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YcraHOBJIEHO, YTO KaTMOHHAs MoJIMMepr3alius OyTaareHa Ioa JeiCTBUEM KaTaIUTUYeCKUX CUCTeM Ha
oCHOBe ausTmIamoMuHuitxiopuaa (AlEt,Cl) B couetaHuu ¢ TpeTUUHBIMU ajkuiraioreHuaamu (Al), ta-
KUMU KaK mpem-0yTUIXJIOPUI, mpem-OyTUIOPOMUI U 2-XJI0p-2-MeTUI0yTaH, sBisieTcs 3PdeKTUBHBIM
METOJIOM TOJIyYeHUsI TOJIHOCThIO PACTBOPMMBIX TMOJIMMEPOB OyTagueHa TMpPU TEXHOJOTMYECKU yI0OHOM
temrmepatype Ipouecca 20°C. [TokazaHo, YTO MPU YBEIUUCHUU MPOAOJIKUTEIILHOCTH MPOLiecca MoJIuMe-
puzaluu OyTagreHa CyleCTBEHHO BO3pacTaloT 3HaUYeHUSI CPEIHEMACCOBBIX MOJIEKY/ISIPHBIX MAcCC Y TTOJIU -
MUCTIEPCHOCTU TIOJIMMepa MPU OAHOBPEMEHHOM YMEHBIIIEHUM HEHACBIIIEHHOCTH MOJMOyTamueHa, 4yTo
CBSI3aHO C TIPOTEKaHUEM B XOJle MOJUMePHU3alIMi peaKIuy Mepeaady pacTylieil lieny Ha TBOMHYIO CBSI3b
nomumMepa. C Mcnonb3oBaHueM Metona criekrpockonuu IMP 3C ycraHoBIEHO, 4TO MAKPOMOJIEKYITBI IT0-
JmbyTanveHa, CUHTE3UPOBaHHOTO Ha KaTanutudeckoil cucreMe AlEt,Cl—mpem-0yTWixjiopun, cocTosT
MPEeuMYIIeCTBEHHO U3 1,4-mpanc-3BEHbEB, COMEPKAT IBa THUIMA HAYIbHBIX mpem-OyTUIIbHBIX 3BEHbEB U
JIBa BUJIa KOHIIEBBIX XJIOPCOAEPXKAIINX 3BEHbEB, 00pa3yIoIIUXCs B pe3yJibTaTe MPOTeKaHUsI peaKIuu rnepe-
Iauy pactyuieil nenu Ha mpem-6ytixaopun. [1o naHHeM criekTpoB IMP PC nonmbyragnena paspa6o-
TaHa METOJIMKa pacueTa KOHBepCUM OyTaaueHa B XO/e MOJMMEpU3allui, a TaKXKe MPeIIoXeH MeXaHU3M
polecca KaTHOHHOM mouMepu3annu OyragueHa. [lokazaHo, 9TO CUHTE3MPOBAHHBIN “KAaTMOHHBIN ” T10-
JOYTalueH XapaKTEepPU3YETCsl BICOKUMU TJIEHKOOOPa3yIOIMMU CBOMCTBAMU U MOXET SIBJISITBCS Iep-
CMIEKTUBHBIM KOMITOHEHTOM TIPU TTPOM3BOACTBE JIAKOKPACOYHBIX MAaTEPUAJIOB.

KioueBble ciioBa: 6yranyeH, KaTUOHHAS TTIOJIMMEpU3alivsl, MOJIEKYJISIPHbIE XapaKTePUCTUKUA, MUKPOCTPYK-

Typa, TJIEHKOOOpa3yole CBoiicTBa
DOI: 10.31857/S0453881123010069, EDN: KITIXS

BBEJEHUWE

IMomimepsl U cormonumepsl 1,3-0OyramgueHa, Iory-
yaeMble METoJaMU cTepeocrenuduieckoii, aHMOH-
HOI WM paguKaabHOW MOJMUMEPU3ALIUU, UCTIONb3Y-
FOTCSI B TPOMBIIIIJIEHHOCTHU B TIPOU3BOACTBE IIIWH, PE-
3UHOTEXHUYECKUX W3IEIINN, TEPMETU3UPYIOIINX U
KJIeeBbIX KoMITo3uluit [1—5]. 3HauuTEeIbHO MEHb-
Iee BHUMAHUE YIENSIETCSI WMCCIECTOBAHUIO KaTUOH-
HOIi moMMepu3aluu OyTaareHa, 4To CBSI3aHO ¢ MPo-

Cokpamennst n o6o3Havenusi: AlEt,Cl — nusTuianoMuHMN-
xinopun; AT — ankunranorenun; ThX, ‘BuCl — mpem-6Gytui-
xnopun; Tbb — mpem-6ytunopomun; XMb — 2-xjop-2-me-
Tibytan; H® — HepactBopumast dpaxuust; M, — cpenHedunc-
JeHHasl MOJIeKyJsipHast Macca; M, cpenHeMaccoBasi
MoJIEKyIsIpHas Macca; M,,/ M, — MoIuanCrnepCHOCTb.
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TeKaHMEM B XOJIe IIPOLIECCa HEKOHTPOIUPYEMBIX I10-
OOYHBIX peaklMii ¢ O0O0pa3oBaHMEM  CIIUTBIX
HEPACTBOPUMBIX ITOJIMMEPOB [3—6]. B psime my6ianka-
uuit [3—11] ommcaHbl XapakKTepHble OCOOEHHOCTH
KaTUOHHON TIoauMepu3aliiyi OyTagueHa IMoj Jeii-
CTBMEM KAaTUIMTHUYECKUX cucTeM Ha ocHose AlCl;,
AlBr;, BF;-OEt,, SnCl,, TiCly u npyrux kucior JIsto-
¥ica U TOKa3aHO, YTO TOJIHOCThIO PaCTBOPUMBIE MO-
JIuMepbl OyTagreHa oOpas3yloTcsl TOJbKO MPU HEBbI-
COKMX BbIXonax Tojumepa. [Ipu yBeJIMYeHUM KOH-
BEpCUM MOHOMEpa B COCTaBe MOJIMOyTammeHa, KakK
MIpaBWIO, HaOmMoOmaeTcs oOpa3oBaHNEe HEPaCTBOPHU-
MOI (ppaKIMy, YTO 3HAYUTEIPHO YXYIIIAeT IOTpe-
OMTEIbCKME CBOMCTBA IToimMMepa. Bo Bcex cirygasix
MOJIUMEpPHI OyTaareHa, CUHTE3MPOBaHHbBIE METOIOM
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KaTUOHHOI MOJIMMepU3alINU, XapaKTepU3YIOTCS IO~
HVDKEHHOM HEHACBIIEHHOCTBIO U TIPEUMYILECTBEH-
HO 1,4-mpanc-CTPyKTYpoOii HEHACBIILIEHHON 4YacTu
nojauMepHoii nenu [3—6, 8, 10, 11].

B Hameit HemaBHeit padote [12] OBLI OImMcaH CIIo-
€00 TTOTydeHUSsI MTOJIHOCTBIO PACTBOPHUMOTO MOJIMOY-
TagreHa ¢ IpUMEHEHUEM KAaTMOHHOM KaTajauTude-
ckoii cucrembl TiCly—mpem-oytunxnopun (ThX).
YcTaHoBIEeHO, YTO MCITOIb30BaHue n30bITKa ThX B
peaklMOHHOI Macce 10 OTHOIIEHUIO K TeTpaxjIopu-
JIy TUTaHa IT03BOJIsIeT 3(p(hEeKTUBHO ITI0IaBUTh II000Y -
HYIO peaKkIIMIO rejeo0pa3oBaHUsI B XOIe KaTUOHHOM
nojumMepusauuu oyraagueHa. I[Ipolecc noaumepusa-
oy OyTagreHa UMeeT IIepPBhIi MOPSA0K peaKI 110
MOHOMEpPY, IpPU BTOM CKOPOCTb ITOJMMEPU3ALINU
3HAUYUTEJbHO YBEJIUYMBAETCSI C POCTOM COOTHOIIIe-
Hust TbX k TiCl, u cCHUXKeHUEM TeMIlepaTyphl MOJIu-
mepuzanuu [12]. HemoctaTkoM maHHOTO METOnA SIB-
JISIeTCSl HU3Kasi CKOPOCTh TMOJIMMepU3alluy OyTaaue-
Ha NOpU TEXHOJOTHMYECKU YIOOHOM TeMIleparype
20°C, a TakxKe BBICOKMIA pacxond KUCJIOThI JIblouca
(TiCly).

ILenpro HacTosIEel pabOTHI IBISIETCSI ITOMCK HO-
BbIX 9((PEKTUBHBIX METOIOB MOJYy4eHUSI paCTBOPH-
MBIX TTIOJIMMEPOB OyTaaueHa ¢ MCITOJIb30BaHUEM Ka-
TUOHHBIX KaTaIUTUYECKUX CHUCTEeM, OOecreuynBaro-
IIMX BEICOKME CKOPOCTH ITOJIMMEPU3aliuy OyTagrueHa
B IIMPOKOM MHTEpBaje TeMIlepaTyp mpouecca. Jis
BTOTO NOAPOOHO UCCIEAOBAaHbI 3aKOHOMEPHOCTH Ka-
TUOHHOM MOJMMepU3aluy OyTagueHa ona ACCTBU-
€M KaTaJIMTUYECKNX CUCTEM Ha OCHOBE AUSTUIIAITIO-
muHuiixsiopuaa (AlEt,Cl) B couetraHuu ¢ TpETUYHBI-
MU aJIKWJITAJIOTCHUIaAMU.

OKCITEPUMEHTAJIbBHAA YACTb

B pabote nmpumeHsuiM OyTaaveH ITPOM3BOICTBA
00O “TonpATTUKAYYYK” CJIeIYIOIIEero cocTaBa (Mac.
%): 6yramneH — 99.50; yuc-6yren-2 — 0.20; mpanc-
oyreH-2 — 0.16; uzobytmiieH — 0.06; 6yren-1 — 0.04;
HaCHIIIIeHHBIC YTJIeBOOOPOABI — ocTalibHOe. [lepen
MpoBeIeHNEM 2KCIIEPUMEHTOB MO TTOJIMMEPHU3aIlnu
OyTaaueH OYUIIAIIU OT CJIEIOB BOJAbI M CTAOUIU3ATO-
pa TIpOITyCKaHWEM B TOKE aproHa 4epe3 KOJOHKY C
Al,O;, cobupany B OXJIaXXIECHHYIO JIOBYIIIKY U CMe-
IIUBaJN C HEOOXOMMMBIM KOJMYECTBOM aJKMITa-
JIOTeHUAa U pacTBOpUTENss. XIIOPUCTHIA METUJICH
(CH,Cl,, “Biosolve”, 99.9%), mpem-06yTuiaxiopumn
(TBX, ‘BuCl, “Fluka”, >99.5%), mpem-6yTun6po-
mun (TBB, “Aldrich”, >98.5%), 2-xn0p-2-MeTUIIOY-
taH (XMB, “Aldrich” >99.0%) neperoHsiiu B Mpu-
cyrctBun CaH, B Toke aproHa. JusTmiatoMUHU-
xyopun (AlEt,Cl, “Acros Organics”, 99%, pacTtBop B
rekcaHe ¢ KOHILEHTpauueit 1 Moisb/J1), MeTaHOJ
(“Peaxum”, >99.5%), N-uzonporui-N'-dpeHmidpe-
HuneHauaMuH-1,4 (“Bayer”, >99.0%), Hu3KoMoJIE-
KyJSIpHBIM TonmOyTammeH Mapku “Byrapes-25”

(CIIA) u cukkatuB Mapku 2KK -1 ncrnoiap3oBanu 6e3
TOTTOJTHUTETLHON OYNCTKM.

