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N-3AMEHNIEHHBIMMU 2-XJIOPAHETAMUITAMMU
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"Poccuitckuin rocymapcrseHHblt yEuBepcuteT M. A.H. Kocpirnaa, Mocksa, Poccusa

fIpocmaBcKumit TOCYAapCTBEHHBIIT Tegarorndecknii yausepcuter uM. K.JI. Yimnuckoro, Spociasib, Poccust
*MoOCKOBCKMIT PU3UKO-TEXHUYECKNUIT MHCTUTYT, Jlonronpyausiii, MockoBckas obmacts, Poccus
s.ivanovskiy@yspu.org, shetnev.aa@mipt.ru

Kntouesvie cnosa: Anunomauus. Paspaboman cnoco6 cuHmesa HOBbiXx npedcmasumeneil Knacca
CynoPanuUnamuod, okcaouason, — NePeUUHbLIX  OeH30ICYTbPOHAMUO0S, NEPCHEKMNUBHDIX — A2eHMO06 O Jle4eHUs
O-ankunuposanue, OMKPBIMOY20/IbHOLL  2IAYKOMbL U HelipodeceHepamusHolx  3aboneéanuti. bBouna
kapboaneudpasa, paspabomana  memoduxka  O-ankunuposanus  4-eudpoxcubeH3oncynvPoHamuoa
MOHOAMUHOOKCUOA3A ANKUNUPYIOUWUMY A2eHMAaMU PA3TUMHOL NPUPOOLl, 00ecneuusaruids MseKue ycnosus

u cenekmuerocmu npovecca. Iloxasana Heo6xo0umocmo axmusavyuu N-3ameujeHHvix
2-xnopayemamudos u 5-(xnopmemun)-3-apun-1,2,4-0kcaouaszonos Kamanumu4ecko
dobaskoti tioouda kanus 6 peaxyusx O-ankunuposanusi geronos. IIpumenumocmo
paspabomanHoii memoouku npodemMOHCmpuposana Ha 12 npumepax cunmesa
O-ankunnpoussooHvix 4-2udpoxkcubeH3oncynvhoHamuda, nomyHeHHvIX ¢ BbIX00aMU O
28 0o 86%. Yucmoma u cmpoeHue HOBbIX COeOUHEHULl 00KA3AHbI COBOKYNHOCHbIO
memodos IMP 'H, *C u anemenmmnozo ananusa.

s quTpoBaHus:

BacunpeBa E.A., ITonynuna ILB., Ban6byukmit E.A., ITpockypuna M.K., ViBanosckuit C.A., IlletHeB A.A.,
KopcakoB M.K. O-ankunnpoatue 4-rugpoxcubensoncynbdponammzia N-3aMelieHHbIMY 2-XI0palleTaMigaMu 1
5-(xmopmerwn)-3-apui-1,2,4-okcagnazonamu // Om xumuu x mexHonozuu waz 3a wazom. 2024. T. 5, Boi. 4.
C. 8-15. URL: https://chemintech.ru/ru/nauka/issue/5563/view

BBenenmne

[TepBuynbli cynbdoHaMUAHBIT (papMakopop BXOAUT B COCTaB IIMPOKOTO Kpyra
JIEKapCTBEHHBIX IIPeNapaToB, HAIIPaBJIeHHbIX Ha jedeHMe MH(EKIVOHHBIX 3aboneBanmii [1],
6omeBoro cuHpApoMa (2], TapreTHoOVl ¥ aJpIOBaHTHOI Tepamuu paka [3-5]. HemaBHme
IONCKOBbIE  MCCIENOBAaHMA  IOKasamy,  4TO  OeH30JCYy/Ib(pOHAMIL-COflepKallye

© E. A. Bacunbesa, I1. B. [TonynuHa, E. A. ban6ynxuiz, V. K. Ilpockypuna, C. A. ViBanoscknii, A. A. IlleTHes,
M. K. Kopcakos, 2024
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(dapMaxoIornyeckye areHTbl MOTYT C YCIIEXOM IPUMEHATDHCS AJIs1 CHVDKEHMsI BHYTPUI/IA3HOTO
JlaB/IeHNs TIpY I7IayKoMe ¥ HOpMajay3alyy YpoBHA [Jo(aMMHA B CHHOITHYECKON eI
rOJIOBHOTO Mo3ra pu 6onmesuu [lapkuncona [6-9].

B 9roit cBA3M TONMCK palVOHAJIBHBIX IIyTell CUHTE3a HOBBIX IEPBUYHBIX
6eH30/1Cy/IbOHAMMUIHBIX IPOM3BOJHBIX ABJIAETCA aKTYaJIbHON 3afadell OpraHNMYecKOro
CMHTe3a.

VsBecTHBI IyTH BBefeHMA CyIbOHAMMIHOTO (parMeHTa B pe3yabTaTe IIPAMOTrO
CynbGOXIOpPUPOBAHMA  ApPOMAaTUYECKUX CyOCTPAaTOB  XIOPCYIb(OHOBON  KUCIOTON  C
nocnenyouieit 06paborkoit obpasyrouierocs cynbdoxmopuna ammmuakom [10]. Ommcan myTh
NOTyYeHNsI IEepBUYHBIX CyTbQOHAMMIOB IO peaknuyu p[uasormposanmsa [11, 12].
OpHako, Toffo6HbIe IIOAXOABI 3a4acTyI0 HECEeKTUBHBI, TPeOyT IpUMEHEHMS >KECTKMUX
YCIIOBUI peaKI[uy ¥ arpecCUBHBIX Cpefl, KaK IIPaBIJIO, HECOBMECTUMBIX C Ma/IOyCTONYMBBIMU
JIeKapCTBEHHO-IIOZOOHBIMM ~ MOJIEKY/IIPHBIMM ~ OCTOBAaMM. 3HAYUTENbHO  yAoOHee B
CMHTETIYeCKOM IUIaHe OCYILIeCTB/IATh BBefieHMe Cy/Tb(HOHAMIIHOTO (PparMeHTa, SKCIUTyaTUpys
KOHBEPreHTHBII IIOIXOf, C NCIIO/Ib30BaHNEM B KadeCTBe pEareHTOB Y>Ke TOTOBBIX
NO/MMQYHKIVOHANTBHBIX 6€H30/ICy/IbGOHAMUAHBIX OWIAUHT-06710KOB. ORHMM M3 TaKux
KOMMEpPYECKM-TOCTYIIHBIX ~ PEareHTOB  ABJSAETCS  4-TMAPOKCHOeH30/ICyIbPOHAMUL,
cofiepyKaImii MOMUMO CyIbGOHAMUIHOTO (pparMeHTa ellje OfMH HYKICOQUIBHBI IIEHTP —
IPUTOAHYIO /11 PYHKIMOHAIM3AINUN TUPOKCH-TPYIIIY.

OcHOBHasA 4acTh

B Hacrosmerr pabore ObUIM  M3y4YEHBI  BO3MOXKHOCTM  PETMOCENIEKTVBHOTO
O-anknmpoBanus 4-ruapokcrbeHsoncynbdonamuaa N-3aMeljeHHBIMI 2-X/IopalieTaMyjaMu
n 5-(xmopmermn)-3-apun-1,2,4-okcagmnasonamn, 00eCIeUMBAIOIIEro pacllMpeHne psga
JOCTYIIHBIX ~HEepBUYHBIX OeH30/ICyIbPOHAMUMIOB — IOTEHIMAIbHBIX MHIUOUTOPOB
MOHOAMMHOOKCUA3bl ¥ KapboaHTMpa3sl yenoBeKa (cxema 1).

H

N
R~ Cl
R-NH

2

9 4
H04<;>7§_NH2
) — )~0 — N<o
1

Y
==
z
T

Cxema 1. O-AnxunupoBanue 4-ruapoxcubensoncynboHammupa 2-xaopaneramunamu (2) u 5-(xmopmernn)-3-
apmin-1,2,4-okcagnasonamu (3)

VI3BecTHO, 4TO B3aMMOJieiCTBYE (EHONIOB C PA3TMYHBIMU AJIKVIMPYIOLIVMY areHTaMy
npoBofAT B pasmumuHbIx cucTeMax: K,COs/IM®A, K,COs/aunerountpun, KoCOs/KI/IM®A,
KOH/IM®A [13]. Jcnonb3oBaHMe aNKWIMPYIOUINX areHTOB CpefHel CUIbl -
raJIoOTeHal[eTOaMIUJIOB 1 C1a00aKTUBUPOBAHHBIX XJIOPMETAHOB — IIpeAIIo/araeT IpoBefieHe

9
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peakiuy B CHIbHOOCHOBHOJ — MOHM3MPYIOLIEN Cpefie M NPy INOBBILICHHOI TeMIIepaType.
B To’xe BpeMsi HamM4yme BTOPOTO a30TCOAEPIKAIero HYKIeopUIbHOTO IIeHTpa B MOJIEKYIe
4-ruppokcubensoncynbdoHamua HaKIagbIBa€T OTPAHNYEHSI HA BO3MOXKHOCTH IIPYMEHEHNS
CUIBHBIX OCHOBaHUII B cuHTe3e O-aIKMINPOU3BOAHBIX. [l MONMydeHMs IpernapaTUBHBIX
BBIXOJIOB  II€/IEBBIX  IPOAYKTOB  TPeOOBaOCh HAWTM  KOMIPOMMCCHBIE  YCIIOBUS,
obecrieunBaIIye CeNeKTUBHOCTD U MPUEMIEMYIO CKOPOCTb IIpOLiecca.

Ha npumepe B3ammogeiicTBus 4-ruppokcubensoncynbganmnammga ¢ 2-xmop-N-(3,4-
nuMeToKcudeHn)aneramuioM (cxema 2) ObUI OCYIIEeCTBIIEH IOROOP YCIOBMII peaKIui,
pe3y/IbTaThl KOTOPOTO MIPEfCTAB/IeHbI B TA0I. 1.

HO O

0 H,C” 0
o} H,C” (0]
r+ . HCQ 0
{ H,C J\/a 0 N
o “NH, SO N H 0
1 . 4 J
2a a o "NH,

Cxema 2. MopenbHast peakuys 4-rugpoxcubersoncynbanmnnamuza ¢ 2-xmop-N-(3,4-numeTokcndeHnm)aneTaMuioM

Taémmuma 1. ITogbop ONTMMAIBHBIX YCIOBMII B3aMMOJENCTBU 4-TUAPOKCHOeH30/ICyIbdanmmaMuia ¢
2-xnop-N-(3,4-gumeroxcudennn)aneramusom (2a)

Ne 2a, 9KB K,CO; (akB) KI (akB) PactBopurenn Temnepatypa Beixon %
1 1 1 - AneTOHUTpUI 20 -

2 1.2 2 - AneTOHUTpUI 50 -

3 1 2 - IM®A 20 -

4 1.2 2,5 - IMOA 50 -

5 1 2 0.25 IM®A 20 60

6 1.2 2 0.25 OIM®DA 20 58

7 1.2 2 0.25 IMOA 50 32

bbuto moxasaHo, YTO B OTCYTCTBME KaTalms3a JOAU[IOM KalnusA  peakuus
O-ankmmmpoBaHuA He IPOTEKaeT, ¥ B3aUMOJEVICTBYE 4-TMAPOKCUOEH30/ICyIbhaHMIaMIAa C
2-x710p-N-(3,4-fUMeTOKCU(EHNT)alleTaMI/IOM IIPOXOAUT TONBKO B YCIOBMAX, OMM3KUX K
peakuyy @unbkenmreiiHa [14, 15]. HarpeBanme peakIMOHHOJ cMecu IIPUBOJUT K
00pa3oBaHNMI0O  CMecM  TMOOOYHBIX  HpPOAYKTOB ¥ 3aTPyAHAET  BbIfieJICHNEM
O-ankunnpousBofHbIX. Tak)ke YCTAaHOBIEHO, 4YTO YBeIMYeHME IPOJO/DKUTEIbHOCTI
mpollecca, a TakokKe IpYMEHeHNue WU30bITKAa aIKWIMPYIOIIero areHTa He CIOCOOCTBYeT
MOBBIIIEHNIO BBIXO/JA LI€JIEBOTO MPOYKTA.

JJaHHOE  MCCIefloBaHME  IIOKa3ajno, 4YTO  ONTMMAAbHBIMU  JII  NPOBEJ€HUsA
O-ankwmpoBaHuA 4-IMAPOKCHOEH30/ICyIbPOHAMMAA ABJIAIOTCA  CIeAyIOUIMe  YCIOBUA:
N-3aMeleHHbI 2-xmopaneramuy;: 4-ruppokcubdensoncynbannnamup: K,CO;: KI : MDA
(N, N-gpumerundopmamup) B cootHourenuu 1 : 1 :2 : 0.25; temneparypa peakuuu 20-25 °C;
BpeMs peakuyy 10 — 12 qyacoB. Y ¢/1oBys aNKMIMPOBAHNS 4-TUAPOKCUOEH30/ICyIbpaHMIaMIAA,
OIJCaHHBIE BbIIIE, TAK)KE MTO3BONAKT CUHTE3NPOBATDH IieNieBble MPOAYKThl B3aMMOMENCTBUA
ykasaHHOTo ¢eHoma ¢ 5-(xymopmermn)-3-apun-1,2,4-okcaguasonamy, MOTYYEHHBIMM IO
MmerogukaM [16, 17]. B pgaHHBIX ycmoBUAX ObUI  CMHTE3MpPOBaH PSR HOBBIX
0eH30/1Cy/IbOHAMUIHBIX IPOM3BOAHBIX C YMEPEHHBIMM U XOPOLIMMM BbIxojamu 28-86 %

(puc. 1).
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Puc. 1 [Ipumepbl CHHTE3UPOBAHHBIX COSTUHEHUI

BrIBOABI M peKOMeHJAI

beima paspaborana meropuka O-anKuanmpoBaHMs 4-TUPOKCHMOeH30/ICyTbPOHaAMI/IA
QIKVWIVPYIOIMMY areHTaMy pasJM4HOM IIPMPOABI, ObeclieyyBaiolasi MsATKWe YCIOBUA U
CelIeKTMBHOCTh  mporecca. IlokasaHa HeOOXOAUMMOCTb  aKTMBaluum N-3aMelleHHBIX
2-x710paneTaMusioB 1 5-(xmopmern)-3-apui-1,2,4-okcaasonoB KaTaIUTUIeCKOM T06aBKO

jioaua Kamys B peakiyax O-ankuapoBaHys GpeHooB.
IKCIepUMeHTAIbHAs 9aCTh

Pearents! n pactBopuremn («Aldrich», «Acros») ABIAIOTCA KOMMepYeCK) FOCTYITHBIMU
V1 OBUIM MICIIONIb30BAHBI 6€3 ITpeiBapUTe/IbHOM 09MCTKI. KOHTPO/Ib HaJy IpOTeKaHMeM peaKLiuu
IIPOBOAM/IV METOIOM TOHKOC/IOMHOM XpoMmarorpaduu (TCX) Ha cunukaree Ha aTIOMIHVEBBIX
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wractuHkax Silufol UV ¢ ncnonpsoBanueM s/roeHTa ClIeAYyIONIEro COCTaBa — TOMTYOJI : AIleTOH :
HeTpOeHbll 9pup B 06beMHOM COOTHOLIEHUY 3:5:5. DIeMeHTHBI aHa/MN3 IPOBOAVIICS Ha
npubope «PerkinElmer 2400». TemmepaTypy IUiaBieHMsI ONpefe/sy Ha ammapare it
oTIpefie/ieHUsI TOUKM IUIaBieHus n kunenns «Blichi M-560». Criektper IMP perucrpuposanmn
Ha npubope «Varian XL - 400» mns pacrBopos B [IMCO-ds 1 CDCls npu 25 °C. B xadecTBe
5TaJIOHA JIIA OTCYETa XVMIYECKMX CABUTOB OBUIM BHIOPAHBI CUTHA/IBI OCTATOYHBIX IIPOTOHOB
pactBoputenss -IMCO B SAMP 'H (6H 2.50 m.in.) win AMP BC (8C 39.5 m.z1.), B KadecTBe
MapKepa UCIIO/Ib30Ba/IM CUTHAI TeTpaMeTU/ICH/IaHa, (popMa CUTHAJIOB C — CHHIJIET, [ — fy0rIeT,
T — TPUILIET, il — Ay0JIeT ay0JIeTOB, T/ — TPUIUIET JyO/IeTOB, M — My/IbTHUILIET.

O6mas meroauka O-aTKWIMpoBaHKA 4-THAPOKCHOEH30/ICyTb(paHIIMIAA

B 4 mn IM®A pacrBopsimu 0,002 mosnp N-3aMeméHHoro 2-xopaneraMiupa, Jo0aBIsm
0,004 monp K,CO; u 0.0005 monp KI. Cmech mepememuBanu B Tedenue 10 MuHyT, fanee
npuceinanu 0,002 Monpb 4-rupgpokcubeHsoncynbpannaamuia. Peaknyuo IpoBOAWIN IIPU
KOMHATHOJ TeMmepaType B TedeHme 10-12 dgacos. IlonmHOTY mnpoTeKaHMss peakuumu
KoHTporupoBamu ¢ nomomplo TCX. Peakuumio 3aBepumiany 1O MCYepIAHUIO
4-ruppokcnbensoncynbdanmtamusa. PeakIMoHHYI0 cMechb BBUIMBAIM B IeCATUKPATHBIN
0o6beM BOABI IPM MHTEHCMBHOM IlepeMeIlVBaHMM. BplmaBiuye BeljecTBa (QpUIbTPOBAIN U
OUNIIA/IN NTepeKpUCTa/IN3aLel] U3 alleTOHUTPUIA.

N-(3,4-pumeroxcudennn)-2-(4-cynbpamonndenokcn)aneramuy (4a) Boixom 47%.
Ocapok ceporo nBera, T.iwi. 201 - 203°C. Cuextp SIMP 'H (400 MT'y, IMCO-ds) §, m.p.:
9.95 (¢, 1H), 7.82 - 7.73 (m, 2H), 7.32 (g, ] = 2.3 'y, 1H), 7.18 (n, ] = 9.3 ', 2H), 7.17 - 7.11
(M, 3H), 6.90 (5, ] = 8.7 I'u, 1H), 4.77 (¢, 2H), 3.73 (¢, 6H). Cnextp AMP C (101 MIm,
IMCO-ds) §, m.1.: 166.19, 160.89, 149.19, 145.85, 137.45, 132.52, 128.31, 115.43, 112.65, 112.32,
105.50, 67.77, 56.38, 56.06. Haitneno, %: C 52.53; H 4.91; N 7.69. C1sH1sN,O¢S. Beruncneno, %:
C 52.45; H 4.95; N 7.65.

N-(2-xmop-5-(Tpudpropmernn)pennn)-2-(4-cynbpamonnpenokcn)aneramny (4b)
Boixom 41%. Ilopomok 6exxeBoro 1Bera, T.wt. 220 — 221 °C. Crektp SAMP 'H (400 MI'1,
IMCO-ds) 6, m.n.: 8.25 (1, J = 2.3 I'y, 1H), 8.07 (¢, 1H), 7.89 (m, ] = 8.5 I'y, 1H), 7.86 — 7.74
(M, 4H), 7.55 (g, ] = 8.4 T'u, 1H), 7.17 (n, ] = 8.7 ', 2H), 4.92 (¢, 2H). Cnektp SIMP *C
(101 MI'u, IMCO-ds) 8, m.i.: 167.72, 160.65, 138.80, 137.64, 136.31, 132.01, 131.44, 130.94,
128.96, 128.63, 128.35, 127.38, 123.29, 122.24, 115.47, 67.67, 52.82. Haiigeno, %: C 44.12;
H 2.94; N 6.90. C,sH1xCIF;N,O,S. Borancneno, %: C 44.07; H 2.96; N 6.85.

N-(4-propdenmn)-2-(4-cynbpamonndpenokcn)ameramuy, (4c) Boxon 28%.ITopomox
6emoro nBera, T.101. 185 - 187 °C. Cnextp SIMP 'H (400 MT'y, IMCO-de) §, m.p1.: 10.16 (¢, 1H),
7.77 (¢, 2H), 7.64 (¢, 2H), 7.19 (¢, 2H), 7.15 (¢, 4H), 4.79 (¢, 2H). Cnextp AMP *C (101 MIL,
IMCO-ds) 8, m.p1.: 166.63, 160.86, 160.19, 157.80, 137.50, 135.32, 128.33, 122.33, 122.25, 116.11,
115.89, 115.44, 67.75, 41.09. Haiineno, %: C 51.93; H 4.01; N 8.62. C,4sH1:FN,O.S. Boruncneno, %:
C 51.85; H 4.04; N 8.64.

N-(4-metokcudennn)-2-(4-cynbpamonndenokcn)aneramuy, (4d) Boxom 86 %.
[Topourok 6emoro nBeta, T.wi. 190 - 192 °C. Crextp IMP 'H (400 MI'1y, IMCO-ds) §, m.zi.:
10.00 (¢, 1H), 7.76 (n, ] = 8.6 I'y, 2H), 7.53 (.11, ] = 8.8, 4.0 'y, 2H), 7.22 (¢, 2H), 7.14 (m, ] = 8.7 I',
2H), 6.89 (m, ] = 9.0 I'y, 2H), 4.76 (¢, 2H), 3.72 (¢, 3H). Cnextp AMP “C (101 MTI', IMCO-ds)
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0, m.i.: 166.17, 160.91, 156.28, 137.47, 132.04, 128.32, 122.04, 121.46, 115.44, 114.56, 67.83,
55.87. Hanpeno, %: C 53.63; H 4.75; N 8.37. C1sH6N,OsS. Beruncneno, %: C 53.56; H 4.79; N 8.33.
N-(4-(rpudropmernn)pennn)-2-(4-cynbpamonndenokcu)aneramuy (4e) Beixor 78%.
ITopourok 6emoro 1Bera, T.IwL. 185 — 186 °C. Cnextp AMP 'H (400 MI'y, IMCO-ds) §, M.z1.:
10.52 (¢, 1H), 7.85 (1, ] = 8.6 T, 2H), 7.77 (1, ] = 8.4 T, 2H), 7.69 (1, J = 8.4 T, 2H),
7.23 (c, 2H), 7.15 (g, J = 8.4 T'm, 2H), 4.86 (c, 2H). Crexrp SIMP “C (101 MTn, JIMCO-ds)
0, m.m.: 167.37, 160.82, 142.59, 137.54, 128.34, 126.76, 120.24, 115.43, 67.69, 41.08, 26.12.
Haiigeno, %: C 48.23; H 3.54; N 7.54. C5H15F;N2O,S. Beraucneno, %: C 48.13; H 3.50; N 7.48.

N-(2,4-gumerokcudennn)-2-(4-cynbpamomndenokcn)aneramuy (4f) Boixoxm 57%.
[Topourok ceporo 1gera, T.1t. 218 — 220 °C. Cnextp SIMP 'H (400 MI'y, IMCO-ds) §, m.z.:
9.17 (¢, 1H), 7.81 - 7.73 (m, 3H), 7.24 (¢, 2H), 7.15 (g, ] = 8.5 ', 2H), 6.66 - 6.61 (M, 1H),
6.50 (n, ] = 8.9 I'u, 1H), 4.81 (¢, 2H), 3.82 (¢, 3H), 3.74 (¢, 3H). Cnextp AMP C (101 MTI1,
IMCO-ds) §, m.11.: 166.22, 160.64, 157.74, 151.88, 137.64, 128.34, 123.66, 120.21, 115.50, 104.88,
99.59, 67.79, 56.54, 56.01. Haitgeno, %: C 52.51; H 4.98; N 7.71. C;sH1sN>O¢S. Boruncneno, %:
C 52.45; H 4.95; N 7.65.

N-(n3onmngonuu-2-mn)-2-(4-cynbpamomndenoxkcn)aneramuy,  (4g) Boixom  52%.
[Topourok 6exeBoro 1Beta, T.11. 202 — 204 °C. Cnextp IMP 'H (400 MI'u, IMCO-de) §, M.z1.:
8.00 (m, J = 8.0 T, 1H), 7.82 — 7.70 (m, 2H), 7.27 (1, J = 7.4 T, 1H), 7.19 (1, J = 13.9 T, 2H),
7.14 (n.p, ] = 8.0, 5.6 T, 3H), 7.06 — 6.98 (m, 1H), 5.05 (c, 2H), 4.16 (r, ] = 8.4 T, 2H),
3.20 (1, ] = 8.5 T', 2H). Criextp SIMP ©*C (101 MT'ni, IMCO-ds) 8, m.zi.: 166.00, 161.19, 143.35,
137.10, 132.19, 128.15, 127.74, 125.58, 124.34, 116.48, 115.34, 66.66, 46.37, 28.34. HaiimeHo, %:
C 55.38; H 4.9; N 12.16. C;sH7N50.S. Beruncneno, %: C 55.32; H 4.93; N 12.10.

N-(2,3-gumernndennn)-2-(4-cynbpamonndenoxkcu)ameramuy, (4h) Brixoy 46%.
[Topourok 6emoro uBera, T.wi. 197 - 198 °C. Crextp AMP 'H (400 MI'1y, IMCO-ds) §, m.zi.:
9.62 (¢, 1H), 7.79 (m, ] = 8.6 T'u, 2H), 7.23 (¢, 2H), 7.20 — 7.12 (M, 3H), 7.11 - 7.01 (M, 2H),
4.82 (¢, 2H), 2.25 (¢, 3H), 2.05 (¢, 3H). Cnektp AMP *C (101 MT'y, IMCO-ds) 6, m.1i.: 166.83,
160.84, 137.70, 137.50, 135.93, 132.24, 128.30, 128.03, 125.93, 124.44, 115.46, 67.73, 20.80, 14.65.
Haitgeno, %: C 57.49; H 5.46; N 8.42. C6H1sN,O4S. Beruncneno, %: C 57.47; H 5.43; N 8.38.

4-(2-(4-(4-propdpennn) nmunepasun-1-mi)-2-0kcoaToKcu) 6eH3oncynbdanmmammy (4i)
Boixop 42%. ITopourok 6exxeBoro 1iBera, T.Iul. 222 — 225 °C. Crektp SAMP 'H (400 MIw,
IMCO-ds) 6, m.ii.: 7.73 (1, ] = 8.8 'y, 2H), 7.20 (¢, 1H), 7.07 (m.1, ] = 8.6, 4.4 I'y, 5H), 6.99 (my,
J=28.6,5.3T1, 2H), 5.00 (¢, 2H), 3.60 (1, J = 5.0 'y, 4H), 3.14 (¢, 2H), 3.06 (¢, 2H). Cniextp SIMP
BC (101 MI'u, IMCO-ds) 8§, m.z1.: 166.02, 161.17, 148.34, 137.09, 128.16, 118.49, 118.41, 116.16,
115.94, 115.35, 66.42, 50.05, 49.71, 44.60, 41.80. Hanpgeno, %: C 54.98; H 5.16; N 10.72.
Ci1sH20FN;5O,S. Beruncieno, %: C 54.95; H 5.12; N 10.68.

4-((3-(4-(rpudropmerin)pennn)-1,2,4-okcagyason-5-wi)merokcu) GeHsoncynmsponamviy, (5a)
Boixom 45%. Ilopomox 6exeBoro msera, T.w1. 188-189 °C. Cmexktp SAMP 'H (400 MIw,
IMCO-ds) 6, m.i.: 8.24 (m, ] = 8.1 T, 2H), 7.96 (m, J = 8.1 T', 2H), 7.80 (n, J = 8.5 'y, 2H),
7.27 (1, ] = 8.6 T, 4H), 5.74 (c, 2H). Cuexrp SIMP 1C (101 MT'y, IMCO-de) 8, M.1.: 176.64,
167.55, 160.19, 138.26, 130.29, 128.70, 128.48, 127.03, 115.63, 61.80, 41.14, 21.70. HaiigeHo, %:
C48.18; H 3.10; N 10.58. C;6H2F3;N30,S. Beraucneno, %: C 48.12; H 3.03; N 10.52.
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4-((3-(4-xmopdennn)-1,2,4-okcagmason-5-mi)mMerokcu)bensoncynbganmnamuy  (5b)
Borxox 57%. Ilopomok kopuyHeBoro nsera, T.Ii. 186-189 °C. Cnextp AMP 'H (400 MI',
IMCO-ds) 6, m.g.: 8.05 - 7.98 (m, 2H), 7.84 - 7.76 (M, 2H), 7.68 - 7.61 (M, 2H), 7.30 — 7.22
(M, 4H), 5.71 (¢, 2H). Crextp AMP *C (101 MTI', IMCO-ds) 6, m.zx.: 176.33, 167.69, 160.18,
138.22, 137.25, 130.23, 129.59, 128.47, 125.26, 115.60, 61.75. Haitneno, %: C 49.311; H 3.35;
N 11.52. C;sH1,CIN;O,S. Beraucneno, %: C 49.25; H 3.31; N 11.49.

4-((3-(p-Tommn)-1,2,4-okcagmaszon-5-mi)MeTokcn)bensoncynbponamuy (5¢) Boixop
50%. [Topourok 6exxeBoro 118eTa, T.11. 198 — 200 °C. Cnextp AMP 'H (400 MI'y, IMCO-ds) 9,
M.JL: 7.94 — 7.87 (m, 2H), 7.83 - 7.76 (m, 2H), 7.38 (1, J = 7.9 Tu, 2H), 7.27 (1, ] = 3.1 T, 2H),
7.26 - 7.22 (m, 2H), 5.69 (c, 2H), 2.38 (¢, 3H). Cniexrp SIMP *C (101 MI'y, IMCO-de) 8, M..:
175.88, 168.42, 160.22, 142.51, 138.19, 130.58, 128.47, 127.71, 123.62, 115.60, 61.75, 21.77.
Haiigeno, %: C 55.71; H 4.42; N 12.19. C;sHsN5O,S. Boeruucneno, %: C 55.64; H 4.38; N 12.17.

Cmamovsi  nodeomoeneHa 6 pamkax eocydapcmeenHozo 3adanus fApocnasckozo
eocyoapcmeentozo nedazoeuueckoeo yHusepcumema um. K. . Yuwunckozo na 2024 200 om
Munnpoceewsernus PO no meme «Pazpabomka H068020 neKapcmeeHH020 cpeocmea O/l ieHeHUs
HelipoOezeHepaAMUeHvIX 3a007e6aHUTL HA OCHOB8E UHZUOUMOPA MOHOAMUHOKCUOA3bL» (HOMep
peecmposoii 3anucu 7200009.99.1. BH62AA12000)
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BUHA®TUJITEKCAKAPBOHOBOV KMC/IOTBI C IUTUOHUTOM
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Kniouesvie cnosa:
N,N'-3ameuiernvie ouumuoa
bunagpmuneexcaxap6oHosoii
KUCZI0Mbl, NPOU3600HbIe OUUMUOA
nepunenmempakapooHosol
KUCL0Mbl, CneKmpoPomomempus,
B0IbMAMNEPOMEMPUST, MEXAHUIM
peakyuu

Annomauus. Viccne0osanvi 3aK0HOMEPHOCU PeaKUUL 83AUMO0eiCMBUs
pada  N,N’-samewjentoix  Ouumudos  OunapmuneexcaxapboHo8oii
Kucnomuvt (ky60ozeHo8) ¢ OUMUOHUMOM HAMPUS, HpOmMeKawueli npu
00pA3068aHUU NEPUNEHOBbIX Kpacumenell 6 MeXHONOZUU KPAuleHUs U
newamanus  xnonuamobymaxnHvix mxauei. OOHapymeHo, umo 6
HAYANbHOL CMAduU  peaxyuu npoucxooum Ovicmpoe o06pazosarie
NPOMENYMOUHBLX NPOOYKINIOB — MeMPAAHUOHO8 UCX0OHBIX COeOUHEeHUT] 3a
cuem  nepexoda  08yX  INEKMPOHO8  OM  OUMUOHUM-AHUOHOB.
B Oanvretiuiem  ykasauHole —npoMexymouHvie COeOUHEHUS — Mozym
npespauyamoca 6 UCXOOHble OUAHUOHbL 34 CHern OKUCTeHUS 6o
KUCI0poO0om 8030yxa, U60 cynvdumom, 00pasyousumcs us OUMmuoHuma
HA nepeoil cmaduu, a maxie, 6 3ABUCUMOCHU OM  NPUPOObL
3amecrmumerneii NPy AMoOMAx a3omMa 6 UCXOOHBIX MONEKynax OUUMUO0S,
B03MOXMHA — NAPANNENIbHAA — XUMUYMECKAT — CMAOUSA  UUKAUSAUUU ¢
o6pasosaruem nepuneHo8vLx npoussooHvx. Hanuuue obpamumoti pedoxc-
cmaduu  00pasoeanus  mempaaHuoHa  noomeepiuoaemcs — makice
B03MOXMCHOCHbIO ee NPOMEKAHUS INEKMPOXUMULECKU HA YeTleCUMATI080M
anexkmpode. O0pasosanue NePUNEHOBbIX  NPOUIBOOHBIX — HOKASAHO
Mmemodamu snemenmuozo ananusa, VIK- u anexmponnoti cnexmpockonuu
noenowsenus. Ha ocnosanuu nomyuentvix sxcnepumenmanvHulx 0GHHbLX
07 peaxyuii 63auUM0O0eliceUs  Ky002eH08, UMEIOUUX PA3nu4Hble
3amecrumeny npu amomax asomad, ¢ OUMUOHUIMOM HAMPUS NpedsoseH
00wuti  cmexuomempuueckuti  mexanusm  peakuuu. IlonmyuenHvie
pesynomamot  mozym Obimb UCNONB306AHLI 68 NpAKMuUKe OMOenKU
MeKCMUNIbHBLX MAMEPUAnos KybozeHamu, a makie npu H#HuokopasHom
NOy"eHUU MOHKOCIOUHbIX (POMOAKIMUBHDIX MAMEPUANIO8 HA OCHO8E
NepuneHo6bIxX NPOUBOOHDIX.

T nuTHpoBaHMA:

ITonenos 10.B., Eroposa E.B. BsammopeiictBre N,N’-3aMeljeHHBIX AUMMMUAOB OuHadTmIreKCaKapOOHOBOI

KVUC/IOTBL C JUTUMOHNUTOM HAaTpyA B BOJHO-IIEJIOYHOM PacTBOpe KUCIOTH // Om xumuu x mexHonozuu wiaz 3a
waeom. 2024. T. 5, Bbi. 4. C. 16-25. URL: https://chemintech.ru/ru/nauka/issue/5563/view
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BBengenue

[TponsBonubie N,N'-numumunos 1,1 -6unadtmn-4,4",5,5,8,8 -rekcakapOOHOBOI KIMCTIOTHI
(IBT'KK), nsBectHble 1oj;, 001mMM HazBaHMeM KyOoreHbl, ¢ 70-X TOZOB IPOIIOTO BeKa HAIIN
IpUMeEHeH)Me B KadeCcTBe KpacuTelell X/JIOMYaTOOYMaKHBIX, JIBHAHBIX M BMCKO3HBIX
Matepuanos [1, 2]. B TeKCTM/IBHOI TEXHOJIOTMM MUCIIONIb3YETCS MX CBOVICTBO K IMKIN3AIUY U
00pasoBaHMIO Ha TKAHSIX IPOYHBIX IEPUIEHOBBIX KpacHUTeNeil IOJ HEVCTBUEM «MATKUX»
BOCCTQHOBMUTEJIE, TAKMX KaK JUTVOHUT HATPUs, AMOKCUJ] TMOMOYEBUHBI, pOHTAmuT [3, 4].

B nocnennee BpeMst HabmoaeTcst 60/1b1ION MHTepec K Mpou3BogHbIM N,N'-1unmuios
3,4,9,10-niepuneHTeTpaKapOOHOBOIT KMCIOTBI, TaK KaK OHM HAIUIM I[IpUMeHeHue B
npeobpasoBaTe/sX COTHEYHOIT aHepruu [5-9], 6uoceHcopax [10-13], masepHoii TexHuke [14-17].
OO61 MM METOIOM VX HOTy4eHVS SBJIACTCS KOHIeHC AL IepUIeHTeTPaKapOOHOBOIL KMCTIOTHI
VWIN ee JUAHTUJIPUZA C COOTBETCTBYIOUIVIMYU AaMHAMM B CpeJie BBICOKOKUIIAIIVX OpraHNYeCKIX
pacTBOpuTeNell WM B BOJGHON cpefie IOf pAaBineHueM [18]. B pesynbrare o6pasyrorcs
HepacTBOPMMbIE B BOIHBIX PACTBOPAX M IVIOX0O PaCTBOPMMbIE B OPIaHMYECKUX PAaCTBOPUTEIAX
coenyHenus. [Tonyuenne nponusBopubix N,N'-nunmupos 3,4,9,10-nepuneHTeTpakapOOHOBOI
kucnotsl (JITTKK) myrem njuknmusanyy Ky0oreHOB, KOTOpPbIE XOPOIIO PaCTBOPUMBI B BOJHO-
LIe/IOYHBIX PacTBOpaX, AB/IAETCA XOPOILIeN aTbTePHATUBOM, MO3BOJAKILEN CUHTE3MPOBATh
IIepUJICHOBbIE IPOM3BOAHBIE HAa Pa3/IMYHOIO pPOJA BOJTOKHUCTBIX, IMOPUCTHIX, ITIAAKUX
IIOBEPXHOCTSX, OOpasoBBIBaTh TOHKME IUICHKM PAa3IMYHON TOMIIVHBI ¥ CTPYKTYPBL
Tak, B pabore [19] mokasaHo, uro HaHeceHre npousBogubix [JIITKK Ha mopmcreiit okcup
TUTaHa IIyTeM BOCCTAaHOBUTENbHOI LMKMM3auuy npoussofHbix [IBI'KK B BogHO-1Ie109HOM
pacTBOpe MO3BOJISIET MTOIyYaTh KOMIIO3UTHI, 06/afatonivie pOTOaKTVBHBIMY CBOVICTBAMIL.

ViccnemoBaHMI0  CTEXMOMETPUYECKOTO MEXaHM3Ma PpeakUuM BOCCTAaHOBUTE/IbHOM
UMKAM3ALUM  YKa3aHHbIX IIPOM3BONHBIX IIOCBAILEH LB DAL pabor [3, 4, 20-22].
B HUX ITOKa3aHO, YTO COCTaB U KOMNYECTBO 0OPA3YIOIMXCS IPOAYKTOB PeaKIMy 3aBUCIT KaK
OT HIpUpPOAbI 3aMecTUTenell Ipu aromax asora B cocraBe Monekyn J[IBI'KK, Ttak u
OT IpPUPOABI  CEPOKUCIOPOJHOTO  BOCCTAHOBUTENS  (QUTMOHUT  HATPUs, AMOKCUJ
TUOMOYEBVHBI, TUAPOKCUMETAaHCYyIbPUHAT HaTpus). Tak, Tpu  B3aAUMOMAEVICTBUYU
N,N’-(2,5-gumernndennn)gunmupa 1,1 -6unadrtnn-4,4",5,5",8,8 -rekcakapOOHOBOV KUCITOTHI
C TUIPOKCUMETAHCYTb(PUHATOM HATPVs BBIXOJA IPOAYKTA IUKIM3ALMKM — IE€PUIEHOBOTO
HPOU3BOJJHOTO — cOCTaBsieT 93-97% [20], mpu B3auMOeiCTBUM C JUTVOHUTOM HAaTPUS B TEX
Ke ycnmoBuAX — 35-50%, a ¢ AMOKCUOM TMOMOYEBMHBI — He Bbile 2%. ITokasaHo Takxe, 4TO
COCTaB M KOJIMYECTBO NPOMEXYTOYHBIX M KOHEYHBIX IPOAYKTOB LVMKIN3ALMM 3aBUCAT OT
KOHIIEHTPAL[MM BOCCTAHOBUTENS ¥ HaIM4MsI B PacTBOpe KUCIopopa Bospyxa [4]. IlaHHbIe
3aKOHOMEPHOCTY OODBACHAITCA TeM, YTO B YKa3aHHBIX CEPOKMCIOPOMHBIX COENVHEHNAX
BOCCTaHOBUTE/IbHOJ aKTMBHOCTBIO OOTafaloT He caMy 110 cebe MOJIEKYIIbl, a pasIiyHble 110
IpUpoOJe ¥ PEeaKIVOHHOW CHOCOOHOCTM WHTEepPMeAMaThl, oOpasyoolyecss IpU paclasie
Ha3BaHHBIX COENVMHEHNI: aHMOHBI CY/TbPOKCUIOBOM KIMC/IOTBI, AUTHOHNTA, aHMOH-PAINKaIbI
IMOKCKpa cepsl [3, 23].

Bo Bcex nuTumpyeMbIX paboTax OTMeYaeTcs, YTO Ha II€PBOJ CTaguM peaKkLuu
B3auMogieictBusa npouspogHbix JIBI'KK ¢ cepokmcrnopofHbIMU  BOCCTaHOBUTEIAMU
o0pasyeTcs IPOMEXYTOUYHBIN IPOAYKT, KOTOPBINI HEBO3MOXXHO BBIIENNTb M3 PacTBOpa U
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MOTHOCTBIO upeHTUUIMpoBath. [Ipefnonaraercs, 4To OH SAB/sIETCS MO0 AMAHMOHOM, MO0
AQHMOH-PAIMKAJIbHOM YacTUIell MCXOJHOM MOJIEKYy/Ibl KyboreHa, a J[ajbHelllee ero
B3aJIMOJIE/ICTBYIE C BOCCTAHOBUTE/IbHBIMY YaCTUIIAMU NPUBOJAUT K 0OPa30BaHMIO IIPOAYKTOB
LVIKIM3anyy 160 ¢ OTIIEIVIEHMEM JBYX KapOOKCMIBHBIX TIPYIII OT MCXORHBIX MOJIEKY/I
npousBopubix JIBIKK (peakumss ¢ rupgpokcumeraHcynbuHaToM Hatpus), mmbo 6es
OTIIeIUIeHN A KapOOKCI/IbHBIX TPYMII (peaKIys ¢ AMOKCUOM TIOMOYEBIHBI).

Ilenpio HacTOsALIeNl pabOThl SABWIOCH BBISB/IEHNE IIPUPOABI IIPOMEXYTOYHOTO
COelVMHeHMs, O0Opa3ylolierocs B XOfje IIEPBUYHON CTafuy BOCCTAaHOBJIEHNS KyOOTeHOB
JAUTUOHUTOM HATpus, TaK KaK MMEHHO ero oOpas3oBaHMe OIpefie/isieT NaTbHENIINI XOf
peaxuy ¥ BbIXOJ, IPOAYKTOB LVK/IN3aLUNL.

IKCcIepUMeHTaIbHAs 9aCTh

Vicxopmuple 06pasipl KyboreHoB (Tabm. 1) IOMyd4eHBI M OYMINEHBI COTPYZHUKAMMU
rocymapcrseHHoro HayyHoro nenrpa «HVMOIIVMK» (r. Mocksa). B kauecTBe BoccTaHOBUTEA
uCronb3oBamu AUTMOHUT HaTpusa kKommauuy «ALBITESRL» (Mramus) c copeprkaHyem
OCHOBHOTO BelectBa 89,2%.

Macc-cneKTpsl perucTpupoBany Ha BPeMANPOTIETHOM Macc-clieKTpoMerpe Shimadzu
Axima Confidence (MALDI-TOF). Mu¢pakpacusle cnektpsl cHumamu Ha VIK-O®yppe-
cnektpomerpe TENSOR II (Bruker AXS Gmbb). OnemenTHslil aHanms npoBOAWIN Ha
aHa/M3aToOpe YINEepoia, BOLOPO/a, a30Ta, CEepPhl M KMCIOPOJia C 3/71eKTPOHHBIMU MIKPOBECAMU
FLASH EAI1112 Termo Quest. 31eKTpOHHble CHEKTPbl IIOITIOLIEHMA MOMy4aan C
ucnonb3oBaHueM crekrpodoromerpa mapku LEKISS 2110 UV (OunnsHans) u KBaplieBbIX
KIOBET.

iga  momydeHMs IUKINYECKMX BOJbTAMIEPHBIX 3aBMCUMOCTENl  MCIOIb30BATIN
BOJIbTaMIIepOMeTpUYecKnit aHammaaTop IKoTecT-BA (Poccus) ¢ TpexaneKTpomHON CuCTeMOT],
COCTOAIIEN 13 BPAILIAIOILIEroCA YI/IECUTA/UIOBOTO pabodero 31eKTpoja, BCIOMOTraTe/IbHOTO —
VIMIIPETHUPOBAaHHOTO — TIPaUTOBOTO U HACBHIIIEHHOTO XJIOPUACEPeOPSHOTO 3/M1eKTPOoa
cpaBHeHuA IBJI-1M4.

Memoouka nposedeHust peakyuu 83aumo0eiicmsust Ky002eH08 ¢ OUMUOHUIMOM HAMPUSL.

HaBeckn ky6orenoB maccoit npubmsurensuo 0,003 r pacrBopsimm B 50 M 0,13 M
pacTBOpa I'MApOKCHUa HaTpusA. B MepHoI Konbe Ha 50 M/I pacTBOPSIIM AUTUOHUT HATPUS U
JIOBOAM/IN O METKM AMCTWIMPOBAaHHONM Bojoil. IlomydeHHBIe pacTBOPBI CMELIVMBAIUA U
Ha/MBAIM B KIOBETY CIIEKTPO(OTOMETpa, eC/IM peaKLMIo IPOBOAMIN B a9pOOHBIX YC/IOBUAX.
[Tpu npoBefeHNY peaKIuy B aHA9POOHBIX YCIOBMSX Yepe3 IIPUTOTOBJIEHHbIE PaCTBOPHI Ilepef
UX CMeNIeHNeM B TedeHue 5-7 MUHYT IIPOAYBalM aproH. Bce ONBITBI NMPOBOAWIN IIpU
TeMIieparype, pasHoit 300 K.

N,N'-mn(3,5-pumernndennn) sunmusa-3,4,9,10-nepmieHTeTpakapOOHOBOI  KMCTOTHI.
Ocafjok KpacHOTO 1IBeTa, OOpasyloLIMiicA IIOC/le OKOHYaHMA peaknuy KyOoreHa
bis(3,5-(CHs),Ph)Cub n BbIgepxkm peaknmoHHON Macchl Ha BO3JyXe, OTQUIbTPOBBLIBAIN,
cyuvmm u anamsuposamu. VIK-crekrp, v, em: 1642 ¢ (C=0), 1722 cp (C=0), 1665 ¢ (C-Niuuiz),
792 ¢, 1260 ¢, 1460 ¢ (mepunen), 2800 cn (-CH;). D/eKTpOHHBIN CIIEKTP HOTJIOI[EHUS
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(x1opodopM), Amax, HM: 524, 564, 611. Macc-criektp, m/z (Lo, %) 600,5 (99). Haitneno, %:
C 79.80; H 4.53; N 4.42. C4H3sN,0O,. Beruucneno, %: C 80.00; H 4.66; N 4.51.

Ta6muua 1. CtpykTypHble GOpMYIIBL M Ha3BAHWI NCCTEAyeMbIX KyOOT€HOB

Ne

HasBanne

(1

CrpykrypHasa popmya
CI

2.

] l COOK

KOO

0
O

bis(Cl-Ph)Cub - xanmnesas conp N,N'- gu(4-xnopdennn)gunmmsa

1,1'-6unadrmn-4,4',5,5',8,8'-rekcakapbOHOBOII KMCIOTBI;
M =777.65 r/monb

2

o

=

=}

ad
Z
iaal
0

COOH

bis(BZI)Cub — N,N'-qu(6eH3muMmumas o) quMII
1,1'-6unadrmn-4,4',8,8'-1nkapbOHOBOIT KICTOTHI;
M = 626.58 r/monb

3)

-

308

COOH
0

bis(3,5-(CH3),Ph)Cub - N,N'-11(3,5-gumeTnndeHnm) suumuy,
1,1'-6unadrun-4,4',5,5',8,8" - rekcakapOOHOBOI KUCTIOTBI;
M = 688.69 r/monb

(4)

ay

o

[}
[o]
o
=

bis(Ph)Cub - N,N'-gu(pennn)sumnmmz
1,1'-6unadrmn-4,4,5,5',8,8'-rekcakapb OHOBOIT KMCIIOTHI;
M = 632.58 r/monb

®)

bis(3-(CH;)Ph)Cub — N,N'-gu(3-metnndenHnn) suumus
1,1'-6unadrmn-4,4,5,5',8,8'-rekcakapb OHOBOIT KMCIIOTHI;
M = 660.64 r/monb
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N,N'-mu(6ensumumason) suumusa-3,4,9,10-nepunenrerpakap6oHoBoit Kucmorbl. Ocajok
¢uoneTOBOrO 11BeTa, 0OPAsyIOLIMIIC MOC/Ie OKOHYaHMs peakuyy KyboreHa bis(BZI)Cub u
BBIJIEP)XKI PEaKI[MIOHHOJ MacChl Ha BO3/IyXe, OTQVIbTPOBBIBA/IN, CYLIVM/IV ¥ aHATU3VPOBAJINL.
VIK crmiextp, v, cM': 800-750 ¢ (C-Heemsummnason), 1642 ¢ (C=0), 1722 cp (C=0), 1665 ¢ (C-Nuun),
792 ¢, 1260 ¢, 1460 c (mepmieH). DNEeKTPOHHBIN CHEKTP IMOIIOUIeHUs (BOZHO-IIETIOYHON
pacTBop), Amaw HM [lge]: 330 [3,51], 421 [3,85]. Macc-cuektp, m/z (Iom, %) 536,54 (99).
Haiigeno, %: C 80,37; H 3,13; N 10,50. C3sH16sN4O,. Beruncneno, %: C 80,58; H 3,01; N 10,44.

OcHoBHasA 4YacTh

[Tpu B3aMMOpECTBUY BCeX MCCTIeAyeMbIX KyOOTE€HOB C JUTMOHUTOM HAaTpusA B BOJHO-
I[e/IOYHOM pacTBOpe HAOMIOAIOTCS M3MEHEHUs B 9JIEKTPOHHBIX CIIEKTPaxX IOTIOLICHMS.
ITpu aTOM BO BCeX cay4asx Kak B a9poOHOIL, TaK 1 B aHa9pOOHOIT aTMocdepe HabMIOZaeTCst
TUIICOXPOMHOE CMellleHe II0JI0Chl IIOIJIOLeHNs, WMMeromen MakcumyM Ipu 330 HM,
U TIosiBJIeHVe 60JIee MTHTEHCUBHOI IOTOCHI ITpY 317 HM, KaK 9TO II0Ka3aHo Ha puc.] Ha mpuMepe
KanueBoit conmu N,N'- nu(4-xnopdennn)gunmuga 1,1'-6unadbtmnin-4,4',5,5',8,8'-rekcakapboHOBOI
KJVCJIOTBI.

200 300 400 500 600 200 300 400 500 600

A HM A, HM

() (6)
Puc.1. VI3MeHeH1e 37IeKTPOHHBIX CIIEKTPOB HOIoeHNs npy B3anmoperictsuu bis(Cl-Ph)Cub B BogHO-111e7104HOM
pacrBope (Cyeon = 0.13 Monb/n) npu mManoii (Crea = 3.68-10* mosb/n) (a) n 60mbuioit (Crea = 1.84-10° monb/n) (6)
KOHILleHTpauysx putnonuta Harpus. T = 306 K, Cys = 3.9-10° Mosb//1. 3eleHblil CHEKTp — pacTBOp IOCIe
CMeIIIeH IS PeareHTOB, KPACHBII CIIEKTP — PACTBOP MOCIIE 3aBEPLIEHNS PEAKIIVIL.

YKka3aHHbIe U3MEHEHMs B CIEKTPaX KyOOTEHOB IPOVICXOJAT IPAKTNIECKN MTHOBEHHO
IpM CMELIEHNN peareHToOB. B fajmpHeillleM, C Te4eHNMEM BpeMeHM, VHTEHCUBHOCTDb
CIIEKTPAIbHO IOJIOCH C MAKCMMYMOM 317 HM Me[I/IEeHHO YMEHDIIAETCH, I, B KOHEYHOM UTOTE,
CIIEKTPBI IIOI/IOIIeHNS] TPAaHCPOPMUPYIOTCS B VICXOIZHbIE CIIEKTPhI KYOOreHOB ¢ MaKCMYMOM
npu 330 HM 1A BCeX M3y4eHHBIX KyboreHoB u 330 m 420 uM g bis(BZI)Cub. Ilpn stom
HeoOXOAMMO OTMETHTD, YTO YMEHBIIEH)Ee VHTEHCMBHOCTY IIOTIOCHI C MaKCUMMyMoM 317 HM
OBbICTpee IPOMCXOANUT B a9poOHOIT aTMOcdepe, B TO XKe caMoe BpeMs B aHa9POOHOII /s BCeX
KyboreHOB mpoucxogut MepieHHee, a mua bis(3-(CH;)Ph)Cub u bis(Ph)Cub B anaspo6noit
aTMocdepe mpy OONBIINX KOHIEHTPALMAX AUTMOHUTA HATPUSA €€ VIHTEHCHUBHOCTb MOXKET
COXPaHATbCSA HEVIBMEHHOI B TeYeHVIe HECKO/IBKIX CYTOK.
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[Tpu B3aumopeiictBun bis(BZI)Cub ¢ AUTMOHUTOM HATpusi Kak B adpoOHOIL, TaK U B
aHaspoOHOI aTMOCdepe Py OONBIINX KOHLIEHTPALVAX B CIIEKTPAX ITOI/IOIEeHIS TOSBISIOTCS
IIOJIOCHI IIOIJIOLEeHNA ¢ MaKCUMyMaMy Ipu 536 n 685 HM, IIpMYeM B 37IEKTPOHHBIX CIIEKTPax
Hab/IofaeTcs M300eCcTndIecKkast TOUKa, 4YTO CBUJIETE/IbCTBYET O TOM, YTO B PeaKIIM MeeT MeCTO
IOC/IefjoBaTeNIbHasl CTafus o0pasoBaHus OFHOro u3 mpoaykToB (puc. 2). IlomoOGHble
U3MEHeHMsI B CIEKTpaXx HaOmopamuch Takke s KyboreHoB bis(3,5-(CHs),Ph)Cub u
bis(Ph)Cub, opHako MHTEHCMBHOCTM IIOJIOC B JIMHHOBOJIHOBONM 4YacTy CIIEKTpa ObUIM
He3HAYMTe/IbHbIMMU.

— T

400 500 600 700 800

300

A, HM

Puc.2. VisMeHeHMe 9€KTPOHHBIX CIIEKTPOB INOI/IOWeHMs mpu B3ammogeiictBuu bis(BZI)Cub ¢ purronurom
HATpUsi B a9POOHBIX YCIOBUAX B BOGHO-I[eNOYHOM pacTBope. Cnaon = 0,13 M0mb/11; Coocer = 1,84-107 monn/mm;
Cqys = 3,910° momp/m; T = 300 K. 3emeHblif CIeKTp - pacTBOp IIOC/e CMELIEHUs peareHToB,
KPacHBII CIEKTP — pacTBOP I1OC/IE 3aBEPIIEHNUA PeaKIIN.

Kak 6bUtO ITOKa3saHO BO BBeleHNN, B pe3y/lbTaTe HEVCTBMS BOCCTAHOBUTEJIEN Ha
npoussopnble [JBI'’KK mpoucxomut nukmmsanus MOneKyl ¢ oOpa3oBaHUEM IePUICHOBBIX
MPOU3BOJIHBIX. AHanmmspl KOHEYHBIX  IIPOAYKTOB peakuumit B3aMMOJIENCTBUS
bis(3,5-(CHs),Ph)Cub n bis(BZI)Cub ¢ gutroHuTOM, pesynbraThl KOTOPBIX IpUBE/iEHBI B
9KCIIePUMEHTAIBHOI YacTy paboThl, TOKA3a/IM, YTO II0/IOCHI IIOI/IONEHNS C MAKCYMYMaMU Py
536 n 685 HM NIpUHAIEKAT IIPOAYKTaM LIMK/IM3aIUY YKa3aHHBIX KyboreHoB — N,N'-iunmuiam
HepPUICHTETPAaKapOOHOBBIX KIC/IOT C COOTBETCTBYIOIIMMY 3aMeCTUTeNsAMU. B BopHO-
I[e/IOYHOM PaCTBOPE ST COeAMHEHVS IPUCYTCTBYIOT B BUJIE AMaHVOHOB.

