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Intramolecular Charge Transfer Complexes 

7. Radical Copolymers of 2,4-Dinitrophenyl Methacrylate 
with N-(2-Hydroxyethyl)-3,6-Dichlorocarbazolyl Acrylate 
and Methacrylate* 
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SUMMARY 

Radical  copo lymer iza t ion  of 2 , 4 - d i n i t r o p h e n y l  me thac ry l a t e  
(DNP~, M2) with N - ( 2 - h y d r o x y e t h y l ) - 3 , 6 - d i c h l o r o c a r b a z o l y l  me- 
t h a c r y l a t e  (HEC12CM, M 1) and N - ( 2 - h y d r o x y e t h y l ) - 3 p 6 - d i c h l o r o -  
c a rhazo ly l  a c r y l a t e  (HEC12CA~ M 1) takes  p lace  by the  simple 
terminal  mechanism having the  parametersz 

r l=0 .13  r2ffil.65 (MlffiHEC12CM) 
r l=0 .13  r2=1o20 (MI=HEC12CA) 

I n t r amo lecu l a r  complexation d i f f e r e n c e s  fo r  the  two ob ta ined  
systems are  expla ined by c o n f i g u r a t i o n a l  d i f f e r e n c e s .  

INTRODUCTION 

In the  precedent  papers ( 1 - 6 ) ,  some i n t r a m o l e c u l a r  charge 
t r a n s f e r  complexes (CTC) s y n t h e s i s  was s tud ied  by r a d i c a l  co -  
po lymer iza t ion  of  e l ec t rono -donor  (M1) and e l e c t r o n o - a c c e p t o r  
(M2) monomer p a i r s .  The in f luence  of  some f a c t o r s  a f f e c t i n g  
the  m i c r o s t r u c t u r e  and the  i n t r amo lecu l a r  complexation of  the  
ob ta ined  copolymers was also evidenced.  

Copolymerizat ion of  these  monomer p a i r s  takes  p lace  through 
a simple terminal  mechanism (5)~ e s p e c i a l l y  when the K-value 
of  the intermonomeric CTC equi l ib r ium cons tan t  i s  r a t h e r  loT~ 
or through a mechanism which involves  the intermonomeric CTC 
p a r t i c i p a t i o n  ( 1 , 2 , 4 , 6 , ~ ) .  

From the  da ta  p resen ted  in the  previous  papersp one can 
conclude t h a t  the copolymer m i c r o s t r u c t u r e  i s  determined by d i -  
f f e r e n t  f a c t o r s  (8)= 

- through the va lue  of  K 
- through the  i nd iv idua l  p ropaga t ion  r e a c t i o n  r a t e s  

Of these  fac tors~  the i o n i z a t i o n  p o t e n t i a l  ( I )  of  the  donor 
monomer and the e l e c t r o n i c  a f f i n i t y  (E a) of  t~e accep to r  mono- 
mer, are  the most impor tant  in i n t r amo lecu l a r  complexat ion.  

This paper s t ud i e s  r a d i c a l  copo lymer iza t ion  of  2 ~ 4 - d i n i t r o -  
phenyl me thac ry l a t e  (DIfPM) with N - ( 2 - h y d r o x y e t h y l ) - 3 p 6 - d i c h l o -  
r oca rbazo ly l  me thac ry l a t e  (HEC12CM) and N - ( 2 - h y d r o x y e t h y l ) - 3 , 6 -  
d i c h l o r o c a r b a z o l y l  a c r y l a t e  (HEC12CA)~ r e s p e c t i v e l y .  The i o n i -  
za t ion  p o t e n t i a l  va lues  of  3~6-d iha logencarbazo le  monomers are 
h i~her  than those  f o r  ca rbazo le  monomers (9~10).  
~6th p a r t  in t h i s  se r i es=  r e f e r e n c e  (6) 
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EXPERIM~TAL 

DNPM was synthesized according to the literature 411)9 
UECI2CM and HECI2CA were prepared as previously described (10). 
Copolymerizations were carried out in dioxane9 with l~ (based 
on monomers) AIBN9 under argon at 60~ Dioxane and AIBN were 
purified by usual methods (1). Total monomer concentration was 
in  a l l  c a s e s  0 .3125 M. The copo lymers  were  s e p a r a t e d  f rom t h e  
r e a c t i o n  m i x t u r e  by p r e c i p i t a t i o n  w i t h  a 1/1 ( v / v )  m i x t u r e  me- 
t h a n o l / a c e t o n e  and p u r i f i e d  by r e p r e c i p i t a t i o n  from t e t r a h y d r o -  
f u r a n  s o l u t i o n s  w i t h  t h e  same s o l T e n t s  m i x t u r e .  Copolymer com- 
p o s i t i o n  was d e t e r m i n e d  from t h e  H-NMR s p e c t r a  r e g i s t e r e d  a t  

60Oc and 25~ in  ]14S0-d6 and d i o x a n e  s o l u t i o n s  on a JEOL C-60 
HL s p e c t r o m e t e r .  U V - v i s i b l e  s p e c t r a  were o b t a i n e d  on a UNICAM 
SP 800 s p e c t r o p h o t o m e t e r  a t  c o n c e n t r a t i o n  o f  0 .3125 M in  d i o -  
xane .  Poly(DNPM) was o b t a i n e d  by r a d i c a l  p o l y m e r i z a t i o n  o f  
IM~PM (5)  o C o p o l y m e r i z a t i o n  r e s u l t s  a r e  g i v e n  in  t a b l e  1. 

