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ITOAYUYEHME ITPUBUTBIX COITOANMEPOB
KAPTO®EABHOTI'O KPAXMAAA C AKPMAAMUAOM
N NX COPBLIMOHHBIE CBOVICTBA

E. K. D©OMHHA"?, H. A. KTHMOBI[OBA", E. B. TPHHIOK" >, M. B. JACMHHCKAA”,
. JI. KYAPABCKHH "%, A. A. ®EJOPEHKO""?, /1. H. LIIHMAH", O. B. IKHMEHKO?

1)Haquo-ucczledoeame/leKmZ uncmumym Quzuxo-xumuieckux npobiem bBI'Y,
. Jlenunepaockas, 14, 220006, 2. Munck, benapyce
Z)Eeﬂopycacud eocyoapemeennwlil ynusepcumem, np. Hezasucumocmu, 4, 220030, . Munck, Berapyco

CuHTe31pOBaHbl THOPHUIIHBIE THAPOTENIN ITOCPEICTBOM MPUBUBKU aKpHIaMHuIa K MaKpOMOJIEKYIaM KapTo(eIbHOro
Kpaxmaja 1o paJuKalbHOMy MEXaHH3MY B BOJHO-TIOJIMMEPHBIX CHCTeMax. B KadecTBe HHHIMATOPA MOIMMEPH3aLUH
HCTIOB30BAH TEpCyab(daT aMMOHHS, a B KadecTBe crmBatomiero areara — N,N'-metuneH-ouc-akpunamug. CTpykTypa
Y CBOICTBA IIPUBUTOTO COMOIMMEpA KpaxMala ¢ akpuiaMiuioM u3ydeHa meronamu ¢ypose-UK-criexrpockonun, peHTreHo-
(hazoBoro aHajM3a M TEPMOrpaBUMETPHUH. BhICKa3aHO MpennoiIoKeHHe, YTO EHTPaMH MTPUBHUBKH MOJUAKPUIaAMUA
K MakpoMOJIEKyJaM KpaxMaja SIBISFOTCS PEUMYIIECTBEHHO NMEPBUYHBIE aTOMBbI yIiiepoaa noiucaxapuaa. MsyueHno
BIIMSIHHE MAacCCOBBIX COOTHOILICHUI PeareHTOB Ha COPOIIMOHHBIC U PEOJIOTMYECKHE CBOWCTBA IOIYYEHHBIX THJIPOTEIICH.
[poBeneHo XMMUYECKOE MOTU(DUIIMPOBAHHE THAPOTeIel Ha OCHOBE MPUBHUTHIX COMOJIMMEPOB Kpaxmala ¢ akpHIaMHUIOM
MIOCPEICTBOM IIEJIOYHOTO THIPOIN3a. YCTaHOBICHO BIHMSHHE THIPOJIN3a Ha COPOLIMOHHYIO CIIOCOOHOCTB IHAPOTrelie 110
OTHOIICHHIO K HOHAM TsDKENBIX MeTalutoB (Ha nmpumepe nornos Cu(Il)).

Knrouegvie cnosa: xaprodenbHblil Kpaxmail; akpHIaMHUJL; TIPUBUTHIE COTTOIMMeEpBI; copouust; nonsl Cu(ll).
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SYNTHESIS AND ABSORPTION PROPERTIES
OF ACRYLAMIDE-GRAFTED POTATO STARCH
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Hybrid hydrogels were synthesised by grafting acrylamide onto the macromolecules of potato starch via radical mechanism
in water-polymer systems. Ammonium persulfate was used as a polymerisation initiator, and N,N'-methylene-bis-acrylamide
was used as a crosslinking agent. The structure and properties of acrylamide-grafted starch was studied by FTIR spectroscopy,
X-ray diffraction and thermogravimetry. It is suggested that the primary carbon atoms of the polysaccharide are the main
grafting centers of acrylamide onto starch macromolecules. The effect of reagents mass ratios on sorption and rheological
properties of the obtained hydrogels was studied. Chemical modification of hydrogels based on acrylamide-grafted starch
was carried out via alkaline hydrolysis, and its effect on the sorption capacity of the hydrogels towards heavy metal ions
(Cu(II) ions as an example) was determined.

Keywords: potato starch; acrylamide; graft copolymers; sorption; Cu(Il) ions.
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BBenenue

[TpuBHBOYHAS CONOIMMEPU3ALINS — OJIMH U3 HAUOOJIEE TIPOCTHIX U APPEKTUBHBIX CIIOCOO0B XUMUYECKON MO-
TUpUKAIE MaKpoMoutekyi [ 1]. [TaBHBIM TOCTOMHCTBOM ITPUBHBOYHOM COMTOTUMEPHU3AIINY SBISCTCS BO3MOXK-
HOCTbh TIOJYYCHHS TIOJMMEPHBIX MaTepPHaiOB, COYETAIONIUX CBOWCTBA JABYX U 00JI€€ Pa3IMYHbIX MOJIUMEPOB,
KOTOPBIE 4acTO OBIBAIOT HECOBMECTHUMBI B OJIHOHM cMecH. B oTinune oT OJOYHBIX COMOIMMEPOB JIMHEHHON
CTPYKTYPBI CO3/IaHUE PA3BETBICHHBIX M CHIMTHIX CTPYKTYP MOCPEACTBOM IPUBUBOYHON COMOIIMMEPHU3AIUU
MOJKET OBITh OCYIIIECTBIICHO B YCIOBUSX PAIMKaIbHOTO HHUITUUPOBAHUS 0€3 MPUMEHCHUS CIICIIUAIBHBIX TTOJI-
XOJIOB TICEBIIOKUBOM MosTuMepu3aiuu. [[puBuBKka MHUIIMHPYETCS 3a cUeT 00pa30BaHus CBOOOTHOPAINKATIBHBIX
LIEHTPOB HA MOJICKYJIaX TIOJIMMEPHOM OCHOBHI M (MJIH) TPUBUBAaEMOTr0 MOHOMEpa. B cBoto ouepenb, oOpa3oBaHue
CBOOO/THBIX PAJMKAIIOB MOXKET IPOUCXOIUTh IPU BO3ICHCTBUM Ha MAKPOMOJICKYJIBI M (WJIH) MOJIEKYJIBI MOHO-
Mepa yasTpadroIeTOBOr0, MUKPOBOJIHOBOTO, HOHH3UPYIOIIETO U3ITYYCHHUS, & TAK)KE XUMHUYCCKUX UHUIIHATOPOB
(azocoenuHeHUH, IEPOKCUIOB, TIEpoKcocynbdaros) [1].

Oco0bIli HHTEpEC MPECTABISIOT PUBUTHIC COTIOIUMEPHI MOJIMCAXaPU/IOB, B YaCTHOCTH KpaxMalia U aKpu-
JIOBBIX MOHOMEPOB, KOTOPBIC COBMEIIIAIOT CBOMCTBA MPUPOIHBIX (OMOCOBMECTUMOCTh, OMOpa3iaraeMocCThb, He-
TOKCUYHOCTh) ¥ CHHTETHUECKUX (MEXaHWYeCKasi IIPOYHOCTh, BBICOKAsI BOJOMOIVIONIAONIAS CIIOCOOHOCTD) I10-
numepoB [2]. Beicokas THaApO(QUIBHOCT MIPUBUTHIX COMOIUMEPOB KpaxMaja ¢ aKpUJIOBEIMH MOHOMEpaMH
00yCIIOBJIEHA HAIMYUEM OOJIBIIIOTO KOJHMYECTBA THAPOPMILHBIX (DYHKIIMOHATIBHBIX TPYIII PA3THYHON TPHUPOIBI
(TMAPOKCHITLHBIX, AMUIHBIX, KAPOOKCUIBHBIX TPYIII, & TAKXKE CYJIb(OTPYIII).

Kpaxman siisieTcst MpUPOTHBIM MTOJIUMEPOM ¢ OTIIUYHBIME TU()()Y3UOHHBIMUA CBOMCTBAMHU U BBICOKOW Ha-
Oyxaroriei criocoOHOCThIO. Pa3HOBHIIHOCTH KPaxMaliOB CHIIBHO PA3JINYArOTCS 10 CTPYKTYPE, COCTaBY M (hyHK-
LUOHAILHOCTH MEXIy COOOM M BHYTPH OJTHOTO OOTAHUYECKOTO COPTA, BHIPAIICHHOTO B Pa3HBIX yCIOBUSIX.
OCHOBHBIMH YIJICBOJHBIME KOMIIOHEHTaAMH KpaxMaJia BRICTYIAIOT aMIJI03a U aMUJIOTICKTHH, COCTABIISIONIUE
npuMepHo 99 % ero cyxoro Beca. Kpaxmaibl ¢ pa3HbIM cOlEp:KaHUEM aMUJIO3bl M AMHJIOIIEKTHHA UMEKOT OT-
JIMYAIOIINECS PEOJIOTUIECKHIE CBOMCTBA, 8 TAKIKE XapaKTePU3YIOTCS Pa3INYHBIMU ()a30BBIMU MTPEBPAILICHUSIMHU.
Bricokoe coneprkaHre aMHIIO3bl B Kpaxmalie IPUBOUT K CHUKEHUIO Ha0yXaeMOCTH I'PaHyIl U JIUIIKOCTH Telis,
HO TOBBIMIAET YIPYrocTh rens. [IpoucxokaeHne Kpaxmalia OKa3blBaeT 3HAUYUTEIBHOC BIMSIHHE HA CTEIICHb
npuBUBKU. Kpaxmait ¢ BRICOKHM COJIepKaHHEeM aMHUJIO3bl CHU)KAET CTEIIEHb PUBUBKH aKPUIIOHUTPHUIIA, TOT/IA
KaK IPHU BHICOKOM COJICPKaHUU aMHUJIOTICKTHHA CTEIICHb IPUBUBKU aKPUIIOHHUTPUIILHBIX OOKOBBIX IICTeH yBe-
nuuuBaetcs [3].

Haubosnee nmpeanovTuTeIbHBIM BHIOM IPUBUBOYHOMN COMOJIUMEPHU3ALINN aKPHJIOBBIX MOHOMEPOB K IICIISIM
KpaxmaJa siBIIIETCS] CBOOOTHOPAIUKAIbHAS TOJTUMEPU3AIUS, KOTOPAS II03BOJISET MOTYYHTh COTIOIUMEPHI C BbI-
COKOW MOJIEKYJISIpHOU Maccoi. CKOPOCTh TOJIMMEPU3AIIMH B OCHOBHOM KOHTPOJIUPYETCS XUMUYECKHUM COCTaBOM
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MOHOMEPOB U CTa0MIBLHOCTHIO CBOOOIHBIX painkasioB. OTHOCHTENBEHO HECTICIUPHUECKUI XapaKkTep XuMHUe-
CKUX B3aMMOACUCTBHUI CBOOOAHBIX PAAMKAJIOB AETaeT 3TOT NPOLECC OAHOM U3 CaMblX YHUBEPCAIBHBIX (HOPM
NOJMMEPHU3aIIH, KOTOPast TO3BOJISET PearupoBarh CBOOOAHBIM MAaKpOparKaiaM Lenei KpaxMaia ¢ HIMPOKUM
CIEKTPOM MOHOMEPOB MJIM KOMOMHAIXN MOHOMEPOB. Pa3nuyHble napaMeTpsl peakuny NPUBUBKH, TAKUE KaK
BpeMsl PeaKlMU, TEMIIepaTypa, COOTHOILIEHHE KpaxMalla I MOHOMEPOB, KOHIIEHTpallus MHULIUATOpa U CIIMBaIO-
IIETO areHTa, BIUAIOT Ha CBOMHCTBA MOMYyUYEHHBIX Tenei [4; 5].

['maporenn Ha 0OcHOBE KpaxMala MOTYT IPUMEHSTHCS B KaUECTBE BBICOKOA((EKTUBHBIX COPOLIMOHHBIX Ma-
TEpUAJIOB, TIPeIHA3HAYCHHBIX JJISl YAAJICHNs] TOKCUYHBIX 3arps3HSIONIMX BEIIECTB U3 BOJHBIX 00BEKTOB [6—§].
[IpuBuTEIE cononMMephl Kpaxmalla ¢ aKpUJIOBBIMH MOHOMEpaMH, o0najaome pa3BeTBICHHON Wi ci1abo-
CIIIUTOH CTPYKTYPOH, UCTIONB3YIOTCS KaK MATPHUIIBI-HOCHUTEIH JIsl ICHCTBYIOMINX BEILIECTB B arPOXUMUH, (ap-
MAaleBTUKE U IPYyTUX 00JIaCTX.

[enbro qaHHOTO HCCNEIOBAaHUS SBIISETCA N3yUEHUE BIMAHUA KOHLEHTPALUK KpaxmMalia M akpuIaMu/a, a TakxkKe
MacCCOBBIX COOTHOILEHUI PEareHTOB B PEAKIIMOHHOM CMECH ITPU MPOBEACHUY PaAUKaIbHOW IPUBUBOYHOM CO-
HOJIMMEPU3ALIK Ha COPOLIMOHHBIE CBOMCTBA MOIYYEHHBIX ITOJMMEPHBIX MMIPOTeiei 0 OTHOLICHUIO K BOJE
u nonam Cu(Il).

MaTepna.m,l U METOAbI UCCJICAOBAHUA

B pabote ncnonezoBanu kpaxman kaprodensabiii ([OCT P 53876-2010 (Poccus)) (puc. 1), akpunamun (AA)
(Reanal, Benrpust). B xauecTBe nHUIIMATOpA PaJUKaIbHON COMOIMMEPHU3AIUN TPUMEHSLIH TTepcyiib(aTr aMmmo-
Hus (IICA) kBamuduKanuu «4. 1. a.», CIIHBAIOIIMM areHToM ciry>kuil N,N'-MetuneH-ouc-akpmiamun (MBA)
KBTM(UKAIUHT «4. 1. a.».

ala o/b
OH OH
T 00
0 (6] OH HO
HO ! OH o HOO
HO 0
OHO (0] OH HO
HO O
(e} OH
HO 0 HO
HO HOO (o)
HO o ‘2 HO
n HOO"'

Puc. 1. CTpykTypHBIE (GOPMYIIBI aMHIIO3HI (@) U aMUJIOTIEKTHHA (0) Kpaxmaia
Fig. 1. Structures of amylose (a) and amylopectin (b) of starch

Jlst cuHTE3a MPUBUTHIX COMTOJIMMEPOB Kpaxmaiia ¢ AA B peakrop oo0beMoM 150 M mociieioBaTeIbHO 3a-
rpyanu 3 r kpaxmasa 1 30 M1 JUCTUITUPOBaHHOM Bo/Ibl. CMech NepeMenInBaIi Ha MarHUTHON MeIIajke Ipu
temneparype 75—-80 °C B Teuenne 25-30 MUH 710 TOTHOM KeTaTHHU3AINN KpaxMaia. 3areM 3 r AA pacTBopsiin
B 20 MJI BOJIBI U JOOABIISUTH B JKEITaTHHU3UPOBAHHBIN Kpaxmall, oxiaxkaeHHbIH 10 4550 °C. PeakimoHnyo
cMmech nepemernBaiy B TeueHue 30 muH npu tremneparype 45-50 °C. CooTHomeHne kpaxmana 1 AA Bapbu-
poBaiH 1o Macce ciemyromuM oopazom: 1,0 : 0,25; 1,0: 0,5; 1,0 : 1,0; 1,0 : 2,0. [lanmee B peakIMOHHYIO CMECh
BBOJIMJIM TTPE/IBAPUTEIHLHO pacTBOPEHHBIH B 4 M1 Bojs! nHUIMarop [ICA B konnuectse 1 % cymMMapHOil Macchl
kpaxmasia 1 AA. Peakiuro IpuBUBKY POBOJMIIN IIPU HENIPEPHIBHOM IIEPEMELINBAHUH, TOIEPKUBAsI TEMIIE-
patypy 50—65 °C B TedeHue 2 4. 3aTeM BBOJWIN CHIMBAIOIMI areHT MBA, npeaBapuTensHO pacTBOPEHHBIH
B 5 MJI BOJIBI, B KonndecTBe 1 % cymmapHoii Maccel Kpaxmasia 1 AA. PeakimoHHyI0 cMech IepeMenInBaiy pu
temiieparype 65—75 °C B teuenue 1 4.

CuHTE3UpOBaHHBIE COMOJIMMEPHI OUMIAIN OT HEIpOopearupoBaBIIero MoHoMmepa AA 1 romomnoauMepa
nonuaxkpmwiamuza (IIAA), momemast ux B AMCTHIUIMPOBAHHYIO BOAY Ha TPOE CYTOK U MEHsSl BOJLY Ha CBEXKYIO
MOPLHIO KaXable CyTKU. OUHIEHHBIH THAPOreslb OTUIBTPOBBIBAIN M CYIIHIN IO TOCTOSHHOTO Beca MpHU
60 °C u1 atMochepHOM JTaBJICHHU.

B nemnsix yBenuueHus cogepkanusl HOHOTCHHBIX TPYIII B IPUBUTHIX Hemsax [IAA npoBoauan menoyHo ru-
JIPOJIN3 MOJTyYEHHBIX COMOIUMEPOB. J[J1s1 TOro HaBeCKH COMOIMMEPOB MacCoi OKoJI0 1 I moMeIain B CTaKaHb
¢ | H. pacTBOpOM ruipoKcHuIa HaTpust 00bEMOM 25 MJI U BBIZICP)KUBAJIU B CYLIMIIBHOM LIKady NpH TeMIeparype
80 °C B teuenue 30 mun. [locie rumponusa ruApOred OTMBIBAIN OT W30BITKA IEIOYH MHOTOKPaTHOU Mpo-
MBIBKOM IUCTUILTIMPOBAHHOM BOJIOW /10 HEHUTpabHOTO 3HaueHus pH.
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Jnist monTBEpIKICHUS TPUBUBKH AA K TIersiM Kpaxmaia peructpupoBaiiu Gypbe-MK-cnekrpsl moponikos
kpaxmana u [TAA mapku Alcoflood-254S (SNF' Floerger, ®panuusi), a TaKKe CHHTE3UPOBAHHBIX COMOINMEPOB.
[TopoIKy MPUBHUTHIX COMOIMMEPOB TIOTyJalId PACTHPAHUEM BBICYIIIEHHBIX TTOCIIe HaOyXaHus Tuaporesnei B hap-
¢opoaoii crynke. MK-ciekTpsl mopoIkoB ruaporeneii 3anuceiBany Ha ¢pypbe-UK-cniekrpomerpe Alpha (Bruker,
I'epmanust) B pesknMe HapyIIEHHOTO ITOJTHOTO BHYTpeHHero oTpaxkeHus (rpructaska ATR Di) B aumanasone BoHO-
BBIX yncen ot 4000 10 400 cv ! ¢ marom 2 cM . KomiuecTBo ckannpoBanmii paBHsiock 24. ITopomiku cocTosm
13 HEOTHOPOJIHBIX 110 pa3Mepy YacTHII, [I03TOMY HOPMUPOBaHHUE CIIeKTpoB [TA A IponM3BOIHMIIOCE UX J€TICHHEM Ha
Tomak pernepHoit omnockl (1450 + 1) em ' (eopmarmonnsie konebanus (8) rpymms CH, ) [9], a HopmupoBanue
CIIEKTPOB KpaxMajia — UX JIeJeHHeM Ha Iomaas nomnocs! (1150 + 1) cM | (BaJeHTHBIE aCHMMETPHUHbIE (v,)
konebanust Tmko3uaHOM cBs3n C—O—C) [10; 11]. CriekTpsI IPUBHUTHIX COTIOIMMEPOB Kpaxmaia ¢ AA HOp-
MHPOBAJIN MX JIeJIEHHeM Ha CyMMy rutomazeii momoc (1450 + 1) em ' 1 (1150 £ 1) M. Marematuueckyio o6pa-
OOTKY CIIEKTPOB ITPOBOAMIIH € ITOMOIIbI0 iporpamm Omnic (Thermo Scientific, CLLIA) u Origin-2021 (OriginLab
Corporation, CILIA).

Tepmuueckuit ananmus (tepmorpasumetpus (T1') ¢ nuddepennmansaoli ckanupytoei kanopumerpueit (JICK))
TTOPOIITKOB KpaxmaJia (IPOMBIIITICHHOTO 1 TIPEABAPUTEITEHO JKeaTnHu3upoBanHoro TpH 80 °C), a Tak¥Ke IMPOMBIIII-
nennoro [TAA mapku Alcoflood-254S u npuUBUTHIX cOMOTMMEPOB Kpaxmaina ¢ AA OCYHIECTBIISIIN C HCIIONb-
30BaHHEM CHHXPOHHOTO TepMuueckoro ananmszaropa STA449-F3 Jupiter (Netzsch, epMaHus) pu CKOPOCTH
Harpesa 10 °C/mMuH B armMocgepe a30Ta ¢ MPUMEHEHUEM KOPYHJIOBOTO THUIJISA B TEMIIEPATyPHOM JHAra30He
ot 25 1o 720 °C. Ilopomuku 1 aHanu3a ObIIIM U3rOTOBJICHBI TOCPEICTBOM pacTupanus B ¢paphopoBoii cTyn-
Ke 00pasIioB MOJMMEPOB, MOTYUYEHHBIX BhIcymuBanueM npu 60 °C mpeaBapuTenbHO KeTaTHHU3NPOBAHHOTO
Kpaxmasa, BogHoro pacteopa [IAA, a Takxe NpuBUTHIX CONMOIMMEPOB Kpaxmana ¢ AA. Hasecka oOpasua co-
crasisuia 2—9 mr. Kpusyro JICK, naTerpansayio kpuyio TI u nuddepeninanpayo TepMOTpaBUMETPHIECKYIO
kpuByto (dTT") 0OcunTHIBaIM IPH TOMOIIM IPOTPAMMHOTO 00€CIIeYeHU S, TPEI0CTABIEHHOTO TPOU3BOANTEIIEM
Tepmudeckoro ananuzaropa STA449-F3 Jupiter.

Pentrenorpammsl mopomkoB kpaxmaia, [IAA, a Taxke MOPOIIKOB MPUBUTHIX COMIOINMEPOB Kpaxmana ¢ AA
PETMCTPUPOBANU IIPU KOMHATHOM Temneparype Ha nudpakromerpe Empyrean X-ray (Malvern Panalytical,
BenuxoOpuranus) B uaTepBase yrios 20 ot 5° no 60° ¢ marom 0,013°, ucnons3ys nznydenue Cuk,.

Peonornueckue cBoiicTBa paBHOBECHO HAOYXIIMX B AUCTHIUIMPOBAHHOW BOJIE TUAPOTETiel Ha OCHOBE MpPU-
BHTHIX COMOJIMMEPOB Kpaxmaiia ¢ AA u3ydanu ¢ nmomoripio BuckozumeTpa Rheotest RN 5.1 (I'epmanns) B oc-
HWLISIIIMOHHOM pexxume (1iactuHa P1). AMiunTyia koeOaHui iacTiHbI cocTapiisuia 1 %, auana3oH yriioBbIX
gactoT — oT 6 1o 190 pan/c.

Jlnist onipe/ieNieHnsi paBHOBECHOH cTeneHr HaOyXaHUs TOJyYeHHBIX THIPOTeNieii HaBeCKH CyXHX 00pa3ioB
MOMEILANY B TUCTWUIMPOBAHHYIO BOAY U BBIZCPKUBAIN B TeueHHe 48 4 Mpu KOMHATHOH Temreparype. 3aremMm
HaOyXIIre 00pa3ipl OTQIIFTPOBBIBAIH, U3MEPSIIH UX MAacCy W PACCUUTHIBAIM CTETIEHb HAOyXaHUs KayKIOTO
oOpa3iia o gopmyie

Ie o — cTeneHb HaOyXaHus, I/T; m — Macca HaOyXIIero ruaporess, I; m, — Macca Cyxoro rujiporeis a0 Ha-
Oyxanus, . st Kaxoro oopasia npoBOAUIIOCE IO TPH NapaJUICIIbHBIX N3MEPEHHUS.

Juis onipesiesieHust COpOIIMOHHOM CITIOCOOHOCTH ruporesei mo otHoieHuto k nonam Cu(Il) HaBecku cyxux
00pa31oB cononuMmepa maccoit okosto 60 mr nomemanu B 100 ma pactBopoB CuSO, ¢ konnenTpauusimu 0,001;
0,0025;0,005;0,01;0,025;0,075;0,1; 0,125 Mosb/11 ¥ BBIACPKUBAITH B TeUCHHUE 48 U [TPU KOMHATHOM TEMITEPaType.
3areM renp OTACISIIN OT pacTBopa ¢unbTpoBanueM u cymmian npu 60 °C. [Tocne cymku rens oopadaTbBamu
40 vt 0,2 H. pacTBOpa COISTHON KUCIIOTHI, BEIACPKUBAIH TPOE CYTOK, a 3aTeM OT(GmiIbTpoBEIBaH. [lomydeHHBIIH
¢ubTpaT JOBOAMIN B MEpHOH Konbe 0,2 H. pacTBOPOM coisiHOW KUCHOTHI 10 50 mi. [Ipu BeigepkuBaHNH
TUApOresist B KMCIIOH cpee B pacTBOp nepexonuiu abcopoupoBanHsle nonumepom noubl Cu(Il), konuenrparuro
KOTOPBIX OIPEJIEIISUTH METOI0OM aTOMHO-a0COPOIIMOHHOT0 CIIEKTPAILHOT0 aHanmu3a Ha criektpoMerpe ZEEnit-700
(Analytik Jena, I'epmanus). PaBHOBeCHY0 COpOLIHIO (g, ) PACCUMTHIBAIIM B MUJITIUTPAMMaXx MOTJIOIEHHON Meu
Ha TPaMM IMOJINMEPHOTO THAPOTEJIS.

CraTucTr4ecKyto 00padOTKy SKCIEPUMEHTAIBHBIX JaHHBIX OCYLIECTBISUIM CTaHIAPTHBIMH METOJaMH
MareMaTndeckoi ctatucTuku. Koaddurmmentsr CThIOACHTA ONPEACIISIIN 110 TaOJUIIaM TIPH TOBEPHUTEIHLHOM
BepoaTHocTH p = (,95.

PesyabTarhl 1 HX 00CyKIeHHE

CHHTE3 NIPUBUTHIX COMOIUMEPOB Kpaxmaia ¢ AA, KOTOPBIN MPOUCXOMI B pucyTcTBUM nHuiaropa [ICA
u cumBaronero areura MBA, conpoBokaalicst BO3pacTaHHUEM BSI3KOCTH U ITOTEPEN TEKy4eCTH BOJHO-TIOIHMEp-
HBIX KOMITO3HIINH, YTO CBUIETEIHCTBYET O TPEXMEPHOU («CIIUTOI») CTPYKTYpEe MOTUMEPHBIX IIETICH.
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B nensix moATBepskaeHUS NPUBUBKK AA K LIENsM Kpaxmaia peructpupoBaiu ¢pypbe-MK-cnexrpsl naan-
BUJyaJIbHBIX TIOJMMEPOB U OYMIIEHHBIX MPHUBHUTHIX coronumepoB (puc. 2). B cnekrpe [TAA (cMm. puc. 2, a)
HAGITIOATOTCS CIIETYIOIIME MONOCK! mortomtenns: 3360 u 3197 cM ! (BaJleHTHbIE aCHMMETPHYHbIE ¥ BAICHTHBIE
cuMMeTpuuHble (V) konebanust csizeit N— H amunnoii rpynmsl (v, N—H n v, N—H B rpynmne —CONH,)); 2928
u 2847 em ! (v, CH, u v, CH, cootBetcTBeHHO); 1665 cM ™' (amun I (v, C=0 B rpynme —CONH,)) u 1604 cv
(amun 1T (§ N—H)). Kpowme Toro, B criektpe [TAA mipucyTcTBy0T nonocsl noromenus 1398 cm™' (v, C=0 kap-
GOKCHIBHBIX TpyTi) 1 1450 cv ™ (8 CH,) [9].

[Monocs! nornomenus B pypre-MK-criekrpax HCXOIHOTO U MpeiBapUTENBHO KeTaTHHIU3UPOBAHHOTO Kpaxma-
na B cooTBeTcTBHH ¢ [ 10; 11] MOYKHO OTHECTH K CIICTYIOIIUM TUTIAM KOJIeOaHM XUMHUIECKUX CBSI3CH: BATICHTHBIM
KOJTeOAHMSM THAPOKCHIBHBIX TPy pu 3000-3700 cv '; BamenTHBIM KoneGanusm crsaseil C—H nmmpanos-
HOTO KOJbI[a TIpu 2934 cM'; BaJeHTHBIM aCMMMETPHYHBIM KoJIeGaHUAM MHMKo3uaHON cBsizu v, C—O—C
npu 1150 cm L. TTomocsr 1074 u 1042 cm ! otHocsT [10; 11] K KoneGaHUAM THAPOKCUIBHBIX TPYIIT U CBSA3CH
aTOMOB yIvIepojia MMPaHO3HOT'O KOJIbLA ¢ THAPOKCHIBLHBIMY TpyniiamMu. BanentHele konebanus cBsizeit HC—OH
1 H,C —OH cootserctserro 10151995 cvm . TTonocy 1637 cM ' aBTopst pa6oTs! [12] 0THOCAT K KoeGaHHAM
THUAPOKCUIIBHBIX TPYTIN THIPATHOW BOJBI B aMOP(HBIX 00JacTAX Kpaxmaa.

ala o/b
A v H,C—OH A vH,C—OH
. o 0
EIEA S v HC—OH v HC—OH
5 - 5 _ A
© v OH 5 Uﬁ\ Kpaxman i ot I ot = Kpaxman
S N 5| : :3 :
| < < w
- | B Kpaxman - Kpaxman
E y/i—(\s\ A/\\J ﬁj \ JKEJTATUHU3UPOBAHHBbIH % i'\@ J/z JKEJIATUHH3UPOBAHHBII
[ N ™~ A~/ ) Y —\/\/\// 1
EL 1 i 5 \\:\/ \/\/\\/\/// 3
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~ _J|
v, N—HZ™~"Xv,N—H \/\/\,\ M faA
a s /\\‘/
1 L L 1 L i > L L L L 1 L L 1 >
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Puc. 2. dypoe-UK-cnexrpsr (@) u pparments! Gpypoe-MK-criexrpos
B nuarasone 1800—800 cvm ! (6) mopomkoB kpaxmana, [TAA, a Takike NPUBUTHIX COTIONMMEPOB Kpaxmana ¢ AA.
ITpuBHUTBIE COMOIUMEPBI Kpaxmaina ¢ AA MoTy4eHbl IIPU MAaCCOBBIX COOTHONICHUSX Kpaxmaia u AA,
paBsbix 1,0 : 0,25 (7); 1,0:0,5(2); 1,0: 1,0 (3); 1,0: 2,0 (4)
Fig. 2. FTIR spectra (a) and fragments of FTIR spectra
in the range of 1800—-800 cm™! (b) of starch, polyacrylamide, and acrylamide-grafted starch powders.

The acrylamide-grafted starch was obtained at mass ratios of starch and acrylamide:
1.0:0.25(7); 1.0:0.5(2); 1.0: 1.0 (3); 1.0 : 2.0 (4)

B ¢ypre-HUK-criekTpax NpuBUTHIX CONOIMMEPOB Kpaxmaia ¢ AA (cM. puc. 2, KpuBble /—4) HaOmOgar0TCs
TTOJTOCHI TTOTJIOIEHMS, XapakTepHble Kak st [TAA (amup I, amun I1), Tak u 111 Kpaxmasta (BaJIeHTHBIC KOJIeOaHs
miuko3uHol cBsizu (v, C—O—C) ipu 1150 cM ' 1 BasenTHbie koebanus caszeit HC—OH u H,C —OH npu
1015 1 995 cM ! COOTBETCTBEHHO), 4TO MOATBEPKAAET (GOPMUPOBAHHE ComonuMepa. HeobX0MMMO OTMETHTS,
YTO 110 CPABHEHUIO CO CIIEKTPaMH MHAMBUAYAJIBHOTO Kpaxmaia B Gpypre-MK-criekTpax conosmmepos ¢ pocToM
comepxkanuss AA B CMeCH C KpaxMajoM OTMEYaeTcsl yMeHbIIeHHe MHTEHCUBHOCTH motoc 1015 u 995 em ™!,
TIpudeM B GoTbIITeit cTenen  moockl 995 cM | BameHTHBIX Konebanuii cesisi H,C — OH. Ha ocHOBaHHHM 5TOTO
MOJKHO TPEIOI0KUTh, YTO NMpUBUBKa 1enel [IAA mpenMyIecTBeHHO MPOUCXOANT K aTOMY yIIIeposia METH-
JICHOBBIX TPYIIT, CBA3AHHBIX C IIEPBUYHON T'HAPOKCUIIBHOM Tpynmol. B pabote [13] aBTOpBI MOATBEPAUIIH 3TO
MPEANOIOKEHUE pe3yabTaraMu criekTpockonuu SIMP B¢, Kpome Toro, nexotopsie aBropsl [14] ormeyaror,
yTo momockl 1015 1 995 cM ' B criekTpe Kpaxmana dyBCTBUTENBHBI K H3MEHEHHIO €T0 CTeNeHH KPUCTAIINY-
Hoctu. [1o cpaBHEHHMIO CO CIEKTPOM HCXOAHOTO IPOMBILUICHHOTO KpaxMalia B CIIEKTPE KeJTaTHHU3UPOBAHHOTO
KpaxMaJia MEHsETCs COOTHOIIEHHE MHTEHCHBHOCTH rojtoc 1015 1 995 cM !, a Takske yIupsieTcs pacrionoxkeH-
Has B o6macti 3000-3700 cM ! monoca BaNeHTHBIX KOJNEGAHMI THAPOKCHIBHBIX IPyIIL. VI3MeHeHHe CTeneHn
KPUCTAJUIMYHOCTH MPUBUTBIX COMOJIMMEPOB Kpaxmana ¢ AA, 10 CPaBHEHUIO C UCXOAHBIM KpaxMasioM, MOJI-
TBEPXKJIAETCS U pe3ylibTaTaMH PEHTTEHO()A30BOr0 aHaIH3A.
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Ha mu¢dpakxrorpamme ucxomnoro kpaxmania (puc. 3, kpusas /) HabIIOmaeTCs P THITUYHBIX AU(paKInoH-
HBIX MHUKOB Kpaxmaia [15]. O0paboTka BOOH MpH MOBBINICHHON TeMIieparype (KeJaTUuHU3AIUs) IPUBOIUT
K pa3pylIeHUIO KPUCTAJUIMYECKON CTPYKTYpBI Kpaxmana [16], uto oTpaxkaeTcst Ha qudpaktorpamme (puc. 3,
KpHBas 2) KaK 3HAYUTENIbHOE YBEJINYEHUE HHTEHCUBHOCTH aMOP(HOTO Tajo.

|

MHTEeHCUBHOCTS, YCII. €.

20, rpag

Puc. 3. ludpaxrorpaMmmsl MOpouIKoB kpaxmana, [IAA, a Taxke IPUBHUTHIX COMOIMMEPOB Kpaxmana ¢ AA:
I — xpaxmait; 2 — Kpaxmai [ocJje KelaTUHU3alUU U CYIIKY; 3, 4, 5, 6 — IPUBUTbIE CONOIUMEPHI Kpaxmaia ¢ AA,
OJTyYEHHBIE TIPH MACCOBBIX COOTHOLICHUSX Kpaxmasia 1 AA B UCXOIHOM CMeCH,
paBubix 1,0 : 0,25; 1,0 : 0,5; 1,0 : 1,0; 1,0 : 2,0 coorBercTBenHO; 7 — [TAA

Fig. 3. Diffractograms of starch, polyacrylamide and acrylamide-grafted starch powders:
1 — starch; 2 — starch after gelatinisation and drying; 3, 4, 5, 6 — acrylamide-grafted starch,
obtained at the mass ratios starch and acrylamide in the initial mixture
suchas 1.0: 0.25; 1.0 : 0.5; 1.0 : 1.0; 1.0 : 2.0 respectively; 7 — polyacrylamide

ABTOpBI paboThI [17] oTMeUaH, 4TO CTENEHh KPUCTAIUTMYHOCTH KpaxMayia He3HAYUTEeNIbHO W3MEHSIIach,
KOT/Ia MPUBHBKA CTHPOJIA OCYIIECTBIISIAch B BOJHOM CyCIIeH3MH KpaxMaina. B Haiem cirydae nmpuBHBKa Ipouc-
XOJIUT K IETSM aMUJIONIEKTHHA M aMUJIO3bI KEeJTATHHU3UPOBAHHOTO KpaxMalia, ¥ C yBeIMYCHNEM CTEIIeHH TTPH-
BuBKH [TA A K Kpaxmany HHTEHCUBHOCTh KPUCTAJUIMYCCKHUX PedIeKcoB Nonucaxapuia CHmxkaercs (puc. 3, Kpu-
BBIC 3—0), 9YTO CBUICTEIBCTBYET 00 YMEHBIIICHUH CTEIICHN KPUCTAUIMIHOCTH COIMOJIMMEPOB 110 CPaBHEHHIO
C UCXOAHBIM KpaxMajaoM. ITo 00ObsCHsAETCS TeM, uTo [[AA sBiseTcs Moyt aMOppHBIM ITOIUMEPOM (puc. 3,
KpHBas 7), a TakiKe TeM, 4yTo puBHBKa [TAA K 1ersM Kpaxmaia U CIIMBaHHE NOJTUMEPHBIX [N MPUBOISIT
K YMEHBIIIEHUIO BOBMOKHOCTH X YIOPSIOUEHUS ¢ 00pa30BaHNEM KPHCTaJUIUTOB.

Tepmuueckoe pa3iokeHUE U CTAOMIBLHOCTh KpaxMaja 3aBHCSIT OT €r0 MUKPOCTPYKTYPBI (COIepKaHUs
aMUIIO3bI ¥ aMUJIOTIEKTHHA), MOJIEKYJISIPHOM MacChl, a TAK)Ke YCIOBAN pa3NIoKeHHsI (OTKPBITAS FITH TepMETHY-
Has cucrema) [18]. B oTKpbITO# cucTeMe MEXaHU3M TEPMHUUYECKOTO Pa3IOKEHHUsT Kpaxmasla COCTOUT U3 TPEeX
cranuii [18; 19]. IlepBast cramus — ynaienne abCcopOMPOBAHHON BOJIbI, BTOpPAs CTAIUS — XUMHUUYECKAs JIeTH-
IpaTtanus U paszioxeHne. TepMuyeckrue peakiny, COOTBETCTBYOIINE BTOPOH CTajnu (KOHICHCAIIUS MEXKIY
THPOKCHUIIBHBIMU TPYIIIaMHU IeTIel Kpaxmaia ¢ 00pa3oBaHneM d(pUPHBIX CBI3EH 1 BHICBOOOKICHUEM MOJIEKYJ
BOJIBI, @ TAK)KE IPYTHX HU3KOMOJIEKYJISIPHBIX BEIIECTB), HAYMHAIOTCS MTpH Temmepatype okono 300 °C. Ha no-
cienHeit craguu (mpu temneparypax Beime 500—600 °C) npeobnagaroT peakuun KapOOHU3ALMH, KOTOPbIE
COIIPOBOXKAAIOTCSA (POPMUPOBAHUEM apOMATHYECKUX COSAMHEHUH, a TIPH JalbHEHIIIeM HarpeBaHUN 00pa3yeTcs
amop(HBII yriepo.

