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#Kadi.attongin--Induceuatr cP1 er zat n

       It has been found that the radiat±on-induced pc)lyrnerization

of. styrene is considerably enhanced by the use of extremely rigorous

                  1)2)
                        Evidence that this polyTnerization is duedrylng techniques.

mainly to a catiomic propagation Tneehanism comes both from scavenger

studies and from the determination of reactivity ratios in copoly-

merization experiments wi.th a-methylstyrene and isobutyl viny! ether

on the other hand, kp values are determined to be >3 x lo6 MpplsecMl

by electrieal conductivity method.3) The large kp value is

explained as a characteri.stic i,on-･dipole reaction for the free

ionic propagation process.4) Free toni.c poiymeritzation of this

monomer was earried out at O,, 25 and 400C. Tlie propagation reaction

of styrene in free eationic process in bulk is characterized with

lower activation energy as cornpared with that in other mechanisms

while the frequency factor does not change so much in its magnitude

frorn these ia radical and free anioni.c mech:misms.4)5)
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       The radiacien-indueed cationXc poXymerizatXon of ssuperd:ied

*sobutyl vinyl eehe: in buZk gave a half pQwer dose :ate depettdence

                                                               6)7)8)
o£ the raCe oS poZymerization at the ternpewature range Oebe50eC.

The pscopagation rate eottstant of the polymerizaeion of this monomer

                                                        5 "-S ualwas eseirnated as shown in Figure 1, for example Z.2 x 10                                                          M sec

a£ 25eC, by paraZleX measurevaent of the ttate and eXecprical conduc--

tiviey. These kp values obtained are mu,ch larger than the values

:eporced £o= the conventionaX cationic poXyme:ization in ion-paitt
mechartxsrn, o.os3 Mmplsecop1<in ccx4)9) and 6.s MMIsecMl(tn c2H4cz2)IO).

A pwQpagation reaction of this monorner.was fgund to be cha.racterized

by. a high firequency factor aqd also high activation energy,

9.6 Kcal moXpmi. This is explained by th,e mgtuaX interaction

bgtweem peeopagaeing caxb.oniurn cation and oxygen atorn gf this

uaottQme: anexecuxe.8) Ttxe numbe: ave:age degttge of poxymerizatiQn ..

of poXymesc foserne.d at 2SOC "ras evaluated to be 930 and thereEore ehe

rttottorner chain exqnsfer xate eonstant, km, was x3o MMI$ecta1 at the

gaTne eempexaeu:e. The activation energy for monomer transEeec ,

                                        ..xeeceacgiQn axe Qbtained tQ be 8.Z Kc{xZ rttQX ., The moXecu;ar uieight
            '
          '
 nf che pokymex obtained in freee cationic p:ocess sgems to be

 xeXativeXy high eomparing with pglyrne:s by. catalysts.

        A gaeionic tnechamism was propgsed fQr ,the radiation--induced
  '

 poXyxne:ization of d:y cte-tuethyXstyscena with the evidence of st:Qng

                                          IX)
 xeUascdapt.ionby1crweQncent.rationofarn±ne andcopolymerizatiom

 expegetwgzats wXth styscene which demonscxated a catiQnic monoraex

 scdvact±vieyeeatios.X4,) ,....

-- 2 op



                                                                    39

       The stereoregularity of poly ･ctp-methyls,t:yrene obtained by,yp,.,

irraciiat±on,has been qnalyzed by NMR methodX6) and.compared with ...

                                   14)
polymer fo:mecl,by cation'ie catalyst,･ as shown in Table Z,

Ae OOC, it vifas obseryed that polymer forrned by radiatiQn has

higher content of syndiotactic structure than polymer by catalyst,

Thismightbeinterpretedonthebasisofthedifferenceofthe -

structure at the growing cationj t.hae is, on.the efEgc-t of counte:

'

                                           '

Photoo-rnduced:ewtnicPZeiti -., .
       Photo-induced. ion±c. polymer±zation Qf seyrene arid ct-rnethyk-

seyrenewhichareweakdonorsandcontatnnoheee:oatomswas ･

carried out in the p:esence of tetracya"obenzene and pyromeXlkic

anhydutde eo elucidate the pokyrnerization mechanispa･initiatgd by

                               Z3) .,excitedchargetransfergompZex, .. . .,･･,
       Phoe,o-illurnination･was,ca:ried･out with a.high,pressu:e

mercury 1,amp through f,il'ter.s gg water,attd n-he? ne solutSon cQtttaining

1%ofmonomerwhichcuts,off,.oEvoraveXengehshorterthan300nm. ,

The phoCo-induced polymescizatSon oE-ct-mep, hylstyxene uas-observed in

ehe presence of either tetracyanobenzene ox pyromeZiieic anhydride

in l,2e-dicbioxoethane solutton... The.mQJecuXar we.tght'ofi Vhe polyme:

£orrned at di-300C, was eseimated sg be 7760Q. ,No pajymex uag obCained

±n dark oee without rigorous dxying gf rnomoraer and solvent. (T.abXe 2) ,

This poXymexizat±ott uas compleCely inhibited,by,the addicSon of a ,

escace arnount of tntethylamine, as :eposetted,fox the vadiat4,,on-indueect

ionie po2ymexizations. A copoXymeeeization wigh ,sg.y,rene,.,at,.09C ,.

confSxums a caerkon mechanigmo, The memomex reactivity raeios awe

                             -- 3 --
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y"a-methyistyxene) as 2.0 and y2(seyrette) = O.ll and ciose to

                                                              zs)those reported for cationic polymerization initiated by SnCX4 .

