
CHAPTER II 
LITERATURE REVIEW

2.1 Conductive Polymer

A  co n d u c t iv e  p o ly m e r w as f irs t m ade in  1930 fo r p re ven tio n  o f  co rona  

d ischa rge . T h e  p o te n t ia l uses fo r c o n d u c t iv e ly  f i l le d  p o lym e rs  have  been m u lt ip lie d  

due to  th e ir  ease o f  p ro cess in g , good  en v iro n m en ta l s ta b ility  and w id e  range  o f  

e le c tr ic a l p rope rties . B e in g  a m u lt i-p h a se  -system  in  nature, how eve r, th e ir  la c k  o f  

h o m o g e n e ity  and re p ro d u c ib il ity  has been an in he ren t w eakness fo r  c o n d u c t iv e ly  

f i l le d  p o lym e rs . So , c o n tro llin g  the q u a lity  o f  d isp e rs io n  to o b ta in  hom ogeneous 

co n d u c t in g  p o ly m e r co m po s ite s  is  c r it ic a l ly  im po rtan t.

In 1950, C P  w as  in ve stig a ted  as m o le c u la r  charge tran s fe r (C T )  co m p le xe s  

(A k a m a tu  e t  a l ,  1954). It w as d eve loped  fo r  a supe rconducto r w ith  C T  p o ly m e r 

co m p le x e s  in  1980 (Je rom e  e t  a l ,  1980) and w ith  fu lle rene  in  1986 (Iqba l e t  a l ,  
1986).

A  co n d u c t iv e  p o ly m e r can  conduc t e le c tro n  charges b y  its con juga ted  

structure . A  stru ctu re  w ith  o ve r lapped  /?-o rb ita ls  (e .g . N , ร )  can  o c cu r b y  a lte rna ting  

s in g le  and doub le  b o n d s  o r con jugated  segm ents co u p le d  w ith  a tom . In a co n d u c t in g  

p o ly m e r  system , no t o n ly  charge ca rr ie rs  but a lso  the o rb ita l system  that p ro v id e  

charge  ca rr ie rs  to m ove . D u e  to its  s im p le  con jugated  m o le c u le  structu re  and 

in te re s tin g  e le c tro n ic  p rope rtie s , p o ly a ce ty le n e  w as w id e ly  in ve s t ig a ted  as a 

p ro to type  fo r  o ther e le c t ro n ic a lly  co n d u c t in g  p o ly m e rs  (C he in , 1984).
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Table 2.1 Som e  con juga ted  co n d u c t in g  p o ly m e rs  (D a i, 1999)

P o ly m e r S tru ctu re
B a n d  gap 

(e V )

C o n d u c t iv ity

(S /cm )

P o ly a ce ty le n e 1.5 103-1 .7 x 105

P o ly p y r ro le 3.1 102-7 .5 x 103

P o ly th io p h e n e t o i 2 .0 1 0 - 1 0 3

P o ly (p a rap h en y len e ) f o r 3.0 1 0 2- 1 0 3

P o ly (p -p h e n y le n e

v in y le n e ) K > a I 2.5 3 -5 X 1 0 3

P o ly a n il in e ■ น -;-9 3.2 30 -200

2.2 Oxidation Polymerization

O x id a t io n  p o ly m e r iz a t io n  is  used to  syn thes ize  p o ly m e r ic  (o lig o m e r ic )  

p ro du c ts  fro m  v a r io u s  c la sses o f  m onom ers  (a rom a tic  am ines, pheno ls , th io ph en o ls , 

a ro m a tic  h yd ro ca rb o n s  and h e te ro cyc le s ) (H id e y u k i e t  a l ,  2004). T h e  m onom ers  

used  in  the o x id a t iv e  p o ly m e r iz a t io n  are ch a ra c te r ize d  b y  p ronoun ced  e le c tro n  dono r 

p ro pe rt ie s  and h ig h  o x id a t io n  tendency. T h e se  p rope rties , in  pa rt icu la r, are inhe ren t 

to  a ro m a tic  am in es , p h en o ls  and th io p h en o ls  o r  su lphu r- and n itro g e n -co n ta in in g  

h e te ro cyc le s  due to  the p re sence  o f  e le c tro n  dono r substituen t in ben zene  o r 

h e te ro c y c lic  r in g . O x id a t io n  o f  m on om er takes p lace  unde r the a c tio n  o f  in o rg an ic  

(o r o rg an ic ) o x id iz in g  agent o r  the ap p lie d  po ten tia l. D u r in g  th is  p rocess, ca t io n  o r
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an ion  ra d ic a l s ites are generated in  m on om er (p o lym e r)  m o le cu le , that in it ia te  

p o ly m e r g row th . T e c h n ic a lly ,  the o x id a t iv e  p o ly m e r iz a t io n  m a y  be co n s id e red  as a 

fo rm a tio n  o f  co va le n t bonds be tw een  m o n o m e r m o le cu le s  at the expense  o f  

ab strac ting  tw o  p ro tons . The re  are m an y  types o f  lin k a g e  be tw een  m o n o m e r un its . 

