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MOHOCJION JIEHI'MIOPA —

HOBBIII THUII COPEEHTOB

I METAJLI- A®@®UHHOM XPOMATOI'PA®UN

Hocsawenue. Cetnoit namstu npodeccopa Jluann HuxonaeBrsr ["amisb.
B 0030pe npesncTaBiaeHs! Bee ATANbl Pa3pabOTKH HOBBIX MeTalI-ad(HMHHBIX COPOESHTOB HA OCHOBE KOJUIAIICHPOBAH-
HBIX MOHOCJIOEB CTE€apaTOB METAIIIOB (MOHOCIOEB JIGHIMIOpa), OT HJEH 10 NPAKTHYECKOH pealln3alny.

Kn. cn.: merann-addunnast xpomarorpadus, COpoeHT, MOHOCTION JICHrMIOpa, KOJUTATICHPOBAHHBIC MOHOCION

creaparoB MeTtaiioB, MAJIJIU-MC

BBEJEHUE

Hu nns xoro He cexper, 4To HaydHbIE MHTEPECHI
JIngun HukomaesHbl 'aiis oTIMYaNUCh BBIJAIOICH-
cs WupoToi. Ee MHOTONETHSIST Hay4Has AESITEIbHOCTh
Obula Hepa3pbIBHO CBs3aHa C PAa3BUTUEM METOJOB
MacC-CIIEKTPOMETPHUYECKOTO aHaNn3a W pa3padoTKon
Macc-CrieKTpoMeTpuyeckoro obopynosanus. Ilon ee
PYKOBOJCTBOM CO3/1aHO OI'POMHOE KOJINYECTBO HOBa-
TOPCKUX HPUOOPOB, HEKOTOPBIE M3 KOTOPBIX A0 CHX
UCTIONIL3YIOTCS B Pa3NUUHBIX Jaboparopusix. meHHO
ell TPUHAIICKHUT OOHO W3 HamboJee BBIJAIOIINXCS
JocTikeHHd XX B. B 00J1aCTH aHAJIMTHYECKOTO IpH-
OopocTpoeHHsT — pa3paboTKa METOJa JKCTPAKITHH
WMOHOB M3 PAaCTBOPOB MpHU aTMOC(HEPHOM JaBlICHUU
(OPU AJ]) [1], Ha ocHOBE KOTOPOTO pa3padaThIBAIOT-
Ci U CO3MAIOTCA MacC-CIIEKTPOMETPBI MO CErOJHSII-
Huil 1eHb. CI0XKHO TIEpEOLIeHUTh €€ BKJIaJ B pa3BUTHE
COBpEeMEHHON OMO(HU3UKH, 3aKITIOYAIONIHICS B CO3/1a-
HUU PEBOJIOIMOHHONW KOHULEMNIMM JKHUBBIX CHCTEM
W WCCIENOBAHUM BIHMAHUS CIA0OBIX M CBEPXCIA0BIX
MoJiel ¥ N3IyYeHUH Ha JKUBbIE OpraHu3MBI [2].

Onnako Obuta emie ogHa 00JIacTh, B Pa3BUTHU KO-
topoit Jlunus HukonaeBHa mnpuHUMAana ydacTue,
Y MPAaKTUYECKH HHUKOI/Ia HE YITOMHHAIOUIASCSI B 3TOM
KOHTEKCTE, a UMEHHO pa3padOTKa COPOLIMOHHBIX CHC-
TEM JUIsl CEIEKTUBHOM KCTPAKIMU CpeqHEpa3MEPHBIX
TIETITHIOB M Psjia METaOOINTOB M3 IUIa3MBI KPOBH [3,
4]. Tak coBnajio, 4TO K KOHIly IIEPBOTO AECATUIETUS
XXI B. Hama rpynma, pabotaromas B coctase Jlabo-
paTopum SKOJOTMYECKOH M OMOMEOULIHMHCKOHW Macc-
crieKkTpoMeTpuu MHCTUTYTa aHAJIMTHYECKOTO Mpubo-
pocTpoeHusi, ObUIa IpUBJIEYEHA K pa3paboTKe MeETo-
IUKH crienuuaHoi skcTpakuuu (HocoHuIMpoBaH-
HBIX TIETITHIOB U3 OMOJIOTHYECKUX 00pa3IioB, OCHOBOMH
KOTOPO# OBUI HAa TOT MOMEHT OTHOCHUTEIILHO HOBBIH
METOJ JKCTpakmun — Meramr-apuarass Xxpomaro-
rpadus. Mckpennss yoexneHHocts Jlnaum Hukoma-

€BHBI B HEOOXOIUMOCTH UMETh COOCTBEHHBIC POCCHA-
CKue pa3paboOTKH, a HE IMOJIaraThCsl HA HMMIIOPTHBIC
MpUOOPHI ¥ MaTepHalbl, KOTOPOH OHA 3apsiKaiia U OK-
pYKalOIMX €€ CHENHMAINCTOB, BO MHOIOM HalpaBuila
HaIllM M3BICKaHUsI Ha MyTh pa3pa0OTKU COOCTBEHHBIX
copOLMOHHBIX MaTepuanoB. Bee nocieayromue roast
JIngus HukonaeBHa NPUCTANbHO CIEAWIA 332 XOAOM
Hamrel paboThl W OKa3bIlBaja BCEOOBEMITIONIYIO IMOJ-
JIEP’KKY Pa3BUTHUIO 3TOTO HaNpaBJieHHSA, U BO MHOTOM
pabora, mpeacTaBiIcHHAS B 3TOM 0030pe, cTajlia yc-
NemHoi Onarogaps UMEHHO eH.

MOHOCJION JIEHI'MIOPA U IIVIEHKHA
JIEHI'MIOPA - BJIOI’KETT. TIPEJABICTOPUSA

MoHOCIION OpraHNYeCKUX BEUIECTB Ha BOJHOM TO-
BEPXHOCTH OBIIM M3BECTHBI JOCTATOYHO JIaBHO, OJIHA-
KO CHCTEMaTHYeCKOe X M3Y4YEeHHE HAaJaJoCh B Havaje
XX B. ¢ pabor U. JIeArmMropa, oka3aBIero, 4To npu
HaHEeCEeHHH pacTBOpa aM(UPUILHOTO MOBEPXHOCTHO-
aktuBHOTO BemiecTBa (IIAB) B nerkosierydeM pacTBo-
puTelie Ha IOBEPXHOCTh BOJHOW cyO(da3sl oOpasyercs
CTPYKTYypUpPOBaHHAS TUIEHKA TOJIIMHON B OJHY MOJIE-
kyny ITAB, obGnagaronias yHUKaaIbHBIMA CBOWCTBAMHU
[5]. Hacrosmuii OymM B HWCCIIEIOBaHUHM TaKUX CTPYK-
Typ Havaica B 30-x rr. XX B. mociie onmyOJIuKOBaHUS
pabot Jlenrmiopa u BiiomkeTT, moka3aBIIuX BO3MOXK-
HOCTh NIEPEHOCa OPUEHTHPOBAaHHBIX MOHOcoeB [TAB
Ha TBEpAyr nomnoxkkKy. Ilnenkm Jlenrmiopa -
brnomxerr (IJIB) mpencrapnstor coboii perysipHbie
MYJIBTUMOJEKYJsIpHBIE CTpYKTYyphl (MMC), chopmu-
pOBaHHBIE TIIyTeM IIOCJIEJOBATEIHHOTO TIepeHoca
Ha TBEPAYIO IMOMAJIOXKKY MOHOCIIOEB HEPACTBOPUMBIX
ITAB ¢ noBepxHOCTH BOAHOU cyOdassl [6], U ABISAIOTCS
NPUMEPOM HaHOCTPYKTYPHPOBAHHBIX cHCTeM. Bo3mox-
HOCTb HM3MEHEHHS HX COCTaBa U CBOWCTB OT CIIOA
K CJOI0, OTHOCHTEJIbHAsl IPOCTOTa MX IIOJIyYeHHS
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o0ycloBWIM WX LIMPOKOE MNPHUMEHEHHE  Kak
B (yHJaMEHTANBHBIX HCCIIEIOBAHUSAX, TaK U B pa3-
JUYHBIX OONACTAX TMPAKTUYECKOTO TPUMEHEHWS.
B nagane 70-X IT. B CBSI3M C pa3BUTHEM HWHCTPYMEH-
TaTbHBIX METOJIOB aHaji3a BO3HHUKJIA MpodieMa
MOJTy4eHUs] TUPPAKIUOHHBIX PELIETOK Ui aHajlu3a-
TOPOB PEHTI€HOBCKOTO CIIEKTpa YJIBTPAIETKUX DdJe-
MeHTOB (0T Oepwiunsg 10 Harpus). C 3Toi Lenbio
B JIeHMHrpasCcKOM TOCy/lapCTBEHHOM YHHBEPCHUTETE
ObUIa coO3MaHa TpyIa IO H3YYCHHUIO KOJUIOWTHO-
xumuueckux cBoucTB I1JIb ¢ menpio co3ganus Takux
aHanm3atopoB [7]. iMeHHO 3TH pabOTHI MONOXKHIU
Hayaylo BcecTopoHHeMy usyuenuto IIJIb ¢ nensro ux
MpPUMEHEHNs] B Pa3NUYHBIX OONACTAX TEXHHUKHU
B CCCP. B nauane 90-x rr. ObutM c(HOPMHUPOBAHBI
HaHOpa3MepHbIE CTPYKTYpPHl (TaTOIMAaHWHOB, WC-
MOJIb3yEeMbIe ISl Pa3padOTKH XMMHUYECKHX CEHCOpPOB
[8]. Tlo3mHee Ha OCHOBE IICHOK OKTajcIMIaMHUHA
obu momryuensl JJHK-naTavku [9].

B navane 2000-x rr. Ha XuMu4eckoM ¢axyJbTeTe
Cankt-IleTepOyprckoro rocynapcTBEHHOTO YHHUBEP-
CUTETa HA4yaJii U3y4yaTb MarHUTHbIE CBOMCTBA TOHKHX,
MPAKTHYECKH JIBYMEPHBIX CTPYKTYp JUIS CO3JaHUS
HOBBIX HocuTenel nHpopmarmu. C 3ToiH 1enbi0 ObLTH
chopmupoBansl [1JI6 Ha ocHOBe creapara TpexBa-
neHTHoro >xene3a [10]. Pesynprarel uccrienoBaHus
MOKa3aJy, YTO B 3aBUCUMOCTU OT CTPYKTYpbI IUICHKA
MOJKET TPOSBIIATH Kak (peppoMarHuUTHBIE, TaK M JHa-
MarHUTHBIE CBOMCTBA. DTO NMPHUBEJO K HEOOXOAMMO-
CTH JETaJbHOTO W3y4YeHHUs CTPOCHHS MOHOCIIOEB
creapara Fe(Ill). Ha ocHoBe uccnemoBanuii uUX mo-
BEPXHOCTHBIX CBOWCTB OBUIO BBICKAa3aHO MPEIOi0-
’KEHUE, YTO T€OMETPUUECKUE OIPaHUYECHUS], HAKIIA bl
BaeMbI€ Ha IOJIO)KEHHE MOHOB METajula, TaKOBBI, YTO
BO3MOXKHO 0Opa3oBaHHE TOJIBKO MOHO- M AMCTeapa-
TOB, IJie MOH MeTajula HaXOAMTCS HEMOCPEICTBEHHO
Ha TIOBEPXHOCTH TIJICHKH M, TAKIM 00pa3oM, JOJDKEH
MPOSBIATH BBICOKYI0 XMMHUYECKYI0 aKTHBHOCTh H3-3a
Hau4uusi JaOWIbHOW BaJCHTHOCTH, 3allOJHEHHOU
MPOTUBOMOHOM, KOTOPBIA JIETKO MOXET OBITh 3amMe-
HIEH B MpoIecce Mmocieayoneii 00padoTKu.

HAHII CTAPT. POXKIAEHUE KOHIHETIINN

VIMeHHO Ansl MONTBEP)KACHMS 3TOW THIIOTE3Bl MBI
Hayalu JIeTallbHOe W3y4YeHHe CTPYKTYpBl M COCTaBa
MoHocnoeB Jleurmiopa u I1JIb ¢ npusneuenuem macc-
CHEKTPOMETPHUUECKIX METOAOB, B MPOILIECCE KOTOPOTO
JIOKa3aJii, YTO OCHOBHBIM CTPYKTYPHBIM 3BCHOM MO-
HOCJIOEB, MOJYYCHHBIX IPH HAHECEHHHM PacTBOpa
CTCapUHOBOM KHCIIOTHI B I'eKCaHe Ha BOAHYIO cyOda-
3y, cofepKaiyo nonbl Fe'', sBsieTcss mucteapar xe-
me3a ¢ OoaHOW JabunmpHOM BanmeHTHOCTRIO [11].
To ectp geiicTBUTENBHO 00pa3yeTcs CTPyKTypa, OJHa
13 TIOBEPXHOCTEH KOTOPOH MpH ONpPEeNICHHBIX YCIIO-
BHUSIX TIOJTHOCTBIO COCTOUT U3 HOHOB MeTaJlia.