ITonoce! mOTTIONeHNsI B 97IEKTPOHHBIX CIIEKTPaX ¢ MaKCUMyMaMy IIpu 317 HM Ij1s BcexX
VICCTIelyeMbIX KyOOreHOB MO>XHO OTHECTM K COOTBETCTBYIOLIVMM TeTPaaHMOHAM MCXOJHBIX
COENVMHEeHMII, KOTOpble O0pasylTCsa 3a C4YeT MPUCOeAVHEHNS [BYX 9/IEKTPOHOB OT
BOCCTAHOBUTeNsI — aHMOHa autuoHmra -$,0,7. B Hamenr pabore [22] mokasaHO, YTO
TeTpaaHuoHbl bis(BZI)Cub o6pasyioTcs Takke Ipu 3/IEKTPOXMMMUYECKOM BOCCTAHOBJIEHUY
JICXO[JHOTO KyOOTeHa B BOJJHO-II[e/IOYHOM PacTBOpe Ha YI/IECUTATIOBOM 3/IeKTPOTe.
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Puc. 3. [22] BnusHue ckopocTu pasBepTKM IOTeHIMaMA (CKOPOCTM CKaHMPOBAHMA) Ha BO/IbTaMIIEPHbIE KPUBBbIE.
v, MB/c: 1-20; 2-40; 3-60; 4-80; 5-100; 6-120.

Ha puc. 3 npuBesieHbl BOJIbTaMIIepHbIE 3aBYCHMMOCTH, Ha KOTOPBIX MIMEIOTCS fiBa IIMKA,
OTBevamIye KaTOJHOMY ¥ QaHOJHOMY IIpolleccaM IIpeBpallleHus KyOoreHa, 4YTO
CBUJIETE/IbCTBYET 00 0OPaTMMOCTY 3/IEKTPOLHOI PeaKIMu.

AHanu3 TNpuUBeIEHHBIX 3aBUCHMOCTEN IIOKa3al, 4TO B OOpaTMMOM 3JIEKTPOJHOM
Ipoljecce y4acTBYIOT fiBa 9/IeKTPOHA. B TO ke BpeMsl AUTMOHMUT HATpUs SABJISETCA TAKXKe
IByX3JIEKTPOHHBIM BOCCTAaHOBUTEIEM.

Ha ocHOBaHMM BbILIENPUBEAEHHBIX J[AHHBIX MOXXHO IPEJIIOI0OXNUTh  OOIui
CTeXMOMeTPUIeCKIIT MeXaHM3M peaxIm B3aMIMOJIe/ICTBYIS N,N’-punmunos
1,1"-6unadptun-4,4',5,5',8,8 -rekcakapbonosoit kucnorsl (JJBI'’KK) ¢ mutmonutom Hatpus
(cxema 1). B mepBMYHOI cTajuyl peakiuy B3aMMOZEVICTBIUSA JUTMOHNTA HATPUS C KyOOreHaMu
(1) mpomcxopur oOpaTMMOe BOCCTAHOB/ICHME VCXOJHBIX MOJIEKYI C o0Opa3oBaHMeM
TETPaaHMOHOB (2), a B Ja/IbHEIIIIEeM, B 3aBYICUMOCTY OT YC/IOBUI (IIpMpPOfa 3aMeCTUTeNs IPYU
aTOMax a30Ta, KOHI[eHTpalys AUTNOHNTA, adpoOHast My aHaspoOHast aTMocdepa) MpoTeKaeT
XUMMYeCKas CTafus HUKIM3ALNUY C OTIIeIVIeHVeM JIBYX KapOOKCUIbHBIX IPYIII 1 00pasyeTcst
IVIaHVOH IUUVIMIZIA TIepUIeHTeTPakapOOHOBO KMCIOTHI (3).

ObparHas crajus IHepexofia TeTPaaHMOHOB (2) B MCXOAHBI KyboreH (1) MoxeT
IPOTeKaTh 3a CYeT KVUCIOpOJa BO3[yXa, HAa UTO yKasbIBaeT BAMsAHMe aTMocdepsl (Tabi. 2),
a TaKXKe 3a CYeT B3aMMOJENCTBUA C IPOAYKTaMV OKUCTIEHNs AUTHOHNUTA (CyIb(UT-aHUOHBI).
ITpy KOHTaKTe ¢ KMCITOPOAOM BO3/yXa AMAHNOH (3) ImpeBpalaeTcsa B TBepHoe coefuHenne (4).

— — 2

Cxema 1. CrexmoMerpuueckuii MexaHusM peakuum Bsaumopeiicteua JJBIKK ¢ pgutmonurom HaTpusa
B BOiHO-1ientouHOM pactBope (R = Ph; Cl-Ph; 3,5-(CHs),Ph; 3-(CH;)Ph.
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Ta6muma 2. CocTas IPOAYKTOB peaKIVM B 3aBUCUMOCTH OT IIPUPOJIbI KyOOTeHa M yC/IOBUI IIPOBEIeHIA PeaKIN.

AspobHble yCIoBUs AHaspobHBbIe yCIOBUS
Ne Manas bonburas Manas bonburas
Kyb6oren
/I KOHI[eHTpaL s KOHIIeHTpalys KOHIIeHTpalysA KOHIIeHTpalysA
AUTVOHNUTA AUTVOHNUTA AUTVOHNUTA AUTVOHNUTA
1 bis(Cl-Ph)Cub TeTPaaHNOH B TeTPaaHMOH TeTPaaHMOH TeTPaaHMOH
MaJIBIX B 60/TbIINX B MaJIbIX B 60/TbIINX
KOJIM4ecTBax KO/IM4ecTBax KOJIM4eCcTBax KO/IM4eCcTBax
2 bis(BZI)Cub IPOJYKTHI TeTPaaHMOH TeTPaaHMOH TeTPaaHMOH
OTCYTCTBYIOT B 60O/TBIINX B 60O/TBIINX B 60O/TBIINX
KO/MYeCTBax + KOJIM4ecTBax KO/MYeCTBax +
HIPOAYKT HPOAYKT
LVK/IM3an LVK/IM3an
3 bis(3,5- IPOJYKTBI TeTPaaHUOH TeTPaaHUOH TeTpPaaHUOH
(CH;),Ph)Cub OTCYTCTBYIOT B 60X B MaJIbIX B 60IBIINX
KO/MYeCTBax + KOJIM4eCTBaxX KO/IMYeCTBax +
HPOAYKT HPOAYKT
LUK/IM3ALNH B LUK/IM3ALNN
MaJIbIX B MaJIbIX
4 bis(Ph)Cub IPOJYKTBI TeTPaaHMOH + TeTPaaHMOH TeTPaaHMOH
OTCYTCTBYIOT HPOAYKT B MaJIbIX B 60/TbIINX
LVMKINM3aLNN B KOJIM4ecTBax KOJIM4eCcTBax
MAJIBIX
KOJINYeCTBaxX
5 bis(3- TeTpaaHMOH TeTpaaHMOH TeTpaaHMOH TeTpaaHMOH
(CH;)Ph)Cub B MaJIbIX B 60IBIINX B MaJIbIX B 60/IBIINX
KOJINYeCTBaxX KOJINYeCTBaxX KOJIMYeCTBaxX KOJIMYeCTBaxX

B Tabn. 2 mpuBeneHbl [aHHBIE, IIOKAa3bIBAIOLIME BJIMsSHUE HPUPOAbI 3aMeCTUTENIeN,
KOHLIEHTpAaLMy [AUTMOHMTA ¥ Ta30BOJM Cpefbl, B KOTOPOJl IIPOTEKaeT peakuus,
Ha OTHOCUTEJIbHBIE KOINYECTBa IIPOMEXXYTOYHOTO COeAMHEHN (2) ¥ KOHEYHOTo IpoAyKTa (3)
B pacTBope. OlleHKa KO/M4YeCcTBa 00PasyIoOLIMXCs B Pe3y/IbTaTe peaKl[yyl aHMOHOB ITPOBeieHa
II0 Be/IMYVHE ONTIYECKOI IVIOTHOCTY PacCTBOPOB Ha MaKCMMyMax ITOT/IOIIeHN.

AHan3 IpUBeJeHHBIX JJAHHBIX [TOKA3bIBAeT, YTO B a9POOHBIX YCTOBMAX IPYU MajIbIX
KOHLIEHTPALMAX BOCCTAaHOBUTENIS peakuus mmb0 He IpoTeKaeT, MO0 TeTpaaHMOHDI
06pasyioTcs B He60mbIMX KomudecTBax. [Tpy 60/IbIINX KOHLIEHTPALVAX JUTHOHUTA HATPUS
TeTPaaHMOHbI 00pa3ylTCsA KaK B VHEPTHOI aTMocdepe, Tak ¥ B Bo3pyuHO. Llykmmsarys
TeTPaaHNOHOB C 00pa3oBaHUEM IIEPUIEHOBOTO IMK/Ia IMPOTEKaeT B 3aMETHBIX KO/MNYECTBaX
Tonbko B cmy4ae bis(3,5-(CHs),Ph)Cub n bis(BZI)Cub, 4ro, mo-Bupmmomy, cBs3aHO ¢
pa3Mepamu 3aMecCTUTeIel IPU aTOMax a3oTa.

BrIBOABI M peKOMeHJAI

B pesynbTaTe BBIIOTHEHHOJ PabOTbI YCTAaHOB/IEHO, YTO B PeaKI[UV B3aMOJEICTBUS
N,N’-3amMeleHHbIX AMMMKULOB OMHaTUMITeKCaKapOOHOBOI  KUCIOTH  (KyOOTeHOB) ¢
IUTHOHNTOM HAaTp¥sl B BOSHO-II[EJIOYHOM PAacTBOpe Ha IEPBOIL CTafiMy pPeaKkuyy 00pasyoTcs
TeTpaaHMOHbI MICXOHBIX COeVHEHMII, KOTOpble B Ha/JbHEIIeM MOTYT MO0 IEePeXOAuTh B
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VICXOJIHOE COCTOsIHMeE, MO0 yTpaunBarth e rpynmnsl CO, 1 TpaHcHOpMIPOBATHCA B AVIAHNOHBI

N,N'-3amMeljeHHbIX AUMMULOB-3,4,9,10-nIepyIeHTeTpaKapOOHOBOII KUCIOTHL.

HOHY‘ICHHI)IQ pe3ynbTaThl HCO6XO,[[I/IMO Y4YUTBIBATDb B TEXHOJIOTVIN OTHE/IKN TEKCTU/IbHBIX

MaTe€puasoB C UCIIO/Ib30OBAaHNEM KY6OI‘€HOB, a TaK>Ke IIpu )KI/[J:[KO(baSHOM IIOJTy49€HUN TOHKUX

IVIEHOK (bOToaKTI/IBHbIX MaTe€pnaloB Ha OCHOBE II€PMIEHOBBIX ITPON3BOJHDIX.

bnarogapHocTn

Hccnedosanue nposedeno ¢ ucnonv3osanuem pecypcos ILlenmpa Konnexmuerozo

nonv308anus HayuHvim o6opydosanuem MIXTY (npu noddepimke Mumnobprayku Poccuu,
coznauwerue Ne 075-15-2021-671).

CIMcokK MICTOYHVNKOB

Hoxynuxun H.C., Bopoxxuos I'.H., Anekcees B.J1., ®unummosa M.C., lllynenosa O.U., Macanosa H.H.,
Pa6unun B.A. Ky6orens! — kpacurenu HoBoro Tuna // Xumuuecxas unoycmpus. 1981. Ne 10. C. 592-595.

2. Tarent CCCP Ne 919342 / Boposxuos I'.H., Macanosa H.H., Arexcees B.U., Conomarus I.T. Omry6. 1983.

10.

11.

12.

Polenov Yu.V., Budanov V.V. Redox transformations in reductive cyclization of binaphthylhexacarboxylic
acid dianhydride and diimide under the action of rongalite and sodium dithionite // Russ. J. Appl. Chem. 1996.
V.69, No. 12. P. 1837-1840.

Polenov Y.V, Nikitin K.S., Egorova E.V., Patrusheva D.A. Reaction of 2,2'-di(4-chlorophenyl)-1,1',3,3'-
tetraoxo-2,2',3,3"-tetrahydro-1H,1'H- 6,6~ di(benzo[de]isoquinoline)-7,7'-dicarboxylic acid with thiourea
dioxide in water-alkaline solution // Russ. J. Gen. Chem. 2021. V. 91, No. 4. P. 631-635.
DOI: 10.1134/51070363221040095.

Alessio P., Braunger M.L., Aroca R.F., Olivati C.A., Constantino C.J.L. Supramolecular
Organization-Electrical Properties Relation in Nanometric Organic Films // J. Phys. Chem. C. 2015. V. 119,
No. 21. P. 12055 - 12064. DOI: 10.1021/acs.jpcc.5b03093.

Canto-Aguilar E., Gutiérrez-Moreno D., Sastre-Santos A., Mori-kawa D., Abe M., Fernandez-Lazaro F.,
Oskam G., Mori S. Identification of the loss mechanisms in TiO2 and ZnO solar cells based on blue,
piperidinyl-substituted, monoanhydride perylene dyes // Electrochim. Acta. 2020. V. 355. Art. 136638.
DOI: 10.1016/j.electacta.2020.136638.

Deng M., Zhang G., Yu L., Xu X., Peng Q. Noncovalent interaction enables planar and efficient propellerlike
perylene diimide acceptors for polymer solar cells // Chem. Eng. J. 2021. V. 426, No. 12. Art. 131910.
DOI: 10.1016/j.cej.2021.131910.

Echeverry C.A., Cotta R., Insuasty A., Ortiz A., Martin N., Echegoyen L., Insuasty B. Synthesis of novel light
harvesters based on perylene imides linked to triphenylamines for Dyes Sensitized Solar Cells // Dyes and
Pigments. 2018. V. 153. P. 182-188. DOI: 10.1016/j.cej.2021.131910.

Singh R., Kim M., LeeJ.-J., Ye T., Keivanidis P.E., Cho K. Excimer formation effects and trap-assisted charge
recombination loss channels in organic solar cells of perylene diimide dimer acceptors // J. Mater. Chem.
C. 2020. No. 8. P. 1686-1696. DOI: 10.1016/j.cej.2021.131910.

Georgiev N.I., Sakr A.R., Bojinov V.B. Design and synthesis of novel fluorescence sensing perylene diimides
based on photoinduced electron transfer // Dyes and Pigments. 2011. V. 91, No. 3. P. 332-339.
DOI: 10.1016/j.dyepig.2011.04.015.

Lv Z., Liu J., Bai W., Yang S., Chen A. A simple and sensitive label-free fluorescent approach for protein
detection based on a Perylene probe and aptamer // Biosens. Bioelectron. 2015. V. 64. P. 530-534.
DOI: 10.1016/j.bios.2014.09.095.

Sekida S., Kameyama T., Koga T., Hadano S., Watanabe S., Niko Y. Highly lipophilic and solid emissive
N-annulated perylene bisimide syn-thesis for facile preparation of bright and far-red excimer fluorescent

24



OT XHMHM K TEXHOJIOTMH TOM 5, BINYCK 4, 2024

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

nano-emulsions with large Stokes shift // J. Photoch. Photobio. A. 2018. V. 364. P. 16-21.
DOI: 10.1016/j.jphotochem.2018.05.023.

Rostami-Tapeh-Esmail E., Golshan M., Salami-Kalajahi M., Roghani-Mamaqani H. Perylene-3,4,9,10-
tetracarboxylic diimide and its derivatives: Synthesis, properties and bioapplications // Dyes and Pigments.
2020.V. 180. Art. 108488 DOI: 10.1016/j.dyepig.2020.108488.

Szukalska A., Szukalski A., Stachera J., Zajac D., Chrzumnicka E. Martynski M., Mysliwiec ]J.
Perylene-Based chromophore as a versatile dye for light amplification // Materials. 2022. V. 15(3), No. 980.
DOI: 10.3390/ma15030980.

Zhang F.,Ma Y., ChiY., Yu H, Li Y,, Jiang T., Wei X., Shi J. Self-assembly, optical and electrical properties
of perylene diimide dyes bearing unsymmetrical substituents at bay position // Sci. Rep. 2018. V.8 (1), No. 8208.
DOI: 10.1038/541598-018-26502-5.

Aivali S., Tsimpouki L., Anastasopoulos C., Kallitsis J.K. Synthesis and Optoelectronic Characterization of
Perylene Diimide-Quinoline Based Small Molecules // Molecules. 2019. V. 24(23), No. 4406.
DOI: 10.3390/molecules24234406.

Huang C., Barlow S., Marder S.R. Perylene-3,4,9,10-tetracarboxylic Acid Diimides: Synthesis, Physical Properties,
and Use in Organic Electronics // J. Org. Chem. 2011. V. 76. P. 2386-2407. DOI: dx.doi.org/10.1021/j02001963.
ITatenT CCCP Ne248870 / Porosuk B.J., CranBunuyk B.I'., llammmosa I'.B., 3a6otiHa E.A. Omy6:1. 1969.
Huxntnn K.C., IToneno I0.B., Eroposa E.B., IlatpymeBa [I.A. IlonyueHue (OTOUYBCTBUTEIBHBIX
MaTepuajoB Ha OCHOBe MPOM3BONHBIX mepuieHa // C6. mp. Hayuno-uccnedosamenvckas 0esmenvHOCHb 6
KAcCuveckomM yHueepcumeme: mpaduyuy U unHosauuu. Mamepuanvl MexOyHAPOOHO20 HAYUHO-
npaxmuueckoeo pecrmusans. Vianoso. 2022. C. 196-203.

Ilynemosa O.J., Psa6unun B.A., Crapuuenko B.®., BopoxxuoB I''H. MexaHusM BOCCTaHOBUTEIBHOI
mymmsanuy  N,N'-nusamerenselx gummupa 1,1-6unadrmn-4,4,5,5',8,8'-rekcakapbOHOBOI  KUCIIOTHL B
BOJHOII Weno4Hoi cpepe // JKypu. ope. xumuu. 1993. T. 29, Ne 5. C. 1001-1010.

ITonenos 10.B., Hukutnu K.C., Eroposa E.B., Ilarpymesa [I.A. Bzanmopeiicrsue 2,2'-mu(3,5-mumermndennn)-
1,1',3,3'-Terpaokco-2,2',3,3'-rerparngpo- 1h,1'h-6,6'-6u(6enso[de]uzoxnuonnu)-7,7' - suKapboOHOBOI
KUCTIOTHI C IMOKCUIOM TMOMOYEBUHBI B BOHO-II[JIOYHOM pacTBope // V36. 8y306. XuMus u Xum. mexHOm02U.
2022.T. 65, Ne 9. C. 47-54. DOL: 10.6060/ivkkt.20226509.6639.

IToneno 10.B., EropoBa E.B. BsaumopeiictBue 7,7 -pmokco-7H,7 'H-3,3"-6ensumupgaso|2,1-
a]6enso[de]usoxunonmHa-4, 4 - guKapOOHOBOI KUCIOTHI C AUTHOHUTOM HATPYISIB BOSHO- I[E/IOYHOM PacTBOpe
/1 U3e. 8y306. Xumus u xum. mexronoeus. 2024. T. 67, Ne 6. C. 80-87. DOI: 10.6060/ivkkt.20246706.7056.
Huxkutun K.C., Ilonenos I0.B., Eroposa E.B. PasnoxeHue aMoKcuaa TMOMOYEBMHBI B a3pPOOHBIX U
aHaspOOHBIX YCIOBMAX B BOLHO-IETIOYHOM pacTBope // XKypH. pu3s. xumuu. 2020. T. 94, Ne 10. C. 1505-15009.
DOI: 10.31857/50044453720100209.

ITocmynuna e pedaxyuio 02.09.2024
Oodobpena nocne peyeHszuposarus 19.09.2024
IIpunama x onybnuxosanuro 23.09.2024

25



OT XHMUH K TEXHONIOTHH TOM 5, BINYCK 4, 2024

Hayunas cmamos
YIIK 543.38, 543.422.3-76
DOI: 10.52957/2782-1900-2024-5-4-26-34

MHTETPAJIBHBIE Y®-CIITEKTPO®OTOMETPUYECKUE METO/1bI
OIIPENEITEHVA KIIOIINOOTPEITIA N METAMU3OJIA HATPUA
B CMbIBHBIX BOJAX C ITPOMbBIIIVIEHHOT'O ObOPYJOBAHMAI

II. A. Huxomnaimayk

ITasen AnatonbeBud Huxomaitayk
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Kniouesvie cnosa: Annomauus. IIpednoxenvl memoovt onpeodeneHus: KIoNU0oepena 1 Memamusona
Knonudozpern, HAMPUS 8 CMbLEHBIX 600AX C NPOMBIUUTIEHHO020 060pYI0BAHUS C UCNONIB30BAHUEM
Memamu3on Hampus, MH0208071H0601i YD-cnekmpomempuu u 6bI4UCTIEHUS nA0UA0eT HOO KPUBHLMU.
800HUITI pacmeop, 3anucy cnexmpos ocyuiecmensiemcs 6 600HOM pacmeope 6e3 npedsapumesbHO20
uHmezpanvHoe peeynuposanus pH. YucnenHoe unmezpuposanue cnekmpos nposooUmcs 6
cnexmpogomomempureckoe  unHmepeane OnuH 60nH om 210 0o 290 um ons knonudozpena, u om 220 00 320 Hm
onpedeneHue, memoo 07151 Memamu3ona Hampus. MemoOvt no3sonsgiom onpedensimo Knonudozpesn u
naowadu noo Kpueoti, Memamu3osn HAmpus 6 pacmeope 6 unmepsane xkonyenmpayuii 1 — 100 me/z,
CMbLBHDbLE 800DL C He mpeGyom OnumenvHoti NPo6ONO020MOBKYU U CTIOHHO20 AHATUINUYECKO20
NPOMBIUUTIEHHO20 060py008aHUs U n00X00SM O NOBCEOHEBHO20 ONPeOesieHUsI YKA3AHHBIX
o6opydosanus npenapamos 6 cMvl8HvIX 800aX C NPOMBIUIEHHO20 000PYO0BAHUSL.

T nuTHpoOBaHMA:

Huxomaitayk II.A. VHTerpambHble Y®-crekTpodoTOMeTpUYecKe METONbI OIpefeleHNs KIONMAOIpena U
MeTaMM30/Ia HaTPysl B CMBIBHBIX BOZIAX C IIPOMBILIIEHHOTO obopynoBanust // Om xumuu Kk mexHomouu waz 3a
waeom. 2024. T. 5, Boi. 4. C. 26-34 URL: https://chemintech.ru/ru/nauka/issue/5563/view

BBenenne

[Ip mpoM3BOACTBE PasIMYHBIX IpPENapaToB Ha ONHON INPOM3BOJCTBEHHON IMHUU
HEOTHEM/IEMOII ~ 4YacThl0  (papMalleBTUMYECKOTO  IMPOM3BOACTBA  SIBSETCS  OYMCTKA
IPOMBIIIZIEHHOTO 000PYZOBaHMs IPY 3aMeHe [Iperapara 1 oIpe/e/ieHie C/IeTOBbIX KOMTMYECTB
IIPOM3BOAMMBIX IIPOYKTOB Ha €ro IIOBEPXHOCTM M B CMBIBHBIX Bofax. IIpm atom Mertop
ompefie/ieHNsl JO/DKEH ObITh 110 BO3MOXKHOCTHU 9KCIIPECCHBIM M MPOCTBIM, MJISI TOTO, YTOOBI
OIlpefie/ieHNe MOXKHO OBUTIO IPOM3BECTM HEIOCPEACTBEHHO B 30HE MPOM3BOJCTBA, M YTOODI
JUIATeIbHAS IIPOOOIIOATOTOBKA He TOPMO3WIA IPOM3BOJICTBEHHBINT mporecc. [Toatomy YO-
CITEKTPOMETPYS SIB/ISETCS MPEAIOYTUTETHHBIM METOOM aHa/M3a CMbIBHBIX BOJI.

Knonuporpen (HasBaHue MIOITAK: (+)-(S)-metnn-2-(2-xnopdennn)-2-(6,7-
npuruapotrieHo|3,2-cluupuann-5(4H)-un)auerar), Homep CAS 113665-84-2) saBisercs
aHTUArperaTHBIM  IIpelapaToM, MCIIONb3yeMbIM IS  IIPeJOTBpPAIeHMs  CepfieuyHbIX
3a0071eBaHNIT M MHCYJIbTA Y JIMI, C BBICOKMM PHUCKOM, a TaK)Xe, BMeCTe C aCIUPUHOM,

© I1. A. Huxonartayk, 2024
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OT XUMHUHN K TEXHOJIOTHW [RITEARETNIIZNNY

TOMS, BbINYCK 4, 2024

LY Cep/ieYHbIX IPUCTYIIAX U IIOC/Ie YCTAHOBKY CTEHTa KOpOHApHOIT aprepuy. OH BKIIIOYEH B
CIIMCOK BaKHEHMIIMX MeIMUMHCKMX IpemapatoB BO3. Merammson Harpus (HasBaHMe
VIOITAK: Hatpuesas conp ((2,3-guruapo-1,5-gumerni-3-okco-2-dennn-1H-nupason-4-m)-
MeTW/IAMIHO)-MeTaHCynb(oHOBOI Kucmotel, HoMmep CAS 68-89-3) - O6oneyronswolee,
CITa3MOJIMTIYECKOE U >KApPOIIOHIDKAIee CPefiCTBO, OAMH U3 CVJIbHENIINX HEeONVOVTHBIX
a”ampreTrkoB. (O6a IpemapaTa BBINYCKAIOTCSA B Poccuy  HECKONMBKUMM — JeCSATKaMu
dapMareBTYeCKMX HPeANpUATUII B IPOMBIIUIEHHBIX MaciiTabaX, I03TOMY paspaboTka
MeTOfla aHa/lIM3a CMbIBHBIX BOJ, COMlep)KAIlMX MX C/IeJOBbIe KOJMYECTBA, SIBJISETCA BaXKHON
MIPAKTUYECKO 3a/iadern.

CymeCTBYIOHH/Ie CHCKTPO(l)OTOMeTpI/I‘{eCKI/Ie METOObl aHa/IN3a KIOIMAOOrpéena C06paHbI

B Tabs1. 1. Y®-cnekTp KIonuaorpena okasas Ha puc. 1.

Ta6muna 1. O630p crekTpodoTOMEeTPIIECKIX METOJ0B aHaIM3a KIONUorpena

OnuHa JIMHEeTHOCTD,
Cpena Pearentst OI1, % 0OCO, % Ccphinka
BOJTHBI Mr/n
220, 270,
ALeTOHUTPUIT Her 4-37 0,9 0,5 [1]
274,278
ALeTOHUTPUIT Her 218, 229 5-38 0,9 0,5 [1]
ALeTOHUTPUIT Her 210, 225 5-38 1,2 0,8 [1]
Meranon Her 203 10 - 26 2,9 4,1 [2]
Bopa 0,1 M HCI 271 42 - 336 1,3 1,9 [3]
Bopa 0,1 M HCI 280 42 - 336 2,5 0,8 [3]
Boma 0,1 M HCl 269 42 - 336 0,5 1,2 [3]
Bopma 0,1 M HCI 276 42 - 336 0,5 1,2 [3]
2,3-1uxnopo->5,6-
MeraHoI + IMOKCaH 450 5-35 1,5 1,3 [4]
IUIaHo-1,4-6eH30XMHOH
JIMOHHAs KUCTIOTA,
MetaHon B 560 10 - 20 1,3 1,2 (4]
YKCYCHBIIT aHTUPILT
N-6 ,
Bona POMOCYIIIHIMILE 520 4-16 1,8 1,6 4]
cynbbaHIaMug
Bopga Fe**, 1,10-¢peHanTpOIMH 510 10 - 50 0,4 0,4 (4]
Bopa / xmopodopm Opamxessiit G He ykasama| 50 - 250 He ykasano | He ykasano [5]
Bopa / HuTpo6eHson Tuoumanar kobanpra  |[He ykasana| 100 - 500 He ykasano | He ykasano [5]
Meranon +
Her 202 1,25-25 36 3,8 (6]
aLleTOHUTPUII
Boma 0,1 M HCl 222 40 - 70 12 0,9 (7, 8]
9 +
TAHON + BOKA / BpomMdeonoBsiit cummit 407 15 - 80 0,8 0,8 [9]
xnopodopm
OraHon + Bofia / bpomkpe3onosbii
RO T O POMIPESOTIOBRIL 407 25115 0.9 1,0 [9]
xnopodopm IypIypHBIi
Bopma 0,1 M HCI 219 10 - 30 1,7 0,5 [10]
Bopa / xmopodopm bpomTuMonoBbIi cuHMit 440 2,5-25 He ykasano | He ykasano [11]
Bopa / xmopodopm Opanxesbiii 11 490 2,5-20 He ykaszano | He ykasano [11]
Bopa / xmopodopm MetaHun XenThli 410 2,5-15 He ykaszano | He ykasano [11]
MeraHnoin + Bofa Her 217 2,5-20 1,1 1,6 [12]
Bona Banmnun 517 5-40 He ykaszano | He ykasano [13]
Bona Her 235 5-40 He ykaszano | He ykasano [13]
Boma 0,1 M HCl 220 25-50 0,9 0,5 [14]
ATaHON Her 218 2-12 1,1 0,6 [15]
9
Bona Her 210-290 | 1-100 38 41 e
pabora
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Kak BuiHO 13 puCyHKa, MAKCUMYMBI OT/IOLeHNs pu 270 v 276 HM 06/1afjaloT CIINIIKOM
MaJjioit abCopOMPyeMOCTbI0, TOITOMY YYBCTBUTETBHOCTD IIPSIMOTO CIIEKTPOGOTOMETPUYECKOTO
ompefieNieHNs HeBemuKa. B pspe pabor [1-3, 6, 10, 12-15] s ompepneneHus UCIONb3YeTCs
muddepeHnanbHasg — CIEeKTPOPOTOMETPYS,  ONHAKO  MCIIONIb30BaHME  OPTaHMYECKUX
pacTBopuTenell WM TpeABapuTebHOe perymmpoBanue pH pactBopa HempUMEHUMO [
aHaIM3a CMBIBHBIX BOA. B mpyrux meropmax [4, 5, 7-9, 11, 13] mpepmmaraercss nCHonIb30BaTh
peakiyuio KIONMMAOTpe/Na C PpasJMYHBIMU peareHTaMy ¢ O0Opa3oBaHMEM OKpalIeHHBIX
IIPOAYKTOB, OJHAKO 3TO 3aTPYAHAET U Y/IMHAET aHA/IU3.

CymecTBymomye crneKTpodoTOMeTpyYecKye METOAbl aHaIM3a MeTaMM30/Ia HaTpUs
cobpaHbl B TaON. 2, a ero Y®-crekTp 1mokasaH Ha puc. 2. Kak BUSHO U3 pUCYHKa, B CIIeKTpe
OTCYTCTBYIOT MAaKCUMYyMBI IIOIJIOLEHNUA, I IpAMOe CIIeKTpOopOTOMeTpuIecKoe OIpere/ieHie
3aTpy[HEHO, MeToxbl auddepeHIanbHOl crieKTpocKommu [24, 27] Mao9yBCTBUTEIBHBI, a
MeTO#bl C OO0pa3oBaHMEM OKpAlIeHHBIX IPOAYKTOB peakumm [16-23, 25, 26, 28, 29]
BpeMsA3aTPaTHBI.

Ta6mmua 2. O630p crieKTpoPOTOMETPUIECKIX METOOB aHAIN3A METAMM30/1a HATPUL.

H i >
Cpepna PearenTsr IlmuHa BOTHBI MHCMI/{OCT]) OIT, % 0OCO, % | Ccpinka
Mmr/n
Bopga (NH,4),Mo0O, 690 1-40 1,9 1,6 [16,17]
Pb*, mmporaionosblit
Bopga . 520 2-16 2,9 0,8 [18]
KpacHbBIN
He
Bona (NH4)6P2M018062 760 0,5 - 80 4,0 [19]
yKa3aHo
XpomoTponoBas
Boja ponotporion 575 0,57 - 5,7 13 1,7 [20]
KICIOTa
He
Bopa AsoTucTas Knucuiora 403 32-96 0,8 [21]
yKa3aHo
Bopa Fe’* 642 3,5-281 4,0 0,8 [22]
n-IUMETUIaMUHO-
Bopa 430 10 - 400 1,0 2,2 [23]
OeH3anbIerny
Boga Her 244 10 - 70 2,0 2,5 [24]
Bopga Her 285 10-70 2,0 34 [24]
Bopga Her 296 10-70 2,0 3,2 [24]
0,05 M H,SO,, 0,025 M He
Bopga 236 - 278 80 - 320 1,2 [25]
Na,COs3 yKasaHo
He
MeraHon Bpom 232 40 - 320 3,7 [25]
yKa3aHo
Bopga (NH4):MoO4 620 155 - 2490 4,7 5,0 [26]
Boga Her 258 8 -40 7,0 8,3 [27]
Cu3(PO4)2,
QIN3apMHOBBIN 540 16 - 125 4,0 4,0 [28]
KPaCHBI
M-TOITYUJIUH,
Bopa 530 0,4-10 2,0 0,7 [29]
K;[Fe(CN)]
Sra
Bopga Her 220 - 320 1-100 4,2 5,0
pabora
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B 10 xe BpeM:A OJIA OIIPENEIEHNA KIOIMNIOOIpena NI METaMIN30j1a HaTpUA B BOOHOM
pacTBOpe MOXKHO MCIIOTIb30BaTh MHTETPANbHYIO CIIeKTpocKonuio. IloaToMy 1je/bio HacTosALIet
paboTbl  ABNAETCA  pa3pabOTKa MHTErpanbHbIX Y D-CIIEKTPOMETPUYECKMX  METOHOB
OIIpE€NE/IEHNA KIOINAOIpeIa N METAaMIN30/Ia HAaTpUA HENIOCPENCTBEHHO B CMBIBHBIX BOJAaX C
IPOMBIIITIEHHOTO 000pyfoBaHus 6e3 JCIIONb30BaHMS OPraHMYECKUX PacTBOPUTENel U
KoHTposnA pH pactsopa.

IKCcIepUMeHTAaTbHAs 9aCTh

PeaktuBpl m o6GopymoBaHme. Dbucynbdar xmommporpena ¥ MeTaMM30N HATPUA
npuobperens! y Sigma-Aldrich. Tabnetkn, cogepxaiiye faHHbIE BelleCTBa, MPUOOPETEHDI B
MECTHBIX amTekax. 11 MofenMpoBaHNMA CMBIBOB C IIPOMBIIUIEHHOTO OOOPYZOBaHMSA
JCIIONIb30BA/INCh IUIOCKME IUTacTMHKM 13 craam  12X12H10T. Jlng B3BelIMBaHUA
VICIIO/Ib30BA/INCh aHaUTU4YecKue Becbl Sartorius Cubis MSA 225P-ICE-DI. lna or6opa
QIMKBOT UCIIO/Ib30BA/INCh Pa3/INYHble MUKPOIIUIIETKY TpousBojactBa Thermo Fisher Scientific.
Ilnsa doToMeTprueckx M3MepeHuil NCIonb3oBancs crekrpodoromerp Agilent Cary 60. Bes
UCIOIb3yeMas IOoCy/ja MMesla BTOPOIl K/IacC TOYHOCTU. Bopa [/1s mpUroToBIeHNs pacTBOPOB
OblTa IpeBapyUTE/IbHO OYNMILleHa cucteMoit Sartorius Arium Pro VF Ultrapure Water.

ITpuroroBneHme pacTBOpoB n3 papManeBTIMIECKUX cyOcTaHIuMit. ['pagynpoBoyHble 1
paboure pacTBOPBI C Pa3IMYHBIMM KOHIEHTPAUMsIMU TOTOBWIMCH 13 COOTBETCTBYIOLIMX
dbapMmaneBTIYECKMX CYOCTAaHIMIT IIyTeM pacTBOPEHNMSA COOTBETCTBYIOIIMX HAaBECOK B
AVUCTWTMPOBAHHOI Bofie. PacTBOpBI TOTOBU/INCH 3aHOBO €XXeJJHEBHO.

IIpuroroBneHne pacTBOpoB 3 TabmeToK. [JOCTyIHbIe B alTeKaxX TabIeTKM COeprKaT
75 mr knonuporpena. CopepKaHye JecATH TabJIeTOK TIIATeIbHO pacTepro B (apdpopoBoit
CTYIIKe, COOpaHO B XMMIYECKUII CTaKaH ¥ pacTBOpeHOo B 800 MJI BOABI, pacTBOP OTHIIBTPOBAH
yepe3 GUIBTP € AUAMETPOM ITOop 12 MKM, IepeHeceH B MepHYI0 Koy o6bemom 1000 M1, 1 ero
00beM MOBeleH MO METKM BOfoil. VI3 IO/y4eHHOro pacTBOpa INPUTOTOBJIEHBI paboure
PacTBOPBI PAa3IMYHBIX KOHIIEHTPALIL.

HoctynHble B amTekax TabneTku copep>xar 500 Mr MeTammsona HaTpus. PactBop
IIPUTOTOBJIEH aHAJIOTUYHBIM 00pa3oM 13 IecATH TabNIeTOK, 1 Y3 HEeTO IIPUTOTOBJIEHBI pabodie
PacTBOPBI PAa3IMYHBIX KOHIIEHTPALIL.

IIpuroroBneHne MofeIbHBIX CMBIBHBIX BOM. AMMKBOTH 10 M/I pasiMyYHBIX pabodmx
pacTBOpoB M3 QapMaleBTMYECKUX CYOCTaHIMII WM 13 TabJIeTOK KIOMMAOTpena VN
MeTaMM307Ia HaTpK: MOMeILa/INCh Ha IVIOCKMe IIJIACTMHKM, M3TOTOBJ/ICHHbIE 13 HepKaBelolleit
craim 12X12H10T, u BpICymMBanuch B BHITSDKHOM IIKady. BpU MOATOTOBIEHBI IPOOMPKI,
cogepxamye 1o 10,0 Ma AMCTWIMPOBAHHON BOABL. BaTHbBI TaMIIOH Ha IIPOBOJIOKE
HOTPY>KA/ICA B BOJY, ¥ C €r0 IOMOIIbIO CyXOJl OCTaTOK CMBIBA/ICA C IUVIACTMHOK B Te4YeHMe
2 MuHYyT. VIcnonp3oBaHHbIE BaTHbIE TAMIIOHBI IIOTPY>Ka/IMCh B COOTBETCTBYIOIIVE IIPOOUPKI C
BOJION U IepeMellNBaINCh B TedeHMe 5 MUHYT. IlomyuyeHHBIe pacTBOpPHI IEpEeHOCUINCH B
MepHbIe K0m6bI 06'beMoM 10 Mi1, M 06beM pacTBOpa ZOBOJVIICS O METKY BOZIOA.

IToctpoenne rpagynpoBo4HbIX rpadukoB. [IpuroToBieHbl cepuy rpagyrpOBOYHBIX
pacTBOPOB KJIONMAOTpeIa MM MeTaMIU30/1a HaTpUA ¢ KOHLeHTpauuaAMu ot 1, 2, 3, 4, 5, 10, 15,
20, 40, 60, 80 1 100 Mr/n1. PacTBOpBI OMEIANMNCh B KBaplieBble KIOBETHI C JI/ITHO ONITUYECKOTr0
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myt 1 cM, n ux Y @D-creKTphl 3alMChIBalNCh B MHTEpBase AanH BoaH oT 200 1o 350 HM ¢ marom
0,2 HM OTHOCUTENIBHO SUCTUIZIMPOBAHHOM BOJBI.

O6mas npouenypa onpepmenennsa. VIcrbiTyeMbplil pacTBOp IOMeEIA/ICS B KBaplieBYIO
KIOBETY C JI/IMHONM ONTUYECKOTO IMyTH 1 cM, 1 ero Y P-cneKTp 3anmchiBajicA B MHTEPBasIe JIH
BOJH OoT 200 mo 350 HM ¢ marom 0,2 HM OTHOCUTENBHO AVCTU/IIMPOBAHHO BOMIBI.

Oo6paboTka pe3ynbTaToB 3KCIepUMEHTA. Yucnennoe VHTETrpUpPOBaAHNE
IPajyMpOBOYHBIX CIIEKTPOB I CIIEKTPOB MUCIIBITYEMbIX PACTBOPOB IIPOM3BONIOCH B MHTEpBajIe
IH BomH oT 210 mo 290 uM mnsa knomuporpena (cMm. puc. 1) m or 220 go 320 HM mis
MeTamMm3071a HaTpus (cM. puc. 2). VIHTerpupoBaHme Mpou3BOANIOCH IPY TOMOIIN POPMY/IBI
CumricoHa. 3aTeM CTPOWINCH I'PafyMpOBOYHbIE 3aBMCUMOCTY IUIOLIAfiell MOJ, KPUBBIMM OT
KOHIIeHTpaluy. 3aBUCUMMOCTD I KJIONUJOTpeNa IOKa3aHa Ha puc. 1, a A MeTramMmsosna
HaTpuA — Ha puc. 2. KoHjeHTpauysa KIonyujorpena uin MeTaMiu3osia HaTpyus B MICIIBITYyeMOM
pacTBOpE ONPEEANACh 110 IOCTPOEHHON IPAyPOBOYHON 3aBUCUMOCTH.
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HaTpus
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PesynbraTnl

AHanmuTHMYecKue MOKa3aTelmM. AHalIUTHYeCKMe IIOKa3aTelny MeTOfla OIpefielieHbl B
COOTBETCTBIUU C YKazaHusAMY ['ocypapcTBenHol papmakonen Poccuiickoit @epeparyn. Merop
IIPOBEpeH Ha JIMHENHOCTh, U30MPaTe/IbHOCTh, IPAaBUIBHOCTb U MOBTOPSEMOCTD B IIpefenax
OTHOTO U HECKO/IbKUX JTHEI.

JInneitnoctb. CornacHo puc. 1 u 2, mwromany noj KpuBbiMu Y PD-CrieKTpOB BOJHBIX
PacTBOPOB KJIONMOTPeIa M METaMI30J1a HaTPUA MPSAMO IPOIOPLMOHAIbHBI KOHLIEHTPALAM
COOTBETCTBYIOIIVX BEILeCTB B MHTepBaje KOHUeHTpanuit ot 1 go 100 mr/n. IIpu Menpmmx
3HAUEHNUAX KOHIIEHTpalMil  3HaueHUs abcopbupyeMocCTell  pacTBOPOB  CTaHOBATCS
CPaBHUMBIMY C BEIMYMHOJN alIIAPATHON MOTPEIIHOCTY CIeKTpodoToMeTpa, a mpu GOBIINX
3HAYEHMAX KOHILIEHTpalUMUil OHM HAYMHAIOT IIpeBbIIaTh 2,5-3 eAMHMIBI, YTO TaKXe
CYLIECTBEHHO  YBEMYMBAeT  IIOTPEUIHOCTb  CIEKTPO(POTOMETPUYECKUX  VI3MepeHMUIL.
[TapameTps! perpecCMOHHOT 3aBUCUMOCTY IPUBEieHbI B Tabmnie 3.

Ta6muma 3. IlapameTpbl perpecCMOHHBIX 3aBUCMMOCTEN IUIOLIafeil MOJ KPWUBBIMM OT KOHIEHTpALVii
(bapManeBTHIECKUX CYOCTAHIINIL

ITapamerp 3HavyeHNe
Ompepensemoe BelecTBO Knonuporpen MeTtamuson
HaTpus
Hakon npsiMoit u ero gosepurenbHbiit uHTepBa (f = 10, p = 95%) (11/Mr) 5,00 + 0,04 8,32 £ 0,04
ITepeceuenne u ero goBeputenbHbIL MHTEpBA (f = 10, p = 95%) 1,7+0,1 261
3nauenne R* 0,9992 0,9998
VuTepBan nuHeitHOCTH (MT/1T) 1-100 1-100
ITpenen obHapy>xerns (Mr/im) 0,62 0,67
ITpepen KonMM4eCTBEHHOTO onpesenenus (Mr/m) 1,89 2,21

Memaromiee BIMAHNE YacTO MWCIONb3yeMbIX BCIOMOIaTeIbHBIX KOMIIOHEHTOB.
Cormacao Tl'ocymapcTBeHHOMY peecTpy 7NeKapCTBEHHbIX cpefcTB Poccmiickoir @epmepaumm,
OOBIYHBIMY BCIIOMOTATETbHBIMY KOMIIOHEHTaMM B TabJIeTKaX, COfep)KallMX KIOIUOTpeT,
ABJIAIOTCA TAKTO3d, MUKPOKPUCTA/ZINYECKas LE/II0/I03a, TalbK, KPOCIIOBUIOH M HaTpueBas
COJIb I/IMKOJIATA KPAXMaJIa, a B TabIeTKaX, Coflep KaIlMX MeTaMI30/1 HaTPHA — CaXapo3a, TAbK,
KpaxMan M cTeapaT MarHuA. JI3ydeHO BO3MOXXHOE MeNIAIOIEee BAMAHME CO CTOPOHBI 3TUX
BEIIECTB. BONBIIMHCTBO BCIOMOTAaTEIbHBIX KOMIIOHEHTOB, KpOME JIaKTO3bl M Caxapos3bl,
HepacTBOPUMBI B BOie IpM KOMHATHOI TeMIlepaType, HO3TOMY IOc/Ie (puabTpany pacTBopa
He OKa3bIBaIOT BIMAHMA Ha Y D-crieKTphl. B cBOIO 04epesib pacTBOPHI IAKTO3BI M CaXapo3bl B
TeX KO/IMYeCTBaX, B KOTOPBIX OHU IPUCYTCTBYIOT B Tab/IeTKaX, He OKA3bIBAIOT MEIIAOIEero
BIIAHYA B VICIIO/Ib3YyEMOM MHTEpPBase JauH BomH 210-320 M.

ITpaBUIBHOCTD M MOBTOPAEMOCTB. [IpUrOTOB/IEHO [eciATh pabO4YMX PacTBOPOB U3
(dapmMareBTIYeCcKO CyOCTaHINY KIOMNAOTpeNa ¢ KoHIeHTpanueit 30 Mr/J1, lecATb pacCTBOPOB
u3 Tab/eTOK KIOMUAOTpena ¢ KOHIIeHTpanyenn 75 MI//, JecATb pabodmMx pacTBOPOB 13
(dapMareBTIYeCKOl CyOCTAaHIIY MeTaMM30J1a HaTpusA C KOHIeHTpauueinn 30 Mr/nm m JecsATb
pacTBOpPOB U3 Ta0JIeTOK MeTaMM30j1a HAaTpus ¢ KoHUeHTpanueir 50 mr/n. Konnenrpaunnm
KOMIIOHEHTOB pacTBOPOB BBIYMCEHBI B COOTBETCTBUMM C OIIMCAHHON IIPOLIEAYPOIL,
OIpefie/ieHbl OTHOCUTE/IbHbIE ITOTPEIIHOCTY UM OTHOCUTENbHbIE CTaHJAPTHBIE OTKIOHEHMA.
PesynbraTbl cobpaHsl B Ta6I. 4.
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Ta6mua 4. IIpaBUIbHOCTD U TOBTOPSIEMOCTb METO/A

OtHocurenpHOe | OTHOCHTENBbHOE
CTaHJapTHOE CTaHJApTHOE
OtHOcuTenbHAA
. OTKJIOHEHWE B OTKJIOHEHME B
Vccnepyemplit pacTBoOp HOTPENTHOCTD,
o Ipefiennax Ipesiennax
0
OIHOTO OHA, HECKOJIbKUX JTHE,

% %
Pabounit pacTBop knonugorpena, 30 mr/n 3,8 4,1 54
PactBop xnonuporpena us TabneTox, 75 mr/n 4,9 4,6 5,8
Pa6ounit pactBop MeTaMusona Hatpus, 30 Mr/n 4,2 5,0 5,7
PactBop MeTaMusona HaTpus u3 TabneTox, 50 Mr/n 5,3 5,9 6,2

IIpaBMIBHOCTD M MOBTOPAEMOCTDh AJIA MOJAENBbHBIX CMBIBHBIX BOA. IIpurorosieno
leCATb MOJIe/IbHBIX CMBIBOB 13 pabO4MX pacTBOPOB 13 (apMaleBTUUECKON CyOCTaHLMU
KJIONMjorpena ¢ KoHueHTpauueinn 30 Mr/a, gecATb MOMEIbHBIX CMBIBOB U3 PacTBOPOB U3
TabJIeTOK KJIOMMJOTpesIa ¢ KOHIJeHTpauyeit 75 MI/J1, 1ecATb MOJIe/IbHBIX CMBIBOB U3 pabounx
pacTBOpOB 13 hapMaleBTIYeCKO CyOCTaHIIMM MeTaMy30/1a HaTpYs C KOHI[eHTpanyeit 30 Mr/n
U JIeCATb MOJIE/NIbHBIX CMBIBOB M3 pAacTBOPOB M3 TabJeTOK MeTaMusona HaTpus C
KoHIeHTpanueir 50 wmr/n. KoHLEHTpanuy KOMIIOHEHTOB PAacTBOPOB BBbIUYMCIEHBI B
COOTBETCTBUM C OIIMCAHHOI IIPOLEAYPOI, OIpeJeTeHbl OTHOCUTEIbHbIE IIOTPEIIHOCTU U

OTHOCKTe/IbHbIE CTAaHIapPTHBIE OTKIOHEHN:. Pe3ybTaThl COOpaHbI B Ta0I. 5.

Taﬁimua 5. HpaBI/ITIbHOCTb V1 IOBTOPAEMOCTD ITpU aHAIN3€ MOJE/TbHBIX CMbIBHbBIX BOJI.

Otrocurenpraa | OTHOCHTENbHOE
HMccnemyeMbiit pacTBop MIOTPENTHOCTD, CTaH[JapTHOE
% OTKJIOHEHME, %
MopenpHBII CMBIB 13 pabodero pacTBopa Kionugorpena, 30 mr/an 8,7 9,3
MopenbHBII CMBIB U3 PacTBOpa KIONMUAOTpesIa U3 TabIeToK, 75 Mr/ 10,1 10,6
MogenbHBIIT CMBIB 13 pab0dero pacTBopa MeTaMusosa HaTpust, 30 Mr/i 7,8 10,1
MopenbHbIiT CMBIB 13 PaCTBOpPA METaMM30/1a HATpust U3 Tab1eTok, 50 Mr/ 9,2 10,8
O6cyxpenne
OKCIIepUMEHTHI II0Ka3bIBaIOT, 4To pefa0>KeHHbIE VHTETrparbHbIE

CIIeKTpOo(OTOMETPUYECKIIE METOABl IPUIOAHBI MJI  OINpeeleHus KIOMUAOTpena U
MeTaMI30jI1a HATPy:A B CMBIBHBIX BOJaX C IPOMBIIIJIEHHOTO 000pygoBaHuA. MeToasl ObICTpbIe
U IPOCTble, He TPeOYIT NIMTeIbHON IPOOOIOATOTOBKM VIV CJIOKHOTO OOOpPYHZOBAaHMA.
[IInpoko ucHonb3yeMble BCIIOMOIaTe/IbHbIE BEIlECTBA HE OKa3bIBAlOT MELIAIOIIETO
Bo3JeiicTBUA. OTHOCUTEIbHbIE IOTPEIIHOCTY U OTHOCUTE/IbHbIE CTaHApTHblE OTKIOHEHUS
npyu a”amm3e ¢apMaleBTUYeCKUX IIperiapaToB He IIPeBBINAIOT 6%, a Ipu  aHamuse
MOJIe/IbHBIX CMBIBHBIX BOZ — 10%. ['pagynpoBouHble rpadmky 3aBUCHMOCTE IJIOIAeNl MO
KPUBBIMI OT KOHLIEHTPALMI COXPAHAIOT IMHEHOCTb B IIVPOKOM MHTEPBajle KOHLIEHTPaLNUI
or 1 o 100 Mr/n. Meropbl peKOMEHAYIOTCA /ISl IIOBCEJHEBHOTO aHa/IM3a KIONMUAOIpena U

MeTaMM30J1a HaTpYs B CMBIBHBIX BOJJaX IIPYU IIPOMBIBKE IIPOMBIIIIEHHOTO 000PY/IOBaHNA.
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BriBonb1

[TpemmoxeHbI ~ NPOCTBIE  MHTETPaJbHBIE  CHEKTPOPOTOMETPUYECKME  METOHBI
ompezenenus KIONUAOIPena M MeTaMM30/1a HaTpusA B CMBIBHBIX BOJAX C IIPOMBIIIEHHOTO
obopymoBanysa. Meronpl 007amaT IpueMIEMBIMM [UISL  aHa/M3a CMBIBHBIX  BOJ
aHAIMTUYECKUMI TOKa3aTelsAMMU, He TPeOYIT [JIMTENbHO IPOOONOATOTOBKU M CIO>KHOTO
abopaTOpHOro 000PYAOBaHIA, IOAXOMAT /IS HOBCEHEBHOTO aHA/IN3A.
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Kntouesvie cnosa:

N-MONYUOUH, MATIEUHOBDLTL
aneudpuo, (2z)-4-(memunanununo)-
4-oxcob6ym-2-eno8as Kucnoma,

VK- u IMP'H-cnexmpockonus,
nomeHyuoMempuecKoe
mumpoearue, Memponozuieckue
Xapakmepucmuxu

Annomayus. KamennoyeonvHoui nex - 0cmamox — pa3zoHKu
KAMEHHOY207IbHOU CMOJIbI, KOMOPDLL UMeem uupokoe npumexeHue 6
Kauecmee c6A3y0U4e20 8 NPOU3600cMEe INEKMPO008 U AHOOHOT MACCYL.
Hayunuiii u npuxnadnoti unmepec npedcmasnsgen nonydeHue neKosbix
KapOOHU3AMO8 U PA3pabomka MemoOux O7ist NOBbIUEHUS 3HAYEHUS €20
évixoda. B Oannoti  pabome nposedenvl IKCHEPUMEHMBL MO
mepmoobpabomke 6 OKUCIUMENbHOU cpede CpedHermemnepamypHozo
anexmpooroeo nexa xamezopuu bcT, = 71,5 °C (AO «Anmaii-Koxc»).
IIpoyecc mepmoobpabomiu neka nPoucxoOun 6 peakmope 06vemom 5,6 1,
Komopbi Hazpesancs c HOMOUsbI0 6CMPOEHHOL
anexkmponazpesamenvroti cucmembvl. [ns ycunenus pocma T, 60 8pems
mepmoobpabomxu npoodyKmol U3 2a306801i Pazvl OMKAUUBANUCL HACOCOM
u3 peaxkmopa 8 cOopHux, 20e koHOeHcuposanucv. Tepmoobpabomxa
npoucxoouna npu T > 400 °C ¢ mepmookucnenuem nekd, max u
omxauxoil oucmunnamos. OKUcIumenvnas cpeda co30a6anaco nymem
nodauu 6030yxa Komnpeccopom K pacnnaenenHomy nexy. IIpouecc
noda4u  6030yxa NPOUCXOOUZL HPU  OOCHIUNEHUU HeMNepamypol
svl0epiKy, Komopas 3adasandacy mepmopezynamopom. Onpedernen
8bix00  npodykmose  mepmookucnenus.  Takwe — onpedeneHol
memnepamypot pasmseaenus Ty u 8b1x00b1 nemyuux X 05 NOLyHeHHbIX
npooyxmos. Ionyuenvt nexu ¢ T, = 140 °C u 158 °C. Taxxue dannas
mepmoo6pabomKa cyuecmeenHo CHUNANA 8bIX00 JIEMYHUX BeULeCtns 6
KoHeuHblx npodykmax. Tepmoobpabomantuvie nexu KapOOHUIUPOBATUCH
npu T =650 °C u T = 850 °C, onpedenervt 8vix00vt kapborusama. Take
KapOOHU3AUUA NPOXOOUNA NPU OONOTHUMENLHBIX BbIOEPHKAX NPU
450 °C u 650 °C. Ycmanoeneno, 4mo mepmoobpabomxa yeenu4usana
8v1x00 Kapboruzama Ha 10%. Buioepicku npu 450 °C u 650 °C maxkoie
KONU1eCMBeHHO YBenUUBANY 8biX00 KapOoHU3aAMa.

