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Summary 

Highly i so tac t i c  b]ock and random copo lymers  of methyl  m e t h a c r y l a t e  

(MMA) and e t h y l  m e t h a c r y l a t e  (EMA) w e r e  p r e p a r e d  with  t-C4H9MgBr in to luene  

at, -60~ 1H NMR s p e c t r a  of t he  copo lymers  were  measu red  in n i t r o b e n z e n e - d  5 

a t  110 ~ and 500 MHz and a n a l y z e d  in r e g a r d  to monomer s e q u e n c e  and  the  end 

g roup .  NMR s igna l s  due  to t he  monomeric un i t s  p r o v i d e  c lea r  ind ica t ions  for  

d i s t i n g u i s h i n g  the  b lock copo lymers  from the  random copolymers .  The chemical  

sh i f t  of t he  in i t i a to r  f r a g m e n t  s igna l  is so s e n s i t i v e  to t he  a d j a c e n t  mono- 

meric  un i t  t h a t  PMMA- block-poly(EMA) and  poty(EMA)- block-PMMA can be d i f f e r -  

en t i a t ed  s p e c t r o s c o p i c a l l y .  The main p a r t  of t he  s p e c t r u m  for  a mixture  of 

PMMA and  poly(EMA) p r e p a r e d  with  ~-C4H9MgBr is i den t i ca l  to t hose  fo r  t he  

block copo lymers  b u t  t he  mix ture  shows two t-C4H 9- s igna l s  a r i s i n g  from both  

homopolymers  and t h u s  can be d i s t i n g u i s h e d  from the  block copolymers .  

I n t r o d u c t i o n  

NMR s p e c t r o s c o p y  is one  of the  most, f r e q u e n t l y  used  tools  fo r  t he  

s t r u c t u r a l  ana ly s i s  of copolymers .  In the  case  of v i n y l  copo lymers ,  however ,  

t he  s p e c t r u m  is o f t en  compl ica ted  by  the  e x i s t e n c e  of not  only  v a r i o u s  mono- 

mer s e q u e n c e s  b u t  also c o n f i g u r a t i o n a l  s e q u e n c e s .  Highly s t e r e o r e g u l a r  and  

l iv ing  po lymer i za t ion  of methy l  m e t h a c r y l a t e  (MMA) has been  r ea l i zed  by  the  

po lymer i za t ion  in t o luene  a t  low t e m p e r a t u r e  wi th  t-C4H9MgBr; t he  p o l y m e r i z a -  

t ion  g ive s  h i g h l y  i so tac t i c  po ly (me thy l  me thac ry l a t e )  (PMMA) with  nar row 

molecular  we igh t  d i s t r i b u t i o n  (MND). 1,2) Recen t ly ,  we examined the  pos s ib i l i -  

t ies of l iv ing  and  s t e r e o s p e c i f i c  eopo lymer iza t ion  of MMA and e t h y l  m e t h a c r y -  

la te  (EMA) by u s ing  t-C4H9MgBr as an in i t i a to r .  3) Highly i so tac t i c  block 

copo lymers  could  be p r e p a r e d  by  the  po lymer iza t ion  of EMA with  i so tac t i c  

PMMA l iv ing  an ion  fo rmed  with  t-C4HgMgBr or  by  the  po lymer i za t ion  of MMA 

with  i so t ac t i c  poly(EMA) l iv ing  anion.  Highly i so tac t i c  random copo lymer  of 

MMA and EMA was ob t a ined  from the  eopo lymer iza t ion  with t-C4H9MgBr in 

to luene .  High s t e r e o r e g u l a r i t y  of t h e s e  copo lymers  makes t h e i r  s p e c t r a  

s imple and allows more de ta i l ed  c h a r a c t e r i z a t i o n  of t he  s t r u c t u r e .  In th i s  

communicat ion  we r e p o r t  l~t NMR s p e c t r o s c o p i c  a n a l y s e s  of the  i so tac t i c  

copo lymers  of MMA and EMA, from which i t  is poss ib l e  to d i s t i n g u i s h  block 

c opo lymer s  from random copo lymers  or  a mixture  of the  c o r r e s p o n d i n g  homo- 
po lymers .  
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E x p e r i m e n t a l  

M o n o m e r s  w e r e  p u r i f i e d  b y  f r a c t i o n a l  d i s t i l l a t i o n ,  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 .  t - C 4 H 9 M g B r  w a s  p r e p a r e d  

f r o m  t - C 4 H 9 B r  a n d  Mg i n  d i e t h y l  e t h e r  2). 

