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O60061eHb! pe3ynbTaThl HCCACAOBAHUI O CHHTE3Y PasIHYHbIX KJIaccoB (y/IepeHCOiepKaIUX TOJTUME-
poB 3a 1991-1999 rr. PaccMOTpeHB! MOMMMEPD!, COAEpKalllie 3BeHbs (pyIepeHa B OCHOBHOM LeNH, HMe-
tome Cgy B 60KOBBIX 3aMECTHTENAX, M 3BE3[006pa3Hble MONKUMEPH], B KOTOPBIX (yJIepeH ABIAETCS
SPOM HJIH KOHLEBO# rpynmoi ay4qeil. I[IpoaHanu3upoBaHbl METOABI HX NONYYEHHS IO PEAKLHAM LHK-
JNONPUCOETHHEHHSA, METATE3HCA, PANHKANLHON N HOHHOH MOJIMMEPH3ALNH, MONUKOHACHCALHH H T.[.
Onucanbl cBoficTBa (yIepeHCOfepKaLIMX NOMUMEPOB, NPEACTAaBIAIONIME HHTEPEC IS COBPEMEHHbIX

TeXHOJIOTHIL.

BBEJJEHUE

dynnepeHsbl, OTKpbIThIC B cepefue 80-x romos
npouutoro crojetus [1], mpuBnekaroT GoNbLIOE BHH-
MaHMe HcciiefioBaTenei, 6arofapsi raMMe NpHCYIIUX
MM YHUKAJIbHBIX CBOUCTB. B pasHBbIX yclOBUAX OHU MO-
I'yT CTRHOBUTBCS OPraHUYECCKUMH (PeppOMarHeTHKa-
MM [2], cBepxnpoBofgHUKaMH [3—6], 3IEKTPONHBEIMH
MaTtepuanami [7, 8], DposBAsATh HeNUHENHbIE ONTH-
yeckue [9, 10] u apyrue nonesHbie cBoiicTa. Pas-
JMYHBIM acneKTaM XUMHH (yLIepeHOB NOCBSIHICHO
MHOT0 0030poB, HanpumMep [11-18]. OgHako orpaHu-
YeHHas pPacTBOPUMOCTD (PyJUIEPEHOB H CKIOHHOCTD K
arperaiyy Co3faioT GONbIIMe TPYIHOCTH B MOUCKE UX
NpakTHYECKHUX NpHioXeHui. OHIM U3 IMyTeil YacTHY-
HOTO MPEONONICHNs 3THX TPYAHOCTEH ABIAETCA (PyHK-
HUOHANM3alHa (y/UIEPEHOB, MO3BOJIAIONIAA YBEIH-
YUTH paCTBOPUMOCTh, COXpPAaHUB MHOTHE MX BaXKHbIE
cBoiicTsa [19].

B mocnepHue rofbl BHHMaHUE HCCIEOBaTeNed
NpUBIIEKIa MpoblieMa CO3AaHUs NONUMEPOB, UMEIO-
HIMX B CBOEH CTPYKType 3BeHbd ¢ynnepena. Ilpen-
NoJIaranock, 4To NMpH BBefAcHUH Cgy B NOTHMEPHYIO
LeNb COXPAHATCH ero (PU3HKO-XUMHYECKHE CBOHCTBA
1 MOSIBUTCA BO3MOXHOCTD MOJIy4YEHHs IUICHOK. Brep-
BbI€ HACIO BKIMo4YeHus1 Cgy B MOJTMMEPHBIC LICTIH BbI-
cka3an Wudl (mo pannbM paGotbi [20]). [pouiequee
HEMOJIHOE [ECATHIIETHE O3HAMEHOBANIOCh ILMPOKHUM
¢poHTOM HCCIIEOBaHM, CBA3aHHBIX C pa3paGoTKOM

METOHOB CHUHTE3a (PY/ICPEHCOACPXKALIMX MONUMEPOB
(®II) U ycTaHOBJICHHEM HX CTPYKTyphl. IIpu atom
ony6/IMKOBaHO CPaBHUTENLHO HEMHOTO paboT, CBA3aH-
HbIX C H3y4eHneM ceoiictB PII. 310 ecrecTBeHHO MNA
CTOJIb KOPOTKOr'O IIPOMEXKYTKA BPEMEHH.

Cymecryromue B Hactosiiee Bpemsa ®IT Moxno
pas3fenuTh Ha Tpu kinacca. CtpykTyps! ®II cxemaru-
YeCKH H300pakKeHbl Ha puc. 1. TO monuMepsl THIA
“Opacnet ¢ nopBeckoit”’, umeromue Cqy B 60KOBBIX
3aMECTUTENAX, 3BE3006pa3HbIe MOIUMEPDI, B KOTO-
pbix Cgo BBITIONHSIET POib AApa, K KOTOPOMY IPUCO-
€[MHECHbI JIy4d JMHCHHBIX HIH Pa3BETBICHHBIX INO-
JUMEpOoB (YHMCIO myded 2-12) M momuMepsb! THNA
“;KeMUyXHOE oXepelbe”, cofepxKaiye ¢ynanepeH B
ocHoBHO# Uend. [TocnenHue B CBOIO ouyepenb JENAT-
s Ha JBa MOJKJIacca: NOJUPYIIEPEHBI — TOMONOMH-
Mepbl (yJuIepeHa i €ro CONOMMMEPDI ¢ APYTUMH MO-
HOMepaMH (HampuMep cTuposiioM, MMA u 1.11.).

Lenp HacTosmero 063opa — NpoaHAIH3KPOBATH
coBpeMeHHOe cocrosnue xumuu PIT u nporeMoHCT-
PHPOBaTh HX HEKOTOpPbIE CBOHCTBA.

[TOJIU®YJIIIEPEHBI

IMomudynnepennst () npencraBasdoT coboi
KOBAJICHTHO CBsI3aHHBIE MONEKYNbI Cqy H B [ONMONHE-
HHE K rpaduTy U aaMa3y OTHOCATCS K KJIaccy yrie-
POAHBIX MOMUMEPHBIX MaTepHalos [21].
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®YIINIEPEHCOAEPXANUE IMOJIMMEPHI

OG6pa3oBaHuEe NONHMEPHON CTPYKTYPHI, KaK TIpa-
BHUJIO, MIPOMCXOAMT NO MEXAHU3MY (2 + 2] nuknonpu-
COEIMHEHHS] MEXNY IBYMS apaJlIeIbHO OPHEHTHPO-
BaHHbIMH JIBOHHBIMH CBSI35IMH COCEIHHX MOJICKYII
Ceo, KOTT2 pacCTOSHME MEXAY HHMH CTaHOBHTCH
MEHbIIIe KpUTUIECKOTO d,. [Ipu 3TOM d, 3aBHCHT OT
ycloBuil peakuuu. Peakmus mpoTekaeT mo mpuse-
MEHHOM HHXE CXeMe, KOrfa MPOUCXOAHMT pa3phbliB
[ByX NapajjieNbHO PacroiOXeHHbIX NBOMHBLIX CBf-
3eit cocemuux Monekyn Cqy ¢ 06pa3oBaHHEM YETHI-
PEXWICHHOTO IUKJIA.

N/ \ / \\ //
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Tak Kak peakuus [2 + 2] HuKITONpUCOCTHHCHUSA [
sp? yrilepoja B OCHOBHOM COCTOSIHHM 3ampelleHa
[22], ee MOXHO OCylECTBUTE 160 B (POTOBO36YXK-
NIEHHOM COCTOSIHMH, JTH0O NpU NEPEeHOCe 3apsija Ha
HE3aHATYIO BBIPOXKACHHYIO MOJIEKYIAPHYIO OpOH-
Tanb pynnepeHa, 1460 NPH NOBBIICHHBIX TAaBICHHH
U TeMiiepaType.

ITopy pgeidicTBUEM BHELIHETO AAaBJICHHSA peUIETKa
Ceo CKUMAETCA H PACCTOSTHHE MEXAY YIIIEPOTHbIMU
aTOMaMH CTAaHOBHUTCA <d,.. OTHAKO A pacKpbITHS TT-
cBiA3ed TpebyeTrca TepMHYeckas aktuBamus. IIpu
KOMHaTHO# TeMnepatype u gasneHun 20-25 I'Tla He
HaOMofacTcd HeOOpaTHMBIX CTPYKTYPHbBIX U3MEHe-
uuii B kpHcTamnax Cqy [23]. CTrpykTypHBIE npeBpa-
HieHus HabmoaaroTes npH p > 25 I'lla B rufpocraTn-
YEeCKHX yCJIOBHSIX WiIH 1pH p > 16-20 I'Tla npu nanu-
YMH CHJBHBIX COBMroOBbIX Jedopmanmii [24-28].
CrabuibHble NOMUMEPHbBIE CTPYKTYPBI MOXHO IO-
Jy4uTh NpH BBICOKOH Temmepatype (T > 200°C) n
JaBlI€HHH, PABHOM HECKOJIBKMM THramnackansiM. B 3a-
BHCHMOCTHU OT BEJIMYHMHBI JaBIEHHUS U TeMIEpaTyphl
06pa3yroTCA OIHO- U ABYMEPHLIE NOJIMMEPHBIE CTPYK-
TypbI [29-36]. I1pu 3TOM pelileTKa TMHEHHOTO MOJH-
Mepa MMEET OPTOPOMOHYECKYIO CTPYKTYpPY, a ABY-
MEPHBIX NOJIHMEPOB — TETParoHANbHYIO Wi poM6o-
3PUYECKYIO, KaK 3TO NOoKa3aHo Ha puc. 2. I[lpup =
=8 I'Tla u T = 300°C o6pa3yeTcs THHEHHDBIH M0H-
Mep opropoMbuyeckoii cTpykTypsl. Ilpu p =3 I'Tla
u T = 600°C aByMepHbIE IONUMEPHI MPEACTABIAIOT
co6oil cMecH poMOO3pUYECKON B TETParoHanbHOM
ctpykryp. [Ipu yBein4eHn NaB/eHUA U TEMIlEpaTy-
pol (p =4 I'Tla u T = 700°C) cTpyKkTypa AByMEPHOTO
MOMMMEPA MOMHOCTLIO poMGoaapudeckas. [Ipu BeI-
cokoM nasnenu (9.5 u 13 I'T1a) u Beicoko# Temnepa-
Type (620-1830 K) monydeHn! NOJUMEPHBIE MATEPH-
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Puc. 1. CxeMaTHyeckoe H306pakeHHE CTPYKTYPbI
®IT: a — nosauMeps! THN2 “GpacneT ¢ NOABECKOH ™,
6 — 3Be31000pa3HEIe NOIHMEpBI, B — MOTUMEPhI TH-
[a ‘“XXeMUyXHOoe oXepenbe”.

anbi, B KOTOPBIX COXPAHAETCA CTPYKTYpPa rpaHELEeH-
TPHPOBAHHOM PELIETKH (yILIEPUTA.

B ycnoensax TeeppodazHoi POTOXUMHIECKOI pe-
akuuu I1® 6b11u Brepsele nonydeHs! Rao [37]. I1pn
o6nyueHUn TBEPALIX MIeHOK Cqy Y P- My BHAUMBIM
CBETOM B OTCYTCTBHE KHCIOpPOAA YAaldoCh NMOMYYHTh
JNuHeiHbIe MONMMMEPHBIE CTPYKTYPHI, B KOTOPBIX MO-
nekynbl Cgy CBsI3aHBI MEXAY CO00il KOBaJIEHTHBIMHA
cBs3aMu [37-50]. CeasbiBanue Monekyn Cq, Ipouc-
XOIUT 10 MEXaHU3MY [2 + 2] IMKIONPHUCOEHHEHHS B
TPHIUIETHOM BO30YXKACHHOM cocToAHuH [37, 40, 43].
IIpu aToM o6pa3syeTcss aMOpHbIil MOINMED, pacTBO-
pHMBIil B KursutieM usopyposne. [To garHbIM Mace-cnie-
KTPOCKOIMY TONTUMep (ONUTroMep) cofiepkuT ~21 3Be-
HO Cg, [391].
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(a)

Puc. 2. CxemaTHyeckoe H300pakeHHE CTPYKTYphI
[1®: a — nuHelnas opropoMOnUccKas, 6 — nByMep-
Has TeTparoHajhbHas, B — pOMGO3[pHiecKas.

I1® B TBepnOil Pase MOKHO TAKXKe NOTYIUTh 00-
nydyeHueM MNeHOK Cgy clabbIM 3JIEKTPOHHBIM IyYKOM
[51], uHMIMUPOBAHUEM PACKPBITHA [BOHHBIX CBA3EH
Ceo ¥ C;y BBICOKOYACTOTHOM I1a3Moil [52], a Takke
NpH 3JIEKTPOXHMHUYECKOH nomuMepu3sativ [53].

C;o monmuMepusyeTcs TpygHee, yeM Cg, [54]. Cre-
KTpaJIbHbIE laHHbIE YKAa3bIBAIOT HAa TO, YTO Harpesa-
HHe TBeproro C,y npu 750°C u paBneHnH He MEHEe
7.5 I'Tla npuBogAT K 06pa30BaHMIO TONbKO JUMEPOB.
IIpu dotoobnyyenuu I1P Ha ocHoBe Cyy mONy4yaroT
C HH3KUM BBIXOJIOM [55, 56], 4TO OGBACHAIOT CTEPH-
YeCcKO’ 3aTPY[HEHHOCTHIO peakuud [2 + 2] uukno-
MPUCOERUHEHUS C YHaCTHEM BOMHBIX CBA3€H B 3KBa-
TOPHANBHOI YacTH JJUIHIICOMAlANIBHOrO Kapkaca C,
H, KaK CJIEACTBHE, MAJIbIM KOJIHYECTBOM ABOMHBIX
cBsi3eit C=C, yyacTBYIOIIMX B pEaKlyu.
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KAPITAYEBA

BricokomonekyaspHble I1® MOXHO NONYUHTH
npu ¢orononumepusanuu kinacrepoB Cq U Cyp B
TIATENBHO Aera3supoBaHHON CMECH PacTBOpHTENEH
Tonyoin (66 06. %)-auneroHutpun (34 06. %) npu
KOMHaTHO# TeMnepatype [57, 58]. Cnoco6HocTh 06-
pa30BbIBaTh KJIACTEpPbl B CMECSAX PaCTBOPHTENIEH —
YHHKAJILHOE CBOHCTBO (yJuiepeHOB. MUKpOCTpyKTYpa
KJIaCcTepoB Nofo6Ha cTpykType Muuet [59]. Knacre-
pbl PyuIepeHa, 00pa3yroLMeCs B CMECSIX PaCTBOPHTE-
Jieit, ropa3fio 6onee cTabUIBHbI MO OTHOLICHHUIO K pas3-
JHYHBIM  (PU3HYECKUM  BO3ACHCTBHAM  (HANpHMEP
BCTPSXUBAHUIO, IEPEMENIMBAHHUIO U T. [i.) IO CpaBHE-
HHIO ¢ accoratamu Monekyn Cq B 6er3one [60].