[NapannensHo B Te ToAbl MHCTUTYT aHAIMTHYECKO-
ro nMpruOOPOCTPOCHUS MIPUHUMAT YIACTHE B CO3/IaHUH
METOJUK CHEeNU(PUIHON dKCcTpakiuu (pochopunupo-
BaHHBIX U (POCHOHMITUPOBAHHBIX MENTHIOB U3 TPHUII-
TUYECKUX THJPOIU3ATOB OEIKOB KPOBU C HCIOJB30-
BaHHEM KOMMEpUYECKMX MeTami-ah(UHHBIX copOeH-
ToB. Hamnyumme pesybTaTe! ObUIM TIONTy4YEeHBI MpPU
skerparmn Ha Fe’'-comepsxamem rexe (PHOS-Select
Iron Affinity Gel, Sigma, IAG), koTOpBIli TPOSIBIISET
cneuuduuHocTh K P=O rpynme, xorna BuepBble yna-
JIOCh BBIJCITUTh M HICHTU(PHUIHMPOBATH AJIyKTHl ChI-
BOPOTOYHOTO aIbOYMHHA KPBICHI € MTapaokcoHoM [12].
HecMoTps Ha BBICOKYIO CTOMMOCTD U BBICOKHE Tpebo-
BaHUsI K YCJIOBHSIM XpaHEHHsI, 3TOT COPOCHT BBITOJTHO
OTJIMYAJICSI OT APYTUX JOCTYMHBIX MaTepHallOB OTCYT-
CTBHEM IMPOJYIIMPOBAHNUS HOHOB JKelie3a B JJIOATHI,
YTO 3HAYUTENBHO O0O0Jerdano AanbHedmyoo mpobo-
MOJATrOTOBKY 00pasloB s  MacC-CIEKTPOMETPH-
YEeCKOT0 aHaJIN3a.

Takoe mepecedeHue ABYX, Kazanoch Obl, HE CBS-
3aHHBIX MEXAy CO0OH Hay4HBIX HANpaBICHUHA M TPH-
BEJI0O K MOSIBICHUIO HJEH HCCIEeN0BaTh MOHOCIIOH
JlenrmMiopa Kak CTPYKTypy, OONaJafomiyr0 MeTasl-
adGUHHBIMU CBOHCTBAMH.

JlefCcTBUTENBHO, €CIIM pacCMaTpUBaTbh OCHOBHBIC
TpeOOBaHMs, NpPEABABIsIEMble K cOpOEHTaM, MOHO-
cion JleHrMIOpa COOTBETCTBYIOT OOJIBIIMHCTBY W3
HUX. Bo-nepBBIX, CTPYKTYpa MOHOCIIOSI cTeapara Me-
Taljla HE TOJBKO TapaHTUPYET HaJMyhue HOHOB Me-
Taula Ha TIOBEPXHOCTH COpPOEHTa, HO W Omaromaps
COBEPLICHHO IUIOCKOW CTPYKType oOecreuuBaeT MoJ-
HYIO JOCTYITHOCTh aKTUBHBIX LIEHTPOB IS MOJEKYI
aHaJWTa HE3aBHCHMO OT pa3MepoB MOJIEKyJbl. Bo-
BTOPBIX, BKJIIOUCHHE METaJUIa B COCTaB HEPacTBOPH-
MOW B BOJHBIX M BOJHO-OPT@HMUYECKHX PACTBOPUTE-
JSIX COJIM MICKITIOYAeT MPOIyLMPOBaHNE HOHA MeTaja
B 00paserr mociie dIIOUPOBAHMS aHAINTA ¢ COPOCHTA.
B-TpeTbux, ’KecTKas CTpyKTypa MOHOCIOS obecreyu-
BAaCT OTHOCUTEIBbHYI0 MEXaHHUYECKYI0 MPOYHOCTh
copOenra. Y, HakoHel, KpaiiHe HpocTasi TEXHOJIOIUs
MOJYYECHUSI U BO3MOXKHOCTH MOCIEIYIOUIET0 KOJUIal-
CHPOBaHHUsI MOHOCJIOS TTO3BOJISIIOT OBICTPO HapadaTbl-
BaTh 3TOT (PYHKIMOHAJBLHBIM MaTepual W IOMelaThb
B YCTPOMCTBO JIsi TIPOBEJCHUSI SKCTPAKIUU B HEOO-
XOAMMOM KOJIMYECTBE HEMOCPEICTBEHHO IEpe] HKC-
nepumenToM. K coxainenuto, mo merony JleHrmiopa
HEBO3MOKHO MHOJYYHUTh MOHOCIOHW U3 cosiell amgo-
TEPHBIX METAJJIOB, KOTOPHIC B BOJHBIX CPEAax BXOIAT
B COCTaB aHMOHA COJIM, M U3 UCCIIEIOBAHUH MPHIILIOCH
WCKIIIOYHTH Takue MeTaiuibl, kak Ti(IV) u Zr(IV), ko-
TOpBIC SBISIFOTCS AKTUBHBIMU IEHTPAMH 3HAYUTEIb-
HOT'O KOJIMYECTBAa U3BECTHBIX MeTaI-a(PUHHBIX COp-
oenToB. OmgHAKO TIPOCTOTA (HOPMHUPOBAHUST MOHOCIO-
eB o0ecreuynBaeT BO3MOXXHOCTh OBICTPO HapaboTaTh
W HUCCIEeI0BaTh COPOCHTHI, COJEpKAlIHe aTOMBI JIIO-
OBbIX METaJUIOB, CYIIECTBYIOIIMX B PAacTBOPax B BUIE
KaTHOHOB.
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MOHOCIJIOU JIEHI'MIOPA —

K HenmocraTkam Takoro Marepuana MOXXHO OTHECTH
MPOLIECC CIHUMAHUS MOHOCIOEB IPH KOJUIAICHpOBa-
HHUH, KOTOPOE MOXKET HPOMCXOAMTH IO MEXaHU3MY
oOpaszopanus [1JIb. OnHako, Kak ObLIO MMOKa3aHO Ha-
MU TIO3KE IKCIIEPUMEHTAIbHO, 00paboTKa KoJIarncu-
POBaHHBIX MOHOCIIOEB allETOHUTPHIIOM Iepes BBINOJI-
HEHHEM MeTauT-aQpUHHON JKCTPAKIIUN HapyIIaeT
B3aUMOJICHCTBHSI MEXKIy CIMIIIMMHUCS CJIOSMH, I0-
3BOJIIET COPOCHTY pPaBHOMEPHO paclpeeuThbCs
o BceMy 00beMy o0pasiia B BUie HEOOIBIINX TOHKUX
TUICHOK, 00pa3yIouXcsi NpU KOJUTAIICHPOBAHUH MO-
HOMOJIEKYJISIPHOTO ciosi. BTOpbIM HenmocTaTkoMm 3ToM
CTPYKTYPHI KaKk MeTaJuT-ad(pUHHOTO COPOSHTa MOKHO
CYMTATh HEBO3MOXXHOCTH TUIOTHOW YIAKOBKH MOHO-
CIIOSIMM KOJIOHKM WM KapTpHIDKa Uil TPOBEICHHUS
OKCTPaKIIMHU, KaK CIIEJICTBUE TOTO K€ CIIUMAHUS MOHO-
cinoes. [Ipu sToM Marepuan yao0eH B HCHONb30BaHUN
npu  mpoBexeHnH —mnakeTHod  (batch)  merami-
adpdunHON XpomMartorpadum — MeTone, KOTOPBIH
Ha CEroAHSIIHUI JeHb SBIAETCS OIHUM U3 HamboJjee
BOCTPEOOBAaHHBIX TIPU TMPOOOIMOATOTOBKE B OWO-
opraHnyeckoM aHanuse [13], 0COOCHHO ¢ MOsIBICHUEM
TaKUX KOMMEpPYECKH JIOCTYIHBIX YCTPOHCTB JUIsI
batch-skcriepuMeHTOB, KaK CIIMHOBBIE KOJIOHKH.
B ortnnume ot G0NBIIMHCTBA COPOIIMOHHBIX MaTepra-
JIOB, TOHKHE IIJICHKH MOHOCIJIOEB CT€apaTOB METAJIIOB
CIOCOOHBI PaBHOMEPHO paclpenessTbes [0 BCEMY
00beMy 00pasma TpH TPOBEICHUU SKCTPAKIIMH, YTO
B IMOJHOH Mepe oOecredynBaeT Kak JIOCTYIl aHAJIUTa
K aKTUBHBIM IICHTpaM cOpOeHTa, TaK M KaueCTBEHHYIO
NPOMBIBKY OT MELIAIOUIMX KOMIIOHEHTOB C IOCJe-
OYIOUIMM OecIpersiTCTBEHHBIM JJIIOMPOBAHUEM aHa-
muTa ¢ copOeHTa.

KOJUIAIICUPOBAHHBIE MOHOCJIOU
JIEHI'MIOPA — COPBEHTDI
IS METAJVI-A®@®UHHOU XPOMATOT'PA®UN

CopOeHT Ha OCHOBE MOHOCJIOEB cTeapaTa xkeje3a

Best BeimenpencrasnenHas uHGopManus od oco-
OCHHOCTAX WCIOJIB30BaHUS MOHOCIOEB JIeHrMiopa
B KauecTBe MeTau-aQ(pUHHBIX COPOSHTOB ObLIIA HAMU
MoJlyueHa B TMPOLIECCE MHOTOJIETHEH 3SKCIIepUMEH-
TabHOM paboThI, @ HauMHaIU MBI B 2009 1. ¢ mccre-
JIOBaHUW TMOBEPXHOCTHBIX M COPOIIMOHHBIX CBOWCTB
MOHOCIIOCB Ha OCHOBE cTeapara xeine3a (I11) (FFe).

MoHocon mosydaiad KJIACCHUECKUM METOAO0M
Jlenrmiopa myTeM HaHECEHHWS PacTBOpa CTEAPHHOBOM
KHCJIOTBI B Te€KcaHe Ha BOAHYIO cyOdasy, comepxka-
myio nousl Fe’', a 3arem komnamncupoBamu B IBYX
HalpaBJICHUAX C MOCIECAYIOUIMM NIEPEHOCOM B CIMHO-
BYIO KOJIOHKY. [ToHMMas, 4TO MmiieHKH 00JIafatoT JBY-
MEPHOU CTPYKTYpOH M JOCTYIIHAs JUIsl B3aUMOJEHCT-
BUS TIOBEPXHOCTb OIPAaHUYMBAETCS IJIOLIAJBIO TOTY-
YEeHHOTO MOHOCIIOS, MBI He okumanu, uro y FFe Oy-
OyT Oonbluasi yaenbHas MOBEPXHOCTb M BBICOKAs
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copOuuonHas eMmkocTb. OIHAKO B Ipolecce JKCIe-
PUMEHTaJIbHON PaboTHl OBLIO YCTAHOBJIECHO, YTO IMPH
JIEHCTBUTEIHHO HEOONBIION YAENPHOW MOBEPXHOCTH
(15.0 £1.5 m°/r) FFe o6namaer ropasao Gonee BbICO-
Kol copbmmonHON emkocThio (0.035 MKMOmB/T
o nentuay SSNGHVYpEKLSSI) [14, 15], uem mHO-
THe U3BECTHbIE KOMMEpYECKHUe COPOCHTHI, B TOM YHC-
ne u IAG. TectupoBaHue MOIyYESHHOTO COpOEHTa
Ha Oosiee CIOXHBIX 00pa3lax, TaKMX KakK TPUIITHYE-
CKUIl TUAPONM3aT Ka3erHa ObIKa M I'MIPOJIN3aT JIM3H-
POBaHHBIX KJIETOK JUHUU Hela, mokasaio, 4To, Kpo-
Me Ooitee BBICOKOW copOmmoHHON emkocTH, FFe mpo-
ABJISIFOT OoJiee BBIPaXKCHHBIE KakK CIEHU(HYHBIE, TaK
W CEJICKTUBHBIC CBOMCTBA 1O OTHOIICHHUIO K (ocdo-
pUIMpOBaHHBIM TenTtuaaMm, yeMm IAG, HaHOMOpPOIIOK
okcuna xene3a (FeOx) m HaHOTIOPOIIOK OKCHIIA TUTA-
Ha (Ti0O,). C nomomsio FFe Obuto nnentudunmposa-
HO 55% oOT 001Iero KonuyecTBa HaiieHHBIX (Hocdo-
PUIMPOBAaHHBIX OEJIKOB, B TO BpeMs Kak ausi FeOx,
IAG u TiO, 9T0 3HaY€HHE COCTABIIAIO TOJNLKO 34, 10
1 29% cootBercTBeHHO [16]. Taxke B pamMKax IpyTrux
UCCIIEIOBaHUH  CleMM(UYHBIX M CEJEKTUBHBIX
CBOMCTB HOBOTO cOpOeHTa OBIIO MOKAa3aHO, UTO C TO-
Momplo Metaur-apduHHONH XxpomaTtorpaduu Ha FFe
kpoMe (HochOpUITUPOBAHHBIX TMENTUIOB MOTYT OBITh
YCIEIIHO 3KCTPAarupoBaHbl M NPOAHATU3UPOBAHEI
npyrue Taunel - Qocdopconepkalmx  COCTUHEHUH
(pocthormmupoBaHHBIE TENTHIBI, TIECTUIIUABI), HTOP-
KUCIOTHI (1epdTopoKTaHOBas CyiIb(OKUCIOTA), TOK-
cuHBI IHaHoOakTepuil (MukpouncTtuH-RR) [17, 18],
T.e. crekTp npuMmeHenuss FFe okasancs mocraTouno
mpokuM. TakuM 00pa3oM, KOJUTaliCHPOBAaHHBIE MO-
Hocron creapara xkenesa (I11) 6smi mepBoit uccieno-
BAHHON HaMH CTPYKTYpOH, KOTOpasl Hallla IpUMEHE-
HUE KaKk MeTaiuI-aQpGuHHBIN copoeHt [19].

