
Polymer Bulletin 27, 615-622 (1992) Polymer BuUeiin 
�9 Springer-Verlag 1992 

Preparation of stereoregular block copolymer 
comprising isotactic PMMA and polyisobutylene blocks 
and its characterization 
Takafumi Nishiura, Tatsuki Kitayama, and Koichi Hatada* 

Department of Chemistry, Faculty of Engineering Science, Osaka University, Toyonaka, 
Osaka 560, Japan 

Summary 
A t r i b lock  copolymer  of i so t ac t i c ( i t ) - po ly (m e thy l  me thac ry la t e )  (PHMA) 

and p o l y i s o b u t y l e n e  (PIB), i t -PHHA-b]ock-PIB-b lock- i t -PHMA,  was p r e p a r e d  
by  anionic  po lymer iza t ion  of t r i p h e n y l m e t h y l  m e thac ry l a t e  in i t i a t ed  with 

, o ) -d i l i t h i a t ed  PIB d i i s o b u t y r a t e  in t e t r a h y d r o f u r a n  a t  -78~ and 
s u b s e q u e n t  h y d r o l y s i s  and methyla t ion  with d iazomethane .  Holecular  we igh t  
d i s t r i b u t i o n  of t he  t r i b lock  copolymer  was nar row,  and the  s t e r e o r e g u l a r i t y  
of t he  PHHA block was h igh ly  i so tac t ic .  Pro ton  s p i n - l a t t i c e  re laxa t ion  t imes 
of  t h e  block copo lymer  in a c e t o n e - d  6, which is n o n - s o l v e n t  fo r  PIB bu t  
d i s s o l v e s  the  block copolymer ,  i nd ica t e  the  a g g r e g a t i o n  of the  copolymer  
t h r o u g h  PIB block. S te reocomplex  format ion be tween  the  i t - b lock  copolymer  
and s y n d i o t a c t i c ( s t ) - P H H A - b l o c k - P I B - b l o c k - s t - P H H A  was also s tud ied .  

In troduc t ion  
In t he  p r e v i o u s  pub l i ca t ion  I we h a v e  shown t h a t  t r i b lock  copotymer  

compr i s ing  p o l y i s o b u t y l e n e  (PIB) and PHHA blocks ,  P H H A - b l o c k - P I B - b l o c k -  
PHHA, can be r ead i l y  p r e p a r e d  by the  po lymer iza t ion  of HMA in t e t r a h y -  
d r o f u r a n  (THF) in i t i a t ed  with b i func t iona l  po lymer ic  in i t i a to r ,  ~ ,  o ) -d i l i t h i -  
a ted  PIB d i i s o b u t y l a t e  (DLPIB). Recen t ly  Kennedy and Pr ice  also r e p o r t e d  
the  p r e p a r a t i o n  of PHHA-block-PIB-b lock-PHHA;  ~ ,  ~) -d i to ly l  PIB was l i th i -  
a ted  with  s -BuLl  in t he  p r e s e n c e  of N ,N,N ' ,N ' - t e t r amethy le thy lened iamine ,  
r e a c t e d  with  1 , 1 - d i p h e n y l e t h y l e n e  and used  as a po lymer ic  i n i t i a to r  in t he  
po lymer iza t ion  of HHA in THF 2. S t e r e o r e g u l a r i t y  of PHHA blocks  of t h e s e  
t r i b lock  copo lymers  was p r edominan t l y  synd io tac t i c .  

S t e r e o r e g u l a r i t y  is one of the  most impor t an t  molecular  c h a r a c t e r i s -  
t i c s  of po lymers  and o f t en  a f f ec t s  po lymer  p r o p e r t i e s .  Control  of s t e r e o -  
r e g u l a r i t y  of block copolymer  may p r o v i d e  add i t iona l  means to a l t e r  the  
p r o p e r t i e s  of  block copo lymer  t o g e t h e r  with con t ro l  of copo lymer  composi-  
t ion and block l eng th .  