DoToXMMHYECKas CHIWBKA KIAaCTEPOB OCYIIECTB-
JifeTcs TaK Xe, Kak M TBepo¢a3Has MoJUMepU3a-
Es, MO0 MEeXaHu3My (POTOMHHIMHPOBAHHOIO [2 + 2]
LMKJIONpUCOoeuHEHH. B npucyTcTBuM Kucnopona
nojauMep He o6pasyeTcs, YTO CBUAETENLCTBYET OO
yYaCTHH B PEaKLMH TPUILIETHBIX COCTOSAHUI dye-
peHa. BpeMeHa Xu3HH BO30YXKIEHHbIX CHHIJIETHBIX
cocrosaui Cgy 1 C4 cocTaBnsitor 1.2 He u 660 nc co-
oTBeTcTBEeHHO [61]. CTONB KOPOTKHE BPEMEHA XKHU3HK
o0ycnoBneHbl 3(¢EKTUBHON HHTEPKOHBEPCHEHd B
TPHUIUIETHbIE COCTOSIHUS, BPEMEHA XHU3HM KOTOPBIX
cyuiecTBeHHo Gonbiue (40-80 Mkc) [62]. IToaTeepxk-
ReHueM O0pa30BaHUSI KOBAJICHTHBIX CBS3CH MEXAY
COCeTHHMH MOJIEKYJIaMH yJIepeHa CIyKHT MOsIBIIE-
HHe HOBOM nonockl B o6iactu 118 eMm~! B ciektpe KP
[57]. ITonumepsl, nony4eHHble npu GOTOXUMUIECKUX
NpEBpALICHUSX (PYIUIEPEHOBBIX KIaCTEPOB, HMEIOT Cy-
LIECTBEHHO Goibiyi0 MM No cpaBHEHHIO ¢ IOJIMME-
POM, NONY4YEeHHbIM NpH TBepAO¢a3HOH MoIuMepH3a-
IUH. 3TO CBS3aHO MpeEXJE BCETO C MOABIKHOCTRIO Cgy
KNIaCTEPOB B PAacCTBOpE, a YMOPSAJOYCHHOCT MONEKYI
Cgo B KJIaCTepax 00CCNEYMBAET, NAPAJLIENbHYIO OPHEH-
TaLHUIO BOWHBIX CBA3€H COCEAHMX MOJICKYJ Ha pac-
crosHuu d, = 4.2 A [561.

Beixop I1® npu nonuMepmsamuu Knacrepa Cy
coctaBnsieT ~20%, a mpu monuMepu3anuu pasbas-
JICHHbIX H KOHLIEHTPHPOBAHHBIX PaCTBOPOB KJacTe-
poB Cgy ~70 # 25% cootBeTcTBeHHO. TakuM o6pa-
30M, gaxe 6e3 manbHedIeidl ONTHMH3ALHKH OIHCAH-
Hblil MeTOp nony4eHud I1P u3 pacTBOPOB KIIacTepoB
¢dynnepeHOB MOKET OBITH HCIIONIB30BAH KaK OTHOCH-
TENbHO NPOCTO# [AJs MPUTOTOBJIEHHS JOCTATOYHOrO
konuvectna I[1P.

Heo6xoaumo oTMeTUTh, 4To I1P M Kiacrepsl, U3
KOTOPBIX OHM MONyY€HbI, HMEIOT MPUMEPHO OfjHHA-
KOBBIC pa3MCpr. 3TO MO3BOJISET HpCI[HOJIO)KPITB,
YTO Ha HCpBbIX CTagudax nonnMepnaauna 06yCJ'lOBJIC-
Ha peaKlysMH BHYTPH kiacTtepoB. [Tonydennsie no-
JTUMEPDI, XOTA H HE paCTBOPHMBI B TOJYOJIE H alleTO-
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OYNNEPEHCOOEPXAUWUWE ITOJTMMEPHI

HHTpHUIIE, HE BHIMAJAIOT U3 pacTBOpa Jaxe Npu LeH-
TpucdyrapoBaHud co ckopocteio 3600 06/MuUH B
teuyeHue 10 muH.

B 1992 r. BnepBbie 66111 UACHTH(UIHUPOBAHBI CO-
emunerus ACq, rae A = K, Rb, Cs [63]. OTu coepu-
HEHHUS NONYYaloT IPH BHICOKOTEMIIEPATYPHOM JOH-
poBanuu Cg, IIETOYHBIMH METAJNIaMH C MOCIENYIO-
MM OXJIaXKJeHUEeM [0 KOMHATHOH TEMIEpaTyphbl.
BricokoTeMnepatypHad ¢a3a UMeeT rpaHeleHTPU-
POBaHHYIO KPHCTALTAYECKYIO CTPYKTYPY, B KOTOPOH
aTOMBbI LIEIOYHOrO METANJIA PACTIONIOKEHBI B OKTa-
3PHYECKHUX y3J1ax peuieTKH. [TapaMeTphl peeTKH
a=14.07,14.08u 14.13 A npu 473 K anst K, Rb u Cs
COOTBETCTBEHHO, YTO CYLIECTBEHHO MEHBILIE BEJIH-
unHb @ = 14.23 A na Cg, [64]. B pesyabrate aso-
BOrO Iepexona, MPOUCXOAAIIEero NpH OXMaxKICHHH,
¢opMupyeTcs opTopoMOUyeckas CTPYKTypa C napa-

MeTpaMH petieTK, HanpuMep st RbCe: a =9.12 A, :

b=10.11 A, ¢ = 14.23 A [65-68]. ITapameTp a 3TOi
peLIEeTKH CYHIECTBEHHO MEHbLIE KpaT4yaillero pac-
CTOSIHUSL MEXAY LIEHTpaMH Mosiekya B TBepioM Ce
(10.04 A). 3TO MOCTYKHUIIO OCHOBaHHUEM [JIsk IPEO-
JIOXKEHH O NMONMMEPHOH LIEMHON CTPYKTYype aHHO-
HOB Cgy B YKa3aHHBIX COCUHEHUSIX. MeTOROM 3JeK-
TPOHHONH MMKPOCKONMH Y[alloCh HaOMIOAAaTh HAHO-
HOMEHBI MOJIHAaHHOHOB [69].

JIuHefiHbIe TMOJMAHHOHBI OOpa3ylOTCs MO peak-
Ui o6patumoro [2 + 2] HHKIONPUCOERUHEHHS HO-
HOB (pyNnJiepuTa B TBEPAOM COCTOSHHUM MPH TeMIiepa-
Type okono 400 K. IIpu 3TOM 3alpeT Ha peakuio
[2 + 2] nuKIONpUCOCAUHEHUA B OCHOBHOM COCTOSTHUY
Ui HeHTPANBHBIX MOJEKYJ CHHMAETCHd TEPMHYECKHU
aunis oHO3apsAnHbIX aHHOHOB Cg,. Ilpu 2TOI Temnepa-
Type HaOMIOJaloTCa HeOObIYHbIE Pa30BbIE IEPEXOMBI
B ontuyeckux [63], IIIP [70] cnekrpax u [ICK [64].
JIuHediHast CTPYKTypa MOJHAaHUOHOB NONTBEPXKJCHA
takxe faHHbIMH SIMP-cnekTpockomuu [71].

BripanieHable KpyNHbIE MOHOKPHCTANbI MOJIH-
Mepa KCy,, umeromue pasmepsl 0.2 X 0.1 X 0.1 mm,
cTabunsHb! Ha Bo3fyxe. OfHako o6paboTKa TONMyo-
JIOM Ha BO3lyXe NPUBOJHUT K pa3pyILCHUIO MOHOKPH-
CTaJVIOB M OOpa30BaHHUIO IIyYKOB BOJIOKOH, MMEIO-
mux pubpumnapHyo Mopdonoruio (puc. 3). IIpu
3TOM OTAEJ/IbHBIE BOJIOKHA TOJIIMHON 2—5 MKM IIpef-
CTaBNAIOT coGoit MoHOKpHcTamnbl. Eciu npegnono-
KHTb, YTO MONMMEPHBIE HENH MapaliebHbl OCH BO-
JIOKHA, CTENEHb NOMHMEPH3AIMHA 1 MOXET OBITh BbI-
me 100000 [67]. Opnako aBTOpHI paboTel [72],
BOINPEKH OXKHUIAHUIM, HE OOHAPYKUIH ONTHYECKOH
aHH3OTPOIHH, YTO MOJBEPracT COMHEHHIO Mpearno-
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Pue. 3. CxemaTH4YeCcKOe #306paKeHde CTPYKTYPbI
nonuMepa Ha ocHoBe NayCy.

JIOXeHHe 00 OPHEHTALHH MNOJITUMEPHBIX MOJICKYIJI Ma-
panieabHO OCH BOJIOKHA,

HepaBHo O6b1H NONy4Y€Hb! ABYMEPHbIC HOTUMED-
HbIe CTPYKTYphI Ha ocHoBe Na,Cgy, B KOTOpBIX ILU1aHAp-
HO pacnoiioXeHHbie MONeKYbI Cgy COCIMHEHBI MEXIY
€060 4eTHIpbMS OHHAPHBIMH CBA3SIMY, KaK 3TO ITOKa-
3aHO Ha puc. 4 [73]. Takas cTpyKkTypa foKa3aHa METO-
namu SIMP- u Paman-cnektpockonu. Ilonamep nme-
€T 06'beMHO-LIEHTPHPOBAHHYIO MOHOKJIHHHYIO KpHC-
TaJNIMYECKyI0 CTPYKTYypy. Kparuaiiiiiee paccrosinue
Mexnay Cgy B TIIOCKOCTH 9.28 A. Paccrosime MeXIy
mnockoctame 9.98 A. B To xe Bpems monuMepuas
CTPYKTypa, HolyuyeHHas Ha ocHoBe Na,RbCy,, npen-
cTaBlgeT co60ii TMHEHHbI NOTHMED, B KOTOPOM MO-
nekynbl Cq CBA3aHBI MEXHAy COG0H OgMHAPHBIMH
cBa3samu [74, 75].

ITOJIMMEPHI, CONEPXKXAIIUE 3BEHbs
OYJUIEPEHA B OCHOBHOMU LEITA

g nonydenuss ®IT, umeromux Cqy B OCHOBHOM
LieNH, npearaeTcs sa MoAxofa — CoOMmonuMepH3a-
usa Cgy C pa3nM4HBIMH MOHOMEDAMH H NONMMEPH3a-
s ynnepeHcoaepxkamx MoHoMepoB. Ileprie co-
nonuMepbl Cqy GbLIM NOMy4eHBI IO PAIMKAIBHOMY Me-
XaHU3My NpH B3auMoneicTBuM Cg, C n-KCHIWIEHOM B
tTonyone npu —78°C [76].

‘g@ o < = )
O +Cqp Joayos [cmlnLQ/I
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Puc. 4. Onrruueckas MukpodoTorpadusi B MpOXopsi-
IeM cBeTe (PpHOPUUIIPHOH CTPYKTYpbI MOHOKPHC-
TaJyIa 9yacTHYHO okucieHHoro nonnmepa K, Cq, (pas-
Mepsl 85 X 125 MkM): / — mapajienbHble My4YKH
BOJIOKOH, NOKA3bIBAIOIIME KOHTYpPbI HCXOTHOTO IO-
JIMMEPHOTO MOHOKPHUCTAIIA; 2 — HHAWBUAYyaJIbHbIE
MOHOKPHCTAJIJIMYECKHE BOJIOKHA.

OTHomeHne 3BeHbeB n-KcunmiieHa K Cgy = 3.4 : 1.0.
CononnmMep He pacTBOPUM M He CTaOUJIEH Ha BO3JY-
X€, O YeM CBUJIETENIbCTBYET yIUHMPEHME NOJOCHI Ba-
JIEHTHBIX KOJIeOaHuii KapOOHUIBHOM IPYNIIbI U MOSIB-
nenne B MK-cnekTpax mHTeHCHBHOM mojnockl C-O
BaJIEHTHBIX Kosie6aHui B o6nactu 1098 cm! [77].

IIpennoxennsiit Cao [78] npocToit MeTop comno-

numepu3zanuu Cgy 1 C CO CTHPOJIOM B OOBIYHBIX yC-

JIOBUSIX pajuKalbHOH MOJTUMEPHU3AlMK KaK B Macce,
Tak U B pacTBOpPE B apOMaTUYECKHUX YIIE€BOAOPOAAx
BbI3BaJl OYE€Hb OOJIBIIIOM HHTEPEC HCCIENOBATENICH.
ITonumeps! umerot nuHelHyw cTpykTypy I1C c koH-
11eBbIM 3BeHOM Cgy M pacCTBOPHMbI BO BCEX PacTBOPH-
teysix pis T1C.

BBICOKOMOIJIEKYJISPHBIE COENTVUHEHUA  Cepus C

KAPITAYEBA

PasBeTBI€HHBIE CONONIMMEPBI HA OCHOBE CTHPOJIa
1 Cgy MOXHO MOJNY4UTh B TBepHoi aze npu 130°C
UM B pacTBOPE B TONYOJI€ B IPHCYTCTBUY MEPEKUCH
6ensomnna npu 65°C [79]. Copepxkanue Cq, B CONONH-
Mmepe 0.4; 1.7 u 17.0 mac. %.

~6

Beixon 55% pnst comonuMepos, copepxamux 0.4 u
1.7 mac. % Cgy, nonmxkaetcs no 10% pgns comoaume-
poB, uMeromux 17 mac. % 3BeHbeB Cgy. CononuMepsl,
NOoJTy4eHHbIe B Macce U copepkamue 0.4 Mac. % 3BeHb-
eB Cg), MeroT M = 6.2 X 10* 1 mONUIMCIEPCHOCTD,
paBHyto 4. C yBenmueHueM copepxanusa Cq, IO

1.7 mac. % MM noesimaetcs o 7.9 x 10*. ITonunuc-
IEPCHOCTh NPH 3TOM yBenuumBaeTcs o 13. Hanb-
Heummi poct cofepkanusi Cgy BEIeT K NOHIKEHNI0 M

mo 1.7 x 10* u momupucnepcHoctu o 2.6. [pu aTom
o6pa3syeTcs 60JIbIIOE KOIMYECTBO ouromepos. [1o-
JUMEPbI paCTBOPUMEI B TOJYOJIE, XJIOpOOpME, TH-
XJIOpMETAHE.

