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High Pressure Copolymerization of Fumaronitrile-Effect of 

Pressure on the Penultimate Effect-

by Goichi ENOMOTO*l. Yoshiaki OGO*2 and Tahuya IMOTO*2 

Radical copolymerizations of fumaronitrile with styrene, I, 1-
diphenylethylene, methyl acrylate, vinyl phenyl ether, a-methyl
styrene and methyl methacrylate were investigated under high 
pressure up to 7000 kg.fcm". 

The copolymerizations of fumaronitrile with styrene, 1,1-
diphenylethylene and vinyl phenyl ether having small e-value 
proceeded at sufficient rate under high pressure and the com
positions of the copolymers were very similar to the composition 
of alternating copolymer. 

The penultimate effect on the copolymerization system with 
fumaronitrile showed a tendency to decrease with increasing 
pressure. High pressure is presumed to be effective for elimi
nating the penultimate effect on the copolymerization. 
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*2 Osaka City Universiry; Sugimotlr-cho, Sumiyoshi-ku, Osaka-shi , 
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7 '":? [J = t- I) )j,O)i!iE£;l:t;:m:~-penultimate Yil~;!':~9 ~ E£1J O)~W-

( lIB ;f!l 45 ~ 4 ,Ej 24 I'l -¥t ']l ) 

;fl * ~U _*1 . /J~ ~~ .& iljJ*2 . ;It- * ..g tf:!. *2 

7 "'l P =- ~ Y Iv C ;;<. 'f- 1/ :/, I , 1- ~ 7 '" =- Iv Z 'f- 1/ :/, 7 ~ Y Iv ~) 7- lv, l! =- Iv 7 '" =- Iv Z - 7 IV, (1;-) 7- Iv ;;<. 'f- 1/ :/ },; J:. rf. 
) !I ~ ~ IV~) 'f- Iv C (J) '7 ~ 7J Iv ;ttlll: il" ~ 7000 kg/ cm2 ;E "(' (J) 1JnEE r"('IT tJ: .., ~o 7"'l P =- ~ Y Iv IJ: e fiR (J)/J' c!' ", ;;<. 'f- 1/ :/, I, 1-

~ 7 '" =- Iv Z 'f- l/ :/},; J:. rf. l! =- Iv 7 '" =- Iv Z - 7 Iv l: J:. <: ~1Itil" L., 3c:][~lli: il"i* IC lli:"';f, ~ "'l - ~ f~ ~ 0 7"'l P =- ~ Y Iv l: (J) ~ 
lIiil"lf-IC}'; ", 'L l: <: fCIlli~fC <b IOd?:i'L 7.> penultimate ~51UJ: ji}jEEfC J:. .., 'L ~~m c!':i'L Q ~1oJ ~ff; L., ii!iiEE(J)iOOffllJ: penultimate ~ 
.~ff;~~.il"lf-K~~KWffl~7.>~(J)l:~~;:i'LQo 

1~ ei 

-60)5~~N.~ •• K~ , ~~" -5~~No)&~~~{

O)*\I~-t./ "-1litLO).7t-fC ~ -:> -C~]:iE~ ~1,~ ~ It, 5 ;§!4i3"Jt£.1N:iE 

~<b~o L.~L.<b~.0)~m~*'l:~~~"-5~~No)&~~ 

l';:l*~ffil-t./ ,, - J;J,)'Pc{-O)-":)=fM"O)llj'H1?-t./? -1litL, <b~ It, 

1';:l*Yffil;6'~ t -:> ~~~~t:-t./ "-1litLO)f3'&~~~-9~~,~;6~<b 

~, C.~~I';:l penultimate ~*~~~~!l!~~l1iH!~, (-O)mf. 

1ZSI1';:l:sL{;lti:1It}:*, f..l!~rn:t#!£r~'O) Field ~*ta: ~ ~;t~~-Clt, 

~o ~td)b, T~O)~ 5 t£. penultimate~*~~~.&~'l:I';:l, 
~ ~ ,,- 5 :; ~}V ~ -t./ ,,-r~' IC lit#!£ C 5 L.O) ffi1LfFfljiJ~<b 

x X X ------------ X 

~ bH=iH 
X X X. ______________ .,.X 

*1 Goichi ENOMOTO :=:~ l/ l' '" :/ tl<iI:~t±, ~mm4JII 
1BJ=:'l'm 

*2 Yoshiaki Oeo, Tatsuya I MOTO *pjmlL*~I~$, 

*~&m{iEJKt~*1BJ 

~, ~il~:l*~0){;lti:fjl;6~~1in::* &- < t£. -:> -c:J:o ~, L. t,:;6; -:> -C C. 0) 

~5~~.~*~*&-~ff~~*~~~~~k~~~o*.~~ 

~<,;: penultimate ~*0)*&-1t'~~:iE~~~ '7"o~ ,,~}V 

~0)~1I!~fC":)It'-C (-O)ffN?b*~~HL.t,: t O)-r:'<b~ 0 

2 AT V / c(7)~1t~ 

2.1 ~ • 

2.1.1 ~ ~ 

ATV/(St): rTlIUiiJ'o~ 10% T;:tWiE~7"" I) ?.L.7J<:i~Il!Z, 10 

% 7J<:M1t 7" " I) ? .L. 7J<:iilll!Z0) I~ -r:!tD:. L., 7J<:i5I:fl,Hi1t ~ }V'-' ? 

