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High Pressure Copolymerization of Fumaronitrile-Effect of 

Pressure on the Penultimate Effect-

by Goichi ENOMOTO*l, Yoshiaki OGO*2 and Tatsuya IMOTO*2 

Radical copolymerizations of fumaronitrile with styrene, 1, 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. 

* 1 Mitsubishi Rayon Co., Ltd.; Ushikawa-cho, Toyohashi-shi, 
Japan 

*2 Osaka City University; Sugimoto-cho, Sumiyoshi-ku, Osaka-shi , 
J apan 
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-; ~ Cl =. " I) )vo)~EE:j::t:m:~-penultimate ~~(;:M9.Q EEtJ O)~W-
( Ilil ~ 45 if. 4 fl 24 13 ~ ~ ) 

7 -:( P =- r ~ Iv C A =r 1/ :/, 1, 1-~ 7 ~ =- Iv ;J:. =r 1/ :/, 7!1 ~ Iv i5lf ~ =r IV, t::: =- Iv 7 ~ =- Iv;J:. - 7" IV, a- ~ =r Iv A =r 1/ :/ i; J; ff 
~ 11!1 ~ IV~~ =rlv C ~ '7 ~1J Iv~m:ir~ 7000 kg/ cm2 "i <:~:lJUEEr<:fjtJ:'" t::.o 7 -:( P =- r ~ Ivlt e li1!~/J'~ V'A =r 1/:/, 1, 1-
~7~=-~;J:.=rI/:/i;J;fft::: =-~7~=-~;J:.- 7"~cJ;<~.irL, ~I~.irW~~v'~~-:( - ~~t::.o 7-:(P =-r U~c~~ 

m ir '* Ir. i; v' '"( C < Ir.ll/i:ff Ir. Cb ; btL:Q penultimate ~ * It?ai EE Ir. J; .., '"( H¥ iJlj ~ tL:Q @!oJ ~ ff; L, ~ EE ~;oo m It penultimate ~ 
*~ff;~~.ir,*~fi~~~m~:Qt~c~~;tL:Qo 

1~ 

-.~5~~~.~m.~n , ~~"-5~~~~&~~n-t: 

~*illM'E-.J ,,-.lli:f1L~.7j.Ir. J; -? '"(~J.%2:i1,~ ~ v' 5 i!£*a"JtJ:fIi% 

#db~o L~LCb~.~;lt.~*<:n~~v -5 ~~~~&~~ 

vd:*ilIM'E-.J v - J;J.9'Hr.-t:~-"?=Htj~~t~'E-.J v-1liUi:, db~v' 

n*ilIM~;{-'-?~.~t::.'E-.Jv-1liUi:~ •• ~~.~~~.#Cb 

~ , L~;I'i penultimate ~*~ff;~;lt:m:~~P¥fi~, -t:~'-* 

IZ9fd:j'[~~':t*, j;,J!~fi~~ra'~ Field ~iJ*tJ:C~ ~ ~~I?~'"(v' 

~o ~tJ::bi?, T~~J: 5 tJ: penultimate~*~ff;~&~<:fd:, 

~ ~ v - 5 ~ ~)V ~ 'E- / v -Fa'ir. ~~~ C 5 L~ *~:KtF}fjil;ib 

~
x X X---------~~-f 

CH=CH 

I 
X X X "'~ ~ _____ • ___ --'. X 

*1 Goichi ENOMOTO =-~ 1/ -1 3 :/tI<Il:: £;f±, J~H~m 4 III 

!II]':::' " tl 
*2 Yoshiaki OGO, Tatsuya IMOTO 1diim.1L::k"'f:I"'f:{ffi, 

::k~O:m{iEIK~*!II]' 

~ , M~~m~~m#A~~*~<~"''"(~~, Lt::.#..,'"(~~ 

J;5~~.~*n*~~ff~~*~ff;~~~~;~~o*.~n 

~ < Ir. penultimate ~*~ * ~ v' ~ *".!!% 2: ~~ 7" 0 -=- " ~ )V 

~~;lt.~Ir."?v''"( -t:~ff~~*H~~i Lt.: {-, ~l' db ~ ° 

2.1 ~ ~ 

2.1.1 ~ ~ 

2 AT V;; c.O)~m-e-

ATV:..-(St): mllliiJ'p~ 10% =r;;j"WiE~:t" ~ ?J.,.7MHl~, 10 

% *~ft.:t" 1) ?J.,.7J<rnl~~IIffil'· !t!l-fJllL, 7J(lJt1tzlift.~)v:/? 

J.,. l'·~t~ L, ~ff?!i.fJi (54°C/30 mmHg) L t.:o 

7 v 0 -=- " 1) )'vCFN): mlllii~ 7" )V~~:LT )viI'I?~nX: L , 

«:"-·ll:"--:filfll:L- 7 )v*<:~i5e\'H ... '"( mp 96~97°C ~{-,~~ 

}fjv't.: 1)o 

Irans-C2Hs02CCH=CHC02C2H s 
NH,OH 
- .... Irans-HzNCOCH=CHCONH2 
:NH.CI 

P,O, 
- .... lrans-NCCH=CHCN 

I) "Organic Syntheses", Coil. Vol. n, p. 302(1943). 
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7~~~: .~ Pk.ti9 ~k~#~T~._Mm~L~~~ 