TABLE 1 
C o p o l y m e r i z a t i o n  d a t a  

Sample F I HECI2CM-DNPM HECI2CA-DNPM 

Time Conversion fl Time Conversion fl 
(hr) (~) (hr) (~) 

0 .875  0 . 5  3 .8  0 .030  707 10o9 0 .005  
0~ I 0 . I  3 .8  0 .500 708 6 ,8  00510 
0 .625  15o2 3 .9  0 .420  lOoO 0.1  0 .420 
0 .500  17~ 3 .6  0 .350  lOol  4 . 2  00340 
00375 2004 4o8 0 .280 10o2 504 0 .265  
0 .250 21o9 3o l  00200 10.2  509 0o185 
0 .125  

ID 
2 D  

3 D  

4 D  

5D 

6 D  

7D 26~ 4~  0 , I 0 0  I 0 . 3  5,7 0 ,095  
FI= m o l a r  f r a c t i o n  o f  M I in  t h e  i n i t i d  m i x t u r e !  f l = m o l a r  
f r a c t i o n  o f  M 1 i n  t h e  copo lymer  

RESULTS AND DISCUSSIONS 

When mix ing  t h e  s o l u t i o n s  o f  t h e  two monomer p a i r s  9 a y e l -  
low c o l o u r  i s  o b t a i n e d ~  due t o  i n t e r m o n o m e r i c  com p lexa t i ono  U- 
s i n g  J o b ' s  method 412)~ the complex composition is proved to 
be I~I from the absorption spectra. 

For both monomer pairs~ the Kelen-Tudos (13) plots are 
straight lines (figure 1)~ and this proves that the copolyme- 
rization mechanism can be approximated by a simple terminal 
model having the parametersz 

HEC12CM - DNPM r 1 = 0 .13  r 2 = 1o65 
HECI2CA - DNPM r I = 0o13 r 2 = lo20 

Diad sequences fractions are calculated according to Har- 
wood*s algorithm 414)~ flo=2flPl2 where PI2 is the probability 
of M 2 addition at Ml-ende~ macroradical. P12=l/(l + rlx) and 
x=F1/F2.  

As d e m o n s t r a t e d  in  t h e  p r e v i o u s  p a p e r s  41-7)  t h e  i n t r a m o l e -  
c u l a r  c o m p l e x a t i o n  can be e v i d e n c e d  by m e a s u r i n g  t h e  c h e m i c a l  
s h i f t  o f  t h e  a r o m a t i c  p r o t o n s  o f  a c c e p t o r  s t r u c t u r a l  u n i t s .  
The a c t u a l  c h e m i c a l  s h i f t  o f  t h i s  s i g n a l  i s  a p o n d e r a t e  a v e -  
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rage  of  uncomplexed and complexed s t a t e s .  The h i g h e r  i s  t h i s  
chemica l  s h i f t p  t h e  h i g h e r  i s  t h e  i n t r a m o l e c u l a r  c o m p l e x a t i o n  
degree .  

0.5 

-0.5 

HEC[ 2 CM-DNPM J 
I 

oc 1 2.3 ,,/41J~1 

. J  ' 

0.5 

? 

-0.5 �84 

H ECI.2 CA- DNPM 

o(:=2.5 

, . J  

F i g u r e  1. Ke len-Tudos  p l o t s  f o r  t he  two c o p o l y m e r i z a t i o n  
sy s t ems .  

The a roma t i c  r e g i o n  o f  some HEC12CA-co-DNPM samples  ( s p e c -  
t r a  r e g i s t e r e d  i n  I~tS0-d 8 a t  60oc) i s  p r e s e n t e d  in  f i g u r e  20 
The s h i f t  o f  3 - r d  and 5 - t h  a roma t i c  p r o t o n s  of  DNPM s t r u c t u r a l  
u n i t s  to  h i g h e r  f i e l d s  when d e c r e a s i n g  DNPM c o n t e n t  i n  the  co-  
polymer  i s  obse rved~  The HEC12CM-co-I}NPM samples  s p e c t r a  do 
n o t  p r e s e n t  o b s e r v a b l e  s h i f t s  i n  s i m i l a r  c o n d i t i o n s ~  For t h i s  
l a s t  system~ i n  t he  s p e c t r a  r e g i s t e r e d  i n  d ioxane  (more i n e r t  
s o l v e n t  t h a n  libtS0) a s l i g h t  s h i f t  o f  3 - r d  and 5 - t h  p r o t o n s  s i -  
g n a l s  from ~NTM s t r u c t u r a l  u n i t s  can be o b s e r v e d  a t  25~176 