B otkpbITOi cucTeMe HaualdbHOE COZEp)KaHUE BOABI HE BIMAET HAa TEMIepaTypy pasiokeHHUs Kpaxmaa,
MTOCKOJIBKY BCSI BOJIA MCTIAPSIETCS M3 00Pa3IoB JI0 TOCTIDKEHHS TeMIiepaTypbl paznoxenns [ 18]. 13 npexcras-
nenHbIx Ha puc. 4 kpuBblX TT" u dTT kpaxmana (cM. puc. 4, kpuBast /) ¥ IPEeABAPUTENBHO KEIaTHHU3UPOBaH-
HOTO ¥ BBICYIIIEHHOTO Kpaxmaiia (cM. puc. 4, KpuBas 2) BUHO, 9YTO MAKCUMYM TEMIIEPATyPhI Pa3IoKeHHUS TSN
MaKpOMOJIEKYJI orcaxapua B 000ux ciydasx cocrasinsiet okono 311 °C. Hekotopsie otnnums Ha KpuBbix TT°
u dTT nabmronarorcs B oonactu ;10 250 °C, B KOTOPOH IpY HArpeBaHUU 00Pa31I0B UCXOIHOTO U MIPEABAPUTEIBHO
KEIATHHU3UPOBAHHOTO Kpaxmalla IPOUCXOIUT TOTepss MOJIEKYN BOIbL. JlJisi MCXOMHOTO Kpaxmala TeMIiepa-
TYPHBII MaKCUMyM 1oTepu abcopOupoBanHoii Boabl Ha kpuBoi dTT pacnonoxen Ha ormeTke 83 °C (oOpaszery
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tepsieT okoso 11 % maccer), a s 00pasia mpeaBapUTEIbHO KETATHHU3UPOBAHHOTO KpaxMaia XapaKTepeH
ITAPOKHH MUK ¢ MakcuMyMoM Ha KpuBoit dTT mpu 124—-129 °C, uro o0ycaoBIeHO TOTEPEH THAPATHON BOIBI,
MOCKOJIBbKY MPH KETaTHUHU3ALUH IPOUCXOAT Pa3pyLICHUE CTPYKTYPhl KPUCTAIUIMIECKUX 00IacTel Kpaxmana
U CBSI3bIBAHME MOJIEKYJ BOJIbI C MOJIEKYJIaMH TTOJIMCaXapy/ia.

[Tomryuennsie kpuBbie TI' u dTT" TTAA (cm. puc. 4, kpuBas 7) UMEIOT XapaKTepHBbIE JUIsl 3TOTO MOJINMepa
00TacTH TEPMUYECKOTO Pa3iIoKEHHUs: Ha TIepBOil cTaauu HaOmogaercs moreps 6 % macchl, 9To 00yCIOBICHO
ynajeHneM abcopOMpoBaHHON 1 ruApaTHoi Boxsl. Crenyrommii MakcumyM Ha KpuBoid dTT (Ha otmetke 241 °C)
CBSI3aH C Pa3loKeHUEM aMUHBIX TPy (IPOUCXOAMT BBIACICHUE aMMHuaka), a mpu 280—460 °C nabmromaeTcst
nectpykius mienu [TAA [20].

ala o/b
A
=
S
2
x
SIS
100 200 300 400 500 100 200 300 400 500 -
Temmeparypa, °C Temmeparypa, °C

Puc. 4. interpansusble (a) n quddepeHraibabie (6) TepMOrpaBUMETPHIECKUE KPUBBIE
HWHAMBHIyalIbHOTO Kpaxmaia, IIAA u cononumepoB kpaxmaina ¢ AA:
1 — xpaxmai; 2 — Kpaxmall KeIaTHHU3UPOBAHHBIN; 3, 4, 5, 6 — IPUBHUTHIEC CONOIIMMEPHI KpaxMana ¢ AA,
IIOJIy4€HHbIE IIPU MAaCCOBBIX COOTHOLICHUX KpaxMania U AA B HCXOIHOIH cmecH,
paBubix 1,0 : 0,25; 1,0 : 0,5; 1,0 : 1,0; 1,0 : 2,0 coorBercTtBenHo; 7 — [TAA

Fig. 4. Integral («) and differential (b) thermogravimetric curves
of individual starch, polyacrylamide, and acrylamide-grafted starch: / — starch; 2 — gelatinized starch;
3,4, 5, 6 —acrylamide-grafted starch obtained at the mass ratios starch and acrylamide in the initial mixture
such as 1.0 : 0.25; 1.0 : 0.5; 1.0 : 1.0; 1.0 : 2.0 respectively; 7 — polyacrylamide

JIJ1s IPUBHUTHIX COMOIMMEPOB (CM. pUC. 4, KpUBBIe 3—6) MaKCUMaJIbHAs TEMIIEpaTypa pa3oKeHUS Eenn
MoJIncaxapuaa HECKOIBKO HUXKE, YeM AJI HCXOIHOTo Kpaxmana (u3mensiercst ot 304 mo 311 °C B 3aBucu-
MOCTH OT MAaCCOBBIX COOTHOIICHUN Kpaxmala u AA B UCXOAHOUM CMECH), YTO OTMEUAIOCH paHee B paboTe
[21], HO B IenmoMm mpuBuBKa [TA A k MakpoMoOJIeKyJIaM IToJIncaxapuaa MPUBOANT K YBEITHUCHUIO TEPMUYECKOH
CTa0MIIBHOCTH COTIOIUMEPA MO CPABHEHHUIO C TOMOTIONMMEPOM. DTO BhIpaXKaeTCs, HallpUMep, B COXpaHSHUH
0oJ1ee BBICOKOTO MPOIICHTA OCTATOYHON Macchl 00pasiia mocjie TepMuIeckoro pasnoxenus. Kpome toro, Ha
kpuBbIX TT' 1 dTT cononmMepoB MOSBISAETCS MAKCHMYM TEMIIEpaTyphl Pa3JIosKeHHsI IPUBHTHIX nerneit [TAA,
TIpUYeM JIJIs1 COTOJIMMEpa Kpaxmaia ¢ AA, IOJIy4eHHOTO TTPHU MacCOBBIX cooTHomeHu X 1,0:2,0, Temmepa-
TypHBIE MaKCUMYMBI pa3lio’keHus 1eneil mpuButoro [IAA cnBurarTcs B 00macTh 6ojiee BRICOKUX TEMITe-
patyp u cocraBistoT 389 u 401 °C, a TemnepaTypHble MakcuMyMbl romonionumepa ITAA — 341 u 371 °C.
[osiBnenune Ha kpuBbIX dTT MPUBUTHIX COMOIMMEPOB MAKCUMYMOB, COOTBETCTBYIOLIMX TEMIIEpAaTypaM pas-
JIOKEHUST aMUIHBIX TpynH U neneid [IAA, i ux ciBuT B 60Jee BRICOKOTEMITEPaTYpPHYIO 00JIaCTh SBIISIFOTCS
KOCBEHHBIM MOATBEPKIACHUEM MPUBUBKH, a BO3PACTAHUE UHTCHCUBHOCTU 3TUX MAaKCUMYMOB CBHUACTEIb-
CTBYET 00 YBEJIMUCHHH CTENICHU MPUBUBKHU C POCTOM COACpKaHHUSI AA B HCXOJHOW CMECH C KpaXMaJlOM.

Bbuin n3yueHbl BOJONOIIOINIAOIIAS CIIOCOOHOCTD (PHC. 5, &) U PEOJIOTHYECKUE CBOUCTRA (PHC. 5, 6) CHHTE3H-
POBAHHBIX IPUBUTHIX COMOJIMMEPOB KpaxmMania ¢ AA B 3aBUCUMOCTH OT MaCCOBBIX COOTHOILIEHUH IToJucaxapuia
U MOHOMEpa B UCXONHOU cMecH. IlockoibKy coaep:kanue ciinparomiero areira MBA Bo BceX KOMIO3ULHUAX
Kpaxmaiia ¢ AA ObLIIO OJMHAKOBBIM IO OTHOIIEHUIO K CYMMapHOI Macce mojmMepa 1 MOHOMEPa, TO OCHOBHOE
BJIMAHUE Ha HaOyXaHMe MOJYYEeHHBIX THApOTeNeil okazaia creneHb npuBUBKH [TAA K 1ernsM kpaxmaia, KOTo-
past Bo3pacTaeT ¢ yBeIWICHHEM KomdecTBa AA B HCXOIHOW CMECH ¢ moyicaxapuaoM. M3 maHHbBIX puc. 5, a,
BUJIHO, YTO CTETeHbh HaOyxaHus ruaporeieid BospacraeT B 10 pas mpu nepexoie OT MPUBUTHIX COMOIMMEPOB,
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TIOTYYEHHBIX IPH MaCCOBBIX COOTHOIIEHUAX Kpaxmaina U AA, paubix 1,0 : 0,25, K IPUBUTHIM COTTOTUMEPaM, O-
JIYICHHBIM TIPH MaCCOBBIX COOTHOIICHUIX, paBHBIX 1,0:2,0, 9T0 00YCIOBICHO YBEITHMYCHUEM COICPIKAHUS
rUAPO(QUIBHBIX aMUIHBIX TPYIIIT B TEMH IPUBUTHIX COTIOIIMMEPOB.

Wzyyenne B OCHMIIISIIMOHHOM PEXXHUME PEOTIOTHIECKUX CBOMCTB PAaBHOBECHO HAOYXIIMX B AUCTHIUTUPOBAH-
HOM BoJIe THJIpOTeNiel moKa3ao, 4YTo BeJIMYHHA KOMIUIEKCHOM BA3KOCTH YMEHBIIAeTCS TIPU POCTE COIePIKaHUs
[TAA B IpUBHUTHIX COTIOTUMEPAX (CM. pHC. 5, 6). ITO 00YCIIOBICHO CHIKEHUEM JKECTKOCTH HaOYyXIIIeTo THPO-
Telisl IPY YBEITMYCHUH COJIEPIKaHUS B HEM KHUJIKOU (hasbl.

ala o/b
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o i : S Kpaxmana u AA
S 30f £ 600 -
Eﬂ i 2 | —=—1,0:2,0
g 25r S 500 - ——1,0:1,0
L X B
g 20l 2 400 ——1,0:05
= - % i ——1,0:0,25
g 15k { % 300
= - Z I
[0} Q
£ of \ g 200
r =
5L — & 100
0 1 ) 1 ) 1 ) 1 > 0 ratttea At te
,0:20 1,0:1,0 1,0:0,5 1,0:0.25 25 50 75 100 125 150 175
MaccoBble COOTHOLICHHUS Kpaxmana u AA Vrnosast 4actora, pajy/c

Puc. 5. Crenenp HaOyXaHHs (@) ¥ KOMIUIEKCHAS BSI3KOCTH (6) THApOTene
Ha OCHOBE IPUBHUTHIX CONOJIMMEPOB Kpaxmasia ¢ AA

Fig. 5. Swelling degree (a) and complex viscosity (b)
of hydrogels based on acrylamide-grafted starch

[Mocie mpoBeeHUs MENOYHOTO THAPOJIN3a THAPOTeIel NX cTereHs HabyxaHus Bo3pactaina B 10 pa3 u Ooree,
9TO 00YCIIOBJICHO TTOSIBIICHUEM 3apsDKEHHBIX KapOOKCHITATHRIX TPy B mersix mpuBuToro [TAA. ITo cpaBHeHMIO
CO CIIEKTPOM HEeMOIU(HUITMPOBAHHOTO MPUBUTOTO coronmmMepa Ha (Qypbe-MK-criekTpax rupoan3oBaHHBIX
MIPUBUTHIX COMOJIUMEPOB (pUC. 6, KpuBas 2) 3TO OTOOpakaeTCs Kak MOSBICHHE HOBOU MOJIOCK TIOTJIONICHHUS,
paBHoii #1550 cMm™' (v, C=0 Kap6OKCHIATHBIX TPYTI), @ TAKKE C/IBUT M yBETHUEHHE HHTEHCUBHOCTH TOJIO-
cbl #1398 em ! (v, C=0 kap6okcumaTHeIX TpyTim) (puc. 6, kpusas 1).

[Ipu HaOyxaHUM MOTU(PUIIMPOBAHHBIX IIEIOYHBIM THIPOIH30M TMOPUIHBIX THAPOTEICH Ha OCHOBE MPH-
BUTBIX COTIOIMMEPOB Kpaxmaia ¢ AA B pactBopax cyiabgara Cu(ll) ¢ pasnuvHoil KOHIIEHTpaIUEeH TPOUCXOAUT
3HAUUTEIbHOE CHIKEHUE BOJIOTIOTIIONeHHUs (pUc. 7, a), 00yCIOBIEHHOE B3aUMOICHCTBHEM KapOOKCHIIATHBIX
TPYTIT IPUBUTHIX [IENIeH ¢ HOHAMHU METaJlIa, TPUBOAAIINM K YMEHBIIICHHTO 3apsiia Ha MakpoMonekynax. [Tpunaem
B pacTBOpax ¢ BBICOKOW KoHIleHTparuei cynbdara Cu(ll) cHmkeHne crerneHn HaOyXaHUs HACTONBKO 3HAYH-
TEJIBHOE, YTO MPOIECC MOKHO 0003HAYHTH Kak KoJutarc [22]. Heo0XonuMo 0TMETHTh, UTO B OOJIBINCH CTENCHH
Ha6yxaHI/Ie CHMXKACTCA MJIs1 rnz[poreﬂef/'l, TMOJTYYCHHBIX HICJIOYHBIM T'MJIPOJIN30M ITPUBUTHIX COTIOJIMMEPOB Kpax-
Maja ¢ AA, nMerommx 0ojiee BBICOKOE comepkanne AA.

Ha puc. 7, 6, npeacrasnens! u3zotepmsl agcopormu noHos Cu(ll) oOpazmamu ruaponn30BaHHBIX TPUBUTHIX
COIOJINMEPOB Kpaxmaiia ¢ AA, MOJyUYEHHBIX MPU UCXOIHBIX MaCCOBBIX COOTHOIICHUSX PEarcHTOB B CMECHU
1,0:1,0u 1,0: 0,5. Y3 nanHbIX puc. 7, 6, BUTHO, YTO KOIUYeCTBO copOrpoBanHbix HoHOB Cu(Il) Tarke Gobiie
B CITy9ae ¢ COMOJIMMEPOM, HIMEIONTUM 0oJiee BEICOKOE cojeprkanue mpuButoro IIAA. Takum obpa3om, cop0O-
WSl THIPOTEISIMU HOHOB MeTajuia u3 pactBopoB cyiabdara Cu(ll) mocTuraercs mpenMyInecTBeHHO 3a CYeT
WX KOOPJIMHAIUYU ¢ KapOOKCHIIBHBIMY TPYIIIaMH aKPUJIATHBIX 3BEHBEB TUAPOJIM30BAHHBIX MPUBUTHIX COTIO-
JIMMEPOB. 910 TMMOATBCPIKAACTCA UBSMCHCHUEM NHTCHCUBHOCTH U YIIMUPCHUEM ITOJIOC MTOTJIOUICHW S BaJICHTHBIX
ACUMMETPUYHBIX U CHMMETPHYHBIX KOeOaHU KapOOKCHIATHBIX TPyM conoinMepa B ¢pypre-MK-cexrpax
ruzaporeneii mocie copormu nmu noHoB Cu(ll), B To BpeMst kak KakuX-1u00 CyIIeCTBEHHBIX U3MEHEHUH s
OJIOC TIOTVIOMIEHUS, XapaKTePU3YIOIIUX CBS3H C THIPOKCHIBHBIMH TPyIIIaMU KpaxMmaja, He HaOIomaercs
(puc. 6, kpuBas 3).

B pa6ote [23] oTMeuaeTcsi, 9TO HOHBI MHOTUX METAJUIOB 00pa3yrOT HanmbOoJee YCTOMUINBBIE KOMIUICKCHI
C TIOJIMMEPaMH, COJIEPKAIIUMU B COCTaBe (PyHKIIMOHATIHLHOMN TPYIIITBI aTOMBI a30Ta U CEPBI, CPE/THEE MOJI0KEHUE
M0 YCTOHYUBOCTH 3aHMUMAIOT KOMILJICKCHI C IIOJIMMEPAMU, COICPIKAIIUME KapOOKCHUIIBHBIC TPYTIIThI, 8 KOMILICKCHI
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C IOJIUMEPAMH, COJICPIKAIIMU THAPOKCHIIbHBIE (DYHKIIMOHAILHBIE TPYIIIIBI, 00J1a/Jaf0T HAUMEHBIIIEH yCTOHYH-
BOCTHIO. B mpucyTcTBUHM O0JIee CHITBHOTO JINTaHaa (KapOOKCHIIATHBIX TPYITT MPUBUTHIX mienieit [TAA) ydactre
THUIPOKCUIIBHBIX TPy KpaxMaia B copormu nonoB Cu(ll) HezHauuTensHo.

TEICHB Hﬂ6yXaHM5[. r/r
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Puc. 6. ®parments! Qpypbe-UK-crieKTpoB MOpONIKoB NPUBUTHIX COMOINMEPOB Kpaxmaia ¢ AA
B auamnasone 1800—800 cv !, MOJIyYEHHBIX NPU MAacCOBBIX cooTHomeHusx 1,0 : 1,0:
1 — comonmmep kpaxmaina ¢ AA; 2 — comoaumep Kpaxmana ¢ AA mocre meToqHOro THAPOIN3a;
3 — comonuMep Kpaxmaia ¢ AA mocine meao4yHoro rugponusa u copouuu nonos Cu(Il)

Fig. 6. Fragments of FTIR spectra of acrylamide-grafted starch powders
obtained at a mass ratio of 1.0 : 1.0 in the range of 1800—-800 cm '
1 — acrylamide-grafted starch; 2 — acrylamide-grafted starch after alkaline hydrolysis;
3 — acrylamide-grafted starch after alkaline hydrolysis and sorption of Cu(II) ions
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Puc. 7. Crenenp HaOyxaHus THIpOTesIei Ha OCHOBE I'MPOJIN30BAHHBIX IPUBUTHIX COIIOJIMMEPOB Kpaxmaia ¢ AA
B pactBope cynbdara Cu(ll) (¢) u m3orepmsl ancopounu nonos Cu(Il) rupporemsmu (6):
C,. >+ — konuentpauus nonos Cu(ll) B pacteope;
[Cu®'] - paBHOBecHas KoHIeHTpars noros Cu(Il) B pacTBope.
T'unporenu mocie IEI0YHOTO THIPOIN3A, OJNyIeHHBIE IPU MACCOBBIX COOTHOLICHHSX KpaxMana U AA:

1-1,0:1,0,2-1,0:0,5
Fig. 7. Swelling degree of hydrogels based on hydrolysed acrylamide-grafted starch in Cu(II) sulfate solution (a)
and isotherms of Cu(II) ions adsorption by hydrogels (b):
Copr ™ concentration of Cu(Il) ions in the solution;
[Cu®'] — equilibrium concentration of Cu(II) ions in the solution.
Hydrolysed acrylamide-grafted starch obtained at starch and acrylamide mass ratios:
1-10:1.0,2-1.0:0.5
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Jlist onpesiesieHnst MOZEIIN, ONTUCHIBAIOIIECH B3aMMOACHCTBUE MEXK LY IIOBEPXHOCTBIO TMIPOTeJIe HA OCHOBE
MIPUBUTHIX COMOJIMMEPOB Kpaxmasia ¢ AA U NMpUCYTCTBYOIUMHU B pacTBope noHamu Cu(ll), crpounu kpu-
BbIe COPOLIMK B KOOpAMHATAX ypaBHEHUI Hanbojee 4acTo NpuMeHseMbIX Mozaeneil Jlenrmiopa n dpelinannxa
(puc. 8, a u 6) [24]. KoaddurueHTsl Koppensiiui 00pa3ioB THAPOTeNeH, MOyIeHHBIX TPH MacCOBBIX COOT-
Homenusix 1,0 : 0,5 u 1,0 : 1,0, cocrasiusitor coorBercTBeHHO 0,993 1 0,989 B ypaBHenuu Jlenrmropa u 0,935
u 0,889 B ypaBHeHnn OpeitHmmxa. Mcxomst u3 3TOro, 3aKIFOYMIIH, YTO IS OTIUCAHMUS IPpoIiecca COPOIUYT HOHOB
Cu(Il) ruGpuaHBIMU THAPOTENAMHU MPEATIOUTUTEIHFHO UCTIONB30BaTh Mojenb Jlenrmiopa. OHa, Kak TpaBUIIo,
SIBJIICTCS TJIABHOM I onucanust u3orepM ajacopouuu nonos Cu(ll) rugporensMu Ha OCHOBE MOJIMAKPUIIATA
Harpust [25], kapOookcunupoBanHoro [TAA [26], a Takke THOPUAHBIMU THAPOTEISIMA HA OCHOBE ITPUBUTBIX
COMOJIMMEPOB MOJIUCAXaPUIOB C AKPUIIOBBIMU MOHOMEpamu [27].

ala 6/b
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L 1 L 1 L 1 L 1 L 1 - I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -
0 1500 3000 4500 6000 7500 1 2 3 4 5 6 71 8 9
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Puc. 8. I'paduxu uzorepmsl ancopoumu nonoB Cu(ll) rugporensvmu
Ha OCHOBE I'MJIPOIN30BAHHBIX MPUBUTHIX COMOIMMEPOB Kpaxmaia ¢ AA mo moxenu Jlenrmiopa (a)
u o mozenu PpeitHanuxa (0): [Cu*] - paBHOBecHas KoHueHTpanus noHoB Cu(ll) B pacTsope.
ComnonumMepsl MOTY4YeHBI IPH MAaCCOBBIX COOTHOMIEHHIX kpaxmana u AA: / —1,0:1,0; 2-1,0:0,5

Fig. 8 Langmuir adsorption isotherm plot (a) and Freundlich adsorption isotherm plot (b)
for adsorption of Cu(Il) ions by hydrogels based on hydrolysed acrylamide-grafted starch:
[Cu®*] — equilibrium concentration of Cu(II) ions in the solution. Copolymers
were obtained at mass ratios starch and acrylamide: /7 —1.0:1.0; 2—-1.0: 0.5

Kpome Toro, u3 ypapaenust JIGHrMrOpa CleAyeT, YTO MaKCUMAIbHO JOCTHXKUMAsi COPOILUS COCTaBIISET
(143,7 £ 4,9) mr/r ans rugporesieil, NOMy4YEHHBIX IPH MAacCOBBIX COOTHOLICHHUSAX Kpaxmaia u AA B cMecH,
paBubix 1,0 : 0,5, u (183,8 £ 7,6) MI/T U1 rUApOTeNel, MoydYeHHBIX IPA MaCCOBBIX COOTHOIICHUSAX KpaxMaia
n AA B cmecy, paBHbIX 1,0 : 1,0 (korctantsl Jlenrmiopa (K ) pasast 0,0044 u 0,004 9 1/Mr cOOTBETCTBEHHO).
PacueT mapamerpa paBHOBECHS MOKa3aj, YTO OH MEHBIIIEC SAUHUIIBI, T. €. COPOIINS SIBISICTCS OJIATOTIPUATHOM.

3akiaoueHue

Takum 00pazom, B paboTe CHHTE3UPOBAaHBI THOPHUIHBIC THAPOTEIH TOCPEICTBOM MPUBUBKH AA K Makpo-
MOJIEKYJIaM KapTOelbHOro KpaxMania Mo paAuKaJbHOMY MEXaHW3MY B BOAHO-IIOJMMEPHBIX CHCTEMax MpH
ucnons3oBannu [ICA B kauecTBe MHMIMATOpa noiaumepu3anu 1 MBA B kauecTBe CIIMBAIOIIErO areHra.
[Ipu nmepexone OT NPUBUTHIX COMOIMMEPOB, HMOITYUYECHHBIX IIPH MacCOBBIX COOTHOLICHHUSX KpaxMmana U AA,
paBubix 1,0 : 0,25 u 1,0 : 0,5, k conoaumepam, MOJYYEHHBIM IPU COOTHOILIEHUSAX 3TUX PEAr€HTOB, PaBHBIX
1,0:1,0u 1,0 : 2,0, cTenieHh KPUCTATUTMIHOCTH COTIOIMMEPA CHIDKACTCSI, YTO O0YCIIOBICHO MTPEUMYIIIECTBEHHO
amopdHOU cTpyKTypoit mpuBmBaemoro [TAA, a Takxke cIIuBaHHEM €ro 1enei. [1o cpaBHEHUIO ¢ UCXOTHBIM
MOJIMCAaXapuIOM CHHTE3WPOBAHHbIE MPUBUTHIE COMIONIMMEPHI Kpaxmana ¢ AA SBISIOTCS TepMHUYECKU Ooree
crabunpHbpIMHA. Ha ocHoBanny nanubx ¢ypbe-MK-crekrpockoniu BEICKa3aHO MPEAIOIOKEHUE, YTO IPUBUBKA
Makpomosiekys [TAA npoucxoauT K mepBUYHOMY aToMy yriepoza kpaxmaia. CreneHb Ha0yXaHus FHIporesei
Bo3pacTaeT B 10 pa3 npu nepexoze oT NPUBUTHIX COIIOIMMEPOB, IOJYUYEHHBIX IPH MACCOBBIX COOTHOILEHUAX
kpaxmana u AA, paBabix 1,0 : 0,25, k cononmMepam, OTYyYSHHBIM ITPH COOTHOIIEHHSIX 3TUX PEareHTOB, paB-
HBIX 1,0 : 2,0, 9TO 00YCIIOBICHO YBEINYCHUEM COJCPIKaHMSI THAPOGUILHBIX aMUIHBIX TPYIII B IIETTH PUBUTHIX
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coronuMepoB. B To xe BpeMs KOMIUIEKCHas BA3KOCTh THAPOTesiel yMEHbIAaeTCs IPH BO3PACTAaHUH CTEIIEHU
npuBuBKH [TAA, 4TO, BEpOSTHO, CBA3aHO CO CHHYKEHHEM KECTKOCTH HaOyXIIero THIPOress Py yBETHIEHUU
COZIepKaHHs B HEM KUKOH (hazbl.

[Mokazano, uro ancopoims nono Cu(ll) npuBUTEIMU commoTMMepaMu Kpaxmaia ¢ AA, MOITU(PHUIIPOBAHHBI-
MU IIEJIOYHBIM THPOJIM30M, BO3pACcTaET MPU YBEIWYSHUH COJEPKaHMs IPUBUTOTO Nojnakpuiara. Jius omnu-
CaHus U30TepM aacopOIMu Hanboee MOAXONAIeH sBisieTcst Moaenb Jlenrmiopa. CopOrus sBiseTcs Omaro-
MPUATHOM U 0OPaTUMOH.
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ABTOpBI:

Enena Koncmanmunogna @omuna — KaHAUJAT XUMHUUECKUX
HayK; BeIyLIMH HAyuHBIH COTPYAHUK JabOpaTOpUy KaTaausa
TIOJIMMEPU3AIMOHHEIX TIPOIIECCOB /, TOUEHT Kadeaphbl BEICOKO-
MOJICKY/ISPHBIX COCIHMHCHMIT XHMHUUECKOTO (haKymsTeTa’.
Hpauoa Apkaovesna Knumoeyoea — crapiuinii HayqHbIN COTPY/I-
HUK JTa0OpaTOpUH KaTali3a MOJMMEPH3aHOHHBIX TIPOIIECCOB.
Eecenun Banepvesuu I’ puniok — KanauiaT XMMUYECKUX HayK,
JIOIEHT; THPEKTOp'), OLeHT Kadeapbl pagHALHOHHON XHMHH
U XMMUKO-(hapMaleBTHIECKUX TEXHOJIOTUI XUMHIECKOTo (a-
KynbTeTa™ .

Mapuna Bauecnasosna Jlacmunckas — couckareib Kapeapbt
BBICOKOMOJIEKYIISIPHBIX COEIMHEHHI XUMUIECKOTO (aKyIIbTeTa.
JImumpuii Jleonosuyu Kyopaeckuil — Mna i HayuHbIH cOTpy/-
HHUK J1aGOPATOPHH KATAIH3a [TOTMMEPH3ALHOHHBIX IIPOLIECCOB,
CHENHUAIICT OTAeIa MEX/IyHapOJAHOTO HayYHO-TEXHHIECKOTO
COTPYITHUYECTBA U BHICTABOYHOI AesATeNbHOCTH [ TTaBHOTO yTIpaB-
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OCOBEHHOCTU KOAAONAHO-XUMHNYECKOI'O CUHTE3A
AIOMUHO®OPOB HA OCHOBE AAIOMMHATA CTPOHLIVA,
AKTUBMPOBAHHOI'O NOHAMMW LHEPUA 1 MAPTAHIIA
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MICroNnB30Bay KOIUTOMIHO-XMMIUECKHI CHHTE3 TIOMHHO(OPOB Ha OCHOBE aKTHBHpoBaHHOro moHamu Ce®  m Mn?"
amomuHara crponims (SrAl,O, : Ce’", Mn®") B cpaBHeHuM ¢ TBepIODA3HBIM CHHTE30M ISl HCCIIEIOBAHMS BIMSHIS
ycaoBuit ocaxienus (pH, COOTHOIIIEHNE NCXOHBIX PEareHTOB, THIT OCAUTEIISl U TEMIIepaTypbl) Ha (ha30BbIi COCTaB KO-
HEYHOTO MPOAYKTA U €ro CHEeKTPaIbHO-IIOMHHECIICHTHBIE CBOMCTBA. [loKa3aHa nmepcneKTHBHOCTh crioco0a yIpaBieHus
CIIEKTpaJbHBIMU CBOMCTBaMuU 00pa3uos SrAlO, : Ce*’, Mn?" 3a cuer BapbUPOBAHUS YCIOBHUM UX CUHTE3A.

Knrouegvie cnosa: amromuHaThl CTPOHIIUSA, KOJIJ'IOI/I,Z[HO—XI/IMI/I‘IQCKI/IFI CHUHTE3, TBCp,Z[OCI)aSHBIfI CHUHTE3; JIOMHUHCCICHIIUA.
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FEATURES OF COLLOID-CHEMICAL SYNTHESIS
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Using colloidal chemical synthesis of luminophors based on strontium aluminates activated by cerium and manganese
iones (SrALO,: Ce*", Mn*"), the influence of precipitation conditions (pH, ratio of initial reagents, type of precipitant and
temperature) on the phase composition of the final product and its spectral and luminescent properties in comparison with
solid-phase synthesis was studied. The promising method for controlling the spectral properties of SrAl,O, : Ce, Mn**
samples by varying the conditions of their synthesis has been shown.
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BBenenue

Hanokpucraninyeckue cucTeMbl CI0KHOIO XUMHUYECKOTO cOCTaBa, obmnanatomue 3)HeKTHBHBIMU JTIOMU-
HECICHTHBIMH U CIIMHTHUIALIMOHHBIMHU CBOMCTBAMHM, TIPEACTABISIOT 3HAYNTEIBHBIN HHTEPEC ISl Pa3IMIHBIX
obnacteil Hayku M TeXHUKU. OHU IPUMEHSIOTCS B CHCTEMax OCBEUICHUS, IPUOOPOCTPOCHHH, (PU3NKE BBICOKHX
SHEpTui, MeauIInHE, chepe oOecriedeHUs HAIlMOHATBHOM 0€301TaCHOCTH, CEbCKOM Xo3stiicTBe 1 jip. [ 1-3]. Uc-
MTOJTb30BaHME JTIOMUHO(OPOB B Ka4eCTBE JTIOMHUHECIIEHTHBIX TPAaHC(HOPMATOPOB U3IYUCHHS B OTIPENEICHHYIO
00JIaCTh CMEKTpa B 3aBUCHMOCTH OT TTOCTABJICHHOW 3a[a4H SBISIETCS MEPCIEKTHBHBIM. JTO B 3HAYUTEIHHOMN
CTEIICHH CTAHOBUTCS BO3MOKHBIM B Pe3y/bTaTe MOAU(DUKALIMN CIIEKTPa JIOMUHO(OPOB 3a CUET BBEACHUS pa3-
JUYHBIX JIOMIAHTOB (AaKTHBAaTOPOB), a TAKXKE MCIIOJIL30BaHMS ONPEACICHHBIX MPUEMOB cuHTe3a. Hebombiune
HU3MCHCHUA B COCTABC, KPUCTAJUIMYHOCTU U KOHICHTPAIIUN TAKUX OOITAHTOB, YTO B 3HAYUTEIbHOMN MEpC yCTa-
HaBJIMBACTCA METOJAOM CUHTE3a, MOTI'YT CUJIBHO BJIMATH HAa JIIOMUHCCUCHIIUIO.

Jis monmyYeHns MOMMKPUCTAITNYECKHX TTOPOIIKOB CIOKHOOKCHAHBIX JJIOMHHO(POPOB B OCHOBHOM TIPHIMeE-
HSIOT TBep0(ha3HBIN METOJT CHHTE3a, KOTOPBIN OYeHb 3aTPaTHBIN YJHEPreTHIECKU. AITBTEPHATHBON TOMY METOY
SIBJISIETCSI KCTIOJIb30BAHKE KOJUIOMHO-XUMHYECKOTO CHHTE3a, UTO AAeT Psi/I CYIIECTBEHHBIX IPEUMYIIECTB epe.]
TBepAO(a3HbBIM METOAOM: OOJIbILIE BO3MOKHOCTEH YIPaBICHHsI COCTABOM, CTPYKTYpPOH, MOP(OIIOTHEN U, COOT-
BCTCTBCHHO, paGO‘-II/IMI/I XapaKTCPpUCTUKAaMH KOHCYHOI'O ITPOAYKTA 3a CHET BaAPbUPOBAHWA B IIMPOKUX IIPEacIax
YCIIOBUH CHHTE32; BOBMOXKHOCTH ITOJTYYEHHsI BLICOKOTOMOTEHHOTO MPEKypcopa Ha Ha4abHOW CTaJ M1 CUHTE3a,
YTO TIO3BOJISIET B 3HAUNTENILHON CTETIEHN CHU3UTH TEMIIepaTrypy TepMOOOpaObOTKH MPEKYPCOPOB MIPH IMOTydEHHH
KOHEYHBIX MPOAYKTOB; BO3SMOKHOCTH 00ECTICYeHHUS TIOJTHOTO BXOXKACHHUS aKTHBATOPOB B CTPYKTYPY MaTpPHUIIBL.

OnHUM U3 IIUPOKO M3yYaeMbIX HEOPTaHMUYECKUX JIIOMUHECLEHTHBIX MaTepHUaJIOB SIBISICTCS TPYyIIa aio-
MHHATOB LIETIOYHO3EMENIbHBIX AIEMEHTOB, B YaCTHOCTH CTpoHLMs [4; 5]. B pabote [6] onucanbl cBOHCTBA JIIOMHU-
HO(OPOB Ha OCHOBE aKTHBMPOBaHHOrO HoHamu Ce’  m Mn®" amoMuHaTa CTPOHIMS (SrALO, : Ce’", Mn™),
IMOJTY4YCHHBIX TBep}lO(i)aSHLIM cuHTE30M. X CIICKTPBI JTIOMUHECUCHIIMN UMCIOT JIBa ITIABHBIX OMHUCCHUOHHBIX
uentpa (374 u 515 um) npu Bo30yKaAeHNH YIbTpaduoaeToBbIM cBETOM (A, o= 273 HM). Habmonaemoe 3enenoe
TOCIIECBEYCHIE B COIONMPOBAHHOM aIOMHUHATE CTPOHIIHS TPH YBEITHISHHH Cofiepkanns noHoB Mn”', mpes-
TOJOKHUTENBHO, 00yCIOBNCHO mepeadeii sreprun ot Ce’" k Mn”'. D10 yKaseIBaeT Ha TO, 4TO TIOMHHO(OPHI
Ha ocHoBe SrALO, : Ce’’, Mn®" MOryT oKa3arhCs HepCIIeKTHBHBIMU B KAUeCTBE MATEPHAJIOB C JUTHTEIbHBIM
rnociiecBeueHueM [7].

Hacrosimast pabota nocssiieHa [oJIydeHHIo JJFOMUHECHUpYomux oopasuos SrAl,O, : Ce*", Mn*" ¢ nc-
MTOJTb30BAaHUEM KOJUTOMTHO-XMMHYECKUX TTOIXO/IOB K UX CHHTE3Y.

Llenp paboThI — HiccTenoBaTh BIHUSHUE YCIOBUH ocaxkaeHns (pH, cooTHOIIEHNE NCXOIHBIX PeareHTOB, THIT
OCaJUTeNsl U TeMIIepaTypbl) Ha (a3oBbIii COCTaB KOHEYHOIO MPOAYKTA, €0 CHEKTPATbHO-TIOMUHECIICHTHbIC
CBOICTBa B CpaBHEHUH C TBEpJ0(a3HBIM CHHTE30M. Takue JaHHbBIE B IUTEPATyPe OTCYTCTBYIOT.
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B KauecTBE MCXOMHBIX COCTMHEHMIT JUTS KOIUIOMIHO-XHMHUYECKOT0 CHHTe3a 06pasios SrAlL0, : Ce’", Mn*"
ucnons3osanu peaktusbl Al(NO,); - 9H,0, Sr(NO,),, Ce(NO3)3 6H,0 nu MnCO; Mapku «4. 1. a.», a B Kaue-
CTBE OCaUTeleH — BOXHBIC PacTBOPBI aMMuaka (p = 0,983 1/cM’) M HACBIIIEHHOTO [P KOMHATHOI TeMITepa-

Type TuapokapOoHara aMmMoHus. [Ipu TBepmoda3zHOM CHHTE3E TNPHMEHAIH Al,O; mMapku «4. a. a.» u SrCO,
€ 9UCTOTOH >99,99 % (F isher Scientific, CLHA) Kommenrpamms Ce’” Bo Beex 06pa3uax cocrapisna 1 atr. % mo
3aMerraeMoMy HOHy Sr°, koHmeHTpamms Mn”" — 0,1 at. % mo 3amemaemomy nony A", O6parHoe ocaxkienne
IIPOBOAMIIM CIeqyromuM obpasom: BoaHble 1 moib/i pactBopsl AI(NO,); u Sr(NO;), cMemmBanu B onpezne-
JICHHBIX CTEXHOMETPHUYECKUX KOITMIECTBAX ITOCIIEe PACTBOPEHHUS B HUX HABECOK aKTUBATOPOB M MO KaIuIsIM (CO
CKOPOCTBIO 3 MJI/MUH) TIPH MTOCTOSTHHOM MHTEHCHUBHOM TIE€PEMEIINBAHNN BBOJMIN B PACTBOP OCATUTENS 0
orpeneseHHoro ypoBHS pH. 3aTeM ocaaky BRIACTSIIN HEHTPU(YYyTHPOBAaHNEM 1 BHICYIIMBAJIH HA BO3IyXE MPU
85-90 °C B Teuenune cyTok. [lomydeHHbBIE KCepOTean MPEKypCcOpPOB TIIATEIHHO PACTUPAIHA B araTOBOM CTyTI-
Ke, IporpeBaIk Ha Bo3myxe mpHu Temmeparype 900 °C B TedeHne 2 4, MOCIE YeTo UX Pa3AeiisiIf Ha JIBE YacTH
u porpeBaiu coorBeTcTBeHHO pu 1200 m 1500 °C 2 g Ha Bo3myxe. Takoi ke TepMooOpaboTKe TOABEPTaIn
TBepI0(a3HBIN MPEKYPCOP, TOTYICHHBIH CMEITUBAHIEM HCXOIHBIX PEareHTOB, B3SATHIX B CTEXHOMETPHYECKOM
cootHoweHun SrCO; : Al,O;=1:1, u paccCUnTaHHOIO KOJIMYECTBA aKTUBATOPOB, MOCIE €r0 TLIATEIBHOTO
pacTupaHus B araToBOM CTYIIKE.