S t e r e o r e g u l a r  po lymer iza t ion  of m e t h a c r y l a t e s  has  been  well s u r v e y e d  
in r e g a r d  of  po lymer iza t ion  cond i t ions  and  s t r u c t u r e  of e s t e r  g roup3 ,  4. 
T r i p h e n y l m e t h y l  m e t h a c r y l a t e  (TrHA) is a u n i q u e  monomer which g ive s  
i so tac t i c  po lymers  i r r e s p e c t i v e  of po la r i ty  of po lymer iza t ion  media5, 6. 
Hogen -Esch  and his c o w o r k e r  p r e p a r e d  block copolymer  of TrMA and 
d i p h e n y l m e t h y l  m e t h a c r y l a t e  in THF and c o n v e r t e d  it  to s t e r e o b l o c k  PHHA. 7 
Taking  an a d v a n t a g e  t h a t  t he  block copolymer iza t ion  by the  PIB dianion 
DLPIB g i v e s  t r i b lock  copo lymer  in one s t ep  p roces s ,  we examined po lymer i -  
zat ion of TrHA with DLPIB in THF in the  p r e s e n t  work. The block copo ly -  
mer could  be r ead i ly  c o n v e r t e d  to t he  block copolymer  compr i s ing  i so tac t ic  
( i t -)  PHHA and PIB blocks.  Some of the  p r o p e r t i e s  of t he  i so tac t ic  block 
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copo lymer  and  s t e r eocomplex  format ion  with  t he  s y n d i o t a c t i c  ( s t - ) t r i b l o c k  
copo lymer  I were  also s t ud i ed .  

Experimental 
Materials 

TrMA was s y n t h e s i z e d  in d i e t h y l  e t h e r  from me thac ry l i c  acid and 
t r i p h e n y t m e t h y l  c h l o r i d e  in t h e  p r e s e n c e  of t r i e t h y t a m i n e  8. The  c r u d e  
p r o d u c t  was p u r i f i e d  by  r e c r y s t a l l i z a t i o n  from d i e t h y l  e t h e r .  P o l y i s o b u t y l -  
ene  d i i s o b u t y l a t e  (PIBDIB) (Mn=4270, end  funct ional i ty=0.92)  was s y n t h e s i z e d  
from p o l y i s o b u t y l e n e  with  h y d r o x y l  g r o u p s  on both  e n d s  and  p u r i f i e d  as 
r e p o r t e d  p r e v i o u s l y  1. THF was pu r i f i ed  as r e p o r t e d  p r e v i o u s l y  1. 

Preparation of it-PMMA-bloek-PIB-block-it-PMMA 
TrMA was p laced  in a g lass  ampoule,  

and  the  ampoule  was t h e n  e v a c u a t e d  on a 
vacuum l ine  and  f l u s h e d  with d r y  n i t rogen .  
Af t e r  t h i s  p r o c e d u r e  was r e p e a t e d  t h r e e  
t imes,  a t h r e e - w a y  s topcock  was a t t a c h e d  to 
t he  ampoule  and  THF was added  with a 
s y r i n g e  to d i s s o l v e  TrMA. The b e n z e n e  
solution containing 313mg of PIBDIB was 
prepared as reported previously (conc. 
22.5wt%) 1 and mixed with 20ml of THF in a 
glass ampoule with a side arm(Figure i). 
The PIBDIB was lithiated with an equimolar 
amount of lithium diisopropylamide (LDA) at 
0~ for 2hr (eq I). The capillary tube 
attached to the side arm was cut and 
opened under dry nitrogen stream, and the 

~ ~ Dry N 2 

Monomer  s o l u t i o n  

I "'"'~'~Sealed off 

----Initiator solution 

THF solution of TrMA (3.93mmol/2ml) was Figure 1 Reaction vessel 
introduced to the side arm with a syringe, for the block copolymeri- 
Then the capillary was sealed off again, zation 

