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BUKOPUCTAHHSI RED-OX CUCTEM HA OCHOBI CE*
JJIA OJEPKAHHSA TIEPOKCUIABMICHUX ITOJIIMEPIB

© M siexoma O.C., Paoyesa A.O., Mimina H.€., I'esycoy O.1., Jonuncoxa J1.B., 3aivenxo O.C., 2014

I'eTrepoTenexenaTrHi oJiiroMepn Ta 0J0K-KOMOJiMepd 3 KiHUEBHMMH IE€POKCHIHHMM,
[JIOKO3HUM Ta  iHWUMH  GyHKHiOHANBHMMH  ()parMeHTaMH  OyJd  CHHTE30BaHi
nojgiMepu3anicio, ininiiifopanorw RedOXx cucremoro —OH BmicHi peyoBHHHM Ta ciib ce” B
NPUCYTHOCTI MEPOKCUAOBMICHOI0 areHTa nepeaayi Januiora. byjau xocaiakeni cTpykTypHi Ta
KOJIOITHO-XiMiYHi BJIACTUBOCTI 0JIIrONepPoKCUIiB.

. . o e e . 4+ . .

Kawuosi cioBa: Red-Ox idimiroBanusi, ciib Ce™, paaukajbHa MOJiMepH3allis,
NMEPOKCUTHMIA TeJIOTeH, reTepoTeiexeJaTHi Ta 6,104Hi KomoJaiMepu.

The heterotelechelic oligomers and block-copolymers with ultimate peroxide, glucose
and other functional fragments were synthesized by polymerization, initiated by RedOx
system — OH agents and Ce*™ salt in the presence of peroxide chain transfer agent. The
structural and colloidal-chemical properties of oligoper oxides were studied.

Key words: Red-Ox initiation, Ce*" salt, radical polymerization, peroxide telogen,
heter otelechelic and block copolymers.

Beryn. 3aBnsky HU3bKiH IMyHOrEHHOCTI Ta 3/aTHOCTI 3B'si3yBaTH HETaTHBHO 3apsDKEHI HYKIEHOBI
KHCIIOTH, YTBOPIOIOUH B PE3yJIbTaTi €ICKTPOCTATHYHOI B3aEMOJIII HAHOPO3MIPHI MDKMOJICKY/ISIPHI KOMITIEKCH,
MOJIKATIOHH] HOCIi HaOyJIM BUKOPHCTAHHS Ul TEHHOI iHKeHepii Ta Tepamii. OqHUMH 3 HalieeKTUBHIIINX
NOMIKATIOHIB €  TOMICTWICHIMIHK, — ToiauMeTiiaMiHoeTumerakpuiatd  (momi/IMAEM),  momini3usy,
nomamizoaminm [1].

Ha ocobnuBy yBary 3aciyroByloTh KaTiOHHI MOJIMEpH 3 pparMeHTaMu MPUPOJHUX MOHOCAXapPHU/IiB
Ta TomicaxapumiB (XiTo3aHy, TIIIOKO3M, TalaKTO3d, MEKCTPHHY Ta JAEKCTPHUHY) Ta IONieTHIEHTIIIKOIIO
(TTET") 3 mpuuwmHK iX OiomerpamabenbHOCTI Ta 3JaTHOCTI B3AEMOMIATH 3 KIITHHHUMH MeMmOpaHamu [2].
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HasBHicTh B 1X MoONleKynax peakIifHHX TiIPOKCHIILHUX TPYI 3YMOBIIOE MOXIHUBICT iX BBEICHHS Y
CTPYKTYPY TOJIMEpIB SIK KiHIIEBUX ()parMeHTiB a00 OJIOKIB BHACIIIOK BUKOPHCTAHHS SK KOMIIOHEHTIB
OKHCHO-BIJIHOBHUX cHCTeM i3 consimu Ced+ s iHiliroBaHHS moiMepu3artii [3].

Meta pob6oTH — JIOCHITUTH CHHTE3, OYZOBY 1 KOJOITHO-XIMIYHI XapaKTEPHCTHKH HOBOTO PSIy
MOJIKATIOHHUX MEePOKCHIOBMICHUX TIONTIMEPiB 3 OCHOBHUMH JIaHItoramu 3 1anok JIMAEMYy ta kiHneBumu
MEPOKCUIHUM Ta IHIUMH (QyHKIIOHATbHUMH (pparMeHTaMu abo OJIOKaMH.

