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Abstract
P o ly  o -a n is id in e  ( P O A )  is  a c o n d u c t iv e  p o lym e r that can co nduc t e le c trons  

b y  a ^ -con jugated system . P O A  is a d e r iv a t iv e  o f  p o ly a n ilin e , h ow eve r, it s t i l l 

e x h ib its  lo w  e le c tr ic a l c o n d u c t iv ity . T h is  w o rk  is  focused  on  the im p ro vem e n t o f  

e le c tr ic a l c o n d u c t iv ity  o f  P O A  by  s y n th e s iz in g  P O A  in  n an opa rtic le  fo rm s  u s ing  an 

an io n  as dopant. P O A  nan opa rtic le s  w e re  obta ined b y  ch e m ic a l o x id a t io n  

p o ly m e r iz a t io n  u s in g  anam m on ium  p e rsu lfa te  as an o x id a n t and a so d iu m  d o d e cy l 

su lfa te  (S D S )  as a su rfactan t tem p la te  fo r  c o n tro llin g  s ize  and shape o f  P O A .  T he  

p ro pe rt ie s  o f  the P O A  nan opa rtic le s  w ere  cha rac te rized  by  fo u r ie r  tran s fo rm  in fra red  

sp ec tro scopy , u lt ra v io le t - v is ib le  ab so rp tio n  spectro scopy , therm a l g ra v im e tr ic  

an a ly ze r, and sca nn in g  e le ctron  m ic ro sc o p y . T h e  P O A  n an op a rtic le s  shapes w e re  

n an o -fib e rs  w ith  d iam ete r v a ry in g  d iam ete r fro m  63 to 129 nm  depend ing  on the 

p o ly m e r iz a t io n  tem perature, p o ly m e r iz a t io n  tim e , and S D S  concen tra tio n . T h e  

e le c tr ic a l co n d u c t iv e  ob ta ined  v a r ie d  fro m  0 .022  to 198 s /cm , a v a r ia t io n  o f  4 o rders  

o f  m agn itude , depend ing  on  the P O A  nanopa rtic le  s ize . T he  sm a lle s t P O A  

n an o p a rtic le  s ize  p ro v id ed  the h ighest e le c t r ic a l c o n d u c t iv ity  because o f  the la rge r 

su rfa ce  area. T h u s , th is  w o rk  sh o w  the h ig he r e le c tr ic a l c o n d u c t iv ity  o f  the 

syn th es ized  n a n o -f ib e r shape o f  P O A  w h ic h  have not p re v io u s ly  been reported  

e lsew here .
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l.Introduction
P o ly m e rs  are m o s t ly  used fo r  in su la to r a p p lica tio n s . W h ile  som e o f  them  

can  be c la s s if ie d  as sem ico n du c to rs  because o f  th e ir e le c tr ic a l c o n d u c t iv ity  (D a i e t  
a l ,  2004). A  co n d u c t iv e  p o ly m e r a llo w s  the e le ctron  transfe r because  its s tru ctu re  

con s is ts  o f  the con jugated  bonds (a lte rna ting  s in g le  and doub le  b onds o r  con juga ted  

segm ents co u p le d  w ith  a tom s p ro v id in g  p -o rb ita ls  fo r  a co n tinuou s o rb ita l o ve r la p ) 

w h ic h  p ro v id e s  e le ctron  m o b il ity  (H eeg e r e t a l ,  2000). E x a m p le s  o f  co n d u c t iv e  

p o lym e rs  are p o ly a n il in e  (O z y ilm a z  e t  a l ,  2010), p o ly p y r ro le  (T a tyana  e t a l ,  1997), 

and p o ly a ce ty le n e  (S h ira k a w a  e t a l ,  1997).

A  co n d u c t iv e  p o ly m e r  doped b y  a ch em ica l d o p in g  agent possesses cha rge  

de fects  (po la ron , b ip o la ro n , and so lito n )  in  its  structu re th rough  a p ro cess  w h ic h  is  

ca lle d  dop ing . The se  de fects  in duce  the charge  to be s ta b iliz e d  on the p o ly m e r ch a in  

that can co nduc t e le ctron  (D a i e t a l ,  2 004 ). T he  d o p in g  m ethods can be p roceeded  

b y  ch em ica l d o p in g  (p a r t ia lly  o x id iz e d  o r  reduced  b y  e le ctron  dono rs  o r e le c tro n  

accepters), e le c tro ch em ica l d op in g  (ap p lie d  D C  p o w e r source) (W a nkh ed e  e t  a l ,
2002), p h o to -d o p in g , ch a rg e - in je c t io n  dop in g , and n o n -re d o x  d o p in g  (D a i e t  a l . ,
2004).

