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®OPMIPOBAHUE KEPAMUYECKON CTPYKTYPbI
ITPOMOTHMPOBAHHOTIO JXETE3OOKCUITHOTI'O KATAJIM3ATOPA

A. H. [IBopenxkas, JI. I. Auukanosa, T. H. Cygsunosckas, 3. I'. Manbimesa,

H. B. [IBopenxmnit
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Knrouesvie cnosa:
Kepamuueckas cmpyxkmypa,
nopucmas cmpykmypa,
npomomuposanue Kaauem,
Jiecupyrousue 000a6KU YUPKOHUS,
IHCe/Ie300KCUOHBLIL Kamanu3amop

Annomauus. Boiscren MexaHu3M 6AUAHUSL NPOMOMOPO8 HA KePAMUUECKY 10
CIPYKMYPY JHene300KCUOHO020 KAManu3amopa 0ecudpuposanust onepuro-
BUIX U ANKUNAPOMAMUUECKUX Yerie6000p0008. TToxkazana Ounamuka usmeHe-
HUST NOPUCTHOTL CIMPYKIMYDbI JIe2UPOBAHHBIX U HeNeUPOBAHHBIX KAMANIU3A-
Mopos 8 pesynvmame mepmooopabomxy Ha 8030yxe NPU HECKOMbKUX Mem-
nepamypax, 3HaMUMenbHO NPeSLIUAIOULUX MEMNEPAMYPY IKCHILYAMAUUL.
IIpedcmaenenvt 0amnvie N0 MEXAHUMECKOL NPOUHOCMIU JIE2UPOBAHHBIX U
HereeupoBaHHbIX MOOETbHBIX KAMAAu3amopos. B mecmax xoumaxma
e7106yn npoucxooum npunexarue yacmuy, opye k opyey. Ilpu smom o6pasy-
eMcs MeXanu1ecky nPouHbILl U mepmudecky ycmotivueviii kapkac. Onpede-
TleHa PYyHKUUS NPOMOMopa — KAnus 6 HopmMuposanuy nopucmoti crmpyx-
mypor kamanusamopa. IIpednonosxeno, umo Kanuil 8vINONHIEM PYHKUUIO
€80€00pa3Ho20 Prioca, noHuicaem memnepamypy 06pazoeanus Hasvt naias-
JIeHUsT, KOMopas obechevugdaem npouHoe npunekanue opye k opyzy 4acmuy
Kepamuueckozo mamepuana - kamanuzamopa. Ipu smom dopmupyemcs
YCmoiuuevlii Kapkac 6e3 3amemHoz0 ymenvuleHUs paboyeii nogepxHOCMU
kamanuzamopa. JJob6asku okcuda UUPKOHUS 6 Kauecmee nezupyrousezo
azenma obecneuusaim He MONLKO y8enuHueHue eyOuHbl U CmeneHu om-
JHU2A HeCOBEPUIEHCINE NPU nepecmpoiike CIPYKMYpPbl KAMATU3AMopa, Ho U
nepepacnpedenenue svidensgiouelics sHepeun. Boickazanmoe npednonoxcerue
noOMBePHOAemcsT POCHIOM MEXAHUHECKOL NPOUHOCIIU 2PAHYIL Ie2UPOBAH-
Ho20 Kamanusamopa. Pe3ynomamur uccnedosarnuti mozym 6vimv UCHONb30-
8aHbL O CO30AHUS U MOOUPUUUPOBAHUS HeNe300KCUOHDBIX KAMATUZAMO-
D08 Oecudpuposanusi oneduUHOBbIX U ANKULAPOMAMULECKUX Y2Tie8000P0008.

s quTpoBaHus:

IBopenxkas A.H., Aunkanosa JL.I., Cygsunosckas T.H., Manbimesa 3.1, Isopenxuit H.B. ®opmmposanue kepa-
MMYECKON CTPYKTYpPhI IPOMOTPOBAHHOTO XKeTIe300KCUIHOTO KaTanusaTopa // Om xumuu k mexHono2uu wae 3a
waeom. 2023. T. 4, o 3. C. 8-16. URL: http://chemintech.ru/index.php/tor/issue/view/2023-4-3

© A. H. Isopenkas, JI. I. Auuxanosa, T. H. Cynsunosckas, 3. I. Mansiesa, H. B. [IBopenknit, 2023
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BBenenne

Hernppruposanne onepMHOBBIX M ATKIIAPOMATUYECKNX YITIEBOJOPOROB — MHOTOTOH-
Ha>KHbIe IIPOLIECChI, OCYLIECTB/IAINMECS C IpYMeHeHeM IIPOMOTYPOBaHHBIX JKeTe300KCH/-
HBIX KaTanu3aTopoB [1-10]. MuHMManbpHbI HAOOP MapaMeTpoB, onpeneaonx g dexTns-
HOCTb JIeJICTBMS KaTa/IN3aTOPa, KpOMe KaTaTUTUYECKUX XapaKTepPUCTHUK, BCET/la BKII0YaeT Be-
NVYVHY JOCTYIHOJ IOBEPXHOCTY IIOP, TEPMUYECKYI0 CTAOMIBHOCTb HMOPUCTON CTPYKTYPBI
KOHTaKTa I MEXaHNYEeCKYI0 IIPOYHOCTb IPaHy/l KaTalu3aTopa.

B npoMOTHpPOBaHHBIX >Ke/1e300KCUIHBIX KaTaan3aTopax JeTuipMpoBaHNs aKUIapoMa-
TUYECKUX YITIEBOJIOPO/IOB MacCOBas [NOJIA: OKCUja Kenesa — 60-70%, coemuHennii Kanns B Ie-
pecuére Ha K,O - 10-15%, a Tak)Ke IPUCYTCTBYIOT pa3HOOOpa3Hble J06aBKy, 00ecreunBaroniye
IIOBBIIIEHIIE CETIEKTUBHOCTY, TEPMUYECKYIO CTAOMITBHOCTD, MEXaHIYECKYI0 IIPOYHOCTD U M3HO-
COCTOKOCTb [2-9].

Cpenu Taknx o6aBOK CylleCTBEHHOE BIVAHNE Ha CBOJICTBA KaTaM3aTOpa OKA3bIBAIOT OK-
CHZBI META/UIOB Pas/INYHOI IPUPOJBI, B YJACTHOCTY, IIe/IOYHbIe U MI€ToYHO3eMenbHbIe — K, Rb,
Cs, Ca, a Tak)xe IlepexoHble 97IeMeHThI, Takue kak Cr, Mo, Mn, Zn, Ce, La, Y, Sc u gp. [7-9].

Vccnemosarenn [11,12] ykas3sIBaIoT, 4TO Liepuit HAPARY C KanmueM ABJAeTCA 3P PeKTnB-
HBIM IIPOMOTOPOM aKTVBHOCTH >K€/1e300KCUIHBIX KaTa/IN3aTOPOB AETUAPUPOBAHIA 0/1epIHO-
BbIX U Q/IKW/IAPOMATUYECKUX YIIEBOJOPOMIOB. B yC/IOBUAX peaKLMOHHOI Cpefibl KaTalnu3aTop
IpefcTaBisieT co60il GeppUTHYIO CUCTEMY, cocToALIYI0 U3 B"-nomdeppura Kanus, MoHOep-
pUTOB Kanus 1 ue3us u Maraetuta [13]. OCHOBHBIM KaTaTUTUYeCKM aKTUBHBIM KOMIIOHEHTOM
SBJIACTCS MONMUQEPPUT CO CTPYKTYpoii B”-rnnHo3eMa.

ABTOpBI paboTel [14-17], paccmMaTpuBas COCTaB >KeTe300KCUAHBIX KaTa/lIN3aTOpPOB
IeTUPUPOBAHNA STUIOEH30/Ia B CTUPOJI, YKA3bIBAIOT, YTO aKTMBHBIM KOMIIOHEHTOM JaHHOTO
K/Tacca KOHTaKTOB ABJAeTcs MOHOpeppuT Kamua KFeO, [14].

Yame Bcero kanmebiit mpomotop BBoguTca B Buje Ko,COs, KOH mmn K,CrOs, mpuyem
OCHOBHOE KOJIITYECTBO LIeJI0YHOTO MeTA/IIa IPUCYTCTBYeT B McxogHoit cMecu B Bupe K,COs [18].

CuHTe3 KaTam3aTopa HauMHAeTCA Ipy TBEPA0(Aa3HOM B3aMMOEICTBUY HAVBYYa/Ib-
HBIX KOMIIOHEHTOB KapOOHaTa Kamms M okcupa xenesa o-Fe,Os, pesynbraTroM KOTOpPOTO
SIBJISIETCS MOHO(EepPUT Kamus.

Vicionb3oBaHue A1 1iefeil MpOMOTUPOBAHNS UMEHHO KapOoHaTa Kamis 00yCIIOBIEHO
OTHOCHUTETIbHO HEBBICOKOII TeMIIepaTypoll Hayajaa B3aMMOJEIICTBMA 3TOTO COeNUMHEHUs C
rematuToM. KpoMme TOro, KapOoHAT KajmusA Npu peakuny GpeppuTooOdpasoBaHMs C OKCULOM
JKejlesa He MPUBOJAUT K CUJIBHOMY CIIEKaHMIO KaTa/ln3aTopa, KakK 3TO MMeeT MeCTO B Clydae
VICTIO/Ib30BAHUA IPYTUX COeNMHEHN T Kamus, HanpuMep, KOH, a Haob6opor, Boifenienne obpa-
3YIOIIETOCS YIVIEKVUCTIOTO Ta3a OKa3bIBaeT MOJIOKNUTETbHOE BVAHNE HAa POpPMIUPOBAHIIE IOPH-
CTOJI CTPYKTYpPbI KOHTAKTA.

Tseppodasunie peakiuu B cucremax K,CO; - Fe,Os m KFeO, - Fe,O; mpencrasisor
co0011 ITepBYI0 ¥ BTOPYIO CTafyy 06pa3oBaHys NOM(eppUTOB KINA. DT MPOLECCh ABIAIOTCA
00513aTe/IbHBIMI 3TAIlaM! CHHTe3a IIPOMOTVPOBAHHBIX XKeTe300KCUIHbIX KaTanm3aTopos [18].

[Ipn BBICOKMX TemmepaTypax oOpasdyerca nNonudeppuT Kaaumsa TUIA [NIMHO3EMA
(K-BFe;0:s). IToBpilenne TeMItepaTypbl POKanky o6pasos Ha Bo3ayxe ot 1020 mo 1170 K
COIIPOBOJKIAETCA IOSBJIEHMEM [IBYXBAaJIEHTHOTO JKe/le3a B pe3ylbTaTe TepMUYeCcKOll
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pycconyanyy reMatnta. ComepskaHue Kanus B HOMNpeppUTax MeHACTCA CMMOATHO C KOHIIeH-
Tpaluell ByXBaJIeHTHOTO Jkerle3a B 00pasIjax, a Ha peHTTeHOTpaMMax MOABJIAITCA pedIeKchl,
orHocsmuxcs K K-B"Fe;Os. Vionst Fe** crabunusupyor B”-¢dasy. [Jlanuas ¢asa sBnseTcs kata-
IUTUYECKN aKTUBHOI. Takum 006pa3oM, B MPOKJTEHHBIX IpM TeMmmeparypax Bomre 1150 K
obpasiax oOpasyeTcsi MUKpOTeTepOoreHHasi CMeCh IOMM(EPPUTOB CO CTPYKTypamMy Tuma - u
B"-rmuHozéma K-(B+p")Fe,O5[18].

B paborax [19-21] paccMmarpmBanach cepust MOAUMUIIMPOBAHHBIX META/UINYECKIIMMU
nonamu (Cr, Mn, Co, Ni, Cu, Zn u Ce) deppuros. Bce moguduimposanusie GpeppuThl moka-
3bIBa/IM BBICOKYIO Y€/IbHYIO IIOBEPXHOCTD, OOJIbIIIe, YeM y 4MCTOro okcupa xenesa (Fe,Os).
Bnusanue noHOB H06AaBOK B yBeIMYEHNN YAEeIbHON MOBEPXHOCTY, MOITIO OBITH CBA3aHO, IO
MHEHMIO aBTOPOB, C I3MEHEHNAMU B TeMIIe pocTa KpucTamios. Bce MoguduunposanHbie dep-
PUTBI, TOKa3bIBA/IN Y3KOE pacIIpefie/ieH e IIOp 10 pasMepaM B guamnasone 4,9-25,0 Hm.

Ha ceroguAnramit neHb 60/1bIIO€ KOIMYECTBO MCC/IeOBAHMNIT HAIIPAB/IEHO Ha YCTAaHOBIIE-
HIle B3aIMOCBSA3Y XVMMMYECKOTO U (pa30BOTO COCTaBa ¥ KATAMIUTUYECKNX CBOVICTB KOHTAKTA.
OpHako BOIPOC O BIVMAHMM NPOMOTMPOBAHMS ¥ JIETMPOBAHNUA Ha IApaMeTPBl MOPUCTON
CTPYKTYPBL, 11 KaK CTIe[CTBUE, TaK/e SKCIUTyaTallIOHHbIe XapaKTePUCTUKY KaK TepPMOCTa0M/Ib-
HOCTb ¥ MEXaHNYECKas IIPOYHOCTD, OCTAETCS OTKPBITHIM.

Llenp pabOTHI: BBIACHEHVE MEXaHM3Ma BIVAHNA IPOMOTOPOB Ha KEPAMUYECKYIO CTPYK-
TYPY KaTa/nms3aropa.

OcHOBHaA YacTh

MopenbHble KaTaau3aToOpbl TOTOBU/IN 1O TPafVIIIOHHON KepaMM4eCKOV TEXHOJIOTUML.
Temmneparypa npokanku 970-1170 K.

[InpxoHMIT BBOOWIN B BUJE OKCHUAA. MaccoBas 1o/ OKcupa He IpeBbiniana 1%.

PenTtrenorpaduposane npoBogwm ¢ ucronb3osanyeM Coxq n3nydenns (A = 0,17902 um)
Ha nu¢dpakromerpe [JTPOH-3

Y menbHyI0 MOBEPXHOCTD OTIPefe/IsA/N II0 TEIJIOBO fecopOiun aproHa [22].

[Topucryto cTpykTypy 00pas3lioB M3y4anay METOOM PTYTHOJ MOPOMETPUN Ha HOPO3MU-
Metpe Kapno-9pbe no meropuke [23, 24].

TepMOCTabMIBHOCTD OTIpeeNnsnach JUHAMNKON M3MEHEeHsI TOPUCTON CTPYKTYPHI B pe-
3y/IbTaTe TEPMOOOPAOOTKM KaTanmn3aTopa Ha BO3AyXe B inanasoHe Temmeparyp 830-1030 K.

MexaHIYeCKYI0 IIPOYHOCTD OTIPefe/IIN METOJOM pasfiaBIMBaHus [25].

[Ipn cosmaHumM KaTajmM3aTopoB HEOOXOAVMO IpeBUAETh UX MAKCUMAIbHYIO IIPOVU3BO-
IUTENbHOCTD, CEJIEKTUBHOCTD, YCTOIYMBOCTD K BO3/IEICTBUIO BBICOKMX TeMIIEPATYp, MCIO/b-
3yeMbIX IIpM 3KCIUTyaTalMy KaTaln3aToOpa, MEXaHNYECKYI0 IIPOYHOCTb TPaHY/I KOHTAKTa U
MHOTUe APyTHe XapaKTePUCTUKI.

OcHOBHbIE CTauM CHHTE3a >K€T€300KCUJHBIX KaTalM3aTOPOB: CMELIEHNE VCXONHBIX
KOMIIOHEHTOB C 00aB/IeHNeM PacTBOPUTE/L, SKCTPYANPOBaHNE, CYIIKA HA BO3/IyXe, IPOKAJIKa
Ha BO3JyXe C IOC/eRyolell TepMooOpaboTKOM B BOAAHOM Iape ¥ aKTMBALMOHHAs paspa-
6oTKa.

[Topucras cTpyKTypa KaTanmsaTopa (popMmpyercss mpy MPOKATMBAHNN UCXOJHBIX CO-
egVHEeHMiI Ha Bo3fyxe [26]. Ha XapakTepuCTMKM IOPUCTON CTPYKTYpBl KaTalan3aTOpOB
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OKa3bIBAIOT BAVSHIE Pa3IM4Hble GAKTOPBL: XMMUYECKas Y TePMUYeCKast HPEeAbICTOPUS VICXOJ -
HOTO OKCHJja Xejle3a [26], TeMIlepaTypa CMHTe3a KaTalan3aTopa, CKOPOCTb YAA/TIEeHN Ia3000-
Pa3HBIX IPOAYKTOB 13 30HBI peakuu. [/ sKcriepuMeHTa BBIOpaHbl 00pasIbl OKCUAA JKerlesa,
IIOJTy9€HHOTO pa3jIoXKeHMeM cynbdata mpu Temuneparype 910-920 K, MopieIbHBIIT KaTannuszaTop
roToByu npu remieparype 990 K. VcxogHbIMY KOMIIOHEHTAaMU >KE/I€300KCUIHOTO KaTaln3a-
TOpa OOBIYHO SBJIAIOTCS OKCHUJ Kelle3a 1 KapOoHar Kamms. HekoTopble yueHble B KauecTBe
aKTMBHOTO KOMIIOHEHTa KaTajau3aTopa yKas3bIBAIOT OKCKA >kenmesa [27-31]. OpHako Hamm
JaHHbIE U Pe3y/IbTaThl, IIOTyYeHHbIe MHOTVMMI APYTUMU UCCIefoBaTenaMn [32], roBopAT o
BBICOKOI1 «3ayT/IEPOKMBAEMOCTI» TIOBEPXHOCTY TAKOTO KaTa/I13aTOPa ¥ €T0 HM3KOI CENEKTUB-
HOCTH, 2 BBEJIEHME B CHCTEMY IIPOMOTOPA — II€JIOYHOTO META//Ia 3HAYUTEIbHO YBEINYNBAET
aKTMBHOCTb KOHTaKTa [1-4, 6-9].

Kpome TOTO, B IPOMBIIIZIEHHBINI KaTa/lN3aTOp OOBIYHO BBOAAT JIeTHpYOINe J00aBKy,
TaK VIM VIHAa4Ye yIy4IIaloNiye SKCIUTyaTallMOHHbIE CBOJICTBA KOHEYHOTO IPOJYKTA — KaTaamn3a-
Topa [2, 4, 7, 11-12]. B xauecTBe nerupymomuit fo6aBKy HaMu ObUT BBIOpaH LU PKOHMIL.

Ta6mmua 1. ITopucras cTpykTypa 06pasiioB MOJe/IbHOTO KaTa/I13aTopa

KatanusaTop, IpOMOTMPOBAaHHbI
Karanusarop Fe,Os KaTa)II/ISaTOFj, EPOMOTHPO- KajueM, JIETMPOBAHHbII LIMPKO-
BAaHHBIN Ka/IMEM
HIEM
R, S, V- 10? Vv, S, V- 10? Vv, S, V- 10? Vv,
HM M2/t e’/ % M/t e’/ % M/t e’/ %
>30 1,08 9,86 19,84 0,25 3,05 7,42 0,2 2,88 6,98
30-70 2,43 16,08 32,35 0,83 4,14 10,07 0,7 4,14 10,04
70-100 | 0,13 2,33 4,688 0,71 5,6 13,62 0,74 5,67 13,75
100-150 | 0,205 6,52 13,12 0,32 8,87 21,57 0,32 8,76 21,24
150-200 | 0,11 3,38 6,801 0,11 4,99 12,14 0,16 5,13 12,44
>200 0,104 11,53 23,2 0,08 14,99 36,45 0,28 14,85 36,01
Cymma 4,059 49,7 100 2,3 41,12 100,00 2,4 41,24 100,00
B tabnuue 1 nmpepcraBieHsl JaH- . 1.93
Hble IIOPUCTOM CTPYKTyphl oOpasma 1s
KaTa/n3aTopa, MOAYIEHHOTO C UCIIO/b- lli
30BaHUEM TOJIBKO OKCHfIA >Kele3a, |- | 1.08
obOpasija KaranmsaTopa, MCXOHBIMU 1
KOMIIOHEHTaMI KOTOPOTO ABJIANTCA ?)'i olas 0.2
OKCHJ] >Kere3a U KapOoHat Kanmus (1mpo- 0.4 @
MOTMPOBAaHHOTO KanueMm), U oOpasia O‘(:)
KaTa/l113aTopa, UICXOAHBIMY KOMIIOHEH- <30 30-70 '70_100 i ‘
TaMy  KOTOPOTO  SIBJIAIOTCS  OKCUJ 100-150 4 50_200 '

=200
Keresa 1 KapOOHAT Kanus, TerMpoBaH-  Puc. 1. Pacipeenenne nop no pasmepam (M*/r) 06pasijoB

HOTO IMPKOHMEM (IPOMOTMPOBAHHOTO ~ MOAE/BHOTO KaTalu3aTopa: O ~ KATa/M3aTop Fe,Os; | ] - ka-
Ta/nmM3aTop, npoMoTupoBanHblit Kanuem; [l - xaranusarop,
Ka/IJieM, JIETMPOBAHHOTO IIVIPKOHMEM).

NIPOMOTUPOBAHHBIN KaJlVeM, JIETMPOBaHHbIN IIPKOHMEM
Ha pumc. 1 npepncrasneno pacnpeperne-

HII€e IIOP TI0 pasMepaM TeX ke 00pasIjoB
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Kak coo61manocy paHee, Ha aKTUBHOCTb XKeTIe300KCUJHOTO KaTalM3aTopa HETaTMBHOE
BJIMSIHME OKA3bIBAIOT MTOPHI pasMepoM MeHee 70 HM [33]. luamerp 9 deKTUBHBIX IOP TAKOTO
KaTa/lmu3aTopa orpaHndex npepenamu ot 70 o 150 Hm.

Amnanus faHHBIX, IPUBEIEHHBIX B Tabmuile 1 1 Ha puc. 1, TO3BOJISAET C/ie/IaTh BBIBOJ, YTO
nerupymoas fo6aBKa IMPKOHNA He3HAYNTEIbHO B/NAeT Ha (OPMIUPOBAHNE IIOPUCTOI CTPYK-
Typbl KOHTaKTa. BMecTe ¢ TeM 1cnonb3oBanue IPOMOTHPYIOLIETO areHTa IPUBOAUT K 3HAYM-
TEJTBHOMY CHIVDKEHMIO IO/ IIOP MAjIOTO pasMepa ¥ YBeIMYeHMIO Ko 3((PeKTUBHBIX IOP.
Ecnu kanneBplit IpOMOTOP BBOAUTCS B Buie KapOoHATa, TO IpU TepMOOoOpaboTKe KaTammsa-
Topa €T TBeprodasHoe B3anmozerictBue K,CO; c reMaTnTOM, CONIPOBOXK/AlolIeecs BbIene-
HIIEM YIJIEKMCIIOTO Ia3a, KOTOPBIN PaspbIX/IAeT CTPYKTYPY IPaHYIL.

Ha puc. 2 npencraB/ieHsl faHHbIe peHTTeHO(A30BOTO aHaIN3a 00Pa3LloB KaTalnu3aTopa

C BBE€JC€HIIEM B CI/ICTCMY HPOMOTOPa — Ka/Iu.
I.I:‘ 1- FE:U_:

3 2 -KFe. O,

1 3-KFe. 0, +K,Fe O,

3 4 - KFeO,

Puc. 2. PenrreHorpamMma o6pasija >kele300KCUHOTO KaTalInu3aTopa, IPOMOTHUPOBAHHOTO Ka/leM

V3 panHBIX peHTreHo¢asosoro anamsa (POA) crenyer, 4To B cucteme, copeprKaiieit
Ka/Inil — >Ke/e30 — KUCTIOPOJ], B OT/IMYME OT IEePBOTO 00pasiia, peHTTeHOTPaMMbl KOTOPOTO
copepxar muiib muku Fe,Os BBIZENAIOTCA TaKye KOMIIOHEHTBI KaK HOMMGEpPPUTHI Kammus,
MOHO(EPPUT U OCTATOUHBIN OKCUJ JKee3a.

BezeHne B cucreMy Kanus IpUBOJUT K CO3LAHUIO ONITUMA/TbHON MOPUCTOI CTPYKTYpPBI
obpasia KaTannsaropa.

KaTanusarop skcrtyatupyercs Ipu BbICOKMX TeMIieparypax. [Topucras crpykrypa npu
TaKMX YC/IOBMSIX MOJKET IIpeTepIieBaTh 3HAUNTe/IbHbIe M3MeHeHus. [IpencTaBsercs nemnecoo6-
Pa3HBIM pacCMOTPETH BIMsHME IPOMOTHPOBAHNA Ka/lyieM Y JIETUPYIOINX J0OaBOK LIV PKOHISA
Ha TepMUYECKYI0 YCTOYMBOCTD TOPUCTON CTPYKTYPbI KaTa/M3aTopa.

[l OLleHKM TepMOYCTONYMBOCTY KaTalusaTopa OObIYHO MCIIONIb3YeTCs [JIMTETbHas
9KCHO3ULMA B YCIOBUAX PeaKLVM AeTUAPUPOBAHA C 3aMEePOM ITapaMeTPOB IOPUCTOIL CTPYK-
TYpbI 4epe3 ollpefe/ieHHble MHTepBa/ibl BpeMeH. OJHAKO He MeHee TOUYHYIO KapTUHY MOXXHO
HOJTY4MTb, UCCTIEAYA KaTa/ln3aTop MOC/Ie TepMIUYECKOI BhIIEP>KKI IIpY TeMIlepaTypax, 3Hauu-
TE€/IbHO IIPEBBIIAIONINX TeMIIePaTypPbl KCIUTyaTal[UN.

Ha puc. 3 npuBefeHa 3aBUCUMOCTb TOBEPXHOCTH, 00Pa30BaHHOI IIOPaMI, UCCIIETYEeMBbIX
00pasIi0B MOJIe/IbHOTO KaTa/IN3aTopa OT TeMIIEPATyphl IPOKAIKY Ha BO3IYXe.
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(%]
I

| 20
S o6mazs M2/T

2

(=]
1

1

T T 1
830 850 870 890 910 930 950 970 990 1010 1030
T.K
Puc. 3. 3aBUCHMMOCTD Ye/IbHOI IOBEPXHOCTU 0OPa3LIOB MOJINIbHOTO KaTa/M3aToOpa OT TeMIIepaTyphbl IPOKaIKI

Ha Bo3fiyxe: O — kaTaimm3aTop Fe,Os; X — KaTanmsaTop, IpOMOTUPOBAaHHbIN KalueM; A — KaTaln3aTop, IpOMOTH-
POBAHHBIN Ka/lVieM, IETMPOBAHHBIN LIVPKOHMEM

O6paser okcyupa xenesa, Kak 1 C/IeOBaJIo OXIUAATh, 60jee TepMoCcTabuieH. Y nenpbHas
IIOBEPXHOCTh TaKOTO 0Opaslia OCTAéTCs TePMUYECKM YCTO4MBON fo Temmeparypsl 970 K.
[TpomoTupoBaHHbIe 06pa3Lbl 06/1aal0T rOPasf0 MEHBIIEN TePMOYCTOYMBOCTbI0. OgHAKO
JIETMpOBaHMe IMPKOHMEM TEPMOYCTOMYMBOCTD ITOBBILIAET.

Ha puc. 4 npencraBneHa 3aBMCMMOCTb OBEPXHOCTY, 00pa3oBaHHOII Topamyt 3G GeKTIB-
HOT'O pasMepa, OT TEMIIEPATYPbI IIPOKAJIKM Ha BO3[yXe /I IPOMOTMPOBAHHBIX ¥ HEIIPOMOTH -
POBaHHBIX 00Pa3I[0B MOJI€TLHOTO KaTa/lIn3aTopa.

1.2 4

0.8 7 =

S s ME/T

0,6 A

0.4 A

0.2 A

J, 4

(] T T T T T T T T T 1
830 850 870 8§90 910 930 950 970 990 1010 1030
T.K

Puc. 4. 3aBucuMocTb OBEPXHOCTY 3((EKTUBHBIX OP 00PasIOB MOJENbHOTO KaTalIN3aTopa OT TeMIIepaTypsl
IIPOKAJIK!M Ha BO3Jyxe: O — KaTamm3aTop Fe,0s; X — KaTanusaTop, IpOMOTUPOBAHHBII Ka/ueM; A — KaTa/lusaTop,
NIPOMOTUPOBAHHBIN Ka/lMeM, JIETMPOBaHHbII LIPKOHMEM

Kak nmokasanu uccnenoBanns, 1ermpoBaHie HUPKOHNMEM IPUBOJUT K 3aMETHOMY BO3pac-
TaHUIO TEPMOCTAOMTBHOCTY 3P PEKTUBHBIX ITOP.

CBeXenpuroToOBIEHHDBIV KaTa/lIN3aTOPp MOABEPTaeTcsA TPAaHCIOPTUPOBKE U MEPETPY3KE,
OH VICTIBITBIBA€T 3HAYMTEIbHbIE MEXAaHMYECKIE€ HATPY3KN, TaK KaK BBICOTA CI051 KaTaan3aTopa
B peaKTOPe MOKET JOCTUTaTh HECKOJIBKMX JJECATKOB METPOB. Bce 3TO BBIIBUTAET BBICOKME Tpe-
00BaHMA K MEXaHNYECKOI IPOYHOCTY IPaHy/ KOHTAKTA.

B rabnuie 2 npepcraBieHbl JaHHbIE IO MEXaHWYECKOII IIPOYHOCTY MCCIIeyeMbIX 00pas-
1IOB KaTa/l1n3aropa.
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Ta6muma 2. MexaHudueckas IIPOYHOCTb TPaHy/1T IIPOMOTUPOBAHHOTO U HEIPOMOTUPOBAHHOTO MOJENTbHOTO

KaTajusaropa
Karanusatop,
KaranusaTtop Karanusatop, .
IToxasaTenn . MIPOMOTUPOBAHHBIN Ka/IMEM,
Fe,O; MIPOMOTUPOBAHHbIN Ka/IMeEM .
JIETMPOBaHHBIN UV PKOHNEM
MexaHnyeckas MIpOYHOCTD
P : 1,8 5.2 5,85
KI/cM

HenpoMmoTupoBaHHBI Ka/mueM MOJe/IbHBIN KaTalu3aTop o0/afjaeT ABHO HEJOCTATOY-
HOJI MEXaHMYECKOJ IPOYHOCTBIO. BBeNleHe MPOMOTHPYIOLETO areHTa IPUBOAUT K CO3LAHNIO
ME€XaHNYECKU YCTOMYNBOI CTPYKTYPBHI.

BpIiBOAbI 1 peKOMEHAALMN

O6pas1bl TOPOLUIKOOOOPA3HOTO OKCHUJIA >KeJle3a SIBJISIOTCS CUCTEMOI KOPITYCKY/IIPHOTO
crpoenus. [Topsl 06pasyTCs IPOCTPAHCTBOM MEX/Y YacTuLjaMy. MoJenbHBIil KaTalnusaTop,
He Coiep)Kallnil IPOMOTOPA, HE3HAYNUTETBHO OT/IMYAETCS 0 CBOEIL CTPYKTYpe OT VICXOJHOTO
OKCHJia Xeresa.

B MecTax KOHTaKTa 17100y IPOMCXOANUT HpUIIEKaHMe YACTULl APYT K Apyry. Ilpu atom
obpasyeTrcss MeXaHNYeCKV IIPOYHBIN U TEPMUYECK!U YCTOMUYMBBI Kapkac. [Iporecc mpumeka-
HUSI MOXKHO CPAaBHUTH C TOYEYHOIT CBAPKOIL: B 30HE KOHTAKTA YaCTUI] BOSHUKAET KOPOTKOXKI-
Bylllee JIOKaJIbHOE TepMOJMHAMUYecKoe paBHOBecKe. PeanbHas TeMIlepaTypa B 9TON 30HE
MOXKET 3aMeTHO IPEBbIIIATh CPEHIO TeMIIepaTypy IO rpanyie. VICTOYHMKOM JOIOTHUTENb-
HOJI 9HEepIyM, TpeOyeMoil /I OCYLIeCTBICHNA TOYEYHO CBAPKM, CITY)KUT SHEPIusa HecoBep-
IIEHCTB KPUCTA/INYECKOII peéTky reMaTuta. Kammil BeImonHsAeT QyHKIMIO CBOeOOpasHOTo
dmroca:

1. ITonmxaer TemiepaTypy obpasoBaHus (pasbl IIaBjeHus, KOoTopas obecredyBaer
IIPOYHOE IpUIeKaHue APYT K APYTy YacTuUll KepaMM4YeCKOro MaTepyuana — KaTalmsaTopa.
[Tnomanb 30HBI NIPUIIEKAaHMsI HEBe/VKAa ¥ HE3HAUNTETbHO CHIDKaeT pabodylo IOBEPXHOCTbH
rpaHysbl. ClieflyeT OTMETUTD, YTO IIPUIIeKaHMe YacTuLy, popMupyolee Kapkac, He COIPOBOXK-
JlaeTCsl 3HAUMTETbHBIM YBe/TMYeHeM HachIITHOM IVIOTHOCTY TPaHYJI, KOTOPO€ CBU/IETe/IbCTBO-
BaJIO OBI O CIIEKaHVV TPaHYJI, 3aTeKaHUN T10P.

2. TakuM 06pasoM rpaHyna npuodperaeT MPOYHBI U YCTONYMBBINA KapKac, COXpaHsIA
Pa3BUTYIO IIOPUCTYIO CTPYKTYPY.

Y CTOMYMBOCTD IPaHY/I KaTalIu3aToOpa K TeMIIepaTypHOMY BO3JIe/ICTBIIO OIIpefie/AeTCs He
TOJIBKO IPOYHOCTBIO NPUIIEKAHVIS YACTULI, HO U TaOMIBHOCTBIO X KPUCTA/UINYECKO CTPYK-
TYpBI, KOTOpasi 00yC/IOB/IeHa HalIN4MeM OCTaTOYHOII JVICTIOKAIMOHHO CeTKM, MUKPOHAIpsi-
JKEHUJI, HepaBHOBECHBIX fiedekToB. [[06aBKM OKCMAa LMPKOHMS B KadecTBe JIETHPYIOLIETO
areHTa 3 00ecCIeunBaIOT He TONbKO YBelIMdeHye ITTyOMHbI M CTeIIeHU OT)KIUTa HeCOBEPIIEHCTB
IIpY TIepecTpoIiKe CTPYKTYpPbI KaTalusaTopa, HO 1 liepepacipe/ie/ieHNe BbIIe/IAIONIeiics IHep-
run. ViMeeT MecTo He IPOCTO paccerBaHue (AUCCUIIALNA) 3aIIaCéHHON HEPIuy, a HalpasJie-
HIIe e€ B OTIpefie/IEHHOe PyCITo (KaHamM3alus), Korya 60Iblirast 4acTb BBICBOOOAMBIIIENICS 9HEp-

TUY UAET B 30HBI IPUIIEKAHNA ITTOOYIL.
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CUHTE3 KOHIEHCUPOBAHHBIX
MOP®OJIMTHCOIEPKAIIINX CUCTEM BOCCTAHOBUTEJIbHOM
VIV OKVCIUTEIBHON TETEPOIIMK/IIN3AIIVIEN

JI. 1. CaBunal, A. A. Coxonos>

JIynsa Vinpunmyna CaBuHA, MarucTpaHT, Anekcanap AHpgpeesnd COKONIOB, KaH[. XMM. HayK, CTapILIMii Hay4-
HBIIi COTPYIHUK

!SIpocnmaBckuii rocyfapcrBeHHblit yauBepcenter nM. ILT. lemunosa, Spocnasib, Poccus

2SIpocIaBCKuit TOCY/apCTBEHHBIN TEXHIIECKUIT YHUBepCuTeT, Spocnasis, Poccust, morose@mail.ru

Kniouesvte cnosa: Annomauus. Hccnedosan npouecc 80CCIMAHOBTIEHUS
N-(2-numpo-4-R-penun)mopgonumvs,  N-(2,4-0unumpoderun)mopdonuna 6 KUcnoii cpede xn0pudom 071064
3,4-0ueudpo-1H-6enso[4,5]umu- (II). Ycmanosnero, 4mo 6 0AHHbIX YCAOBUIX 00PA3YeMCT CMeCh NPo-
0aso[2,1-c][1,4]oxcazumvL, 60ccmano-  0YKmMoe peakyuti B0CCHAHOBIEHUS, XTIOPUPOBAHUS U 2eMePOUUKIU3A-

BUMENLHAS 2eMEPOUUKIUIAUUS, OKUC-  Yuu. Paspabomana memoouka nomyueHuss KOHOEHCUPOBAHHBIX

JIUMeNbHAS 2eMePOUUKTUIAU U 3,4-0ueudpo-1H-6enso[4,5]umudazo|2,1-c][1,4]oxcasuros nymem soc-
cmanoenenust  (2-nHumpo-4-R-penun)mopponuna 6 5-R-2-nunepu-
OuH-1-UNAHURUHBL ¢ NOCTEOYIOU4eTE OKUCTUMENLHOT 2emepOUUKU3A-
yueti HAOMYPABbUHOLL KUCTIOMOT.