F o r  e xam p le , in  the case o f  a n ilin e , “ head -to -head ” , “ ta il- to - ta il”  and “ h e a d -to - ta il”  

co n fig u ra t io n s  are p o ss ib le . In ad d it io n , in  the last tw o  cases ch a in  a ssem b ly  m ay  

o ccu r due to su b s t itu t io n  in  pheny l r in g  w ith  the fo rm a tio n  o f  o r th o -, p a r a -  and  m eta- 

m o n o m e r un its  (H id e y u k i e t a l ,  2004).

2.3 Poly o-anisidine Synthesis and Application

P o ly  o -a n is id in e  ( P O A )  o r  P o ly  (2 -m e th o x y a n ilin e )  is  a co n d u c t iv e  p o lym e r; 

a d e r iv a t iv e  o f  a n ilin e , that can be syn th es ized  b y  the e le c tro ch em ica l and c h e m ic a l 

o x id a t io n  p o ly m e r iz a t io n s  (M a z ro u a a  e t  a l . , 2012). F o r  the ch em ica l o x id a t io n  

p o ly m e r iz a t io n , the y ie ld  w as h ig h e r than  90%  (S te jsk a l e t  a l . , 2002).

P o ly a n il in e  ( P A N I )  is  in s o lu b le  in  co m m o n  o rg an ic  so lven ts  and o f  lo w  

m ech a n ic a l strength. T o  m akes it  so lu b le , P A N I  m ust in c rease  its s o lu b ilit y  b y  

add in g  fu n c t io n a l g ro up s  o r a f le x ib le  a lk y l ch a in  to the p o ly m e r b a ckb o ne  

( K u lk a m i,  2007). P O A  is  a lso  so lu b le , it can be m ade to be d isp e rsab le  in  aqueous 

and o rg an ic  so lven ts  (S iv a ku m a r, 2007 ).

Figure 2 .1  C h e m ic a l structu re  o f  (a) P o ly a n il in e  and (b) P o ly  (o -an is id in e ).

P o ly  o -a n is id in e  n an o p a rtic le s  can be syn th e s ized  b y  the e m u ls io n  

p o ly m e r iz a t io n  v ia  a c a t io n ic  su rfac tan t (M a z ro u a a  e t  a l . , 2012).

(a )
(b)

(b)



5

Figure 2.2 S ch em e  o f  h o m o p o ly m e r iz a t io n  o f  p o ly  o -an is id in e .

P A N I  and  P O A  w e re  m a in ly  used fo r  co a tin g  to  im p ro ve  the co rro s io n  

re s is tance  fo r  o x id iz a b le  m eta ls  (Jadhav, 2010 ). T h e y  have  been co n s id e red  fo r 

seve ra l o ther a p p lic a t io n s  su ch  as b io sen so rs , re cha rgeab le  batteries, e le c tro ch ro m ic  

d isp la y s , gas sepa ra tion , and etc. R e ce n t ly , it  w as  show n  that P A N I  and P O A  can act 

aga in s t E s c h e r ic h ic  c o li and G ra m -p o s it iv e  s ta p h y lo co c cu s  au rous in  w o u n d  d reas ing  

ap p ica t io n  (M a z ro u a a , 2012).

R am  e t  a l. (1997) s tu d ied  the e ffe c t o f  p H  on  L a n g m u ir  m o n o la y e r b eh av io r 

o f  P O A .  T h e y  v a r ie d  p H  fro m  1 to p H  6.4  . T h e y  found  that P O A  f i lm s  e x ib ite d  

e le c tr ic a l c o n d u c t iv ity  va lu es  be tw een  0.1 and 10 '9 s/cm. T h e  p H  1 c o n d it io n  w as the 

b e s t 'c o n d it io n  because its ch a in  w as o r ien ted  and w as s im u lta n e o u s ly  doped  due to 

the p resence o f  a p ro to n ic  a c id . H C l-d o p e d  P O A  f i lm  d id  not sh o w  any  t im e  

deg rada tion  on  the e le c tr ica l ch a ra c te r is t ic s , bu t H 2S O 4 and H C IO 4 sh ow ed  la rge 

decreases in  the cu rren t m agn itude .