CH 3 ,O, ?H 3 ~ CH 3 O CH 3 

~-O-CH2-CH-(-CH2-C-~x--/~-6J I .. ~_~/ C-CH2 )n CH-CH2-O-C-C-HI 0~ >LDA'THF H-C 

CH 3 CH 3 CH 3 CH 3 CH 3 CH 3 

PIBDIB 

Ctt 3 0  CH 3 __ CH 3 O ?H 3 
II I "/ / - - q  . I I I  

Li-C C-O-CH2-CH-4-CH2-C~C-CH2 )n CH-CH2-O-C-C-Li (1) 

CH3 CH3 CH3 CH3 CH3 CH3 
DLPIB 

The resulting dianion solution and the THF solution of TrMA were cooled 
to -78~ and the latter solution was added to the former solution from the 
side arm at once with vigorous stirring. After 2 hr, the reaction mixture 
was quenched by adding a small amount of methanol and poured into a 
large amount of methanol. The precipitated polymer was recovered by 
centrifugation as soon as possible, and dried under vacuum at 40~ The 
conversion of TrMA was determined from the weight increment of the 
product. A small amount of unreaeted PIBDIB in the mixture was removed 
by washing with hexane, repeatedly. PIB without isobutyrate unit (8%) 
contained in the starting PIBDIB was also removed during this procedure. 

The resulting triblock copolymer, poly (TrMA)-block-PIB- block- 
poly(TrMA), was hydrolyzed by refluxing in methanol containing a smal] 
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amount  of HC1. The r e s u l t i n g  po ly (me thac ry l i c  a c i d ) - b l o c k - P I B - b l o c k -  
po ly (me thac ry l i c  acid)  was washed  with d i e thy l  e t h e r  to r emove  t r i p h e n y l -  
methanol ,  and me thy la t ed  with  d iazomethane  in benzene .  The d e r i v e d  t r i -  
block copo lymer  was r e c o v e r e d  by f r e e z e - d r y i n g  from b e n z e n e  solut ion.  

Po lymer iza t ion  of MMA with DLPIB was also examined in t o luene  a t  
-78~ to ob ta in  i t - b l o c k  eopo lymer  d i r ec t l y ,  a c c o r d i n g  to t he  p r o c e d u r e  fo r  
the  po lymer iza t ion  in THF r e p o r t e d  p r e v i o u s l y  1. 

M e a s u r e m e n t  
1H NMR s p e c t r a  of t he  block copolymer  were  r e c o r d e d  on a JNM GSX- 

270 NMR s p e c t r o m e t e r  (JEOL) a t  270MHz or  on a JNM GX-500 NMR spec t rome  
t e r  a t  500MHz. Pro ton  s p i n - l a t t i c e  re laxa t ion  time (1H-T 1) was measu red  at  
30~ and 55~ on a JNM FX-100 NMR s p e c t r o m e t e r  at  100MHz by i n v e r s i o n  
r e c o v e r y  method.  

Gel pe rmea t ion  c h r o m a t o g r a p h y  (GPC) was p e r f o r m e d  on a JASCO 880- 
PU c h r o m a t o g r a p h  e q u i p p e d  with Shodex GPC columns KF-80M (30 c m x  0.80 
cm) and  KF-802.5 (30 c m x  0.80 cm) with maximum poros i t i e s  of 2 x l07 and 
2 x 104 , r e s p e c t i v e l y ,  u s ing  THF as an e luen t  a t  40.0~ The ch roma to -  
g rams  were  ca l i b r a t ed  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  samples.  

Di f fe ren t ia l  s c a n n i n g  ca lor imet r ic  ana lys i s  was p e r f o r m e d  with a 
Rigaku DSC 8230 ca lo r ime te r  at  a hea t ing  r a t e  of 10~ 

Resu l t s  and  Discuss ion  
P r e p a r a t i o n  of t r i b lock  copolymer  hav ing  it-PMMA block was examined 

in two ways.  The r e s u l t s  a re  shown in Table 1. The f i r s t  one  is po lymer i -  
zat ion of MMA in to luene .  The po lymer iza t ion  gave  a block copolymer  
h a v i n g  it-PMMA blocks ,  bu t  molecular  we igh t  of the  block copolymer  was 
much l a r g e r  t h a n  the  expec t ed  va lue  and i ts  d i s t r i b u t i o n  was ex t remely  
broad .  In i t i a to r  e f f i c i ency ,  which was ob ta ined  from the  expec t ed  and 
o b s e r v e d  va lues  of molecular  we igh t  was 2 1 % .  This may be due  to t he  
mul t ip l ic i ty  of a c t i v e  spec ies ,  a r i s i ng  from v a r i o u s  s t a t e s  of a g g r e g a t i o n  of 
a c t i v e  spec i e s  in the  po lymer iza t ion  in to luene .  