Jnsa qUTHpOBaHKA:

Casuna JLV., CokonoB A.A. CHHTe3 KOHEHCUPOBAHHBIX MOP(OINHCOAEPKALINX CUCTEM BOCCTAHOBIUTEIbHOI
VIV OKUCTIUTENbHO TeTeporukusanuelt // Om xumuu k mexnonoeuu wiae 3a wiazom. 2023. T. 4, Buim. 3. C. 17-23.
URL: http://chemintech.ru/index.php/tor/issue/view/2023-4-3

BBenenne

A3areTepOUMK/IbI ABJIAIOTCA YaCTBIM CTPYKTYPHBIM MOTVBOM B (papMalleBTUYeCKIX Ipe-
napartax ¥ MHBIX OMOJIOTMYECKY aKTUBHBIX coeqHennsx [1, 2]. [Ipu aTom cpegu HachIleHHBIX
reTepOLMK/IOB Hambonee pacnpoCTpaHeHbl NUIEPUAVH, NMUIEpasuH U nupponuaus [1, 3].
B T0 >xe BpeMs1 KOHIEHCUPOBaHHbIE OM- ¥ TPULMK/INYECKIE CCTEMBI, CofieprKaliyie MOppoInH
Y apOMaTIYecKie KOJIbI[a, BCTPEYAIOTCS TOPA3To pexke B BUAY CTOXXHOCTEN UX CUHTe3a, XOTs
PSZ M3 HUX IIPOSIB/IAET BBICOKYIO OMOTTOIMYECKYI0 aKTUBHOCTD [4-9]. DTO CMIbHO yBennumBaeT
CTOMIMOCTD ITOJ00HBIX BEeIl[eCTB VI IIPEIATCTBYeT IPON3BOACTBY INPOKOTO KPYyTa IOJIe3HBIX CO-
eIVHeHUI Ha X OCHOBe.

Y 106HBIM 1 TPOCTBIM CIOCOOOM pelieH s TPOOIeMbI TPeCTaB/AETCS BOCCTAHOBUTEIb-
Hasl reTepOLMKIN3aLMsl HUTPOAPOMATNYECKNX COeVHEH NI, MMEIINX MOp(]ONIMH B KauyecTBe
3aMeCTUTeNsA, MO0 OKVMCIUTETbHAS TeTePOLMKIN3ALNs aHUINHOB.

Llenpro maHHON PabOTHI ABNIAETCA pa3pabOTKa METOAMK IOTYyYeHMS TPUIMKINYECKIX
KOHZIEHCUPOBaHHBIX ITPOU3BONHBIX MopdommHa — 3,4-guruapo-1H-6enso[4,5]umnpgaso[2,1-
c][1,4]okcasuHOB.

© JI. V1. CaBuHa, A. A. Cokonos, 2023
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OcHOBHaA YacTh

Ha nepBom arame 6bl1a nccnefoBaHa BO3MOKHOCTb BOCCTAHOBUTE/IBHOM TeTePOLVIKIN-
3aIUU HUTPOAPOMATNYECKUX CTPYKTYP, IIO3BOJIAIONIAS B OGHY CTAANIO JOCTIYbD e/ pabOTEI.
B kadecTBe MOJE/NIBHOTO COefUHEHNMs ObUI BBIOPAaH MOCTYHHBII ¥ HEZOPOTOCTOSIINI
N-(2,4-guantpodennn)mopdonunu (1). B kadecTBe BOCCTAaHOBUTENA MCIIONBb30BATN XIOPUT
onosa (II), panee ycrnenrHo npyMeHABIINMIICA IS TeTEPOLMKIN3ANNY IVPUANH- M IUIEpPU-
arHCcomep>kamux cucteM [10]. B xauecTBe pacTBOpuUTENA A1 CyOCTpaTa OBbUT B3AT M30IIPOIIN-
JIOBBIVI CIIMPT, A [/ COMM MeTasIIa IIepeMeHHON BaeHTHOCTH — 36%-Hbii1 pactBop HCL. Cnn-
Te3 Bern npu Temreparype 60 °C u coorHomennn 1: SnCl, = 1:3. BoccTaHOBUTEb IPUKATIBI-
Ba/lM B KO7nOy c cybcTpatoM B TedeHHMe 2,5 4acoB, fajnee INepeMemuBany emé 0,5 vaca.
[Tocme OKOHYAHNUA peaKIMM CMeCh HeMTPAIN30BaIN Y SKCTPArMpOBaIy TOPAINM XI0podop-
MoM. OTOrHaB pacTBOPUTENb, IOMYYMIN CYXOil OCTaTOK, KOTOPBIN IIPOAHAIM3MPOBAIN
'H AMP-cnexTtpockonueii. boiro yCTaHOBHeHo 4TO npo;quT ABJIAETCA CMECHIO TPEX BEIEeCTB.

O 0 OO

3eq SnCl,

36%HCI+UMNC
NO, i NH; + i NH, 4 5 E

2 3
21% 62% 7%

B nepBOM 3 HUX IPUCYTCTBOBAI LIMPOKUIT CUHITIET OT ABYX IIPOTOHOB IIEPBIYHON aMU -
Horpynmnsl (5,36 m.4.). Takke HaOMIO[AMNCD TPY apOMATUYECKVX IIPOTOHA U [Ba CUTHAIA OT
MOp(OIMHOBOTO VKA. BermecTBo 66110 MAeHTNUIINPOBAHO Kak 2-MOPQOINH-5-HUTPOAHN-
nuH (2) 1 6bUIO MOJTyYeHO B YMCTOM Bufie BoccTaHoBIeHUeM 1 B 8%-HoM pactBope HCl npu
40 °C (puc. 1).

Bropoe coefuHeHMe OT/INYAZIOCH OT 2 HA/IM4MeM TOJIBKO JBYX, a He TPeX apOMaTUIeCKIX
IIPOTOHOB B BUJIE 0PMO-PACIIONIOKEHHBIX [YO/IeTOB ¢ «3(pPeKTOM KpbILIN», CMEIeHHBIX B 60-
7ee cmaboe 10/Ie OTHOCUTENBHO 2-MOP(OIH-5-HUTpoaHWINHA. TakuM 06pa3oM, B MOJIeKyIIe
OTCYTCTBOBAJI aTOM BOZOpofa y yriepoga C6 6eH30/IbHOTO KOJIbIIA, YTO BO3MOXKHO IIPM €ro
3aMellleHN) Ha aTOM/TPYIIIly aTOMOB, HallpyMep, Ha rajloreH. TakyM CIleKTpalIbHbIM JaHHBIM
COOTBETCTBOBAI 6-X10p-2-MOPPONMH-5-HUTpoaHUnH (3), Jamee CUHTE3UPOBAHHBIN B UN-
cToM Buje BoccTaHoBIeHNeM 1 B 36%-uoM pactsope HCl mpn 60 °C mpu BHeceHMn xmopupa
onosa (II) 6e3 mpukambiBanuA (puc. 2).

Tperbe BelecTBO B OT/IM4Me OT 2 U 3 He COflepyKajio CUTHa/IA OT aMyHOrpynnsl. Kpome
Toro, B anudaTnieckoil 06/1acT BMECTO BOCBMU HMPOTOHOB MopdonnHOBOro ¢parmeHTa
Ha0JTI0[]a/T0Ch TOMTBKO I1eCThb. [Ipy 3TOM XMMUYeCcKIe CABUTH siflep BOZOPOJa a3areTepornKiia
6b1n 6071ee nudepeHIPOBaHbI IO CPAaBHEHUIO C 2 U 3 — CUTHA/IOB OBIIO TPY, U OAVH U3 HUX
CMeIJICS 3HAaYUTENbHO B 6osee cmaboe mose (mo 5,01 M.A.), 4TO OBIIO XapaKTepHO U A
BojopozoB mpu arome Cl B [pyroil KOHAEHCMPOBAHHON TPULMKINYECKO CUCTeMe -
1,2,3,4-terparngponnpupo|1,2-a]6ensnmngasonax [10]. [Tukm Bcex Tpex apoMaTHYeCKUX
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IIPOTOHOB OBUTN CMellleHbI B 00/1acTh cmaboro mosst Ha 0,74-0,90 M.I. OTHOCUTETBHO BelljecTBa
2. CoenuHeHre 6bUI0 UAEHTUPUIMPOBAHO KaK 8-HUTPO-3,4-muruapo-1H-6enso[4,5]ummn-
maso(2,1-c][1,4]okcasnH (4) u 6bIIO CUHTE3MPOBAHO B JIa/IbHENIIIEM B YMCTOM BUJE OKMUCIIN-
TeJIbHOI reTepoumkausanueir. s rerepouukna mommmo 'H SMP 6bumm  3ammcaHbl
'H-'H NOESY (puc. 3) n “C AMP-cnexTps!.

B yriepoHOM crieKTpe TPULMKINYECKOTO KOHAEHCUPOBAaHHOTO IPOYKTa HAO/II0fa/I0Ch
10 curHanoB: Tpu B anudarndeckoit 06mactu B guamnaszone 43,1-65,1 M.J1., a TaK)Ke CeMb CUTHA-
JIOB B apOMAaTUYECKOIl 00/IaCTV CO 3HAYeHUSIMU XMMUIeCKuX c¢asuroB ot 110,0 o 153,1 m.x.
[Tpy 3TOM YeThIpe MMKa VMEN MOHVDKEHHYIO MHTEHCUBHOCTD, XapaKTEPHYIO /I YeTBEPTUY-

HBIX aTOMOB yI7I€pOa.

—7.00
— 698
536
378
377
376

r T T T T T T T T T T T T T T T T
65 7.60 7.55 7.50 7.45 740 735 730 725 7.0 715 710 7.05 7.00 695 690 6.85

0.98.
0.98-
1.00.

Puc. 1. 'H IMP-criextp 2-MopdonnH-5-aurpoanmita (Bruker DRX400, SF = 400 MI'1i, pacTBOpUTE/Ib 1 BHYT-
pennwuit crangapt DMSO-ds)

72
72
705
m
551
1M
1n
17
i
1%
]
28
247
7]
2%

) \ S L.;,J‘ A "

2m-

B

10.0 9.5 .0 85 80 75 7.0 65 60 55 5.0 4.5 4.0 35 3.0 25 20 15 10 os o.c

Puc. 2. 'H SIMP-cnekrp 6-x10p-2-mopdonns-5-aurpoarmmta (Bruker DRX400, SF = 400 MI'11, pacTBopuTeb
u BHyTpeHHUit crangapt DMSO-dg)
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VAR HH? HE H! H4H3

F1 [ppm]

2

6/4

9/6 7/6 L
5] oir ® s ' ; .
. -
- v |

8 6 4 2 F2 [ppm]

Puc. 3. 'H'H NOESY SMP cnekrp 8-uurpo-3,4-gurngpo-1H-6enso(4,5]umupnaso|2,1-c][1,4]okcasuna
(Bruker DRX400, SF = 400 MI'n, pacTBOpuTens U BHyTpeHHMIt craugapt DMSO-ds)

Taxkum o6paszom, BoccraHoBneHre N-(2,4-nuHnuTpodeHnn)MopdonnHa B BbIlIeHa3BaH-
HBIX YC/TOBMSX IIPUBOAVIIO K 0Opa3s0oBaHUIO IIPOJYKTOB BOCCTAHOBJIEHN S, Ta/IOTEHVPOBAHNA U
reTepOLVKIN3al M B KomndecTse 21, 62 1 17% cooTBeTcTBeHHO. /14 yBETMYEHNA SO JKea-
€MOTO BelljecTBa 4 ObIIO IIPOBEEHO BapbMpPOBaHye KOIMYECTBa BHOCMOTO BOCCTAHOBUTELA,
a TaK>Ke TeMIIePaTyphl ¥ KOHIEHTPALMM KMCIOTBI. BIZIO YCTaHOB/IEHO, YTO CHMKEHME MaCChI
IIpMKaIbIBaeMOTo Xjopuza onosa (II) moBbIIIamo OTHOCUTENbHBI BBIXOJ, 4, HO B PEaKIIMOH-
HOJI Macce OCTaBa/ICS HeIIPOpearnpoBaBIINil CyOCTpaT, YTO 3aTPYAHANO BbifeneHue. CHIDKe-
H1e TeMItepaTypsl 1/ KoHueHTpauyy HCl cioco6cTBoBaIo yMeHbIIeHMIO KOTNYecTBa IIPo-
IYKTa reTepOLIKIN3aL NI

[IpuBeneHHBIe pe3yIbTAThl CBUIETE/IBCTBOBAMNA O Manod(pdeKTMBHOCTU MCCIeLOBaH-
HOTO MeTOfa JJIsi CMHTe3a KOH/IEHCHPOBAHHBIX IPOM3BOAHBIX MopdonmHa. B cBAsu ¢ atum
OBIIO OTIPOOOBAH APYTOil, ABYXCTaAMITHBIN NOAXOM K UX Honydenuio. Ha mepBom srame npo-
BOJVIM BOCCTAaHOBJIEHNE coeiiHenNA 1 B 2, ¢ moc/Iefyomei OKMCINTENbHO FeTepOLVKIN3a-
Iuell Ha BTOpOM aTarte. E€ ocymrecTBisamm HaMypaBbIHO KMCIOTOM, 0OpasyIoLIeiics cMere-
HyeM 30%-HOTro pacTBOpa MEPOKCHUAA BOLOPOAA ¢ KOHLIEHTPUMPOBAHHOV MypPaBbUHO KIUCIIO-
to11. CuHTe3 Benm pu Temneparype 60 °C npukansiBanueM K nepokcugy HCOOH c nocneny-
1o1eM nepememBanyeM npu 75 °C B TedeHne 60 MUHYT. AHaIM3 TPOJSYKTA PEaKLM ITOKa3as

HaJM4ye TONbKO Tpebyemoro 4 B KommdectBe 83%. [ MOATBEp>KHEHNSA IPUMEHUMOCTU
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IIpefI/IOKEeHHOII METOAMKM IO Hell Obu1 momydeH 8-6pom-3,4-muruppo-1H-6enso[4,5]umn-

maso[2,1-c][1,4]okcasun (5), cnekTpanbHbIe JaHHbIE KOTOPOTO COOTBETCTBOBA/IN JIUTEPATYP-

O . O

HCOOH
60 75C,1h

80 83%

HbIM [11].

B pesynbTaTe mpoBeleHHOTO MCCIeNoBaHMA 6blla 0TpaboTaHa MeToAMKa GOopMMUPOBa-
HIA OEH3VIMIA307I0B, COEP>KAIINX KOHAeHCHPOBAHHBIN C HUMI MOPQOINHOBBI (parMeHT.
CuHTe3MpoBaHHbIE B pe3y/IbTaTe pabOTHI BellleCTBAa NHTEPECHBI B KaueCcTBe CyOCTPaTOB
/1A Ja/IbHeIIel CTPYKTYPHON MOAM(UKALIUN C IIe/IbI0 ITOTy4eHNs 6MI0TTOTMYeCK aKTVBHBIX

BEILIEeCTB.
IKCHepUMeHTAIbHAA YaCTh

TemnepaTyps! m1asneHns onpenernsum Ha npubdope Poly Therm A co ckopocTbio Harpe-
BaHuA 3 °C/MuH u He KoppexkTnposanu. Criektpst IMP perncrpuposanu Ha npubope «Bruker
DRX-400» mna pacTBOpOB BellecTB. B KauecTBe 3TallOHA /1A OTCYETA XMMUYECKNUX CIABUTOB
VICTIO/Ib30BA/IM CUTHAJIBI OCTaTOYHBIX TPOTOHOB pactBoputesst B IMP 'H (IMCO §2.50 m.z.
unu xmopodopm §7.26 m.za.) u AMP PC (IMCO 640.5 m.x. niu xnopodopm 8 77.4 M.J.) Criek-
Tpax. [I1A CbEMKM IBYMEPHOTO CIIEKTpa WCIIONb30BA/IN CTAH[APTHbIE METOAMKM (prpMbI
Bruker. Bpemsa cmemmBanms B NOESY -criektpax cocrasnsno 0,3 c.

Meropuka cunTesa 2-Mop¢OnNH-5-HUTPOAHWINHA

B tpexropmyto kon6y Ha 100 M1, CHa6>KeHHYIO MEIIA/IKO, TEPMOMETPOM U XOJIOAVI/IbHI -
KoM JInbuxa, BHecnmn N-(2,4-guautpodenmn)mopdonna maccoit 0,500 r (0,002 monb) u pac-
TBOPIWIN B 20 MJI M30TIPONINIOBOTO CIIMPTA Ipy HarpeBaHMM. B ctakan Ha 50 MJ1 BHECTIV XTTOPUT,
onosa (II) aByxBogHBIT Maccoit 0,671 r (0,003 monb) n npunumm k Hemy 20 Mt 8%-Horo pac-
TBOpa COJAHOM K1cnoTel. O6a pactBopa moBenu mo Temmnepatypsl 50 °C. Ilpu goctibkeHun
TeMIIepaTypbl BOCCTAHOBITE/Ib Pa30M BHEC/IN B KO/IOY 1 Benu peakiuio B TedeHne 0,5 4. [Tocte
OKOHYaHMsA CMHTe3a PeaKLMIOHHYI0 CMech 13 KO/IOBI IepeHecn B cTakaH Ha 250 M. B Hero
Io6aBMIM KYCOK JIbfIa I TIPY IepeMeIlIBaHuy MpubaBumm 25%-Hblil BOZHBIN pacTBOP aMMI-
aka go pH = 7-8. Ilocnme akcrparnpoBanu Tpu pasa 30 m kursiero xnopodopma. O6bvenu-
HEeHHBIJI 9KCTPAKT epeHeC/IN B IEPETOHHYIO KOOy ¥ OTOTHA/IN PaCTBOPUTETIb.

2-mopdonuH-5-uurpoanmwmH (2). Bexog 0,40 T (91%). Ty = 146,5-148,5 °C. Cnextp
SAMP 'H (IMCO-d, 6, m.z., J /Tn): 2.64-3.09 (M, 4H, mopdonun), 3.67-3.88 (m, 4H, mopdo-
nH), 5.36 (¢, 2H, NH,), 6.99 (m, 1H, H?, ] 8.7 I'ry), 7.44 (um, 1H, H%, J 8.7 'y, 2.7 T'nr), 7.54 (1, 1H,
HS, ] 2.7 Tw). “C{'H} AMP (IMCO-ds, 100 MI'1y): 50.5, 66.9, 108.8, 112.8, 119.2, 143.4, 144.0,
144.7.
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Mertopuka cuHTe3a 6-X710p-2-MOPONMH-5-HUTPOAHIINHA

B tpexropmyto kon6y Ha 250 M1, CHa6>KeHHYIO MEeIIa/IKOI, TEPMOMETPOM U XOJIOAVIIbHI -
KoM JInbuxa BHecnn N-(2,4-guauTpodenmn)mopdonuu maccont 1,000 r (0,004 monb) n pac-
TBOpWIN B 40 MJI M30NIPONMIIOBOTO COMPTa IMPYU HarpeBaHUMU. B 9T0 ke BpeMs B CTakaH Ha
100 mn BHecm xnmopug onosa (II) aByxBomubIit Maccoit 2,708 T (0,012 Mob) 1 IpUININ K HEMY
40 M1 36%-HOro pacTBOpa COMAHOI KCcIOoThl. O6a pacTBOpa goBemu Ko Temnepatypsl 60 °C.
[Ipn pocTw>XKeHUM TeMIepaTypbl BOCCTAHOBUTE/Ib pa3sOM BHECIM B KOOy ¥ BeH
peakiuio B TedeHne 0,5 4, MOC/Ie 3TOTO PEAKIVMOHHYI0 CMeCh OXIKIAIN, MOJIIe/IaunBaIN
no pH = 7-8 BogHBIM aMMUaKOM, 3KCTParupoBaIi ropssunM xmopopopmom 5 pas mo 30 mi,
oTuabTpoBBIBaN IMApoKcKp onosa (IV) mop Bakyymom. Xnopopopm orronsam. Ilomyuen-
HBIII CyXOJI OCTaTOK OYMIAIN IePeKPUCTAIIN3ALNEN B M30IPONIIOBOM CIIUIPTE.

6-xm0p-2-mopdonuu-5-autpoanwnuH (3). Berxox 0,76 v (75%). T = 162-165 °C.
Cuextp AMP 'H (IMCO-ds, §, m.x., ] /T1y): 2.87 (m, 4H, mopdonun), 3.76 (m, 4H, mopdonun),
5.51 (¢, 2H, NH,), 7.04 (n, 1H, H’, ] 8.6 I'n), 7,27 (m, 1H, H*, ] 8.6 I'xy).

Meropuka cunresa 8-R-3,4-purngpo-1H-6en3o(4,5|umngaso|2,1-c][1,4] okcasuHoB

B tpexropmyto kon6y Ha 100 M1, CHa6>KeHHYIO MEIIaIKO, TEPMOMETPOM U XOJIOAVIIbHI -
koM JInbuxa, BHecnn 5-R-2-mopdonun-4-unannmaa (0,004 Mosb), pacTBOPWUIN B 6 MJI Mypa-
BbUMHOM KUCIOTHI U IpuKanbiBaau 2 M 30%-HOro pacTBopa IEPEKNUCH BOJOpPOAa B T€UEHME
6 MuHyT. [lony4eHHbIT pacTBOp HarpeBanu 4o TeMiepaTtypsl B 60 °C, mpu KOTOPOII IPOMCXO-
AVIa 9K30TepMIYecKas peaklus, a 3aTeM Harpesanu fo 75 °C ¥ mepeMenBaay B TeUeHME
1 gaca. [Tocme aTOTO OX/TAXKA/IN PEAKIVIOHHYIO CMeCh, HoalenaunBanm 1o pH = 7-8 BogHbIM
aMMIAKOM, 9KCTParupoBaIu ropssauM xnopodopmom tpu pasa no 30 mr. Xnopodopm oTro-
Hsmn. [Tory4eHHBII CyX0l OCTaTOK OYNMINA/IN IePeKPUCTAIIN3ALNEell B XTTOpodopMe.

8-Hutpo-3,4-puruppo-1H-6enso[4,5lumnnaso(2,1-c][1,4]okcasun (4). Brixom 0,82 r
(83%). T = 203-205 °C. Crextp AMP 'H (IMCO-ds, §, m.z., J /T11): 4.16 (1, 2H, mopdonus,
J 5.2 T'm), 4.29 (1, 2H, mopdonus, ] 5.2 T'y), 5,01 (¢, 2H, mopdonun), 7.73 (z, 1H, HS, ] 8.9 I'ny),
8.15(mm, 1H,H”,J 8.9 T, 2.2 ), 8,44 (1, 1H, H®, J 2.2 T'ny). B*C{'H} AMP (IMCO-ds, 100 MI'1y):
43.1,63.8,65.1,110.0, 115.4, 118.1, 139.2, 142.3, 143.8, 153.1.

8-6pom-3,4-gurnppo-1H-6enso[4,5]umupnaszo(2,1-c][1,4Jokcasun  (5). Boexopg 0,79 T
(80%). T, = 208-209 °C. Cniextp SIMP 'H (CDClL;, §, m.f., ] /T'1r): 4.11-4.22 (m, 4H, mopdonun),
5.01 (¢, 2H, mopdomnun), 7.19 (n, 1H, H, ] 8.6 I'y), 7.36 (mm, 1H, H’, ] 8.6 'y, 1,4 '), 7.84 (1, 1H,
H’ J 1.4 I'n). "C{'H} AMP (CDCl;, 100 MTI1): 42.2, 63.9, 65.5, 110.0, 115.6, 122.5, 125.5, 133.1,
144.1, 149.1.
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OLEHKA COCTOAHMA ITIOINMOYHKIIMOHATbHBIX
MAKPOIIMK/JINYECKUX COEMVUHEHMN B PACTBOPE
KPMOCKPOIIMYECKUM METOJJOM

H. M. bepe3uHna, E. E. Konecos

Hapexxma MuxaitnosHa Bepesuna, kanza. xum. Hayk, noueHT; Erop Esrenpesiry Komecos, cTygeHT
VIBaHOBCKMIT TOCYyapCTBEHHbIN XMMIKO-TEXHONIOTMYECKUIT YHUBEpCUTeT, VIBaHOBO, Poccus
sky_berezina@rambler.ru

Kniouesvie cnosa: Annomauus.  Cunmesuposanvl  me3o-mempaxuc(1-memun-nupud-4-
Bodopacmeopumvie mempanu- un)nopdupur mempamosunam u meso-mempaxuc(1-memun-xapéoxcume-
pudunnopdupurvl, 600a, usomo-  mMunnupud-4-un)nopdupun mempadpomuo. Ioppupun-nuzanouv
Hudeckuil Koagduyuenm, kKpuo-  oxapaKmepusoeanvi memooamu anexmponnoii u 'HAMP cnekmpockonuu.
ckonus Onpedenerno noHusxmenue memnepamypvl 3amepsanus (AT™) eooHbix

pacmeopos nopdupunos, a maxie mooenvHoi N-memun-nupuouHueso
conu (1-memun-nupuounuii uooud). ITonmyuenrvie KchepumeHmMAanvHole
snauenus AT, ucnonv3osanvl npu onpedeseHuu U3OMOHUUECKO20 KOIPPHU-
yuenma. Ilomyuennvie pe3ynvmamvi C8UOEMENbCMBYIOM O MOM, 41O
8 YKA3AHHOTL 0071aCMU KOHUeHMPAYUTL 6 PA30ABIEHHVIX PACNEOPAX, cOedu-
HeHUS NPAKMU1EecKU NOIHOCMbI0 OUCCOUUUPOBAHDIL.

Jna purupoBaHms:

Bepesuna H.M., Konecos E.E. Ouenka cocrosHus MONMUGYHKIVOHATBHBIX MaKpPOLUKINIECKNX COENUHEHMI
B PAacTBOpe KPMOCKPONMIECKUM MeTofioM // Om xumuu K mexHonozuu wiae 3a wazom. 2023. T. 4, o 3. C. 24-29.
URL: http://chemintech.ru/index.php/tor/issue/view/2023-4-3

BBenenne

[Top¢upuns! — TeTpanuppoIbHbIe MAKPOLMKIIBL, IJITABHO
0CcOO6EHHOCTBIO KOTOPBIX ABJIAETCSA MHOTOOOpasie, onpenesnse- 2 a
Moe 11X 006011 MOJIeKy/IApHOIL cTpyKTypoit. K mopdupunam ot-

HOCATCSI MHOTOYVIC/IEHHbIE MAKPOLMK/INYECKIE apOMaTUYECKIE
IIONIMAMMHBI, COfiepyKaiye MHOTOKOHTypHyIo (I), saMkHyTYyIO
B IVIKJI COINPsDKEHHYIO T-CUCTEMY, B OCHOBE KOTOPONM JIEXUT 5 B
IJIOCKMIA 16-4IeHHBI MaKPOLIMK/ M3 aTOMOB yIJIEpO/ia U a30Ta.
Ot nopouna (I) samemiennemM pasnuyHoro tuma B 1-8 monosxe-
HYSIX (3-II07I0>KEHVISI IMPPOIBbHBIX IIVIK/IOB) I B METMHOBBIX MO-

CTMKAX (Me30-TI0TI0XKeHWA) IPOU3BOJATCS HE TOIBKO BCE HOP- 5 ¢
bupuHBI, HO U UX a30T-3aMelleHHbIe (a3arnopdupuHel u drano- Y
nuaHuHbl) [1-2]. B pesynbrare momydaerca 6onblioit Habop )]

JINTAaHOOB HOP(l)I/IPI/IHOB C pa3iNIHbIMUI CBOI7[CTB21MI/I, KOTOpbIE
MOJKHO BapbMpOBaTb IPAKTUIECKU 663I‘paHI/I‘{HO.

© H. M. bepesuna, E. E. Konecos, 2023
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DyHpaMeHTaIbHbIE ¥V IPUK/IafHbIE MCCTIeS0BaHNA NOP(UPUHOB BefyTcs 6ojee MOMy-
BeKa, A MHTEPeC YYeHbIX K M3YYEHNUIO CBOJICTB 3TNX YHMKAIbHBIX MOJIEKY/I He ocmabeBaer [3].
[lepcriekTMBHBIE KaTaIUTUYECKUE CBOJICTBA TOP(UPIHOB HAI0T BO3MOXXHOCTD UCIIONIb30BATh
VX B Pa3/IMYHbIX 00/IaCTAX XMMUYIECKOI TeXHOIOTUN [4-6], 6M00TNM 1 MEeUIIVHBL, HAIIpUMep,
B GOTOAMHAMIYECKOI Tepanuu [7-9], B kauecTBe (POTOCEHCUOMMN3ATOPOB B CUCTEMAX KOHBEP-
CUVI COTHEYHO 9HEPTUY B XMMITIECKYIO ¥ 3/1eKTpudecKyio [10-11], T. k. 6;1arofaps MpoTsKEHHOIM
CONPSDKEHHON  97IEKTPOHHOM ~ CHCTeMe OHM OOMafjaloT  BBICOKMMU K09 UIeHTaMI
9KCTVHKIVIL.

Bospias 4acTb CMHTETMYECKNX MOPPUPNHOB 0071afjaeT HEBBICOKON PacTBOPUMOCTHIO
B Cpeflax C BBICOKOJ IOIAPHOCTBIO. BMecTe ¢ TeM pacTywiuil MHTEpeC K 3TUM COeIVHEHMAM,
00YCIIOB/IEHHBII TePCHEKTVBAMH VX VICIIO/Ib30BAHNA B OVO/IOTUY U MeVIIVHE, CBSA3aH C HE00-
XOZIMIMOCTBIO CTHT€3a HOBBIX IIPOM3BOMIHBIX, 00/1a/IaIOINX PACTBOPMMOCTBIO B BOJHBIX CpefjaxX.
Opmo-, mema- n napa-N-MeTunI3aMellleHHbIe TPON3BOAHbIe 5,10,15,20-TeTpanpuanmiopdu-
pVHA XOPOILIO PAaCTBOPVMBI B BOfie, 00/1[Jal0T BBIPaKEHHBIM (POTOLMTOTOKCMYECKNM 3 Pek-
TOM U aKTUBHO MCCTIERYIOTCS C I[e/IbIO Ja/IbHEIIero IpYMeHeH N I/ MHAKTUBAY OaKTepuit
u BUpycoB [12-13].

CymecTByeT psf 0COOEHHOCTENl HMpM M3YYEeHNM PAcTBOPUMBIX B BOJie IOPQUPIHOB.
Bo-nepBbIx, Bofa sAB/IAETCS CeU(PIIHBIM PacTBOPUTENIEM, I MEXaHI3MBI peaKINii, TpOTeKa-
IOLIVX B HEH, CYLIeCTBEHHO OT/INYAIOTCA OT MEXAaHM3MOB peakuuil B APyrux cpepax [14].
B yacTHOCTH, [/11 BOIHBIX PacTBOPOB XapaKTEPHBI T€TEPONUTUYECKNE PEAKLUN B OTINYNE
OT HeIIO/IAPHBIX OPTaHMYeCKUX PACTBOPUTENEl, B KOTOPBIX HAOMIOMAIOTCS TOMOIUTIYECKIIe
npo1eccel. Bo-BTOPBIX, BOla AB/IAETCA OCHOBHONM CPeNoil A IPOLECCOB, MPOTEKAKIINX
B JKMBBIX KJIETKAX, II03TOMY UCC/IEfOBaHMe CBOJICTB NMOP(PUPNHOB 1 MeTa/VIONOPPUPUHOB
B BOJIHBIX PAaCTBOpPAaX MMeeT OTPOMHOE 3Ha4YeHNe C TOUK! 3peHMs OMOXVIMMM, HallpuMep, IJId
MOJIeTPOBAHM IPUPOJHOTO POTOCHHTETNYECKOTO IpOoIecca.

[TpakTudeckoe 3HadeHMe MOP(UPUHOB, PACTBOPUMBIX B BOJe, OIpelenseT aKTyalb-
HOCTb ITIOMICKA X ONTHMA/IBHONM CTPYKTYPBI € 3alaHHBIMM CBOJicTBaMy. OTHUM 13 IIpeAIoia-
raeMbIX METOZIOB OLIEHKI COCTOSTHIS COJIell KATMOHHBIX Me30-IMPUAVIIIOP(UPUHOB B BOTHOM
pacTBOpe IpeIoKeH KpuocKonmdecknit. B pabore [15] maHHBIT MeTOR TakXe NPUMEHSICA
I UCCTIeflOBaHMS &-aMUHOKNCIOT. OCHOBHAsA Ije/Ib HACTOAIE pabOTbl COCTOUT B TOM,
YTOOBI IIO/TYYNTb IIPEACTAB/IeHNe O KPMOCKOIINYECKOM MCCTIeS0BaHNY TOP(UPUHOB, pas3inya-
IOIIVXCA QYHKIVIOHA/IBHBIM 3aMelleHyeM Y NMPUAVIBHOM aTOMe a30Ta ¥ Ha OCHOBAHUN
IIOJTyYeHHBIX Pe3y/IbTaTOB PAcCUUTATh YMCIO MOHOB, 00pa3yeMbIX MOJIEKY/ION MopdupuHa
B 3JIEKTPOJINTE.

OcHOBHaA YacTh

5,10,15,20-Terpaknc(l'-Metnn-nupug-4-mwi)noppupun terparosmnar (1), 5,10,15,20-
terpakuc(l'-kapbokcumeTnn-nupus-4-mn)noppupns terpabpomuy, (2) 1 MOfenb MMPUANID-
HOTO )parMeHTa - COMb 1'-MeTWI-NIMPUAVHNIL MOAUS, CHTe3POBA/IN B COOTBETCTBUN C METO-
IVIKOVI, M3/I0KEeHHOI B [12, 16]. D/eKTpOHHBIE CHEKTPbI MOINOLIEHNS PErMCTPUPOBAIN Ha
criektpooTomerpe CD-56 (JIOMO, Poccus). VIK-Dypbe criekTpsl nopupnnHos 1-2 peru-
crpupoBamu Ha crekrpodoromerpe VERTEX 80v B mmamasone ganue BomH 4000-400 cm™.
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'H AMP cnextpst ciumanu 8 IMCO ds Ha ciektpodoromerpe Bruker 500. Bogy, ucronb3ye-
MYI0 [Is 9KCHepUMEHTa, [BKAbI IEPeroHsM. [JUCTWUIAT C 91eKTPOIPOBOLHOCTHIO
<10 Cm-cM” oxymakziamm mpyu KOMHATHON Temmepatype. Onpenenenne AT pacTBOpoB Hop-

($UPMHOB M MOZE/IBHOI COMMYU IIPOBOAVIN B KOHIIEHTPAalMOHHOM nHTepBate (107°-10 Momb kr).

R
- Ts
R= 4 N'CH;
@
R R
L
R= N-CH,COOH
/ @
R

[Toppupunsr 1 u 2 MMET CTpOeHMe, IpM KOTOPOM (PYHKIVMOHA/IbHBIE TIPYIIIEL,
BO-TIEPBBIX, CBA3aHBI C OJHNM V3 MOHN3VPOBAaHHbBIX aTOMOB a30Ta, @ BO-BTOPbIX, YAa/I€HBI OT
IeHTpa/IbHbIX BTOpNYHOI (=NH) 1 TpeTnuHo (-N=) aMUHOTPYIIII, XOTS ¥ HAXOAATCA B 97I€K-
TPOHHOM B3aMIMOJIEVICTBUM C HUMU Y€Pe3 CONPKEHHYIO TT-CUCTEMY.

CoenyHenus 1 u 2 MMEIOT TOJIOXKUTENBbHBIN (+) 3apsA Ha NMPUANHIEBOM aTOMe a30Ta

= NT —, KOTOpBIII He MeHAeTcA ¢ u3MeHeHueM pH. OH He AB/IAeTCA LEHTPOM KOOPAVMHALUN
B pacTBOpax HU IJIA KaTMOHOB, HY J/Is1 aHMOHOB. OIHaKO MU PYAVHIEBbIE KATUOHBI — CU/IbHbIE
LIEHTPBl COMbBATAIIVM IO VIOH-AUIIOJIBHOMY MeXaHusMy. [InpupuHueBsle 3apsAnbl ABIAIOTCA
HO/IAPU3YIOLIVIMY LIeHTpaMu (OTpUIaTe/IbHbIN MHAYKIMOHHBIN 3 eKT, —I) 111 nopdupuHo-
BbIXx N-H cBaseit peaknymonnoro umentpa HoNy m mna gersipex ~-COOH-rpynn (coep. 2),
B 0ocobeHHOCTN. BeecTBre Hamm4yss MHOTOYNC/IEHHBIX IIeHTPOB COIbBATALN MOP(PVPUHEL
PacTBOPAIOTCA B BOZIE, YTO HEOOBIYHO /IS 3TUX IMAPOPOOHBIX MAaKPOTETEPOLINKIIOB.