Excnepumentanbna yactuna. Matepiaau. Monomerminosuii erep ITED (MITET), mosekynspHa
maca 550 r/mons, TTEI" (auIIET"), monexymsapua maca 600 r/mons, neataepurpur (ITE), D(+)-rimrokosza
(Cnro) mapku Acros, 2-(mumermnamino)etun merakpuwiat (IMAEM, 98 %), uepiii amino (V) nitrate
(98 %) mapku Aldrich Chemical Co ta pozunuauku aumeruiadopmamin (DMF), aneron mapku COEPA
CIM BuKOpHCTOBYBaIH 0€3 1OJATKOBOI'O OYHUIIICHHS.

1-izomporrin-3(4)-[ 1-(tper 6yt mepokcu)-1-merunerui]6enson (MII, puc. 1) 6yB CHHTE30BaHHI 3
TperOyTun nepokcuay i 2-(4-i3onporningenin)-2-mpornaHon y po3vrHi OITOBOT KUCIOTH SIK OMHCYBAIOCS
pasie [4].

. L . [ ° 3
Merogu. Cunre3 mnoniMepis. CuHTe3 INOJNIMEpPIB 3 KIHIIEBUM Hc4®—F0_0+CH3
I

TIEPOKCUIOBMICHMM  pparmMentom MII  37iliCHIOBaIN PaJMKAIbHOW  CH, CH, CH,
nomimepuzanito JJMAEMy B cepemosumi JIM®PA y nBoropiux
peakTopax miJ 9ac MOCTIHHOro mepeMilyBaHHs 0€3 HOCTyNy CBiTia 3a Puc. 1. Cmpyxmypa MI1

temneparypu 298 a6o 313 K. Sk inimiatop BukopucroByBain Red-Ox

cucremn Ce" - MITET, Ce" - mulIET, Ce" - IIE, Ce* - I'mokosa. TemmepaTypy npouecy ImiarpuMyBam
3a JIOIIOMOT0i0 BOAsiHOro Tepmocrtara 3 TounicTio = 0,1 °C. Crmoyarky roryBaiau po3unt mounomepy (0,45
Mojb/m), MII i BiIHOBHHMKA, OKPEMO PO3YMHSIN KOMITIEKC Ce*. Tlicns moBHOro pPO3YMHEHHS iX
3MINIyBaJIM 1 TipoayBanu aproHoM. Brume konnentpamii MIT pocnimkyBamm y mexax 10-40 monbH.%,
KOHIIeHTpalifo imimirorouoi cucremu — 0,075-0,025 momns/n, vac momiMepu3arii — 6 rog. Komomimepu
oyHmany 0OaraTopazoBUM MPOMHBAHHSM €TaHOIOM Ta CYIIMJIM 3a KIMHATHOI TeMIleparyp, IMOTiM IIif
BaKyyMOM JI0 ITocTiitHOT MacH. [1iciist 1[boro BU3HAYAIM BUXI]] TTOJIMEDY.

XapakTepuctuka mojaimepiB. [loBepxHeBHII HATAT PO3YHMHIB IMOJIMEPIB BUBYAIH Ha TMPHCTPOL
PPNL-1 (YkpaiHa) MeromoM MaKCUMaJIbHOTO THCKY Oynb0atiku [5)]. [U-ciektpu mosiMepiB Oyiiu 3amucaHi
Ha Specord-M80 y Tabnerkax KBr, BasemiHoBoMy Macii abo B TOJIMEPHHX IUTIBKaX, OTPHMaHHUX 3
po34HHIB y TerpariapodypaHi.