T nuTupoBaHMA:
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BBenenne

Kamennoyrompubii nek (KII) - ocraTok pasTOHKM KaMeHHOYTO/IBHOJ CMOJIBI Ha
¢dpaxmym: nerkas ¢pakumsa (T < 170 °C); ¢enompHas ¢pakmusa (T = 170-210 °C);
HadTamuoBass ¢pakuus (T = 210-230 °C); nornorurensHas ¢ppakuusa (T = 230-270 °C);
a"TpaneHoBass ¢pakuma (270-360 °C); xamennoyronbubl mek (T < 360 °C). Ilex -
MHOTOKOMIIOHEHTHas1 CTPYKTypa, COCTOsIass M3 CAeAyommx ¢pakumit: y-ppaxumus,
pacTBOpuMasi B reKCaHe, M300KTaHe; [B-(pakiuus, HepacTBOPUMas B IeKCaHe, HO pacTBOpUMast
B TOJyoOJe; a-(paKiysa, HepacTBOPUMas B TOIyOJIe, NEMUTCS Ha PAacTBOPUMYIO B XMHOJIHE
az-PpaKIMIo U HEPACTBOPUMYIO B XMHOJMNHE ai-ppakiuio [1].

OcHoOBHBIE TPOAYKTHI KapOOHM3aumm I1ekoB: Me3odasubii mek (400-450 °C) [2-6];
HeKOBBIN MoyKokc (450-800 °C) [3, 7] n nexosbIit kokc (> 800 °C) [4, 6].

Mesodasubie neku (MII) uMmeroT mMpoKoe NpUMEHEHNUe B IONTYy4eHUM UTOIbYaTOro
KOKca [4, 6] u yrneponnbix BomokoH [8-10]. Taxxxe MII MOTyT IpuMeHATHCS B ITOTYIEHNN:

® KOHCTPYKIMOHHBIX MaTepuanos [11];
e TmeHoyrnIepoaa [12-13];
® 3/IeKTPOJia B MUTUIMOHHOM aKKyMy/ATOpe [14].

3 Oonee paHHMX pPabOT M3BECTHO, YTO IONHOLeHHbII MII momy4aoT myTeM
HusKoTemIepaTypHoit kapbonmsanuyu (HTK) xax kaMeHHOyronpHbIX mekoB [1-5], Tak u
CUHTeTN4ecKX 11eKoB [10, 15], HeTAHbBIX eKoB [6, 11, 16] 1 HeTeKaMeHHOYTO/NBHBIX ITeKOB [17].

B 6onpumucTBe 3apybexxHbix pabor HTK npoBogumace myrem Harpesa (2, 5, 10] mn
TePMOCTAaTHPOBAHMSA II€Ka, MO0 APYroro yIrieBOZOPORZHOTO ChIpbs [3-6, 15-17] B uHTepBane
temmepatyp 400-450 °C. YcraHOB/IEHO, 4TO Hpolecchl (GopMmpoBaHusa Me30(asbl B IeKax
3aKaH4MBaIOTCA Ipy TeMnepatype 540 °C [18].

B pabote [19] aHM30TponHbIe MOTYKOKCH HOMy4anu HarpeBoM o 500 °C B armocdepe
aproHa ” BbIepXXKe IpU [aHHOI TeMmIepaTrype B TedeHme 1 daca. B pabore [20]
KaMEeHHOYTOJIbHBIII ~ IIeK  MOAU(UUMPOBAIM  IONMITUIEHITIMKONIEM ¢  JobaBeHueM
KaTa/lM3aTopa B BUJe I-TOTYOJCYNIb(OKUCTOTHI, Tpu TepMoobpaboTke (T = 800 °C) maHHOI
MoOAMQUKALVY IONTy4aay IIeKOBbII IIONYKOKC. B pabore [21] HOMYKOKCHI IOMTy4annuch
TepMooOpaboTKoit pu TeMiepatype 1o 470 °C B TedeHMe 4 4acoB.

B pabore [22] nokasaHo, 4TO B pesynbraTe KapOOHM3alMy HeKa U MeKa ¢ JobaBKaMu
neHorpaduTa npu 800-900 °C morydaroTcss MaTepuasbl, peHTTeHOCTPYKTYPHBIE XapaKTePUCTUKI
KOTOPBIX OnMM3KM K IpaduTOBBIM XapakTepuctukaMm. B pabore [23] mpu kapboHusanum
aneKTpopHoro neka kareropum T = 900 °C ompeneneH BbIXOA kapOoHM3aTa — 64%. Boixop
Kap6oHM3ara — 60-64% 6bU1 Ipu TepMoobpaboTke eka npu T = 900 °C. C Bbigep>xkaMu 1o 1 4
npu 320, 400, 450, 500 1 600 °C BbIXOZ KapOOHM3aTa COCTAB/IA BeMMYMHY 60-64% 1 BBIXOJ,
Kap6oHm3ata 50-53% mpym TOIT >Ke KOHEYHOII TeMIIepaType, HO ¢ BbIAep>KKaMyu Ho 1 4 mpu
320 °Cu 3 4 mpm 600 °C [24].

ITpu xkapboHM3aIUy [IEKOB IIyTeM HarpeBa Ipyu Temieparypax saiire 300 °C mponcxoauT
pocT ou-¢paknuy B IeKe COrmacHo [25-26], mpu temmeparypax 400-500 °C mpoumcxopAr
Me3o¢asHble IpeBpalleHNs COTIacHo paboTam [2-3, 10], B JTaHHOM TeMIlepaTypHOM MHTEpBae
MOYKeT IPONCXOAUTDb YCWIEHHBII POCT a;-PpaKLmMM COIIACHO pesynbrataM paborter [10],
npu Temmeparypax Bbiuie 500 °C IpOMCXORAT IIPOLECCH ITOMTYKOKCOBAHMA M KOKCOBAHVS
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1eKOB [3, 4, 19]. VI3 BbIIeCKa3aHHOTO MO>XXHO IIPEAII0NIOKUTb, YTO a;-(PpaKiysi MOXKET UTPATh
0O0/IBIIYIO POJIb PV KapOOHM3ALUY [IEKOB ¥ KOTIMYECTBEHHO YBE/IMYMBATD €TI0 BBIXO/.

CormacHo paboram [27, 28] mpu kapb6oHuM3anuu MpeoOIATAIOT  peaKIUn
JlerMAPOTeHN3aLMIOHHON IO/IVIMepU3aLNy C IOCIeAyIoLIell JernipounKm3anyeit. B pesynbrare
3TUX peaKLMil IPOUCXOAUT CIIMBaHIe, KOTOPOe B KOHEYHOM MTOTe IIPUBOAUT K 0OPa30oBaHNIO
KOKCa. JTO COBIaflaeT C JAHHBIMY, IIOJYYeHHBIMU B pabore [29], rhe ycTaHOB/IEHO, YTO
IIEKOBBIl KOKC VIV KapOOHM3AT ABJISIETCS KOHEYHBIM IPOJAYKTOM peaKlMil MOIMMepU3aIi,
npoxopAmux npu T > 500 °C.

Oco0blil MHTEpeC INpeAcTaBysieT YCTAaHOB/IEHME BJVMSAHMA TePMOOOpPabOTKYM IeKa B
TemiepaTypHoM uHTepBate (T = 400-500 °C) HM3KOTeMIIepaTypHOI KapOOHM3AIV Ha BBIXO]
kapbonnsara (T = 850 °C). B manHOI1 paboTe IPOBOAVIIN 3KCIEPUMEHT IO YCTaHOBJICHNIO
B/IMAHUA TEPMOOOPAOOTKY CpefHeTeMIIepaTypHOTO KaMeHHOYTOIbHOTO TIeKa Kateropuu b Ha
BBIXOJ] KapOOHM3aTa. BellleckasaHHOe U OIIpefie/iAeT HOBU3HY JaHHON pabOTHI.

Ilenv  pabompi:  YCTAaHOBUTb  BIMsHME  TIPEABAPUTEIBHON  TepMOOOPAOOTKM
CpefiHeTeMIIepaTypHOTO 7IEKTPO/IHOTO TeKa B OKUCINUTeNbHOI cpefie mpu T > 400 °C Ha BbIXO[,
MeKOBOTO KapOoHM3ara.

OcHOBHasA 4acTh

B xadecTBe MICXOZHOTO CBIPbA MICIIOIb30Ba/IN CPESHETEMIIEPATYPHbIV 37IEKTPOSHBIN ITEK
kateropun b (AO «Arnrait-Kokc»). BbIOpaHHBIN IeK MMes CIefyIolie XapaKTepUCTUKIL:
TeMIiepaTypa pasmardenus T, = 71,5 °C, BbIxof neTyuux BemtecTs X = 61,1%, 301bHOCTD = 0,2%,
cofiep>KaHMe HEpAaCTBOPMMBIX B TONIyOJIe BelecTB a = 25,8%, copepkaHnue HepacCTBOPUMBIX B
XMHOJIMHE BelllecTB o= 4,5%.

Ha puc. 1 mpezicTaB/ieHa cxema TepMo0OpabOTKY MeKa B OKUCTIUTEIbHOI cpefie.

Puc. 1. Cxema yCTaHOBKY TepMOOOPabOTKY IIEKOB B OKUCTUTEbHON Cpefie:

1 - Kommpeccop; 2 — poTaMeTp; 3 — 37IEKTPOHArpeB; 4 — PeakTop; 5 — KpbIIIKAa peakTopa; 6 — TepMomnapa i
U3MepEeHNs TeMIIepaTypbl B peakTope; 7 — BTOPUYHBI Ipubop; 8 — TepMoperymarop; 9 — TepMomapa st
M3MepeHsl TeMIlepaTypbl Harpesa; 10 — konba Bynsena; 11 - Hacoc; 12 — y3en mofauu BO3[yXa COCTOSILINIL 13
6 TpyOOK AvaMeTpoM 3 MM; 13 — CIMBHOI BEHTMID; 14 — IPOTUBEHB; 15 — IIeK.
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HaBecka meka Mmaccoit 100 r. 3arpyxanacb B peakTop (4) U3 Hep>KaBelolleil CTaIn
00beMOM 5,6 JI, KOTOPBIVI 3aKPBIBAJICS META/UIMYEeCKO Kpblmkoit (5). Kpsimka peakropa
Kpenmiach INIOTHO K KOPITycy BMHTaMM. Harpes 1eka B peaKTOpe OCYILeCTBIA/ICA C IOMOILbIO
3/IeKTPOHArpeBaTe/IbHON CUCTeMBI (3), TeMIIepaTypa B peakTope MOBBINIATACh IO 33/JaHHOTO
3HauyeHNusA Ha TepMmoperynAaTope (8). VamepeHue TemmepaTypsl B peakTope IPOUCXOANIO C
IIOMOIIBIO TepMOIIapsl (6), MOKa3aHMs KOTOPOJT 0TOOpakamch Ha BTOpUYHOM 1nipubope (7).
JIna mepememmBaHMA I€Ka [0 OJHOPOJHOV MacChl IIOJABANCA KOMIIPECCOPOM BO3JYX,
KOTOPBIN ITOCTYIT Yepe3 y3esl mojaun rasa (12), cocrosiero us mecty TpyooK AMaMeTpoM
3 MM, BIIyOb 0ObeMa pacIUIaB/IeHHOTo Ileka. KoMIipeccop M Hacoc BK/IIOYAINCh B IpoIiecce
TEPMOCTAaTMPOBAHMA IIPY 33aJaHHON TemnepaType. OTKauKa HACOCOM JIETKMX KOMIIOHEHTOB
neka TpeboBaIach s ycuneHus pocra Tp. MakcuManbHast CKOPOCTb pacxojia Boszyxa (30 1/4)
3aaBanach poramerpoM (2). I[Tox meiicTBreM Bo3ayxa MPOAYKTHI 13 ra30BOM (a3bl BBIXOAVIIN
U3 peakTopa 4yepe3 TPyOy B KpBILIKe peakTopa J ¢ IOMOIIbI0 Hacoca (11) mepeMeIamich B
IpMeMHUK B Buje Konobl bynsena (10). IToce mpoBeneHNs 9KCIIepUMEHTa ITeK Yepe3 CIIMBHOI
BeHTWIb (13) cnuBascs B IPOTUBEHb U3 HepykaBetolelt cramu (14).

OneKTpoHarpeBaTenbHasA cucrema (3), Tepmoperymmpyomuil (Tepmomapa 9 u
TEPMOPETY/IATOP 8) ¥ TepMOU3MEPUTEIbHBIN 00K (TepMomnapa 6 ¥ BTOPUYHBIN pubdop 7)
YCTaHOBKM [TO3BOJIAIOT IIPOBOANTD TePMOOOPAaOOTKY IeKa ITyTeM HarpeBa ¥ TepMOCTATVPOBAHNA
B MHTepBane TemMneparyp 400-500 °C.

[Togaya Bo3fgyXa MMEHHO IIPY 33JaHHOM TeMIIEpPaTypHOM pexXuMme TpebyeTcs s
VICK/IIOUEHNS peaKUnii, MpOXOoAAIlNX B MHTepBane Temmneparyp 260-400 °C, npuBopsammux K
PEe3KOMY YBETMYEHMIO o, 1 o1 B TIeKe [30-31], 1 a1 ncnonbp3oBaHMs BO3AyXa C L[e/IbI0 CO3aHNA
6o/mee 9KOHOMMYHOV OKMCIUTENBHON Cpefbl HM3KOTEMIIEPATypHOIl KapOOHM3AIVIIL.
BribpaHHas onTuManbHas CKOPOCTb pacxofa Boszmyxa (30 y1/4) TpeboBanach Jyist obecrieyeHns
3GPEeKTMBHOIO IIepeMeIIMBaHNA PpacCIUIaBIeHHOIO IIeKa [0 IONy4eHNs OfHOPOJHOTO
IPOAYKTa, HO C YMEHbIIEHMEM BO3MOXXHOCTYM YBEIMYEHMA 4YMCAA TePMOOKMCIUTETbHBIX
peakumit B rmeke. To ecTb IeK TePMOCTaTUPOBAICA C 0OpabOTKOI BO3AYXOM, IO JIeICTBIEM
KOTOpPOTO TIPOMCXOAWIO YCHUIeHMe OTTOHA AUCTIWIIATOB M3 PEeaKTopa C OTKAuKoil MX C
IIOMOIIbI0 HACcOCa B IpHMEMHUK. [l TepMOOOpabOTaHHBIX IIEKOB M3MEPSIN TeMIEpPaTypy
pasmsardenus T, metonom «Konbuo u crepskeHb» cornacHo FOCT 9950-2020, BBIXOA TeTY4INX
BemecTB X usMmepsuica cornacHo FOCT 9951-2023. 3onpHocTb u3Mepsu o 'OCT 7846-73.

Tepmoo6paboTaHHbIe ek (IPOAYKTHI TEPMOOOPAOOTKY) KapOOHM3MPOBAIY B TUTTISX C
IPUTEPTON KpBILKOJ B MydenbHoit meun. Kapb6oHmsaums Ipomcxopmna B CIEAYOIUX
pexxuMax: pexum 1: HarpeB o TemrnepaTypbl T = 850 °C u BbiepKKa B TedyeHMe 1 yaca;
pescum 2: HarpeB 1o 650 °C u BbIiepKKa B TedeHme 1 daca; pexcum 3: Harpes mo 450 °C u
BbIfIEpKKa B TedeHMe 1 9aca ¢ manpHenmyM HarpeBoM o 850 °C u BTOPMYHON BBIJEPIKKON
TaK)Xe B TedeHue 1 uaca; pemum 4: HarpeB o 450 °C m BBIIEp>XKOJ B TeueHue 1 yaca,
C JanbHeNmyuM HarpeBoM 1o 650 °C 1 BbIIEpKKOJI TaK)Ke B TeuyeHue 1 4yaca, 1 HarpeBOM JI0
850 °C u BbIfIepXKoT1 B TedeHue 1 gaca. Onpepensics Boixof kapbonnsara K kak mporieHTHO
OTHOILIEHME MacChl IIOJIyYEHHOro KapOoHM3aTa K Macce Ileka. OTKa4aHHBIE >KUMKME
AUCTWUIATDL NPEACTAB/AIM BA3KYI0 >XUAKOCTb TEMHO-KOPUYHEBOTO I[BeTa M IIONTHOCTbHIO

pacTBOpAICH B Xiiopodopme.
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B Tabn. 1 npencraBieHs! yciaoBus TepMooOpabOTKH reka kateropuu b.

Ta6muua 1. YcnoBus TepMoo6paboTKM KAMEHHOYTOIBHOTO T1eKa b

HaumenoBanue BTO-1 BTO-2
Temnepartypa mpomecca, °C 410 445
I uTenbHOCTb, MUH 60 60
CKOpOCTb pacxofa BO3fyxa, /4 30 30

Ina npopykroB (BTO-1 m BTO-2) TtepMoobpaboTKy cpefHeTeMIIepaTypHOTo
3/1IeKTPOJHOrO NeKa kareropun b nmomyunny sHavenus T, n X.
B Tab5n. 2 nmpencraBieHbl TeMIepaTypa pasMArdeHns 1, BBIXOJ, IETY4NX BelecTB X I

VICXOJTHOTO TIeKa U TIEKOB MTOCTIe TEPMOOOPAOOTKIA.

Tabmuma 2. 3HaueHwe T, ¥ M3MeHeHNUA BBIXOfla JIETY4YMX BellecTB X /I JMCXOJHOTO IeKa M IPORYKTOB

TepMO0OpPabOTKM
Ne HasBanue T, °C X, % Beixop meka, %
nex b 71,5 61,1 |  ———
BTO-1 158 36,2 62
3 BTO-2 140 44,1 67

V3 Tab1. 2 BUgHO, uto 3HayeHne X mud BTO-2 Brie, yem gt BTO-1. 910 MOXKeT ObITh
CBSI3aHO C T€M, YTO OTKAuKa ra3000pasHbIX IPOAYKTOB M AUCTUUIATOB Ipy nonydenun I1K-2
IIPOM3BOAMIACH IIpU OoJiee IpU BBICOKOIT TeMrepaTtype 445 °C, yem npu nomydennn I1K-1.
[To-Bupmmomy, npu T > 410 °C 4YacTb AMCTWIIATOB yIUIA B II€K, O Y€M CBUJETEIbCTBYET
3HavyeHMe Bbixoga reka bTO-2 (67%), koropoe Bbllle, 4eM A1 Bbixoga meka bTO-1 (62%).
30/IbHOCTD I1eKa COCTaBIIAIA BeM4IMHY 2%, 9TO OBIIO MIGHTUYHA 30/IbHOCTY MICXOHOTO IIeKa.

[l MCXOHOTO 97IEKTPOJHOTO IleKa KaTeropuy b mpoBepeHa kapOoHM3aums IyTeM
HarpeBa U TepMOCTAaTHMpOBaHNA B TedeHre 1 gaca mpu 850 °C, Bbxop kapbonmnsara K = 51%.
[Tpu HM3KOTeMIIepaTypHOII KapOOHM3a VM ITyTeM Harpesa 10 650 °C 1 BbIiep>KKe IIPY JAHHOM
TeMIlepaType B TedeHre 1 yaca BbIXof kapboHmsata K = 53,3%. B tab1. 3 mpencraBieHbI
pe3ynbTathl BbIxomoB Kapbonnsara it BTO-1u BTO-2 i pasHbIX peXXMMOB KapOOHM3AIVII.

3 1abn. 3 BugHO, uTo 3HadYeHusA K misg BTO-1 HemHoro Boie, yem mig BTO-2 gia Bcex
pexnMoB kapbonusanym. Hanpumep, nys pexuma 1 Bbixopn kapborusata K (BTO-1) = 62,4%,
4TO BbINIEe IO 3HauyeHMo, 4eM A BTO-2 (60,4%). Taxke MOXXHO NPUMITH K BBIBOAY,
4yT0 Tepmoobpaborka (mpu T > 400 °C) anekTpopHOTO IeKa Karteropuy b B OKMCINTETbHOI
cpene moBblmaeT 3HayeHMsA K mma mpopykra Kap6ormsauum npu T = 650 °C Ha 14-16%.
Taxxe TepMoo6paboTKa noBbIIaeT 3HaYeHye K i npopykra kapbonusauym npu T = 850 °C
Ha 9-10%. Taxxe m3 maHHBIX 1o 3HaueHMAM K i pexxuMoB kapOoHmsanum 3 u 4 BUHO,
YTO [ONIO/IHUTENbHAA BbifepKka npu T = 450 °C m 650 °C, nosbimaer 3HaveHua K.
HlononmHuTenbHas BeifiepKKa 1pu 450 °C B Teyenue 1 yaca (pexcum 3) yBenmmuuBaeT 3HAYEHNA
K npu panpHeitreit kap6ouusanyy npu T = 850 °C ¢ 62,4% 1o 69,3% mas BTO-1 u ¢ 60,4% no
65,2% mnsa BTO-2. [IBykpaTHas gononHUTeNnbHaA BbiiepKka mpu 450 °C u 650 °C (pexwcum 4)
yBemuuBaer 3HaueHusa K mnsa BTO-1 (¢ 62,4% no 72,3%) u BTO-2 (c 60,4% mo 68,1%)
COOTBETCTBEHHO.
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Ta6muma 3. Berxopbl KapOOHM3aTOB IIPYU Pa3HBIX PeXKMMax KapOOHU3ALNIL.

Pexxum xapboHusanym K (BTO-1), % K (BTO-2), %
1 Pexcum 1 62,4 60,4
2 Pexcum 2 69 67
3 Pexcum 3 69,3 65,2
4 Pexcum 4 72,3 68,1

Poct Bpixoma kapboHmsara (Tabm. 3) MOXeT OBITh CBsI3aH C TeM, YTO TePMOOOpaboTKa
neka npu T > 400 °C mpuBOAUT K 3aMETHOMY VBeIMYEHMIO 3HAa4YeHUs oi-ppakiym
cormacuo [10]. Yro u yBemmuuBaer sHaueHne K. JlonomHNTeIbHOE TePMOCTAaTHPOBaHME TIPU
450 °C n 650 °C npuBOAMIO K 3aMeTHOMY IOBBIIIeHNI0 3HaueHus K. M0>XXHO NpeANonoXNTb,
YTO JOIOJHUTE/IbHBIE BBIEP>KKM YBEINYMBAIM BpeM:A NPOTEKAHMA XVMMWYECKNUX peaKIui
(momuMmepusanuy  cormacHo [27, 29]), 4TO MOITIO YBEIWYUTb KOJIMYECTBEHHO BBIXOJ
kap6onusara K. Taxxe pgomonHurenbHas Bbigep>kka mpu 450 °C Morna JONOTHUTETHHO
IIOBBICUTD 3HaYeHNE ;-B ITeKe CcoIIacHo [10], 4To cyljecTBeHHO yBenmu4mBano 3Hadenne K.

Ilns kap6oHm3aToB, monydeHHbix u3 BTO-1, onpenensim BbIXOM eTy4IMX BelectB VA&l
cormacio I'OCT P 55660-2013. [lna xapb6oHM3aTa, MOTyYEeHHOTO IyTeM KapOOHM3aLuu
COITIACHO pescumy 1, BBIXOJ JE€Ty4Mx BelgecTB V@ = 2,87%, mis xapboHu3ara, MOTyIeHHOTO
COTZIacHO pexcumy 4, BBIXOR neTydux BemiectB V% = 1,88%. s xapboumsara (pexcum 1)
JICXO[THOTO IIeKa KaTeropuy b, BBIXOZ /eTydmx BellecTB Vét = 4,01%. Mo>xHO NPpUNTHA K
3aK/II0OYEHNIO, YTO TepMO0oOpaboTKa B OKUCINUTENbHOI cpefie ipu 410 °C meka, IpUBOANUT K
YMEHBIIEHNIO BBIXOAA JIETYyYMX BeIIeCTB B IOTy4YeHHOM Kapbonmsare. CoueTaHue
TEPMOOKVCIUTENbHON TepMoobpaboTky mpu 410 °C 1 MHOTOKpPATHOJ BBIIEPXKKM BO BpeMs
KapOOHM3alMM CHIMDKAeT BBIXOZ JIETyYMX BeIeCTB /i1 KOHEYHOro Ipoaykra Ha 50%.
9To yIydlraeT Ka4yecTBO MOTy4aeMoro KapOoHm3ara.

BriBonb1

Tepmuueckass 06paboTKa CpefHeTeMIIepaTypHOTo 31eKTPOJHOrO IeKa Kareropuu b B
OKVICTIUTE/IbHO Cpefie 03BOJIAeT IOoMy4YaTh BbICOKOTEMIIepAaTypHBbIE TTEeKN.

[TpemBapuTenbHas TepMmudYeckas TepMOoOOpabOTKa B  OKVCINMTENBHON  cpefie
CpefjHeTeMIIepaTypHOTO 3/IeKTPOJHOTO IIeKa KaTeropuy b IOBbIIIaeT 3HadyeHMe BbIXOZA
KapOOHM3aTa [0 CPAaBHEHNIO CO 3HAYEHNEM JIJIS ICXOLHOTO ITeKa.

[IpegBapuTenbHass TepMmMyeckas TepMOoOpabOTKa B OKVC/IUTENIbHON  Cpefie
CpefHeTeMIIepaTypHOTO 37IEKTPOJHOrO MeKa KaTeropuy b cHbKaeT BBIXOJ /IETYy4MX BelljecTB
U1 KapOOHM3aTa 10 CPABHEHNIO CO 3HAYEHMEM /IS ICXOTHOTO IeKa.
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Annomayusa. B pabome

MUKpo6bUOno2UUecKoli

Npoananu3uposamsvl  pe3ynomamsl  IKCHepUMeHma
ymunusauuu gpenona 6
koHyenmpayusix 20, 50 u 70 me/n wimammamu epu6oe pooa Trichoderma. Buiseneno,

umo ace

MOHOHUMPOMONLYONA u

uccnedyemvle  UAMAMMbL  CHOCOOHbL  pACmu 6  NPUCYMCHBUU
MOHOHUMPOMONYOTIA 6 KAuectnee eOUHCIBEHHO020 UCHOYHUKA A30MH020 NUMAHUS U
ernona 6 kauecmee eOUHCMBEHHO20 UCOYHUKA Yenepooad U dHep2uL, HO 0671a0arm
PA3NUMHOLL  4YBCMBUMENIHOCbIO K  USMEHEHUI0 UX KOHUueHmpauuu cpeoe.

Ycmanoeneno, umo uccnedyemvie wmammol CNOCOOHbL nodsepeamv OectpyKuuu

MOHOHUMPOMONYON U eHon 8 Huokoli cpede. MaxcumanvHas dpdexmusHocmp
6uodecmpykyuu MOHOHUMPOMONYONA COCAsuna 66% c npumeHeHuem WMamma
Trichoderma koningii «TCJ/I-06», ¢enona - 95% c npumeHeHuem wMamma
Trichoderma harzianum «M99/5». Ha ocHosanuu pe3ynvmamos omooparvl
nepcnekmueHble Wmammol 07t 6U00eCPyKUUU MOHOHUMPOMONYONa U PeHona npu
10BEPXHOCHOM U e/lYOUHHOM Memodax KyIbMUeUPoBaHus, a makxie 6 UenIx
co30anusi buonpenapama Ha ocHose e2pub6os poda Trichoderma 6 ummepcuonHoi
6uomexHono2U4ecKoli cucmeme.

1A EUTUPOBAHNA:

Boupapy IL.H. Onenka O6MOReCTpYKLMM apOMATUYECKMX HUTPOCOEAMHEHNIT M (eHoNMa B IIPOMBILIIEHHBIX
cToKax Mukpommueramyu // OT xumum K TexHojormm mar 3a maroMm. 2024. T. 5, sem. 4. C. 43-50
URL: https://chemintech.ru/ru/nauka/issue/5563/view

BBengenue

ApomaTnyecKue COeIMHEHMA B HacTosllee BpeMA IPOJO/DKAIOT — 3aHMMAaTb
OIlpefie/IA0IIee MEeCTO B XMMMYECKOJ IpoMbIIIeHHOCTHM. O6beM IpOoM3BOACTBA ITUX
COEIVHEHMII COCTABJIAET 10 HECKOIbKIIX THICAY TOHH B TO [1].

ApomaTnyecKkue MOHOHUTPOCOEJVHEHNSA IIMPOKO WCIONb3YITCA B  PasIMYHBIX
OTPAC/IAX XMMMYECKOI IPOMBIIUIEHHOCT, HO IJIABHBIM 00pa3oM B IPOM3BOJCTBE aMIHOB.
Bbicokas peakIVOHHasg CIIOCOOHOCTb apOMAaTMYECKMX HUTPOCOSAVHEHMII ¥ aMIHOB

IIO3BOJIAET NPUMEHATDb MX HE TOJIBKO VI CUMHTE3a CUMHTETUYECKUX KpaCI/ITe}'IeﬁI, HO N B
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IPOM3BOACTBE IIOJIMYPETAHOB, YCKOPWUTeJell BYIKaHM3ALVM, AHTUOKCUNAHTOB  MJIS
PE3MHOTEXHNYECKUX U3MIENTNIT, XUMUYECKUX CPEJICTB 3allUThl PacTeHui, papMarieBTUIeCKux
npemapatoB 1 T.Ji. HekoTopble apomaTuyeckue HUTPOCOEAVMHEHMs VICHIONB3YIOTCA Kak
IyLIVCTBIE BeljecTsa [2].

OuNCTKY CTOYHBIX BOJ, COfiEP>KAIMX, B TOM YJC/Ie MOHOHUTPOTOJIYOJIBI, OCYIeCTBIIAIOT,
KaK IPaBWIO, ABYMsS METOJAaMI: XMMWYECKUM ¥ afiCOPOLMOHHBIM. XVMUYECKUIT METOf
BK/II0YaeT BOCCTAHOBJIEHJE HUTPOTPYIIIBI >KeJe3HBIMU CTPY>KKaMU B Cpefie 9/eKTPOIUTA U
HOC/IEAYIOIYI0 HeMTPaIM3aliIo KIC/IOThl U3BeCThI0. [l paspyluieHnst 0O6pasyoIuxcs Ipu
9TOM aMHUHOB HeoOXoAuMma OMOJOTMYeCKash OYMCTKA.  AJCOPOIMOHHBII  METOJ
aKTVBMPOBAaHHBIM  yI7IeM  IIO3BOJIA€T  OYNMCTUTH  CTOYHBIE  BOJBI,  COZIEp Kallye
MOHOHMTpOTONyon #o 500 mr/m, jo koHueHTpauuu ero 30 mr/n. B mporecce apcopbiym
BO3HUMKaeT HeOOXOVIMOCTb HEeMTpaIM3aluy KUCTOT U3BECThIO M JlecopOLmy oTpaboTaBIIero
yrnsa. Konnenrtpanusa MHT B cTroyHbIX BOfax, IpuUBOAsIas K ImOenu ppiObl B BOJOEMAX,
cocrasjsier 15-20 mr/n [1, 2]. B cBsi3u ¢ 9TMM Jerpajjaliyis HUITPOAPOMATUYECKNX COeIVTHEHMI
SBJIAETCS aKTYa/IbHOU IIPO6/IeMOii.

DeHONM M ero MPOM3BOJHBIE AKTVBHO VCIIONB3YIOTCS IPAKTUYECKM BO BCeX 00JacTsIX
IPOMBIIIIEHHOCTY: B IIPOM3BOACTBE JIAKOB ¥  KPacoOK, CUHTETMYECKUX  CMOJI,
I1acTU(UKATOPOB, IIOBEPXHOCTHO-aKTMBHBIX ¥ MAyOVWJIBHBIX BEILIECTB, S/JOXVMMKATOB,
CTaOMIM3aTOPOB M AHTUCENTUKOB. Beie[icTBMe MHTEHCUBHOTO MCHOTb30BaHUs (HEHOIOB
(dbeHONMbHbIE COeiMHEHM S TIOCTOSIHHO IPUCYTCTBYIOT B CTOYHBIX BOJJaX MHOTUX IPEATIPUATIN
XMMUYECKOTO Tpoduis, a TakKe KOKCO- U  HeDTeXUMWM, Le/UTI0IO3HON U
IiepeBooOpabdaThIBalOLIell IPOMBIIIIEHHOCTH [4, 5].

MmnpoBoe mpousBOACTBO (EHONbHBIX COEAVMHEHMII cocTaBisAeT okomo 50000 T/rof.
ITo xapakrepy peiicTBUs (EHON OTHOCUTCS K TOKCUYECKUM coefuHeHusAM. [IpemenbHO
pomycrumas koHnentpauns (IIJ1K) ¢penona B Boge cocrasnser 0,001 mr/m [6].

B HacTosAmMiT MOMeHT Hambojiee yCIeIlHas CTpaTerus 60pbObI C 3arpsASHEHUAMU —
JICTIOJIb30BaHVe CIOCOOHOCTM J>KMBBIX OPraHM3MOB OCYIIECTB/IATb AaCCUMWIALMIO U
pasnoskeHue KCeHOOMOTUKOB [7].

B xadecTBe IepPCHEKTMBHOIO CIIOCO0A YTUIN3ALVM TaKUX aPOMATHYECKUX COeRMHEHMI
KaK MOHOHUTPOTONYOl ¥ (EeHOT B CTOYHBIX BOJAX IPU3HAH MeETOJ OMOIOrMYecKoi
JeCTPYKLMM HpM  HOMOWIM  BBICOKOI(QEKTMBHBIX  IITAMMOB  MMUKPOOPraHM3MOB-
JleCTPYKTOPOB. IIpeuMmyiiecTBO MCIONb30BaHUA OMONTOTMYECKUX METONOB AeCTPYKIUU
COCTOUT B TOM, YTO MUKPOOPIaHM3MbI 00€3BPEKMBAIOT TOKCUYHbIE BEILeCTBA, He OKa3bIBas
OTPUIIATE/IBHOTO BIMSHMS Ha 9KOCKCTEMY Y He BBI3BIBAIOT ITOSIBJIEHVS HOBBIX 3arps3HAIOIMX
areHTOB B OKpY>Kalollleil cpesie.

BONMBIIMHCTBO  ONMCAaHHBIX B JIUTepaType  MUKPOOPraHM3MOB-IECTPYKTOPOB
apOMAaTMYeCKUX COeIMHEHNIT OTHOCSATCS K Pa3/IMYHbIM LITaMMaM GaKTepuii, OBHAKO HIMPOKOe
npruMeHeHne rpuboB popa Trichoderma B cocTaBe Kak aKTMBHOTO MJIa, TaK U OMOIIEHKH, a
TaKKe WX CIIOCOOHOCTh YTWIM3MPOBAaTh LIMPOKMIT HabOp YITIEPORHBIX CYOCTPATOB,
TEXHOJIOTIYHOCTb, CPAaBHUTE/IBHO BBICOKAas CKOPOCTb POCTAa M HMU3Kas TOKCUYHOCTH B
OTHOILIEHM! PACTEHUII U >KMBOTHBIX, IIPEJIIONAraloT BO3MOXKHOCTD VMICIIO/Ib30BAaHNs TaHHBIX
MUKPOOPTaHU3MOB JyIsI OMONECTPYKIMY apoMaThdecKux coepyHeHuit [8-12]. Bo muormx
paborax ObUIO MOKasaHo, 4To Ipubsl poxa Trichoderma moryr 6pITH BecbMa yCTOMYMBBI K
TOKCUYHBIM IPOMBIIUICHHBIM 3arpsi3HEHVSAM OKpY)KAlollleil Cpefibl, a TaKXXe CII0OCOOHBI
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COBMECTHO C [pyIMMM IITaMMaMMK-[eCTPYKTOpaMM B BHUJie KOHCOPIIMYMa IIOBBINIATDH
3¢bdeKkTUBHOCTD 61Opa3IoXKeHsT KCeHOOMOTUKOB [13-15].

B pab6ore VL.II. ConauukoBoit [16] ¢ coaBTOpamMm mokasaHa CHOCOOHOCTb IITAMMOB-
[IeCTPYKTOPOB PAa3IMYHbIX apOMATUYECKUX COENVMHEHMII YTMIN3UPOBATb HUTPOTONYONI B
KOHLeHTpauuy o 70 mr/n. JlaHHas MakcUMaabHas KOHIEHTpanys ObUla IpUHATa U B
HacTos1elt pabore.

Ilenplo paboTBHl SABIAETCA UCCIEOBaHME BIVSHNS PaslINYHBIX KOHIL[EHTPALMIL
MOHOHMTPOTONyOna U QeHonma Ha pocT rpubos popa Trichoderma u mopbop akTUBHBIX
IITAMMOB J/Is1 OVIOIOTMYECKO HeCTPYKLUMM NAHHBIX TOKCUMKAHTOB IIPY ITOBEPXHOCTHOM MU
ITyOMHHOM KY/IbTMBJMPOBaHNA.

IKCcIepUMeHTAaTbHAs 9aCTh

[l IpoBefieHNs VICCIIeOBaHMIl ObII OTOOpPAHBI 5 MOHOCIIOPOBBIX IITAMMOB IPUOOB
poma Trichoderma, BbIeNeHHBIX M3 IIOYB pa3/IMYHBIX JI€COPACTUTENbHBIX 30H CpepHeit
Cubupn u  Peciyonmukm  TeiBa, obnmajjaloliyx — CTaOMIBHBIMM  KY/IBTYPalIbHO-
MOPQOIOrMYecKMMY TIpU3HAKaMIU ¥ TIPOSABVMBIIVMM BHEK/IETOYHYHI (EeHOIOKCH/Ia3HY0
aktuBHOCTB: Trichoderma asperellum «Mg-6», Trichoderma asperellum «TH-11», Trichoderma
harzianum «M99/5», Trichoderma koningii «TCI'», Trichoderma koningii < TCJI-06».

B xauectBe MCCIeAyeMbIX OOBEKTOB NCIIONb30BAMM CTOYHBIE BOJABI, COfiEprKalue
MOHOHMTPOTONYON U (peHON B KOHIeHTpanuAx 20, 50 u 70 mr/m.

Ina  uccremoBaHMA BIMAHNA MOHOHUTPOTONyOZna U (peHONMA  MCIIO/Ib30BaIach
nuTaTe/bHasA cpefia Yameka cefyrolero cocTasa, (r/): rmokosa — 30,0; NaNO; — 2,0; MgSO,
- 0,5; KCI - 0,5; K,HPO, - 1,0; FeSO, - 0,01; arap - 20,0, cogep>xaiiast MOHOHUTPOTOIYOII B
KoHIeHTparusax 20, 50 1 70 Mr/1 BMeCTO a30TCOfiep>Kalliero COeqVHEeH s, MO0 coeprkamas
¢denon B koHnentpaunax 20, 50 u 70 mMr/n BMecTo rmoko3bl. Cpemy aBTOKIaBMPOBAIN IIPU
0,5 arm. B Tedyenue 30 MuHyT. KylIbTuBMpOBaHMEe OCYLIECTBIANN B TepMocTaTe npu 25-27°C.
B xauecTBe KOHTpOJISA MCIIONB30BAM KY/IbTYpPY, BBIpallleHHYI0 Ha cpege Yameka Oe3
no6aB/IeHys MOHOHUTPOTOIyOsIa U peHoIa.

KoHIleHTpa1i0 MOHOHUTPOTOIYO/IA B Cpefie 10 U IOC/Ie KyIbTUBMPOBAHNA ONPeIe/IANN
XpoMaTorpapyecKiM METOIOM C IOMOIIBIO KMAKOCTHOTO XpoMaTorpada «Mumxpom-2» [1].

KoHneHTpanmio ¢peHoma Ko ¥ 1Mocie Ky/IbTUBYPOBAHNA IPOBOANIN (OTOMETPUYECKUM
MetopoM [17]. MeTox ocHOBaH Ha 0Opa3oBaHMM OPaHXKEBO-XKEITOr0 KOMIUIeKca (eHoma ¢
Iapa-HUTPOAHMUIVTHOM B LIIEJIOYHO cpefie. ATMKBOTHYIO YacTh aHA/IM3MPYyEMOI CTOYHOI BOJIbI
00beMOM, He NPEBBIIAIONIM 5 MJI, IIEPEHOCUIN B KOIOY BMECTMMOCTBIO 25 MJI, JOOABIIsIIN
1 MI [Ma30TMPOBAHHOIO PACTBOPa IApa-HUTPOAHMIMHA U  JOBOAWIM [JIO METKHU
HOTJIOTUTEIBHBIM PAaCTBOPOM (HATPUIl YITIEKUCIbINA, pacTBOp 8 /). InasoTupoBaHHbI Mapa-
HUTPOAHMIMH TOTOBWICS C/IeAyIOIUMM obOpasoM: HaBecky 0,01 T mnapaHUTpoOaHMIMHA
pactBopArOT B cMmecu 10 M AMCTWIMPOBAHHOW BOABL M 2,5 MJI COJMAHOM KUCTIOTBI.
K o6pasoBaBuiemycsi pacTBopy HmpuOaBIAlOT 2,5 M/ pacTBOpa HATpMs a30TUCTOKUCIOTO U
Yyepe3 HECKOTbKO MMHYT PacTBOp pas3baBisAlT Bopoil o 50 M. PacTBop roroBAT B JeHb
npoBefeHNs aHanmuaa. ONTUYECKYIO ITIOTHOCTD OIpeJie/isIN IPU IAIHE BOTHBI A = 440 HM B
KIOBeTe ¢ paboderl BymMHOM A = 20 MM, OTHOCUTEZIBHO XOJIOCTOI MpoObl. Bee mccnenoBanms
IPOBOJV/IN B TPEX IOBTOPHOCTSX.
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OcHoBHasA YacTh

I'puber poma Trichoderma ob6nagaloT BBICOKOM BUAO- M IITaMMOCHELM(PUIHOCTDIO,
HI03TOMY Ji/Is1 Pa3pabOTKV OCHOB JICIIOJIb30BAHV MX B I[e/IIX OMOMIeCTPYKLMY apOMaTIYEeCKIX
COENVHEHMII HeOOXONMMO IIPOBECTV CKPUMHVMHI IO YYBCTBUTEIBHOCTM K WU3MEHEHNIO
Cofiep>KaHus TOKCUYECKIX KOMIIOHEHTOB B cpefie [18].

[ mepBOHAYa/IbHON OLIEHKM BO3MOXKHOCTM pocta rpuboB popa Trichoderma B
IPUCYTCTBUM PA3TNYHBIX KOHIIEHTPAIMii MOHOHUTPOTONyona ¥ (peHo/ma MCIO/Ib30Ba/IN
IIOBEPXHOCTHOE KY/IbTMBMpOBaHMe. IIpy MOBEPXHOCTHOM MeTORe KYIbTypa pacTeT Ha
IIOBEPXHOCTY TBEPAOM YBIAXKHEHHOM INUTATEIbHOM Cpefibl B BUE MULIEAMNATIBHONM IIIEHKIU,
KOTOpasi CyOCTpaTHBIM MMUIIeNMeM BCachblBaeT VHIPEJVEHTbI IUTATENTbHOV Cpenpl,
a BO3[AYIIHBIM  MuImenueM QOpMUPYeT  PelmpoAyKTMBHbIE OpraHbl. IJTOT  CIOCOO
Ky/IbTYBUPOBaHUA ofecedyBaeT IOJHbBI LMKI pa3BUTUA Ipuba, HO sBIAeTCsA 6Ooree
MEeIJICHHBIM IIPOL[eCCOM M3-3a MHTparuQagabHOIO TPAHCIIOPTA NMUTATe/IbHBIX BEIIECTB OT
CybCcTpaTHOrO MUIeMMA K PacTyIMM TePMMHAIbHBIM KJIETKaM BO3[yIIHOro Muuenus [19].
Cropsl rpu6a HaHOCU/IM YKOJIOM B Cpefly IieT/iell B LieHTp yaiky IleTpu. Pesynprarsl cHuMamm
Ha 7 CyTKM.

[IpoBeneHHbIEe MCCIENOBaHMA II0 BIVSAHUIO MOHOHMTPOTONYOTa B  KadecTBe
eIVIHCTBEHHOTO MCTOYHMKA a30THOTO IIMTaHMs Ha pOCT WTaMMOB Irichoderma B yclmoBMsX
IIOBEPXHOCTHOTO  KY/IbTVMBMPOBAHMS  IIOKAa3aM, 4YTO OHM  OO/NAfiAl0T  Pas3mMyHON
YyBCTBUTE/IbHOCTBIO K I3MEHEHUIO €T0 KOHIIeHTpauuu B cpefe. Tax, mpu konueHTpauyy MHT
B cpefie 20 mr/m u 50 Mr/nm HambonblIasg HPOAYKTMBHOCTD ObUIa OTMeYeHa Yy LITAMMOB
Trichoderma asperellum «M99/5» wu Trichoderma koningii «TCI'», a mpu 70 Mr/m -y
Trichoderma koningii <TCI'».

AHajorvyHble pe3y/lbTaThl ObBUIM IIONY4eHBI M B ClIydae BIMsAHMA (eHONMa Kak
eIVHCTBEHHOTO VICTOYHMKA YIJTIEpOja ¥ SHEPIMI: IIpU KOHIIEHTpayy ero B cpefe 20 Mr/n u
50 Mr/n HambobLIaA NPOAYKTMBHOCTb ObUIa OTMedeHa y mTaMMoB Trichoderma asperellum
«M99/5», Trichoderma koningii «TCI'» u Trichoderma asperellum «TH-11», a mpu 70 mr/n
MaKCUMaJIbHYIO IPOJYKTMBHOCTD TaK e IoKasas mraMM Trichoderma koningii « TCI».

IIpn sTOM BBICOKasA KOHIEHTpAIMsA ¥ MOHOHMUTPOTONyona, u ¢eHoma 70 Mr/i
MHIMOMpoBana poct mraMmoB Trichoderma harzianum «Mg-6» u Trichoderma koningii <TCJI-
06». OTpunaTenbHOE [eiICTBYIE BBICOKMX KOHLIEHTPALVI B CIydae MOHOHUTPOTOJYO/Ia OBIIIO
OKasaHO emle Ha poct mramma ITrichoderma asperellum «TH-11», B cnydae QeHoma -
Trichoderma asperellum «M99/5».

Il oLjeHKM criocoOHOCTY MITaMMOB pofa Trichoderma pasnaraTb MOHOHUTPOTONYOT U
¢deHom MCIONMb30BaIN TIyOMHHOE KY/IbTMBMpPOBaHMe. [TTyOMHHbI MeTOf, Ky/IbTUBMPOBAHIA
3aK/II0YAEeTCsI B BBIPALIVBAHMY MUKPOOPTAaHM3MOB B >KUJIKOJ IIMTATENbHOI Cpele IIpu
HEepPUOANIECKOM IepeMelBaHuy, MUKPOOHbIe KJIETKM PacTyT BO BCeM 0OObeMe >KMAKON
IUTATeTbHOI CPefibl ¥ HaXOAATCS BO B3BELIEHHOM COCTOSIHUM. JTOT CIOCOO obecriednBaer
BO3MO>XHOCTb VIHT€HCVBHOTO POCTa MUIIe/NA, HAKOIUIEHNUE IIPORAYKTOB OOMeHa U BBICOKMII
YPOBeHb MeXaHM3alMyl IIpoliecca, HO He obecrieuyBaeT IONTHOIO IMK/IA PasBUTUA
MUIIe/IMAIbHBIM TpubaM, M CTafuA CHOPOHOUIEHNS B 3TUX YCIOBUAX y (eHoTMIa cmabo
BBIpa)KeHa VIV COBCeM He ocylecTBsieTcs [20]. [/t 9TOro 1Cnonb30Bay MUTATEbHYIO CPefy
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Yamneka, 6e3 jobasnenus arapa. [Tocime crepumsanum KomoObl ¢ XUAKOI CPefioil OCTY>Kalu U
3aceBa/IM MITaMMaMJ C IIOMOIIBI0 MUKPOOMOJIOTIYECKOT MeT/mn. Pe3ymbTaTsl McCIeoBaHNI
CHMManu Ha 14 cyTku.

AHanmmM3 pes3y/nbTaTOB AKCIEPUMEHTAIbHBIX MCCAEHOBAaHMII IOKas3al, dYTO BCe
uccenyeMble IITaMMbl poga Trichoderma B pas3HON CTeIEeHM CHOCOOHBI IIOfIBEPIaTh
[leCTPYKLIMY MOHOHNUTPOTOJIYOII ¥ (eHOJI, COfepsKalluecs B cpefe.

IIpn pobaBnenun B cpeny MHT B koHuentpaumm 20 Mr/1 HauOONbLIYIO CTEIEHb
nerpaganyiy nposisym mramMmel Trichoderma koningii «T'CI'», Trichoderma harzianum «Mg-6»,
Trichoderma koningii «TCJI-06», KOTOpble CHU3M/IN €T0 KOHL[EHTPAIVI/ II0YTY BABOe — Ha 48%,
47%, 41,5% cOOTBETCTBEHHO.

ITpn xonuentpauyy MHT B cpene 50 Mr/n Haubosbllee CHIDKEHNE €T0 KOHI[eHTPaln
nposiBum wrammbl Trichoderma asperellum «TH-11» va 42%, Trichoderma koningii « TCJI-06»
Ha 40,6%.

Jlo6aBeHle MOHOHMTPOTOYO/Ia B Cpefly B KOHIeHTpamyy 70 MI/JI IIOKa3ano, 4To
HaMOOJIBIIYIO CTelleHb Aerpajanuu nposBwn wmramm Irichoderma koningii «TCJI-06» —
KOHLIEHTpaLuA CHU3WIACh Ha 66%. IllTammbl Trichoderma asperellum «TH-11» u Trichoderma
koningii «TCI'» Tak »Ke CHU3WIU €ro KOHLieHTpayio Ha 47% u 38% cooTBeTCcTBeHHO (puc. 1.).
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Puc. 1. PesynbraTsl 6M0OECTPYKIMY MOHOHUTPOTONYO/IA PasMYHbIX KOHLIEHTPALMII B Cpefie IITaMMaMy POfia
Trichoderma

ITpu xoHueHTpauny ¢erona B cpee 20 Mr/ HanuboJIblIIee CHIDKEHVIE eT0 KOHLIEHTPaLuu
nposiBun wramm Trichoderma harzianum «M99/5» — KoHueHTpaumst cHusmmach Ha 30%.
IItammer Trichoderma asperellum «Mg-6» u Trichoderma koningii «TCJI-06» cHU3MIN
KOHLIEHTpaLuio Ha 17,5 1 15% coOTBeTCTBEHHO, a mraMMbl Trichoderma asperellum «TH-11»
u Trichoderma koningii <TCI'» — meHee 4eM Ha 9%.

ITpu copepxanuu deHona B cpepe 50 Mr/a xapakTepHa HauOOMbIIas, IO CPABHEHUIO C
JPYTVIMU Ha4yaJIbHBIMY KOHLIEHTpaLusaMy, 3ppekTuBHOCTD 6nofecTpykumu. Tak, Habmomanocy
CYLIleCTBEHHOE CHIDKEHMe ero KOHLeHTpauuy mrammoM Trichoderma harzianum «M99/5»
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Ha 95,5%, wrtammel Trichoderma asperellum «Mg-6» u Trichoderma asperellum «TH-11»
CHU3WIM KOHIIEHTpauMio Ha 46,6 um 42% COOTBETCTBEHHO, IITaMMbl Irichoderma koningii
«TCJI-06» u Trichoderma koningii <TCI'» — Ha 39%.

[Tpn koHueHTpaunu ¢eHomna B cpesie 70 mr/n mramMmel Trichoderma asperellum «TH-11»,
Trichoderma asperellum «Mg-6» u Trichoderma harzianum «M99/5» cHM3WIM erO
KOHLleHTpanuio Ha 17,2; 14,3 u 12,9 % cooTBeTCTBEHHO, TaMMbl Trichoderma koningii «TCJI-
06» u Trichoderma koningii «TCI'» — na 11,4 % (puc. 2).
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Puc. 2. PesynbraTsl 6nogectpyKiun GeHoIa pa3InaHbIX KOHIEHTPALii B cpefie mtammamu poga Trichoderma

OTMedeHO, YTO NP IOBEPXHOCTHOM Ky/IbTMBMPOBAHMUM BBICOKME KOHIIEHTpPALUN
apoMaTNYecKuXx coefyHeHui (70 Mr/) okaspIBamy TOKCUYECKOe JeICTBYE Ha POCT LITaMMOB
Trichoderma harzianum «Mg-6», Trichoderma koningii «TCJI-06», Trichoderma asperellum
«TH-11» u Trichoderma asperellum «M99/5», Ho Ipu I/TyOMHHOM Ky/IbTYBMPOBAHNUY, JAHHBIE
IITaMMBI IPOSBI/IV HaMOOIBIIYIO JECTPYKIIVIO TOKCUKAHTOB.

V3 Bcex uccnenyeMbIx MuKpoMuneros mramm Irichoderma koningii «TCI'» nposiBun
HanOOJIbLIYI0 YCTOMYMBOCTD K MOHOHUTPOTONYOTy ¥ (EHONy B Cpefie, CHVDKEHVS ero
IPOAYKTMBHOCTY B YC/IOBUAX OBEPXHOCTHOTO KY/IbTUBYPOBAHNsA He HAO/IO[ANIOCh IPY BCEX
KOHLIEHTpaLMAX. [JaHHBIII IITaMM OKa3a/ICsl eYIHCTBEHHBIM CIIOCOOHBIM PACTY U pa3BUBATbCS
B ITPUCYTCTBYUM BBICOKOJ KOHIIEHTpaIuy 70 MI//I UCCTIelyeMbIX XUMWYECKMX BeIljeCTB, OfIHAKO
IpY [TyOMHHOM KY/IbTUBMPOBAHNM LITAMM ObIT MeHee 3¢ deKTnBeH.

Br1BOABI M peKOMeHALIN

ITo pesynbpraTaM ¥MCCIefOBaHMII MOXKHO CHie/IaTh BBIBOJ, 4TO Ipubsl popa Trichoderma
CIIOCOOHBI pacT¥ B INPUCYTCTBUM TAKUX TOKCUYHBIX NPOMBILUICHHBIX 3arpsA3HEHMIT, Kak
MOHOHUTPOTOIYON U (EeHO, HO 00/Iafal0T pas/INyHON YYBCTBUTENPHOCTHIO K M3MEHEHMIO X
KOHLleHTpauuyu cpefe. Haubonpurasgs MpofyKTMBHOCTD OblTa OTMe4eHa IIPM COfepIKaHUU
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KCEHOOMOTNMKOB B mpepenax 20-50 Mr/m. EfUHCTBEHHBIM YCTOWYMBBIM K BBICOKOMY
COflep)KaHUIO 3arpsIsHUTeNIeN B cpefie oKasascs wrtamm Trichoderma koningii «TCI'».

B /X 04MCTKM CTOYHBIX BOJ, COZIeP>KAIINX MOHOHUTPOTOIYOI U GEeHOJI, B YCTIOBUAX
IIOBEPXHOCTHOTO KY/IBTMBMPOBAHUSA [JIA 3arpssHeHui 1o 70 MI/7T MOXHO peKOMEHIOBAaThb
wtamm Trichoderma koningii «TCI'», go 50 mr/n — mrrammst Trichoderma asperellum «TH-11»
u Trichoderma harzianum «M99/5».

I'pubsr popma Trichoderma criocoGHBI TOABEpraTh AeCTPYKUMM MOHOHWUTPOTOIYONI U
¢deHon B Bofax. B ycloBusAX IJTyOMHHOTO KY/IbTMBJMPOBAHS pas/ioXKeH)e MOHOHUTPOTOIYO/Ia
NOf [eVICTBMEM MMKPOMMIETOB IIPOXOAWIO Oojiee WMHTEHCMBHO IIPM BBICOKON €ro
KOHI[eHTpanuu B cpepe 70 Mr/im, mMakcuManbHass 3¢QQdeKTMBHOCTh cocTaBmia 66% (mramMm
Trichoderma koningii « TCJI-06»). MakcuManbHasi fecTpyKiys ¢peHosa 6buia Ipy COfep>KaHum
ero 50 mr/n u cocraBmina 95% (wramm Trichoderma harzianum «M99/5»).