I t  is well known t h a t  po lymer iza t ion  of TrMA g ives  h igh ly  i so tac t ic  
po lymer  not  only  in to luene  bu t  also in THF5, 6. Poly(TrMA) can be eas i ly  
c o n v e r t e d  to it-PMMA by h y d r o l y s i s  and s u b s e q u e n t  methyla t ion  with 
d iazomethane  9. Hence, po lymer iza t ion  of TrMA with DLPIB, fo l l owed  by  
h y d r o l y s i s  and methyla t ion ,  shou ld  g ive  i t -PMMA-block-PIB-block- i t -PMMA. 
The GPC c u r v e  of t h e  block copolymer  is shown in F i g u r e  2 t o g e t h e r  with 
t h a t  of t he  s t a r t i n g  PIBDIB. The molecular  we igh t  d i s t r i b u t i o n  of block 
copolymer  ob ta ined  by  th i s  method was na r row (Mw/Mn=l.17) and PMMA 
block was h igh ly  i so tac t i c  (mm=94%). 

Table  1 P r e p a r a t i o n  of  it-PMMA-block-PIB-block-it-PMMA a 

Time Convers ion Mn Mw b T a c t i c i t y ( % )  c 
Monomer Solvent 

(hr) of Monomer(%) GPC Calc. Mn mm mr rr 

Toluene 24 97 78000 20000 10.9 86 12 2 

TrMA THF 2 i00 15900 i0100 1.17 94 5 1 

a So lven t  20ml, PIBDIB 313mg(containing 0.135mmol of  

i s o b u t y r a t e  u n i t s ) ,  LDA 0.135mmol, t empera tu re  -78~C. 

b Determined by GPC. 
c Determined by 1H NMR. 
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F i g u r e  3 500MHz 1H NMR s p e c t r u m  of i t -PMMA-block-PIB-block- i t -PMMA 
measu red  in c h l o r o f o r m - d  a t  55~ 
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C o n t a m i n a t i o n  of  t h e  p r o d u c t  b y  t h e  d i b l o c k  c o p o l y m e r ,  w h i c h  wou ld  
fo rm w h e n  t h e  d i a n i o n  is  p a r t i a l l y  d e s t r o y e d  b e f o r e  t h e  p o l y m e r i z a t i o n  of  
TrMA p r o c e e d s ,  was  r u l e d  o u t  f rom e n d  g r o u p  a n a l y s i s  b y  1H NMR s p e c -  
t r o s c o p y .  As s h o w n  in F i g u r e  3, e v e n  a t h o u s a n d  t imes  e x p a n d e d  s p e c t r u m  
of  t h e  b lock  c o p o l y m e r  d o e s  n o t  s h o w  t h e  m e t h i n e  s i g n a l  d u e  t o  t h e  i s o b u -  
t y r a t e  u n i t  w h i c h  wou ld  a p p e a r  a t  2 .525ppm 1, b u t  t h e  s p e c t r u m  d o e s  s h o w  
t h e  s i g n a l  d u e  to  t h e  PMMA c h a i n  e n d  a t  2 .450ppm. The  r e s u l t  s u g g e s t s  
t h a t  t h e  b l o c k  c o p o l y m e r  o b t a i n e d  in THF is  t r u l y  t h e  t r i b l o c k  c o p o l y m e r  
a n d  d o e s  n o t  c o n t a i n  d i b l o c k  one .  The  Mn of  t h e  b lock  c o p o l y m e r  c o u l d  be  
e s t i m a t e d  f rom t h e  1H NMR s p e c t r u m  in t h e  fo l l owing  w a y l ,  2. From t h e  
i n t e n s i t y  r a t i o  of  m e t h y l e n e  (PIB) a n d  m e t h o x y  (PMMA) p r o t o n  s i g n a l s ,  t h e  
r a t i o  of  HMA a n d  i s o b u t y l e n e  u n i t s  in t h e  c o p o l y m e r  was  f o u n d  to  be  1.58. 
A s s u m i n g  t h e  a v e r a g e  d e g r e e  of  p o l y m e r i z a t i o n  ( D P ) o f  t h e  PIB b l o c k  is  t h e  
same a s  t h a t  of  t h e  s t a r t i n g  PIBDIB (70.4), t h e  a v e r a g e  DP of  PMMA b l o c k s  
was  e s t i m a t e d  to  be  55.6. Mn c a l c u l a t e d  f r o m - t h e s e  d a t a  was  15390 a n d  
a g r e e d  wel l  w i t h  t h e  o b s e r v e d  v a l u e  (el. Tab le  1). 

