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MACROMOLECULAR REPORTS, A28(SUPPL. I), 47-52 (1991) 

SYNTHESIS OF PS-PEG AND PMMA-PEG BRANCHED 
BLOCK COPOLYMERS BY MACROINIMERS 

R.Hazer 
Karadeniz Technical  Univers i ty  , Department of Chemistry, 

61080 Trabzon, Turkey 

ABSTRACT 

A new type  of macroinimers were synthes ized  by t h e  capping 
r e a c t i o n  of hydroxyl  groups of po lyazoes te rs  with isocyanato e t h y l ,  
methacry la te  i n  t h e  presence of d i b u t y l  t i n  d i l a u r a t e .  Macroini- 
m e r s  having PEG-400 and PEG-1500 u n i t s  were used i n  t h e  polymeri- 
z a t i o n  of methyl methacry la te  (MMA) o r  s t y r e n e  &S) t o  o b t a i n  PS- 
PEG o r  PMMA-PEG branched b lock  copolymers a t  60 C .  Longer polyme- 
r i z a t i o n  t i m e s  o r  h igher  macroinimer concent ra t ions  l e d  t o  c ross -  
l i n k e d  block copolymers. S i m i l a r l y  n e a t  homopolymerization of 
macroinimers a l s o  l e d  t o  t h e  cross- l inked polye thyleneglycols  . 
The products  were c h a r a c t e r i z e d  by I R  and NMR spectroscopy,  v i s -  
c o s i t y  measurements and f r a c t i o n a l  p r e c i p i t a t i o n .  

INTRODUCTION 

Very r e c e n t l y ,  macro-initiator-monomers (macroinimers) were 
f i r s t  descr ibed  by Hazerl .  The f i r s t  type of macroinimer having 
PEG u n i t s  was synthes ized  by t h e  r e a c t i o n  of polyazoes t e r s 2  with 
methacryloyl  o r  4-vinyl benzoyl c h l o r i d e .  

The p r e s e n t  paper r e f e r s  t o  t h e  s y n t h e s i s  of some new rnacro- 
in imers .  Polyazoes te rs  and i socyanato  e t h y l  methacry la te  (IEM) 
w e r e  r e a c t e d  i n  the  presence of d i b u t y l  t i n  d i l a u r a t e  (DBTDL) t o  
o b t a i n  macroinimer having two v i n y l  te rmina l  groups (MIM-ZV). 
To o b t a i n  macroinimer having a v i n y l  te rmina l  group, t h e  o t h e r  
hydroxyl end of polyazoes te r  w a s  capped wi th  phenyl i socyanate  a f -  
t e r  t h e  one was  capped w i t h  IEM 
is  as fol lows:  

(MIM-1 v ) .  The r e a c t i o n  scheme 
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0 0 0 CH3 
Y 3  fl I1 I1 I1 I 

CH2=C - C - OCH2CH2-NH-C-O-PAE - 0  - C - N H -  CH CH 0 - C - C  =CHZ 2 2  

MIM-ZV f 2 IEM 

1 0 CH CH 0 
I 1  I 3  I 3 I 1  

HOfCH2CH20)m C - C - N N - C - C f0CH2CH2), OH 

CH3 CH3 
PAE 1 1) IEM 

2) C6H5-NC0 4 
0 0 

:H3 : I 1  II 

CH2=C - C - OCH2CH2-NH - C  - 0  -PAE - 0  - C  - N H  - C  H 6 5  

MIM-1v 

Macroinimers obta ined  i n  t h i s  work were used i n  the  f r e e  rad i -  
cal  polymerizat ions of MMA o r  s t y r e n e  t o  obta ine  branched b lock  CO- 

polymers. 

MATE RIALS 

Isocyanato e t h y l  methacry la te  (IEM) w a s  a product  of Du Pont 
and it w a s  a g i f t  from Y.Menceloglu, ITU.  I s t a n b u l .  

Polyazoes ters , PAE-400 and PAE-1500 (x;olekular weights  of PEG 
u n i t s  i n  p a r a n t h e s i s )  w e r e  prepared by t h e  Pinner  s y n t h e s i s  from 
AIBN and polye thylene  g lycols  (PEG) wi th  molecular weights  400 and 
1500 accord ing  t o  Walz e t  a12. 

Phenyl i socyanate  was suppl ied  from Merck, Dibutyl  t i n  d i l a -  
u r a t e  (DBTDL) was a product  of C i n c h a t t i  Milacron chemicals .  They 
were used wi thout  p u r i f i c a t i o n .  Methylmethacrylate (MMA) and s t y r e -  
ne were p u r i f i e d  i n  a convent ional  manner. 