IMonumepuzanuo 6yTagueHa IpOBOIUINA B aTMO-
cdepe aproHa B CTEKJISIHHBIX aMITyJlaX, CHaOKeHHBIX
MarHUTHO# Mellajkoi. B TumuyHoM mpoiiecce mo-
JIMMEPU3allii B aMITyJTy 3arpyxKaiu 2.3 MJI pacTBopa
oyragueHa (0.27 T, 5 MMOJIb) ¥ mpem-OyTIIXJIOPUIA
(0.1158 1, 1.25 mmoms) B CH,Cl,. [locne TepmocTaTu-
poBaHUus cogepxumMoro amiyasl npu 20°C B Te4eHUN
10 mun BBOonwiIM 0.2 mi pactBopa AlEt,Cl (0.0015 T,
0.0125 mmonb) B CH,Cl,. B 3anaHHOE BpemsI KaTtaiu-
3aTop Ae3aKTUBUpoBaiu nodasieHuem 0.1 M1 meTa-
HoJIa, a 3aTeM B aMITyJly BBOAWJIM PACTBOP CTAOWIM-
3aropa — N-m3onponwi-N-deHmIipeHnIeHIIaM1-
Ha-1,4 (0.0054 r) B CH,Cl,. [lonumep BblaesLIN
OTTOHKOM U3 aMIIyJIbl HETIpOpearupoBaBIlIero MOHO-
Mepa, mpem-OyTUIXJIIOpUAA U PACTBOPUTENS C II0-
clienyroleii cymkoi nom Bakyymom npu 50°C go mo-
CTOSIHHOTO Beca. Brixon moiubyTagueHa ornpenessi-
JIU TpaBUMETPUYECKM B pacyeTe Ha 3arpy>KeHHBI
oyranmeH. KonBepcuio OyragreHa pacCUMThIBAIA 110
pa3paboTaHHOI MeTomauKe (IpUBeAeHA HIKE), YIU-
THIBAKOILIE coaepKaHue HadyallbHbIX mpem-0yTUllb-
HBIX ¥ KOHLIEBBIX XJIOPCOAEPXKAIIIMX 3BEHbEB B MO~
OyTamueHe.

Conepxanue HepacTBopuMoii ppakuuu (HD) B
MoJiMdyTaiueHe HaXOAWJIM 3KCTpakilMen mnoaumepa
ToJryosioMm B anmapare Cokciera B TedeHuu 24 4. Mo-
JIEKYJISIPHBIE XapaKTEPUCTUKU onumepos (M, u M, —
CpeIHEUYHCIEHHAas] U CpellHeEMaccoBasi MOJEKYJsSp-
Hble Maccol, M,/M, — noauanucnepcHOCThb) onpene-
JISLTU METOJIOM TeJib-ITPOHUKAIOIIEel XxpoMaTorpadhuun
Ha XuakocTHoM xpomaTtorpade Alliance GPCV-2000
(“Waters”, CIIIA), cHaGxXeHHBIM pedpaKTOMETPHU-
YEeCKMM Y BUCKO3UMETPUUECKUM JIeTeKTOpaMu 1 Ha-
0OpPOM M3 UeThIpEX CTUPOTEJIEBBIX KOJJOHOK “Waters” ¢
pasMepamu niop 500 (HR-2), 103 (HR-3), 10* (HR-4)
u 10° (HR-5) A. DIIOEHT — TOJYOIT, CKOPOCTD ITIOM-
posanus — 0.5 mii/mMuH, Temmneparypa — 30°C.

Crextpbl IMP 'H u C (pactsopurens CDCly)
PETUCTPUPOBAIN B PECYpCHOM ILieHTpe “MarHurHo-
pe30oHaHCHBIE MeTodbl ucciemoBaHus” Hayanoro
napka CaskT-IleTepOyprckoro rocymapCTBEHHOIO
yHUBepcuTeTa Ha criektpomerpe Avance III 400
(“Bruker”, TepmaHusi) c¢ paboyuMu dYacTOTaMU
400.13 MTI'u ("H) 1 100.62 MTI'y (C) o meronukam,
ONMCaHHBIM B paboTtax [13—15]. PacueT conepxkaHus
CTPYKTYPHBIX 3B€HbEB B HEHACBHIIIIEHHOMN YacTU OC-
HOBHOI IMOJIMMEPHOI LIEMHY MoInOyTaarueHa mIpoBO-
JIVJIN 10 MeToauke [14].

Bpems BeIChIXaHUS TUIEHOK IIOKPBITUI HA OCHOBE
nonuodyragueHa omnpeaenasyiu mo 'OCT 19007-73,
MIPOYHOCTE IUIEHKH npu u3rude — 1mo FOCT 6806-73.
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Ta6muna 1. Pe3ynbrarsl moumMepusauuy OyTaardeHa B 3aBUCUMOCTU OT NTpUpobl ankuiraiorenuna (Al'), mosibsHOrO co-
otHoiueHus AI' k AlEt,Cl u nponoskuTesbHOCTU NTouMepusauu (£)*

MonexynasspHEIe
Brixon Konsepcus XapaKTEePUCTUKA H
ATl AT /AIEt,Cl t nmoaumMepa, | Oyraguena, <
mac. % mac. % | My > 107, | M, x 1077, MM MoJL. %
I/MOJIb I/MOJIb v
0 240 MmuH 2.5 — — — — —
15¢ 64.0 52.0 1.8 5.0 2.8 62
TEX 100 30c 70.2 58.1 1.9 6.8 3.6 60
5 MUH 77.2 65.1 2.0 7.7 3.9 57
30 MuH 95.8 83.8 2.3 9.6 4.2 53
120 MmuH 106.3 92.9 3.1 19.7 6.4 50
30c 68.3 55.8 1.0 2.2 2.2 61
5 MuH 74.3 61.9 1.2 3.5 2.9 58
Tbb 100
30 MuH 94.0 81.5 1.4 4.5 3.2 54
120 MmuH 104.1 91.4 1.5 5.8 3.9 51
30c 70.9 — 1.8 4.6 2.6 62
5 MUH 75.2 — 2.1 5.8 2.8 56
XMb 120
30 MuH 94.3 — 2.6 9.6 3.7 54
120 MmuH 104.4 — 3.1 16.8 5.4 50

* Yenosus nommmepusaunn: [Cy4Hgl = 4.0 mons/m, [AIEt,CI] = 5.0 x 10~3 MoJb/1, 20°C, xsmopucTsiii MeTusieH. H® Bo Beex mosume-

pax OTCYTCTBYET.

IIpumeuanue: TEX — mpem-6ytunxnopun, Tbb — mpem-6ytun6pomun, XMb — 2-xn0p-2-metundyraH, H, — HEHACBILIEHHOCTh MO-

JJMMEpa. HpO‘{CpKI/I O3Ha4YaroT OTCYTCTBUEC NaHHBIX.

PE3VJIBTATBI 1 UX OBCYXIEHHWE

Bausnue npupodsr mpemuunoco ankunearoceHuoa
Ha KAMUOHHYI0 NoAUMepu3ayuio 6ymaduena
nod deticmeuem AlEt,CI

HM3BecTHO, YTO KaTWOHHAS ITOJIMMEpPHU3aIIUs
1,3-gueHoB B cpene 6eH3zona noxa aeiicteuem AlEt,Cl
0e3 106aBOK B peaKIIMOHHYIO MacCy MHUIIMAaTOPOB
MoJIMMepu3aliui (HarpuMep, BOIBI) MPOTEKaeT C
Ype3BhIYATHO HU3KOM CKOPOCTBIO [16]. AHamormnd-
Hble pe3yabTaThl MOJYYeHbl TPU U3YYEHUM KaTHUOH-
HO#l TMoJmMepu3aluu OyTagueHa TIon AeiCTBUEM
AIEt,Cl B cpene xsopuctoro MmetuieHa (tad:i. 1).

Brixon monmmepa OyragueHa 3a 240 MuH IIpoliec-
ca B npucyrcrBuu AlEt,Cl cocraBnser 2.5 mac. %,
YTO TOBOPUT O BHICOKOI CTeNEHU OYMCTKU UCXOMHBIX
peareHToB OT MMKpoInpumeceii Boabl. BBeneHue B
pPEaKIIMOHHYIO MacCy TPETUYHbBIX AJIKUJITAIOTEeHUIO0B
(AT'), Takux kak mpem-oyrunxiopun (TbX), mpem-
oyrmwiopomun (TBb) wmmm 2-x10p-2-MeTWIOyTaH
(XMB) no3BoJisieT aKTUBUPOBATH IIPOILIECC KATUOH-
HOIi moiaumepu3aluu OyragueHa. HesaBucumo or
OpUPOAbI UCOJb3yeMbIX Al' moanMepusanuys oyra-
JIMEHa MPOTEKaeT ¢ MPUOIU3UTEIbHO OJMHAKOBBIMU
BBICOKUMM CKOPOCTSIMM U BBIXOJaMM ITOJUMepa.
BaxxHO OTMETUTD, YTO BO BCEX MOJTYYEHHbBIX MOJIUME-
pax OyTaaMeHa, XapaKTepUCTHMKM KOTOPBIX TIpe.-
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cTaBJieHbl B TaOJI. 1, OTCYTCTByeT HepacTBOpUMasi
dpakuusg (HD).