P o ly  o -a n is id in e  ( P O A )  is  a one  o f  co n d u c t iv e  p o lym e rs , a d e r iv a t iv e  

o fa n ilin e ; it 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 rou aa , 2012). P O A  can  be used as a b io sen so r (V a le n t in i e t  a l ,  
2004), su rface co a tin g  (C h au d h a r i e t  a l . , 2007), gas sepa ra tion  (C h en  e t  a l . , 1997), 

and etc. N eve rth e le ss , P O A  e x h ib its  p o o r the e le c tr ic a l co n d u c t iv ity  (1 0 '3-10  '4 s /cm )  

(K h a n  e t  a l ,  2 009 ), th is  is  the l im ita t io n  fo r  u s ing  P O A  in  m any ap p lica tio n s .

The re  have  been num e rou s repo rts  on the syn th e s is  o f  co n d u c t iv e  p o ly m e rs  

w ith  nano -s tru c tu re s  to im p ro v e  the e le c tr ic a l c o n d u c t iv ity  because the nano­
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structures in crease  a c ce ss ib le  path w a y s  fo r e le c tro n s  transfe r (B rüg g em an n  e t  a l ,  
2006).

In th is  w o rk , the syn thes is  o f  the n an o -s tru c tu re  P O A  w as  ca rr ied  ou t by  

ch em ica l o x id a t io n  p o ly m e r iz a t io n  u s ing  sod iu m  d o d e cy l su lfa te  (S D S )  as a 

su rfactan t tem p la te . T h e  syn thes ized  P O A  w as ch a ra c te r ized  b y  F T - IR ,  U V - v is ,  and 

T G A  to c o n f irm  P O A  structure. T h e  e ffec ts  o f  p o ly m e r iz a t io n  tem perature, 

p o ly m e r iz a t io n  tim e, and su rfactan t con cen tra tio n  w ere  a lso  in ve s tig a ted  on  the 

m o rp h o lo g y  and e le c tr ic a l co n d u c t iv ity  o f  P O A  and sh a ll be reported  here.

2. Experimental

2.1 M a te r ia ls

A n  o -an is id in e , O A ,  ( A R  grade, S ig m a -A ld r ic h )  w as used as a m onom er. 

A m m o n iu m  persu lfa te , A P S ,  ( A R  grade, S ig m a -A ld r ic h )  and h y d ro c h lo r ic  a c id , H C1 , 

so lu tion , 0.1 M  ( A C I  Lab scan ) w ere  used  as an o x id a n t  and a ca ta lys t, re sp e c tiv e ly . 

S o d iu m  d od e cy lsu lfa te , S D S , ( A R  grade, L o b a  C h e m ie )  w as used as a su rfac tan t that 

used to co n tro l s ize  o f  p o lym e r pa rt ic le s . D e io n ize d  w ater, acetone ( A R  grade, A C I  

Lab scan ), m e thano l ( A R  grade, Q R ë C )  w ere used  as a so lv e n t w ith o u t fu rthe r 

p u r if ic a t io n .

2.2 S yn th e s is  o f  p o ly  o -an is id n e  ( P O A )

P O A  w as syn th es ized  v ia  a ch e m ic a l o x id a t io n  p o ly m e r iz a t io n  (M a z ro u a a  e t  
a l . , 2012). A P S ,  as an o x id iz e r  (0 .49 g), w as d is so lv e d  in  a H C1 so lu t io n  (0.1 M ,  10 

m l). A n  o -a n is id in e  0 .52  g (0 .0043 M )  and S D S  w e re  d is so lv e d  in  the HC1 so lu t io n  

(0.1 M , 100 m l)  at v a r io u s  m o le  ra tio s  (m o le  S D S /m o le  O A )  from  0 .008  to 16. T h en  

the A P S  so lu t io n  w as d ropped  in to  the m onom er so lu t io n  at 1.0 m l/m in . T he  

m onom er so lu t io n  and the A P S  so lu t io n  w ere m ix e d  at 3, 25, and 60 °c fo r 18, 48, 

and 72 h. T h e  p roduc t w as te rm ina ted  and p re c ip ita ted  w ith  m ethano l. T h e  da rk  

green P O A  p ro du c t w as f ilte re d  and w ashed  w ith  m ethano l, D I w ater, and acetone,
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then it w as d r ie d  at 50 ๐c  fo r  72 h. The  code  nam e used  in  the P O A  synthes is  is  

P O A -t im e -te m p e ra tu re -S D S  m o le  ratio.