W a nkh ed e  e t  al. (2 0 0 2 ) coated  P O A  on  lo w  ca rbon  stee l ( L S C X  b y  

e le c tro ch em ica l p o ly m e r iz a t io n  in  aquous so lu t io n  o f  o x a l ic  ac id . It w as  fou n d  that 

P O A  coa ting  o ccu rred  after the p a ss iv a t io n  o f  its su rfa ce  v ia  the fo rm a t io n  o f  

p o ly c ry s ta ll in e  iro n  oxa la te  in terphase . F ro m  th is  re ac t ion , the in d u c t io n  t im e  

decreased  w ith  the app lied  cu rren t d en s ity  and the su t ib le  m ed iu m  fo r  the 

e le c tro ch em ica l p o ly m e r iz a t io n  o f  P O A  is  o x a lic  a c id  because P O A  fo rm ed  

em e ra ld in e  sa lt as co n firm ed  b y  U V - v is  and F T - IR .
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Figure 2 .3  S can n in g  e le c tro n  m ic ro g ra p h  o f  P O A  co a t in g  syn th e s ized  on L C S  

substrate.

M a z u r  e t a l. (2003) syn th e s ized  n a n o s ize s  o f  P A N I  and P O A  b y  a 

p o ly ca rbona te  (P C )  tem p la te . T h e y  found  that P A N I  ch a in s  w e re  fo rm e d  in  a 

p o ly m e r iz a t io n  so lu t io n  w h ic h  in c lu d e d  m on om er, o x id an t, and p o ly ca rb o n a te  

substrate. P A N I  can  be p re c ip ita ted  on  a m em brane . S ize s  o f  P A N I  w ere  an average 

va lu e  o f  p o re  s ize s  in  the  P C  m em brane , w h ic h  w a s  about 100 nm . B u t  in  the case o f  

P O A ,  the o x id iz e d  P O A  absorbed  on  the P C  m em brane , and then, as a con sequence  

o f  the ir a c cu m u la tio n , o lig o m e rs  re co m b in ed  to fo rm  the P O A  p o ly m e r  b y  an o rg an ic  

so lvent.

P a t i l  e t a l. (2003 ) coated P O A  on  coppe r p la te  (C u )  b y  the e le c tro ch em ica l 

p o ly m e r iz a t io n  ( E C P )  and stud ied  the co rro s io n  p ro te c t io n  p e rfo rm an ce  in  a 3%  

N a C l so lu t io n . T h e y  fou n d  that the p o ro s ity  o f  the p o ly m e r a fte r s y n th e s iz in g  w as 

ve ry  lo w  (0 .23% ). M o rp h o lo g y  a fte r p o te n t io d yn a m ic  p o la r iz a t io n  m easu rem en ts in  

a N a C l so lu t io n  w as o f  a u n ifo rm  co ve rage  and the o v e ra ll tex tu re  w as ‘ p u m ic e - l ik e ’ . 

T he  c o rro s io n  rate o f  P O A  coated C u  w as found  to  be on  average  100 t im e s  lo w e r  

than bare C u . T h is  m ean t that P O A  can  p ro tect C u  aga in s t co rro s io n  and d is so lu t io n .

V a le n t in i e t  a l. (2004) p repared  sensors fo r  in o rg a n ic  v a p o r de te c tion  based 

on  ca rbonnano tubes ( C N T )  and P O A  n an o com p os ite  m ate r ia l. P O A  w as syn th e s ized  

b y  ch e m ica l o x id a t io n  p o ly m e r iz a t io n  b y  u s in g  A P S .  P O A  d ep o s it io n  on to  the C N T s  

dev ise  w as show n  to im p a rt h ig h e r s e n s it iv ity  to the sensor. U p o n  exposu re  to  H C1 

the v a r ia t io n  o f  the C N T s  se n s it iv ity  w as less than  4% , w h ile  P O A -c o te d  C N T s  

dev ises o ffe re d  a h ig h e r s e n s it iv ity  (28% ).