B ta671. 1 mpuBeneHBI 3HAYSHUS KOHBEPCHiT OyTa-
JIeHa, KOTOPhIe 3aMEeTHO HILKE, YeM COOTBETCTBYIO-
III1e M MoKa3aTeJIM BhIxona Imonumepa. Hampumep,
B cJIydae ImoOyTagreHa, CMHTE3MPOBaHHOTIO HA Ka-
tamutnyeckoil cucreme AlEt,Cl-TbX 3a 120 mMun
npoliecca, BeIXoa nonuMmepa paseH 106.3 mac. %, a
KOHBepcus GyraaueHa cocrasisier 92.9 mac. %. Ha-
OnromaemMasl pasHUlIa CBs3aHa C MNPUCYTCTBUEM B
MakKkpoMOJeKyjJax IoaubyTaireHa 3HAYUTEILHOIO
KOJIMYECTBA HAaYaIbHBIX mpem-OyTUIIbHBIX, a TaKKe
KOHIIEBBIX XJIOpcomaepXKamux 3BeHbeB. Kak Oymer
IMOKa3aHO HIXe, HadaJlbHbIC mpem-0yTUIbHbBIC 3BE-
HbSI B TTIOJIMMEpe 00pa3yroTcs B pe3yJibTaTe peaKIuu
VHULIMMPOBAHUS KaTUOHHOM IToJIMMepu3alun oyTa-
JIeHa mpem-OyTUIbHBIMU KaTMOHAMU, a KOHIIEBbIE
XJiopcoaepalye 3BeHbs POPMUPYIOTCSI B XOJIe peak-
LIMU TIepeayn pacTylleil Hernu Ha mpem-0yTUIIXJIO-
pua. 3HaYeHUsI KOHBEPCUIi OyTagreHa pacCUMThIBAIU
o maHHbIM crektpoB AMP BC nonubyranueHos c
MIprYMeHeHneM pa3paboTaHHOIT B HacTosIeil paboTe
METOIMKHM (IIpUBeIcHa HUXKE), KOTOpasi yYUThIBACT
colepKaHUe HayaJlbHBIX mpem-0yTUIbHBIX U KOHIIE-
BBIX XJIOpPCOAEpPXKAIlUX 3BEHbEB B 00IIeil Macce Mo-
JuOyTagueHa. AHaJOTUYHBIE pe3yJbTaThl 10 KOH-
BepcHuM OyTagrieHa ObUIN MOJIYYeHBI IJIST ITOJIMMEPOB,
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Puc. 1. 3aBuUcuMOCTH BBIXOHOB Ioaumepa (I, 2) U KOH-
Bepcuii OyranueHa ( /4) 3a 5 MUH ripouecca nojimmepusa-
uuu oT MosibHoro cootHowmeHust TBX k AIEt,Cl (1, 14) u
TBb x AIEt,Cl (2). YcnoBus nonmumepusanuu: 20°C,
OCTaJIbHOE CM. B Ta0JI. 2.

CUHTE3UPOBAHHBIX MO/ IefiCTBUEM KaTaTUTUUIECKOM
cuctembl AIEt,CI-TBb (tabu. 1).

HeszaBucumo ot mpuponbl tpetwdHbIx Al, wnc-
MOJIb3YEeMbIX B KaTAJIMTUUYECKUX CUCTEMAaX, CPEaHUE
MOJIEKYJISIPHbIE MAcChl U MOJUANCIIEPCHOCTD MOJIM-
OGyTagMEeHOB C POCTOM KOHBEPCUU MOHOMeEpA 3aMeT-
HO Bo3pacraloT (taba. 1). Ciaenyer oTMeTUThH OoJjiee
HU3KUI YypOBEHb 3HAYEHUM CPEAHUX MOJEKYJsIp-
HBIX MacC Y MOJIUIUCIIEPCHOCTY MOJIUMEPOB, CUH-
Te3UPOBAHHBIX B TPUCYTCTBUU KaTaJIUTUYECKOM CU-
creMbl AlEt,Cl—TBDB, 1o cpaBHeHUIO C MoudyTaaue-
HaMH, TIOJYYEHHBIMU Ha KaTaJUTUYECKUX CHUCTEMax
AIEt,CI-TbX u AIEt,ClI-XMb. Ilpu yBenuyeHuu
MMPOJOKUTEIBHOCTA TIpoliecca IMOJUMepU3aliumu
HEHACHIIIEHHOCTh MOJUOYTaAMEeHOB YMEHbIIAETCI
¢ 61—62 no 50—51 mon. %. B Hammx pa6otax [12—14,
17—22] moka3zaHoO, YTO TIOHIMXKEHHAas HEHACHIIIEeH-
HOCTb IMOJIMMEPOB, 00PAa3yIOIINXCS B XO[¢ KATUOHHOM
noanMepn3annu 1,3-a11eHoB, 0OBICHSIETCS IIPOTEeKa-
HMEM peakliy nepeaayu pacTylleir Lenu Ha JIBOM-
HYIO CBSI3b ITIOJIMAVIEHOB ¢ 00pa30BaHMEM Pa3BETBIICH-
HBIX U YACTUYHO CIITUTHIX MAKPOMOJIEKYI.

Kak BuaHO M3 gaHHBIX TaOj. 1, Mcroab30BaHUE
KataiuTuyeckux cucteM Ha ocHoBe AlEt,Cl B coue-
TaHUU C TpeTUYHBIMU AI oOecriedynBaeT BBICOKHUE
BBIXOAbI ITOJIMOYTaagueHa 3a 2 4 mpoliecca IpUu TEXHO-
JIOTUYECKM yIOOHOI TeMmIiepaType ITOJIMMepUu3alinu
20°C. D10 B 3HAYMTEIBHOM Mepe OTIMYAET U3ydaeMble
B HacTos1Ieil paboTe MpoLIeCChl KATUOHHOI IToJIMMe-
pu3anuu OyTaaueHa OT M3BECTHOIO METOa C IIpUMe-
HeHueM karanutudeckoit cuctembl TiCl,—TbhX. Kak
MoKa3aHo B padote [12], Tpu UCTIONb30BaHUU “TUTaA-
HOBOI” KaTaJIUTUYECKOU CUCTEMBI BHICOKUII BBIXOL,
noaudyTaarveHa Mpyu TeMirepaType IMOoJMMepU3alnu

20°C pocrturaercs TOJBKO 3a 24 4 mpolecca, Ipu
3TOM pacxon kuciuothsl JIstouca (TiCl,) B ykazaHHOM
METOJIe B TPU pa3a BhIllIe, UeM B Mpolieccax MoJIuMe-
pU3aLIVU MTOJ ASCTBUEM KATATMTUYECKNX CUCTEM Ha
ocHose AlEt,Cl.

Bausnue coomnowenus mpemuunvix AI'k AIEt,CI
HAa KAMUOHHYI0 noAuMepu3ayuro bymaduena

B Ta6:1. 2 npencraBieHbl pe3yabTaThl TOJUMEpPU-
3aluu OyTaguveHa MNpU Pas3IMYHOM COOTHOIIEHUU
tpetuuHbix Al k AIEt,CI B peakliIMOHHOI Macce.

Kaxk BumHO n3 jaHHBIX Ta0d. 1 12, C pOCTOM COOT-
HoweHus: ThX k AlEt,Cl 3HaueHus1 BBIXOAOB MOJIM-
Mepa M KOHBEpCHil OyTanreHa 3a OMMHAKOBOE BpeMsI
Ipolecca yBeIMYMBAIOTCSA. BaxkHO OTMETUTH, YTO
MpU NOBBIIIIeHUHU coaepzkaHust ThX B peaklIMOHHOM
Macce 3aBUCUMOCTh KOHBEpCHii OyTagreHa 3aMeTHO
“oTcTaeT” OT 3aBHCHUMOCTU BBIXOOOB IIOJMMeEpa
(puc. 1, kpuBbie I 1 1A4), YTO CBSI3aHO C YBEJIMYCHUEM
JIOJIM HadaJIbHBIX mpem-OyTUIBHBIX U KOHIEBBIX
XJIOpCoIepXKalluX 3BeHbEB B 00pa3yIOIIMXCs MOJIM-
OyTaareHax.

C npyroii croponbl, cooTHolreHue ThX k AlEt,Cl
B CYIIIECTBEHHOM CTEIIEHM OIpeNesIeT MOJIEKYIISIp-
HbIe XapaKTEPUCTUKU (GOPMUPYIOIIUXCS TTOJTUMEPOB
oyragueHa. Tak, Hanbosiee BEICOKME 3HAYCHUS CPel-
HUX MOJIEKYJISIPHBIX Macc ITOINOyTaarueHa Hadmona-
1oTcsl mpu MoJibHOM cooTHolieHuu ThX k AlEt,Cl,
paBHOM 20 : 1 (Ta6. 2). C poCcTOM MPOAOIKUTEIHLHO-
ctu ripotecca moanMmepusannu ¢ 30 ¢ 1o 30 MuH 3Ha-
yeHuss M, mosmbyraaueHoB Bo3pacraior ¢ 2.0 X 103
10 5.2 x 10° r/Monb, B TO BpeMsl KaK 3Ha4eHUs M,
YBEJIMUMBAIOTCS 00JIee YeM Ha opaaok ¢ 8.2 X 103 no
338.7 x 10° r/monb (Tabu. 2). Ha puc. 2 npexncrasiie-
HBI XpOMaTOrpaMMBbl MOJIMOYTaIMEHOB, MOJYyYeHHBIX
TIPH pa3IMIHOM BpeMeHU TTPOBEACHMS TIpoIiecca.

C pocTOM IIPOAOKUTEIBHOCTU TOJIMMEPU3aLu
¢ 30 ¢ no 30 MuH comep>kaHNe BRICOKOMOIEKYIISIPHOMN
dpakuuu B cocTaBe MOJMOyTaaueHa 3HAYUTEIbHO
noBbIIIaeTcs: (puc. 2, xpoMaTorpaMmbl /—3), 4To U
OOBSICHSIET CYILIECTBEHHOE BO3pacTaHue 3HAYCHUMA
M, wu M,/M, obpazyrorniuxcs noiumepos. [1pu yBe-
JIMYEHUU MPOAOJIKUTEILHOCTH TIpoliecca 10 60 MuH
B COCTaBe MOJIMOyTammeHa HabaomaeTcss popMupo-
Banue H® B konmuectBe 28.8 Mac. % (tabu. 2). [1pu
5TOM 3HAYCHUSI CPEIHUX MOJICKYJISIPHBIX MacC 1 IO~
JIMANCIIEPCHOCTU PacTBOPUMOI (ppakiivy mmojmMepa
3aMETHO yMeHbInamTcsd (Tabi. 2). O4yeBUIHO, YTO
obpazoBanue H® B nosmbyTagreHe cBI3aHO C IIPO-
TeKaHMEM B XOJ¢ Ipoliecca MoaIuMepru3aliy OyTaam-
€Ha CIIMBKU HanboJiee BBICOKOMOJIEKY/ISIPHBIX MaK-
poMoJiekyJ (puc. 2, xpomarorpamma 4).