PentrenodazoBsiii aHanm3 006pa3ioB npoBoauiau Ha audpakromerpe JJPOH-2.0 (AO «HHOBAITMOHHBIHA
ueHTp “bypeBecTHHK», Poccust) ¢ ucnonpzoBanueM uzinydeHus Cuk . Mopdonoruio u pasmepsl 4acTuIl
TTOPOIITKOB U3YYaIH ¢ TIOMOIIIBIO CKAHUPYIOMIEH AIeKTPOHHOH Mukpockonuu (COM) Ha mpubope LEO-1420
(Carl Zeiss, I'epmanns). Criexrpsl romuHecrieHIH (CJ1) 00pa3iioB perucTpupoBain Ha CieKTpodiyopuMerpe
Fluorolog-3 (Horiba Scientific, CIIIA), B KOTOpOM B KadeCTBE IETEKTOpa B BHAMNMOW 0OJACTH CIICKTpa HC-
TTOJTB30BAITH TIENTBThE-0XJIaKaaeMyto kpemaneByto [13C-marpuity Syncerity (Horiba Scientific), i HCTIpaBIIsLIA
C YYETOM CIEKTPATFHON YyBCTBUTEIHHOCTH CUCTEMBI PETHCTPAIiy. TepMHUYeCKHi aHaTN3 UCXOJHBIX TIPEKyp-
copoB npoBonnau Ha AepuBarorpade STA449C Jupiter F (Netzsch, I'epmanms) Ha Bo3MyXe IIpH TEMIIEPATypax
20-1200 °C u cxopoctu Harpesa 10 °C/muH. [[narpaMMbl IIBETHOCTH monydmmm ncxons n3 CJI ucciemyemMpix
00pasIoB MpH MOMOIIH MTporpaMmHoro obecnieueHust OriginPro (OriginLab Corporation, CILA).

B tabnune nmpuBeneHo 0003HAYEHNE MCCIEAYeMBIX 00pa3oB B 3aBUCHMOCTH OT MIX COCTaBa M YCIOBUHN
CUHTE3a.

O6o3HaueHue HCCJIeAyeMBIX oﬁpasuon B 3AaBHCUMOCTH OT HX COCTaBa U yCJ'lOBI/Iﬁ CHHTE3a

®Da30BbIl cOCTaB
Homep YenoBust ocaxaeHus MosbHOE COOTHOLIEHHE
obpasua (ocanurensb, pH) peareHToB (110 OKCHaM) [Iporpes npu [Iporpes npu
900 °C + 1200 °C 900 °C + 1500 °C
1 I;g%flggﬁ SrO: ALO,=1:1 Sr,ALLO, + StALO, | SrAlLO, + Sr,ALO,
2 ;\I]{HS’ZSI_JIZ&) St0:ALO,=1:1 | SrAl,0,,+SrALO, | SrALO,+ SrAl,,0,
3 ;}]{H;"Slffgb St0: ALO; =2 1 StALO, + S;ALO, SrALO,
4 TBC@‘;?@“““ SrO : ALO; =11 Sr,ALO, + STALO, | SrALO, + Sr;ALO,

Pe3yabTarsl U uX 00CyKaeHUE

Jns naeHTH(UKAIIT MPOIEeCcCOB, MPOTEKAIOIINX PU OCAKIECHUH U TEPMOOOPaOOTKe MPEKypPCOPOB, MPO-
BOAWIIM TepMudeckuit ananus (puc. 1). Amanus tepmorpaBumeTpudeckux (TI') KpUBBIX TTOKaszam, 4To IS
aMMHAYHBIX U KapOOHATHBIX MPEKYPCOPOB OCHOBHAS MOTEPS MACCHI IPOUCXOANT 0 TeMrepaTypsl ~600 °C
U cocTaBigeT npubmm3uTensHo 48 u 37 % cooTBeTcTBeHHO (CM. puc. 1). B ciayuyae ¢ kapOOHATHBIM MPEKyp-
COpOM TIpH JlajbHeHmeM yBenundeHuu temmneparypsl 1o 1200 °C nabmromaeTcsi yMeHbIeHHE Macchl (~5 %)
B oOnactu Temrepatyp 600—900 °C, koTopoe OTCYTCTBYET B CiIydae ¢ aMMHAIHBIM MTpeKypcopoM. Ha kpuBoit
muddepernuanpHOi ckanupyromei kamopumeTpun (JCK) ammuadaoro mpexkypcopa B HHTEpBaJC TeMIIepa-
Typ 80—270 °C mpHUCYTCTBYIOT YHIOMUKH, KOTOPBIC MOYKHO OOBSICHHUTH yAAJICHUEM aMMHaKa, COpOMpPOBaHHON
¥ XUMUYECKH CBSI3aHHOU BofbI. [loTeps maccsl mpu 3ToM coctasisieT ~25 %. /st kapboHaTHOTO ITpeKypcopa
HaOmonaroTes 3a0nuky npu 95 u 193 °C, cBa3aHHbIE ¢ yoaJeHUEM aMMUaKa, coporposanHoi Boasl u CO,,
notepst Maccel coctasisieT ~10 %. Dx303ddexrsr B obmactu 280-340 °C na xpuBbix JICK ykassiBaroT Ha
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pasznoxxenue Hurpara ammonus (NH,NO;), He ynaneHHOro B Ipolecce BblelleHus Ipekypcopos. Hannuue Ha
kpuBbIxX JICK samoaddexra mpu 593 °C ans ammuadqaoro npekypcopa u mpu 584 °C mist kKapOOHATHOTO MPEKyp-
copa MOXKHO CBsI3aTh COOTBETCTBEHHO C PA3JI0OKEHUEM COBMECTHO OCAXK/ICHHBIX THIPOKCHJIOB U C PA3IIOKEHUEM
TOJIBKO FHJIPOKCHA ATFOMUHHSL, TIOJyYSHHOTO B pe3yNbTaTe THApoiu3a ero kapooHara (TuaApoKCHKapOoHara),
TaK Kak 00pa3yronuiicss KapOOHAT CTPOHITUS pas3iaraeTcs mpu Oonee Beicokoit Temmeparype (~1000 °C) [8].

ala o/b
A A A A
0,5
0
2 E
= =
g -03 2
i~ o
O
21,0 =
-1,5
_2,0 1 1 1 1 1 72,0 | | | | |
200 400 600 800 1000 1200 200 400 600 800 1000 1200
Temneparypa, °C Temneparypa, °C
------- T JACK

Puc. 1. Kpusbie TT u JICK mis ammuagsoro (a, oopasert 3) u kapoonarHoro (6, oopaserr 1) mpexypcopos

Fig. 1. Thermogravimetric and differential scanning calorimetry curves for ammonia (@, sample 3)
and carbonate (b, sample 1) precursors

Jlst kapOOHATHOTO TIPEeKypcopa B OTIAWYHE 0T aMMuadyHoro Ha kpuBoi JICK mpucyTcTByeT sHIONUK TIpH
927 °C, conpoBoxIaeMblii motepeii Macchl ~5 %, KOTOPBIH cBsI3aH ¢ paznoxkeHneM SrCO; (CM. BBIILE), a TAKKE
nBa sk3onuka (mpu 953 u 1125 °C). bimskue k aum k3o (1ipu 940 u 1140 °C) HabmromaroTes u Ha KPUBOU
JCK st aMMHuadqHOTO TIpeKypcopa. YKa3aHHbIe 3k303()()EKThI CBUICTEIBCTBYIOT O Havyalie MPOIECCoB (a3o-
00pa30BaHuUs ATIOMHHATOB CTPOHIIHS, YTO MOATBEPKAACTCS HATMYUEM Ha pEHTTeHOTpaMMax 00pasIoB, MMpo-
rpetsix mpu 900 °C B Teyenue 2 4, peduiekcos, cooTBeTcTByromux ase Sr;Al,O, (PDF#09004400) (puc. 2).
Kak crenyer u3 puc. 2, B TBepaodaznoM npexypcope, nporperom npu 900 °C, He Habmonaercs 00pazoBaHus

(a3bl ATIOMUHATOB CTPOHITHS.

4] = S1CO,

e IJL,MLWMA,;I\ -R &mﬁﬂJLJ

3 v e SBALO,
s e N .
PR S ._.._,,__.,/V ' J ) \-A»—*W'\_/H—J’\ b
- a SrCO,
- SRALO,

'\‘\.. \J | HTquV-\f.VTLTﬁ.*'“XVV

15 20 25 30 35 40 45 50

Puc. 2. Pentrenorpammsl 06pasuos 1, 3, 4, nporpersix npu 900 °C B TeueHue 2 4
Fig. 2. XRD patterns of samples 1, 3, 4 heated at 900 °C for 2 h

B cootBeTcTBUM C pe3yapraTaMu TEPMHUYECKOTO aHAIIN3a 00pasIlbl MPEKypcopoB, mporpeTsix mpu 900 °C,
JOTIOTHUTENBHO HarpeBanu npu Temieparype 1200 u 1500 °C B Teuenue 2 4. [1o ganHbIM peHTreH0(])a30BOro
ananm3a (puc. 3, odpaser 2), yCTaHOBJICHO, YTO U3 aMMHAYHOTO ITPEKYpPCOPa, TOIYYSHHOTO IIPH UCTI0JIb30BaHIH
HCXOJIHBIX PEareHTOB B MOJILHOM coOTHOIIeHUH 1o okengam SrO : Al,O,=1: 1, mpu nporpese 1200 u 1500 °C
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oOpasyercst B o0CHOBHOM (ha3a SrAl;,O,, (SrO - 6A1,0,) (PDF#801195) ¢ npumecsio SrAl,O, (SrO - 2A1,05)
(PDF#721252), 1. e. B coenuHeHusix HaOmonaercs u30biTok Al,O; u3-3a gactuuHoro pactsopenus Sr(OH),
B IIPOIIECCE OCAXKICHUS.

ala o/b

4] = Sr,AlLO; 4] T = SrAlL0,
o = SrAL0, « Sr,ALO,

| er s MU R iren Tees = T

2] T e . SrAlle A =SAlLO,
: *u'u/\,j\'\ NV

1] T « Sr,ALO,
= SrAL0,

15 20 25 30 35 40 45 50
20, rpazg

Puc. 3. Pentrenorpammsl o6pasnos 1, 2, 3, 4, nmporpersix npu 1200 °C (a) u 1500 °C (6)
Fig. 3. XRD patterns of samples 1, 2, 3, 4 heated at 1200 °C (@) and 1500 °C ()

B nmanpHeimeM nporecc ocaxkaeHus npoBoawian npu temmeparype 0 °C (sieqsHast 0aHs), MPU KOTOPOH
pactBopuMocTb Sr(OH), 3HaunTensHo ymenbiaercs: npu 25 °C pacrBopumocts cocraBmwia 2,25 r Ha 100 ¢
pactBoputens (H,0), a mpu 0 °C — 0,41 1 [9]. OnHako TOIBKO NPH UCHONB30BAaHUH TSl CHHTE3a aMMHauHOTO
IPeKypcopa UCXOIHBIX PEeareHTOB B MOJIBHOM cOOTHoLeHuH nmo okcugam SrO : Al,O; = 2 : 1 npu mporpe-
Be 1200 °C dopmupyercs B ocHoBHOM (aza SrAl,O, (PDF#740794 (moHOKIMHHAS)) ¢ mpuMeckio Sr;Al, O
(PDF#090044), a npu nporpese 1500 °C (puc. 3, oOpazen 3) — 0ecnpumecHast pasa SrAl,O,. YcraHoBI€HO, UTO
IpU OCAKACHUM aMMHAKOM HE3aBUCHMO OT COOTHOIICHHS HCXOHBIX PEareHTOB ONTUMAJIBLHBIM ypoBHEM pH
apiserca uurepsan 9,5-10,0, npu pH 8,0-8,5 Sr(OH), e ocaxnaercs nomHoctsto [10].

IIpu vcnonp30BaHUU B Ka4€CTBE OCAIATENA 6HKap60HaTa ammonus (NH,HCO;) u ncxonHelx peareHTOB
B MOJIBHOM cooTHomeHuu 1o oxcuaam SrO : Al,O; = 1 : 1 npekypcop NpeuMyIeCTBEHHO COCTOUT U3 CMe-
cu SrCO; (HpOI/ISBeILeHI/Ie pacTBOPUMOCTH COCTaBHIIO 1 1 10" u Al(OH); (mpou3BeieHre paCTBOPUMOCTH
cocramo 1 - 107°%) [9]. B mpouecce ero mporpesa mpu 1200 u 1500 °C dopmupyiores ase dasbi: SrAl ,0,
(monoxnmHHas) u Sr;Al O, (kyOuueckas) (puc. 3, obpaser 1).

Ha puc. 4 mpencrasnensl COM-CHUMKH UCCIIETyeMBIX 00pa3IoB, MTOTYICHHBIX MTPH TeMITepaTypHOi oOpa-
6otke 1500 °C. Ha ¢otorpadusx BUAHO, UTO Bce 00pa3Lbl COCTOSAT U3 KPYIHBIX arfioMepaToB MPOU3BOIBHOM
(hopMmbI, pazMepbl KOTOPBIX JIeKaT B IIpeAeiax OT HECKOJIbKUX MUKPOMETPOB 10 40 MKM, OTHaKO HaOIIoaeTCst
TEHJICHIINSI YBEIIMYCHHUS pa3MepOB NpU TBepo(a3sHOM CHHTE3E.

Ha puc. 5 npencrasnensl CJI cuHTe3upOBaHHBIX 00pa3L0B ATIOMUHATOB CTPOHILMS, aKTUBUPOBAHHBIX
woramu Ce’” 1 Mn®', B 3aBuCHMOCTH OT temneparypsl mporpesa. Ananus CJI (A, = 270 HM) moka3a, 4To ux
XapaKTep CyIECTBEHHO 3aBHCUT OT METOZa CUHTE3a, THIA IpeKypcopa u Temneparypbl. Tak, B CJI obpasua 3,
MOJTYYEHHOTO U3 aMMHA4YHOTO MpeKypcopa, rporpetoro mpu 1200 u 1500 °C, mpucyTCTBYIOT JIBE MOIOCHI U3ITY-
YCHMS C MaKCI/IMyMaMI/I mipu 336 (393) uM 1 518 HM COOTBETCTBEHHO, TIEpBast U3 KOTOpLIX OTHOCHTCS K nepexo,uaM
noroB Ce’" 13 MeTacTaGUIBLHOrO COCTOSHHS C SMEKTPOHHOM Kouduryparueii 41 5d" B COCTOSHNA ’F 2n U ’F sn
OCHOBHOT'O T€pMa, a BTOpasi COOTBETCTBYET JIFOMHHECIIEHIMH HOHOB Mn” ¢ nepexoniom *T, —°A, [6].

OtmetnmM, uto niocie nporpesa npu 1500 °C MHTEHCUBHOCTH YKa3aHHBIX MOJIOC 3HAYUTEIHHO BO3pacTaeT
(npubmH3nTENBHO B 3,5 pasa). HabiromaeMblii CIBAT MaKCHMyMa H3JIydeHHs, XapakTepHoro mist nona Ce®',
¢ 336 o 393 um npu Harpese obpaszua npu 1500 °C MOKHO CBsI3aTh C H3MEHEHHUEM KpHCTaIOrpaduuecKoro
okpysKeHHs HOHOB Ce’ BCIeICTBIE H3MEHEHHS KPUCTAILTHYHOCTH MATPULEL. [IpH HCIIOIb30BaHUN KapOOHAT-
Horo npekypcopa CJI oOpasios, nporpersix mpu 1200 u 1500 °C, cymectsenno omuyarorcst ot CJI obpas-
1LI0B, TIOJIyYCHHBIX U3 aMMHUAYHOTo IpeKypcopa. KapOoHaTHble 00pa31ibl XapaKTepU3yroTcs, BO-IIEPBbIX, Oosee
HU3KOM MHTEHCHBHOCTBIO IIOMUHECICHITHH HOHOB Ce’ ' He3aBHCHMO OT TeMIIEpaTyphl IPOrPeBa, BO-BTOPHIX,
OTCYTCTBHEM MOIOCHI H3TydeHHs HOHOB Mn”" (518 HM), T. ¢. Mn® " He BCTPOMIICS B PEILIETKY MATPHIIbI-XO35HHA,
TPETIONOKUTEIIBHO, H3-3a €ro OKUCIIeHHs 10 Mn*"
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Puc. 4. COM-cHuMKH 00pa31oB, ITOIYYEHHBIX 0CKICHHEM aMMHUaKoM (a),
ocakeHrneM OnkapOoHaToM aMMOHHS (6), TBeprodazHeIM cuHTE30M (8) 1 iporpeThiX Tpu 1500 °C B Teuenne 2 4

Fig. 4. SEM-image for samples obtained by precipitation with ammonia (),
precipitation with ammonium bicarbonate (), solid-phase synthesis (c) and heated at 1500 °C for 2 h

ala o/b
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Puc. 5. Ciextpsl itoMuHecHeHnuu oopasuos 1, 3, 4, nporpersix npu 1200 °C (a) u 1500 °C (6), A,y,5 = 270 HM
Fig. 5. Luminescence spectra of samples 1, 3, 4 heated at 1200 °C (a) and 1500 °C (), ., =270 nm

CriexTp JIIOMHHECIICHIIMN TBEpA0(a3HOro 00pa3ia CyleCTBEHHO 3aBUCUT OT TEMIIEPATypPhl U 3aMETHO OTIIHU-
yaercs oT CJI 00pasios, nmonyueHHbIX ocaxaenueM. Tak, npu nporpese 1200 °C B ero CJI HaOronatores y3kas
MHTEHCHBHAS MOJIOCA M3ITydeH s ¢ A, .= 336 HM, XapakTepHas 1y HoHOB Ce’*, M MaTOMHTEHCHBHAS TTOJIOCA
C IBYXITMKOBOM CTPYKTYpO# ¢ MaKCHMyMaMH TIpu 656 u 669 HM, COOTBETCTBYIOIINMH TIEPEXOIaM 2T1 - 4A2
u’E > 4A2 yoros Mn*" [11]. TTonoca u3nyuenns noos Mn?* ¢ Ayaxe = 9 18 HM IIpH 3TOM OTCYTCTBYET, TaK K€
Kak 1 B ciiy4ae ¢ obukapoonaTHeIM o0pasiom. [Ipu nporpese 1500 °C ciekTp JIOMUHECLEHLIUH XapaKTepU3yeTCsl
HIMPOKOH mosocolt n3myuyeHust HoHoB Ce” ¢ TpeMsa makcumyMami (328; 355; 398 HM), nosiBIIEHUEM MOJIOCHI
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U3JTyYeHHsI HOHOB Mn € MakCUMyMOM 517 HM U COXpaHEHHEM MaJOMHTEHCHBHOW JABYXITMKOBOH MOJIOCHI U3-

nyuaenns noHoB Mn*" (puc. 5, o6pasen 4). Vkazannsie m3menenus 8 CJI TBeprohazHoro o6pasia B 3aBUCHMOCTH
OT TeMIIepaTyphl IPOrpeBa 00yCIOBIEHBI, TO-BHINMOMY, U3MEHEHHeM ero (paszoBoro cocrasa: nipu 1200 °C
npesanupyet pasa Sr;Al,Oq4, a mpu 1500 °C — daza SrAlO,.

O0painaet Ha ce0st BHUMaHUE TOT PakT, yTo B CJI 00pasiia, noimy4eHHOro U3 aMMHaYHOTO MPEKYpcopa, Hesa-
BHCHMO OT TeMmeparyphl mporpesa (1200 u 1500 °C) Hapsy ¢ monocoii u3mydenus nona Ce’ " NPUCYTCTBYeT
10JIOCA U3IIy4YECHHMs], XapaKTepHas JUIsl HOHA Mn*" (518 um), u OTCYTCTBYET I10JIOCA U3IIy4YECHHUS [ Mn*". D10
yKa3bIBACT Ha TOJTHOE BXOXK/IeHHE HoHOB Mn®' B PEIIETKy MATPHUIIBI IPH COOCAK/ICHHH HIPOKCH/IOB, UTO Ipe-
MSITCTBYET UX OKUCIICHUIO ITPY MIPOTPEBe B BO3MYIIHOM aTMocdepe. [1iist 00pasiia, moay4eHHOro TBepaohazHbIM
CHHTE30M, I0NI0Ca H3IydeHus 11 Mn® " orcyTetByet ipu 1200 °C 1 MOSABISETCS TOTBKO Jipu 1500 °C, mpuuem
B CJI TBepz[O(baz.Horo oOpasia coxpaHseTcs 1MoJIoca U3ITyUeHHs], XapaKTepHas JUIst Mn*" (668 um) [11]. Kax
ciemyeT U3 TuTeparypsl [6], mpu TBepaodasHOM CHHTe3e, 4ToOBI M30eKaTh OKUCIeHHs Mn”', Hcronb3yercs
nporpes o0pas3IoB B HHEPTHOH armocdepe ¢ 100aBIeHnEeM BOAOpoaa. B ciydae ¢ KOJUIOMTHO-XUMHYECKUM
CHHTE30M, KaK II0Ka3aHo B HACTOsIIEH paboTe, Mpu NPUMEHEHUN aMMHaKa B KaCCTBE OCa/MTEN MPOTpeB 00-
PasIoB B BO3AYIIHOM aTMoc(hepe He IPUBOINT K OKHCICHHIO HOHOB Mn>", 4To BasKHO 11 IPAKTHKH.

Kak nmokazanu paccauTaHHbIe THarpaMMBI IBETHOCTH (pHC. 6), Ha6monaeMI>Ie pazmmaus B CJI uccnemyeMbix
00pasIoB BIHSIOT Ha UX [[BETOBYIO raMMYy HM3TYYEHHS, YTO MOJTBEPKAACT MEPCIIEKTHBHOCTH crioco0a yrpas-
JICHUS CIIEKTPaIbHBIMU CBOMCTBAMH JIOMUHO(OPOB 32 CUET BaPbUPOBAHUS YCIOBUM UX CUHTE3A.

ala o/b

Puc. 6. lnarpamma nBetHOCTH (11BeTOBOE TpocTpancTBo CIE-1931)
o6pastos 1, 3, 4, nporpetsix mpu 1200 °C (a) u 1500 °C (6)

Fig. 6. Chromaticity diagram (CIE-1931 colour space) for samples 1, 3, 4
heated at 1200 °C (a) and 1500 °C (b)

3aKjoueHue

Taxum 06pa3om, ycTaHOBIIEHO, UTO /IS HONTy4eHus OecripumecHoi matpuist SrAl,O, u3 mpekypcopa, UMero-
IIEro B CBOEM COCTaBE COBMECTHO OCAX/ICHHBIE TMAPOKCHIBI CTPOHIIMS U anmtoMuHus (ocazurens NH, - H,0),
HEOOXOIUMBI IBYKPaTHBIH M30BITOK cojel cTpoHLus (110 oTHOIEHuIo K crexuomeTpun StO : Al,O;), Temre-
patypa ocaxaenus 0 °C u pH OCaKACHNS 9,5— 10 ,0. TTosydeHHbIe TI0 YKa3aHHOM BBIIIE METOIUKE 00Pa3Ilbl
SrA1204, AKTHUBUPOBAHHBIE HOHAMHU Ce** u Mn?" , TIPY IIPOrpeBe B BO3AYLIHOM arMochepe XapakTepu3yroTcs
3eNIeHOH TIOMHHECIIEHIMEH W3-3a OTCYTCTBHS OKHCIIEHHS HOHOB Mn”' B pe3ynbTare MX MOJHOTO BXOXKICHHS
B PELICTKY MaTPUIBl YK€ Ha CTaluM coocakaeHus. OTMETHM Takke Oosee HU3KYIO TeMIIEpaTypy 3€JIEeHOro
cBedeHus s Takux 00pasnos (1200 °C) mo cpaBaeHHIO ¢ TBepaoda3zasivu odpasmamu (1500 °C), uto umeet
BaXHOE TIPAKTUYECKOE 3HAYCHHE.
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IAEKTPOOCAJKAEHHBIE ITOKPBITUS MEAD — OAOBO
KAK KATAAU3ATOPBI ITPY DAEKTPOAMNIE BOABI
B MIEAOYHBIX PACTBOPAX

M. I. TAJTIY34"'®, T. H. BOPOEbEBA""?

1)Haytmo-ucczledoeameﬂbcmﬁ uncmumym @uzuxo-xumuieckux npooniem bBI'Y,
yu. Jlenunepaockas, 14, 220006, e. Munck, benapyce
D Benopycckuii 2ocyoapcmeentbiii yrusepcumen, np. Hesasucumocmu, 4, 220030, o. Munck, Benapyce

Hpe[[ﬂO)KeH STUJICHITIUKOJIEBBIN QJICKTPOJIUT IJIA OCAXKJACHHA HAa CTAJIbHBIC JJICKTPO/bl C HUKCJICBBIM MOJACIIOEM I10-
kpsiTHit Cu — Sn, coneprkamux 70 Mac. % Mean 1 BKIIOYAIOMNX KpUCTAIHYECKHE (a3bl MEJIH, 0JI0Ba M HHTEPMETaUIN/1a
Cu,Sns, TBEpAOTO pacTBOpa IEKTPOHHOTO THMA Ha 6a3e coennHeHust CusSn, a TakKe OKCHIbI MGIH/I(H) n onoBa(IV) B cre-
JIOBBIX KonmdecTBax. OrnpeneneHbl N3MEHEHHS SNIEMEHTHOTO 1 (a3oBOro cocTaBa MOKPHITUI B pe3ysbTaTe uX Mporpesa
nipu 250 1 400 °C u BblmenadnBanms B 7,5 Mons/am° pactBope NaOH. [Tokasawo, uto nporpersie mpu 400 °C MOKpBITHS
B MPOIECCE HEKTPOIUTHIECKOTO BRIICIICHHs KaK BOIOPO/IA, TAK H KHCIOPO/A MPH MIETOUHOM JJIEKTPOIH3E BObI 00-
JAJaI0T IEKTPOKATATUTHYECKON aKTHBHOCTBIO, IPEBBIIIAIONICH aKTHBHOCTh JHICTIONB3YEMOTO HHKEIEBOTO HOZICIIOA. Otn
MOKPBITHSI XapaKTEPUIYIOTCS KOppO3I/IOHHOI/I yeroitanBoctsio B 0,1 Moms/am’ pactBope KOH, xoropasi, cyist o Tokam
KOPPO3HH, IPEBOCXOANT YCTOWYNBOCTH K KOPPOZUH AIIEKTPO/IA U3 HUKEIUPOBAHHON CTaIIH.

Knroueswie cnosa: >nexrpoocaxaenue; crias Cu — Sn; mokpbiTis Cu — Sn; IETOYHOMN AJIEKTPOIU3 BOJBL; dJIEKTPO-
KaTasus3; SIIEKTPOJIBL.

bnazooapnocme. Pabora BeinonHeHa npu GpuHaHcoBo nopaepkke Munucrepcra oopasoBanus Pecriyonuku bena-
pycs (rpant Ne 789/41).

ELECTRODEPOSITED COPPER — TIN COATINGS
AS CATALYSTS FOR ELECTROLYSIS OF WATER
IN ALKALINE SOLUTIONS

M. G. GALUZA®, T. N. VOROBYOVA™"

*Research Institute for Physical Chemical Problems, Belarusian State University,
14 Lieningradskaja Street, Minsk 220006, Belarus
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Ethylene glycol electrolyte is proposed for Cu — Sn coatings deposition on steel electrodes with nickel sublayer. The
coatings contain 70 wt. % of copper and include crystalline phases of copper, tin, intermetallic Cu,Sns, electronic type
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solid solution based on CusSn compound, and also copper(1l) and tin(IV) oxides in trace quantities. Changes in the elemen-
tal and phase composition of the coatings were determined as a result of their heating at 250 and 400 °C and leaching in
7.5 mol/dm’® NaOH solution. It has been shown that coatings heated at 400 °C exhibit electrocatalytic activity in the process
of electrolytic evolution of both hydrogen and oxygen during alkaline electrolysis of water, which exceeds the activity of
nickel sublayer used. These same coatings are characterised by corrosion resistance in 0.1 mol/dm® KOH solution, which,
judging by the corrosion currents, exceeds the corrosion resistance of the nickel-plated steel electrode.

Keywords: electrodeposition; Cu— Sn alloy; Cu — Sn coatings; alkaline water electrolysis; electrocatalysis; electrodes.
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BBenenue

YeroitunBoe pa3BUTHE IIMBUIIM3AIMN TPeOyeT NPUMEHEHHS albTEePHATHBHBIX BO30OHOBIIEMBIX HCTOUHHKOB
SHEPIHH, JUIsl 4Yero KpalHe Ba)KHbBI JIOCTHXKEHHSI B 00JacTH BOAOpOIHOW 3HepreTuku. lllenounoit anekrpo-
JIU3 BOJIBI — OTHOCUTENIFHO MPOCTOM U JIENIEBBIN CIIOCO0 MOydeHUsI BOJOPOa M KUCIOPO/ia BEICOKON CTere-
HU 9UCTOTHI. [lomydaeMsplil TakuM crocoOOM BOAOPO/T IIUPOKO MCIOIB3YETCs B MUIIEBOM MPOMBIIIIEHHOCTH
(rupporeHu3anys KUPOB) U B IIEKTPOHHON MPOMBIIUIEHHOCTH (CO3/JaHNE BOCCTAHOBUTEIBHOM aTMOC(EpHI).
Kucnopon, o6pasyromnuiicss OTHOBPEMEHHO C BOJOPOIOM TIPH AIIEKTPOIIN3E PACTBOPOB IIENIOYei, BOCTpeOo-
BaH B MAIIMHOCTPOEGHMH (pe3Ka M CBapKa), XMMUYECKON MPOMBIIUIEHHOCTH (TTOyuYeHHUe psiia COeNNHEHHI),
MEIUIMHE (IbIXaTenbHbIe anmmnaparhl) u T. 1. [1]. lupokomacmtabHOE MPOU3BOACTBO BOAOPOAA M KUCIOPOaA
AJIEKTPOJIU30M BOJIbI TPEOYET CHIIKEHUS SHEProNnoTPEOICHUS U MOBBIIICHHS CPOKA CITY>KObI U HAJICHKHOCTH
WCIIOJIB3YEMBIX 3JIEKTPOJOB. I 3TOTO CTpeMSITCS YBEINYHUTD IEKTPOKATAINTHYECKYIO0 aKTUBHOCTD KaTO/I0B
Y aHOJIOB, a TAaK)Ke UX YCTOWYMBOCTH B MCIIOJIb3YEMBIX JIEKTPOIUTaX [2].

Haubosee pacripocTpaHeHHBIM U IOCTATOYHO JCTIEBBIM MaTePUAIOM 3JIEKTPO/IOB JIJIs IIETOYHOTO IIEKTPO-
JIU3a BOJIBI SIBJISIFOTCS YIIEPOIUCTHIE HEPKaBEIOINE CTalll, OJJHAKO B OTCYTCTBHE 3AITUTHBIX MOKPBHITUH OHU
MIOJIBEPTAIOTCS CHIIBHOM KOPPO3UH B IIEIOUHOM cpene. [ yBeanueHus aeKTpOKaTaINTHIeCKOM aKTHBHOCTH
Y 3aIUTHI OT OKUCIIEHUS Ha JIEKTPO/IbI HAHOCAT MPOBOSIINE OKPBITUS CO CIEAYIOINIMMU XapaKTepPUCTHKAMMU:
BBICOKOM Y/IeIbHOM MOBEPXHOCTHIO, HU3KUM NepeHanpsKeHUeM BbIIeIeHUs BOI0OpO/ia Ha KaTo/ie ¥ KUCIOpoa
Ha aHoJIe, BELICOKMMHU 3aIIUTHON CIIOCOOHOCTBIO U KOPPO3MOHHOH YCTOMYMBOCTBIO B IIETIOYHOM pacTBope. B 1e-
JISIX TIOBBILIEHUS 2IEKTPOKATAIUTHYECKON aKTUBHOCTH KAaTOAOB U 3aIIUTHI OT OKUCIIEHUS aHO/IOB TPATUIIMOHHO
WCIIOJIB3YIOT HUKEJIEBbIE MOKPHITHS. [IpH M3roTOBIEHNH KaTOMOB CTPEMSATCS YBEIHUUTH YACIbHYIO MTOBEPX-
HOCTbH MOKPBITUH (Harpumep, HUKenb PeHes [3]) u yMeHBIINTH NiepeHanpsKeHne BblieiaeHns Bogopoa. 1lo-
clieiHee BO3MOYKHO ITPH OCAXKJCHHUHU CIUIABOB HHUKENs ¢ Boib(pamom, MomubaeHoM, pocdopom u ap. [4-6].
[To cpaBHEHMIO C HUKEJIEM 3TH CIUIaBbl XapaKTepU3yIOTCs 0ojiee BBICOKON KOPPO3MOHHOM yCTONYHMBOCTHIO,
9T0 00YCJIOBJICHO HE TOJIBKO UX XMMHUYECKUM U (a30BbIM COCTaBOM, HO U OoJiee MEIKO3epHUCTON U TNIOTHO-
YIaKOBaHHOW CTPYKTypou [7; 8], olHako OHU He 00ECleYrBaIOT BHICOKOH aKTUBHOCTH aHOJOB B Tpoliecce
BbIIeTICHHS KHcaopoaa. Kpome Toro, cTouMOCTh MOKPHITHI HA OCHOBE HUKEJIS M €70 CIJIAaBOB HAMHOTO BHIIIIE,
YeM CTOMMOCTH IMOKPBITHI Ha OCHOBE CIJIABOB MEJH.

Wudopmanust 0 mpuMEeHEHHN TOKPBITHH 13 OJIOBSIHUCTOW OPOH3BI ITPY MICTIOYHOM DJIEKTPOIN3E BOBI B JINTE-
parype orcyTcTByeT. Fi3BecTHO 00 UCIIONh30BaHUU MTOKPBITHI Ha OCHOBE CIIABOB MEJIH C OJIOBOM JISI DJIEKTPO-
BOCCTAHOBJICHHS YIIICKHCIIOTO Ta3a, YXYAIIAIOIIeTo dKoIornueckoe coctossaue 3emin [9—11]. Takxe crmaBbi
Cu — Sn puUMEeHSIOTCS TSI TUTUH-UOHHBIX Oatapei [12].

HmeroTest oTpbIBOYHBIE CBEACHUS 00 NCIIOIB30BAHUU MeIbOOOTAIICHHBIX JIATYHHBIX MTOKPBITHH C pa3BUTON
MIOPUCTOMN MTOBEPXHOCTHIO, CO3IaBAEMON 3a CUET BBIIIEIAUNBAHU ITMHKA [ 13], 0CTaTOK KOTOPOTO MOXKET CHUKATh
TepeHanpsbKeHne BhIACICHHs Bogopoaa. B padotax [8; 14] mpuBonaTcst maHHBIE O IPUMEHEHUN TOKPBITUN
Ni— Cu u Ni— Sn B mporiecce BbIICTICHHS BOJOPOAA U3 IIEIOYHBIX PACTBOPOB. DIIEKTPOKATAIUTHUECKYIO
AKTUBHOCTb aHOZIOB B MPOIIECCE BbIIEICHUS KUCIOPO/Ia YBEITMUMBAIOT 3@ CYET U3TOTOBJICHHUS CINIABOB HUKES
C JKEJIe30M, KOOAJILTOM MJIM KOMITO3UTOB HAa OCHOBE CMEIIIAHHBIX OKCHJIOB MeTa/LIoB [15; 16]. B cBsi3u ¢ aTum
WCTIOJIb30BAHUE TTOKPBITHH U3 OPOH3BI TAKKE MOKET OKa3aThCs MEPCIIEKTUBHBIM JIJISI IIETIOUHOTO AIIEKTPOIIH3a
BOJIbI, TIOCKOJIbKY B JICKTPOXMMHUYECKH OcaxaeHHoM criaBe Cu — Sn Hepeako 0OHapyKHBAETCsl MPUMECH
OKCHJIOB MeM U osioBa. Kpome Toro, 0J10BO, KaK 1 IIMHK, MOYKHO YaCTUYHO BBIIIETIAYMBaTh, B PE3YyNIbTaTe YT
cozjaercst 0oJiee pa3BUTas IOBEPXHOCTb.

Lenb HacTOSIIIETO MCCIICOBAHHMS 3aKITIOUAETCS B pa3pabOTKe AIIEKTPOJINTa, B yCTAHOBICHUH YCIIOBUH dJIEK-
TPOXUMHUYECKOTO OCaXIECHUS, TEePMUUECKOI 00paOOTKHU 1 BHIIIEIAYMBAHUS CIIaBAa ME/IU C OJIOBOM, B U3yUEHHUU
COCTaBa U CTPYKTYPHI MOKPBITUH CTANU, UX JIEKTPOKATAIUTHUECKON aKTHBHOCTH B IPOLIECCAX BBIJCIECHUS
BOJIOPOJIA M KHCIIOPOa TPH JIEKTPOIIN3E BOJBI M KOPPO3UOHHOM YCTOWYMBOCTH B UCTIONB3YEMBIX JJISI 3TOTO
LIeJIOYHBIX PAaCTBOPAX.
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MaTepua.m,l U METOAbI UCCJICAOBAHUSA

DNeKTpoXUMHIecKoe ocaxIeHre criaBa Cu — Sn mpoBomITH 13 STHJICHIIMKONEBOTO PACTBOpa, paspa60TaH—
HOT'O Ha OCHOBG U3BECTHOIO 3neKTp0J1HTa [17] u comepxarero 0,09-0,15 MOJ'IL/,Z[M CuCl,, 0,05 MOJIL/;[M SnCl,,
0,09 momb/am’ Na,EDTA, 0,6 mons/v® HC, 1y KOMHATHO#E TeMIlepaType U IIOTHOCTH Toka 2 MA/cM” B Teue-
Hue 215-240 MuH ¢ UCTIOIB30BaHUEM MEAHBIX aHOMOB. CILIaB MOMyYyalid Ha CTANBHBIX iacTuHax Mapku 08-KI1
(I'OCT 1050- 2013) © IMOZICTIOEM HHKEJL, TajIbBAHIECKH OCaKICHHBIM H3 PACTBOPA (pH 5,0-5,5), comeprkariero
0,43 Mo/’ NiSO,, 0, 28 MOJIB/ZIM’ NH,C], 0,24 MOJIB/ZIM’ H,BO;, npu temneparype (50 £2) °C (I'OCT 9.305-84),
IUIOTHOCTH TOKa 1 A/1IM%, HHTEHCHBHOM NepeMeIMBaHIH PACTBOPa Ha MarHUTHOM Melasike B Tedenue 1 u. [pu atux
YCIIOBUSIX OBIIM MOTy4eHbI HUKENEBbIE TOKPBITHs TommuuHol (11,2 £ 0,3) MxM ¢ Beixoziom 1o Toky (BT) 84 %.