.L.'l:¥Z:f* L., ilJX.ff#i\'i¥l (54°C/30 mrnHg) L.t':o 

'77 0 ~ " ~ }v(FN): mllliO) '7" }V$:;.:r.T }v;6'~~ntL., 

",/t'/- :t5im.:r. -7}v*-r:'f1ffi!ld"oVc mp 96 ___ 97°C O)to)\!:, 

fljlt't.:i)o 

Irans-C2H,02CCH=CHC0 2C2H , 
NH,OH 
--> trans-H2NCOCH=CHCONH2 
~H,CI 

P,O, 
--> trans-NCCH=CHC N 

1) "Organic Syntheses ", Call. Vol. I, p. 302(1943)_ 
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7-er :"'- : .~ Ok~lJ~~kO)fftE~~8~M •• 1..-t::.0)~ 

;rnw (bp 56----57°C) 1..- t.:: o 

~:"'--e'/ : mllRp"'a:a::I~WfEM-C~JJH& , 71<1.\1:1..- , J:l1tlJ )V~~ k 

-c~r,iM&:fi'iW( bp 80°C) 1..-t::.o 

7 'J t.':A -1 'J 7" =r 0 .=. r ~ )v(AIBN) : mllRJ'p:a:::;l 11 .J - )V-C 

:p}~ra 1..- t::.o 

:;l11.J - )V: mltliiJ'p:a::~W1..-t::.o 

2. 1.2: ~Siln~ : BiJC;l.l'&~~I'J:~'E.J" - ~m: 50%, ~~Mflj 

(AIBN) IMm: 0.03% 0)7 -e r /I.§~ c 1..-t::.o lif.t:iffitm:I'J: 600 e, 
J:E)JI'.t~~ 4000 kg / cmz -C<b:Q ° ~~ :J ;f- ~ "- I'J: 7 -e r:"'--:;l 

11 .J - )1,* -C ~tt~*,UI.! 1..- , 60°C "(·~EE~f.* 1..- , ~ti~7ttff 

K.tIJ :J ;f- ~,,-.~:a::~%1..-t::.o~;t,;~~3l:b*:a::.HT:Qt::.~ 

~e.'itEE-Crrt~."t::. 7-e r / , 7-e r /-r\/-e'/I.§~O) It~~~ 

f'J: , P'l~~~ 150cmS O);Ii '7 :Att~:a::ffl"' , 'E.J ,,- /I.§~O)'E 

}v}l: 1/ 12, 60°C -crrt~ ."t::.o 

2.2 *5~C~. 

c'; ~ Ie. ~jffiA:t::..t 5 Ie. penultimate 3l:b*O)~~v'J:'E.J ,, - c;f

'J "-'7 ~ lJ )Vra~O)~tE~~£ Ie..t:Q Field 3l:b* c:sLI*~~O)'" 

f:J1,:6>Ie.~~T:Q c 1r':b:J1,-c,,':Qo 

"'"*. penultimate 3l:b*O)jo~:6;;f- ~ " -'7 ~ lJ)V C 'E.J ,,-ra~ 

Q):taJ!tE1i~£Ie..t:Q Field ~*cT :Q C , jilijogfe.fiJJ< jH'J:"?~O) 

Coulomb O)?tJlU fe. 1..- t::.tJ; 5 ° 

F =(_l_ ). ( qlq2) 
411:0 r2 (1) 

*-R. 1..- 0 1'J:~ibto)~'m*, r 1'J::taJ!tE~~£ra~O)~g~l , qlqz 1'J:.:t0) 

1I[{iij-c <b:Q ° 
c'; -C e O)*O)ll!.~ibt-c <b:Q 7 -e r :"'- *-CI'J:;f- ~ ,, - '7 ~ lJ )V~Ji 

f'J:1$:6;'" -C;t,; IJ , .:to) ~ 7 :"'-£I'J:7t~1..- -Clr'-C r O).if~filith\' ~ 

<, "*.t::. 0 :6;*~1r'(20.7, 25°C) 0)-C Field 3l:b5IU: ~;'t.0:J1,:Q 

F 1'J:~I'lMl¥JfLJj,c';He.~Ir'tH'o -j}, ~j.§ibt0)7 -e r :"'--r\:"'

-li:"'-&1r~~*-CI'J:;f- ~ "-llI!~JH'J:m"*.." -C;t,; IJ , jilijogO) ~7:"'

£ra~O).if~~gj)Jl r I'J: 7 -e r :,..-O)ljI!~.t IJ ~ /j, c'; < , "*. t::.~ibto)~ 

1It*:6;/j'c';Ir' (~:"'- -li:"'-Ie.-?Ir'-C 2.28, 20 0 C) 0)-C F I'J: 7-e r:"'

Q)t~~ c < 0A:-c* ~ < , e:J1,0 2 l!R~0)1.§~~ffllr't::.:ttit~-C 

v'J:.w.~tJ; -¥ll:-ltf , 7-e r :"'- -r\:"'--li:"'-l~il'I.§~~ffllr't::.j}:6;.t 

IJ*~< , penultimate ~J*:a::~Tc~;'t.0:J1,:Qo ~~~*:a::~ 

1 1e.~T(*1II:llib;t,;.t V't;lJiibO)/~ '7 :;l -11 - Ie. -?1r'-Cv'J:1tZ-CjffiA::Q)o 

fi!jj~~ra~-C:tti!il'.w.~Ie.~1t l'J:t~ < , penultimate 3l:b*O)jo~I'J: 
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3~---------------------------, 

5 10 15 20 

'E / ~ - C ~~0) 1:' It.-It 1/ 12 
0 : 7-e~Y, X : 7-e1-:/ , -: :/-ll:/~ 'E)t.-~il'll?Z 

~ 1 FN-St O):tt1ll:il'~ nt!lU~(1li"EE) 

~iJfI.lr't::.o FN l'J:flcNC~~!ki!il'tE:6;t~Ir'o)-C rz= O cT:Q c 
:tt i! il' J'i: \'J: -? ~ O).t 5 letJ::Q 

n-I 
[r" x(r' x+ I ) / (r" x+ I )] (rx+ I ) 

[r"x(r ' x+ I) / (r"x + I) J + I 

x =St/FN, 1:' / ~ - 0)1:' I v It 

x =St/FN, :I $ ~ ~ ~ 0)1:' / ~ - ~{;Ul: 

r =kstststikstStFN 

r' =kFNStStFNStSt/kFNStFNStFN 

r " =kFNStFNStSt/kFNStFNStFN 

(2) 