$lj ( bp 56~57 °C) L t::o 

~ ~~.~ : mll.!iiJ'o~iJl!lWfE.1::'~ml~ , *l)tL , ~1t.ti ;It'-'~ k 

"'('¥!:t;,W~:Mlj ( bp 80°C) L R-o 

7 'J t: A 1 'J 7' 'f- p:;:. ~ 9 ;v(AIBN): mll.!iiJ'o ~ ;l -7 .I - ;lt1::' 

~~JlJL~o 

;l -7.1 - ;It: mJl.&J'o~iililjL~o 

2. 1.2: ~.1J~: Jj[rc;lft-%~f;J:~ =E- .I 7 - iJl!l~ 50%, ~iIil1f1J 

(AIBN)IM~ 0.03% ~7 ~ ~ ~it1~c L~ o Jj[rc;t1ffi.~I;J: 600C, 

)EjJ f;J:J\lil1!i 4000 kg / cm2 -e a; Q 0 $.~:J;f- ~ 7 - f;J: 7 ~ r ~- )I 

-7 .I-;It*-ef!ftt~~!!l!L , 60°C -eiRi.J£¥!:t;,WL , ~~:7C~,HJf 

K~~ :J ;f-9 7-.~~~2L~0~~MR_.~MH~Q~~ 

K'ffiJ£-efj~-?~ 7 ~ ~~, 7~ ~~-~ ~-e~MR~itf!.<~~ 

f;J: , P'J~fM"J 150cms ~;lf 7 A}t~~fflv" =E-.I 7-/it1R~ =E

JIt it 1/ 12, 6QoC -efjtJ: -? ~o 

2.2 *5.C~~ 

~ ~fC:~U!lA:.~~ 'j Ie penultimate _.~m:rzgl;J:=E-.I 7- bY

'.I 7 -7 !) ti ;ltra~~t!i!jg:~~~le ~ Q Field _. c:ll.I*~~~v' 

fhi?>le ~rzg~ Q c v'ph"Cv'Q 0 

v''* penultimate _.~j::rzgi?';f- 9 7 -7 !) ti;1t c =E-.I 7 -ra' 

(7)t!i!jg:il[~~le~ Q Field _. c T Q Co jiIij:j!f leifJJ < jJf;J:-::>~~ 

Coulomb ~r.t;f!U IL Lt::i?' j 0 

F=(_I ) . (~) 
471:5 r2 ( I ) 

~'/f.L 5 f;J:MR~~t*, r f;J:t!i!jg:il[~~ra'~~gll:l , M 2 fH:~ 
tfilj-ea;Qo 

~"C~~*~aMR-ea;Q7~~~~-e~;f-~7 -7 !)ti~~ 

f;J:t!Ai?' -? "C ~ ~ , .:t~ '-' 7 ~~f;J:7}1l'J( L "C v'''C r ~ljZ~fl[i?'* ~ 

<, '* ~ 5 i?'*~v'(20.7, 25°C) ~-e Field _.c ~;tGhQ 

F f;J:;f~Mi¥:Jle/J' ~v'le~v'~v'o - 15, ~1t1R~7~ ~ ~-~~ 

~'~m-%M~~-e f;J:;f- 97 - JJUJlI;J:*TU -? "C~ ~ , jiIij:j!f~'-'7 ~ 

~M~ljZ~m. r ~7~~~~.-%~~~~~<, ,*~MR~~ 

1t$ihJ'~"'(~~-e~le-::>v'''C 2.28, 200C) ~-e Fr;J:7~ ~ ~ 

(7)t~-%c < GA:."C*~ < , L.hG 2 fIDlR~MR~fflv'~3t.-g.-e 

f;J:.~i?; -~-ttf, 7~ ~ ~-~ ~~'~lft-%MR~fflv'~15;6;~ 

~ *~ < , penultimate 5W.~7F~ c~;tGhQo ~~*5*~~ 

1 le7F~(*!itfdl~ ~ V'tlfifdl~I'(' 7 )I - -7 - le-::>v,"Cv;J:~-eU!lA:.Q)o 

(iljjMRra'-r:·3tg-%.~le~1t.V'J:.tJ: < , penultimate _*~j::rzgv;J: 

Field _*~ ~ ~ tf L;:' ;f, ~ 7 -7 !) ti N*9ffillli: < le#~~ Q '-' 

7 ~£C=E- .l7-c ~:ll.I*~~Ka;Qc~;tG;}1,Qo 

Ham G2)le~ Q c , St-FN ~3t.-%v;J: St-~7J<7 1/1 ~.~ 

~-%~ ~ 'j Ie.~£ Ie. I : I ~3l:1L3t.-%~-ttf , FN v'J: penulti

mate _*~t.:~J\lji1ij 40% Li?>:tI<.-%l* le;A.GtJ:V' C v'ph"C 

It'Qo 

T~p~ FN .~~.*K~Qc~~.~~ 

- [ - (FN) (St) (FN) (St) (St) - ]n -

(7)~jle~~ , penultimate J'llfil:'/f.I:J--etJ:< , *~ffili?>G~-?c~ 

< ll:lh~ =E-.I 7 - J'llfil:~~\y~ 3¥:1:J-"CV'Q c~ ;tGh, penulti

mate =E-T;ltJt~ r' ~i?>:b~le rl"(rl'x + I )/(rl "x+ I)~, r2" 

(7)i?>:b ~ Ie r2"h'x + I)/h"x + l) ~fflv'''C pen-penultimate Jt 

2) G. E. Ham, ]. Polym. Sci., 45, 169 (1960). 
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3~---------------------------, 

