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AN INFRARED SPECTROSCOPICAL STUDY OF GRAFTED PA COPOLYMER 

PAOLO PIAGGIO 
I s t i t u t o  d i  Chimica Indus t r i a le ,Un ive rs i t a ,  Genova, I t a l y  

ALBERT0 BOLOGNESI, MARINELLA CATELLANI, S I L V I A  DESTRI 
I s t i t u t o  d i  Chimica d e l l e  Macromolecole,CNR, Milano, I t a l y  

A b s t r a c t  We r e p o r t  a c h a r a c t e r i z a t i o n  o f  t h e  g r a f t  copoly-  
mer o f  PA w i t h  po l ybu tad iene  by I R  spectroscopy. The d a t a  
ob ta ined  have been analyzed t o  c l a r i f y  t h e  band assignment, 
t he  s t r u c t u r e  o f  t h e  polymer, i t s  s t a b i l i t y  and t h e  e f f e c t  
o f  d i f f e r e n t  dopants. A l s o  s t r e t c h e d  f i l m s  have been ana ly -  
sed w i t h  p o l a r i z e d  l i g h t .  

' P a h t i d y  nuppahted by CNR " P h o g . F i n . C h h k a  Fine  e Secondahia" 

A nove l  form o f  s o l u b l e  p o l y a c e t y l e n e  (PA) has been p repared  as  

desc r ibed  . The ex i s tence  o f  t h i s  g r a f t e d  copolymer PA-polybuta- 

d iene  (PB), i s  o f  i n t e r e s t  because i t  p resen ts  an unusual  oppor tu-  

n i t y  t o  s tudy homogeneous f i l m s  w i t h  d i f f e r e n t  c i s / t r a n s  con ten t .  

1 

The spectrum o f  t h i s  copolymer (Fig.1) shows a l l  t h e  bands 
-1 

o f  b o t h  PA and PB w i t h  t h e  e x c e p t i o n  f o r  a new band a t  1377 c m  

(CH deformat ion)  and f o r  t h e  s p e c t r a l  v a r i a t i o n s  i n  t h e  CH s t r e t -  

c h i n g  r e g i o n  r e p o r t e d  i n  Fig.2, b o t h  due t o  t h e  g r a f t i n g .  The I R  

bands o f  t h e  PA-PB f i l m  can be ass igned  (Table I) b y  comparing 

t h e  data o f  t h e  p resen t  work (PA-PB copolymer, a c t i v a t e d  PB and 

PB) w i t h  those p r e v i o u s l y  r e p o r t e d  f o r  h i g h l y  s t r e t c h e d  samples 

of PA2. We a l s o  r e p o r t  (Fig.3) t h e  dopant (I 

( d i f f e r e n c e  spect ra) .  These spec t ra  a r e  v e r y  s i m i l a r  t o  those o f  

ref.2. O f  p a r t i c u l a r  i n t e r e s t  t h e  d i f f e r e n c e  o f  t h e  r e l a t i v e  in- 

t e n s i t i e s  o f  t h e  bands o r i g i n a t e d  w i t h  d i f f e r e n t  dopants. Whi le  

3 

B r  1 induced bands 
2' 2 

31 1 
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3 12 P. PIAOOIO ei 01. 

t h e r e  i s  no ev idence o f  t h e  r e a c t i o n  o f  I w i t h  t h e  polymers, B r  

adds t o  b o t h  PA and PB g i v i n g  r i s e  t o  two C-Br s t r e t c h i n g  bands a t  

630 and 549 cm r e s p e c t i v e l y .  By f o l l o w i n g  t h e  t ime  dependence o f  

t h e  band i n t e n s i t i e s  i n  iodine-doped spec t ra  a qu i ck  r e l e a s i n g  o f  

I and a g radua l  o x i d a t i o n  o f  PA a r e  observed. These degrada t i ve  

e f f e c t s  a r e  shown i n  Fig.4, where t h e  c i s - t r a n s  i s o m e r i s a t i o n  o f  

PA a f t e r  some doping c y c l e s  i s  a l s o  apparent. A complete degrada- 

t i o n  o f  t h e  po lymer i c  cha ins  i s  observed i n  a few minutes by w a r w  

i n g  up t o  17OoC. 

