOMaTHYECKOMY ACTEKTHPOBAHHIO pasie-
JIEHHBIX BCIIECTB.

HJst coBpeMeHHOH HOHOOOMEHHOH xpomarorpaduu Hc-
NOJb3YIOTCH CMOJIBI C OCTOSIHHBM pasMepoMm 4YacTHI[ B Ipe-
penax 5—50 Mrm. Hactunsl HOHOOOMEHHBIX CMOJ HECKOJb-
KO KpylHEe, YeM HANOJHHUTCJAH C OOpalicHHOH ¢asod i
KHIKOCTHOH Xpomarorpacguu. HoHOOOMEGHHHMKH mpeiCTaB-
JAI0T cO60i JHOO OpPraHMYeCKHE CMOJIBI ¢ YaCTHIAMHu Cde-
pHYCCKOU dhopmbl, JTHOO TOPHCTHIH CHJIHKAreJb, C KOTODBIM
XHMHYeCKU CBSI3aHa HOHooOMeHHasa ¢asza. Kak u mpu aHa-
JIU3€ OPTaHHYECKHX MPOAYKTOB METOHOM KHIKOCTHOH XpO-
martorpacduy, AJ8 HOCTHXKEHHsT BBICOKOH 3P PCKTHBHOCTH
HOHOOOMCHHBIE KOJIOHKH JOJIXKHBI OBITh TPaBHJILHO 3aMoJ-
HeHpl. Kosonku umelor aauny 250—1000 mm u BHyTpeHHUH
Auamerp 2—5 M. [asg yMeHblIEeHHS pa3MbIBaHHSI NHKOB
B COBPEMEHHBIX CHCTeEMAax MPHMEHAIOT COCAMHHUTEJbHBIE
Tpy6ku Mmasoro auamerpa (0,3 mm). IlpenmourcHue OTHA-
€TCs KOJOHKAaM u3 HEePXKAaBEKINCH CTAJH, XOTS s paboTH
C KOPPO3HOHHO-aKTHBHREIMH 3JI0€HTaMH He06X0 HMMbl IJac-
THKOBBI€ MJIH CTCKJSHHBIE KOJOHKH.

B nepBbix MOHOO6MEHHBIX XPOMATOrpa(HUECKHX METO-
AHKax ob6b4HO TpebGoBaJjsiach OYCHb OoJibliasg npoba, 4TOOH!
KOJHYCCTBO BELICCTBA ObIIO AOCTATOYHBIM IJIs1 HEOpuOOp-
HOTO JeTeKTHPOBaHHsA. B BHICOKO3(h(heKTHBHOR XpomaTtorpa-
¢uH o6beM npobbl HeBeauk {o0biuHO 10—100 mMki), a KO-
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JHYECTBO KaXKAOTO0 KOMIOHEHTa B MpoOe MOXKET MMEThb
NOPSAOK MHUKPOTPaAMMOB (MHHHMaJbHOe KOJHYECTBO Belle-
CTBa 3aBHCHT OT YYBCTBHTCJIBHOCTH ACTEKTOpa). IDTO MO3BO-

JACT NMOJYUYHTL Iopasio 6oJsiee y3KHE MHKH H 3HAUYUTEJBHO
YAYUUIHTE KAYECTBO pa3jeseHud.

BOSMO}KHO, HaHBOJee BAaXKHHM ACTEKTOM COBPEMEHHOH
HOHOOGMCHHOK xpomaTtorpadHu ABJISCTCS NPHUMEHCHHE CHC-
TEM aBTOMAaTHYECKOI'O J[ETeKTHPOBAHHs, 06CCreYHuBalOIIHX
HCIPCPBHIBHYIO 3amMCh curyana camonucuem. OTCyTCTBHE
NOAXOAAUX AETEKTOPOB AJIsI HOHOB, HC TOTJOUIAIOIIHX B
yabTpaduoseroBod 06saCTH CHOCKTPA, MO-BHAHMOMY, CHAEp-
JKHBAJIO Pa3BHTHE aBTOMATUYECKOH HOHOOOMEHHOH XpoMa-
TOrpadu, oCOBEHHO I HeopraHHYeCKux BemteCTB. OLHAKO
B HACTOAIlLLCE BPCMS MPECBOCXOAHBIMH AATYHKAMH JJH HOHO-
obMeHHOH xpomartorpadHu SBJAAITCA CHCKTPOHOTOMETPH-
YeCKHe JCTCKTOPbl, B KOTOPBIX HCIOJABL3YCTCH OKpAalIHBalO-
IIHA peareHT, HEAaBHO CO3JaHHBIE 3JEKTPOXHMUYCCKHE
LETEKTOPB H OCOOEHHO JCTCKTOPHI 3JEKTPONPOBOLHOCTH,

1.4. NocTtpoeHue HACTOALLEH KHHIH

Hekoropeie 3 KinacCHYeCKuX METOLMK HOHOOOMEHHOIO
pasfe/ieHHs] HCOPraHHYeCKUX BEINECTB 3((PEeKTHBHH H OpH-
ruHaabHel. OHE SBJASIOTCS L EHHBIM HCTOYHHKOM XPOMAaTO-
rpaduyeckoii uHdopmanuu. B ra. 2 pgaH 0630p OCHOBHBIX
MPHMHIHIOB PAa3ACJCHUS METOAOM HMOHHOH XpoMartorpadguu,
KOTOpBble  HJIJIOCTPHPYIOTCS XAapPaKTEpHbBIMH INIpHMEpPaMH.
O6cyxpaorcs TakKXe NPHECMBbL pabOTbl H KOHCTPYKIHS KO-
JIOHOK, CMOJIBI U JE€TEKTOPHL.

B rn. 3 o6CyxXpaiorcs pasjHYHbiC THIB JETEKTODOB,
NpHMCHAEMBIX B HMOHHOH Xxpomartorpaduu. Haubosee nox-
poOHO omHCaHH CIEKTPO(OTOMETPUYCCKHHA [JETCKTOp, pabo-
TaOWHHA B yAbTPadUOJIETOBOH H BHAMMOH 00JIACTAX CIIEKT-
pa, u 3JEKTpoXHUMHYecKHH jeTekTop. O6cyxjalorcs obaac-

NTTRADTTOTITIT G I (‘\hf\nnnrrnu
11’1 uynmunwnnn Xl Ulya Yivivoriri

ACTCKTHPOBaHHS.

Cuelnyioliue 9eTbipe IVIaBbl NOCBAIEHBI CHCTEMAM XpO-
MaTtorpaHueckoro pasjejeHusi, B KOTODHX IPHMCHSCTCS
LACTEKTOP JJCKTPONpoBOAHOCTH. B ria. 4 ob6cyxparrcs
IBYXKOJIOHOUHBIE METOAbl XpomarorpadupoBaHus aHHOHOB
C IpHBJCYCHMEM KOHAYKTOMETDMYECKOro JerekTopa. B oc-
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HOBe OOJIbIIMHCTBA 3THX METOAOB JCXKHT YHUKAJIbHAd 34-
MaTCHTOBAHHAs CHCTEMA, B KOTOPO#H AJsd PasjefeHds HOHOB
HCITOJIb3yeTc aHHMOHOOOMeHHasi KoJOHKa. Bropas (kaTtuo-
HOOOMEHHAS) KOJOHKA CHHKAET NMPOBOAMMOCTb JIIOEHTA 10
HH3KOI0 YPOBHS M YCHJUBAET MPOBOAHUMOCTb, 00YCIOBJIEH-
Hy10 aHHOHAMH NPOOH H HX IPDOTHBOHOHAMH,

B ra. 5 paccmarpHBaeTcs CHCTeMa pasjeneHuss aHHO-
HOB, B KOTOPOH 3Ji10€HT 006JajaeTr CTOAb HH3KOH 3AEKTPO-
NPOBOJHOCTBIO, YTO JOCTATOYHO JHIIL OAHO# KOJOHKH. [lo-
9TOMY pasjenswollas KOJOHKa YCTaHABJHBAaeTcd Hemnocpej-
CTBEHHO IMepea JeTeKTopoMm, J3jeck XKe o06cyxKaawTcs
crenualjibiple  TpebOBaHUs, NPeABABASEMBbE K CM0OJaM H
3JI0eHTaM.

I'maBpl 6 W 7 NOCBAIUEGHH pas3/CJeHHIO KATHOHOB COOT-
BETCTBCHHO JABYXKOJIOHOYHBIM H OJHOKOJOHOYHHIM MeTOna-
MH. B HHX OpHBeneHb NPUMEDHI Pa3AejgeHHs aMHHOB H Ii€-
JOYHBIX M IHEJOYHO3EMEJbHBIX MeTanjgoB. B ra. 7, Kpome
TOr0, PAcCMOTPEHBl NPUMePbl PA3AEJNEHHA NEPEXOJHHX Me-
TaJIJIOB.

BapuaHThl pasjeseHds ¢ NOMOIbLIO HOHHOH XpoMaTorpa-
¢un B coOUeTaHWM C CHEKTPOMOTOMETPUUYECKHM H 3JeKTPO-
XUMHUECKUM AETCKTHpOBaHHEM 006cyxaaiTca B ra. 8. Oco-
60c BHHMAHHE VJCNEHO pAa3AEJIEHHI0O HOHOB METAaJJOB.
PaccMoTrpeHpl MeTOAB NPSMOrO ACTEKTHPOBAHHA H AETCK-
THPOBAHUA 1ocae 06paboTKH 3110aTa.

O6opyaoBaHue, 3J10€HTH W KOJOHKH, IPHMeHseMbie B
OGBIYHOA COBPEMEHHOH HOHO3KCKJIO3UOHHOH XpoMaTorpa-
(bun, aHanToOruyHp NPHMEHSAEMEM B HOHHOH XpOMaTOIrpaQuH.
B ra. 9 npHBeJeHO HECKOJbKO NPHUMEPOB pasieseHus ¢na-
ObIX KHCJIOT C IIOMOINBI0 HOHOIKCKJIIO3HOHHO# pacnpeenu-
TeJILHOH XpoMaTorpaduH.

Jimteparypa

Scobell H. D., Brobst K. M., Steel E. M. Cereal Chemistry, 1977,
54, 905.

Turkelson V. T., Richards M. Anal. Chem., 1978, 50, 1421.
Samuelson O. lon Exchange Separations in Analytical Chemistry,
Wiley, New York, 1963.

Korkisch J. Modern Methods for Separation of the Rare Elements,
Pergamon, Oxford, 1969.

ot
-

=



Bgedenue 15 ‘

© ® N o @

Puman B., Yoaron I'. HonoobMeHHas XpoMmaTorpadds B aHaaHiTHYe-
cKoil xuMHR. — M,: Mup, 1973,

Seymour M. D., Sickafoose [. P., Fritz J. S§. Anal. Chem., 1971,
43, 1734.

Small H., Stevens T. S., Bauman W. S. Anal. Chem. 1975, 47,
1801.

Gjerde D. T., Fritz J. S., Schmuckler G. J. Chromatogr.,, 1979,
186, 509.

Gjerde D. T., Schmuckler G., Fritz I. S. J. Chromatogr., 1980, 187,
35.



FnaBa 2

HOHOOBMEHHbLIE CMObI
W NPUHLLMMBL PA3AENEHUS

KaruoHO- uin aHHOHOOOMEHHHE CMOJIb, TIPUTOAHBIC AJIS
KOJIOHOYHOI'0 pasJese€HHs, I'OTOBAT HA OCHOBE CHEPHYCCKHX
YaCTHI[ OPTaHHYeCKHX MOJHMEPOB WJIH NYTeM HaHECEHHs Ha
OJHOPOJAHBIC YACTHUBI MOPHCTOrO CHJHKATEasT HOHOOOMEH-
HOro Marepuasja. B ruase KpaTko pacCMaTpHBAlOTCH pas-
JHYHBlE KOHCTAHTHl, XapaKTepPH3YIOLLIHE YCJOBHS PaBHOBE-
CUsl M ONpejensiionue HOHOOOMECHHOC pasjenenue, Paspene-
HHSl KAaTHOHOB MJHM A4HHOHOB  JOCTHTalT OJarojgaps
pPa3JHYHAM B HUX CPOACTBE K CMOJE HJIH KOMIJIEKC0o06paso-
BaHHIO HOHOB NpPO6H B pacTBOpC.

Kpartkoe coaepxanue

BosplIHNCTBO HOHOOGMEHHBIX pa3AesCHHE Heopranuyec-
KHX HOHOB NPOBOJAT Ha KOJOHKAX, COAEPKAINMX KaTHOHO-
OOMCHHYI0, aHHOHOOOMCHHYIO HJH XCJAaTHYI0O HOHOOOMEH-
HyX0 c¢MOJy. B KauecTBe KaTHOHOOOMEHHHKOB OOGBIYHO HC-
MOJIb3YIOT OPTaHHYCCKHC MOJHUMEPH C (PYHKIMOHAJbHBIMHU
cyabdorpynnamy, npuCoeUHCHHBIMH K OCH30JbHBIM KOJIb-
Ham nosaumepa. Haubosee pacnpoCTrpaHCHHBIMH aHHOHOOO-
MCHHHMKAMH SIBJSIOTCS OPraHHYeCKHe IOJIMMEDRl C 4YCTBEP-
THYHBIMH AaMMOHHMEBHIMHM (YHKIHOHAJbHBIMH rpyIIlaMH.
I deKTHBHOCTD XpoMaTOrpauuecKkoro pasieycHHs INOBbI-
IIACTCH NPH HCIOJBb30BAHHH KOJIOHOK, TIIATEJALHO 3amoJi-
HEHHBIX OJHOPOJAHBIMH YacTHHaMH chepuueckoll GopMmbl H
mMaJjioro pasmepa. s pasfcjaCHHS OpPraHHYeCKHX HOHOB
HOJb3VIOTCT  BBICOKO(P(CKTUBHBIMH  HANOJHHTENSMH, CO-
CTOSLIMMH H3 MEJKHX TMOPHCTHX 4YacCTHL CHJIMKaress, Ho-
KPBITLIX MOHOOOMEHHBIM MATECPHAJIOM, HO poKa TaKHE Ha-
MOJIHUTEJM He HalkI¥ WHPOKOro NPUMEHEHHs AJa pasjelic-
HHA HeopraHHyetKUX HOHOB.
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B naHHON ryiaBe pacCMOTPEHBI NapaMeTphbl, CBA3aHHBIE
C HOHOOOMEHHBIM PaBHOBCCHeM, TakHE, KakK KosbdHUHEHT
CCJICKTUBHOCTH M KO3 GhUIMCHT pacnpeieseHust, IDTH Xa-
PaKTEPHCTHKH CHCIH(PHYICCKHX HOHOOOMCHHBIX CHCTEM 0ObIU-
HO ONpPENeNsiIOT KCNEePHMEHTaJ bHO, o0eclneyHBas YCJOBHs
paBHOBECHs PACTBOpPA H3BCCTHOTO COCTaBa C OMNpejejeHHOH
MAaCCOH CMOJIBI U H3Mepsis 3aTe€M KOJHYCCTBO O6MEHSIBIIHX-

tr ~
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Cs HOHOB B KaxJo# ¢asze. B coBpeMeHHOH HOHOOOMEHHOH
xpomarorpaduu BMecTo KOsdhdHIHEHTa pacmpeieseHHs
yacTto yao6Hee MOJb30BATLCA KOADOHUUEHTOM €MKOCTH k.
KosdhduuuenT eMKOCTH MOXHO H3MEPHUTh B CEPHUH 3KCICDH-
MEHTOB IO YCTAHOBJEHHIO PABHOBECHS, HO OGLIYHO €ro mpo-
Hie OnpenesisiTb HENOCPEACTBEHHO U3 OOBEMOB (HJIH Bpe-
MEH) ylepXHBaHHS. -

[lpu pazjeneHuH KaTHOHOB METAJIOB MOXKHO ONHPATHCH
Ha PasJH4YKe HX CPOACTBA K KATHOHOOOMEHHOH cMoJie, OJHa-
KO 4Yaiie NpeaflouuTaloT Crnocod pasielieHHs, OCHOBAaHHBIA
HA  CCJAEKTHBHOM  KOMILJIGKCOOOpDA30BAaHMH B  3JIOCHTE.
s obecricycHUs XpomaTorpa@uIecKoro pasicyacHust aHHO-
HOE YaCTo OKa3BBaeTCs AOCTATOYHBIM  pAa3jHdue B HX
CPOACTBE K aHHOHOOOMEHIOH CMOJIE€, KOTAa HJg nepemelne-
HHUS WOHOB MpOObl BAOJL KOJIOHKH B 3JIOCHT BBOAAT KOHKY-
pHpyIOIMA Hou. MHOrHe MOHBI MeTaJsjioB 06pasyloT aHHOH-
Hble€ KOMIUIEKChl C XJOP-HOHOM HJH LPYTHMH HEOpTraHHYecC-
KHMH aHHOHAaMH; 3Ty CHOCOGHOCTE MOXKHO HCIOJb30BATH
IJs pasfesieHdsi MCTaJJIOB Ha aHHOHOOOMEHHOH KOJIOHKC.
BrejeHue B COCTaB 3JI0€HTa OPTaHHYECKOT'O PaCTBOPHTENA
CYIIIECTBEHHO YBCJHYHBACT KOMIJICKCOOOpa30BaHHe, W ITOT
npueM MNOAXOAHMT [JIsT PasAC/JCHHS Kak Ha KaTHoHooOMeH-
HbIX, TAK H Ha aHHOHOOOMEHHBIX KoJoHKax. Hna wus3bupa-
TEJbHOIO KOHICHTPHPOBAHHS HOHOB METAMJIOB H OBICTPOrO
I'PYIIIOBOTO HMX OTACJIEHHs TNPEACTABJASCTCS IPHUBJEKATEb-
HbIM HCIOJIb30BAHHUC XCJIATHBIX CMOJIL.

2.1. UoHoOOMEHHDBIE cMONbI

MHorne NpPOAYKTH, Takue, KakK IVIHHB, HpPHPOJHBIE H
CUHTETHUECKHE I[€OJIMTHI, ONPCHACACHHBIE COPTa CTEKOJ, He-
KOTOPHIC HCOPraHWYCCKHME OKCHABI H HEpPacTBOPUMBIC COJIH,
a TakKXe OpraHHYeCKHe MNOJUMEpbl ¢ (PYHKIHOHAJbHBIMH
rpynnami 06Ja4a10T cnocoOHOCThI0O OOMCHHBATh OJMH HOH
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Ha Apyro#. I'opaspo BaxkHee njisi HOHOOOMEHHOH XpOMaToO-
rpa¢uy HMOHOOOMEHHMKH, MPHIOTOBJIEHHBIE HA OCHOBE Opra-
HHYECKHX I10JIMMEPOB, HaNpUMep CONOJHMEpPOB CTHpPOJaA H
JHMBHHHJI0EH30/a, JHO0 [OPHUCTOTO CHJIHMKAress HJIH IPYroro
HOCHTeJIs, ¢ KOTOPbIM XHMMMUYECKH CBSI3aH HOHOOOMEHHBIH
marepHas. MoHOOOMeHHHe MaTepHajbl MOXKHO MOjpa3ie-
JUTb Ha KaTHOHOOOMEHHHKH, AaHHOHOOOMEHHUKM M XeJart-
Hbl€ MOHOOOMEHHHKH.

2.1.1. Oprannueckue CMONLI

OpraHuueckue KaTHOHO- M AHHOHOOOMEHHBIE CMOJIHL Ya-
[lle BCEro MOJIyYalT H3 COMOJHMEPOB CTHPOJIA C IONEPEYHHI-
‘MH cBsi3aMu, Hanpumep, Haubojiee pacnpocTpaHEHHYIO Ka-
THOHOOOMEHHYI) CMOJY TOTOBAT IYyTEM CYJAbPUPOBaHHA OeH-
30JIbHBIX KOJIEL[ COIOJHMepa CTHPOJa C JAUBHHHJIOEH30/0M.
Hast cO3/aHust TIOMEpEUHHBIX CBSI3€H MEXAY JHHEHHbIMH Le-
NOYKaMH TNOJHUCTHPOJa TNPHU NOJHMepH3aUHH B CMEeChb J0-
0aBJSAIOT pa3JMUHbIE KOJHUeCTBa AMBHHMJOeH30Ja (IBD).
UtoOB 1NOJYUMTHL NOJMMEP B BHAE MEJKHX ChepHUeCKHX
qaCTHu, OCYIIECTBASAIOT 3MYJbCHOHHYIO NOJHMEPH3ALHUIO.

CMOJpI, Ha OCHOBE KOTOPBIX [OTOBAT KaTHOHO- M aHHO-
HOOOMEHHHKH, MOXKHO MOApa3/eJHThL Ha MHKpPO- H MaKpo-
 ODHCTHIE. BOJIbIHHHCTBO nepBbIX paboT GBIIO NPOBEAEHO C
MHKPOTIOPHCTBIMH MOHOOOMEHHBIMH cMoJaMu. Onu obmapa-
I0T CTPYKTYpPOH reJist, COAEpKAleHd 3HAUHUTEJbHOE KOJHYec-
TBO BOALL. HMoHOOOMeHHHe cMOJB ¢ HeGOJBIIHM KOJHYECT-
BOM MOMEPEYHBIX CBS3eH ABJSIOTCH MATKHMH T€JASIMH M CIIO-
COGHB cuJbHO HaOyXaTh HJH AaBaTh yCaAKy IDH HNEPEBOJE
M3 OANOH HMOHHOH ¢opMBI B JApyrylo. MHUKpONOpHCTHE TIO-
JIHCTHPOJIbHBE CMOJIB cojep:xkaT okoao 8% IABD B ucxon-
HOH TOJIUMEpPH3YEeMOH CMeCH C LeJblo Co3JaHusg TpebOyeMoH
CTeneHd cliuBaHus. [eseoOpa3Hble CMOJH C BBICOKOH CTe-
NeHbIO CIIHBAHUA 00J/1aAal0T CNOCOOHOCTBIO OTTOPraTh Kpyll-
HbBle HOHB, a AuPPy3us HOHOB OOLIYHBIX pas3MepoB B
oObeMe reJisi MOXKET OKa3aTbCsl MeaJeHHee, ueM Tpelby-
eTCH.
" MakponopHucTele CMOJB TOTOBSIT ¢ NOMOLLBIO CIEIHAJIb-
HOro mnporecca 3MYJbCHONHOH NOJHMEpPH3alHH, B pe3yJbTa-
Te KOTOpOro cdepHYeCKHe 4YacTHUH CMOJBI NPHOOpPeTaloT
KEeCTKyw cTpykTypy. Kaxnaas oraenpHass yacTuiia CMOJIHI
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COCTOHT H3 MHOXeCTBa CIVIOIIHBIX MHKpocdep ¢ mOpaMH H
KaHaJamu. CpeaHu#d pasMep NOp MoOXKHO MeHATh, llopH u
KaHaJabl MaKpOHOPHCTHIX CMOJ MNpPOHHIAEeMBl AJii HOHOB,
NpHUEM XKeCcTKasg CTPYKTypa MHOJHMepa CYHIECTBEHHO CHH-
3KaeT creneHb HaOyXaHHsi H CXKaTHsi MPH H3MEHEHHH HOH-
Ho# ¢opMBl cMOJIBI. MaKponopHCThIE ¢MOJB OCOGEHHO MHO-
JIe3HB IpH NpOBeJEHHH HOHHOro o6MeHa B OpPTaHHYECKHX
PacTBOPHUTEJSAX.

HoHOOOMEHHHE CMOJHB CO3JAI0TCST MYyTEM XHMHUECKOro
BBeAEHHS B CTPYKTYPYy NOJHMEPHHX YaCTHI[ COOTBETCTBYIO-
mux ¢GyHKuHoHaJbHEIX rpynn. Haubosee pacnpocrpaHen-
HBEIH THI KaTHOHOOOMEHHHKA COAEPKHT (DYHKIIHOHAJbHHE
CYJb(Orpynnbl, XOTs HHOTAA MNOJb3YIOTCH «CJAa0OKHCIBIMH»
KATHOHOOOMEHHBIMH CMOJIaMH, COAEePXKANIUMH KapOOKCHJb-
Hble rpynnbl. Cyabdorpynne BHEAPSIOT NMyTeM CyJbdHpo-
BaHHsi OCH30JbHBIX KOJEI] B CONOJHMEPAxXx CTHpOJa M JHUBH-
HuJ0en3ona. OHH SIBJASIIOTCST AKTHBHBIMH HOHOOOMEHHBIMH
rpynnaMu cMmouabl. AnHOHHas SO,-rpynma XHMHYECKH CBfi-
3aHa €O CMOJIOH, noa'romy ee NMOJABHKHOCTL CHJABHO OTpaHH-

ITATT N ¥nrrawr~A TIRATAIT {annrunnuin) LY FaR i /gat, rnafRn TN
awrid. S Anany lli}U iun \I.I.PUI.XJ.DUIJ.UEL} JLIRW Vs s QW | DWW LTIV

mepeMelnaTtbess H 3aMellaTbess ApyruM KaThHoHoM. Hampu-
Mep, €CcJIM pacTBOpP XJIOpPHJAa HATPHUS NPHBECTH B KOHTAKT C
KaTHOHOOOMeHHOH cModsiol B Ht-dopMme, OyaeT npoOUCXOJHTDL
peakuHs o6MeHa

Cyona — 503_ H* -4~ Nat = Cwmoma — SO-;* Na+ 4 H*

Ecnu sta peakuus A0XOAHT NMPaKTHUECKH A0 KOHIHa, TO ro-
BOPSIT, YTO CMOJia HaxXOAHTCS B HaTpHEBOH (HOHHOH)
dopme.

EMKOCTb ¢MOJBI OOBIUHO BBIpaxkKaeTcsd B MHJJIMIKBHUBA-
JeHTax oOMeHHBaeMoro HoHa Ha, 1l r cMoJibl. BumyckaeMble
HPOMBIILAEHHOCTbI0O KATHOHOOOMEHHBIE CMOJIBI  CcOfep¥ar
NpHMEpPHO OAHY (DYHKLIHOHAJBHYIO IpyNNny Ha OAHO GeH30JIb-
HOE KOJIbLO M MMEIOT €MKOCTh OOMeHa 0KOJo 4,5 M3KB.-r ..

AHHOHOOOMEHHBEE CMOJIBI IIOJMYYalOT NYTeM peaKlHH
XJIOpHpoBaHUsi GEH30JbHBIX KOJIell B CONOJHMepe CTHPOJa
H AMBUHUJIOEH30J1a ¢ MOCAEAYIOIIUM aJKHJIHPOBAHHEM aJIH-
¢datnueckum amuHoM, HaubGoJsee pacnpocTpaHeHHBIH THI
AHHOHOOOMEHHOH CMOJIB COAEPIKHUT YETBEPTHUHYIO aMMOHH-
€BYK (DYHKUHOHAJBHYIO IPYNNY, BBOAHUMYIO NPH AJKHJIHPO-
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BaHUM TPUMETHJIAMHHOM

Crona CICH,OCH, CICH,0CH, N{CH3);
ZH 12 CHZCI
CMona: o
CH;N (CH3)3 Cl

B 3THX cMOJaX mOABHMIKEH TOJBKO AHHOH, KOTOPBIH MOXKET
3aMellaTrbCcs JPYTHM aHMOHOM. EMKOCTb CMOJIbI OOBIUHO CO-
crasJasier 3,0—4,0 M3KB.: 1“”1 IJisi CMOJH CO CprKTypou re-
Js U OK0JIO 2,5 M3IKB.:T™! /11 MaKpOMOPHCTOH CMOJIHL,

2.1.2, MoHoOOMEHHMKY HA OCHOBe CHNMKarens

CoBceM HenaBHO CO3JaHbl HOHOOOMEHHBIE MaTEPHAaJbI,
NPHUIOTOBJASEMBIE Ha OCHOBE IIOPHCTHIX CHJAHKarejeH, NnpH-
MEHsieMbIX B KayecTBe HaIlOJHHTEJEH A/ KOJOHOK B BHICO-
“KO3(P(EKTHBHON KHAKOCTHOH xpoMartorpaguu. THHHUHBIH
NOBEPXHOCTHO-MOPUCTHE HANOJHHUTENb AJs aHHOHOOOMEH-
HOJI XpoMartorpaduu NMoJyvyaloT NyTeM HaHECeHMs Ha YaCTHs
bl cuaukaregas (AnaMerp 25—37 MKM) IHOJHUMEpa JaypHJ-
MeTakpujaata (moJekyaspHast macca 500), comepxaimero
YETBEPTHYHYI0O AaMMOHHMEBYI  (DYHKIHOHAJBHYIO TCpynimy.
EMKOCTb MOHHOro OOME€Ha TaKoro HamoOJHHTeNns] (B CYXOM
BHne) coctaBgsier 0,012 M3kB.-r~!, W aJ% Hero peKkOMeHAy-
etcs pabouuii ananasoH pH 4—9. TunvuHasi n1OBEpXHOCTHO-
NopHucTast KaTHOHOOOMeHHas cMoOJa AJs XpoMmaTtorpagpuu
COCTOMT M3 YacCTHll CHJHKarejss auaMmerpoMm 25—37 MM ¢
HaHECEHHBIM Ha HHUX CJIOeM HH3KOMOJEKYJASAPHOTO CYJab(pH-
poBaHHOro ¢ropyraepojHoro moJjuMepa. Emxoctb ob6meHa
3TOro HamoJHHTeJas oueHb Magaa (oxoso 0,005 Maks.-r—1).

HMoHooOGMeHHBIe CMOJB Ha OCHOBE MHMKPOUZCTHIL CHJIH-
Kareas cedyac MNPeANnOYUTAOT M[OBEPXHOCTHO-HOPHCTHIM
CMOJiaM, N0 KpaliHed Mepe AJisi XpomMaTorpaduueckoro pas-
JeJleHust OpraHHUYCCKUX AHHOHOB HJH KaTHOHOB, Mx opranu-
yecKasi 4acTb 0OGBIYHO XMMHUECKH cBd3biBaeTcs ¢ OH-rpynna-
MH CHJIHKareJsi B pe3ysabTate PEaKI¥H NOCAEAHHX C XJOPCH-
JIAHOM HJIH aJKOKCHCHJaHOM. B cocTaB opraHuueckofl yacTH
BXOANAT CYAb(Orpynns HiH YeTBEPTHUHEHE aMMOHHEBHE Ipyl-
nel. MuKpouacTHUB 3THX HOHOOOMEHHHKOB OOBIYHO HMEIOT
aunamerp okoso 10 MKM H eMKocTh oOMeHa MeHee
1 mokB.-r~!, CHaltgep u Kupkaaug [1] cocraBuau Tabauib,



Honroobmennble cmoavl u npunyunst pasdesenus 21

B KOTOpBHIX NEPEYHCJEHBl THNB H CBOHCTBA BHIYCKAEMBIX
HPOMBIIIJIEHHOCTLIO MAaTepPHAaJIOB AJis BHICOKO3((eKTHBHOH
HOHOOOMeHHOH xpomatorpadpuu. Cuaeiyer NOAUYEPKHYTH,
YTO 3TH HOHOOOMEHHBle MaTepHaJbl NPUMEHSJIH AJIsS pasje-
JIEHHSI TIOYTH HCKJIOYHTEJNbHO OPraHHYeCKHX NPOAYKTOB.

2.1.3. XenatHole CMOnbI

XenaTHbHe HOHOOOMEHHbIE CMOJIBI MOTYT CBS3bIBATL HOHHI
HEKOTOpPBHIX MeTaJJIoB (HMAH O0pa3oBBHIBATH ¢ HHMH KOMII-
JIEKCBHl), HE pearupysi ¢ OCTaJbHBIMM., 3a CUET YBEJHUEHHS
KHCJIOTHOCTH pacTBOpa npob6bl HOCTHraeTcsi LONOJHUTEeNbHas]
CEJIEKTHBHOCTb, TaK KaK CBA3bIBAlOTCH JHIUL Te HOHBI Me-
TAJJIOB, KOTOphlE ¢ (PYHKUHOHAJBbHBIMH TpPYNIaMH CMOJBI
ofpa3ylorT HaubGoJiee NMpOYHBle XejaThl. Baarogaps BBICOKOMH
CEJIEKTUBHOCTH YacTO MOXKHO CKOHLEHTPHpPOBATb, a 3aTeM
3JII0OHPOBAaTh HYXKHBIH HOH METaJja ¢ NOMOUILI JIHIb OUeHb
KOpPOTKOH KOJIOHKH. [Ipumepnl xpomarorpaduueckoro pas-
JeJeHHsi ¢ TpHMeHeHHeM XeJaTHBIX CMOJ ITIpHBEJEHH B
pasn. 2.5.

[ToMuMoO CeJeKTHBHOCTH, HeoOXoAuMa BBICOKaf CKO-
pOCTh 00pa30BaHusg W pacnaja xejara Meranja Co CMOJOH,
BnaronpusiTHeM KHHETHUYECKHM XapaKTepPHCTHKAM CHoco6-
CTBYeT BBIOOp OBICTPO B3aHMOACHCTBYIOIIMX C HOHHEIMH
yacTHlaMHd (YHKIHOHAJAbHBIX Tpynmn. PU3nuecKass CTPYKTY-
pa MaTpUIBE cMoJaH TakxXKe cyulecTBeHHa. [Topucrtrie cMmoubl
B3aHMOJIEACTBYIOT OBICTpee, MOCKOJbKY HOHBI METAJJIOB. MO-
TYT JIErKO TPOHHKaTb CKBO3b MaTepHaJ CMOJBLI H BCTYyNaThb
B KOHTAKT C pEaKUHOHHBIMH LEeHTpaMH. YCTAaHOBJIEHO, UTO
HAaHJYYIIUM HCXOAHBIM MaTepuasJoM AJS NPHUTOTOBJEHHS
XeJaTHBIX CMOJI, NPHTFOAHBIX AJS aHaJHTHYECKOH XpoMaTo-
rpaduy, asaserca cmona XAD-4 ¢upmbmr Rohm and Haas
¢ GoapmuM KoanuecTBOM Mejkux nop (50A) u Gosbinoit
yaeabHOH nosepxHocThbio (780 m2/r).

2.2. Uonoo6meHHOE paBHOBECHE

Ob6Mmen mexnay AByMsi HoHaMH A M B oTpax)aiwoT ypas-
HeHHe (2-la) jgssi’ ONHOBAJEHTHHIX HOHOB H ypaBHeHHE
(2-16) nnst MOHOB ¢ pa3saUYHBIMH 3apsilaMu:

As -+ B, = A, 4 B (2-1a)
bA; -+ aB, = bA, -}- aB; (2-16)
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B 3THX ypaBHEHHAX HUHJeKC § 0003HauaeT NPHHAAJIERHOCTH
K XKHIKOH (pase (pacTBOPHTENIO), a HHAEKC r — K TBEPAOH
da3ze (cMmoae).

- KoHcTaHTy paBHOBecHs, YacTO Ha3HBAEMYI0 KO3(QQHIIH-
€HTOM CeJEeKTHBHOCTH, [AJsi 3THX pPaBHOBECHH BHpPaAXaloT
CJAeYIOLHM 06pa3oM:

k4 = (Al [Bls/(IBIr [Aly) (2-2a)
ki = (AP (BI%/(1BI? A1) (2-26)

KBaapaTHeiMu cKOOKaMu o603HaueHa KOHUEHTpPauusi UOHOB
B MHJJUMOASAX HAa 1 Ma KHAKOH ¢as3bl H B MHJIJIUMOJNAX H&
I r TBepaOH Pasbl.

2.2.1. Koxdpduument pacnpegencHus

MaccoBblit Ko3d¢uuueHT pacnpeneneuss Dg pns obme-
HUBAaeMOro HOHa /A omnpejensieTcsi COOTHOIIEHHEM

Dg = [A],/[Als (2-3)

Hekotoprie uccaenoBaTesn MNOJb3YIOTCH 0O0BEMHBIM KO-
3(puuHeHTOM pacnpeaeenus Dy:

D, =D (2-4)
rjae @ — MJIOTHOCTb CJI0SI CMOJIBL:

p = [Macca cyxofi emomnl (r)]/[O6beM cnosi cmoasl (Ma)]  (2-5)

DKCNepHMEHTAJbHO MAacCOBHIA KO3(GHIHEHT pacnpene-
JEeHHs HOHOB A jast JaHHOrO 3/I0€HTa ONPENENIOT, CO3/a-
Baf YCJOBHS [Jisi PaBHOBECH MEKAY H3BECTHBIM OOBEMOM
CTAHJapTHOrO pacTBOpa M HM3BECTHOH MAacCCOH CMOJIbl H BHI-
YUC/AST pe3yabTaT mo ypaBHeHHIO (2-3). Beawyuny D, pns
AAHHOIO HONa HaXOAAT W3 o0beMa YAEPXKHBAHHS TPH 3JI0-
HPOBAHHH €ro BbIOPAHHBIM 3JMIOEHTOM H3 HeOOJBIIOH HOHO-
OOMEHHOH KOJIOHKH:

V=D, +1 (2-6)-

rae V—obpeMm ynepxkuBauus woHa A B eauHunax obnema
CJOSt KOJMIOHKH. DTOT METOJ He TOAHUTCH JJisl YCJAOBHH, Korjaa
3HadueHHe D, oUeHb BeJHKO.

B oGumem caydae cpoACTBO HOHOOOMEHHHKA K HOHY BO3-
pacrtaer ¢ yBenHueHHeMm 3apsiia HoHA, i OfHOBAaJEHTHHX.
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HMOHOB LIEJOUYHBIX METaJJN0oB KO3(p(HIIUEHT pacHnpeneseHHs
BO3pacTaeT ¢ VBeJHUEHHEM AaTOMHOH  MacChl  HOHA.
st monos Metaggson Il rpynnel yaep:KuBaHHe HOHOOGMEH-
HHKOM BO3pacraeT B mochaefosaTtesbHocTH: Martufi(1l) <
< kanbuui (11) <crpouuwmii (11) <6apuii (11). Beanunnm Dy
uad D, anst HEKOTOPBIX HOHOB B Pa3/JHYHBIX YCJOBUSX 3JI0-
HPOBaHHA OYAyT NPHUBEAEHHl B pa3jesiax, HIJIOCTPUPYIOIIHX
NPHHIUIL XpoMaTorpaduueckoro pasjieneHus.

2.2.2. Koa(pPuLMEHT eMKOCTH

B xpomartorpadum BMecTo Ko3(hHIIHEHTa pacnpeaeJe-
HUsE OOBIUHO MOJb3YIOTCH KOI(D(PHIHEHTOM €eMKOCTH R
Kosbouunent emrocty nas woHa A (uHOraa HasbiBaeMHi
MAacCCOBHM K03(p(hHUMEHTOM pacrnpeneeHus) NpeacTaBJseT
co00#i KOJHYECTBO (HO He KOHUEHTpPAUHuiO) ero B TBepLOH
¢aze, HaXOJsIEHCH B KOJIOHKE, JeJeHHOe Ha KOJHYECTBO
KUAKOH (a3l [loacraBasis 370 OTHOLIEHME B ypaBHEHHeE
(2-3), mosyuuM caejyloliie BHpPaXKeHHs:

Dg = k' [ Koauuectro pacteopa (mir)]/[Koauuectso cmoan (r)] (2-7a)

HJIH

k' = Dg [KonnuecrtBo cmoant (r)]/[KoanuecTo pacrsopa (mi)] (2-76)

JTH BBIpaXEHHS TOKAa3BBalOT, 4TO0 KO>(PPHUMEHT eM-
KOCTH MOXKHO BHUHCJAHTL H3 KO3(p(HUUMEHTOB pacnpenene-
HHA, HOJMYYEHHBIX B CEPHH JKCHEPHMECHTOB MO YCTAHOBJECHHIO
PaBHOBECHS MEXIY CMOJIOH W pacTBopoM HOHOB. OaHako
B COBpPeMeHHOH xpomaTtorpaduu O6LIUHO YAOOHee H3MEpATh
KO3 PUIHEHT €eMKOCTH Mo 00beMy yIAepKHBaHHS V HaH
BpeMeHH ylepKHBaHus [ 3jioMpyemoro HoHa. Ilpum 3ToM
He0OXOAMMO 3HaTb «MepTBHIA» oOneM Vo HIH «MepTBOE»
BpeMs !y KOJIOHKH, KOTOpble MOXKHO IOJYYHTh NyTeM H3Me-
peanst V uau ¢ HeyAepXKHMBAEMOro BelleCTBa, BBEAEHHOIO
B KoyioHKy. (HeynepxkuBaemoe BellleCcTBO JAOJKHO JIETKO
AeTEeKTHPOBATLCST H MOXKET ObITh JHOO0 B MOJIEKYJISIPHOM,
JUG0 B HOHHOM COCTOSIHHH.) Jlssi BBIUHCAEHHST KO3(h PHLHEH-
Ta €MKOCTH MOMAB3YIOTCS OJHHUM H3 CJAeAYIOIIHX YpaBHEHHH:

B =V —V)/V, (2-8a)
R = (t —1,)lt, (2-86)
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2.3, Xpomarorpathuueckoe bazaeneHue
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Ha KONMOHKAX C KATHOHOOOMEHHOM CMONOM
2.3.1. Pazgenensie Ha OCHOBE Pa3nKuMHi B CPOACTBE

Ony6auKoBalpl OOLIHPHBIE JaHHBIE MO CENEKTHBHOCTH
CYJAb(MHPOBAHHOIO MNOJHCTHPOJLHOrO HOHOOOMeHHHKa BIO-
RAD AG50W-X8 k KaTHOHAM B KHCJAHIX pacTBopax [2—4].
ITOT MOHOOGMEHHHK SIBJSIETCS OUHIIEHHOH cMosol ¢ 8%
CIIMBapulero KOMIOHeHTa @upMbl Dow. CeleKTHBHOCTh
NpeAcTaBJeHa KaK 3aBHCHMOCTbL MAacCOBHIX KO3(p(HLHEHTOB
pacnpejesieHHs MOHOB METaJdJOB OT KOHUEHTPalUHH MHHe-
pambHON KHCJIOTH B JKHIAKOH dase. JaHHLE Jsi paCTBOPOB
XJIOPHOH KHCAOTH [2], BeposiTHO, JyHille BCEr0 OTPaXKaioT
HCTHHHYIO CEJeKTHBHOCTb, MOCKOJBLKY MNePXJopaT-aHHOH
ABJSETCH OYEHb CJa0BIM KOMIUIEKCOOOPA3yYIOUIHM AaTreHTOM.

PesyabpTaThl Aasi XJOPHCTOBOAOPOAHOH KHcjoTH [3] B
HEKOTOPBIX CJAyYasiX yKa3HBAalOT Ha KOMILIEKCOOGpazoBaHHE
MeXJIy KaTHOHOM MeTaJjja M aHHOHOM xJopa. Hanpuwmep,
kaamuii (I1) B 0,6 M xj0puCTOBOAOPOAHOA KHCJIOTE HMEET
Dg=6,5, a B 0,6 M xyopuoit kucjgore Dg=101. Kanab-
uuii (II), Kotopbii He o6janaeT 3aMeTOH CIOCOBGHOCTBIO K
obpa3oBaHH0 KoMmIJlekcos, B 0,5 M xnopHo#t KHMcJ0Te HMme-
er Dg=147, a B (,b M xs0pHCTOBOIOpOAHON KHCAOTe Dg==
—151. JlaHHBle A1 a30THOH H CEPHOH KHCJOT B OTAECJbHBIX
caydasix  TakXe JIeMOHCTPHUPYIOT  KOMILIEKCOOOpa3oBa-
nue [4].

®puruy u Kappakepy [5] ynanoch pasaenuTp ABYX- *H
Tpex3apsiiHble KaTHOHB METaJJIOB C HCIOJb30BAHHEM B
KayeCTBE 5/1I0EHTA PACTBOPA, COLEPKAIILro ABYX3aps/IHBbIH
THNeHaHaMMOHHeBbH KathoH (JAHZ"). DosablmuHcTBO

KAaTHOHOB [BYXBaJIEHTHBIX METAJJOB 3P (MEKTUBHEe 3JI0H-
pyeTcsi M3 KOPOTKOH KaTHOHOOOMEHHOH KOJOHKHM TOJbKO B
cpere 0,1 M 3JAH 2" B oTanune OT 3J10€HTa C MHHEPaJb-
HBIMH KHcaoTaMH (1—2 M H*)., BoabliuHCTBO HCCael0BaH~
HbIX HOHOB METAaJIJIOB MOXKHO 3JIOHPOBAaTb C NOMOIIBIQ
0,5 M mepxsopaTa 3THIEHAHAMMOHHSL.

2.3.2. PazpeneHue Ha OCHOBE PAa3NHUMM
B 06pazoBaHuM KOMMIeKCoB
PH,[[ HEOpraHHYeCKHX KHCJAOQOT MO OTHOLUCHHK) K HOHaM
METaJJIOB JeMOHCTpHPYyeT H30HpaTenpHYI0 cnocoOHOCTL 00-
PasoBbLiBaTb KOMIIJIEKCEI. KOMI'IJIEKCI:I, BKJAKYAKIIHE HOHBL
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MeTanaa, SBASIOTCS HEHTpPaJbHEIMH HJH aHHOHHBIMH H IIO-
9TOMY OBICTPO SJIOHPYIOTCSl, B TO BpeMsi KaK oCTaJbHble Ka-
THOHB 3aJEPXKHBAIOTC HOHOOOMEHHOH KoJIOHKOH. KoM-
qIeKcoobpasyrouuMu kucaoramu sBasiioress HF, HCI, HBr,
HI, HCN u HySO.. Hanpumep, pryts(Il), Bucmyt(I1I),
kaamui (I1), munk(I1) u ceuHen (11) ob6pasyoT KoMmiekcH
¢ 6pom-voHom u B 0,1—0,6 M XJOpPHCTOBOAOPOAHOH KHCJO-
Te BJIOUPYIOTCS B YKAa3aHHOH mocjejpoBartenbHOCTH [6].

NYrIv waTunNnIInbR xyaroTamnmainp OC’I‘QD’!‘(‘G 7B Li-

T ITTTITY
O & L N R W N D IwvrF
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JoHke. C &TOp-HOHOM AaHHOHHBIE KOMILIEKCH 00pasyroT
vounl amomunHus (111}, ™Moaubaena(VI), nHuobus(V), oao-
Ba(lV), raurana(V), ypauna(V1), Boabppama(VI) u nup-
xoHus (IV), Onu ObICTpO  3JAI0HPYIOTCH M3  KOJIOHKH
¢ KatHoHoo6Mennukom B H-dopme B cpene 0,1—0,2M HEF{7].
ITomMuMo nepeuncaeHHBIX KHCJOT, B pa3baBjeHHBIX pacTBO-
Pax MepOKCHJA BOJAOPOLA TaKkKe 00pasyloTcs H CeNEKTHBHO
BJIOUPVIOTCH H3 KATHOHOOOMEHHOHU KOJOHKH KOMIIIEKCH C
Huobuem (V), tanrajsom (V), moaubaeHom (VI), Boabdpa-
MoM (VI) u Banaguem (V).

IIpu HarpeBaHHH JIETYYECTb NMEPEUHCJAEHHHIX BHILUE 3JII0-
€HTOB BO3pacTaeT, H OHH MELIalOT NPOBEJEHHIO KOJOPHUMET-
PUYECKOTo, THTPUMETPHUECKOIO H APYrUX BHAOB XHMHYECKO-
I'o ONnpefe/eHHs pa3JeeHHBX HOHOB MeTaJsoB. C NOMOIIBIO
KOMILTeKcooOpa3oBaHus vaile BCErO OCYIHECTBASIOT IPYNIoO-
BOE OTJAEJEHHE, H B OTJHUHE OT Pa3/AeJeHUs] HA HOHBI OTIeJb-
HBIX MeTaJJ0B AJsi 3TOr0 BHOJHE AOCTATOUYHO KOPOTKOH HO-
H#OOOMEHHOH KOJIOHKH.

B jnpyrom moJsie3aHOM BapuaHTe TPYINOBOro OTAEJEHHS MO
MPHHLUHIY «BCE HJIH HHUYErO» NPHMEHAIOT 3JIOEHT, COAEpIKa-
mui 0,1 M Bunnyo kucjory u 0,01 M azoruyio xucaory [9].
B Takoit kucnoi cpepe cyppma (V), monubaen (VI), tan-
Tan (V), onoso (IV) u Bonbdpam (VI) o6pasyroT KoMniex-
Cbl ¢ BHHHOH KHUCJOTOH, a cBuHel, (I1) m Muorue gpyrue ka-
THOHBI METaJIJIOB He BKJAIOYAIOTCS B KOMIUJIEKCH H yepXKHBA-
TC1 KatHoHOOOMeHHHKOM. OOpa3snbi, COfepiKaIIHe OJIOBO
(IV), Heo6x0auMO BBOAHTL B KOJIOHKY B BHHHOKHCJIOM pa-
CTBOpe.

B HekoTopbIX cayuasx pas xpomatorpadHueckoro pasmie-
JIEHHS 1e/10T0 psila HOHOB METAJJIOB ¢ YCHEXOM HCIIOJb3YIOT
SJIOEHT, cofepkKaUlUi OpraHMYeCKHH KOMIJIEKCOO0pasylo-
IMHY pearent. XapaKTepHbHM NMPHMEPOM TAKOr0 HCNOJb30Ba-
HUA ABJSIETCS pasjefeHHe HOHOB pellko3eMe/IbHBIX METaNa0B
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B pacTBOpe Q-OKCHH30MAaCJSHOH KHCJOTH B KayecTBe 3JIIO-
enra [10]. Oxnako B mogobHBIX cayuasix Tpebyerca BpeMms
JJIst YCTAHOBJIEHHSI B KOJIOHKe HEoOXOAMMOro paBHOBECHOTO
aHauenusi pH. lHorza npuMeHSIOT rpajiHeHTHOe 3JIIOHPOBa-
HHe, T.e. B IIpolecce XpoMaTtorpaHueckoro pasie/eHHs
MeHsiloT 60 pH, Ju6G0o KoHUEHTpaUHIO 3JI0EHTA.

2.3.3. Bnusumue OpraHMueCcKWX PacTBOpHTENEH

KaTHoHBl MeTasioB OOBLIYHO 3HAUHTEJBHO Jerde o6pasy-
IOT KOMILJIEKCH ¢ HEOPraHHYeCKHMM aHHMOHAMH B OpraHu-
YeCKUX PACTBOPHUTENSX, ueM B Boje. Hanpumep, Aas nepesoaa
po30Boro KatTuoHa Ko6aabTa (I1) B roay6Goi aHHon xJjopuaa
kob6anbra (II) HeoGxoauma 4—D M  xXJOpHUCTOBOAOpOIHAHA
Kucaota. B pactBope ¢ npeodaanaoniuM coaepXkaHueM aile-
TOHAa MHTEHCHBHOE rojyboe OKpallHBaHHe B HPHCYTCTBHH
ko6asbra (11) o6pasyercss B oueHb pa3baB/JeHHOH XJOpHC-
TOBOAOPOAHOH Kucaore, TakuMm obpasoM, ob6aacTb NpUMeHe-
HHSE MOHOOOMEHHOTO TPYNHOBOro pasfesieHHsI CYIECTBEHHO
pacilupsieTCs, ecJau ero NPoBOJAUThH B CMECH BOJAB ¢ OpraHH-
"YeCKHM pacTBOPHTEJEM.

®putiy u Perrur {11] noxasanu, uro muk (II), xexne-
30(1l), koGanbT(1l), Mmean(1l) u wmapraneu(Il) moxHO
OTAEJUTHL IPYT OT ApPyra Ha KOPOTKOH KAaTHOHOOOMeHHOH
KOJIOHKE ¢ MOMOILBIO 3JI0EHTA, NPEeACTaBASOIIEro coboH
pactBop HCI ¢ nocTosiHHON HH3KOH KOHIEHTPAalUHel B BOJHO-
AUeTOHOBOH CMECH CO CTYNMEHYATO YBEJUUHBAIOUIUMCS  CO-
JepXKaHHeM anetoHa ot 40 g0 959%.

Ilozxke Obl1H onmyOJsHKoBaHH [12] obmupHBle TabJAHLB
Ko3$p(pHUHEHTOB pacCnpeneseHdsi AJ1si HOHOB METAJIJIOB B
cHCTeMax BOAA — AUETOH — XJOPHCTOBOAOPOJHAS KHUCJIOTA.

Kopkuiul ¥ COTPYIHHKH HCCJAENOBAJH BJHSHHE 3TaHOJIA,
YKCYCHOH KHCJIOTBI, 3THJIEHTJIHKOJIS W MHOTHX JpYyrux pa-
CTBOPHUTEJEH Ha HOHOOOMEHHYI cnocoOHOCTbL HOHOB MeTaJ-
JIOB B CHCTEMAX, COAepKAIUX XJOPHCTOBOJAOPOIHYIO U APY-
rHe KOMIJIeKcoOoOpasylonite KHCJOTHI,
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2.4.1. Pazgenenve Ha OCHOBE Pa3nMuui B CPOACTBE

Bo MHOrux cjyuyafx CpoJCTBO OOBLIYHBIX aHHOHOB K aHH-
OHOOOMEHHOH cMoJe BeguKo. B taba. 2.1, B3gTOd H3 Kaac-
cuueckoli pabotsl Ilerepcona {13], npuBeaeHs Ko3pPUIH-

Tabauya 2.1, Ko3phuumeHTnl CENEKTHBHOCTH JJf AHHOHOB
OTHOCMTEJbHO HOHA XJopa HAa cmone Dowex [13]

Avmon conrmocTA Asou cone ROt
Caymuunar 32,2 Xaopun -~ 1,00
Honurn, 8,7 Bukap6onar 0,32
<DenokcH 5,2 MonoopTobochar 0,25
Bucyapdar 4,1 dopmuar 0,22
Hurpar 3,8 Auerat 0,17
Bpomun 2,8 AmuHOaneTar 0,10
Tinanng 1,6 dropH 0,09
BucyanhuT 1,3 Cuppokcun 0,09
Hurtpur 1,2

€HTLl CeJIEKTHBHOCTH JJs PAZla aHHOHOB OTHOCHTENBHO XJOp-
HOHA, AJs1 KOTOPOTrO KO3(P(HUHEHT CENEKTHBHOCTH IPHHAT
pasubiM [,00. KosppHuMeHT celeKTHBHOCTH MeHAeTCHA ¢ H3-
MeHeHHeM 3KBHBAJEHTHOH J0JIH XJOpPHAA B TBepAOH (hase
(cMose) ; MO3TOMY OTHOCHTEJIbHHE BEJHUHHH CeJIeKTHBHOC-
TH, OUEBHAHO, HOCHT CKOpee KayeCTBEHHBIH, UEM KOJHYECT-
BeHHHH XapakrTep.

Kak 6ypger nokasaHo B rii. 4 05, ¢ NOMOIIbIO aHHOHOO0-
MeHHOH XpoMarorpaguH MOXKHO JOCTHYL MNPEBOCXOZHOTO
pasneneHus cMeced aHHOHOB,

2.4.2. PazpencHue Ha ocHOBE
KomnnekcoobpaszoBsaHua

Kpayc u Heabcon u3 OkpHAXKCKOH HallHOHANBLHOH Ja-
Goparopun (CIIIA) o6HapyXuaH, uTO B BOAHBIX pacTBOpax
XJIOPHCTOBOJOPOAHOH KHCJOTH HEJBbIA Pl HOHOB METaJjjoB
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Yucno 00beMO8 KONOHKU

Puc. 2.1. Pasgenesde HOHOB MeTaJJA0B Ha aHHOHOOOMEHHOl cCMoOJe
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00pasyIicT aHHOHHBIE KOMIJICKCH, KOTOPBIE XOPOILO Yy AepKH-
BalOTCH aHHOHOOOMEHHBIMH cMonaMH. Jlis OOJbHIHHCTBA
HOHOB METa/J0B 3aBHCHMOCTb Dy OT MOJSAPHOH KOHIEHTpa-
LMK XJOPHCTOBOAOPOAHOM KHCJAOTH TPOABAAETCSH TPU KOH-
IIEHTPAallMH HOCJefHel, XapaKTepHoH st JaHHOrO MeTanda,
npuyem BejH4uHa D, pacter mo Mepe yBeJIHYEHHS KOHIECHT-
paunn HCIl. Bo MHorux cayvasix 3tTa BeJHYHHA JOCTHraer
snadenutii mnopsiika 103. Kpayc u Heawscon [14] B 1956 r.
ony6/HKOBa Iy rpaduk, npeicTaBASIONINA Takue 3aBHCHMOC-
TH AJs OOJbHIMHCTBA METaJJoB, KOTOPHIH HIMDOKO BOCHPO-
H3BOJIMJICS B Hay4HO® Juteparype (cM., HanpuMmep, [15]).

Pasjenensie o6bIYHO OCYWIECTBJSIOT, Momelias obpaselr
B aHHOHOOOMEHHYIO KOJOHKY B JOCTaTOYHO KOHILEHTPHPOBaH-
HoM pactBope HCI u siloupys Hecop6HpOBaHHBIE HOHBI Me-
TaJJIOB 3JI0CHTOM C Tako# ke Konuentpan#eir HCl. 3arem
cOpOHPOBAHHbIe HOHBI MeTaJJIOB 3JIOUPYIOT OJHH 3a APYTHM,
CTYyNeH4YaTO CHHXKasi cuay 3aweHta (Kourenrpaumuio HCI).
Ha puc. 2.1 mokasan oiH U3 MHOTHX IPHMEPOB Pa3je/ieHHUs,
onybankoBanHuXx Kpaycom u cotp. [16].

Touno Tak ke Ha aHHOHOOOMEHHHKE MOXKHO OTAe/]HTb
APYr OT APYyra W OT OCTAJbHBIX KOMIOHEHTOB 3JEMEHTHI,
o06pasyouine aHHOHHBEe KOMIUICKCH ¢ GTOP-HOHOM, €CIH
3JHOMPOBATL HX 3JI0EHTaMH, cojepxamumu cMech HF n
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HCI [17, 18]. lllupokie HCCRELOBAaHHMsS TOBEAEHHST HOHOB
MeTaJJIOB HAa aHHOHOOOMEHHHIX KOJOHKAax TMPOBOAHNHChH H
¢ oaJmeHTaMH, cojepxamumu cMmech HoSOs—HF wnu
HNO; — HF {19, 20].

Jisi GOJAbIIHHCTBA MeTalJoB OBIJIH H3MepeHbl Ko3hdu-
HUEHTH aHHOHOOGMEHHOrO paclpejlelcHHst B pacTBope cep-
noit kucaoTh [21, 22]. ¥Ypau (VI), ropuit (1V), monubpen (VI)
# HEKOTOpHe JAPYTHe 3JeMeHThl CeJCKTHBHO YACPKHBAIOTCH
u3 takux pactBopoB. Topufi (IV) cesleKTHBHO TOrJONIAETCS
aHMOHOOOMEHHHKAMH H3 pacTtBopa npHmepHo 6 M asorHof
KHCJAOTH [23].

2.4.3. Bnusanue OpraHuuecKuX pacrtBOpureneH

Kak orMmeuasioch BHEe NMPH PacCMOTPEHHH pas/ieseHHs
Ha KaTHOHOOOMEHHHKAaX, HCMOJb30BaHHe cpej ¢ npeobnaja-
HHEM OPTraHHYeCKOrO PAaCTBOPHTEIS CYLIECTBEHHO YCHJIUBaeT
CIOCOOGHOCTD HOHOB METaJ/jiOB 00pa30BHBATL KOMIJIEKCH C
rajOUJIHBIMH H MCEBJOTaJONHBIMH aHHOHaMH. TakHe KOMI-
JeKChbl OOLIYHO XOPOMIO MOIJIOIIAIOTCA a HHOHOOOMEHHOH CMO-
a0, Ony6anukoBaHo 60JbIIOe YHCIO TPHMEPOB AHHOHOOOMEH-
HOTO pasjejieHHsi B 4aCTHYHO HEBOAHBLIX cpexax. Meroyx, pas-
paGoranumii Kopkuinem n Xasanom [24], ocobeHHO mpHro-
JeH 5iAs TPYNnoBOrO OTAEAEHUS MeTajnoB, o0pasyouiux
KOMIIJIEKCHl ¢ XJIOP-HOHOM, OT MeETa/jioB, He 00pasymomux
TAKHX KOMILJIEKCOB. B 3TOM MeTOje HCHNOJIb3YIOT KOPOTKYIO
AHHOHOOOMEHHYIO KOJIOHKY M 3JIO€HT, COCTOSIIIHHA U3 MeTaHo-
Jga (90—985%) wu xsopucroBogopoaHO# KucaoTh (0,6 M),
Honnl uccieoBAHHBIX METAJA0B JUG0 yACpAKHUBAIOTCS B BH-
A€ V3KO# 30HHI, JHOO OLICTPO NPOXOAST YePe3 KOJIOHKY.
HosToMy BosHHKaer cHTyauwus THNA «IBHXKETCS — He IBH-
XKETCs1», IPU KOTOPOH obecmeuuBaeTcst MPeBOCXOIHOE Cpyil-
NOBOe OTHe/NeHHE.

Xpomartorpapuueckoe pasjeieHHE HAa HHAHBHAyaJbHbE
HOHbI TaKXe BO3MOXHO, H TaKUX MPHMepOB oOnyOJHKOBaHO
MHOXecTBo. OaMH M3 HHX mpefcraBjeH Ha puc. 2.2. Bonpo-
CBl HOHHOTO OOMeHa B HEBOAHBIX ¥ CMEILaHHBIX CPEiaX OCBe-
HieHN B 0630pe [25].
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Puc. 2.2. Paspenenne Hukensi(III) u Mapranua(ll) Ha koaoHKe
60X22 MM co cmosoil Dowex 1X8 B cpene 4acTHYHO HeBOAHBIX 3JI0-
- eHTOB [38].

2.5. PazgeneHMe MOHOB MeTannos
C NOMOILULIO XENaTHbIX HOHOOOMEHHMKOB

Ce/IeKTHBHOCTh OOBIYHBIX KATHOHOOOMEHHBIX CMOJ IO
OTHOMIEHHIO K HOHAM Pa3JHYHLIX METaJJOB HECKOJABKO Orpa-
Hudena. OQHAKO ecny B MOJUMEPHYIO CMOJY BBECTH MOAXO-
JANYIO XeaaToo0pasyollylo (yHKUHOHAJABHYIO rpynny, TO
YacTo yjAaeTcs yaep:KaTbh HOHB JIMUIb HEOOJALHIOTO YHCJA
MeTannos. Hpyrue xXenaTHbie CMOJBI MOLYT CBSI3HIBATH
6oJice IIHPOKYIO IpyNNy HOHOB, MPH 3TOM CeNEKTHBHOCTD A 0-
cTuraetrca nmyreM usmeHenus pH cpeanl. XesaTtHble CMOJIBI
NPHTOJHE W TIPH HEOOXOAHUMOCTH COpOHMPOBAThH KHOHBI OTpe-
JNeJICHHOrO MeTraJijia (MIH HOHOB HeOOJALLIOKH rpynnbl MeTaJ-
JIOB) H3 DPAcTBOPOB C OuUeHb BLICOKOH KOHIEHTpalue#d conu
MeTraJaaa, ne obpasymwniero koMmmiekca. Hacro celleKTHBHOCTD
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xejaTHOH cMOJIbl CTOJb BeJINKA, YTO JJIst VIepXKHBaHUA onpe-
JAEJCHHBIX METa/lJiOB JOCTAaTOYHA OYeHb KOPOTKasl KOJOHKA.

[lepBble NpHUMEHEHHS XeJaTHBIX CMOJ OMHCaHBI B 0030pax
{26, 27], a 0030pBl MOCAEAHUX PABOT pery/iipHo myGJAHKY-
oTcs (d4epes Kaxible ABa roja) B xkypHajae Analytical
Chemistry (cm., nanpumep, [28]).

2.5.1. Cmonbl Ha OCHOBE MMMHOAMYKCYCHON KMCNOTHI

IepBojt nosiBHaach B TIpojaxe xejatHas cMosia Dow A-1
(nsBectHas takkKe moxa naspaHumem Chelex 100). dyukuwmo-
najabHasi rpynna — CHyN (CH,COOH), B3aumoaefictByer
C HOHaMH MHOFHX METaJ/JOB, a KEJaeMYI0 CEJICKTHBHOCTb
MOXXHO MOJY4YHTh, MeHsisi pH cpenbl. DTy cMoJy HCHONb30Ba-
JU JIJIs1 IPeJBAPHTENbHOTO KOHIICHTPHPOBAHUSI HOHOB MeTaJ-
JIOB M3 BOJIHBIX pPacTBOPOB M JAJ$i MHOTHX APYTHX aHajaHTH-
yecKuX sajgad. K coxaneHuo, cMoJsia 3HAYHTEIbHO HalyxaeT
WK JaeT yCaiKy MPH H3MEHEHHH yCJAOBHH, YTO CO3AaeT He-
yA00CcTBa NMpPH 3aNOJHEHHH KOJIOHOK.

B 1970 r. Xupiw v cotp.[29] mpHroTOBHJIN CMOJIy HA OCHO-
Be MMHHOJMYKCYCHOH KHCJOTH H moJuMepa ¢ 6ojee BhICOKOH
CTeNEHLIO CUIIMBAHHUsi, OOBEM KOTOPOH H3MEHSieTCA OYeHb
He3HAUHTECAbHO M KOTOpas BIIOJIHe NMPHFOJAHA A paboThl B
KoJoHKax, XenatHasa cmoga XE-384 oupmer Rohm and
Haas, oueBnzano, rakxe coaep HT HMHHOJAHYKCYCHOKHC/IOT-
HY10 GYHKUHMOHAJABHYIO TPYINY H H0 ¥KeCTKOCTH CYHIeCTBEHHO
IpeBOCXOAHT cMoay Dow,

2.5.2. M30THYpOHMEBbIE CMONDI

B 1967 r. Koctrep u lllmykaep [30] onucanm ¥ samarteH-
TOBAJH HOHOOOMEHHHK, cojepXKalluii H30THYPOHHEBYIO
PyHKUHOHAABHYIO TPYOOY

NH
CH,S c/*‘2 Ci-
—CHs—C{ T -

NNH,

dra cMona obaanaer IPEBOCXOJHONR CEeJEKTHBHOCTBIO MO OT-
HOLICHUIO K TAKUM MeTaJJaM, KaK 30J0TO ¥ maaTHHA, KOTO-

Pbie, mo-BuauMoMy, mnoraomaiorces B Bujae AuCly #u
!
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PtCly™ — npOTHBOHOHOB THYPOHHEBOIO KaTHOHA. DJIOHPOBA-

HHe 3THX HOHOB 3aTPYAHHUTENbHO, H MO3TOMY AJs H3BJCYe-
Hus OaarOopoOAHLIX MeTaJ/ljOB CMOJy NPHXOAHTCA paspyHiaTh.

2.5.3. Hosmie cmonsl

B konne 1970-x u B 1980-x rogax oONOHCAHO HECKOJILKO
NPEBOCXOAHBIX CMOJ JLJisi aHAJUTHYECKHUX Iejed. XejaTHble
CMOJIB, XOPOHIO 3amoJHsIONIHEe KOJOHKH H OLICTPO B3aMMO-
LefCTBYIOlHE C HOHAMH METaJJiOB, MOXHO NPHTOTOBUThL HA
OCHOBe MaKPOHNOPHCTHIX HOJHMEPOB C BBICOKOH CTeNeHbIO
CILHBaHHUA,

B 1976 r. Mofiepc u ®pury [31] npucoennuuin K Oen-
30/IbHBIM  KOJIbIIAM MAaKpOMOPHCTOH CTHPOJI-AUBHHHIOEH-
30JIbHOR cMoJH GyHKIMoHadbHble rpynnsl — COO(CHs)s
OCOCH,SH. Tloayuennast cmMojia CEJEKTHBHO TOIJIOHIAET
sojoro (IIT), cepe6po (I), pryts (1I) m BHemyr (111) u3
CHJbLHOKHCJBIX pacTtBopoB. JlorjomeHHboe HOHH MeTaJJioB
MOKHO 3JIIOMPOBAaTh MOCAEAOBATENALHO Pa3JHUHBIMHU 3J10-
e€HTaMH,

biasuyc u cotp. {32] IpHrOTOBHAH MHOrO CMOJ, COZEp-
XKalllMXx KpayH-3uphl. [IBa mpumepa TakuX CMOJ:

O O
. H-cm—@ :@-c:Hm__
J

L y

i

:
O O O
+anAQL TOFo
0] O O

L. o

CMmonbl ¢ KpayH-3(pHPHON rpynmnofi MOrJAOLIAIOT HOHBL
UIEJAOYHBIX, IIEeNOYHO3eMeNbHEX W HEKOTOPHIX JPYrHX Me-
TaJJIOB B BHJe 3apsKEHHOr0 MOHHOr0 KOMIJIEKca MeTananaa
CO CBA3LIBACMBIM AHUOHOM, KOMIEHCHUPYOIIHM  3apsj.
B asrom cayuae xpomartorpadHuueckoe pasjgeneHHE MOXKHO
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Tabauya 2.2. HekoTopble XeJaTHbie CMOJBI HA OCHOBe MaKpOMOPUCTOH
cmoant XAD-4 ¢upmer Rohm and Haas ¢ Boicokum copepxaHHeM

NOJIHAHBHHHI0eH30Ja
CTPYKTypa CMOJEI TormaoniaemMbie HOHEI lgpfrl;s;;a
/CH;N(CH;CO;H); Cu (IT), U (VI), [33]
CO:—C{I ) Th (I\Q,QZ;(IV)
e CHN(CH,COpH), P8 P2
OH
fl‘fOH Cu (II) npu pH 3,5 [34]
(l:Hz—C Mo (VI) npn pH 0—3
, CH,
Au (I11), Ag (D), [35]
I Hg (IT1), Bi (111
CH,OCCH,SH e (h) (D
Au (I11), Meramipt [36]
/CH; NJI2THHOBORA T pyImsl
CH;
\
= (I:l‘*CH;;
O
37
Ti (1V), Zr (1V), Mo (VI]), (371
'T? ?H Fe (I111), Th (IV) n np.
C-N~-CH,




34 laasa 2

.

OCYINECTBHTb, NPUMEHSIsT B Ka4eCcTBe 3JII0eHTa TOJbKO BOAY-
Ony6ankoBaH OYeHb XOPOWHi 0630p takux pador [32]
CpoficTBa HEKOTOPHIX JDPYTHX XeAaTHHIX CMOJ, XapaKTe-
PHU3VIOIUXCH HCKAIOUHTEJIBHO BBICOKOH CeleKTHBHOCTBIO H
YHHBepCa/JAbHOCTLIO, TepeyucieHbl B Taba. 2.2, Xpomaro-

M TS P T TR er = T T A T I

rpaguueckoe pasgesieHde HOHOB, nOrJoulaeMbiX CMOJaMH
3TOFO Tuna, HHorjga yjpaercsas OCYIUEeCTBHTb Ha A0CTaTO4YHO
KOPOTKHX KOJOHKaX.
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Hns peructpallud HOHOOOMEHHOTO pasiejenust Hanbo-
Jee pacIpoOCTPAHEH KOHAYKTOMETPHUUECKHHA C€HOCOO JeTek-
tupoBanus. OOcyxparmoTcsi YpaBHEHHst,  ONHChIBalou{ue
3JIGKTPONPOBOJHOCTh, H NPHHIMIK JeTeKTHpoBaHus. Pac-
cMaTPHBAIOTCS TaKXKe CHEKTPOPOTOMETPHUYECKHE H 3JIeKTPO-
XHMUYECKHE JeTeKTophl. JleTeKTopbl MOTyT DeTHCTPHUDPOBATh
HOHBl 16O HETMOCpeACTBEeHHO nocsie pasjeleHus, JHbo nocie
mepeBoja HX B COOTBETCTByWIL{He NPOU3BOAHHIC. OnucHBa-
I0TCSt IBETOOOp a3yIoiiiHe peareHTh ¥ AOMOJHHTeAbHOoe 000-
pyJdOBaHKE JJsi OCYIHECTBJCHHA NeTCKTHPOBAHHSA.

Kparkoe copepxaHue

st aBTOMAaTHYeCKOro JeTeKTHDOBAHHS HOHOB TIOCJE
HOHOOOMEHHOrO pas3fieiCcHusi HYXHO TIIATeIbHO BHOPATh
yCTPOHCTBO, COOTBETCTBYIOIIEE NAHHOMY 3JI0CHTY H aHaJjH-
supyeMoMmy obpasuy. KornaykromeTpuueckyve AETEKTOPLI
HU3MEPAIT NPOBOAHMOCTb pactBopa. [IpoBoauMOCTL H3Me-
psteTcsi B 0OpaTHBIX OMaX, H OHa NPONOPHHOHAJbHA WYHCAY
MOHOB B PacTBOPE W HX MOABHMKHOCTH, NpHYEM KaxKIblH
HOH MMeeT TOJBhKO eMy MPHCYILYIO moaBuXkHocTh, Ilpusexe-
Hbl ypPABHEHHHA, MO3BOJAIONIHE NPEJCKa3aTh MNPOBOIHMOCTE
pacTtBopa.

Herektopsl, paborarpuiye B yabTpa@HOIETOBOH H BHJHU-
MOH obJsacTax cnekrpa, 06/1aAalT cejeKTHBHOCThIO, OHU Xa-
PaKTEPU3YIOTCST BBICOKMM KayeCTBOM H3TOTOBJEHHS H Jier-
KOCTbIO H3MEHEHHs] CEJEKTHBHOCTH NMYTE€M HACTPOKKH Ha
COOTBETCTBYIOIIME AJUHBI BOJH H3jayuderusi. Mousl wmoryr
AHAJIN3MPOBATBHCSH MO MOLJAOIMEHHIO u3aydYeHuss JaAubo He-
HOCPEACTBEHHO, Jub0 1ocjae 00pa3oBaHus CBETONOrJOULAI0-
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gero KOMIJIEKCa C I[BETOOOPAa3yoILMM PeareHTOM. AHHOHHI
xaopa, 6poMa u HOJa, HHTPAT-HOHBI, HUTPHT-MOHBI H ApY-
pHe HOHBI IOTJIOIMAOT B HHTepBaje JauH Boan 190 —
210 nm. PaccmaTpuBaeTcs morJonieHyue cBeTa KOMILIEKCaMU
METalJIoB C Xjop-uoHoM. llperoo6pasyiomuii peareHTt 4-
{2-DHPH/MIIA30) -DE3OPLUHH  MOXKET B3aHMOLCHCTBOBATL C
gonaMu 34 meransoB ¢ 00pa3oBaHHEM CBETOINOLJIOIIAIIHX
gominaekcoB. CMelleHue peareHrta ¢ 3JI0ATOM JOJXKHO MPo-
HCXOIUTh OBICTPO M 3(PCKTHBHO, a CMECHTeIbHAsi Kamepa
BOJIKHA HUMeTh MaJjibli 00beM, 4TOOB CHH3HTL pasMbiBaHHE
HHKOB.