2 ~

/" 
/~ 

I/~ I , 

O~-----L------~----~~----~ o 5 ro ffi m 

.:£- J "'l - C. ifoiR (7) .:£- /l--lt 1/ 12 
0 : 7~ r Y , X : 7~ r Y, -,y-eY~ .:£-/HN,il'l!?( 

~ I FN-St (7):j\:m-g.mJitIlll~~('M" IE) 

~j:!"",~o FN v;J:l~cA, EJ'llJ9l..-%jg:;6;tJ:v'~ -e r2=0 cTQ c 

3t.il'Jtf;J:-::>~~~ 'j IctJ: :Q 

n-I 
[r" x(r' x+ I) / (r" x + 1)] (rx+ I) 

[r"x(r' x+ 1)/ (r" x + I)] + 1 

x =St/ FN, .:£- J "'l - (7) ':£- /l--lt 

x =St/FN, ::I>I'9"'l-(7).:£-J"'l- J'llflHt 

r =kststst/kstStFN 

r' = kFNStStFNStSt/ kFNStFNStFN 

r" =kFNStFNStSt/ k FNStFNStFN 

( 2 ) 

(2)JtleL~;6;-? "C'ii\'J£, 2000, 3000, 4000kg/cm2 ~J£1JIr.. 

~~:Q~.-%.~~M~*~~ 2 K7FL~0:J;f-9v -~.~~ 

aJ3G;6>leJ£jJ~~W~3¥:lt"C v':Q o J'tJ: !j'=*7'J;;le~-?"C r, r', 
r" ~*~(~ I ), ~~ van't Hoff -j'p ';/ ~ ~~ 3 1L7FL~0 ,., 

r', rr" v;J:v'fh~J£jJ~tP.!1JQcc~leiRi.9>~:Q~c~7FL , ~ 

~wiJJ~~f~ ~;6> G$.~Jj[rc;~mjg:1t.l*m~~;6;.:th~h-::> ~ ~ ~ 

30 

-
20 .. , 

-
I 

s:: 

101- ~ 

II" O ~ I I I I 

0 5 10 15 20 25 30 

&rc.:~'d4 
~.:£- J "'l -: 50.00, AIBN: 0.03, 7 trY: 49.97 wt% 

IEjJ ( kg / cm2)-

e : I, . : 2000, X : 3000, 0 : 4000 
x < 5 (7) •• ~~~~ •• ~~~~-••• C"C~~. 

~ 2 FN-St (7):j\:.-g.UJitIlllMle:M~~ lEjJc7)~ 1& 

I 
~ 
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~ I St-FN *1l!-E;-fC:tolt~ r, r', r" fcMi"~EE::t.JO)~~ 

EE::t.J ( kg / cm 2) r' Til 

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 

:i1 &rc;~ f1j: ~1::" I""'?" - : 50.00, AIBN: 0.03, 7 -l! r /' : 
99.97wt% , 60°C. 

"- 0.8 
eo 
..8 

-0 
0 

" 
S - 0.6 
X 

~ 
eo 

..8 

0.4 

S 0.2 

x 

°O~---L----~----L----
1000 2000 3000 

EE ::t.J ( kg / cm2) 

&rc;~# ~1::" I ""'?"-: 50.00, AIBN: 0 .03, 7-l! r /': 
49.97wt% 

0 : T = kststst/kststStFN 
.: r' =kFNStStFNStSt/kFNStStFNStFN 
x : Til =kFNStFNStst/kFNStFNStFN 

1%1 3 FN t St 0) *£-E;-fC:to It ~ T, r', r" O) EE::t.J fCJ: ;;'~ ft. 

-? 10l< Ii) G fl, t.: ° 

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

Ll V~NStFNStSt - LI V;NStStFNStFN = 2 cms/mol 

LlV;NStFNStSt- LlViNStFNStFN=5 cm3/ mol 

Nicholson C Norrish IC J: -?"C >I< Ii) Gfl,"Cv' ~ St O)1'.~Bl:r.t 

0) t.!i ¥-E {t,1*ff{ 

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

~Jtl",~ c 
LlV~tStFN = - I2.5cm3/ mol 

LI V;NStStFNStSt = LI V?NStFNStSt = Ll V~tStSt 
cT~C 

LlV:NStStFNStFN = -13.5cm3/mol 

LlV:NStFNStFN= -16. 5cms/ mol 

J;J,J:O)*",*iI> G ;f- I) ? - '7 :/ 7J }\l0) penultimate 'E / ? - ~ 

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

Soc. , 22, 97 (1956). 

91 ~ 9 % (1970) ( 36 ) 

t'L1::. FN ~~"'?~o)IC FN iI;M1JUT~&rc.:v"j: , ftl10)~~&rc.: 1r. 