Hosble MeTa/i1-adp(prHHBIE COPOEHTHI
AAS IKCTPAKIMHU a30T- U XJI0PCOAEPKALNX
OpPraHUYecKuX coeIMHeHuil

Kpome Fe(Ill), eme psan mepexogHBIX METaIOB
MIPEJICTABIIAIOT MHTEPEC B Ka4decTBE AKTUBHBIX IICH-
TpoB copOeHTOB, U B mepByto odepens 310 Ni(Il)
u Cu(Il), xoTopsle CIOCOOHBI TIPOSBIATE CIEITA(HY-
HOCTh K TaKUM TeTepoaTroMaM, Kak a30T U TaJoreHbl
[20]. BcnenctBre OTHOCHTENBHO BBICOKOTO CPOJICTBA
3THX METAJUIOB K JIUTOITY, COJIeprKaIIeMy IIeCTh WU
0ojiee OCTAaTKOB TMCTHJIMHA, WMEIOIIETO B COCTaBe
HECKOIIbKO aToMoB a3zorta [21], meramr-adduHHBIE
copOenthl, coaepxkanie atombl Ni(Il) u Cu(Il), Tpa-
JTUITIOHHO HCIIONB3YIOT MPH OYHCTKE PEKOMOWHAHT-
HBIX TMOJIMTHCTUANH-MeYCHbIX OenkoB [22]. [Ipu sTom
Ha MOMEHT Hayaja HCCIEJIOBaHUIl MBI HE HAaIlIU
WHGOpPMAIIMIO O JIPYyroM NpPHUMEHEHHH COPOEHTOB,
coJIepKallluX Melb U HUKEJb. YK€ UMes OIBIT B Xa-
pakTepu3annu CTPYKTYp Ha OCHOBE MOHOCIOeB JleH-
IMIOpa, MBI JOCTaTOYHO OBICTPO MPOBENU OLECHKY
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PabOTOCIIOCOOHOCTH ~ CTPYKTYpP, ~COZEpIKAIMX — MENb
(FCu) u nukens (FNi). YaenbHast moBepXHOCTH U COpO-
LIMOHHAsA EMKOCTh OKa3aJuch cpaBHUMbIMU ¢ FFe, Tak
K€ Kak W OoO0IIUe MPUHIMIBI MPOBEICHHUS aHalu3a,
a OCHOBHBIM CTPYKTYPHBIM 3B€HOM OBLIH OTIPE/IEICHBI
mucteaparbl o0onx MeTtaiuioB [23, 24]. C Touku 3pe-
uus npumeHerns FCu u FNi ocoOsrit anst Hac nHTEepec
MpeJCTaBIIsATIa BO3MOXHOCTh MX HCIHOJB30BaHUS s
9KCTPAaKIMM M aHaJIN3a SKOTOKCHKAHTOB W JIEKapCT-
BEHHBIX TIpenapatoB (WM WX METa0OJHWTOB), T.K.
OOJNIBIIMHCTBO M3 HHUX COJCPXKUT (DYyHKIHMOHAIBHBIC
TPYIIIBI, UMEIOIIKME B COCTaBE a30T HJIM TaJIOTCHBI.
Ha npumepe skcTpakiuu raudocara, aMHHOMETHII-
¢dochoHOBOH KHCIOTH, TUpHUMHKapba, ¢eHazemnama
Ha FCu u FNi 13 BogHBIX pacTBOPOB U IUIa3Mbl KPOBU
KpPBIC HAMHU OBLIO MTOKa3aHO, YTO 3TH COPOEHTHI MOTYT
OBITH WCTIONB30BaHbI T 3 (HEKTUBHOM MPOOOITOAT0-
TOBKHU IPH KOJUYECTBEHHOM aHAIN3€ BOJOPACTBOPH-
MBIX TOKCHYHBIX BELIECTB, OOJIAAAIOUINX aKTUBHBIMU
(GYHKUMOHABHBIMY Tpynamu [25].

OTnenpHOTO BHUMAHWA 3aCIyXHBaeT padora, Imo-
CBSIIGHHAs  pa3pabOTKe METOOUKH  OKCTPaKLHUH
TWIbJIPUHA U3 00Pa3IoB pa3aundHON nmpupoasl. Umen-
HO TIpH €ro aHaJIu3e HaMH BIIEpBbIe ObLIO MPOJEMOH-
CTpUpOBaHO, 4To Meta-adpduuHas xpomaTtorpadus
MO3BOJIAET cHEeUU(UIHO IKCTPArHPOBaTh XJIOPCOAEP-
JKale COCIWHEHUST U3 OHOJIOTMYECKUX 00pasIoB.
JuibaprH OTHOCUTCA K 0CO00 YCTOHYHBBIM CHITBHO-
JIeHCTBYIONIMM TOKCHYHBIM XJIOPCOJAEPIKAIIIMM HHCEK-
TUIUAAaM, cIa00pacTBOPUMBIM B BOJE, HO XOPOIIO
B TaKuX Cpelax, Kak MOJIOKO M Ija3Ma KpoBHu [26].
Ha cerogHsmHuii J€Hb IOCTOSHHBIM HMCTOYHHKOM
JWIBAPUHA SIBIAETCS €r0 pa3pelleHHBbId HpealecT-
BEHHUK — aJIbJIPUH, CIIOCOOHBINA METab0JIM3UPOBATh-
¢ 10 IuibApHUHA B KucIod cpene. Mcnonb3zoBaHue
FNi g skcTpakumy AWibJpuUHAa U3 BOJBI, MOJIOKA
Y TUTa3MBl KPOBH KPBIC TTO3BOJIMIIO TIOBBICUTH CTETIEHU
HM3BJICYECHUS 3TOr0 TOKCHUKaHTa 10 86.7, 91.4 u 76.1%
COOTBETCTBEHHO, KOTOPBIE NMPH CPABHEHUH C APYTUMHU
W3BECTHBIMH METOJIUKAMM OKa3aJUCh 3HAYUTEIBHO
BoIme [27].

KonnancupoBaHHbIe MOHOCJIOH CTeapaTa JIAHTAHA
KakK 3()eKTUBHBINH MeTa/lI-apPUHHBII cOpOeHT

Crout ormeTuTh, uTo atoMbl 1 HoHB Fe(III), Ni(IT)
n Cu(ll) mocraTouHo YacTo BKIIOYAIOTCS B COCTaB
MeTauT-ahpUHHBIX COPOSHTOB B KAUECTBE aKTHBHBIX
1neHTpoB. MMeeTcs MHOXECTBO KOMMEPYECKHX IPO-
IOYKTOB B BHJE Kak pac(acoBaHHBIX MaTEepPHAaJIOB, TaK
W TOTOBBIX KOJOHOK WMJM KapTpumkei. [loatomy mbl
oOparuiny BHUMaHHE Ha MeETallI, KOTOPHIH HE OBbLI
MIPEJICTABIIEH B COCTaBE KOMMEpPYECKHX COPOEHTOB,
a B MCCIIEIOBATEIbCKUX paboTax MpeJyiarajiuch O4eHb
TPYJOEMKHE CIIOCOOBI TIONYYEHHS TaKUX CTPYKTYD,
a UMeHHO JaHTaH [28]. JlaHTaH KaK poAOHAYaJIbHUK
TPYNNbl JIAHTAaHOUIOB CPEIN PEAKO3EMETbHBIX Me-
TaJJIOB SIBIISIETCSI HAUOOJIEe IIEKTPONOIOKUTEIHHBIM

3JIEMEHTOM, B COEAMHEHHMAX IMPEICTaBICH TpexBa-
JICHTHBIM KaTHOHOM, 00pa3yeT MpeuMyIIeCTBEHHO
KOBQJICHTHBIE COCIUHEHUSI U CUUTACTCS OUEHb JKECT-
KHM aKLENTOPOM C BBICOKUM CPOJICTBOM K KHUCIIOPO-
COJIepKallliM aHHOHAM, B TOM 4Hcie H K Tpymnne P=0
[29]. bnarogapst GoibIIOMY pa3Mepy KaTHOHA M IMpo-
TSOKEHHBIM UG Gy3HBIM OpOUTaIIsAIM, COPOSHT Ha OC-
HOBe nucteapata saHTtana (FLa) ctan ans Hac Haxon-
Ko# At pa3paboTku dPQPEKTHUBHBIX METOAMK CIICIH-
¢uaHOM dKCTpaknny (HOCPOHUITUPOBAHHBIX MTEMTHIOB
u3 Ouosnormdyeckux oOpasmoB. JKecTkas W ympyras
CTPYKTypa MOHOCIIOS — oOecrmeuuBaia  OOJIBIIYIO
YIIbHYIO TIOBEPXHOCTh copOenTa (34.5 +3.5 m/r),
nexxemn 'y Fe(Ill), Ni(Il) m Cu(ll), n obecreunBaina
paBHOMEpHOE pacrpejiesieHHe TOHKUX IUIEHOK B 00b-
eMe oOpaslia, 4ero He BCErJa yIaBalloCh ITOOHWTHCS
Ul APYTHX CTPYKTyp. PesyibpraTtom paboTsl crana
METOJIUKA SKCTPAKIUKM MenTHYecKuX (ochoHUImpo-
BaHHBIX MENTHUAOB CHIBOPOTOYHOTO aabOyMHHA YeNo-
Beka [30].

Taxum obOpazom, pa3pabaTsiBasi COPOEHTHI Ha OC-
HOBE MOHOCIOEB JIeHrMIopa 1 METOIMKH HX HCIOJb-
30BaHHs, Mbl TIOJYYMJIH OYEHb WHTEPECHBIA OIIBIT.
C omHOM CTOPOHBI, OTJIAXKEHHBIE MIPOLEIYPHI MOIyUe-
HUS U HApaOOTKH COPOSHTOB HE MPEACTABIISUIA CIIOXK-
HOcTeH. brlyla cCKOHCTpyHpOBaHa M U3TOTOBJICHA BaH-
Ha IS TOJy4YeHUss COpOEHTOB, OTKaTuOpoBaHa
W CTaHJApTH3MPOBaHA IUIONMA]h (POPMHUPYIOIIUXCS
MOHOCJIOEB, TOZOOpPaHO ONTHMANBHOE KOJIUYECTBO
MaTepuaia, MOMEIIAIONIErocsl B CIMHOBYIO KOJOHKY
U pacrpenensomerocs 1o oosemMy o0pasua, oTIaxeH
MPOIeCC KOJUIATICHPOBAHHUS W TNEPEHOCa MOHOCIOEB
B CIIMHOBYIO KOJIOHKY. C ApYroH, B CBA3M C BBIPa)KCH-
HBIM TIOJIO)KUTEIBHBIM 3apsA0M Ha TOW MOBEPXHOCTH
MOHOCJIOS, KOTOpasi COCTOUT M3 aTOMOB METallIa, 4To
W TPUBOJUT K BBHICOKOMY YPOBHIO CIEHU(PHYHOCTH
copOEHTOB, MBI Ha BCEX JTarax pa3pabOTKH aHAIHUTH-
YECKUX METOAMK CTOJIKHYJIUCh C 3aTpyJHEHUSIMHU
¢ necopOrmelt aHanmuToB. Bce HA TOT MOMEHT M3BECT-
HBIE DJIIOCHTHl Uil MeTal-adp(UHHOM XpomaTorpa-
¢uu He obecreyrBalid BICOKOW CTEIICHU JIECOPOLIUH.
W ecnu cHavana Mbl IpUIarany yCUiIns Ui CO31aHUs
0osnee A(PQPEKTUBHOTO MIOCHTA (TaK, JJS YCHICHUS
JIOHOPHO#M CHJIBI TOTOBWJIM PACTBOPHI, COJIEpIKAIIHE
MUINEPUINH, UMUAA30]I U BIepBble — Mep(TOpPOKTa-
HOBYIO cynbhokuciory [31]), To 3areM OCHOBHBIE
ycuiusi ObUIM HalpaBJeHBl Ha pa3pabOTKy METOVK,
MpU KOTOPBIX DIIIOMPOBAHUE aHalNTa ¢ cOpOeHTa He
TpeOyeTcs.