7

W ang  e t  al. (2005) syn th es ized  a p o ly  (an ilin e -co -o -a n is id in e )- in te rca la te d  

g raph ite  o x id e  co m po s ite  b y  the d e la m in a tio n /re a ssem b lin g  m ethod  in  N -m e th y l-2 -  

p y ro lid o n e  ( N M P ) .  T h e  th e rm a l an a ly s is  sh o w ed  that no  d e - in te rc a la t io n  o f  the 

p o ly m e r co m po s ite  from  g raph ite  o x id e  o ccu rred  d u r in g  hea ting . Its e le c tr ic a l 

c o n d u c t iv ity  w as  1.9 X  10"2 s/cm, w h ich  w as  3 t im e s  h ig h e r than g raph ite  o x id e .

K o n d a w a r e t al.' (2006 ) stud ied  the c h e m ic a lly  syn th es ized  doped  P O A  and 

P O A - c o - P A N I .  P o ly m e r  and co p o lym e r w e re  syn th e s ized  b y  c h e m ic a l o x ic a t ia n  

p o ly m e r iz a t io n  b y  u s in g  A S P  as o x id iz in g  agent and su lfu r ic  a c id  as dopan t. A t  ro om  

tem peratu re, the e le c tr ic a l c o n d u c t iv ity  o f  c o p o ly m e r P O A - c o - P A N I  (7 .88  X  10"4 

S /cm ) w as h ig h e r than P O A  (2 .86  X 10"4 s /cm ). T em pe ra tu re  dependent c o n d u c t iv ity  

m easu rem ents show ed  the ch a ra c te r is t ic  th e rm a l a c t iv a t io n  b eh a v io r  that in creased  

the e le c tr ic a l c o n d u c t iv ity  b y  in c re a s in g  tem perature.

S iv a k u m a r (2006) s tu d ied  d isp e rs io n  o f  p la t in u m  n an op a rtic le s  (P t) in  P O A  

n a n o f ib r i l la r  m a tr ix , P t in  P O A ,  and cast f i lm . It w as found  that the P O A  f i lm  had a 

v e ry  h ig h  p o ro s ity  w hen  syn thes ized  b y  the step w ise  e le c tro -o x id a t io n  

p o ly m e r iz a t io n . W h en  P t n anopa rtic le s  w e re  loaded  in to  the P O A  n a n o f ib r il la r  

m a tr ix  by  tw o-step: at f irs t, P tC lô 2' ion s w ere  so rbed  in to  the pores o f  p o ly m a tr ix ;  and 

then, loaded  P t n an opa rtic le s  (10 -200  p g /cm 2) on to  P O A .  P t p a rt ic le s  s ize s  w ere in  

range o f  10-20 nm . P O A  f i lm  o f  th is  m ethod  had a h ig h  su rface  area than  b u lk  P t b y  

17 t im e s  and co n ta in in g  less m ethano l b y  8 .6  t im es.

K u lk a m i e t  al. (2006 ) stud ied  syn th e s ized  P O A  doped  w ith  p o ly m e r ic  a c id s  

b y  an in -s itu  ch e m ic a l p o ly m e r iz a t io n . T h is  m e th od  used a m m on iu m  pe rsu lpha te  as 

an o x id iz in g  agent. A  th e rm a l a n a ly s is  sh ow ed  that P O A  doped  w ith  p o ly ( a c ry lic  

a c id )  had a three step d e co m p o s it io n  pattern l ik e  p o ly a n ilin e , but P O A  doped  w ith  

p o ly (s ty ren e  su lp h o n ic  a c id ) and p o ly ( v in y l s u lp h o n ic  a c id ) had a fou r-step  

d e co m p o s it io n  pattern. A t  ro o m  tem perature, c o n d u c t iv ity  o f  P O A  w a s  less than 

P A N I .  T h is  w as because b u lk y  m e thoxy  at the o rth o p o s it io n  has h ig h  s te ric  

h ind ran ce .

Ism a il e t  al. (2007) s tu d ied  the fa b r ic a t io n  o f  a P A N I  m ic ro f ib e r  b y  w et 

sp in n in g  a ch ito san  so lu t ion , fo llo w e d  by  the in -s itu  ch e m ic a l p o ly m e r iz a t io n . T h e y  

fou n d  that fib e rs  had an e le c tr ic a l co n d u c t iv ity  v a lu e  o f  2 .856  X  10 '2 s /cm . at ro om  

tem peratu re  and the stra in  d u r in g  the c h e m ic a l a c tua tion  o f  6 .73% . S tra in  d u rin g
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e le c tro ch em ica l ac tua tion  show ed  a h ig h e r va lu e  w hen  p H  w as decreased. S E M  

im ages o f  f ib e rs  show ed  an agg lom era ted  g ranu la r m o rp h o lo g y  o f  P A N I  p a rt ic le s  

coated on  the su rface  o f  ch ito san  fibers.

