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Summary: Block copolymer iza t ion  of methyl  me thac ry la t e  (MMA) with t - b u t y l  
me thac ry la t e  (t-BMA) was ca r r i ed  out  in to luene  a t  -78~ with t r i p h e n y l -  

p h o s p h i n e  (Ph3P)- t r ie thy . la iuminum (Et3A1) in i t i a t i ng  sys tem.  Polymer iza t ion  
of MMA with Ph3P-Et3A1 u n d e r  the  same cond i t ions  gave h igh ly  synd io t ac t i c  

PMMA l iv ing  an ion  with low in i t i a to r  eff ic iency.  Even  t h o u g h  a l a rge  p a r t  
of the  i n i t i a to r  remained  u n r e a c t e d ,  polymer iza t ion  of t-BMA with the  l iv ing  

an ion  of PMMA gave  block copolymer wi thout  format ion of poly(t-BMA), s ince  
t-BMA alone could no t  be polymerized u n d e r  the  same cond i t ions  due to the  

i nab i l i t y  of in i t ia t ion  with Ph3P-Et3A1. 

INTRODUCTION 
Living po lymer iza t ions  have  been  widely used  for  the  s y n t h e s i s  of block 

copolymers .  In  th i s  method all the  in i t i a to r s  should  be consumed complete-  
ly before  the  second monomer is cha rged ;  o therwise ,  t h e r e  should  be a 

poss ib i l i ty  t h a t  the  homopolymer of the  second  monomer is p roduced .  A 
mixture  of t r i p h e n y l p h o s p h i n e  (Ph3P) and  t r i e t hy l a luminum (Et3A1) has b e e n  

known to in i t i a te  the  polymer iza t ion  of methyl  me thac ry la t e  (MMA)I,2). 
Recent ly ,  we r e i n v e s t i g a t e d  the  po lymer iza t ion  of MMA with Ph3P-Et3A1 or 

t r i e t h y l p h o s p h i n e  (Et3P)-Et3A1 in  to luene  a t  low t e m p e r a t u r e s  and  f ound  
tha t  the  po lymers  formed were h igh ly  syndiotac t ic3 ,4) .  Al though PMMA 

an ion  formed with these  in i t i a to r s  has a l iv ing  cha rac t e r ,  the  in i t i a to r  eff i -  
c i ency  is less  t h a n  un i ty .  The incomplete  consumpt ion  of the  in i t i a to r  

should  be a d rawback  in the  p r e p a r a t i o n  of block copolymer  u s i n g  the  
l iv ing  PMMA anions .  The a t t empted  block copolymer iza t ion  of e thy l  metha-  

c ry l a t e  (EMA) and  MMA r e s u l t e d  in  the  format ion of a mixture  of the  block 
copolymer  and  poly(EMA)4). The in i t i a to r s  a re  also use fu l  for  s y n d i o t a c t i c -  

specif ic  po lymer iza t ion  of me thac ry la t e s  o the r  t h a n  MMA3,4). Among the  
examined methac ry ta tes ,  t - b u t y l  me thac ry la t e  (t-BMA) b e h a v e d  d i f f e r e n t l y  

from p r imary  and  s e c o n d a r y  a lky l  methacry la tes ;  t-BMA gave he te ro tac t i c  
polymer  with Et3P-Et3 A] and  no polymer with Ph3P-Et3AI. On the  o the r  
hand ,  t-BMA can be copolymerized with MMA by  Ph3P-Et3A14). This means 
t ha t  i nab i l i t y  of $-BMA to homopolymerize with Ph3P-Et3A1 should  be 
a s c r i b e d  only  to n o n - o c c u r r e n c e  of in i t i a t ion  reac t ion .  If  th i s  is t r ue ,  
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p o l y m e r i z a t i o n  of  t-BMA w i t h  t h e  l i v i n g  PMMA a n i o n  f o r m e d  w i t h  P h 3 P - E t 3 A ]  

s h o u l d  g i v e  t h e  b l o c k  c o p o l y m e r  b u t  n o  h o m o p o l y m e r  of  t-BMA e v e n  i n  t h e  

p r e s e n c e  o f  t h e  u n r e a c t e d  i n i t i a t o r .  T h i s  c o m m u n i c a t i o n  r e p o r t s  a n  e x a m p l e  

of  h i g h l y  e f f i c i e n t  f o r m a t i o n  of  b l o c k  c o p o l y m e r  of  MMA a n d  t-BMA b y  t h e  

p o l y m e r i z a t i o n  w i t h  P h 3 P - E t 3 A 1 ,  w h i c h  i s  a s low i n i t i a t i o n  s y s t e m  w i t h  low 

i n i t i a t o r  e f f i c i e n c y .  

