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Summary 
Stereocomplex  fo rmat ion  between l s o t a c t i c  ( i so - )  poly (methy l  metha- 

c r y l a t e )  (PHMA) and syndlo tac t ic  (syn-)  polymers of  m e t h a c r y l a t e s  o f  

s t r a i g h t - c h a i n  a l c o h o l s  such as e t h y l ,  p rop y l ,  bu ty l  and a l l y l  a l c o h o l s  was 

found to  occur  in ace tone  to  form g e l .  The s o l i d  complexes r e c o v e r e d  from 

the  g e l s  in ace tone  showed endotherms in t h e i r  DSC thermograms due to  the  

m e l t i n g  o f  the  complexes.  The me l t i ng  p o i n t s  o f  the  complexes a r e  143.0~ 

125.4~ 101.5~ and 141.5~ r e s p e c t i v e l y .  The X-ray powder p a t t e r n s  of  

t h e s e  complexes showed r e f l e c t i o n  peaks a t  2G =4 .3 -4 .4  ~ and 6 . 8 - 1 0 . 6 " .  The 

former r e f l e c t i o n s  a re  commonly observed  f o r  a l l  s t e r eocomplexes  i n c l u d i n g  

P~4A s te reocomplex  and should  cor respond  to  the  f i b e r  p e r i o d .  The degree  

o f  the  l a t t e r  dec reased  as the  s i z e  of  e s t e r  group i n c r e a s e d ,  co r r e spond ing  

to  the  i n c r e a s i n g  d i s t a n c e s  between two d o u b l e - s t r a n d e d  h e l i c e s ,  i f  we 

adopt  the  C h a l l a ' s  d o u b l e - s t r a n d e d  h e l i c a l  model f o r  the  s t e r eocomplex .  

Introduct ion 
I t  has been wel l  known t h a t  i s o t a c t i c  ( i so - )  and syndio tac t ic  (syn-)  

po ly (me thy l  m e t h a c r y l a t e )  (DIMA) cha ins  a s s o c i a t e  to  form a c r y s t a l l i n e  

s t e r eocomplex ,  the concept  o f  which was f i r s t  i n t roduced  by L iquor i  e t  

a l  l )  . The s t r u c t u r e  of  the  s t e reocomplex  has long been s t u d i e d  by s e v e r a l  

s c i e n t i s t s  and r e c e n t  i n v e s t i g a t i o n s 2 ,  3) i n d i c a t e d  d o u b l e - s t r a n d e d  h e l i x  

models in which a h e l i x  o f  iso-DtbiA chain  with  a smal l  r a d i u s  i s  surrounded 

by a syn-PMMA h e l i c a l  cha in  wi th  a l a r g e  r a d i u s .  In t he se  models,  the  

e s t e r  groups o f  syn-PI~4A chain  a r e  a l l  p o i n t i n g  outward,  and thus  m o d i f i c a -  

t i o n  of  the  e s t e r  groups of  the  syn-polymer  cha in  would have much s m a l l e r  

i n f l u e n c e  than t h a t  o f  e s t e r  groups o f  the  i nne r  / so -po lymer  cha in .  Howev- 

e r ,  on ly  a l i m i t e d  number o f  s t e r eocomplexes  o f  p o l y m e t h a c r y l a t e s  o t h e r  

than PI~IA have been so f a r  r e p o r t e d ;  s t e reocomplex  between iso-PbgtA and 

s y n - p o l y ( i s o b u t y l  m e t h a c r y l a t e )  4) and t h a t  between iso-P~4A and syn- 
p o l y ( m e t h a c r y l i c  a c i d ) 5 ) .  

Recen t ly ,  we found t h a t  the  s t e reocomplex  fo rmat ion  took p l ace  in 

s o l i d  and in t o l u e n e  between iso-P~4A and sy r t -po lyme thac ry l a t e s  having  

pr imary  a l k y l  e s t e r  groups with b ranch ing  a t  ~ - p o s i t i o n  such as benzy l ,  

*To whom offprint requests should be sent 



630 

m e t h a l l y l  and cyc lopropylmethyl  groups6) ,  syn-Polymers of me thac ry l a t e s  of 
s t r a i g h t - c h a i n  a l c o h o l s  o the r  than syn-PMMA such as p o l y ( e t h y l  methacry-  

l a t e )  (PEMA) d id  not  form the  complex with iso-PMMA under  the same cond i -  
t i o n s .  