.. Haubosee pacnpocTpaHeHHHIM THIOM  3JCKTPOXHMH-
YecKHX JI€TeKTOPOB BJSETCS] aMnepOMETPHYECCKHHA, OAHAKO
OYEHbL IOJIC3HBIMH MOTYT Oka3aTbCs KYJOHOMETDHUCCKHUE
ReTeKTOpH. B 3/1eKTPOXHMHYECKHX JEeTeKTOpPaX OCyLIeCTBJIs-
ercs NPHUHIHN 3JeKTPOJIH3a 3JCKTPOAKTHBHBIX YaCTHI IO
BOTBETCTBYOIUX TpOAYyKTOB. [Ilpomeccom 3JieKTpoJiu3a
MOXHO yNPaBJSATh NyTEM H3MCHEHHS MPHJAOXKEHHOrO Halps-
MeHHs n THma s4edkd. AMmepomerpHuUecKHe JIeTCKTOPLI
npespamaior 1 —10% 3/1exTpoakTHBHBIX HOHOB, a Ky.JO-
HoMmetpHyeckue — 1o 1009%. VoHbl MoXHO perHcTpHpOBAThH
HENIOCPEICTBEHHO MM B BHIE HX NDOH3BOAHBIX, KOTOPHIE
NoAy4YalT 1nocje KOJOHKU. DOJNBHIMHCTBO JETEKTOPOB pa-
60TaeT Npu MOCTOSIHHOM HANDSXKEHHH, HO MOXKET 0Ka3aTb-
Cd NMOJIE3HOH M MMINYabCHAs nMojada HamnpsikeHHst, B rnase
NMPUBOJHTCA ONMCAHHE KOHCTPYKIHMH HCKOTOPBIX [IETEKTH-
PYIOILMX YCTPOHUCTB.

3.1. Beegenue

JleTekTopnl aJisi ‘HOHOOOMEHHOrO XPOMAaTOrpadHYeCcKOro
paspenenuss obecnedyuBalOT HENPEPHIBHYIO  PErHCTPAIHIO
KOHUEHTpalUHX aHaAH3HDYEMBIX HOHOB B 3JI04aTe€ B MPHCYT-
CTBHH HOHOB 3Ji0eHTa. KOHCTpYKIHS aBTOMAaTHYECKOH je-

TEKTHPYIOUIEH CHCTeMbl HHOT/Aa OblBAET JOBOJABHO CJOMXK-
HOK. Ouenp BAXKHO NIPaBUJILHO Rktﬁp;ﬂ‘k TUTI 2J08HTAa. 67T0

clATAI] FrJ2IMAARY FOED RV, 2 a2 A ALAL wrEAANI MLl ki a4y i W

KOHUeHTpauuio 1 Beauuuny pH, neobxonumbte st HOHOO6-
MeHnoro paspaesnenus. He MeHee BamHO, 4YTOGH AETEKTOP
OLI cormacoBaH Kak C 3JIOCHTOM, TaK H C aHaJU3HpyeMbl-
MH HOHamH, T. e. OH JOJIKEH pearHpoBaTh Ha aHaJH3UDye-
Mble HOHEI, HO He Ha HOHBI 3JI0eHTa, 3Hasi NPHHUMUN PaboOTH
A€TeKTOpa, MOXKHO HaHOOJee MOJHO pPeajyH30BATbL NOTEH-
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LHaJbHBIE BO3MOXHOCTH HOHOXpOMarorpadHuueckol cHC-
TEMBI. -

B wnacrosimielf rjiaBe pa3buparOTCs HECKOJIBKO THIIOB
JIeTCKTOPOB, a TaK¥Xe 00CyXKJaioTcs COHYTCTBYIOLIHE XHMH-
yeckue U (U3NUECKHe fABJIEHHS U UX B3aHMOCBf3b C KOH-
CTPYKIHcH jerekTopoB. B nownoit xpomartorpaduu IUHPOKO
HUCHOJIB3YETCS KOHJAYKTOMETDHUEeCKoe [EeTeKTUPOBaHue, H
NOTOMY Ha 3TOT THH YCTPOHCTB oOpauiaercs OCHOBHOE BHH-
manue. JLJast perucrpanud HOHOCOMEHHOTO pas/esieHds NPH-
TOJHBI TaKxXe CIeKTPO(OTOMETPHUECKHH U 3JICKTPOXHMH-
YeCKHH JeTeKTOpH.

3.1.1. CeneKrupHble M YHMBEPCankHblie AETEKTOPLI

Jas aproMaTrHiecKOro JAeTCKTUPOBAHUS HOHOB IIpH
HOHOOOMEHHOM pasje/IeHHd NPUMEHSIoT pas3HooOpasHble
yeTpoicTBa. [leTeKTopbl MOXKHO pasjeJIuTb Ha YHHBEpPCaJb-
Hble ¥ CEJeKTHBHbIE. YHHBEpCaJbHbIE JETCKTOPH pearupy-
I0T Ha BCE HOHbBI, HAXCASALIUECH B JETEKTHpYyIOLleH AYeHKe.
OanuM u3 APEMEPOB VHHBEPCAJbHOIO JCTEKTOpa SBJAETCH
KOHAYKTOMETPHUUYECKHH, MOCKOJAbKY BCe HOHBI, HaxoAsllue-
Cf B pacTBOpe, NPOBOAAT 3JeKTpuueckuil ToK. Cnexkrpodo-
TOMETPHYECKUH, 3JEKTPOXUMHUUYECKHH, NJAaMeHHO-3MHUCCHOH-
HBII W aTOMHO-a0COPOIMOHHBIA NETEKTOPHl ABJSIOTCH  Ce-
JeKTHBHBIMH, [OCKOJIBKY OHH pearupymor TOJbKO HA Olpe-
fejennbie  HoHbB. CrneKTpodoTOMeTpHUECKHEe  JeTEeKTOpHl
MOXKHO CAeJaTb NOYTH YHHUBEPCAJbHBIMH, eCJH NOCHe KO-
JIOHKH OCYIIeCTBJAATb PCAKIKIO aHaJU3UPyeMblX HOHOB C
onpeflesieHHbIMU  1iBeToobOpasywmumd pearentamu. [lo-
ApoOHOCTH 3TOrO Mpolecca OMUCanbl B pasia. 3.3.

DJI0CHTHl B HOHOOOMEHHOH XpoMmarorpaduu Bceraa co-
AepxKaTt HOHb. C 3TUM NOCTOSHHBLIM HOHHBIM (oHOM HEoO-
XOAUMO CUHTATLCA B JIOO0H [CTEKTHPYIOUIeH CHCTEME,
B cucteMax ¢ yHHBEDCAJIBHBIM JETEKTOPOM HeoOX0ZUMO
NepeBoJUTh aHAJU3UPYEMBIC H 3JIIOUPYIOUIME HOHBI B dac-
THUBI, BbI3BLIBAIOLHE pasHylo peakudio aerekropa, Jubo
moJ0UpaTh 3JIOCHT, 3apanec o0MafamIIUil 3TUM CBOHCT-
BoM. O6biyno (OHOBHE curuan sJioeHrta caabee, ueM Io-
Je3nblil CHraaJ. B GOJIbIIMHCTBE METOAOB, HCIIOJAb3YEMBIX
B aHHOHHOH XpoMmarorpaduu, peajusyercs HMEHHO 3TOT
cayuail. OaHako pazpaboTaHBl U CHCTEMBI, B KOTOPHIX (o-
HOBBHIH CHTHAJ BHIIle, YeM curnadg obpasua [1]. Cenexrus-
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HBle JETEKTOPH yacOHee B paboTe, NOCKOJBKY MOXHO IO-
706paTb pacTBOP 3J10eHTa, HOHBl KOTOPOro He OyAyT naBaThb
¢cHrydaJna, ¥ pporpaMMHpPOBaThL €ro CHIy AJs  yJIydlleHHd
paszesicHus. BO3MOMKHOCTH CEJEKTHBHBIX JETEKTOPOB MeHb-
.qQie, YeM YHHBePCAJbHBIX, MOCKOJbKY HepPBble PEarupynoT Ha
orpaHHYEeHHOE YHCJIO aHAJTM3HPyEeMBIX HOHOB; OAHAKO HX
COCOOHOCTE PErMCTPUPOBATH CHTHAA TpebyemMoro uoHa B
MPUCYTCTBHH MHOTHX APYTHX MOXeT OLIThb OYCHb LEeHHOH.

3.2. OeTeKkTOpPbl 3NEKTPONPOBOAHOCTH

JleTeKTopsl 3JeKTPONPOBOJHOCTH MPUIrOJAHB A48 obHa-
PYXKEHHs caMblX pa3nooOpas3HuXx HOHOB. TakHe HeTeKTOpH
He PEarupyioT Ha BEUIECTBA, HAXOAAIWUECHA B MOJEKYJIAp-
HOM COCTOSIHHUH, HAAPUMEp BOAY, 3TAaHOJ HJIU HeJLHCCOLLHH-
poBalHble MOJEKYJBl CNabbIX KHCJIOT. DTo BaxKHOe 06CTOSA-
TeAbCTBO HYXKHO YYUTHIBATH IPH CO3LAHUH KOHAYKTOMETDH-

YeCKOH HoHoxpoMmatorpapuueckoii cucteMmn. HMonoxpomaro-
rpapuuecKul  JeTeKTOp  A0JIKEH pearupoBarsb Ha

4HAJU3UpyeMble HOHbBI HHAue, 4YeM Ha HOHBl 3JI0CHTA.
Hpu KOHAYKTOMETPHYECKOM JeTEKTHPOBAHHUU 3JH0aT MOXKHO
06paborarb BO BTOPOH KOJIOHKe, YTOOBI OCNaBUTBH 3JEKTPO-
NPOBOJHOCTL  3JIIO€HTA H YCHJIHTb 3JEKTPONPOBOAHOCTD

aHanusupyemoro obpasma. Moxno mnomobpars U Takod
SJIICEHT, HA UOHEI KOTODOIO ﬂemeanp penrup}re'r Hyaue

e ¥ A AR e LS A R E bl ~y
YeM na HOHp oOpasua. CmendandbHble TpeOOBaHHS U He-
JAOCTATKH KOHAYKTOMETPHUeCKOH WOHHOM XpoMmarorpaduu

o6cyxaatorcs B . 4 — 7. Huxe KpaTko paccMarTpuBaioT-

DNEKTPONPOBOJHOCTb €CTh CMOCOBHOCTb PACTBOPA 3JIEK-
TPOIUTAa NPOBOAUTL 3JIEKTPHUECKHH TOK MeXAy AByMf

3-71&1{'!‘1’]0?19!\.“2 ¥ ENATANLIM TTHhUTNANOON QAN TAIIITAO L AA .
SEIPVAGNIN,, B QUL UR LN 11&111-11\_}11\\41\.’ -Jdl\,nl.i)rl"l\,\rn.UC nnia=—

IpsiKende. ITOT mppouecc mofuyuHserca 3akony Owa
(U=IR), coriacHo KOTOPOMY TOK HPOHOPHHOHAJECH npu-
JIOXKEHHOMY HAaNpSKEHHIO. DJeKTPONPOBOAHOCTL PacTBOpa
€CTp Beswuuna, o6paTHAast €ro COMPOTHUBIIEHHIO, H H3MEpSeT-
Cs B oOparuuix omax (Om—1):

G=1/R (3-1)
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VaenbHas 3JeKTPONPOBOAHOCTD R ompenensiercs Kak
E=Gl/A (3-2)

rae A — mnomajap aekTpoaoB  (cm?) u [ — paccrosiHue
Mexay ajekrpoaaMu (cm). Takum obpasom, k u3Mepsercst
B eaunnnax OM—t.em— L,

[ToctosHHas sguefixkdy K BHPa)Kaercd COOTHOLICHHEM

K=1/4 (3-3)
T. ¢. uamepsiercda B eaunuuax ¢! Uz (3-2) u (3-3) caeny-
eT

k= GK (3-4)

JKBHBAJEHTHAS 3JEKTPOMPOBOAHOCTL A CBfA3HIBAeTCd C
KOHIIEHTpalUel BelecTBa B pPacTBOPE H BBIPAXKAETCs1 KaK

A = 1000£/C (3-5)

rae C — koHuenrpauus B skBuBajentax Ha 1000 cm3 Be-
JHuUMHa A uaMepserca B egununax Om—'-cm?-akp~l.

KomGunanua ypasrenuit (3-4) u (3-5) Jaer BbipaxKe-
HHE, KOTOPOE CBSI3BIBAET 3KBUBAJEHTHYIO 3JICKTPONPOBOA-
HOCTb C U3MEPsIeMOH 3JIEKTPONMPOBOAHOCTHIO

G = 1C/1000K (3-6)

JeTeKkTop 35JeKTPONPOBOAHOCTH COCTOHT M3 fAYCHKH, B
KOTOPYIO NOJAAeTcs aHaJU3UPYeMbI pPacTBOP, HHAHKATOPA
H 3JeKTPUUECKOH CXeMbl JJ8 H3MEDEHHS NPOBOAUMOCTH H
U3MEHEHHA UyBCTBUTEJbHOCTH. MHAUKaTOp rpaiyupyercs B
eaununax OM~! unu (s pocrarouno pasbGaBJICHHBIX PAcCT-
BopoB) B MKOM™.,

YIenbHY0 3JMCKTPONPOBOAHOCTL MOKHO BBIUHCJAUTD H3
JIEKTPONPOBOJHOCTH, €CJH H3BECTHH mapaMeTpbl siuedKu
{[ypaBrHenue (3-2)]. Ognako na NIpakTHKe U3MEPSIIOT HPO-
BOJAUMOCTb pa30aBJEHHOro pacTBopa C U3BeCTHOH yAebHO
3JleKTponpoBoAHocThIO (Hanpumep, 0,00100 u. KCl) u BH-
YHCJSIOT NOCTOAHHYI0 fueliku no ypapuenuio (3-4). Ecawu
NOCTOAHHAA SiUelKH U3BecTHa, TO, u3Mepus U, MOXKHO pac-
CUHTATL YAEJIbHYIO 3JEKTPONPOBOJHOCTb JPYTHX PAacTBO-
POB.
ITo taGauunablM 3HAUYEHUSIM 3SKBUBAJIEHTHOH 3JEKTPO-
TIPOBOJHOCTH U ypaBHeHHIO (3-0) A9 KOHAYKTOMETPHUYECKO-
rO JE€TEeKTOPa C H3BECTHOH NOCTOAHHOH fiUeHKH MOKHO BHI-
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YHCJIUTh 3JEKTPONPOBOAHOCTL PAa3lHYHBIX pPACTBOPOB C
3ajgaHHoi koHueHrpanued. Ilpenenpnble 3HaueHus 3KBHBa-
JIEHTHOH 3JIGKTPOMPOBOLHOCTH HEKOTOPBIX YaCTO BCTpeualo-
IUXCS Ha NMPaKTHKe HOHOB npuseneHH B TabJa. 3.1. DkBu-
BaJICHTHAS 3JEKTPOINPOBOLHOCTh HOHOB OOGBIUHO CHUXKAETCH
C YBEeJUUYEHHEM HX KOHIEeHTPAlHH BCJEJCTBHE MEXKHOHHBIX
B3aumogeiicreuil. Hdas pasbapnennsix pacrsopo (1075 —
10—% H.) 3KBUBAJIEHTHAS JCKTPONPOBOJHOCTb MaJO OTJIH-
YaeTcs OT 3HAUCHHMW, TIpUBeJCHHBIX B Tabj. 3.1.

Ipunmep. BLIaHCHHTD OXHJAEMYIO 3JIEKTPONPOBOAHOCTD
"1,0-10~* u. pacTBOopa 6GeH3oaTa Kajus, ecJH NOCTOAHHAS
siuefiky paBua 30 cM~,

Tabauya 3.1, TpeneabHbie 3HaYyeHHst IKBHBaNEHTHOH HOHHON
3JEKTPONPOBOAHOCTH B BOJHOM pactBope npu 25°C [6]

Anuonhl A, Om™1.cM2- 3B, KaTuoubl A, Omt-cMm?-3K871,
OH- 198 H* 350
F- 54 Li+ 39
Ci- ) 76 Nat 50
Br- 78 K+ 74
I- 77 NH, 73
NO37 71 Mg*t 53
HCOy™ 45 Ca’t 60
Dopuat 55 Sr2t 59
Anerat 41 Ba®*t 64

) [poituonar 36 Zn2t 53
Bensoar 32 Hg2+ 53
SCN- 66 24
SO 80 cu 59

o;-* Pp2t 71
C J 72 Co?t 53
C2O4_ 74 Fe3t 68
CroZ— 85 La®t 70
PO 69 Ce?t 70
Fe(CN)2~ 101 CH,NHZ 58
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Hcnoab3ys nannble Taba. 3.1, MOXHO BBIUMCJIHTL IKBH-
BaJICHTHYIO 3JEKTPONPOBOAHOCTL OeH3oata xanaus (Ax*+

+XAg,- )5
Mgy = 74 - 32 =106 Om71 - cv? - sxB7L.

[ToacraBnas 3Ty BeauyuHy B ypasnenue (3-6), 1o-
JIyUHM
G=106-1,0-10"%(10%-30) =3,53 - 1077 Om™ (wmm

0,353 MkOm™).

we
L v
hJ
1::
:E
o
1]

Eciau K JBYM 3JEKTpPO/AaM, HAaXOAAHUMCS B pactsope
3JEKTPOJINTA, MPHJIOXKEHO ICKTPHUCCKOe HANpsKEeHue, TO

TUUAPLT B NACTROANS OVIVT TRUTCATHCT ¥ a0V 1 KaTUuO-
CLILlIAN PRI LN 2 l.lu\.«l.uut)\,, UJ’,LI‘JA AL ArOAL L1 L AFNTR e CARISLN Y oy i Ania 4 Zalis

Hbl — K Katony. UuCao HOHOB H CKOPOCTb HX ABHXKEHHA B
obbeMe IJEKTPOJHUTA ONpefeIsIoT JCKTPOIPOBOJHOCTD
pactsopa. [ToaBHKHOCTL HOHOB (UX CKOPOCTb, JeJieHHasl Ha
HANPAKEHHOCTb 3JIeKTPUUECKOrO NOJfl) 34BHCHT OT 3apsja
U pasMepa HOHA, TeMIIePaTypb!, THMA CPeAbl U KOHIEHTpa-
unyu uoHOB. OTHOCHTeNbHbIE TTOABHXKHOCTH HOHOB OIpeaess-
IOTCA OpeJeJIbHBIMHE 3HAUEHUSIMH  3KBUBAJEHTHOH HOHHOHA
3JIEKTPOMPOBOAHOCTH, TpuBelennsiMu B Tabma. 3.1. Cko-
POCTb [BHXKEHHS MOHOB 3aBHCHT OT BEJHUYHHBl MPHJIOKEH-
HOro Hanpsi:KeHus. HanpsiKenue MoxkKeT ObITb TMOCTOSIHHBLIM

TTAMN TTONAMAITITLTIRM ATITTIIAALT T 0 vynn‘ TT T LY TINOMAUTNA YL ITALY
JII’LUU 11LPC1VLCIIHDJLVJ. \,nn_ybun,u, d Drvy riJl Kl HppabiuylJJibnurl

UMIYJbCHOR (POPMBL.

Toxk B suelike M3MepuTb HCTPYJHO, OAHAKO CONPOTHBJIE-
HHe SIYeHKU OlpeessieTcs HalpsKeHHeM, J0 KOTOPOro
HOHBI pearupyrwr Ha ero udMmenenue., IlopeneHue HOHOB
MOXKET BbI3BATh H3MeHEHHC IPPeKTuBHO20 TNPHIOKEHHOTO
Hanpsikenuda. Ha puc. 3.1 mokasanbl HeKOTOpble HauOOJee
BaxXKHble SBJICHUS, KOTOPLIC: MOT'YT BO3HHKHYTb B suelike.
TIoMHEMO 3JIEKTPOJHUTHUECKOrO COTPOTUBJCHUS, MOXET MO-
ABJATLCA CMKOCTHOEC CONPOTHBJICHUE JABOHHOIO CJOS, HWJIH
¢apajgeeB uMmnenanc.

Ecau porennuana na 3JeKTpofe HHUXKe NMOTEHIMAJA pas-
JIOXKCHHSA, TO B CJOH pacTBOpPa, HEMOCPEeACTBEHHO TIPHMBI-
KaloWHUi K 3JEKTPpOAy, OyAyT NPUTATHBATHLCA HOHBI MPOTH-
BOIIOJICKHOTO 3apsiia u oOpasyercsi 3apAXKEeHHBIH CJOH.
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Puc. 3.1. flyefika meTekTopa 3JeKTpONPOBGAHOCTH [2]i

Hso6paKensl: ABOHHON cn0l y 3JeKTpomos, dapaleeB MMNeZaHC H NepeMelleHHe
HOHOB B OO0BbeMe S3JIEKTPOJIHTA.

OTOT 3apsXKeHHBIH, HAM IBOHHOH, CJIOA COCTOHT H3 ABYX
yacred: 1) TOHKOro BHYTPEHHEro CJ0si, B KOTOPOM KOH-
LHEeHTpalus HOHOB (HJAM OOTEHIHAJ) JHHEAHO Majgaer ¢
PacCTossHUEM OT TOBEPXHOCTH 3JeKTPOoaa; 2) pas3MBITOrO
CJOsi, B KOTOPOM KOHLEHTpPalds HOHOB Hajaer IKCMOHCH-
LHAJbHO,

Bo3nuknoBenue [IBOMHOrO CJI0S CHHXKAeT HanpsiKEHHe,
NPUJIOKEHHOE K 00beMy 3JIEKTPOJIUTA.

Ecin noresuuan na sjexTpoie Bhlllle NOTCHIHAJA Pas-
JOXEHHS, TO OYAeT NPOUCXOJUTb 3JEKTPOJaU3. B pesyJib-
TaT€ OPOLIECCOB OKHCJEHHSI HA aHOAE H BOCCTAHOBJIEHHS HA
KaToje yepes rpaHully pasjcia 3JEeKTPOJX — pacTBOP IOTe-
YeT TOK. DBo3HHKawIu# npu 3TOM (papajgecB HMMOEAAHC
MOXeT OBbITb BBI3BAH MCAJICHHBIMH HpOIECCAaMH Tepenoca
SJEKTPOHOB JHOO yBCJHUEHHEM HJIH yYMEHbIIEHHeM  KOJH-
Y€CTBa MOHOB HA MOBEPXHOCTH 3jekrponoB. Dapajees
HMIenanc takke MeHseT 3¢ (peKTHBHOC HanpsSKCHHE, TPH-
JIOXKEeHHOE K 3JEeKTPOoay.
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3.2.3. UamepeHMe 3NEKTPONPOBOAHOCTH

BUiHsInHEe ONHCAHHBIX 3JEKTPOJHBIX HDPOIECCOB MOKHO
YCTPAHUTb NYTEM IOJAAY¥ HA JEKTPOABl NMEPEeMeHHOro Ha-
npAxeHusa, IIpH M3MeHEHHH 3HAKA TPUJIOKEHHOrO0 HaHps-
JKEHUSI MEHSIOTCH HamnpaBJICHHe NepeMelieHUs HOHOB, Xa-
pAKTEP 3JIEKTPOJIM3a H Xapakrep oOpasoBaHHS €MKOCTHOTrO
conpoTuBicHus. BpeMs penakcanuu pasiHyHo LJsA KaxkJ0-
ro Tuna ppouecca. [lo Mepe yBeauueHUs YACTOTbl BJIUSIHHE
3JIEKTPOJIH3A CHHIXKAETCST HJIM COBCEM YCTpaHsieTcsl W TOK
B pacTBope onpenessieTcsi EMKOCTHBIM COHPOTHBJIEHHEM.
Bepxuuit npegen yactor cooTBercTByer npumeprno 1 MI'w.
[Ipu aTo#t wacTore HOHB HPEKpalalOT [ABHXXEHHE, XOTS
nepeopueHTaldg AUNOJeH no-npexneMmy OyIeT MNpoOUCXo-
JAUTb, BuidsHHEM €MKOCTHOTO CONPOTHBJIEHHS MOXHO yH-
paBJATh, MoA6Hpasg COMPOTHBJEHHE B 3JEKTPUUECKOH cXxe-
Me, JHOO MOXHO H3MEPSATb MTHOBEHHBIH TOK. MruoBeHHbIH
TOK — 3TO TOK, BO3HHKAIOMIUI B MOMEHT NOJAa4yd HAMpsKe-
HHUSl, KOTJla ABOMHOH cJo# elle He o6pasoBadcs.

Ha 37¢KTpoaH siueek HEKOTOPBIX JeTeKTOPOB MHOfaloT
Halpsi)KeHue CcHHycouaanbHO ¢opmbl  uyacrotoit 10—
10 000 T'u. Jerekrop 3JeKTPONPOBOLHOCTH Moaean 213
¢upmpt Wescan [5] paboraer na uyacrore 10 k[t mpu na-

rinasroorrr O R T ATAYVTATRITIT ATOETNANITLITA B amrsw
HpPpAmOCHhn &avu D HpPH CICYICTBH A SJCKTPOJH34d. D J10UM

YCTPOHACTBE HCMOJb3yeTcd (Da30uyBCTBHTENBLHOE — JIETEKTH-
pOBaHue, T. ¢. U3MepsAeTcH TOJbKO Ta COCTABJAKOUIAs TOKA,
KOTOpas HaXOAUTCA B (paze ¢ MPUNOKEHHBLIM HANPSAKEHHEM,

B apyrux aerekTopax HCHOJb3YyeTCH MeTOoj OUnoasapHON
HMIYJbCHOH MPOBOJAUMOCTH [3, 4, 7]. DTOT METOJ COCTOUT B
nMocJef0BaTeNbHON nMojaye Ha SUYCHKY JBYX UMIYJILCOB Ha-
npsiKeHusl Mano# aautedbHOCTH (0KoJo 100 mxc). Umnyas-
Cbl UMEIOT APOTHBOMOJOXKHYIO NOJSAPHOCTb, HO OJUHAKOBHI
Mo aMIVIHTYAe U AJUTeNbHOCTH. Cpasy IO OKOHUAHHUH BTO-
pOro UMHOyJAbCa U3MEPSKT TOK B fAuYelKe H ONpeAesfAT ee
COTIPOTUBJICHUE, MOJB3YSACh 3akoHOM Owma. Takol umnyJibe-
HBIH CocO0 NUTAaHUS HPEAOTBPAlLAeT JEKTPOJIH3,

TTockoabKY Tpu GUMONAPHOM UMIYJBCHOM THTAHHH B
UeHKe H3MCPSAIOT BEJHYHUHY MTHOBEHHOIO TOKA, eMKOCT-
HO€ CONPOTHBJIEHHC He BJIHAECT Ha U3MEPEHHA, U MOTOMY
3TOT MeTO[ MHO3BOJISIET TOUHO ONPEAEJHTL CONPOTUBJECHHE
STYCH KA.
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3.2.4. Oco6ennocrn paborsl

B nepBBHIX KOHLAYKTOMETPHUCCKUX AeTEKTOpaxX IpHMeHs -
JUCb TMJIATHHOBBIE 3JEKTPOJBI, TOKPBITHE  MJATHHOBOU
yepHblo, TakHe 3JEKTPOABl UMEIT OOJILUIYI0 IJIOUlafb I10-
BEPXHOCTH (M €MKOCTb) H HH3KOE COMPOTHBJEHHE TOJAPH-
zanuyd. O1HAaKO NMOTOK KHJAKOCTH CTPEMHTCS CMBITL MOKPHI-
THE C D3JEKTPOIOB W H3MEHHTb HX XapaKTEePHUCTHKH.
B suefikax wHoBeHIIUX JeTEKTOPOB 3JEKTPONPOBOIHOCTH
3JIEKTPO/bl, KaK IPABUJIO, [eNal0T H3 HepPKaBEIOUICH CTaJH
Mapku 316. MepTBbIlI 06beM siueCK He MPeBHILACT 2 MKJ.
Utobbl «J1e3aKTUBHPOBATE® HOBYIO AUEHKYy H CcTAOHJH3HPO-
BaTb cHrHaJ, ce npombiBailoT 50%-HbBIM pacTBOpOM asot-
HOM KUCJOTH B TeUueHHe HeCKOJbKUX MUHYT.

ilogBUXKHOCTH HOHOB B pacTBOpe MeHserTcs ¢ TeMmepa-
TYypoil. DNEeKTPONPOBOAHOCTb OOJBILUHCTBA PACTBOPOB  HO-
HOB BO3pacTaeT NPUMepHO Ha 2% NpH YBeJHUCHHH TeMIie-
patypsl Ha 1°C. B gerekropax 3JEKTPOMPOBOJHOCTH H3Me-
HEHHE TeMIepaTypbl MOXKHO CKOMHEHCHPOBATL € NOMOIIBIO
TEPMHCTOpPA H KOMMNEHCAIMOHHOH CXeMBbl, B KOTOPOHU COMpo-
THBJICHHE JMHEHHO MEHSeTCHd ¢ HU3MEHEHHEM TeMIepaTyphl
pactBopa. B JsioboM ciydae guelKy JAeTeKTOpa HYXHO M30-
JUPOBAThb, YTOOLI NPeNOTBPATHTL CJayUaHHBIE KOJeOaHHs
ee Temnepartypnl, [losesno, no ne o6s3aTenbno B30AUPOBATD
M Jpyrve 4acTd MOHHOIO XpoMaTorpada, TakdHe, KaK KOJOH-
KH H €MKOCTH C 3JII0CHTOM.

ITpocrpancTBo sueHKH, B KOTOPOM H3MEpHETCsT TeMmepa-
Typa, OOBIYHO AOCTATOYHO BEJUKO, H HO3TOMY B HeM BO3-
MOXXHO 3aMETHOC TNepeMelldBanHe pas/iefenHnblXx dpakiui.
IIpu paGore ¢ AByMS pOCJEN0BATENbHO YCTAHOBJEHHLIMH
ReTeKTOpaMH Bo HM30€KaHue pas3MbiBaHUsl XpoMartorpadu-
YECKOH HOJIOCH JeTeKTOpP 3JEKTPOIPOBOJHOCTH JAyulle MHo-
MelaTh NOCJEeLHUM,

Bece konnykToMeTpuuecKHe JeTEKTOPH AOJKHEL  BKJIIO-
YaTh Kakue-NHOO cpeacTBa KoMmeHcanuu (oHOBOro curna-
JIa, KOTOPBIl MOXeT Ha TPH NOPALKA BeJHUHHBL MPEBBIIATH
curnaj ot obpasua. last npoTouHoil CpaBHUTENBbHON AUCHKH
KOMNeHCallsi MOXKeT OKasaTbCfl ropasjo 6ojee 3aTpyHHU-
TeNbHOH, yeM [JJis1 HenpoTouHoH. B GoabuiuncTse yaauno
CKOHCTPYHUPOBAHHEIX AETCKTOPOB (POHOBHI cHrHaJ KOMHOEH-
CHpyeTCs ¢ NOMOIIbK 3JIEKTPOHHOH CXEMBL U HOTOMY MpPH-
MEHAIOT TOJIBKO OJHY NPOTOUHYIO SUCHKY,
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3.3. letekropbl, pabortaowme B ynbTpahHONETOBOM
M BUAMMOK obnacTax cnekrpa

CylecTBYyeT HECKOJAbKO IPHUYHUH, TO KOTOPBIM CHMEKTPO-
(dhoTOMeTpPHUECKHIR AETEKTOP HCMOJBL3YIOT IJIsl PErucTpaluu
HonoobMmennoro paspeienusa. On obJgagaer H3bUpaTellb-
HOCTbIO, KOTOPYI0 MOXHO JIETKO HM3MEHHUTb, MeHsi AJHUHY
BOJHBI H3AyueHHsl, [{o0OaBiassg B JI0€HT HJH J10aT 1LBE-
TOO6pasyloUuil pearenT, MOXHO PacilipuTbh 06J1acTb HPH-
MeHHMocTH JeTekTopa. Hakonel, yxKe CylUECTBYIOT BBICO-
KOKaueCTBEHHble TIPUOOPBHl ¢ ITUM THMOM [ETEKTOPOB  ujIf
OTpefesieHHsT OpPraHHYeCKHX BCLICCTB METOAOM BbICOKO3(d-
(eKTHBHOH XHAKOCTHOH XpoMmaTtorpaguu.

JlefictTBHe paccMaTpUBaeMbIX CHEKTPOPOTOMeTPHUECKHX
RETEKTOPOB OCHOBAHO Ha (PyHAaMEHTAJbHOM 3akKoHe Jlam-
6epra — Bepa, KOTOpHIl MOXKHO UPEICTABUTL B TaKOH

dopwme:
P A =ebC (3-7)

rie A — porjomawigas cnocoOHOCTb YacTHL, HaXOAALIUX-
csa B KioBere AaHnON b B Konuenrpauun C u obiaganomux
KO3 puunenroM noraolnenns . Monbl 3110eHTOB, IPUMeEHsie-
MbIX B HOHHOH XpoMmartorpadui, L10JKHBE UMETb HHU3KHE 3Ha-
UCHHS €, a aHAJU3HPYEMBle HOHBI — NOCTATOYHO BbICOKHE.
O6cyxprenne NMPHHIHUNOB AeHCTBHS JeTeKTOpOB, paboralo-
KX B yabrpadHoeTOBOH MW BHAMMOH 00JacTAX CHEKTpa,
pasiejeHo Ha JBe yacTH: 1) mpH npaAMOH pETrHCTPalUH
cocTaBa 3a1ara; 2) nocte NoJyyYeHHs TPOH3BOJHHX.

3.3.1. HenocpepcTBeHHast perucrpaumus

Hautonee pacnpocTpaneHHBIE yJabTpadHOJETOBHHE Je-
TeKTop ¢ pabouell JyuHOH BoJHBl 254 HM ciaabo pearupyer
Ha OOJIBIUIMHCTBO HeopraHu4ycckux HoHoB. OJHAKO MHOTHE
MOHB HHTEHCHUBHO MOIVIOWIAIOT H3JyYeHHe ¢ MEHbIUIEH IJH-
HOH BOJIHBI. ECJH 3JI0€HT He COJACPIKHT MellalouuX opra-
HHUYECKHX NpUMeceH, TO AJsl JeTeKTHPOBAHUA a3uia, XJo-
puaa, 6pomuzia, 6pomara, HOAHJA, MOAATA, HATPUTA, HH-
Tpara, CyAb(pHTa, Ccyabdara, ceJleHHTa H THOH3OIHAHATA
MOXHO HCHOJb30BATb H3JyUeHHe B HHTepBaJe AJUH BOJH
190 — 210 um {8]. B pa6ore [9] nokasauno, uro Ajas JeTeK-
THPOBAHUS MepPeUYHCJHeHHbIX Bhlllle aHHOHOB, a TaKXKe TpPH-
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THOHATA, TeTPAaTHOHATA H MEHTATHOHATA B KOJUYECTBE
BILIOTb [0 HECKOJbKHX HAHOrPaMMOB mpuroana o0JacTb
210 — 220 uM, BO3MOXKHOCTH yJIbTPadHOJETOBOTO JeTeK-
TOpa OrpPaHUYCHBl, NOCKOJAbLKY, HalpUMep, cyabdaT ne Je-
TeKTHpYyeTca B uHHTepBaje 190 — 220 uM, a XJOP-HOH — B
ob6anactu 210 — 220 am.

B XHAKOCTHOH XpOMaTOrpa@uM jJsd aBTOMATHUYECKOH
pErHCTPALMH MOHOB MeTaJ/JIOB IUHPOKO HCHOJAB3YIOT MOIJIO-
WAoMYI0 cnocoOHOCTh UX KOMIIJIEKCOB ¢ XJop-uoHoMm [10 —
12]. Tyaxun 4 cotp. [13] npoaeMOHCTPHPOBAJHU BO3MOK-
HOCTH yJbTpadHONeTOBOro AeTEKTHPOBAHUS, TOJNyuyHB Y-
cnekTpel HoHOB 66 MeTannoB B cpeae 6 M HCI. MakcumyMmul
MOTJIOILEHHS Apane U KOIPQPHUUUCHTH NMOTJIOIEHHUS €yane KA
HOHOB METaJJoB npuBejenbl B Taba. 3 2. Ilornmowmamouue
M3JIYUCHHE KOMIIJICKCHl ¢ XJOpP-HOHOM 00pasyioT MHOTHE
MeTaansl, Chenyer moAuepKHYTb, UTO BCJHUYUHBL Aymanc HJIS
3THX KOMILIEKCOB 3aMeTHO pasauyaiorca. Ilpu wmenbiux
AJUHAX BOJIH OHU JAaIOT CryakeHHble CHeKTPhbl, U, NO-BUAH-
MOMY, XOPOIIUH KOMIDPOMHCC MEXIY YyBCTBHTEJbHOCTBIO U
CEJIEKTUBHOCTBIO JOCTUTAETCS MPH JJIMHEe BOJHBI 225 HM.

3.3.2. NonyueHne NPOH3IBILHBIX NOCNE KONOHKH

Merox mnonyuenusi TNPOU3BOMHBIX TIOCJAE KOJOHKH B
MIOHPYEMBIX (PPAKIHUAX XOPOILIO H3BECTEH CO BPeMCH mep-
BHIX HOHOOOMEHHHIX paszjencHuii  ns onpeae/ieHdHs KOH-
HeHTpPAllMKd HOHOB METAJJOB KaxXAylo (pakIHIo TOrja moj-
Bepranu o6paboTke moAXoAsiuiuM peakTtusoM. [losxke ocy-
ILECTBHJIM aBTOMAaTHUCCKOe A00aBJeHHe UBETOO0DA3YIOLIETro
pearenta B 3/104T nepej ACTEKTOPOM U ONPEAECHSTIH  €ro
COCTaB B MPOTOUHOH KIOBETE; MHOIHe [BETCOOpPA3VIOUINe
PearenTwr 1 Oydepnl ObJIM TEMH e, 4TO H B KJaCCHYCCKOM
MeTone ananusa Qpakiu.

Cukadys [14] moapobuo onucan nauboJsiee BaXKHble Hapa-
MeTpbl KOHCTPYKIUHH TA4KOH CHCTEMBI JCTEKTHPOBAHHA M HO-
PsACK pabGotel ¢ Heil. LIBeTHBIE peakiMH HOJXKHB  OBIThH
OblcTpbiMu, TuMHUHOe BpeMs 3a4€PXKKH MEXKAY BHIXOLOM
CMecuTeNIbHOH KaMepbl M KIOBETOH JeTCKTOpa JOJIKHO
CoctaBasats 1 — 100 mc. Ilorsouienne uBetcoGpasyoniero
BelllcCTBa JOJXKHO OBITH CAaOBIM (UM OTCYTCTBOBATb), a
IOryIouienne KOMIJICKCA METajda ¢ HUM — CHJIBHBIM (B 3a-
BHCUMoCTH oT TpebyeMol uyBCTBHTENbHOCTH). CMellenue



Tabaiuya 3.2, MakCHAMYMBI NMOTJOWEHAS Ayq, o H KO () (PHHMEHTHI
MOrJOWEHHd Eyaxe AJMA HOHOB MeTassios B 6 M HCI [13]

Hox Meranga

Rmaxc’

HM 10% ;1- Mmosb—1.cM™1

Evakc’

Amomunuit (I11)2
Bapuii (11)2
Bepunnuii (11)2
Banapnit (1V)
Bauapuit (V)
Buemyr (111)

Bomnbgpam (VI)®
Tagomauuir (111)3
Faduuit (1V)2
FepMaunisd
Fomemuit (111)2
Hucnposnip (111)2
Esponuit (I11)
Keneso (111)

3onoro (I11)

Unppis (I11)
Hpupuii (IV)
Hrrepbuit (I11)2
Kapvuii (11)
Kamit ()2
Kamuuit (I1)2
KoGaner (I1)
Jlaurau (III)a
Jluruii (I)2
Jlorennii (I11)2
Maruuii (11)2
Maprauen (I1)
Mom6aen (VI)
Mbimeag (I111)
Mpbimbak (V)@
Harpuii (I)2
Heonum (I11)2
Hukens (II)
HuoGuit (V)5
Onoso (II)

9,0

31
460
140

1,2
70
29
31
680
110

Gy

18

1,1

2,2

1,4

o7
45

1,5

120



1 podonoicenue mabar, 3.2

Hon meranga vmaxe® HM Emake 102 J1- MOJIB—!.CcM—1
Onoso (1V) 218 110
ITannapuit (I1) 222 180
. 280 180
Tnatura (1V) 262 270
Ipaseonnm (111)2 —_
Penuit (VII) 227 35
Popuii (111) 250 150
Pryts (1I) 229 270
Pyrenuii (1V) 255 110
Camapuii (I11) 380 53
Ceunen (11) 271 110
Cepebpo (I) 215 150
Cxanpmi (I11)2 —
Crpounuii (1I)2 —
Cypbma (I11) 229 220
Cypbma (V) 225 66
Tauran (V)8 —
Tep6uit (I11) 219 3,3
Turan (II1) 2156 9,7
Tutan (1V) 2156 9,6
Topuii (1V) —
Tymuit (I11) —
Ypau (VI) 236 34
Xpom (IT1) 2156 71
Xpom (V1) 248 21
280 16
355 12
Hesnit (I)2 —
Wepnit (I111) 2992 3,3
240 5,6
253 6,8
300 2.7

Huug (11)2
O upxouniy (I1V)2
Dp6uir (111)

a

Smake <~ 10%1-MOB™t-cM~ 1L

B unreppane 215—395 uM MaKCHMYM OTCYTCTBYeT, 3HAUEHHe yKa3aHo s 215 M.

B
He pactsopsierca 8 6 M HCI
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1[BeTOOOPA3YIOIIEro peareHta M 3JmaTa JOJXKHO OCYyIlecTB:
JATbcst ObICTpo U 3G (dEeKTHBHO, MNpPHYEM IS YMEHbIUEHHSA
pPa3MbIBaHHSI MUKOB O0BEM CMECHTEeJbHOH KaMephn [oJIXKeH
ObITb MUHHMaJIbHbBIM. .

[loMuMo yKasaHHBIX Bbillle KpUTEpHEB, HI€aJbHLIH LBe-
TOOGPA3YIOMNH peareHT J0J:KEH B3aHMOAEHCTBOBATh ¢ HO-
HamMu OoJgblioro uucaa MetasuioB., Cukagys [14] wuzydna
CBOMCTBa TakKHMX BeIlIECTB, Kak anuzapun kpacumi C, apce-
Haso III, xaopdochonaso III, xpomasypoa C, xunanusa-
pun, 4-(2-nupuaunaaso)-pesopunn (ITAP), 4-(2-tpuaso-
aunaaso)-pesopuua  (TAP) #n  xcugeHoa OpaHiKeBHE B
aeratHoM Oypepe. XpoMasypos C U XHHAJNH3APHH HMEIOT
OrpaHHYeHHOe NMPHUMEHeHHEe, B TO BpeMs KaK OCTaJbHBIE
coequnenuss pearupyior ¢ 20 u Gosee wMetannaamu. [IAP
ABJsIeTCsT HanboJiee OOIIHM peareHToM: OH B3aHMOJCHCT-
Byer ¢ 34 Meraasamu. B rtaéa. 3.3, cocrasientnoin Dpur-

Tabauya 3.3. Peakuu nBeToO0pa3ywMUX PeareHTos ¢ HOHAMH
MeTan10B (MOJIOXKMTeNbHbIe peakuHH OTMeYeHbl 3HAKOM naioc) [15]

Pearenr

MeTann
apcenaso | apcenaso IIT ITAP

Topufi (1V)
Huprouni (1V)
Fabuni (1V)
Amomuuni (111)
Xpom (111)
Jlantauuasi (I111)
Bucmyr (111)
Keqeso (I11)
Keneso (I1)
Banaauii (IV)
Maprauney (II)
KobamTt (I1)
Hukeas (I1)
Menp (I1)
Iuak (I1)
Kanmuft (11)
Pryrs (1)
Caunen (II)
Maruui (11)
Kameruin (I1)
Bapufi (11)
Crpounuit (1I)

oot

e e e B

o
S
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gem n Cropu [15], nepeuncaens MeTa/ibl U MX PEAKIHH C
gperoolpasywoumMu arentamu. Onu rorousu 0,0125% -nuiil
pactsop [TAP us 5 M pacrsopa 5 NH,OH, 0,003759% -
pactBop apcenaso III us 2 M pacrsopa B NH,OH n

1 M nacreana B anneraTe aMMAUUa a2 NnNacTR
1 1¥1 pAViIDUPd O duxidic diiunra, d 1o

3 3 M pacrsopa 8 NH4;OH.

3.3.3. OcobenHoctu pabortbl

Ouenb BaxkHo, 4ToOB B J€TEKTOpax NpeaycMaTpHBaJaach
BO3MOXKIIOCTh H3MEHATb pabouyro aauHy Bosnbl. HaunGosaee

yacTo ucnoan3dyercss wumiepsaa 190-—370 uM. Muorue
@0,125"
= l B 6 05“
Lo HYmpeHHAR pe3bda O,
] / (20°HUMOK HO. 0rtMm)
o
@0,0225"
LR AN _ - - T T
T %2~ L1
BHymperrAa pe3vda 0,25"
(28 HumoK  Ha Groum)
d} Mamepuan Kenb-®P
(cmepoiceb duamempom 150")
@0 4576 | 0" 05" 0"
) @1,500° N T T
Macwmad
20,5469
S
OV
. ] 7.
& — 88| .
a —t— S1E o
o —1—_!_1:: | — o“\ g
h-.-
1 1 <
. "
< Ll y
= A 0,300
B

Puc. 32. Buxpepas cMecHTeabHash KaMepa C pa3ieseHHBIM TAHTEHIH-
anLHEM Bxojom [14])
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Hapyacksill duamemp ™ )
{ 59 MM TpotHuk 1,59 mm
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Puc. 3.3. Paspe3 cMmecHTeNls1 ¢ «HYJdeBbiIM» MEPTBEIM OOBeMOM AJA CMe-
IIeHNs 3/1I04TA W peareHra nocjae KOJOHKH [l6].

KopliycoM cMeCHTeNnsT sAaafdeTcs BLicBeDNeHHHI tpofinuk dupmm Swagelock u
TpyOKH H3 HepKapBewmiell crtand (BHyTPenuufi muamerp 0,16 MM). QOfe BXOJAHmE
TpyGkn 0Opesaunl Iof yrjaom 45° H COCTHIKOBAHEI APYP ¢ JAPYIoM.

9JIOCHTH U pabouHe PacTBOPHI MOTYT BBI3BIBATbH KOPPO3HIO.
IToaTOMYy CcOenMHHTEJNbHBIE TepexoAbl U TPYOKH cJaenyer
H3rOTaBJAMBATL H3  CTeKJA4, TtedJoHa WJAH MaTepuasa
Kenp-®.

Cukadys [14] ucciiegoBas HeCKOJbKO THIIOB CMECHTEb-
HBIX Kamep, U Jy4liasg ero KOHCTPYKIHMSA H300paxkeHa Ha
puc, 3.2, Duoart mocae KOJOHKH NMOCTYNAeT B KaMepy ¢
O/THOH CTOPOHBI, a UBeTO0OPasyoUIMH peareHT — ¢ APyrof.
MepTBHII 00beM CMeCHTeNbHOH KaMephl cocTaBaser 16 MKII.
Koncrpykuus, mnokasamHass Ha pHC. 3.3, npemlioxkeHa
Enbuykom n Kaccunu [16]. MepTBBIH 06beM HX CMeCHTES
HaMHOro MeHblle (2 MKJ), H Mo3TOMy ofecrneunBaercd 3¢-
(beKTHBHOE NepeMellliBanie.

s cozpanns HauAyYUINX KHHEeTHYECKHX YCJIOBHIl Tpo-
TeKAHUA pPEeAKUHMH H MOJYYEHHS JUHEHHOrOo KaJuOGpPOBOUYHOrO
rpaduxa uBeroobpasyromuil peareHt HykHo Gpath B 60b-
oM u3bniTKe. KoHuentpanus Oydepa Tak:ke J0JXkKHA OBTbH
BBICOKO#, UTOOLI Peaxkuuy NPOTeKasn OGLICTPO, BOCIPOH3BO-
JuMo u o Konna. Muorjga BhicoKas KoHumeHTpauus Gydepa
Hy>KHa JJIst coslahus tpebyemoro pH pasauunbix 3J110€H-
TOB, B3fITBIX B BBICOKHX KoHueHTpanusx. [Ipu paGore ¢ BLI-
COKMMH KOHIIEHTPAUHSIMH PEareHTOB MoXKeT 00Pa30BbIBAThCH
OCajloK, KOTOPbI# 3a0HBaeT KPaHbl H COEHHHUTE/bHLIE TPYG-
KM, a TaKXe CHHXKaeT NPo3pavHOCTh CTEHOK KIOBeThl. B Tta-
KHX CJayuasiX mpudop mpoMbLIBaTh HYZKHO €:KEJHEBHO.
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3.4. DneKkTpoXMMUUECKHE AETEKTOPhI

. "DaeKTpPOXHMHUUEeCKHEe AeTeKTOphl NOApa3fensioT Ha Io-
Jaaporpaduueckne, amnepoMeTpHyeckue, KyJaoHOMeTpHUe-
¢Kne H Komaykromerpuueckue [17]. CxomctBo 3THX rpyni
“y:chOfICTB COCTOMT B TOM, YTO BCE OHH HMEIOT AYCHKY C 3JEK-
TPOAAMH, K KOTOPHIM IIPHKJ/aIbIBalOT Hampsxenue, OxHaxo
KOHIYKTOMETpPHYECKHe JeTeKTOPhl H3MEPHAIOT CONPOTHBJIEHHE
PacTBOpa MexXK/y 3JEKTPOJaMH B OTCYTCTBHE 3JIEKTDPOJIH3A.
B nmoasporpaduyecknx, aMIepoOMeTPHIECKHX H KYJOHOMET-
PHUECKHX JeTeKTopaX HCIIOJb3YeTCs MPOIece 3JeKTPoIuaa.
ce UOHEBL

LaAvJiaissy

WAaurmvuTnmorniiTorIe nemeTANL NearinvIioT Ua B
_[\Un;.l,_y nlUl\'l\,lljll'l\..\,,L\Il\.« AU DL Podlnpyivi ia o

B TO BpeMs KaK ocTaJbHble YCTpOHCTBA pearupymT TOJbKO
HA ompejeJeHHble HOHBL. B HacTosAmeR KHATE N0 J1eKTPOXH-
MHYECKHM JeTeKTHPOBaHHEM I[oJpasyMeBaercs IHodsiporpa-
¢uueckoe, amnepoMeTpHUECKOe UM KYJOHOMETpHYecKoe Jie-
TEKTHPOBAHHE.

DIEKTPOXHMHUECKHEe JeTeKTOpbl SBJAIOTCI OQHHMH H3
HanboJsiee U36UpATEJNLHLIX H YYBCTBHTEALHLIX YCTPOHUCTB,
UPUMEHIEMBIX /I perucrpanil  HoHOOOMEeHHOro pasjeJe-
HUA. DTH AETEKTOPHI CEJEeKTHBHL!, TaK KaK HX NPHHIHI pa-
60THI 3akJOYaercsl B OKHCJACHHH HJIH BOCCTAaHOBJEHHH Be-
mecTB Ha 3JekTpoaax. CrnocoOHOCTb OKHCJSATLCS HJH BOC-
CTaHaBJHBATLCA [IJIS1 KAXKJ0r0 BelleCTBAa PAasJHyHa H Oornpe-
JAesfeTcs NOTeHIHaa0M, HeoOXOMUMEBIM IS HHUIIMHPOBAHUS
npouecca 3JexkTpolinda. CeJIeKTUBHOCTb NETEKTOPOB JErko
H3MeHsieTCsl MpH HM3MEHEHHH TNpPHJIOXKEHHOrO K suefiKe Ha-
npaxenusd. BoJsee nogpobuoe obcyxaeHue (PakTopoB, BO3-
JefiCTBYIOMIHNX Ha 3JEKTPOJH3, MPOBOJUTCH B PYKOBOJCTBaX
N0 BOJbTAMNEPOMETPHH.

UyBCTBHTEJABHOCTL  3JICKTPOXHMHUYECKHX  AETEKTOPOB
YacTHYHO OOyCJAOBJACHA HUX CEJeKTHBHOCTBIO. YVYBCTBHTEJb-
HOCTh sIBJISTETCS MepO# pas3iuuus (DOHOBOrO CHrHAJIA H CHUT-
Haja oT ofpasua ¢ 3aJlaHHOH- KonuneHTpauued. UTo6bl GBITSH
Gonee yyBCTBHTEIbHBIMH, H3GHPATENbHbIE TETEKTOPH JOJK-
HBl HMeTh HH3KHP (OHOBON cHrHaJ. K BBICOKOH YyBCTBHTE/Ib-
HOCTH NPHUBOJHUT H CPAaBHHTEJNbHO BBICOKAsl CTENeHb KOHBEp-
CHH 3JeKTpoakKTHBHBIX dacthin (1—100%), M BO3MOXKHOCTB
HaJexxHo M3MepATh OUeHb MaJble TOKH. DJEKTPOXUMHUECKHE
JAE€TEKTOPHl MO3BOJSIOT ONpeAesiTh KOHLEHTPAaIlHH BeljecTs
Ha ypoBHE HECKOJbKHX MHKOSKBHBAJEHTOB, YTO COOTBETCT-
BYeT H3MepeHHI0 TOKOB Ha YPOBHE HaHOAMIIEPOB.
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K apyrum IOCTOMHCTEBAM 3JEKTPOXHMHYECKOro crnocoba
JACTEKTHPOBAHUS CJAeAyeT OTHeCTH LIHMDOKHH JHamnason HaMe-
perus (4—5 MOpPAJIKOB BEeJMYHUHB) 1 MaJjble MepTBhe 00be-
Mbl sfiveek (A0 1 MKJ). JleTeKTophl mpOCTH, J€lieBH M Ha-
JeXHbL FX OCHOBHOH HEAOCTATOK COCTOUT B TOM, UTO HHOT-
la UX NpHMEHEHHE OKa3blBaeTcsl 3aTPYAHHTEJNbHBIM. DTH
JAETEKTOphl YyBCTBHTEJNBHBI K CKOPOCTH IOTOKa 3/I0€HTa H
spavenusM pH. B 3aBucumocTn oT THHA 3JEKTPOAOB H Be-
JUYHHBL TPHJAOKEHHOr0 HANPIXKEHHS OHH MOLYT pearupo-
BaTh Ha CJeJOBble KOJHUECTBA TAaKHX BeEllecTB, KaK KHUCJO-
pod. IIpn 5TOM HPOHCXOAMT <«OTPaBJeHHe» 3JeKTPOIOB, B
pe3yJbTaTe Yero peaxkuust JeTeKTopa MOoXKeT H3MEeHHTbhCH.

Ha6op HoHOB, KOTOpble MOXHO AETEKTHPOBAThL 3JEKTPO-
XMMHYECKH, BKJIOYaeT IIHaHuM, CYJAbduI, FHIOXJACPHT, aHH-
OH aCKopOHMHOBOH KHCJOTHl, apCeHHUT, OPOMUA, HOAHUA, THO-
cyJabaT, ruapasuu, PeHosbl 1 apoMatudeckue amunbl {18],
HUTPUT W HUTpaT [19, 20], KobGaabT U XKeaeso [21] u gp.
C ydetom crnocofa mosyueHns TPOM3BOAHBIX MOCJe pasje-
JeHHS 3TOT NMepedyeHb MOXKHO PACIIHPUTH, BK/AIOUUB B HEro
Kap6GoHOoBble KHCJOTH, d TaKxkKe HOHBI TraJoHJ0B, MLIEJ0U-
HBIX M HEKOTOpHX TepeXoNHbX MeraJsnos [22, 23]. Ypasue-
HHe (3-8) maeT mpuMep 3JEKTPOXHMHYECKOH peakuuu s
oOHapy:KeHHsI HOHOB!

Ag X — AgX 4 (3-8)
rae X —ranoui. a Ag-—pabouyuil saekrpog. C NOMOLUIBIO
cepeOpAHOro  3J€KTpoAa onpeiedsior ¢GTOpHA, XJOPHL,
HoAuA U yuanug [23).

Uk Eaime e e mammme— =

h a4 | o P P
2.4.1. 1IpHHMIT [ETEKTMpPOBaHMA

[ToBenenue merekropa 1acTo OCAOXKHAETCST TaKUMH dak-
T0paMH, KakK MelJieHHoe NpoTreKaHHe InpoueccoB, obpatu-
MOCTh peaKUu#, CKOpocTh Macconepenadd u ap. B Koneu-
HOM CUYeTe MOBEIEHHEe 3JekTPOXHUMHUECKOH SsTYeHKH MOMKHO
cnucatb 3akoHoM Dapages:

Q=nFN (3-9)

Msmepsaemu#t 3apan Q (Ka) cBssanm ¢ xoaudecTsom
NEKTPOAKTHBHBIX YacTuil N (MoJib), mepeBeJeHHBIX B COOT-
BETCTBYIOIUMH NPOAYKT Ha 3JEKTPOJAe C y4aCTHEM 1 3JeKT-
poHoB (F—unciao Papages). B cymecTsyomux gerek-
TOpax CHrHam uaMepsiercss aubo B eIMHHUAX KOJHYECTBA
gapsna, aubo B eIHHHUIAaX CH.IbI TOKA.
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3.4.2. Tuiiul BETEKTOpPOR

AMDepoMeTpHYeCKoe oOIpe/leJeHHe OCylleCTB/IAETCS Ae-
TEKTOPOM, B KOTOPOM MpEBpaIiaeTcsi B COOTBETCTBYIOIINH
npoaykT Juuib 1—10% 37eKTpoaKTUBHBIX YACTHL. JTO, IIO-
BHAHMOMY, CBI3aHO C HELOCTATOYHBIM IEPEHOCOM 3JIEKTDO-
AKTHBHBIX YaCTHI, K IIOBEPXHOCTH 3JEKTpoja uepes IHO-
dy3HOHHBIE caofi. AMpepoMeTpuuecKue [JETEeKTOPBl MyBCT-
RUTEJIbHBI K NOTOKY, MOCKOJLKY C H3MeHEeHHeM ero CKopoc-
TH MeH#eTcsl ToJmuna AuddysuonHoro chos. Pabouni
2JIEKTPOJ (3JEKTPOA, Ha KOTOPDOM HPOUCXOJIUT 3JEKTpo-
JH3) H3roTan/JHBAeTCd M3 TBEPJOTO MaTepHasa, HanpHMmep
B3 nJaTtHHbl A yriaepopa. Ilonsporpaguyeckie NE€TEKTO-
PBl @aHAJOTHUHBE aMIepOMEeTPHUECKHM H OTJHYAIOTCS OT HHX
JHUUIbL TeM, YTO B KauecTBe pabouero sJjeMeHTa HCIOJb3YeT-
¢ pTyTabli Kanailomufl saektpold. C noJasporpadu4ecKHMH
JeTeKTopaMH TPYILHO paboTaTb; 5TH YCTPOMCTBA OYEHb IOJ-
po6Ho paccMoTrpenbl B pabote [17]. B kyJoHOMETpHUECKHX
JeTEeKTOpax KOHBEPCHA 3JIEKTPOAKTHBHHIX YaCTHI, ABJSETCA
NnoJHOH OJarogaps NPUMEHEHHIO 3JeKTPoJAOB ¢ OO0JbLIOH
JIOBEPXHOCTBIO U AYeeK C 3P(CKTHBHHIM MacCCOIEpEeHOCOM
YACTHUI[ K 3JEKTPOLIY.
~ Bosuukaer Bonpoc: kaxoil Tun gerektopa GoJiee 4yBCT-
purenen? KyJoHoMeTpHueCKMMH JETEKTOPAaMH H3MepAIT
COJBLIOH TOK, OAHAKO IJIOWAJb MOBEPXHOCTH 3JEKTPOIOB,
Heo6xoauMas aas pocrikenus 1009%-Ho#t xouneepcuu, He-
IPOMOPIHOHAJNBLHO BBLIIIE, YeM B aMIEpOMETPHYECKOM Jie-
TeKkTope. B pesyabTarte poHOBEIH cHrna/jd HeNmpoNOPUHOHAJb-
HO BhHIIIe B KyJoHOMeTpHuyecKoMm aerekrope. [loaromy cos-
CeM He O4YeSLUAHO, KakOoH THII JeTeKTopa o6jaazaetr 6GoJee
BBICOKHM OTHOUIGHHMEM pafodero CHrHazsa K (oHoBOMY.

CymecTBylOT ypaBHEHHS, XOpPOLIO ONMHCHIBAIOLIHE MOBe-
JAenue KyJOoHOMeTpHYecKoro jeTekropa. KoJduyecTBeHnHoe
OnpejleleHHe AHANK3HPYEMBIX YacTHI, MOXHO OCYILECTBHTD,
HCXOoAA M3 NJIoajM MHKa, a KaJauOpoBouHble TpadHKy
HyXKHbl He Bcerpa. KpoMe Toro, KyJOHOMETPHUECKHE NeTeK-
TOpEI He CTOJIb YYBCTBHTEJNbHBI K MOTOKY H TeMOepaTtype
3JT0€HTAa, KakK aMmIiepoMmerpuueckue, OgHakKo mocJeanue Jer-
Y€ H3TOTOBUTB, OOCIYKHMBATL M IKCILUIyaTHpoBaTh. Jlas Ky-
JIOHOMETPHYECKOro AeTeKTHPOBAaRUST HEOOXOIHUMO paBHOMEp-
HOe pacnpese/ienne MOTEHIHAMA IO BCEMY 3JeKTpoay. BoJb-
Mias naoniafib ero MOBEPXHUCTH MOXKET 3arpsi3HUTBCA H
OUHLIACTCA C TPY/IOM.
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3.4.3. O6pa3oBauue NPOM3IBOAHLIX NOCNE KONOHKM

ATOT NpHeM, HHOTrLA HA3bIBAeMBIH peakgUOHHLIM 3JEKT-
POXUMHYECKHM J€TEKTHPOBAHHEM, MOJE3eH B TeX clydafx,

Korjga aHaJH3HpYEMbie YaCTHObLI HE SBJASIOTCA 3JEKTpOoak-
TuBpEIMU. Jlag NepeBosa KOMIOHEHTA M B aﬂeKTpnnKTﬂB-

i XNLAFXRAIA¥A X AV LTE EEA VA e ARAFAVE RANS LA Wil 2 (4

HOE COCTOSTHME K 3JI0eHTY NPHMEIIHBAT IOAXOAInHi pea-
reHt. [Ipumep Takoro BO3JICHCTBHA JaeT CcXeMma

[Hg-ATITAP~ L M7+ 4 2¢= — [M-JITIIA)* - Hg  (3-10)

korna K obpasny no6apasioT KOMILJIEKC MeTraJgja ¢ JAHITH-
JeatpuaMunnedtaaneraroM (ATIIA) u aHanusupyembift
MeTaJJl «BBITECHSEeT» HMOH PTVTH U3 KOMIJIekca. Msmepse-
MBI TOK BO3HHKAaer mpH BoccTauoBjgeHHH pTyTH. Cyiuect-
ByeT MHOKECTBO JPYIHX CXeM, KOTOPBIMH MOXKHO BOCIHOJIb-
30BaThCA JJI aHaJM3a pasHooOpas3dHbix HOHOB [22, 23].

3.4.4. UMNYNbCHBIK MeTOR

Ha sad4efiky OOJbIIMHCTBA 3J€KTPOXHUMHUYECKHX JETEKTO-

NOB TIOL2eTCd IOCTOSHHOE Hanps:Kepue Onuako CYIIIeCT-
i'\J.IJ l.l.(-l.lx J

o RAFSLAALANTN Lulltlllll\\.rllll\.r

BYIOT OHpejle/IeHHbie YCJOBHS, KOrga OblBaeT TMOJE3eH HM-
nyJbcHbil MeToA. Ecnn dactuusl A pearupyioT Hpd Hamps-
xKenun £y, a gpe wactuunt A u B pearupyior npu 6ojee
BLICOKOM HampsixedHHu £y TO pabortaoiiuil HpH POCTOTHHOM
HaNpsSKEeHHH LeTeKTOp He MoxKeT OblThb H36HpaTeJbHHM
aag dacruy, B. OgHako ecam K JeTeKTopy NMPHKIIAIBIBATH
UMIYyJAbC, TIPOMEXYTOUHLIT Mo ammauryge mMexny E; u E,
TO pasHHUIla MeXJy 3HadeHHAMH ToKa mpu E; m E,; nponop-
I[HOHAJbHA KOHIEHTPalHWH dacTuiy B:

Ig, —1p, o [B] (3-11)

IIpuMmepbl nNpHMeHeHuss TakKod MmeToaukH nanel Capu-
darepom [24].

B npyroM BapHanTe MMIIyJbCHOr0 MeToAa TOK B JETeK-
TOpe U3MEPAIOT IPpH OLHOM M TOM K€ 3Ha4YCHHH Hanpsxe-
HHs, a pabouHH 3JeXTPOJA TMEepHOAHICCKH aHOJHO MOJSApH-
3YIOT IAJA OKHCJCHHA HJIH VJiaJeHHusg MeTaqdJIoOB C IOBEpX-

HOCTH 3JeKTpoja {25].
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3.4.5, Ocobennoctu paGo-'rbl

CyniecTByeT HECKOJILKO THIMOB /JETEKTHPYIONIHX sYeek.
Ha puc. 3.4 u 3.5 npejpcraBjens CXeMbl OOBIYHEIX aMilepo-
MEeTPHUYECKOH H KyJOHOMETpPHUEeCKOU sfueex. MmeroTcs u Apy-
rue KOoHCTpykuuu {17]. B saexTpoXumudeckux sadeldkax
OObIUHO NPHUMEHSIOT TPH 3JEeKTPoja. DJAeKTPoJIH3 aHaJH3H-
PYEMBIX 4aCTHIl NPOHCXOAHMT Ha paboyeM 3JeKTpoae IMpH
NMOTEHIHAMe, H3MepseMoM 3JeKTpoaoM  cpaBHeHus. Ecuawn
TOK BEJHK, TPHUMEHSIOT BCIOMOraTeJbHHE 3jeKTpon. Pato-
YHH 3JEKTpoA MoxXKeT OLilb PTYTHLIM KallalolHM, B BHAE:
IIJIGHKH DTYTH, YIrJepoJHbiM (R pa3JHYHHX dopmax), mjaa-
THHOBLIM, CepeGpslbIM HJIM 30JOTLIM. DJAEKTPOJOM CpaBHe-
HUA OOBIYHO ABJISIETCS] HACLILIEHHLIH KaJoMeJbHbIH 3JEeMEHT
AN XJaopcepeOpsHLIF 3aekTpod. [lyisi M3rotoBJseHuss BCHo-
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Puc. 3.4. Ilnenounnii aMnepoMerpuyeckuil aerekTop [26).
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Puc. 3.5, KynonomerpuyeckH#i HAeTEeKTOpP ¢ ILIATHHOBHIM  UILIHHIpHUE-
CKUM 3JeKTpofoMm [27].

MOT'aTeJbLHOIG 3JCKTPOJa, KaK TPaBHUAO, NPUMEHAT ILja-
THHY HJM Hep:KaBeloulvio c¢tanb [17, 18, 28].

Currnas geTeKTopa 32BUCHUT OF CKODOCTH IOTOKA 3JIIOEH-
Ta, BeJHUYUHB pH, HOHHON CHABL M TeMmepaTyphl 3JKOCHTA.
Oobpasen ¥ 3J10€HT JOJXKHBI HMCTh MHHUMAJBHYIO 3JCKTPO-
npoBOAHOCTh. OOBIUHO B KauecTBe AJKEHTA MPUMEHSIOT BO-
Ay HJIH CMECh BOABl € OPraHXYECKMMH PaCTBOPHUTEISIMH.
HesnauureabHble IPUMECH B 3JI0CHTe HAHM B o0Opasue MOryT
H3MEHATDL PeakuHio geTekTopa. Heobxonumo IOMHHUTB, 4TO
KHCIOPOA MOXKeT AUdGyHAUPOBATL B COCAMHHUTEC/BHBIE
TpyOkH, a u3 aeraneii mpubopa MOTYT BBIILEIAUYUBATHLCA
CNEJ0BbLIC KOTHUUECTEA MEeTaJJjIOB,

3.5. lpyrme perexropnl

Hnst aBTOMAaTHYeCKOH PperHCTpalMd  HOHHOOOMEHHOTO
pasneneHus MOTYT IPUMEHATLCA H APYTHE THIH ICTEKTHPYIO-
IUX ycTpoieTB., Hame BCero MX HCIOAL3YIOT B CIELHAJL-
HHIX Cayyadax pasfeJsensst. [Ipumepamu TakuX YCTPOUCTB
MOT'YT CJYXKHTh IJaMeHHO-tboToMeTpHueckuit aeTektop [29]



Herexkrops: 59

s 00HapyKeHUS ILIEJOYHHBIX, LIEJOYHO3eMeabHbIX H He-
KOTODHIX pPEe1KO3eMeJdbHuIX MeTaJJoB # aTOMHG-aGcopOIu-
onnble jerekropul [30 — 32] nns perucrpaluuM apCceHUTOB,
apCceHaToB, MOHOMETHJIApCOHATOB, ANMETHJAPCUHATOB H
n-amunodenoapconaToB. JeTeKTOpB 3THX THIOB MOTYT
6bITb OUECHb UYBCTBHTEeJbHBIMH. Hanpumep, oHH cnocoOHHI
0OHADPYKHUBATh MBbILILAKCO ePKAUINE YACTHIB B KOHIEHT-
pauusax smnoTh Jo 10 Br/ma. Jerexkropel 06/1a1al0T 0UCHb
BHICOKOH M36UPaTENbHOCTBIO, HO ONpeNeJsIoT OYCHb HeM-
HOTHE YacTUUbl. B OTAEJBHBIX Caydasix OHM MOTYT OKa3aTh-
¢l OUeHb I0JIC3HBIMH,
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KOHAYKTOMETPHYECKAS
AHMOHHAS XPOMATOIPA®MS:
I. ABYXKOJIOHOYHbIE METOAbI

Omucan criocob onpejleeHus HEOPraHUUeCKUX W Opra-
HUYECKHX AQHHOHOB C HNOMOUILIO BBINYCKAeMOH IIPOMBIILJIEH-
HOCTBIO XpOMATOrpaHueckKoH CHCTEMB C KOHJIYKTOMETPH-
YeCKHM JeTeKTHpoBanueM. [TateHroBanHasd CHCTEMA COCTO-
HT H3 JBYX TNOCJEAOBATENLHO YCTAHOBJAEHHBIX KOJOHOK.
Pasnenenne ocyilecTBiaseTcss Ha INOBEPXHOCTHO-NIOPUCTOH
aHUOHOOOMEHHOH CMoJie B Cpelle OCHOBHOI'O 3J0eHTa. Bro-
pas KOJIOHKA CJAyKHT 479 oOMeHa KaTHOHOB B 3JI0CHTE
H o6paalle Ha BOAOPoA. Peakuuu oOMeHa NPHUBOAAT K CHH-
JKEHHIO 3JCKTPOHPOBOAHOCTU 2JMI0CHTA M YBEJAUYEHHIO AHH-
OHHOH NPOBOJIHUMOCTH aHAJHU3UpPyeMOro obpasna,

Kparkoe copeprkatme

B riaBe onuceIBaeTcsl MOJHOCTBIO aBTOMATH3HPOBAHHBI{
AHAJUTHUECKHI MEeTOJ, NMPUMrOAHBIH AAs ONpefeseHUs opra-
HUYECKHUX M HeOPraHMuecKHX anuonoB. OH OCHOBAaH Ha 0CO-
Gofi KoMOGMHANIUM HMOHOOOMEHHLIX CMOJ U TIO3BOJISIET OCY-
IECTBUTh KOHJAVKTOMETPHUECKOE OMNpejeenne pa3lesaeHHbIX
Yactuu. Ilarent Ha npubop wu MeTOA pAa3aeaCHUs BbIlaH
tupme Dionex.

AHHOHBI pa3fesRIOTCA HA TOBEPXHOCTHO-TIOPUCTBIX aHH-
OHOOOMEHHBIX CMOJIax IIPH 3JIOMPOBAHHH OCHOBHBEIMH 3JII0-
CHTAMM, TAKMMM, KAK PacTBOPH THAPOKCHIA HATPHS HJH
CMecH KapOoHata 4 6ukap6onara nartpus. Bropaa gogonka
OGBIYHO COAEPHKHUT CHALHOKHCAYIO KATHOHOOOMEHH¥IO CMO-
ay. 2Ta KOJOHKa OpejHa3Hadena s HeHTpaAu3duiu 3/I0-
€HTa, pPe3Ko CHHKAIIEH €eroc 3/CKTPONpoBAIHAITL. Da-
HOBpeMenHo aHHOHBI ¢ PK<T NepeBOMATCS B CHELHOAMDH s
3UpoBanHbIe KUCJAOTBEL. 23TH Ppeayfify |, JOFqcpeuppaipr

{H
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YyBCTBUTEJIbHOEC KOHAYKTOMETPHUECKOE  eTeKTHPOBAHHE
aHAJM3UPYEMBIX AHUOHOB Ha (Qone 3JI0CHTA CO CpPaBHH-
TeJbHO HH3KOH IPOBOIMMOCTBIO. MeTol mpocr W NpUTOAEH
OJs pasfieeHusl CJOXKHBIX CMECCH HEOpraHudecKux H Op-
raHMYeCKUX AHHOHOB.

[Mpegensl AeTeKTUPOBAHUA UYACTCG BCTPEUAIONIUXCA HA
npakTHKe aHHOHOB JexaT B uHtepBate 0,1—1,0 man—!. On-
pelesieHHe YALTPACTERAOBHIX KOJAHYecTB (MJApa~!) aHHOHOB
MOXKHO OCYHIECTBHTB, HCIIOJB3YS BCTPOCHHYIO B NPUOOP HIH
OTIeNbHYI0O KOHUCHTPUPYIOLLYIO KOJOHKY.

ITpumenenne 3TOrc Meroja NPOCTHPAETCA OT aHANH3a
3arpsi3HeHHs OKpyzKalollle#dl cpefibl — BO3AyXa H BOABL — JO
4HAJU3a CJOXKHBIX IPOMBIIVIEHHBIX 06paslos.

4.1. Beepgeunme

Onpenesedine aHHOHOB HEMETAJJOB UMeeT OOJBIIOE 3HA-
ueHue JJs IPOMBIILJCHHOCTH, HayYKH U KOHTDOJS 3arpssHe-
HUA oKpyKawimled cpeanl. Ilo3toMy BEI3BIBAeT yAHBJEHHE
TOT (paKT, YTO KO HEJABHEro BPEMEHM OIMCAHUS TAKHX Me-
TOAUK nNy6JIUKOBAJUCh B MCPHOAHUYECKOH JUTCpaType, OT-
HOCAIIelCsT K MeToJdaM anagau3a. B 1958 r. BwlllJIa MOHO-
rpadusa boawua «Kosopumerpuusckoe onpeacacHHC HeMe-
taanoB» [l], a B 1979 r. 6n1 u3gan «CHOpaBoOYHHK MO
onpejeseHUI0 aHUOHOBY Buabamca {2], B KoTopHIi BIEepBHE
OB/ BKJIOUEHH BCE BaXKHBIE U JIOCTYNHHIe MeToabl. He-
CMOTPS HA OTPOMHOE YHCJAO CYIIECTBYIOIIHX METO/IHK, BKJIO-
YarUIuX COCKTPOPOTOMETPUUCCKHNE, THTPHMETPUUECKHUE,
rpaBUMETPHYECKHE U AJEKTPOAHAJUTUYECKHE METOABlI, NPHU
aHaJu3e CJAOKHBIX CMECEH YacTO NPHUXOIUTCS CTAJKUBATh-
Cs C CePbhe3HBIMU TPYAHOCTAMU H3-32 PAa3JMUHOTO pPoja mo-
Mex. TpyaHOCTH MOTyT BO3HHMKAThb NpPH ONpEIeJCHUHU OUEHD
MaJblX KOJMYCCTB ANHOHOB B MPHCYTCTBUH OOJBIIOIC H3-
ObITKa NIPOYMX UYacTHU JHOO TIPU ONpeAeJeHUM AaHUOHOB
O/IM3KOH CTPYKTYPHI, KOIJla OHH OAHOBPEMEHHO IPUCYTCTBY-
10T B cMecH. Boabn W BuapsMc npuBesan geTasbHBIE OIEH-
KM CTEMEHU U IPOUCXOXKIACHUS 110MeX, BCTPEUAIoIIUXCAd B
Pa3IUYHBIX METOAaX OnpefencHus.