T h e  270MHz 1H NMR s p e c t r a  of  t h e  b lock  c o p o l y m e r s  w e r e  m e a s u r e d  
in c h l o r o f o r m - d  a n d  in a c e t o n e - d  6 a t  35~ ( F i g u r e  4). C h l o r o f o r m  is a good  
s o l v e n t  f o r  b o t h  PIB a n d  PMMA. A c e t o n e  is  a good  s o l v e n t  f o r  PMMA a n d  a 
n o n - s o l v e n t  f o r  PIB b u t  d i s s o l v e s  t h e  b lock  c o p o l y m e r  d u e  to  t h e  l o n g  
s e q u e n c e s  of  btMA u n i t s .  F rom t h e  m e t h y l e n e  a n d  ~ - m e t h y l  p r o t o n  s i g n a l s  
of  t h e  PMMA b l o c k s  i t  is  v e r y  c l e a r  t h a t  t h e  b l o c k s  a r e  h i g h l y  i s o t a c t i c .  

Solvent ~_CH 3 

(PMMA) II CH3 
Jl (PIB) 

CtI2 Jl I 
<P~^> i ~'-c%"[ IA 

(PIB) "i'" 

i , , , i , , , i , , , 
i , . , i . , , t , , , i , , , i , 

2.0 1.5 1.0 ppm (TMS) 

Figure 4 270MHz IH NMR spectra of it-PMMA-block-PIB-block-it-PMMA 
measured in acetone-d 6 (a) and in chloroform-d (b) at 35~ 
* signals due to 13C satellite band of the solvent. 
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Signals  of  methyl  and  m e t h y l e n e  p ro tons  of t he  PIB block a r e  much b r o a d e r  
in a c e t o n e - d  6 t h a n  in c h l o r o f o r m - d ,  i nd i ca t i ng  lower  s egmen ta l  mobil i ty  of 
t h e  PIB s e q u e n c e  in t he  ace tone  solu t ion .  The r e s u l t s  may be  c a u s e d  by  
the  a g g r e g a t i o n  of t h e  block copo lymer  due  to t he  s t r o n g e r  i n t e r a c t i o n  
be tween  PIB s e g m e n t s  t han  t h a t  be tween  PIB block and  ace tone  1. 