The stesceeregularity of poly ct--meehyZstyrene formed by photo-

ilXuntnation was found to be the sarne as the polymer by :adiation.

         i6)
(Table Z)              Recentiy, cyclohexene oxide was also polymer±zed by

                                                                     l6)photo-ilZumination and the mechanism was thought to be cationic one.

       To elucidate the initiation rnechanisTn, some $pectroscopic

measuscements were carried out. Tetracyanobenzene has an absorptSon

maximurn at 3Z6 nm and a Eluorescence maxirnuTn at 324 nm in the mixed

solvent 2,2nydichloroethane and cyclohexane (volume ratio of 1:2).

[Vhe fluorescence of tetracyanobenzene was quenched by the addition

of a small amount oE ct-rnethylstyrene (pvlo-in2M) and a new em±ssion

spectxum appeared at 520 nm. The new emission is thought to be the

fluorescence of Che excited charge trans£er compiex of tetracyano-b

benzene with ctdimethylstyrene. The rtuorescence decreased with

increasing polarity of the solvent, because oE the dissociation of

the excieed complex to ion pairs in Che polar solvene.

       The absorption sp,e¢trum of the mixture of tetracyanobenzene
(s x zoan4M) ana ct-methylstyrene has a charge transfer band at

363 nm, which indicaees the existence of a weak charge transEer

interaction between these compounds. However, our results indicate

that the charge transfer interact±on in the ground state does not

initiate the polymerization, but that the excited state plays an

impoxtant role. Chis is also supported by the faet that the additiott

of durene, whieh quenches the fkuoxescence of the excited complex

-4-
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ofi geee:rg:yaxtebeftzeme vg*ith a--metshyistyxene, geetaxds the polyrneri-

zation, ass shown in Table 2.

       The fiixst oxder dependezacee of ghe fomation of iomic species

mgagured by phoee conductSviey method and of che raee of poXymeri-

zatSgn gn Sncidemt XSghg imCenstCy werg gbserved as shown in

Figuxess 2 and 3.

      The initiaeioza mechazzigsu off ehis Somic poXymexization ig

deducect as fieZZow$,

      A -m-"a:/k 2Ask --="Rm-di Z(mA)A ri 3(DA)" aj

      nvtzvent <Dlllozv'`'A:sgiv)= Dtssoxv "int'A:soiv

           Ag Accepigox, P: bortomesc

pt- 5 mm
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               gte ,.,
   RadiatSort-induced polymexization ofi isohutyX vinyl ether.

   AwwehemXus plots Qk' tthe rate constantcs fott propagation kp

                             g) .   and ruonQmer twanssfferg ktme

   Dependemca of slope of initiai photto-cuscrent of orMeSt-ncNB

                               X6)
   oninciciefitZtghtintensSty. .

          [cr･}te･S#] wt 7.6 × XOMXM, tTCNB] :: 5 × loM3M

          SoXvent; n-arfiylaZcohcl 163Vlem

   Dependence oti rate off poZyriteri2atrion of ct-vaethyXseyrene

                                        Z6)   on indidenc light imtefisS.ty at --30eC.

          [ctMeSt] th-' 1.9 M, [TCNB] = k x ZO""3Ms in C2H4Ci2e
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Table X

℃aceicity ef Poiy-ct--methyXstyrene

PoXme=Szation temperature OOC

Tactici#y       Phoeo 16)

CH2CZ2 (CH2Cl2)2 Bulk

Radiaeton

CH2Ci2

      16>

(cN2Cl)2

Cataly$e

CH2CX2

14)

sx 67e8 70e9 64e6 65,7 70.k 37e3

H% 23e9 2Ze5 2Xe2 19e5 25e3 46.0

sx 8e3 7e6 14e2 14e8 4e6 Z6e7

-8-
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               Table 2

                                     13) l6)
PhoCoe-induced Cationic Poiymexization

Monomer Acceptor Additives Urne

 hr

Tempexature

     eC

Yield

  x

ct

ct

ct

ct

MeSt

MeSt

MeSt

MeSt

or MeSt

ct MeSe

ct MeSe

 CHO

TcuB

TCNB

None

TCNB

TcuB

lrCNB

PAH

PAH

   None

   None

   None

   H20

        -3    2xXO          M

N(C2Hs)3

        -3    SxlO          M

Durene

        -2    2xiO          M

   None

   None

h

4

4

4

4

4

4

'3

  -30

  +30
'

  --3O

  -30

--30

e- 3O

-78

o

7el8

le23

o

o

o

1.79

 4e9

S7.3

ct MeSt:

CHO ;

TCNB :

PAH :

ctmethyZstyrene, [Monorner]:

Cyclohexene oxide

Tetracyanobenzene IAcceptor]:

Pyromeliitic anhydr±de

1.9 M in i.2 dichloroethane

      -31x le        M

-9-
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