(2)J'i: Ie.1..-t::.:6;.,, -C 'itEE , 2000, 3000, 4OOOkg/cm2 O)JE::iJIC 

:f.:>1:n:tt.il'.~IiIlj'J~~*~~ 2 fe.~ 1..-t::.o :J ;f- ~ ,,-O)m~I'J: 

~A0 :6'Ie.EE)J 0)~~~5¥:lt-CIr':Qo lOC/j' = *?tfe..t.,, '"C r, r ' t 

r" ~*~(~ l ),.:to) van't Hoff -j'o'7l-~~ 3 1e.~1..-t::.or, 

r', rT" v'J:" 'f:J1,~EE)Jo) i~:tJucc~ Ie.~&T:Qec:a::~1..-, cg( 

O) I~J"~O)f~ ~:6' 0~~lif.t:0)i'5tE1tf*:m0)~tJ;.:t:J1,-'f:J1,-? ~ O).t 

~~---------------------------, 

Field 3l:b*.t IJ "t, tl' 1..-;:' ;f- ~ ,, - '7 ~ lJ )v*liIffiilI < le.fftET :Q ~ 20 

7/£c'E.J,,-cO):sLI* •• K<b:Qc~;'t.0:J1,:Qo 

Ham 0 2)fe..t:Q C , St-FN 0):ttm:~1'J: St-~7j(" 1/-1 /MO) 

~~O).t 5 fe.~£ Ie. 1 : I 0)3t1L:tti!il' :a::-ltf, FN I'J: penulti

mate 3l:b*0)t::.~~i\1lj 40% 1..-:6>~i!il'f*fe..A.0 t~Ir'cv':b:J1,-C 

\t':Q ° 
TtJ::b~ FN .w.~:6;-J&*Ie.~:Q c ~O)t~@i'J: 

-[-(FN) (St) (FN) (St) (St)-In-

Q).t 5 Ict~ IJ , penultimate 11~:fiLR.lt-Ct~ < , *~;'Iij:6' 0 ~ ." ciS 

< Illl:J1,t::. 'E.J " -~1iL0)~~~ 5¥:ft-CIr':Q c~;'t. 0:J1" penulti

mate 'ET)vJ'i:O) r' 0):6':b1J1e. r/'(rl'x + I)/(rl"x + I):a:: , r2" 

Q):6':b IJ Ie. r2" (rz'X+ I) / (rz"x+ I) :a::ffllr'-C pen-penultimate J'i: 

2) G. E. Ham, J. Polym. Sci., 45, 169 (1 960). 

.,.. 

°0~---5L----ILO----IL5----2LO----2L5----3LO-J 

lif.t:~flf 
~1:' / ~ -: 50.00, AIBN: 0 .03, 7 -e ~ y : 49.97 wt% 

EE n ( kg /cm2)-

e: I, . : 2000, X : 3000, 0 : 4000 
x<50).~~~A~ •• ~~~~-••• L-C~~. 

~ 2 FN~t O):tt.~~nt~.KM~~EE)J O)~m 
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~ I St-FN ~m:i'i~e.t;l:r Q r, r' , r" t;:MT~EE1J(7)~~ 

1E1J ( kg / em2) r' r" 

I 0.060 1.00 2.0 
2000 0.057 0.94 1.7 
3000 0.053 0.87 1.3 
4000 0.050 0.80 1.0 

ti: L~Jt,~ f!f ~'f:- / ""' -: 50.00, AIBN : 0.03, 7 -t! ~ ;/: 
99 .97wt%, 60°C. 

1.0 

... 0.8 
00 

.Q 
-0 

0 . 
S 
x 0.6 

~ 
00 

.Q 

0.4 

.s 0.2 

x 

O~--~-----L ____ ~ __ __ 
o 1000 2000 3000 

EE 1J ( kg / em 2) 

llU;r,~f!j: ~'f:- / "" -: 50.00, AIBN: 0.03, 7 -t! ~ ;/: 
49 .97 wt% 

0 : r =kststst/kststStFN 

.: " =kFNStStFNStSt/kFNStStFNStFN 

X : r" = kFNStFNStSt! kFNStFNStFN 

~ 3 FN c St (7)~1I!i'ile.t;\:r~ r,r',r" (7) EE1J te~~w.: ft. 

-j IcjUi) G:(1, t.: 0 

L1V~tStSt- L1V~tStFN= I em3/ mol 

L1 ViNStFNStSt - L1 ViNStStFNStFN = 2 em3/mol 

Ll V#NStFNStSt - Ll V#NStFNStFN = 5 em3/ mol 

Nicholson C Norrish leJ::"?'"(*It>G:(1,'"(v'o St rV1:-E1:l5(Jc.: 

rVi5tt-ft#:fJl 

LlV~ =LlV:tstst = -II. 5em3/ moI3) 

~mv'o c 

LlVitstFN= - 12 .5em3/mol 

L1 ViNStStFNStSt = Ll V#NStFNStSt = Ll V:tStS t 

cToc 
LlV:NStStFNStFN = -13 .5ems/ mol 

LlV:NStFNStFN = -16.5 em3/ mol 

J;J,J:rV*Ii!ilb'J> G ;f, ~ ? - 7 :;/ 7J )vrV penultimate 'f:- / 7 - !)! 

