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SYNTHESIS OF POLYESTER CONTAINING CHALCONE 
LINKAGE AS CONDUCTING POLYMER 

N. K.  Chudgar*, S .  S .  Kansara, R. Negai, 
H .  C. Sharma 

Chemist ry Department, 
Faculty o f  Science, 

M. S. University, 
Baroda - 390 002. (INDIA) 

ABSTRACT : 

S } : : t h e s i s  a n d  characterization o f  polyesters 

comprising 4,4'-dihydroxy bischalcone as main c h a i r  

moiety I s  reported here. Polyester chalcones were 

o b t ~ i i - e d  by c o n d e n s a t i o n  of 4,C'-dihydrcxY 

c h a : c ~ n e s  with a d i p i c  a n d  t e r e p t h a l i c  a c i d  

respectively. The polymers were characterized by IR 

and elemental analysis. The thermal and electrical 

b e h a v i o u r  w e r e  s t u d i e d  b y  TGA, DSC, a r , d  

conductivity techniques respectively. The po!ymers 

were found to behave like semi-ccndzctors and w e r e  

t he rma: 1 y st ab 1 e . 

323 

Copyright @ 1995 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



32 1 

INTRODUCTION : 

CHUDGAR ET AL. 

A l t h o u g h  p o l y e s t e r s  a r e  n o t  u s u z l l y  

cons ide red  t o  be i n  a c a t e g o r y  o f  t h e r m a l l y  s t a b l e  

mat e r i  a1 s. Some s i  g n i  f i cant  advances have been made 

toward  t h i s  end ( 1 - 6 ) .  P o l y e s t e r  p repared  by t h e  

i n c o r p o r a t i o n  of cha lcone group i n t o  main c h a i n  may 

enab le  t h e m  t o  be used as heat  r e s i s t a n t  m a t e r ' a l s  

as w e l l  as semlconductors .  The use of chalcone i r :  

p c l y e s t e r  f o r m a t i o r ,  h a s  b e e n  e x p l o r e d  h e r e  

u t i l i z i n g  4 , 4 ' - d i h y d r o x y  b i s c h a l c o n e .  

The p r e s e n t  paper  r e p o r t s  t h e  s y n t h e s ' s  o f  

p o l y e s t e r  chalcone by  ccndensing d i h y d r o x y  cha lcone 

w i t h  a d i p i c  a c i d  as w e l l  as  t e r e p h t h a l i c  a c i d .  The 

po lymers  w e r e  c h a r a c t e r f s e d  b y  e l e m e n t a l  I R  and 

t h e r m a l  a n a l y s i s .  The e l e c t r i c a l  b e h d v i o u r  o f  

po lymers was a l s o  s t u d i e d .  

M a t e r i a l  : 

p-Hydroxy acetophenone, t e repht  ha1 dehyde, 

a d i p i c  a c i d  and t e r e p h t h a l i c  a c i d  o f  w e r e  used f o r  

t h e  p r e p e r a t i o n  o f  p o l y e s t e r  cha lcone.  
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POLYESTER CONTAINING CHALCONE LINKAGE 325 

S y n t h e s i s  : 

(i) P r e D a r a t i o n  o f  4 . 4 ’ - d i h y d r o x y  b i s c h a l c o n e  : 

I n  a 2 5 0  c c .  c o n i c a l  f l a s k ,  p - h y d r o x y  

acetophenone ( 0 . 0 2  mole )  and t e r e p h t h a l d e h y d e  (0.01 

m o l e )  i n  me thano l  were t a k e n  and  4 0 %  r n e t h a n o l i c  

s o l u t i o n  of KOH was added d ropw ise  w i t h  s t i r r i n g .  

The  s t i r r i n g  was c o n t i n u e d  f o r  4 - 5  h r s .  The 

s o l u t i o n  was kept  o v e r n i g h t  and t h e n  decomposed by 

1 : 1  d i l u t e  h y d r o c h l o r i c  a c i d .  The  p r e c i p i t a t e  

wh ich  s e p a r a t e d  o u t ,  w e r e  f i 1 t e r e d  and washed w i t h  

c o l d  w a t e r  and d r i e d .  The p r o d u c t  was c r y s t a l l i z e d  

f r o m  5 0 : 5 0  e t h o n o l  a c e t i c  a c i d  m i x t u r e  and f i c a l l y  

w i t h  a c e t i c  a c i d .  m.p .  31OoC. 

( 2 )  P r e p a r a t i o n  o f  A c i d  c h l o r i d e  : 

Terephthanoyl  and a d i p j n o y l  c h l o r i d e s  were 

p r e p a r e d  by r e a c t i n g  c o r r e s p o n d i n g  t e r e p h t h a l  i c  

a c i d  acd a d f p i c  a c i d  w i t h  t h i o n y l  c h l o r i d e .  