To i n v e s t i g a t e  f u r t h e r  t he  a g g r e g a t i o n  of t he  block copolymer ,  p r o t o n  
s p i n - l a t t i c e  re laxa t ion  t imes (1H-TI ' s )  for  t h e  block copo lymer  were  meas-  
u r e d  in a c e t o n e - d  6 and in c h l o r o f o r m - d  a t  30~ and 55~ us ing  1% so lu -  
t ions .  The r e s u l t s  a r e  shown in Table  2 t o g e t h e r  with those  of t r i b l o c k  
copo lymer  h a v i n g  st-PMMA block 1. All t he  1H-T 1 v a l u e s  measu red  a t  55~ 
a re  l a r g e r  t h a n  t hose  m e a s u r e d  a t  30~ ind i ca t i ng  t h a t  t h e  T 1 v a l u e  in -  
c r e a s e s  as t h e  segmen ta l  mobil i ty  i n c r e a s e s .  1H-TI 'S of methoxy,  methy lene ,  
and a - m e t h y l  p r o t o n s  of PMMA blocks  m e a s u r e d  in t he  bo th  s o l v e n t s  were  
c losed  to each  o the r .  On the  o t h e r  hand,  all t he  1H-TI ' s  of methyl  p r o t o n s  
of  PIB b locks  in a c e t o n e - d  6 a r e  smal ler  t han  t h a t  in c h l o r o f o r m - d ,  s u g g e s t -  
ing the  lower  segmen ta l  mobil i ty  of PIB block in ace tone  and t h u s  t he  
a g g r e g a t i o n  of t he  block copo lymer  t h r o u g h  the  i n t e r a c t i o n  be tw een  PIB 
cha ins  in th i s  so lven t .  At 55~ t h e  d i f f e r e n c e  be tween  1H-TI'S of t he  
methyl  p r o t o n s  of PIB b locks  measu red  in e h l o r o f o r m - d  and a c e t o n e - d  6 a r e  
a lmost  t he  same fo r  t he  i t -  and s t - b l o c k  copolymers .  However ,  a t  30~ t h e  
d i f f e r e n c e  be tween  t h e  1H-T1 va lues  in t h e s e  s o l v e n t s  is l a r g e r  fo r  t he  s t -  
block copo lymer  than  fo r  t he  i t - b l o c k  copolymer ,  s u g g e s t i n g  t h e  s t r o n g e r  
i n t e r a c t i o n  be tween  PIB b locks  in t he  s t - b l o c k  copolymer  t h a n  in the  i t -  
block copo lymer  in ace tone .  Thus ,  t he  lower  segmen ta l  mobil i ty  of st-PMMA 
block than  t h a t  of it-PMMA block10,11 fac i l i t a t e s  a h i g h e r  e x t e n t  of t he  
a g g r e g a t i o n  of  PIB b locks  in t he  s t - b l o c k  copo lymer  in a c e t o n e - d  6. 

Table 2 IH-TI'S (sec) of PMMh-block-PIB-block-P~IA measured 

at 100MHz in acetone-d 6 and in chloroform-d at 30 and 55~ a 

30~ 55~ 
Proton 

Chloroform-d Acetone-d 6 Chloroform-d Acetone-d 6 

Isotactic 

CH 3 (PIB) 0.17 0.13 0.29 0.22 

CH 2 (PMMA) 0.08 0.08 0 . i i  0.13 

0(-CH 3 (PMMA) 0.09 0.I0 0.14 0.16 

_0c_H3 (_eM_M_A) . . . .  0:L6 . . . . . . . . .  0:3Z . . . . . . . . .  0 :a~  . . . . . . . . .  0:L~ . . . .  

Syndiotactic 

CH 3 (PIB) 0.20 0.08 0.26 0.22 

CH 2 (PMMA) 0.08 0.05 0.07 0.09 

0~-CH 3 (PbIMA) 0.07 0.06 0.08 0.09 

OCH 3 (PMMA) 0.33 0.30 0.33 0.36 

a Conc. 1.0 wt/v% 

When the it-triblock copolymer was mixed with st-PMMA-block-PIB-st- 
PMMA 1 in toluene, gel formation took place due to the stereocomplex forma- 
tion between PMMA blocks in the it- and st-block copolymers. The DSC 
thermogram of the stereocomplex recovered therefrom is shown in Figure 5 
together with that of it-PMMA-block-PIB-block-it-PMMA. The melting point 
and heat of fusion (AH) of the stereocomplex were 163~ and 6.4cal/g- 
PMMA. the values for the stereocomplex formed between it-PMMA (Mn=5600, 
mm/mr/rr = 96/3/1) and st-PMMA (Mn=8800, mm/mr/rr = 2/24/74) of similar 
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. 32~ (a) it-PMMA-PIB-it-PMMA 
.':r o"" """ 