Pe3ynbTaTn Ta ix odroBopenns. Panime [6] Mu 3ampornoHyBaiyu cxemy MmojiiMepu3aliii 3a y4acTio
MEpOKCUIOBMICHOTO TiepeaBaya Jyianirora MII, pe3yapTaToM SKOi € YTBOPEHHS TENeXeNaTHOro MoiIiMepy
3 KIHIIGBUM TIEPOKCUIOBMICHUM (parMeHTOM. XapaKTepHOI OCOONMBICTIO HHU3BKOTEMIIEpPaTypHOI
moiMepu3atii, imimiosanoi Red-OX Ha ocHoBi “OH BMIiCHHMX pPEYOBHH Ta COJIi Ce" ¢ e nue 3HMKEHHS
TeMIiepaTypH, 1o 3amnobdirae ydacti MII Ta #ioro ¢gparMeHTiB B moiMepi y MOOIYHUX peakIisix po3KiIamy,
ane W y OTpHUMaHHI rerepoTeNexeNaTHUX MOTiMepiB, sKi, KpiM mepokcuaHoro ¢parmenrta MII, micTaTh
(dbparMeHTH MPUPOIHUX a00 CHHTCTUYHMX KOMITOHCHTIB 1HIIIFOI0YO0T CHCTEMH BIIIMOBIIHO 10 CXEMH PHC. 2.
3anexHo Bim mpupomu iHimitorouoi Red-Ox cucremum Ha meprmiii  cramii monmimepusanii  OyayTh
YTBOPIOBATHUCS BUTBHI paJliKallv pi3HOI OyIOBH:

1. VYrBopeHHs BiibHUX paauKkaniB Red B pe3ynbTaTi OKHCHO-BIHOBHOI PEAKIIii:

Red + Ce#* —> Red' + Ce3+
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- Ce™ - MIIET:

4+ 3+
CHg‘fO—CHz—CHﬂﬁOH + Ce —> H3C+O—CH2—CH4T_10—CH2—C|:H- + Ce

OH
- Ce™ - gullET:
4+ 3+
H*EO—CHZ—CHATOH +2Ce —> CH-—CH;EO—CHZ—CHZ O—CH;—CHe + 2Ce
| -2 |
OH OH
- Ce™ - IIE:
OH OH . HO——CHe CH—OH .
P +4Ce —= >< +4ce
OH OH HO—CH. CH—OH
- Ce* - Imokosa:
OH OH
HO O o4 + 2Ces — = O\C-/H + 2Ce
HO HENSN
HO C—H "OH
OH HO g

. .. . 4+
Puc. 2. 3azanvna cxema ymeopenns paouxanig y cucmemax —OH emicui cnonyku ... cine Ce

BignoBigHO 0 cxemu, B pe3yNbTaTi MOMIMepH3allii yTBOPIOIOThCS TeTeporenexenartHi abo Oiok-
KOMOMIMEpH, sKi CKIamaloThcs 3 omHoro abo Kimpkox OmokiB  momi(JIMAEM), KiHIIEBOTO

MEepOKCUBMICHOrO (pparMenTa, a Takok (parmMeHTa iHiliaropa, 110 BXOIUTH JIO CTPYKTYpPH SIK KiHIIEBa
rpyma abo moriMepuuii 610k (puc. 3).

CH

H
B A L N | R/ N AN i
CHrO+CHrCHrO mcm—m%cnz T\ /] 070+CH3 \C o CH; ) ]nl \ o0—o H,
| o &, o, o/ [ | |
OH o on OH Ic_OCH3 CH, CH,
o
‘ OH (|)
CH
‘ 2 (I:HZ
CH
I e CH,
/N\ ’!‘
HC CH, CH/3 \CH3
a 6
CH, CH, CH, CH, Oy cH, CH, CH,
H3C—|—O— CHy T ?H—CHZ—o—[-CHZ—CHZ—O]ECHZ—CH—fCH2 = o—o—|—CH3
CH, CH, CH, =0 ~ OH | o CH, CH, CH,
o OH
I o
e IH
. o
N i
CH, CH, /N\
HC  CH,
B
CH, CH, CH, CH, ?H OH CHy  cH, CH, CH,
H3C+O* Chsiecn cH-for - wo+CH3
CH, CH, CH, 0 —o CH, CH, CH,
! i
e CH,
CH, |
N i
CH, cH, N
HC  CH,
CH, CH, CH, CH, CHy  ch, CH, CH,
H3C+O* o ch-forz - 070+CH3
CH, CH, CH, =0 ‘ ‘ o CH, CH, CH,
o OH OH
: i
\CH? CH,
CH, |
N i
CH, CcH, N
HC  CH,
r