EXPERIMENTAL 

M a t e r i a l s  MMA a n d  t-BMA w e r e  p u r i f i e d  in  a u s u a l  m a n n e r ,  d r i e d  o v e r  

c a l c i u m  d i h y d r i d e  a n d  v a c u u m - d i s t i l l e d  j u s t  b e f o r e  u s e .  Et3A1 w as  o b t a i n e d  

c o m m e r c i a l l y  a n d  u s e d  a s  a h e p t a n e  s o l u t i o n .  C o m m e r c i a l l y  o b t a i n e d  P h 3 P  

w a s  p u r i f i e d  b y  r e c r y s t a l l i z a t i o n  f r o m  h e x a n e  a n d  u s e d  a s  a t o l u e n e  s o l u -  

t i o n .  T o l u e n e  a n d  h e p t a n e  w e r e  p u r i f i e d  in  u s u a l  m a n n e r ,  d r i e d  o v e r  

s o d i u m  m e t a l  a n d  d i s t i l l e d .  T h e  p u r i f i e d  s o l v e n t s  w e r e  mixed  w i t h  a sma l l  

amount of butyllithium to remove a trace amount of water and vacuum dis- 

tilled just before use. 

Polymerization Polymerization reaction was carried out in a glass 

ampule filled with dried nitrogen. The polymerizations were terminated 

with a small amount of methanol. The reaction mixture was concentrated 

under high vacuum and the residue was dissolved in benzene. Insoluble 

materials were removed by centrifugation and the benzene solution was 

freeze-dried. The recovered polymer was dried under vacuum at 50~ 

Tac t i c i t y  de te rmina t ion  PMMA-block-poly(t-BMA) w a s  h y d r o l y z e d  to  

o b t a i n  PMMA-b lock -po l y (me thacry l i c  a c i d )  i n  a m i x t u r e  of  b e n z e n e  a n d  

m e t h a n o l  ( 3 / 2  v o l / v o l )  c o n t a i n i n g  1% of  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (12N) 

u n d e r  r e f l u x  f o r  2 d a y s .  U n d e r  t h e  s a m e  c o n d i t i o n s  PMMA b l o c k  w a s  n o t  

h y d r o l y z e d  a n d  t h e  c o m p o s i t i o n  of  t h e  PMMA-b lock -po l y (me thacry l i c  a c i d )  

w a s  t h e  s a m e  a s  t h a t  of  P M M A - b l o c k - p o l y ( t - B M A ) .  T a c t i c i t y  of  t h e  

p o l y ( m e t h a c r y l i c  a c i d )  b l o c k  a n d  PMMA b l o c k  in  t h e  b l o c k  c o p o l y m e r  c o u l d  

b e  d e t e r m i n e d  f r o m  t h e  c o r r e s p o n d i n g  c a r b o n y l  c a r b o n  NMR s i g n a l s 5 ) .  13C 

NMR s p e c t r a  w e r e  m e a s u r e d  i n  d i m e t h y l  s u l f o x i d e - d  6 a t  l l 0 ~  o n  a JEOL 

JNM GX-270 s p e c t r o m e t e r .  T h e  c h e m i c a l  s h i f t  o f  t h e  s o l v e n t  w a s  r e f e r r e d  

a s  3 9 . 5 0 p p m  f r o m  t e t r a m e t h y l s i l a n e .  T a c t i c i t y  of  PMMA w a s  d e t e r m i n e d  f r o m  

1H NMR s p e c t r a  m e a s u r e d  in  CDCI 3 a t  55~ 

GPC m e a s u r e m e n t  M o l e c u l a r  w e i g h t  a n d  i t s  d i s t r i b u t i o n  w e r e  m e a s u r e d  

o n  a JASCO TRI ROTOR-V c h r o m a t o g r a p h  e q u i p p e d  w i t h  S h o d e x  GPC c o l u m n s  

K-806L (30cm x 2) u s i n g  c h l o r o f o r m  a s  a n  e l u e n t .  T h e  c h r o m a t o g r a m  w a s  

c a l i b r a t e d  a g a i n s t  s t a n d a r d  p o l y s t y r e n e s .  

