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COPBIIVIA MOHOB TAJKE/IBIX METAJUIOB LIE/UTIOJIO3HBIM
COPBEHTOM 13 BOOJHBIX PACTBOPOB

T. E. Huxudoposa, [I. A. BokypoBa
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Kntouesvie cnosa:
OpesecHas yennono3a,
MOOUPUKAUUST, UOHDL hsTHce-
JIbiX

Memannos, usomepmul,
Kunemuxa copoyuu

Annomauus. B pabome uccnedosana copouUs UOHO8 MAKENbIX MEMAnnos us
B00HBIX PACINBOPOS UENTIONO3HUIMU copOermamu. Moouduyuposarue Ope-
8eCHOT UeNI0N03bl NPOBOOUNIU NOTTUBUHUINUPPONUOOHOM U KAPOOHOBLIMU
MHO200CHOBHbIMU Kucriomamu. V3yuenvl pasnosecue U KUHemuka copouuu
uonos Cu(1l), Co(Il) u Ni(Il) us 600Hvix pacmeopos 06pasuamu HaMuUHoU u
MOOUPUUUPOBAHHOLL Ope6ecHOll Uenonosvl. OKcnepumMeHmanvHvle U30-
mepmul copouuU 06pabomarni coenacro modensm Jlenemiopa u meopuu 06v-
emHo20 3anonnenus muxponop (TO3M). Haubonee koppekmnoii 0ns onuca-
HUS npoyecca copouUU UOHO8 MANENbIX MEMANI08 UeNIIONI03HbIMU COpOeH-
mamu sensgemcs mooenv /lenemiopa. Ycmanoeneno, 4mo npedenvHas copoiyu-
OHHASL eMKOCMb MOOUPUYUPOBatHbIX copbenmos 6 1,5-2 pasa npesviuiaem
npedenvHyio COPOUUOHHYIO eMKOCb HAMUBHOTI OpesecHoli uesnntono3vl. ITomy-
HeHHble 00PA3LbL MONHO PACNONIONUMD 6 CTIe0YIOULUL PO 6 nopadke 803pac-
MAHUA ux npedenvHoii copoyuonHoil emxocmu (A.): HAMUBHAA OpesecHas
Uennon03a < Uennon03a, MoOUPUUUPOBAHHAA NOTUBUHUTHUPPOTUOOHOM <
Uennon03a, MOOUPUUUPOBAHHAT TUMOHHOL Kucnomoil. Mccnedosano enus-
HuUe KUCTIOMHOCMU cPedbl HA COPOLUI0 UOHOE MAHETIbIX Memaios 6 00nacmu
pH 1-7. Yemanosneto, umo ¢ ysenuuenuem pH ucxooHozo pacmeopa om 1 do
6 npoucxooum peskuii pocm cmenenu usenewenust uonos Cu(ll), Co(Il) u
Ni(II). Ionyuenvt VIK-cnekmpor HAMUBHOTL YeNII0N03bL U ee 00pA31408, MOOU-
PUYUPOBAHHDLX NOTUBUHUTNUPPOTUOOHOM U TUMOHHOL KUCIOmoil. Boinon-
HeH 3/1eMeHMH b aHANU3 BCeX 81008 MOOUPUUUPOBAHHBIX COPOEHMOB.

I nuTHupoBaHMA:

Huxudoposa T.E., Bokyposa [J.A. CopOuyus MOHOB TSDKEIBIX META/UVIOB LE/UIIONIO3HBIM COPOEHTOM M3

BOOHBIX pacTBopoB // Om xumuu « mexHonoeuu wiae 3a wazom. 2022. T. 3, Bem. 1. C. 8-20.
URL: http://chemintech.ru/index.php/tor/2022tom3nol

BBengenue

3arp;13HeHI/[e 61/[0C(1)€pb1 TAXENIbIMI ME€Ta/I/TaMI B pE€3y/IbTaTe aHTpOHOFCHHOﬁ[ neEATENb-

HOCTH BBI3bIBAeT Cepbe3HOe HECIIOKOIICTBO BO BCeM MUpe. ITO 00YC/IOBIEHO TeM, YTO B OT/IN-

q1€ OT OpraHMIE€CKUX 3arpA3HAIOIINX BEECTB METAI/IDL B HpI/IpOI[HOﬁ Cpene HeE IOBEPTAIOTCA
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IPOIeccaM Pas/IoKeHNUA U CHOCOOHDBI KOHLEHTPUPOBAThCA B 00'bEKTaX 9KOCUCTEMBI — pacTe-
HIIAIX, BOJJOEMaX, [I0YBe, a 3aTeM II0 eCTeCTBEHHOI NNIIEeBOII I[eTI0YKe IIOCTYIIaTh B OPTraHU3M
JeloBeKa BMeCTe C IMPOAYKTaMM IIUTAHNA U NUTbeBON Bomoli. [103ToMy Tak BaskeH ITOCTOSAH-
HBIJI KOHTPOJIb 32 VX COZlep>KaHyeM He TOJIbKO B 00BEKTaX OKPY)KaIoIlieil Cpejibl, HO U B IMIIle-
BBIX IIPOJIyKTaX. XOTs TsDKenble MeTajUibl, Hanpumep, Cd, Zn, Pb, Fe, Cu, Hg, Ni, Mn, Co u
T. ., OOBIYHO IPUCYTCTBYIOT B C/IEAOBBIX KOMYECTBAX, X OTHOCAT K Hayubomee TOKCUYHBIM U
IIMPOKO PacIpOCTpaHEHHBIM KOMIIOHEHTaM B CTOYHBIX Bojax [1]. Tsokenble MeTamisl oba-
JIAIOT BBICOKOJI CIIOCOOHOCTBIO K MHOTOOOPa3HbIM XMMUYECKUM, (PUBUKO-XMMUYECKUM 1 O110-
JIOTMYeCKMM peaKIVAM U MOTYT OKa3bIBaTh He6/IaronpuATHOE BO3/IeiICTBIE KaK Ha OKPY>Kalo-
IYIO Cpefy, TaK ¥ Ha 3[J0pOBbe YenoBeKa [2].

Jlake Ipy HU3KMX KOHIIEHTPALVAX TsKeJIble MeTa/UIbl OKa3bIBAIOT OIIACHOE BO3/IE/ICTBIIE
Ha 3[J0POBbe, B TOM YMCJIe KaHI[epOTeHHOE U MyTareHHOEe BO3JIeICTBYE, CIIOCOOHDI BBI3bIBATDH
3aJIepXKKy pOCTa, HOBPEXX/IeHe OPTAHOB, HapyILIeHNe IesITe/IbHOCTY HepPBHOI U1 9HJOKPUHHOI
CHCTEMBI, OPTaHOB NNIIeBAPEHs, KPOBETBOPHBIX OPraHOB 1 fip. [3].

C pasBuTHEM NPOMBIIIEHHOCTY 3arps3HEHVe OKPY>KaIoLIeil Cpeibl IIOCTOSHHO PacTeT.
TspKermble MeTaIBI BMECTe CO CTOYHBIMY BOJAMY PA3/IMIHbIX OTpacIell, TAKUX KaK TOPHO-PYA-
Hasl, METa/UTyprudeckas, XMMIIecKas, 9/IeKTPOTeXHIYecKas, MaIIMHOCTPOeHue U Ap., TOIa-
[aIoT B 610cdepy M HAKAIUIMBAIOTCS B PACTUTENIBHBIX U )KMBOTHBIX opranmusmax [4]. [To mepe
IPOJBIDKEHVIS 110 NYIIEBBIM LIETAM 610aKKyMY/ISIM TSDKEIbIX MeTa/IOB Bo3pacTaeT. Tsixke-
JIble MeTa/UIbl He MeTab0MN3UPYIOTCA M HAKAIUIMBAIOTCA B OPTaHM3Me B Pa3/IMYHBIX OpraHax I
TKaHAX, YTO OIIACHO JJIA 3[0POBbsA denoBeka [5]. IloaToMy B HacTosIlee BpeMs O4€Hb OCTPO
CTOMT IpO6IeMa OUMCTKY BOJBI OT IOHOB TSXKEJIbIX METaJIIOB.

B HacTos1ee BpeMs NPUMEHSAIOTCA Pa3IuHble METONbI OUVICTKY BOJHBIX PaCTBOPOB OT
JIOHOB TsDKEJIBIX METAJIIOB, TaKye Kak pusndecKue, Xummdeckue, GUsnKo-xummdeckue u 6yo-
XUMIYeCKIe, Cpefiyi KOTOPBIX HayrbosIbllee pacIpoCTpaHe e TIOTYII/IN OCAKIEeHNe, KOATy/Ia-
1V11- QIIOKYJIALVISA, 97IEKTPOKOATY/IALMS, MOHHBI 0OMEH, 37IeKTPOfiMa3, MeMOpaHHast U yIIb-
TpaMeMOpaHHasi GpuabTpalys, oOpaTHBIT ocMoc 1 agcopbiys [6]. [Ipu ux BeIOOpe OOBIYHO
YIUTBIBAIOT 3aTpaThl, 9 (HeKTMBHOCTD, HAJIeKHOCTb, BO3JIE/ICTBIE Ha OKPY)KAIOLIYIO CPefy,
IPaKTUYHOCTD U TPYAHOCTY SKCIUTyaTany [7]. BombIIMHCTBO 3TUX METOROB, 33 MCKTIOYEHIEM
apcopO1uy, TpeOyIOT 60/IBIINX 3aTPAT X HEJOCTATOUHO 3¢ (HeKTMBHBI TPV HU3KUX KOHLIEHTpPa-
IVIAX METAJUIOB B pacTBOpax. Tak, MIOHOOOMEHHas OYMCTKA C VICIOTb30BaHeM CUHTEeTIYEeCKIX
JIOHOOOMEHHBIX CMOJI (MIOHUTOB) II0O3BOJIAET LOCTUIATh BHICOKON CTEIIEHU OYMCTKI BOJBI, Ofi-
HAaKO OCHOBHBIMU HeJJOCTaTKaMy METOJa SBJIAIOTCS BBICOKAs CTOMMOCTD U BO3MOXXHOCTD IIPH-
MeHEeH JIs1 OTPaHNYEHHOTO YIC/Ia 3arpssHuTerei [8].

AncopOLOHHBI MeTOR AB/AETCS 9P PEeKTUBHBIM ¥ 9KOHOMUYIHBIM, YOOHBIM B MICIIOTIb-
30BaHIY, IOCKOJIbKY BK/TIOUAeT HayMeHee CJI0XKHOe 000pyZioBaHue I MOXKeT paboTaTh C IIN-
POKUM CIIEKTPOM afcOPOEHTOB, II09TOMY OH Hambosiee IMMPOKO MUCIIONb3YeTCA IS OYMCTKI
BOJJHBIX PaCTBOPOB C HM3KIM COJiepKaHMeM MeTaIoB [9].

B nocnenHme rompl 60/IBILION MHTEPEC MPeACTaB/IAeT pa3paboTka COpOEHTOB Ha OCHOBE
MHOTOTOHHQ)KHBIX IIOOOYHBIX IIPOAYKTOB M/IM OTXO/IOB CEbCKOTO X03AICTBA, TEKCTVIBHOM U
I1e/UTIONIO3HO-O0YMa)XKHOJ HMPOMBIIUIEHHOCTH. OTU MaTepuajbl UMeIT 6o/lee HM3KYI0 CTOM-
MOCTbD, JJOCTYIIHBI ¥ IIPOCTBI IO CIIOCOOaM yTWIM3aIMy, 00/afaloT JOCTATOYHO BBICOKVMMU
COpOLIVIOHHBIMM XapaKTePUCTUKAMM II0 INMPOKOJ TaMMe MeTa/UIOB-3aTpsA3HUTENel U

9
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ABJIAIOTCS 9KOJIOTMYeCKY YMCThIMM. OHAKO Takye cOPOEHTHI 00/TalaloT HeJOCTATOYHO BHICO-
KOJI COPOIMIOHHOI €MKOCTBIO, 4YTO 0OYCTIOB/IEHO HU3KUM COJfiep>)KaHIeM B MX COCTaBe aKTUB-
HBIX IIEHTPOB, CIIOCOOHBIX MHTEHCUPHIMPOBATD IIePeX0f] 3aTPA3HEHMII B CTPYKTYpy MaTepu-
ana. [ToaToMy aKkTya/IbHBIM BOIIPOCOM SBJISIETCS MOAMDUKALIVIS COPOEHTOB Ha OCHOBE BTOPUY-
HOTO LIe/ITI0I030Co/ieprKalero coipbs [10].

B mocnegHme ronbl 60/IbIION MHTEpeC IpefCcTaB/sieT pa3paboTka COpOEHTOB Ha OCHOBE
MHOTOTOHHQ)KHBIX TIOOOYHBIX IIPOAYKTOB MM OTXOZIOB CENTbCKOTO X03AICTBA, TEKCTVIBHOM U
11eJUTI0I03HO-OYMa>KHOJ IPOMBILIIEHHOCTM. DTV MaTepuanbl UMEIT 0ojiee HMU3KYIO CTOM-
MOCTb, JJOCTYIIHBI ¥ IIPOCTBI IO CIIOCOOaM yTWIM3anyy, 00/IafaloT JOCTATOYHO BBICOKVMMU
COpOLIVIOHHBIMY XapaKTEPUCTUKAMU 110 LIVPOKOJ TaMMe MeTa/UIOB-3arpsi3HUTENeN U sBIIA-
I0TCSI 9KOJIOTMYECKM YNMCTBIMI. B MTepaType MMeeTcsa MHOTO ITyO/IMKAINI, TOCBAIIEHHbIX VIC-
IIO/Ib30BAaHMIO B KauyecTBe COPOEHTOB LIE/UIIONIO30COMEPIKAIErO ChIPbs, He IMOJBEPTHYTOrO
IpefiBapUTeNbHOM 00paboTKe. BO3MOXKHOCTD MCIIOIb30BaHMA KMBbIXa CaXapHOTO TPOCTHMKA
mns yranenus Pb (II) n Ni (II) n3 crounsix Bop mokasana B pabore [11]. IIpu aToM Makcumainb-
Hast aficopOLUMOHHAas1 CTOCOOHOCTD copbeHTa Mo oTHOIeHn o K nonam Pb (II) n Ni (II) cocra-
Buna 1,61 mr/t u 123,46 Mr/r cOOTBETCTBEHHO. [[/I1 OYMCTKM CTOYHBIX BOf OT noHoB Pb(II),
Cd(II), Hg(II), Cu(II), Ni(II), Cr(III) m Cr(VI) npuMeHSIOT caMble pa3HOOOpa3HbIe CETbCKOXO-
34JICTBEHHBIE OTXOMIbI: CKOPJIYILY apaxyica ¥ IPeLIKOTO Opexa, LIeTyXy 3eJIeHOTO MIHIAJIA, Jail-
Hble JIMCTbsI, OTXOAbI IIPOU3BOJICTBA OMBKOBOTO MAaC/Ia, JPKYTOBOE BOJIOKHO, CTeO/IN IIOfCO-
HEYHMKA, TUCTbA TabaKa, a TaKXKe ONMIKU KJIeHa, fyba, enu. [laHHbIe MaTepuabl AB/IATCA
JIOCTYIIHBIMY Y UMEIOT HU3KYI0 CTOMMOCTD [12]. OnHako Takye copbeHTbI 00/1aaloT HefoCTa-
TOYHO BBICOKOJI COPOIIVIOHHON €MKOCTBIO, 4TO OOYCIOB/IEHO HU3KUM COJlep>)KaHIEM B MX CO-
CTaBe aKTUBHBIX LIEHTPOB, CIIOCOOHBIX MHTEHCUPUIVPOBATh IIEPEXOf 3aTPA3HEHNUI B CTPYK-
Typy Marepuaina. [103ToMy akTyaIbHBIM BOIIPOCOM SIB/IAETCA MOAMPUKaLMs COPOEHTOB Ha OC-
HOBEe BTOPMYHOTO IIe/UTI0NI030CO/iepyKalllero chlpbs. OCHOBHBIMY METOJAMM aKTUBAIVM IIe/-
JTIONIO30COePXKAIINX COPOEHTOB SBIIAIOTCS MeXaHU4YeckKie, Gpyusndeckue, XuMmmudeckme u gpu-
3uko-xummyeckue. [13, 14]. [lepcriekTMBHBIM Hanpas/ieHieM 00pabOTKM COPOEHTOB SIBIISIETCS
IIpVIMeHEeH}e MeTOJJ0B HaHO- U1 OMIOTEXHOIOTUIL.

V3 pusuyecknx MeronoB MopuduKanuy Haubosee pacipoCTpaHeHbl BO3JEICTBYE BbI-
COKUX TeMIlepaTyp (KOKcoBaHIMe), 00paboTKa IeperpeThiM BOJAHBIM [IApPOM, 3aMOPaXXIBaHIUE,
IJIa3MeHHasl aKTUBAaLUsA U BO3felicTBMe MHPpaKkpacHoro usmydenus [15]. s xummdeckon
MOZMUKAIVN LIE/UTI0NI030CO/ePIKAIINX COPOEHTOB NIPUMEHSIOT CaMble pa3HOOOpasHble pea-
TeHTBI: PACTBOPBHI Lile/I0Yeil, MIHepa/IbHble Vi OPraHIYecKye KICTOTbI, OpraHIYecKue CoefiiHe-
HIIS, aKTYBHbBIE KPaCUTeNN, OHIM 13 IIePCIIeKTUBHbBIX HallpaBIeHNIT MOAV(NUIIMPOBAHI IIe/T-
JTIOJIO3BI ABJIAETCA CUHTE3 MIPUBUTHIX comonumepos [10, 12-14].

Taxum o06pazom, MOAMUIIMPOBAHHBIE Pa3INIHBIMY CIIOCOOAMY TOOOYHBIE TPOIYKTHI
arpoNPOMBIIITIEHHOTO KOMILIEKCA II0 COPOIIVIOHHON CIIOCOOHOCTY K MIOHAM MeTaJ/IOB IIPaKTH-
YeCcKM He YCTYNAIOT IPOMBIIIIEHHBIM cOpOeHTaM (MOHUTHI, aKTVBYPOBAaHHbIE YI/IM, LIEOTUTHI
u gpyrue). lIvpoknit CieKTp METOROB MOAU(UIIMPOBAHNS PACTUTE/IBHOTO CHIPbsI TO3BOJISIET
nony4atb 9 PeKTrBHbBIE COPOEHTDI, 9KOIOTMYECKY YNCThIe, OuopasiaraeMble i OMI0TIOTMYeCK
VIHEPTHBIE 10 OTHOIIEHMIO K OYMIIaeMbIM CPefiaM.

Llenbio JaHHO pabOTHI ABIAETCA UCCIEOBaHIIE IPOIlecca COPOIIY IOHOB TSDKEIIbIX Me-
TQJ/UIOB XMMIYECKY MOAVUIVIPOBAHHON JPeBECHOI I1eJUTI0I030 13 BOJHBIX PaCTBOPOB.
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OcHoBHasA 4YacTh

OO6'beKTHI MCCIEeNOBAHIA M ICIIONIb3yeMble peaKTUBBI. [1p11 BHIIIOTHEHNN SKCTIepUMEH-
Ta/IbHOJ 4acTy paboThl B KauecTBe COpOeHTa MCIONIb30Ba/IN APEBECHYIO LIeJITI0NI03Y, KOTOPYIO
00pabaThIBaI 1[e/IOYBIO C II/TbI0 OYMCTKY OT IIpUMeceli Y MOBBIIIEHNSI COPOLMOHHOM CIIO-
cobHocTH. [Ins o6pabotkm ucnonbzoBamu 0,05 % pactBop NaOH, Bpems BbIIEpP>KKM COCTaB-
nsget 30 MUHYT IIpy MOZy/Ie pacTBop/copbeHT 20. 3aTeM Lie/IT0103y IIPOMBIBA/IN AVCTUIIINPO-
BAaHHOJI BOZIO 10 HeWTpanbHOro pH 1 BhICyIIMBay O MOCTOAHHOTO Beca.

Lennonosa — camblil paclpOCTPaHEHHbIV NPUPOIHBIN MONMMEP, ITIaBHAasA COCTaBHAA
9acThb KJIETOYHBIX CTEHOK pacTeHUIi, 00YyCIOBIMBAOIIas MeXaHNYeCKyl0 IPOYHOCTb M 9JIa-
CTUYHOCTb PACTUTE/IbHBIX TKaHeil. MaKpOMOIEKY/IbI LIe/I/IF0I03bl IIOCTPOEHBI 3 3/IEMEHTAP-
HBIX 3BeHbeB D-I7II0K03BI (B IMpPaHO3HOI GopMe), COeMHEHHBIX 1,4-B-ITIMKO3UIHBIMU CBSI-
35MI B JINHEVHbIE HEPA3BETB/ICHHbIE LIETIN.

OH HO OH
. 0
.. o) OH 0 (0]
HO J Ho 0...
OH ~OH H

B pabore 6pUM MCIONBb30BaHbI B KayeCTBe MCTOYHMKOB MOHOB MeTaoB CuCl-2H,0,
NiCl:6H,O, CoCl6H.O; mnsa cospmanus Heobxopmmoro ypoBHs pH cpembl mpumeHsm
HCI, NaOH, Bce peakTusbl kBamudukauuu «x.4.». [ MognduImpoBaHns ApeBecHON Lie-
JTIOTIO3Bl  VICTIO/Ib30BA/IM  CIEAYIOLIVe peareHThl: SAHTapHyI (3TaH-1,2-nukapOoHOBast) -
HOOC-(CH,),-COOH, agummuosyto (0ytan-1,4-nukap6onoBas) - HOOC-(CH,),-COOH n
mMoHHYy  (2-ruapokcu-1,2,3-nponantpukap6onosasi) HOOC-CH,-C(OH)COOH-CH,-
COOH xucnors, a Takxe nonmuBuHWIIpponugoH (TY 9365-002-46270704-2001).

DJIeMEHTHBI COCTaB MCC/IEAYeMBbIX OMOIIOMMEPHBIX COPOEHTOB OIpefessiu C IOMO-
mblo aHamm3atopa Flash EA1112.

Kunernka u nsorepmpl cop6uym. KinHeTrky copOomumm ncciefoBanm MeTOOM OIpaHM-
4eHHOro obbeMa pacTBopa [16]. I monydeHMss KMHETMYECKUX KPUBBIX COPOLUN B CEPUIO
pobyUpoK moMentam HaBeckn (m) copbenta 1o 0,1 r, samBamu ux 10 M (V) BogHOrO pac-
TBOpA X/IOpY/ia MeTajUIa 1 BBIIEPKMBA/IN OT 5 MVH 10 24 4 IIpY TepeMeIlBaHNY 1 TeMIlepa-
type 293 K. Havanprasa konnentpanus (Cp) MOHOB MeTa/IOB cocTassna 1,5-10* monbs/n. Ye-
pe3 oIpefie/IeHHbIe IPOMEXXYTKI BpeMeHY PacTBOP OT/E/LUIN OT COpOeHTa (pyIbTpOBaHMEM U
OIIpefie/IsIM B HEM TEKYIIYI0 KOHI[EHTpalyio MOHOB MeTamioB (C;) MeTOoM aTOMHO-abcop6-
IIVIOHHOJ CIIeKTpOCKonMM Ha npubdope «210VGP».

1151 momy4eHus u30TepM cOpOIY B CepuI0 ITPOOMPOK IIOMelany HaBeck () copbeHTa
o 0,1 1, 3aymBanu ux 10 My (V) BogHOTO pacTBOpa XIOpU/ia MeTa/lIa C Ha4aTbHBIMU KOHIIEH-
tpanysamu (Co) 1,5:10*-5-10% MOJIb/ 1 M BBIIEPIKUBA/IY IO JOCTVKEHNS COCTOSIHYS PaBHOBECHS
npu temrepatype 293 K. 3atem pacTBOp oTAe/simm OT copbeHTa GpuIbTPOBaHMEM U OIpefe-
JISIIV B HEM KOHI[eHTpaLyio MoHOB MeTaa (C) METOOM aTOMHO-a0COPOIIVIOHHON CIIEKTPO-
cxonyy Ha mpubope «210VGP».

Cop6unonHyo eMKOCTb (A) cOpOeHTOB pacCUMTBHIBAIN 10 HopMyIie
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4=G"y
m

Crenenb u3pnedeHus o (%) onpenensiy cleayomumM o0pa3om:
C,-C
a=—"—1

00.
C, (2)

ITpu mocTvKeHNM COPOIMOHHOTO PaBHOBECHST PaCTBOPBI OT(GUIBTPOBBIBAIN U OIIpefe-
U B GUIBTPATe OCTATOYHYIO KOHI[EHTPALMIO IOHOB META/IOB Ha Ipubope «210VGP».

OTHOCHTENbHAS TIOTPEIIHOCTD 3KCIIEPMMEHTOB PACCUNTBIBAIACh HA OCHOBAaHMY JJaHHbBIX
PaBHOBECHBIX U KTHETMYECKVX OIIBITOB, B KOTOPBIX Ka)X/asl TOUYKa IpeficTaB/sAeT co00Il Cpefi-
Hee 3HauYeHNe 13 [IBYX IIapajUIeIbHBIX ONbITOB [17]. IlorpemmHoCTb 9KCIepuMeHTa He IpeBbl-
mrana 10%.

Bnusanue pH na cop6umro nonos Cu(II), Co(II) u Ni(II). [Tpu uccrenoBanmy BIusHMS
pH pacTBOpa Ha cCOpOLNIO IOHOB TsDKEJIBIX META/UIOB CepUIO ITPOOMPOK C OVTHAKOBBIMY HaBeC-
Kamu copbenTos 1o 0,1 r 3anuBanu 10 Myt BogHOTO pactBopa co 3Havennsimu pH 1-7. Heo6xo-
[IVIMO€E 3HaYeHMe KMCIOTHOCTY CPefibl CO3/1aBajIl, MICIIO/NIb3Ys COMAHYIO KMCIOTY. [1/1 KaXkoro
OIIBITA VICIIOIb30BAJIY CBEXKENIPUTOTOB/IEHHbIE PACTBOPHI X/IOPYUOB MeJiy, KOOA/IbTa i HUKETI.
Bemnmunny pH xonTpomuposamu o pH-merpy mynsrurect VITI-311 go Havana copbumm u
HIOCTIe JOCTVDKEHNs paBHOBecys. I1py focTKeHnn copOIIOHHOTO PaBHOBECUS PaCTBOPHI OT-
GUIBTPOBBIBA/IN U OTIPEE/s/IN B PUIbTPAaTe OCTATOYHYIO KOHIIEHTPAL[MIO IOHOB METAJIIOB.

VK-crexTpbl HATMBHON U MOAMUIMPOBAHHOI APEBECHOI Ie/UII0IO3Bl PETUCTPUPO-
Baym nipu nomouu VIK-crekrpomerpa ¢ mpeo6pasoBanuem Oypoe Avatar 360 FT-IR ESP B nn-
tepBase 400-4000 cm™. O6pasiibl /11 aHaMM3a TOTOBVIIY ITyTEM MEXaHWYEeCKOTO M3MeTIbUeHS
JIPEBECHOJI 1LIe/UTI0NIO3bI C ITOCTIEAYIOMVM TINATe/IbHBIM PacTUMpaHueM cOpOeHTa B araTOBOI
CTYIIKE CO CIIeKTpanbHO 4ncThiM KBr.

O6cyxaeHne pe3ynbTaToB

Mopundunupopanne Kap6OHOBBIMI MHOTOOCHOBHBIMYU KHCTOTamM. C LIeJIbI0 yIydle-
HISI COPOIVIOHHBIX CBOJICTB JPeBECHON 1eJUII0NIO3bI IIPOBOAVIIN ee MOAUUIVPOBaHye pac-
TBOpaMM aJUIIMHOBOM, JVMOHHOI U SHTAapPHONM KNC/IOT B OTAENbHOCTY (KOHI[EHTpAIVsa
0,5 Mo7b/1), MORY/Ib pacTBOp/copbeHT coctasian 20:1. BHavare 1e/U1I0/103y BBITEp>KIBAIN B
pacTBope KUcnoThl B TedeHne 10 myn npu temmeparype 20 °C, 3ateM nomewjany B TEpMOCTAT
Ha 60 MuH 1ipu Temriepatype 120 °C, mockonbKy pu 60j1ee BBICOKO TeMIIepaType BO3MOXXHO
IIPOTEKaHNe IPOLIeCCOB JleKapOOKCUMMpoBaHus KCoT [18]. 3aTemM copbeHTHI IIPOMBIBAIN -
CTWJUIMPOBAHHOM BOZION IO HeMTpanbHOTO pH IPOMBIBHBIX BOJ, ¥ BBICYIUIVBA/IN JO MIOCTOSH-
HOTO Beca. B pesynbraTe mpoTekanus peakiyy stepedukanyy o6pasyoTcs CI0>KHbIe 3QUPHI
I1€JUTIONIO3bI ¥ KAPOOHOBBIX KVCIIOT.

[Tpu MopmduIMpPOBaHUY JPEBECHON 11e/UTI0NIO3bI IMMOHHOI KMCIOTOV Ha IepBOIi CTa-
IV TIPOVMICXOAUT 0Opa3oBaHye aHTU/PUAA TIVMMOHHOI KUCTIOTBI COIIACHO YPaBHEHUIO
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0
7
H,C —COOH . H,C—C
| 120°C | Yo
HO —C—COOH ————» HO—C—C/
-H,0 N
HZJJ —COOH z | Yo
H,C—COOH
JIUMOHHas KUCTOTa AHTUAPU] TMMOHHOM KVUC/IOTBI

3aTeM aHTUPUL pearnpyeT ¢ TUAPOKCUIbHBIMYU IPYIIIIAMH 1I€/ITI0NI03bI C 00pa3oBaHeM
CII0>KHOTO 3¢mpa:

0] 00—
HZC—C/ H,C—C el
} ') 120°C |
Cell—OH + HO—C—C/  ———» HO—C—COOH
Np -H,0 é
H,C—COOH H,C—COOH
Ilemmonosa LIntpar nenmonosbt

B pesynbraTe 06pabOTKM ApeBeCHON IIe/UII0NIO3bl TMMOHHOI KVICTOTO YBEeIM4IMBACTCs
copiepKaHye KapOOKCU/IBHBIX IPYII B CTPYKTYpPe JIPEBECHON LIe/UTI0ONO3bI, YTO IIOATBEPKHa-
€TCsl PABHOBECHO-KMHETUIECKMMI XapaKTepucTukamu copbenra (puc. 1, 2), a Takxe JaHHBIMU
VIK-criektpos (puc. 3, 4).

B ta6s1. 1 mpezcTaBieHbl pe3ynbTaThl 9KCIepUMeHTOB 1o cop6biuy nonos Cu(Il) ns Box-
HOTO pacTBOpa /151 COPOEHTOB, MOAUPUIVPOBAHHBIX TOMKAPOOHOBBIMU KICTOTAMU, B CPaB-
HEHUM C HATUBHO JJPEBECHOM 1]€TUII0IO301.

Ta6nuua 1. Bimsuue MmognbuuypoBanms Kap6OHOBBIMYU KMCIOTaMM Ha COPOIIMOHHBIE CBOICTBA JPEBECHOT LTI
JIFO7I03BI 110 OTHOIIeHMIo K moHaMm Cu(Il)

Mopuduimpyrommit areHT a, %
- 70
AgunuHoOBas KMUCI0Ta 91
SAnTapHas kucnora 93
JInmonHaa Kucnora 98

/13 moy4eHHBIX JAaHHBIX C/IefiyeT, YTo Hanboee 3 eKTUBHBIM ABIAETCS COPOEHT, 06-
paboTaHHBII IMMOHHBII KUCTOTOIL. B 3TOM c/y4dae, BeposATHO, JocTUraeTcsi 607ee BBICOKOE CO-
iep>KaHye COPOIMOHHO-aKTVBHBIX KapOOKCUIBHBIX IPYIII B CTPYKTYpe cOpbeHTa 1o CpaBHe-
HUIO ¢ cOpOeHTaMM, MOAMUIVIPOBAaHHBIMY QJVIIIIHOBO U SIHTAPHOI KMCIOTaMu. JIMMOHHas
KUCTIOTa COMIeP>XUT TP KapOOKCIIbHBIE IPYIIIbI, B TO BpeMA KaK aAMIIMHOBAasA M AHTapHas
TONBKO ABe. [ToaTomy panbHerne uccnegoBanns mo copouymu nonos Cu(Il), Co(II) n Ni(II)
IPOBOAVIVCH IJIS IPEBECHOM LIe/UTI0/I03bI, MOAU(UIIIPOBAHHON IMMOHHON KUCTOTOM.

MopudunupoBanue a30TCOREPXKALUM IOMUMEPOM HOMVBMHIINUPPOTNIOHOM
(ITBII). B manHOM cnocobe Haubosiee BEPOSATHBIM SIBJIAETCS NPOTEKaHMe peaKlnil HyKJeo-
¢unpHOrO 3aMereHys (AVIMPOBAHNUSA, STepUUKALVN U [P.), MEXaHNM3M KOTOPBIX HOAPOOHO
omycad B mureparype [18]. JloctaTo4HO 60/bIIast SHEPTYSA aKTUBALUY PEaKLIMiT JAHHOTO THUIIA
TpebyeT Il UX IpOBefieHNsT BBICOKUX TeMieparyp (6onee 180 °C), 4To mOATBEp>KAaeTCs pe-
3y/lIbTaTaMJ) 3JIEMEHTHOTO aHAINM3a, XapaKTepU3YIOLIVIMI 3aBYICUMOCTD COIEp>KaHMS a30Ta B
copbeHTe mocie copbuMM OT TeMIepaTypsl 06paboTku (Tabm. 2).
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Ta6muua 2. DJIEMEHTHBII aHA/IN3 IPEeBECHOI I1e/III0I03bl, 00pabOTaHHOI ITOIVBYHIIMPPOTIN-

IOHOM
Temneparypa 06pabotku, °C Copeprxanue azota B copbenre, %
100 2,28
125 2,48
150 2,56
180 2,82
200 3,05

CornacHO JJaHHBIM, IIPUBEJEHHBIM B Ta0JI. 2, C YBeMYEHNEM TeMIIePaTyphbl 00paboTKM
BO3pacTaeT cofiep)KaHye a3ora B copbeHTe. TakuMm o6pa3oM, OBUIO YCTAaHOB/IEHO, YTO OITH-
MaJIbHasl TeMIlepaTypa XuMmudeckoro Mmopuduuyposanns cocrasser 200 °C.

IIpu BBICOKOTEMIIEpaTYpPHOM 3aKpeIUIEHNN a30TCOAEpPIKallero IoMMepa Ha copOeHTe
amupubii pparment I1BIT -> N - CO - CH; -, kapOOKCU/IbHbBIE ¥ TUPOKCUIbHBIE IPYIIIIBI
11eJUTI0IO3BI IIPYHMMAIOT y4acTye B ITpoljecce pacKpbITus aMmupHoro rykia [I1BII, uto cnoco6-
CTBYeT IV HarpeBaHMM €ro 3aKpelUIeHMIo (MMMOOMIM3anyy) KOBaJIEHTHON CBA3BIO Ha Lie/-
JTI0JI0O3HOM copbeHTe. [MAPOKCUIbHbIE TPYIIIIBI L[e/UTI0I03bI MOTYT pearuposarts ¢ [1BII cneny-
I0IM 00pasoM:

H,C CH,
é O+ 8— O+ 200°C
H, 5 —0 +CellOH —_—— —, —CHZ—ClH— o
N NH—(CH)-C”
é ~0—Cell
—H,C—CH—

[TonmMBMHUIIMPPONUIOH

Kap6oxcunpHble rpynisl BcrynaioT B peakiyio ¢ [IBIT cornmacHo ypaBHeHMIO

H,C CH,
—CH,—CH-
g o+ S+ (?- 200°C | /O
H, —0 +CellCOOH — Cell - C-N—(CHy)s-C
N [ ~OH
N (0]
—H,C—éH—

[TonmMBuMHUIIMPPONULOH

Kunernka cop6uym nonos Cu?*, Ni**, Co?* 3 BOZHBIX pacCTBOPOB XIOPUAOB MeTall-
OB.

CKOpOCTb IOCTVKEHMSI PaBHOBECUs SIBJISIETCS BaXKHON XapaKTepUCTUKON COPOEHTOB.
[yt ompefenieHNst KNHETUYECKIX XapaKTePUCTUK CXOJHOTO copbeHTa 1 copbeHTa, Mopudu-
I POBAHHOT'O JIMMOHHOJI KVC/IOTO, OBIIV ITOJTy4eHBI KMHETUYeCKe KpUBbIe COPOIIIN OHOB
Cu(II), Co(II) m Ni(II) n3 BOEHBIX paCTBOPOB XJIOPULOB META/IJIOB.

Kunerndeckue nccnefoBanms IOKa3am, 9YTO BpeMs JOCTVDKEHUSI COPOLIMIOHHOTO PaBHO-
Becusi B retepodasHoil CrCTeMe MPU MUCIIOAb30BaHUM MOAUUIMPOBAHHOTO COpOeHTa 3a-
METHO COKPAIIIaeTCsI [T0 CPABHEHUIO C UCXOHBIM 06pasuom. []71s1 Heo6pabOTaHHOI 11eTUTI0NI03bI
BpeMs M3BJIeYEHV S IOHOB TsDKEJIBIX META/UIOB COCTABIMIO 8 MMH, @ /I MOAV(PUIIVIPOBAaHHON
1e/UTI0NI03bI — 5 MUH (cM. puc. 1). Kpome Toro, cnegyetT oTMeTUTD, 4TO IO CPAaBHEHMIO C MCXOJI-
HOVJI 11€JUTI0JI0301 CTETIeHb M3BJIeYeHNsI MOHOB METAJ/IOB 3aMeTHO BO3POCIa.
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0I 1 1 1
0 2 4 6 8 10

Bpemsi, Mun

Puc. 1. Kuneruxa cop6umu noros Cu®* (1, 3), Co** (2, 5) u Ni** (3, 6) HeMopupuIMpOBaHHOI FPeBECHOI LIe/UII0-
7103011 (4-6) U 11107103011, 06paboTaHHOI TMMOHHOII K1tcmoToit (1-3)

CornacHO MOy4Ye€HHBIM IaHHBIM, CTEIIEHb M3B/ICYEHN OHOB TsKEJIBIX METAJUIOB Jpe-
BECHOI1 11eJUTI0I03011, MO (UM POBAHHOI IMMOHHOY KVCTIOTOM, BO3PACcTaeT B CpefjHeM Ha 30—
40%. ITpu aTOM 11 MiCCTIeRyeMBbIX COPOEHTOB 3P PEKTUBHOCTb COPOLIMY MIOHOB TSDKEJIBIX MeTal-
0B yMeHbInaercs B cnenyoeM nopsake: Cu(Il) > Co(II) > Ni(II).

Nsortepms1 copbiun nonos Co**, Cu?**, Ni** HATUBHOI peBeCHOI LeTI0N030it. [[/1s
OIIpefieNieHNs MIpefie/IbHON COPOLMOHHOI eMKOCTY JPeBECHON IIe/UII0NI03bI OBUIM IOTy4eHbI
nsotepmbl copbiuu noHos Cu(Il), Co(II) u Ni(II) n3 BogHBIX pacTBOpOB XopuzioB mnpu 293 K
(cm. puc. 2).

ITpu onmcaHuy 3KCIEpUMEHTATbHBIX M30TEPM /Il MOHOB TSKE/IBIX METAJIOB LIeJIII0-
JIO3HBIMM COpOeHTaMy Hambojee 4YacTo B JIATepaType WCHONb3YIOT MOJENb CopOLuu
JlenrMmopa:

A -K-C
P —— (3)

- s
1+ K-0)
rie Aw - IpefieNibHAsA WM MaKCUMalbHas COPOIMIOHHAs eMKOCTb COPOEHTa 110 TaHHOMY Me-
Ta/uTy, MONb/KT; K - KOHIIEHTpalMOHHAsA KOHCTaHTa COPOIVIOHHOTO paBHOBECH:A, XapaKTepu-
3yIollas MHTEHCUBHOCTD IIPOLiecca COpOLM, J1/MOJIb.
JInHeapusanys n3otTepMm copouyn

C_Cp, 1

A A, A K

o0

(4)

II03BO/IWIA TpadyYecKy onpeenTb Koo puieHTs! B ypaBHeHuu JleHrmiopa (Ta6. 3).

Il onycaHys COpOLIMOHHOTO PaBHOBECK K reTepoasHoOll CUCTeMe «BOHbII PacTBOP
COJIM MeTaslIa — IIeJITI0NIO3HBIN COPOEHT» MOXKHO TaK)Ke NPYMEHUTb MOJie/ib Teopuu o6beM-
Horo 3anonHeHnsa Mukponop (TO3M), cornmacHo KOTOpoit puKcalysa pacTBOPEHHOTO Bellle-
CTBa IIPOMCXOMUT HE TOJIbKO Ha BHYTPEHHE IIOBEPXHOCTH IIOP, HO 1 B 00 beMe BHYTPUIIOPO-
BoOro npocrpancrsa. TO3M ycTraHaBIMBaeT 3aBUCUMOCTb MEXY CTEIICHbIO 3alI0JTHEHNS 00'b-
eMa a/ICOPOIMOHHOTO MPOCTpaHCTBa U AuddepeHInanbHO MOISIPHOI paboToil afcopoumm.
Ypasaenne TO3M mys agcopbuym 13 pacTBOpOB B ero Hambosee obwieit popMe nmeeT BUJL
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OT XUMUU K TEXHOJIOTUN [IIEARETNTITANUY

Ind = Ind, —(RT/E)" (InC,/C)", (5)

rzie E — xapakrepuctudeckas sHeprus agcop6ouum, C; — pacTBOpuMocTb copbata, Cu A — pas-
HOBeCHbIe KOHIIEHTPaLlM pacIpe/ie/iIeMOoro BelllecTBa B 00beMHOI 1 aficopOIOHHOIT (asax
COOTBETCTBEHHO, A.. - IIpefieNIbHasl KOHLIEHTpaIus copbarta B afcopOLMOHHOI dase, 1 — Lje/toe
YICII0, IPEUMYIIECTBEHHO 1, 2, 3.

OKCIepyMeHTaIbHble M30TePMbI ObII 00pabOTaHBbI B paMKax JBYX MOjeeil copormn:
noBepxHocTHOI (Jlenrmiop) u o6pemuoit (TO3M). Ha puc. 2 mpezcTaBieHbl M30TEPMbI COPO-
1y noHos Cu*, Co** u Ni** HaTMBHOI peBeCHOI 11e/UII0/I03011 113 BOHBIX PACTBOPOB XJIOPH-
JI0OB METaJIIOB.

Kak cBMJeTeNbCTBYIOT IUTEPATypHBble JAaHHBIE, NIpefenbHas copoys (A.) Ha HeMOLU-
GUIMPOBaHHBIX LIE/UTIONIO3HBIX cOpOEHTax He mpeBbimaeT 1 Monmb/Kr [19]. Dto cormacyercs ¢
JlaHHBIM, TIOJTy9€HHBIMY B pe3y/IbTaTe 00pabOTKM M30TEPM C IPUBJIeYEeHIIEM MOJIe/IN afcopo-
iy Jlenrmiopa (cM. Ta611. 3). Mogens TO3M nipu 06paboTke 3TUX M30TE€PM JaeT 3aBbILIEHHbIE
Be/IVYVHBI IIpefieNIbHOI COpOLMM. ITO, BEpPOATHO, 00BACHACT (PaKT IpeVMYIeCTBEHHOTO VIC-
NI0/Ib30BaHMA Mozeny JIeHrMopa i ONMcaHNs cCOpOIVIY MOHOB TsDKENIbIX MeTa/UIOB Habyxa-
IoIMY OM0CcOpbeHTaMM 113 BOJHBIX Cpef.

PesynpraTel  00paboOTKM M3OTEPM 0.5 —
COpOLVM MOHOB TsDKEJIBIX METAJUIOB Jpe- e

o
I
1
N

BECHOM  IIeJUII0I030M 110  MOJesM

Jlenrmropa u TO3M npepicTaBieHsl B Ta6-

o
w
1
n
e

miax 3 u 4. IlonydyeHHble 9KCIEpUMeH-

A, MOJIB/KT

o
N
|
|

TaJIbHbI€ JaHHbIEC XOPOIIO OIIMCHIBAIOTCA

ypaBHEHNEM  M30TePMbI  aficOpOLUM
0,1 aa
Jlenrmiopa, K09QPUIIVIEHT KOPpesium N

cocrasnset 0,98-0.99. B cmygae npumMeHe-

T T T T T 1

HUS Jyi1 00paboTKM M30TEpM MOJeNn 10 20 30 40 50 60

C-10°, Mmonp/nt
Puc. 2. V3orepmbr copbumu nonos Cu?*(1), Co**(2) u

TO3M 3HaueHUss Ax B HECKO/IBKO pas3

IIPpEBBINIAIOT IKCIIEPMMEHTA/IbHbIE 3HAYE-

- . . .
HUA Ao, Ipy 5TOM KO:—)(b(bI/IHI/IeHT Koppe- Ni**(3) HaTUBHOJ [peBECHOI LE/UIIONI030i M3 BOFHBIX

Ay 6omnee Huskuit (0,94-0,97). PaCTBOPOB XIOPIAOE META/IIOB

Ta6nuua 3. ITapamerpsr 06paboOTKM M30TEPM COPOLIMI IOHOB TSDKEIBIX META/UIOB IT0 MOAeN JleHrMiopa

Kartunon meranna 1/A=K 1/Ax Koadpduument koppensuun A, MOTIB/KT
Cu(Il) 0,0010 1,42 0,99 0,70
Co(II) 0,0015 1,83 0,98 0,55
Ni(II) 0,045 1,96 0,99 0,51

Ta6nuua 4. [TapameTpsr 06pabOTKM U30TEPM COPOIIMI MOHOB TSKENBIX MeTa/UTOB 110 Mogenn TO3M

KaTnon meranna InA. RT/E Koaduunent koppenaiym A, MOTIB/KT
Cu(II) 1,25 £ 0,27 -0,31 + 0,04 0,94 3,49
Co(II) 1,11 £ 0,18 -0,32 + 0,02 0,97 3,03
Ni(II) 1,30 £ 0,31 -0,33 + 0,04 0,95 3,67
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N3otepmsi copouumn nonos Cu**, Co* u Ni** mpeBecHOIT 1[eUTH0103011, MOFMPUIMpo-
BaHHOJ TMMOHHOI KNCIOTON. [[/1s1 ompeyiesieHNst Ipefie/IbHO COPOIVIOHHO eMKOCTH Jipe-
BECHOJI 1]eJUTI0I03bl, 0OpabOTaHHOII IMMOHHOJ KIC/IOTOI, OBIIN ITOJTyYeHbl M30TEPMbI COpPO-
iy noHoB Cu(II), Co(II) u Ni(II) n3 BogHBIX pacTBOPOB XJIOPUOB 3TUX MeTa/U1oB rpu 293 K
1,0 4

(cm. puc. 3).
CornacHO TONyYeHHbIM IaHHBIM, .

o
[<3
1
L)

COpOIIMOHHBIE CBOVICTBA MOAUPUINPO-
BAHHO IPEeBECHO LIEJI/II0IO3bI II0 OTHO-
LIEHNIO0 K MOHAM TSKeJIbIX META/I/IOB BO3-

A, MoNb/KT
o
o

pacTaloT MPUMEPHO B IIONTOpPA pasa IO

o
N
1

CPaBHEHMIO C MCXORHBIM obpastom. [Tpu

9TOM IS MCCTIETyeMbIX COpOeHTOB addex- 0.2

TUBHOCTb COPOLIM VIOHOB TSDKEJIBIX Me-

Ta/UIOB YMEHbIIAETCA B CIeAyIOLIeM PAAY: 3 10 20 30 2 50 60
Cu(II) > Co(II) > Ni(ID). Puc. 3. Vsorepmbl copbuum nonos Cu’(1), Co*(2) u

Ni**(3 €BECHOI LIe/UTI0N030i1, 06paboTaHHOI JIMMOH-
MK-cnexrpsol. VIK-cnexTpol ucxop- u( ) Ap B . p
HOJT KUCTIOTOI!

HOJI IpeBECHOI LIEJIII0NI03bI, a TAKXKe JIpe-
BECHOII I1eJUTI0/I03bI, MOAUUIMPOBaHHOI MMMOHHON kucnotoit u I1BII, mpepcraBnensl Ha

puc. 4-6.
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17



OT XHMHUHU K TEXHOJIOTHH [RIIEAREZNITENIUY TOM 3, BbINMYCK 1, 2022

100

g0 |7

80

1276,71
422740

457,14 T

70

803,15 -
708,85 -
667,65 T
612,00
559,12

TponyckaHue
1es2,37

60

1420,51
1372,65

1336,49

131820

2860,27

2900,80

50

1165,01
111408 ,.
8
i

40

337672 |

4000 3500 3000 2500 2000 1500 1000 500
BonHosoe yicno fom-14

Puc. 6. VIK-criekTp npeBecHOI! Lie/IT0103bl, MoguduuuposanHoit IIBIT

VK-crekTp MCXOZHOTO COpOeHTa MMeeT XapaKTepyUCTIYeCKuil Habop I10/I0C MOIIole-
HIIs, 00ycnoBIeHHBIX Konnebanusamu casseit C=0, C-C C-O-C, C-H un O-H B cTpyKType nen-
nono3sl (cM. puc. 4). Ha VIK-cniextpe 1je/10/10361, MOAMUIMPOBAHHO TVMMOHHON KMUCIIOTOTA,
HabII0ma0TCA CyLIeCTBEHHbIE 3MEHEHUS B o6mactu 1650-1600 cm™! n 1430-1300 cm7!, rre
IPOSIB/IAIOTCA COOTBETCTBEHHO BaJIeHTHBIE aCHMMETPUYHbIE M CUMMETPUYHbIE KOIeOaHVA
csasu C=0 B KapOOKCWIBHBIX rpymnnax. OTMedaeTcsi pe3koe BO3pacTaHue VMHTEHCUBHOCTY
nuka npu 1638 cMm™ u ero cMelleHNe OTHOCUTENIBHO ITOJIOCHL B CIIEKTPE MCXOTHOTO COPOEHTa,
a TaK)Ke yBe/IM4eHVe MHTeHCUBHOCTY IMKa 1py 1430 cM'!, 4TO CBU/IETE/IbCTBYET O MOSBICHUN
B II€/UTI0NI03€, MOAV(UIIMPOBAHHOI TMMOHHO KUCTOTO, JOIIOTHUTETbHBIX KapOOKCUIbHBIX
TpyIIL

Vsmenenns B VIK-crexTpax ApeBecHOI IeJUIIONIO3Bl B pe3yabTaTe MOAV(PNUIIMPOBAHNA
HOMVMBJMHWIIVPPONINAOHOM HabmogaTcs B obmactu 1650-1450 cM™, rae mposBIAOTCA Je-
¢dopmaronnble konebauus cBsasu N-H, u B o6mactn 1300-1000 cm™!, rjje mposiB/IAIOTCS Ba-
neHTHble Konebanus csisu C—N. I109ToMy MOXKHO YTBEP>KAATh, YTO P MOAUDUIMPOBAHNI
copbeHTa Ha ero IIOBEepXHOCTY IIPOMCXOANT 3aKpeIlIeHe a30TCO/eprKalllero IOIIMepa.

Bmusanne pH Ha copbuuio monos Cu*, Co*, Ni** gpeBecHoit nemmonosoit. Cyie-
CTBEHHOE BJIVISIHVE HA Be/IMYMHY PaBHOBECHOJ OOMEHHOI €MKOCTY OKa3bIBaeT KUCIIOTHOCTb
cpenpl. [ToaTomy 66110 N3ydeHo BivssHMe pH pacTBopa Ha COpPOLINIO IOHOB TSKETbIX META/IIOB
u3 BogHbIX pactBopoB CuCly,, CoCl; n

70 o

NiCl, gpeBecHOII 11e/UTI0I03071.

60 o

3 puc. 7 BUZHO, 4TO CTENIE€HD U3-

50

BneyeHnA noHoB Cu**, Co*" u Ni** gpe-

40 -

a, %

BECHOII L1€JUTI0JI03011 BO3PACTAET B VH-

30 - tepBasie pH 1-7 BomHOro pacrBopa u

20 AOCTUTACT MaKCMYyMa IIPpY 3HAY€HMAX

pH 6,0-6,5. Orpannyenue MHTepBaIa

pH 6,5 cBs13aHO C HaYa/IOM BbINIATIEHUS

0 1 2 3 4 5 6 7 8 B OCaJJOK TUIPOKCUAOB TSXKENIbIX Me-
pH
Puc. 7. Binssuue pH BogHOTO pacTBopa Ha COpOLMIO MOHOB
Cu*(1), Co**(2) n Ni**(3) mpeBecHOIT L{e/UTI0NI030i1

Ta/ioB. B unTepBane pH 1-2 Huskas
COpOIVIsl MOHOB TSDKENBIX METa/IOB
OODBSCHAETCA TeM, YTO IPOMCXONUT
KOHKYPEHIUA 32 COPOIVIOHHBIE [[EHTPBI APeBECHO IIeJUII0I03bI MEXKIY IOHAMM METaJ/UIOB U
nonamu Bogopopa H*. B o6mactu pH 2,0-5,5 mpu cHM>KeHUM KMCTOTHOCTY CPefibl BO3pacTaeT
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KOJIYECTBO CBOOOIHBIX COPOLIMOHHBIX IIeHTPOB Ha COpOEHTe, YTO IPUBOANT K CYIECTBEH-
HOMY pocTy copbuyy nonos Metauios. [Ipu pH 5,5-6,5 ¢ yBennuenneM sHadenus pH pasHo-
BECHOTO PaCTBOpPa POCT CTeNeHN M3BedeHns () 3aMefyIsieTcsl.