VBennueHue MoJibHOro cootHoumlieHus ThX k
AIEt,Cl oo 50 : 1 u BbILLIE 06ecnieynBaeT GopMUpoBa-
HHUE ITOJTHOCTBIO PACTBOPUMOTO ITOJUOYTagreHa BO
BCEM HCCJIENIOBAHHOM MHTEPBAJI€ BHIXOJOB IOJIUME-

KMHETUKA U KATAJIN3 Ne 1
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Ta6mmna 2. Pe3ynbTaThl ToMMepu3anuu oyTanreHa mpu remmepatype 20°C B 3aBUCMMOCTH OT MOJIBHOTO COOTHOIIIEHMUST

TBX nnu Thb k AlEt,Cl 1 nponokKuTebHOCTY NOJAMMepU3aLuu (7)

Bhixon MonexkyasipHble XapaKTEPUCTUKU
AT AT'/AIEt,Cl t MoJIMMeEpa, -3 -3
’ mac. % M, 1075, My, > 1077, M, /M,
) I/MOJIb I/MOJIb
30c 46.7 2.0 8.2 4.1
5 MUH 49.2 2.5 15.2 7.2
20 15 MuH 54.1 3.8 62.1 16.3
30 Mmun 57.6 5.2 338.7 65.1
60 MuH 60.9% 3.6° 181.5° 50.45
30c 60.1 2.2 10.6 4.8
50 5 MUH 65.1 2.3 13.7 6.0
60 MuH 78.9 3.5 74.5 21.3
TBX 120 MmuH 83.5 4.8 286.2 59.6
5¢ 79.1 1.6 3.4 2.1
30c 83.7 1.6 3.5 2.2
300
5 MUH 102.8 1.7 3.7 2.2
60 MuH 130.5 2.0 5.2 2.6
5c¢ 81.7 1.4 2.8 2.0
30c 90.9 1.5 3.0 2.0
450
5 MUH 107.0 1.6 3.2 2.0
60 MuH 133.4 1.7 3.7 2.2
30c 54.3 1.6 3.6 2.3
50 5 MUH 58.7 1.9 5.8 3.1
60 MuH 74.4 2.3 11.4 5.0
120 mun 81.7 2.9 18.0 6.2
TEb
30c¢ 65.0 0.8 1.7 2.1
5 MUH 71.6 1.1 2.6 2.4
200
30 Mun 92.8 1.2 3.1 2.6
120 MuH 101.4 1.3 3.6 2.8

8 Conepxanue H® B nonmumepe — 28.8 mac. %, B octanbHbIX nonumepax H® orcyTcTsyer.
ModnekyssipHble TapaMeTpbl PacCTBOPUMOIL (ppakumu nonuMmepa. Yenosust nomumepusauun: [C4Hg] = 4.0 monb/1, [AlEt,Cl] = 5.0 %

x 1073 MOJIb/JT, XJIOPUCTBI METUJIEH.

pa. Kak BugHO u3 maHHBIX Ta0d. 1 1 2, ¢ poCcTOM CO-
otHoweHus: ThX k AlEt,Cl Habmonaercst oTyeTiv-
Basi TeHASHIUS K CHVDKEHUIO 3HAYCHUI CPETHNX MO-
JIEKYJISIPHBIX MACC 1 ITOJIUANCIIEPCHOCTHU ITOJIUMEPOB
OyTagMeHa, YTO CBUIACTEIbCTBYET 00 aKTUBHOM y4Ya-
ctun ThX B peakuusx Tepegadyu pacTylieid IEeTu.
Taxkum o6pasom, msamMeHeHune cootHoureHust ThX k
AIEt,Cl siBnsgeTcs ynoO6HbIM criocoboM peryainupoBa-
HUSI MOJICKYJISIDHBIX XapaKTePUCTHUK I10Jy4acMbIX
MOJMMEpPOB OyTaareHa.

XapaKTepHOI 4YepTOii peaKLIM KATUOHHOM ITOJIH -
Mepu3aluu OyTaareHa B IMPUCYTCTBUM KaTaJlUTU4e-
ckoil cuctemnl AlEt,CI-TBX sBnsieTcs sipko BbIpa-
XKEHHBIA HeCTallMOHApHBIM XapakKTep IIpoliecca.
Hawnboiee BICOKast CKOPOCTH MOJIMMEPU3alluy OyTa-
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IYeHa HaOII0maeTcsl Ha HavYaJabHOU craguu (puc. 3,
3aBUCUMOCTD 2). Tak, mpu MOJIbHOM COOTHOIIECHUU
ThX x AlEt,Cl, paBHoM 100 : 1, BbIxon mojauMepa 3a
nepsbie 30 ¢ coctaBisieT 70.2 Mac. % (puc. 3, 3aBUCH-
MocThb 2). Ilpu manpHeiilieM yBeIMYEHUU MPOIOJI-
KUTETBHOCTU Mpoliecca CKOPOCTh TOJUMepU3aiun
3HAUYUTEJbHO YMeHbIaeTcsd. Hanpumep, npu nosbi-
meHun BpeMeHn peakuuu ¢ 30 ¢ mo 30 MUH BBIXOZ,
noJIMepa Bo3pacTaeT Bcero Ha 25.6 mac. % (Tabir. 1).
B oTinume oT KaTHOHHOM MOJMMeEpU3aLIuU OyTaaune-
Ha B TIPUCYTCTBUU M3BECTHOI KaTaJIUTUUYECKON CU-
crembl TiCl,—TbX [12], B u3yyaemom npouecce rnep-
BbIi1 MOPSIIOK peaKIK 10 MOHOMEPY He HabIo1aeT-
Cd HM Ha OJHOM Yy4YacTKe KWHETUYECKON KpUBOM
(puc. 3, Tadm. 1, 2).
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20 25 30 35 40 45
O0OBeEM 3JTI0€HTa, MIT

Puc. 2. XpoMmartorpaMMbl ITOJIMOYTaINEHOB, ITOIYYEHHbBIX
MPpY TIPONOJDKUTEIBHOCTH Tipoliecca nojmmepuzamu 30 ¢
(1), 15 mun (2), 30 mun (3) 1 60 muH (4). YcinoBus moaume-
pusauun: TBX/AIEt,Cl = 20, octanbHOe CM. B Ta0I. 2.

Kunetnueckue 3aKOHOMEPHOCTU KaTMOHHO MO~
JIMMepu3aluy OyTagueHa 1o IeiCTBUEM KaTaIuTU -
yeckoit cucremsl AlEt,ClI—-TBb npuHuMuanbHO He
OTJIMYAIOTCS OT aHAJIOTMYHBIX 3aKOHOMEPHOCTE IS
cucrembl AlEt,CI-TbX (ta6xa. 1, 2). OnHako cyuie-
CTBEHHOII OCOOEHHOCThIO peaKIU1 NOJIUMEpU3alin
oyranueHa B npucyrctBun AlEt,Cl-TBb saBnsercs
9KCTpeMajbHasl 3aBUCUMOCTb BbIXOJa ITOJIMMEpa OT
COOTHOIIIEHUSI KOMIIOHECHTOB KaTaJUTUYECKOI CHU-
creMbl. HanGoJtee BBICOKMIA BBIXOM ITOJIMMepa OyTa-
nueHa 3a¢pUMKCHUPOBaH IPU MOJbHOM COOTHOIIECHUU
TBb k AlEt,Cl B untepBasie ot 100 : 1 1o 150 : 1 (puc. 1,
3aBUCUMOCTS 2). [1pu nanbpHeIeM yBeTUIEeHUN CO-
nepxanus TBB B peakiimoHHOI Macce BBIXOI ITOJIN -
Mepa 3HA4YMTEJIbHO YMeHblnaeTcs. JIpyroe otTinuue
Ipoiecca NoJuMepu3aluy OyTagreHa Ha KaTaluTh-
yeckoit cucreme AlEt,Cl-TbBb, kak orMeualiocs pa-
Hee, 3aKJII0YaeTcsl B 3aMeTHO 0oJjiee HU3KOM YPOBHE
CPEIHUX MOJIEKYJISIPHBIX MacC ITOJIy4aeMOro ITOJIM-
OyTagydeHa MO CPaBHEHUIO C IMOJIUMEPOM, CUHTE3U-
poBaHHbIM Ha cucteme AlEt,Cl-TbX (tabn. 1, 2).
BepositTHO, yka3zaHHBIE OCOOCHHOCTH CBSI3aHBI C
WHBIM CTPOCHHUEM aKTHUBHOIO ILIEHTpa MOJMMEpH3a-
MU, odpasytoiiierocs npu B3aumopeiictsuu AlEt,Cl
¢ Thb, no cpaBHEHMIO ¢ aKTUBHBIM LIEHTPOM, (op-
mupytomumcs us AlEt,Cl u ThbX.

Brusnue memnepamypot npoyecca
Ha KaMUOHHYI0 noaumepusayuro 6ymaouena

XapaKTepHOI 4epTOoii KaTMOHHON IoJuMepu3a-
nuu OyragureHa Ipu Temmeparype —78°C sBisgercs

100 -

80

60

40

Brixon monmmepa, Macc. %

20

30 60 90 120 150
Bpewms, ¢

Puc. 3. 3aBUCMMOCTH BbIXO/1a MOJUOYTaJIueHa OT BpeMe-
HU MOJIMMEpU3aliu IIpu TeMIlepaType Ipouecca —78 (1)
n 20°C (2). Ycnosust nonmumepusaunu: TBX/AIEt,Cl =
100, octanbHOE cM. B Tad. 1.

HaJu4ve MHAYKIIMOHHOTO Mepuoaa, MpoaoJIKUTE b-
HOCTBb KoToporo coctapiseT 10—15 ¢ (tabn. 3, puc. 3,
3aBUCUMOCTb [). VIHTEpEeCHO OTMETUTbh, YTO IIpU
Temneparypax nojumepuzauuu —30 u 20°C uHayK-
LIMOHHbIE TIEPUOABLI B TIpOlleccax MOJUMEpU3aLIUU
OyTagueHa 10l JEHCTBMEM KaTaIUTUYECKON CHUCTE-
Mbl AlEt,Cl-TbX He ob6HapyxeHbl. [Tocie okoHua-
HUSI UHIYKIIMOHHOTO TlepuoAa KaTUOHHAs TMOoJIMMe-
puzanus 6yragueHa npu remneparype —78°C mpore-
KaeT C BBICOKUMM CKOPOCTBIO 1 BBIXOJIOM TOJIMMEpPa
(Tabin. 3, puc. 3, 3aBUCUMOCTbH /) aHAaJIOTUYHO paHee
onucaHHOMY Ipoleccy npu Temieparype 20°C.