3) A. E. Nicholson, R. G. W. Norrish, Discuss. Faraday 

Soc ., 22, 97 (1956). 
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1s!J;: FN ~~"?~rVle FN iJ;f11JQT 0 & JZ. I";): , fthrV1:-E1:&JZ.le 

< G""'"(I.f1JrV~~~j;:~ < 3 Ito 1:. c , Jfl""C~ FN-St-FN-St 

*;)IfiHe FN iJ;f11JQT 0 :J:!<1[1l" & JZ. I";): ~ "? C ~ .:t:-rVli'e~iJ;j;: ~ v' 

( ill V#NStFNStFN I > I Ll V:NStStFNStFN I > ILl V;NStFNStSt I ) 

c;lt.:Z Gft,o 0 

3 1,1- ~?:r.=J".J:Tv/cO);j:tm:~ 

3 . 1 ~ ~ 

3 . 1.1 ~ *4 
1, 1- :;/ 7 "''=')vx-7"v/(DPE): 7Pk-,,/-t!'/ C llitmt X-7" 

)v1.I'G.g-nt1..- , iIlXl.f~1'll (164°C/34rnrnHg) 1..-t.:4)0 

CeH5Br ----> (CeH5) 2CCHS 

g ~~3~~eC ,H s OH 
3) H , O, l\TH,Cl 

--> (CeH5) zC=CH 2 
H ,SO, 

7- 1-7 t: ~ P 7 7/ (THF) : 7.1<~f t 7J ~ ? k rV fHer""C ~JF,f 

Pa~l~iJiE U::rVt.tfi1'll 1..-t.:o 

l~~ft-"/'/., )v(BPO): mllliipoo~? P p*)vkfe~W~1..-, ;I 

~ / - )vJfl-C·W*Ii.l'1J 1..-t.:o 

x-~ / - )v : mllliiooo~m1'll1..-t.:o 

3.1.2 ~~1J;t: ~ 'f:- / ? - 5,56 mol, THF 1.23 mol, BPO 

0.0021 mol rV~rV~ &JZ.lft1l"1WJ c 1..-, &JZ.Ilffi.if! 90°C, &1Z1.f 

1J1jj(~ 5000kg / em2 -C·~~~rr tJ:"?t.:o &JZ.1WJI";):j;::Iil:rVx-7 / 

- )vJfl ~;:J:lt)... VC ;:J;f, Q ? - ~ l.t~~"lt, P )Jlj, lt~~ffit 1..

t.:o ;:J;f, Q ? - rV~~:7C~~;fff" WL6> G FN iJ; ;:J ;f, Q ? - JflIC ~ 

~ft,o~.g-~*It> , .1l"$, :J:!<a1l"~if!~*It>t.:o~t.:;:J;f,Q? 

- rV~~.~ 7-t!I-/M.rV~~J:~~KJ:: "?'"(* It> t.:o 

3.2 tsJiJU:~~ 

I, 2- tif#!x- 7" v /1";): 7:;/ 7J )V~t~ ""CI";): -;-~Ie !)!59tlli:1l"ttl";):tJ: 

1,,'0 c < I;: FN I";): St c:J:!<a1l"~-ttt.:~.g-""C~ penultimate ~ 

* c Vcm1l"\eJftmT 0 rV""C!)!59Cli.g- UJ:v' 1:. c mJl GiJ> c.'~,b 
:(1,~0 -15, DPE I";): Newitt G5)iJ; 1200C, 5000kg/em2 cv' 

3 ~u:: L- v,&rc.:~1tf""C , 1..-iJ>~-E1:JF,fra90)&rc.:leJ:: ~ bTiJ> Ie =:1. 
#::a::~'"( v' ~ rVlj.""C 7 :;/ 7J )v~f~ -C'I";): FoJ~lc !)!59!.ill.1l"ttI";): tJ: v' 
~rVcm.~ft,oo 1..-~1..-~#G.~GrV~~.#""C~j;:.rV 

BPO rV~m lC.l~ 'J iJ>tJ: 'J EE/J7.I;ill;v,tJ»1l"""C'b bi"i,p\C:J:!<:ID:1l" 1..

~oc8b:(1,o.~# •• ~ft" J::~~l.frV.mKJ::"?'"(~$~ 

:i\1l1JQ~-tto 1:. ciJ;""C~t.:t.:It>:fi=frVilW1J$a"J~J!:a::l~o 1:. ciJ;""C 

~t.:o 

~ ~ leJl!!""7:: ~ 3 t,r.. tbc,lj.& JZ..1tf""C , 900C, ",100 kg / em2 

rV1JQI.fTle&JZ.lft1l"1WJ~ 67 JF,fra'~rm1..- , 0.4% rV~*""C ;:J;f,Q 

? - :a::l~t.:o -15, FoJ t.::{±j6lj..i!f""C 90°C, 3000",5000 kg /em2 

rV~I.fT""CI";):~~ le ;:J ;f, ~ 7 - ;?;1:~ 1..- 7::0 :J ;f, Q ? - rV IR A 

~? l- )v~~ 4 Ie~To 2240em- 1 f1i1i:I;::/7/~rV~3i.v'IJ.ll~ , 

1700em - 1 le7J)v ;jf.=.)V~0)1J.ll~ , 1603,759, 700em- t 1;: 7z 

'=')V~O)IJ.ll~lI.iJ;lj.Gft,o o 2240em- 1 rV:/7 /£rVlJ.ll~I";)::/7 / 

£i~I!tO)j;: &"Hl\)jq:a::ffl,,'-c ~ ~ c ~ U,~ v'lJ.ll~tJ:rV""c , ;:J ;f, 

Q ? - JflrV FN I";): > C=C< ~fr 1..- '"(:J:!<a1l" 1..- '"(v' 0 c;lt.:Z G 

ft,o 0 1 700em -t rV 7J )v;t·.=. )V£rVj;: ~ v'lJ.lll\ll.f";):*~iMrV-" / '/., 

4) "Organic Synthesis " , ColI. Vol, I, p. 226(1956), 
5) R. H. Sapiro, R. P. Linstead, D. M. Newitt, J . Chern. 