Beino o6HapyxeHo, 4To pH pacTBOpa IpM cOpOLIMM IOHOB TsDKENIBIX METAIOB BO3pac-
taeT. Hanbonbiee nsmeHenne Habmogaercs B muTepBaie pH ot 3 10 5. B janHOM nHTepBane
pH yBenuumBaercs B mpouecce copbumm Ha 1-1,7 enunui no cpaBHeHuo ¢ pH ncxopHoro
pacTBOpa, HE3aBUCUMO OT IPUPOALI META/UIOB. TakuM 06pa3oM, IPMYMHON M3MEHEHNS KVIC-
JIOTHOCTY PaBHOBECHOT'O PacTBOPA B MCCIIE[yEMbBIX CUCTEMAX SABJIAETCA KOHKYPEHIMA MOHOB
METaJUIOB 1 IOHOB BOIOPOJa 32 COPOLMOHHBIE IIEHTPBI COpPOEHTa U COPOLIVIS MIOHOB BOJOPOJiA
B Kucyoit oonmactu pH. MakcumanbHoe usBnedenue katmonos Cu(1I), Co(II) u Ni(II) momuca-
XapUIHBIM COpOEHTOM HabmogaeTcst mpy pH MCXO[HBIX PacTBOPOB, O/IM3KMX K HEMITPAIbHBIM.

BriBOABI M peKOMeHJAN

[TpoBeneHo MopMUIMpPOBaHUe APEBECHOI IIeJUIIONO3bl KapOOHOBBIMU MHOTOOCHOB-
HpiMu kucnotamu u [1BII. ViccnemoBanbl copOIMOHHBIE CBOMICTBa HEMOAV(UIIVIPOBAHHON U
MOV QPUIVPOBAHHON ApeBeCHOI! IIe/UTI0NIO3bI IT0 OTHOLIEHMIO K OHAM TSDKEJIbIX MEeTaIIOB.

KnneTnyeckue uccenoBanys oKasa, 9TO BpeMs JOCTVDKEH COPOIVIOHHOTO paBHO-
Becys B reTepodasHoil cycTeMe «BOIHBII PACTBOP XIOPUAA MeTa/lIa — COPOEHT» COKPAIAeTCst
€ 8 MIH I HATMBHOI L|eJUTI0NIO3BI [I0 5 MUH /ISl COpOeHTa, MOAUUIPOBAHHOTO TMMOHHON
KucnorToit. CTeneHb U3BJ/IeYeHNs IOHOB TsDKE/IBIX META/UIOB JIJISI MCC/IEyeMOro CopOeHTa yBe-
m4yuBaeTcsa B cpegHeM Ha 30-40% 110 CpaBHEHMIO ¢ HATUMBHOI LIEJIII0I03011.

OKCIIepUMEHTATbHO MTOTyYeHHbIE U30T€PMbI COpPOLIMY MIOHOB TsDKEJIBIX META/IOB 00pa-
6oTaHbl B paMKax Mofeneit copouyy Jlenrmiopa 1 TO3M. ITokasaHo, 4yTo Mopenb JIeHrMiopa
6071e€ KOPPEKTHO ONNUCHIBAET IIPOL[ECC COPOIN IOHOB TSKE/IBIX META/IIOB JIPEeBECHOI I1eTIII0-
7n1030i1. Benyuuna npepenpHOi copbuym copbeHTa, MOAU(UIMPOBAHHOTO TMMOHHON KICIIO-
TOJA, yBE/IMYMBAETCS IPUMEPHO B 1,5 pas3a 110 CpaBHEHUIO C MCXOIHBIM COPOEHTOM.

Omnpepeneno Bausuue pH pactBopa Ha copbiuio nonos Cu?*, Co**, Ni** 13 BOgHBIX pac-
TBOPOB UX X710pujioB B obactu pH 1-7. MakcumanbHoe nssnedenne karnonos Cu(Il), Co(II)
u Ni(II) gpeBecHoI! Lie/TI0N03011 Habmoxaercs npyu pH paBHOBECHBIX pacTBOPOB, O/MM3KUX K
HETpaJbHbIM.

PesynbraTsl VIK-criekTpockonmy IOATBEP)KAAIOT, YTO NPV PasINIHBIX CIIOCOOAaX MOMM-
buKanyy IpoTeKaeT XMMIYECKOoe B3aMOJIelICTBIe MOAVIIVPYIOIINX ar€HTOB C JPEeBECHO
11eJUTI0I03011, YTO IPUBOAUT /MO0 K yBeNMM4eHMIo (Kak B caydae MOAMUIIVPOBAHNSA TMMOH-
HOJI KVICTIOTONI), OO0 K IOsIBJIEHNIO HOBBIX (B cimy4dae o6paborku [1BIT) copbimoHHO-aKTHB-
HBIX IPYIIII B CTPYKTYpe COPOEHTOB.

Ha ocHOoBaHMM NO/Ty4Y€HHBIX PE3Yy/IbTATOB MOXKHO PEKOMEH/I0OBATh MCIIO/Ib30BATh MO -
($UIMPOBAHHYIO APEBECHYIO LIe/UTI0NO3Y [/IsA OYMCTKY BOJHBIX PACTBOPOB OT MOHOB TSXKETIBIX
METAJIIOB.

Hccnedosarnue nposedero ¢ ucnonv3osanuem pecypcos Llenmpa xonnexmueHozo nonv3o-
sanus HayuHvim 06opydosaruem UIXTY (npu noddepuxe Munobprayku Poccuu, coenawerue
Ne 075-15-2021-671).

Paboma evimontena 6 pamxax zocyoapcmeennozo 3adanust Ha évinonnerue HVYP. Tema Ne
FZZW-2020-0010.
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Kniouesvie cnosa: Annomauus. V[zyuen npoyecc asapoOHo20 HuoKoPasHozo OKUCIEHUST YUKL02eK-
YUKTI02eKCUNOEH307T, A3p00-  cunbeH301a 00 eudponepokcuoa 8 NPUCymcmeuy pasnuuHbvLx pacmeopumenei.
Hoe JHuoKoPazHoe oxucrne- Ycemanosnero, umo npednoumumenvree nposooums peaxuuio é cpede ayemo-
Hue, 2UOPONepoKcUd YUKAO-  HUumpuna. Vccnedosarno snusHue pasnuuHblx MexHOI0ZUUEeCKUX NAPpaAMempos Ha
eexcunben3ona, pacmeopu- oKucneHUe YUKN0zeKcUunbensona 6 danHom pacmeopumene. Ha ocnose pesynv-
ey npoueccos HuUOKopas-  mamos Uccne008anuti Oviiu vL0PAHbL YCI0B8US, NO3B0IAIOUsUE OOCMULAND KOH-
HO020 OKUCTIEHUST, AUEMOHU-  Bepcuio yerie6000poda 11% 3a 2,5 waca npu cenexmueHoCmuy 00pa3o8anus 2uopo-
mpun nepoxcuda okono 93%. Hatideno, umo cpeoHsst CKOPOCHb OKUCTIEHUST UUKI02eK-

cunbeH3071a ysenuuueaemcs npumepHo 6 1,3 pasa no cpasHeHuio ¢ NPoueccom,
NPOBOOUMBLM 6 OMCYMCIBUE PACIEOPUMENS.

T nuTHpoBaHMA:

Kypranosa E.A., ®ponos A.C., Kourens I'.H., Kabanosa B.C. V3ydeHne peakuyu OKUCTEHNUS UKIOTEKCUTOEH-
3071 B IPUCYTCTBMM pacTBopureneit // Om xumuu k mexnonoauu wiae 3a wazom. 2022. T. 3, e 1. C. 21-27.
URL: http://chemintech.ru/index.php/tor/2022tom3nol

BBengenue

DeHO U IMKIOTeKCAHOH SAB/IAIOTCS KPYITHOTOHHOKHBIMMI IIPOJAYKTaMM OCHOBHOTO Op-
TaHMYeCKOTO U He(pTeXMMUYECKOTO CHHTEe3a, KOTOpbIe IIMPOKO VICIIONb3YIOTCA B PA3IMYHBIX
OTpac/IAX XMMUYECKOil poMbIiuteHHOCTH [1, 2]. Tak, ¢peHon npumeHsieTcsi B IpOU3BOJCTBE
IO/IMMEPHBIX MaTepPHaIOB, AIKUIPEHO/IOB, CUHTETUYECKUX KpacuTeell, IpUCcajoK K TOIJIN-
BaM I MacjIaM, 9/1eKTPOM30/IALMOHHBIX TaKOB 1 IIacTidukaTopos. Kpome aToro, ero ncmosmsn-
3YIOT U JyIs IIOJTyYeHNs IeKapCTBEHHBIX NIPENapaToB, IOBEPXHOCTHO-aKTUBHBIX BEIleCTB, aH-
TUCENITYKOB, AJOXMMMKATOB 1 ap(pIOMepHBIX IPOAYKTOB [3-5].

LIuK/IOreKCcaHOH sABJAETCS 6A30BBIM MOHOMEPOM B MHAYCTPUM MOIMAMUIHBIX ITO/IVIMe-
POB, IIACTMACC, U3O/ISIIMOHHBIX MaTepPUAIOB 1 Jp., @ TAK)Ke HAXOAUT IPUMEHEeH)e B Ka4yeCTBe
PacTBOPUTEISA CMOJL, XXMPOB, Macesl, BOCKOB, al[eTaTOB M HUTPATOB [6].

OcHOBHOE KONM4YeCTBO (peHOIa U IIVIK/IOTeKCAaHOHA KaK Y HaC B CTPaHe, TaK I 3a PyOeskoM
IPOU3BOJAT KyMOTBbHBIM METOIOM ¥ XXVAKO(Da3HBIM KaTATUTUYECKUM OKVC/IEHNEM IIMK/TOTeK-
CaHa COOTBeTCTBeHHO. HecMOTpsi Ha XOpoIIo OTPaOOTAHHYI0 TEXHOJIOTMIO ¥ 3HAYNMTE/IbHBIN
OIIBIT 3KCIUTyaTal[My, STV IPOLECCHl MMEKT psij HefocTaTkoB. K HMM B IepByI0 odepesb

© E.A. Kypranosa, A.C. ®poros, I'.H. Komens, B.C. Ka6anosa, 2022
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CIeflyeT OTHeCTH TOT ¢aKT, 4TO 0Opas3yoIuiica B KyMOJIBHOM IIpOIiecce alleTOH He HaXOJNUT
9KBUBAJICHTHOTO (DeHOJTy PhIHKA COBITA, a TPV OKMCIICHUY IIVIK/IOTeKCaHa IMeeT MeCTO KpaliHe
HI3Kas (4-5%) KOHBEPCH YITIEBOOPOAA IIPY CEJIEKTUBHOCTI 00pa3oBaHuA KeTOHa He Oojiee
80-85%. Ha ycTpaHeHMe yKa3aHHBIX BbIIIIe HEJOCTATKOB HAIllpaBJIeH pa3pabaTbIBaeMblil IIPO-
I1eCC COBMECTHOTO IOTy4YeHN s (peHOoIa M IMKIOTeKCAaHOHA Ha OCHOBe OeH3071a, KOTOPBIiT BKIIIO-
JaeT C/IefyIolye CTa/IL:
e ruppoayMepusanys 6eHsona ¢ obpasopanueM uknorekcunbdensona (LI'b);
® CeJIeKTUBHOE XIAKO(a3HOe OKICIeHNe IVKIOTeKCUIOEeH30/1a O TPETUIHOTO IMAPO-
nepoxcupa (mpem-I'TI III'B);
®  KIIC/IOTHOE Pa3jIo)KeHVe TPeTUIHOTO ITMAPONIePOKCUIA IVIK/IOTeKCUIOeH30/1a B (heHO
VI LIVIK/IOTEKCAHOH 10 C/IeAyIoIell CXxeMe:

OH O
OO0 OO0~
2 2 —_— —_— +
HOO

B HacrosAmell cTaThbe NpeAcTaB/lIeHbl pe3ylIbTaThl MCCIeJOBAHNUII IpoIlecca KIAKodas-
HOTO a3pOOHOTO OKMCIEHVS IMKIOTeKCUIOeH30/Ia B0 TUPOIEPOKCHUA B Cpelie Pas3IMIHbIX
pacTBOpUTENEN.

OcHOBHasA 4acTh

HecMmoTps Ha TO, YTO KaTaIMTHUIeCKOe OKIC/IeHNEe LIMKIOTeKCIIOeH30/Ia TI0 CPaBHEHMIO
C MHUIMVPOBAHHbBIM II03BOJIAET IMOBBICUTH CKOPOCTh peakuuu B 1,2-1,4 pasa, TeM He MeHee
CeJIeKTVMBHOCTD IIpOIlecca 3HAYMTETbHO CHIDKAETCS M IPAKTUYECKOe OCYLIECTBJIEHNE 3TOTO
IpyeMa B IPOMBIIIEHHBIX YC/IOBMAX CONPSDKEHO C PAJOM TpyHRHOCTEN [7].

B 5T0it CBA3M NpaKTUYECKMiT MHTepeC IPeCTaB/sAeT OKUCIeHNe IVKIOTeKCUI0eH30/1a
B IIPYICYTCTBUM PacTBOPUTeEJIeil, KOTOpble, KaK M3BECTHO, MOTYT OKAa3bIBaTh CYIIECTBEHHOE
B/IMsSIHYE Ha CKOPOCTb peaKLMM OKMCIIEHUs YITIEBOLOPOJOB M CENeKTMBHOCTb 0Opa3oBaHMs
TUZIPONIEPOKCH/IOB. B KadecTBe MHMIMATOPA ObUT MCIONIb30BaH TPETUYHBIN TMAPOIEPOKCIUT
LMKJIOTeKCUIOEeH301a.

YcTaHOB/IEHO, YTO HambosIee MPEAIOYTUTE/IbHO PeaKIMI0 OKIC/ICHN S IIVIKITOTeKCUTOeH-
3071a IIPOBOZINTD B Cpefie alleTOHUTpMIA. B 3TOM pacTBOpuTesie CpefiHAS CKOPOCTb OKMC/ICHMS
yBenmumBaercs B 1,3 pasa [0 cpaBHEHMIO C OKUCTIEHVIEM 6e3 pacCTBOPUTEIA U COXPAHACTCS BbI-
COKasl CeIeKTMBHOCTh 00pa3oBaHus Tuporepokcua (Taom. 1).

Ta6nuua 1. BrusiHue mpupoabl pacTBOPUTENS HA OKUCIEHNEe MUKIOreKcuibensona. Temmeparypa 125 °C; koH-
yentpauus nanumaropa (I'TI III'B) 0,75% mac.; KoHIleHTpaLus pacTBopuress 25% mac.

KoHnnenrpauns B okcupgare, % mac. Konsepcus | CenexTns-
PacTBOopuTenn Bpewms, 4
TUApONepoKcHua KETOHOB KICIOT HI'b, % HOCTB, %
- 4,0 13,0 0,67 0,03 11,5 94,1
- 4,0 14,9 1,35 0,02 13,7 91,0
- 2,5 8,1 0,19 0,10 7,2 95,6
ALeTOHUTPUT 2,6 9,0 0,64 0,02 10,9 92,5
bensonutpun 2,6 6,6 0,64 - 8,2 90,5
Xnop6enson 2,6 5,2 0,14 - 5,7 95,0
benson 2,6 51 0,79 - 6,7 86,1
mpem-bytumno-
. 2,6 6,4 1,22 0,08 8,8 81,3
BBIVI CIIMPT

* — OIBIT IPOBOJWICA B CTEK/ITHHOM PEeaKTOpe.
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CpaBHeHUe JaHHBIX 10 OKMCIEHNIO LIMK/IOTeKCUIOeH30/1a 6e3 pacTBOPUTEIS B CTEK/LIH-
HOM U META/UINYeCKOM peaKTOpax MoKasbIBaeT (CM. Tabs. 1), YTO MaTepuasn CTEHKU peakTopa
TaK>Xe IIPAaKTUYECKY He BIIMsAET Ha KOMYeCTBEHHbIE II0Ka3aTe/IN peakuun. Bce 3To B KOHeYHOM
MITOTe TI03BOJIVJIO M3YYUTD PEAKIVIO XUKOPA3HOTO OKVMCTIEHVS [IVIK/IOTEKCUIOeH3071a B yCIIO-
BUAX, MAKCUMAIbHO IPUOMVDKEHHBIX K IPOMBIIUICHHBIM. [/ mofjep>KaHNsA alleTOHUTpIUIIA
B KUZIKOJ (pase OKVC/IeHMEe LIMKIOTeKCUIOeH30/1a OCYLIeCTB/LIN TI0f] AaBjIeHVeM Ha ycCTa-
HoBKe Tumna YOCYT npu ckopocty mpoToka Bo3fyxa 15-18 n1/4. [laBieHue B cucreMe NOAmep-
JKMBA/IOCh Ha ypoBHe 10 aTM, Tak Kak ero msmeHeHue B mnpepmenax 10-30 aT™ He OKasbIBalIo
BIIMSAHMA HY Ha KOHBEPCUIO, HY Ha CEJIEKTYBHOCTD IpoIjecca.

Kak BupiHO U3 puc. 1, ¢ yBenmuenneM KOHIEHTPALMY alleTOHUTPp/IAa KOHBEPCHA IIMK/IO-
reKCMI6eH30/1a TPV OMHAKOBOJ IPOJO/DKUTE/IbHOCTY PeaKIyi BO3pacTaeT He IPONOPIIVIO-
Ha/IbHO KOHIJEHTPALMM pacTBOpUTENA. [0 KOHIIeHTpaluy alleTOHUTPWIA 5 MO/b//T COXPaHs-
€TCsA NPsAMOJMHENHAA 3aBUCYMOCTb MEXy KOHBEpPCHEN YITIEBOJOPOAA ¥ KOHIIEHTpaLel ale-
TOHUTPUIIA, A 3aT€M CKOPOCTb IOCTUTAET CBOETO NpeJieIbHOTO 3HaYeHn . IIpu sToM cenexkTus-
HOCTb OKMCJIEHMA CHIKaeTcA ¢ 95 no 89%. CirelyeT OTMETUTD, YTO YMEHbIIEHNE CENEKTVBHO-
CTU peaKkIMM B 3aBUCHMOCTH OT KOHIIEHTPALMU PacTBOpUTEN 60lee 3HAUUTETBHO TPV KOH-
LEHTpaluy alleTOHUTPpUIA > 7 MOJIB/IL

CpaBHeHue II0Ka3aTeIeil Ipoljecca OKVIC/IEHNS IVIK/IOTeKCUI0eH30/1a B Cpefie al[eTOHMNT-
pWiIa ¥ B OTCYTCTBYE PACTBOPUTE/S IIPU OHON M TOJ XK€ KOHBEPCUM IVIK/IOTeKCUI0eH30/1a
IIOKa3bIBaeT, YTO IIPY KOHBEPCUU YTIEBOLI0poia 13% ceneKTMBHOCTD peaKLMM B CPeJie alleTo-
HuTpuna (KoHueHTpanus 10,5 Mob/m) HIKe, YeM 6e3 pacTBOpuTesis, a pu KoHBepcuu 11%
(KOHIJeHTpauys aneTOHUTPWUIA 5,5 MOJIB/M) CeNMeKTMBHOCTh B 00EMX CUCTEMax OJVHAKOBa.
[IpyHuMasg BO BHUMaHNMe 3TOT (aKT, a TaKkKe YYMTBIBAsA XapakKTep 3aBUCUMOCTHU
KOHBEPCUM YITIEBOIOPOJA OT KOHIIEH- 100 ¢
TPAaLMM alleTOHUTPUIA, I OKUCIEHUS
IIVIK/TOTEKCYIOEH30/1a MO>XKHO PEKOMEH-

KonsepcHi, %

00 |
[OBaTb KOHLIEHTPALMIO aLleTOHUTPUIIA

5,5 monb/n (25% mac.).

YBenudeHue CKOpOCTH OKUC/IEHNA 80 ~

IVIK/IOTEKCYIOEH30/1a B IIPUCYTCTBUM

20 -3
aueTOHI/ITpI/I}Ia MOKHO O6'bHCHI/[Tb 3

O6paSOBaHI/I€M KOMIIZIEKCA TUAPOIIEPOK- 1

Cy+10, MomB/1

cujla  C  O9TMM  pacTBOPUTETIEM.
10 -
OHTampmMsA 00pa3oBaHMA KOMIUIEKCaA
TUPONIEPOKCUI—ALleTOHUTPUI  BBIIIE '

(11,7 x]I>k/MO/b), YeM SHTA/IBIINSA KOM-

0 1 1 1 O
0 2 4 6 8 10

cunbenson (=4,2 xJ[>K/Mo/b), MOITOMY Camerosrpuna: MOTB/T
Puc. 1. 3aBucuMOoCTh KOHBEpCHUM LMKIOTeKcumbensona (1),

IVIEKCa TUAPONEPOKCUO—UKI/IOTE€K-

cBA3b O-O B KOMIUIEKCEe TUIPOIEPOK-

CEJIEKTMBHOCTY PeaKLMy ero OKUCIeHns (2) 1 KOHI[eHTpa-

CUI-aleTOHUTPUI 6Ooree  ocmabieHa.
MU KOMIUIEKCA TUAPOIEPOKCUJ — alfeToHuTpun (3) or

IOTO AB/IAETCA NPUYMHON yBeNMYEHNs KOHILIeHTpauuy arerouurpmia. Temmeparypa 125 °C, xoH-
CKOPOCTU pacmaga MOJIEKY/l ~ LEHTpaIys MHUI[MaTopa 0,05 momb/ 71, Bpems peaxmun 2,5 4.
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TMOpoOIEpOKCHaa Ha CBO60,'E[HbI€ pafuKa/gIbl B Cpene all€TOHUTPUIIA. YBenuuenne CKOpOCTU

OKMC/IEHMS MOXKET OBITh TaK)XKe CBSA3aHO C BIMSIHIEM PpacTBOpUTE/IA Ha OTHOLIEHVI€ KOHCTAaHT

pocTa 1 o6pbIBa Lieneit k, / \/E (8].

XapakTep 3aBUCHMOCTY KOHBEPCUY IIVIK/IOTEKCIIOEH30/Ia OT KOHIIEHTPAL[UY AI[eTOHUT-
pWIa MOXKET OIlpefieNIAThCcA ABYMs (pakTopamu. Bo-mepBbIX, CKOPOCTb OKMC/IEHNS YI/IEBOMIO-
POJia 3aBUCUT OT €T0 KOHIIEHTPALNY, TI03TOMY IIpM pa30aB/IeHNM UKIOTeKCHIOeH3071a alleTo-
HUTPWIOM CKOPOCTb PeaKIy JO/DKHA yMeHbIIaTbcsl. OfHAKO NPy HeOOMbIINX KOHI[EHTpa-
IVISIX AlleTOHUTPYIA CHYDKEHME CKOPOCTH 32 CYeT pa3baByIeH s YIIeBOLOpofa OyeT Iponcxo-
IUTHh B 3HAYNMTE/IbHO MEHBILE)l CTeIleHM, YeM yBe/IMYeHNe ee BCIeACTBIe 00pa3oBaHMsl KOM-
IJIeKCa TU/IPOIIEPOKCI/IA C PACTBOPUTEIIEM, ¥ KOHBEpCHsI IIMK/IOTeKCHUIOeH30/1a Oy eT Iporop-
IIVIOHa/IbHA KOHLIEHTPAL[MY pacTBOpuUTe/A. I1py KOHIIeHTpayy areTOHUTpuIa 6oee 5 MOMb/ 11
yMeHbIIIeHIe CKOPOCTY HACTOJIBKO YBEIMYMBAETCS, YTO KOHBEPCHS LIMKIOTeKCHI0eH30/a Oy-
[eT MajIo0 U3MEHATbCA IIPU aJbHENIIEM yBe/IMYEHNY KOHLIEHTpaluy pacTBopurend. Bo-BTo-
PBIX, IO Mepe pa3baBleHUs LVKIOTeKCUIOEH30/1a alleTOHUTPUIOM [0S TMAPOIIEPOKCUTIA,
CBA3aHHOTO B KOMIIIEKCE TU/IPONIEPOKCHU]—alleTOHUTPUI, BO3PACTAET, ¥ IPY HEKOTOPOI KOH-
LIeHTpALVM alleTOHUTPWIA BeCh TUIPONIEPOKCI], OyIeT HaXOAUTbCs B KOMIUTEKce. V1 eciu cko-
POCTb OKMC/IEHUA 3aBUCUT OT KOHLIEHTpALMM 3TOrO KOMIIIEKCA, TO Ja/JbHENIIee YBeNMIEHIEe
KOHILIEHTpal[ /M alleTOHUTPW/IA He IPUBEZET K BO3PACTAHNIO CKOPOCTY OKVCTIEHMA.

II711 TOTO YTOOBI BBIACHNUTD, KaKOJl 113 IBYX YKa3aHHbBIX (PAaKTOPOB SABJIACTCSA OIPefeIsio-
myM, ObUIa paccuMTaHa KOHIeHTpauusa KoMmiviekca (Ck) IMpOIepOKCU/-alleTOHUTPII IpU
Pa3HbIX KOHI[eHTpaluAX aneToHnTpmia (Can):

CK = KCFIYCAH’

rie Cx — KOHIeHTpausi KoMiutekca; K — KOHCTaHTa paBHOBecHsi 00pa3oBaHMsI KOMIUIEKCa
(K(125 °C) = 0,09 n/monb); Crip — KoHIIeHTpanus rugponepokcusa; Cay — KOHIEHTpaIys alle-
TOHUTPUIIA.

YcTaHOBJIEHO, YTO IPY KOHI[EHTpaLMy areToHuTpuaa 10 MOb/ elle He BeCh IMpOIIe-
POKCH/] CBsI3aH B KOMIUIEKC. XapaKTep 3aBMCUMOCTeV KOHI[EHTPAIuy KOMIUIEKCA I KOHBEPCUM
[UK/IOTeKCUIOEH30/1a OT KOHIIEHTPALMK alleTOHUTpuIa upeHTndeH (cm. puc. 1). Kpome Toro,
€C/IY pacCYUTaTh KOHIIEHTPALIMIO KOMITIEKca Oe3 ydera pa3baB/ieHNs YITIeBOJOPOiA al[eTOHM-
TPWIOM, TO 9Ta JKe 3aBUCHMOCTb OyeT IPsAMOJIHEeNHOI. Bee aT0 roBopuT 0 TOM, 4TO IIpU6/IN-
JKeHUe CKOPOCTY OKMCIIEHVSI LIMKIOTeKCMIOeH30/Ia K Ipefie/IbHOMY 3HaYEeHUIO IIPU KOHI[eH-
Tpaluy alieTOHUTpUIA 60jiee 5 MOJIb/JI CBSI3aHO CO 3HAUMTEIbHBIM YMEHbIIIeH)eM KOHI[eHTpa-
VIV YI/IEBOZOPO/ia BCIECTBUE Pa30aBIeHNs €T0 PACTBOPUTEIEM.

YBenuuenue konueHTpanuy naunyatopa (I'TI LII'B) npuBoguT, Tak e Kak 1 Ipy OKMUC-
JIEHUY B OTCYTCTBUE PAaCTBOPUTEJIA, K TOBBIIIEHIIO KOHBEPCUY YI/IEBOJOPOMA U CHIDKEHUIO Ce-
NMeKTMBHOCTY peakumu (tabn. 2). Hambormee mpenmodTMTeNIbHON SIBISETCS KOHLIEHTpAIs
nHunmaropa 0,047 Monb/m.

Tabnuma 2. BinsHue KOHLIEHTpaluy MHUIMATOPa Ha OKVC/IEHNe IIMKIOTeKCUIOeH30/a B Cpefie alleTOHUTpPUIA.
Temmepatypa 125 °C, KOHILIeHTpaIVs alleTOHUTPUIA 5,5 MOMIb/JI, BpeMs peakuun 2,5 4

KoHIeHTpanus HHAIMATOPa, MOJIB/JI Konsepcus LII'G, % CeneKTHBHOCTB, %
0,023 9,5 94,2
0,047 10,9 93,5
0,141 12,0 88,1
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VIsyd4eHne BIuAHNA TeMIEPATYpbl ¥ MPOJO/DKUTETBHOCTY OKMCIEHNA Ha HaKOIUIEHME
IPOAYKTOB peakuuy (puc. 2) IMO3BOMMIO BHIOpPAaTh ONTMMA/IbHbIE YCIOBUS OKMCIEHUS de-
HIWIIVK/IOTeKCaHa B Cpefie alleTOHUTPIIIA, 00eCIieyyBaoIyie JOCTATOYHO BHICOKYIO CKOPOCTD
U CeTIEKTUBHOCTD peakuuu. B aTux ycmosuax (temmeparypa 125 °C, KOHIIeHTpauus MHUINA-
Topa 0,047 MOJIB/, aljeTOHUTpUIA 5,5 MOJIb/JT) KOHBepcHs yIeBofopoaa 11% mocruraercs 3a
2,5 4 mpu CeneKTUBHOCTK 00pasoBaHus rupporepexucu 93%. Ilpu aTom cpefHsist CKOPOCTh

OKMC/IeHNs (QeHIWIIMKIOTeKCaHa YBeMIMBaeTcs B 1,3 pas3a 0 CpaBHEHUIO C IIPOLIECCOM B OT-
CYTCTBUE pacTBOPUTEIA.

3 2

k=

o

W
1

= 3 3 3
- =)
S 5 3 2 5 2
= = b =
g 22 b
0,02 - 1 F 1
0,3
0,2
0,01 L5
0,1
0 1 J 0 1 J 1 1 J
0 2 4 0 2 4 0 2 1
Bpems, gac Bpems, wac Bpems, uac
a 6 8

Puc. 2. BnusiHue TemMmepaTypsl U MPOGO/DKUTEIbHOCTH OKVICTIEHNIS LIMK/IOTeKCUIOEH30/1a B Cpefie alleTOHUTPIIA

Ha HaKOIIeHMe ruaponepoxcuaa (a), keroHos (6) u xkucnot (8). Temmeparypa, °C: 1 - 120, 2 - 125, 3 - 130. Kon-
LEeHTpauA areTOHUTPUIA 5,5 MOJIb/TT

B Tabn. 3 mpuBefeH MaTepuanbHbI 0aTaHC OKMC/IEHNS IVIKIOTeKCUIOeH30/1a B cpefie
alleTOHUTPUIA.

Tabnuua 3. MartepuanpHblil 6aaHC peakiyy KugKo(asHOro OKMUCIeHNs NUKIOTeKCUIOeH301a B Cpefie alleTo-

Hurpuna. Temneparypa 125 °C; konnentpanusa nauiyaropa ([Tl ITB) 1% Mac., mpogo/mKUTeIbHOCTD PeaKIum
2,5 4; konBepcusa LI'B 11,3%; cenextuBHOCTD 93,2%

Bsaro ITomy4eno
KomMmoHneHTBI
r T-MOJb % Mmac. T r-MOJ/b % mac.
r
YRpOTIEpOKCIA 5,0 0,026 1,0 48,5 0,252 9,5
LIMKIOTeKCMIOeH30/1a
Keronst - - - 3,2 0,0181 0,63
Kucnmors! (pacyer Ha
. - - - 0,12 0,0009 0,023
O€eH30JIHYI0)
IIuKmoreKcnm6eHson 370,0 2,310 74,0 330,0 2,060 65,0
AueroHuTpun 125,0 3,050 25,0 125,0 3,050 24,6
Iotepu - - - 1,0 0,005 0,247
Bcero 500 5,386 100,0 507,8 5,386 100,0
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SKCHCPI/IMCHTa}IbHa}I qacTh

AspobHoe xnuKodasHOe OKUCTIEHNE IUKIOTeKCUIOeH30/1a TPOBOAVIIN TIOf, AaB/IeHNeM
Ha yctaHoBke tima YOCYT (puc. 3). YrieBogopon, pacTBOPUTEb, MHULIMATOP 3arPy>KaInch B
peaktop (1), KOTOPBII MPUCOEANHSICA K
rojioBke. B cucreme cosmaBanoch paboyee

D¢
llaBJIcHME TIa3a-HOCUTENI BO3/lyXa, KOH- 5 | "U" : l
TPONMPYEMOE MaHOMETPOM, U YCTaHOBKa 3 6

Copoc
IIpoBepA/nacb Ha TE€PMETUIHOCTD. 3aTeMm :Hz _gi
4

COIEPKMMOE Ppe€aKTOpa HaArpeBaJioCh [0

TeMIIepaTypbl PeakIuy ¢ IIOMOLIbIO d7eK-

tponeun (2). Temmeparypa B 30He peak- 0
UM KOHTpo/poBanach repmonapoit XK, AP

Haxojsllelics B OKUC/IAEMOM YI/IEBOJO- 9

pone. ITo mocTmXeHUM 3afaHHOI TeMIe-
paTypsl BK/IIOYa/Iach Memranka (3), KOTo-

Puc. 3. IIpyHumnmanbHas cXeMa yCTAHOBKM OKVCTIEHUSA

as OPUBOIMIACH B NBVOKEHME C IIOMO-
p p o A yrneBogopognoB nox gasnenyeM (YOCYT): 1 - aBTok/as;

b0 MAarHUTHOM KaTyIIKM ¥ cepied- ,_ 37IEKTPOTIEeYb; 3 — MarHUTHAS MeNIaKa; 4 — 371eKTPO-
HuKa (4). CKOPOCTb IIPOTOKA BO3[yXa PE-  MarHut; 5 — XOMOMIbHUK; 6 — PeOMeETp; 7 — PeyKTOp;
TY/IMPOBA/IACh PEOMETPOM (6), YCTaHOB- 8 — 6a/IIOH €O CXKATBHIM BO3AyX0oM; P> « — BEHTU/Ib pery-
JIEHHBIM HA BBIXOJl€ BO3JyXa U3 peakTopa, WPOBOTHbI
ITo OKOHYAaHUY OIIBITA PEAKTOP OBICTPO OX/IAKIAICA ¥ OTCOEAVHATICA OT CUCTEMBI.

VccnegoBanne 3akoHoMepHocTelt okucnenusa LII'b npn atMocdepHOM maBieHuuM ocy-
I[eCTB/ISU/IN Ha YCTAaHOBKe IIPOTOYHO-3aMKHyTOro Tina [9]. OHa BK/I04aeT B ce6s1 JOCTOMHCTBA
YCTQHOBKM 3aMKHYTOTO TUIIA: MCII0/Ib30BaHME Ma/IbIX KOJIMYECTB YITIEBOOPOZIA, BO3MOXKHOCTD
IPOM3BOANTD 3aMep IOITIOMIEHHOTO KJC/IOPOJA, TE€TKOCTh JOCTVDKEHNA KUHETUYeCKOTO pe-
XuMa. B cucremax npu arMocdepHOM JaB/ieHNN B KaueCTBe OKVCIMTEIS UCIIONIb30BAJICS KVIC-
JIOpOJ, TIOf, ZaBJI€HNEM — BO3/IYX.

VIHMLIMATOP OKVIC/IEHMS — TU/POIIEPOKCI, IMKIOTeKCUIOEeH30/1a — TI0/Ty4eH OKICTIeHIEM
IIVIK/TOTEKCYIOEH30/Ia C CeJIEKTUBHOCTBIO 6ojiee 96%, MPOMBIT 1%-HBIM PacTBOPOM COZIbI U
CKOHIIEHTPUPOBaH 10 94% mac.

PacTBOpuTeny A HpoBeHeHNs IpolLiecca OKVICIEHMs LMKIOTeKCUIOeH30/1a MapoK
«4fia» ¥ «9» JOTIOJTHUTETbHO OBUIM OUYMINEHBI Ha PeKTU(UKALMOHHON KOJIOHKe 3P PeKTNBHO-
cTbI0 20 TeOpPETUYECKUX TaPEIOK.

Omnpenenenne IMApONEpPOKCHAA B IIPOAYKTAX OKVC/IEHMS NPOBOAVIOCH JIOZOMeTpude-
ckuM MetogoM [10].

BriBoabl

VccnemoBaHbl 3aKOHOMEPHOCTH PeaKIyy XIAKO(a3HOro a9poOHOT0 OKMC/IeHNA IIUKIIO-
reKCunIbeH30/a B cpefie aneToHuTpIa. HaiiieHbl yc1oBys, O3BOJIAIONINE OTYIUTh IUAPO-
HePOKCYJ, IVIK/IOTEKCYIOEH30/1a C CeTIEKTUBHOCTDIO OKOJIO 93% IIpy KOHBEPCYY VICXOTHOTO YT-
nesogoposa 11%. Takum o6pasoMm, IIpyM OKVUCIEHUM LMKIOTEKCHMIOEH30/la MOXKHO
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CUHTE3VPOBATb TMAPOIIEPOKCUL C CEIEKTMBHOCTBIO VI CKOPOCTDBIO, IIPMEMJIEMBIMU /I TEXHO-

normaeckoro oopMIeHuA Ipouecca. Bee 3To cos3maeT peanbHbIe NPEANIOCBUIKM IS TOTO,

YTOOBI pacCMaTPUBATh OKVICTIEHNE IIVIKIOTeKCUI0EeH30/Ia B Ka4eCTBe OJ{HOI U3 CTaiMil CUHTe3a

Ha €ro OCHOBE (1)€HOHa COBMECTHO C IMKJIIOT€KCAaHOHOM.
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OTEYECTBEHHDBIE ATIOMOCHMINKATHDBIE MATEPUAJIbI
11 COPBIIMOHHONM OYMCTKU TOPYNMYHOTO MACJIA
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Knrouesvie cnosa: AnHomauus:

npupooHvie amomocunukamol, copo- Ha 6ase OanHvbix peHmeeHopaso80e0 aHANU3A BbiA6TIEHbL OCHOBHDLE
UUOHHAS OYUCKA, 20pHUHHOE CMpyKmypHbvle — dnemeHmv.  meepooil  Pazvi  omeuectnBeHHbIX
MAcno, c80000HbIE HUPHDIE KUC- ATIOMOCUNIUKAIOS PA3IUMHOZ0 UBea, UCNONb3YeMbiX OIS COPOUUOHHOTE
JI0Mbl, NepeKucHvie U 60CKOBbLE CO- OUUCMKU eopuuunoeo  macna. Onpedened  PPaKyuoHHvLil U
eouHeHUs epanynomempuUecKuti Cocmas MaKux Mamepuanos; NokasaHo, 4mo 60-

80% ux wacmuy, umeem pasmep 0,3-2,5 mxm. Boiaenerno, umo npu ocy-
WecmesieHUU Helimpanu3ayul 1 omoenky Macid 3Ha4UrmenvHy1o posub
uzpaem npucymcmeue 8 cocmase AnOMOCULUKAMHBIX MAMePUuanos
00O «ITonuCepsuc-M» (Mocksa) nopodoobpasyrousux paxuyuii Kaonu-
Huma u moummopunnonuma (00 15%), evicokas oucnepcHocmy u yme-
penHo-uenouroti xapaxmep nosepxrocmu (pH 1%-1i 00H01i ducnepcuu
~ 8.40-8.43). Ycmanosneno makie, 4mo 68edeHue yKa3aHHvIX omeue-
CIBEHHBIX MAMEPUATIOB 6 20pHU1HOEe MACTIO NPENAMCMEyen e20 OKUC-
JIeHU10.

T nuTHpoBaHMA:

PasroBopoB ILB., MrHateeB A.A. OredecTBEHHble ATIOMOCHIMKATHBIE MAaT€PUanbl I COPOLMOHHOIM
OUNCTKM Topum4yHOro macma // Om xumuu Kk mexwonoeuu wiaez 3a wazom. 2022. T. 3, Bem. 1. C. 28-39.
URL: http://chemintech.ru/index.php/tor/2022tom3nol

BBenenne

[TpupopHbIe ATIOMOCUIMKATDI — KAOIVHBI, MX aHanoru [1,2] u fp., uMeoIne Ha MOBepX-
HocTu LeHTpbl JIptonica u Bpéucrena [3-5], mMpoKo NpUMEHSIIOTCS JJIs OYMCTKY PAaCTUTETbHBIX
MaceJI OT IPUMECHBIX MHTPEANEHTOB [6], a TaK)Ke BbI/je/IeHN I KATVOHOB TSDKEIbIX META/IIOB 13
CTOYHBIX BOJ,.

I[ToBbinIeHHBIE A/ICOPOLIMOHHBIE CBOJICTBA K COEVHEHVSIM HEOPTAHNYECKOTO U OPTaHM-
YeCKOTO XapaKTepa, IPUCYTCTBYIOIIMM B PasIMYHBIX CpPelaX, HPOSB/IAIOT KaK MPUPOXHBIE
(5,7,8], Tak 1 MmopuduumpoBaHHble [9-11] amoOMOCHIMKaTHbIE MaTepuansl. B vacTHOCTH, OT-
Jle/IbHBII MHTEpeC BbI3BIBAIOT pe3y/IbTATbl, CBS3aHHBIE C IIOJIYYEHMEM OTeYeCTBEHHBIX

© I1. b. PasroBopos, A. A. Urnatees, 2022
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MaTepyuajoB Ha OCHOBE MM/IAPYPOBAaHHOTO MOHTMOPVJIIOHNTA C BBICOKOJ! YZie/IbHOJ IIOBepX-
HOCTBIO U BIIEYAT/LAIONIMM CyMMapHBIM 00 beMoM 1op [12]. C gpyroit CTOpOHBI, ClIefyeT y4n-
TBIBAaTb, YTO B MAC/IOKMPOBOJI IPOMBIIIEHHOCT IMEeTCs YCTONYMBas TEHACHINA K IpuMe-
HEHUIO MMIIOPTHBIX ¥, KaK IPaBUJIO, JOPOTOCTOALINX MIOMOCV/IMKATHBIX MaTepUaoB, YTO
NPUBOAUT K YBEIMYEHMIO CTOMMOCTY KOHEYHOTO IPOAYKTa OUYMCTKU (padMHMPOBAHHOTO
Macia).

B 3T0i1 CBA3M II€/IbI0 HACTOAIIETO VICCTIeOBAHNUA AB/IACTCA PellieHNe CIeYIOMMX 3a4ay:

— VI3y4eHye BO3SMOXXHOCTY 3aMeHBI IMIIOPTHBIX COPOLIMOHHBIX MaTepyajoB, IPUMeHsIe-
MBIX A o4mucTKM pactutenbHoro Macma (Tonsil, Engelhard wm pgp., crommocts
100-120 ToIC. py6.-T') Ha Oonee pemeBble ¥ 9¢p(deKTUBHbIE OTeYeCTBEHHbIE aHAIOTy
(<20-30 py6.-1"), uMeroI Ve CXOIHBIE C 3aPyOEe)KHBIMYU MIHEPATOTNYeCKyie COCTaBbI;

— aHa/IN3 KOMYEeCTBEHHDIX [TOKa3aTeell, XapakTepu3yolux 3¢ HeKTMBHOCTb COPOLINIL,
C VCIIOJIb30BAaHVMEM pecypcocOeperalonyx TeXHONOTUII U HefeUIMTHBIX OTeYyeCTBEHHBIX
QIIOMOCVM/IKATHBIX MaTepyuanoB [13], OCHOBHBIX NPUMECHBIX VHIPEfUEHTOB (CBOOOTHBIX
JKVIPHBIX KJCJIOT, IEPEKVCHBIX U BOCKOBBIX COEIVHEHMIT) M3 PACTUTENbHBIX Macel, IPOM3BO-
IVIMBIX Ha TeppuTOpun Poccuy 1 BXOAAIMX B KaTETOPUIO KM3HEHHO HEOOXOIVMBIX TOBAPOB
IS HaceTIeHsL.

IKCIepUMeHTAaIbHAs 9aCTh

B xadecTBe 00'bEKTOB MCC/IENOBAHMSA 1A OUMCTKU MAaC/IOCOAEPIKAIUX Cpefl, BKII0Yal0-
IMX IIPYMeCHBIe COeiHe N (CBOOOJHbIe KMPHBIE KUCIOTHI, IIEPEKICH, BOCKY), BbIOpaHa Ka-
omuuoBas rmHa OO0 HIIIT «IIpombinuiennbie Matepuanb» (Camapckast 0011.), a Tak)Ke oTe-
JeCTBEHHbIe COPOEHTHI — ronybas, 3eneHas, pososas u yepHas rnHbl (OO0 «ITonmuCepBuc-
M», Mocksa).

J71A OYMCTKYM MCIO/Ib30BAIM TOPYMYHOE MAcyo, mpoussogurend — 3AO «MAPI'KOM»,
Hwmxeropopckas 0611., Kcroso (TOCT 8807-94).

Kaonuu (IpupopHbIil aTIOMOCUINKAT) — TIOPOLIOK 0€/I0To 11BeTa C Pa3IMIHbIMU OTTEH-
kamu. CormacHo ceptudukary kadecrsa Ne 40 or 21.07.2004 OOO HIIII «ITpomsiineHHbIE
marepuanb» (Camapckas o001.); oTBedaeT TpebopaHuam TY 5729-016-48174985-2003,
a IMEHHO:

maccoBas goins Fe,Os — He 6oee 0.02%;

MaccoBas 1071 mpumeceis, pactBopeHHbIXx B HCI - 0.2%;
MaccoBasi 0JIA BOLOPACTBOPUMBIX cosieil — He 6oree 0.1%;
IIOTEePY MACChI IIpY IIPOKa/IMBaHNUM — He 6oree 13.8%;
MaccoBas JoJid Biaru — He 6onee 3.8%;

pH 1%-11 BOgHO BBITSKKM — 8,3.

I'mmua rony6as, npomssoputens OOO «[TomCepsuc-M» (Mocksa), TY 9158-003-
47308774-00 (IIpupOsHbII aTIOMOCUIVKAT) — IIOPOIIOK cepo-Tonybdoro 1seta; pH 1%-11 BogHOI
pucnepenu — 9.9.

I'mua vepnas, npoussBogurenb OOO «IlommuCepBuc-M» (Mocksa), TY 9158-003-
47308774-00 (mpupOHBIIT ATIOMOCUINKAT) — IIOPOIIOK YepHOro userta; pH 1%-it BogHOI Ayic-
nepcun — 8.4.
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I'mmua pososas, mpousBogutens OOO «[lomuCepsuc-M» (Mocksa), TY 9158-003-
47308774-00, (IprpORHBII ATIOMOCHIIVIKAT) — HOPOIIOK po30BoTo 1iBeTa; pH 1%-it BogHOI Amc-
nepcun — 8.4.

I'mmua senmenas, mpomsBogutenb OO0 «IlommCepsBuc-M» (Mocksa), TY 9158-003-
47308774-00 (IpupogHbII ATIOMOCHIIVIKAT) — IIOPOIIOK cepo-3e/ieHoro useTa; pH 1%-11 BogHOI
pucnepcuu — 8.9.

Macro ropunyHoe HepapuHMpOBaHHOE (TeMHO-XenToi okpackn); 3AO «MAPTKOM»,
Hwxeroponckas o61m., Kcroso (TOCT 8807-94); xapakrepusyercs: (pU3MKO-XMMUYECKMMU
cBoiicTBaMu: kucnoTHoe yucino, Mr KOH/r - 0.98 u 2.0 (otmenbHBIT 06paser] i/isl OLeHKY aH-
TUOKCUIAHTHON aKTMBHOCTM); IIEPEKIMCHOE YN0, MMOMb %20y k! — 0.15; BeTHOE 4nciio Ha
100 My, Mr ], — 104; copepxaHue BOCKOB, I'KI™' — 4.6;

Crnupt atunossiit, TOCT P 51652-2000.

Tonyon, TOCT 5789-51.

Tpuxnopmeran crabwmsuposanHbii, TY 2631-066-44493179-01.

0.1 H. pacTBOp rUpPOKCHA Kamus (BOSHBIIN).

0.01 H. pacTBOp THOCYIbdATa HATPUS, IOTYIYECHHBIN U3 THOCYIb(aTa HATpUs KPUCTAI-
nnaeckoro (I'OCT 244-76).

Kucnora ykcycHas nefisiHas KOHLIeHTpupoBaHHasd «x4u», [OCT 61-75.

Xnopodopm, TOCT 20015-88.

Bock myemmHbIl — XXMPONOZ0OHOe BelleCTBO; XapaKTepu3yeTcs PU3NKO-XMMIUIECKIMI
nokasaressaMu: KucnorHoe uncno, Mr KOH - 195; uncno ombinenns, mr KOH - 97.8; agupHoe
gucno, Mmr KOH - 97.2; jtognoe 4ncno, % — 1.06; remneparypa nnasnenns, K — 351-353; tem-
neparypa 3actbiBanus, K — 349-350; mmotHOCTD, I-cM ™ nipu 288 K - 0.94; okasaTtenb IpeioM-
nenns (rpu 353 K) — 1.4409.

Penmeenogaszosviii aHanus antomocunukamos

IudpaxkTorpaMMbl CHUMaIM B 00/1aCTH YITIOB paccesiHus cBeta 20 = 10-70° u comocras-
JISIIV MIX C TAaKOBOJI /151 0Opasiia Kao/lIuHa, OIIbIT YICIOIb30BaHMsI KOTOPOTO J/Is OYVMCTKY Mac-
JIoCofiepyKaIMX cpel mpuBeneH B [12, 17].

VcxomHpIMU JaHHBIMY I/I PEHTTeHO(A30BOT0 aHA/MN3A CIY>KNT IIOTHBIN AN(PaKINOH-
HBIII Tpo¢wIb ¥ [IMHA BONMHBL. Ha mepBoM aTare aHami3a OIpeiesisin MOI0XKEeHNe IKOB.
B maHHOM cydae mporjecc Bely IO MOJIOXKEHWI0 MaKCUMYMa Imix. [0 ypaBHeHUIo Bynbda-
bperra paccunTbiBamm MEXIITIOCKOCTHBIE PACCTOAHNSA, MSMEPA/IN MTHTEHCUBHOCTD IIMKOB, HOP-
MMPOBA/IN IIOJTyYeHHbIEe 3HAUeHMA U UieHTUGUIVpoBamyu (asbl IyTeM CpaBHEHMA VX C JaH-
HBIMM KaTajora (B TabO/muIlax ¢ yKasaHueM MEXIUIOCKOCTHBIX PacCTOSHMIL Jid (a3, OTHOCHU-
Te/IbHOJ MHTEHCUBHOCTY B IIPOLIEHTAX VI JO/IAX eAVHUIBI COTTIACHO pedIeKCy, a TaKKe MH-
nexcoB Munepa). Ha skcnepuMeHTanbHOM AndpakTorpaMMe IPUCYTCTBOBAIN pedIeKChl
OIIpeJie/IEeHHOTO HTEPBAIa, KOTOPBIE JIeXa/ Il B YKa3aHHOM AMarnasoHe cbeMKy (2@) npu gaH-
HOM M3Ty4YEeHNN.

VpeHTNUKALMIO IPOBOAAT CIIEAYIOIM 00pasoM: y COeiHEeHN BbIe/sn 3-5 Hanbo-
Jlee IHTEHCVBHBIX XapaKTePUCTUIECKNX IMMKOB. EC/M Takux MMKOB He ObUIO, [ie/Iami BBIBO,
4TO0 (hasa, Ham4Iye KOTOPOIL IIPOBePAETCA, OTCYTCTBYET, ¥ IIEPEXOAVIN K IPOBEpKe APYTUX CO-
enViHeHNI.
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Onpedenenue 2panynomempuneckoz0 cocmasa U pasmepa 4acmuy, anoMOCUTUKAMHBIX

Mamepuanos

Pasmep wacTniy MMIIOPTO3aMeIAIOINX ATIOMOCHIMKATHBIX MAaTePUAIOB OIpeeIsan
cornacHo VHcTpykiyu no skciryatauyy npubopa Fritisch Particle Sizer "analysette 22'; mpo-
IIeHTHbIE COOTHOIIEHMS YacTUI] GUKCUPOBAHHOTO pasMepa OLleHMBAIN C YYeTOM aBTOMATH4e-
CKMX 3aIMiCell KPVMBBIX IMHEIHOTO U MHTETPAIbHOTO paclpe/ie/IeHNs YacTHL] 10 GppakIysiM.

Obpabomka eopuu1H020 MACAA NPU PASTUYHOM PACX00e cOpOeHmos

B ropununoe macno npu temmneparype 20 °C BBOAMIN paslINdHbIe ATIOMOCVIIMKATHbIE
marepransl OO0 «ITomuCepsuc-M» (MockBa) — po3oByI0, TONy0OyI0, 3e/IeHYI0 U YEPHYIO
IIMHBL — B KoymmdecTse 0.1-2.0% 0T Macchl Maciia, IpOM3BOAMIN TIepeMelBaHNe ¢a3 B Teye-
Hue 1 4 c mHTeHCUBHOCTBIO 80-120 Mun"'. Yepes 1 4 orOupanu npobs 06paboTaHHOTO MaCiIa,
pasgensanu Ha GpuibTpe M M3MepsIU 3HAYEHNs KUCTOTHOTO, IIEPEKVCHOTO U 1[BETHOTO YMCerT
00paboTaHHOTO Macra.