2.3 C h a ra c te r iza t io n

T he  fu n c t io n a l g ro up s  o f  P O A  w e re  in ve stig a ted  by  a F T - IR  spectrom eter 

(N ic o le t , N e x u s  670). T he  F T - IR  abso rp tion  peaks w ere  taken  w ith  64  scans, at the 

w avenu m be r be tw een  4 0 0 -4 0 0 0  c m '1, and w ith  a re so lu t io n  o f  4 c m '1. T h e  sam p le  

w as  prepared b y  g r in d in g  P O A  w ith  p o ta ss ium  b ro m id e  (d ried  at 100 ๐c  fo r 24 h) 

then  com pressed  to a p e lle t and inserted in  a sam p le  ho lder.

The  ab so rp tio n  spectra  o f  P O A  w e re  in ve s tig a ted  by  U V - V I S  ab so rp tion  

sp ec tro sco py  ( บ V -T e ca n , In f in ite  M 2 0 0 )  at w ave leng th s  fro m  230 nm  to 1200 nm  to 

id e n t ify  the P O A  structure.

T he  w e ig h t lo ss  o f  v o la t i le  m o le cu le s , the am oun t o f  re s idu a l w ate r, and the 

deg rada tion  tem pera tu res o f  P O A  were in ve s tig a ted  b y  a T G A  an a ly ze r (P e rk in  

E lm e r , P y r is  D ia m o n d ). T h e  sam p les w ere  w e ighed  in  the range o f  4 -10  m g and 

lo ad ed  in to  an a lu m in a  pan. T he  therm og ram s o f  P O A  w ere ob ta in ed  w ith  a 

tem pera tu re  scan  fro m  25 ๐c  to 600  °c at a hea ting  rate o f  10 ° c /m in  unde r n itrogen  

atm osphere.

T he  m o rp h o lo g y  o f  P O A  W'as e xam ined  u s in g  a sca nn in g  e le ctron  

m ic ro sco p e , S E M ,  ( J E O L ,  J S M -5 4 1 0 L V ) .  P O A  p a rt ic le s  w ere  p la ced  on  a ca rbon  

tape and coated  w ith  th in  la y e r o f  go ld  p r io r  to m easurem ent. M a g n if ic a t io n s  w ere  

2 0 0 0 0 x  and 3 5 0 0 0 x  ope ra ting  at 15 k v  o f  e le c tro n s  beam .

2 .4  E le c t r ic a l c o h d u c f iv ity  m easurem ent

E le c t r ic a l c o n d u c t iv ity  o f  P O A  w as  m easured  b y  a cu s to m -b u ilt  tw o -p o in t 

p ro be  at room  tem peratu re  and at 60 % R H . T h e  sam p le  w as  com pressed  to a p e lle t 

w ith  a h yd ra u lic  com presso r. T h e  cu s to m -b u ilt  tw o -p o in t p robe w as connected  to a 

c o n d u c t iv ity  m ete r w h ic h  m easu red  the cu rren t that responded  to an a p p lie d  vo ltage . 

T h e  s p e c if ic  c o n d u c t iv ity  (a ) w as  ca lcu la ted  b y  u s ing  E q . (1);
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o  = l / p =  l/ ( R st) = I / (K V t)  (1)

w here, CT is  the s p e c if ic  co n d u c t iv ity  (S /cm ), p is  the s p e c if ic  re s is t iv ity  (Q .cm ), R s is  

the sheet re s is t iv ity  (Q ) , I is  the m easu red  cu rren t (A ) , K  is  the geo m e tr ic  co rre c t io n  

fa c to r as ca lib ra ted  b y  u s in g  standard  s il ic o n  w a fe r sheets w ith  kn o w n  sp e c if ic  

re s is t iv ity  va lu es , V  is  the ap p lied  v o lta g e  (V ) , and t is  the f i lm  th ic k n e ss  (cm ).