Soc., 1937, 1784, 
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100 r---------------------------------, 

3200 2400 1900 1700 1500 1300 llOO 900 700 

lit ~ (em-I) 

&rc;~ ftf FN: 0 .0568, DPE: 0 .0568, 
THF: 0 .0123, BPO : 0.0021 mol , 90°C, 
3000 kg / em2 

~ 4 FN-DPE ::I ,r. ~ -q - ~ IR :7. ~ ~ r Iv 

;v :;t;f ~!\iIC J: ~ ~ (7) c;lt;t ;;h,~ i.1; , lii\~I:j:t(7)~!!ti.1;/j, ~ v'JIi 

f;'1:~ ;: (7)~Jl:ll.i.1;5~ <: ~:b;h,~ ev'? !J~~;ltltT ~ c :J ,f_ ~ 7 

- (7)?)_T:llH.l:<b,* IJ *~ <: t.n''1:<b~? ° 1603, 759, 7ooem- 1 

(7)~Jl:ll.~'.l: DPE c BPO (7) 7", ==- )v£IC J: ~ ~ (7)'1: <b ~ ° 

~ 5 IC :J ,f_ ~ 7 - I:j:t (7) N ~:fl:liC?)_T:1ll: c (7)~%~jf_L_~0 ;: 

(7):tt:1tf;*~Hii~'1: ;: (7)~i.1>;~t:'0IC&rc;~;i:\~Tlf'jT ~;: c 

1'.l:'1:~t,n'iI; , i'i!iJ£T(7)&rc;'1:~'.l: BPO i.1>;(7).=W1t;m~(7)ili!Jl:1 

iI;1'Pl!lIj~;h,~ U :, j;; J: v:rn~ c VGl!jJj~jfJL_~Tv ' THF ~ 

fflv'~;: c.tJ:. c~;ltLtL-, ~'* '1:lc?)_Tfi'4~~ 

Ph-CO-(-CH2-6~~: -CH-) - H 
II I I 

o Ph CN n 

clU!5E L_ ~Jlii'l(7) :J ,f_ ~ 7 - I:j:t (7) N ~:fljJ:(7)~{t; c ?)_T:m:(7)~% 

~ ~~9~ '1:jf_ L_ ~ ° ~ iI> ; aA ; iI> tJ:. J: ? IC 3000 iI>; 5000 kg/ em 2 

,*'1:(7)&rc;J£jJ(7)t~:lJnlcJ: '?L ?)_TJl:I'.l: 600 i.1>; 1300 ,*'1:t~ 

:lJo L_ t.: o 

, ~~~(7)*5E~~;*;tL~*&rc; •• ~~RT~(7)~DPE 

O)~**j)ffilil;' FN 'E- /7 - c. &rc;T~Jliil"'1:<b0? ° L_~iI;'? L 

___ 10.0 

~ 

Z 
Q 
-a-
t 
l' 

1< 
n 

9.0 

8.0 

7.0 

400 600 800 1000 1200 1400 1600 

7r · T 

0 : tt l6 ;lj. 'E- / -q - m~-:iE (FN : DPE ~ 'E- IHI: I : I)"t' 
EE 1J ~~H. t:{,~ . tLtp;mlXEE1J 3000,3500,4000, 
5000 kg/ em2 

. : ff 1J-:iE (5000 kg / em2) "t' tt l6 ;lj.-'E' / -q - milt ~~;t t: 
{, ~ . tLiI> ;l!lX FN 7r$ 0.27, 0 .36, 0 .58, 0.73 

~ 5 FN c. DPE c.~;ttlltil"IC~I:TQ::I,r.~~ - $ ~ 

N c. 7rTit c. ~ 001* (90°C) 
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FN (7):flT ~ penultimate ~*~~J.t L_ tJ: It;h,litJ:; tJ:.v,o J£. 

jJ IC J: ~?)_T:li(7)~:lJO ~-~(7) ' ~ ~ )vlli'lICj;;v' L ~ J: <: %l; 
;h,~.~'1:<b~~ , ~ 5 K~;h~J: ? ~J£jJ K J: ~ :J ,f_ ~7 -

I:j:t (7) N ~:fl:li(7) t~:lJPi»;*;t L ~ , penultimate ~*IC~T~J£ 

jJ (7)~W~~,*;h,L c <: In''0 1.:. ~ L_ ",*6*iI;~:b;h,Lv'~ ~ (7) 

c ,~,:b;h,~o 

'E- /7 - (7) '1:: )v1:1: I : I (7)Jlii'lKj;;v'L~fsLtl:JZ:,.:z;. '1:: /7- :11: 

K~T~~. :J ,f- ~ 7 -. , j;;J:v: :J ,f_~ 7 - (7).~~~?)_~. 

~ ~lP,fra~I(. -?v'L IltIJ5E L_Lk';h,.;c;h,(7) FN '1:: / 7-&rc;~~* 

1O~ 6 ICjf_L_ ~ 0 ~;IC~ 6 (7) iFi],*(7) {~~iI>; FN '1::/ 7 - (7) 

&rc; •• ~*IO , k';h,~~i.1>lt(7) :tt:llf;.!!t c L_ ~o 3000 kg! 

em2 J;J,T(7)J£ jJ '1:~'.l: 1I!f;~iI;,j,~ v'~1O :tt:~f; • • ~*IO~;: 

cil;'1:~tJ:.v' o k' ;h,.;c;h,(7)f!iil>;~ 7 (7) van't Hoff -j' o "./ HC 

J: '? L;: (7):tt:~f;& rc; (7)t5~1t;l*mf!i -25ems/mol ~~t.:o ;: 

(7)f!i~'.l: ~ ~ IC ~ ml"t.:J: ? IC1itJ£IP,f'* '1:?'Hlfi L_ ~ ~ (7)'1:I'.l:~ <: , 

'* ~~~~(7):tt:~i'I •• ~;*IOt.: ~(7)~(7)'1: , .m~ft.(7). 