Yo KacaeTcs MOJIEKYIIPHBIX XapaKTEPUCTHK TT0-
JubyTaaueHa, TO Mpexae BCero clieayeT oOpaTUTh
BHMMaHUe Ha 00Jiee BEICOKYIO BEPOSITHOCTh 00pa30-
BaHusi H® B nonumepe, mojiydyaeMoM B XO[I€ MO~
Mepusauuu oyraaueHa npu —78°C. Tak, npu coot-
HoueHuu ThX k AlEt,Cl, pasHom 50 : 1, ipu nocTu-
KeHUM 75%-HOro ypoBHSI BBIXOAA IOJIMMEpa B
cocTaBe MnoiaudyTranueHa HabJroaaeTcss GopMUpoBa-
Hue H® B konnuectBe 47.5 mac. % (tabm. 3). B ciuy-
yae yBeanueHusi cootHomeHusi ThbX k AlEt,Cl no
100 : 1 nosgsienre H® B mosumepe 3apUKCUPOBAHO
mpu 6ojiee BBICOKOM BBIXOIE ITOTUOyTamueHa —
92.3 mac. %. [1oMHOCTBIO PACTBOPUMBIEC TTOJTUMEPHI
OyTagumeHa CHUHTE3WPOBAHBI TOJBKO IPU MOJIBLHOM
cootHoueHun ThX k AlEt,Cl, pasHom 300 : 1 1 BbI-
me (taba. 3). Kak orMeyanoch paHee, MOJHOCTHIO
pacTBOpUMbIC MOJIMMEPHI OyTaaueHa Mpy TeMmrepa-
type nojsmMmepusanuu 20°C o6pa3yloTcs Ipu 3HAYN-
TeJBHO O0Jiee HU3KOM cooTHowieHuu ThX k AlEt,Cl,
cocrapisttonieM 50 : 1 (tad:ma. 2). Ciaeayer OTMETUTD ITO-
BbILLIEHHbIIA YPOBEHb 3HAYEHUM CPEOHUX MOJIEKYJISIp-
HBIX MacC ¥ TTOJIMINCTIEPCHOCTH TIOJIMOYTaaNEeHOB, TI0-
Nel 2023
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Ta6mmma 3. Pe3yapTaThl moimMepu3anuu OytaarueHa npu temiieparype —78°C B 3aBUCUMOCTH OT MOJIBHOTO COOTHOIIIE-
Hus TBX k AlEt,Cl 1 npoIo/KUTEBHOCTH TOIMMEpU3aLnH (7)

Bhixon KoHBepcus MoJieKysIpHbIE XapaKTEPUCTUKHI by
TBX/AIEt,Cl t nonumepa, | OGyragueHa, M, % 1073, | M, x 1073, MM MOHC.’ %
mac. % mac. % I/MOJIb I/MOJIb v

10 ¢ 8.1 — — — — —
50 20 ¢ 64.6 54.1 4.9 286.3 58.4 72
30c 75.32 — 4.4° 52.1° 11.96 —
10c 3.5 - — - - —

20 ¢ 33.7 — 3.2 11.0 3.4 3.4
100 30c 85.5 73.7 4.9 346.4 70.7 68
1 Mmun 89.6 77.5 5.0 632.4 126.4 64
5 MUH 92.3° — - — - —
10 ¢ 13.3 — — — — —
300 30c 100.3 80.6 2.9 11.2 3.9 66
5 MuH 110.7 87.1 2.9 11.6 4.0 62
60 MuH 116.4 94.8 3.0 12.4 4.1 58
10c 13.7 — — — — —
20 ¢ 113.2 82.7 2.6 8.9 3.4 64
450 5 MUH 115.5 84.3 2.7 9.1 3.4 61
20 MuH 119.3 85.5 2.7 10.3 3.8 59
30 MuH 123.8 90.1 2.8 10.9 3.9 56

B Conepxanne HO® B mommmepe 47.5 11 49.9 Mac. % COOTBETCTBEHHO, B OCTATBHBIX romnMepax H® orcyrersyer. © Monekyssiprbie
rapaMeTpbl pacTBOpUMOIt hpakuyy nonumMepa. Yeaosust nonnmepusanuu: [C4Hgl = 4.0 Mo/, [AlEt,Cl] = 5.0 % 1073 MOJIb/J1, XJIO-

pI/ICTI)IIL/'I METUJICH. HpO‘{CpKI/I O3HayaloT OTCYTCTBUEC NAHHBIX.

JIydeHHbIX 1Tpu —78°C, o cpaBHEHUIO C NOJIMMEPaMU,
cuHTe3upoBaHHbIMU ipu 20°C (1abia. 2 u 3). AHano-
TMYHBIE 3aBUCUMOCTH TT0 YBEJITMYECHUIO CPETHUX MO-
JIEKYJSIPHBIX MAacC TIpU CHWKEHUM TeMIlepaTypbl
Mpoliecca Takxke HaOJOAaIMCh B Cydasix KaTHOH-
HOI moimMmepu3aluuu OyTragmeHa, u3onpeHa u 1,3-
MEeHTaaAueHa MO IEMCTBUEM KAaTUITUTUIECKOMN CUCTE -
mbl TiCl,—TBX [12, 20, 21].

CpaBHUTENIBHBIN aHAIU3 Pe3yIbTaTOB 110 IOJIM-
Mepu3aluy OyTagreHa B IPUCYTCTBUM KaTaJauTUde-
ckoii cucremsl AlEt,Cl-TBX npu temrnieparypax —78
u 20°C no3BoJISIeT ceNaTh BaXKHbII BEIBOMI, YTO MPO-
BelicHUE IIpoliecca MPU TEXHOJIOTMYECKU YIOOHOI
temrepatype 20°C 6osee IIpeaIrouYTUTENIbHO, TaK KaK
B OTUX YCIIOBUSIX CYIIECTBEHHO YMEHBIIIAETCSI BEPO-
SITHOCTB IIPOTESKaHMS ITOOOYHOM peaKiini o0pa3oBa-
Hust H® B nonumepe. Ilpu 3TOM 3HaUEeHMST BbIXOOa
MoJimMepa u KouBepcuu oytagvera rmpu 20°C He3Ha-
YUTEIBLHO YCTYMAIT aHAJOTMYHBIM, HaOJOAAeMbIM
npu temrieparype —78°C (tabi. 2 u 3).

CmpoeHrue noaumepHoil yenu noaubymaouena,
CUHME3UPOBAHHO20 NOO Oeliceuem Kamaiumu4eckoi
cucmemwt AIEL,CI—THhX

Ha puc. 4 npencrasneHsl anudarndeckast U oje-
(duHoBag obaactu criektpa AMP BC nonubyrague-
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Ha, CHHTE3UPOBAHHOIO Ha KATAJIUTUYECKON CUCTEME
AIEt,Cl-TBX.

W3 puc. 4 BUgHO, 9YTO JOMUHUPYIOIIENH CTPYKTY-
poOii HEHACHILIIEHHOW YaCTU OCHOBHOM TOJMMEPHOM
Henu IonuOyTamueHa sBisercsa 1,4-mpanc-3BEHO,
pacnojioxxeHHoe B Tpuane 1,4-mpanc-cTpykryp. Me-
TUJIEHOBBIM aTOMaM yIjiepoia 3TOro 3BeHa COOTBET-
CTBYeT MHTCHCUBHBINM CUTHAJ B aIM(aTUIeCKOM 00-
JIACTHU CITEKTPa C XUMUYECKUM CIBUTOM (0) 32.6 M. 1.
(puc. 4a), a METUHOBBIM aTOMaM yrjiepoja MpuHa/I-
JIEXXUT JTOMUHUPYIOLIMI CUTHAJ B 0J1e(DUHOBOI 00-
jJacTy cnektpa ¢ O 129.8 m. 1. (puc. 46) [14]. B
CTieKTpe mnoaubyTaaueHa OOHapy>XKeHbl CUTHAJIbI
1,4-mpanc-3BeHa, CBSI3aHHOTO ¢ aTpaTUIESCKIM Me-
TMHOBBIM aTOMOM yriiepona 1,2-3BeHa u 1,4-mpanc-
3BeHoM (0 38.0, 128.2, 131 u 32.6 M. 1.), a TaKxKe
curHainbl 1,4-mpanc-3BeHa, CBsI3aHHOIO ¢ aiauda-
TUYECKNM METHUJICHOBBIM aTOMOM yTiiepona 1,2-3Be-
Ha u 1,4-mpanc-38eHoM (6 30.0, 130.3, 129.6 1 32.6 M. 1.)
[14]. Kpome TOrO, B CrieKTpax IoaudyTamueHa mpu-
CYTCTBYIOT CUTHAJIBI aTOMOB yriiepona 1,2-3BeHa, pac-
MoJIoXKeHHOro Mexny 1,4-mpanc-3BeHpsamu (8 33.8,
43.3, 142.5 u 114.1 m. n.) [14]. KoirudecTBeHHEII1
pacyeT coaepKaHMUsl CTPYKTYPHBIX 3BE€HbEB OCHOB-
HOU MOJIMMEPHOM Lenu MoJaudyTaareHa JaeT cie-
IyIOLINe pe3yabTaThl: 1,4-mpanc-3BeHbst — 80 mon. %,
1,2-3BeHbsT — 20 MoIL. %.
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Puc. 4. Anucdatnueckas (a) u onecpuHoBas (6) o6nactu criekrpa SAMP Bc noauoOyTagreHa, IOJydeHHOTO Ha KaTaITMTUIEeCKOM
cucreme AlEt,Cl1-TBX. Ycnosus cunresa: TbX/AIEt,Cl = 100, 20°C, Bpemst — 15 ¢, Bbixon nonumepa — 64.0 mac. %, ocraib-
Hoe cM. Tabj. 1. Ha puc. 4a 0603HaueHbI XapaKTepUCTUUECKUE CUTHAJIBI AaTOMOB YIJIepoJa B HaualbHbIX M KOHILIEBBIX 3BEHbSIX
nomubyragueHa. Ctpoenue ctpykryp HI, HII, HIII, KI u KII npuBeneHo B TeKcTe.

Yto Kacaercsl CTpOeHUSI TEPMUHAIBHBIX 3BE€HbEB
MOJIMMEPHO 1ieny noaubyTagueHa, CUHTE3UPOBaH-
Horo Ha katanutudeckoii cucteme AlEt,Cl-ThX, To B
cnekrpe AMP BC uneHTrduumpoBaHbl CUTHAIIBI IBYX
TUIIOB HaYaJIbHbIX 3BEHBLEB, MPEACTABISIONINX COOOM
mpem-OyTWIbHBIE TPYMIIbI, CBSI3aHHbIE C 1,4-mpanc-
3BeHOM (cTpyKTypa HI) 1 ¢ 1,2-3BeHOM nmommbyTagu-
eHa (ctpykrypa HII):

| 5 3 /(EH§5 /(63H2—P01
(CH3);C—CH, CH , HI
1 2 3 4
(CH3)3C—(§H2—5$H—P01 CHII

CH,=CH

Atomam yriepona ctpykTypbl HI (HoMepa aToMoB
yrjiepojia B CTpyKType 0003HauYeHbl apabCKUMU U -
paMM) TpUHAIJIEXaT Cleaylole CIreKTpalbHble
curnansl (8): 29.2 (HI/1), 30.7 (HI/2), 47.0 (H1/3),
127.4 (HI1/4), 131.9 (HI1/5) u 32.6 (H1/6) M. 1. (puc. 4)
[12, 14]. AToMam yriepoa HaYaJIbHOTO 3BEHAa CO CTPYK-
Typoit HII cooTBETCTBYIOT CIieKTpalbHbIE CUTHAJIbBI C
6 30.1 (HII/1), 31.1 (HIL/2), 48.0 (HII/3), 43.8 (HI1/4),
141.8 (HII/5) m 112.9 (HI1/6) M. 1. (puc. 4) [12].