"JTABOPATOPUA HA MUIIEHHN"

HepBue NMONBITKH

B caywae Macc-crieKTpoMeTpUHM C MaTpHYHO-
aKTHBUPOBAHHOH Jla3epHOU aecopOLueit/noHn3anuen
(MAJIIN-MC) Takme METOOMKH BO3MOXKHBI, €CITH
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MOHOCIJIOU JIEHI'MIOPA —

MPOOOIOITOTOBKA MPOBOJIUTCS HA XMMHYECKU MOJIU-
(UIMPOBAaHHON MOBEPXHOCTH MUIICHU C IMOCIEHYIO-
LOIMM CEJIEKTUBHBIM CBS3BIBAHHUEM AHAJIUTOB C IO-
BEepXHOCTHIO [32]. B aTOM citydae sKCTpakius Ha MH-
IIIEHN MOKET OCYIICCTBIIATHCS ITyTEM MOBEPXHOCTHO-
aKTUBUPOBAaHHOW J1a3epHOM JecOpOIMU/MOHU3AIUU
0] BO3/ICMCTBUEM JIa3epHOr0 UMITyJibca. Yarie Bcero
SKCTPAKLUIO HAa TMOBEPXHOCTH MHUILICHU MPOBOISAT
B (opmare TBepAO(ha3HON MHKDPOIKCTPAKIUU TPHU
(YHKIIMOHAIN3AMK TIOBEPXHOCTH MHIICHH pa3ind-
HeiMU copOeHTamu [33]. Takol 1oaxoa MmoJiydns Ha-
3BaHHe "nmabopaTopus Ha MUIICHU", 1 HEKOTOPOE KO-
JUYECTBO  paboT OBUIO  MOCBSIIICHO  METalll-
aphuaHEBIM copbenTam [34].

Mpbl mpeAnpUHSIIA MHOXECTBO TOMBITOK (yHK-
MAOHAIM3UPOBATh TMOBEepXHOCTE MAJIJIV-Mumenu
MOHOCJIOSIMU CTE€apaTOB pa3nyHbIX MeTaiioB. [lepe-
HOC MOHOCJIOCB Ha TOMJIOKKY KIACCHYECKUM METO-
mom Jlenrmiopa — biomkeTr He cMmor obecreduThb
JIOCTATOYHOW MOBEPXHOCTH cOpOeHTa IS B3aUMO-
JIEUCTBUA C aHamuTOM. He xBarano 4yBCTBUTENIBHO-
CTH Jaxke Takoro meroda, kak MAJIJIM-MC. Taxxke
MBI TIBITAINCH TIEPEHOCUTH MOHOCIIOH, KOJUIATICHPO-
BaHHBIE B OJHOM HAIpaBJICHUU, U AUCIEPrUPOBAHHBIE
MOHOCJION Ha MUIIEHB (Oy1aromapsi BEICOKOHM aire3mu
3TUX CTPYKTYP K METAIUIMYECKUM MIOBEPXHOCTSIM, MO-
HOCJION JJOCTATOYHO XOPOIIIO TPHIUIIAIN K TIOBEPXHO-
ctH). B 3TOM Ccityuae u3-3a pa3HO# TOJIIMHBI TTOKPHI-
THA HaM HE YAAIOCh MOJYYUTh BOCIPOU3BOAUMBIC
pe3yIbTaThl aHAIN3a, XOTS B 3THX CIyYasX peTrUCTpa-
ust MAJIJI-mMacc-ClieKTpoB CBHIETENBCTBOBAIA 00
9KCTPAKIIMU aHAJIUTOB C MOBepxHOCTU copOenTa. Co-
OTBETCTBEHHO, HEBO3MOXXKHOCTh aJlallTalluy KiIaccuye-
ckoii TexHomoruu Jlenrmriopa (oOpasoBaHWE MOHO-
CIOS Ha TOPHU3OHTAIBHOW BOJHOW TOBEPXHOCTH)
K TaKko# 3ajaye IMpuBelia K HEOOXOAMMOCTH pa3pa-
0otk MeTona hyaknuoHanm3auu MAJIJIV-Mumenu
nmyTeM (OpMHpPOBaHHUS COPOCHTOB HEMOCPEICTBEHHO
Ha TTOBEPXHOCTH.

AnanTauus TexHoJornu Jlenrmopa
K nouaycdepuiyeckoil NOBEPXHOCTH KaIJIH

Breuto mpemiokeHo opranmyeckyio ¢asy, coaep-
KAyl CTEAPHHOBYIO KHCJIOTY, HAHOCHTh Ha KaIlUTIO
BOJHOIO pacTBOpa COJHM MeTajula, KoTopas Oyner
pacriolioxeHa B LeHTpe siueiikn mumieHu. CooTBeTCT-
BEHHO, moTpeboBanace paspaboTka Monenu (Hopmu-
pOBaHUsI TUICHOK, MTOJIOOHBIX KOJUIAIICHPOBAHHBIM MO-
HOCJIOSIM, Ha cyOdasze B reomMerpuu, OTIMYHOH OT
IJIOCKOW TOBEPXHOCTH BaHHBI JleHrmiopa. MokHO
OBUIO 0KHIATh, YTO, C OAHOM CTOPOHBI, HCKPUBIICHHUE
MIOBEPXHOCTH, XapaKTepHOE AJISl KaIlUIM, U3MEHSET ee
MEXaHOXUMHUYECKHEe cBoricTBa [35], uTo, MO BCell Be-
POSITHOCTH, MOXET obecneuuTh Oosnee ObICTpBIH
U TOJHBIA IEpexo]l CTEApUHOBOM KHUCIOTHI B COJb
¢ o0pa3oBaHMEM YIIOPSAOUEHHON CTPYKTYpPBI, COAEP-
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Kame monsl metaivia. C apyroi, ObICTpoe Hcmape-
HUE H-TeKCaHa MpH MepeMeNleHNH MIEHKU C MOBEpX-
HOCTH KaIlUIH K €€ OCHOBAHMIO JIOJDKHO HPHBECTH
K (QOpPMHUPOBAHUIO CKIIAAYATOH CTPYKTYPBI C Pa3BUTOM
MOBEPXHOCTHIO. HakoHel, Takue CTpyKTypbl obOnama-
IOT JOCTaTOYHO BBICOKOH aAre3MOHHOH CIIOCOOHO-
CTBIO K TIOBEPXHOCTH TBEPAOHN TMOMIOXKKH, H, CIIEHO-
BaTeNbHO, c()OPMHUPOBAHHBIN MaTepuai OyIeT XOopo-
10 yJI€P>KUBATHCS HA MUIIIECHHU.

B 1o Bpems MoOHOcIOM cTeapara JIaHTaHa Ipen-
CTaBISUIM I Hac Hambonpmmii mHTEpec. B cBs3m
C TE€M, YTO KaTHOH JlaHTaHa 00JagaeT CIIOCOOHOCTBIO
K KOMILJIEKCOOOPa30BaHUIO, XapaKTepHOMY JUIsl Iepe-
XOJTHBIX METAJJIOB, YTO MOXKET 3HAYUTEIHHO OCIIOXK-
HUTH HCCIIEeJOBaHUE Tpolecca (GOPMHUPOBAHMS TICH-
KM Ha ToxyceprdecKold TOBEPXHOCTH BOIHOW CyO-
¢asbl, B KauecTBE MOJICJIIBHONW CUCTEMbI ObUIN BBIOpa-
HBl TOHKHE IUICHKH cTeaparta 0apusi, KOTOPBIH KOOp-
JUHUPYET TOJIBKO BOXY, HO pa3Mep MOHa Oapus Ouiu-
30K K JaHTaHy. W nelicTBUTENBHO, TOCIE HAHECEHUS
HACBHIIIIEHHOTO  pacTBOpa CTEapWHOBOW  KHCIIOTHI
B IEKCaHE Ha BOJHYIO KaIUIIO, COJAEPKallyl0 HOHBI
Oapusi, BOKpYT KalUTM MBI YBHAETH TOHKYIO OIajec-
OUPYIOUIYI0 IIIEHKY, KOTOpas JOCTHraja TpaHUI]
SYEHKH MUIIEHH U o0iajana HEpaBHOMEPHOH CTpYyK-
Typoil. Ham mpezncrosno mokas3are, 4To MOITy4dEeHHAs
IJICHKA U €CTh KOJUIAIICUPOBAaHHBIM MOHOCION cTea-
pata Gapusi. Cneqyer OTMETHTD, YTO MPH TAKOM ITOA-
X0/Ie KOJIMYECTBO OOpa3yrolIerocs BellecTBa KpaiiHe
MaJio ¥ HaM MOTpeboBaNNCh KpaliHE YyBCTBUTEIHHBIE
(U3UKO-XMMHUYECKHE METOZABl aHaliu3a, 4TOOBl MOJ-
TBEPANUTH TUIIOTE3Y.

Ilnenka Ha MOBEPXHOCTHU MUILICHU —
KOJJIAalICMPOBAaHHBIC MOHOCJIOU CTeapaTa MeTaJliia

CHauvana cieoBajlo YCTAHOBUTh XUMHUYECKUHN CO-
CTaB TOJYYHUBINEHCS TUIeHKA. MeTtomoMm uH(ppakpac-
HOM CHEKTPOCKONHHU MBI MOATBEPAUIIN NEPEXO]] CTEa-
PUHOBOI KHUCIIOTHI B cOjb. C IOMOIIBIO SHEPTOIMC-
MEPCUOHHON PEHTT€HOBCKON CIEKTPOCKONNHU YCTaHO-
BWJIM Hajuyue Oapusi B COCTaBe IUICHKH, a METOJIOM
MAJIIN-MC noxa3anu, 4TO OCHOBHOE CTPYKTYpHOE
3BEHO IUIEHKH — 3TO cTeapar Oapus. [Ipu nzydeHun
nporiecca (YOpMHUPOBaHUS TUIEHKH U €€ CTPYKTYPhI MBI
UCIOIBb30BAIM PA3JINYHBIE ONTHYECKHE METOJBl HC-
cienoBaHnd. Tak, C TOMOIIBIO METOAOB ONTHYECKOH
TEH3UOMETPHUH M CBETOBOM MHMKPOCKONHMH B OTpa-
JKEHHOM CBET€ HaM YJaJoch 3a(HUKCHpPOBaTh caM
npouecc 00pa3oBaHMs IUICHKH M IIEPEMEILCHHE e
Ha TOBEPXHOCTh MUIIEHH. METOJIOM CBETOBON MHK-
POCKOIIUM C HWCIOJIB30BAaHMEM pACCESHHOTO CBETa
U CKaHMpYIOIIEH 31MeKTpoHHONH MHKpockonuu (COM)
MBI ITOKa3aJIH, YTO CTPYKTypa HAHECEHHOTO Ha YUKy
MUIIEHH MaTephaga COCTOMT H3 YHOPSIIOYEHHBIX
KOHIIEHTPUUECKUX KpyroB. [logobHoe pacnpeneneHme
BEILIECTBA [TO3BOJIMIIO IPEATIONOKHUTH BOTHOOOPA3HBIN
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xapaktep (GOpMHPOBAaHUS IUICHKH BCJICIACTBHE KOM-
TUIEKCa TPOIIECCOB, CBA3AHHBIX C €€ IMepeMelleHueM
M0 TIOBEPXHOCTH BOJHOW cyOda3sl W HCHapeHueM
ClIOSI TeKcaHa ¢ OOpa30BaHHUEM MYJIBTUCTPYKTYD
W3 pa3IMYHOTO KOJIMdecTBa mieHOK. Hambornee kpym-
HBIM CTPYKTYPHBIM 3JIEMEHTOM MOBEPXHOCTH OBbLIT BOJI-
HOOOpa3HbIil penbed ¢ mepernagoM BeicoT A0 S00 HM,
4T0 OBUIO YCTaHOBJICHO METOJIOM aTOMHO-CHJIOBOH
Mukpockonuu (ACM).

Ho camoli riaBHOUW Haleil 3amadeil OBUIO ITOKa-
3aTh, YTO IUICHKA, 00pa3ylomascs Ha MOBEPXHOCTH
MULIEHH, aHAJIOTMYHA KOJUIAIICUPOBAHHBIM MOHOCIO-
sIM, KOTOpPbIE€ MBI HCIIOJIb30BAIA B CIMHOBBIX KOJOH-
Kax. JIJisg 5TOTO MBI PUBIICKITA METO]T CIIEKTPOCKOTITIH
KOMOHMHAITMOHHOTO PAaCcCesHUs, C TIOMOIIBI0 KOTOPOTO
OBLIO AOKA3aHO, YTO TOHKAS IUICHKA, (POPMHPYIOIAsICS
Ha MOBEPXHOCTU KaIUIH, SIBJISIETCSI MOHOCJIOEM CTeapa-
Ta 6apus (FBa), koTopsiii mpu nepeMerienny Ha Mmoj-
JIOKKY CaMOIPOM3BOJIEHO KOJUTANICUpyeTcs ¢ 00pa3o-
BaHUEM MYJBTUCTPYKTYD, MOAOOHBIX KIACCHUYECKUM
I1JIb, nosy4yaeMbIX NPU MHOTOKPAaTHOM HAacCIauBaHUU
OJIHOT'O MOHOCJIOSI Ha JAPYrod WM MPHU KOJIAIICHUPO-
BaHHUH OJHOT'O MOHOCIIOS [36].