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

g e n .  B lock  c o p o l y m e r i z a t i o n  w a s  p e r f o r m e d  i n  a r e a c t i o n  v e s s e l  e q u i p p e d  

w i t h  a m e c h a n i c a l  s t i r r e r .  T h e  p o l y m e r i z a t i o n  r e a c t i o n s  w e r e  t e r m i n a t e d  w i t h  

m e t h a n o l  c o n t a i n i n g  a s m a l l  a m o u n t  of  HC! a t  t h e  p o l y m e r i z a t i o n  t e m p e r a t u r e .  

A f t e r  t h e  s o l v e n t  a n d  u n r e a c t e d  m o n o m e r  w e r e  r e m o v e d  u n d e r  h i g h  v a c u u m ,  

t h e  r e s i d u e  w a s  d i s s o l v e d  i n  b e n z e n e .  T h e  i n s o l u b l e  m a t e r i a l s  w e r e  r e m o v e d  

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

d r y i n g .  

1H NMR s p e c t r a  w e r e  m e a s u r e d  o n  a JNM-GXS00 NMR s p e c t r o m e t e r .  

M o l e c u l a r  w e i g h t s  w e r e  d e t e r m i n e d  o n  a H i t a c h i  117 v a p o r  p r e s s u r e  o s m o m e t e r  

in  t o l u e n e  a t  60~ o r  o n  a JASCO FLC-A10  GPC 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  KF803 a n d  A-80M u s i n g  t e t r a h y d r o f u r a n  a s  a n  e l u e n t .  

GPC c h r o m a t o g r a m s  w e r e  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 a m p l e s .  

Results and Discussion 

Stereoregular Copolymers of MNA and EMA 
Isotactic PMMA-block-poly(EMA) was prepared by the polymerization of 

EMA with the living PMMA anion formed with t-C4H9MgBr in toluene at -60~ 

The copolymer has the average degree of polymerization (DP) for each block 

of 59 and fairly narrow MWD. 3) 

Isotactic poly(EMA)-block-PMMA was obtained by the polymerization of 

MMA with poly(EMA) anion formed with $-C4H9MgBr in toluene at -60~ The 

MWD of this block copolymer is bimodai as in the case of the poly(EMA) 

obtained with t-C4H9MgBr under the same conditions. 3) 

Conventional copolymerization of EMA and MMA with t-C4H9MgBr in toluene 

at -60~ gave highly isotactic copolymer, but its MWD was bimodai; monomer 

sequence distribution of the copolymer was found to be random from 13C NMR 

analysis of the carbonyl carbon signals. 3) Characteristics of the copolymers 

are summarized in Table 1 together with those of PMMA and poly(EMA). 

Table 1 Characteristics of isotactic copolymers and homopolymers 
of MMA and EMA prepared with t-C4H9MgBr in toluene at -60~ 

MMA/EMA Mn 
Polymer 

unit ratio NMR VPO 

Mw a Tacticity(%) 

Mn mm mr rr 

PMMA-block-poIy(EMA) 5 9 / 5 9  12700 12500 1.29 97 2 1 

poly(EMA)-block-PMMA 5 0 / 5 5  11300 11700 2.61 97 3 0 

poly(MMA-ran-EMA) 53/51 IIi00 11300 1.53 96 3 1 

PMMA 40/0 4090 1.11 97 2 I 

poly(EMA) b 0/55 6320 3.49 97 3 0 

a Determined by GPC. 
b P o l y m e r i z a t i o n  a t  - 7 8 ~  
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IH NMR spectroscopy of copolymer 
Figure 1 illustrates 500 MHz tH NMR spectra, measured in nitrobenzene-d 5 

at 110 ~ of poly(MMA-ran-EMA), PMMA-block-poly(EMA), poly(EMA)-block-PMMA, 
and a 1:1 mixture of PMMA and poly(EMA) prepared with t-C4H9MgBr. In the 