Because the  3 - r d  a roma t i c  p r o t o n  of  DNPM s t r u c t u r a l  u n i t s  
i s  t he  most  d e s h i e l d e d  ( and  t h e r e f o r e  e a s i e r  to be measured)~ 
i t s  chemica l  s h i f t  i s  r e p r e s e n t e d  a g a i n s t  DNP~ s t r u c t u r a l  u n i t s  
f r a c t i o n  l a y i n g  i n  a l t e r n a t i n g  d i a d  sequences  ( � 89  ( f i g u -  
r e  3) o 

I n t r a m o l e c u l a r  c o m p l e x a t i o n  i s  d e t e r m i n e d  by the  p o s s i b i l i -  
t y  to  have a f a v o u r a b l e  s t e r i c  a r r a nge me n t  of  e l e c t r o n o - d o n o r  
and e l e c t r o n o - a c c e p t o r  groupsp t h e r e f o r e  depends on sequence  
d i s t r i b u t i o n ~  c o n f i g u r a t i o n  and c o n f o r m a t i o n  of  the  s i d e - c h a i n  
and t h e  c h a i n  segments  ( 1 ) .  I t  seems r e a s o n a b l e  t h a t  t h e  con-  
fo rmat ion~  a t  l e a s t  f o r  the  s i d e - c h a i n s ~  i n  t he  same s o l v e n t  
a t  t he  same t empera tu re~  can be c o n s i d e r e d  t he  same~ Conseque-  
n t l y ~  the  d i f f e r e n c e s  of  i n t r a m o l e c u l a r  complexa t i on  e v i d e n c e d  
i n  f i g u r e  3 must be e x p l a i n e d  by t he  d i f f e r e n t  c o n f i g u r a t i o n  
of  t he  two sys tems~ As i t  can be seen i n  f i g u r e  3~ HEC12CA-co- 
-DNPM i s  a s t r o n g e r  i n t r a m o l e c u l a r  CTC than  HEC12C~-co-DNPM~ 
where the  i n t r a m o l e c u l a r  c o m p l e x a t i o n  i s  v e r y  weak~ The same 
phenomenon i s  e v i d e n c e d  when a n a l y s i n g  the  sys tems  N - ( 2 - h y -  
d r o x y e t h y l )  c a r b a z o l y l  m e t h a c r y l a t e  (HECM)-co-p ic ry l  m e t h a c r y -  
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Figure  2. Aromatic reg ion  of  some HECI2CA-co-DNPM 
samples .  
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l a t e  (PM) (1 )  i n  e o m p a r i s i o n  v i t h  N - ( 2 - h y d r o x y e t h y l )  c a r b a z o -  
l y l  a c r y l a t e  (iiECA)-co-PM (4 )  and ItEC~I-co-DNPM (5)  w i t h  HECA- 
-co-VlCeU (15) .  

9 

o" 
{ppm) 

B.5 

/_. poly(DNPN1) 
(3 

0 0.5 
12 f12/f2 

F i g u r e  3o Chemical  s h i f t  o f  t h e  3 - r d  a r o m a t i c  p r o t o n  o f  
DNPM s t r u c t u r a l  u n i t s  a g a i n s t  DNPM f r a c t i o n  b e -  
i n g  i n  a l t e r n a t i n g  d i a d  s e q u e n c e s s  a) HEC12CM- 
-co-DNPM in  [~{S0-d 6 a t  00~ b) HECI2C~t-co-DNFM 
in  d i o x a n e  a t  25~ c) HEC12CA-co-DNPM i n  I ~ S 0 -  
-d  6 a t  60~ 

F i g u r e  4 r e p r e s e n t s  t h e  c h e m i c a l  s h i f t  o f  t h e  a r o m a t i c  p r o -  
t o n s  from PM s t r u c t u r a l  u n i t  in  fiEC~i-co-PM and itL~A-co-PM s y s -  
tems ( s p e c t r a  r e g i s t e r e d  in  CDC13 a t  00~ and f i g u r e  5 t h e  
c h e m i c a l  s h i f t  o f  3 - r d  a r o m a t i c  p r o t o n  from DNPM s t r u c t u r a l  
u n i t  in  HECM-co-DNPM and }IECA-co-DNTM ( s p e c t r a  r e g i s t e r e d  i n  
r~SO-d6 a t  60~ 