< G"LEE::t.JO)~!M~:k~ < ? ft~ c c , $-C-~ FN- St-FN-St 

*ilffijlC FN iI;'M1JPT~~m:.g-lliJtl"j:~ -? c <b.l(-O)~~ill.:k~v' 

(ILl ViNStFNStFN I > I Ll V:NStStFNStFN I > I Ll V:NStFNStSt I ) 
c;lt.:t Gfl,~ ° 

3. 1 ~ ~ 

3 .1. 1 ~ *'I 
1,1- :/ 7 ~'='}\I~ 7"v:.--(DPE) : 7P.L.X. :.---t!:.-- C l!i~~~7" 

)\l7.I'G.g-nt~, ~EE~flI (l64°C/34mmHg) ~t.:4)o 

CsHsBr ----> (CsHs) 2CCHS 
I) Mg ether I 
2) CH,COC , H, OH 
3) H 20, NH,CI 

- -7 (CsHshC=CH2 
H,SO, 

T I- '7 I:: r P 7 '7 :.-- (THF) : *~{t,;b ~ '/ .L. 0) :ff:ffT -C- ~~ 

ra9JiIAE ~ t::.0) "bfl1lfll ~ t.:o 

~~{t,X.:'--'/ -1 )\I(BPO) : mJt&J'o~7 P P:t- )\I .L.lr. ~!;~~ , )I 

7 / -)\I$-C-~*5~ ~t.:o 

~7 / - )\1 : mJt&J'o~~flI~t.:o 

3. 1. 2 ~~1J;t : ~ 'E / ? - 5.56 mol , THF 1. 23 mol , BPO 

0.002 1 mol 0)<b0)~ &rc.:l~.g-¥1Jc~ , &rc.:rffAf3t 90°C, &0EE 
::t.JJ\lt~ 5000 kg / cm 2 -C-~~~fJtJ:-?t.:o &rc.:¥J)v"j::kH!:0)~7 / 

-)\I$ I::.l":ltA~ "C :J;f-~7-~i;tJ,X~-\t, p }jl], !t1*~:FP:lil:. ~ 

t::.o :J ;f- ~ ? - 0)~g*5I;~7Hlfflil> G FN ill. :J ;jf ~ 7 -$ lr. ~ 

~fl,~~-E;-~*ii) , m.g-$ , ~ • .g-~f3t~*ii)t::.o~t::. :J ;jf ~? 

- 0)~~.~7 -l!I- :.--M.0).~J:~~KJ:-?"C*Ii)t::.o 

3 .2 t:SJ~U:~~ 

I, 2-~~~ 7" v :.--l"j: '7 :/ 7J )\ll1ltt~ <::'v"j: - ffiX:IC ~~~m.g-~v"j:;IJ: 

v'o c < fr. FN l"j: St c ~ • .g- ~-\tt.:t~.g--C- <b penul timate ~ 

* c ~ "C • .g-t:Jlirn:T ~O)-C-~~~ • .g-~tJ:'" c c v"j: ajl Gil> c.~,:b 

fl,~o -j], DPE I"j: Newitt GS)ill. 1200 C, 5000kg/cm 2 cv' 

? ~U:~v'&rc.:~#<::· , ~iI>~~~rdlO)&rc.:fCJ: ~:bfil>Ir.=:llt 

1*~~LV ' ~ 0)Jt- -C- '7 :/;b )"l1ltt~ <::'l"j: FoWfHr. ~~~m~¥-Ev"j:tJ:V' 

<bO)cm.~fl,~o ~~~;IJ:~G.«GO)~~.#-C-~:k.O) 

BPO O)1reffllc.J:: fJ iJ>ts.. fJ !.E;:IJiJ;'~v't~~"e<b:bfi.l>lc*:m:~ L.. 