B mpucyrctBuu u3beiTka [JAK (cooTHOUIeHME
IOAK : C¢y =5 unu 10) BBIXOA CONONUMEPOB CTUPOJIA
u MMA c C¢, 53-97% [80-83]. I1pu aTom cononume-
pbt MMA 6onee oqHOPOLHBI O COCTaBy MO CpaBHE-
HUIO C comoiuMepamu crupona. Peakuuysi umeeT He-
OONBIION MHAYKUMOHHBIA nepuof. Brmouenue Cgy, B
MOIMMEPHYIO [ENb MOKa3aHO TOJIBKO [Tl BBICOKOMO-
JEeKyJISpHbIX nonuMepoB. [Ipu aToM obpa3yercs 3Ha-
YHUTEIHFHOE KOJIMYECTBO HU3KOMOJIEKYJISIPHOT'O JINHEH-
Horo nojuMepa. C yBellMueHNEM BPEMEHH peaKIun
KOJIMYECTBO JITHEHHOT'O OJIIMEpa pacTeT. TO CBUfe-
TEJIBCTBYET O TOM, 4TO BeChb C¢y BXOOUT B MOJIUMEP-
HYIO [IeTIb y3K€ Ha PAHHUX CTa[UsIX KOHBEPCHU MOHOMeE-
pa (7o 10%). BeicokoMonekynsipublii I1C copepxur ot
10 mo 100 3BeHbeB Cg, TOrAA KAK BEHICOKOMOJIEKYIISIP-
HbIt [IMMA copep>XuT B CpeJHEM OJIHY MOJIEKYIY
Csp Ha NONMMMEPHYIO Lienb. Bee cunTe3npoBaHHble HO-
JIUMepbl UMEIOT 6oJiee HU3KYIO XapaKTEPUCTUIECKYIO
BSI3KOCThb W Gojiee BbICOKYIO M,, ((1.8-7.4) x 10*) no
CPaBHEHMIO C JIMHEHHBIMH aHAJOraMHd, YTO CBHJE-
TEJIbCTBYET O Pa3BETBIECHHOH CTPYKTYpE.

Cononmumepsl MMA, copepxarue 1 mac. % Cgp,
o6pa3yroT u3 pactBopa B TT'® npo3paunyro Kopuu-
HEBYIO IUIEHKY Ha crekie. [Ipo3payHble IUIEHKH Ha
CTEeKJIE MOXHO TaKKe NONY4YWTh W U3 pacTBopa B
TI'® cmecu (50 : 50) cononmumepa MMA, conepxka-
mero 5 mac. % Cg, ¥ cononmMepa CTUpOIa, COfep-
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xkaiero 1 mac. % Cg, ¢ 605iee BBICOKOMOJIEKYNSIP-
HbeIMH IIMMA 1 IIC cOOTBETCTBEHHO.

PapukanbHasg cononuMepu3auus 4-BUHIIOEH3O0M-
Hol KUCNOTHI ¢ Cgy AaeT BOZMOXKHOCTD NOJNY4UTh yIl-
JiepeHCOoEpXKalle MOMHUKapOOHOBRIE KHCIOTHI [84].
KosanentHoe BkmodeHne Cq B MOJMMEPHYIO LEHb
nokasano Merofamu Y P-, UK- u AIMP-cnektpocko-
m. Y®-cnekTpanbHblil aHanmu3 (UILTPOBAHHBIX
pacTBOPOB NMONHMMEPOB (HCHOAB30BANH (PUIBTPHI C
pa3sNHYHbIM Pa3MEpPOM IIOpP) MOKa3al, YTO OHH 00pa-
3yIOT NONUAKCIIEPCHBIA MUKpOreNb ¢ MUKPOHHBIMH U
CyOMUKpDOHHBIMH pa3Mepamu 4actull. TakuM oOpa-
30M, B pacCMaTpHBacMOM IIOJIUMEPU3ALUOHHOM MPO-
necce Cgy AeHCTBYET NMOAOGHO MOMH(PYHKHHOHAJIb-
HOMY MOHOMEPY, OTBETCTBEHHOMY 3a OGpa3OBaHHE
c1abo CIIKUTOrO MOJHMEPHOTO refsl.

OG6pa3syrommecs NoJUMEPHbIE MHUKPOTEIH CHUITLHO
COJNILBATHPOBAHbI B METAHONE M BH3yalbHO MPO3pay-
HEL ITpu no6asnennu paz6asnernoro NaOH k BogHo#
AUCHEpCUH BIEpBble NMONYYeHbI (yIUIepeHcoiepKa-
e nonmasiekTponuThl. [TomuanekTponuTHoe nose-
genne PII nokasaHo NO yBENHYEHUIO XapaKTEPHCTH-
YeCKOH BSI3KOCTH C YMEHBILICHHEM KOHICHTpALMH.
ITonyuenHble rUAPOUIBHEIE MOTHMEPEI, COfiepXKa-
mue Cqy 3BeHbs B LieNH, 06pa3yioT CTaGWIbHbIE MO-
HOCJIOH Ha IpaHHLE pa3ieia BO3AyX—Bofa.

Cq 0OnaaeT COCOGHOCTRIO K peakUusM MONH-
MPUCOENUHEHUA PafUKaJIOB H HYKJICO(UIBHBIX CO-
enuneHuil. IMEHHO 3TO# cIocOGHOCTBIO 06YCIIOBIIE-
HO €ro y4acCTHE B peaKkusIX pajuKaJbHOH COmoIMMe-
pu3anuy ¢ BUHUNOBLIMH MOHOMepamH. OfHAaKO, caM
¢akT 06pa3oBaHU NOJIUMEPOB B YCIOBHAX PaUKalb-
HO¥ nonuMepu3aliyi B mpucyTcTBHU Cq HE MpefCTaB-
JIsieTcs BINOJIHE TPUBUANBHBIM, YYUTHIBAA NIETKOCTh, C
kortopoii Cg, pucoeuHsieT 6eH3WIbHbIE, METHIbHBIE,
mpem-GyTUNBHBIE H ApyrHe paaukanbl. KoHcTaHTa
CKOPOCTH NIPHCOEHMHEHUs paguKkanoB K Cgy k ~ 108-
10° a/Monb ¢ [85-87] B 10° pa3 Bbllle KOHCTAHTHI
ckopoctu pocta I1C- u IIMMA -pagukanos [88], BbI-
1I1e KOHCTaHTbI OUMOJIEKYJISPHOrO OOphIBa MONHAME-
pu3anud crupona ¥ MMA [88] u Toro xe nopsigka
BEIIHYUHbI, YTO W KOHCTAaHTa CKOPOCTH B3aHMOJEH-
CTBHSL HUTPOKCUJIBHBIX PAfHKaNoOB ¢ NONHCTHPUIb-
HbIMU [89].

Bo03MOXHBI pa3iuyHble MyTH BKIOYeHHS Cgqy B
NoMUMEpHYIO lienb. B yactHocTH, ponbs Cg B paju-
KaJIbHO NOJIMMEPU3aLlH CTHPOJIa MOXKET CBOIUTHCS K
3aMEJICHUIO pafKalbHOH peakiii CTHpoja, B pe-
3yNbTaTE 4ero o6pa3yloTcs MOJIMMEPH], COfEpXKALHe
crabunbhble pagukainsl [90]. Cg), B CHIIY YIOMSHYTBIX
BblIlle PUYHH, YCHENIHO KOHKYPHPYET C MOHOMEPOM
33 B3aUMOJICHCTBHE C MHUIMMPYIOILMMH PafiuKanaMH.

BBICOKOMOIIEKYJISIPHBIE COEMUHEHUA  Cepus C  ToMm 42

1979

B3ammoreiictBue Cg, ¢ pagukanaMi HHULEATOPA MpH-
BOJUT K 06pa3oBanuio pagukanoB Cg), KOTOPBIE, pea-
THPYS C MOHOMEPOM, O0eCTIEYUBAIOT POCT NONHUMED-
HOH DeIH:

O v @ * @i

B3aumopeiicteae Cqy € pacTyHIMM MaKpOPaAHKaIoOM
MOXET NPUBECTH JHGO K pOCTy, AHG0 K OGPBIBY Lienu
¢ Bkmo4eHueM Cg B MONMMEPHYIO LIENb B KAYECTBE
KOHIIEBOH rpynnel. B TakoM ciy4yae cpegaee 4ucio
3BeHbeB Cqy Ha MOJIEKYNy MONHMEPA KOMXKHO OBITH
ONU3KO0 K CAMHHUIE, KaK 3TO NOJNy4YeHo B paGore [78]
pas I1C u B pa6ore [81] pns [IMMA. C gpyroii cTo-
poHbl, Cq CKJIOHEH K peaklusM MNOJHNPUCOEHHE-
HHSI M MOXET JIETKO NMPHCOEAUHATD 60JIee, YEM OfIHH,
pacTylui Makpopag#Kal ¢ 00pa30BaHUEM Pa3BETB-

oy
&-&

C)

IIpu 3T0M, 6naroaps cioco6HocTH Cgy MPUCOCTH-
HATH Pa3siIMYHOE YHUCIIO PafUKaJOB, KaK MPaBHIIO, 00-
Pa3yloTcs CMECH NMONHMEPOB, OTIHYAIOLIMXCA YHCIIOM
pa3BETBIECHMUI.

Hurn6upyromas poib Cyy B pafMKaIBbHOMH NOJIHMeE-
PpH3aLMH psAla BUHMIOBBIX MOHOMEPOB B IIPUCYTCTBHH
I AK noka3aHa B pabote [91]. B kauecTBe MOHOMEPOB
ObLnK BBIOpaHbI CTHPON, MeTUNakpuiat, MMA, akpu-
JIOHMTPHJI, BHHUJALETAT, 1-BUHMI-2-UPPONMIOH, 2-
maHoaTwinakpunat (IAJ) u 1-nHHaHOBHHUNALIETAT
(IBA). Kak BufHO H3 TaGNHIbI, TONLKO MOJTHAMEDHI
IBA u II2A nomydeHbI ¢ XOpOIINM BRIXOROM. [1st oc-
TaNbHBIX MIECTH MOHOMEPOB OGHApy:KEHO MHIHOHpPO-
BaHHe MoNuMepu3aluy (Bbixof He npeBbiman 15%).

Ins BeisicHeHus ponu Cqy Kak HHTHOUTOpA pOCcTa
LeNU MpoBefieHa nonuMepusaus MMA nop neiicTu-
eM JAK mnpu fo6asnenun Cq, yepe3 pazinyHble WH-
TepBanbl BpemeHH. [lonuMepusaimuas MMA nonHo-
cThi0 HHrHOHMpYyeTcs, eciu Cqy [OOABIAIOT HA CTapTe
peakuu. Ecmi Cyy BBOIAT B peakiio yepes 1 4, BbI-
xop [IMMA cocraBnget 40%, ecnu yepe3s 2 4 — 56%.
B criektpe SIMP nomuMepa OTCYTCTBYET CHTHAN O =
= 143 M.A., YTO CBUJIETENBCTBYET O MOJIHOTE B3aHMO-
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Buusinne Cqy Ha BEIXOI IOMMEpPa

Boixop nonumepa, %
Monomep

cCeo 6e3 Cqg
MeTtunakpunat 9 97
MMA 14 98
AKPHIOHUTPUI 11 76
IIBA 53 92
Bunnnanerar 9 75
I2A 65 99
Crupon | 15 85
N-BHHHANHPPOIUOH 8 100

neiicteud Cgy € pacTyliuMi lensMu. CpeiHeYnceH-
Has MonekynspHas Mmacca [IMMA-Cg, coctaBuia
8000 u 22000 coorBeTcTBeHHO. HHM3kuil BhIXOn H
pasnuia B MM yka3biBaioT Ha 10, 4T0 Cgy HHTHOUPY-
€T POCT LENH.

CH,=CH ——D2uli

~CH-CH,

©

- 30 mMun
L%

Q@ O

~CH-CH,—CH

JTnneiinpie PII, B koTOpbix Cgy COENUHEH C BYMs
NONUMEPHBIMU KPEMHAHOPraHHYECKMUMH LEMSIMH

(CH,CH,CH,(R),Si1-),,Cool (-CH,CH,CH,(R),Si-), ]

BBICOKOMOIJIEKYJIAPHBIE COEMUHEHUA Cepus C

e et e .
uuknorekcdfi0°C

- CH-CH,—
2CH;0H

KAPITAYEBA

Onnako Cg, He OKa3bIBAET CTONb CHIILHOTO HHIH-
Oupyrollero BIMsHUS Ha noauMmepmiamuio LIBA u
IISA. Beixon nonumepa LIBA cocraBun 18%, ecnu
peaKlMIO NpeKpaLlali HEMETIEHHO NOCNe BBEECHAS
Ceo (depe3 1 4 nmocne Havana peakuun) u 50%, ecnu
peaxius mpopoimxkanacek 22 4. [Ipu nonmuMepHu3anun
L3A BoIxopg nonuMepa coctaBuil 83% B nepBblii yac
¥ He M3MEHSICA NIpU NPOAOJIKEHHH peakud. Mox-
HO IPEANONIOXKHTDb, YTO 3TH MOHOMEPBI CHOCOGHBI
IOPUCOEAUHATLCA K Pa3iHYHbIM pafUKaJbHbIM HH-
TepMeAraTam, o0pa3yoIUMCs DPU B3aUMOIEHCTBAM
Ceo C pacTyLieil NOMTUMEPHON LENBIO.

Onsa nonyyenns ®II, nmerommx Cg B OCHOBHOM
Heny, HapsAy C pafMKaJNbHOH MPUMEHSAIOT W peak-
U0 aHHOHHOH MOJIMMEPU3ALMH C HCOJIL30BaHUEM
B KauecTBe HHANMaTOpoB Buli, Na-Hadyranuna u t.1.
[92-96]. ITyTeM aHHOHHOW MONTUMEPU3ALIUE IONYYEHbI
nomuMepbl  TIC-Cg~IIC (M, monuctupona 20900)
[92]. MeTopamu Y®- 4 BHAMMOH CHEKTPOCKOIHH,
JCK u I'TIX poka3aHo, 4T0 Cgy BXOAMT B OCHOBHYIO
HONMMEPHYIO Lellb i coepuneH ¢ aByma [NC-nenaMmu.
CononuMepu3aluio BeldH B HuKnorekcade npu 50°C
B npucyrcteun BuLi. ITonydyennbie comonumepn
OKa3aJIiCh XOPOIIUMH (POTONPOBOAHUKAMH.