[lepen ocaxneHneM cTaibHbIC MOJIOKKN 00padaThiBaal MEXaHUUECKN (3aUMIIaid HaXKAauHOU TyOKoi),
3arem o6e3>1<HpHBaJm B IIeJI0YHO-(PochaTHOM pacTsope ¢ J00aBKOM MOBEPXHOCTHO-AKTHBHOTO BELIECTBA, CO-
neprkarero 30 r/am’ Na,CO, - 10H,0, 30 /M’ Na,PO, - 12H,0, 2 r/am® OC-20, ipu Temneparype 50—60 °C
B Teuenue 15 mun. [locne 0663>I(I/IpI/IBaHI/I${ TUTACTHHBI TIIATEITHHO IPOMBIBAJIH B TOPSTIEH BOAOMIPOBOIHOM u e~
TI/IJ‘IJ‘II/IpOBaHHOI/I BoOJIe. 3aTeM NPOBOJIMIIM TPABJIEHUE B COJISTHOKHUCIIOM PACTBOPE, coeprkaiieM 2,3 mons/mv” HCI,
0,14 Moms/mm’ yporponuHa, mpua 40—-50 °C B TeueHne 15 MHH, TOTOM CHOBA TIIATEIHLHO MPOMBIBAJIN TPOTOUHON
U JUCTUJUITMPOBAHHOM Bosoi. O0e3KUpEeHHBIE U POTPABJICHHBIC MOAIOKKH CYIIHIN MEKAY JIMCTaMU (DUIIb-
TPOBaJILHON OyMaru v MOrpyKajii CyXHMH B SJIEKTPOIUT MO TOKOM.

[Tony4yeHHbIe TOKPBITHS U3 OJIOBSIHUCTON OpPOH3BI MPOTPEBAII B TOKE aproHa B TEUCHUE 2 4 MY TeMIIepa-
Typax 250 u 400 °C. 3areM HEmpOrpeThie U MPOrPeThie MOKPHITHS 00paGaThIBAIK B 7,5 MOIB/IM° pacTBOpE
NaOH (BeimienaunBanu) mpyu KOMHATHOH TeMIieparype. DKCIIepIMEHTAIbHO YCTaHOBIEHO, YTO KaK MPOTPETHIE,
TaK W HETMPOTPEThIE MOKPBITHS HEOOXOAUMO BBIIIENIAauNBaTh B Te4eHNE 14 4 IS MPOSIBIEHUS TTOKPBITUSIMUA
Han0oJ1ee BEICOKOM IIEKTPOKATAINTHYECKON aKTUBHOCTH U KOPPO3HOHHOW YCTOWYMBOCTHU B PACTBOPE LIETIOYH.

Maccy ocaxxaenHoro ciiaBa Cu — Sn, TONIUHY ¥ CKOPOCTh POCTa MOKPBITUH, TNIOTHOCTH cruiaBa, BT ompe-
JIEJISUTHA TI0 METOMKAM, OMTMCAaHHBIM B padortax [17; 18].

Mophonoruro moBepxXHOCTH 00Pa3OB U3YYaIH C TOMOIIBI0 CKAHUPYIOMIETO AIEKTPOHHOTO MUKPOCKO-
ma LEO-1420 (Carl Zeiss, I'epmanus). s ha3oBoro aHam3a MPUMEHSIIN PEHTICHOBCKUH TU(paKTOMETP
JAPOH-3.0 (AO «MunoBaumonssiii nentp “bypeBectHux», Poccus). CheMKy peHTreHOrpaMM MPOBOAMIIH
¢ ucnionb3oBanneM usnydenus CoK,, (A = 1,788 96 A) co crxopoctsto 0,1 rpas/mun. JIuHuM HA pEHTTEHOTPaM-
Max uaeHTuuIupoBany no naHabM kaproteku JCPDS (Joint Committee on Powder Diffraction Standards).

MeTooM BOIBTaMIIEPOMETPUH HUCCIIEOBAIN KOPPO3UIO, KATOAHYIO ¥ aHOTHYIO TIOJISPU3ALIUIO CTAJILHBIX
3IIEKTPOLIOB 663 TOKPBITHSI, C HUKEIEBBIM IIOKPBITHEM U IOy YeHHBIME OKpbITHsMA Cu — Sn B 0,1 MOIB/ M’ pacT-
Bope KOH. AHanmu3 mpoBOoavIIH ¢ TIOMOIIIBIO TOTEHIIHOCTaTa — raibBaHocrata Autolab PGSTAT204 (Metrohm,
Hunepmanner) u nporpamMmmuoro obecnederns Nova (Bepcus 2.1). KpuBbie kaToiHOM ¥ aHOXHOH MO PU3AIHN
9JIEKTPOJIOB 3alTUCHIBAIIA B AJIEKTPOXUMHUYECKOM OKHE (OT moTeHnuaia norpyxenus ao —1,5 u 1,5 B coor-
BETCTBEHHO) CO CKOpOCThIo 20 MB/c. [Iyist OIICHKH 3IEKTPOKATATUTHYSCKON aKTUBHOCTH KaTOJIOB MJTU aHOJIOB
B IIPOLIECCAX BBIIENCHNS BOJOPOJIA WM KHCIOPOJiA COMOCTABISI SHACHIs 0TEHINATIOB (E; _ 1), IPH KOTO-
PBIX IUIOTHOCTB COOTBETCTBYIOLINX TOKOB ( /) mocTurama 10 MA/cM?, Kak PEKOMEHIYETCS B pa60Te [2], m IO
MaKCHMAaJIbHON IUIOTHOCTH ( j,,,, ) KATOOZHOTO MJIM AHOAHOTO TOKa, nocmraeMon npu noteHuanax —1,5 mbdo
1,5 B cOOTBETCTBEHHO, OIPEEIISITN HAKIIOH MOJISIPU3AIIMOHHBIX KPUBBIX.

Jst u3yueHust KOpPO3UOHHOM YCTOHUMBOCTH IIEKTPOIOB C MMOKPBITHAME Ha ocHOBe ciiaBa Cu — Sn cTponiun
KOPPO3HOHHBIE UAarpaMMBI B TIOJTYJIOTapu(MUUECKUX KOOPJAMHATAX M ONPEIEISIIN MOTEHIIMATBI U TOKH KOp-
PO3HH B TOUKE TIEPECEUCHHUS KacaTeIbHbIX K IMHEHHBIM yU4acTKaM BeTBEH KOPPO3UOHHBIX JauarpamMm. Kpussie
KaTOTHOM ¥ aHOHOM MONIApHU3aIiy pabounX 3IEKTPOIOB 3aMMCHIBAIN HAYMHAS OT CTAIIMOHAPHOTO TIOTEHIINAA
€O CKOPOCTBIO Pa3BEPTKHU NOTEHIMANA 1 mB/c. [loreHnman pa3oMKHYTOH e 00Pa3IOB PETHCTPUPOBAIIHN TTOCTIE
nx HaxoxkaeHus B 0,1 MOJ'IB/,Z[M pactBope KOH B Teuenue 10 muH.

Pe3yabTarsl U uX 00CyKIeHUE

XapakTepHCTHKA HCXOAHBIX MOKPBITHIA. METO/IOM IEKTPOXUMHUYECKOTO OCAXKICHUS U3 HEBOJIHOTO OTH-
JICHITIMKOJICBOI'O paCTBOPA Ha NOJIOXKKH U3 HI/IKCHI/IpOBaHHOI/I CTaJIu IpU IJIOTHOCTHU TOKa 2 MA/CM TOJIYYCHbI
KauecTBeHHbIe MOKphITUs Cu — Sn co ckopocThio (3,0 + 0,3) Mmxm/4 u BT (70 £ 5) %. DKcriepuMeHTaIBHO MO/10-
OpaHHAs ¥ TOAXOSIIIAS TSI TTOCTABICHHOM IIEJIH TOJIIIIHHA TIOKPBITHH cocTaBisiia ~10 MkM. Takue MOKpPHITHS
JIo TIporpeBa u BhImeaadnBanus cogepxar (70 = 5) mac. % menu u (30 £ 5) mac. % onosa.

ITo naHHBIM peHTTeHO(ha30BOTO aHANIN3A, ATEKTPOOCAKICHHBIEC TIOKPHITHS OJOBIHUCTON OPOH3BI TOJIIIMHON
okoio 10 MKM BKJIIOUAIOT KpUCTAJUIMUECKHe a3kl MeAU, HHTEpMETaIInueckoro coequnenns CuySnsg, HUKEN,
xenesa, B-(Cu, Sn) (TBepAbLil pacTBOP AMEKTPOHHOIO TUIA Ha 6a3e coenunenus CusSn), 0710Ba, a TAKXKE CIIEI0BbIE
kosimuecTsa okcujoB Meau CuO u onosa SnO, (puc. 1). Da3bl HUKes U X&Kenne3a IPUCYTCTBYIOT B MaTepralle Io/I-
JIOKKH (HUKEIMPOBAHHOM CTaJIN), & HAJIMYKME OKCHIOB MEJIU U 0JI0Ba, CKOPEE BCET0, CBSA3aHO C MX 00pa30oBaHUEM
IIpU XpaHCHUHN WU C HE3HAYUTCIIbHBIM OKHMCIICHUEM HOKpBITI/Iﬁ B XOZI€ OCAXKICHUA pAaCTBOPECHHBIM KHUCJIIOPOIOM.
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Puc. 1. ®a30Bblii cocTaB 1 MOP(OJIOTHS MOBEPXHOCTH UCXOIHBIX TOKPBITHIH
Ha ocHoBe cruiaBa Cu — Sn, cogepskamux 70 mac. % menn

Fig. 1. Phase composition and surface morphology
of initial coatings with a Cu — Sn alloy, containing 70 wt. % copper

[TomyyaeMble TOKPBITHSI UMEIOT ACKOPAaTUBHBIN BHEITHUH BUJ (PaBHOMEPHBIE PO30BATO-30JI0THCTHIE ITOTyMa-
TOBBIE) U COCTOSIT U3 IDTOTHOYTIAKOBAHHBIX MEJIKUX 3€PEH OKPYIIIoi popmbl ¢ pazmepamu B ipenenax S0—1000 am
(B ocHOBHOM 0KO10 300 HM) (CcM. puc. 1).

Tepmuueckast 00padoTka nokpsITuid. [locie nporpesa B Teuenue 2 4 npu temmneparype 250 °C B armocde-
pe aproHa 3JeMEeHTHBIN COCTaB MOKPHITUI NPAKTUYECKH HE U3MEHSIETCs, @ POCT TeMIIepaTypbl TepMOOOpaboTKU
10 400 °C nmpuBOAMT K yBeNndeHHIO 1o Meau 10 80 mac. % (1Mo-BHINMOMY, B pe3yJIbTaTe HCIIAPEHHUS 0JI0BA).
Oxpacka MoKpeITHH, porpeThix mpu 250 °C, TouTH He U3MEHSIETCS, MOSBIISIFOTCS JIUIIb 3eJICHOBATO-(QHOIIETO-
BBI€ CJIEJII OKCUHOM MJICHKHU, B TO BPEMSsI KaK 30JI0TUCTHIE MOTyMaTOBBIE MOKPHITHS, porpeTsie mpu 400 °C,
CTaHOBATCS TEeMHO-cepbIMU. CKOpee BCETo, 3TO CBA3aHO C N3MEHEHUEM HE TOJIBKO AJIEMEHTHOTO, HO U (pa30BOro
COCTaBa, a TaK)Ke MOP(OIOTHH MTOBEPXHOCTH TOKPBITHH.

JleficTBUTEIBHO BBISBIEHO, YTO IporpeB 00pa3nos npu 250 °C mpuBoauT K MOSBICHNIO HOBBIX (a3 — Cu,(Sn,
u Cuy,Sn;;, KonmuyecTBO M MHTEHCUBHOCTH peduiekcoB da3 CuySng, B-(Cu, Sn), okcunos mean CuO u onosa
SnO, yBennuusatotes (puc. 2, a).
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Puc. 2. Pentrenorpammsl nokpsitait Cu — Sn, nporpetsix npu temuneparype 250 °C (a) u 400 °C () B Teuenue 2 u.
Conepsxanue meau: a — 70 mac. %, 6 — 80 mac. %

Fig. 2. X-ray patterns of Cu — Sn coatings heated at temperature of 250 °C (@) and 400 °C (b) for 2 h.
Copper content: a — 70 wt. %, b — 80 wt. %
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JlanHble peHTreH0(a30BOro aHaM3a, MPeJCTaBICHHbIE HA pHUC. 2, 6, TOKa3bIBAIOT, YTO MPH MOBIIICHUN
temnepatypsl nmporpesa ot 250 10 400 °C HoBbIe (a3bl HE 00pa3yrOTCs (OAHAKO MOSIBIISIOTCS CIICOBbIC KOJIH-
yecTBa okcuaa meau Cu,O;), a HHTEHCUBHOCTD M KOJIMYECTBO PE(PIEKCOB MHTEPMETAIIMUECKUX COEIUHEHHH,
TBEPIbIX PACTBOPOB M OKCHJIOB BO3PACTAIOT.

Pe3ynbraThl ncCieqoBaHUS METOIOM CKaHUPYIOIIEH AIIeKTpOoHHOU MuKpockormmnu (COM) CBUICTEIBCTBRY-
0T, YTO TIPH MPOTPEBE IPOUCXOTUT N3MEHEHUE (POPMBI HaCTHIL: OKpyIIIask (hopMa YacTHIl TPAHCPOPMHUPYETCS
B MHOTOYT'OJIbHYIO, IPOSIBIISIETCS MX KpHCTaIMuecKas orpanka (puc. 3). Takoe mpeBpaleHle CTaHOBUTCS
3aMeTHee IpH MoBkIIeHn: TeMmepatypsl ot 250 1o 400 °C. [IpenenpHbIe pa3Mepsl YaCTHIL ITPH 3TOM HE W3-
MEHSIOTCS, a CpEeTHIE pa3Mepbl BO3pacTaroT B 2 pasa mpu nporpese a0 400 °C.

ala o/b

Puc. 3. Muxpoctpykrypa nokpsituii Cu — Sn, mporpetsix npu temmneparype 250 °C (a) n 400 °C (6) B TeueHue 2 4.
Conepxanne memu: a — 70 mac. %, 6 — 80 mac. %

Fig. 3. Microstructure of Cu — Sn coatings heated at temperature 250 °C (a) and 400 °C (b) for 2 h.
Copper content: a — 70 wt. %, b — 80 wt. %

BrlueaynBaHue HCXOAHBIX U NPOrPeThIX MOKPLITHIA. J[JI1 yCTAHOBIEHUS ONTUMAJIBHBIX YCJIOBUI BbI-
1eJTaYUBaHuUs TTOKPBITUS BbIJIEPKUBAIU B 7,5 MOJIB/ M’ pactBope NaOH B Teuenne 24 cyT mpu KOMHATHOM
TEeMIEpaType.
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Puc. 4. 3aBUCUMOCTB CKOPOCTH BBIIIETAYNBAHIS TOKPBITHI OT ATUTEILHOCTH BEIICPKUBAHUS
B 7,5 MoMB/aM> pactBope NaOH mpu koMHaTHOM Temneparype a0 u nocie nporpesa npu 250 u 400 °C

Fig. 4. Dependence of the rate of coatings leaching on the duration of their treatment
in 7.5 mol/dm® NaOH solution at a room temperature before and after heating at 250 and 400 °C
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Jannble 00 yObIIIH MAaCChl HCXOAHBIX M IPOTPETHIX MOKPHITHH B MPOLEcce MIETOYHOH 00pabOTKH 32 eTUHULLY
BpPEMEHH, OTHECEHHBIE K eIMHUIIE IO TOBEPXHOCTH, CBUJIETEILCTRYIOT, UTO Mocie 14 4 BhIeTadMBaHusA
CKOPOCTb BBIIIEIAYNBAHNS H3MEHSETCS] He3HAUUTEIEHO HE3aBUCUMO OT TepMO0OpabOoTKH. 3a 3TO BpeMsl YHOCUTCS
0K0J10 5 % Macchl HOKphITHL. JlabHellee yBeINUCHNE UTNTEIbHOCTH BbLICPKUBAHUS B 7,5 MOTTB/ M pacTBope
KOH 110 24 cyT npuBOAXT K JONOJIHUTEIBHOMY YMEHBIIECHUIO MACChI IIOKPBITHS BCero Juilb Ha 2 %. Hecmotpst
Ha TO YTO 1ocJie 14 4 BbllIeNaunBaHNs Macca MOKPBITHS, XOTS M HE3HAYUTEIbHO, IPOAOIIKACT YOBIBATH, TOTO
BPEMEHH JI0CTATOYHO IS TPOSIBIICHHS TOKPHITUSIMH HanOoJee BHICOKON AIIEKTPOKATAIUTHYECKOM aKTUBHOCTH
U KOPPO3UOHHOM YCTOMYHMBOCTH B PACTBOPE LIEJIOUH.

YCTaHOBIIEHO, YTO B XOZ€ BBIIIEIAYUBAHUS 101 MEIU B IIPOTPETHIX IOKPHITUAX HE U3MEHSETCs, a B UC-
XOJHBIX MOKPBITUAX YMEHbIIaeTcs mpuMepHo Ha 10 mac. % u cocrasnser okono 60 mac. %. BepositHee Bcero,
3TO CBSA3aHO C YACTUYHBIM PACTBOPEHUEM JINOO Meau, 1160 narepmeranania Cu,Sng, 1160 TBEPAOro pacTBo-
pa B-(Cu, Sn). ®a30BbIii COCTaB UCXOMHBIX TMOKPBITHI ITOCIIE BBIILEIAYNBAHNS U3MEHIETCS HE3HAUUTEIIBHO!
YBEJINYMBAETCSI UHTEHCUBHOCTD pedIeKcOoB MeH, 0s10Ba U uHTepMeTauaa CugSns, BO3pacTaeT KOJIUUECTBO
pedexcos oxcunos meau CuO u onoBa SnO,, a TakKe MOSABIIAIOTCS MAJIOUHTEHCUBHBIE pedIeKChl ha3bl cMe-
nrasHoro okeuna meau Cu,O; (puc. 5, a).

Uccnenosanue merogom COM nokaszaio, 4To B pe3y/bTaTe BbILIEIAYMBAHUS Pa3Mepbl HAOIIOJaeMBbIX Ya-
CTHUILl YMEHBILAIOTCS IOYTH B 2 pasa, MOSABISIOTCA MOPbI pa3MepoM B OCHOBHOM 710 100 HM U B KOJMYECTBE 10
HECKOJIBKHX TI0p Ha 1 MKM’. B IPOrpeThiX MOKPHITHSIX MOC/E BBIIIEIAYHBAHIS 0OHAPYKEHbI KOHTPACTHBIE
arnmoMmeparsl chepudeckoil GOpMbI, KOTOPbIE MOKHO OTHECTH K OKCHAaM METaJlIOB.
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Puc. 5. ®a30BbIif COCTaB U MEKPOCTPYKTYpa BBIIIEIOYEHHBIX TOKPBITHI Cu — Sn: @ — HCXOHOE MOKPBITHE,
6 — nokpeitue, nporperoe mnpu 250 °C B Teuenue 2 4, 6 — nokpeitue, nporperoe npu 400 °C B TeueHue 2 4

Fig. 5. Phase composition and microstructure of leached Cu — Sn coatings: @ — initial coating,
b — coating heated at 250 °C for 2 h, ¢ — coating heated at 400 °C for 2 h
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DJIeKTPOKATAINTHYECKAS AKTHBHOCTH MOKPHITHIT Cu — Sn B nmpoueccax BbleJeHIs BOAOPOAA U KHCJIO-
Po/a MpH 1IeJIOYHOM JIeKTPoIn3e BOAbI. Pe3ynsraTel aHam3a KaTOMHOW M aHOTHOW TTOJISIPU3AIINHT HCCIIeTye-
MBIX OJEKTPOJIOB € MOKPLITHAMHU Cu — Sn, ’nexTpo0B 0€3 TOKPBITHS U AIIEKTPOIOB C HUKEIIEBBIM TOKPBITHEM
80,1 Moss/mv’ pactope KOH npuBesens! B Tadume. [ToTeHIran Hadana BRIIEICHIS BOIOPO/IA (Ey ) Ha 3JIeK-
TpoAax 0e3 MOKPBITHS, IIMEKTPOJaX C HUKEIEBBIM MTOKPBITHEM MIIA TIOKPHITHIMU Cu — Sn 110 1 nocie porpeBa
Haxomutcs B mipenenax ot —1,10 mo —0,70 B. s snekrponos ¢ mokpeitieM Cu — Sn, nmporpetsM mpu 400 °C,
BBIZICIICHUE BOIOPOIa HAYMHAETCS TIPU HauMeHee oTpurarebHoM noTermnuane (—0,70 B).

MuHuManbHBIE 3aTPaThl AIIEKTPOIHEPTUH JJI 10CTUKEHUS TIIOTHOCTH TOKA BbIIeTIeHUs Bogopoaa 10 MA/cM?
XapaKTEePHBI IS AJIEKTPOIOB ¢ MOKpBITHAME Cu — Sn, porpetsivu ipu 400 °C 10 1 TTOCIe BBIMETaINBAHHNS
(E; _1opaser —0,82 n —0,94 B coorsercreHHO). [Ipn aTOM MaKCI/IMaJ'IBHaSI IUIOTHOCTB KaTOJHOTO TOKA BhIJIEIe-
HUS BOJIOPO/Ia HA ATHX YK€ AIIEKTpojiax coctanisieT S0 u 66 MA/cM%, ato B 1,3-1,7 paza 60JIbIIIe MaKCUMaTbHON
IJTIOTHOCTH KaTOHOTO TOKA BBIJCJIICHUS BOAOPO/Ia Ha AIEKTPO/IE C HUKEIEBBIM MOKpbITHEM U B 23—30 pa3 Bhiilie
MaKCHMAaJIbHOM IJIOTHOCTH KaTOIHOTO TOKA BBIJIEIEHUS BOJAOPOAA HA JJIEKTPOJAX C MCXOMHBIMU TOKPBITHS-
mu Cu— Sn. CTOUT OTMETHTSH, {10 MPH HCTIBITAHUH HCXOHBIX nokpeITHiA Cu — Sn BeIJIENeHNE BOIOPOIA HE IOCTH-
raeT MIOTHOCTH TOKa 10 MA/CM?, T. €. KaTaTHTHYeCKas aAKTHBHOCTB 3TOr0 00pasIia B PEaKIiy BBIICICHHS BOIOPOIA
OTCYTCTBYET. [IporpeB MOKpPHITHI BO BCEX CITydasX BBI3BIBAET PE3KOE YBENWYCHHE MAKCHMAaIbHOM TUIOTHOCTH
TOKa. BeIlienaurBanue mo-pa3sHoOMY BIMSET Ha BBIJIEIIEHIE BOJIOPO/IA: MHTEHCH(DHUITUPYET eTo Mpr Ooree BEICOKO-
TEMIIEPaTyPHOM IIPOTPEBE, HO TIOAABIISET B OTCYTCTBHUE ITPOTPEBA MITH B cIydae Tiporpesa oopasios mpu 250 °C.

Horennuan Havasa BeLIeICHIS Kucnopona (E, ) Ha BCEX MCIBITAHHBIX JJIEKTPOAAX 10 H MOCIE Iporpesa
AMeeT OJTU3KHUE 3Ha‘{eHI/I$I (ot 0,62 mo 0,71 B). HanMeHpImuit MOTEHITHAT BBIACICHHS KUCIOPOAA TIPH THIOT-
HOCTH ToKa 10 MA/cM? XapaKTepeH JUTst SNEKTPOIOB C BBIMIEIOYCHHBIMH TOKPBITHsIME Cu — SN /0 i [ToCIie ux
nporpesa u paseH (0,88 = 0,01) B. Ogaako MakcuMaiabHas TUIOTHOCTh aHOIHOTO TOKA JOCTUTHYTA I/IMEHHO
Jutst iporpeTsix Tpu 250 umu 400 °C, a 3areM BEHITIETOUEeHHBIX TOKpBITHHA. OHa cocTamsier 108—114 MA/cM?,
yT0 OoJiee 4eM B 3 pasa BbIIIe MaKCHMAIBHOHN IJIOTHOCTH aHOIHOTO TOKA, TOCTHTHYTOW /ISt HCXOTHBIX no—
kpbiTHit Cu — Sn, u B 2 pa3za 00JbIIe MAKCUMAaTHLHOM TNIOTHOCTH aHOHOTO TOKA, JOCTUTHYTOH TSI SJIEKTPOIOB
C HUKENIEBBIMUA TTOKPBITHIMH.

Karonnasi u anoxHas noJIApu3anus

Cathodic and anodic polarisation

TTOKPHITHE CTAIEHOTO Karoanas nonspusanus AHOIHAS TONSPU3AIHS
SNIEKTPOJIa Ey,£0,05,B | 9% 0,03, B |y £ 0.3, MAIM’ | E £ 0,04, B E;_jg % 0,03, B |y + 0.5, MA/cM’

be3 mokpeITHs -1,10 —-1,47 -13,0 0,63 0,84 30,8
HukeneBoe mokpsitne -1,00 -1,26 —-40,0 0,62 0,89 50,0
Ioxpertue Cu — Sn:

HCXOIHOE -0,90 — -2,2 0,62 1,00 30,3

nporperoe mpu 250 °C

B TCUEHHE 2 U —-0,90 -0,97 —41,7 0,62 0,94 50,0

nporperoe mpu 400 °C

B TeUeHHE 2 U —-0,70 -0,82 -50,0 0,71 1,11 36,5

HCXOJTHOE

BBIIIECIIOYEHHOE -0,80 - -1,1 0,64 0,88 40,0

nporperoe mpu 250 °C

B TeUeHUE 2 U,

BBIIIIEJIOYEHHOE -1,20 -1,48 -10,5 0,64 0,87 113,6

nporperoe mpu 400 °C

B TeueHue 2 4,

BBIIIETIOYEHHOE -0,75 -0,94 —65,9 0,65 0,89 108,2

Koppo3uonnasi ycroiituuBocTh oKpbITHii Cu — Sn B pacTBopax me04u. [IockonbKy B Iporecce Jiek-
Tposn3a BOABI TpeOyeTcs BHICOKAsi KOPPO3UOHHASI YCTOMYMBOCTh JIEKTPOIOB, OBUIN COMIOCTABICHBI KOPPO-
3MOHHBIE IHarPaMMBI AIEKTPOOB ¢ MOKPBITHAMHU Cu — Sn, 31eKkTpoa 6e3 MOKPBITHS 1 SIIEKTPOJIa C HUKENEBBIM
nokpeitueM (puc. 6). Hanbosnbuiee snauenue norenuunana kopposuu (£,,) 8 0,1 Mons/M° pactope KOH,
pasHoe 0,000 B, 1 HanMeHbIINI TOK KOPPO3UH XapaKTEPHBI AJISl CTAIILHOTO JIEKTPOA C TOKPHITHEM Ha OCHOBE
cruiasa Cu — Sn, nporpetsivm ipu 400 °C (eMm. puc. 6, 0, kpusast 5). Hanbonee orpunarensuoe snaqenue £,
paBuoe —0,270 B, x0Ts 1 He camMblii BRICOKUH MOKa3aTeilb TOKAa KOPPO3UH, UMEET CTAILHOM JIEKTPo;] 03 1o-
KpbITUSA (CM. puc. 6, a, kpuas /). OcTajabHble JIEKTPOIbl UMEIOT MPOMEKYTOUHOE 3HAYEHHE MOTEHIMAIOB

koppo3uu B npeaenax or —0,050 mo —0,005 B. BonpmMHCTBO U3 3THX 37EKTPOAOB (IEKTPO/BI C HUKEIEBBIMU
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MOKPBITUSIMH, HUCXOHBIE U TTporpeTsie pu 250 °C anekTpons! ¢ mokpeITHsAME Cu — Sn HE3aBHCHMO OT BBIIIIENa-
YHBAHUS ) 110 TTOTEHIIUATY KOPPO3UH OJINM3KH K AIEKTpoAy ¢ iporpeTsiM mpu 400 °C BEIIIEIOUEHHBIM TOKPHITHEM
Cu — Sn (cM. puc. 6, a — 6, kpuBble 2—4, 6, 7).
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Puc. 6. Koppo3HoHHBIe TuarpaMMsI 31ekTposos B 0,1 Moms/mm’ pacteope KOH:
@ — CTaJBHOI AIIEKTPOox 0e3 MOKPBITHS (/) U ¢ HUKEIIEBEIM MTOKPBITHEM (2);
6 — ANEKTPOBI ¢ HEBBIIEIOYEHHBIMH NOKPBHITHAMHU Cu — Sn (3 — ucxonnsle, 4 — mporpetsie npu 250 °C,
5 —mporpertsie pu 400 °C); 6 — ANMEKTPOBI € BBINIETOUSHHBIMI MOKPBITHsIMU Cu — Sn
(6 — ucxonnsle, 7 — nporpetsie npu 250 °C, § — nporpetsie npu 400 °C)

Fig. 6. Corrosion diagrams of electrodes in 0.1 mol/dm® KOH solution:
a — steel electrode (/) and steel electrode with nickel coating (2);
b —unleached Cu — Sn coatings (3 — original, 4 — heated at 250 °C, 5 — heated at 400 °C);
¢ —leached Cu — Sn coatings (6 — original, 7 — heated at 250 °C, § — heated at 400 °C)

Bce nokpeitust Cu — Sn, Kak UCXO/HBIC, TAK U TPOTPETHIC, XapaKTePH3YIOTCS MAIBIMH TOKAMHU KOPPO3HH,
B 220 pa3 MEHBIIUMH, YE€M TOKH KOPPO3UHU JIJIsl HUKEJEBBIX NOKPBITHH. CHIKEHHE TOKa KOPPO3HU 0COOCHHO
3ameTHO B cirydae nporpesa mpu 400 °C (cm. puc. 6, 0, kpusas ). JlaHHBIH (akT MOXKET ObITH 00YCIIOBJIECH Ha-
JIMYHEM B 3THX HOKPBITHAX OOJBIIETO KOJIMYECTBA YCTOHYMBBIX HHTEPMETAIUNINUSCKUX COSANHEHHH MOCIIE IPO-
rpeBa, 4eMm Jio nporpesa. [Ipu BeilenaunBaHum, HA0OOPOT, TOKH KOPPO3UHU BO3PACTAIOT, MIOCKOJIBKY TTOKPBITHS
CTaHOBATCS MEHEE IJIOTHBIMHU (CM. pHC. 6, 8).

3aKiaouenue

[IpennoxkeHbl COCTaB pacTBOPA U YCIOBUS BHGKTpOXI/IMI/I‘leCKOFO ocaxneHus nokpeITuii Cu — Sn (ckopocTh
OCaKIEHUS 3 MKM/4, INIOTHOCTH TOKa 2 MA/cm® ,BT 70 %) W3 CTAaOMILHOTO 3TI/IJ'I€HFJ'II/IKOJ'ICBOFO 3neKTp0nHTa
cozepxkaiuero 0,09— 0 15 moms/am’ CuCl,, 0,05 MOHI)/,IIM SnCl,, 0,09 mons/mm® Na,EDTA, 0,6 mons/mm® HC.
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OrmpeneneHo, 4To MoTydaeMble TOKPBITHS BKIIOUAIOT 0kosio 70 mMac. % Meau M COCTOSIT U3 KpUCTaJLTHYe-
ckux (a3 Meau, UHTEpMeTaInueckoro coequnenus CugSns, HUKeN, Kelesa, TBepaoro pactsopa -(Cu, Sn),
0JI0Ba, a TAK)Xe CJIe0BbIX KonnuecTB okcuoB Meau CuO u onosa SnO,. [1oKpeITHS UMEIOT IEKOPaTUBHBIH BU,
MEJIKO3EPHUCTYIO TUIOTHOYMAKOBAHHYIO CTPYKTYPY M COCTOAT U3 OKPYIVIBIX YaCTHIl C pa3MepaMu B Ipeseinax
50-1000 uM (B ocHOBHOM 0OKOJIO 300 HM).

YCTaHOBIIEHO, UTO 3JICMEHTHBIN COCTAaB IMMOKPBITHI B pe3yibTare nporpesa B armocdepe aprona mpu 250 °C
HE N3MEHSETCs, HO 10JIs1 0JIoBa yMeHbIIaeTcd 1o 20 mac. % B ciaydae nporpesa npu 400 °C. [Ipu nporpese no-
HOTHUTENBHO (POPMUPYIOTCS KpucTamnueckue (assl nHTEpMeTayeckux coeaunennit Cuy,Sn,;, Cu,,Sn,,
a taxke okcuga meau Cu,O;, IPOUCXOTUT U3MEHEHHE (DOPMBI YACTHLL, MPOSBIAETCA UX KpUCTAIIMYECKas
OrpaHKa.

Haiineno, 4o mpu BeIlIeTa4nBaHUK Macca MOKPHITUH M3MEHSETCsl He3HAUUTEIIbHO, B OCHOBHOM 32 CYET
YMEHBILIEHHSI COAEP)KAHUSI MEIU WM MHTEPMETAJUINYECKUX COCIUHEHHUH, COCTaB KPUCTAJUINYECKHUX (pa3 He
MEHSIETCsl, OJIHAKO OOHapy>KuBaeTcs 00pa30BaHME CIIENOBBIX KOJIMUYECTB cMellaHHoro okcunga meau Cu,Os.
BrleniaunBanye NpuBOIUT K YMEHBIIECHUIO CPEAHUX PA3MEPOB YaCTHUL] M TIOSIBIICHUIO MTOP B MOKPHITHSIX.

Be1siBeHO, 4TO Hanbosee BEICOKON AIIEKTPOKATAINTHIECKOH aKTUBHOCTBIO B IIPOLIECCAX BBIIIEJICHUS BOLOPO-
J1a Ha KaToJie M KMCIOPOaa Ha aHoje mpy snekTporuse 0,1 Moms/am’ pactBopa KOH, npeBbImasolieil aKTHBHOCTb
JIEKTPOMIOB C HUKEJIEBBIM ITOKPBITHEM, 0051a1afoT porpeThie mpu 400 °C mokpeiTis Cu— Sn. BeimenaunBanme
BBI3bIBACT HEOOIBIIOE YBEINYCHUE X AKTHBHOCTH.

ITokazano, yTo HaMMeHbIIMNI TOK Koppo3uu B 0,1 MOJTB/ M’ pactBope KOH xapakrepeH ans snekTpona
C TIOKpBITHEM Ha 0cHOBe citaBa Cu — Sn, mporpeTsiM pu 400 °C. BeimenaanBanue CHUKAEeT KOPPOIUOHHYIO
YCTOMYNBOCTH MOKpBITHI Cu — Sn.
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BbICOKOqVBCTﬁMTEABHbIﬂ CEHCOP .
C IOAUBUHUAXAOPUAHOU NMOHOOBMEHHOU MEMBPAHOU
N ETO NCITIOAB3OBAHUE AAS OITPEAEAEHVA BUHITOLETMHA
B AEKAPCTBEHHBIX CPEACTBAX
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YcTaHOBIIEHO, YTO IPABUIIEHBIHN BEIOOP HOHOOOMEHHNKA, TUIACTU(HKATOPA U YCIIOBUI M3MEPEHUSI TTIO3BOJISIET MOITYyYHTh
3HAUUTEIIBHO JIYUIlIIe aHATUTHUECKHUE XapaKTEPUCTUKU BUHIIOLETUH-1yBCTBUTENILHBIX 3JIEKTPOJ0B HA OCHOBE KOMMEPYECKU
JOCTYIHBIX KOMIOHEHTOB 10 CPABHEHUIO C aHATUTHUECKUMU XapaKTepUCTUKAMU, OMMCAHHBIMU B IuTeparype. OnpeneneHo,
410 BIMsHUE pH Ha OTKIIMK BUHITOLETHH-TYBCTBUTEIBHBIX AJIEKTPOIOB TPOUCXOANT B TOPA30 OoJiee KUCIIBIX CPEaax, 4eM
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HEOOMEHHYIO DKCTPAKIIMIO BUHITOLETHHA B MEMOpaHy Ha CTa/IUsIX KaK KOHJUIIUOHUPOBAHUS IEKTPO/IA, TAK U IPOBEICHHMS
n3mepenuii. [IpeioskeHbl METOMKY OTIpe/IeNIeHNs] BUHITOLIETHHA B JIEKAPCTBEHHBIX (hopMax (TabieTkax u pacTBopax st
MHBEKIMI) B BapHaHTaX MPSIMOA MOTSHIIMOMETPUH U TIOTEHIIMOMETPHYECKOTO TUTPOBAHHS, OTJIMYAIONINECS TPOCTOTOH,
SKCHPECCHOCTBIO M BHICOKUMH METPOJIOTHYECKUMHU XapaKTePUCTUKAMU.

Knroueswvie cnosa: MOTCHIIUOMCTPUS; HOHOCEICKTUBHBIA OJICKTPOJ; BUHIIOLICTUH, J'II/IHO(l)I/IJ'IBHBIG (I)I/IBI/IOJ'IOFI/I‘IGCKI/I
AKTHBHBIC aMUHBI; (i)apMaIIGBTI/I‘{eCKI/Iﬁ aHaJlIu3.

bnazooapnuocms. ViccnenoBanue BBHITOTHEHO MpH (HHAHCOBOHW mMopanepkke MuHUCTepcTBa 0Opa3oBaHus Pecmy0-
mku benapycs (3amanme 2.1.01.02/2 rocymapcTBeHHOH MPOrpaMMbI Hay9HBIX UCCICIOBAHUN « XUMHUYECKIE TEXHOIOTHH,
MIPOIIECCHI M peakTuBbI», Ne roc. peructparuu 20210513).

O0pa3en UUTHPOBAHUS:

Canux @A, Hoakosckuii A/l, 3aitiera FOT', Eropos BB. Bricoko-
YyBCTBUTEIIBHBIN CEHCOP C MOMMBHHIIXIOPHUAHON HOHOOOMEHHOM
MeMOpaHOH U ero UCIIONIb30BaHUE AJIs1 OLPEEIICHS BUHIIOLETHHA
B JICKapCTBEHHBIX cpencTBax. Kypuan benopycckozo cocydap-
cmeennozo yHueepcumema. Xumus. 2024;1:33—45 (na anr.).
EDN: QEKTCT

For citation:

Salih FA, Novakovskii AD, Zaitseva YuG, Egorov VV. Highly
sensitive ion-exchanger based polyvinyl chloride membrane sen-
sor for determination of vinpocetine and its use in drugs analysis.
Journal of the Belarusian State University. Chemistry. 2024;
1:33-45.