Psin sKkcpuMEHTOB 1O YCTAaHOBIIEHHUIO COCTaBa
U CTPYKTYPHI TUICHOK, CHOPMUPOBAHHBIX HA MUIIICHHU,
KOTJIa 3TO OBIJIO BO3MOXHO, MBI IIPOBEJH U JIJISI CTea-
pata nanraHa. Tak xe kak u s FBa, meToiom sHep-
TOAUCIIEPCUOHHON PEHTT€HOBCKOM CIEKTPOCKOIUU
MOKa3alyd, YTO JIAaHTaH BXOAUT B COCTaB IUJICHKH,
a MeromoM TauaemHoi MAJI/IU-MC ycraHoBwWIH,
YTO OCHOBHOE CTPYKTYpPHOE 3BEHO IUIEHKH — 3TO
nucteapar manrana. Jlamee merogamu COM u ACM
MBI orpenenuiu, uro FLa, chopmupoBanHbie Ha 1O-
BEPXHOCTH MUIIICHH, TAKXKE PACTIPEICIISIIOTCS Ha T0-
BEPXHOCTH TIOMJIOKKH B BHIC YIOPSAOYCHHBIX
KOHLICHTPUYECKUX KPYTOB U CTPYKTYPHO aHATOTHYHBI
o mopdororuu FBa, HO oTiudaroTcs Gojiee MI0THOM
YIAKOBKOM arperaTtoB, KOTOPbIE HMEIOT HECKOJIBKO
Oompiue pasMeps! (mepenas BeicoT a0 600 M), Ta-
Kasg MopdoJorus 00ecrednBaeT BBICOKYIO Y/IENBbHYIO
MOBEPXHOCTH IJICHOK Ha nepudepun karmm. Ha ocHo-
BaHHUHU TOJYUYEHHBIX PE3YJIbTATOB Mbl CHIEIAIH BBIBOJ,
YTO B CBS3M C IIOCTOSIHHBIM MEPEIBUKCHUEM C(HOPMHU-
POBaHHOM IUICHKH 110 MHIIIEHHU 32 CUET HETIPEPHIBHOTO
00pa3oBaHUs MOHOCIIOSI HA CBOOOJHOMN IMOBEPXHOCTHU
BOJHOW KaIUTM M ¢ HEPAaBHOMEPHBIM OCITHIJLIITOPHBIM
HCIIApEHHEM TeKCaHa IPOLECC CaMONPOU3BOJIBLHOIO
KOJUTATICUPOBAHUS, HAYMHAIONIUHCA Yy TIEpUMETpa
BOJIHOM Karuid, 3aTeM paclpoCTpaHseTcs Ha BCIO 00-
JaCTh pacTekaHus rexcana u B ciaydae FlLa, mpuuem
HamOoNbIIasi BHICOTA arperaToB OTMEYaeTcs OimKe
K TpaHMIIC UCTIAPEHUS HEMOISIPHOTO PACTBOPUTEIIS.

Jlanee, HaM TIPENICTOSIIO TOKA3aTh, UTO CHOPMHEPO-
BaHHBIe Ha MumeHn FLa obnmamaror Takumu sxe copO-
LMOHHBIMU CBOMCTBaMH, KaKk U B CIIMHOBOU KOJIOHKE.
Jns Hac oka3aJoch MOJHOM HEOXUAAHHOCTBIO, YTO
Jaxe OJWH C(HOPMHUPOBAHHBIM MOHOCIOW cTeapaTa

JaHTaHa croco0eH YAep:KUBaTh KOJIMYECTBO BELIECCT-
Ba, IOCTaTOYHOE Ui AeTeKThpoBanus npu MAJIIN-
MC-anamu3e. OTo OBUIO TOKa3aHO Ha MPHUMEpE HKC-
TPaKIUU TPUNTUIECKOTO (HOCcHOHMIMPOBAHHOTO TEII-
THIa OYTHPHIXOJIMHACTEPA3bl YeJIOBeKa M XJIOPCO-
JepKallero ajayKTa TJIOoOMHA YeloBeKa, 4TO MOJ-
TBEPJUIIO CIEIUPHIHOE B3aUMOJICHCTBHE AKTUBHBIX
uentpoB FLa ¢ docop- u xaopconepxammmu QyHK-
LMOHAJIBHBIMU TPYIINIaMH coenHeHui [36].

Pa3paboTka MeTOOUK 3KCTPaKIMH B opmaTte
"1a0opaTopusi Ha MUIIeHH"

BBungy kpaiiHe Manoro konudectBa o0Opasy-
IOLIEroCcsl BELIECTBA, Mbl HE MOIJIM B3BECHTH IIONY-
YaBIIMECS KOJUIATICUPOBAaHHBIE MOHOCIOM U, Kak
CIIEICTBUE, ONpPElNeINTh YAEIbHYI0 IIOBEPXHOCTh
U COpOLMOHHYIO €MKOCTh HampsMyro. Mbl mocTapa-
JMCh CHENaTh 3TO KOCBEHHBIMM MeToxaMu. CHavasa
OBUIO OIPEJENICHO, YTO TPHU TOCeI0BaTeIbHOM (Hop-
MHpOBaHUHU MOHOCJIOEB FLa Ha si4yeiike MUILIEHH IIPO-
Ieypy MOKHO TIpoBecTd He Ooiree 6 pa3. Ilpu yBenu-
YEHUH KOJHMYECTBa MOHOCJIOEB MaTepHajl HadMHaI
(hopMHpOBATHCS 32 MpeAeiaMy STUCHKY, a B TPOIECCe
yZnaneHust n30bITKa COJIM C MATHA COPOEHTa TepsIIoch
3HAYMTEIbHOE KOJMMYECTBO MaTepuana. lIaTHo, cocTos-
mee u3 6 monocnoeB FLa, Obu10 OCTATOUHO YCTOHYMBO
KaK K MEXaHHYECKHUM BO3JICHCTBUSM, TaK U K BIMSHUIO
pactBopurenieid. [Ipy 3T0M HaMU C MOMOIIBIO CBETO-
BOM MUKPOCKOIIMHU B PACCESIHHOM CBETE OBbLIO MOKa3a-
HO, 4TO mnpoienypa (opmupoBanus 6 cioeB FlLa
Ha s4elKke JOCTaTOYHO BOCHPOM3BOANMA. Y CIOBHYIO
COpPOIIMOHHYIO €MKOCTb MBI OLICHHBAJIH MPU IKCTPAK-
UM HenTH4ecKoro (ocHOHMIMPOBAHHOIO IENTHIA
CBIBOPOTOYHOTO aIbOyMHHA YeJoBeKa. 3Hask MPOLEHT
Monupukanuu Oeika u 00ecredrnB MOJTHOE MPOXOXK-
JIeHHe THAPOJIN3a B MPUCYTCTBUU MENCHUHA, MBI MOTJH
paccuuTaTh KOJMYECTBO MOJU(PHUIMPOBAHHOTO M-
THAa B 0o0pasnax, MONYYeHHBIX IyTeM pa30aBICHUS
¢dochonnnrpoBaHHoro odpasua HepocHOHUITUPOBAH-
HeIM. B mponiecce MAJIJIM-MC-ananu3a oreHHBaIN
HaJIM4YMe CUTHAja LEJIEBOro MENTUAa B Macc-CIIEKTpe
HecBsi3aBmieiics ppakmum. Takum o0pa3oM MBI CMOT-
JU OTpenenuTb, 4to 6 MoHocnoeB FLa B ¢opmare
"mabopaTopusi Ha MHIIEHH" CIMOCOOHBI YIEpPKUBAThH
0.012 mxr (8 mMoup) menTHIa, YTO MPHU CPEAHUX Tpe-
nenax oOHapyxeHusi coBpemenHoro MAJIM-MC-
00OpyZOBaHHUA OT eIWHHI (MOJb JO COTHH amoJb
CBHJIETEIILCTBOBAJIO O JOCTATOYHOMN ISl BBINOJIHEHUS
OOJIBIIMHCTBA OMOJOTWYECKUX 3a/1a4 COpPOLMOHHON
eMKOCTH c(hOopMHPOBaHHOTO cOpOeHTa. DTO M OBLIO
HaMH [TOKa3aHO Ha MPUMEpe MENTUYecKoro GocoHu-
JMPOBAHHOTO TMENTHAA CHIBOPOTOYHOTO ajJbOyMHHA
YeNoBeKa, KOT/la YJaJIOCh €ro SKCTParupoBath M J0C-
ToBepHO omnpenenuts npu 0.05% moaudukanuu Gen-
Ka [37].

HAVYYHOE ITPUBOPOCTPOEHMUE, 2024, Tom 34, Ne 4



MOHOCIJIOU JIEHI'MIOPA —

[Tocne MakcManbHO BO3MOXKHOM XapakTepu3aluu
c(OPMHPOBAHHOTO HA MMOBEPXHOCTH MHIIEHU COPOCH-
Ta Mbl MEpellIN K pa3paboTKe MOIXOA0B crenuduy-
HOU 3KCTPAKIUHU XJIOPCOJAECPKALINX aJTyKTOB OEIKOB
B (popmare "maboparopus Ha mumeHu". PaspaboTka
TaKUX METOJMK HaM MpEACTaBIsIach OYEHb BaXKHOU
3amayeii, T.K. OTPOMHOE YHCIIO KCEHOOMOTHKOB (Tec-
TULUABI, JIEKAPCTBEHHBIE CPEJCTBA, YCTOWYMBBIC 3a-
TPS3HUTEHM OKpY)KaloUled cpeisl W T.1.), o0Oiangaro-
IIMX TOKCHMYECKHM BO3JEHCTBHEM U CIHOCOOHBIX aj-
KWIMPOBATh OCJNKH HAIPSIMYIO WM Tocie OUoTpaHC-
(dopmaLum, OTHOCITCSA K 3TOMY KJIACCy COEIMHEHHH.
KoBanentHoe cBsi3piBaHUE Oellka C KCEHOOMOTHKOM
WIH ero MeTabOIUTOM MOXKET TNPHUBECTH K IOTEpe
(YHKUMOHAIBHBIX CBOWCTB O€lika M, KaK CIIEACTBHE,
HaHEeCTH Bpej 3A0pOBbIO YenoBeka. beura mpoaemana
orpomHasi paboTta Iy ONpeAeeHus] YyBCTBUTEIBHO-
CTH, CIEIU()UIHOCTH M CEJEKTHBHOCTH METOAMKH
9KCTPaKLMK TPUNTHYECKUX MENTHIIOB ITIOOWHA Yello-
BEKa, MOAW(UIMPOBAHHBIX XJIOPCOAEPKAIUMH CO-
eauHeHUsAMHU. OTAENBPHOTO BHUMAHHWS 3aCiTy)KHBaeT
pe3ysbTaT, MONY4YEHHbIM HaMHM NpU HCCIEJOBAHUU
aJyKTOB TJIOOWHA HYeJIOBEKa C TaJoreHMEeTHIIapoMa-
TUYECKUMH BELIECTBAMH, COACPKAIIUMH OJUH WIIH
JBa aToMa XJopa B cOCTaBe OCH30JBHOTO KOJIbIA
U ABJSIIOIIMMHUCS aJIKWINPYIOIIUMH areHTaMu MpsIMo-
ro Aeicreusi. B 3T0M 3KkCniepuMeHTe MBI IPOBOIUIU
WHKYOalnio TI00MHA C ANKIINPYIOUIMMH areHTaMu
B Pa3JIMYHBIX MOJIBHBIX COOTHOLIEHHAX C MOCIEAYIO-
OIMM THAPOIU30M OeiKka B MPHUCYTCTBHHM TPHUIICHHA
U DJKCTpakuued angykToB Ha 6 MoHocnosx FLa.
B ciywae agmykra, comepikaliero JBa aroma XJiopa,
HaM YZAaJOCh YBHJIETh LEJIEBOW CHUTHAJI B Macc-
criekTpe oOpasna mocie uHKyOammu 1 Mr riioOuHa
¢ 10 Hr KceHOOMOTHKA, YTO B MOJIBHOM COOTHOIIEHUH
coctaBmio 1500 : 1, 4To mpekpacHO COrIacoOBHIBANIOCH
C IaHHBIMH, TOJYYEHHBIMHA B pabote ¢ ¢ochoHmIm-
poBaHHBIMM nenTtuaaMu. Ho B ciiydae MoHO3aMelIeH-
HOT'O aJUIyKTa TakoW K€ pe3yJbTaT ObUT MOJXyYeH s
o0Opasua, TrIe MOJbHOE COOTHOLICHHE OENoK —
kceHoOnoTHK = 12000 : 1 (nHKYOHMpOBamm 1 Mr rio-
O0uHa ¢ | HI KCEHOOMOTHKA), YTO CBUIETEIHCTBOBAIO
0 BBICOYAIIEH UYyBCTBUTEIHHOCTH AHAJIUTHYECKOTO
MOJIX0/1a, COYETAIoNero Metamur-ahPuHHYI0 Xpoma-
Torpaduio Ha KOJUIAIICHPOBAHHBIX MOHOCIIOSX CTea-
pata ynantaHa B opmare "mabopaTopus Ha MUIICHH"
¢ MAJIANU-MC-ananu3om [38], KOTOpBIA MOXKET
CTaTh OCHOBOM JJIsl pa3pabOTKH METOJIUK TI0 YCTaHOB-
JeHnIo (aKTa MHTOKCHKALUHU XJIOPCOIACPKALINMHU CO-
€JVHEHUSIMHU.