~CH-CH,~CH-

Q@ 9

} CH CH,—

2.2
H/./ 2

~CH-CH,—CH

NCH_CHZ

©

(R = Me, Ph), monyuens! npu B3aumopeictBun Cq, ©
TUTUA(MONUCHIITPUMETHNIEHAMH), O0pa3yrOLLIUMUCT
NpY AHHOHHOW MONMMEPH3ALMY NPOU3BONHBIX 1-CH-
Aanukno6yrana [93].
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Ipu B3auMopeiicrBun Cq) ¢ AUHATPUIATETPAMEPOM
O-METWICTHPOIA 00pa3yeTcd OMUrOMEpPHBIA MPOXYKT,
B KOTOpOM Monekybl Cgy CIIHTHI MOCTHKAMH U3 Te-
TpaMepa a-metuictuporna (TMC) [94].

CH,  CH, CH,  CH

Cg—C~-CH,—C~CH,—CH,—C-CH,—C—Cq

OnpeneneHHbl#i METOROM NOCTYNMATENBHOM Aud-
¢by3uu B Tonyone ko3pduuueHT Ruddy3un onuro-
Mmepa (1.1 x 1078 cM?%/c) 3HaYMTENBHO MeHbIIE KO3(-
¢unuenToB aud@Py3uH COCTABAAIOUHMX €r0 KOMIIO-
HeHToB (11.2 X 107° 1 7.5 x 108 cM¥/c paist Cgp 1 TMC
COOTBETCTBEHHO), YTO YKa3bIBacT Ha 3aMETHOE yBe-
JAMYEHHE eTo pa3MepoB no cpaBHeHuIo ¢ Cg 1 TMC.
BenuuuHa rHAPONHHAMUYECKOrO pafHyca OJMIroMe-
pa Ry =47.9 A no3BonseT cAeNnaTh BBIBOX O BKIIIOYE-
HuM Cgy B IOJUMEPHYIO LIETOYKY.

ITopoGHbIE TpHATHBIE OJUTOMEPHBIE CTPYKTYPHI
moJly4eHb! myTeM 1,3-1muKnonpucoeuueHus gugop-
MIT-ONMr0-2,6-HapTHICHBHHWIEHA K JIBYM MOJEKY-
nam Cg, [95]. Crekrpb! ¢iiyopeclieHIMN nOKa3bIBalOT
CWIbHOE TYyHICHHE (PIYOpECHEHIMH ONUrOHA(THIICH-
BUHWICHA, YKa3bIBalolllee Ha ObICTpbIi POTOMHIYIH-
POBaHHBIH MEPEHOC JIEKTPOHA OT BO30YXKAEHHOTO
onuroMepa Ha Cg,.

Cnoco6HOCTh Cg JIETKO pearupoBaTh ¢ HEUTPab-
HBbIMH WIH 3apSDKEHHBIMH HYKJIeO(WIbHBIME peareH-
TaMH UCMONb30BaHa AJIS MOBEPXHOCTHOM (hbyHKIHO-
Hanusanuu I13-nneHku nyTeM NPUBMBKH 3NIEKTPO-
¢unsrOro Cqy Ha MpPEABAPUTENBHO JHUTHPOBAHHYIO
I13-noBepxHocth [96]. IlpuBuBka Cgy, ocyliecTBId-
eTcd npu B3aumopeiicteun I[19-mnenku ¢ 20 M pac-
TBOpa Cqy B cMecu rentaHa 1 TT'® (90 : 10) (c=4.6 X
x 10* monn/n) B TeueHde 16 4 npu mepeMemmuBa-
Hud. Mopguduxkanmuio [13-nosepxHocTu nposopu-
JIM OpHM AEHPOTOHUPOBAHMM CHEIHANBHO BBEJEH-
Hbix B [I3 KoHUEBbIX AUPEHUIMETHIBHBIX FPYI,
HMEIOIHX ¢Nabo KUCIbIA IPOTOH, MPH B3aUMOJeii-
CTBHH ¢ KOMIIJIekcoM BuLi—TeTpaMe THNA THIEHAH-
amue (TMI).

A A A
1 1 A

A A A

A A A

2 Ph BuLi-TM2]1 J Ce 7 Ph
/—(—H ~— Tro /“(“Li — /
; Ph : Ph j Ph

A A A

A A A

g g »

BBICOKOMOIJIEKYJIIPHBIE COEMUHEHUA  Cepua C

1981

INpucoepunenue Cq k I1D pokazano meromamu
3JIEKTPOHHOM, peHTTeHOOTONEKTPOHHOM] U (piIyo-
pecueHTHO# cniekTpockonul. [Toka3zano, 4To BeTnyn-
Hbl KOHTaKTHBIX YIJIOB B Bojle MeHoK [13D ¢ npusu-
TbIM Cgy M HCXOHOM MpaKTHYeCKH coBnagaor (110°
s [19 u 108° gna [19—Cgp). 3T0 03HAYAET, UTO NpH
npuBuBKe Cgy THAPOPUIBHOCTL MOBEPXHOCTH MPAK-
THYECKU HE H3MEHSIETCS, YTO MOXKET OBITh CBI3aHO C
MOBEPXHOCTHBIMH cBo¥icTBaMH Cg. Mexanusm npu-
BuBKH Cg, Ha 13 okoHYaTENBHO He yCTaHOBINEH.

CunbHO pa3BETBIICHHBIE COMOIHUMEPBI CTHPOIA C
pa3nu4HbIM cofepxkanueM Cg, MONy4YeHbI NPUH aHH-
OHHOU MOJTMMEPHU3aLUK CTHpoNa B npHcyTcTBUM Cgy
nop peiicreueM Na-uagranuna [97]. ITogo6uo ITC
CONMONUMEP XOPOILO PACTBOPAECTCA B OObLIYHBIX pac-
teoputensx. Jauubie ['TIX u AMP nossonsior Cne-
JIaTh 3aK/MIOYEHHEe O KOBAJIEHTHOM BKIro4YeHuH Cgy B
OCHOBHYIO MOJIMMEPHYIO Lienb. 3HadYeHusa M, u M,, He
cunbHOo otTnuyatorca or IIC mpu y3kom MMP
M, /M, = 1.38 no cpasaenuio ¢ 1.59 gnsa I1C). C no-
BbiLIeHUEM cofiepxkanus Cqy yBEIHYHBAETCS CTENIEHD
YOOPAROYEHHOCTH, O YEM CBHIETENBCTBYET POCT HH-
TEHCUBHOCTH U CyXXeHHMe NMUKOB fpu 20 = 1092 u
19.28° B peHTreHOrpaMMax cononumMepa. Beepgenue
13 mac. % Cqy npuBogUT K 06pPa30BaAHUMIO KPUCTAILITH-
YecKHx (a3, XapaKTepH3YIODIUXCSA 3HAYSHUSMH 20 =
=14.72, 28.54, 29.84°. TT'A-uccnegoBanue noxkasa-
710, 4TO B MepByio oyepens mpu 300-400°C npoucxo-
mat gecrpykuua ITC-pparmentos. Ilpu 500-638°C
HabmogaeTca oTpeiB Cqy o1 Tex IIC-nenei, ¢ koTo-
PBIMH OHH HEMOCPENCTBEHHO CBA3AHBI.

Baxuoe 3HaueHHEe B PacCMaTPUBAaEMOM MPOLECCe
HMEIOT MPOTEKAoLMe OJHOBPEMEHHO MOOOYHbIE pe-
akuym, HanpuMep peakima Cqy 1 NaC,Hy. O6pasyro-
Iecd NpH 3TOM NONHAHMOHHBIE conu Cgy (MtY),,

(Mt = Li, Na) oka3anuch He3(ppeKTHBHBIMA B Kayue-
CTBe HHHLMATOPOB MOJIMMEPHU3ALIUH TAKUX MOHOME-
POB, KaK aKpUJIOHHTPUI, CTHPOII H JIpyTHE.

OpHako reHepHpyeMble B CIICIUATLHOM HOHHOM

HCTOYHHKE KaTHOHBI CZ{ (x = 1-3) mposBNALOT BbI-

COKYIO PEaKIMOHHYIO CHOCOGHOCTD B ra3oBoii ¢ase.
B 3THX yQTOBHSX H3yYeHA KATHOHHAS MOJTMMEpU3aIUs
ajena u npormuHa [98, 99]. Oka3anock, YTO OfHO3a-

psHbIe KaTHOHBI Cg, HE PEArHpYIOT C 3THMH MOHO-

2 3
MepaMH, Torfia Kak KaTuoHsl Cgy # Cg; MHHIHPYIOT
UMKJIOLENHYIO MOMMMEPH3ALMIO aJIeHa M MpONHHA.
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2+
K mukatuony Cg, npucoenunsietcs fo 16 monexyn an-
acHa. IIpennoxen MexaHM3M peakiuH NOCIEeoBa-

KAPITAYEBA

2
TensHOro npucoefunenus C;H, k Cq, , NpUBOASIETrO
K 00pa30BaHHUIO LN U3 [ECTUWICHHBIX KOJELL.

st gy LA I e
Gra ey Y e e

Ceo(CsHo) e

KpoMe onucaHHBIX BHIIIE MOJTAMEPOB, MONYYEH-
HbIX PH PaJHKAJIbHOM HJIH HOHHOM UHHIMHPOBAHUM
HOJHMEPHU3aLUU Pa3IHYHBIX MOHOMEPOB B NPHCYT-
creun Cg), npemyoxeHnbii B pa6ore [100] meToxn
nosponger cuHresuposath IIC ¢ komueBbiM Cg
(ITC—C¢), 13 KOTOPOrO JIErKO NMOMYYatOT OHOPOAHbIE
4 npo3payHble IIEHKH, cofiepxaiiue no 27 mac. Cgy.

Peakiuio BenyT B u306bITKe Cq I YMEHBLICHHS CO-
AepKaHUs BBICOKO pa3BeTBICHHbIX ¢pakuuii. ITpu-
coemuneHne Cg OCYIIECTBIAECTCA M0 KOHLEBOH aMH-
Horpymne ¢yHkiuonanu3upoansoro I1C. B otnu-
gme oT cMeceit Cq, ¢ TIC, B paccMaTpuBacMoM ciiydae
He HaOMOAaNoCch MUKpO- WIH HaHO(ga3zoBOro pac-
CITOCHHUA.

CH,
|
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CH,

CH,

NH, Pt, kataaunsaroj
Tonyq85°C

| roayoxnupuau80 : 20)
—= ~CH~CH,~CH~$i~(CHy); ~NH, + e -

CH,

CH;

]
— ~CH-CH,—CH —§i—(CH2)3 —NH H

Yro kacaercs Broporo Merofia momydeHust PII,
NpeAnonaraloero CuHTe3  QymiepeHCOfepKaIux
MOHOMEpPOB H MOCNIEAyIOIIee X y4acTHE B peakLUsIx
NOCTPOEHUS MONIMMEPHBIX Lienel, TO o 3TOMy IyTH B
HacToslIee BpeMs NONYy4aroT NOAU3IUPHI MyTEM NO-
MMKOHJeHCaluH (ynnepeHOucheHoNa ¢ ANXIOpaH-
THAPUAAMH AIBYXOCHOBHBIX KHCJIOT NpH KOMHATHOH

BBICOKOMOIJIEKYJIAPHBIE COEMMHEHUSA  Cepus C

CH,

Temnepatype [101], (co)monuamuabl myreM MpsMol
NONUKOHJCHCALMH B IPHCYTCTBUH TpHeHunpochu-
Ta 4 THpuguHa QYIIEePeH-OUC-YKCYCHON KHCIOTBI
(®BYK) ¢ 4,4'-puamuHob6en3ocgenonoM [102], umu
cMecun PBYK u usodranesoit kucnor (MPK) c ak-
BHMOJIBHBIM KOJHYECTBOM 4,4'-RuaMHHONUMEHUIO-
Boro acupa [103, 104].
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Monenoe otHOmEeHne PBYK : UPK =1:50,1:5,
1:1mu1:0;seixox 90-95%, M,, = (5-6) x 10*. ITony-
YeHHbIE COMONMAMUABI PacTBOPAOTCA B N-METHII-
nmupponupone (MIT) u IMMA. B UK-cnekTpax no-
JUMEPOB OOHAPYKEH CHBUT MOJIOCHI KapOOHWIBHOM
rpymmbt ot 1720 em! past ®BYK mo 1660 eMm™! st co-

1983

NoJTMMepa, NORTBEPXKAAOLIHI 00pa3oBaHHEe aMUHbBIX
rpynn. XapakTepHCTH4YecKast BS3KOCTb MOJYYEHHBIX
MOJUMEPOB PACTET C YBEIHYCHUEM KOJIuecTBa yJ-
nepeHcofepxKalero KoMnoneHTa. Conoiumepsl co-
crapa ®PBYK : UPK ot 1 : 50 o 1 : 5 o6pasyior mpo-
3paqHble KOPHYHEBbIE MIICHKH.

HOOC

(1 = m)®BYK +m @ +

HOOC

rneR=/©/0\©\.

MM nonuaMugoB pasHa (3-300) x 10% u ona
YMEHBIAETCA ¢ yBennyenueM cofepxkanus Cqy. Tep-
MOTPaBHMETPHYECKUE HCCIECHOBAHMA MOKa3ajlH IO-
HIDKCHUE TeMIlepaTyphl pa3iioXeHus NoluMepa ¢
MoBBIIeHAEM Komn4decTBa Cg,.

YcTaHOBJIEHO CMELLlEHHE CIIEKTPa NOrJOLIEHHS B
BIUHEHOBOJHOBYIO o6nacTk Jo 760 HM NMpH BBEJCHUN
Cgo-3BCHbLEB, MO-BUAVMOMY, U3-3a YIJIMHCHUS CHUCTe-
MbI CONpPSXKEeHHUS OCHOBHO# Ienu. O6 3TOM XKe CBHfE-
TENbCTBYET KPACHBIH CABHUT B COEKTPaX JTEOMHHEC-
HeHIHU ¢ yBenmu4deHneM cofepxanus Cg.

Kpome onucannbix MeTOgoB cuHTe3a PII, mony-
YHUTH TaKHe MOMHUMEPbl MOXHO B YCIIOBHSX 3JIEKTPO-
XUMHMUYECKOW mnonuMepusanuu snokcudynnepesa
[105-109]. ITpu 2neKTPOXMMHUYECKOM BOCCTAHOBIIE-
Hud CgO Ha 3JIeKTpojie OCaxkmaeTcs MpOBOAAIIAS
IIeHKa, MpefcTaBigiomas coGoM KOBAJIEHTHO CBA-
3aHHBIH pefokc-akTUBHbIA nonumep $Cq4—01;,, uMe-
fonil xopolure MexaHuvyeckue cBoiicrsa. [lommmMepu-
3aUHs OCYILECTBISETCA C YYaCTHEM aHUOH-PAiHKAJIOB
CoO™. B NpOTHBOMNONOXHOCTB GOJBIIHHCTBY IPOBOAS-
OMX [OIHMMEPOB, NOMYYCHHBIX 3JIEKTPOXHMHYECKH

BBICOKOMOIIEKYJIAPHBIE COEODUHEHHUSA  Cepus C

(PhO);P, LiCl

H2N/R\NH2 MIl nupuanu

(o)

[110, 111], 3TH MIEHKH OOPA3yIOTCA NPH KATOTHOH
peakiuu.