3. Results and discussion

3.1 C h a ra c te r iza t io n

T h e  F T - IR  spec tra  o f  P O A  are show n  in  F ig u re  1. T h e  peaks at 1579 and 

1451 c m ' 1 are ch a ra c te r is t ic s  o f  the c=c s tre tch ing  o f  the q u in o n io d  and b en zen o id  

r ing s , re sp e c tiv e ly  (M o n d a i e t  a l . , 2 0 06 ) co rre sp o n d in g  to the P O A  structu re o as 

show n  in  F ig u re  2. T h e  peaks at 1289 c m ' ' , l  198 c m '1, 1166 c m '1, and 1111 c m ' 1 are 

ass igned  to the C - N + s tre tch ing , the C - 0  a rom a tic  stre tch ing , the seconda ry  a ro m a tic  

am ine  stre tch ing , and the C - O - C  ether g ro up  stre tch ing  in  a rom a tic  r in g , re sp e c tiv e ly  

(W a ng  e t  a l . , 2005; K h a n  e t  a l . , 2009; K h a n  e t a l ,  2012 ; P andey  e t  a l . , 1993). N o t  

o n ly  ch a ra c te r is t ic  peaks o f  P O A  are v is ib le  in  the IR  spectra, bu t a lso  ch a ra c te r is t ic  

peaks o f  S D S  appear w h ic h  co n f irm  su c c e s s fu lly  doped  P O A  b y  S D S . The  F T - I R  

peaks o f  doped  P O A  as s im ila r  to those  o f  the dedoped  P O A  excep t the peaks at 

2 9 2 8 c m '1, 1471cm "1, 1224 c m '1, 1087 c m '1, and 846  c m ' 1 co rre spond s  to the C - H  

s tre tch ing  and bend ing , the s=0 s tre tch in g  v ib ra t io n  o f  S O f  fro m  S D S  m o le cu le s , 

and the C - H  stre tch ing , re sp e c tiv e ly  (R a m im o g h a d a m  e t  a l ,  2012).

U V - v is  spectra  o f  doped  and dedoped  ~ PO A  are show n  in  F ig u re  3 .T h e  

ab so rp tio n  peaks  o f  dedoped  P O A  are at 330  and 600  nm  w h ich  can  be re ferred  to as 

the q u in o n io d  and b en zen o id  structu res (F ig u re  2). T h e  ab so rp tio n  peak  at 330  nm  

co rre sponds to the b o n d in g  to  a n t i-b o n d in g  (71-71*) tra n s it io n  o f  the b en zeno id  r in g  

(K u lk a n i e t  a l ,  2006), and the ab so rp tio n  peak at 600  nm  co rre sponds to the 

tra n s it io n  fro m  the n o n -b o n d in g  to a n t i-b o n d in g  o rb ita l (n-71*) betw een  the b en zen o id  

and q u in o n o id  r in g s  (P a t il e t  a l ,  1998). H o w e ve r, doped  P O A  has the ab so rp tio n
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peaks at 330 , 430, and 800 nm  w h ic h  are e x c ita t io n s  o f  the p o la ro n  due to d o p in g  

(Y a n g  e t  a l ,  1999).

T h e  therm a l b eh a v io r  o f  P O A  show s 2 steps o f  w e ig h t lo ss  as sh o w n  in  

F ig u re  4. F irs t, the d e co m p o s it io n  tem peratu re  is  100 ๐c  re su lt in g  from  the re m o va l 

o f  w ate r absorbed  in  the po lym e r. S e co n d ly , the d e co m p o s it io n  tem perature o f  370 - 

500 ๐c  co rre sponds to  the d e co m p o s it io n  o f  P O A  backbone  (M o n d a i e t a l ,  2006). 

F low eve r, the d e co m p o s it io n  tem peratu re  _of d o p e d -P O A  a lso  e x h ib its  the 

deg rada tion  o f  dopant ( S D S )  at 180-250  °c ( K u lk a n i e t a l ,  2006). T h e  deg rada tion  

o f  dopant is  con s is ten t w ith  the peak o f  S D S  appea rin g  in  the F T I R  spectra, thus S D S  

acted as a dopant on  the P O A  stru ctu re  as show n  in  F ig u re  5. A P S  acted  as an 

o x id a n t and in it ia to r  c rea tin g  O A  ca t io n  ra d ic a ls  in  the f irs t  step. Then , the P O A  

p o ly m e r ic  ch a in  w as generated fro m  the O A  ca t io n  ra d ica ls  to  becom e  a p ro tona ted  

d im e r w h ic h  sub sequen tly  w as depro tonated . F in a lly ,  the P O A  p o ly m e r w as doped  

b y  the su lfa te  ion  o f  d o d e cy l su lfa te  o f  in  the S D S  so lu t io n .