~~c~:bfl,~.~~ • • !fl" J:fJ~~O)~fflKJ:-?"C~$~ 

~~~~~cc~-C-~t.:t::.Ii)~~O).::t.J$~~~~~~cc~-C

~t::.o 

~ ~ ICJm"t::. J: ? tJ: tl:J6Jt-&J:0.#-C- , 90°C, ~ I OO kg/ cm2 

O)tJPEET fr.&rc.:l~~¥7.J~ 67 ~ra97l!,fJI1L- , 0 . 4% O)~$-C- :J;f- ~ 

7 - ~~~t~o - j] , Ji'il ct.tJ6Jt-.1-'1=-C- 90°C, 3000~5000 kg / cm2 

O)~EEr<::·v"j:~JI.'\r. :J ;jf I) ? - il;~nt ~t.:o :J ;jf ~ ? -0) IR A 

~7 1-)\I ~1%I 4 1r.7f;To 2240em- 1 MiEi:f:'~7:.--£0)~3lv'IJ&~ , 

1700cm - 1 fr.;b)\I ;f-''=')\I£O)IJ&~ , 1603, 759, 700em- 1 fr. 7 ~ 

'=')"£O)IJ&~7.J~Jt-Gfl,~ o 2240cm- 1 0)~7 :.--~0)1J&~1"j:~7:'-

£1~f3tO):k ~ H;t:jS\-~fflv' L ~ t c ~ CIJ' ~ v'IJ&~lZ.tJ:O)<::· , :J;f

~ 7-$0) FN f"j: > C=C< ~1i'~"C~*~~"C"'~ c;lt.:tG 

h~ ° 1700cm -J O);b)\I ;f-'.=. )\I~O):k ~ v'l!&iJX l"j:*i!IfijO)X::'-- 'j -1 

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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lOO r---------------------------------~ 

lJ.!t ~ ( cm - I ) 

EUC;~ft FN: 0 .0568, DPE: 0 .0568, 
THF : 0.0123, BPO : 0 .0021 mol , 90°C, 
3000 kg / cm2 

~ 4 FN- DPE ::I ;f, V ~ - (J) IR A '" ~ ~ Iv 

; lI;t.of ~illeJ: Q ~O) c~ X I?;,tLQiI~ , ~*4q,0)1~~iI~/j,<':!:v,~ 

~"C ~ L 0)'l'li.il\!.iI~5m < ~:btLQ c v' '5 4J~~~J.tT Q c ::I ;f,' ~ 7 

- 0)7FfJ:v'icb~ lJ *~ < tJ:V'L"cb:? '5 ° 1603, 759, 700cm- I 

0)'l'li.il\!.1'i DPE c BPO 0) 7 ~ '=';lIilleJ: Q ~O)"CcbQo 

~ 5 leJ ;f,' ~ 7 - q,O) N ~1f:.ll c%.:r:.ll cO)mw~~ff-L..t:o L 

0);it1l!~*I'if'n~ffi"CLo)~iI>l?;,t:it"0leIiUC;~:c1:~7~TQ L c 

1'i"C~tJ:V'ilt , i\1liff.TO)IiU;C;"CI'i BPO iI>I?;,O).=~{t:.m~O)].i!llJf£ 

iltf!lJfllIj<':!:tL:Q L c., lo J: V'~l!t c L.. "(i!UJl~jIJ L..~Tv' THF ~ 

fflv't':L Ut. c~~J.tL.. , ~~"cK-%.:rt.f/f~~ 

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

o Ph CN n 

c~:lE L..t':~~0) ::I ;f,' ~ 7 - q,O)N~1f:llO)~{t:. c %.:rj:0)~f* 

~ ~~7~"Cff- L.. t: ° ~ iI> I?;, SJlI?;, iI> tt. J: '5 Ie 3000 iI> I?;, 5000 kg / cm 2 

~ "CO)IiUC;EEnO)j:~1JQle J: -?"( %.:r:lltv'i 600 iI> I?;, 1300 ~"C~ 

1JQL..t:o 

'7 ~:b ;lIO):l<::lEM:iI>l?;,~ x "(1:.~Firc;~~bt~GT Qo)l'iDPE 

O)1:.:!li:-*ttffilil~ FN '1:: / 7 - cFirc;T:Qt~~-c'cb:? oj ° L..t:iI~-? L 

...... 10_0 n=S • n=.i--.-
~ 

Z 
Q 

-t!-
t 
tr 

.* 
n 

n=J--' 0 ____ . e 
o~ 0 

/n'=2 • • 
9,0 

8.0 

7,0 

400 600 800 1000 1200 1400 1600 

7t .:r :lit 

0 : tt J6 7j.'1:: I ~ - mJiX;- 5:E(FN : DPE (J) -'£: Ivtt; 1: 1)"(' 

E£ n ~~x-Rt(J). tr:iJ'~nmlXE£n 3000,3500,4000, 
5000 kg / cm2 

. : E£n-5:E (5000 kg/ cm 2) "('ttJ67j.-'£: I ~ - ilJiX; ~~ X-R 
t(J) · tr:i1>~lI1llX FN 7t$ 0. 27 , 0 .36, 0 .58,0. 73 

~ 5 FN c. DPE c. (J) j!<m:-file~ it Q ::I;f, V ~ - J:fl (J) 

N c. 7trit c. (J) 00-1* (90°C) 
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FN O)1fT Q penultimate ~* ~~~: L.. tS.lttLlits.1?;, tt. V'o J£ 

nK J: Q%.:r:lltO)j:~1JQV'i-~O) '7 ~:b ;vm:~le~v'"( ~ J: < ~ I? 

tLt:4J~"CcbQ~ , ~ 5 K~l?;,tLQJ:5~EEnKJ:Q ::I ;f,'~7-

q,O) N ~1fj:O) j:~1JM>I?;,~x "(~ , penultimate ~*It:MTQJ£ 