Hapsny ¢ paccMOTpeHHbIMY Bbilile (B OCHOBHOM MO~
JIMMEpH3alMOHHBIMH) METOJaMH BKIIFOUCHUs Gyie-
PEHa B OCHOBHYIO HOJMMEPHYIO LEmNb, 3aCTyKHBAET
BHUMAaHMs CHOCO0 MOMyYEeHHS BbICOKOMONEKYISPHBIX
ynnepencogepxamux NpoRyKTOB, HCHONb3YIOMIUI
CHIBHYIO aKLENTOPHYIO CIOCOOHOCTH ¢ymepeHa
[112-114]. B cooTBeTCTBUH CO CBOEH 3NMEKTPOHHOU
c1pyktypoit Cgy # C;y BCTYNAIOT B CUIIBHOE JOHOPHO-
aKIIeTITOPHOE B3aNMOJENUCTBHE C ADOMATHUECKUMH U
amudarudeckumu amuHaMmu [115-121]. Baaropaps
BO3MOXHOCTH TIPHCOCIMHEHHA HECKONBKHX aMHHO-
rpynn K yuIepeHOBOMY sApy, obpa3yeTcs cMech
npoayktoB [122]. DddexTuBHAsE npd KOMHATHOM
TeMnepaType peakius TPeTHYHbIX aMHHOB, TaKHX
Kak TpuaTiinaMul (TDA), ¢ Cy, 3aBUCUT OT KOHIIEH-
Tpauu amuHa [123]. [Ipu dporoBo3byxaenuu Cqy B
MPHUCYTCTBUU HH3KOH KOHileHTpanuu TIA B3aumo-
REHCTBHE C IEPEHOCOM 3apAfia BbI3BIBACT HE TONBKO
N 11
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1984

TymieHne amMuccud Cq M Cy, HO H YMECHBIIEHHE HH-
TEHCHBHOCTH HX CIEKTPOB MOIJIOIECHHUS, BLI3BAaHHOE
MPOUCXONALICH NPH 3TOM (POTOXUMHYECKON peakliy-
eii {121, 123] u npuBopsieii K 06pa30BaHUIO Ha OC-
HOBe (ymnepeHa U TOA BBICOKOMOJNEKYNSIPHBIX
NPOAYKTOB.

VIHnuuHpoBaHHE peaklMd MPOHCXOMMT 3a CYET
(pOTOUMHAYLIMPOBAHHOTO MOCNEOBATENBHOTO NEPEHO-
ca 3JICKTPOHA U MpoToHa [124-126] aHanoOruyHoO TOMy,
KaK 3TO HMeeT MeCTO npH B3aumopeiictsuu Cq, ¢ 6eH-
3onoM [124], HadTanuHoM [125] 1 mparc-cTUNBE6EHOM
[126]. CnenyeT 3aMeTHTh, YTO NOJMMEPHBIE MPOXYKThI
HEBO3MOJKHO ITOJTYYHTh IPH UCTIONb30BaHUH HedyIute-
PEHOBBIX ak1enTopoB. O6pa3yolmeca B pe3ynbTaTe
NPOLIECCOB MEPEHOCA 3JIEKTPOHA H NMPOTOHA HOH-
pafiMKaJibHble IIapbl MOTYT B3aMMOJICHCTBOBATh BHYT-
PHMOJIEKYNSAPHO ¢ O6pa30OBaHHEM IMKJIOAANYKTa
N-atun-mparc-2,5-gumeTunmupponununo-Cqy  [127],
160 MEXMONEKYISpHO, 06pa3ys hyHKIMOHAH3UPO-
BaHHBIA TOA, WM CIUMBKH C APYTHMH MOJIEKYJIaMH
TIA 4epe3 Cqy-pparMeHThI.

hv (>540 u W

TOAYyON

Ce + NEts (Cey NEt;) —

— HCq'CHNEt, —= HCq—CHNE,

CH, CH,
1
|/
hv
1) nepenoce”, 2) nepenocH* ! (HCZ:
2

TeopeTHyeckue pacyeThl IOKa3aiH, YTO TIA MOXKeET
NPHCOEAMHUTD O TpeX Moaekyn Cg, (M0 ofHOMY Ha

KaX[YIO 3TWIBHYIO rpymiy) 6e3 cepbeal-lblx CTPYKTYp-
HBIX HapYILICHHMH.

YuukansHoe cBoiicTBO Cqy — €ro crnocoGHOCThb CO-
XpaHATh aKUENTOPHbIE CBOWCTBA NOCNE IPHCOETUHE-
Hust Monekynsl TIA. 3ro no3sonser Cg ONHOBpE-
MEHHO B3aHMOJEHCTBOBATh C ABYMsi UnH 6oJjiee MO-
nexynamu TDA. Ornomierne C : N B BbIACIEHHOM
BBICOKOMOJIEKYJIAPHOM npoaykTe pasHo 100, 9To co-
otBetcTByeT OTHOMEeHHIO Cyy : TOA = 1.8. 3T0 03Ha-
YaeT, YTO CTPYKTypa OOpa3ylolUXcs MaKpOMoJe-
KyJl OTJIMYAETCS OT HJCANLHOH, B KOTOPOH Kaxpas
Monekyna TOA TpusamemeHa u kaxnpii Cq) ABy3aMe-

BBICOKOMOJIEKYJISPHBIE COEMUHEHHS Cepus C ToM 42 N 1l
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HIEH U, CIEfOBaTeNbHO, oTHOMIeHue Ce, : TOA = 1.5.
OHa MOXET ObITb, HalIPUMEP, TAKOH, KaK MOKa3aHO
HIDKE.

IMOJIMMEPBI, CONEPXAIIME 3BEHbA
®YIIEPEHA B BOKOBOU LIEITH

Insa nonydenus ®II, cogepxaurux Cgy B 6OKOBBIX
Hensix, ApeAIOXKeHO JBa NOAXOMA — (PyHKIHOHATH3A-
S TOTOBBIX MOJIMMEPOB U CHHTE3 (PYIIEPEHCOACD-
KalMuX MOHOMEPOB C MOCIeAyomei HX (co)noauMe-
pU3anyed.

Ilepeeie mombiTKH cuHTe3upoBaTh PII, umero-
mue 3BeHbs Cgy B OGOKOBBIX LEMAX, OKA3AJIHCh HE
BIOJIHE YCHEHIHBIMH H3-3a 00pa30BaHHMs CIIATHIX He-
pacTBOpUMBIX MpoAyKTOB [128, 129].

OueHb yROOGHBIMH OOBEKTaMH [JIs MPHCOEIUHE-
Hus Cgy OKa3aUCh OJHMEPEI, COAiepKAllHe aMUHO-
rpynny. IlepBble pacTBOpHMbIC HONHMEPHI, COAED-
xkamue Cgyy B 60KOBO¥ LienH, HOJNy4YeHBI IPY B3aHMO-
nedcTBud Cgy C MOTHAMHHAMHE (HOJIHITIICHAMIUHOM
d  nomu(4-{[(2-aMMHO3 THII)MMHHO |METIJI |CTHPOJIOM))
[130].

HHNR

‘ M
e R = \Q/\N/\/NH)J (Hu
N

Cso +RNH2

L ().

NH

4

Peakuuio MpOBOAMNHM B TOJNYOJie€ INPH KOMHATHOH
temnepatype. [Ipucoequuenne Cegy K HOTHMEPHOH Lie-
M IPOUCXOJHT COIJIACHO XOPOLIO M3BECTHON peaKiuy
OpYCOCMHCHUA aMMHA Mo ABolHo# casu Cg [131].
OGpa3syroumiics nomuMep Bbinafan HeMelieHHo. I1o-
numep 1 oka3zaics HepacTBopuMbIM. ITonuMep 2 pac-
TBOPHM B TOJIyolne U cepoyriepofe. [TonTeepkaeHueM

2000
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npucoequHenns Cgy K IONMUMEPHOIL LIETH ABNSETCA 110-
SIBJICHHE B 3JIEKTPOHHBIX CHEKTpaXx MOTMOIIEHUS
pacTBOpa B Tojlyole noynoc B obmactu 308 (mmeuo),
326 u 435 HM, a TakxXKe TMOrNMOWIEHUS B o6nacTu
580-514 cm™' B MK-cniekTpax, XapaKTepHbIX AJIS
MOHO(YHKIMOHAH3UPOBAaHHBIX QyinepeHos [132,
133].

[Ipu B3aUMONEACTBHM TEPIONUMEpA ITHIEHA U
npomnuiaeHa (cogepxanue atunena 39 mac. %), pyHk-
IMOHAIM3UPOBAHHOIO aMUHOM (COepsKaHHe a30Ta
0.05 mac. %) c 3KBUMOJIILHBIM KOJIHYECTBOM (110 a30-
Ty) Cgo B pacCTBOPE B TOJYOJIE€ B TCUCHHE HENEIH TIPH
KOMHATHOU TeMInepaType o6pa3yeTcs paCTROPUMBIH
nosuMep caepyoueil crpyktyphl [134]:

H,N HN g

TepMorpaBuMeTpHUecKOe HCCIEJOBAaHUE OKA3AIO0
yBeINYEHHE TEPMOOKHCIUTENBHON cTabmibHocTH PIT
ot 270 po 430°C.

Jns nomydeHust pacrBopumoro B Bofie PIT Hc-
MOJIB30BANIH PEAKIMIO KOBAJIEHTHOIO NPUCOCMHEHUS
MeTaHO(YILIEpEeHIUMKAPGOHOBOH KHUCIOTBI K THAPO-
(HIBHOMY JIMHEHHOMY COMONMMEPY STHICHHMHHA H
MPONMHOHUNISTHICHUMUHA B IPUCYTCTBHM 1-3T1n-3-(1H-
MeTHIaMHHONIPOIHOHIWT)KapGopuumuza [135]

~ CH,CH,NH Y[ CH,CH,N
HO,C CO
AN

y

Peakuus npotekaer B xmopogopme npu 0°C. MM
nonuMepa pasHa 4.9 X 10%, u ou comepxur okono 15%
3BeHbEB, BKIIOYAOmux Ce,.

CH,CHN )T
EtO,C

Peakuusa nuknonpucoequneHns Cqy K a3upo3ame-
IIIeHHbIM 3BEHBSM COTIOIMMEPOB CTHPOJIA H a3HA0-0-
METWICTHPOJIA OKa3amach BechMa 3(peKTHBHOI
Ans monydeHus pacrsopumeix PIT [136].

13 BLICOKOMOIIEKYIISIPHBIE COETJUHEHHA  Cepus C
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mCH,=CH + nCH, =CH Tyorcar x Y
I Cl
lNaN3
43 y
& - O ©
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3pecba:x=99,y=1,5.5Mac. % C4; 6: x=94,y =6,
21 Mac. % Cgy; B: x =89, y = 11, 29 mac. % Cg,. Bkitto-
yeHue Cgy B MOJMMMEPHYIO LeNmb KOHTPOIUPOBAIH
MeTofoM MK-cnekTpockonuu. ITo npotecrBuu 16 4
MIOJHOCTHIO HcUe3ana moyoca B o6mactu 2095 cMm!,
OTBETCTBEHHAd 3a BaJICHTHbIE KOJIEOAHUSA a3UTHOU
rpynnsl. B peakiiuoHHOH cMecH NMpH 3TOM He OOHa-
PYXEHO HepacTBOPHUMbIX NpouykKToB. IlomuMepbl
XOpOIIIO pacTBOpsitoTcs B xsopodopme, TI'® u apy-
rux pacrBoputensx. Iloka3aHo, 4To IpH yBenHde-
HuU cofepxkanus Cqy B cononumMepe oT 5.5 no 29% He
npoucxogut ¢a3oBOro pacciloeHUs, O YeM CBHJE-
TEJILCTBYET HAJIMYME TONBKO OHOH TeMIepaTyphl
creknoBanus. [Ipi 3TOM C NOBBIMLICHHEM COAEpXKa-
Hus Cg T, yBenuuuBaetcs oT 112 go 142 u 166°C co-
OTBETCTBEHHO [IJIsi MOJIMMEPOB, cofepXamux 5.5, 21
U 29% Cgy. Peakuuro UKIONPUCOCAUHEHHS UCTION -
30Bail TaKXKe IS KOBAJIEHTHOrO NPHUCOETHHECHUS
Cgo K IHKJIONEHTAAUECHOBOMY MPOU3BORHOMY HOJIU-
nentupa [137].

®I1, umeromue Cqy B GOKOBBIX MOIBECKAX, MOXKHO
HOJIYYHThb, HCHONB3y4 peakiuio ®pugens—Kpadrea
[138]

+CHCH,
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1986

Meronom I'TIX nokasauo ysenuyenue M,, ot 1.6 x 10
1o 4.3 x 10* mpu npucoenunennn Cqy C OTHOBPEMEH-
HBIM pOCTOM monupucnepcHocty ot 1.8 fo 3.6. Ce-
KENpPUrOTOBIEHHbIE NOJIMMEPBI PEKPACHO PaCTBO-
puMBI B XstopodopMe.

HJpyroit metop cunure3a PIT — peakuus xapOaHu-
OHHBIX MonuMepoB ¢ ¢ymnneperom [139, 140]. Ilpu-
Be[leHHas HIDKE CXeMa AEMOHCTPHPYET NOJyYeHHE
copepxauiero Cq, nonu-n-6pomcrupoia (IBC).

Co
CeHe

NaH/Tr®

<CH,—CH» €CH,~CIw =~

Br | Br
Ca)y

— +€CH,—CH )¢ CH,— c—)ml,.—

Q¢

(0<x<l)

Conepxamuii B 60koBOM 3amecTutene Cq, ONH-
Mep NpeACTaBIsIET CO60M XKeITO-KOPHUHEBBIH TOPO-
IIOK, JIETKO PacTBOPHMBIH B OPraHMYECKHX PacTBO-
purenax (CCly, TT®, CHCl,, 6enson). T, = 134°C cy-
mecteeHHo mnpesbimaet 7, IIBC (83.2°C). Ilo
nausbiM ITIX M, = 1.127 x 10° u M,,/M,, = 1.48. ITpu
3TOM MOJHOCTBbIO OTCYTCTBYET HENpPOpPEarupoBaB-
it Cgp.