B xauecTBe eme 0JHOTO MPAKTUIECKOTO MPUMEHE-
HUsI pa3pabOTaHHOTO MOAXO0JA MBI MPEIJIOKUIN Me-
TOAWKY ONpEIeNeHNs] PEaKTHBHBIX METa0OJINTOB
XJIOpCOZEPIKAIINX KCeHOOMOTHKOB. Kak ynomuHanoch
BbIIIE, MOAU(UKAIHS OelKa MOXKET MIPOUCXOHUTH I10-
cie OmorpaHcopmanuu KceHOOMOTHKa ¢ 00pa3oBa-
HUEM peakUOHHOCIocoOHOTO Metabonura. Ha cero-
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JHSIIHUKA JIeHb CYIECTBYET HECKOJBKO METOIOB MO-
JICIMPOBAHUS TIpoliecca OUOTpaHCPOPMAIIMU, U3 KO-
TOPBIX MBI Tipeanowtn Y @-uHaynupoBanHoe GpoToka-
TAIUTHYECKOE OKUCIICHUE B IPUCYTCTBUU HAHOYACTHII
TiO, [39], He TpebyroIee CIOKHOTO 0O0OPYIOBAHUSA,
HamnpuMep, 3JIEKTPOXUMHUYECKON SUEeHKU IJIsi MpoBe-
JIEHUST DIEKTPOXUMUYIEecKoro okucieHus [40] u 3Ha-
YHUTEIBHBIX BPEMEHHBIX 3aTpat, B OTIUYHE OT MUKPO-
comanpHOTO Okucnenus [41]. O0bexTamMu uccieaoBa-
HUsI MBI BBIOpajM J1Ba JEKapCTBEHHBIX CPEICTBA, CO-
JiepKalluX OJMH M J[Ba aToMa XJIopa B cocTaBe OcH-
30JIBHOTO KOJIBIIA, KaK W B CIlydae MOJEIbHBIX Tajo-
TEeHMETUIAPOMATHICCKUX COCJMHEHHH, a WMEHHO
aMoJIMaxvH W JUKIO(eHaK. DKCTPAKIHUIO aJayKTOB
rJI00MHA YelIoBeKa ¢ METadOJMTaMH KCEHOOMOTHKOB
Ha FLa B ¢opmare "maboparopusi Ha MumeHH" MPO-
BOJWJIM TIOCTIE TIOJY4EHHs] METa0OINTOB, HHKYOAK
WX C TJIIOOMHOM U THJIPOJIU3a B TIPUCYTCTBUU TPHUIICH-
Ha, 1 B 000MX Cly4asx HaMHU ObLIM OOHAapy>XEHBI af-
IOYKTHI Oellka He TOJBKO ¢ U3BECTHBIMH PEaKIOHHO-
CIIOCOOHBIMH METa0OIMTaMHu, HO U C paHee He H3y-
yeHHbiMH [38, 42].

HocrouncrBa popmara
"1adopaTopusi HA MUIIEHH' HA OCHOBE MOHOCJI0€B
cTeapaToB MeTAJLJIOB

Henb3ss He OTMETHTH OCHOBHBIE JIOCTOMHCTBA
¢dopmara "naboparopusi Ha MHIIICHH" Ha OCHOBE KOJI-
JIaTICUPOBAaHHBIX MOHOcJ0eB Jlenrmiopa. Bo-nepBeix,
npouecc GyHKIMOHAIN3AINH IOBEPXHOCTH HE TpeOy-
eT 0OJIBIIOr0 KOJIMYECTBA PEAKTUBOB U 3HAUYNTEIIBLHBIX
BpEMEHHBIX 3arpar. s MoJydeHus OJHOro IMsATHA
copOeHTa B 3aBUCUMOCTH OT KOJHMYecTBa TpeOyeMoro
maTepuana Tpedyercs 1-2 mxn 10> M pacTBopa cou
MeTauia 1 He OoJiee 10 MKIT HACBHIIIIEHHOTO PacTBOpa
CTEapUHOBOM KHCJIOTHI B TeKCaHe. 3a OJMH pa3 MOKHO
dhopmupoBaTh 10 6 TATEH COpOEHTa, M ITO 3aHUMACT
NPUMEPHO 5 MHH, U €Ille CTOJIBKO XK€ BpeMeHH TpeOy-
eTcs NS TOATOTOBKM COpOCHTa K  aHaM3y.
Bo-BTOpBIX, A1 YCHEUIHOTO aHalu3a HY)XHO HE3Ha-
YUTEJIbHOE KOJUYECTBO MpoObl. O0beM 00Opasiia, Tpe-
Oyromerocst uia aHanu3a, He mpeBbimaer 10 MK,
Karuis Takoro oobemMa CrocoOHa yIepKUBAThHCSI Ha T10-
BEPXHOCTH TATHa copOeHTa. IIpakTHueckm BO Bcex
uccienoBanusix B (opmare "mabopaTopus Ha MHILeE-
HU" MBI UCHIOJIB30BaM 1 MKJI oOpasiia ¢ KOHIICHTpa-
nueit 6enka 0.3—1 mr/mnm B 7-8 MKJI pacTBopa s
copbuun. O01ee BpeMst IKCTPAKIUHU, KOTOPYIO TaKKe
MOYKHO IIPOBOJHUTH HA HECKOJBKHUX IISITHAX COpOEHTa
napajjiesbHO, BKJIIOYasl CTaauu COpOIUH, MPOMBIBKU
U BBICYLIMBaHUS, He npeBbimano 1 4. M HakoHen, Kak
MBI TOKa3aJl Ha 3aBEpLIAIONIUX 3Tarax HCCIleloBa-
HUsl, MeTaluT-ahGUHHAS SKCTPAaKIHMS Ha KOJIIAIICHPO-
BaHHBIX MOHOCJIOSIX CcTeapaTa JlaHTaHa 00eCHeYuBacT
BBICOYAHINIYK0  YYBCTBUTEIBHOCTh  JAJIBHEHIIETO
MAJIIN-MC-anammza. CoOTBETCTBEHHO, pa3pado-
TaHHBIM TOAXOJ MBI BIOJHE OOOCHOBAaHHO MOXEM
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MPEJUIOKUTh K HWCIOJb30BAaHHIO B HAyYHO-HUCCIIC-
JIOBATEIbCKUX  YUPSKICHUIX  (HapMaieBTUYSCKOrO
W MEIUIIUHCKOTO HAIPaBICHUH ISl CO3JaHUS aHAJH-
TUYECKMX METOAMK HUJACHTU(DUKALNNN METa0OIUTOB
U UX aJJIyKTOB C JOJTOXHBYIUMH OCIKaMH IS PET-
POCIIEKTUBHOW TUArHOCTUKH WHTOKCHKAIIHH, a TaKXKe
MOJIETMPOBAHNS OKHCIUTENBbHON OmoTpanchopmannn
U JOKIMHHYECKON OIICHKHM MOTEHI[HAILHON TOKCHY-
HOCTH OHMOJIOTHYECKH aKTUBHBIX BEIIECTB.

3AK/IIOYEHHE

CyMMupysi Bce BBILIECCKAa3aHHOE, MOXHO CAENAaTh
BBIBOJI, YTO MOHOCIION JIGHTMIOpa SBISIOTCS YHUKAb-
HbIM MAaTE€pUajoOM C OrPOMHBIM MOTECHLUUAIOM JUIs
JlalIbHEWIINX UCCIeqoBaHui 1 mpuMmeHeHnus. Ha cero-
THSIIHAK JIGHb 3TH CTPYKTYpPHI C Pa3zHOOOpa3HBIMU
COCTaBOM U CBOMCTBAaMH HCIIOJNB3YIOTCS B Ka4eCTBE
DJIEMEHTOB MHUKPO- W ONTOAJICKTPOHUKH, TIPH KOHCT-
PYMPOBaHUU XUMHYECKUX CEHCOPOB, (POTO- U 3JICK-
TPOHOPE3UCTOB BBICOKOTO Pa3pEIICHUs, TOHKUX M-
JJIEKTPUKOB B CHUCTEME 'METall — JUAJNEKTPUK —
MOJyNPOBOAHUK", OMO- ¥ UMMYHOCEHCOPOB, yJIbTpa-
TOHKHUX TUICHOYHBIX JJIEKTPOAOB B (HOTOXMMUYECKHX
YCTPOMCTBAaX W YCTPOMCTBaX XpaHCHHS WH(POPMAIUU
1 T.1. HaM mocYacTiaIuBUIOCh TIPEIIOKUTD eITle OINH
croco®d uMCnonb30BaHHWsT MOHOcJHoeB JIeHrmropa,
MMCIOIUNA OTPOMHEIE TIEPCHEKTUBEI TPU PEIICHUH
MHOTHMX aHaJUTHYECKHX 3a1a4 I MEIUIUHBI, OHO-
XuMHuU U papmarieBTukH. M, KOHEUHO, MBI Oe3MEpHO
omarogapubl Jlupnn Hukomaesne ['ammp 3a MHOTO-
JIETHIOO TOAJNCPKKY Pa3BUTHs STOTO HAMPaBICHUS
Y BBICOKYIO OIICHKY ITOJIYICHHBIX HAMH PE3YJIbTaTOB.
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INTRODUCTION

It is no secret that the scientific interests of Lidiya
Nikolaevna Gall were distinguished by their outstand-
ing breadth. Her many years of scientific activity were
inextricably linked with the development of methods
of mass spectrometric analysis and the development
of mass spectrometric equipment. Under her leader-
ship, a huge number of innovative devices were
created, some of which are still used in various labora-
tories. It was she who made one of the most outstand-
ing achievements of the 20th century in the field of
analytical instrumentation — the development of the
method of extraction of ions from solutions at atmos-
pheric pressure (EIS AP) [1], on the basis of which
mass spectrometers are developed and created to this
day. Her contribution to the development of modern
biophysics is hardly to overestimate and consists in
the creation of a revolutionary concept of living sys-
tems and the study of the influence of weak and ultra-
weak fields and radiation on living organisms [2].

However, there was another area in the develop-
ment of which Lidiya Nikolaevna took part and which
is almost never mentioned in this context, namely the
development of sorption systems for the selective ex-
traction of medium-sized peptides and a number of
metabolites from blood plasma [3, 4]. It so happened
that by the end of the first decade of the 21st century,
our group, working as part of the Laboratory of Eco-
logical and Biomedical Mass Spectrometry of the In-
stitute of Analytical Instrumentation, was involved in
the development of a method for the specific extrac-
tion of phosphonylated peptides from biological sam-
ples, the basis of which was a relatively new extrac-
tion method at that time — metal affinity chromato-
graphy. Lidiya Nikolaevna's sincere conviction in the
need to have domestic Russian developments, rather
than rely on imported devices and materials inspired
the specialists around her and largely directed our re-
search towards the creation of our own sorption mate-
rials. In all subsequent years, Lidiya Nikolaevna
closely followed the progress of our work and pro-
vided comprehensive support for the development of
this area, and in many ways the work presented in this
review became successful thanks to her.