9 
or 

(pprnl HECM - co- PM . ~ , . , "  / 

~ A_co_Ip M 

0.1 0.2 0.3 0.4 f2 0.5 

F i g u r e  4 .  Chemica l  s h i f t  o f  t h e  a r o m a t i c  p r o t o n s  f rom P~ 
s t r u c t u r a l  u n i t  a g a i n s t  PM f r a c t i o n ~  
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or 9 
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F i g u r e  5. Chemical  s h i f t  of  t he  3 - r d  a roma t i c  p r o t o n  of  
I~M s t r u c t u r a l  u n i t s  a g a i n s t  DNPM f r a c t i o n  b e -  
ing  i n  a l t e r n a t i n g  d i ad  s e q u e n c e s s  a) BECM-co- 
DNPM i n  l~SO-d 6 a t  60~ b) HE~-co-I)NPM i n  d i o -  
xane a t  25~ c) HECA-co-DNPM i n  DbISO-d 6 a t  6 0 ~  

In  a l l  cases~ t he  i n t r a m o l e c u l a r  complexes of a c r y l a t e - t y p e  
donor monomer a r e  s t r o n g e r  t h a n  t h o s e  from m e t h a c r y l a t e - t y p e  
donor  monomer~ 

The c o n f i g u r a t i o n a l  d i f f e r e n c e s  of the  two t ype s  of  s y s t e -  
ms a r e  supposed to  be due to  t h e  s t e r i c a l  d e t e r m i n a t i o n  ( t h r o -  
ugh t h e ~ - m e t h y l  s u b s t i t u e n t )  of  s u b s t i t u e n t s  a r r angemen t  wi th  
r e s p e c t  to  the  main c h a i n ~  I t .  e t  a l  416) p roved  t h i s  f o r  some 
c o p o l y m e r i z a t i o n  sys tems  where t h e  i n t e r m o n o m e r i c  i n t e r a c t i o n  
i s  r a t h e r  poor .  The u n s u b s t i t u t e d  monomers i n  c ~ - p o s i t i o n  l e a d  
to  a p r e d o m i n a n t l y  c o l e . t a c t i c  c o n f i g u r a t i o n  ( i ~ !  i f  bo th  mo- 
nomers a re  v s  a c o s i n d i o t a c t i c  p r e f e r e n c e  r e s u l t s  
( i i ) !  o n l y  one v c - s u b s t i t u t i o n  p roduces  an a t a c t i e  c h a i n  ( i i i ) .  
The sys tems  h a v i n g  HECA or  HEC12CA as donors  a re  of  i i i - t y p e ~  
and t h o s e  h a v i n g  HECM or  HEC12C~! as donors  a re  of  i i - t y p e .  
This  e x p l a i n s  t he  s t r o n g e r  c o m p l e x a t i o n  of  i i i - t y p e  s y s t e m s .  

When t h e  i n t e r m o n o m e r i c  complex p l a y s  an i m p o r t a n t  p a r t  i n  
e o p o l y m e r i z a t i o n  (1~4) i t  i s  r e a s o n a b l e  to suppose t h a t  i t  
marked ly  i n f l u e n c e s  t h e  s t e r i c  c o u r s e  of  t he  p r o p a g a t i o n  r e a c -  
t i o n s .  In  t h e s e  systems~ t he  c o n f i g u r a t i o n  o b t a i n e d  from an 
i n t e r m o n o m e r i c  CTC a d d i t i o n  must  be c o l e . t a c t i c  and f a v o u r e s  
t he  i n t r a m o l e c u l a r  c o m p l e x a t i o n .  Th i s  i s  t he  e x p l a n a t i o n  why 
HEC~I-co-~M i s  a r a t h e r  s t r o n g  i n t r a m o l e c u l a r  complex~ w h i l s t  
HECM-co-DNTM p r e s e n t s  a v e r y  poor  i n t r ~ o l e c u l a r  CTC c h a r a c t e r ~  

I t  i s  expec ted  t h a t  a c r y l a t e - a c r y l a t e  t ype  sys tems w i l l  
have t he  s t r o n g e s t  i n t r a m o l e c u l a r  i n t e r a c t i o n .  Work i s  now i n  
p r o g r e s s  on t he  sys tems  H E C A - e o - 2 ~ 4 - d i n i t r o p h e n y l  a c r y l a t e  and 

HECA-co-picry l  a c r y l a t e .  

CONCLUSIONS 

Rad i ca l  c o p o l y m e r i z a t i o n  of  DI~PM wi th  HEC12CU and HEC12CA p 
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respectively~ can be described by the simple terminal mecha- 
nism. Intramolecular complexation differences between the two 
systems are explained by configurational differences. 

Abbreviations 

The monomer mixture is indicated by the initials of the 
two monomers (for example HECA-PM) and their copolymer by the 
initials separated by -co- (for example HECA-co-PM). 
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