Onpedeneriie KUCTIOMHO20 HUCLA 20PHUHHO20 MACTA

[IpUroTOBIAT COMPTO-3PUPHYI0 CMECh IIyTeM CMELIeHNUA 2 4. AUITUIOBOTO adupa u
1 4. 3TUIOBOTO CrMpTa C HobaB/eHMeM 5 Kamenb pacTBopa ¢eHondranerHa U3 pacyera Ha
50 my1 cmecu. Cmech HeliTpanusyoT 0.1 H. cimpToBbIM pactBopoM KOH fo nonmydenus cnaboii
PO30BOI OKPacKM.

B xoHMYecKyI0 K010y OTBEIINBAIOT 3-5 I TOPYMYHOTO Mac/a (0 BTOPOTO AECATUYIHOTO
3HaKa), IpMIMBaIoT 50 M/I HeMITPaIM30BaHHON CMECH pacTBOPUTeIeil, B30l ThIBAIOT IIOTyYeH-
HBIII pacTBOP ¥, TPV IIOCTOSTHHOM IIepeMeIlBaHny, ObIcTpo TUTPYIOT 0.1 H. COMPTOBBIM pac-
tBopoM KOH f0 nmonyuenns cnab6o-po3oBoit OKpackKy, yCToirunBoii B Tedenue 30 c.

Kucnornoe 4ncno (k.4.) onpenensior:

K4.=5611kv/m, (1)
rge 5.611 - xoapuumeHT, paBHbIl 3HaUYeHNI0 pacyeTHoit Macckl KOH B 1 cm’ 0.1 H. pac-
tBopa KOH, a npu ncnonbsoanuy NaOH 3T0T K03 duIiMeHT NoMyyaroT myTeM YMHOXKEeHNS
pacuetnon maccel KOH B 1 cm? 0.1 H. pacTBOpa, (a umenHo 0.4), Ha 1.4 (56/40, T.e. OTHOIIEHNE
MornekynApHbIx Macc KOH n NaOH).

k - monpaska x Tutpy 0.1 H. pactBopa KOH;

v — 06beM 0.1 H. pactBopa KOH, n3pacxojoBaHHOTO Ha TUTPOBaHUE;

M — Macca HaBeCKM TOPYMYHOTrO Macya JjId aHanu3a, T.

Onpedenerue nepeKUcH020 4Ucaa 20pUUHHO20 MACLA

Mertop npefycMaTpuBaeT pyMeHeHye X10podopMa.

Hagecky ropunynoro macna (0.2-1.0 r) noMemjator B KOHN4YecKyto konby. Ecimu konby
Ipo6IeMaTIYHO B3BECUTDb HEIIOCPEICTBEHHO, HAaBECKY Mac/Ia B3BEIIVBAIOT B OI0KCe I eT0 BMe-
CTe C HaBeCKOJ IOMEIITA0T B KOJIOYy.

B xon6y ¢ HaBeckoit BHOCAT 10 My x710podopMa, OBICTPO PaCcTBOPAIOT IPO6OY, H0OABIAIOT
15 MIT TeiAHOM yKCyCHO KmcmoThl U 1 Mt 50-55% pactBopa KJ. Konby sakpbiBaroT, mepeme-
IIVBAIOT COIEPXKMIMOe B TedeHue 1 MUH U OCTaBJIAIOT Ha 5 MMH B TEMHOM MeCTe IIpY TeMIlepa-
Type 288-298 K. 3aTeM BHOCAT B K00y 75 MJI BOJIBI, TIJATE/IHO IIepeMEeIINBAIOT U OOABIISAIOT

31



OT XHMHUHN K TEXHOJIOTHW [RIIZARELNITANUY TOM 3, BbINYCK 1, 2022

pacTBop Kpaxmana (5 Karenb) [0 MOsBJIeHUs CMaboit PproneToBo-CrHelt OKpackul. Boimenns-
IINIACS IO TUTPYIOT pacTBOpoM Thocynbdara Hatpus (Na,S;0s) 0 mosiBIeHNs MOTOYHO-6e-
JIOI OKPACKM, YCTONYMBOI B Te4eHue 5 C.

KonTtponbHoe onpepenenne (6e3 BHeceHUs Maca B Ipo6Oy) — BBIIONHAIOT IapajlyIeNIbHO
C OCHOBHBIM OIIpeJie/ICHNEM.

[TepexncHoe uncno (I1.4.) OTpesiessioT:

4. = 100 (V = Vy)-c/m, (2)

rie V- o6bvem Na,S,05 B 0CHOBHOII ITpobe, MJI;

Vo— 06beM Na,S,0; B KOHTpO/IbHOI Tpobe, MIT;

¢ — KoHIeHTpanua Na,S,0s, Monb-1;

M — Macca HaBeCKV TOPYMYHOTO Mac/ia IjIs aHa/In3a, T.

[Tony4yeHHOE IIepeKMCHOE YMC/IO (I1.4.) BBIPAXXAIOT B MIIIVMOJISIX aKTVBHOTO KICIIOPOZia
(MMmonb %2 O3) Ha 1 KT IpOOBI.

Ilna momydeHus pacTBopa THOCYnIbdaTa HATpUsi HEOOXOAMMBIX KOHIL[EHTPALMIL
(0.002 monb/mm’ 1 0.01 Monb/mM?) Iepen ucnbITaHKeM npousBoaAT passefenue 0.1 H. Na,S;0s
cooTBeTcTBeHHO B 50 1 10 pas.

Onpedenerie 16emHo20 HUCIA 20PHUHHO0 MACA

B 610kc orBenmmBaroT 0.26-0.27 r ABaXKABI BO3OTHAHHOTO J10/ja U YIBOEHHOE KOJINYECTBO
nopucroro Kamus (0.52-0.54 r KJ), pactBopsioT B 10 M1 sucTrmmpoBaHHoit Bogsl. [Tomyans-
IINIICSL PacTBOP IEPEHOCAT B MepHYIO KO0y Ha 250 MJI, JOBOAAT GO METKMU, B30ANTHIBAIOT.
[TpuroTOBNIEHHBIN CTAaHAPTHBIN PACTBOP if0fa MMeeT UBeTHOe uncio (u.4.) 100 mr J, u mocre
OLIEHKV €ro OITMYECKOJl IUIOTHOCTM (OTHOCUTEIBPHO HAMUCTWUIMPOBAHHON BOJABI) IIpU
A =490 HM MCHOB3yeTCs /I MOCTPOEHMs TPafyMpOBOYHOTO rpaduka «Il.4. — ONTHYECKas
IVIOTHOCTB», IIPOXOJSAIIETO Yepes3 Hy/IeBYI0 TOYKY Ha OCSIX aOCIMCC ¥ Op/VHAT.

Macno noMmemamoT B KioBeTy Ha 20 MM U U3MEPAIOT ONTUYECKYIO IVIOTHOCTb OTHOCHK-
TEIbHO JVICTV/UIMPOBAaHHOM Bofbl pu A = 490 HM. I1o rpadmKy HaXOAT IIBETHOCTH, COOTBET-
CTBYIOLIYIO ¥3MEPEHHOMY 3HaYEeHUIO ONITUYeCKOIT ITIOTHOCTH. Heo6Xoammo orpenemuTb KOH-
LIEHTPaLMIO IPUTOTOBIEHHOI'O KOHIIEHTPALIMOHHOIO pacTBopa itoja TutpoBanuem 0.01 H. pac-
TBOpa Na,$,0; B IpuCyTCTBUM KpaxMana (MHAMKATOp iogoMeTpuu — 1 %-it pacTBOp Kpax-
Masa).

Kpaxmas IpuroToBAiT clrefyomyM obpasom: 1 I BeljecTBa NepeTUpPAOT B CTYIKE C
5 M1 uCTU/IIMPOBAaHHOM Bofbl. CMech BMMBaOT B 100 M1 KuMALet BOABI, KUMIATAT 2-3 MUH,
a 3aTeM OXJIAXJAIT. PacTBop Kpaxmasia o/DKeH aBaTh ¢ 2 KarrAmu 0.1 H. ], CMHIOI0 OKPACKY;
€CJIV JKe IIBeT CTAHOBUTCSI KPacHO-OYPBIM, TO pacTBOP K VICIIONIb30BAHNIO He IIPUTO/IEH.

Onpedeneriie 60cK08 6 20pHUUHOM MACTIE

B xroBeTy TOMIMHOIM 1 cM Ha/MBawT 06paboTaHHOE MAC/IO U ¢ HoMouibio npubdopa PIK,
npu A = 490 HM, OIIpeRe/AIT ONTUYECKYIO ITIOTHOCTb OTHOCUTEIBHO IIPOOBI ¢ MAcyIOM, U3 KO-
TOPOTO NpeABapPUTENIbHO OBUIN BbIJETEeHbI BOCKY ITyTeM TPEXKPATHOTO BHIMOPA)XXMBAHUA B XO-
nopunIbHYKe Tpu Temneparype 277 K. 3arem 1o rpagynpoBOYHOMY rpaduKy, IpefiCTaBIsgI0-
memy cob6oii 3aBucumoctb Bupa D = f(Cg), HAXO[AT KOHIJEHTPALIMI0 BOCKOB B Mace.
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OueHka aHmuoKcUOAHMHOL AKMUBHOCMU 2IUH NPU XPaHeHUU 00pabomaHH020 20pUULHO20
macna

B HepaduHUpOBaHHOE TOPUMYHOE MACIIO C UCXOAHBIM K.4. = 2.0 Mr KOH/r pn temmne-
patype 293 K BBOAW/IM PO30BYIO M YEpHYIO I/IMHY IIPU pacxojie Marepuana raumHel 10 r-kxr'
macia (PM = 1.0 % mac.) 1 mpousBoguIu nepemMerBanme ¢as ¢ MUHTEHCUBHOCTBIO 1-2 ¢! B Te-
yenue 1 4. Yepes 90 cyT. (3 Mec. XpaHeHN: B YKYIIOPEHHOII Tape) oT6Mpanu nmpo6sl 06paboTaH-
HOTO MacJIa, pasfe/isiiy Ha GUIbTpe M M3MepsIN K.4. U I1.9. 00pabOoTaHHOTO TOPYMYHOTO MaCTIa.

Pe3ynbrarhl 1 UX 06CyKaeHIe

OCHOBHBIM NOPOAOOOPA3yIMM MUHEepaioM o0pas3lla CpaBHEHNMSA - KaoJMHa
(OO0 «IlpombiuteHHbie MUHepasnbl», Camapckast 0671.) siBistercst kaonmuHuT AL[SiOs] (OH)4
(MaccoBoe comeprkanye 90-95% Mac.); IpUMeCHBIM KOMIIOHEHTOM KAOJIVHA ABJIAETCA HU3KO-
TeMieparypHblit kBapy SiO; (< 5% mac.) (Tabm. 1). B To >xe BpeMs aHanu3 gudpakTorpaMm
00pasIoB JPYIUX POCCUIICKMX ATIOMOCHIMKATHBIX MaTepUajIOB, MMEIONINX IIBETOBYI0 TaMMYy
(romy6asi, po3oBas U YepHasi IJIMHBI, pUC. 1), IIOKa3al, YTO BCe OHM BK/IIOYAIOT B KayecTBe I10-
poroobpasyolero MaTepuanza MOHTMOPU/UIOHUT: Tonybast — 35-40% Mmac., 4epHas — He 6oree
15% Mac., pozoBas — 5-10% Mac. (coepXaHye MIHUMATbHO II0 CPaBHEHUIO C IPYTMMU 00pas-
1jaMn). 3aTO MOC/IeHAA CPefM BCeX alpoOMPOBAHHBIX OTeYeCTBEHHBIX MaTepyuajioB Hanbosee
6orata KaonmMHUTOM (copepXuT ero B KommdecrBe 10-15% mac.). ITOT ke OTe4eCTBEHHBIN
QIIOMOCWIVKATHBII ~ MaTepyal ~ BK/IIOYAeT  JOCTATOYHOE  KOJAMYECTBO  CAIlOHMUTA
Mgs(OH),[Si4O10]-nH2O (o 15% Mmac.) 1 MakcuMajbHOe, II0 CPAaBHEHMUIO C APYrUMMM 00pas-
IjaMM, KoamaecTBo B-kBapua (65-75% mac.). Hammune katmonos maruus u >xenesa (I1I) obec-
HeYyBaeT COOTBETCTBYIOLINII IIBET JAHHOTO BYja MaTepuaa.
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Puc. 1. ludppakrorpaMmbl 06pas1joB ITUHIUCTBIX MaTEPUATIOB.
Ycnosusa: CuKg-msnydenue, HampsbkeHme Ha Tpyboke 40 kB, cumma Toka 20 MA; CKOPOCTb CKaHMPOBAaHUSA
1 rpap./Mun

33



TOM 3, BbINYCK 1, 2022

R CUUURQIFGI DI LLIAT 3A LATOM

B cBoM0 O4eperp, UepHas IIMHA COREPXKUT 3HAUUTETbHOE KOMNYECTBO TU/IPOCTIONSI (CO-
ilepKaHue ITUAPOMYCKOBUTA — OKOJIO 50% Mac.) 1, 0O4eBUIHO, 60raTa OpraHMIeCKIMI TIpuMe-
camu (yIeBogopofaMu), IPUAAOIIUMI €1 COOTBETCTBYIOLIYIO OKPACKY.

T'ony6ast rmHa, HapsAay ¢ B-KBapLeM ¥ MOHTMOPVW/IOHUTOM, IIPUOIU3UTETIBHO B paB-
HBIX JJOJIAX (IIPMMEPHO 110 6%) BK/IIOYaeT IIPYIMECH CAIIOHUTA U TUPOCTIONBI, 2 TAKXKe KaTVOHBI
kobanbra u xenesa (II).

C ucnonp3oBanyeM cut u npubopa Fritisch Particle Sizer 'analysette 22’ ycranoBneHO
IPOLIEHTHOE PacIipefie/ieHNe YacTHL] TOy0oil ¥ PO30BOI IMIMHBL. AHaaN3 TpaHy/IOMeTpude-
CKOTO COCTaBa II0Ka3bIBaeT, YTO B JAHHBIX 00pa3IjaX OTeYeCTBEHHBIX A/TIOMOCU/IMKATOB IIPeod-
Nafarolee YMNCIo YacTull umeeT pasmep 2.5-10.0 MM (Tabm. 2). YepHyto U rony6ymo IIMHBI
TaK)Xe OTIMYAIOT BKIIOUEHN MeNKuX Jactul pasmepom 0,3-2,5 MM (49.6 n 44.5% cooTBeT-
CTBEHHO), 4TO, BEpPOATHO, BIMAET Ha YAE/IbHYIO IOBEPXHOCTD STUX MaTepPUaJIOB I CKa3bIBAETCS
Ha VIX COpPOLIMIOHHBIX CBOJICTBAX.

Ta6nuua 1. MyHepabHbIE COCTABbI OT€YECTBEHHBIX ATIOMOCUIMKATHBIX MaTEPUAIOB Pa3/IMYHOTO IBETa
O6pasern Jlvaum A
Kaonuu (OOO HIIII «IIpo- 7,149; 3,873; 3,571; 2,558;

CooTBeTcTBIE

MBILJIEHHBIE MAaTE€PUATIbI», T. 2,491; 2,339; 1,992; 1,778;
1,668; 1,486
3,336

Camapa),
TY 5729-016-48174985-2003

Koamuuntr AL[Si,05](OH), (90-95%)

B-kBapn (Si02) (5-0%)

T'ony6as rmmua (OO0 «Ilomu-
cepBuc-M», T. MockBa)

4,255; 3,343; 1,82; 1,54

B-xBapu (SiO:) (mo 50%)

4,456; 2,58; 2,48; 2,12; 1,66;

MouT™oppunonut (35-40%)

1,60; 1,50; 1,38 (Ca,Na)(Mg,Al,Fe)z(OH)z[(Si,Al)4Olo]-nHzO
3,032 CaHOHI/IT Mg3(OH)2[Si4010]'nH20
0
2,891 I'mppomyckoBut (Ko 6%)

(K,H;0)AL(OH),[(Si,Al),0,0] nH,O

4,245; 3,341; 1,81; 1,54
7,213; 3,024; 2,275 1,31
3,571; 2,565 1,98

B-xBap1 (SiO,) (65-75%)
CaHOHI/IT Mg3(OH)2[Si4010]'nH20 (IIO 15%)

Pososas rimmHa (OO0 «ITonu-

cepBuc-M», T. MockBa)

Koamuuntr Al[Si,O5](OH), (10-15%)

4,44;2,12; 1,675 1,49

MounrmoppunonuTt (5-10%)
(Ca,Na) (Mg,Al,Fe)z(OH)z[ (Si,Al)40]o] -nH,O

Yepnas rmHa (OO0 «Ilomu-
cepBuc-M», T. MockBa)

5,42; 3,21; 3,04; 2,90; 2,55;

2,14

I'mppomyckosut (Ko 6%)
(K,H30)A12(OH)2[(Si,Al)4010] nH20

4,25; 3,33; 2,68; 2,205 1,82;

1,81

B-xBapr (Si02) (zo 40%

6,45; 4,46

Mountmoppunosut (5o 15%)
(Ca,Na) (Mg)Al)Fe)z(OH)Z[ (Si,A1)4010]-nHO

Ta6numa 2. IIpoeHTHOE pacTpesieneHne YacTuI] 10 GPaKIMAM B aTIOMOCHIMKATAX

JucnepcHOCTD, MKM
O6pasen
0,3-1,2 1,2-2,5 2,5-5,0 5-10 10-20 20-30 30-40
Kaonuu (O6pa-
3,21 8,84 15,16 23,38 34,77 10,76 3,70
3e1] CpPaBHEHMsI)
T'onybas riuna 15,06 29,40 25,96 20,87 8,12 0,59 -
Pososas rimna 7,63 22,20 30,68 30,18 9,31 - -
UYepnas rnHa 18,48 31,09 28,21 20,27 1,95 - -
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SHeprocbeperaroliee IepeMelIBaHye TBEPAOil (IOPOIIKI pO30BOIL, Y€PHOIL, TOTy00I! 1
3eJIeHOVI T/IMH) ¥ UKo a3 (ropumaHoe mMacio ¢ k.4. = 0.98 mr KOH) Ha nepBom ararne pa-
601b1 ipoBopyn npu 298 K u mHTeHCUBHOCTM < 2 ¢! B TeyeHue 60 MUH, BapbUPysl MajIblil
pacxon mMatepuana (PM) B mpepenax 1-20 r-xr' maca, a 3aTeM OTHE/LUIN XXUAKYI0 a3y oT
IMHBL MeTozioM ubTpanyy. Conep>kanue BocKoBbIx coenyHenuit (BC) B HeoOpaboTaHHOM
Macie 610 pukcupoBaHHbIM (0.5% Mac., mmm 5000 mr-xr'! macna): BC npepBapurtenpHo yc-
KyCCTBEHHO BHOCWIN B XXUJIKYI0 (pa3y, TpOeKpaTHO BBIMOpO>KeHHYIo npn ¢ = 277 K.

BbIABIIEHO, YTO ITOBBIIIEHHBIMY COPOLIMIOHHBIMY CBOJICTBAaMY B OTHOILIEHUY CBOOOHBIX
xupubix kncnot (COKK) ropunynoro macia obmamaer obpaser; po3oBoit ITUHBL (puUC. 2), CO-
fieprKallell JOCTaTOYHOe KOMMYeCTBO KAONMMHUTA. Y>Ke IIpU pacxofie MaTepuana 3-5 I-Kr' Kuc-
JIOTHOE 41 CIo yraeTcsa cHn3uTb ¢ 0.98 go 0.72 mr KOH (creneHp ouncTku cocTasmsaeT 26.5%).
KomnuectBo ygmanenHoix CXKK cocraBnger = 2.5-10% momb. [Ins Jpyrux oTe4eCTBEHHBIX
QIIOMOCU/IMKATHBIX MaTepUATIOB XapaKTepHbI C/leflylollie MaKCUMalbHble IIOKa3aTe/ Iy Bbljie-
nernsa CXKK:

yepHas rmHa — 2.0-10* monbs CXKK; crenens Boipenenns 23.5% npu PM = 20 r-xr;

rony6as rmHa — 1.5-10* monbp CXKK; crenens Boienenus 15.3% npu PM = 20 r-kr';

seneHas rmHa — 1.0-10* momb CIKK; crenens BoifieneHns coctasiser 13% mnpu PM = 5 rkr.

OTteuecTBeHHbIe IOPOLIKOBbIe IIMHMCTble MaTepuasbl 1o creneHu Boigenenns CHKK
TOPYMYHOTO MAC/Ia PacIoONaraloTca B pAL:

3e/IeHas I/IMHa < ToIybast I/IMHa < YepHas ITIVHA < po30Bas I/IMHA (3)

»
>

noBbieHne crernedn Boigenenns CIKK

KonuecTED yOane HHEE CHAC, Mok - 1n° 1.00 k., MKCH
254+ . . a] _
095
20 A & 2
030 -
& 3
154
0385
101 4 0,30
5 075
2 & 1
O'I T T T 1 U,?O T T T T T T T T 1
0 5 10 15 20 0 5 10 15 20
FM, i macna FM, M macna
a 6

Puc. 2. Cop6bunoHHast CmoCOGHOCTh OTEYECTBEHHBIX A/TIOMOCUINKATOB B OTHOIIEHU! CBOOONHBIX SKMUPHBIX
KIC/IOT TOPYMYHOTO Macna (a) 1 u3MeHeHe KMCIOTHOTO Y¥C/Ia XXIAKOI (asbl B 3aBMCUMOCTH OT PAcXofia Ma-
tepuana (6). Ycnous: temneparypa o6paborku 20 °C, mpofo/DKuTenbHoCTb 06paboTkm 1 4.

Buz otedecTBeHHOrO anoMocunKara (InHbL): 1 — po3oBas; 2 — 4epHast; 3 — roy6ast; 4 — seneHas

B orHomenun nepekncHbix coepyuennit (I1IC), cogep>xammxca B Hepa@UHNPOBAHHOM
TOPYMIHOM MaCJIe, 3aBUCUMOCTb COPOIIMIOHHOI CIOCOOHOCTY YKa3aHHBIX MaTePIaIoB 110 Mepe
pocTa pacxofa cCopbeHTa OCTaeTCsl aHAJIOTMYHOI. ATIPOOMPOBaHHBIE OT€UeCTBEHHbIE MaTePH-
aJIBI 110 AKTVBHOCTY MOIJIOI[EHM aTOMAPHOT0 KICIOpoza (Mob-107%) coCTaBIAOT pAL:
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rojaybas IIMHa < YepHas IJIMHa < po30Bas IIMHA (4)

»
>

IIOBBIIIEHNE CTENIEHN U3B/I€YEHNA aKTUBHOIO KICIOPOJa.

M3 puc. 3 BUJHO, 4TO pO30Bas INIMHA IIO3BONAET BBIJEIUTb = 36% IEPEKMCHBIX
COeVIHEHMII U3 HepaUHUPOBAHHOIO TOPYMYHOTO MacCId; ILY. cHIDKaerca oT 0.15 mo
0.11 mmonb % OyKkr' yxe mpm ManoM pacxope Matepmana (1 r-xr' macma). JInmb 3eneHas
IJIVHA JAHHOM CJIy4ae He BBIJJepP>K/MBaeT KOHKYPEHIIMIO C PYTMMY OTeYeCTBEHHBIMI COpPOeH-
TaMI: Ha ITOC/IefIHell, He3aBUCUMO OT ee PacXofia, yaeTcs BbIieuTh He 6oree 10% I1C.

C Ipyroii CTOPOHBI, C MCIIO/Ib30BaHVEeM 00pasiia 3e/IeHO IIVHbI ITOTyYeHb JaHHbIE, 1103~
BOJIAOIINE CYyOUTb O HEKOTOPOM CTENEeHM CPOJCTBA [AaHHBIX MaTepUanoB K IIPUMECAM
HEJMTPa/IbHOTO XapaKTepa — B YaCTHOCTY, BOCKaM M KOMIIOHEHTaM IMUTMEHTHOTO KOMILIEKCa
TOPYMYHOTO Maca. Tak, ec/u cTerneHb OCBET/IEHNS OTeYeCTBEHHO 3e/IeHO IIMHOM Hepadu-
HI[POBaHHOTO TOPYMYHOTO Macja CoCTaBiAeT 9%, 11 obpasiia po30BOil IIMHBL 3TOT IIOKa3a-
TeJIb He IpeBbIiIaeT 4% (IBeTHOE YIIC/IO YAAeTC S CHU3UTD INIIb Ha 5 efl. IT0 I0ZOMeTPIIeCcKON
mKajze). TO C/IefyeT yBA3BIBATb C COCTOAHNEM IIOBEPXHOCTM copOeHTa M BemmumHON pH
1%-HbIX BOGHBIX JUCIIEPCUI ITUX MAaTEPUAJIOB.

35 - KONWYECTED NOMNOWEHHOM EMCNopoga, Mons 172 02-104 0,15 3+ N, Mmans 1,2 Ogﬂ{r
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0 0,10 . ; T 1
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Pt rikr macna P, KT MECNE
a 6

Puc. 3. Cop6imonHast CIOCOOGHOCTD OTEYECTBEHHBIX aTIOMOCHINKATOB B OTHOLIEHNN IIEPEKMCHBIX COEMIHE-
HIII TOPYMYHOTO Macya (d) 1 M3MeHeHIe [ePeKICHOTO YICIa XXUAKOI (ashl B 3aBICUMOCTH OT PACXOfja MaTe-
puaia (6). YcmoBust: Temneparypa obpaborku 293 K, mpogomkurenpHOCTs 06paboTku 1 .

Bup oTedecTBeHHOTO amoMOCIINKaTa (ITIMHBL): 1 — po3oBas; 2 — 3eNieHas; 3 — yepHas; 4 — ronybas

Yro ke KacaeTcs BbIfIe/IeHNA BOCKOBBIX coemyHeHnit (BC) 13 ropuimyHOro Macsa, BbICO-
KUMY COPOLVMOHHBIMMU CBOVICTBaMy 00JIaZialoT BCe MCIIBITyeMble OTeYeCTBEHHbIe MaTepUaIbl,
HEe3aBJICMMO OT UX I1BeTa. Tak, Hanpumep, u3 50 T Mac/1a Ha po30BOJi I7IVHE yaeTcA BbIIETUTD
250 mr BC (t.e. 0.5% mpuMecHBIX BelecTB HepadbMHMPOBAHHOTO TOpUYMIHOro Macna). Ha 06-
pasiiax YepHOoIl U 3€JIEHOM I/IMH 3TU II0Ka3aTenu Ha 5-8% Hipxe.

[Tonoxutensusiit 3¢pdexr copbuym BC pgocturaercs yke mpu pacxope MarTepuana
5 r-kr', 9T0 cocraByseT 0.5% OT Macchl >KMAKOM (asbl.

ITomyyenHble JaHHbBIE XOPOLIO COITIACYIOTCA C MOJIE/IbIO B3aMMO/IENICTBIA TUIIOBOTO OTe-
YeCTBEHHOTO a/IIOMOCIIMKATHOTO MaTepuaa 1 CI0KHOI(PMPHOI KOMIIOHEHTbI BOCKOBBIX CO-
equHeHnit (puc. 4). Ha nmpuMepe mOBO/DKCKOII OMOKY, MMeoIelt akTuBHble OH-rpynmsl Ha
IIOBEPXHOCTH, XOPOIIIO BUIHO, YTO B3aIMOJENICTBIE 3a/IeMICTBYET KOHIIEBbIE aTOMbI BOJOPOJa
yKa3aHHOJI IPYIIIBI I aTOM KIC/IOpoja KapOoHMIa cloXKHO3dMpHOI cocTasisoeit BC.
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Puc. 4. Cxema B3aMIMOZEIICTBYS OTEUECTBEHHOTO A/IIOMOCVJIVKATA Y CTIOKHO3(UPHOI KOMIIOHEHTDI BOCKOB

B [14] nmonysmnupudeckum MetogoM PM3 paccunTaHbl JyIMHBI 00pa3yoIINXCsl BOLOPOJ-
Hbix cBsasert O..H' u O...H? (Tabm. 3), KoTOpbI€e, B 3aBUCUMOCTY OT SMIMPUIECKOTO YKC/IA ATO-
MOB yI7TIEPO/ia B LIEIN, COCTABNAIT 2.92-3.09 A. LleHHOCTBIO JKe TIpeICTaBIeHHOI pabOThI B-
JisIeTCs BhIABJIEHME (aKTa, YTO HOBBILIEHHbIE COPOLMOHHBIE CBOJICTBA B oTHOIIeHNM BC Hepa-
(GUHMPOBAHHOTO TOPYMYHOTO Mac/ia OOHapy)XMBaeT rojaybas ITIMHA: CTeNIeHb ee aKTUBHOCTY
npu6/mM3uTeNbHO Ha 20% BBILLE, YeM Y APYTUX allpOOVPOBAHHbBIX OT€YeCTBEHHBIX aTIOMOCHIIN -
KaTOB.

Ta6muma 3. ITapaMeTpsl BOGOPORHON CBA3Y A CTPYKTYphI «BC — amoMocumkar»

Yucrno aToMoB IlmHa cesasu, A BajleHTHBIE YIJIbI CBSI3€IL, TPaf,.
yIIepona B Lemmn O..H! O...H? H'...0=C H2...0=C O...H-O! O...H>-0?
4 3,00 3,04 111,8 127,0 153,0 152,6
9 3,01 3,05 110,9 125,2 153,4 152,5
11 3,01 2,92 105,8 113,6 151,7 155,9
15 3,00 2,90 105,5 112,6 151,4 156,0
18 3,01 2,91 105,4 112,2 151,5 156,3
19 3,03 2,90 104,9 110,9 151,2 159,9
20 3,09 2,92 103,6 107,6 151,1 158,7

Crennduky B3anMOIeICTBYSI MOJIEKY/I BOCKOBBIX COeIVIHEHII ¥ OTeYeCTBEHHbIX a/TFOMO-
CUIMKATHBIX MaT€PUATIOB MOXKXHO YIPOIIEHHO IIPEJCTaBUTh CXEMaMIA:

BocKM (1 MOTIeK.) + aIOMOCUIMKATHBI MaTepuan (1 Momek.) — Komiutekc (1:1); (5)
BOCKM (2 MOJIEK.) + /IOMOCHIMKATHBLIT MaTepuar (1 Monex.) —» xomitekc (1:1) + Bockn (1 monex.);  (6)
BOCKU (2 MOJIEK.) + aTIOMOCMIMKATHBI MaTepuai (1 Monmek.) —» Komiiekc (2:2). (7)
CreyeT OTMeTUTD, YTO IIPU BBIfIe/IEHNY BOCKOBBIX COEIVHEHUI U3 HepapUHMPOBaH-
HOTO FOP‘“II/I‘-IHOI‘O Macjia IIOBbIIIAETCA CTECIIECHD YCBOHCMOCTI/I 6I/IOHOI‘I/I‘-ICCKI/[ AKTMBHbBIX I/IHFpe—
JIVI€HTOB C IIOCTYIIEHVEM Mac/ia B OPraHu3M YeloBeKa. ITO, B IIEPBYIO OYepe/b, KacaeTcs Mo-
JIE3HDbIX Hp]/[MeCHbIX KOMIIOHEHTOB MacCila — B YaCTHOCTH, OJIEMHOBOM U SPYKOBO]U/[ )KI/IPH]:)IX
KIC/IOT, a TakXe QUTOHIVJOB, OONAalolNX OaKTePUIVIHBIM, IPOTUBOBUPYCHBIM U
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MMMYHOCTUMYIUPYIOIVM AevicTBreM. CaMil >ke BOCKY BBIPa)KEHHBIM HETaTVBHBIM Ie/ICTBYIEM
Ha OpraHu3M He 00J1aJjaloT.

BriBonb1

[ToxasaHa BO3MOXXHOCTb SHEPrOeMKOII papMHAINY TOPYNYHOTO MAC/Ia ITyTeM BBEeJeHUS
B HETO OTeYeCTBEHHBIX IIOPOIIKOBBIX a/TFIOMOCUINKATOB — PO30BOI 11 YePHOI! ITIHBI, COTepKa-
myx ¢ppakuuy B-KBapla 1 IMAPOMYCKOBUTA C IPUMECSIMI KaOIVHUTA, CATIOHUTA, MOHTMOPW/I-
JIOHUTA, B KomdecTBe 5-10 r-Kr'! Mac/ia npyu nepeMemnBanuy ¢as B TedyeHre 1 9 ¢ MHTEHCUB-
HOCTbI0 1-2 ¢! v mocnenyomuM pasfeneHneM a3 Ha GUIbTPe; XapaKTepHO, YTO IIPOIIeCC JO-
ITYCTUMO OCYILeCTB/IATH PV KOMHATHOI TeMIeparype.

BbIABIIEHO, YTO MTOBBIMIEHHBIMY COPOLIMIOHHBIMY CBOJICTBAaMY B OTHOILIEHUY CBOOOHBIX
JKVIPHBIX KMCJIOT U HEePEKMCHBIX COeRMHEHMII TOPYMIHOTO Mac/ia objafaeT po3oBas IMHA,
BK/IOYamoIas g0 15% kaonuaura (OOMEHHBII KAaTMOH - aJIIOMUHMII). B oTHOmeHNMM
KOMIIOHEHTOB MNUTMEHTHOTO KOMIUIEKCAa Macjaa JIydIlell OCBeT/IAIOLell CIOCOOHOCTBIO
(mo 10%) xapakTepuayeTcs 3e/leHas IIMHA. B 9acTy u3B/IedeHns 13 yKa3aHHOTO Mac/la IIpUMec-
HBIX BOCKOB OT/IMYHO 3apeKOMEHJOBaIM cebs BCce OTeYeCTBEHHbIe MaTepuasbl
00O «ITomuCepsuc-M» (MockBa), HE3aBMCUMO OT VX I[BETa; IPY 9TOM BBICOKUII ITOJIOXKU-
TenbHBI 9 deKT (= 90%) mocTuraeTcs y>xe Ipu MajoM pacxofe copbenra (5 r-xr').

CIMcokK MICTOYHVNKOB

1. Prokof'ev V.Yu., Razgovorov P.B., Gordina N.E. The adsorption of undesirable impurities from sunflower
oil the granulated sorbents based on caolin clay // Int. J. Food Eng. 2014. Vol. 10, no. 4. P. 713-720.
DOI:10.1515/ijfe-2014-0103.

2. Shapkin N.P., Razov V.I., Khal’chenko I.G., Shkuratov A.L., Korochentsev V.V., Mayorov V.I. Studies of
natural kaolinite and its modified forms // J. Inorg. Chem. 2016. Vol. 61, no. 11. P. 1463-1471.
DOI:10.1134/5003602361611019X.

3. Tapacesnu I0.J. CtpoeHne 1 XxuMus TOBEPXHOCTH CIOUCTBIX cummkaros. Knes: Hayk. fymka, 1988. 246 c.

4. Bel'chinskaya L.I., Khodosova N.A., Novikova L.A., Strel'nikova O.Yu., Roessner F., Petukhova G.A.,
Zhabin A.V. Regulation of sorption processes in natural nanoporous aluminosilicates. 2. Determination of the
ratio bitween active sites // Protect. Met. Phys. Chem.Surf. 2016. Vol. 52, no. 4. P. 599-606.
DOI:10.1134/5207020511604005.

5. TpeBuesB.A., JIpiruna T.3. Mopdonorundeckue 1 CTpyKTypHbIe 0COO€HHOCTY IIPUPORHBIX, AKTMBUPOBAHHBIX
U CUHTE3UPOBaHHbIX BemlecTs // Becmu. Kasan. mexwnon. yn-ma. 2010. Ne 8. C. 236-249.

6. PasrosoposIL.b., IrnatbeB A.A., A6pamoB M.A., HaropHos P.C. ITepepa6oTKka amoMOCIINKAaTHOTO CBIPb
Y OTBAJIOB CTPOMUTENBCTBA METPOIIO/IMNTEHA B KOMITO3UIIVIOHHBIE COPOEHTBI [ OUMCTKM BOJHBIX U Mac/I0CO-
mepoxauyx cper // Ymuote komnosumut 6 cmpoumenvcmee. 2020. T. 1, o, 1. C. 10-26. URL: http://comin-
con.ru/index.php/tor/issue/view/vinl_2020.

7. Odenmuen A.A. O KpyCTa/UIM3aIMM BOCKOB B padQUHIPOBaHHOM IIOfICOTHEYHOM Mace // Macnoxcup. npom-
cmo. 1994. Ne 5-6. C. 22-25.

8. Muxaiuios I.T'., lonsunrep T.M., Mopososa A.T'., CkorHnkos B.A., Jlonsunrep A.B., Kyryes A.A. Bims-
HJIe COCTaBa U CTPYKTYPbI IPYPOFHBIX ATIOMOCUIMKATHBIX MaTepuanoB Yems16MHCKOI 06/1acTy Ha COpOLMOH-
Hble cBoiictBa // Becmm. IOmHo-Ypan. eoc. yn-ma. Cep. Memannypeus. 2015. T. 15, Ne4. C. 42-50.
DOI: 10.14529/met150405.

9. JIeirmua T.3., Muxaitnosa O.A., Xanpunos A.V1, Kornroxosa T.II. TexHomOIMM XMMIN4eCKOM aKTMBAI[UN He-
OpTaHMYeCcKUX MPUPORHBIX MUHEPaNbHbIX copbeHTOB. Kasanb: Kasan. roc. TexHoi. yH-T, 2009. 117 c.

38


http://dx.doi.org/10.1515/ijfe-2014-0103
https://elibrary.ru/item.asp?id=27591770
https://elibrary.ru/item.asp?id=27591770
https://elibrary.ru/contents.asp?id=34330068
https://doi.org/10.1134/S003602361611019X
https://doi.org/10.1134/S2070205116040055
https://doi.org/10.14529/met150405

OT XHMHUHN K TEXHOJIOTHW [RIIZARELNITANUY TOM 3, BbINYCK 1, 2022

10.

11.

12.

13.

14.

ITapadues [.P., Xanpunos A.U., Ycmanos H.B., Kaceimosa I.JI. MoauduiupoBaHHble IPUPOJHbIE afi-
copbenTsl yist paduHALNY pacTUTeNbHbIX Macen // Becmu. Texnon. yn-ma. 2017. T. 20, Ne 18. C. 88-92.
Arfaoui S., Frini-Srasra N., Srasra E. Synthesis and characterization of hydroxy-chromium pillared bentonite
/1 Surf. Eng. Appl. Electrochem. 2009. Vol. 45, no. 3. P. 239-245. DOI:10.3103/S1068375509030119.

Byrman M.®., Opumnnuko H.JI., ApOysnuxoB B.B., AradonoB A.B. CuHTe3 u CBOJICTBa
Al-nmnnapupoBaHHOTO MOHTMOPWITIOHUTA IPYPOJHOTO IIPOUCXOXKAeHNU // V36. 6y306. Xumus u xum. mex-
Honoeust. 2012. T. 55, Ne 8. C. 73-77.

Ignatyev A.A., Razgovorov P.B., Nagornov R.S., Politaeva N.A., Mukhametova L.R., Ilyashenko S.B.
Composite Aluminosilicate Materials for Sorption Extraction of Impurity Substances of Vegetable Oils //
Resources. 2022. Vol. 11, no. 9. p. 1-13.

Pasrosopos IL.b., Curanos C.B., Kosnos B.A. Vsyyenne B3anMofeicCTBJsI HEKOTOPBIX 3aTPaBOYHBIX MaTe-
PMAJIOB M CITOXXHO3(bUPHOIT COCTABIAIOIIEl BOCKOIOLOOHBIX BellecTs // J36. 6Y306. Xumus u Xum. mexHosno-
eus. 2002. T. 45, Bom. 1. C. 34-37.

ITocmynuna 6 pedaxyuio 11.03.2022

Ooobpena nocne peyensuposarus 17.03.2022
IIpunama k onybnuxosanuio 22.03.2022

39


https://doi.org/10.3103/S1068375509030119

OT XHMHUHN K TEXHOJIOTHW [RIIZARELNITANUY TOM 3, BbINYCK 1, 2022

Hayunas cmamos
YIK 581.524.15
DOI: 10.52957/27821900_2022_01_40

VICCITEMOBAHUE BO3JIEVICTBUS AHTUTOIOJIETHBIX PEATEHTOB
HA KY3OBHBIE 3JIEMEHTbBI ABTOMOBUJIA

P. 3. Kanaes, H. JI. Mapkenosa, M. E. ConoBbes, C. 3. Kanaesa,
B. E. KonstoBa

Pamms O1iBasosny Kanmaes, marucrpanTt; Hagexxna JleonngoBHa MapkenoBa, KaHf. TeXH. HayK, IOLEeHT; Muxann
Esrenbesud ConoBbes, fi-p ¢pus.-Mart. HayK, npodeccop; Caxuba 3usipauH k31 Kanaesa, KaHJ. TEXH. HAyK, HOLIEHT;
Beponnka EprenbeBna Kombinosa, MarucTpasr

SIpocmaBckumit TOCyRapCTBEHHDIN TEXHUYECKIIT YHUBEpCUTeT, SIpocnasis, Poccus, ram0299@yandex.ru; gurylev-
anl@ystu.ru; m.e.soloviev@gmail.com; kalaevasz@ystu.ru; kopilovave.17@edu.ystu.ru

Kntouesvie cnosa: Annomauus: B cmamve paccmompena KnaccuPukayus aHmueononedHoix pea-
Anmueononeonvie pea- 2eHmMo8, onpedesiervl HAUOOIEe HACHO UCNOTIL3YIOULUECT 8 00POHCHOM XO3ATICEe
2eHMbl, MEXHUUECKAS CONb,  000asku. Onucan mexanusm nouyueHus KOMOUHUPOBAHHO20 AUEMAMHO20 aH-
Kkapbamuo, gopmuam MU2071071e0HO020 peazeHma U3 0mxo0006 npouzeoocmea cepmemuka. OnvimHvim
HAMPUS, INIEKMPOXUMULe-  NYIMEM YCIMAHOB/IEHO, 4o KOMOUHUPOBAHHBLTI AUeMAMHbLIL peazeHimn Yie Hepes
CKASL KOPPO3UST, XUMUM 30 munym nonnocmoio y6upaem Hanedv. Vlccnedosano enusivue aHmuzononeo-
npouecca HbIX pedzeHmMO8 HA OUUHKOBAHHDIE dTIeMEHMbL KY3084 A8MOMOOUTIA. YcmaHos-

JIEHO, 4O NpuU 63AUMOOeLiCMBUL AHMU0TI0NIE0HO0L 000ABKYU U MeMANIa npome-
Kaiom peaxyuu aHOOH020 U KAMOOH020 OKUCTIEHUS-80cCmMan06eHuUsA. Paccmom-
e XUMUSM SNIeKMPOXUMU1eckoti Kopposuu. JIns meopemuueckoii OueHKuU 6u-
SHUS AHMUO0NIONEOHbIX 006AB0K HA NPOUECC INEKMPOXUMULECKOT KOPPO3uuU
UUHK08020 NOKPHIMUS ObINIU NPOBEOEH! KBAHNOBO-XUMUYECKUE PACHer bl IHep-
2uil 00pA306aHUT MEHMONEKYTIAPHLIX KOMNAEKCO8 UOHO8 UUHKA C MONIEKYNIaMU
800b1 U aHmueononedHvimu 0ob6asxamu. Io pesynvmamam HayuHoti pabomot coe-
nanvt 8618600bt. Co2IACHO NOMYHEHHbIM PE3YNbMAMAM K OMHOCUMENbHO «U4asi-
WUM» GHMUL0I0TIEOHBIM A2EHINAM MOXCHO OTMHECINU POPMUA HAMPUS, KOO-
Ppbitl xapakmepusyemcs HaumeHvuleli KOPPOIUOHHOTE AKMUBHOCNBIO U3 U3YHeH-
HbIX A2eHMO6 80 BIANCHOL cpede U ycmynaem monvko KOMOUHUPOBAHHOMY AH-
Mu20n0N1e0HOMY pedzeHmy npu Koppo3uu 6 cyxoii cpede. IIpu smom maxcumans-
HASA CeneHb KOPPO3UU UUHKOB020 NOKPLIMUSL 60 61ANHOU cpede NPpubnu3u-
MenbHO HA NOPAOOK NPesblulaen COOMBEMCINEYIOuYI0 BeIUUHY 8 CYXOll cpede.

I nuTHpoOBaHMA:

Kanaes P.9., Mapxkenosa H.JI., ConosbeB M.E., Kanaesa C.3., Konbitosa B.E. MccnenoBanne Bo3felicTBMA aHTH-
TOJIOTIEfHBIX PEareHTOB Ha Ky30BHbIE 37IeMEHTHI aBTOMOOWA // Om xumuu k mexHonozuu wiaz 3a wiazom. 2022.
T. 3, BbiL. 1. C. 40-47. URL: http://chemintech.ru/index.php/tor/2022tom3nol
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BBengenue

B 3uMHUII neproy; BOSHUKAIOT HeOMaronpysTHbIE YCIOBYS [Tl JBVDKEHVS TPAHCIIOPTa
13-3a 00pa30BaHNA CHEXHO-TIEAAHON Kopki. Ha CKONb3KNX foporax yBenmmamuBaercs cebecto-
MMOCTb IlepeBo3ok U konmdectBo [ TII, cHmkaercsa ckopocTh aBykeHnsA. OCHOBHO 3afayeit
3MIMHETO COJiep)KaHNA JOPOT ABIAETCA IPOBefieHNe KOMIUIEKCa MEepOIPUATHIL 0 obecrede-
HJIO HEIIPEPBIBHOTO ¥ 6€30I1aCHOTO JOPOXKHOTO IBVKEHNS Ha JOPOTaX, BKII0Yas VX OUUCTKY
oT cHera 1 60pb0Y ¢ rononenoM. OcoOeHHO CUTYyalus Ha JOPOrax 060CTpsieTcs B 3MMHUI TIe-
PMOJ, C KpaTKOBPEMEHHBIM BbIITafieH)eM OOJIbIIIOr0 KOMMYIeCTBA CHEeTa, KaK B 3VIMHIE IIePUOJbI
MIOCTIEHNX TPEX JIET.

[Tagennsa ABNAIOTCA BTOPOJ 110 3HAYMMOCTY IIPUYNMHOI HECYACTHBIX C/Iy4aeB. Bcemup-
Has Opranmsauns 3ppaBooxpaHenns (BO3) ycraHoBmIa, 4TO €KerogHO B MUpPe MPOUCXOAUT
424000 cryyaeB cMepTH B pesyibTaTe nageHnii. OCHOBHas [oJ1A aJileHNIi ToNajiaeT Ha 3IMHUII
nepuoj. I'maBHasA npyymHa — He pacuUMILEHHbIE OT CHETA U JIbfia YAULbl. 3MMHII TPaBMaTHU3M
cocrasyseT 1o 18% B 061elt CTPYKType BpeMeHHO HeTPYLOCIIOCOOHOCTY Hace/IeHNA M CTaHO-
BUTCA IpuanHOI 15-20% cnydaeB nHBanmupgHocTy. [Ipy magennn Ha ynuile BOSHUKAIOT CIENY-
IOIIJie TPaBMbL: IIEPelIOMbl U BBIBUXU (65-72%), ymumObl u pacTskeHusa (22-25%), nerxme
TpaBMbI (4-6%). Hanboree mopBepKeHbl TpaBMaTU3My PyKu 11 HOTH — 83-85% Bcex cimydaes.

Kpome TpaBmMaTi3Ma aHTUTO/IO/IESHbIE MaTepUAbl COlEP>KaT BELECTBA, KOTOPble HAHO-
CAT BpeJ, OKpy)Karolleil cpefie. B HacToslee BpeMA aKTyanbHBIM AB/IAETCA HalpaBJIeHME II0
paspaboTKe aHTUTONIONIEAHBIX PeareHTOB, OTBEYAIOINX BCeM TPpeOOBaHMAM CTaHZAPTa, B TOM
YJIC/Ie ¢ MMHUMAJIbHBIM BO3JIe/ICTBIMEM Ha OKPY>KaIoOIyIo cpeny [1-6].

Hawnb6onee nonynspHslii ciocob ycrpanenus rononesa B Poccun - 06paborka moBepxHO-
CTell JOPOT XMMMUYECKMMI aHTUTOIO/NIENHbIMYU peareHTaMu. K aHTUroneneHbIM MaTepuanam
OTHOCATCA TBEPJble WIN >XUJKME JOPOXKHO-3KCIUTyaTallIOHHbIE MaTepUasbl, IPUMEHAEMbIe
U151 60pBOBI C TOIOIeOM Ha aBTOMOOM/IBHBIX loporax u ymunax 3, 7-9]. Knmaccudukanus an-
TUTOJIOJIENHBIX peareHTOB IPeACTaBIeHa Ha puc. 1.

Mn poTuBorononeaHbolie matepuanbl

L
I T 1

Xumuyeckme KombuHupoBaHHbIE PpPUKLUOHHBIE

Teepabie Huakue Teepabie Teepgbie

| J |

ellecok;

eXnopugpi;

eAuertarbl; MeckoconaHan :pr;i?ﬁa:a‘: cMech:
eKapbamugpi; cmece elllebeHb; J

eHutpatol;

elllnak

elMpupogHbie pacconsi

Puc. 1. Knaccudumxanmst aHTUTONIONIEIHBIX PeareHTOB
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B nmocnenHee BpeMs A1 NpefoOTBpaleHIA TOMOIEAUIIbI IIPOKOE PACpOCTpaHeHe Ho-
JIy4YVIU peareHThl Ha OCHOBe Kapbamupa (MoyeBHbI) 1 popMmuara Hatpus («buonopa», «buo-
HOpA-aBua», «brogop» u up.). Kpome TOT0, 10 CMX OP UCIIONIB3YETCs TEXHIYECKast COTIb 113-32
JlellIeB/3HbI IPOAYKTA.

OcHOBHasA 4acTh

Llenblo HacTOsILelT PabOTHI IBUIOCH OIIpefie/IeHVIe BIVSTHMSI aHTUTOJIOJIEIHBIX PeareHTOB
Ha OLVHKOBAHHBI KY30BHOJI 9JIeMEHT aBTOMOOWJIA.

O6BbeKTamMy MCCIeloOBaHNA ABWIVCh aHTUTOJIO/IEHbIE PeareHThl, ICIIONIb3YIOIecs ceil-
vac B Poccum: TexHmueckas comnb, kKapbamng, popMuat HaTpusA ¥ KOMOVHMPOBAHHBI aHTUTO-
nonépublit peareHt (AIP).

KomOuHMpoBaHHBII peareHT monydanyu Ha Kadeppe «OxpaHa Tpysa u mpupopsl» Spo-
CTABCKOTO TOCYAPCTBEHHOTO TexHIYeckoro yHusepcutera (AI'TY) n3 orxonoB nponssopcraa
repMeTyKa, KOTOPBIX TOJMBKO B II. PaTMupoBo MOCKOBCKOI 00/1aCTV HAaKOIUIEHO OKONIO 24
TOHHBL. OTXO0] cocTouT M3 25% xnopusa aMMoHuA u 45% ykcycHoi Kucnotel. OcTanbHoOe -
BOJIA.

IIpu B3anMopeiicTBUM YKCYCHOM KMC/TOTBI C XIOPU/IOM aMMOHIA ITO/Iy4aeTCs aleTaT aM-
MOHUA:

CH;COOH + NH,CI > CH;COONH, + HCl

Peakiua obpaTuma. AneTaT aMMOHVA IIMPOKO NPYMEHAETCA B KauecTBe NUIEeBOI J0-
6aBK11, M3BeCTHOIT 1Toj] Ha3BaHmeM E264 u mpefcTaBpsioneit co6oit KoHcepBaHT. Kpome Toro,
JlaHHOE BEI[eCTBO TAK)Xe MCIIOIb3YIOT IIPY IIPOM3BOACTBE IPOTHBOTOIONEIHBIX MaTepUaIOB,
KOTOPBIMU 00pabaThIBAIOT aBTOMATUCTPAIN.

AneTaTsl 00/1afIal0T CIOCOOHOCTBIO YAEP>KMBATbCA Ha JOPOTe JaXke IOCTIe ee MeXaHIde-
ckoit ouncTky. [Tpy 671aronpuATHBIX IOTOSHBIX YCIOBMAX TaK/e peareHTbl MOTYT COXPAHATh
CBOY 3allJVITHbIE CBOJICTBA CBBILIE YEThIPEX CYTOK 6e3 He0OOXOIVIMOCTH IIOBTOPHOI 00pabOTKI.
AHTHUTONONETHbIE PeareHThl Ha alleTaTHOJ OCHOBe OO/IaflaloT BBICOKMMI IIOKA3aTe/IAMU KO-
normdeckoit 6esonacHocty — IV Kimacc omacHOCTH. AlleTaTHbIe peareHThbl 6e30IacHbI I Je-
JIOBEKa, CHCTEMBI ITOA3EMHBIX BOJ, >KMBOTHBIX VM PAacTeHMIl. AljeTaThl IIPOXOJAT MOTHYI0 Ou-
OIeCTPYKIMIO B BOJHBIX CHCTEMAX B TeUYeHIe OTPAHMYEHHOTO IIep1oJja BpeMeHH, He CO3/iaBast
IIpY 9TOM IIpO6JIeMBI HEXBAaTKM KUCTIOPO/a /I BOGHBIX OpraHn3MoB. KpoMe Toro, anjeTaTHbIe
aHTHOO/IeIeHNTE N He IPOXOJAT JeCTPYKLMY C 0O0pa3oBaHueM aMMOHNSA U, C/Ie[JOBATE/IbHO, He
ABJIAIOTCA TOKCYHBIMIY [/ PhIO.