P a t il e t  al. (2007) p repared  a h u m id ity  senso r fro m  P O A /tu n g s te n  t r io x id e  

( W O 3) co m po s ite s  b y  v a ry in g  the W O 3 w e ig h t percentage. P O A / W O 3 co m po s ite s  

show ed  better p rope rtie s  than  pure P O A .  F o r  the co m po s ite  w ith  30 w t%  o f  W O 3, it 

show ed  the m a x im u m  response  facto r (S f) about 353 at 85 %  re la t iv e  h u m id ity  (R H ) , 

n a rrow  h yste re s is  (about 6 % ), and e x ce lle n t re p ea ta b ility  o f  the response . M o re o v e r , 

th is  co m po s ite  w as stab le  fo r  m ore than 30  days.

T a n  e t al. (2007 ) syn thes ized  s ing le -phase  h o llo w  P O A  c o llo id s  v ia  

h yd ro th e rm a l p o ly m e r iz a t io n  w ith  out u s in g  tem p la te  b y  C u ( A c )2 and C u 2(O H ) 3B r  

;w eak ox id an t; as in it ia t io r . T he  m o rp h o lo g y  o f  P O A  d isp la yed  re g u la r sh p e rica l 

p a rt ic e ls  w ith  d iam ete rs betw een  240 -400  nm  and h o llo w  p a rt ic le s  w ith  a d iam ete r 

o f  305 nm .

Figure 2.4 S E M  (a) and T E M  (b) im ages o f  p o ly (o -a n is id in e )  syn th e s ized  b y  a 

h yd ro th e rm a l reaction .

P a t il e t  a l. (2010) syn th es ized  a P O A - t in  o x id e  (S n 0 2 ) n an o com p os ite  fo r  

h u m id ity  sen s ing  a p p lic a t io n  b y  the in -s itu  ch e m ica l p o ly m e r iz a t io n . S iz e  o f  S n 0 2  

w as  25 -40  nm . F o r  the c o m p o s it io n  o f  50%  SnC>2, it  e xh ib ited  be tte r h u m id ity  

sen s ing  p rope rtie s  than pu re  P O A  w ith  4%  hyste res is , 87s response tim e , and 13s 

re co v e ry  tim e.
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Jadhav  e t al. (2010) syn th es ized  n anopa rtic le s  o f  P A N I  and P O A  b y  the 

em u ls io n  p o ly m e r iz a t io n  w ith  sod ium  d o d e cy lsu lfa te  (S D S )  in  HC1 so lu t ion . T he se  

m a te r ia ls  w e re  d ispe rsed  in  a so lu t io n  o f  a lk y d  in  x y le n e  w ith  0.5, 1.0, and 1.5 w t% . 

T h e  d isp e rs io n  o f  a sm a ll am oun t o f  P A N I  and P O A  enhanced  the sc ra tch  hardness 

and the im p a c t res istance pe rfo rm ance . D is p e rs io n  o f  P A N I / a lk y d  co a tin g  show ed  

better co rro s io n  re s is t iv ity  o f  m ild  steel in  co m pa rison  w ith  P O A /a lk y d  co a ting  in  a ll 

co rro s iv e  m e d ia  such  as 5%  HC1, 5% N a O H ,  and 3.5%  N a C l.  T h is  w o rk  p ro ved  that 

P A N I  n an o p a rtic le s  w ere  better co rro s io n  in h ib ito rs  in  a lk y d  pa in t fo rm a tio n  to 

p ro te ct aga inst the  m ild  steel co rro s ion .

O z y i lm a z  e t  a l . , (2010 ) p repared  P O A  and P A N I  f i lm  in  su lp h a m ic  a c id  

so lu t io n  fo r  a n t ico rro s io n  a p p lica tio n . P O A  and P A N I  w ere  syn th e s ized  b y  

e le c tro ch em ica l p o ly m e r iz a t io n  by u s in g  su lp h a m ic  a c id  as e le c tro ly te  so lu t io n . 

