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HN3yuenue cyinbpaToB MUKPOKPHUCTAINYECKOH LEJIIJI03bI,
MOJIYYEHHBIX ¢ MCI0JIb30BAHUEM XJIOPCYJIb()OHOBOM

U CYJ1b(aMUHOBOH KHCJIOT

B.A. JleBpanckuii®, A.C. KazaueHko?,

A.B. Jlenanckuii’, b.H. Ky3nemos*®

‘Uncmumym xumuu u xumuyeckou mexvonocuu CO PAH
Poccus, 660036, Kpacnospck, Axademeopoook, 50/24
*Cubupcruil ghedepanvHuiil ynusepcumem

Poccus, 660041, Kpacnospck, np. Ceéo600mbitl, 79

IIposedeno conocmasgnenue cocmasa u CmpoeHus: Cyrb@amos MUKpOKPUCAIIUYECKOU YellioN03bl
(MKTL]), nonyuennbix mpaouyuoHHbIMU U HOBbLMY, OoNee dhhekmueHbiMU CnOcObaMU CYIbGaAmuposansl
MKI]. C ucnonv3osanuem memooos snemenmuozo ananusa, UK, KPu 3C AIMP cnexmpockonuu, POA,
PDOC, POM u ACM nonyuenst dannsie o cocmase u cmpoeruu cyivpamos MKL], cunme3suposanivix
6 cpede xaopcynvonosas kucioma — 1,4-ouokcan u nymem cynopamuposanus MKL] cyrvgpamunosoti
Kuciomou 6 npucymemeuu moyegunvl 8 N, N-oumemungopmamuode u ouenume.

Yemanoeneno, umo cynopamer MKL], cunme3suposantvie HOGbLILMU MEMOOAMU, UMelom 60Jiee bICOKYIO

OOHOPO()HOCmb no cocmaesy u MOp(ﬁO]lOZMM no Cpad6HEeHUIO C NONYUEHRRbIMU U36ECMHbIMU Memooamu.

Knroueswvie cnosa: mukpoxkpucmaniuveckas yennonosa, cynvgpamol MKL, cunmes, cynopamunosas

Kucioma, .XVZOpC)UlbgbOHOBd}Z Kucioma, cmpoeHue.

BBenenune

Cynbdats! nemnronossl (CL) TpuMeHSIOT B pa3iMYHBIX OTPAcisiX MPOMBIIUIEHHOCTH B Kaye-
CTBE 3arycTHTeNel, COpOeHTOB, HOHOOOMEHHBIX MaTepuasoB u jp [1]. Janusle o dpusnonornyeckoii
AKTUBHOCTH TaKHUX 3(HUPOB IEIUTION03H [2] pacmupstoT odnacti npumeneHus CL| B OnoxuMuuecKkux
UCCIIeIOBAaHUIX U MeauIune [3].

B paborax [4, 5] cynehaTupoBaHre MOPOMKOBEIX 1euTiono3 (I111), momryueHHBIX METOIOM KaTa-
JIMTUYECKON IeCTpyKUUHU Kucioramu JIptonca, mpoBonuin xjuopcyibpoHosoit kucioroii (CISO;H) B
abcomoTHOM nupuanHe. Peaknns nuia npu Temneparypax 80-90 °C B teuenue 3 4. beuto ycTaHos-
JICHO, YTO TIOBBILIEHUE TEMIIEPaTyphl CyIb(paTHpOBaHuUs C1a0d0 BIUSET Ha JalIbHEHIIee yBEInYCHNE
crenienu 3amenieHns (C3s), HO yCHIIMBaeT AecTpyKuuio nonnmepa. [lokazano, 4To y Cyiab(paTnpoBaH-
HbIx 111, mosyueHHBIX PH KaTaIUTHYSCKOM Bo3zaercTBur Ha meutono3y AlCl;, C3g nexuT B aua-
mazone 0,06—0,47, a y cynbdarupoBanHbix [11], mOTyd9eHHBIX IPH KATAIUTHYECKOM BO3JICHCTBUH Ha
uesutono3y TiCly, — B nuamasone 1,21-1,76.

B pabote [6] omrucansr MeToasl monydeHus u cBoiicTBa CLI Beicokux C35 Ha OCHOBE XJIOITKOBOM
MKII. Beicokux C3g aBTOpaM yAajioch IOCTHYb, IPUMEHHB Cyib(arupytomyto cucremy CISO;H—
MIMPHUIIMH C 00pa3oBaHUEM IPOMEXyTouHoro komriekca SO;—nupunut [7]. IIpu Temneparypax pe-
akuu 80—-90 °C monyuunu CII ¢ BRICOKOI cTeNeHbI0 3aMeneHus. JlanpHeiilnee yBenuueHue TemMIe-

patypsl peakiuy Hapsay ¢ poctoM C3g MIPUBOAMIIO K YCHIICHHIO AECTPYKIIMH IIOJINMEPA.

— 120 —



Vladimir A. Levdansky, Alexander S. Kazachenko... Study of Microcryslalline Cellulose Sulfates Obtained...

B pabore [8] paccMOTpeHBI METO/BI CHHTE3a, CTPOEHUE M aHTUKOATyJIsTHTHAsE aKTUBHOCTh Ha-
TpueBoii comu cynbpara MKII. Cynsparuposanne MKI] Os110 npoBeneno xomrurekcom CISO;H—
JUMETHI(POPMaMU IPH PA3IUYHBIX YCIOBUSX U JaJi0 B pe3ylibrare NMpoAYyKThl ¢ pasiuuHon C3.
3nauenus C3g nexanu B nHTepBane mexnay 0,6—1,7 u BozpacTany ¢ yBeIWYEHHEM KOHILIEHTpALUU
cyabhatupyromiero areata. CpeaHsst MOJEKYJIsIpHAs Macca Kojiebanace B mpenenax 1227 k/la. Jlan-
Hele K-, SIMP-criekTpoMeTpuu 1 3IEMEHTHOTO aHaJIN3a MOKa3aJIH, 9TO CyJIb(haTHpOBaHUE POU30-
nio npeumyiecTBeHHo npu C6, yactuuHo npu C2 u HuYTOoXHO Majo npu C3. MccnenoBanus aHTU-
KOaryJIssHTHOW aKTUBHOCTH OTKDPBUIN MEPCHEKTUBHOCTH Pa3paOOTKH HOBBIX MPENapaToB Ha OCHOBE
HATpUEBO# conu cyibdhara MKII,