Haubonee vacto peaausyeMmMbl!l NMOAXOJ K YCTPAHEHHIO
floMeX OCHOBAH HA HCHOJB30BAHHU OLHOH HAH OoJiee CTyre-
neil pasnenenus. Kiaacciueckue MeETOAB  DPA3LCJICHHSA —
0CaXKJAeHHe, HJAEKTPOOCANIEHIIE U IKCTPAKIHUA — MOTYT
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OKA3aTbCs IIPUEMJAEMBIMH AJA VAAJEHUA MeUalouuX Mpo-
AYKTOB, B 0COGEHHOCTH HOHOB MET4/7108. Jlaa OTAEACHUS
HEKOTOPBIX aHHOHOB OT METaJMJI0B MOXeT OBITh IOJIE3EH
npomecc ucrapenns. ONHAKO 3TH KJAaCCHYCCKHE IIPHEMBL
pas/JeseHNs He CEeJCKTHBHLI M PEAKO IIO3BOJAIOT Pa3iejuTh
AHUOHBI.

B Teuenye MHOTUX JieT XpoMarorpaHueckue METOILI
3aHHMAIOT BayKHOE MECTO B aHaJAu3e aHHOHOB. [IpeBocxognan
pasfeuTeNpHad CNoCOGHOCTL XpoMaTorpaduu mo3BoOJsIET
He TO0JbKG CTACAATE MCIUIAKIUHEC TIpOAYKTH, HO M pa3ic-
aaTh O6Ju3Kue mo CTpykKrype annoHnl. OpHako npolece pas-
AeeHyusl MpH TMAPOCTATHUYECKOM  JABJCHHH [POTEKaeT
CJAUIIKOM MeEJEHHO, a aHaJdu3 MOMKET 0Ka3aTbCsl HEeNpHeM-
JeMO AJUTEJLHBIM, €CJAU HyXKUo eue cofupaTth U aHaJdAU3U-
poBaTh (PpaxuuH.

Bpems paszgesenus ¢ NOMOUIBIC MEPBLIX aBTOMATH3HPO-
BaHHBIX METOJAMK OGBIUHC COCTAaBJAAJO HECKOJBbKO 4YacoB.
[IpumeHeHe TaKUX METOIMK K aHaJH3y HeOpranuuecKHx
AHHOHOB JHUMMTHPOBAJOChH HE TOJBKO TPYIHOCTSIMM pasie-
J€HUs1, HO U TPYAHOCTSIMH HX KOJI4YeCTBeHHOro obHapyxe-
nuga. CnekrpodoTroMeTpuueckoe onpeiescHHe  NPHIoAHO
TOJABKO JJis HOHOB, KOTOpPhIe IOTJOINAIOT H3JAyUueHHEe B BH-
AUMOH uau yabpTpaduosieToBod obisactu cnekrpa. dasd MHO-
TUX aHNOHOB, HANIpUMep XJOPHUI2 U Cyabpara, NOAXOAALIHE

XpoMO(CpPE OTCYTCTBYIOT.

B03M0XHOCTH KOHAYKTOMETPHII B KAQUCCTBEC YHHBEpPCAJb-
HOTO METOJla PerHCcTpalldd COCTAaBa 3JI0aTOB HU3BECTHHI yXKe
MHOro Jet. [TepBoHayaAbHBIC TOZXOABI MOTEPIHEJH Heyxauy
H3-3a HEOOXOIUMOCTH IIPHMEHATh B CHCTEMaxXx C HOHOOD-
MEHHBIMH CMOJIaMH B KayecTBe 3JI0CHTA pacTBOPHl HOHOB.
®onoBas npoBOJHMOCTL 3JI0eHTa obOblUHO OBLIA CTOJb Be-
JUKa, YTO CHIHAJOB OT AaHAJM3MPYEMHBIX HOHOB MNOJYUHUTh
He y[1aBaJoCh.

Brnixon u3 tynuka 6wl Ha#geH B 1975 r., korga CModan u
CoTp. 3] BmepBHIE OCYLIECTBHAH pazjesedie HeCKOJbKHX
OOBIYHBIX aHWOHOB (M KAaTHOHOB) B TeueHMe JHIIb Hec-
KOJBLKUX MMHYT. ITO CTaJ0 BO3MOXKHHEIM OJaropaps Hc-
MOJbL30BAHHIO HNPHHIHNOB BHICOKO3((EKTHBHON  KHJIKOCT-
HOH xpomaTtorpaduu U oco6OMy CoUeTanHK HOHOOOMEHHBIX
KOJIOHOK, YTO NO3BOJHJIOC OCYIIeCTBUTh KOHAYKTOMETpHYec-
KOe JeTeKTUDPOBaHHE pA3JeJeHHBIX AHUOHOB.

ITOT cnocob OCHOBBIBAETCS Ha JIPUMeNeHUH AJsl pasje-
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JICHUS AHHOHOB OCHOBHLIX 3JI0€HTOB (("OTIPH cnabuIX Kuc-
JIOT) H aHMOHOOOMEHHBIX KOJOHOK ¢ MaJIOR eNiKocn)Io CMo-
JBl ¢ MaJoH eMKOCThIO TO3BOJSIIOT IIPOBECTH pa3ieJeHHe ¢
ITOMOILLI0 CPABHUTENBHO pa30aB/CHHBIX 3JI0EHTOB. 3aTeM
DJIOEHT MIPOXOJIUT UYepe3 BTOPYIO, KOMMCICANUOHHYK KO-
JIOHKY ¢ KaTHOoHooOMenHO# cMoaoll B H+-¢opwme, obmanaro-
ilell BRICOKOH eMKocThio. OHa nepeBOAHT 2JI0eHT B ¢aabylo
KHCJAOTY ¢ HH3KOH 3JCKTpPONpPOBOAHOCTBIO. (OIHOBPEMEHHO
aHanu3upyeMble aHUOHH (coaH OoJiee CHABHBIX KHCJIOT)
iepeBOJISATCS B XOPOILO NPOBOAsILINe KHCJAOTHL. 1A peanu-
3alHK 3TOro crnocofa pellapllee 3HAYeHHe HMEET KHCJIOT-
Has cdsa obpasna u sawenTa. Takylo CHCTEMY, B KOTOpPOM
nocae pasjeasioniell KOJOHKH JJs CHHXKEHUA COACpXKaHHA
HOHOB B 3JIOCHTC YCTAHABJHBACTCA BTOpPAas KOJOHKA, MBI
6yneM HA3BIBaTh ABYXKOJOHOUHOH HOHHOH Xpomarorpadu-
eii. B ri. 5 onHCHIBACTCA CHCTEMA OMHOKOJOHOUHOH HOHHOH
XpoMaTorpa@uu, B KOTOPOH AETCKTOP 3JAEKTPONPOBOAHOCTU
NOJCOeRHHECH HENOCPEeACTBEHHO K AaHMOHOOOMeHHOH pasne-
JA0IeH KOJOHKE.

CMonay u Baymany [4] Obl1 Bblgan mateHT HaA npubop
U crnocod pas3ieseHusi; OHHU Ke BBeJH TEPMHH «MOHHAs XPo-
mMaTtorpa@usa». MonHble XpoMaTorpadsl BHIYyCKalOTCA (pup-
Mo# Dionex (r. Caunuseits, wmr. Kaaucpopuusa, CIIA).
ITOT MeToJ MOJAYYHA 0COBeHNO HIMPOKOE pacIpOCTpaHeHHe
JJq ananu3a 3arpsasHeHuidl okpymkatoineil cpeapl; oH obJa-
JHaeT BHICOKOH I'MOKOCTBIO W NPHUTOJCH AJIS1 aHAAN3a pPasHo-
obpasnbix ob6pasnos. B pasa. 4.3 paccMmarpuBaercs 6oJib-
ni0e YHCJI0 NPUMEPOB ero upumeHenud. Ony6auKoBaHel 00-
30pHHEe cTaThi [5—9], B KOTOpPHIX onmucaHa cucreMa (QUPMBI
Dionex u ee npumenenue.

4.2, NpHHuMnbl pa3fjeneHia M JeTeKTHPOBaHMA

4.2.1. Onucanme npubopa

B wmonnofl xpomarorpadguu MCHOAL3YIOTCA NPHHIMIIH
BBICOKOB((GEKTHBHOH XKHAKOCTHOH Xpomarorpaguu. Hon-
HBIH XpoMaTorpad COCTOUT M2 Pe3epBYapoB AASA 3JAI0EHTA,
HACOCOB, KpaHa 14 BBOAA NPoO6BI, KOJOHOK, KOHAYKTOMET-
PHUYECKOTO HAETEKTOPa W CaMOIHCIA.

Brok-cxema npuGopa jaas aHannm3a Kak KaTHOHOB, TaK U
aHUOHOB mpenacTaBJJeHa Ha puc.4.l. Jlerko Buuers, 4To HJa-
rojgaps npuMeHEHHIO JBYX KQJOHOK 3TOT HOHHHEIH XpoMaTo-
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Puc. 4.1. Xpomarorpaduueckad cHcreMa ¢upmsl Dionex.

rpad HeoOwbiueH. CieayeT Takxke OTMETUTb, YTO, 328 UCKJIO-
YeHHeM Jacoca H KOHAYKTOMeTPHUUCCKOH siueHKH, B HOHHOH
XpoMaTtorpaguu HCHOJBL3YIOT TOJABKO XHMHYECKH HHCPTHHIE
COeIUHUTENbHBIE TPYOKH, KOJOHKH H KPaHBI. DTO NO3BOJAET
INPUMEHATh CUJABHOKHCABIE H CHUJAbHOOCHOBHBIE 3JI0EHTHI, KO-
TOPBIC MOTJIM 6Bl BBI3BATH 3HAYHTEJABHYIO KOPPO3UIO B 06LIY-
HBIX xpomaTorpachqec:KHx cucremax. MHonycrumoe  aas
MOHHOTO XpOM&TOI'pand JaBJjieHHe€  HE  IIPEeBHIIAeT
1000 ¢yur/kB. mofiM (60 MIIa). B mepBHX HOHHBEIX XpO-
MaTtorpa@ax InpeAyCMaTpHBAJOCh NOOUYEPEAHOE OIpefene-
HHE AHHOHOB UJIH KATHOHOB B COOTBETCTBYIOIUX CHCTeMaXx.
CoBpeMennble npubGOpPHI CHAOKAIOTCS JBYMS CHCTEMAaMH Jie-
TEKTUPOBAHUSI H HECKOJBKHMH HACOCAMHU. IJTO IIO3BOJSET

OﬂHOBpeMeHHO aHaJIHSHpOBaTI) KATHOHbI H AHHOHDBI, a4 TakK-
e pa3ziesdaTh aHUOHBI CHJBLHBIX H enabeIix kueaeoT. B uol-

Ebadade Aokl A AF CarEdaNsiEara SedAViddazadiin L1 Sovidasnsimay IaILiNWvins LA LR

HHX xpOMaTorpadpax NpEAYCMOTPEeHA TaKxkKe BO3MOKHOCTb
aBTOMAaTHUYECKOTO pereHepHpoBaHusa oTpaboTaBIUNX KOMIEH-
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CalMOHHBIX KOJOHOK. HpOII,OJI}KI/ITE‘.JTbHOCTb perenepalidn H
ODpOMBIBKM MOXHO 34aBathb COOTBETCTBYIOINHMH IICPEKAIO-
qyaTeJAMH.

4.2,2, Pazaensaiouwan KonoHKa

[ —— P Y el -

O0Obpluable HOHOOOMEHHBIE CMOJB TOTOBAT
MeTHJIUPOBAHUA CHEepUUYECKUX YACTHI[ CONOAUMEPaA CTHPOJA
¢ IUBHHWJIOEH30J0M H IOCAeAyoLero aMuHupoBanus. Jlas
6OJILIIUHCTBA CMOJ peaklysl MPOTeKaeT NOJHOCThIO ¢ obpa-
30BaHHeM oOOMEHHHKA C BBICOKOH eMKOCThIO. B KoOJIOHKaX,
3aMOJHEHHBIX OOBIUHBIMH AHHOHOOOMEHHHKAaMH ¢ BBICOKOH
e€MKOCTBIO, CKOPOCTb Pa3ACAeHUl MOMKET JHMUTHPOBAThCSA
nuddyanell HoOHOB B o0beMe YacTUIL CMOJIBI U 006paTHO, a
Takxe OOMEHHBIMH peakmusaMu B cmoJse. B pesynabrarte
MeAJCHHOTO MAacCComepeHoca U Pa3MblBaHUA 3OHBI AAs He-
KOTOPBIX KOJIOHOK Habmwopaercs obinasg mnorepd 3P @PeKTus-
nocrd. [ToBRIIIEHHS KaK CKOPOCTH, pasfiefieHHs, TaK H 3¢~
(DEKTHUBHOCTH KOJOHKH AOCTHTAKOT NyTeM yBEJAUYEHUS CKO-
pPOCTH TIepeHoca.

B cayuae paspensomux KoJaoHoK ¢@upmbl Dionex storo
yaaaoch JoOUTBCS Omaarozapss NPUMEHEHUI0 MNOBEPXHOLTHO-
IOPUCTHIX aHHOHOOOMEHHBIX CMQJI, aHAJOTHUYHBIX OIMCAHHBIM
XopBatom u cotp. {10, 11] nas BeICOKO2GMMEKTHBHON KUI-
KocTHOH Xpomarorpacduu. Takue cMoan TOTOBAT, HaHOCA
HAa CTEPHUECKYIO YACTHILY CTHPOJ-IUBHHUJIOCH30JBHOTO CO-
IOAUMEPA TOHKHH CJ0H aHMOHOOOMEHHOro JAaTeKca. 3areM
OCYUIeCTBJSIOT ITIOBEPXHOCTHOE CYJIL(PUPOBAHUE MEJKHX dac-

mMIITY MATY ITT DITATITITOICT M MTTYr TIT A A TTr Y RAMSTWEY TTTY NMman

iy, jan iy prnclirinan uuu.uu&na Macvl iy \.l\v’lUJlDl ILPCALIGDJIHEZI
coboft TOHKHHA ¢0A cyabgorpynn. [loToM OZHOPOAHBIE IO
pasMepy uactul cmoanl (0,1—0,5 MKM) mepeBoIST B aHHO-
HOOOMEHHYIO PopMy, o6pabaThiBas UX UYEeTBEPTUYHBIM aHHO-
HOOOMeHHBIM MarepuajoMm. [lox geficTBMUeM 3JACKTpOCTaATH-
YECKHX CHJI MEJKHE YACTHIBI JAaTeKCca MPUTATUBAOTCA K IIO-
BEPXHOCTH CMOJE U 00DasyloT BTOPYIO TOHKYI 060J0uKy
BOKPYT f1pa yacrull. TakuM o6pasoM, moaydaiomascs cMo-
J1a COCTOHT M3 TPeX Pa3AUYHHIX CJOeB: BHYTDCHHEro fjipa,
CyAb(GHPOBAHHOIO CAOA M CJAOS aHUOHOOOMEHHBIX YACTHIL
Ha puc. 4.2 cxemarnuecku u300paKkeHBl YAaCTHILBI DA3JHY-
HBIX HOHOOOMEHHHX cMoJ. IIpeMMyiecTBo IOBEPXHOCTHO-
NOPHCTHIX CMOJ MNepex OOBIYHBIMH MOHHOGMENHHKAMH CO-
CTOUT B PE3KOM CHHXKEHMH AUPPY3HOHHOTO NMyTH, YTO IIPH-
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ObbiyHbll K.amuoHooGMeHHUK
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NOBEPXHOCMbHG

AruoHo0GMeNHUK.
C GAOMEPUPOBaKHOD
No8EPXHOCMbID

-

Puc. 4.2. CxeMa 4YacTHL, Pa3JHYHBIX HOHOOOMEHHBIX CMOJI.

BOJUT K YCKOPEHMUIO OOMeHa, MU MacconepeHoca, HOHOB 3J10-
eHTa M o6pasna 4, cie0BaTehbHO, K 3HAYMTEJNBHOMY YBeJHU-

cocrasasier 0,02—0,05 m3ks.-T!. :
CTPYKTYPa U Manasg €MKOCTb CMOJIBI TIO3g
pasnooGpa3Hble aHUOHBL- B CpeJe CPaBHUT
HBIX 3J10€HTOB. KpoMe T1OTO, 6.1131"% MaIOMY Im(pcpysn-
OHHOMY TyTH aqycpeKTHBHocrb KOJOHKY ¢ TJKOH cmo.no
MEeHbHle TMOJBepXKeHa BAUSAHHIO CKOPOCTH Ogf '
Hayaer, YTO MOKHO BBIOHPAThb OTHOCHTEJILHE
pocTtu u GniCTpee NPOBOAUTL aHaNHu3. Pasnensy
Ki ¢upmbl Dionex no cegeKTuBHOCTH cpaBHUMS
MH. HanoOJHEHHLIMH OOBIYHBIMH CMOJAMH

KOJIOHKA-
(puc. 4.1).
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[TopsiiOK H3MEHEHHMA CpPOJACTBA K pAa3JIMUHBIM aHHOHAM
3aBHCHT H€ TOJBLKO OT NPUpPOJbl AKTHBHLIX TPYIN Ha NOBEpPX-
HOCTH CMOJIbl, HO U OT APYIHX (PaKTOpPOB, TaKHX, KaK jAHa-
METpP THAPATHPOBAHHHIX TPYIM, OCHOBHOCTb, 3apfd H CTPYK-

Typa.

4.2.3. KomnencauuoOHHaA KONOHKa

Kax yxe roBopH/och, KOMICHCAHOHHAA KOJOHKA HYX-
Ha AJis oOMCHA KaTHOHOB 3JI0€HTA ¥ 0o6paslia Ha HOHBL BO-
Aopoja. Ora o6ecneunBaer CcHuXeHHe (OHOBOH NPOBOJH-
MOCTH 3JIIOEHTa M IIePECBOJ AHAJH3UPYEMbLIX AHHOHOB B
KHCJOTH, oOGnajamouide BHCOKOH 3JEKTPOIPOBOJHOCTDIO.
Hanpumep, ecan B pasgensiolued KOJOHKE MPH HCIOAbL3O-
BAHHH B KauecTBe 3JIIOCHTA pacTBopa I'MADOKCHIAa HATpHs
pasaeddioT XJOpPUA W HUTpPAT KaJdhs, TO B KOMICHCAIHOH-
HOH KOJIOHKEC OyAYyT NPOTEeKaTh TAaKHE peaKkIHy:

1) nas smoenTa : NatOH- + Cmomna — SO;[—I+ —
- Cmona—S0, Na* + H,0
2) pas oGpasua : K*Ci—, K*NO,;" + Cmona — SOyH* —
— CMmosa — SO'3_K+ -+ H*ClI-, H*NO;'

Takum o6pasom, AeTekTHpylollel sueHKH AOCTHTAIOT BHI-
COKOMOHU3HPOBAHHbLIE KHCJOTHI B BOAHOH cpeme. Ha mpak-
THKe uaule BCEro AJs1 3JIOHPOBAaHHS NPHUMEHSAIOT pacTsop,
cojepxamind 6ukap6oHar ¥ KapGonar narpusa. Komnenca-
LHOHHOH KOJIOHKOH 3TOT "SJIOCHT NMepeBOAMTCH B ciabo npo-
BOAAILY!0 YTOJLHYIO KHCJOTY.

KoMnencanHoHHYI0 KOJOHKY MOXKHO 3aNloOJHATH JMI0GOH
CHJIBHOKHCJION KaTHOHOOOMEHHOH CMOJIOH, TOCKOJALKY OHa
3¢ PeKTUBHO MOIJIOUIAET KATHOHH 3JI0eHTa H He BJHSIET Ha
Ka4eCcTBO pa3jeietud, yXKe JOCTUTHYTOe B NMePBOH KOJIOHKE,
Haxkonsienne kaTHOHOB o0pasia H 3JiI0€HTa MNPOAOJKaeTCs
A0 TEX NOP, NMOKa BCE aKTHBHLIE UCHTDPLI He OYAYT 3a0JI0KH-
POBaHLI UMM H CMOJA NPAKTHUCCKH LEJHUKOM He mepefifieT B
HaTpHeBylo (uJH KanueByw) c¢opmy. Kosouky perenepu-
pPylOT, mnpokauWBag uecpes Hee 0,25 H. pacTBOp cepHO#
KHCJIOTBL. BJlarogaps sakony JeHCTBHSI Macc HOHH BOZOpPO-
Ja CEePHOH KHCJOTHI BHLITECHSIK'T WOHBI HATPHSI M3 CMOJBL H
IIepeBOASIT ee B nepBoHavyaibuvic H+-(popMy. Bo usbexanve
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4acCTOH pereHepamdd KOMIEHCAUHOHHO# KOJIOHKH XeJa-
TeJIbHO, YTOOKI eMKOCThL CJ0SI CMOJB B Heldl 6blia KaK MOXK-
HO OoJiplied. OpHEHTHPOBOYHOE YHC/IO 06pasuoB, KOTOpoe
MOGXHO TpoaHaJH3UpPOBaATL A0 pereHepanud KoMIeHCallHOH-
HOro CJosl, BhIpaxaercsl ypBHendeM (3]

N = VyCp/(VaCsKY) (4-1)

rae V2 — of6bem pasgensioniero cnost, Vz—o6beM KoMmneH-
caudonnoro chos, C4 — eMKOCTh pasjeasiouiero cjosi, Cp —
eMKOCTh  KOMIEHCalHOHHOro caost, K¢ —xoapduunent

CeJIEKTHBHOCTH  aHaJiH3Upyemoro  aHuona X, CcHJbHee
BCEro yAepXHBACMOro pasiensiionied KOJOHKOH, MO OTHO-~
HIEHHIO K aHHOHY 3JioeHTa Y.

Hapsny c 6osblllod €MKOCTbIO KOMIIEHCALlHOHHOH CMO-
Jbl BHIF'OJHO UMEThL KAK MOKHO 60JbLIIHH 00BbeM KOMIEHCa-
IHOHHOTO chosi. OaHako Bo u3bexkanue pa3MLHBaHHs XpoMa-
TOrpatPuuecKHXx 30H H, CJeA0BATCJLHO, MOTEpPH 3(P(CKTHB-
HOCTH B pe3yJabTare JnepepacnpeieserHdsl aHAJU3HPYEMBIX
HOHOB B CBOOOJHOM TpPOCTPAHCTBC KOMIEHCAIHOHHOH KO-
JOHKH oTHouleHHe V3/Va poskHo 6HTL HeGoabIAM. BaxHo,
y1o6ul Beanupna K¥ Oblia (B mpelesax pasyMHOIO) Kak

MOXHO Menbine, IIpu canmkom  Goabliux 3Hadenusx K

TpeOyeTCsl AJIOCHT C BHICOKOH KOHIICHTpAiHed, YTO B CBOIO
ouepelb COKPATUT BpeMsi HOpPMaJbHOH paboTH KOMIEHCa-
LHOHHOH KoJIoHKH. Onnako, ecan K§ caullikom MaJo, T. e.
CPOJACTBO 3JIOHPYIOUICTO anHoHA Y K pasjedsiiomief cmo.ie
CIMIIKOM BEJHKO, MOXKHO OXKHIATb VXYALICHHS KAadecTBAa
pasjeseHUs aHaJH3UPYEMBIX YaCTHIL.

YpasHeHne (4-2), BO3MOXKHO, gaeT 6ojiec TpHEMJEMBIH
CIOCO6 BHIPAMXKCHHUSI BPEMCHH paboTH Npubopa MEXKIAY LHK-
JaMH pereHepanuu:

(EMkocTh) - (KoandecTBO CMOJIH)

Bpems = (4-2)

(HopManbrOCTE 3im0eHTa) - (CKOPOCTE TOTOKA)

31ech eMKOCTL H KOJHYECTBO CMOJIH OTHOCSTCSI K KOMIIeHCa-
TUHOHHOH KoJIOHKe. MOXKHO BHICTDb, 4TO BpeMst paboOTH MOXKET
CylIeCTBEHHO MEHSITHLCSI B 3aBUCHMOCTH OT NMapaMETpOB KO-
JIOHKH H 3J1I0¢HTa. B OOLYHHIX yCJOBHAX aHaJA3a KOMIIEHCA-
" LIHOHHAs KOJIOHKa He oTpabaTwiBaeTcsl nocje 8 4 menpephis-
HO{ paGoTHl, a B HEKOTOPBIX CJyd4asiX €0 MOXHO HENpephIB-
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HO I10Jib30BAaTLCSI B TEUCHH
MOXKHO BBCCTH B NPUGOD M
paxacrtcs ypaBHeHHEM

N = Bpewmsi/t, (4-3)

rie {; — BpeMsi OgHOTO aHaju3a. [Las HenpepuBHOK paboThH
¢upma Dionex BuIIycKaeT cHCTEeMY € ABYyMsI KOMII€HCALHOH-
HLIMH KOJIOHKaMH, OJHA H3 KOTOPLIX DErCHCPHUPYETCsl, B TO
BpeMsl KaK BTopasl HaXoAHTCs B paborTe.

B KoMneHcalnHoHHOH KOJOHKE, TOMHMO KOHBEPCHH HOHOB
3JII0eHTa M 06pasila B COOTBETCTBYOIIME KHCJIOTH, MOXKeT
BO3HHUKATL W Apyroe siBienne. [Ipu KoHsepcHy aHUOHOB CHJIb-
HBIX KHCJOT 06Pa3yIOTCa CHJILHO MOHU3MPOBAHHBIE YACTHIHL.
Beaeacrsue mem6pannoro adpderra Jdonnana (cM. [12]) ata
HOHBI TIOUTH MOJIHOCTLIO MCKJIOYAIOTCS W3 BHYTPCHHETO 00b-

aMa uactTull CMONHE U IIOdBIIIQTOST HA DIJYnTn: wnnnnwu B nﬁ’l—.—

AL WAYLANSUL LA J1 RQMANJIRVIVISLANT AW F)l LlNA A AELRNT

eMe 3JII0eHTa, 3aHUMaloUIero NPOCTPAHCTBO MeXKAYy YacTHIa-
mMu. Onnako c1a60MOHU3NPOBAHHBIE YacCTUIbl, 06pasyomHe-
Cs MpH KOHBEPCUH AaHHOHOB CcJabblX KHCJIOT, CHOCOGHHI
IPOHUKATH BHYTPb CMOJIBL. DTO IPUBOAHT H K YBEJHUCHHIO Bpe-
MEHY HX yAepXKUBaHHUs, KOTOpOe 3aBHCHT OT BeJH4HH pKg H
‘o0beMa KOMIeHcanuoHHoro caost (ria. 9), B uncao uwacrul,
CKJIOHHHIX K pacHpeiesieHu:0 B TBepaoH (asze, BXOAAT aHHU-
OHBl GOJLIIMHCTBA OPraHvueckux Kucaor [13, 14], a Takxe
HuTpur [15], runopochut, pocdur, docdar, uuanug, Kap6o-
Hat, 6opar u propux [16]. YnepxuBanue aHHOHOB CJAGBIX
KHCJIOT ONpeneasieTcsl TAKXKe MECTOM, Iie NPOHCXOJUT KOH-
BEPCHSI aHHOHOB B COOTBETCTBYIOULYI0 KHCJOTHYIO (dopMy,
4YTO B CBOK OYepeab 3aBHCHT OT CTeNeHH OoTPpalOTaHHOCTH
KOMIIEHCAIMOHHOH ,KoJoHKu. B rtaba. 4.1 mpeacTaBJjcHa
peakuusi JCTCKTOpa Ha Pas3jduHLe HOHLI B 3aBHCHMOCTH OT
BpEeMeHH, NPOLICALIErO IIOCJe PEreHepaldd KOJIOHKH.
KoMnencauuonnasi KoloHka (pupmel Dionex cKOHCTpyH-
poBaHa TakuM ofpasom, 4ToOH ¢BEeCTH K MHHUMYMY (akTo-
pHl, IpHBOAsILHE K noTrepe apdekTuBHOCTH, KatHonoo6MeH-
HHKH HA OCHOBe MHKPOHOPHCTOrO reJist ¢ coaepkanueM 89
nuBHHHIOeH300a ([BB) B BHIe wacTHL pasmepoMm 20—
40 MKM ABJSIIOTCSI THIHYHBEIMA MaTepHalaMu IJs1 KOMIIeHCa-
HMOHHBIX KOJIOHOK. Manbii pasvep 4acTHll cMOJbLl YMeHbIIIa-
eT 06beM MeXAY HAMH ¥ CBOJAHT K MHHHMYMY Da3MbLIBaHHe
B kosionke. Konngecrsom /IBB («cuiuBatomuii» areur) pe-
TYAUPYIOT MJOTHOCTb CETY4ATOH CTPYKTYpHl TBEPAOH CMOJIHL
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Tabauya 4.1, U3MeHeHHsI peaklHH JeTeKTOPa NPH NPHMEHEHHH
KOMNeHCaUHOHHOA KOJOHKH pasMepoM 300 2,8 mm [18]

o c
B | g5 B e ey
: | ik 3_ :
59 é‘ﬁ% F- cl- | NOG™ | POT™| g~ | NOT™ | SO~ 1 pc-
22,0 8,3 77,0 28,7 10,5 34,0 9,5 26,0 42,2 00 8
7 9,
0,8 75,0 29,0 10,0 33,5 9,2 25,0 42,0
é,g 76,2 31,0 12,0 34,5 9,5 26,5 43,0 0
, 34,
3,2 77,0 32,5 17,0 35,5 10,2 27,5 42,8
4,1 78,8 32,0 18,8 35,6 10,2 27,2 43,2
g,l 79,0 31,0 22,2 35,7 10,0 27,2 43,0 .
,D 1,0
6,2 79,0 32,0 27,2 36,0 11,2 29,6 44,3
6,8 79,0 32,0 32,0 30,5 11,2 29,8 44,0
-7,3 81,5 32,0 33,8 36,5 11,6 30,5 45,0 6.0
8,1 83,6 31,8 35,5 36,2 11,2 30,0 44,7
PereneprpoBannas KOMIEHCAMOHHAA KOJOHKA
22,5 0,2 72,0 31,8 10,8 37,6 11,4 30,5 44,5
0,5 73,0 31,8 11,5 37,0 11,0 30,0 44,2
0,8 31,0

L)

u ee cnoco6uocth Habyxath. Ha6yxaemMocTs B CBOWO ouepenb
onpeneasier o6beM nop B cMojie. C TOYKH 3peHHsI MOTJome-
HUA KaTHOHOB 3Jij0eHTa 0OO0Jblllas IIJI0iafAb IOBEPXHOCTH
CMOJaBl (NMpH HCIOJb30BAHHH MAaKpPOMOPHCTHIX CMOJI C BBICO-
KOH CTeNeHbIO CLIMBAHHsI) MOKET MoKasaThes OYeHb BLITOI-
HOH, ¥ TeM He MeHee OHA HexeJjaredbHa H3-3a aacopOuuu
cnabononnsnpoBanupix yactuy [17]. Tlo arofi npuunne Takue
CMOJIBI HE HAXOASIT UIHPOKOro NMpHMEHEHHs.

HanpoTtus, yMepeHHO CIIMTHIE CMOJIBI O3BOJISIIOT JOOHThH"
CA KOMIpOMHCCA MEXKAY ajaCcOpOLHOHHBIMH H 3KCKJIIO3HOH-
HBIMH 3(dekTaMy, HAGJOQaeMBIMH AJsS  cJaGOMOHH3UPO-
BaHHBIX BelllecTB. TeM He MeHCe NIPH aHaJH3e TAKUX BEILECTB
Heo6XoAuMO co6.101aTh 0co0kle nmpegoctopoxHoctd. Konu-
YeCTBEHHOE OIpejesieHHe aHHOHOB cJAaOHX KHCJAOT MOXKHO
YAYYIIATD, €CJAH BMECTO BHICOTH NMHKOB HU3MEPAThb NJOHIAJAH
ouKoB [17]. PekoMenayeTcss TakxKe PeryjaspHo IMpPOBOJAHTL
KaJiu6poBKy npufopa 0O CTaHaapTaMm, NEpPeKpbIBAUIUM
OXHIaeMoe COACPKaHHe ompeieiscMoro aHHoHa [13].
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Puc. 4.3. 3meneHHe peaKUHH JAeTeKTOpa NpH WCTOLIEHHH KOMIIeHCAalH-
onHo#l KosoukHd [18].
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4.2,4. Komnexcauynonuas KOMNOHKa
. € NONbIMK MOHOOOMEHHBIMY BONOKHAMY

Komnencaunonubsle KOJOHKH 3aTPYAHAKT INPUMEHCHHE
HOHHOH xpoMarorpadud. HMx HeoO6XOZUMO MNEPHOIHUYECKH
pereHepupoBaTb. BpeMs aJIOHpOBaHHA U peaklHs JeTeKTo-
pa A5 HEKOTOPLIX HOHOB MEHAIOTCA B 3aBHCHMOCTH OT CTé€-
IeHH OTPaGOTAHHOCTH KOMIIEHCAIlHOHHOH KoloHKH (puc. 4.3).
B Heli TpoHCXOAHT pa3MbiBaHHE MHUKOB H CHHKEHHE CTCICHH
pasacnaendsa. Mjorve u3 Ha3BaHHbIX TOMEX yCTpaHAKTCS Osa-
rogapsi NIpUMEHEHHIO KOMIEHCAIMOHHOH KOJIOHKH C TOJHIMHU
BOJIOKHAMH, npeanoxennoid Crusercom u cotp. [18].

Ha puc. 4.4 npounjocTpupoBan IpHHIUI JCHCTBUS TAaKOH
KOJIOHKH. 3J10aT 1oc/ae pasjiefsiomel KOJOHKH MPOXOAHT
yepe3 MYYOK U3 BOCbMH TOJIBIX BOJIOKOH H3 CYJAb(HPOBaH-
Horo noJauatujena. Ilo TpybOke, 3amOAHCHHOH MOJABLIMH  BO-
JOKHaMH, MOAAIOT «PErCHCPUPYIOIUH» areHT — pa3basJieH-
Hulil pacreop (0,02 n.) cepuoii kucaotrsl (puc. 4.5). Kap-
OoHAT-HOHBl 3JI0CHTA, XJOPUA M APYrde aHaJH3HpYEMble
AHUOHBl He NMPOHHMKAIOT uepe3 CTEHKH BOJIOKHA BCJACACTBHE
aexTa JOHHAHOBCKOTO pachpeaeteHusi, a KaTHOHB Tpo-
HukawoT. Kap6orar natpus nepeBoaurcst B ¢jabo MpOBOAS-
IIYI0 YTOJAbHYI) KHCJAOTY, a XJOPHUA HATPHg — B XOPOILIO
NPOBOJALLYIO XJIOPHCTOBOAOPOAHYIO KHCAOTY. Perenepupyio-
IIUA pacTBOp cepHOH KHCJOTH mpeBpamaercs B cyJdbdar
HaTPHsA, a 3aTeM BLITCCHACTCHA CBEXKEH TNOpLHeH CCpHOH
- KHCJIOTHI,

Crmoco6 KoMmeHcal¥y ¢ NMOMOLILIO NOJBIX BOJOKHHCTBHIX
- MaTepHaJIOB AACT BIIOJIHE YAOBJETBOPHTEJNLHbBIE pe3yJbTa-

Na,CO,

"L /—\ Na,SO,

o/
Cynbmuﬂneauﬁue\ 2Na*— i

nOM0E ROAYIMU- 2= -
ABHOBOR BONOKHO Oy Sleb
-~—— 2_H+

\HZSOQ

H,CO,4

Puc, 4.4. Cxema KoMneHcalHH mnoJpIMH BoJoKHaMH [18].
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Ynnomuenue seixodnod  Cunukorosast UeHmpaneHas
4oCmu K0noHKU pesuHa mpydka,
ey =
4 NEF
Noawe

Ynnomuumenshas TpoRuk 80A0KHE
mpydka ]

Tpybka 9ns nodsode. N PN
nerma YA A

duamempom 4,6 Mm

e
Tpybka 3nn evisdd pezenepupyiouezo
pacmeope: Guamempowm - 1,6 MM

Tpybka dnn awie0da Int0EHME
guamempom 1,6 MM

Tpybra dna nodsoda pezenepupyiwezl
pacmsopa, JuamempoM 1,6 MM

Puc. 4.5. CxeMa KoMiueHCalMOHHOH KOJIOHKH C MOJBIMH BOsokHamu [18).

THl. KoMneHncauuonHas KoJMOHKa MoxXeT pafoTaTh Heorpa-
HHYEHHO AOJTO NPH HE3HAUYHMTENLHOM H3MEHCHHH XapakTe-
pHcTHK (Ta6a. 4.2). Ilosesno cpaBHUTH jJaHHble Taba. 4.2
CO CBOACTBAMH KOMIEHCAUMOHHOH KOJOHKH, NPUBEIEHHBIMH

B Tabj. 4.1. BricoTu

NHKOB auetraTt- # HHTPUT-HOHOB IIpH

paboTe ¢ OOLIYHOH KOMIEHCAIMOHHON KOJOHKOH MEHSoTCH,

Tabauya 4.2, WameHeHHA PeakUMH JeTeKTopa NPH KOMIeHCAUHH

€ NOMOILbIO NOJBIX BOJIOKOH {18]

g; ,é Bricora nmuka (uBcao genenuif
E S JHarpaMMHOH JIeHTH)
g % o
5 0 :E'E: F- Ci- N02 POi Br~ NO3 SOi Ac~
20,5 0,3 29,0 24,3 12,0 33,8 11,2 28,8 45,2
21,0 1,0 28,8 22,0 11,6 34,2 11,0 29,0 45,0
1,5 42,8
2,0 28,8 22,2 10,5 35,6 11,5 30,5 45,5
21,6 2,5 29,2 22,6 10,8 36,0 11,0 30,0 47,0
3,0 29,8 22,8 10,6 36,0 11,6 31,2 46,0
4,2 43,8
22,0 4,5 29,6 23,0 10,2 35,5 11,1 30,0 46,5
5,5 30,5 23,5 9,5 36,6 11,8 32,0 47,2
6,0 44,2
6,6 30,6 23,8 10,0 36,5 11,0 30,0 46,0
7,1 43,5

-
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Puc. 4.6. KaanGposounnii rpaduk muas auerar-Hona [18].

a MpH UCNOJb30BAHHK KOMIICHCAUMOHHOH KOJOHKH C MOJIbI-
MH BoJIOKHaM# — Het. M3 puc. 4.6 BuaHO, 4TO JIHHEHHOCTD
cArnaJjia agerara 0oJiblle TNpH KOMINEHCALWH ¢ IOMOUILIO
BostoKoH. Kanu6posounas KpHBasi He MPOXOJHT ycpes Ha-
YaJo KOOpPAHHAT, TMOCKOJbKY OJHOBPEMEHHO C alleTaToOM
aJoHpyeTcs B kapOoHar, galomuid oTpHuaTesbHOe cMellle-
HUEe HyJIeBOH JIHHHH U MOTOMY HCCKOJILKO CHHXAKIIHH BHI-
COTY MHKa alerara.

Ha puc. 47 npuBeseHa mnosyueHnass ¢ NpAMEHEHHEM
KOMIIEHCallHOHHOH KOJIOHKH ¢ MOJBIMH BOJOKHAMH XpoMa-
TOrpaMMa CTaHAApPTHOrO pacTBopa HOHOB. MoXHO BHaeTh,
UTO cHcTeMa pafoTaer YIOBJETBOPHUTENbHO, XOTSI OUYCBHUHO,
YTO NUKH (pPTOPHAA ¥ XJAOPHIA IIHPE, YEM NIPH HCIIOJIb30BAHHHU
OOGBIYHOH KOMIIEHCAUHOHHON KOJMOHKU. [Ipyro#l HegocTaTOK
3aKJ/JII04aeTcss B TOM, YTO OINIHCAaHHOE YCTPOHCTBO MOKeT
KOMIIEHCHDOBAaTbh MOTOK 3JI0€HTa, He  [peBbIIaUIUl

80 MATI/MI.{U ]Tnu ﬁr’\rﬂ_nluv CEANANMTAOY TIATAIYT OO nﬁmnnnu’u-

ATRUL Y LA XLNLN ‘vl-’ll AN YLA LA TN \JILUHU\,’I-’IA AAINT LIV 11%- AUV W RLW-TR IR

Baercst aupdy3nst HaTPUsl ucpe3 CTCHKH BOJIOKOH. Jlns
npegoTBpallleHHst AU(PPY3Uu pereRepupyomero pactsopa B
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Puc. 4.7. XpoMmarorpaMMa CTaniapTHOIO pacTBOpa CEMH HOHOB, IOJY-
YeHHAs C HCHIOJL30BAHUEM KOMIIEHCAMOHHOH KOJIOHKM C IOJBIMH BO-
JokHamu [18].

MOTOK 3JI0€HTA He BCErja AOCTAaTOYHO BJIHSIHHSL JOHHA-
HOBCKOTro pacnpeneienus, xots 0,02 u. cepuas kucaora
JaeT yAOBJCTBOPUTEJbHBEIE pe3yabTaThl. HecoMHeHHBIM
NPEHMYINECTBOM HCHOJIb30BAHHUS IMOJBIX BOJIOKOH SIBJACTCSH
BO3MOKHOCTL 0€30CTaHOBOUYHOH paboTHI.

4.2.5. KucnotHas mOHM3aUMA u INEKTPONPOBOJHOCTL
3NI0eHTOB K 06pa3luoB

B rsi. 3 orMeuasock, 4TO 3JIEKTPONPOBOAHOCTb pPacTBOpa
NpaKTHYeCKH IOJHOCTHbIO of0ecncudBaercss HOHAMH, cojlep-
XAallUMHCSI B HEM; [0 CpaBHEHHI) ¢ HEH 3JEKTPIPOBOA-
HOCThb PACTBOPHUTEJST HHUUTOXHA. IloaToMy aJss u3Mepenus
NPOBOAMMOCTH pacTBOpa BaXHa CTEHCHbL JAHCCOLHALMH
KHCJIOT B BOAHOM 3Jt0eHTe. CHAbHBIC KHCJOTHL HPOBOJAT
TOK Jyullle, ueM caalnle.

Ycnex nmpuMeHeHUS KOHIYKTOMETPHUECKOTO AETEKTHPO-
BaHHsl B ABYXKOJIOHOUHOM BapHaHTE BO MHOTOM 3aBHCHT OT
peaKUH#, TPOTCKAIOIUAX B KOMICHCAIIMOHHOH  KOJOHKE.
Tak, coBeplleHHO HeOO6XOAMMa KOHBEPCHS AHMOHOB 3JII0EH-
Ta B CJ1a60IHCCOLHUPYIOINE KUCJHOTHI, TOCKOJBKY TOJIbKO B
3TOM CJyuae CHHXKACTCs1 (OoHOBasi 3JEKTPONPOBOJHOCTD.
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C Apyroii CTopoHE!, aHAJH3HpYEMHE aHHOHH B KOMIICHCAHH-
OHHOH KOJIOHKC TePECBOASITCA B XOPOLUO MPOBOASLIHC KHCJIO-
i, CTemenb HOHHU3AIHH MOXKHO BEIYHCJAATL H3 JAHHBIX 10 yC-
TAHOBJIEHHIO pAaBHOBCCHS /100 W3 KOHCTAHT JHCCOLHALHUHM H
CYMMapHOHl KOHLEHTpPamWH KHCJAOTH B pacTBope. Pas.n-
Yge MEXKAY OSJOHPYIOIHAMH H 3JIOHPYCMBIMH aHHOHAMH
npejcrasjcHo B Tabj, 4.3, B KOTOPOH NMPHBEAEHHl KOHCTAaH-
Tl JHCCOIHAIKK KHCAOT. XOPOLIHUMH 3JI0€HTAMH SIBJISIOTCS
pacTBOpHl coJieli yronbHofi # O60pHOA KHcaoT U (eHoNa,
MOCKOJbKY OHH ¢/1a00o JHCCONHUPYIOT mocje o6paboTkH B
KOMICHCALLAOHHOH KOJOHKe. AHHOHBl KHCJIOT, aHaJdU3Hupye-
MBLIX C TOMOIIBIO ABYXKOJOHOUYHOH HOHHOH XpoMmatorpadus,
JOJIKHBL  uUMmeTh K, Buie uem 10-7. M3 ta6a. 4.3 moXHO
BHJETh, UYTO alleTaT U HATPHT MOKHO INPOAHAJH3UPOBATL C
NOMOMILI0 HOHHOH XpoMaTorpadHH B COUCTAHUM C KOHJYKTO-
MCTPHUYCCKHM METOJOM, a HHaHHJ, 6opaT U (PeHOKCH] JBYX-
KOJIOHOUHBIM METOAOM aHAaJH3HPOBATH TPYIHO.

Tabauya 4.3. KOHCTAHTHI NAHUCCOUHAUHH KHCAOT

Kucnora K, npH MOHHO cuJie, paBHOH HyJIO
AsoTHcTas 5,1-10-4
Bensoiinan 6,3-10-°
Bopnas 5,9.10-10
Mypasbunas 1,7-10-*
MpinmbakoBas, K 6,5-10°3
» K, [,3-10°7
» K, 3,2-10-12
IIponnoHoBas 1,34.10-%
Cepuasn? _
CHHWILHAA 4,9.10-10
Coasnasa? —_
Yronerada, K, 4,3-10°7
» o 4,8-10"11
YKcycHas 1,74- 1078
®enoa 1,4.10-10
dochopras, K 7,5-10-3
» K, 6,2-10"8
» K 4,8.-10°13
o-®ranesas, K, 1,20.1073
» K, 3,9-10-7
DTOPUCTOBOAOPOLHAR 6,75-10~4
[l aBesnieBast, K, 8,8-10-2
» IL\’2 5, 1.16-%

a
He onpegenserca, Tak KaK KHCJIOTA MOJIHOCTBIO JHCCOLHHDOBAHA.
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4.2.6. Dni0CHTLI

DaoenThl, TNpeIHA3HAYEHHBIE  AJS  JBYXKOJOHOUHOH
CHCTEMBI, JOJIXKHBI OTBEYATh ABYM OCHOBHHIM TPeGOBAHHSM.
Bo-nepBbiX, OHH JOJKHBI BHITECHATb AHMOHBI H3 pasesslo-
el KOJOHKH. BO-BTOPHIX, OHH AOJKHE BCTYNATb B PeaKl iy
o6MeHa B KOMIIEHCAIHOHHOH KOJOHKE ¢ 00pa30BaHHEM BOAH
MU IPYTHX cAabG0AHCCONMHPYIOIIMNX dacTHl, o6Jaaaomux
HH3KOH NPOBOAHRMOCTBIO. Bropoe tpeGoBanue yXe O0O6CYX-
JaJ0Ch BHILIE.

B upgeane simoupylomuil aHuoH Y JOJKEH HMeThb Hec-
KOJILKO GoJiblliee CPOACTBO K pasfefsdiollei cMoje, UeM
HanboJiee TPOYHO YAepXKHUBACMBIH aHAJNH3UPyEMbIH aHH-
o X. Tem He MeHee TakoH 3JIIOGHT MOXKeT He OOCHEYHTD
aHaJH3 CJOXKHON cMecw ciaaboyAepXKuBaeMblX aHHOHOB,
TaKHX, KaK (TOPHI, XJOPHA, HHTPHT H T. A.; OHH MOIYT
JaTh OAuH NMuK. HampoTus, 3TOT XKe JMIOEHT MOXKET MO3BO-
JUTh pasgeautb 6ojee MPOYHO YyAepIKHBAeMble YACTHIH,
HanpuMmep SO%°, SCN— u S,0% . IlostoMy BHIGOP 3.110€H-

Ta CVITI8CcTROHHN FABVCHT AT UNCJA ¥ TUITA aHaAIININNVEeMETY
QA ¥y i

L AIWALLRANS WIFOULEJLEW-XL ) v LKL R L Fey 1 ri1i1u4 ulAuv;xxuxxtJJ o AFA AL J%

yacTHy. C MOMOIIbIO JIOEHTA NMPOMEXYTOYHOH CHJBI 4acTo
A0OMBAIOTCS XOpollell CeJeKTHBHOCTH IJs psijfla aHHOHOB C
pasaHYHbBIM cpoAcTBOM. CrocoOHOCTh TAKOTO 3JI0€HTa K
BBHITECHEHHIO HOHOB MOXKHO OITHMH3HPOBATb, MEHSS €ro
KOHUEHTpauuoo. CHHCOK 3JI0EHTOB, NPHUTOAHBIX IJsI pasje-
JIEHUST aHHOHOB C LUMPOKO MEHSIOIIHMCS CpPOACTBOM, IIpH-
BejeH B TabJ. 4.4,

Jn10eHTHl, cofepxaiue Terpabopar matpus, obsagaor
O4YeHb HH3KOH CIOCOOHOCTBIO K BLITECHEHHIO H NPHMEHSIIOTCS
peako. OnHako OHu NOJE3HB B cJyyae pasfeneHus GBICTPO
3JIIOUPYEMBIX YacTHH, TaKHX, Kak ¢TopHi, dopMuar u ane-

Tabauya 4.4. moeHTH AJA aHAJH3A AHHOHOB

omas | omouonst |y | Moo somereny
Na,B,0, B,O2~ Ouens caabuit  HyBOg
NaOH OH- Ciabuiit H,0
NaHCO, HCO;” » H,CO4

Na,COsq CO%" ITpomexkyrounslit Hy,COg
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taT. bopar HaTpus B pe3yabTaTe KOHBEPCHH B KOMIIEH-
CAIMOHHON KOJOHKE AaeT caaboAuCCONHHDYIOIYI0 OOpHYIO
KHCJIOTY.

DJNI0EHT, COAepXKaluUui I'RAPOKCHI HATPHUs, ¢ TOYKH 3pe-
HHSI KOMIIeHCanuu (POHOBOrO CHrHaJja siBJASETCS HAeaJbHbIM,
MOCKOJNIbKY OH KOHBepTupyercs B Boay. Hegocratkom xKe
3TOrO 3JI0CHTA ABJSETCA ero HU3KOE CPOJCTBO K pasjensdio-
el cMmoJge, yTo obeclneynBaeT BLITECHEHHE TOJBKO cnaabo-
yIepXHBAEMBX aHHOHOB. YBeJHYEHHe KOHLUEHTPAUHH THA-
pPOKCHIa HAaTPHS B PACTBOpPe YBEJHYHBAET €ro cnocoOHOCTD
K BHITECHEHHIO, HO BBI3BIBAET OBICTPYIO OTPaBOTKYy KOMIIEH-

nsoﬁ-
PO, |FT
'?
NOy
clr-
NO;
8r ‘
WAl
T T ) ) ¥
20 15 10 5 0
Bpems , Mun

Puc. 4.8, Pasgenenne ¢ropuna (3 man—!), xmopuna (4 maa—!), HUTpH-

rTa (10 man-!), docdara (50 Maa—!), 6pomuxa (10 man—!), nHuTpara

(50 man—!) u cyanpara (50 man—!) B cTaHRApTHBIX YCJIOBHAX (pucy-

HOK mpenocrasjed JaGopaTopueli IO HCCAeNOBAaHKIO anamasos ne Dbup-
ca, IOAP),
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CAllMOHHOH KOJOHKH. I'mapoKcupa HaTpusl HHOrja Ao00aBisi-
IOT K HEKOTOPHIM 3JI0€HTaM, TAKHM, KaK pacTBOpbl GHKap-
Gorata u Kapbonara marpus. B onpeaeleHHBRX CHTya-
IHIX 3TO MOXeT ITIPHHECTH [OJb3y, HallpuMep TpH
onpelenennn Ppocharta, KOTopbu?'I npu HU3KHX 3HaueHusix pH
JIOUDYETCs] paHblle cyabdarta, a NPH BLICOKHX 3HAYEHHSIX
pH — nosxe. TpexBajenTHbll Qocdar-aHHOH yAEPKHUBAET-
csl cMOJIOH CHJIbHEE, YeM JBYXBaJeHTHbIH.

Ilpu paspaborke MeTOoga HOHHOH Xpomarorpaduu
CMoas u coTp. [3] HHPOKO NMOAB30BANHCL CMeCSIMH  THI-
pokcuaa u (eHokcwda HaTpusi. Duaarogaps moaxoasiuemy
KO3(pPHLUHEHTY CeJEKTHBHOCTH (QEHOKCHAa [JOCTHraercs
XOopolllee KayecTBO paajeneHuss aHHOHOB, Penoken obnana-
eT TakXkKe TeM MPEHMYLIIECTBOM, UTO €r0 3JEKTPONPOBOJ-
HOCTb 3(PDEeKTUBHO cHHKAeTCsT B KOMIEHCALHUOHHOH KOJOH-
Ke 1ocJjie KouBepcuu ero B denon. Ognako geHOKCHI OTpaB-
JsieT pa3fessiollyi0 KOJOHKY, MOCKONBbKY 00pasyroTcs mpo-
JYKTBHl €ro OKHCJE€HHs, OLICTpO CHHXKawiHe ee 3pPexrTun-
Hocth {17].

banarogaps cBoemy 3apsaly (2—) kap6oHaT EMeeT OueHb
XOpOliike 3JIOHPYIOiHe CBOHCTBA, U €r0 MOMKHO HCIOJIb30-
BaTh B CPaBHHTEJbHO HH3KHX KOHUeHTpanusx. Halle Bcero
[IPHMEHSIOT 3JIIOEHTHI, KOTODble MNPEACTABJSIOT cobol 6y-
depHble pacTBOpH, MPHrOTOBJEHHBIE cMellleHHeM KapGonara
1 6ukapborata [3]. CeneKTHBHOCTb TAKOTO 3JKEHTA MOKHO
JIETKO H3MEHHTb, MCHSS COOTHOIIEHHE KOMIIOHEHTOB, T. €.
MeHsst 3nadenre pH asmoenta. KpoMe toro, uro6u obecmne-

Tabauya 4.5. CTaHnapriple yCa0BHSI AJf aHAAM3A AHHOHOB

DmoeHT 0,003 M NaHCO;/0,0024 M Na,COq

ITpepxosoHKa 50 X3 MM ¢ NOBEPXHOCTHO-TIOPHCTON AHU-
OHOOOMEHHOH CMOJOH

Pazpensmoman KOJMOHKA 250x3 MM c TOBEPXHOCTHO-NIOPHCTOH
aHHOHOOOMEHHOH CMOMION

Komrnencanuornasi KOJOHKA 100 X9 MM ¢ CHILHOKHCIOR KaTHOHOOG-
MeHHOH Cmon0it B HY-popme

Brogumuiil o6beM 100 Mk

CKOpoCTb NOTOKA 3JIOSHTA 138 ma/u

HyBcTBHTeIBHOCTD HHIHKATOpa  OmnpefesifieTcs yC/IOBHAMH 3KCIEPHMEH1a
(MxOm~1-em™1)
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YUTh OBICTDPOe WK MeJJIeHHOe 3JIOHPOBAHHE, He BJAHAA HA
MOPSIIOK BBIXOJAA AHAJH3HPYEMbIX HOHOB, MOXKHO TIPOCTO
H3MEHHTh KOHHEHTpauuo saoenra. Ha puc. 4.8 mpeacrasieH
MpuMep pa3jieseHHsl CEMH aHHOHOB B CMeLIaHHOM KapOoHaT-
HOM 3JI0€HTe, peKoMeHJoBanHoM ¢upmoil Dionex. BribpaH-
HBEle JJIs1 pa3feseHHs YCJAOBHS NPHHATH B KayecTBe CTaH-
JAapTHBIX. 3TH YCAOBHS Mepedncaentl B Tabj. 4.9,

4.3. NMpumeHeHne

JIBYXKOJIOHOUHAasT HWOHHAs XpoMmartorpadus MoJgydHIa
'GLICTpOe TpH3HaHKE B KauecTBe 3PPEKTHBHOIO aHAJHUTHYEC-
KOro Meroja. B arom y6expaer pocr uucjaa nyGankauuid
cratefl mocJe ee BBoJA B npakTuky B 1975 r. 3tu nybamka-
HHH TOATBEPKAAIT NMPUTOLHOCTh HOBOTO MeTOJa JJis ObICT-
pOro u YYBCTBHTEJABHOIO OINpeaesneHHss anHOHOB. Miosank u
Casuuku [19] cocTaBuan mepeyeHb aHHOHOB, KOTOPble MOXK-
HO ONpeeNsTb ¢ TMOMOIIBIO HOHHOH XpoMmarorpadun
(rabu. 4.6), u npuBeJH NPHMEPH TPHMEHEHHS 3TOr0 METO/Aa
1Jis1 pelienns: 6onee yeM 80 pasauuHbLIX aHAJHTHUECKHX 3a-
aay. OyeBuAHO, UYTO OAHOBPEMEHHO HEBO3MOXKHO DAa3/eJHThb
BCe yKasaHHble B TabJs. 4.6 aHHOHBI, HO OHH He NPHCYTCTBY-
I0T BCE BMECTe B peasbHBIX oOpasuax. Konewno, ags ompe-
JeJIeHHBIX AHHOHOB M CMeCeH CJIOXKHOTO COCTaBa MOTYT
noTpe6OBATbLCA clelldabHble KOJIOHKH, PasJHYHble 3JI0eHTH
M Jaxe KOMOMHAUHWK PAa3HbIX METOJOB, TAKHX, KaK 3KCKJIO-
3HOHHAsl U oOBlYHAs pacHpejcauTe/bHasi HOHHAs XpoMa-
torpadus (ra. 9).

Xpomartorpaduyeckue MeTOAHKH TpebyloT, yToGbl aHa-
. JIM3UPpYeMBbIH o6pasen HaXOJuJCSI B pacTBOpe (B Caydae HOH-
HOH xpoMmaTtorpacduu — xesnateabHo g BogHoM), O6paszer
MOXKHO pPacTBODPATb H B CHHPTE, HO TOrAa, 4TOOBI NIPEeAOTBpa-
THTbL HapylleHHe IJIOTHOCTH YIIAKOBKH CJIOSI B pasaesioinel
KOJIOHKE ¥ paspylIeHHe CMOJIB, HEOOXOAMMO CHJAbHOE pas-
6aBienne Bopoit [0]. Ciemyer uaberath pacTBopeHus o6pas-
.1la B KHCJOTaxX, €CJAH, KOHEUHO, HEBO3IMOIKHO TOCJeyIoIlee
3HaUKHTebHOE pasbaBJjieHHE BOJZOH. DT0 CBA3AHO C TEM, YTO
R0GaBisieMbli AHHOH KHCJOTHI MOMKET BbI3BATbh NMEPErpysKy
aHaJuTHYeCcKo# KoJsoHKH. Onpegenenre aHHOHOB B IIPHCYT-
CTBHH OOJDBLIMX KOJHYECTB HOHOB METAJJIOB, CIOCOGHBIX BHI-
DazaTth B OCAAOK B IIEJOYHOH cpeje 3JI0eHTa, CONPSIAKEHO ¢
AOMIONHHUTEJALHEIME TPYAHOCTAMHU. B 310l rsaBe 6yaer noka-
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3aHo, KaK B Ipollecce NPHIOTOBJEHHS pacrsopa o6pasia,
NPHrOAHOro AJs aHAJM3a MEeTOJOM HOHHOH xpomarorpadumu,
H306pEeTATENbHEIM aHATHTHKAM yAaeTcsl CBECTH K MEHHMYMY
OmpeJieJIeHHble 3aTPYAHEHUA € IMOMOILBIO CIIelHANbHHX CIIO-
co60B pacTBOpeHHsl H OTAeseuus. K HeyZHBHTENBHO, 4YTO
BHAuaJe MOHHYIO XpoMarorpaduio HCHOJb30BAJH AJSI aHa-
au3a o6pasuos, COAEpKABUIMNX YACTHIH, YiKe CYIIeCTBOBAB-
IIHe B BHJE aHHOHOB HJH JIErKO NepeBOAMMHE B aHHOHHYIO

dopmy.

4.3.1. 3arps3HeHus BO3AyXa M BOALI

ITepBrit cuMmosuyM MO aHAJAK3Y 3arpsi3sHEHHH OKpyxKa-
IOHIell cpeabl ¢ MOMOIIBIO HOHHOH XpoMaTorpaduu cocToscs
B 1978 r., a caenyromuit —B 1979 r. Onybaukosann c6op-
HUKH cTatell, IIpeACTaBJEHHBIX Ha 3THX CHMIIO3HyMaXx
{20, 21].

Mroauk u cotp. [22] 8 1976 r. coobmnan 06 HOHOXpOMATO-
rpadHIECKOM ONpefeJeHHH B 49p030J4X aTMoc(epbl HUTpa-
Ta B cyabdaTta. Uix MeTOAHKa BKJKYAET BhlleJadHBaHUE
BOAOH MHKpPOWACTHL, coOpaHHBIX Ha (PuJIbTPax H3 CTEKJO-
BOJIOKHA, C MOCJAEAYIOIUHM HOHOXpOMaTorpaduiyecKHM aHa-
JIM30M BOAHBIX 3KCTpakToB. Pasznensenne ¢ropuia, HuTpara
U cyabdaTta B BOAHHX pacTBopax 00pasloB, BHIIENAYHBa-
€eMbIX H3 (QHILTPOB-HaKOMUTeNeH, onucano Jlatysom u Ky-
TanoM [23]. Oun Takxe CpaBHHJIU CBOM Pe3yJbTaThl ¢ JaH-
HHIME JPYrHX METOLOB: KOJOPHMETPHYECKOTO THTPOBaHHS,
OpyIHHOBOrO METOAA M THTPOBAHHS HepXjoparoM Gapus B
NIPHCYTCTBHY TaAPHHA B KAUE€CTBE HHIAHMKATODPA, MPAMEHEHHBIX
AJA OmpegeJeHns COOTBETCTBEHHO {TOD-HOHA, HHTpPaTa H
cyabdaTta. OTkIOHEHHS, KaK IpaBu/Io, He npesbianu 109%,
Ha OCHOBAaHHH YE€ro aBTOPbI 3aKJIIOYHIH, YTO HCIOJb30BAHHE
HOHHOH XpoMatorpaduu sl CTaHJAPTHHX aHaJ®30B, BOOO-
e rosops, 6onee mnpeanourutesbHo. bBartaep u corp. [24]
Tak¥Xe coo0muiu O pe3yabTarax, IMOJYYEHHBHIX METOAOM
HOHHOH XpoMaTtorpauu, U CPaBHWIK HX C JaHHLIMH ob6le-
NPAHATHIX METOJAOB aHAJH3a MAaKpOYacCTHI, coAepKalluxcs
B BO3AyXe, H OCa/JlKOB. DTH aBTOPH MPHMEHSJH aBTOAHAJH-
sarop mogeau II ¢upmer Technicon.

OnuceiBaeMblil METOA IPHMEHHIH /715l ONpesieeHHsT aHHO-
HOB B cojepXKallldXcs B BO3AyXe MaKpPOYacTHIAX, COGpaHHBIX
B paiione r. Jloc-Anaxeneca [25], © aHHOHOB, COOPAHHBIX C
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noMouplo QUIBTPOB Ha Gosbluux BhicoTax [26), ¢ uennio
OLCHKH CTEIEHu 3arpssHeHdss atMocdepbl BHIOpOCaMH aBH-
allMOHHBIX ABHrartenefl. B mocienneilt pabore paccMOTPEHB!
¢axTope, MelAwilHe ONPEACNEHHIO (YTOP- U XJIOP-HOHOB
# BBI3BAHHBIE B3aHMOJeHCTBHEM C AHOYTOKCHITHIA(TAIATOM.
Jlanbuefiline olEeHKH MeToJa HOHHOH Xpomartorpadum Ka-
caloTcsl onpeaeneHus cyabrPara B o6pasuax Bosayxa [27], a
TakXke cynbdara # HUTpata B 00pasmax aTMochepHbHIX
MaKpO4YaCTHL, OCaXKJEHHHX HA QHALTPE, U CPaBHEHHUS pe-
3yJbTATOB C JAHHLHIMH ABTOMATHYECKHX XHMHUECKHX METO-
JoB aHaaunsa {28). Bo Bcex pacCMOTpeHHBIX CJayvYasx WOHHAS
xpomaTorpadus okasanacb HajJeKHBM H YYBCTBHTEJbHBIM
METOA0M ompeneseHus auuoHOB, C NMOMOIIBIO HOHHOH XpO-
MaTtorpa®uy C yClueXoM ONpeieJsJd KHCJble Trashl B JHIME,
BHleJsBIEMCS TPH cKuraHai moauMepos [29]. AsTomaTtH-
yeCKHH DYTHHHBIH aHaJH3 BHOGPOCOB IpajiupeH H aBTOMOOH-
neit onucaaun Tesga u corp. {30]. Ilogkaouenue k xpomaro-
rpady ¢upmu Dionex apromartuueckoro mnpo6ooTOGOPHOrO
YCTpOHCTBA MO3BOJHJIO OCYHIECTBHTHL dBTOMATHYCCKHH aHa-
an3 400 ob6pasuos. Pe3syabraTh omnpegeneHHs ¢ HOMOILULIO
HOHHOH Xxpomartorpad@uy aHHOHOB M KATHOHOB B BHIXJOIE
o1paboTaBIIHX ra3sOB AH3EJbHOTO ABHrarte s onyOJuKOBaJIH

Rﬂhvrru T O~OTN I'Qﬂ
apndin 1 VUL Y. (Ui

MetoaoM HOHHOH XxXpomarorpad@uum MOKHO JOCTHYD
YAOBJETBOPUTEJIbHOIO pasjeneHusl Ccyabdura B cyabdara
(puc. 4.9). Meton uCmoab30BaN AJS ONIPENEJeHHS 3THX Ke
AHHOHOB TOCJ€ CePOOYHCTKH rasoB AbIMOBHX TpYO CrefiGep
u Cratnuk [32, 33]. Oun Xe npuMeHwIn ero s omnpejeJie-
HHSl CepHOH KHCJIOTHL B rasoBHIX moTokax. MloHoxpomarorpa-
tHyecKass METOAHKA aHaj u3a 06PaA3LOB MOCJe CEPOOUHCTKH
B JdaJbHedllem OblJIa pacmpocTpaHeHa W Ha APYrue 4acTo
BCTpevawlnuecs aHHOHbl Kucaor [33, 34].

Mroauk u cotp. {35} mpensoxuan HOHOXpOMaTorpadu-
YECKYI0 METOAHKY ONpeJes]eHHss AUOKCHAA CEPhl B BO3JyXe
nocje HAKOIIEHHS H NepeBofa ero B cyabdaT B BOIHOM
pactsope, cofepxKaiieM mnepokcui Bogopoja. Ppasuep [36]
u Cmur u cotp. [37] npoBeanm wnoHOXpoMaTOrpaduueckoe
OnpejeseHHe cojAepXKailerocs B BO3AYXe [AHOKCHIA CepHl,
KOTOPHIH NpeaBapuTeibHO copOHpPOBAIH YIJIEM.

Makkamaor H Yopau [38] Bocno/db30BAMHCH HOHHOM
XxpoMatorpadueil AJaa aHaan3a MaJblX KOJHYECTB XJopame-
THAXJOpUaa B Bo3Ayxe (puc. 4.10). Xnopauernaxaopun
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Puc. 49. Pasjenenne cyabura H cy/abpaTa B CTAHZAPTHHX YCJIOBHAX
(xpomatorpamma npepocrasJgena ¢upmoii Dionex).

HaKamauBaau B TPYOKax C CHJIHKAreseM, a 3aTeM JecopOu-
poBasu ero pacTBopom OmukapGoHATa HATPHS.

Merogom uonHo# xpoMatorpaduu ObIH MPOAHATHIUPO-
BaHbl (OHOBBIE KOJHUECTBA 3arpsi3HeHHH OKpyxKawieil cpe-
Abl B Maclitabe maaHetH {39]. E:xxeMecsayno o16upaemMule 06-
pasubl (BJaXKHHE, CyXHe U MOJHOCTHIO OCAXKACHHbIE) ABBIH-
3HPOBAJIM Ha cojepXkKaHHe PaCHPOCTPAHEHHBIX AHHOHOB Ha
ypOBHE CYOMHKPOrpaMMOBBIX KoaH4YecTB. OGHAPYKEHO XOPO-
lllee COBNAjJeHKE MONYUYEHHBIX PE3yJAbTATOB ¢ AAHHHMH 006-
IENPUHATBIX MeTOA0B. Jlpyrue mnpumepnl HCHOJb3OBAHUS
HOHHOH XpoMaTorpaduu BK/IIOYAIOT OIpPeJeNeHHe B BO3AyXe
CEePHOKHCJIOTHHX a3posoJeli [40], mapos MypasbHHOH KHC-
JoTHl [41] n azuma {42].

Kak oTmeuajoch Bbille, HOHHAsE Xpomartorpadus wuie-
aJIbHO MOJAXOJAHT Ajsl aHanu3a BoAbl. ONy6GAHKOBaHB ITPHME-
PH TIPUMCHEHHS €e K ONpPeAeJeHHI0 OOJbUIHX H CJIECLOBBIX
KOJIHUECTB AaHHOHOB B PasHOOOPAa3HBIX BOJHBIX pacTBOpax.
OTHM METOJOM BOCIOJIb30BAJUCh [l ONPEIeJeHHsT aHHO-
HOB B MOJA3€MHHX BOJAX M CTOKAX NPEANPHSITHH, NMPOH3BO-
Asamux 6ymary [5]. ®umman # [Tuen [43] nogpobuo muceaeno-
BaJIy BOCIPOH3BOAHMOCTb, TOYHOCTb ¥ YYBCTBHTEJIbHOCTD,
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I Puc. 4.10. Xpomartorpamma npumeceii,

COmepKAUXCH B BO3AYXE NPOHIBOACT-
BeHHBIX INOMEUieHHH, B CTAHZAPTHHIX
VCJIOBHAX, 3a HCKJIIOUEHHEM 3JIOCHTA
(0,0015 M NaHCO;) u GoJice BHCOKON

cKopocTH moToka [38].

— XﬂDDUﬂ

808 npobwl

L LI L

4 8 1
Bpema, MUH

1
E::- Mooxnopayemam

JOCTHI'AE€Mble B HOHHOH XpomarorpadHH, NO CPABHEHHUIO C
Apyrumu Metogamu. OHu nposenn omnpeaeseHue (TOpHIA,
xJaopuja, HUTpuTa, pocdara, Gpomusa, HUTpPATa H Cyabda-
Ta B 00pa3nax AOXKAeBOH W MOYBEHHOH BOJbl. MHHHMaJIbHO
JeTeKTHpyeMble KoauyecTBa Mensiores ot 0,01 man—! gas
¢rop-uona go 0,20 MaH~! gas TakHX HOHOB, Kak XJOPHA H
cyabdaTr. 3a HCKIOUEHHEM HHTPATa, OTHOCHTENbHOE CTaH-
JapTHOe OTKJOHeHue He mpepslwiano 9%. Bocnpoussonu-
MOCTb METOJa YCTAaHABJWBAJH 110 H3BECTHBHIM KOJHYECTBAM
aHAJH3UpYeMbIX aHHOHOB. O6HapyXHBaeMble KOJHYECTBA
MeHsinuch B HHTepBase 96—103%. ABTOpPH 3aKJIOUNIH, UTO
HOHHasl XxpoMartorpadus sBJASETCS HAHUJAYULIEM METOJ0M
ONpEeJeNEeHHsI aHHOHOB, MOCKOJbKY OoHA 0OJiee YYBCTBHTEJIb-
Ha, HaJeXHa W TOYHA, YeM METOJbl, MpHMeHseMble B Hac-
rositee BpeMs. OgHAKO OHH yKa3aju, 4TO APYrHE METOIbI
YacTO OKa3blBalTCs 60Jiee GBICTPLIMH.

Eime ogun psia NpUMepOB HCIOJb30BAHHS HOHHOH XpoMa-
TOTpaduu AJs aHaaH3a BOAHHIX PacTBOPOB BKJIOUAET OmMpe-
JeJleHue OPraHuyecKux NpousBoAHHX ¢ocdopHOit H THODQC-
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dopHo#l kucoT [44], aHaNH3 cOAEPKUMOrO BJaKHBIX CKPYO-
Gepos [40], ompegenexHse THocyJabaTta B IKEJTaTHHE,
npuMeHseMol B ¢ororpaduu [46], u onpeneneHre aHHOHOB B
Mopcko# Boje [47]

4.3.2. NpumeHeHHe B NPOMBILINEHHOCTH

Hcnonb3oBaHHe HOHHOH XxpoMaTorpaduu’ B MPOMBILIIEH-
HOCTH TIPOCTHpAeTCsl OT aBTOMATHYECKOH PEerucTpalMH 4Yuc-
TOTHI 11apa AJisi KOHTPOJs CTeneHun Koppo3uu Typbun [48] 10
onpegeneHus AuOyTtHadochara B IKCTpArHpyIOIIEH CMecH
TpubyTuadocdata ¢ KePOCHHOM, MPHUMEHSIeMOH [Js H3BJe-
YEHHS ypaHa M3 NPOAYKTOB pereHepamuy sigepHOro TOIINBA
{49, 50]. Monnas xpomarorpadus okazajach o4eHb I'HOKHM
METOJ0M aHa/Ju3a aHHOHOB B PACTBODPAX, COJEPKAINUX PaAIH-
oakTuBHBHE OTXoAH (5l]. B pesyabraTte MonnfbHKauHH Xpo-
Matorpada moaenu 14 ¢upmer Dionex crano BO3MOXKHBIM
GesonacHoe obpaiuenue ¢ TaKHMH pacTBopamu [52].

HonoxpoMarorpadudeckuii aHaau3 TOKONMPOBOJSIUUX H
KODPOJHPYIOIHX 3arpsA3HeHHHl Ha NEeyaTHHIX MaaTtax mnocjie
BhILleIayHBaHusl BOAOH omnucad Bapromom [53], xkoTopwiit
NPOAEMOHCTPHPOBAJ TaKXkKe H3OHPATENbHOCTb, YYBCTBHTEb-
HOCTb H TOYHOCTb 3TOro Meroza. C noMoiubio HOHHOH Xpo-
MaTorpaduun onpeledsau 3arpssHeHHs aHHOHAMH, HAKONHB-
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Puc. 4.11. Paspenenue XJ0pHE-

HOHa, XJjopaTra H cyJbdara py

(Kaxznoro mo 2 mau—1!) B 50%- &

HOM pacTsBOpe TrUApPOKCHZA HAaT- 0 6 12 18 2
PHA B CTAHAAPTHHX YCJIOBHAX Bpems, MUH
(pasGasnenne 1:100). pema,
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MPP A PO Puc. 4.12. Onpesnesenne
/)
¢dhTop-HOHA, MOHOGTOD~
dbocpata (MOPD) u doc-
thata B 3y6HOH macTe B
CTaHxapTHHIX YCJIOBHAX
[60].
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IIHMHUCSL HAa UHMHKOBBIX W A/MIOMHHHEBHIX IOBEPXHOCTAX [H4]
U JeTalsiX 3JeKTPOHHBIX npu6opos [55].