Kpowme Toro, B ciektpax AMP 3C nonubyranuena
MPUCYTCTBYIOT CUTHAJIBI JBYX TUITOB KOHIIEBBIX XJIOP-
conepxaiux 3BeHbeB ¢ 1,4-mpanc- (KI) u 1,2- (KII)
CTPYKTYpPOIA:

2 4

1 CH CH,
Pol—CH3 CH CI, KI

1 2
Pol—CH,—CH——CIL.  KII

4 3|
CH,=—CH

[MonoxeHne cUrHaJIOB aTOMOB YIjiepomaa KOHIIe-
BBIX XJIOpCOAEPKaIINX 3BeHbeB co cTpykTypamu Kl n
KII 6110 ompeneneHo B Hammx paborax [12, 14].
AtomaM ymiepona ctpykrypsl KI B ciekrpe AMP BC
MoJMOyTagreHa MPUHAIIEKAT CJIeIYIONINe CUTHAbI
(®): 32.6 (KI/1), 135.1 (KI/2), 126.1 (KI/3) nu
45.0 (KI/4) M. o. Atomam yriaepona cTpyktypbl KII
COOTBETCTBYIOT CUTHAJIBI ¢ O, paBHoii 37.6 (KII/1),
61.9 (KII/2), 138.5 (KII/3) u 116.1 m. a. (KII/4)
(puc. 4). Cnegyer OTMETMTb, YTO WHTEHCHUBHOCTH
CUTHAJIOB KaK HavyaJIbHbIX, TAK U KOHIIEBbIX 3BEHbEB
¢ 1,4-mpanc-CTpyKTypoil 3HAYMTEJILHO BBHIIIE, YeM
MHTCHCUBHOCTb CUTHAJIOB COOTBETCTBYIOIIUX 3BE-
HbEB C 1,2-cTpykTypoii (puc. 4), 4TO, MO-BUAUMOMY,
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CBSI3aHO CO CTEpUUYECKUMU 3aTPYITHEHUSIMU IpU op-
MUPOBAHUU TEPMUHATIBHBIX 3BEHBEB C 1,2-CTPYKTYPOIA.

B mammx mpempigymmx pa6otax [14, 15] Opum
UIeHTUGUITMPOBAHBI CUTHAJIBI aTOMOB yTJlepoaa Ha-
YaJgbHOTO 1,4-mpanc-3BeHa MonubyTaaieHa, oopasy-
foIeToCs TIpY WHUITUMPOBAHUU peaKIIMU KaTHOH-
HOIi TTIoiMMepu3aluu OyTaareHa MpOTOHOM (CTPYK-
typa HIII):

2 4
. /CH§3 /CHZ—Pol
CH; CH HIII
MetunbHbiii atoMm yriepoma HIII/1 wagaabpHOTO
3BeHa co ctpykrypoit HIII B criektpe AMP BC xa-
paxkTepusyeTcs curHajioM c 0 17.8 m. 1. Kaxk BunHo us
puc. 4a, UHTEHCUBHOCTb curHasa ¢ 0 17.8 M. 1. B o-
JMOyTagueHe 4Ype3BblYaifHO HU3Ka. DTO TOBOPUT O
TOM, UTO MpPOIECC IOJMMEpu3alluM OyTaaueHa Ha
karanutuyeckoin cucreme AlEt,Cl-TbX mporekaer
3a CUeT peaKIuy MHUIIMUPOBAHUS mpem-0yTUIbHbBI-
MU KaTHMOHAaMH, a NPOTOHHOE WHUIIMHUPOBAHUE B
IpoIiecce MPakTUIECKU OTCYTCTBYET.

Takum o6pa3zoM, MaKpOMOJIEKYJIbI MOJIUMEPHOM
1IeMKY MoJubyTaanueHa, CAHTE3UPOBAaHHOIO Ha KaTa-
mutudeckoit cucreme AlEt,Cl-TbX, cocroar us
1,4-mpanc- u 1,2-3BeHbeB, a TAKXKE COAEpKaT IBa TH-
ra HayaJlbHbIX mpem-OyTUIIbHBIX 3B€HbEB (CTPYKTY-
pa HI u HII) u nBa TMna KOHUEBBIX XJIOPCOAEPKA-
mux 3BeHbeB (cTpykTyphl KI n KII).

Memoduku pacuemog cooepicanus Ha4arbHbIX
U KOHUeBbIX 36eHbes 8 noaudymaouere,
HeHACbIUWEeHHOCIU NoAUMePA U KOHeepcuu Oymaduena

KonuuecTBeHHbI pacuer coaepXaHUsI Hadyaslb-
HBIX mpem-0yTUIbHBIX 3BEHbEB cO CTpyKTypoit HI u
HII nemecoodpa3Ho mpoOBOIUTH IO MHTEHCUBHOCTSIM
CHEeKTPaIbHBIX CUTHAOB aToMoB yriepoaa HI/3 u
HII/3 ¢ 6 47.0 1 48.0 M. I. COOTBETCTBEHHO, KOTOPBIE
HE MEPEKPBIBAIOTCS OIPYTUMU CIIEKTPAIBHBIMUA CUT-
Hamamu (puc. 4a). Ha mepBoMm 3rame pacyera II0o
cnextpy AMP BC omnpenensnum cyMMapHylO MHTEH-
CUBHOCTbB BCEX CUTHAJIOB aTOMOB yriepoja /(X) B UH-
tepBayiax O ot 10 10 63 M. 1. B anudaTUIecKoi o6a-
ctu criekTpa (puc. 4a) u ot 110 o 150 M. 1. B oftepu-
HOBOI1 00J1acTu cniekTpa (puc. 40). 3aTeM 1o CeKTpy
HAXOAWJIU CYMMApHYK0 WHTEHCUBHOCTb CUTHAJIOB
HI/3 u HII/3 ¢ 6 47.0 1 48.0 m. 1. Tak xak mpem-06y-
TWIbHAas IpyIina colepXuT 4 atoma yriepoa, najaee
BBIUMCJISITIA HOPMAJTU30BaAHHYIO CYMMapHYIO MHTEH-
CUBHOCTb aTOMOB yIJiepoja B mpem-0yTUJIbHbBIX 3Be-
Hbsx 1(Z 'Bu) myreM yMHOXEHNSI CYMMapHOU MHTEH-
CUMBHOCTH CUTHAIOB ¢ O 47.0 1 48.0 Ha yeTkIpe. 3aTeM
OTpeAeIsUIU BEJIUYMHY CYMMapHOW WHTEHCUBHOCTU
aTOMOB yIiiepo/a rojmbyraareHa B rmoaumepe (X I16)

o bopmyie (1):
ICTB)=1(Z)— I(ZtBu). (D)
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Hanee Haxomumu BenrmauHy N('Bu) — KoaudecTBo
3BEHbEB MOHOMEpPA B MOJUMEPHOI LeNu MoJudyTa-
IUeHa, MPUXOISIINXCS Ha ONHY mpem-OyTUIIbHYIO
rpyrmny, 1o ¢opmyJe (2):

N (‘Bu) = [(ST1B)/I(Z 'Bu). )

ConepkaHue HayaJbHbIX mpem-OyTUIbHBIX 3Be-
HBEB B Pa3MEPHOCTIX MOJBHBINA mpoueHT M(*Bu) n
MaccoBblii ipoueHT W('Bu) onpenensiau no ¢popmy-
maMm (3) u (4):

M(‘Bu) = 1x100%/N('Bu), 3)
W('Bu) = (57 x100%)/ (N(tBu) X 54), 4)

rae 57 u 54 — MoJieKyasipHble MacChl mpem-0yTUlb-
HOW TpyTIIbl U MOHOMEPHOTO 3BeHa MoJMOyTaaueHa
COOTBETCTBEHHO.

KonunuecTBeHHBIN pacueT coaepKaHUsI KOHIIEBBIX
xjopcoaepxkaiux 38eHbeB co cTpykTypoit KI u KII
11eJ1eCO00pa3HO MPOBOAUTH IO MHTEHCUBHOCTSIM
CHEKTPAIbHBIX CUTHAJIOB aToMOB yriaepona KI/4 u
KII/2 ¢ 8 45.0 u 61.9 M. 1. cooTBeTcTBeHHO. Ha mep-
BOM 3Talle pacueTa HaXOAWJIU MO CIIEKTPY CyMMap-
HYIO MHTEHCUBHOCTbh CUTHAJIOB aTOMOB YIJIepoja B
KOHIIEBBIX XJIopcoepxKaluux 3BeHbsax /(X K3). Hns
5TOTO CyMMAPHYIO UHTEHCUBHOCTH CUTHAJIOB ¢ 0 45.0
1 61.9 M. I. yMHOXaJTK Ha YeThIpe, TaK KaK B CTPYKTY-
pax KI u KII cogepxxutcs o 4 aroma yriepopa. /la-
Jiee paccuuThiBaId BenmuuHy N(K3) — koaumyecTBo
3BEHbEB MOHOMEpPA B MOJIUMEPHOM 1IEMr MoarnbdyTa-
MeHa, MPUXOASIINXCI Ha OMHY KOHIIEBYIO XJIOPCO-
JIepKalllyo IpyIny, 1mo gpopmyie (5):

N(K3) ={ZIIb) — IZK3))/I(XK3), )

rae /(X I1b) — 3HayeHUe CyMMapHOUM MHTEHCUBHO-
CTH aTOMOB yTJIEpoJa B MOJNUMEPHOI LEeIT! MOJIN0y-
TagueHa, BeluucieHHoe 1mo popmyiie (1). Coaepxka-
HUEe KOHIIEBBIX XJIOPCOAEPXKAIUX 3BEHBbEB B pas3-
MEPHOCTSIX MOJbHBINA mnpoueHT — M(K3) — u
MaccoBblii mpoueHT — W(K3) — omnpepensau mo
dopmynam (6) u (7):

M (K3) = 1x100/N (K3), (6)
W (K3) = (89.5x100%) /(N (K3)x54),  (7)

rae 89.5 u 54 — MOJIEKyJISIpHBbIE MacChl KOHIIEBOTO
XJIopcojiepXKalllero 38eHa U MOHOMEPHOTO 3BeHa T10-
JMOyTagrieHa COOTBETCTBEHHO.

Pacuer koHBepcuu OyrangueHa K(b) mpoBoauiu
o dopmyne (8):

K (B) = B(IB) — B(IB) x W('Bu)/100 —
— B(TIB)x W (K3) % 0.397/100,

rae B(I1b) — Beixon moaubyragueHa (mac. %), onpe-
ﬂCHCHHbIﬁ MO JaHHBIM I'PaBUMETPUYECCKOTO aHaJIn3a
B pacueTe Ha 3arpyXeHHbI OyrammeH, W(‘Bu) —
MaccoBO€ CoJep:KaHWe HaYaIbHBIX mpem-0yTUib-
HBIX 3B€HbEB B IIOJIMMEpe, HalineHHOe 1o (hopmyiie (4),
W(K3) — maccoBoe coaepKaHre KOHIIEBBIX XJIOPCO-

®)
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JIepxXKallux 3BeHbeB, onpeneacHHoe o dopmyie (7),
0.397 — ko3 GUIKUEHT, OTPaXKAIOIINI MAaCCOBYIO J0O-
JII0 XJI0pa B KOHIIEBOM XJIOPCOAEPKAIleM 3BeHE MO-
JmOyTagreHa.