B memax cosgmaHmaA OuomnpermapaTa Ha OCHOBE MUKPOMMIIETOB [UIA  OYVCTKY
IPOMBILIJIEHHBIX CTOKOB OT MOHOHMTPOTONYO/A IIPY COBMEIIEHM) IOBEPXHOCTHOTO U
[TyOMHHOTO NPVHLIMAIIOB KY/JIbTUBUPOBAHMA B OJHOV MMMEPCHUOHHOI OMOTEXHOIOIMYIeCKON
CCTeMe MOXKHO pPeKOMeHZoBaTh ITaMMbl Irichoderma koningii «TCI» wu Trichoderma
koningii «TCJI-06»; pns oumctku ¢eHONbHBIX Boj - Irichoderma koningii «TCI» u
Trichoderma harzianum «M99/5».
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Kniouesvie cnosa: Annomauus. IIpeonoxen cnoco6 moduduxayuu snokcuoHoti cmonot J-20

MOOUPUKAYUUST FINOKCUOHDLX MANeUHOBbIM — aHeuopuooMm, obecneuusarowuti eé PYHKUUOHATUSAUUIO.

cmor, maneuHosviti aneudpud,  Moouguxauus cmonvt I/]-20 nodmeeprucdena memodom MK-cnekmpockonuu.

VIK-cnexmpockonus, «eubkuti»  Cmona — SIJ-20,  MoOupuuuposanHass — MAneuHos8vim  AHZUOPUOOM,

KAMeHb, 3auUmHble UCNONL308ANACY NPU U3LOMOB/IEHUU 3AUsUMHDLX NOKPLIMUL MUNa «2UbKuti»

NOKPbIMUS kamenv. IIpe0noneHHbITl COCMAB NONUMEPHOU OCHOBbL NOKPBLIMUI UMeer
mpebyemvle  IKCHAYAMAUUOHHble CB0LICMBA U MNO3607Iem  NPOBeCHU
3ameuerue umnopmuoti axpunosoii oucnepcuu SORBUS.

s quTpoBaHus:

Kopcakos A.B., Hemopy6os A.C., ITamkos A.J., MMamsirmaa T.A., Boponunmxun B.JI., Bmacos B.B.
VccnenoBanne  Mopmdukanmym  SHOKCHHONM — CMOJIBI  MAJeMHOBBIM  QHTUAPUAOM UM BO3MOXXHOCTb
ee IIPYMEHEHNA B COCTaBe 3aIlllMTHBIX MOKPBITHH // OT XMMMM K TeXHOIOTUM 1ar 3a marom. 2024. T. 5, Boim. 4.
C. 51-57. URL: https://chemintech.ru/ru/nauka/issue/5563/view

BBengenue

«['mOKuit» KaMeHb — 3TO KOMIIO3UIIIOHHOE TPEXC/IOJHOe IMOKPBITHE, COCTOsAIlee 13
apMupymlIeil OCHOBBI (HalIpUMep, 13 CTeKTIOBOJIOKHA), ITIO/IMMEPHO KOMIO3VIINN U MEJIKUX
JacTHUI] TOPHBIX OCAIOYHBIX MOPOJ (IeCYaHMKa MIM MPAMOPHON KpOILIKM), UMUTHpYOIee
CTPYKTYpy HaTypaibHOro KaMHA [1]. Ha maHHBII MOMEHT «I'MOKWUI» KaMeHb B OOJIBIINHCTBE
CIy4aeB IIPOM3BOMAT C MCHOMb30BaHMeM akpunosoit guctnepcun SORBUS [2], koTopas He B
IIOJIHOJI Mepe YHOB/IETBOpPsAET TpeOOBaHMAM IPOM3BOAMTEIC OTHENTOYHBIX MaTepuasoB.
Kak crepcTBie, BO3HIKaeT HEOOXOAMMOCTD MOBBIIIATh Ka4€CTBO JMCIOIb3YeMbIX MAaTepUAIOB
IIpY OfHOBPEMEHHOM 00OecCIieueHN I MUMIIOPTO3aMelljeHN A Ha JaHHBII BIUJ MaTepyaoB.

© A. B. Kopcaxkos, A. C. Hepopy6os, A. V. ITamkos, T. A. Ilansiruna, B. [I. Boponunxus, B. B. Bracos, 2024
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B cBs13u ¢ 9TMM 3a/jaueil IPOBOAMMBIX MCCIEOBAHNUII OBLIO MICIIONIb30BaHVE aKPUIOBOI
nucnepcun Axpamoc 121A (r. IsepxuHck, Hikeropopckas 0671.) B KauecTBe HOTMMEPHON
MaTpUI{bl KOMIIO3UIUII /ISl CO3MaHNUs «TMOKOTO» KaMHs. BbI6Op ZaHHOTO THIIA TIOTMMEPHOI
MaTpULBI JyIA 3aIUTHBIX IIOKPBITHII OOYC/IOBIEH He TOJNBKO XMMWYECKOJl VHEPTHOCTBIO U
HETOKCUYHOCTBIO, HO ¥ XOpOIIEeN a[Are3yiOHHOM IPOYHOCTBI0 C apMUPYIOLLEl OCHOBOIL.
ITpu aTOM akpumoBas MaTpuiia XOPOIIO COBMELIAETCS C APYIMMU IIOMMepaMyl, HalpyuMep,
SIOKCUIHBIMM cMoOaMu  [3], 4YTO obecreynmBaeT BO3MOXKHOCTh CO3JaHMSA CMeECEBBIX
KOMITO3VIIIMIT U, KaK CJIefICTBME, IeJIeHAIPaB/IEeHHOTO VI3MEHEHNMsI CBOVICTB paspabaTbIBaeMbIX
3aIVITHBIX IIOKPBITUIL.

OcHoBHasA YacTh

B pabote B kayecTBe OCHOBBI ITOTMMEPHOJ MAaTpUIbI ObITa MCIIONb30BaHA aKPMIOBas
nucnepcust Akpamoc 121A (r. [Izep>xnuck, Hikeropopckas o611.). B kagectBe Mogudukartopa,
obecrieunBaoIIero He0OXOAVMbIe SKCIUTyaTallIOHHbIE CBOJICTBA 3allITHOI KOMIIO3VLIMY THIIA
«'MOKUI» KaMeHb, WCIIONb30BaNach MOAUQUIVMPOBAaHHAs ISIOKCUAHAsA cMmona O]1-20
(mpousBogurens OO0 «IIIOKCUIl»). Mopudbukaums snokcupgHoit cmonsl  I]-20
OCYILIeCTB/IS/IACh Ma/IeVTHOBBIM aHT U PUIOM.

XummusMm mporecca MOAM(UKAIMY SMOKCUIHBIX CMOJI MAJIEMHOBBIM aHIMIPUIOM
IIPOTEKAeT IO CTIeAYIOIIell cXeMe:
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Puc. 1. Mexauusm MoauduKanym SIIOKCHIHON CMOJIbI MaleHOBBIM aHTUAPULOM

Mopndukanys SIIOKCHIHON CMOJIBI HAYMHAETCS C B3aMMOJIEVICTBYSA €€ TUJIPOKCUIBHO
TPYIIIBI C MOJIEKY/ION MajierHoBoro aHruzapuza (1). B xome B3amMopeiicTBuUA aHTMApUAA U
CMOJIBI 00pas3yercs IPOMEXYTOYHOE COefMHEeHMe, KOTOpOe BCTYIaeT B peaKLUIo C
3MOKCUAHBIMY rpymnamu (2). Takum 06pasoM, MOIeKy/ia MalefHOBOTO aHIMAPY/iA CKPeIlIsieT
XBOCTBl MOJIEKYTT SIOKCUJHOM CMOMBL. Peaknua MOXXeT IpOoTeKaTb M C JaJbHENIINM
B3aIMOJIEVICTBUIEM TUJIPOKCUJIBHBIX TPYIII IIOJTy4YE€HHOTO COeITHEHNS C
HelpopearrpoBaBIINMI SMOKCUAHBIMM rpynnamu (3) ¢ oOpasoBaHMEM TpPEXMEPHOTO
3ursaroobpassoro nojumepa [ 1, 4]. Peakipus numeer nenHoit xapakrep. KomryecTBo mofo06HbIX
3UI3aroB OTPaHMYMBAETCA CTEIEHBIO MOAMMEpPU3AUNM, VI KOHEUHBIN IPOAYKT COLEPKUT B
CBOEM COCTaBe CMECh Pa3/IMYHbIX I10 [/IMHE I MACCEe CKPEIUIEHNI STIOKCULHON CMOJIBI.
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MexanusM  MopMUKaLVM ~ SHMOKCUJHON  CMOJIBI  MaJlefHOBBIM  aHTUAPUOM
noATBepX/i€H ¢ momompbio Meroma VIK-cnekrpockomum. VimeHTMUKAIVIO XMMIYECKOTO
cocTaBa U CTPYKTypbl KommosuTtoB Ha ocHoBe PCL m MMT, a Taxke ucciefoBaHue
XMMUYeCKUX 1 (U3NYECKUX CBA3eN HpOBOAWIM C ImoMoubio crekrpoMerpa VIK-@ypbe
Nicolet iS10 npoussopcrBa Thermo Scientific (CIIA), wncmonp3ys Smart-pucTaBKy
iT (Thermo Scientific) ¢ anMasHBIM KpUCTQUIOM METOJOM HApYIIEHHOTO IIOJHOTO
BHyTpeHHero orpaxennus (HIIBO). JVIsmepenuss npoBOAWINCH CO  CIIEKTPaIbHBIM
pasperieHneM 4 cM’', ¢ ycpegHeHUeM 10 32 CKaHNpOBaHMAM, B nHTepBane 4000-400 cm™.

Ha pucynkax 2 u 3 mnpencrasineHbl VIK-cmexTpbl snokcupHoit cmonbl I]I-20
COOTBETCTBEHHO JIO ¥ OC/Ie MOAV(UKAIUY MA/IETHOBBIM aHTUIPUOM.

CoBmemienne JVIK-cmekTpoB ~ MOAMQMUMPOBAHHON U  HeMOAUUIVPOBAHHON
SMOKCUAHOT cMobl (puc. 4) moKasbiBaeT 06pasoBaHye HOBOTO MuKa 1775 cM™!, HaXOfsIIerocs
B 4acTOTe NMUKOB Irpymnmbl C=0, 4TO NOATBEPKAAET NPEATIONOKEHNE O CTPOEHNY KOHEYHOTO
IPOAYKTa MOAMUKALIUN.

*3020
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Puc.2. VIK-crexTp MCcXofHOM 3MoKCcuAHOM cMobl D]I-20
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Puc.3. VIK-criekTp anokcugHoit cMonsl 3/1-20, MoguuIMpoBaHHON MaeHOBBIM aHTU/IPUOM
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Puc4. CpaBuennme VIK-criekTpoB asmokcupHoit cmonbl IJI-20 mo u mocime MopauuKanuy MalneHOBBIM
AHTUJPULOM

Hammume mmxa 1848 cm' (puc. 4), COOTBETCTBYIOLIETO LMKINYHBIM aHTUAPUIAM,
CBA3aHO C TeM, YTO peaklys He IpOlLUIA [0 IIOJHOTO pacxofoBaHuA aHruzapupa. OpgHako
VMHTEHCUBHOCTb JIJaHHOTO IIMKa TOBOPUT OO YIOBIETBOPUTEIBHOM BBIXOJe KOHEYHOTO
MIPOAYKTA PEaKLUL.

[Tuk 885,5 cM! HaXOOUTCA B YaCTOTe€ NMMKOB BHE IUIOCKOCTHBIX edopMalimOHHBIX
konebanmit cBasu C-H. IIpenronoXxmutebHO, 3TO CBA3aHO CO CTEPUYECKVMMU CBOIICTBAMU
MaKpPOMOJIEKYIIBI.

Ilocne mNpOmO/KUTENIBHOTO MEXaHMYECKOTO IepeMeIIVBAaHNA KOMIIOHEHTOB [IA
OpUJaHNUs MM CTPYKTYpPBl TBEpPAOTO BelleCcTBa HeOOXO[NUM OTBepAuTeNnb. B kadecTBe
OTBepANTeNs Mcnoab3oBancsa nomaTuiaeHnonaMmut (II9I1A). OTBepxaeHMe MONMMMEPHBIX
coepgyHeHnit orBepanTeneM [I9ITA xopoio u3ydeHo U onycaHo B auteparype [3, 4].

MexaHN3M OTBepXKAEeHM MOAUMUIVPOBAHHOV MaJIeTHOBBIM aHT/IPUIOM STIOKCHUHO
cmorbl O]]-20 mpencTaBieH Ha pUCYHKe 5.
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Puc.5. MexaHn3M OTBepK/ieHNA MOAUPHUIPpOBaHHOI cMo/bl D/1-20
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MopudnunpoBaHHble MaleVHOBBIM AHTMAPULAOM MOJIEKY/IBl SIIOKCUIHON CMOJIBI
BCTYIAIOT B PEAKIMIO C OTBepAUTeNeM. Peakiua oCyllecTBIAETCA O TOIMAaMIUHHON IPyTIIIe C
HapallBaHUeM IIO/IMMEPHOI ey 1 CIIVBaHMeM MOJIEKYI MOAV(NUIIMPOBAHHO CMOJIBI.

CrpykrypHas ¢opMyna KOHEYHOTO IO/MMMepa IIpM YCAOBUM OOpbIBa peakumy Ha

craguu 2 (puc.l) BBIIJIAANUT CIefyomyM o6pasom:
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Puc.6. CrpykrypHas popmyna moguduimposanHoi cMonbl 3/1-20 ocIe OTBepXKaeHN

Hanmuame cTpykTypupOoBaHHOV KOMIIOHEHTBI B TeTEPOTEHHOII ITOJIVIMEPHOIT MaTpuiie [5, 6]
IOBBIIIIAET €€ CTOMKOCTh K BO3JEVICTBUIO BHENIHNUX Cpefi ¥ obeclieunBaeT IOBBIIICHNE
JIOJITOBEYHOCT Pa3pabaThIBaeMbIX MOKPBITHIL.

CMmelreHne axkpwioBOM — jucrmepcum U MogMUIMpoOBaHHON  cMonmbel  JJI-20
IIPOU3BOAUIOCH C VCIIO/Ib30BAaHNMEM BBICOKOCKOPOCTHOJM MeIIAKN B TedeHue 30 MMUH. Ipu
temneparype 23+1°C. Ilomy4eHHbIe KOMIIO3UIMA VICTIONIb30BAJINCH JJIS1 U3TOTOB/IEHMU S IIJIEHOK
U apMMPOBAHHBIX 00Pa3I[0B, MOE/MPYIOLINX M3Aemie «IMOKui» KaMeHb. IIpu sToM 6bUIN
HOJTyYeHbI KOMITO3UIIVY KaK CofepyKalyie OTBepPAUTeNb (IOMMITUICHIIONNAMIH), TaK U 6e3
OTBEpAUTEIA.

[TomuMepHass KOMHIO3MLMS IIOCTe IIPUTOTOBIEHNSA HAHOCUIACh Ha Te(IOHOBYIO
IUIACTMHY ¥ BBbIIep>XKUBamUCh 1pu Temmeparype 23+1°C B TevyeHme cyrok. Ilocime sroro
KOMIIO3MIIVA MOJBEPranach BU3yaIbHOMY OCMOTPY U IOJBePranach UCIbITAaHNAM.

[Tpy wm3roTroBNeHMM apMMPOBAHHBIX OOpaslOB B KayeCTBe HeCyIlell OCHOBBI
UCIIO/Ib30Ba/Iach cTeKnoByanb 30 r/m* (mpoussoputens KHP).

B kauecTBe KpuUTepueB OIleHKM KauyecTBa Pa3pabOTAHHBIX MOKPOBHBIX KOMIIO3UIIVIA
VICTIO/Ib30BA/INCh 9MaCTUYHOCTh IOKPBITVS INIpU M3rnbe Ha CTEpP>KHE [AUAMETPOM 5 MM
(TOCT 6806-2024 [7]) n CTOMKOCTh K CTaTMYECKOMY BO3JEVICTBUIO BOABI B TedeHMe 24 4.
npu 20+2°C (I'OCT 9.403-2022, meton A [8]).

[TonmyyeHHbIE CBOJCTBA OL€HMBANCH C TOYKM 3PE€HMA BO3MOXXHOTO IIPMMEHEHMUS B
Ka4yecTBe TOBAPHOTO MPOAYKTA I TPYIIMPOBA/INCDH KaK XopoIune (+), yJOB/IeTBOpUTeIbHbIE (+)

U HEeYJIOB/IeTBOPUTETIbHBIE (—). Pe3ybTaThl MCIIBITAHMII IPEACTAaBIEHBI B TaOM. 1 1 2.
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Ta6mmua 1. OcHOBHBIE CBOJICTBA 06Pa30B MOMMMEPHBIX KOMITO3MIINIT

KoMmo3nmms akpuaoBbIi TaTeKC + SnokcupHas
AxkpumoBasi | MogyMUIVpOBaHHAA SMOKCUAHAA cMota | cmoma D1-20 | ducmepcust
XapakTepuCTuKu
IViCIepCus 9/1-20(6e3 oTBepauTeENS) (6e3 SORBUS
80/20 | 70/30 | 60/40 | 40/60 | 20/80 | orepmurens)
bes apmuposanus
DNMacTMYHOCTD
HOKPBITHS IIPU + + + + + + + +
usrube

CTOIKOCTD K

H+
I+
|
|
|
|
|
+

CTaTMYECKOMY
BO3/IEICTBIIO BOJbI

Apmupoeaﬂue CMeKnosyanvto

IMaCTUYHOCTD
HOKprTI/IH HPI/I + + + + + + + +

nsrube

CTOIKOCTD K

H+
I+
|
|
|
|
|
+

CTaTUIE€CKOMY

BO3JI€ICTBUIO BOJbI

Ta6nuna 2. OcHOBHBIE CBOJICTBA 00PA3LOB TOIVIMEPHBIX KOMITO3VIIMIL

KoMIo3nnus akpuIoBbIit IATeKC +
IMoKCcUgHasA
Axpunosas MOAUPUIIPOBaHHAS STOKCUHAS Hucnepcus
XapakTepucTuKu cmona 3]1-20(c
AViCIIepCHs cmona I/1-20(c oTBepauTeneM) SORBUS
OTBepAUTENEM)
80/20 | 70/30 | 60/40 | 40/60 | 20/80
bes apmuposanus
INMaCTUIHOCTD
HOKPBITUA IPU + + + + + - - +
usrube
CTOIKOCTD K
CTaTU4E€CKOMY + + + + + + + +
BO3/I€ICTBIIO BOJbI
ApmuposarHvie CmMeK08yanvio
INMaCTUIHOCTD
MOKPBITUA IIPU + + + + + - - +
usrube
CTOMKOCTD
K CTAaTUYECKOMY + + + + + + + +
BO3JI€ICTBIIO BOJbI

YcranoBneHo (tabm. 1, 2), yTo MommduiupoBaHHasA CMOJNA IO3BO/AET IOBBICUTD
CTOVIKOCTb KOMIIO3MI[MII Ha OCHOBE aKpPWIOBOW AMCIIEPCUM K CTATUYECKOMY BO3JIEIICTBUIIO
BOJIbI IIPV COXPAHEHNM 37IaCTUYHOCTY MOKPBITYA. PagpaboTaHHas KOMIO3MIIMS — AKPUIOBBII
MaTekc + MoauduIupoBaHHas SMoKcuaHast cmona J[I-20 (c oTBepauTeneM) — HO3BOJIAET

3ameHnTb gucrepcuio SORBUS npu nponsBoacTBe nsmennit TIa «ruOKuit» KaMeHb.
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BriBonb1

Komnosuumneni, nosponAwomein 3aMeHuTb aucnepcuto SORBUS npu npoumssopcrse
U3Ienuit TMHa «IMOKuil» KaMeHb, SB/IAETCS COCTaB, copepkammit 80 macc. % aKkpuIOBON
pucnepcun u 20 macc. % amokcupHou cmonbl I]1-20, MOgUPUIIMPOBAHHON MaTeMHOBBIM
AHTU/IPUJIOM.
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Kntouesvie cnosa: Annomauus. B dannoii pabome npedcmasnenvi pe3ynvmamul CUunme3d U Xapakmepucmuxu
mempazudpoxpomeno[2,3-  cemu HOBbLX NPOUBOOHVIX MeMPAzUOPoxpomeno|2,3-d]nupumudun-2-0Hos, NOLYHeHHBIX
dnupumuoun-2-onol, nymem cenekmusHot MoOUPUKAUUU 2UOPoKcUnvHoll epynnol 6 nonoxenuu C-8. Peaxyuu
uoouCmubLil Memu, ANKUNUPOBAHUS U  AUEMUNUPOBAHUS ObIIU  YCHEWHO UCNONb306aAHbL 0N  86€0eHUs
aHeudpuod yKcycHoil 3amecmumerneii 8 MONIEKYTY, WO NO3B0IUNLO NOTYHUMb CEPUIO HOBBIX 2eMEPOUUKTULECKUX

KUCTIOMbl, ANKUNUPO8AHUe,  coeduHeHuil ¢ 8vixodamu 00 94 %. Xapakmepucmuka nonyueHHvix coeOuHeHuti nposedeHa
auunuposamue memodamu IMP-cnexmpocxonuu ("H u **C), a maxwce macc-cnekmpomempuil.

T nuTupoBaHMA:

Maxaposa E.C., Yupxosa JK.B., Ypangosa A.M., Kapaupneesa A.C., bornanosa H.A. CenexTruBHas MopnuuKanys
TeTparufpoxpomMeno|2,3-d|mupumunya-2-ooB // Om xumuu Kk mexuonozuu wiaz 3a wazom. 2024. T. 5, BbI. 4.
C. 58-65 URL: https://chemintech.ru/ru/nauka/issue/5563/view

BBenenne

XpomeHo[2,3-d|mupuMuuH-2-0HBI ~ TIPEACTABIAIT COO0M WHTEPECHYI0 TPYIIY
reTepOLMKINYECKUX COENVMHEHMII, COfepXKAalMX KOH[IEHCHPOBaHHbIE NUPUMUANHOBOE U
IUTUIPONIPAaHOBOe  Konblia. I[IpomsBopHble XpoMeHO([2,3-d|mupyuMupyHa IpUBIEKAIOT
3HauNTe/IbHOE BHUMaHMe OJarofapsi CBOeMy pasHOOOpPasHOMY CIEKTPY OMOIOrm4ecKon
akTMBHOCTM [1-3]. DTM coefyiHeHUs [AEMOHCTPUPYIOT LIMPOKWUIT CIEKTP (apMaKoIOTMYecKux
CBOJICTB, BK/IIOYast IIPOTUBOOIIYXOJIEBYIO (4, 5], AHTVMUKPOOHYIO (6],
IPOTUBOBOCIANINTENbHYI0O  [7,8], aHTuMOakTepmanbHylo [9] M aHTMOKCUJIQHTHYIO
aKTMBHOCTH [10], 4TO [ie/aeT MX MHOTOOOEIIAIONIMMI KaHAUAATaMY /IS Pa3pabOTKy HOBBIX
JIEKapCTBEHHBIX IIpermapaToB. B ¢BA3M C 9TUM, IIOCTOSHHBIA IOMCK HOBBIX, Oosee
9 }EeKTUBHBIX ¥ CEIeKTUBHBIX IPOM3BOAHBIX XpoMeHO[2,3-d|nmupumugnHa ocraercs
aKTya/IbHOM 3ajJjayell COBPEMEHHO MEIUIMHCKOV XUMUIL.

OpnuMm u3 Hambonee 3(PPEeKTUBHBIX IOAXONOB K MOAMQPUKAIMM CTPYKTYPH U,
CIe[lOBAaTe/IbHO, CBOJVICTB XpOMEHO(2,3-d|mupuMUVHOB SBIAETCSA BBEEHME Pa3INYHBIX
3amectuTeney B ux saapo [11, 12]. Hamuune pasnmyHbix QyHKIMOHATBHBIX IPYIII B MOJIEKY/Ie

© E. C. Makaposa, JK. B. Unpkosa, A. M. Ypagosa, A. C. Kapanpeesa, H. A. borganosa, 2024
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TeTParuipoxpomMeHo|2,3-d|mupuMuuH-2-0oHa IO3BO/IsET IPOBOAUTH IieeHAIIPABIIEHHYIO
MOJVPUKALVIO CTPYKTYPHI C Lie/IbI0 ONITUMU3AL My papMaKOTOTMIeCKIMX CBOJICTB M CHYDKEHNS
TokcmyHocty [13]. B wactHocTy, MopudmMKanms TUAPOKCUIBHONM rpynnsl [14], dwacto
IPUCYTCTBYIOLIEl B 9TOM KJAcCe COeNVIHEHWIT, AB/AeTCs 3(QQEeKTUBHBIM CTpaTerMuecKuM
IO/IXOOM JJIsL JOCTVDKEHMS TaKMX ILieliell. VI3BeCTHO, 4YTO M3MeHeHMe 3/IEeKTPOHHBIX U
CTepUYEeCKNX CBOJICTB 3aMeCTUTEISI IPU TUAPOKCUIBHOI TPYIIIe MOXKET CYIleCTBEHHO B/IUATD
Ha B3aMMOJIe/ICTBYIE MOJIEKYJIBI C 60/TOTMYecKMY MyIeHsaMu [15].

ANKunupoBaHMe M alMIMpOBaHMe IPeACTaB/IIOT co00i QyHZaMEeHTaTbHbIE METOJbI
(GYHKUMOHAIM3ALMY OPTaHMYECKUX MOJIEKY/, OOYC/IOBTIEHHbIE BBICOKON CENeKTMBHOCTBIO U
IPOCTOTON peanusalyuyl, a TaKXXe II03BOJLAIOLINE LieJIeHAIPaB/IeHHO M3MEHATb (PU3MKO-
XUMMYECKIe XapaKTePUCTUKI U OMOTOTMYECKYI0 aKTUBHOCTb coefjyHeHmit. [IprMeHeHne 9THX
peakiuit K XxpoMeHo|[2,3-d]mupumMmanHaM OTKpbIBaeT MMPOKUEe BOSMOXXHOCTY IS CO3TaHNs
OM6MMOTEK IPOU3BOAHBIX C Pa3HOOOPASHBIMM CTPYKTYpPaMy ¥ MOTEHLMAIBHO YIy4YIIeHHbIMU
dapmakonornyeckumy npopwrsamu [16].

OcHoBHasA YacTh

B kauyecTBe MCXOQHBIX COEMHEHMII OBUIM MCIOTB30BAHBI TETPATMAPOXPOMEHO|[2,3-
d]mupumupun-2-oubl 1a-d, cuHTe3MpoBaHHbIe 13 IIPOAYKTOB peakiuy bumkuHem u
pesopuyHa 1o Meroauke [17]. Hamune rugpokcuibHOI Tpynmsl B nonoxxennn C-8 u gByx
aMMIHBIX TPYHI fe/laeT UX YHOOHBIMM CyOCTpaTaMy I WU3Y4eHWS CeNeKTUBHOCTH
MopudunupoBannsa. Ha ocHoBaHuM /mMTepaTypHBIX JaHHBIX [18] wm3BecTHO, dYTO
reKcarngpoxpomeno(4,3-d|mmpumMmuauH-2-0Hpl  BCTYNMAIOT B peaKIVI0  aJTKWIVMPOBAHNA
CEJIEKTMBHO IO TUIPOKCUIBHONM TpPYyIIE, ONHAKO aleTWIMPOBAaHME MOXKET INPUBOJSUTH K
[AVALleTUIMPOBAaHHOMY IIPOM3BOHOMY, BOBJ/IEKAs OHY M3 aMMU/IHBIX TPYIIIL

[l mpoBefeHMs peaKLuy alKWIMpPOBaHUA CTPYKTyp la-d ObUr BHIOpaH B KadecTBe
QJIKVITA/IOT€HN]a METYIMOANE, 2. Peakyy mpoBoAWIICh B IPUCYTCTBYUM KapOOHaTa Kajus B
numetnndopmamuge npu 40 °C B TedeHue 9-12 gacos. B pesynbraTe ObUIN HOTyYeHBI HOBbIE
AIKWIMPOBAaHHbIE IPOM3BOMIHBIE TeTParuApoxpoMmeHo|2,3-d]mupuvmans-2-osoB 3a-d ¢
BBIXOZIOM 710 84%.

DMF, K,CO,
Me—I 5

[
2 40 °C

1,3:R=H (a),R=Cl (b), R =Me (c), R=OMe (d)

CeeKTHBHOE aLeTWIMPOBaHMe TVMAPOKCIIBHON TPYNIbI ObIIO OCYIIECTBIEHO C
IIOMOUIBIO YKCYCHOTO aHTUpK/a 4 B IPUCYTCTBUM KaTa/MTUIECKOTO KONMMYECTBA MMPU/IHA B
ycnoBusax 6e3 pacrsopurens npu temmeparype 80 °C u BpeMmeHu peakiuu 1,5-3 daca, 4To

IIpUBEIO K O6pa3OBaHI/IIO IIpOU3BOAHDBIX 5a-c.
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RGN QG LLIAT 3A LATOM

Me
o F,
+ (CHsco)zo pyridine
4 80 °C

1: R = Cl (b), R = Me (c), R = OMe (d); 5: R = Cl (a), R = Me (b), R = OMe (c)

Peakyum nporekanym ¢ XopommmMy BbIxofamu ot 57 % 1o 94 %.

Hamn YCTaHOBJICHO, 4qTOo peakunun ATIKNINPOBaHU A n AN pOBaHNUA

TeTparuipoxpomeHo|2,3-d|mupumMusuH-2-0HoB 3a-d B BBIOpAaHHBIX YCIOBUAX IPOTEKAIOT
CeIeKTMBHO IO TUJPOKCWIBHONM TIpylle B OTIMYMEe OT QAHAJIOTMYHBIX peaKLMil
xpomeHo(4,3-d]nupumupanz-2-onos [18].

YcnoBus peakuuii  BBIXOZ sl coefinHennit 3a-d u 5a-c mpuBeneHsl B Tabmune 1.

Ta6muma 1. Bpems peakunii 1 BBIXOJ, IPOJYKTOB 3 11 5

Coenunenns 3 CoenuHenus 5
NQ R B >
Bpemsa peaxumm, 4 Brrxogn, % PN peaitiin Brrxop, %
q

1 H a 9 83

2 4-Cl b 10 84 a 1,7 89

3 4-Me C 12 82 b 2 94

4 4-MeO d 11 70 C 2,8 57

[Tony4yeHHble coefuHeHus 3 M 5 ObUIM OUMILEHBI METOROM IHepPEeKpUCTA/UIM3ALNM U3
M30IIPOIIN/IOBOTO IIOMOLIIbIO
CIIEKTPOCKONIMYECKMX MeTofioB. B VIK-crekTpax MO/Ny4eHHBIX CTPYKTYp HaOIIOfanoch
3330-3300 cm! caydae

AllETMJINPOBAaHHBIX ITPOU3BOJSHDBIX 5 MOABIANUCH

CcipTa n OXapaKTEpU3OBaHbI C COBPEMEHHDBIX

MNCYE3HOBCHMUE  CUTHA/IOB I‘I/I,‘E[pOKCI/IHbHOf/I rpynoimbl, a B

TalkOKe CUTHAIBl  CIOXXHO3(pUPHON
KapOOKCU/IBHOJ Ipymnbl B obmactu 1761-1759 cm.

'H n C SIMP-crekTpocKonusi MOKa3ana XapaKTepHble CUTHAJIbI, MOATBEPKIAIOLIE
yCIIEIIHOE BBEJIEHME COOTBETCTBYIOIIMX 3aMeCTUTeNel. B yacTHOCTH, IOABIEHME CUHITIETA B
obmactu 2.27 - 2.29 m.i. B cuiektpe 'H SIMP cBUfieTeIbCTBOBANIO O HAIMYUU AlETUTBHON
TPYIIIBI B COEAVIHEHVSIX 5, a CMHITIeTa B 06/mactyt 3.72 - 3.75 M.Ji. OTpaXkasio yCIIelTHOe BBefieHIe

QJIKIIBHOTO (pparMeHTa B CTPYKTypax 3.
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Puc. 1. ®parmentst 'H IMP crnextpoB coefunennii 3a (cnesa) u 5a (crpasa)
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Macc-crneKTpoMeTpu4ecKuil aHaIu3 3apUKCHPOBaI MOJIEKY/LIPHbIE MacChl OTYYeHHbBIX
COEJVIHEHUII, YTO JOIIOJIHUTENIbHO IOATBEPANIIO UX CTPYKTYPY.

3784

H,c H
OYO o N\fo
CH ‘ _~__NH 3639
3
CH ]
CH, 364

377

378.4316 3

190-|
189 2327‘ 27&1I 292—I

Puc. 2. ®parmeHT Macc-CIieKTpa coefjuHeHus 5b
BriBoabl

ITpoBeieHO  MCCIefioBaHMe  IPOLECCOB  ANKWIMPOBAHMA ¥ al[eTMIVPOBAHMS
TeTParu/ipoXpoMeHo|2,3-d| mupuMuaH-2-0HOB. Y CTAHOBJIEHO, YTO PeaKIVIA aIKMIVPOBAHNA
B IPUCYTCTBUM JOGUCTOTO MeTWIa M KapOOHaTa Kaaus IPOTEKaeT CeNeKTMBHO IIO
TUIPOKCUIBHOI TpymIe. B caydae aneTwIMpoBaHMs IOJ AEVICTBMEM YKCYCHOTO aHIMAPUAA
TaKXKe Hab/Moanoch 06pasoBaHye MOHOALVIMPOBAaHHOTO IPOAYKTa B oo>keHnu C-8.

IKCcIepUMeHTAaTbHAs 9aCTh

VIK-cnieKTphI 3anucpiBanu B oTpaxkeHHOM cBeTe Ha VIK-Dypbe ciekTpoMerpe Spectrum
Two PerkinElmer ¢ pmmnoit Bomubr 700-4000 cm'. Crektper SIMP perucrpupoBamu Ha
npubope «Bruker DRX-400» s pacrBopos [IMCO-ds pu 30 °C. B xauecTBe 9TamoHa As
OTCY€Ta XMMUYECKUX CABUTOB MICIIO/NIb30BA/IN CUTHA/IbI OCTATOYHBIX IIPOTOHOB PaCcTBOPUTENA
B SIMP 'H (8n = 2.50 m.1.) wiu SIMP C (8¢ = 39.5 M.11.), B KauecTBe MapKepa MCIIOIb30BaIN
curnan terpamerwiacunana (MOX PAH r. Mocksa). Macc-CIeKTpbl perncTpypoBaIy Ha Macc-
cnexktpomerpe «FINNIGAN MAT.INCOS 50» mpu noHmsanMmoHHOM HamnpspkeHun 70 3B u
TeMIepaTtype B kamepe nonusanym 100-220 °C (JIOX PAH r. MockBa). DneMeHTHBIIT aHAIN3
IpoBOAMICA B aHamutudeckoit maboparopum VIHOOC PAH r. MockBa Ha mpubope
«PerkinElmer 2400». Temnepatypa miaB/ieHns olpeze/nslach Ha aImapare Jyisi OIpeie/ieHIs
TOYKM IUIaBieHyusA u kumeHus BiichiM-560. KoHTponb 3a XOmZOM peaknuym OCYIeCTBIIIN
METOOM TOHKOC/IONHOM XpoMmaTtorpaduu Ha mactuHax «Silufol 254 UV» ¢ ucrionp3oBannem
3/II0€HTA TeKCaH — 3TU/IALeTaT.

Crioco6b! crHTe3a 1 PU3MKO-XMMITYECKVIe XapaKTepyUCcTKy coenyHenmii 1a-d omvcansi B [17].

Metoauka nonydyenns 3a-d

Peak1jmoHHYI0 cMeCh, COflepKalllylo 1 MMOJIb TeTparupoxpoMeHo|2,3-d]nupummuans-2-
onoB la-d, 2 mmonb uogucroro metuna 2, 1,3 mmonp 6essoproro K,CO; B 2 mn IM®DA

HarpeBamu jo 40 °C u nepememnBamu 9-12 4 s cuHTe3a coepmuennit 3a-d. Oxmaxxganu u
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BBUIMBA/IM B BOAY. BbImaBIumii ocaiok oT¢uIbTPOBBIBA/IN, HECKOJIBKO Pa3 IPOMbIBA/IN BOJOI
u cymmn. [lepexpucramim3oBbIBaayu B M30IPOIIAHOJIE.
(4R*,10aR*)-5,10a-IumeTnn-8-merokcu-4-pennn-1,3,4,10a-rerparngpo-2H-
xpomeHo|2,3-d|nupumupnn-2-oH (3a). Beixox 280 mr (83%), T.mn. 281-283 °C. VK cnektp,
v/em ! 3254 (N-H), 1687 (C=0), 1658, 1620, 1492 (C=C), 1378, 1366 (CH;), 1164 (C-O-C).
Coextp IMP 'H (400 MTI'n, §, m.x., J/Tn): 0.85 (c, 3 H, C(10a)CHs), 2.25 (¢, 3 H, C(5)CHs),
3.74 (¢, 3 H, C(8)OCHs), 5.40 (m, 1 H, J = 4.6, C(4)H), 6.38 (m, 1 H, ] = 1.8, C(9)H), 6.58 (mx,
1 H,J=28.7,1.8,C(7)H), 7.22 - 7.36 (M, 6 H, Ph, C(6)H), 7.38 (¢, 1 H, N(3)H), 7.41 (¢, 1 H,
N(1)H). Cnextp AMP ¥C (100 MTI'm, §, m.1.): 14.67, 25.96, 52.08, 55.90, 87.00, 102.17, 107.83,
117.50, 124.48,125.38,126.12 (2 C), 126.61, 127.64, 129.04 (2 C), 142.55, 153.62, 155.80, 161.03.
Macc-cnekrp (3Y, 70 aB), m/z (Iom, %): 336 [M] (100), 335 [M-H] (52), 321 [M-15]* (69), 278 (7),
230 (5), 212 (5), 204 (4), 106 (13), 77 (15), 42 (64). Haitneno (%): C, 71.27; H, 5.97; N, 8.30.
C0H20N,Os. Beruncneno (%): C, 71.41; H, 5.99; N, 8.33.
(4R*,10aR*)-5,10a-Tumernin-8-merokcu-4-(4-xnopdennn)-1,3,4,10a-rerparugpo-2H-
xpomeHo[2,3-d]mupumuaun-2-ou (3b). Beixoxg 312 mr (84%), Tt 274-276 °C. VIK criextp,
v/em ! 3235 (N-H), 1690 (C=0), 1656, 1620, 1489 (C=C), 1377, 1366 (-CHs), 1166 (C-O-C),
1097 (C-Cl). Cmextp SIMP 'H (400 MTI'1, 6, m.z., J/T1r): 0.86 (¢, 3 H, C(10a)CHs), 2.24 (¢, 3 H,
C(5)CHs), 3.74 (¢, 3 H, C(8)OCHs;), 5.38 (m, 1 H, J = 4.2, C(4)H), 6.37 (n, 1 H, J = 2.4, C(9)H),
6.58 (mm, 1 H, J = 8.8, 2.4, C(7)H), 7.28 (1, 2 H, ] = 8.2, C(2’,6’)H), 7.34 (1, 1 H, ] = 8.6, C(6)H),
7.40 - 7.44 (m, 3 H, C(3’,5")H, N(3)H), 7.51 (c, 1 H, N(1)H). Crexrp SIMP C (100 MTw, §,
M.1.): 14.69, 26.04, 51.63, 55.89, 86.88, 102.14, 107.86, 117.36, 123.96, 125.80, 126.68, 128.09
(2C), 129.03 (2 C), 132.26, 141.64, 153.62, 155.64, 161.08. Macc-ciiektp (Y, 70 3B),
M1z (Iow, %): 370 [M] (46), 369 [M-H]" (15), 355 [M-15]* (44), 312 (13), 246 (28), 230 (58), 216 (16),
203 (79), 188 (33), 140 (100), 77 (24), 42 (42). Haitgeno (%): C, 64.67; H, 5.14; N, 7.52.
C20H19CIN,O;. Berancieno (%): C, 64.78; H, 5.16; N, 7.55.
(4R*,10aR*)-5,10a-IumeTnn-8-merokcu-4-(4-mermndennn)-1,3,4,10a-rerparngpo-
2H-xpomeno|2,3-d]mupumupun-2-o1 (3c). Beixom 287 wmr (82%), T.mn. 275-277 °C.
VIK cmextp, v/em™: 3239 (N-H), 1691 (C=0), 1659, 1620, 1498 (C=C), 1378, 1366 (-CHs), 1165
(C-0O-C). Cmextp SIMP 'H (400 MTIw, §, m.z., J/T): 0.84 (¢, 3 H, C(10a)CHs), 2.23 (¢, 3 H,
C(5)CHs), 2.27 (¢, 3 H, C(4’)CH5), 3.73 (¢, 3 H, C(8)OCHs), 5.34 (m, 1 H, J = 4.1, C(4)H), 6.36
(1, 1 H, J = 2.5, C(9)H), 6.57 (m1, 1 H, ] = 8.6, 2.5, C(7)H), 7.16 (¢, 4 H, C(2),3’,5,6)H), 7.33
(n = 8.6, 1 H, C(6)H), 7.40 (c, 1 H, N(3)H), 7.46 (c, 1 H, N(1)H). Crekrp SIMP 1C (100 MT'n,
0, m.1.): 14.65, 21.26, 26.02, 51.85, 55.87, 86.98, 102.13, 107.76, 117.50, 124.56, 125.12, 126.04
(2 C), 126.56, 129.58 (2 C), 136.68, 139.53, 153.62, 155.77, 160.96. Macc-criextp (Y, 70 3B),
M1z (Iow, %): 350 [M] (60), 335 [M-15]* (51), 292 (4), 226 (14), 203 (24), 188 (13), 146 (7), 120 (100),
77 (13), 42 (36). Hantgeno (%): C, 71.84; H, 6.30; N, 7.95. C,;H2,N,O;. Beraucneno (%): C, 71.98;
H, 6.33; N, 7.99.
(4R*,10aR*)-5,10a-Tumernin-8-meTokcn-4-(4-merokcndennn)-1,3,4,10a-rerparngpo-
2H-xpomeno|2,3-d|mupumupuu-2-o1 (3d). Beixom 258 mr (70%), Tt 258-260 °C.
VIK cmextp, v/iem™: 3243 (N-H), 1690 (C=0), 1660, 1617, 1510 (C=C), 1378, 1366 (-CHs),
1166 (C-O-C). Criextp SIMP 'H (400 MTI'1y, §, m.z., J/T1): 0.87 (¢, 3 H, C(10a)CHs), 2.23 (¢, 3 H,
C(5)CHs), 3.72 (¢, 3 H, C(8)OCHs), 3.73 (¢, 3 H, C(4)OCH;), 5.33 (m, 1 H, ] = 4.6, C(4)H),
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6.37 (m, 1 H, J = 2.5, C(9)H), 6.58 (mm, 1 H, J = 8.6, 2.5, C(7)H), 6.92 (m, 2 H, J = 8.3, C(3’,5)H),
7.18 (m, 2 H, J = 8.3, C(2’,6))H), 7.33 (, 1 H, J = 8.7, C(6)H), 7.35 (c, 1 H, N(3)H), 7.42 (¢, 1 H,
N(1)H). Cuextp AMP *C (100 MTI'n, §, m.11.): 14.57, 26.05, 51.59, 55.74, 55.89, 86.99, 102.16,
107.80, 114.43 (2 C), 117.55, 124.61, 125.00, 126.56, 127.26 (2 C), 134.30, 153.63, 155.75, 158.90,
160.98. Macc-criextp (Y, 70 9B), m/z (I, %): 336 [M] (100), 335 [M-H] (40), 351 (44), 335 (3),
308 (2,5), 204 (5), 136 (11), 42 (9). Haimeno (%): C, 68.85; H, 6.03; N, 7.61. C,H»nN,O..
Boruncneno (%): C, 68.84; H, 6.05; N, 7.65.

Meropuka nony4eHns 5a-c

K 1 mmonp rterparmppoxpomeno|(2,3-d|mupumuana-2-onoB 1b-d pgobapmsmm 2 mn
YKCyCHOTO aHruzapua 4 n 50 M1 nupuansa, Harpesamu 1o 80 °C un nepememnbamm 1,5-3 4 ga
CMHTe3a coefyHeHMiT 5a-c. Oxlaxpamy ¥ BbUIMBAIM B BOAY. BbImaBumIMiT 0Cajok
OT(UIBTPOBBIBAIY, HECKOJIBKO pa3 MIPOMBIBA/IM BOZON U cyuvm. [lepekpucranin3oBbBamm
B M30TIPOIIaHOJIE.

(4R*,10aR*)-5,10a-Iumernn-2-okco-4-(4-xnopdennn)-1,3,4,10a-rerparugpo-2H-
xpoMmeHo|[2,3-d]mupumupun-8-un amerar (5a). Beixom 356 mr (89%), T 222-224 °C.
VIK cmextp, v/em™: 3214 (N-H), 1759 (O-C(=0)CHs), 1678 (C=0), 1658, 1610, 1489 (C=C),
1377, 1367 (-CHs3), 1194 (C-O-C), 1091 (C-Cl). Cuextp AMP 'H (400 MTI'n, §, m.a., J/T1y):
0.86 (¢, 3 H, C(10a)CHs), 2.24 (¢, 3 H, C(5)CH3), 2.29 (¢, 3 H, C(8)COCH3), 5.43 (m, 1 H, ] = 4.7,
C(4)H), 6.64 (o, 1 H, J = 2.3, C(9)H), 6.78 (um, 1 H, ] = 8.4, 2.3, C(7)H), 7.29 (&, 2 H, ] = 8.3,
C(3’,5)H), 7.45 (m, 2 H, ] = 8.3, C(2’,6')H), 7.47 (n, 1 H, ] = 8.4, C(6)H), 7.54 (¢, 1 H, N(1)H),
7.60 (o, 1 H, J = 4.6, N(3)H). Cnextp IMP *C (100 MTn, §, m.1.): 14.69, 21.56, 26.08, 51.89,
87.17,110.29, 115.35, 122.17, 125.01, 126.06 (2 C), 126.38, 126.89, 129.66 (2 C), 136.82, 139.23,
151.68, 152.97, 155.68, 169.60. Macc-cuiextp (DY, 70 aB), m/z (Lo, %): 398 [M] (93), 397 [M-H]
(45), 383 [M-15]* (79), 356 (71), 341 (100), 298 (24), 232 (16), 216 (43), 189 (40), 140 (31), 43 (57).
Haitneno (%): C, 63.14; H, 4.79; N, 6.98. C,;H5CIN,O,. Beruncneno (%): C, 63.24; H, 4.80; N, 7.02.

(4R*,10aR*)-5,10a-IumeTnn-2-okco-4-(4-mermndennn)-1,3,4,10a-rerparugpo-2H-
xpomeHO([2,3-d]mupumuaun-8-un aperar (5b). Bexop 358 mr (94%), t.mn. 218-220 °C.
VIK criextp, v/em: 3222 (N-H), 1761 (O-C(=0)CHs), 1678 (C=0), 1655, 1611, 1495 (C=C),
1372, 1366 (-CHs), 1199 (C-O-C). Crektp SIMP 'H (400 MTwu, 8, M.z, J/Tu): 0.85 (c, 3 H,
C(10a)CHs), 2.24 (¢, 3 H, C(5)CHs), 2.28 (c, 6 H, C(4)CH;, C(8)COCH3), 5.38 (1, 1 H, ] = 4.5,
C(4)H), 6.63 (1, 1 H, J = 2.3, C(9H), 6.77 (mm, 1 H, ] = 8.4, 2.3, C(7)H), 7.29 (1, 2 H, ] = 8.1,
C(3,5)H), 7.45 (1, 2 H, J = 8.1, C(2,6)H), 7.46 (1, 1 H, ] = 8.4, C(6)H), 7.49 (¢, 1 H, N(1)H),
7.52 (n, 1 H, ] = 4.6, N(3)H). Cnektp IMP *C (100 MTn, §, m.11.): 14.73, 21.56, 21.72, 26.09,
51.67, 87.07, 110.34, 115.43, 122.03, 125.69, 126.29, 126.49, 128.11 (2 C), 129.11 (2 C), 132.35,
141.34, 151.79, 152.94, 155.55, 169.58. Macc-criextp (3Y, 70 9B), m/z (Iom, %): 378 [M] (100),
377 [M-H] (31), 363 [M-15]* (61), 335 (10), 321 (17), 292 (2), 232 (2), 190 (5), 120 (12), 43 (33).
Haitneno (%): C, 69.71; H, 5.83; N, 7.36. Co;H2,N,O4. Borancrieno (%): C, 69.83; H, 5.86; N, 7.40.

(4R*,10aR*)-5,10a-Iumernn-2-oxco-4-(4-merokcudennn)-1,3,4,10a-rerparngpo-2H-
xpoMmeHO[2,3-d]mupumupun-8-un amerar (5c¢). Boixom 226 mr (57%), t.mwi. 212-214 °C.
VIK cmextp, v/em™: 3220 (N-H), 1759 (O-C(=0)CHs), 1677 (C=0), 1652, 1610, 1507 (C=C),
1378, 1366 (-CHs), 1196 (C-O-C). Cnextp SIMP 'H (400 MTn, §, m.xg., J/T): 0.87 (¢, 3 H,
C(10a)CH3), 2.24 (¢, 3 H, C(5)CHs), 2.27 (¢, 3 H, C(8)COCHS3), 3.73 (¢, 3 H, C(4)OCHa),
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537 (1, 1 H, J = 4.5, C(4)H), 6.63 (1, 1 H, ] = 2.3, C(9)H), 6.77 (un, 1 H, J = 8.4, 2.3, C(7)H),
6.93 (1, 2 H, ] = 8.5, C(3,5)H), 7.19 (1, 2 H, J = 8.5, C(2’,6))H), 7.45 (1, 1 H, J = 8.4, C(6)H),
7.47 (¢, 1 H, N(1)H), 7.50 (5, 1 H, J = 4.6, N(3)H). Criextp SIMP “C (100 MI', 8§, m.1.): 14.64,
21.56, 26.10, 51.61, 55.74, 87.16, 110.29, 114.48 (2 C), 115.34, 122.18, 124.87, 126.36, 126.92,
127.26 (2 C), 133.97, 151.67, 152.96, 155.64, 158.96, 169.60. Macc-cnektp (Y, 70 3B),
mlz (Ioms %): 394 [M] (53), 393 [M-H]" (6), 351 (5), 337 (5), 232 (3), 190 (10), 136 (91), 60 (11),
43 (100). Haimpeno (%): C, 66.87; H, 5.59; N, 7.06. C»H»,N,Os. Boruncneno (%): C, 66.99;
H, 5.62; N, 7.10.
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Knrouesvie cnosa: Auuomauuﬂ. B pa60me Uccned08aHa AaKmuBHOCMb CKeNemHo20 HUKeLe8020

ckenemHubLil KAmanu3amopa npu ezo 4AcCMu4Hol KOHMPORUPYeMoli 0e3aKMusayuu 6 peaxyuu
HUKene6blil HUOKOPA3HO20 eudpuposanus 4-numpoderonama nampus. Peaxyuio nposodunu
Kamanusamop, B00HbIX pacmeopax eudpokcuda Hampus npu memnepamype 303 K u ammocpeprom
4-Humpogeronam OasneHuu 8000po0a 8 peaxkmope nepuoduueckozo Oeiicmeus. B xauecmee
Hampus, 0e3aKMUsUpyoue2o0 azeHma Ucnonb3068anu 600HvLL pacmeop cynvduda nampus ¢ pH
de3axmueauus paeHoii  8000po0HOMY nOKA3amMenio pacmeopumens 6 peaxmope. Ing oueHxu
Kamanusamopa, xapaxkmepa 0e3aKmusayuu Kamanusarmopa Ucnonv3osany memoouxy Bapmonomvio
HUOKOPasHas KI. C nomowpio amoti mMemoOuku makice onpeoeneHo KONUUECHB0 AKIMUBHDIX
2u0pozeHU3AUUS, amomos Hukesns, OIOKUpyemvix OOHUM Cynvduo-uoHom. B kauecmee napamempa,

Kamanumuueckutl }la,

TO Nbesmcm’ TO N

NOKA3bL6AIOUIE20 YCMOUHUBOCb Kamanusamopa K 0e3aKmueayul, npeonoxen
TONP®=*m  Bnepevie npednomen memod pacuema 3nauenuti TON’®™"  Ong
KAMATUMUYECKUX CUCTEM HUOKOPA3HO020 eUOPUPOBAHUS 8 YCTIOBUIX 0e3aKMUBAUUY
kamanumuueckumu soamu. Ycmanoenero, umo 6 0,01 M NaOH nauanvroe nadetue
AKMUBHOCMU  C6A3AHO CO CHUNEHUEM KAMANUMUYECKUX C60UCME aKMUBHbIX
UeHmMpos, O00HAKO 6NOCIEOCHBUU AKMUBHOCHb OMOETbHBIX UEHMPOB 0CHAemCs
CMAabunvHotl, a cHudIeHUe 00Ueli AKMUBHOCMY KAMATUZATOPA NPOUCXO0UM 3d CHem
UX NPONOPUUOHATIBHOZ0 OIOKUPOBAHUS, UMO NPUBOOUM K CENEKMUBHOMY XapaKmepy
desaxmusayuu no bapmonomovio K.I. B 0,1 M NaOH 50 nponopuyuioHanvHo 8v18600um
AKMUBHbBIE UEHMPbL U3 30HbL PeAKUUL, UIMO NPUBOOU K HeCEeKMUBHOMY XAPAKmepy
ompasnenus. Kunemuueckue 3axoHoMepHOCMU O00BACHEHbI HAKONAEHUEM HA
N0BePXHOCU  KAMAAUIAmMopa nonynpooykmos  npu  pasHvix
KOHUEHMPAUUIX 66e0eHH020 Cynbdud-uoHa. I10Ka3aHo, 4mo npu 66edeHUU MANbIX
KONUYeCcms KAmanumu4eckozo s0a ckopocmp peakyul U abconomHas aKmueHoCHb

pasnudnbix

mozym He3HAYUMeENbHO Y8enudusamucs, 00HAKO npu oanvHetiuiem ysenudeHuu

KOHUeHmMpauuy  Cynb@uo-uoHa  aKkmueHocmv  KAmanudamopa  6e38036pamHo
mepsemcs.
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BBengenue

AKTVMBHOCTD U CeJIEKTMBHOCTb TeTepOT€HHBIX KaTaIM3aTOpPOB, MCIIONb3yeMbIX B
peakuAX >KMAKO(A3HOrO TUAPUPOBAHMSA, OINpefe/AeTcs HaaMduieM Ha UX IIOBEpXHOCTHU
pasnuuHBIX GOpPM afcOpOMPOBAHHOTO BOJOPOJA, KOTOpbIe 00/IafjaloT PasHON PeaKI[MIOHHO
CIIOCOOHOCTBIO IIO OTHOIIEHVWIO K OpraHm4yecKuM coemyHeHusM [1-3]. OpgHako oleHka
B/IMSIHUSA PEaKL[MOHHOI CIIOCOOHOCTY 3TUX (OPM BOJOPOAA HA CETIEKTMBHOCTD U CKOPOCTb
PeaKIuy OCHOBBIBAETCSA Ha OOLIVX IPEefIONI0KEeHNAX U KOCBEHHBIX HaHHBIX. K HacTrosmemy
BPEMEHIU NCC/Ie[IOBAaHMsA, HalpaB/ieHHble Ha BbIAB/ICHME IIapaMeTpPOB PeaKIVIOHHON
CIIOCOOHOCTY PpasNMYHBIX (HOPM afcOpPOMPOBAHHOTO BOROPOJA, B JIMTEpaType OCBELIEeHBI
cmabo. Psap paboT mopTBepKHaeT HamMuyue PAaBHOBECUMs MEXAY pasmnmyHbIMU popmamMu
BOJIOpPOfia Ha IOBEPXHOCTM KaTaaM3aTopa, a MX COfleprKaHMe IIpejIaraeTcsi peryimpoBaTh
U3MEHEHMeM cocTaBa pactBoputend [1-2]. MOXXHO IpefIONIOXUTb, YTO 3HAYMMOE
IpOsIB/IeHME 9TUX 3P PEKTOB MOXKHO HOCTUYD IIPY VICIOTb30BAHNM KaTATUTUYECKUX S0B.