nO)~W~~~tL"( c < lev' "0 t: Q L.. v'ta*iI~~:btL"(v'Q ~ 0)

c..\!':,:btLQo 

'1::.1 7 - 0)'1::;1I.l:!:: 1 : 1 o)~~lelov'"(.tLttJ6.7j.'1::/ 7-li: 

KMTQ1:.~ ::I ;f,' ~ 7 -. , loJ:V' ::I ;f,'~ 7-0).~~.%~. 

~ ~lltfra'le-?v'"( il!IJ:lEL.."(~tL.:ftLO) FN '1::/ 7 -.&:rc;$~* 

1O~ 6 IUf-L..t:o <,:!:I?;,K~ 6 O)iru~O) jfJt~iI>1?;, FN -'£: / 7 - 0) 

Fijt,~~~*IO , ~tL~~iI>lto) ;it1l!~~~ c L.. t: o 3000 kg/ 

cm2 ~TO)ff.n"CI'i 1I!-fi$iI~/j'<':!:v't:1O ;it1l!-fi~~~*IOQ L 

cil;"C ~ ts. V'o .:c-tL.:ftLo)~iI> I?;,~ 7 0) van't Hoff -j' P 'Y t- It: 

J: -?"( LO);it1l!-fi.&:jt,0)r.5M:1t:.-l*'¥JHiI! -25cm3/mol ~~t.:o L 

O)~v'i <':!: ~ Ie ~Jm"'t: J: '5 le'itEEIltf~ "C5H~ L.. t: ~ o)L"v'its. < , 
~t:~~~0);it1l!-fi~~~1?;,*1Ot:~0)~0)"C , .m~~.O)m 

~ c v'its.l?;,tJ; v'ilt , -~O) '7 ~:b ;1I;it1l!~lelov'"( L O)fil!iI~ -20 

~-lOcm8/ mol O)flfiiiHIlecb Q L cil~~lOl?;,tLQ L C , loJ:V'L 

0);it1l!-fiFijt,L'-I'i 3000 kg/ cm2 HJH~ff.n Ie c -? "(v' Q L c ts. 

c~~J.tTQ cil>ts.lJ * ~v'o Lo)~I'i penultimate ~5!He J: Q 

~ 0) c~ x I?;,tLQo t:itL.. ::I ;f,' ~ 7 - O)%.:r:lUt/j,<':!: v'O)"C~O) 

%~~I?;,~XQc'f:/7 -.tL"C l~2 .0)~0)~~M~aTQ 

L'-cb:? '5 ° Lo)~~IO'i~~f3~j*ttffilcO) penultimate ~*~~ 

M~~tL"«QLCK~Qo ~ ~ v ~c ~~t:.m.cO)~ p ~y 

-If - ~" ~lelov'"(¥IH1:i-5) <':!:tLt:J: '5 ts.~~f3~J*YffilcO) penulti

mate ~*iI~ BPO ~fflv'Q*lelov'"($.lHJ1."C~Qcv'5iR~0) 

~~7- 71'its.v'ilt , t.:c.:Uf t- ~ ~ P;lI ~~V ~ci3~~~''=';lI 

cO);it1l!-fi"C;f,' Y 7 - O)%.:r:l:I'i1jf;ff."C 1550~1630 , 4000 kg / 

-8,----r-------" 

~ 
I 
~ 6 

* 4!! 
~ 
* lQ 4 
~ 
Q 
l 
tr 

" I\-' 
Z ... 

4 6 8 10 

&. rc; lIif r.ll (hr) 

&.rc;~dtj: 1t -,£: / ~- : 5.56, T H F: 1.23, BPO; 
0.002/ mol, 90°C 

E£::;fJ( kg/ cm2) -
.: 5000, 0: 4000, X: 3500, . : 3000 

~ 6 FN c. DPE (J) j!<;j:-fii!E1l 

5) C . Walling, "Free R adical in Solution ", J ohn Wiley 
& Sons, (l 957) p . 257. 
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em2 -C 2150~2410 C v'? ¥IH1i'{7IJ6) CJ:t~L- '"C {, ;: O)t~{?;-O)7}.:r 

!ft0)J:Ej]{1r(:ft'!iJ;iJ,t.J: I) 7: ~ h ~ t:il1iiJ:E!l{?;-f;::;J:;lt Q7}.:r:lli:illj 

~O)-~n.{?;-O).ftK~Q'"C*o)~.~~~L-, ~M~~c~ 

I) , '{-O)~~!l:iJ;J:Ej]IC~ Q '"C~Jl~~t1Q c~.:Zt?t1'"Cv'QiJ; , ;: 

0)~{?;-~'i:J;f- ~ -;,-0)7}.:r:lll:iJ;/J'~v'0)-C·-M1'0)7 y;O)vm{?;-fC 

< t?"''"CJEj]O)~JJ*f'i3tltfC « V'-C00? 0 L-t:iJ'Q '"Cil1iiJ:E0)~ 

0.60 -

~ g 
0.40r ~ 

........ 
0. 

~ 
bO 

.9 
0.20 -

Oo-----L-I--~--__ ~ ____ ~ 
3000 3500 4000 4500 5000 

J:E j] ( kg j em 2) 

l~Jc.:~j1j: ::@:-'E' / "" -: 5.56, THF: 1.23, 
BPO: 0.0021 mol, 90°C, LlV"'=-25em3j mol 

rCi\l 7 FN c DPE cO)~1Il:{?;-1;::.toft:o van't Hoff 7''[:1 ':J]-

91 ~ 9 ~ (1970) ( 38 ) 

fflf'i FN O)liTQ penultimate ~*O)~~iJ1jIC7:~ «{'FfflTQ C 

~.:Z Q o)iJ;*~-C'00 ? 0 

4 "C O)ttho) =c / ~ - c O):tt;:m:S 

4.1 ~ ~ 

4.1.1 ~ ~ 

7? ~ MilU :r )v(MA): m!lBiJ'o'i' 10% O)7J<~{t:t t- ~ r'J .b. 

7J<m.-cft@~~L-t:O)~7J<~L- , .{t;O~~r'J .b. -C~.~~, 

~J:E~{j L- '"C q:.ra~{j7}(50°Cj298 mmHg) 'i'1*1&L- t:o 

1::' =-)v7 "" =-)V.:L-T )v(VPE): 7,," / - )V C .:L:r v /'? 0 