[MonuMep uMeeT rioGYNApHYIO CTPYKTYpY, OT-
nu4HyI0 oT cTpykTyphl Cg, IIC u IIBC. Huametp
rno6yn 4.5-14 MxkM. Byny4u CHIBHBIM T-akIUeNnToO-
pom (E, = 2.6-2.8 3B) [111-113] Cg4, BcTynaer B f1o-

HO OH
| @ + CICO(CH,)sCOC] prr

IpucyTcTBHE Ha LMKIHYECKHX BOJNIBTaMIIEPOrpaM-
Max TpeX XapaKTEPHbIX PEOKC-THKOB AudeHmIdy-
nepesa [133, 153] sicHo HOKa3bIBAET, YTO BKIIOUECHHE B
NONUMEPHYIO LieNb HE H3MEHSET €ro 3JeKTPOHHOMU
CTPYKTYphbL. OO0 3TOM K€ CBUAETENLCTBYET H IPUCYTCT-

BBICOKOMOJIEKYJIAPHBIE COETUHEHUSA  Cepua C
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HOPHO-aKLENTOPHOE B3aMMOJEHCTBHE ¢ OPOMHMPOBaH-
HbIM GEH30JIBHBIM KOJIBLOM, O Y€M CBHICTEILCTBYET
MOSIBJICHHE B 3JIEKTPOHHOM CIIEKTPE MOIOLICHHS HO-
BO# MONOCKI B o6nactd 330 HM.

AHAJIOTHYHBIM yTEM MOJy4YEeHbI paCTBOPUMBIE B
OpPTaHUYECKUX PACTBOPHUTENAX MONUBHHHIGEHIUN-
XJIOpHJ, ¥ MONUBHHHIKap6a3on, couepxkanme Cqy B
60ko0BbIX Lemsx [141, 142].

Yro kacaerca Broporo nogxopa K cuaresy $IIc Cg,
B GOKOBBIX 3aMECTHTEIISIX, TO IO HACTOALLETO BPEMEHH
HE YAajdoCh CHHTE3HWPOBATh PEaKLMOHHOCHOCOOHBIC
BHHWIOBbIE WIH alleTWICHOBbIE MOHOMEPSI ¢ ¢yiiie-
PEHOBBIMH 3BEHBAMH B GOKOBBIX Liemsix. K Hacrosie-
My BPDEMEHH H3BECTHA JIHIIL 3JIEKTPOXMMHYECKas
nonuMepu3aimus pyHKIUOHATM3HPOBAHHBIX (yJiie-
PEHOM NPOM3BOAHBLIX THO(EHA, JaIOL[as BO3MOX-
HOCTb MOJNYYHTb HOBbli€ NPOBOAAMLIME MOIMCONpH-
KeHHble cucTeMbl [143—146]. MoHOMepBI CHHTE3H-
poBan myteM BBefieHus Cgy B CTPYKTYPY 3-aJIKuiI-
2,2'-qutnopena u 4-nuasa-2,1-3 4-gutnodena. O6-
pasyromeca ®II umeror pa3BuTyIO CHCTEMY NOJNH-
conpsikeHus: (MaKCHMYM B crieKTpe (hiryopecieHIHu
A = 545 HM) U JOBOJNBHO BLICOKYIO 3JIEKTPONPOBOJ-
HocThb (G = 40 Cum/cMm). Cnenndudeckoit oco6eHHOC-
ThIO Nosy4eHHbIX PIT IBNgETCA CKIOHHOCTH K 06pa-
30BaHUIO BHYTPUMOJEKYJISAPHBIX KOMILUIEKCOB 3a
CYET MEPEHOCA INIEKTPOHA OT CONMPSLKEHHOM CHCTe-
MBI K Cgy MOAOGHO TOMY, KaK 3TO HMEET MECTO AN

rereporeHHbIX cMeceit Cq u monu(3-ankuntuoge-
HoB) [147-151].

ITonumepr! HAa OCHOBE MONUYPETAHOB H MONHI(H-
POB, cofiepKallfe NOABEIICHHbBIA B OOKOBOH LIENH [H-
¢ennn Cg; JOBONBHO MPOCTO MOTYYAIOT METOAOM MO~
nukoHpeHcaiuu [152]. IIyreM nonukoHpeHcaluu 3K-
BHMOJIbHBIX KOJHYECTB AUrHApOKcHAuGeHun-Cq M
ceGanIxyiopuaa B CyxoM HUTpoGeHsone npu 143°C
B TeueHue 22 4 B OTCYTCTBHE KaTaJK3aTOPa C BHIXO-
oM 61% o6pa3syeTca nonu (4,4'-gudennndynnepen-
ceGauMHAT) B BUJic KODUYHEBOT'O MOPOIIKA, XOPOLIO
PacTBOPHMOrO B HUTPOOEH30JIE€ U GEH3OHUTPUIIE

OCO(CH2)8CO-);

143°C_
PhNO,

BHE B cnekTpax norsoilenus PI1 nonoc B o6nacru 690,
475, 430, 330, 275 u 250 aM.

PynnepeHcoiepKallge MONUYPETaHbI MONyJaId
NpH HarpeBaHHH 3KBUMOIILHOTO KOJIMYECTBA reKca-
MeTuIeHaun3onuaHaTa i gudenun Cq; B 0-HUXIOp-
N 11
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6eH3011e B IPUCYTCTBHM KATATHTHYECKOTO KOJIMYECTBA

1987
1,4-gua3zabunuknol2,2,2)okrana (IABIIO)

+NHCOO OCONH(CH,)s 5
O: + ONC(CH,){CNO —D~———0C*;['_5,4Lél° @

Beixop nonumepa 60%, ofHAKO B 9TOM CIIydae Moiy-
YEHHbIA MOMIMMEP HEPACTBOPUM.

dynnepeHcofepxkamue pacTBOPMMbIE B MONSP-
HBbIX aNpPOTOHHBIX PACTBOPHUTENSAX (CO)OTUMMHJbI
MOXHO JIETKO MONY4YUTb MyTEM MONHKOH[EHCALHH
AHAMHMHOB H (yJiepeH3aMELICHHBIX JHAHTHAPUOB
160 1npu noaukoHpeHcauuu Cqy-Ruanruapuaa, 4,4'-
(rekcapTopH3ONPONMIHACH)AU(TANEBOrO AHTHAPH-
Aa u 4,4'-nuamuHopucgenunosoro acpupa. [Tonyden-
Hble monuMepbl uMerT M = (3-5) x 10%. ®II TepMmo-
crabunbHbl, noteps Maceel 10% HabmiogaeTcd npu
430-520°C [154]. BecbMa 3¢hpeKTHBHEIM AJIs CHHTE-
3a BBICOKOMOJIEKYIISIPHBIX nonuMepoB ¢ Cgy B 60KO-
BOI LIeNH 0Ka3aJoCh IPUMECHEHHE PeaKUUi COMETa-
Te3uca HOpOOPHEHA M KBaipHLMKIAHOBOLO MPOH3-
BofHOro Cgy [155]. PynnepeHHpOBaHHBIA MOHOMED

NOJIyYaliu MO peaklMH LHUKJIONPHCOECAUHEHHS KBaj-
purukinana K Cgy [156]. [IBoiiHas CBSI3b HOpOOPHEHO-
BOIl 4acTH MOHOMEpa Gollee peaKIMOHHOCIOCOOHA
[0 OTHOWIEHHIO K DAy peareHTOB 10 CPAaBHEHHIO C
ABoitHOM cBA3bI0 Cgy. F13-3a HU3KOM pacTBOPHMOCTH
MOHOMEpA peaklMi0 COMETATE3MCa BelM B M30BITKE
HOpOGOpHEHa B pacTeOpe B 1,2-muxnop6GeH3ole B NpH-
cyrcrBun  Mo(CH-#-Bu)(NAr)[OCMe(CF,),]l, [157-
1591.

Cononumep XOpoILO PacTBOPUM B xjopogopMe
M,, = 103360, nonupucnepcHocTs 5.2). TepMmocra-
6unsHocTe PIT HUXKe TepMOCTaGHUILHOCTH MOJH-
HOpGOpHEHa: TeMriepaTypa pasnoxenns 470°C. Xu-
MH4YecKas crpykrypa ®II 3aBHCHT OT KOIMYECTBa
Ceo B HCXOHOH MOHOMEPHOH cMecH. B oTcyrcTBHE
Cgo COOTHOILICHHE LUC- U MPAHC-3BEHBEB paBHO 3 : 1:

?..

+C60 _A’

o

N
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1988

Beenenue Cq, NPUBONUT K YBEITUYCHUIO COEPKa-
HHS yuc-3senbeB. OTHOIIECHHE yuc : mpanc = 4.7 : 1
u 6 : 1 mpu conepxanun Cqy 0.7 u 1.0 Mon. % cooTseT-
CTBEHHO.

ITonuMepHbie IICHKH, cofiepsKalye Beero 1 Mon. %
npou3sBofHOro Cg OGHapy:KUBAKOT 3JECKTPOHHbIE U
3IEKTPOXUMHUECKHE CBOACTBA, THNUYHBIE I yIIIE-
pomHoro kiacrepa. Hanuuue B 31EKTPOHHOM CIEKT-
pe mornowenus PII, copepxkamero 1 Mon. %. Cg
mneya B 061act 320-340 HM ¥ ONOC MOTNOIIEHUS B
o6macte 430 u 700 HM, MOKA3bIBAET, YTO JIEKTPOH-
Hast cTpyktypa Cq B PII coxpanserca. Luknuyec-
KHe BoabTaMIeporpaMMbl ®IT Takke THOMYHBI AT
MOHO3aMemeHHbIX Cg), YTO CBHAETENLCTBYET OO0
3JIEKTPOAKTHBHOCTH MonydeHHoro noinumepa. Co-
XpaHeHHE NIEKTPOHHON CTPYKTyphl Cqy B MONUMEP-
HOM LieNd JaeT OCHOBaHHE NOJaraTh, YTO 3aMeya-
TeNbHbIE CBOMCTBA (PyIIEpeHa JOMKHbI COXPAHATh-
¢ U B MOIUMEPHOH CTPYKTYpeE.

3BE3[1OOBPA3HbBIE
OYJUIEPEHCOOEPXAHMMUE ITOJIMMEPHI

3Be3goo6pasubie PII mpepcraBngioT cob6oit yHU-
KaJIbHble CyMpaMoOJIEKyJIsIpHbIe CTPYKTYpbl. Cymlect-
ByeT fiBa Tuna 3Be3fo006pasubix PII. IlepsrIit — aTO
TaKUE CTPYKTYPBI, B KOTOPBIX MOABIKHBIE NOJTHMEp-
Hble LeNMd KOBAJICHTHO MPHCOEAMHEHDI K ¢hynnepe-
HOBOMY aipy. U BTOpO# THN — CTPYKTYpBI, B KOTO-
pbix C4) He siBisieTcs AApoM 3Be3foobpasHoro ®II,
HO KaXpblil Ty4 HMEeT KOHIEBYIO (pylIepeHOBYIO

rpymmy.

CuHTe3 3Be3n000pasHbix ®I1 nepBoro Tuna ocy-
IIECTBISIOT KGO C HCIOML30BaHUEM MONUPYHKIHO-
HaNbHbIX byiIepeHOB KakK 0a30BbIX 3JIEMEHTOB,
1160 OIMrOMEPHBIX PEareHTOB, COflepXKaIUX peak-
IHOHHOCIMOCOOHBIE KOHIEBbIE TPYNIIbI, CIOCOOHBIE
npucoefuHAThCa K Cgy. Haubosnee nepcnekTHBHBIM
npejcrasnseTca B3auMopeicTie Cey € “KUBymum”
nonuMepoM. Tak, npu B3aumopeiicrBuu Cqy € MOJH-
crupunnutueM (IICJI) nonyyaroT MHOTOKOMITOHEHT-
HyI0 cMech (PyJNepeHCOAepXKAUHUX NONUCTHPOJIOB
Ceo(ITC),, rme x = 1-10 [94, 160, 161]. ITu nonumMepbi
IPEACTABISAIOT OG0 XOPOIIO paCTBOPHMBIE U IUTaB-
KHe NpoayKThl. Y13 HUX 1erko popMHUpPYIOT IIIEHKH B
BOJIOKHA ¢ BBICOKHM cofiepxkaHnueM Cgqy. Bonee Toro,
YHHKaJIbHAs TONMOJOrud 3Be3n006pa3ubix ®IT B koM-
OMHAIMU C BHYTPEHHMM XUMHYECKHM pa3HuueM

BBICOKOMOIJIEKYIIAPHBIE COEMUHEHUS  Cepua C
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Mexay TIC-nensMu ¥ pynepeHOBBIM AAPOM, NPH-
BOJIMT K HaHO(a3HOMY pa3felieHHIO, IOJOGHOMY TO-
My, KOTOpOe HaOlofaeTcsa CIOHTaHHO B AB 610K~
COMOJIUMEPAX, MONYYCHHBIX U3 XHMHUYECKM pa3iuy-
HBIX MOHOMEPOB:

CH,
[
xCH;—CH, —CH-¢CH,—CH 3 CH, —CHLi*

l206. % TT®
lCﬁo,TOJ'IyQJ'QSOC
lCHg

ct
CH3 _CH2 —CH +CH2 —CH n Ca) 'PCH:; ]x

Ol

CocTtaB 06pa30BaBLIKXCS MPONYKTOB 3aBHCHT OT IO-
pAAKa CMEILEeHHs PEareHTOB U MOJILHOTO COOTHOILE-
uua IICJT : Cg (ot 2.25 go 30). IToka3zaHo, 4TO npH
noGaBneHuu pacrBopa Cgy K [ICJI o6pa3yercs mpo-
AYKT, COCTOSILLIUI B OCHOBHOM H3 IBYX KOMIIOHEHTOB,
B OTHOM U3 KOoTOpbIx Cgy coefiuteH ¢ ofaoi [1C uensro,
a B [IpyroM — He MeHee, 4eM c mectbio [1C-nenamu.
ITpu 06GpaTHOM MOpSIAKE CMELLEHHS peareHTOB 00pasy-
ercd Habop 3Be3f000pa3Heix PIT ¢ paznu4HbBIM YHC-
oM [IC-ueneit. Yucno nydeii B 38e3q006pa3ubix $I1
MOXHO pEryJHpOBaTh MYTEM BapbUPOBAHHA MOIb-
HOr'O COOTHOILIEHHS PEareHTOB, a TAKXKE NyTeM BBe-
ACHUS KOMIUIEKCOOOpa3yIOIEero areHTa, HanmpuMep
TM3] [162, 163]. Kak u3zsectno, TM3]I cnocoben
paspymats accouuaTsl (ITCIT), n MoxeT 06pa3oBhbI-
BaTh KoMmmnekchl TICJT : TMOO =1 : 1 [164]. 3Tu
KOMILIEKChI MIMEIOT NIPUPOAY HOHHOI ITaphl KOHTAKT-
HOTO THNa M OOJIAfAIOT CYIIECTBEHHO 6oJiee HU3KOM
PeakKUUOHHOH CHOCOOHOCTBIO MO CPABHEHHIO C aK-
THBHOCTBIO He3aKoMiulekcoBaHHO# ¢opmbl TTICIL
Kpome Toro, TM3]] MOXeT YaCTHYHO 3KPaHUPOBAThH
BaKaHCHH Ha MONEKYJaX KaK CBOGOIHOIO, TaK U KOBa-
JieHTHO cBa3aHHOrO ¢ ITC-nensmu Cgy, 3a c4eT B3aHUMO-
AEUCTBHS T-371EKTPOHOB Cgy C p-aJIEKTPOHAMU ATOMOB
asora TM3[I. [Tpu ucnone3osanunu fo6asok TMI]]
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DYJUIEPEHCOOEPXAIIUE ITOJIMMEPHI

6butn monydensl moniuMepbl coctaBa Cg(I1C),H, n
Ce(IICH [162].