JTrob6ast >XMAKOCTDb 3aMep3aeT MY TOI TeMIlepaType, IIpU KOTOPOI TaBjieHle HaChIIIeH-
HOTO Tapa Haj Hell CTAHOBMTCS PAaBHBIM JaBJIEHMIO HACBHIIIEHHOTO Mapa HaJ KPMCTa/IaMIA.
V13 3akoHa Payna s npenenbHO pa3baB/ieHHBIX PACTBOPOB HeJIeTy4ero pacTBOPEHHOTO Bellje-
CTBa C/IeflyeT, YTO JlaB/IeHNe Ilapa pacTBOPUTEIA HaJl paCTBOPOM BCEIa MeHbIIIe, YeM HaJ, Y-
CTBIM pacTBOpUTeNeM. VI3BeCTHO, YTO pacTBOp BCera 3aMeps3aeT IpM TeMIleparype Ooree
HI3KOI1, 4eM YMCTBIl pacTBOpuTeNnb. Kprockomnmdeckas IOCTOSHHAA He 3aBUCUT OT IPUPOTBI
PacTBOPEHHOTO BEIIEeCTBA U €T0 KOHI[EHTPAIN, a OTIPefe/IAeTC s CBOVMICTBAMI YIMCTOTO PACTBO-
putens, ee PU3NIECKUI CMBICI COCTOUT B TOM, YTO OHa 4mciaeHHO paBHa AT, pacTBopa,
MOJIATIBHOCTb KOTOPOTO paBHa 1 Mojb Ha 1 Kr pactBopurend. [ln1a Bojel, Hambosee pacpo-
crpanénHoro pacrsopurens, K,(H.O) = 1,86 K-monp'-kr.

ITonmxeHne TEeMIIEPATYpPbl 3aM€P3aHNA paCTBOPa OIIPEAETAECTCA 110 YpaBHEHUIO:
AT3 = T30 - Ts)

rie AT, - TOHM>KeHMe TeMIIepaTyphl 3aMep3aHusA pacTBOpa IO CPABHEHMIO C YMCTBIM PacTBO-
purenem; T’ - TeMIlepaTypa 3aMep3aHUA YMCTOTO pacTBOpuTend; 1, - TeMIlepaTypa 3aMep3a-
HUA PacTBOpA.

26



OT XHMHM K TEXHOTOTHH TOM 4, BINYCK 3, 2023

KonnuratusHbIe CBOJICTBA PpacTBOPOB 3aBUCAT OT O6I.HCI‘O q1ciia 9acTul, paCTBOPEHHOTO
BEIICCTBA. KOHI_ICHTPaI_II/IIO pacTBOpa MIPMHATO YKa3bIBaTh B paCcu€TE Ha Q)OPMYHbeIe COVMHNIbI
(MOHCKYJIbI). B pe3ynbTaTe SHCKTPOHVITVI‘ICCKOﬁI gucconnangmuy paCcTBOpE€HHOTO BEIIECTBa
(SHCKTPOHI/ITa) 9UC/I0 €T0 YacCTHUIl B paCcTBOPE€ YBEINMYINMBACTCA. ,HTIH yda€Ta 3TOTO Q)aKTopa
B YpaBHEHNA, OIIMChIBAION[VI€ KOIJINTAaTUBHBIE CBOJICTBa PpacTBOPOB 3JIEKTPO/TINTOB, BBOOUTCA

M30TOHMYECKUI Koappurment (i).
AT;=1i-Kg- Cy,

re T° - TeMnepaTypa 3aMep3aHus YMCTOTO PacTBOpUTeNs; 15 - TeMIlepaTypa 3aMep3aHus pac-
TBOPA; C,y - MOJIA/IbHAS KOHIIEHTPALIMS pacTBOPA; K, - KPMOCKOMIYecKas TOCTOSIHHAS; | — M30-
TOHMYECKNi KoappuumenT.

B Ta6n. 1 npuBenens! 3HaueHus AT, ¥ i B BOZTHOM 3/IeKTPOuTe A1 moppupuHos (1-2)
U 1-MeTWI-IUPUAVHNI MOM/IA, @ TAKOKe COMMeNl X/IOpUAA KTV U [UaMIia YTOTbHO KUCIOTH,
JI11 KOTOPBIX YMCJIO IOHOB B PacTBOPE ABJIAETCA U3BeCTHBIM. 3HaueHuA AT, onpeJesIeHbl 9KC-
IIepUMEHTA/IbHBIM ITYTEM.

Ta6muna 1. 3uavenns AT, u i i mopduprHOB (1-2) u 1-MeTHI-IUPUAMHNUI MOAMAA B BOZHOM 3/IEKTPOIUTE

CoenuHenne m, T m(H,0), r AT, i Mpacu, T/MOIB

0,30090 50,0078 0,190 1,019 ~ 1 58,9039

0,90015 49,9897 0,560 1,004 ~ 1 59,8080

(NH,),CO 3,01542 50,2878 1,840 0,991 ~ 1 60,6150
3,00240 49,9871 1,850 0,995 ~ 1 59,7423

3,00240 49,9871 1,860 0,999 ~ 1 60,0635

0,37265 50,0025 0,372 2,001 = 2 37,2631

0,37271 50,0092 0,373 2,005 =~ 2 37,1642

KCl 1,86590 65,1527 1,380 1,931 =2 38,6002
1,86590 50,1427 1,770 1,906 ~ 2 39,1039

3,72760 49,9908 3,540 1,902 ~ 2 39,1785

0,05954 60,33765 0,007 5202=~5 262,202

" 0,05954 50,56095 0,008 4,982 =5 273,789
0,05954 40,51995 0,01 4,991 =~ 5 273,308

0,12274 50,0039 0,016 4,780 =~ 5 285,348

0,05379 49,7100 0,016 9,338~ 9 125,7913
@ 0,10630 76,0504 0,020 9,036 ~ 9 129,9914
0,10630 67,7305 0,023 9,255~ 9 126,9211
0,10630 49,9990 0,030 8,911~9 131,8146

1,10493 49,9985 0,371 1,995 ~ 2 110,7941

/A 1,10500 49,9960 0,370 1,989 ~ 2 111,1061
@N-CHs 1,90924 60,0026 0,531 1,983 =~ 2 111,4574
— T 1,90924 50,0013 0,630 1,961 =~ 2 112,7331
2,93741 50,0077 0,960 1,942 =~ 2 113,8071

V3 akcriepyMeHTanbHBIX AaHHBIX (CM. Tab. 1) mpocnexmuBaercs cmabas 3aBUCUMOCTD
3HavyeHui i oT C,, IOKA3bIBAOIIAA, YTO C YBEeTMYEHIEM MOISUIBHOCTY PacTBOPOB Kak mopdu-
PMHOB, TaK I COJIell 3Ha4Y€HNE { YMEHBIIAETCA, YTO YKa3bIBaeT HAa BO3SMOXXHYIO He TIOJIHYIO IVIC-
conyauyio. Yucio gacTul pacTBOPEHHOI MOJE/NIbHON COMM - 1-MeTUI-NMPUAVHNAI MOANTA,
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KaK M 0XKU/IQ/I0Ch O/IM3KO M/IU paBHO ABYM. [l nop¢dupuHa 1 3HaYeHMe i 0OKa3a/1och 6/IM3KO K
AT, 9TO CBUIETEIbCTBYET O AMCCOLMALIVM BellleCTBA Ha YeTblpe TO3M/IaT-aHMOHA U KPYITHbIII
KaTMOH nopdupuHa. [Ij11 nopdupnHa 2 4ucao 9acTuly B pacTBope 6/M3KO K ieBATH. [JaHHBIN
¢axT cornacyercs ¢ pedynbraTamu paboTsl [17], B KOTOpOI IPUBOAATCS SKCIIEPUMEHTa/TbHbIE
maHHbIe IO M3MeHeHMI0 pH pacTBopa 3a cuer monmsauym derbipex >N*-CH,COOH rpymm,
PacCYMTaHbI ICTUHHBIE KOHCTAHTBI CTYIIEHYATON MOHM3AUVM (MCTMHHDBIE — TaK KaK KOHIIeH-
TpPAL[U MOHOB B PaCTBOpe MaJIbl) TOppUpMHA 2, a TAKXKe 00CYK/JaeTCs 9KBUBAIEHTHOCTD BCEX
gerbipex 2N*"-CH,COOH rpynnupoBok KapOOKCHMeTHI3aMelleHHOTO MopdupuHa 1 BO3-
MO>XHOCTb UX OTIeIIATb H* B pacTBOpe. BemecTBre 04eHb CUIbHBIX IPOTOHOAKIEITOPHBIX

.
CBOJICTB NMpUAMHNII-KaTnoHa =N-, -CH,COOH 1o cune cooTBETCTBYIOT raloTeHIPON3BOJ -
\

HbIM ykcycHol kucnorsl HalCH,COOH, Ha, CHCOOH n gaxxe Hal;CHCOOH. ITockonbky
37IeKTPOHOAKIeNTOPHOE oJIe 4 = N*< paclpocTpaHaeTcsA 1 Ha peakuMoHHbI eHTp HoN, Tet-
panmpuaminopduHa, To 0XXUJaeMO 3HaUNTeTbHOE CHIDKEHVE OCHOBHBIX CBOVICTB TPETUYHBIX
aToMoB a3oTa (=N-) 1 cIbHOTO pocTa KUCIOTHBIX cBoiicTB N-H rpymm.

BpIiBOAbI 1 peKOMEHAALMN

[TonyueHHbIe JaHHBIE IO3BOIAIOT OLEHUTb COCTOSHIME IOMM(PYHKIVOHATBHBIX MaKpO-
IUIKIYECKNX COeIVHEHNI B pacTBope. B 4acTHOCTH, M3ydeHHbIe B HaCTOALIEi paboTe pacTBO-
puUMble B Bojie TOP(UPUHBI, AB/IAIOTCSA OPTaHNYECKMMM COMAMMY, KOTOpble B pa30aB/IeHHBIX
pacTBOpaXx, CyZs IO pe3y/IbTaTaM IIPOBEeHHOTO 9KCIIepYMEeHTa B YKa3aHHOI 00/1acTV KOHIIeH-
TpaLuil, MPaKTUYECKN OTHOCTDIO AVICCOUMMPOBAHBI.
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BIVMAHUE XVIMUYECKOTO MOIV®UITPOBAHU S
XJIOIIKOBOMN IIEIIIO/IO3bI AHTPAHUIOBOV KMICIIOTON
HA COPBIIVIO MOHOB Cu(II) U Fe(II)

T. E. Hukudoposa

Tarbana Esrennesna Hukndoposa, fi-p Xum. HayK, JOIEHT
VIBaHOBCKIIT TOCYlapCTBEHHbI XMMIKO-TeXHO/IOTMYeCKII1 yHuBepcurer, ViBanoBo, Pocens, tatianaenik@mail.ru

Kniouesvie cnosa: Annomauus. B pabome evimonneno moouduyuposarue Xaonkosoti Uennono3vl
XTIONKO8AS UeII0N03a,  AHMPAHUIOBOL KUCTIOMOTL 071 NOLYHeHUsT HOB020 COPOeHMA, CNOCO6H020 IP PeKmMUBHO
Mooupuyuposarue, U3671eKAMb UOHDL MSNELIX MeMANnos U3 800HbIX pacmeopos. Mooupuyuposariue
AHMPAHUTIOBAS KUC- nposoounY 8 06e CMAOUL: HA NePBOLl CrAOUU NOTYHAIU OUANIbO2UOUETIIIONO3Y 3A CHem

710Ma, COpOUUS, UOHDL  OKUCTIEHUS Ue/IIII03bl MeMANepuooamom HAMpPUs; HA 6Mopoti cmaduu Ouansoe2uo-

Cu(II) u Fe(I) Uennono3y 00pabamvleany AHMPAHUNOBOL KUCIOMOL C NOLyHeHUem 20108020
copbenma. OnpedeneHvl ONMUMANTbHBIE YCNIOBUS MOOUDUUUPOSAHUS XTIONKOBOLL
UenI0I03vL ONIsT OOCMUNEHUS MAKCUMATLHOTE copbuuu uornoe senesa(ll) u meou(Il).
Hccnedosamv pasHosecHo-KuHemu4eckue XapaKmepucmuxy UcXo0Hot 1 MOOUPUuyu-
posanHoti xnonkosoil uenntonosvl. IIposedena o6pabomxa pe3ynvmamos KuHemuue-
K020 IKCNepUMeHMa 6 PamKax mooesell KUHeMUKU 1ce600-nepeoeo U 1ces00-6mopozo
nopsoxos. CHAmMbL usomepmol copoyul, nposedeHa ux o6paboma 6 pamxax mooenu
Jlenemiopa u onpedenieHvl 6eUHUHBL NpedenbHOU copOUUOHHOTE emKkoctu (Aw).
IToxasamno, 4mo MoOUPUUUPOBAHLUE XTIONKOBOT UENTI0N03bl NO3B0AEH. 3AMEIHO
noBbICUMb ee COPOUUOHHYI0 eMKOCHb. YCmaHoeeHo, 4o A« MOOUPUUUPOBAHHO20
copbenma npumepHo 6 4-5 paz npesocxoourm npedenvHYO COPOUUOHHYIO eMKOCIDb
HAMUBHOT X7101K0801 Yennono3vt no omuoueruro k uonam Cu(Il) u Fe(II). ITonyuenvt
u conocmasnenvt VIK-cnexmput uennionos3vt, mMoOUPUUUPOSAHHOL aHMPAHUNIOBOL
Kkucnomoti, u HamueHoti yennonosvl. Ionyuenvr COM-usobparxceHus cmpykmypot
N06ePXHOCHU UCXOOHOU XTIONKOB0Ti UEITIN03bL U MOOUPUUUPOBAHHO20 COPOeHMA.

Jna purupoBaHms:

Huxndoposa T.E. Brusane xuMmndeckoro MoxuguUIiMpoBaHs XIOMKOBOI 11e/UIK/I03bI aHTPAHMIOBOI KUCTOTON
Ha copbumio noroB Cu(Il) u Fe(Il) // Om xumuu x mexuonozuu wiae 3a wiazom. 2023. T. 4, Beim. 3. C. 30-39.
URL: http://chemintech.ru/index.php/tor/issue/view/2023-4-3

BBenenne

B Hacrosmee BpeMs BO BCceM MIpe HaOMIOAeTCs POCT 3arpsA3HEHMN I OKPY KaIollell Cpefibl
BpeHbIMM BeIl[eCTBAaMI Pa3INYHOI NPUPOAbI — TKEIbIMU MeTa/UIAMU, PafUOHYKINAMI,
HedTenpopykramu 1 fip. B paboTax, mocBsAIeHHBIX Mpo61eMaM 3arpsI3HEHNA OKpy XKarollei
Cpefbl TSKeIBIMU MeTa/l/laMy, OTMeYaeTCcs X BbICOKas TOKCMYHOCTD JI/IS1 )KUBBIX OPTaHM3MOB
yKe B OTHOCUTE/IbHO HU3KIX KOHIIEHTPAIVAX, @ TAKXKe CIIOCOOHOCTD K OMoakKyMmymsanum [1].
[TocTynneHne MX B OKPYXKAIOLIYI0 Cpefy OOyCIOB/IEHO pabOTOil pasIMyYHBIX OTpacient
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IIPOMBIIIIEHHOCT, aBTOTPAHCIIOPTA, KOTETIBHBIX, MyCOPOCKUTAIOIUX YCTAHOBOK I CEIBCKOTO
xo3siicTBa. K ecTecTBEHHBIM MCTOYHVKAM 3arps3HEHNs OKPY)KAIOLIEN Cpefbl TsDKeIbIMU
MeTaJUIaMJ OTHOCATCS M3BEP>KeHMsI BYJIKAaHOB, paspyllieHyie TOPHBIX HOPOZ U fip. [2]. [Ins cHu-
YKEHMsI 9KOTOTMYECKOI OMACHOCTY PAa3TMYHBIX MIPOU3BOACTB pa3pabaThIBAlOTCS M HAXO[SAT
IIPMMeHeHe PasHOOOpa3Hble METOMbI YAATEHNS TSDKE/IbIX META/UIOB U3 CTOYHBIX BOJ, TAKMX
KaK afcopOums, ocaXk/ieHue, IOHHBII 0OMeH, MeMOpaHHas OYMCTKA, 3/IeKTPOKOATYIALNA,
3/IEKTPOOCKeHME U Ap. [3].

Becbma 9 deKTUBHBIM METOOM OYMCTKYU BOJBI, 3arPsI3HEHHOV MOHAMMU TSDKEIBIX
METAJI/IOB, SIB/ISETCS COPOLMOHHBIN METOH, KOTOPBII MO3BOJISET M3BJAEKATh 3arpsi3HEHNS
B CPaBHUTE/IBHO LIMPOKOM [AManasdoHe KoHUeHTpauuit. COpOIMOHHBIN METOJ IPefCTaB/IsIeT
co00J1 MePCHeKTUBHBIN MOAXO], B OYMCTKE CTOYHBIX BOJ C 9KOIOTMYECKON TOYKM 3PEHMS.
Ha ceropHsuamit feHb Haubojee VICIIOIb3YEMBIM a/COPOEHTOM SB/IAETCS AKTVBMPOBAHHBIN
yrosb 6/1arofapsi ero BBICOKOI yieNbHOI noBepxHOCT. OHAKO IpUMeHeH)e aKTUBUPOBaH-
HOTO YIVIL OTPaHMYEHO M3-3a BBICOKOJ CTOMMOCTY IIPOLjecca ero MpoM3BOJCTBA U pereHepa-
1. [To9ToMy aKkTyanbHOI 3ajadeii sIB/IAETCS TOVICK HOBBIX, 007Iee leleBbIX ¥ 9P PeKTUBHBIX
COpPOLIMOHHBIX MaTepuanos [4].

Cpeny cop6eHTOB HEOPTaHMYECKON IPUPOJBI IIVPOKO MCIIOIb3YIOTCS ME30IOPYCTBIN
KpeMHe3eM, [[e0/TUT, MarHUTHBIE aICOPOEHTBI, [IHO3eM, IHa, COBpeMeHHbIe CII0COOBI CUH-
Te3a MUHEPAIbHBIX COPOEHTOB IpUBefieHbI B paboTax [5-7].

B mocnegHee Bpems Hambosblllee BHUMaHME ObUIO yAie/leHO OmocopbeHTaM Iojycaxa-
PUIHON HPUPOADI, OCOOEHHO arpONpPOMBIIUICHHBIM OTXO[jaM, 00pasylolMMcs B M300M1Inn
B IIpoliecce TepepaboTKy CeMbCKOXO035ICTBEHHOTO ChIpbsi. COPOEHThI Ha OCHOBE PACTUTE/b-
HOJI 6M10MacChl, B YaCTHOCTH CE/TbCKOXO3SIIICTBEHHbIE OTXO/IbI, IIMPOKO MCIIONb3YIOTCS UCCIe-
[OBaTeMsIMI KaK albTepHATMBA TPAaAMLIMOHHBIM copbeHTaM, Onaromapsi uX [ellleBU3He,
JOCTYIIHOCTY, BO30OHOBJISIEMOCTH, OMOpa3araeMocTy M HaIW4YMI0 Y HUX COPOLIMOHHOTO
IOTeHIMaTa. BO3MOXXHOCTD HpVMEHEHVsI B IIPOMBIIIIEHHBIX YCIOBUAX M 9KOHOMMYECKast
3P PEeKTUBHOCTD SABIAITCA KIIOYEBBIMYU (DAKTOpPaMyl, UIPAIOIMMY Hanuboee BaXXHYIO POJIb
npu nogbdope Hambosee MOAXOAANIETO cCOpOeHTa [Isi OMOoCOPOLNM TSXKEIBIX METATIOB 13 BOJI-
HBIX CTOKOB [8].

AncopbLuoHHasA CIOCOOHOCTb 6MOCOPOEHTOB MOKET OBITb 3HAUMTENBHO YIydlleHa
XUMUYeCKUMY, Gpusndeckumm mwin onoxummdeckumy merogamu. Coobinaercss 06 MCIoIb30-
BaHUU OTXOJIOB arpONPOMBIIUIEHHOTO KOMIIEKCa KaK B HeMOAuUIMPOBAaHHOM (puUCcOBast
IIeJIyXa, XUTO3aH, KO(QeJHBI XXMbIX, NIIEHNYHble OTPyOM, coeBas MyKa, M3MeTbYeHHbIE
KOCTOYKM OJIVBBI, S6/I09HbIEe BBDKMMKM, 610Macca TpuboB, IpoXoKu, 61omMacca BOJOPOCIeit
u 6aKTepuii), Tak 1 B MOAN(PUIMPOBAaHHOM BUfe (CaXapHBIN TPOCTHUK, MOAU(UIIMPOBAHHBIE
IILIeHNYHbIe OTPYOU, MO (NLIMPOBAaHHbBIE KOKOCOBBIE OTXO/IbI, MOAV(PNULIMPOBAHHBII OTXO/bI
KO>KYpBbI alle/IbCYHA, MOAV(DIIIMPOBaHHbIE ONVIKY, MOAM(UIVIPOBaHHAs sIMYHAs CKOPIIYIIA),
ABNAIIINXCA Hanbonee N3y4eHHbIMU aficopbeHTamn [9-10].

OpHYM 13 OCHOBHBIX IIPEUMYILIECTB OMOCOPOEHTOB SIB/IACTCS TO, YTO OHY HETOKCUYHBI
1 6e30TIacHBI /I Ye/I0BeKa, OKpyKalolleil cpefbl. buocopbeHTsI cioco6HbI 0cOOeHHO 3¢ Pek-
TUBHO YHAIATb TsDKe/Ible METa/UIBl B HU3KMX KOHLEHTPALMAX ¥ CPaBHUTEIBHO LIMPOKO
VICTIO/IB3YIOTCSA C 9TOM Lenblo [11].
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Cop6unoHHbIe MaTepyraabl MOTYT OBITh KaK BOJOPAacCTBOPUMBIMH, TaK U HEpacTBOPMU-
MBIMU B BOJie, B TOM 4YMCJIe CUIMTBIMY, OHU MOTYT IIPUMEHATHCA B BUfie MeMOpaH, BOIOKOH,
reyieit vy mapukos [12-13]. CnexgyeT OTMETHTD, YTO IMOPUIHBIE MAaTePHA/IbI TAKOKe IIPEICTaB-
JAI0T OOJIBIION MHTepeC /I YAA/IeHN S KaTMOHOB MeTa/IOB 13 BOJHBIX pacTBOPOB. Bximode-
HIle HEeOpraHMYeCcKUX MaTepuasoB, TAaKMX KaK KpeMHe3eM, HallpUMep, MOKeT YIy4IIUTb
nuddysuto v prsmdeckre CBOCTBA, HOBBICUTD CTA0OM/IBHOCTb COPOEHTOB I 0O/IerYnTh pas-
IelieHNe B KOHIIe Ipoljecca copoumm [14].

V3BecTHO, 4TO 9(pPeKTMBHOCTb cOpOeHTa 3aBUCUT KaK OT IUIOMIAAN €ro YHeTbHOI
HOBEPXHOCTY, TaK M OT KOJMYECTBA M BUJIa COPOLVOHHBIX I[eHTPOB [14-16]. [lonmumepHbie
COpOEHTBI, HecCylye KIC/IOTHBIe TPYIIIBI (KapOOKCU/IbHBIE, CYIb(OTPYIIILL I IP.), BHI3bIBAIOT
6onbiron nHTepec. B 3aBucMMOCTM OT XapakTepa (QYHKIVMOHA/IbHBIX IPYII, IOIVMEPHBIN
COpOEHT MOXKET IIPOSABIIATD MNOO0 XeTaTHbIE CBOJICTBA, MO0 BBICTYIIATh B Ka4eCTBe ITOJNIJIEK-
TPOJINTA, YTO OIIpPefe/nsieT MeXaHW3M CBS3bIBaHUA MOHOB MeTa/UtoB [16]. Takum obpasom,
pa3paboTKa ¥ IpUMeHeHue OMOIIONMMMEePHBIX COPOEHTOB ¢ KMCTOTHBIMM (PYHKIIVIOHA/IbHBIMM
Tpynnamm Jjis yhaneHus MOHOB TsDKeNbIX MeTa//IOB M3 BOZHBIX PacTBOPOB, B TOM YMCIIe
13 CTOYHBIX BOJI, AB/IAETCA aKTya/IbHO 3a/jayel.

Llenbto JaHHOM pabOTHI ABsAETCS pa3paboTka cCOpOEeHTa Ha OCHOBE XJIONIKOBOJ LIeJITIO-
03I, OO/IafaIoOI[eT0 BBICOKMMU COPOIMOHHBIMM XapaKTepUCTUKAMU, AIA 3PPeKTMBHON
OYMCTKY BOJHBIX CpeJ] OT IOHOB TS>KETIbIX METAJITIOB.

OcHOBHaA YacTh

[Tpy BHIIONTHEHNY 9KCIEPUMEHTA/IbHO YacTy pabOThI B Ka4ecTBe COPOEHTa MCIO/Ib30-
Ba/im x/10nKoByio nemnonosy (FTOCT 595-79). [lna ouncTky OT ImpuMeceil LeIoa03y KIma-
T B TedeHne 30 MuHYT ¢ 5%-HbIM pactBopoM NaHCO:; npu mopayne pactBop/copbent 20,
3aTeM IIPOMBIBa/IN JUCTUIMPOBAaHHOM BOZoi o pH = 7 1 BBICyIIMBany 50 MOCTOSHHOTO Beca.
Bospymrao cyxue 06pasIibl 1e/UT0I03bI IMe/H BIAKHOCTD 8,5%.

B xauecTBe MOAMPUUIMPYIONINX aTeHTOB JCIIO/Ib30BaMu MeTanepruoaat HaTtpus NalOy n
anTpaHunoBy kucnory C;H;NO,, 11a npurotosienna MOJeIbHBIX paCTBOPOB B 9KCIIEPUIMEH -
Tax Mo copbuMM Mcrnonb3oBamm cynbdarsl xenesa n Megu FeSO47H,O n CuSO45H,0, Bce
PEAKTUBbI CTENIEHY YMCTOTHI «X.4.».

MomnduunpoBanne XIONKOBOJ I[e/UTI0IO3bI AHTPAHMIOBON KIC/IOTON INPOBOAVIIN
B /IBa 3Tama:

- OKIIC/IEHIIE 1Ie/UTI0NIO3bI MeTaIleproAaTOM HaTpyA ¢ 00pasoBaHeM Vb eTMLIe/III0IO3bI;

- MOAUUIIIPOBaHME AVaIbAeTVLIe/ITI0NI03bI AaHTPAHIIOBOI KUC/IOTOL.

OKucnenne Le/TIONO3bI METANIEPUOLATOM HATPUA U ONPENENeHNe COJEP>KaHNA a/lble-
TU/IHBIX TPYIII B cOpbeHTe ObIIO BHIIOTHEHO, Kak omycaHo B [17]. [lonrydenHas B xofe mepuo-
JaTHOTO OKNUC/IeHN s ANa/IbieTuALe/Tonosa [18] 6pu1a B mocmenyomem obpaboTaHa aHTpaHM-
JIOBOJ KMCIOTOMN. 114 3TOr0 OKMCIEHHYIO XJIONKOBYIO LIEJUIIONO3Y C COEPKaHMEM a/IbJleTU] -
HBIX Tpynm 12% B KonmmdectBe 1 r moMemann B Komby, comepkamyio 1%-HbBI pacTBOp
aHTPAHWIOBO KMCIOTH (MORYIb pacTBop/copberT 50). [Tporecc moanduupoBaHusa Nposo-
pvm B TedeHne 45-60 muH npu temneparype 40-45 °C u pH = 7-10 npu HenpepbIBHOM Iiepe-
MmemBauuy. [Tocne oxnmaxmeHns MoxuUUMPOBAHHBI COPOEHT IMPOMBIBAIN OVICTUIINPO-
BAHHOJI BOZIOM 1O HEMTPA/IbHO peaKIM U BbICYIIVBAJIN.

32



OT XHMHM K TEXHOTOTHH TOM 4, BINYCK 3, 2023

Kunernka u paBHoBecue cop6umm. KuHeTnky copOIuy NOHOB TSKETbIX META/IIOB JIC-
CTIEZOBA/IN B CTATUYECKUX YCTOBMAX IIPU MepeMeIlNBAaHNN METOJOM OTPAaHNYEHHOTO 0ObeMa
pactBopa [19]. HayanpHas koHmeHTpauusa noHoB MetamnoB (Cy) cocrasmsina 1,5-10* momb/m.
Yepes ompeye/ieHHbIE IPOMEXYTKI BpeMEHN PacTBOP OTAENANN OT cOpOeHTa (PUIbTpOBaHNEM
U OIpefe/ s/l B HEM TEKyLIyI0 KOHIIEHTPALMIo NOHOB MeTawIoB (C;) METOJOM aTOMHO-a0-
COpOIIMOHHOI crIeKTpocKommy Ha mpubope 210VGP.

CreneHb M3BJIEYE€HVISI IOHOB META/IIOB (0, %) OIIpefessIn CIefyIomyM 00pasoM:
_G-CG

Co

a -100. (1)

[ mony4yeHus musorepM copbuMM B cepuio MPOOMPOK MOMeIany HaBeCcK! cCOpOeHTa
Mmaccoit 0,1 r n 3ammBanyu ux 10 M1 BOGHOTO pacTBOpa CynbgaTa MeTa/Ia ¢ KOHLEHTPALAMI
MeTa/ya B uHTepBaje 1,5-10%-5-107 MoJIb//1 U BBIfIep)KUBAIN TIPY NIepeMelIVBAHN O YCTa-
HOBJIEHVISI COCTOSIHUSA PaBHOBeCUs. 3aTeM PacTBOP OTHENIN OT COpOeHTa QUIbTPOBaHUEM U
OIIpefie/IsiN B HEM PAaBHOBECHYIO KOHIIEHTpaunio 1MoHoB MeTaimna (C) MeTogoM aTOMHO-a0-
COpOLMOHHOM cieKTpocKonyy Ha mpubope 210VGP.

PaBHOBeCHYI0 COPOLIMOHHYIO eMKOCTb A (MOJIB/KT) OIpesensu 1o Gopmyre

4=G"9 2)
m

e C — paBHOBeCcHasA KOHIIEHTPalMA IOHOB MeTaJl/Ia, MOJIb/TI; 1 — Macca HaBeCK COPOEHTa, T;
V - o6bem pactBopa, 1.

OTHOCHUTENbHAA TOTPEIIHOCTD 9KCIIEPYMEHTOB PACCUNTHIBAIACh HA OCHOBAHNM JAHHBIX
9KCIIEPUIMEHTOB, B KOTOPBIX KaXJas TOUKa IIPefCTaB/IsAeT co00I cpefHee 3HAUeHMEe 13 OBYX
napa/IenbHbIX onbITOB [20]. ITorpenrHocTs sKcIIepuMeHTa He IpeBbimana 10%.

O6c¢cyxpmeHne pe3syIbTaToB

[yt omipenienieHnst BpeMeHM JOCTVOKEHUsI COPOIIIOHHOTO paBHOBeCHsI B TeTepodasHoil
CHICTeMe «IIe/UTIONIO3HBbII COPOEHT — BOJHBIN pacTBOP CynbgaTa MeTa/la» ObUIM IIOTy4YeHBI
KnHeTdeckue Kpusble copouum nonos Cu(Il) u Fe(II). PesynbpraTsl akcriepuMeHTa IpencTaB-
7IeHbl Ha puc. 1.

100

o

0 5 10 15 20
Bpewms, Mun

Puc. 1. Kunernueckue kpusbie copbuuu noHos Cu?* (1, 3) u Fe** (2, 4) u3 BogHbIX pacTBOPOB HaTUBHOII (3, 4)
u MogUPUIMpPoBaHHOI (1, 2) XTTOIIKOBOII 1I€/ITI0I03011
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W3 puc. 1 BUgHO, 4TO CTeNleHb M3B/IEYEHN S IOHOB TsDKE/IbIX META//IOB 3aMETHO BO3pac-
TaeT B CJIy4ae VCIOIb30BAHMS LIE/UTION03bI, MOAN(DNUIVPOBAHHON aHTPAHMIOBO KICIOTOIL,
II0 CPaBHEHMIO C HATUBHON Ie/Umono3oit. [Ipy sTomM BpeMsa [JOCTIDKEHUA COPOLVIOHHOTO
paBHOBecHA cocTaBnAeT 20 MUHYT.

Jns onpenenenus NopsAgKa peakl[Uy SKCIepUMEHTaIbHbIe JaHHbIe OBl 00pabOTaHbI
C VICTIO/Tb30BaHMEM KMHETUYECKUX MOJIeIel ICeB0-TIepBOTo (3) 1 ceBgo-BTOPOTrO (4) mopsa-

KOB:
q =q,1—e"), (3)
g = t
¢ - - < 1 .
12 L b 4)
kz’ng qeq

PesynbTaTel 06pabOTKYM KMHETNYECKNX KPUBBIX COPOIIVIN NOHOB TSDKE/IbIX METa/UIOB Ha-
TUBHOM ¥ MOAMQUIMPOBAHHON XJIOIKOBOW IIE/UIIONI030/1 B paMKax MOJe/eil KUHETUKA
IICEBJIO-TIEPOBOTO U IICEBLO-BTOPOTO IOPALKOB, BBIIIOJHEHHON C IIOMOILIBIO IIPOrPaMMbl
Origin, npexcrasnensl B Tabm. 1. CregyeT OTMeTUTD, YTO Hanboiee BHICOKME KOI(DPUIEHTHI
koppenanun (0,99) momydeHbl mpu 0OpabOTKe MAHHBIX KUHETUYECKOTO JKCIEepPUMEHTa
C MICTIIO/Ib30BAaHVIEM MOJE/IM IICEBL0-BTOPOTO MOPALKA.

Tabmuna 1. PesynbraThl 06pabOTKM KMHETMYECKMX KPUBBIX COPOLMM MOHOB TsDKEBIX METa/IOB HATMBHOIL
" MOTUQUIIMPOBAHHOI XIONKOBOII L{E/UTF0I03011 B PAMKAX MOZe/Iel XUMITIECKO KMHETUKA

Von PaBHOBecHOe Mopgenb Mopgenpb
MeTama 3HAYEHUE COPOIUM TICEBIO-TIEPBOTO MOPSANKA TICEBIO-BTOPOTO TIOPANKA
Ge> Ge> ki, R Ge> ky, mr R
MI/T MI/T MMH! MI/T MUH/T

HemopuduimposanHas Lesmonosa

Cu(II) 0,55 0,46 0,18 0,80 0,64 0,29 0,99

Fe(II) 0,53 0,49 0,18 0,89 0,62 0,23 0,99
Llenmonosa, MogndUIMPOBaHHAS AHTPAHIIOBOI KUCIOTOI!

Cu(II) 0,93 0,61 0,27 0,98 0,95 1,17 0,99

Fe(II) 0,87 0,69 0,25 0,97 0,81 1,08 0,99

Jns onpenenenus npenenbHOl COPOIIVIOHHON €MKOCTY HAaTMBHON X/IOIIKOBOJ LI€JITIO-
JI03bI ¥ LIeJUTIONO3bI, MOAM(UIVPOBAHHON aHTPAHWMIOBON KUC/IOTOM, ObIIN IIOTy4YeHbI M30-
tepmbl copbrumu nonos Cu(ll), Fe(Il) n3 BogHBIX pacTBOpoB MX CynbdaroB. PesynbpraTsi
9KCIepVMEeHTA MPeCTaBIeHbl Ha PUC. 2.