Ilna oueHKM oOmmIell CKOPOCTM peakIuy B MeTOJe pPEerMOHAIbHBIX CKOPOCTeN
HEeoOXOAMMO CYMMUPOBAaTh CKOPOCTY IIPOLIECCOB HAa PA3IMYHbBIX TUIAX aKTHBHBIX IIEHTPOB
IIOBEPXHOCTH KaTa/u3aTopa. [1/11 KOppeKTHOTO COITaCOBaHMA JAHHBIX afiCOPOLINU U CKOPOCTH
peakiuy TpeOyeTcsl yIUTBIBATh KOMMYECTBO BOROPOJA, aICOPOMPOBAHHOTO Ha PasIMYHBIX
aKTMBHBIX ILI€HTpaX. OTOT MOAXOJ MCIIONb3yeTCs [y OIpefe/ieHNs PeaKVIOHHON
CIIOCOOHOCTY afcOpOMPOBAHHOTO BOAOPOZia, B TOM 4MC/Ie B PeaKUMAX IMAPUPOBAHUA Ha
ckeneTHOM HuKese [4]. Ha mocnenHeM, HanpuMmep, BOJOPOJ, MOXeT aficopOMpOBaTbCs B TPeX
¢dbopmax: IByX aTOMapHBIX I OFHOJ MOJIEKY/IsIpHOII [1-5].

B pabore [5] mna cosmaHMA KaTanmM3aTOpOB C  Pa3IMYHBIMU  KOJMYECTBAMMU
aicopOMpPOBAaHHOTO BOZOPOJA NCIIONIb30BATM METOJ, XMMUYECKOTO 00e3BOfJOpOXMBAHMA.
OpHAaKO OSTOT METOJ OC/IOKHEH HEBO3MOXKHOCTBIO IIPSMOTO M3MEPEHMsI KOIU4ecTBa
BBIIE/IAIOIETOCs BOJOPOAA TPAAVMIMOHHBIMY BOTIOMOMETPUMYECKMMI METOJaMM, TaK Kak
BOJIOPOJ], KOHTAKTUPYIOIMII C IIOBEPXHOCTBIO 3apaHee 00e3BOJOPOXKEHHOTO KaTalINn3aTopa,
3aII0/IHAET IIOPUCTOE MPOCTPAHCTBO META/UIA [0 XapaKTepHON I 3TOM peakIMy CTEeNeHU
3anonHeHnA. [y oIpefie/ieHNsA CKOPOCTH IIpoliecca ObI/IO VICIIONTb30BAaHO afcOpOIOHHO-
KaJIOpYIMeTpUYeckoe TUTPOBaHNE, YTO CO3[jaeT  JIONOJIHWUTE/IbHbIE  CIOXXHOCTY B
MHTEPIIpeTallNy pe3y/IbTaTOB.

B pspe uccnenoBanmii [2, 4] npenoXeHO UCIOIB30BaTh KOHTPOIMPYEMYIO YaCTUYHYIO
lle3aKTVMBAIVII0 KAaTa/lM3aTOPOB C TIOMOINBI0 KAaTIUTUYECKUMX AOB /1 M3MEHEHNA
paBHOBeCHI KONMYECTBA aficOPOMPOBAHHOTO BOJOPOJIA U CO3JaHNs KaTaTUTUIECKIX CUCTEM C
3aJJaHHBIMI TIapaMeTpaMy AKTVBHOCTM ¥ CeJIEKTMBHOCTH. [II1 YCIIENTHOTO IIpVMMEeHEHN
KaTaIUTUYECKUX S7I0B (Ie3aKTMBMPYIOILMX areHTOB) C 9TOJ 1Ie/IbI0 HeOOXOAMMO COOTTIOfieH e
HECKOJIbKUX YC/IOBUIL:

— KaT/IMTUYECKMIT s JO/DKeH HeoOpaTMMO B3aUMOJEICTBOBATb C aKTVMBHBIMU
LIeHTPaMI KaTalIn3aTopa;

— XMMMYECKUI COCTaB KaTa/lM3aTopa He [O/DKEH M3MEHATHCA IOf BO3JEVICTBMEM Afa,
VI3MEHEHMIO MTOJJIEXXNUT TOJIbKO KOJIMYECTBO aKTYBHBIX L[EHTPOB;

— B/IUAHUE PAacTBOPUTENIA Ha KMHETMYECK)e IapaMeTpbl peakIVM TUPMPOBAHNA He
IOJDKHO VIBMEHATDCS P J0OABIeHNM KaTaTUTUIeCKOTO sz,
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B xayecTBe mapaMeTpOB KaTaTUTUYECKOJ aKTUBHOCTY KaTa/lIN3aTOPOB IIPY YaCTUYHON
lle3aKTVMBAIVY IIpeJlaraeTcsl JMCIO/Nb30BaTh CKOPOCTb peaKIMy HYIEeBOIO IOpAfKa II0
TU/IPYPYEMOMY COENVHEHUIO V/WIM HaOIoflaeMble KOHCTAHTBI CKOPOCTM IpM HM3KUX
CTelleHsX INpeBpalleHus, Ipy YCIOBUM OTCYTCTBUS BHeIIHeAN(dy3MOHHOTO TOPMOXKEHUA.
B Takux yclIoBMAX CKOPOCTb peakIyy Ha HadaJbHOM 3Tane OyfieT 3aBUCETb TONBKO OT
PEaKIMOHHO CIIOCOOHOCTM BOJOPOZA, aACOPOMPOBAHHOTO PA3IMYHBIMM aKTVUBHBIMU
[IeHTPaMJ IOBEPXHOCTY KaTa/lIN3aTopa.

Cynpdup HaTpus ObI BBIOpaH B KadecTBe [[e3aKTMBMPYIOLIETO areHTa, TaK Kak
coefyiHeHMs cepbl (S*) ABIAIOTCA ofHUMY U3 Harbonee 3¢ HeKTUBHBIX KaTaTUTUIECKUX S/IOB,
CYILIeCTBEHHO CHIDKAIOIX CKOPOCTD I'MApUpoBaHus. VI3BeCTHO [6, 7], 4TO aTOMBI CepbI MOTYT
U3MEHATb paBHOBecre MeXAy ¢opmamy afcop6¥pOBaHHOTO BOJOPOAA Ha ITOBEPXHOCTH
KaTa/lIM3aTopa, [0-PasHOMY OTOKVMPYs aKTUBHBIE LIEHTPbI U BIVA Ha aKTUBHOCTb CKE/IETHOTO
HVIKeJIs B PeaKUVsIX TUIPYPOBAHVIS HUTPOCOEVIHEHNIL.

Ilenpo paboTHI ABIANOCH YCTAHOB/ICHME BIMAHNA YaCTUYHON KOHTPOIMPYEMOIt
lle3aKTUBAIY  CyIbQUJ-MIOHOM Ha KUHETHMYeCKMe 3aKOHOMEpPHOCTM O KMAKo(]asHOro
BOCCTAHOB/ICHMA 4-HUTPOQEHONIATa HATpMs, a TakkKe pa3paboTKa IOAXOAa K pacyery
BermuyHbl TONA*, xapaKTepu3ymolell KaTalIn3aTop K Ipolieccy Ae3aKTUBal .

SKCHCPI/IMCHTa}IbHa}I qacTh

B kauecTBe KaTammsaTopa MCIO/NIb30BA/ICA TPAJULIVIOHHDBIN CKEJIETHBIN HMKEJIEBbIN
KaTa/lIM3aTop, MOTyYeHHBINI 00pabOTKOI HMKeTb-a/IIOMIHIEBOTO CI/IaBa BOJHBIM PacCTBOPOM
TUAPOKCUA HATPU 1O U3BECTHON MeToxuKe [8, 9]. CpemHnmit pafgmyc 9acTul KaTaansaTropa
cocTaBiAn 4,8 MKM, yAenbHas MoBepXHOCTb — 90+2 M/, mopucroctd - 0,5£0,05 cm’/cm’.

KuHeTuky peakuum ruJjpupoBaHis MOJENTbHOTO COENVHEHNA MCCIEN0BAIN CTATUYECKNM
METOZOM B TepMETIYHOM >KMAKO(A3HOM PeaKTOpe, KOTOPbIN IT03BOJLAI M3MEPATD KOIMYECTBO
HOIJIOLIEHHOTO BOZIOPOJia BOMIOMOMETPUYECKUM C1Ioco6oM. CKOPOCTb BpallleHMs MeLIaIKi
cocrapisia 2500 06/MUH, 4YTO MCK/IIOYAJO BJMSAHME BHENIHETO MAacCOIepeHoca Ha
KIHeTI4YeCKIIe ITapaMeTphl. B OTHe/bHBIX OIbITax OBIIO YCTAHOB/IEHO, YTO IIPY pa3Mepe YacTuI]
MeHee 5 MKM B/IMAHNE BHYTPEHHETO MAaCCOIIEPEHOCA HAa KMHETUKY peaKLUy MUHUMUSUPYETCA.

BoccraHoB/eHne apoMaTMYeCKMX HUTPOCOEAVHEHNII BOJOPOLOM IIPOTEKAeT IO
CIIOKHBIM CTEXMOMETPUYECKMM CX€MaM, B KOTOPBIX BO3MOJKHbBI pas/M4yHble HAIPaBICHUA
peakiuy M o6OpasoBaHMe IIPOMEXYTOYHBIX coenyHeHmit. Hambomee perampHO cxeMa
BOCCTaHOBJICH)sI 3aMeI[eHHbIX HUTPOOEH30/I0B IPU KAaTaIUTUYECKOM IIpollecce OINCaHA B
paborax IlImonmuoit B.II. [10] m Tenpepa E.A. [11]. Pasnuumsa B IPOMeEXyTOYHBIX
COEIVIHEHNAX, ONMCAaHHBIX B 9THX MICCIEJOBAaHNAX, BEPOATHO, CBA3aHbI C Pa3/INYMAMI yCIOBUI
3KCIIEpMMEHTOB. B KayecTBe MOJIEZIbBHOTO COEQVIHEHNs, COHEPIKALIET0 HUTPOIPYIIILY,
VICTIONIb30BA/IN 4-HUTPOGEHONAT HaTPMsL, TIOCKOJIBbKY IIPM €T0 XIKO(pa3HOM BOCCTAaHOBIEHUN
IIPOMEXKYTOYHBIE U TOOOYHBIE IPOAYKTHI B PACTBOPE MPaKTUYeCcKy He obpasyorcs [12].

[ToBepky rupporeHmsata INPOBOAWIM C WCIIO/Nb30BaHMEM Ta30BOTO XpoMaTorpada
Kpucranmoxc-4000M ¢ nmjraMeHHO-MOHM3aLMOHHBIM JieTeKTOpoM. IIpuMeHAnyu KanuuiapHyo
komouky TRB-PETROL (100 m x 0,25 MM x 0,5 mkm, 100 % AMMETHIIIONNCUIOKCAH).
[Iporpamma aHanmsa: BpemA aHammsa — 120 MyuH, HadajabHaA TeMIlepaTypa KOMoHHbBI — 35 °C
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(15 mMuH), mporpamMmmupyemslit Harpes o 150 °C co ckopocteio 5 °C/MuH, 3ateM mo 250 °C
B OCTaBllleecsi BpeMsA aHanusa. Temmepatypa perekropa — 270 °C, ucmapurens — 270 °C.
O6bem mpo6s! s ananusa — 0,4 MK

YacTNYHyI0O KOHTPO/NMPYEMYIO [e3aKTMBAIVIO KaTaln3aTopa IPOBOAWIN METOHOM
TUTPOBAaHMs IO paHee paspaboTaHHON Meronuke [4]. B kadecTBe KaTanmTmdeckoro sipa
UCNONb30BaM  Cynbup HaTpusa. KoHLEHTpanuio MOHOB S*  OIpemesuiM  IpPsIMBIM
HNOTEHIOMEeTpUYecKUM MeTofoM. Vsmepenusa OJC NpoBOAWINCh C VCIOTb30BaHNMEM
MIOHOCE/IEKTVBHOTO 3/IEKTPOJIa, @ B KaUeCTBe 37IEKTPOJa CPAaBHEHNA IIPVMEHSIN HACHII e HHBII
X710pcepeOpsHbIil a71eKTpoa Mapky IBJI-1M3.

B mnpuknagHBIX MCCTENOBAaHMAX, IOCBALICHHBIX SKUAKO(PA3HOMY TIMUAPUPOBAHUIO
Pa3MMYHBIX K/IACCOB OPTaHMYECKUX COENMHEHMI, aKTMBHOCTb KaTa/jM3aTopa dalle BCEero
OLIEHMBAETCS TI0 CKOPOCTM peaKLMy Ha HAa4a/IbHOM JTarle (IIpY CTelleHM IIpeBpalleHIsI MeHee
0,05) [1, 2, 4, 6, 7]. [Ipenmonaraercs, 9TO Ha 3TOM 3Talle B PEeaKIVIOHHOI CUCTeMe He YCIIeBAIOT
HaKaIUIMBATbCA IPOMEXXYTOYHbIE ¥ KOHEUHbIe IPOJAYKTHI, CIIOCOOHBIE TIOB/IMATh Ha CKOPOCTD
peakuuy ¥ MOBepXHOCTh KaTanmusaTopa. Pacuer abcomotnoi aktuBHOCTH (TOF, yp. 4-6) ms
peaNbHbIX MHOTOKOMITOHEHTHBIX KaTa/IMTUYECKNX CUCTeM, OCOOEHHO B YC/IOBMAX YaCTUYHON
le3aKTVMBAIVY KaTaIM3aToOpa, MIMeeT CBOM OCOOEHHOCTM, TaK KaK CTPYKTypa IIOBEPXHOCTU
KaTa/lM3aTopa M3MEHIEeTCs B IPOoliecce BBIXOAA Ha paboumil pexxuM, MpOBeeHNs peakuy I
mesakTuBanyuy [13].

YpaBHeHuUs, IpUMeHseMble /I OL[eHKV KITHEeTVKY peaKIVIL:
1 dV(Hy) [CM3

, (1)

r=

T Moy dr c'r
V. (H
a= ZT;’S—VZ(L) = [monu eguHMLBI], (2)
7=0 2
cm3
A = < = | ) 3
Ta<0,05 [c-r] G)
NMOJ'I [1]
TOF = ——=|—-|,
Ny -1 lc @
1 [dV(H,) Ny 1
o ( de NIPT1000V, H ®
cat max ar m
Ny 1
TOF ~ A = H (6)
1000V}, Sy, - N - ¢ c
Ny - Kg_pi n(Na,5)
e=1—-———-n(Na,S) =1 - ——— = [g0/1H1 eUHULbI], 7
SYA' I%lth ? ) nmax(NaZS) [ ] ( )
TOF - t1
ToN = — % @
TOF
TONARe3aKT — — Cato, 9)
B

rie: Na — gucno Aoraapo (6,022-10% monp™); V,, — MOnsipHBIiT 060BeM rasa (I BoZopopa
Vim = 22,43 gm*/Monb, Ksni TTOKa3bIBaeT, CKOMIbKO aKTVMBHBIX aTOMOB HUKeJIsI OJIOKMPYeT OfMH
aTOM Cepbl, & — CTeleHb MPeBPAI[eHIs], ' — CKOPOCTb PEaKINM, ey — Macca KaTalns3aTopa,
V(H,) — KOnMn4ecTBO MOTIOIEHHOTO BOLOPO/A, T — BPEMs peaKi[u, Ty, — BpeMs, 32 KOTOpoe
pocturaercsi « = 0,5, A - aKTMBHOCTb KaTanmmsaTopa, € — OIS He3abIOKMPOBAaHHBIX

69



OT XHMHM K TEXHONOTHM TOM 5, BINYCK 4, 2024

KaTQIUTUYECKUM SIJOM aKTUBHBIX IEHTPOB, Sy — yHAeIbHAas IUIO[afb ITOBEPXHOCTH,
n(NaS) - xommuectBo MoOmb cynbduaa HaTpus Ha OAMH TpaMM  KaTaau3aTopa,
Nmax(NaS) - MuHUManbHOE KOMMYECTBO cynbduja HATpysA, IpM KOTOPOM aKTMBHOCTD

KaTa/lM3aTopa MafaeT o Hy/d, Na — KOMMYIeCTBO aKTVBHBIX AaTOMOB HMKe/IA Ha 1 KBafipaTHOM
MeTpe MOBEPXHOCTM KaTaln3aTopa, Nyor — KOINYECTBO MOJIEKYJI peaKTaHTa, pearrpyolnx 3a
eIVHULYY BpeMeHM (T) Ha aKTVBHBIX LIEHTPaxX KaTaau3aTopa, KOmM4ecTBOM paBHBIM Nay, Ny —
KOJIMYECTBO aKTVBHBIX IIEHTPOB Ha OJHOM rpamMe Karaausaropa, TON - yCTOIYMBOCTD
paboTel KaTanmm3aropa (KOMMYECTBO LMKIOB pPabOTBI  ONHOTO aKTMBHOTO IIEHTpa
KatammsaTopa), TON*** — ycTOYMBOCTD KaTa/lnu3aTopa K Jie3aKTVBaLIVN.

OcHoBHasA 4YacTh

B  pabore  SKCIEpMMEHTaTbHO  WM3Y4eHbl  KMHETWYECKNEe  3aKOHOMEPHOCTH
BOCCTAHOB/ICHNMA 4-HUTPO(EeHONATA HATpPUA Ha CKEJTeTHOM HMKEJIeBOM KaTalu3aTope B
BOJJHBIX PaCTBOPAX I'MAPOKCHA HATPI IIPY YACTUIHOM Ie3aKTUBanuN. Pe3ynpraT 06paboTku
9KCIIEPUMEHTA/IbHBIX [AHHBIX II0 ypaBHeHMAM 1 u 2 mpepcrabieH Ha puc. 1. VIsyuenwme
BIMSHUSA PAcCTBOPUTENA HA KUHETUKY TMAPOTEHM3ALMM 3aMeIleHHbIX HUTPOOEH30/10B
npefcTaBleH0 B uccnegoBanum [14]. Bmmsanme xonuentparyym NaOH Ha KuHeTHKY
TUPUPOBaHNA CBA3AHO C M3MEHEHNMEM XapaKTepa peakuun. B HelTpanbHON cpefie mpolecc
UieT 10 IMAPOTeHN3AIVIOHHOMY IIyTH, 6e3 HaKOIUIeHNA ITOOOYHBIX IIPOJYKTOB, TOIJA KaK B
II€JIOYHOM Cpefie aKTMBUPYIOTCA KOHAEHCAIMIOHHbIE ITPOIIECCHI, YTO MPUBOAUT K HAKOIIEHUIO
HEIIOJTHBIX IIPOJIyKTOB BOCCTAHOBJICHMA — Aa30KCU- M a30()eHO/IOB, YTO M OOBACHAET CKAYKN
aktuBHOCTM (pmc. 1). Takmm o6pasoMm, KMHeTM4YecKMe 3aKOHOMEPHOCTM TUAPVPOBAHMSA
4-HuTpodeHONMATa HATpUA OODBACHAIOTCA W3MEHEHNEM CKOPOCTM OTZHENIbHBIX CTafnit
BOCCTAaHOBJICHVM HUTPOTPYIIBL. VI3 BBIMIECKa3aHHOTO MOXKHO 3aKIIOYNMTDb, YTO M3OBITOK
IPOMEXYTOYHBIX IPOAYKTOB, KaK ¥ CyIb(UJ-VOHBI, OTOKMpYeT KaTaau3aTop, YCUIMBas
feiicTBME KaTaauTudeckoro sApga. B pesynbrate B pactBoputene 0,01 M NaOH peaxkumsa
npekpamaercsa npu BeefeHnn 0,21 mmonb Na,S ma 1 r katammsaTtopa, a B 0,1 M NaOH -
npu 0,15 mmonb Na,S Ha 1 1 kaTtanmusaropa.

1.4 1

L. e (N ! T, ea e (N !
].1,-2 n t. R I M Y T
Lt 0.8 - NIt
! s 2 g
0.8 IR R S
0.6 0.4 1,
0.4 - P,
02 0.2 ~
0 0 T
0 0,2 0.4 0.6 0.8 1 0 0.2 0.4
a 6

Puc. 1. Ckopoctu peakumm >XnaKoGpasHOTro TUAPUPOBaHMs 4-HUTPODEHOSTa HATPUSA B BOLHOM PacTBOpE
ruppoxcupa Hatpus: a) 0,01 M; 6) 0,1 M ¢ koHueHTpauyamu cynbdupa HaTpusa, mmonb (NasS) /r xt: 1-0;
2-0,025; 3-0,050; 4-0,100; 5-0,15.
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Ha pmc. 2a mpepcTaB/leHbl 3aBUCHMOCTM, XapaKTepU3YIOIIMe YCTONYNMBOCTD
KaTaM3aTopa K Me3aKTUBALVM B PasHBIX pacTBOpuTensax. B pabore [2] 6pura mokasana
IPUMEHUMOCTb ~ METOAVIKM  OLEHKM  JIe3aKTMBAIlMM  KaTaausaTopa, IPeaIoXeHHON
bapronmombio K.I'., mnsa xxupkodasHoro rugpupoBanus. ['padudeckoe oToOpaskeHue 3TOro
HIOJXOJIa TIpefiCTaBIeHO Ha puc. 20.

LA 94, epdclr (N 1 a4/,

12

R

0.8 I

0.8

. , y=-5448x+ 1,127 0.0
0.6 - 0.4
0.4 '
0.2
0+
0 0.1 0.2

0.2

0

Puc. 2. AKTMBHOCTD KaTanu3aTopa B peakuuy IUAPUPOBaHyst 4-HUTPO(dEeHOIATa HATPYUS B BOLHOM PacTBOpe
¢ NaOH: A — 0,01 M; @ — 0,1 M; npu pasHoM copep>kanuu NazS, a) B aOCONMIOTHBIX, 6) B OTHOCUTE/IbHBIX
egyHUIAX (e Ao — aKTMBHOCTD HeJle3aKTUBIPOBAHHOTO KAaTA/IM3aTOPA, Hmax — KOMMYECTBO CyNbUAa HATPUS,
[IpY KOTOPOM ITOTHOCTBIO TEPSIETCSI AKTUBHOCTD KaTaM3aTopa).

ITo jaHHBIM pUC. 2 MOKHO OIIpeleINTb MOAY/Ib TAHT€HCA YI/Ia HAaKJIOHA TMHUY TPeH[a,
HeoOxomuMblil s pacdera TON* " (cM. ypaBHeHMs Ha puc. 2). COINacHO NUTepaTypHBIM
JaHHBIM [3, 7], Ha IOBEPXHOCTM CKEJIETHOTO HMKeIsA MOXKeT HaxopuTbcs oT 1,14-10Y
1o 1,86-10" aToMoB/M?> B 3aBUCMMOCTM OT KpUCTa/UIOrpadyyecKkoil opyeHTanum. Takum
0o6pa3oM Ha Of[HOM IpaMMe KaTajaM3aTopa, MCCIeJOBAHHOTO B JJAHHOI paboTe, HaXOIMTCA
1,35-10”> aTOMOB  aKTMBHOTO HUKeJIsA, KOTOpPbIe IIOJTHOCTBIO OJIOKMPYIOTCS IO IOTepu
akTuBHOCTM 1,25-10%° cynbpupm monamu B 0,01 M NaOH wmm 9,03-10" cynbdupn monamu B
0,1 M NaOH. Orcrona cnenyert, B 0,01 M NaOH oxpnn cynbdug non 6moxupyet 10,8 ak TMBHBIX
aTroMoB Hukend, a B 0,1 M NaOH opun cynpdup non 6moxupyer 15,0 akTMBHBIX aTOMOB
HUKeJIA.

KucnorHoctb cpefibl Taxke BiauAeT Ha 3ToT npouecc: npu 0,01 M NaOH xapaxrep
O7I0KMpOBaHMs — CeJIEKTUBHBIN, a ipyu 0,1 M — HeceneKTuBHBIN (cM. puc. 26).

B Tabm. 1 cBemeHBI KMHETMYECKNe JaHHBIE IO BOCCTAHOB/ICHMIO 4-HUTpodeHonATa
HaTpys Ha CKeJIeTHOM HMKeJIeBOM KaTann3aTope B BOSHbBIX PACTBOPAX I'MAPOKCHA HATPUA IPU
YaCTUYHOM Ae3aKTUBALIN.

Ta6bmuma 1. Kunermyeckme mapaMeTpbl aKTUBHOCTM CKeJIETHOTO HUKEIEBOIO KaTalM3aTropa B peaKIun
BOCCTAaHOBJIEHMA 4-HUTPOQEHO/ATA HATPUSA B BOAHBIX pacTBopax NaOH.

KoHIeHTpauyus pacTBOpa IMpOKCI/ia HATPUS
n(Na.S), 0,01M 0,1M
MMOJIB/T KaT.
A* TOF, 100c? | Ks.ni | TON#Resaxr A* TOF, 100c? | Ksni | TONpAesaxr

0 1,27+0,06 1,1 0,85+0,04 0,4

0,025 0,93+0,05 0,4 0,67+0,03 0,2

0,05 0,77+0,04 0,4 0,65+0,03 0,2

10,8 0,043 15,0 0,016

0,1 0,46%0,02 0,5 0,33+0,02 0,4
0,15 0,43+0,02 0,5 0 -
0,2 0 - 0 -

* [em?-clr(Ni)]
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[TonyyeHHble MaHHBIE YMCIEHHO HOATBEPKAAT, 4TO Kartanmsarop B 0,01M NaOH
OKasbIBaeTcs OoJ1ee yCTONYMB K Jle3aKkTuBanyiy, yeM B 0,1 M.

BrIBOABI M peKOMeHJAN

B pabote mccrefoBaHa aKTMBHOCTb CKEJIETHOTO HUKE/IEBOTO KaTa/lM3aTopa B peaKLuu
XKUAKOPA3HOTO TUAPUPOBAHMA 4-HUTPO(EHONATa HATpuA NpU  YCIOBUAX YaCTUYHON
KOHTPOJIMIPYeMOJl Ie3aKTUBAIUN. YCTaHOBJICHO, YTO OAVH Cy/Ib(UI-MOH BBIBOAUT U3 30HBI
peakuuy aToMbl Hukend B Komumdecrse 10,8 nmpu xonnentpauyuu 0,01 M NaOH n 15,0 npu
koHueHtpauu 0,1 M NaOH. Ilpn BBesenum cynp¢upa HaTpus abCOMIOTHas aKTMBHOCTb
KaTa/lM3aTopa CHIDKaeTcsa B 2-2,5 pas3a, OfHAKO [a/lbHelillee yBeIMYeHNe KOHIEHTpaluu
KaTa/IMTUYECKOTO A/la He IPUBOAUT K 3HAUMTETbHOMY M3MeHeHM1o 3HadeHus 1TOF.

IIpennoxxen Metop pacyera mokaszarenss TON'®, xapaKTepU3YIOILEro YCTONYMBOCTb
KaTa/ms3aTopa K [e3aKTUBAalMM €ro AAoM. B codyeTaHuM ¢ IOAXOAOM, IIPefIOKE€HHBIM
bapTonomsio, Bemmunua TON***" 103BoJ1sIeT 60JIee IOJTHO OTMCATh MEXaHM3M Jje3aKTUBALUN
KaranmsaTtopa. IlokasaHO, 4TO KMCIOTHOCTb Cpe/ibl OKa3blBA€T 3HAUMTEIbHOE BIMAHNUE HA
Xapakrep Ae3akTyBauyy: npu cogepxannu NaOH 0,01 M npouecc npoTeKaeT CeleKTUBHO,
a npu koHueHTpauuu 0,1 M NaOH - HecenekTuBHoO.

Ddunancuposanue. Paboma 6vinonHeHA 6 pPaAmMKAX 20CYO0APCEeHH020 3A0aHUS HA
svinonterue HUP (Tema Ne FZZW-2024-0004). ITnan pabom coznacosan ¢ HVIP Hayunoeo
cosema PAH no ¢usuuecxoti xumuu Ha 2024.
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ITOBEJEHUE ITOJIMMEPHBIX IIOBEPXHOCTHO-AKTMBHDbBIX
BEIIECTB B BOOJHbBIX PACTBOPAX I ITEPCIIEKTVBbBI IX
ITPUMEHEHNMA B KAYECTBE JVICIIEPTATOPOB KPACOK

H.A. Mopesa, I1.b. Pasrosopos

Hapexma AnmexcanppoBHa MopeBa, crapmmii mpenopasarenb; IlaBen Bopucosuu PasroBopos, moxTop
TeXHIYECKUX HayK, Tpodeccop, pocmaBcKuil rocyjapcTBeHHBII TeXHIYeCKIIT yHUBEPCUTeT, SIpocnasib, Poccus
nadezhda.zakharova.yar@mail.ru, razgovorovpb@ystu.ru.

Kntouesvie cnosa: Anunomayus.  Ha  ocHosanuu  nposedeHHoz0  aHanu3d
NOMUMepHbIe NOBEPXHOCINHO-AKINUBHDIE — TUMEPAMYPHBIX — UCINOYHUKOS U 00wjeli  Knaccuduxayuu
8eu4ecmea, 6bICOKOMOTEKY IAPHbLE nosepxnocmuo-axmusHolx eeujecms (IIAB) 06vacHaemcs Hay HbLil
COeOUHEHUS, KPUMUUECKAS unmepec K  pazpabomke  HOBbIX  6bICOKOMONEKYNAPHOIX U
KOHUEHMPAUUS MUUENTIO00DA308AHUS,  NONUMEPHLIX — COEOUHeHUT,  USMEHAOWUX  NOBEPXHOCHHOE
moouguyupyrouue 0obasxu, Hamsicenue Ha epanuue paszdena ¢as. Ilpusedenvt npumepol
oucnepeamoput Kpacox, NPoHHOCMb U ucnonv3oéanus noaumepuvix ITAB 6 pasnuunoix  o06nacmsx

a0ze3us KOMNO3uyutl, 6000ycmotiuuevie  XUMUHECKOU NPOMbIUAIEHHOCY, 4  Mak#e CHPOUMenvcmee

noxpumus (MooupuyuposarHvie 006a6ku 8 OemoHvl, 3AUUMHbIE COCMABYL U
kpacku xomnosuyuu). Hecmomps na mo, umo 6 nocnedHue 200bt
puiHOK  cunme3uposanHvix nonumeprvix IIAB He npemepnen
27100aNbHbIX USMEHEeHU, HA COBPEMEHHOM dmane PA3sUmMus Hayku
BLIA6/IEH CHEKMP NePCHeKMUBHbIX MOOUPUKAMOPOS, NpU 66e0eHUl
KOMOPbIX 6 Cucmemvl 0XUdaemcs npozHo3upyemolli IPgextn
CO30aHUS  NPOUHBLIX KOMNO3UUULI ¢ xopowieil aodeesueil K
NOBEPXHOCU CMPOUMENbHOIX MAMEPUANos U KOHCMPYKUUL, a
makxce NONYHEHUS HA OCHOBE MAKUX KOMNO3UUUL 6000YCMOTI4UBDLX
NOKPoIMUil.

JUIs HUTUPOBAHNA:

Mopesa H.A., Pasrosopos ILb. IloBemeHue mnonMMepHBIX INOBEPXHOCTHO-AKTMBHBIX BEIECTB B BOJHBIX
pacTBOpax 1 MepCHeKTUBBI UX IPUMEHEHNA B Ka4eCTBe ANCIIEPraToOpoB Kpacok // Om xumuu Kk mexHonozuu wiaz
3a waeom. 2024. T. 5, Boim. 4. C. 74-87 URL: https://chemintech.ru/ru/nauka/issue/5563/view

BBengenue

B HacrosmIee BpeMs B pa3MIHbIX chepax IPOMBIIIIEHHOTO IIPOV3BOCTBA, 9KOHOMUKI,
a TaKxoKe OJMOIOTMY MCIIO/Tb30BaHNe IIOBEPXHOCTHO-aKTUBHBIX BemjecTB (ITAB) ctanoBuUTCA BCe
6onee momynspHbIM. OCOOEHHOCTBIO VX IPUMEHEHMs SBJIIETCS CHVDKEHME HATsDKEHMs Ha
IIOBEPXHOCTM, BBbI3BAHHOE IIPOABJIAEMOI CIOCOOHOCTBIO aficOPOMPOBAaTbCA HA T'paHMIIE
paszena ¢as. B cocraB monekyn ITAB, kak mpaBuio, BKIIOUEHBI KaK TMAPOGUIbHbIE, TaK U
ruppodobHbIe pparMeHTs [1].

© H.A. Mopesa, I1.b. Pasrosopos, 2024
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ITo o6pemam mpousBojcTBa B Mupe ITAB pasnensoT muaupylomye TO3ULIUN ¢ TAKUMUI
MaTepuanaMy, Kak Kaydyk U Kpacutenu. B dactHocTu, Ha pybexe mecstwiaermit B 2020 r.
Tonbko B Poccuiickoit epeparyy 6s10 ponsseneHo cabie 250 Toic. ToHH [TAB. ITpu aTom
6oree 4eTBEpTH BBIITYCKAeMOJI NMPOAYKIVY NPUXOAUTCSA Ha MOTpebieHue B chepe OBITOBON
XUMMWM, B TO BpeMA KaK IJIaBHas YacTh HAXOAUT IPYIMEHEHNe B IPOMBIIIEHHOCT U CeKTOpe
Ce/IbCKOTO XO3sMicTBa [2]; BecbMa OOMIMPHON 0071aCTbI0 NPAKTUYECKOTO IPUTOKEHVS
BBICTyIIAeT TAaKXXe MeAMIMHA. BK/IIoueHne MeMIIMHCKOTO aclleKTa BO MHOTOM OOBSICHSET TOT
¢dakT, 4TO Hay4yHble MCCIe[OBaHMA B obOmacTu cuHTe3a HOBbIX IIAB Bemyrcsa kpaiiHe
MHTEHCUBHO.

Tak, mnomumepnsle ITAB o6nagaoT CcrIocoOHOCTBIO O0Opa3sOBBIBATh MUIIEUIBI  —
CTPYKTYPBI, COCTOSAIE U3 IPYIII PA3INIHBIX CTIOXKHBIX MOJIEKY/I MIM VIOHOB, B CBA3U C 4YeM
00671aCTb VIX MCIIO/Ib30BAHNA PACIIMPAETCS C KKIBIM TOJOM.

Ycnexu npumenenus [TAB B 11e7I0M CBSI3BIBAIOTCS € M3ydeHMeM (U3NIECKMX CBOJICTB,
B YaCTHOCTM, UX afcOpOLMOHHOI crocoOHOCTH. TeM He MeHee, K HacCTOSILIEMY BpeMEHU
¢dusnyeckme CBOVICTBA IONMMMEPHBIX TIOBEPXHOCTHO-aKTVBHBIX BEIleCTB MICC/IETOBAHbI BCe JKe
He B IIOJIHOJ Mepe, a TaKKe He Bcerjja IpMMEHEHMe UX TeopeTMdecKu oOocHOBaHO (3],
YTO IPefJOCTaB/IAT MPOCTOP IS BKIIOYEHNA CIIEKTpa HOBBIX MCC/IEOBAaHMII B YKa3aHHON
obnmacTy. B wacTHOCTH, OTZE/bHBIN MHTEepeC NMPENCTaB/IAeT pelleHe BOIPOCa YIy4LIeHVA
[VCTIEpPIMPOBaHM IMTMEHTOB VI HAIIOJIHUTE/Iell B OPTaHMYIeCcKOll Cpefie, CIOCOOHOe BBIABNUTD
BO3MOXXHOCTY HOCTVDKEHVsI HOBBIX Ka4eCTBEHHBIX XapaKTEPUCTUK BBICOKOMOJIEKY/IAPHBIX
COENVMHEeHMII, a TaKXKe KOMIO3MLMII [y IpPOBeAEHNsI OKPACOYHBIX PabOT B COBPEMEHHOM

CTpPOUTEIDCTBE.

O6mas kmaccupukanusa TNOBEPXHOCTHO-AaKTHBHBIX BeIIeCTB IO TIpynmaM WK
XIMIYECKOW mpupope

Hawnbornee n3BecTHOI B MIPOBOM HayYHOM COOOIIeCTBe IPU3HAETCS KIacCUUKALN IO
3apAny IMAPOKCUIbHBIX TPYNI MM XuMmndeckoil npupope monekyn ITAB. CornacHo gaHHOI
KIaccupyKanyy MOXKHO BBIJEIUTD:

® KaTMOHHbBIE IOBEPXHOCTHO-aKTUBHBIe BeljecTBa (KITAB);

® aHNOHHBIE TIOBEPXHOCTHO-aKTUBHBIE BemecTBa (AIIAB);

e amdoTepHble IOBEPXHOCTHO-aKTVBHBIe BemecTBa (amdonurtHble, AMIIAB),
CIIOCOOHBIE BBIMONHATh (PYHKIMM KaK JOHOpPA, TaK M akKIelTopa IPOTOHA B
3aBucumocty ot pH pacrBopa;

® HeMOHOTeHHbIe IOBEPXHOCTHO-aKTHBHbIe BemjecTBa (HITAB).

PaccMoTpyM OTAeNIbHO 0COOEHHOCTY Ka)XK/JOTO BUJia BhIlleyKasaHHbIX ITAB.

Karnonnsie [TAB xapakTepusyeT IpuCyTCTBYE OTHOCUTEILHO OOIBIION, TIOI0KUTETBHO
3apsDkeHHOM ruzipoobHO rpymmel. OHUM HaxXofAT IpPUMEHEHMe IIpYU  YIYYLIeHUN
[VICIIEpTMPOBAaHMA IIMIMEHTOB M HAIlOJIHUTeNel B OPraHMYECKON cpefie B CBA3U CO
CIIOCOOHOCTBIO a/ICOPOMPOBATBHCA HAa TBEPABIX MOBEPXHOCTSX, BBITECHSS BO3AYX U BJAry u
00pasys mpu 3TOM [OCTaTOYHO IPOYHYIO CBA3b. bompmmHcTBO KIIAB comepxar B cBOeM

COCTaB€ aTOM a30Ta, KOTOprﬁ[ HeceT IOJIOKUTEIbHbBIN 3apAan.
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K KITAB mo>xHO oTHECTH:

e COMM aNKWI3aMelLleHHbIX aMMOHMEBBIX OCHOBaHWII, Hampumep, Opomup
reKcafellVITPMMETUTAMMOHMS;

e comy amiQaTIeCcKuX aMIHOB;

®  COMM apPOMATHUYECKMX AMUHOB;

®  COMM aJIKM/I3aMelleHHbIX IV PUIVHA.

Ocobennoctpio KITAB sBnsercs To, 4TO OHM JOCTaTOYHO 9((PEKTUBHO COBMEIIAIOT
IIOBEPXHOCTHO-aKTVBHbIE CBOVICTBA C IIOBBILIEHHOII OMI0TIOTMYeCKOIT aKTUBHOCTBIO, O1arofapsi
4eMy HaXOAAT IPUMEHEeHMe B KadecTBe Ae3MHPUUMPYIIIUX U OaKTepUIVIHBIX CPEeICTB, a
TaKKe MHIMONTOPOB KOPPO3NIL.

Hwmxe B Tabnm. 1 oxapakTepusoBaHbl MHTepecHble obmacty npumMeHeHus KIIAB B
IIPOMBILIIEHHOCTY ¥ HAPOJHOM XO3JICTBE.

Ta6nuua 1. IIpakrundeckoe npumenenne KITAB B o6macTsax xummn 1 6MOXUMUN

IToBepxHOCTD O6macTb NpUMeHeHNA
IToBepxHOCTD cTanmM B xauecTBe aHTMKOPPO3MIOHHBIX areHTOB
Heopranndeckye nurMeHThI B xauecTBe ucIIepraTopos fils KPacoK
ITnactux B xauecTBe aHTMCTATMYECKUX aT€HTOB

B KadecTBe XMMMYECKMX BEI[eCTB, YHIYTOXKAIOLINX
CreHku 6aKTepUanbHBIX KJIETOK
OakTepyn

Annonnsle [TAB xapaxTepusyroTcs HammdueM OOJIBIION OTPUIATE/TLHO 3apsyKeHHON
Tpynmsl, Ipu 3ToM rugpodunbHas dactb AITAB o6bruHO comepxxut rpynmy NaSOs wmmnm
NaOSOs'.

Tunmunpimu npumepamu AITAB MoryT cmy>xuthb:

®  COMM HEMOHBIX 3)UPOB CEPHOIT KMCTOThI, HAIIPUMep, JOAeIMICYIbdaT HaTPuUA:

(0]
|
/\/\/\/\/\/\O/ \\\ONa
(@]

>
e KapOOHOBBIE KMUCIOTHI U comyu ¢ obuieit popmynoit RCOOMe, e Me - meran,
HaIIpuMep, aIbMUTAT Kajuis:

® OjieaT HaTpuA:

e comu cooTBeTcTByIOIMX Ccynbdokucnor RSO,OM, copeprkamye aaKVIbHBII
pafMKa, HalpyMep, BOfeLMICYIbPOHAT:

// “ONa
0
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[Tpumenenne AITAB mmpoko pacnpocTpaHeHO B 00acTV IPOM3BOACTBA JIATEKCOB U
CHHTETNYEeCKIX KayJyKoB [4].

Amdorepnble, wm amdonutHeie ITAB (AMIIAB) comepxat fgBe (QyHKIMOHA/IbHBIE
TPYIIIbI, Pa3IN4YaloNyecs IO CBOMM CBOJVICTBAM, M, B 3aBUCHMOCTY OT KUCTIOTHOCTM CpPebl,
MOTYT IPOSB/IATb KaK aHNOHOAKTVBHBIE, TaK 1 KAaTMOHOAKTMBHbBIE CBOJCTBA; IIPU STOM B
KauyecTBe TPYHIBI, CIOCOOHOI IproOperaTb IOJOXXWUTEbHBIM  3apAd, BLICTYNAET
ammHorpyma. Knacciaecknmu npencrasurensavy AMITAB saBAtoTcsa 6e1ku 1 aMIHOKMCTIOTH
IPUPOSHOTO HpoMCXOXAeHNA. CUHTeTHYeCKUe aHAIOTM BK/IOYAIOT aJKVIAMWHOKVIC/IOTEL
APKUM IIPYMEPOM KOTOPBIX ABJIACTCA al[eTI/IaMIHOYKCYCHAsI KIC/IOTa:

H
N\)J\
OH

3HaynTe/NbHbIE 3aTpaThbl Ha M3TOTOBJIEHNIE AJIKMJIAMIHOKMCIIOT ITOCTYXXNIN HpI/I‘II/IHOﬁI

UIX PeJKOTO IIPOM3BOACTBA B IPOMBIIIIEHHOCTY U Me[IULIVIHE.

Henonorennnie I1AB oTnmmuaroTcss TeM, 4TO He AVCCOLUMMPYIOT HAa MOHBI B BOJHBIX
pacTBOpax; MX MOJIEKY/IBI COCTOAT M3 TUAPO(OOHBIX pagyKanoB (HaIpyuMep, aKUIbHbIX) U
rUApoPUIbHBIX aTOMHBIX rpymi. [Ipu stom rugpodunbhas yacts HITAB 06b14HO BKIIOYaeT
rupgpokcwnbeble (OH') rpynmer wmm  sdupnbie (C-O) cBA3HM, KOTOpble IOJDKHBI
IPUCYTCTBOBATb B 3HAUMTEIbHBIX KOJIMYECTBAX B MOJIEKy/e [/ MOCTIDKEHUsS TpebyeMoro
YPOBHS I'MAPOPUILHOCTIL.

Opnum 3 aHbIX npenmyinects HIIAB ABnsgeTca nx coBMeCTMMOCTb C MOHOT€HHBIMU
IIOBEPXHOCTHO-AKTVBHBIMY BellleCTBAMI.

Baxueitie npeacraBuTeny pa3mMyHbIX KinaccoB [IAB npencrasiens! B Ta6. 2.

Ta6nuna 2. IIpumMeps! pasmnuHbIx Kinaccos ITAB

Haspanne | CoxpaléHHOe Ha3BaHNe | ®opmyna
Karuonnsie I[TAB
OKTagenmIaMnHa OIA CisH3NH,
IopeuymaMuu IOIOA Ci2H,s NH,
BpoMup meTuaTpuMaTuIaMMOHNUSA IOTMA [C1sH33N(CH3);]Br
Anmnonnsie [TAB
OxTucynpdar HaTpus ocC CsH,,0SO;3Na
Homeuyncynbdar HaTpys onc C1,H,50805Na

Henonorennsie ITAB
OxcmatnnupoBanHble mponssopgHble anknndernonos CyHzn CsHO(CHLO0)nH
9mynbrarop OII-7 | OIlI-7 ‘ I'men=8-10, m = 6-7

Oco6ennocru nosenennsa IIAB B BogHbIX pacTBOpax

CymectByer pBe Oonbume rpynmsl gubmipHbix [TAB, KoTopble pasfensiioTrcs B
3aBUCUMOCTH OT CIIOCOOHOCTM K CaMOOPTaHM3aUMM B PAacTBOPaX, a MMEHHO: MCTUHHO
pacTBOpMMBIe U Mullenioobpasytomye [5, 6].

['pyniia MCTMHHO PacTBOPMMBIX BELIECTB BK/IOYAaeT HU3IIME CIUPTBI, KUCIOTHI M UX
comyu. OTM BelljeCTBa OCTAIOTCS B MOJIEKY/ISIPHO-AUCIIEPCHOM COCTOSIHUM B PacTBOpe [0 TeX
HOp, TOKa He OyAyT [OCTUIHYTHI KOHIIEHTpPAIVM, COOTBETCTBYIOIME WUX HACHIIEHHBIM
pacTBOpaMm, IOCIe Yero CUCTeMa pasfie/isieTcs Ha iBe Makpodassl.
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Bropas rpymnna ITAB xapakTepusyercst CHOCOOHOCTBIO K 0Opa3OBaHMUIO IeT€POreHHBIX
JVCIIEPCHBIX cyucTeM. Mornekynbl komnouaHbeix [TAB, koTopsle cofep)kar Kak IuapoguIbHbIe,
TaK U TUAPOPOOHDBIe PparMeHThl, MMEIOT TeHICHINI0 He3aBICUMO MUIPUPOBATh K TPAaHMIIE
paspmena ¢as. Korma rupgpoduibHble Tpynmbl M30MMPOBAaHBL OT BOABI (IIOMTHOCTBIO WM
YaCcTUYHO), 0bpasyeTcs amcOpOLVMOHHBIN CJI0J, YMEHBUIAIOIMII CBOOOJHYIO 3HEPIUMI0O Ha
rpaHuie pasgena ¢as. Ilpm aToM IOKasaTenb IpefeNbHON afcopOLMyM BO3pacTaeT ¢
yBe/I4eH)eM KOHIIEHTPAL[ My IOBEPXHOCTHO-aKTUBHOTO BelljecTsa [7].

ITo mepe yBenmmuenns konnentpanuu [TIAB B pacTBope 60/1bLIyI0 pO/Ib HAYMHAIOT UTPATh
CTPYKTYpHBbIE arperaTbl, M3BeCTHble KaK MMIe/UIbl. Muiemnsl obpasyroorcs, korma ITAB
0071a/Jal0T J/IMHHBIMY YITIEBOLOPONHBIMY LIEMIAMI ¥ CY/IbHBIMY NOJIAPHBIMY IPYIIIAMIA.

HononauTenbHO BBEJIEHO MOHATHE «KpUTUYECKaA KOHI[€HTPaLMA
muremoodpazoBanusa» (KKM) - wmunumanbHas koHueHTtpaums [IAB, mpum xotopoit
JIOCTUTAETCSI TepMOAVHAMUYECKOe paBHOBecre MOHOB 1 Monekyn ¢ ITAB. B ob6mactu
KPUTUYECKMX 3HAYeHMI KOHIIEHTpalMM MMUIE/UI BO3MOXXHO HAO/MIOJAaTh 3HAYMTETbHbIE
u3MeHeHnsA PU3NIeCKNX ¥ XUMUYeCKIX CBOICTB pacTtBopa [TAB [8-12].

s onenku BnuAHuA cocrtaBa ITAB Ha sHavennsa KKM cneffyeT y4nThIBaTh Cliefiyomuie
3aKOHOMEPHOCTH, U3/I0>KEeHHBIe B [13-16]:

e 3HayeHNA KKM cuibHO CHMDXKAIOTCA € pOCTOM JUIMHBI ankuibHou nenu [TAB; npn
atoM nageHne KKM nipu yBendenny JyIMHbI aIKUIbHOM L€V Ha OJJHY METU/IEHOBYIO
rpynmy cocrasniseT s MOHHbIX [TAB - 50%, nna Hemonnsix ITAB - o 70%;

e KKM p/14 MOHHBIX IOBEPXHOCTHO-AKTUBHBIX BEIIECTB 3HAYNTEIbHO BBIIIE, YEM /IS
HIIAB; ipu 3TOM COOTHOLIEHNE 3aBUCUT OT JJ/IMHBI AIKM/IbHOM LIeNy, HO pasHuUIa
COCTaBJIAET IPMMEPHO JiBa MIOPATIKa;

® CMelleHNe MOHOT€HHBIX IPYIII OT KpaliHeil IpaHuIbl YITIEBOJOPOJHOTO pafiMKaia K
cepeiVHe AIKMIbHOM Lieny NpuBoguT K pocty KKM;

®  POCT 3apsfa NPOTMBOMOHA IPUBOAUT K CHIDKeHNI0 KKM.

Taxke pocry KKM croco6cTByeT yBenuueHye IOMAPHOCTY TIUAPOQPOOHOI dacTu
MOJIEKYIBI.

I pyrum BaxabIM ¢axTopom, BiusomyM Ha KKM, asmnserca temnepatypa. C MoBbIIIeHNeM
temneparypbl KKM yMmeHbIIaercs, B IepBy0 odepeb, BCIENCTBME paspblBa BOJLOPOJHBIX
CBA3€eM MEX/y MOJIEKY/IaMM BOJbI I aTOMaMI KMCTIOPO/Ia, @ TAKXKE CHVDKEHMA arperaum.

ITpucyrcTBue ¥ KOHLEHTpalusA [OIOTHUTENbHBIX BELIECTB B PacTBOpE TaKXKe
cymectBeHHO BT Ha KKM, ¢ yueToM cefyromux KI04eBblX IPMHINIIOB:

e fobaBiieHMe COMU B pacTBOp BbI3bIBaeT 3ameTHoe cHIDKeHue KKM. Ilpu Bbicokmx
KOoHLleHTpauuax comyu usMeHeHyss KKM craHOBATCs 6Ooree 3aMeTHBIMMU IO Mepe
yBe/IMYeHNA 91C/Ia aTOMOB yriepoja B uenyu [TAB;

® JOHHBIN 3apAJ B paCTBOPE UTPaeT PELIAIONLYI0 POJIb, IIPY 3TOM 3apAJ IPOTUBOVMOHA
OKasbIBaeT 0c060 3Haummoe BauaHue Ha KKM;

® HNU3KOMOJIEKY/ApHBIE BelecTBa BauAKT Ha KKM nmnAnBUAyanbHO, B 3aBUCYMOCTHI
OT MOJIAPHOCTY PAaCTBOPEHHBIX COEJVIHEHNIL;

e Ha nsmeHenne KKM B cTOpoHy pocTa HEKOTOpPOE BIMAHME OKa3bIBAIOT BEIlECTBA,
ob6/agaonye CHOCOOHOCTHIO XOPOIIO PaCTBOPSTHCSA B BOJIE.
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KKM sBnserca ogHoli n3 BaxHenmux xapakrepuctuk [TAB. Ananus KKM - ocHoBHOI
3Tal, NpY KOTOPOM pPacCMaTpMBAETCSA BO3MOXHOCTb ucnonb3oBaHusa ITAB. Kpurmueckas
KoHIleHTpauusa  Munemwtoobpasosannss (KKM)  ompegensercs myreM — U3MepeHMs
IIOBEPXHOCTHOTO HATSDKEHNMA M TIpoljecca comobmmsanuy. Taxke xopomio «paboTaer»
KOHIYKTOMETPUYECKMII MeTOJ, KOTOPBI WCIIONb3YeTCs JyIg OIpefe/ieHNs VOHHBIX
IIOBEPXHOCTHO-aKTVBHBIX BelljecTs [7].

[Tommmepnsbie ITAB, 6e3 KOTOPBIX TPYJHO OOOWMTHCH B TEXHOJIOTMAX IIPOM3BOACTBA
MaTepuasoB, IPOAB/AT KPUTUIECKOEe CBOJICTBO, Ha3bIBAEMOE «IIOBEPXHOCTHASA aKTUBHOCTbY.
OTa XapakTepucTMKa oOO3Ha4YaeT MX CIHOCOOHOCTb afcopOMpoBaThcs Ha rpaHunax ¢as co
CHIDKEHUEM IIOBEPXHOCTHOJ 3SHEpPTUM 3a CYeT OIpefie/IeHHON OpMEHTALMN MOJIeKYI B
IIOBEPXHOCTHOM CJIO€.

IToBepXHOCTHOE HATsDKEHME — 9TO MaKCUMAIbHBII 00beM paboThl, HEOOXOAMMBIN /IS
CO3[aHMs eIUHNUIIBI TUIOMIA Y ToBepxHOCTH (1 M?).

MHorounucnennsle ampudunbHble n BogopacTBopuMble IIAB Becbma 3¢ dexTuBHO
JIeJICTBYIOT B YaCTV CHVDKEHNA TIOBEPXHOCTHOTO HATSKEHM pacTBOPOB (0COOEHHO Ha TPaHMIIe
C BO3[yXOM), 4acTO IO 3HaueHM, He npesbimaomux 30-40 mH/m. IIpn aToM Bup nsotepmb
IOBEPXHOCTHOTO HATsDKeHMs (CcM. puc. 1) HOCTaTOYHO KadyeCTBEHHO WITIOCTPUPYET
KOppe/ALMIO MEXAy IIOBEPXHOCTHBIM HATsDKEHVMEM M KOHI[EHTpaljyeil PacTBOPEHHOTO

BEIIECTBA IIPY IIOCTOSHHOM TeMIIEpAType.
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Puc. 1. O61mit Bujj M30TepMBI TOBEPXHOCTHOTO HATSXKEHMS

B BOAHBIX cMCTEMax NOBEPXHOCTHAasA AKTMBHOCTH IOBEPXHOCTHO-AKTVBHBIX BEILECTB
IIpYU OIIpefie/IeHHOM TeMIlepaType 3aBJMCUT OT MX KOHIIEHTpalNy, a Takke GOpMBI U pazMepa
munemnn. Kak mpaBmno, NOBEpXHOCTHOE HaTSKEHME YMEHbINAETCA II0 Mepe pPOCTa MacChl
MMUIIe/UIbL. MuIe/Ibl B BOIe MOTYT NIPYHMMATD pa3myHble GOpMBI, TaKye Kak chepuiecKue,
LVUIMHAPUYECKIIe VN JaXKe IBYXC/IOHbIe KOHPUTYpaIuiL.

IToBepXHOCTHOE HATsHXKEHME B  PAcTBOpax PeryluMpyeTcsd  XapaKTepUCTUMKaMU

PaCTBOPUTEIIA I pACTBOPEHHOTI'O BEUIECTBA, a TAKIKE X KOHHCHTPaHI/IEﬁI n TeMHepaTypoﬁ[.
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Conrobmmmsupyromas cnoco6Hocrs ITAB

Comobunmsanyst -  IpolecC  3HAYUTENPHOTO  YBEIMYEHUSA  PaCTBOPUMOCTU
C/1abOTIOJIAPHBIX OPTAaHMYECKNMX COeVHEeHMIl (ComoOuan3aToB) B Boje npy Hammauu I[TAB
(comobMIM3aToOpoB).

Crnoco6HOCTb MMIIE/UIAPHBIX CHCTEM K CONIOOMIM3ALNU COeVIHEHNII ABIACTCA OTHUM
3 BOKHENIINX CBOVICTB. [JaHHBII IPOLIecC TECHO CBsI3aH ¢ IMAPOGOOHBIM B3aMOJIe/ICTBIEM.

[Tpouecc comobmwm3anuy NPUBOAUT K OOpa3OBaHMIO PaBHOBECHBIX IIPAKTMYECKN
IIPO3PaYHBIX PaCTBOPOB.

Pasmyaror mpsaMyo como6mnmm3sannio (B BOGHBIX PACTBOPAX) U 0OpaTHYIO (XapaKTepHYIO
JUIS YITIEBOIOPOJHBIX cucreM) (6, 17].