B Hay4HBIX XypHajax 3a HOCIEIHHUE MATh JIET ONyOIMKOBAHBI CTaThH, B KOTOPBIX ITOJy4eHHUE
CyJIb(aTOB LEJII0I03bl OCYIIECTBIISIOT TJIaBHBIM 00pa30M JBYMsI METOJaMH: TOMOI'€HHBIM CyJIb(a-
THPOBAaHHEM B HOHHBIX JKUIKOCTSAX U KBA3UT'OMOT€HHBIM alleTOCYIb(aTHpOBaHIEM.

B pabotax [9, 10] moagpoOGHO paccCMOTPEHO HCIONIb30BAaHUE HOHHBIX JKUIKOCTEH: 1-OyTwhi-
3-METUIMMHUIA30JIMYM  XJIOpHJAA,  1-allUiI-3-METUIMMHAA30JIMYM  XJopuaa u  1-9Tui-3-
METHJIMMHUAA30IMYM alleTaTa B KaueCTBEe PEaKIMOHHOM Cpellbl ISl TOMOTEHHOTO CyJib(haTHpOBaHU S
n pactBopuTens nemnonossl. Cynbdaruposanue ocymectsisan CISO;H nnn kommexcamu SO; ¢
JAM®A nu6o nupuAMHOM B HOHHOM pacTBope mpu 25 °C. B pactBope 1-3THI-3-MeTHINMHUIA30INYM
arerara M3-3a y4acTHs aleTaT-MOHOB B IOOOYHBIX PEaKIUAX BMECTO OXHIA€MOTO 0Opa30BaHUS
CyJ1b(aTOB LEJTI0JIO3bI IPOUCXOINIIO allETUIIMPOBAHUE.

CynbdaTupoBaHue B HOHHBIX PAacTBOpax NMPHBOAMIIO K 00pa30BAHMIO NMPOAYKTOB, IPAKTHYE-
CKH HEpacTBOPUMBIX B BOJie. BS3KOCTh peaklIMOHHBIX PACTBOPOB He oOecreuyrnBaia XOpouylo cMe-
LIMBAEMOCTb U OBICTPOE M PABHOMEPHOE pacHpeAeIeHue Cyab(haTupyOLIero areHTa B peaKMOHHOH
cMmecu. J{ist ynydIeHus CMEIIMBAeMOCTH BA3KOH peakI[MOHHOW cMecH ee pasdasisiin JJM®DA. [po-
JOYKTBl peakluy, NOIXy4YeHHble B mpucytcTBun [IM®A, nMmenu cTeneH! 3aMelieHHs B IUana3oHe
0,14—1,46, xopoI1I0 pacTBOPSIIIUCH B BOJE M XapaKTEPU30BATUCH MPEUMYIIIECTBEHHBIM 3aMEeIIEHUEM
B C6-nonoxenuu. Peakius nporekana 3a 30 MUH, U JajbHENIIEE YBEIUYECHUE TPOAOIKUTEIBHOCTH
He npuBoauio K ysenudeHuto C3s. K HemocTaTkam TaHHOTO METOa CIEAyeT OTHECTH JAOCTAaTOYHO
JONTUH, 10 24 9, Ipolecc pacTBOPEHUS LIEJUTIOI035I B HOHHOM PAacTBOPE IIPH BHICOKOH TeMIepaType
(80 °C).

OrepuUKanus HEIUTION03bI MOXKET OBITh OCYILECTBJICHA TaK)XKe aleTOCYIb(haTHpOBaHUEM (OTHO-
BPEMEHHBIM alleTUINPOBAHUEM U CYJIb()aTHPOBAHUEM LIEIUTFOIO3bI) C MOCIESAYOIUM OTLICIIEHUEM
aneTWIBHBIX PparmMeHToB [11-14]. Tak, B padote [14] anerocynbhaTupoBaHHEe IPOBOJWIHN B TSUCHUE
5 g mpu 40—70 °C B cmecu CISO;H u ykcycHoro anruapuaa B cpeae 6e3soguoro JIM®A. IMocnenyro-
niee neaneTunuposanue nposogunu 1 M stanonsebiM pacTBopoM NaOH B Tedenue 15 4. Ilonyuen-
ueie CII pactBopsutucsk B Boge u umenu C3g 0,21-0,97. 3nauenust CIT 66111 B ipenenax 107-232 u pes-
KO MaJaJy ¢ yBeJIMYEHHUEM TEMIIepaTypbl U KOHIEHTpaluuu cynbparupyiomero arenra. Henocrarku
crocoba — JBYXCTaIMHHOCTH IPOLECCa, JIUTEIBHOCTh OCYIECTBICHHS CTAIMH Jealle TUIHMPOBAHUS
(15 9), a TakxKe UCIOTH30BaHUE TOKCHYHEIX peareHToB: JIM®DA 1 yKCyCHOTO aHTHIpHIA.

B pa6ote [15] npennoxen meron cyibdarupoanuss MKI] B cucteme IM®PA—-CISO;H ¢ npen-
BapHUTEIbHOW 00pabOTKON LEJUIION03bl YIBTPa3ByKOM B OpraHMYECKOM pacTBopuTene. IlokazaHo,
410 00pabOTKa yJIBTPa3ByKOM NPHUBOAMT K YBEIHUSHHUIO PEAKIIMOHHON CIIOCOOHOCTH LEJITI0NIO3bI U K

MIPOTEKAHUIO PEaKIUU CyTb(aTHPOBaHU B TOMOTCHHOI cpene. Bo3melicTue ynprpa3Byka Ha MKI]
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COINPOBOXKAAETCA YMEHBIICHUEM CTENCHH €€ MOMMMEpHU3aI[iy U He BIHMSACT HAa WHJCKC KPUCTAJIINY-
HocTHu. C UCTIONB30BaHKEM IIPEIIaraeMoro MeTO/IA IOy YeHbl BOZOPACTBOPUMBIE CYIb(ATHI HEILTIO-
JIO3BI CO CTETEHBI0 3aMelIeHus 1o 1,5.