[TonyueHHDBIE 3KCIEpUMEHTA/IbHbIE JaHHBIE MOXXHO OINCAaTh YpaBHEHMEM M30TepPMBI
agcop6buyy JleHrmiopa

_ A,-K-C,
- (1+K-C) 6))

e Aw — TpefieNbHasA, MIN MaKCHMaabHasdA, COPOIMOHHASA eMKOCTb cOpOeHTa IO JJaHHOMY
MeTaJlTy, MO/b/KT; K — KOHIIeHTpal[OHHAs KOHCTaHTa COPOLIMOHHOTO paBHOBECHA, XapaKTe-
pU3yIoIasA MHTEHCUBHOCTD IpoIiecca copoumm, 1/MOIb.
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A, MOJIB/KT

C 10, Mons/nt

Puc. 2. Vsorepmsl copbuym Cu** (1, 3) u Fe?* (2, 4) n3 BORHBIX pacTBOPOB HATUBHOII (3, 4) 1 MOAMUIMPOBAHHOI
(1, 2) X7IONIKOBOII LIETITI0I03011

HI/IHCHPI/IS&HI/IH N30TEPM COP6HI/II/I COTr/1aCHO ypaBHeHI/IIO
C. _C., 1 ]
A A4 A K ©)

00

II03BOJIAAET TpapuecKy ONpeennTb B ypaBHeHNN JIeHrMIopa BeMIMHbI A M K 13 OIIBITHBIX
JaHHBIX II0 pPAacCIpefie/IeHNI0 JMCCIefyeMoro copbara B rerepodasHoil CUCTeMe «BOILHBIN
PacTBOP — Le/TIOJIO3HBIN COPOEHT».

Pesynpratel 06paboTKM 1M30TepM COpPOLUN MOHOB TSDKEIBIX META/UIOB II0 MOJE/N
JleHrMIOpa HATMBHO XIOTIKOBOJ 1[€/ITIOI03011 ¥ XIOIIKOBOI LI€/ITI0/I03071, MOAUUIIMPOBaH-
HOJI aHTPAHWMIOBOI KMC/IOTOM, IIPefICTaB/IeHbI B TA0I. 2.

Ta6muua 2. [Tapamerpbl 06pabOTKM M30TEPM COPOLINI MOHOB TSDKE/IBIX META/IOB HATUBHOI U MOAUGUIPOBaH-
HOI! XJIONIKOBOI LIeJUII0I03011 110 Mofenu J/IeHrMopa MeTOL0M HaIMEHbIINX KBAIpaTOB

Katnon meramia K, n/monp 1/Ax Koapupen Ao, MOTIB/KT
KOppenauumn
HemopuduimposanHas Le/monosa
Cu(II) 909,1 2,0£0,02 0.99 0.50
Fe(II) 961,5 2,5+0,02 0.99 0.40
Llenmonosa, MogndUIMPOBaHHAS AHTPAHIIOBOI KUCIOTOI!
Cu(II) 2174 0,50+0,03 0.99 2,00
Fe(II) 325,5 0,51+0,04 0.98 1,96

IKcIepMMeHTa/IbHbIE JaHHbIE TI0 COPOIMM IOHOB MeZIM U >Kejle3a HaTUBHOI U Mofudu-
LM POBaHHO XJIOTIKOBOI LIe/TI0/I03011 XOPOLIO allIPOKCUMUPYIOTCA YpaBHeHMeM JleHrmiopa.
Kak crefyer 13 maHHBIX, IpeICTaB/IeHHBIX Ha PUC. 2 1 B Tab/mniie 2, IpefenbHas COpOIIOHHAs
eMKOCTb (A.) X/IOTIKOBOW IIe/UTIONO3bI, MOAMGUIMPOBAHHON AaHTPAHMWIOBON KWCIOTOM,
B YeThIpe pas3a IMPeBOCXOIUT A.. HATUBHOI 1[e/t0n03bl o noHaMm Cu(Il) m mpumepHO B mATH
pa3 — no noHam Fe(II). ITomyyenHble 3HaueHuA A.. = 2 Monb/Kr npu copbuym nonos Cu(Il)
u Fe(II) MmopndnumpoBaHHOI 11€//TI0/I03011 CBUETEIbCTBYIOT, YTO NAHHBIN COPOEHT obmagaer
XOpolIIeli CBA3BIBAIOIEN CHOCOOHOCTBIO IO OTHOILIEHNIO K 9TUM MeTa/l/IaM.
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CyliecTBeHHBINI POCT IIpeNeNnbHON COPOLVIOHHON €MKOCTY MOAM(PUIVPOBAHHOM
XJIOTIKOBOJ 1L[€/I/TI0I0O3BI TI0 CPAaBHEHMIO C HATMBHOI 11€/UTI0NI0301 MOXKHO OOBSICHUTD TeM, Y4TO
B pe3y/nbTaTe MOAMU(UKAIMN B CTPYKType BOJOKOH ITOAB/IAIOTCA HOBble (PYHKIMOHATbHbIE
TpymIIbl, cocoOHbIe 3 (HEKTUBHO CBA3BIBATD MIOHBI TSDKE/IBIX META/IIOB.

Anamus VIK-cnexrpos. 11 0o6Hapy>kxeHIA HOBBIX COPOLVIOHHBIX 1IeHTPOB, 00pa3oBaBs-
IIMXCS Ha IOBEPXHOCTM copOeHTa B mpolecce Moauduumposanns, 6butu nonydens! VIK-crexk-
TPbI MICXO[JHOJ XJIOIIKOBOI LI€JIII0NIO3b], @ TAKXKe LIeJIII0/I03bl, OKUCIEHHON MeTalepyuojaToM
HaTpus (Manberu/Le/TI0N035l), i IIeJUII0I03bl, MOAU(UIIMPOBAHHON aHTPAHNU/IOBOII KUCTIO-
Toit (puc. 3, kpussle 1-3).

CpaBHeHne nonmy4deHHbIX VIK-CIIEKTpOB NO3BOJIAET BBIABUTD pasandusA B MCCIERYEMbBIX
obpasiax nemmnonossl. B obmactu 1780-1600 cM™' Hanm4dme 1mM0OI0C MOTIOLIEHN 00YC/TIOB/IEHO
BaJIeHTHbBIMM Konebanusamu cBsasu C=O [ anbierngos, KETOHOB ¥ KapOOHOBBIX KMCI/IOT.
B aT0it 061macty Habmromaercs cMerienne nuka npu 1729 cm™’' B monoxxenue 1741 e st 06-
pasija Ie/UTI0/103bl, MOAU(UIIMPOBAHHOTO AaHTPAHMIOBON KMC/IOTOM, IO CPAaBHEHMIO C VICXOJ-
HOII I1€JUTI0JI03011, YTO 0OYCIOB/IEHO TOABIEHNEM B €T0 CTPYKType KapOOKCU/IbHBIX TPYIIIL.

B criextpe Amanpernaeonosbl HabIogaeTcsl CABUT IIOIOCHI U3 TO0XKeHus 1640 cm”
! 1719 MCXOMHO XJIOMKOBOJ Le/UII0N03bl B IOIOXKeHNe 1632 ¢cM™}, cBA3aHHBIN C IOSABIECHNEM
a/IbJleTMIHBIX TPYIII B IPOLjeCce OKMCIEHNA LE//II0/I03bl METAIIEPMOJaTOM HaTpU .
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Puc. 3. VIK-crieKTpbl HATMBHOI XJIONKOBOII 117110035l (1), AManbpaernaLneionossl (2), ue/monoss:, Mogudu-
L[MPOBaHHOI aHTPAHWIOBOI KICTOTOII (3)

V3meHeHUs Taxke HAOMIOZAIOTCS B CIIEKTPE LIE/III0NIO3bI, MOANQUIMPOBAHHON aHTpa-
HIJIOBOJ KIUC/IOTOJ, IO CPAaBHEHMIO CO CIEKTPOM JWICXO[HOM IIe/UII0NIO3bI, B 0OIacTu
1300-1250 cm™!, rme mposBisAIoTCA BajmeHTHble KomebaHua csasu C-N B amupax. [Tostomy
MO>KHO YTBEP>KJaTh, 4TO IIpU MOAM(ULNPOBAHNY COPOEHTA Ha €T0 MTOBEPXHOCTY IPOVCXORNT
3aKpeIlIeHNe aHTPAaHWIOBOM KMCIOTHL. Takum ob6pasom, pesynbrarel VIK-crekTpockonmm
HOATBEP>KAAI0T, YTO MOAVQUIIVIPOBAHIE IIe/III0NI03bI aHTPAHIIOBOI KUC/IOTOM Yepe3 CTAfINI0
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06pa3oBaHNMs [UATbIETUALIE/UTIONO3bI TPYBO/NT K IIOSIBIEHNIO HOBBIX COPOIIIOHHO-aKTVBHBIX
TPy B CTPYKType COPOEHTOB.

MuKpOCKONMYeCKoe UCCTIeT0BaHMe CTPYKTYPbI COpOeHTOB. VIccenoBanme CTPYKTY bl
[IOBEPXHOCTH VMCXOLHOI XTONKOBOII L{€/UTI0N03BI M MOAUPUIIMPOBAHHOTO COPOEHTa METOLOM
97IEKTPOHHOI MUKPOCKOTINY [TOKA3a/I0, YTO B Pe3y/IbTaTe MOANMUKALNY V3MEHSETCSI MUKPO-
penbed mOBepxHOCTH copbeHTa. Tak, MOBEPXHOCTb WMCXOLHOM X/IOTKOBON II€/ITIONIO3BI
(puc. 4, a): omHOPOJHA U C MaJIBIM KOJIMYECTBOM CKaioK. [Ipn mopndukannm aHTpaHnIoBoi
KUCTIOTOV TIOBEPXHOCTb COpOEHTa CTAaHOBUTCS 0Oojiee LIEPOXOBATON, HaOMIOZaeTcs: obue
CKITafioK U JemryeK (puc. 4, 6), 4TO CBUAETENBCTBYET 00 MI3MEHEHNN [TOBEPXHOCTHOTO CITOSL.

Puc. 4. COM-u3obpa>keHns: MOBEPXHOCTHM MCXOFHOI XTOIKOBOII LIe/UTIONIO3bI (d) ¥ TOBEPXHOCTHU X/IOMKOBOIA
L[€JUTI0I03BI, MOAUPULIMPOBAHHON aHTPAHMIOBOIT KUCIOTOI! (0)

B pesynpraTe Mopudukauuy monydeH cOpOEHT C OTIMYHOI OT MCXOJHON XJIOIKOBOI
1€JUTI0I03bI CTPYKTYPOII, XapaKTePU3YIOIMIICS TOBBIIIEHHBIMU COPOLIVIOHHBIMYU CBOJICTBAMU
10 OTHOILIEHNIO K MOHAM TSKEJIbIX METAJIIOB.

BriBogbl

Paspaboran HOBbII 3¢ (PeKTUBHBIT COPOEHT /151 U3B/IEYEHMS MOHOB TSDKENBIX METAIIOB
¥I3 BOJJHBIX PaCTBOPOB ITyTeM ITOCTIEl0BATe/IbHON 00pabOTKI XJIONIKOBOJI LIeJ/I/II0/I03bI MeTarle-
PUOZATOM HATPMsI M aHTPAHMIOBOI KUCTIOTO. VccmenoBan mpoiecc copOLnm MOHOB TsDKe-
JIBIX META/UIOB Ha X/IOIKOBOJN Le/UII0I03e M MOAMUIVPOBaHHOM obpasie. OOHapyxeHO,
9TO COPOIMOHHBIE XaPAKTEPUCTUKU MOAUDUIMPOBAHHOTO COPOEHTA [0 OTHOIIEHNUIO K MOHAM
Cu® n Fe’’3HaunTeNnbHO NPEBBIIIAIOT TAKOBbIE M/ HATUBHOW XJIONIKOBOV I[€/UTIONO3BI.
Y CTaHOBJ/IEHO, YTO KMHETMKA COPOLIVIV IOHOB TSKE/TbIX META/IIOB VICCTIERyeMbIMIM COPOEHTaMuU
Hanbosee amekBaTHO (¢ KoadduumenToM Koppensityu 0,99) ONMCHIBAETCS MOJETbI0 KMHETUKN
MICEBIO-BTOPOTO MOPsiiKA. IKCIePUMEHTA/TbHbIE M30TEPMBI COPOLIY MOHOB MeAM U >Keresa
XOPOIIIO OINCHIBAIOTCS B paMKax Mofienu JleHrMiopa. Y CTaHOBJIEHO, YTO Ipee/ibHas cOpO1m-
OHHasl eMKOCTb X/IOTIKOBOJ I[€/UTI0/T03bI, MOAU(UIMPOBAHHON aHTPAHIIOBOI KUCTIOTOI, BO3-
pacraer 10 CpaBHEHMIO C HATVBHOJ XJIONKOBOVI Lie/I00301 s noHoB Cu®" u Fe** ¢ 0,5
u 0,4 Monb/KT 1o 2 u 1,96 MOIb/KT COOTBETCTBEHHO.

VK-criekTpbl 00pasijoB MCXOTHON LIE/IIONO3bl U ILEIINI03bI, MOAU(DUINPOBAHHOM
AQHTPAHWIOBOJ KMC/IOTOV, CBUJIETE/IbCTBYIOT O IIOSIBJIEHMY B CTPYKType COpOeHTa HOBBIX
COpOLVOHHO-aKTYBHBIX IPYIIIL
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MI/IKPOCKOHI/I‘{CCKI/IC nccneqoBanmnAa 1o MeTogy COM 1mokaspIBaIOT Ha/MM4ye U3MeHeHU

CTPYKTYpbl IIOBEPXHOCTU COP6I_II/IOHHOI‘O MaTepuasia Ha OCHOBE XJIOTIKOBOM O EC/ITI0/103bI

IO CPaBHEHUIO C MICXO/IHBIM 00PasIjoM.

braromapaoctn

Hccneoosarue npoeeaer-to C ucnonv3osaHuem pecypcos LIeHmpa KOJJIEKMUBHO20 NOJIb30-

saHust HayuHoim o6opydosaruem UI'XTY (npu noodepuxe Munobprayku Poccuu, coenauierive
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KBAHTOBO-XMMHNYECKOE U3YYEHUE KNC/JIOTHOCTH
3,4-JUTNIPO-2H-TUOIINPAH-1,1-TVNOKCN OB

M. B. Crapocrumn, H. E. [Ton6ues, K. J/I. OBUMHHUKOB

Muxann ButanseBuu Crapoctus, aciupant; Hukura EBrenneBud [10n0HeB, MaricTpaHT;
Koncrantun JIbBoBry OBYMHHMKOB, KaH[. XMM. HayK, JOLEHT

S pocnmaBcKuii rocygapCTBEHHbI TEXHUYIECKIIT YHUBepCcUTeET A pocnasib, Poccusa
misha.starostin@yandex.ru; dolbnevne.19@edu.ystu.ru; ovchinnikovkl@ystu.ru

Kniouesvtie cnosa: Annomauus. IIposedeHo K6aHMOB0-XUMUUECKOe MOOETUPOSAHIUE MeMO-

3,4-0ueudpo-2H-muonupan-1,1- dom REVPBEO 3,4-0ueudpo-2H-muonupan-1,1-0uokcuoa,3,4,6-mpudge-

OUOKCUObI, KUCTIOMHOCMY, K8aH- HUL-3,4-0ueudpo-2H-muonupan-1,1-0uokcuda u ux anuoHos. Paccuu-

MoBo-xumu1eckoe MoOeNUPoBa- Marvi c60600Hbie IHepeuu [1u66ca 0N peakyuu ux 63aumoOeticeus ¢ 2uo-

Hue, memod REVPBEO POKCUO aHUOHOM 6 Kauecmee OCHOBAHUA. YCIMAHOB8/IeHO pasnu4ue 6 Kuc-
JIOMHbIX c60Ticmeax npomoros 2H-muonuparnosvix koney, u NOmONeHUSL
PEAKUUOHHBIX UEeHMPOS 6 NOCTEOYIOUSUX PeAKUUIX C yHacmuem o0pasyro-
UWAUXCA AHUOHOS.

Jna purupoBaHms:

Crapocrur M.B., Jon6ues H.E., Opunuuukos K.JI. KBaHTOBO-XMMM4YecKOe U3ydeHe KICIOTHOCTH 3,4- TUTUAPO-
2H-Ttuonmupan-1,1-guokcunos // Om xumuu k mexHonouu waz 3a wazom. 2023. T. 4, Bpir. 3. C. 40-44.
URL: http://chemintech.ru/index.php/tor/issue/view/2023-4-3

BBenenne

CoenyHeHM, COfieprKalllyie THOMMPAHOBBIN PparMeHT, IPefICTaB/IAIOT MHTEPeC KakK mep-
CIIEKTMBHBIE OM0/IOTMYeCcK) aKTUBHBIe BemjecTBa [1]. Tem He MeHee OHU ABAIOTCA MA/IOU3Y-
YEHHBIMY OPTaHMYECKVIMM COEIMHEHVAMMN BCIECTBIE IPENApaTUBHON CTOXXHOCTH X IIOJTY-
JeHNA U IPOBefieHN A UX fanbHelmell pyHkiuonanusanun [1, 2]. [Tosromy BcecropoHHee pas-
BUTME XVIMWUY THONVPAHOB ABJIAETCA aKTya/IbHOM 3a/ladein.

V3BecTHO [3], 4TO B IPUCYTCTBUY OCHOBaHMIA 4
MOXKeT MPOUCXOAUTb MUTpALMs [BOVHOIN CBA3MU 5 3 Yz
3,4-puruppo-2H-tnonupan-1,1-grokcupa (puc. 1). | S——

B npucyrcrBun BogHoro pacrsopa NaOH B 5 )
TeyeHye 24 4 aBTOpPHI [3] Habmomanm mM3omepusa- S S
uuio 1 B 2 ¢ KoHBepcueit 67%. Takxe oTMedaercs, O// L \\O O// \\O

9TO IIpU BOS,‘E[Cf/ICTBI/II/I 6omee c1abOro OCHOBAHIS

1 2

DBU (6 9xB.) B TeueHue 7 fHEI MPOUCXOAUT obpa- Puc. 1. OGimas cxema Murpamym mBofiHoi

30BaHME PABHOBECHO! CMeCu M30MepOB 1 M 2 B CO-  (pasy b xombue 3,4-muruppo-2H-tronupan-

oTHoIIeHuu 5 : 95. 1,1-guoxcuma

© M. B. Crapoctus, H. E. [Jon6ues, K. JI. Opunnnukos, 2023
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B Hacrosmer paboTe paccMaTpuBaeTcs mpo6aeMa KMCITOTHOCTY THONMPAHOBOTO KOJIbIIA
Ha IpUMepe He3aMeIlEHHOro 3,4-nurngpo-2H-tnonmupan-1,1-AMoKcna n Tpu3aMemEHHOro
3,4,6-tpudenun-3,4-gurnppo-2H-tuonupan-1,1-guoxcnpa.

Omnpepenenne BO3MOXKHOCTI 00pa3soBaHMs Pa3INYHBIX aHNOHOB 3,4-nuruapo-2H-1no-
nupas-1,1-IMoKcuI0B HEOOXOAMMO He TOJNIBKO JI/I aHa/IM3a BO3MOXKHOV MUTPALIMM JBOVIHO
CBA3M, HO U /Il ICCTIEOBAHMU PeaKIUil C y4acTVieM BepOATHBIX AaHMOHOB. TaKylo Ol[eHKYy Mbl
IIPOBE/IY C IOMONIBI0 KBAHTOBO-XVMIYECKNX PACYETOB.

Panee mpoBopgmmich KBAaHTOBO-XMMMYECKNME MCCIENOBaHMA CHHTE3a 3aMEIEeHHBIX
3,4-quruapo-2H-tnonupaHoB [4, 5] — CMHTeTMYeCKMX IPeAIIeCTBeHHUKOB 3,4-mquruapo-2H-
Tonupan-1,1-fnoxkcumos.

OcHOBHaA YacTh

Bce KBaHTOBO-XMMMYECKMEe pacdyeTsl ObIIN BBIIIOTHEHBI ¢ IOMOIIBIO MporpaMMbl Orca,
Bepcus 5.0.3 [6-8] meromoM (pyHKIMOHAMA 3neKkTpoHHOM noTHOCT REVPBEO (06HOBNEH-
Hb1it Metog PBEO) [9, 10] ¢ pucniepcnonHoi nonpaskoi I'pumme D4 [11, 12] B BaeHTHO-pac-
I[EIUIEHHOM TPEXIKCIIOHEHIManbHOM 3( 6asmce ¢ MOSPU3AUMOHHBIMM  (DYHKIMSIMMU
Def2-TZVPPD [13-15]. B pacueTax IpMMeHs/IICh alllIPOKCUMALMY KYTIOHOBCKMX B3ayMO/Iell-
crBuit 1 obmenHbpix HF-unrerpanos meromom RIJCOSX [16] B momomHMTeNnbHBIX 6asmcax
Def2/] [14] u Def2-TZVPPD/C [17, 18]. B pacyerax, y4UTHIBAIOIIMX COIbBATALINIO, UCIIO/Ib30-
BaJIach IOJLApU3yeMas KOHTUHYanbHasa Mogenb C-PCM, pactBopurens — IM®A [19].

[l onipenenneHsA KMCIIOTHOCTY PA3/IMYHbIX IIOIOXKEHWT TMOMMPAHOBOTO KOJIbI[A OBIIN
PaccUMTaHbl BCe TEOPETUUYECKM BO3MOJKHBIE aHMOHBI 3,4-muruppo-2H-tnonupas-1,1-quok-
cupga un 3,4,6-tpudennn-3,4-quruppo-2H-tnonmpan-1,1-nguokcnuaa. VismMeHnenne cBob6omHOI
sHepruy [M66ca pacCUNTBHIBAMNCH /A PeaKUMM UX B3aMMOZEVCTBUSA C TUAPOKCUL aHMOHOM
B Ka4yecTBe OCHOBaHUA. Pe3y/nbTaThl IpefcTaBieHsl B Tabmuie 1. Vismenenue sneprun I'm66ca
paccumMTaHo AA TeMieparypel 293K,

Ta6mnua 1. CBobGomuas sHeprus ['mb6ca memporonmpoBanms 3,4-murunpo-2H-tmomupan-1,1-gnokcupa u
3,4,6-Tpudennn-3,4-gurunpo-2H-tnonupan- 1,1-gnoxcuna rugpoxcus annonom (merog REVPBE(/def2-TZVPPD,
C-PCM(DMF), T = 293 K). Hymeparyst aTOMOB — B COOTBETCTBIU CXeMOJ Ha puc. 1

[Tonoxenne AG, xkan/monb
HEeNpPOTOHMPOBAHMA
3,4-puruppo-2H-Tnonupas- 3,4,6-Tpudennn-3,4-guruppo-2H-tuonupan-
B TUONMPAHOBOM
1,1-guokcupn 1,1-guokcupn
KOTblie

2 7,580 1,713

3 26,220 8,951

4 -7,578 -23,056

5 15,694 13,754

6 3,584 -

V3 mpuBen€HHBIX JAaHHBIX BUFHO, YTO /i1 000MX COeIMHEeHNIT Hanboiee SHepreTMIecKn
BBITOJJHBIM ABJIAETCA JleIpoTOHMpoBaHKe aroMa C4. JIerkocTb AepOTOHMPOBAaHMA CBA3aHa
C YCTOMYMBOCTBIO 00Opa3yIolerocsl aHNOHA, KOTOpasi BO MHOTOM OIIpeJie/sIeTCsl pacIiperene-

HIeM 37IeKTPOHHOI IIoTHOCTU. [Ipy oTpeiBe mpoToHa oT aToMa C4, obpasyrommuiica aHINOH
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SIB/ISIETCS Pe30HAHCHO-CTa0MIN3MPOBAHHBIM 32 CUET B3aMMOJENCTBIS C 9IEKTPOHAMY aToOMa
C6 (puc. 2).

+ H,0

Puc. 2. Cxema 06pasoBaHus aHIOHOB IIPM elIpoToHMpoBanmy aroma C43,4-nuruapo-2H-tronupasn-1,1-gmoxcnza
u 3,4,6-tpudennn-3,4-gurnnpo-2H-tuonmpan-1,1-guokcnma

Ha sTux >xe aToMax HaXOAMUTCS OCHOBHAS JOJISI BBICIIENT 3aHATON MOJIEKY/ISIPHOI opou-
tamu (B3MO), uro BuzpHO Ha puc. 3. Jlokammsanusa B3MO Takxe mokaspiBaeT HaM aKTVBHbBIE
PeaKIMOHHbIE LIEHTPhI aHNMoHa — aToMbl C4 n C6.

Puc. 3. Pacripenenenne B3MO B anuose 3,4-gurnnpo-2H-tuommpan-1,1-groxcuma (C4 menpoToHnpoBaH)

CpaBHuBass sHepruym Imb66ca pemporonmposanuss C4 2H-tmomnmpasn-1,1-gmoxcupa
(-7,578 «xkan/monp) wu 3,4,6-tpudenun-3,4-gurngpo-2H-tuonupan-1,1-guokcupa
(-23,056 xkan/MOb), MOXHO CHENaThb BBIBOJ, 4TO Y 3,4,6-Tpudenn-3,4-guruppo-2H-tuomnn-
paH-1,1-IMOKCHIa KUCTIOTHBIE CBOJICTBA BbIpaXKeHbI cuibHee. Pacnipenenenne B3MO B o6pa-
3ylollleMcsl aHJMOHe, TIOKa3aHHOe Ha puc. 4, faeT o0 bsacHeHne aToMy pakry. PeHnnbHble dpar-
MEHTHI B 4 11 6 II0/I0)KEHNAX YYAaCTBYIOT B Paclpee/leHUI 371EKTPOHHO IJIOTHOCTY, Y€eM CTa-
OMIN3VPYIOT AaHVOH.
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Puc. 4. Pacnipenenenne B3MO B annone 3,4,6-tpudenni-3,4-gurnnpo-2H-ruommpan-1,1-guokcuna (C4 genpo-
TOHUPOBAH)

Ecny mporHosupoBath peakyOHHYI0 CIOCOOHOCTD 00PasyIOIMXCs aHMOHOB B IIOCTIERY-
IOUIVX XMMUYECKUX peakUuAX, TO Ad aHMOoHa 3,4-gurnjpo-2H-tuonupan-1,1-guokcnga oHa
OXJJjaeTcs BbIlle, KaK BCIeAcCTBYe Oosbliedt nokamusaumuu B3MO Ha yriaepopax Konmblja
2H-TuonupaHa, TaK ¥ MEHBIIETO BIUSHIS CTepUIecKoro pakTopa. Peaki[MOHHBIMY [IeHTPaMu
B IOCNIEAYIOUNX PeaKUMAX C YIacTMEM STUX aHMOHOB MOIyT BbIcTymaTh atombl C4 u C6,
IIOCKO/IbKY MMEHHO Ha HUX JIOKa/M3yeTcs ocHoBHasA fnonsa B3MO annona.

Taxoke obpamaer Ha ce6s1 BHUMaHMe HEe3HAUUTENTbHOE ydacTue Cy/Ib(OHHOI TPYIIIbI
B pacnpesienenny B3MO, 4To cormacyercs ¢ pacC4MTaHHONM HM3KOI KMCTOTHOCTBIO atoMa C2.

BpIiBOAbI I peKOMEHAALMN

B pesynbraTe KBaHTOBO-XMMMYECKMX pacueToB cBOOORHOI aHepruy ['mb6ca ycraHOB-
neHo, 4ro B 3,4-purupapo-2H-tuonmpan-1,1-guokcuge u 3,4,6—Tp]/[(l)eHI/I}I—3,4—I[I/IFI/I;£[pO—2H—
Tronupan-1,1-guokcusie cample CUAbHbIE KMCIOTHBIE CBOVICTBA IIPOABIIAET IIPOTOH IIPU YITIe-
pozie B 4 OIOXKEHNY TUOMMPAHOBOTO Kojbila. eHnnbHble GparMeHTs B 4 U 6 MOT0XKEHNAX
3,4,6-tpudennn-3,4-gurunpo-2H-tuonupan-1,1-guokcuia  y4acTBYIOT B - pacIpefesleHun
3/IEKTPOHHOI IVIOTHOCTY aHMOHA, YEM IIOBBIIIAIOT KVCIOTHbIE CBOVICTBA 3TOIO COENVHEHNA.
Ncxopa ns nokammsauuy B3MO B aHMOHaX MOKHO CielIaTh BBIBOJ, YTO PeaKLIOHHBIMMY LIeH-
TpaMM B ITOC/IEAYIOLINX PEAKIVAX C yIacTMeM 9THUX aHMOHOB OyAyT BbIcTynaTh aToMbl C4 u C6.
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NCCIIEJOBAHME CIIOCOBA NETOKCUMKALIVIT OCAIJKOB
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E. JI. Hukutuna', V1. T. Tuxonosal, A. C. Jlanunnosa', C. H. Jlegues®

Enena JleonnpopHa HuKMTHMHA, KaHI. TeXH. Hayk, folieHT, VipmnHa I'enagbeBHa TuxoHoBa, Marucrpasr,
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2SIpocmaBckuit rocyapcrBeHHbI yHuBepcuteT uM. IL.T. [lemuposa, SIpocnasns, Poccns

Knrouesvie cnosa: Annomayus. Ocadkuy nocne peazeHMHON OHUCIIKU MUHEPATUZ08aH-
peazeHmHAs OUUCMKA, ZYMUHOBbIE HbIX 800 npedcmasnsiom co6oti 00CMAMOUHO CLOHHYIO CMECh PA3HO00-
sewyecmaa, 0emoKCcuKayus, DA3HBIX 8EU4EC8 MUHEPATILHOZ0 U OP2AHUMECKO20 COCABA, YMUIU3a-
KomnIeKcoobpasosarie YU KOMOopuix HeoOX00UMA OIS CHUNEHUST He2amueHo20 B/IUSHUS HA

npupoonyi cpedy. Ilokasana 803MOMHOCMY OeMOKCUKAUUU 0CAOK08
NpupoOHbIMU copOeHmamu c6A3bI6aMb OpeaHuveckue U HeopzaHute-
CKUe MOKCUKAHMbL 8 HEMOKCUUHbIE KOMNIEKCbI, CHUNAS IKOMo2uUe-
CKY10 HAZPY3KY HA OKPYHAIOWYI0 cpedy.

Jnsa nuTupoBaHu:

Huxntuna E.JI., Tuxonosa VI.I., Tanunosa A.C., Jlenues C.H. VccnemoBanne crioco6a geTOKCUKALMNA OCAIKOB
MIHePaIN30BaHHBIX BOJ, IIPUPOSHbIMY copberTamut // Om xumuu K mexHonozuu wide 3a wazom. 2023. T. 4, BbIL. 3.
C. 45-50. URL: http://chemintech.ru/index.php/tor/issue/view/2023-4-3

BBenenne

CeropHs MHOTME IIPO6/IEeMBl OXPaHBI I BOCCTAHOB/IEHNSI OKPY KAIoIIell Cpefbl He HaXo-
IAT ONTYMATIbHBIX PellIeHNIT 13-32 OTCYTCTBUA JIEIIEBBIX, JOCTYITHBIX Y 9KOTOTMYHBIX TeXHO-
JIOTMI1 B IPUPOJOOXPAHHBIX MeponpuATusax. Hambosee menecoobpasHbIM penieHreM it CHU-
YKEHV I HETaTVBHOTO B/IVISTHNA OCAIKOB OUMCTKY CTOYHBIX BOJ AABJIAETCS UCIIONb30BaHNe TYMI-
HOBBIX BELIeCTB. 'yMIUHOBBIE COEVHEHNS BBIMOMHAT (PYHKINM IPUPOAHBIX a/alITOTEHOB,
IEeTOKCMKAHTOB U OO0/afIaloT IIMPOKMM CIEKTPOM OMOMIOTMYecknx 3(QeKToB, yrIydmIaroT
CTPYKTYPY IOUBBI U SIBJISIIOTCS 9KOJIOTMYECK) 0e30IIacHBIMU B Ucnonb3oBanun [1]. [Tpenmy-
I[eCTBOM 3TOTO CHIPbA ABJIAETCA €r0 SOCTYIHOCTb B PAa3/IMYHBIX perroHax Mupa. [ yMmHOBBIE
BemtectBa (['B) B 3HauMTe/IbHOI CTENIEHN ONPEeA0T IJIOJOPO/Vie TIOYBBI, HO X MPOVCXOX-
IleHue, MOJIEKY/IApHasl CTPYKTYpa M CTaOWIBHOCTDb ABJAIOTCA NPegMEeTOM AVICKyccuit [2, 3].
['yMuHOBBIE BelllecTBa — OpraHMYECKIe COfMHEHNSI OUYeHb CTIOXKHOTO COCTaBa, COfleprKalle
0KO710 15 BUIOB PYHKIMOHATBHBIX IPYII: KapOOKCUIbHBIE, (PeHOT-TUAPOKCUIbHDIE, CIIUPTO-
Bble, aMIUIHbIE, KapOoHWIbHBIE 1 fip. (puc. 1) [4]. KommdecTBO METOKCHIBHBIX TPYIII, IO MHe-
Huio JLH. AnexcaHmpoBOif, 3aBUCUT OT CTeHNeHM TyMUQPUKAIVM ¥ COCTaBa MCXOFHBIX
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PacTUTENbHBIX OCTAaTKOB. [Ipy 3TOM OHM ABIAIOTCA OCTATOYHBIMIU B MAKPOMOJIEKY/IE€ TYMUHO-
BBIX KUCTIOT [5, 6]. [MapoKcuiIbHbIe Tpynmbl 1 (peHOTbHBIE TUAPOKCIUIBL, TTie BOZOPOZ, CIIOCO-
OeH K 3aMelleHNI0, OIPee/IAI0T KICTOTHBIE CBOJICTBA ITYMYCOBBIX KIC/IOT.

CH OH OH  NH,

0 OH
Fe\
ooo

OH

OH

Puc. 1. Tunorerndeckas Gopmyia rYyMMHOBBIX KUCTIOT [4]

KauecTBeHHBINI cOCTaB (PYHKIMOHA/TBHBIX IPYII B PY/IbBOKMC/IOTAX ¥ TYMIHOBBIX aHa-
normdeH. OfHAKO B Py/IbBOKMCIOTAX B KOMMYECTBEHHOM COCTaBe IMPeoOIafaoT IMAPOKCIUIb-
HbIe Y METOKCI/IbHBIE Ipynnbl. CBOOOHbIE aMITHOTPYIIIIBI He 00HApyXUBAIOTCA. MOXKHO cfie-
JIaTb BBIBOJ, O TOM, YTO HIM4ue O0JIbIIOro 4ic/ia PyHKIMOHATbHBIX TPYIII, TaKuX Kak -NH,,
-OH, -COOH, -CONH,, -SH nossonser paccmarpuarh I'B kak BBICOKOpeaKLIMOHHbIE Bellle-
CTBa, CHOCOOHBIE pearnpoBaTh C MINPOKUM KIaCCOM XMMMYECKNX coegyHennit [7]. Takum 06-
Pa3oM, MOJIEKY/IBI TYMYCOBBIX KUC/IOT IIPEAICTAB/IAIT COO01 paHJOMM3MPOBAaHHbIE IIOIVIMEPHI
apOMAaTHYeCKNX U annupaTIecKNX CTPYKTYpPHBIX (PparMeHTOB, COIepKaIX pasHOOOpasHbIe
($yHKUMOHAIbHBIE TPYIIIIBI, CIIOCOOHDIE BCTYIATh B XMMIYECKIe PeaKI CO MHOTVIMM XVIMU-
4eCKMMH Bell[eCTBAMM, IOCTYTAIOIIVMMY B IIOYBY.

OcHOBHaA YacTh

Bonpuras yacTb ryMMHOBBIX BELIECTB HAXOAWUTCA B ITI0YBE B CBA3aHHOM COCTOSIHUM U He-
pacTBOpMMa B Boje. AKTMBATOPOM OPraHMYeCKOTO BelecTBa Topda B TabOPaTOPHBIX YCIIO-
BMAX CJIY>KVWIV BOJGHBIE PACTBOPBI LIE/I0YEN, M3 KOTOPBIX 9KCTParupoBalIy T'YMIUHOBbIE COEIVI-
HEHUA B BUJI€ TYMaTOB M TYMUHOBBIX KMC/IOT ITyTeM 3KCTPAKLMM C IIOCTERYIOINM UX OCaXK/e-
HIeM B Kucnoir cpege. IlomydeHHble TyMMHOBBIE KMCIOTBI AHANM3MPOBAIN METOJOM
VK-ciektpockomyu. CoekTpbl MHQPAKpPaCHOTO IOIVIOIIEHMS PEeruCTPUPOBAIM  HA
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VK-®ypbe-criektpomerpe RX (Perkin Elmer) ¢ mpucraskxoit HIIBO Spectrum Two, B unTEp-
Basie yacToT 500-4000 cMm™, ¢ paspemenneM 4 cm’'. KommuecTBEeHHYIO OLIEHKY COAep>KaHNA
(YHKIMOHAIbHBIX TPYIII TYMIHOBBIX KIC/IOT IIPOBOAVIIV HA OCHOBAHMM OTHOIIEHNII OIITHYe-
CKMX ITOTHOCTEI IOJIOC TTOI/IOLIeHNA KMCIOPOICOMIePyKAIIMX IPYIII K ONTHYECKUM TIJIOTHO-
CTAIM, COOTBETCTBYIONIVM apOMATIYECKUM TIO/TMUCONPKeHHBIM cucTeMaM 1600 cm™ 1 annda-
TUYECKUM 3aMecTuTernsaM npu 2920 cm™ (tabi. 1).