Puc. 3. 3acanvni cmpykmypu onicomeprux nepokcuois.
a —mIIET-noni(/IMAEM)-MIT; 6 — 'nio-noai(IMAEM)-MIT,
6 — OullET™-noni(//IMAEM)-MIT; 2 — [TE-noni(ZIMAEM)-MIT
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Ha xopucTh 3ampornoHOBaHOI KIHETHYHOI CXEMH Ta YTBOPEHHS TeTepoTeNeXelaTHUX MOoTiMepiB Ta
ONOK-KoMoNiMepiB nepeadadyBaHiX y CXeMi CTPYKTYp CBiI4aTh KiHETHYHI JOCTIPKEHHS Ta Pe3yabTaTH
(GYHKIIIOHATIBHOTO, EIEMEHTHOT O aHaMi3y noimMepiB Ta ix [IMP- i [Y-criektpw.

PesynbTaT KIHETHYHMX JIOCHIDKEHb CHHTE3Y TETEpOTENIeXeJIeBHX Ta OJIOK-KOMOMIMEpiB 3
Kinnepumu (parmentamu MIT Binl KOHIIEHTpaIii iHIMIIOI0Y0T CUCTEMH 1 TIEPOKCHIOBMICHOTO TEIIOTEHY Y
MOHOMEpHHUX cyMimax (puc. 2) MOKa3ylTh MIAMOPSAAKYBaHHS YCIX JOCTIDKEHHX CHCTEM OCHOBHHM
3aKOHOMIPHOCTSIM CJ1a0O0IHri00BaHOI paaUKaabHOI IMOJIMepH3allil, B pe3y/abTaTi SKOI IIBHIKICTh, BHXIH
[TBOBOTO TOJIiIMEPY Ta WOro MOJIEKYIsIpHA Maca 3MEHIIYIOTBCS 13 30UIbIICHHSIM KOHIIEHTpAIlii
mepenaBaya JiaHIfora. baunMo Takox (puc. 2, B), IO KOHBEPCiA MOHOMEPIB 3pOCTa€ 3a 301LIBIICHHS
xonnentpanii Ce™ mix gac moniMepusarii, ininiifopamoi cucremoro Ce™ - I'mokosa.

w5

40

. 35

_/
80+
80| 30 /

1 25

20 (]

Buxia, %
Buxia, %
<

154

104

T T
10 15 20 25 30 35 40 T T T T T | 0 1 2
MP, % ) ) ) - ) ) ) ) [CAN]:[Mntoko3a]
cCe”, monb/n

a 0 B

Puc. 2. Bnaue xonyenmpayii MII (a, 1 — mIIET-noni(/IMAEM)-MIT; 2 — [TE-nori(IMAEM)-MIT) ma iniyiroouoi
cucmemu (6, 1-oullET-Ce™ | 2-uITET-Ce™) y nouamxosux monomeprux cymiwuax na euxio ompumanux nonimepis,
(8) 6naue cnissionourenns KomMnonenmis iHiyiO0OYOI cucmemu Ha Koneepcio monomepis. mouxa 1-t=40 °C,
[monom.] :[ Red-OX]=7,5; mouxa 2 —t=40 °C, [monom.] .| Red-Ox] =3,4; mouxa 3 - t=25 °C, [ monom.] ;[ Red-Ox]=7,5

CTpyKTypy OTpUMaHUX moniMepiB miarBeppkye aHamni3 [Y-crnekrpis (puc. 4). CMyru norjivHaHHS B
obmacti 34002950 cm™ BimmoBimators C-H KOMMBAHHSM BYIIEBOAHEBOro ckemera, 2750-2820 cm™ —
N-CH3 konMBaHHSIM TPETUHHUX aMiHIB, a By3bKi IHTEHCUBHI cuHrjieTy 3a 1728 1 1152 cM — KoNMBaHHSM
C=0 i C-O rpynam JMAEMy. Curaan B obmacti 1150 cM™ Tako)X HAIEKHTb IO KOIMBAHB MPOCTHX
epipaux 3B's3kiB [IEI. BxomkeHHS [0 CTpYKTypd TMONiMEpY BHKOPHCTAHUX JUIS IHII[IFOBaHHS
noJiMepu3ailii BiJHOBHUKIB CBIIYUTH PO MPUCYTHICTh HA CHEKTPax yCiX 3pa3KiB iIHTCHCUBHUX CUTHAIIIB B
o6macti 1000 cM™, M0 BiAMOBiNAIOTH KOMMBAHHAM TIIPOKCUIIBHUX TPYI, a HASBHICTh MMEPOKCHUIOBMICHUX
KIiHIIEBUX (parMeHTiB MiATBEPUKYyEThbcss HaOopoMm Takux curHamiB — koiuBaHHsM C-(CHas)s