I t  has been recognized  t h a t  format ion  of PMMA stereocomplex in  bu lk  
i s  a l e s s  s e l e c t i v e  p rocess  than in  s o l u t i o n ,  and y i e l d s  sma l l e r  and l e s s  

r e g u l a r  c r y s t a l l i n e  r e g i o n s 7 ) .  Bosscher e t  a l .  r epor ted  t h a t  s tereocomplex 
fo rmat ion  between iso-PMMh and s y r ~ p o l y ( i s o b u t y l  me thac ry la t e )  was success -  

f u l  in  dimethylformamide s o l u t i o n  but  not  in  s o l i d 4 ) ,  though we found t h a t  
the complex format ion  between them was p o s s i b l e  in  s o l i d 6 ) .  These r e s u l t s  

sugges t  t h a t  the complex format ion  in  complexing s o l v e n t s  proceeds b e t t e r  
than t h a t  in  s o l i d ,  bu t  t he re  have been no examples t h a t  the  complex 

format ion  i s  p o s s i b l e  on ly  in  s o l u t i o n .  
Af t e r  the  e x t e n s i v e  s t u d i e s  on b e t t e r  c o n d i t i o n s  f a r  the complex 

fo rmat ion ,  we found t h a t  s tereocomplex format ion  between iso-PMMA and sytr- 
polymers of me thac ry l a t e s  of s t r a i g h t - c h a i n  a l c o h o l s  such as e t h y l ,  p ropy l ,  

b u t y l  and a l l y l  a l c o h o l s  took p lace  in  ace tone  which f a l l s  i n t o  a ca tegory  
of s t rong  complexing s o l v e n t 8 ) .  The p r e s e n t  r e s u l t s  sugges t  t h a t  the 

complex fo rmat ion  in  ace tone  i s  a s u p e r i o r  way f a r  the p r e p a r a t i o n  of 
s tereocomplex between iso-PMMA and syn -po ly me t ha c r y l a t e .  

Experimental 
M a t e r i a l s :  iso-PMMA was prepared  by po lymer iz ing  methyl methacry-  

l a t e  (MMA) with t-C4H9MgBr in  t o l u e n e  a t  -60~ 10) (Mn=33030, Mw/Mn=l.25, 

m m : m r : r r  = 9 7 : 2 : 1 ) .  syn-PMMh was ob t a ined  with t-C4RgLi-(C2H5)3A1 
( A 1 / L i = 3 / 1  mol/mol) in  t o l u e n e  a t  - 7 8 0 c l l ) .  Other syn - po l yme t ha c r y l a t e s  

were o b t a i n e d  with (C2H5)3A1-R3P (R=ethyl or phenyl ,  A1/P=2/1 mol/mol) in  
t o luene  a t  -78"C12). C h a r a c t e r i s t i c s  of the s y n - p o l y m e t h a c r y l a t e s  are  

summarized in  Table 1. 

Table 1 Stereocomplex formation between iso-PMMA and 

several syn-polymethacrylates in acetone a 

Syndiotactic po lymethacrylate 

~W 
E s t e r  g r o u p  DP b M--n 

CH3d 330 1 . 2 5  

CH 3 226 1 . 2 6  
CH3CH 2 141 1 . 3 2  
CH3CH2CH 2 135 1 . 4 1  
CH3CH2CH2CH2 135 1 . 4 1  
CH2=CHCH 2 421 1 . 4 3  

Stereocomplex 

Tacticity(%) Tg Melting AH c 

mm mr rr (~ point(=C) (cal/g) 

97 2 1 51 
3 8 89 120 1 7 5 . 5  5 . 8 4  
1 10 89 74 1 4 3 . 0  5 . 2 7  

0 11 89 34 1 2 5 . 4  4 . 4 7  
0 9 91 15 1 0 1 . 5  2 . 1 4  

0 10 90 44 1 4 1 . 5  3 . 8 0  

The complex was p r e p a r e d  in  ace tone  wi thou t  a n n e a l i n g ;  
u n i t  mole ra t io  of iso-PblbiA and  s y n - p o l y m e t h a c r y l a t e  be ing  l : l .  

b Degree of polymer iza t ion ,  c Heat of fus ion ,  d iso-PMMA. 
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P r e p a r a t i o n  o f  s t e r eocomplex  between iso-PMMA and syn-oo lymethac ry -  

l a t e :  iso-PMMA and syn-polymer  of  methyl ,  e t h y l ,  p ropy l ,  b u t y l  or  a l l y l  

m e t h a c r y l a t e  were d i s s o l v e d  in a ce tone  under r e f l u x  f o r  30 min and the  

s o l u t i o n  was a l lowed  to  coo l  a t  a c e r t a i n  t empera tu re  to  form g e l ;  room 

t empera tu re  f o r  s57r-PMMA, 0~ f o r  syn-polymers  o f  e t h y l ,  bu ty l  and a l l y l  

m e t h a c r y l a t e s  and -20~ f o r  s y n - p o l y ( p r o p y l  m e t h a c r y l a t e ) .  The s o l i d  

s t e reocomplex  was o b t a i n e d  by e v a p o r a t i n g  the  ace tone  from the ge l  under 

vacuum a t  room t empera tu re .  The amounts of  remain ing  ace tone  in the  b lend 

were l e s s  than 1.5 wt%. 