Ta6muna 1. CooTHoLIeHME ONTHUYECKIX IVIOTHOCTET TI0JI0C MTOTIONIEeHNsI TYMIHOBBIX KICIOT BEPXOBOTO Topda

Tun ropda | Aou 3300 Ac=01700 Aank 2920 A1039 Ac—o-c1210| Ac=01700 Aon 3300
Ac=c1600 | Ac=c1600 | Ac=c1600 A1600 Aank 2920 Aank 2920 Aank 2920
Bepxosoit 1,5 1,0 1,3 1,5 0,97 0,67 1,0

V3 mpencraBieHHBIX B Tabn. 1 pe3ynbTaTOB BUHO, YTO OTHOIIEHME Aau 2020/ Ac=c 1600
60IbIIIe eAVHUIIBI, YTO TOBOPUT O IIPe00/IalaHNy A/IKMIbHBIX CTPYKTYP HaJl apOMAaTUIeCKIMIL.
B apomatnueckoM Kosblie Hab/II0gaeTcss BBICOKOE CofiepKaHe IUAPOKCUIbHBIX 1 KapOOHWIIb-
HbIX Tpymm (Asse/Aieo > 1 M Ajzo/Aleo = 1), a TakKe 3aMeIIeHHBIX aTOMOB BOJOPOJa.
I 'K BepxoBoro Topda XxapakTepHbI apoMaTudecKue ¥ KapOOHMICoepKale CTPYKTypbl
(Ac=0 1725/ Ac=c 1600<1). bonblIoe comep>kaHue TMAPOKCIIBHBIX TPYIII MOXET yYKa3bIBaTb Ha
Haymane B cTpykType 'K (praBoHOMAHBIX CTPYKTYp, YIacTBYOIINX B 0OecIiedeHNN IPUPOJ-
HOTO MIMMYHUTETA, PEe3UCTEHTHOCT! K ITaTOTeHHBIM (pakTOpaM OaKTepuarbHOTO, BUPYCHOTO,
rprOKOBOTO MMPONCXOXKAeHMs [3, 5].

B crarpax ([7-10] BBIABIEHO, 4YTO HamuM4Me TUPOKCUIbHBIX, KapOOHMIBHBIX U
KapOOKCIIBHBIX TPYIII B COYETAaHUM C ApOMATUYECKON CTPYKTYpoOil obecrednBaeT BO3MOX-
HocThb ['K BeTymath B MOHOOOMEHHBIE 1 TOHOPHO-AKIeITOPHbIE B3aMOAECTBISA, 0Opa3oBbI-
BaTb BOJOPOJHbIE CBA3Y, Y4aCTBOBATD B COPOILMOHHBIX ITPOIIeccax, 00pa3oBbIBATh KOMIIIEKCHI
C MeTa/UyTaM! U affyKThl C PA3IMYHBIMU KIacCaMM OpPTaHMYECKUX coefguHeHnit. CBsA3aHHBbIE
BeIl[eCTBA TePSIIOT CBOIO TOKCIYHOCTD, 4TO 00bsCHseT npuMeHeHMe 'K B kauecTBe IprpogHbIX
IeTOKCUKAHTOB.

B xauecTBe 00BbEKTA B3aMMO/IEIICTBIA TYMITHOBBIX BeIl[eCTB MCCIeI0BAaHbI OCalKy, 0Opa-
3ylolyecs B Ipoliecce peareHTHON O4MCTKY MIHEPATM30BaHHbIX BOJ Y HOObIUE MOJIe3HBIX
uckomnaeMbix. OcafjKy IOC/Ie OYNMCTKM KapbepHBIX BOJ NPENCTABIAIT COOOI HOCTATOYHO
CTIOKHYI0 CMeChb pPa3HOOOPasHBIX BeIIeCTB MIHEPA/JIbHOTO M OPTaHMYEeCKOTO COCTaBa.
TexHOMOTNA yTUIN3aLNN OCAAKOB PEareHTHO OYNCTKM C MICIIO/Ib30BaHMEM IIPUPOHBIX KOM-
IIOHEHTOB OPTaHNYECKOV IMPMPOJABI SABIAETCSA Hamboree I1e1ecoO0pasHbIM U 9KOTOTMYECKN
000CHOBAaHHBIM pellIeHNEM.

[Tocme 06paboOTKM 0CaKOB PAaCTBOPOM I'yMUHOBON KIC/IOTHI C KOHILIeHTpanueit 1 /oM’
o6pasusl BeicymBany npu T = 105 °C u 3atem nonygamu VIK-cektps nccnegyeMbix o6pas-
110B. CIIeKTPBI 0CaKOB, 00pabOTaHHBIX TYMITHOBOJ KMCTIOTOI B CBOEM COCTaBe COJIepKasIu CO-
eIVHEeHNs Kanblus, 6apus, cynbdarel n 66U nmomydens Ha VIK-Oypoe-cnextpomerpe RX
(Perkin Elmer) ¢ mpucrasxoit HIIBO Spectrum Two, B naTepBane gacrot 400-4000 cm™, ¢ pas-
peteHueM 4 cm' (puc. 2).
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Puc. 2. VIK-crieKTps! 0CafiKOB peareHTHOI O4MCTKY ITYMIHOBOJ KICIIOTOIL: 1 - ¢ cofiepKaHeM CoefuHeHNI 6apust
B ocapxe 0,047 Monb/oM®; 2 - ¢ cofiep)KaHIeM COeHEHUIT KanbIys 1 6apus B ocanke 0,12 Monb/mm?; 3 - ¢ copep-

JKaHMEM COeVHEeHMIT Kanbis u 6apus B ocagke 0,095 Mob/pm?

Y cTaHOBJIEHO, YTO B3aMMO/IEIICTBIUE Oapus ¢ CynbdaTaMi IPUBOANUT K IOTHOMY UX OCa-
KJIEHNIO, XapaKTepU3YIOLUIeMyCsl YBeIMYeHNeM IOJIoC IorloleHns B obmactm 1198 cm
1 983 cm! o cpaBHEHUIO € 00pasLiaMu, IpeABaAPUTETHHO 06PabOTAHHBIX COEAMHEHMAMU Ka/lb-
VA C HOCNeAYIIMM ocaxaeHneM O6apueM. Hanbonee nntencusHble konebanns B VIK-crek-
Tpe 0OHapYXXMBAIOTCA B 00/1aCTV BaJIEHTHBIX Kojebanuit vs 950-1200 cM™, XxapakTepHbIe Jiis
cynbdaToB. B criekTpax Bcex 06pa3ijoB HaOMIOZAIOTCS XapaKTePUCTUIECKIe TTOJIOCHI BaJIeHT-
HBIX U JepopMaIIOHHBIX KO/Ie6aHmit cy/bgaTHOI Ipynibl B 06mactu 605, 1070 cM™ 1 cBA3aHO
c o6pa3oBaHMeM HepacTBOPUMOTO cy/nbdara 6apus. Habmropaercs cMelieHye I0I0C MOT/IoNIe-
Hus s cBsasu SO472 B o6mactu 1080-1130 Ha 10 cm™ B 06pasiax, mpegBapuTebHO 06paboTaH-
HBIX COENVMHEHMSAMU KaJbLVs, a 3aTeM COeAMHEHMAMM 6apus, 4TO CBSI3aHO C yBe/MYEHVEM
L0/ CBOOOJHBIX CY/Ib(ATOB B OCAJKe.

Hanmaime HepacTBOpUMBIX KapOOHATOB Ka/mbLMs ¥ 6ap1isi XapaKTepu3yeTcs CUIbHOM I10-
N0coit mornoenns B obmactu 1410-1450 cm!, KoTopoe 1 0OHapy>XeHO BO Bcex 0oOpasijax,
Ipy4eM HamOO/bIIas MHTEHCUBHOCTD II0JI0OCHI OTMeYaeTcs B 0cajKe, 00pab0TaHHOM TOIBKO
COelVHeHNsAMM Oapus.

BsauMopeiicTBIe TyMUHOBOJ KMC/IOTBI C OCaZIKOM MIMeeT IIPeVIMYIIeCTBEHHO afiCoOpOI-
OHHBII XapakTep [4, 10]. [IpenmoskeHHbI MEXaHM3M IIOATBEPIK/IAeTCS BBICOKUM COfiep>KaHNeM
cynb(}aToB, KaTMOHOB MeTa/IOB B afcopbiyonHoM komiiekce 'K ¢ ocagxom. Copeprkanne
Xeresa, Kanbuus, 6apus, pochaTos, cynbdaToB Bo3pacTaeT B OCafIKe 10 CPAaBHEHMIO C COfiep-
JKaHMEM COEJVIHEHMII B TyMMHOBOJN KNUC/IOTE, O YEM CBUJIETE/ICTBYIOT P€3y/IbTaThl, IOTY4€H-
Hble Ha peHTreHodI00peceHTHOM criekTpodoTomerpe EDX6000B ¢ SDD xpeMHMEBBIM fie-

tektopoM EDX Pocket Series. PesynbraThl aHami3a mpepcraBieHsl B Ta6L. 2.
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Ta6muna 2. CofepskaHue 9/eMEHTOB B 00pas1iax 0CaKOB PeareHTHO OUMCTKY C [YyMIHOBOI KICIOTOIL, % Mac.
OneMeHT Ca Mg | Zn Fe Mn | Mo | Al P S Ba K

KonueHTpanmsa coeguHe-

HUIT Kanbiyst u 6apus | 9,746 | 0,435 | 0,046 | 0,212 | 0,046 | 0,455 | 0,145 | 1,363 | 6,237 | 17,701 | 0

B ocazike 0,095 Monb/mm?

KonueHTpanmsa coeguHe-
HUIT Kanbiyst u G6apus | 14,11 | 0,427 0 0,2 {0,086 |0,415| 0,821 | 1,314 | 3,694 | 31,098 | 0
B ocagke 0,12 Mmonb/mm>

KonueHTpanmsa coeguHe-

HuUit 6apus B ocagke 0 0,215 | 0,156 0 0,175 0,37 | 0,088 | 0,128 | 3,487 | 35,323 0
0,047 monb/mm>

KoHneHTpanumys rymuHo-

1,082 | 1,099 | 0,041 0 0 1,351 0,424 | 0,104 | O 0 6,912

BOJ KUCIIOTHI, T/1M>

I[To MHeHMIO aBTOPOB, [11, 12] ryMMHOBBIE BelljecTBa 00/1aal0T 3HAYNTEIbHOI CIOCOOHO-
CTBIO K 00pa30BaHNI0 KOMIUIEKCHBIX VI BHYTPUKOMIIIEKCHBIX COIVHEHNII (XeTaTOB) C XKene30M,
aJIIOMVHMEM, MEJBIO M APYTUMMU NO/IMBa/IEHTHBIMY KaTMOHaMM. B pabore [4, c. 127; 13, 14] onin-
CaHa BO3MOXXHOCTb OOpa3OBaHMUA CJIOKHBIX ATIOMO->Ke/Ie30TYMIHOBBIX CO€IMHEHNII KOM-
IJIEKCHOV IPUPOABL.

Astops! [15, 16] BpICKa3anu MHEHUe, YTO «IIPOLIeCC coneoOpa3oBaHus, O-BUANMOMY,
COIIPOBOXKIAETCS aficopbiyelt 1 KoMmIiulekcoobpasoBaHuem». 1oy afcopOIMOHHBIMU KOM-
IJIEKCAMM IIOHMMAIOT IIPOAYKTbI B3aMMOZEVICTBYA TYMUHOBBIX BEHIECTB C KPUCTA/UINYECKVMMA
1 aMOPQHBIMU MIHEepaIaMI IT0YB VIV OPTaHOMIHEPaIbHbIe IIPOAYKTHI MOTIOIeH I TyMIHO-
BBIX BelllecTB MuHepanamu. O6pa3oBaHMe afcOpOLVOHHBIX KOMIUIEKCOB BO3MOXKHO 3a CYeT
ME>XMOJIEKY/IAPHBIX CBsA3ell (COOCTBEHHO afcopOuys) 1 3a CUeT MOHHBIX ¥ KOOP[VHAIVIOHHBIX
cBsasell (xemocop6bums) [16, 17]. Beicokoe copepxaHye KapOOKCHIbHBIX TPYIII 11 (PEHOIbHBIX
CTPYKTYp IpupaeT ryMmuHoBbIM KucnoTaM (I'K) cmocoOHOCTD K CBA3BIBAHMIO TSDKETBIX METANI-
JIOB B YCTOIYMBbIe KOMIUIEKCEL, @ ITO/IMapOMaTIYecKas OCHOBA CTPOEHM o0ecreunBaeT CBs-
3bIBaHle€ OPTaHMYECKNX 3arPA3HUTENEIN.

BsaumoperictBue noHOB MarauA ¢ 'K HOCUT JOHOPHO-aKLENTOPHBI I MIOHHO-VIOHHBIN
MexaHn3M [18]. XapakTepHO yMeHbIIIeH)e MacCOBOII IOV NOHOB MarHNsA B KOMIUIEKCe C Ty-

MIHOBBIMU KICTIOTaMy 60Jjiee yeM B [iBa pa3a 10 CPaBHEHUIO C MICXO/IHBIM COJlepXKaHMeM.
BpIiBOAbI 1 peKOMEHAALMN

Taxum o6paszom, rymuHoBbIe KMCIOTHI (['K) MOXXHO paccMaTpuBaTh Kak epCHeKTVBHbBIE
IPUPOAHBIE ETOKCUKAHTBHI, 00J1a/jalolyie BBICOKON PeaKIVIOHHON CIOCOOHOCTBIO IT0 OTHOIIIE-
HUIO K VMOHAM TsDKE/IBIX METa/UIOB 3a CYeT IIMPOKOTO CHeKTpa (YHKUIMOHAIBHBIX TPYII
(kapb6OKCHUIBbHBIE, TUPOKCUIbHBIE, KAPOOHMIIbHBIE, a30T- U CEPOCOZiepIKalIye), @ B COUeTaHUN
C apoMaTNyecKuMy GpparMeHTaMy CIOCOOHBI CBA3bIBATh OPraHNYEeCKVe TOKCMKAHTBI B HETOK-
CIYHBIE KOMIUIEKCBI, CHIDKAS 9KOJIOTMYECKYI0 HarPy3Ky Ha OKPY>KAIOILIYIO CpPefy, YTO OTKPbI-
BaeT HOBbIe BO3MOXKHOCTY IJIA PecypcocOeperannx TeEXHOIOTHI U CIIOCOO0B He3aKTUBAIN

SaFPHSHVITeHeﬁI, OCHOBAHHBIX Ha IIPUPOAHBIX ITPpOLIECCAX CAMOOINIIIEHNA.

49



OT XHMHM K TEXHOTOTHH TOM 4, BINYCK 3, 2023

10.

11

13.

14.

15.

16.

17.
18.

CIMcOK UICTOYHVKOB

baxuna H.JL, [lepraueBa M.J. ®nyopeclieHTHbIE CBOJICTBA 'yMUHOBBIX KMC/IOT TIOYB pasHbIX YC/IOBUIA
¢dopmuposanus // Iousvt u oxpyscarowias cpeda, 2021. T. 4, Ne 4. C. 1-18.

Man-Man Xia, Gui-Mei Dong, Ren-Jie Yang, Xiu-Chun Li. Qian Chen Study on fluorescence interaction
between humic acid and PAHs based on two-dimensional correlationspectroscopy // Journal of Molecular
Structure. 2020. Vol. 1217. P. 1-6. DOI: 10.1016/j.molstruc.2020.128428.

ITommos A.W1. ['ymMmuHOBBIEe BellleCTBa: CBOJCTBA, CTpoeHMe, obpasoBaune / mox per. EJI. Epmaxosa. CII6.:
Usp-Bo C.-Ilerep6. yH-Ta, 2004. 248 c.

Vcxakos X.A. I'ymuHoBble KoMIUIeKchl // Becmuuk Kysbacckoeo mexnuueckozo ynusepcumema. Xumuueckas
mexnonozus. 2010. Ne 6(82). C. 126-129.

Baxxuna H.JL., Onpap E.J, lepa6una F0.M. Criennduxa mormomeHns cBeTa B BUAUMOIL U yIbTpaguoIeTo-
BOJI 06/1aCTI CIIeKTpa TyMUHOBBIMI KMC/IOTaMI [I0YB 3amafgHoi yactu Teppuropun Tyssl // Becmuuk Open-
6ypeckozo eocydapcmeentozo yHusepcumema. 2014. Ne 6(167). C. 189-194.

Komuccapos 111, Jlormuos JI.®. MonekyapHas CTPYKTYpa M peaKIMOHHAsA CIIOCOOHOCTb TYMUHOBBIX KHC-
not // T'ymunosve seujecmea 6 6uocgepe: co. cmameii / ots. pex. [I.C. Opnos. M.: Hayka, 1993. C. 36-43.

Siqi Liu, Marc F. Benedetti, Weiqing Han, Gregory V. Korshin. Comparison of the properties of standard
soil and aquatic fulvic and humic acids based on the data of differential absorbance and fluorescence spectros-
copy // Chemosphere. 2020. Vol. 261. (129189). P. 1-13. DOI: 10.1016/j.chemosphere.2020.128189.

SArosxun A.K., Muponosa 10.B., Muponos A.A. PasButue npefcrasieHnii 0 MO/IEKy/LIPHON OpraHusaln
C/IOYKHBIX OPTaHMYeCKIX CUCTEM - TyMUHOBBIX KMCIIOT // Becmnux FOzopckozo zoc. yn-ma. 2009. 3(14). C. 80-86.
Borommubm K.I'., boitmosa T.A., Kysuenosa V. A., lapuonos H.C., Ilamamapuyk I.A., Akcenos A.C.,
Bpoeko O.C. OcobeHHOCTI KOMIUIEKCOOOPA3YIOLMX U COPOLIMOHHBIX CBOVICTB IYMUHOBBIX KIC/IOT BEpPXO-
Boro Topda Apxanrenbckoit obmactu // Becmuux MIOY. Ecmecmeentvie Hayku. 2011. Ne 3. C. 132-139.
TIoselis P., Ikan R., Frenkel M. Thermal degradation of metal-complexed humic substances // Phys. and Chem.
Earth. 1979. No. 2. P. 567-577.

. Boszbyuxkas A.E. Xumns moussl. M.: Beicuras mikorna, 1968. 428 c.
12.

Xonopos B.A., Koncrantunos A.J., Kyapsasues A.B., Ilepmunosa VI.B. CrpoeHne ryMiuHOBBIX KUCTIOT
[OYB 30HA/IBHOTO Psifia 110 AaHHBIM criekrpockomym SIMP CP // ITousosederue. 2011. Ne 9. C. 1064-1073.
AxaroBa E.B., [lmurpuesa E.JI., Ciongiokosa K.B., JleoutseBa M.M., Mysadapos E.H. [lerokcunupyromas
CIIOCOOHOCTD TYMUHOBBIX BEIIECTB TOP(OB PAsINIHOTO IPOUCXOXK/EHNSI 10 OTHOIIEHNIO K MOHAM TSDKeJIbIX
MeTamnoB // Xumus pacmumenvrozo coipvs. 2017. Ne 1. C. 119-127.

Dong C, Chen W, Liu C,, Liu Y, Liu H. Synthesis of magnetic chitosan nanoparticle and its adsorption prop-
erty for humic acid from aqueous solution // Colloids and Surfaces A: Physicochemical and Engineering Aspects.
2014. No. 446. P. 179-189. DOI: 10.1016/j.colsurfa.2014.01.069.

Koponesa P.II., Anbi6akosa H., Hazaposa H.V. BsanmopeiicTBIe T[yMUHOBBIX KUC/IOT C COMAMIU 5TIEMEHTOB
U UX pacTBOpUMOCTD // Mamepuanvt 1-ii konpeperyuu monodvix yuenvix AH Kupeusckoii CCP: c6. cmameil.
®pynse: VM, 1970. C. 300-302.

Urazova T.S., Bychkov A.L., Lomovskii O.I. Sorbtion capacity of lignocellulosic materials toward humic acid //
Russian Chemical Bulletin. 2015. Vol. 64(5). P. 1183-1188.

Opinos [I.C. I'ymycoBble KUCTOTBI ITOYB 1 06111ast Teopust rymudukanmu. M.: Msg-so MI'Y, 1990. 325 c.
Assakymosa H.IL., Kpusonamosa M.A., ’Kepnos 10.B. VIK-cnekrpockomnmdeckoe usydeHyne ryMaToB Mar-
H1A U cepebpa nenounos // Mzsecmus Camapckoeo HayuHozo yenmpa Poccuiickoti akademuu nayx. 2010. T. 12,
Nel(8). C. 2003-2006.

Hocmynuna e pedaxyuto 14.07.2023

Odobpena nocne peyersuposanus 16.09.2023
IIpunama x onybnuxosanuro 08.09.2023

50


http://dx.doi.org/10.1016/j.molstruc.2020.128428
https://doi.org/10.1016/j.chemosphere.2020.128189
http://dx.doi.org/10.1016/j.colsurfa.2014.01.069

OT XHMHM K TEXHOTOTHH TOM 4, BINYCK 3, 2023

Hayunas cmamos
VIIK 633.3:632.934

AIDETMPOBAHUME BOPHIEBMKA COCHOBCKOTI'O KAK TIOKAJIbHOE
CPEJJCTBO BOPbBbI C ETO PACITPOCTPAHEHMEM

A. B. ITaBnos', B. B. Maprasosa', C. A. ViBaHoBCcKmit*

Anexcangp BmagucraBoBuy IIaBIoB, KaH/. TeXH. HayK, HoLieHT; Banentmna Bnapummpona Maprasosa,
KaHJl. XMM. HayK, fioteHT; Cepreii Anekcangposiyd VIBaHOBCKMIL, KaHJ. XUM. HayK, CT. Hay4. COTPYAHUK
'SpociaBckuit  TOCYRAapCTBEHHBII TexXHUYecKuit yHuBepcuter Spocimasmb, Poccms, paviovav@ystu.ru;
martasovavv@ystu.ru

HUWM «Ilentp tpaHcepra apmareBTHIecKux TexHomormit mMenu JJoporoBa M.B.», Spocmasims, Poccus,
main_engine@mail.ru

Kniwouesvie cnosa: Annomauus. B oannoti pabome npednoxer 00uH us cnoco6oe 60pvbuvi ¢ azpeccus-
6opuesur CocHOBCK020,  HbIM UHBA3UBHLIM pacmenuem 6opujesux CocHoeckozo Heracleum sosnowskyi
A6NOUHDBLTL YKCYC, Manden, ucknouaouuii onacHvlll KOHMAKM COKA 31020 PACINERUS C KOMHbIM
unBeKUUU 6 cmeonu, NOKPOBOM Henosexda. Dmom cnocob OCHOBAH HA NPoSedeHUU UHDeKUUl 6%-M

HeKpO3 HA3eMHOU YaCmuU  AO7I0UHBIM YKCYCOM 8 ONMUMANbHBIX 00EMax 6 crnebenv pacmenuss 00 e2o n100o-

pacmenus, pypanokyma-  Housenus. IIposedeHue uHveKyUY 6 NOMYIO HACb CIMEONA 6bI3bl6AerN 6 HedeHue

PpuMbL, HUOKOCMHAS 48 uacos nonHvIli HEKPO3 HA3EMHOU HACMU PACEeHUs, KOMOpblil nodeepeancs

xpomarmozpagdus KoHmMakmy ¢ nuuesbuim A6104HbIM yKcycom. TIpu amom auemuposarue A6gemcs
UCKTIIOHUMETIbHO CeNIeKMUBHBIM NPOUECCOM, XAPAKMEPHbIM MOAbKO O 6opuse-
suka COCHOBCK020, U He 0KA3bleAem He2AMUBHbBIX IKOT0ZUHECKUX NOCIe0CtnBUl,
HAOMI00AeMbIX NPU NPUMeHEHUU 2UPOcama, UMUOA30NIUHURA, CYTbPOHUAMOYe-
BUHDL U OPY2UX U3BECHHBIX 2epOUUUO06. [INIT NOOMEepHOeHUS UCKIOHUMENbHOU
cenekmusHocmy Oelicmeuti uHveKkyuli Ha O6opulesux 6 pabdome NOKA3AHO, UIMO
uHweKy Ul 6%-20 A07104HO20 yKCyca He 0elicmeyom Ha nycmomervle cmebu 0coma
020pooHo20 Sénchus olerdceus. Ommeuero, 4mo uHvexyUU 6006l 8 Ctebniu 060UX
6U006 CPABHUBAEMBIX PACIEHUL He NPUBOOAH K OMMUPAHUIO UX HA3EMHOU HACHU.
Memodamu 8vic0K0IPPexmUsHOL HUOIKOCMHOL Xpomamozpagduu noxasaHo, 4mo
6 cmebnAX nocne uHvekyutl 6%-m A6I04HLIM YKCycoMm Hepes 48 uacos Habnwo0aemcs
UHOYUUPOBAHHDBLTE POC COOEPHAHUT PYPAHOKYMAPUHOS KAK OMBEMHOT peakyuu
HA onacHvlil 0715 pacmenus pasopaxcumens, cooepiane KCAHMOMOKCUHA Yeenu-
4unocv 8 1,7 pasa.

Jnsa nuTupoBaHu:

[TaBnoB A.B., Maprasosa B.B., Viarnosckmit C.A. Auernposanue 6opuieBrnka COCHOBCKOTO KaK JTOKaIbHOE CPefi-
cTBO 60pBOBI € ero pacrpocrpanenueM // Om xumuu Kk mexvonozuu wae 3a wazom. 2023. T. 4, Boim. 3. C. 51-59.
URL: http://chemintech.ru/index.php/tor/issue/view/2023-4-3

BBenenne

bnarogapst oOmmpHOI IponaraHAMCTKON KaMITaHUM CPefy MMPOKNUX MAcC Hace/leHus
00 MCK/TIOUNTENbHOI onacHoCTY 6opiieBuka CocHoBckoro Heracleum sosnowskyi Manden st

BCETO JXNMBOTIO, KOTOpaA OIMPAETCA Ha HaAaydIHbIE JMCCIECNOBAHNA UM pe€a/lbHbI€ PE3ynbTaThl,

© A. B. [IaBnos, B. B. Mapra3sosa, C. A. VIBaHoBcknit, 2023
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CTI0XXMJIOCh MHEHJE O HeOOXORVMMOCTI TOTAIbHOTO YHUYTOXKEHNUS HMOMY/IALMII 9TOTO pacTe-
HIs1. MeXaHn4eckoe yHu4TOXeHue 6opieBrka COCHOBCKOTO 3aK/TI0YaeTCsl B IEPUOANIECKOM
CKAIlIVMBaHVV BEepXHel YaCTV 9TOTO PacTeHNs, KOTOPOe OCYIIECTBIAETCS O TPEX pas3 3a Ce30H,
HauMHas C alpessd U 3aKaH4MBasg B ceHTAOpe [1]. IIpn ckammBaHuM 06pas3yomniics Cox, co-
feprKauiuii GypaHOKyMapuHBL, IOafast Ha KOXKHBII IIOKPOB, MOXKET BbI3BIBATh OOe3HEHHbIE
¢$oTO-0XKO0TM OT MIOOTO MCTOYHMKA YIbTpaduoneToBoro n3nydennus [2]. Ilpu oxnranunm 3a-
pocieit 6opuieBrka COCHOBCKOTO BO3HUKAIOT IIPOOTIEMBI, CBsI3aHHBIE C JINTE/IbHBIM TI€HIEM
3TOTO pacTeHV U He TIOiflep>KaHeM VIM OTKPBITOTO IIaMeHy IIpy ropernn [3, 4]. Cunraercs,
YTO Y 9TOJ IOIY/IALMY PACTeHNIT He IMEEeTCs eCTECTBEHHBIX BpeJyTeNIeil, a pojIb IyceHul] 6a-
OOUYKM-MOMN ¥ JTNYMHOK >KyKa-CIOHMKa, Ioefamiiux OopiieBuK COCHOBCKOTO, He 3HA4M-
TefibHA B 60pbOe ¢ 9TMM pactenueM [5]. epbunmpnas o6paborka addexkTrBHA 1 9KONMOTMYE-
CKM OIIpaBJiaHa TOIbKO B MECTAX, YAA/ICHHBIX OT XU3HeJeATeTbHOCTY mofeil. O6paboTka rep-
OumyaMy Ha OCHOBe ITdocaTa, MMIA30/IMHIHA U CYTb()OHIIMOYEBMHBI 3apoceit bopie-
Brka COCHOBCKOTO BO/IN3M >Ke/Ie3HOZOPOSKHOTO II0/IOTHA OCTAHAB/INBAET POCT U PacIIpOCTpa-
HeHVe 3TOTO pacTeHus U obecrednBaeT 6€30IaCHOCTD JBYDKEHMS XKeTIe3HOJOPOXKHOTO TPaHC-
nopta [6]. XuMuyeckoe BO3JeiicTBUe repOUIfiaMit, B CIy4asix, OTOBOPEHHBIX B [7], mpeny-
CMaTpUBaeT MX MHTETPa/IbHOE IEJICTBIE, TO eCTh 00pabOTKy BCETro pacTUTETbHOrO TaHALIIadTa
Ha KOHKpeTHOJ Teppuropuu. CreyeT OTMETUTD, YTO BCe M3BECTHBIE METObI OOPBOBI ¢ 6Op-
weBKOM COCHOBCKOTO TpPeOYIOT 3HAUMTETIbHBIX TPY[AO3aTpaT, M Pe3y/lIbTaThl 9TON OOPHOBI
cpasy He oueBuHBL OTCyTCTBUE (efiepaTbHbIX 3aKOHOB II0 OpraHu3anyy 6opboe ¢ ITUM UH-
BasMOHHBIM pacTeHVeM IIPUBEIO K TOMY, 4TO OopieBuK COCHOBCKOTO Ha CETOHALIHMI IeHb
YHUYTOXaeTcA o Mepe Heobxopumoctu [8]. Ha aTom poHe Hakam 60pbObI ¢ 9TMM pacTeHNeM
B EBpone n CeBepHOIl AMepuKe HECKOTIBKO CHM3WICH [16, 17], TaM OCyIecTB/IsAeTCsI B OCHOB-
HOM MOHUTOPVHT pacIpOCTPaHEeHNUsI PACTEHNUII C CIIO/Ib30BaHMEM a9pOPOTOCHEMKIL.
PaspaboTka 1 BHefjpeHVIe «3eTeHbIX» XVMUYECKMX TEXHOJIOTMUI, IpefyCMaTPyBAIOIIX
IIO/Ty4eHe U UCTIONIb30BaHe M3BIeYeHHBIX U3 6opIeByKa COCHOBCKOTO IIEHHBIX Y II0/Ie3HBIX
BeIIeCTB, TAK)Ke He HaXOANT JJO/DKHOI TTOJIfIep>XKY Y MTHBECTOPOB. B maHHOII paboTe npencTas-
JIEHBI pe3y/IbTaThl TOUEYHO WM AU epeHIPOBaHHO XMMUIEeCKO 00paboTKM 6opIIeBrKa
COCHOBCKOTO ITyTeM IIPOBeReHVsI MHBEKIMIT 6%-M sI07T0YHBIM YKCYcOoM. [laHHBIiT crioco6 cBo-
IUT K MMHUMYMY TPY/03aTpPaThl, ICKII0YaeT KOHTAKT C SJOBUTBIM COKOM JI3y4aeMOT0 pacTe-

HVA, OCTAaBJIAET HeBpeI[I/IMbIMI/I pHI[OM HpOI/ISpaCTaIOHH/Iﬁ paCTVITeHbeIﬁI }IaH,‘[U_Ha(l)T.
OcHOBHaA YacTh

Bei6op 6%-r0 6/1094HOTO yKCyca B KauecTBe OpyAus B 6opbbde ¢ 6opuieBrkom COCHOB-
ckoro He crygaeH. Haponbsr KaBkasa o cux mop MapuHYIOT TO6€TY 9TOTO pacTeHUs 1 yIIOTpeo-
JISIIOT VX B VI, A1 MApMHOBAHMSA VICTIONIB3YIOT 6%-71 KpacHBIi BUHOTpagHbIi ykcyc [9]. ITo-
3TOMY IIpeZCTaBIIAeT ONpe/e/IeHHbIN MHTepeC IPOM3BOANTD KOHTAKT 3TOTO PacTeHMs C YKCyC-
HOJI KMC/IOTOM! (alleTMpOBaHNe) B €CTeCTBEHHBIX YCIOBUAX ero mpouspacranus B Poccun. To-
yeyHas win AnddepeHnrpoBaHHaA XUMITdecKas o6paborka 6opijeBrka COCHOBCKOTO CBOAN-

J1aCb K MHBEKINN MEAUIIVMHCKUM IIIIPUILIEM 6%-M SA67T0YHBIM YKCYCOM B IIYCTOTE/IbIE robern
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pacteHusA. B paHHMX paboTax MeTofjaMy MHBEKLIN HEOPTaHNYECKNX repOUIIIOB N3ydaTach
yCTOIIMBOCTb GopiieBrnka COCHOBCKOTO K x/oparty HaTpus [10] n mpopgykram anekTponnsa
BOJIHBIX PacTBOPOB IIOBapeHHOI comu [11].

C6op ncxognoro 6opueBnka COCHOBCKOTO 1 oc/Ie 06paboTky 6%-M s0/T0YHBIM YKCY-
com o 'OCT 32097-2013 [12] ocymecTBasanca Ha Tepputopun pocmaBckoro MyHUIIUIIAIb-
Horo pariona (Kapabuxckoe cenbckoe mocenenne 57°53'55"5 ceBepHoit mmpoThl 1 39°76'74"2
BOCTOYHOJ1 IOJITOTHI) B TeYEeHNeE MOCIeiHel feKaibl 1o, O0paboTKy I06eroB Mpon3BOAIIN
KaK 10 00pa30BaHNsA COLBETUI, TaK ¥ II0 OKOHYAHNIO LIBeTeHns pacTeHys. C BBIOpaHHOTO pac-
TeHMs BBICOTON He 6osee 110 cM orbmpanmmch crebnu Ko 06paboTky (MCXOZHBIE) U MOCTe
HACTYIUIEHMSI HEKpO3a BEPXHEN YacT PacTeHMs II0C/Ie MHBEKINM MEeIVIVHCKUAM IIIPUIIeM
6%-M 167I09YHBIM YKCYCOM. 141 TOATBEp>K/eHM S Ce/TeKTUBHOTO 1eICTBUA YKCyca Ha OOPIIeBUK
COCHOBCKOTO ITPOBOAIM/IN CPAaBHUTE/TbHbIE MHBEKLIN B 3TO PAacTe€HNe BOJOI [T MHBEKIUI
®C.2.2.0019.18. M36mpaTenbHOCTD AeHICTBUA 6%-TO A6I0YHOTO YKCyca TOIBKO Ha OOpIeBMUK
COCHOBCKOTO TIpOBepsIach Ha MPUMepPe 0COTa OTOPORHOTO Sonchus olecaceus. Ocot oropop-
HBIIl TAaK>Ke IOJIBEPTrajicd MHBEKIAM 6%-TO A0/I0YHOTO YKCyca M BOJOI aHA/TOTMYHBIM /IS
6opuieBrka COCHOBCKOTO.

B ra6mmue 1 npencraBieHbl JaHHBIE O BAMAHNE 00bEMa MHBEKINN 6%-TO I67I0YHOTO YK-
Cyca Ha CKOPOCTb HeKpo3a BepxHell yacTu 6opieBrka COCHOBCKOTO.

V3 Tabmumst 1 cnenyert, 4To mpu m060M 00BbEMe NHBEKLNIT B BHIOPAaHHOM MHTEpPBase OT
2,5 1o 30,0 M HabmIoKaeTCss HEKPo3 BepxHeil yacTu OopuieBuka COCHOBCKOTO, a MMEHHO I10-

6eroB 10 00pa3oBaHMsA COL[BETUI 1 CTeOIel TIOC/Ie IIBETEHNA.

