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SUMMARY 

The c o p o l y m e r i z a t i o n  mechanism and the  complexa t ion  
p r o p e r t i e s  of  the  copolymers  of  9 - a n t h r y l m e t h y l m e t h a c r y l a t e  
with acryloyl- p -hydroxyethyl-3.5-dinitrobenzoate and 
acryloyl-6-hydr~xyhexyl-3.5-dinitrobenzoate are presented. 
The degree of complexation was found to increase by decrea- 
sing the difference between the side chain lengths and by 
increasing the flexibility of the main chain. The strength 
of  complexa t ion  was e s t i m a t e d  by c o n s i d e r i n g  the  dependence 
of the chemical shifts of the aromatic protons on copolymer 
composition. 

INTRODUCTION 

In some p r e v i o u s l y  papers  (GRIGORAS e t  aI.1982,PERCEC e t  
al.1981a) the strength of complexation in methaorylate- 
m e t h a o r y l a t e  and a c r y l a t e - a c r y l a t e  oopolymers  of p o l y ( d o n o r -  
c o - a o o e p t o r )  type  was ev idenced  to  be dependent  on the  
s t r u c t u r e  , l e n g t h  and f l e x i b i l i t y  of  the  s i d e  c h a i n s  bonding 
the  pendant  groups  to  the  main cha in .To  ex tend  the  s t r u c t u r e -  
p r o p e r t i e s  c o r r e l a t i o n , t h i s  paper  i s  conce rned  w i t h  two 
s i m i l a r  copolymers  but  hav ing  a m e t h a c r y l a t e - a c r y l a t e  e t r n c -  
t u r e  of  t he  main c h a i n ,  namely p o l y ( 9 - a n t h r y l m e t h y l m e t h a c r y -  
l a t e - c o - a o r y l o y l -  @ - h y d r o x y e t h y l - 3 . 5 - d i n i t r o b e n z o a t e )  and 
p o l y ( 9 - a n t h r y l m e t h y l m e t h a c r y l a t e - c o - a c r y l o y l - 6 - h y d r o x y h e x y l -  
3 . 5 - d i n i t r o ~ e n z o a t e ) .  

CH CH 3 
I I ~ C=CH2 CO0--(CH2} n-OCOC = CH 2 

. ~  n = 2 DNBA 
02N NO 2 

n = 6 DNBHA 

9-AMMA 
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EXPERIMENTAL 

9-AY~A~A was o b t a i n e d  f rom 9 - m e t h y l o l a n t h r a c e n e  and moths_  
cryloyl chloride (IWATSUKI and INUKAI 1978). 

~BA was synthesized as previously described (PERCEC et 
al. 1981b). 

DNBHA was synthesized from acryleyl chloride and 6-hydroxy- 
hexyl-3.5-dinltrebenzoate,as fellows: 

A mixture of i0 ml (0.12 mole) acryloyl chloride and 50 ml 
benzene was added dropwise (during 30 minutes) under vigo- 
rous stirring to a solution of 30 g (0.i0 mole) 6-hydroxy- 
hexyl-3.5-dinitrobenzoate and 17 ml (0.12 mole) triethylamine 
i~ 200 ml anhydrous benzene,the solution being maintained at 
8vC. The resulting mixture was stirred 3 hours at 8~ and 6 
hours at room temperature.The obtained precipitate (NEt~.HCI) 
was filtered and washed several times with benzene .The ~ 
benzene solution was washed with water and dried on CaCIo. 
After benzene evaporation the viscous liquid was recryst~lli- 
zed twice ~rom methanol giving 25 g (71%) white crystals 
(m.p.39-40vC). 
Anal. calc'd for C~..~NH O~ (366.33) ;C,%=52.46 ;H,%=4.95 ; 

and 2 
~oumd:C,%=52.79;H,%=4.80 and N,%=7.58. 
H-NHR (CDCI~):I.5-2.3 ppm (-CHo-CHo-CH~-CH~) 4.1-4.7 ppm 
(-O-CHo-) ,5~72-6.35 ppm (-CH=C~o) hnd 8.9-~.~ ppm (aromatic 
proton~). 