[npoko ucnonb3dyemsle B peakuusx cynbparupoBanus H,SO,, SO; u CISO;H npencrasnsior
co00#f TOCTATOYHO arpeCCHBHBIC PEAreHTHI, MPUMEHEHHE KOTOPBIX TPeOyeT CIEI[HaIbHOrO 000py-
JIOBAHUS, YTO BBI3BIBAET 3aTPYAHEHUS. B oTiMUYne OT mepedncIeHHBIX BBIIIE PeareHToB Cynb(aMu-
HoBas kucnora (NH,SO;H) npexncrasisier co6oit cTabuinbHOE, HETUTPOCKOITMYHOE KPUCTALIINYECKOE
BermecTBo. [1o cBoeii cuie kak kucioTa oHa cpaBHUMa ¢ H,SO,. Cynb)aMUHOBYIO KUCIIOTY HOIYYaroT
B IIPOMBIIIIJICHHBIX MacIITa0ax MpH B3aUMOJCHCTBHH MOYEBUHBI C OJICYMOM.

B pabore [16] onucanbl skcriepuMeHTsl 1o cynbdarupoBanuio NH,SO;H yactndyHo 3amerieH-
HBIX alleTaTOB IIEJUII0JIO3b], pacTBOpeHHBIX B JIM®DA. Yctanosneno, uto NH,SO;H He pearupyer co
cBoboaHbIME OH-rpynmamu nemonos3sl Mpyu KOMHAaTHOH Temneparype. O cynbdaTupoBaHum 1ei-
0510361 B cuctreme NH,SO;H — N,O, — JIM®A Takke coobmanock B padote [17]. OmHako 0ka3anoch,
yt0 noiyderuto CII ¢ BeicoknMu C3g mpensTcTByeT 00pa3oBaHKue BOIBI, KOTOpas pasiaraeT s¢up-
HbIe TPYIIBl HUTPUTA LEJUIIONO3H, BRI3bIBas pereHepannio OH-rpymnm, KoTopsle He MOABEprarTCcs
cynbdarupoBanuio NH,SO;H B nannsix ycnosusx. Crenens 3amenienus CLI, omy4eHHBIX 3THM Me-
tonoMm, Obia meHee 0,40.

H3zBecten mMeTox npsimoro cynbharupoanus nesnonossl NH,SO;H B IM®A [13]. 1o cpaBHe-
Huto CISO;H NH,SO;H moxer atepuduiupoBars HeJUTI0I03y B FETEPOreHHBIX YCIOBHUSIX IPHU BbI-
cokoit Temneparype 70—80 °C. ITonyuennsie CLI pactBopsanucs B Boge u umenu C3g B AMana3oHe
1,78-1,89. I'maBHBIM HEIOCTATKOM 3TOT0 METOJA SBJISIETCS] OOJIbIIAS MPOAOIIKUTEILHOCTh PEAKIUH
10 24 4. B paborte [18] coobmraercst 0 CyabhaTHPOBAHUU XIJIOKOBOH IEILTIONO3EI, TPOITUTAHHON pac-
tBopoM NH,SO;H u modyeBunbl B JIM®DA meTonoM ciekanus. Ho criekaHue memnitoi03bl TPH BEICOKOH
TeMIIepaType IPUBOIUT K AECTPYKIIMH TOJINMEDPA.

N3BectHo [19], uTo nenmtono3a noasepraercs Aerpaganun npu HarpeBannu ¢ NH,SO;H, ognako
B IIPUCYTCTBHH MOYCBHHBI, UTPAIOIIEH POJIb KaTaIN3aTopa, Cyab(aTnpOBaHUE IIPOUCXOAUT YAOBIIET-
BOPUTEIIBHO.

Kak cnenyer n3 aHanu3a Hay4HOHW JUTEpaTyphl, OONBIIMHCTBO M3BECTHBIX METOOB MOIyYe-
uus CL] ocHOBaHO Ha UCIOJIB30BAHMH TPeX OCHOBHBIX pearentoB: H,SO,, SO; u CISO;H. Crenyer
OTMETHUTh, YTO pa3HOOOpa3ue CIIOCOOOB IONyYEHHUS! CEPHOKHUCIBIX 3(UPOB LEIUIIOI03bI SBISETCS
KKYIIIMCS, TaK KaK BCE OHHM CBOIATCA K TPEM-YETHIPEM OCHOBHBIM MPHHIIUIHAIBHO Pa3IHYHBIM
MeTonaM. OcTanbHbIE )K€ CIIOCOOBI — JIUIIb YCOBEPIIEHCTBOBAHUE 3TUX OCHOBHBIX METO/JIOB U OTIIHYa-
I0TCA IPYT OT ApyTra B AeTaisx. BmecTe ¢ TeM 3T0 pa3HOOOpa3ue oTpakaeT MHOTOYHCIIEHHBIE IIOUCKU
BBHJY OTCYTCTBUS «MA€ATBHOTO» MeTo/a. BeIOOp MeTona sTepudukannm, Hanbosee paiioHaIbHOTO
JUTSL IOJTYYEHHUSI CEPHOKUCIIOTO 3(upa 1eIUTroI03bl, ONpeAesseTcss COBOKYITHOCTBIO psiia (pakTopoB,
CpeAH KOTOPHIX INIAaBHBIMHU CJIEYET CUMTATh BBIXOX MPOAYKTA, CTENEHb 3aMELICHUS, OIHOTY HC-
HOJIb30BaHUSI PEAreHTOB U IPOCTOTY AIMapaTypPHOro o(pOpMIICHHUSL.

B UXXT CO PAH pa3zpaboransl HOBEIE, Ooiiee 3(h(eKTUBHBIE, YEM N3BECTHBIE, CIIOCOOBI CYIIhb-
¢darupoBanus MKII, 3amuinennsie narenramu PO [20—22], uzyuena Ouosnornueckas akTHBHOCTb I10-
nmydeHHbBIX cynbdaro MKI] [23-26].