Tabmuna 1. Brusane o6béMa MHBEKIUM 6%-T0 sI6/I0YHOTO YKCYyca Ha CKOPOCTb HEKPO3a BepXHell JacTy bopiiie-
Brika COCHOBCKOTO

KonugecTso O6BbéM MHBEKINIL, CxopocTb HEKpO3a, 4
pacTenui M 24 36 48
[To6eru 6opieBrika COCHOBCKOTO 1O 0Opa30BaHMs COL[BETHMIA
15 2,5 46,7% 60% 100%
15 5,0 80% 100% -
15 7,5 86,7% 100% -
15 10,0 100% - -
10 20,0 100% - -
10 30,0 100% - -
Crebnn 6opuieBnka COCHOBCKOTO IIOCITE [JBETEHNUS

10 2,5 70% 100% -
10 5,0 90% 100% -
10 10,0 100% - -
10 20,0 100% - -

C pocrom 06béMa nHBbeKkIMit (HaumHasA ¢ 10 M 6%-ro A6/109HOTO YKCyca) HEKPO3 HaCTy-

ITa€eT y>Xe IIO0C/IC CYTOK. OI_ICHKa CKOpPOCTU HEKPO3a IIpON3BOANIACH IO BpEMEHMN IIO/THOTO I1a-

AE€HMA paCTEHN Ha IIOYBY U MIBMEHEHVA LIBETA U TOACYIINBAaHNN JIVICThEB.

Ha puc. 1 nmpepcrapnens! poTorpaduim n3ydaeMbIX pacTeHWil 10 (a) ¥ mocie MHbeKLuii (6)

6%-M A67I0YHBIM YKCYCOM B 00bEMe 2,5 M1 ocrie 48 4acoB.
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Puc. 1. ®ororpadun nsydaeMsix pactenuit 1o (a) u nocne (6) uHbeKLUt 6%-M sI6I0YHBIM YKCYCOM B 06BEMe
2,5 Mt mocrie 48 yacos

V3 pacreHus, MpefCTaBIeHHOTO Ha puc. 1, a, Obl coOpaHbl 0Oery, KOTOpbIe MOCIe
cbopa B TeueHye 1 yaca o 06paboTKyu yKcycoM usMmenbyanu B 6neHepe RHB-2944, a satem —
OTKMMAJIN COK Ha 4yTyHHOM Ipecce (cokoBbDKuManke) Juicer Machine. Yepes 48 wacos nmocre
VIHDBEKINIT 6%-M A6T0YHBIM YKCycoM 6opiieBrKa COCHOBCKOTO COOMPAICh TOMBKO CTeO/IN
3TOTrO pacTeHus (CM. puc. 1, 0), Tak KaK U3 TMCTbEB, IIOfiBEPXKEHHBIX HEKPO3Y, IIOJTYYUTb COK He
HPeJICTAB/IATIOCh BO3SMOXHBIM. VI3 cOOpaHHBIX cTeOIel II0Tyqani COK II0 BBIIIEIpeCTaB/IeH-
HOJI TeXHOJIOTUN.

[Tony4yenusiit cox u3 6opieBrka COCHOBCKOTO IIOfiBepraiy 3KCTPAKLIUU XI0pohOopMOM
U1 IOy 9eHMs1 pypaHOKYMapMHOB, KOTOPbIE MOTYT IIPOBOLMPOBATh (OTOXMMIYECKIIE 05KOTH
KO>XHOTO IIOKpoBa [13].

OKCTpaKIUIO IPOBOAVIN ABYKPATHO PV MOCTOSAHHOM IIepeMeBaHNI Ha MarHUTHO
memranke UED-10 B Tedenne 24 4 u temmepatrype (25+3) °C. Opranndeckyo ¢asy ¢ ¢pypaHo-
KyMapyHaMU OTJe/LA/NN Ha JeIMTeTbHO BOPOHKE 1 BBICYIINMBA/IU IO, BAKYYMOM Ha POTOPHOM
ucnapurene npu remneparype 50 °C.

Cyxoii ocratok cmbiBamu pactBopoM 10%-ro NaOH B konmmuectse 300 M mpu Harpesa-
HJY Ha BOZsIHON 6aHe 70 (65+5) °C, mocrie yero usBieKanyu GpypaHOKyMapyHBI Ha JIe/TUTETbHON
BOpPOHKe nopuysmu xnopogopma 1o 100 M 3a yeTbipe pasa. X10podopMHbIe 9KCTPAKThI 00'b-
enVHs, o6aBs 200 M1 5%-ro kKapOOHATa HATPYA M MHTEHCUBHO IIePeMeIIBa/I B Tede-
Hye 10 MUHYT, IIOC/Ie Yero BHOBD OTHE/S/IV OPTAaHMYECKYI0 a3y ¢ TIOMOIIBIO IeTUTEeTbHOI BO-
POHKU U BBICYIIMBaIN 6€3BOJJHBIM Cy/Ib(aToOM HATpVs B TedeHme 24 yacos [14].

3aTeM BBICYLIEHHYIO OpraHN4ecKyko (asdy nepeHocunm B konby o6vémom 50 M. Otro-
HsM X710podopM Ha poTopHOM mcrapurene. [Job6asmsmm 30 mn aneronutpuaa. Obpabarsl-
Ba/IM yIbTPa3ByKoM 5 MuHyT. OunbrpoBanyu Ha MeMOpanHOM ¢unbTpe Nylon ¢ guamerpom
nop 0,45 MmxM. OuUIbTpaT UCIIONIB30BAIN B Ka4eCTBE VICIBITYEMOTO pacTBOpa I BBICOKOI(-
($eKTUBHOTO XUKOCTHOTO XpoMaTorpadudeckoro ananmsa (BOXKX).

YcnoBus xpomarorpadun:

- konmoHka Welch Xtimate C18 150%4.6 MM, 3 MKM;

- B Ka4yecTBe MOJIBVDKHOI (asbl VICIIONb30BAIN CMeCh BOZBI 11 ALleTOHUTPIUIA B COOTHO-
mennu 60:40. Ckopoctb noroka nopgep>xnsanack 1000.00 pL/min;

54



OT XHMHM K TEXHOTOTHH TOM 4, BINYCK 3, 2023

- IeTeKTMPOBaHye IPOV3BOAVIIN IIPY IOMOIIM JeTeKTOpa CIIeKTPO(OTOMETPUIECKOTO
Ha JyIMHe BOJHBI 250 HM C MCIIO/Ib30BaHMEM IporpaMMbl «MynpTuxpom». O6beM mpo6bI
20 M. Bpemsa ananmsa 20 MUHYT.

Ha puc. 2 npepncrasieHa xpomarorpamMma (ypaHOKyMapMHOB, M3BI€YEHHBIX 3 COKa
6opieBrKa COCHOBCKOTO 10 IHBEKIII 0/I0YHBIM YKCYCOM.

i
—KcanToToKC|

-Bepranten

i i é 4 “‘- é 'I;' é § JIIO 1I1 1I2 ll.‘r ILi 1‘5 ll5 l"n' llB II9 MHAH

Puc. 2. Xpomarorpamma ¢pypaHOKYMapMHOB, U3B/IeYeHHBIX U3 COKa OopiieBrka COCHOBCKOTO O MHBEKIWIT
6%-M SA6JI0YHBIM YKCYCOM

XpomaTtorpamMma nMeeT 18 MMKOB, 13 KOTOPBIX YeThIpe XapaKTepHBI [/Is INHEHbIX U YT-
TOBaThIX (pOpPM MOJIEKYT PypaHOKYMAapMHOB. Ma>KOPHBIMM SIBJISIOTCS MUK, XapaKTepU3yio-
1[yie TMHelHble pypaHOKyMapuHBbI (pUC. 3): KCAHTOKCUH U OepKanTeH (Tab1. 2), KOTOpbIe IPO-
ABJAIOT O0J1ee cyIbHBIE POTOCEHCUOMMM3NpYoiye 3¢ GeKTh 10 CPaBHEHMIO ¢ pypaHOKyMa-
pPUHAMI, MMEIOLIVIMM yITIoBaThie POpMBI MOIEKY (puc. 4), poToTOKCHMIeckuit apPeKT KoTo-
PBIX 3aMeTHO cabee (MK 5 NPUHAJISKNAT aHTeMUIVHY, UK 9 IpUHARIeXuT chouany) [18].

R1
7 X

R2

Puc. 3. CtpykTypa MaXKOpHBIX TuHeNHbIX popM PpypanokymapunoB Heracleum sosnowskyi Manden

Tabmuna 2. 3aMecTuTeNM MaXXOPHBIX TUHENHBIX (pypaHokymapuHoB Heracleum sosnowskyi Manden

Hasganue R1 R2
Kcantokcnna H -OCH;

bepkanTen -OCH;s H

= |

0._0 0 ,f\ e

X 0" 0 0

=
(A) anrenmnuuu (B) chonpmu

Puc. 4. Crpykrypa yrmosateix popm yparnokymapunos Heracleum sosnowskyi Manden
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[Tocne nHBEKINI 6%-M A6TOUYHBIM YKCYCOM Yepe3 48 4acoB XxpoMaTorpaMma QpypaHOKY-
MapMHOB, IPEe[ICTaBJIeHHBbIX Ha PUC. 5, N3MEHWIACh. 3a CYET OTBETHOI peakuyuy 60pIeBrKa
COCHOBCKOTO Ha BHEIIHNI XUMIYECKIII Pa3gpaKUTeNb Ha0O/M0aeTCsl MHAYLMPOBAHHBIN POCT
cojiep>KaHMsA B COKe KCAHTOKCMHA B 1,7 pasa, 4TO NPUBOAUT K HEKPO3Y BEPXHENl YacTU pacTe-
HIA OT GOTOTOKCHMYECKOTo 3¢ dekTa 3a cueT n30bITKa PypaHOKyMapuHOB. KCaHTOKCHH BBI3bI-
BaeT OKVCIUTENbHBIN cTpecc. OKMCIUTENbHBIN CTpecc OTpaxkaeT Aucbamanc Mexy IposBe-
HIAMU aKTVBHBIX OPM KNUCTOPOZia B PACTEHNMM ¥ CHOCOOHOCTBIO OMOJIOTMYECKO CHCTEMBI
CBOEBPEMEHHO OUNIIATh Ce0s OT MHTEPMEANATOB PEaKIUI U BOCCTAHAB/IMBATDb IPMYMHEHHBIN
yiep6. HapymreHne oKucmmTebHO-BOCCTAaHOBUTEIBHOTO CTAaTyca KJIETOK IIPUBOAUT K TOKCH-
YeCKVM ITOCTIeCTBUAM depe3 IIPOU3BOACTBO IEPOKCUIOB U CBOOOHBIX PafiNKaoB, KOTOpPbIe
HIOBPEXIAI0T BCe KOMIIOHEHTBI K/IeTOK, B TOM umcte 6enxy, munuasl 1 JJHK. OxucnurensHbIn
CTpecC B XOfie OKMCIUTENTbHOTO MeTaboIM3Ma HAHOCUT XMMIYeCKIe TOBPeX/eHNs U IIPUBO-
mut K paspoiBy Hutelt [JHK [19]. OxmcnnrtenpHbIi cTpecc, BbI3bIBa€MbIll KCAHTOKCITHOM, IIPY-
BOJUT K PETyIMPYeMOMY IIPOLIECCY IIPOTPAaMMUPYeMOil KIeTOYHOW IMOey, KIeTOYHOMY
aIloITO3y, B pe3y/lbTaTe KOTOPOTO K/I€TKAa paclafaeTcs Ha OT/e/lIbHble aIllONTOTUYECKNE
TeJIbIIa, OTPAaHNYEHHbIE I/Ia3MATIYeCKOI MeMOPaHOIL.

[ BepuduKanuy NprHaAIeKHOCTY MaKOPHBIX IIKOB XPOMATOTPaMM KCAaHTOTOKCUHY
u 6epranrteny ObUIM IOTy4eHbI XPOMAaTOTPAMMBI JIEKAPCTBEHHOTO IpenapaTa «AMMIQYpUH»
@apmuentp BUJIAP 3A0 (Poccus), KoTophle mpeficTaB/IeHbl Ha PuUC. 6.

mAU mAU
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Puc. 5. Xpomarorpamma (pypaHOKyMapyHOB, usBiae- Puc. 6. Xpomarorpamma pypaHOKyMapyMHOB, U3BJIe-
YeHHbIX U3 coKa OopuieBrka COCHOBCKOrO MHOC/Ie YEHHBIX 13 JIeKapCTBEHHOTO Ipemapara «AMMudy-
UHDBEKINIT 6%-M 67I09HBIM YKCycoM depes 48 vaco  pun» Papmuentp BUJIAP 3A0 (Poccus)

B tabmmue 3 mpencTaBIeHb pe3yIbTaThl pacyeToB IVIOMIA/iell XpOMaTOrpadpiecKnx -

KOB KCAaHTOTOKCVHA I 6epKaHTeHa U3 N3y9aC€MbIX CY6CTaHHVI17'I.

Ta6mmua 3. PesynbTaThl pacyeToB IUIOLafiell XxpoMaTorpaddeckux MMKOB KCAaHTOTOKCUHA U 6epKanTeHa (B %)
U3 U3y4aeMbIX CyOCTaHIMI

Cyberanuus dypaHOKyMapyH CymMapHas IJIoIaib NMKOB,
KcanTorokcnn bepkanren %
JIeKapCTBEHHBIN IIpenapar
28,23 71,77 100
Ammudypun
Coxk 6opieBrka COCHOBCKOTO
. 45,17 6,05 51,22
IO VH'bEKINIL
Cok 6opuieBrka COCHOBCKOIO IIOC/IE
prIcEY HOBCIOTo HoeH 76,83 5,41 82,24
MHDBEKIMIT 6%-M sI6/I0YHBIM YKCYCOM
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JI7151 TOATBep>KAE€H s TIOTYyIeHHBIX Pe3y/IbTaTOB ObUIN IIOCTAB/IEHBI OIIBITHI IO IIPOBeTe-
HUI0 MHDBEKIMIT BOXON B mycroTensle crebmu Heracleum sosnowskyi Manden n Sénchus
olerdceus. VIHbeKIVIN SIB/ISINCD IJIs1 PACTEHNUIT BHELITHVIMIU MEXaHNIECKUMI PasfpaKNTeNsIMI,
B pe3y/ibTaTe 9TVX MHBEKIMII HY OHO 13 PACTEHMIT He TIO[{BEPITIOCh HEKPO3Y BEPXHIUX YacTeit
(Tabm. 4) B TeueHue 48 gacoB u 6oiee.

Tabmuna 4. BiusiHye cocTaBa MHbEKINII Ha CKOPOCTb HEKPO3a BEPXHeIT YaCTH PaCTEeHMIT

O6béM UH'BEKLIMY, M/ CKOpOCTb HEKPO3a, 4

O6béM

6%-11
BBIOOPKH, IITYK

. Bopa gns nabekimi 24 36 48
SI6TIOUHBII YKCYC

Crebmu Heracleum sosnowskyi Manden no o6pasoBaHus cOL[BeTHI

15 - 2,5 - - -
15 - 5,0 - - -
15 - 10,0 - - -
15 - 20,0 - - -
Crebnu ocota oropoguoro (Sénchus olerdceus)
10 2,5 - - - -
10 5,0 - - - -
10 10 - - - -
10 20 - - - -
15 - 5,0 - - -
15 - 10,0 - - -
15 - 20,0 - - -

BBepenne nabeKIN 6%-T0 A6I0YHOTO YKCyca B CTe0€/Ib 0COTa OTOPOJHOTO, COK KOTO-
POro He COfep>XUT PypaHOKYMAapUHOB [15], B M3y4aeMOM AManasoHe 06BEMOB He IPUBEN K
HEeKpO3y Ha3eMHOJI YaCcTy pacTeHs B Te4eHVe HaOTof[eHIIL.

3aknrouyeHnne

Taxum 06pa3soM yCTaHOBIIEHO, YTO IIPY IPOBEJeHNI NHDBEKINI 6%-M SI0TIOYHBIM YKCY-
coM (amermpoBanuu) B o6bémax ot 2,5 go 30,0 mn B crebenp GopuieBuka COCHOBCKOTO
IO ero IVIOJJOHOIIEHVS HAOTIONAeTC s TOMHBI HEKPO3 Ha3eMHOI 4acT! PacTeHMS B TeUeHIe
24-48 yacos. [IpnunHOI HEKpO3a ABNAETCA MHAYUVPOBAHHBIN POCT COJEP>KaHNA TMHENHbIX
($ypaHOKyMapIHOB 3a CYeT OTBETHOM peakuyy 6opiuieBrka COCHOBCKOTO Ha BHEITHUI XVIMU-
4ecKUil pasgpaxuTens. [Ipu mposefeHNY MHBEKINIL 6%-M I0TIOYHBIM YKCYCOM POCT COAepKa-
HIA B COKE pacTeHNA KCAaHTOKCMHA, onpenenenHoro BOJKX, ysenmmunsaerca B 1,7 pasa, 4To
IPUBOANUT K HEKPO3y COOCTBEHHOI 4acT! pacTeHMA oT (poToToKcmdeckoro apdekra 3a cyer
u30bITKa 3TOr0 QypaHOKyMapuHa. IIpennosxeHHbll MeTon 60ppObI ¢ 60piieBKOM COCHOB-
CKOTO MICK/II0YAeT KOHTAKT Ye/I0BeKa C OIIACHBIM COKOM 9TOTO PACTEHM S, BbIE/IAIOIIMMCA IPU
MeXaHNYeCKOM CKaIl¥BaHMUY, METO/, OCHOBaH Ha TOYEYHOM KOHTAaKTe XMMMYECKOTO pasipa-
KUTES C pacTeHNeM depe3 MHBEeKIVM, ICK/TIOYAIOLINII 3arpA3HeHNs reponnngaMn 60spine
IOV IPMPOHBIX IAHAIIAPTOB IIPY VX PaCHbUICHUI.

YcTaHOB/IEHO, YTO alleTMPOBaHMe AB/IAETCA VICKIIOUUTENbHO CeNeKTUBHBIM IIPOLIeCCOM,
XapaKTepPHBIM TOBKO A/ 6opieBuka COCHOBCKOTO, MOKa3aHO, YTO MHBEKINN 6%-T0 A6/109-

HOTO YKCyca He JeJICTBYIOT Ha IyCTOTenble CTe6/mM ocoTa oropopHoro Sonchus olerdceus.
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OTMedeHO, YTO MHDBEKIUNU BOALI B cTe6/mn 6opijeBrka COCHOBCKOTO ¥ OCOTA OTOPOHOTO He

IIpUBOIAT K OTMMPAaHNIO X Ha3eMHOI YacTH.

JanHbII MeTox 60pbOBI ITO3BOJIAET TOKANIBHO (I PepeHINpoBaHHO) YRALATD bopiIe-

BK COCHOBCKOTO U3 IIpUPOOHDBIX }IaHI[H_Ia(l)TOB 6e3 HapymeHns Ipon3pacTanmAa IpyIrux neKo-

PaTUBHBIX /Mmu 6e3BpefHBbIX BUOB pacteHuit. [Ipu maccoBoM paspactanuu Heracleum sos-

nowskyi Manden Heo6X0OVIMO VICIIOTTb30BaTh M3BECTHBIE MHTETPUPOBAHHBIE METO/bI GOPHOBI

C 3TUM PACTEHMEM, KOTOPbI€ MOTYT IPpEAYCMAaTPpNBATDh Ha O6I.HI/IPHOI7[ TEPPUTOPUN MHOTOKpPAT-

HOEe MeXaHMYeCKoe CKalIBaHIe ero I00eroB, pa3oByo 00pabOTKy WAAAIIMY repONIaMI,

arpOTEeXHMYECKYIo IepepaboTKy MOYBHI [1].

10.

11.

12
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Abstract. The paper concerns with the mechanism of the promoters influence
on the ceramic structure of the iron oxide catalyst for the dehydrogenation of olefin
and alkylaromatic hydrocarbons. The research shows the dynamics of changes
in the porous structure of alloyed and unalloyed catalysts as a result of heat
treatment in air at several temperatures significantly exceeding the operating
temperature. Moreover, the paper presents data on the mechanical strength
of alloyed and unalloyed model catalysts. Indeed, the particles are sintered to each
other at the contact points of the globules forming a mechanically strong
and thermally stable framework. However, the particles are sintered to each other
at the contact points of the globules forming. Supposedly, potassium performs
the function of a kind of flux. It lowers the temperature of the melting phase
formation, which ensures a strong sintering of the ceramic material (catalyst)
particles to each other. Hereby, there is a formation of a stable framework without
a noticeable reduction of the catalyst working surface. The addition of zirconium
oxide as an alloying agent provides an increase in the depth and degree of annealing
of imperfections during the restructuring of the catalyst structure. Additionally,
it provides the redistribution of the released energy. This assumption is confirmed
by increasing of the alloyed catalyst granules mechanical strength. The results
of research can be used for development and modification of iron-oxide catalysts
for dehydrogenation of olefinic and alkylaromatic hydrocarbons.
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Introduction

Dehydrogenation of olefinic and alkylaromatic hydrocarbons is a multi-tonnage process.

It is conducted with the use of promoted iron oxide catalysts [1-10]. The minimum set

of parameters determining the effectiveness of the catalyst, in addition to the catalytic

characteristics, always includes the size of the available pore surface, the thermal stability

of the contact porous structure, and the mechanical strength of the catalyst granules.
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In the promoted iron oxide catalysts for the dehydrogenation of alkylaromatic
hydrocarbons, the mass content is: iron oxide — 60-70%; potassium compounds in terms
of K;O - 10-15%. There are also various additives providing the increased selectivity, thermal
stability, mechanical strength, and durability [2-9].

The metal oxides of various nature have a significant effect on the properties
of the catalyst, in particular, alkaline and alkaline earth - K, Rb, Cs, Ca, as well as transition
elements such as Cr, Mo, Mn, Zn, Ce, La, Y, Sc, etc. [7-9].

Indeed, many researchers [11, 12] reported cerium, along with potassium, are effective
promoters of iron-oxide catalyst activity for the dehydrogenation of olefinic and alkylaromatic
hydrocarbons. Under the conditions of the reaction medium, the catalyst is a ferritic system
consisting of potassium B-polyferrite, potassium and caesium monoferrites, and magnetite [13].
The main catalytically active component is polyferrite with the structure of f"-alumina.

Some researchers [14-17] considering the composition of iron oxide -catalysts
for the dehydrogenation of ethylbenzene into styrene, indicate potassium monoferrite KFeO,
as the active component of this class of contacts [14].

Commonly, the potassium promoter is introduced in the form of K,COs, KOH or K,CrO,,
with the main amount of alkali metal occurring in the starting mixture as K,CO; [18].

The synthesis of the catalyst begins with the solid-phase interaction of individual
components of potassium carbonate and iron oxide a-Fe,Os, which results in potassium
monoferrite.

The use of potassium carbonate for the promotion is provided by the relatively low
temperature at the starting point of this compound interaction with hematite. Besides,
potassium carbonate in the reaction of ferrite formation with iron oxide does not result
in strong sintering of the catalyst, as it is the case in the use of other potassium compounds,
for example, KOH. On the contrary, the release of the formed carbon dioxide has a positive
effect on the formation of contact porous structure.

Solid-phase reactions in the K;COs - Fe,Os and KFeO, - Fe,0s systems represent the first
and second stages of the potassium polyferrites formation. These processes are essential steps
in the synthesis of promoted iron oxide catalysts [18].

At high temperatures, potassium polyferrite of the alumina type (K-BFe,Os) is formed.
An increase of the temperature of the samples calcination in air from 1020 to 1170 K is
accompanied by the appearance of divalent iron as a result of thermal dissociation of hematite.
The potassium content in the polyferrites varies symbatically with the concentration of divalent
iron in the samples, and reflexes related to K-p"Fe,Os appear on radiographs. Fe** ions stabilize
the B" phase. This phase is catalytically active. Therefore, in samples calcinating at temperatures
above 1150 K, a microheterogenic mixture of polyferrites with structures of the type - and p"-
alumina K-(p+p") Fe,Os is formed [18].

The papers [19-21] considered a series of ferrites modified by metal ions (Cr, Mn, Co, Ni,
Cu, Zn, and Ce). All modified ferrites showed high specific surface area, greater than for pure
iron oxide (Fe,Os). According to the authors, the influence of additive ions on the increase
of specific surface area may be related to the changes in the crystals growth rate. All modified
ferrites showed a narrow pore size distribution in the range of 4.9-25.0 nm.
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Nowadays, a large number of studies are aimed at establishing the relationship between
the chemical and phase composition and the catalytic properties of the contact. However,
the issue of the effect of promotion and alloying on the porous structure parameters,
and as a consequence, such operational characteristics as thermal stability and mechanical
strength, remains unresolved.

The purpose of the research is an investigation of the mechanism of promoters influence
on the catalyst ceramic structure.

The main body

Model catalysts were prepared by conventional ceramic technology. The calcination
temperature is 970-1170 K.

Zirconium was injected as an oxide. The mass content of the oxide did not exceed 1%.

Radiography was performed using Coxa radiation (A= 0.17902 nm) on a DRON-3
diffractometer.

The surface area was determined by thermal desorption of argon [22].

The porous structure of the samples was studied by mercury porometry on a Carlo-
Erbeporosimeter according to the method [23, 24].

Thermal stability was determined by the dynamics of changes in the porous structure as
a result of heat treatment of the catalyst in air in the temperature range of 830-1030 K.

Mechanical strength was determined by crushing [25].

When creating catalysts, it is necessary to predict their maximum productivity, selectivity,
resistance to high temperatures used in the operation of the catalyst, the mechanical strength
of contact granules, etc.

The main stages of the iron oxide catalysts synthesis are: mixing of the initial components
with the addition of a solvent, extrusion, air drying, air calcination followed by heat treatment
in water vapour and activation development.

The porous structure of the catalyst formed under the calcination of the initial
compounds in air [26]. The characteristics of the catalysts porous structure are influenced
by various factors: the chemical and thermal background of the initial iron oxide [26],
the temperature of catalyst synthesis, the rate of the removal of gaseous products from
the reaction zone. For the experiment we take the samples of iron oxide obtained
by decomposition of sulphate at a temperature of 910-920 K. A model catalyst was prepared
ata temperature of 990 K. The initial components of an iron oxide catalyst are usually iron
oxide and potassium carbonate. Some scientists indicate iron oxide as an active component
of the catalyst [27-31]. However, our data correlate with the results obtained by many other
researchers [32], and indicate a high carburisation of such catalyst surface and its low selectivity.
The introduction of an alkali metal promoter into the system significantly increases the contact
activity [1-4, 6-9].

Furthermore, alloying additives are usually introduced into the industrial catalyst,
improving the performance properties of the final product - the catalyst [2, 4, 7, 11-12]. We
selected zirconium as an alloying additive.
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Table 1. Porous structure of model catalyst samples

Catalyst Fe,Os Potassium-promoted catalyst Potassmm-pr.om(.)ted c.atalyst,
alloyed with zirconium
R, S, V- 10? Vv, S, V- 10? Vv, S, V- 10? Vv,
nm m’/g cm’/g % m’/g cm’/g % m’/g cm’/g %
>30 1.08 9.86 19.84 0.25 3.05 7.42 0.2 2.88 6.98
30-70 2.43 16.08 32.35 0.83 4.14 10.07 0.7 4.14 10.04
70-100 0.13 2.33 4.688 0.71 5.6 13.62 0.74 5.67 13.75
100-150 0.205 6.52 13.12 0.32 8.87 21.57 0.32 8.76 21.24
150-200 0.11 3.38 6.801 0.11 4.99 12.14 0.16 5.13 12.44
>200 0.104 11.53 23.2 0.08 14.99 36.45 0.28 14.85 36.01
Sum 4.059 49.7 100 2.3 41.12 100.00 2.4 41.24 100.00

Table 1 presents data on the porous structure of a catalyst sample obtained using only
iron oxide. The initial components of a catalyst sample are iron oxide and potassium carbonate
(promoted with potassium). The initial components of another catalyst sample are iron oxide
and potassium carbonate alloyed with zirconium (promoted with potassium, alloyed with
zirconium). Figure 1 shows the pore size distribution of the same samples
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Fig. 1. Pore size distribution (m?/g) of model catalyst samples: 0 — Fe,Os catalyst; 7] - potassium-promoted

catalyst; [l - potassium-promoted catalyst alloyed with zirconium

As previously reported, the activity of the iron oxide catalyst is negatively affected by
pores smaller than 70 nm [33]. The effective pore diameter of such a catalyst is limited within
the range of 70 to 150 nm.

The analysis of the data in Table 1 and in Fig. 1 allows us to conclude that the alloying
additive of zirconium has a negligible effect on the porous structure of the contact formation.
Atthe same time, the use of a promotional agent leads to a significant decrease in the proportion
of small pores and an increase in the proportion of effective pores. If the potassium promoter
is introduced in the form of carbonate, then during the heat treatment of the catalyst there is a
solid-phase interaction of K,COs with hematite, accompanied by the release of carbon dioxide,
which loosens the structure of the granules.

Figure 2 shows the data of X-ray phase analysis of catalyst samples with the introduction
of a potassium promoter into the system.
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Fig. 2. Radiograph of an iron oxide catalyst sample promoted with potassium

In accordance with the data of X-ray diffraction analysis, a system including potassium -
iron — oxygen contains potassium polyferrites, monoferrite, and residual iron oxide. In the
contrary, the first sample radiographs contain only Fe,Os peaks.

The introduction of potassium into the system leads to the formation of an optimal
porous structure of the catalyst sample.

The catalyst is operated at high temperatures. The porous structure under such conditions
can undergo significant changes. It seems appropriate to consider the effect of potassium
promotion and zirconium alloying additives on the thermal stability of the catalyst porous
structure.

To assess the thermal stability of the catalyst, a long exposure is usually used under the
conditions of a dehydrogenation reaction with the measurement of the porous structure at
certain time intervals. However, equally accurate results can be obtained by examining the
catalyst after thermal exposure at temperatures significantly higher than operating ones.

Figure 3 shows the dependence of the surface formed by the pores of the samples of the
model catalyst under study on the temperature of calcination in air.

5 =
4.5 A

4 9 & - <.

2
Slolnl m ’fg
oy
N
L

830 850 870 890 910 930 950 970 990 1010 1030
T K

Fig. 3. Dependence of the specific surface area of the model catalyst samples on the calcination temperature in air:
0 — Fe,O; catalyst; X — potassium—-promoted catalyst; A — potassium-promoted catalyst alloyed with zirconium
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The iron oxide sample, as expected, is more thermally stable. The surface area of such a
sample remains thermally stable up to a temperature of 970 K. The promoted samples have
much less heat resistance. However, zirconium alloying increases heat resistance.

Figure 4 shows the dependence of the surface formed by the pores of effective size on the
temperature of calcination in air for the promoted and non-promoted samples of the model

catalyst.
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Fig. 4. Dependence of the specific surface area of the model catalyst samples on the calcination temperature in air:
0 — Fe,O; catalyst; ¢ — potassium-promoted catalyst; A - potassium-promoted catalyst alloyed with zirconium

According to the studies, zirconium alloying results with a noticeable increase in the
thermal stability of effective pores.

Freshly made catalyst is subjected to transport and reloading, it undergoes significant
mechanical stresses, as the height of the catalyst bed in the reactor can reach several dozens of
metres. It provides high demands on the mechanical strength of the contact granules.

Table 2 presents data on the mechanical strength of the catalyst samples under study.

Table 2. Mechanical strength of granules of the promoted and non-promoted model catalyst

Potassium-promoted catalyst,
Indicator Catalyst Fe,O3 | Potassium-promoted catalyst p' . . Y
alloyed with zirconium

Mechanical st th,
echanica. sreng 1.8 50 5.85

kg/cm’

The model catalyst unpromoted with potassium has obviously insufficient mechanical
strength. The introduction of a promotional agent leads to occuring of a mechanically stable
structure.

Conclusions and recommendations

Samples of powdered iron oxide are a system of corpuscular structure. The pores are
formed by the space between the particles. The model catalyst, which does not contain a
promoter, differs slightly in its structure from the initial iron oxide.

Indeed, the particles are sintered to each other at the contact points of the globules
forming. a mechanically strong and thermally stable framework. Sintering process can be
compared to spot welding: a short-lived local thermodynamic equilibrium occurs in the contact
zone of particles. The actual temperature in this zone may noticeably exceed the average
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temperature of the granula. The source of additional energy required for spot welding is the
energy of imperfections in the crystal lattice of hematite. Potassium performs the function of a
kind of flux:

1. It lowers the temperature of the melting phase formation. Indeed, it ensures firmly
sintering of the ceramic catalyst material particles together. The area of the sintering zone is
small and slightly reduces the working surface area of the granules. However, sintering of the
particles forming the framework is not accompanied by a significant increase in the bulk density
of the granules, which would indicate the sintering of the granules, or the leakage of the pores.

2. Therefore, the granule acquires a strong and stable framework, while maintaining a
developed porous structure.

The stability of the catalyst granules to the temperature effect is determined not only by
the strength of particles sintering, but also by the lability of their crystalline structure, which is
caused by the presence of residual dislocation mesh, microstresses, and non-equilibrium
defects. The addition of zirconium oxide as an alloying agent 3 provides not only an increase in
the depth and degree of annealing of imperfections during the restructuring of the catalyst
structure, but also the redistribution of the released energy. There is not just a dispersion
(dissipation) of stored energy, but its direction in a certain direction (sewerage), when most of
the released energy goes to the zones of sintering globules.
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Introduction

Azaheterocycles are frequent structural components in pharmaceuticals and other
biologically active compounds [1, 2]. The most common among saturated heterocycles are
piperidine, piperazine, and pyrrolidine [1, 3]. At the same time, condensed bi- and tricyclic
systems containing morpholine and aromatic rings are much less common due to the
difficulties in their synthesis. Although a number of them exhibit high biological activity [4-9].
It greatly increases the cost of such substances and prevents the production of a wide range of
useful compounds based on them.

The reductive heterocyclisation of nitroaromatic compounds having morpholine as a
substituent or the oxidative heterocyclisation of anilines seems to be a convenient and simple
way to solve this problem.

The purpose of this study is to develop methodologies for the preparation of tricyclic
condensed morpholine derivatives - 3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazines.

Main body

At the first stage, we have studied the possibility of reductive heterocyclisation
of nitroaromatic structures, allowing us to achieve the purpose of the study at one stage.

© L. I. Savina, A. A. Sokolov, 2023
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We have chosen the available and inexpensive N-(2,4-dinitrophenyl)morpholine (1) as a model

compound. Additionally, we used tin (II) chloride as the reducing agent. Previously it was
successfully used for the heterocyclisation of pyridine- and piperidine-containing systems [10].
We use isopropyl alcohol as a solvent for the substrate and 36% HCl solution for the metal salt
of variable valence, and synthesized it at a temperature of 60 °C and a ratio of 1: SnCl, = 1:3.
We added the reducing agent to the flask with the substrate for 2.5 hours, and stirred it
for 0.5 hours. Having finished the reaction, we neutralized the mixture and extracted it with hot
chloroform. Having expelled the solvent, we obtained a dry residue which we analyzed
by '"H NMR spectroscopy. We found that the product is a mixture of three substances.

SHeNeY

[Nj 3eq SnCl,
36%HCI+IPA
NOy — > NHz + NH,
60 C
NO,
1

21% 62% 17%

The first substance contained a broad singlet from two protons of the primary amino
group (5.36 ppm.). We also observed three aromatic protons and two signals from
the morpholine cycle. We identified the substance as 2-morpholine-5-nitroaniline (2)
and obtained it in pure form by reduction of 1 in 8% HCI solution at 40 °C (Fig. 1).

The second substance differed from 2 by the presence of only two rather than three
aromatic protons in the form of ortho-arranged doublets with a "roof effect” shifted to a weaker
field relative to 2-morpholine-5-nitroaniline. Thus, the molecule lacked a hydrogen atom at the
carbon C6 of the benzene ring. This is possible when it is substituted by an atom/group
of atoms, for example, by a halogen. 6-Chloro-2-morpholin-5-nitroaniline (3), further
synthesized in pure form by reduction of 1 in 36% HCI solution at 60 °C with tin (II) chloride
addition without doping, corresponded to such spectral data (Fig. 2).

The third substance, in comparison to 2 and 3, did not contain a signal from the amino
group. In addition, only six protons of the morpholine fragment were observed in the aliphatic
region instead of eight. At the same time, the chemical shifts of the hydrogen nuclei of the
azagederocycle were more differentiated compared to those of 2 and 3 - there were three signals.
One of them shifted significantly to a weaker field (up to 5.01 m.d.), which was also
characteristic of hydrogen nuclei at the C1 atom in another condensed tricyclic system -
1,2,3,3,4-tetrahydropyrido[1,2-a]benzimidazoles [10]. The peaks of all three aromatic protons
were shifted to the weak-field region by 0.74-0.90 ppm relative to substance 2. We identified
the compound as 8-nitro-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine (4) and
synthesised further in pure form by oxidative heterocyclisation. '"H-'H NOESY (Fig. 3) and "*C
NMR spectra were recorded for the heterocycle in addition to '"H NMR (Fig. 3).
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Fig. 1. '"H NMR spectrum of 2-morpholine-5-nitroaniline (Bruker DRX 400, SF = 400 MHz, solvent and internal
standard DMSO-d)
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Fig. 2. '"H NMR spectrum of 6-chloro-2-morpholine-5-nitroaniline (Bruker DRX 400, SF = 400 MHz, solvent and
internal standard DMSO-ds)

We observed 10 signals in the carbon spectrum of the tricyclic condensed product: three
in the aliphatic range from 43.1-65.1 ppm, and seven signals in the aromatic range with
chemical shift values from 110.0 to 153.1 ppm. At the same time, four peaks had reduced
intensity characteristic of quaternary carbon atoms.