)V I:: ~ ~ /'iJ,t?{?;-ntL.t:( 155~ 1 56°Cj760 mmHg) ° 
NaOH 

CsHsOH ---> C6HsONa 
CICH,CH,OH SOCI, 

--------> CsHsOCH2CH20H -------> 

t-BuOK 
CsH sOCH2CH2CI -------> C6H sOCH=CH2 

;< 'J? ~ Ml!U :r)v(MMA): m!lBiJ'o'i' 10% 7Jc~{t :t t- ~ r'J 

.b.7Jclifl{!l-C·~@~l'JIl L.t.:: O)~ . 7Jc~ L-, .{t;O )V~ r'J .b. -Ci\!t~~~ 

~*%'ii1'Eq:. -C' i.lJXJ:E~{j L- , q:.ra~{j7}(43°Cj90 mmHg) 'i' 1*1& L

t:o 

a-;< :r )V 7- :r v /' (a-MSt): m!lBio"'o'i' MMA O)t~{?;- c fol~t.J: 

:;IJ}'.~-c·ffl~ L- t:o 

4. 1.2 ~~1m~ : T"''"Cii1Hc)ill'''t'::/J~ c fol~-C0 Q 0 

4.2 *6!oIU:~~ 

FN c;ltm:{?;-~~QC 'C/-;' - cL-'"C I::'=-)V~'C/-;,--Cf'i 

~ 2 FN cJ::=-/l-~-'E'/"" - cO)~m:{?;-

~'C/",,-
::@:-'E'/",, - AIBN 7t]-y tl:i6J}.-'E' / J:E 11 il[ • ::I;f-~",,-r:p ::I ;f-~",, -r:p 

(wt%) (wt%) (wt%) ""' -'f: IL-J:t ( kgj em') (0G) 0) N (wt%) 0) FN(mol%) 

St 50.1 0 49.9 1 1 60 11. 74 39.86 
50.1 0 49.9 I 2000 60 12.57 41.80 
50. 1 0 49 .9 I 7000 60 12.68 42.14 

MA 43.3 0.21 56.5 1 1 54 3.58 10.88 
43.3 0.21 56.5 1 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 I 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 FNO)~=-~~~~-'E'/"" - cO) ~.{?;-

-:J-'E'/",,- ::@:-'E'/""- ~ ~~ 1J'IJ 19 jij tl:16J}.-'E' 1 J:E 11 11ft • ::r;f-~",,-r:p ::r;f-~",,-r:p 

(wt%) Cwt%) (wt%) "" --'E'/l-J:t (kgj em2) COC) 0) N (wt%) 0) FN(mol%) 

AIBN 7t]-~ 

MMA 51.3 0.003 48.7 1 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 7t]-Y 
a - MSt 48.7 0.12 51. 2 I 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 I 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. 1. Baikova, V. M. Zhuiin, /zu . Akad. Nauk SSSR, Oldel. Khim. Nauk, 1962, 1164. 
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St, MA, VPE, 1::''::' ~ T /~~ / ~ - c 1.... 'L a-MSt, MMA, 

DPE ~mv':IOC~ 7000 kg/ cm2 '! -efE::IJ r -e ~lll,g-~'lb';:o ~ 

~*#j;) J: V't;!i* ~~ 2 j;) J: V' 3 le~T 0 T A:. 'L 0)Jj)j,g-{±j6Jj. ~ 

/ ~-~ltJ.tFoJ-L';I;::'o 

St cO);IUt,g-O)tJ},g-, :J;jf I} ~-\fl0) FN ~1i:l!J;f'".tfE::IJO)~:iJn 

c c 'h1r.t\!l:iJn1.... , m 2 j'fj-el!llA:.)';:O)cFoJ~t~Mrti]:&~1....),;:0 MA 

c. O)~£,g-L'v'".t FN iI;:bfil~ 10% 1....iI~~,!:n,tJ:v'O) -e penulti

mate ~*v'".t~m-e ~ , fE::IJ Ie J: Mllnlt~{tv'".t~1O ~:n,tJ:iI~-?)';:o 

VPE c~£,g-~-It::,c.:J;jfl}~-\flO) FN ~1iiiv'".t 48~50% 

ct~ IJ , jiI[~/ ~-0)7 ;/;b)vt(\tt'14''""('-O)J:1:i~~1:.*~1:!til;~:bIO'L 

IJ'~V'L d'~:>;CX;jf ~ ~-le)[[v''ho)iI;{~~:n,)';:c*,";tI?:n,::, 

0)L', Lo)*L'v'".t~ft.; penultimate ~*tJ; ~:b:n,::, L c.iI; T~ 

~:n" fE::IJleJ: IJ FN ~1i:l!J;v'".t!~:iJn1....t.::o 

1....~1....~~~~30)J:5~~'::'~T/B~/~ - c.0)~.,g--e 

v'".t'!t:fE::IJ~*~!iIHeT::'o a-MSt c.O)~m:,g--ev'".t St cO)k'" 

:n, le < ~A:.'L:J;jf I} ~-~nltil;:>;CX~m,g-17zjle)[[ v' o 1....t:tJ;-? 'L 

~?t.; J: IJ:* ~ v' penultimate ~*iltT~~~"::' iI; fE::IJ Ie J:::'k;Ii 

nlt~{t l'".tJj.~:n,tJ:iI'-? t: o '!t: MMA c.O)~.,g-17zjv'".t MA c. 

O)~.,g-~J: IJ 'h ~ ~Ie FN ~1i£iltytJ: < 10% tn-ecb IJ , 