LANGMUIR MONOLAYERS
AND LANGMUIR-BLODGETT FILMS.
BACKGROUND

Monolayers of organic substances on an aqueous
surface have been known for a long time, but their
systematic study began at the beginning of the 20th
century from the works of I. Langmuir, who showed
that when a solution of an amphiphilic surfactant (sur-
factant) in a volatile solvent is applied to the surface
of an aqueous subphase, a structured film with

a thickness of one surfactant molecule is formed, pos-
sessing unique properties [5]. A real boom in the
study of such structures began in the 1930s. after the
publication of the works of Langmuir and Blodgett,
which demonstrated the possibility of transferring
oriented monolayers of surfactants onto a solid sub-
strate. Langmuir-Blodgett films (LBFs) are regular
multimolecular structures (MMS) formed by succes-
sive transfer of monolayers of insoluble surfactants
from the surface of an aqueous subphase to a solid
substrate [6], and are an example of nanostructured
systems. The possibility of changing their composi-
tion and properties from layer to layer, and the relative
simplicity of their production determined their wide
application both in fundamental research and in vari-
ous areas of practical application. In the early 1970s,
in connection with the development of instrumental
methods of analysis, the problem of obtaining diffrac-
tion gratings for analyzers of the X-ray spectrum of
ultra-light elements (from beryllium to sodium) arose.
For this purpose, a group was created at the Leningrad
State University to study the colloidal-chemical prop-
erties of LBFs with the aim of creating such analyzers
[7]. These works laid the foundation for a comprehen-
sive study of LBFs with the aim of using them in var-
ious fields of technology in the USSR. In the early
1990s, nanosized structures of phthalocyanines were
formed, used to develop chemical sensors [8]. Later,
DNA sensors were obtained based on octadecylamine
films [9].

In the early 2000s, the Faculty of Chemistry of St.
Petersburg State University began studying the mag-
netic properties of thin, almost two-dimensional struc-
tures to create new information carriers. For this pur-
pose, LBFs were formed based on trivalent iron stea-
rate [10]. The results of the study showed that,
depending on the structure, the film can exhibit both
ferromagnetic and diamagnetic properties. This led to
the need for a detailed study of the structure of Fe(IIl)
stearate monolayers. Based on studies of their surface
properties, it was suggested that the geometric restric-
tions imposed on the position of metal ions are such
that only mono- and distearates can be formed, where
the metal ion is located directly on the surface of the
film and, thus, should exhibit high chemical activity
due to the presence of a labile valence filled with a
counterion, which can easily be replaced during sub-
sequent processing.

OUR START. BIRTH OF THE CONCEPT

To confirm this hypothesis, we began a detailed
study of the structure and composition of Langmuir
monolayers and LBF using mass spectrometric me-
thods. As a result, we proved that the main
structural element of the monolayers obtained by ap-
plying a solution of stearic acid in hexane to an



o . 3+ . . . .
aqueous subphase containing Fe™ ions is iron distea-
rate with one labile valence [11].

That is, a structure is indeed formed, one of the
surfaces of which, under certain conditions, consists
entirely of metal ions.

In parallel, in those years, the Institute of Analyti-
cal Instrumentation took part in the creation of me-
thods for the specific extraction of phosphorylated and
phosphonylated peptides from tryptic hydrolysates of
blood proteins using commercial metal-affinity sor-
bents. The best results were obtained for extraction
using a Fe’"-containing gel (PHOS-Select Iron Affini-
ty Gel, Sigma, IAG), which exhibits specificity for the
P=0O group; it was the first time when adducts of rat
serum albumin with paraoxon were isolated and iden-
tified [12]. Despite the high cost and high require-
ments for storage conditions, this sorbent differed fa-
vorably from other available materials by the absence
of production of iron ions in the eluates, which signif-
icantly facilitated further sample preparation for mass
spectrometric analysis.

This intersection of two seemingly unrelated scien-
tific fields led to the idea of studying Langmuir mono-
layers as a structure with metal-affinity properties.

Indeed, Langmuir monolayers meet most of the
main requirements for sorbents. Firstly, the structure
of the metal stearate monolayer guarantees not only
the presence of metal ions on the sorbent surface but
also, due to its completely flat structure, ensures full
accessibility of the active centers for analyte mole-
cules regardless of the molecule size. Secondly, the
inclusion of the metal in the composition of the salt
insoluble in aqueous and aqueous-organic solvents
eliminates the production of the metal ion in the sam-
ple after the elution of the analyte from the sorbent.
Thirdly, the rigid structure of the monolayer ensures
the relative mechanical strength of the sorbent. And,
finally, the extremely simple technology of production
and the possibility of subsequent collapse of the mo-
nolayer allow this functional material to be quickly
produced and placed in the device for extraction in the
required amount immediately before the experiment.
Unfortunately, the Langmuir method does not allow
one to obtain monolayers from salts of amphoteric
metals that are part of the salt anion in aqueous media;
such metals as Ti(IV) and Zr(IV), which are active
centers of a significant number of known metal-
affinity sorbents, had to be excluded from the studies.
However, the simplicity of forming monolayers
makes it possible to quickly produce and study sor-
bents containing atoms of any metals that exist in so-
lutions as cations.

The disadvantages of such a material include the
process of adhesion of monolayers during collapse,
which can occur according to the mechanism of for-
mation of LBF. However, as we showed later experi-
mentally, the treatment of collapsed monolayers with

acetonitrile before performing metal-affinity extrac-
tion disrupts the interactions between the adhered lay-
ers, allowing the sorbent to be uniformly distributed
throughout the entire volume of the sample in the
form of small thin films formed during the collapse of
the monomolecular layer. The second disadvantage of
this structure as a metal-affinity sorbent can be consi-
dered the impossibility to densely pack a column or
cartridge in monolayers for extraction as a conse-
quence of the adhesion of monolayers. However, the
material is convenient to use when performing batch
metal affinity chromatography, a method that is cur-
rently one of the most popular in sample preparation
in bioorganic analysis [13], especially taking into ac-
count the advent of commercially available devices
for batch experiments, such as spin columns.

Unlike most sorption materials, thin films of metal
stearate monolayers are capable of being evenly dis-
tributed throughout the entire volume of the sample
during extraction. This fully ensures both access of
the analyte to the active centers of the sorbent and
high-quality washing for removing interfering com-
ponents with subsequent unimpeded elution of the
analyte from the sorbent.

LANGMUIR COLLAPSED MONOLAYERS—
SORBENTS FOR METAL-AFFINITY
CHROMATOGRAPHY

Sorbent based on iron stearate monolayers

All the above information about the features of us-
ing Langmuir monolayers as metal-affinity sorbents
was obtained by us in the course of many years of ex-
perimental work. We began in 2009 to study the sur-
face and sorption properties of monolayers based on
iron (III) stearate (FFe).

The monolayers were obtained by the classical
Langmuir method by applying a solution of stearic
acid in hexane to an aqueous subphase containing
Fe3+ ions and then collapsed in two directions, fol-
lowed by the subsequent transfer to a spin column.
Realizing that the films have a two-dimensional struc-
ture and the surface accessible for interaction is li-
mited by the area of the resulting monolayer, we did not
expect that FFe would have a large specific surface area
and high sorption capacity. However, in the course of the
experimental work, it was revealed that FFe had a really
small specific surface area 15.0 £1.5 m*/g but a much
higher sorption capacity (0.035 upmol/g for the
SSNGHVYpEKLSSI peptide) [14, 15] than many
known commercial sorbents, including IAG. Testing
of the obtained sorbent on more complex samples,
such as tryptic hydrolysate of bovine casein and hy-
drolysate of lysed HeLa cells, showed that, in addition
to higher sorption capacity, FFe exhibits more pro-
nounced both specific and selective properties with



respect to phosphorylated peptides than IAG, iron
oxide nanopowder (FeOx) and titanium oxide nano-
powder (Ti0O,). With the help of FFe, 55% of the total
number of phosphorylated proteins found were identi-
fied, while for FeOx, IAG and TiO, this value was
only 34, 10 and 29%, respectively [16]. Also, in the
framework of other studies of the specific and selec-
tive properties of the new sorbent, it was shown that
with the help of FFe metal affinity chromatography, in
addition to phosphorylated peptides, other types of
phosphorus-containing compounds (phosphonylated
peptides, pesticides), fluoroacids (perfluorooctane
sulfonic acid), cyanobacterial toxins (microcystin-RR)
can be successfully extracted and analyzed [17, 18],
i.e., the range of application of FFe turned out to be
quite wide. Thus, collapsed monolayers of iron (III)
stearate were the first structure studied by us, which
found application as a metal affinity sorbent [19].

New metal affinity sorbents
for the extraction of nitrogen- and chlorine-
containing organic compounds

In addition to Fe(IlI), a number of transition metals
are of interest as active centers of sorbents, primarily
Ni(Il) and Cu(Il), which are capable of exhibiting
specificity to heteroatoms such as nitrogen and halo-
gens [20]. Due to the relatively high affinity of these
metals for an epitope containing six or more histidine
residues containing several nitrogen atoms [21], met-
al-affinity sorbents containing Ni(Il) and Cu(Il) atoms
are traditionally used in the purification of recombi-
nant polyhistidine-labeled proteins [22]. However, at
the time of the beginning of the studies, we did not
find information on other applications of sorbents
containing copper and nickel. Already having expe-
rience in characterizing structures based on Langmuir
monolayers, we fairly quickly assessed the perfor-
mance of structures containing copper (FCu) and
nickel (FNi). The specific surface area and sorption
capacity were comparable with FFe, as were the gen-
eral principles of the analysis, and the main structural
unit was determined to be distearates of both metals
[23, 24]. From the point of view of the application of
FCu and FNi, of particular interest to us was the pos-
sibility of their use for the extraction and analysis of
ecotoxicants and drugs (or their metabolites), since
most of them contain functional groups containing
nitrogen or halogens.

Using the example of the extraction of glyphosate,
aminomethylphosphonic acid, pirimicarb, and FCu
and FNi phenazepam from aqueous solutions and rat
blood plasma, we showed that these sorbents can be
used for effective sample preparation in the quantita-
tive analysis of water-soluble toxic substances with
active functional groups [25].

The work devoted to the development of a method
for extracting dieldrin from samples of various natures

is worthy of special attention. It was during its analy-
sis that we demonstrated for the first time that metal
affinity chromatography allows for the specific extrac-
tion of chlorine-containing compounds from biologi-
cal samples. Dieldrin is a particularly stable, highly
toxic chlorine-containing insecticide, poorly soluble in
water but well in environments such as milk and
blood plasma [26]. To date, a permanent source of
dieldrin is its permitted precursor, aldrin, which can
be metabolized to dieldrin in an acidic environment.
The use of FNi for the extraction of dieldrin from wa-
ter, milk, and rat blood plasma made it possible to
increase the degrees of extraction of this toxicant to
86.7, 91.4 and 76.1%, respectively, which, when
compared with other known methods, turned out to be
significantly higher [27].

Collapsed monolayers of lanthanum stearate
as an effective metal-affinity sorbent

It is worth noting that Fe(IIl), Ni(Il) and Cu(Il)
atoms and ions are quite often included in metal-
affinity sorbents as active centers. There are many
commercial products, both in the form of packaged
materials and ready columns or cartridges. Therefore,
we turned our attention to a lanthanum [28] — metal
that was not present in the composition of commercial
sorbents. In research papers, only labor-intensive me-
thods for obtaining such structures were proposed.
Lanthanum, as the progenitor of the lanthanide group
among rare earth metals, is the most electropositive
element; in compounds it is represented by a trivalent
cation, forms predominantly covalent compounds, and
is considered a very hard acceptor with a high affinity
for oxygen-containing anions, including the P=0O
group [29]. Due to the large size of the cation and ex-
tended diffuse orbitals, the sorbent based on lantha-
num distearate (FLa) became a godsend for us in de-
veloping effective methods for the specific extraction
of phosphonylated peptides from biological samples.
The rigid and elastic structure of the monolayer pro-
vided a larger specific surface area of the sorbent
(34.5 £3.5 m*/g) than that of Fe(III), Ni(II) and Cu(II),
and ensured a uniform distribution of thin films in the
sample volume, which was not always possible to
achieve for other structures. The result of the work
was a method for extracting peptic phosphonylated
peptides of human serum albumin [30].

Thus, by developing sorbents based on Langmuir
monolayers and methods for their use, we gained very
interesting experience. On the one hand, the debugged
procedures for obtaining and producing sorbents were
not difficult. A trough for obtaining sorbents was
designed and manufactured, the area of the forming
monolayers was calibrated and standardized, the
optimal amount of material placed in the spin column
and distributed over the sample volume was selected,
and the process of collapsing and transferring



monolayers into the spin column was debugged. On
the other hand, due to the pronounced positive charge
on the surface of the monolayer that consists of metal
atoms, which leads to a high level of sorbent
specificity, we encountered difficulties with analyte
desorption at all stages of developing analytical
methods. All eluents known at that time for metal
affinity chromatography did not provide a high degree
of desorption. And if at first we made efforts to create
a more effective eluent (we prepared solutions
containing piperidine, imidazole, and for the first
time, perfluorooctane sulfonic acid [31] to enhance
the donor force), then the main efforts were directed at
developing methods that do not require elution of the
analyte from the sorbent.

"LABORATORY ON THE TARGET"

First attempts

In the case of matrix-assisted laser desorp-
tion/ionization mass spectrometry (MALDI-MS), such
methods are possible if sample preparation is carried
out on a chemically modified target surface with
subsequent selective binding of analytes to the surface
[32]. In this case, extraction on the target can be
carried out by surface-activated laser desorption/ioni-
zation under the influence of a laser pulse. Most often,
extraction on the target surface is carried out in the
format of solid-phase microextraction coupled with
functionalization of the target surface with various
sorbents [33]. This approach was called "laboratory on
a target", and a number of works were devoted to
metal-affinity sorbents [34].