Henonsapuble ruapodoOHble BelmecTBa U IOJSPHBIE OpPTaHMYECKVe COeVIHEHNs
CIIOCOOHBI BKJIFOYATBCA B CTPYKTYPy MMIIE/UIBI pasIMYHbIMU cnocobamm. HemomsapHble
BEILleCTBa, TaKye KaK apoMaTydeckue 1 INapadyHOBBIE YIIEBOLOPOAbI, BCTPAMBAIOTCI B
YITIeBOJOPOAHBIE Afpa Mulie/ul. HampoTus, monsApHbIe BeljecTBa — KMCIOTBL ¥ CIMPTHI —
pacnonararTca Mexxgy Monekynamu I1AB, npy sToM ux nosnApHbIe TPYIIIBI OPMEHTUPYIOTCA /
IpKUCHOcabMMBaOTCA K OKpy)XXamlleil Boje, a IuapodoOHble 4YacTy BBICTPAMBAIOTCS
Iapajiie/IbHO yIIeBOROPOAHbIM HensaM [TAB.

KpoMme Tor0, MOJIEKY/IbI COMOOMNIN3aTa MOTYT IIPUKPEIUIATHCS K IIOBEPXHOCTY MULIEIII.
B Takux cay4yasx MOJIEKY/IBl pacIo/araloTcAd MeX/y V3OTHYTBIMM IIIIAMY, He IPOHMKAsA B
CTPYKTYPY Sipa Mutie/Uiel. Takoe nmosefenHne xapakrepro uusa HITAB [6].

B Havame mpoljecca IPOMCXOAUT pPacTBOpeHME COMOOMIN3aTa B pacTBOpe, 3aTeM
MOJIeKy/bl comobmnmsata AuQQYyHAUPYIOT K IOBEPXHOCTHON TpaHMIle MUILEUIbL, a
Ha 3aK/II0YVTETbHOM 3Talle COMOOMIN3aT BHEAPSETCS B CTPYKTYPy MuLie/bI [18].

OCO0EeHHOCTH CHHTE3a MMOBEPXHOCTHO-AKTUBHbBIX BE€IIECTB, IIPUMCHAEMbBIX I
IMOTYy4€HNA BBICOKOMOIEKYIAPHBIX COCI[I/[HCHI/Iﬁ " MOTMMEPHBIX KOMIIO3UTOB

Mopndukauyss NUTMEHTOB ¥ HAIONHUTENEN [JI1 HOMMMEPHBIX KOMIIO3UTOB M
MOKPBITUIL C I[e/IbI0 MTOBBIIIEHNS X TeXHOTOTMYECKUX CBOMICTB Hanbonee addekTuBHA pU
¢$bopMMpPOBaHUY HA VX TIOBEPXHOCTY XeMOCOPOIMOHHBIX C/I0€B MOAMUIIMPYIOLINX BelljeCTB.
OpHako 3HaYMTENIbHOE CHIVDKEHME YIeTbHOJ IMOBEPXHOCTHON SHEPTMM YacTUI] NUTMEHTa U
HAIlOJIHNUTE/IS1 He)Ke/aTe/IbHO, TaK KaK 9TO YMEHbIIIAeT SHEPIMIO CMAauMBaHVS X IIOBEPXHOCTH
pacTBOpaMM IIO/IMMEpPOB WJIM pacIIaBaMM, COCTAB/AIOIMMYU Marpuny. IloBepXHOCTb
IUTMEHTOB YacTO JEMOHCTPMPYET MO3aUYHYI0 CTPYKTYPY KVUCIOTHO-IIETOYHBIX CBOVICTB,
COZiep>Kalllyl0 TPYIIbI, CIOCOOHbIE K XMMMWYECKOMY B3aMMOZEVCTBMIO C KUCIOTHBIMU
(GYHKIVOHAIBHBIMM  TPYNIIaMM, TaKUMM KaK KapOOKCHM/IbHbIE TPYNIBI OpPTaHMYEeCKUX
MOIU(PUKATOPOB.

Yrobbl 00/1€TINTh XeMOCOPOLNI0 MOAMPUKATOPA, COXPAHsIsA MPU 3TOM CIIOCOOHOCTH
a/ICOPOIIVIOHHOTO  C/IOSI  B3aMMOJIEJICTBOBATh C OKpY)KAWlleil Cpefioil  IOCPefiCTBOM
OIIpeJie/IeHHOI MOIIPHOCTH, B MOJeKyny ITAB npu cuHTe3e ZO/DKHBI OBITH JJOTIOTHUTETBHO
BK/TIOYEHBI PEaKI[IOHHOCIIOCOOHDIE 1 O/ pHBbIe TPYIIIBI (puc. 2).
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Puc. 2. 3D Mopenp mpopyKTa CONMOMMMEPHU3any OKCUITUIMPOBAHHOTO I/INIM/IMETAaKpPUIaTa C METaKPUIOBOM
KJUCTIOTO; 1{BET aTOMOB — Cepbli (yrepon), O6emnblit (BOFOPOX), KpacHBIil (KMCTIOPOS) 1 PO3OBBLIL (HelIOAe/IeHHbIe
3/IEKTPOHHBIE TTaPHI)

CTpyKTypa MOJEKY/Ibl B BUJi€ MOJENN, NPENCTAaBIEHHON Ha puUC. 2, MOApPasyMeBaerT,
YTO YacTb aTOMOB (YI7TIEpOJi, BOZOPOJ) MOKET OCTaBaThCA XMMUYECK) VIHEPTHON B YCTIOBUAX
MOIMPUIIpOBaHN U GOPMIUPOBAHN KOMIIO3NTA.

HPI/IMeHeHI/Ie B CTPOUTENHBCTBE MOIMMEPHBIX IMOBEPXHOCTHO-AKTUBHBIX BEIIIECTB HA
OCHOB¢ HOTII/IKﬁPﬁOKCI/I}IaTOB

[TonumepHBle MOBEPXHOCTHO-aKTUBHBIE Bell[eCTBA HAXO[AT LIMPOKOEe NpMMEHEHNe B
Pas3MMYHBIX chepax MPOMBILIIEHHOCTH, XO3AICTBA Y MEAVILIMHBL.

B xauecTBe npuMepa MOXKHO pacCMOTPETD IIPOLIECC ITOTYYeHsI OKMC/IEHHBIX OMTYMOB U
yIydlleHue KX CBOVICTB. IIpy uX NIpOM3BOACTBE B CHUCTEMY BBOAAT Moauduuupyolye
no6asku (IIAB), KoTopble OTIOKNUTEIBHO BIUSAIOT Ha CBOVICTBA IIOTy4aeMOro MaTepyuaia u ux
PEAKIMOHHYIO0 CIIOCOOHOCTb. B ¢BA3M C TeM, 4TO NPOM3BOAUTENN CTPEMATCS K CHVDKEHMIO
MaTepyaabHbIX 3aTpaT, IPUMEHEH)Ee IOBEepXHOCTHO-aKTVMBHBIX BEIECTB B JAHHOM CiIydae
ompaspaso [19, 20].

HecoMHeHHBIM  IIpeMMYyIIECTBOM  IpUMEHeHMA  MOAUPUIMPYIOMNX  J00aBOK,
COflep>KalllMX IIOBEPXHOCTHO-AaKTVBHbBIE BEIIEeCTBA, SBJISIETCS MX CIOCOOHOCTb YIy4LIaTh
9KCIUTyaTal[IOHHbIE XapaKTepuCTUKy 6uTyma. IIpuMeHeHne NaHHBIX HOOABOK CIIOCOOCTBYET
YIY4LIEHNI0 CMa4yVBaHUsA MUHEPAIbHBIX MaTepuaoB OUTYMOM 3a cueT (HPOpMUPOBAHUA
aficCOpPOLIMOHHOTO C/I04, Tfie MOJLApPHbIE TPYIIIBI OPMEHTUPYIOTCA K IIOBEPXHOCTY MIUHepaa,
a YI/IeBOZOPOJHbIE IIeNV BKITIOYAIOTCA B CTPYKTYPY OMTYMHOI MaTpPUIIBL.

[7TaBHBIM IPEVMYIIECTBOM MCIONb30BaHMs TaKMX JOOABOK ABJIAETCS COKpallleHMe
BpPEMEHN, HEOOXOAVIMOTO I TIIONy4eHMs OJHOPONHON CMeCH, a TakKe CHIDKEHMe
TeMIIepaTypbl, TpebyeMoil mas mpouecca cMemmBanusa. Kpome toro, ITAB crmoco6cTByroT
00pa3oBaHNI0O MOHOMOJIEKY/LIPHOTO XeMOCOPOILMOHHOTO CJI0sA Ha TpaHMIE pasfena
«MUHEpaJIbHBbIII MaTepuan — OUTYM», 4YTO 3HAYUTE/NBHO YCUIMBAET a[resuio MEeXHy
KOMITOHeHTaMM cMmecu [21-23].
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OpHOJ M3 IPUOPUTETHBIX 3a/jay, IIOCTABJIICHHBIX II€pefl CTPOMUTEIBHON OTPaCIIbIo,
ABJIAETCS YCKOPEHe IpoLiecca BO3BeIeHVsI MOHOIMTHBIX KOHCTPYKLMIL. [I/11 9TOr0 OCHOBHOE
BHJIMaHIIe YAe/LIeTCA YBEIMYEHNIO TeKydecTy OeTOHHBIX CMecelt, CTIOCOOHBIX K CAMOYIUIOTHEHMIO.
Ha nporsxeHnu fecAatmneTuit pa3pabaTbIBaIiCh pa3iyHble CIIOCOOBI MOBBILIEHVS TEKYIeCTI
IIeMEHTHBIX PAaCTBOPOB 1 BBICOKOMOJIEKY/IAPHBIX COeVHEHNUI /I CTPONTENbCTBA. B gacTHOCTH,
B 1960-x 1 1970-x romax ObUIM CO3[aHBI IIO/MMMEPbl Ha OCHOBE IPOAYKTOB KOHMEHCAIUN
dopmanberna ¢ CynbGUpPOBAHHBIM Me/TaMMHOM ¥ Ha@TaIMHOM, KOTOpBIE IO CUX IOp
YCIELTHO IPUMEHSIOTCS I/IA 9TUX Lenent [24].

B xonme XX cronmeTusA HavaaM MOABIATbCA HOBble TUlbl HonuMepHbix [IAB
(cynepritactiuuKaTopoB) Ha OCHOBE IIPOCTBIX NMOMMKAPOOKCUIATHBIX 3Q1poB. XapaKTepHO,
YTO MX B/IMAHNE HAa TEKy4eCcTb 3aBUCUT He TONBKO OT CTPYKTYpHI IIOMMMeEpa, HO M OT
XapaKTepPUCTUK IleMeHTa. OKCIUTyaTal[OHHblE XapaKTePUCTMKM MONIMMepa 3HAYUTEIbHO
pasnMyanTCca APYr OT [pyra, eCliuM B NCIOIb3YeMOM IIeMEHTe COJepKaHye INIMHO3eMa
HaXOJVTCA Ha BBICOKOM YpoBHe. Taxoke BOXHYIO pOJIb UTPaeT KOMNYECTBO KapOOKCVUIbHBIX
TPyNII B Iemy ¥ COOCTBEHHO JUIMHA IIely, YTO OIpefeNseT B UTOTe KOINIEeCTBO
afiIcopbupoBaHHOro mojumepa [25].

B Hacrosmiee BpeMms IUacTMUKATOpbl Ha OCHOBE IOJMKAPOOKCUIATOB SIBIIAIOTCS
Hanbonee  9(PpQeKTMBHBIMM  HPOMBINUIEHHBIMM  IUTacTM(UKATOpaMM  Cpefu  BCeX
BOJIOPaCTBOPUMBIX JOOABOK, M3BECTHBIX B CTpOUTeNbHON cdepe. [Ipu BBefeHMM B cOCTaB
CBEXXEIIPUTOTOB/IEHHOTO OeTOHA OHY CYIIeCTBEHHO M3MEHAIT €r0 PeoyIoTIYecKe CBOVICTBA,
Pe3KO CHIDKasl BA3KOCTb IJeMEHTHBIX cMeceil 1 objierdas 3aMBKy fia)ke B KOMITaKTHBIE VU
CWIBHO YIIpOYHeHHble POpMBL. BbIcoKas TekydecTb 6eTOHA MO3BOIAET €My CaMOCTOATEIbHO
3aII0/THATD BCe YacTy (GOPMBI.

[leiicTBMe HONMMKAPOOKCUIATHBIX CYIePIUIACTU(UKATOPOB OCHOBAHO Ha COYETAHUU
9/IEKTPOCTATUYECKMX ¥  IPOCTPAHCTBEHHBIX  9(QeKToB, [JocTUraeMblx Onmaromaps
ruzipoOoOHBIM MONMMIGUPHBIM OOKOBBIM IIEIIAIM MOJIEKY/IBI C/IOKHOTO ITONMKapOOKCHUIaTa.
ITOT MexaHu3M obecreyrBaeT BOJOPACTBOPUMBINL 3¢ (eKT B HECKONIBKO pa3 6ojiee CUIbHBI,
4eM 1 OOBIMHBIX  cymepruiactudukaropoB.  IlpemmyijectBa  MCIIOb30BaHMS
NOMMKAapOOKCYIATHBIX CYNepIVIACT(PUKATOPOB 3aKIIOYATCA B MEHbBIIEHl BA3SKOCTM U
HeOO/IbIIOM pacxofie BOJBI, HEOOXOAVMOM IS 3aMelIVBaHUsA OETOHHBIX CMecell, IO
CpaBHeHMI0O  C  CymepiacTupukaTropamMu  Ha  OCHOBe  HadTammHCynbpoOHaTa,
MeTaMIHCY/Ib(OHATA W/IN IMTHOCY/Ib(oHaTa [26-32].

Ncnonp3osanue nonumepHbix IIAB B kauecTBe JuUcCIepraropoB Kpacok

CoBpeMeHHbIe [IUCIIepraToOphl — BEIleCTBa, J0OaB/IAeMble B CYyCIIeH3WM IJI YIydIleH
paspfenens YacTUIl ¥ MpeloTBPAIleHN A UX arJIOMepan UM OCaKIE€HNs, TO/DKHBI OTBEYATh
JIOCTaTOYHO CTporuM TpeboBaHyAM. IIAB Ha OCHOBe NOMMMEPOB C MHOTOYNMC/ICHHBIMU
(GYHKIVIOHAIBHBIMM TPYIIIAMM, TAKMMM KaK ITOJIMKapOOKCUIATBI, 00/1aaloT 3HAYNTETbHBIMU
IepCIeKTUBaMI B KauecTBe MOAM(DUKATOPOB IIOBEPXHOCTY IMUTMEHTOB. VIX mcronb3oBaHme
IIOMOTA€eT IPEeNOTBPATUTh CIEKaHMe Py CYIIKe, YAydllaeT AUCIEPIUPYeMOCTb, CHIKAET
cofieprKaHIe B/IaTY B BOHBIX IIACTAX IOC/Ie (PUIbTPALMM Y YMEHbIIAET MOU/VCIIEPCHOCTD.
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[IurMeHTMpOBaHHbIE  MaTepUaNbl  NPEACTAB/IAIT  CO00JT  MMKpOTeTepOreHHbIE
KOJUIOMTHBIE CUCTeMBI, PU3MYecKye, XIMITIeCKIe Y TEXHIYeCKIe CBOJICTBA KOTOPBIX B IIEPBYIO
o4epenib ONpeeAITCA AMCIepCuell MMTMEHTOB 1 HalloMHNUTe e, OTu (paKTOpbI BAUAIOT Ha
peoJiornyecKyie CBOVICTBA [VICHEPCUII IMIMEHTOB, MX arperaljMiOHHYI0 ¥ KMHETUYeCKYIo
CTaOMIbHOCTD, ONTHMYECKNe CBOJCTBA (HANpyUMep, YKPBIBUCTOCTb, IIBET M TOHVPYIOLIYIO
CIIOCOOHOCTD), a TAK)Ke Ha 3allMTHBIE Y MEXaHWYeCKye CBOICTBA IIOKPBITHIL.

Crabummsanus yMeeT pellaolliee 3HaYeHMe NI NUTMEHTMPOBAHHBIX MaTepuaioB U
obecrieunBaeTcst CTPYKTYPHBIMM ¥ MEXaHUYECKMMY XapaKTepUCTVKAMU afcOpPOIVIOHHBIX
CJI0€B, KOTOPbIE CO3/IAI0T IIPOCTPAaHCTBEHHBIE Oapbephl, IPENATCTBYIONIVE COMDKEHIIO YaCTHUL]
Ha pacCTOSHMEe, IIpY KOTOPOM CWIbl IPUTSDKEHNMA CTAaHOBATCA —3HAYMTE/IbHBIMIL
9TO B3aMMOJENICTBYE YMEHBIIIAET 3aIlachl IIOBEPXHOCTHON SHEPTUM Ha aKTMBHBIX y4acTKaxX
NOBEPXHOCTM INurMeHTa. KioyeBble (QYHKIVM [MCIEPraTOpOB BKIOYAT YBIaKHEHIUE,
AucHeprupoBanne u crabwmsanuio. OdQeKkTnBHAA MOJEKyIa ANUCIEepPraTopa [JO/DKHA
BKJIIOYATb KaK IUipoduiIbHbIe, TaK U ruzipodoOHbie pparmenTs [33, 34].

K momumepHBIM ITOBEPXHOCTHO-aKTMBHBIM BeI[eCTBAaM, JCIIO/Ib3yeMbIM B KadecTBe
IUCIIEPTaTOPOB A/ KPacOK, OTHOCATCS:

®  CONIONVMMeEPbI AHTUIPY/IA MAJIEHOBO KUCIIOTHI [35];

®  IO/IMMepHbIe AVCIIePraToOpbl Ha OCHOBE IIPOM3BOJHBIX YpeTaHa I MOYEBYHBI |36, 37];

®  CONIONMMEPHI CTUPOTIA C aMMHOTpymmamu [38, 39];

e CcoOnonMMepsl ¢ TUAPOGWIBHBIMYU U TUAPOPOOHBIMY aKPUIOBBIMM (parMeHTaMu,

copiep>KaiymMy 60KOBble KapOOKCYIIbHBIE MM aMVHOTPYIIIHI [39];
®  HU3KOMOJIEKY/IIPHbIE a/IKMIHbIE CMOJIBI C KMCTIOTHBIM cofiepkaHyueM 6oree 30 mr KOH/;
® HU3KOMOJIEKY/IspHble MHOMMI(UpPHbIE CMONBI C BBICOKMM KUCIOTHBIM U
TU/IPOKCU/IBHBIM COfIep)KaHMeM U WX CMeCM C VOHHBIMU ¥ HEVIOHOT€HHBIMMI
IIOBEPXHOCTHO-aKTVBHBIMI BellleCTBaMM, TOJTYYEeHHBIMIY U3 KMPHBIX KUCTIOT [34];
®  COEeBbIN TEUUTHH [34];
®  MeTa/UVIOOpraHN4YecKye COeVHEeHVIS, CTIOCOOHbIE PV KOMHATHOJ TeMIIepaType BCTYIIaTh
B PeaKIMI0 C KUCTOPOACOAEPKAIMMIY TPyNIIaM) Ha ITOBEPXHOCTY IUTMEHTOB I

(YHKUIMOHATBHBIMY IPYIIIAMH, TAKMMM KaK B STIOKCUIHBIX cMoTax [39].
ITommmepnbie ITAB u peomormyeckne cBOJICTBa JVICIIEPCIiA MITMEHTOB M HaIIO/THITEN el

Ha mycnepcHOCTb IMTMEHTOB M HAaIlOJTHNTe Il OObIIOe BIVIsTHME OKa3bIBaeT BA3KOCTD
IUTMEHTHO AVCIIePCHH, KOTOpasi 3aBUCUT KaK OT TeKy4eCTV CAaMOJI CPEfIb, TAaK ¥ OT KOJIMYECTBA
¥ TUIIA AVCIIepCHOM (asbl.

Tak, Hampumep, u3ydeHyue TedeHUs [UCHEPCUII C BKIIOYEHNEM B HUX JIaTeKca,
INUTMEHTOB ¥ HamosjHuTeneyl [40] BBIABMIIO, YTO IPU OIpefie/IeHHOM COJEeP)XaHUM TBEPHON
¢dasbl oOpasyercs remp-cetka. OfHAKO 4epe3 XUAKME HMPOCIONKYM YacCTUIBI HAIIOTHUTE/LA
IIPOJIO/DKAIOT BCe JKe B3amMopelictBoBaTh [41]. Ha rpadmke 3aBucumMocTyt OT mpefie/IbHOTO
HAIpsDKEHNS CABUTA NPY ITOCTOSIHHOM COJiep)KaHMM yTaTekca [42] HabmogaeTcst SKCTpeMyM,
KOTOPBIil OTBEYAeT MaKCHMMA/IbHO IIOTHOJ yIakoBKe yacTuil. C IpeBblIIeHNeM KPUTIYECKOTO

3HaueHMs IIO0 KOHIIEHTpanuy TBeppoil ¢aspl (Hampumep, KPacHOTO >KeNIe300KCUTHOTO
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IUTMEHTa Ha OCHOBE TeTUTa) B KOMIIO3VIIMM OLIYIIAeTCsl HeJOCTaTOK JIaTeKca, 00pa3yloliero
a[ICOpOLMOHHBIII CTI051 HA YaCTMUI[aX IMTMEHTA 11 HarmomHuTe 1. Korjja Konm4ectTBo AnciepcHoit
daspl B cucreMe He TIIPEBbINIAET IIOPOTOBOTO 3HAYEHNS, JIATEKC MaeT YCTONYMBbIE
afcopOLMOHHBIe C/IoM, obecreunBalye CTAOMIBHOCTb CUCTEMBI ¥ ITOCTOSIHCTBO BS3KOCTI,
VICTTOJTHSISL TAaKUM 00pa3soM (YHKIIMIO TIOBEPXHOCTHO-aKTUBHOTO BelecTsa [40]. Ipyrum spxum
IPUMEPOM MOXET IIOCTY)XKUTb MCCIeOBaHNe TeYeHUs1 CMecu HeroHoreHHoro ITAB
(Hanpumep, OII-10) u BMHWIXIOPUAOYTAAMEHOBOTO JIaTeKca B  COYETAaHUM  C
TUIPOKCUITVIILIETIIIONO30M, IPOBeJleHHOe Y)Ke YeThIpe fecATmneTus Hasap [43]. XapakrepHo,
YTO II0C/Ie OTBEP>KAEHMS TAaKOJ KOMITO3VIIVM OBUI ITOTy4YeH 3alMTHBI MaTepyaJl, IPUTOLHBII
JUISL TIOTy9eHVs TOKPBITUI Ha OBEPXHOCTSX /0OO0T0 TUIIA ¥ OT/INYAMOIIMIICS MOBbIIIEHHON
BOJIOYCTOVYMBOCTBIO ¥ NPOYHOCTbI0. ECiM B KayecTBe IUTMEHTa BBICTYNAIOT HE OKCU[BI
JKere3a, a L[MHKA, peyb y)Ke MOXeT MATU O CO3[JaHMU TPYHTOBOK C aHTUKOPPO3MOHHBIMU
CBOJICTBaMIL. B cBOI0 oueperp, IIpy JOMMPOBAHMY CTYPOI-aKPIWIATHBIX 1aTekcoB NH,-rpymmammu
ClIefyeT OXXUJATh IMPUAAHNUA aHTUCTATUYECKUX CBOVICTB [44, 45] crienyanbHbIM HOKPBITHSM,
9TO OCOOEHHO B@KHO TIPU IKCIUTyaTal[uy OT[AEIbHBIX BHUJIOB TEXHOIOTMYECKOTO
obopynoBaHMsL.

BBemenue paxke HeOONBIIOrO KoM4YecTBa [o06aBKM mommkapOokcunatHeix [TAB
IPUBOAUT K BO3PACTAHMIO BA3KOCTY IIMTMEHTHBIX [1ACT, @ B HEKOTOPBIX CTy4asiX — K MISMEHEHNIO
xapakTepa ux redenns. Kpome toro, atu ITAB B nccieyeMbix cricTeMax He BCeTa MPOSIBIISIIOT
ce6s1 Kak 3¢ PeKTUBHBIE AYCIIEPraTOpbl. B TaHHOM CiTy4ae BOIIpOC IpefIaraeTcs pelnTh IIyTeM
IpefiBapUTENbHOTO  MOAM(UIMPOBaHMSA IOBEpXHOCTM IUIMeHTOB. C  3TON  Iie/bio
PEKOMEH/yeTCs apoOMpoBaTh IeVICTBUE TAKMX J0OABOK, KaK OO [46] 1 TaBHO M3BECTHbIE
B OTEYECTBEHHOJl HayKe aabOyMMH W DamuepuH [47], a TakkKe [eiicTBMe
HOJIVISTVIEHIINKONIEBBIX 9¢upoB (oxmpaeMmplit 3¢deKT - ynpoyHeHMe KOMIIO3ULMI U
HOKPBITH), YPOTPONMHA B KomudecTBe < 5 Mac% (o>xmpaeMblit 9pdekT — BogoycToiumBas
kommo3unys) (48], monmuusonyanara [49] n onudbi-okconb (0XKMAAETCS MOBBILIEHNME A/iTe3UN
K IIOBEPXHOCTY CTPOUTENbHOTO0 MaTepuana) [50]. B obmem u 11e/10M, BaKHBIM YCIIOBMEM
HOMTy4eHVs] CTaOWIbHBIX CMecCell C MCHONb30BaHMeM ampobupyembix I[TAB sBisercs
OTHOCUTENIPHO Majass UX KOHI[EHTpalusi U MOIONHUTENTbHOE BKIIOYEHNE B CUCTEMY
HEeJMOHOTeHHBbIX coefuHeHuit [51, 52], Hampumep, cynbdupoBanHoro OII-10 (C-7),
OKCHATM/IMPOBAHHOTO M300KTUI(EHONMa WM HECUMMETPUYHOTO OIOK-COIOMMMepa OKMCeN

atuneHa un nponmnena (HBC-2).
BriBonb1

[ToBepXHOCTHO-aKTUBHbBIE BelllecTBa O/arofilaps CBOMM CIIEIV(PIYECKUM CBOJICTBAM
MOTYT CIy)XUTb HEOOXOAVIMbIMM KOMIIOHEHTaM} B COCTaBe MaTE€PUANIOB IIVPOKOTO
Ha3HA4YeHVA U BBIIIOIHATD pa3/INuHble QYHKIVIL.

ITonumepHble  IOBEPXHOCTHO-aKTMBHbBIE BELIECTBA C BBICOKMM  COJEPXKaHMEM
KapOOKCU/IbHBIX I'PYIIl PeKOMEHAYIOTCS K NMPYMEHEHNI0 B XMMWYECKOJ MPOMBIIUIEHHOCT,
B YaCTHOCTM, INIpY MOAMQUIMPOBAHMM IIOBEPXHOCTYM XPOMATUYECKNX >KeIe300KCYUJHBIX

OUTMEHTOB U HAIIOJTHUTENEN C LENbI0 yIy4dIIEeHNA X CMAadMIBa€EMOCTI U OUCIIEPTUPYEMOCTH,
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a TaKXX€ IIOBBIMIEHMA IIPOYHOCTM M AATE3NUN OKPACOIHBIX KOMHO3I/IHI/II7[ 1 IIOTYy4Y€HUA

BOJIOYCTOMYMBBIX IIOKPBITUI Ha X OCHOBE.

B CTPOUTENDBCTBE OT IIOKa3aTesA IIOABVIKHOCTU OeToHAa B 3HAYMTENBHOM CTEIIEHU

3aBUICUT €TO CIIOCOOHOCTD K 3alIOJTHEHMIO Pas/INYHbIX GOPM U IOJIOCTEN! IIPY PACTeKaHUU IO

HGﬁICTBI/IQM COOCTBEHHOTO B€Ca, B CBA3M C YEM HCHCCOO6P&3HO MCIIO/Ib30BATh IIOIVIMEPHbDbIE

ITAB B xauecTBe cynepriacTu(uKaTopoB O0eTOHHBIX cMeceil. OXNUIAeTcs, YTO MOTydaeMble

00pasibl 6eToHA OYYT XapaKTepU30BaThCs MIPAKTIYECKM IIOTHBIM OTCYTCTBUEM YCA/IKIA.
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Introduction

The primary sulfonamide pharmacophore is part of a wide range of drugs aimed at
treating infectious diseases [1], pain syndrome [2], targeting and adjuvant cancer therapy [3-5].
According to the recent studies, benzenesulfonamide-containing pharmacological agents can
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be successfully used to reduce intraocular pressure in glaucoma. Moreover, they can normalise
dopamine levels in the synoptic cleft of the brain for Parkinson's disease [6-9].

Therefore, the search for rational ways to synthesise new primary benzenesulfonamide
derivatives is an urgent task of organic synthesis.

There are many ways of sulfonamide fragment introduction as a result of direct
sulfochlorination of aromatic substrates with chlorosulfonic acid followed by treatment of the
resulting sulfochloride with ammonia [10]. A route for the preparation of primary sulfonamides
by diazotisation reaction has been described [11, 12]. Nevertheless, such approaches are often
non-selective, requiring the use of harsh reaction conditions and aggressive media, usually
incompatible with poorly stable drug-like molecular frameworks. It is much more convenient
to synthetically perform the introduction of the sulfonamide moiety. In this case, a convergent
approach is applied using ready-made polyfunctional benzenesulfonamide bilding blocks as
reagents. 4-hydroxybenzene sulfonamide is one of such commercially available reagents. It
contains, in addition to the sulfonamide moiety, another nucleophilic centre - a hydroxy group
suitable for functionalisation.

Main body

The present study investigates the regioselective O-alkylation of 4-
hydroxybenzolsulfonamide by N-substituted 2-chloroacetamides and 5-(chloromethyl)-3-aryl-
1,2,4-oxadiazoles. This provides an extension of the range of available primary
benzenesulfonamides as potential inhibitors of human monoamine oxidase and
carboanhydrase (Scheme 1).

H

R/Nrfl R-NH
> NOE—NHZ

4
— N\O — N\O
\ 3 J\/Cl > J\/o
5

HOOE—NHZ
1

g
%

o “NH,

Scheme 1. O-Alkylation of 4-hydroxybenzene sulfonamide with 2-chloroacetamides (2) and 5-(chloromethyl)-3-
aryl-1,2,4-oxadiazoles (3)

Indeed, the interaction of phenols with various alkylating agents is performed in various
systems: Ko;COs/DMF, K,COs/acetonitrile, K,COs/KI/DMF, KOH/DMF [13]. The use of
alkylating agents of medium strength (halogenacetoamides) and weakly activated
chloromethanes requires the reaction to be conducted in a strongly basic - ionising
environment and at increased temperature. Simultaneously, the presence of the second
nitrogen-containing nucleophilic centre in the molecule of 4-hydroxybenzene sulfonamide
imposes limitations on the use of strong bases in the synthesis of O-alkyl derivatives. In order
to obtain preparative yields of the target products, it was necessary to find compromise
conditions providing selectivity and acceptable process speed.
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We selected the reaction conditions for the interaction of 4-hydroxybenzene sulfonamide
with 2-chloro-N-(3,4-dimethoxyphenyl)acetamide as an example (Scheme 2). Table 1 presents
the results of the interaction.

HO O
0 H,C o
2o e OO
d “NH, ~0 E H /o
1 2a 4a o "NH

Scheme 2. Model reaction of 4-hydroxybenzene sulfonamide with 2-chloro-N-(3,4-dimethoxyphenyl)acetamide

Table 1. Selection of optimal conditions for the interaction of 4-hydroxybenzene sulfonamide with
2-chloro-N-(3,4-dimethoxyphenyl)acetamide (2a)

Ne 2a, eq K;COs(eq) KI (eq) Solvent Temperature, °C Yield, %
1 1 1 - Acetonitrile 20 -

2 1.2 2 - Acetonitrile 50 -

3 1 2 - DMF 20 -

4 1.2 2.5 - DMF 50 -

5 1 2 0.25 DMF 20 60

6 1.2 2 0.25 DMF 20 58

7 1.2 2 0.25 DMF 50 32

However, the reaction of O-alkylation does not proceed in the absence
of catalysis by potassium iodide. The interaction of 4-hydroxybenzene sulfanilamide with
2-chloro-N-(3,4-dimethoxyphenyl)acetamide proceeds only under conditions close to the
Filkenstein reaction [14, 15]. Heating of the reaction mixture causes the formation of a mixture
of by-products and hinders the separation of O-alkyl derivatives. Moreover, the increase in the
process duration, as well as the use of excess alkylating agent does not increase the yield of the
target product.

This study showed that the following conditions are optimal for O-alkylation of
4-hydroxybenzolsulfonamide: N-substituted 2-chloroacetamide: 4-hydroxybenzolsulfonamide:
K,COs : KI : DMF (N, N-dimethylformamide) in the ratio 1:1:2:0.25; reaction temperature is
20-25 °C; reaction time is 10 - 12 hours. The conditions of alkylation of 4-hydroxybenzene
sulfonamide described above also allow ones to synthesise the target products of the interaction
of the above phenol with 5-(chloromethyl)-3-aryl-1,2,4-oxadiazoles obtained according to the
methods of [16, 17]. We synthesised a series of new benzenesulfonamide derivatives in
moderate to good yields of 28-86 % under these conditions (Fig. 1).

Conclusions and recommendations

The authors have developed a mechanism for the O-alkylation of 4-hydroxybenzene
sulfonamide with alkylating agents of different nature. The method provides mild conditions
and selectivity of the process. We have shown the necessity of activation of N-substituted
2-chloroacetamides and 5-(chloromethyl)-3-aryl-1,2,4-oxadiazoles by catalytic addition of
potassium iodide in O-alkylation reactions of phenols.
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Experimental part

Reagents and solvents (Aldrich, Acros) are commercially available and were used without
prior purification. We monitored the reaction progress by thin layer chromatography (TLC) on
silica gel on Silufol UV aluminium plates using the following eluent - toluene : acetone : petroleum
ether in the volume ratio of 3:5:5. We performed elemental analysis on a PerkinElmer 2400.
We determined the melting temperature using a Biichi M-560 melting point and boiling point
apparatus. We recorded NMR spectra on a Varian XL-400 instrument for solutions in
DMSO-ds and CDCl; at 25 °C. We chose the signals of the residual solvent-DMSO residual
protons in '"H NMR (6H 2.50 ppm) or *C NMR (8C 39.5 ppm) as a reference for counting
chemical shifts. We used the tetramethylsilane signal as a marker; the shape of the signals is s
for singlet, d for doublet, t for triplet, dd for doublet duplet, td for triplet doublet, and m for
multiplet.

H3C/ D\ F
)k/ F 0
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\©\NJ\/O\©\ ’ \©\
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F O _0
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J 2 CHS \
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Fig. 1 Examples of synthesised compounds

91



A&ROM CHEMISTRY TOWARDS TECHNOLOGY VOL. 5, ISSUE 4, 2024

General procedure for the O-alkylation of 4-hydroxybenzene sulfanylmide

We dissolved 0.002 mol of N-substituted 2-chloroacetamide in 4 mL of DMF, added
0.004 mol of K,CO; and 0.0005 mol of KI. We stirred the mixture for 10 minutes, then sprinkled
0.002 mol of 4-hydroxybenzene sulphanilamide. We conducted the reaction at room
temperature for 10-12 hours. We monitored the completeness of the reaction by TLC.
We completed the reaction by depletion of 4-hydroxybenzene sulfonamide. We poured the
reaction mixture into ten times volume of water under vigorous stirring. We filtered the
precipitates and purified them by recrystallisation of acetonitrile.

N-(3,4-dimethoxyphenyl)-2-(4-sulfamoylphenoxy)acetamide (4a) Yield is 47%.
Precipitate of grey colour, T.melt. is 201 - 203 °C. NMR-spectrum 'H (400 MHz, DMSO-d)
S, ppm: 9.95 (s, 1H), 7.82 - 7.73 (m, 2H), 7.32 (d, ] = 2.3 Hz, 1H), 7.18 (d, ] = 9.3 Hz, 2H),
7.17 - 7.11 (m, 3H), 6.90 (d, ] = 8.7 Hz, 1H), 4.77 (s, 2H), 3.73 (s, 6H). NMR-spectrum "C
(101 MHz, DMSO-d;) 6, ppm: 166.19, 160.89, 149.19, 145.85, 137.45, 132.52, 128.31, 115.43,
112.65, 112.32, 105.50, 67.77, 56.38, 56.06. Found, %: C 52.53; H 4.91; N 7.69. CisHi1sN>OsS.
Calculated, %: C 52.45; H 4.95; N 7.65.

N-(2-chloro-5-(trifluoromethyl)phenyl)-2-(4-sulfamoylphenoxy)acetamide (4b)
Yield is 41%. Beige-coloured powder, T.melt. is 220 - 221 °C. NMR-spectrum 'H (400 MHz,
DMSO-ds) §, ppm: 8.25 (d, ] = 2.3 Hz, 1H), 8.07 (s, 1H), 7.89 (d, ] = 8.5 Hz, 1H), 7.86 - 7.74
(m, 4H), 7.55 (d, ] = 8.4 Hz, 1H), 7.17 (d, ] = 8.7 Hz, 2H), 4.92 (s, 2H). NMR-spectrum "*C
(101 MHz, DMSO-d;) 6, ppm: 167.72, 160.65, 138.80, 137.64, 136.31, 132.01, 131.44, 130.94,
128.96, 128.63, 128.35, 127.38, 123.29, 122.24, 115.47, 67.67, 52.82. Found, %: C 44.12; H 2.94;
N 6.90. CisH>CIF;N,O,S. Calculated, %: C 44.07; H 2.96; N 6.85.

N-(4-fluorophenyl)-2-(4-sulfamoylphenoxy)acetamide (4c) Yield is 28%. White
coloured powder, T.melt. is 185 - 187 °C. NMR-spectrum 'H (400 MHz, DMSO-ds) 8, ppm:
10.16 (s, 1H), 7.77 (s, 2H), 7.64 (s, 2H), 7.19 (s, 2H), 7.15 (s, 4H), 4.79 (s, 2H). NMR-spectrum
BC (101 MHz, DMSO-de) 6, ppm: 166.63, 160.86, 160.19, 157.80, 137.50, 135.32, 128.33, 122.33,
122.25, 116.11, 115.89, 115.44, 67.75, 41.09. Found, %: C 51.93; H 4.01; N 8.62. CisH13FN,O.S.
Calculated, %: C 51.85; H 4.04; N 8.64.

N-(4-methoxyphenyl)-2-(4-sulfamoylphenoxy)acetamide (4d) Yield is 86 %.
White colour powder, T.melt. is 190 - 192 °C. NMR-spectrum 'H (400 MHz, DMSO-d;) §, ppm:
10.00 (s, 1H), 7.76 (d, ] = 8.6 Hz, 2H), 7.53 (dd, ] = 8.8, 4.0 Hz, 2H), 7.22 (s, 2H), 7.14 (d,
J=8.7Hz,2H),6.89 (d,]=9.0 Hz,2H), 4.76 (s, 2H), 3.72 (s, 3H). NMR-spectrum *C (101 MHz,
DMSO-ds) §, ppm: 166.17,160.91, 156.28, 137.47,132.04, 128.32, 122.04, 121.46, 115.44, 114.56,
67.83, 55.87. Found, %: C 53.63; H 4.75; N 8.37. C1sH16N,O:sS. Calculated, %: C 53.56; H 4.79;
N 8.33.

N-(4-(trifluoromethyl) phenyl)-2-(4-sulfamoylphenoxy)acetamide (4e) Yield is 78%.
White colour powder, T.melt. is 185 - 186 °C. NMR-spectrum 'H (400 MHz, DMSO-dg) §, ppm:
10.52 (s, 1H), 7.85 (d, ] = 8.6 Hz, 2H), 7.77 (d, ] = 8.4 Hz, 2H), 7.69 (d, ] = 8.4 Hz, 2H), 7.23
(s,2H), 7.15 (d, ] = 8.4 Hz, 2H), 4.86 (s, 2H). NMR-spectrum **C (101 MHz, DMSO-dg) 6, ppm:
167.37, 160.82, 142.59, 137.54, 128.34, 126.76, 120.24, 115.43, 67.69, 41.08, 26.12. Found, %:
C 48.23; H 3.54; N 7.54. C;sHi13FsN,O,S. Calculated, %: C 48.13; H 3.50; N 7.48.
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N-(2,4-dimethoxyphenyl)-2-(4-sulfamoylphenoxy)acetamide (4f) Yield is 57%. Grey
powder, Tmelt. is 218 - 220 °C. NMR-spectrum 'H (400 MHz, DMSO-ds) §, ppm: 9.17 (s, 1H),
7.81 = 7.73 (m, 3H), 7.24 (s, 2H), 7.15 (d, ] = 8.5 Hz, 2H), 6.66 - 6.61 (m, 1H), 6.50 (d, ] = 8.9 Hz,
1H), 4.81 (s, 2H), 3.82 (s, 3H), 3.74 (s, 3H). NMR-spectrum "“*C (101 MHz, DMSO-d;) §, ppm:
166.22,160.64, 157.74,151.88, 137.64, 128.34, 123.66, 120.21, 115.50, 104.88, 99.59, 67.79, 56.54,
56.01. Found, %: C 52.51; H 4.98; N 7.71. CisH1sN,OsS. Calculated, %: C 52.45; H 4.95; N 7.65.

N-(isoindolin-2-yl)-2-(4-sulfamoylphenoxy)acetamide (4g) Yield is 52%.
Beige-coloured powder, T.melt. is 202 - 204 °C. NMR-spectrum 'H (400 MHz, DMSO-d) 9,
ppm: 8.00 (d, /] =8.0 Hz, 1H), 7.82 - 7.70 (m, 2H), 7.27 (d, ] = 7.4 Hz, 1H), 7.19 (d, ] = 13.9 Hz,
2H), 7.14 (dd, ] = 8.0, 5.6 Hz, 3H), 7.06 - 6.98 (m, 1H), 5.05 (s, 2H), 4.16 (t, ] = 8.4 Hz, 2H),
3.20 (t, J = 8.5 Hz, 2H). NMR-spectrum “C (101 MHz, DMSO-ds) §, ppm.: 166.00, 161.19,
143.35,137.10,132.19,128.15, 127.74, 125.58, 124.34, 116.48, 115.34, 66.66, 46.37, 28.34. Found,
%: C 55.38; H 4.9; N 12.16. C1sH7N50,S. Calculated, %: C 55.32; H 4.93; N 12.10.

N-(2,3-dimethylphenyl)-2-(4-sulfamoylphenoxy)acetamide (4h) Yield is 46%. White
colour powder, T.melt. is 197 - 198 °C. NMR-spectrum 'H (400 MHz, DMSO-d;) 9§, ppm:
9.62 (s, 1H), 7.79 (d, J = 8.6 Hz, 2H), 7.23 (s, 2H), 7.20 - 7.12 (m, 3H), 7.11 - 7.01 (m, 2H),
4.82 (s,2H),2.25 (s, 3H), 2.05 (s, 3H). NMR-spectrum “C (101 MHz, DMSO-d) §, ppm: 166.83,
160.84, 137.70,137.50, 135.93, 132.24, 128.30, 128.03, 125.93, 124.44, 115.46, 67.73, 20.80, 14.65.
Found, %: C 57.49; H 5.46; N 8.42. C;H;sN,O.S. Calculated, %: C 57.47; H 5.43; N 8.38.

4-(2-(4-(4-fluorophenyl)piperazin-1-yl)-2-oxoethoxy)benzolsulfonamide (4i) Yield is
42%. Beige-coloured powder, T.melt. is 222 - 225 °C. NMR-spectrum "H (400 MHz, DMSO-d)
S, ppm: 7.73 (d, ] = 8.8 Hz, 2H), 7.20 (s, 1H), 7.07 (dt, ] = 8.6, 4.4 Hz, 5H), 6.99 (dd, ] = 8.6,
5.3 Hz, 2H), 5.00 (s, 2H), 3.60 (t, ] = 5.0 Hz, 4H), 3.14 (s, 2H), 3.06 (s, 2H). NMR-spectrum “C
(101 MHz, DMSO-ds) §, ppm: 166.02, 161.17, 148.34, 137.09, 128.16, 118.49, 118.41, 116.16,
115.94, 115.35, 66.42, 50.05, 49.71, 44.60, 41.80. Found, %: C 54.98; H 5.16; N 10.72.
CisH20FN;0.S. Calculated, %: C 54.95; H 5.12; N 10.68.

4-((3-(4-(trifluoromethyl)phenyl)-1,2,4-oxadiazol-5-yl)methoxy)
benzenesulfonamide (5a) Yield is 45%. Beige-coloured powder, T.melt. is 188 - 189 °C.
NMR-spectrum 'H (400 MHz, DMSO-dg) §, ppm: 8.24 (d, ] = 8.1 Hz, 2H), 7.96 (d, ] = 8.1 Hz,
2H),7.80(d,J=8.5Hz,2H),7.27 (d,]= 8.6 Hz,4H), 5.74 (s, 2H). NMR-spectrum “C (101 MHz,
DMSO-ds) §, ppm: 176.64, 167.55, 160.19, 138.26, 130.29, 128.70, 128.48, 127.03, 115.63, 61.80,
41.14, 21.70. Found, %: C 48.18; H 3.10; N 10.58. C;sH,F3;N;0,S. Calculated, %: C 48.12; H 3.03;
N 10.52.

4-((3-(4-chlorophenyl)-1,2,4-oxadiazol-5-yl)methoxy)benzenesulfonamide (5b) Yield
is 57%. Brown coloured powder, T.melt. is 186-189 °C. NMR -spectrum 'H (400 MHz,
DMSO-ds) 8, ppm: 8.05 - 7.98 (m, 2H), 7.84 - 7.76 (m, 2H), 7.68 - 7.61 (m, 2H), 7.30 - 7.22
(m, 4H), 5.71 (s, 2H). NMR-spectrum *C (101 MHz, DMSO-dg) §, ppm: 176.33, 167.69, 160.18,
138.22, 137.25, 130.23, 129.59, 128.47, 125.26, 115.60, 61.75. Found, %: C 49.311; H 3.35;
N 11.52. C;sH,CIN;O,S. Calculated, %: C 49.25; H 3.31; N 11.49.

4-((3-(p-tolyl)-1,2,4-o0xadiazol-5-yl)methoxy)benzenesulfonamide (5¢) Yield is 50%.
Beige-coloured powder, T.melt. is 198 - 200 °C. NMR-spectrum 'H (400 MHz, DMSO-db)
S, ppm: 7.94 - 7.87 (m, 2H), 7.83 - 7.76 (m, 2H), 7.38 (d, ] = 7.9 Hz, 2H), 7.27 (d, ] = 3.1 Hz,
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2H), 7.26 - 7.22 (m, 2H), 5.69 (s, 2H), 2.38 (s, 3H). NMR-spectrum "*C (101 MHz, DMSO-db)
S, ppm: 175.88, 168.42, 160.22, 142.51, 138.19, 130.58, 128.47, 127.71, 123.62, 115.60, 61.75,
21.77. Found, %: C 55.71; H 4.42; N 12.19. C;sH5N;0,S. Calculated, %: C 55.64; H 4.38; N 12.17.

The study was performed within the framework of the State assignment of Yaroslavl State

Pedagogical University named after K. D. Ushinsky for 2024 from the Ministry of Education of
the Russian Federation on the topic "Development of a new drug for the treatment of

neurodegenerative diseases based on a monoamine oxidase inhibitor" (registry entry number
720000F.99.1.BN62AAA12000).
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Keywords: Abstract. The article presents the details about the interaction of a number
N,N'"-substituted diimides of ~ of N,N -substituted diimides of binaphthylhexacarboxylic acid (cubogenes) with
binaphthylhexacarboxylic sodium dithionite. The reaction takes place in the formation of perylene dyes in
acid, perylenetetracarboxylic  the technology of dyeing and printing of cotton fabrics. The authors found that
acid diimide derivatives, there is a rapid formation of intermediate products - tetraanions of initial
spectrophotometry, compounds due to the transfer of two electrons from dithionite anions in the
voltammetry, reaction initial stage of the reaction. Subsequently, these intermediates can be transformed
mechanism into the initial dianions by oxidation either by air oxygen or by sulfite formed by

dithionite at the first stage. Also, a parallel chemical stage of cyclisation with the
formation of perylene derivatives is possible depending on the nature
of substituents at nitrogen atoms in the initial diimide molecules. The occurrence
of a reversible redox stage of tetraanion formation confirmed electrochemically
on a carbon-titanium electrode. The elemental analysis of IR and electronic
absorption spectroscopy show the formation of perylene derivatives. The authors
proposed a general stoichiometric reaction mechanism for the interaction
reactions of cubogens having different substituents at nitrogen atoms with sodium
dithionite on the basis of the experimental data. The results are applicable in the
practice of finishing textile materials with cubogenes and in liquid-phase
preparation of thin-layer photoactive materials based on perylene derivatives.
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Introduction

Derivatives of N,N’-diimides of 1,1’-binaphthyl-4,4",5,5",8,8 -hexacarboxylic acid
(DBHCA), or cubogenes, have been used as dyes for cotton, linen, and viscose materials since
the 1970s [1, 2]. Textile technology uses their ability to cyclise and form durable perylene dyes
on fabrics under the action of ‘soft’ reducing agents such as sodium dithionite, thiourea dioxide,
and rhongalite [3, 4].

© Yu. V. Polenov, E. V. Egorova, 2024
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Recently, N,N'-diimide derivatives of 3,4,9,10-perylenetetracarboxylic acid are of great
interest as they have found applications in solar energy converters [5-9], biosensors [10-13],
and laser technology [14-17]. A common method for their preparation is the condensation of
perylenetetracarboxylic acid or its dianhydride with the corresponding amines in high-boiling
organic solvents or in pressurised aqueous medium [18]. As a result, compounds insoluble in
aqueous solutions and poorly soluble in organic solvents are formed. Obtaining N,N'-diimides
derivatives of 3,4,9,10-perylenetetetracarboxylic acid (DPTCC) by cyclisation of cubogens are
well soluble in aqueous-alkaline solutions and are a good alternative. It allows the synthesis of
perylene derivatives on various kinds of fibrous, porous, smooth surfaces to form films of
different thicknesses and structures. Thus, in [19] it was shown that the deposition of DPTCC
derivatives on porous titanium oxide by reductive cyclisation of DBGCC derivatives in
aqueous-alkaline solution makes it possible to obtain composites with photoactive properties.

A number of articles [3, 4, 20-22] have been devoted to the study of the stoichiometric
mechanism of the reductive cyclisation reaction of these derivatives. However, the composition
and amount of the reaction products formed depend both on the nature of substituents at
nitrogen atoms in the composition of DBGCC molecules and on the nature of the sulfur-oxygen
reducing agent (sodium dithionite, thiourea dioxide, sodium hydroxymethanesulfinate).
Therefore, the yield of the cyclisation product - perylene derivative - is 93-97%;
N,N’-(2,5-dimethylphenyl)diimide of 1,1’- binaphthyl-4,4",5,5",5",8,8 "-hexacarboxylic acid
interacts with sodium hydroxymethanesulfinate [20]; the yield of the cyclisation product -
perylene derivative - is 35-50% when interacting with sodium dithionite under the same
conditions; thiourea dioxide is not higher than 2%. Moreover, the composition and amount of
intermediate and final cyclisation products depend on the concentration of the reducing agent
and the presence of air oxygen in the solution [4]. These sulphoxygen compounds reducing
activity is possessed by the molecules themselves, and by intermediates different in nature and
reactivity. They are formed during the decomposition of sulfoxylic acid anions, dithionite,
sulfur dioxide radical anions [3, 23].

Indeed, an intermediate product is formed at the first stage of interaction reaction of
DBGCC derivatives with sulfur-oxygen reducing agents. This product cannot be isolated from
solution and fully identified. It is supposed to be either a dianion or an anion-radical particle of
the initial cubogen molecule. Its further interaction with reducing particles causes the
formation of cyclisation products either with cleavage of two carboxyl groups from the initial
molecules of DBGCC derivatives (reaction with sodium hydroxymethanesulfinate) or without
cleavage of carboxyl groups (reaction with thiourea dioxide).

The purpose of the present study is to reveal the nature of the intermediate compound
formed during the primary stage of cubogenes reduction by sodium dithionite. However, its
formation determines the further course of the reaction and the yield of cyclisation products.

Experimental part

Initial samples of cubogenes (Table 1) were obtained and purified at the State Scientific
Centre NIOPIK (Moscow, Russia). We used sodium dithionite from ALBITESRL company
(Italy) as a reducing agent with 89.2% of basic substance content.
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Table 1. Structural formulas and names of the cubogens under study
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bis(Cl-Ph)Cub is the potassium salt of
N,N*- di(4-chlorophenyl)diimide of 1,1’-binaftyl-4,4°,5,5’,8,8'-
hexacarboxylic acid;
M =777.65 g/mol
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=}

Q

s
Z
et
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COOH

bis(BZI)Cub is N,N‘-di(benzimidazole)diimide of
1,1’-binaphthyl-4,4°,8,8’-dicarboxylic acid;
M = 626.58 g/mol

3)

<

80

COOH

bis(3,5-(CHs3),Ph)Cub is N,N‘-di(3,5-dimethylphenyl)diimide of
1,1’-binaftyl-4,4°,5,5’,5,8,8 -hexacarboxylic acid;
M = 688.69 g/mol

4)

ay,

o

bis(Ph)Cub is N,N*-di(phenyl)diimide of
1,1’-binaftyl-4,4°,5,5°,8,8'-hexacarboxylic acid;
M = 632.58 g/mol

®)

bis(3-(CH;)Ph)Cub is N,N*-di(3-methylphenyl)diimide of
1,1’-binaftyl-4,4°,5,5’,8,8'-hexacarboxylic acid;
M = 660.64 g/mol
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We recorded mass spectra on a Shimadzu Axima Confidence time-of-flight mass
spectrometer (MALDI-TOF). We recorded infrared spectra on a TENSOR II FT-IR
spectrometer (Bruker AXS Gmbh) and performed elemental analysis on a FLASH EA1112
Termo Quest carbon, hydrogen, nitrogen, sulphur and oxygen analyser with electronic
microbalance. We obtained electronic absorption spectra using a LEKISS 2110 UV
spectrophotometer (Finland) and quartz cuvettes.

We used a voltammetric analyser Ecotest-VA (Russia) with a three-electrode system to
obtain cyclic voltammetric dependences. It consists of a rotating carbon steel working electrode,
an auxiliary - impregnated - graphite electrode and a saturated silver chloride reference
electrode EVL-1M4.

Methodology for the reaction of the interaction of cubogenes with sodium dithionite.

We dissolved cubogenic suspensions weighing approximately 0.003 g in 50 ml of 0.13 M
sodium hydroxide solution. We dissolved sodium dithionite in a 50 ml measuring flask and
brought to the mark with distilled water. We mixed the resulting solutions and poured them
into the cuvette of the spectrophotometer if the reaction was performed under aerobic
conditions. We blew argon through the prepared solutions before mixing them for 5-7 min
under anaerobic conditions. We performed all experiments at a temperature equal to 300 K.

N,N'-di(3,5-dimethylphenyl)diimide-3,4,9,10-perylenetetracarboxylic acid. We filtered,
dried, and analysed the red precipitate formed after completion of the cubogen
bis(3,5-(CHs),Ph)Cub reaction and holding the reaction mass in air. IR spectrum, v, cm™: 1642 s
(C=0), 1722 cp (C=0), 1665 s (C-Nimiac), 792 s, 1260 s, 1460 s (perylene), 2800 sl (-CHs).
Electronic absorption spectrum (chloroform), Am., nm: 524, 564, 611. Mass-spectrum,
m/z (I, %) 600.5 (99). Found, %: C 79.80; H 4.53; N 4.42. C4HsN,0,. Calculated, %: C 80.00;
H 4.66; N 4.51.

N,N'-di(benzimidazole)diimide-3,4,9,10-perylenetetracarboxylic acid. We filtered,
dried,and analysed the violet-coloured precipitate formed after the cubogen bis(BZI)Cub
reaction was completed and the reaction mass was kept air-dried. IR spectrum, v, cm™
800-750 s (C-Hpengimidarote), 1642 s (C=0), 1722 st (C=0), 1665 s (C-Nimiae), 792 s, 1260 s, 1460 s
(perylene). Electronic absorption spectrum (aqueous-alkaline solution), Amw, nm [Ige]:
330 [3.51], 421 [3.85]. Mass-spectrum, m/z (L., %) 536.54 (99). Found, %: C 80.37; H 3.13;
N 10.50. C3ssH1sN4O,. Calculated, %: C 80.58; H 3.01; N 10.44.