H ~ (b) Stereocomplex 

l 

i , 510 i l 20'0 -- -i00 -50 0 i00 150 

Figure 5 DSC thermograms of it-PMMA-block-PIB-block-it-PMMA (a) and 
a mixture of it-PMMA-block-PIB-block-it-PMMA and 
st-PMMA-block-P]B-b]ock-st-PMMA recovered from toluene solution (b). 

i00 - ~ y _ ~  __d>--~ .......... 

y g ""o .... o o o 
>~ . -'~ cr / 
-o 

m 

. PIB block ---C~-- 

so pMMA i r~ 
CO 

0 , , , ,__I , , J L I , , , , 

_c 0 0 50 i00 

Temperature (~ 

F i g u r e  6 T e m p e r a t u r e  d e p e n d e n c e  of  p e a k  i n t e n s i t y  in  NMR s p e c t r u m  of  
a m i x t u r e  of  i t - P M M A - b l o c k - P I B - b l o c k - i t - P b l M A  a n d  
s t - P M M A - b l o c k - P I B - b l o c k - s t - P M M A  in  t o l u e n e - d  8 (5%). 
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t a c t i c i t i e s  and molecular  w e i g h t  to t hose  of t he  PMMA blocks  in t he  block 
copo lymers  were  157~ and  6.8cal/g-PMMA. The r e s u l t s  s u g g e s t  t h a t  t he  
e x i s t e n c e  of  PIB block s c a r c e l y  d i s t u r b s  t h e  s t e reocomplex  format ion  b e -  
tween  i t -  and st-PNbtA blocks .  

Tbe s t e reocomplex  format ion  in t o luene  was s t ud i ed  by 1H NHR 
measuremen t .  F i g u r e  6 shows t e m p e r a t u r e  d e p e n d e n c e  of peak i n t e n s i t i e s  
of methoxy p r o t o n s  of PblMA blocks  and methyl  and me thy lene  p r o t o n s  of 
PIB b locks  in the  mix ture  of i t -  and s t - b l o c k  copo lymers  in t o l u e n e - d  8. 
The amounts  of NHA un i t s  in i t -  and st-PriMA blocks  were  s e t  to be t he  
same. S e n s i t i v i t i e s  of t he  s p e c t r o m e t e r  a t  d i f f e r e n t  t e m p e r a t u r e s  were  
normal ized  u s ing  a so lu t ion  of oc tane  in t o luene -ds12 .  Maximum peak i n t e n -  
s i t ies  e x p e c t e d  from the  c o n c e n t r a t i o n  of the  po lymer  so lu t ion  were  r e g a r d -  
ed as 100% for  each  s igna l s .  The s t eep  c h a n g e  of peak i n t e n s i t y  for  met-  
hoxy p r o t o n s  of PMMA blocks  a r o u n d  50-70~ c o r r e s p o n d s  the  s t e reocomplex  
format ion.  The t e m p e r a t u r e  r a n g e  of gel  fo rmat ion  is c lose to t h a t  of PHt4h 
s t e reocomplex  14. The NHR s igna l s  due  to t he  PIB b locks  o v e r l a p  with 
m e t h y l e n e  and s - m e t h y l  p r o t o n  s igna l s  due  to t he  PMHA blocks ,  making i t  
d i f f i cu l t  to d i r e c t l y  d e t e r m i n e  t h e  peak  i n t e n s i t y .  On the  a s sumpt ion  t h a t  
the  total  i n t e n s i t y  fo r  t he  me thy lene  and s - m e t h y l  p ro ton  s igna l s  a r e  5/3 
of t h a t  of methoxy s ignal ,  the  i n t e n s i t y  of t he  s igna l s  due  to PIB block was 
es t imated ,  which was almost  c o n s t a n t  in the  t e m p e r a t u r e  r a n g e  from 100 to 
30~ The r e s u l t  i n d i c a t e s  t h a t  h i g h e r  f lex ib i l i ty  of PIB block is r e t a i n e d  
e v e n  when the  PHHA blocks  f l ank ing  PIB block on both e n d s  a r e  i n v o l v e d  
in s t e r eocomplex  format ion.  
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