Ompenenenne MasblXx KOJHYeCTB AHHOHOB B obpasiax,
COMIEPXKANIMX BHICOKHE KOHLEHTpPAlMH JPyroro aHHoHa (Ha-
NpUMEp, B paccoyiiax H pacTBOpaAX KayCTHUYECKOH COAb) H
BRI3LIBAIONIUX 3aTPYAHCHHS IIPH aHAJH3e OOLIENPHHSTHIMH
MeTOJaMH, yA0OHO NPOBOJHTh C IIOMOIIbI0 HOHHOH XPOMATO-
rpaduu. IToaroroska 06pasioB BKIOYAET JHIIb CTANHIO Pas-
6aBjenus, MoHHYI0O XpoMaTOrpadHIio ¢ ycIexoM IPHMEHSIOT
JJI51 ONPEeNe/IeHHsl YACTHI, KHCJIOr0 XapakTepa B TPABHJIbHHIX
pactBopax u noGaBaseMuiXx Kucjaorax [56]. HuaTepecnuii
ACIEKT TAKOrQ POjJa HCCAeNORAHHH CBA3aH C BJAHSHHEM XKe-
J€3a Ha onpejnesieHne (TOp-HOHA B TPaABHJIBHOH CMecH
HF — HNO;. Konunuectsa $Top-HoHA, yCTAHOBJEHHHE Me-
TOAOM HOHHOH Xpomartorpauu, 0KasaJuch BuilIe, yem 06-
HapyeHHble ¢ NOMOLIbIO GOTOMETPHUECKON METOUKH B ITPH-
CYTCTBHH aneTHJaneroHara xeJsesa. bola cieald BHROJ, UTO
3TO NPOHCXOJHUT B pe3ynpTaTe rUApPOJAH3a B IJIOEHTE KOMII-
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JIEKca MeTasyia ¢0 PTOPUIAOM, VBEJHYHBAIOUIETO CYMMAapHYIO
KOHIIeHTpaUHIO HOoHA PTopa B obpasle.

Has amannza o6pasioB paccodoB H PacTBOPOB KaycTH-
YeCKOH COABl 4aCTO MOJb3VIOTCS HOHHON XpoMaTorpaduei.
Hanpumep, ocyuiecTsjien aHanu3 O6ypOBLHIX pacTBOPOB HA
colepxkKaHHe TAKHX 4acTHU, KAK AUETaT, HHTpaT, GPOMHL,
docdar u cyandar [57, 58), u onpenesnenb aHOMaJBHBE KOH-
UeHTpALUA HOHOB B 06pasiax NMpu reOXUMHYECKHX HCCHEno-
Banusax [H9]. C noMomblo woHHOH XxXpoMaTtorpaduu MOXKHO
ONpeeNsiTh HOAHA H THOLHMAHAT, KOTOPbie NMPHUMEHSIOT A5
TpaccupoBauus HehTAHHX Mectopoxienuil. Ilocne pasbas-
nenndsi 06pa3uoB AHCTH/JAPOBAHHON BOJOA MOXKHO Ompeje-
JATb HeGoJblliHe KOJAYECTBA XJOP-HOHA, CyJabparta H XJa0-
paTa B HACbIIIEHHBIX pAacTBOpax KaycTHUECKOH CcOIH
(puc. 4.11).

[IpuMepaMu mpHMeHeHHS1 HOHHOH Xpomarorpaduum aas
aHanusa crnelubHIeCKAX 00pa3l0B MOTYT CAYNKUTH METOAH-
K4 onpeleneHHss MoHopTOpdocdara u prop-HOHA B 3yOHBIX
nacrax [60, 61] (puc. 4.12), a Tak:xke XJjop-HOHA H cyJbdara
B ITHINEBHIX Kpacutenasx {61].

4.3.3. NpumeHeHne B KNMHMHMECKMX MCCNENQOBAHMAX

HMwmeercs auwib HeGoJblIoe YHCJIO COOOUIEHHHE O TpHMe-
HEHHWH HOHHOH Xpomartorpaduu K mnpobyeMam, ¢ KOTOPHIMH
MPHXOAUTCS CTAJKABATLCH NPH KJIAMHHUECKAX HCCAEI0BAHAAX,
HO Takoe TmoNoXKeHne Heusdbexno Gyner MenaTbcsd. CMuUT
u Yaur [5] B cBoeM 0630pe coobmnin 06 onpeneseHdy aHH-
OHOB B MO4Ye, B 9KCTPAKTAX U3 TKaHeH, B CIIHHHOMO3rOBOH
XKHIKOCTH H B CHIBOPOTKe KPOBH. ¥TIOMHHaeTcsi TakxKe 00
Olpene/icHAN JaKTaTta U XJOp-HOHa B pacTBopax Puurepa,
cyJabdata B H30THOHOBOH KHCJIOTE, OKcaJjiaTa B MOUe, a Tak-
XKe xJnopHAa B MeTaboJIHTaX aHeCTe3HPYIOUIHX NPenaparoB.

4.3.4. AHanu3 YnLTPacnefoBbiX KONMUECTE aHWOHOR

Tunuunble npefenbl JNEeTeKTHPOBAHHS B CTAHAAPTHOH
HOHHOH XpoMmarorpacduu npu o00beMe BBOAUMONH MpoOH
100 Mks goae6miotress ot 0,1 1o 1 Man—! B 3aBHCHMOCTH OT
onpeneaseMoro andoHa. Ecam yBennunts o6beM mpobui, TO
MOXKHO OCYILLECTBHTbL OIIpelNeNeHHe cJeJOBbIX KOHIEHTPalHA
annoHoB (Ha ypohe 0,01—0,1 mau—!). AHanu3 cBepxMaJ/biX
KOJIN4eCTB aHHOHOB (Ha ypoBHe 1 mapa—!) BnepBble ONHCAH
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ci” Puc. 4.13. Pazjenenne XJOPUJA-HO-
Ha (5 mapa—t), docparta
(20 mapp—!), untpata (20 mapa—!)
H cyabdara (20 mapa—!) B cras-
AapTHBIX YCJAOBHSIX, 3a HCKJIOYEHH-
€M pa3MepoB KOMIIEHCAHHOHHOH KO-
q JOHKH  (250X3 MM), IpHMeHEeHHS

KOHLEHTPHPYIOIIEH KONOHKH H 00b-
eMa npo6u 10 mna [62].
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Bertuenem u cotp. [62], ncnonb3opaBiinMH HeOOABIIYIO KOH-
LIEHTPHPYIOLLYIO KOJOHKY (50X3 MM) 1/ HAKONJIEHHs aHa-
JM3HPYEMBbIX HOHOB H3 H3BecTHOro obnema (10-—20 mu) 06-
pasua. Pesygabrar Takoro aHaJH3a  [peACTaB/JeH Ha
prc. 4.13. Konnentpupyoomasi KOJIOHKa 3aloJHsAeTcs TaKoH
JKe CMOJIof, KaK M pasjensiionias KojaoHka. KonuedtTpupylo-
IY}0 KOJIOHKY CTaBfIT BMecTo nmpob6oorbopHoit netau. O6pa-
3ell, KaK IIpaBHJO, IOZ4eTcsd BCIOMOTaTeNbHBIM HACO-
COM H BBOJAMTCH, KaK OOBIYHO, TOCPEACTBOM NPOOOOTEOPHOro
KpaHa. B moJieBbIX yC/AOBHSIX NpeBApPUTENbHOE HAKOIIJIEHHE
nposoauTcsi HHaue. KosoHKy ¢ 06pa3ioM MOXKHO XpaHHTh
He MeHee 7 cyT 6e3 3amMeTHOro H3MeHEHHSI pe3yJbTATOB.
3ano/IHEHHYI0 KOHUEHTPUPYIOULYIO KOJOHKY MOXKHO MOMec-
THTb B TIOTOK 3JIOCHTa HENOCPENCTBEHHO TNepej pa3sjedsio-
med KoJMOHKOH. Takylo cucremMy HCNOJb30BANH 751 KOHTPO-
Js1 paboThl MaporeHeparopa H perucTpalldd COCTAaBa BOXH,
BHIXOAsIIEeH U3 TypOHH Ha 3JeKTPOCTAHIHASAX, A5 onpejesne-
HHSl AaHHOHOB B JIOXK/I€BOH BOJAE M JJISl aHANH3a HCIAPEHHM
13 TOMJIUBHHIX OaKOB.
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4.3.5. MertannanuouHuie obpasiei

Metonom HOHHON XpoMaTorpadun 4acTo yaaeTcs aHajH-
3HPOBATL METANJIH, KOTOPHie AHOO NMPHCYTCTBYIOT B 00pas-
He B BHIC aHHOHOB, JHO0 06pPa3ylOT AHHOHB B LIEJIOYHOM
cpene. Qurnny [63] a5 mONyYeHAS] H3MEPHMBIX KOJHUECTB
BOJIb)pamaTa u Moanbaara, NPUCYTCTBYIOMIAX B IPHPOIHBIX

BOJax B KOHIEHTpauusax ao | Mxr/a, npeasapureNbHO KOH-
" LEHTPHPOBAJ HX Ha XeJaTHO# cMone. PazjnejieHHe 3THX Me-
TaJaM0B OB/IO OCYLIECTB/IEHO B CTAHNAPTHOH 2HMOHHOM pas-
Jenasiiomefl KOJOHKe (B KayecTBe 3J/II0€HTA HCIOJAL30BAJCS
0,006 M/ pacteop kxapbonarta HaTpusi).

Onpenenienre Maabx KosnnyecTs 6opa B BHIE TeTpadTOp-
6opaTHoro KoMmm/iekca (puc. 4.14) nposenn Xuaa u Jlaw
J64] nocise npenBapuTe/bHOINO HaKOMJIEHHs Ha cMoJie, H3GH-
patesnbHOH K Gopy.

Mruubskconepxamuae o6pasnsl YCHeUIHO ONpefe/siig ¢
NOMOILLID HOHHOH XpoMmarorpadud npd uCNOML30BAHHH B
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Puc. 4.14. Onpepenenne Terpa-
¢ropGopara B amoenre 0,003 M b
NaH r T T T Y T }
CO3/0004 M N32C03 Ha 0 4 8 12 6 20 2%

paspensiomeli  KoJOHKE  THIA
L-20 pasmepom 500X3 mm [64]. Bpema, Mun
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KayecTBe 3JII0EHTa CMeCH KapOoHaTa M rHAPOKCH/A HATPHA.
STOT 3MI0eHT dPdekTuren is onpenesends yactul AsOjF

n mumbska (I11) mocae ero okucnenust 8 AsO3 . Tlosnyuen-

Hble Pe3yJbTaThl XOPOLIC COriacyloTcs ¢ AaHHBIMH peHTre-
HOCTPYKTYPHOTO anaiu3a [65]. AHAJM3 MBILILAKCOLEPKA-
IHX HEOPraHMYeCcKAX ¥ OPraHHYECKHUX COeJHUHeHHH B 00pas-
114X eCTeCTBEHHOro NPOUCXOXKaenus nposenn takxke llenapn
u cotp. [66]. Oun moxCcOeNHHANA HOHNBIH XxpoMaTorpad K
ATOMHO-a0CcOpOIHOHHOMY CNIEKTPOMETPY, CNelHPUIHOMY K
MBIIHBSAKY W BKJAIOYABLIEMY CHCTEMY IIOJy4eHHS THIPHIOB.

MeTtogoM HOHHOH XpoMmaTtorpauu B pacTBopax JJsl Ha-
HECEHHS METAJJIOTOKPHITHH MOXKHO ONpenelsaTh xpoM. Mox-
HO OXHJATh, UTO B JaJibHEHLIeM 3TOT MeTo] OyleT HCIOJb-
30BATHLCH JJS AHAJW3A TAaKHX YaCTHIl, KaK ceJleHaT, BaHajar,
A YACTHI, BKJIOYAKOMIKX 6JaropoAHble METAJJbL.

4.4. Pacteopenne obpaszuor
M CONYTCTRYIOULME METOfbI

B nonnoii xpomarorpadun pacTBopenue TBepAHX 06pas-
110B, HEPACTBOPHMBIX B BOJI€, BHI3RIBAET Ccepbe3Hble TPYAHOC-
TH. JJs 3TO# 1eNu yacTo HeJMb3sl BOCHOJNb3OBATHCS KHCJO-
TaMH, OCHOBAHHSIMH H JaXKe OpraHHuYeCKHMH PacTBOPHUTEMSI-
MH, OcOOEHHO eCNH KOHIUEHTPANHS ONpepessieMOrc aHHOHA
CAUIIKOM HH3KA, YTOOHl 3aTem oOpasel 3HAYATENbHO pasba-
BUTb BoJAOH. Konapyorono [67] omucan creunanbHBi IpHeM
JJIs1 pacTBOpeHHs TaKuX o0pasmoB. O6pasnbl CKHUralmT 0
metony llléuurepa, a obpasylwoupecs rassl IOrJOLUIAIOT BOJ-
HBIM pacTBOPOM, COIEPKAIINM HECKOJbKO Kalleslb MepPOKCH-
Ia Boaopoja. TakuMm cnoco00M MOXKHO ONpelnensith OpoMus,
xnopun, ¢ochar u cyabbhatr B opraHUYeCKHX MaTepHaaax.
Kox [68] npuMmeHns aHANOTHYHLIA MeTOJ C¥KHTaHHS AJs OIl-
pelenenus XJOpHIA H cyAbata B JHNOPHIH3HPOBAHHBIX
TKAHAX YCTPUIL. JTOT Xe aBTOP ONpPeAesa XJAOPUL H GPOMuUS,
B OTpaboTaBllieM Macie, MOAH(GHIHPOBAB NPUHATYIO AMepH-
KaHCKAM 001leCTBOM HCIbITaHUusA MaTepuanos (ASTM) mero-
nuky pactBopenHs D 1317-1P118. Ou ne npumensn onepauuio
MOAKHC/IEHHSI a30THOH KHCJIOTOH, NPUBOJAILYIO K TNeperpys-
Ke HOHOXpOMaTorpa(uieckodl pasfessiomeld KOJMOHKH, a
nponyckan pacTeop o6pasua yepe3 KOJOHKY C CHJIbHOKHC-
JHIM KATHOHOOOMEHHHKOM, HCKJIOUHB TaKHM 00pasoMm Mella-
I0lllee BJAHSIHAE HOHOB THApOKcu/Ja, OyTupata u KapOoHara.
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Iranc 1 Myp [69] 115 onpeneneHus xnopuia B CHAHKAT-
HHX TFOPHHIX NMOpPOAAX CXKHrajgu o6pasubl B HHAYKUAOHHOH
nmeun ¢pupmbl Leco u cobupannm obpasywoludecs rassl pac-
TBOPOM, KOTODbIH HCIIOJB3YETCA B 'KAYECTBE 3JIOEHTa IpH
HoHoxpoMartorpadHyeckoM pasjelleHHH. ABTOpH IIpencra-
BHJIH Pe3ynbTaThl aHAJAH3a COJAep:KaHHUA XJopHaa 1Jis 60/b-
HIoro 4pciaa o6pasumoB paclnpocTpaHeHHBX nopoa. Crocob
CXKMIaHHS B COYETaHHH ¢ MOHHOU Xpomarorpaduei npume-
HSIJIA TAKXKe JJisl oNpeleneHust XJopuia B mereoputax {70]
H cepbl B cTauasx u mereoputax [71].

Cuemep [72] ans npenBapuTe/bHOrO HAKOIJIEHHST HOHOB
xJiopa uid 6poma c 1eJplo ONpeleNcHAs HX COAEpXKAaHHA B
pacTBopax, NpHMEHSEMbIX Aas 06paboTKH PaguOaKTHBHOIO
SIIEPHOTO TOIVIHBA, BOCIOJbL30BAJCH KATHOHOOOMEHHOH CMO-
Jo#, comepxauieii cepebpo. Jra MeTOAHKa IIOMOrJa ycrpa-
HATH Mellalolee NefCTBAe psifia MeTaJJIOB, 4 TAKXKe CYIIeCT-
BEHHO CHHU3HTb KOHIIEHTPAUHIO HOHOB (TOpPa, HUTPATA H
cyabdara. CopOupoBaHHHe HOHBI XJOopa, 6poma u cepebpa
3MI0HPOBANN PACTBOPOM THAPOKCHAA aMMOHHS. DJIIOHPOBAH-
Hoe cepebpo yiafsiid B KOJOHKE C AaMalblaMHPOBAHHLIM
LLHHKOM, a4 MOJIYYCHHBIH pacTBOp aHAJH3HPOBAJH HA colep-
¥aHHe ranorenu/ioB. [lpenmyuiecTBo Takoro crnocofa moaro-
TOBKH 00Pa310B COCTOHT B BO3MOXKHOCTH ynaJieHns: BoJblielt
YacTH PaJHOAKTHBHBEIX KOMIOHEHTOB 06pasia, KoTopble MOr-
Ji OBl 3arpS3HUTh HOHOXpPOMATOTPAaQHUECKYIO CHCTEMY.

ITocne ynasnenns 6onbliell 4acTH KeJe3a Ha KATHOHOOD-
MeHHHKE B pacTBOpeHHsl ofpaslna B XJIOPHCTOBOIODOJHOH
KHCJ/IOTe MOXKHO ONPEleATh cyAb(paTt-HOH B >KeNe3HOH pyhe
[73]. B saTtom cayuae pacteopenne B HCl Bo3aMOoOXHO, TOCKO/b-
Ky cojepxaHue cyanara (okosao 5%) mos3Bosiser 3HAYUH-
TeJbHO pa3baBHTh PacTBOP BOJOH.

OO0 onpeneneHHH MHKpOKOJHuecTB Gopa B BHJE €ro Ter-

nl‘;\mr\nﬂnr\ vvvvvvvvvvvvvvvvvvv - AT F AMEBYTTYYT L T S aw g—--—-
lJal.PIUPUUl)dlﬂUlU KUMILJICACA YO yHUMl"ll‘ldJlULb LU"‘IJ S'd

METOAHKa HHTEPECHA TeM, YTO ONpele/]IeHHe MaJblX KOJH-
yecTB Hopa siBJasieTcs TPYAHOH aHaauTHueckod 3anaueli. Omnu-
CaHHasl METOAUKA BKJIOYAET CTALHIO NIPelBAPHTEIbHOTO KOH-
lleHTpupoBaHus Oopa Ha copbeHte amOepant XE-243 wus
109%-noro pacteopa GTOPHCTOBOAOPOAHOH KHCIOTH ¢ TOC-
JelylomuMy gecopbuneil rerpadpropbopara 1 M pactropom
THAPOKCHAA HATPHA H AHAJNH30M C MOMOIIbI0 HOHHOH XPO-
Martorpaduu. [Ipu TakoM nmoaxome ycrpaHsieTcsl HalloXKenHe
nuKa ¢rop-HoHa.
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4.5. OcnoxHsaowme HhakTopbl
B MOHHOM Xpomarorpagpmum

[IpuMepsl MpUMEHEHHsT HOHHOH XpoMaTorpacduu st
onpejesieHds] AHUOHOB B pasHOooOpasHHX ofpasiax MOKasbl-
BAalOT, YTO CYIIECTBYET CPABHUTEJNbHO He(GOJbIUIOE YHCJIO
¢akTOpOB, MEIIANIAX MPOBEIEHHIO aHAAU3a, IPH YCAOBHH,
YTO NMPOLECC MPHUroTOBJIEHHsI pabOuYuX pacTBOPOB NMPOBeJEH
C COOTBETCTBYIOIIUMH NPENOCTOPOKHOCTAMH.

Taxk, MOXKeT MPOU30HTH Meperpy3Ka pasgensiion el KoJIoH-
KN N30LITKOM MHHEPaJNbHOH KHCHOTHL. BhlcOoKoe cofepkKaHue
THAPOKCHJZ TPHBOIUT K NOSIBJEHHIO 3HAUHTEJBHOIO OTPHLA-
TeJILHOTO CHTHaJa, KOTOPHHA MOXKET HajaraTbCsl Ha 30HH
nonoB ¢grtopa u xjopa. OTpuiaTeNbHBIE «IPOBAJBI» HIH OT-
KJOHEHHS] HYJeBOH JIHHHHM MOryT MellaTb KOJHUECTBEHHOMY

Faded | T Y
ONPECAC/JCHAIO 3THX HOHOB. Ouenp “860«"1‘,1}1“‘3 HO Pe3Koe

CMEIleHHEe HEITIOCPEeACTBEHHO Nepea NHKOM (Top-HOHA BHI3H-
Baercs BogoH. OOLIYHO CUMTAlOT, YTO BTOPOe CMellleHHe,
COBIIAJal0lllee ¢ MOMEHTOM 3JIIOHPOBAHHUs XJOp-HOHA, 06yc-
JIOBJIEHO KapOOHAT-HOHOM, DTH CMEIEHHS BO3HHKAIOT B
pesyiabTarte pas3faBJeHHs 3JMI0€HTa H HOHOSKCKJIIO3HOHHBIX
a¢pdeKTOR B KOMIeHcaunHoOHHOK KosoHke [17]. Ilomexu ot
OTpHLATEeJbHHX CMEIIeHHH HyJeBOH JIMHUH TNpPH aHaJjanse
O0JBIIHX KOJHYECTB HOHOB (pTOpa M XJOpa He3HAUHTEJbHHI.
OgHako, eciu ompenensIoTCs cAelOBble KOJAHYeCTBa (Ha
ypoBHe 1 MJapa~!), B H3MepeHHSI MOIYT BHOCHTBCS CYILECT-
BeHHBle IIOrpelIHOCTH. Melammniee BJAUSIHHE TAKHX CMellle-
HHH MOXHO CBeCTH K MHHHMYMY, €CJIH KOHIEeHTPalHK HOHOB
B Npo0Oe COrjacoBHIBATL C HX CONEP)KAHHEM B 3JIIOEHTE.
BmecTO 3TOro MOXHO BOCMOJIL30BAThLCS ClENHANbHOR KOJOH-
KOH, NOJIHOCTBIO HCKJIOYalolleH BJHSHHe CMelleHuH
(puc. 4.19).

Caieibl HeopraHMUeCKHX W OpraHHUecKHX npHMeced, mpH-
CyTCTBYWOIIHe B 00pasie H 3/1l0eHTe, MOTYT NPHBECTH K MOC-
TEIEHHOMY YXVAUICHHI0O XapaKTEPHUCTHK KOJOHKH, [las
3aILHATH JOPOrocTosAled pasaensioned KOJOHKH pPeKOMeH-
JAYeTCsi yCTaHaBJIMBaTh HEOOJBIIYIO MPEAKONOHKY, 3amoJ-
HEHHYI0 JHOO TOH XKe CMOJIOH, YTO B pasiensiomas KOJOH-
Ka, 1100 MaTtepHaJoM, H3OHpaTeNbHO COpOHPYIOUIAM HMEK0-
LHecs NpHMecH,

Bricokoe conepikaHHe HOHOB METAJJIOE B 06pasile MOXKeT
OKa3blBATh Melllalollee BJHsIHAE, M Nepea HOHOXpOMaro-
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Puc. 4.15. YcrpaHeHHe Mellaiopiero BJAMSSHHSA BOALI H KapOoHaT-HOHA
IpH pasjesieBHH ¢Topa, XJopa H APYrHX 4aHHOHOB  (PHCYHOK Ipepo-
ctaBpned ¢upmoit Dionex).

Sioent — pacreop 0,003 M Na,C0:/0,002 M NaOH:; npeaxoaonxa 50xX4 mm; pas-
Jeasolllas  Koaonka 125X4 MM; KOoMOeHcamHOHHas Kogonxa 100X9 Mm; ob6bem
npobu 50 MKJI.

rpaguyeckuM onpejeleHHEM aHHOHOB HX cJeayeT YIAJATh.
Memarwomue metanabl MOXHO pa36HTh HA JABe TIPYyIIHIL.
B nepryio rpynny BXOASIT MeTaJuiH, KOTOpHE HAaXOAATCS B
BHIe AHHOHOB (HanpHmep, Boabdpamat) A OoablliHe KOJH-
YecTBAa KOTOPHX NPHBOIAAT K Meperpys3ke pasnensouei Ko-
JIOHKH. Ko BTOpO# rpymnne OTHOCATCS MeTaJlJibl, CKJIOHHHBE K
00pa3oBaHHIO OCaJKOB B BHJe T'HAPOKCHIOB B cpeje Liesod-
HBEIX 3/II0€HTOB. JTO BBHI3BIBAET YBEJHUEHHe JaBJEHHS B CH-
CTeMe H yXyIlUIeHHe CBOHCTB KaK pasjefdsionieil, TaKk U KOM-
NEeHCALIMOHHOH KOJIOHKH.

Cepbe3Hble 3aTpyAHEHHs] BO3HHKAJH TPH ONpeLeseHHH
CyJbdHTa ¥ HATPHTA H3-3a UX CIIOCOOHOCTH OKHCAATHCS WU
B3aUMOJEHCTBOBATL CO CMOJIOH B KOMIIEHCAIIHOHHOH KOJOH-
Ke. JlJis mogaBaeHdsi porecca OKUC/IeHUs cyabdura OblJI0
MpenioXKeHo A00aBJATL B pacTBOphl Gopmanbaerng [74].
Kox {75] sameTus1, 4To B CTaHAAPTHHX YCIOBHSIX HHTPHT
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F= Puc. 4.16. PasgeneHue anHOHOB
Ha «HUTPATHOH» KOJIOHKE B Cpe-
ge 0,0045 M NasC03/0,002 M
NaOH, 0,00075 M 4-uuaagedoa
2. u 5% (1o o0beMy)} aueTOHH-
$0, TPHJA ¢  [pPegKoJOHKoH S2
(50X 4 wmm), paspensiomei Ko-
JoHkoH S2 {150X4 MM) H KoM-
nedcauHOHHOH KoJaouKoi (60X
X6 MM) (PHCYHOK mpeAoCTaBJeH
dbupmoit Dionex).
ct-
NO;
NOj
-
HPQ, |‘
i 1
Y 4 8 12
Bpemsa, mun

MHOTAA JAaeT ABA NMHKA. B 3aBACHMOCTH OT cTelleHH oTpaboT-
KH KOMIIEHCAIIMOHHOH KOJIOHKH BBICOTHI OOOHX NMHKOB MEHS-
1oTcA. OueBHAHO, 4YTO TaKoe NOBEJeHHe MOXKeT GhTh 00yc-
JIOBJIeHO NByM$ (akTopaMu. Bo-epBHIX, a30THCTasl KUCJOTA
IIPOHHKAEeT B CMOJY BCJeACTBHE HeZOCTAaTOYHOrO BJIHSHHS
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JOHHAHOBCKOrO pacnpenesnenusi. DT0 NPHBOAHT K OoJiee 1031 -
HEMY 3JIIOMPOBAHHIO HOHOB H, KaK CJCACTBHE, K CMELIEHHIO
BpeMeHH Yep:KHBAHHA B 3aBHCHMOCTH OT CTeIlleHH OTpa-
HOTKH KOMIEHCALHOHHOR KOJMIOHKH, BO-BTOpHIX, B KHCJOH
cpelle KOMIEHCALHOHWHOH KOJOHKH HHTPUT MOXKeT YAaCTHUYHO
OKHCJSATBHCS B HUTPAT. BKNan 3To#l peakiHu TaKXKe 3aBHCHT
OT cTeneHH OTPaBOTKH KOMIIEHCAIHOHHOH KOJIOHKH.

4.6. HoBble pazpabotku AnA MOHOOBMEHHOM
Xpomarorpapmm

YiKe CyHIECTBYIOT KOJIOHKH (o003HayaeMble CHMBOJIOM
S2) ¢ BBICOKHM CPOJCTBOM K HHTpaTy. JlaTekc, HCHOJb3ye-
MBIl 151 TPUTOTOBJIEHHAS pasaesiiolllefl cMOJbl, HAEHTHYEH
0 pa3Mepy YAaCTHI H CTE€NEHH CUIIMBAHHSI TPHMEHSIEMOMY

JUIS U3TOTOBJIEHHS CTaHAAPTHRIX pasjeasiomwux cmoda. Oxua-
KO (YHKIHOHABbHAA TPYNINA, TAaKXKe SABJAIIASCH UYeTRep-

FA R W LAARIAEIVSLE 1AE4Fx

THYHOH aMMOHHEBOH, OTJNIHYAeTCsd [0 CTPYKType H 3alaTeH-
TOBaHA. 3aMeHa (PYHKUHOHAJbHOH TPYNIBI CKa3anach Ha ce-
JIEKTHBHOCTH M COOTBETCTBEHHO Ha INOPSIIKE SJNIOHPOBAHHS
annonoB. Tak, 6pOMH H HUTPAT 3JMIOUPYIOTCS Nochae cylbda-
Ta. Kak BHAHO u3 pHc. 4.16, ceMb CTAHAAPTHHIX AHHOHOB
pasnensores 3a 12 MuH. Takue KOJOHKH IPHMEHSIOT IJiA
onpenesneHHss OPOMHAA H HHTpaTa B pacconax H JJsl aHAJH-
3a pa3/JIHUHBIX AHHOHOB B a30THBIX yA0OpeHHsx.
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KOHAYKTOMETPUMUYECKAS
AHUOHHAS XPOMATOIPA®DMUS:
Il. OQHOKONOHOYHBIE METObI

AHUOHBI MOXKHO pa3zje/uTh HA XpoMatorpaduyeckoi Ko-
JIOHKe H PerucTpHpOBaThL JETEKTOPOM 3/1eKTPONPOBOAHOCTH,
€CJIH BOCIOJb30BATHCS AHHOHOOOMEHHOH CcMOJIOH ¢ MaJon
€MKOCTBIO 1 9 (PeKTHBHLIM 3JI0€HTOM C HH3KOH 3JIEKTPOMpo-
BOJHOCTbIO. BTOPYIO KOJIOHKY [J1s1 «KOMIeHCcalluu» (HOHOBOH
NPOBOJMMOCTH 3/I0€HTa NIPHMEHATh He HYxkHO. [dasg 06oab-
LIOTO YHCJIA AHHOHOB OJHOKOJOHOUHBIH MeTo[ 06/1a/1aeT Bhl-
COKOH UYBCTBHTE/JIbHOCTbIO H XOPOWIEH Pa3fejauTeJbHOH Cro-
COOHOCTLIO,

Kparkoe copepianme

PaccmarpuBaercss oAHOKOJIOHOUHAsT XpoMaTorpaduyec-
Kasg cucTeMa, B KOTOPOil aHHOHBI pa3feqsiloTCss Ha aHHOHO-
OOMEeHHOH KOJIOHKe, 4 3aTeM H3MepsIOTCs JIETeKTOpOM 3JIeK-
TPONPOBOAHOCTH, NIPHCOEJHHEHHBIM HEMOCPECTBEHHO K pas-
Jedssiionied Konouke. Mcnoab3yorest aHnoHooOMennas cmoaa
C oYeHb MaJIOH eMKOCThLIO U 3JII0EHT, 00JIaflaloniHA  HU3KOMH
NPOBOAHMOCTbIO. DJIOCHT [Halpumep, OeH30aT WU ¢rajar
HaTpust (MU KaJus)] 9q3q)eKTHBHo 3/IOUPYeT pasjielsieMble
AHHOHB! M3 KOJOHKH CO CMOJIOH AOCTATOYHOH eMKOCTH, eCJH
€ro KOHIEHTpalus H3MEHAEeTCcss B HHTepBaje o- 10-5—
4-10-3 M. DKBHUBaJNeHTHasT 3/JEKTPONPOBOJHOCTL XJOPHIA,
HUTpaTa, cyJabdpara H APYTHX PACOPOCTPAaHEHHBIX HOHOB
3aMeTHo BbIlE, yeM 3Jwoupyoontero anuona. I[losromy npn
nepexoje aHaJIH3HPYEMOro aHHOHa B PAcTBOpP (B pe3y/bTa-
Te 0OMeHa C aHHOHOM 3JI0eHTA) 9J1€KTPONPOBOHOCTL pacT-
BOpa yBC/JHUYMBAETCS H Ha XpoMarorpamme \ts KOopAnHaTtax
MPOBOHMOCTb — BpeMsI 3JIOHPOBAHHS) PeTHCTPHpPYeTCs MUK,
COOTBETCTBYIONIHA JaHHOMY 4HHOHY.
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I'padux B KoOpJAHHATAX JorapH¢pm HCIPaBJEHHOTO Bpe-
MEHH VJepXKHBaHHS aHHOHA — JOorapu@m KoHHEHTpallH
3JI0€HTa NpencTaBiaseT cobof MPAMYIO JHHHIO. JTa IPOCTas
3aBUCUMOCTb HYXKHA JJIs YCTAHOBJEHHS KOHLIEHTPANHUH 3J110-
enTa, obecneunBawlleii TpebyeMoe BpeMs YIePKHBAHUA.
Takue rpaduki moJe3Hbl TAK¥Ke M /51 ONTHMH3aUHH YCJO-
BHiI paspejienus, ocoOeHHO B TeX cJyyasX, KOrjAa pasjaeJs-
IOTCSl AHHOHKI ¢ PA3HBIMHU 3apsAJaMH.

UyBCTBUTENBHOCTb, JOCTHraeMasi OPH  OJHOKOJOHOUHOM
XxpomaTtorpadupoBaluy B COYETAHHN C KOHJIYKTOMeTpHUec-
KHM JeTeKTHpOBAHHEM, AJd PA3HBIX dHHOHOB pas3JiH4Ha, HO,
KaK NpaBujo, koaebsaercd Ha ypoHe | mar—! (100 ur B mpo-
Oe 100 mka). OcHoBBIBasich HA H3MEHEHHH 3KBHBAJEHTHOMH
3JEKTPONPOBOJHOCTH 3JI0OHPYEMOTr0 aHHOHA IO OTHOLIEHHIO
K (POHOBOH MPOBOAMMOCTH 3JIOEHTA, TEOPETHYECKH MOXKHO
BLIUUCJAHUTh OTHOCHTEJBHYIO UYBCTBHUTE/JIBLHOCTH B Pa3JHYHBIX
3JII0EHTAX H YCJAOBHSIX XpoMarorpadupoBanus. [IpuMenenne
KOPOTKOH NMpeaKoJOHKH 51 KOHULEHTPHPOBAHUA aHAJNHU3UPY-
eMbiX 4AHHOHOB YJY4YLI&EeT YyBCTBHTEJbLHOCTh, MPHYEM HeKo-
TOpble aHHOHLI MOXHO ONMpe/easaTh Ha ypoBHe 2 MJapa~!.

5.1. BeegeHnne

5.1.1. OcHOBLI TeOpuM MeTOjA

XpoMaTorpaduueckuii MeTO aHa W32 AHHOHOB, OMHCAH-
Hpll B IpeabtAyieli TiaBe, 3aNl0JHUJ OTPOMHBIH Mpodes B
aHaJu3e Heopranuueckux BeniecTB. Oanaxo HeoOXOAHMOCTh
BO BTOpPOU (KOMIEHCAUHOHHOH) KOJIOHKe YCJOXKHIeT obopy-
JJOBAHHE U J0 HEKOTOPOH CTEMEeHH OrpaHHUYHBaeT BHOGOP
3JI0EHTA U pa3felHTe]bHYI0 CnocobGHOCTb MeTroja. Hecom-
HEHHBIM JIOCTOHHCTBOM CHCTeMbl Obl1o 6B HelmoCpeACcTBeHHoe
NOAKJIIOUeHHe JEeTEKTOpa 3JeKTPONPOBOJHOCTH K aHHOHOOG-
MEHHOH pasjeasiouiefi KoJoHkKe, OTO BO3ZMOXKHO JHIIb B TOM
cjayyae, ecqd KOHUEHTPAUHS COJed B 3JI0€HTe OYeHb HH3Ka,
a NOTOMYy oUeHb HH3Ka W (oHOBas mpoBoguMocth, OpHako
OObIUHble HOHOOOMEHHLIE CMOJbB! COJAEPXKAT MHOro OOMeHH-
BaeMBbIX IPyni (B MOJHUCTHPOJIbLHBIX CMOJAX NPUMEPHO OJHY
Ha KaxKjaoe 6eH30JbHOE KOJbIO), H AJ5 XpoMaTorpaduuecko-
ro pasjesenHnst aHaJTH3HPYEeMbIX HOHOB TpebyeTcss NPUMeHsITh
3JII0CHT C BEICOKOH KOHUEHTpauued cosed.
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O6MeHHYI0 eMKOCTb CMOJIbI MOXKHO H3MEHHUTh, eCJIH PEeakK-
LHIO TpHCOefiHHeHHA (YHKIHOHAJIbHOH T'DYNIKL IPOBOAHTL B
OoueHb MSITKHX YCJOBHSIX H COKPATHThL BpeMs B3aHMOJAEHCT-
pusi, JIasi KaTHOHOOOMEHHKBIX CMOJ NOKa3auo, 4To Ko3dpdu-
LHEHT pacnpejfeJeHds] KaATHOHOB METaJJ/J0B 3aMeTHO yMeHb-
11aeTcs TPU CHHMXKEHHH 00Mennoi eMKoctH cMmoab [1]. Cmona
H coTp. [2], IpEMEeHHB CMOJbI C MAJOH €MKOCThIO, CMOIJH
HCNOAL30BAaThL OoJiee pa3fapjeHlble JTI0EHTH, UeM 3TO y/a-
BaJOCh paHbuie. I'vepaen Pputi [3]) IpUroTOBUIN HECKOJBKO
aHUOHOOOMEHHbIX CMOJ ¢ PA3JHYHOH HH3KOH EMKOCTLIO.
Oun ob6HapyKUAM, UTO AJS KaXKJO0TO H3 TPEX HCCAej0BaH-
HBIX COUeTAHHUH aHHOHOB K03(h(MHIHEHT CEJEeKTHBHOCTH OCTa-
BAJICS] HEH3MeHHBIM, XOTSI eMKOCTb CMOJbl MeHSJIacCh. JTO
BIOJIHE COTJIACYeTCsI C MpeanoaaraeMbiM XapakTepoM obMe-
HAa W HMeEeT BaKHBIe CJeJCTBHS /s aHHOHOOOMenHOH Xpo-
MatorpadHuu.

PaccmoTpuMm paBHOBecHe npH oO6MeHe HoHOoB A~ u B~ na
aHHOHOOOMEHHOH cMoJIe

Cyona — A- + B~ == Cmona—B~ + A- {5-1)

Koaddumuenr cenextuBHoctH KB onpenensercs BhIpa-
XKelHeM
KB = [Cmoma— B-] [A}/([B-] [Cuoxa— A-]) (5-2)

FJie B KBaJpaTHHX CKOOKaX yKa3aHa KOHLIEHTpamuss HoHa
JHO0 B pacTBOpe, 1ub0 B TBepoi (pase (cmode). Ipu Takoi
MOCTAHOBKE 3IKCIepHMEeHTa (K4KH B HOHOOOMEHHOH XpOMaTo-
rpagHH), KOrja KoJHuecTBO HOHOB B~ no cpaBHeHHIO ¢ aHH-
onamMu A~ maJjo, ypaBHeHHe (5-2) MOMKHO 3aIIHCaTh B BHJE

K3 = Dg - [A7]/(Eux) (5-3)

rie Dg-—xospduuuent pacnpegeneHdss pajas Hona B-
(Mexxny cmosofi m pactBopom), a EMK —o6MenHas eM-
KocTb cMoabl (paBHas [CMona — A~]). Coraacuo ympoineH-
HOI Teopuu Xpomarorpaduu, sennunda Dy IponopuuoHaib-
Ha ucnpaBJeHHOMY BpeMeHH VAEpXKHBAHHS OINpeaesseMoro
@HHOHa B~ Ha KoJoHKe ¢ aHHOHOOOMeNHO#H cMoJoH, mepBo-
HayajbHO HaxosseHcs B A—dopme. Konuenrpamus A- B
PacTBope B KOJIOHOUHOM XpoMaTrorpaduu A07KHA ObITh TPH-
Siusnrensno Takoil e, KAK W B 3JI0eHTe (COAEpPIKAIIEM
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conp K+A-). Tlockosnbky BennunHa KB ne Mensiercss mpH

H3MeHelHH e€MKOCTH CMOJbl, a HCIpaBJjeHnHoe BpeMs yjep-
)KHUBaHus [, TpomopuuoHanbHo D, ypaBnenue (5-3) mMOX-

HO 3amucaTh Kak
KoHcranTa = t'B [Daroent]/(EMK) (5-4)

t;a = (Koncraura) - (Emx)/[DimoenT] (?-5)

I3 ypaBuenus (5-5) caexpyer, UTo CYyLIeCTBEHHOe CHH-
KeHHe eMKOCTH CMOJbl MO3BOJIUT 3HAUHTENBbHO CHH3HTh KOH-
LeHTPALHIO 9/MI0eHTa, COXPAHUB HCIpPaBJeHHOe BpeMs yaep-
KUBAHHUS HEH3MEHHBIM.

5.1.2. Mpouecc xpomarorpathuueckoro pasaeneH1s

B konme 1978 r. B YuuBepcurere iur. Afioa (CIIA)
Opl1a paspaboTaHa NpocTas Xpomarorpaduyeckass METOIH-
Ka pas3/iefleHus psjla pacOpoCTpaHeHHbIX HOHOB, KoTopas
ofHcaHa B craTbax [4, 5]. B aToit HOBO# cucTeMe JAJST aHHOH-
HOH xpomaTorpauu HMEeTcss aHHOHOoOOMeHHAsT pasjedsio-
Aas KoJOHKa, MpHCOeJHHEHHAs HeloCcpeJCTBEHHO K JeTeK-
TOPY 3JEKTPONPOBOAHOCTH, 4 KOMIIEHCALHOHHAs KOJIOHKA
He TpebyeTcda. B cucTeMe mpuMenensl aBa NMPHHIHNHAIbHBIX
HoBulecTBa: 1) cheuyuasnbHass AHHOHOOOMEHHAA CMoJa C
oueHb MaJjoli eMmkocTbio (0,007—0,040 m3kB.-r7!); 2) sa10-
eHT, 00JaaloHl OYeHb HH3KOH 3JeKTPONPOBOJHOCTHIO.
DJII0EHTBHl MPEJCTaBAAT cOO0H BOAMble PACTBOPH HATpHE-
BbIX, KaTHEBbIX HJIH aMMOHHeBBIX coJsiefi 6eH30fHoili, draJje-
BOH H 0-CyJb(OOEH30MHOH KHCJAOT ¢ KOHIEHTpaiuel

"

(1=5Y.104 M Rere 9Ta MO2ROTWIN TOAUTLET OHAWY. ALICT-
\~ ¢ V) Y, ATa, RANSL TFANS i1
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poro pasjieneHHs aHHOHOB, H HH B OJHOM CJAydae OTCYTCTBHE
KOMIleHCalHOHHOH KOJIOHKH He MOMeulasjo aHaau3y.

Ycnexy HOBOro MeTojia ClocoBCTBOBAM H MOAG0P TAaKOTO
3JI0€HTA, aHHOH KOTOPOTO CHJIBHO YAepIKMBAETCS CMOJOH H
MOTOMY HdeT MaJblil Ko3(PHUIHEHT CceJeKTHBHOCTH [ypaBHe-
HHe (5-3)] m Manyw KoHcraHty B ypasHeHnu (5-5). Oboc-
HOBAHHOCThL YypaBHeHHS (5-5) MOJTBep:Kjadercss Mo Kpainef
Mepe kavyectBeHHO. [l aHaJM3HPYeMBIX AHHOHOB COXpaHs-
I0TCsl HeboJsplide 3HAYEHHs] HCOPAaBJAEHHBIX BpeMen yaep-
KMBaHHA (0ObyHO MeHee 15 MHH) [axe NPH HH3KHX KOH-
HEeHTPANMAX 3JIIOUPYIONIEro aHHOHA, TOCKOJBLKY OH ofecme-
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Puc. 5.1, Bnok-cxemMa OAHOKOJIOHOUHOrQ JOHHOTO xpoMmartorpacda [4].

yHBaeT HH3Koe 3HaueHHe KOHCTAHTH B ypaBHeHHH (5-D), a
€MKOCTh CMOJB! AOCTaTOYHO MaJa.

B Tex caydasx, Korjga HOBYIO CHCTeMy HYXHO Oyaer
OTVIHUaTh OT HoHoXpoMaTorpadHueckKoii cucreMbl (GHPMBL
Dionex, B koTOpo# moc/je/0BaTeJbpH0 YCTAHABAHBAIOTCS ABE
KOJIOHKH, OyJeM Ha3biBaTb ee «OJHOKOJOHOYHOU» HOHHOH
(uu aHHoHHOM) xpomarorpaduueckoit cuctemoit. Ha puc.
5.1 mpexcraBieHa 6J0K-cXeMa OJHOKOJOHOYHOTO HOHHOTO
xpoMatorpada. Ou BKJIIOUaeTr cjeayoniie KOMIIOHEHTHI:

1) Hacoc mJsa momaum 3Jr0eHTa Uepe3 NpoOOOTOOPHYIO
NEeTJII0, KOJOHKY H KOHAYKTOMETPHUECKYIO s4efiKy CO CKo-
pocthio 0,8-—2.0 ma/mun;

2) kpaH jpiag BBoAa NpoObl U NMpoBOOTHOPHYI0 METJIo,
HO3BOJISIIONIYIO BBOJHTL mpoby o6beMoM 100 Mk,

3) pasfenslIyw KOJOHKY ¢ BHYTPEHHHM JAHAMETPOM
2,0—3,0 MM u panuoit 500 MM, 3aMOAHAEMYIO OZHOPOAHBLIMH
MeJIKHMH YacTHIAMY aHHOHOOOMEHHOU CMOJBI [cMOJia IPHUro-
TOBJsieTcss Ha ocHoBe cop6eHra XAD-1 ¢upmer Rohm

and Haas (cMm. nuxke); oHa oGaagaer emkoctbio 0,007—
0,040 wmoaks..-r;

4\ IMOTOUHVI) KOUIOVY KTOMOAOTNUHUACK VI

=71 P Aljl.\.l 1;\.}11,1_1‘)'1 A.\.IJ-"A\_,LIJI. LN T ) LJ NS 71

TTCTmTTT‘f-
YLIv Yy 11 LAY

I0CSl 4acTbIO JI€TEKTOPa 3JeKTPONpPOBOMLHOCTH, AJS Henpe-
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Pic. 5.3. AHanus cTaHAapTHBHIX
pacTBopoB cCyabdpata  {(2,75—
13,75 Mnu—!) B  TIpHCYTCTBHH

Puc. 5.2. PasjeliesHe HOHOB XJO-
— LT - [ I Y e fan -
pd {1,/ MJH ‘}, noiadd (£4,0
man-1!), THouHaHata (28,6 Man—1)

n cyaphata (16,5 mau—1) [4].

Cmoaa XAD-1 (0,007 m3xs.-T-!, 44—
57 mEwm); sgwoedr — 1,0-10-* M dra-

XJOPHAA H HHTparta [4].

Cmona XAD-1 (0,04 M3KB.-T—!, 44—
57 mxMm); smoedat — 5,0-10-* M ¢ra-
nar kannsa, pH 6,2.

aat xanwdg, pH 7,1.

D) caMonucel AJs PerucTpaily BHIXOAHOTO CHrHaJja je-
TEKTOPa 3JeKTPOIPOBOJHOCTH.

ONHOKOJ/JIOHOUHBIH MeTOJ| MO3BOJSAET OCYIHeCTBHTL ObICT-
poe pasjiejieHHe aHHOHOB, IPUYEM OTCYTCTBHE KOMIIEHCAIHOH-
HOU KOJIOHKH HUKOTJa He 3aTpyauder aHanausza. Ha puc. 5.2
HpHUBE/IeH MPUMep XpoMAaTorpapuyeckoro pasjaeseHHsT YeThl-
pex aHHOHOB HA KOJIOHKE ¢ 4HHOHOOOMeHHOH CMOJIOH eM-
Kocteio 0,007 m3kB-r—!. CMecy asmoupoBaaun 1,0-10-4 M
¢ranarom kKamaua npu pH 7,1. Xnopun, HHTpaTt, THOUHAHAT
U HOJAHUJ MOSIBJISIOTCA TOCJ/Ee «JOXKHOTO» MHKAa (IPOHCXO0K-
JleHHe Kortoporo obcyxkaaerca Huxe). Ha pHc. 5.3 npuBeneH
npuMep OLICTPOrO pasjeseHHsl XJIOPHAA, HUTpATA U CcyJbda-
Ta. EMKkocTh cMoanl  cocrasasier 0,04 msks-r-!, a B Kaue-
CTBe 3JII0€HTa moab3oBanauck 5,0-10-* M ¢ranara xkanus
npu pH 6,2. Ecau npoBectn ananus msATH oOpasioB, cOAEp-
JKANUX NOCTOSHHOE KOJHYEeCTBO HOHOB XJopa H HHUTpAaTa,
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HO pas3Hoe KojudecTBo cyabndara (2,75—13,75 man—!), 10
NOJIYUUM HEeCKOJbKO XpoMarorpamMm. ['padux saBucHMOCTH
BBICOTH MHKA CYJAb(aTa OT ero KOHUEHTPAIUH jaeT NpsMylo
JHUHHIO.

5.1.3. ObbacHeHue xpoMmarorpaduyeckux NUKOB

[Mepes mpoBejgeHneM CEpUH aHAJH30B BbIGPAHHBIA 3.110-
eHT NMPONYCKAT Uepe3 aHHOHOOOMEHHVYIO KOJIOHKY, NMOKa B
el He YCTAHOBHTCSI paBHOBecHe, 1IPH KOTOPOM LEHTPH! 00-
MeHd CMOJbl IPeHUMYINeCTBeHHO OYAYT COAEepKaTbh AaHHOH
smoenta E—, Ilpu BBenenun ob6pasua, B COCTaB KOTOPOro
BXOAAT pas3juyHble auuonsl (A—, B-, C-u r. n.), ananusn-
pyeMble aHHOHBI OVAVT yAepXKHBATbCA CMOJOH H OOMeHH-
BaTLCS Ha KBHBAJEHTHOE KOJHUYEeCTBO aHHOHA 3jioeHTa E—,
O6bem mpobui o6biuHo HeBeank (100 mkia). B orcyrerBhe
nepeMelnuBaHUA 30Ha, COOTBETCTBYKOIAA BBeJAeHHOMY 00be-
My ofpa3sua, JBHKETCS BJOJbL pasiensioueldl KOJOHKH Cco
CKOpPOCThIO, PABHOH CKODOCTH TMOTOKA 3aweHTa. B 370l 30He
JBHXKYTCS KATHOHBI HCXOAHOrO 00pasna U aHHOHL! 3JI0€HTa
B KOHIIeHTPAauHH, SKBHBAJTEHTHOH KOHIEHTPALHH aHHOHOB B
ob6pasne. Eciu 3/1eKTPONPOBOAHOCTL KATHOHOB H AHHOHOB B
9TOi 30He OoJbllle, 4yeM 3JeKTPONPOBOJHOCTb 3JKEHTA, TO
HIpH MPOXOXKJeHUH Yepe3 JeTeKTOp 3/JeKTPOIPOBOJAHOCTH OY-
JeT HaOJI0AaThCH MOJIOXKHUTENbHBIH JOXKHbH UK. OaHAaKO ec-
JIH 3JIeKTPONPOBOAHOCTL HOHOB B 30HE HHKe MPOBOJMMOCTH
JK0eHTa, TO MOSABHUTCHA OTPHUIATENbHbIN JoXKHBLIA NHK. (Ha
pHC. 5.2 JOXHBIH NHK MOJOXHTENEeH, a Ha puc. 9.3 oTpHIA-
TeJleH). DTOT JOXHKIH MHK He MellaeT aHnaju3y, eclH 3J10-
HPOBaHHe aHAJH3HPYEMbIX aHHOHOB IPOUCXOJHT IOCJE MPO-
XOXJIeHHST 3TOTO MHKA,

[Tocsie Toro Kak 30Ha, COOTBETCTBYIOIAS 06BEMYy MPOOL!,
UPOXOAHUT AETEKTOp, HYyJdeBasi JHHHA 5I:ICTpO BOCCTaHaBJH-
BaeTCAd JO YPOBH$I, COOTBETCTBYIOUIETO UYHCTOMY 3JI0EHTY.
Onnako pacTtBopeHHBle aHHOHHI, JABHXKHMblE CHJIAMH Jei-
CTBYIOIIIHX MAacC 3JIOHDPYIONIHX daHHOHOB, CMEILIAKINHX HO-
HOOOMeHHOe DPaBHOBECHe, NOCTENeHHO mnepeMeniaioTces 10
Kosionke, OO0mass KOHIEHTpAuHsl KaTHOHOB B PacTBope
onpejyienseTcs KOHIEHTPALHEH AHHOHOB 3JIOEHTA, MOCKOJIb-
KV aHa HHQHT}VPMHH AHHOH MOKeT MeneuTH B XXHIKVIO !'hﬂQV

LR e a¥S AL QAR SRV L b plriinn O i AN T ¥ RNS

AAI0b B pe3yabTaTe oOMeHa Ha SKBHBAJEHTHOE KOMHUECTRO
4HHOHOB 3J10eHTa. VM3MeHeHHe 3/eKTPONPOBOAHOCTH IIPH
NPOXoxkeHHH MOJOCH HOHOB o0pasila uepe3 JeTeKTOpP CBS-
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3aHO C 3aMellleHHeM HEKOTOPOro KOJHYECTBAa JIOHPYIOIIHX
aHUOHOB aHA/JH3UDPYEMBIMH aHHOHAMH, B TO BpeMsi KakK CyM-
MapHas KOHIGHTPAllHMsi aHHOHOB He MeHsIeTCs. JTO H3MeHe-
HHe TIPSIMO TIPOTNOPLHOHAJAbHO KOHUEHTpAUHH aHHOHOB HaH-
HOro THNa B 0o0pasie H PAalHUIC B 3KBHBAJCHTHOHU JEKTDPO-
MPOBOJHOCTH 3JIOMPyeMoro u aJoupyouiero anuona. Oco-
GeHHOCTH peaklUM JleTeKTopa 3JIEKTPONPOBOAHOCTH OGosee
noupobHo obcyxkaaiores B pasi. b.b.

5.2. dnoeHTsl

5.2.1, Ob6ume coobpamenus

Ecau JeTekTop 3JeKTPONpOBOTHOCTH TNPHCOCIHHAETCA
HeTIOCPEACTBEHHO K aHHOHOOGMEeHHOH pasjensiouedl KoioH-
Ke, TO HeoOXOAUMO OUeHb THIATeJAbHO TOAOHPATE 3IJHOCHT.
XOopouui 210eHT AOJMKEH CouepXkaTh apoMaTuiecKudl opra-
HHYECKHI aHWOH, UMCIOIIUH BHICOKHH Ko3(hPUIIUEHT ceek-
THBHOCTH Ha aHuoHooOMeHHO# cMose, KaTtuoHOM B TakoM
sJaI0€eIITe MOKET ObITe HaTpHil, KaJHH, aMMOHHH HJH BOJO-
poa. O6nuno pH sawenra BriGHparoT TakuM, YTOOB COJMb
OblJIa TOMHOCTBHIO JUCCOUMUPOBAHA H BMECTO TNPOTOHHpOBAH-
Horo auwona IHA~ ofpasosmiBascs HOpMaJ/JbHHE annoH A,
OnHako 3P(peKTHBHBIM 3JIEHTOM MOXKET 0KaszaThCA W dYac-
THYHO JHCCOUMHUDOBAHHAfl KHCJA0Ta, HanpuMmep OecH3OHHaf.

ITo Mepe yBeJuuUeHHUS CpPOACTBA AHHOHOOOMEHHHKa K
AHHOHY 3JII0€HTa KOHUEHTPAaIHio TOCJAeAHEro, HeoOXoLUMYIO
I TiepeMellleHud a”Halu3upyeMblX aHHOHOB BLOJb HOHOOO-
MCHHOH KOJIOHKH, CA€AVeT MOCTCINeHHO NOHUKaTh. IIpH noHu-
XKEeHHH KOHUEeHTPALHUH SJIFOEHTA CHHMKAETCA W (POHOBAas Npo-
BoguMocTb. CymecTByer mpeges, 10 KOTOPOro MOXKHO yBe-
JUYHBATL CPOACTBO HOHOOOMEHHOH CMOJIBI K aHHOHY 3JIIOeH-
Ta: €CJAH CPOJCTBO CTAHEeT CJAHIIKOM OOJIBUIMM, TO TIPEeUMy-
mecTBeHHO OyneT TIPOUCXOAUTh COpOIUA 3TOr0 aHHOHa
(BMecTO uoHHoro obGMeHa).

JlyumuMu aJI0upyIOnEME aHHOHAMH CYHTAI0TCA 6eH30aT,
dranar u cynabobensoar. Ty KPYIHble OpraHuuecKHe aHH-
OHB! OTJUYAIOTCS MeHbIIeH MOJABHKHOCTLIO, YeM OOABLIHHCT-
BO HEOPTaHUYECKHX aHHOHOB, H MO3ToMy 00/aaa10T Menblieil
9KBUBAJEHTHOH  JIEKTPONPOBOJLHOCTHIO. JKBHBAJeHTHAA
3JIEKTPONPOBOAHOCT, OeH30aT-uoHa cocTtasJjsieTr 32 Om—!-
-cM?-3KB.71, B TO BpeMs Kak sl XJAOpHUAa, Cyabdara u ApYy-
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rHX ualie BCero aHaiu3upyemMbiX aHHOHOB OHa Bhillle (OKO-
a0 70 Om—1.cm2?.3xB.7!) (rabna. 3.1). Kak ciaexyer u3s ypas-
penus (5-10), Takaa pa3Hulla B NPOBOJHUMOCTH HeOOXOIHMaA
JUJIST YCHEeUIHOro NpuMeHeHHsl aHHOHHOH Xpomartorpauu c
IETEKTOPOM  3JIeKTponpoBoaHocTH. Ecau 3xBHBaseHTHAas
JICKTPONPOBOJHOCTE aHAJMU3UPYEeMOro aHHOHA 3HaUUTEeJabHO
BB{llle, UeM aHHOHa JIOCHTA, TO MUK obpasia OyAeT MosB-
JAThCcs Ha (poHe 6O0Jee HU3KOH NPOBOAMMOCTH 3JIOCHTA.
BpeMeHa yaepXKuBaHHSl psAjga HeOPraHUUEeCKHX aHHOHOB,
paspejseMbiX Ha KOJIOHKe ¢ AaHHOHOOOMEHHOH CMOJION
XAD-1 B cpese HeKOTOPHIX AI0EHTOB, IPUBELCHH B Ta6J1. 5. 1.
Tunnunble xpomMarorpaMmbl pasjgefeHusi cMecefl aHHOHOB

nheneTannednr ua e R 2w R 32
JIFLHULHUHI\JIAL)L 11k l.’xl.‘\—‘. LW e L L S &

Tabauya 5.1. HcnpabilenHbie BpemMeHa yJepXHBAaHHA (MHH) aHHOHOB Ha
cMoste XAD-1 (0,04 m3kB. -r~1) B pasanuHbIX amoenrax (f, = 1,8 mun) [4]
F- 2,8 0,8 0,0 0,0 —b —b
Cl- 3,9 1,3 0,7 0,7 5,8 4,2
NO;~ 4,8 1,4 0,8 1,3 —5 3,8
Br- 6,3 2,1 1,3 1,1 8,6 4,6
NO3~ 7,2 2,2 1,4 1,3 9,4 6,7
SO5~ —5 16,4 4,4 3,3 B —B
I- —FB 6,3 5,4 —B

SCN- —B 14,7 15,0 —B

.05~ 50 3,5

CrO3~ 0,8 0,5

8,05~ 7,5 5,1

a
Bce smioenThl B3STH B KOHUEHTpallHd 5-107¢ M, 3a dcKJaloUeHHeM MAaJOHATA (bspa
X107+ M). B ckogKax mocje HA3BAHHHM 3JI0GHTOB yKa3aHbl 3HauenHs pH.

OTpHUATeNbHBI MHGO MHOMECTBEHHbIR IHK.
B Ouenn GOJBlIHE BpeMeHa VAepKHUBAHHA.
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Puc. 5.4. Paspmenenne auerara (27,1 Man—!), dopmuara (6,8 man—l),

xjaopuga (5,1 man—') ®w murputa (158 Mar—!) c HcnoJb3oBaHHeM

50-10-* M Genszoara xkanus npu pH 6,25 na aHHOHOOOMeHHOH CMOTe
Vydac SC [7].

5.2.2. Conu 6GeH3OMHOM KMCROTHI

BeH3oaT HaTpua HJH KaJud SIBJAAETCS OIHHM H3 ABYX
HanOosee >ddeKTHBHEIX JI0EHTOB IS OTHOKOJOHOUYHOH
annoHno# xpomartorpaduu. (Hpyrum saBagercsa ¢ranar
HaTtpusad uiad kajaud.) CoJd O6en30HHOH KHCJIOTH NpHMEHS-
IOTCSl TIPH pasjesieHdud anerarta, OukapboHara, dTopuaa,
XJOpHAA, HATpPATa, HUTPUTZ M JAPYyrux OBICTPO 3JOHpYe-
MBbIX aHuoHoB. [ ByX3apsgHble M Jpyrue aHHOHHI, Xapak-
TepU3ywlnecs OOJbIIAMH BpPEeMCHaMH yaepXuBaHus (Ha-
npuMep, THONHMAHAT M MNepXJaopaT), IJIOXO 3IJIOHUPYIOTCSA
GeHzoatoM. KoHueHTpanus OeH3oaTa B 2J/I0€HTE 3aBHCUT
OT THN& U €eMKOCTH BHIOpaHHOH aHUOHOOOGMEHHOH CMOJIBI, HO
06bluHO coctraBager (1=+5)-10=* M. Paspenenune apertara,
(ropMHaTa, XJOpHAA M HHTPHTA B cpele (eH3oaTa NOKa3a-
HO Ha puc. 5.4. Bpemena vjaep:KuBanus aHHOHOB 0OCYKia-
I0TCS B pasja. 5.4.
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5.2.3. Conu praneBoH KWCNOTHI

DU0eHTH Ha OCHOBe (hrasiaTa KaJus MOKHO JIeTKO TpH-
rOTOBHTb, pacTBOPsA ero B AUCTH/NIMDOBAHHOH BoJe H
nosoast pH xo 6,1—7,0. B sroM wuHTepBase 3uaueHnd pH
YACTHIIE B PAcTBOpE CYUIECTBYIOT NPEHMYHNIECTBEHHO B BH-
Je IByXBajeHTHoro (¢pranar-uoHa. Pranar ssasercd Ooiiee
CUJBHBIM 3JII0€HTOM, ueM OeH30aT, H NMPUMEHsieTcd IJa pas-
JeJeHHsl ABYX3apaAHbiX dHHOHOB U IPYCHX AHUOHOB C
00JBIIUMH BpeMeHaMH VAepKHBAaHHUA, TAKHX, KaK HOIMI,
THOIMAHAT M mepxJyaopart. Jlerko sawoupyemMbie aHHOBBL, Ha-
npumep 6uxkapbonar, aneratr u $ropui, Bo GTANATHOM
3JI0eHTe 0ObiuHO He OTAENSIOTCS OT JIOKHOTO THKAa. DJIOH-
pywomas cnocobHocTh 6en3oaTa U (prajgara nepekpblBaeTcs,
¥, KaK NPaBHJ0, IPUMEHHUB OAHH uUJad ofa 3jioeHTa, yAaer-
CA pasfesuThb CJAOKHBIE CMEeCH aHHOHOB. BpeMeHa yaepxXKu-
BaHHsl PasJMUHBIX aHHOHOB, J/IOHpYeMbiX (PramsaTtoM, 00-
CyXKIaloTCsi B pasm. 5.4.

5.2.4. Conu AMMOHHOW KMCNOTHI

TTOCKOJIbKY NUTpaT-HOH Tpex3apaaHbill, cunTa och, UTO
OH J0J/KeH 06/1aJaTh BHICOKHUM CPOACTBOM K aHHOHOOOMEH-
HOI cMovie U ObiTh 2((DEKTHUBHBIM 3JIOUPYIOUIHM AareHTOM.
PacTtBOpbl puTpaTa KaJusl C yCIeXOM HCHOJAb30BaJd TIPH
pasjeseHun aHuoHoB Ha cMote XAD-1 ¢ ¢ysknuoHaAbHBI-
MH BTODHYHBIMH aMUHOTPYNNAaMH H OOMEHHOH eMKOCTbIO
0,009 wm>sksB.-T7![6]. Ilopsimok 3M10APOBAHUA AHHOHOB Ta-
KOH ke, Kak 1 npu pabore ¢ Ppranatimm smweHTom. Cpas-
HeH{e HCIpaBJieHHBIX BpeMeH YJIep:KHBAHHA PAga aHHOHOB
IPH MCTIOJbL30BAHHHM B KayeCTBe 3JI0EHTOB PAacTBOPOB I[HT-
paTa u (pranata nokassiBaer (rabsa. 5.2), yro oba 3a0eH-
T4, TIPUrOTOBJEHHBIe U3 KanweBmX codael (¢ pH 7,0 u 4,5
COOTBETCTBEHHO), OUE€Hb CXOJHB IO CNMOCOGHOCTH K BHITEC-
nenuo. Hosexenune pH pacrsopa dranara go 6,5 rugpo-
KCHJIOM KaJsi NPUBOAHT K 3aMeTHOMY CHHXKEHHIO BPEMEH
YAEePXKHMBAHUA BCeX H3y4YaBMUXCA aHHUOHOB, H pasgelCcHHE
OIHO3apAAHBIX AHHOHOB CTAHOBHTCA HEBO3MOXKHBIM

[IpenBapurensibie HCCACAOBAHHS C HCMNOJNB30OBAHUEM
CMosasr XAD-1 ¢ yeTBepTHUHBLIMH AMMOHHEBHIMH (YHKIHO-
HaJdbHBIMH rpynnaMu 4 eMrocThbio 0,018 M3kB.-r~! mokasausy,
4To pactBop 2,0-10—* M nwurparta kanaug npu pH 6,2 maer
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Tabauya 5.2. UcnpaBieHHble BPeMeéHa yjiePxHBaHust (MHH) aHHOHOR
Ha cmode XAD-1 ¢ MpHBHTHIMH BTOPHUYHBIMH AMHHOrpyfnamMu (eMKocTb
0,009 m3ks.-r1) [7]

DoMoHp YIolMiE HoHA
Anuon LinTpar $ranar dragar

(7,0) {4,5) (6,5)
Xopun 1,75 1,40 0,0
Bpomupn 2,75 2,30 0,0
Hurpat 3,25 3,00 0,5
Pocdar 5,00 —
Cysmdar 12,25 12,00 5,0

a KounenTtpauua saoupyolllux HOHOB paBHa 5-10~% M, B cko6kax nocde HasBanuif
HOHOB YKasaybl sHauenusa pH.

MeHbplllee BpeMsi yAepxkKHBaHHA Cyibdara, UYeM pacTBOP
dranata KaJus IPH Tex Ke 3HAUCHHAX KOHIEHTpAalHH H
pH. Iaa Gonee nonxolt cpaBHuTeNbHOR OLEHKH IIHTpAaTHOTO
H {TanaTHOro SJI0EHTOB NPH pasfiejeHuH Ha cMojJax ¢
YeTBEPTHYHHIMH aMMOHHEBHIMH TpynnaMu Tpe6yoTes go-
NOJHUTEJNbHEIE JaHHbIE.

[Topagox 3a10MpoOBaHHS HOHOB LMTpaTOM H (dranartom
OMUH M TOT Xe. UYBCTBHTENbHOCTL AETEKTHPOBAHUA AHHO-
HOB, KaK Oyzner mokasano B pasi. 5.5, HuXe /s UMTpart-
HOro 3J10€HTa, ueM AJs ranatHoro u 6ensoaryoro. OpHa-
KO eCJiH nocje paspielsolled KOJOHKH NOMECTHTb KOpOT-
Ky10 KaTHOHOOOMEHHYIO KoJIolKy (co cmonoil B H*-(opme),
TO C IUTPATHHIM JIIOEHTOM MOXKHO JOOHTLCA TIPEBOCXOLHON
YYBCTBUTENIbHOCTH,

5.2.5. BeH30iHas KucnoTa

IIpumenenne xatnonoo6MenHuka B H+-dopme yBeanuu-
BaeT YYBCTBUTEJLHOCTb aHAJ/u3a NPH HCIOJIL3OBAHHUH 3JII0-
CHTOB Ha OCHOBe IUTpaTa uau OeH3oaTa Kadus. DTO NpH-
BEJIO K NPEATIONIOXEHHIO, YTO B KayeCTBE 3JIIOCHTAa MOMKHO
NDHMEHATb DAcTBOp caMoi OeH30MHOH KHCaoTH. Takoe
npennoJiokKenHe 0Ka3aa0ch BepHbIM, O UeM CBHAETENLCTBYET
puc. 5.5, Ha KOTOPOM NOKa3aHO Pa3jeaeHie HECKOApKHX
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JHHOHOB € HCIIOJb30BaHHeM B KauecTse syioenTta 1,25- 103 M
»acTopa OeH30HHOH KHCJAOTH [7]. beH30HHaa KHCJIOTa Kak
yJIIOCHT ofeclieuuBaeT Xopoluee pasfeaeHue OhCTPO 3JI0HU-

JYeMBHIX aHHOHOB, 2 UYBCIBHTENbHOCTh AETCKTHPOBAHUA B
1€CKOJIBKO Pa3 BHEe TOM, KaKyl0 MOXKHO AOCTHUL, NIpHMe-
1A OcH3oaT HaTpud UM Kajus (pasm. 5.5). EauHcrsen-
IHH HEeJOCTaTOK COCTOHT B TOM, YTO aHHOHBEI OCHOBHOTO Xa-
>akTtepa (HampuMep, OuRapboHaT) B KHUCAOM 3JIOCHTE HE
(ETEKTHPYIOTCS.

Hcxoaa U3 KOHCTAHTHL AucCONMAlUud OeH30fHOH KHCJIO-

rol (Ka=6,25-10-%), MOXKHO BBIYHCJHTB, 4TO 51,25-10—2 M
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Puc. 5.5. Pasgeaenne auerara (9,2 mau~'), nponuonara (30 man—!),
dopmuata (9,4 man—1), dropuma (7,2 mau—!), docpara (12,2 Mau-?),
xjopuaa (8,4 man—t') u 6pomuga (9,8 man—1!) [5].

Cmona XAD-1 (0,023 mM3ks.-T—!, 20—25 MKM); 3uioent — 1,25-10—3 M Oetsolitag
KHCJI0TAa.

L
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pacTBope OHa AuccomuupoBana Ha 20%. Takum oOpasowm,
B 3TOM 3JIIOEHTE KOHHEHTpPalusl Kak HOHa BoJopola, TaK H
uoHa Oensoara cocrasadger 2,50-10—* M. CpaBuenne Takoro
3JII0EHTa C JWeHTOM, cofepxkamum 2,50-10~* M OeHsoara
KaJus, ToKasbiBaeT, uTo o6a »3JweHTa JalT oueHb OJH3-
KHe 3HaueHUs BpPEMeH YACPKMBAIUA HEOpraHHUeCKHUX aHHo-
o (Tabia. 5.3).

/
Tabauya 5.3. Hcnpapiaennbie BpeMeHa yJepXHBaHHsi (MHH) aHHOHOB B

3M0eHTaxX ¢ GeH30HHOH KHCA0oTOM M (eH30aTOM KalHs, HMEIOUHX
OJMHAKOBYI0 KOHUeHTpaumnio OeHdoar-uona [38]

AHHOH BeHSOﬁHaFEIi Beuaoa’r6
KHCJIOTAa KaJaHda

Auerar 1,16 4,36
[ponuonar 1,98 6,76
dopmuar 2,56 —B
Oropuj 3,62 4,26
®docpar 4,50 —B

Xrnopun 5,36 5,44
Hurput 7,28 6,36
Bpomug 8,66 8,16
Hurpar 9,06 8,94

41,25-107® M, pH 3,65.

O . 1N—4 A ~E T 2 1N
PIV AN R Yl Pl Uslv,

B Nuk ne ma6monaetcs.

DJII0NpoBaHue aHAJH3UPVEMOro aHuoHa A~ U3 KOJOH-
K CO CMOJIOH COCTOUT B oOMmeHe ¢ OeH3oaT-uoHom Bz—:

HBz
113
Cmona— A~ 4 H*Bz~ > Cmoana-— Bz~ + HtA-

Takum o6pa3oM, yBeJnueHHe KOHUEHTpaLHH anuoHa A~ B
3JII0EHTe PaBHO YMEHbUIEHHK KOHieHTpauuun OeH30aT-HO-
Ha. OjHako pasHOBecHe B 3JI0eHTe ABJSAeTCH JHHAMHUEC-
KHM, H CTeneHb AHCCONMAIMHU 3nKedHTa Bcerma pasHa 20%.
Jto o3navaer, 4yto 80% uonos Bouoposa u OeHsoara B
peakuuio ofMeHa BCTYHalOT M3 MOJeKyJasapHoid dhopMbl H
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nepexofaT B BbICOKOHOHHM3HpoBaHuyio $opmy HTA-. 310
ABJeHHe 3HAUHTEJbHO YBEJHUHBAET YYBCTBHTEALHOCTH Je-
TeKTHPOBaHus, nockoabky HT (mportuBomon A~) obnazaer
oueHb BBLICOKOH 9SKBHBAJEeHTHOH  3JeKTPONPOBOLHOCTLIO
(ta6n. 3.1). OHo obcyxgaercs B pa3m. 5.5.

[Tpu npumeneHnu O6ed30HHOH KHCJAOTBHI B KayecTBe 3J10-
edTa Aaf pa3feJeHHs aiHOHCB BCErja umeercs NPOLOJNKHU-
TeJdbHOe, a MHOrjJa MTHOBEHHOE cMellleHHe HYyJeBOH JHHHH.
Ecan nepea Bogom npodn BeauyuHy pH obpasma posecTH
00 3Hauepus, cooTBeTcTByOWero pH aiaioeHTa, TO Taxue
CMCINEHHS HCKJ0YATC JHUOO 3aMETHO CHHXKAITCA. ITO
JIETKO OCYIIeCTBUThH, A00aBJds 3/J10€HT K 00pasuy AJId CO3-
JaHus B neM OAMHAKOBOH ¢onoBoll xoHnedHtpauuu. Cume-
IeHHe HYJAeBOH JIHHUM MOXKeT ObiThb BHI3BAHO TeM, YTO BHa-
qaJe MOJeKyJbl OeH30HIT0W KHUCJAOTH ajicopOHpYIOTCS CMOo-
jgoii. Ilpu BBOue pasbaBiaeHHOIO ocCHOBHOro oOpasiia
aJcopbruoHHOEe paBHoBecHe MoOxKeT Hapyuathcs. Caenyer
NOAUEPKHAYTh, UTO, BEPOATHO, H3-3a aacopOusu OeH30HHOU
KHCJOTH HONOOOMEHHOH CMOJOH KOHAMIMOHHPOBaHHE Ko-
JIOHKU THM 3JIIOEHTOM Mepe] NpUMEeHCHHEM [MPOHCXOAUT
3HAUUTENBLHO MejJieliHee, UeM IPYTUMH 3JTI0CHTAMU.

DJMIOCHT Ha OCHOBe Oen30HHOH KHCJIOTH, HAChIULeHHBIA
OeH3UJOBBIM CIHPTOM, CO3AA€T OJAroNpHUATHHIE YCJAOBUS
ANl yCTpaHeHHs HEKOTOPHbIX M3 OTMedeHHHX Tnpobsaem. Ta-
KOH 2/I0€HT CYINECCTBEHHO COKpalllaeT TNePUol, HeOOXOLU MBI
ANl KOHAMIMOHHDPOBAHMS KOJOHKH, a TakKxKe yMeHbllaeT
cMelllcHHe HYJeBOH JHHHH. Bo3voxHasi npHuuHa TakKux
yAyYHICHUH 3aK/JAoYaercs B TOM, 4To Ta 4acTb CIHPTA, KO-
TOpass He AUCCONMMPYET W IpaKTHUeCKH He obJjajxaeTr mpo-
BOJLHUMOCTBIO, NIPEHUMYIIECTBEHHO aAcopOupyercs cMoJiol, a
ancopbuusi OGeH30HHOH KHCJAOTH NOHHUMKAEGTCH HJAH HCKJIIO-
qyaeTcs.