Xopoino pacTBopuMbie 3Be3foobpa3neie PIT Ha
ocHoBe Cg, 1 nonu-n-metuncrupona (TIMC) copepxat
IO YeThIpeX NpUBUTHIX Ha Cgy yueit [IMC [165]. 3Bes-
pooGpasubiil ®IT xapakTepusyeTcss GOMbLIEN TEPMO-
CTabIIBHOCTBIO IO cpaBHenHo ¢ IIMC.

Ins nonydenus 3Be3goo6pasHbix PII addexTus-
HBIM TIPEACTABISETCS MCIONL30BaHUE MONU(YHKIMO-
HAJIM3UPOBAHHBIX (QYNAEPEHOB C THAPOKCHILHBIMH

Ho/\/\lo

Ceo(OH),

1989

und amuHOrpynmamu. HoBbid Kiacc 3Be3foo0pas-
HBIX NMOJIMYPETAHOB MONy4YEeH NYTEM KOBAJIEHTHOrO
NPHCOEIMHEHUSI TOTUMEPHBIX MOJIEKYI K aApy Cg
[166—-168]. B xauecTBe nonucyHKIHOHANBHOTO Gy-
JiepeHa ucnoJyib3oBanu Qymneperon-Ceqy, comepxka-
i 12 rufpoKCHIbHBIX Ipyi. KoMOuHanud momnu-
(YHKIHOHANBHOCTH U cepudeckoil popMbl ¢yii-
JepeHoNa OOYCIOBIUBAaIOT €ro MNpUMEHEHHe B
Ka4eCTBe MOJEKYISPHOIO Afjpa B CHHTE3€E 3BE3/1000-
pa3ubix PII.

A

OCN NCO

OCN HNOCO menrarnn OCONH NCO

x=12)

AN OCONHHNOCONWWWW OCON HNOCO-

Cunres 3Be3go0o0pasabix PII ocymecTsnsmy my-
TE€M KOH[CHCAHMU (yJiepeHoNa ¢ MOIUMEpPOM-TIpeN-
HIECTBEHHUKOM, KOTOPBIN MONy4ajdd MpPH B3aUMO-
AeACTBHH NONU(TETPAMETHIICHOKCHIT)ITTUKONA ¢ 4,4'-
MeTaHaupEHUNUN3OoIAaHATOM. [INs npenoTBpalle-
HHUS 06pa30BaHusA CIIMBOK MONUMeEp-MpeNLIeCTBEH-
HUK Gpanu B GonbiioM u36bitke (CNO : OH = 10).
3Be3noo6passblii PIT xapakrepu3yeTcs BHICOKOH BSI3-
KOCTBIO, OH PAaCTBOPSETCA B OOBIYHBIX OPraHAYECKHX
pacTBopuTensx. MoleKkyia uMeeT LIECTh JIMHEHHBIX
MONIMMEPHBIX Nyyeil. ITOT MOAXON MOXeT ObITh HC-
MONB30BaH AJIsI CHHTE3a 3BE3f000pa3HbIX monu3cdu-
pOB, MOMMKap6GOHATOB, ONHAHTHAPUAOB WM 3MOKCH-
NONUMEPOB. YBENUYEHHE YHCIA MOJUMEPHBIX JY-
yell, a ciefoBaTelbHo, MM 3Be3goobpasueix ®II,
HE MPHUBOJUT K 3aMETHOMY U3MEHEHHIO HX TepMHYe-

BBICOKOMOIJIEKYIISIPHBIE COEOTUHEHHUS  Cepus C

.

CKOTO MOBEACHH, YTO ABNASAETCH GONBUIMM TEXHOJIO-
TMYECKUM NIPEUMYILECTBOM. DTH NOTUMEPHI MOXKHO,
HanpuMmep, nepepabaTbiBaTh IKCTPy3Heil, He NOBbI-
Iasi TEMIEPaTYphI.

Mpyroii nyTh Mmony4yeHus 3se3n000pa3Hbix ®I1 —
B3aMMOJIE/iCTBHE KOMIIAKTHBIX [ICHAPDUMEPOB C
(YHKIHOHAIU3UPOBAaHHbIM y/iepeHoM. B atom
cllydae peareHThl HMEIOT TOYHO ONpeAeNieHHOe KO-
JA4eCTBO (PYHKUMOHAJIBHBIX [PYII, YTO JAaeT BO3-
MOXKHOCTh KOHTPOJIHPOBATh PEAKIHI0O 06pa30BaHus
3Be3foobpa3neix ®I1. B wactHoCcTH, DynnepeHoco-

‘BepKalliye AeHAPHMepbI GbLTN NONTYYECHbI IPH B3aK-

MOJEUCTBUH KaXKAOil U3 IBYX (PeHOMBHBIX IPYIIIL, JIO-
KaJIM30BaHHbIX HAa MOBEPXHOCTH (PyHKIMOHATH3UPO-
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1990 KAPITAYEBA

BaHHOTrO Cg, ¢ GPOMIIPOM3BOAHBIM MONMU3GHPHOrO  HbIH 3Be31006pasHblii $I1 uMeeT xopomIyio pacTBo-
AenppumMepa B npucyrcTeun K,CO; [169]. Ionyues- puMocTs:
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B oTnuume OT OMMCAHHBIX MOMAMEPHEIX CTPYK- B KauecTBe NONHMEPHOrO MpeflecTBEHHAKA Ohl
Typ B pa6ote [170] onmcan 3Be3goo6pa3ueiii ®II, BEIGpaH 3Be30000pa3HbIA FEKCAXIOPIOTHCTHPOI
B KOTOpoM C¢, He IBAfAETCS SAPOM, HO Kaxabii u3 (M = 1.8 X 104, ~30 3Bennen IIC Ha Kaxpblit ny4d)
INeCTH ero nydeil uMeeT KOHIEBYIO Cg-rpymmy. [171].
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PYNNEPEHCOIEPXANME ITOJIMMEPHI

Ilpu B3auMopelicTBUN 3TOro monumepa ¢ 100-kpat-
HbIM H36bITKOM Me,SiN; # 20-KpaTHBIM H3GBITKOM
TiCl, B xnopucTom MeTHICHE B TeUCHUE 12 qHEN IIPH
—15°C mpoumcxoguT MONHOE 3aMEIlEHWE XJIOpa Ha

1991

H /c1
\C\
/ Ph
CH,

asupHyro rpynmy. ITpu B3auMoneicTBUM reKCaa3suio-
NOJIUCTHPOJIA C IBYKPATHbIM H36GBITKOM (IO a3MAO-
rpynnam) Cg B XxJiop6eH30/€ B TEYEHHE OAHOTO JHA
nony4anu 3Be3goo6pasHeii PII.

BonbsramnepomeTpuieckoe HCCIEAOBaHHE MOKa-
3aJI0 COOTBETCTBHE XapaKTepa LUHKIHYECKHX BOJIBT-
aMneporpaMMm npou3BofiHbIM Cgy. TI'A-aHanu3 06-

HApY>XWI [Ba nepexopa: mpu 200-450°C, xorpga pecr-

BbICOKOMOIJIEKYISIPHBIE COEMUHEHUSA  Cepus C

pyktupyloTr IIC-merm u mpu 470-570°C, korma
npoucxoaut aectpykims Cg. OTHOLIICHHE IOTEPU Mac-
Cbl [IPH 3THX TeMmeparypax (77.3 : 22.7) cooTBeTCTByET

otHomenuto Mace ITC-nyyeit u Cg, (80.6 : 19.4).
N 11
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1992

PU3BUKO-XUMUUYECKUE CBOUCTBA
U OBJIACTU MNMPUMEHEHUS
®YIUIEPEHCOOEPXKANUX ITOJTUMEPOB

HHTencuBHbIe paGoThl Mo co3pannto PII cessa-
Hbl ITIaBHBIM 06PAa30M C HafEeKIaMH Ha MPOSBICHUE
3aMeyaTelIbHbIX CBOMCTB (pyJjiepeHOB B MOJIHMEP-
HOM cocTosiHuM [172]. HakonneHHbI# OKa CpaBHU-
TENBHO HEOONBIIONH IKCIEPUMEHTANBHBIN MaTepHat
CBHJIETEJILCTBYET O TOM, YTO 3TH HAfiEXkKAbl B 3HAYHU-
TEJILHOM CTENEHH onpaspanuck. bonee Toro, o6Hapy-
JKEHBbI HOBBIE YHHKaNIbHBIE cBolicTBa DI (B yacTHOCTH,
MEXaHHYECKHE), KOTOPbIMU He 00/1afiaeT MOHOMEpHast
dopma dynnepena. JJanee Ha HECKONBKUX MPHMEPaX
IIPOAEMOHCTPpHpOBaHbI cBolicTBa PII.

Cononumeps! ctupoina U Cgy CyLIECTBEHHO OTIIH-
YaroTcs no cnekrpanbHbIM cBoicTBaM oT I1C u Cg,.
MakcuMyM B cnekTpe iayopecueHIyy TEXHUT B 06-
nactu ~600 HM npu BO30yKIEHHH B BUAMMOIT obac-
TH CIIEKTpa U CABHHYT 6oiee, yeM Ha 100 HM B KOpoT-
KOBOJIHOBYIO 0GJ1aCTh 10 CPaBHEHHIO €O creKTpoM Cg.
PnyopecueHIysl CONONUMEPA HE 3aBUCHUT OT JJIMHBI
BOJIHBI BO30YK/eHMs BILIOTh 10 A = 400 uM. OpgHako
1pH BO30YKACHUU B BUTUMOH obnacTu cnektp ¢uy-
OpECIEHIMH 3aBHCHT OT JIMHbI BOJIHBI BO30yXXal0-
IIEro CBETa, 3aMETHO CYXKasACh, YTO YKa3blBaeT Ha
HEONHOPOAHOE paclpefic/ieHUE U3NyYaTebHbIX LICH-
TpoB [173, 174]. I1pu 3TOM KBaHTOBbIH BeIXON ¢hiryo-
pecueHMy B o6nactd 600 HM CyLIECTBEHHO BBILLE,
yeM y cBoOopHOro Cy, [175-177]. YBenuyeHHEe KBAaHTO-
BOro BbIixoAa ¢uryopeceHuuu Cyy B COMOIMMEpPE MO-
XeT GbITh CBA3aHO C IOHWKEHUEM CHMMETPHH MOJIEKY-
161 Cgy IPH BKITIOYEHUHM €€ B ONUMEPHYIO LETb.

[ns nonuMmepa, mONy4YeHHOrO B Macce, OTHOLUe-
HHE KBAHTOBBIX BBHIXOOB (pIIyOpecUeHIMH TMpH BO3-
Oyxnenun B o6nacru 350 M @ /P, = 23. Ipu Bo3-

OyxpeHuu B Y ©-0651aCTH CIEKTPA MIMEET MECTO TYLUE-
Hue ¢nyopecuenuu I1C, cBa3aHHOE ¢ mpoleccamMu
BHYTPUMOJIEKYJISIpHOU Nepenadu sHeprum [174, 178].
Cép IPH 3TOM BBINIONHSET POJIb SHEPTETUUECKOI JIO-
Bywiku. C yBenuuyenueM copepxkauusi Cg, TyIICHHE
¢nyopecueHIUN TPOUCXONUT GoJiee HHTEHCHBHO.

3aryxaHue ¢ayopecleHuuu conoinumepa IIC-Cg,y
HMEET XapaKTep, CUIbHO OTIMYAIOWMIACS OT 3KCHO-
HeHIuanbHOro [80]. OnpeneneHHoe U3 KPUBOM 3aTy-
XaHUSI Cpe[HEE BpeMs XKU3HH CHHIJIETHO BO30YXMCH-
HbIX cocTogHui ¢ = 1.47 He. CnoxHBIN XapakTep KpH-
BOHi 3aTyXaHUs (IIyopeCUECHLUUH MOXET ObITh CBA3aH
C OfHOBPEMEHHBIM CYLIECTBOBAHHEM MHOXKECTBA U3-

BBICOKOMOIJIEKYJIAPHBIE COEITUHEHHUS  Cepus C  tom 42
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NydyaTeAbHBIX HEeHTPOB. IlogTBepXKaeHWEM 3TOro
NPERNONOXEHHs MOIIH Obl ObITb pe3yabTaThl UC-
CIeOBaHKA 3aTyxaHus pIyopecUeHIUH B 3aBHCHMO-
CTH OT AJIMHBI BOJIHBI BO30yxKaeHusa. K coxanenuro,
TaKHUE JaHHEBIE OTCYTCTBYIOT.

PactBopbl Cg, OOHApy>KHBAIOT HENMHEHHBIE OM-
THYECKHE CBOMCTBA, YTO NMPOSBJISETCSA, B YaCTHOCTH,
B Pe3KOM YMEHBUIEHHH MPO3PayHOCTH MPHU NPEBbI-
IIEHHH HHTEHCUBHOCTH ONTHYECKOTO H3JyUeHHs He-
KOTOPOrO KPUTHYECKOTO 3HaUYeHud [179].