Main body

Changes in the electronic absorption spectra are observed upon interaction of all the
studied cubogens with sodium dithionite in aqueous-alkaline solution. A hypsochromic shift of
the absorption band is observed in all cases in both aerobic and anaerobic atmospheres. It has
a maximum at 330 nm; the appearance of a more intense band at 317 nm was on the example
of the potassium salt of N,N*- di(4-chlorophenyl)diimide of 1,1’-binaftyl-4,4°,5,5,8,8'-
hexacarboxylic acid (Fig.1.).
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Fig. 1. Changes in the electronic absorption spectra of the bis(Cl-Ph)Cub interaction in aqueous alkaline solution
(Cxaon = 0.13 mol/]) at low (Creq = 3.68-10* mol/l) (a) and high (C.eq = 1.84-10° mol/l) (b) concentrations of sodium
dithionite. T = 306 K, Ccuw. = 3.9-10° mol/l. The green spectrum is the solution after mixing the reagents, the red
spectrum is the solution after the reaction is complete.

The above changes in the cubogen spectra occur almost instantaneously when the
reagents are mixed. Subsequently, the intensity of the spectral band with a maximum at 317 nm
slowly decreases with time. Eventually, the absorption spectra are transformed into the initial
spectra of cubogenes with a maximum at 330 nm for all studied cubogenes and 330 and 420 nm
for bis(BZI)Cub. Meanwhile, the decrease in the intensity of the band with a maximum at
317 nm is faster in aerobic atmosphere. At the same time the decrease of the band intensity for
all cubogens is slower in anaerobic atmosphere. The intensity of bis(3-(CHs)Ph)Cub and
bis(Ph)Cub in anaerobic atmosphere at high concentrations of sodium dithionite can remain
unchanged for several days.

Absorption bands with maxima at 536 and 685 nm appear in the absorption spectra
during the interaction of bis(BZI)Cub with sodium dithionite both in aerobic and anaerobic
atmospheres at high concentrations. Moreover, an isobestic point is observed in the electronic
spectra, which indicates that the reaction has a sequential stage of formation of one of the
products (Fig. 2). Similar changes in the spectra were also observed for the cubogens
bis(3,5-(CH;),Ph)Cub and bis(Ph)Cub. However, the intensities of the bands in the
long-wavelength part of the spectrum were insignificant.

3.0+
2.5:
2.0—‘
- 1.5—‘

1.0+

0.5

Fig. 2. Changes in electronic absorption spectra upon interaction of bis(BZI)Cub with sodium dithionite under
aerobic conditions in a water-alkaline solution. Cxaon = 0,13 mol/l; Crequet = 1,84:10° mol/l; Ceus = 3,9-10”° mol/l;
T = 300 K. The green spectrum is the solution after mixing the reagents, the red spectrum is the solution after the
reaction is complete.
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Indeed, the action of reducing agents on DBGCC derivatives results in the cyclisation of
the molecules to form perylene derivatives. Analysis results of the final products of
bis(3,5-(CHs),Ph)Cub and bis(BZI)Cub with dithionite are given in the experimental part of
the study. According to them, the absorption bands with maxima at 536 and 685 nm are the
products of cyclisation of these cubogens - N,N'-diimides of perylenetetracarboxylic acids with
appropriate substituents. These compounds are present as dianions in aqueous alkaline
solution.

The absorption bands in the electronic spectra with maxima at 317 nm for all the studied
cubogenes can be attributed to the corresponding tetraanions of the initial compounds.
They are formed due to the addition of two electrons from the reducing agent - the dithionite
anion -S04, Our paper [22] shows the formation of bis(BZI)Cub tetraanions during the
electrochemical reduction of the initial cubogen in an aqueous-alkaline solution on a
carbon-sitalloy electrode.

-2000 -1750 -1500 -1250 -1000 -750
E, mV

Fig. 3. [22] Effect of potential sweep speed (scan rate) on the voltammetric curves. v, mV/s: 1-20; 2-40; 3-60; 4-80;
5-100; 6-120.

Fig. 3 shows the voltampere dependences. There are two peaks corresponding to the
cathodic and anodic processes of cubogen conversion. It indicates the reversibility of the
electrode reaction.

The analysis of the above dependences showed participation of two electrons in the
reversible electrode process. At the same time, sodium dithionite is also a two-electron reducing
agent.

Based on the above data, a general stoichiometric reaction mechanism for the interaction
of N,N’-diimides of 1,1"-binaphthyl-4,4",5,5",8,8 -hexacarboxylic acid (DBGCC) with sodium
dithionite can be assumed (Scheme 1). Reversible reduction of initial molecules with formation
of tetraanions (2) occurs in the primary stage of the reaction of interaction of sodium dithionite
with cubogenes (1). Further, the chemical stage of cyclisation with detachment of two carboxyl
groups occurs depending on conditions (nature of substituent at nitrogen atoms, concentration
of dithionite, aerobic or anaerobic atmosphere). The dianion of perylenetetracarboxylic acid
diimide (3) is formed.

The reverse stage of transition of tetraanions (2) into the initial cubogen (1) can occur
due to air oxygen, as indicated by the influence of the atmosphere (Table 2), as well as due to
interaction with oxidation products of dithionite (sulfite anions). The dianion (3) transforms
into a solid compound (4) on contact with air oxygen.
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Scheme 1. Stoichiometric reaction mechanism of the interaction of DBGCC with sodium dithionite

in aqueous-alkaline solution (R = Ph; CI-Ph; 3,5-(CH3),Ph; 3-(CH;)Ph.

Table 2. Composition of reaction products depending on the nature of the cubogen and reaction conditions.

Aerobic environment Anaerobic environment
Item Cubogen Low ‘ High‘ Low ' High'
n/a concentration of | concentration of | concentration of | concentration of
dithionite dithionite dithionite dithionite
1 bis(Cl-Ph)Cub small amounts of | large amounts of | small amountsof | large amounts of
tetraanion tetraanion tetraanion tetraanion
2 bis(BZI)Cub no products large amounts of | large amounts of | large amounts of
tetraanion + tetraanion tetraanion +
cyclisation cyclisation
product product
3 bis(3,5- no products large amounts of | small amounts of | large amounts of
(CH;),Ph)Cub tetraanion + small tetraanion tetraanion + small
amounts of amounts of
cyclisation cyclisation
product product
4 bis(Ph)Cub no products tetraanion + small | small amounts of | large amounts of
amounts of tetraanion tetraanion
cyclisation
product
5 bis(3- small amounts of | large amounts of | small amountsof | large amounts of
(CH3)Ph)Cub tetraanion tetraanion tetraanion tetraanion

Table 2 summarises the data on the effect of substituents nature, the concentration of
dithionite, and the gas medium in which the reaction proceeds on the relative amounts of the
intermediate compound (2) and the final product (3) in solution. The amount of anions formed
as a result of the reaction was assessed by the optical density of the solutions at the absorption

maxima.

According to our analysis, the reaction either does not proceed or tetraanions are formed
in small amounts under aerobic conditions at low concentrations of reducing agent. At high
concentrations of sodium dithionite, tetraanions are formed in both inert atmospheres and
airborne atmospheres. The cyclisation of tetraanions with the formation of the perylene cycle
proceeds in appreciable amounts only in the case of bis(3,5-(CH;),Ph)Cub and bis(BZI)Cub.
This is apparently due to the size of substituents at nitrogen atoms.
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Conclusions and recommendations

As a result, the reaction of interaction of N,N’-substituted diimides of
binaphthylhexacarboxylic acid (cubogenes) with sodium dithionite in aqueous-alkaline
solution, tetraanions of the initial compounds are formed at the first stage of the reaction.
Further they can either transfer to the initial state or lose two groups of CO; and transform into
dianions of N,N'-substituted diimides-3,4,9,10-perylenetetracarboxylic acid.

The results obtained should be taken into account in the technology of finishing textile
materials using cubogenes, as well as in liquid-phase preparation of thin films of photoactive
materials based on perylene derivatives.
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routine determination of these compounds in flush water off industrial equipment.
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Introduction

An integral part of pharmaceutical production is the cleaning of industrial equipment
during product changeover, and determination of trace amounts of the manufactured products
on its surface and in the flush water when different products are produced on the same
production line. The method of determination should be as rapid and simple as possible.
Therefore, determination can be conducted directly in the production area and extensive
sample preparation will not interfere with the production process. Hence, UV spectrometry is
the preferred method for flush water analysis.

Clopidogrel (IUPAC name: (+)-(S)-methyl-2-(2-chlorophenyl)-2-(6,7-dihydrothieno(3,2-
c]pyridin-5(4H)-yl)acetate), CAS number 113665-84-2) is an antiaggregate medicine. It is used
to prevent heart diseases and strokes in high-risk individuals and, together with aspirin,
for heart attacks and after coronary artery stent placement. It is included in
the WHO's list of essential medicines. Metamizole sodium (IUPAC name: sodium salt of
((2,3-dihydro-1,5-dimethyl-3-oxo-2-phenyl- 1H-pyrazol-4-yl)-methylamino)-methanesulfonic
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acid, CAS number 68-89-3) is an analgesic, antispasmodic, and antipyretic agent; one of the
strongest non-opioid analgesics. These drugs are produced in Russia by pharmaceutical
companies. Hence, the development of a method for analysing flush water containing trace
amounts of both drugs is an important practical task.

Table 1 summarises the existing spectrophotometric methods for the analysis
of clopidogrel. Fig. 1 shows the UV spectrum of clopidogrel. According to the Fig. 1,
the absorption maxima at 270 and 276 nm have insignificant absorbance. Therefore, the
sensitivity of direct spectrophotometric determination is low. In literature [1-3, 6, 10, 12-15],
differential spectrophotometry is used for determination. However, the use of organic solvents
or preliminary adjustment of solution pH is not applicable for the analysis of flush water.
Other methods [4, 5, 7-9, 11, 13] suggest using the reaction of clopidogrel with various reagents
to form coloured products. However, it complicates and prolongs the analysis.

Table 1. Review of spectrophotometric methods for the analysis of clopidogrel

. Wave Linearity, .
Medium Reagents RE, % RSD, % Link
length mg/l
. 220; 270;
Acetonitrile No 4-37 0.9 0.5 [1]
2745278
Acetonitrile No 218;229 5-38 0.9 0.5 [1]
Acetonitrile No 210;225 5-38 1.2 0.8 [1]
Methanol No 203 10-26 2.9 4.1 [2]
Water 0,1 M HCI 271 42 - 336 1.3 1.9 [3]
Water 0,1 M HCI 280 42 -336 2.5 0.8 [3]
Water 0,1 M HCI 269 42 -336 0.5 1.2 [3]
Water 0,1 M HCI 276 42 - 336 0.5 1.2 [3]
. 2,3-dichloro-5,6-dicyano-
Methanol + dioxane . 450 5-35 1.5 1.3 [4]
1,4-benzoquinone
Citric acid, acetic
Methanol : 560 10 - 20 1.3 12 [4]
anhydride
N-bromosuccinimide,
Water , 520 4-16 1.8 1.6 [4]
sulphonamide
Water Fe**, 1,10-phenanthroline 510 10 - 50 0.4 0.4 (4]
Water / chloroform Orange G Not specified| 50 - 250 Not specified | Not specified [5]
Water / nitrobenzene Cobalt thiocyanate Not specified| 100 - 500 | Not specified | Not specified [5]
Methanol +
e No 202 1.25-25 36 38 (6]
acetonitrile
Water 0,1 M HCI 222 40-70 1.2 0.9 [7, 8]
Ethanol + water /
anoT T waet Bromophenol blue 407 15 - 80 0.8 0.8 [9]
chloroform
Ethanol + water /
Bromocresol purple 407 25-115 0.9 1.0 [9]
chloroform
Water 0,1 M HCI 219 10 - 30 1.7 0.5 [10]
Water / chloroform Bromthymol blue 440 25-25 Not specified | Not specified | [11]
Water / chloroform Orange II 490 25-20 Not specified | Not specified | [11]
Water / chloroform Methanil yellow 410 25-15 Not specified | Not specified | [11]
Methanol + water No 217 2.5-20 1.1 1.6 [12]
Water Vanillin 517 5-40 Not specified | Not specified | [13]
Water No 235 5-40 Not specified | Not specified | [13]
Water 0,1 M HCI 220 25-50 0.9 0.5 [14]
Ethanol No 218 2-12 1.1 0.6 [15]
This
Water No 210 - 290 1-100 3.8 4.1
study
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Table 2 summarises the existing spectrophotometric methods for the analysis of
methamisole sodium and Fig. 2 shows its UV spectrum. According to Fig. 2, there are no
absorption maxima in the spectrum. Indeed, direct spectrophotometric determination is
difficult, differential spectroscopy methods [24, 27] are insensitive, and methods with the
formation of coloured reaction products [16-23, 25, 26, 28, 29] are time-consuming.

Table 2. Review of spectrophotometric methods for the analysis of sodium metamisole.

Medium Reagents Wave Linearity, RE, % RSD, % Link
length mg/l

Water (NHa)>M0O4 690 1-40 1.9 1.6 (16, 17]
Water Pb?*, pyrogallol red 520 2-16 2.9 0.8 [18]
Water (NH4)sP2Mo015Os:2 760 0.5-380 Not specified 4.0 [19]
Water Chromotropic acid 575 0.57 - 5.7 1.3 1.7 [20]
Water Nitric acid 403 32-96 0.8 Not specified [21]
Water Fe3* 642 3.5-281 4.0 0.8 [22]
Water p-dimethylamino-benzaldehyde 430 10 - 400 1.0 2.2 [23]
Water No 244 10-70 2.0 2.5 [24]
Water No 285 10-70 2.0 34 [24]
Water No 296 10-70 2.0 3.2 [24]
Water 0,05 M H2SOs4, 0,025 M Na,COs | 236 - 278 80 - 320 1.2 Not specified [25]
Methanol Brome 232 40 - 320 3.7 Not specified [25]
Water (NH4)>M0Os4 620 155 — 2490 4.7 5.0 [26]
Water No 258 8- 40 7.0 8.3 [27]
Cus(POy)2, alizarin red 540 16 - 125 4.0 4.0 [28]
Water m-toluidine, Ks[Fe(CN)s] 530 0.4-10 2.0 0.7 [29]
Water No 220-320| 1-100 42 5.0 This

study

At the same time, integral spectroscopy can be used for the determination of clopidogrel
or sodium metamizole in aqueous solution. Hence, the purpose of the present study is to
develop integral UV spectrometric methods for the determination of clopidogrel and sodium
metamizole directly in flush water off industrial equipment without the use of organic solvents
and pH control of the solution.

Experimental part

Reagents and equipment. Clopidogrel bisulfate and sodium metamizole were both
purchased by Sigma-Aldrich. Tablets containing these substances were purchased at local
drugstores. Flat plates made of 12Cr12Nil0T steel were used to simulate flushes oft industrial
equipment. SartoriusCubisMSA 225P-ICE-DI analytical scales were used for weighing. Various
micropipettes manufactured by ThermoFisherScientific were used for aliquot sampling.
AgilentCary 60 spectrophotometer was used for photometric measurements. All the utensils
used were of the second class of accuracy. The solution water was pre-treated with the
SartoriusAriumProVFUltrapureWater system.

Preparation of solutions using pharmaceutical substances. The calibration and
working solutions with different concentrations were prepared by dissolving the respective
pharmaceutical substances in distilled water. We prepared the solutions daily.

Preparation of solutions using pills. The pills available in pharmacies contain 75 mg of
clopidogrel. We grinded ten pills thoroughly in a porcelain mortar, collected them in a chemical
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beaker, and dissolved them in 800 ml of water. We filtered the solution through a filter with a
pore diameter of 12 pum, transferred it to a 1000 ml measuring flask, and brought it to the mark
with water. We prepared working solutions of different concentrations using the obtained
solution.

The pills available in pharmacies contain 500 mg of sodium metamizole. We prepared the
solution in a similar way using ten pills. We prepared working solutions of different
concentrations out of this solution.

Preparation of model flush waters. We placed aliquots of 10 ml of different working
solutions of pharmaceutical substances or of clopidogrel or sodium metamizole pills on flat
plates made of 12X12H10T stainless steel and dried in a fume cupboard. We prepared test flasks
containing 10.0 ml of distilled water each. We dipped a cotton swab on a wire into the water
and used it to wash off the dry residue off the plates for 2 minutes. We dipped the used cotton
swabs into the corresponding test tubes with water and stirred for 5 minutes. We transferred
the obtained solutions into 10 ml volumetric flasks and added the volume of the solution to the
mark with water.

Construction of calibration charts. We prepared a series of calibration solutions of clopidogrel
or sodium metamizole with concentrations of 1, 2, 3, 4, 5, 10, 15, 15, 20, 40, 60, 80, and 100 mg/1.
We placed the solutions in quartz cuvettes with an optical path length of 1 cm. We recorded
their UV spectra in the wavelength range from 200 to 350 nm with a step of 0.2 nm relative to
distilled water.

General procedure for determination. We placed the tested solution in quartz cuvette
with an optical path length of 1 cm. We recorded its UV spectra in the wavelength range from
200 to 350 nm with a step of 0.2 nm relative to distilled water.

Processing of the experimental results. We numerically integrated the calibration
spectra and spectra of the test solutions in the wavelength range from 210 to 290 nm
for clopidogrel (see Fig. 1) and from 220 to 320 nm for metamizole sodium (see Fig. 2).
We performed integration using Simpson's formula. Then we plotted the areas under the curves
as a function of concentration. Fig. 1 shows the dependence for clopidogrel; Fig. 2 shows the
dependence for sodium metamizole. We determined the concentration of clopidogrel or
sodium metamizole in the test solution using the constructed graduation relationship.

3,0 5

500 2

400/
2.5+ 9
300 e

2.0 200 o

Area under the curve

100+ o

1,5 1 0

0 20 40 60 80 100

Clopidogrel concentration, mg/I

Absorbability

1,0 1

0,5 1

0,0

T
200 220 240 260 280 300

Wavelength, nm

Fig. 1. UV spectra of clopidogrel aqueous solutions in different concentrations, the interval of calculation of areas
under the curves and the graduation dependence of area under the curve on clopidogrel concentration
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Fig. 2. UV spectra of sodium metamizole aqueous solutions in different concentrations, the interval of calculation
of areas under the curves and the graduation dependence of the area under the curve on the concentration of
sodium metamizole

Results

Analytical indicators. The analytical parameters of the method were determined in
accordance with the guidelines of the State Pharmacopoeia of the Russian Federation.
The method was tested for linearity, selectivity, correctness, and repeatability.

Linearity. According to Fig. 1 and 2, the areas under the curves of UV spectra of aqueous
solutions for clopidogrel and sodium metamizole are directly proportional to the
concentrations of the respective substances in the concentration range from 1 to 100 mg/l.
The values of absorbabilities of solutions at lower concentration values become comparable
with the value of the hardware error of the spectrophotometer. However, they begin to exceed
2.5-3 units at higher values of concentrations. It significantly increases the error of
spectrophotometric measurements. Table 3 shows the parameters of the regression

dependence.

Table 3. Parameters of regression dependences of areas under curves on concentrations of pharmaceutical

substances
Parameter Value
Substance to be determined Clopidogrel Sodium
metamizole
Slope of the straight line and its confidence interval (f= 10, p = 95%) (I/mg) 5.00 £ 0.04 8.32+£0.04
Intersection and its confidence interval (f= 10, p = 95%) 1.7+0.1 26+1
Value R? 0.9992 0.9998
Linearity interval (mg/1) 1-100 1-100
Detection limit (mg/1) 0.62 0.67
Quantification limit (mg/1) 1.89 2.21

Interfering effects of frequently used excipients. According to the State Register of

Medicinal Products of the Russian Federation, common excipients in pills containing
clopidogrel are lactose, microcrystalline cellulose, talc, crospovidone, and sodium salt of starch
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glycolate; pills containing metamizole sodium they are as follows: sucrose, talc, starch, and
magnesium stearate. Possible interfering effects of these substances were investigated. Most of
the excipients, except lactose and sucrose, are insoluble in water at room temperature.
Therefore, after filtration of the solution there is no effect on the UV spectra. However, lactose
and sucrose solutions as they present in pills have no interfering effect in the 210-320 nm
wavelength range used.

Correctness and repeatability. We prepared ten solutions of the pharmaceutical
substance clopidogrel with a concentration of 30 mg/l; ten solutions of clopidogrel pills with a
concentration of 75 mg/l; ten working solutions of the pharmaceutical substance metamizole
sodium with a concentration of 30 mg/l; ten solutions of metamizole sodium pills with a
concentration of 50 mg/l. According to the described procedure, we calculated the
concentrations of solutions components and determined the relative errors and relative
standard deviations. Table 4 summarises the results.

Table 4. Correctness and repeatability of the method

) Relative standard | Relative standard
) Relative - s i 1
Test solution deviation within deviation within
error, %
one day, % days, %

Clopidogrel working solution, 30 mg/L 3.8 4.1 5.4
Clopidogrel solution prepared with pills, 75 mg/1 4.9 4.6 5.8
Sodium metamizole working solution, 30 mg/L 4.2 5.0 5.7
Sodium metamizole solution prepared with pills, 50 mg/1 5.3 5.9 6.2

Correctness and repeatability for model flushes. We prepared ten model flushes of
solutions containing the pharmaceutical substance clopidogrel with a concentration of 30 mg/l;
ten model flushes of solutions containing clopidogrel pills with a concentration of 75 mg/l; ten
model flushes of solutions containing the pharmaceutical substance metamizole sodium with a
concentration of 30 mg/l; ten model flushes of solutions containing metamizole sodium pills
with a concentration of 50 mg/l. According to the described procedure. we calculated the
concentrations of solutions components and determined the relative errors and relative
standard deviations. Table 5 summarises the results.

Table 5. Correctness and repeatability in the analysis of model flush waters.

Relative standard
Test solution Relative error, %

deviation, %

Model flush of clopidogrel working solution, 30 mg/1 8.7 9.3
Model flush of clopidogrel solution of clopidogrel pills, 75 mg/1 10.1 10.6
Model flush of sodium metamizole working solution, 30 mg/1 7.8 10.1
Model flush of metamizole sodium solution of pills, 50 mg/1 9.2 10.8

Discussion

According to the research results, proposed integral spectrophotometric methods are
suitable for the determination of clopidogrel and sodium metamizole in flush water off
industrial equipment. The methods are quick and simple, and do not require extensive sample
preparation or complex equipment. The widely used excipients have no interfering effect.
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Relative errors and relative standard deviations in the analysis of pharmaceuticals do not exceed
6%, and in the analysis of model flush waters — 10%. Graduation graphs of dependences for
areas under curves on concentrations maintain linearity in a wide range of concentrations from
1 to 100 mg/l. The methods are recommended for routine analysis of clopidogrel and sodium
metamizole in flush water for industrial equipment flushing.

Conclusions

The paper proposes simple integral spectrophotometric methods for determination of
clopidogrel and sodium metamizole in flush water off industrial equipment. The methods have
acceptable analytical performance for flush water analysis. Moreover, they do not require
lengthy sample preparation and complex laboratory equipment and are suitable for routine
analysis.
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Abstract. Coal tar pitch is a residue of coal tar separation. It is widely used
as a binder in the production of electrodes and anode mass. The production
of pectic carbonisates and the development of methods to increase the value
of its yield is of scientific and applied interest. The author conducted
experiments on heat treatment in oxidising medium of medium-
temperature electrode pitch of category BsTmer = 71.5 °C (AO Altai-Koks,
Russia). We conducted the process of heat treatment of the pitch in a
5.6 litre reactor heated by using an integrated electric heating system.
To enhance the increase of T during heat treatment, we pumped the gas
phase products from the reactor to a collection tank where they condensed.
We performed heat treatment at T > 400 °C using both thermal oxidation
of pitch and pumping of distillates. We formed the oxidising environment
by supplying air by a compressor to the molten pitch. The air supply process
started after the holding temperature was reached. The temperature
controller provided the holding temperature. The author determined the
yield of thermo-oxidation products, melting temperatures Ty, and volatile
yields X for the resulting products. We obtained pitch with T = 140 °C
and 158 °C. However, this heat treatment significantly reduced the yield of
volatile substances in the final products. The temperature of carbonisation
of heat-treated pitch was T = 650 °C and T = 850 °C. Therefore, research
determines the carbonisate yields. Moreover, carbonisation proceeds with
the additional holding times at 450 °C and 650 °C. Hence, heat treatment
increased the carbonisate yield by 10%. Holding times at 450 °C and 650 °C
also quantitatively increased the yield of carbonisate.
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Introduction

Coal tar pitch (CP) is a residue of coal tar separation into fractions: light fraction
(T<170°C); phenolic fraction (T = 170-210 °C); naphthalene fraction (T = 210-230 °C);
absorption fraction (T = 230-270 °C); anthracene fraction (270 °C-360 °C); coal tar pitch
(T < 360 °C). Pitch is a multicomponent structure consisting of the following fractions:
y-fraction, soluble in hexane, isooctane; p-fraction, insoluble in hexane but soluble in toluene;
a-fraction, insoluble in toluene, divided into quinoline-soluble a,-fraction and
quinoline-insoluble a;-fraction [1].

The main products of pitch carbonisation are mesophase pitch (400-450 °C) [2-6];
pitch semi-coke (450-800 °C) [3, 7] and pitch coke (> 800 °C) [4, 6].

Mesophase pitches (MPs) have wide applications in the production of needle coke [4, 6]
and carbon fibres [8-10]. MPs can also be used for production of:

e construction materials [11];
e foam carbon [12-13];
o clectrode in a lithium-ion battery [14].

According to earlier studies, high-grade MP is obtained by low-temperature
carbonisation (LTC) of both coal pitches [1-5] and synthetic pitches [10, 15], petroleum pitches
[6, 11, 16] and oil-coal pitches [17].

Most foreign studies have conducted LTC by heating [2, 5, 10] or thermostatting of pitch
or other hydrocarbon feedstock [3-6, 15-17] in the temperature range of 400-450 °C. It was
found that the processes of mesophase formation in pitch stop at 540 °C [18].

According to [19], anisotropic semicokes were obtained by heating to 500 °C in argon
atmosphere and holding at this temperature for 1 hour. The paper [20] describes the
modification of coal pitch with polyethylene glycol with the addition of a catalyst in the form of
p-toluene sulfonic acid, and the heat treatment (T = 800 °C) of this modification yielded pitch
semi-coke. In [21], semi-coke was obtained by heat treatment at temperatures up to 470°C for
4 hours.

In [22] carbonisation of pitch and pitch with penographite additives at 800-900 °C results
in materials. Their X-ray structural characteristics are close to those of graphite. In [23],
the yield of carbonisate 64% was determined at carbonisation of electrode pitch of category
T = 900 °C. Carbonisate yield of 60-64% was at heat treatment of pitch at T =900 °C.
With holding time of 1 h each at 320 °C, 400 °C, 450 °C, 500 °C, and 600 °C, the carbonisate
yield was 60-64%. The carbonisate yield was 50-53% at the same final temperature but with
holding time of 1 h each at 320 °C and 3 h at 600 °C [24].

According to [25-26], carbonisation of pecks by heating at temperatures above 300 °C
results in the growth of ai-fraction in the pitch. Mesophase transformations occur at
temperatures of 400-500 °C according to [2-3, 10]. Enhanced growth of a;-fraction can occur
in this temperature range according to the results of [10]. The processes of semi-coking and
coking of pitch occur at temperatures above 500 °C [3, 4, 19]. Hence, it can be suggested that
the a; fraction may play a major role in carbonisation of pitch and quantitatively increase its
yield.

114



A&ROM CHEMISTRY TOWARDS TECHNOLOGY VOL. 5, ISSUE 4, 2024

According to [27, 28], dehydrogenation polymerisation reactions followed by
dehydrocyclisation predominate during carbonisation. These reactions result in cross-linking.
It eventually causes to the formation of coke. This corresponds with the data obtained in [29] -
pitch coke or carbonizate is the final product of polymerisation reactions at T>500°C.

The determination of the heat treatment effect of pitch in the temperature range
(T = 400-500 °C) for the low temperature carbonisation on the carbonisate yield (T = 850 °C)
is very interesting reaction. In this study we conducted an experiment to determine the effect
of heat treatment of medium-temperature coal pitch of category B on the carbonisate yield.
It determines the novelty of this study.

Purpose of the study is to determine the effect of pre-treatment of medium-temperature
electrode pitch in an oxidising environment at T > 400 °C on the yield of pitch carbonisate.

Main body

Medium-temperature electrode pitch of category B (AO Altai-Koks, Russia) was used as
a feedstock. The selected pitch had the following characteristics: melting point Tmec= 71.5 °C,
volatile yield X = 61.1%, ash content = 0.2%, toluene insoluble content a = 25.8%, quinoline
insoluble content a; = 4.5%.

Fig.1 shows the scheme of heat treatment of pitch in oxidising medium.

970/
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Fig. 1. Scheme of the installation for heat treatment of pitch in oxidising medium: 1 - compressor; 2 - rotameter;
3 - electric heating; 4 - reactor; 5 - reactor cover; 6 - thermocouple for measuring the temperature in the reactor;
7 - secondary device; 8 - thermoregulator; 9 - thermocouple for measuring the heating temperature; 10 - Bunsen
flask; 11 - pumps; 12 - air supply unit consisting of 6 tubes of 3 mm diameter; 13 - drain valve; 14 - tray; 15 - pitch.

We loaded a 100 g weight of pitch into a stainless steel reactor (4) closed with a metal lid
(5) with a volume of 5.6 litres. The reactor cover was fastened tightly to the vessel with screws.
Heating of the pitch in the reactor was performed using an electric heating system (3),
the temperature in the reactor was increased to the set value on the thermoregulator (8).
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The temperature in the reactor was measured using a thermocouple (6); the indications were
displayed on a secondary device (7). To mix the pitch to a homogeneous mass, air was supplied
by a compressor. Air was supplied through the gas supply unit (12), consisting of six tubes with
a diameter of 3 mm, deep into the volume of molten pitch. The compressor and pump were
switched on during the thermostatting process at the set temperature. Pumping out of light
components of the pitch by the pump was required to increase the growth of Tmen
The maximum air flow rate (30 I/h) was set by rotameter (2). Under the air pressure,
the products from the gas phase left the reactor through a pipe in the reactor lid and were
transported to a receiver in the form of a Bunsen flask (10) by the pump (11). After the
experiment, the pitch was drained through a drain valve (13) into a stainless steel tray (14).

The electric heating system (3), thermoregulating (thermocouple 9 and thermoregulator
8), and thermo-measuring unit (thermocouple 6 and secondary device 7) of the unit allow ones
to conduct heat treatment of pitch by heating and thermostatting in the temperature range of
400-500 °C.

Air supply exactly at a given temperature range is required to exclude reactions at the
temperature range 260-400 °C. It causes a sharp increase in a, and a, in the pitch [30-31],
and use of air to provide a more economical oxidising medium for low-temperature
carbonisation. The selected optimum air flow rate (30 1/h) was required to ensure efficient
mixing of the molten pitch to obtain a homogeneous product. However, it reduced possibility
of increasing the number of thermo-oxidative reactions in the pitch. Indeed, the pitch was
thermostated with air treatment. Under the action of air, the distillates from the reactor were
intensified and pumped out by a pump into the receiver. The melting point T by ‘Ring and
rod’ method according to GOST 9950-2020, yield of volatile substances X was measured
according to GOST 9951-2023 for heat-treated pitches were measured. Ash content was
measured according to GOST 7846-73.

Heat-treated pitches (heat-treated products) were carbonised in muffle furnace crucibles
with lapped lids. Carbonisation was conducted under the following modes: mode I: heating to
T = 850 °C and holding for 1 hour; mode 2: heating to 650 °C and holding for 1 hour; mode 3:
heating to 450 °C and holding for 1 hour, with further heating to 850 °C and secondary holding
also for 1 hour; mode 4: heating to 450 °C and holding for 1 hour, with further heating to 650 °C
and holding also for 1 hour, and heating to 850 °C and holding for 1 hour. We determined the
carbonisate yield K as the percentage of the mass of carbonisate obtained to the mass of pitch.
The extracted liquid distillates were viscous liquid of dark brown colour and completely
dissolved in chloroform.

Table 1 shows the heat treatment conditions of B category pitch.

Table 1. Heat treatment conditions for coal pitch B

Name BTO-1 BTO-2
Process temperature, °C 410 445
Duration, min 60 60
Air consumption rate, 1/h 30 30

The values of T and X were obtained for the products (BTO-1 and BTO-2) for heat
treatment of medium-temperature electrode pitch of category B.

116



.Xtrnom CHEMISTRY TOWARDS TECHNOLOGY VOL. 5, ISSUE 4, 2024

Table 2 shows the melting point Trer, volatile yield X for the initial pitch, and pitch after
heat treatment.

Table 2. Value of Tra and changes in volatile yield X for initial pitch and heat-treatment products

No. Name Tineti, °C X, % Pitch yield, %
Pitch B 71.5 611 |
BTO-1 158 36.2 62
BTO-2 140 44.1 67

According to Table 2, the value of X for BTO-2 is higher than that of BTO-1. This may be
a result of pumping of gaseous products and distillates at obtaining PK-2 was conducted at a
higher temperature of 445 °C than at obtaining PK-1. However, at T > 410 °C, part of the
distillates went to the pitch, as evidenced by the value of BTO-2 pitch yield (67%). It is higher
than that of BTO-1 pitch yield (62%). The ash content of the pitch was 2%. It was identical to
the ash content of the original pitch.

Carbonisation by heating and thermostatting for 1 hour at 850 °C was conducted for
initial electrode pitch of category B, the yield of carbonizate is K = 51%. The yield of carbonisate
is K= 53.3% at low-temperature carbonisation by heating to 650 °C and holding at this
temperature for 1 hour. Table 3 shows the results of carbonisate yields for BTO-1 and BTO-2
for different carbonisation modes.

For example, for mode 1, the carbonisate yield is K (BTO-1) = 62.4%. It is higher in value
than that for BTO-2 (60.4%). Moreover, heat treatment (at T > 400 °C) of category B electrode
pitch in an oxidising medium increases the K values for the carbonisation product at T = 650 °C
by 14-16%. Also, heat treatment increases the K value for the carbonisation product at T = 850 °C
by 9-10%. It is also evident from the data on K values for carbonisation modes 3 and 4 that
additional holding at T = 450 °C and 650 °C, increases the K values. Additional holding at 450 °C
for 1 hour (mode 3) increases the K values for further carbonisation at T = 850 °C from 62.4%
t0 69.3% for BTO-1 and from 60.4% to 65.2% for BTO-2. Two additional holding times at 450 °C
and 650 °C (mode 4) increase the K values for BTO-1 (from 62.4% to 72.3%) and BTO-2 (from
60.4% to 68.1%), respectively.

Table 3. Carbonisate yields under different carbonisation conditions.

Carbonisation mode K (BTO-1), % K (BTO-2), %
1 Mode 1 62.4 60.4
2 Mode 2 69 67
3 Mode 3 69.3 65.2
4 Mode 4 72.3 68.1

The increase in carbonisate yield (Table 3) may be due to heat treatment of the pitch at
T > 400 °C leads to a marked increase in the value of a, fraction according to [10]. It increases
the value of K. Additional temperature control at 450 °C and 650 °C resulted in a marked
increase of the K value. Therefore, the additional hold times increased the time of chemical
reactions (polymerisation according to [27, 29]). It could increase quantitatively the yield of
carbonisate K. Also, additional curing at 450 °C could further increase the a;-in pitch according
to [10]. It significantly increased the K value.
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The volatile yield V#f was determined for carbonisates obtained from BTO-1 according
to GOST R 55660-2013. Volatile yield is Vd¥ = 2.87% for the carbonisate obtained by
carbonisation according to mode 1. Volatile yield is Vd¥ = 1.88% for carbonisate obtained by
carbonisation according to mode 4. For carbonisate (mode I) of initial B category pitch, the
volatile yield is V' = 4.01%. Hence, heat treatment in an oxidising medium at 410 °C of pitch
causes a decrease in the yield of volatile substances in the obtained carbonisate.
The combination of thermal oxidative heat treatment at 410 °C and multiple holding times
during carbonisation reduces the volatile yield for the final product by 50%. This improves the
quality of the resulting carbonisate.

Conclusions

Thermal treatment of medium-temperature electrode pitch of category B in an oxidising
medium makes it possible to obtain high-temperature pitch.

Preliminary thermal heat treatment in oxidising medium of medium-temperature
electrode pitch of category B increases the value of carbonisate yield in comparison with the
value for initial pitch.

Preliminary thermal heat treatment in oxidising medium of medium-temperature
electrode pitch of category B reduces the volatile yield for carbonisate compared to the value
for the initial pitch.
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Introduction

Nowadays, aromatic compounds dominate the chemical industry. The production
volume of these compounds is up to several thousand tonnes per year [1].

Aromatic mononitro compounds are widely used in various branches of the chemical
industry, but mainly in the production of amines. High reactivity of aromatic nitro compounds
and amines provides their application for synthesis of synthetic dyes, production of
polyurethanes, vulcanisation accelerators, antioxidants for rubber products, plant protection
chemicals, pharmaceuticals, etc. Some aromatic nitro compounds are used as perfuming agents [2].

Wastewater containing, among others, mononitrotoluenes is treated, as a rule, by two
methods: chemical and adsorption ones. The chemical method includes reduction of the nitro
group by iron chips in an electrolyte medium and subsequent neutralisation of the acid with
lime. Biological treatment is required to degrade the amines formed. Adsorption method by
activated carbon allows ones to treat wastewater containing mononitrotoluene up to 500 mg/1
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121


https://chemintech.ru/en/nauka/issue/5563/view

A&ROM CHEMISTRY TOWARDS TECHNOLOGY VOL. 5, ISSUE 4, 2024

to its concentration of 30 mg/l. The adsorption process provides neutralisation of the acids with
lime and desorption of the waste coal. The concentration of MNT in wastewater resulting in
fish death in water reservoirs is 15-20 mg/l [1, 2]. In this regard, the degradation of
nitroaromatic compounds is an urgent problem.

Phenol and its derivatives are actively used in almost all areas of industry: in the
production of varnishes and paints, synthetic resins, plasticisers, surfactants and tannins,
pesticides, stabilisers and antiseptics. Due to the intensive use of phenols, phenolic compounds
are constantly present in the wastewater of many chemical enterprises, as well as coke,
petrochemical, pulp, and wood processing industries [4, 5].

World production of phenolic compounds is about 50,000 tonnes/year. Phenol is
classified as a toxic compound by character of action. The maximum permissible concentration
(MPC) of phenol in water is 0.001 mg/1 [6].

Nowadays, the most successful pollution control strategy is to utilise the ability of living
organisms to assimilate and degrade xenobiotics [7].

The method of biological degradation using highly effective strains of microorganisms-
destructors is recognised as a promising way of utilisation for such aromatic compounds as
mononitrotoluene and phenol in wastewater. The advantage of using biological methods of
destruction is based on the fact that microorganisms neutralise toxic substances without
adversely affecting the ecosystem and without causing the creation of new polluting agents in
the environment.

Most of the microorganisms of aromatic compound degraders described in the literature
belong to various bacterial strains. However, the wide use of fungi of the genus Trichoderma in
both activated sludge and biofilm, as well as their ability to utilise a wide range of carbon
substrates, processability, relatively high growth rate and low toxicity to plants and animals,
suggest the possibility of using these microorganisms for biodegradation of aromatic
compounds [8-12]. According to many studies, Trichoderma genus fungi can be very resistant
to toxic industrial environmental contaminants. In addition, they are also able to increase the
efficiency of biodegradation of xenobiotics together with other destructor strains as a
consortium [13-15].

Indeed, I. P. Solyanikova and co-authors [16] showed the ability of strains-destructors of
various aromatic compounds to utilise nitrotoluene at concentrations up to 70 mg/l.
We assumed this maximum concentration in the present study as well.

The purpose of this study is to investigate the effect of mononitrotoluene and phenol in
different concentrations on the growth of Trichoderma fungi and select active strains for
biological destruction of these toxicants during surface and deep cultivation.

Experimental part

We selected 5 monospore Trichoderma fungal strains for the research. These fungi were
isolated from soils of different forest zones of Central Siberia and the Tyva Republic, Russia
possessing stable cultural and morphological features and showing extracellular phenoloxidase
activity: Trichoderma asperellum ‘Mg-6’, Trichoderma asperellum ‘TH-11", Trichoderma
harzianum ‘M99/5’, Trichoderma koningii “TSG’, Trichoderma koningii “TSL-06’.

We used wastewater containing mononitrotoluene and phenol at concentrations of 20,
50 and 70 mg/1 as study subjects.
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To study the effect of mononitrotoluene and phenol, we used Chapek's nutrient medium
of the following composition, (g/l): Glucose - 30.0; NaNOs - 2.0; MgSO, - 0.5; KCI - 0.5;
K;HPO, - 1.0; FeSO4 - 0.01; agar - 20.0, containing mononitrotoluene at concentrations of
20, 50 and 70 mg/l instead of nitrogen-containing compound, or containing phenol at
concentrations of 20, 50 and 70 mg/] instead of glucose. We autoclaved the medium at 0.5 atm
for 30 minutes and cultivated the cultures in the thermostat at 25-27°C. We used the culture
grown on Chapek's medium without addition of mononitrotoluene and phenol as a check.

We determined the concentration of mononitrotoluene in the medium before and after
cultivation by chromatographic method using a liquid chromatograph ‘Milichrom-2’ [1].

We measured the concentration of phenol before and after cultivation using the
photometric method [17]. The method is based on the formation of an orange-yellow complex
of phenol with para-nitroaniline in alkaline medium. We transferred an aliquot of the analysed
wastewater in a volume not exceeding 5 ml into a 25 ml flask. Then we added 1 ml of diazotised
para-nitroaniline solution and added absorbent solution (sodium carbonate, 8 g/ solution) to
the mark. We prepared diazotised para-nitroaniline as follows: 0.01 g of para-nitroaniline was
dissolved in a mixture of 10 ml of distilled water and 2.5 ml of hydrochloric acid. We added
2.5 ml of sodium nitrate solution to the resulting solution and after a few minutes we diluted
the solution with water to 50 ml; prepared the solution on the test day; determined the optical
density at a wavelength of A = 440 nm in a cuvette with a working length of A = 20 mm, relative
to the blank sample; performed all studies in three iterations.

Main body

Trichoderma fungi are highly species- and strain-specific. Therefore, to develop the basis
for their use for biodegradation of aromatic compounds, it is necessary to screen them for
sensitivity to changes in the content of toxic components in the medium [18].

We used surface culturing to initially assess the growth potential of fungi of the genus
Trichoderma in the presence of different concentrations of mononitrotoluene and phenol.
The surface method involves the culture growing on the surface of a solid moistened nutrient
medium in the form of a mycelial film. It absorbs the ingredients of the nutrient medium by
substrate mycelium and forms reproductive organs by air mycelium. This method of cultivation
provides a complete cycle of fungal development, but is a slower process due to the
intrahyphalic transport of nutrients from the substrate mycelium to the growing terminal cells
of the aerial mycelium [19]. We applied the spores of the fungus by a loop injection into the
centre of a Petri dish in medium and took the results on the 7th day.

Studies on the effect of mononitrotoluene as the only source of nitrogen nutrition on the
growth of Trichoderma strains under surface cultivation conditions showed that they have
different sensitivity to changes in its concentration in the medium. Therefore, the greatest
productivity was observed for Trichoderma asperellum ‘M99/5” and Trichoderma koningii “TSG’
strains at 20 mg/l and 50 mg/l concentrations of MNT in the medium, and at 70 mg/l - for
Trichoderma koningii “TSG’.

Similar results were obtained in the case of phenol influence as the only source of carbon
and energy. The highest productivity was observed in Trichoderma asperellum ‘M99/5’,
Trichoderma koningii “TSG’, and Trichoderma asperellum “TH-11 strains at 20 mg/l and 50 mg/1
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concentrations in the medium, and at 70 mg/] the maximum productivity was also shown by
Trichoderma koningii “TSG’ strain.

Meanwhile, high concentration of both mononitrotoluene and phenol 70 mg/l inhibited
the growth of Trichoderma harzianum ‘Mg-6’ and Trichoderma koningii “TSL-06" strains.
The negative effect of high concentrations in the case of mononitrotoluene was found still on
the growth of Trichoderma asperellum strain “TH-11’, in the case of phenol on that of
Trichoderma asperellum ‘M99/5’.

We used depth culturing to evaluate the ability of strains of the genus Trichoderma to
degrade mononitrotoluene and phenol. The deep culture method involves growing
microorganisms in a liquid nutrient medium under periodic stirring. The microbial cells grow
in the entire volume of the liquid nutrient medium and in suspension. This method provides
the possibility of intensive mycelial growth, accumulation of metabolic products, and a high
level of process mechanisation. However, it does not provide a complete development cycle for
mycelial fungi. The sporulation stage in these conditions in phenotype is poorly expressed or is
not performed at all [20]. Therefore, we used Chapek's nutrient medium without the addition
of agar. After sterilisation we cooled the flasks with liquid medium, inoculated the strains using
a microbiological loop, and took the results on the 14th day.

According to analysis results, investigated strains of the genus Trichoderma are able to
degrade mononitrotoluene and phenol contained in the medium to different degrees.

When MNT was added to the medium at a concentration of 20 mg/l, the strains
Trichoderma koningii “TSG’, Trichoderma harzianum ‘Mg-6’, Trichoderma koningii “TSL-06’
showed the greatest degree of degradation. They reduced its concentrations almost twice -
by 48%, 47%, and 41.5%, respectively.

Trichoderma asperellum strains “TH-11" showed the greatest reduction of MNT
concentration by 42% and Trichoderma koningii strains “TSL-06" showed the greatest reduction
of MNT concentration by 40.6%.

Addition of mononitrotoluene to the medium at a concentration of 70 mg/l showed the
highest degree of degradation of Trichoderma koningii strain “TSL-06" with a 66% decrease in
concentration. The strains Trichoderma asperellum “TH-11" and Trichoderma koningii “TSG’ also
reduced its concentration by 47% and 38%, respectively (Fig. 1.).

70
)
5
= 60
£3
& = 50
=g
g .S
8% 40
g%
o 5 —e——20 mg/l
=1 'GI; 30 ——e——50 mg/l
Q
R ——=9---70 mg/l
E g 20 14,1
= 10,6 10,4 11,7
g 10
(=}
@]

0
Trichoderma Trichoderma Trichoderma Trichoderma Trichoderma

asperellum «MG-6» asperellum « TH-11» harziammm « M99/5» koningii « TCI'» koningii « TCJI-06»

Fig. 1. Results of mononitrotoluene biodegradation at different concentrations in the medium by strains of the
genus Trichoderma
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The highest reduction of phenol concentration in the medium at 20 mg/l was shown by
Trichoderma harzianum strain ‘M99/5” and the concentration decreased by 30%. Trichoderma
asperellum strain ‘Mg-6" and Trichoderma koningii strain “TSL-06" decreased the concentration
by 17.5 and 15%, respectively; Trichoderma asperellum strain “TH-11" and Trichoderma
koningii strain “TSG’ decreased the concentration by less than 9%.

The highest biodegradation efficiency compared to other initial concentrations was
characteristic of phenol content in the medium of 50 mg/l. There was a significant decrease in
its concentration by Trichoderma harzianum strain ‘M99/5” by 95.5%; Trichoderma asperellum
strain ‘Mg-6" and Trichoderma asperellum strain “TH-11" decreased its concentration by 46.6
and 42%, respectively; Trichoderma koningii strains “TSL-06" and Trichoderma koningii strain
“TSG’ - by 39%.

The strains Trichoderma asperellum ‘TH-11°, Trichoderma asperellum ‘Mg-6" and
Trichoderma harzianum ‘M99/5” decreased at 70 mg/1 phenol concentration its concentration
in the medium by 17.2; 14.3, and 12.9 %, respectively; the strains Trichoderma koningii "TSL-06'
and Trichoderma koningii "TSG' - by 11.4 % (Fig. 2).
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Fig. 2. Results of phenol biodegradation at different concentrations in the medium by strains of the genus
Trichoderma

Indeed, high concentrations of aromatic compounds (70 mg/1) had a toxic effect on the
growth of Trichoderma harzianum ‘Mg-6’, Trichoderma koningii “TSL-06’, Trichoderma
asperellum ‘“TH-11" and Trichoderma asperellum ‘M99/5" strains during surface cultivation.
However, at deep cultivation these strains showed the greatest destruction of toxicants.

Trichoderma koningii strain “TSG’ showed the greatest resistance to mononitrotoluene
and phenol in the medium among all the studied micromycetes. Reduction of its productivity
under conditions of surface cultivation was not observed at all concentrations. This strain was
the only one able to grow and develop in the presence of high concentration of 70 mg/1 of the
tested chemicals. However, the strain was less effective in deep cultivation.
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Conclusions and recommendations

According to research results, fungi of the genus Trichoderma are able to grow in the
presence of such toxic industrial pollutants as mononitrotoluene and phenol, but have different
sensitivity to changes in their concentration in the environment. The highest productivity was
observed at xenobiotics content in the range of 20-50 mg/l. The only strain of Trichoderma
koningii “TSG’ was resistant to high content of pollutants in the medium.

The strain Trichoderma koningii “TSG’ can be recommended for treatment of wastewater
containing mononitrotoluene and phenol in conditions of surface cultivation for pollutants up
to 70 mg/l, and strains Trichoderma asperellum “TH-11" and Trichoderma harzianum ‘M99/5’
can be recommended for pollutants up to 50 mg/1.

Fungi of the genus Trichoderma are able to degrade mononitrotoluene and phenol in
waters. Decomposition of mononitrotoluene under the action of micromycetes was more
intensive under conditions of deep cultivation at its high concentration in the medium of
70 mg/l. The maximum efficiency was 66% (Trichoderma koningii strain “TSL-06’).
The maximum degradation of phenol was 95% at 50 mg/1 (Trichoderma harzianum strain ‘M99/5’).

We can recommend Trichoderma koningii “TSG” and Trichoderma koningii “TSL-06
strains to produce a biopreparation on the basis of micromycetes for treatment of industrial
wastewater for removal of mononitrotoluene at combining surface and deep cultivation
principles in one immersion biotechnological system. We recommend Trichoderma koningii
‘TSG’ and Trichoderma harzianum ‘M99/5’ for phenolic water treatment.
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Introduction

‘Flexible’ stone is a composite three-layer coating consisting of reinforcing base (e.g. glass
fibre), polymer composition, and fine particles of sedimentary rocks (sandstone or marble
chips), imitating the structure of natural stone [1]. Nowadays ‘flexible’ stone is mostly produced
using acrylic dispersion SORBUS [2]. This dispersion does not fully meet the requirements of
manufacturers of finishing materials. Hence, there is a need to improve the quality of the
materials through ensuring import substitution for this type of materials.

In this regard, the purpose of this research was to use acrylic dispersion Akremos 121A
(Dzerzhinsk, Nizhny Novgorod region, Russia) as a polymer matrix of compositions for
producing ‘flexible’ stone. We have chosen this type of polymer matrix for protective coatings
because of its chemical inertness, non-toxicity, and its good adhesion strength with the
reinforcing substrate. The acrylic matrix is well combined with other polymers, i.e. with epoxy

© R. Yu. Kovalev, 2024
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resins [3]. It provides the possibility of creating blended compositions. As a consequence, it
causes a targeted change in the properties of the developed protective coatings.

Main body

We used acrylic dispersion Akremos 121A (Dzerzhinsk, Nizhny Novgorod region,
Russia) as the basis of polymer matrix. Modified epoxy resin ED-20 (manufacturer
OOO EPOKSID, Russia) was used as a modifier. It provided the necessary operational
properties of the protective composition of the ‘flexible’ stone type. We modified ED-20 epoxy
resin with maleic anhydride.

The chemistry of the modification process of epoxy resins with maleic anhydride
proceeds according to the following scheme:
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Fig. 1. Mechanism of epoxy resin modification with maleic anhydride

Modification of an epoxy resin is initiated by the interaction of its hydroxyl group with a
maleic anhydride molecule (1). An intermediate compound is formed during the interaction of
anhydride and resin. It reacts with epoxide groups (2). Hence, the maleic anhydride molecule
binds the tails of the epoxy molecules together. The reaction can also proceed with further
interaction of hydroxyl groups of the obtained compound with unreacted epoxide groups (3)
to form a three-dimensional zigzag polymer [1, 4]. The reaction has a chain nature. The number
of zigzags is limited by the degree of polymerisation. The final product contains a mixture of
different lengths and masses of epoxy resin bonds.

The mechanism of epoxy resin modification by maleic anhydride was validated by IR
spectroscopy. We identified the chemical composition and structure of PCL- and MMT-based
composites, and investigated the chemical and physical bonds using a Thermo Scientific (USA)
Nicolet iS10 FT-IR spectrometer equipped with a Smart iT attachment (Thermo Scientific) with
a diamond crystal by the disturbed total internal reflection (TIR) method. We measured with a
spectral resolution of 4 cm™, averaged over 32 scans, in the range 4000-400 cm™.

Figures 2 and 3 show the IR spectra of ED-20 epoxy resin before and after modification
with maleic anhydride, respectively.

The alignment of IR spectra of modified and unmodified epoxy resin (Fig. 4) shows the
formation of a new peak at 1775 cm™. It is located in the frequency of peaks of the C=0 group.
This confirms the assumption on the structure of the final modification product.
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Fig. 4. Comparison of IR spectra of ED-20 epoxy resin before and after modification with maleic anhydride
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The presence of the 1848 cm™ peak (Fig. 4) corresponding to cyclic anhydrides shows the
reaction did not proceed before the anhydride was completely consumed. However,
the intensity of this peak indicates a satisfactory yield of the final reaction product.

The peak at 885.5 cm™ is in the peak frequency of out-of-plane strain vibrations of the
C-H bond. This is hypothesised to be due to the steric properties of the macromolecule.

A hardener is required after continuous mechanical mixing of the components to give
them a solid structure. We used polyethylene polyamine (PEPA) as a hardener. The curing of
polymer compounds with PEPA hardener is well studied and described in the literature [3, 4].

Fig. 5 shows the curing mechanism of maleic anhydride-modified ED-20 epoxy resin.
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Fig. 5. Curing mechanism of modified ED-20 resin
The epoxy molecules modified with maleic anhydride react with the hardener.

The reaction is conducted by a polyamine group with polymer chain extension and
cross-linking of the modified resin molecules.

The structural formula of the final polymer under the condition of reaction termination
at stage 2 (Fig. 1) is as follows:
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Fig. 6. Structural formula of modified ED-20 resin after curing

The presence of a structured component in the heterogeneous polymer matrix [5, 6]
increases its resistance to external media and provides an increase in the durability of the
developed coatings.
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Mixing of acrylic dispersion and modified ED-20 resin was conducted using a high-speed
stirrer for 30 min at a temperature of 23+1°C. The obtained compositions were used for the
production of films and reinforced samples modelling the ‘flexible’ stone. We obtained
compositions both containing hardener (polyethylene polyamine) and without hardener.

We applied the polymer composition after preparation to a Teflon plate and incubated at
23%1°C for a day. We then visually inspected the composition and tested it.

We used 30 g/m?* glasswool (PRC manufacturer) as a load-bearing substrate for the
fabrication of reinforced samples.

The coating elasticity under bending on a 5 mm diameter rod (GOST 6806-2024 [7]) and
resistance to static water exposure for 24 h at 20+2°C (GOST 9.403-2022, method A [8]) were
used as criteria for assessing the quality of the developed coating compositions.

We evaluated the obtained properties from the perspective of possible application as a
marketable product and grouped them as good (+), satisfactory (+) and unsatisfactory (-) ones.
Tables 1 and 2 present the results of the tests.