P A N I  and P O A  w e re  coated on  a P t su rface . It w as fou n d  that su lp h a m ic  a c id  le d  to 

the fo rm a tio n  o f  a w e ll-p a ss iv a ted  la y e r that in creased  the am ount o f  h o m o p o ly m e r 

co t in g  w ith  in c re a s in g  rate o f  e le c tro p o lym e r iza t io n . T h e  co rro s io n  pe rfo rm ance  o f  

P A N I  and P O A  depended on  the fo rm a t io n  o x id e  la y e r  on  su rface. P O A  f i lm  

e x h ib ite d  an e f fe c t iv e  an tico rro s iv e  p ro pe rty  than P A N I  f ilm .

O ja n i e t  al. (2010) p repared P O A / S D S / N i m o d if ie d  ca rbon  paste e le c trode  

b y  u s ing  c y c l ic  v o ltam m e try , ch ronoam perom etry , and ch ro n o co u lo m e try  m ethods 

fo r  n o ve l sen so r fo r  ce p h a lo sp o rin s  a p p lic a t io n . F irs t, P O A  w as fo rm ed  by  c y c l ic  

v o ltam m e try  in  m onom er so lu t io n  co n ta in in g  S D S , on  ca rbon  paste e le ctrode  

su rface . Then , N i( I I )  ion s  w ere  in co rp o ra ted  to e le c trode  bt im m e rs io n  o f  the 

p o ly m e r ic  m o d if ie d  e lectrode h a v in g  am in e  g roup  in  N i( I I )  io n  so lu t ion . It w as found  

that ce p h a lo sp o r in s  w ere  s u ce ss fu lly  o x id iz e d  on the su rfa ce  o f  th is  e lectrode . T h is  

e le c trode  w as a p p lie d  to de te rm ine  ce p h a lo sp o r in s  in  pham aceu tica l p repara tions.

K h a n  e t  al. (2012) com pa red  th e rm a l and e le c tr ic a l p rope rtie s  o f  P O A  and 

p o ly  (o - to lu id in e )  รท ( IV )  tungstate com pos ite s . T h e y  w e re  syn th e s ized  b y  a m o d if ie d  

so l-g e l techn ique . C o m p o s ite s  w ere  m easu red  by  a 4 - in - lin e -p ro b e  fo r  D C  e le c tr ic a l 

co n d u c t iv ity . T h e  c o n d u c t iv ity  w as  found  to  be in  range 10 '4-1 0 '2 s /cm .
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M a z ro u a a  e t  a l. (2012 ) syn th es ized  P O A  nan opa rtic le s  b y  the 

e le c tro ch em ica l p o ly m e r iz a t io n  v ia  a ca t io n ic  su rfac tan t and stud ied  the e ffe c t o f  

co m po s ite  on  su lfa te  re d u c in g  bacte ria . P O A  w as  co m po s ite d  w ith  1.0 w t%  m eta l 

o x id e  ( A g 2Û , Z n O , C u O , T i 0 2) and ch a racte rized . F ro m  a ll co m po s ite s , the 

P 0 A / A g 20  n an o com p os ite  m ic ro sp h e re  had a g ood  e ffec t on  the su lfa te  re d u c in g  

bacteria  than  P O A  nanopa rtic le . T h e  e le c tr ic a l c o n d u c t iv ity  o f  P O A  n an o p a rtic le  w as 

im p ro ved  b y  add in g  m eta l o x id e s  from  1 0 ’16 s /cm  to 1 0 ’11 s /cm  in  case o f  

P 0 A / A g 20  and 10~12 s / c m  in  case o f  P O A /Z n O . T h e  c o n d u c t iv ity  w as in c re a sed  by  

in c re a s in g  tem perature.

2.4 Synthesis of Poly 0 -anisidine Nanoparticles

P u d  e t al. (2009 ) s tud ied  fo rm a tio n  and p rope rtie s  o f  nano- and m ic ro -  

structured co n d u c t in g  p o ly m e r host-guest com pos ite s . In th is  w o rk , they syn th e s ized  

P A N I  and P O A  and coated  on  the su rfaces  o f  S i c  n anopa rtic le s , C d S  nanopa rtic le s , 

p o ly  ( v in y l id in e  f lu o r id e ) , po ly ca rbona te , and p o ly a m id e s -1 1 , 1 2 . m ic ro -s iz e d  

p a rtic le s  b y  ch e m ica l o x id a t io n  p o ly m e r iz a t io n . It w as  found  that the m o rp h o lo g y  o f  

p o lym e r b lend s  w ere  o f  a co re -sh e ll structure. T h e  fo rm a tio n  o f  co re -sh e ll con s is ted  

o f  P A N I  sh e ll and a co re  o f  o ther com ponen ts  w ith  d iam ete r 20  nm  to 100 nm . The  

c o n d u c t iv ity  o f  P A N I  (3 -4  w t% ) co re -sh e ll p o w d e r w ith  co m m o n  p o lym e rs  w a s  0.1- 