Lenb nanHOW pabOTHI — COMOCTaBICHUE COCTaBa U cTpoeHus cyibparoB MKII, moayueHHbIX

TpaANIUOHHBIMHU U HOBBIMU crocodamu CyJ'IB(l)aTI/IpOBaHI/IH.
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CyabparupoBanue MKII xnopcyiabdoHoBoii

H CyJb()aMHHOBOH KHUCJIOTAMH

Kak moka3an ananu3 nyOsiukanuii 3a nociaenuue 10-15 mer, CISO;H B couetanuu ¢ pasznnd-
HBIMHM OCHOBaHHUSIMU M PacTBOPUTENISIMH HanOoJiee MIMPOKO MCIOJIB3YIOTCS sl Cynb(aTupoBaHus
Pa3IMYHBIX LEJUTIOI03HBIX MPOAYKTOB. bosbllioe BHUMaHKE yAEIeHO U3YUYCHHUIO CYJb(aTHPOBaAHMS
HesI003bl KoMIuiekcoM SO; — mupuand u SO; — [IM®A, nonyyeHHbIMU ¢ Hcnonb3oBanueM SO; u
CISO;H.

Henocratkamu cynsparuposanus CISO;H B nupuaune u IM®PA, a Takxe B cMecH THPUAH-
Ha ¢ IM®DA sBasioTCs, BO-IEPBBIX, TO, YTO CYJb(PaTHPOBAHHE MPOBOAAT IpHU TemmepaTrype 80-
90 °C, B pe3ynpTaTe pe3K0 BO3pacTaeT NeCTPYKIHS EJIII0I03bl; BO-BTOPHIX, ITponecce cyabdaru-
pOBaHUs NPOTEKAET B FETEPOrCHHOM Cpejle, YTO MCKIYaeT PABHOMEPHOCTh CyJb(haTUupOBaHU s
LEJUTIONO3bI.

CynbdatupoBanuto 1esuitoa036l NH,SO;H mocsieHo orpanudenHoe 4ucio padot. OgHako
BbICOKas Temrieparypa cynbparupoBanuss MKL NH,SO;H u npomomxuTensHOCTh peakuuu a0 24 4
HPUBOJUT K IECTPYKLUH LEeJT0N03bl. B paboTax [27-29] BriepBbie n3y4eHo cynbdarupoBanne MKI]
CISO;H B 1,4-muokcane u NH,SO;H B JIM®A u nurinime B IPUCYTCTBUH MOYCBHHEIL.

N3BecTHO, 4TO 1,4-THOKCAH MOXET pearupoBaTh C OAHUM MM AByMs Mmoisimu SO; (puc. 1). C
MOMEHTa OTKPBITHS B 1938 1. komIutekca SO; — IHOKCaH OH MIMPOKO MPUMEHSIICS TJIABHBIM 00pa3oM
1utst cynbdaTupoBanus ciupToB. [Ipu B3aumoneiicreuu CISO;H ¢ 1,4-nuokcanom npu remneparype
20 °C obpasyercs komruieke SO; — auokcan u Beigensercss HCI [30]. Peakmus cynbdarupoBanus
MKI] CISO;H B 1,4-nuokcane u mocienytoiiee BoiaeneHue cyiabhara MKL] B Bume HaTpueBoit cou

MIPOTEKAET I10 clienyomeii cxeme (puc. 2).

)
)

SO3+0 O——»S030 O

JC
JC

SO3 + SO3-0 O —»8030 0-SO3

(
(

Puc. 1. Cxema o6pazoBanus komriekca SO; — AMOKCaH

/N t>20°C /N
CISOH + 0 0-—1222% 550,-0 O + HCl
__/ \_/

- OH OH - OSO3zH OR;
0 0 HO O CISOgH - C4HgO2 ™~ 0 O R40 O NaOH
HO o le] R¢0 © o
OH OR1
OH OR1

0SO03Na
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— "0 2 —
(0] =
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Puc. 2. Cxema cunresa cynsparoB MKI] B cpene x1opcynp(poHOBAsI KHCIOTA — JTUOKCAH
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Peaknus cynbdaruposanus MKI[ CISO;H B 1,4-nuokcane HaunHaeTcs B ABYyxGha3HO# CH-
cTeMe, a B Ipoluecce Cyab(GaTupoBaHus NMEPEXoaAuT B ogHO(Da3HYIO0 cUcTeMy — 0Opa3yercs mpo-
3pauHblil pacTBOp. M3BecTHO [30], uTo KommIeke SO; — TMOKCAaH HEYCTOMYUB U IPH TeMIepaType
Boire 30 °C nHaumHaet pasnararscs. [loatomy cynsdarupoBanne MKL]| npoBonunu npu remme-
patype 20—-40 °C.

JlaHHBIE O COlepXaHUM CePhl U CPEAHSS MOJISKYJIIpHasi Macca 00pa3loB CylIb(paTnpOBaHHOMN
MKII B 3aBUCHMOCTH OT TEMIIEPATYpPHl U IPONOKUTEIHFHOCTH peakliMy IMpuBeaeHs! Ha puc 3. Kak
BHIIUM, CPEIHSS MOJEKyIsapHas Macca cynabpatupoBanHoir MKI] cocrasmser 12700—18900 [a, uto
COOTBETCTBYET cTerneHu nonumepusanuu 60—90. Beicokas crenens cynbdarupoBanust MKL noctu-
raeTcs Ipu NPOBEJECHNHU mpouecca mnpu Temrneparype 20 °C, yBenuueHHe TeMIIepaTyphl BbI3BIBACT
YMEHBIIIEHHE MOJIEKYJISIPHOM MAcChl, UTO CBUJICTENBCTBYET O IMPOIeccax AeCTPYKIUHU TOIUMEpa.