Measurement: D i f f e r e n t i a l  scanning  c a l o r i m e t r i c  a n a l y s i s  was p e r -  

formed with  a Rigaku DSC 8230 c a l o r i m e t e r  a t  a h e a t i n g  r a t e  o f  10~ X- 

ray powder p a t t e r n  was o b t a i n e d  with  a Rigaku model RAD-ROC X-ray d i f f r a c -  

t ome te r .  

R e s u l t s  and D i s c u s s i o n  
As mentioned in the  Exper imenta l  s e c t i o n ,  an equimolar  amount of  i so -  

PMMA and s y n - p o l y ( e t h y l  m e t h a c r y l a t e )  (PEMA) formed ge l  in ace tone  a t  0~ 

whi le  no ge l  fo rmat ion  took p l a c e  in t o l u e n e  a t  any t e m p e r a t u r e s .  In 

F igure  1 i s  shown the  DSC thermogram of  the  polymer b lend  ob t a ined  from the  

ge l  in ace tone  (F igure  1C), t o g e t h e r  wi th  the  thermograms f o r  iso-PMMA and 

syn-PEMA r e c o v e r e d  from the  ace tone  s o l u t i o n s  by e v a p o r a t i o n  o f  the  s o l v e n t  

( F i g u r e s  IA and 1B). An endothermic  peak was observed  with  a maximun 

(A) iso-PMMA 

(B) syn-P~MA'--~Tg=51~ 

~ =  74~ 

~!(c ) 0 i:i Blend 

3.0~ 

I I i i I l i i I 
0 40 80 120 160 200 

Temperature(~ 
Figure i. DSC thermograms of iSo-PMMA(A), syn-PEMA(B) 
and i:i blend of iso-PMMA and syn-PEMA(C) recovered 
from acetone solutions (Heating rate 10~ 
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t empera tu re  of 143.0~ whi le  the g l a s s  t r a n s i o n  due to  iso-PMMA and syn- 

PEMA almost  d i sappeared  in  the  DSC thermogram of the 1:1 b l end .  The peak 

a t  143.0~ d i sappea red  in  the  second run of the  measurement whi le  two 
g l a s s  t r a n s i t i o n s  were observed a t  51~ and 76~ due to  iso-PMMA and syn-  

PEMA, r e s p e c t i v e l y .  These r e s u l t s  i n d i c a t e  t h a t  the peak i s  a s c r i b e d  to  
the me l t i ng  of the  c r y s t a l l i n e  complex formed between iso-Pg94A and syn-PEMA 

in ace tone .  
iso-PMMA may c r y s t a l l i z e  under  c e r t a i n  c o n d i t i o n s ;  for  example, t h a t  

annea led  a t  80"C fo r  72h showed a me l t i ng  p o i n t  of 138~ in  the  DSC thermo- 
gram which i s  c lo se  to the  me l t i ng  p o i n t  of the complex between iso-PMMA 

and syn-PEMA formed in  ace tone .  However, iso-PMMA recovered from ace tone  
s o l u t i o n  did  not  show any DSC peak due to  the  me l t i ng  p o i n t .  X-ray powder 

p a t t e r n  of the  iso-PMMA a l s o  i n d i c a t e s  amorphous n a t u r e  of the polymer 
(F igure  2A). The b lend  of iso-PMMA and syn-PEMA showed a c r y s t a l l i n e  

r e f l e c t i o n  p a t t e r n  as shown in  F igure  2B. The r e f l e c t i o n  a t  28= 4 .32" ,  

co r re spond ing  to  an i n t e r p l a n a r  d i s t a n c e  of 20.5 ~, i s  c lo se  to  an equa to-  

r i a l  r e f l e c t i o n  fo r  the  s tereocomplex formed between iso-PMMA and s y n -  

PMMA2). The r e s u l t s  i n d i c a t e  t h a t  the  c r y s t a l l i n e  phase in  the  b lend  of 

-M 
gl 

4-1 

H 

(A) iso-PMMA 

I~ ~ i I I I i i I ] i i l I i i i 1 I 
0 i0 20 30 40 

2e 

Figure 2. X-ray powder patterns of iSo-PMMA recovered 
from acetone solution(A) and a stereocomplex between 
iso-PMMA and syn-PEMA(I:I) formed in acetone without 
annealing (B) . 
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0 

Figure 3. DSC thermogram of a i:i mixture of iso- 
PMMA and syn-PEMA in 3-heptanone(conc. = 10wt%, 
heating rate 10~ 

iso-PMMA and syn-PEMA obtained from acetone solution is due to a new ster- 

eoeomplex formed between these two polymers, whose structure may resemble 
that of PMMA stereocomplex. 