2 2 
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FIGURE 1 - 1 R  spec t ra  o f  PB m a t r i x  a c t i v a t e d  w i t h  t h e  c a t a l y s t  
(-> and a f t e r  p o l y m e r i z a t i o n  o f  C H (....> . 

2 2  

FIGURE 2 - D e t a i l s  o f  t h e  CH s t r e t c h i n g  
r e g i o n  f o r  PA-PB copolymers (a), a c t i -  
v a t e d  PB (b) and PB ( c >  spect ra.  

A A 3500 3000 2500 cm -1 
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TABLE I : Observed I R  a b s o r p t i o n  bands (cm-') 

PA-PB Assignment 
copolymers molecule mode g roup  

4290 (+I  PA t r a n s  
3444 vb r  
3057 (+> PA c i s  
3044 (+ I  PA c i s  

3009 (++I 

2942 ms 
2920 sh 
2851 m 
1905 (+I  
1800 (+I 
1690 (+I  
1656 w 
1640 vbr  
1494 vvw 

Fa 
PB 
PB 
PA t r a n s  
PA c i s  
PA c i s  
PB 

? 
1452 mw 
1435 sh 
1405 w PB 
1377 vw ( g r a f t i n g )  
1328 ( + I  PA c i s  
1310 w PB 
1292 (+I PA t r a n s  
1260 w PB 

PA c i s  
1242 (++I { pB 

1110 (++I PA c i s  

1020 sh PB 
1013 s, (+) PA t r a n s  

994 PB 
970 sh PB 
910 vw PB 

1090 w,br PB 

PA t r a n s  

1 PA t r a n s  
650 vb r  
448 (+I PA c i s  

(3011+12963 
0-H s t r e t c h i n g  0 - H - - 0  

I t  I, -CH -C= 
-CH - I, I, 2 

II I, I ,  002 

(1014+915 R )  
(1328+448) 
(1247+448) ? 
C=C s t r e t c h i n g  -C H =C H-C - 
0-H i n  p l a n e  def .  0 - H . - 0  

-CH - 2 
C-H bending 

C-H i n  p lane  def. -C=CH 
C-H bending -CH3 
C-H i n  p lane  def.Blu 

2 

,I -CH=CH- I , , ,  I, 

I l l ,  0 ,  

" 
s k e l e t a  1 
C-H i n  p lane  def.B3, 
s k e l e t a  1 
C-C s t r e t c h i n g  ? 
ske l e t a  1 

C-H o u t  o f  p lane  def.Au 

I ,  

-CH=CH 2 

-CH=CH 2 

,, I ,  ,I 0 ,  0 1  

,I II I ,  I, I t  -CH=CH-t rans 
I, 8 ,  8 ,  , I  

CH2 
d e f e c t s  
C-H ou t  o f  p lane  def. B ,, II 2u ] -cH=CH- c i s  # I  I, ,I 

d e f e c t s  
-0-H t o r s i  on -0 -H . -0  
C-C-C d e f o r m a t i o n  B l u  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
49

 2
0 

Fe
br

ua
ry

 2
01

3 



314 P. PIAGGIO er al. 

Tntemay (t) O h  pOb&on (tt) dependd on Cib/mnA m o .  

i d00  4dOO 30b0 20iO 15b0 lOi0 5hO cm-’ 

FIGURE 3 - D i f f e r e n c e  spec t ra  o f  doped and undoped PA-PB copoly-  
mers: Bromine (-), I o d i n e  (....) . 
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FIGURE 4 - I n f r a r e d  spec t ra  o f  PA-PB b e f o r e  (-1, a f t e r  one (---> 

and f o u r  (....) c y c l e s  o f  doping w i t h  i od ine .  

By s t r e t c h i n g  these f 

f o r  PB,the d i c h r o i c  r a t i o s  

a t  5000 and 1400 cm-’ a r e  

t h e  PA chains a long t h e  s t  
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