VYcranosneHo, uto cynsdarupoBanne MKI[ CISO;H B 1,4-1uokcane mpu Temmeparype BbIe
30 °C npuBOIMT K PE3KOMY CHIIXKSHHIO MOJIEKYJISIPHOI Macchl nosy4aeMbix cyibparos MKL, npu
9TOM COJIepKaHNE CEPhl N3MEHSIETCS HE3HAUNTEIIBHO.

W3zsectHo, yto NH,SO;H npu HarpeBanum co cnupTamMu 00OpasyeT ¢ BbIX0A0M 0 22 % cooT-

BETCTBYIOIHE aMMOHHITHBIE COJIH:
R-OH + NH,SO;H — R-OSO;NH,.

OnHako BbIXOJI CyJb(daTa MOKHO MOBBICUTH 10 70 %, 100aBIIsisi B peaKIIHOHHYIO CMECh ITUPHIUH.
[Ipu cpaBHEeHNH B mporecce Cyab(PaTHPOBAHUS BHICIINX aTH(PATHIECKUX CIIUPTOB, KATATUTHYECKON
AKTUBHOCTHU NUPUMHA, MOYEBHUHBI, THOMOYEBHHBI, alleTAMU/Ia ¥ ITUKOIMHA Hanbosee 3 (heKTHBHBIM
KaTaJu3aTopoM OKa3zasach MoueBHHA. Cynb(haTHpoBaHNE KpaxMaia, LEJIIION03bl U APYTHUX IOJIH-
Caxapua0B TaKXe IMOKa3aJl0 BBICOKYIO KaTaIUTHYECKYI0 aKTMBHOCTh MOYEBHHBI IO CPABHEHHUIO C
apyrumu nobaskamu [30]. DTo MOCTyXHMIIO OCHOBaHHMEM IS UCHOIB30BAHUS MOYEBHHBI IIPU CYJIb-
¢arupoanun MKI] NH,SO;H. Mexanuswm cyibdarupoBanust NH,SO;H B npucyTcTBHM MOYEBHHBI
00BsICHSIETCSI 00pa30BaHUEM JOHOPHO-aKIENTOPHOTO KOMIUIeKca (puc. 4), 001analomero BEICOKOH

PEeaKIMOHHOM CIOCOOHOCTBIO K CYJb()aTHPOBAHHUIO.
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Puc. 3. Bunusuue ycinoBuii cynbdarupoBanus MKI] xnopcynbdoHoBoii kuciotoir B 1,4-nuokcane Ha
conepxkanue cepsl (1) u MoneKyIsIpHYIO Maccy (2) monydaeMbix cynbdpaToB MKI]
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Peakuuto cynpdhatuposanust MKI] NH,SO;H B npucyTCTBUH MOYEBHUHBI IIPOBOIUIIH B KHIIAIIEM
pacTBOpHTEINe IPH HHTCHCHBHOM IlepeMeInBannu. Breinenenue cynbparoB MKI nmpoBoxniu B Buzie
aMMOHUWHOM, HATPUEBOW MJIU KallUueBOH colielt (puc. 5).

Ycranosneno, yto peaknus cyiabdarupoanus MKI[ NH,SO;H B npucyTcTBUM MOYEBUHBI B
JM®A wuiu nurimMe npoTeKaeT B reTeporeHHoi cpene. lanusie o Beixoae cynbdaroB MKII, co-
Jep>KaHNU B HUX Cephl U cTerieHb 3amenienns (C3s) B 3aBUCHMOCTH OT IPOJIOIDKUTEIBHOCTH PeaKIiuu
IPHUBEIEHBI Ha pHC. 6.

Kak crenyeT u3 monydueHHBIX JaHHEBIX, Ipu cynbdaruposarnu MKL] B JIM®A B TeueHne 23 1
MaKCUMaJbHBIH BeIX0A cyiabhaTroB MKI] cocraBiser 31,5-39,5 %, a comepikanue cepsl B MOIYUYCH-
HBIX oOpa3max mocturaet 13,6—14,8 %, 94T0 cOOTBETCTBYeT cremeHH 3amerieHus 1,2—1,4 (puc. 6).
YBennueHne NpoIoKUTEIBHOCTH HarpeBaHus Oosiee 3 4 MPUBOIUT K MOTEMHEHUIO U PA3JI0KEHUIO
peakIMOHHON Macchl M yMeHblIeHuIo Beixona cynbpara MKL. Cynasdarnpoanne MKL] B iurinme
B TeueHue 2,0-2,5 4 no3poussiet noiayuuts cyiabdarst MKL] ¢ Beixomom no 101,2 % u conepxkanunem
cepsl 10 15,4 %, 94TO COOTBETCTBYET cTeNeHH 3amenienus 1,53 (puc. 6).

BbLII0 yCTaHOBIEHO, YTO MPH OJUHAKOBOW IPOJOJDKUTENBHOCTH PEaKMi, HECMOTpsl Ha Oolee
BBICOKYIO Ty, aurauma — 161 °C no cpasaenuto ¢ MDA T,,, — 152 °C, MKL] B nurnume MeHee mnoj-
BepiKeHa pasznokenuio u cynbparupoBanune MK NH,SO;H B npucyTcTBUM MOYEBHHBI B HEM IIPO-
TeKaeT HanboJee rinaako. [IpoBeneHne peakiy B AUTIIMME TI03BOJISIET YBEIUYHUTD BBIXOJ Cynbdara
MKII B 2,5 pa3a no cpaBHeHUIO ¢ [IM®DA.