The copolymerization reactions were performed at 60~ 
dioxane solutions under argon in sealed ampoules.The total 
monomer concentration was 0.5 mole/l and the initiator (AIBN) 
was i % from the monomers .The copolymers were precipitated 
in methanol and purified by dissolving in tetrahydrofuran 
and reprecipitatgd with methanol. Their composition was 
determined from ~H-N~R spectra,which were obtained at 90vC 
in dioxane. A JNM-C-6OHL spectrometer working at 60 MHz was 

use~_NM R A  signals characteristic to the two copolymers are 
the following ones: 8.4-8.8 ppm for the aromatic protons of 
DNBA and DNBHA , 7.8 and 7.2 ppm for the aromatic protons 
of 9-AMHA, 5.7 ppm for -CH2-O- groups of 9-A~OAA, 4.3 ppm 
for -OHm-O- groups of DNBA and DNBHA ,1.4 ppm for 
-C-CH2-CH,-C- group in DNBHA,and a very broad signal between 
2 and 0.6=ppm for the groups on the main chain. All signals 
are broad and the last one shows a relative maximum at 0.8 
ppm due to the -CH 3 protons. 

RESULTS AND DISCUSSION 

Copol~merization mechanism 
The copolymerization data for both copolymers are given 

in Table i. One observes that the reactivity order in these 
copolymerizations are the following: 

9-AHHA > DNBHA > DNBA 

and that both accepter monomers used here ,DNBA and DNBHA, 
are less reactive than their methacrylate homologous 
(GRIGORAS et ai.1982). 
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Table  1 

C o p o l y m e r i z a t i o n  da t a  

9-A~BIA-DNBA 9-A~VgA-DNBRA 

x Sample Conver- y Sample Conver- y 
s i o n  (%) sion(%) 

7.00 I 56.40 13.49 8 77,60 a) 

3.00 2 49.70 8.09 9 51.60 7.85 

1.67 3 38.20 5.69 iO 45.40 3.40 

1.00 4 30.30 3.67 ii 29.20 2.39 

0.60 5 19.OO 2.64 12 19,40 1,74 

0.33 6 14.10 1.78 13 11.70 1.19 

O. 14 7 9.10 O. 90 14 - - 

t ime=lO0 h o u r s . a )  copolymer  c o m p o s i t i o n  was not  p o s s i b l e  
to  be de termined  by NMR. 
The p r o c e s s i n g  of  c o p o l y m e r i z a t i o n  da t a  a c c o r d i n g  to  the  

Kelen-Tudos method for high conversions (TUDOS st ai.1976) 
leads to the diagrams presented in figure l,both diagrams 
support the possibility of a terminal copolymerization model. 

3.0 

2.0 

1.0 

2.0~ 

1.0 

-1.0 -1.0 

gAMMA- DN BHA 

F i g u r e  1- Kelen-Tudos  p l o t s  
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A l t h o u g h  b o t h  ~BA and DNBHA do n o t  h o m c p o l y m e r i z e  i n  t h e  
same e x p e r i m e n t a l  c o n d i t i o n s  t h e r e  a r e  c o p o l y m e r s  w i t h  more 
50 % a c c e p t o r  s t r u c t u r a l  u n i t s  o f  t h i s  t y p e .  One can  c o n c l u d e  
t h a t  t h e  c o p o l y m e r i z a t i o n  mechanism i m p l i e s  i n  t h e s e  c a s e s  
t h e  i n t e r ~ o n o m e r i c  c h a r g e  t r a n s f e r  complex  (CTC) p a r t i c i p a -  
t i o n  (PERCEC e t  a l . 1 9 8 1 b ) .  The f o r ~ t i o n  o f  such  CTC i s  
i n d i c a t e d  by t h e  o r a n g e  c o l o u r  o f  t h e  m i x t u r e  comonomer 
s o l u t i o n s .  I t  was a l s o  p r o v e d , b y  t h e  c o n t i n u o u s  v a r i a t i o n  
method  t h a t  t h e  i n t e r m o n o m e r i o  CTC has  an 1 :1  c o m p o s i t i o n .  

DeKree of complexation 
To estimate the complexation interactions in the two 

copolymers ,the NMR signals of the acceptor group (dinitro- 
benzoate) aronatic protons were registered (figure 2). 