5.2.6. OcHoOBHbIE 2NI0CHTHI

Onuxcannbie BbIIIE 3/I0eHTH 3QP@PEeKTUBHH NIpH XpoMma-
TorpaduyecKoM pasfgesicHHH MHOTHX HEODPraHHYeCKHX H He-
KOTOpBIX OpraHu4YeckuX aHHoHOB. OQHAKO OHH He roasrcs
AJis1 paspgejieHHsl d ONpelelleHHsT aHHOHOB oOueHb CaabbiX
KHCJIOT, TaKHX, KaK lMaHufg, OopaT, apceHUT W CHJHKaT,
KOTOpble CyIeCTBYIOT TOJNBbKO B oCHOBHOfl cpexe. [aa Hux
JIOTUUYHO B KayecTBe 3JI0EHTa NPUMEHATb pacTBOp KakKoro-

-
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Jn60 ocHoBauus. IIONBITKH KHCNOAL30BATHL OCHOBHBIE PacT-
BOpH OeHzoaTa uiau (rajaTa NMPUBOAAT K TOABJEHHIO A0-
NOJHHTENBLBIX MOMOMKHUTENbHBX HJAH OTPUIIATENbHBIX NMHKOB,
NOTOMY UTO B ACHCTBUTENbHOCTH TaKue SJIO€HTHl INpes-
CTaBJAIOT COOOH CMeCH aunuHouoB (rujpokcuaa B OeH3oaTa
qnbo rugpoxrcunaa U ¢ranara). B cucreme cdupmn Dionex
NPUMEHSIOT TaKHe OCHOBHBIE JIIOeHTH, KaK FHAPOKCHI HAT-
pusi uJIu KapboHaT-OukapOoHaT HATpHA, OXHAKO KOMIICH-
callHOHHAA KOJIOHKA [ePeBOJHUT Ppas3jaesedHble aHHOHH B
MOJIEKYJbl KHCJOT, KOTOPBHIE HEBO3MOXKHO AETeKTHPOBATh,
€CJIH KHCJOTHI SIBJAAIOTCS OUeHb CJIal0biMH.

[Ipr Hanwuuu nOAXOASAIEH aHHOHOOOMEHHOH CMOJBl C
HU3KOH eMKOCTbIO aHHOHBI MOXKHO pPasfensdrb B Cpele OC-
HOBHOTO 3J/IIO@HTAa M PEruCTPUPOBATH AETEKTOPOM 3JICKTPO-
IIPOBOAHOCTH, PACIIONOKEHHBIM CPa3y Ke HOoCie pasiessio-
mel KojaoHKH [8]. [ast sTofl mesum ¢ ycnexoM NpHMeHsJIH
THAPOKCHA H (HCHOMAT HATPHSA, XOTA MNOJIXOAAIHMH MOTYT
OKa3aThCs U JApYTrHe OCHOBHBIE 2J10eHTH. [lockogabKy run-
poKcuJa OoJsiee MOABHXKEH, yeM APYTHE AHHOHH, aHAJHU3HpYe-
Mble aHHOHBl 3aTNUCHIBAIOTCH B BHUAE OTPUILATEJbHBIX TIHKOB
(cHHKEHHe 3JeKTPOonpoBOMHOCTH). TeM He MeHee BpICOTA
(MK nJoNlaap) NUKOB ocTaeTcsd (PYHKIMeH KoJaudyecTBa On-
peAensieMOro aHHOHa, a YYBCTBHTE/JABHOCTDL [aKe Bhllle, UeM
IIPH UCNOJBb30BAHUH GOJBIIHHCTBA KHCJBIX 3JIIOEHTOB, KOTJa
GHKCHUPYIOTCST TIONOKHUTENbHBEIE MHKH.

BosHMKHOBeHHE OTPHIATEJNbHLIX TIHKOB JIETKO 0OBAC-
HUTh. [IpeAnono:kuMm, uto [Aas  3JOHPOBAHHs BHOpaH
1,0-10—* M pacTBop rujppoxcuga Harpusi. [LoBOsbHO BHICO-
Kas ¢oHoBas NPOBOAUMOCTb €CTb CyMMa IPOBOIHMMOCTEH
HaTpus B ruapokcuaa. Jlocne sBojda npoOu HadyHeTcs copb-
M5l aHAJHU3UPYEMBIX aHHOHOB Ha CMOJI€ U IIepeXojl CO CMo-
JB B PacTBOD 3KBHUBAJEHTHOrO KOJHUECTBA [HAPOKCHJA.
[Ipn npoxoxageHuu 30HBI, COOTBETCTBYIOLIEH BBeAeHHOH
npobe, uyepes JeTeKTOpP 3JEKTPONPOBOAHOCTH  BO3HHKAET
JIOXKHBIHY» MUK, NMOCKOJBKY JEKTPONPOBOAHOCTL ITOH 30HH
Oyider aubo Bbllle, AuOO HHKe (POHOBOH mNPOBOIHMOCTH
anwoenTa. Ilocsne MpoxoXAeHHA JOKHOTO NMHKAa KOHIEHTpAa-
I aHHOHOB B 3JIOCHTE IOCTUTHET HOCTOAHHOU BETUUHHH,
onpefxefsieMOH KOHICHTpalHeHd 3J10eHTa (B HauleM CJyuae
1,0-10—2 M). I1pu sxnwoupoBanun onupe/jenseMoro annona A—
M3 KOJOHKH M NIPHU NPOXOXKACHUY €ro uepes JeTEKTOP colep-
JKaHWe THAPOKCHJIA B 3JI0CHTE CHH3UTCH, MOCKOJBKY A0JXK-
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Puc. 56. Paspenenune d¢ropunzna
(1,8 wman-!)}, xaopuaa (28
vaH—!), mnamzga (10 mae—!) m
6pomuaa (59 man—!).
CMoga XAD-1 (0,023 MskB.-T—!, 20—

25 MKM); 3Jd10€eHT — 1,0-10—-% M rHpg-
POKCH/i HAaTDHHA,
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HO COXPaHATbCA MNOCTOSHCTBO KOHLEHTPAalldH aHHOHOB
(tr. e« A~+OH-=1,0-10% M). DkBuBa/JeHTHAA 3JEKTPO-
NPOBOJHOCTh GOJBLUIHHCTBA aHHOHOB HAaXOAHTCA B HH-

TepBate 30—80 Owm~!'.cm?-3k8.7!, B ToO BpemMa Kak
THAPOKCHJ HMeeT 3KBHBAJCHTHYIO 3JEKTPONPOBOAHOCTD
199 Om—!.cM?-3kB.~1. [losToMy mnpH 3JMI0MpOBAaHMH aHa/ -

3HPYeMOro aHHoHa MPOBOAHMOCTb OyJeT CHHXKATbCHd, a Bhi-
coTa (Maum IJIOWIAJb) OTPHLATENbLHOr0 TNHKA OCTaHeTrcs
TIPONMOPUHOHANbHON KOHIIGHTPAIlHH aHHOHA.

Ha puc. 5.6 npusened mnpumMep pasfae/aeHus 4YeTbpex
4AHHOHOB B JIOCHTE, TIPUTOTOBJCHHOM M3 THIPOKCHAA HaT-
pua. OTMeruM, 4To UYBCTBHTEJNBHOCTh NPH TakoM clocobe
AHAJIM3a BIIOJIHE YAOBJETBOPHUTEAbHAA. DTO TIEPBHH NpUMED
PasjgeneHysi aHUOHOB CJabbIX KHUCJIOT, TaKUX, KaK LHAHH]
¥ apCeHHT, C TIOMOUILI0 HOHOOOMEHHOH Xpomarorpatuu U
NPAMOTO JAETEKTHPOBAHHA HX JCTCKTOPOM 3JEKTPONPOBOJI-
"Hoctd. I'uapokcux Hatpus sBAdeTCAd 3(Q@PEKTHBHBIM 3JHCH-
TOM /il aHa/jui3a LUaHuga, alerara, apceHura, propuia,
XJAOpUAA, HUTPATa U APYrHX caaboyaepKuBaeMblX aHHOHOB,
©OJIHaKO MHOTO3apsjHble aHHOHBI, HampuMep KapboHar H
CyabdaT, 3M0UpYIOTCH OUueHb MelJieHHO. BpeMeHa yaepkKu-
BaHUA HEKOTOPHIX AHHOHOB B OCHOBHBIX 3JII0CHTaX TPHUBEIC-
Hbl B pasja. 54.
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5.3. MoHOOBMEHHBIE CcMOnbl

5.3.1. CunMKarenu ¢ XMMMUYECKM CBA3AHHBIMM
(PYHKUMOHANBHBIMM TPYNNAMHK

B Hacrtosiulee BpeMsa yikKe HMEKOTCHA HOHOOOMEHHHKH,
npeicrapJasilouiie coboll opraHHYeCKHe BELIECTBA C YeTBep-
THYHBIMH aMMOHHEBLIMH (PYHKIMOHAJNLHEIMHM IPYyNNaMH, XH-
MHYECKH CBsi3aHHBle C MOBEPXHOCTBIO MOPHCTOrO CHJHKAre-
Js. DT0 AaeT BO3MOXKHOCTb HOJYUYHTb TOHKYI0 OO00JOUKY
HOHOOOMEHHOIr0 MaTepuana, OKpPYXKAaloiyl0 4YacTHLE! CHJIH-
Karesas. B KaueCcTBe HamMoOJHHUTEJNS] KOJOHOK AJs pa3AeseHHSs
AHHOHOB yCMEUIHO NpHUMEHsIeTCA AaHHOHOOOMEHHHK ¢ (up-
meHHbpiM HaumMmenoBaHuem Vydac SC [9]. Cdepuueckune yac-
THIBI 3TOrO HAMOJHHUTENA UMeIOT AHameTp oT 30 10 44 MKM,
a oOMeHHAsi €MKOCTb MaTepHaJad COCTaBJAACT INPHUMEPHO
0,1 m3kB..r~L. IlopsiioK 3/110MPOBaHHS AHHOHOB HECKOJBLKO
JApyrofi, ueM B cJyuae OpraHuuecKHX AHHOHOOOMEHHHKOB.
Tak, na anmonooomennunke Vydac SC uuTpar saionpyercs
nosxe cyabdara u 6pomuaa. Mon ¢ropa He paer curmana,
BEpPOATHO, M3-3a aAcopOUMM Ha MaTpulle CHIMKAreJs.
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Puc. 5.7. Paagenenve xjopuaa Puc. 5.8. Pasgenenune auerara (1)
(3 man~!), 6pomupga (2 mas—!), u dopmuara (2) Ha MOHOOGMEHHH-
mutpata (3 Mau~!) u cyasdara ke Vydac 302 IC B 0,001 M pacr-
(3,5 man-!) na mnoHOOOMeHHHkKE Bope ¢rasesofi kucaorsl upn pH
Vydac 302 IC B 0,004 M pactBo- 4,6 (merekrop Mojean 213 dupmmul
pe drTaneBofi KHCAOTHL (06beM Wescan) [10].

npober 100 MK, pgeTekTop MOje-

an 213A ¢upmer Wescan) [10].
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HenapHo Obii noayden OGosiee 3¢ @QeKTHBHHIE HOHOOO-
meHHuK Vydac 302 1C [9, 10]. Ou npejacrasasier coboii Ha-
MOJMHHUTEJNb Ha OCHOBe CHJHKareJs, o6Jajfampuiero BHCOKOH
MeXaHHYECKOH TPOYHOCTBIO, ¢ AMAMETPOM YACTHL OKOJIO
15 MM, Ero yneabHas nmoBepXHoCTh cocTaBJjsier 86 M2.r—1,
a cpeanuil puamerp mnop pased 330A. Ha puc. 5.7 un 5.8
npeicTaBJeHbl XpOMAaTOrpaMMbl, MOJyYeHHBIE ¢ NMPHMEHEHH-
€M 3TOro MOHOOOMeHHHKA.

5.3.2. AHHOHOOBMEHHMKH

Cymoanl XAD-1, XAD-2 u XAD-4 ¢upma Rohm and
Haas saBasiloTcsi nmonepeyHo CIIUTHIMH COMOJHMepaMH CTH-
posa uM JMBMHHUJIGEH30J1a ¢ BBICOKOH MNJOTHOCTHIO MOMepeu-
HbIX cBsizedl U o0aamal0T HeOOLIUHBIMH (PH3HUYECKHMH CBOH-
crBam. OHH HMEIOT MAKpOCETYATYI0 CTPYKTYPY H COXpa-
HSIOT ee faxke mocjge JAeruaparauuu. Kaxjpgas uactuua
CMOJIBI TIpeACTaBIseT CO00H KOHIJOMEpPAaT CIVIOWIHBIX MHK-
pocdep, MeXKIy KOTOPHIMH PaCHONOXKEHB MOPbl M KaHAJH.
DTH CMOJBl CAYKAT HCXOJHBIM MaTepHaJIOM [IJS HPHUI'OTOB-
JEHHs1 aHHOHOOOMEHHHUKOB ¢ MaJod eMKOCTbI0o oOMeHa, MpH-
TOJAHBIX 1JA aHHOHHOHM Xpomarorpaduu. Hauboaee saddex-
THBHBIE CMOJIBI AJIsi HOHHOH Xpomarorpaduu HOJydeHH Ha
ocHoBe cMoabl XAD-1 ¢ HauMmeHbliefl yIelTbHOH MOBEPXHO-
ctbio (100 M%.r!') ¥ HauGOABLIMM CPEIHHM JHAMETPOM
mop (250 A) uz cmoa cepun XAD.

Cmoay XAD-1 oueHb JIErKo NpeBpaTHTH B aHHOHOOGMEH-
HUK NyTeM XJIOPMETHNHPOBAHUS H IMOCJAELYIONIETO AMHHH-
poBaHusA TPeTUUHBIM aAMHHOM:

—@E%%ﬂ,f—@craaa M'—@xcw(cm)gcr
2

B MsArKux ycJoBHSIX NPH HeOOJbLIOH HPOJOMKHTENbHOCTH
XJOPMETHIUPOBAHUA NOJIYJalOTCA AHHOHOOOMEHHBIE CMOJIBL
€ pas3Hol, HO Bceraga MaJjno#l eMKocTblo oOMeHa. YC/0BHSA
AMHHHPOBAHHA BHOHpAIOT TAKHMH, 4TOGH OGECHEYHTDL Ie-
PEBOI KaK MOKHO GOJIBLIEr0 YHCJAd XJOPMETHJAbHBX TPYII
B UeTBEePTHUHHI aMMOHHMHAXJOPHJI, XOTs OMNBIT MOKAa3LIBAET,
4TO HEKOTOPOE KOJHYECTBO XJOPMETHJIbHBHIX Ipymil B Dedk-
IHI0 He BeTynmaer. Metoauku mepesoaa cmoanl XAD-1 B
AHUOHOO6GMEHHHK C MAJOH €MKOCThbIO ONHcaHbl B paborax
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{3, 4], HO XJOpMEeTHJIMETHJIOBLIH 3(up, NpuUMeHAeMbli Ha
nepBOH CTajMH Mpolleccd, CYMTAETCH KAaHIEPOreHHBHIM Be-
IIECTBOM, H €ro CTAHOBUTCSI BCe TpyjaHee npuobpectd. Xo-
polIfe pe3yJbTaThl JaeT ONHCAHHAs HHXKe Meroauka [11],
B KOTOPOH XJOPMETHJIMETHJIOBLIH 3¢HP He HCIOJAb3YeTcs.
ITpouecc caefyeT NPOBOAUTE B XOPOIUO BEHTHJAMPYEMOM BHI-
TaXHOM mKady, MOCKOJAbKY B XOJe peakiuu obpasyercs
XJOPMETHJAMETHAOBEIH 3Qup.

Meroduxa. Yactuus cmoanl. XAD-1 ¢upmer Rohm and
Haas pasmanbpiBaloT H OpOCEHBAIOT, MblAb YAAJAKT, a
¢pakuuio 2560—325 mewr cymar npu 60°C B TeucHHE HOYH.
JlJIsi cHHTe3a HCHOJb3YIOTCsA OpPraHMYeCKHe pPacTBOPHTEINH,
BRICYIIEHHBIE MOJIEKYJISIPHBIMH CHTAMH.

B 3akpnBamouuiica cocyy noMmemaror 2,1 r 06e3BOXHOIO
XJOopHAa uMHKa, 12 Ma Mermaenxaopuzaa, 9,6 ma XJopas-
THAPUIA YKCYCHOH KHCJOTH U 6,0 MJ1 MeTHIaas U BCTPAXU-
BAIOT COCYJA 10 MOJHOrO pacTBOpPeHHs XJOpHAa LHMHKA.
LJst mpoBeJleHHst peakiUi XJOPMeTHJAUPOBAHHS 1,0 MJ 3TO-
ro pacTBOpa IINPHIEM MEePeHoCAT B KOJAOy, B KOTOPYIO MO-
MellleHbl Takxke 5 I cMosbl XAD-1 1 60 Mi MeTHAEHXJIOpH-
na. ComepXumoe KOJOH BHJEPIKHBAIOT NpH KOMHAaTHOH
TemIeparype B armocgepe aszora B teuenue 10—120 mun
(cTenedp XJOPMETHAHPOBAHHS OyAeT MEHSTbHCA CO BpeMe-
HeM). OcTanaBiauBaOT peakuuioo Jo0aBleHHeM B CMeCh BO-
Obl. 3aTeM YacTHLE OT(PHJILTPOBLIBAIOT, NPOMBIBAIOT BOJLOH
1 MCTAHOJOM M CYLIaT Ha BO3AyXe.

Has npoBeneHHss aMUHHPOBAHUS K XJIOPMETHJIHPOBAH-
HBEIM YacTHiaM A00aBAsAOT 60Jabliod H30HTOK 25%-HOTO
pacTBopa TPHUMETHJIaMHHA B METAaHOJE HJHM BOJAE H CMECh
OCTABJAKT Ha HOYb. [loJyueHHBII MaTepuaJ IPOMBIBAIOT
1 M XJI0pHCTOBOIOPOXHOH KHCJIOTOH, PonanonoM:- -2 B BO-
noH, 3ateM cyuiaT B TedeHne Houn npu 60°C. Emxoctb
aHMOHOOOMEHHON CMOJIBI ONpeNeJsiIOT, NMePeBOAsT H3BECTHOE
KOJHYECTBO HHUTPATHOH (POPMHEL CMOJB B CYJIb(PaTHYIO U
CEKTPOMOTOMETPHUECKH ONpefelsas KOJUUeCcTBO 3aMelleH-
HOTO HUTpAarTa.

YcranoBieHo, 4To HNpH MNPOBELEHHH PEAKIHH XJIOPMETH-
aupoBadusi B tedeHne 15, 30, 60 u 120 Muy noayuarTcs
Marepuaan ¢ eMkoctbio coorercreenno 0,009, 0,012, 0,017
u 0,021 m3KB.-r—L

B metonuke, npeasaoxenton bapporom u ®@putuem [12],
JJIs1 XJOPMETHJNHPOBAHHA TOJHMEPA HCHOJb3YIOTCA KOH-
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pedrpuporannas HCl u napadopmanbaerull 1 He IpHUMEHs-
eTcsa KucJaora JIplonca B KauecTBe Karaausaropa. Peakuus
IPOTEKAET OUYeHb OBLICTPO, H MOSTOMY KOHTPOJIb BO3MOXKEH
JHIIbL 10 OKOHYATEJbHOW €MKOCTH HOHHOrO obMena. t\pome
TOTO, B XOJle peakiHuu He o0pasyercsi XJAOPMETHIMETUIOBBIA
adpup (34 HCKIIOYeHHeM, MOXKeT ObITh, CJeJOBbIX KOJH-
yeCcTB), U MOITOMY 3T4 MeToJHKa GoJee 6e3onacHa, yeM Me-
TOAHKH ¢ TIDHMEHeHHeM XJOPMeTHJAMeTHJoBoro sdupa.
Craauio aMHHUPOBAHHS XJOPMETHJIHMPOBAHHOrO MOJHMepa
NPOBOAAT B COOTBETCTBHH C METOIMKOH, OMHCAHHON BHILIE.

B 3aBHCHMOCTH OT BHIOpAHHBIX YCJAOBHH NIpH HCIOJIb30-
BaH#u B KauectBe cybctpata XAD-1 mMoxHO noayuath ma-
TEPHaJbl ¢ eMKOCThIO HOHHOTO o6MeHa B uHTepBate 0,001—
0,090 M3KB.-r~l. DTOT HHTepBaJ BKJKOYaeT BCE EMKOCTH,
Tpebylomuecss B aHMOHHOH XpoMaTOrpadHH.

5.3.3. Bnuanue pazmepa HacTHiL CMONbI
Ha >(PPeKTHBHOCTL pa3aeneHHn

B BBICOKO(P(EKTHBHOH KHAKOCTHOH XpoMarorpadpuu
JJs1 JOCTH:XKeHHs HeOOJbIIMX 3HAYEHHH BBICOTH, 3KBHBA-
JEHTHOH TeopeTHYecKOoH Tapeske, HEOOXOAMM HaMOJHHTEJb
¢ MaJbM pa3mMepoM dYacTHIl H y3KHM paclpejeneHHeM HX
no amamerpaM. HixHUM npakTHuecKuMm NpeiesoM CYHUTIET-
Csl CpeAHHH AHaMeTp 4aCTHIl OKOJI0 & MKM. uas sddekTHn-
HOTO paslieJeHUss MeTOA0M HOHOOOMEHHOH Xpomarorpaduu
TakKe HYXHB MeJKue OJHOPOAHBIe YaCTHIIH.

IIpoMpriinienasle HOHOOOMeHHBIE MaTepHaJjbl 06JaaioT
XOpOIIUMH TpaHyJOMETPHUECKUMH XapaKTEePHCTHKAMH, OJ-
HAKO €MKOCTb OpPraHMYeCKHX CMOJ AJs KOHAYKTOMETpHUE-
CKOH aHMOHHOH XpoMmartorpaduu CJAHIIKOM Beauka. Hamoa-
HHUTEJH I KOJOHOK, COCTOSIIIHE M3 MEJKHX YaCTHIl Ha OC-
HOBe CHJHKarenss ¢ XHMHYeCcKH  [PHUBUTOH  BHelIHeH
06070uK0fl HOHOOOMEHHOrO Marepuasd, MNO3BOJAT MOJy-
YaTh HEMJIOXHE Pe3yJbTaThl, OAHAKO HEKOTOpHE H3 HHX He
J210T BOCHPOU3BOJAHMOCTH H CTaAOUJIBHOCTH.

HNpeanpHo#t OCHOBO!l AJMs NPHBHBKH (YHKIHOHAJLHBIX
Ipynn MorJu 6bl OBITh MeJikHe cepHUYecKHe YacTHIL CTH-
PON- IHBUHMIOEH30JIbHOTO CONOJMMEpPd, HO HH OIHH H3 Ta-
KOro poja MatepHaJjioB, HCIBITAHHBIX 0 CHX IOp, He SBJS-
€TCsi aHMOHOOOMEHHHKOM YIOBJETBOPUTEARHOIO KayecTRa.
Hanayumnw  cy6erpatom noka ocraetcs cmoaa XAD-1
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HP MBI Rohm and Haas ¢ pasmepom yactui 20—350 mer
I noJyueHust marepHaJa, NpUroiHoro AJs XpPoMarorpa-
¢uH, 3TH YacTHUb HeOOX0JHUMO APOOGHTL M NPOCEHBATH.
CylllecTBYIOT MeJbHHIH ABYX THIIOB: OIHHM pa3laB/HBAa-
I0T YacTHIBI, a apyrue paspybawor ux. IlepBuit THIl MeJb-
HHULl N4€T 4acTHIbl pasHOTO pasMepa, B TO BpeMA KaK BTO-
poil naet GoJsee OJHOPOLHBIE YACTHIIB, KOTOPbIE HA IMPAaKTH-
K€ OKa3hBalTcsi Gojee MOAXOAALIMMA AJsl XpoMaTorpaduH.
M3MmeabdeHHBIl MaTepHa] [POCEHBAIOT OGBIYHBIM CYXHM
cnoco6om yepe3 cura 400 memr (okoao 37 mKm); Aas Goaee
MeJKHX YACTHLl HYXHB Jpyrue CHOCOOB NpPOCEHBaHHS.

Cura ¢ NPpHOYAUTE/JDbHBIM MNpOCAChIBAHHEM BOBILYX& ne pHa-

I NDAKTHUeCKOrO IDHMeHenuqg H123-24 HUIKOHU OIOTHQCTHR
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cMoJl. IlpocenBanne BJAAXKHBIM CcHOCOOOM YCHELIHO JIpHMe-
HAIOT JJs noaydeHusi ¢pagumn 500—625 wmem (20—
25 MKM), KOTOpas mocijie MPHCOeJUHEHHS (PYHKLUHOHATbHBIX
Tpynn gaer nmpeBoCXoAHHE xpomartorpaMmel. OjxHaKo moJy-
yeHre 0oJee MEJKOro Marepuasd ¢ MOMOUIbIO NMPOCEeHBaHHSs
3aTPyAHHUTEJbHO.

HJIs 3TOH 1le/IH MOXKHO BOCHOJB30BATHLCH JPYTHM CIOCO-
60oM, Ha3bniBaeMblM gexkanranueri. OH 3axJjaouaeTcs B Ocax-
JEHHH YaCTHIl CMOJBl B BHICOKOH TpyOKe, cCyXHBaILedcs
KHH3Yy M 3amoJHeHHOH BojAo#. Bocxoiasiiuid ¢ NOCTOSHHOH
CKOPOCTBIO NOTOK XKHIKOCTH He MelldeT OCeNaTh KPYHHHM
yactuilaMm, a 0ojee MeJKHe NepeMellldeT B BEpPXHIOIO 4yacTh
TpyOKH. IIpu TularessHoM nmoabope CKOPOCTH IOTOKA MOK-
HO JOCTHYbL XOPOIIEro pasieseHusi 4YacTHIl [0 pasMepaw,
0COOEHHO eCJM COpTHPYeMble YaCcTUILI HMeIOT chepHYecKYIo
Jaub0 1o xpaiHeil Mepe OJMHAKOBYIO (OpMY. O,U;HaKO yaer-
¢ YIOBJIETBOPHUTEJNbLHO PA3JEJUTH M UYACTHILI, HEOJHHAKO-
Bbole 110 (opMe.

Ckorr [13] Bocnoan3oBaJscsi 5THM cnocob6oM AJas COPTH-
POBKH MOHOOOMEHHHKOB C BLICOKOH €MKOCTLIO B IOTOKE BO-
JBl, TIOCKOJIbKY YaCTHIlBl CMOJHE XOPOILIO CMaduBAIOTCSH BO-
noii. Ilosxke Kaurtsean u corp. [14] npuMennan apasoruu-
HO€ MPHCIOCOOJeHHe H MeTaloJ B KauecTBe COPTUPYIOLLeH
XKHIKOCTH Anas otbopa Menkux uwactuiy cmogasl XAD-2 dup-
M Rohm and Haas puas BbICOKO3(hPeKTHBHON HKHIKOCTHOM
xpomarorpaduu ¢ obpamesnoi ¢aszoi. OHM U3rOTOBHJIAU KO-
JOHKH ¢ yacTHuaMu cMmosbl XAD-2 pasHoit QopMbl, KOTOpHE
B peXume obpameHus ¢as obecneyuBann 3PHEKTHBHOCTD,
npesomamy 20000 Tteopernyeckux Tapesok Ha 1 M.
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Puc. 5.9. PasneqenHe HOHOB XJOpH-
aa _(3,8 Man~1), Hm'pf}*a (6,1 NO; I
mau—1), voauza (29,6 mau—1), cyan-

dara (14,5 mas—1) W THOUMaHaTa

(36,3 mau—1), }
Cumona XAD-1 (0,023 m3kB.-T—!, 20— n- SCN
25 MEKM); 3J0eHT — 5,0:10—* M dranar S /A
Kanus (pH 5,9).
ol H

Cuakan demexmopa

Bsod npodu!
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Ha puc. 59 npexcrasien mnpumep pasfeneHus NATH
AHHOHOB B TeyeHHe Beero Jguinp 10 MHH Ha KOJOHKe, 3am0.J-
_ HeHHOM yacTHIamMi aHHoHooOMeHHO#H cMoan XAD-1 pasme-
poMm 20—25 MKM, KOTOPHle OBUIH OTCesIHBl BJAMXKHHM CIOCO-
6om. Jta KoJsoHKa obecmeyusa TNpHUMEPHO BABOe Oo.iblliee
YUCJ0 TCOPETHYECKHX TapesoK, UYeM NpeXHHe KOJOHKH ¢
6oJsiee KPYUIHBIMH YaCTHUIAMH CMOJBHI.

5.4. BpemeHa yaepdMBaHusi aHMOHOB

5.4.1. Bpemena ypepxwmeanua B GenzoatHom
M PranarHoOm >MIOEHTAX

B Tab6sa. 5.4 npuBeAeHH HCIpABJEHHbBlE BpeMeHa YAep-
XKiiBanust 16 aHHOHOB, NMOJy4YeHHBEE Ha KOJOHKE JIJIHHOH
500 MM u BHyTpPeHHHM IHaMETpPOM 3 MM, 3amoJHeHHOH dac-
tunaMu cmoan XAD-1 ¢ emkocroio ooMena 0,007 M3kB. -1~}
1 pasvepoM zeped 250—325 mewr (44—63 mrMm). DTH De-
3yabTaTHl CBHJETEJbCTBYIOT, 4TO (Pranar spasgercs OoJgee
CHJIbHBIM 3JI0€HTOM, YeM OeH30d4T, MNOCKOJbKY HOpPMaJb-
HOCTb 3JIIOCHTOB OJUHAKOBa, a4 BpEeMCHA Y/IEPXKHBAHUS B
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cpelle Gensoara Bbime. B 1aba. 5.5 yKazaHu HCIpaBJeHHbI®
BpeMeHa YJAepXKHBaHHs HEKOTOPBIX AaHHOHOB HAa KOJIOHKE
TeX Xe Pa3MepoB, HO 34ANOJHEHHOH aHMOHOOOGMEHHOH CMO-
jgoit Vydac SC ¢ npuamerpom uactuil 30—44 MKM H eMm-
gocTthio 0,1 M3kB. 11,

Hcnpasiennble Bpemena yAepxKuBanus (Hampumep, npu-
BeleHHble B Taba. 5.4 u 5.5) oTpaxawT MOpsigoK 3Ja0HPO-
BaHHs PA3JAWYHBIX AHHOHOB M NOKA3BIBAIOT, KAKHE AHHUOHLE
pasfenasiiorcs Ha KoJsoHke. Ilose3HO TakXke 3HATh, Kak
BJAHMSCT Ha BpeMeHa YAEpIKHBAHHA H3MeHEHHe KOHLEHTpa-
uun saoenta. IlockoJabKy ne Bcerga ynaercss AOCTHYb OJLH-

Ta6auya 5.4. UcnpaBaeHHble ppeMeHa YAEpHKHBAHHS AHHOHOB B cpeae
0fHO- H ABYX3apsAjaHBIX 3moHpYou(HXx aHnoHoB (pH 6,25) sa cmode
XAD-1 [4]

Hcnpasaennoe spems epUBAHHA, MUH
P P yaep ! OTHOWEHHE HCTIPAB-

Benzoar dranar (6en3oat/dranar)
(2,0-107* M) (1,0 10-¢ M)

F- 2,28 1,40 1,63
CH;CO0- 2,40 1,40 (oTpu.) 1,71
HCOO- 2,34 1,50 (orpui.) 1,56
H,PO,~ 2,20 1,74 (orpuw.) 1,26
HCO3" 2,22 1,80 (orpur.) 1,23
CI- 2,30 1,46 1,58
NO;” 2,90 1,60 1,81
Br- 4,16 1,88 2,21
NO7 3,74 1,90 1,97
[- 8,14 2,92 2,79
SCN- 12,8 5,54 2,31
Clo7 22,8 6,96 3,26
SO%~ —a 7,64

C0%4 —a 8,10

Cro%— —a 5,20

S0~ —a 12,90

4 Oyenn GosbILME BpemeHa yaepIKHBaHHS,
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Tabauya 5.5. WcnpanjeHible BpeMeéHa YJiePXHBaAHHS AHHOHOB B cpeje
O/IHO- H ABYX3aps/JHbIX 3MoHPYoHX aHHoHoB (PH 6,25) Ha cMode
Vydac SC [4]

Hcnpasnennoe ppems yuep-
JEHBAHHA, MHM
. OrHoweHHe ucpaBJeHHBIX
Aumouy BPEMEH yaepKHUBaHHu s
Bensoar Draypart (6ensoar/¢pranar,
(1,0 1072 M) [ (5,0 10—+ M)

F- L .
HCOO- 1,90 0
o 4,72 1,00 4,72
NGy 8,00 1,96 4,08
Br- 20,60 4,82 4,27
NG “ 28,5 7,34 3,88
S0§~ ‘ 21,6 4,58 4,71
ITpoune OZHOBATEHT- —6 —6

Hble
ITpoune mByXBaJeHT- —6 _5

HBIC

4 [losenenne HeonpesenenHoO
Ovyelb GOMblIME BpeMeH2 yAepiKUBauHiA,

HAKOBOI €MKOCTH CMOJIbl B pa3HbIX NapTHAX, NOJE3HO 3HATH
TaKXe, KaK H3MEHEeHHe €MKOCTH CKa3plBaeTCqd Ha BpEMeEHax
yiepxuBanus. HakoHell, eme OAHUM (PAKTOPOM, KOTOPHIH
BJHSIET Ha 3JIOHPOBaAHUE AHAJIU3HPYEMBIX AHHOHOB, SIBJISET-
cs1 BeqMyuHa pH 3JI0€HTA.

5.4.2, Bnuanue KOHUEGHTPAUMM SMIOEHTA

Briue 6bJIO BHIBeleHO ypaBHeHHe (5-5), KoTOopoe oTpa-
XKaeT CBs3b MeKJAY HCNpaBJEHHLIM BpeMeHeM YyAepXHBa-
HHsi, KOHIEHTpalHeHd a/10eHTa H eMKOCTbIO CMOJB B CJY-
yae, Korjla aHHOHBl 06pasila U 3JI0eHTa UMEIOT OJHHAKOBHIH
3apsaj. JanulieM peaklur obMeHa, YUHTbIBas pas3jHyHe B
3apsgax 3JHPYEMOTO U 3JIOHPYIOILEro aHHOHOB:

y - (Cmoma) — A~* + xB~Y 2 (Cmoma)y, — B~Y 4 yA™"  (5-6)
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rie x 1 y —3apajan anuoHoB A u B coorsercreenHo. Ilpe-
o6pasoBanKs, aHaJoruyibsie NPoBeAeHHEM B pasi. 5.1, npu-
BOOAT K ypaBHeHHIO, HICHTHYHOMY o BHAY ypaBHeHHIO
(5-9):

(t')* = (Komcranra) - (Emx )Y /[Dmwoent}¥ (5-7)

Jlorapupmupys obe vyactu ypaBHeHusa (5-7), MOJYYHM
lgt’ = (— y/x) 1g [Dmoent] + (y/x) Ig (EmK) — (Koucranra) (5-8)

W3 ypaBuenust (5-8) caexyer, 4To ecad B Xpomarorpa-
(hHYECKOHA KOJIOHKE CONEPIKHTCS CMOJA ¢ JaHHOH eMKOCThIO,
a KOHIIEHTDALHS 3JI0eHTa MeHsiercs, TO rpaduKk 3aBHCHMO-
CTH JIOrapupMa HCAPAaBJEHHOTO BpEMeHH yJIepKHBAHHUSA
aHHOHA OT JorapH@Ma KOHIEHTpPALHUK 3/10eHTa 6yIer npei-
CTABJAATH CcOOOH NPAMYI0 JHHHIO C HAakJOHOM —Y/X.
Ha puc. 5.10 npexcrapienn Takue rpapukKH AJS CMOJIBL

B3F pSCN™ o7 -
ol
1
101~ scn
09}
s I’
-0
sl
05+
04| HCO;
NO;
03 Bl‘?
02 "2
. Ac
04 "2
00 |- HPOX —
1 I I
-33 -37 -4

Puc. 5.10. 3aBucumocts Jorapudma HCIPaBJICHHOTO BPeMeHH yiepiuBa-
HHA aHHOHOB OT JorapH(Ma KoHUeHTPaluH OeH30aTa KaJHA AJS CMOJIDI
XAD-1 (0,007 wmoaxs.-r—1) [5].
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133 } 1 | -
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306 - =
ost A
04 |- -
03+ -
02 [ Dopmuam > B
0f - —
0,0 — Ac —

-0 | [ {
' -30 -33 -37
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Puc. 5.11. 3aBHCHMOCTL JorapHdMa HCIpPaBJeHHOrO BpeMeHH VAepi:KHBa-
HiST aHHOHOB OT JorapH¢Ma KoHUeHTpauuu 6GeH3oaTa KaJHs HAa aHHOHO-
obMennuke Vydac SC [5].

XAD-1 (0,007 m3kB.-r~!') npu HCNOJB3OBAHHH B KayecTBe
3aoenTa GeHzoara Kanausa. Hag/goHB NpsiMBIX AJS BCEX OJ-
HOBAJIEHTHBIX AHMOHOB MeEHbIE TEOPETHYECKOro 3HayeHHUd,
pasHoro —1. ®ochar xapakrepHdyercss HAKJIOHOM OKOJO
—2,1, T. e. OH ylIepxXHBaeTcss KakK JIBYX3apsiJHLIH aHHOH.
Haxmon gns 6mkapGonara oueHb MaJ. buxapOonar, He-
COMHEHHO, HAaXOAHTCHA B PAaBHOBECHH C MOJEKYJspHOH
YrOJbHOH KHCJIOTOH, KOTOpas TaKkKe MOXKeT YAEePKUBATHCH
cMosofi. OyeHp Masas BeJHUMHA HAKJIOHA YKa3hwBaeT HA
BO3MOXKHOCTh MOA00paTh TaKHe YCJOBHUs, Koraa Oukapoo-
HaT OyjneT 3JI0HPOBATHCS pPAHbIUE APYTHX aHHOHOB.

Ha puc. 5.11 npexcraBieHo NoBefeHue psiia aHHOHOB
Ha cmogae Vydac SC B 3aBHCHMOCTH OT KOHIleHTpauuu Gen-
3oara. HakjoHB npsiMBIX OKa3aJdHCh fAaxe MeHbIle, UYeM



W

128 Taasa

na puc. 5.10 gug cmonn XAD-1, Hab6nwopaercs yerkoe pas-
JIHUHE MeXKJy HCIPAaBJCHHBIMU BpPeMEHAMH VAepXKHBauus
ans ¢opMuara u alerara, a Takxke AJF ITHX AHHOHOB H
JUIS XJOPHIOB.

Ha pne. 5.12 npuBesens 3aBHcuMOCTH Jorapudma Hc-
IpaBJICHHOTO BpPeMEHH YAEepXKHBaHHUS OT Jorapudpma KoH-
ueHTpauMr Qrajgara Kaaus s cmouanl XAD-1. Ecnr cun-
TaThb, UTO JIOUPYIOLIHUH aHHOH HAXOAHTCH MCKJIYUTEJLHO
B (opMe AByx3apsfaHoro Qrasnara, TO TeOpeTHUECKHH Ha-
KJIOH paBeH —I1 aJs J1060ro ABYyX3apsi/lHOTO dHHOHA H
—0,5 ans n06oro ofaHo3apsigHOre anuoHa. Haxiow aus
cysbdura, cyiabdara ¥ okcanara oieHb GJIH30K K TeOpeTHu-
YeCKOMY, a [Jisi OOJIbLIHHCTBA 0/JHO3aPAAHBX aHHOHOB BHI-
e npejcKasanHoro. boJsiblias BeJHYHHA HakKJoOHA AJif
ABYX3apsAHbIX aHHOHOB, UeM JUIf OJHO3APSAAHBIX, OYeHb
yioOHa: MeHsisl KOHIEHTPAUHIO 3JI0eHTa, MOXKHNO JHOO 3a-

1,3 T i .
f,2_ — SOq'Ca04 —
W —
10 Clo; 7

| CrO7 _|

0s 2l
08 - S o —

) 07 |- ™3 . a
- Cilo, I
.4.‘_3’” 06 rs et CQOA/ "]
05— .SEN- _NOT
Lrog, e AT
04 1 Br
NO;

Y o I'e cr-
02 - ~
0= Nos a
00~ Br’ -

NO;
-0t ot [ |
-37 -40 -43

Puc. 5.12. 3asucumoctb Jorapuma HCOPABAEHHOTO BDEMeHH YIEP:KHBA-
HUsl aHHOHOB OT Jorapi®Ma KOHUeHTpaUdH (praqard KaJud AJAA CMOJH
XAD-1 (0,007 ma3xs.-r—1) [5].
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MEAJUTh 3/JI0HPOBaHHe cyabdaTta, cyabpHUTa WUJIH OKCaJIara
JJISL YAVUIUCHHS OTACJICHUA UX OT OAHOBAJEHTHLIX aHHOHOB,
Ju00 YBEJMYHTHL CKOPOCTh 2JIOHDPOBAHHA Ji1060ro H3 HAa-
3BaHHEIX ABYX3aps/IHBIX aHHOHOB C LEJbI0 GoJiee OBICTpPOro
ero onpejaescHus.

CJuaenyer OTMeTHTb, YTO KOHIEHTPAUUfA 3J/I0€HTA BJIHSIET
U Ha JHHCHHOCTL KaJuOpPOBOUHBLIX Irpadukos. Ilpu nexkoro-
pPBIX HH3KHX 3HAYE€HUSX KOHUEHTpPauHUH 3IJIOCHTA pa3MbIBa-
HHe QPOHTA MHKA aHAJH3UPYECMOro HOHA C POCTOM KOHLEHT-
palliu nocsaejHero ypenuuuBaercd. Koraa QpoHT nuka Ha-
YHHaeT pa3MHBaTtbecsd, rpadUK 3aBUCHMOCTH €ro BEICOTBI OT
KOHIUCHTPAIHH HOHA HUCKPUBJSIETCS. DTO SBJCHHE CTAHOBHT-
Cs MEHee 3aMETHBEIM MO Mepe YBeJHYEHHSI KOHUEHTPAauHH
3JIIOCHTA. B 3TOM OTHOWIEHHH MPEAMOYTHTEJALHBI BoJiee KOH-
UeHTPHPOBAHHBLIC 3JIIOEHTHl, HO TOrAa CJACAyeT YUYHTHIBATh
(pOHOBYIO 3JCKTPOMPOBOAHOCTL M BPEMS YVACPIKHBAHHUSA OIl-
pejensieMblX aHHOHOB. Ha 3aBucHMOCTBL mJiomlajgu nmuka orT
KOHUCHTPAUUH HOHA B 0o6pa3ue He BJHUACT KOHUEHTPaLUs
3JII0CHTA.

5.4.3. BnusHne eMKOCTH CMONbI

Ha ocHoBe nmonumepa XAD-1 GHJIH CHHTE3UPOBAHB BO-
ceMb 06pasuoB aHHOHOOOMEHHHKOB eMKOCThbiO ot 0,0016 no
0,024 wmaks.-r—1 [15]. Kaxaeifi o6pasen nomeniansy B KOJOH-
Ky U onpejlesigd UCnpaBJieHHbBIe BpeMeHa VAepKHBaHUA
psla aHHOHOB,

sl cepun 2KCnepHMeEHTOB, B KOTOPBIX KOHUEHTpaLMs
aJloeHTa OblJla MOCTOSIHHOH, @ e€MKOCThL CMOJIBI  MeEHSJach,
ypaBHeHHe (D-7) MOXKHO mepenucarth B cJjenyiouell dopme:

(#')* = (Emx)¥ - (KoHcratra) (5-9)

Ecnu s/1I0UpYIOMHUIA B 3/TI0HPYEMBIA aHHOHB 06/J1aAI0T O1H-
HaKOBLIM 3apsiioM (x=y), To 3aBucuMOcTh !’ — (EMK)
Jlo/iXKna OBbITh JIHHCHHOHN; IIPH X7 Y 3aBHCHMOCTL OVJIeT
JKCMOHeHUHaNbHOH. Haknon nuHeiHBIX 3aBHCHMOCTEH ANs
Pa3sHBIX AHUOHOB MOJKEH MCHATBCHA B COOTBETCTBHH C KO-
s pHLHEeHTaMH CEJEKTHBHOCTH.

Ha puc. 5.13 u 5.14 npuBencHbH rpaduKn 3aBHCHMOCTH
t/ — (EMK) gas dranatHoro u GEH30aTHOTO 3JIIOEHTOB CO-
oTBeTcTBeHHO. M3 3THX rpaukoB BHAHO COIVIACOBAHHOE
H3MeHEHHe HCNPABJEHHLIX BPeMeH yIep:KHBaHHUs C H3MeHe-
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Bpems, Mun

0 0005 000 0015 000 0025
EMKOCMb, M3Ke: 2!

Pnc. 5.13. HcnpaBieHHHe BpeMeHa YAeDPXKHBaHHA THNHYHHX aHHOHOB
H4 CMOJIAX C pa3JHYHOH eMKOCThIO,
DmoedT — 1,00-10-+ M dranar xamus, pH 6,75. I — xmopun: 2 — aurpart; 3 — uo-

nup; 4 - cynnar; 5 — THOUmAHAT; 6 — THOCYyabdart,
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Puc. 5.14. HcnpasJieHHple BpeMeHa YAepKUBAHUH THINHYHHIX aHUOHOB HA
CMOJI4X € Pas3aHYHOH EeMKOCTBIO,

dmoent — 1,00-10—* M Gensoar xanust, pH 6,75. 1 — dropun; 2 — xmopun; 3 — HHU-
TpaT; 4 — HOmHI.
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HHEM eMKOCTH cMOJbl. I'paduxu npuUromHsl AJsi npejackKasa-
HHSI BPEMeH yJep:KHBaHUSI aHHOHOB Ha cMoJe U3 Jobou
HOBOH MAapTHH € €MKOCTBIO, HECKOJIbKO OTJHYalolledcs OT
npeapiaylled. MoXHo BHAETL TakXKe, YTO 3KCTPANOJNALHUS
rpadUKoB K HYJEeBOMY 3HAYeHHIO HCIPABJIEHHOTO BpeMeHH
yAepKHBAHHS COOTBETCTBYET HH3KOH, HO KOHEYHOH €MKOCTU
cmonbl, OTcropa cheayer, 4ro Aasi  5¢¢eKTHBHOH paboTH
CcMOJia JOJKHa HMeTb ONpeAe/ieHHY0 MHEHHMAJILHYIO eM-
KOCTh OOMeEHA.

M3 5THX 3KCMEPHMEHTOB OMPENEJTHJH CTelneHb BJIHSAHHS
€MKOCTH CMOJIBl Ha K03((PHIHEHTH CeJeKTHBHOCTH KOHKY-
PHPYIOUIHX AHHOHOB JJsl KaxJaoro aHuoHoo6MmeHHuka. Co-
TJIaCHO JAHHBIM, NMpUBEAEHHBIM B TabJa. 5.6 H 5.7, gaa 60b-

IIHHCTBA AHHOHOB KOG (PHLMEHTH CCJCKTHBHOCTH He MEHS-
JOTCHL.

Ta6auua 5.6. KoshduuueHTnl CEAeKTHBHOCTH I{'g AASl AHWOHOOCOMEHHH-

k0B XAD-1 ¢ uuskoi eMKocTbio (A — AHAAM3HPYEMbIH AHMOU;
B — amoupyiouwuii anvon, draaar) [16]

EMKOCTE cMOanl XAD-1, mMsKkgm.-r—t

Auson I 0,0016 } 0,0024 } ,0035 I 0,0071 I 0,010 } 0,015 f 0,017 } 0,024
Cl- —a  —a 0,038 0,081 0,084 0,077 0,072 0,076
NO;™ —a —a 0,038 0,084 0,098 0,11 0,096 0,090
Br- —a _—a 0,074 0,15 0,15 0,18 0,16 0,17
NO; _a _—a 0,0870,18 0,21 0,21 0,21 0,22
1- —a 0,21 0,53 1,1 2,0 — 2,6 3,7
SCN- 0,28 0,67 1,8 40 62 83 —6 _0
Clo~ i1 1,8 36 7,2 —6 _86 _6 _6
Cr0%~ 0,16 0,22 0,24 0,23 0,23 -6 _6 6
$0%- _a 0,16 0,21 0,21 0,20 0,20 0,18 0,17
505~ 0,38 0,44 0,50 0,47 0,43 —6 —6 6

a Hameputh TpyAHO, IHKH 3MOHDYIOTCH CAMIIKOM GHICTPO.
H3MepuTh TpYAHO, NMHKH 3JIOHDYIOTCA CJHIIKOM MEJJICHHO,
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Tabauua 5.7. KoapduuHeHTH CeAeKTHBHOCTH R‘g AASL AHHOMOOOMEHHH-

kos XAD-1 c Hu3Kkoi emxkorThio (A-aHaau3upyemoiil anuon; B-aaonpyrowmpmii
anuon, Gensoar) [16]

EmKOcTh cMOaEl XAD-1, M3kB, -1

Auon l0,001610,0024l0,0035lD,DD?llO,DlO lO.DIS l0,0I? ]0,024
105 —a —a 0,076 0,08 0,080 0,072 0,074 0,062
F- —a _—a 0,070 0,076 0,075 0,067 0,067 0,050
HCOO- —a  —a  0,070 0,080 0,073 0,069 0,071 0,064
CH;CO0- —a —a 0,080 0,089 0,086 0,076 0,078 0,067
cl- —a 0,10 0,12 0,13 0,12 0,098 0,092 0,078
NOy —a 0,11 0,12 0,14 0,13 0,11 0,11 0,091
Br- —a 0,16 0,17 0,20 0,19 0,16 0,16 0,14
NO3" —2 0,15 0,18 0,21 0,20 0,18 0,17 0,17
I- 0,27 0,50 0,63 0,80 —6 _6 6 _0

4 HamepuTh TPYQHO, NHKH 3JIOMPYIOTCA CJAHLIKOM GHICTPO.
UsmepuTh TpyauO, NHKH 3JIOHD VIOTCS CJAHIIKOM MEAJIEHHO,

Hekotoprle ko3¢ PHUHEHTH CeJEeKTHBHOCTH Ha CMOJie C
HaMMeHbLIeH eMKOCTBIO OKasajiuch CJAUIIKOM HH3KHMH. Of-
HAKO CJIEYET IOMHHTbL, YTO TNPH H3MepPeHHH HeOGOJbUINX
00LEMOB YAEePXKHBAHUS OTHOCHTEJIbHbIE MOIPEUIHOCTH BO3-
pacramT, a NOTOMY HEBO3MOXKHO YCTAHOBHTb, NEHCTBHTEJIb-
HO JIH NPOHCXOJUT YMeHblleHHe KO03h(dUUHEHTOB CEJCKTHB-
HOCTH uiM HeT. KoshdHuUuHeHTh CeJTeKTHBHOCTH HE MOCTOSIH-
HBl [Ji TpeX aHHOHOB: HOAMJA, THOLHAHATa W HepxJjopara.
He sicHo, moueMy 3Tu aHHOHEI BeAyT cebs HE Tak, Kak oOc-
tTaJbHble. OHH XapaKrepH3ylOTcsi OGOJBIHHMH pas3Mepami,
OJIHO3aPpAAHOCTLIO U OOJIBIIUMH BpPeMEHAMH VAEpP:KHBAHHS,
HO pas3jH4arTCsl XUMHYCCKHMH CBOHCTBaMH.

5.4.4. Bnusune pH s3nioenrta -

Uaple Bcero nmpUMeHsieMBIe JIIOEHTH  COAEPXKaT COJb
nubo GeHsoara, aubo dranara. O6viuHo Benuuuny pH siio-
eHra yYCTaHaBJHMBAOT B mHTepBaje 5,8—6,8, uro 6JH3KO K
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ecTeCTBeHHOMY 3HaueHHI0 DH pactBopa couaH GeH30HHOH
Hax ¢ranepod kucaorhl. Ecnm pH aJi0eHTa 3HAauHTeNbHO
YBEJIHYHTb, TO B HeM IOSBHTCS ellle OJHH aHHOH — THJIPOK-
cuii. Tako#l 3JI0eHT 3aTpyAHseT aHajau3, NOCKOJLKY MNOpH
paboTe C HHM MOSBJASAIOTCSH NOTOJHHTEJIBHBIE IOJOXKHTE/b-
Hble JIHOO oTpuuaresibHBEe INMHKH [0 IHKOB OIlpeJeJsieMblX
aHHOHOB HJIH mocJie HHX. Ecam 3maioeHT cienarb GoJiee KHc-
aeiM  (pH nuxe 5,8—6,8), To anooupymouias cuia CHU3UTCH,
TaK KaK 4acTb 3JIOUPYIOUIUX AaHUOHOB nepedjer Ju6O B
MOJICKYJISIDHOE COCTOssHHe (HampuMep, GeH30aT B OCH30H-
HYIO KHCJIOTY), JIHOO B AHHOH ¢ MEHBIUHM 3apsiiaoM [HampH-
mep, ¢pranar(2—) B kucablit ¢ranar(l—)]. Bpaza. 5.2 6n-
JIO NMOKa3aHo, YyTo OeH30HHAs KHCJOTAa caMa fABJfeTcss XO-
POLUHM 3JIIOCHTOM, HO IIpH pa36GaBJieHHH OHA JHIIbL YACTHY-
HO [AMCCOLMHDYET, W N03TOMY ee 3(PeKTHBHAA 3JIIOHPYIO-
nas cujia HUXKe, 4YeM JJid ee COJH NMPH TOH Ke caMoOH KOH-
LEHTPaINH.

Hecmorpsa Ha to yto pH o6pasua MOXKeT OTJHYATHCS OT
pH BHOpanHOro 3JsweHTa, 00beM HPOOHL HACTOJNBKO Mad
(o6uyno 100 MkJ), yTo o6pasen GHICTPO AOCTHTAET BEJIHUH-
ubl pH smoenta. B 3aBucumoctr or pH cpensl HekKoropbie
AHUOHH OYAYT CYIIECTBOBAaTb B Pa3HBEIX NPOTOHUPOBAHHBIX
¢opmax. Tax, docdar npu pasHbx 3HaueHusx pH moxer
npucyrctBoBath B Buae HoPO, unn HPO?Z. KapGounar

MOXHO nepeBecTH B OGHKapOOHAT HJAH YTrOJNBHYIO KHCJOTY.
ITnanup Moxer CyllecTBOBaTh B BHJle aHHOHA TOJDBKO B Ile-
JIOYHOH cpelle, U TO3TOMY JJISL €r0 OT/eJNeHHS U AETeKTHDO-
Banuss HeoOxoauM OcCHOBHOH 9ai0eHT. (lIpn <«OGBIUHBIX»
snayeHusx pH B unrtepBane 5,8—6,8 umanuna cyuecTsyer B
Buge HCN, kotopas auccomuupyer HacrtonbkKo ciaabo, 4To
ee HEBO3MOXKHO JeTeKTHPOBATL.)

Jnsi uaMeHeHHSI BPEMEHH Y/IEPXKUBAHHS ONpeHeSeHHBIX
AHHOHOB OTHOCHTEJBLHO APYTHX MOMKET OKa3aThCsl MOJIe3HBIM
peryauposanue pH saoentra. Hanpumep, va puc. 5.10 no-
Ka3aHo, 4YTO BpeMms YyAepKUBaHus OGukapboHaTa ¢ H3MeHe-
HUeM KOHLeHTpanuu Gensoata npr pH 6,25 meHsiercs oueHp
MajJijo ®  4yTto0  Oukapb6oHAaT CcO  CMOJIBI  e€MKOCTBIO

70,007 m3kB.-r! B moroke sntoenta 1,0-10-4 M GeHzoara
 Kanus aJoUpyercs paHblile BCeX OCTANbHBIX HCHBITAHHBIX
{ HHOHOB. JTOH OCOGEHHOCTHIO MOXKHO BOCIOJIB30BATBCS HA
b IPAaKTHKe NpH onpejeneHHn dukap6oHaTa B BOZOIPOBOJHOM
%Do,ue (puc. 5.15). HebGoabuo#l nux, sJa0OUPYIOLHACH OpH-
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Puc. 5.15., CymmapHoe orzeneHde

clr KapOoHaT-#oHa  OT OCTaJIbHBIX

AHKHOHOB B BOJONPOBOJHOH BOAC,

nUTaloiek YHUBepPCHTET  IIT.
Aposa [5].

« Cmona XAD-1 (0,007 m3xm.-r—!, 44—

57 MEM); sawenrt — 1,0-10—* M 6eH-
soat Kanus, pH 6,25

O
i

3

3

Cuznan Qemexmopa

Z«—-— Ofpaseu, 8odw
HCO
HCO

3

»-@Eptneu, goder ¢ dofaskod 6,7man! Heo

0 15 20
Bpemst, MU

ot

MepHO 4epe3 5 MHUH, OTHOCHTCS K GUKapGOHAT-HOHY B pas-
GaBneHHOM 00pasile BOJONPOBOAHON BOJbl K COOTBETCTBYET
52 manu~! HCOj; B nexopnom o6pasue. Bosbmuil mux (oko-

JIO 7 MHH) OTHOCHTCS K XJIOD-HOHY; CYJAb(]ar, OYeBHIHO,
BbIXOAHT HACTOJNIBKO IMO3JAHO, HTO Mackupyercs (OHOBOMH
3JIEKTPONPOBOLHOCTHIO.

5.5. YyBctBMTEnbHOCTD

5.5.1. CpaBHeHMe YYBCTBMTENbHOCTH METOROB

Panee 6bu10 npOBEIeHO HECKONBKO OLIHGOYHHX cpaBHe-
HUH OJHOKOJIOHOUHOH aHHOHHOR Xpomatorpadbmu H AHHOH-
HOH XpoMartorpaue c npEMeHeHHeM BTODOil (<KOMIeHca-
LHOHHOH») KosoHKH [16]. Hanpumep, yreepxkaanocs, uto
¢oHOBAs 3JIEKTPONPOBOAHOCTL B OJHOKOJIOHOUHOH HOHHOM
XpoMaTorpaduu 3HAYMTEJILHO BHIIE W YTO 3TO NPHBOAHT K
Gosiee BEICOKOMY YDOBHIO IlyMa H TPeGyeT BBeAEHHS «3JieK-
TPHUECKOH KoMneHcanuus. Takne yTBep:KaeHHS OMHGOYHD,
NIOCKOJ/IbKY OCHOBBIBAIOTCH Ha IMPOBOAHMOCTH GEeH30aTHOTO
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uin ¢rasaTHore 3jI0eHTa ¢ KoHueHTpauHeit, B 10—50 pas
Gonblei, ueM HCHoJibdyemas B OJHOKOJOHOYHOH XpoMaro-
rpa¢un. Dojsee Toro, ¥ B OAHOKOJIOHOYHOH, H B JABYXKOJO-
HOYHOH HOHHOH Xxpomarorpaduu umeerTcs (QOHOBHIH cHUrHAJ,
KOTOPBIK HeOGXOAHMO KOMIEHCHPOBaTh. B HactosueMm pas-
Jlesie MBI pPacCcMOTPHM (PAKTOPHI, KOTOPHE ONpejiensioT 4yB-
CTBHTEJILHOCTb, JOCTHraeMyl0 B aHHOHHOH Xpomatorpaduu.

B BHIOpaHHOM MOJAXOAe AJA OLEHKH H3MEHEHUS 3JIeKTPO-
IPOBOJHOCTH, PErHCTPUPVEMOH pPAaA3JUYHBIMH XpoMaTorpa-
(pryecKMMH cucTeMaMH, OepyTcsl 3a OCHOBY lpejeJsibHbE
3HaYeHHs JKBHBAJIEHTHOH 3JIEKTPOIPOBOAHOCTH aHHOHOB H
KaTHOHOB, npuBejenHbie B Tabu. 3.1. PacyeTH mogrBepxja-
J0TCS CPABHEHHEM H3MeDEHHBIX H BBIYUHCJEHHLIX 3HAYCHUH
d)OHOBOH 3JIEKTPONPOBOJHOCTH JJfA psiga snaioeHToB. s
cliydaeB pagjieJIeHHst BHIOpAaHHOTO Habopa aHHOHOB ¢ IIO-
MOUIBLI0 PAa3JHYHBIX XPOMATOTpa¢HUeCKHX METOAOCB BhiUHC-
JIeHbl OXHjaeMble H3MEHEeHHA 32JIeKTPOIPOBOJHOCTH.

5.5.2. doHoBas 3NEKTPONPOBOAHOCTL

I'vepie u @putn {7] uaMepuau 3JeKTPONPOBOAHOCTH
PA3JIHYHBIX 3JI0€HTOB. JDJIOEHT MpPONMyCKaJH uepe3 JgeTeK-
TOP 3JEKTPONPOBOAHOCTH Mojenu 213 cpupmet Wescan 1o
JOCTHXKEHHsI NMOCTOSHCTBA MMOKa3zaHui. boJjblinHcTBO H3Me-
peuuit nmposoauan npu 22,0 —22,3°C, xoTs B OTAEJIBHBIX
OIBITaX TeMneparypa Obljla HECKQJBKO BbIIIe HJIH HHKE.

ITocrosnnyo  siyefiku  onpepenunu npu  22,1°C B
1,00- 103 M pacTBope XJOpHCTOro Kaaus. BbuluuciacHHas
o ypaBHeHHI0 2= (UGK {R — uzBecTHast ypaeJbHAs 3JeKTPO-
IPOBOJHOCTb XJopHcToro kajnus (MrOm—'-em—!), G —mpo-
BOAUMOCTb pacTBopa (MKOM™') u K— nocrosHHas siuedku
(cM—1)], ona oxasajack paBHoH 33,0 cm~l.
~ 3aTeM JAJs HECKOJIbKHX 3JIOEHTOB H3MEPHJH INPOBOJIH-
MocTe (. [Ina cpaBHEHHS NPOBOAMMOCTL 3THX 2Ke 3JI0eH-
TOB BLIYUCJHUJIM N[O TaOJUUHBM  TpelelibHBIM 3HAUeHUSM
SKBHBAJICHTHOH 3JIEKTPONPOBOIHOCTH HOHOB MO YPaBHEHUIO

‘ G = (), + A_) CI 108/(10° K) (MxOM™?) (5-10)

Tle A — mpeje/bHAsi KBHBAaJEHTHasl 3JIEKTPONMPOBOHOCTD
KaTHoHa uJaM aHHOHA, C — HOpMAaJNbHOCTb pacTBopa, [ —
Bf0JI mucconMMPOBAHHBIX MOJIeKy aJioenta. KoaddHuueHT

® BBejen s nepeciera G B o6paTHHE MHKPOOMBH. BbI-

[
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NAOAIAITIIA ThA2TH TTDLTO T

1 ﬂ3 hafaTak’da R R R ra v D ] nManNnmDNt O
yan\\,un\, t}uuA\,-u.\..u. AW LW AR W)

Ha 1w, 1 JIBKY B 1L J PacTBOpa

cojiepxiress okosio 10° cM® pacreopurensi. Huxke mpusenen
npuUMep Takoro pacuera ajas 2-10-* M pacrBopa mosHOCTBIO
AHCCOLMHUPOBAHHOTO OeH30aTa KaJiusi:

G = (73,5 -+ 32,4)-(2,0-107%)-108/(1000 - 33,0) = 0,64 MKOM™

(5-11)
Tabauya 5.8. donoBas 3AEKTPOAPOBOJRHOCTL 3JAEHTOB?
SyeKkTponp OBOJLHOCTI:G '
Temnepa- MKOM™1 -
DmmoenT rypa, °C
HBMEpEHHaﬂ I BBHIMHCJIeHHA 9

NaBz (2-10-¢M), pH 7,0 22,0 0,50 0,50
NaBz, nocite komoukH ¢ katdono- 21,3 0,92 0,988
* 00Me HHHKOM
KBz (2-10-*M), pH 7,0 22,0 0,65 0,64
HBz (8,4-10¢ M) 22 2 2,15 2,320
NaHCOg (2-10-4 M), pH 7,5 22,8 0,53 0,57
NaHCO,, mocme komouku ¢ katu- 22,7 0,15

OHOOBMEHHHKOM
UucTast Boja 23,0 0,042
Yucras Boga, nochde KoJoHKd ¢ 23,0 0,050

" KaTHOHOOOMEHHHKOM
NaHCO; (0,003 M) - Na,CO; 22,8 20,9

(0,0024 M)
NaHCO; + Na,CO5, nocie xomou- 22,8 0,63

KH C KaTHOHOOOMEeHHHKOM
KPh(2.-10-¢M), pH 6,7 22,1 1,364
KPh, nocile KoJIOHKH C KaTHOHO- 22,0 1,93

00Me HHEKOM
KsCit (2-10-¢ M), pH 7,6 22,0 2,37¢
K3Cit, nocne konouxn c¢ karuomo- 22,0 1,96

O6MEHHUK OM

a Bz - @gensoar, Ph — ¢ranar, Cit — 44Tpar; katHouoofmeHHuK B H¥-dopme,
U g 33,0 cmt,

B Cornacuo mesmtinne K, Gen3ojiafl KHcOTa JUCCOLUHPOBANA HA 42,4%.
T cornacho Beauyune K o' AONA HCCONHHPOBAHHBIX MOJPKYJ cocrasyaer 20%.

R 3KpuBaJEHTHASI 3MEKTPOIPOBOJHOCTh HOHA ¢dranaTa (2—), BBHIYHCIACHHAA H3  H3ME-
PeHHOro 3HAYCHHS NPOBOAHMOCTH, COCTABJRET 38.

€ SkpupasenTHAs 3JEKTPONpPOBOAHOCTD HOHA HurpaTa (3—), BBIYHCNIGHHAR H3 H3Me-
‘pEHHOl‘O 3HAYCHHHA HpOBO,[LHMOCTH, cocraBjadaer 5H6.

I
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BriuncieHHble B H3MepeHHBIC 3HaueHHd B TadJ. 5.8 Xo-
pouio corJqacylorcsd. HanexHocTs Takoro cpaBHeHHs orpa-
HHYMBAETCSl HCHMOJb30BaHWEM 3HAYCHUH MNpeaesbHod HKBH-
BaJICHTHOH 3JeKTPONPOBOAHOCTH JJisl peasIbHbIX KOHIEHT-
pauul  BMECTO  3KBHBAJEHTHOH  3JIEKTPONPOBOJHOCTH,
HETOUHOCTBIO TOAJEpKaHUs TCMIepaTypbl H HETOYHOCTHIO
H3MepeHUsI NMOCTOSAHHOH sidedkH. TemM He MeHee BBHIUUCJICHHUS
no TaGJHYHBIM 3HAYeHHMAM 3KBUBAJIEHTHOH 2JIEKTPONPOBOJ-
HOCTH o0ecneqyuBaloT NPHEMJIEMYIO OUEHKY O0XKHJAaeMBIX K-
CllepUMEHTaJbHBIX JaHHBIX.

M3 rabn. 5.8 BUAHO, 4TO Jy4YIIHE PE3yJbTATH AaeT NpH-
MEHeHHe B KaueCTBe 3JII0OEHTAa HATPUEBBIX COJeH, UeM Ka-
JIHeBBIX, OJsarofaps MeHplleld 3IKBUBAJIEHTHOH 3JeKTPONpo-
BOJHOCTY HOHa HaTPHUS.

BeposiTHO, Han6Gojiee Baxubfli BLIBOJ H3 IPHUBEIEHHBIX
pesyJbTaTOB COCTOHT B TOM, 4YTO (OHOBas NPOBOJAHMOCTH
6ensoatHoro uau QPrasaTHOro 3M0€HTAa NPH OAHOKOJIOHOY-
HOM XpoMmarorpa@upoBAHMH HE3HAUUTEJIBHO OTJUYAETCS OT
CKOMIIEHCHPOBAHHOH (POHOBOK 1pOBOAUMOCTH 00Jiee KOH-
ILeHTPUPOBAHHOTO KapOoHaT-OMKapOOHATHOTO 3JII0EHTA, IPU-
MeHsiemoro B cucreme ¢upmel Dionex. B jaeficTBHTEIBHOCTH
¢onoBasi npoBogumoctb 2,0-10—* M GeH3oara nartpus maxe
Hudte, yeM y HauboJee DAcCHPOCTPaHEHHOrCe 3JIKEeHTa HAJs
cucTeMbl Dionex. IlosToMy «uIymbl» JeTeKTOpa 3JEKTPO-

NIPOBOAHOCTH B OOOHX XpomaTorpadHuecKHx CHCTeMaX joJ-
FHB ObLITb OHHAKOBLIMH.

3.5.3. InexTPONpPoOBOAHOCTL AHANU3MPYEMBIX HOHOB

B uoHHOH Xpomarorpaduu mnocae npOXOKIeHHS <«JI0K-
HOTO» IUKA vepe3 KOJIOHKY H JeTeKTOp cyMMmapHasi KoH-
NeHTpalHUsd KaTHOHOB W AHHOHOB B pacTBOpe CTAHOBHTCHA
IIOCTOSIHHOR ¥ PaBHOM KOHUEHTPAUMUH HOHOB B 3JIIOEHTE,
ITockonbky MBI paccMaTpuBaeM HMOHOOOMEHHBIH Tpouece,
aHaJMU3uUpyeMBblil aHHOH TICpeMellaeTcsl MO KOJIOHKe B pe-
8yJsibTaTe oOMeHa ¢ HKBHBAJECHTHBIM KOJIHYECTBOM AHHOHOB
aJsifoeHTa. Korna yepes AeTeKTOp MPOXOAHT aHAJH3UPyeMBIH
AHHOH, KOHILEHTpauus 3JIOHPYIOLIEero aHHOHA CHHXKaercsd
Ha BeJMYMHY, 3KBHBAJIEHTHYIO KOHICHTPALlUH aHaJH3Hpye-
Moro anuoHa. Takum o6pasoM, H3MEHEHHe NpPOBOJHMOCTH
Oyner onpenedsTbcs OTHOCHTEJILHOR SKBHBaJICHTHOH 3JIEKT-
POnpOBOAHOCTLIO aHHOHOB o0pasma H 3Jm0eHTa. AHajHu3HA-
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hod W L WS T S W R AW

pyEMBIﬁ AHHOH JaeT MNOJOXHTEJbHbBIH [IHK B OAHOKOJOHOY-
HOI XpoMaTorpaduu, eCJH ero >KBUBaJIeHTHAs! 3JIEKTPONPO-
BOJHOCTbH BBIIIE, YE€M Yy 3JIOMDPYIOILEro aHHOHA.

PaccunutaB uM3MeHeHHe TIPOBOJUMMOCTH TOCJEe 3aMEIIeHHSA
3MIOUPVIOIIET0 aHHOHA 3JI0MPYEMBIM AaHHOHOM B 3KBHBa-
JIEHTHOM KOHIEHTPALUH, MOXHO CPABHHTb OTHOCHTEJNbHYIO
YYBCTBHTEJNbHOCTh OOOMX BapHaHTOB AHKOHHOH XpoMaTo-
rpadun. Katuon asniwoeHTa Takxke BJAHsIeT Ha NPOBOJHMOCTD,
OJHAaKO B OJHOKOJOHOYHOM BapHaHTe BKJaJ KaTHOHA B
IIPOBOJIUMOCTL CUHTaeTCss NMOCTOSIHHBIM. Iipn Haauuum BTO-
POl KOJIOHKH, B KOTOPOH KaTHOH 3JI0eHTa 3aMellaercd
JPYTUM KAaTHOHOM, BKJOQJ KaTuoHa Oyjaer MeHaTrbed. [los-
TOMYy MBI OyJeM paccMaTpuUBaTbh TOJbKO Te AHHOHBI, KOTO-
pbie HaXOASITCA B sf4CHKe NCTEKTOPd, TaK UYTO BbiBeJ[eHHbIe
ypaBHeHUs MPUJOXKHUMBI KaK K OAHOKOJOHOYHOH, Tak H K
JBYXKOJOHQUHOH XpoMaTorpacduH,

Jlns pacyeTa H3MeHeHUS NPOBOJHUMOCTH B NPUCYTCTBHU
aHAJTU3UPYEMOTrO aHHOHA MOXKHO BOCIIOJb30BATHCA YDaBHE-
Haem (5-10). Ilycts Cy u Cs — KOHLEHTPAUMH 3JIIOHPYIO-
mero (E—) u amioupyemoro (S—) aHHOHOB COOTBETCTBEHHO.
Torna konueHTpauusi anuoHa E— B MOMEHT 3J/1I0UPOBaHHA
nuka oOpasua cocraBuT Cg— Csls.

[Toncrapus B ypaBHenue (5-10) mpoBOIMMOCTH 3JOEH-
ta W o0pasua BO BpeMs 3JIIOMPOBAHHA INHKA, MOJYUHM

_ (et ) (Ce—Cs I ) g+ (Per T-25-) Cs /s (5-12)

G
S 10-3K

rie E+— xatnon smwenra. PoHoBasa NpoBOJHMOCTEL (B OT-
CyTcTBHe 00pa3ua) BHIpa)kaerca GOopMyJol

GB=(7LE+—{- ?\‘E—)CE]E /(10_3 K) (5-13)

Ilocsie BBHIUMTAHHMSL 3TOrO BhLIpAXKEHHs M3 ypaBHeHHs (5-12)
IIOJYUYUM H3MeHeHHe NPOBOJHMOCTH TUPH 3MIOHPOBAHHH ITHKA

obpasmua:

(Mge 1 Ag-) Is —(Ap+ 4~ 2g-) Ig 15 C
10-3K >

rie AG onpejesnsieT BeJMuUMHy CHTHaJja jerektopa. Popma

ruka ofpasua 6au3ka k kpuBo# I'aycca, a KonuenTpanus

anajgusupyeMoro annoHa Cs MeHsSIeTCA TIO Mepe IPOXOxKje-
HHs NHKa. YpaBHeHue (5-14) oTpaKaeT B3aUMOCBSI3b MeX-

Gs — G = AG = (5-14)
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Iy CHMTHAJOM JleTeKTopa M KoHIeHTpauued obpasuma nanas
mobofl cucTeMbl  HOMHOH XpoMaTorpaduH, HCIOJb3YIOIHeH
JeTEKTHPOBaHHE 3JIEKTPONPOBOJHOCTH. B ycaoBuAX HOHMHOH
xpoMarorpaduu BeJHYHHH K H A, KaK npaBHJIO, SABJIAIOTCS
NoCTOSAHHBIMH, 3HaueHus [g u Ig 3aBucAT OT K, COOTBET-
CTBYIOIIEN KHCJOTDLI, ce KOMIEeHTpauku u pH amoenra. 2iio-
eHT IIpejicTaBisieT coboi GydepHbii pacTBop, nosToMy [r
# Is OTHOCHTENHHO TOCIOSIHHBl, NOKA HE IPEBLIIAeTCA eM-
KOCTb Oydepa.