Ony 06/1a1al0T XOPOLIVIMI CBOVICTBAMM I/Is1 OMORECTPYKIMMA IIPY MeHbIIIel ITOTpeOHO-
CTU B KUCTIOPOJie B CPAaBHEHMM C JIFOOBIMM JPYTMMY aHTUTOJIONENHBIMM peareHTaMmu. biaro-
lapsi 3aMeHe XTIOPUI0B, MOYEBIHBI U I/IMKOJIEN, ICIIO/Ib3yeMbIX B IPYTUX XMMIYECKIX peareH-
Tax I 60PBOBI C TOIOTIEIOM, YCTPAHAIOTCA BCe IIPOOIeMbl, CBA3aHHbBIE C XTIOPUCTBIM U HUT-
paTHBIM 3arpssHEHMEeM CTOYHBIX BOJ. IIpu McCronp3oBaHUM aleTaTOB OTHAfaeT HeoOXOmM-
MOCTb cOOpa M OUMCTKM CTOYHBIX BOJ OT IOC/IEACTBII IIPUMEHEHMsI PeareHTa.

OpHaKo IPOTUBOTO/IOJIEHbIE PeareHThl Ha OCHOBE alleTaTOB MCIIOIb3YIOTCA TOJIBKO Ha
XOPOLIO IPOBETPUBAEMBIX TEPPUTOPYAX (MOCTBI, CTAKA/BI, MO0 a3poApoMel). B ropozmax nx
JICIIOTIb30BATh HE/Mb34, T.K. B IIPOIlecce 9KCIUTyaTallii MOABIIACTCA XapaKTePHBbII 3aI1axX YKCyca.
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Ha puc. 2 mpepcraBeHa 6/10K-cxeMa ITOTy4eHNs aHTUTOIOJIEHOTO peareHTa U3 OTXO/a
IIPOM3BOJICTBA F€pMETHKA.

[l monmy4eHus anturosnonensHoro pearenrta (AI'P) oTxop BIapuBamm 50 CyXoro cocTo-
AHUA, 3aTeM M3MeIbYaIN O AUCIIEPCHOCTU MUHEpPaIbHOI dacTy He 6onmee 1 mm. ITocne m3-
Me/Ib4YeHNA 00pa3lbl IOPOIIKA MCIIBITBIBA/IN KaK aHTUTOIONENHBIN peareHT Ha JIefsAHOl Io-
BEPXHOCTH IUIOUIafbio 1M?. PesynIbTaThl KCcIiepiMeHTa ITOKA3a/Iu, YTO YoKe dyepes3 IMapy MIHYT
aHTUTOJIONIESHDI peareHT, OMYYEeHHBIN 13 OTXO/a IIPOU3BOJCTBA repMETIKA HAUYMHAET Jieii-
CTBOBATb, a yepe3 30 MUHYT Ha/lelb ITOTHOCTBIO MCYe3Ia.

OTtxopn B n

—>>| Emkoctb | =>| “'"epPHaA
YCTaHOBKa

FoToBbLIN

NPOAYKTY

” EmkocTb cyxoro
3MenbunTeNb <=
npoayKTa

Puc. 2. Cxema IMOTy4€HUA KOM6I/IHI/IPOBaHHOI‘O AHTUTOJIONIENHOTIO peareHra

Panee paboueit rpynmoit 6bUIM OIpefie/ieHbl TapaMeTpbl PUTOTOKCUYHOCTY aHTUTOTIO-
NERHBIX peareHTOB [10-12].

B manHOI1 paboTe MpOBOAN/IN N3ydeH Ve BIUAHNA aHTUTOJIONENHBIX peareHToB (popmmar
HaTpys, KapbaMui, XJIOpIJ HaTpyA, KOMOVHIPOBAHHBI aHTUTOJIO/IEAHbIN peareHT) Ha Ky30B-
Hble 5JIEeMEHTBI aBTOMOOMJISL.

OKCIlepMMEeHT IPOBOAMIICA B IBYX CpeflaX: CyXOil BO3AYILHOI Cpefie M BO BJIaKHOIA. B Ka-
4ecTBe KOHTPOJIS VICIIONb30BaMN BOfy. LI/isl MOMydeHus JaHHBIX BO BIaXKHOI cpefie oOpaser]
IIOMEIIAJICA B PACTBOP, a B CYXOJl — MOJBEIINBAICA HaJl PACTBOPOM.

[ToTepio Macchl Ha eAMHMNLLY [UIOLIA/M TOBEPXHOCTU A, KI/M?, BBIYUCIAIOT 110 GopMyIie

mo—m
Am = =21
S

b

rie M, - Macca o6pasla 10 VICHBITAaHMIL, KT,

my - Macca o6paslia Ioc/Ie UCIIBITAHNI 1 YaTeHN IPOyKTOB KOPPO3uH, KT,

S - wiomanp moBepxHOCcTH 06pasua, M.

ITpu o6pasoBaHuUM TPYFHOYAAIAEMbIX TBEPABIX IPOAYKTOB KOPPO3UM MU HEllenecooo-
Pa3sHOCTY MX yHa/neHusA KONUMYECTBEHHYIO OLEHKY CIUIOIIHOM KOPPO3UM IPOBOJAT 110 YBEJIN-
YEHMIO MacChl. Y Be/IMYEH)E MACcChl Ha eIMHNITY IIOLa/iX IOBEPXHOCTY BBIYMC/IAIOT IO pa3HO-
CTH Macc 06paslia o U IOoC/Ie VICIBITaHNIi, OTHECEHHOI K eMHNUIe IUTOIA/V IIOBEPXHOCTH 00-
pasiia. [l BBIYMCIEHVA TIOTEPU MAacChl MeTa/lIa IO YBEeTMYEHNIO MAacChl 00pasija HeoOX0aMMO
3HATh COCTaB IIPOJYKTOB KOPPO3UIL.

Kax nsBectHo [13, 14], mpu 3/1eKTpOXMMIYECKOI KOPPO3WY LIVTHKOBBIE IIOKPBITIA 3aLIV-
IIAKOT CTa/Ib KaK MEXaHMYECKY, IKPAHUPYH OT OCTYIIAa OKPY KAIOIeil Cpe/ibl, TaK I SJIEKTPOXM -
MMYECK! B MeCTaX MOBPEX/EHNA IIOKPBITUIL M B TIOPaX, B KOTOPBIX LIHK CO CTa/IbI0 0Opasyer
ragbBaHonapy. IIpm aTom B cucreme, HaxofAlIelCA B 37IEKTPO/INTE, BO3HMKAIOT KOPOTKO3a-
MKHYTbI€ MMKpOTa/JIbBaHMYECKME 3JIEMEHTBI, BCIECTBME pa3Je/leHNs ITOBEPXHOCTM Ha
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KaTOZIHbIE V1 aHOJHbIE YIACTKM B PE3y/IbTaTe MEXaHMYECKNX NIOBPEXAEeHNIL. AHOIOM B JaHHBIX
3/IeMEHTaxX ABJAETCA LMHK, a KaTofjoM — jKene3o. IIpoliecc aneKTpoxmmmdeckon KOppos3un
IpeJiCTaBIIAeT CO00I COBOKYITHOCTD ABYX IPOTEKAIIMX HA IIOBEPXHOCTY META/UIOB PeaKIIVIL:
QHOJJHOJI, B XOJie KOTOPOJ aTOMBI I[VHKA, OKVIC/ISASCh, OOpasyIoT MOHBI, lepexofsliye B pac-
TBOP, ¥ KaTOJHOJ, COPOBOKAAIONIENICS BOCCTAHOB/ICH)EM OKMCIUTENA (JenonapusaTopa).

B pesynbprarte okMceHus HKA Ha aHOJHOI 9aCTV BO3HUKAIOT €TO VIOHBI, KOTOpBIE, 00-
Ppasys MeXXMOJIEKY/IAPHbIe KOMIUIEKCBI C MOJIEKY/IaMJ BOIbI ¥ aHTUTOJIO/IEFHON H0OaBKOI1, Ie-
PexXojAT B pacTBOpP. YIIPOILIEHHO 3TOT IPOLLECC MOXKHO NPECTaBUTh B BUJIE

Zn — Zn%** - 2e (1)
Zn*t-2e +S— Zn*>* .S+ 2¢ (2)

3,‘[[er B Ka4YeCTBEC S MOI‘YT BbICTyr[aTb MO)IeKy}IbI BOJIbI, a TAKXE aHTI/IFOJIOJIe,[[HOﬁI oo-
6aBky. OcBOOOAVBINIECS STIEKTPOHBI IEPEXOMSAT C aHOJHBIX YYaCTKOB K IIOBEPXHOCTY KaTO/a,
o€ COEONMHAITCA C UMECIOIIVIMICA B paCTBOPe MOHAMU Bonopo,ua, BbIOECIAA I‘213006pa3HbIIU/I BO-
nopon:

2H* +2e — H, (3)

ITOT IpollecC HasbIBalOT BOIOPOMHON JienonsApusanueii. B npucyrcteum Kmucnopopa
BO3/[yXa MOXKeT IIPOTeKaTh TaKXKe peaKIsA KUCTOPOSHON JeNosapu3anuy ¢ obpasoBaHNeM
TUIPOKCUI-MOHOB:

O, + 2H,0 + 4 — 40H- (4)

[l7is1 TeOpeTNIeCKOTt OL[eHKY BIMSHIS aHTUTOTOJIENHBIX 0OABOK Ha MPOLIECC INMEKTPO-
XUMIYECKOI KOPPO3UH IIMHKOBOTO ITOKPHITHUSI ObIIN IIPOBEeHbl KBAHTOBO-XMMIIECKIe pac-
4eThl 9HEpIuil 00pa3oBaHMsA MEXMOEKY/IAPHBIX KOMIIEKCOB [15] MOHOB I[MHKAa C MOJIEKY-
JTaMy BOJBL ¥ aHTUTOJIONIEAHBIX JOOABOK 110 peakuuu (2), a Tak’Ke KOMIUIEKCOB C TUAPOKCIUII-
VMOHAMI:

OH +S— OH--S (5)

Boruncnenns nposogummch MeTofoM ¢yHKIMoHana miotHoct DFT B3LYP/6-311G**
C UCIIOIb30BaHMeM KBaHTOBO-xuMmyeckoro nmakera ORCA [16,17]. B xoxe pacyera BbIYmcis-
JIVICh TIOJIHBIE 97IEKTPOHHbIE 9HEPTUM KOMIIOHEHTOB peaKLMil B BOGHO cpefie B paMKax MOJe/n
conpBatanyy CPCM. DHepruy o6pasoBaHMs MeXMOIEKY/IIPHBIX KOMITTIEKCOB Eimi BBIYMCIIA-
JIMCDh aHATOTUYHO [15, 18-20] KaK pasHMIIBI TOTHBIX 3/IEKTPOHHBIX S9HEPIUM IPOAYKTOB peak-
LMY M MCXONHBIX BElLeCTB B CO/MbBATUpYIOLLeN cpefie. PaccunTaHHble 3HaUYeHMs IIPUBEEHbI
B Tabuue 1.

Tabnuma 1. Dueprum 06paszoBannsa Eim; (K[I>k/MOMDb) MeXMOIEKY/ISAPHBIX KOMIITIEKCOB BOZIBI ¥ MOJIEKYT @HTUTO-
JIOJIeHBIX TIOKPBITHUI C MOHAMM IIVTHKA Y TUAPOKCUI-MIOHAMU

6 Von

Cy6bctpat T O
Bopa -71,04 15,74
Kap6amup -82,65 -412,34
Qopmuar HaTpusa -501,08 -412,34
Xnopup HaTpus -138,50 -134,50
AxteraT aMMOHNSA -309,69 -233,55
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KaK BUOHO, MOHeKyHI)I BCeX Hpe,[[CTaB)IeHHbIX TUIIOB AaHTUTOJIOIEOHBIX HOKPI)ITI/HZ 06pa—
3yI0T C MOHaMI IIMHKa U TUAPOKCUII-MOHAaMI KOMIUJIEKCHI, ITPEBbIIIAIOIINE 110 IHEPTUN 06pa-
30BaHIA COOTBETCTBYIOIVIE KOMIIVIEKCHI C MOJIEKY/IaMM BOJIbI, 9TO ITIOATBEPIKAACT X ITIOTECHIIN -
A/IbHYIO KOPPO3JIOHHYIO aKTUBHOCTbD. BMmecTe ¢ TeM Ha OCHOBaHUM 3TUX AaHHBIX HE ITpeNCTaB-
J1s1€TCA BO3MOJXHBIM COIIOCTABUTDH KOPPOSI/IOHHY}O AKTUBHOCTD paSHbIX BUIOB HOKPI)ITI/H‘/JI, I10-
CKOHbe OHAa 3aBVICUT OT MHOTUX (baKTOPOB, TaKNX KaK CTCIIEHDb aucconmanmnm SHeKTPOHI/ITa B
pacTBOpe, KOHLEHTPALMY, B3aUMOJENCTBUS ¢ OKCUIOM LMHKA, PACTBOPUMOCTBIO 06pasyio-
mnxca cojielt u Apyrux. B aT0i1 cBA3M 6])17[]/[ IIpOBENEHDI SKCIIEPMMEHTA/IbHbIE MICCIIENOBAHN A
KOPPO3V[OHHOVI AKTMBHOCTHU Pa3/INIHBbIX aHTUTOJIO/IEHDBIX HOKP]JITI/H;I.

B x0f1€e 9KCIIepUMEHTOB YCTaHOB/IEHO, YTO 3aBUCUMOCTH cTereHu Kopposun (C) ot Bpe-
MeHUu (t) MMEIOT BU KpUBbBIX C HACBIIIEHNEM, UTO aIlllIPOKCUMIUDPYETCA YPaBHEHUEM pEerpeccumn
BUJIA

C = Cpax(1— e_kt)’ (6)

rge  Cpax — MAKCMMA/IbHO JOCTVDKMMAA B YCIOBMAX 9KCIIEPUMEHTA CTENIEHb KOPPO3UH,

k —xoHcTaHTa cKOpocTH mpouecca.

Brruncenne napamMeTpoB Cpax ¥ k Ha OCHOBAHMM 9KCIIEPYMEHTA/IbHBIX TaHHBIX IIPOBO-
IVI/IV METOLOM HaMIMEHBIINX KBAZIPATOB C MICIIOIb30BAHNMEM IPOLIESYPbI HEIMHENHOTO OL[€HN-
BaHusA [21]. Ha puc. 3 B kauecTBe mpuMepa IpuBefieHa KMHeTUYeCKask KpUBasi KOPpO3Uu BO
BJI&)KHOJI Cpefie B IIPUCYTCTBUM KapbaMupa 1 SKCIlepyMeHTalbHble TOYKY, [0 KOTOPBIM IIPO-
BOJV/IACH AIIIPOKCUMALVA, @ Ha PUC. 4 BHELIHUI BUJ 00pas1ioB, HOABEPIHYTHIX KOPPO3UIL.

0.024

0.022 4

0.0z 4

0.018 o

0.016

0.014 o

0.012 4

0.014

0.008

0.006 o

CTeneHb Kopposum, r/cm?

0.004 o

0.002 4

o T T T T T T T T T
] 2 4 [ g 10 12 14 1e 1z 20

Bpemda, oHW

Puc. 3. 3aBMCUMOCTD CTelleH) KOpposuy oT BpeMeHy Puc. 4. BHenHuit Buz o6pasija OLMHKOBKM IOCTIE SKC-
BO BJI)XHOII Cpefie B IPUCYTCTBUY KapbaMu/a: TOUKY -  IepuMeHTa: 1 — o6paser; kapbamupa, 2 — obpaser ucma-
9KCIIEPMMEHT, KpUBast — pacdeT 1o GpyHKum (6) PeHmit TeXHMYECKOI COMn

B Ta6HI/IHC 2 IIpENCTAaB/IEHDI paCCUINTAHHDbIE HA OCHOBAHUN SKCIIEPUMEHTA/IbHbIX TaHHBIX

KMHETNYIECKNIE ITapaMETPbl KOPPO3UMN OIIBITHBIX o6pa3u03 B pa3/IN4YHbIX Cpe€Hax.
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Ta6muma 2. PaccuuTaHHble KMHETHYECKNE IIapaMeTpbl KOPPO3VM OIIBITHBIX 00Pa3LioB B pa3/IMYHbIX CpelaX

Cybcrpat | C, r/em? k, pan! | Hucniepcus afekBaTHOCTU
Kopposus Bo B1axxHOII cpefie
Bopa 0,00023 0,6762 1,1510 °
@opmmar HaTpuA 0,00049 0,1960 1,77-10°
Xopup HaTpUA 0,00427 1,9173 1,16:10®
Kom6nuupoBanusiit ATP 0,00807 0,0654 2,510
Kap6amnp 0,02279 0,1707 3,2.10°¢
Kopposus B Bo3ayIHoOI cpefie
Kom6nuupoBanusiit ATP 0,00001 2,4946 1,01-10 2
Bopa 0,00020 0,0791 7,79-10
dopmuar HaTpUsL 0,00046 0,1230 8,39-10
Kapb6amnp 0,00049 0,2270 2,87-10 %
Xmopup Hatpus 0,00419 0,0632 6,73-10 1

Kak BUIHO 13 NIpUBEIEHHbBIX pe3y/IbTaTOB, KOHCTAHTA CKOPOCTY HAaXORUTCA NMPUOIN3N-
TEJIbHO B aHTMOATHOJ 3aBMCYMOCTY II0 OTHOIIEHMIO K MaKCUMAaJIbHON CTENeH) KOPPO3WIN.
IIpy KOoppo3uM BO BJIaXKHOM Cpefie MaKCMMa/IbHOI CTEIIEHBI0 KOPPO3MM XapaKTepu3yeTcs Kap-
6amip, a B CyXoli — ximopup HaTpus. [1pu aToM popMuat HaTpus ABIAETCA OTHOCUTEIBHO MAT-
K/M KOPPOAMPYIOLIVIM areHTOM KakK B CyXOif, TaK U BO BJIQXXHOM cpefie. KoMOMHMpPOBaHHBIN
AHTUTOJIONESHBIN peareHT IPAKTUYECKY He IIPOAB/AET KOPPO3MOHHbIX CBOJICTB B CYXOJ Cpefie,
HO ABJIAETCA OTHOCUTENIBHO aKTMBHBIM KOPPO3MOHHBIM areéHTOM BO BJIaXKHOII Cpefie.

BriBOABI M peKOMeHJaN

B HacrosAmeit paboTe ¥ccIefoBaHbI aHTMKOPPO3MOHHbBIE CBOJICTBA Hambosee pacIipo-
CTpaHEHHbIX AHTUTOJIONENHbIX AT€HTOB 110 OTHOLIEHNIO K OLIMHKOBAHHOMY JKefe3y, IIMPOKO
JICIIOJIb3YEMOMY B HAacTOsiIlee BpeMs B aBTOMOoOMecTpoeHnu. COITacCHO MOTyYeHHBIM Pe3y/ib-
TaTaM K OTHOCUTE/TbHO «IIANAIIVM» aHTUTO/NIOJIEIHBIM areHTaM MOXXHO OTHeCTV (popMuar
HaTpysA, KOTOPBI/ XapaKTepU3yeTCA HaMEHbIIE KOPPO3MOHHON aKTMBHOCTBIO U3 U3YyY€H-
HBIX areHTOB BO BJIAYXHOJ Cpefie U yCTyHaeT TOMbKO KOMOVHIPOBAHHOMY aHTUTOJIONEHOMY
peareHTy Ipu Koppos3um B cyxoii cpefe. IIpu 3ToM MakcMManbHasA CTeleHb KOPPO3UM IITHKO-
BOTO ITOKPBITHUA BO BIAXKHOII Cpefie MPUOMN3UTENbHO Ha IOPSAOK IPEBBIIIAeT COOTBETCTBYIO-
I[YI0 BE/IMYMHY B CyXoii cpefie. OTMEYeHO OTCYTCTBIE KOPPEALNI MeX/y dHeprueil obpaso-
BaHI:A MEXMOJIEKY/IAPHOTO KOMIIJIEKCA C MOHAMM IIIHKA U TU/IPOKCHU/I-MIOHOM U MaKCUMaJlb-
HOJI CTeIIeHbI0 KOPPO3UM COOTBETCTBYIOLIETO CyOCTpaTa. ITO OOBACHAETCS, IO-BUSUMOMY,
TeM, YTO CKOPOCTb KOPPO3MUY IIVIHKA OIIpefie/IsIeTCst I/IAaBHBIM 00pa3oM CIIOCOOHOCTHIO B3aIMO-
IeTICTBYA CyOCTpaTa ¢ OKCUIOM IVHKA.
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Kntouesvie cnosa: Annomauus. YcmanoeneHo, 4mo nposeneHue Xumu1eckotl aKmueHo-
mempanupponvHole MaKpozemepo- cmu NH-ces3eti 6 monexkynax nopdupunos, xapakmeproe 0ns Makpo-
Yuknu1eckie coeOuHeHus; nopPu- YUKTI08 C NAOCKOU UMY HensiocKOti NOAAPUI0BAHHOTE CIPYKmMYypoti, He
UMbl peayus KOMHAEKC000pA306a-  02PAHUYUBAEMCS 803PACAHUEM CKOPOCU UHOUKAMOPHOL peakyuu
HUS; XUMUYECKAS AKMUBHOCb UX MemanioKOMNIIeKco00pas08anust 8 ANIeKMpoHOOOHOPHBIX CPedax no
NH-c6a3u; sHmponus axmusayuu cpasHeHuw ¢ npomoHoooHopHuimu. OHO MaKice 8bIPaAXKAECS 6 UusMe-

HeHUU IHMPONUL NPOUECCA 6 CHOPOHY 607Iee NOTIONUMETbHBIX 6eTULUH
10 Mepe YCUsIeHUS INeKMPOHOOOHOPHBIX CBOLICINE PACBOPUMETIS, YO
00ycn10671€H0 06paA308aHUEM MONEKYTIAPHBIX KOMNTIEKCO8 «HOPPUPUH -
37IeKMPOHOOOHOP», NOBLIUAIUAUX CONLEAMAUUI0 UCXOOHO20 COCMOS-
HUA 6 peakyuu komnexcoobpasosanus. Ha npumepe N- u dodexazame-
U{eHHBIX NOPPUDUHOB NPOOEMOHCIPUPOBAHO, UMO 0ePOPMAUUS NAOC-
Kkoti cmpyxmypor maxpoyuxna H,P, ne conposoxdatouascs 3amemHoii
nonApu3aUetl MoneKynvl, He NHPUBOOUN K NOABTIEHUI0 XUMU1ECKOT aK-
muerocmu NH-cesseil.

Ina ouTpoBaHuA:

bepesun JI.b. Porb sHTpommitHOro pakTopa B KMHETHKe KOMIDIEKCOOOpa30BaHNA HEIIOCKVX ITOP(UPUHOB C JIO-
Ka/JIM30BaHHBIM U [e0KamM30BaHHbIM TuoM NH-cBsa3u // Om xumuu xk mexvonozuu uwiaz 3a wazom. 2022. T. 3,
Boi. 1. C. 48-57. URL: http://chemintech.ru/index.php/tor/2022tom3nol

BBengenue

BonpimmucTBO Pusnko-xummdeckux cBoicts nopbupnunos (H,P) u ux anamoros — nop-
¢upunonzos (H,Pn), B ocobeHHOCTH, TeX, KOTOPbIEe CBSA3AHbI C PEAKI[MIOHHO CIIOCOOHOCTBIO
KOOPAVHAIVIOHHON IOJIOCTY MOJIEKYJ, KOHTPOJMPYIOTCS MaKpoLMKIMmdeckuM sddexrom
(MLID) [1, 2]. Tak, mposiBnenre ML oO6Hapy>keHO B Ipolieccax CONMbBaTaIy 3TUX MaKpore-
TEPOLIMKIIOB 3, 4], peakusx UX KOMIUTEKCO0Opa3oBaHus [5-7], mpolieccax AMCCOLMALNN Me-
Ta/UIOKOMIUIEKCOB [8, 9], a Takke B usMeHeHUy NH-K1CIOTHOCTY coejiHeHMIT B IpoIjeccax
IIOJTHOTO IlepeHoca nporoHa [10-13] u He3aBepuieHHOTO [14-18] KMCIOTHO-OCHOBHOTO B3an-
MOJEeCTBUSA.

© I.b. bepesun, 2022
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Maxkpouukmdeckuit 9pQexT B crydae apoMaTIecknx Makporerepouukiaos (MITI) -
3TO He TO/NbKO 3P PEKT IPOCTPAHCTBEHHOTO SKPAaHMPOBAHNA PEAKI[MIOHHBIX IIEeHTPOB MOJIEKYJI,
HOHVDKAIOUINI X PeaKIVIOHHYIO CIIOCOOHOCTD, KaK ObIIO IPUHATO CYUTATh paHee [1], HO U
3¢ eKT M-37IeKTPOHHOTO BO3/IEIICTBIIS, KOTOPBIIL B psAfie CIy4aeB MOXKET IPOTUBO/IEIICTBOBATD
B IUIaHe M3MEHEHMs PeaKIMOHHOI CIIOCOOHOCTM MOeKyn 3¢¢eKTy crepuyeckomy [2].
VIMeHHO 110 3TOJ IpUYMHE HeOOBIYHOII (He/IMHEIHOI) OKa3aIach 3aBUCKMOCTb HEKOTOPBIX, B
YaCTHOCTY, KVCTIOTHBIX ¥ KOMIUTeKcooOpasyromux cBoiictB MI'T] o ctpoenus monekyn. Tak,
HanpuMep, usMeHeHre NH-KUCIOTHOCTM IPOMCXOANIO HE IO Mepe POCTa 3KpaHMPYIoLen
CIIOCOOHOCTY TT-CHCTEMBI MOJIEKYJIBI, YTO OBbIJIO ObI 3aKOHOMEPHO, @ B COOTBETCTBUM C Pas3/iny-
HBIMM CTPYKTYpHBIMM (aKTOpamy, IPUBOJAIMMY K ee monspusauyu. Hampumep, pocr
NH-kucnornoctu H,P ocymiectsisanca Kak ¢ yBenmdeHeM apoOMaTUYHOCTY MOJIEKYTI, B 4aCT-
HOCTM, IIPY IIepeXofie OT MOP(UPUHOB K NX Me30-a3a-aHajloraM [2], Tak u, HAIPOTUB, C POCTOM
VX HEIUIAHAPHOCTM, HO TOJBKO B TOM C/Iyd4ae, €C/IY HeIIOCKMIT MaKpOLMK/I HaXOAVIICS IIpU
3TOM B IOJIIPM3OBAHHOM, TaK Ha3bIBaeMONl «ceyIo00pasHoil» KoHpopMalyy, obrajaromnieit
IUIIONIBHBIM MOMeHTOM He Meree 1.5 ]I [19, 20]. [Tpupona nonspusanun «cefnoobpasHo-He-
nnockoro» MI'Tl mokasana Ha puc. 1.

Puc. 1. OcHoBuble - pudnenas (cresa, p=0) u cenmoobpasHas (cnpasa, p#0) - Hemnockue KOHGopMaLy nopeu-
PMHOB («+», «-» U «0» CMBONIM3UPYIOT PACIIONIOXKEH)E aTOMOB Hall, IIOf ¥ B IVIOCKOCTY MaKPOLMK/Ia COOTBET-
CTBEHHO)

Taxue cTpyKTypHbBIe U3MeHEeHN A ITIOCKOCTHOTO CTPOEHNA IPUBOAV/IN He TOIBKO K POCTY
NH-kucnornoctu monexyn MI'T] B ie10M, HO 1 K HOBBIIIEHNIO TaK Ha3bIBAEMOI XMMMIYECKOM
aktuBHOCTY NH-cBs3eii [2, 16], koTOpasi IpOsB/AETCA B CIIOCOOHOCTY MOJIEKYI K B3aMOI el -
CTBMIO O CmabbiMu opranmveckumu ocHoBanusmu (DMF, DMSO u ap.) ¢ obpazoBaHuem
H-cBs3aHHBIX MOTeKy/sIpHBIX KoMIutekcos (1) [14, 15, 17, 18].

H,P + 2Solv. ——= Solv-"H-P-HSolv (1)

O6pasoBaHue TaKMX KOMIIIEKCOB TOKa3aHO KaK 9KCIIePUMEHTaIbHO METOaMI SJIEKTPOH-
Holt, pryopectienTHOI 1 IMP-criekTpockomnnu, TepMorpaBUMeTpun U Kanopumerpun [17, 18,
21, 22], HO ¥ C TOMOILBIO KBAHTOBO-XMMM4YecKnx MmeTonos ana/msa (DFT, NBO) [18, 23].

[onapusauna NH-ceaseit B Mmonekyne H,P, npusopaman K nx genoxanusanuu, sABjd-
eTCsl, COIVIACHO MeXaHM3MY peakiuy KoMmIuiekcooOpasoBanus otux MITI, opHum wus
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BO)XHENIINX (aKTOPOB, MOHVKAIOIVM ee aKTVBALMOHHBI 6apbep U YBeIMYMBAIOIIUM CKO-
pocTb mpouecca (2) [5, 24]. B ciydyae MOHOQHMOHHBIX UTaHOB N-3aMelleHHBIX aHAJIOTOB

nop¢oupuHoB (coen. 1, 2) ypaBHeHme peakyu (2) mpeobpasyercs B (3):

H,P + MXa(Solv)nz 239 [H,P~MXy(Solv)s.s)’ —> MP + 2HX + (n-4)Solv (2)
H(N-R)P + MXy(Solv)n, 25 [H(N-R)PMXy(Solv)sa]? —> (X)M(N-R)P + HX + (n-4)Solv (3)

3a4acTyo IOBBIIIEHNEe XMMUYecKoll akTuBHOCTY NH-cBsA3eit B peakiyuu (2) mposiBis-
eTCs B HapyLIeHUN XapaKTePHOTO [/ peakunii ¢ yuactueM H,P kiHeTmyeckoro koMIeHcamu-
onHoro s¢gdexta (KKI), T.e. mmHeiIHOI 3aBUCHMOCTY aKTUBAI[MOHHBIX IapaMeTPOB IIpoIiecca
- aHepruy akTuBauuu (E,, k[Ix-monp ! nm AH*) n nsmenenns sutpormu (AS?*, [x-monp*-K)
py 06pa3soBaHUY IIEPEXOXHOTO COCTOsAHMUA peakiyu (1) [24-26]. [Ipennono>xnrebHO MOA-
pusaunsa NH-cBsA3ell B cocTaBe MakpOLMKIMYECKOTO JIMTAaH/a IPUBOANUT K POCTY BeTMYMHBI
AS* B xoie peakuym (2), 9TO CBUAETENbCTBYET 00 yBemueHN 3G GHeKTUBHOCTY COTbBATAIIIN
IIePeXOHOTO COCTOSAHNUA ¢ nonAapusoBaHHbiMU NH-cBassamu [24]. B pasnble roms! npupopa
KK9 TpakroBanmach pa3anMuHbIMU aBTOpaMiu [2, 5, 24]. XapakTepHbIil IpUMep OTKIOHEHN 3a-
Bucumoctu AS* = f(E,) o6Hapy»eH B pabote [27], rie 6bII0 TOKAa3aHO, YTO J/IsI KAOKOVI IPYIIIIBI
NH-axnBHbIX MI'T, B 4aCTHOCTV HEIIOCKMX U, HAIIPOTHB, BBICOKOAPOMATHYHBIX, Ha0/II0 -
eTcs cBoV MHAVMBUAYanbHbI T ipsamoit KK3 (puc. 2). [Tpiuem poct BemmanHer AS* peakiumn
(2) mpoucxoauT Ipu Mepexofie OT KIACCUYECKNX COOCTBEHHO MOPGUPIHOB KaK 110 Mepe MCKa-
YKEHUSA IUIOCKOJ CTPYKTYPBI MOJIEKY/IBL, TaK M C yBe/IMUEHMEM ee JKeCTKOCTH, ITOCKOJIbKY 06a
(dakTopa BBI3BIBAIOT POCT XMMIYeCKoil akTuBHOCTM NH-cBs3eit.

HevictBue Makponukmmdeckoro 3ddekra AS* T soms ! K-
pacrpocTpaHsAeTca He TO/IbKO Ha COOCTBEHHO ITOp- i a
($upUHBI, HO ¥ Ha BCe LUMKINYECKVe TOpPUPUHO- or

IIOHO6HbIe COeMHEeHN, B YaCTHOCTH, apoOMaTn4ie- 110

CKJe IIPOM3BOJHBbIe BUTaMMHA B, kopponbr [28].

Tak, Ha OCHOBaHMM aHa/NMM3a SKCIIEPUMEHTA/IBHBIX  _|50|

JaHHBIX OBUIM CHOPMYIMPOBAHBI OCHOBHBIE KpU- -

Tepuy OOHApY>KeHMsI XMMUYECKO! aKTVBHOCTYU -190

NH-cBs3eit B Mojnekynax nopoupusos [2, 15], a i )

rosske - ux ananoros [18]. Ilokasano, 9To xuMmde-  ~ o 10 20 30 40 30 60

-1
cKas akTMBHOCTH NH-cBs3ell B MOJIEKy/Iax apoMa- Ean k]l MoT

Puc. 2. Kunerndyeckmii KOMIIEHCAI[MIOHHBI

tideckux MI'L] MokeT 6BITh JOCTUTHYTA IIPU BbI-
a0 A yra mp 3¢ddeKT B peakumum KOMIUIEKCOOOPa30BaHMUS

IIOJTHEHUN HECKOTIbKUX YCITOBUN: (2, Zn(OAc),, CH5CN) IPOCTPAHCTBEHHO MC-
- M3MEHEHME CTPYKTYpbl MaKpPOLMK/IA IO  KaKeHHbIX (a) ¥ >KeCTKuX (6) moppupuHOB ¢

YKECTKOI ~apOMaTUYHOIA, 60 HANPOTUB, [0  XUMMUYECKN aKTUBHbIMM NH-cBasamu [27]
CUTIBHO-HETIOCKOJ TIPY YCTIOBUY MOTISIPU3ALUY MOIEKYIBI;

- Ha/IM4ye B MOJIEKY/Ie 97IeKTPOHOAKIIEIITOPHBIX TPYIII, MO0 IPYII PAa3TNYHON J/IeK-
TPOHHOJI TPUPOJBI, IPUBOAAIINX K HMOISApU3anuy T-xpomodopa Mo TUITY «HOyUI-IyT» 3¢-
dexkra;

- M3MeHeHNUe CBOWICTB Cpefbl, cocoOCcTBymomiee momsipusanuu NH-cBsseit MoeKy bl
H,P mocpepcTBoM conbBaTaluy, HalpuMep, MOJIEKy/IaMy 3eKTPOHOJOHOPHBIX PacTBOpPUTE-
e
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Hacrosmas pabora ocBsieHa aHanmmM3y KMHETUYIECKIX ITapaMeTPOB MHVKATOPHOI pe-
aKIUJ MeTa/UVIOKOMIUIEKCO00pa3oBaHus (2) Ha IpuMepe HEIIOCKMX N-3aMell[eHHBIX aHaJIo-
roB nopdupuHoB (coen. 1-2), a Taxxe gonekasamenjeHHbIX H,P (coep. 3-6) comsamu nmuka (I1)
u xobanbta (II) B cpene 6ensona u DMF ¢ nenbio oOHapy)XeHNs HOBBIX (paKTOB IIPOsIBIEHNS
XuMm4ecKoit aktuBauyy NH-cBsi3eit moj; BIUsSHIEM MOJIEKYIT 3IeKTPOHOJOHOPHOTO PacTBO-

pUTENA B SHTPONMITHBIX XapaKTePUCTUKAX peakiuu (2).
IKCIepUMeHTAaIbHAs 9aCTh

HOp(l)I/[pI/[HbI 1-6 CMHTE3VNPOBAHbI ! CIIEKTPA/IBHO I/II[CHTI/I(I)I/[L[I/IPOBaHbI I10 N3BECTHBIM

JUTEpaTYPHBIM MeTonvKaMm [29, 30].

R R] R R Ph R H2C =CH CH3
R R R R H3C CpHjs
Ry R; Ph Ph
H
R R R R H3C CH3
R R, R R Ph R Ha? HC 0-=C
e o-c HI‘\ICH3
o =‘C (‘)CH3
OCH3
1R=Et;R;=H 3R=H 7R=H 9
2R=H; R, =Ph 4R =FEt 8R =Ph
5R =Ph
6 R=Br
PactBoputenu - aumeron (Me,CO, u), 6enson (CsHs, uda), mmmermadbopmammun

(DMF, u0a), pumetuncynbdokcuy (DMSO, ), mupunus (Py, 4) 1-nponanon (n-PrOH, uoa) -
HOJBEPra/iCh TOMOTHNUTEIBHOV OYMCTKE COIMIacHO pexoMeHpauyaMm [31]. Konrponb copep-
YKaHMS BOZIBI B PACTBOPUTE/IAX OCYLIECTBIIAICA 0 MeToayke Oumepa. AnjeTaTsl 11 aleTniIa-
nentoHatsl unHKa(Il) u xobanbra (II) Mapkm «xu» BBICYIIMBAIUCH B 9KcuKatope Hap P,Os u
VICTIO/Ib30BA/INCh 6€3 JOTIOTHUTEIbHON OYMCTKI.

KuneTnyeckye n3MepeHns peakumy KOMIIEKCO0OpasoBanus (2, 3) MpoBOAWIN B TeM-
neparypHoM nHtepBane 298-318 K B cpene DMF u C¢H. KoHnleHTpannsa MakpoOnMK/IN4ecKoro
JINTaHZA BO BCEX CITYYasAX cOCTaBANa 2-107° MojIb/ /1, peakuys mpoBoanaack B 100-KpaTHOM MO-
nsApHOM u36bITKe comu. PactBopsl HoP 1 comm mepep skcreprMeHTOM TepMOCTaTMPOBAIIN,
00BeMHAMM U OBICTPO HOMEILIaTM B TEPMOCTATHMPOBAHHYIO KaMepy CHeKTpodoTOMeTpa.
B xope peaxiyy (2) ONTHMYECKYIO INIOTHOCTD IIUTMEHTA B 3aBMCYIMOCTY OT TUIIA IUTAHMA PEer-
CTpMpoBanu Ha paboueii JyinHe BONMHBI 620-720 HM Yepe3 paBHbIe IPOMEXYTKU BpeMeHu. [To-
IpoOHOE OmMCaHMe METORMKM SKCIepUMMEHTa M pacdyeTa KMHETHYECKUX MapaMeTpOB peak-
nun (2) mpuseneHo B [32].

O6cyxaeHne pe3ynbTaToB

S¢eKTUBHBIM CPe[ICTBOM YIPAB/IeHMs PEaKIVIOHHON CIIOCOOHOCTHIO KOOP/MHALOH-
Hoit monocty (N4H;) mopdupnHOB 11 nX aHAIOTOB SAB/ISETCS PETYIMPOBaHNe XMMUYECKOIT aK-
TUBHOCTYM (CTemeHM Jenokanmsanyy) BHyTpummkandecknx NH-cesseit [2] Ilo cBoeit
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TI-397IEKTPOHHOV M T€OMETPUYECKOI CTpyKType mnoj onpenenenne NH-akruBubix HoP mydine
BCEro MOZTMANA0T a3arnopdupuHbI, 0OIafaoIe >KeCTKIUM MAaKpOUnKiIoM (2, 6, 10, 14], u He-
IUIOCKYIE U3-32 TIePeTrPY>KEHHOCTI 00 beMHBIMM 3aMeCTUTEIAMM Ha Iepudepun MOIeKyIsl 00-
deka-3aMellleHHbIe TOppuUpuHSHI [2, 7, 13, 15], a Tak)Ke HEKOTOpBIe UX IIPOU3BOJHBIE, TOpu-
PVHOUBI C ACMMETPUYHO-TIO/IAPU30BAHHON CTPYKTYpOit Moeky [18, 28].

XapakTep npoTeKkaHus peakiyim (2) KOMIJIEKCO0Opa3oBaHMs TOPPUPUHOB C COTSIMMU Me-
TaJ/UIOB CMJIBHO 3aBYICUT OT IIPMPOJIbI PACTBOPUTENIA U, B YACTHOCTH, OT €T0 JJOHOPHO-AKIIEIl-
TOPHBIX CBOJICTB, a TaKXe IONAPHOCTU [2, 5, 7, 16]. BmecTe ¢ TeM XxmMmdeckas aKTHBAIVA
NH-cBsA3eit moppUpMHOB C IIOMOIIBIO MOJIEKY/I 37IeKTPOHOLOHOPHOTO PACTBOPUTETIS MOXKET
OKa3bIBaTh Ha peakuuio (2) O6ojee CyLiecTBEHHOE BIUsAHNE, YeM CTPOEHME Vi IIPOYHOCTb KOOP-
IVHAIVIOHHO cpepbl COMM, YYaCTBYIOIell B IIpollecce KOMIUIEKcooOpasoBanus [16].

[Top¢pupuHb! ¢ BBICOKOV aKTMBHOCTbI0O NH-CBsA3ell 1eTKO pasnmMymMbl PV CPaBHEHNMN
ux ICII B kakoM-/1M60 MHEPTHOM WM C1ab0conbBaTupyolieM (6eH307) U 3TeKTPOHOLOHOP-
HoM (DMF) pacTBOpuTe/aX, IOCKONBKY B Cpefie TOC/IeHIX 00pasyIoT CIIEKTPAIbHO pas/Inydn-
Mbl€ MOJIEKY/IApPHbIE KOMIUIEKCHI C YacTU4YHbIM IepeHocoM NH-nporona MI'T] Ha monekymy
3JIEKTPOHOOHOPHOTO KOMIIOHeHTa pacTtBopa (1) (puc. 3). Honekasamemiennsie H,P (coep,.
51 6, puc. 3) MOTYT B3alIMOJZIEJICTBOBAaTb HE TO/IBKO C TaKMMI CWJIbHBIMU 3/IEKTPOHOLOHO-
pamu, Kak Py u DMF, HO 1 ¢ alleTOHOM U 1-TIpOIIaHOIOM.

A A
074 5 2) /1 3 @
06- 3\ 6 Ax2 04 2 4 A3
054 | 5
04 /
034 5 0.5 ’ |
02—~ 3 61 / \ p 2 4 3 :
o1 i \ ts‘/ =24
00— 00- T —// T T T T T 1
500 600 700 800 A , HM 500 600 700 800 )\4 , IM

Puc. 3. Onexrponnsle criekTpsl nornomenns Hy(S-Ph)sTPP (coen. 5) (a) u Hy(5-Br)sTPP (coer. 6) (6) B oprannye-
ckux pactBopurerax: 1 - DMSO; 2 - Me,CO; 3 - CsHe; 4 - DMF; 5 - Py; 6 - n-PrOH)

Ins 6oree meranbHON oneHKM criocodHocTu H,P k memokammsanumu NH-cBs3eil MOXXHO
IPYMEeHNUTb KuHeTndeckuil kpurepuit NH-aktuBHOCTM [15], cormacHO koTopoMy nopdupuH
ABnAercsa xuMmndecku NH-aKTHBHBIM, eC/ CKOPOCTD €r0 KOOPAMHALMHA B CpeJie 3/IEKTPOHO/I0-
HopHoro pactsoputens (DMF, DMSO, Py) B cpaBHMMBIX YCITOBUAX BBIIIE, Y€M CKOPOCTD pe-
aKIVM B IpoTOHOAOHOpPHOM pactBoputene (HOAc) nnm sxe oHa pacTeT ¢ yBenMdIeHNEM 3/IeK-
TPOHOOHOPHO CITOCOOHOCTY M(M/IN) AMINIEKTPUYECKON NMPOHMUIAEMOCTU CPenbl €. JTOMY
KPUTEPUIO YIOBIETBOPAIOT KaK HEIUIOCKNUe (HalpuMep, fofieKa3aMelleHHbIe), TaK U )KeCTKIe
(HanpuMep, mopdrpasuHbI) «HEKITACCUIECKIIe» TTOPPUPUHBL

3aKOHOMepHbIe M3MEHEeHN s CKOPOCTH peakiyi (2) moppupuHOB C KIaCCUYeCKMMI 1 He-
K/TaCCHYeCKVIMY CBOJICTBaMU TP 3aMeHe PACTBOPUTE/IA HaOIIOa/IICh paHee BO MHOTTX pabo-
TaxX, IIOCBSIEHHBIX MCCIENOBAHNMAM KJUHETUKU KOMIIEKCOOOPa3oBaHUA INOP(UPasMHOB
(6, 10], 6enzonopdupunoB (2, 33, 34] wnu pomeka-zamenieHHbix HoP [7, 16]. Tak, mo6aBkn
nporoHopoHopoB (HOAc) mopmaBmsamm  NH-akTMBHOCTP M TOHMXKamM  CKOPOCTh
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peakunn (2) [33]. HanpoTus, nepexop ot unucroro nupuauna k cucreme Py - IM Et,NH yge-
JIVYMBAJI CKOPOCTH peakiuu (2) ¢ ameratoM nmHKa npu 298 K B 120 u 40 pa3 cOOTBETCTBEHHO
[34]. ITpu aTOM 6BLNTa OOHAPY>KEHA NMHEHAS 3aBUCYMOCTD BeIMYMHbBI KOHCTAHTBI CKOPOCTH K,
OT KOHLIeHTpanyy auatmiamuna (puc. 4). Ckopocts peakuyn H,P ¢ mokann3oBaHHBIM TUIIOM
NH-cBs3eit (coep. 3), HAMPOTNUB, CHIDKATACh IPUMepHO B 5 pa3 B mpucyrcrsunu 1M Et,NH [34].

AHanorm4HbIM  00pa3oM  BIMSIIN
nobaBKM AUITMIaMUHA B AuMeTuadop-
MaMM/IHBIVI PacTBOP NPUPOSHOTO, XUMU-

kv, n/(Monb*c)
[ -9

YecKM MOAM(UIMPOBAHHOTO XJIOpUHA 9,
Ha CKOPOCTb €r0 peakLuy C aleTaToM
menu(I) [35], xkoTropas B HpUCYTCTBUU
0.1M Et,NH Bospacrana B 1.5 pasa, Torga
KaK y COOTBETCTBYIOIero popOMHOBOTrO
IIPOM3BOIHOTO XTI0pOGIIIIA d, HAIPOTUB,

IIOHWMIKa/IaCh IIPMMEPHO BABOE. 0

XOoTA HM OFHO U3 PaCCMOTPEHHBIX 0 0,28 0.5 0.78 1
C DEA, monb/n
Boimie MI'T] (coen. 7-9) He msMmeHseT

o Puc. 4. 3aBUCMOCTD UCTMHHOV KOHCTAHTBI CKOpPOCTU pe-
37IEKTPOHHBIN CHEKTP B 3/IEKTPOHOJO-

akun (2) (%, n-monp™-c?) or xoHuentpaumn Et,NH

HOPHBIX CpefiaX, KMHETIMIECKNE M3MEPE- (DEA, cpga, Monb-nt) mna HoTBP (coen. 7) B cucreme

HUS PeaKluy KOMIIEKCOOOpa3oBaHus “Py+EtLNH ” (a), H,TBP(Ph); (coen. 8) B cucreme
(2) B mpuUCYTCTBMM 3NIeKTPOHOROHOpa “Py+ELNH” (b) u H,TBP(Ph), B cucreme “DMSO =+

NO3BO/SIOT BBIABUTH Hammaue y Hux EGNH'(0)
naxe cmabo BeipakeHHO NH-akTuBHOCTH.

MosxHO npefnonarath, 4To N-3amelieHHble mopdypuHonas! (Hanpumep, coep. 1, 2), He
oTHOcATcA K Tunu4yHbIM NH-aktuBHbIM H,P, nockonpky He nusmensamwor csoit ICII B anexTpo-
HOZIOHOPHBIX cpefiax. KuHeTnyeckoe nccnefoBanme peakunn (3) faetT BOSMOXXHOCTb IOATBEP-
IUTH VIV OLIPOBEPTHYTD 3TO YTBEP>KAEHMe B OTHOLIeHNY N-3aMelleHHbIX IMTaHoB. VI3 noy-
JEeHHBIX 9KCIIEPUMEHTAIbHBIX JAHHBIX [2] c/lefyeT, YTO CKOPOCTV KOMIUIEKCOOOpa3OBaHMA
N-3aMeleHHbIX coeilHeHUI 1 1 2 ¢ COMAMM LITHKA IIOHVDKAKOTCA 110 Mepe YBEe/INMYEHN J/IeK-
TpoHOJOHOpHOCTHU pactBoputens: n-PrOH > DMF > DMSO > Py, uTo cooTBeTCTBYeT oBefie-
HUIO KJIacCMYeCKMX MOopdUpPUHOB ¢ noKanm3oBaHHOo NH-cBsa3po. Bmecre ¢ TeM, mokasaHo,
4yTO HebonplMe Kob6aBky nporoHomoHopa (1% HOAC) x pacTBOpy mopdupuna u anerara
nyHKa B DMF ywmn DMSO 1monHOCTbI0 O7I0KMPYIOT peakLfio KOOPAVHALNN, 100 ITePeBOAT
ee B COCTOAHNUe paBHOBecusA. [IpyumHaMyu B 3TOM cilydae SABJIAIOTCA BBICOKAsA OCHOBHOCTD
N-3aMeleHHBIX TOPQUPUHOBBIX IUTAaHJO0B (0Opasyrouecs: B KUCIOI Cpefie ANKATUOHbI He-
aKTUBHBI B peakumu (3)), a Taxke HU3Kas YCTONYMBOCTb COOTBETCTBYIOIIMX KOMIUIEKCOB
nyHKa [2]. Takum o6pasom, nosepeHne N-3aMelieHHbIX TOPGUPUHOB B peaKIyy KOMIIIEKCO-
06pa3oBaHNA ABIAETCA TUIMYHBIM JJIA KIACCUYECKNX, He 00/TaJalolMX XMMIYeCKO aKTUB-
HocTbio NH-cBsseir, HoP, Taknx kak meso-terpadennmnopous (H,TPP, coen. 3).

BonpImHCTBO fofeKa3aMelleHHbIX TOPGUPIHOB, HAIPUMeEP OKTabpoMTeTpadeHNIIIOP-
¢un (Ho(S-Br)sTPP, 6), oxrastunrerpadpernnmmopdun (H.(F-Et)sTPP, 4), nopexapennnmop-
¢un (Hy(f-Ph)sTPP, 5), Terpadennnrerpabensonopdun (H,TPTBP, 8) u npyrue, HanpoTus,
IIOKA3bIBAIOT TUIIMYHOE «HEK/IACCUYeCKoe MOBefieHe» B peakiyu (2), yIOBIeTBOPss KHETH-
yeckoMy Kputepuioo NH-aktuBaocty H,P [15]. CornacHo eMy 3Ty coefjiHEHUsI MOTYT ObITb
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PACIIOIOXKEHBI B PAJ, [0 YBEIMYEHMIO XVMIMIecKoli akTuBHOCTU NH-cBA3eit cemyromym obpa-
3om: H,TPP (3) < H,TPTBP (8) < Hz(ﬂ-Et)gTPP (4) < Hz(ﬂ-Ph)gTPP (5) < Hz(ﬂ-BI’)STPP (6)
B ananornynoM psipy 6aToxpomHo cMmernaercs I monoca B CII aTux coeyiHeHNIA, 3aperucTpu-
poBanubix B DMF: 647 1M (3) < 697 aM (8) < 717 HM (4) < 718 M (5) < 784 uMm (6). Ha crenenp
NpOSB/ICHN XMMIYecKoll aktuBHOCTM NH-cBs3ell B MojeKynaX HEIUIOCKMX IOP(UPIHOB
OKa3bIBaeT B/IMAHYE He TOJIbKO BbIpa)KeHHas CeJI000pasHO-HeIIocKas fedopMalsa CUMMeT-
PUYHOI MOJIEKY/IBL, IPMBOAAIIAS K OABICHUIO AUIIOJIBHOTO MOMEHTA [2], HO ¥ Hajm41e B Mo-
JIeKyJIe 3/1eKTPOHOZOHOPHBIX U (M/IN) 97IeKTPOHOAKIIEIITOPHBIX 3aMeCTUTeIel, O PU3YIoLeil
xpomo¢op. Hanpumep, Monexyna okrabpomrerpadenmntnoppuna 6, umes IpuOIN3UTEIBHO
OIVHAKOBYIO CTEIeHb HEIUIAHAPHOCTM C APYTMMM [ofeka-saMeljeHHbIMu H,P (coepn. 4, 5)
B KpUCTaJIIe ¥ pacTBope [15], nmpossiseT 6onpburyio xumndecKylo NH-aKTMBHOCTD, TOCKOIBKY
Ha/IM4yie BOCbMJ aTOMOB O6poMa B [-ITOJIOXKEHUAX IPUBOANUT K BO3HMKHOBEHUIO B HeVl «nyu-
nyn»-adpdexra.