I 
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, ; i i I i i i i I i , J , I 

~{pprn ) 9.0 8.5 8.0 

The f i r s t  o b s e r v a t i o n  i s  t h a t  t h e s e  p r o t o n s  g i v e  two d i s t i n c t  
s i g n a l s  ( a t  l e a s t  f o r  low c o n t e n t  o f  a c c e p t o r  u n i t s ) , w h i l e  
the same protons give only one signal in similar copclymers 
having a methacrylate-methacrylate main chain (GRIGORAS et 
al.1982).The assignment of signals in figure 2 is based on 
their relative intensities. The position of these signals 
dependence on cepolymer composition may be explained if one 
supposes that the acceptor group mobility decreases by 
increasing the donor unit content. The fact that the chemical 
s h i f t  d e p e n d e n c e  on c o p o l y m e r  c o m p o s i t i o n  i s  s t r o n g e r  f o r  t h e  
o r t h o  p r o t o n s  t h a n  f o r  t h e  p a r a  ones  i s  w e l l  i l l u s t r a t e d  i n  
f i g u r e  3 and can  be e x p l a i n e d  by t h e  d i f f e r e n c e  be tween  t h e i r  
p o s i t i o n s  r e l a t i v e  t o  t h e  a n t h r a c e n e  n u c l e i  ( d o n o r  g r o u p s )  . 
Taking into account the slope of ~o curves (figure 3) it can 

F i g u r e  2 -  T ~ e ~  
s l g n a l 8  o f  t h e  a c c e p t e r  
g r o u p  a r o m a t i c  p r o t o n s  
in 9-AE~A-~BA copolymer 
o f  v a r i o u s  c o m p o s i t i o n .  



581 

 ,oom, F 7  oom, 

8.6 8.6 

8.4 8.4 
I I I I I 

0 10 20 30 40 50(%DNBA) 0 
A 

I ! ~ I ~ 1  
10 20 30 40 50(%DNBHA} 

B 
F i g u r e  3-  The chemica l  s h i f t s  of  a romat i c  p r o t o n s  
o f  a c c e p t o r  u n i t s  i n  9-AMMA-DNBA ( c u r v e s  A) and 
9-AWA-D~BHA ( c u r v e s  B) oopolymers  a g a i n s t  t h e  
c o m p o s i t i o n .  

s t a t e d  t h a t  the  donor  - a c e e p t o r  i n t e r a c t i o n s  a r e  s t r o n g ~ r i n  
t h e  9-AMMA-DNBA oopolymer ,where  t h e  s l ope  i s  o f  l ,  l x lO-  ppm/ 

INBAA~Um i n  t h e  9-A~A-DN~ik,where  t he  s lope  i s  o f  
0 . 8 x l 0  ~ ppm/ ~ DN~HA. These c o u l d  be e x p l a i n e d  by t h e  d i f f e -  
r ence  between the  s i d e  c h a i n  l e n g t h s , w h i c h  i s  o f  7-4 =3 bonds 
i n  t he  f i r s t  c a s e , a n d  11-4=7 bonds i n  the  second one~ 
C o n s i d e r i n g  the  same c r i t e r i o n , t h e  9-AMMA-DNBA c o p o l y n e r  i s  
c h a r a c t e r i z e d  by a h i g h e r  degree  of  oomplexa t ion  than  t h e  
9-AMMA-methacryloyl- ~ - h y d r o x y e t h y l - 3 . 5 - d i n i t r o b e n z o a t e  
copolymer  (GRIGORAS e t . a l . 1 9 8 2 ) , w h e r e  the  s lope  was found 
to  be o f  about  0.TxlO -~ ppm/ % DN~ and t h i s  f a c t  may be 
i n t e r p r e t e d  by t h e  main cha in  f l e x i b i l i t y  higher i n  t h e  f i r s t  
case+ 

CONCLUSIONS 

9-AIMA-DNBA and 9-AMMA-DRBHA copolymers show CTC charac- 
teristics ~s follows:an orange colour and an evident dependen- 
ce of the ~H-NMR spectral chemical shifts of the aromatic 
protons on copolymer composition.The complexation is stronger 
for 9-AMMA-DNBA copolymer than for 9-AXMA-DNBHA copolymer. 
These copolymers,which are of methacrylate-acrylate type,are 
characterized by stronger complexation interactions than simi- 
lar copolyaers of methacrylate-methacrylate type.The degree of 
complexation increases by decreasing the difference between 
the side chain lengths and by increasing the flexibility of 
the main chain. 
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