HewnaceimennocTs nonubyraauera (H,, mon. %)
Haxoouu 1o popmyie (9):

1(110-150)

© I(smp)x0.5

rae 1(110—150) — skcrepMMeHTaJIbHO OIIpeacIeHHAs
CyMMapHasl THTEHCUBHOCTb CUTHAJIOB aTOMOB YIJIEPO-
na B oneuHOBOI obacty ciektpa IMP 3C B uHTEp-
Basre ot 110 mo 150 m. 1., koaddmmenT 0.5 orpaxkaer
TeOpETUIECKOE 3HAUEHNE CyMMApPHOI MHTEHCUBHOCTU
oJIe(hTHOBBIX aTOMOB YIJIEPOIA B 3BeHE MOJIUOyTaaue-
Ha ripy 100%-Hoii HeHaCBIILIEHHOCTH TTOJIMMepa.

s obpasua noaudyTraaneHa, CIeKTp KOTOPOro
MpeacTaBlieH Ha pUC. 4, IPOBEJEHHBIEC pacyeThl 110
dopmynam (1)—(9) nmaror cienymolue pe3yabTaThl:

&)

-R

M(‘Bu) = 12.2 mon. %, W(‘Bu) = 12.8 mac. %, M(K3)
= 8.9 mon. %, W(K3) = 14.8 mac. %, H, = 62 mon. %,
K(B) = 52.0 mac. %.

Mexanuzm noaumepusayuu 6ymaouena
Ha kamaaumuyeckux cucmemax Ha ocHose AlEt,Cl

YuutsiBasi pe3yibTaThl Halux pador [13, 23]
MO HUCCIEAOBAaHUIO KATUOHHOU MOJMMEepU3aluuu
1,3-nieHTanmMeHa u OyTaarveHa Ha KaTaTUTUYECKUX
cucteMax Ha ocHoBe AlEt;, AlEt,Cl n AlEtCl, B co-
YyeTaHUU ¢ ATu(haTUIeCKMMU BTOPUYHBIMU aTKUJIra-
JIOTEHUIaMU, MOXHO To0JIaraTh, YTO KaTUOHHAs TMO-
JuMepusalusl OyTajaueHa Mo AefiCTBUEM CUCTEMBbI
AlEt,Cl-TBX nportekaeT Ha aKkTMUBHOM LIEHTPE IO-
JIMMepUu3aluu A, KOTOpbIii oOpa3yercs pyu B3auMO-
neiictBuu ThX ¢ AIEtCl, ¢ popmrupoBaHrueM HOHHOM
Maphbl a v MOCJIeAYIOIMM BHEAPEHUEM MOJIEKYJIbI MO-
HoMmepa (cxema 1):

® 0
(CH3)5C ... AIEtCl,

AIEt;Cl + (CH3);CCl AIEtCl, (A
a
® © o~
CH_CH.. AIECh
(CH3);C—CH, CH A

Cxema 1. IIpeanonaraemplii MexaHU3M peakiiMi UHUIIMUPOBAHUSI KATUOHHOM MOJUMEPU3alun
oyranueHa Ha katanutnyeckoii cucteme AlEt,Cl-TBEX. R — cMech HachIIIEHHBIX YII1eBOAOPOIOB, M — OyTagueH.

Ha HavanbHOM 3Tame 3TOro Ipoliecca Mpoucxo-
nut Bzaumonenicteue AlEt,Cl c TbX ¢ o6paszoBanuem
AIEtCl, 1 cMecH HachILLIEHHBIX yriieBonopoaos (R), co-
CTOSIILIEH TTO JTaHHBIM paboThI [24] 13 M300yTaHa, AUMe-
TUAOyTaHa 1 M300KTaHa. HabmomaeMbIil MHIYKIIMOH-
HBI TIepUOII peaKLIMY MOJIMMEPU3alliM OyTaarieHa Ipy
temnepatype —78°C (puc. 3, 3aBUCUMOCTb /), O-BU-
JIUMOMY, CBSI3aH C 6oJiee HU3KOI CKOPOCThIO B3aMO-
nevictBust AlEt,Cl ¢ TBX no cpaBHEHHUIO € MPOLIECCOM
npu 20°C, B KOTOPOM MHAYKIIMOHHBIN MEPHO, OTCYT-
ctByeT (puc. 3, 3aBUCUMOCTbD 2). OTOeIbHBIMU IKCIIE-
pUMEHTaMM OBbLIO MOKA3aHO, UYTO B Cllydae KaTHMOH-
HOI TToJIMMepu3alny OyTaarieHa MpU TeMIlepaType

—78°C mon neicTBUEM KaTaJUTUYECKO CUCTEMBI
AIEtCl,—TBX MHAYKIIMOHHBIN MeprUoa OTCYTCTBYET,
YTO TaKXKe MOATBEPXKIACT MPEATIONIOKEHNE O CTPOSHUN
aKTMBHOIO 1IEHTpa MOJMMEpM3alMd A ¢ ydacTueM
AIEtCl,. Peakiiust MTHULIMMPOBAHUSI Mpoliecca MouMe-
pu3zauuy OyTaaveHa OCYILIECTBISIETCS mpem-OyTUib-
HBIM KATHOHOM, 4TO MOATBEPKAAaeTCsI IPUCYTCTBUEM B
MaKpOMOJIEKYJIaX MOJMOyTaaueHa HadallbHbIX mpem-
OyTWILHBIX 3BeHbeB co cTpyKrypoit HI u HII (puc. 4).

PocT nonumepHoii LieTiu mpoTeKaeT MyTeM I1ocie-
JOBaTeJIbHOTO BHEAPEHUS MOJIEKYN OyTaaveHa M Ha
aKTUBHOM LIEHTpe noauMepu3aum A (cxema 2):

® O

CH_ _CH,...AlEtCl;

A (CH;);C—[M],—CH;y_ CH
B
+(CH;);CCl
® O
LR CH b (cHy)C L ATERC
(CH;):C—[M],—CHy_ CH Cl

KI

a

Cxema 2. IIpenmonaraeMble MEXaHU3MBI peaKIIdii pocTa IMTOJIMMEPHOI LIen
U Tepenayy pacTylieit Hernu Ha mpem-0yTUIIXIIOPUI.
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Ta6mmma 4. XapaKTepUCTUKU U TUIEHKOOOPa3yIoIre CBOCTBAa HU3KOMOJIEKYJISIPHBIX TTOJIMOYTaTMeHOB, CHHTE3UPOBaH -

HBIX Ha pa3/JIMYHbIX KaTAJITUTUYCCKUX CUCTEMaX

MonekynasipHble XapaKTepUCTUKI MukpocTpyKTypa, Moi. % Bpewmst
IMomubyraguen
BBICBIXaHUST
Ne (xaTtanuTHyecKas H,, M, x 1073,|M, x 1073,|  14- 1,4- s 110 CTETeHH 3
cuctema) mon. % | r/momb | T/Monb | MpaHc yuc ' npu 20°C, y?
1 “KarnoHHBbIi” 50 3.1 19.7 80 0 20 246
noJjinbyragveH
(AIEt,CI-TBEX)
2 “KaTtnoHHBIi1” 75 2.4 11.0 81 0 19 60
noJuoyTanueH
(TiCl,—TBX)
3 “ AHMOHHBI” 99 1.3 2.5 36 16 48 60
noauOyTanueH
mapku “byrapes-25”

2 Komnosunus: 60% nonubyranuena, 5% cukkatuba )KK-1 u 35% pactsopurens.

I[IpoyHOCTH MIEHKM ITpU U3rude yepes 24 4 — 1 Mm.

IMpucyrcTBUEe B MAKpOMOJIEKYJIaX MOJIMOyTaaueHa
CYIIECTBEHHOTO KOJMYECTBa KOHIIEBBIX XJIOPCOIEP-
Xamux rpynn (puc. 4) IMO3BOJISIET IIPEOIIONOXUTD,
yTo oOpazoBaHue Takux cTpykTyp (KI u KII) mpote-
KaeT B pe3yJibTaTe peakluu rnepeaadyu pacTylie 1e-
oy Ha mpem-0OyTUJIopus (cxema 2).

Jpyroii peakiiMeili orpaHMYECHUS pacTylleid LHenu
B M3y4aeMOM IIpoliecce SBsieTcs Mepenaya Lernu Ha
JIBOMHYIO CBSI3b IMOJMOyTaJuMeHa ¢ oOpa3oBaHUEM
pPa3BeTBJIEHHbBIX U YACTUYHO CIIUTBIX MAKPOMOJIEKYJI
C MOHMWXXEHHON HEHACBHIIIEHHOCThbI0. MeXaHUu3M ee
MOAPOOHO pacCMOTpEH B Halleit padore [13] Ha ripu-
Mepe KaTMOHHOM MojuMepu3alivu OyTaaueHa Mo
neiictBreM Kataiutuueckoi cuctembl AlEt,Cl—u3o-
MPOTUIXJIOPUI.

B psnme nmy6mukanmit [5, 10, 11, 25, 26] moHkeH-
Hasl HEHACBIIIIEHHOCTh TMOJUOyTaIreHa, CUHTE3UPO-
BaHHOT'O METOJ0M KaTUOHHOM MoJIMMepU3aliuu, 00b-
sicHsIeTcsl (DOPMUPOBAHNEM IIECTUWICHHBIX LIUKIU-
YECKUX CTPYKTYp, OOpasylolIMxcs B pe3ysibTare
MPOTEKAHUS TTOOOYHON peaKlMi BHYTPUMOJIEKYJIISP-
Hot uMkau3aluuu. Takue CTpyKTypbl B CBOEM COCTaBe
cojiepxXaT YeTBEpTUYHbBIE 0Jie(hDMHOBBIE aTOMBI yTIJie-
polia, CUTHAJIbI KOTOPBIX JOJIKHBI pacriojliaratbCsl B
cniekrpe AMP 3C B o6mactu ot 138 no 144 m. a. [13].
OpHako, Kak cienyeT u3 cnektpa DEPT-135° SIMP
BC, B maHHOI1 06/1aCcTH CIIEKTpa MONIUOYTaaleHa CUT-
HaJIOB YETBEPTUUHBIX aTOMOB yIJjiepojia HeT. DTO ro-
BOPUT O TOM, 4YTO IIECTUYJIEHHBIC ILUKJINYECKUE
CTPYKTYpbI B COCTaBe MoaubyTajgueHa OTCYyTCTBYIOT.
Kak BugHO 13 JaHHBIX Ta0i. 1, 2 1 puc. 2 ¢ pOCTOM
KOHBEpPCUM MOHOMepa HabJI10JaeTcs YMEHbIIeHUe
HEHaCBIIIIEHHOCTU TOJIMOyTaareHa ¢ OJHOBPEMEH-
HbIM 3HAUYUTEIbHBIM BO3pacTaHUEM IOJUAMCIIEPC-
HOCTU mojuMepa. DTO MOATBEPKIAET MPearooxe-
HUE O TOM, UTO MOTePsI HEHACBIIIIEHHOCTH ToJIMMepa
B X0JIe KAaTHOHHOM ITOJINMepu3alini OyTagrueHa o0b-
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SICHSIETCSI peaKLMer B3auMOICHCTBUS pacTylLLIEH 1ie-
U ¢ IBOMHBIMU CBSI3SIMM MOJUOyTaarieHa ¢ 00pa3o-
BaHMEM Pa3BETBJICHHBIX MAKPOMOJIEKYJI.