(3)  P r e D a r a t i o n  o f  p o l y e s t e r  c h a l c o n e  b y  

condensa t ion  D c l y m e r i z a t i o n  : 

4 , 1 ’ - d i h y d r o x y  b i s c h a l c o n e  (0 .01  mole)  was 

d i s s o l v e d  i n  :c) m! o f  d r y  p y r i d i n e .  A c i d  c h l o r i d e  
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326 CHUDGAR ET AL. 

w s s  a l s c  d i s s o l v e d  i n  :O m l  of d r y  p y r i d i n e .  B o t h  

w c r e  mixed w i t h  a c o n s t a n t  s t i r r i n g  i n  an i c e  b a t h .  

The r e a c t i o n  was k e p t  o v e r n i g h t  and t h e n  a c i d i f i e d  

w i t h  1 : l  d i l u t e  h y d r o c h l c r i c  a c i d .  U n r e a c t e d  

monomer  was r e m o v e d  b y  g i v i n g  a l k a l i  w a s h .  

Compounds w e r e  p u r i f i e d  b y  r e f l u x i n g  i n  

a l c o h o l / a c e t i c  a c i d .  The p o l y e s t e r  c h a l c o n e s  based 

on a d i p i c  a c i d  and t e r e p h t h a l i c  a c i d  a r e  d e s i g n a t e d  

a!; PECA & PECT r e s p e c t i v e l y .  

C h a r a c t  e r i z a t  i o n  : 

I.R. s p e c t r a  o f  c h a l c o n e  a n d  i t s  p o l y m e r s  

v - i z . ;  PECA and PECT were r e c o r d e d  on  schimadzu IR- 

408 w i t h  K B r  p e l l e t s .  

T h e r r n o g r a v i m e t e r i c  ( T G A )  a n d  d i f f e r e n t i a l  

c a l o r i m e t r y  ( D S C )  a n a l y s i s  o f  p o l y m e r s  w e r e  

p e r f o r m e d  w i t h  Schimadzu t h e r m a l  a n a l y s e r - 3 0  i n  a i r  

a t  a h e a t i n g  r a t e  o f  1O0C/rnin. 

E l e c t r i c a l  c o n d u c t i v i t y  of  b o t h  p o l y m e r s  PECA 

a : i 6  P E C T  was m e a s u r e d  b y  s y s t r o n i c  m a k e  D e  

v o l t m e t e r .  T h e  c u r r e n t  measurement was done by W . G .  

p y e  make b a l l i s t i c  g a l v a n o m e t e r  of s e n s f t i v i t y  

0 0 5  amp/rnin. T h e  p o l y m e r  samples w e r e  made i n t o  
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POLYESTER CONTAINING CHALCONE LINKAGE 327 

a p e l l e t ,  p laced  i n  t e m p e r a t u r e  c o n t r o l l e d  chamber 

and hea ted  t o  the  r e q u i r e d  t e m p e r a t u r e .  

R e s u l t s  and D i s c u s s i o n s  : 

S y n t h e t i c  r o u t e  f o r  t h e  p o l y e s t e r  cha lcone  i s  

2 x y  b i  s c h a ?  

i l l u s t r a t e d  i n  scheme (I). 

1 .  IR SDec t ra l  Analysis : 

I R  s p e c t r a  o f  4,4'-di h y d  Dne, 

PECA and PECT a re  shown i n  F i g .  l ( a ) .  I t  showed t h e  

c h a r a c t e r i s t i c  -OH s t r e t c h i n g  f requency  a? 3600- 

3000 cm-'. The -C=O s t r e t c h i n g  i s  observed a t  1640 

cm ' and i s  lowered due t o  i t s  c o n j u g a t i o n  w i t h  C=C 

and a romat i c  r i n s .  The =CH s t r e t c h i n g  f requency  i s  

o b s e r v e d  a t  9 7 0  crn-'. The o t h e r  c h a r a c t e r i s t i c  

a b s o r p t i o n  bands a r e  1600, 1350, 1290,  1170,  907 ,  

810 cm-' . T R  spect rum o f  PECT ( F i g  1 ( 5 !  ) shows t h e  

c h a r a c t e r i s t i c  peak a t  1 7 4 0  cm-'  d u e  t o  e s t e r  

l i n k a g e  a t t a c h e d  t o  a r o m a t i c  g r o u p .  The e s t e r  

l i n k a g e  observed i n  IR spect rum o f  PECA F i 5 .  1 ( c )  

a t  1680 cm-' i s  due t o  a l i p h a t i c  c h a i n  a t t a c h e d  t o  

e s t e r  l i n k a g e .  The o t h e r  C h a r a c t e r i s t i c  b a n d s  

obse rved  i n  p o l y e s t e r s  a r e  s i m i l a r  t o  t h a t  o f  C , 4 ' -  

d i h y d r o x y  chalcone.  