B HK-cmektpax HaTpueBBIX colieil cynbhaTupoBaHHBIX 00pasnoB MKII, moaydeHHBIX CYiIb-
¢darupoBanuem CISO;H B 1,4-nuokcane u cynsdparupoBanuem NH,SO;H B mpucyrctBuu MoueBu-
=Bl B IM®A u gurnume (puc. 7., Tabn. 1), IPUCYTCTBYIOT MTOJIOCKH TOTJIOMIEHUS B o0nmactu 796—806
cm! (C—0-S) u 1235-1244 cm!' (O=S=0), KOTOpbIEC MOATBEPKAAIOT BBEJCHNE CYIb(MATHON IPYIIIbI
B CTPYKTYPY LEJLII0N03bl. UHTEHCHBHOCTH MOJOCH! noromenus B obnactu 3400-3500 cm™!, oTHO-

cseiics k konebanusiMm OH-rpynm, cHukaercst npu cyibharupoanuu odpasnoB MKI] 3a cuet ux

0%
+5 +5) I
NH>SO3H + NH,CONHy ———— > H N-*S—'NH —C—NH»
'52 53

Puc. 4. Cxema o0pa3oBaHus CyabhaTHPYIOIIEro KOMILICKCA MMPH B3aUMOICHCTBUH CyJIb(HaMUHOBON KUCIOTHI C
MOYEBUHOM

NH2SO3H OSO3NH4 OR4 NaOH
p (NHZZCO 0 0 RO o (KOH)
\w TOM®A ~ RO O\w
2. Avrnum OR
! OR1
0SO3Na(K)
>0 0 RO 2 Ri=H, SONH,
(o} =
OR»
OR2

Puc. 5. Cxema peaxnuu cynbdarupoanust MKI] cmecbio cyinbhaMiUHOBasI KHCIOTa — MOYCBIHA
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Tabnuua 1. Otrecenune nonoc B MK-cnexTpax cynbdatupoBanHbix o6pasnos MKI]

Homep O6pa3ent Yacrora, cm™! Kone6anus
806 v(C-0-S)
1 MKI] cynsdparupoBannas CISO;H B 1,4-1nokcane
1244 0,,(0=S=0)
2 MKI] cynsdarupoBannas NH,SO;H B npucyrcTun 805 v(C-0-)
MoueBHHBI B JIMOA 1238 0,,(0=S=0)
3 MKI] cynsdarnpoBannas NH,SO;H B npucyrcTun 796 v(C-0-)
MOYEBHHBI B IUTJINME 1235 0,,(0=8=0)

Tabnuua 2. Otaecenue nojuoc B ciektpax KP cynsparupoBanubix 06paznos MKI

Yacrora konebanuii rpymi, cm™!

Homep O6paszen
3(SO;5) | 8(0=8=0) | v(C-O-S) | v(O=S=0) | v,(O=S=0)

| MKI] cynsdarupoBannas CISO;H B

1,4-nrokcane 419 589 843 1074 1274
) MKII cynsdpatupoBannas NH,SO;H B

MPUCYTCTBUU MOUEBUHEBI B JIM®DA 417 588 840 1073 1269
3 MKI] cynsdparupoBannas NH,SO;H B

MIPUCYTCTBUU MOUEBUHBI B IUTJINME 415 585 839 1072 1265

3aMereHus Ha cynbdatabie rpynms [8]. Kak BugHo Ha puc. 7, UK-criektpsr cynbdaros MK, momy-
YCHHBIX HOBBIMHU CIIOCO0AMHU, a Tak)Ke u3BeCTHRIM criocodbom CISO;H B nmupunnne, uacHTUIHBL.

[NosiBeHne HOBBIX MOJIOC TOTIIONIeHUs Habmronaercs 1 B KP-cekTpax HaTpUEBBIX COJIEH Cyib-
(darupoBanHbix 00pasioB MKLI, nony4yeHHbIX pa3opaboTaHHBIMU HaMU criocobamu (Tabum. 2). [Toso-
ca morjomeHus B oonactu 415-419 cm! coorBercTBYeT nedopManoHHEIM KojebaHusaM SO;-rpynn
3(S0Os), amostoca mpu 585589 cM! MokeT OBITH OTHECEHA K fiepopMaIiMOHHBIM KoJiebaHusim 6(0=S=0).
DTH MONOCHI BCTpeyaroTes B BuAe TpuiieToB. [losoca nornomenus B odnactu 839—843 cm™! nmpucymia
C—-0O-S-anentHeiM kosebanusm v(C—O-S). TTonoca noromenus B guamasone 1072-1074 cm™ no-
MUHHUPYET B CIIEKTPE ¥ MIPHUCYIIa CHMMETPHUYHBIM BaJIeHTHBIM KojiebauusM v,(0O=S=0). [Ipyroi nuk
npu 1265-1274 cM™! siBIsieTCS CHTHAJIOM aCHMMETPUYHBIX BaJICHTHBIX KojieOanuii v,,(0O=S=0) [11].

W3BecTHO, 4TO B 3]IEMEHTAapPHOM 3BEHE LIEJUTIONO3HI (pHC. 8) B IIEPBYIO OUepenb CyabhaTupyeTcs
THAPOKCHIBHAS rpynmna npu C6 aTome yriaepona, Xyke — THAPOKCHIbHAS rpynmna npu C2, a THAPOK-
criibHas rpynna npu C3 cynbgharupyeTcs B JOCTaTOYHO )KECTKUX YCIOBHSX, YTO IPUBOJUT K PE3KOH
JIENONIMMEePHU3aIlui IEJUTIONI03H [§].

B pabotax [8, 9] meTonom "*C SIMP ycTaHOBIIEHO, 4TO XMMHUYECKHE CIIBIUTH aTOMOB YIJIeposa B
anemenTapuoM 38eHe MKI] mis aromoB yriiepoga C1—C6 Habm0qar0TCs COOTBETCTBEHHO mpu 102,
74,73,79, 77,60 m.11. Y cynbdarupoBanHbIx mpon3BonHbix MKII curnainer aToMoB yriieposa cABHUra-
I0TCsI B 00J1acTh c1abbIx noseit. Curnan aroma C6 casuraercs ot 60 x 66 M.1. HacTHUHOE cMelleHHe
curnaia aroma C2 or 74 x 81 M.A. yKa3bIBaeT Ha TO, YTO T'MAPOKCHIIBHEIE rpynnsl npu C2 cynbda-
TUPOBaHbI 4aCTU4HO. [Ipu 3TOM cMmenienus curnajia aroma C3 He HaOJIOAAIOCH, CIIEA0BATEIbHO, TH-

JPOKCHIIbHBIE I'pynibl Tpu C3-aToMe He MoJBepraroTcs Cynb(haTHpoBaHHIO.
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H
H H\I _OH