spectra of the block copolymers methylene protons showed two sets of AB quar- 

tet signals due to PMMA block and poly(EMA) block (Figures 1B and 1C), clearly 

indicating that the both blocks are highly isotactic. The assignments of 

these peaks shown in the Figures were made from the comparison of the spectra 

with those of both the isotactic homopolymers. The corresponding signals of 

methylene protons in the random copolymer (Figure 1A) showed much complicated 

splittings (1.75 ppm) or broadening (2.4 ppm) owing to the presence of differ- 

ent types of monomer sequences. ~-Methyl proton signals of the block copoly- 

mers clearly split into two sharp singlets resonating at 1.33 and 1.38 ppm, 

which were assigned to PMMA block and poly(EMA) block, respectively, while 

the corresponding signal in the spectrum of the random copolymer was a 

broad singlet. Similar spectral differences between the block and random 

copolymers were also observed in the signals due to methyl (1.26 ppm) and 

methylene (4.13 ppm) protons of ester group in EMA units. Thus, these IH 

NMR signals are good and clear indications for distinguishing the block and 

random copolymers of MMA and EMA. Lochmann et al.4) reported that block 

and statistical copolymers of MMA and butyl methacrylate, prepared with ethyl 

cz-lithioisobutyrate in the presence of sodium t-butoxide, could be distin- 

guished from the c~-methyl proton signals in their IH NMR spectra. 

NMR spectra of block copolymers are expected to be almost the superim- 

poses of the spectra of the corresponding homopolymers. The signals due to 

the monomeric units in the isotactic block copolymers (Figures IB and IC) are 

actually very similar to those observed in the spectrum of the mixture of 

isotactic PMMA and isotactic poly(EMA) (Figure ID). However, the signals due 

to initiator fragments (0.8,*0.9 ppm) is the exception, which provides the infor- 

mation for distinguishing the block copolymers from the mixture. The PMMA- 

block-poly(EMA) (Figure IB) and poly(EMA)-block-PMMA (Figure IC) showed 

single t-C4H 9- signals at 0.823 and 0.852 ppm, respectively, which were as- 

signed to the initiator fragments attached to PMMA and poly(EMA) sequences, 

respectively. On the other hand, the mixture of PMMA and poly(EMA) pre- 

pared with the same initiator shows signals of two types of initiator fragments 

(t-C4H9-) as indicated in Figure ID. Difference in intensity of the two signals 

is owing to different DP's of both homopolymers. Thus, the block copolymers 

can be distinguished from the mixture of the corresponding homopolymers by 

IH NMR analysis of the end groups, even though the main part of the spectra 

of the block copolymer and the mixture are almost identical. It is noteworthy 

that the t-C4H 9 signals in the two block copolymers (Figures IB and IC) also 

provides the information whether the block copolymer was prepared from 

PMMA anion or poly(EMA) anion. 

The random copolymer showed two singlet signals at 0.8Z6 and 0.845.ppm 

due to the initiator fragments, t-C4H9-MMA- and t-C4Hg-EMA-, respectively. 



686 

OCH 2 

(D) 3[ 

OCH 2 

OCH 2 

(B) _~ 

OCH2 i 

OCH 3 

OCH3 

OCH 3 

CH 2 
I (PEMA) 

(PMMA) 

H20 
CH 2 

II (PEMA) 
(PMMA) 

a-CH 3 
(EMA (MMA) 

/ CH3 
( EMA- ester group)/~ 

I 

t-C4Hg-EMA- 

H20 

CH 2 

H20 

OCH 3 CH 2 

x5 

xlO f ~  
/ , 

I 

t-C4H9-MMA- 

! 

/ 

I I I I I 

I ppm(HMDS) 4 3 2 

Figure i 500 MHz ] H NMR spectra of highly isotacitic copolymers of MMA 
and EMA prepared with t-C4H9MgBr in toluene at -60~ measured in 

nitrobenzene-d 5 at II0~ 
(A) Poly(MMA-ran-EMA). (B) PMMA-bJock-poly(EMA). 
(C) Poly(EMA)-bTock-PMMA. (D) PMMA + poIy(EMA) (MMA/EMA=I/I). 
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Figure 2 500MHz IH NMR spectra of highly isotactic copolymers of 