PaccMoTpyM, KakuM 06pa3oM pacIionoKeHbl N3ydeHHbIe HEIUIOCKNe lofeKa- 1 N-3ame-
I[eHHble MTOPQUPUHBL B PsAAY CKOPOCTeil KOMIUIeKcooOpasoBauus B cpese DMF (ta6n. 1).
['1aBHBII, BO MHOTOM HEOXXVIJJAaHHBIII BHIBOJI, KOTOPBIII MOXKHO CJie/IaTh HA OCHOBAHMY TaHHBIX
Tab6/MMIBI 1, COCTONUT B TOM, 4TO C OOJIBIIMHCTBOM VI3YYEHHBIX CO/IENl B ONMHAKOBBIX KOHIIEH-
TpalMOHHBIX ycnoBusax NH-akrtuBHble fofekasamententble HoP (coen. 4, 5) pearupyiot men-
JIeHHee HeIIOCKYX, HO MMeIOLIVX oKam3oBanHyo NH-cBsa3p N-3amelieHHbIX TOPOUPUHOB
(coen. 1, 2). ITpu aTom 6onee mwrocknit H(N-Me)(S-Et)sP (1) xax npasuno, pearupyer 8 DMF
MemienHee aedopmuposannoro H(N-Me)TPP (2) [36]. B paborax [10, 14] mccnemoBaHbI
NH-penokanusoBaHHbIe CTPYKTYPbI a3aI0p(GUPUHOB B OCHOBHBIX CpPefiaX U IIOKa3aHO, 4TO aK-
tuBanysi NH-cBA3U B MakpoIukie 6/1aronpusaTCTByeT MPOTEeKAaHWIO peakiyy (2) TOIbKO [0
ompefeneHHoOro npegnena. Ecm B cocraBe MonekynsapHoro H-cBsg3aHHOro KoMIniekca ¢ mepe-
HocoM NH-nporoHa nop¢gupnuHa Ha MOJIEKY/Ty 37IeKTPOHOJOHOPHOTO PacTBOPUTE/IA BO3HU-
KaIOT CTaOM/IbHBbIE CTPYKTYPBHI C YCTOVYMBBIM aKCUAIBHBIM 9KPAaHMPOBAHMEM PEaKLMIOHHOTO
nenrpa H,P, To peakiys (2) MOXeT 1 CyIleCTBEHHO 3aMeM/IAThCS.

Ta6muma 1. VisMeHenne ckopoctu peakunii (2, 3) Herwnockux nopgupuHos (1, 2, 4, 5) B cucreme DMF - MX,

Conb 3d-mertanna Psig ckopocreit peakiuu (2, 3)
Cu(OAc), 1<5<4<2
Cu(Acac), 1<5<4<2
Cd(OAc), 4,5<<1<2
Cd(Acac), 5,4<<1<2
Zn(OAc), 4,5<<1<2
Zn(Acac), 5x4<2<1
Co(OAc), 4<5
Co(Acac), 5<4

Hamn oOHapy>keHBI CylLlleCTBEHHble pa3/yuysa B KMHETMYECKVUX IIapaMeTpax peakLuu
(2, 3) xommnekcoobpaszoBanusa N- (coep. 1, 2) u gopmeka- (coef. 4, 5) 3aMeleHHBIX MOJIEKYII
nop¢GUPUHOB, IPVHMMAIOLIVX B paCTBOPE HEIIOCKYE, TPENMYIIeCTBEHHO cef/Io0OpasHble, HO
pasnIuMYaoInecs Mo CMUMMETPUN 1 CcTenieHn fedopmupoBaHHOCTI KoHGopMaru. HecmoxHo
3aMeTuTh (TabJ1. 2), YTO M3MeHeHue SHTponuy AS* B XOfie aKTMBALM} peareHTOB peakunn (2, 3)
JUISL IOfieKa3aMellleHHBbIX Bcerga 0ojiee IOMOKNUTENTbHO, YeM N-3aMelljeHHbIX MOop(UpUHOB,
IpUYeM TONIBKO B 9JIEKTPOHOJOHOPHOM pactBoputene (DME).
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Ta6muua 2. Baaue npupopnst mopgupuHa (coen. 1, 2, 4, 5) Ha U3MeHeHVe aKTUBALMOHHBIX IIapaMeTPOB peak-
i (2, 3) ¢ comamu Zn(II) u Co(11) 8 CsHs 1 DMF

P - Eu, AS#)
[Topdupun Cornb actnopHt k8, n/monp*c
Tenb kJI>x/MonB Ix/monp*K
Co(OAc), DME 30.94+1.39 53.6x1.3 -631+2
+ + 29+
H(N-Me)(B-EQ)p (1) | CO(AC0): 18.1320.69 59.7£1.8 2911
Co(Acac), CsHg QOueHb MeJJIEHHO
Zn(OAc), DME 6.14+0.41 34.1+0.9 -124+6
+ + -97+
H(N-Me)TPP (2) Zn(Acac), 12.51+0.50 40.2+1.2 9743
Zn(Acac), CsHs OueHb MeJJIEHHO
Zn(OAc), 9.66+0.11 62.610.7 -24+1
H,(B-Et)sTPP (4) Zn(Acac), DMF 4.01+0.21 88.914.0 56+2
Co(OAc), 17.55+0.47 60.0+2.2 -26x1
Z A 1.81=%0. 232, 4+1
n(OAc), DMF DMF 81+0.05 93 3 6
Zn(Acac), CH 5.2910.21 68.512.1 -9+1
Zn(Acac), o 83.79+2.18 32.5+1.3 -108+4
H,P(S-Ph)sTPP (5
P(4-Ph)TPP (5) Co(OAc), DMF 5.39+0.30 77.8+1.8 2241
Co(Acac), DMF 2.58+0.09 77.143.6 13£1
+ + 32+
Co(Acac), CoH, 10.48%0.56 79.3%£3.1 32+1

JI3sMeHeHMe SHTPOIINY peaKIuy, IIPOTeKaollell B pacTBOpe 6e3 M3MeHEHN YICIa MOJIb
BEI[eCTBA, COOTHOCUTCS C U3MEHEeHJeM COMbBAaTallMM YacTHUL] B X0fe POpPMIPOBAHNS IEPEXOJI-
HOTO cocTosiHuA [5, 24]. C aTUX mo3unmit poct BennduHbl AS* B peakunsix (2, 3) MoxeT 06bsic-
HATbCA MO0 IecoybBaTalyiell IepexoJHOTO COCTOSHMA, YTO MalOBEPOATHO, MO0 JOIOTHNU-
TeJIbHOM (B OIIpefie/IeHHBIX YC/IOBUAX) COMbBATallMell ICXONHBIX peareHToB. I1o HameMy MHe-
HUI0, POCT BemmunHbl AS* peakiyy koMiiekcoobpasoBanus NH-akTUBHBIX TOfieKa3aMelleH-
HBIX TOP(UPIHOB B 37TeKTPOHOLOHOPHOM PacTBOPUTE/IE HETIOCPEICTBEHHO CBA3aH C X CIO-
COOHOCTBIO 00pa3oBbIBaTh H-CBA3aHHbBIE MOJIEKY/IAPHbIE KOMIUIEKCHI C 3JIEKTPOHOJOHOPAMIL.
B cnyuyae HenonApHo cpenpl i NH-HeakTUBHBIX coefirHeHUN yBemueHnsa AS* B peakiun
(2) He mpoMCXONNUT.

O6pasoBaHne MOIEKY/IAPHOTO KOMIIIEKCA IIPUBOANUT K POCTY COIbBATALVMM MICXOJZHOTO
H,P B peaxnum (2) 1 ycKOpeHUIO 3TON peakuuy 3a cyeT ee aktuBanyy NH-cBsa3eit o cpaBHe-
Huto ¢ NH-HeakTuBHBIMY nTopdupuHamu. VIsBecTHO [2, 5, 24], 4To ofHUM 13 Hanbosee sHep-
TOeMKUX BK/IaZlOB B OOIIYI0 9HEPTeTUKY peakiyu (2) sapisaercs auccounanys csseir NH B co-
craBe muranga HP. AxtuBanys NH-cBs3eit 1 06pasoBaHue KOMIUIEKCA € 3JIEKTPOHOZOHOPOM
XapaKkTepHO A fofiekasamerneHHbIX HoP (coen. 4-6, 8) u He xapakTepHO 111 N-3aMeleHHbIX
aHa710roB NOPGUPMHOB (coex. 1, 2), YTO OTpaXkaeTcsi Ha AKTMBAIMOHHBIX ITapaMeTpax peakIun
X MeTaJUIOKOMIIIEKco0OpazoBanus (Tao. 2).

Takum obpasom, B HacToAmIel paboTe ITOKa3aHO, YTO MPOSABIEHNE XMMIIECKOI aKTHB-
Hoct NH-cBsA3eit Monekyn nop¢upuHos, xapakrepHoe gy MI'L] ¢ mmockoit v HeIIocKoi
MOIAPU30BAHHON CTPYKTYPOH, HE OTPAaHMYMBAETCA BO3PACTAaHMEM CKOPOCTU MHAMKATOPHOM
peakIuy X MeTaJIOKOMIUIEKCO0Opa3oBaHys (2) B 97IeKTPOHOZOHOPHBIX CpefiaX II0 CpaBHe-
HUIO C IPOTOHOJOHOPHBIMU, HO TaK)XXe BbIpa)kaeTcs B M3MeHeHUN BenunHbl AS* B cTOpoHy
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60s1ee ONO>XKNUTEIBHBIX BEIMYVH 110 Mepe YCUJIEHV 9/IeKTPOHOJOHOPHBIX CBOJICTB PacTBOPH-
TeJIsA, YTO 00yC/IOBIEHO 00pa3oBaHNeM MOJIEKY/LIPHBIX KOMIUTeKcoB «H,P-anexTpoHomoHOp»,
TIOBBILIAONIVX CObBATAINIO MCXOHOTO COCTOAHMA B peakiy (2). Ha mpumepe N- u gopexa-
3aMellleHHbIX NMOPGUPUHOB IPOREMOHCTPUPOBAHO, YTO JedopMamys IVIOCKON CTPYKTYpBbI
Mmaxpounkiaa H,P, He conmpoBoskaromascs 3aMeTHOI IO/IApyU3aIiell MOIeKy/Ibl, He IIPYBOJNT
K TTOSIBJIEHNIO XMMIYecKoit akTuBHOCTY NH-cBs3eil.

Asmop svipancaem bnazodaprocmov npod., 0.x.H. A.C. Cemetikuny (KOX UT'XTY) 3a nto-
6e3Hoe npedocmasneHue HEKOMopvix 00veKmos uccedosanus. Paboma evinonHena ¢ ucnonv3o-
saHuem pecypcos Llenmpa KonnexmusHozo nonv3o8anus Hayuuoim obopydosaruem VUIXTY
(npu noodepcke Munobprayxu Poccuu, coenawerue Ne 075-15-2021-671)
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Knroueswvie cnosa: Auuomauuu. OmpaafceHo cospemMeHHOoe COCMOAHUE PblHKA arcapuuuai-to—
penennenmeul, aﬂb¢a—uunepmem- penenneHmmuuix seuiecms u cnocobos 3auiumeol, NPUMEHAEMbIX UeTI08EKOM
puH, MUKpoxancynvl, nonudiex- C UCNONB308AHUEM OAHHBIX COeOUHeHUTL. Hpueeaeﬂo onucarue axkapu-
MPONUMDbBL, HAHOIMYTIbCUS b;uaHO-pEHEZUIEHmelX seulecme  pacmumenivHo20 U CUHmemu4ecKko2o

npoucxoxcoenus. O60cHO8aH 6bI60p OMeuecmeeHH020 NUpempouda u
npeodnoxer cnocob ezo npumeHeHUs 075 3auUMbl Ye08eKa O HACEKOMbIX
nymem 3aKIIOUEHUST €20 6HYMPb MUKPOKANCYZL U NOCIEOYIOUUM HAHece-
HUeM Ha MeKCMUunvHbLl Mamepuan. Paccmompenv omeuecmeentovle U 3d-
pybexcrvie mexHonoeuy 06pabomKY MeKCMUIbHLIX MAMEPUAnos aKkapu-
UUOHO-penennienmMHbIMU Npenapamamu.

1 EUTUPOBAHNA:

Opunnosa O.M., Jlununa A.A. TlepcriekTUBHBIe IpeNapaTsl /1 aKapUIUIHO-Pee/VIeHTHO OTAENKYN TeKCTUIb-
HBIX Martepuanos // Om xumuu K mexHonozuu wiaz 3a wiazom. 2022. T. 3, Bbm. 1. C. 58-49. URL: http://che-
mintech.ru/index.php/tor/2022tom3nol

BBenenne

3HauMMOI1 3ajjauell COBPEMEHHOTO TEKCTUIBHOTO [IPOM3BOJICTBA SIB/ISETCS BBIITYCK BBI-
COKOTEXHOJIOTMYHBIX TEXHUYIECKUX TKAHell C MHHOBAI[MOHHBIMI BUIaMu OTHeNOK. K Takum ot-
Jle/IKaM OTHOCSITCSL BUPYIULIIHASL, aHTMOaKTepuaabHast, aKapULUJHO- PeIleIeTHAsI Y MaCKM-
pytomras oraenka ¢ apdexrom VK-pemuccun.

Ba)kHOe 3HaueHMe UTpaeT OfeXK/ja C AKAPUIM/IHO- PeTIeTIEHTHO OT/E/NKOM [i/Is IIpeCTa-
BUTeNeN TaKuxX Mpodeccuit, Kak reonorn, HeQTSHNUKM, BOEHHOCTYXKAIIye, OCYIeCTBIIIOLIEe
CBOIO IeATETIBHOCTD B JIECHOII 30He. 3allyITa 4e/I0BeKa OT THyCca U MKCOJJOBBIX KJIellell, KOTOpbIe
SIBJISIIOTCSI TIEPEHOCYMKAMI BUpYyca KileleBoro sHiiedannTta, Hanboree akTyanbHa B BeCeHHe-
JIETHMII IepYOZ BpeMeHN. PelieHne faHHOI TPOO/IeMbl IMeeT HECKOIbKO IyTell: IEPBBII — 9TO
BaKI[MHAL[MS HACENIEHNsI, KOTOPAsi MOXKET OC/TOXKHATHCS a//IEPTUYECKUMI PEaKIVSIMI; BTOPOIA
— ONbBIIEHNE JIECOB ¥ MAPKOB aKAPULIMIAMMU, SBJISIOUMMUCS JOCTATOYHO TOKCUYHBIMU /IS
OKPY)KaIoIlleil Cpebl; TPETUIl MyTh — NMpYMEHeHIe CIIelNaNbHbIX KOCTIOMOB /Il MeXaHude-
CKOJl M XMMMYECKOI 3alllUThl Yel0OBeKa OT HACeKOMBIX. [/l aKapuIMIHO-pereIeHTHOM
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OT/IEZIKM TEKCTU/IbHBIX MaTE€PUAZIOB MOXKHO MCII0/Ib30BATh KaK IIPUPOJHbIE, TAK Y CMHTETIYe-
CKJi€ PEIeTUIEHTBI.

CuHTeTHYeCKMEe XMMIYECKIE BEIeCTBa, KOTOPble HAHOCAT Ha KOXY, OleXKy VN pyTHe
IIOBEPXHOCTY HA3bIBAIOT CHMHTETUYECKMMI pene/IeHTaMn. JJaHHbIe BellecTBa IMpPENATCTBYET
TNIOIIaJJAHNI0 HACEKOMBIX Ha 00pabOTaHHYIO IIOBEPXHOCTDb. BepoATHOCTh KOHTaKTa C KOXeil ye-
JIOBE€KA YMEHDbUIAETCA 3a CYET TOIO, YTO CUMHTETUYECKME PENeIEHThI /IeNIal0T IIOBEPXHOCTD
OJleXK/Ibl HENIPUATHON U HENpUBIEKATEIbHON MjiA HaceKOMbIX-Bpefuteneil. Takke pemnesn-
JIEHTBI CIIOCOOCTBYIO IPEAOTBPALLEHMIO ¥ KOHTPOJIIO BCIIBIIIEK O0JIe3Hel, lepelaBaeMBbIX Hace-
KOMBIMIU-BPEAUTEIAMN: MAJLIpUA, SKeNTasd JIMXOpajKa, SANOHCKMIT SHLepamnT, TUXOpagKa
Henre u ipyrue. B cTpoeHnn JaHHBIX BELECTB COLEPKATCA aKTMBHbBIE IPYIIIIbI, HAIPUMeEP, L-
aHOTPYIINA, KOTOpasA CIIOCOOHA OTIYTMBATh HACEKOMBIX ITyTeM OJIOKMPOBaHMSA UX 0OOHATED-
HBIX OPIaHOB YYBCTB, OTBEYAIOIVX 32 OOHapyXKeHue NMOKCUAA YITIEPOfiA M MOTOYHON KIC-
JIOTBI, BBIIE/IAeMbIX IIPY HOTOOTAe/IeHNN [1].

OpayM 13 Hanbosee M3BECTHBIX 1 9aCTO UCIIO/Ib3YeMbIX PEIe/UICHTOB SABJIACTCA JUITHU-
nronyamup, ([JOTA), KOTOpBIT IpefCcTaBIAeT COO0I CBETIYI0 MacI000Pa3HYIO XIUJKOCTh CO
cmabbIM apoMaTnyeckuM 3amaxoM. Ero paspaboramu mnsa apmum CIIA B 1946 ropy ¢ uenbio
3aIUTBHI IMYHOTO COCTaBa B PerMOHAX ¢ OOJBLIMM KOIMYECTBOM HaceKOMbIX. B AMepuke ero
3apEruCTPUPOBAIIN JI/IA IPAKJAHCKOTO MCIO/Nb30BaHNuA B 1957 ropy. B cocrase pemnesieHTOB
JI/11 MTHIMBY/Tya/IbHOTO UCIIO/Ib30BAaHNA OH IIPUCYTCTBYeT Ha pbIHKe ¢ 1965 roga. Ornyrusalo-
it 3¢ ekt Ipy HaHeCeHUY Ha KOXKY IPOTUB KOMapoB jinutcst 10-12 9acos, a MpOTUB MOIIIEK
o 6 yacos. IIpu Hanecennu asposons ¢ JOTA Ha ofexny, 3alIUTHOE IeNICTBYE IIPOTUB KOMa-
POB MO>KET INTBCA 10 2-3 CYTOK, a HaHeceHNe 20-35%-Hoit aMy/Ibcuu obecriedrBaeT 3aluTy
oT rHyca Ha npotsxeHnu 30 cyrok. Cunres [I9TA npoxogut mo cxeme

socl, (c H,),NH

-HCI /\N o
HO™ ~O

MeTa-TONYMIOBYIO KUCTIOTY [IeVICTBMEM THOHWMIXJIOPUZAA MEPeBOAAT B COOTBETCTBYIO-
NI XJIOPaHTUPU], U3 KOTOPOTO 3aTeM JieiCTBUEM JUITIUIAMUHA MOIYyYaloT AVSTUIAMUT
M-TOJTyM/IOBOJ KUC/IOTHI - AMaTYITONyamuy, (puc. 1) [2].

Toxcuynoctb IOTA 11 okpy»Karoleit cpefibl ¥ XKu-
BBIX OPraHM3MOB OTpaHM4YeHa, HO M3BECTHO 00 OCTPOM " /\CH
BO3JIEIICTBUM JAHHOI'O BellleCTBa Ha TOIOBHOM MO3r. VMe- :
eTcsi Masio nHpopmanyy o TokcuaHocty [I9TA pns Bop-
HBIX 6€CTI03BOHOYHBIX. Y HUKAIBHOCTb paccMaTpuBaeMoro  Puc. 1. Crpykrypuas ¢popmyma JOTA
Bell[eCTBA 3aK/II0YaeTCsI B TOM, YTO OHO CIIOCOOHO MacKMpOBAaTh CEHCOPHOE BOCIPUSATIE MO-
JIOYHOT KMCIOTBHI Ha KOXKe, JIefasi ee HeIPUBJIeKaTe/IbHOII [/isi HaceKOMbIX. [Ipexze Bcero, mis
TaKVX Bpe#uTesielt, Kak KoMapsl 11 kieniy. HeoctaTkaMu faHHOTO COeIVIHEHNSA SIB/IIOTCS pes-
KNI 3amaxX, CyOXpOHMYeCcKass TOKCUYHOCTb, MyTareHHOCTb, PEIIPOYKTUBHAsL M HEBPOIOTIYe-
CKasi TOKCMYHOCTb [3, 4].

Ellle omHMM M3BECTHBIM peTle/TIEHTOM /ISl IMPOKOTO UCIIONb30BaHus siBisieTcss N,N-u-
stundenmnaneramuy (I9PA) (puc. 2). CormacHO TOKCUKOJOTMYECKUM WCCIeLOBAHUAM
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IO®A He BbI3BIBaET pasapakeHNs KOXI U POTOXMMUYECKMX PeaKInil II0cIe KpaTKOBPEeMeH-

HOTO BO3JIeICTBYA yIbTpaduorieTa, AB/IsACh 6onee GesomacHoi anbrepHaTusoit JOTA [5].
OpHMM U3 N3BECTHBIX CUHTETVYECKIUX PEIe/UIEHTOB OT

HACEeKOMBIX SBJIAETCSA MMKapuanH (puc. 3). YcTaHOBJIEHO, CHj

YTO ero BpeMs 3alUThl MJIEHTUYHO BpeMeHy 3aiuThl JOTA r

B QHJIOTMYHBIX KOHLEHTpauuax. [IMKapuauH peKoMeHAy- NVCHB

€TCsl HAHOCUTD Ha KOXXY M/M/u ofiexxy denoBeka. OH 3amu- m

I[aeT OT TAaKMX HACEKOMBIX, KaK KOMapbl, MyXW, KJIEIIN,

6moxu. [IpermyIecTBOM NMKAPU/MHA ABIAETCA OTCYTCTBUE  Puc. 2. CrpykrypHas Qopmyna

MIOBPEX/I€HNA IIACTUKA Y CMHTETUYECKUX TKaHEe. N,N-puotundennnanerammsa
TouHbII MeXaHU3M [JeliCTBUA NUKapUAMHA HeusBe-

cred. He 6bUT0 BBISIBIEHO KOYXKHOI, OpraHOCTIenUIeCKO e

WIM PENPOAYKTUBHON TOKCMYHOCTHM B J1o3ax o 200 Mr/Kr J_I\

Macchl Tejla IpY MCCIeJOBAaHMY Ha >KMBOTHBIX, TaKXXe He N (@)

OBITIO BBIABIEHO KaKUX-MO0 T€PATONIOTMYECKIX, aHOMAJINI
pasBUTUA WM HOBOOOpasoBaHuil. OT KOHLIEHTpaLMU JaH- OH
HOTO BEILECTBA 3aBMICUT BPeMs 3alNUThI OT YKYCOB HACEKO-

Puc. 3. CrpykrypHas Qopmyna
MbIX. Ha pbIHKe NMKapuUAVH Ipe/iCTaB/IeH B KOHLIEHTPALMAX

NMKapugnHa
7, 5, 10 m 15%. IIpn yBenm4eHun ero KOHLlEHTpauun ot 7,5
1o 15% BpeMs 3aLUTHOTO HeVICTBMS U3MeHsieTcs oT 2 Jio 4 yacoB [6]. HegoctaTkoM maHHOTO
BElL[eCTBA ABJIAETCA €r0 HEIIPOJO/DKUTEIbHOE BPeMs 3alUThl OT HACEKOMBIX.
B kadecTBe peme/leHTa Takke MOXHO ycronb3oBaTb Merodmyrpun («CymmBan»)

(2,3,5,6-retpadTop-4-(MeTokcuMeTnn)6eH3Un  2,2-fuMeTnI-3-(npon-1-eH- 1-y1)KiIonpo-

naHkapOokcuar (puc. 4). 0

JlaHHOE BeIecTBO IpeficTaBIIACT COO0IT TTe- (I:| OH
Ty4Uil MHCeKTUIINT, TOonydeHHbI pupmoir «Cy- /\‘\N,-HCHs
mutomo Kemuxkan» (Inonns). Ero oco6eHHOCTbIO : o /
ABJIAETCA BBICOKAA ITIapanu3ylolas aKTMBHOCTDb \C S{f =N
s komapoB. CyllecTBYIOT crlefyomye ero [~ N sz"’ SCH, CH,

¢$bopMBI BBINTyCKa: COVPAIN, XUJKOCTHbIE QyMu- Puc. 4. Crpyxtypras bopwyna erodryrpisa
raTOPBI 1 IIeTle/IaTop, a TaKXKe AMCIeHcepsl [7, 8].

JI3BecTHBI BBICOKNE pelle/UIeHThIe CBOJicTBa MeTodmyTpuHa IpoTuB A3MaTCKOTO TUTPO-
Boro komapa (Aedes albopictus) u Komapa Llenns (Aedes taeniorhynchus) [9].

HepocratkaMy aHHOTO BelLeCTBa SIB/ISETCS OCTPas BOJZHAs TOKCUYHOCTb. OCHOBHBIE
MeTabomnTh MeTO(IyTpIHA ObIIV VICCTIELOBAHBI C MCIIO/Ib30BAHMEM TPeX Pa3/IMYHBIX BOJHBIX
BUZIOB — pbI6 U Bopmopocneit: Pimephales promelas (Toncroronos depHslit), Daphnia magna
(bonbas Maduus) u Pseudokirchneriella subcapitata (3enénsle Bogopocmn). ITo Bcem Mera-
60muTOM OBIIA BBISIBIIEHA BBICOKAst TOKCMYHOCTD [10], 4TO 1MO3BOJIAET IPEAIIONIOKUTH O Hebe3-
OIIACHOCTM JAHHOTO BEILECTBA [/ 9KOIOIUY U YeIOBEKa.

VI3BeCTHO BelecTBO, KOTOpOe 0671afjaeT OCTPhIM JIefiCTBYEM B OTHOLIEHUY KPOBOCOCY-
mwux - Tpanconyrpus, 2,3,5,6-rerpadpropbensnn (1R,3S)-2,2-numernn-3-(2,2-fUXIOpBUHNI)-
HyKIonponankapookcunat (puc. 5) («baiiep», I'epmanus). IIpu KOHTakTHOM 1 PyMUTALOH-
HOM JIeVICTBMM OHO BBI3bIBaeT Mapaany Hacekomoro. O6nmajjaeT OBICTPBIM HEVICTBYMEM IIpU
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KOHTaKTHOII Y MHT/IALMOHHOJ aKTVBHOCTY B OTHOIIEHM! KOMapoOB, MyX, TApaKaHOB 1 Oeso-
KpBUIOK. fIB1gerca apdexkTopoM IpecHanTIYeCKIX BOIbTAX-3aBUCYMbIX HATPMEBbIX KaHa-
JIOB HEPBHBIX MeMOpaH, 110 MeXaHNM3MY IeJICTBIS, BBI3bIBAs IIPY 9TOM HOKAYH-3((deKT y Hace-
KOMBIX. F

TpancdnyTpuH NpUMEHSIOT KaK OTJe/bHO, TaK U o HaCo_CHs  F
COBMECTHO C PasHBIMU IVMPETPONUJAMM B NIEKTPOPyMIU- o
raTopax M CpeficTBax B a3pO30JIbHBIX YIAKOBKaX I C')\/K\g/ F
60pbOBI C MeTaINMI HaCeKOMbIMMI. [laHHOE BeIeCTBO F
13-32 IOBBIIIEHHON J/IeTy4ecT BO3MOXKHO MCIIO/Nb30-  Puc. 5. CrpykrypHas popmyra
BaTh B COCTaBe aHTMMOJIbHBIX ITacTuH [11, 12]. TpancdyTpuia

D-smnentpuH («Banoptpun») (puc. 6) — mecTuImy, MHCEKTUIV/], KOTOPBIIT VICIIONIb3YIOT
U1t 60pbOBI ¢ MyXaMu ¥ KOMapaMyl B TOMelljeHusAX. BoinmyckHas popma «Banoprpuna» mpen-
CTaBJIeHAa B BUJIe IVIACTVH, IPEeJHA3HAYEHHBIX JI/IA 3alUThI Me€Xa, INePCTH U U3IENI U3 HUX OT
HOBPEX/eHsI HaCeKOMBIMM-KepaTodaramu. o #H

BemecTBo sB/IA€TCA BPICOKOAKTVBHBIM, IIPEBBIIIAs HC s H, o ﬁ’f\/cnz
5 peKTUBHOCTb TAKIX IEPUTPONJIOB, KK, HALIPUME, - L H CH,

JIETPUH — B 2,5 pasa. MexaHM3M JIefICTBUA TaKOTO IIpena- PooH

paTa OCHOBAH Ha HAPYIIEHMM TIpollecca obMeHa MoHOB  PUC. 6. CTpykrypHas opmyna
HaTpysl, MIPUBOAS K BBIIE/NICHNIO OOJIBIIOTO KOIMYECTBA D-ommentpiia

aleTUIXOMHA IIPU IPOXOXK/IEHNY HEPBHOTO MMITy/IbCa Yepe3 CMHANTHNYeCKyo 1enb. Ha tep-
puropuu Poccuiickoi @efepanyy Takue BELIeCTBa CTaIN MOABIATHCA Ha phIHKe ¢ 2004 rofa B
BUZle IUTACTVMH Y XXUAKOCTel ¢ anekTpodymuraropom [13]. HegocraTkoMm jaHHOTO BelecTBa
ABJIAETCSA BOSHUKHOBEHME A//IEPTVYECKUX peaKLUil y JI0feil ¥ )KMBOTHBIX.

OmnucaHHbIe pele/UIeHTHbIE BEIleCTBa JOCTATOYHO 3P GEeKTUBHO IPUMEHAIOTCS 3a pybe-
JKOM U B Hameli crpaHe. OTHaKO HeIOCTaTKM STUX BELECTB, TaKMe KaK HeJJOITOBEYHOCTDb X
JIe/ICTBYISI, BBICOKAs JIETY4eCTh, CIOCOOHOCTD BBI3bIBATD IIOOOYHBIE 1 /UIEPIUYeCcKIie peaKLuu
y JIOfIeNl U )KMBOTHBIX, BBIHY)K/IAIOT YYEHbIX MCKATb ITyTH 3aMEHBI, B 9TOM aCIeKTe 3HaYMMbIMUI
HPEJICTAB/IAITCA CUMHTETUYECKNE IMMPETPOUTDBI, KOTOPbIE ABIANTCA aHAJIOTaMM IPUPOSHBIX
OBICTPOUCIIAPAIOMINXCS MMPETPUHOB.

[TupeTponAbl MPeACTABIAIT COO0I CUHTETIYECKIE MHCEKTUIIVI/IBI, AHAJIOTY IPUPOIHBIX
NVPETPUHOB, B YACTHOCTY pOMAIIKy fanmarckoit (Pirethrum cinerariifolium vnn Tanacetum
cinerariifolium), xoropble KynpTuBMpoBamuch B Kennn, Pyanpe, Tansanun u Sxsagope [14].
[Tuperponypl ABIAIOTCA ONTUYECKM AKTUBHBIMU BBICOKOKUTIAIMMMI XXUJKOCTAMHU, pacTBOPSI-
I0TCSI B OOJIBIIVIHCTBE OPTaHMYECKMX PACTBOPUTENIEll, IPAaKTUIeCKY He PaCTBOPUMBI B BOJIE;
JIETKO OKMCIIAIOTCA Ha Bo3ayxe u cBeTy. IIpescTaBiAoT co6oil clmoxxHbIe 3QUPHI IO XMMIYe-
CKOI1 IIpUpoZze.

K nmperponpaM mepBOro IOKO/NIEHMS OTHOCATCA 3(GUpPbI XPU3aHTEMOBOJ KUCTOTHI
(puc. 7) [15].

[laHHBIe NVPeTPOUALI 00/TaIAI0T BHICOKON MHCEKTULIMAHOI aKTUBHOCTDIO. VI3 HeocTat-
KOB ABJIAETCA TO, YTO OHM, KaK ¥ IPUPOJHBIE MMPETPUHBI, IETKO OKMC/IAIOTCA Ha cBeTy [16].
Vcnionp3yloTcs JaHHbIE BEIIeCTBA B IIPOTMBOKOMAPVHBIX CIMPAIAX 1 IIacTuHax («Pamrop»,
«DyMUTOKC» U T.J.) ¥ B BUJie a3po3osieil. [IpyMeHeHe TakMX NMPETPONIOB METOIOM pacIibl-
JIEHVAA MOXKET IPUBECTY K BOSHMKHOBEHNIO aJUIEPTUYECKUX PEAKIINIA.
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Bropoe mnokosneHue mnupeTpounoB cHopMupoBaIoCh B CH; CH;
1960-1970-e rr. OHu 6611 yKe 6071ee cTabMIBbHBI K POTOOKUCTIE-
Huto (9¢umpsl 3-(2,2-aUramoreHBUHIN)-2,2- IYMMETU/ILVIK/IOIPO- HOOC CHy
IIaH-KapOOHOBBIX KVC/IOT — IepMeTPUH, anbda-IuIepMeTpuH, CH;

[lebTaAMETPUH (leKaMeTpUH, «Ielic») u peHBanepar — muper-  LM¢ 7- Popmyna xpusanre-

. MOBOJ KUCTIOTbI
poup, KOTOPBIN He COTEepP>KUT IIMK/IOMPOIIaHOBOTO Kojbla [17].
Takne mypeTpouabl MMEIOT IMPOKUI CHEKTP [eiicTBMA ¥ 3(GEKTUBHLI NPV OYeHb MaJIbIX
HOpMax pacxoja. JTU BelecTBa 00/1afjaloT 601ee BBIPaKEHHBIM MHCEKTULMIHBIM 3P PeKTOM,
IPYMEHSIOTCA 11 60pbOBI C OBITOBBIMU HACEKOMBIMM, JIsI 00PabOTKM TKaHEeil U TAPHBIX Ma-
TepPUANOB.

[TypeTponabI TPETHETO ITOKO/ICHN S BK/IIOYAIOT LIUTAIOTPYH, PIyLUTPUHAT, QIyBaIMHAT,
TpaoMeTpuH, UnQIyTpuH, QeHnponaTpuy, 6udeTprH, LUKIOIPOTPUH, a TaKXKe 3TOQeH-
npokc. CaMbIM PacIpOCTPaHEHHBIM U3 HUX SABJIAETCS LUTAIOTPUH (OH B 2,5 pas3a aKTUBHee
IilelbTaMeTpuHa). VI3BecTHa BbICOKas UX 3 (HeKTUBHOCTD IPOTUB KIIEIlell, B TO JKe BPeMs OHU
00/1a[Jal0T TOKCUYHOCTBIO [yIst 4€T, ITHIl U pei6 [18, 19].

B coBpeMeHHOM Mupe I MIPOTMBOMOCKWUTHBIX M IPOTMBOK/ICIIEBBIX IIpENaparoB, a
TaK>Ke /L1 TEXHOJIOTYUM Pele/UIEHTHON OT/e/NKM TKaHell IPUMEHAIOT IIPeTPON]] BTOPOTO I0-
KOJIEH!A — IIepMeTpMH (IIPOTHBOINAPA3UTHOE CPEfICTBO: MHCEKTUIMIHO., aKapUIIITHOE, TIPO-
TuBoOIeuKyne3Hoe) (puc. 8) [20]. YcTaHOB/IEeHA ero BbICOKas 3alUTHAA 9PPEeKTNBHOCTD B OT-
HOLIEHUN KJTelljell KoMapoB U MyXx [21].

Ilna HokpayH-a¢dekTa MPOTUB HACEKOMBIX He- Cl HSC\/CH3 =
06XO0MM IPSMOII KOHTAKT 3TOTO BelecTBa C HUMIM, B N /%o | S
pesy/bTaTe IIPOUCXOAUT OGIOKMPOBKA HATPUEBBIX Ka- |c|) |
HAa/IOB, MHTMOMPYETCs aKTUBHOCTD aljeTH/IXO/MMHICTe- = |
pasbl 11 HACTYIIAeT Mapaand HacekomMoro. He 6b110 BbI- S

sBeHo 3¢ deKTa TepaTOreHHOCTHU P UCCIeTOBAHMUAX Puc. 8. Crpykrypras dopmyna mepmer-
Ha )KMBOTHBIX [22]. puHa

[TepMeTpuH aKTMBHO HPUMEHSIOT /IS peres-

JIEHTHOT OT/Ie/IKM TEKCTM/IbHBIX MaTePUAIOB 32 PyOeXXOM B BUY €r0 MHOXKECTBEHHOTO Jieil-
CTBMS Ha HACEKOMBIX (OTIHyTHMBaloIIee, Ie30pMueHTHpYIoliee 1 neTanbHoe) [23]. Ero HemocTat-
KOM SIBJISIETCSI TO, YTO Y KMBOTHBIX OH CIIOCOO€H BBI3BATh IMIIEPAKTIBHOCTD, arPECCUBHOE IO~
BefieHue U TpeMop [24]. CylecTByeT pUCK HaHECEHVs yKyca HaCEKOMBIM Ye/IOBEKY, IPeXXie
YeM OHO NOrnOHeT. TeXHOMOTUY OTHE/NKM TKaHU U MperapaTsl HA OCHOBE IepMeTPIHA SIBIIs-
I0TCSI TOPOTYIMU ¥ IMITOPTHBIMIL.

Haub6ornee adpdexrnBeH u3 nepmMeTprnHoOB - anbda-IunepMeTput [CMech U30MePOB I[H-
nepmerpuna (1:1) : (S)-a-umano-3-penokcubensmnosoro apupa (1R)-unc-3-(2,2-guxnoposu-
HU)-2,2- IMMEeTUILMKIOIPOIaHKapooHoBoi kucnotsl u (R)-a-umano-3-deHokcnbensnmo-
Boro adupa (1S)-1yc-3-(2,2-aUxXI0pOBUHII)-2,2-FUMETVILMKIONPOIIAaHKaPOOHOBOI  KIIC-
JIOTBI], KOTOPBIII MICIIO/IBb3YETCs B CENIbCKOM XO035CTBE AJIs1 60PbOBI ¢ BPeIHBIMY HACEKOMBIMU
U BPeUTE/ISMU 3aI1acOB, B IMYHBIX MPUYCafeOHbIX X035/ICTBaX U B IIPAKTUKE MEAULITHCKOIL,
CaHUTAPHOIT U OBITOBOI IE€3MHCEKINM JI/Is1 60PHOBI C BpeIHBIMM HACEKOMBIMIA.

Anpda-uunepmerpuH (ALIT) — 910 Gesblit KpUCTAUINYECKMIT TOPOLIOK C TEMIIEPATYPOIi
masneHna 78-81 °C, ¢ wioTHocThIO d = 1,86 T/CcM’, MajoneTy4ee BemecTBo (puc. 9).
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Anpda-nynepmeTpuH (TeXHUYECKNUI) ObIT 3ape-

TUCTPUPOBAH B BUJIE€ MHCEKTOAKAPUIUIHON CyOCTaH- = ‘L'\"
ouu  [jas  IOPOM3BOJACTBA  MHCEKTOAKAPUUMITHBIX > o P “x/{ ]\,ﬁ
cpencts B 2002 ropy (ITpotokon Ne 135 or 19-20 mrona ¢! Q/ N/

2002 r.), o6magaeT BBICOKOV aKapUIMIHON aKTUBHO- Putc. 9. Dopmyna anbba-mimepmeTpira
CTBIO: IIO CBOMM IIOKasaTe/lAM OH B 28 pa3 aKTuBHee

IepMeTpUHa, B 2-5 pa3 UIIePMeTPIHA, ObICTpee, YeM ITepMEeTPUH, BBI3bIBAET Y KJIelljell COCTO-
sHMe HOKZayHa [25].

ITpuMmeHeHMe TOCHOHOB, CIIMpaIeN, CIPeeB, COJEPKaIINX B CBOEM COCTaBe TaKMe XVMM-
JecKue BelecTsa, kKak [I9TA, nepmeTpus, UIepMeTprH U anbda-qunepMeTpyH NPUBOJUT K
Hen30e)XHOMY KOHTAKTY JIETYYMX OPTaHMYECKMX BEIeCTB VM PEIe/UIEHTOB C JbIXaTeTbHBIMU
IyTsAMU 4€T0BeKa, BbI3bIBas a/UIepTUYecKue peaKIum.

Pemmtp gaHHYI0 Ip06/IEMYy BO3MOXKHO, MCIIOIb3Ys TEKCTM/IbHBIE MaTepuajbl, 06pabo-
TaHHbIE HATYPAJIbHBIMU ¥ CUHTETUYECKMIMY peTEN/IEHTHBIMY BELeCTBAMML.

[ momydeHMs yCTOMYMBON aKapULUIHO-PeIe/UIeTHON OTHENKH, C IPOTOHTMPOBaH-
HbIM BbifiennienneM AIIIL, mpepcraBisgeT MHTEpeC UCIONb30BaHME €T0 B MUKPOKAIICyTMPOBAH-
Hoit ¢opMe. IIpuMeHeHMe MeTOa MMKPOKAIICYIMPOBAHNUsA MO3BOJISIET COXPAHUTh CTAOMIIb-
HOCTb IIpY KOHTAKTe C APYTUMM BellleCTBaMI, a TaKXXe 00eCIeYnT CBETOCTOMKOCTb U OTCYT-
cTBIe TOO0YHBIX 3¢ deKTOB it opraHusma [26-30].

3alUTHBIM KOCTIOM JO/DKEH ObITh KOMQOPTHBIM U 0€30MacHBIM, VIMETh CePTUQUKATHI
COOTBETCTBUA U CAHUTAPHO-TUTHEHIYecKNe 3aKmodenns [31, 32].

Il [oCTVDKeHM MaKCMMaIbHOTO 3 deKTa 3alMThl YeI0BeKa OT KPOBOCOCYIMX Hace-
KOMBIX HeoOxo/juMa pa3paboTKa oIlpeielleHHOI MOJe/ IPOTUBOSHIIeATMTHOTO KOCTIOMA C
BBICOKOJ CTENIEHbIO aKAPUIMIHON 3aIINUThI IIOCPEACTBOM NPULAHNA eMy aKapUIUIHO-pelles-
JIEHTHOM OT/IeJIKIN.

Cy1iecTByIOIIye TEXHOIOTMY 00PAabOTKM TKaHY BK/IIOYAIOT B ce0s1 paclblUIeHNe Ipera-
para Ha IOBEPXHOCTb TKAaHM, VICIIOJIb30BaHME JABYXCTaIVITHON TEXHOJOIMM, pa3paboTaHHOI
corpysankamu VIXP PAH, ¢ npuMeHeHNeM B KadeCTBe pelle/UIeHTa — JUSTIITOIyaMuza [33]
VI TEXHOJIOTYY Ha OCHOBe Ipenapata «CanuTtaiizen AM 23-24» (pupmsl «Knapuant», lBerima-
pus) [34]. Taxxe mpemapaT mepMeTpUH BKIIOYAIOT B TeKCTIIbHBIN MaTepyaa Ha Pa3HbIX 9Ta-
IaX IPOM3BOJCTBA: IIPY IOATOTOBKE BOTOKHA, HUTY MM HA CTauy IOTy4e€HUA TOTOBOTO U3-
memms [35].

ITpuBeieHHbIE TEXHOMIOTUY ABJIAIOTCA YCIIEIIHBIMY, HO MMEIOT HeIOCTaTK!: BO3MOXKHOE
HomajaHue CyoCTaHIMM B IbIXaTe/IbHBIE Iy TV YeJI0BeKa B IIPOIiecce pacIblIeHNs, IPYMeHEeHe
IIpeIapaToB, KOTOpble MOTYT BbI3BaTh obo4yHble addexTs! y denoseka (IOTA), Heobxomm-
MOCTb IPMMEHEHMS CTI0KHOTO TepMETVYHOTO aIlllapaTypHOro opopM/IeHNs 1 JIeTy4NX Opra-
HIYECKMX BelleCTB B KayecTBe pacTBOPUTeEJIENl peleyIeHTOB, UCIOIb30BaHMe NOPOrOCTOsA-
I[eTO VIMIIOPTHOTO IIperapaTa, OCHOBOI KOTOpOro sABjsAeTca nepMeTpuH (CaHuTaitzen).

PaccMoTpeH nporjecc coBMeleHyst 00pabOTKM TEKCTM/IBHOTO MaTepyuaa HepMeTpPUHOM
¢ MCT-B-CD umxnogexkcrprHamu. JJaHHBI METOJ SIB/ISIETCS] 9KOIOTMYECKM YMCThIM. X/I0mya-
TOOYMa>KHYIO TKaHb OTHE/IbHO 00pabaThIBAIOT LIMKIOLEKCTPYHAMY, a IOTOM HAHOCAT Cpefi-
CTBO OT HAaCeKOMBIX Ha OCHOBe IepMeTpyHa. OOpabOTaHHYI0 TKaHb XPaHAT B TepMETUYHON
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ymakoBke [35]. Taxoit cioco6 ob6paborkyu sBisiercss 3QQPeKTUBHBIM, HO JOPOTOCTOALINM 1
CTIO>KHBIM B aIIIapaTypHOM 0GOPMIICHU.

B HeKOTOpPBIX CTy4Yasx UCIONb3YIOT CIOCOO HaHeCeHM A Ha TeKCTVUIbHBII MaTepya Cpefi-
crBa oT KoMapoB — N-N-nuatunbeHsamnia MeTojOM TeKCTUIbHOI medatn [36]. [JaHHbII Me-
TOJI, AB/IAETCSA IePCHeKTUBHBIM, HO MMeeTCs HeOCTaTOYHOe KOMMYEeCTBO aHHbBIX, NMOATBep-
Xparouiee ero 3QpQPeKTNBHOCTD B IPOU3BOCTBE, Y HEb3s VICKIIOYATh MCIOTb30BaHME IIPe-
KOHJIEHCaTa TePMOPEAKTUBHBIX CMOJI /1A (PMKCAI[MY JAHHOTO BeIlecTBa Ha TeKCTM/IBHOM Ma-
Tepuane. [Ipobnema cosgaHMs yCTONYMBOI aKapULMIHO-PENe/UICHTHOM OTHENKM 3aK/IIova-
eTCsl KaK B PaIVIOHaIbHOM BbIOOpe HauMeHee TOKCUYHOTO JIA Ye/IOBeKa M OKPY>Kalollei
Cpenbl IperapaTa, HO BMeCTe TeM yOMBaIOIero HaCeKOMBIX, TaK ¥ B HOCTYDKeHUM ero addek-
TUBHOJ (pMKcayy Ha TEKCTWIbHOM MaTepuaie. [Ipu sToM BbIfie/ieHe pele/yIeHTa C II0BepX-
HOCTM TeKCTM/IBHOTO MaTepuaa O/DKHO IIPOXOANTD IPOJIOHIMPOBAHO B TeUeHe BPEMEHI, a
3¢ eKT OTeNIKY JO/DKEH ObITh YCTONYUB K CTUPKE.

Kax Haubosnee appeKkTUBHBIN aKapuUIUA IpeJIaraloT UCI0Ib30BaTh albda-1uIepMeT-
PVIH, KOTOPBIT, 06/1aiast BBICOKVIMM MHCEKTUIIVITHBIMI CBOJICTBAaMI, CPaBHUTE/IBHO Oe3BpefieH
I Ye/IoBeKa ¥ KMBOTHBIX U MMeeT HEeBBICOKYIO CTOMMOCTD. 3aK/IouyeHne anbda-umumnepmer-
PVHA B MUKPOKAIICY/Ty oOecIiednBaeT CTabVIbHOCTD IIPY BOSMOXKHOM KOHTAKTe C JPYTMMM XM-
MUYECKVIMM BelljeCTBaMM, CBETOCTOMKOCTD U 0€30I1aCHOCTb JIJIs1 OpraHu3Ma denoseka [37].

Kadenpoit XTBM UI'TXY (r. ViBaHoBO) coBMecTHO ¢ mpepnnpusatreM «O0benHeHne
«CITELIMAJIBHBIT TEKCTWU/Ib» (r. lllys) paspa6oTaHa TeXHOMOTUS aKapWI[UIHO-PeTIe-
JIEHTHON OTHE/IKM TeKCTV/IbHBIX MaTepHaIOoB IPernapaToM Ha OCHOBE MMKPOKAICYIMPOBaH-
Horo anba-uunepmerpuHa. [Ipenapar mpepcrasideT coboil AUCIEPCHIo, KOTOpask COJEPIKNUT
B CBOEM COCTaBe MUKPOKAIICY/IbI, COCTOAILINE U3 AApa C albda-INUIepMeTPUHOM, PaCTBOPEH-
HOM B HETOKCMYHOM MAC/IIHOM PacTBOpuTesie (OKCMATUIMPOBAHHOE PAIlCOBOE MACIO), U 000-
JIOYKM, CPOPMUPOBAHHOI 13 IPOTUBOIOTIOXKHO 3aPsDKEHHbBIX KaTVOHHBIX Y aHVOHHBIX IO/ -
anekTponutos u [TAB. [TepyopndeckuM Wy HeIIPepPbIBHBIM CIIOCOOOM TEKCTU/IbHbIE MaTepH-
aJipl 00pabaTHIBAIOT MTOJTYYE€HHON AMCIIePCHeil MUKPOKAIICYIT C ITOCTIeAYIolell KOHBEKTVBHON
CYIIKOII ¥ MOCIoHOI layer-by-layer mMmo6unmmsanmeit Karcyn Ha TeKCTMIBHOM MaTepuaie
IIpY IIOMOIIY PasHOVMEHHO 3aps>KeHHBIX KaTMOHHBIX U AHMOHHBIX MOIMAIEKTPOINTOB VN
sakpernmreneM «Texcoknen B3Y-M» ¢ mocnepyroneil KOHTaKTHOM CyLIKOJA.

[Tory4eHHbBIe 06pa3Lbl TKAHV VYT HA NOIMIMB 3aIINTHBIX KOCTIOMOB «bapbep-VIHcekTo»,
OCHAIlleHHBIX IOTIOTHUTE/IbHOI MeXaHIYeCKO 3alTOl B BU/Jie JIOBYIIEK /I Kieleit. Paspa-
00TaHHasI TEXHOJIOTHA YCIIELTHO MPOIIIa IPOV3BOACTBEHHbIE U II0/IeBble VICIIBITAHNUA U BHEJI-
peHa B mpousBopcTBO. KocTioMbl ob6ecnieunBaioT BbICOKYIo 3ammty kinemeir (K311 xremy =
98,2% npyu HOpMaTUBHOM ITOKasaTtesie He MeHee 98% 1 97,5% OT rHyca IIpy HOPMATUBHOM I10-
Kasarese He MeHee 95%) [32, 38-40].

BriBonb1

PaccmoTpeHn mMpOKNMii CIIEKTp aKapULVAHO-PENe/UIEHTHBIX IIperapaToB ¥ METO/bI 3a-
IMATHI YeIOBeKa OT HACEKOMBIX IIPYU UX UCIIOb30BaHNM. OTpa>keHbl CIIOCOOBI IPUJAHMS TeK-
CTVWIbHBIM MaTepuajlaM aKapULIVIHO-PeEIe/UIEHTHBIX CBOJMCTB, IPOAHA/IN3MPOBAHbBI JOCTOVH-
CTBA M HEJOCTAaTKM CYIIECTBYIOIIMX TEXHONOTUII OTAENKM TKaHeil. IIpenmoxxena Texnonorus
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aKapML[MI[HO—peHCHHeHTHOﬁI OTHENKU TEKCTVIbHBIX MAaTE€PMA/IOB HAa OCHOBE MUKPOKAIICYINPO-

BaHHOTO a/IbQa-LINIepPMeTPUHA, YCIIEIHO BHEIPEHHAs B IPOU3BOACTBO mpeanpusatusa «O6b-
emuuenne «CITELIMAJIBHBIVI TEKCTU/Ib»» (r. Ilys).
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BBegenue

Asotcopepikaliye reTepolUKINYecKyie CUCTEMbl Pas3JINYHOrO CTPOEHMS HPUBJIEKAIOT
XUMMKOB CUHTETHKOB [1-3]. Ocoboe BHMMaHME 3aCTy>KMBAIOT MUPYUMUJVH-2-OHbI(TMOHBI),
SBJIAIOIINECS] BOKHOW TeTepOLMKINYECKOi CUCTEMO, C MOMOIIb0 MoayduKanuyu KoTopoit
paspabaTheIBalOTCsI HOBbIE OMOIOTMYeCKY aKTUBHBIE BelljecTBa [4-6]. Hapsany ¢ aTum, XxpomaHsl,
TaK)Ke SIBJISIIOTCS OHUM 13 Hanbosee IPUOPUTETHBIX KJIACCOB KUCTIOPOICOEPIKAIUX T€TEPO-
IVIK/IMYECKVX CUCTEM Y UTPAIOT OOJIBIIYIO POJIb B MeTa0O0/IM3Me Pas3/IMYHbIX pacTeHMIT, MUKPO-
OpPraHM3MOB, )XBOTHBIX I YenoBeka [7-9].

[Tony4yenuio mpousBOAHBIX AUTUAPO-1H-xpomeHo(4,3-d]nupumMuuna yuenseTcs: oco-
60e BHMMaHe, IIOCKOJIbKY TeTePOLVIK/IbI, OCHOBAaHHbIE Ha COYETaHUM JUTMAPONVPUMUUNHO-
BBIX JI XPOMaHOBBIX (parMeHTOB, IIPOSIBIIAIOT Pa3HOOOPA3HYIO OMONTOTMYECKYI0 aKTUBHOCTD,
TaKyI0 KakK IIPOTMBOTPUOKOBas, aHTMOAKTepUanbHasl ¥ IPOTUBOPAKOBAs, @ TAK)Ke SIBJISIOTCS
AQHTUKOATY/ISTHTHBIMY, COCYOPACIIVPSIOIMMY ¥ aHTMaHAQWIAKTUYECKVMIU CpeICcTBaMU
[10-13].