fE::IJ Ie J: IJ :J ;jf ~ ~ -~nltl'".t FN ~1i:!B:iI;l.!lXYT::' J: 5 Ie ~{t 

1.... 'Lv'::' 0 L:n, ~ O)fJI!ffil'".taJj ~ tJ'L'I'".t tJ: v'ilt-)t,-::> ~ 0) J: ? Ie*," 

;t~:n,::'o a-MSt 1'".t7(#i.ffi!.1:!ttJt~ <, IWll!,g-~t9L 1....-?Tv,o 

LO)J:?~~/~-n~fEO).m ~J:IJM£,g-&)t,~~~~:n,'L 

J:1:i~<!t1:.*&)t,iI; J: IJ :iJn~~:n,::, O)I'".tJil3~nO)~~-e;l;::, 0 1.... t:tJ;-? 

'LLO)!~,g-I'".t penultimate ~*0)~?jtmIU~7 /AT::' ~t:I:TJ:1:i 

~~1:.*&)t,'h fE::IJ Ie J: -? 'L:iJn~ ~:n,t: c*,";t ~:n,::'o '! t: MMA 

c.0)~m:,g-L'1'".t FN ~1i1i!tJtYt.r.v,O)-e penultimate ~*I'".trR~ 

jl'! Ie tJ: ~ tJ:v'o 1....tJ, 1.... ~iI; t?:J ;jf I} ~ -\fl O) FM ~1i:l!J;iltl!Ele 

~fEr-e IJ' ~ < tJ:::' CV' 5 $~ ~ *,"ritT::' c, MMA 0)1:.~& 

)t,O)fE::IJ~ff~I'".t-JI)i'O) ~ .::.)vB~ / ~ - c.~VJ: -? 'Lv' < .blv:* 

~tJ:iili~ c::' cJj.::'A:.~-ecb;:'? 0 ~ '::')vB{t,g-17zjO)i!£Jil$iliIJ& 

)t,O)lf::IJ~ff~ip ~ cb Mj\1:!tk'"O)itJirfiJl'".tTlJ!ll~ :n,'Lv' ::'ilt7) , -m 
1£'!L(0) C L;:' MMA O)1:.nlt&)t,O)fE::IJ~ff~I'".t*IO~:n,'Lv' 

7) V. M. Zhulin, M. G. Gonikberg, A. L. Goff, V. N. 
Zagorbinina, Vysokomol. Soed., All, 777 (1969). 
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tn'O)L' L:n,~ 1'".t.£f~O)~W1le '! t:b It tJ: ~ tJ:v'o 

DPE c.O)~lll,g-L'f'".t VPE cO)Jj)j.g.0)J:5Iejil[~/~-leJ:1:i 

~!I(1:.*iltt9 L ~ tJ: v'O)'""('-:>;CX;jf ~ ~ - Ie)[[v' 'h o)iI;~ ~:n,::, c.~ 

;t~:n" ~rt.; penultimate ~J*tJtT;t.!!~:n,::, L cICfJ:::'o ~ 3-e 

1'".t :J ;jf ~ ~-\fllej;)I:T::' FN O)~1i:l!J;le~{tl'".t~IOt?:n,tJ:v'iI;, 

L O)fiFil'".t~Tjjl:ilt/J' ~ v,t:IO*Y!ltlt~~~v't: ~ / ~ - J:1:iUi:IUtT 

::'~WO)~N~-~ / ~ L';I;-?'L , m 3j'fjL'l!llA:.t:J:5~fE::IJ~ 

J: ::'~T:ll!:O)i\!l:iJn~*'"J.tle)..:n,:n,lt~?t.;*);;'tij£~~tl':J;jf I} ~ ~ 

\flO) FN ~1f:llH.titll1JnT::'Lclet~::,o t:t:1....LO)J:?~~m: 

.g.1:!tO){t.g.1w.Jle~H, 'L*~1Iij£~~tl':J;jf I) ~ - \flO) FN ~1i:!it0) 

~{til' ~ penultimate ~*~~f::' L c v'.til~tJ: IJ rR~m7.l;cb IJ, ftf 
~&)t,~MT::'lf::IJ~*'h~?t.;~jl'!~~-?'L<::,c.8:b:n,::,~, 

~Mll:.g.&)t,O)ffi~{I::.f*f1iiiiilt:*~v'L c.iI'~*,";t 'L'h, LO)~ 

!il:.g.&)t,iI; If::IJ Ie J: -? 'L FN ~1i:!l!:O)~v' :J ;jf I} ~ -1:.nltO)jJ 

rfiJ lel$rrT::' L C v'".t~til' L';I;;:' ? 0 

~~0)t;!i*~.~T::,c.~40)J:?~~::'0 

~ 4 =,,f-~,",,-$0 FN ~1'filt0.I:E::IJleJ:~~ft 

-'C / '"" - FN ~1'fi!: 0~ft 

A 7 v :/ 
I! :=. /1.- 7 ~ :=. /1.- ;I:. - T /1.-

7 tf ~ II.-~;! 7/1.-

a -;! 7 /1.- A 7 v :/ 
1,1- :/7~ :=' /1.-;I:.7v:/ 

;! II tf ~ /1.-~;! 7 /1.-

+ 
+ 

~ ft td. L
~ ft td. L

+ 

7 ~ p.::. ~ ~ )Vl'.t e 1@:O)/J'~ V'A7 v / , 1, 1 -~7 '" '::')V~7 

V / , a -;< 7 )V A 7 v / , ~.::. )V 7 '"- .::.)V ~ - T )V C. J: < ~ m: 

.g.1...., :>;CX~£,g-f*le)[[v,;jf~~ - ~~t:o 7 ~p,::,~~)VCO) 

~ID:.g.*le::f,;v''L c < Ie !iJilfle;l;~:b:n,::, penultimate ~*I'".t 

~lfrL'm~~:n,::'MrfiJ~~1....t:~, :J;jf~V-0)7~p,::,~~ 

)V~1f;!iO)~{l::.iI' ~lt~~:n,::, 0)1'.t=l:: c. 1.... 'L 1::>'::' )vB~ / ~ - c 

~ • .g. ~ -It t: Jj)j.g. L' ;I; -? t::. 0 

*a~n*~*ft*~E& .~0 ~.::IJ~~~0~<.~0 

~~~TQo 
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