Ogpnaxko pacrsopsl [1® 8 IMCO 0o6HapyKUBaIOT
ropasfio MeHee HHTEHCUBHYIO (IyOpPECLEHIMIO, ef-
Ba [IETEKTUPYEMOE TPHIVIET-TPUIVIETHOE NOIIOILECHHE
U cnalblil ONTHYeCKUH OTKJIMK NpU BO30YXIEHUU Ha-
HOCEKYH/THbIMH HMITYJILCAMH JTa3epa A = 532 um [180].
Takoe nosenenue [1P cBA3bIBAIOT C HAJIMYKMEM B IIONIH-
Mepax [OMOJIHUTENbHBIX MyTeH [e3aKTUBALMH CHHT-
JIETHBIX BO30YXK/IEHHBIX COCTOSHHMI IO CPaBHEHHUIO C
MOHOMEpHOI ¥ fuMepHo# popmamu Cqy. He mpuseno k
ycnexy u BBefieHue Cqy B MaTpuiy [IMMA [181]. On-
HAKO OKa3asioch, ytro PII, monyuyeHHbI pU OIHMe-
pu3alu cTuposa B mpucyTcTBun Cgy B runepbapuyec-
KUX YCJIOBUSIX, OOHApY>KUBAET PEKOPAHOE MOHIKECHUE
[IPO3PavyHOCTH MPU YBEINYCHHH HHTEHCMBHOCTH Majia-
rouero usnydenns [182]. Teeppabiil monumep nonyya-
71 npu Bo3fieiicTBuU Ha pacTBop Cgy B cTHpoie (¢ =
= 2 mac. %) panenus 0.1 I'Tla npu 200°C B TeueHune
5 4. Bkiroyenne Cg, B IOJTHMEPHYIO LENL JOKa3aHO
meroamu ['TIX u SIMP 13C. [Tony4yeHHbie TIPOAYKTHI
uMmetoT M = (2.2-3.0) x 10*. Ha puc. 5 conocraBneHs!
3aBHCHMOCTH HHTEHCHBHOCTH MPOILIEALIErO CBETA OT
HHTEHCUBHOCTH MAMalOIIETO U3NyYeHUS I PacTBO-
pa C¢ B ctupone u ®I1 Ha ocuose [1C, umeromero
KOBAJICHTHO BCTPOCHHBIE 3BeHbs1 Cgy, TPU PaBHBIX KOH-
nentpauuax Cg,. BURHO naTHKpaTHOE YBENMYECHHE (-
(eKTHBHOCTH B Clly4ae MOMHMMEpPHOro obpasiua. ITH
Pe3yJIbTaThi JAKOT OCHOBAHUE Mpefnoiarath, yro PI1
MOTYT OKa3aTbCsl MOJE3HBbIMH [ MCIIOIL30BAHHS B

‘ONTHYECKHUX 3aTBOPAX, IPUMCHACMBIX U1 3allUTHI OIl-

THYECKUX YCTPOUCTB OT HHTEHCHBHOIO OOTyYEHHUS.

YHuKanbHbIe 3NEKTPOGU3NIECKHE CBOUCTBA KPUC-
TasnoB Cg,, IErHPOBaHHBIX NapaMH LHENOYHBIX METATI-
JIOB, CBS3aHbI C NOMMMEPHON NPHPONOH 00pa3yoLLHX-
csl HM3KOpa3MepHbIX CTPYKTyp. [lommMepHrie Kpuc-
Taynel Ha ocHoBe (KCgy), mpepcraBisitor co6oit
TpexMepHble MeTannbl. [IpoBOIMMOCTE METIEHHO yBe-
JNUYHBAETCS NIPU MOHVDKEHHH TEMIIEPATyphbl BILTOTE JI0
4 K. ITonumepnl (RbCyy), 1 (CsCy), ABNAIOTCA OFHO-
MEPHBIMH METAJUIAMHU U IEPEXONAT B AUIIIEKTPUYEC-
kKoe cocrosiuue mpu 50 u 40 K cooTBETCTBEHHO
[18, 183~185]. B To xe BpeMa B pabote [186] He 00-
HAPYKWIH METAIIMNYECKOrO XapaKTepa IPOBOJUMO-
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SYIINTEPEHCOIOEPXAIIUE IMOJIMMEPDI

cta (RbCgy), U (CsCyq),. ConpoTupieHHe pacTeT C
yMeHbIIIeHHeM TeMiepaTypbl. OfHAKO Takas MOIy-
NPOBOJHUKOBAsI TEMIIEPaTypHas 3aBUCUMOCTL COIIPO-
TUBNIEHUS JIEFKO NMEPEXONUT B METAIIIHYCCKYIO TIpH
NPHIOKEHNH THAPOCTATHYSCKOrO IaBICHHUS.

TTokasaHo [187], yTo monumep, NoayUCHHbIA OpH
nonumepusauu Na,CsCqy nop gaBnenuem 0.3 I'Tla,
COXpaHAeT CBEPXMpOBOfLLIME CBOACTBA, XapaKTep-
HbIe 15 coefuHeHuit A;Cgy [188—192].

IMpucymas ¢yuiepeHaM pefoKc-akKTUBHOCTb, KakK
npasuio, nposeisiercsd u B PI1[106-108, 138, 142-144,
152, 156, 193]. Haubonee uHTEpEeCHLIMU MPENCTAB-
NAOTCA NONydYeHHbIE AEKTPOXHMHYECKH 3JIEKTPO-
aKTHBHBIE NTOJIMMEPDI 3NOKCH(yIIepeHa, cofepxa-
e Cq B ocHoBHOW Hermu $C¢ 04, [106-108, 193].
Oco0eHHOCTBIO 3TOTO NMOTMMEPA, KaK YXKE YIOMIHYTO,
ABMSETCA TO, YTO OH MONYYaeTCs 3NEKTPOXUMHYECKH
npH KaTofHo# peakiyyn. KoMGuHauus KaTHOHHO Ipo-
BOJALLECTO MaTepHaa ¢ aHHOHHO MPOBOMSALIMM (HarpH-
Mep, monumupponioM [194]) mpepacraBnsieTcss OYEHb
BaXKHOM C TOYKHU 3PEHMS UCTIONB30BAHUA UX B MHKPO-
3NIEKTPOHHUKE H JJISi CO3[AaHUA AKKYMYJIATOPHBIX Oa-
Tapeit. MakcuManbHOe 3HaUeHUue eMKOCTH 340 MA/r
JaeT OCHOBAaHHME pPACCUMTBHIBATL HA HCIONb30BAHHE
3NIEKTPOAKTUBHBIX MONMMEPOB 3MOKCU(YIIEPEHA B
Ka4yeCTBe 3JIEKTPOJHOIO MaTepuaa IpH CO3aHHU BbI-
COKOEMKHX Nepe3apsbKaeMbIX JIMTHEBLIX 6atapeit. [l
NOMMMEPHBIX MPOM3BOAHBIX THOdeHaA (143, 144], co-
mepxkanmx Cgy B G0KOBBIX 3aMECTHTENAX, XaPaKTEPHO
COXpaHeHHe 3JIEKTPOXUMHYECKUX CBOYICTB H ITOJIMCO-
NPSKEHHOTO fnonuMepa, U Cgg, YTO JAET OCHOBAHME
ANs TPERNIONOXKEH! O BO3MOXKHOCTH NPOSBJICHUA
HOBBIX CBOVICTB, 6lIarofaps ux B3auMOAECHCTBHIO.

I1®, nony4eHHbIN B OYEHb XKECTKHX TepMOoOapH-
yeckux ycnoBuax (p = 0.5-13 I'Tla u T = 620-2100 K)
ob6nafaeT YyHUKaJIbHbIMH MEXaHUYE€CKHUMH CBOHCTBa-
mu. [To TBeprocTu OH npeBocxopuT anma3s [33, 195].
C ppyroii cropoHbl, npy B3aumoneidcTsuu Cqg C u-
M30LHAHATHBIM MONUMEPOM ObIMH MOMYyYEHB! TpEX-
MepHbIe 31acToMepHble ceTku [167-169]. Mns mo-
CTHKECHHUS BBICOKON KOHIEHTPALMH CIUUBOK HCIOJb-
3y10T 3KBUMONBHOE oTHOWeHHe rpynn NCO u OH.
SnacToMepbl XapaKTEPU3YIOTCA yAYYLICHHBIMH Me-
XaHWYECKHMH CBOMCTBaMH. B YaCTHOCTH, yAJIMHEHHE
Ha pa3psiB cocraBisieT 580%, 4To B 16 pa3 npeBbILIAET
3Ty BEJIMYUHY [JIs1 IMHEWHOrO MojiuMepa. Takue ceTKu
OKa3aJIiCh O4YEHb YIOOHBIMU 15l MONYYEHUS KOMIO3H-
TOB C TOHKMM IPOBOMSILKMM ClOEM Ha MOBEPXHOCTH
anmacroMepa. OGpa3sylolluiicss B pe3yibTare MOBEpX-
HOCTHO# NMONIMMEPH3aLMH AHWIHHA B3aHMONPOHUKa-
FOLIEI CJIOH TOMIUHOM Beero 20 MKM ofecneynBaeT
NPOBOJUMOCTD G = 2 CM/cM 6Ge3 yxyaLeHust MeXaHH-
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Puc. 5. 3aBUCHMOCTb HHTEHCHBHOCTH MPOLLEKLIETO
CBeTa OT MHTEHCHBHOCTU MAJAIOLIEr0 W3JIy4eHHUs
nasa pacreopa Cg, B ctuposne (/) u TIC, umeroumero
3BeHbs Cg (2). [Cqpl = 2 Mac. %.

YEeCKHMX CBOHMCTB HCXO[IHOTO 3J1aCTOMepa. JJIeKTPOH-
Hble CBOYCTBA MPOBOAALINX 3IaCTOMEPOB 3aBHCST OT
nedopMmanui, OOHapyXuBasi YBEIHYEHHE MPOBOAU-
MOCTH Jaxe IOCJIE TOro, KaK 3JIaCTOMEP pacTAIruBa-
nu o pyaHe Ha 500%. DTa cHHTeTHYeCKask CTpaTerus
WUTIOCTPUPYET IUIOROTBOPHBIN MOAXON IS NMPHAAHUS
HEOOXOMUMBIX 3NEKTPHUCCKUX CBOUCTB 31aCTUYHBIM
MONMUMEPHbIM MAaTPULIAM M OTKPBIBAaeT MyTd N CO-
3aHus HOBBIX MATEPHAJIOB.

3AKIIIOYEHHE

Oco6GeHHOCTH CTPOCHHUS U 3JIEKTPOHHOM CTPYKTY-
pbl ¢ynnepeHa (nonuagpuyeckas ¢gopma MoOIEKy-
ab1 Cgy, 3KBUBAJIEHTHOCTh Beex 60 aTOMOB yriepopa,
BbICOKasi CMMMETpPHS M MONAPH3YeMOCTh, CHOCO0-
HOCTb OT[{aBaTh OfMH U NPUHUMATH A0 12 31M€KTpO-
HOB M T.[I.) OGYCIOBUIN MHOrOOOpa3ue MOAXONOB K
cunre3y PII. 3a KOPOTKMIl NEpPHO BpeMEHH, HE Ha-
CUHTBHIBAIOIIMA W 10 NeT, CHHTE3UpOBaHBI Pa3iHy-
Hele knacchkl ®I1. OCHOBHBIE U3 HUX — 3TO COOCTBEH-
HO moNUQyIIepeHbl, B KOTOPBIX 3BeHbs Cg COeIHHE-
HbI MEXKAY 000 KOBATIEHTHBIMY CBA3SIMU; MIOJIUMEPHI,
NOJTyYeHHbIE NPH TOJTMMEpU3aliuK ysiepercoaepxka-
IUX MOHOMEPOB, a TaKXKe MOJMMEPDI, MONyYECHHbIE
[yTEeM COMOJIMMEPH3ALMU Pa3THYHBIX MOHOMEPOR C
¢ynnepenoM. 3BeHbs Cqy MOTYT HaXORUTHCS Kak B
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OCHOBHOM 1LIeNH NONHMEPA, TaK H B GOKOBEIX 3aMec-
THTENAX, a MOTYT SIBISATBCA SNPOM B 3Be3f000pas3-
HBIX MOJEMEPaxX WM KOHICBBIMH IPYNNaMH Jy4ei.
Mexanu3mbl GOpMHUPOBaHHS NOTHMEPHBIX CTPYKTYP
BKJIIOYAIOT peakld IUKIonpucoeauneHus, ®pupne-
ns-Kpadrca, MeraTesuca, pafukanbHble U HOHHBIE
peaxkuHy NOJTHMEPU3alUH, TONUKOHIESHCALHIO U ApY-
rue. [Tonyyennsie ®II, kak npaBuiIo, XOpOWIO pac-
TBOPHMBIL. B psifie cniyuaeB yaaeTcs MONYyYUTH TOH-
KHME NpO3payHblie MIIEHKH, B TOM YHCIE U IUICHKH
Jlearmiopa—-Bnogxe [196].

Ha mytu co3panus npakTuiecku Baxubix I eme
MHOT0 HepelleHHbIX Npo6neM. TeM He MeHee yxe mo-
Jy4YEHBI MOMUMEPBI, KOTOpPbIE HE TONBKO COXPAHAIOT
MHorue cBoicTBa Cgy, HO H CYILIECTBEHHO HX MPEBBIIIaA-
I0T. B nepByio ouepeqb 3TO OTHOCHTCA K PaCCMOTPEH-
HbIM B NpefibifyIeM pa3pene I, npossisrommm 3ne-
KTPOAKTUBHBIE U HEJTMHEWHBIE ONITHYECKUE CBOKCTBA.

INony4yeHHBI K HACTOALIEMY BPEMEHH IKCIlEpH-
MEHTAJIBHBIN MaTepHaJl JaeT OCHOBaHHME HAflesIThCA Ha
TO, YTO B OmpKakiume rofbl paGoThbl B 00JIACTH XUMHU
# ¢usuxu PIT 6ynyT MHTEHCHBHO pa3BHBATHCA M OT-
KpOIOTCSl peaiibHble MEpPCNEKTUBbI CO3JaHUA 3JIEK-
TPOHHBIX ¥ ONTHYECKUX NPUGOPOB HA HX OCHOBeE.
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Fullerene-Containing Polymers
- G. P. Karpacheva

Topchiev Institute of Petrochemical Synthesis, Russian Academy of Sciences,
Leninskii pr. 29, Moscow, 117912 Russia

Abstract—The review summarizes the data on the synthesis of various classes of fullerene-containing poly-
mers that were reported during a period of 1991-1999. Polymers containing fullerene as a member of the back-
bone or as a pendant group, as well as star-shaped polymers containing fullerene as a core or as the terminal
group of arms, are considered. The synthetic routes to obtaining these polymers based on the reactions of cy-
cloaddition, metathesis, radical and ionic polymerization, and polycondensation are analyzed. The properties
of fullerene-containing polymers that show promise for modern technologies are discussed.
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