-1 
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328 CHUDGAR ET AL. 

2 .  Conduct i v i  t Y : 

T h e  effect o f  temperature on conductivity is 

stu died by measuring t h e  conductivity at different 

t e m p e r a t u r e s  by h e a t i n g  t h e  s a m p l e  i n  a c l o s e d  

chamber. The temperature dependence of electrical 

c o n d u c t i v i t y  c a n  b e  d e s c r i b e d  b y  u s i n g  t h e  

equat ion, 

W he re, 

-w 6- = A e x p  ( ----- 1 
KT' '3 

& =  T h e  conductance 

Activation energy o f  c o n d u c t a n c e  - W - 

A - - Const ant 

T - T e m p e  rat ure - 
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330 CHUDGAR ET AL. 

T h e  measured v a l u e s  o f  conductivity z r e  

plotted semilog arithmetically in fig. 2 ,  a s  a 

finction of l/T’l3. The increase in conductivity 

with increase in temperature shows that these 

polymers behave like semiconductors. Moreover as 

t7e plot cf log K versus 1 / ~ 1 / 3  are straight 

line, it shows that the mechanism of conduction may 

be due to variable range h o ~ p i n g . ~  Energy of 

a:t ivation data of conductance ( W )  calculated for 

PCCA and PECT are shown in Table 1 . The Values are 
comparable to modified Poly (acetylenes)8. 

3 .  Thermal Characteri za: ion : 

The thermograms (TGA) of PECA and PECT at 

heating rate 10°C/min in air are shown in fig. 3. 

From thermograms !t is clear that the weight l o s s  

is rapid in the temperature range 400-600GC a n d  

slow in the temperature range 100 to 40OoC. Thus 

the degradation involves t w o  steps. Table 2, g i v e 5  

t h e  temperat u r e  at w h i c h  T O % ,  30% and 5 0 %  

decomposition take place. 

T h e  values of a c t i v a tion energy ( E )  

determined according to B r c i d o  method9 are l i s t e d  
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0 P E W  
X P E C 7  

Figure 2 

TABLE : 1 

E n e r g y  o f  a c t i v a t i o n  ( W )  o f  C o n d u c t a n c e  of 
Polyester 4,4’-bischalcone. 

Po 1 ymer Activation Energy (ev) 

W I V  
1st region TInd region 

P E C T  0.13 0.033 

PECA 0.14 0.016 
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I > 
10 20 30 4 0  5 0  60 70 50 90 100 

% \ v ' € f G H T  L O 5 5  

Figure 3 
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TABLE : 2 

T h e r m a l  C h a r a c t e r i s t l c s  of P o l y e s t e r  4.4'- 
bischalcane : 

Polymer 8 decornposi t i o n  Ea (kJ/mole) TgoC 
1 0  30 50 I I 1  

PECA 175 31 5 4 7 5  35.1 7 7 . 6  230  

PECT 2 00 375 5 1 5  1 3 . 0  9 0 . 0  - 

i n  Tab le  1 .  The v a l u e  of E o f  s t e p  11 : s  q u i t e  

h i g h e r  t h a n  i n  s t e p  I ir: b o t h  t h e  po lymers .  T h i s  

i n d i c a t e s  t h a t  t h e  p r o d u c t  obtained a t  t h e  end o f  

f i r s t  s t e p  d e g r a d a t i o n  h a s  b e t t e r  t h e r m a l  

s t a b i l i t y .  F u r t h e r  t h e  v a l u e  G f  E of s t e p  I 1  f c r  

p o l y m e r  PECT $ s  c o n s i d e r a b l y  h i g h e r  t o  t h a t  o f  

PECA. T h i s  may be due t o  t h e  p resence  of arcmatic 

r i n g  o f  t e r e p h t h a l i c  a c i d  i n  PECT, l i n k e d  w i t h  

c h a l c o n e  l i n k a g e  t o  t h a t  of P E C A  h a v i n s  a n  

a l i p h a t i c  c h a i n .  These po lymers  were a!so s u b j e c t e d  

t o  DSC a n a l y s i s  and were found  t o  have h i g h  Tg.  

P o l y e s t e r  cha lcones  PECA and PECT were f o u n d  t o  be 

i n s o l u b l e  i n  a lmost  a l l  t h e  s o l v e n t s .  
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334 CHUDGAR ET AL. 

Conclusion : 

T h e  s y n t h e s i z e d  p o l y e s t e r s  c o n t a i n f n g  

chalcone have good thermal stability and behave 

1 i k i !  semi-conductors. 
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