0.4 S/cm .

K h a n  e t al. (2009 ) syn th e s ized  a P O A  co m p o s ite  w ith  รท ( IV )  phosphase  v ia  

ch em ica l o x id a t io n  p o ly m e r iz a t io n  b y  u s ing  A P S  as an o x id iz in g  agent. T h e  p a rt ic le  

s ize  o f  co m po s ite  w as 23 to 33 nm . T h e  e le c tr ic a l co n d u c t iv ity  w as found  w ith in  the 

range o f  1.65 X  10'3 to 5.4 X  10’2 s /cm . the e le c tr ic a l co n d u c t iv ity  depended  on  the 

p e rco la tio n  b eh a v io r o f  the co n d u c t in g  phase. It w as  found  that the s lig h t in c rease  in  

e le c tr ic a l c o n d u c t iv ity  o f  the co m po s ite s  w as  fo llo w e d  at a ce rta in  a n ilin e  

co n cen tra tio n  b y  a sudden  ju m p , w h ic h  w as aga in  fo llo w e d  by  a m oderate in crease .
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Figure 2.5 T ra n sm is s io n  e lectron  m ic ro p h o to g rap h  ( T E M )  o f  p o ly -o -a n is id in e  

รท (IV )phospha te  com pos ite .

V a lta r  e t  a l. (2001) p repared  P O A  fab r ica ted  on  m u lt iw a ll ca rbon  nanotube 

( M W N T s )  b y  o x id a t iv e  p o ly m e r iz a t io n  in  aqueous phase so lu t io n . C a rb o n  nanotubes 

were fo rm in g  co m po s ite s  w ith  P O A ,  re su lt in g  in  d op in g , as ob se rved  from  

co n d u c t iv ity  and o p t ic a l m easurem ent. T he  e le c tro ch em ica l deg rada tion  o f  P O A  

f i lm s  w a s  in ve s t ig a ted  by  c y c lic  vo ltam m e try . It w as fou n d  that the rate o f  

deg radation  w as s tro n g ly  dependent on the ap p lie d  po ten tia l, w hereas a P O A  

co m po s ite  w as fo rm ed  and su scep tib le  to h ig h e r po ten tia l. B e cau se  o f  the h ig h ly  

e le c tro ch em ica l re s is t iv e  nature o f  P O A - M W N T s  nanocom pos ite s

W a ng  e t  a l. (2008 ) syn th e s ized  co p o ly m e r o f  P O A ,  P A N I  and p o ly (s o d iu m  

4 -sty rene su lfona te ) (P S S )  and assem b led  on c a rb o x y lic  a c id - fu rrc t io n a lize d  M W N T  

w ith  la y e r-b y - la y e r  m ethod  to co re -sh e ll structure . The  co m p o s ite  show ed  h ig h e r 

c o n d u c t iv ity  in crease , 4 .2  s/cm , co m pa red  to that o f  neat co p o lym e r, 0 .004  s /cm .
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Figure 2.6 T E M  im ages o f  P (A n -c o - 0 -A s ) / P S S /M W N T s .  T h e  red l in e  in d ica te s  the 

th ickn e ss  o f  the p o ly m e r sh e lls  assem b led  on  M W N T s .

J ia n g  e t  al. (2010) fab r ica ted  P O A  com po s ite  w ith  C o F e 2Û 4 n anopa rtic le s  

(20  nm ) by o x id a t io n  p o lym e r iza t io n . T he  S E M  re su lt sh ow ed  that P O A  la ye rs  w ere  

w rapped  on  the su rface  o f  C o F e 2 0 4  n an opa rtic le s  appea rin g  as sm a ll aggregated 

g lo b u le s  (80 nm ). T he  co m po s ite  e xh ib ite d  fe rrom agne tic  b ehav io r under ap p lied  

m agne tic  f ie ld  at room  tem perature. T h e  sa tu ra tion  m agn e tiza t io n  o f  co m po s ite  

n an opa rtic le s  w as  lo w e r than that o f  the pure  C o F e 2 0 4  n anopa rtic le s  due to the 

co n tr ib u t io n  o f  n on -m agne tic  P O A  layer.