RESULTS AND DISCUSSION 

P o l y m e r i z a t i o n  o f  MMA w i t h  P h 3 P - E t 3 A I  (1 /2  tool / tool)  in  t o l u e n e  a t  - 78~  

g i v e s  a h i g h l y  s y n d i o t a c t i c  PMMA q u a n t i t a t i v e l y  ( T a b l e  1). T h e  p o l y m e r i z a -  

t i o n  p r o c e e d s  b y  t h e  a t t a c k  of  P h 3 P  to  MMA a c t i v a t e d  t h r o u g h  t h e  c o o r d i -  

n a t i o n  of  Et3A1 w i t h  t h e  c a r b o n y l  g r o u p  of  t h e  m o n o m e r 4 ) .  T h e  a m o u n t s  of  

p o l y m e r  m o l e c u l e  f o r m e d  w e r e  3.4 ~ 5.7 % of  t h o s e  of  P h 3 P  u s e d ,  i n d i c a t i n g  
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t h e  low i n i t i a t o r  e f f i c i e n c y  in  t b i s  p o l y m e r i z a t i o n .  T h u s  a l a r g e  p a r t  o f  t h e  

T a b l e  1 Block C o p o l y m e r i z a t i o n  of  MMA a n d  t-BMA w i t h  P h 3 P - E t 3 A I ( 1 / 2 )  

in  t o l u e n e  a t  -78~  a 

NC Tacticity(%) d 
M 1 Time Yield Mw b 

M 1 M 2 Mn b -- xl0 3 PMMA block Poly(t-BMA) block 
Ph3P (h) (%) Mn 

(mmol) mm mr rr mm mr rr 

MMA 40 48 100 118500 1.73 8 .4  0 10 90 

MMA t-BuMA 40 96 100 295800 2 .66  8 .1  0 12 88 2 39 59 

MMA 20 48 100 35260 2 .05 28.4  0 10 90 

MMA t-BuMA 20 96 100 91050 2 .43  26.4  0 12 88 2 45 53 

a Toluene 20ml, M I 10mmol, M 2 9.9mmol. 
b Determined by GPC. 
c Number of polymer molecules. 
d Determined by 13C NMR of hydrolyzed polymers. 

(B) / / \ \ (A) 

12 14 16 18 20 Elution 
I I If I t I i I I Time (min) 

10 7 106 10 5 10 4 10 3 MW (PSt) 

Figure I GPC curves of PMMA (A) and PMMA-block-poly(t-BMA) 

(B) prepared with Ph3P-Et3AI (1/2) in toluene at -78~ 
(MMA I0 mmol, t-BMA 9.9 mmol, [MMA]0/[Ph3P]0=20) 

initiator should remain unreacted. Block copolymerization of MMA and t- 

BMA was examined by adding $-BMA to the polymerization mixture of MMA 
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with Ph3P-Et3A1 a f t e r  all t he  MMA was consumed.  The r e a c t i o n  p r o d u c t  did 

not  form p r e c i p i t a t e  b u t  t u r b i d  i nhomogeneous  so lu t ion  in h e x a n e / t o l u e n e  

(10/1 v o l / v o l ) ,  which is a p r e c i p i t a n t  fo r  PMMA and  a good s o l v e n t  for  

poly(t-BMA). The r e s u l t  s u g g e s t s  t he  fo rmat ion  of block copo lymer  of 

PMMA and poly(t-BMA). Molecular  w e i g h t  d i s t r i b u t i o n  of t he  ob t a ined  

copo lymers  w e r e  not  n a r r o w  bu t  unimodal  and t h e  GPC c u r v e  s h i f t e d  c l e a r -  

ly to t he  h i g h e r  molecular  we igh t  s ide  in t he  ch roma tog ram as compared  

with  t h a t  of t h e  PMMA formed in the  con t ro l  e x p e r i m e n t  (F igu re  1). The 

n u m b e r s  of  t he  block copo lymer  m o l e c u l e  fo rmed  were  almost  t h e  same as 

t h o s e  of t h e  PMMA (Table 1). These  r e s u l t s  c l e a r l y  ind ica t e  t h a t  in i t i a t ion  

r eac t i on  of t-BMA by Ph3P-Et3A1 did not  o c c u r  and t h e  homopolymer  of t -  

BMA was not  i nc luded  in t h e  p r o d u c t .  

t-BMA alone is not  po lymer i zed  with Ph3P-Et3AI, t h o u g h  it  is c o p o l y m e r -  

ized with  MMA. The s t e r i c  b u l k i n e s s  of t - b u t y l  g r o u p  of t-BMA may p r e -  

v e n t  t he  coo rd ina t i on  of  Et3AI, r e s u l t i n g  in i n s u f f i c i e n t  a c t i va t i on  of the  

monomer to be a t t a c k e d  by  Ph3P. In t he  block copo lymer iza t ion ,  e v e n  

t h o u g h  a p p r e c i a b l e  amounts  of Ph3P and Et3A1 remain  u n r e a c t e d ,  t h e y  can 

not  in i t i a t e  t he  s econd  monomer,  t-BMA, which is t h u s  consumed only  by 

the  po lymer i za t ion  i n i t i a t ed  with  PMMA an ions  to form the  block copolymer .  