METHODS 

Synthes is  of m a c r o i n h e r s :  MIM-2v-400 and MIM-2v-1500 i n a t y -  
p i c a 1  procedure f o r  MIM-2v-400; PAE-400 (5.82 g,  6 m rnol), IEM 
(2 .48  g,  16 mmol), p-dihydroxy benzene (0.03 g) i n  30 mL C2H4C12 
were mixed under argon i n  the  presence of DBTDL (0.05 g) a t  room 
temperature .  Af te r  nine hours ,  the  s o l u t i o n  was concent ra ted  under 
reduced p r e s s u r e  a t  30OC and t h e  r e s i d u e  w a s  p r e c i p i t a t e d  from 
d i e t h y l  e t h e r .  The upper phase was  decanted and red  v i s c o s e  l i q u i d  
w a s  d r i e d  under vacuum a t  room temperature  f o r  t h r e e  hours  and kept  
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i n  r e f r i g e r a t o r  u n t i l  t o  be used.  MIM-2v-1500 w a s  whi te  s o l i d .  
Synthes is  of macroinimers: MIM-lv-400 and MIM-lv-1500. For MIM-1v- 
400, PAE-400 (10.34 g ,  10 rmnol), IEM (1.56 g ,  10 mmol), o-dihydroxy 
benzene (0.03 g) and DBTDL (0.05 g) i n  C2H4C12 (30 mL) were mixed 
under argon a t  room temperature ,  A f t e r  2 hours ,  phenyl i socyanate  
(1.5 g, 13 mmol) i n  C2H4Cl2 (10 mL) was added t o  t h e  s o l u t i o n  and 
s t i r r e d  f o r  t h r e e  hours .  The s o l u t i o n  was  concentrated and t h e  re -  
s i d u e  was p r e c i p i t a t e d  from d i e t h y l  e t h e r .  Red v i s c o s e  l i q u i d  w a s  
d r i e d  under vacuum a t  room temperature .  MIM-lv-1500 w a s  whi te  s o l i d .  
They were a l s o  kept  i n  r e f r i g e r a t o r  u n t i l  t o  be used. 

Spectroscopic  d a t a  confirmed t h e  s t r u c t u r e s  of t h e  macroini- 
m e r s  : 

'H-NMR (60 MHz) (CC1 ) 
6 3 .7  ppm, s i n g l e t  jCH2CH20 protons)  
6 5 . 6  and 6.2 ppm, m u l t i p l e t  ( v i n y l i c  protons)  
6 7.4 ppm (phenyl protons)  ( f o r  MIM-lv-400 and MIM-lv-1500) 
I R  (NaC1) : Charac ter i s  t i c  bands vc-o-c a t  1100 cm-1, 

-1 
v 

f o r  MIM-lv-400 and MIM-lv-1500. 

Gela t ion  of m a c r o i n h e r s  a t  6OoC 

Bulk homopolymerizations of macroinimer samples (0 .5  g )  were 
c a r r i e d  o u t  i n  pyrex tubes under argon t o  o b t a i n  cross- l inked pol- 
ye thyleneglycol  a t  6OoC. Gela t ion  p o i n t s  were observed by t h e  so-  
l i d i f i c a t i o n  of macroinimers (MIM-lv-1500 and MIM-2v-1500 were a l -  
so  l i q u i d  a t  6OoC). Gela t ion  times of MIM-2v-400, MIM-2v-1500 and 
MIM-lv-400 were 4 ,  24 and 140 minutes ,  r e s p e c t i v e l y .  Gela t ion  of 
MIM-lv-1500 was n o t  seen  overnighr a t  6OoC. 

Polymerizat ion of s t y r e n e  and MMA by macroinmers a t  6OoC. 

a t  1620 c m - l ,  vNH=3340 cm-l  (b road) .  v c  ~~ a t  1600 cm 
6' 5 c =c 

I n  a pyrex tube ,  i n  which s t y r e n e  ( o r  MMA) and a macroinimer 
were charged s e p a r a t e l y ,  argon was purged through a needle  i n t o  t h e  
tube f o r  about one minute. The t i g h t l y  capped tube was put  i n  an 
o i l  b a t h  thermostated a t  6OOC. Af te r  t h e  requi red  t i m e  per iod  of 
polymerizat ion,  t h e  tube was quickly cooled and t h e  conten ts  coagu- 
l a t e d  i n t o  methanol. The p r e c i p i t a t e  was f i l t e r e d  of f  and d r i e d  
under vacuum a t  30OC. The condi t ions  and r e s u l t s  f o r  the  prepara-  
t i o n  of b lock  copolymers were l i s t e d  i n  Table 1. 