EDN: QEKTCT

ABTOpBI:

Daiican Aodyna Canux — TUPEKTOP 110 3IPABOOXPAHCHHUIO U Oc-
30macHocTH, aCHPAHT KadheIphl AHATHTHICCKON XIMUH XHMH-
YECKOIo (baKyJ'ILTCTaZ). Hayunslii pykoBonutens — B. B. Eropos.
Anopei /Imumpuesuu Hosaxkosckuii — KaHAUJAT XUMUYECKUX
HayK, IOLCHT; JOIEHT Kaderpbl aHATUTHIECKOH XUMUH XUMH-
yeckoro (akyasTeTa”’, CTaplInii HayqHbIH COTPYIHHUK J1abopa-
TOpUH (PU3HKO-XUMHUUECKUX METOJIOB HCCIICJOBAHUS .

HOnua I'ennaovesna 3aiiyeea — CTyIeHTKa XUMUIECKOTO (ha-
kyasrera. Hayunslit pykoBoaurens — B. B. Eropos.
Bnaoumup Bnaoumupoeuu E20pog — NOKTOp XUMHUUYECKHX HayK,
npodeccop; mpodeccop Kadeapbl aHATUTUICCKOH XUMHUU XHUMH-
4eCKOro (haKymsTeTa”, TIaBHbI HayqHbIH COTPYIHHK TaG0paTo-
pHu QU3HKO-XMMHYECKHX METOJIOB HCCIICOBAHUS .

Authors:

Faisal Abdula Salih, director of health and safety” and postgra-
duate student at the department of analytical chemistry, faculty
of chemistry®.

faisal_abl@yahoo.com

Andrei D. Novakovskii, PhD (chemistry), docent; docent at the
department of analytical chemistry, faculty of chemistry®, and
senior researcher at the laboratory of physico-chemical inves-
tigations®.

navakouski@bsu.by

Yulia G. Zaitseva, student at the faculty of chemistry.
egorvw(@bsu.by

Vladimir V. Egorov, doctor of science (chemistry), full profes-
sor; professor at the department of analytical chemistry, faculty
of chemistry®, and chief researcher at the laboratory of physico-
chemical investigations®.

egorvw(@bsu.by

33



Kypnaa Besopycckoro rocyiapcrseHHOro ynusepeurera. Xumus. 2024;1:33—-45
Journal of the Belarusian State University. Chemistry. 2024;1:33—-45

HIGHLY SENSITIVE ION-EXCHANGER
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It has been established that the correct choice of the ion-exchanger, plasticiser and the measurement conditions makes
it possible to achieve analytical characteristics of vinpocetine-sensitive electrodes based on commercially available
components, far superior to those described in the literature. It has been found, that the effect of pH on the vinpocetine-sensi-
tive electrodes response takes place in much more acidic media than might be expected from protolytic equilibrium and is due
to the extraction of the molecular form of vinpocetine into the membrane phase from both external and inner solutions. Very
good parameters of selectivity (from —7.4 to —9.8 in respect to inorganic ions), lower detection limit (1.7 - 10 mol - L ™),
linear response range (1.0 - 10°° mol - L™"), and potential reproducibility (£0.06 mV in 1.0 - 10 * mol - L' solution of
vinpocetine) are achieved using 2-nitrophenyl octyl ether as a plasticiser, potassium tetrakis(4-chlorophenyl)borate as an
ion-exchanger and creating conditions that exclude non-exchangable extraction of vinpocetine into the membrane at the
stages of both conditioning the electrode and performing measurements. Methods for the determination of vinpocetine in
dosage forms (pills and solutions for injections) using both direct potentiometry and potentiometric titration techniques
characterised by simplicity, rapidity and high metrological characteristics have been proposed.

Keywords: potentiometry; ion-selective electrode; vinpocetine; lipophilic physiologically active amines; pharmaceu-
tical analysis.
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Introduction

Potentiometric method of analysis using ion-selective electrodes (ISE) due to a number of objective advan-
tages (high selectivity, sensitivity, the ability to work in turbid and coloured media, ease of sample preparation,
rapidity, low cost of instrumentation, ease of automation, the possibility of non-destructive control, monitoring,
remote signal transmission, etc.) is widely used in the analysis of technological, medical, agricultural and natural
objects, as well as in scientific research.

The prospects of ISE application in pharmaceutical analysis are due to the following factors. Firstly, the
presence of a large number of potential objects of analysis, since many hundreds of physiologically active
substances of dosage forms are substances of ionogenic nature, easily determined with the help of ISE. Se-
condly, the relative ease of development and fabrication of ISEs reversible to physiologically active cations and
anions, since their selectivity with respect to inorganic ingredients of dosage forms, as a rule, is predetermined
by the higher lipophilicity of the ion to be determined, and selectivity with respect to accompanying organic
ingredients can often be controlled by rational choice of membrane components and pH of the solution under
study. Thirdly, it is important that the composition of pharmaceutical objects is deterministic, and this makes it
possible to estimate in advance the influence of the matrix effect and guarantee the absence of gross blunders
possible in the analysis of objects of uncertain composition, for example, environmental, due to insufficient
selectivity of ISE [1]. The distinctive feature of performing pharmaceutical analyses by means of ISE, as com-
pared to the high-performance liquid chromatography method, is the absence of the need to use expensive and
toxic solvents that pollute the environment (potentiometry is recognised as a «green», environment-friendly
technique), as well as the possibility of monitoring the release of the active substance from dosage forms in
real time. Highly lipophilic physiologically active amines usually form poorly soluble precipitates with general
alkaloid precipitators; thus, it is possible to use the method of precipitating potentiometric titration [2; 3]. Direct
potentiometry and potentiometric titration methods are essentially independent, which allows one to control
the reliability of the analysis results.
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According to the work [4], potentiometry ranks third among all analytical methods in the pharmaceutical
industry after chromatography and spectrophotometry, and about 20 % of all publications devoted to pharma-
ceutical analysis are on potentiometric techniques. Hundreds of articles describing the use of ISE for quality
control of pharmaceuticals have been published and summarised in reviews and monographs [4—9] and this
method is included as an official one in the state pharmacopoeias of leading countries [10—12].

One of the promising objects for potentiometric determination using ISE
is vinpocetine, widely known as «Cavintony, apovincaminic acid ethyl ester,
synthetic compound derived from vincamine, a substance found naturally in
the leaves of the lesser periwinkle plant (Vinca minor). Various dosage forms
of vinpocetine are widely used in medical practice for the treatment of dis-
orders arising from cerebrovascular and cerebral degenerative diseases and
are produced by a number of pharmaceutical enterprises in the Republic of
Belarus. The structural formula of vinpocetine is shown in fig. 1.

Currently, for quantitative determination of vinpocetine in dosage forms
and other objects, the high-performance liquid chromatography method with
reversed phases in variants of gradient [13; 14] or isocratic [15] elution is recommended. The disadvantages of
this method are labour-intensive sample preparation procedure due to the necessity of separation from insoluble
matrix components, duration, use of toxic organic solvents and expensive equipment as well as the duration and
labouriousness of sample preparation due to the need to separate matrix components (when analysing pills),
which can damage the chromatographic column.

Vinpocetine is a very hydrophobic substance (the logarithm of the distribution constant between water
and n-octanol is 4.23) [16], and according to the pK, values given in the literature (from 6.94 [17] to 7.31
[18-20]), which agree with each other quite well, it exists in the cationic form in a rather wide pH range. This
opens up the possibility of its potentiometric determination using ISE. To date, only one electrode for the
determination of vinpocetine with a dioctylphthalate-plasticised polyvinylchloride membrane containing a salt
of vinpocetine with phosphorus tungstic acid as an ion-exchanger has been described [21]. However, the choice of
membrane cornposrtlon is not Justlﬁed in any way, the electrode is characterised by a narrow range of functlomng
(from 1 102 to 1-10"* mol - L™") and insufficiently hlgh selectwlty to metal ions (values range from n - 10~ to
n-107%). In addition, according to the information glven in the work [21], the potential of the electrode was not
affected by the pH over a range of 1.5-5.8 for 1-102 mol - L™! vinpocetine solution. These data are puzzling,
because they are in flagrant contradiction both with the literature data on the solublhty of Vmpocetlne [19],
accordrng to which the solub111ty of vinpocetine in water at pH 5 is 93 mg/L or 2.7 - 10 *mol - L™, and at pH 6 it
is 12mg/Lor3.4- 10 mol - L , and with the results of our studies, according to which at pH values >5.5 pre-
crprtatron from 1-10* mol - L™ solution was observed.

The aim of the present study was to show that a reasonable choice the ion-exchanger, plasticiser and the
measurement conditions makes it possible to achieve very good analytical characteristics of vinpocetine-sen-
sitive electrodes (Vin-SE) based on commercially available components, far superior to those described in the
literature, and to provide very high accuracy of analysis results.

Fig. 1. The vinpocetine formula

Experimental part

Reagents and materials. Potassium tetrakis(4-chlorophenyl)borate (KTpCIPB), 2-nitrophenyl octyl ether
(2-NPOE), tris(2-ethylhexyl)phosphate (TEHPh) and high molecular weight polyvinyl chloride (PVC) were of
Selectophore grade (Fluka, Switzerland). Vinpocetine substance was obtained from republic unitary enterprise
«Center for Expertise and Testing in Health Care» (Belarus). Sodium tetraphenylborate (NaTPhB) of grade «p. a.»
was from AppliChem (Germany). Tetrahydrofuran (THF) was from Vekton (Russia). Tris(octyloxy)benzene sul-
fonic acid (TOBS), 97 % main substance content, was synthesised at the department of analytical chemistry
(Belarusian State University) and purified by column chromatography according to [22]. All other salts, alkalis
and acids used for the preparation of solutions were purchased from the company «Reachim» (Russia) and
were of grade «puriss.» or «pur.». Pills «Vinpocetine forte borimed» in dosage 10 mg (Borisov Plant of Medical
Preparations, Belarus), «Vinpocetine» in dosage 5 mg (Pharmland, Belarus) and solutions for injections in
ampules «Cavinton» in dosage 10 mg in 2 mL (Gedeon Richter, Hungary) were purchased from the pharmacy
chain in Minsk.

Manufacturing of electrodes. The membrane cocktails were prepared by dissolving appropriate amounts
of PVC, plasticiser and ion-exchanger in the freshly distilled THF. After the cocktails were stirred for 2 h,
they were poured into the glass ring fixed on the glass plate. THF was evaporated overnight yielding parent
membranes of about 400 pm thickness. Disks of 11 mm diameter were cut from the parent membranes and
glued to the PVC tubes with a THF — PVC composition. Concentrations of the components in the membrane
were as follows: 32.8 wt. % of PVC, 66.6 wt. % of 2-NPOE, and 0.6 wt. % or approximately 0.01 mol - L'
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of KTpCIPB. The inner solution containing 1 - 10 mol - L vinpocetine hydrochloride was 1ntroduced and the
electrodes were conditioned overnight in 1- 107> mol - L' vinpocetine hydrochloride solutlon in 1-10%mol - L™
orthophosphorlc a01d After condltlomng the electrodes were washed with a 1-107° mol - L™ solution of vin-
pocetine in 1-107 mol - L™ phosphoric acid for 5 h with constant stirring of the solution. To minimise the
transmembrane transfer of vinpocetine from the internal solution into the test solution (which can lead to an
1ncrease in the lower detection limit and potentlal drift i in the low concentratlon region [21; 22], in some cases
1-107 mol - L™ tetracthylammonium chloride in 1-10~ mol - L™ orthophosphoric acid was introduced into
the internal solution instead of vinpocetine. This ensured the maintenance, due to the ion-exchange process, of
a low but stable concentration of the cationic form of vinpocetine in the internal solution, which was necessary
to stabilise the potential at the inner membrane interface.

Potentiometric measurements technique. All measurements were carried out at (20 + 2) °C using pH-meter-
ionometer «Ecotest-120» (Econix, Russia) connected to personal computer with automatic recording of electromo-
tive force values. The saturated Ag, AgCl reference electrode EVL-1M3 and glass electrode for pH measurements
ESL-43-07 were from the company «Gomel Plant of Measuring Instruments» (Belarus). The silver wire coated
with electrodeposited AgCl was used as the inner reference electrode. A constant rate of stirring (500 rpm) was
maintained with an RST magnetic stirrer (/K4, Germany). The automatic titration unit BAT-15.2MP (Gomel Plant
of Measuring Instruments) was used to perform potentlometrlc titration in automatic mode.

To determine the pH range of functioning, a 1-10~* mol L™ solution of vinpocetine 1n a buffer mixture at pH
value of about 2 (0.02 mol - L™" acetic acid, 0.02 mol - L™ boric acid and 0.02 mol - L phosphoric acid) was
prepared. To adjust the pH of the sample solution, portions of 20 pL of 2.5 mol - L™' sodium hydroxide solu-
tion were used. Four minutes after each addition, the pH was recorded with a glass electrode calibrated using
standard buffer solutions and the potential of the vinpocetine-sensitive electrode was measured. The maximum
volume of added alkali was no more than 2 % of the initial volume of the solution, so the change in potential
due to dilution of the solution was neglected.

The electrode functions were obtalned by the method of sequential two-fold dilution of the initial 1 - 10~ mol - L™
solution of vinpocetine with 1 - 102 mol - L™' phosphoric acid or with universal buffer mixture with pH 4. From
the obtained £ — log C dependences the slopes of the electrode functions, the linear response ranges and the lower
detection limit values were found. The linear response ranges value was determined as the range of vinpocetine
concentrations within which a deviation of measured electromotive force values from the linear dependence of
E —log C did not exceed 3 mV. The lower detection limit value was determined as a vinpocetine concentration
corresponding to a deviation of the experimentally determined potential value from the extrapolated linear
portion of the electrode response by RT/FIn2 (in V) [23].

Unbiased selectivity coefficients were obtained using a modified separate solution method proposed by
Bakker [24]. In all cases, the potentials were determined at two different concentrations of each ion, differing
by an order of magnitude, and the slopes of the electrode response in solutions of each ion were checked. In
the overwhelming majority of cases the slopes were close to the Nernstian one. The values of the selectivity
coefficients were calculated according the formula

E, —Ey, F ay;
log K2 =( S VinJ  |gg2Vin
SV =T 303RT 8 L
afJ

where E; and Ey;, are the potentials in solutions of the foreign ion J and vinpocetine; F'is the Faraday constant;
R is the universal gas constant; T is the temperature, K; a;, and a, are the activities of the corresponding
ions; Z, is the charge of the foreign ion J. The activity values were calculated using the extended Debye —
Hiickel equation for solutions with ionic strength up to 0.1, and using the Davis equation for solutions with
higher ionic strength.

Determination of vinpocetine in dosage forms. Vinpocetine in dosage forms was determined by direct
potentiometry and precipitating potentiometric titration with NaTPhB. In case of direct potentiometry we used
the method of standard solution based on alternate measurement of the potential in the analysed solution and
a standard solution close to the analysed concentration. Vin-SE plasticised with 2-NPOE was chosen as an indi-
cator electrode. Calculation of the experimentally determined concentration of vinpocetine in the analysed
solution was carried out according to the formula

(Ex_Est)
C,=C,-10 0 |

where 0 is the slope of the electrode function, mV per decade. Then, taking into account dilution, the mass of
vinpocetine in tablet or concentration in solution for injection was found.
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In the determination of vinpocetine by potentiometric titration method, NaTPhB solution prepared according
to the following procedure was used as a titrant. Sodium tetraphenylborate weighing 35 g, weighed to the first
decimal point, transferred into a beaker with a capacity of 1000 cm®, added 500 cm”® of distilled water, 5 cm®
of aluminium chloride solution (mass concentration 0.5 %), brought the volume of water to 1000 cm”, stirred
and stood for 12 h. Then filtered through a paper filter. The prepared solution was diluted with distilled water
10 times, obtaining the concentration of NaTPhB ~ 0.01 mol - L™". Solutions of lower concentration were pre-
pared directly on the day of measurements.

Preliminary titration was carried out in manual mode with constant stirring of the solution with a magnetic
stirrer. In order to avoid excessive consumption of titrant for the formation of precipitation with potassium ions,
an equitransferent mixture of NaCl and Na,SO, was used as the electrolyte of the external reference electrode.
The ionometer reading was taken after a constant potential value was established, approximately 1 min after
addition of the next portion of titrant. In the vicinity of the equivalence point, the titrant was added dropwise.
Construction of titration curves and finding the equivalence point by the second derivative of the function
E =f(Varpnp) Was carried out using the computer program OriginPro of version 9.5 (OriginLab, USA). Typi-
cal titration curves are presented in fig. 2. There is a well-defined potential jump on the curves, which allows
to establish the equivalence point with high accuracy.

\
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Fig. 2. Titration curves of vinpocetine standard solution with NaTPhB.
The results of three consecutive measurements are presented

Further titration was carried out in automatic mode up to the set potential using the automatic titration unit
BAT-15.2MP at the following values of the set parameters: titration end potential is 10 mV higher than the
experimentally determined potential of the equivalence point (correction taking into account the slow establish-
ment of the equilibrium potential value near the equivalence point); width of the titrant pulse zone is 0.9; delay
time is 10 s. Equal aliquots of the test and standard solutions were titrated alternately. Titration was carried out
with constant stirring of the solution with a magnetic stirrer. The time from the beginning to the end of titration
did not exceed 5 min.

The concentration of vinpocetine in the tested solution was calculated according to the formula

Co=——x (1)

where C, is concentration of vinpocetine standard solution; ¥, is volume of titrant at the equivalence point when
titrating the vinpocetine solution under study, mL; V, is volume of titrant at the equivalence point during titration
of standard vinpocetine solution, mL.

Results and discussion

The data in table 1 show that the selectivity of Vin-SE significantly depends on the nature of both plasticiser
and ion-exchanger. When 2-NPOE is replaced by TEHPh, as well as when KTpCIPB is replaced by TOBS
potassium gold (KTOBS), the interfering influence of inorganic cations sharply increases. This is explained
by the strong electron-donor properties of TEHPh, which can energetically solvate small-sized cations, as well
as cations of amines with a lower degree of substitution of the nitrogen atom (rimantadine, diethylamine) and
is consistent with the previously discovered patterns of the influence of the nature of the plasticiser on the
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selectivity of electrodes to amine cations [25; 26]. As for the selectivity to quinine, which, like vinpocetine, is
a tertiary amine, the observed effect of the plasticiser is associated with the presence of a hydroxyl group in
the quinine molecule, which can be solvated by electron-donor solvents by the mechanism of hydrogen bond
formation. The influence of the nature of the ion-exchanger on the selectivity is logically explained by their
different ability to ionic association with the basic and foreign ions. The anion TpCIPB™, as well as other tet-
raphenylborate derivatives, is characterised by a minimal ability to associate with most cations due to strong
charge delocalisation. The value of the association constant depends relatively little on the nature of the ca-
tion [27]. At the same time, in the anion of TOBS™ the negative charge is concentrated on the oxygen atoms of
the sulfogroup. This causes a much greater ability to form ionic associates with cations compared to TpCIPB",
which increases with decreasing cation size, and in the series of amine cations — with decreasing degree of
substitution of the nitrogen atom [27].

Table 1
Effect of the nature of plasticiser and ion-exchanger on the selectivity of Vin-SE
. log Kt s
Foreign ion -
KTpCIPB, 2-NPOE KTpCIPB, TEHPh KTOBS, 2-NPOE
Li" Less —9.8 —-4.15+0.05 Less —5.9
Ca”" Less —9.7 —6.67 +0.05 -5.05+0.1
Na* -9.0+0.1 -4.99 £ 0.05 -423+0.2
H' -9.0+0.1 -2.98£0.03 -
K" —7.44 £ 0.04 —5.59 £0.05 -4.37+0.2
Et,NH; ~4.85+0.05 -3.45+0.05 -3.74+0.2
Rimantadine -2.95+0.05 -0.55£0.05 -1.82£0.05
Quinine -2.10%+0.1 -0.77£0.05 -1.17+0.11

The selectivity parameter is directly related to another important characteristic of the electrode, namely the
lower limit of detection, which in some cases can be limited by the presence of a foreign ion [28]. The above is
illustrated in fig. 3, which shows the electrode functions of electrodes with membranes plasticised with 2-NPOE
and TEHPh in solutions of vinpocetine in 10~ mol - L™ phosphoric acid. The sharp narrowing of the linear
range of function for the electrode with TEHPh plasticised membrane is explained by the strong interfering
influence of hydrogen ion (see table 1). At the same time, as it was shown in [29-31], the use of low pH values
is a necessary condition for reliable functioning of ISEs reversible to cations of highly lipophilic physiologically
active amines.

150

TEHPh
—e—2-NPOE

100

50

E, mV

p CVin

Fig. 3. Effect of plasticiser on the response
of Vin-SE in 107 mol - L™ phosphoric acid solutions

Further studies were carried out with an electrode with a membrane plasticised with 2-NPOE and containing
KTpCIPB as an ion-exchanger. Figure 4 shows the dependence of the electrode potential on pH. It can be
seen that the potential drop starts much earlier than it follows from the protolytic equilibrium in solution.
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Based on the vinpocetine values of pK,, given in the literature, a twofold decrease in the concentration of the
protonated form should occur at pH value of about 7, which corresponds to a decrease in the potential by
18 mV. In reality, such a change occurs much earlier, at pH value of about 5. A similar effect was observed
earlier for the verapamil-sensitive electrode [29] and was explained by intensive extraction of the molecular
form of amine into the membrane by the mechanism of dissociative extraction. This leads to a sharp decrease
in the total concentration of amine in the near-electrode layer of the solution in contact with the membrane
and, accordingly, to a decrease in the concentration of the protonated form, compared to the concentration in
the solution volume.

100 |-
80

60

E, mV

40 -

20

Fig. 4. Dependence of Vin-SE potential on pH

Figure 4 shows that the electrode potential does not change much up to pH 4. However, in practice, the
requirements for the pH range should be even more stringent, especially when working with low concentrations.
The above is illustrated by the data shown in fig. 5. It can be seen that the concentration range of Vin-SE
response in 102 mol - L™ phosphoric acid (pH value of about 2.3) is significantly extended, and the lower limit
of detection is reduced by more than an order of magnitude than in solutions with pH 4. Thus, not the entire
width of the operating pH range, determined from the potential versus pH, provides optimal electrode per-
formance. This apparent contradiction is due to the fact that the dependence of the potential on pH is studied
at a fixed concentration of vinpocetine in solution, therefore, a decrease in the concentration of vinpocetine in
the near-electrode layer of the solution by several percent compared to the bulk concentration has little effect
on the value of the potential. However, when a concentrated solution is replaced for a dilute one, the increase
in the amine concentration in the solution due to re-extraction from the membrane can be significant. So, the
correct choice of the pH value is of paramount importance when working with highly lipophilic physiologically
active amines like vinpocetine. In the following all measurements were carried out against 10> mol - L™
phosphoric acid.

100 &
LR pH 4
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Fig. 5. Effect of pH on the Vin-SE response

39



Kypnaa Besopycckoro rocyiapcrseHHOro ynusepeurera. Xumus. 2024;1:33—-45
Journal of the Belarusian State University. Chemistry. 2024;1:33—-45

Determination of vinpocetine in pills «Vinpocetine forte borimed» (Borisov Plant of Medical Prepara-
tions) by direct potentiometry. One package contains 3 blisters, 10 pills each; the nominal weight of vinpocetine
in one pill is 10 mg. In addition to vinpocetine, the pills contain excipients: lactose monohydrate, microcrystalline
cellulose, magnesium stearate, talc, povidone (low molecular weight medical polyvinylpyrrolidone 12 600 £2700),
potato starch. First, the total masses of the pills in each of the three blisters were determined, which were 1.9560;
1.9640 and 1.9844 g. Next, the average content of vinpocetine per pill in a blister with an intermediate mass
of 1.9640 g was determined and individual pills with minimum, maximum and intermediate weight, selected
from the two remaining blisters were analysed.

To determine the content of vinpocetine in one individual pill, it was placed in a chemical beaker, 40 mL of
1-1072 mol - L™ phosphoric acid was added and stirred on a magnetic stirrer for about 30 min. Then the content
of the beaker was quantitatively transferred into a 100 mL volumetric flask, rinsed repeatedly with a solution of
1- 1072 mol - L™ phosphoric acid, adjusted to the mark with the same solution, mixed and allowed to stand
for 5-10 min. The sediment of insoluble ingredients of the pill present at the bottom did not interfere with the
determination. When determining the content of vinpocetine in a blister (10 pills), the volume of phosphoric
acid used for dissolution was increased 10 times. At the same time, a standard solution containing 50.00 mg
of vinpocetine substance in 500 mL of 1 - 10 mol - L™ phosphoric acid, as well as a solution for washing the
electrode between measurements (1 - 10 ° mol - L™! vinpocetine in 1 - 102 mol - L' phosphoric acid) were
prepared.

To perform measurements, about 20 mL of the test, standard and washing solutions were placed in che-
mical beakers with a capacity of 50 mL and the magnetic stirrer arms were immersed there. Next, the indicator
electrode and the reference electrode were immersed in a standard solution and kept under stirring until the
potential was close to constant (so that the drift did not exceed 0.1 mV/min). Then the electrodes were blotted
with filter paper, immersed in a washing solution and washed with stirring to a potential value 90-100 mV
lower than the potential in the standard solution. Next, alternate measurements of potential values were carried
out in the test and standard solutions at the same stirring rate (500 rpm), recording the potential value exactly
2 min after turning on the stirrer and each time washing the electrode between measurements. It is important
to note that there is no need to wash the electrode to the lowest possible potential, which may require a long
time and several changes of the washing solution, but it is important to wash the electrode to the same potential
each time. In this case, each subsequent measurement begins from the same «starting position» of the electrode.
Standardisation of washing and measuring procedures (constant stirring conditions and equal potential recording
times) allows very high reproducibility of results to be achieved. The mass of vinpocetine in a pill (m,) was
calculated using the formula (1).

Table 2 shows typical measurement results, which are characterised by very good repeatability. Similar
results were obtained for other samples as well. The results of statistical processing of the obtained data are
shown in table 3.

Table 2
Results of determining the content of vinpocetine
in an individual pill with an intermediate weight (m = 198.75 mg)
Serial number of measurement Eg, mV E.,mV E.—Eg,mV m,, mg
1 173.0 173.3 0.3 10.12
2 173.1 173.4 0.3 10.12
3 173.0 173.2 0.2 10.08
4 172.9 173.2 0.3 10.12
5 173.0 173.2 0.2 10.08
6 172.9 173.2 0.3 10.12
7 173.0 173.2 0.2 10.08
8 173.0 173.4 0.4 10.16
9 173.1 173.4 0.3 10.12
10 173.0 173.4 0.4 10.16
Note. Ey,gpine 18 86 mV, vinpocetine content in the standard solution was 100 mg/L, standard

deviation (SD) is 0.030 mg, standard relative (S,) is 0.3 %, mean mass is (10.12 £ 0.02) mg.
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One can see that the results of the determination of vinpocetine in all four samples are characterised by very
high repeatability (the SD of the average value does not exceed 0.013 mg, which corresponds to S, = 0.13 %).
According to the Fisher test, the results of the analysis of all samples are equally accurate at a significance
level of 0.05. However, the discrepancy in the mass of vinpocetine in individual pills reaches 0.4 mg, which
significantly exceeds the values of the confidence intervals, and the observed differences, according to the
Student’s test, are statistically significant. Since the highest content of vinpocetine was found in the pill with
the maximum weight, and the lowest — in the pill with the minimum weight, it was of interest to compare the
normalised contents of vinpocetine in individual pills, corrected for the deviation of the weight of the individual
pill from the average value:

m

m _ averaged
o Y m sample ’
where m,,qeq 1S the averaged weight of one pill in the package, equal to 196.81 mg; mg,,. is the weight of

the pill of the test sample.

It turned out that although the normalised values agree much better with each other (the maximum difference
is 0.15 mg), the differences, according to the Student’s test, are still statistically significant. This allows us to
conclude that the observed differences in the content of vinpocetine in individual pills may be due not only
to dosing inaccuracy during their formation, but also to the non-uniformity of the molding mass. At the same
time, neither the discrepancy in the masses of the pills, nor the variation in the content of vinpocetine in them
goes beyond the requirements of the Pharmacopoeia [12], according to which for pills weighing from 80 to
250 mg, the deviation of the mass from the declared value should be no more than 7.5 %, and the relative SD
of the active substance in the dosage form should not exceed 6 %.

Determination of vinpocetine in pills «Vinpocetine» (Pharmland) by direct potentiometry. A solution of
5 pills in 500 mL of 10> mol - L™ phosphoric acid was prepared and the potential values in the standard and
analysed solutions were measured alternately according to the algorithm described above. The vinpocetine
content was determined in the same solution by potentiometric titration. Aliquots of the analysed and standard
solutions were 50 mL, vinpocetine concentration in the standard solution was 1-10~*mol - L™ (35.05 mg/L),
titrant with concentration of about 1- 10~ mol - L™ was used. The results obtained are summarised in table 4.

Table 4

Results of vinpocetine determination in pills
by direct potentiometry and potentiometric titration methods

Direct potentiometry Potentiometric titration
Ey, mV E,mV m,, mg Vi V. m,, mg

47.7 56.8 5.03 5.48 7.88 5.04
47.6 56.5 4.99 5.46 7.88 5.06
47.6 56.5 4.99 5.38 7.82 5.09
47.4 56.4 5.01 5.46 7.88 5.06
47.5 56.4 4.99 5.42 7.88 5.11
49.3 58.5 5.05 5.46 7.88 5.06
49.9 59.0 5.03 5.48 7.88 5.04
50.4 59.5 5.03 5.48 7.82 5.00
50.9 60.0 5.03 5.50 7.88 5.02
51.2 60.1 4.99 - - -

Note. For direct potentiometry method <m,>is 5.014 £0.016, SD is
0.023, S, is 0.46 %, F_,,, is 2.18, for potentiometric titration method <m,>
is 5.053 £0.026, SD is 0.034, S, is 0.67 %, Fi,,. is 3.39.

It is clear from the above data that the results obtained by both methods have a very good reproducibility
and are equivalent according to the Fisher’s criterion. At the same time, the determination results obtained
by both methods are in excellent agreement with each other. Since the methods of direct potentiometry and
potentiometric titration are essentially independent, the observed coincidence of the analytical results indicates
their reliability.

Determination of vinpocetine in solution for injection (Gedeon Richter). The contents of 5 ampoules were
combined, 10 mL of the solution was withdrawn by pipette and brought to 1 L with 10~ mol - L™ phosphoric
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acid solution. The concentration of vinpocetine in the resulting solution was determined by potentiometric
titration. The concentration of vinpocetine in the standard solution was 35.05 mg/L.

The total vinpocetine content in the ampoule and its concentration were determined by direct potentio-
metry method. For this purpose, the density of the solutions of this set was determined by pycnometric method
(1.0329 g/mL), and the mass of the solution was found by the difference of the ampoule with and without
solution, which was quantitatively transferred into a 100 mL measuring flask. The concentration of vinpocetine
in the standard solution was 100.0 mg/L. The results of the determination are summarised in table 5.

Table 5

Comparative data of vinpocetine determination in solution
for injection by direct potentiometry and potentiometric titration methods

Direct potentiometry (V,,,,= 2.165 mL) Potentiometric titration
Eg, mV E,mV C,, mg/mL Vi V. C,, mg/mL
206.2 208.2 5.0103 5.40 7.78 5.05
206.2 208.1 4.9900 5.40 7.78 5.05
206.0 208.2 5.0511 5.38 7.70 5.02
205.9 208.2 5.0716 5.38 7.70 5.02
206.1 208.4 5.0716 5.40 7.74 5.02
206.2 208.4 5.0511 5.40 7.74 5.02
206.2 208.6 5.0923 5.40 7.70 5.00
206.3 208.5 5.0511 5.40 7.70 5.00
206.3 208.6 5.0716 5.40 7.72 5.01
206.2 208.2 5.0308 5.40 7.70 5.00

Note. For direct potentiometry method <C,>is 5.0492 £ 0.0223, SD is 0.031, S, is
0.61 %, F, is 2.66, for potentiometric titration <C,> is 5.02 = 0.0223, SD is 0.019,

> Lexp

S, is 0.38 %, Fyy. is 3.18.

It can be seen that, as in the case of tablet analysis, the methods of direct potentiometry and potentiometric
titration are characterised by very high accuracy and agree well with each other.

It should be noted that the difference between the results of single measurements and the average values
calculated from 10 repetitions in the vast majority of cases does not exceed 0.5 %, which makes it possible to
get by with a minimum number of repeated measurements when performing real analyses. Taking into account
the low cost, simplicity, rapidity and high accuracy of the described method, it may be of interest for use in
laboratories of pharmaceutical enterprises, primarily at the stages of inter-operational control of technological
processes, for example, to control the uniformity of the composition of the molding mass.

Conclusions

It is shown that rational choice of plasticiser (low solvating ability) and ion-exchanger (low propensity to
ion association), which can be carried out on the basis of general principles of functioning of ion-selective
electrodes allows to obtain an electrode with very good analytical characteristics. The choice of conditions
for performing measurements that exclude the extraction of the molecular form of lipophilic amine into the
membrane phase is also very important. Standardisation of the procedures for performing measurements and
washing the electrodes ensures very high reproducibility of direct potentiometric determination, which is not
inferior to the reproducibility of the most advanced methods of instrumental analysis. The good agreement of
the results obtained by direct potentiometry and potentiometric titration methods indicates their reliability. We
believe that similar approaches may be useful in the development of electrodes for the determination of other
highly hydrophobic physiologically active amines.
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_ CHHTE3 1 HEKOTOPBIE CBONCTBA
COAEUN TTIOAU-5-BUHUA-N,N'-AUMETUATETPA30OANS

C. B. BOUTEXOBHY", 0. B. TPUTOPBEB", 0. A. UBAILIKEBHUY"

1)Haylmo-ucczzef)oeameﬂbcmzl uncmumym Qpusuxo-xumudeckux npooiem bI'Y,
yi. Jlenunepaockas, 14, 220006, e. Munck, benapyce

C ucnofib30BaHUEM pEaKLUH MOJMMEpPaHAJIOTHYHBIX MPEBPAILCHUN OJUaKPUIOHUTPUIIA CUHTE3UPOBAHBI COJIU
monu-5-BUHWI-N,N'- THMETHATETPa30JINs — TIEPBBIE MPEICTABUTEIN HOHHBIX KapOOIETTHBIX IMOJUMEPOB C KBATEPHU30-
BaHHBIM IOJIOKUTEIIBHO 3aPSKCHHBIM TETPA30JIbHBIM ITUKIIOM B OOKOBOH 11eru. CHHTE3 COJel BKIIFOYAET B CEOs PCaKIIUIo
IUKJIONIPUCOCTUHCHUS a3U/ia HaTPUs K TONMAKPIIOHUTPHITY ¢ 00pa30BaHUEM MOJH-S5-BUHIIITETPA30JIa, HCUCPITBIBAIO-
1[ee aJKWINPOBAHUE KOTOPOTO AMMETHIICYIb(ATOM MPUBOIUT K 00pa30BaHMI0 METUICYIb(dara moiu-5-BuHmwi-N,N'-1u-
METIITeTpa3ous. B pesymbrare 00pabOTKH IMOCISTHETO BOJHBIMU PACTBOPaMU TeTPa(TOPOOPHON HIIH XJIOPHON KHCIIOT
MOJTyYCHBI TETPadhTOPOOOPAT U MEPXII0PaT MOIH-S-BUHII-N,N'- THME THIITETPA30JIMsI COOTBETCTBEHHO. [IoKa3aHa BRICOKas
3¢ PEKTHBHOCTH UCIIOIHF30BAHUS CHHTEC3UPOBAHHBIX TIOJIMMEPOB ISl CEIICKTUBHOTO W3BJICUCHHUS MAJIIAINS U3 MOJICTBHBIX
CHCTEM, COZIEPKALLUX NOHBI APYTUX TSKEJBIX U EPEXOJHBIX METAIIIOB.

Kniouegvie cnoea: TeTpa3obl; NOINMEPBI; NAIIaHH; cOpOLus.

brazooapruocms. Pabota BeinoNHEHA npH (prHAHCOBOMW moanepkke MuHIcTepcTBa 0OpaszoBanus Pecnyonuku bena-
pych (3amanue 2.1.01.01 rocymapcTBeHHOM pOrpaMMbl HAYYHBIX HUCCIICAOBAHUH «XHUMHYECKUE MPOILECCHI, PearcHTHI
1 TEXHOJIOTUH, OHOPEryIATOPEI 1 OnooprxumMus», Ne roc. peructpanuu 20210515).

SYNTHESIS AND SOME PROPERTIES
OF POLY-5-VINYL-N,N'-DIMETHYLTETRAZOLIUM SALTS
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Poly-5-vinyl-N,N'-dimethyltetrazolium salts, the first representatives of ionic carbochain polymers with a positively
charged tetrazole ring in the side chain, were synthesised using polymer-analogous transformations of polyacrylonitrile.
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The synthesis of salts involves the cycloaddition reaction of sodium azide to polyacrylonitrile to form poly-5-vinyltetrazole, the
exhaustive alkylation of which with dimethyl sulfate leads to poly-5-vinyl-N,N’-dimethyltetrazolium methylsulfate. By
treating the latter with aqueous solutions of tetrafluoroboric or perchloric acids, poly-5-vinyl-N,N’-dimethyltetrazolium
tetrafluoroborate and perchlorate were obtained respectively. The high efficiency of using the resulting polymers for
the selective extraction of palladium from model systems containing ions of other heavy and transition metals has been
demonstrated.

Keywords: tetrazoles; polymers; palladium; sorption.
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BBenenune

YHUKaIBHBIE CBOMCTBA MPOM3BOAHBIX TETPa30ja, 00yCIOBICHHBIE OTHOCHTENFHO BBICOKOW TEPMOCTaOMIIb-
HOCTBIO T€TEPOLINKIIA, B COBOKYITHOCTH CO 3HAUMTEIILHON YHEPrOEMKOCTBIO M BBICOKHM COZICP)KaHUEM a30Ta OIpe-
JICJISTFOT OOJIBIIION HHTEPEC K TETpa3oJicoAepKamuM momumMepam [ 1; 2]. B gacTHOCTH, OHHM HAIILTH MTPAKTUIECKOE
TIPUMEHEHHE U JI0 CHX TTOP aKTHBHO UCCIIEIYIOTCS KaK BRICOKOIHEPTeTHUECKHE KOMITOHEHTHI B COCTaBE PEIETTYP
TBEPBIX PAKETHBIX TOILIMB, FA30TCHEPUPYIOIINX U B3pBIBYATHIX cMecel u ap. [1-5]. Kpome Toro, nx ucnosns3o-
BaHHE B KAY€CTBE COPOCHTOB TSI U3BJICYEHUS CONIEH TSKEITBIX METAIJIOB U3 BOIHBIX PACTBOPOB [ 6], TIOYTIPOBO-
HUKOBBIX [TOJIMMEPOB ISl ONITOAIEKTPOHUKH [ 7], TEpPMOCTaOMIBHBIX (PITyOPECIIEHTHBIX i CBETOUYBCTBUTEIBHBIX
Marepuaios [8; 9], mpeKypcopoB MeTaIocoepKammux kataimm3atopoB [10; 11], a Takke B KadecTBE KOMIIOHEHTOB
BBICOKOTEMTIEPATYPHBIX TOTUTUBHBIX AJIEMEHTOB C TIOJIMMEPHBIM IEKTPOIIMTOM SBJISIETCS TIEPCIIEKTHBHEIM [ 12].
[Tpu >TOM MperMyIIIECTBEHHO UCCIIEAYIOTCSI IOJIMMEPBI, CoAepKalue Kak B OOKOBOH, TaKk U B OCHOBHOH IETTH
MOHO- ¥ TU3aMEIICHHBIN TeTPa30JIbHBIN UK, & TAKXKe JCPOTOHNPOBAHHBIN TETPa30JIaT-aHUOH.