OxupaeMoe H3MeHeHHE 3JIEKTPONPOBOJHOCTH HJSA 3JII0-
HTa Ha OCHOBe 0OeH30IHOH KHCJOTHI OBLIO BHIUHCIEHO IO
‘paBHeHn® (5-14). Oxazanoch, 4TO 3JAI0EHT, COjepKaniui
8,40-10-* M O6en3olHO KHCJOTH, JHCCOUMHUPOBAHHOH Ha
23,8%, umeer 2,00-10-* M 0Oensoar-uona. CorJsacHo 3K-
CepHMeHTaJbHLIM JaHHLIM, ero 3/jI0HpYIoIas cHla COoT-
sercTByer 2,00-10—* M 6enzoara wuaTpus. Ecuau cumrars,
YTO CTelNeHb JIHCCOLHALHMH OCH30HHOH KHCJOTHI HE MeHS-
eTcsi, TO MOXHO IOKAa34Th, 4TO MoOJIeKyJsipHas OeH30HHas
KHCJ0Ta, a TakxKe OeH3oaT-HOH OOMeHHBAIOTCH ¢ aHAaJH3H-
pyeMbM aHHOHOM A—, o6paays npoaykr HTA—, Ecau moc-
JieJJHHA JIHCCOLMUPYET MOJHOCTBIC, TO H3MeHeHHe IIPOBOIH-
MocTH AG BouIpasuTCs CAE€IYIOIIHM 06pa3oM:

AG oc [(Agr + Aa-) — (g -+ Ap-) - 0,238] [A™]  (5-15)

IIpu ompeneneHHbIX yCMOBUHAX ypaBHeHue (5-14) MoxHO
YIPOCTHTh. Ecnu npuusaTs, uro lg=Ig=1, TO

et (D

Agm — Ap-

G=—" - Cs (5-16)

To ecTb B oxHOKOMOHOWHOH xpoMaTtorpadud BeJHYHHA
AG (MxOm~!) mponopunonanbHa pasHOCTH 3KBHBaJeHT-
HBHIX 3JIEKTPOIPOBOAHOCTEH 3TIONPYEMOr0O H 3JIOHPYIOIIErO
dHHOHOB:

AG o (hs- — Ag-) Cs (5-17)

Ouenka H3MeHEHHsI 3JEKTPONPOBOAHOCTH AJs PAa3Jny-
HBIX 3JIIOEHTOB M aHHOHA C 5KBUBAJICHTHOH 3JIeKTPONPOBO/-
HOCThIO, paBHOi 70 Owm~!.cm2.3xB.~!, Oblna mposelieHa O
ypasuennio (5-14), (raba. 5.9). as cpaBuenust npuBefeHa
TaxxKe (PoHOBasA NPOBOJAUMOCTH JI0EHTA IPH THIHYHBIX JJis
HOHHOH XpoMaTorpa®uu KOHIEHTpAIHsX.
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Tabauya. 5.9. BolMHCTEHHbIE H3MEHEHHS OJEKTPONPOBOAHOCTH JLJIs
—__a ol
pa3MNYHBIX 3JI0eHToB® 8]

Benuyuna AG. 103
DmoeaT dona G2 , mMKOM—1
MxOM™
NaBz (2,00-10™*M), pH 7,0 0,50 1,27-
NaBz, mocje KOJOHKH ¢ KaTHOHOOGMEHHU-

KOM 0,92 6,94
HBz (8,40-107* M) 2,15 9,96
K,Ph (2,00-107* M), pH 7,0 \ 1,36 0,94
K,Cit (2,00-107*M), pH 7,0 2,37 O,gé
NaOH (1,25-107 M) —3,
NaHCO, (0,003 M) -}~ Na,CO, (0,024 M), 0.63 (27

[ocJie KOJIOHKH C KaTHOHOOOMEHHUKOM

a K =233,0 cu7L.

Hauusle Tabn. 5.9 ncaTBep>XAIOT, YTO ABYXKOJOHOUHASA
cucreMa ¢upmbl DioneXx npu DNpHMEHeHHH O€H30aTHOIO
M (GTajaTHOrO 3JaI0¢HTa MoXeT ofecmeunTb B 10 pas
OOJMBILYIO UYYBCTBHTENBHOCTb, HeM OJHOKOJOHOUYHASA. DII0-
eHT Ha ocroBe 0eH30#HOM KHCJIOTH MO3BOJISIET B HECKOJBKO
pa3 MOBBICHTbh YYBCTBHUTEJbHOCTb OJHOKOJOHIOYHOIO METOJA.
IIpuMenende 1/ OJXHOKOJOHOYHOH HOHHOH XpoMaTorpaduu
3JIIOEHTa Ha OCHOBe THUJAPOKCUJA HAaTPUA JaeT BO3MOXK-
HOCTb IOBBICHTH YYBCTBUTEJBHOCTbH ONpefe/ieHHs, a TaKKe
JETEKTHPOBATh aHHOHBI KHCJOT, CJHILKOM Cjaalblx mJd pe-
THCTpAlHH C IDOMOIIBIO JBYXKOJIOHOYHOI'O BapHaHTA.

B neficTBUTENBHOCTH i OOJBLIMHCTBA aHaJIH3UPYEMBIX
00pa3uoB H OJHOKOJOHOUHBIH, W JIBYXKOJOHOUHLIH AaHHOHO-
xpoMarorpaduueckie MeToabl 067analT JOCTAaTOYHOH 4yB-
CTBHTEJIbHOCTBIO. Ecan HeoOXopHUMO  YBeJHUYHTb YYBCTBH-
TeJBHOCTh, TO MOXHO BOCOOJL30BATBCS MIOOBIM H3 JIBYX
OCHOBHBIX HOHOXpoOMaTOorpadHuecXix MeTOJI0B B COUETAHHH
C KOPOTKOH KOHIEHTPHPYIOLLell KOJNIOHKO#, KOoTopasi MO3BO-
JseT aHaJH3HPOBATh HEKOTOPbie aHHOHHB B KOHIEHTpAUUSAX,
LIPHMEPHO paBHbIX 2 mupa—l.
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5.6. Cnoco6bl KOHLEHTPHPOBAHKUSA

UyBCTBHTEJNBHOCTD, JOCTHXUMAS B AHUOHHOH XpOMaro-
rpac¢un, 3aBUCUT OT ONpeNesasieMOr0o aHHOHA, €MKOCTH CMO-
Jibl, KOHUEHTPALMH 3JK0eHTa H UYYBCTBHTEJbHOCTH JIE€TEKTO-
pa. OObIYHO HHXKHHE Tpejena AJs KOJUUeCTBEHHOTO aHaJIH-
5a COCTaBJsIeT OKoJo | mMau—!, ecsau 3/I0eHT — pacTBOp co-
an OeH30HHOH MU (PTaseBoil KHCJOTH, H oKoso 0,2 maH—1,
€c/H 3JI0eHT — pacTBOp OeH30HHOH KHCJOThl. ¥ BeJHUHB

K ﬁ‘l'_l' Fal 1nn el an Knn rATYrTY FFaRfa MNAMITTIIT
UUDC\".I. llkJUU LOolvy JIU LY UV L\"l.l\u'l, Mumnu AULLH“‘!D

6osiee BBICOKOH YyBCTBUTCABHOCTH. Ilpu eine GoOMbIIHX TPO-
6ax OUKH aHUOHOB YILUMPSAOTCST M KauyeCTBO pasjieJeHHs
CHHXKaeTcs.

Haubogaee nmoaxogauiiim crnocoboM aHaH3a CHIBHO pas-
6aBnenHblXx 00pa3ioOB ABJfdeTcs] NpHMeHeHHe HebOoJbIIHX
HPeJKOJIOHOK /Il KOHLIEHTPHUPOBAHUS OIpeaeasseMbiX aHHO-
rOB {17]. Ouenn xopolro pabGoraer TIPEIKOJOHKA, 3aIMOJ-
HeHHas TOH 2Ke CMOJION, MTO M pasfejswolnasd KoJOHKaA
(emkocTh okosio 0,02 Mk3B.-1—!). B 06niuHO# 0J(HOKOJOHOY-
HOH XpoMaTorpadHyeckod CHCTEVC TaKylO KOJIOHKY YCTa-
HaBJAMBalOT BMecTo NpofoorT6opHoit merau. LA KOHueHT-
DUPOBaHHUA AHHOHOB He€pe3 TNPeIKOJOHKY NPOMyCKaloT MOj-
xonsunuia oObem obpaszua (10—25 mu). 3aTeM HOHB H3
NPEeJKOJOHKN BBIMBIBAIOT B pa3fefsioiuiyl0 KOJOHKY, TJIe
LGPOHCXOAUT Pa3ACACHHC Ha HHAMBHIYAJbHHE  aHHOHBI.
Taxum crocobom yjpaercd pasnetsaTbh U ONpelessiTb aHHO-
Hbl B KOHIEHTpallMH Ha yposEe 2 mapny-l,

ITpenmectsyiomue paboTh |4, 5] mOKas3aaH, YTO HOMBI
xJopa u cyabdaTa MOKHO pazjefuTh Ha aniHMOHOOOMEeHHOH
cmogte XAD-1 npu saoupoBaHuu pa3baBiacHHBIM PACTBOPOM
¢ranara xanusi. OjHakKO IONBITKH OJHOBPEMEHHO pasje-
JUTh XJOPHA, CYyAbGhAT M JPYTHC aHHOHLI B CHJIBHO pa3baB-
JeHHBX oOpas3llaXx pfoKa He YBEHUAJHUCh VCIEXOM H3-3a
CpaBHHUTENHHO OOJBIIOrO MepTBOrO 00beMa KOHUEHTPHPYIO-
Ilell KOJOHKH, KOTODBIH BBI3BIBAET INOSIBJIEHHE <JOKHOTO»
NUKa U CMellleHHe HYyJeBofl JIMHHH, MepeKphiBaloIIUX MHK
Xjop-uoHa. B cpeje Oensoara KaJus XJOPHA SIOUPYeETCH
No3xKe M TOJHOCTBIO OTJesseTcs OT JIOXKHOI0 NHKa, B TO
BpeMsi Kak THK cyabdaTa He Habmwogaercsa. B oxHOH H3
METOAMK TIpUMeHAIOTCH KOHIEeHTPUPYIOIIasd H DPa3jiessio-

" Ijasi KOJIOHKHM C OXIIOK M TOoH e cMojofi, Ho Tpebyercs
;» TPOBOJIUTL 1BAa OTAENBHBIX 3JIIOUPOBAHUS DASHBIMU 3JIIOCH-
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tamu. 1Ipu olpeneneHdd XJOP-HOHA CMOJIa B KOJOHKax
HAXOAHUTCH B OeH3zoaTHOU ¢opMe W B KadecTBe 3JIO0CHTA HC-
nmoJjib3yeTea Oensoar kagauda. Has onpejenenuns cynbdara
cMOJ1a MepeBOJUTCS B UMTPpaTHYIO GOpMY M 3JMIOHPOBaHHE
IPOBOJMTCS PAcCTBOPOM IUrpaTa. Takue anaJiu3bl BBITIOJ-
HSIIOTCA Ha HeJ0pOTroM OOODYAOBAIHH, H IO3TOMY IlieJeco-
obpa3HO HMeTb JIBe€ TOJHbie CHCTeMbl: OJHY JJs aHaJaH32
XJIOpUJa, a JAPYrylo aJg aHajau3za cyibdara. Takum obpa-
30M, He HYXKHO TPAaTUThL BpeMs Ha 1IepeBOJ CMOJB H3 OJI-
HOH (GOpMBI B IAPYTVIO.

Ha puc. 5.16 npejcrassena xpoMaTorpaMma apOBOTO
KOHJeHCaTa, NOJYYeHHAsd C NOMOLUBIO OMHCAHHOH BbIiIe
MEeTOJHKH, TPH aHaJH3e o0fpasila Ha CojepKaHHE XJOP-
noHa. Pa3mepsl KOHUeHTpUpyROWeH KoJMoHKH 75X2 MM, a
pasjpensiomet 500X2 mMm; 006e KOJMOHKH 3alloJHEHb AHHO-
nHoobmennoi cmosoi XAD-1 ¢ emkocersio 0,018 M3kB.-rL.
[TepBhIlt, OTpHIIATEAbHBIH NTHK 00pa3yeTcs (10TOMY, UTO KOH-
LIEHTPALHs HOHOB B OCTAlOIIeHCs B KOHIEHTPHPYIOIIeH Ko-
JOHKe BOJle HAMHOIO HHKe KOHIICHTPAIMH HOHOB B 3JIO€H-
Te (1,0-10-* M Oenzoar kajnusa). [lepBoilf 1M0JOKHTETLHBIMH,
JOBOJIbHO Pa3MLITBIH MHK COOTBCTCTBYeT OHkapHoHarty.
[lo-BuauMOMYy, €ro HOSBJEHHE CBJI33HO C pacTBOpeHHeM B
BOIHOM obpasue JABYOKHCH yriepona. Chejnywomui mnuk
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Puc. 5.16. O6pazen, napoBoro Konjencarta, cogepxamuid 9,3 mapa!
XJIOP-HOHA, CKOHIEHTpHpoBaHnuHoro u3 8,4 ma [17].

Cmoaa XAD-1 (0,0175 M3KB -r—!; 44—57 wMkM); 5/d0eHT — 2,0-10—4 M  GeHzoaT
xajaud, pH 6,2.
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Puc. 5.17. 3aBucHMocTb j
MeXIY BREIEHHEIM 00b- LOF
eMOM Y BBICOTO¥ NMUKa IJd
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BaedeHHbill 00beM, M

NPUHALJAEKUT XJOP-HOHY; OH VBEJIMYHBAeTCH: NpHU pobas-
JeHHH X ofpasly XJopHuja.

C nomoniplo Meroja CTAHIAPTHBIX J00aBOK KOJHUECTBO
XJIOP-%0HA MOXKHO O[peleNsATh U B 00pasiax OUHINEHHOMH
eonti. Ha puc. 5.17 npeacrasien gunefinnii rpaduk, mo-
JyueHHBIH Ipd xpoMaTtorpadupoBaHuu o6pasiuoB Iocje
HeCKOJIbKHX J100aBOK cTaHAapTa ¢ HOHOM xJopa. [lo sTomy
rpavKy BBIMHCJEHO, UTO COACPKAHHE XJOPHIA B MCXOIHOM
obpasiie cocrarnsano 13,0 mapnaL

Cynbdat-ucH B 0eH30AaTHOM 3JIIOEHTe He TPOSBJSETCH;
NoC/ACAVIONMHHA anajus o0pasiuoB, 3aBeOMO COJIEpKAIIHX
HH3KHe KOHIEHTpaluu cynibdara, He BJHSCT Ha OIpejede-
Hue xjopujna. Cojep:kaHWe cyiabdaTa B OYHIIEHHOH Boje
H jpyrux oGpaslax MOXKHO YCTAHOBUTh C IOMOUIBIO TeX
Xe KOHUCHTPHPYIOLIHX H pa3JeNdloliHX KOJOHOK, YTO H
NIpH OTpEJEeeHHH XJMOPHIA. st aToro 6epercsa 3JIOEHT,
npencrasasominit coforr 2,0-10-* M uuTpar Kanma Impu
pH 6,2. (Ilepen paGotofl NPEAKOJOHKY U pasiessioyio
KOJIOHKY KOHJHMUHOHHUPYIOT LUTPATHBIM 3JI0eHTOM.) Peayib-
TaTbl aHa/gAH3a HEKOTOPbiXx 00pa3ioB HA COjepKaHHe XJO-
Puna u cyabdara npuselensl B Taba. 5.10.

J7si HajgeXHOTo ompefeseHus XJA0OpHAa H cyibdaTa B
OIHOM OIBITEe NUK XnopHja HeoOXOMHUMO OTIENHTHh OT 00-
JAaCTH CMeIeHUs HyJeBOH JMHHHUH, BbI3BAHHOTO BOAOH. ITo-
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Tabauya 5.10. Pe3yanTarsl aHagnsa o0pasuoB ¢ pa3iedbHbIM
onpejieneHHeM xJopuia n cyiasdara [18]

KounesTpauus, Mipa i

a:ﬁg‘:a KouTponapyeMuilt o0BexT Yropaza \Cy.rlbd)a'ra
3a600 no npouszeodcmey AmMMuaKa

8/8/80 Jlumus Bo3BpaTHOrO KOHpeHcara <2 1,3
IMurareas kKortaa 172 9.3 12,9
Cwmecurean 102 9,1 13,1
JIMHHS TPOMBLIBHBIX BO X% — —.

15/8/80 JluuHA BO3BpPATHOrO KOHAE Hcata 2,8 <2
IMurarens Kotjaa® <1 13,5
CMmecHTe LB <1 14 3
IMapoasi JuHus moa paenenuem 100 6ap <1 <2
I'naBuas saGoparopus 12,6 <2
JlaGoparopHble cTOKH 140,8 <2

Juaexmpocmanyus Y rueepceumema wm . Adosa

7/7/80 JlunHs BO3BPAaTHOrO KOHAEHCaTa <l 9,5

Cwmecures b 13,5 8,5

4 1o eymecTy, oa#s H TOT XKe obpaser,.
AHanH3 HeBO3MOXKEH 13-33 HAMHYHA NoMeX.
B Ilo cymecTsy, oguH u TOT ke ofpasen.

rO JIOCTHTAIOT € HOMOINLIO TILATENHHO IOJATOTOBJEHHOH mHe-
GoJBbIIOE KOHUSHTPUPYIOUiell KOJMOHKH, 3aN0JHSAEMOH CMO-
JoH OOJBIIOKH eMKOCTH, H akKKVPaTHOr'O mojfopa ee pasme-
POB U CHJIBI 3JIOCHTA.

Heboapiasg KOHUEHTPUDPYIOWIAS  KOJIOHKA M COCAHHH-
TeJIbHBIC JHHHH Majoro obbeva [O03BOJIMJIH YMEHbHIHTh
cMelnedHe HyJeBod JuHHH. [Ipejpxosonka cojxepxkaJja Bece-
ro 83 Mr CMOJIbl, U NMO3TOMY AJd 3(PeKTHBHOrO VJIaBJHU-
BaHusa 00pa3sna HyXkKeH aHKOHoOOMeHUuX O0JbIOH eMKOCTH.
B paccmaipuBaemoit paGoTe PPHUMEHHJIH CMOJY €MKOCTBIO
0,5M3kB.-1~!. Anaju3npyeMble HOHB JJIIOHPOBAJIH M3 KOH-
HEeHTPUPYIOLleH KOJIOHKH MOTOKOM  3JI0€HTa, NPOTHBOIO-
JIOXHBIM TO HalpasJeHHI NOToKy obpasma. Taxo# BapH-
aHT O0OpaTHOH NPOMBIBKH TUPHMeHAETcs NOTOMY, 4TO eM-
KOCTh KOHUEHTPHPVIOWICH KOJOHKH MO¥eT OnITh Bhiile
eMKOCTH pasje/sdillell KOJIOHKA. B 3ToM cayyae 37A50€HT
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Je CMOXKeT NepeMecTHTh HOHBI 4Yepe3 CJOH C JOTOJHHTENb-
HOH eMKOCTbio B TeUYCHHE Pa3yMHOI'0 NPOMEKYTKa BpEeMCHH.
Cnoco6 ob6paTHOH NPOMBIBKH HE JHAMHTHUPYET €eMKOCTH CMO-
JIbl, KOTOpPOH 3aloJiHsieTCH KOHURHTPHPYIOUIAs KOJIOHKA.

OnMcanHbld OpueM AdeT Xopoilue pe3ynabTaTH, H €ro
HCNIOJMb30BAJH MAJs aHaJjgu3za MHOTHX oOpasuos. OaHako
rpacduK 3aBHCHMOCTH BBICOTBHI NHKA OT oObeMa npobol s
XJOp-HOHa CTAHOBHUTCA HeJHHEeHHbIM IpH npobax, TpeBHI-
mafomux 20 ma. [TpHuuHa 3TOrO He yCTaHOBJIeHa; BO3MOXK-
HO, B BHIOpaHHBIX YCJIOBHSX HOHB XJIOpA YAEPKHBAIOTCS
KOHILEHTPUPYIOIICH KOJIOHKOH JiMllb YaCTH4YHO., BwlcoTa mu-
Ka XJOp-HOHA NPH COJlepP:KaHUH ero B CTaHJapTHOM pacT-
Bope 30 mapjp~! Omaa OjuHaKoBo#t B mpHucyTcTBHH 30 H
100 mapa—! cynbdara. Iipa arov mokasano, uto Xaaubpo-
BOUYHLIH rpacduk auHeed. Ilpu aHanu3e CTaHAAaPTHHIX PACT-
BOpPOB H peasbHbix o0pasioB o0beM Npolbl J0MKeH OBHITHb
OAUHAKOBBIM,

TTE. AT,

110011)-—!]!1\.4%’ T\L‘I.\JTI Mo ITITnh T{Dll'l nETT uTn I NnTT
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aen
HUM XJOpHAa M cyabdara, MOMXKHO aHaJH3HPOBATb H JPYy-
rue aHHoHB. Omnpenensas  KOHUEHTPAaHH Ha YPOBHE
1 mapn—!l, HyXHO npoABAATH 0c0OOYiO OCTOPOXKHOCTL BO H3-
Gexxanue sarpsasHenusi oBpasuos. UToObl HCKAKUHTH 3ar-
psi3HeHHe NOCTOPOHHUMH HOHAMH, BOAY IJISt NPUTOTOBJEHHA

3JI0EHTOB H806XOJIHMO TIHATEeJALHO OUHLIATH.

5.7. Tipumepbl NPUMEHEHMA

Jliobad BHOBb pa3pabaTwiBaeMasi aHaJUTHUYECKasi MeTO-
IMKa B KOHEUHOM cueTe NoJuKEa obecrneunBaTbh 3(PdekTHB-
HHH aHaJuau3 peanabpHBIX 00pasuos. OgHOKOJMOHOUYHAS aHUOH-
Hasl XpoMaTorpagus BIOJHe NPUrojHa JAJs pellleHds NpH-
KJlaJHbIX aHaJUTHYECKHX 3anady; HHKE pPacCMaTPHBAOTCA
HEKOTOPBIE NPUMEpH ee IpPHMeHEHHS.

5.7.1. OnpefieneHne aHMOHOB B NMMTLEBOK BOAE

»

HeficTBeHHOCTL XpoMaTorpadHUecKOro MeToJa MOKHO
NoKasaTh Ha TpuMepe aHaju3a psjga o0pasuoB, cojepxKa-
IIUX XJOPHJ, HHTPAT K cyabdaT, Ha S50-CM KOJOHKe cO CMO-
Joir XAD-1 B cpene 6,5-10-* M dranara xamus npu pH 6,2
(puc. 5.3). Konuentpaiuud XJ0opuHIa ¥ HMTpaTa COXpaHSJH
NOCTOSIHHBIMH M PaBHBIMH COOTBETCTBeHHO 5,12 u 12,2 man—1.
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I'padMK 3aBHCHMOCTH BBICOTHI NHKa CyJab(aTa OT ero KOH-
IIEHTPALUMK 0Ka3aJcs JHHENHNM, 4TO ofecrnednBaeT Hajex-
HOCTh KOJIMUECTBEHHOTO omnpeueseHuss 3Toro uoHa. [loay-
yeHHbIE XpOMATOrpaMMbl MOJATBEPXKJIAIOT NPHMEHHMOCTD
HOBOH XpoMaTOorpaduueckodl cHCTEeMbl /5 OJHOBPEMEHHO-
I'o OmpejesieHHs] BCeX TPeX aHMOHOB B BOJE.

N3-3a BpenHocTy HHUTpaTa 0o.bWol HHTEpeC NPEICTaB-
JisieT KOHTPOJb ero CoJepKaHud B NUTheBOH Boje, 0COOCH-
HO B KOJIOJE3HOH BOJ/IE B CSJbCKOW MECTHOCTH, I'/le BO3MOXK-
HO 3HAUHTeJibHOEe 3arpsi3HCHHe ec HUTpaTaMH W HUTPHUTaMH.
B nmaGopartopHoil BOJONPOBOAHON BOJAEe IPH YBEJIUUYEHHH
YyBCTBUTE/BHOCTH 00HApyKUBAeTCH HeDOJBbIIOH NHK HUT-
pUTa MeX/]y BBICOKOMHTEHCHBHBIMH INHKaMH XJODHJA H
cynbdata. lobaBka CTaHjapTHOrO pacTBOpa HUTPHUTA B
BOJY BbI3bIBaja yBeJMUYCHHE TNHKA HHTPUTA Ha XPOMAaTo-
rpaMMe M JaBaja JHHeHHYIO KOppeJsiiHio MeXIYy BHCOTOH
[{MKa M KOHUeHTpauued HUTPUTA. JKCTpanosiuus rpaduka
K HyJeBOH jo0aBke HHTpPUTA Jaja XKOHIEHTPALUIO HUTPHTA
B BojonposoaHoi Boge 0,37 man—l.

5.7.2. OnpegeneHMe xnopuaa M cynbgara
B NapOBOM KOHAEGHCATE M B BOAE, NMUMTAKILEH KOTNbI

WurencuBnasi KOppo3usi Jonactreit TYpOHH SIBJASETCS OC-
HOBHOH NpPOOJeMOH Ha 3JCKTPOCTAHIUAX, H MO3TOMY HYX-
HO TIOJJIepXKHBATh BRICOKYIO CTeHeHb YHCTOTH napa. AuH-
oHHast xpoMmatorpadmua ¢ OPEIKOJIOHKOH ISl KOHIEHTPHPO-
BaHHUS MOJKeET CJYXHTbL NPOCTBIM CHOCOOOM perucTpaiuy
BBHI3BIBAIOIIUX KOPPO3HIO AHHOHOB (Hampumep, XJOPHAA U
cyib(aTa, KOHUEeHTpaluusd  KOTOPBIX HMEeT TOPAIO0K
1 mapn™).

Jns ananusa psjga ob6pa3loB BoJb, B3ATHIX Ha 3aBoje
M 3JIeKTPOCTAaHLUH, OblAa [puMelleHa aHaJUTHYECKAss Me-
TOJHKa, ONMCaHHasi B pasjA. 5.6. Ha 3aBone mo npoussoj-
CTBY aMMHaka BHIOpaJd NATb TOYEK KOHTPOJS B CHCTeMe
Ioja4Yd Iapa B KOMIPECCODHOM - Il€Xe: CMeCHTeNb, NMuTa-
TeJIb KOTJa, JHHUK TPOMBIBHbIX BOA, MAPOBYIO JHHHIO TOX
nasjacHuem 100 6ap uw JuHIKO BO3BPATHOrO KOHjeHcAaTa.
Hpoby u3 cmecurens orbupanu mnocjae NPONYCKaHHUS BOJHI
yepe3 HeCKOJbKO JEHOHH3HPYIOIIHX CJ0eB cMoJbl. Bojga
NuTaTe s KOTJa COAEepKaJjga OKoJo 5 MJH™! rujppasuHa U B
MCHBIIHX KOJIHUYeCcTBax HefiTpanbHbie aMHHbL. Mx gobasus-
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—

0T AJd yaaJeHusi KHCJOPOAa M UpeAOoTBpalieHus KOppo-
3HH B KOTJIe, IUTaTeJe M CHCTeMaxX Moxavd lapa, a TakxKe
st ysemmuenus pH no 9. Boxga B xoTne conepxana Takxe
okono 10 maa—! docdara, pobaBaseMoro juJjas peryJaupo-
BaHUsl COJEPMKaHKA coJel, oOpas3ylolmnux HaKulb, H J1J4
CO3JIaHUA CJOSI MarHeTHTa Ha BHYTPeHHEH [OBEPXHOCTH
KoT/aa. B KoTsae rujpasuH pasJjaraercs ¢ oOpa3oBaHmem
amMuaka. Takum oOpasoM, NPOMBIBHBIE BOALI COJIEPKAJH
amMmMuak, ¢dochaT u BCC DPUMECH W3 CHCTEeMbl HHUTaHHS
‘KOTJa.

Konnencar u3 mapoBo#l juHuu nop xpasuaenueMm 100 Gap
npejcTaBasaa coboit nHambosee uucroit obpasen. Oun coxep-
XKajJg aMMuak, 3axBadYeHHB# M3 KOTJa W 0becHeyuBaioIHi
pH oxoso 8, ¥ He3naunTesnbHbie KoauuyecTBa docdata H
cunukaTta. Ilocae mpuBeaeHHS! B JACHCTEHC JIONACTCH TYyp-
OuHBl Ilap BO3BPAINAJCH B CMecCUTeJb B BHJAE BO3BPaTHOTO
KOHJICHCATA.

Beauunna pH stux o0pasuos Bonnt konebanach ot 7,8
no 9,1, uto cBg3ano ¢ obpasoBaHHeM aMMHaka IpH PasJio-
AeHUH THApasdHHa. Dbl1o obHapyKeHo, YTO BBICOKHE 3Ha-
yends:i pH H3MeHSI0T CeNeKTHBHOCTHL CMOJIbI IO OTHOLIEHHIO
K XJIOP-HOHY, Bbi3biBasi H3MCHEHHC BPCMCH yjep:KUBaHHS.
Jas ycTpauenus 3TOro ABJEHHS B JHUHHIO Nojgadd NPOOHI
YCTAHOBHJIH TIPEJKOJIOHKY, 3aMOJIHCHHYIO  CHJBHOKHCJIOH
KaTHOHOOOMEHHOH cMOJIOH, KoTopas HeHTpasau3oBaJja obpas-
bl nmepes HakomenneM. Takasi KOJoHKA oKasajachk addex-
TUBHOH H TPH yJAaBJAUBAHMM HOHOB B IPUCYTCTBHH Opra-
HHYEeCKHX MNpHMeceH, BeposiTHO, Oxarojaps MeXaHH3MY
HOHHOTO HcKJiouenus. IIpu ana/simse OOJLIIMHCTBA THIIOB
.06pasuoB KoJoHKa pasmepoM H0X2 mm pabotaer B Tege-
Hye § 4, mocje 4Yero HajAo0 MeHAThH CMOJY.

PesynpraTel anmamu3oB npuBejgensl B Taba. 5.10. Ilpo-
MbIBHBIE BOJBl cojepxkanan okojo 10 mau—1 ¢ochara, a
3T0 KOJIMYECTBO IleperpyxaerT KOHUCHTPHUPYIOUIYIO KOJOHKY
H He N03BoJsIeT aHaJH3HpOBaTh 00pas3ubl Takoro tuna. Iipu
aHaJu3e apyrux oHpas3noB TPVIAHOCTeH He BO3HHKao. [IBe
- Napsl o6pa3noB BoAbl [M3 muTaTeas KoTjia 17 u cMecuTess
- 10, a tak:xe u3 nuratens koraa u cmecurens (15/8/80)],

N0 CyuiecTBy, OblTM OMHHAKOBBIMH (HO B3ATH OHM B pas-

HI-JV mMTY [a} \ RT‘I’ 'eYelsns DBITATIOIY ey T ITCT ™
» HHX ToYkax). BausocTh 3navenuit aad xjaopuna # cyabda-

Ta OTpazkaeT BOCNPOKH3BOJMMOCTL XpOMaTOrpadHUECKOro
_MeTona u Merojukd otrbopa mpood.
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§.7.3. OnpefeneHMe aHHOHOB B OpoaunbHOM cycne

C negaBHHX nop Haba0naeTCA 3aMeTHAs aKTHBH3aIlud
WccaenoBaHuil sameHnureneii Genszuna. B 1978 r. B CIIA
depMeHTANHOHHBIA 3TAHOJ AJA HCIOJAL30BAHHA B KauecTBe
TOMJHMBA HE MPOU3BOJUJCA. (JJIHAKO OXKHUAAeTcd, UTO YiKe
B 80-X rogax ero MpoMU3nOJACTBO 1/ 3THX LEJed BO3pacTeT
no 3785000 n B rog.

[Iponecc ¢epmenTuposanus caxapoB ¢ 6 u 12 aromamu
yrAepoja B STUJAOBBIH CIOHUPT AOJXKEH NpOTeKaTh MNpH pe-
ryaupyemom pH. Boiine pH 5,0 oGcemenurenu Mukpogso-
pel maloT nofounble MPOAYKTb, B TOM UHCJIE MOJOUHYIO
kucaoty. Huxe pH 4,1 npouecc ¢epmenranuu npekpauia-
ercd. OnTumaspHble 175 HOPMAJbHOTO TeYeHHs TMpolecca
sHaueHud pH sexar B unteprane 4,8 —5,0. Ilockoabpky
Oypepas eMKOCTb COpOAMJILHOTO CYyC/Jda 3aBHCHT OT THIIA
W KOHIEHTPAUHMH HAXOAAWHXCA B HEM COJed, XKeJgaTejeH
AHAJH3 MOHOB IPH €ro 3aKJajKe.

ITo eine GoJiee BaXKHO /Jsi HEKOTOPHIX THMOB ¢hepMeH-
TEPOB HEIpPepPLIBHOIO AeHCTBHS, KOTOPHIE B HACTOALLeE BpeMsl

vke co3naunl. Kpuceeaa {181 pazpaloran npouece, B KOTO-

j‘;x\,, N WSS LA L AL S e l_lll\ru\-rlliui LJ.U] l_lu l.l A r L LV l.l.l_lULl‘\-/\.«\.« AxAS kWS

pOM 3TaHOJ HEeNpPEephIBHO OTKAYHBaeTcA H3 (pepMeHTepa uye-
pe3 KOJOHKY ¢ ruapo¢oCHLIM MoJiekyaspHbiM cutoMm. [loc-
hOJILKY B cpepMeHTep HeNpephIBHO NOJAaeTCs HCXOAHHH Ma-
TeEpuas u «0esajKorosibHas» NHTATCJAbHasa cpeia, Conepxa-
HUe coJieil Bce BpeMs MEHsieTcs /10 TeX HOp, Noka pabora
tdepMmenTepa He mnpexparurcd. [lonck onTumanabHBIX ycJjao-
Buil paCoTel Takoro ¢epMeHTepa BKJAIOUAET PETHCTPALHIO
HOHOB U M3YuY€HHE UX BJIUAHHS HA INIPOIllecC.

B rta6a. 5.11 ykazaHL OCHOBHLIE AHHOHLI, HafJeHHBIE

B THMHYHOM oOpaspe CpOoaHJBHOrO CycJa, H HX KOHUEHTpa-

Tabauya 5.11. AHHOHBI M HX KOHIEHTPAUHMH B o0pasue
OpoauabHOTO cycja, MOJY4YeHHOM B jabopaTopHH
YuuBepcuTeTa ut. AHoBa [18]

AgHoH KouueuTpanusa, muH—1
CH,COO~ 393
Cl™ 602
PO3— 2880

SO3— 584
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nud. OTMeruM, 4TO KOHIEHTpallMH AHHOHOB BBICOKM. Ale-
TaT, MO-BHAHMOMY, o0pa3yercs B Ipouecce IPUTOTOBJIEHHS
Chipbsi H (pepMeHTanMu. IHeopraHHueckHe aHHOHB COJEP-
JXaTcsl B PasJIHuHBIX MaTepHaJsax, Ao0aBisfeMblX B (pepMeH-
Tep, BKJIoOuUag BOAY H Cydep.

Orofpannyio npoly NponyckaJju uepes ¢HJIBTD C pas-
mepoM nop 0,2 MKM H yZaJaldu OCTAaTKH 3€pHa U JpPOxKe-
BHe KaeTku. llurareabHyio cpeay pasGasaaiu B 10 u
100 pas B 3aBUCHMOCTH Ol KOHIEHTpAllMl aHHOHOB B 00-
pasue. [locne pasbGaBsneHust ee CJjeAyeT OXJaJuTh, YTOOH

-y o ATT A TP A TPATTTT My o aT-% Y Fat ARETTTILAAATIATTTI D

Ha olpe[e/iCHHOE BpEMA IIOA4BHTD POCT MUHKpOOpramnus-
MOB. Arerat, xJopua u ¢ochaT aHANIH3UPOBAAH ¢ IOMOIIBIO
sawenra 1,0-10-3 M Gensofinofi kuciaoTH Ha cmogae XAD-1
emroctbio 0,21 wmakB.-r—!. Cyabgar onpejesasia Ha TOH
e KOJIOHKe, Ho B cpene b-10-* M ¢ranara kamaus.
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MnaBa 6

KOHAYKTOMETPUUYECKAS
KATMOHHAS XPOMATOTPA®MUS:
I. [IBYXKOJIOHOUYHBIE METOAbI

OnHo- u HekOTOpbIe ABYX3apsifHble HOHb METaaJoB, Ta-
KHX, KAK MarHuH, KaJblLlHui, cTPOHUHA u GapHil, MOXKHO OI-
pelendaTh ¢ MOMONIbI0 ABYXKOJOHOYHOH HOHHOH Xpomaro-
rpaguu, Hanpumep cucremsl ¢pupmnl Dionex. B stom meto-
Je UCHOJB3YIOTCH  pasjejsiolllas KOJOHKA H KOJOHKa,
KOMIIEHCHPYIOIIASl TMPOBOJUMOCTb 3JioeHTa. IIukd aHa/u-
3UPYEMDLIX HOHOB IMpeACTaBASAIOT cO0OH CHTHaAL! IOJOXKH-
TeJbHOH SJeKTPONPOBOJHOCTH OTHOCHTEJbHO OUE€Hb HH3KOU
(hOHOBOH TPOBOJAHMOCTH 3JI0€HTA.

Kparkoe copepixaume

Onpenenenue KaTHOHOB IPOBOJAAT B CHCTeMe, NOJO0GHOMN
ONMHCAHHOM A48 aHaau3a anuoHOB (ra. 4). B aByxxoaoHou-

HOH XpoMaTorpa(puuecKod CHCTeMe HMeloTCA JBE€ KOJIOH-
KH — pagjensionas U KoMIeHcanuoHHad., Jto ofecneuyusa-
eT BLICOKOUYBCTBHUTEJBHOE JETEKTHPOBAaHHE pas3leseHHbLIX
KaTHOHOB B 3JI0€HTE B BHJe IHKOB IOJOXHUTEJbHOH 3JEKT-
pONPOBOJAHOCTH IO OTHOLIeHHIo K (hOHOBOMY cHrHajay. Pas-
JeJslollasi KOJIOHKA COJAEpPKHUT CMOJY Ha OCHOBE COIMOJIH-
Mepa CTHPOJia U JAHUBUHUJAOEH30J1a ¢ NOBEPXHOCTHLIM CJOEM
COMHLBATHPOBAHHLIX CYJAb(POKUCAOTHBIX Fpynn, o6aanalouiuM
HH3KOH eMKocThlo. CMmOJa AJs KOMIIEHCAUHOHHOH KOJIOHKH
npeacrapiser coC0H CHALHOOCHOBHAHIH AHHOHOOOMEHHHK C
BBICOKOH €MKOCTbBIO.

B Kauecrse 3/10€HTa TpU pasieeHUH OJHOBAJEHTHHIX
KATHOHOB OOBIYHO HCHOAB3YIOT pasbaBieHHYI0 Aa30THYIO
kucaory. as pasgeseHusi AByX3apaAHLIX KaTUOHOB (Ha-
IpuMep, ILIEeJOYHO3eMeNbHBEIX MeTandoB) tpeCyeTcda pas-

GaBJEHHBIH pacTBOP a30THOH KHCIOTHI ¢ J00aBKOH XJ0pHAA
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¢dennnenjnamMmmonns. AHaJd3 KATHOHOB B HacCTOIIEee Bpelv'm
OrpaHUUUBAETCH 1IE€JOYHBIMH MeETaJjjJaMH, aMMOHUEM H Lie-
JOUHO3E€MEAbHLIMH ~ METaJVIaMH, KOTOpHE He BHINAAAIOT B
0CaJ0K B KOMIIEHCAIMHOHHOH KOJIOHKE ¢ OCHOBHOH CMOJIOH.

6.1. BBepeuue

B 1975 r. Cmoan u cotp. [1] paspaGorann meroa HOHHOH
xpoMarorpaduu B COYeTAaHHH ¢ KOHJIYKTOMETPHUYECKHM Je-
TeKTHpPOBaHueM, NpudeM OoJbllias 4acTb HX paborhl Ghlja
CBsi3aHa ¢ OINpejJejeHueM KaTHOHOB. PaccmarpuBaemas cuc-
TeMa aHaJIoTHYHa TMpPUMEHEHHOH AJs aHajJu3a AaiHOHOB
(rn. 4). OHa BKJIOUAET Pa3/JesIonyio H KOMIEHCAIlUOHHYIO
KOJIOHKH, COJEepyKallne COOTBETCTBEHHO CMOJy ¢ HeCOJbIIOH

FaS Y B/ FaV¥als t Bk Fal ™ o MDITMHMTIND Fala S s B aWalhs Trrrhrrr'l’!)n'ﬁﬂ'lrhﬁn‘t TT /™ MSATTM TR
Ci¥YIRULCIDIU [Id WVUIIUDGO \,lﬂlJUJl AANDIIIYVICILOW/ADILIVIL U bUllUdll’l

Mepa ¢ [OBEPXHOCTHEIMH CYy/ibpOTPyNnaMu K CHJILHOOCHOB-
HYI0 aHHOHOOGMEHHYIO CMOJY ¢ BHICOKO# emkocrblo. [Tocie
paszeneHus KaTHOHHBIX YACTHL B pasjessiolledl KOJOHKe B
KHCJIOM 3JII0eHTe IOCHAeJHHH HeATpaJu3yeTcd B KOMIIEHCA-
IUOHHOM KOJOHKe, PoHOBAss MPOBOLHMOCTD NIPH 3TOM PE3KO
nmagaer. AHanmusapyeMble KaTHOHBI OJHOBpEMEHHO IIEpeBO-
JATCS B COOTBETCTBYIOIIHE THAPOKCHABL, UTO IO3BOJAET OCY-
IeCTBAATh UYBCTBHTEJbHOE KOHAYKTOMETPHUECKOE IETeKTH-
poBaHue.

. Na™ NHz K*
W s ot
e ~ ~I +
= 3 R
Te] T - r:_.
E‘)_.—
L. ] ] 1 1
0 A 8 2 16

fipema, MuH

Puc. 6.1, Pasgencune anrua (1 muu—!), natpus (4 mum~!), aMMoOHHd

(10 mun—1), xamus (10 man—!) u py6uaus (20 mae~!) B CTaHAAPTHBIX

YCnoBusix (pHCYHOK npefocrtasJsen JabopaTopHe#i mo Hcc/eJ0BaHHIO aJ-
MazoB aec bBupca, IOAP).
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Puc. 6.2. Pa3nenenye maruusa (5 man—!), kanapuus (7 mian—!) u cTpoH-
uMst (20 MIH™') B cTaujapTHBIX YCJOBHAX (PHCYHOK IpefocTaBJeHn Ja-
foparopueil o MccJefoBaHHO ajMas3oB ae Bupca, IOAP),

nﬂf'ﬁ"}ﬂf\ﬂﬂ faY
“ARUSApPAANDBIC

TYITA TTATITIT T A OV T

HMep, meaoHMHbIX MCTad-
JJOB H HEKOTOpPHIX aMHHOB) Y/JOBJETBOPHTEJLHO pasfiens-
I0TCA U ONpeJesdIoTcs NpH JIUPOBAHUM HX pa30GaBieHHHI-
MU pacTBOpaMH a30THON (MJIH XJOPHCTOBOAOPOJHOH) KHC-
JoTel. OJMH U3 IPUMEPOB TAKOTO pasjeneHusd IpHBEejeH
na puc. 6.1, Baaronaps Gosee BHICOKOMY CpPOJACTBY JBYX3a-
PSAAHBIX HOHOB IHEJOUHO3eMeNbHEIX METAJJ0B K pasjensdio-
el cMoJe MX pasjesieHHe BO3MOXKHO B cpele Cosee CHUJMb-
HBIX 3J10eHToB. DBHauase ans 3TOf meAM HCIOAL30BaJH
3710€eHTHl, cojepxamiue uonnl cepebpa [1]. INocae pasgere-
HHSI KaTHOHOB HMOHH cepefpa yransaau OCaxKJIEHHEM Ha Ko-
JJOHKe ¢ aHuoHooOMenHoi cMmoJjofi B Cl™-¢popme. Idta Mmero-
TOJAHKA MNO3BOJISIET CYUIECTBEHHO CHHM3UTb (DOHOBBLI CHTHAJ,
OJHAKO ee NpuUMeHeHHe OrpaHHYMBAETCA BBICOKOH CTOH-
MOCTBIO coJsiell cepefpa. Kpome Toro, mo mMepe HaKOIJIEHHSA
0caJKa B KOMIIEHCAIIMOHHOA KOJOHKE B CHCTE€ME pacrer
nporusofasieHne. [loske Takue 3JI10€HTH 3aMeHHJIH pas-
GaBJeHHBIMH pacTBOpaMu MuHepaapHBIX Kucjor (HCI,
HNOj3) ¢ ¢enunengnamunom. Ha puc. 6.2 mpexacrabieit
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TIPEMEP BLICOKOKAYECTBEHHOI'O pasAeyeHUS] HECKOJbKHX IIe-
JIOUHO3eMEJILHBIX MeTa JoB. B nacrodiiee Bpemsi yraercs
PasiensaTh W OIPENeJATh ABYX3apsalHble KAaTHOHbLI MeTaJ-
JI0B, KOTOpbie 06/1aJal0T YMEepeHHLIM CPOJACTBOM K pasjeds-
foueli cMojge H He oOpa3yloT ocaJKoB B KOMIICHCAUHOHHOH
KOJIOHKe C OCHOBHOHJ CMOJIOH.

6.2. MpMHUKMNLI paspeneHHs M AEeTeKTMPOBAHHMS

5.2.1. Pa3gensowan KONoHKa

KaTtuonooOMeHHble CMOJIBI ¢ HH3KOH €MKOCTLIO II0Jy4a-
0T OyTeM NOBEPXHOCTHOTO CyJb(PHPOBaHHA Cc(pepuuecKux
YACTUL, CTHPOJI-JIUBHHUACEH30JLHOTO COMOJUMEDA IO METO-
JHKe, nepBoHavaJbHo onucaHHof CMoanom u corp. {1]. Hac-
THIBI CcMOJibl 00pabaTeBalOT KOHIEHTPHPOBAHHOM CEPHOH
KHCJIOTOH, U Ha HX NOBepxHoctu o0Opasyercs TOHKHH CJIOH
cyabdorucaoTHelx rpynn. OkKoHuaTegbHAss €MKOCTb CMOJBI
CBsi3ata Cc TOJIIHHOA 3TOTO CJOS M 3aBHCUT OT THIIA CMOJIHI,
JAuaMeTpa uacTHL, TeMIepaTypbl W BpeMeHH KOHTaKTa C
CepHOf KHcJAO0TOH. TuIMYHasg eMKOCTb JEXKHT B HHTEpBaJe
0,065—0,1 M3kB.-r~! B oTauuHe oT 5 M3KB.-r! a1a 0o6bIU-
HblX kaTtHoHOoOOMeHHHKOB [2]. Cmoma ¢ kaTHonooOMenHOH
[IOBEpXHOCTBIO cxeMaTHuecKH u3oOpaxeHa Ha puc. 4.2.

slcHo, 4to MO cpaBHEHHIO ¢ OOBLIUHOH KaTHOHOOOMEHHOH
CMOJOH JJHHA AH(PPY3HOHHOrO IYTH B CIEelHaAbHOH CMOJE
HHXKe, NOCKOJbKYy HeaKTUBHas THIpodoCHas ceplAueBUHA
CMOJIBI OTPAHHYHBAET JOCTYNl AHAJH3HPYEeMBIX KATHOHOB B
ee 06beM. DTO NPHBOLHT K YCKOPEeHHIO MaccooOmeHa KaTH-
OHOB M, CJeJ0BATE€JbHO, K YJYUIIeHHIO KadecTBa pasjese-
Husa. KpoMe toro, 6aaromaps *KeCTKOCTH CepALEBHHBI 4acTH-

| LBl CMOJIBI TIOABEPTAIOTCA MEHBIIEMY CXKATHIO. DT0 o3Haua-
eT, uTo MOXKHO paboraTh Npu COJBLUIMX CKOPOCTAX IIOTOKA
(ectu mporuBOJaBieHUE MAJ0), 4eM B caydae OOBLIUHBIX
¢M0s1, CMOJBl C MOBEPXHOCTHLIMM (PYHKIHOHAJbHBIMH TpPYII-
namMu ycro#uusnl npu pH 1—4, npuuem TpyaHOCTH, BBISHI-
Baemuie HalyxaumueM, He3HaunrenbHpl. CeneXTHBHOCTB IO-
- BEPXHOCTHBIX KATHOHOOOMEHHLIX CMOJI IO OTHOLIEHHIO K
HOHAaM Takas e, KakK U y OOLIYHLIX CMOJI.
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6.2.2. KoMmneHcauMOHHAA KOMOHKA

KoMneHcaussi 3JeKTPONPOBOAHOCTH 3JI0fHTa INpPH aHa-
JIU3e KaTHOHOB NPOHCXOAHT TOUHO TaK K€, KaK K IIpH OIpe-
AEJEHUA aHHOHOB (rsn. 4). OgHako BMecTo KaTHOHOOGMEH-

ITT TITNRUAMOITATNVYT AL ITNANCTNADITU TN ouununnﬁmnuuvm
nun \.«J.VI.UJlL)l 111.1111\'1\,11111\;1 LAVIDIIUULIIV DL Y IV ALV LLLL Y IV

CMOJY A/ oOMeHa aHHOHOB (HJH NMPOTHBOHOHOB) 3JIOEHTA
u ofpasuna Ha OH™-uoxbl. Hanpumep, eciu B pasgensiouiei
KOJIOHKE TIPOMCXOJUT pasfieNeHHe HUTpara HaTPHA H XJOpH-
Jda KaJqusi B cpeZe a30THOU KHCJOTH, TO B KOMIIEHCALHMOHHOH
KOJIOHKE IIPOTEKAIOT CAe/yIoniie peakIHu:

1) DmoeHr : H*NO; -+ Cmona— OH~ — Cmoaa — NO;' -+ H,0
2) O6pasen : Na*NO7, K*Cl™+ Cmoaa —OH™ —
— Cmoma— NO,,, CI- + Na*OH-, K+OH-

Takum oOGpaszoMm, MOXHO BHAETb, YTO B3aHMOJEHCTBHA
B KOMIIEHCALIHOHHON KOJOHKE IPUBOAAT K 06pasoBaHmo
THJPOKCHJIOB METaJJIoB, 001aaMouiuX BBICOKOH 3JEKTpo-
NPOBOJHOCTBIO, H K 3JIOEHTY, COCTOSNIEMY B OCHOBHOM H3
BOJLBL.

[TockonbKy (DyHKUHS KOMIEHCANHOHHOR KOJIOHKH TpH
aHa/u3e¢ KaTHOHOB aHAaJIOTHYHA DACCMOTPEHHOH And aHHO-
HOB, BBIOOD CMOJBl MOMKHO cJejaTb, HCXOJS U3 TeX Xe Co-
oOpaxkenu#, [das sroil menum mpuroina mawofas aHHOHO0O-
MEeHHas CMOJia BbLICOKOH €MKOCTH, e€cliH OHa He BJIUSET HA
KAUeCcTBO pasjleieHus, yxe JOCTHTHYTOe B pazjesdlouei
Kosionke. Hrobnl nmofaBuTte OOMBIIYIO 4acTh NMOCOUHBLIX BOS3-
JAEHCTBUH Ha aHAJH3HpYeMBle KATHOHBLI IIPH NPOXOKAEHHH
X uepe3 KOMIEHCAUMOHHYIO KOJIOHKY, OGBIYHO NPHMEHSIOT
MHKpOTIOpHCTHIE c¢MOabl THIa Dowex 1-X10, 3t cmoan ¢
YMEPEHHOH CTENEHLIO NONEePEUHOro CIIHBAHHS CBOAAT K MH-
HUMYMY HEmoJHOTY JOHHAHOBCKOTO pacnpelenedus caabo-
OCHOBHBIX KOMIIOHEHTOB, TAKUX, KAK HOH aMMOHUS, KOTOPHE
B KOMIIEHCAIHOHHOM KoJoHKe ¢o cmojoif B OH™-¢popme mpe-
BpallaioTcss B COOTBETCTBYIOIIHE CBOOOJHBIE OCHOBAHMSA.
Hewm Oosbllle 00beM MOp CMOJB (HHXKE CTEleHb CIIHBaHHA),
TeM CHJbHEe NMPOABAAETCH CTPEMJICHHE TAKHX YACTHI K IPO-
HUKHOBEHHIO B TBepAylo (pasy. Ha spemenia yaep:xupanusg u,
CJAeA0BaTeJbHO, Ha BBICOTHI MUKOB cjaalblx OCHOBaHHA MO-
JKET TakXkKe BJHATH CTelNeHb OTpaCOTKH KOMIIGHCALIHOHHOH
KOJIOHKH, T. €. CTeNeHb HeHTpaJHu3aluHi FHAPOKCHIIOB CMOJLL.
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Tlons u dxkoncon [2] coolumiuan, uro cmoJgac 8% ciusaio-
LIETO KOMIIOHEHTa MpeANouTHTeabHee cmogabl ¢ 12% asToro
KOMIIOHEHTA, TIIOCKOJbLKY 3aBHCHMOCTbL BBLICOTH THKOB OT
CTENIEHH OTPabOTKH KOMIEHCAUHOHHOH KOJOHKH CBOJAUTCA
K MHHHMYMY, a 3Q(eKTHBHOCTb pasleJeHHsi CHAbHOWUOHH-
SHPOBAHHBIX UYACTHIl yJayuyllaercsi, JTH >Ke aBTOPHI AJsa IO-
BbIIIEHHS TOYHOCTH OIpE/e/ieHHs OCHOBAHHHA NpeAJOXKUIu
H3MEPATh MJAOHIAJH THKOB, a He HX BBLICOTHI H B 0COOHIX
cjyuadx dalle IPOU3BOJIUTH KaJubpoBKy npubopa.

Kpome Toro, Ba:KHO, uTOOH COOTHOLIEHHEe 00BEMOB pPa3-
AeJdiouel ¥ KOMIEHCAUMOHHOH KOJOHOK OblJI0 MUHHMAaJjb-
HLIM: TOTJIa CTelleHL pa3jeseHus, JAOCTHTHyTasi B IEPBO#H
KOJIOHKE, CYIIeCTBeHHO He yxyAuutca. CpaBHeHHe KOMIIEH-
CallHOHHBIX KOJOHOK pasmepom 50X6 u 100X6 mm nokasa-
J0 [2], uro nAng xaams Ayumyio 3¢pGEeKTUBHOCTL pa3jieseHHs
ofecreuuBaeT KOJOHKA MeHblIeld BLICOTHI.

Uucno npol, KOTopble MOXHO NMpPOaHasH3HpPOBATh A0 TO-
ro, Kak norpefyercs pereHeparnus, siBjasercsd (QyHKIHeH eM-
KOCTH M 06beMa ¢JIosi KOMIEHCANMOHHON KOJOHKHK [CM. ypaB-
Heude (4-3)]. OrpaboTaBuyio KOJOHKY (B KOTOPOH AaKTHB-
Hbl€ HEeHTPhl TOJHOCTBIO 3aHSATHI H YK€ He yaasi0T aHHOHH
3JII0€HTA) pereHepHpyloT, mponyckas uepes nee 0,1 M pacr-
BOD THAPOKCHJA HATpHUA.

6.2.3. DmoeHThi

OCmue coobpaxeHHs, Kacaiouuecsi BbIOOpa 3JIOCHTOB,
TIO CYLIECTBY, Te 2Ke, UYTO U B aHHOHHOH XpomaTtorpaguu.
DUTIOeNTH JOMXKHB 3¢ (PEeKTHBHO BBIMBIBATh aHAJTH3HpyeMble
KaTHOHEl H3 pasfenaiouledl KOJOHKH M BCTYNATh B PEaKIHH
o0MeHa B KOMTEHCAallHOHHOH KOJIOHKe, NpHBOAsLIME K CHH-
» JKEHHI0 HX 3JIeKTPONPOBOAHOCTH. BBIGOp 3J10€HTa 3aBHCHT
OT CpOJCTBa aHAJH3HPYEMbIX KaTHOHOB K CMOJie¢ B pasje-
Jdamoniefi KoJaoHke, Jlna pasjgeneHuss OJHO3APSAIHLIX KaTHO-
HOB 3((peXTHBHBIMH 3JI0€HTAMH $BJAAIOTCS pazbaBiennsie
(B unrtepBane konuenrpauui 0,001—0,01 n.) pacrBopsl Mu-
HepanbHEIX KHCJAOT (HalpuMep, a30THOH).

JIByx3apsaaunle KaTHOHH (HampuMmep, IIeJOUHO3EMeJb-
HBIX H IePexXOAHLIX METAaJJIOB) 3HAYHTENBHO CHJbHEE Y/JEp-
XKHMBAIOTCA Ha KATHOHOOOMeEHHOH cMOJe, W HX Y:Ke HeJb3d
BBEIMBIBATh 3JII0EHTAMH, [PUTOAHBIMH AJa pasieeHHst OA-
HO3apsa HbIX HOHOB, HecMoTps nHa TO UTO yBe/SHMUCHHE KOH-
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5) Prc. 6.3. Ortnenenne MarHus
(3 mun—1), xampuus (3 mau—!),
crponnas (10 man~—!) u Gapus
(25 Man—!) ot LEJNOYHBIX MeTaJ-
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HEHTPALMU MHUHEPAJbHBIX KHUCJOT NIPUBOJUT K YBEJHUEHHIO
BHITECHHUTEIBbHOH CIIOCOCHOCTH 3JI0€HTa, KOHIEHTPUPOBaH-
HHe 3JI0€HTH 006sa7a0T Gojiee BLICOKOH KOPPO3UOHHOH aK-
THBHOCTHIO W BLI3BLIBAIOT NPEXKNEBPEMEHHOE UCTOLIECHHE KOM-
neHcalkMoHHoH KoJdoHKH. M Tem He MeHee Jusi pasfefieHus
JBYX3apgIHBIX KaTHOHOB HejsecooOpasHee IPHMEHATH 3JI0-
€HTHl ¢ OoJiee BBHICOKOH BLITECHUTENbHOH CIOCOOHOCTBIO.
Yxe OTMeUasoCh, UTO Jy4YllHe pe3yAbTATH JaeT HUTpAT
cepefpa B coueTanHH ¢ aHHOHOOOMEHHOH KOMIIEHCHpYIolIeh
konoHko# B Cl™-¢popme. YcraHoBieHo TakXke, yro pas3bab-
JEHHLIE PacTBOPHl (PeHUTEHAHAMMOHHEBBIX COJied He TOJIbKO
6osiee NPAKTHYHE, HO u OoJee 3dpdekrupHu. [lepBoHaUaIB-
HO HCIOJIb30BaJH N-(PEHUJCHIHAMMOHHEBLIE COJIH, KOTOPHIR
BIOCAEJCTBHU 3aMeHUIH M-(peHHJeHIHAMMOHUEBBIMH, IIO-
CKOJIbKY IIOcJjeJHHe 06ecleynpBaloT Jyulllee KauecTBO pas-
nenenuns [2].
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Tabauya 6.1,
OJlHO-

Cranjaprible YCHOBHSi JJIsi ananvsa
H [BYX3apsiiHbIX KaTHOHOB

JmoeHT (M1 OAHO3apAIHKIX Ka-
THOHOB

DmoeHT (XA NBYX3apsigHHIX Ka-
THOHOB) ,

[Tpenxononka

Pasnensonias XoJM0HKa

KomitencamHoHHast KOJOHKA

Beoanmbiii o6bem npoGut
CKopocTh notoka

0,005 M HNO,

0,001 M u-benunenanamyna/
/0,0025 M HNO,

5033 MM, C mOBEpXHOCTHOH KAaTHO-
HOOOMEHHOH CMOJOH

200X 3 MM, C NMOBepXHOCTHOH KaTHO-
HOOGMeHHOH CMOJIOH

10039 MM, ¢ CWIBHOOCHOBHOH CMO-
Joii B OH™-¢dopme
100 wmxa

3,1 m/mun

[IpuMep onpejejeHuss IIeJOYHO3EMENbHLIX METa/I0B H

HX OTJAeJCHUA

OT UICJOYHBIX METaJjJdJoB

IpuBeJeH Ha

puc. 6.3., a B taba. 6.1 ykazausl CTaHJapTHHIE YCJIOBHS AJA
aHasnusa OAHO- U ABYX3apAJHBIX KAaTHOHOB, PEKOMEH0BaH-

Hole ¢upwmoii Dionex.

6.3. Mpumepsbl NpuMmeHeHUS

B wnacrosmee BpeMs aHa/gu3 KATHOHOB 1O IIpHUHHAM,
paccMOTpPEHHBIM B 3TOH [JiaBe, orpaHuyeH HeOOoJbLINM YHC-
JIOM uacTHl, yKasaHHblXx B Tabna. 6.2, Onpenenenne mepe-

Tabauya 6.2. KaTHOUBI, ONpejeisieMhié METOI0M
JIBYXKOJOHOYHOR HOHHOH Xpomartorpagiy

Heopraununueckne QOpraHHYecKye
Jlurnsa MeTtunamuna
Harpnsa JlvMerunamuna
AmmMonns TpuMeTnaamuna
Kamis DTHAAMRHA
PyOyinyisa HusTiiaMmuna
Ile3ns TpusThiamyna
Maruus #-DByrinamuna
Kaibius TeTpameTHJIaMMORNS
Crpounys

Bapus
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XOJHBIX METAJIJIOB OKA3LIBA€TCS HEHAJEXKHHIM, IOCKOJbLKY
OOJBLIIHHCTBO HX BHIAAaeT B OCAJA0K B KOMIIEHCALHOHHOMN
KOJIOHKE ¢ OCHOBHOH CMOJIOH.

6.3.1. AHanu3 OKpyXaowei cpeab!

Kak u npu pa3paGoTKe aHHOHHOI xpoMaTtorpadnH, Ka-
THOHBI BHauaJle ompefessyn B ob6pasmax Bo3jgyXa H BOJBI
MmwoJauk u cotp. [3] mpoaeMoHCTPHPOBAIH BO3MONKHOCTEL OII-
peleseHHsl HOHOB AMMOHHS B aTMOC(HEpHBIX a3po30JIsx
(puc. 6.4). OHH H3MepHJH KOHUEHTpPAIHI0 AaMMOHHSA Ha
yposie 0,09 mas~! npu OTHOCHTENBLHOM CTaHAAPTHOM OT-
KaoHeHHH 2,9% wu mokasaJtH, 4To aJKHJaMHHBI, TPHCYTCT-
ByloIlHe B o06pasiax, ompeaeeHHI0 aMMOHHSI He MeLIaloT.
Hx pesyanTaThl IPEBOCXOJHO COTJIACYIOTCH ¢ JAHHLIMH aHa-
JIH3a METOJOM HOHCEJIEKTHBHEIX 2JIEKTPOJIOB.

Batnep u corp. [4] ans onpenenesns aMMOHHS, HaTpHs
H KaJHd HCIOJL30BAJH OCaxjaeHHe Ha (HILTpax H obOHa-
PYHJIH XOpolllee COBHAACHHE NAaHHHIX, NMOJy4eHHHIX oOblie-

NPUHATHIMH M HOHOXpoMaTtorpadHuUeCKHMH MeToAaMHu. IJTQ
MOATBEPKAAET, UTO XpoMmatorpaduueckuii moaxon (ocobeH-
HO K OTpeleseHHI0 aMMOHHS) IPoLle H yHHBepcajbHee [3].
OueBuHO, YTO NMPHMEHHMHB U APYTHE METOAB], OLHAKO 4yB-

CTBHTEJbHOCTL HX HH¥Ke M dacTto OHH OoJee TPYIOEMKH.

Na*

NH,

NK*
516 20 26 28
Bpemsi, MUH

[rma npobbl

-
£~
o«

Puc. 6.4, OnpefeneHne aMMOHHS B aTMocheprux asposoiax [3].
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Ompenesenne aMMuaka H aJKHIAMHHOB B BBIXJIOMHBIX
rasax aBtomMobuisi ocywectBuau lLlBefinuurep u cotp. [5].
Ony yJjaBiuBaiy aMMHakK, Ipomyckas obpasel mepen Xpo-
MaTorpaHuecKuM aHaJu30M uepe3 pa3baBJieHHYIO CEPHYIO
kucJoty. Ilpn Hcmosp3oBannu B KauecTBe 3JI0€HTA a30THOU
KHCJIOTHL ONpeReJeHHe aMMHaKa ocylUlecTBJasgeTca 6e3 Io-
MEX, OAHAKO CTEeNEeHb pPE3AEJEHHS aJKHJIAaMHHOB HeIOCTa-
TouHa. bnua paspaGorana MeToZHKa aHaJH3a CJIEA0BHIX
KOJIHYECTB HATpHs, aMMHAaKa H HEKOTOPHIX aMHUHOB B JAuUMe-
THIGOpPMaMHIE, C TIOMOLIBIO KOTOPOH DEerncTpHpoOBaJIH Ia-
AYT-IHB ddlpH3HCHHﬁ [0] UKaSaﬂOCb qTO AJId HdTpHH CHIr'HaJa
JAETEKTOpa JIHHEeH NPHMEDPHO 10 100 MJH!, B TO BpeMs Kak
JUHEHHOCTh ero Ajs amuHoB orpanuuena, Ilosxe 6blyi0 BhI-
sicueHo [7], uto kosaoHKa co cmojofi B Cl—-dopme, momelien-
Hasl mocJ/ie KOMIIEHCANMOHHOH KOJIOHKH, 3HAUUTEJNbHO YBEJH-
yyBaeT JHHCHHOCTL CHICHAJa. 3rta KOJIOHKA MpeBpallaer
OObIUHO PEruCTpHPyeMblH THAPOKCHI aMmMmoHua B GoJee
JIETKO JHCCOLUHUPYIOIHHA XJIOPH] aMMOHHS.

CJef0oBHE KOJHUECTBA aMMHAaKa U aMHHOB B aTMocdep-
HOM BO3Ayxe ompepetsjan Ttakke Kudpyne m Oukasa [8)].
Eme oxHo mpuMeHeHHe HOHHOH XpoMaTorpacdHH OTHOCHTCS
K aHa/JH3y BLIXJONHBIX Ta30B LH3eJbHOro aBurartesas, bap-
Kiau u cotp. [9] coobuuin 06 OfHOBpEMEHHOM ONpPCACJEHUH
AHHOHOB M KaTuoHOB, C Iejblo COKpalleHusi IepcoHaJa,
3aHATOTO NpoBeJeHHEeM aHaJu3a Ha COoJAcpXKaHHe aMMHAaKa
u cyibdara, Kaunrennun u Caisurrep [10] nmpeasioxuiau
NPHCOEAMHHTL K HOHHOMY XxpoMarorpady KOMIIbIOTED.
Oun coobmuan 0 DpPOBejeHHH B TE€UeHHe HECKOJbKHX Me-
caues GecmepeGofinoro aHamau3a o6pasnoB orpaboTaBIIHX
rasoB AH3€JLHOTO JBUTATEJS.

Hounyio xpomarorpaduio NPpHMEHAIA TaKKe AJA OIpe-
JleJIeHHsT KaTHOHOB H aHHOHOB B 00pasuax OTJIOXKEHHHU NPH
HCCJIEIOBAHHH 3arpsi3HEHHA aTMOC(ephl TENJIOBHIMU 3JIEK-
tpocranuuamu [11]. Jduas ananu3a KaTHOHOB Heo0XoAHMa
He3HAUHTEJbHAH TPE/IBAPHTENbHAS NOArOTOBKA 06pasLoB.
Harpuii, aMMouHH ¥ KaJuil yCrelno aHaJu3HpOBaH B KOH-
LEHTpaHAX 002 0,2 man~!. Onpenesnenue CJefOBHX (HA
yposhe 1 mJapa~!) KosudecTB KaJHs W HAaTpus B BOAE C IO~
rpemnocTbio  MeHee 10% ocymecrBuan Haganun u Pyi-
Mep [12]. Takywo TOYHOCTHL aHaJju3a OOpasHOB BOJLI, NHTA-
‘IOMIEH KOTJIBbI, 06ECHeYHJH ¢ [OMOILIbI0 KOHLEHTPHUpYIIeH
¢ KOJIOHKH.
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6.3.2. TipumeHeHne B NPOMBIIUNIEHHOCTH

HacTto BO3HHKaeT HEOOXOTHMOCTb OIPE/IEJIUTh COAEPKa-
HHE MAarHusi H KaJjbiUs B CHCTEMAaX OUYHCTKH IPOMBILILJIEH-
HBIX JABIMOBLIX T'a30B. D(PPEKTHBHOCTL OUHCTKH 3aBHCHT OT
KOHUEHTpaluu Maruusi. Kpome Ttoro, B cucremMax ABOHHOM
HIEJOYHOH OUHCTKH yBeJHUYEeHHE COJepKAaHUA KaJbIHUS NpH-
BOAHT K oOpasoBanuio B ckpy6Oepe oOTJIOXKEHHH B BHAC
CaS0O,. Belo mMoka3zaHo, YTO B 3THX CHCTEMAX OJHO3aps/I-
Hble KATHOHH (MarHui d KaJbLUHH) MOXKHO ONpPEACJIAThH NMPH
3JI0HPOBAHHH a30THOH KHCJOTOH H XJOPHAOM (HeHHJEH/H-
amMonnd [13]. Jlpyrue npumMeHenns Merojd BKJIOYAKT aHa-
JHU3 KaJapluda B MoJoke [14] u ompenenende HATPHS, aMMO-
HHS ¥ KaJHa B QPpyKToBHIX cokax [1].

[Tocuep [15] mpomeMOHCTPHpPOBAJS MPUTOAHOCTH KATHOH-
HOI XpoMartorpacun aJs aHaJHsa pasHoobpasHLx obpas-
1[0B, BKJIOYAIOUIAX KJEH, 3€PHOBBIE KYJAbTYPhI, COKH, MHTh-
€BYI0 CO/lY U APYyruHe IHIICBLIE KOMIIOHEHTLI, BUTAMHHBI H
NpOAYKTH Koppo3un. OH aHaJH3HPOBAJ COAepiKaHHe HaT-
pus, Kanus, Maruus ¥ Kanolusa. M3yueHHe IpOAYKTOB KOP-
po3uH, OTJAramliuxcs Ha meTatsiX JTEKTPOHHLIX CXE€M H
o6opyaosauus, nposen Ilcora [16]. Hakonen, B cTokax 3a-
BOIOB, MPOH3BOASAIINX MHHEpaJbHble YAOGpeHHs, Ompee-

Ja9au  HaThuu AaMMOHLET W Kanhyg TIVTeM AMHOHANORA I

‘‘‘‘‘ 4 4144 4 ll.l.l, CALYL I¥AVNSAALL KA AL AnCAVIALIL l‘J EL S Y \IVJ.A\.}C¢IJ\-JHHALIJII.

0,000 M asoTHO#l KHCJOTOH, a KaJbHHH H MAar"Hufd —
0,001 M xnopunom dennnenpnammonnsi. Ha Bropo#t cranun
aHaJH3a HYXKHO OBJIO MEHSThL UYYBCTBUTEJLHOCTb H3MEpH-
TenbHoro npubGopa ¢ 1 wa 100 MkOm—'.cMm~!) urobu obec-
MeUYHTh OJHOBPEMEHHOE OImpejeJeHue MAarHusi U KaJbIusd,
COOTHOLIEHHE KOTOPHX B 06pasue coctasisuo 1:170 [17].

6.3.3. MNpumeHeHHne B KIMHMYECKHX MCCReOBaAHMAX

ITepBoe Takoe mpumenenne {l] BKIMOUanso oIpeaeaenHe
HaTpus M KajHsg B CHIBOPOTKE KpOBH CO0akKH, a TakxkKe Har-
pHsi, aMMOHHsI H KaJHs B Moue, yejoBeKa. Jta pabora no-
Ka3aJa, uTo, MEHsSs YyBCTBHTEJILHOCTH JETEKTOPA, MOXKHO
O/IHOBPEMEHHO H3MEepAThL KOJHUeCTBA HATPHA H KaJaud Ha
ypose 4050 u 165 man~! cooTBETCTBEHHO.
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[

¢
$.4. HoBble pa3paboTku B KaTHOHHOM
Xpomarorpaun

v

. Tloka GbutH 3aTpaueHkl JHINL HE3HAUMTEJbHDLIC YCHIHS,
{ yTOOBI IIPHCIIOCOOUTL pPACCMATPHBAEMBLIH METOJl K aBTOMa-
* THYECKOVY OIIPECJACHHI0 HOHOB ABYXBAJCHTHBIX METAaJJIOB
* (332 HCKJIIOUEHHEM UIEJOYHO3EMENbHBIX MeTaJlIoB). DT0, Io-
“‘Bpw,HMomy, CBSI3aHO ¢ CYUIECTBOBAHHCM JPYTHX MOUIHBIX
;HHCTp}MeHTaJIbeIX MCTO/I0B aHaJaH3a, TAaKHX, KaK aTOMHO-
k::16cop61uf10HHaﬂ CIIEKTPOCKOIHUS, PEHTTeHOCTPYKTYPHBIA H
| crexTporpapuUeCKHi MeTObl, ¢ MOMOLIbIO KOTOPHIX MHOTHE
EI‘OILI)I NPOBOAAT 3(PPEKTUBHHN aHAJIH3 METAJNJ0B B IIHPOKOM
HaTepBaJse KOHUeHTpauHid. TeM He MeHee MONBITKH COBep-
HICHCTBOBATD OIipeAc/iCHHe LICJOUYHO3EeMEJbHBIX H BKJWYHTD
%B YHCJIO0 AHAJU3HPYEeMBIX JBYXBaJeHTHBLIC MEPEXOjHbIC Me-
TaJJbl NYyTeM BHAOU3MEHEHHSI CHCTEMBI JI0EHT — KOMIIEH-
%cauHOHHaH KOJIOHKA MpeanpHHuMaanch, Hanpumep, Hopa-
i Mefiep M coTp. [18] nHcmosb30BaMH SJIOLITLI, CO/AEpPKaBIUHE
M:OJIH OGapusi W CBHHILA, SJIeKTpOHPOBOILHOCTb TAKHX 3JI0CH-
?TOB cHuxaay ocaxaeuwem BaSO, wau PbSO, B kxomnen-
CaUHOHHOH KOJIOHKE €O ¢MOJo#H B cyandaTHolt dopme. Kpo-
LME TOro, ME¥K/y KOMICHCALHOHHOH KOJIOHKOH H JAETEKTOPOM
: IOMCINAIH KaTHOHOOOMEHHYIO KOJIOHKY co c¢MmoJoii B Ht-
¢ dopme. baaromaps aTof?I KOJIOHKEe 4yBCTBHUTCJBHOCTL METO-
»Jla yBeJiH4HBaJgach B 5 pa3 u OJHOBPEMCHHO B PeE3yJbTaTt
yMeHpllleHHst BJAHAHUS pH moBblasace CTabUABHOCTL HY-
JeBO# JIMHHU., DTH yCOBEPIICHCTBOBARMSA [O3BOJIHIH OJHO-
F*BpeMeHHo pa3feqauTb MAarHuil, KaJabluil H CTPOHIIUH H onpe-
§,lEJIHTb HX COJEpIKAaHHe, Craso BOIMOMKIBIM pasiejbHoe
onpeneiseune marnus (11), xexaesa (1), K06aJIbTa(H),

keast (11), mean (1), wnnka (I1) naum xkaamua (II). Ognako
Tel'IPHh HX DFI'?HQ_TIQHH_SI OKazaJach HQHOCTHTOUHOH I-I’I‘Oﬁl-ﬂ
“ffaHaﬂHz;HpOBaTb CMeCH MeTaJJioB. AHAJOrHYHLIE MpHEM HC-
Fllob30BaJy W TPH CO3AAHHE HOZATHOH KOMICHCAIHOHHOMN
CTHCTCMBl J1JI1 3JIHOCHTOB, BKJIOUAIOLIHX CBHHEL [19]. Cucre-
Ma [I03BOJIHJIA ONpeAcsaTb OapHid H yBeJHUHTb UYyBCTBH-
TeJILHOCTL aHasmuza meau. M B sToM ciyuae mexay KOMIIEH-
¢CAUHOHHON KOJIOHKOH H JAETEKTOPOM MOMEIlaJH CIEHaJb-
(Hyio  komonky. Ho ee samomusim cmosoit B OH -dopume,
¥Omnaronapst uemy d4yBCTBHTEJNLHOCTb 4dHAJH3a BO3pacTaJa.
O HoBpeMenno B Hefl 0CaXIAJHCh [EPEeXOJHble MeTaJJaH,
¥ROTOpLIe MHAYE MOMelUaJsH Obl ONPEICTEHHIO KaJbIlHs,

@w
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HeoGXxoaMOCTL, B CHEUHAJNBLHBIX KOMIIEHICAHHOHHBLIX KO-
JOHKAX, TO3BOJSIONIAX HCIOJb30BaTh KOHAYKTOMETpPHUec-

Py A TTTET N

KOo€ JCTEeKTHPOBAHHE, 34TPYAHACT ONPEACJCHHE HOHOB Ti-
XKeJelXx MerananaoB. Kornma Bosnukaer HeOO6XOZHUMOCTL B J0-
MOJHHTEJILHBIX KOMIICHCALHOHHBIX KOJIOHKAaX, TO Takas
CHCTEMAa CTAHOBHTCH CJHILKOM IPOMO3AKOH, a CONYTCTBYIO-
[He XHUMHYECKHE TpeBpalleHHss — OueHb cJaoXKHbMH. Oue-
BH/AHO, UTO KOMIIEHCAILHOHHYIO KOJIOHKY MOXKHO OyJAeT HCKJIIO-
YHUTh, eCand cepa KaTHOHOOOMEHHBIX METOL0B NOCTATOYHO
BO3PACTET. JTOr0 MOXKHO A0OHTBCH NyTeM NPHMEHEHHS ApY-
THX THIIOB JACTEKTOPOB, pPACCMOTPEHHHIX B IMl. 3 H 8, HJH
KOJIOHOK H 3JI0€HTOB, aHAJOTHYHLIX OMHCAHHHIM B HACTOA-
nled ryaee, HO ofeclleuHBAIONIHX H3MEPEHHE MHKOB IO CHH-
XKEHHIO 3JeKTponpoBoaHocTH. OAHOKOJOHOUHAS KaTHOHHAS
XpoMartorpagus B COYETAHHH C KOHAYKTOMETPHUECKHM Je-
TeKTHPOBAHHEM pacCMaTpHUBaeTCs B I 7.
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KOHAYKTOMETPHUYHECKASA
KATUOHHAS XPOMATOIPA®MA:
Il. OBHOKOJNIOHOYHBLIE METO1bI

Ha nonooOMeHHOJi KOJIOHKE CO CMOJIOH MaJjofl €MKOCTH
MOXKHO pa3fesHTb KAaTHOHLl MCTAJJOB H aAMHHOB H PErucT-
pPUPOBATb HX JACTCKTOPOM 3JEKTPOIPOBOAHOCTH, MPHCOCIH-
HEHHBIM HEIOCPEe/JCTBEHHO K KOJIOHKE. DJI0eHT MpelcTaBJsi-
eT co00li pas3baBJeHHBIH paCTBOD Aa30THOH KHCJIOTH HJIH
COJIH 3THJECHAHAMMOHHS, NMpHUYEeM IIHKH OIpejessieMblX Ka-
THOHOB BCCI'AA 3aMHCHIBAIOTCA KAK OTPUIIATEJbLHBIC (CHHXKe-
HUEC 3JEKTPONpPOBOAHOCTH). PaspencHue KaTHOHOB pPEKO-
3eMeJbHbIX H HCKOTOPHIX APYTHX METAa/I0B OCYIICCTBJISAIOT
B 3JI0€HTE, COAepKallleM TapTpaT-aHHOH HJH o-OKCHH300Y-
THPAaT-aHHOH.