Puc. 8. DneMeHTapHOE 3BEHO 1IEJLITI0JIO3bI

Tabnuma 3. 3Ha4ueHUs: XUMCIBUIOB aTOMOB yriiepona B crnekrpax BC SMP cynsdarupoBaHHbIX 00pa3inoB
MKII

XHUMCOBHT, M.JI.
C1 Cc2 C3 C4 C5 C6
MKII (muTepaTypHbie 1aHHBIC) [8] 102,0 | 74,1 | 73,8 | 79,5 | 774 | 60,1
100,2 | 74,4 | 72,5 | 78,5 | 774 -

Homep O6paszen

1 MKII cynbdaruposannas CISO;H B 1,4-nuokcane

- - - - - 65,9

2 MKI] cynsdarupoBannas NH,SO;H B npucyrcTun 1003 | 74,5 | 72,8 | 789 | 775 -
MoueBHHBI B JIMDA - 81,3 - - — 66,0

3 MKI] cynsdarupoBannas NH,SO;H B npucyrcTun 100,6 | 74,6 | 72,8 | 78,7 | 77,6 -
MOYEBUHBI B JUITIUME _ 80,9 _ _ _ 66,2

Nzyuenne BC AMP-cnekrpos cyabdatupoBanubix 06pasinos MKII, momydeHHBIX CybhaTupo-
BarneM CISO;H B 1,4-1uokcane, moka3aso, 9To curHai atromMa C6 IOTHOCTBIO CABUHYIICS K 66,12 M.,
(Tabm. 3). OTo 03HaYaeT, uTo B 3TUX 00pa3uax Bce rugpokcuibHbie rpynnsl MKI npu C6 3amereHs
Ha cynb(paTHBIEC T'PYTIIHL.

Nzyuenne *C SAIMP-criextpos cyabdator MKI, monyuenusix cyabdaruposanrem NH,SO;H B
JAM®A u nurnumMe B IpUCy TCTBUM MOYEBUHBL, I0KA3aJ10, YTO CUTHAJ aToMa yriepoga C6 MOITHOCThIO
CABHHYJCS K 66 M.1. (Tabn. 3). DTo o3HadaeT, uTo Bce ruapokcuibHble rpynnsl MKI[ npu atome
yraepona C6 3aMernens! Ha cyinb(arHble rpynnsl. [losBinenne curuana atoma yriepona C2 B obnactu
80—82 M.11. ykasbpIBaeT Ha TO, YTO I'MIPOKCHIIbHBIE rpymibl Ipu C2 cynbdaTupoBansl yactuuHo. [To-
XOXKH€ Pe3yJIbTaThl IPUBEICHBI aBTOpaMu paboTsl [8], B kotopoit MK cynbdaruposamu CISO;H B
JIM®A.

Hcxonnass MKI] obnagaeT BBICOKOW CTENEHBIO YIIOPSIIOYEHHOCTH, O YE€M CBHJIETEIBCTBYIOT
peHTreHorpamma [29], Ha KOTOpPO#i MPUCYTCTBYET BHIPAKEHHBIH MaKCUMyM pacIpe/ielieHus: B 00J1a-
ctu 20=22, xapakrepusiii a1 MK [31]. CynbdaTiupoBannue nemItoiI03sl ¢ UCTIONb30BaHUEM BCEX
M3BECTHBIX METOJIOB IIPU MOBBIIIEHUU TEMIIEPATYPHl MIPUBOAUT K €€ YACTUUHON AETIOTUMEpHU3AI[UU
[6]. ConocTaBiienue pentreHorpamm oOpasnoB ucxognod MKIL u cynsdarupoBannsix CISO;H B
1,4-nuokcane u NH,SO;H B IM®A u auriaume mokasao, 4To B IMPolecce Cyib(harupoBaHus Mpouc-
XOIUT pa3ynopsioueHue Kpuctajinueckon ctpykrypel MK [27-29, 32].

MeTonoM pEeHTIeHOBCKOW (HOTOANMEKTpOHHOM crnekTpockonuu (POIC) mpoBemeHO Hccieno-

BaHue noBepxHocTH oOpas3noB MKI| no u mocne cynsdparuposanus CISO;H B 1,4-muokcane [33].
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OCHOBHBIE INHUH, IPUCYTCTBYIONIHE B 0030pHOM criekTpe ucxonHoit MKII, cooTBeTCTBYIOT yIiiepo-
Iy ¥ KHCJIOpPONY, a B cneKkTpax cyibparupoBannoidr MKII nosBisroTes TMHUY, OTBEYalOIINe cepe U
HATpHUIO (cooTBeTcTBeHHO IpH 168 1 1070 3B). Takum o6pa3om, nanubie PODC nmokas3pIBalOT, YTO MPU
B3aumozeiictBuu MKII ¢ cynbhaTHpyommm areHToM MporCcXOoIUT BBEJCHNE CyIb(aTHO! I'PYyTITHI B
MOBEPXHOCTHBIH ciioit MKII.

MeTomoM pacTpOBOi IIEKTPOHHON MUKPOCKOITHY MIPOBEICHO HUccieaoBanue oopasnoB MKI] mo
u nocie cynbdarupoBanus CISO;H B nuokcane. Kak uznoxeno B [29], MKL] cocTout u3 pa3nu4HbIX
o JTMHE MUKPOGUOPUILT TonmuHOH okomo 10-25 mxm. HekoTopsie MUKpOGUOPHILIEI cOOpaHBI B
arperarsl — akeThl ¢ JUIMHOK okoo 75—500 MxM u mmpuHoit 30—150 mxm. [ocne cynbdaTupoBanus
00pasubl uMeroT Mopgosoruio, noaHocTeio ommyHyo or MKII. CynsdarupoBannast MKI] cocro-
UT U3 arperaTHPOBaHHbIX YacTull ¢ guamerpom ot 0,1 mo 1,5 MkM (i MeHbIIe), a MUKPOGHUOPUILITBL
TIOJTHOCTBIO OTCYTCTBYIOT. HacTHIIBI MMEIOT KOMIIAKTHYIO H30METPUYECKYI0 GOpMYy, OJIU3KYIO K ce-
PUYECKOM.