B TO xe BpeMsi momuMepbl, UMEIOIIE B CBOEM COCTaBe KBAaTEPHU30BAaHHBIC MOJIOKUTEIBHO 3apsKCHHBIC
TETPa30JIbHBIE IIUKIIBI, IO CUX TI0P HE U3y4eHBI, HECMOTPS Ha NX MPUBIIEKATEIILHOCTh B Ka9€CTBE MO (PYHKIINO-
HaJIbHBIX MaTepuaiioB. Hacrosias paboTa nocBsiieHa HCCIeJOBAaHNIO CHHTE3a HEKOTOPBIX COJICH MOTN-5-BUHMII-
N,N'-TuMeTHNTeTpa3oIus ¥ BOBMOKHOCTH MX HCIIONB30BAaHHS KaK PEarcHTOB JUISl CEJIEKTHBHOTO M3BJICUCHUS
TaJuIausl U3 BOJHBIX pacTBOpoB. [locTaHoBKa MccienoBanms 00yCIOBIeHA HEOOXOMUMOCTBIO pa3paboTKu
CEJIEKTHUBHBIX METOJIOB BBIZICIICHHUS IPArOlEHHBIX METAJIOB U3 Pa3IMYHBIX TEXHOTCHHBIX OTXOAOB C MIPHUMe-
HEHHUEM JIOCTYITHBIX PETeHepHUPYEMBIX pPeareHTOB.

MarepuaJibl 1 MeTOABI HCCJIETOBAHUS

DneMeHTHBIN aHau3 00pa3ioB nposoauin Ha ananuzarope FlashEA-1112 (Thermo Fisher Scientific, CILIA).
Huddepenumanbubiil TepMUUeCKUil aHanu3 mpoBeleH Ha aHanuzatope STA449 (Netzsch, I'epmanust) B aTMo-
cdepe azora (turu Al,O,). HarpeBanue B nunrepsane temneparyp 30-500 °C ocymecTBIsIN CO CKOPOCTHIO
10 °C/mun. [IpumeHsIH peareHTs ¥ paCTBOPUTETH KBATH(DHUKAITIN HE HIDKE «9.». J[J1s1 CHHTE3a NCTI0IB30BaTl
MOJIMAKPUIIOHUTPHII C MOJIEKYJISIpHOI Maccoit okoino 25 000.

Cunrte3 coseil moau-5-euHUA-N,N'-TUMeTHITETPA30JIM HCUEPNIHIBAIOINM MEeTUJINPOBAHUEM MO~
Ju-S-puHnaITeTpa3oa. K pacrsopy 20 r nonu-5-sununrerpasona (1) B 90 mn mumermndopmamuna (DMF)
Y NepeMeIIMBaHuY 00aBsuTy SO0 MII TUMETUIICY Ib(aTta ¢ TAKOH CKOPOCThIO, YTOOBI TEMITepaTypa peaKInOH-
HO¥ cMecn He nipesbimana 50 °C. [To okoHuaHun 100aBIEHUS TIOTYYSHHBIN pacTBOp ImepemMemuBand 1 1 npu
45-50 °C, mocne yero HarpeBanu 10 85-90 °C u nepememnBaiy ee 2 4. 3aTeM peaklHOHHYI0 CMECh OXJIaX-
JlaJii 10 KOMHATHOM TeMIepaTypsl ¥ IPU aKTUBHOM IEPEMELINBAHUH MaJIbIMU TOPLUSAMHU BbUIMBaJIN B 150 M
AlEeTOHUTpWIA. BrImaBmuii 0caiok OTAESIN, TPOMBIBAIN HECKOIBKO pa3 alleTOHUTPWIOM H JU3THUIIOBBIM
a¢upoM u cymuian B Bakyyme npu 45-50 °C. Ilonayuanu 38,9 r metmicyibdara mnoiau-5-Buauin-N,N'-1u-
METHITETpa3onus (2) B BUIE MEIKOAUCTIEpCHOro Oemoro mopomnka. s cuaTe3a terpadropodbopara (3)
u niepxJiopara (4) nonu-5-suHUI-N,N'- IMMETUIATETPa30JIUs PEaKIMOHHYIO CMECh MOCIIE OXJIAXACHHS BHUIN-
Bas B 200 MJT BOJIBI, TIEPEMETITHBAIIH U ITPHITHBAIN 00pa30BaBIIHICS PacTBOP K pa30aBICHHBIM pacTBOpaM
TeTpadTOPOOPHOH U XJIOPHOH KUCIIOT COOTBETCTBEHHO. BhinaBmime ocajku GUIBTPOBAIN, TPOMBIBAIN BOJON
JI0 HEUTpaTbHOM peaKIuy ¥ CyImuin B Bakyyme mipu 45—50 °C mo moctossHHOTO Beca. CTeneHb MeTUITNPOBAHUS
OIIpeeIIslIM Ha OCHOBaHMH aHHbIX aneMeHTHOro (C, H, N, S) ananusa nomydeHHbIX 00pa3nos noimmepa (2).

CopOuus nananagus. Mcciaenosanue npoBo N P KOMHATHOM TeMIIEpaType B BOAHOM pacTBOPE MPU KOH-
nenTpanuu 0,05 Morns/1 xmopuaa namnaans, 0,8 MOJIb/II CONSTHON KHCIOTHI U pacxo/ie TMOJIMMEPHOTo cOpOeHTa
10 r/n. KoHueHTpanmio HOHOB MajulaAns B BOIHBIX PACTBOPAX ONMPEAeIIsId METOAOM HOTECHIIUOMETPHUECKOTO
TATPOBAHUS HOAUIOM Kamws [13].
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Pe3y.111,TaT1,1 H UX 06cy>lc11e}me

Comu TeTpa3omwsl OTMMEPHOTO THTIA, & UMEHHO METHICYIb(aTt, TeTpadTopodopar u mepXxjaopar MoiIn-S-BH-
HAI-N,N'-mumetnnteTpazonwst (2)—(4), ObIIu oTydeHbl KBaTePHU3AMNCH TUMETHIICYITb()ATOM ITOJTH-5-BUHIII-

Terpaszona (1), CHHTE3UPOBAHHOTO PEAKITUEH ITUKIIOMPHUCOCTUHEHUS a3H 1a HATPHSI K MTOJIMAKPUIOHUTPIITY [14].
Cxema cuHTe3a IpeJicTaBlieHa Ha puc. 1.

™~ HX
NaN,, NH,Cl H,0
DMF
CN -
n X =BF,, ClO,

n

X =MeSO, (2), X = BF, (3), X = ClO, (4)

Puc. 1. Cxema cunTe3a coneit monu-5-suHII-N,N'- THMeTHIITe Tpa3ous
Fig. 1. Synthesis of poly-5-vinyl-N,N'-dimethyltetrazolium salts

Ha nepBoii cTanuu cuHTe3a NPOUCXOJUT UCUEPIIBIBAIONIECE METHIIMPOBAHUE I'€TEPOLUKIA B TOJIH-5-BU-
HUJITETpa3oJie AMMETHIICYIb(aToM ¢ 0Opa3oBaHnEeM METHIICYIb(aTa NOIN-5-BUHUITETPA30INs C METUIbHBIMU
samecturenamu B monoxkennsx N', N* u N', N* rerepouunkia. Peakuus mporekaeT ¢ HU3KOW peErnoceneKTUB-
HOCTBIO TO1I00HO KBarepHH3anuu S5-R-teTpaszonos [15]. CteneHs KOHBEPCHU B JAHHOM IPOIECCE COCTABIISIET
oko710 90 %. INomyueHnslil BogopacTBOpuMbIi MeTWiICynbdaT monu-N,N'-1IMMeTHI-5-BUHUIITETPa30IHs ObLI
NepeBeieH ICHCTBUEM COOTBETCTBYIOLINX KUCJIOT B HEPACTBOPHMBIE B BOZIE TeTpadTOpoOdOpar U nepxaopar.
CuHTEe3UpOBaHHBIE TAKUM 00pa30M HOHHBIE TOIHMeEpHI (3) 1 (4) mpeacTaBIsAIOT co00ii Oerble MEIKOANCTIEPCHBIE
MOPOILKH, YCTOWYMBBIE K BO3/ICHCTBUIO yaapa 1 TPEHUsI U CTaOMIIbHBIC IPH XPaHEHHH B HOPMAJIbHBIX YCIIOBHSIX.
OTMeuaeTcs JOCTaTOYHO BBICOKAS TEPMHUUECKash yCTOHUMBOCTE nepxiopara (4). Ha puc. 2 nokazaHnbl KpuBbIe
TepMmorpaBumerpuueckoro ananuza (TTA) n muddepenuunansHoit ckanupytromei kagopumerpun (JACK) mms
9TOro coequHeHus. Ero pasnoxenue, no JaHHBIM KOMIUIEKCHOTO TEPMHUYECKOTO aHANIN3a, HAYWHAETCS IPU TeM-
neparype Boiie 260 °C, mpoTeKaeT B 3K30TEPMUUIECKOM PEKMME C MAKCHMYMOM TeTIoBbIAeneHus pu 279 °C.

A A

100 279 °C 412

90

3
(=]

(o)
o

Macca oGpasua, %
Temnosoii morok, MBt/mMr

50 100 150 200 250 300 350 400 450 500 550 600
Temneparypa, °C

Puc. 2. I'paduxu TI'A nu ICK s mommmepa (4)
Fig. 2. Thermogravimetric analysis and differential scanning calorimetry plots for polymer (4)

OKCTIEPUMEHTBI 110 H3YYEHHIO COPOLIMOHHO CITIOCOOHOCTH CUHTE3UPOBAHHBIX MOJMMEPHBIX COJICH B CTaTHYe-
CKHX MOJIEJIbHBIX CHCTEMaXx, MOJIyYEeHHbIX pacTBOpeHHeM xopuaa namtagus(ll) B comsiHol kucore, okasaiy ux
3¢ eKTUBHOCTS 15 U3BJICUEHHUS MAIaANs U3 BOAHBIX PACTBOPOB B BUE KOMIUICKCHOTO aHUOHA Pdle(. B ocHose
MeXaHH3Ma cOpOLMH JISKHUT Peakysi HOHHOro oOMeHa ¢ o0pa3oBaHueM TeTpaxioponamiaaara(ll) momam-5-sunnn-
N,N'-mumeTrnrerpazonus (5) (puc. 3). Kak mokaszanyu naHHpIe TOTEHIIHOMETPHYECKOTO TUTPOBAHUS MaTOUHBIX
PacTBOPOB MOCJIE OCYLIECTBIICHUS ITpoliecca COPOLMH, CTENEHb U3BICUECHHS aTaiust MOXKET JoCTUrarb 97 %.
Pesynbrars! copormm Pdlef cossiMu TTOJTH-N,N'- THMeTHII-5-BUHIITETPA30IINS IPUBEACHBI B TAOIHIIE.

48



OpHFHHaJIl:HbIe CTaTbH

Original Papers
(PACI; )y
(2)-(4) — I HCL _mx (3)-(4) + PdX,
H,0 Ii@N—Me H,0
Me \N N/ X = BF,, CIO,
L —in

®)

Puc. 3. Xumudeckast cxema nporieccoB copormu u necopouun Pd(Il) comssmu monmu-5-sunmin-N,N'-1nMe THITeTpa3osHs
Fig. 3. Chemical scheme of the sorption and desorption of Pd(II) by poly-5-vinyl-N,N’-dimethyltetrazolium salts

Pesynbrarsl copouun PdCli‘
cosaMu moiu-N,N'-1uMeTHII-5-BUHHIITETPA30/IUs

Results of PAC13~ sorption
by poly-N,N’'-dimethyl-5-vinyltetrazolium salts

Tommvep Bpewms CreneHb nglmel{eﬂm
copOmum, 9 PdCl;, %
(2) 1 93
(2) 3 96
) 1 86
) 2 91
3) 3 92
4) 1 93
4) 2 96
4) 3 97

OueBuAHO, YTO 71l IPAKTUIECKOTO IPUMEHEHHSI IOy YEHHBIX COJICH TOJIN-5-BUHUIITETPA30IMsI B KAYECTBE
cOpOCHTOB HEOOXOAMMO BBHIITOJHEHUE Psifia YCIOBUH, @ UMEHHO AOCTHKCHUE BBICOKOM CTEIICHH M3BJICUCHUS
nanjagus, a Takke CUHTETHYECKasi JOCTYIHOCTb, SKCIIEPUMEHTalIbHAst TPOCcToTa U 3G GEKTUBHOCTh pereHe-
paunu ucxonHoro copoenrta. Kak nokasanu npoBeieHHbIE NCCIEJOBAHMS, TaHHBIM KPUTEPHUSIM B ITOJTHOI Mepe
yAOBIETBOPSIIOT oauMepsl (3) u (4). CreneHb U3BIEUCHUS NAJUIAANS C UX HCIIOJIb30BAHHEM COCTABIISIET Ooee
90 % y>xe nociie 1 4 B3auMonelcTBHsI peareHToB. BechbMa BasKHBIM U1l TPAKTUUECKOTO IPUMEHEHUS SIBISIETCS
1 TOT (haKxT, YTO COPOITHS PdCLZ[ nonmMepami (3) ¥ (4) IpOTeKaeT CENEeKTUBHO: TIPUCYTCTBUE B PACTBOPE KATHOHOB
Cu2+, Zn2+, C02+, Ni2+, Fez+, F63+, Sn2+, Pb*" He Bimstet Ha ee npoTekanue. PereHeparus ncxoqHoro copbeHTa
1 BBIJENICHUE NaJIagusl U3 MOIYYEHHOIo Marepuana JOCTHraloTCs IyTeM 0OpabOTKH PacTBOPOM XJIOPHOM
win TeTpadTopOOPHOM KUCIOT. JJaHHOe IpeBpalieHue NPoTeKaeT NPAaKTHUECKH KOINYECTBEHHO C 00pa3oBa-
HHUEM HEPACTBOPUMBIX B BOJE cOseH Moau-5-BUHWI-N,N'-TUMETUATETPa30I1s U PACTBOPA COOTBETCTBYOLLICH
comu Pd(I).

3akaroueHune

Pa3paboTan y1oOHBIH METO ITOTYIEeHUS HOHHBIX KapOOIIEITHBIX MOTMMEPOB C KBATEPHIU30BAHHBIM ITOJIOKH-
TEBHO 3aPsHKEHHBIM TETPa30JIbHBIM IIUKIIOM B O0OKOBOH TN — COIeH Mou-5-BUHII-N, N’ - THMETHIITETPa30JIHs.
YcraHoBNIEHA TEPCTIEKTUBHOCTH UCTIONB30BaHHS TTOJTMMEPOB TAHHOTO THIIA [T CEJIEKTHBHOTO N3BJICUSHNS TTaJI-
JIa/ivsl U3 BOIHBIX PACTBOPOB, COJEPIKAIINX HOHBI APYTUX TSHKENBIX U IEPEXOIHBIX METAIIIOB, C TPUMEHEHHEM
peakIuy HOHHOTO OOMEHa.
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CHUHTE3 MOHO-, A1- 1 TPUOYHKIIMOHAABHBIX
ITOANN30BYTUAEHOB C KOHLIEBBIMU
ITMAPOKCUABHBIMMU TI'PYIITIAMUAU

H. C. BO[JJAH"?, 1. H. LHIHMAH", JI. B. TAIIOHHUK", C. B. KOCTIOK"-?

1)Haquo-ucwledoeame/szKuﬁ uncmumym Quzuxo-xumudeckux npobiem BI'Y,
ya. Jlenunepaocxas, 14, 220006, e. Munck, Berapyce
Z)Eeﬂopycczcuﬁ eocyoapemeennwlil ynusepcumem, np. Hezasucumocmu, 4, 220030, . Munck, Berapyco

Pazpaboran 3¢ peKTUBHBII METO CHHTE3a MOIMN300yTHIIEHA C KOHIIEBBIMU THIPOKCHIIBHBIMY TpyHramMu. Metoy 3a-
KJIIOYAETCs B COBMEIEHNH CTa Il KOHTPOJIUPYEMOI KaTHOHHOH MOJNMMepU3aliiy 300y THIIEHA B IPHCYTCTBUHU KOMILJIEKCa
FeCl, - 1,4'PrOH kak COMHUIMATOPA U ANKHINPOBaHHs (heHOoIa 00pa30BaBIIMMCS OTMU300Y TUICHOM in Sifu, KaTal3u-
pyemoro xnopuaamu sxene3a(lll) n amomunams. [Toka3ano, 9TO BRICOKHE CKOPOCTH AJTKMJIMPOBAHNS U CTENCHD (DYHKIIHO-
HaJIM3alUH B IpoLiecce MOAN(DHUKALMH TOJIMU300y THIICHA JIOCTUTAIOTCS IIPH KOMHATHOM TeMIeparype 1 UCIIOIb30BaHUU
KpaTHBIX N30BITKOB KOMILIEKCOB (heHoa ¢ kucioramu JIbtorca. CHHTE3UPOBaHBI MOHO-, [IU- ¥ TPU(PYHKINOHAIBHBIE TTOJTH-
N300y THIIEHBI C KOHLIEBBIMH I'MJPOKCHIIBHBIMU TPYIIIaMH, XapaKTepH3YIOIIUECs MIMPOKUM JHana30HOM MOJIEKYIISIPHBIX
Mmacc (100010000 r/moinb) 1 HU3KOH nonuaucnepcHocTsio (M, /M, = 1,2).

Knrwouesvle cnosa: karnoHHas ToJIMMEPU3als; HOHI/II/I306yTI/IJ'IeH; AJIKUJIMPOBAHUC, (beHOJ'l.

bnazooapnocme. Pabora BeinonHeHa npu GpruHancoBol nopnepxkke Munucrepcrsa oopasoBanus Pecriyonuku bena-
pych (3amarue 2.1.01.03 rocymapcTBEHHOM MPOTPaMMbI HAYIHBIX UCCIICIOBAHUN « XUMITYSCKHE MTPOIIECCHI, pEareHTH U TeX-

HOJIOTHH, OHOPETyIASATOPEI 1 OnooprxuMus», Ne roc. peructpanuu 20210512).

O0pa3sen LUTHPOBAHHUMA:

Borman HC, lluman [IU, I'anonuk JIB, Koctiok CB. Cunres
MOHO-, TV~ ¥ TPU(PYHKIIMOHAIBHBIX HOJIMM300yTUIICHOB C KOH-
LEBBIMH THIPOKCUIIBHBIMU Ipyniamu. JKypHan beropyccrkoeo
eocyoapcmeennozo yuusepcumema. Xumusa. 2024;1:51-62.
EDN: XCHLHG

For citation:

Bohdan MS, Shiman DI, Gaponik LV, Kostjuk SV. Synthesis of
mono-, di- and trifunctional hydroxyl-terminated polyisobuty-
lenes. Journal of the Belarusian State University. Chemistry.
2024;1:51-62. Russian.

EDN: XCHLHG

ABTOPpBI:

Huxkonaii Cepzeesuy bozoan — Miiaanuii Hay4dHbIN COTPYIHUK
nabopaTopuu KaTajm3a MOJTUMEPH3alHOHHBIX IIPOIIECCOB /, ac-
CHCTEHT Kadeapbl BHICOKOMOJICKY/SIPHBIX COCANHEHHH XUMH-
YEeCKOro (hakyapreTa”.

Jmumpuir Heanoeuu Illuman — Kanau1aT XMMUYECKUX HAYK,
JIOLICHT; BeAYIIUI HAYYHBIH COTPYIHUK J1JaOOpaTOpHU KaTanu3a
TOJIMMEPU3ALIMOHHBIX MTPOIECCOB.

Jwomuna Braoumuposna I'anonuk — Kanaugar XuMHYECKUX
HAyK; CTapILNii HayYHbIH COTPYIHHUK Ja00PaTOPHH KaTaanu3a no-
JIUMEPU3AIIMOHHBIX TPOIIECCOB.

Cepezeit Buxmoposuu Kocmiok — TOKTOp XUMHYCCKUX HAyK,
npodeccop; IIaBHbIM HAyYHbIH COTPYAHUK JIAOOpaTOPHH KaTa-
JTIM32 TIOJIMMEPU3AIHOHHBIX TIPOIIECCOB , 3aBEY 0NN Kadeapoit
BBICOKOMOJICKYJISIPHBIX COCANHEHII XUMHYIECKOTO (haKyapTeTa .

Authors:

Mikalai S. Bohdan, junior researcher at the laboratory of catalysis
of polymerisation processes” and assistant at the department of
macromolecular compounds, faculty of chemistry®.
bohdanns@bsu.by

Dmitriy I. Shiman, PhD (chemistry), docent; leading researcher
at the laboratory of catalysis of polymerisation processes.
shimand@bsu.by

Ludmila V. Gaponik, PhD (chemistry); senior researcher at the
laboratory of catalysis of polymerisation processes.
gaponikl@bsu.by

Sergei V. Kostjuk, doctor of science (chemistry), full professor;
chief researcher at the laboratory of catalysis of polymerisation
processes” and head of the department of macromolecular com-
pounds, faculty of chemistry®.

kostjuks@bsu.by

https://orcid.org/0000-0002-7466-3662

51



Kypnaa Besopycckoro rocyiapcTBeHHOro yuupepcurera. Xumus. 2024;1:51-62
Journal of the Belarusian State University. Chemistry. 2024;1:51-62

SYNTHESIS OF MONO-, DI- AND TRIFUNCTIONAL
HYDROXYL-TERMINATED POLYISOBUTYLENES

M. S. BOHDAN®®, D. I. SHIMAN® L. V. GAPONIK®, S. V. KOSTJUK®""

*Research Institute for Physical Chemical Problems, Belarusian State University,
14 Lieningradskaja Street, Minsk 220006, Belarus
®Belarusian State University, 4 Niezaliezhnasci Avenue, Minsk 220030, Belarus

Corresponding author: M. S. Bohdan (bohdanns@bsu.by)

An effective method for the synthesis of polyisobutylene with terminal hydroxyl groups was developed. The method
is based on the combination of controlled cationic polymerisation of isobutylene in the presence of FeCl, - 1.4'PrOH as
co-initiator and in situ alkylation of phenol by polyisobutylene catalysed by iron(IIl) and aluminium chlorides. To achieve
high alkylation rate and functionalisation degree in the process of polyisobutylene modification the one should proceed at
room temperature and the usage of excesses of phenol complexes with chosen Lewis acids. Mono-, di- and trifunctional
hydroxyl-terminated polyisobutylenes were synthesised in a broad range of molecular weights (1000—-10 000 g/mol) with
a low polydispersity (M, /M, = 1.2).

Keywords: cationic polymerisation; polyisobutylene; alkylation; phenol.
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BBenenue

Homuso0Oyrunen (IIWB) — rudkonennoit mommep (7, = —61 °C [1]), u3BecTHBIH CBOMMH yHUKaJIbHbI-
MU CBOWMCTBaMH, BBITEKAIOIIMMHU M3 HACBHIILIEHHOCTH €ro uemneu (ynsrpaduonaeroBas U TEPMOOKHCIUTENbHAS
CTaOMIILHOCTh, HU3Kas Fa30MPOHUIIAEMOCTh [2], OuocToiikocTh [3]). DTUM 00BsCHSIETCS BOCTPEOOBAHHOCTD
JAHHOTO TOJIUMEpa MPU CO3AaHUH PAa3JIMYHBIX MTOJMMEPHBIX MaTepHaoB, B TOM YHUCIE MMOJMMEPHBIX CETOK
u 6sok-cononumepoB. dyukiuonansueie [TUB (1. e. [IMb ¢ oqHOM 1 6oee KOHIIEBBIMU (DYHKIIMOHATLHBIMU
IpyIIaMH), HOTy4aeMble METOaMH KOHTPOJIMPYEMOM KaTHOHHOM MOJTMMEPU3aLIIH, SBIISIOTCS KIIIOUEBbIMH MH-
TepMeraTaMu B CHHTE3€ aAre3uBoB [4], MOTU(pUKATOPOB MOBEPXHOCTH [5], OnoMarepuaiio [6], uieHok [7].

B nmocnennee Bpemst 0opIIoe BHUMaHUE YIEISIETCS HHULIMHPYIONIUM CHCTeMaM JJisi KaTHOHHOM MONH-
Mepuzanuu n3odyTtuieHa (Mb) na ocHoBe komiutiekcoB xjopuaa xene3a(lll) co cnupramu u apupamu. It
crcTeMbl OBIITH UCIIONIb30BaHBI KaK MPU CHHTE3e peakunonHocrnocoonoro [TUB (1. e. MOHOQYHKIIMOHATIBHOTO
[IUb c koHIIEBBIMH BUHWIMACHOBBIME Tpymamu) [8—10], Tak ¥ pu KOHTPOINPYEMOH KaTHOHHOW TIOJMMe-
puzaruu Wb [11; 12]. [IpenmymecTBaMu HHUIMUpYOMHUX cucteM Ha ocHoBe FeCl, mepen TpaguimoHHBIMU
(TiCl,) sBnstrorest: 1) Gonee Boicokast akTuBHOCTh FeCl; B KaTHOHHOI ONMMepU3aIiy, NO3BOJISIONIAsS CHU3UTD
KOHIICHTPALMIO COMHUIIMATOpa B PEakMOHHOM cpene [12]; 2) MeHbIee KOTMYECTBO OTXO/I0B MOCIIE 1e3aKTHBA-
IIMM KaTaJINTHIECKOTO KoMITIekca; 3) ycroitunBocTh FeCl, k ruapomnusy, Jaromas BO3MOKHOCTb OCYIECTBIIATh
MTOJTUMEPHU3AIINI0 B KOHTPOIIMPYEMOM PexXUMe Oe3 BBEACHHUS TPOTOHHOM JIOBYIIKH [12].

Pacmputh 00acTh mpuMeHeHUs peakiuoHHococoOHoro [TMB MoxHO myTem ero MoauduKaiuy 1mo KoH-
LIEBBIM 0JIE()MHOBBIM I'PYIIIaM C IOMOLIbIO IMIPOOOPUPOBAHUS, THAPOPOPMUIIINPOBAHNS, STOKCUINPOBAHNS,
cynsponuposanus [13—16]. Mogudukanus [IMb ¢ kKOHIIEBEIMH BUHHMIIMICHOBBIMHU TPYMIIAMH TaKXe MOXKET
MIPOBOIUTHCS TIOCPEICTBOM ATKAIMPOBAHNS ApOMATHYECKHUX COSTMHEHNH 110 MexaHm3my Dpunenst — Kpadrea
U IPUCOCANHEHMS THOJIOB 10 paJuKaibHOMYy MexaHusmy [17]. Takue moctnonuMeprusalnoHHbIe Tpeodpa-
30BaHUS SBISIOTCS TPYAOEMKUMH M MHOTOCTAIUIHBIMHU HU3-3a HEOOXOAMMOCTH BBIACIEHHS MOJUMEpPa U €ro
OYMCTKH OT PACTBOPUTEJICH U OCTATKOB KaTalu3aTropa, 4To AaeT UMITYJIbC K pa3BUTHIO MeTooB cuHTe3a [11b
C KOHLIEBBIMHU (PYHKIIMOHAJIBHBIMU TPYIIIaMu HanpsiMyto u3 UBb.

Momundukanust kKoHIeBbIX Tpymr [INB 1o THApOKCHITBHBIX ITO3BOJISAET IMTOABEPTaTh UX alliiIupoBaHuto [ 18],
TO3UNUPOBaHHUIO [19], pasnmuuHbIM peakiuaM Sy 2-3aMeleHus (Harpumep, ¢ 00pa30BaHUEM KOHIIEBBIX HOJHBIX
rpym [20]), 9TO OTKpBIBAET BO3MOXKHOCTH JUIsl CHHTE3a IIEJIOT0 psfia MOJUMEPHBIX MaTepuaioB, TAKMX Kak
KaTaJau3aTropsl opranndeckux peakiuuii 1 RAFT-noaumepusanun, arenTsl MexxgasHoro nepenoca. [lonuuso-
OyTHIJIEH ¢ KOHIEBBIMH TUAPOKCHIbHBIME Tpynnamu (ITMB-OH) siBnsieTcst mepCcrneKTHBHBIM MTOITMMEPOM, TaK
KaK OH MOKET OBITh HCITOJIb30BaH KaKk MAaKPOWHHUIINATOP aHHOHHOM rmoymmMepu3anu [21; 22], B kadecTBe mpe-
Kypcopa B CHHTE3€ CBS3YIOIIUX MOJINYPETAHOBBIX MaTpull [23 ] 1 MaTpHIl A1 MHKATCYIALNNA HaHOYacTuIl [24],
a TaxoKe JUIS CHHTE3a OJIOK-COMOJIMMEPOB MEAUIIMHCKOTO Ha3HAYCHHS.

52



OpurnHajibHble CTATHH
Original Papers

Lenbto TaHHOTO HCCIIEIOBAHUS SBISETCS pa3padoTka 3PPEeKTUBHOTO METOIa MTOTyYSHUsI MOHO-, JIH- U TPHU-
¢bynkuronansHbix [IMB-OH 6e3 craguu BlAeaeHUs MOIMMeEpa. DTOT METOJ 3aK/II04aeTCs B COBMEIIEHUU
cTaauii KOHTPOIMPYeMOi KaTiHoHHOH monmMepu3anui Ub B mpucyterun FeCl, - 1,4'PrOH kak connummaropa
u ankunupoBanus Genona [1Ub in situ, karanu3upyemoro xiopuaamu xene3a(Ill) 1 amoMuHYS.

MarepuaJibl 1 MeTOAbI HCCJIETOBAHNUS

Bce onepariy o noaroToBKe BEIECTB K CHHTE3Y U MOJIMMEPU3ALNIO IIPOBOAMIIN B CyXOH CTEKIISIHHOM MoCyie
TIoCJIe TPEXKPaTHOTO BaKyyMUPOBAHUS M 3aII0JIHEHHSI aprOHOM. AProH OYMIIANIU € TIOMOIIBIO TPHOopa, mpeHa-
3HAYEHHOT'O JUIsl TOHKOM OYMCTKU MHEPTHBIX Ta30B OT PA3IMYHBIX IPUMECEH U COEPIKallero KOJIOHKH ¢ aKTUBH-
POBAHHOH OKHCBIO AITFOMHHHUS, HUKEJIb-XPOMOBBIM KaTajau3aTopoM, CUHTETHYEeCKUMU LieosuTamu NaA u NaX.

XJIOpUCTBIM METHIICH U H-TeKCaH KBaTUpHUKauuu «X. 4.» (AO «3Oxoc-1», Poccust) oOpabarsiBany KOHIICH-
TPUPOBAHHON CEPHOM KHUCIIOTOM, paCTBOPOM IIEJIOUM WJIM COAbI, TUCTUIIJIMPOBAHHOM BOIOM /10 HEUTpaIbHOU
peaKIuy yHUBEpCalnbHOM HHIUKAaTOpHOM Oymary, cyman Haj CaCl,, kunsatunn u neperonsinu ¢ CaH,. M3ompo-
NWJIOBBIN CIMPT KBaTH(UKAUUH «X. 4.» (AO «Oxoc-1») ounIIamy OT nepeKkrucei BOCCTaHOBJICHHEM AUTUAPATOM
xnopua onosa(ll) myrem KUIsTIeHUs B TEUEHHE 2 U ¢ IOCIIEAYIOIIEH Meperonkoi B nHepTHOU armocdepe. Xio-
pun xeneza(lll) ¢ uucroroit 98 % (Fisher Chemical, CILIA) orOupaiyu u XpaHWiIu B HHEPTHOM arMocdepe (1ox
aproHom). M3o0ytuien ¢ gucroroit 99,5 % (Sigma-Aldrich, I'epmanns) xonneHcuposanu B peakrop Lllnenka,
NOTPY>KEHHBIH B CIIUPTOBYIO OaHIo, pu Temneparype ke —30 °C, mpormyckas uepe3 KOJIOHKY ¢ ApaiiepuToM
(aptuxyn 26800; W. A. Hammond Drierite Company, CILIA). ®denon u anu3zon ¢ uncroroit 99 % (Merck, I'ep-
MaHWs1) OUMIIAIA BaKyyMHOH nieperonkoi. 2-Xnop-2-hpenmnmnponan (CumCl; npenHazHavyeH Asisi OTydeHHsI
MoHo¢yHkunonansHoro I1MB) cunresuposanu, 6apooTHpys ra3000pasHbIi XJIOPOBOJOPOA YEPE3 PACTBOP
O-METHJICTHpOIa ¢ YucToToit 99,5 % (Sigma-Aldrich) B xmopuctom Mmetmiiene mpu temneparype 0 °C. 3a-
TEM OTTOHSUIM PACTBOPUTEIb M OUHIIAIN POAYKT BaKyyMHOM neperoHKoi. 1,4-buc(2-xmaop-2-nponuin)oeH3on
(DiCumCl; mpennasznadeH i nomydeHus audynknnonansHoro [IMB) cuaTesnpoBamu, 6apbotupys raszo-
00pa3HbIil XJIOPOBOIOPO/] Yepe3 pacTBop 1,4-0uc(2-ruapOoKCHU30IPOITHI)0CH30I1a B XJIOPUCTOM METHIICHE TIPU
temmneparype 0 °C ¢ mocienyomum yaajaeHueM U30bITOYHOTO XJIOPOBOAOpoaa 0apOOTHPOBAaHUEM aproHa 10
HEUTpaIIbHOW peakIiy YHUBEPCAIbHONW HHANKATOPHOM OymMaru. 3aTeM MpoayKT CHHTE3a JBAKIBI IEPEKPHCTa-
JIM30BBIBAJIM U3 H-TEKCAaHAa M CYIINJIM B BAKyyMe IIpU KOMHaTHOH Temmeparype. 1,3,5-Tpu(2-xnop-2-nporun)oeH-
3011 (TriCumCl; mpenHa3HaueH A1 MoirydeHus TpudyHkponaisHoro [IMB) cuaTesnpoBanm, 6apooTupys ra-
3000pa3HbIi XJI0POBOOPO/ Yepe3 pacTBop 1,3,5-Tpu(2-ruApoKCUU30IPOIIII)OCH30J1a B XJIOPHUCTOM METHUIICHE
ipu Temneparype 0 °C ¢ nociaeayomuM yaaaeHueM n30bITOYHOTO XJIOPOBOAOPOIa 6apOOTHPOBAaHUEM aproHa
JI0 HEWTpallbHON peakiiy YHUBEPCaIbHON WHAWKATOPHOW OyMaru. 3areM MpOAyKT CHHTE3a ABAXKJbI Iepe-
KPHUCTaJNTM30BBIBAIIM U3 H-TEKCAaHa U CYIIMJIM B BAKYYME TP KOMHATHOW Temneparype. YUCTOTy moaydeHHBIX
MHHWIIAATOPOB KOHTPOJIMPOBAIHA METOJIOM crieKTpockonun SIMP 'H.

IMonumepusauus Ub B npucyrcrun FeCl, - 1,4'PrOH. I[Ipouecc moniuMepru3aiiu npoBOMIH COTTIACHO
METOIIMKE, OTIMCaHHOU B pabote [12].

Aaxuniamposanue ¢penosa ITUB. ITocne nocTrxkenns konpepcur MoHomepa 98—-99 % npu nonumepusanuu
Wb na nnnumpyromeii cucteme DiCumCl/FeCl, - 1,4'PrOH x 12 Mt peakumoHHO# Maccsl (mpys = 0,8 r) npu
temmeparype —80 °C nobasisumn 400 Mt pactBopa kucnots JIstonca (FeCl, - 1,4'PrOH; mprurotosieH coracHo
METOJMKe, onucaHHoi B padore [12]; 0,22 mons/n) n 420 Mk pactBopa denona (2,55 Moib/1) B XJIOPUCTOM
MeTuiIeHe. B npyrom momxome B peakTop BBoAMIH 2 Ml pacTBopa komruiekca LA - PhOH ([PhOH] = 2,55 mons/i;
[LA] = 0,155 mons/1; LA = FeCl,, AICl,), npUroToBIeHHOr0 NOCTEHEHHBIM 100aBICHUEM HIEKTPOHOJOHOPA
B uciiepcuto Heopranuueckoit conu B CH,Cl, npu Temneparype 0 °C. Jlanee peakiIHOHHYIO MacCy Harpesa-
JIM 10 KOMHATHOM TeMIepaTypbl U MepeMelInBali B TEUSHNE 3a/1aHHOTO BpeMeHH. VccnenoBanue npouecca
ANKHJIMPOBAHUS POU3BOIMWIN ITyTeM oTOopa npoOd (~1,5 mi1) pacTBopa MOOUPHUINPYEMOTO OIUMEPA, KO-
TOpBIE BRICAXKAAIU B ATHIOBBIN criipT. [lomydennsiii ocanok monmuMepa nepeocaxaan u3 10 mi x-rexcana
B 5-KpaTHBIN N30BITOK 3THIOBOTO criupTa. OOpaser mocie nepeocakACHus CYIININ IPH IIOHMKEHHOM JaBICHHN
(1-2 mm pt. ct.) m Temneparype 60 °C 10 MOCTOSTHHON MacChI.