Panee mns cuHTesa 3ameleHHbIX 2-T1O-1,2,3,4,4a,10b-rexcarnapo-5H-xpomeHo(4,3-
d]nupyMuayH-5-0HOB HaMy OblTa paspaboTaHa KOHEHC AV IUTUPOIVPUMUANH-2-TYOHOB
¢ 1,3-6ensonauonamu [14]. OgHako maHHasg peakuys IPUBONUT K [ABYM [yuacTepeoMepaw,

© C.1. ®dummmonos, E.C. Makaposa, JXK.B. Uupkosa, M.B. Kabanosa, 2022
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VICCTIeJOBaHMe MeXaHy3Ma II0/Ty4eH)sI KOTOPBIX He OBbUIO 3aTPOHYTO B IPeAbIAYIUX ITyO/IMKa-
IVIAX.

Ilenpio paboOTHI SIB/IAETCS ONMTUMM3ALUSA MeTofa crHTe3a (4R*, 4aS*, 10bR*)/(4R*, 4aS¥,
10bS*) mmacrepeomepoB 3aMelleHHbIX 2-THo-1,2,3,4,4a,10b-rexcaruppo-5H-xpomeno[4,3-
d]nupyMuUANMH-5-0HOB Ha OCHOBAaHMM MOHUTOPVHIA peakiyuy O0OpasoBaHMs C ITOMOINBIO
SMP '"H- cnekTpocKOmmu.

CII0)KHOCTD OIpefie/IeHNs HaVIyqlINX YCIOBUIL, Kak ObIIO TI0OKa3aHO paHee, 3aKIi04a-
eTCsl B TOM, YTO OJTHOBPEMEHHO C 00pa3oBaHNEM IIe/IeBBIX UACTePeOMEepPOB UAET MPOLecC X
nectpykuuu [14]. ITosToMy mpoBefieHMe peakIyy JO IOTHOTO M3PACXOJOBAHVA MCXOLHBIX
KOMITOHEHTOB He BCEeT/ia IPYBOANT K IOTYIEHNIO 1ie/IeBbIX IPOJIYKTOB C yAOB/IETBOPUTETbHBIM
BbIXOfOM. IIpy aToM 4yacTo HabmofaeTcsA CyIeCTBEHHOE M3MEHEHNe [UacTepeoOMepHOro co-
CTaBa IPOAYKTOB. Tak sKCIIepMEHTATbHO YCTAaHOBJ/IEHO, YTO IIPY IIPOBEJIeHNN peaKLIuy B Te-
4yeHue 6-8 gacos joMmmHupyer (4R*, 4aS*, 10bR*)-nmnacrepeomep, a pu NPOJO/DKEHNN peak-
uuu 6oree 10-12 gacoB, HA060POT, B OCHOBHOM BbIfiesieTcs: (4R%, 4aS*, 10bS*)-nuacrepeomep.

X
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S HO 0~ o cl
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OEt ot H® j\
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0 HN” NH
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Puc. 1.

O6pasoBaHue IBYX MaCTePEOMEPOB OIIpefie/IAeTCs BO3MOXKHBIM MEXaHM3MOM peaKIun
(puc. 1), rme IpOMCXOANUT IPOTOHMPOBAHNE IO JBOVHOI CBA3M ¢ 0OpasoBaHueM Hauboiee
yCTOMYMBOro 1oHa nmupuMuanHa A. IIpu anekTpoduabHOM NpyUCcOoefUHEHNN A K Pe3OpIHY
00pasyIoTCs iBa MPOMEXYTOUHBIX M30Mepa B, B KOTOPBIX METM/IbHBI 3aMeCTUTE/b IIPUHN-
MaeT aKCMa/lbHOe MM 9KBATOPUAIbHOE IIO/I0XKEHME. 3aTeM B YCTIOBUAX PeaKIMM IPOVICXOIUT
BHYTPYMOJIEKY/LIpHas 9TepuUKaIYs, IPUBOAALIAA K COOTBETCTBYIOIINM XPOMaHOBBIM I[VK-
nam. O6pa3oBaHye JBYX AMacTepeOMEPOB Py IPUCOEANHEHNN JUTUAPOIMPUMULNHOB K pe-
30pLMHY OBIIO TOKa3aHo paHee [14].

YToOBI MOHATH AMHAMMKY 00pa30BaHNs M HAKOIUIEHNS AMacTepeoMepoB, ObUI ITPOBefieH
MOHUTOPVHT peakLMy C MCIIO/Nb30BaHMEM B KauecTBe MOJE/IBPHOTO CUHTe3a KOHJIeHCALuu
purupponpumMuanHa 1 ¢ pesopunnamu 2a,b (cM. puc. 1). Bei6op xnopsamereHHOTo mpous-
BOJHOTO OBbII CflelaH Ha TOM OCHOBAaHMM, YTO 9TV COENVHEHNs IPAKTUYECKM BCETZA
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R CUUURQIFGI DI LLIAT 3A LATOM

BBIJIE/LUIACH B BUje ofHOTrO (4R*, 4aS*, 10bR*)-nuactepeomepa, a (4R*, 4aS*, 10bS*)-muacre-
peomep PUKCUPOBAJICS TUIID B CTEOBBIX KOIMYECTBAX.

TOM 3, BbINYCK 1, 2022

ITocne pacTBOpeHMs MCXONHBIX COENVHEHNUI IMPOObI PeaKIMOHHO CMec OTOMpanych
gepes 0,5-1 gyac 1 06pabaTeIBanuCh TONIBKO BOJOII, €3 JabHeIIIel OYMCTKI 0OPasyIOIIerocst
ocasika. AHa/lMM3 MPOJYKTOB peakuuy ¢ ucronb3opanueM AMP 'H-crnekTpockonuy mokasar,
YTO B OCHOBHOM Ha0JII0Ja/IMCh CUTHAJIBI ICXOZHOTO MMPYMUANHTIOHA 1 1 COOTBETCTBYIOIINX
nuacrepeoMepoB 3a u 4a (puc. 2, 3).
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Chemical Shift (ppm}
Puc. 2. CpaBHenme crnexktpos SIMP 'H mnpu monydenum 3,4a: A - OpPaKTUYeCKM UMCTBI MCXOHBII
atwn  4-(4-xnopdennn)-1,2,3,4-reTparufipo-6-MeTII-2-THONVPUMUANH-5-Kapbokcwnar 1 (depes 1 4ac);

B - umcreiit (4R*4aS*10bR*)-8-rupmpokcu-10b-metnn-2-1rno-4-(4-xnopdennn)-1,2,3,4,4a,10b-rexcarugpo-5H-
xpoMmeHo[4,3-d]nupuMupnun-5-oH 3a; C — peakI[oHHas1 cMeCh dyepes 6.5 4acoB

1.10
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Chemical Shift (ppm)

Puc. 3. OparMeHT cIeKTpa peakIMOHHON cMecH depes 6,5 4 npu nonydeHnn 3,4a: KpacHbIM 11BeTOM BbIle/IeHbI
curHansl (4R*4aS*10bS*)-8-runpoxcu-10b-mernn-2-tuo-4-(4-xmopdennn)-1,2,3,4,4a,10b-rexcaruppo-5H-xpo-
MeHO(4,3-d]nupumMupun-5-ona 3a; Tomy6sim — atun (4R*,55*,6R*)-6-(4-xnopdennn)-rekcarunpo-4-(2,4-gurup-
pokcudeHnt)-4-MeTuI-2-THOTINPUMUANH-5-Kapbokcunata; 3emeHsIM — oTun (45*,558*,6R*)-6-(4-xmopdennn)-
rexcaruapo-4-(2,4-purnapoxcudenn)-4-MeTnI-2-THONUPUMUAVH-5-KapOo-Kcumata
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BeposTHO, nMeeT MecTo 0011251 3aBUCYMOCTb 0Opa30BaHVs AUACTEPEOMEPOB C Pe30PIIN-
HOBBIM (pparmeHTOM 3a/4a (4R*, 4aS*, 10bR*)/(4R*, 4aS*, 10bS*) B cootHomenun 3:1. Kpome
TOTrO, IETAJIbHBIM aHA/IN3 PeaKLMOHHBI cMecH depe3 6,5 4 I03BOJAET ONpPeNeNUTh Hanmdme
IIPOME)XYTOYHBIX COeAVMHEHMIT, KOTOpbIe GUKCUPYIOTCA B KOJIMYECTBAX pUMepHO 15 1 5% co-
OTBETCTBEHHO, YTO He II03BOJISIET ONPENE/TUTh TOUHO VX CIIeKTPa/IbHble XapaKTepPUCTUKI. Tem
He MeHee, 110 XMMIYEeCKUM CABUIaM 4-MeTW/IbHBIX IPYIII, a TaKXKe 9(UPHOI TPYIIIBI MOXHO
IIPeJII0/I0KUTD, YTO COOTHOIIEHNE IIeIeBBIX POAYKTOB OIpeie/iAeTCs JOMUHIPYIOUIM 00-
pasoBaHMeM IPOMEXYTOUHOTO 3TI (4R%, 558%, 6R*)-6-(4-xmopdennn)-rekcarnppo-4-(2,4-gm-
ruppokcudenn)-4-MeTun-2-TUONM PUMUIVH-5-KapOoKcuaata o cpaBHeHuIo ¢ (4S8%, 58%
6R*)-muacrepeoMepoM, IIPUMEPHO B TOM ke cooTHoueHuu 3:1. Hakonienne B 60/IbIIMX KO-
nmnyecTBax (4R*, 4aS*, 10bS*)-xpomaHa CBS3aHO C IPOMEXYTOYHBIM OTJie/IeHNEM JJOMUHAHT-
HOTO M30Mepa, KOTOPbINI MeHee PacTBOPUM B YKCYCHON KVIC/IOT€ M MCKYCCTBEHHBIM CMellle-
HIeM COOTHOLIeHusA B monb3y (4R*, 4aS*, 10bS*)-mmacrepeomepa. Kpome TOro, BO3MOXXHO
yIMeeT MeCTO pasHasi yCTOMYMBOCTD AMaCTePeOMEPOB K IeCTPYKLIMY B PeaKIVIOHHBIX YC/IOBUAX,
KOTOpOe TakXXe OyfieT BIUATh Ha COOTHOLIEHVE MaCTePeOMepPOB, 0COOEHHO IIPY J/INTETbHOM

HarpeBaHUM.
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Puc. 4. Cpasuenue criektpos SIMP 'H mpu nonyyennn 3,4b: A — uucreiit (4R*,4aS*,10bR*)-8-ruppoxcu-7,10b-
IUMeTHI-2-Tno-4-(4-xnmopdennn)-1,2,3,4,4a,10b-rekcaruppo-5H-xpomeno([4,3-d| mupumnuann-5-on 3b; B -
IpPaKTUYeCKM YMCTBIN ICXOMHBII 3T 4-(4-xmopdennn)-1,2,3,4-TeTparnipo-6-MeTuI-2-THONPUMMUANH-5-Kap-
6okcmmar 1 (epes 1 gac); C — peakIimoHHas CMeCh depes 8 1acoB

AHanormyHas 3aBMCUMOCTb HAKOIUIEHMs IIPOAYKTOB HAOJIOAeTCs M B CIydae 2-Me-
TiipesopunHa. OfHaKo 1eneBble MpoAyKTel 3b u 4b HakammmBaoTCca B cooTHOmeHNN 2:1, a
IIPOMEXKYTOYHBIE NMPOAYKTH B ukcupyrorcs muimpb B CIeSOBBIX KOMMYECTBAX, W I HUX

CJIOXKHO OJJHO3HAYHO OIIPeie/INTh COOTHOIIeHMe (puc. 4, 5).
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Puc. 5. OparMeHT crieKTpa peakIMOHHOI cMecH Yepe3 8 4acoB Ipy monydeHun 3,4b: CHHMM BbIJe/IeHbl CUTHAIbI
(4R*4aS*,10bR*)-8-runpoxcu-7,10b-gumernn-2-tuo-4-(4-xnopdennn)-1,2,3,4,4a,10b-rekcaruppo-5H-xpo-
MeHO[4,3-d]nupumMupun-5-ona 3b; OparxeBniM — (4R*,4aS*,10b SR*)-8-rupgpoxcu-7,10b-gumerns-2-tuo-4-(4-
x1opdennn)-1,2,3,4,4a,10b-rexcarugpo-5H-xpomeno[4,3-d] mupummunyH-5-oHa 4b; T'omy6bIM — IpoMexyToYHbIe
IIPOAYKTHI

HHH OHpeI[eHeHI/I}I Fpa(I)M‘{eCKO]U/I 3aBUICMMOCTU HAKOIIJZICHU A I[I/IaCTepeOMepOB B Ka4yeCTBe
MapKepHOTO CUTHasIa ObUT BBIOpaH CUTHAJI aTOMa Boffopoza (fyonet mpu 5.17 M.Ji.) mpu apoMa-
TUYECKOM 3aMECTUTEIIC NCXOAHOTO I[I/II‘I/[I[pOHI/IpI/IMI/II[I/IHTI/IOHa 1, I/IHTeI‘paH KOTOPOI‘O HpI/IpaB—
HUBAJICA K e[JVIHUIIE, I OTHOCUTENIBHO €T0 OIIpeJieIsIOCh COfiep>KaHme AracTepeoMepoB 3 i 4.
bb1/10 ycTaHOB/IEHO, YTO COOTHOILIEHNE AYIacTePeOoMepOB 3a/4a 41C/IeHHO PaBHO TPU K OTHOMY,
a mnacrepeoMepoB 3b/4b — nBa k ogHOMY. DTa 3aBMCUMOCTD COXPAHAIACDH B TEUEHNE AIUTE/Ib-

HOTO BpeMeHM 0e3 3HaYMTe/TbHBIX M3MeHeHuit (Tab. 1, puc. 6).

Ta6nuua 1. 3HaueHUs MHTEIPAIOB IMKOB IPOTOHOB MPOAYKTOB B crekTpax IMP 'H

Bpems, u VIHTEeHCMBHOCTD CUTHaIA
3a 4a 3b 4b
0,00 0,00 0,00 0,00 0,00
1,00 0,02 0,00 0,01 0,00
2,00 0,05 0,01 0,03 0,01
3,00 0,12 0,04 0,06 0,03
3,50 0,18 0,06 0,08 0,05
4,50 0,35 0,14 0,14 0,07
5,00 0,41 0,15 0,17 0,08
5,50 0,45 0,18 0,18 0,10
6,00 0,69 0,25 0,28 0,14
6,50 0,87 0,31 0,30 0,17
7,00 1,62 0,58 0,51 0,27
7,50 2,41 0,91 0,68 0,40
8,00 7,00 2,30 1,13 0,65
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Puc. 6. I'pacduk HakoIUIeHNA fyacTepeoMepos 3 u 4

HecMmoTps Ha pasHy0 JUHAMUKY HaKOIUIEHNUA IPOAYKTOB, BBIIEIUTb B YMCTOM BUJE
nuacTepeoMep 4a Tak U He IOMYYMIOCh M3-3a €r0 XOpOIIell pacCTBOPUMOCTY B OO/IBIINHCTBE
pactBopurteneii. [Ipu 3ToM, KOra peakmys IIPOBOAVIIACE C 2-MeTUIPe30OpIHOM (MeHee pac-
TBOPMMOE COeINHEeHNe), C YBe/IYeHIIeM BPeMEHN CUHTe3a YAAIOCh 3apUKCUPOBATh U BTOPOI

nuacrepeomep 4b B Buze npumecu no 20-40 %.
IKCIepUMeHTAaIbHAs 9aCTh

VIK-cnieKTphI 3anucpiBamy B oTpakeHHOM cBeTe Ha VIK-Dypbe cnektpoMerpe Spectrum
Two PerkinElmer ¢ gnnuoit Bonasr 700-4000 cm™'. Cnextper IMP perucrpupoBanu Ha npu-
6ope «Bruker DRX-400» ms pactBopos IMCO-ds ipu 30 °C. B kauecTBe aTasioHa i1si OTCYéTa
XMMMYECKUX C[BUIOB MCIIO/Ib30BA/IM CUTHA/IbI OCTAaTOYHBIX IIPOTOHOB pPAacTBOPUTENSA B
SAMP 'H (8u = 2.50 m.1.) wmmu SIMP PC (8¢ = 39.5 M.1.), B KauecTBe MapKepa MCIIO/Ib30BaIN
curnan terpamerwicunana (MIOX PAH r. Mocksa). Macc-CleKTpbl perncTpupoBaIy Ha Macc-
cnexktpomerpe «FINNIGAN MAT.INCOS 50» mpu noHmsanmoHHOM HamnpspkeHun 70 aB u
TeMIepaTtype B kamepe nonusanyy 100-220 °C (JIOX PAH r. MockBa). DneMeHTHBIIT aHaIN3
HNpoBOAMICA B aHanmutudeckoit maboparopum VIHOOC PAH r. MockBa Ha mpubope
«PerkinElmer 2400». Temnepatypa miaBieHns onpee/nslach Ha aIrapare Jyisi OIpefie/eHNs
TOYKM IUTaB/ieHNs u kuneHus BichiM-560.

Cwmecp nupumyayaTioHa 1 (1 Mmons), 1,3-6en3enuona 2a,b (1,1 mmons), AcOH (2 M)
u MeSOsH 0,040 M (6,16-10* M) nepememmBanu rpu temreparype 100 °C B Tedenne 4-12 4.
BoimaBumit ocagox oTpuIbTPOBBIBAIN U3 TOPSYEro PacTBOpaA M MePeKPUCTA/UIN30BbIBAIN U3
EtOH. ITony4ann cmech juactepeomepos 3a,b 1 4a,b. Cymnu Ha Bo3ayxe.

Jl71s1 TonydeHms YMCThIX coefuHeHnit 3a, b x cmecu guacrepeomepos 3a,b u 4a,b B 1 mi
AcOH (0,001 monb) gobasnsanmm 0,020 mn MeSOsH (3,08:10* M) u nepemenBay Ipy TeMIe-
parype 100 °C B Teuenne 20-40 myH. 3aTeM QUIBTPOBA/IN U3 TOPSAYETO PaCTBOPA U IPOMBIBA/IN
EtOH. Cymmnm Ha Bo3gyxe.
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(4R*,4a8*,10bR*)-8-ruppokcu-10b-mernn-2-tno-4-(4-xnoppennn)-1,2,3,4,4a,10b-
rekcaruzpo-5H-xpomeno(4,3-d] mupumupun-5-oH (3a). Beixon 270 mr (72%), T.1w1. 292-294 °C.
Crextp SIMP 'H (400 MT'L, §, M.., J/Tu): 1.42 (c, 3H, Me), 3.18 (1, ¥J = 10.8, 1H, H-4a), 4.07
(1, = 10.8, 1H, H-4), 6.52 (1, ¥J = 2.5, 1H, H-7), 6.71 (am, ¥ = 8.3, ‘] =2.5, 1H, H-9), 6.89 (x,
3] =8.8,2H,H-3’,5’),7.17 (m, *J = 8.8, 2H, H-2,6°), 7.27 (1, ] = 8.3, 1H, H-10), 8.37 (¢, 1H, 3-NH),
9.21 (¢, 1H, 1-NH), 9.94 (c, 1H, OH). Criexrp SIMP 1C (100 MTw, §, M.1.): 27.50, 50.65, 53.44,
53.72,103.56, 112.53, 119.22, 126.56, 128.32 (2 C), 129.51 (2 C), 132.96, 136.94, 148.16, 158.40,
165.22, 175.84. VIK criextp (v/cm™, BasenuH. macno): 3367, 3192, 1773, 1620, 1216, 1146. Macc-
criextp (Y, 70 9B), m/z (Lo, (%)): 376 (6), 374 (17), 237 (12), 177 (88), 148 (49), 139 (100), 102
(24), 77 (32).

(4R*,4aS*,10bS*)-8-ruppoxcu-10b-mernn-2-tno-4-(4-xnopdennn)-1,2,3,4,4a,10b-
rekcarupapo-5H-xpomeno[4,3-d]mupumupun-5-ou (4a). Crextp AMP 'H (400 MI4, §, m.x.,
J/Tu): 1.37 (¢, 3H, Me), 3.67 (1, *J = 10.8, 1H, H-4a), 4.78 (1, > = 10.8, 1H, H-4), 6.46 (1, ] = 2.5,
1H, H-7), 6.64 (ng, °] = 8.3, 4] =2.5, 1H, H-9), 7.38 (zn, *J = 8.8, 2H, H-3",5"), 7.48 (m, °] = 8.8, 2H,
H-2,6°), 7.82 (m, ] = 8.3, 1H, H-10), 8.92 (¢, 1H, 3-NH), 9.73 (¢, 1H, 1-NH), 9.87 (¢, 1H, OH).
Haiipeno (%): C, 57.46; H, 4.01; N, 7.45. C,sH5CIN,OsS. Berancneno (%): C, 57.68; H, 4.03; N,
7.47.

(4R*,4aS*,10bR*)-8-rugpoxcu-7,10b-gumernn-2-tmo-4-(4-xmopdennn)-
1,2,3,4,4a,10b-rexkcarugpo-5H-xpomeno[4,3-d]mupumuagun-5-ou  (3b). Boeixog 245 wmr
(62 %), T.11. 320-322 °C, Cnextp SIMP 'H (400 MTI'n, §, m.p., J/Tm): 1.41 (¢, 3H, 10b-Me), 2.06
(c, 3H, 7-Me), 3.19 (1, = 10.8, 1H, H-4a), 4.14 (1, ] = 10.8, 1H, H-4), 6.74 (1, ] = 8.5, 1H, H-9),
7.09 (1, J = 8.5, 1H, H-10), 7.30 (1, ] = 8.1, 2H, H-3",5’), 7.42 (m, ] = 8.1, 2H, H-2",6"), 8.53 (¢, 1H,
3-NH), 9.26 (c, 1H, 1-NH), 9.85 (¢, 1H, OH). Cnektp SIMP *C (100 MI'w, §, m.z.): 8.47, 27.41,
50.57, 53.63, 53.67, 111.33, 112.26, 119.29, 122.74, 128.35 (2 C), 129.47 (2 C), 132.93, 137.13,
146.38. 156.17, 165.28, 175.85. VIK cnextp (v/cMm™, BasenuH. Macio): 3366, 3184, 1773, 1615,
1601, 1216, 1075. Macc-criextp (3Y, 70 3B), m/z (I, (%)): 390 (8), 388 (25), 237 (19), 199 (17),
191 (67), 165 (25), 162 (49), 140 (96), 138 (100), 11 (20), 102 (39), 77 (70). Haitnero (%):
C, 58.73; H, 4.39; N, 7.17. C;vH;,CIN,OsS. Beruncneno (%): C, 58.68; H, 4.41; N, 7.20.

(4R*,4aS*,10bS*)-8-ruppoxcu-7,10b-gumernin-2-tuno-4-(4-xnopdenn)-
1,2,3,4,4a,10b-rexcarugpo-5H-xpomeno[4,3-d|mupumupuu-5-ou (4b). Cnextp SAMP 'H
(400 MT'w, 8, m.1., J/T1): 1.36 (¢, 3H, 10b-Me), 1.98 (c, 3H, 7-Me), 3.57 (m, ] = 11.0, 1H, H-4a),
4.77 (n, J = 11.0, 1H, H-4), 6.66 (1, ] = 8.5, 1H, H-9), 7.38 (1, ] = 8.1, 2H, H-3",5), 7.47 (1, ] = 8.1,
2H, H-2’,6’), 7.62 (1, ] = 8.5, 1H, H-10), 8.57 (c, 1H, 3-NH), 8.85 (¢, 1H, 1-NH), 9.78 (c, 1H,
OH). Crektp SAMP C (100 MIu, §, m.m.): 8.49, 25.17, 47.05, 52.44, 53.22, 110.38, 112.01,
119.46, 121.11, 127.86 (2 C), 130.67 (2 C), 132.39, 138.63, 147.24, 155.88, 165.80, 176.05.
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Keywords: Abstract. The paper concerns the sorption of heavy metal ions from aqueous solutions
cellulose, modification, by cellulose sorbents agents. We modified the wood cellulose by polyvinylpyrrolidone
heavy metal ions, and carboxylic acids. Also we studied the equilibrium and kinetics of Cu(II), Co(Il) and
isotherms, sorption Ni(1I) ions sorption from aqueous solutions by native and modified cellulose samples.
kinetics We treated the sorption isotherms under study according to Langmuir models and the-

ory for volume filling of micropores. The Langmuir model is the most correct one for
description of the process of heavy metal ions sorption by cellulose sorbents agents. Ac-
cording to the study, the maximum sorption capacity of the modified sorbents is 1.5-2
times higher than the maximum sorption capacity of the native cellulose. The samples
obtained can be arranged in the following order of increasing ultimate sorption capac-
ity (A.): native cellulose < polyvinylpyrrolidone-modified pulp < citric acid-modified
pulp. In addition, we studied the influence of media acidity on the sorption of heavy
metal ions in pH 1-7. We observed a significant increase in the pH of the initial solution
from 1 to 6; there is a rapid increase of the degree of extraction of Cu(Il), Cu(Il) and
Ni(Il) ions. Experimentally we obtained the IR spectra of native wood cellulose and its
samples modified by polyvinylpyrrolidone and citric acid. Also the authors made an
elemental analysis of all types of modified sorbents.
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Introduction

Heavy metal pollution of the biosphere as a result of anthropogenic activities is a major
concern worldwide. The main cause is unlike organic pollutants metals in the natural environ-
ment do not undergo decomposition processes and can concentrate in ecosystem objects -
plants, water, soil and then transfer into the human body through the natural food chain with
food and drinking water. It is important to constantly monitor their content not only in the
environment, but also in foodstuff. The heavy metals such as Cd, Zn, Pb, Fe, Cu, Hg, Ni, Mn,
Co, etc. are usually present in trace amounts; they are the most toxic and widespread compo-
nents of wastewater [1]. Heavy metals are highly susceptible to a variety of chemical, physical
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and biological reactions and can have adverse effects on both the environment and human
health [2].

Even at low concentrations, heavy metals have harmful health effects, including carcino-
genic and mutagenic effects, can cause growth retardation, organ damage, disruption of the
nervous and endocrine systems, digestive organs, hematopoietic organs, etc. [3].

Pollution is steadily increasing with the development of industry. Heavy metals and
wastewater from various industries such as mining, metallurgy, chemicals, electrical engineer-
ing, mechanical engineering, etc., transfer into the biosphere and accumulate in plant and ani-
mal organisms [4]. The bioaccumulation of heavy metals increases as they move along the food
chains. Heavy metals are not metabolized and accumulate in the body in various organs and
tissues, which is dangerous to human health [5]. Therefore, the problem of water purification
from heavy metal ions is currently very acute.

Currently, various methods of purification of aqueous solutions from heavy metal ions
are used. The most widespread are physical, chemical, physico-chemical and biochemical;
among them are precipitation, coagulation-flocculation, electrocoagulation, ion exchange, elec-
trodialysis, membrane and ultramembrane filtration, reverse osmosis and adsorption [6]. When
choosing the method, costs, efficiency, reliability, environmental impact, practicality and oper-
ational difficulties are usually taken into account [7]. Most of these methods, except the adsorp-
tion, are expensive and insufficiently effective at low metal concentrations in solutions. The ion
exchange purification using synthetic ion exchange resins (ionites) allows to achieve a high de-
gree of water purification, however, the main disadvantages of the method are the high cost and
the limited possibility of application of pollutants [8].

The adsorption method is both efficient and economical. It is also convenient to use. It in-
cludes the complex equipment and can work with a wide range of adsorbents, therefore it is
most widely used for cleaning aqueous solutions with a low metal content [9].

In recent years there was a great interest in developing sorbents based on multi-tonnage
co-products or waste products of the agricultural, textile and pulp and paper industries. These
materials are less expensive, accessible and easy to dispose, have fairly high sorption character-
istics for a wide range of pollutant metals and ecofriendly. However, such sorbents have insuf-
ficiently high sorption capacity due to the low content of active centres in their composition,
which can intensify the transfer of contaminants into the material structure. The modification
of sorbents based on recycled cellulose-containing raw materials is therefore a topical issue [10].

In recent years there was a great interest to developing sorbents based on multi-tonnage
co-products or waste products of the agricultural, textile, pulp and paper industries. These ma-
terials are less expensive, accessible and easy to dispose, have fairly high sorption characteristics
for a wide range of pollutant metals and ecofriendly. There are many publications in the litera-
ture on the use of untreated cellulose-containing raw materials as sorbents. The work shows the
possibility of using sugar cane press cake to remove Pb (II) and Ni (II) from wastewater [11].
The maximum adsorption capacity of the sorbent towards Pb (II) and Ni (II) ions was 1.61 mg/g
and 123.46 mg/g, respectively. Wastewater treatment for Pb(II), Cd(II), Hg(II), Cu(II), Ni(II),
Cr(III) and Cr(VI) ions is based on a variety of agricultural waste materials: peanut and walnut
shells, green almond husks, tea leaves, olive oil waste, jute fibre, sunflower stems, tobacco leaves,
and sawdust from maple, oak and fir trees. These materials are accessible and low cost [12].
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However, such sorbents have insufficiently high sorption capacity due to the low content of
active centres in their composition, which can intensify the transfer of contaminants into the
material structure. The modification of sorbents based on recycled cellulose-containing raw
materials is therefore a topical issue. The main activation methods for cellulosic sorbents are
mechanical, physical, chemical and physico-chemical ones. [13, 14]. A promising trend in
sorbent processing is the use of nano- and biotechnologies.

The most common physical modification methods are high temperature (coking), super-
heated water vapour treatment, freezing, plasma activation and infrared exposure [15]. Differ-
ent reagents are used for chemical modification of cellulose sorbents: alkaline solutions, mineral
and organic acids, organic compounds, active dyes; one of the promising areas of cellulose mod-
ification is the synthesis of graft copolymers [10, 12-14].

Thus, agro-industrial co-products modified in various ways are almost as good as indus-
trial sorbents (ion exchangers, activated carbons, zeolites, etc.) in terms of their sorption capac-
ity to metal ions. A wide range of methods for modifying plant raw materials makes it possible
to obtain effective ecofriendly, biodegradable and biologically inert sorbents.

The aim of this work is to investigate the sorption of heavy metal ions from aqueous so-
lutions by chemically modified cellulose.

Main part

The objects of study and the reagents used. In the experimental part of the work, cellulose
was used as a sorbent and treated with alkali to remove impurities and increase the sorption
capacity. A 0.05% NaOH solution was used for the treatment, the dwell time is 30 minutes at a
solution/sorbent modulus of 20. The pulp was then washed with distilled water to neutral pH
and dried to a constant weight.

Cellulose is the most abundant natural polymer, the main constituent of plant cell walls,
which accounts for the mechanical strength and elasticity of plant tissue. Cellulose macromol-
ecules are constructed of elementary D-glucose units (in pyranose form) linked by 1,4-p-glyco-
sidic bonds to form linear, unbranched chains.

OH HO OH
- 0
-0 oH 0 o
HO o HO o
OH OH H

In this work we used CuCl,-2H,O, NiCl,-6H,O, CoCl,-6H,O as sources of metal ions; HCI,
NaOH were used to create the necessary pH level of the medium, all reagents are chemically
pure. The modify cellulose we used the following reagents: succinic (ethane-1,2-dicarboxylic) -
NOOS-(CH,),-SOH, adipic (butane-1,4-dicarboxylic) - NOOS-(CH,)s-SOH and citric (2-hy-
droxy-1,2,3-propantricarboxylic) NOOS-CH,-SOH-CH,-SOH and polyvinylpyrrolidone
(TU 9365-002-46270704-2001).

The elemental composition of the biopolymer sorbents under study was determined by
Flash EA 1112 analyzer.

Kinetics and isotherms of sorption. We studied the kinetics of sorption by the limited
solution volume method [16]. In order to obtain kinetic curves of sorption, 0.1 g sample (m) of
sorbent was placed in a series of test tubes, filled with 10 ml (V) of aqueous metal chloride
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solution and incubated for 5 min to 24 h under stirring and temperature 293 K. The initial
concentration (Cy) of metal ions was 1.5-10* mol/l. At certain intervals the solution was sepa-
rated from the sorbent by filtration and the current concentration of metal ions (C:) was deter-
mined in it by atomic absorption spectroscopy by apparatus "210VGP".

In order to obtain sorption isotherms, 0.1 g sample (m) of sorbent was placed in a series
of test tubes, filled with 10 ml (V) of aqueous metal chloride solution with initial concentrations
(Co) of 1.5- 10*-5-102mol/l1 and incubated until equilibrium was reached at 293 K. At certain
intervals the solution was separated from the sorbent by filtration and the current concentration
of metal ions (C) was determined in it by atomic absorption spectroscopy by apparatus

"210VGP".
The sorption capacity (A) of the sorbents was calculated according to the formula
4=&"9 (1)
m
The extraction rate a (%) was determined as follows:
C,-C
a=—2-—-100. (2)

0
When sorption equilibrium was reached, the solutions were filtered off and the residual

concentration of metal ions in the filtrate was determined by apparatus "210VGP".

We calculated % of the indication in accordance with the data of the equilibrium and
kinetic experiments; each point represents the average of two parallel experiments [17]. Exper-
iment % of the indication

Effect of pH on the sorption of Cu(II), Co(II) and Ni(II) ions. In a study of the effect of
solution pH on the sorption of heavy metal ions, a series of test tubes with the same 0.1 g sample
of sorbents were filled with 10 ml of an aqueous solution with pH values of 1-7. The required
acidity of the medium was achieved by using hydrochloric acid. We used the freshly prepared
copper, cobalt and nickel chloride solutions for each experiment. We monitored the pH value
using an IPL-311 multitest pH meter before sorption and after equilibrium was reached. When
sorption equilibrium was reached, the solutions were filtered off and the residual concentration
of metal ions in the filtrate was determined by apparatus "210VGP".

IR spectra of native and modified cellulose were recorded by apparatus Avatar 360 FT-IR
ESP in the range 400-4000 cm-" Samples for analysis were prepared by mechanically grinding
cellulose followed by thorough grinding of the sorbent in an agate mortar with spectrally pure
KBr

Results and discussion

Carboxylic acids modification. In order to improve the sorption properties of the cellu-
lose, it was modified with solutions of adipic, citric and succinic acids separately (concentration
0.5 mol/l), the solution/sorbent module being 20:1. The cellulose was kept in the acid solution
for 10 min at 20 °C, then it was placed in thermostat for 60 min at 120 °C, as at higher temper-
ature the acid decarboxylation processes are possible [18]. The pulp was then washed with dis-
tilled water to neutral pH and dried to a constant weight. The etherification reaction produces
esters of cellulose and carboxylic acid esters.
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According to the equation cellulose is modified with citric acid into citric acid anhydride.

0
a
H,C —COOH N H,C—C
J: 120°C é o
HO —C—COOH —  » pO—C—c/
-H
Hzé —COOH 20 é
H,C —COOH
Citric acid Citric acid anhydride

The anhydride reacts with the hydroxyl groups of the cellulose to form the ester:

0 0—Cell
d H,C—C

H,C—C
i o 120°C |
Cell—OH + HO—C—{ ———>» HO—C—COOH
No -H,0 ]
II;A.‘—COOII H,C—COOH
Cellulose Cellulose citrate
The treatment of cellulose with citric acid increases the content of carboxylic groups in
the cellulose structure, which is confirmed by equilibrium-kinetic characteristics of the sorbent
(Fig. 1, 2) as well as by infrared spectra (Fig. 3, 4).
Table 1 shows the results of experiments on the sorption of Cu(II) ions from aqueous

solution for polycarboxylic acid modified sorbents compared to native cellulose.

Table 1. Effect of modification by carboxylic acids on the sorption properties of cellulose to Cu(II) ions

Modifying agent a, %
- 70
Adipic acid 91
Succinic acids 93
Citric acid 98

By data obtained, the sorbent treated with citric acid is the most effective one. In this case
a higher content of sorption-active carboxylic groups in the sorbent structure is probably
achieved compared to sorbents modified with adipic acid and succinic acid. Citric acid contains
three carboxylic groups, whereas adipic acid and succinic acid contain only two ones. Therefore,
further studies on the sorption of Cu(II), Co(II) and Ni(II) ions were carried out for citric acid
modified wood cellulose.

Modification by the nitrogen-containing polymer polyvinylpyrrolidone (PVP). The
mechanism of these reactions is described in detail in the literature [18]. For this method the
nucleophilic substitution reactions (acylation, esterification, etc.) are the most appropriate
ones. Sufficiently high activation energy of this type of reactions requires high temperatures
(more than 180 °C), which is confirmed by the results of elemental analysis characterizing the

dependence of the nitrogen content in the sorbent after sorption on the treatment temperature
(Table 2).

Table 2. The polyvinylpyrrolidone-treated wood cellulose elemental analysis

Treatment temperature, °C Nitrogen content in sorbent, %
100 2.28
125 2.48
150 2.56
180 2.82
200 3.05
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By Table 2, the nitrogen content of the sorbent increases with increasing treatment tem-
perature. Thus, the optimum temperature for chemical modification is 200 °C.

During high-temperature fixation of a nitrogen-containing polymer on the sorbent, the
amide fragment of PVP ->N - CO - CH; -, carboxyl and hydroxyl groups of cellulose take part
in the opening of the amide cycle of PVP, which promotes its fixation (immobilisation) by co-
valent bonding on the cellulose sorbent when heated. The hydroxyl groups of cellulose can react

with PVP as follows:
H,C CH,
3+ 3-5r 2000
Hzé o+t 20°C ~CH~CH- o
N NH~CHy)s-C”
é ~0—Cell
—H,C—CH—

Polyvinylpyrrolidone

The carboxylic groups react with PVP according to the equation

H,C CH,
- —CH,-CH-
J 5+ LG (;._ 200°C { ) Py
H)C. €=0+CellCOOH ——,  Cell-C-N—~(CHp)5C
v [l “SOH
N
—Hz(?—J'.'H—

Polyvinylpyrrolidone

Kinetics of sorption of Cu**, Ni**, Co** ions from aqueous solutions of metal chlorides.

The speed at which equilibrium is reached is an important characteristic of sorbents. We
obtained the kinetic curves for the sorption of Cu(II), Co(II) and Ni(II) ions from water solu-
tions of metal chlorides to determine the kinetic characteristics of the original sorbent and the
sorbent modified with citric acid.

Kinetic studies show the time to reach sorption equilibrium in the heterophase system
with the modified sorbent is markedly reduced in compare to the original sample. The extrac-
tion time for heavy metal ions was 8 min for untreated wood cellulose and 5 min for modified
one (see figure 1). In compare with the original wood cellulose the recovery of metal ions in-
creased significantly.

The extraction of heavy metal ions by

100 4 - - 1
citric acid-modified wood cellulose increases C : 3z

by an average of 30-40%. The sorption effi- 80 1
ciency of heavy metal ions decreases for 60
sorbents under study in the following order:
Cu(II) > Co(II) > Ni(II).

Isotherms of sorption of Co **, Cu*, 20 -

a, %
av
(=]

40 4

Ni** ions by native wood cellulose. We ob-

0 1 1 1 1 1

tained the sorption isotherms of Cu(Il), 0 2 4 6 8 10
Co(II) and Ni(II) ions from aqueous chloride Time, min

Fig. 1. Kinetics of sorption of Cu** (1, 3), Co* (2, 5)
and Ni** (3, 6) ions by unmodified wood cellulose (4-6)
and citric acid treated wood cellulose (1-3)

solutions in order to determine the ultimate
sorption capacity of wood cellulose at 293 K
(see Figure 2).
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The Langmuir sorption model is most commonly used in the literature for describing the
experimental isotherms for heavy metal ions by cellulose sorbents.
_A4,-K-C
1+ K-0)

A is the limiting or maximum sorption capacity of the sorbent for a given metal, mol/kg; K is

(3)

the concentration constant of sorption equilibrium, characterizing the intensity of the sorption
process, I/mol.
Linearisation of sorption isotherms

o, L, @)

A A, A, K
allows identify the coefficients in the Langmuir equation graphically (Table 3).

In order to describe the sorption equilibrium in heterophase system "aqueous solution of
metal salt - cellulose sorbent we apply the model theory for volume filling of micropores
(TVEM). By this theory, the fixation of solute occurs not only on the inner surface of pores but
also in the volume of the interstitial space. TVEM establishes the relationship between the de-
gree of filling of the adsorption space volume and the differential molar work of adsorption.

The TVEM equation for adsorption from solutions in its general form is
In4 = In4, —(RT/E)" (InC,/C)", (5)

in which E is the characteristic energy of adsorption, C; is the solubility of the sorbate, C and A
are the equilibrium concentrations of the distributed substance in the bulk and adsorption
phases respectively, A.. is the limiting concentration of the sorbate in the adsorption phase, 7 is
an integer, mostly 1, 2, 3.

The experimental isotherms were processed in two sorption models: surface (Langmuir)
and volume (TVFM). Figure 2 shows the sorption isotherms of Cu*, Co** and Ni** ions by
native wood cellulose from aqueous solutions of metal chlorides.

By literature review, the ultimate sorption
(A..) on unmodified cellulose sorbents does not ex- 1 . S
ceed 1 mol/kg [19]. This agrees with the data ob-
tained from isotherms using the Langmuir adsorp-
tion model (see Table 3). Treated by these iso-
therms TVFM model gives overestimates of the ul-

=
.
1

A, Mol/kg

o
]

timate sorption. This probably explains the pre-

=

dominant use of the Langmuir model to describe

Q0

30 40 50 B0
C-10%, Mol/l

the sorption of heavy metal ions by swelling bio- oo
sorbents from aqueous media. Fig. 2. Isotherms of the sorption of Cu**(1),
Tables 3 and 4 show the results of the iso-  Co?*(2) and Ni2(3) ions by native wood cellu-
therms of heavy metal ion sorption by wood cellu-  lose from aqueous metal chloride solutions
lose according to the Langmuir and TVFM models. The experimental data obtained are de-
scribed by the Langmuir adsorption isotherm equation, the correlation coefficient is 0.98-0.99.
When the TVEM model is used to treat isotherms, the A~ values are several times higher than

the experimental A wvalues but the correlation coefficient is lower (0.94-0.97).
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Table 3. Processing parameters for heavy metal ion sorption isotherms using the Langmuir model

Metal cation 1/A»K 1/Ax Correlation coefficient Ax, mol/kg
Cu(II) 0.0010 1.42 0.99 0.70
Co(II) 0.0015 1.83 0.98 0.55
Ni(II) 0.045 1.96 0.99 0.51

Table 4. Processing parameters for heavy metal ion sorption isotherms using the TVFM model

Metal cation InA.. RT/E Correlation coefficient Awx, mol/kg
Cu(II) 1,25+ 0,27 -0,31 £ 0,04 0.94 3.49
Co(II) 1,11 0,18 -0,32 £ 0,02 0.97 3.03
Ni(II) 1,30 £ 0,31 -0,33 £ 0,04 0.95 3.67

Isotherms of the sorption of Cu*,
Co** and Ni** ions by citric acid-modified
wood cellulose. We obtained the sorption
isotherms of Cu(II), Co(II) and Ni(II) ions
from aqueous chloride solutions in order to
determine the ultimate sorption capacity of
wood cellulose at 293 K (see Fig. 2).

According to the data obtained, the
sorption properties of the modified wood
cellulose increase by about one and a half
times in compare with the original sample.
The sorption efficiency of heavy metal ions
decreases for sorbents under study in the fol-
lowing order: Cu(II) > Co(II) > Ni(II).

IR spectra. Fig. 4-6 show IR spectra of
cellulose modified with citric acid and PVP.

A, Mollkg

[184] T T T T T T
30 0 50 1)

C-10%, Mol/l
Fig. 3. Isotherms of the sorption of Cu®*(1), Co**(2)
and Ni**(3) ions by citric acid-treated wood cellulose

the original wood cellulose as well as of wood
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Fig. 4. IR spectrum of native wood cellulose
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Fig. 6. IR spectrum of wood cellulose modified with PVP

The IR spectrum of the original sorbent has a characteristic set of absorption bands due
to vibrations of the C=0, C-C C-O-C, C-H and O-H bonds in the cellulose structure (see Fig-
ure 4). The IR spectrum of citric acid-modified cellulose shows the significant changes in
1650-1600 cm™ and 1430-1300 cm™, where valence asymmetric and symmetric vibrations of the
C=0 bond in the carboxylic groups appear, respectively. There is a rapid increase in the peak
intensity at 1638 cm-' and its shift with respect to the band in the spectrum of the original
sorbent, as well as an increase in the peak intensity at 1430 cm™, indicating the appearance of
additional carboxyl groups in the citric acid-modified cellulose.

Changes in the IR spectra of wood cellulose as a result of modification with polyvinylpyr-
rolidone are observed in 1650-1450 cm™, where deformation vibrations of N-H bond appear.
In 1300-1000 cm'the valence vibrations of C-N bond appear. Therefore, the nitrogen-contain-
ing polymer becomes attached to its surface during the sorbent modifying.

Effect of pH on the sorption of Cu?**, Co*, Ni** ions by wood cellulose. The acidity of
the medium influenced on the value of the equilibrium exchange capacity. Therefore, we
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studied the effect of solution pH on the sorption of heavy metal ions from aqueous solutions of
CuCl;, CoCl; and NiCl, by wood cellulose.
By Fig. 7, the degree of extraction of

70 4

Cu**, Co’* and Ni** ions by wood cellulose

60 o

increases in the pH range 1-7 of the aqueous

50 o

solution and reaches a maximum at pH val-
ues of 6.0-6.5. The pH limit of 6.5 related to

40 H

30 4

the precipitation of heavy metal hydroxides. 20
The low sorption of heavy metal ions in the 0]
pH range of 1-2 is explained by the competi- 0 N —
tion for the sorption centres of wood cellu- o a

lose between metal ions and hydrogen H* Fig.7. Effect of aqueous solution pH on the sorption of
ions. In the pH 2.0-5.5 the medium acidity Cu(1), Co™(2) and Ni**(3) ions by wood cellulose
increases the number of free sorption centres on the sorbent, which leads to a significant in-
crease of the sorption of metal ions. At pH 5.5-6.5, the increase of extraction rate (a) slows down
as the pH of the equilibrium solution increases.

The pH of the solution increases when heavy metal ions are sorbed. The largest change
are in the pH range of 3 to 5. The pH increases in the sorption process by 1-1.7 units compared
to the pH of the stock solution, irrespective of the nature of the metals. Thus, the reason for the
change in the acidity of the equilibrium solution in the systems under study is the competition
of metal ions and hydrogen ions for the sorption centres of the sorbent and the sorption of
hydrogen ions in the acidic pH. The maximum extraction of Cu(II), Co(II) and Ni(II) cations

by polysaccharide sorbent is observed at pH equilibrium solutions close to neutral.
Conclusions

We carry out the modification of wood cellulose with carboxylic acids and PVP. Also we
studied the sorption properties of unmodified and modified wood cellulose in compare with
heavy metal ions.

Kinetic studies show the time to reach sorption equilibrium in the heterophase system
"aqueous metal chloride solution - sorbent" is reduced from 8 min for native cellulose to 5 min
for the sorbent modified with citric acid. The extraction rate of heavy metal ions for the sorbent
under study increases by an average of 30-40% compared to native cellulose.

The experimentally obtained isotherms of heavy metal ion sorption are processed within
the framework of the Langmuir and TVEM sorption models. The Langmuir model describes
the sorption of heavy metal ions by wood cellulose more correctly. The ultimate sorption value
of the citric acid-modified sorbent is increased by a factor of approximately 1.5 compared to
the original sorbent.

We identify the effect of solution pH on the sorption of Cu**, Co**, Ni** ions from aqueous
solutions of their chlorides in the pH range 1-7. The maximum extraction of Cu(II), Co(II) and
Ni(IT) cations by wood cellulose is observed at pH equilibrium solutions close to neutral.

Results of IR-spectroscopy confirm the different methods of modification a chemical in-
teraction of modifying agents with wood cellulose occurs. It leads either to an increase (as in

85



FROM CHEMISTRY TOWARDS TECHNOLOGY EII3:ie] 143 VOL. 3, ISSUE 1, 2022

the case of citric acid modification) or to the appearance of new (in the case of PVP treatment)

sorption-active groups in the structure of sorbents.

By these results, it is possible to recommend the use of modified wood cellulose for the

purification of aqueous solutions from heavy metal ions.

The study was carried out using the resources of the Center for Shared Use of Scientific

Equipment of the ISUCT (with the support of the Ministry of Science and Higher Education of
Russia, grant No. 075-15-2021-671).
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Introduction

Phenol and cyclohexanone are large-tonnage products of basic organic petrochemical syn-
thesis. They are widely used in various branches of the chemical industry and related industries
[1, 2]. For example, phenol is used in the production of plastics, alkylphenols, synthetic dyes, ad-
ditives for fuels and oils, electrical insulation varnishes and plasticizers. It is also used in the pro-
duction of pharmaceuticals, surfactants, antiseptics, toxic chemicals and perfumes [3-5].

Cyclohexanone is the basic monomer for the polyamide polymer industry, plastics, insulat-
ing materials, etc. It is also used as a solvent for resins, fats, oils, waxes, acetates and nitrates [6].

The main quantities of phenol and cyclohexanone both in Russia and abroad are pro-
duced by the cumene method and the liquid-phase catalytic oxidation of cyclohexane (CH) re-
spectively. Despite the well-established technology and considerable operating experience,
these processes have a number of drawbacks. The acetone formed in the cumene process has
no market equivalent for phenol. The oxidation of cyclohexane leads to an extremely low (4-5%)
hydrocarbon conversion with a ketone formation selectivity of no more than 80-85%. In order

© E. A. Kurganova, A. S. Frolov, G. N. Koshel, V. S. Kabanova, 2022
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to eliminate the above drawbacks, the benzene-based co-production process for phenol and
cyclohexanone is being developed which includes the following steps:
e hydrodimerization of benzene to form cyclohexylbenzene (CHB);
o selective liquid-phase oxidation of cyclohexylbenzene to tert-hydroperoxide (tert-HP-
CHB);
e acid decomposition of tert-hydroperoxide of cyclohexylbenzene to phenol and cyclo-
hexanone according to the following scheme:

OH
— . ©
)2 OO ==+ (Y
CHB

HPCHB
This article presents the results of the liquid-phase aerobic oxidation of cyclohexylben-

zene to hydroperoxide in different solvents.
Results and Discussion

Although catalytic oxidation of cyclohexylbenzene compared to initiate oxidation can in-
crease the reaction rate by a factor of 1.2-1.4, nevertheless the selectivity of the process is signif-
icantly reduced and the practical implementation of this technique under industrial conditions
is fraught with several difficulties [7].

In this connection the oxidation of cyclohexylbenzene in the presence of solvents, which
are known to have a significant influence on the oxidation rate of hydrocarbons and the selec-
tivity of hydroperoxide formation, is of practical interest. We used tertiary cyclohexylbenzene
hydroperoxide as the initiator.

The oxidation reaction of cyclohexylbenzene is preferably carried out in acetonitrile me-
dium. In this solvent the average oxidation rate is increased by a factor of 1.3 compared to oxi-
dation without solvent and the hydroperoxide formation selectivity remains high (Table 1).

Table 1. Influence of the nature of the solvent on the oxidation of cyclohexylbenzene. Temperature is 125 °C;
initiator concentration (HP CHB) is 0.75% wt.; solvent concentration is 25% wt.

Time, Concentration in oxidate, % wt. . .

Solvent - - Conversion, % | Selectivity, %

hours | hydroperoxide ketons acids

*- 4.0 13.0 0.67 0.03 11.5 94.1
- 4.0 14.9 1.35 0.02 13.7 91.0
- 2.5 8.1 0.19 0.10 7.2 95.6
Acetonitrile 2.6 9.0 0.64 0.02 10.9 92.5
Benzonitrile 2.6 6.6 0.64 - 8.2 90.5
Chlorobenzene 2.6 5.2 0.14 - 5.7 95.0
Benzene 2.6 5.1 0.79 - 6.7 86.1
tert-butylalcohol 2.6 6.4 1.22 0.08 8.8 81.3

* - the experiment was carried out in a glass reactor.

The comparison of solvent-free oxidation data for cyclohexylbenzene in glass and metal
reactors shows (see Table 1) the material of the reactor wall also has almost no influence on the
quantitative reaction values. Finally, this made it possible to study the liquid-phase oxidation
reaction of cyclohexylbenzene under conditions as close to industrial as possible. To keep the
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acetonitrile in the liquid phase the oxidation of cyclohexylbenzene was carried out under pres-
sure at an airflow rate of 15-18 I/h. The system pressure is maintained at 10 atm, as its variation
in the range 10-30 atm had no effect on either conversion or process selectivity.

By Fig. 1, increasing of acetonitrile concentration the conversion of cyclohexylbenzene at
the same reaction time does not increase in proportion to the solvent concentration. Up to an
acetonitrile concentration of 5 mol/l, a straightforward relationship between hydrocarbon con-
version and acetonitrile concentration is maintained, and then the rate reaches its limit. The
oxidation selectivity decreases from 95 to 89%. The decrease of the reaction selectivity as a func-
tion of solvent concentration is greater at acetonitrile concentrations >7 mol/l.