Figure 2.7 S E M  m ic ro g raph s  o f  C o F e 2 0 4  (a), P O A  (b) and P O A / C o F e 2 0 4  

n an o com p os ite  (c).
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L o u  e t  a l. (2011 ) syn th es ized  P O  A  and its d e r iv a t iv e s  b y  the ch e m ic a l 

o x id a t io n  p o ly m e r iz a t io n  in  the p resence o f  1 0 -cam p h o rsu lfo n ic  a c id  (C S A ) .  T h e  

o x id a t io n  o f  a n il in e  p rodu ced  nanotube (250  nm ), w h ile  the o x id a tio n  o f  m ost a n ilin e  

d e r iva t iv e s  p ro du ced  h o llo w  m ic ro sph e re s  (790-2500  nm ) under the sam e co n d it io n s . 

T h e  m a in  fa c to rs  to co n tro l the p o ly m e r m o rp h o lo g y  w e re  s ta b ility  o f  d rop le ts  o f  

a n ilin e  and its  d e r iv a t iv e  fo rm ed  in  aqueous so lu t io n  and the rate o f  exo th e rm a l 

reaction . T h e  fast exo th e rm a l re a c t io n  bene fited  the fo rm a tio n  o f  u n ifo rm  

m icro sphe res , the h o le  on  the su rface  o f  m ic ro sphe re  fo rm ed  at the in it ia l o x id a t io n  

stage w h ich  w as  m a in ta in ed  b y  the f lu x  o f  w ate r -and w a te r-so lu b le  com ponen ts  in  

the cou rse  o f  p o ly m e r iz a t io n .

Figure 2.8 S E M  im ages o f  the p o lym e rs  syn thes ized  in  the presence o f  C S A :  (A )  

P A N I ;  (B )  P O A .

W a ng  e t  a l. (2011) syn th e s ized  P O A  b y  ch em ica l o x id a tio n  p o ly m e r iz a t io n . 

A P S  w as used as an o x id a n t and m ethane s u lfo n ic  a c id  ( M S A ) ,  h y d ro c h lo r ic  a c id  

(H C1), and p -to lu ene  su lfo n ic  a c id  ( p T S A )  w ere  used as dopants. p T S A  gave the 

h ighe st e le c tr ic a l c o n d u c t iv ity  (8.4 ± 0.8 X  10 '3) com pared  w ith  HC1 (2.5 ± 0 .1  X 10 '3) 

and M S A  (1.8 ± 0.2 X  10"3) because the m o le cu la r  s tructu re  o f  p T S A  s ta b iliz e d  the 

bond  betw een  dopan t and the p o ly m e r ch a in  th rough  the benzene r in g  o f  the dopan t 

a n ion  fa c ilita t in g  the fo rm a tio n  o f  a re sonance  structure and e le ctron  f lo w  o ve r the 

en tire  p o ly m e r cha in .
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Figure 2 .9  S E M  m ic ro g rap h s  o f  P O M A  doped  w ith  (A )  p T S A ,  (B )  H C l ,  (C )  M S A ,  

and (D )  undoped  P O M A .

C h a b u k sw a r e t  al. (2012 ) syn th es ized  p o ly (N -e th y la n ilin e )  ( P N E T A )  b y  

u s ing  ta rta r ic  a c id  ( T A )  as an o rg a n ic  dopant b y  an  aqueous o x id a t io n  p o ly m e r iz a t io n  

w ith  A P S  as an o x id a n t and a c r y lic  a c id  ( A A )  as a so ft tem p la te . T he  m o rp h o lo g y  o f  

P N E T A / T A / A A  con s is ted  o f  c o ra l- l ik e  g ran u la r p a rt ic le s  w ith  a d iam e te r m o re  than 

100 nm  and c o n d u c t iv ity  0 .3 6 x 1 0 '' s/cm. H o w eve r, P N E T A / T A  w as  sm ooth  

n an o p a rtic le s  w ith  d iam ete rs  be tw een  30 nm  to 50 nm  and c o n d u c t iv ity  v a lu e  o f  0.73 

X  10 '2 S /cm . T h e y  w ere  w e ll d ispersed  w ith  so ft tem p la te  A A  bu t o f  lo w e r 

c o n d u c t iv ity  because  A  A  w as in d u ced  fro m  T A  to ra ise  the dop in g  le v e l on  the 

stru ctu re  o f  p o lym e rs .

Figure 2 .10  S E M  im ages o f  p o ly (N -e th y la n ilin e ) :  ( A )  P N E T A / T A ;  and 

(B ) P N E T A / T A / A A
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