TperbyTrmpEEX Ty 3a 1360, 1380 i 880 cm™, a TAKOK CMYr MOMIMHAHHS BiX KOTHBAHb OCH30IBHOTO
KizbLst — 3a 1600, 1500 i 1460 cm™.

24+ 68 ‘.
224 66 1 *a
2,04 64
2] o .
60 4 s a
5 58 *
@ 56
= = 54 °
< 524 .
» 50 .
48 = . 2
46 L .
3500 30'00 25'00 20'00 15'00 10'00 401 - Y ow
n, om? 38 3 "gw = 1 -
’ 0 1 2 3 4 5
w, %
Puc. 4. I4-cnexmpu: 1 — I[TE-nori(JMAEM)-MIT,; Puc. 5. Isomepmu nosepxnesozo namsey:.
2 — oullET-noni(/IMAEM)-MIT; 3 — I'mo-noni(/IMAEM)- 1 — [TE-noni(IMAEM)-MIT; 2 — oullET -nori(JJ]MAEM)-
MIT;, 4 — mIIET-noni(/IMAEM)-MIT MIT; 3 —mlIET-noni(IMAEM)-MIT
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OtpumaHi moniMepu € BOJAOPO3UMHHUMH y WIMPOKOMY piama3oHi pH TOBepXHEBO-aKTUBHUMH
CIIOJIYKaMH, 130T€pMH TOBEPXHEBOT0 HATATY SKUX MalOTh XapakTepHuii 3mam y touiti KKM (puc. 5). Ipo
HaSBHICTH KiHIIEBOT'O MEPOKCHI0BMICHOTO parmMeHTa MII B MoJieKkyliaX HOBHX TOJIIMEPIB, sIKi YTBOPIOIOTh
BUIbHI paJiMKali 32 TEPMOINIi3y, CBIIUUTH aHAJi3 pe3ynbTaTiB AudepeHIiiHol CKaHyIou0l KOJIOPUMETpIii,
razoxpomartorpadiuHuii  aHali3 TPOAYKTIB TEPMIYHOrO PpO3KIANy Ta  IHIIIOBAHHA  TaKHUMH
MOJIMEePOKCHIaMH paJMKaIbHOI MoJliMepu3allii, mo 3ade3nedye MPHUIICIUICHHS HOBUX (DYHKIIIOHATBHUX
MoJIiMEPHUX OJIOKIB.

Bucnosku. HusbkoTeMIiepaTypHOIO ToiMepu3arieio, ininiiosanoro Red-Ox cucremamu cins Ce®
i mnpupomHi abo CHHTETMYHI BIAHOBHHUKH 3 TiJPOKCHJIBHHMH TpyNaMH CHHTE30BAHO HOBI
rereporenexenarHi Ta OJIOK-KONONIMEpH Ha OCHOBI JMMETHJIAMIHOCTHIMETAKPHIIATY 3 KIiHI[EBUMH
MEPOKCUJIOBMICHIM Ta IHIIMMH (QYHKIIOHATbHUMEH (QparmeHTamMu. CTpyKTypy TmoniMepiB Oyio
MIATBEP/PKEHO XIMIYHMMU Ta  (PI3MKO-XIMIYHUMH METOJAaMHU. BCTaHOBJIEHO, IO TONIMEPH €
BOJIOPO3YMHHUMH [TOBEPXHEBO-aKTHBHUMH OJIIFONEPOKCHUIAMH, IHIIIIOIOTh PaIuKaIbHY MOJIMEpU3aIliio Ta
€ TIePCIEKTUBHUMH HOCISIMHA HYKIJIETHOBUX KHCJIOT JJIsl TeHHOI iHXKeHepii Ta Teparmii.
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