RESULTS AND DISCUSSIONS 

Macroinimers having one o r  two v i n y l  te rmina l  groups were 
synthes ized  and c h a r a c t e r i z e d  by I R  and NMR spectroscopy.  Charac- 
t e r i s t i c  s i g n a l s  of macroinimers on I R  and NMR s p e c t r a  confirmed 
t h e i r  s t r u c t u r e .  
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50 HAZER 

TABLE 1 

Bulk polymerizat ion of s t y r e n e  and methylmethacrylate  by macroini- 
mers a t  6OoC. 

a )  Styrene 

No Type Conc.,in w t %  time,min. monomer,in w t %  dL g- l  

f5 
Run Macroinimer Polym. Conv . of n 
- 

MIM-lv-400 15.5 
15.4 
20.7 
52.6 

MIM-lv-1500 12.2 
18.5 
21.7 
27.8 
36.0 

b ) Me thy l m e  thacry 1 a te  

10 MIM-lv-400 14.9 
11 23.1 
12 35.9 
13 30.8 
14 MIM-l~-1500 15.6 
15 21.7 
16 35.7 
17 35.7 
:': i n  benzene, 3OoC. 

188 
100 
170 

72 
100 
270 
2 80 
253 
3 60 

31 
21 
11 

10 2 
138 
60 
36 

137 

25 
11 
23 

1 . 7  
13 .O 
14.8 
13.9 
40 .O 

Ge l a  t i o n  

11.3 
10.7 
s . 9 

14.1 
8.9 
9.6 

G e  l a t  i o n  

Gela t ion  

0.32 
0.32 
0.30 

0.51 
0.48 
0.42 
0.52 
0.42 

- 

0.72 
0.66 
0.48 

1.02 
0.76 
0.65 

- 

- 

Gela t ion  times of macroinimers change with t h e i r  molecular  
weights  and t h e  conten t  of v i n y l  group. So, decreas ing  i n  v i n y l  
group and i n c r e a s i n g  i n  t h e  molecular  weighfof macroinimers made 
them less r e a c t i v e .  

Macroinimers obta ined  i n  t h i s  work were used i n  t h e  polymeri- 
z a t i o n  of s t y r e n e  and MMA t o  o b t a i n  branched block copolymer v i a  
f r e e  r a d i c a l  mechanism (Table 1 ) .  Longer polymerizat ion t i m e s  and 
h igher  c o n c e n t r a t i o n  of macroinimers cause cross- l inked block copo- 
lymers which do not  d i s s o l v e  i n  any s o l v e n t .  Low branched block co- 
polymers by MIM-2v-400 and MIM-2v-1500 could n o t  obtained i n  seve- 
ral  condi t ions  a t  6OOC. They gave only cross- l inked b lock  copoly- 
mers. Therefore  it can be s a i d  t h a t  MIM-lv-400 and MIM-lv-1500 are 
more s u i t a b l e  than  MIM-2v-400 and MIM-2v-1500 t o  o b t a i n  branched 
PS-PEG and PEW-PEG block  copolymers. 
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I .  , . I . _  . / . . . . ,  . . , I . . _ . I  . I . . .  I 
I .  

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 
Figure 1. NMR spectrum of PS-PEG block copolymer having 18% PEG 

(Run no: 1 i n  Table 1 ) .  

3000 2500 2000 1500 1600 1400 1200 1000 800 

Figure 2. I R  spectrum of PS-PEG block  copolymer (Run no: 3 i n  
Table 1 ) .  

3000 2500 2000 1800 1600 1400 1200 1000 800 

Figure  3 .  I R  spectrum of PMMA-PEG block copolymer (Run no: 8 i n  
Table 1). 
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52 HAZER 

A t y p i c a l  NMR spectrum of a PS-PEG block copolymer can be seen  
i n  F igure  1. Weight percentage of PEG i n  PS-PEG block  copolymers 
were c a l c u l a t e d  from t h e i r  NMR s p e c t r a  as 18% f o r  r u n  no: 1 and 15% 
f o r  run  no: 2 i n  Table 1. I R  s p e c t r a  of PS-PEG and PMMA-PEG block  
copolymers a l s o  confirmed t h e i r  s t r u c t u r e  (F igure  2 and Figure  3 ) .  

I n  f r a c t i o n a l  p r e c i p i t a t i o n ,  samples were d i s s o l v e d  i n  THF and 
p r e c i p i t a t e d  by adding given amountdpetroleum e t h e r ,  g r a d u a l l y .  
Volume r a t i o  y of nonsolvent  t o  s o l v e n t  w a s  1.4-2.0, when t h e  PS- 
PEG samples were completely prec ip i ta ted  However, y f o r  macroinimers 
and homo-PS were 0.5-07 and 2.5-3.2 r e s p e c t i v e l y .  This can be a t t -  
r i b u t e d  t o  t h e  block copolymer formation and a l s o  decreas ing  of 
t h e  s o l u b i l i t y  of block copolymer because of branching.  S imi la r  
s t u d i e s  on PEG-PMMA block  copolymers were n o t  u s e f u l  f o r  charac te -  
r i z a t i o n  s i n c e  t h e i r  y values  were very c l o s e  t o  t h e  r e l a t e d  homo- 
polymers (y f o r  PMMA-PEG: 0.4-0.5, y f o r  macroinimers: 0.5-0.7 and 
y f o r  homo-PMMA: 0.5-0.6). 

Highly t r a n s p a r e n t  f i lms  of b l o c k  copolymers which can be a t t -  
r i b u t e d  t o  t h e  absence of homopolymer formation,  were obtained 
from t h e i r  benzene s o l u t i o n s .  
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