Therefore, the reduction of N-(2,4-dinitrophenyl)morpholine under the above
conditions resulted in the formation of reduction, halogenation, and heterocyclisation products
in amounts of 21, 62 and 17%, respectively. To increase the proportion of the desired substance
4, we varied the amount of reducing agent introduced as well as the temperature, and acid
concentration. We found that decreasing the mass of tin(II) chloride added increased the
relative yield of 4, but unreacted substrate remained in the reaction mass makes isolation
difficult. Decreasing the temperature and/or HCI concentration helped to reduce the amount
of the heterocyclisation product.
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Fig. 3. 'H-'H NOESY NMR spectrum of 8-nitro-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-.][1,4]oxazine
(Bruker DRX400, SF = 400 MHz, solvent and internal standard DMSO-d6)

These results demonstrated the inefficiency of the method under study for the synthesis
of condensed morpholine derivatives. Therefore, we tried a two-step approach to their
preparation. At the first stage we performed reduction of compound 1 into 2, followed
by oxidative heterocyclisation at the second stage. We conducted it with supra formic acid,
formed by mixing a 30% solution of hydrogen peroxide with concentrated formic acid.
We synthesized the reaction at 60 °C by addition of HCOOH to peroxide followed by stirring
at 75 °C for 60 minutes. Analysis of the reaction product showed the presence of the required 4
in the amount of 83%. In order to confirm the applicability of the proposed methodology, we
obtained 8-bromo-3,4-dihydro-1H-benzo[4,5]imidazo([2,1-c][1,4]oxazine (5), which spectral

data were in agreement with the literature [11].
(0]

30%H,0,

[Nj [N:k,\‘
HCOOH
NH, ———
60-75C, 1h
2 4-5

80-83%
This study allowed us to refine the methodology for the preparation of benzimidazoles
containing a morpholine moiety condensed with them.
The substances synthesized as a result of this study are interesting as substrates for further
structural modification in order to obtain biologically active substances.
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Experimental part

We determined the melting points on a PolyTherm A device at a heating rate of 3 °C/min
and did not adjust. NMR spectra were recorded on a Bruker DRX-400 for solutions. We used
the signals of residual solvent protons in the 'H NMR (DMSO § 2.50 ppm. or chloroform
§7.26 ppm.) and “C NMR (DMSO § 40.5 ppm. or chloroform § 77.4 ppm.) spectra as a
reference for counting chemical shifts. We used standard Bruker techniques to capture the two-
dimensional spectra. The mixing time in NOESY spectra was 0.3 s.

Methods for the synthesis of 2-morpholine-5-nitroaniline

We added N-(2,4-dinitrophenyl)morpholine with a mass of 0.500 g (0.002 mol) to a
100 ml three-neck flask equipped with a stirrer, thermometer, and Liebich refrigerator and
dissolved it in 20 ml of isopropyl alcohol under heating. We added 0.671 g (0.003 mol) of tin
(IT) chloride anhydrous tin (II) chloride to a 50 ml cup and added 20 ml of 8% hydrochloric
acid to it. We warmed up both solutions to a temperature of 50 °C. When the temperature was
reached, we added the reducing agent once into the flask and conducted the reaction for
0.5 hours. After the synthesis was completed, we put the reaction mixture from the flask into a
250 ml cup. We added a piece of ice and 25% aqueous ammonia solution to pH = 7-8 while
stirring. We then extracted three times with 30 ml of boiling chloroform. We put the combined
extract to a distillation flask and distilled off the solvent.

2-morpholine-5-nitroaniline (2). Yield 0.40 g (91%). Tme: = 146.5-148.5 °C. NMR
spectrum 'H (DMSO-ds, 6, ppm., J /Hz): 2.64-3.09 (m, 4H, morpholine), 3.67-3.88 (m, 4H,
morpholine), 5.36 (s, 2H, NH,), 6.99 (d, 1H, H? ] 8.7 Hz), 7.44 (dd, 1H, H*% ] 8.7 Hz, 2.7 Hz),
7.54 (d, 1H, HS, ] 2.7 Hz). *C{*H} NMR (DMSO-ds, 100 MHz): 50.5, 66.9, 108.8, 112.8, 119.2,
143.4, 144.0, 144.7.

Methods for the synthesis of 6-chloro-2-morpholine-5-nitroaniline

We added N-(2,4-dinitrophenyl)morpholine with a mass of 1.000 g (0.004 mol) to a
250 ml three-neck flask equipped with a stirrer, thermometer, and Liebich refrigerator and
dissolved it in 40 ml of isopropyl alcohol under heating. At the same time, we put 2.708 g
(0.012 mol) of tin (II) chloride anhydrous in a 100 ml cup and added 40 ml of 36% hydrochloric
acid solution to it. We got both solutions to a temperature of 60 °C. When the temperature was
reached, we added the reducing agent once into the flask and conducted the reaction for 0.5 h,
after that the reaction mixture was cooled, alkalized it to pH = 7-8 with aqueous ammonia,
extracted with hot chloroform 5 times 30 ml each, tin (IV) hydroxide was filtered off under
vacuum. Chloroform was distilled off. The dry residue obtained was purified
by recrystallization in isopropyl alcohol.

6-chloro-2-morpholine-5-nitroaniline (3). Yield 0.76 g (75%). Tmet= 162-165 °C. NMR
spectrum 'H (DMSO-dg, 6, ppm, ] /Tn): 2.87 (m, 4H, morpholine), 3.76 (m, 4H, morpholine),
5.51 (s,2H, NH,), 7.04 (d, 1H, H’, ] 8.6 Hz), 7.27 (d, 1H, H*, ] 8.6 Hz).

Synthesis methods of 8-R-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine

We put 5-R-2-morpholin-4-ylaniline (0.004 mol) into a 100 ml three-necked flask
equipped with a stirrer, thermometer, and Liebich refrigerator, we dissolved in 6 mL of formic
acid and spiked with 2 ml of 30% hydrogen peroxide solution for 6 minutes. We heated the
solution obtained to a temperature of 60 °C at which an exothermic reaction occurred, and then
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heated to 75 °C and stirred for 1 hour. After that we cooled the reaction mixture, alkalized it
to pH = 7-8 with aqueous ammonia, extracted with hot chloroform three times with 30 ml each.
Chloroform was distilled off. The dry residue obtained was purified by recrystallization in
chloroform.

8-nitro-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine (4). Yield 0.82 g (83%).
Tmee = 203-205 °C. NMR spectrum 'H (DMSO-de, §, ppm., ] /Hz): 4.16 (t, 2H, morpholine,
J 5.2 Hz),4.29 (t, 2H, morpholine, ] 5.2 Hz), 5.01 (s, 2H, morpholine), 7.73 (d, 1H, H¢, ] 8.9 Hz),
8.15 (dd, 1H, H’, J 8.9 Hz, 2.2 Hz), 8.44 (d, 1H, H? J 2.2 Hz). *C{'"H} NMR (DMSO-ds,
100 MHz): 43.1, 63.8, 65.1, 110.0, 115.4, 118.1, 139.2, 142.3, 143.8, 153.1.

8-brom-3,4-dihydro-1H-benzo[4,5]imidazo[2,1-c][1,4]oxazine (5). Yield 0.79 g (80%).
Teie = 208-209 °C. NMR spectrum 'H (CDCls, §, ppm., ] /Hz): 4.11-4.22 (m, 4H, morpholine),
5.01 (s, 2H, morpholine), 7.19 (d, 1H, H¢, ] 8.6 Hz), 7.36 (dd, 1H, H’, ] 8.6 Hz, 1.4 Hz), 7.84
(d, 1H,H’,J 1.4 Hz). "C{'H} NMR (CDCl;, 100 MHz): 42.2, 63.9,65.5,110.0, 115.6, 122.5, 125.5,
133.1, 144.1, 149.1.

This work was conducted with the financial support of grant No MK-3459.2022.1.3 from
the President of the Russian Federation for state support of young Russian scientists - candidates
of science.
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Introduction

Porphyrins are tetrapyrrole macrocycles. Their main
feature is diversity, which determined by their special molecular
structure. Porphyrins include numerous macrocyclic aromatic
polyamines containing a multiloop (I), closed-loop conjugated
n-system. This system is based on a planar 16-membered
macrocycle of carbon and nitrogen atoms. Not only all
porphyrins, but also their nitrogen-substituted ones
(azaporphyrins and phthalocyanines) are derived from
porphine (I) by substitution of various types at 1-8 positions
(B-positions of pyrrole cycles), and in methine bridges
(meso-positions) [1-2]. As a result, a large set of porphyrin
ligands with different properties is obtained. Their modification
can vary almost infinitely.

o 3
4
p
5
6
Y

Scientists have been conducting fundamental and applied research on porphyrins for

more than half a century. However, the interest of scientists for studying the properties of these

unique molecules is the same [3]. The promising catalytic properties of porphyrins make it

possible to use them in various fields of chemical technology [4-6], biology, and medicine, for

example, in photodynamic therapy [7-9], as photosensitisers in systems for converting solar
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energy into chemical and electrical energy [10-11]. Reasonably, they possess high extinction
coefficients due to their extended conjugated electron system.

Most of synthetic porphyrins have low solubility in media with high polarity.
At the same time, the growing interest to these compounds due to the possibility of their use
in biology and medicine is associated with the need to synthesise new derivatives with
solubility in aqueous media. Ortho-, meta- and para-N-methyl-substituted derivatives
of 5,10,15,20-tetrapyridylporphyrin are well soluble in water, have a significant photocytotoxic
effect, and are being actively studied for further application for the inactivation of bacteria and
viruses [12-13].

Meanwhile, there are a number of peculiarities when studying water-soluble porphyrins.
Firstly, water is a specific solvent, and the reaction mechanisms occurring in it differ
significantly from those in other media [14]. In particular, aqueous solutions are characterised
by heterolytic reactions in contrast to nonpolar organic solvents, in which homolytic processes
are observed. Secondly, water is the main medium for processes occurring in living cells.
Therefore, the study of the properties of porphyrins and metalloporphyrins in aqueous
solutions is of great importance from the point of view of biochemistry, for example,
for modelling the natural photosynthetic process.

The practical importance of water-soluble porphyrins determines the relevance
of the search for their optimal structure with given properties. One of the proposed methods
for assessing the state of salts of cationic meso-pyridylporphyrins in aqueous solution
is cryoscopic. In [15], this method was also applied during the study of @-amino acids. The main
purpose of the present study is to gain insight into the cryoscopic study of porphyrins differing
in functional substitution at the pyridyl nitrogen atom and, based on the results obtained,
calculate the number of ions formed by the porphyrin molecule in the electrolyte.

Main body

We synthesized 5,10,15,20-tetrakis(1'-methyl-pyrid-4-yl)porphyrin tetratosylate (1),
5,10,15,20-tetrakis(1'-carboxymethyl-pyrid-4-yl)porphyrin tetrabromide (2) and the pyridyl
fragment model salt 1'-methyl-pyridinium iodide by the procedure described in [12, 16]. We
recorded the electronic absorption spectra on a SF-56 spectrophotometer (LOMO,
Russia); FT-IR spectra of porphyrins 1-2 on a VERTEX 80v spectrophotometer within the
wavelength range 4000-400 cm; 1H NMR spectra in DMSO ds on a Bruker 500
spectrophotometer. The water we used for the experiment was distilled twice. We cooled the
distillate with conductivity <10° S cm-cm™ at room temperature, and determined AT" of
porphyrin and model salt solutions in the concentration range (10°-10* mol-kg™).

R Ts

/)
@
R R C+ Br
R= N-CH,COOH
\ /
)
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Porphyrins 1 and 2 have a structure in which the functional groups are firstly bonded to
one of the ionised nitrogen atoms and secondly distant from the central secondary (=NH) and
tertiary (-N=) amino groups, although they are in electronic interaction with them through a

conjugated m-system.
Compounds 1 and 2 have a positive (+) charge on the pyridinium nitrogen atom = N‘ -,

which does not change with changing of pH. It is not a coordination centre in solutions
for either cations or anions. However, pyridinium cations are strong solvation centres
by ion-dipole mechanism. Pyridinium charges are polarising centres (negative induction effect,
-I) for the porphyrin N-H bonds of the H,N, reaction centre and for the four -COOH groups
(Compound 2) in particular. Due to the presence of numerous solvation centres, porphyrins
are soluble in water, which is unusual for these hydrophobic macroheterocycles.

However, any liquid freezes at the temperature at which the saturated vapour pressure
above it becomes equal to the saturated vapour pressure above the crystals. Raoul's law
for extremely dilute solutions of a non-volatile solute states that the vapour pressure
of the solvent over the solution is always less than that over the pure solvent. It is known that
the solution always freezes at a lower temperature than the pure solvent. The cryoscopic
constant does not depend on the nature of the dissolved substance and its concentration, but
is determined by the properties of the pure solvent; its physical meaning is that it is numerically
equal to ATj of a solution whose molality is 1 mol per 1 kg of solvent. For water, the most
common solvent, K.(H,O) = 1,86 K-mol"-kg.

The lowering of the solution freezing temperature is determined by the equation:

ATfr = Tfro - Tfr)

where AT} is the decrease of the solution freezing temperature compared to the pure solvent;
T;" is the freezing temperature of the pure solvent; Ty is the freezing temperature of the solution.

The colligative properties of solutions depend on the total number of the dissolved
substance particles. The concentration of a solution is usually stated in terms of formula units
(molecules). As a result of electrolytic dissociation of a dissolved substance (electrolyte),
the number of its particles in solution increases. The isotonic coefficient (i) is introduced into
the equations describing the colligative properties of electrolyte solutions to accommodate
this factor.

ATp=i" Ko+ Cn,
where T is the freezing temperature of the pure solvent; Tj is the freezing temperature of the
solution; C,, is the molar concentration of the solution; K., is the cryoscopic constant; i is the
isotonic coefticient.
Table 1 shows the values of AT; and i in aqueous electrolyte for porphyrins (1-2)
and 1-methyl-pyridinium iodide, as well as potassium chloride and carbonic acid diamide salts,
for which the number of ions in solution is known. We determined the values

of AT}, experimentally.
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Table 1. Values of AT}, and i for porphyrins (1-2) and 1-methyl-pyridinium iodide in aqueous electrolyte

Compound mg m(H0), g ATy i Mear, g/mol

0.30090 50.0078 0.190 1.019~1 58.9039

0.90015 49.9897 0.560 1.004 ~ 1 59.8080

(NH,),CO 3.01542 50.2878 1.840 0.991 ~1 60.6150
3.00240 49.9871 1.850 0.995~ 1 59.7423

3.00240 49.9871 1.860 0.999 ~ 1 60.0635

0.37265 50.0025 0.372 2.001 =2 37.2631

0.37271 50.0092 0.373 2.005 = 2 37.1642

KCl 1.86590 65.1527 1.380 1.931 =2 38.6002
1.86590 50.1427 1.770 1.906 ~ 2 39.1039

3.72760 49.9908 3.540 1.902 =~ 2 39.1785

0.05954 60.33765 0.007 5202=5 262.202

i 0.05954 50.56095 0.008 4.982~5 273.789
0.05954 40.51995 0.01 4991 ~5 273.308

0.12274 50.0039 0.016 4.780 = 5 285.348

0.05379 49.7100 0.016 9.338=9 125.7913
2) 0.10630 76.0504 0.020 9.036 =9 129.9914
0.10630 67.7305 0.023 9.255=9 126.9211
0.10630 49.9990 0.030 8911=9 131.8146

1.10493 49.9985 0.371 1.995 ~ 2 110.7941

@ 1.10500 49.9960 0.370 1.989 ~ 2 111.1061
+N-CH; 1.90924 60.0026 0.531 1.983 =2 111.4574

—/ T 1.90924 50.0013 0.630 1.961 =~ 2 112.7331
2.93741 50.0077 0.960 1.942 =~ 2 113.8071

According to the experimental data (see Table 1), a weak dependence of i values on Cm
can be observed. Data show the decrease of i value with increasing molality of solutions of both
porphyrins and salts, indicating possible incomplete dissociation. The number of the dissolved
model salt particles, 1-methyl-pyridinium iodide, is close or equal to two, as expected.
For porphyrin 1, the value of i was close to five, which indicates dissociation of the substance
into four tosylate anions and a large porphyrin cation. For porphyrin 2, the number of particles
in solution is close to nine. This fact corresponds with the results of [17], in which experimental
data on the pH change of solution due to ionisation of four >N*-CH,COOH groups
are presented, the true constants of step ionisation (true - since the concentrations of ions
in solution are small) of porphyrin 2 are calculated, and the equivalence of all four
>N*-CH,COOH groupings of carboxymethyl-substituted porphyrin and the possibility of
their cleavage of H* in solution are discussed. Due to the very strong proton-acceptor properties

of the pyridinium cation —N., -CH,COOH correspond in strength to the acetic acid halogen
\

derivatives HalCH,COOH, Hal,CNCOOH and even Hal:CNCOOH. Since the electron
acceptor field 4 = N*< extends to the H,N, reaction centre of tetrapyridylporphine, a significant
decrease in the basic properties of the tertiary nitrogen atoms (=N-) and a strong increase in
the acidic properties of the N-H groups are expected.

Conclusions and recommendations

The data obtained allow us to evaluate the state of polyfunctional macrocyclic compounds
in solution. In particular, the water-soluble porphyrins studied in this paper are organic salts.
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According to the results of the experiment in the specified concentration range, these salts

in dilute solutions are almost completely dissociated.
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Keywords: Abstract. The authors modified cotton cellulose with anthranilic acid to obtain a new
cotton cellulose, sorbent capable of efficient extraction of heavy metal ions from aqueous solutions.
modification, We conducted the modification in two stages: at the first stage, we obtained dialdehyde
anthranilic acid, cellulose by oxidation of cellulose with sodium metaperiodate; at the second stage,
sorption, ions Cu(Il) we treated dialdehyde cellulose with anthranilic acid to obtain a ready-made sorbent.
and Fe(II) The authors determined the optimum conditions for modifying cotton cellulose

to achieve maximum sorption of iron(II) and copper(Il) ions. We studied
the equilibrium-kinetic characteristics of the original and modified cotton cellulose.
Also, we have processed the results of the kinetic experiment within the framework
of pseudo-first- and pseudo-second-order kinetics models. We selected sorption
isotherms, processed them within the framework of the Langmuir model,
and determined the values of the ultimate sorption capacity (A.). The modification
of cotton cellulose enables to increase its sorption capacity significantly. According
to the results, the A of the modified sorbent is about 4-5 times higher than the ultimate
sorption capacity of native cotton cellulose to Cu(Il) and Fe(Il) ions. In contrast,
we obtained and compared the IR spectra of anthranilic acid-modified cellulose
and native cellulose. Additionally, we obtained SEM images of the modified sorbent
and the native cotton cellulose surface structure.

For citation:

Nikiforova, T.E. (2023) Effect of chemical modification of cotton cellulose by anthranilic acid on the sorption
of Cu(II) and Fe(II) ions, From Chemistry Towards Technology Step-By-Step, 4(3), pp. 81-89 [online]. Available at:
http://chemintech.ru/index.php/tor/issue/view/2023-4-3

Introduction

Nowadays, there is a worldwide growth of environmental pollution by harmful
substances of different nature - heavy metals, radionuclides, petroleum products, etc. Studies
devoted to the environmental pollution by heavy metals note their high toxicity to living
organisms even in relatively low concentrations, as well as their ability to bioaccumulation [1].
Their introduction into the environment is caused by the activity of various industries, motor
transport, boiler housing, incinerators, and agriculture. Volcanic eruptions, destruction
of rocks, etc. are among the natural sources of environmental pollution by heavy metals. [2].
To reduce the environmental hazard of various industries, different methods of heavy metal

© T. E. Nikiforova, 2023
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removal from wastewater, such as adsorption, precipitation, ion exchange, membrane
treatment, electrocoagulation, electrodeposition, etc. are developed and applied [3].

The sorption is a very effective method of purification of water contaminated with heavy
metal ions. It allows one to extract contaminants in a relatively wide range of concentrations.
Sorption method is a challenging approach to wastewater treatment in terms
of the environment. Nowadays, activated carbon is the most used adsorbent due to its high
specific surface area. However, the application of activated carbon is limited due to the high
cost of its production and regeneration process. Therefore, the actual task is the search for new,
cheaper, and more effective sorption materials [4].

Mesoporous silica, zeolite, magnetic adsorbents, alumina, clay are widely used among
sorbents of inorganic nature. Modern methods of mineral sorbents synthesis are presented in
[5-7].

Biosorbents of polysaccharide nature, especially agro-industrial wastes, generated during
the processing of agricultural raw materials, attract scientist’s attention recently. Researchers
have widely used plant biomass based on sorbents, particularly agricultural wastes, as
an alternative to conventional sorbents due to their low cost, availability, renewability,
biodegradability, and sorption potential. The feasibility of industrial applications and cost-
effectiveness are the key factors playing the most important role in selecting the most suitable
sorbent for biosorption of heavy metals from aqueous effluents [8].

The adsorption capacity of biosorbents can be significantly improved by chemical,
physical, or biochemical methods. The use of agro-industrial wastes in unmodified (rice husks,
chitosan, coffee cake, wheat bran, soya flour, ground olive seeds, apple pomace, mushroom
biomass, yeast, algal and bacterial biomass), and in modified form (sugar cane, modified wheat
bran, modified coconut waste, modified orange peel waste, modified sawdust, modified
eggshells), which are the most studied adsorbents [9-10].

The main advantages of biosorbents are their nontoxicity and safety for humans and
the environment. Biosorbents are able to remove heavy metals in low concentrations effectively
and are relatively widely used for this purpose [11].

Sorption materials can be both water-soluble and insoluble in water, including
cross-linked. They can be used in the form of membranes, fibres, gels, or beads [12-13]. Notable,
hybrid materials are also of great interest for the removal of metal cations from aqueous
solutions. The incorporation of inorganic materials such as silica, for example, can improve
diffusion or physical properties, increase the stability of the sorbents, and facilitate separation
at the end of the sorption process [14].

The efficiency of a sorbent is known to depend both on its specific surface area and on the
number and type of sorption centres [14-16]. Polymeric sorbents containing acidic groups
(carboxylic, sulfogroups, etc.) are of great interest. Depending on the nature of the functional
groups, the polymeric sorbent can demonstrate either chelate properties or act
as a polyelectrolyte, which determines the mechanism of metal ion binding [16]. Therefore,
the development and application of biopolymeric sorbents with acidic functional groups
for the removal of heavy metal ions from aqueous solutions, including wastewater, is an urgent
scientific task.

The purpose of this study is to develop a sorbent based on cotton cellulose with high
sorption characteristics for effective purification of aqueous media from heavy metal ions.
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Main body

We used cotton cellulose (GOST 595-79) as a sorbent in the experimental part
of the study. For purification from impurities we boiled the cellulose for 30 minutes with
5% NaHCO:; solution at a solution/sorbent modulus of 20, then washed with distilled water
to pH = 7 and dried to constant weight. Air-dried cellulose samples had a moisture content
of 8.5%.

We used sodium metaperiodate NalO, and anthranilic acid C;H,NO, as modifying
agents; we used iron and copper sulfates FeSO47H,O and CuSO,45H,0 to prepare model
solutions for sorption experiments. All reagents were "chemically pure".

We performed the modification of cotton cellulose with anthranilic acid in two steps:

- oxidation of cellulose by sodium metoperiodate forming dialdehyde cellulose;

- modification of dialdehyde cellulose with anthranilic acid.

We oxidised cellulose with sodium metaperiodate and determined the content
of aldehyde groups in the sorbent as described in [17]. The dialdehyde cellulose [18] obtained
during periodate oxidation was subsequently treated with anthranilic acid. For this purpose,
we placed oxidized cotton cellulose containing 12% aldehyde groups in an amount of 1 g in
a flask containing 1% anthranilic acid solution (solution/sorbent modulus 50). We conducted
the modification process for 45-60 min at a temperature of 40-45 °C and pH = 7-10
with continuous stirring. After cooling, we washed the modified sorbent with distilled water
to neutral reaction, and dried.

Kinetics and equilibrium of sorption. We studied the kinetics of heavy metal ions
sorption in static under stirring by the limited solution volume method [19]. The initial
concentration of metal ions (C,) was 1.5-10* mol/l. We then separated the solution from the
sorbent by filtration and determined its equilibrium concentration of metal ions (C:) by atomic
absorption spectroscopy on a 210VGP instrument.

The degree of (a, %) metal ion extraction we determined as follows:

C,-C
= =0~ 100,
a="1% ()

0
To obtain sorption isotherms, we placed 0.1 g sorbent suspensions into a series of test
tubes and poured them into 10 ml of aqueous metal sulfate solution with metal concentrations
in the range of 1.5:10*-5-10* mol/l. Then we were stirring them to establish the equilibrium.
We then separated the solution from the sorbent by filtration and determined its equilibrium
concentration of metal ions (C) by atomic absorption spectroscopy on a 210VGP.
We determined the equilibrium sorption capacity A (mol/kg) by the formula
a={&=9 .y, )
m
where C is the equilibrium concentration of metal ions, mol/l; m is the mass of the sorbent
suspension, g; V is the volume of solution, litres.
We calculated the relative bias of the experiments on the basis of experimental data, where
each point represents the average of two parallel experiments [20]. The bias of the experiment
did not exceed 10%.
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Discussion of the results of the study

We calculated the kinetic curves of sorption of Cu(I) and Fe(II) ions to determine
the time to reach sorption equilibrium in the heterophase system "cellulose sorbent - aqueous
solution of metal sulphate". The experimental results are shown on Fig. 1.

100 1

2

0 é ‘I‘U 1‘5 2‘0

- Time, min
Fig. 1. Kinetic curves of sorption of Cu** (1, 3) and Fe?* (2, 4) ions from aqueous solutions of native (3, 4)
and modified (1, 2) cotton cellulose

Fig. 1 shows significantly increasing of heavy metal ions extraction degree in the case of
using cellulose modified with anthranilic acid compared to native cellulose. According to it, the
time to reach sorption equilibrium is 20 minutes.

To determine the reaction order, we processed the experimental data using pseudo-first
(3) and pseudo-second (4) order kinetic models:

qt = Qeq (1 - eik]l)) (3)
g = t
P . 4 .
1 : | (4)
kZ ’ qeq qeq

Table 1 shows the results of processing the kinetic curves of heavy metal ion sorption
by native and modified cotton cellulose in the framework of pseudo-first-order and
pseudo-second-order kinetics models using the Origin programme. However, the highest
correlation coefficients (0.99) were obtained when processing the data of the kinetic experiment
using the pseudo-second-order model.

Table 1. Results of the treatment of heavy metal ion sorption kinetic curves of native and modified cotton cellulose
within the framework of chemical kinetics models

Ion Equilibrium Pseudo-first-order model Pseudo-second-order model
of metal sorption value
de Mg/g de Mg/g k1, min™ R g mg/g | k;, mg min/g R
Non-modified cellulose
Cu(Il) 0.55 0.46 0.18 0.80 0.64 0.29 0.99
Fe(1I) 0.53 0.49 0.18 0.89 0.62 0.23 0.99
Anthranilic acid modified cellulose
Cu(Il) 0.93 0.61 0.27 0.98 0.95 1.17 0.99
Fe(1I) 0.87 0.69 0.25 0.97 0.81 1.08 0.99
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Isotherms of sorption of Cu(II), Fe(II) ions from aqueous solutions of their sulphates were
obtained to determine the ultimate sorption capacity of native cotton cellulose and cellulose
modified with anthranilic acid. The experimental results are shown on Fig. 2.

A, mol’kg

C 10°, molll

Fig. 2. Sorption isotherms of Cu** (1, 3) and Fe** (2, 4) ions from aqueous solutions of native (3, 4) and modified
(1, 2) cotton cellulose

The experimental data obtained can be described by the Langmuir adsorption isotherm
equation

_A4,-K-C,
A+ kK-C)’ (5)

where A is the limiting or maximum sorption capacity of the sorbent for a given metal, mol/kg;
K is the concentration constant of sorption equilibrium, characterizing the intensity of
the sorption process, l/mol.

Linearization of the sorption isotherms according to the equation
C. _ G N 1 ©)
A A A K

allows us to determine graphically the values of A, and K in the Langmuir equation
in accordance with the experimental data on the tested sorbate distribution in the heterophase
system "aqueous solution - cellulose sorbent".

Table 2 shows the results of processing of heavy metal ion sorption isotherms using
Langmuir model of native cotton pulp and cotton pulp modified with anthranilic acid.

Table 2. Processing parameters of heavy metal ion sorption isotherms of original cellulose and cotton modified
cellulose using the Langmuir least squares model

Metal cation K, I/mol 1/Ax Correlation Ax, mol/kg
coefficient
Non-modified cellulose
Cu(ID) 909.1 2,0+0,02 0.99 0.50
Fe(II) 961.5 2,5+£0,02 0.99 0.40
Anthranilic acid modified cellulose
Cu(ID) 217.4 0.50%0.03 0.99 2.00
Fe(II) 325.5 0.51+0.04 0.98 1.96
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The experimental data on the sorption of copper and iron ions by native and modified
cotton cellulose are well approximated by the Langmuir equation. As follows from the data
presented on Fig. 2 and Table 2, the ultimate sorption capacity (A..) of cotton pulp modified
with anthranilic acid is four times higher than A.. of native pulp for Cu(II) ions and about five
times higher for Fe(II) ions. The values of A.. = 2 mol/kg obtained for the sorption of Cu(II)
and Fe(II) ions by modified cellulose indicate good binding capacity of the sorbent towards
these metals.

We can explain the significant increase in the ultimate sorption capacity of modified
cotton cellulose in comparison with native cellulose by the fact that, as a result of modification,
new functional groups capable of effectively binding heavy metal ions appear in the fibre
structure.

IR spectra analysis. We obtained IR spectra of the original cotton cellulose as well as
cellulose oxidized with sodium metaperiodate (dialdehyde cellulose) and cellulose modified
with anthranilic acid to detect new sorption centres formed on the sorbent surface during the
modification process (Fig. 3, curves 1-3).

Comparison of the IR spectra obtained reveals the differences among the cellulose
samples under study. In the range 1780-1600 cm™ the presence of absorption bands is due to
valence vibrations of the C=0 bond for aldehydes, ketones, and carboxylic acids. In this range,
a shift of the peak at 1729 cm™ to the position 1741 cm™ is observed for the cellulose sample
modified with anthranilic acid compared to the original cellulose, which is due to the
appearance of carboxyl groups in its structure.

We observe a band shift of the spectrum of dialdehyde cellulose from the 1640 cm™
position for the original cotton cellulose to the 1632 cm™ position, associated with the
appearance of aldehyde groups during the oxidation of cellulose by sodium metaperiodate.
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Fig. 3. IR spectra of native cotton cellulose (1), dialdehyde cellulose (2), anthranilic acid modified cellulose (3)
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We also observe changes in the spectrum of cellulose modified with anthranilic acid
compared to the spectrum of the original cellulose. The changes occur in the range of
1300-1250 cm™’, where the valence vibrations of the C-N bond in amides appear. Therefore,
we can assert that the modification of the sorbent results in the anchoring of anthranilic acid
on its surface. Thus, the results of IR spectroscopy confirm the presence of cellulose
modification with anthranilic acid through the stage of dialdehyde-cellulose formation causes
occuring of new sorption-active groups in the structure of sorbents.

Microscopic study of sorbents structure. The study of the surface structure of the
original cotton cellulose and modified sorbent by electron microscopy showed the modification
changes of the sorbent surface microrelief. Thus, the surface of the original cotton cellulose (Fig.
4, a) is homogeneous but has with few folds. Modification with anthranilic acid causes the
surface of the sorbent to become rougher and an abundance of folds and scales is observed (Fig.
4, b), which indicates a change in the surface layer.

- g

Fig. 4. SEM images of the original cotton pulp surface (a) and the cotton pulp surface modified with anthranilic acid (b)

We obtained a sorbent with a different structure from the original cotton cellulose,
characterised by enhanced sorption properties towards heavy metal ions as a result of the
modification.

Conclusions

We have developed a new effective sorbent for the extraction of heavy metal ions
from aqueous solutions by sequential treatment of cotton cellulose with sodium metaperiodate
and anthranilic acid. The authors studied the sorption process of heavy metal ions on cotton
cellulose and the modified sample. We found the sorption characteristics of the modified
sorbent with respect to Cu®* and Fe*" ions to be significantly higher than those of native cotton
cellulose. The kinetics of sorption of heavy metal ions by the sorbents under study is described
most adequately (with a correlation coefficient of 0.99) by the kinetic model of pseudo-second
order. There is a good description of the experimental isotherms of sorption of copper and iron
ions in the framework of the Langmuir model. Moreover, the maximum sorption capacity of
anthranilic acid-modified cotton pulp increases compared to native cotton pulp for Cu®*
and Fe** jons from 0.5 and 0.4 mol/kg to 2 and 1.96 mol/kg, respectively.

IR spectra of samples of original cellulose and cellulose modified with anthranilic acid
indicate occuring of new sorption-active groups in the sorbent structure.

SEM microscopic studies show the presence of changes in the surface structure of cotton
cellulose based sorption material compared to the original sample.

87



FROM CHEMISTRY TOWARDS TECHNOLOGY VOL. 4, ISSUE 3, 2023

Acknowledgements

The research was conducted using the resources of the ISUCT Centre for the Collective Use

of Scientific Equipment (supported by the Russian Ministry of Education and Science, Agreement
No. 075-15-2021-671).

The study was conducted within the framework of a government research assignment.

Project Ne FZZW-2020-0010.

10.

11.

12.

13.

References

Humelnicu, D., Lazar, M.M,, Ignat, M., Dinu, I.A., Dragan, E.S. & Dinu, M.V. (2019) Removal of heavy metal
ions from multi-component aqueous solutions by eco-friendly and low-cost composite sorbents with anisotropic
pores, J. Haz. Mat., 381, 120980 [online]. Available at: https://doi.org/10.1016/j.jhazmat.2019.120980

Yadav, S., Yadav, A., Bagotia, N., Sharma, A.K. & Kumar, S. (2021) Adsorptive potential of modified plant-
based adsorbents for sequestration of dyes and heavy metals from wastewater, A review Journal of Water Process
Engineering, 42, 102148 [online]. Available at: https://doi.org/10.1016/j.jwpe.2021.102148

Agarwal, A., Upadhyay, U., Sreedhar, I., Singh, S.A. & Patel, C.M. (2020) A review on valorization of biomass
in heavy metal removal from wastewater, J. Water Proc. Eng., 38, 101602 [online]. Available at:
https://doi.org/10.1016/j.jwpe.2020.101602

Meseldzija, S., Petrovic, J., Onjia, A., Volkov-Husovig, T., Nesic, A. & Vukelic, N. (2019) Utilization of agro-
industrial waste for removal of copper ions from aqueous solutions and mining-wastewater, Journal of
Industrial ~ and  Engineering ~ Chemistry, 75, pp.  246-252  [online].  Available  at:
https://doi.org/10.1016/j.jiec.2019.03.031

Prokof'ev, V.Y. & Gordina, N.E. (2013) A study of thermal treatment and hydrothermal crystallization stages
in production of granulated NAA zeolite from mechanically activated metakaolin, Zhurnal prikladnoj khimii,
86(3), pp. 332-338 (in Russian).

Prokof'ev, V.Yu., Gordina, N.E. & Zhidkova, A.B. (2011) Synthesis of granulated zeolites with NAA structure
from kaolin, Izvestija vuzov. Khimija i khimicheskaja tehnologija, 54(12), pp. 77-80 (in Russian).

Gordina, N.E., Prokof’ev, V.Y., Hmylova, O.E. & Kul’pina, Y.N. (2017) Effect of ultrasound on the thermal
behavior of the mixtures for the LTA zeolite synthesis based on metakaolin, Journal of Thermal Analysis and
Calorimetry, 129(3), pp.1415-1427.