Ilnenxoobpa3zyrowue xapaxkmepucmurxu
CUHME3UPOBAHHBIX NOAUMEPO8 OymadueHa

3HAYNTEIbHOE KOJMYECTBO BBIITYCKAEMBIX B IIPO-
MBIILIEHHOCTH HU3KOMOJIEKYJISIDHBIX MTOIUOyTaare-
HOB HUCITOJIb3yeTCsl B JIAKOKPACOYHOI MPOMBIIILICH-
HOCTH TS TIOJIyYeHHS JTIaKOB U dMaJjieil “XonomHoit”
(20°C) u “ropstueit” (65—150°C) cymku [4]. B aroit
CBSI3U OBLJIM U3Y4YEHHI IJIEHKOOOpa3ylollue CBOMCTBA
oOpa3lia HM3KOMOJEKYISIPHOro MOJIUOyTamaueHa,
CUHTE3UPOBAHHOIO Ha KaTaJIUTUYECKOU cHCcTeMe
AlEt,ClI-TBX (ta6n. 4). Ans1 cpaBHeHus1 B Tabiu. 4
MIpUBEICHEI XapaKTEPUCTUKM U TDICHKOOOpa3ylolye
CBOIiCTBAa MOJAMOyTaguWeHa, CUHTE3UPOBAHHOIO B
npucytctBuu Karanutudeckout cucreme TiCl,—ThbX
[12], a Takke monubOyragueHa mapku byrapes-25,
MOJYy4YEHHOIO Ha aHMOHHBIX KaTaim3aTopax. Kaxk
BUJIHO U3 JaHHBIX Ta0JI. 4, 1J1s TTOIUOyTaaueHa, CUH-
Te3upoBaHHoro Ha cucteme AlEt,Cl-TbX, Habimo-
JIaeTCsI caMasi BEICOKasi CKOPOCTh BBICBIXaHMSI TIJICH-
KU TIOKPBITUS (24 4), UTO COOTBETCTBYET TPEOOBAHM -
sIM K OOJIBIIIMHCTBY JIAKOKPACOYHBIX MaTepUasioB
“XonomHOI” cymKu [4].

IMomubyTagueH, NOayYeHHbINA B IIPUCYTCTBUU U3-
BecTHOI kKatuoHHoM cucrteme TiCl,—TbX, xapakTre-
pusyeTcs 0Oojee BBICOKOH HEHACHIIIEHHOCThIO
(75 mon. %) 1 MO CKOPOCTU BBICBIXaHUSI 3aMETHO
ycTymnaeT IoauOyTaaueHy, oOpa3oBaBIIEMYCS IIO
neiicrBueM cuctembl AlEt,Cl-TBX (Tabi. 4). “AHu-
OHHBIN” monudyTamueH Mapku “byrape3” umeer
npakTudecku 100 mMon. % HeHaCBIIEHHOCTb, YTO
CBUETEBCTBYET 00 OTCYTCTBHUM B €r0 COCTaBE pa3-
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BETBJICHHBIX MAaKPOMOJIEKYJI, M TAKXKE XapaKTepu3y-
€TCsl HEBBICOKOII CKOPOCTBIO BhICKIXaHUs (Ta0JI. 4).

M3BecTHO, UTO Tpollecc MJIeHKOOOpa3oBaHUs,
3aKJIovyalouiics B Nepexoae HU3KOMOJIEKYISIPHO-
ro MmojiuMepa B TOHKUX IJIEHKAaX U3 KUIKOTO B TBEP-
JIo€ CTEKJIOOOpa3HOE COCTOSIHUE, MPOTEKAeT B pe-
3yJIbTaTe OKUCJIEHUS TUIEHOK MOKPBITUI Ha BO3yXe
¢ (popMUpoOBaHUEM CLIMTOTO CETYATOrO MojauMepa
[4]. JJoruyHO TIPEOITOIOXHUTH, YTO BBICOKASI CKO-
POCTb BBICBIXaHUSI “KaTMOHHOTO” TOJIUOyTaaueHa,
CUHTE3UPOBAHHOTO Ha KaTaJlUTUYECKON cucTeme
AIEt,Cl-TBX, 00bsicHsIeTcsl HanboJiee BBICOKUM CO-
JIEp>KaHUEM B €70 COCTaBe Pa3BETBJIEHHBIX U YACTUY-
HO CIIUTBIX MakpomoJjieKyia. OO0 3TOM CBUIETEIb-
ctByer 50 mon. % ocrtaroyHas HEHACHIIIEHHOCTHb
JTaHHOTO 00pa3lia IMoanoyTagrueHa, YTo 3HAUYNTEIILHO
HIXE, YeM HEeHACBILIEHHOCTh APYTrux o0pasloB Mo-
JIubyTaaueHa, MpeacTaBlIeHHbIX B Ta0I. 4.

SAKJ/IIOYEHHME

YcraHOBIEHO, UTO KaTMOHHAas TOoJUMepu3alus
OyTagveHa B MPUCYTCTBUM KATATUTUYECKUX CUCTEM
Ha ocHoBe AlEt,Cl B coueTaHuU ¢ TPETUYHBIMU aJl-
kunrajgorenugamu (TBX, Thbb, XMbB) naet ¢ Bbico-
KOl CKOPOCTBIO U BBIXOAOM ITOJIMMepa B LIMPOKOM
MHTEepBajie TeMIlepaTyp Mmpollecca IMoJuMepru3alun
ot —78 10 20°C. IToka3aHO, 4YTO HE3ABUCUMO OT IIpH-
ponsl Al B KaTaIUTUYECKON CUCTEME C YBEIUYEHUEM
BbIXOZa MOJMOyTaiueHa BO3pacTaloT 3HaUYeHUsI Cpell-
HUX MOJIEKYJIIPHBIX MacC U MOJUAMCIIEPCHOCTU T10-
JiIuMepa Ipu OJHOBPEMEHHOM YMEHBILIEHUU ero He-
HaCBIIIEHHOCTU. DTO CBUIETEIbCTBYET O IPOTEKa-
HUU B XOJ€ MOJMMEPU3ALIMU TTOOOUHON peakuu
rnepenayur pacTylieil Lenu Ha IBOMHYIO CBSI3b MOJIM-
OyTagveHa ¢ oOpa3oBaHMEM Pa3BETBJIEHHBIX M 4Ya-
CTMYHO CHIMTBIX MaKpoMoJieKyJl. C pocTOM COOTHO-
weHuss ThX k AlEt,Cl pacrer BbIXOn INojuMmepa U
CHUXKAIOTCSI 3HAYEHUS CPENHUX MOJIEKYJISIPHBIX Macc
U TMOJUAXCIIEPCHOCTU TTOJUOYyTaaeHa, YTO TOBOPUT
00 yyactuu TBhX B peakuimu repenauu pacTyuieit 1e-
nu. CrnenoBaTelibHO, BapbMpOBaHUE COOTHOIIEHUS
TBX k AlIEt,Cl siBisieTcs y10OHBIM METOIOM PETYJIU-
POBaHUS MOJIEKYJISIPHBIX XapaKTepPUCTUK MOanbOyTa-
JIHUeHa.

C wucnonp30oBaHMEM MeEToda CHEKTPOCKOIIUU
AMP BC nokaszaHo, 4TO HEHACHIIIIEHHAS 9aCTh ITOJIH-
MEpHOIi LIeTIN TToIMOyTaaeHa, CHHTE3MPOBAaHHOIO Ha
kaTanutndeckoit cucreme AlEt,Cl-TbX, cocrout u3
80 momn. % 1,4-mpanc- v 20 moin. % 1,2-3BeHbeB. Ycra-
HOBJICHO, YTO MaKpOMOJIEKYJIbl MOJMOyTaaueHa Co-
JIep>KaT OBa TUIIA HAYaJbHBIX mpem-OyTUIBHBIX 3Be-
HbBEB U IBa BUIa KOHIIEBBIX XJIOPCOIEPKAIIINX 3BEHBLEB,
00pasyIoIuXcs B pe3y/ibTaTe IpOTeKaHUsI peaKluuy 1e-
penauu pactyiieit nenu Ha ThX. [To raHHBIM CTTIEKTPOB
AMP BC nonubyranueHa paspaboTaHa METOLMKA pac-
yeTa KOHBepCUHU OyTaareHa, a TAaKKe IIPeIUIOKEeH MeXa-
HU3M IIpoliecca KaTHOHHOI monMMepur3aliiy OyTamaue-
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Ha. ITokazaHo, 9ToO CMHTE3MPOBAHHBIIN “KATMOHHBIA
MOJINOYTaIMEH XapaKTepU3yeTCsl BBICOKUMU IIJICHKO-
00pa3ylonIMMU CBOMCTBAMU U MOXET SIBJISITHCSI TEP-
CTIEKTUBHBIM KOMITOHEHTOM IIPY MPOU3BOICTBE JIAKO-
KPaCOYHBIX MaTepUAJIOB.
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Synthesis of Low Molecular Weight Butadiene Polymers Using Cationic Catalytic
Systems Based on Diethylaluminium Chloride
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Cationic polymerization of butadiene with the catalytic systems based on diethylaluminium chloride
(AIEt,Cl) in combination with tertiary alkyl halides (AH), such as terz-butyl chloride, fert-butyl bromide and
2-chloro-2-methylbutane, is an effective method for obtaining fully soluble butadiene polymers at a indus-
trially relevant temperature of 20°C. It is shown that, regardless of the nature of AH in the catalytic system,
with an increase in the duration of the polymerization process of butadiene, the values of the weight-average
molecular weight and polydispersity of the polymers significantly increase with the simultaneous decrease of
polybutadiene unsaturation, which is associated with the transfer reaction of the growing chain to the polymer
double bond during polymerization. Using the 3C NMR spectroscopy method, it was found that polybuta-
diene macromolecules synthesized on the AlEt,Cl—tert-butyl chloride catalytic system consist mainly of
1,4-trans units, contain two types of initial ferz-butyl units and two types of end chlorine-containing
units formed as a result of the transfer reaction of the growing chain to tert-butyl chloride. Based on the data
of 3C NMR spectra of polybutadiene, a method for calculating the conversion of butadiene during polymer-
ization has been developed, and a mechanism of the process of cationic butadiene polymerization has been
proposed. It is shown that the synthesized “cationic” polybutadiene is characterized by high film-forming
properties and can be a promising component in the production of paint and varnish materials.

Keywords: butadiene, cationic polymerization, molecular characteristics, microstructure, film-forming

properties
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