l'\§cl'.l:tJ:;t,n' iI; , -~(7) ' ~ ~)v:tt:llf;ICj;;v' L ;: (7)f!iil; -20 

___ -iOems/ mol (7)fIl1ilffilc<b Q;: c il;~IO;;h,~ ;: c , j;;J:V';: 

(7):tt:m:i'I &rc;'1:~'.l: 3000 kg/ em2 ~ml'\§ff::iJIc c '? L V' ~ ;: c tJ: 

c~*LtT~ cil>tJ: 1J*~ v 'o ;: (7)i!H'.l: penultimate ~*ICJ:~ 

~ (7) c;lt ;t ;;h,~ ° t.: t: L_ :J ,f_ ~ 7 - (7)?)_Tilil;,j' ~ 1, ' (7)'1: k'(7) 

?)_~~;;It;t~c '1::/ 7-~fsL'1: 1 -2 ~(7)~(7)~ ~.~~T~ 

'1:<b~?0 ;: (7)~il"ICI'.l: I~llM~i'fiJ *j)ffilc(7) penultimate ~*~~ 

.~'*;h,L<:~;: c K~~o ~~~ ~c ~~t;m~c(7)~o ~~ 

-ii - "'" ~ICj;;v'L$Il'a-~) ~;h,~J:? tJ:f*:l~~i'fiJ *j)ffilc(7) penulti

mate ~!iU;' BPO ~mv'~ *ICj;;v'L~tJl.'1:~ ~ C v'? ifi~(7) 

~~T - :$l1'.l:tJ: v'i1;' , t.: c ;tv"! r ~ 7 0 )vX ~ v ~ ciNHi~ t:' ==-)v 

c(7):tt:1I!i'I'1:,f- ~ 7 - (7)?)_T &v'.l:1itff'1: 1550---1630, 4000 kg/ 

8r-------~----------~ 

~ 
~ 
"'-' 6 
i 
<l.a 
~ 
* 4 lQ 
~ 
Q 
t 
l' 

" l\J 
Z 
~ 

8 10 

& rc; ~ roll (hr) 

Nrc;~ftf ~-'E' / -q - : 5.56, THF: 1.23, BPO; 
0.002/ mol , 90°C 

ff1J ( kg / em2)-

. : 5000, 0: 4000, X : 3500, . : 3000 

~ 6 FN c. DPE ~;tt~~ilEJl 

5) C. Walling, "Free Radical in Solution ", John Wiley 
& Sons, (l957) p. 257. 
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cmZ-z: 2150,.,..,2410 Cv'?¥&,*~J6)cl:t~L- "C t;:<7)r~-€;<7)7tr 

iK(7)fE;iJ~B-i1:;lhj>tJ: ~;k ~ h ~ ~7BifE~-€;I~.:loI:J-:~)7tr:ID:t\!l 

~(7)-~tt.-€;<7)~ft~~?"C*<7)M.#*~L- , .~.~c~ 

~ , .:t(7).~t1!fE;iJ~~? "C~Jl*~;f1,o c~;ti?;f1,"Cv'otl; , ;: 

· (7)j-~-€;f'i :J ,f- ~ "'< - (7)7trfiltl;/J' ~ v'(7)-e-AA:<7)? :; 7J }v1lt-€;I~ 

.< i?A:. "C fE;iJ (7)~:\IH'i~:ltfc < ve il!:> ~ oj ° L- ~t1;? "C7BifE(7)illi 

0.60 ~ 

~ g 
0.40 ~ 

----0-

~ 
bD 

..Q 
0.20~ 

Oo-----~--~----~-----J 
3000 3500 4000 4500 5000 

IE ;iJ ( kg / cm2) 

1i~Jt§t'dtj: ~-'CI" -: 5.56, THF: 1.23, 
BPO: 0.0021 mol, 90°C, L/V"=-25cm3/ mol 

~ 7 FN 1: DPE 1:O);jtID:-€;r~i>ft:o van't Hoff 7'1"" r 

91 ~ 9 -'% ( 1970) ( 38 ) 

fflf'i FN (7)1lTO penultimate ~*(7)M1fmlc;k~ < {'FJflTo c 

~;t 0 (7)11;* ~-z: il!:> ~ oj ° 

4 ~ 0)ft!!0) =c / "<' - C O);j:I;:m:'€i 

4.1 ~ Ui 
4.1.1 ~ ~ 

77~Mi!i;lT}V(MA) : rtntM'p'<!: 10% (7)7.l<!'l!i{t, -}-I-') ? .L.. 

7J<im!i(-z:~@)Bti$ L- ~(7) t::.7.l<Bt L-, J:j{t, 7J }V ~? .L.. '"(·:qt1* ~ -tt , 

w.1f.?tiflI L- "C I=j:1ra~flI7t (500 C/298 mmHg) '<!:1*1& L- ~o 

1::' .:=. }V 7 or. .:=. }v::J: - T }v(VPE) : 7 or. .I -}V C ::J: TV/' 7 0 

}V I:: r ~ /'t1>i?-€;JXZL-~(155"""156°C/760 mmHg) ° 
NaOH 

CeHsOH ---> CsHsONa 
CICH,CH,OH SOCI , 
---+ CsHsOCHzCHzOH --+ 

I-BuOK 
CsHsOCHzCHzCI --+ CsHsOCH=CHz 

;I ~ 7 I) }V~;lT}v(MMA): rtHUiip"p'<!: 10% 7J<M{t,-}- I- ~? 

.L..7.l<m.-z:ft@)~eL-~<7)t::.· 7.l<~L-,~t,7J~~?.L..-Z:~1*. 