Saavedra, MLL., Mifiarro, M.D., Angosto, J.M. & Fernandez-Lopez, J.A. (2019) Reuse potential of residues of
artichoke (Cynara scolymus L.) from industrial canning processing as sorbent of heavy metals in multimetallic effluents,
Industrial Crops & Products, 141, 111751 [online]. Available at: https://doi.org/10.1016/j.indcrop.2019.111751
Shrestha, R., Ban, S., Devkota, S., Sharma, S., Joshi, R., Tiwari, A.P., Kim, H.Y. & Joshi, M.K. (2021)
Technological trends in heavy metals removal from industrial wastewater: A review, Journal of Environmental
Chemical Engineering, 9(4), 105688 [online]. Available at: https://doi.org/10.1016/j.jece.2021.105688
Nikiforova, T.E., Kozlov, V.A., Rodionova, M.V. & Modina, E.A. (2009) Sorption of zinc ions by products
containing cellulose and protein components, Izvestija vuzov. Himija i himicheskaja tehnologija, 52(3),
pp- 27-31 (in Russian)

Nazaripour, M., Reshadi, M.A.M., Mirbagheri, S.A., Nazaripour, M. & Bazargan, A. (2021) Research trends
of heavy metal removal from aqueous environments, Journal of Environmental Management, 287, 112322
[online]. Available at: https://doi.org/10.1016/j.jenvman.2021.112322

Kozlov, V.A., Nikiforova, T.E., Loginova, V.A. & Koifman, O.1. (2015) Mechanism of protodesorption -
exchange of heavy metal cations for protons in a heterophase system of H,O-H,SO,-MSO; - cellulose sorbent,
Journal of Hazardous Materials, 299, pp. 725-732. DOI: 10.1016/j.jhazmat.2015.08.004.

Singha, B. & Das, S.K. (2013) Adsorptive removal of Cu(II) from aqueous solution and industrial effluent
using natural/agricultural wastes, Colloids and Surfaces B: Biointerfaces, 107, pp. 97-106 [online]. Available at:
http://dx.doi.org/10.1016/j.colsurfb.2013.01.060

88


https://doi.org/10.1016/j.jhazmat.2019.120980
https://doi.org/10.1016/j.jwpe.2021.102148
https://doi.org/10.1016/j.jwpe.2020.101602
https://doi.org/10.1016/j.jiec.2019.03.031
https://elibrary.ru/item.asp?id=31030617
https://elibrary.ru/item.asp?id=31030617
https://elibrary.ru/contents.asp?id=34527205
https://elibrary.ru/contents.asp?id=34527205
https://doi.org/10.1016/j.indcrop.2019.111751
https://doi.org/10.1016/j.jece.2021.105688
https://doi.org/10.1016/j.jenvman.2021.112322
https://doi.org/10.1016/j.jhazmat.2015.08.004
http://dx.doi.org/10.1016/j.colsurfb.2013.01.060

FROM CHEMISTRY TOWARDS TECHNOLOGY VOL. 4, ISSUE 3, 2023

14.

15.

16.

17.

18.

19.

20.
21.

Nikiforova, T.E. & Kozlov, V.A. (2012) Comparison of models of copper (II) and nickel (II) cations sorption
from aqueous solutions by cotton cellulose, Zhurnal fizicheskoj khimii, 86(10), pp. 1724-1729 (in Russian).
Nikiforova, T.E., Kozlov, V.A. & Islyaikin, M.K. (2012) Acid-base interactions and complex formation while
recovering copper(ii) ions from aqueous solutions using cellulose adsorbent in the presence of
polyvinylpyrrolidone, Zhurnal fizicheskoj khimii, 86(12), pp. 1974-1984 (in Russian).

Nikiforova, T.E., Kozlov, V.A. & Islyaikin, M.K. (2012) Acid-base interactions and complex formation while
recovering copper(ii) ions from aqueous solutions using cellulose adsorbent in the presence of
polyvinylpyrrolidone, Russian Journal of Physical Chemistry, 86(12), pp. 1974-1984.

Beaugeard, V., Muller, J., Graillot, A., Ding, X., Robin, J.-J. & Monge, S. (2020) Acidic polymeric sorbents
for the removal of metallic pollution in water: A review, Reactive and Functional Polymers, 152(3), 104599
[online]. Available at: https://doi.org/10.1016/j.reactfunctpolym.2020.104599

Nikiforova, T.E., Kozlov, V.A. & Sofronov, A.R. (2023) Effect of chemical modification of cotton cellulose by
aminoacetic acid on the sorption of Cu(II) and Fe(II) ions, From Chemistry Towards Technology Step-By-Step,
4(1), pp. 32-42 [online]. Available at: http://chemintech.ru/index.php/tor/2023-4-1 (in Russian).

Klemm, D., Philipp, B., Heinze, D., Heinze, U. & Wagenknecht, W. (1998) Comprehensive cellulose
chemistry. Vol. 1: Fundamentals and Analytical Methods. Wiley-WCH, Weinheim, Germany.

Kokotov, Yu.A. & Pasechnik, V.A. (1970) Equilibrium and kinetics of ion exchange. L.: Khimiya (in Russian).
Ahnazarova, S.L. & Kafarov, V.V. (1985) Methods of experiment optimisation in chemical technology.
Moscow: Vysshaya Shkola (in Russian).

Received 10.08.2023
Approved 18.08.2023
Accepted 08.09.2023

89


https://www.elibrary.ru/item.asp?id=20491643
https://www.elibrary.ru/item.asp?id=20491643
http://chemintech.ru/index.php/tor/2023-4-1

A&ROM CHEMISTRY TOWARDS TECHNOLOGY VOL. 4, ISSUE 3, 2023

Scientific article
UDC 547.818.1

QUANTUM CHEMICAL STUDY OF THE ACIDITY
OF 3,4-DIHYDRO-2H-THIOPYRAN-1,1-DIOXIDES

M. V. Starostin, N. E. Dolbnev, K. L. Ovchinnikov

Mikhail V. Starostin, Postgraduate Student; Nikita E. Dolbnev, Master's Student; Konstantin L. Ovchinnikov,
Candidate of Chemical Sciences, Associate Professor

Yaroslavl State Technical University, Yaroslavl, Russia

misha.starostin@yandex.ru; dolbnevne.19@edu.ystu.ru; ovchinnikovkl@ystu.ru

Keywords: Abstract. We conducted quantum chemical modelling by REVPBEO
3,4-Dihydro-2H-thiopyran-1,1- 3,4-dihydro-2H-thiopyran-1,1-dioxide,3,4,6-triphenyl-3,4-dihydro-2H-
dioxides, acidity, thiopyran-1,1-dioxide and their anions. The authors calculated the Gibbs
quantum- chemical modelling, free energies for the reaction of their interaction with hydroxide anion
REVPBEQ method as a base. We have found a difference in the acidic properties of the protons

of the 2H-thiopyran rings and the positions of the reaction centres
in the subsequent reactions involving the formed anions.

For citation:

Starostin, M.V., Dolbnev, N.E. & Ovchinnikov, K.L. (2023) Quantum chemical study of the acidity of
3,4-dihydro-2H-thiopyran-1,1-dioxides, From Chemistry Towards Technology Step-By-Step, 4(3), pp. 90-94
[online]. Available at: http://chemintech.ru/index.php/tor/issue/view/2023-4-3

Introduction

Compounds containing thiopyran fraction are of interest as promising biologically active
substances [1]. Nevertheless, they are poorly studied organic compounds due to the preparative
complexity of their preparation and further functionalisation [1, 2]. Therefore,
the comprehensive development of thiopyranes chemistry is an urgent task.

It is known [3] that double bond migration of 3,4-dihydro-2H-thiopyran-1,1-dioxide can
occur in the presence of bases (Fig. 1).

In the presence of aqueous NaOH solution for 24 h, the authors [3] observed
isomerisation of 1 to 2 with a conversion of 67%. It is also noted the formation of isomers 1 and

2 in the equilibrium mixture in the ratio of 5:95 occurred on exposure to a weaker base

DBU (6 eq.) for 7 days.
4
5 3 =
| =
6 2
S S
/AN /7N
O O o O
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Fig. 1. General scheme of double bond migration in the ring of 3,4-dihydro-2H-thiopyran-1,1-dioxide
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The present paper deals with the problem of the thiopyran ring acidity using
unsubstituted 3,4-dihydro-2H-thiopyran-1,1-dioxide and trisubstituted 3,4,6-triphenyl-3,4-
dihydro-2H-thiopyran-1,1-dioxide as examples.

It is necessary to determine the possibility of the different anions formation
of 3,4-dihydro-2H-thiopyran-1,1-dioxides not only to analyse the possible migration
of the double bond, but also to study the reactions involving the probable anions. We have made
such an assessment using quantum-chemical calculations.

Quantum chemical studies of the synthesis of substituted 3,4-dihydro-2H-thiopyrans
[4,5], synthetic precursors of 3,4-dihydro-2H-thiopyran-1,1-dioxides, were previously
conducted

Main body

We calculated all quantum-chemical parameters using the Orca software, version
5.0.3 [6-8] using the electron density functional method REVPBEO (updated PBEO method)
[9,10] with the Grimme dispersion correction D4 [11, 12] in the valence-splitting triple-
exponential 3 basis with polarisation functions Def2-TZVPPD [13-15]. The approximations
of Coulomb interactions and exchange HF-integrals by the RIJCOSX method [16]
in the additional Def2/] [14] and Def2-TZVPPPD/C [17, 18] bases in the calculations were
used. The polarisable continuum model C-PCM, solvent - DMFA [19] was used in calculations
that take solvation into account.

We calculated all theoretically possible anions of 3,4-dihydro-2H-thiopyran-1,1-dioxide
and 3,4,6-triphenyl-3,4-dihydro-2H-thiopyran-1,1-dioxide to determine the acidity of different
positions of the thiopyran ring. We calculated the Gibbs free energy change for the reaction
of their interaction with hydroxide anion as base. Table 1 presents the results. The Gibbs energy
change was calculated for a temperature of 293K.

Table 1. Gibbs free energy of deprotonation of 3,4-dihydro-2H-thiopyran-1,1-dioxide and 3,4,6-triphenyl-3,4-
dihydro-2H-thiopyran-1,1-dioxide by hydroxide anion (REVPBE(0/def2-TZVPPD method, C-PCM(DMF),
T =293 K). The numbering of atoms is according to the scheme of Fig. 1.

AG, kcal/mol

Deprotonation position

in the thiopyran ring 3,4-dihydro-2H-thiopyran-1,1-dioxide 3,4,6-tr.1pheny1-3,4-d1.hy(.1ro-2H-
thiopyran-1,1-dioxide
2 7.580 1.713
3 26.220 8.951
4 -7.578 -23.056
5 15.694 13.754
6 3.584 -

According our research, deprotonation of the C4 atom is the most energetically
favourable for both compounds. The ease of deprotonation is related to the stability
of the formed anion, which is largely determined by the electron density distribution.
At detachment of a proton from the C4 atom, the formed anion is resonance-stabilised

due to interaction with electrons of the C6 atom (Fig. 2).
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Fig. 2. Scheme of anion formation upon deprotonation of C4 3,4-dihydro-2H-thiopyran-1,1-dioxide and 3,4,6-
triphenyl-3,4-dihydro-2H-thiopyran-1,1-dioxide atoms

These same atoms host the bulk of the highest occupied molecular orbital (HOMO),
as can be seen in Fig. 3. The localisation of the HOMO also demonstrates the active reaction
centres of the anion - atoms C4 and C6.

Fig. 3. Distribution of HOMO in the anion of 3,4-dihydro-2H-thiopyran-1,1-dioxide (C4 deprotonated)

Comparing the Gibbs energies of deprotonation of C4 2H-thiopyran-1,1-dioxide
(-7.578 kcal/mol) and 3,4,6-triphenyl-3,4-dihydro-2H-thiopyran-1,1-dioxide (-23.056 kcal/mol),
it is possible to conclude that 3,4,6-triphenyl-3,4-dihydro-2H-thiopyran-1,1-dioxide has more
acidic properties. The distribution of HOMO in the resulting anion, shown in Fig. 4 provides
an explanation for this fact. The phenyl fragments at the 4 and 6 positions participate
in the electron density distribution and stabilize the anion.
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Fig. 4. Distribution of HOMO in the anion of 3,4,6-triphenyl-3,4-dihydro-2H-thiopyran-1,1-dioxide
(C4 deprotonated)

Predicting the reactivity of the formed anions in subsequent chemical reactions,
itis expected to be higher for the 3,4-dihydro-2H-thiopyran-1,1-dioxide anion, due to
the greater localization of the HOMO on the carbons of the 2H-thiopyran ring and the smaller
influence of the steric factor. The C4 and C6 atoms can act as reaction centres in subsequent
reactions involving these anions, since it is on them that the major part of the anion's HOMO
is localised.

Moreover, there is a minor participation of the sulfone group in the distribution
of HOMO, which is consistent with the calculated low acidity of the C2 atom.

Conclusions and recommendations

As a result of quantum-chemical Gibbs free energy calculations, it was found that in
3,4-dihydro-2H-thiopyran-1,1-dioxide and 3,4,6-triphenyl-3,4-dihydro-2H-thiopyran-1,1-dioxide,
the strongest acidic properties are exhibited by the proton at the carbon in the 4 position of the
thiopyran ring. Phenyl fragments in the 4 and 6 positions of 3,4,6-triphenyl-3,4-dihydro-2H-
thiopyran-1,1-dioxide participate in the electron density distribution of the anion, thereby
enhancing the acidic properties of this compound. Therefore, the localization of HOMO
in anions allows us to assume that C4 and Cé6 atoms will act as reaction centres in subsequent
reactions involving these anions.
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Introduction

Nowadays, many environmental protection and restoration issues have no optimal
solutions due to the lack of cheap, accessible, and environmentally friendly technologies
in environmental protection. The most appropriate solution to reduce the negative impact
of sewage treatment sludge is the use of humic substances. Humic compounds fulfil
the functions of natural adaptogens, detoxicants and have a wide range of biological effects.
They improve soil structure and are environmentally safe to use [1]. The advantage of this raw
material is its availability worldwide. Humic substances (HS) largely determine soil fertility,
but their origin, molecular structure, and stability are a matter of debate [2, 3]. Humic
substances are organic compounds of very complex composition containing about 15 types
of functional groups: carboxyl, phenol-hydroxyl, alcohol, amide, carbonyl, etc. (Fig. 1 [4]).
The number of methoxyl groups, according to L.N. Aleksandrova, depends on the degree
of humification and composition of the original plant residues. However, they are residual
in the macromolecule of humic acids [5, 6]. Hydroxyl groups and phenolic hydroxyls,
containing hydrogen capable for substitution, determine the acidic properties of humic acids.

© E. L. Nikitina, I. G. Tikhonova, A. S. Danilova, S. N. Lednev, 2023
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Fig. 1. Hypothetical formula of humic acids [4]

The qualitative composition of functional groups in fulvic acids and humic acids
is similar. However, in fulvic acids, hydroxyl and methoxyl groups predominate
in the quantitative composition. Free amino groups are not detected. Moreover, the presence
of many functional groups such as -NH,, -OH, -COOH, -CONH,, and -SH allows us
to consider HFs as highly reactive substances capable of reacting with a wide class of chemical
compounds [7]. Therefore, humic acid molecules are randomised polymers of aromatic and
aliphatic structural fragments containing a variety of functional groups capable to react with
many chemical substances in the soil.

Main body

Most humic substances occur in a bonded state in the soil and are insoluble in water.
The activator of peat organic matter in laboratory conditions was aqueous solutions of alkalis.
The activator of peat organic matter in laboratory conditions was aqueous solutions of alkalis,
which were used to produce humic compounds in the form of humates and humic acids
by extraction followed by their precipitation in acidic medium. We analyzed the obtained
humic acids by infrared spectroscopy. We recorded infrared absorption spectra on a FT-IR
spectrometer RX (Perkin Elmer) with an NPVO Spectrum Two attachment in the frequency
range of 500-4000 cm™, with a resolution of 4 cm™. We quantified the content of functional
groups of humic acids based on the ratios of the optical densities of the absorption bands
of oxygen-containing groups to the optical densities corresponding to aromatic polyconjugated
systems at 1600 cm™ and aliphatic substituents at 2920 cm™ (Table 1).
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Table 1. Ratio of optical densities of absorption bands of humic acids of upland peat

Peat type | Aow 3300 Ac=01700 A 2920 Aj039 Ac—o-c121{ Ac=01700 Aon 3300
Ac=c 1600 Ac=c 1600 Ac=c 1600 Ai600 Ao 2920 Ak 2920 Ak 2920
Upland 1.5 1.0 1.3 1.5 0.97 0.67 1.0

Table 1 shows the ratio of Aux 200/Acc 1600 is greater than one, indicating
the predominance of alkyl structures over aromatic structures. A high content of hydroxyl and
carbonyl groups (Ass/Aiseo > 1 and Aizeo/Assoo = 1) as well as substituted hydrogen atoms can
be observed in the aromatic ring. Humic acids of upland peat are characterised by aromatic and
carbonyl-containing structures (Ac-o 1725/ Ac = Ciso<1). The high content of hydroxyl groups
may indicate the presence in the structure of HAs of flavonoid structures involved in natural
immunity, resistance to pathogenic factors of bacterial, viral, and fungal origin [3, 5].

The articles [7-10] deal with the presence of hydroxyl, carbonyl and carboxyl groups
in combination with aromatic structure provides the ability of HAs to enter into ion-exchange
and donor-acceptor interactions, form hydrogen bonds, participate in sorption processes,
form complexes with metals, and adducts with various classes of organic compounds. Bound
substances lose their toxicity. It explains the use of HAs as natural detoxicants.

Sediments formed during the reagent treatment of mineralised water under mining were
studied as an object of humic substances interaction. Sludge after treatment of open pit water
is a rather complex mixture of various substances of mineral and organic composition.
The technology of reagent treatment sludge utilisation using natural components of organic
nature is the most environmentally friendly.

We dried the samples at T'= 105 °C after treating the sediments with a solution of humic
acid with a concentration of 1 g/dm® and obtained IR spectra of the samples under study.
We obtained the spectra of sediments treated with humic acid containing calcium, barium,
and sulphate compounds on a Perkin Elmer RX FTIR spectrometer (RX Perkin Elmer) with
an NPVO Spectrum Two attachment at the frequency range of 400-4000 cm ™, with a resolution
of 4 cm™ (Fig. 2).
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N\
N\, 963.58 856,80cm-1

984,5 638,9%cm~1
91 875,06cm-1 604,99cmyl U562 14cm-1
" . 605.46cm-1  561,60cm-1
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; 2 PraY; 606,86cm-1
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Fig. 2. IR spectra of sediments of reagent treatment with humic acid: 1 - with the content of barium compounds
in sediment 0.047 mol/dm’ 2 - with the content of calcium and barium compounds in sediment 0.12 mol/dm?;
3 - with the content of calcium and barium compounds in sediment 0.095 mol/dm’.
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According to results of the research, the interaction of barium with sulfates causes their
complete sedimentation, characterised by an increase in the absorption bands in the 1198 cm™
and 983 cm™ regions compared to samples pretreated with calcium compounds followed by
barium sedimentation. The most intense vibrations observed in the IR spectrum are obtained
at the valence vibrational range vs 950-1200 cm™, characteristic of sulphates. We observed
characteristic bands of valence and strain vibrations of the sulfate group in the region of 605,
1070 cm™ in the spectra of all samples and is associated with the formation of insoluble barium
sulfate. Additionally, we observed a shift of the absorption bands for the SO4? bond in the region
of 1080-1130 at 10 cm™ in samples pretreated with calcium compounds and then with barium
compounds. It is associated with an increase in the proportion of free sulfate in the sediment.

The presence of insoluble calcium and barium carbonates is characterised by a strong
absorption band in the region of 1410-1450 cm™, which was found in all samples; the highest
intensity of the band was observed in the sediment treated with barium compounds only.

The interaction of humic acid with the sediment is predominantly adsorptive [4, 10].
The proposed mechanism is confirmed by the high content of sulfates, metal cations
in the adsorption complex of HA with sediment. The content of iron, calcium, barium,
phosphates, sulfates increases in the precipitate compared to the content of compounds
in humic acid. It correlates with the results obtained on X-ray fluorescence spectrophotometer
EDX6000B with SDD silicon detector EDX Pocket Series. Table 2 presents the results
of the analyses.

Table 2. Content of elements in samples of reagent treatment sediments with humic acid, % wt.
Element Ca Mg Zn Fe Mn | Mo Al P S Ba K
Concentration 9.746 | 0.435 | 0.046 | 0.212 | 0.046 | 0.455 | 0.145 | 1.363 | 6.237 | 17.701 0
of calcium and

barium compounds
in the sediment
0.095 mol/dm?
Concentration 14.11 | 0.427 0 0.2 | 0.086 | 0.415 | 0.821 | 1.314 | 3.694 | 31.098 0
of calcium and

barium compounds
in the sediment
0.12 mol/dm?
Concentration of 0 0.215 | 0.156 0 0.175 | 0.37 | 0.088 | 0.128 | 3.487 | 35.323 0
barium compounds

in the sediment
0.047 mol/dm?
Humic acid 1.082 | 1.099 | 0.041 0 0 1.351 | 0.424 | 0.104 0 0 6.912
concentration,
g/dm’

According to the papers [11, 12], humic substances have a significant ability to form
complex and intra-complex compounds (chelates) with iron, aluminium, copper, and other
polyvalent cations. The possibility of formation of complex alumina-iron humic compounds
is described in [4, p. 127; 13, 14].

The papers [15, 16] suggested that "the process of salt formation, apparently,
is accompanied by adsorption and complexation”. Adsorption complexes are considered
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as products of interaction of humic substances with crystalline and amorphous minerals of soils
or organomineral products of humic substances absorption by minerals. The formation
of adsorption complexes is possible due to the intermolecular bonds (adsorption proper)
and due to ionic and coordination bonds (chemisorption) [16, 17]. The high content of carboxyl
groups and phenolic structures allows humic acids (HAs) to bind heavy metals into stable
complexes, while the polyaromatic basis of the structure ensures the binding of organic
pollutants.

The interaction of magnesium ions with HAs has a donor-acceptor and ion-ionic
mechanism [18]. The mass fraction of magnesium ions in the complex with humic acids
decreases more than twice as compared to the initial content.

Conclusions and recommendations

Thus, humic acids (HAs) are considered as perspective natural detoxicants with high
reactivity towards heavy metal ions due to a wide range of functional groups (carboxyl,
hydroxyl, carbonyl, nitrogen-, and sulfur-containing). In combination with aromatic fragments
humic acids are able to bind organic toxicants into non-toxic complexes. It allows us to reduce
the harmful impact on the environment. Moreover, it provides the new opportunities
for resource-saving technologies and methods of decontamination of pollutants based on
natural processes of self-purification.
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Keywords: Abstract. The article proposes the way to control aggressive invasive plant
Heracleum sosnowskyi Manden, — Heracleum sosnowskyi Manden. This method excludes contact of the plant
apple vinegar, injections into dangerous sap with human skin, and based on injecting of 6% apple vinegar
stems, necrosis of the aerial part  in optimal volumes into the stems of the plant before its fructification.
of plant, furanokoumarins, Injection of apple vinegar into the hollow part of the stems causes complete
liquid chromatography necrosis of the aerial part of the plant within 48 hours. At the same time,

aceylation is an exclusively selective process characteristic for Heracleum
sosnowskyi Manden only. This reaction does not have the negative
environmental effects observed when using glyphosate, imidazolinine,
sulfonylurea, and other herbicides. The article confirms the exceptional
selectivity of injections on Heracleum sosnowskyi Manden. According
to the research, the injections of 6% apple vinegar do not affect on the hollow
stems of Sonchus olerdceus. Indeed, the injections of water into the stems
of both types of plants under study do not cause the death of their aerial parts.
Moreover, the high-performance liquid chromatography of stems after
injections with 6% apple vinegar shows an induced increase in the content
of furanocoumarins in 48 hours as a response to an irritant dangerous
to the plant. Moreover, the content of xanthotoxin increased by 1.7 times.
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Introduction

The extensive mass media propaganda concerning with the exceptional danger
of Heraculum sosnowskyi Manden based on scientific research and real results forms an opinion
of the need for total destruction of this plant. Mechanical destruction of Heracleum sosnowskyi
Manden includes slanting of aerial parts of the plant up to three times per season, from April
to September [1]. When slanting, the sap containing furanocoumarins fall on the skin and
can cause painful photo-burns from any source of ultraviolet radiation [2]. When burning
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thickets of Heracleum sosnowskyi Manden there are problems related to prolonged smouldering
of this plant, and its failure to maintain an open flame when burning [3, 4]. This plant
is considered to have no natural pests, and the role of moth caterpillars and elephant beetle
larvae is not significant in controlling the plant expansion [5]. Herbicidal treatment is effective
and environmentally justified only in places remote from human activity. Its treatment
with herbicides based on glyphosate, imidazolinine, and sulfonylurea near the railway track
stops the plant growth and expansion; ensures the safety of railway transport [6]. The chemical
effect of herbicides, in the cases specified in [7], provides for their integral effect - the treatment
of the entire plant landscape in a particular territory. Indeed, all known methods of Heracleum
sosnowskyi Manden control require considerable labor, and the results are not immediately
obvious. The absence of federal laws on the organization of this invasive plant control causes
non-uniform Heracleum sosnowskyi Manden destroying [8]. Meanwhile, in Europe and North
America this kind of activity slightly decreased [16, 17]. Mainly, there is monitoring
of its expansion through the aerial photography.

The development and implementation of ‘"green" chemical technologies for
the production and use of valuable and useful substances extracted from Heracleum sosnowskyi
Manden are under-invested. This article presents the results of point or differentiated chemical
treatment of Heracleum sosnowskyi Manden by injection with 6% apple vinegar. However,
this method minimizes labour costs, eliminates contact with the poisonous sap of the plant
under study, and protect the growing plant landscape intact.

Main body

The choice of 6% apple vinegar as a tool in the Heracleum sosnowskyi Manden control
is not accidental. The peoples of the Caucasus still pickle the stems of this plant and use them
for food; 6% red grape vinegar is used for pickling [9]. Therefore, it is of particular interest
to make contact of this plant with acetic acid (acetylation) in the natural conditions of its growth
in Russia. Point or differentiated chemical treatment of Heracleum sosnowskyi Manden
was reduced to injection with a medical syringe with 6% apple vinegar into the hollow stems
of the plant. In early works, the resistance of Heracleum sosnowskyi Manden to sodium chlorate
[10] and electrolysis products of aqueous solutions of NaCl was studied [11].

The picking of the original and processed with 6% apple vinegar according
to GOST 32097-2013 [12] Heracleum sosnowskyi Manden was provided on the territory
of the Yaroslavl municipal district (Karabikhskoye rural settlement 57°53'55"5 north latitude
and 39°76'74"2 east longitude) during the last decade of July. The stems were processed both
before the formation of inflorescences and after the flowering of the plant. Stems were taken
from the selected plant with a height of no more than 110 cm before treatment (initial), and after
necrosis of the aerial parts of the plant after injection with a medical syringe with 6% apple
vinegar. To confirm the selective effect of vinegar on Heracleum sosnowskyi Manden,
comparative injections into this plant with water for injection of FS 2.2.0019.18 were performed.
The selectivity of the 6% apple vinegar action on Heracleum sosnowskyi Manden only was tested
in compare with the garden wasp Sénchus olecdaceus, which was also injected with 6% apple
vinegar and water similar to Heracleum sosnowskyi Manden.
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Table 1 presents data on the effect of the 6% apple vinegar injection volume on the rate
of necrosis of the Heracleum sosnowskyi Manden aerial parts.

By Table 1, any volume of injections in the selected range from 2.5 to 30.0 ml causes
anecrosis of the aerial parts of Heracleum sosnowskyi Manden, namely stems before
the formation of inflorescences and stems after flowering.

Table 1. The effect of the 6% apple vinegar injection volume on the necrosis rate of the Heracleum sosnowskyi
Manden aerial parts

Quantity Injection volume, Necrosis rate, h
of plants ml 24 36 48
Stems of Heracleum sosnowskyi Manden before the formation of inflorescences
15 2.5 46,7% 60% 100%
15 5.0 80% 100% -
15 7.5 86,7% 100% -
15 10.0 100% - -
10 20.0 100% - -
10 30.0 100% - -
Stems of Heracleum sosnowskyi Manden after flowering

10 2.5 70% 100% -
10 5.0 90% 100% -
10 10.0 100% - -
10 20.0 100% - -

With an increase in the volume of injections (starting from 10 ml of 6% apple vinegar),
necrosis occurs in 24 hours. The rate of necrosis was assessed by the time the plant completely
tell to the soil and its leaves color changing and drying.

Fig. 1 shows photos of the plants under study before (a) and after injections (b) with 6%

apple vinegar in a volume of 2.5 ml within 48 hours.

|5

(@)

Fig. 1. Photos of the plants under study before (a) and after (b) injections of 6% apple vinegar in a volume of 2.5
ml within 48 hours

We pick shoots from the plant shown in Fig. 1, a. They were picked for 1 hour before
processing with vinegar, crushed in a RHB-2944 blender, and their sap was pressed out on
a cast—iron press (juicer) Juicer Machine. However, we pick the shoots of Heracleum sosnowskyi
Manden within 48 hours after injections with 6% apple vinegar (see Fig. 1, b). Notable, it was
impossible to obtain sap from the leaves subjected to necrosis. We press sap according
to the technology described above.
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Also, we subject the sap to chloroform extraction to obtain furanocoumarins, which
can cause photochemical burns of the skin [13].

Moreover, we extract the sap twice with constant stirring on a UED-10 magnetic stirrer
for 24 hours at a temperature of (25+3) °C. We separate the organic phase
with furanocoumarins on a dividing funnel and dried under vacuum on a rotary evaporator
at a temperature of 50 °C.

Then, we wash the 300 ml of dry residue off with a solution of 10% NaOH under heating
in a water bath to (65£5) °C, and extract furanocoumarins on a separation funnel with 100 ml
chloroform portions four times; combine the chloroform extracts, add 200 ml of 5% sodium
carbonate, mix them intensively for 10 minutes, separate the organic phase again using
a separation funnel, and dried it with anhydrous sodium sulfate within 24 hours [14].

Then, we wash the 300 ml of dry residue oft with a solution of 10% NaOH in under
heating in a water bath to (65+5) °C, and extract furanocoumarins on a separation funnel with
100 mL chloroform portions four times; distil chloroform off on a rotary evaporator, add 30 ml
of acetonitrile, treat with ultrasound for 5 minutes, and filter it on a Nylon membrane filter with
a pore diameter of 0.45 microns. Meanwhile, we use the filtrate as a test solution for high-
performance liquid chromatography (HPLC).

Chromatography conditions:

- Welch Xtimate C18 150%4.6 mm, 3 microns column;

- mixture of water and acetonitrile in a ratio of 60:40 was used as the mobile phase.
The flow rate was maintained at 1000.00 uL/min;

- detection was performed by a spectrophotometric detector at a wavelength of 250 nm
using the Multichrome program. The sample volume is 20 pl. The analysis time is 20 minutes.

Fig. 2 shows a chromatogram of furanocoumarins extracted from the sap of Heracleum
sosnowskyi Manden before injection with apple vinegar.
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Fig. 2. Chromatogram of furanocoumarins extracted from the sap of Heracleum sosnowskyi Manden before
injection with 6% apple vinegar
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The chromatogram has 18 peaks, of which four are characteristic of linear and angular
shapes of furanocoumarin molecules. The major peaks are those characterizing linear
furanocoumarins (Fig. 3): xanthoxin and bergapten (Table 2), which exhibit stronger
photosensitizing effects compared to furanocoumarins having angular shapes of molecules
(Fig. 4), the phototoxic effect of which is noticeably weaker (peak 5 for angelicin, peak 9
for sphondyl) [18].

R1

R2

Fig. 3. The structure of major linear forms of furanokoumarins Heraculum sosnowsky Manden

Table 2. Substituents of the Heracleum sosnowskyi Manden major linear furanocoumarins

Title R1 R2
Xanthoxin H -OCH;
Bergapten -OCH;s H

== |
0._0 0 ,f\ e
X o DQO
e/
(A) angelicin (A) angelicin

Fig. 4. The structure of the Heraculum sosnowsky Mandenmajor linear forms of furanokoumarins

After injections with 6% apple vinegar in 48 hours, the chromatogram
of furanocoumarins presented in Fig. 5 changed. Due to the response of Heraculum sosnowsky
Manden to an external chemical stimulus, there is an induced increase in the content
of xanthoxin in the sap by 1.7 times. It leads to necrosis of the aerial parts of the plant from
the phototoxic effect due to an excess of furanocoumarins. Xanthoxin causes oxidative stress.
Oxidative stress reflects an imbalance between the reactive oxygen species in the plant and
the ability of the biological system to clean itself of reaction intermediates and repair the damage
caused. Violation of the cells redox status causes toxic consequences through the production
of peroxides and free radicals, which damage all cells components, including proteins, lipids,
and DNA. During oxidative metabolism, an oxidative stress causes chemical damage and
ruptures DNA strands [19]. The oxidative stress caused by xanthoxin starts a regulated process
of programmed cell death, cellular apoptosis, as a result of which the cell breaks up into separate
apoptotic bodies limited by the plasma membrane.

For verification of major chromatogram peaks affiliation to xanthotoxin and bergapten,
chromatograms of the pharmaceutical product "Ammifurin” Pharmcentre VILAR ZAO
(Russia) were obtained. They presented in Fig. 6.
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Fig. 5. Chromatogram of furanokoumarins extracted Fig. 6. Chromatogram of furanocoumarins extracted
from the pharmaceutical product "Ammifurin"

Farmcenter VILAR ZAO (Russia)

from the Heraculum sosnowsky Manden sap after
injections with 6% apple vinegar within 48 hours

Table 3 presents the results of calculations of the chromatographic peaks areas
of xanthotoxin and bergapten from the substances under study.

Table 3. Results of calculations of chromatographic peak areas of xanthotoxin and berkapten (in %) from
the substances under study

Furanokumarin
Substance - Total peak area, %
Xanthotoxin Bergapten
Ph tical product
armaceutical proctic 28.23 71.77 100
Ammifurin
f Heracl kyi
Sap of Herac eum.sgsno.ws yi 45.17 6.05 51.22
Manden before injections
Sap of Heracleum sosnowskyi
Manden after injections with 76.83 5.41 82.24
6% apple vinegar

To confirm the results obtained, experiments were conducted on water injections into
hollow stems of Heraculum sosnowskyi Manden and Sonchus olerdceus. Injections were external
mechanical stimuli for plants. As a result of these injections, none of the plants underwent
necrosis of the aerial parts (Table 4) within 48 hours or more.

Table 4. The effect of the injections composition on the necrosis rate of the plants aerial parts

Sample Injection volume, ml Necrosis rate, h
size 6% apple vinegar Water for injection 24 36 48
Stems of Heraculum sosnowskyi Manden before the formation of inflorescences
15 - 2.5 - - -
15 - 5.0 - - -
15 - 10.0 - - -
15 - 20.0 - - -
Stems of Sénchus olerdceus
10 2.5 - - - -
10 5.0 - - - -
10 10 - - - -
10 20 - - - -
15 - 5.0 - - -
15 - 10.0 - - -
15 - 20.0 - - -
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The injections of 6% apple vinegar into the stems of Sonchus olerdceus, which sap does
not contain furanocoumarins [15], in the studied volume range did not cause a necrosis of
the aerial parts of the plants under study.

Conclusion

Therefore, injections of 6% apple vinegar (acetylation) in volumes from 2.5 to 30.0 ml
into the stems of Heraculum sosnowskyi Manden before its fruiting cause necrosis of the plants
aerial parts within 24-48 hours. The cause of necrosis is an induced increase in the content
of linear furanocoumarins due to the response of Heraculum sosnowskyi Manden to an external
chemical stimulus. Injections with 6% apple vinegar resulted in a 1.7-fold increase in
the xanthoxin content of the plant sap as determined by HPLC, causes a necrosis of the plant
from phototoxic effects due to the excess of this furanocoumarin. The proposed method
of control Heraculum sosnowskyi Manden excludes human contact with the dangerous sap
of this plant released during mechanical slanting. In general, the method is based on point
contact of a chemical irritant with the plant through injections, eliminating contamination with
herbicides of large areas of natural landscapes during their spraying.

Hence, acetylation is an exclusively selective process, characteristic for Heraculum
sosnowskyi Manden only. According to our research, injections of 6% apple vinegar are inactive
on the hollow stems of Sénchus oleraceus. Indeed, the injections of water into the stems of both
types of plants under study do not cause their aerial parts plant failure.

This method of control allows us to remove Heraculum sosnowskyi Manden locally
(differentially) from natural landscapes without disturbing the growth of other decorative
and/or harmless plant species. With the massive overgrowth of Heraculum sosnowskyi Manden,
it is necessary to use well-known integrated methods of control. It can provide for multiple
mechanical slanting of its shoots over a vast territory, one-time treatment with gentle
herbicides, agrotechnical processing of the soil, etc. [1].
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