Comparison of indices of cyclohexylbenzene oxidation process in acetonitrile medium
and without solvent at the same cyclohexylbenzene conversion shows thel3% hydrocarbon
conversion reaction selectivity in acetonitrile medium (10.5 mol/l concentration) is lower than
without solvent and at 11% conversion (acetonitrile concentration 5.5 mol/l) selectivity in both
systems is equal. By the dependence of hydrocarbon conversion on acetonitrile concentration
the acetonitrile concentration of 5.5 mol/l (25% wt.) is recommended for oxidation of cyclo-
hexylbenzene.

The increase of the oxidation rate of cy- 100
clohexylbenzene in the presence of acetoni-
trile can be explained by the formation of a
hydroperoxide complex with this solvent.

Conversion, %o
O
(=]
7/

The enthalpy of formation of the hydroper-
oxide-acetonitrile =~ complex is  higher
(11.7 kJ/mol) than that of the hydroperoxide-
cyclohexylbenzene complex (=4.2kJ/mol), 1
therefore the O-O bond in the hydroperox-
ide-acetonitrile complex is weaker. It is the 1

Cyr10, mol/l

reason for the increased rate of decomposi-
- - 0 0
tion of the hydroperoxide molecules to free . ) . . . 0

radicals in acetonitrile medium. The increase C Aceionitle: MOV

of the oxidation rate can also be related to the Fig. 1. Dependence of cyclohexylbenzene conversion

influence of the solvent on the ratio of chain

propagation rate constant and chain termi-

nation rate constant &, / \/E (8].

(1), selectivity of its oxidation reaction (2) and concen-
tration of the hydroperoxide-acetonitrile complex (3)
on acetonitrile concentration. Temperature 125 °C, ini-
tiator concentration is 0.05 mol/l, reaction time is 2.5 h

The nature of the conversion depend-
ence of cyclohexylbenzene on acetonitrile concentration can be determined by two factors.
Firstly, the oxidation rate of the hydrocarbon depends on its concentration, so if cyclohexylben-
zene is diluted with acetonitrile the reaction rate should decrease. At low concentrations of ac-
etonitrile there will be a lower speed reduction due to dilution of the hydrocarbon. The for-
mation of a hydroperoxide-solvent complex and the conversion of cyclohexylbenzene will be
proportional to the solvent concentration. At acetonitrile concentrations greater than 5 mol/l
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the rate reduction will be very high. The conversion of cyclohexylbenzene will change less with
further increases of solvent concentration. Secondly, as cyclohexylbenzene is diluted with ace-
tonitrile, the fraction of hydroperoxide bound in the hydroperoxide-acetonitrile complex will
increase, and at a certain concentration of acetonitrile all the hydroperoxide will be in the com-
plex. If the oxidation rate depends on the concentration of the complex further increasing the
concentration of acetonitrile will not increase the oxidation rate.

In order to find out which of these two factors is the determining one, the concentration
of the hydroperoxide-acetonitrile complex (Cx) at different concentrations of acetonitrile (Cax)
was calculated:

Cyx =KCpppCys

in which Ck is the concentration of the complex; K is the equilibrium constant of complex for-
mation (K(125 °C) = 0.09 I/mol); Cup is the concentration of hydroperoxide; Cayis the concen-
tration of acetonitrile.

When the acetonitrile concentration is 10 mol/I there is not the hydroperoxide bound to
the complex yet. The nature of the dependences of the complex concentration and cyclohex-
ylbenzene conversion on the acetonitrile concentration are identical (see figure 1). In addition,
if the concentration of the complex is calculated without considering the dilution of the hydro-
carbon with acetonitrile, the same dependence will be linear one. These suggests the opinion of
approaching the oxidation rate of cyclohexylbenzene to the limit value at acetonitrile concen-
tration more than 5 mol/l is associated with a significant decrease of hydrocarbon concentration
due to its dilution with solvent.

Increasing the concentration of the initiator (cyclohexylbenzene hydroperoxide) leads to
higher hydrocarbon conversion and lower reaction selectivity so as in solvent free oxidation
(Table 2). The most preferred initiator concentration is 0.047 mol/L.

Table 2. Effect of initiator concentration on the oxidation of cyclohexylbenzene in acetonitrile medium. Temper-
ature is 125 °C, acetonitrile concentration is 5.5 mol/l, reaction time is 2.5 h

Initiator concentration, mol/l Cyclohexylbenzene conversion, % Selectivity, %
0.023 9.5 94.2
0.047 10.9 93.5
0.141 12.0 88.1

The study of temperature effect and duration of oxidation on the accumulation of reac-
tion products (Fig. 2) allowed the selection of optimum conditions for the oxidation of phenyl-
cyclohexane in acetonitrile medium, which provide a sufficiently high rate and selectivity of the
reaction. Under these conditions (temperature 125 °C, initiator concentration 0.047 mol/l, ac-
etonitrile 5.5 mol/l) a hydrocarbon conversion of 11% is achieved in 2.5 h with a hydroperoxide
formation selectivity of 93%. The average oxidation rate of cyclohexylbenzene increases about
1.3 times in compare with the process carried out in the absence of solvent.
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Fig. 2. Temperature effect and duration of oxidation of cyclohexylbenzene in acetonitrile medium on the accumula-

tion of hydroperoxide (a), ketones (b) and acids (c). Temperature, °C: 1 - 120, 2 - 125, 3 - 130. Acetonitrile concen-
tration is 5.5 mol/l

Table 3 shows the material balance of the oxidation of cyclohexylbenzene in acetonitrile
medium.

Table 3. Material balance of the liquid phase oxidation reaction of cyclohexylbenzene in acetonitrile medium.
Temperature is 125 °C; reaction time is 2.5 h; conversion is 11.3%; selectivity is 93.2%

Taken Obtained
Components
g g-mol % wt. g g-mol % wt.
Cyclohexylbenzene
. 5.0 0.026 1.0 48.5 0.252 9.5
hydroperoxide
Ketons - - - 3.2 0.0181 0.63
Acids (calculation
. - - - 0.12 0.0009 0.023
for benzoic acid)
Cyclohexylbenzene 370.0 2.310 74.0 330.0 2.060 65.0
Acetonitrile 125.0 3.050 25.0 125.0 3.050 24.6
Losses - - - 1.0 0.005 0.247
Total 500 5.386 100.0 507.8 5.386 100.0
Experimental part

Aerobic liquid-phase oxidation of cyclohexylbenzene was carried out under pressure
(Fig. 3). Hydrocarbon, solvent, initiator were loaded into the reactor (1), which was attached to
the head. There was a gas operating pressure in the system, monitored with a manometer, and
the plant was checked for leaks. The contents of the reactor were then heated to reaction tem-
perature using an electric furnace (2). The temperature in the reaction zone was monitored by
anchromel-copel thermocouple wire in the hydrocarbon to be oxidised. Once the set tempera-
ture was reached, the agitator (3) was switched on, driven by the magnetic coil and core (4). The
air flow rate was controlled by a rheometer (6) installed at the reactor air outlet. After the ex-
periment, the reactor was quickly cooled down and disconnected from the system.
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The study of the oxidation patterns
of CHB under atmospheric pressure was —t—
carried out on a flow-closed type appa- 2 - 7

release
HQ :
4
sorbed oxygen and the ease of achieving :
2]

lad
=)

ratus [9]. It characterized as a closed loop

o

plant with the use of small quantities of
hydrocarbon, the ability to measure ab-

a kinetic regime. Systems at atmospheric o ]
pressure used oxygen as the oxidizer, sys-

. 7
tems under pressure used common air. ¥

The oxidation initiator, iso-

D

propylbenzene cyclohexylbenzene hy-

S ] o Fig. 3. Principle diagram of a pressurised hydrocarbon oxi-
droperoxide, is obtained by oxidation of

dation unit (PHOU): 1 - autoclave; 2 - electric furnace;
CYCIOheX}’lbenZCHe with more than 96% 3 - magnetic stirrer; 4 - electromagnet; 5 - refrigerator; 6 -
selectivity, washed with a 1% soda solu- rheometer; 7 - reducer; 8 - compressed air cylinder; P « -
tion and concentrated to 94% wt. control valve
The solvents for the oxidation process of cyclohexylbenzene of the "p.a." and "pur” grades
were additionally purified on a distillation column with an efficiency of 20 theoretical plates.
We determined the hydroperoxide in the oxidation products using the iodometric

method [10].
Conclusions

The regularities of the reaction of liquid-phase aerobic oxidation of cyclo-hexylbenzene
in the medium of acetonitrile have been studied. Conditions have been found that make it pos-
sible to obtain cyclohexylbenzene hydroperoxide with a selectivity of about 93% at an initial
hydrocarbon conversion of 11%. Thus, during the oxidation of cyclohexylbenzene, hydroper-
oxide can be synthesized with a selectivity and rate acceptable for the technological design of
the process. All this creates real prerequisites for considering the oxidation of cyclohexylben-
zene as one of the stages in the synthesis of phenol based on it together with cyclohexanone.
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Introduction

Natural aluminosilicates - kaolins, their analogs [1, 2], etc., having Lewis and Brensted
centres on the surface [3-5], are widely used for purification of vegetable oils from impurity
ingredients [6] as well as separation of heavy metal cations from waste water.

Both natural [5, 7, 8] and modified [9-11] aluminosilicate materials exhibit enhanced ad-
sorption properties towards compounds of inorganic and organic nature present in various me-
dia. The results related to the production of domestic materials based on pilled montmorillonite
with a high specific surface area and an impressive total pore volume [12]. On the other hand,
it must be considered that there is a strong tendency in the oil industry to use imported and
generally expensive aluminosilicate materials, which leads to an increase in the cost of the final
refining product (refined oil).

The study dwells on the following issues:

- consider the possibility of replacement of imported sorption materials used for vegetable
oil purification (Tonsil, Engelhard etc., cost RUB 100-120 thousand-t*) with cheaper and more

© P. B. Razvorov, A. A. Ignatiev, 2022
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effective domestic analogues (< RUB 20-30-t") having similar mineralogical compositions
to the foreign ones;

- analysis of quantitative indicators characterizing sorption efficiency using resource-sav-
ing technologies and non-deficient domestic aluminosilicate materials [13], the main impurity
ingredients (free fatty acids, peroxides and waxy compounds) from vegetable oils produced in
Russia and included in the category of vital goods for the population.

Experimental part

Kaolin clay by LLC Research and Production Enterprise "Promyshlennie materialy”
(Samara region), as well as domestic sorbents - blue, green, pink and black clays (LLC "PolySer-
vis-M", Moscow) were chosen as research objects for purification of oil-containing media in-
cluding impurities (free fatty acids, peroxides, waxes).

For purification we used mustard oil produced by CJSC "MARGCOM", the Nizhny Nov-
gorod region, Kstovo (GOST 8807-94).

Kaolin (natural aluminosilicate) is a white powder with various shades of colour. Accord-
ing to Certificate of Quality No. 40 dated 21.07.2004 of LCC Research and Production Enter-
prise "Promyshlennie materialy"(Samara region); meets the requirements of TU 5729-016-
48174985-2003, namely

mass fraction of Fe,Os is not more than 0.02%;

mass fraction of impurities dissolved in HCI is 0.2%;

mass fraction of water-soluble salts is not more than 0.1%;

weight loss on ignition is not more than 13.8%;

mass fraction of moisture is not more than 3.8%;

pH of the 1% aqueous extract is 8.3.

Blue clay, producer LCC "PolyServis-M" (Moscow), TU 9158-003-47308774-00 (natural
aluminosilicate) is powder of grey-blue colour; pH of 1% aqueous dispersion is 9.9.

Black clay, producer LCC "PolyServis-M" (Moscow), TU 9158-003-47308774-00 (natural
aluminosilicate) is black powder; pH of 1% aqueous dispersion is 8.4.

Pink clay, producer LCC "PolyServis-M" (Moscow), TU 9158-003-47308774-00 (natural
aluminosilicate) is powder of pink colour; pH of 1% aqueous dispersion is 8.4.

Green clay, producer LCC "PolyServis-M" (Moscow), TU 9158-003-47308774-00 (natural
aluminosilicate) is powder of grey-green colour; pH of 1% aqueous dispersion is 8.9.

Unrefined mustard oil (dark yellow colour); CJSC "MARGCOM", the Nizhny Novgorod
region, (GOST 8807-94); is characterized by physico-chemical properties: acid number, mg
KOH/g - 0.98 and 2.0 (separate sample for estimation of antioxidant activity); peroxide number,
mmol %0,-kg"' - 0.15; colour number per 100 ml, mg ]2 - 104; wax content, g-kg™' - 4.6;

Ethyl alcohol, GOST R 51652-2000.

Toluene, GOST 5789-51.

Trichloromethane stabilised, TU 2631-066-44493179-01.

0.1 N potassium hydroxide solution (aqueous).

0.01 N sodium thiosulphate solution obtained from crystalline sodium thiosulphate
(GOST 244-76).
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Ice-cold concentrated acetic acid, "c.p.", GOST 61-75.

Chloroform, GOST 20015-88.

Beeswax is a fat-like substance; it is characterized by physico-chemical properties: acid
number, mg KOH - 195; saponification number, mg KOH - 97.8; ether number,
mg KOH - 97.2; iodine number, % - 1.06; melting point, K - 351-353; solidification
point, K - 349-350; density, g-cm™ at 288 K - 0.94; index of refraction (at 353 K) - 1.4409.

X-ray phase analysis of aluminosilicates

The diffractograms were taken in the region of light scattering angles 2@ = 10-70° and
were compared with the one for kaolin sample. It was previously used for purification of oil-
containing media [12, 17].

The complete diffraction profile and wavelength are the input data for X-ray diffraction
analysis. At the first stage of analysis we identified the peaks position. The process was based on
the maximum Inax posiion. We calculated the interplanar distances by using the Wolf-Bregg equa-
tion. Also we measured the peak intensities and standardized the values obtained. The phases
were identified by comparing them with catalogue data (in tables showing interplanar distances
for phases, relative intensities as a percentage or fraction of one according to reflex and Miller
indices). The experimental diffractogram showed reflexes of a certain interval laying within the
specified imaging range (20) at this radiation.

The identification is carried out by distinguishing the 3-5 most intense characteristic
peaks of the compound. In such peaks absence we concluded the missing of the phase and tested
other compounds.

Determination of grain size distribution and particle size of aluminosilicate materials

The particle size of the imported aluminosilicate materials was determined according
to the Instructions for Use of the Fritisx Particle Sizer’ analysette 22; the fixed particle size per-
centages were estimated taking into account the automatic recording of the linear and integral
particle size distribution curves of the fractions.

Treatment of mustard oil at different sorbent rates

We added different aluminosilicate materials of JCB PolyServis-M (Moscow) - pink, blue,
green and black clays - in an amount of 0.1-2.0% of oil mass to mustard oil at 20 °C d; stirred
the phases during 1 hour with the intensity 80-120 min™. After 1 hour samples of the treated oil
were separated on a filter and the values of the acid, peroxide and colour numbers of the treated
oil were measured.

Mustard oil acid number defining

An alcohol-ether mixture is prepared by mixing 2 parts diethyl ether and 1 part ethyl
alcohol with 5 drops of phenolphthalein solution added per 50 ml mixture. The mixture is neu-
tralised by 0.1 N KOH alcohol solution until pink colour appearing.

We placed 3-5 g mustard oil (to the second decimal place) into a conical flask, added
50 ml of neutralized solvent mixture, stirred the resulting solution and, while stirring
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constantly, quickly titrated with 0.1 n alcohol KOH solution until of appearing the slightly pink
colour stable for 30 seconds.
The acid number (a.n.) is defined as:

an. = 5,611 kv/m, (1)

where 5.611 is a coefficient equal to the calculated weight of KOH in 1 cm® of 0.1 n. KOH solu-
tion. When using NaOH this coefficient is obtained by multiplying the calculated weight of
KOH in 1 cm’ of 0.1 n. solution, (namely 0.4), by 1.4 (56/40, i.e. ratio of molecular weights of
KOH and NaOH);

k is a correction to the titre of a 0.1N KOH solution;

v is the volume of 0.1 n KOH solution used for the titration;

m is the weight of the mustard oil sample for analysis, g.

Mustard oil peroxide number defining

The method involves the use of chloroform.

We placed a weighted amount of mustard oil (0.2-1.0 g) into a conical flask. If it is prob-
lematic to weigh the flask directly, a sample of oil is weighed in a sample vial and placed in the
flask together with the sample.

A flask with the sample is filled with 10 ml of chloroform, the sample is dissolved quickly,
15 ml of glacial acetic acid and 1 ml of a 50-55% KI solution are added. The flask is closed, its
content is stirred for 1 min and left for 5 min in the dark place at 288-298 K. Then 75 ml of
water is added to the flask, stirred thoroughly and added the starch solution (5 drops) until the
appearing of violet-blue colour. The released iodine is titrated with sodium thiosulphate solu-
tion (Na,S;0;) until the appearing milky white colour stable for 5 seconds.

Control defining (without adding oil to the sample) - carried out in parallel with the main
one.

The peroxide value (p.v.) is defined:

p-n. =100 (V - Vo)-c/m, (2)

in which V'is volume of Na,5,0:; in the main sample, ml;
Vy is volume of Na,S,0:; in the control sample, ml;
c is the concentration of Na,S,0s, mol/l';
m is the weight of the mustard oil sample for analysis, g.
The resulting peroxide value (p.v.) is expressed in millimoles of active oxygen
(mmol ¥ O,) per 1 kg of sample.
To obtain a sodium thiosulphate solution of the required concentrations (0.002 mol/dm?
and 0.01 mol/dm?), dilute 0.1 nl before the test. Na,S,0s, 50 and 10 times, respectively.

Mustard oil colour value defining

0.26-0.27 g twice resublimed iodine and twiced amount of potassium iodide (0.52-0.54 g KI)
are placed into a weighing bottle and dissolved in 10 ml distilled water. The resulting solution
is placed into a 250 ml volumetric flask and shaken. The prepared standard solution of iodine
has a colour value (c.v.) of 100 mg I, and after evaluation of its optical density (relative to
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distilled water) at A = 490 nm is used to construct a calibration graph "c.v. - optical density"
passing through the zero point on the abscissa and ordinate axes.

The oil is placed in a 20 mm cuvette and the optical density is measured relative to distilled
water at A =490 nm. The colour indicators corresponding to the measured optical density value
are identified according to the graph. It is necessary to define the concentration of the prepared
solution of iodine by titration of 0.01 n Na,S,0s solution in presence of starch (iodometric in-
dicator is 1% starch solution).

The starch is prepared as follows: 1 g of the substance is ground in a mortar with 5 ml of
distilled water. The mixture is placed into 100 ml of boiling water, boiled for 2-3 minutes and
then chilled. The starch solution should give a blue colour with 2 drops of 0.1 n J,; if the colour
turns reddish-brown the solution is unusable.

Defining waxes in mustard oil

The treated oil is poured into a 1 cm cuvette and the optical density is identified by FEC
instrument at A = 490 nm against a sample of oil of waxes were previously isolated by freezing
in the refrigerator three times at 277 K. The concentration of waxes in the oil is determined by
the calibration curve, which is a relationship of the form D = f (Cs).

Assessment of the antioxidant activity of clays during storage of treated mustard oil

To unrefined mustard oil with a starting a.n. = 2.0 mg KOH/g at 293 K, pink and black
clay were added at a material consumption of 10 g-kg* of clay (PM = 1.0 wt. %) and the phases
were stirred with an intensity of 1-2 s! for 1 h. After 90 days (3 months storage in the container
closure system) we separated the samples of the treated oil on a filter and measured a.n. and p.v.
of the treated mustard oil.

Results and discussion

The main rock-forming mineral of the comparison sample - kaolin (LCC "Promishlennie
materialy”, Samara region) is kaolinite Al[Si,Os](OH)s (mass content 90-95% wt.); impurity
component of kaolin is low-temperature quartz SiO, (< 5% wt.) (Table 1). At the same time the
analysis of diffractograms of samples of other domestic aluminosilicate materials with colour
range (blue, pink and black clays, Fig. 1) showed the containing of montmorillonite as rock-
forming material: blue clay - 35-40 wt %, black one - not more than 15 wt %, pink one -
5-10 wt % (content is minimum compared with other samples). The latter, however, is kaolinite
abandoned (containing 10-15% wt%) among all domestic materials under study. The same na-
tive aluminosilicate material includes sufficient amount of saponite Mgs;(OH),[Si4O10]-nH,O
(up to 15% wt.) and maximum amount of 3-quartz (65-75% wt.) as compared to other samples.
The presence of magnesium and iron (III) cations provides the appropriate colour for this type
of material.
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The black clay contains significant quantity of hydromica (hydromuscovite content of
about 50% wt%) and is apparently abandoned in organic impurities (hydrocarbons). That ex-

plains its corresponding colouring.
The blue clay contains f-quartz, montmorillonite, impurities of saponite and hydromica,

as well as cobalt and iron (II) cations, in approximately equal proportions (about 6% each).

Table 1. Mineral compositions of domestic aluminosilicate materials in various colours

Sample

Lines

Compliance

Kaolin by LCC Research
and Production Enterprise
"Promyshlennie materi-

7.149; 3.873; 2.558;
2.491; 2.339; 1.992;
1.778; 1.446

Kaolinite Alz[SizOs] (0H)4 (90-95%)

aly"(Samara region) TU
5729-016-48174985-2003

3.338

B-quartz (SiO2) (5-0%)

4.456; 3.343; 1.82; 1.54

B -quartz (SiO,) (up to 5%)

Blue clay by LCC

4.456; 2.58; 2.48; 2.12;
1.66; 1.60; 1.50; 1.38

Montmorillonite (35-40%)
(Ca, Na) (Mg, Al, Fe),(OH)[(Si,Al)4010]-nH,O

"PolyServis-M" (Moscow)

3.032

Sapovite Mg,(OH),[Si,010]-nH,0 (6-8%)

2.891

Hydromuscovite (up to 6%)
(K, H20)AL(OH),[(Sis Al)4010]-nH,O

4.245; 3.341; 1.81; 1.54

B -quartz (Si0) (65-75%)

7.213; 3.024; 2.27; 1.31

Sapovite Mgs(OH),[Si4O10]-nH,O (up to 15%)

Pink clay by LCC 3.571; 2.56; 1.98 Kaolinite AL,[Si;05] (OH), (10-15%)
"PolyServis-M" (Moscow) s o AOUMIE AR IS S S
Montmorillonite
4.44;2.12; 1.67; 1.49 .
(Ca, Na) (Mg, Al, Fe),(OH)[(Si,Al),040]-nH,O
5.42;3.21; 3.04; 2.90; Hydromuscovite
255, 2.14 (K, HzO)Alz(OH)z[(Sh Al)4010]'nH20
Black clay by LCC 4.25; 3.33; 2.68; 2.20;
- tz (SiO to 409
"PolyServis-M" (Moscow) 1.82;1.81 P -quartz ($10;) (up to 40%)
Montmorillonite
6.45; 4.46

(Ca, Na) (Mg, Al, Fe)z(OH)z[(Si,Al)4010]'nHzo
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We determined the percentage distribution of blue and pink clay particles by using special
sizers and the Fritischer Particle Sizer’ analysette 22'. Analysis of particle size distribution shows
the samples of native aluminosilicates the dominant number of particles has a size of
2.5-10.0 um (Table 2). The black and blue clays are also distinguished by inclusions of fine par-
ticles of 0.3-2.5 um (49.6 and 44.5%, respectively), which probably influences the specific sur-
face area of these materials and affects their sorption properties

Table 2. Percentage distribution of particles by fraction in aluminosilicates

Dispersion, mkm
Sample
0,3-1,2 1,2-2,5 2,5-5,0 5-10 10-20 20-30 30-40
Kaolin (reference
3,21 8,84 15,16 23,38 34,77 10,76 3,70

sample)

Blue clay 15,06 29,40 25,96 20,87 8,12 0,59 -
Pink clay 7,63 22,20 30,68 30,18 9,31 -
Black clay 18,48 31,09 28,21 20,27 1,95 - -

We made an energy-saving mixing of the solid (pink, black, blue and green clay powders)
and liquid phase (mustard oil with a.n. = 0.98 mg KOH) at 298 K and intensity of < 2 s™ for
60 min, varying the low flow rate (PM) between 1-20 g-kg" oil and then separating the liquid
phase from the clay by filtration. The wax compound (WC) content in the untreated oil was
fixed (0.5% wt., or 5000 mg kg oil): the WC was artificially added to the liquid phase, frozen
three times at t = 277 K.

A sample of pink clay (Fig. 2) containing sufficient kaolinite was found to have increased
sorption properties against free fatty acids (FFAs) of mustard oil. At 3-5 g kg™ the acid number
can be reduced from 0.98 to 0.72 mg KOH (purity of 26.5%). The amount of removed FFAs is
~ 2.5-10* mol. The other domestic aluminosilicate materials are characterized by the following
maximum FFAs release rates:

black clay - 2.0-10* mol FFAs; degree of separation 23.5% at PM = 20 g-kg™;

blue clay - 1.5-10* mol FFAs; degree of separation 15.3% at PM = 20 g-kg™;

green clay - 1.0-10* mol FFAs; degree of separation 13% at PM = 5 g-kg™;

Domestic clay powder materials are ranked by the degree of mustard oil FFAs release as:

green clay < blue clay < black clay < pink clay (3)
increasing of FFAs releasing -

For peroxide compounds (PCs) contained in unrefined mustard oil, the dependence of
the sorption capacity of these materials as sorbent consumption increases remains similar. The
tested domestic materials are ranged in terms of atomic oxygen uptake activity (mol-107):

blue clay < black clay < pink clay. - (4)

the increasing of active oxygen extraction degree.
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Fig. 2. The native aluminosilicates sorption capacity against free fatty acids of mustard oil (a) and change in the
acid number of the liquid phase as a function of material consumption (b). Conditions: treatment temperature
20 °C, treatment duration 1 hour. Type of domestic aluminosilicate (clay): 1 - pink; 2 - black; 3 - blue; 4 — green

By Fig. 3, the pink clay enables #36% peroxides to be extracted from unrefined mustard
oil; the p.v. decreases from 0.15 to 0.11 mmol % O,-kg" already at a low material consumption
(1 g-kg' oil). In this case only green clay cannot compete with other domestic sorbents. No mat-
ter of green clay consumption, no more than 10% of the PS can be separated.

But by using a sample of green clay, we obtained the data suggesting a certain degree of
affinity of these materials to impurities of a neutral nature - in particular waxes and components
of the pigment complex of mustard oil. Thus, while the degree of clarification of domestic green
clay in unrefined mustard oil is 9%, for a sample of pink clay it does not exceed 4% (the colour
number can be reduced by only 5 units on the iodometric scale). We have to consider it in terms
of the surface condition of the sorbent and the pH value of 1% aqueous dispersions of these

materials.
a b
25 - |.§ Oxygen absorbed, mmel 1/2 Oz - 104 0,15 2. v., mmel 1/20z/kg
A‘ — l
204 /-~ . ‘2
‘
154 | + 3
10 A
" ad
5 E
0 T T !
0 5 i0 15 20

PM, g/kg oil

Fig. 3. The native aluminosilicates sorption capacity against peroxide compounds of mustard oil (a) and change
in the peroxide number of the liquid phase as a function of material consumption (b). Conditions: treatment tem-
perature is 293 K, treatment duration is 1 hour. Type of domestic aluminosilicate (clay): 1 - pink; 2 - green; 3 - black
4 - blue

As for the extraction of wax compounds (WC) from mustard oil, all the tested domestic
materials have high sorption properties, irrespective of their colour. For example, from 50 g of
oil on pink clay, 250 mg WC (i.e. 0.5% impurity of unrefined mustard oil) can be extracted.
In samples of black and green clay, these values are 5-8% lower.
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Fig. 4. Scheme of interaction between domestic aluminosilicate and ester waxes component

A positive effect of WC sorption is already achieved at a material consumption of 5 g-kg™',
which is 0.5% of the liquid phase weight.

The data obtained are in agreement with the model of interaction between a typical do-
mestic aluminosilicate material and the ester component of the wax compounds (Fig. 4). On the
example of the Volzhskaya silica clay, which has active OH-groups on the surface, it is clearly
seen that the interaction involves the end hydrogen atoms of this group and the oxygen atom
of the carbonyl of the ester complex component of the WC.

In [14] by semiempirical method PM3 were calculated the lengths of formed hydrogen
bonds O...H' and O...H? (Table 3), which, depending on the empirical number of carbon atoms
in the chain, are 2.92-3.09 A. The presented work is valuable by the discovery of the fact that
blue clay has enhanced sorption properties in relation to WC of unrefined mustard oil: its ac-
tivity level is approximately 20% higher than that of other tested domestic aluminosilicates.

Table 3. Hydrogen bonding parameters for WC-aluminosilicate structure

Number of carbon Bond length, A Bond valence angle, deg

atoms in the chain O..H! O..H? H'...0=C H2...0=C O..H-O' | 0O...H>-0O?
4 3,00 3,04 111,8 127,0 153,0 152,6
9 3,01 3,05 110,9 125,2 153,4 152,5
11 3,01 2,92 105,8 113,6 151,7 155,9
15 3,00 2,90 105,5 112,6 151,4 156,0
18 3,01 2,91 105,4 112,2 151,5 156,3
19 3,03 2,90 104,9 110,9 151,2 159,9
20 3,09 2,92 103,6 107,6 151,1 158,7

The specifics of the interaction between wax molecules and domestic aluminosilicate ma-
terials can be simplified by schemes:

waxes (1 molecule) + aluminosilicate material (1 molecule) — complex (1:1); (5)
waxes (2 molecules) + aluminosilicate material (1 molecule) — complex (1:1) + waxes (1 molecule); (6)

waxes (2 molecules) + aluminosilicate material (1 molecule) — complex (2:2). (7)
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The extraction of wax compounds from unrefined mustard oil increases the absorption
of biologically active ingredients with the ingestion of the oil. This is primarily due to the oil's
beneficial impurities - in particular oleic and erucic fatty acids and phytoncides, which have
bactericidal, antiviral and immune-stimulating effects The waxes themselves do not have a pro-
nounced negative effect on the organisms.

Conclusions

The possibility of mustard oil energy-intensive refining through the introduction of do-
mestic powder aluminosilicates - pink and black clay containing f-quartz and hydromuscovite
fractions with kaolinite, saponite, montmorillonite impurities in the amount of 5-10 g-kg™ oil
at mixing the phases for 1 h with the intensity of 1-2 s and following phase separation on the
filter; characteristic that the process is allowed to perform at room temperature.

The pink clay containing up to 15% kaolinite (exchangeable cation - aluminium)
increased sorption properties with respect to free fatty acids and peroxide compounds of
mustard oil. With regard to the components of the pigment complex of the oil, green clay has
the best brightening capacity (up to 10%). As far as extraction of impurity waxes from the men-
tioned oil is concerned, all domestic materials of PolyServis-M LCC (Moscow) proved to be
excellent regardless of their colour; a high positive effect (= 90%) is reached even at a small
sorbent consumption rate (5 g-kg™).
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Keywords: Abstract: The paper examines the classification of de-icing agents and identifies
De-icing agents, technical the most commonly used additives in road maintenance. The article describes the
salt, urea, sodium phor- mechanism for producing a combined acetate de-icing agent from sealant produc-
miate, electrochemical cor-  tion wastes. Experiments shows total removing of ice by combined acetate reagent

rosion, underlying chemistry — in 30 minutes. Also the study investigates the effect of de-icing agents on galvanised
automobile parts. The interaction between the de-icing agent and the metal auto-
mobile parts proceeds through the anodic and cathodic oxidation-reduction reac-
tions. The paper dwells on electrochemical corrosion underlying chemistry. In or-
der to evaluate the effect of antifreeze additives on the electrochemical corrosion of
zinc coating the authors present the results of the quantum-chemical calculations
of zinc ions intermolecular complexes energies formations with water molecules
and antifreeze additives. We made the conclusions by the results of the scientific
work. According to the results, sodium phormiate can be classified as a gentle de-
icing agent, characterising by low corrosive effect in a humid environment. The
better result was shown by the combined de-icing agent in a dry environment. The
maximum corrosion rate of the zinc coating in a wet environment is higher than
in a dry one.
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Introduction

In winter traffic conditions are unfavourable due to snow and ice crusts. Slippery roads
reduce the traffic speed and increase the cost of transportation and the number of car accidents.
The main objective of winter road maintenance is to carry out a range of measures to ensure
continuous and safe traffic on the roads, including snow clearance and de-icing. The situation
on the roads is particularly acute in winter with short periods of heavy snowfall, as in the winter
periods of the last three years.
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Falls are the second leading cause of accidents. The World Health Organisation (WHO)
estimated there are 424,000 deaths from falls worldwide each year. The majority of falls occur
in winter. The main reason is that the streets are not cleared of snow and ice. Winter injuries
account for up to 18% of total temporary disability and cause 15-20% of disabilities. Falls in the
street result in the following injuries: fractures and dislocations (65-72%), bruises and sprains
(22-25%) and minor injuries (4-6%). Arms and legs are the most prone to injury - 83-85% of all
cases.

In addition to injury, de-icing materials contain substances that are harmful to the envi-
ronment. The current trend is to develop de-icing agents that meet all the requirements of the
standard, including those with a minimal environmental impact [1-6].

The most popular method of de-icing in Russia is the treatment of road surfaces with
chemical de-icing agents. De-icing materials include solid or liquid road maintenance materials
used for de-icing of roads and streets [3, 7-9].

Fig. 1. The classification of de-icing agents.

r De-icing materials
‘fhemica. l Combained [ Friction
Solid Liquid Solid

]

gochlorides;

: eSand-gravel
'sAcetates; Sand brine mixture;
eUrea; mixture eCrushed stone;

eNitrates; eSlag
#Natural brines :

Fig. 1. The classification of de-icing agents

Urea and sodium phormiate based reagents (Bionord, Bionord-Avia, Biodor etc.) have
recently become widespread for icing prevention. In addition, industrial salt is still used because
of its low cost.

Results and Discussion

The purpose of this work is to determine the effect of de-icing agents on galvanized auto-
mobile body parts.

The objects of the study are de-icing agents currently used in Russia: technical salt, urea,
sodium phormiate and combined de-icing agent (CDA).

The combined reagent was produced at the Department of Labour and Nature Protection
at Yaroslavl State Technical University (YSTU) from sealant production waste. About 24 tonnes
of these waste is accumulated in Ratmirovo village, the Moscow region, Russia. The waste con-
sists of 25% ammonium chloride and 45% acetic acid. The rest is water.

When acetic acid reacts with ammonium chloride, ammonium acetate is produced:

CH;COOH + NH,Cl > CH;COONH, + HCl
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The reaction is reversible. Ammonium acetate is a preservative and widely used as a food
additive known as E264. In addition, the substance is also used in the production of de-icing
agents used to treat motorways.

Acetates have the ability to stay on the road even after it has been mechanically cleaned.
In favourable weather conditions, such reagents can retain their protective properties for more
than four days without the need for re-treatment. Acetate-based de-icing agents have a high
environmental safety rating of Hazard Class IV. Acetate reagents are safe for humans, the
groundwater system, animals and plants. Acetates undergo complete biodegradation in aquatic
systems for a limited period of time without creating an oxygen deficiency problem for aquatic
organisms. In addition, acetate de-icing agents do not undergo degradation with the formation
of ammonium and are therefore not toxic to fish.

They have good biodegradation properties with less oxygen demand than any other de-
icing agent. By replacing the chlorides, urea and glycols used in other de-icing chemicals, all the
problems associated with chloride and nitrate contamination of wastewater are eliminated. Us-
ing acetates eliminates the need to collect and treat wastewater from the effects of the reagent.

However, acetate-based de-icing agents are only used in well ventilated areas (bridges,
overpasses, or airfields). They should not be used in cities, as there is a distinctive vinegar odour
during the use.

Fig. 2. A flowchart of the production of an anti-icing agent from sealant waste.

To obtain de-icing agent (CDA), the waste was evaporated to dryness, then ground to a
mineral particle dispersion of no more than 1 mm. After grinding, the powder samples were
tested as an anti-icing agent on a 1m? ice surface. The results of the experiment showed that the
de-icing agent, obtained from sealant production waste, started working after just a couple of
minutes, and after 30 minutes the ice was completely gone.

C—==> | Container|| C={>>|Evaporation
plant
Finished G
product

D roduct
<3| Grinder ||<I= ry|;in

Fig. 2. Scheme for producing a combined de-icing agent

A working group determined the phytotoxicity parameters of de-icing agents [10-12].

In this work we studied the effect of de-icing agents (sodium phormiate, urea, sodium
chloride, combined de-icing agent) on the automobile parts.

The experiment was conducted in a dry air in a humid media. Water was used as a control.
To obtain data in a humid media, the sample was placed in solution and in a dry media, the
sample was suspended over the solution.

The mass loss per unit surface area Am, kg/m?, is calculated according to the formula
Mo~y

s

Am =

b

where m, is the mass of the sample before the testing, kg,
m, - mass of the sample after testing and removal of corrosion products, kg,
S - the surface area of the sample, m”.
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If solid corrosion products are difficult to remove, or if their removal is impractical, solid
corrosion is quantified by the mass increasing. The mass increasing per unit of surface area is
calculated by the difference in mass of the sample before and after the test referred to the unit
surface area of the sample. In order to calculate the metal mass loss by the increase in sample
mass, it is necessary to know the composition of the corrosion products.

During [13, 14] the electrochemical corrosion zinc coatings protect steel both mechani-
cally and electrochemically in places, where the coatings are damaged and in pores, where zinc
forms a galvanic pair with steel by shielding it from the media. At the same time, short-circuited
micro-galvanic elements appear in the system located in the electrolyte, due to the separation
of the surface into cathode and anode sections as a result of mechanical damage. The anode for
these elements is zinc, and the cathode is iron. The process of electrochemical corrosion is a
combination of two reactions occurring on the surface of metals: anodic, in which zinc atoms
oxidise to form ions which pass into solution, and cathodic, which is accompanied by the re-
duction of the oxidant (depolariser).

The oxidation of zinc at the anode end produces zinc ions which form intermolecular
complexes with water molecules and the de-icing agent and pass into the solution. This process
can be represented as

Zn — Zn* . 2e (1)

Zn* .2e +S ™ Zn** - S+ 2e (2)

As S may be water molecules as well as de-icing additives. The released electrons pass

from the anode to the cathode surface, where they combine with the hydrogen ions in the solu-
tion, releasing hydrogen:

2H" +2e— Hs (3)

This process is called hydrogen depolarisation. In presence of oxygen in air the reaction
of the oxygen depolarisation can also take place to form hydroxyl ions:

02 + 2H20 +4e— 40H (4)

For theoretical estimation of the antifreeze additives effect on electrochemical corrosion
of zinc coating we provide the quantum-chemical calculations of energies of formation of in-
termolecular complexes [15] of zinc ions with water molecules and antifreeze additives on re-
action (2), as well as complexes with hydroxyl ions:

OH +§S— OH S (5)

The calculations were performed by the DFT B3LYP/6-311G** density functional method
using the ORCA quantum chemical package [16, 17]. The total electron energies of the compo-
nents of the reactions in aqueous medium were calculated within the CPCM solvation model.
The energies of intermolecular Ein complexes formation were calculated similarly [15, 18-20]
as the difference of the total electronic energies of the reaction products and the starting sub-
stances in the solvating medium. The values obtained are shown in Table 1.
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Table 1. Ein; formation energies (kJ/mol) of intermolecular complexes of water and de-icing molecules with zinc
ions and hydroxyl ions

b Ion
Substrate P OIL
Water -71.04 15.74
Urea -82.65 -412.34
Sodium phormiate -501.08 -412.34
Sodium chloride -138.50 -134.50
Ammonium acetate -309.69 -233.55

The molecules of all presented types of anti-icing coatings form complexes with zinc ions
and hydroxyl ions exceeding the energy of formation of the corresponding complexes with wa-
ter molecules, which confirms their potential corrosive activity. However, it is not possible to
compare the corrosion activity of different types of coatings on the basis of these data, because
it depends on many factors, such as the degree of dissociation of the electrolyte in solution,
concentration, interaction with zinc oxide, solubility of the resulting salts, etc. In this regard,
experimental studies have been carried out on the corrosion activity of different de-icing agents.

By the experiments, the corrosion rate (C) versus time () is a curve with saturation, which
is approximated by a regression equation of the form

C = Cpax(1 — e7FD), (6)

where Cp, ¢ is the maximum achievable corrosion rate under experimental conditions,
k  isthe process rate constant.

The parameters Cy,,x and k of the experimental data were calculated by the least-squares
method using a non-linear estimation procedure [21]. Fig. 3 is an example of a kinetic corrosion
curve in a humid media in the presence of urea. The experimental dots of the approximation
were made. Fig. 4 shows the appearance of the corroded samples.
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Fig. 3. Corrosion rate versus time in a humid environment ~ Fig: 4. Galvanisation sample appearance after

in the presence of urea: dots - experiment, curve - calcula- the experiment: 1 - urea sample, 2 - technical salt

tion using function (6) vapour sample

By Table 2 the kinetic parameters of the test samples corrosion in different media calcu-
lated by the experimental data.
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Table 2. Calculated kinetic parameters of the test samples corrosion in different media

Substrate | C, g/cm? | k, days™ Adequacy dispersion
Corrosion in the humid
Water 0.00023 0.6762 1,15-10°
Sodium phormiate 0.00049 0.1960 1,77-10°
Sodium chloride 0.00427 1.9173 1,16-10°
Combined CDA 0.00807 0.0654 2,5-10°®
Urea 0.02279 0.1707 3,2:10°¢
Corrosion in the air

Combined CDA 0.00001 2.4946 1,01-10"

Water 0.00020 0.0791 7,79-10° 1

Sodium phormiate 0.00046 0.1230 8,39-10
Urea 0.00049 0.2270 2,87-10°

Sodium chloride 0.00419 0.0632 6,73-10"°

By the results, the rate constant is in approximately an antibactic relationship to the max-
imum corrosion rate. When corroding in a humid environment, urea has the maximum corro-
sion rate, while in a dry environment, sodium chloride has the maximum corrosion rate. How-
ever, sodium phormiate is a relatively mild corrosive agent in both dry and humid media. The
combined de-icing agent exhibits almost no corrosive properties in a dry environment, but is a
relatively active corrosive agent in a humid one.

Conclusions

This paper investigates the corrosion protection properties of the most common de-icing
agents in relation to galvanised iron, which is widely used in the automotive industry. Accord-
ing to the results, sodium phormiate can be classified as a gentle de-icing agent, characterising
by low corrosive effect in a humid media. The better result was shown by the combined de-icing
agent in a dry media. The maximum corrosion rate of the zinc coating in a wet media is higher
than in a dry one. There is no correlation between the formation energy of the intermolecular
complex with zinc ions and hydroxyl ion and the maximum corrosion rate of the respective
substrate. This seems to be due to the fact that the corrosion rate of zinc is mainly determined
by the ability of the substrate to interact with the zinc oxide.
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Introduction

Most of the physico-chemical properties of porphyrins (H,P) and their porphyrinoid an-
alogues (H.Pn), especially those related to the reactivity of the coordination cavity of the mole-
cules, are controlled by the macrocyclic effect (MCE) [1, 2]. MCE is exhibited in solvation pro-
cesses of macroheterocycles [3, 4], their complexing reaction [5-7], dissociation processes
of metal complexes [8, 9] as well as in changes of NH-acidity compounds in processes of total
proton transfer [10-13] and unfinished [14-18] acid-base interaction.

The macrocyclic effect of aromatic macroheterocycles (MHC) is not only the effect of spa-
tial screening of the reaction centres of molecules, lowering their reactivity. It has also [1] the
effect of m-electron influence, which can counteract with the steric effect in changing the reac-
tivity of molecules in some cases [2]. The dependence of some, in particular the acidic and com-
plexing properties of MHCs, on the molecular structure proved to be unusual (non-linear) by
this reason. For example, the change of NH-acidity occurs in accordance with various structural

© D. B. Berezin, 2022
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factors leading to its polarisation. For example, the increase of H,P NH-acidity took place both
with the increase of aromaticity of molecules, in particular, at the transition from porphyrins to
their meso-aza analogues [2], and, on the contrary, with the increase of their non-planarity but
only in case of nonplanar macrocycle was in polarized "saddle" conformation having dipole
moment at least 1.5 D [19, 20]. The nature of the polarization of the "saddle-non-flat" MHC is
shown in Fig. 1.

wononon

Fig. 1. The basic - fluted (left, u=0) and saddle (right, y#0) are non-planar conformations of porphyrins ("+", "-
and "0" symbolise the position of atoms above, below and in the plane of the macrocycle respectively)

Such structural changes of planar structure led not only to the increase of NH-acidity of
MHC molecules in general, but also to the increase of so called chemical activity of NH-bonds
[2, 16], which is revealed in ability of molecules to interact with weak organic bases (DMF,
DMSO, etc.) with formation of H-bonded molecular complexes (1) [14, 15, 17, 18].

H,P + 2Solv Solv--H-P-H-Solv (1)

The formation of such complexes was proved experimentally by electron, fluorescence
and NMR spectroscopy, thermogravimetry, calorimetry [17, 18, 21, 22] and by quantum chem-
ical methods of analysis (DFT, NBO) [18, 23].

The polarization of NH-bonds in H,P molecule leading to their delocalization is one of the
most important factors lowering its activation barrier and increasing the speed of the process by
to the mechanism of the MHCs complexing reaction (2) [5, 24]. The monoanionic ligands of
N-substituted porphyrin analogues (compounds 1, 2) transform the equation (2) into (3):

-2 Sol
HoP + MX5(Solv)az — > [HaP~MXa(Solv)ns]' —> MP + 2HX + (n-4)Solv @)

HIN-R)P + MXa(Solv)rs =2 [H(N-R)P-MXa(Solv)rs]* —> (X)M(N-R)P + HX + (n-4)Solv (3)
Often the increase of the chemical activity of NH-bonds in reaction (2) exhibits in the
violation of the kinetic compensation effect (KCE) characteristic of reactions involving H,P, i.e.
linear dependence of the process activation parameters - activation energy (E,, kJ-mol™ or AH?)
and entropy change (AS*, J-mol-K ™) in the transition state formation of reaction (1) [24-26].
Supposedly, the polarisation of NH-bonds within the macrocyclic ligand leads to an increase in
AS* during reaction (2), which indicates an increase in the transition state solvation efficiency
with polarised NH-bonds [24]. The nature of KCE was interpreted by different authors
(2, 5,24). A typical example of the deviation of the dependence AS* = A(E,) was found in [27].
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It was observed an individual type of direct KCE in each group of NH-active MHCs, in partic-
ular non-planar and, conversely, high-aromatic ones (Fig. 2). Moreover, the increase of AS* of
reaction (2) occurs in the transition from classical porphyrins proper both as the flat structure
of the molecule distorts and as its rigidity increases, because both factors cause an increase in
the chemical activity of NH-bonds.

AS*, kI mol!1 K-!

70+

—190 |-

-230 L 1 L 1 1
0 10 20 30 40 50 60
E,. kI mol!

Fig. 2. Kinetic compensation effect of the complexing reaction of (2, Zn(OAc),, CH;CN) spatially distorted (a)
and rigid (b) porphyrins with chemically active NH-bonds [27]

The macrocyclic effect extends not only to porphyrins proper but also to all cyclic por-
phyrin-like compounds, in particular aromatic derivatives of vitamin Bi, corrolys [28]. Thus,
by the analysis of experimental data, basic criteria for the detection of the chemical activity of
NH-bonds in porphyrin molecules [2, 15] and later their analogues [18] were formulated. The
chemical activity of NH-bonds in aromatic MHC molecules can be achieved if several condi-
tions are satisfied by:

- change of the macrocycle structure to a rigid aromatic or to a strongly flattened ones if
the molecule is polarized;

- presence of electron-accepting groups or groups of different electronic nature in the
molecule, leading to polarisation of the n-chromophore through a "push-pull” effect;

- change of the medium the properties promoting polarisation of the NH-bonds of the
H,P molecule through solvation, e.g. by molecules of electron-donating solvents.

This work dwells on the analysis of kinetic parameters of the indicator reaction of metal
complex formation (2) by the example of non-flat N-substituted porphyrin analogues (com-
pounds 1-2) as well as H,P (compounds 3-6) with zinc (II) and cobalt (II) salts in benzene and
DMF medium to discover new facts of the chemical activation of NH-bonds influenced by elec-
tron donor solvent molecules in the entropic characteristics of reaction (2).

Experimental part

Porphyrins 1-6 were synthesised and spectrally identified according to existing methods
[29, 30].
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The solvents acetone (Me,CO, pure), benzene (CsHs, analytic grade), dimethylformamide
(DMF, analytic grade), dimethylsulfoxide (DMSO, pure), pyridine (Py, pure) 1-propanol
(n-PrOH, analytic grade) were further purified as recommended [31]. The water content of the
solvents was monitored by the Fischer method. Acetates and acetylacetonates of zinc(II) and
cobalt(II) "chemically pure" were dried in the desiccator over P,Osand used without further pu-
rification.

Kinetic measurements of the complexation reaction (2, 3) were performed in the temper-
ature range of 298-318 K in DMF and CsHs medium. The concentration of the macrocyclic
ligand in all cases was 2-10° mol/l and the reaction was carried out in 100 times excess molar
quantity of salt. The H,P and salt solutions were thermostatted before the experiment, com-
bined and quickly placed in the thermostatted spectrophotometer chamber. During the reac-
tion (2), the optical density of the pigment depending on the type of ligand was recorded at the
operating wavelength of 620-720 nm at regular intervals. A detailed description of the experi-
mental procedure and the calculation of the kinetic parameters of reaction (2) are in [32].

Results and Discussion

An effective mean to control the reactivity of the coordination cavity (N4H>) of porphy-
rins and their analogues is the regulation of the chemical activity (degree of delocalization)
of intracyclic NH-bonds [2]. As for their m-electronic and geometrical structure, the azaporphy-
rins are better correspond under the definition of NH-active H,P, possessing rigid macrocycle
(2, 6, 10, 14], and nonplanar due to their overloading with bulk substituents at molecule periph-
ery dodeca-substituted porphyrins [2, 7, 13, 15], and also some their derivatives, porphyrinoids
with asymmetrically polarized molecular structure [18, 28].

The nature of the reaction (2) of the complexing of porphyrins with metal salts strongly
depends on the nature of the solvent and, in particular, its donor-acceptor properties and po-
larity [2, 5, 7, 16]. At the same time chemical activation of NH-bonds of porphyrins with the
help of electron-donating solvent molecules influences more significantly on the reaction (2),
than structure and strength of coordination sphere of the salt, involved in the process of com-

plexing [16].
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Porphyrins with high NH-bond activity can be easily distinguished by comparing
their ESP in any inert or low-solvent (benzene) and electron-donor (DMF) solvents, since
in the medium of the latter they form spectrally distinct molecular complexes with partial
transfer of the MHC NH-proton to the molecule of the electron-donating component of the
solution (1) (Fig. 3). Dodecamerated H,P (compounds 5 and 6, Fig. 3) can interact not only
with such strong electron donors as Ry and DMF, but also with acetone and 1-propanol.

Ax3
{ {e :
|
7,
-/KS
0 w 8<"")nm

a b
Fig. 3. Electronic absorptio)n spectra Hy(3-Ph)sTPP (compound 5) (a) and Hz(ﬁ-Br))gTPP (compound 6) (b) in
organic solvents: 1 - DMSO; 2 - Me,CO; 3 - C¢Hg; 4 - DMF; 5 - Py; 6 — n-PrOH

The kinetic criterion of NH-activity can be applied for more detailed evaluation of the
ability of H,P to delocalise NH-bonds [15]. According to it porphyrin is chemically NH-active
if its coordination rate in an electron-donating solvent (DMF, DMSO, Ry) in comparable con-
ditions is higher than the reaction rate in proton-donating solvent (NOAs) or it increases with
increasing electron-donating capacity and/or dielectric constant of e. The both non-flat (e.g.
pre-dodecamined) and rigid (e.g. porphyrazines) "non-classical” porphyrins are agree with this
data.

Regular changes of the reaction rate (2) of porphyrins with classical and non-classical
properties at replacement of solvent were observed earlier in many works, devoted to investi-
gations of complexation kinetics of porphyrazines [6, 10], benzoporphyrins [2, 33, 34] or dodec
substituted H,P [7, 16]. Thus, the addition of proton donors (NOAs) inhibited the NH-activity
and reduced the reaction rate (2) (33). In contrast, the transition from pure pyridine to the
Py - 1M Et,NH system increased the rate of reaction (2) with zinc acetate at 298 K by a factor
of 120 and 40, respectively [34]. We found the linear dependence of the value of the rate con-
stant k, on the concentration of diethylamine (Fig. 4). In contrast, the reaction rate of H,P with
localized type of NH-bonds (compound 3) decreased approximately 5-fold in the presence of
IM Et,NH [34].
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Fig. 4. Dependence of the true reaction rate constant (2) (k,**®, 'mol™-c') in concentration ELNH (DEA, with

Cpea, mol-1") for H,TBP (compound 7) in the system “Py + Et,NH ” (a), H,;TBP(Ph), (compound 8) in the system
“Py + EtNH” (b) and H,TBP(Ph), in the system “DMSO =+ Et,NH” (c)

Similarly, the addition of diethylamine to dimethylformamide solution of natural, chem-
ically modified chlorine 9 influenced the rate of its reaction with copper(II) acetate [35], which
increased 1.5 times in the presence of 0.1M Et,NH, while the corresponding phorbine derivative
of chlorophyll g, in contrast, decreased twice.

Although none of the above mentioned MHCs (compounds 7-9) change their electronic
spectrum in electron-donating media the kinetic measurements of the complexing reaction (2)
in the presence of an electron donor allow revealing even a weakly expressed NH-activity.