Kpatkoe copepxaHue

Husi xpomaTorpadHueckoro pasiejeHHss KaTHOHOB pas-
paboTaH MeTOJ, aHaJOTHYHBIH METOAY OJAHOKOJOHOUHOI'O
pa3jeJCHHS aHUOHOB, ONMHCAHHOMY B INI. 5. Pasaensmouiad
KOJIOHKAa COJAEPKHT KaTHOHOOOMEHHYI0 CMOJY MaJod em-
KOCTH, IPUTOTOBJECHHYIO NyTEM OrPAHHYEHHOro CyJb(pHpoBa-
HUS YaCTHL INOJHMEpPHOH CMOJBL. OJIEHT INIPencTaBJseT
cobofi pasbaB/leHHBIH pacTBOp MHHEPAJILHOH KHCJOTH (Ha-
IpHMep, a30THOH) HJH 3THJICHAHAMMOHHEeBON COJH, PoHO-
Bas IPOBOAMMOCTbL TAKOIO 3JIIOCHTA JOBOJbBHO HH3K4, H II0-
9TOMY JI€TEKTOP 3JIEKTPONPOBOJHOCTH MOKHO YyCTdaHaBJH-
BaTh HENOCPEACTBEHHO MoOCJE pasjensiiomeii KOJAOHKH, T. €.
BTOpas (KOMIEHCAIIHOHHAS) KOJIOHKA He HYXKHA.

[Ipu mpoxoKAEHHH MHUKa 3JEeKTPOIPOBOAHOCTh Ilajaer,
1 1103TOMY THK SIBJISeTCsl OTPHILaTeJbHbIM. KosnHuecTBO ana-
JH3HPyeMBIX HOHOB JaHHOI'O THIA MPONOPHHOHAJBLHO BBICO-
Te NHKA, XapaKTePU3YIOLEro YMeHblUIEHHe 3JeKTPONPOBOL-
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FuocTH. KOHUEHTpaUMIO aHAJH3HPYEMBEIX HOHOB HaXoJsAT IO
FopHeidHoMy KaauOpoBouHoMy rpaduky. HyBCTBHTE/JIbHOCTD
£.9TOrO0 METO/a BLICOKA' MHOTHE KaTHOHBI MOXKHO OIpEIeNsATh
"B KOHIEHTpauuax Huxe 1 mup-l.

Hnsi paspieneHHss KaTHOHOB LIEJOUHBIX METAJJOB H am-
. MOHHSI IpeAlouTHTeJbHee pa3GaBjeHHas a30oTHAd KHCJOTA.
PasbaBjcHHBI pacTBOp HUTpPATa 3THJICHAHAMMOHHS DPEKO-

MOATTUATAT TGO NAFAaTAlIua watTuwauan wmarooald ITY 1 i
MCHAYCTCA AJ5 PASAC/JACHHA KA4THOHOB MdATHHA\11)} 4 [ApPY

FHX LleJOuHO3eMeJbHBIX MEeTaJIOB. leKoTopble KAaTHOHHI
_ ABYXBAJICHTHBIX H PEJKO3eMEJLHBIX METAJNIOB YAO0BJIETBOPH-
TEJBHO PAa3feasiloTCAd B CPeje 3JI0eHTa, CoaepKallero Ka-
» THOH 3THJCHAMAMMOHHSA H TapTpPaT-aHUOH JHOO O-OKCH-
* u300yTHpaT-anHoH.  [IpUBOAMTCA HECKOJBKO IPHMEPOB
¢ YCIIELIHOTO pasje/enus KATHOHOB UICJOUHLIX H UIeJOYHO-
: 3eMEJbHBIX METaJJIOB H aMMOHMSI B peaJibHBIX 00pasiax.

Ry 4T

- 7.1. BeBepeHue

Honoxpomarorpaduueckie MeTojbl, ONHCAHHbBIE B Ipe-
¢ bl ylIle#l Ty1aBe, MPUTOAHBL AJig Pas3/ieNeHHss HOHOB LIEJIOU-
fHBIX MeraJuioB, maruua (II) m JApyrux ImesouHo3eMesbHBIX
: METAJLJIOB, 4 TAKXKe KATHOHOB Pa3J/IHYHBIX MPOTOHHPOBAHHBIX
.. amunoB. Ilpu 3ToM KOMIIEHCAIHOHHYIO KOJIOHKY 3aIOJIHSIOT
., aHHOHOoOOMeHHo# cModiofi B OH™-dopme OGosbiioit eMKOCTH.
-OTa Bropast KOJOHKA npeiHasHauaercs [AJs HefTpaJu3alun

KHCJIOTO 3JI0€HTa, T. €. AJA CHHXKeHHsl (POHOBOH MPOBOIH-
mMoctH. C HCNOJNL30BAHHEM TAKOH KOMIICHCANHOHHOH KOJOH-
KM MOXHO aHAJU3HPOBATh TOJLKO TakKue o6pasubl, KOTOPhIE
COAEPKAT KATHOHBl METAJJIOB, HE OCaXKJaloUiHecs NpH B3a-
HMOJEHCTBHH € THADPOKCHJI-HOHOM B aHHOHOOOMEHNHOH KO-

Venex OJHOKOJIOHOUHBIX BAPHAHTOB aHHOHOOOMEHHOH
- Xpomarorpa®uu ¢ NpHMEHEHHeM AETEKTHPOBaHHA 3JIEKTDO-
npoBoaHoCTH (IJ. D) TOACKA3aJ OCYLIECTBHMOCTbL aHAaJO-
.THUHOH cHCTEMBI AJs pas/leleHHs HeOPraHHYeCKHX KaTHO-
L. HOB H aMHHOB, T. €. HEKOTOpPble BAPHAHTHl Pa3AeJeHHA MOXK-
"’HO OBlJIO Gbl OCYIIECTBHTH Ha KOJOHKE C KaTHOHOOOMCHHOH
» CMOJIOH MaJIO eMKOCTH B Cpele CHJILHO pPasbaBjIeHHOro
£3JI0eHTa, a pasjeNeHHble KATHOHBl PETHCTPHUPOBAThL JA€TeK-
TOPOM 31€KTPONPOBOJHOCTH, IOMeNlaeMbIM Ccpa3y MmocJe

a3nesAaoulell KOJOHKH.
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N Puc. 7.1. Paspenenne aurna (0,087
Na man~!}, marpust (0,26 man—!), awm-
Monus (0,22 man—!'), xkamua (0,31
mas—1), pybuaua (0,47 man~l) wu
nesus (0,86 muam—1) [I].
Cmona BN-X4, cMmemaHHasg ¢ HelTpans-
HOH CMOJOH B COOTHOWIeHHH 3:2 (ewm-

=
g K* gocTthk 0,017 M3KBR.-T—!); 3mweHT — 1,25%
=] X10—-% M a30THas KHCJIOTA, KOJOHKA
‘é‘; +|L-+ 300X2 MM (BHYTpeHHHH QIHaMErp); cKo-
=] NH[, L pocts noroka 1,0 Ma/mMuH.
- H
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o =
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Bpems, Mul

DT PacCyXK/AeHHs OKA3aJHChL BEPHBIMH, H B Pe3yJbTaTe
Oblj1a co3faHa ojHOKoJonounasa cucrema [1]. Pasgenenne
IPOBOASIT Ha MOJHCTHPOJLHOA CyJdbPHPOBAHHOH CMOJE HJIH
Ha CHJIHKareJje ¢ CyJb(PaTHLIMH OpraHHYeCKUMH IpPYIIIaMHy,
IPDHBHTHIMH K €ro MOBEPXHOCTH. HauayulllUMH 3J10€HTAMH
cefiyac CuyMuTamTcA pasbaBJieHHBIH PacTBOP CHJbLHOH KHCJIO-
Tl (HampHMep, a30THOH) M pa3baBJeHHBI BOAHBLIA PacTBOP
CoJIu 3THJeHAnaMMOHHA. XOpOUIEro KauecTBa pasfieJeHHnsd
JOOHBaNHCh TaKkKe B cpeje JI0EHTa, COAEPIKAIIEro KATHOH
3THJEHIHAMMOHHS B COYETAHHH C KOMIIJIEKCOOODPA3YIOUIHM
anpoHoM (Hampumep, tapTpaT-HoHOM). OcoGeHNHOCTL KaTH-
OHHOH XpomaTtorpa®uu ¢ JioOGbIM TAKHM 3JI0EHTOM COCTOHT
B TOM, 4TO pa3jesJeHHble KaTHOHBI PErHCTPUPYIOTCH B BHIE
OTPHLATEJNLHBIX MHKOB. ITO NMPOUCXOAHT MOTOMY, UTO KBH-
BajleHTHAs 3JEKTPOIPOBOJHOCTL JI0GOr0 OINpenessseMoro
KaTHOHA HHXKe, YeM 3JEKTPOIPOBOAHOCTL  IJIOHPYIOULEro
KaTHOHA,

Ha puc. 7.1 nmpuBesen npHMep I[OJHOrO pa3fejenus
HOHOB TNATH UIEJOYHBIX MeTaJJOB H aMMOHHSI B TEUCHHE
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fppuMepHO 8 MHH XpoMartorpaMma paclosioeHa Tak, Kak
Ji Obl OTPHIATEJNbHBIE THKH BOCIPOH3BOLHJIUCE OOBIUHBIM
p6pa3oM. UyBCTBHTEILHOCTh TOr0 aHAJH3a TaKXKe BIOJHE
fOCTATOUHA: KOHLEHTPAUHs KATHOHOB B 00pasile H3MeHseTCs
enr 0,087 man—! gaa gutus(l) no 0,86 mas—! gaa wmesus(l).

7.2. NpuHymMnbl pasaeneHus
17.2.1. Cmonw

biaaroaaps ycnemHoMy NPHMEHEHHIO B AHHOHHOH Xpo-
Ematorpaduy cMoJI, MPHrOTOBJEHHBIX Ha OCHOBe MaKpOCeT-

fuaToro mosmmepa XAD-1 ¢upmei Rohm and Haas, 6wuia

Ry o
npenanHHTa HOIIbITKA IIPHMECHHTEB CYJIbCpHPOBaHHbIH BapHu-

LaHT sToro copbenTta AJs pasaenenHss KatHoHosB. Onamako

SJIIOEHTbI Ha OCHOBe THAPOXJOPHAOB GEH3HJTPHITHIAMHHA,
f MHPHAHHA H XHHOJHHA M a30THOH KHCJIOTHI HE HaJH yAOBJET-
| BODHTEJBLHOTO pasjcJeHusl CMeCel HOHOB IIEJOUYHBIX K Ie-
£ JIOUHO3EeMEJIbHBIX METAaJJIOB.

' Dbuiu mpoBefeHbl  HCNIBITAHHA C HCIIOJNB30OBAHHEM pas-
[, JIHUHBIX 3JI0€HTOB M KOJOHKH, 3allOJHEHHOH uacTHnaMH
tecmoal Vydac SC auamerpom 30—44 MKM H eMKOCTBIO 06-
Bmena 0,1 maxs..-r~!. Ha 300-MM KOJOHKE B 3JIOEHTE
$.0,0015 M asorHoit KHCJOTB AOCTHTHYTO XOpollee pasfieJe-
EHHe HOHOB IesouHBIX Meranaos, OJHako creledn pasiede-
| HUS HATPUsl W JHTHA HEN0CTATOUHA, 4 AMMOHHH OTAEJNHTDb

OT HOHOB HATPHUS M KAJHsS He yAaJOoCh.

JanpHefilnag »KCIEPUMEHTAJNbHAS IIPOBEPKA MOKA3aJa,
4TO XOpollee KauecTBO pasjeseHHs MOXKHO NOJYYHThL Ha
KOJOHKAX C€ 4YacTHIiaMu ¢Ja6ocyabGhHPOBAHHOA CMOJIBL

i B pesysnbrare cynbdupOBAHHS B MACKHX YCJIOBHSX ChepH-
i weckuX wacTHl moJsuctHposta ¢ 4% nuBHuHIAGeH30Ja pas-
e.MepoM 20 MKM MOJYYMJIH CMOJY C HAaMJyYUIHMH Xapakre-
s puctukamu, Pasnesnenne, mokazauHoe Ha pHc 7.1, ocyuie-
¥ CTBJIEHO HA KOJIOHKE, 3AMOJHEHHOH CMOJOH HMEHHO TAKOIO
¢ THTIA.
Katnonoo6mennasi cM0J1a, HCNOJNbL3OBaHHAsi B NPHBEIEH-
i HOM TIpUMepe, NPHUroTOBJEHA Ha OCHOBE CONOJIHMEpPAa CTH-
“posa u ausHHUsIGen3ona BN-X4 ¢upmel Benson [2] ¢ nua-
& Metpom uactHy 20 mMxM. CmoJo0f, BHOpaHHOH B KadecTBe
P HCX0/1HOH, OOBIUHO IO/bL3YIOTCS B TIeJbIIpOHHKAIOLIEH Xpo-
E-Matorpaduu. CynbpHpoBaHHE CMOJbl OCYLIECTBHJIH IO ME-
trronuke Cmodna [3], no6aBasis 5 MJI KOHHEHTPHPOBAHHOH
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cepHOH KHCJOTH K 2 I' CMOJbL H MepeMelluBast CMech 15 mun
npu 100°C. Peakuuio npexkpauiany, 1o0aB/isis BOAY, 3a1eM
CMOJY OTMBIBaJH BoAoK H npomaHosom-2. Ilocsae BrIcyIuH-
BaHusi B TeueHHe HOoYM 11pH 60°C ompemgensiim eMKoCTh CMO-
JIbl, IlepeBOJAs H3BeCTHoe ee KoaudectBo B Li(l)-dopmy.
Ilocne npombiBku Jautnii(l) BHTecHAH H3GBITKOM KaJlue-
Boi coJd. BuiTecHenHoe koJudectBo JquTHd (1) omnpenmensiiu
C MOMOLIBIO KaTHOHHOH XPOMAaTOrpauu U PacCUHUTHIBAJH
eMKOCThL CMOJH. Buljin mpuroToBaeHH ABe MapTHH CMOJB —
eMkocThio 0,017 u 0,021 M3KB. -1}

Ha crenens cynn$upoBanus H CROACTBA  INOJYYEHHON
CMOJIB BJAHAIOT KOJHUECTBO BOABLI B CEPHOH KHUCJIOTEe, B3f-
TOH /8 MOAM(PHUUUPOBaHHA, CTCIEHb CIUMBAHUA MU Jpyrue
(pnu3nyeckne xapakKTepHCTHKH HCXOAHOH CMOJH, a TaKkKe,
BO3MOXKHO, ellle u HeKoTophle apyrue ¢axropu. Cefluac
caa6ocyﬂquposaHHbIe CMOJIBI, IIPHUTOAHBIE AJSA OJHOKOJO-

TMAYTTY I TTTITAT

HOYHOI XpoMaTor ya\.lmn, BBHIIIYCKAITCA TNPpOMBIIIJIEHHOCTBIO
[2,4].

B cooTBeTCTBHH ¢ M3MeHEHHEM eMKOCTH CMOJH OyieT
HECKOJbKO MEHSAThCS KOHHEHTpauHs 3JI0eHTa, Hy:KHasd HJs
KOHKpPeTHOro Xpomarorpaguieckoro pasnenenus. Hna cmo-
JH ¢ QoJbplIed eMKOCThIO Tpebyerca Gosee KOHIEHTPHPO-
BAHHBIHA 3JI0CHT, YCHellHO IPUMeHsAJach CMOJa C eMKOCThIO
o6Mmena okogao 0,06 MakB.-r~!, 0HaKO H3-3a JOBOJBHO BHI-
COKOH (OHOBOH 9JEKTPOIPOBOTHOCTH 3JIIOEHTOB 3Ta BeJH-
YuHa AJS HEKOTOPbIX THIIOB pa3jaesJeHus, I10-BUAUMOMY,
6a113Ka K BepxHemy npakrudeckomy npeneay. [locaenne
yCOBepIIeHCTBOBANHSA AeTeKTOpa 3JeKTPOIPOBOAHOCTH M03-
BOJMJAHU  YBEJIHUUUThH  JAONVCTUMYIO  (POHOBYIO  IIPOBOJH-
Moctb {4]. OPdeKTHBHYIO eMKOCTh CMOJB MOXKHO YMEHb-
IIATH No KpafiHeli mepe B 1,5 pasa, ecan cmeluiaTh ee co
CMOJION, He uMeollell QYHKUMOHAALHBIX rpynm. Torma Tpe-
6yeTcss MeHbllas KOHLEHTpauMsa JII0EHTa H, cleJ0oBaTelbHo,
JOCTHTaeTcsl CHUXKeHue (POHOBOH IIPOBOIAMMOCTH.

7.2.2. ImoenTsl

[Ipn pasjeneHHH HOHOB LICJOYHLIX METa/JIOB U aMMO-
HUsl 95Gh@deKTUBHBl JI0eHTbl, COoAepxKauHe HOH BOIOPOAA,
HanpuMmep pasfaBieHlble pacTBOPH a30THOH HJAH XJIOPHOH
KHCJOThI. KHcJble JI0CHTHL He JO0JdXKHBl COAepxKaTh HOHOB
JBYXBaJIEHTHBIX MeETaJ/IJ0B, KOTOphle MOTYT HaKalIMBaThCHA
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Ha CMOJle H «OTpaBJsaThy KOJOHKY. Ho Taxue 3a10eHTH He-
3 (pekTHBHE TIpH pas3je’eHHH cMecell KaTHOHOB jBYXBa-
NTeHTHHIX METAJJIOB, TAKHX, KaK MAarHHd U LIeJOYHO3eMeb-
Hble MeTaJanl. das pasjgeneHns [MIEJ04YHO3EMeNbHRIX Me-
ra/JyioB  PEKOMEHJVIOTCA  3JI0CHTH, cOjepxaliue COJH
n-perusnenanamMuta [5]. ABTOPB J0GHINCHL OYeHL XOPOILUEro
pazjaenenus ¢ M-(peHHTEHAHaMHHOM B KadccTBE 3JIOCHTA,
10 CTOJKHYJIHChH C HEKOTOPLIMH TPYAHOCTAMH, CBsA3aHHBIMH
> NPOAYKTaMH OKHCJICHHS 3JI0€HTa, KOTOpble cOpOHpYIOTCA
B HaUaJbHOM CJI0€ KOJIOHKH H € OOJBIIUM TPYIAOM YaaJsioT-
Cs M3 Hee, DJIIOEHTHI HA OCHOBe COJIM STHJeHAuaMuHa obec-
De4nJId Jaxe Jydllee KaueCTBO pa3jesieHus U He H3MeHHAJH
DKpaCKH CcOAEepKHUMOro KOJOHKH. IDTH TPHUMEpPH pa3iecJeHHS
1oApoOHO O6GCYKAAIOTCAd HuKe., IJIOEHTH ¢ STHJIEHIAHAM-
MOHHEBHIMHM COJIIMH [axKe mpu pa3baBieHHH TJI0X0 pasjie-
NAIOT MOHBI LWIEJOYHBIX MeTansaoB. TakuMm oGpa3oMm, pacTBO-
PHl HHUTpaTa STHIACHAMAMMOHMUSA INPHTOAHH AJA pasjeeHHs
CMeced MOHOB JBYXBaJEHTHHIX MeTaJssoB, a pa30aBJeHHBIH
pacTBop a30THOH KHCJOTH — HOHOB OJHOBAJCHTHBIX MeTaJl-
JOB. )

B saioeHT, cozepiKalluii STHIeHAMAMMOHHEBLIH KaTHOH,
MOXKHO BBeCTH KOMILIEKCOOODPas3yomui aHHoH, HalpHMep
TapTpar U okcHu3obyTupar. Pekomenganuu 1mo npuMeHeHHIO
TaKHX 3JIOCHTOB jlaloTes B pasa. 7.0.

7.2.3, O6bacHeHHe XPOMaTorpathmyeckMx NHMKOB

Pasneneniiple MOHH LIEJOYHBIX MeTaanoB (puc. 7.1 H
Apyrue TpejcTaBJAEHHBlE HUXKE DHCYHKH) pPerucTpHpyIOTCs
B BH/JEe OTPHIATEJbHBIX IIHKOB, OTBEYAJOIIHX CHHKEHHIO
saexTponporoanoctu, Ilpuunna o6pa3oBaHHA OTpHILATEJE-
MBIX NMHKOB 3aK/II0YaeTcss B TOM, 4TO SKBHBaJeHTHas 3J€K-
TPONIPOBOAHOCTh HOHOB JJOGOT0O 1IEJOYHOTO MeTassla HHUXKe,
YeM BOJOPOJAHBIX HOHOB asnawoelTa. B Ttaba. 3.1 ykaszanu
npefleibHble 3HAYEHUs YKBHBAJEHTHOH 3JeKTPOIPOBOLHOCTH
(Om—1.cm2.5xB.7!), paBaete 350 (H*), 29 (Lit), 50 (Nat)
u 74 (Kt). OxBuBasenTHass 3/eKTPONPOBOLHOCTS HOHOB JI0-
60ro M3 HCCJIEJOBAHHBIX JBYXBAaJEHTHHIX METAJJIOB HHIKe,
YyeM 9STHJEHJHAMMOHHEBOrO KaTHOHA, BXOJASILEro B COCTaB
3JI10eHTa.

B karuoHHOB xpomartorpauH, eclH aHaJN3HDPYEMBIR
pPacTBOp COJAEP:KHT HeCKOAbKo KartuoHos (S+, S+, S+
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auunyg (ST Tn waTUAULT VASNIKURAINOTH
o« il [# 8 L1 L JH\-‘B“‘-I;““IUL\;

MOHOOOMEHHHKOM, a 3KBHBAJEHTHOE KOJHYeCTBO 3JIIOHPYIO-
‘mero kKaTtHoHa E+ mnepexoaut B pacrsop. Karuon Et u
AHHOH S—, NOABJAAIILHMECH NPH BBeJeHHH obpasua, mpoxo-
IT yepe3 KOJIOHKY H NeTeKTOp B BHJE «IpOOKH» (XpOMma-
Torpaduyeckoit 30HH). Kak npasuao, ecam obuias KOHLeH-
TpauHus HOHOB B 00beMe 3TOH npoOKHu BhILE, UeM B 3JI0€HTeE,
(POpMHUpPYeETCs TIOJNOXKHTENbHBIH «ICeBIONHK» (<JOMKHBIH»
IIHK); eCJqH Ke OHa HHXe, UeM B 3JIOEHTe, «JOXKHHH» NHK
OTpHLIATEJIEH.,

[Tocse Toro kak npobka npoHjer AeTeKTop, HyJeBas
JUHHsA OBICTPO BO3BpalllaeTcs B HOJIOXKeHHe, COOTBETCTBYIO-
llee ducTOMY 3JoeHTy. OaHaro pacTBOpeHHHE KaTHOHHI
NOCTEIIeHHO NlepeMenaloTcs o KOJIOHKe, NBHXKUMEBIE BJHUS-
HUeM KOHLEHTPauHu 3JI0HPYIOLlero KaTHOHa Ha HOHOOOMeH-
Hoe paBHOBecwe. (CymMMapHasi KOHIEHTpAUHUsT KATHOHOB B
pacTBope YCTaHaBAMBAeTCs TNOJ BO3JeHCTBHeM KOHIEHTpa-
NHH 3JI0HPYIONIero KaTHOHA, NOCKOJBbKY aHaJH3upyeMHH
KaTHOH MOKeT NepedTH B XKHAKYI0 a3y TOJBKO B pe3yib-

mam r\nn:nrrr AN TATT Mooty DYDIIR A TTAITTIIATSN T2/ TTIT
J.(..ll.b 1J.U1 JlULl_LD HA lDLtJAUKI YaAourl SOADNDAQCYIGILLITVL Y KOJH

yecTBa 3JIOHPYIOUIEr0 KATHOHA. AHAJH3HDYyEMble KATHOHB
obnanalor Oojiee HU3KOH SKBHBAJEHTHOH 3JeKTPOIPOBOI-
HOCTbIO, yeM 3JIOHDPYIONMHH KaTHOH, NO3TOMY NPH IPOXOK-
JeHHH uepe3 AeTEKTOp 30HHl ONpefeNseMoro KaTuoHa, B
KOTOPOH 4YacTh 3JIOHPYIOUIMX KaTHOHOB 3aMelleHa KaTHO-
HaMH ¢ MeHbIIeH 3JeKTPONPOBOAHOCTBIO, NPOBOAHMOCTh
pacTBopa oKaxkercs HHxKe, V3meHeHHe 3J€KTpONPOBOAHOC-
TH AG onuchiBaeTcsl ypaBHEHHEM

AG oC (7\,5+ — 7\,E+) Cs (7-1)

rae Cs— KOHLEHTpauus aHaJH3UPYyeMOro HOHA, a Asy H
ARt — SKBHBaJIEHTHBIE 3JIEKTPOIPOBOAHOCTH COOTBETCTBEH-
HO 3JI0MPYEMOTO H 3JIOHPYIONIero KaTHoHoB, (AHajoruyHoe

YpaBHeHHe IJd XpOMElTOI‘pEl(pHpOBaHHH dHHOHOB [ypaBHEHHe
(R !7\1 NIDUBEJICHO B I'JI R \

L e N F Y

T 7Y 1 obrrun
ri r

d. Ay E VLI A

7.3. PazjeneHue MOHOB ULENOUYHbIX METannoB

XpomaTtorpamMmma Ha pHC. 7.1 mokasniBaeT, 4YTO HOHH
I eJOYHEIX MEeTaJJIOB MOXKHO OBICTPO B 3((QPEKTHBHO pasie-
JUTL ¢ IOMOUIBIO OJHOKOJIOHOUHOH XpoMaTtorpadHu B KHC-
JoMm aiioeHTe. Takoe pasjgesieHme ocylulecTBHan Ha 300-mM
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KOJIOHKEe, 3aIlOJHEHHOH CMechbio KaTHOHOOOMEHHOH CMOJIb
(emkocthio 0,017 mMakB..17!) u cmonrl, He umewomed (Qynx-
IIHOHAJBLHBEIX TPYHI, B COOTHOolleHww 3J:2. Takoro ke ka-
yecTBa pas3je/eHHs MOXHO JOCTHYB ¥ C OAHOH KaTHOHOOOMeH -
HOH CMOJOH TOH 2Ke HJAH JaKe HecKOJbpKo OoJpllled eMKOcC-
TH, ec/JM IIOBBICHTH KOHIEHTpanwio 3ameHTa. Ecrectsenno,
3TO NPHBENET K MOBHIIEHHI0 (POHOBOIl 3J€KTPONPOBOAHOCTH
H CHHXKEHHIO UYBCTBHUTeJBHOCTH onpenesneHuss. Oxnaxo GJa-
rojapsa 3HayHTeJbHOH pas3HHLle B IKBUBAJEHTHOH 3JEKTPO-
IPOBOAHOCTH HOHOB BOJAOPOAA H INEJOYHHX METAJJIOB
(pasa. 7.2) 4yBCTBHTENBHOCTh, K MOCHEIHHM Bce XKe Gymer
BIIOJIHE JOCTATOYHOH,

B psagxe peaspHblXx 06pasuoB ycnellHO OBIH OonpelesleHn
HaTpHA, aMMOHHR H Kaaui. Tak, XUMHYeCKH YUCTHIH XJOPHNI
MAarHusi pacTBOPSIIM B AHUCTHAJHPOBAHHOH BOJAE, PAacTBOP
BBOJH/IH B KOJOHKY ¢ HOHOOOMenHHkoM Vydac SC m smio-
uposanu 0,0015 M aszotHoit kucaoroii. Ha xpomatorpamme,
H300paKeHHOH HA puc. 7.2, HMeITCS MKW HAaTPHSA H KaJud,
cogepxanve koropuix pasHo 0,003 m 0,002% coorserct-
BeHHO. [IuK Maruus He peructpupyercsi, IOCKOJbKY OH
CHJIBHO YJepxKHBaeTcs B KoJdoHke. Ilpexne uem taxkas wme-
TOZHMKaA CTaHeT OCYIeCTBHMOH Ha npakTHKe, HYXKHO HaHUTH
crioco$ percHepallMy KOJOHKH, TOCKOJbKY MAarHHi mocre-
IIeHHO OyJeT cOoKpauarth Ty ee 4acTb, Ha KOTOPOH IIPOHCXO-
JHUT pasjesieHue Kajdus U HaTPHs.

ConepKaHue HOHOB LIeJOYHBIX MeTaJJioB B ofpasliax
BOJONPOBOJHON BOAB AHAJM3UPOBAJH HA KOJOHKE, 3am0J-
HEHHOH CMeCchl0 B COOTHOLIEHHH J:2 HeCyJab(pHpOBaH-
HOoii CcMOJIBI M KaTHOHOOOMeHHHKa eMKOCTBbIO OKOJO
0,02 M3xB.-T”! Ha OCHOBE CTHPOJI-IHBHHHJIGEH30JILHOTO
cononumepa. Ilpobur smoupoBann 0,00120 M  asornoi
Aucaoroii. Ilukn Ha XpomaTtorpaMme, IpeACTaBJIeHHOH Ha
puc. 7.3, o JHHEAHHIM rpadHuKkaM CTAHIAPTHHIX A06aBOK
COOTBETCTBYIOT COJepKaHHI0 B HCXOAHOM oOpaslie BOAH
14,3 mau—! narpusa, 0,45 man~! ammonus u 1,55 man~!ka-
Jausi. Ecin npoaonxkute 3J10UPOBaHHe a30THOH KHCJIOTOH,
TO NOSIBATCH PasMBIThle NHKH Maruus H KaJjbliHs. ¥ CTaHOB-
Jiego, yro BBOAOM Hopumu 100 mxa 0,2 M asorHoil kucJo-
THl NO OKOHYAHHH 3JIOHPOBAHHUS HOHOB IIEJOYHHBIX MeTaJ-
JIOB MarHui M KaJbIHH MOXKHO JIeTKO VAAJAHTh H3 KOJIOHKH.
HyneBas nuHua nocne takoro BBoAa oueHb GHCTPO BO3-
E,BpaHIEETCH K HODMeE, H KOJIOHKa TOTOBa K aHaJHu3y ciaeny-
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Puc. 7.2. Paspgeneune npumeceit Puc. 7.3. Pasfenenue HaTpHs, ap-
HATPHA W KaJusl B XHMMHUYECKH YK- MOHHA H KalHg B pa30aBleHHOH
CTOM XJopuae Mardus [1]. BOJOnpoBoAHOH Bome [1].

KartuonootMenHass cMona Vydac SC; Cwmoeaa BN-X4 cMmemanHas ¢ HeHTPalbHOR

sawenT — 1,5-10—% M asoTHas KHUCJAOTA, CMOJOH B COOTHOWEHHH 3:2 (eMKOCTh

cKOpocTh noToka 0,72 MJ/MHH; KONOH- ),017 M3xB,-r—'), sameHT — 1,25-10—% M

kKa 340X2 MM (BHYTpeHHHA J[HaMeTp)., a3OTHafd  KHCJAOTA; CKOPOCTh noTOKAa
1,0 ma/mMuH; goaouka 340X2 MM (BHYT-
PeHHHA JHaMeTp).

jonlero oOpasna BoAn. [lawke B ciayvae HOMOJHHUTENbHOTO
BBOJA a30THOH KHCJOTH /UISl IOITOTOBKH KOJIOHKH aHAJH3
Ha cojepiKaHue HaTpusl, aMMOHHS W KaJHs B BOJe 3aHH-

MOOT BOATN 1ﬂ RATILY
¥l L DVl v A J¥IF1dl,

C momoumblo KaTHOHHOH Xpomarorpaduu onpepensyiu
KOHLUEHTPAalUHUU HOHOB HEKOTOPHIX MeTaJJIOB B IHILEBHIX
NpoAyKTax M Hanutkax. Moubl MeTananoB BJAMSIIOT HA BKY-
COBble KayecTBa M CTPYKTYPY HeKOTOPBIX NPOAYKTOB NHUTa-
Hud, TIPU TIPOU3BOJACTBE KOTOPHIX YACTO HEOGXOAUMO pery-
JUPOBATb COJepKaHHMe OIpeleSleHHBIX HEOpraHuyecKHX HO-
HOB. [l KaTHOHOXpoMarorpaguyeckoro ananuza obpasiua
HY>KHO BCero JHIUb pa306aBuThb ero AHCTHIJIHPOBAHHON BO-
JOH W OTOHJABTPOBATH, YTOOGHl YHAJHTHL TBepble YacTHIH,
npespitatomue 0,2 mgM. Ecam ycranosurs b-cMm npegko-
JIOHKY, 3all0JIIIEHHYI0 TOH e CMOJIOH, YyTo M pasfensionias
KOJIOHKA, BpeMsi HOPMaJbHOH paboTHl mHocidenHedl Takke
MOXKHO mnpojJuTh. llpenkonoHKa IpefOTBPAaTHT 3acopeHUe
paslensiioulell KOJOHKH yacTHHaMH obpasua HAH «OTpPaB-
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Tabauya 7.1. Konnenrpauhm HarpHs, aMMOHHS, KaJdHd, Maruusl u
KaJIbUKS B HEKOTOPHIX OPraHH4YeCKHX NPOoAYKTax

Kounentpaunsi, Mmaa—1

O6pasen Nat NHZ K+ Mg2+ Caz+
Kpacuoe Buno 51 6,5 480 130 78
Benoe BHHO 25 6,0 340 54 63
Pom 3 2,0 2,5 1,4 2,5
Jluxep 18 4 8 24 0 3,7 7,3
KnenoBbiil cox 400 5,0 15 38 27
JIUMOHHBIH COK 76 33 510 72 96
Mosioxo 29 -noe 330 16 640 100 1110
MoJIOKO ¢ 1I0KOJIaJ0M 400 12 720 110 850
IleabHoe MoOa0KO 410 13 750 95 1040

PeprenTupoBanHoe GpoamibHoe cyc- 1010 18 1600  3¢0 14
Ja04

a [TprMepsl ONIpEEIeHds aHWOHOB CM. B pasjg, 5.7,

JIeHHe» ee B pe3yJsbraTe HeoOpaTHMOU CcOpOIlMH HOHOB He-
KOTOPBHIX MCTaMdJ0B JuOO opranudyecKUX NPOIYKTOR.

B rta6a. 7.1 npuBeleHb pe3yabTaThl xpoMarorpadude-
CKOTO aHaJ/IM3a COJIePXKAHMUS HaTPUs, aMMOHHMA, KaJaugd, Mar-
HUSI U KaJbllid B HEKOTOPBIX MPOAYKTAX MHTAHHUSA M HAIHT-
KaxX, a Ha puc. 7.4 —xpomarorpamma CTaHAapTHOrO pac-
TBOpa HaTPHusl, aMMOHHA H kKaama H pazbaBaeHHOro 006-
pasuna Gejcro BuHa. Ha xpomatorpamme BHAeH OBICTPO
HMIOUPVIOUIUHACH NHK HEU3BECTHOTO IIPOAYKTA, HO OH He Me-
IaeT omnpejaesJeHHI0 HOHOB HATPHS, AaMMOHHJ H KaJHsl.
Pasgencnue Tex e HOHOB B pas3baBJ/JeHHOM o0pasie
205 -HOre MoJIOKa TIpeacTaBJjeHo Ha puc. 7.5b. JIocKoJabKy B
MOJIOKe CcoJepiKaTcs TakyKe MATHHUH H KajbUHH, KOTOPHIE ¢
TPYZOM 3JIOHPYIOTCcsi pas3faBieHHO# a30THOH KHCJIOTOH,
OJsT OUMCTKH KOJOHKH TepHOJHuYecKH HeoO0XOAHMO BBOJHTH
100 mxn 2 M a3oTHOH KHCIOTHI.
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Puc. 7.4. Pasnenenne HaTpAf, aM- Puc. 7.5. Pasaenenue HaTpHsi, aMm-
MOHKMA W KaJusg B CTAHA4APTHOM MOHHA H XKaJHid B paBﬁaB.HEHHOM

pactBope # B pazbaBieHHOM OGe- 2%-noM monoxe,
JIOM BHHEC. YcaoBHS SKCIEepHMEHTA YKa3aHbl B MOA-
dawent — 1,5:10-3 M HNO;; ckopocTb nucu X pHC. 7.4
noroka 1,0 w™Ma/muH, cMoJa Benson
Alo4 (15 mum, 0,015 ™M3KB.»r—'); KO-

JOHKa 3502 MM; MKaJga YYBCTBHTEb-
HOCTH: JAerekropa 10 MB, camonucna
4 mB.

7.4. Pa3geneHuMe MarHva M HLieNoYHO3eMenbHbIX
MeTannos

Jaa pasgeneHuss KATHOHOB MarHHs, KaJdblHA, CTPOHILHS
H 6apus BIIOJHe IIPUTOAHBI 3JI0EHTH, COAEpKAIHe STHJEH-
AHaMMOHHEBYIO coJb. TUNNYHKA NpHMep pasjesieHus HOHOB
nokaszaH Ha puc. 7.6. YciaoBusi 3KkcnepuMenta nogobpaHsl
Tak, YToOn ofecneuuTh UeTKOoe pasjlelleHHe KaJbUHs H
CTPOHLIHA, NPH HeCKOJbKO 60JbIICH KOHIEHTPAaIHH 3JI0eH-
Ta NHK 6apus OyxeT MOSABJIATbCS paliblile H cTadeT GoJiee
octpuM. CieAyeT HANOMHUTH, YTO IHKH Ha XpOMaToOrpam-
Me OTpaXkafT CHHXKEHHE JIeKTPOIPOBOAHOCTH IO Mepe
YBeJIHUeHHS KO eHTpalHl HOHOB.
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Puc. 7.6. Paszpenenuye marnus (4,1
maa—l),  xampums (17,1 wmanr—1), T grl*
crpounus (50,8 mau—1) n Gapua =
(40,9 man—Y) [1]. E N
Cmona BN-X4 (0,017 m3kB.-T—1); sm0- <
edT — 1,0-10—% M uuTpaT 3THJAEHAHAMMO- T Caét 3
uusi  (pH 6,1); cxopocts moroka 1,0 @ M92+lg
MJ/MHH; KOJOHKa 3402 MM (BHYTPCHHHH = =9
AHaMetp). S =
=3 S
= . -y
=Y 2+ o
S Ba l
= '/\_,J
=
x
(=8
e
= ] ] ]
10 5 0
BpeMs, MUH

IlpoBeneno n3ydenue BJMsHHA Beauyunsl pH Ha paspge-
JenHe KaJjapnusd u maruus. llpu 3navenusax pH B untepma-
Jae 3,6—95,7 nosgsasercs gonoanutenbunit muk. [pn pH nu-
Ke 4,0 IONOJHUTENBHBIH NHK 3JIOUpPyeTcd Tepel NHKOM
maruus. Ilo mMepe yBenuuenua pH smioenra Bpems yaepKu-
BaHHUs 3TOro NHKa yBeawuuBanoch, npu pH B nHTepRase
4,0—5,7 on MoXKeT MellaTb pa3iesJeHHi0 MarHus H Kalb-
1us, BHle pH 5,7 nuk noasngerca mocJe NHKA KaJjbIHA
Au6G0 MOJHOCThLIO HcYeszaeT. Benmnunna pH o6Gpasua ompege-
JsieT HallpaBjeHue 3anHCH JONOJHUTENbHOro mnuka. Eciau
pH o6pasua npesrsiinaer pH sma0eHta, To 3TOT MHK Xapak-
TePH3yeTCcsd CHHXKeHMeM npoBoaumocTH. Ecam pH o6pasna
Huxe pH amoenra, To nUK Xapakrepusyercs BO3pacTaHH-
eM IIPOBOJUMOCTH.

IIppunHa BO3HUKHOBEHMS AONOJHHTENLHOTO IMHKa Hesc-
Ha, B YacTHOCTH, OH MOXeT OHTL OOycaoBJeH copOuuel H
JecopOudell 3THIEHAHAMMOHHEBOro 3JI0€HTa HOHOOOMeH-
HHKOM B pe3y/abTaTe BBeleHHs NpoOb U lepeMeUIeHHS ¢e
I0 KOJIOHKe B BHAe «mnpobGku». [lo3ToMy A0OnoJHHTENbHBIN
IMHK MOXKET OTHOCHTbCS K 3Ji0eHTy. Ha puc. 7.6 BHAHO, 4TO
9TOT IIHK perucrpupyercs npu pH smwoenra, pasaom 6,1.

ITonbITKH pasfgeluTh AMMOHHA M KATHOHBl  IHEJOUYHBIX
MeTaJJJIOB B 3THJEHAUAMMOHHEBHIX 3JI0eHTax (maxke CHIb-
HO pasbaBieHHBIX) OKasaJHCh TiLeTHHMH. Ilostomy Ans
paspenedus autua (1), nwarpua (I), xanus (I) u 1. 4. cae-
AyeT NOJb30BATHCS KHCJABIM 3JI0€HTOM, HalmpuMep a30THOM
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Puc 77. Paspenenne maruus H Xajb-

Mgt ; a
g uuss B paszfaBieHHoH  BOJOIIPOBOJHON
Boge [1].
-
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KHCJOTOH, a JAJsa pasjelleHHss KaTHOHOB JABYXBaJIeHTHHIX
MeTaJJI0B — JIIOEHTOM, BKJIOYAIOUIUM HOH 3THIEHIHAMMO-
nusi. Hduasg xpomatorpadupoBaHus cMeced KaTHOHOB IIDH-
roanel cmosibl Vydac SC u cyab(pHPOBaHHBIA CTHPOJI-1HBH-
HUI0eH30AbHBA CconoauMep, IpHYeM NocaegHni o0nuHo 60-

Jee 3 (PeKTHBeN H 4YacTO NPHMEHsJICH AJdd pasfieeHus.
CopmepXaHue MAarHus M kaJplus B BOJONPOBOIHOU BO-

S X Lavfadlrat, HEQ L ALXLJL o a Anavl

ne MOYKHO IIpOaHaJH3uPOBATh JIETKO H 6bICTpO. Ha puc. 7.7
npuBegena xpovarorpamMmma paszGaBlIeHHOH BOAOIPOBOIHOM
Boabl. AHa/nu3 MeTOAOM CTAaHAAPTHBIX J00aBOK II03BOJIHJI

N AARNAITTA 1T WAIITITATT .
ylenUDYllD "'JllU D HCyaDUqDJlCHHUlVI. UUPCI.O jERw DUADI nwuwnjiceIni=

TpallMyd MarHug W KaJdbuus pasHsl 14,4 u 45,0 mag! coor-
BeTCTBEHHO.

B numeBnX NpoOAYKTax M HANMUTKaxX, MIOMHMO HaTpHsa H
KaJusi, OIpeleNsiJid cofep:xKaHue KajdblHAg H Marbus
(1a6n. 7.1). PasgeneHue KajbllHfg ¥ MarHus NPOBOAHJIH
nocje pazbapieHus o6pasloB IHCTHAJIHUPOBAHHOH BOJOH.
SnoeHT (HUTPAT STHAEHIHAMMOHHA)  HCIOJb30BAJH, IO
CYIIECTBY, B TeX e YCJOBHAX, YTO H B OCTAJbHHX CIyYasix
AHAJN3a 3THX KAaTHOHOB,

7.5. PazgeneHue KarTMOHOB aMMHOB

MetooM OZHOKOJOHOYHOM HOHHOH xpomarorpaduu
MOXKHO onpenensaTb H aMuHbl. Jag 3TOR nead NOIXOJUT
KHCJBIA 3JI0€HT, HAllpEMep a30THas KHCJI0Ta. DoJbIIHHCTBO
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AMHHOB o0pasyeT OJHOBAJIeHTHble KaTHOHBI, 0&Jajaloline
CPOJACTBOM K KATHOHOOOGMEHHOH cMOJe, He CAWIUKOM OTJH-
yaloUHMCsi OT ¢cpOJACTBa HOHA Bojopoaa. Ilpum BHecenun B
IOTOK KHCJAOTO 3JI10eHTa aMHHBl B OCHOBHOM MepexoasiT B
Takie KaTHOHH, KOTOpble yjaercs pasjiensTh. Kartvonw
AMMHOB HMelOT CYLIeCTBEHHO MEHBIIYI0 3KBHBAJCHTHYIO
3JeKTPONPOBOJAHOCTL, YeM HOH BOJAOPOJA4, H MNO3TOMY HX
MOKHO JEeTeKTHPOBAaTh € BBHICOKON YYBCTBHTEJIHLHOCTHIO.
IIpumepr pasjieneHHsi KAaTHOHOB aMHHOB IIOKa3aHLl Ha
puc. 7.8 n 7.9. BuaHo, 4To pasjpeneHue IIPOUCXOAHUT OBICT-

NH,OH *
CHaNHy" ' NH,CH;OH *
|
" (CHy)NH
)
lD —
=4 3
= 8 "
o = NH,NH3
2 =
I\ A
Sl JU
L | | | ] ) ] |
0 3 6 9 0 3 6 9
' Bpema, MuH Bpema, mun

Puc. 7.8. PaszneneHHe MeTHaaMHu-

Ha (3 maa~') u puMeTunaMuHa
(1 mar—1y,
Yenosus  3KCnepHMeHTa VK434HB B

NOAIHCH K pHc. 7.4. °

Puc. 7.9. Pasagcnenne rmapoxkcui-

amuHa (4,9 mua—1), N-MeTHATHA-

poxcunamuHa (5,6 man—!) H THA-
pasura (3,0 ma—!).

Ycaosusi 3KcnepuMeHTa YKasaHo B
NOAMMCH K pHE. 7.4,
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po, H NpH HEOOXOAHUMOCTH Jierko OOGHApYXKHTb AaMHHBI B
CBEPXMAJIBIX KOHUEHTPAIHIX.

B raba. 7.2 npuBeieHB! HCOpaBJICHHBIE BpeMeHa yHep-
XKUBAHMA pAlla KATHOHOB aMUHOB. [lss cpasHeHHST TaM XKe
npUBefieHbl BpeMeHa YAE€PXKHUBAHAS KATHOHOB LUQJOUHHIX
MeTaJ10B. AMUHBI RAIOT pe3kHe MHKH, 3a HCKJIOUEHMEM
KaTHOHOB, CconepKalliux GoJpuloe YHCJIO aTOMOB Yriaepoja
B MOJIEKYJIe.

B03MOXKHOCTH KATHOHHOH XpoMaTorpa¢ud INpHMeHH-
TeJbHO K pa3jiefeHHI0 aMHHOB H@OFpaHHTIeHHbI, 31 nosmMy

T‘I'_ ﬁ{'\ﬂ' [ANER A AR FE AT I{

™ P\rr\f‘\n' nﬁnor‘mu NITD
D viudito ainpun

7
D Fi1uUn Uuvidviln widbhay Tt

JoBaHtud,

Tagruya 7.2. Henmpasiennple BpeMeHd yJepKUBaHHA KATHOHOB aMHHOB
M UeJOYHBIX MeTa 0B Ha KaTHoHooGMeHHoH cwmode Benson A104
(0,015 m3ke-r~1) B 0,001 M asorHoH KHc/loTe

Henpasnennoe Bpems

KatHoy YAepKHBARHS, MHH

Ammonus 4,25
Metunamuna 3,11
Humetunamina 4,64
HustunamMmuna 7,364
Tpuatnaamuna 9,024
SranosaMuHa 2,91
H-Byrmaﬁnﬁa 17,952
uapokcunamuna 3,66
N -MeTunaruipoKCHIaMUHA 4,92
Duapaauna 5,97
U,HK.noreKchaMHHa 27,20
Iuprauna 11,252
JIm'HH ) 1,77
Harpua 2,68
Kamsa 5,87
Py6unus 6,93
Heaus 8,74

4 Muk ¢ pasSMeITOR 3aAHefi Tpandlied.
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7.6. PasaeneHMe Ha OCHOBE pa3iMuMH
B 06pa3oBaHMM KOMNNEKcoB

PaccmoTpeHibie 0 CHX TOp pasfelieHHss KATHOHOB OCY-
LIeCTBJISIOTCS 6iarofnaps pasjduydsgM B CPOACTBe pPasHLIX
HOHOB K KaTHOHOOOMEHHHKY., YUHCI0 KaTHOHOB MeTaJlAOB,
paslefsieMbX C I[OMOULBLI0 TPaJHUHOHHOH HOHOOOMEHHOH
xpoMarorpauy, [OBOJBHO oOrpaHH4eHHO. JlOHmoJHHTE/b-
Hble BO3MOXHOCTH MeTOJA CBSI34aHBI C IIPHMEHEHHEM 3JII0CH-
TOB, 00JMaAAKILAX H30UpaTeJhHOH KOMILJIIEKCOoOOGpasywllei
cnoco6HocThio. [lepsplie HIarm B 3TOM HAIlpapJeHHH YiKe
cpenansl [6]. B aToM paspene npHBOAATCS IpUMephbl pasje-
JIeHHs] KAaTHOHOB PAa3JIHYHLIX METaJJIOB B Cpele 3JII0eHTa,
cojiep:kalllero KaTHMOH 3THJACHAHAMMOHHUS H TaprpaT-aHHOH
UJIH 0-OKCUH300yTHPAT-aHHOH.

7.6.1. CywHocTh npouecca

Kominiekcoob6pasywoiuit jgurang L2~ mo/KeH cMelaThb
HOHOOOME@HHOe PaBHOBeCHe, YaCTUYHO o0pasyst KOMIJIEKC C
MEHBLIIUM 3apsaoM JaUG0 HezapskKeHHBIH KOMIJIEKC C Me-
TAWIOM. DTO NPUBOAHT K YCKOPEHHIO 3JI0MPOBAaHMS HOHA
MeTadn)4a.

Cmona — M2F . DAL %Jf' < Cwmoya — 3] H§+~{— M2t —" - MI

iA¥Ya 1 Saf i s’

COOTBETCTBYIOUIUI JIMraHO, a TaKXe KOHIEHTPANHI H
pH samenta caepyer BHIGHPaTh TakuM o6paszoM, uTOOHI

fNgRL TINTAND MMaTaATTITAT B O TITIOow o ﬁr_rna TANTaAOTALIIN MTTa.
LODAAOD GUVUIIVED VICLIAviviUD D AVHNIUIVICHRLL UDLJIAd AUvl AlUTinng wiid

Goil. Ecin XKe 3Ta CBA3b CJAHIIKOM CHJLHAS, TO CKOPOCTb
lepeMellleHusT HOHOB OyJeT CJAHUIUKOM BRICOKA U pa3jiescHHS
He IpOH30HIeT.

Hass 3((peKTUBHOTO 3JIOUPOBAHHS HOHOB JABYXBaJeHT-
HbIX METaJ/JIOB HYXKeH TaKOH KaTHOH, KaK 3TUJEeHIHaMMOo-
nuuH., I10aTOMY KATHOHBI ABYXBaJEHTHBIX METAJJIOB fApPEBOC-

vATHA Al AYvIATCa n rnoroe 9 N, 1n—3 ;\A mammama omTT TIOaTT
AVALGS SUIIVH P YIVLIL B CPVIY VT Y 17k 1ap11.}a1a 21JICr=

AHAMMOHHA, HO HE€ B CpeJlie 3JAK0€HTA, HPHUTI'OTOBJCHHOTO H3
BHHHOKHCJOTO HATPHS HJIH aMMOHHA.

1.6.2, DnioenTH!, coflepaliMe AHHOH
BMHHOH KMCnoTh! (tapTtpaT)

boliio nokasaxo, 4ro Aasi 3h¢eKTHBHOrO pasfeseHus
HEKOTOPHX KATHOHOB JABYXBaJEHTHHRIX MeTaJJIOB HYXeH
sawenT, cogepxamuin 2,0-10-3 M raprpara srunenguam-
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Tabauya 7.3. HchopaBaeHHbie BpemMeHa yJepXXHBaHus (MHH) HOHOB
npu monposanun 2,0-10~% M pacTRopoM TapTpara 3THJIEHIHAMMOHUS
B 3aBHCHMMOCTH or 3Havenns PH [6]

pH
Hown
merasta 3,0 ‘ 3,5 ‘ 4,9 ] 4,3 ‘ 5,0 ’ 6,0
Mg(11) 1,6 2,8 2,7 2,7 2.6 3,0
Zn(1D) 3,3 2.8 2,3 1,8 1,6 3,0
Co(11) 3,7 3,3 2,9 2,7 2.5 3,2
Mn(11) 4,2 3,8 3,8 3,6 2.5 5,2
cd(I1) 5.2 4.7 4,7 4,0 4,2 6,2
Ca(1T) 7.5 7.3 6.5 5,9 5.8 5.5
se(11) 11,8 11,8 10,8 10,1 9.8 10,7
Zn Co Zn Co/Mg
Mn | Mn
T I
S Ca
=3
=
& *; I
= cd C"“
o
3 .
pe onl
S
(]

P sr b s¢

< Beod npodul

1 [ 1 1 | | 1 L

36 9 2 0 3 6 9 12
BpemMA 3AHUPOBAHUS, MUH

Puc. 7.10. Pasjgenenre HOHOB ABYXBAJEHTHBIX METaJJO0B.

Kosonka 3502 mMm (BHyTpeHHu#l AmameTp); cMona ¢ emkocThio 0,059 M3KE.-r—!
H pasMepoM dacTHIl 20 MkM; siameHT — 2,0-10—% M pacrTBop TapTpata 3THAeHAHAM-
MoHHA (pH 4,5); KOHUeHTPallHs KaxXJoro HoHa 20 Muaa—l.

or | . Baod npodot
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MONHS. BbIUHC/Ienust KOHCTaHT HOHU3AUMH NTOKA3hIBAKOT, YTO
sruaenanamud npu pH 5,0 ¥ HUXKE TONHOCTBIO IIPOTOHHPO-
Bad (DJAHZ ). Beiin n3mepensl HCIpaBJeHHBIE BpeMeHA

yAepXHUBaHHs HeCKOJbKHX HOHOB METAaJ]/JOB B 3aBHCHUMOCTH
ot pH snwentra (taba. 7.3). Iloytn Bo BCex ciaydasx Bpe-
MeHa yaepxXkuBanus npu pH B mHTepBase 5—6 Bo3zpacTanu.
Bosee Toro, B 3TcM HHTEpBaJc MNOABJAAIOTCS HECKOILKO He-
GOJIbIIUX HOCTOPOHHMX TNHKOB. Kak mpaBHiO0, HAWJYYUIHE
pesyabrarel gocruranycs npu pH 4,5, u mosromy aas pa6o-
Thi Gbls1 BEIOpaH COOTBETCTBYIOILHUY Oydep. _

Pe3kce nameneHve BPeMeHM YAepXKHBAHHS 110 Mepe yBe-
mudeHua pH obwapy:xedo aas csunna(ll). Tak, npu pH
3,5 ucupaBieHHBIe BPEMeHA YAeP:KHBAHUS COCTABJAIIOT AJS
crpouuusi (11y 11,8 mun, a ans ceunna(ll) 18,3 mun. Ilpu
pH 4,0 stu Bpemena pasunl coorBercTBedno 10,8 u 10,0 muxy,
a npu pH 4,5 — coorsercreenno 10,0 u 7,1 MuH, uro obec-
neyuBaeT Xopoliee pazjaeneHue  CBUHIA H  CTPOHIUA
(puc. 7.10).

Qa wr 1 5 g
JATEM BCOJAHYYRY pxl ﬂOﬂﬂ,Epm‘”HBaﬁH paBHOH s,
3

HEeHTpauH 3TUAEHANAMMONUA — paBnod  2,0-10-

A
a

Tabruya 7.4. UcnpasieHHble BpeMeHA ylepkuBaHus (MUH) HOHOB
NPpH 3JOHPOBAHHH pPacTBOpoM, coaepxamum 2-1073 M 3THIeHIHaAMMOHHS
H pasjHuHble KOHUeHTpauu# taprpar-auuona (pH 4,5) [6]

Kounenrpanusi raprpara, 1073 M

Hon

meTasna’ 0,0 1,0 2,0 l 4,0
Mg(1ID) 2.7 2,5 2,7 2,5
Zn(11) 3,2 2,1 1,8 1,3
Co(IT) 3,7 3,0 2.7 2,1
Ni{Il) 3,75 2,5 2,1 1,6
Mn(II) 3,75 3,5 3,6 3,3
Cd(11) 5,2 4,3 4,0 3,4
Ca(ll) 7,2 5,9 5,9 4,7
Sr(1T) ' 11,2 9,9 10,0 8,3
Pb(11) — 11,1 7,1 4,1
Ba(lI) 34,1 30,6 3,60 25,1
4 He nosyuent! nuk® aaa clegyoumes rpymmsl Metaamoe: Al(IIDy, Cu(Il), Hg(liy,

U(vI).
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Puc. 7.11. Paslleflenre HOHOB BOCbMH PeJKO3€MeJbHBIX MeTasioB (YyCno-
BHA 3KCUepHMEHTA YKasaHnl B MOANHCH K puc. 7.10).

KOHIIEHTPALMIO aHHOHA BHHHOH KMcJOTHL Mensau. Hcnpas-
JIeHHble BpeMeHa YAepKHUBAHHUS, NpUBeAeHHBle B Talbua. 7.4,
IPAKTHYECKH YKa3bIBAIOT HAa OTCYTCTBHE H3MEHEHHH HAJd
marnus (I1) ¥ gump HA He3HaudreNbHBlE H3MEHEHHS %
HOHOB OGOJIBUIHHCTBA METAJJIOB B HHTEPBAJe KOHIEHTPanu
(1=4)-10® M raprpar-audona. MHcopasiennoe Bpems
yrepxuBands cBuHua(Il) mo Mepe yBenHueHHsT KOHIEHT-
paidHd KHCJIOTHOrO OCTaTKa OLICTPO YMEHBLUIAJOCK.

[TorenudaapHple BO3MOXKHOCTH KOMILIEKCOOGDa3yIOUUX
3JII0EHTOB B KaTHOHHOH Xpomarorpaduu INpoaeMOHCTPHpPO-
BaHHl Ha pHUC. 7.11, rae nmoxkasaHo pasjaenedyie HOHOB BOCHbMH
pelkKo3eMeJbHBIX MeTaJlJoB.

7.6.3. Dn0€HTBI Ha OCHOBE (-OKCMHM3IOMACAIHOM KMCNOTHI

DJI0EHTHl TOTOBUJH, CMELINBAs pPa3JHUHLIE KOJHYECTBa
ITHJIEHIHAMHHA C o.-OKCHU3OMACAAHOHN KHCJOTOH H JOBOXAS
pacteop mo pH 4,5. McnpasiienHHe BpeMena yiaepxKHBaHHs
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Tabauya 7.5. WUcnpasaednsie BpeMeHa yaepXHBaHHUA (MHH) HOHOB NpH
9JIOMPOBAHMH pacTBopoM, coaepxamum 2,0-10-2 M sTureHanaMmoHus
g 2,0-1073 M 2-0Kcn30o0yTHpaT-dHHOHA, B 3aBHCHMOCTH OT BeJHYMHEI

PH [6]
pH

Uon meraana? 3,0 ' 4,0 5,0

- Mg(1) 2,8 2,7 2,6
Zn(11) 3,5 3,2 2,9
Co(Il) 3,5 3,5 3,4
Ni(I1) 3,7 3,5 54
Mn(I1) 3,9 3,9 3,7
Cd(11) 5,1 5,1 3,8
Ca(11) 7,2 6,9 6,7
se(11) 10,0 10,7 10,5
Ba(Il) 31,5 30,5 —

8 He nonyuens! muku s clegylowmer rpynme Meraamor  Al(IIL), Cu(Il), Hz(lI),
Pb(II), U(VI). ’

K4aTHOHOB pfAAA IBYXBAJEHTHHX MeETAJJOB MNpHUBeIeHLl B
taba. 7.5. PaszneieHnHe HOHOB JBYXBAaJEHTHBIX METAJIJIOB
OOBIYHO TIoJIyuaeTcss He CTOJb XOpOLIMM, KakK B cJaydae
TApPTPAT-aHHOHA, OJHAKO 3JIeHTH], CoAepxkKauide OKCHM30-
Oyrupar-aHUOH, HMEIT I[PeHMyIIeCTBO NPH pa3fes]eHUHH
perKo3eMeNIbHBIX MeTaJJyoB., XpomartorpaMma Ha puc. 7.12
JaeT IpUMep BLICOKOKAUECTBEHHOIO pa3/iefleHHss MOHOB Ce-
MH COCeJHHX PeAKO3eMEeJbHbIX MeTaJJoB, HEeCMOTPS Ha TO
YTO NHKH, 3JIOHPYIOIIHECs NOCAeLHUMH, 3aMETHO acHMMeT-
PHYHEL.

7.6.4. 3aknmouenpue

IlpencraBiennnle B 3TOM pasjene pPe3yJabTaThl SIBASIOT-
csl NpeJBapHTeJbHBIMH, HC OHH [OKAa3hIBAOT pPeajbHOCTb
IPUMeHeHHs JeTeKTopa 3JeKTPOHPOBOAHOCTH JJs1 XpoOMaro-
rpauueckoro aHaju3a KaTHOHOB METAJJIOB, KOTZA 2JIOEHT
COIEPKHUT KOMILIeKCooOpa3yIoluil peareHT. DTH pe3yJabra-
THl IIOKA3BIBAIOT TaKikKe, UYTO C NIOMOLIBI0 KAaTHOHHOH XpoMa-
TOTPa(UU U KOHIYKTOMETPHUYECKOIC AETEKTHPOBAHHUS MOK-
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Puc. 7.12. Paspeseune HOHOB CeMH pPeAKO3CMEJbHBIX MeTaJLJIOB,

SaoeT — pactsep 4-10—3 M sTunenadaMuna/3-10—3 M Q-OKCHH3OMAaCJ/IsSHON KHC-
aotu (pH 4,5) (ocTannpHple yclioBug 3KCIepPHMeHTa yKazaHhl B MOJIHCH K
puc. 7.10).

HO aHAJIH3HPOBATL KaK HOHK IEJOUHBIX H LIeJ0YHO3eMeJb-
HBIX MeTaJJIOB, TAK U KATHOHH APYTHX MeTaJsioB. [Ipuuem
NpeACTaBaAseTCsS BO3MOXKHBIM HOGHTHLCST HaxKe JyylleHd cre-

ITCHU pasjiesieHusl,
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\. Fritz J. 8., Gjerde D. T., Becker R. M., Anal. Chem., 1980, 52,
1519.

Benson Company, P. O. Box 12812, Reno, NV 89510, USA.

. Small H. J. Inorg. Nucl. Chem., 1961, 18, 232.

Wescan Instruments, Inc. 3018 Scott Boulevard, Sanla Clara, CA,
95050, USA.

Small H., Stevens T. S., Bouman W, C. Anal. Chem., 1975, 47,
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Sevenich G. J., Fritz I. S. Unpublished work.
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MOHHASI XPOMATOTPA®USA B COUYETAHWMM
CO CNEKTPODOTOMETPMUYECKUM
M DNEKTPOXMMMUYECKUM
RETEKTUPOBAHUEM

ITpuvennrebHo K HOHOOOMEHHOH Xpomatorpa(puu o0-
CyXKAaeTCsi IPUMeHeHHe CIeKTPO(POTOMETPHUCCKOrO H 3JEKT-
POXHMHYECKOr0 METOAOB jereKTHpoBaHud. llpuBoasarcs Hi-
JIIOCTPAaUUM, MNOACHAIINHe OOlHe NPHUHUHINBL M METOAHKH
pasaeneuus,

Kparkoe copepixanue

CrnekTpoOTOMETpHUCCKHE H  3JIGKTPOXUMHYECKHEe JeTeK-
TOPLI OTJIHYAKTCSI H30UPATCALHOCTBIO M IO3BOJAIOT pado-
TaTh ¢ BLICOKHMH KOHIEHTpauMsiMmu 37i0eHTa. C IlpHBJeye-
rueM onyOJHKOBAaHHBIX JAHHBIX N0 paclpeje’cHHIO HOHOB
Ha MOHOOOMEHHHKAax BLICOKOH eMKOCTH paszpaborTaHo G0Jib-
o€ YHCJA0 AHAJHMTHUECKHMX MeTOANK Ha uX ocHoBe. ClekT-
podoTomMeTpuyecKe AETeKTOPbl 0GeCledyuBaloT yCAOBUS A1
NPHUMCHEHHS CTYNEHYATbhIX HJAH JUHeHHbIX rpPajgHeHTOB CH-
JIBl 3I0€HTOB,

B riase paccmarpuBalOTCs npHMepbl pasieseHus 10JH-
¢docharos H apoMaTHdecKnx cyiab(onarcoB. C mMoOMOLIBIO JH-
60 anuono-, anbo KaTHOHOOGMEHHON XpoMmaTtorpaduu yia-
€TCsl Pa3fenHuTL KOMIJIEKCH MEeTaJIoB C XJAOP-HOHOM. Bua-
TOAApPS TIHATEABHOMY BLIOOPY yCa0BUH COPOUIHMU U 3JIOHPO-
BaNHs, a TakKe YCJOBHH JeTeKTHPOBAHHUA yAaJjoCh CO31aTh
NpaKTHYeCKH cllendpryeckye MeTOLUKH aHaJjH3a KeJje3a H
cBuHia. Jlo6aBasisi B 3/I0€HT OpPraHHYeCKHH PacTBOPHTEID,
MOXKHO H3MEHSTh CEJEKTHBHOCTh HOHOOOMEHHHUKOB IO OTHO-
HIEHHIO K KOMIIJI€KCAM XJIOPDHIOB MeTaJlJOB.

CrnektpodoToMeTpHUeCKHe U 3JeKTPOXUMHYECKHE AETeK-
TOPHEl MOXKHO CA@JIATL HEeCeJCKTHBHBIMH, €CAH ROC/Ae KOJIOH-
KH BBOJHTH pearedThl obliero HazHaueHus. 3jaecb o6Cyx-
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[AIOTCSl 00JIACTH IPUMEHEeHHS 3THX METOMOB H NPHBEACHO
HECKOJIbKO TIpHMepoB cAend(dudeckux H HecCHeuuPpHYeCKHX
METOAHK aHaJaH3a.

8.1. BeeaeHme

CrnexTpooTOMETPHUECKHE H 3JEKTPOXHMHYecKHe Je-
TeKTOPHl WIHPOKO HCIIOJB3YIOTCS JAJIsi PerHCTpalHd HOHOOO0-
MEHHOTO pasjiesieHdst. biarogaps CeJIeKTHBHOCTH 3THX Jie-
TEKTOPOB BO MHOTUX CjyuasX MOXKHO paGoTarh C BHICOKHNMH
KOHUEHTPaUHAMH 3J10eHTa, KOTopble Oosee NDOAXCHAT s
OObIYHBIX CMOJI C BRICOKOH €MKOCThIO, H NOJIL30BATHLCA (0i1b-
UM 00beMOM HaKOIJICHHBIX AAHHLIX 110 HOHOOGMEHHOMY
pasiesenuo (ria. 2).

Jpyrum npedMyLIeCTBOM H306HpaTEJILHOTO JHeTeKTHpPOBA-
HUs IBJASETCS BO3MOXKHOCTh IPOTPAMMHPOBAHHSI CHABL 3JH0-
eHTa. JTO CO3AAeT YCIOBHS AJs 3JAIOHPOBAHHSA aHAJIH3HPYe-
MBbIX MOHOB ¢ CYLiecTBeHHO pa3JHvaluMHcsa Kos(pundeH-
TaMH CEJeKTHBHOCTH B IPOUECCe OJHOTO 3KCIePUMEHTA.

B . 2 yXe paccMaTpUBaAUCh IPHHUHIBI pa3ieseHusd,
a TaKk4% THNH HOHOOOMEHHBIX CMOJ, TPUTOAHBIX AJS 3TOH
meJsid, |asd a1, 3 o6CyKJaNuch TPUHIUNBE PaboThl ACTEKTO-
pos. IloaTomy B nacrosiiefi rjiaBe npHBeeHBl JULIb Xapak-
TEPHBIQ NPHUMEPH pasfiefleHHH, a Takke HIJIIOCTpallMd, na-
JoulHe npepcrasiaeHde o6 o6JacTd NpHMeHEHHS CeKTpodo-
TOMETPHYECKOTO H 3JIGKTPOXHMHUYECKOTO JeTEeKTHPOBAHHS B
YCIOBHSIX AHHOHO- M KaTHOHOOOMeHHON XpoMarorpadui.
O6cyxpanTes obuHe TPUHUMIE U BAPUAHTH HCHOJbH30BA-
HUS 3THX METOAOB, & IpPH HeoOGXOAHMOCTH IPHBOAATCA H
0COGEHHOCTH KOHCTPYKIHH 11pUGOPOB.

8.2. Pasnenenue B couetanum

€O CNEKTPOhOTOMETPUUECKMM AETEKTMPOBAHMEM

B.2.1. AHnMoHOOBMEHHOe pa3zaeneHMe HeMeTannop

O6biunble, He comepiKalyie METAJJIOB AHHOHE, Takde,
KakK HUTPHT, HHTPAT, OPOMHA, HOAHL M AP. MOKHO HEMNOC-
PeNCTBEHHO JeTeKTHPOBATL CIEKTPO(POTOMETPHYeCKH B 06-
aacta 190—220 um (ra. 3). Ho BoamoxHOCTH npsaMofl pe-
FUCTPALVH OTPAHHYEHBI, IOCKOJbKY HEKOTOphle OpPraHHye-
CKHe BeIeCTBA MOTYT MeMlaTb ompexpetenuw. Taxk, cyabdar
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Puc. 8.1. XpomartorpamMma cumecu mnoaudocdaros [1].

¥onouka 100X4 MM (BHYTp HHHB HOHaMeTp), 3alodHeHHaR aHHOHooémeHHoﬁ CMOJM0H

DA-X8& ¢dupMbl Durrum; 3JI0eHT — XJOPHA HaTpus (C TpajHeHTOM KOHIEHTPALWH)

B anertatHOM Oydepe (pI—I 4,5): ckopocTs mHoToka 0,33 ma/mun. Iluku: I — opTo-

docdar; 2 — nupoboedar; I — tpudocdar; 4— TeTpad)ocd)aT 5 — nenradrocdar;
6 — rexkcadochar; 7 — remacpoccbaT; 8§ — oktadocdar,

M XJ0pui AeTeKTupyloTcs ¢ tpyfoM. Crea [1] omucan pas-
JleneHne u IpsiMoe onpeaeseHde PAAA apOMAaTHYECKHX CYJb-
¢onartoB. EMy ymanoce pazienutb CMeCH MOHO- W gH3aMe-
LeHHbIX GeH30/10B, (eHoJgoB, GHpEHUIOB U AUPeHHJIOKCH-
JIOB B 3.110€HTe C TPaJHeHTOM KOHUEHTPaLUH XJ0pHja JIHTHS

AT ruTa ma [ R M Atwmann 3TOrQ THIIA abIanamT BRICOKUM

L1l VYl N Wy, The A RMLLEINLLIN LWL LE31i0 VU viQialials 1 BFAS s AL LTa

CPOJACTBOM K HOHOOGMEHHMKY, YTO HHOTJAA 3aTPyAHAET HX
s10upoBane. IIpd npuMeHeHUH CJ1a6OOCHOBHOTO aHHOHO-
o6MeHHHKa ¥ CMecH BOJBl, AaueTOHHTPHJAa H METaHoJa
(1:1:1) B KadecTBe 3JIIOEHTA CPOJCTBO 3THX AHHOHOB CHH-
xaeTcd. Oprandyeckasi COCTaBJAAKILAA TAKOr0 3JI0EHTa
cHuxKaer rugpopoGHoe B3auMojeHCTBUE HENOJNAPHOH OCHO-
BH 00pasua H CMOJHL. HpH 3TOM C yBeJHYeHHeM AO0JH Op-
raHHYecKoi COCTaBJAKLIeHl BpeMeHA YAEePKHBAHHSA YMEHb-
HIAI0TCH, a IHKH CTAaHOBATCS Gosee cuMMerpHyHbIMH. IToa-
HOCTbLIO OTJeJIeHHbie APYr OT Apyra IHHKH PerHcTpPHPOBAJH B
uHnTepBaje A Boan 340—380 Hm, npHueMm pasjpesieHue
3aBepuInoch yepes 30—45 mun.
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[Toaudocdatei NPUMEHSIOTCA B KHAKHX YI00pEHMAX B
KavecTBe cTabuauszaTopos. Hduigep u corp. [2] paspabora-
JU METOIMKY HX ONpPEIeJCHHs ¢ MOMOIIBIO HOHHOro o0MeHa
yTeM IepeBojia B COOTBETCTBYIOLIHE IIPOHM3BOAHBIE MNOCIE
KoJMoHKH. Tlosyuennas UMH XpoMaTorpaMma INpHBEACHA Ha
puc. 8.1. Ilocieko/oHOUHBIE PeaKUHH 3aMETHO YCI0XKHSIOT
npouecc paszaeneuus. llosudocdarsl BHaUase THIPOIHIO-
BaJud B oprodochopHyd (Hid noandochopHylo) KHCIOTY B
5 H. CepHOH KHCJIOTE € IOCJAeIYIOUUM HarpeRaHueM CMecCH
B Tpyb6ke o 90°C. [locile oxya)KaeHHss B IOTOK BBOJIHJIU
MOJHOAT BaHAAUS H H3Mepsjid morJoiienue npu 420 nm.
OnpepesseMple MOHBl THAPOIU30BaNU U oxqaaxgaan 10 mum,
1 elle 2 MHH HeoOXOAHUMH A o6pa3oBaHusa okpackH. Me-
TOAUKA OTJAUYAETCss CHEeUUPHYHOCTHIO H XOPOIIHM KauecT-
BOM Das3jleJICHKs, XOTd IIOCJeKOJOHOUHBE IIpeBpaleHUst
3aHUMAIOT JIOBOJIbHO MHOI'O BPEMEHHM.