As mentioned previously, the complex formation between iso-PMMA and 

syn-PEMA in acetone resulted in gel formation. Similar phenomena were ob- 

served in several aliphatic ketones such as 2-butanone, 2-pentanone, 3- 

pentanone, 2-hexanone and 3-heptanone. The melting point of the gel formed 

in 3-heptanone was found to be 57.5~ by DSC measurement (Figure 3). DSC 

measurement of the gel in acetone was not successful owing to smaller 

difference between the boiling point of the solvent and the melting point 
of the gel. 

syn-Polymers of several methacrylates such as propyl, butyl and allyl 

methacrylates which do not form crystalline complexes with iso-PMMA in the 

solid state, formed stereocomplexes in acetone. As the ester group became 

longer (methyl < ethyl < propyl < butyl), the melting point and the heat of 

fusion became smaller as shown in Table i. The decreasing order of the 

melting point of the complexes is the same as that of glass transition 

temperature for syn-polymers. The results suggest that the flexibility of 

alkyl ester group affects the stability and structure of the complexes. 

Thus the stereocomplexes having different melting points can be prepared 

from iso-PMMA and syn-polymers of methacrylates of straight-chain alcohols. 

The X-ray powder patterns of the stereocomplexes of iso-PMMA and the 

syn-polymers are shown in Figure 4. The weak reflections at about 28 of 

4.35 ~ are commonly observed for all the stereocomplexes of iso-PMMA and 

syn-polymethacrylates, and should correspond to the fiber periods of the 

crystals 3). The other weak peaks in the range of 28 from 6.8 to 10.6 ~ , 

I l I I I l l I v 
-i0 0 i0 20 30 40 50 60 70 80 90 

Temperature (~ 
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Figure 4. X-ray powder patterns of stereocomplexes 
of iso-PMMA and various syn-polymethacrylates formed 
in acetone without annealing. 

T a b l e  2 Stereocomplex formation between iso-PMMA and 
sTn-poly(MMA-ran-EMA) in acetone a 

Syndiotactic poly(MMA-ran-EMA) Stereocomplex 
MMA/EMA Mw c Tacticity(%) b Tg Melting A H d 
in polymer b MnC M-~ mm mr rr ('C) point(~ 

1 0 0 / 0  87200  1 . 7 5  2 8 90 127 1 9 6 . 1  9 . 9 1  

6 6 / 3 4  80000  1 . 3 1  0 10 90 110 1 8 1 . 0  9 . 1 0  

4 6 / 5 4  8 7 0 0 0  1 . 2 9  0 10 90 101 1 6 5 . 8  7 . 6 9  

3 4 / 6 6  80400  1 . 3 4  0 10 90 92 1 5 8 . 6  7 . 2 9  

0 / 1 0 0  58800  1 , 2 9  3 8 89 82 1 4 7 . 9  6 . 0 5  

a The complex was p r e p a r e d  in a ce tone  wi thou t  annea l ing ;  
un i t  mole r a t io  of iso-PMMA and  s y n - c o p o l y m e r  be ing  1:1. 

b De te rmined  by 1H NMR. e Dete rmined  by  GPC. d Heat of  fus ion .  
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Figure 5. Effect of composition of syn-poly(MMA- 
ran-EMA) on the melting point and heat of fusion 
of the stereocomplex formed with iso-PMMA in acetone 
without annealing. 

which shift to lower angle as the ester groups become bulkier, may corre- 

spond to the distance between two double-stranded helices, in the case that 

the Challa's double-stranded helical model is valid for these new stereo- 

complexes; as the ester group of outer syn-polymer becomes longer, the 

distance between adjacent double-stranded helices becomes larger. 

Blends of iso-PMMA and syn-random copolymers of MMA and EMA with 

various copolymer compositions formed crystalline stereocomplexes when 

mixed in acetone, but not in the solid state with annealing. The charac- 

teristics of the syn-copolymers are summarized in Table 2. The melting 

point depended on the copolymer composition and increased as the MMA con- 

tent increased (Figure 5). These results suggest that the melting point of 

stereocomplex involving syn-copolymer can be finely controlled by changing 

the copolymer composition. 

The present results indicate that a large variety of syn-polymers of 

methacrylates with straight-chain alcohols can form crystalline stereocom- 

plexes with iso-PMMA. In the previous communication 6) we reported stereo- 
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complex formation between iso-PMMA and syn-polymethacrylates of primary 
alkyl esters with branching at ~-position. From these results, i t  is 
obvious that the structure of the complex can be widely altered by changing 

the ester group of syn-polymers. Further details of the investigation will 

be published in the near future. 
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