AHanu3 noinnmepos. CpenneuucioByto (M,) U cpeqHeMaccoByro (M) MOJEKyISIpHbIE MacChl, a TAKXKe
cTeneHb nonuaucnepcHocty (M, /M,) CHHTE3UPOBaHHBIX TOIUMEPOB OIPEEIAIN METOIOM IreIbIIPOHUKAIOILEH
xpomarorpadun Ha npudope Ultimate-3000 (Thermo Scientific Dionex, I'epmanust), KOTOPbI ObUT cHaOXeH
npeaxononkoit PLgel Guard (Agilent Technologies, CLLIA) pazmepom 50 x 7,5 MM ¢ HOMUHAJIBHBIM Pa3MEpPOM
gacTtur 5 MkM 1 Kojouko# PLgel MIXED-C (Agilent Technologies) pazmepom 300 x 7,5 MM ¢ HOMUHATHHBIM
pasMepoM 4acTHIl 5 MKM, TEpMOCTaTUpOBaHHBIMU ITpu Temiieparype 30 °C, a Taxoke AByMS AETEKTOpaMu — U -
(epeHIMANBEHBIM pePPaKTOMETPOM M AETEKTOPOM Ha OCHOBE JHOIHOW MaTpHubl. B kauecTBe pacTBOpUTENS
UCIIOJIh30BAJIN TETPArupodypan co CKOPOCTHIO ATtonupoBanust 1 mii/muH mpu Temieparype 30 °C. MonekyispHo-
MaccoBble XapakTepuctuku (M, u M, /M,) nonumepos paccuuthiBaiu B nporpamme Chromeleon (Bepcus 7.0;
Thermo Scientific Dionex) 10 KpUBBIM STFOMPOBAHNST, OCHOBBIBASICH Ha KATHOPOBOYHBIX 3aBUCHMOCTSIX, TTOTYICHHBIX
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C IPUMEHEHUEM MOJIMCTHPONIBHBIX cTaHaapToB ¢ M, /M, < 1,05. Cnexrpsr IMP 'H TTOJTMMEPOB OBLITH TOTYYEHBI
n3 pactBopoB nonumepos B CDCl, nmpu temnieparype 25 °C na npubope Bruker AC-500 (I'epmannst) ¢ yactoToi
500 MI'. [TpuGop xanmuOpoBaH MO TETPaMETHIICHIIAHY B OCTaTKaM CUTHaja PaCTBOPHTEISL.

Crenenp ankuiuposanus Gerona [IAB (B %) paccunThIBaIN 0 JaHHBIM crekTpockornuu SIMP 'H nytem
CPaBHEHHSI MHTETPAJIbHBIX WHTEHCUBHOCTEH CHTHAJIOB apOMaTHYECKUX MPOTOHOB (PParMeHTOB MHHULIMATOPA
U 4-ruapoxcudeHmIbHOM rpynmnsl no Gopmyne (uis audynkunonansHoro 1UB) Fo, = 1,/1, - 100, roe [, —
MHTEHCUBHOCTh CUTHAJIa apOMaTHYeCKUX MPOTOHOB ()parMeHTa MHMIMATopa B obnactu 7,25 M. 1.; I, — uH-
TEHCHUBHOCThH CHUTHAJIa apOMaTHICCKUX MPOTOHOB (pparmenTa 4-ruapokcudeHmbHON Tpynmsl B nenu [11b
B oOmactu 6,75 M. . (puc. 1).

n H b ° : 4
CH, CH CH, ¢ CH
H,C CH, H,C 3 H,C 3 3 CH 3

OH

JH H.

A|I|I|I|I|I|I|I|I|I
18 16 15 14 13 12 L1 10 0,8

JU 1 __ U MLJL

1 1 1 1 1 1 1 1 1 1 1 1 1 1 s, 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7,5 7,0 6,5 6,0 5,5 5,0 4,5 4,0 3,0 2,5 2,0 1,5 1,0 0,5 0
XUMHYECKHI CABUT, M. II.

Puc. I. Cnextp SIMP 'H ITMB-OH
Fig. 1. "H NMR spectrum of PIB-OH

Pe3yibTarhl U MX 00CyKIeHUE

B pa60Te [12] uccnenoBana KOHTpOIMpyeMasi KaTHOHHAs noaumepuszanus b B npucyTcTBUM KOMILIEKCa
FeCl; -1 ,4'PrOH B kauecTBe coMHUIUAaTOpa. [10Ka3aHo, YTO UCIIOIb30BAHKE JAHHOM HHUIIMUPYIOIIEH CHCTEMBI
no3Bossiet mony4ars [TMb ¢ KOHIIEBBIMU XJIOPUIHBIMU IPYIIIIAMHE, XapaKTEPU3YIOLIHECS TUPOKUM JIATIa30HOM
MotekyssipHbIx Macc (1000—20000 r/monb) u Hu3Ko# nonmuaucnepcHocthio (1,1-1,2) [12]. B pa3utue sTux
UCCIIE0BAHNUN B HACTOSIIEH paboTe MpeaIaraeTcsi OpUrHHAIBHBIN ITOXO0, 3aKIIOYAIONIHICS B KOHTPOJIHpYe-
Moii KaTHOHHOH TormMepu3armu Ub Ha nrnmunpyromeii cucreme naunuarop/FeCl, - 1,4'PrOH (rae nnwnma-
top — CumCl, DiCumCl u TriCumCl) ¢ mocnenyromum BBeeHHEM KOMIUTeKca KHCIOoThI JIbtouca ¢ peromom
u obpazosanuem [1MB-OH (puc. 2).

Kak npasuiio, ankuiarpoBaHue OCYIIECTBISIETCS IpU HU3KUX Temneparypax (1o —80 °C) [25] ans npenorspa-
IIeHNs TOOOYHBIX peaKluil IeperpynnupoBKH 1 MUTPALIUH 3apsi/ia MO LeMH, IPUBOISAIINX K YMEHbILICHUIO M,
1 VIIHPEHUIO MOJIEKYISIPHO-MACCOBOTO pacmpeneneHus (cM. puc. 2) [26]. CrexyeT OTMETHTD, YTO PACTBOPHU-
MOCTB (peHOIIA TP TAKUX TEMIIEpaTypax KpailHe HA3Kasl, 9TO B COYETAHUH C BEICOKOH BA3KOCTHIO MTOTUMEPHBIX
PacTBOPOB CYIIECTBEHHO 3aMEJISIET MPOIECC ATKHITUPOBAHHSL.

Y4uThIBas BBIIECKa3aHHOE, HAMH OBLIO MPEITI0KEHO IPOBOIUTH PEAKIIUIO aTKUINPOBAHHS IIPH KOMHATHON
temreparype. KpoMe Toro, B pamkax JaHHOTO MCCIEAOBAHUS U3yUEHO BIMSHHUE HA MPOLIECC ANKUIUPOBAHUS
pazmuuHbIX kucinot JIstouca (FeCl,, AlCl,) u kucnorel bpencrena (H,SO,), a Takxke pa3HbIX BapHaHTOB BBOJA
(henoma (pa3mebHO U B KOMITJICKCE C KUCIIOTOH) B cuctemy. HecMoTpst Ha BBIOOp Ootee CHThbHBIX KUCIOT JIbou-
ca, ueM TiCl,, ucronp3oBaHue KOTOPOro OMMCAHO B paboTe [22], MOIUANCIEPCHOCT 00PA3LI0B, OIYYEHHBIX
B TIpoIIecce amKWINPOBAHUSA N Situ, IPAKTUIECKH HEe M3MEHsIeTCS. DTO yKa3blBaeT Ha MUHHMH3AIINIO TT000Y-
HBIX peaKIni, MPUBOJAIINX K YMEHBIIICHUIO JTUHBI IIETIH TTPU KOMHATHOH Temmiepatype (Tadm. 1).
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Fig. 2. Scheme of PIB-OH synthesis with different functionalities without the polymer isolation

ITpu paznensHOM BBOzE (eHONa U JononHuTensHoi nopuun FeCl; - 1,4iPrOH B CHCTEMY MOIU(UKAIIHS
ITHb 3a 5 g mpotekaeT Ha 53 %, 3aTeM peaxIus aTKUINPOBAHUS OCTaHABIHBaeTCs (cM. Tadm. 1, omeIT 1). D10
MOXKET OBbITh CBS3aHO C HAIMYUEM JJOHOPHO-AaKLEITOPHOIO B3aUMOAEHCTBHS MOJIEKYIIbI H30IIPOIMIOBOTO CIIUP-
Ta co cBoboxHbIME d-opbuTansimu atoma Fe B FeCly - 1,4'PrOH, 4to CHIKaeT KaTaIUTHIECKYIO aKTHBHOCTb
xomIutekca [12]. Ankunuposanue ¢genona 1B B npucyTcTBUEM cepHON KUCIOTHI (B 4-KpaTHOM H30BITKE 110
OTHOIIEHUIO K Makpomosiekynam [11B) 3a 2 cyt nmpoxoaut nmumib Ha 42 %, 9TO MOATBEPKAAET HU3KYIO Kara-
JUTHYECKYIO aKTUBHOCTh KUCIIOT bpeHcrena B peakiuu @punenst — Kpadrea (cm. tabdm. 1, omsit 2) [22; 24].

Tab6numa 1
Pesyabrarel alkuiiMpoBaHusi apomatuueckux coeannennii [IUb
€ MCIIOJIb30BAHMEM PA3JIMYHBIX KATAJIN3ATOPOB
Table 1
Results of aromatic compounds alkylation with PIB
using different catalysts
DYHKIHOHATBHOCTD
Howep | Karamusatop, |1y o1 1ppom] : [1THB] Bpews M, v/vons | M, /M, |10 KoHIEBEIM rpynmam, Mo, %
OIBITA | METOJ] BBOJIA (peHOIIa ANKWIAPOBAHUS, 9 | win
Xnop | 4-T'mapoxcudenun
) — 0 1130 1,17 95 0
1 | FeCly- L4PrOR, 1:10: 1 5 1550 | 1,20 3 53
pas3nensHo
1:10:1 12 1470 1,23 4 51
) H,S0,, — 0 1240 1,15 93 0
pasziebHO 4:10:1 48 1670 1,16 1 42
- 0 1350 1,15 97 0
3 FeCl; - PhOH, 05:5:1 8 1430 1,15 0 72
B KOMILJIEKCE
05:5:1 12 1560 1,17 0 73
4 AICI, - PhOH, — 0 6770 1,17 89 0
B KOMILIEKCE 1:10:1 4 5720 1,24 0 28
5+ AICI, - PhOCH,, — 0 6340 1,25 92 0
B KOMILJICKCE 1:10:1 2 5450 1,30 0 100

Mpumeuanus: 1. Yenosus nomumepusanun: T =—80 °C; [FeCl, - 1,4iPrOH] =19 mmons/i; [UB] = 1,2 Monb/n; pacTBOpHUTEINH —
n-rexcan/CH,Cl, (60 : 40 mo o6beMy); Bpemst — 2 MuH. 2. YcI0BHsS MOAU(HUKAINN: KOMHATHAsI TEMIIEpaTypa.
*B kadecTBe cybcTpara ObLI HCTIONB30BaH AHU30JI.

[IpuroroBnenne KoMIieKca KUcIOTh JIpforca ¢ peHOIIOM B XJIOPUCTOM METHJICHE C TTOCIIEYOIIM BBOJIOM
ero B cucteMy [27] mo3BOJISIET 3HAYUTEIHHO YCKOPUTH MTPOTEKAHNE MPOIIecca alKWIHpoBaHus. Mcmons30BaHne
xomiuiekca FeCly ¢ dpeHomnom, Mo cpaBHEHHIO € pa3eIbHbIM BBEICHUEM KOMIIOHEHTOB MOAU(BHKALINH, TO3BOJISET
JIOCTUYH CTETIEHN aJKHUINPOBaHuUS 72 Y% maxe mpu S-KpaTHOM M30BITKE cyOcTpara, OJHAKO Ha 3TOM IPOIEcC
ocranasimBaercs (cM. Tabm. 1, omsit 3). Kpome Toro, mepeocaxneHne o0pas3oB HE MO3BOJISIET B MOJIHONW Mepe
n30aBUThCA OT MpuMecei, conepkaiux FeCl,, BBUIy komiuiekcooOpasoBanus xiaopuaa sxenesa(lll) ¢ penomnom,
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4TO TpeOyeT JNOTOIHUTEIBHOMN CTaH OTMBIBKH. H06011Hoe B3anMoJelicTeue (eHonbHbIX rpyn ¢ FeCly xoc-
BEHHO TOJTBEPIKACTCS OTCYTCTBHEM B criektpax SIMP 'H xapakTepHOro cHrHama THApOKCHIBHON TPYIIIBI
(enonpHOTO OcTaTKa (4,6 M. 11.).

XJopuI AFOMIHIS OTIMYIaeTCs 60Jiee CHITbHOM KHCIIOTHOCTHIO 10 JIpfoucy, uem xmopwu sxeneza(lll) [28].
Opnako npu ucnons3oBanuu komiuiekca AlCl; ¢ denonom B npouecce mogudukanuu [MTUB peakus ocra-
HaBJIMBAETCS Ha CTENeHH ankuaupoBanus 28 % (cM. Taba. 1, omsit 4). bonee Toro, Habmoma0TCs yMpenne
MOJIEKYIIIPHO-MaCCOBOT0 PAacpeeNeHus] U CHUKEHHE M, 4TO MOKET yKa3blBaTh Ha MPOTEKaHHE MPOLECCOB
nzoMepu3anuu 1 (Wim) pacuierienus nenu (cM. tadmn. 1, ombir 4). Cmena cybcerpara peakuun Opugerns —
Kpadrca ¢ penona na anuson B npucyrcrsun AlCl; npusoaut k nonyuenuto IIMb-OCH; ¢ 100 % ¢ynxuumo-
HaJBHOCTBIO BCETo 3a 2 4 (M. Ta0u. 1, ommbIT 5, puc. 3), 4TO MOATBEPKIAACT IMIOOOUYHOE B3aUMOICHCTBHE (PeHOIIA
C IPUCYTCTBYIOIINM B peakTope conHunuaTopoM Ha ocHose FeCl;.

A

100 - ([
2 L
o 80 —m— OcHon (ombIT 4)
E —@— AHuzon (omsIT 5)
M
g 60 °
=
=
=
&
=
<
g 40r
o
=]
=
O

20 -

1 1 1 -
L 1 2 3

Bpewms, u

Puc. 3. 3aBucumocTb creneHu ankuiaupoBanus cyocrpara [11b
OT BPEMEHH IS OIBITOB 4 11 5 (cM. Tad. 1)

Fig. 3. The dependence of substrate alkylation rate
with PIB vs time for entries 4 and 5 (see table 1)

B cnyugae 20-kparHoro m36siTka (henona mo orHomeHuto kK [IMb ankunnpoBanne B MPUCYTCTBUHA KOM-
miekca AlCly ¢ peHonom noaHoCThIO MpoTeKkaeT 3a 9 u (Tadin. 2, onsIT 6). B ciryuae sxe 40-kpaTHOro M30bITKA
(deHoa Takoro pesyibpTara MOKHO JOOUTHCS Bcero 3a 2,5 4 (cM. Tabum. 2, onsIT 7). HecMoTps Ha yBennueHue
KOJIMUYECTBA KUCJIOTHI JIplonca B peakIMOHHON CMeCH, 3HaYUTEJILHOTO TMOBBILICHHS MOJIUIUCIEPCHOCTH HE
HaOmromaeTcst (cM. Tadi. 2).

B ciyuae 40-xpatHoro m30biTKa ¢eHona mo otHomennto Kk [IUb nmpu momudukaruu I1IUB mo ITMB-OH
B npucytctBuu FeCl, crenens ankunupoanus 100 % nocturaercs Beero 3a 1 4 (cM. Tabm. 2, onsIT 8). OHAKO
HCCIIeIOBaHUE JJAHHOTO MPOJIyKTa PEaKIIMKU METO/IOM crieKTpockonuu SIMP 'H 3aTPYAHEHO MMapaMarHUTHIMA
MIPUMECSIMH, IPUPOJa KOTOPBIX OblIa onMcaHa BbIe. J[1s yqaneHns: OCTaTKOB jKeJie3a MOIy4YeHHbIH pacTBOP
[M1B B n-rekcane nmpombiBain pazdasieHHOH (0,1 MOJIB/1T) a30THOIM KUCIOTOM, 3aTeM BOIOW 110 HeHTpaﬂbHon
pEeaKIINy YHUBEPCATLHOW HHIUKATOPHOM OyMarw, 4To IMPHUBETIO K CYKEHUIO CUTHAJIOB B criekTpe SIMP 'H u nosts-
JICHUIO CUTHAaJIa THIPOKCUIIBLHOM Ipymmsl (4,6 M. 11.).

B nenom ucnons3oBanue AICl, B kauecTse katanuzaropa peakuuu @punens — Kpadrcea I[IHb ¢ denonom
OoJiee MPEANOYTUTENBFHO BBUY OTCYTCTBUS MOTPEOHOCTH B JIOTIOJIHUTEIBHON OTMBIBKE MOJUMEPHBIX 00-
pasLoB.

AnxunupoBanue ¢eHoJa MpeIBapuTeIbHO BEIIeTICHHBIM U ountiieHHBIM [11b mpoTekaer ¢ MeHbIIel cko-
POCTBIO, YeM alIKWIINPOBAHHUE IO METOY, pa3paboTaHHOMY B HACTOSIIIEM HCCIIEIOBAHUH (CM. pHC. 2 1 Tad. 2,
ombITel 9 1 10). ITpu ucnonp3oBarwu [1Mb-Cl, momydeHHOTO MO0 METOAMKE, OMUCAHHON B padore [12], cTe-
MEeHU AJIKWIMpoBaHus 98 % ynaercs mocTuyb aumb 32 9 4 (cM. Tabmd. 2, onbIT 9). B ciyyae monudukannu
KOHIEBBIX BHHWINIACHOBBIX rpymi [TUB 1o 4-ruppokcueHmIbHBIX (TUpyHKIMOHATBHBIH 2x30-1TUDB, momy-
YEeHHBI 10 METOAMKE, onKrcanHol B padore [12]) denon ankumupyercs ox3o-I1IUb 3a 24 1 Bcero Ha 50 %
(cm. Tabu. 2, onbiT 10). [Ipu aTOM B miponykTe HaOmoAaeTcss oopazoBanue 18 Mol % KOHIIEBBIX XJIOPHIHBIX
rpym (cM. Tadi. 2, onsIT 10), 9To cormacyeTrcs ¢ BRICKa3aHHBIM B paboTe [22] mpenmoioskeHueM O B3anMoIei-
CTBUM BUHUJIMJIEHOBBIX CBA3el sk30-11b ¢ ruapoin3oBaHHBIM KaTaau3aTopoM.
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Tabonuma 2

Binsinne KoHUeHTpanuu cydcTpara Ha ajJikuiaupoBanue ¢penosna qudpynknuonaabueiv [IUB
¢ IOMOIIBIO PA3THYHBIX KHCJI0T JIblonca

Table 2
Effect of substrate concentration on the alkylation of phenol
with difunctional PIB using different Lewis acids
OYHKIMOHAIBLHOCTD
0,
Sﬁxg’ Kucnora Jsionca | [LA] : [PhOH] : [TTHB] aHKmﬁgg’“B”:Hm o | Mo, oo | MM, 11O KOHUCBEIM PYTIIaM, MOTL. %
’ Xnop 4-Tuapoxcudenun
- 0 4630 1,17 89 0
6 AlClL, 2:20:1 5 4510 1,17 0 64
2:20:1 9 4430 1,20 0 100
- 0 4380 1,16 91 0
7 AlCI,
4:40:1 2,5 4610 1,18 0 100
- 0 6600 1,16 94 0
8 FeCl,
4:40:1 1 6840 1,15 0 100
- 0 11900 1,11 95 0
9% AlClL,
4:40:1 9 12160 1,11 2 98
— 0 8240 1,14 0 0
10* AlClL,
4:40:1 24 - — 18 50

Mpumevanns: 1. Yenosus nommmepusanuu: 7=-80 °C; [DiCumCl] =9 mmons/i; [FeCl, - 1,4 PrOH] = 19 mmons/it; [IB] = 1,2 Mos/1;
pactBopurens — #-rekcan/CH,Cl, (60 : 40 o o6beMy); Bpemst — 2 MuH. 2. YcnoBHS MOAU(DHKALMK: KOMHATHAS TeMIIepaTypa.
*MeHoT aANKMIMPOBAIM BbIAENEHHBIMU JuyHKIMoHaNbHbIMU [TUB-Cl (oIt 9) 1 2x30-T1THB (ombIT 10) B CXOKHUX YCIOBHUSX.

U3 nannpix crnexrpockoruu SIMP 'H (cM. TaGm. 2, puc. 4) cieyer, 4To NPUHLIUIHATILHOE OTIHYHE PO-
necca ankuimpoBanus Genona [MUB in situ o1 MoanduKamMy npeaBapuTEIbHO BBIJIEICHHOTO MOJUMepa 3a-
KJTFOUAETCS B MMPAKTUICCKH TIOJTHOW MOHM3AITUH «CILIIX» (T. €. XJIOPUAHBIX ) KoHIeBsIX rpymnmn [T1B. Takoi
BBIBOJI BBITEKACT M3 MOYTH MOJTHOTO MCUE3HOBEHUSI CUTHAIOB METHJIBHBIX U METHJICHOBOM I'PYIIN KOHLIEBOTO
xnopunHoro gparmenta (1,96 u 1,69 M. A. cOoTBETCTBEHHO) (CM. puc. 4, OYKBBI /1 ¥ &) IPU BBOJIE KOMILIEKCA
(enona k Mmakpokarnonam [TMb 1 mosiBiIeHUs] CUTHATIOB PAa3JIMYHBIX KOHIIEBBIX OJE(UHOBBIX TPYII U 4-TH/I-
pokcudenunpHOrO pparmenta (4,5—4,6 m. 11.) (cMm. puc. 4, ciextp 2). B cBoro ouepenp, Mpu aTKAITAPOBAHUN
BeiesieHHoro [1Mb-Cl Habmonaercs NoCTENeHHOE YMEHbIIEHHE KOINYECTBA KOHIEBBIX XJIOPUIHBIX TPYII
C MPONOPLMOHATIBHBIM BO3PACTAHUEM KOJIMYECTBA 4-THAPOKCUPEHUIIBHBIX TPYMII (CM. Tabi. 2, OmbIT 9).

OtcyTcTBHE B TOHOCTHIO MO uipoBanHoM [N B 1r00bIX CHTHATIOB KOHIIEBBIX TPYII, KPOME MHUMBIX
nyrietos (6,75 1 7,22 M. 1.) B apoMaTH4eckoii yactu crextpa SIMP 'H, cBHIETEIbCTBYET O TOM, UTO IO BbI-
Opannoii metonuke henon ankunupyercs [IMb crporo B napa-nonoxeHue no OTHOILEHHUIO K THAPOKCUIBHOM
rpynmnre.

OKCKITI03MOHHBIE XPOMAaTOTPaMMBbI TTOJTYYeHHBIX 00pa3I0B CBUAETEILCTBYIOT O TOM, UTO CHHTE3UPOBAaHHbBIE
ITNB-OH o6mamaroT SpKO BEIPaKEHHBIM YHUMOIATHFHBIM MOJICKYIISIPHO-MAaCCOBBIM pacrpeaeieHneM (puc. S).
W3 naHHBIX TeblIpOHUKAOLIEH XpoMaTorpaduu 3aMeTHO 00pa3oBaHKE HEKOTOPOTo KOJIMUYECTBa HU3KOMOJIE-
KYJSIpHBIX TIpUMECE B X0JIe TOOOUHBIX POLIECCOB M30MEPU3ALMY U MUTPALIMH 3apsia 10 LenH Ipu Moaudu-
karuu [TUB (cm. puc. 5). OqHako BIMSHUE STHX MPOIECCOB HA ONUANCIIEPCHOCTH oOpasytomuxcs [TMB-OH
HesHauutenbHo (M, /M, yBennuusaercs ¢ 1,16 no 1,18) (cm. Tabi. 2, onsIT 7).

Hcnonp3oBanue pa3padboTaHHOro aBropamu noaxozaa k moaudukaruu [ IUb no3sonser cunresuposars [IMB-OH
pa3nuYHON PYHKIHMOHATBHOCTH (MOHO-, 11~ U TpU(YHKIHUOHAIBHBIE) (TabM. 3 1 puc. 6) ¢ pa3HON MOJIEKYJISIp-
HOI Maccolt (puc. 7) 6e3 n3Menenus nonuaucrnepcHoctu [11b, momyuyeHHOTo KOHTPOIUPYEeMON KaTHOHHOM
roJImMepu3anuen (cM. Taom. 3).

CkopocTs U cTeneHb ankunupoBanus penona [IUb no BeiOpaHHOM METOANKE HE 3aBUCST OT MOJICKYJISIPHOH
Mmaccsel [TMB. CkopocTh peakiuy alKuiInpoBaHusl 3aBUCHT TOIBKO OT 331aHHOTO W30bITKa cyocTpara. Tak, B city-
yae 40-kpaTHOTO N30BITKA (PeHONIA TIPEBPAIIEHIE BCEX KOHLIEBBIX TPYMII B 4-THIpOKCH(DEHUIIbHBIE 3aHIMAIIO
omuHakoBoe BpeMs (2,5 1) (cm. Tabm. 3 u puc. 7).
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Puc. 4. ®parments! ciektpos AMP '"H IMB-OH ¢ Pa3aMUHON CTENEHBIO AJKUIMPOBAHUS
(1-0%,2-36%,3—58%,4—289 %)
Fig. 4. Fragments of '"H NMR spectra of PIB-OH with different degree of alkylation
(1-0%,2—-36%,3—-58%,4—89 %)

NHTEHCUBHOCTE CUTHAJIA
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Puc. 5. Dxckmoznonnbie xpomarorpammbl [IMB-OH mis omeita 7 (cM. Tadm. 2).
Bpewms ankunupoBanus: / —04,2—-14y,3 -2y

Fig. 5. Size-exclusion chromatography curves of PIB-OH for entry 7 (see table 2).
Alkylation time: / —0h,2—-1h,3-2h
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Ta6auna 3
AuaxkuniaupoBanue ¢penona I[IUB pazanunoii pyHKIMOHAJBLHOCTH € IOMOIIBIO KOMILIEKCA € XJIOPUAOM AJTIOMUHMSA
Table 3

Alkylation of phenol with PIB of various functionalities using phenol complex with aluminium chloride

u DYHKIIMOHATLHOCTD
ngig OynkiuonansHocTs [T1MB M, r/™Monb M, /M, 10 KOHLEBBIM IPymIam, Moil. %
Xop 4-Tuppokcudenu
1430 1,15 97 0
11 M i .
OHO(YHKINOHATHHBIH 1600 115 0 08
6600 1,16 94 —
12 i .
JnyHKITHOHATBHBIN 6840 115 0 100
2900 1,17 74 —
13 T 7 2
PUPYHKITHOHAIBHBIN 3200 .17 0 97

Mpumeuanus: 1. Yenosus nomumepusanuu: 7 = —80 °C; [FeCl, - 1,4'PrOH] = 19 mmons/i; [UB] = 1,2 Mons/i; yHK-
IUOHATBHOCTH U MoJeKyIsipHyto Maccy [TWB onpenensmyn nnunuarops! (CumCl, DiCumCl u TriCumCl qis MoHO-, IH- ¥ TpH-
¢yukimonansHoro [TUB coorBercTBeHHO); pacTBoputeis — H-rekcan/CH,Cl, (60 : 40 o o0bemy); Bpemst — 2 MuH. 2. YcioBust
Monudukanuu: komHarHas Temneparypa; [AICL] : [PhOH] : [TTUB] =4 : 40 : 1; Bpemst — 2,5 u.

h
HC Mgy CH;

OH

g

7,4 72 6,8 6,6
XUMHYECKHUI CABHT, M. .

Puc. 6. ®parmenTsl criekrpoB AMP 'H N1B-OH pasznuaHON (PYHKIHOHATBEHOCTH
(1 — MOHOYHKIMOHATBHBIN, 2 — MU(PYHKIMOHATBHBIH, 3 — TPU(YHKIIMOHAIBHBII)

Fig. 6. Fragments of '"H NMR spectra of PIB-OH with different functionalities
(1 — monofunctional, 2 — difunctional, 3 — trifunctional)
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Puc. 7. DKCKITIO3UOHHBIE XpoMaTorpamMmsl (1 — 1o Mmoaudukanmu, 2 — nocie mogudukanym) [1Mb-OH
C pa3IMYHON MOJICKYIsIpHON Maccoii (D, — nomancnepcHoCTh 10 MoAMpUKaLHH,
b, — nonuaucnepcHOCTh nociie MoAUGUKaLMY; BpeMs aIKWIMPOBaHUS — 2,5 1)

Fig. 7. Size exclusion chromatography curves (/ — before the modification, 2 — after the modification)
of PIB-OH with various molecular masses (D, — polydispersity before the modification,
b, — polydispersity after the modification; alkylation time — 2,5 h)
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3aKjaoueHune

[Ipennoxen > dexruBHbiil MeTox cunTe3a [IMB-OH 6e3 cranuu Beigenenus nonumepa. Paspaboranubiii
METOJ 3aKJII0YAeTCsl B COBMEILEHUH CTAAMi KOHTPOJIUPYEMOW KaTHOHHOHM monnmepuszaunud WMb u ankunu-
posanus ¢penona [11b npu komHarHO# Temneparype. [Tokazano, 4To HauOONbBIIEH CKOPOCTH MOAU(DUKALTUT
yaaeTcst JOCTUYb B IPUCYTCTBUM KPaTHBIX U30bITKOB KomIuiekcoB coctasa LA - PhOH (LA = AlICl,, FeCl;) o
otHoureHuto Kk [IMb. B Takux ycaoBusix MUHUMHU3UPOBaHbI TOOOYHbIE PEAKLIUH, IPUBOASILINE K YMEHBIICHUIO
JUIMHBI LIETIH, & CKOPOCTh MOAN(UKALIMU HE 3aBUCUT OT MOJIeKysipHoii maccsl [IMb. Beun nosrydensr MoHO-,
- ¥ tpudynkauonansabie [IMB-OH ¢ monexymnspHoii maccoit B auanazone 1000—10 000 r/monb n HU3KOH
nojuaucIepcHocTsio (M, /M, = 1,2).
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ADSORPTIONAL AND PHARMACOPOEIAL CHARACTERISTICS
OF NEW TYPES OF ACTIVATED CARBON OBTAINED
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OF PLANT RAW MATERIALS
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The studies were carried out on both physico-chemical (adsorption capacity; pH) and pharmaceutical (acidity alka-
linity; solubility in acid; sulfide content; weight loss on drying; content of ash, fluorescent substances and substances
soluble in 96 % alcohol; presence of cations (copper, lead, zinc) and anions (cyanides, chlorides, sulfates)) properties of
new types of active carbons obtained by thermochemical synthesis of cellulose- and lignin-containing raw materials. An
assessment of their compliance with the requirements of the state pharmacopoeias of the Republic of Belarus and other
countries is given.

Keywords: adsorption; activated carbon; phenazone; methylene blue; methyl orange; cyanocobalamin; iodine; phar-
maceutical properties.

BBenenue

Bcemmupnas opranmzanus 3apaBOOXpaHEHHS €KETOAHO B MUPE PETUCTPUPYET Oosee 2 MIIpA CIIydaeB 3a-
pakeHus JTrofIel OCTPBIMU KUIIEYHBIME HHEKIIsIMA. [t 3ppeKTUBHOTO JIeUeHN ST KUIIIEYHBIX JIETOKCHUKAITHHA
1 UX Npo(UITaKTUKH TpeOyeTcs pa3paboTka HOBBIX npenapaToB [ 1]. CeroaHs it 3HTEPOCOPOIHH, KaK OTHOTO
n3 MetoJioB 3 depeHTHOH Tepaniu, B MEAUIIMHCKOW NMPAKTHKE UCIIONB3YIOT MHOTOYHCIICHHBIE YIIIEPOIHBIC
copbenThl. OHU TOTIIOIIAIOT B YKETYIOYHO-KUIIIETHOM TPAKTE Ta3bl, OPTaHNIECKUE TOKCHHBI, COITN TAKEITBIX
METaJIOB U TIPOIYKTHI MeTaboIm3Ma JJekapcTB. Hanbonee 4acto mpruMeHsseMbIMU TIpenapaTamMu STON TPYIIIbI
SABIISIOTCS akTHBHpoBaHHbIe yrmu (AY)'. [To aHaToMO-TepaneBTHuecKo-Xummueckoi (ATX) knaccuduxamuy
AY OTHOCAT K KUIIEYHBIM afncopOeHTam (AO07BA).

B Menunnae Hanbos1ee BaXKHBIMHU XapaKTEPUCTHKAMU AY CUMTAIOTCS BETHYNHA YISTbHON TOBepXHOCTH, pH
Y 30JIbHOCTB. DTH XapaKTEPUCTUKHU OMPEIEISIOTCS B TIEPBYIO 0Yepeh XUMHUECKAM COCTaBOM YTIIEPOICOIEP-
JKalllero NpeAleCTBEHHNKA, B Ka9eCTBE KOTOPOTO UCIOIBb3YIOTCS pa3IMYHbIe PACTUTENbHBIE MaTepHAIIbl, OTIH-
YaroIUecs M0 COJIePKAHNIO OCHOBHBIX KOMITOHEHTOB: II€JUTIONO3bI, TUTHUHA, TeMUIIeILTI0N03 U Jip. [Ipu BeIOOpE
MpeKypcopa BO BHIMAaHNE PUHUMAETCA TAKXKe WX TOCTYIMHOCTh, CTOUMOCTD H T. 1.

[Tapamerps! kKauecTBa AY, KOTOpBIE HEOOXOIUMO OTIPEACTATH IPH MPOBEJACHUH (hapMaKOIIeHHOTO aHaIIN3a,
MPEACTABICHBI B TOCYIaPCTBEHHBIX (hapMaKoIesx pa3lIuvHbIX cTpaH”. Bo Bcex apmakornesx yka3aHo, 4To Ka-
4ecTBO AY HEOOXOIUMO OIICHUBATH 0 UX aICOPOIIMOHHON aKTUBHOCTH. Pacxonsarces TpeboBanus hapmakornein
Pa3IMYHBIX CTpaH TOJBKO B BHIOOPE BEMIECTB-MapKepoB. Tak, B TOCYyIapCTBEHHBIX (apMakomnesx PecmyOmmkn
Bbenapyces (I'® Pb) u Poccuiickoit ®enepannn, a Taxxe B EBporelickoii hapmakoriee B KauecTBe Mapkepa
UCToNB3yI0T (peHasoH, B MexxayHapoanoii papmakonee u Gpapmakomnesx CILIA, SAnonnu u Kutas — cynbdar
CTPUXHHHA U METUJICHOBBIN roryooit (MI).

'ATC/DDD Index 2024 / WHO Collaborating Centre for Drug Statistics Methodology // Norwegian Institute of Public Health :
website. URL: https://www.whocc.no/atc_ddd_index (date of access: 10.10.2023).

ZKOHTPOJ'IL Ka4yecTBa CyOCTaHLMiT Juisi (hapMalleBTHYECKOTO UCIONB30BAHMUS U JISKAPCTBEHHOTO PACTUTENBHOTO ChIpbsi. T. 2 / mon
pen. C. U. Mapuenko. Monoaeuno : Turm. «Ilobema», 2016. 1368 c. (l'ocynapcteennas dapmaxornes: Pecryonuku benapycs) ; Tocy-
napcTBeHHast papmakones XV onnaiiH [DnekTpoHHbIi pecype] // @apmakones.pd : caitt. URL: http://pharmacopoeia.ru (mara o6-
pamenuns: 01.11.2023) ; European pharmacopoeia. Vol. 1-2 / Council of Europe, Eur. Director. for the Qual. of Med. and Healthc.
8™ ed. Strasbourg : Council of Europe, 2013. 3513 p. ; British pharmacopoeia — 2013, version 17.0 [nekrpoHubIii pecypc]. DIeKkTpor.
TeKcToBBIe MaH. u nporp. (4 I'6). Norwich, 2012. 1 snexrpon. ont. xuck (CD-ROM) ; Japanese pharmacopoeia / Society of Japanese
Pharmacopoeia. 17" ed. Tokyo : Maruzen Co., 2016. 2629 p. ; Pharmacopoeia of the People’s Republic of China. Vol. 1-3 / Chin. Pharma-
copoeia Comm. Beijing : People’s Med. Publ. House, 2005. 274 p. ; International pharmacopoeia [Electronic resource] / World Health
Organisation. 7™ ed. 2022. URL: https:/digicollections.net/phint/2022/index.html#p/home (date of access: 23.10.2023) ; The United
States Pharmacopoeia (USP 38 — NF 33) / The United States Pharmacopoeial Convention. Rockville : United States Pharmacopoeial,
2015. 5612 p.
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Kpome Toro, Bo Bcex ¢apMakornesx KOHTPOJb KadecTBa AY JOMOIHUTENBHO OCYIIECTBISIETCS U 10 Y-
UM TIapaMeTpaM: KHCJIOTHOCTH U IIEIOYHOCTH; PACTBOPUMOCTH B KHCIIOTE; COACPKAHUIO CyTb()UIOB; TO-
Tepe B Macce NMpH BBICYLIMBAHUH; COJCPKAHUIO CYAb(PaTHON 307161, (HIIyopecHUpyIOMINX BEIIECTB U BEIIECTB,
pacTBOpUMBIX B 96 % cnupTe; HATUYMIO KATHOHOB (MEIb, CBUHEL, LIMHK) U AHUOHOB (LIMAHUIBI, XJIOPUIbI,
Cynb(haTe).

Hacrosiiee nccienoBanne MpOBOAUTCS ISl OTPEICICHUS aICOPOIMOHHBIX M (papMaKOTIEHHBIX Xapak-
TEPUCTUK AY, MOITYYEHHBIX U3 Pa3IMYHBIX BUOB LEJUIIOI030- U JIMTHUHCOJAEPKAIUX MaTepHUaIOB MMyTeM
TEPMOXHUMHUYECKOTO CHHTE3a, 3aKJII0YAIOIIETOCS B aKTUBAIIMHM PACTHTEIBHOTO CHIPbsi OpTOdoCHOpPHON KHC-
JIOTOH, C TIOCIENYIOIIe TepMUuYecKkoil 00paboTkoii. JlaHHBIH crI0CO0, MO3BOISIFONINKA TOTy4aTh ME30IIOPH-
cThIii AY ¢ 04eHb GOIBIIOI YIeIbHOM moBepxHOCTBI0 (1000—1500 M%/r), paspaboran B Hayuro-nccienoBa-
TEJbCKOM HHCTUTYTE (PH3UKO-XUMHUecKuX mpobaem bI'Y [2]. B kauecTBe ChIpbs HCIIOIB30BAIIN THAPOIUIHBIN
JIMTHUH, OTXOABI AepeBonepepaboTKu (Kopa, OMUIKH ), OTXO/bI IEPBUYHOM NIepepadOTKH JIbHA (TaKJIs) U el -
JI0JI03Y, TIOIY4YEeHHYI0 13 OaMOyka. DKciepuMeHTalbHble AY CpaBHHBAJIN C CAMbIM MAcCCOBBIM IPOMBIII-
JIEHHO BBIITYCKaeMbIM aKTHBUPOBaHHEIM yriieM Mapku OY-A (OAO «Copbent», Poccust), monyyaeMbiM U3
JIpEBECHHBI Oepe3bl METOIOM apOTra30BOM aKTUBALMHM, a TAKXKE C JPYTHMHU IPOU3BOAUMBIMH MUPOBOH (ap-
MaIeBTUYECKON MTPOMBIIIIIIEHHOCTBIO YHTEPOCOPOEHTAMHU.