MMA and EMA measured in CDCI3 at 55~ 

(A) Poly(MMA-ran-EMA). (B) PMMA-block-poly(EMA). 
(C) Poly (EMA)- block-PMMA. 
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T h e  c h e m i c a l  s h i f t  v a l u e s  w e r e  n o t  e x a c t l y  t h e  s a m e  a s  t h o s e  f o r  t h e  b l o c k  

c o p o l y m e r s  ( F i g u r e s  1B a n d  1C), d u e  t o  t h e  d i f f e r e n c e  i n  m o n o m e r  s e q u e n c e s  

f o l l o w i n g  t h e  t -C4H9-MMA- a n d  t -C4Hg-EMA-  g r o u p s .  T h e  i n t e n s i t y  r a t i o  of  

t h e s e  s i g n a l s  i s  v e r y  c l o s e  to  t h e  r a t i o  of  t h e  i n i t i a l  c o n c e n t r a t i o n s  of  MMA 

a n d  EMA m o n o m e r s  (1:1) ,  i n d i c a t i n g  t h a t  t h e  r e a c t i v i t i e s  of  t h e s e  m o n o m e r s  

t o w a r d  t - C 4 H 9 M g B r  in  t h e  i n i t i a t i o n  p r o c e s s  a r e  a l m o s t  t h e  s a m e .  

We f o u n d  t h a t  t h e  c h o i c e  of  s o l v e n t  f o r  NMR m e a s u r e m e n t  w a s  v e r y  

i m p o r t a n t  in  t h e  p r e s e n t  c a s e .  I n  t h e  1H NMR s p e c t r a  o f  t h e  b l o c k  a n d  

r a n d o m  c o p o l y m e r s  m e a s u r e d  a t  55~ i n  CDC13 ( F i g u r e  2),  i n s t e a d  of  n i t r o b e n -  

z e n e - d  5, t h e  m e t h y l e n e  (4.05 p p m )  a n d  m e t h y l  (1.27 p p m )  p r o t o n  s i g n a l s  d u e  to  

t h e  e s t e r  g r o u p  in  EMA u n i t  a n d  o n e  of  t h e  ma in  c h a i n  m e t h y l e n e  p r o t o n  

s i g n a l s  (2.15 p p m )  a r e  i n s e n s i t i v e  to  m o n o m e r  s e q u e n c e  a n d  t h e s e  s i g n a l s  of  

t h e  b l o c k  a n d  r a n d o m  c o p o l y m e r s  s h o w e d  no  d i f f e r e n c e .  T h e  c h e m i c a l  s h i f t  

d i f f e r e n c e  b e t w e e n  t h e  ~ - C H  3 p r o t o n  s i g n a l s  f o r  MMA a n d  EMA u n i t s  i n  t h e  

b l o c k  c o p o l y m e r s  w a s  s m a l l e r  t h a n  t h a t  o b s e r v e d  in  t h e  s p e c t r a  m e a s u r e d  in  

n i t r o b e n z e n e - d  5. A l t h o u g h  t h e  t-C4H 9-  s i g n a l  i s  i n f o r m a t i v e  i n  r e g a r d  to  t h e  

f i r s t  m o n o m e r  u n i t  a t  t h e  i n i t i a t i n g  c h a i n  e n d  a s  s e e n  i n  F i g u r e  2, i t  i s  e v i -  

d e n t  t h a t  n i t r o b e n z e n e - d  5 i s  a b e t t e r  s o l v e n t  f o r  t h e  s t r u c t u r a l  a n a l y s i s  of  

t h e s e  c o p o l y m e r s .  

I n  c o n c l u s i o n ,  NMR a n a l y s i s  of  t h e  e n d  g r o u p  a s  we l l  a s  m o n o m e r  s e -  

q u e n c e  i n  c o p o l y m e r s  g i v e  u s  i n f o r m a t i o n  f o r  t h e  d e t a i l e d  u n d e r s t a n d i n g  of  

t h e  c o p o l y m e r  s t r u c t u r e s .  

A c k n o w l e d g e m e n t  A p a r t  of  t h i s  w o r k  w a s  s u p p o r t e d  b y  a G r a n t - i n - A i d  f o r  

S c i e n t i f i c  R e s e a r c h  (No. 6143022)  f r o m  t h e  M i n i s t r y  of  E d u c a t i o n ,  S c i e n c e ,  a n d  
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