S t e reochemica l  s t r u c t u r e  of t he  block copo lymer  could be s t u d i e d  from 

13C NMR spectra of PMMA-block-poly(methacrylic acid) derived from the 

I 
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I 

(2~tt 3 

I I  
f 

I~ . ~  I i I~ il 

I I I I  J I I I '1 ' i 

179 178 177 176 175 (ppm) 

F i g u r e  Z. 67.9MHz 13C NMR s p e c t r u m  of c a r b o n y l  c a r b o n s  in PMMA- 
block-poly(methacrylic acid) d e r i v e d  from PMMA-blocR-poly(t-BMA) 

p r e p a r e d  with Ph3P-Et3AI(1/2)  in t o luene  at  -78~ (DMSO-d 8, l l 0 ~  
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block copo lymer  t h r o u g h  acid h y d r o l y s i s .  F i g u r e  2 i l l u s t r a t e s  t h e  c a r b o n y l  
c a r b o n  r eg ion  of t he  13C NMR s p e c t r u m ,  which is a lmost  t he  s u p e r p o s i t i o n  
of t h o s e  of PMMA and  po ly (me thac ry l i c  acid) .  The  e s t e r  c a r b o n y l  (PMMA) 
and the  acid c a r b o n y l  (po ly (me thac ry l i c  acid))  c a r b o n  s igna l s  a r e  o b s e r v e d  
s e p a r a t e l y  and each  shows f u r t h e r  s p l i t t i n g s  due  to d i f f e r e n t  s t e r e o c h e m i -  

- s  6) cal c o n f i g u r a t i o n  . Tr iad  t ac t i c i t i e s  for  bo th  the  b locks  could  be d e t e r -  
mined from the  s p e c t r a  as l i s ted  in Table 1. The PMbIA block is h i g h l y  
s y n d i o t a c t i c  (ram :mr  : r r  = 0:12:88) as expec t ed  from t h e  r e s u l t  of homopol-  
ymer iza t ion  and  shows on ly  r r r r ,  mr r r ,  and r m r r  pen t ad  s igna ls .  A l though  
p o l y ( m e t h a c r y l i c  acid) block d e r i v e d  from poly(t-BMA) block is less  s y n d i o -  
t ac t i c ,  t h e  s y n d i o t a c t i c i t y  is h i g h e r  t h a n  t h a t  of poly(t-BMA) p r e p a r e d  with  
Et3P-Et3Al(mm :mr  : r r  = 6:57:37)4). Direct  compar i son  of s t e r e o s p e c i f i c i t y  of 
Ph3P-Et3A1 with t h a t  of Et3P-Et3A1 is imposs ib le  for  the  po lymer iza t ion  of 
t-BMA b e c a u s e  the  l a t t e r  does  not  in i t i a te  t he  po lymer iza t ion .  However ,  t h e  
above  r e s u l t  s u g g e s t s  t h a t  t h e  s t e r e o s p e c i f i c i t i e s  of Ph3P-Et3A1 and Et3P-  
Et3A1 a r e  d i f f e r e n t  from each  o t h e r  and the  fo rmer  exh ib i t s  h i g h e r  s y n d i o -  
t a c t i c - s p e c i f i c i t y  t h a n  the  l a t t e r .  Ano the r  impor t an t  conc lus ion  to be d rawn  
from t h e s e  o b s e r v a t i o n s  is t h a t  t he  u n r e a c t e d  p h o s p h i n e  componen t  in 
t h e s e  in i t i a to r  s y s t e m s  should  coo rd ina t e  with t he  p r o p a g a t i n g  spec i e s  and 
be  i n v o l v e d  in t he  s t e r e o r e g u l a t i o n  in t he  po lymer iza t ion  of t-BMA. 

For t he  p r e p a r a t i o n  of block copolymer  by l iv ing  po lymer iza t ion  us ing  
the  s e q u e n t i a l  monomer add i t ion  method,  comple te  consumpt ion  of i n i t i a to r  
in t he  f i r s t  s t e p  of po lymer iza t ion  is t he  n e c e s s a r y  r e q u i r e m e n t .  The 
p r e s e n t  work,  howeve r ,  d e m o n s t r a t e d  t h a t  the  po lymer iza t ion  sys tem of low 
in i t i a to r  e f f i c i e n c y  can be used  fo r  t h e  p r e p a r a t i o n  of p u r e  block copolymer  
when  the  in i t i a to r  exh ib i t s  r e m a r k a b l y  d i f f e r e n t  r e a c t i v i t i e s  t oward  bo th  
monomers in t he  in i t ia t ion  p r o c e s s ,  as fa r  as t he  po lym er  anion is l iv ing .  
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