MarepuaJibl 1 MeTOAbI HCCJIETOBAHNUS

Ilepeuens uccnenoBanHbiX AY 1 cCOpOCHTOB MpEACTaBICH B Ta0M. 1, a OCHOBHBIC XapaKTEPUCTUKH Be-
niecTB-MapkepoB — B Tabn. 2. C MOMOIIBbI0 HUKEITPUBEACHHBIX METOANK yCTaHABIMBAIN aJCOPOLIMOHHBIE
U papMaleBTUYECKUE XapaKTEePUCTHKH 00pa3LioB COPOCHTOB.

Omnpenenenne aacopoOMOHHON aKTUBHOCTH AY mo (eHa3oHy (B COOTBETCTBUU C TPEOOBAHUSIMHU
I'® PB). UcmeiTyemsiii o6paser; Maccoii 0,3 T' TOMEIIAI B KOHHIECKYI0 KoI0y (BMectuMocTs 100 cm?)
CO CTEKISTHHOM MpHUTEpTOi mpobKoii. [IpnGamsmm 25,0 cM® CBEKEIPHIOTOBICHHOTO PacTBopa (eHa30Ha,
nosydyeHHoro pactsopenuem 0,5 T Bemectsa B 50 cM’ BOjbl. MIHTEHCHBHO BCTPSIXUBAJIH B TeUCHUE 15 MuH.
®unsrpoBanu, mepssie 5,0 cM® puisTpara orépacsBamm. K 5,0 M’ ¢punsrpara npubasmsau 0,5 r 6pomuza
kamust m 10 em® 7,3 % pacTBopa XJIOpOBOJOPOAHOW KucaoTel. Turposanu 0,016 7 MOJIB/IIM® pacTBOpoOM
6poMara Kajius 10 MCYE3HOBEHHS KPACHOTO OKDAIIMBAHHS, B KAYECTBE HHIMKATOPA MCTOmb3oBatu 0,1 cm’
pacTBopa METHIIOBOTO KpacHOTo. B KoHIIe TUTpoBaHUS TUTpOoBaiu MeaneHHo (1 xarurst B 15 ¢). [IpoBoaunm
KOHTPOJBHBIIT OIBIT ¢ MpUMeHeHHeM 5,0 cM® pacTBopa (heHa3oHa.

KomuuectBo ancopoupoannoro AY ¢enaszona (I') paccuntbiBaiu (B Mr/t) o hopmysie

r=9,43(“—‘b),
m

e a — kommaectso 0,016 7 Mons/iM” pacTBOpa GpoMaTa KasTist, H3pacXOI0BAHHOTO Ha THTPOBAHHE B KOHTPOIb-
HOM OMBITE, cM°; b — kommaectBo 0,016 7 Monb/aM’ pacTBOpa GpoMara Kajlis, H3pACXOIOBAHHOTO HA THTPOBA-
HUE UCTIBITYeMOro o0pasiia, oM’ ; m — Macca HaBeCKH HCIbITyeMoro oopasua, 1; 9,43 — tutp 0,016 7 MOJTB/ M
pacTBopa Opomara kanus o ¢penazony; AY B konmmuectBe 100 T (B mepecdere Ha Cyxoe BEUIECTBO) TOJDKEH
amcopouposars He MeHee 40 T heHa30HA.

AJICOPOUMOHHAsI AKTHBHOCTH AY no HoxHoMy umncay (sa ocuosauun [OCT 6217-74°). Hage-
cky AY maccoii 0,2 r (tounocts B3BemuBanus 0,000 1 1) momemnianu B KOHHYECKYO KOJIOYy 00beMOM
100 CMS, no0asstu 20 o’ 0,1 H. pacTBOpa MOJ1a B MO/AMJIE KaJIusl, IPUTOTOBICHHOTO U3 (PUKCaHAA, BbI-
nepxuBany B redenne 30 Mmun ipu remneparype (298,0 £ 0,5) K u nepuonnueckn BCTpIxuBaiu. 3aTeM U3
KOJIGBI OTOGMpamH 5 cM® pactBopa u THTpoBaiu 0,1 H. pacTBOPOM THOCY/Ib(ATA HATPHUS, IPHTOTOBICHHOTO
u3 (pUKcaHaia, B KOHIIE TUTpOoBaHus no0apysuiu 1-2 karmmm 0,5 mac. % pacTBopa Kpaxmasa J0 UCUE3HO-
BEHUSI OKPACKHU pacTBOpa. AJCOPOIMOHHYI0 aKTUBHOCTD (B MI/T) 110 MOy PACCUMUTHIBAIU CICIYIOIINM
o0pazoMm:

. i-%) 001274

Sm

-10°%,

rae V;—o6bem 0,1 H. pacTBOpa HaTpHs THOCYNIb(ara, U3pacX0A0BaHHOTO Ha THTPOBAHHUE 5 M’ HCXOIHOTO PacTBo-
pa Hojta, cM’; V,—o6wem 0,1 H. pacTBOpa HaTpusi THOCYIb(ATA, U3PACXOIOBAHHOIO HA THTPOBAHHE 5 cM’ pacTBopa
roJIa rocie Kourakra ¢ AV, em”; 0,012 7 — macca noga, coorerctytomasi 1 e’ 0,1 H. pacTBopa THOCYIB(ATA
Hatpus, T; m —Mmacca AY, 1; V, — 00beM HCXOIHOTO pacTBOpa HOJaA, oM’

STOCT 6217-74. Yromnb aKTHBHBIT APEBECHBIH ApodeHbil. Texanueckne yenous. M. : M3a-Bo cranmaptos, 1974. 8 c.
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OpurnHajibHble CTATHH
Original Papers

AcopOUHOHHAS AKTUBHOCTb AY 10 OTHOIIEHUIO K MeTWJI0BOMY opaH:keBomy (MO) (Ha ocHOBaHHUU
[TOCT 4453-74"). HaBecky mcclie1oBaHHOT0 00pasiia Maccoii 0,2 r (toarocts B3gemusanus 0,000 1 r) B TeueHne
30 MuH nepeMennBamu ¢ 25 em’ pactBopa MO xonuenrtpauueii 0,15 1/1 Ha opOuransHoM meiikepe KS-130
basic (IKA4, I'epmanusi) ¢ naTeHCUBHOCTBIO 240 00/MuH. [lanee cycneH3un neHTpu(yrapoBain U rOTOBUIN
50-kparHoe pa3BezieHue neHTpudyrara. Fizamepsuim onTHUECKYIO IIIOTHOCTh UCXOIHOTO PACTBOPA U PACTBOPOB,
MOJIyYEHHBIX IpH uHe BoJIHBI 500 HM B KIOBETE TOJIIMHON 1 €M, B KAUECTBE pacTBOpa CPaBHEHUS UCIIOJIb-
30BaJIM TUCTUITIPOBAHHYIO BOAY.

AICOpPOMOHHASI AKTHBHOCTH AY 10 OTHONIIEHHIO K ITHaHokoOanamuny [3]. Mccnenyemsblit oopasert
maccoii 0,1 T (Tourocts B3BemmBanns 0,0002 T) MOMEIIATH B KOHHYECKYIO K010y (BMectumocTs 100 cv’)
C IPUTEPTOH IIPOOKOH, MpHOABIISIK 25 CM° pacTBOpa BUTAMHHA B,, xonuentpauueit 100 MKT/CM®, 3aKpBbIBa-
71 TPOOKOH M OCTaBIISUIN Ha 24 4, IEpHOAMYECKH BCTPAXUBAIIN. 3aTE€M COIEPKUMOE KOJIOBI LIEHTpU(YTHpOBaIN
B Teuenne 10 mun mpu 7000 06/mun. Llentpudyrar oobemoM 10 cM’ moMelani B MEpHYIO KOJIOY BMECTH-
MOCTBIO 50 cM® , JOBOIMIT 00BEM PacTBOpa MUCTHIUTUPOBAHHON BOIOH /10 METKH M TIEpeMemnBaiu. MisMepsiin
ONTHYECKYIO INIOTHOCTH MOJIYYEHHOIO PACTBOpA IPU JUIMHE BOJIHBI 364 HM B KIOBETE C TOJIIIUHOM cJios 1 cm,
B KaQ4eCTBE PAacTBOPa CPAaBHEHUS HCIIOIb30BAIN TUCTHINTUPOBAHHYIO BOAY.

AncopOIHOHHAs AKTHBHOCTH COPOEHTOB B OTHOIIECHWH HM3BJIeYeHHsS JIEKAPCTBEHHBIX INpemnapa-
ToB (JIII) (penodapouTan, kapéaMaszenuH, aMUTPUNTHINH, 0-PVP, ananbrun, mapaneramosn) us omo-
Matepuaga (kpoBu). Ilpu onpenenennn xonnenrpanun JII1 B Gmomarepuane gepe3 xpomarorpaduaeckue
KOJIOHKH B BHJIE CTEKJIIHHBIX TPYOOK IuamMeTpoM 2 cM U JuthHOW 20 cM, 3aIoHeHHBIE Ha /4 HCCIIEIOBaHHBIM
06pa31oM, IPOIyCKaIH KpoBb B 00beMe 2 cM’. KomuuecTBo COpOMPOBAHHOTO BEMECTBA PACCUNTHIBAII 110 Pa3-
HOCTHU KOHIIEHTPAIMH B UICXOHOM 1 KOHEYHOM pacTBOpax. [ Komn4ecTBEHHOTO OTpe/eNIeH s KOHIICHTPaIun
HCCIIeTyEMBIX BEIIECTB NCIIOIH30BAIN I'a30BhIi XpoMaTorpad ¢ Macc-CeJIeKTUBHBIM JieTekTupoBanueM 7890B
(Agilent Technologies, CIL1A); xononky kamuisipayo (30 M x 0,25 mm, AF = 0,25 mxwm (daza HP-5MS Ul));
tepmocrar kojioHok (90 °C; 1,3 mun; 11 rpag/mun; 315 °C; 8,3 MuH); ra3-Hocurels (Tesui, 1,5 MJI/MUH); HHKEK-
top Splitless (280 °C); Temneparypy transfer line (300 °C). 3agaBaiu clieayIONMe YCIOBHS ISTCKTUPOBAHUS:
MaccC-CeJIeKTUBHBIN ieTeKTop 5977 A (Agilent Technologies), THIT «KBaAPYIIONbY; HHTEPBAJ CKAHUPYEMBIX MaCC
40-570 m/z; Temnepatypsl gerekropa: MS source — 230 °C, MS quad — 150 °C; gain 1,0; npu naeatuduxanuu
MTUKOB BEIIECTB JIONMyCKaJICS BPEMEHHOM HHTepBai noucka + 2 %.

JlomoTHUTETEHO, KpOMe acOPOITMOHHON CITOCOOHOCTH, B cOOTBETCTBHH ¢ TpeboBanmsamu ['d Pb s AY
OIIEHWBAJIH CJIETYIOIINE TTapaMeTPHI.

Kucnornoers u mesounocts. K 2,0 T ucnsityemoro oopasua npudasuiu 40 oM’ JUCTWIIMPOBAHHOM BO-
JIBI ¥ KMISITHIIA B TEYEHUE 5 MUH, Jaliee OXJIajin, 3ateM dusrposany. [lepssie 20 cM® GuisTpara 0TopackBay.
K 10 e’ nonysuennoro ¢unsrpara npubasmsim 0,25 cM® pacTBopa GpOMTHMOIOBOTO CHHETO (3',3'-1HOpoMTHMOII-
cynbdodranent) u 0,25 cM® pacTBOpa rMAPOKCHAA HATpHst KoHueHTparueit 0,02 Mons/mv. [Ipu 9ToM pacTBop
JIOIDKEH IPHOOPECTH CHHEee OKpAIIMBAHKE. 3aTeM Npubassum He 6oree 0,75 CM® pacTBOpa XI0POBOIOPOIHOI
KHCJIOTBI KOHIeHTpamueii 0,02 Mons/iM’. B pesy/bTate JOIKHO HOSBHTHCS XKEITOE OKPAIIHBAHIE.

BemectBa, pacTBopumbie B kuciote. K 1,0 r ucneiryemoro oopasia npubapisiim 25 oM’ pacTBopa a30THOM
KHUCJIOTHI KOHIIeHTpaluen 1,98 MOJIB/IIM" ¥ KUIISITHIIN B TCUCHHE 5 MUH. Topstamii pacTBOp PHIIETpOBAIIN YEpe3
CTEKJISTHHBIM MMOPUCTHINA (YUIBTP, KOTOPBIA IpoMbln 10 M’ ropsiuel JUCTUILIMPOBAHHOM BOsbl. OObEIMHEH-
HBIH (pUIBTPAT U IPOMBIBHBIE PACTBOPHI BBIIAPUBAJIH JOCYXa HAa BOASHOW OaHe, 3aTeM K OCTaTKy NpUOaBIIsIIH
1 cM’ KOHIIGHTPHPOBAHHON XJTOPOBOIOPOIHON KICIIOTHI, BHITAPHUBAIHN A0CyXa. OCTATOK BHICYIIHBAIIH 10 TTO-
cTossHHON Macchl ipu Temreparype ot 100 go 105 °C. Ilo TpeboBanusm I'® Pb macca ocrarka 1omkHa OBITH
He Oonee 0,03 .

OxpaieHHbIe BellecTBa, pacTBOpuMbIe B menoun. K 0,25 r ucnsityemoro oopasua npudasisum 8,5 %
PACTBOP FHIPOKCH/IA HATPHS B KOTHaecTe 10 cM’ ¥ 3aTeM KMITHTH B Tedenne | MumH. OXJIax i, (GHisTpo-
BaJTi, GUIIBTPAT JOBOIMIN BOIOM 10 oObeMa 10 cm’. B coorsercreun ¢ ['® Ph OKpacka [I0JIy4YeHHOI'0 pacTBopa
HE JI0JDKHA ObITh MHTEHCHBHEE OKPACKH 3€JIEHOBATO-KENTOro 3TanoHa uBeTHOCTH (GY (3e7IeHOBAaTO-KENThIi), ).

BemecrBa, pactBopumbie B 96 % cnupte. K 2,0 r ucnsityemoro odpasua npudasuiu 96 % 3TaHoI B KOJIH-
decTBe 50 CM® ¥ KHITSATHIA C 00paTHBIM XOJMOMUIFHUKOM B TeueHue 10 MuH. 3ateM oT(IIBTPOBaIHN, OXJIaAIN
¥ oBe 96 % stanonoM 10 obbema 50 ev’. ITo tpeGopanmsm I'® PB okpacka MOJy4EHHOTO pacTBOpa He
JOJIKHA OBITh MHTEHCHBHEE OKPACKU JKEITOrO 3TajaoHa LBETHOCTU (Y (MKENThIi),) UM KOPUUHEBATO-XKEITO-
ro srajioHa usetHoctu (BY (xopuuneBaro-xeinTslii), ). Ilocie 3toro 40 cM’ (pMIBTpATa YIAPUIH U CYIINIH 0
MOCTOSTHHOM Maccsl pu Temneparype ot 100 1o 105 °C. B coorBerctBuu ¢ I'® Pb macca octarka momkHa
ObITE He Oonee 0,008 1.

*TOCT 4453-74. Yromns akTHBHEIH OCBETISIOMHMIT JIPEBECHBIN MOPOIIKO0Opa3HbIil. TexHmueckue yciaoBus. M. : 3n-Bo cranmapTos,
1993.23 c.
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®ayopecuupyiomue BemecrTBa. Vcmsryemsiii oopaser Maccoit 10,0 T o6pabarsiBamm 100 cM® HuKIO-
reKcaHa B T€UeHHeE 2 U B arrapare Jjs nepnonnqecxon skcTpakiuu (armapar Cokcrnera). CoOpaiu JKUAKOCTH
¥ JI0BEJTH IIUKJIOreKCaHoM 10 o0bema 100 cm’. TTomydeHHbIe pacTBOPBI HCCIEOBAIN B YILTPAQHOTICTOBOM
CBETE MpH JUTMHE BOJIHBI 365 HM. IHTEHCUBHOCTH (DIIyopeclieHIH pacTBopa He JIOJKHA MpEBLIIATH HH-
TEHCHBHOCTb (IryopecIeHITny pacTBOpa XMHUHA, KOTOPBIH MOTyvain MyTeM PacTBOPEHUs 83-107° r xunnHa
B 1000 cM® pacTBOpa cepHOil KUCIOTH ¢ KoHueHTpamueit 0,005 Momb/mm’.

Cyabpuabl. VcnsiTyeMbrii oOpaser Maccoi 1,0 T momennani B KOHUYECKYIO KOOy ¥ TpUOaBIsiig 5 oM’
pactBopa 25 % XJI0pOBOIOPOIHOM KUCIOTHI U 20 CM3 Bonbl. HarpeBanu no kumnenus. [1o TpedoBanusm ['® Pb
oOpasyrolyecs napsl He JOJDKHBI OKPAIIMBATh B KOPHYHEBBIH [[BET CBUHIIOBO-AIIETATHYIO OyMary.

HNcnbiTaHuga HA coepkaHie PUMeceil MeTaJlJI0B. /{715 TpoBeIeHUs UCIIBITAHUM TOTOBUIIHN CJIETYIOIINNA
WCXOJHBIN PacTBOP: 2 ,0 T ucmbITyeMoro o0pasiia IoMenail B KOHHIECKYIO KOJIOY ¢ IPUTEPTHIM TOPIBIIIIKOM
¥ rpubasmsuy 50 cM® pactBopa 7,3 % XIOPOBOIOPOIHON KHCIOTHL. I10TyYeHHBIH PACTBOP OCTOPOIKHO KHIIS-
TUJIM ¢ OOPATHBIM XOJIOMUIBHUKOM B TeueHue 1 4, QUasTpoBasu, MpoMbIBaIN GHILTP pacTBopoM 7,3 % xito-
POBOJIOPOTHOM KUCIOThl. OObeAMHEHHBIN (PUITBTPAT U TPOMBIBHBIEC PACTBOPHI BBITIAPUBAIH JI0CYXa Ha BOISTHON
0aHe, 0CTaTOK PaCTBOPSIIIM B PACTBOPE XJIOpOBO,JZ[OpOJlHOI/I KHCJIOTHI KOHIEHTparmeii 0,1 MOMB/IM’ 1 TOBOIHIA
THM K€ pacTBOPHTENEM 10 00beMa 50 cM°. OmpeieneH e MEeTaIoB IPOBOIHIA METOOM aTOMHO-a0COPOIHOH-
HOM CIIEKTPOCKOIUH C MCIIOJIb30BaHUEM CIieKTpoMeTpa Zeenit-700 (Analytzk Jena, FepMaHm)

Meab. [oTOBHIM pacTBOPHI CpaBHeHI/IH conepxarue 2 - 10”7 S 1-10°u0, 2 107 r/em’ menw, MyTeM
JOBEICHHS COOTBETCTBEHHO 2; 1 1 0,2 e’ CTaHJapTHOro paCTBOpa memn (20 - 107 r/cm?) pacTBOpOM XI0pO-
BOJOPOIHOM KUCIOTHI KOHIIeHTparuei 0,1 MOJ’II)/IIM 1o 20 oM. Hns onpenenenust Meay NPUMEHSIIN JIAMITY
¢ mosibIM KatozoM. /liinHa BoiHBI coctaBuia 325,0 aM. ['eHeparopoM aTOMHOTO mapa sIBISI0CH BO3AYLIHO-
areTHJIEHOBOE TUTaMS.

Iunk. {1 uCHbITaHUI HCIIONIB30BAJIM PACTBOP, IPUTOTOBJICHHBIN TAK K€, KAK U PACTBOP JJIl UCIIBITAHUN
Ha cojepaHue Meqau. [|omoIHNTeTbHO TOTOBUIIH (KaK OIMHCAHO BBILIE VI OMpENeNeHuA MEH) PacTBOPHI
CPABHEHHMS M3 CTAHAAPTHOTO pacTBopa muHKa (20 - 107 r/em’). JIast Onpeie/ieHst HHKA TIPUMEHSUTH JTaMILy
¢ moJeIM KatomoMm. [lmmHa BomHBI cocTaBuia 214,0 am. I'eHeparopoM aTOMHOTO Tapa SIBISUIOCH BO3TYIITHO-
aIleTUIICHOBOE TIIaMsl.

Caunen. /[yt vcripITaHU MCTIOIB30BAIN PACTBOP, IIPUTOTOBJIEHHBIN TakK K€, KaK ¥ pacTBOP JJIs UCIIBITa-
HUH Ha cofepkaHue Meu. JlomoTHUTEIHHO TOTOBUIIH (KaK OTIMCAHO BBIIIE [T ONIPEIEICHUS MEIH ) pAaCTBOPHI
CpaBHEHHS U3 CTAHJApPTHOTO pacTBOpa CBMHIA. J{JIs onpeesieHnus: CBUHIIA MPUMEHSUTH JIaMITy C TTOJIBIM KaTo-
noM. JlyinHa BostHbI coctaBmiia 283,3 HM (217,0 HM B 3aBUCUMOCTH OT Tipubopa). [eHepaTropom aTOMHOTO mapa
SIBIISIIOCH BO3/IYIIHO-alIETHIIEHOBOE TUIaMSl.

IloTepst B Macce npu BeicymimBanuu. Mcnbityemslit oOpasen Maccoii 1,000 r cymmm npu Temreparype
120 °C B Teuenue 4 4.

Cyasdarnas 301a. VcnbityeMblil oopaser maccoi 1,0 r moMeniany B MpeABAPUTEIHHO MTPOKAJICHHBIN TH-
relh, CMA4MBaiK | CM> KOHIIEHTPUPOBAHHO CEPHOM KHCIOTHI M OCTOPOXKHO, H30erast CUILHOTO BCIICHHBAHHS,
HarpeBaJIv Ha IUTAMEHH, TiecuaHOo! GaHe WITH AIIEKTPUYECKOM TUIMTKE C 3aKPBITHIM HarpeBaTeIbHbIM 3JIEMEHTOM
¥ TEPMOPETYISATOPOM 10 00yrmBanus. 110cie OXTaX/ICHHs OCTATOK CMAYMBaIK | CM°® KOHIIGHTPHPOBAHHOI
CEPHOI KHUCIIOTHI U OCTOPOXKHO HATPEBAU JI0 YJAJICHUS TapOB CEpHOM KHUCIOTHL. 3aTeM THUTeNb TTOMEIIalu
B My(eNbHYIO Ieub ¥ MpOoKaIUBaIK npu Temieparype 550—650 °C o Tex mop, moka 0cTaToK MOJHOCTBIO HE
nipeBpatuiics B 30iy. [Ipu aToMm cienyer n3berarh MoSBICHUS TJIAMEHH, CIIJIABICHUS 30JIbI M CTIEKaHHS €€ CO
CTeHKaMH THIISL. [10 OKOHYaHHUHY NIPOKaIMBAHUS THIIIb OXJIAXKIATH B 9KCHKATOPE, B3BEIINBAIIN M PACCUUTHIBAIH
MIPOLIEHTHOE COfIep KaHue ocTaTka, koropoe 1o TpedoBanusm ['® Pb nomkno ObITh He Oomnee 5,0 %.

B cnyuae nomydenus pe3ynbTara, IpeBhIIIAIONIET0 TOMYCTUMBIN Tpeaes, 0CTaTOK BHOBb CMauyMBaJId KOH-
LEHTPUPOBAHHON CEpHON KUCIOTOH, Cokuranu B TeueHue 30 MHUH, MPOKATUBAIN 10 TOCTOSTHHON Macchl Ju
JI0 TeX TOp, TIOKa JBa [OC/IEI0BATENbHBIX PE3yNIbTaTa B3BSIIHBAHMS OTINIAIHCH He Goee ueM Ha 5 - 107* 1.

Besmmuuna pH BoaHoii BBITAKKH 00pa3noB. OnpezaeneHne BeTudrHbl pH BOHOM BBITSHKKH 00pa3ioB AY
MIPOBOJIWIIN Ha YHUBepcaabHOM HoHoMepe Thermo Orion (I'epmanus). HaBecky uccieayemoro oopasiia Maccoi
2,5 1 (tounocts B3BemmBanus 0,000 2 T) 3anuBanu 1eMOHU30BAHHOW CBOOOIHON OT YTOIHHOM KHUCIIOTHI BO-
710i1 B 0GbeMe 50 CM® U KHITATHIIH B TCYEHHE 5 MUH. 3aTeM PAacTBOP OXJIAXKIAIH, QUIBTPOBAIIM Yepe3 GyMaKHbI
¢uneTp «Cunss eHTay u onpenensuu pH ¢ubrpara.

Pe3yabTarhl 1 NX 00Cy:KIeHHe

YcTaHOBICHHUE BEIMUNH THOOCOBCKOM amcopOnmu UCCleqOBaHHBIMA COPOSHTAMH Pa3IMIHBIX MapKEPOB
MO3BOJIMIIO CMOJICTTMPOBATH MX aJICOPOIIMOHHYIO aKTHBHOCTH MO OTHOIICHHUIO K TOKCHYECKHM BEIIIECTBAM pa3-
JIUIHON MOJICKYIIIPHON MACChI — HU3KO- U cpemHeMoeKysipasIM (200—500 Jla) katnoHnoreHHBIM (heHazon, MI)
1 HEHOHOT€HHBIM BEIIECTBAM, CPEHSS MOJIEKYIIsIpHas Macca KoTopelx cocTtasiseT 500—-1500 a (Butamus B,,).
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Pesynprarel, npencraBieHHbIe B Ta0M. 3, TOKa3bIBAIOT, YTO BCE IMTONYYCHHBIC HAMH YIJIH 110 BEJIMYHHE aJIcOpO-
un eHazona coorBeTcTByIOT TpeboBanusiM ['D Pb (6oee 400 mr/r). OpHaKO BBISICHUIIOCH, YTO POMBIIIIICHHO
BhITycKaeMblii AY Mapku OY-A 110 3ToMy NapameTpy He BCEr/ia COOTBETCTBYET (DapMaKOIIEHHBIM TPEOOBAHHSIM.

Tabnuna 3
ACOpPOIMOHHAS CIOCOOHOCTH AY M0 OTHOIEHHIO K (henazony u MI'
Table 3

Adsorption capacity of activated carbons for phenazone and methylene blue

OGbeM mop, cM’/T AncopbunoHHas CloCOOHOCTD, MI/T
Obpazen AY

4 14 denazon MmI

IMpumeuanue. DeHa3oH — MapKep aJCOPOIMOHHOM CIIOCOOHOCTH corlacHO (papmakoreliHoit crarbe ['D PB
(tpedyetcs 6ombire 400 mr/r); MI' — Mapkep ancopOioHHO# criocobHOCTH, pertamenTupyeMsiit [OCT 4453-74 (s
yoast mapku OY-A (AY-5) tpebyercst He meHee 210 mr/r).

Ha puc. 1 npezacTaBieHsl JaHHbIE O ONPEEIEHUIO HOTHOTO YUcia (BEIUYUHA aJCOPOIMU HO/A), YKa3bIBatO-
IIEro Ha KOJIMUECTBO MOJA B rpaMMax, KOTopoe criocoOHo cBs3athes ¢ 100 r uccineqyemMoro BemecTsa. DTOT
rapameTp KOCBEHHO XapaKTEepHU3yeT KOJMUECTBO MUKPOIOp copOeHTa nuamerpom Ao 1,0 am [4; 5].

A
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1040
1000
800
600

400

200

AY-6 O-1 D2 D53 D4 D55 D-6 AY-1 AV-3 AV-4 AV-2 AV-5

Puc. 1. Ancop6umoHHas ciocoOOHOCTh COPOSHTOB MO OTHOIICHHIO K MOJTY, MI/T
Fig. 1. Adsorption capacity of sorbents for iodine, mg/g

Kak crnenyer u3 maHHbIX puc. 1, Bce 3KcnepuMeHTalIbHbIe 00pasubl AY, sIBISSICH NPEUMYIIECTBEHHO
ME30MOPHUCTHIMH (CM. Tabu. 3), TakKe MOKa3alu BEICOKUE 3HAYCHUS aICOPOIIMH HOAA, YTO YKa3bIBAaET HA Ha-
JMYUE B HUX HapsIy ¢ ME30TIOPaMH 3HAYUTEIHHOTO KOJIMYECTBAa MUKPOIIOP. DHTEPOCOPOCHTHI HEYTTICBOIHOTO
npoucxoxaeHus -1, 3-2, 3-5, D-6 npakTHUECKH HE IPOSBUIN CIOCOOHOCTH COPOMPOBATH MaJIeHbKHE MO-
nexynbl nopa (254 Jla), 4To CBUAETENBCTBYET 00 OTCYTCTBUHU Y HUX MHUKPOIIOP, U 3THM MOXXHO OOBSICHUTH
UX HU3KYIO TepaneBTudeckyro agdexruBaocts. Tonbko y JIIT 3-3 u D-4, B KOTOPBIX ACHCTBYIOIIUM Bellle-
CTBOM SIBJISIETCS CMEKTHT JUOKTadIPUUECKUN, MOKHO KOHCTaTHPOBATh HAJIWYHE HEOONBIIOTO KOIMYECTBA
MHKPOIIOP.

W3 nanHbIX, NPUBEACHHBIX Ha PUC. 2, CIEIYET, YTO SKCIIEPUMEHTaIbHBIC 00pa3ubl AY UMEIOT 3HAYUTEINb-
HO 6oJiee BBICOKYIO a/ICOPOLIUOHHYIO CIOCOOHOCTD 10 OTHOLICHUIO K IIHAHOKOOAIaMHUHY, YEM HEYTOJIbHbIE
sHTepocopOeHTHI. [Ipu 3TOM HanbonbLIed aKTUBHOCTBIO 00aaeT AY, MONYy4YSHHbIH U3 LEJUTI0I03bl 0aM-
Oyka (AY-2). CopbunonHas akTUBHOCTb penapara «Iloaudam» (3-1) no Buramuny B, okazanacs B 6 pa3
MEHBIIIE, YeM COpOIIMOHHAs aKTUBHOCTH 0aMOYKOBOTO AY, YTO yKa3bIBaeT Ha HEIeJecO00Pa3HOCTh UCIIOIb-
30BaHMA ATOTO Ipenapara B poleccax AeTOKCUKAINY A cOpOIMU OOIBIINX MOJIEKYI TOKCHHOB. Jlpyroii
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HEYDJIEPOIHBIN COpOCHT «IHTEepocreiby (D-6) COpOUpPYET elle MEHbIIE MOJICKYJ 3TOr0 KajJuOpaHTa, 4To
CBHJIETEIHCTBYET O €ro MPaKTUYECKON HEMPHUTOIHOCTH ISl BEIBEACHUS TOKCHYECKUX BEIIECTB ¢ OONBIION
MOJIEKYJISIPHOM MacCOu.
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40t 36
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AV-6  D-1 3-2 3-3 3-4 3-5 3-6 AY-1 AV-3 AV-4 AV-2 AVY-5

Puc. 2. AncopOuuoHHast ciocOOHOCTh COPOEHTOB 110 OTHOIIEHUIO K B, Mr/r
Fig. 2. Adsorption capacity of sorbents in relation to B,,, mg/g

Hcxons M3 COBOKYTHOCTH BCEX MCCIIEOBAHHBIX XapaKTePHUCTUK COPOCHTOB, Hanbosee MepCreKTHBHBIM
npezcTapisercs AY, MOMyYeHHBIH U3 THAPOIU3HOTO JIUTHUHA. Takol AY uMeeT HauOOIBIIYIO aACOPOIOHHYIO
crocoOHOCTS 1o oTHOIIEeHUIO K MO. JlaHHBII Mapkep MOJAEINPYET aHHOHOTEHHBIE TOKCHHBI C BBICOKOH MoJIe-
KyJsipHOU Maccoi (10 500 Jla), koTopbie acopOUPYIOTCS B ME30TOpax COPOCHTA, U MOKET MCIIOJIb30BATHCS
JUTsE onpesiesienus afacopounonHoi cnocooHoctu AY o 'OCT 4453-74 napasse ¢ MI.

[TomyueHHBIE pe3yabTaThl IPEACTABICHBI Ha PHC. 3.
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Puc. 3. AncopOumonHas ciocoOHOCTh COPOEHTOB 10 OTHOMIEHHIO K MO, Mr/T
Fig. 3. Adsorption capacity of sorbents in relation to MO, mg/g

Jpyrue nccnenoBanHble HEYTIIEPOAHbIE COPOSHTHI TAKKE UMEIOT 3HAYUTEIBHO MEHBIIYIO TIONIOTUTEILHY IO
CIOCOOHOCTh K TOKCHHAM € MOJIEKyJIsipHOM Maccoit 1o 500 [la, 4yTo npearnoiaraetT ux HU3KYIO TepareBTHYe-
CKYIO aKTHUBHOCTb IPH JIE€TOKCUKAIIUU OpraHu3Ma.

Bricokas peanbHas 3pPEKTHBHOCTH UCCIIEAOBAHHBIX YIIIEPOAHBIX YHTEPOCOPOSHTOB ObLTa OATBEPIKICHA
Ha [IpUMepe U3BJICYCHUSI UIMU TaKKX (papMaleBTHUECKU aKTUBHBIX HHIPEINEHTOB, KaKk (peHobapOuran, kapba-
Ma3elnuH, aMUTPUITWINH, o.-PVP, aHanbruH, naparneramon, U3 peajsbHOr0 OMOJIOTHYECKOTo MaTepuaa (Kpo-
BH) (Tabm. 4). J1is cpaBHEHUs NpHUBEIEHB aHAJOTHYHBIE TAHHBIE 110 COPOLIMU STUX BEIIECTB HEYITIEPOTHBIM
copberToM I-1.

Bce skcnepumMenTanbHble 00pasibsl AY NpoLUId UCTIBITaHUS Ha cooTBeTcTBUE TpeboBanusm ['® Pb u mo
TaKUM TapaMeTpaM, Kak MoTeps B Macce MPH BBICYIIMBAHUU, COACPKaHUE CYIb(ATHOMN 301IbI, CONEpKAHNE
BEIIECTB, PACTBOPUMBIX B KHCIIOTE U B 96 % crmpte (puc. 4).
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Tabnuna 4
CopOuuonnasi akTUBHOCTh AY-1 u AY-5, 3-1
110 OTHOIIEHHUIO K TOKCHKAHTAM, HAXOISIINMCSI B KPOBH
Table 4
Sorption activity of AU-1 and AU-5, E-1
for toxicants in the blood
CreneHb u3BleYeHus, %
TokcukanT
AV-1 AV-5 -1
denobapOuTan 99 +2 90 +2 35+2
Kapb6amazenun 95+2 83£2 2412
AMUTPUNTHIINH 92+2 85+2 2712
a-PVP 84+2 73+£2 23+2
AHaJbruH 95+2 93+2 43 +£2
[Mapameramonn 90 +2 87+2 37+£2

B cooTBeTcTBUM ¢ JaHHBIMH, IPEICTABICHHBIMU B Ta0JI. 5, Bce 3KCIIEpUMEHTaNbHBIE 00pa3ibl AY coot-
BeTCcTBYIOT TpeboBaHusiM ['® Pb mo nmokazaTenio «KMCIOTHOCTD M MIEOYHOCTEY» (Tabid. 5). DTOT mokaszartenb
OTHOCST K KPUTEPHUSIM YUCTOTHI, TOCKOJIBKY KUCJIOTHBIE U ILIEJI0YHbIE TPUMECH MOTYT BIUATH Ha pH kemynka.

Tabnauma 5

Pe3yJIl)TaTI:I HCHBITAHUSI AY 110 MOKA3aTeIH «KKHCJIOTHOCTh U IEJIOYHOCTD»

Table 5
Activated carbon test results for acidity and alkalinity
TpeboBanue

O6paser AY Bennuuna pH

pasci IMpu nobasnennu IMpu nobasnennu BOIHOM BBITAKKE
0,25 mi1 NaOH 0,75 s HCI

AY-1 6,29 £ 0,04
AY-2 7,60 £ 0,04
AVY-3 Cunuii pactBOp JXKentsrit pactBOp 8,10 £0,04
AY-4 6,38 £ 0,07
AY-5 7,10 £0,14

DKCrepruMeHTaIbHbIC 00pa3Ilbl TAKKE TOJIHOCTHIO COOTBETCTBOBAIH TpeOOBaHUSIM (papMaKoTieWHOH CTaThbH
I'® PBb no coneprxanuto meau (He Oosiee 25 ppm), nuHKa (He Oosiee 25 ppm) u cBuHIa (He 6osee 10 ppm). Dtu
PE3YNIBTATHI SBISIOTCS OUYEHb BAXKHBIMH, TaK KaK MOMaJaHHe METAJUIOB B OPraHU3M MOXKET BBI3BATH TSIKEIIbIE
ToKcuueckne dpQexThl. JlaHHbIN MMoKa3aTelb UMEET 3HAUCHHE MPU MTpHeMe OOJBIINX KOIHUYECTB IHTEPOCOP-
OCHTOB.

DKcriepuMeHTallbHbIe 00pa3iibl BBIICPKUBAIOT TPEOOBAHMUS U 110 KOMIIOHEHTaM (OKpallleHHbIe BEIeCTBa,
pacTBOpUMEIE B IIEN0UH; (DIIyopecHUpYIOLIHEe BEIIECTBa; CyIb(UIbI), KOTOPbIE MOTYT CHU3UTh TepareBTHYC-
CKYIO aKTHBHOCTD TIPeraparos.

3aKioueHune

YcraHoBNeHO, 4To AY, MOTy4YeHHbIE U3 PA3TUYHBIX BUIOB LEJITIOII03HO-IMTHUHOBOTO PACTUTEIBHOTO ChIPhS
M0 TEXHOJIOTUH TEPMOXMMHUYECKOTO CHHTE3a C UCTIONBb30BaHUEM OPTOPOChHOpHON KUCIOTHI, TPEBOCXOIST U3-
BECTHBIE HEYIIEPOHbIC aHAJIOTH 10 aICOPOLIMOHHON CIOCOOHOCTHU B OTHOILICHHU TAaKUX MapKepOB, Kak eHa-
30H, no1, MI' u BuTamuH B,,. Bce cuntesnpoBannbie 00pa3ibl AY COOTBETCTBYIOT TpeOOBaHUSIM (hapMaKome-
Hoti ctateu '® PB «Yronb akTuBHpoBaHHBIN». CpaBHEHUE aJICOPOIOHHON aKTHBHOCTH KCIIEPUMEHTATBHBIX
COpOEHTOB € aKTHBHOCTHIO TIPOMBIIIIICHHO BBITYCKaeMbIX AY M HEYTOJIbHBIX COPOCHTOB CBUIETEILCTBYET 00
WX 3HAYUTEIBHO OONbIIeH a1copOunoHHON 3)(HEKTHBHOCTH.

AncopOnuoHHbIe U (papMakoneiiHble XapaKTePUCTHKU IKCIIEPUMEHTAIBHBIX 00pa3iioB AY, MOJIyYeHHbIX
C TIOMOIIIBI0 TEPMOXMMHUYECKOTO CHHTE3a U3 COCHOBBIX OIMJIOK, JIbHSIHOW TaKJIM, COJIOMBI 3JIaKOBBIX, Oam-
OyKOBOH EJUTIONO3bI U THAPOIU3HOTO JIMTHUHA, TTO3BOJISIOT MPEATIOKUAT WX JIJIsl UCTIONB30BAHUS B COCTaBE
JIEKAPCTBEHHBIX CPENICTB.
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