8.2.2. AHHOHOOBMEHHOE Ppa3fieneHHe MeTannos

Pasjgenenne HOHOB METAJJIOB Ha aHHOHOOOMEHHHKE OCy-
llecTBisiercs: Gsarofapsa CeJeKTHBHOMY O6pa3oBaHHUIO aHU-
OHHBIX KOMILJIeKcOB. CIUCOK CoeAHUHCHUH, 06Pa3YIOMUX KOM-
maekcr ¢ MeTaaaamy, skawovaer HCl, HF, HBr, HI, HSCN,
HoSO,4 u HoOp (ra. 2). Vagauubie paspgesneHHs MeTalIoB
IIPOBEACHBl IPU HCHOJNB30BAHHUU XJOPHUCTOBOAOPOIHON KHC-
JoTel. OHa sABAdETCA OYEHb NMOAXOASAINEH CpeNof, NOCKOJIb-
Ky pPacTBOPSAEeT MHOTHe MerTaJbl, He MeHee BaxHO H TO,
uyTo OHa o0pasyeT ¢ MeTaJslaMH KOMIJIEKCHI, KOTOpBIE je-
TEKTUPYIOTCs B yJabTpadHojeToBOI o6JacTH cnekTpa [3].

AHNOHOO6MEHHYIO METOAHKRY QIpeAeeHa Keje3a npej-
Joxuiau Cefimyp u corp. [4]. Ha puc. 8.2 nana THnuuxas
XpoMarorpamma Ttakoro onpepciacuusa. sKejeso (III) wua-
Kannpaan u3 6 M xjopuctoBonopogHOil KHCIOTH B He-
Gosb1I0l KOJMOHKe ¢ aHHOHOOGMeHHUKOM A-26 dupmbe Rohm
and Haas. B srGpauubix yeaosnsax Menp (I11), koGaaer (I1)
H MHOrue Jpyrue MeTasibl He yaepxusawrcs., Cenek-
THBHOCTb CMOJIBL IO OTHOLIeHHIO K Keyiedy (III) gocraTouno
BHICOKA M NO3BOJAET KOHUCHTPHPOBATHL HOHB B pasfeds-
IolLell KoJoHKe M3 o0pa3ua ofbeMoM g0 10 M. Ecau 3atem
B KaueCTBe 3/10eHTa BHOGpath 2 M HCI, 10 Xese3o 3aioun-
PyeTcsd KOMNIAKTHOH 30HOH. B »THX yC/I0BHAX 3Kel1e30 naer
ABa Maxkcumyma norvoueHuss (mpu 240 u 340 mu), Ho guas
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Puc. 8.2. Xpomatorpaduueckoe onpelenenue xemaesa [4].

O6paszsey, HBC 8A (773 Mr/80 ma); oGneM npoGn 2,34 MJ;, CKODOCTh I[IOTOK2
6 M HCI 3,0 ma/mun.

paboTH TNpeANnouyTHTeNAbHee OOJbliasd AJHHA BOJHBI, IO-
CKOJIbKY B 2TO# 00JaCTH NMOIVIOIIEHHE CBETA MOHAMH APYTHX
MeTasa0B CxkasbiBaerTcss Menblie. Takum obpasom, usdupa-
TEJ1bHOCTh METOAMKHU aHaJH3a Keje3d OIpeessercs pas-
JUYUSAMU B COpOLUM, IJMIOHPOBAHUHM U JAETCKTHPOBAHHH HO-
HOB MeTasan0B. [lo onmncaunHofl meroarke ObLIM IpoaHaJu-
3UpoBaHbl 00pasllbl U3BECTHAKA, IlecKa, aJIOMHHHEBOrO
crjaBa H iHOpTJaHj-ueMefita, npepocrasJjeHHbie Hanuo-
HaapHbIM Otopo cranpaptos CHIA, u moaydenn pesyJbra-

THI TIDEeROCYOTIHD corJjiacvinimnecqa C ONMVOITUKRKOBAHHLIMIT
¥ LTINS L vida ~

A LFL xS A A LN i S L EAN 4 LLN Fis A3 LA AL ILIZWWS RS AL AL ALY
’ I’ J 1Lk J

L aHHBIMH.

Merojuka ananuza cBUHA [D] OTIHYAETCS OT METONHKU
anajusa ejesza TeM, UTO CBHHeL KOHIEHTPUPYIOT H3 pas-
OaBJsieHHOH XJlopHCcTOBOAOpoaHoH Kucaoth (0,5 M) u orae-
JS10T 0T GOJMBIIMHCTBA METAMJIOB, a 3aTeM 3ywoHpyloT 8 M
HCI. Metoguka nmpaktauecks cnenuduuxa, Jadlb cepeb-
po(l) u pomnii(Ill) Beayr ceba auanoruuHsiM 0OGpa30OM.
Komniuieke cBuuna (Il) ¢ Xg0p-HOHOM HHTEHCHBHO NOIJIOLLA-
eT u3ayuenue npu 272 uMm (MOASApPHBIA KO3(PHUHEHT NOrJIO-
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Tabauya 8.1. Onpenenerne colepxkalus CBHHLA B 00pa3uax
HayuoransHore Giopo craupapros (HBC) (5]
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CBUHUOBBIHA CILIaB A48 I1OALUIMITHU-
KOB

Mertaan Aad M3TOTOBJAEGHHS CTaH-
JapTa YHUHH

JIncToBasg Menb

QOJ0BSIHHBI CILJIAB 151 [TOIIHITHH-
KOB

Maprannosucras 6ponsa

53 B 84,4 85,0 +0,7 1,3
124 d 5,20 5,18 —0,4 0,95

37 D 0,94 0,9 41,1 1,05
54 D 0,62 0,61 —1,6 1,64

62 B 0,28 0,28 0 0,0

mwenus pasen 15000). Meronuky npuUMeHHJH AJs aHAJHU3a
psija cTaHAapTHBIX 00pasloB, BpeMs ONpedeSeHHsT KOTOPHX
He npesBHIafo 8 MHH. Pe3ynbrathl aHaJU30B pHUBEEHDI

B8 TadJ. 8.1.

KOMHJIGKCI)I HEKOTODBIX MeTanJoB C XJOpUAOM YAEPKH-

BAalOTC AHHOHOOOMEHHHKAMH CTOJIb POYHO, YTO HX 3JI0U-

Cr (I
PIV)

|
v

02M 35M| 1.0 MHCL
HCL Het | Memason
H 1

0 5 10 15
Bpems, Mur

Au()

Onmuueckas naomroCmb

l<—Bg0d npodel

Puc. 8.3. Pasgenenune xpoma(III)

(2,0 mr), naatuuer (IV) (39 Mxr) u

sonora (I1I) (7,8 Mkr) ma aHHoHOOG-

medunke XAD-4  emkocteio 0,21
M3kB,-r—1 [6].
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Puc. 84. Pasgenenne Mmumbsaka(IIl) (50 mxr), Bucmyra (II) (2,5 Mkr)
u cypembl (11T} (250 mxr) [7].
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npo6el 50 MKJA; ckopocTh notoxa 4 M HCI 1,0 Ma/MHH; AeTeKTHPOBaHHE Ha JIJAHHE
BOJIHEl 225 HM.

pPOBaHMe 3aTPYyAHUTEJLHO J160 BoBCe HCBO3MOxKHO. Hanpu-
mep, naanaaui(Il) ¢ CHIBHOOCHOBHOTO AHHOHOOOMEHHHKA
C BBHICOKOH €MKOCTBIO 3JIOHpPYCeTCs NpH Nponyckanud 12 M
HCl, a nis vM3BJeueHHS XJIOPHAHBIX KOMIJIEKCOB TIJIaTH-
uel (IV) u 3osora(lIl) gacro DpUXOAUTCH CXKHUrath CMOJAY.
Kospdhuuuente pacnpefe’eHnss HOHOB METAJI0B HHUXKe Ha
CMOJ1aX C MCHbLIEefi eMKOCTBIO, H 3TO NO3BOJsIET 3JIOHPO-
BATh MHOTHE MeTaJlJBl, KOTOPhIE OOBIYHO HU3BJIEKAIOTCS HJIO-
xo [6]). Ha puc. 8.3 nmpeacraBieH npuMep OTjAeJeHHsT NMJIATH-
et (1V) u 3ogpota(Ill) or xpoma(lll) wHa cmone ¢ em-
kocthlo 0,21 m3ks.-r—!. BMmecte ¢ xpoMoM 3JIOHPYIOTCA
mapranen (IT),  xkeneso(Ill), wHuxeas(Il), wmenn(ll),
crpornui (1), kobanwr(Il) u gpyrue Meranas. UtoOn
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ocJabUTh YaepKHBaHHE XJOPHAHBIX KOMIJEKCOB, B 3JIO-
eHT MOXKHO A00aBJATh XJIOpHYIO KHCJIOTY. Ilepxsopat-HOH
Jayullle, ueM XJOP-HOH, KOHKyDHDYeT 3a HOHOOOMEHHBIE
LLeHTPLl, U 3JI0MPOBAHHE MOHOB MeTaJJIOB NPOHCXOIUT OhI-
crpee. Ha puc. 8.4 noxkasan npumep paspedernus, LJs OCy-
L[ECTBJIEHHUS KOTOPOTO K 3Ji0eHTy, conepxasiemy 1 M HCI,
nodasuin 4.5 M xiopHO#l KHCIOTHL. Takasg go6aBKa MOXKeET
06/1erUNUTh 3JTI0HPOBaHHE ¢ aHHOHOOOMEHHBIX CMOJ maJljia-
aua(ITy, moatune (IV) u prytu (I).

WNuorpga npu aHajdu3e XJOPUAHBIX KOMILIEKCOB MeTaJl-
JioB [0, 7] u3MeHeHHe KOHUEHTPAUHH 3JIIEHTa CONpoBOXKiaa-
€TCS PE3KUM CMellleHHeM HYJeBOH JHHHH. 11pH cTynmeHuaToM
H3MCHCHHUH KOHIEHTPAlHHU XJOPHCTOBOLOPOAHOH KHCJIOTHI
¢ Oojsiee HHU3KOH Ha OoJsee BBHICOKYI TOABJIAETCA OTPH-
HaTeTbHBIH MUK, a OpPU nepexoge K Oosee HU3KOH KOHLIEHT-
palu — noaoxuTeJpHbl, OTpHUaTe bHbie CMELIEHHd HY-
JieBOH JIMHHH B MeHBLIEH Mepe CKa3plBAIOTCs Ha onpeje- °
JICHUH.

8.2.3. KatuoHoo6meHHoe pa3feneHnme

Pasnenenve u crnekTpodOTOMETpHUECKOE ONpeleeHne
LIeJTOYHO3EeMeJIbHBX METaJIJIOB NPOBOJMIN B Pa3jUUHBIX yC-
JoBuax sxcnepumenra. Ppury u Cropu [8], a Taxxke Apry-
37510 [9] pekoMeHTIOBaJ/H NPOBOAUTL Pa3feleHHs Ha CMOoJe
C HM3KOH €MKOCTBIO, a JAETEKTHPOBaHHE —— IPH BBEJCHUHU B

TIOTOK TOCJIe KOJIOHKH 1iBeToO0pa3ylllero peareHra apce-
nas3o(l). Oanako 3euxu {10] gobasasan useroolpazyiouiui
pearent xuopdocdonazo(Ill) HemocpeacrseHHo B 3J10-
enr — 0,7 M pactBop  cyibOCANTHUMIOBOR  KHCJIOTHI
(puc. 8.5). B srom ciyuae cMecHTe/bHAs KaMepa He HYXK-
Ha W Upowe pery/aupoBarth BeduunHy pH pacrsopa. Kou-
LeHTPauHua 1BETOOOPa3YIOIero, peareHTa J0JKHA ObLITh HA
ypoBHe 5-10~5% M, yro0b ana/JHsHpyeMBie HOHB He AaBaJIH
60OJIBIIOTO KONMYECTBA KOMILIEKCOB H He CJAMIIKOM OBICTPO
JIIONPOBATUCE H uTOOH rapaHTHPOBaTH TpedyeMyl YyB-
CTBHTE/BHOCTL anaJ/u3a. Tako# Noaxox He pemaer mpobie-
Mbl ONpeAeJieHHst MarHHusg, XOTA AJA APYrHX MeTaJlJIOB OH
OKa3bIiBA€TCsl BIOJHE HNpHUEMJEMBIM. PasjenedHe Maruuda d
Kajbuud, npemioxennoe @puruem, Ctopu u Apryaao,
IIPOTEKAET MEJEHHEE, HO NOABEPIKEHO MEHBUIEMY BJIHSHUIO
Mellalmux (aKTopos.
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Puc. 8 5. Pasneaenne maruus (1,0 mkr), kanbuus (0,08 Mxr), crpoHuus
(0,24 mxr) u Gapusa (0,38 mxkr) [[O].

dawent — 0,7 M pactsop cyindoCaqHINIOBOA KHCAoTE ¢ 5:10-% M xsnopdocdo-
Hazo(IIl}y (pH 7,5).

Hcnoap3oBanie CneXTpodOTOMETPHUCCKHX JETEKTOPOB B
Hen30HparesibHOM pexXkuMe pabOTH HATJAAAHO AE€MOHCTPHUPY-
er mpumep paspedaeHus 13 janrtauuaos, onucanHbii CropH
n ®puruem [1l]. Baaropaps co3pandio JHHEAHOTO rpaji-
enra pH or 2,9 no 4,5 npu smouposanun 0,4 M pacrsopom
o,-OKCHH30MACASHOH KHUCJAOTHL HA METPOBOH KOJOHKZ C Ka-
tHoHoOOMenHIKOM Dowex 50X 8 pocturHyra BhiCOKas 3¢-
dexTUBHOCTD paszjaesieHus. LlBeTooOGpasyiomuM peareHToM
CAVIKHI BOAHO-aMMHAUHBIH pacTBOp 4-(2-MHpHAHIA30)-pe-
sopuuHa. Paspenentie 1HJI0OChH OKOJO 4 u.

BricoxoadekTupubie cMoab padoraldT HAMHOrO Jy4lle,
Eupuyk u Kaccugu [12] ony6iHKOBa/IM HECKOJBKO NpHMe-
POB TOUCTHHE BHIJAIOIUXCA Pa3feeHHd pelKO3eMeJbHAIX
MeTaJsJIoB (OAMH M3 HUX NpeacrasJeH Ha puc. 8.6). Ouu uc-
noJp3oBand kKatuonooOmenuuku Partisil-10 SCX, Nucleo-
sil-10 SA u Aminex SA. Bemuuuny pH anwenra nogaep-
JKHBAJH paBHOH 4,6, a KOHUCHTPALUHUIO OKCHH30MACJsSHOH
KAcJa0Th nporpammuposaiad ot 0,005 mo 0,1 M. Ora mero-
JHKa BIIOJIHE NPUTOAHA JJIST ONPEAeJCHUS CBCPXMaJblX KO-
JIMYeCTB HOHOB MeTasuwIoB (Ha YPOBHC NMHKOrpaMMOB B | MJI)
mocsae NPeABAPUTENBHOTO KOHLIEHTPHPOBAHUA HX Ha KOJIOH-
Ke n3 npod obvemom 10 100 mu.

B03MOXKHOCTE peryJMpoBaHHsA CEIEKTHBHOCTH KaTHOHO-
COMCHHBLIX CMOJI MO OTHOLIEHHIO K HOHAM METaNJIoB C TO-
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Puc. 8.6. Pasjenenue nantanunos na cmose Aminex A-5 (pasMmep 3epeH
13 mxm) [12].

DIoeHT ¢ TPAJAHEHTOM KOHOEHTPAUHH o-OKCHH3aOMacaaHol# kucnotet ot 0,17 jpo
1,0 M, HetrextupoBaHue pasAeseHHBIX HOHOB HpH 600 HM nocae DEakKuHH ¢ apce-
Hazo(l).

MOLIBIO OpraHHuYecKHX pPacTBOPUTENEH TPOAEMOHCTPHPOBA-
AU HeCKoJbKo aBropoB. @puru u Cropu [8] BOCmOJIL30OBA-
JUCb CMEChIO aleToHHTpHAA H BogHoro pacrsopa HCIl anas
pasnenenus uueka (I1), ceunna(Il), wmegu(ll), wmaprasn-
mallly u vuwena (11Y Q naﬁ'nmo [12] Ka MuufTT\ muur {T1Y

il \.I..l} IL FLrLIMNWVLFL J.J. y LW AW LW l.j_u ILLV,IIIII. , AL Kl \.lj_" y

*Keyeso (I11), CBHHeu(II), Menb (11), KoﬁaﬂbT(II) U Map-
raden (II) paspenuan cMecblo XJOPUCTOBOAOPOIHON KHC-
JIOTH ¢ IpomaHonoM-2 uad aueronoM. Ilo mMepe yBennuenns
KOJIMUEeCTBA DACTBOPUTENS JIOHPYIOIIAS CHJAA  3JK0€eHTa
BO3pacTaer. IJTo NPOUCXOAUT TOTOMY, YTO OpPraHHUYeCKHe
PDACTBOPHTENH, KaK TPaBHO, CNOCOGCTBYIOT 00pa3oBaHHIO
60JbLIOTO YHC/Ia aHHOHHBIX KOMIJIEKCOB METaJJIOB C XJOp-
HOHOM H 0c1a0JasI0T B3aHMOACHCTBHE MeTajja C KaTHOHO-
o6mendoit cmogofi. Kapamy [14] ony6iukoBasg o8HpHOE
HCcCleA0BaHUe BJHAHUS OpPraHHYeCKHX pacTBopHTesei, Ta-
KHX, KaK 3TaHoJ, NponaHoJ-1, nponaHoJ-2, terparuapody-
paH, ﬂumemﬂcvﬂbq)omm, JUMeTH/I(opMaMu M alleToH.
Haunbosee xopouo cnocoGerByer 06pasoBaniio KOMILIEKCOB
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Puc. 8.7. Pasnenenne Cd(II), Zn(II), Fe(IIl), Pb(1l), Cu(ll}, V(IV),
Ni(ID), U(VI), Co(II), Fe(Il) u Mn(II) [14].

CMona amGepant 200 (pasMmep sepen 25—30 MkM); oOGbem mnpodn 0,2 M.

¢ xjopuaoMm aneroH. Ha puc. 8.7 mokasaHo pasjenenne Je-
BATH MerasiloB. CMOJBEL ¢ MaKpoceTyaToH CTpyKTYpOH, IO-
BUAUMOMY, 00sanaioT Haubodapllell TpOYHOCTEI0O H HAUMEHD-
el cTeneHbl0 HalyXaHWa U CxKaTHsA, XOTA pazieieHHe HO-
HOB TakKoro OOJbLIOrO YHUCAA MeTaJJIOB B OJHOM 3KCIHEpH-
MeHTe §IBJSAETCS 3HAUUTENbHBIM JOCTHXKEHHeM, HeoOxoau-
MOCTb YacTOH CMEHH! 2JI0eHTa NPensATCTBYeT LIHPOKOMY HC-
[I0Jb30BAHUIO HTOTO METOJA.

B.2.4. PazpeneHne Ha XenarHMX cMmonax

XeJslaTHble CMOJIBI OGBIYHO 006J1a1a10T BHICOKOH CeleKTHUB-
HOCTBIO, HacTo cMona yjaep:KHBaeT MOHH OJHOTO HJIH ABYX
MeTaJJIOB H NO3BOJSALT OTARIATL UX OT OCTAJbLHBIX, HEYAEp-
KHBAEMBIX METaJJIOB, TakKxKe HaXoAdAllUxca B obpasie.
CnekrpodoToMeTpHUeCKHEe JETEeKTOPH TNPHrOAHB U [IJIf
3THX BApHAHTOB pa3aelIeHUs, NOCKOJbKY MeHplle pearupy-
I0OT HA CTYNIEHYATOE U3MEHEHHe COCTaBa dJAICHTA, UeM 3JeKT-
POXHMHYECKHE. :

T*
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90 Puc. 8.8. Otdeneuue moaugena{VI)
. 5,40 MK2 or Mean(II) (mpn narukpartiom HU3-
80 12.0Mk2{ Mo (VI) ObITKEe) Ha (-OKCHOKCHMOBOH XeJaaT-
Cu(ll) ot cmose [15]
0
o
o pa
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B xauecTBe XeJMaTHHIX CMOJI NPUMENSJH CMOJBI C C-THI-
POKCHOKCUMOBHIMH [15], THOrslko/deBoMH [16] 1 aMUAHBIMU
{17] rpynnamu. Megb (I1) cedexktuBHo agcopOuposa/u Ha
KOPOTKOU KOJIOHKE ¢ OKCHMOBOH CMOJION H3 YKCYCHOKHCJIOIO
(pH 3,5) mau Bunuorucaoro (pH 5) pacrBopa u 3/10HpO-
Bajau 0,1 u. xucaorofi. Monubaeu copbupoBaau us 0,1 H.
12504, a am0UpOBaJIH BOAHEIM PAaCTBOPOM FHAPOKCH 1A HAT-
pus (puc. 8.8). Menp u monudpgen oOHapyx)uBaay ¢ Ino-
MOUIBIO COOTBETCTBEHHO OHC-(2-0KCH3THI)-AUTHOKapOaMaTa
H THOMOJIOUHOH (2-MepKaNTONpPONMOHOBONH) KHUCJOTHI.

8.2.5. KoHcTrpykuusa npubopa

Muorne 3/10¢HTH KOPPO3HOHHO aKTHBHBI U JOJKHbBI KOH-
TaKTHPOBATL TOJBKO CO CTEKJOM HJM I1acTMaccoil. Bilok-
cxeMa XpoMaTtorpada HOBOH KOHCTPYKUHH H3oOpameHa Ha
puc. 8.9. dror npubop onucan B pabore Knura n ®puria
[15]. I XpaHeHHs 3JI0€HTOB CJYXKAT UeThipe CTEKJISTHHBIX
cocyda eMKoctpio 500 MJa co cTangapTHON KOHHUECKO Top-
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goBunoli mox maug 24/40. IIpobku Aas COCYAOB H3TOTORB-
jgeHbsl M3 Marepuana Keap-@® u yIepkKHBAKOTCA 3aXKHMAMH
Ne 35 ¢upmsl Thomas. Cocyasl BHAEPKHUBAIOT T4BJCHHE [0
90 ¢yur/ke. awoiM (5,5 MIla). Cocyns ¢ 3/1I0€HTOM MOX-
1O cMeHuTh MeHee 4eM 3a | muH. BoiGop 3/atoenTta MpOU3BO-
JUTCS LIECTHXOOBBIM MOBOPOTHHIM KpaHoM 202-1 ¢dupMbl
Altex. O nospoJisier OGLICTPO CMEHHTbL 3JIOEHTHl IIPH MHHH-
MaJbHOM MX cMelllenud, B gBa cocyla NoMellaloT LBeTo-
o6pasyouiue pacTBOPLI, NMpHUeM IMePeKJICUEHHEeM TPEexXXo-
nosoro kpana 201-51 ¢upmer Altex MozxkHO BHOpaTh 11060
U3 #Hux. DoJjee Toro, B OJHOM 3KCIepHMeHTe MOXKHO HC-
M0J1b30BaTh 0064 KpacureJsisl, He npexpauas paboTsl npubo-
pa. CKOpOCTh MOTOKA KpacHTessl peryjaupyercsd XHMHUECKH
HHCPTHBIM HIOJIbYaTbiM BeHTHJEM, YCTAHOBJEHHBIM IIOCJe

TPEeXx0/0BOTO KpaHa.

8.3. Pa3zpeneune B coueTaHMM
C 3NEKTPOXMMMUYECKMM JETEKTUPOBAHHEM

8.3.1. AnMoHOOOBMeHHOE pazgeneHune

HaulGoJsee pacnpocTpaHeHHble THIIL 3JEKTPOXUMUUECKUX
JeTeKTOPOB yKe paccMaTpHBaJuch B ria. 3. Bo Muorux cay-
Yasgx IpUMeHeHue NOAXOLsero 3/JeKTPOXHMHUECKOTO JeTeK-
TOPa NO3BOJIdeT OOHAPYXKHUBATL UHTEpeCcYIOLIHe HCCAed0Ba-
TeJisl KOMIIOHEHTH, YCTpaHss Meliawmoliee AeHCTBHE NPYTHX
KOMIIOHEHTOB, He 00/JafdioiiX 3JeKTPUUECKHMH CBOH-
cTBaMH. HacTo ¢ IOMOWBIO JETEKTOPOB 3TOr0 THIA JOCTH-
raeTcs OUeHb BBLICOKAs UYBCTBUTEJNBHOCTb. [IpHMeHeHue ne-
TEKTOPOB 3JIEKTPONPOBOJHOCTH oOCyxpatocs B 1, 4—7,
B stom pasiese MbI KpaTKO pacCMOTPUM TIPHMEHEHHE B
HOHHOH XpoMmartorpaduu 6oJiee H3OHPATENbHBIX JEKTPOXH-
MHYECKHX JeTeKTOPOB. )

B nurepatype TNpHBOmsTCA TUpHMepH  pdsiesieHusl H
3JIEKTPOXHMHUECKOTO0 JAeTeKTUPOBAHHSA TaJIOTeHHAOB M LHa-
HHAa C NMOMOlIbIO KyJoHoMerpuueckoro [18, 19] u ammepo-
MeTpuueckoro [20] netektopos. Paznenenre ¢propuna u uua-
Hula noxkazano Ha puc. 8.10. Llmanun xax admuon caaboii
KHCJOTBL  KOHIYKTOMETPHUYECKH  DPEerucTpHpyercss IIOXO.
DJIEKTPOXUMHUECKH YIOBJETROPHTEIBHO JAETEKTUPYIOTCS Ta-
KH€ aHHOHBI, KaK TMIIOXJIODHT, CyJAb(MUA U THOCYAb(aT {20],
HHTPUT U HUTpaT [21, 22].
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DIEKTPOXUMHUECKOE JETEeKTHPOBAHHE HEeMeTaJJIHUEeCKHX
AHUOHOB OBLIO TPHMEHEHO MAJsl aHajau3ad THIOXJOpHTA B
orbeJUBATE/SIX, ONpeeseHHss OPOMHAA B XMMHUECKH YHC-
TOM XJOpHJEe HATPHA, CyJb(PHAa H THOCYIb(paTa B Cyabdat-
HOH BapOUYHOH XKUJAKOCTH, 4 TaKXKe Ollpejle/]eHUs HIHAHHIAA B
JUHHAX TMogaudM Npupojuoro rasa [20]. Hpyrue npumeps —
onpenesieHUsl HUTPATAa H HUTPUTA B KYKYPY3HBIX CTebJsIX,
coJjioMe, IPHPOIHLIX BOAdX [21] U B coNH A/ 34COJNKH IpO-
AYKTOB [22].

8.3.2. KarnonoobmenHoe pasgeneHue

Takata u Myto [18], a Takxe XKupap [19] omy6auko-
BaJIH TNpUMepH TMPEBOCXOJHOI0O pasjieJieHHss H KYJOHOMET-
PHYECKOr0 AeTEeKTUPOBAHHS HEKOTOPHIX TSHKE/bIX METdJ/JI0B.
Ha puc. 8.11 nmokasano paspgenenue ceMu metannos. Cie-
AyeT oOpaTHTb BHMMaHWEe Hd OUeHb HU3KHMe KOHUEHTpALUH
HX B ofpasiue. IDTOT CNocob MeTeKTHPOBAHHUS MOXKHO Cle-
JlaTb HeH30UpPaTeJbHBIM, €C/JU B 3JeKTPOJHT, NOCTYNAOIIMH
B AdedKy, 100aBHTh AU3TUATpuaMuHonentaauerar (JATIIA)
prytu [18] unu menu [19]. Onpenmensiemble HOHH 0GpA3YIOT
kommiieke ¢ JITIIA, a pryTh uau Melb BOCCTAHABJIHMBAETCS
Ha 3jextpole. HATIIA mean xpauutTcsi AOBOJBHO J0JITO,
passiarasice B TeueHHe Mecslla Bcero Ha 2%. ITUM Mero-
JOM DEeaKIHOHHOH KYJOHOMETPHH HpH INOCTOSIHHOM TOTEH-
UHaje HeNmoCPeACTBEHHO PEeTrHCTPHPOBAJH pasjelieHue Ile-
JouHo3eMeJsbHbIX [18] ¥ pepkosemenbubix [23] Meranos.
PaspaGotansl TakXKe KATHOHOOGMeHHLIE 316 KTPOXHMHUECKHE
METOLHKH aHaauda Kolbanbra [24], cypbMu [25] u HEKOTO-
PHIX APYTHX MeTaJJIoB.
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Tox s Oemexmope

Hg Puc. 8.11. Paszenenne nOHOB ceMH TH-
Keablx Mertaanaon [18].

ConepxaHnge B npode (B enunuiax 10-7 M):

Hg (5.0), Cu (4,3), Zn (4.7), Ni (6,4), Pb

(7,1y, Cd (4,7), Co (4,1); cmoaa Ne 2611

tupmel Hitachi (crenenbs cruuBanust 10%);

kKoaoHKa 90X9 MM (BUYTpedHHII AuaMerp);

TeMuepaTypa KOMHaTHas; 3aweHtr — 0,10 M

Cu pactBop BHHHOKHcHoro watpus/,08 M NaCl

(pH 3,5); ckopoctb NoTOKa 2 MJA/MHH; 3JeK-
tpoaur — 0,01 M HOTIIA pryra/l M NH.OH/
/0,1 M NH4NO;; noreHpHan meTeKTHpOBaHUS
1 0,24 B memxmay agaektpoaaMH Ag—Ag(l).
‘M oz o
NL
1. ot
U\'/ \
“
1 |
0 10 20 30 LO
Bpema | Mun
o+
Ef3Sn
#-Bu3Snt H

<!
n =
2

M935n+
JEL A SR
} 2 4 6 8 1012 th 16 18 20 22 24

Baod npoﬁbs Bpems, MUK

Puc. 8.12. PasjejieHne HeKOTOPHIX OJ0BOOPTaHHYeCKHX KaTHOHOB [26].

Konouka 250X4,6 MM ¢ KaTHOHOoGMeHHHKOM PXS (paaMep seped 10 MKM) (HDMB
Whaiman: siioear 60% MeOH » HxO, 042 M NH,0Ac {pH 5.3); ckopeocrs no-

roxka 1,0

MJ/MHH; KOHI@HTpallusi KaXJorc HoHa B OGpaspe DasHA 1-10—* M;
AE =100 MB, E, = —L10 B.
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[TpeBOCXOAHBIH NpHUMED pa3ieJeHHus] U JeTCKTHPOBAHHS]

METAAJI00PTAHHYECKHX KaTHOHOB omy6aukosas Magkpuxan
[26] (puc. 8.12). OnoBoopranuyeckue COCAMHEHHSI 3arpsia-
HSIOT U OTPABJSAIOT NMOBEpPXHOCTL pabouero ssekrtpoxna. He-
MoJb30BaHHEE B paboTe AH(@epeHIHaNbHBIC HMIIY/IbCHbIE
METOJB! ACTCKTHPOBAHHA HA OCHOBE BTOPHUHOIO OKHCJIEHHA
NPOAYKTOR BOCCTAHOBJIEHUS] YCTPAHMJAU 3TO 3aTpyaHEHHe.
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HOHOIKCKNMIO3UOHHASA
PACMPEAEJIUTENIbHAS
XPOMATOTPA®UA

MoH02KCKII03HOHHAS paclpefenuTesIbHasl XpoMarorpa-
(U5 HCIOAb3yeTCsl s pasieseHts clabbX KHCJAOT, aMUHHO-
KHCJIOT, CaXxapoB, CIIHPTOB H APYTHX BeleCTB HA HOHOOOMeH-
HO# KoJIoHKe. VOHU3HPOBaHHbIe COEAUHEHUSA «OTTOPraloTCs»
CMOJIOH H He YAepXHBAKWTCH KOJOHKOH, a HEHOHH3HDOBAH-
HElE€ TIPOAVKTH YAePXKHBAWTCH el0 H pa3AesasioTcs.

-

Kparkoe cogep)kaHue

M OHOZKCKIIO3MOHHASL paclpelc/iuTesibiasi XpoMaTorpa-
(U SIBJASETCS XOPOIIO H3BECTHHIM METOAOM, KOTOPHH B IO-
cleJHee BpeMsi IpHBJAEK K cebe INOBHIIeHHOE BHHMAaHIle,
bBaaroaapa 2h¢eKTy TOHHAHOBCKOTO paclpejesieHust HOHHU-
3UPOBAHHBIE COeJMHEHUS] He YIepKHBAKOTCSI HOHOOOMEHHOH
CMOJIOH, B TO BpeMs KaK HEHOHU3HPOBAHHbIE NPOAYKTHI MO-
TYT pachpeleJsiTbCS MEeXJIy HeNOABUKHOH BOAHOU ¢a3of,
HAXOJSAIEACS BHYTPH YACTHIL CMOJIBL, H NOABHKHOH XKHIKOH
thazoil, nepemeniawmieics B IPOCTPAHCTBE MeXAy 4acCTHlla-
MH HacajakH. PasgeneHHe OCHOBAHO -HA IOJSPHHIX H BaH-
JepBaaJbCOBLIX B3dMMOAEHCTBUAX MeXJAYy paCcTBOPEHHHBIM
KOMIIOHEHTOM H CMoJoii. TakuM cnoco6oM MOXKHO pasie-
JITb OpraHuyeCKHe KUCJAOThl, AMHHOKHCJIOTHI, caxapa, CIHp-
THl, (DEHOJIBI U JpyTrHe COeJHHEeHHs,

[Tpuboprl, B KOTOPBIX peanu3yeTCs NPHHUHNI HOHOIKC-
KJIIO3MOHHOK pacnpegenutespHoil xpoMatorpadun (MIPX),
AHAJIOTHYHB INpHMeHSIeMBIM B HOHHOH XpoMaTorpaduu.
B merone MDPX ob6napyXKuBaeTcsl BAMSAHHE CTENEHH CIIH-
BAHHUSI CMOJIBl HA ee XdPaKTepPHUCTHKH. BoaHble pacTBOpH
3JI0EHTOB MOXKHO MOAH(uIHpoBaTh A0OaBKaMH coJieH, KHC-



HoHOKCKNMOBUORHAS pacnpedeauressvras xpomarozpadus 203

JOT WM opraHuueckux pacreoputesneit. Obcyxpatorcs pas-
JAHUYHEE CXEMbl JeTeKTHDPOBAHHUS],

[Tpu ogHOBpEMEHHOM OIpefeJeHHH COJiell CHJbHBIX H
ciaabuix kucaor MIPX ucnonibsyercsd B covYeTaHHH C HOH-
Ho#i xpomarorpagueii. B TakoM coueraHuU METOH 3PPerTu-
BeH NpH aHajuze o6pasloB CI0XKHOTO COCTaBa (HANPUMED,

KayCTHYECKOH COAB) Ha codepxKaHHe KapOOHATOB, XJOPH-
JIOB M CYJb(hAaToB.

9.1. TepMHHONOTUK M onpepeneHus

JOHO3KCKNIO3UOHHAS paclpefesuTebHas XpoMaTorpa-
¢Hst — MeTOJl, BIepBbLle ONMHCAHHLIA YUTOHOM M bayMaHOM
[1], — cefiuac UCHBITHIBAET TepHO BO3pOXK IeHHS, MoHB «OT-
TOPTAIOTCSA» KATHOHO- HJAM aHHOHOOOMEHHBIMM CMOJIAMH U
OBICTPO MIOHPYIOTCSI H3 KOJOHKH, 4 HEHMOHH3UPOBAHHLIE Be-
HIeCTBA YAEPIKHBAIOTCS H NPOXOAAT ee 3HAUUTEJNbHO MeJ-
JeHnee, BemecTsa, NojRalouidecss pasieneHul0, BKIIAIOYAIOT
caabbie KUCJIOTH, CIIUPTHI, CaxXapd, aMHHOKUCJAOTH H ApYTHUe
COeJIMHEeHHsl.

CJsioli CMOJIBI COCTOUT M3 TpPeX uacTei: a) TBepAOH Mat-
PHIBLI CMOJBL; 0) KHIKOCTH, 3d4K/AOYEHHOH BHYTPH YaCTHIL
CMOJIBI; B) XKHAKOCTH, NepeMellalouleldcsa MeXay YacTHILA-
MH CMOJIHI.

Honoo6Mennasi cMosa OeACTBYeT Kak IOJYIPOHHIIAeMas]
MeMOpaHd MeX1y JIBYMSA XUAKHUMH (aszamMu «O» u <«B».
«Buytpennsas» Boga «6» HegoCTynmHa AJsT HOHM3MPOBAHHBIX
4aCTHL, U OHU OBLICTPO TNOKHAAIOT KOJOHKY. HeHoHU3uUpO-
BaHHble TPOAYKTH He <«OTTOPraloTCs», a paclpelesstoTcs
MeXAy ABYMS BOAHBIMH (pazamu «O» u «s». I[loatomy mo
KOJIOHKe OHH JABHXKYTCH MexasjeHHee, CrTelleHb 3aMeJJieHHs
HEHOHHBLIX KOMIIOHEHTOB HeNOoABHXKHOH (asol paszauuna B
cuny: 1) pasnauuuiél B NOJISIPHBIX B3aHMOLEHCTBUSAX MEXKAY
PacTBOPEHHBIM BeLIECTBOM H (PYHKUHOHAJLHLIMH TPYIIaMH
CMOJIBI; 2) PA3HHUIEI B BAHAEPBAANbCOBHIX CHJIAX MEXKIY He-
HOHHBIM KOMIIOHEHTOM H THApO¢dOOHON UACTBIO CMOJH.

ITpennarasucs pasuble HaUMEHOBAHHS Mpoliecca pasie-
JIEHHsI: «HOHO3KCKJ/IOSHOHHAS XxpoMmaTtorpaduss [l], «wuou-

29TNUMTLIAIIIIN GO NACTThaTTAITIIMA ITY 1T 0 6T wvornaramantadhross ol
O LY AL art MPariipvadlvirilvyibilian APUJ,VLCI,]_U]_ Pa\i}ﬂn” <1y

«IKCKNIO3UOHHBIA BapHAaHT HOHHOH xpomartorpaduus [3],
«HOHOZKCKJIIO3HOHHAA pacupefesuTe]bHas XpoMartorpadpusa»
[4] u np. ABTOpHl HacTOsAUIedl KHUTH NPeANOUHTAIOT TepMHH
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«HOHO3KCKJIIO3UOHHAS  pacnpelenuTesabHasg — XpoMarorpa-
s>, MOCKOIBKY OH TOUHEe OrpaxaeT CyTh IPOHCXOIAAMIMX
NPOLECCOB.

K paccmarpusaeMoMy MeTOAY pasie/eHds TeCHO IPH-
MbIKaeT Xxpomatorpadusa ¢ seicaiuBanueM u xpomatorpacdus
MCKJIOYEHUsT TO pasMepy (paHblie Ha3blBABIIAACH TIe€b-
IpoHuKalollcll XpoMarorpadueir).

-

9.2. MNpuHUMNBLI ¥ NpMMEPBI pa3aeneHus

B camom HaspaHWH <«HOHOZKCKJO3HOHHAS paclpenesau-
TeflbHasg XpoMarorpadus» noApasymesaeTcs, UTO BELIECTBA
pasiensiloTCs B XpoMaTorpatuyeckoidl KoJoHKe OJarojaaps
OTCYTCTBHIO Yy/JICPKUBAHUA HOHOB CMOJOH, 3alOJHAIIEH
KOJMOHKY, H B PE€3yabraTe paclpelelicHHS aHAJU3HPYEMBIX
BCILECTB MCXKAY pPacTBOpUTEJaCM B MOJBUIKHOH ¢gase u pac-
TBOpUTENeM BHYTpH cMoJabl. Ha pacnpenesienue BemecTr
MEeXAY CMOJIOH M MOJBHXKHOH (Pa3oil BJAUSIOT BaHAEPBAAJb-
COBH CHJbLI, BO3HUKAIOUIUC MEKAY MOJUMeDHBIM MaTepua-
JOM (B OCHOBHOM O€H30JBHBLIMH KOJBLIAMH )U aHaJH3Hpye-
MBIMH KOMIOHCHTAMH HJH HOHAMH.

Ha kojonke ¢ KaTHOHOOOMCHHOH CMOJIOH pasjiensiioTces
KMCJOTH M UX anuoHbl. Cyabhar, XJA0pUA H APYTHE BHICOKO-
HOHH3UPOBAHHblEe aHHOHBl UJIM HeOpPTaHUUeCKHe KUCJIOTHL OT-
TaNKUBAIOTCS OTPHUILATEJNbHBIM 3aPAJI0M CYab(QOrpynIsl, HM-
MOOUIM30BANHON Ha TMOBEPXHOCTH CMOJBl, U HCKJAKYAIOTCS
U3 o6beMa mocdegHel. Takum o6pa3oMm peaJusyercss NMpPHH-
uun [oHHaHa. Dojee caalble KHUCJAOTH (HANpUMEpP, opra-
HHUYCCKHE KapOOHOBBIE KHUCJOTBI), KAaK NPaBHJIO, HAXOASATCS
B MOJIEKYJSIPHOH (opMe H He OTTOpramrcd cmoJoi. baa-
rogaps apderram pacrnpegeneHus 1 BAHAEPBAAaJbCOBBIM CH-
JaM HX JIBH)KEHHE IO KATHOHOOGMEHHO# KOJIOHKE 34TopMa-
JKHBAETCS.

Xapaoy u Mopwman [4] uccienoBanu mnosejgeHue 60Jb-
LIOTO YHUCJa OpranuyYecKMX M HeOpraHMYecKUX KHCJAOT Ha
KOJIOHKE, copepaKaBiieii cmony Dowex 50-X12 B H¥-dopwme.
B kauectBe ajM0enTa NpUMeHsIH BOAY. BruIXopsdiuide U3 Ko-
JIOHKH KHCJOTH aBTOMATHUECKM THTPOBAJM THAPOKCHIOM
HaTpHsa. B taba. 9.1 npuseneHsl AaHHBEIE TTO OTHOCHTEJBHO-
MY YIepKHUBAaHHIO KHCJOT, MNpHUEeM BpeMs VIepXKHUBAHHSA
YKCYCHOH KHMCJIOTH NPHUHSTO 32 eLUHUILY.
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Tabauya 9.1, JlaHHble MO YAEPKHBAHHIO KHCAOT OTHOCHTERBHO YKCYCFOId
KHCJIOTHI B YCJIOBHAX HOHOIKCKIIO3HOHHOH paclpenenurenbHoi
xpomarorpagun [4]

Ortnocu-
o OTHOCHTENbHOE o TeJIbHOE
aHLauTd YACP K HBAHUE DIV T YAEpXKHBA-
HHE
~epHag 0,57 AunuHOBadA 1,0
ToayoscyvasgonoBast 0,57 dymaposan 1,0
_epHucTas 0,58 ["aytapoBas 1,0
5-CynpdocanuuioBast 0,58 XJopyKeycHas 1,0
_yabdaMHHOBas 0,58 YKcycHas 1,00
X JIOPHCTOBOJOpO IHAs 0,59 JleBynunoBas 1,0
AnetuaeHkapbonoBas 0,59 BUI' K2 1,0
TpuxaopyKkcycuas 0,60 L-ITuporayramMiuoBas 1,13
CJanseBas 0,60 Mertujen-6uc-MepKanro- 1,15
L-1lncTennoBas 0,61 YKCYCHAsA
ManeunoBas 0,61-—0,71 | TIpounonorasn 1,17
HLaBesieBas 0,62 Terparpapodraneras 1,21
DPocopuas 0,63 AkpuaoBas 1,23
ThnmonHas 0,64 YroabHas 1,26
Hutpodopm 0,67 HMzomacaanast 1,32
M acnaunasn 1,45
Hrakonosas 0,70 Munpansnast 1,49
[IupoBunorpagHas 0,71 TpuMeTHAYKCYCHAA 1,49
ManonoBast 0,72 a-OKcumacasinas 1,57
a-Ketomacagnas 0,74 MerakpuoBast 1,63
InveprHoBas 0,75 MsoBasepuanoBas 1,66
Bopran 0,75—0,79 | mpem-byTuayKkcycHast 1,67
a-KeToBasje pHaHOBast 0,79 KpoTtoHoras 1,95
[{nauyposast 0,80 BanepuarnoBast 2,09
JHx10pyKe yeHas 0,81 dypankapbonoBas 2,09
MepkanTocykiHHORas 0,82 Lluknorekcankapbonosas { 3,26
CVKIIHHOBAs 0,82 2, 4-JIHoKchOeH30HHag 3,80
[muxoneBas 0,82 n-Oxcuben3oiinas 4,46
Mounoauas 0,64 napokopuuxasn 5,40
MypaBrynas 0,91 BensoruapokcavoBast 5,95

a

IHdo-yur-Banukao(2,2,1)-5-renten-2,3- 1K apGOHOBAST KHCJIOTA.

Haubosee cUAbHbBIE KUCJAOTH, TAKHE, KaK CEPHAS U XJ0-
PUCTOBOJOPOAHAs, 3JAOHUDPYIOTCS OJHOBpeMEHHO B o0heMe,
npeacrasJjsionieM cobod «MepTBHU» (CBOOOIHDLIH)
KOJIOHKH, MOCKOJbKY OHHU CUJIbHO HOHHU3HPOBAHBI U HEe MOTYT
NPOHUKHYThH B TBEpAYIO ¢asy. Xapaoy u MopmaH mnpeso-

JKUJU HECKOJIbKO OOLIMX [PaBMJI,

3BIBATbH XapaKTeD 3JIOHPOBAHUA BCUICCTR:

00beM

MO3BOJISIOMHUX ITIPeCcKa-
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A B
Tpuxnopykcychas  TpuxnopyKCcycHoR Tpusn0p UKC(l:JCHU_ﬂ
-flux napyxcycras
fluxnopyKCyCHLS
' Auxsopykcychan
MoroxnopyKeychaa
Makaxnop- MoKOXAOPYKCYCHAR l
UKCYCHOA
.
I | 1 I | . 1
¢ 10 G {0 20 0 0 20 30

Bpems, MuH

Puc. 9.1. Pasncnenne MOHO-, IH- H TPHXJOPDYKCYCHOH KHCJOT Ila KarTH-
oHooOMeHHOH cmosie Aminex [6].

Bmoeur A — AeHoHH3HpOBaHHan Boxa; asawert B — 0,001 #, HCl; smwear € —

0,01 . HCl [Hderektop yJabtpaduoneroBblil, aaHHa Boddn 210 uM, Wkaja OMNTH-

yeckoll maotrdHocetH 0,2. Ckopocth HOTOKa 3awweHta 1 Ma/mud. TeMmmepatypa Ko-
JOHKH KOMHATHAas.

T g U . e e T ol e B 7 o g e e Y o L e ok 2 1

1. "IJICHDL JTOMOJOLI HYHCCKH A })}ULUJ:S :;’.JltUYlthUlL)i B HopAp-
Ke yBeJHUEHHs] KHCJIOTHOCTH U YMEHBUICHUS pAaCTBODHMOCTH
B Boje. Ilpumepom MoxKeT cAyXKHUTh DS H3 MypPaBLUHOM,
VKCYCHOH H IPONHOHOBOH KHCJ/IOT.

2. JIBYXOCHOBHBIE KHCJOTHL 3JKUPYIOTCS paHblie OAHO-
ocuopHbX. I1llaBeneBass kucjoTa 3a10Upyercs Hnepel yKCyc-
HOH, MaJIOHOBds — Mepej NPONMOHOBOH U T, .

3. KucaoTsl u30CTPOEHHS 3JUPYIOTCS  paHbllie COOT-
BETCTBYIOLMX KHCJAOT HOPMaJbHOTO cTpoeHusi. Hanpuwmep,
H30MacCasHas] KUCI0Ta MOsABJASeTCS paHblle Mac/sHOM.

4., Hanuuune [BOAHOH CBSI3U CIOCOOCTByeT 3ajepiKKe
SJIOMPOBAHUST KHUCJOTBI: AKPUJIOBAs KHCJIOTA JHOHPYETCH

nocJje MPOIMHOHOBOM.
5. Kucnorel c OeH30JbHHIM  KOJBIOM yAEePKUBAIOTCH

CHJIbHEE.,

Tonaka u Umunsyka [b] uayuanaun yaep:KHBaHHE HEKOTO-
PHIX KHCJOT M ONpeIeJH/]H 3HAUEHHS HX KO3I(DPHIHEHTOB
pacupenenenuss. Ouu o6cyauan TakxkKe ypaBHeHHe IJIs Ipe-
CKa3aHHs MapaMeTpOB YAepKHBAHU,
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Typkenncon u Puuapac [6], ocyuiecTBUB pasjenenne mau-
MOHHOH, LUK/JIHYECKUX U APYIUX OpPraHUUeCKHX KHCJIOT, BO3-
POJMJIH HOHO3KCKJIO3HOHHYIO XpoMartorpaduio B BHIe, OT-
BeualollleM COBpeMeHHBIM TpeboBaHusIM. OHM BBLINOJHHIN
pasjesiecHHe Ha KOJOHKe AjauHOon 220 MM, 3allOJIHCHHOU Ka-
THOHOOOMeHHOH cMmoJioff Aminex 50 W-X4 (pasmep 3sepen
30—35 MkM). Baxnas ocobennoCTh MX paGOTh COCTOMT B
TOM, UTO OBIJIM TOKA3aHBl NPEHMMYIIeCTBA HCIOAb30BAHHS
KHMCJIBIX 3JII0€HTOB, B mepBbIX paboTax NPUMEHSJIH TOJBKO
BOIY, 1 dHAJU3HpYeMble KHCJAOTH JaBaJju WHPOKHE H ACHM-
MEeTPHUHBIE I[IHKH, BEPOATHO, NMOTOMY, 40 JAobas KHCJI0Ta
CYHIECTBYET KaK B MOJIEKYJSPHOH (hopMe, TdK U B BHIE HO-
HoB. [loOaBJ/jieHne B 3/10eHT HEOObIINX KOJHUYECTB XJIOPUC-
TOBOJOPOJHOH KHUCJOTHl [10JaBJsIeT IUCCOLIUAIHUI0, H KHUCJIO-
THl TepexoasdT B MoJsekyaspHyoo d¢opmy. Kak BuAHO H3
puc. 9.1, npu 3ToM cyiiecTBeHHO yJayulidercs (opMa MHKOB,
PasjenenHple KHMCJOTBH PEeruCTPUPOBANH  YJIbTPAPHOIETO-
BbIM JerTekTopom npu 210 HM Ha IIKaJjge ONTHYECKOH IJOT-
Hoctu 0,2.

C nomompio M3PX moxno apdekTUBHO pazfesdaTh ca-
xapa. Meroguka, paspaborannas Ckobennem, Bpobctom u

Caxaposa. | Mexcmposa. 1 1 |
ADPYKmo3w |
= J
= l
o
§ I
3
3
g
Paguyosa,
LML VL WVUL AL
0 8 16 24 32 20 mun
Bpems, mun mepsan mexcdy ssodom npol

Puc. 9.2, Pasgenenne wuHBepTHOrOo caxapa Ha cmose Aminex Q 18§
(8 Ca**T-dopme) (7).
3M0eHT — BOMA, JCHOHUSHDOBAEHASA ¥ ofbesraxendas IpH 85°C;° nerekrop — aud-
depennuansubii pedpakroMmerp; TeMmmepatypa 45°C,
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Puc. 9.3. Pazgenenne maToxH, IOABEPr-
Cor?]m%”?l_ - HyTOH (PePMEHTATHBHOMY THAPOJIH3ZY 11
20. uuD =3 cmose Aminex 50 W-X4 (8 Agt-dop-
! € we) [7].
/ 3 = Yenosug 3KCOepPHMEHTa VKaszaHbl B [MTOANHCH
=] ™~ < K peC. 92,
=4
[=]
b
o 8 x
= L "
o o
O T
S 5
= -~
v = 5\
== q
= 2
& S |W5
=] o AN
E &
(=]
= r—"Jl ! | | L!"’
0 5 30 45 60 75
BpeMs, MUK

Crusiom [7], obGecnieynBaeT xopolliee pa3jieicHUC Ha KOJIOH-
Ke ¢ OJHOPOAHBIMH MEJKHUMH yacTHIAMH KaTHOHOOOMCHHHU-
Ka B Ca?t-popme (a unorga u B Agt-dopme). DaocHTOM
CJYKHUT ACUOHH3HPOBanHasi M obGearaxenHass npu 85°C Bo-
Aa. YjacpXKHBaHHe caXxapoB INPOHCXOJHT, IO-BHAHMOMY,
BCJeACTBUE 00pazoBaHus ¢Jaboro KoMILIEKca MEXKIYy Mo-
JEKYJaMU caxapoB M HOHAMU METAaJJIa Ha [OBEPXHOCTH
cmouibl. [IMRH perucrpupoBaan aHpdepeHnnasbHbIM ped-
pakToMeTpoMm npu 45°C.

Ha puc. 9.2 nokazaHo pasjeseHue caxaposbl, IE€KCTDPO-
36l H QPYKTO3bE B HHBepPTHOM caxape. Pasje/icHHe NaToKH,
NOJABCPIrHYTOH (PepMEHTAaTHBHOMY THIAPOJIH3Y, IPOBEJCHO,
1O CYILLeCTBY, B TeX ke ycaoBuax (puc. 9.3). OrmeTum, uTo
oNHromepsl ¢ 0oJiee BBICOKOH CTENEHBI HOJHMEpPH3AIHH
MOUPVIOTCS NEPBBIMH, a 3aTeM CHJbHEe yIepXkKHBacMble
IpocTele caxapa.

O6JsiacTb NpUMEHEHHS HOHOKCKJI3HOHHOIO pacrhpeje-
JIUTEJBHOIG XPOMATOrpa(HYeCKOT0 aHAJdH3a CPaBHUTEJBHO
HH3KOMOJIEKYJSIPHBIX OpraHHYeCcKHX COeJHHEHHUA NOCTeleH-
Ho pacmupsercs, Tak, OvbliH  pasfeseHsl anudaTHyecKHe
CIIUPTHI, KOTOPDLIE 3JIOUPOBANUCE B CJEAYIOLeH I0cae10Ba-
TeJbHOCTH, METaHOJ, 3TAaHOJ, H30IPOLAaHOJ, H300yTaHo,
R-6yTaHoJl, U30aMHJOBLIA H aMHJIOBBEIA cuupThal [2]. AnaJo-
TH9HBIE NpUMepsl olyOJjukoBaJu Puman m Youarou [8].
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9.3. Mpubopn!

CHCTEeMBI AJ151 HOHO3KCKJIO3UOHHOH paclpejeNuTe b0l
XpoMaTorpapHu COCTOSIT U3 TeX Ke vacred, uTo u Jo6oik
BbICOKO3(D(PeKTUBHBIH KUAKOCTHOH xpoMartorpad. Bo mHo-
THX CJy4asix NPHMCHSIOT TaKHC Ke CMOJIBI, 3JI0CHThI H Je-
TEKTODH, K4K U B HOHHOH XpoMmartorpaduH.

9.3.1. Cmonol

Haule BCEro HCHOMB3YIOT WYACTHIEL  «rejeobpassoro»
CYJ/Ib(HPOBAHHOTO CTUPOJ-IUBUHHHIOEH3O0NBHOIO COIOJHME-
Pa ¢ BBICOKOH eMKOCThbi0. Yacruubl o4edb OJHOPOHBI 110
pasMmepy, KOTOPHIH He npeBbiiiaer 15 MKM.

JHUBHHUNGEH30/T — CUIMBAIONIU KOMHOHEHT CMOJIB — HI-
paeT onpeeJCHHYIO POJIb B YAepKUBAHHU CAaBOHOHU3HPO-
BaHHBIX yacThi., Kax npaBujio, yem MeHbllie CTENeHL CLIHBa-
HHsI, TEM BBILIE JOHHAHOBCKOE IPOHHKHOBEHHEC 3JIEKTPOJIHTOB
B CMOJY, 4YTO [pHBOAUT K Oojee MEJJEHHOMY 3JIKOH-
POBAHHIO KOMIOHeHTOB oOpasna. IJtor 3ddexr nponemon-
crpuposan Ha puc. 94. CpaBHeHHe KaTHOHOOOMEHHHKOB
BIO-RAD AG50W-X4 u AG50W-X8 mowasajio, 4To Bpeme-
Ha VIepIKHBaHUA UHTpaTa, JlakTarta U (PTOpUAa PEe3KO BO3-

1,341 FE"/O — A ﬂu/eununﬁenaunu,
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1,339 | / X19, dusununbersona
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= =
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Puc 9.4, BausiHee crernenu CIUHBAHUA CMOJH 11a O1TOpKEIHE HOHOB
(cwmona Dowex 50 ¢ pasmepom 3epen 50—100 memr) [I].
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pacTal0T Ha CMoJie C MEHbIIel cTeNneHblo cLIMBAHuA. Takoe
BJAHSAHHe CTENeHH CUIMBAHUS [AJs AHHOHOB OYeHb CJAabhiX
KHCJOT, TAaKHX, KaK UUaHHuI, GopaT, KapBouaT, BHDPaXKEHO
3HAYUTEJBHO MeHbllle, H IIPH CHUXKEHHH CTEIIeHH CUIMBAHHS
Ha0/r0aeTcs JUlib caa00e BO3pacTaHHe BPEMEH YAepXKii-
Banus [6].

9.3.2. dnioeHTbI

TX]\HQU'T‘(\'D i WAaAamAanrTROo QQTInn
Il 1D D Dndavel DWW AJIDJUTI

[TO/IB30BAMH TOJMBLKO BOAY. OJUIEHT, NMOJAKUCJEHHBIH XJIOpHC-
TOBOJAOPOAHOR KHCJOTOH, OGBIYHO NPUMCHSIOT HpPUH HeobXo-
OUMOCTH pa3eNUTh KUCJIOTH H HX aHHOHBI, YTOOH NMO1aBHTh
AUCCOLHATHMIO U [OJHOCTHIO MEPEBECTH KUCJOTY HJH aHHOH
B MOJIEKYJISIDHOE COCTOSIHUE, B chmenHaJbHBIX CIy4YasiX, YTo-
Obl yJAy4lIUTh KauyecTBO pasfelieHusi, K BOAHOMY 3JIOEHTY
MOXKHO n00aBJsATbL H JPYrue BeIiecTBa.

Cosb ¥ KHcJ0Ta, J00aBJeHHBIE B 9JIIOEHT, YBEJHYHBAIOT
NOJSIPHOCTL pacTBopUTesst. MeHsist KOHUEHTpaIHIO CONMHU (Ha-
npumep, cysabdata aMMOHHA), MOXKHO BJHUSTH HA YACPKUBA-
HHe OPTaHHYeCKUX COCTABJAKINUX (Hampumep, CHHPTOB)
KaTHOHOOOMEHHOH cMOJIOH KOJOHKH. ITO pa3HOBHAHOCTb
dpderTa «BhICATHBAHHUA», IPH KOTOpPOM IO MEpe yBe-
JIMUCHUST KOHUEHTPAUUU COJHU CMOJAa YACPIKHBAET MOJIEKY-
JSpHBIE OpraHHdeckle BellecTBa cuabhee, Jddexrt Bhca-
JUBAHUS HUCIOJB3YIOT [Js1 DA3ACJACHHUSI CMeCeH  HH3LIUX
CIIUPTOB, TVIMKOJEH H BOAOPACTBOPHUMBIX aMHHOB, TeOpeTH-
YeCKHE OCHOBHI METOJA ¥ NpHMCPHl IIPHMCHCHHS paccmat-
puBawmTcs B Kuure Pumana u Yoarona [8].

B nmoxasuxuHyI0 dasy MoxKHO N100aBJAATH U OPraHU4YecKHe
MOAMGHKATODH, KOTOphle 0cjaalJsiloT B3auMOJACHCTBHE He-
KOTOPBIX aHAJH3HPYEMbIX YacTHIL Co CcMoJod. Takoe jo-
OaBseHHe HCIOJAL3YIOT TIPU pasjleIeHHH, HallpUMep, apoma-
THYECKHX KHCJOT HJIM XJOPHUPOBaHHBIX deHosos [2, 8]. ¥cra-
HOBJICHO, UYTO AUETOHUTPHUJ B BOAHHIHA 3JI0EHT MOXKHO J0-
GaBasaTh auib go 40% (mo obwemy). Has aTolt mwenu npu-
TOAHBl Tak¥Ke 3TaHOJ U IpomaHoj-2, MeTaHON BHI3LIBAET
cXKaTHe CJ0S W MOXeT NpHBeCTH K HeoOpaTUMOMY paspy-
UIeHHIO CMOJH [2].
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9.3.3. [letexkrophnl

ITo-BupuMoOMY, B KUJKOCTHOH Xpomarorpaduu Hanbosee
pacIpoCTpaHEHbl JETEKTOPHI, paborawiuye B yJabTpaduoe-
TOBOH M BHIHMMOH obJsacTiaXx crnektpa uaaydeHus:, OHuM Ha-
M wHpoxkoe npuMenedue u B MIPX. Haubosee ynoTpe-
OUTeJbHBIE 5JI0EHTH — BOJAa H XJOPHUCTOBOAOPOJAHAS KHC-
JOTa B BOJEe — He NOIMOWAKT B yJabTpaduoseToBoH obJac-
TH U NO3TOMY BHOJHE NPHIOAHH AJsi CIICKTpodoTOMETpHYE-
CKOTO JeTEKTHPOBaHHUA. TPYAHOCTH yaile OBHIBAIOT CBSI3aHH
c TeM, 4To aJjaudaruyeckHe KapOoHOBBIe KHUCJOTH, aJjguda-
THYECKHE CIHPTHL, caXxapa U APyrHe COeIHHEHHS, pasjessc-
Mbie ¢ nomombsw HM3IPX, dYacto coBceM He TOrJoOIIAOT
yabTpadUOJETOBOr0 H3JyyeHHs HJad cjaabo HorJolaior
BOJIM3M HHXKHEH TpaHHUBl AOCTYNHLIX [JHH BOJH. B 3TOM
caydyae IoJseseH peppakTOMETPHUUYECKHH JeTeKTOp, XOTS ero
YyBCTBUTEJNBHOCTh HEBBLICOKA H OH pearupyeT Ha KoJeOaHHU#
[IOTOKa H TeMIIepaTyphl 3JI0€HTa.

B HEKOTOPHIX cAyYasiXx ¢ yCIeXOM HUCHOJb30BaJH 3JIEKT-
poXHMHYecKHe aeTekTophl. Takata u Myro [9] npu pasue-
JeHHH (DeHOJIOB, CaXapoB, aMHHOKHUCJIOT H KapOOHOBHX KHC-
JIOT BOCNOJb30OBAJHCh KYJOHOMETPHUYECKHUM JI€TEKTOPOM B
peKHuMme [OCTOSHHOIO noTeHyuaJsga. Caxapa # (eHoJaBl pe-
THCTPHPYIOT HoCJe NpelBapHTeIbHOrO NEpeBojga HX B XKe-
JIC3UCTOCHHEPOAHCTHIE COJIM OKHUCJeHHEeM XKeJe30CHHEepOIH-
CTOH COJBbI0 H MNOCJAeAYIOero OKUCJAEHHsS KeJe3uCTOCHHe-
POAHUCTHIX cOJlefl B siuelike JeTexkrtopa. JleTckTupoBaHHe
KapOOHOBHIX KUCIOT OCYLLECTBJSIIOT C IIOMOUIBI0 BTOPHYHBIX
3JEKTPOAHBIX peakUUui n-6eH3oxuHoHa. PasneneHve amu-
HOKHCJIOT II0Ka3aHo Ha puc. 9.5. OHU AETEKTUPYIOTCA NOCIe
okucaenus Honos Cut B Cu?*, kKoTopoe MOXHO npencTa-
BUTb YpaBHEHHEM

LN OMATY T 1 QAT R ralPw . QoM
[Cu{SCN),]~ -+ 2AK — CulARn), + 25CN~ + ¢

~
€w
|
—
S

rie AK o6o3nadaer aMHHOKHCIOTY.

Jlaa peructpan#d HOHH3UPOBAHHBIX BCLIECTB, Pa3jefeH-
HbiXx MeTonoM MIPX, MOXKHO NpUMEHUTh U JHETEKTOP 3JIeKT-
polpoBofHocTH. Kak ormeyasoch Bbllle, NJsi YeTKOro pas-
JejieHusi KucjaorT ¢ nomombio UIPX HeoOxoaumo, 4YTOOH
3JII0EHT cofep¥XaJn pa3baBJeHHYI0 XJOPHCTOBOZOPOAHYIO
KHCJOTY, KOTopasi obecneddBaer TMepexo], KHCAOT H MX
aHHOHOB B MoJjekyaspHyio ¢opmy, O6wruno HCI cosnaer
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KonuuecTBO aMHHOKHCJIOT B ofpasme — 2,6-10—7 M (3a HCKAO4YeHHeM OKCHIIPOJH-

Ha — 5,0:10—7 M w anaHuHa — 22,5-10—7 M); HeTeKTHpPOBaHHE MeTOILOM peaKIHOH-

HOff KysoHOMeTpHH (0,39 B MexAy slekrpoilaMH Ag—AgSCN); saexrpoaut (4,01 M

CuSCN, 4 M KSCN. OtHeceHnne NHKOB: [ — OHCTeHHOBag KMCJ0Ta; 2 — acmaparu-

HOBayg KHCAOTA; & — OKCUIPOMHH; 4 — TpeOHHH; &5 — cepuH;, 6 — rAyTaMHHOBas .

KMCIOTa, 7 ~— UHCTHH; 8 — MPOJKWH; 9 — IJIMUMH H alaHud; JO — Banumu, JJ — METH-
ounH; [2 — Haonelipuy; 13 — Jdeillmguu,

JHOBOJBHO BBHICOKYIO (DOHOBYIO 3JEKTPOIPOBOIAHOCTh, Mellia-
IOULYI0 00HapyXKeHUO caaloHOHU3HUPOBAHHHX KucaoT. On-
Hako ¢upma Dionex pazpaborasa cucTeMy, KOTopasd BKJIKO-
YaeT JAONOJNHHUTCAbHYI) HOHOOOMCHHYIO KOJIOHKY, NOMellae-
MVIO [IOcJie pa3fensiollell KOJOHKH IS CHHXKEHUSA (POHOBON
3JIeKTPONPOBOAHOCTH, NPHBOASILICTO K IIOBBIMIEHHIO YYBCT-
BUTEJBLHOCTH PErHCTPalHH pa3fieleHHBIX KHCJAOT. JTa KOM-
NMeHCAallHOHHAA KOJIOHKA COJePXKHT KaTHOHOOOMEHHHK B
Agt-popme, obnagaromuil BHICOKOH eMKocTbl. [Ipu B3au-
mopelicteuud co cmogofi HCl ypansiercs us saioeHta, tak
Kak oOpasyercs BBIALAKIIHA B 0CaJIOK XJOPHUI cepebpa,
AHajiu3upyemble KHUCJOTH He B3aUMOAEHCTBYIOT ¢ cepel-
pom (I} U npoxoasT BTOPYIO KOJOHKY 0e3 H3MeHEHHH, HX
3JIEKTPOIIPOBOHOCTL U DPECUCTPHPYETCH JAETEKTOPOM.
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OnucauHbiid noaxoa ObJ1 YCNEIHO HCIOJIB30BaH JUIs paa-
JEeJIEHNS OPTAHHYCCKUX KHCJAOT U MPeACTaBAsICTCA 0COOEHHO
MoJe3HBIM Ui aHaJdHu3a HH3KOMOJEKYJSIPHBIX INOJADHBLIX
KHCJIOT, KOTOPHIC IJIOXO PasaelsiioTcst OObUHLIMH MeTOja-
MH XKHAKOCTHOH xpomartorpadpuu. OguH U3 NPUMEPOB TaKo-
ro pasjeneHdst NpuBegeH Ha pHce. 9.6, ANHOHB CHJIBHBIX
HEOPraHHYEeCKUX KHUCJIOT OBICTPO NPOXOAAT Yepe3 KOJOHKY,
oTaeNsa10Tess oT Oosee cnabblX KHCJOT U AAKT OJHH (CyM-
MapHbI) NMHK.

IToT MeTox 00JagaeT OAHUM CEPbe3HbIM HEIOCTATKOM.
[To mepe TOrO Xak BO BTOPOH (KOMIIEHCAHOHHOH) KOJIOHKE
HakallJuBaeTcs TBepJAHWH xJopHA cepebpa, yBeIUYHBAETCH
CONPOTHUBJICHHE KOJOHKH [10JaBAaCMOMY B CHCTEMY 3JIOCHTY.
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Puc. 9.6. Onpenencnae opraHuuecKHX KHCAQT B 3KeTpakTe Kode (100-
KpatHoe pasGasaenne) [10].

Koaonka 250<9 mM ¢ karTHoHooOMennwmkom ICE; aawentr — 0,01 M HCIl; netek-
THPOBAHHE KOHIYKTOMETPHYECKOe IOoCJae KOMNEHCAUHOHHOH KOJOHKH,
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Puc. 9.7. Pasgenenne rumodochH-

Ta, LIHUTPaTa, JaKTaTa H IHaHHJA

Ha KojoHKe 3009 MM co cMmodaoli
AGBOW-X4 [11].

Bpems, MuH

Puc. 9.8. Onpegenenne ¢Gropuga w
6ukap6oHara B  BOJONPOBOAHOI
BoAe (YCJOBHS 3IKCHEpHMEHTa yKa-
3aHH B noamdcu k puc. 9.6) [111.

OrtHecenye NHKOB: [ — cyawdar; 2 —

daweutr — 0,001 M HCI; mereKTHpoBa-
¢Topun; 3— kapGorar ¥ GHKapGoHAT.

HHE KOHAYKTOMETpHUECKoe I10CJe KOM-

NMedCAllHOHHOH KOJOHKH. (THeCeHHe NH-

koB: ! — runodocdur; 2 — uutpar;, 3 -—
JakKTaT; 4 — HHAHHI,

HMuorga pa6oraloT ¢ miacTMacCOBHIMH KOJOHKaMH U OTpe-
30K, 3a0UTHIH XJIOpHAOM cepebpa, IIPOCTO OTpe3aloT.
OnucaHHBIM ABYXKOJOHOYHBIM METOJAOM MOKHO YJOBJET-
BOPUTEJNBHO Pas3jeNsiThb COJMH cJabblX KakK HeopraHHYECKHX,
Tak U opranuvyeckux kucjgor [11]. Ha puc. 9.7 nokasano
IIPEBOCXOAHOE pa3jenenue runogocdura, nurpara, Jakrara
v nHanpna. Kaxk BuaHo u3 puc. 9.8, MOXKHO TakxKe pa3sie
JUTL (pTopun H OGuKapOoHAT U M3MEPHTH ¢ XOpollel 4yBCT-
BUTEJLHOCTBIO HX COJlepKaHHe B BOJOIIPOBOAHOH BOme.
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9.4. NOHOIKCKNIO3MOHHAS pacnpepenurenbHas
Xpomarorpathus B couetTaH1mu
C MOHHOM XpoMarorpadmuen

dupma Dionex BHecsa H3MEHEHHA B KOHCTPYKILUIO CBO-
1X npuGOpoOB, 4TO NTO3BOJSET OJHOBPEMEHHO ONpeNesTh COo-
JU cnabbIX M CHUABHHIX KucaoT [3] ¢ nomombio M2PX u
HOHHOH xpomarorpaduu. Bnaromaps coueTaHHI 3THX IBYX
METOJI0B CTAHOBHUTCS MAOCTYIHBIM aHaJu3 GoJjiee LIMUPOKOTO
Kpyra aHHOHOB.

B nponecce Takoro ana/jad3a MOXKHO BEJIEJIHTbL 4YeTHIpe
OCHOBHBIE CcTajuu: |} BBereHHe cMecH coJledl CaabbBIX H
CUJABHBIX KHCJOT, 2} HCKJIOYEeHHE CHJIbLHBIX KHCJOT U Ha-
KOTJIEHHe UX B KOHUEHTPHUPYIONIECH KOJOHKe; 3) pasjiec/icHHe
H JETeKTHPOBaHHe cJabbIX KHUCJOT METOJAOM HOHHOIO HC-
KJIOYeHHs1; 4) pa3jeseHue W JeTeKTHPOBalHe CHJIbHLIX KHUC-
JIOT METOJIOM HOHHOW XpomaTorpaduu.

CoueraHue HOHOZKCKJIO3HOHHOM M HOHHOH XpomaTorpa-
buu BIepBHE HCNOJAb30BaNW JAJsT pasfeeHHsi KapboHara,
XJiopHAa, XJopaTa U cyiabdata B ob6pasuax KayCTUUCCKOH
conbl. Ha MOHOZKCKJ/IO3UOHHOH KOJOHKE 3PPEKTUBHO HEHT-
panu3yercsi orpomuoe koJaudectBo HoHoB OH™, 6naropaps
yeMy MOXKHO OTHAeJHTh KapOoOHAT OT OCTaJbHHIX HOHOB.
ITOT e METOJ UCMOJb30BaJNH AJf ONpelae/eHus cyabdara,
auetrata ¥ ¢opmuara B paccoJe [3] u coselt crnaGuiXx U CHIb-
HBIX KHCJOT B 9KCrpakTtax xode [5], Bune [12] u B rasupo-
BagHeXx namuTKax [13]. MoXHo oxHAATb, YTO COYeTaHHE
MOHO3SKCKJ/IIO3HOHHON U HOHHOH XpomaTorpaduu HaujeT LIH-
POKO€ TMpHUMEeHEeHHe AJisl aHa/Jdu3a CMeced CJ0XKHOro cocTa-
Ba, TAKHX, Kak OHoJOrHUECKHe KHUIAKOCTH [14], ranpBanuye-
ckue pacTBopH [15] u MHOrue mpyrue.
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