We made many attempts to functionalize the
surface of the MALDI target with monolayers of
stearates of various metals. Transfer of monolayers to
the substrate by the classical Langmuir-Blodgett
method could not provide sufficient sorbent surface
for interaction with the analyte. Even a MALDI-MS
method was not sensitive enough. We also tried to
transfer monolayers collapsed in one direction and
dispersed monolayers to the target (due to the high
adhesion of these structures to metal surfaces, the
monolayers stuck to the surface quite well). In this
case, due to the different coating thicknesses, we were
unable to obtain reproducible analysis results,
although the registration of MALDI mass spectra
indicated the extraction of analytes from the sorbent
surface. Accordingly, the impossibility of adapting the
classical Langmuir technology (formation of
a monolayer on a horizontal water surface) to such
a task led to the need to develop a method for
functionalizing the MALDI target by forming sorbents
directly on the surface.

Adaptation of the Langmuir technology
to the hemispherical surface of a droplet

It was proposed to apply an organic phase contain-
ing stearic acid to a droplet of an aqueous solution of
a metal salt, which would be located in the center of
the target cell. Accordingly, it was necessary to devel-
op a model for the formation of films similar to col-
lapsed monolayers on a subphase in a geometry dif-
ferent from the flat surface of the Langmuir trough. It
could be expected that, on the one hand, the curvature
of the surface characteristic of a droplet changes its
mechanochemical properties [35], which is likely to
provide a faster and more complete transition of stea-
ric acid into a salt followed by the formation of an
ordered structure containing metal ions. On the other
hand, the rapid evaporation of n-hexane during the
movement of the film from the surface of the droplet
to its base should lead to the formation of a folded
structure with a developed surface. Finally, such
structures have a fairly high adhesive capacity to the
surface of a solid substrate, and, therefore, the formed
material will be well retained on the target.

At that time, monolayers of lanthanum stearate
were of the greatest interest to us. Due to the fact that
the lanthanum cation has the ability to complexation,
characteristic of transition metals, which can signifi-
cantly complicate the study of film formation on the
hemispherical surface of the aqueous subphase, thin
films of barium stearate were chosen as a model sys-
tem, which coordinates only water, but the size of the
barium ion is close to lanthanum. Indeed, after apply-
ing a saturated solution of stearic acid in hexane to
a water drop containing barium ions, we saw a thin
opalescent film around the drop, which reached the
boundaries of the target cell and had an uneven struc-
ture. We had to prove that the resulting film was
a collapsed monolayer of barium stearate. It should be
noted that with this approach, the amount of the sub-
stance formed is extremely small, and we needed ex-
tremely sensitive physicochemical methods of analy-
sis to confirm the hypothesis.

Film on the target surface — collapsed
monolayers of metal stearate

First, it was necessary to establish the chemical
composition of the resulting film. Using infrared spec-
troscopy, we confirmed the transition of stearic acid to
salt. Using energy-dispersive X-ray spectroscopy, we
established the presence of barium in the film, and
using the MALDI-MS method, we proved that the
main structural unit of the film is barium stearate.
When studying the film formation and its structure,
we used various optical research methods. Thus, using
optical tensiometry and light microscopy in reflected
light, we managed to record the process of film forma-
tion itself and its movement to the target surface. Us-



ing light microscopy with scattered light and scanning
electron microscopy (SEM), we showed that the struc-
ture of the material applied to the target cell consists
of ordered concentric circles. Such a distribution of
the substance made it possible to assume
a wave-like nature of film formation due to a complex
of processes associated with its movement along the
surface of the aqueous subphase and evaporation of
the hexane layer followed by the formation of multi-
structures from a different number of films. The larg-
est structural element of the surface was a wave-like
relief with a height difference of up to 500 nm, which
was determined using atomic force microscopy
(AFM).

But our most important task was to show that the
film formed on the target surface is similar to the col-
lapsed monolayers that we used in spin columns. For
this purpose, we used the method of Raman spectros-
copy, which proved that the thin film formed on the
droplet surface is a monolayer of barium stearate
(FBa), which spontaneously collapses when trans-
ferred to the substrate, forming multistructures similar
to classical LBFs obtained by multiple layering of one
monolayer on another or by the collapse of one mono-
layer [36].

A number of experiments to establish the composi-
tion and structure of the films formed on the target,
when possible, were also carried out for lanthanum
stearate. As in the case of FBa, energy-dispersive X-
ray spectroscopy showed that lanthanum is a compo-
nent of the film, and tandem MALDI-MS determined
that the main structural unit of the film is lanthanum
distearate. Further, using SEM and AFM, we deter-
mined that FLa formed on the target surface are also
distributed on the substrate surface in the form of or-
dered concentric circles and are structurally similar in
morphology to FBa, but differ in a denser packing of
aggregates, which have somewhat larger dimensions
(height difference up to 600 nm). Such morphology
provides a high specific surface area of films on the
droplet periphery. Based on the obtained results, we
concluded that, due to the constant movement of the
formed film over the target caused by the continuous
formation of a monolayer on the free surface of the
water droplet and the uneven oscillatory evaporation
of hexane, the process of spontaneous collapse, which
begins at the perimeter of the water droplet, then
spreads to the entire region of hexane spreading in the
case of Fla usage; the greatest height of the aggregates
is observed closer to the evaporation boundary of the
non-polar solvent.

Next, we had to prove that Fla formed on the target
has the same sorption properties as in a spin column.
It turned out to be a complete surprise to us that even
one formed monolayer of lanthanum stearate is capa-
ble of retaining an amount of substance sufficient for
detection in MALDI-MS analysis. This was demon-

strated using the example of the extraction of a tryptic
phosphonylated  peptide of human  butyryl-
cholinesterase and a chlorine-containing adduct of
human globin, which confirmed the specific interac-
tion of FLa active centers with phosphorus- and chlo-
rine-containing functional groups of compounds [36].

Development of extraction methods
in the "laboratory on target" format

Due to the extremely small amount of the formed
substance, we could not weigh the resulting collapsed
monolayers and, as a consequence, determine the spe-
cific surface area and sorption capacity directly. We
tried to do this by indirect methods. At first, it was
determined that sequential formation of FLa monolay-
ers on the target cell lets the procedure be performed
no more than 6 times. With an increase in the number
of monolayers, the material began to form outside the
cell, and during the process of removing excess salt
from the sorbent spot, a significant amount of material
was lost. A spot consisting of 6 FLa monolayers was
sufficiently stable both to mechanical effects and to
the influence of solvents. Using light microscopy in
scattered light, we showed that the procedure for
forming 6 FLa layers on a cell is sufficiently repro-
ducible. We estimated the conditional sorption capaci-
ty during the extraction of a peptic phosphonylated
peptide of human serum albumin. Knowing the per-
centage of protein modification and ensuring complete
hydrolysis in the presence of pepsin, we could calcu-
late the amount of modified peptide in samples ob-
tained by diluting the phosphonylated sample with the
non-phosphonylated one. During MALDI-MS analy-
sis, the presence of the target peptide signal in the
mass spectrum of the unbound fraction was assessed.
In this way, we were able to determine that 6 FLa mo-
nolayers in the "lab-on-target" format are capable of
retaining 0.012 pg (8 pmol) of the peptide. Taking
into account the average detection limits of modern
MALDI-MS equipment from units of fmol to hun-
dreds of amol, this indicated that the sorption capacity
of the formed sorbent was sufficient to perform most
biological tasks. This was demonstrated by us using
the example of the peptic phosphonylated peptide of
human serum albumin: it was possible to extract and
reliably determine it with 0.05% protein modification
[37].

After the maximum possible characterization of the
sorbent formed on the target surface, we moved on to
the development of approaches to the specific extrac-
tion of chlorine-containing protein adducts in the "la-
boratory on target" format. The development of such
methods seemed to us to be a very important task,
since a huge number of xenobiotics (pesticides, drugs,
persistent environmental pollutants, etc.) with a toxic
effect and capable of alkylating proteins directly or
after biotransformation belong to this class of com-



pounds. Covalent binding of a protein to a xenobiotic
or its metabolite can lead to the loss of the functional
properties of the protein and, as a consequence, harm
human health. A huge amount of work was done to
determine the sensitivity, specificity, and selectivity of
the extraction method for tryptic peptides of human
globin modified with chlorine-containing compounds.
The result obtained by us in the study of human globin
adducts with halogenated methyl aromatic substances
containing one or two chlorine atoms in the benzene
ring and being direct-acting alkylating agents deserves
special attention. In this experiment, we incubated
globin with alkylating agents in various molar ratios,
followed by protein hydrolysis in the presence of tryp-
sin and adduct extraction on 6 FLa monolayers. In the
case of an adduct containing two chlorine atoms, we
were able to see the target signal in the mass spectrum
of the sample after incubation of 1 mg of globin with
10 ng of xenobiotic, which in a molar ratio was
1500:1, which was in excellent agreement with the
data obtained in the work with phosphonylated pep-
tides. But in the case of a monosubstituted adduct, the
same result was obtained for a sample with a protein-
to-xenobiotic molar ratio of 12 000 : 1 (1 mg of globin
was incubated with 1 ng of the xenobiotic), indicating
the highest sensitivity of the analytical approach com-
bining metal affinity chromatography on collapsed
lanthanum stearate monolayers in a "laboratory on
target" format with MALDI-MS analysis [38], which
can form the basis for developing methods for estab-
lishing the fact of intoxication with chlorine-
containing compounds.

As another practical application of the developed
approach, we proposed a method for determining
reactive metabolites of chlorine-containing xenobio-
tics. As mentioned above, protein modification can
occur after biotransformation of the xenobiotic with
the formation of a reactive metabolite. To date, there
are several methods for biotransformation modeling;
we preferred UV-induced photocatalytic oxidation in
the presence of TiO, nanoparticles [39], which does
not require complex equipment, such as an electro-
chemical cell for electrochemical oxidation [40], and
significant time costs, in contrast to microsomal oxi-
dation [41]. As objects of study, we chose two drugs
containing one and two chlorine atoms in the benzene
ring, as in the case of model halogenated aromatic
compounds, namely, amodiaquine and diclofenac.
Extraction of human globin adducts with xenobiotic
metabolites on FLa in the "laboratory on target" for-
mat was carried out after obtaining the metabolites,
incubating them with globin, and hydrolyzing them in
the presence of trypsin, and in both cases we detected
protein adducts not only with known reactive metabo-
lites but also with previously unstudied ones [38, 42].

Advantages of the ""lab-on-target" format based on
metal stearate monolayers

It is impossible not to note the main advantages of
the "lab-on-target" format based on collapsed Lang-
muir monolayers. Firstly, the surface functionalization
does not require a large number of reagents and sig-
nificant time consumption. To obtain one sorbent
spot, depending on the amount of required material,
1-2 uL of a 10> M metal salt solution and no more
than 10 pL of a saturated solution of stearic acid in
hexane are required. Up to 6 sorbent spots can be
formed at a time, and this takes about 5 min, and the
same amount of time is required to prepare the sorbent
for analysis. Secondly, a small amount of sample is
needed for successful analysis. The volume of the
sample required for analysis does not exceed 10 pL,
a drop of this volume can be retained on the surface of
the sorbent spot. In almost all studies in the "lab-on-
target" format, we used 1 pl of sample with a protein
concentration of 0.3—1 mg/mL in 7-8 pL of the sorp-
tion solution. The total extraction time, which can also
be carried out on several sorbent spots in parallel, in-
cluding the stages of sorption, washing, and drying,
did not exceed 1 h. And finally, as we showed at the
final stages of the study, metal affinity extraction on
collapsed lanthanum stearate monolayers provides the
highest sensitivity of subsequent MALDI-MS analy-
sis. Accordingly, we can quite reasonably propose the
developed approach for use in research institutions in
the pharmaceutical and medical fields for the creation
of analytical methods for identifying metabolites and
their adducts with long-lived proteins for retrospective
diagnostics of intoxications, as well as modeling oxid-
ative biotransformation and preclinical assessment of
the potential toxicity of biologically active substances.

CONCLUSION

Summarizing all of the above, we can conclude
that Langmuir monolayers are a unique material with
enormous potential for further research and applica-
tion. Today, these structures with diverse composi-
tions and properties are used as elements of micro-
and optoelectronics, chemical sensors, high-resolution
photo- and electron resistors, thin dielectrics in the
"metal — dielectric — semiconductor” system, bio- and
immunosensors, ultra-thin film electrodes in photo-
chemical devices and information storage devices, etc.
We were lucky to offer another way of using Lang-
muir monolayers, which has great potential for solv-
ing many analytical problems in medicine, biochemi-
stry, and pharmaceuticals. And, of course, we are im-
mensely grateful to Lidiya Nikolaevna Gall for her
long-term support for the development of this area and
her high assessment of the results we have obtained.