Table 1. Basic properties of polymer compositions samples

Composition acrylic latex + modified Epoxy resin
Acrylic epoxy resin ED-20 (without hardener ED-20 SORBUS
Qualitative data . R . POXy ( ) . . .
dispersion (without dispersion
80/20 | 70/30 | 60/40 | 40/60 | 20/80
hardener)
Without reinforcement
Bending elasticity of
) + + + + + + + +
the coating
Resistance to static
+ + - - - - - +
water impact
Glass fibre reinforcement
Bending elasticity of
) + + + + + + + +
the coating
Resistance to static
+ + - - - - - +
water impact
Table 2. Basic properties of polymer composite samples
Composition acrylic latex + modified Epoxy resin
o Acrylic posttion actytc at poxy res SORBUS
Qualitative data . . epoxy resin ED-20 (with hardener) ED-20 (with . .
dispersion dispersion
80/20 | 70/30 | 60/40 | 40/60 | 20/80 |  hardener)
Without reinforcement
Bending elasticity of
+ + + + + - - +
the coating
Resistance to static
+ + + + + + + +
water impact
Glass fibre reinforcement
Bending elasticity of
) + + + + + - - +
the coating
Resistance
+ + + + + + + +
to static water impact
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According to Tables 1 and 2, the modified resin allows ones to increase the resistance of
acrylic dispersion-based compositions to static water exposure while maintaining the elasticity
of the coating. The developed composition - acrylic latex + modified epoxy resin ED-20
(with hardener) - allows ones to replace SORBUS dispersion for production of ‘flexible’ stone.

Conclusions

Hence, the compound containing 80 wt. % of acrylic dispersion and 20 wt. % of ED-20
epoxy resin modified with maleic anhydride is the composition allows ones to replace SORBUS
dispersion in the production of 'flexible’ stone products.
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Introduction

Chromeno[2,3-d]pyrimidin-2-ones are heterocyclic compounds containing condensed
pyrimidine and dihydropyran rings. Chromeno([2,3-d]pyrimidine derivatives have attracted
considerable attention due to their diverse spectrum of biological activities [1-3].
These compounds demonstrate a wide range of pharmacological properties, including
antitumour [4, 5], antimicrobial [6], anti-inflammatory [7, 8], antibacterial [9], and antioxidant
activities [10]. These activities make them promising substances for the development of new
drugs. Therefore, the constant search for new, more effective and selective derivatives of
chromeno(2,3-d]pyrimidine remains an urgent task of modern medicinal chemistry.

One of the most effective approaches to modify the structure and, consequently,
the properties of chromeno(2,3-d]pyrimidines is the introduction of various substituents into
their nucleus [11, 12]. The presence of various functional groups in the molecule of
tetrahydrochromeno(2,3-d]pyrimidin-2-one makes it possible to perform targeted
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modification of the structure in order to optimise pharmacological properties and reduce
toxicity [13]. Particularly, modification of the hydroxyl group [14] often presented in this class
of compounds is an effective strategic approach to achieve such purposes. Indeed, changes in
the electronic and steric properties of the substituent at the hydroxyl group can significantly
affect the interaction of the molecule with biological targets [15].

Alkylation and acylation are fundamental methods for functionalisation of organic
molecules. They are determined by their high selectivity, ease of implementation, and also
enable targeted modification of physicochemical characteristics and biological activity of
compounds. The application of these reactions to chromeno([2,3-d]pyrimidines provides a wide
range of possibilities to form libraries of derivatives with diverse structures and potentially
improved pharmacological profiles [16].

Main body

We have used tetrahydrochromeno[2,3-d]pyrimidin-2-ones 1a-d as starting compounds.
The authors synthesised them from the products of the Biginelli reaction and resorcinol
according to the procedure [17]. The presence of a hydroxyl group at the C-8 position and two
amide groups provides them with convenient substrates for studying modification selectivity.
Based on literature data [18], hexahydrochromeno[4,3-d]pyrimidin-2-ones initiate the
alkylation reaction selectively on the hydroxyl group. However, acetylation can lead to a
diacetylated derivative involving one of the amide groups.

We have chosen methyliodide 2 as the alkyl halide for the alkylation reaction of structures
la-d. We performed the reactions in the presence of potassium carbonate in
dimethylformamide at 40 °C for 9-12 hours. Subsequently, we obtained new alkylated
derivatives of tetrahydrochromeno[2,3-d]pyrimidin-2-ones 3a-d in up to 84% yield.

1

10
MeH
S O YN

DMF, K,CO,
T Me—l

2

40 °C

1,3:R=H (a), R=Cl (b), R = Me (¢), R = OMe (d)

Selective acetylation of the hydroxyl group was achieved using acetic anhydride 4 in the
presence of a catalytic amount of pyridine under solvent-free conditions at 80 °C and a reaction

time of 1.5-3 hours. This causes the formation of derivatives 5a-c.

135



&&ROM CHEMISTRY TOWARDS TECHNOLOGY meyIag: 1|4

4

* (CHsC0),0

VOL. 5, ISSUE 4, 2024
1
10
Me o035 oMefl: o

pyridine

80 °C
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1

NH

The reactions proceeded with good yields from 57 % to 94 %.

Indeed, the alkylation and acylation reactions of tetrahydrochromeno(2,3-d]pyrimidin-2-ones
3a-d under selected conditions proceed selectively on the hydroxyl group unlike similar
reactions of chromeno(4,3-d]pyrimidin-2-ones [18].

Table 1 summarises the reaction conditions and yields for compounds 3a-d and 5a-c.

Table 1. Reaction times and yields for products 3 and 5

N R Coupling 3 Coupling 5
Reaction time, h Yield, % Reaction time, h Yield, %
1 H a 9 83
2 4-Cl b 10 84 1.7 89
3 4-Me C 12 82 2 94
4 4-MeO d 11 70 2.8 57

We purified the obtained compounds 3 and 5 by recrystallisation of isopropyl alcohol and
characterised them using modern spectroscopic techniques. We observed the disappearance of
the 3330-3300 cm™! signals of the hydroxyl group in the IR spectra of the obtained structures.
In the case of acetylated derivatives 5, the signals of the ester carboxylic group also appeared in
the range 1761-1759 cm™.

'H and "*C NMR spectroscopy demonstrated characteristic signals confirming the
successful introduction of the corresponding substituents. Moreover, the appearance of a
singlet in the region of 2.27 - 2.29 ppm in the '"H NMR spectrum indicated the presence of an
acetyl group in compounds 5,; a singlet in the region of 3.72 — 3.75 ppm shows the successful
introduction of an alkyl fragment in structures 3.

8-OCH3s

e

8-OC(0)CH;s |
10a-CH3 i
N s ‘

10a-CH3s

‘ 5-CHs

T T T T T T
8 L ] 3 R 8
ki H " hi e E

T T T T T T T T T T T T T T T T T T T T T T T T T T T
56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 1B 16 14 12 10 08 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 1.2 1.1 1.0 0.9 0.8

Fig. 1. Fragments of "H NMR spectra of compounds 3a (left) and 5a (right)

136



A&ROM CHEMISTRY TOWARDS TECHNOLOGY VOL. 5, ISSUE 4, 2024

Mass spectrometric analysis recorded the molecular masses of the obtained compounds.
This further confirmed their structure.

378+
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3784316 379
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338,
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‘ 35|—I
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1897 2324 2787 202
| ul L

180 200 220 240 260 280 300 320 340 360 380

Fig. 2. Mass spectrum fragment of compound 5b
Conclusions

We have investigated the alkylation and acetylation processes of
tetrahydrochromeno[2,3-d]pyrimidin-2-ones. Hence, the alkylation reaction in the presence of
methyl iodide and potassium carbonate proceeds selectively on the hydroxyl group. We also
observed the formation of a monoacylated product at the C-8 position in the case of acetic
anhydride acetylation.

Experimental part

We recorded IR spectra in reflected light on a Spectrum Two PerkinElmer spectrometer
at 700-4000 cm™'; NMR spectra was recorded on a Bruker DRX-400 instrument for DMSO-d;
solutions at 30 °C. As reference for the chemical shifts we used the signals of the residual solvent
protons in '"H NMR (8 = 2.50 ppm) and *C NMR (8¢ = 39.5 ppm). We used tetramethylsilane
signal (IOC RAS, Moscow, Russia) as a marker. We recorded mass spectra on a FINNIGAN
MAT.INCOS 50 mass spectrometer at an ionisation voltage of 70 eV and an ionisation chamber
temperature of 100-220 °C (IOH RAS, Moscow, Russia). We conducted elemental analysis in
the analytical laboratory of INEOS RAS, Moscow, Russia, on a PerkinElmer 2400 unit.
We determined the melting temperature using a Biichi M-560 melting point and boiling point
apparatus. We monitored the progress of the reaction by thin layer chromatography on
Silufol 254 UV plates using hexane-ethyl acetate eluent.

The synthesis methods and physicochemical characterisation of compounds la-d are
described in [17].

Methodology for preparation of 3a-d

We heated the reaction mixture containing 1 mmol of tetrahydrochromenol2,3-
d]pyrimidin-2-ones 1a-d, 2 mmol of methyl iodide 2, 1.3 mmol of anhydrous K,COs in 2 ml of
DMEF to 40 °C and stirred for 9-12 h to synthesise compounds 3a-d. Then we cooled it and
poured it into the water; filtered off the residue; then washed it several times with water, and
dried it. It was recrystallized in isopropanol.
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(4R*,10aR*)-5,10a-Dimethyl-8-methoxy-4-phenyl-1,3,4,10a-tetrahydro-2H-
chromeno[2,3-d]pyrimidin-2-one (3a). Yield is 280 mg (83%), T.melt. is 281-283°C.
IR-spectrum, v/cm™: 3254 (N-H), 1687 (C=0), 1658, 1620, 1492 (C=C), 1378, 1366 (CHs),
1164 (C-O-C). NMR spectrum 'H (400 MHz, §, ppm, J/Hz): 0.85 (s, 3 H, C(10a)CH3),
2.25 (s, 3 H, C(5)CHs), 3.74 (s, 3 H, C(8)OCHs), 5.40 (d, 1 H, J = 4.6, C(4)H), 6.38 (d, 1 H,
J=1.8,C(9)H),6.58 (dd, 1 H, J=8.7,1.8, C(7)H), 7.22 - 7.36 (m, 6 H, Ph, C(6)H), 7.38 (s, 1 H,
N(3)H), 7.41 (s, 1 H, N(1)H). NMR spectrum *C (100 MHz, 8, ppm): 14.67, 25.96, 52.08, 55.90,
87.00, 102.17, 107.83, 117.50, 124.48, 125.38, 126.12 (2 C), 126.61, 127.64, 129.04 (2 C), 142.55,
153.62, 155.80, 161.03. Mass-spectrum (EI, 70 eV), m/z (I, %): 336 [M] (100), 335 [M-H] (52),
321 [M-15]* (69), 278 (7), 230 (5), 212 (5), 204 (4), 106 (13), 77 (15), 42 (64). Found (%): C,
71.27; H, 5.97; N, 8.30. C;H2N,Os. Calculated (%): C, 71.41; H, 5.99; N, 8.33.

(4R*,10aR*)-5,10a-Dimethyl-8-methoxy-4-chlorophenyl-1,3,4,10a-tetrahydro-2H-
chromeno[2,3-d]pyrimidin-2-one (3b). Yield is 312 mg (84%), T.melt. is 274-276°C.
IR-spectrum, v/cm™: 3235 (N-H), 1690 (C=0), 1656, 1620, 1489 (C=C), 1377, 1366 (-CH;),
1166 (C-O-C), 1097 (C-Cl). NMR spectrum 'H (400 MHz, §, ppm, J/Hz): 0.86 (s, 3 H,
C(10a)CHs;), 2.24 (s, 3 H, C(5)CHs;), 3.74 (s, 3 H, C(8)OCHs), 5.38 (d, 1 H, J = 4.2, C(4)H),
6.37(d,1H,J=2.4,C(9)H), 6.58 (dd, 1 H, J = 8.8, 2.4, C(7)H), 7.28 (d, 2 H, ] = 8.2, C(2’,6")H),
734 (d, 1 H, ] = 8.6, C(6)H), 7.40 - 7.44 (m, 3 H, C(3’,5)H, N(3)H), 7.51 (s, 1 H, N(1)H).
NMR spectrum *C (100 MHz, §, ppm): 14.69, 26.04, 51.63, 55.89, 86.88, 102.14, 107.86, 117.36,
123.96, 125.80, 126.68, 128.09 (2 C), 129.03 (2 C), 132.26, 141.64, 153.62, 155.64, 161.08.
Mass-spectrum (EL, 70 eV), m/z (La, %): 370 [M] (46), 369 [M-H] (15), 355 [M-15]* (44),
312 (13), 246 (28), 230 (58), 216 (16), 203 (79), 188 (33), 140 (100), 77 (24), 42 (42). Found (%):
C, 64.67; H, 5.14; N, 7.52. C3HsCIN,O;. Calculated (%): C, 64.78; H, 5.16; N, 7.55.

(4R*,10aR*)-5,10a-Dimethyl-8-methoxy-4-methylphenyl-1,3,4,10a-tetrahydro-2H-
chromeno[2,3-d]pyrimidin-2-one (3c). Yield is 287 mg (82%), T.melt. is 275-277°C.
IR-spectrum, v/cm™: 3239 (N-H), 1691 (C=0), 1659, 1620, 1498 (C=C), 1378, 1366 (-CH;),
1165 (C-O-C). NMR-spectrum 'H (400 MHz, §, ppm, J/Hz): 0.84 (s, 3 H, C(10a)CH3),
2.23 (s, 3 H, C(5)CH;), 2.27 (s, 3 H, C(4)CHs5), 3.73 (s, 3 H, C(8)OCH;), 5.34 (d, 1 H, J = 4.1,
C(4)H), 6.36 (d, 1 H, J = 2.5, C(9)H), 6.57 (dd, 1 H, J = 8.6, 2.5, C(7)H), 7.16 (s, 4 H,
C(2,3,5,6)H), 7.33 (d, ] = 8.6, 1 H, C(6)H), 7.40 (s, 1 H, N(3)H), 7.46 (s, 1 H, N(1)H).
NMR-spectrum “C (100 MHz, §, ppm.): 14.65, 21.26, 26.02, 51.85, 55.87, 86.98, 102.13, 107.76,
117.50, 124.56, 125.12, 126.04 (2 C), 126.56, 129.58 (2 C), 136.68, 139.53, 153.62, 155.77, 160.96.
Mass-spectrum (EIY, 70 eV), m/z (I:a, %): 350 [M] (60), 335 [M-15]* (51), 292 (4), 226 (14),
203 (24), 188 (13), 146 (7), 120 (100), 77 (13), 42 (36). Found (%): C, 71.84; H, 6.30; N, 7.95.
C1HuN,0s. Calculated (%): C, 71.98; H, 6.33; N, 7.99.

(4R*,10aR*)-5,10a-Dimethyl-8-methoxy-4-methoxyphenyl-1,3,4,10a-tetrahydro-2H-
chromeno[2,3-d]pyrimidin-2-one (3d). Yield is 258 mg (70%), T.melt. is 258-260 °C.
IR-spectrum, v/cm™: 3243 (N-H), 1690 (C=0), 1660, 1617, 1510 (C=C), 1378, 1366 (-CH;),
1166 (C-O-C). NMR-spectrum 'H (400 MHz, §, ppm, J/Hz): 0.87 (s, 3 H, C(10a)CHj3),
2.23 (s, 3 H, C(5)CHs), 3.72 (s, 3 H, C(8)OCHs), 3.73 (s, 3 H, C(4’)OCHs), 5.33 (d, 1 H, ] = 4.6,
C(4)H), 6.37 (d, 1 H, J = 2.5, C(9)H), 6.58 (dd, 1 H, ] = 8.6, 2.5, C(7)H), 6.92 (d, 2 H, ] = 8.3,
C(3,5)H), 7.18 (d, 2 H, ] = 8.3, C(2’,6’)H), 7.33 (d, 1 H, ] = 8.7, C(6)H), 7.35 (s, 1 H, N(3)H),
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7.42 (s, 1 H, N(1)H). NMR-spectrum "“*C (100 MHz, §, ppm): 14.57, 26.05, 51.59, 55.74, 55.89,
86.99, 102.16, 107.80, 114.43 (2 C), 117.55, 124.61, 125.00, 126.56, 127.26 (2 C), 134.30, 153.63,
155.75, 158.90, 160.98. Mass-spectrum (EI, 70 V), m/z (I, %): 336 [M] (100), 335 [M-H]" (40),
351 (44), 335 (3), 308 (2,5), 204 (5), 136 (11), 42 (9). Found (%): C, 68.85; H, 6.03; N, 7.61.
CxH»N,O,. Calculated (%): C, 68.84; H, 6.05; N, 7.65.

Methodology for preparation of 5a-c

We added 2 ml of acetic anhydride 4 and 50 pL of pyridine to 1 mmol of
tetrahydrochromeno[2,3-d]pyrimidin-2-ones 1b-d, heated to 80 °C, and stirred for 1.5-3 h to
synthesise compounds 5a-c. Then we cooled and poured it into water, filtered off the residue,
then washed it several times with water, and dried it. It was recrystallized in isopropanol.

(4R*,10aR*)-5,10a-Dimethyl-2-0x0-4-(4-chlorophenyl)-1,3,4,10a-tetrahydro-2H-
chromeno[2,3-d]pyrimidin-8-yl acetate (5a). Yield is 356 mg (89%), T.melt. is 222-224 °C.
IR-spectrum, v/cm™: 3214 (N-H), 1759 (O-C(=0)CHs), 1678 (C=0), 1658, 1610, 1489 (C=C),
1377, 1367 (-CHs), 1194 (C-O-C), 1091 (C-Cl). NMR-spectrum 'H (400 MHz, §, ppm, J/Hz):
0.86 (s, 3 H, C(10a)CHs), 2.24 (s, 3 H, C(5)CH3), 2.29 (s, 3 H, C(8)COCH3), 5.43 (d, 1 H, J = 4.7,
C(4)H), 6.64 (d, 1 H, J = 2.3, C(9H), 6.78 (dd, 1 H, ] = 8.4, 2.3, C(7)H), 7.29 (d, 2 H, ] = 8.3,
C(3,5)H), 7.45 (d, 2 H, ] = 8.3, C(2’,6)H), 7.47 (d, 1 H, ] = 8.4, C(6)H), 7.54 (s, 1 H, N(1)H),
7.60 (d, 1 H, J =4.6, N(3)H). NMR-spectrum “C (100 MHz, §, ppm): 14.69, 21.56, 26.08, 51.89,
87.17,110.29, 115.35, 122.17, 125.01, 126.06 (2 C), 126.38, 126.89, 129.66 (2 C), 136.82, 139.23,
151.68, 152.97, 155.68, 169.60. Mass-spectrum (EI, 70 eV), m/z (La, %): 398 [M] (93),
397 [M-H] (45), 383 [M-15]* (79), 356 (71), 341 (100), 298 (24), 232 (16), 216 (43), 189 (40),
140 (31), 43 (57). Found (%): C, 63.14; H, 4.79; N, 6.98. C,;H;sCIN,O.. Calculated (%): C, 63.24;
H, 4.80; N, 7.02.

(4R*,10aR*)-5,10a-Dimethyl-2-0x0-4-(4-methylphenyl)-1,3,4,10a-tetrahydro-2H-
chromeno[2,3-d]pyrimidin-8-yl acetate (5b). Yield is 358 mg (94%), T.melt. is 218-220 °C.
IR-spectrum, v/cm™: 3222 (N-H), 1761 (O-C(=0)CHs), 1678 (C=0), 1655, 1611, 1495 (C=C),
1372, 1366 (-CHs3), 1199 (C-O-C). NMR-spectrum 'H (400 MHz, §, ppm, J/Hz): 0.85 (s, 3 H,
C(10a)CHs), 2.24 (s, 3 H, C(5)CHs), 2.28 (s, 6 H, C(4’)CH;, C(8)COCHa), 5.38 (d, 1 H, ] = 4.5,
C(4)H), 6.63 (d, 1 H, J = 2.3, C(9)H), 6.77 (dd, 1 H, ] = 8.4, 2.3, C(7)H), 7.29 (d, 2 H, ] = 8.1,
C(3,5)H), 7.45 (d, 2 H, J = 8.1, C(2’,6)H), 7.46 (d, 1 H, ] = 8.4, C(6)H), 7.49 (s, 1 H, N(1)H),
7.52 (d, 1 H, ] =4.6, N(3)H). NMR-spectrum “C (100 MHz, §, ppm): 14.73, 21.56, 21.72, 26.09,
51.67, 87.07, 110.34, 115.43, 122.03, 125.69, 126.29, 126.49, 128.11 (2 C), 129.11 (2 C), 132.35,
141.34, 151.79, 152.94, 155.55, 169.58. Mass-spectrum (EI, 70 eV), m/z (I, %): 378 [M] (100),
377 [M-HJ (31), 363 [M-15]* (61), 335 (10), 321 (17), 292 (2), 232 (2), 190 (5), 120 (12), 43 (33).
Found (%): C, 69.71; H, 5.83; N, 7.36. C,H»N,O.. Calculated (%): C, 69.83; H, 5.86; N, 7.40.

(4R*,10aR*)-5,10a-Dimethyl-2-0x0-4-(4-methoxyphenyl)-1,3,4,10a-tetrahydro-2H-
chromeno[2,3-d]pyrimidin-8-yl acetate (5¢). Yield is 226 mg (57%), T.melt. is 212-214 °C.
IR-spectrum, v/cm™: 3220 (N-H), 1759 (O-C(=0)CHs), 1677 (C=0), 1652, 1610, 1507 (C=C),
1378, 1366 (-CHs3), 1196 (C-O-C). NMR-spectrum 'H (400 MHz, §, ppm, J/Hz): 0.87 (s, 3 H,
C(10a)CH3), 2.24 (s, 3 H, C(5)CHs), 2.27 (s, 3 H, C(8)COCHS;), 3.73 (s, 3 H, C(4)OCHa),
537 (d, 1 H, J = 4.5, C(4)H), 6.63 (d, 1 H, J = 2.3, C(9)H), 6.77 (dd, 1 H, ] = 8.4, 2.3, C(7)H),
6.93 (d, 2 H, ] = 8.5, C(3,5)H), 7.19 (d, 2 H, ] = 8.5, C(2’,6)H), 7.45 (d, 1 H, ] = 8.4, C(6)H),
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7.47 (s, 1 H, N(1)H), 7.50 (d, 1 H, J = 4.6, N(3)H). NMR spectrum “*C (100 MHz, §, mmd):
14.64, 21.56, 26.10, 51.61, 55.74, 87.16, 110.29, 114.48 (2 S), 115.34, 122.18, 124.87, 126.36,
126.92,127.26 (2 S), 133.97, 151.67, 152.96, 155.64, 158.96, 169.60. Mass-spectrum (EI, 70 eV),
m/z (I, %): 394 [M] (53), 393 [M-H] (6), 351 (5), 337 (5), 232 (3), 190 (10), 136 (91), 60 (11),
43 (100). Found (%): C, 66.87; H, 5.59; N, 7.06. C»,H,,N,Os. Calculated (%): C, 66.99; H, 5.62;
N, 7.10.
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Abstract. The paper investigates the activity of a skeletal nickel catalyst upon
its partial controlled deactivation in the liquid-phase hydrogenation reaction of
sodium 4-nitrophenolate. The reaction proceeds in aqueous solutions of sodium
hydroxide at 303 K and atmospheric hydrogen pressure in a batch reactor. An
aqueous solution of sodium sulphide with pH equal to the hydrogen value of the
solvent in the reactor was a deactivating agent. We used the Bartholomew C.G.
technique to assess the nature of the catalyst deactivation. Using this technique,
we determined the number of active nickel atoms blocked by a single sulfide ion
and proposed TON*™*" as a parameter to show the resistance of the catalyst to
deactivation. The authors proposed an original method for calculating TON"a<t
values for catalytic systems of liquid-phase hydrogenation under conditions of
deactivation by catalytic poisons. Indeed, the initial decrease in activity in
0.01 M NaOH concerns with a decrease in the catalytic properties of the active
centres. Subsequently, the activity of individual centres remains stable.
However, the decrease in the overall activity of the catalyst occurs due to their
proportional blocking. This explains the selective character of deactivation
according to Bartholomew C.G. The poison proportionally removes active
centres from the reaction zone in 0.1 M NaOH. This causes a non-selective
character of poisoning. The kinetic relationships depend on the accumulation
of different intermediates on the catalyst surface at different concentrations of
the introduced sulfide ion. Therefore, the reaction rate and absolute activity can
increase slightly at small amounts of catalytic poison. However, the activity of
the catalyst is irretrievably lost with further increase in the concentration of
sulfide ion.
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Introduction

The activity and selectivity of heterogeneous catalysts used in liquid-phase hydrogenation
reactions are determined by the presence on their surface of various forms of adsorbed
hydrogen, which have different reactivity towards organic compounds [1-3]. However,
the assessment of the reactivity effects of these hydrogen forms on selectivity and reaction rates
is based on general assumptions and indirect data. The studies aimed at identifying
the reactivity parameters of different forms of adsorbed hydrogen are poorly reported in the
literature to date. A number of papers confirm the existence of equilibrium between different
forms of hydrogen on the catalyst surface; they are suggested to be regulated by changing the
solvent composition [1-2]. Apparently, a meaningful occurrence of these effects can be achieved
by using catalytic poisons.

To estimate the total reaction rate in the regional velocity method, it is necessary to sum
up the rates of processes on different types of active centres of the catalyst surface.
Correct agreement between adsorption and reaction rate data requires consideration of the
amount of hydrogen adsorbed on the various active centres. This approach has been used to
determine the reactivity of adsorbed hydrogen, including in hydrogenation reactions on skeletal
nickel [4]. Hydrogen can adsorb on the latter one, for example, in three forms: two atomic and
one molecular [1-5].

In [5], a chemical dehydrogenation method was used to obtain catalysts with different
amounts of adsorbed hydrogen. However, this method is problematic due to the impossibility
of direct measurement of released hydrogen amount by conventional volumetric methods.
Indeed, hydrogen contacting the surface of the prehydrogenated catalyst fills the porous space
of the metal to the degree of filling characteristic of this reaction. We used adsorption-
calorimetric titration to determine the process rate. It causes additional difficulties in the
interpretation of the results.

A number of studies [2, 4] have proposed the use of catalysts controlled partial
deactivation using catalytic poisons to change the equilibrium of the amount of adsorbed
hydrogen and obtain catalytic systems with given parameters of activity and selectivity.
However, several conditions should be met for the successful application of catalytic poisons
(deactivating agents):

- the catalytic poison should interact irreversibly with the active centres of the catalyst;

- the chemical composition of the catalyst should not change under the influence of the
poison, only the number of active centres;

- the influence of the solvent on the kinetic parameters of the hydrogenation reaction
should not change with the addition of the catalytic poison.

We proposed to use the zero-order reaction rate of the hydrogenated compound and/or
the observed rate constants at low degrees of conversion in external diffusion inhibition absence
as parameters of catalyst activity at partial deactivation. Under such conditions, the reaction
rate will initially depend only on the reactivity of the hydrogen adsorbed by the various active
centres of the catalyst surface.

We chose sodium sulfide as a deactivating agent because sulfur compounds (§*) are the
most effective catalytic poisons significantly reducing the hydrogenation rate. According to [6, 7],
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sulfur atoms can change the equilibrium between the forms of adsorbed hydrogen on the
catalyst surface. Moreover, they differentially block the active centres and affect the activity of
skeletal nickel in the hydrogenation reactions of nitro compounds.

The purpose of this study was to determine the effect of partial controlled deactivation by
sulfide ion on the kinetic regularities of liquid-phase reduction of sodium 4-nitrophenolate and
develop an approach to calculation of the TON=* value characterising the catalyst in the
deactivation process.

Experimental part

We used a traditional skeletal nickel catalyst as a catalyst. It was obtained by treatment of
nickel-aluminium alloy with aqueous sodium hydroxide solution according to the known
method [8, 9]. The average radius of the catalyst particles was 4.8 um; specific surface area was
90+2 m?/g; porosity was 0.5+0.05 cm’/cm’.

We investigated the kinetics of the hydrogenation reaction of the model compound by a
static method in a sealed liquid-phase reactor. This method allowed us to measure the amount
of absorbed hydrogen volumetrically. The stirrer rotation speed was 2500 rpm. This excluded
the influence of external mass transfer on the kinetic parameters. According to some
experiments, the effect of internal mass transfer on reaction kinetics is minimised at particle
sizes are smaller than 5 pm.

The reduction of aromatic nitro compounds with hydrogen proceeds according to
complex stoichiometric schemes. Various reaction directions and formation of intermediate
compounds are possible. Papers [10] and [11] describe the scheme for the reduction of
substituted nitrobenzenzenes by catalytic process in details. The variability in the intermediates
described in these studies is probably due to differences in experimental conditions. We used
sodium 4-nitrophenolate as a model compound containing a nitro group, since its liquid-phase
reduction produces negligible amount of intermediates and by-products in solution [12].

We verified the hydrogenisate using a Crystalux-4000M gas chromatograph with a flame
ionisation detector. We used a TRB-PETROL capillary column (100 m x 0.25 mm x 0.5 pm,
100% dimethylpolysiloxane). Analysis programme is as follows: analysis time is 120 min; initial
column temperature is 35 °C (15 min); programmable heating is up to 150 °C at a rate of
5 °C/min, then to 250 °C for the remaining analysis time. Detector temperature is 270 °C and
evaporator temperature is 270 °C. Sample volume for analysis is 0.4 pl.

We conducted partial controlled deactivation of the catalyst by titration according to the
previously developed method [4]. We used sodium sulfide as a catalytic poison and determined
the concentration of $* ions by direct potentiometric method. We measured EMF using an ion-
selective electrode with a saturated chlorosilver electrode EVL-1M3 as a reference electrode.

The applied studies on liquid-phase hydrogenation of organic compounds assessed
catalyst activity by the reaction rate at the initial stage (at a degree of conversion less than 0.05)
[1, 2, 4, 6, 7]. Assumedly, intermediate and final products affecting the reaction rate and the
catalyst surface do not have time to accumulate in the reaction system at this stage.
The calculation of absolute activity (TOF, Eqs. 4-6) for real multicomponent catalytic systems,
especially under conditions of partial deactivation of the catalyst, has its own peculiarities.
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For instance, the structure of the catalyst surface changes during the process of entering the
operating regime, reaction, and deactivation [13].
The equations for assessment of reaction kinetics are as follows:

3
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where: N4 is Avogadro number (6,022-10® mol™); V,, is the molar volume of the gas
(for hydrogen V., = 22,43 dm*/mol); Ksxi shows how many active nickel atoms block one
sulphur atom; « is transformation rate; r is the reaction rate, m.. is the catalyst mass, V(H,)
is the amount of absorbed hydrogen, 7 is the reaction time, 1y is the time for which a« = 0,5
is reached; A is the catalyst activity; ¢ is the fraction of active centres unblocked by the catalytic
poison; S is a specific surface area; n(Na,S) is the number of moles of sodium sulphide per one
gram of catalyst; #m.(NasS) is the minimum amount of sodium sulphide (activity of the catalyst
falls to zero); N4 is the number of active nickel atoms on 1 square metre of the catalyst surface;
Nl is the number of reactant molecules reacting per unit time (7) on the active centres of the
catalyst in the amount equal to N.; N, is the number of active centres on one gram of the
catalyst; TON is the stability of the catalyst operation (number of cycles of operation of one
active centre of the catalyst); TON= is the stability of the catalyst to deactivation.

Main body

We experimentally studied the kinetic regularities of the reduction of sodium
4-nitrophenolate on skeletal nickel catalyst in aqueous solutions of sodium hydroxide under
partial deactivation. Fig. 1 shows the result of experimental data processing according to
Equations 1 and 2. The study [14] presents the influence of the solvent on the kinetics of
substituted nitrobenzenes hydrogenation. The effect of NaOH concentration on the
hydrogenation kinetics is due to the change in the nature of the reaction. The process follows
the hydrogenation path in neutral medium without accumulation of by-products. Moreover,
condensation processes are activated in alkaline medium. It causes the accumulation of
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incomplete reduction products - azoxy- and azophenols; it explains the activity spikes (Fig. 1).
Consequently, the kinetic regularities of hydrogenation of sodium 4-nitrophenolate are
explained by changes in the rate of individual stages of nitro group reduction. Hence, excess
intermediates, like sulfide ions, block the catalyst enhancing the action of the catalytic poison.
As a result, the reaction stops at 0.21 mmol Na,S per 1 g of catalyst in 0.01 M NaOH solvent,
and at 0.15 mmol Na,S per 1 g of catalyst in 0.1 M NaOH.

1.4 7 g, em*s1*g(Ni)! 1 7 g em¥*s*g(Ni)
l..z A . re o ‘. L P X O.n...-............ l
l" .'o. ”,8 T et "oo....
l K * e 4ee e 44000 0ree ey .c.. ‘.; -
000. """ . - N _Illhll....“..... . '--....._a. ..
0,8 e “a., . 0.6 T

Fig. 1. Reaction rates of liquid-phase hydrogenation of sodium 4-nitrophenolate in aqueous sodium hydroxide
solution: a) 0.01 M; b) 0.1 M with concentrations of sodium sulfide, mmol (Na,S)/g kt: 1-0; 2-0.025; 3-0.050;
4-0.100; 5-0.15.

Fig. 2a shows the dependences characterising catalyst stability to deactivation in different
solvents. The paper shows [2] the applicability of the catalyst deactivation evaluation technique
proposed by Bartholomew C.G. for liquid-phase hydrogenation. Fig. 2b shows a graphical
representation of this approach.

1.4 74, cm?s1.g(Ni) e h
1.2
’ 0.8 -
1
0.8 y=-54d8x+ 1,127 00 ]
0.6 0.4 -
0.4
0.2 -
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Fig. 2. Activity of the catalyst in the hydrogenation reaction of sodium 4-nitrophenolate in aqueous solution
with NaOH: A — 0,01 M; @ — 0,1 M; at different Na2S content, a) in absolute, b) in relative units (where Ao is
the activity of the undeactivated catalyst; 7ma is the amount of sodium sulfide at which the catalyst activity is
completely lost).

According to Fig. 2, we can determine tangent modulus of the trend line slope angle line
required for the calculation of TON®* (see equations on Fig. 2). According to the literature (3, 7],
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the skeletal nickel surface can have from 1.14-10" to 1.86-10" atoms/m?” depending on the
crystallographic orientation. Therefore, one gram of the catalyst investigated in this research
has 1.35-10% active nickel atoms. They are completely blocked to a loss of activity of 1.25-10%
sulfide ions in 0.01 M NaOH or 9.03-10" sulfide ions in 0.1 M NaOH. Hence, one sulfide ion
blocks 10.8 active nickel atoms in 0.01 M NaOH and one sulfide ion blocks 15.0 active nickel
atoms in 0.1 M NaOH.

The acidity of the medium also affects this process: the blocking character is selective at
0.01 M NaOH and non-selective at 0.1 M (see Fig. 2b).

Table 1 shows the kinetic data of the reduction of sodium 4-nitrophenolate on skeletal
nickel catalyst in aqueous solutions of sodium hydroxide under partial deactivation.

Table 1. Kinetic parameters of skeletal nickel catalyst activity in the reduction reaction of sodium 4-nitrophenolate
in aqueous NaOH solutions.

Concentration of sodium hydroxide solution
n(Na,S),
0,01M 0,1IM
mmol/g cat.
A* TOF, 100s' | Ksni | TONdeet A* TOF, 100s” | Ks.ni | TONdect
0 1.27+0.06 1.1 0.85+0.04 0.4
0.025 0.93+0.05 0.4 0.67+0.03 0.2
0.05 0.77+0.04 0.4 0.65+0.03 0.2
10.8 0.043 15.0 0.016

0.1 0.46+0.02 0.5 0.33+£0.02 0.4

0.15 0.43+0.02 0.5 0 -

0.2 0 - 0 -

* [em?s g '(Ni)]

The data obtained numerically confirm higher catalyst resistance to deactivation at 0.01M
NaOH than at 0.1 M.

Conclusions and recommendations

This paper investigates the activity of a skeletal nickel catalyst in the liquid-phase
hydrogenation reaction of sodium 4-nitrophenolate under conditions of partial controlled
deactivation. Indeed, a single sulfide ion removes 10.8 nickel atoms from the reaction zone at a
concentration of 0.01 M NaOH and 15.0 at a concentration of 0.1 M NaOH. The absolute
activity of the catalyst decreases by 2-2.5 times upon introduction of sodium sulfide. However,
further increasing of catalytic poison concentration does not causes a significant change in the
TOF value.

The authors proposed a method for calculating the index TON®=<. It characterizes the
resistance of the catalyst to deactivation by its poison. The value of TON***, when combined
with the approach proposed by Bartholomew, allows a more complete description of catalyst
deactivation. Hence, the acidity of the medium has a significant influence on the character of
deactivation: at the NaOH content of 0.01 M the process proceeds selectively, and at the
concentration of 0.1 M NaOH it is non-selective.

Funding. The study was conducted within the framework of a government research
assignment (Topic No FZZW-2024-0004). The research plan is coordinated with the R&D of the
Scientific Council of the Russian Academy of Sciences on Physical Chemistry for 2024.
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Keywords: Abstract. The article analyses literature sources and general classification
polymeric surface-active substances,  of surface-active substances (surfactants). The analysis explains the
high molecular weight compounds, scientific interest in the development of new high molecular weight and
critical micelle formation polymeric compounds changing the surface tension on the prase
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undergone global changes in recent years, the modern stage of scientific
development has revealed a range of promising modifiers. Adding these
modifiers to the systems provides a predictable effect of creating tenacious
compositions with good adhesion to the surface of building materials and
structures, as well as obtaining water-resistant coatings on the basis of
such compositions.
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Introduction

Nowadays, the use of surfactants is becoming more popular in various fields of industrial
production, economics, biology, etc.

The peculiarity of their application is the reduction of tension on the surface. It is caused
by their ability to adsorb on the prase boundaries. As a rule, surfactant molecules include both
hydrophilic and hydrophobic fragments [1]. Surfactants have the leading position along with
rubbers and dyes in terms of production volume worldwide. In particular, more than
250 thousand tonnes of surfactants were produced in the Russian Federation in 2020. At the
same time, more than a quarter of the output is consumed in the field of household chemicals,
while the main part is used in industry and agriculture [2]. Medicine is also a very extensive
area of their practical application.

© N. A. Moreva, P. B. Razgovorov, 2024
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The involvement of the medical aspect largely explains the intensity of new surfactants
implementation. For example, polymeric surfactants have the ability to form micelles. These are
the structures consisting of groups of different complex molecules or ions. Therefore, the field
of their use is expanding annually.

However, surfactant applications are generally associated with the study of their physical
properties, i.e., their adsorption capacity. Nevertheless, the physical properties of polymeric
surfactants have not been fully investigated. Moreover, their application is not always
theoretically justified [3]. This provides an opportunity to include a range of new research in
this area. Therefore, the issue of pigments and filler dispersion improvement in organic
medium is of special interest. It can reveal the possibilities of achieving new qualitative
characteristics of high molecular weight compounds, as well as for painting in construction.

General classification of surfactants by group or chemical nature

The classification according to the charge of hydroxyl groups or the chemical nature of
surfactant molecules is recognised as the most well-known in the world scientific community.
According to this classification, it is possible to subdivide:

e cationic surfactants (CSAS);

e anionic surfactants (ASAS);

e amphoteric surfactants (ampholytic, AmSAS) can perform the functions of both
proton donor and acceptor depending on the pH of the solution;

e non-ionogenic surfactants (NSAS).

We consider the characteristics of each type of surfactants. Cationic surfactants are
characterised by the presence of a relatively large, positively charged hydrophobic group.
They are used to improve dispersion of pigments and fillers in organic media due to their ability
to adsorb on solid surfaces, displacing air, and moisture while forming a strong bond.
Most surfactants contain positive charged nitrogen atom.

CSAS may include:

e salts of alkyl substituted ammonium bases, e.g. hexadecyltrimethylammonium bromide;
e salts of aliphatic amines;

e salts of aromatic amines;

e salts of alkyl-substituted pyridine.

The effective combination of surface-active properties with increased biological activity
is a peculiarity of CSAS. As a result, they are used as disinfectants, bactericides, and corrosion
inhibitors.

Table 1 characterises applications of CSAS in industry and national economy.

Table 1. Practical applications of CSAS for chemistry and biochemistry

Surface area Field of application
Surface of steel Anticorrosive agents
Inorganic pigments Paint dispersants
Plastic Antistatic agents
Bacterial cell walls Germicide chemicals
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Anionic surfactants are characterised by the presence of a large negatively charged group.
The hydrophilic part of the anionic surfactant usually contains a NaSOs  or NaOSOs™ group.
Typical examples of ASAS are:
e salts of incomplete sulphuric acid esters, e.g. sodium dodecyl sulphate:

O
g
/\/\/\/\/\/\O/ \>ONa
0] .
bl

e carboxylic acids and salts with the general formula RCOOMe, where Me is a metal,
e.g. potassium palmitate:
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e salts of the related RSO20M sulfonic acids containing an alkyl radical, e.g., dodecyl
sulfonate:
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ASAS is commonly used in the field of latex and synthetic rubber production [4].

Amphoteric or ampholytic surfactants (AmSAS) contain two functional groups.
They differ in their properties and can demonstrate both anionic and cationic ones depending
on the acidity of the medium. An amino group is capable to acquire a positive charge.
Proteins and natural amino acids are the classic representatives of AmSAS. Their synthetic

H\)J\
N
OH

The high cost of alkylamino acids production has been the reason for their rare industrial

analogue is alkylamino acid or acetylaminoacetic acid:

and medical implementation.

Non-ionogenic surfactants are not dissociate into ions in aqueous solutions.
Their molecules consist of hydrophobic radicals (e.g. alkyl radicals) and hydrophilic atomic
groups. Meanwhile, the hydrophilic portion of the NSAS typically includes hydroxyl (OH)
groups or ether (C-O) bonds. It requires their significant amounts in the molecule to achieve
the required level of hydrophilicity.
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One of the obvious advantages of NSAS is their compatibility with ionogenic surfactants.
Table 2 shows the different classes of surfactants.

Table 2. Examples of different classes of surfactants

Name | Abbreviated name Formula

Cationic surfactants

Octadecylamine ODA CisHyNH,
Dodecylamine DDA CoHas NH,
Cetyltrimethylammonium bromide CMAB [Ci6H33N(CH3)5]Br
Anionic surfactants
Sodium octyl sulphate (N CsH7080:3Na
Sodium dodecyl sulphate SDS C2H2:080:Na

Non-ionogenic surfactants
Oxyethylated alkylphenol derivatives CyHzn1 CsHsO(C,H4O)nH
Emulsifier OP-7 | OP-7 \ where n =8-10, m = 6-7

Peculiarities of surfactant activity in aqueous solutions

There are two large groups of diphilic surfactants. They are divided according to their ability
to self-organise in solutions, namely absolute soluble and micelle-forming surfactants [5, 6].

The group of absolute soluble substances includes lower alcohols, acids, and their salts.
These substances remain in a molecularly dispersed state in solution until concentrations
corresponding to their saturated solutions are reached. The system then separates into two
macrophages.

The second group of surfactants is able to form heterogeneous disperse systems. Colloidal
surfactant molecules, containing both hydrophilic and hydrophobic moieties, tend to migrate
independently to the phase boundaries. When hydrophilic groups are isolated from water
(totally or partially), an adsorption layer is formed, reducing the free energy at the interface.
Furthermore, the rate of ultimate adsorption increases with increasing of surfactant
concentration [7].

As the surfactant concentration in solution increases, structural aggregates (micelles) are
formed. Micelles are formed when surfactants have long hydrocarbon chains and strong polar
groups.

Furthermore, the concept of ‘critical micelle formation concentration” (CMC) - the
minimum surfactant concentration - is introduced. The thermodynamic equilibrium of ions
and molecules with surfactants is reached at this concentration. Significant changes in the
physical and chemical properties of the surfactant solution can be observed in the region of
critical micelle concentration values [8-12].

To assess the effect of surfactant composition on the CMC values, we should consider the
following patterns described in [13-16]:

e values of CMC strongly decrease with increasing of alkyl chain length of the
surfactant. Moreover, the drop in CMC with increasing of alkyl chain length by one
methylene group is 50% for ionic surfactants and up to 70% for non-ionic surfactants;

e the CMC for ionic surfactants is significantly higher than for NSAS. The ratio depends
on the alkyl chain length, but the difference is about two orders of magnitude;
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e displacement of ionogenic groups from the extreme boundary of the hydrocarbon
radical to the middle of the alkyl chain causes an increase in the CMC;

e the increase of the counterion charge causes decreasing of the CMC.

The increase in the polarity of the hydrophobic part of the molecule also contributes to
the growth of CMC.

Temperature is another important factor affecting the CMC. As the temperature
increases, the CMC decreases. It is primarily due to the breaking of hydrogen bonds between
water molecules and oxygen atoms, as well as a decrease in aggregation.

The presence and concentration of additional substances in solution also significantly
affect the CMC, taking into account the following key principles:

o the adding of salt to the solution causes a decrease in the CMC. The CMC changes
are higher at high salt concentrations as the number of carbon atoms in the surfactant
chain increases;

e ionic charge in solution is relevant. The charge of the counterion has a particularly
significant effect on the CMC;

e low molecular weight substances affect the CMC individually, depending on the
polarity of the dissolved compounds;

e substances dissolving in water have some influence on the upward change of CMC.

CMC is one of the most important characteristics of surfactants. The CMC analysis is the
main stage of surfactants use. The critical micelle formation concentration (CMC) is
determined by measuring the surface tension and solubilisation process. The conductometric
method also can be used for the determination of ionic surfactants [7].

Polymeric surfactants demonstrate ‘surface activity’. It is important for material
production technology. This indicates their ability to adsorb at phase boundaries with a
decrease in surface energy due to a certain orientation of molecules in the surface layer. Surface
tension is required to create a unit of surface area (1 m?).

Numerous amphiphilic and water-soluble surfactants are very effective in
reducing the surface tension of solutions (especially at the air contact), often to values not
exceeding 30-40 mN/m. Moreover, the view of the surface tension isotherm (see Fig. 1) provides
a rather qualitative illustration of the correlation between the surface tension and the
concentration of the dissolved substance at constant temperature.
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Fig. 1. General view of surface tension isotherm
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The surface activity of surfactants in aqueous systems at a certain temperature depends
on their concentration and the shape and size of the micelles. Generally, the surface tension
decreases as the micelle mass increases. In water, micelles can be as spherical, cylindrical, or
even have bilayer configurations.

Surface tension in solutions is determined by the characteristics of the solvent and
dissolved substance, their concentration and temperature.

Solubilising ability of surfactants

Solubilisation is a process of significant increase of solubility of weakly polar organic
compounds (solubilisates) in water in the presence of surfactants (solubilisers).

The ability of micellar systems to solubilise compounds is one of the most important
properties. This process is closely related to hydrophobic interaction and causes the formation
of equilibrium almost transparent solutions. Solubilisation can be direct (in aqueous solutions)
and reverse (typical for hydrocarbon systems) [6, 17].

Non-polar hydrophobic substances and polar organic compounds are able to integrate
into the micelle structure in various ways. Non-polar substances such as aromatic and paraffinic
hydrocarbons are integrated into the hydrocarbon nuclei of the micelles. Polar substances such
as acids and alcohols, on the contrary, are located between the surfactant molecules. Their polar
groups are orientated/adapted to the surrounding water, while their hydrophobic parts line up
parallel to the hydrocarbon chains of the surfactant.

Moreover, solubilisate molecules can attach to the surface of the micelles. These molecules
are located between the curved chains without penetrating into the micelle core structure.
This behaviour is characteristic of NSAS [6].

Initially, the solubiliser dissolves in solution. Afterwards, solubilisate molecules diffuse to
the surface boundary of the micelle. At the final stage, the solubiliser is introduced into the
micelle structure [18].

Peculiarities of surfactants synthesis for production of high-molecular compounds
and polymer composites

Modification of pigments and fillers for polymer composites and coatings to improve
their technological properties is most effective when chemisorption layers of modifying
substances are formed on their surface. However, a significant decrease in the specific surface
energy of the pigment and filler particles is undesirable. It reduces the energy of their surface
wetting by polymer solutions or melts that make up the matrix. The surface of pigments often
demonstrates a mosaic structure of acid-alkaline properties containing groups. These groups
are capable of chemical interaction with acidic functional groups such as the carboxyl groups
of organic modifiers.

Reactive and polar groups must be additionally integrated into the surfactant
molecule during synthesis in order to facilitate chemisorption of the modifier while
maintaining the ability of the adsorption layer to interact with the environment through a
specific polarity (Fig. 2).
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Fig. 2. 3D model of the copolymerisation product of oxyethylated glycyl methacrylate with methacrylic acid; atoms
colour is grey (carbon), white (hydrogen), red (oxygen), and pink (unseparated electron pairs)

The model of molecule structure is presented in Fig. 2. It implies that part of the atoms
(carbon, hydrogen) can remain chemically inert under the conditions of modification and
composite formation.

Application of polymer surfactants based on polycarboxylates in the construction
industry

Polymeric surfactants are widely used in various industrial, economic, and medical
spheres.

We consider the process of producing oxidised bitumen and improving its properties.
Modifying additives (surfactants) are introduced into the system during their production.
These have a positive effect on the properties of the resulting material and their reactivity.
In terms of reduction the costs, the use of surfactants in this case is reasonable [19, 20].

The advantage of using modifying additives containing surfactants is their ability to
improve the characteristics of bitumen. The use of these additives improves wetting of mineral
materials with bitumen due to the formation of an adsorption layer. Polar groups in this layer
are orientated to the mineral surface, and hydrocarbon chains are included in the structure of
bitumen matrix.

The main advantage of using such additives is reduction of the temperature and time
required for the mixing process and homogeneous mixture. Furthermore, surfactants provide
the formation of a monomolecular chemisorption layer at the interface ‘mineral material —
bitumen’. It significantly increases the adhesion between the components of the mixture [21-23].

One of the priority tasks for the construction industry is to speed up the process of
erecting monolithic structures. Therefore, the focus is on increasing the flowability of concrete
mixtures capable of self-compaction. Various ways to improve the flowability of cement
mortars and high molecular weight compounds for construction have been developed.
Particularly, in the 1960s and 1970s, polymers based on condensation products of formaldehyde
with sulfated melamine and naphthalene were obtained and are still in use [24].
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New types of polymeric surfactants (superplasticisers) based on simple polycarboxylate
esters were developed at the end of the 20th century. Their effect on flowability depends on
their polymer structure and the cement characteristics. Their polymer properties vary
considerably with the high percentage of alumina in the cement. The number of carboxyl
groups in the chain and the chain length itself also play an important role. It determines the
amount of adsorbed polymer [25].

Nowadays, plasticisers based on polycarboxylates are the most effective industrial
plasticisers among all water-soluble additives known in the construction industry. When added
to freshly prepared concrete, they significantly change its rheological properties, sharply
reducing the viscosity of cement mixtures and facilitating pouring even into compact or heavily
hardened moulds. The high flowability of concrete ensures its filling of all parts of the mould.

The action of polycarboxylate superplasticisers is based on a combination of electrostatic
and spatial effects. They are achieved due to hydrophobic polyester side chains of
tpolycarboxylate molecule complex. This mechanism provides a water-soluble effect several
times higher than for conventional superplasticisers. The advantages of using polycarboxylate
superplasticisers are lower viscosity and low water consumption required for mixing concrete
mixtures compared to superplasticisers based on naphthalene sulphonate, melamine
sulphonate or lignosulphonate [26-32].

Use of polymeric surfactants as paint dispersants

Modern dispersants are substances added to suspensions to improve particle separation
and prevent agglomeration or precipitation. They must fulfil rather stringent requirements.
Surfactants based on polymers with multiple functional groups, such as polycarboxylates,
have significant perspectives as pigment surface modifiers. Their use prevents sintering during
drying, improves dispersibility, reduces the moisture content of aqueous pastes after filtration,
and decreases polydispersity.

Pigmented materials are microheterogeneous colloidal systems. Their physical, chemical,
and technical properties are primarily determined by the dispersion of pigments and fillers.
These factors impact the rheological properties of pigment dispersions, their aggregation and
kinetic stability, optical properties (e.g. hiding power, colour and tinting power), and the
protective and mechanical properties of coatings.

Stabilisation is essential for pigmented materials and is ensured by the structural and
mechanical characteristics of adsorption layers. They form spatial barriers preventing the
particles from approaching the distance at which the forces of attraction become significant.
This interaction reduces the surface energy reserves at active sites on the pigment surface.
Key functions of dispersants include wetting, dispersing, and stabilisation. An effective
dispersant molecule should include both hydrophilic and hydrophobic moieties [33, 34].

Polymeric surfactants used as dispersants for paints include:

e maleic acid anhydride copolymers [35];

e polymeric dispersants based on urethane and urea derivatives [36, 37];

e copolymers of styrene with amino groups [38, 39];

e copolymers with hydrophilic and hydrophobic acrylic fragments containing side
carboxyl or amino groups [39];
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e low molecular weight alkyd resins with an acid content of more than 30 mg KOH/g;

e low molecular weight polyester resins with high acid and hydroxyl content and their
mixtures with ionic and non-ionic surfactants derived of fatty acids [34];

e soya lecithin [34];

e organometallic compounds capable of reacting at room temperature with
oxygen-containing groups on the surface of pigments and functional groups, such as
in epoxy resins [39].

Polymeric surfactants and rheological properties of pigment and filler dispersions

The viscosity of the pigment dispersion has a great impact on the dispersibility of
pigments and fillers. It depends both on the fluidity of the medium itself and on the amount
and type of dispersed phase.

For example, the study of the flow of dispersions with the inclusion of latex, pigments,
and fillers [40] revealed the certain content of the solid phase, and gel network formation.
However, the filler particles still continue to interact through the liquid interlayers [41].
An extremum is observed on the graph of the shear stress dependence at constant latex content [42].
It corresponds to the densest packing of particles. As the concentration of the solid phase
(e.g. red iron oxide pigment based on goethite) exceeds a critical value, the composition lacks
latex to form an adsorption layer on the pigment and filler particles. When the amount of
dispersed phase in the system does not exceed the threshold value, latex gives stable adsorption
layers. They ensure the stability of the system and viscosity constancy, fulfilling the function of
a surfactant [40]. The study of the flow of a mixture of a non-ionogenic surfactant (e.g., OP-10)
and vinyl chloride-butadiene latex combined with hydroxyethylcellulose already four decades
ago [43] can be considered as another striking example. Typically, a protective material suitable
for obtaining coatings on surfaces of any type and characterised by increased water resistance
and durability was obtained after curing of such a composition. If the pigment is not iron oxides
but zinc oxides, we can already talk about creating primers with anti-corrosion properties.
The doping of styrene-acrylate latexes with NH,-groups, in turn, should be expected to impart
antistatic properties [44, 45] to special coatings. This is especially important in the operation of
certain types of technological equipment.

The introduction of small amount of polycarboxylate surfactants causes an increase in the
viscosity of pigment pastes, and in some cases — a change in the nature of their flow. Moreover,
these surfactants in the systems under study do not always demonstrate themselves as effective
dispersants. The pigment surfaces are pre-modified in this case. Therefore, it is recommended
to test the effect of such additives as polyol [46], albumin, and glycerin [47], as well as the effect
of polyethylene glycol ethers (expected effect - strengthening of compositions and coatings),
urotropine in the amount < 5 wt% (expected effect — water-resistant composition) [48],
polyisocyanate [49], and olypha-oxol (expected effect — increased adhesion to the surface of the
building material) [50]. In general, to obtain stable mixtures using the tested surfactants we
should use the relatively low concentration and include non-ionogenic compounds into the
system [51, 52], (sulfated OP-10 (C-7), oxyethylated isooctylphenol, unsymmetrical block
copolymer of ethylene, and propylene oxides (NBS-2)).
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Conclusions

Hence, due to their specific properties, surfactants can be used as essential components
for a wide range of applications.

Polymeric surfactants with a high content of carboxyl groups are recommended for use
in the chemical industry, in particular, when modifying the surface of chromatic iron oxide
pigments and fillers. They are used to improve the wettability and dispersibility, increase the
strength and adhesion of colouring compositions, and obtain water-resistant coatings on their
basis.

In construction, the concrete mobility index largely determines its ability to fill various
forms and cavities when spreading under its own weight. Therefore, it is reasonable to use
polymeric surfactants as superplasticisers of concrete mixtures. The resulting concrete samples
are expected to have a low shrinkage.
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