It can be assumed that N-substituted porphyrinoids (e.g. compounds 1, 2) are not typical
NH-active H,Ps as they do not change their ESP in electron-donating media. A kinetic study of
reaction (3) offers an opportunity to confirm or disprove this statement for the N-substituted
ligands. By experimental data [2], the complexing rates of N-substituted compounds 1 and 2 with
zinc salts decrease with increasing electron-donating solvent: n-PrOH > DMF > DMSO > Py,
which corresponds to the behavior of classical porphyrins with localized NH-bond. But the
small additions of a proton donor (1 ,.% NOAs) to a solution of porphyrin and zinc acetate in
DMEF or DMSO completely block the coordination reaction, or to shift it to an equilibrium state.
The reasons are the high basicity of the N-substituted porphyrin ligands (the dication formed
in an acidic environment is inactive in reaction (3)) as well as the low stability of the corre-
sponding zinc complexes [2]. Thus, the complexing reaction behavior of N-substituted porphy-
rins is typical for classical, non-chemically active H,P bonds such as meso-tetraphenylporphine
(H,TPP, compound 3).

Most of the dodecadec substituted porphyrins, e.g. octabromtetraphenylporphine
(H2(B-Br)sTPP, 6), octabromtetraphenylporphine (H,(f-Et)sTPP, 4), dodecaphenylporphine
(H2(B-Ph)sTPP, 5), tetraphenyltetrabenzoporphine (H,TPTBP, 8) exhibit typical "non-classical
behaviour" in reaction (2), satisfying the NH-activity kinetic criterion of H,P [15]. These com-
pounds can be ranked in order of increasing chemical activity of NH-bonds as follows:

H,TPP (3) < H,TPTBP (8) < Hy(B-Et)s TPP (4) < Hy(3-Ph)s TPP (5) < Hy(3-Br)sTPP (6).
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The I band in the ESP of these compounds registered in DMF is shifted in a similar series:
647 nm (3) <697 nm (8) <717 nm (4) < 718 nm (5) < 784 nm (6).

The degree of the chemical activity of NH-bonds in non-planar porphyrin molecules is
influenced not only by strong saddle in the symmetrical molecule leading to the appearance of
a dipole moment [2], but also by the presence of electron-donating and (or) electron-accepting
substituents in the molecule polarizing the chromophore. For example, the molecule of oc-
tabromotetraphenylporphine 6 having approximately the same degree of nonplanarity as other
dodeca-substituted H,P (compounds 4, 5) in crystal and solution [15], shows greater chemical
NH-activity as presence of eight bromine atoms inf? -positions causes the appearance of its
"push-pull” effect.

We consider the arrangement of non-planar dodeca- and N-substituted porphyrins in a
series of rates of complexation in DMF medium (Table 1). By Table 1 we can conclude that with
the majority of investigated salts under identical concentration conditions NH-active pre-de-
converted H,P (compounds 4, 5) react slower than non-planar, but having alocalized NH-bond
of N-substituted porphyrins (compounds 1, 2). The flatter H(N-Me) f(-Et)sP (1) tends to react
slower in DMF than the deformed H(N-Me)TPP (2) [36]. In [10, 14] NH-delocalized structures
of azaporphyrins in basic media were investigated and it was shown that activation of NH-bond
in the macrocycle favors the reaction (2) only up to a certain limit. If stable structures with a
stable axial screening of the H,P reaction centre arise in the molecular H-bonded complex with
the transfer of the porphyrin NH-proton to the electron-donating solvent molecule, reaction

(2) can also slow down considerably.

Table 1. Reaction rate changes (2, 3) of non-planar porphyrins (1, 2, 4, 5) in DMF - MX, system

3d metal salt Series of reaction rates (2, 3)
Cu(OAc), 1<5<4<2
Cu(Acac), 1<5<4<2
Cd(OAc), 4,5<<1<2
Cd(Acac), 5,4<<1<2
Zn(OAc), 4,5<<1<2
Zn(Acac), 5r4<2<1
Co(OAc), 4<5
Co(Acac), 5<4

We found significant differences in the kinetic parameters of the complexing reaction
(2, 3) of N- (compounds 1, 2) and dodeca- (compounds 4, 5) substituted porphyrin molecules
taking in solution nonplanar, mostly saddle, but differing in symmetry and degree of confor-
mation deformation. In accordance with Table 2 the entropy change AS* during the activation
of the reaction reagents (2, 3) is always more positive for the undeconverted than for the N-sub-
stituted porphyrins, but only in the electron-donating solvent (DMF).
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Table 2. Influence of the porphyrin nature (compounds 1, 2, 4, 5) on the change of activation parameters of reac-
tion (2, 3) with Zn(II) and Co(II) salts in CsHs and DMF

Porphyrin Salt Solvent k%, 1/mol*s E,, kJ/mol AS?, J/mol*K
Co(OAc), DME 30.94+1.39 53.6x1.3 -631+2
+ + 29+
H(N-Me)(2EO.P (1) | CotAcac) 18.13£0.69 59.7+1.8 29+1
Co(Acac), CsHs Very slowly
Zn(OAc); DME 6.1420.41 34.10.9 -12446
+ + -97+
H(N-Me)TPP (2) Zn(Acac); 12.51+0.50 40.2+1.2 9743
Zn(Acac), CsHs Very slowly
Zn(OAc), 9.66+0.11 62.6+0.7 -24+1
H,(S-Et)sTPP (4) Zn(Acac), DMF 4.01+0.21 88.914.0 5612
Co(OAc), 17.55+0.47 60.0+2.2 -26+1
Zn(OAc), DMEF 1.81£0.05 93.212.3 64+1
Zn(Acac),; DMF 5.29+0.21 68.5+2.1 -9+1
Zn(Acac), CeHs 83.79+2.18 32.5%1.3 -108+4
H,P(SB-Ph)sTPP (5
P(4-Ph)TPP (5) Co(OAc), DMF 5.3940.30 77.841.8 2241
Co(Acac), DMF 2.58+0.09 77.143.6 1341
+ + -32+
Co(Acac), CoHs 10.48+0.56 79.3%£3.1 32+1

The change of the reaction entropy takes place in solution without a change in the mole
number of the substance is related to the change in the solvation of the particles during the
formation of the transition state [5, 24]. In terms of the increase ofAS? in reactions (2, 3) can be
explained either by desolvation of the transition state, which is unlikely, or by additional (under
certain conditions) solvation of the starting reagents. We possess the increase of AS* of the com-
plexing reaction of NH-active undeconverted porphyrins in the electron-donating solvent is
directly related to their ability to form H-bonded molecular complexes with electron-donors.
In case of non-polar media or NH-inactive compounds there is no increase of AS* in reac-
tion (2).

The formation of the molecular complex leads to an increase of the initial H,P solvation
in reaction (2) and an acceleration of this reaction due to its activation of NH-bonds compared
to the NH- inactive porphyrins. By [2, 5, 24], the most energy-intensive contributions to the
total energy of reaction (2) is the dissociation of the NH bonds of the H,P ligand. The activation
of NH-bonds and the formation of the complex with the electron donor are characteristic for
the H,P (compounds 4-6, 8) and are not characteristic for N-substituted porphyrin analogues
(compounds 1, 2) which is reflected in their metal complexing reaction activation parameters
(Table 2).

Thus, this work shows the exhibition of the chemical activity of NH-bonds of porphyrin
molecules, characteristic for MHC with flat or flat polarized structure, is not limited to the in-
crease in the rate of the indicator reaction of their metal complex formation (2) in the electron-
donor compared with proton-donor media. But it also exhibits a change of AS* towards more
positive values as the electron-donating properties of the solvent intensify, which is caused by
the formation of "H,P-electron-donor" molecular complexes increasing the solvation of the re-
action initial state (2). Using the example of N- and dodec substituted porphyrins, it is
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demonstrated that deformation of the plane structure of the H,P macrocycle, not accompanied

by noticeable polarization of the molecule, does not lead to the appearance of chemical activity
of NH bonds.

Acknowledgements

The assistance provided by Semeykin A.S., Doctor of Chemistry, Professor was greatly ap-

preciated. This work was supported by Ivanovo State University of Chemistry and Technology,
Ivanovo, Russia Centre for the Collective Use of Scientific Equipment (the Russian Ministry of
Education and Science, Agreement No. 075-15-2021-671)

10.

11.

12.

13.

14.

15.

16.

17.

References

Yatsimirskiy, K.B. & Lampeka, Ya.D. (1985) Physico-chemistry of metal complexes with macrocyclic ligands.
Kyiv: Naukova Dumka (in Russian).

Berezin, D.B. (2010) Macrocyclic effect and structural chemistry of porphyrins. M.: IGHTU:Krasand (in Russian).
Smirnov, V.I., Vyugin, A.I. & Krestov, G.A. (1989) Macrocyclic effect of solvation of porphyrins, Zhurn.
Fizich. Khimii, 63(8), pp. 2245-2247 (in Russian).

Berezin, D.B., Semeikin, A.S. & Berezin, M.B. (2009) Influence of macrocycle structure on solvation of non-
planar porphyrins in organic solvents, Zhurn. Fizich. Khimii, 83(8), pp. 1480-1486 (in Russian).

Berezin, B.D. (1987) Porphyrins: spectroscopy, electrochemistry, application. M.: Nauka (in Russian).
Helevina, O.G., Chizhova, N.V. & Berezin, B.D. (1991) Peculiarities of complex formation of salts of 3d-
metals with a bromo derivative of tetraazaporphin, Koord. Khimiya, 17(3), pp. 400-404 (in Russian).
Golubchikov, O.A., Pukhovskaya, S.G. & Kuvshinova, E.M. (2004) Advances in the Chemistry of Porphyrins.
SPb.: NII khimii SPbGU (in Russian).

Klyueva, M.E., Lomova, T.N. & Berezin, B.D. (2002) Direct quantitative assessment of the macrocyclic effect
in the process of dissociation of protoporphyrin complexes, Koord. Khimiya, 28(11), pp. 845-850 (in Russian).
Lomova, T.N. (2018) Axially coordinated metalloporphyrins in science and technology. M.: URSS (in Russian).
Stuzhin, P.A. & Khelevina, O.G. (1996) Azaporphyrins: structure of the reaction centre and reactions of com-
plexformation, Coord. Chem. Rev., 147, pp. 41-86. DOI:10.1016/0010-8545(94)01126-5.

Stuzhin, P.A., Malyasova, A.S., Kokareva, E., Tarakanov, P.A., Koifman, O.I. & Sheinin, V.B. (2017) Acid-
base properties of tetrapyrazinoporphyrazines. Deprotonation of octaethyltetrapyrazinoporphyrazine in
CH.Cl,, THF, DMSO and pyridine. The crucial role of water, Dyes Pigm., 139, pp. 509-516.
DO 10.1016/j.dyepig.2016.12.047.

Pukhovskaya, S.G., Semeikin, A.S., Syrbu, S.A., Ivanova, Y.B. & Kruk, N.N. (2019) Investigation of acidic
and coordination properties of octabromo-substituted porphyrins in the system of 1,8-diazabicy-
clo[5,4,0]Junde-7-ene-acetonitrile, Russ. J. Gen. Chem., 89 (6), pPpP- 1286-1296.
DOI: 10.1134/51070363219060252.

Pukhovskaya, S.G., Nam, D.T., Semeikin, A.S., Syrbu, S.A., Ivanova, Y.B., Liulkovich, L.S. & Kruk, M.M.
(2017) Porphyrin acidity and metal ion coordination revisited: electronic substitution effects, J. Incl. Phenom-
ena and Macrocyclic Chem., 89(3-4), pp. 325-332. DOI: 10.1007/s10847-017-0758-9.

14. Petrov, O.A. (2021) Kinetic regularities of slow proton transfer from f-substituted porphyrazines to or-
ganic bases, Zhurn. Fizich. Khimii, 95 (4), pp. 549-557 (in Russian).

15. Berezin, D.B. (2007) Criteria to estimate of the state of NH bonds in porphyrin molecules, Koord. Khimiya,
33(6), pp- 476-480 (in Russian).

Berezin, D.B. & Berezin, B.D. (2008) Chemical processes with participation of biological and related com-
pounds. Leiden: Brill.

Berezin, D.B. & Karimov, D.R. (2009) Porphyrins and porphyrin analogs interactions with coordinating or-
ganic solvents, Macroheterocycles, 2(1), pp. 42-51.

121


https://doi.org/10.1016/0010-8545%2894%2901126-5
https://www.elibrary.ru/author_items.asp?authorid=45863
https://www.elibrary.ru/author_items.asp?authorid=177793
https://www.elibrary.ru/author_items.asp?authorid=600891
https://www.elibrary.ru/author_items.asp?authorid=166000
https://www.elibrary.ru/author_items.asp?authorid=45042
https://www.elibrary.ru/author_items.asp?authorid=178905
https://doi.org/10.1016/j.dyepig.2016.12.047
https://www.elibrary.ru/item.asp?id=41639369
https://www.elibrary.ru/item.asp?id=41639369
https://www.elibrary.ru/item.asp?id=41639369
https://www.elibrary.ru/contents.asp?id=41447680
https://doi.org/10.1134/S1070363219060252
https://www.elibrary.ru/item.asp?id=31054057
https://www.elibrary.ru/contents.asp?id=34588363
https://www.elibrary.ru/contents.asp?id=34588363
https://doi.org/10.1007/s10847-017-0758-9

FRO

M CHEMISTRY TOWARDS TECHNOLOGY ellagiigIay VOL. 3, ISSUE 1, 2022

18

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

. Likhonina, A.E., Berezin, M.B., Krestyaninov, M.A. & Berezin, D.B. (2021) H-bonded molecular complexes
of phenyl-substituted porphyrinoids with electron donors, Izv. vuzov. Khimiya i khim. tekhnologii, 64(10), pp.
29-39. DOL: 10.6060/ivkkt.20216410.6464 (in Russian).

Chirvony, V.S., Sazanovich, I1.V., Galievsky, V.A., van Hoek, A., Schaafsma, T.J., Malinovskii, V.L. & Hol-
ten, D. (2001) Photophysical and structural properties of saddle-shaped free base porphyrins: evidence for an
“orthogonal” dipole moment, J. Phys. Chem., 105(32), pp. 7818-7829. DOI: 10.1021/JP0102740.

Senge, M.O. (2006) Exercises in molecular gymnastics — bending, stretching and twisting porphyrins, Chem.
Commun., pp. 243-256. DOI: 10.1039/b511389;.

Berezin, D.B., Karimov, D.R., Barannikov, V.P. & Semeikin, A.S. (2011) Investigation of the thermal stability
of porphyrins with a chemically active NH bond and their associates with electron donor solvents, Zhurn.
Fizich. Khimii, 85(12), pp. 2325-2330 (in Russian).

Berezin, D.B., Berezin, M.B. & Karimov, D.R. (2013) Peculiarities of solvation of meso-triphenylcorrole in
organic solvents according to calorimetry data, Zhurn. Fizich. Khimii, 87(4), pp. 615-620 (in Russian).
Berezin, D.B. & Krest'yaninov, M.A. (2014) Structure of H-associates of porphyrins, inverted porphyrinoids
and corroles with N,N-dimethylformamide, Zhurn. Strukturn. Khimii, 55(5), pp. 822-830 (in Russian).
Berezin, B.D. (1981) Coordination compounds of porphyrins and phthalocyanines. J. Wiley Publ.: New York-
Toronto.

Ivanova, Y.B., Mamardashvili, N.Z., Koifman, O.I., Pukhovskaya, S.G. & Kruk, M.M. (2019) Rate-acidity
hysteresis and enthalpy-entropy compensation upon metalloporphyrin formation: implication for the metal
ion coordination mechanism, J. Mol. Liq., 275, pp. 491-498. DOI: 10.1016/].MOLLIQ.2018.11.107.

Kruk, N.N., Pukhovskaya, S.G., Ivanova, Yu.B. & Koifman, O.I. (2020) Enthalpy-entropy compensation in
metal ion coordination by porphyrins: generalization for free bases and doubly deprotonated macrocycles, Izv.
Akad. nauk. Seriya Khimich., 6, pp. 1072-1075 (in Russian).

Berezin, D.B., Bazlova, 1.Yu., Malkova, O.V. & Andrianov, V.G. (2000) Effect of distortion and aromatiza-
tion factors on the kinetics of complexation of tetrapyrrole macrocycles in acetonitrile, Koord. Khimiya, 26(4),
pp- 315-319 (in Russian).

Karimov, D.R., Berezin, D.B. & Tomilova, I.K. (2020) Corroles as aromatic analogues of corrinoids and vit-
amin B12: synthesis, structural features and properties of macroheterocycles, prospects for the chemistry of
corrole based materials, From Chemistry Towards Technology Step-By-Step, 1(1), pp. 9-55.
DOI: 10.52957/27821900_2020_01_9 Available at: http://chemintech.ru/index.php/tor/2020tom1nl (in Rus-
sian).

Lavallee, D.K. (1987) The chemistry and biochemistry of N-substituted porphyrins. New York, N.Y.: VCH Publishers.
Berezin, D.B., Andrianov, V.G. & Semeikin, A.S. (1996) Manifestation of structural features of porphyrin
molecules in their electronic absorption spectra, Optika i Spektrosk., 80(4), pp. 618-626 (in Russian).

Burger, K. (1984) Solvation, ionic reactions and complexation in non-aqueous media. M.: Mir (in Russian).
Berezin, D.B., Zharnikova, N.V., Andrianov, V.G., Shatunov, P.A. & Semeikin, A.S. (2002) Processes of
coordination of N-substituted porphyrins by simple and chelated zinc salts in DMSO, Koord. Khimiya, 28(5),
pp- 348-355 (in Russian).

Berezin, D.B. & Toldina, O.V. (2002) Influence of a proton-donor solvent on the course of the reaction of
complex formation of classical and non-classical porphyrins in a pyridine medium, Zhurn. Neorganich. Khimii,
47(12). pp- 2075-2081 (in Russian).

Berezin, D.B., Toldina, O.V. & Kumeev, R.S. (2004) Activation of NH bonds in tetrabenzoporphyrin mole-
cules by electron donor solvents, Zhurn. Fizich. Khimii, 78(8), pp. 1427-1432 (in Russian).

Berezin, D.B., Makarov, V.V., Plotnikova, T.A., Kruchin, S.0., Kumeev, R.S., Romanenko, Yu.V.,
Khudyaeva, I.S. & Belykh, D.V. (2016) Spectral characteristics of methylpheophorbide a, chlorin e6 deriva-
tives and their complexation with Cu(II): influence of structural fragments of molecules and the nature of the
solvent, Zhurn. Obshchey Khimii, 86(7), pp. 1195-1202 (in Russian).

Sazanovich, 1.V., van Hoek, A., Panarin, A.Yu., Bolotin, V.L., Semeykin, A.S., Berezin, D.B. &
Chirvony, V.S. (2005) The photophysical and metal coordination properties of the N-CH3 substituted por-
phyrins: HONCH3)TPP VS H(NCH3)OEP, J. Porph. Phthaloc, 9(1), pp. 59-67.

Received 14.03.2022
Approved after reviewing 21.03.2022
Accepted 22.03.2022

122


https://doi.org/10.6060/ivkkt.20216410.6464
https://doi.org/10.1021/JP010274O
https://pubs.rsc.org/en/content/articlehtml/2006/cc/b511389j
https://www.elibrary.ru/item.asp?id=38610547
https://www.elibrary.ru/item.asp?id=38610547
https://www.elibrary.ru/item.asp?id=38610547
https://www.elibrary.ru/contents.asp?id=38610546
https://doi.org/10.1016/J.MOLLIQ.2018.11.107
https://doi.org/10.52957/27821900_2020_01_9

FROM CHEMISTRY TOWARDS TECHNOLOGY EeIIa: e |43 VOL. 3, ISSUE 1, 2022

Scientific article
UDC 677.027:677.047.6
DOI: 10.52957/27821900_2022_01_123

PROMISING PREPARATIONS FOR ACARICIDE-REPELLENT
FINISHING OF TEXTILE MATERIALS

O. 1. Odintsova, A. A. Lipina

Olga I. Odintsova, Doctor of Technical Sciences, Professor, https://orcid.org/0000-0001-5002-2601
Anna A. Lipina, Candidate of Technical Sciences, https://orcid.org/0000-0002-1259-9351 Ivanovo
State University of Chemistry and Technology, Ivanovo, Russia, odolga@yandex.ru

Keywords: Abstract. The article considers the current state of the market for acaricidal
repellents, alpha-cypermethrin, repellents and the methods of human protection by these compounds. The
microcapsules, polyelectrolytes, authors give the description of acaricidal repellents of natural and synthetic
nanoemulsion origin. The work proposes the domestic pyrethroid as method for human

protection against insects by encapsulating it in microcapsules and then ap-
plying to textile material. Also the work reviews domestic and foreign tech-
nologies for treating textile materials with acaricidal repellents.

For citation: Odintsova, O.I., & Anna A. Lipina (2022) Promising preparations for acaricide-repellent finishing of
textile materials, From Chemistry Towards Technology Step-By-Step, 3(1), pp. 123-130 [online]. Available at:
http://chemintech.ru/index.php/tor/2022tom3nol

Introduction

An important task of modern textile production is to produce high-tech technical fabrics
with innovative styles of finishes. These finishes are virulicide, antibacterial, acaricidal repellent
and masking finishes with infra-red effect.

Clothing with an acaricidal repellent finish is important for professions such as geologists,
oil workers and military personnel operating in forest areas. Protecting humans from mosqui-
toes and ixodid ticks (Ixodidae), carrying the tick-borne encephalitis virus, is urgent during the
spring and summer. There are several ways to solve this problem. The first is to vaccinate the
population, which can be complicated by allergic reactions; the second is to pollinate forests
and parks with acaricides, which are quite toxic to the environment; the third way is to use
special suits for mechanical and chemical protection of humans against insects. Both natural
and synthetic repellents can be used for acaricide-repellent finishing of textiles.

Synthetic chemicals applying on human skin, clothing or other surfaces are called syn-
thetic repellents. They prevent insects from entering the treated surface. The potential for con-
tact with human skin is reduced by synthetic repellents feature to make the surface of the cloth-
ing unpleasant and unattractive to insects. Repellents also help prevent and control outbreaks
of diseases transmitted by insects: malaria, amarillic typhus amarillosis, Japanese encephalitis,
Dengue Haemorrhagic Fever (DHF), etc. The structure of repellents contains active groups, such

© O.I. Odintsova, A. A. Lipina, 2022
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as the cyanogroup, which can repel insects by blocking their olfactory senses, which are respon-
sible for detecting carbon dioxide and lactic acid produced by sweating [1].

One of the best known and most commonly used repellents is diethyltoluamide (DETA),
which is a light oil-like liquid with a slight aromatic odour. It was developed for the US Army
in 1946 to protect soldiers in regions with a high insect presence. In the USA it was registered
for civilian use in 1957. Since 1965 it is on the market as part of repellents for individual use.
The repellent effect when applied to the skin against mosquitoes lasts 10-12 hours and against
blackfly up to 6 hours. When sprayed on clothing, the protective effect against mosquitoes can
last up to 2-3 days, while application of 20-35% emulsion provides protection for 30 days.
The synthesis of DETA follows a pattern:

socl, (C,Hy),NH
—_— —_—
-HC N0
HO" S0 cINo P

Methatoluic acid is converted to chloranhydride by thionyl chloride/ After the chloranhy-
dride treats with diethylamine produce the diethylamide of m-toluic acid - diethyltoluamide

(Fig. 1) [2].

The toxicity of DETA to the environment and living o
organisms is limited, but it is known about its effects on the HSC\©/U\N/\CH3
brain. Little information is available on the toxicity of kCH3

DETA to aquatic invertebrates. The substance is unique in
. - . . ) Fig. 1. Structural formula of DETA
its ability to mask the sensory perception of lactic acid on
the skin, making it unattractive to insects such as mosquitoes and ticks. The disadvantages of
this compound are sharp odour, subchronic toxicity, mutagenicity, reproductive and neurolog-
ical toxicity [3, 4].

N,N-diethylphenylacetamide (DEPA) is repellent for
widespread use, too (Fig. 2). According to toxicological stud- rCH3

ies, DEPA does not cause skin irritation or photochemical re-

actions after short-term exposure to UV light, being a safer N \/CHB
alternative to DETA [5]. o
One well-known synthetic insect repellent is picaridin

(Fig. 3). Its protection time is identical to that of DETA at Fig. 2. Structural formula of
similar concentrations. Picaridin is recommended to be ap-  N,N-diethylphenylacetamide

plied to human skin and/or clothing. It protects against mos- )
quitoes, flies, ticks and fleas. The advantage of picaridin is ab- )L J\/
sence of damage to plastics and synthetic fabrics. N (©)

The exact mechanism of action of picaridin is un-
known. No dermal, organ-specific or reproductive toxicity at OH
doses up to 200 mg/kg body weight was detected in animal  Fig. 3. Structural formula of picar-
studies, nor were any teratological, developmental or neo- idin
plastic abnormalities detected. The concentration of this substance determines the time of pro-

tection against insects. The concentrations of picaridin 7, 5, 10 and 15% are at the market. When
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its concentration is increased from 7.5 to 15%, the protective time varies from 2 to 4 hours [6].
The disadvantage of this substance is its short protection time against insects.
fluoro-4-(methoxymethyl)benzyl 2,2-dimethyl-

Metoflutrin ("SumiVan") (2,3,5,6-tetra- o
I OH
3-(prop-1-en-1-yl)cyclopropane  carboxylate ¢
) "\, —CHg
(Fig. 4) can also be used as a repellent. PJ
This substance is a volatile insecticide pro- F\ /O —N
duced by Sumitomo Chemical LTD (Japan). It £ C\ ffS\“CHS CH;
characterized by high paralysing activity for F v

Fig. 4. Structural formula of metoflutrin

mosquitoes. It is available in forms of spirals, liq-
uid fumigators, pepelators and dispensers [7, 8].

F
Methoflutrin has high repellent properties o)fsC_CHs
against the Aedesalbopictusand the Aedes- | o) .
taeniorhynchus[9]. c L

The disadvantage is high aqueous toxicity.
The major metabolites of methoflutrin Fig. 5. Structural formula of transfluthrin
were investigated using three different aquatic o #H

species - fish and algae: Pimephalespromelas, H, /(]/\/CHa
Daphnia magna and Pseudokirchneriellasubcap- Hﬁ\(%o d

itata. The high toxicity has been detected for all CH, CH, e
metabolites [10], suggesting the substance is un-
safe for the environment and humans. Fig. 6 Structural formula of D-Empentrine

The substance having the acute action against blood-sucking insectss is Transfluthrin,
2,3,5,6-tetrafluorobenzyl (1R,3S)-2,2-dimethyl-3-(2,2-dichlorovinyl)-cyclopropane carbox-
ylate (Fig. 5) (Bayer, Germany). It causes paralysis of the insect in case of contact and fumiga-
tion. Also it has rapid action during contact and inhalation activity against mosquitoes, flies,
cockroaches and whiteflies. It is an effector of presynaptic voltaic-dependent sodium channels
of nerve membranes, by mechanism of action, causing insects' knockdown effects.

Transfluthrin is used both alone and together with different pyrethroids in electrofumi-
gators and products in aerosol packages to control flying insects. This substance, due to its in-
creased volatility, can be used in antimoth plates [11, 12].

D-Empentrine ("Vaportrine") (Fig. 6) is a pesticide, an insecticide used to control flies
and mosquitoes indoors. The Vaportrin is produced in the form of plates designed to protect
fur, wool and wares from damage by keratophagous insects.

The substance is highly active, exceeding the effectiveness of peritroids such as, for exam-
ple, allethrin by a factor of 2.5. The mechanism of this drug action is based on disruption of
sodium ion metabolism, leading to the release of large quantities of acetylcholine as the nerve
impulse passes through the synaptic cleft. In the Russian Federation such substances are on the
market since 2004 in the form of plates and liquids forelectrofumigators [13]. The disadvantage
of this substance is the occurrence of allergic reactions in humans and animals.

The repellents described are used quite effectively abroad and in our country. However,
the disadvantages of these substances, such as their short duration of action, high volatility,
ability to cause adverse and allergic reactions in humans and animals, made scientists to look
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for ways of replacement. In this respect, synthetic pyrethroids, which are analogues of natural
fast evaporating pyrethrins, are significant.

Pyrethroids are synthetic insecticides analogous to natural ones, in particu-
laryPirethrumcinerariifolium or Tanacetumcinerariifolium from Kenya, Rwanda, Ecuador and
Tanzania [14]. Pyrethroidsare optically active high boiling liquids, soluble in the most organic
solvents, practically insoluble in water; easily oxidised in air and light. They are esters in their

chemical nature. CH; CHs
First-generation pyrethroids include chrysanthemic

acid esters (Fig. 7) [15]. HOOC CH;
These pyrethroids have high insecticidal activity. The CH;

disadvantages are their easily oxidation on the natural light ~ Fig. 7. Chrysanthemic acid formula
[16]. These substances are used in mosquito repellents and

plates (Raptor, Fumitox, etc.) and in the form of sprays. The use of such pyrethroids by spraying
may cause allergic reactions.

The second generation of pyrethroids developed in the 1960s and 1970s. They were al-
ready more stable to photo-oxidation (3-(2,2-dihalogenvinyl)-2,2-dimethylcyclopropane-car-
boxylic acid esters - permethrin, alpha-cypermethrin, deltamethrin (decamethrin, "decis") and
fenvalerate, a pyrethroid that contains no cyclopropane ring [17]. These pyrethroids have a wide
spectrum of action and are effective at very low consumption rates. These substances have a
more powerful insecticidal effect and are used for the control of domestic insects and for the
treatment of fabrics and packaging materials.

Third-generation pyrethroids are cyhalothrin, flucitrinate, fluvalinate, tralmethrin,
cyfluthrin, fenpropatrin, bifetrin, cycloprotrin, and etophenprox. The most common is ciga-
lothrin (it is 2.5 times more active than deltamethrin). They are known to be highly effective
against mites, while at the same time being toxic to bees, birds and fish [18, 19].

Nowadays, a second-generation pyrethroid - permethrin (antiparasitic agent: insecticidal,
acaricidal, antipediculosis) is used as mosquito and tick repellents and for fabric repellent tech-
nology (Fig. 8) [20]. It has high protective efficacy against mosquitoes and flies [21].

The insects' knockdown effect requires direct

contact of the substance and the insect. As a result there al HSC\/CHS =

is a blockage of sodium channels, inhibition of acetyl- /R\/A\/O | =

cholinesterase activity and paralysis of the insect. There “ ] C|)

were no teratogenic effects in animal studies [22]. = |
Permethrin is actively used for repellent finishing S

of textiles abroad due to its multiple effects on insects
(repellent, disorienting and lethal) [23]. The disad-
vantage is it can cause hyperactivity, aggressive behaviour and tremors of animals (24). There

Fig. 8. Structural formula of permethrin

is a risk of an insect stinging a person before it dies. Fabric finishing technologies and perme-
thrin-based products are expensive and imported

The most effective of the permethrins is alpha-cypermethrin [mixture of cypermethrin
isomers (1:1): (S)-a-cyano-3-phenoxybenzyl ether of (1R)-cis-3-(2,2-dichlorovinyl)-2,2-dime-
thylcyclopropancarboxylic acid and (R)-a-cyano-3-phenoxybenzyl ether of (1S)-cis-3-(2,2-

126



A&ROM CHEMISTRY TOWARDS TECHNOLOGY 1l 1eN114% VOL. 3, ISSUE 1, 2022

dichlorovinyl)-2,2-dimethylcyclopropancarboxylic acid], which is used in agriculture and in
private households medical and sanitary practice for disinsection.

Alpha-cypermethrin (ACP) is a white crystalline powder with a melting point of
78-81 °C, with density d = 1.86 g/cm’, a low-volatile substance (Fig. 9).

Alpha-cypermethrin (technical) was registered as

an insecticidal substance for the production of insecti- & ["\'
cidal agents in 2002 (Protocol No 135 of 19-20 July > - v"w H@
2002). It possesses high acaricidal activity. It is 28 times ¢! N -

more active than permethrin, 2-5 times faster than cy- Fig. 9. Alpha-cypermethrin formula
permethrin, and causes ticks' knockdown effect [25].

The use of lotions, spirals, sprays containing chemicals such as DETA, permethrin, cy-
permethrin and alpha-cypermethrin leads to unavoidable contact of volatile organic substances
and repellents with human respiratory tract, causing allergic reactions.

This problem can be solved by using textile materials treated with natural and synthetic
repellents.

In order to obtain a stable acaricidal-repellent finish with prolonged release of alpha-cy-
permethrin it is necessary to use it in the form of microcapsule. The microencapsulation
method allows keep the stability in contact with other substances, as well as light fastness and
absence of side effects on the body [26-30].

Protective clothing should be comfortable and safe, with certificates of conformity and
health and safety approvals [31, 32].

In order to achieve the maximum effect of human protection against blood-sucking in-
sects, a specific model of anti-encephalitis clothing with a high degree of acaricidal protection
by giving it an acaricidal-repellent finish is necessary.

Existing technologies for treatment of fabrics include spraying the preparation onto the
fabric surface, the use of two-step technology developed by G.A. Krestov Institute of Solution
Chemistry of the Russian Academy of Sciences (ISC RAS) using diethyltoluamide as a repellent
[33] and technology based on Sanitized AM 23-24 (by Clariant, Switzerland) [34]. Permethrin
is also used in textiles at different stages of production: during fibre preparation, yarn prepara-
tion or at the final product stage [35].

These technologies are successful, but have disadvantages: the possible ingress of the sub-
stance into the human respiratory tract during spraying, the use of drugs that can cause side
effects in humans (DETA), the need for complex sealed hardware design and volatile organic
substances as solvents for repellents, the use of an expensive imported product based on per-
methrin (Sanitized AM 23-24).

We consider the process of combining the treatment of textile material with permethrin
and MCT-B-CD cyclodextrins. The method is ecofriendly. Cotton fabric is treated separately
with cyclodextrin and then a permethrin-based insect repellent. The treated fabric is stored in
a hermetically sealed container [35]. This method of processing is effective, but costly and com-
plex in terms of hardware.

In some cases, a method of applying the mosquito repellent N-N-diethylbenzamide to
textile material by textile printing is used [36]. This method is promising, but there is insuffi-
cient evidence to support its effectiveness in production. Also we should take into account the
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use of thermosetting resin precondensate for fixation of this substance on the textile material.
The challenge of creating a sustainable acaricidal repellent finish is both in the rational choice
of the least toxic to humans and the environment product, which terminates insects and fixes
effective on the textile. The repellent release from the surface of the textile material must be
prolonged over time and the effect of the finish must be washable.

Alpha-cypermethrin is suggested as the most effective acaricide with high insecticidal
properties.Also it is relatively harmless for humans and animals and inexpensive. The encapsu-
lation of alpha-cypermethrin provides stability in possible contact with other chemicals, light
fastness and safety for humans [37].

Department of Chemical Technology of Fibre Materials of Ivanovo State University of
Chemistry and Technology (Ivanovo, Russia) in cooperation with the company SPECIAL TEX-
TIL Association (Shuya, Russia) developed a technology for the antaricidal and repellent treat-
ment of textile materials with a preparation based on alpha-cypermethrin. The product is a
dispersion containing microcapsules composed of a core with alpha-cypermethrin dissolved in
a non-toxic oil solvent (oxyethylated rapeseed oil) and a shell formed from oppositely charged
cationic and anionic polyelectrolytes and surfactants. The textile material is treated with the
obtained microcapsule dispersion, followed by convection drying and layer-by-layer immobi-
lisation of the capsules on the textile material using differentially charged cationic and anionic
polyelectrolytes or the fixative "Texoklen BZU-M", followed by contact drying.

The fabric samples are used to make "Barrier-Insecto” protective clothing with additional
mechanical protection in the form of tick traps. The technology developed was successfully
tested by production. The clothing provides high protection against ticks (98.2%, with a regu-
latory value of at least 98%), and 97.5% against blackfly with a regulatory value of at least 95%)
(32, 38-40].

Conclusions

The paper reviewed a wide range of acaricidal repellents and methods of protecting hu-
mans from insects. It also analysed the methods of imparting acaricidal-repellent properties to
textile materials and considered the advantages and disadvantages of existing fabric finishing
technologies. The authore proposed the technology of acaricide-repellent finishing of textile
materials based on microencapsulated alpha-cypermethrin. This technology is successfully im-
plemented in the production of the "SPECIAL TEXTILE Association" (Shuya, Russia).
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Introduction

Chemists are interested in nitrogen-containing heterocyclic systems of various structures
[1-3]. Pyrimidine-2-ones(thions) are the important heterocyclic system, through the modifica-
tion of which new biologically active substances are developed [4-6]. Chromanes are also the
important classes of oxygen-containing heterocyclic systems and play a major role in the me-
tabolism of various plants, microorganisms, animals and humans [7-9].

The obtaining of dihydro-1H-chromeno([4,3-d] pyrimidine derivatives is in the focus be-
cause heterocycles based on the combination of dihydropyrimidine and chromane moieties ex-
hibit diverse biological activities such as antifungal, antibacterial and anticancer as well as being
anticoagulant, vasodilator and antianaphylactic agents [10-13].

Earlier for synthesis of substituted 2-thio-1,2,3,4,4a,10b-hexahydro-5H-chromeno([4,3-
d]pyrimidine-5-ones we developed condensation of dihydropyrimidine-2-thions with 1,3-ben-
zolders [14] As a resut of this reaction we obtained two diastereomers which have not been
examined in previous publications.

The aim of the work is the optimization of the (4R*, 4aS*, 10bR*)/(4R*, 4aS*, 10bS*) of di-
astereomers replaced by 2-thio-1,2,3,4,4a,10b-hexahydro-5H-chromene(4,3-d]pyrimidine-5-

© S.I. Filimonov, E.S. Makarova, J.V. Chirkova, M.V. Kabanova, 2022
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ones synthesis method based on monitoring of the reaction proceeding by NMR 'H spectros-
copy.

The difficulty in determining the best reaction conditions, as shown earlier, lies in the fact
that the formation of the target diastereomers is accompanied by a degradation process [14].
Therefore, the reaction is not always carried out until the complete exhaustion of the starting
components, which results with a satisfactory yield of the target products. There is often a sig-
nificant change in the diastereomeric composition of the products. Thus, it was experimentally
proved that when the reaction is carried out for 6-8 hours, the (4R*, 4aS*, 10bR*)-diastereomer
dominates, while when the reaction is continued for more than 10-12 hours, on the contrary,
the (4R*, 4aS*, 10bS*)-diastereomer dominates.

OH
|
) s
>—NH o >—NH R

HN @&—CH; OH 2ab

Cl Cl

R=a- H; b - CHs
Fig.1

The formation of two diastereomers is determined by a possible reaction mechanism
(Fig. 1) by protonation at the double bond occuring to form the most stable pyrimidine A ion.
Electrophilic addition of A to resorcinol produces two intermediate isomers B, in which the
methyl substituent takes an axial or equatorial position. Intramolecular esterification occurs
under reaction conditions, leading to the corresponding chromane cycles. The formation of two
diastereomers upon addition of dihydropyrimidines to resorcinol was shown previously [14].

To understand the dynamics of diastereomer formation and accumulation, the reaction
was monitored using dihydropyrimidine 1 condensation with resorcinol 2a,b as a model syn-
thesis one (see Fig. 1). The choice of chlorinated derivative was made in accordance with those
compounds were almost always separated as one (4R*, 4a §*, 10b R)-diastereomer. But the dia-
stereomer (4R*, 4aS*, 10bS*)- was only detected in trace amounts.

After dissolution of the starting compounds, samples of the reaction mixture were taken
after 0.5-1 hours and treated with water only, without further cleaning of the resulting sludge. The
analysis of the reaction products using 'H NMR spectroscopy showed the prevalence of the signals
of the starting pyrimidination 1 and the corresponding diastereomers 3a and 4a (Fig. 2, 3).
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Fig. 2. Comparison of the "H NMR spectra of the preparation of 3,4a: A - almost pure initial ethyl 4-(4-chloro-
phenyl)-1,2,3,4-tetrahydro-6-methyl-2-thiopyrimidine-5-carboxylate 1 (after 1 hour); B, pure (4R*¥,4aS*,10bR*)-
8-hydroxy-10b-methyl-2-thio-4-(4-chlorophenyl)-1,2,3,4,4a,10b-hexahydro-5H-chromeno[4,3-d] pyrimidin-5-

one 3a; C, reaction mixture after 6.5 hours

1.10

T
3.0
Chemicsl Shift (ppm)

Fig. 3. Fragment of the spectrum of the reaction mixture after 6.5 h when 3,4a was obtained: red colored signals
(4R*,4aS*,10bS*)-8-hydroxy-10b-methyl-2-thio-4-(4-chlorophenyl)-1,2,3,4,4a,10b-hexahydro-5H-

chromeno[4,3-d]pyrimidin-5-one 3a; blue - ethyl (4R*,558%,6R*)-6-(4-chlorophenyl)-hexahydro-4-(2,4-dihydrox-
yphenyl)-4-methyl-2-thiopyrimidine-5-carboxylate; green - ethyl (45*,558%,6R*)-6-(4-chlorophenyl)-hexahydro-

4-(2,4-dihydroxyphenyl)-4-methyl-2-thiopyopyrimidine-5-carboxylate.

There is probably a general relationship of 3a/4a (4R*, 4aS*, 10bR*)/(4R*, 4aS*, 10bS*)
diastereomer formation with the resorcinol fragment in the ratio 3:1. In addition, a detailed
analysis of the reaction mixture after 6.5 h reveals the presence of intermediates fixed at about
15 and 5% respectively, making it impossible to determine their spectral characteristics accu-
rately. Nevertheless, by the chemical shifts of the 4-methyl groups as well as the ester group
could be suggested the determination of the ratio of the target products by the dominant for-
mation of the intermediate ethyl (4R*, 5S*, 6R*)-6-(4-chlorophenyl)-hexahydro-4-(2,4-
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dihydroxyphenyl)-4-methyl-2-thiopyrimidine-5-carboxylate as compared to the (4S*, 5S%,
6R*)-diastereomer, at the same ratio of 3:1. The accumulation of (4R*, 4aS*, 10bS*)-chromanes
in large quantities is due to the intermediate separation of the dominant isomer, which is less
soluble in acetic acid and an artificial ratio shift of the (4R*, 4aS*, 10bS*)-diastereomer. Also
there may be a different resistance of the diastereomers to degradation under reaction condi-
tions, which will also affect the diastereomer ratio, especially during prolonged heating.

Fig. 4. Comparison of '"H NMR spectra of 3,4b: A - pure (4R*,4AS*,10bR*)—8—hydroxy—7, 10b-dimethyl-2-thio-4-
(4-chlorophenyl)-1,2,3,4,4a,10b-hexahydro-5H-chromeno(4,3-d]pyrimidin-5-one 3b; B - practically pure starting
ethyl 4-(4-chlorophenyl)-1,2,3,4-tetrahydro-6-methyl-2-thiopyrimidine-5-carboxylate 1 (after 1 hour); C - reac-

tion mixture after 8 hours
o

—2.30

—2.07
1.10

1.99

230

(=)

9

=

T T T T T
5.0 4.5 4.0 3.5 3.0 258
Chemical Shift {ppm)

Fig. 5. Fragment of NMR spectra of the reaction mixture after 8 hours when 3,4b was obtained: blue colored signals
(4R*,4aS*,10bR*)-8-hydroxy-7,10b-dimethyl-2-thio-4-(4-chlorophenyl)-1,2,3,4,4a,10b-hexahydro-5H-
chromeno[4,3-d]pyrimidin-5-one 3b ; orange (4R*,4aS*,10b SR*)-8-hydroxy-7,10b-dimethyl-2-thio-4-(4-chloro-
phenyl)-1,2,3,4,4a,10b-hexahydro-5H-chromeno[4,3-d]pyrimidin-5-one 4b; blue - intermediate products

A similar dependence of product accumulation is observed in the case of 2-methylresor-
cinol. However, target products 3b and 4b are accumulated at a ratio of 2:1, while intermediates

B are only recorded in trace amounts, and it is difficult to clearly determine their ratio (Fig. 4, 5).
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To determine the graphical dependence of the diastereomer accumulation, the hydrogen
atom signal (doublet at 5.17 ppm) at the aromatic substituent of the starting dihydropyrim-
idinedione 1 was chosen as a marker signal; its integral was equalled to 1 and the diastereomers
3 and 4 were determined by it. The ratio of diastereomers 3a/4a was found as 3:1 and that of
diastereomers 3b/4b as 2:1. This relationship remained for a long time without significant
changings (Table 1, Fig. 6).

Table 1. Values of product proton peaks integrals in '"H NMR spectra

Time, hours Signal intensity
3a 4a 3b 4b
0,00 0,00 0,00 0,00 0,00
1,00 0,02 0,00 0,01 0,00
2,00 0,05 0,01 0,03 0,01
3,00 0,12 0,04 0,06 0,03
3,50 0,18 0,06 0,08 0,05
4,50 0,35 0,14 0,14 0,07
5,00 0,41 0,15 0,17 0,08
5,50 0,45 0,18 0,18 0,10
6,00 0,69 0,25 0,28 0,14
6,50 0,87 0,31 0,30 0,17
7,00 1,62 0,58 0,51 0,27
7,50 2,41 0,91 0,68 0,40
8,00 7,00 2,30 1,13 0,65
8.0
7.0
> 6.0
g
=
L~ 50
2 2
i;: E —.—‘33
T 4.0
= o —8—4a
Y- P
c= 30 —e—3b
53
&= 20 4b
=
3 1.0
A
0.0 -0
0.0 2.0 4.0 6.0 8.0 10.0
Time, h

Fig. 6. Graph of the accumulation of diastereomers 3 and 4

Despite the different dynamics of the product accumulation, it was not possible to isolate
pure diastereomer 4a due to its good solubility in the most solvents. However, when the reaction
was carried out with 2-methylresorcinol (a less soluble compound), with increasing of synthesis
time it was possible to fix the second diastereomer 4b as an impurity up to 20-40 %.
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Experimental part

We recorded IR spectra in reflected light on a Fourier Transform Infrared Spectrum Two
PerkinElmer spectrometer at 700-4000 cm™. NMR spectra were registered on the apparatus
Bruker DRX-400 for solutions in DMSO-ds at 30 °C. Solvent residual proton signals in '"H NMR
(8u= 2.50 ppm) or in *C (8¢ 39.5 ppm) were the reference for the chemical shift readout, tetra-
methylsilane signal was used as the marker (N. D. Zelinsky Institute of Organic Chemistry Rus-
sian Academy of Sciences, Moscow). Mass spectra were recorded on a FINNIGAN MAT.IN-
COS 50 chromato-mass spectrometer at an ionisation voltage of 70 eV and an ionisation cham-
ber temperature of 100-220 °C (N. D. Zelinsky Institute of Organic Chemistry Russian Acad-
emy of Sciences, Moscow). Elemental analysis was carried out in the analytical laboratory of
INEOS RAS (A.N. Nesmeyanov Institute of Organoelement Compounds of Russian Academy
of Sciences, Moscow) on a PerkinElmer 2400. The melting point was determined by Biichi
M-560 melting point and boiling point apparatus.

A mixture of pyrimidintione 1 (1 mmol), 1,3-benzenediol 2a,b (1.1 mmol), AcOH (2 ml)
and MeSO;H 0.040 ml (6.16-10* M) was stirred at 100 °C for 4-12 h. The precipitate was filtered
from the hot solution and recrystallised from EtOH. A mixture of diastereomers 3a,b and 4a,b
was obtained and air-dried.

To obtain pure compounds 3a,b we added 0.020 mL MeSOsH (3.08-10* M) to 1 mL
AcOH (0.001 mol) of mixture of diastereomers 3a,b and 4a,b and stirred at 100 °C for 20-40
min. The resulting substance was filtered from the hot solution, washed with EtOH and air-
dried.

(4R*,4aS*,10bR*)-8-hydroxy-7,10b-dimethyl-2-thio-4-(4-chlorophenyl)-
1,2,3,4,4a,10b-hexahydro-5H-chromeno[4,3-d]pyrimidin-5-one (3a) Yield 270 mg (72%),
m.p. 292-294 °C. NMR 'H (400 MHz, 8, ppm, J/Hz): 1.42 (s, 3H, Me), 3.18 (d, *J = 10.8, 1H,
H-4a), 4.07 (d, ] = 10.8, 1H, H-4), 6.52 (d, J = 2.5, 1H, H-7), 6.71 (dd, ] = 8.3, /] =2.5, 1 H, H-9),
6.89 (d, ¥J = 8.8, 2H, H-3",5), 7.17 (d, ¥ = 8.8, 2H, H-2,6’), 7.27 (d, ] = 8.3, 1H, H-10), 8.37
(s, 1H, 3-NH), 9.21 (s, 1H, 1-NH), 9.94 (s, 1H, OH). NMR *C (100 MHz, §, ppm): 27.50, 50.65,
53.44, 53.72, 103.56, 112.53, 119.22, 126.56, 128.32 (2 C), 129.51 (2 C), 132.96, 136.94, 148.16,
158.40, 165.22, 175.84. IR spectrum (v/cm’, vaseline oil): 3367, 3192, 1773, 1620, 1216, 1146.
Mass spectrum (EI, 70 eV), m/z (Lo, (%)): 376 (6), 374 (17), 237 (12), 177 (88), 148 (49),
139 (100), 102 (24), 77 (32).

(4R*,4aS*,10bS*)-8-hydroxy-7,10b-dimethyl-2-thio-4-(4-chlorophenyl)-
1,2,3,4,4a,10b-hexahydro-5H-chromeno[4,3-d]pyrimidin-5-one (4a). NMR 'H (400 MHz,
S, ppm, J/Hz): 1.37 (s, 3H, Me), 3.67 (d, *J = 10.8, 1H, H-4a), 4.78 (d, *] = 10.8, 1H, H-4),
6.46 (d,*] = 2.5, 1H, H-7), 6.64 (dd, °] = 8.3, ] =2.5, 1H, H-9), 7.38 d, *] = 8.8, 2H, H-3’)5),
7.48 (d,* =8.8,2H, H-2",6), 7.82 (d, ] = 8.3, 1H, H-10), 8.92 (s, 1H, 3-NH), 9.73 (s, 1H, 1-NH),
9.87 (s, 1H, OH). Found (%): C, 57.46; H, 4.01; N, 7.45. C,5sH;5CIN,O:S. Calculated (%): C, 57.68;
H, 4.03; N, 7.47.

(4R*,4aS*,10bR*)-8-hydroxy-7,10b-dimethyl-2-thio-4-(4-chlorophenyl)-
1,2,3,4,4a,10b-hexahydro-5H-chromeno[4,3-d]pyrimidin-5-one (3b) Yield 245 mg (62 %),
m.p. 320-322 °C, NMR 'H (400 MHz, §, ppm, J/Hz): 1.41 (s, 3H, 10b-Me), 2.06 (s, 3H, 7-Me),
3.19(d, J=10.8, 1H, H-4a), 4.14 (d, ] = 10.8, 1H, H-4), 6.74 (d, ] = 8.5, 1H, H-9), 7.09 (d, ] = 8.5,
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1H, H-10), 7.30 (d, J = 8.1, 2H, H-3",5"), 7.42 (d, ] = 8.1, 2H, H-2',6"), 8.53 (s, 1H, 3-NH),
9.26 (s, 1H, 1-NH), 9.85 (s, 1H, OH). NMR *C (100 MHz, §, ppm): 8.47, 27.41, 50.57, 53.63,
53.67,111.33,112.26, 119.29, 122.74, 128.35 (2 C), 129.47 (2 C), 132.93, 137.13, 146.38. 156.17,
165.28, 175.85. IR spectrum (v/cm™, vaseline oil): 3366, 3184, 1773, 1615, 1601, 1216, 1075.
Mass spectrum (EI, 70 eV), m/z (Lo, (%)):390 (8), 388 (25), 237 (19), 199 (17), 191 (67),
165 (25), 162 (49), 140 (96), 138 (100), 11 (20), 102 (39), 77 (70). Found (%): C, 58.73; H, 4.39;

N,

7.17. CwH;7CIN,OsS. Calculated (%): C, 58.68; H, 4.41; N, 7.20.
(4R*,4aS*,10bS*)-8-hydroxy-7,10b-dimethyl-2-thio-4-(4-chlorophenyl)-

1,2,3,4,4a,10b-hexahydro-5H-chromeno[4,3-d]pyrimidin-5-one (4b) NMR 'H (400 MHz,
S, ppm, J/Hz): 1.36 (s, 3H, 10b-Me), 1.98 (s, 3H, 7-Me), 3.57 (d, ] = 11.0, 1H, H-4a),
4.77 (d,J=11.0,1H,H-4), 6.66 (d, ] = 8.5, 1H, H-9), 7.38 (d, ] = 8.1, 2H, H-3’,5"), 7.47 (d, ] = 8.1,
2H, H-2’,6’), 7.62 (d, ] = 8.5, 1H, H-10), 8.57 (s, 1H, 3-NH), 8.85 (s, 1H, 1-NH), 9.78 (s, 1H,
OH). NMR spectrum *C (100 MHz, §, ppm): 8.49, 25.17, 47.05, 52.44, 53.22, 110.38, 112.01,
119.46, 121.11, 127.86 (2 C), 130.67 (2 C), 132.39, 138.63, 147.24, 155.88, 165.80, 176.05.
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