~~mmtl=j:1 '"(. l!P.JE-mflI L- , I=j:1ra~flI7t (43°C/90 mmHg) '<!: 1*1& L

~o 

a-;lT}V.ATv/,(a-MSt) : rtHUiip"p,<!: MMA (7)j-~-€;cFoJtRtJ: 

:1Jli;-z::fi!i!\!!! L- t::..o 

4.1.2 ~Ui1Jit: TA:."Ciltrlci1l!A:.~:1Jli;cFoJtR-Z:iboo 

4.2 ~~c~~ 

FN c ;tt;.-€; ~ -tt 0 c 'E-.1 "'< - c L- "C I::'.:=. }v% 'E- .I "'< - -z: f'i 

~ 2 FN 1: c: =- /t-~ -'C I" - 1: 0) ;jtjJ!.g-

-::I-'CI,, - ~-'CI" - AIBN 7-i!r:/ tt)Z;;1;.-'CI IE ;iJ llil • :J ,r-~,, -J:jl :J ,r- ~,,-J:jl 

(wt%) (wt%) (wt%) " - -'CIt-it ( kg / cm2) (0G) 0) N (wt%) 0) FN(mol% ) 

St 50.1 0 49.9 I I 60 11.74 39 .86 

50. 1 0 49.9 I 2000 60 12.57 41.80 

50 .1 0 49.9 1 7000 60 12.68 42.14 

MA 43.3 0.21 56.5 I I 54 3.58 10.88 

43.3 0.21 56.5 I 2000 54 3.40 10 .33 

43.3 0.21 56.5 I 3000 54 3.47 10 .54 

43.3 0.21 56.5 I 4000 54 3.87 11.76 

VPE 40.5 0.19 59.3 I 1 54 13.65 48.6 

40.5 0.19 59.3 I 4000 54 13.88 49.4 
40.5 0.19 59.3 I 5000 54 - -

~ 3 FN O) C:=-~~ :/~-'CI"-1:O);jt • .g-

-=:I-'CI.,.- - ~-'CI" - ml t~ 1fIJ il'! !It: tt)Z;;1;.-'C I IE 1J iffil. • :J,r-~,,-J:jl :J,r-~,,-J:jl 

(wt%) (wt%) (wt%) .,.- - -'C /t-l:t ( kg / cmZ) (OC) 0) N(wt%) 0) FN(mol%) 

AIBN 7-i!r:/ 
MMA 51. 3 0.003 48.7 I I 60 2.75 9.61 

51.3 0.003 48.7 I 2750 60 2.54 8.89 

51. 3 0.003 48.7 I 4650 60 1.98 6.96 

AIBN 7-i!r:/ 
a - MSt 48.7 0.12 51.2 1 I 50 12.89 45.87 

48.7 0.12 51.2 I 2000 50 12.71 45.33 

48.7 0.12 51.2 1 2450 50 12.80 45.60 

48.7 0.12 51.2 I 4100 50 12.91 45.93 

BPO THF 
DPE 43.4 3.0 53.6 I 3000 90 9.10 50 

43.4 3 .0 53.6 I 3500 90 9.20 50 

43.4 3.0 53.6 I 4000 90 9.36 50 

43.4 3.0 53.6 I 5000 90 9.65 50 

6) M. G. Gonikberg, R. L Baikova, V. M. Zhulin, /zu. Akad. Nauk SSSR, Oldel. Khim. Nauk, 1962, 1164. 
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( 39 ) 

St, MA, VPE, 1::''::' ~ T /~ 'f: / ? - c. L-"C a-MSt, MMA, 

DPE ~fflv':I!i\1li 7000 kg/ cm2 "i -eEE::Ir"f-e ;tl<£~~-ltt:o ~ 

.~#~~~M*~8 2~~~3Kffi~0~~"C ~.~ft~~ 'f: 

/ ?- imJ'!HJ:Fo] --C ;b.Qo 

St c.~;tl<£~~.~, :J ,f.~ ?-*~ FN ~1fftf'j:EE::IJ~~:1J~ 

c.c.~K~~L-, . 2 .-e~~t:~c.Fo].~g~~ffiL-t:o MA 

c.~;tl<£~-ev'j: FN tM:::>fip 10% L-:6>~ "itl-t.(v'~-e penulti

mate ~M!H'j:~m-e E- , EE::IJ fL~ .QUJiX:~{r.v'j:~IOI?tl-t.(ip -? t:o 

VPE c.;tl<£~~-lt.Qc.:J,f.~?-*~ FN ~1fl:f'j: 48 ....... 50% 

c.t.( IJ , foI!i'f: / ? - ~ =) ~ 7J }V~t~-C~.J~1:.~)!IJt:6; E-v/i)"C 

Ij' ~ v' t. c:6> l?3tlL,f. ~ ? - fLili:lt' ~ ~:6;1!ij, I?tl-t.: c.;lt X 1?f1,.Q 

~-C, t.~*-ev'j:~~ penultimate 3S:IJ*:6; 8vtl-.Q t. c.:6; T~ 

~tl-, EE::IJfL~ IJ FN ~1fl:v'j:±~:1J~L-t:o 

L-~L-~#1?3~~5K~'::'~T/~'f:/?-c.~;tl<.~-e 

v'j:"it:EE::IJ3S:IJ*~;WfLT.Qo a-MSt c.~;tl<.~-Cf'j: St c.~~ 

tl-IL < 1?~"C:J,f. ~ ?- UJiX::6;3tlL;tl<£~1'mICili:v'o L-t::6;-?"C 

~f~~ 1J::kE-v' penultimate 3S:IJ*:6;T~~tl-.Q:6;EE::IJlc~MIl. 

JiX:~{r.r'j:lj.I?tl-t.(:6>-?t:o "it: MMA c.~;tl<£1r1'mf'j: MA c 

~;tl<1l1r1'm~ fJ ~ ~ I?rC FN ~1f:!lt:6;:P~ < 10% ~T-e;b fJ , 
EE::IJ Ir. ~ IJ :J ,f. ~ ? - UJiX:f'j: FN ~1f;ll1:6;~:P~.Q ~ 5 Ir. ~{r. 