[TpoBeneH cpaBHUTENBHBIN aHAIN3 METOJIOM aTOMHO-CHUJIOBOH MUKPOCKOIITMH ITPO3PavHBIX I1Jie-
HOK, ipurotoBieHHbix u3 MKLI, cynbdarupoannoii uzsectHbiM ciocobom — CISO;H B iupunuze —u
pa3paboTaHHEIM HaMU MeTOIOM — cyib(arupoBanueM CISO;H B nuokcane [29]. J{ns mpuroToBiieHUs
IUICHOK MCIOJIb30BajH CyibdarupoBanHbie 06pa3usl MKI, nmeromiie oqnHaKoBbIe XapaKTEPUCTH-
ku. ConeprkaHue cepbl B HCCIIEyeMbIX o0pasuax coctasisiio 8,0 %, a cpeqHsist MoneKyJIsipHasi Mac-
ca — 18 900. YcraHOBJIEHO, 4TO OBEPXHOCTh ILIEHKH, NonydeHHoi u3 MKII, cynsparupoBanHoii B
MHUPUANHE, COCTOUT U3 KpUCTAILTHTOB cynbhaToB MKI] paznuunoro pazmepa (100-300 aM) u popm,
a ausa ek MKL, cynbdaTupoBanHoii B 1MOKCaHe, XapaKTepHbI 00Jiee OHOPOAHbBIE KPUCTAILIH-
THI, UMEIOIIHe chepruecKyio popMy 1 nonepedrsie pasmepsr 100—150 M.

W3yueHo BIMsSHHE TEXHOJOrHYeCKHX (hakTOpoB Ha mporecc cyiasbparuposanus MKI] CISO;H
B 1,4-nuokcane [34]. MeTogoM MaTeMaTUYECKOr0 MOJAEIUPOBAHUS MPOLECCA U PEIIEHUEM ONTHUMU-
3aI[MOHHON 3a/1a4M Hali/IeHbl ONTHMAaJIbHBIE PEXKUMBI peaklinu (Temmneparypa (25+1) °C, npogomxu-
TEJBHOCTB 4 1), MO3BOJISIOIINE OCYIIECTBUTH cylbhaTupoBanne MKII B 6osiee MATKUX YCIOBUSX T10
CPaBHEHHIO C M3BECTHBIMH CIIOCOOAMH M CHU3UTH CTEIEHbB JICIIONMMEPU3alliH TOJIyYeHHBIX CyJIb(ha-
toB MKII. B onTuManeHbIX ycnoBusx: noxydensl cynbdarst MK, conepxammue 8,4-8,7 % cepsl u
HMMEIOIIHE a CPETHIOI MOJEKYIsIpHYI0 Maccy coctaBiseT 17300-17600 [a [34].

Cynboarst MKL, nosydeHHbIe HOBBIMH METOAAMH, OBIITM MCHBITAHBI HA aHTHKOATYJISTHTHYIO
akTUBHOCTH B I'emaronornyeckom neaTpe PAMH [24, 25]. YcTaHOBIEHO, YTO X aHTHKOATYJISTHTHAS
akTuBHOCTH cocTaBisieT 100-120 EJI/MT, 9TO COOTBETCTBYET aHTUKOATYITHTHOW aKTUBHOCTH, TIPH-
MEHSEMOT'0 B MEIUITMHCKON MpakTuke remnapuna [35]. Ilo 3axmrouenuto ['emaronornyeckoro neHTpa
PAMH BemiecTBa ¢ Takoil aKkTUBHOCTBIO MOCJIE TOKCUKOJIOTHYECKUX U KIMHUYECKUX UCIIBITAHUHA MO-
I'yT OIPEeTEeH0BaTh Ha CTAaTyC aHTUKOAT'YJISTHTHOT'O CPECTBA ISl JIeYeHHUs M MPOPUIAKTHKH TPOMOO-

30B.

3ak/oueHue

YcranoBieHo, uTo cynbdarupoanre MKII B 1,4-1rokcaHe MpoTeKaeT B TOMOI'CHHOM cpeie U B
0oJiee MATKUX YCIOBHSX IO CPABHEHHIO C TPAAUIIMOHHBIM CITIOCOOOM CYIIb(paTHPOBAHUS B CPEE ITH-
pUAKHA. DTO MO3BOJISACT CYIIECTBEHHO CHU3UTh CTEIEHD ACIOIUMEPU3AIIMH MOy YaeMbIX CYIb(haToB

MAKTILI. TTokazano, uto cynbdarel MKII, morygaembie HOBBIM METOIOM, IMEIOT 00JIee BRICOKYO OJTHO-
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POAHOCTH MO0 XMMHUYECKOMY COCTaBY U MOP(MOJOTHH MO CPABHEHHIO C MOJYYEHHBIMH U3BECTHBIMHU
METOAAMHU.

Breperie nzyueno cynbparuposanre MKI[ NH,SO;H B nunume u mis cpaBuenus B IM®DA B
MIPUCYTCTBHN MOYEBHHBI. YCTaHOBIIEHO, YTO CTENEHb 3aMELICHUS CEpPhl B MOJIYUYCHHBIX CyIb(arax
MKI] cocrasaser ot 1,40 no 1,54. Iloka3zaHo, uto 3amena IM®A Ha nuriuM B mpomecce CyiabhaTu-
posanuss MKII cyns(haMUHOBOH KUCIOTOH B MPUCYTCTBHH MOYECBHHEI MTO3BOJSET B 2,5 pa3a yBeIH-
4uTh BeIx0oX cysibaToB MKII 1 noctuub Bbicoko# creneHu 3amerneHus. 3amena CISO;H Ha menee
arpeccuBHyto n ornacuHyo NH,SO;H uckmrouaer Bergenenne HCl 1 moBbIaeT 3KOJIOTHYHOCTH TIPO-

necca.

BaarogapuocTu

B pa60Te HCIIOJIb30BAaHBI HpI/I60pH KpaCHOinCKOFO PEruoHaJBbHOI0 HCHTPA KOJIJICKTHUBHOI'O

noJsis3oBanust CO PAH.
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