L-"CV'.Qo t.tl-I?~J1I!EBf'j:P)3I?:6>-Cf'j:t.(v':6;-rc;"?~~~ 51c;lt 

xl?tl-.Qo a-MSt v'j:;:R;JH.ffilIJt:6!{g; < , M~:m:1rH9t. L-~T\t'o 

t. ~ ~ 5 t.( 'f: / ? - r'j:iSil.I.~~ffllr. ~ IJ Pl~.1r&rc;:6!1!Pfliij ~f1,"C 
.~~1:.~&rc;:6!~ IJ :1J~~ ~tl-.Q ~v'j:mJ~il~~~-e;b.Q 0 L- t:iJ! -? 

"Ct.~.1rr'j: penultimate 3S:IJ*~MMHu, =) /.A~.Q 7tRlt. 

g1:.~&rc;~EE::IJK~-?"C~)!~tl-t:c.;ltxl?tl-.Qo"it:MMA 

c.~;tl<.1r-Cf-.t FN ~1fI::6;:Pt.(v'~-e penultimate 3S:IJ*f-.tr~' 

JI! Ir. t.( I? t.( v' 0 L-:6> L- t.( iJ! I? :J ,f. ~ ? - * ~ FM ~1f :!il:iJ!j! Ir. 

j',1ljEET·Clj' ~ < t.(.Q c.v' 5 ~~ ~ ;It[t~.Q C, MMA ~1:.~Jil: 

rc;~EE::IJ*ff~r-.t-~~ 1::' '::'}V~'f: / ? - c.;Wt.( -? "Cv' < ~lu::k 

E-t.(fiQ.~ c..Q clj..Q~E--C;b0 5 0 1::' ,::,)v%1r.1r1'm~ilUJtf$J!lJ& 

rc;~EE::IJ*ff~iJ> G;b M~gr ~~f~~v-.t Tlllij ~ f1,"C It'.Q iJ;7)' :m 
tE"i -C. ~ c. t. 0 MMA ~1:.JiX:&rc;~EE::IJ*ff~v-.t*/i) I?tl-"Cv' 

7) V. M. Zhulin, M. G. Gonikberg, A. L. Goff, V. N. 
Zagorbinina, VYsokomol. Soed., All, 777(1969) . 
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tn'~-e t.tl-I? v-.t4-~~~tllr."i t:tl fit.( I? t.(v'o 

DPE c ~;tl<.1r-Cf-.t VPE c ~.~~ ~ 5 Ir. foI!i 'f: / ? - Ir.l\i. 

~11.1:.~:6!~t.l?t.(v'~-c·3tlL,f. ~ ?-Ir.ili: v'~~:6;1!ij,1?tl-.Q c.;lt

xl?tl-, ~~ penultimate 3S:IJ*:6;T~~tl-.Q t. C IC~.Qo .3-C· 

f-.t :J ,f. ~ ?-*Ir.~lt.Q FN ~~1f:liIC~{ r.r-.t~IOI?tl-t.(v':6;, 

t. ~fi~U-.t7t.:rI::6;/j,~ v,t:IO*~iM£H~v't: 'f: / ? - .tLlr.:M-r 

.Q~~~'f: )vre--e / r- -C;b -?"C, • 3 .-Ciill~t: ~ 5 ~EE::IJ Ie. 

~ .Q7t.:r:!i.~±~:1J~~;lt!tIr.Atl-f1,fi~?~*~£~~tp,f. ~ ?

* ~ FN ~1fl:f'j:±(jj:1J~~.Q t. c. IC t.(.Q 0 t:R L- t. ~ ~ ? ~ {g;,£: 

1r1Jt~{r.1r1'mIr.:ML-"C*~£~~tp,f. ~ ? -* ~ FN ~1f1:0> 

~{r.iJ>1? penultimate 3S:IJ*~~f.Q t. c. f-.tiJ>tJ: fJ r~'JI!iJ!;b fJ, f1f 
~&rc;K:M~.QI.I.::IJ3S:IJ*~~~~JI!K~-?"C<.Qcmvtl-.Q# , 

:@:;tl<1il1r&rc;~i'iStt{t.-I*fflfii:6!*E-It't. c.iI>G~x "C~, t.~:#:

£1r&rc;:6;EE::IJIC~-?"c FN ~1f:lll:~~v' :J ,f.~ ?-1:.JiX:~::IJ 

~Kf$ft~.Qt.c.n.~-c;b050 

~~~M*~.~~.Qc..4~~?K~.Qo 

~ 4 ::t,f- ~ ~ - *(7) FN i~;,;fLjll(7)EE::IJIr.~ ~~ ft. 

-'C I ~ - FN ~lftl(7)~ft. 

A7-l/~ 

I! =- It.- 7 "'- =- It.- ;l:. - T It.-

7 tI ~ IHilZ;I. 7- It.-

a -;I. 7- '" A 7- l/ Y 
),1- Y 7 "'- =-It.-;l:. 7- l/ Y 

;I. !l tI ~ It.- ~;I. 7- It.-

7?o.::.I-'))vf-.tefii~/j'~V'.ATV/, ),)- ~7",-'::')VI.T 

v / , a -;;I T}V.A T v / , ~ .::. )V 7 :r. .::. }V I. - T )V C. ~ < ;tl< £ 

1rL- , 3tlL;tl<£1r-l*ILili:v,,f. ~ ? - ~~t:o 7? 0'::' r- ~ }V C ~ 

;tl<jf[1r*Ir.~v'"C c. < IC lI.1ffj'Ir.;bl?vtl-.Q penultimate 3S:IJ*f-.t 

j',1ljI.I.T-c~~m~tl-.Qf~~~ffiL-t:iJ;, :J ,f.~ ?- ~ 7?o,::, r- ~ 

~~1f:!il:~rut.~l?m.~tl-.Q~n~cL-"c~.::.~~'f:/?-C 

;tl<.1r~-ltt:.1r-e;b -? t:o 

*M~~*~*~*.*H .~(7)~.::IJ~~~0~<~~(7) 

~~~T~o 
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