3.2 M o rp h o lo g y

3.2.1 E ffe c t  o f  p o ly m e r iz a t io n  tem peratu re

T h e  m o rp h o lo g y  o f  P O A  syn th e s ized  based on the e ffe c t o f  re a c t io n  

tem peratu re  as 3 and 25 °c is  show n  in  F ig u re  6 . T h e  P O A  n an op a rtic le s  are g ra n u la r 

and n a n o -f ib e r shapes w ith  the s ize s  o f  322 ±  65 nm  and 129 ± 33 nm  fo r  25 and 3 

°c, re sp e c tiv e ly . The  P O A  n an op a rtic le  becom es m o re  agg lom era te  w ith  in c re a s in g  

reaction  tem peratu re because the h ig h e r re a c t io n  tem peratu re  acce le ra tes the 

p o ly m e r iz a t io n  rate re su lt in g  in  P O A  p a rt ic le  re a ch in g  th e ir  f in a l m o re  ra p id ly  

(B o g u s la v s k y  e t  a l ,  2005 ; H u a jin g  e t  a l . , 2010).

3 .2 .2  E ffe c t  o f  p o ly m e r iz a t io n  t im e

T h e  m o rp h o lo g y  o f  P O A  depends on  the p o ly m e r iz a t io n  t im e  as sh o w n  in  

F ig u re  7. T h e  P O A  n an o p a rtic le  is  o f  a f ib e r  shape w ith  the d iam e te r o f  129 ± 33 nm  

to  65 ± 8 .6  nm . A t  the p o ly m e r iz a t io n  t im e  o f  48 h, the P O A  n an op a rtic le  is  the 

sm a lle s t (6 5  ± 8 .6  nm ) appea ring  as a fu l l  f ib e r. A t  the p o ly m e r iz a t io n  t im e  o f  18 h,
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the P O A  n an op a rtic le  is  not a fu l l  f ib e r and P O A  n an o p a rt ic le  s ize  (129  ± 33 nm ) is  

la rge r than that o f  48 h. T h e  less p o ly m e r iz a t io n  t im e  p ro v id e s  the in co m p le te  

p o ly m e r iz a t io n  o f  P O A . H o w e ve r, at the p o ly m e r iz a t io n  t im e  o f  72 h, la rge r P O A  

n an opa rtic le  (75 ±  14 nm ) re su lts  because the p o ly m e r can  g row  to a lo n g e r ch a in  

length  re su lt in g  in  pa rtic le  a g g lom e ra tio n  (B o g u s la v s k y  e t  a l . , 2005).

3.2.3 E f fe c t  o f  S D S  concen tra tio n

T he  p a rt ic le s  s ize  o f  syn th es ized  P O A  under the e ffe c t o f  S D S  co n cen tra tio n  

va r ie s  betw een 60  ± 11 nm  and 90 ± 18 nm  and the p a rt ic le s  shape v a r ie s  fro m  

n o n u n ifo rm ed  shapes to a n an o fib e r, as sh ow n  in  F ig u re  8, at 0 .012  to  12.00 m o le  

ra t io s  o f  S D S /O A .  The  S D S  m o le  ra tio  that is  su ita b le  to  p roduce  P O A  in to  the fu l l-  

n an o fib e r is  at 8 S D S /O A  m o le  ra tio s, and w ith  the d iam e te r o f  65 ± 8.6 nm . A t  the 

0 .12  m o le  ra t io  o f  S D S /O A , the P O A  p a rt ic le  is  the la rgest in  the u n u n ifo rm e d  

shapes because S D S  concen tra tio n  is  lo w e r than that o f  C M C  ( C M C  o f  S D S  is  0 .12  

m o le  ra tio  o f  S D S /O A )  and thus no m ic e lle  in  the p o lym e r iza t io n . A t  h ig he r than 

C M C ,  P O A  fo rm s  a f ib e r shape due to the p a ck in g  param eter. T he  m ic e lle  shape is  

id e n t if ie d  b y  the p a ck in g  pa ram eter (V f/lcû o )  o f  m ic e lle -s o lu t io n . T he  s tru ctu re  o f  the 

m ic e lle  is  c y l in d r ic a l shape w ith  the va lu e  o f  p a ck in g  pa ram eter in  the range  o f  0 .3 - 

0.5 (R osen  e t  a l . , 2004). T h e  P O A  f ib e r becom es m ore  agg lom era ted  w h en  the m o le  

ra t io  o f  S D S / O A  is  12:00. A t  a h ig he r co n cen tra tio n  o f  S D S , the am oun t o f  m ic e lle  

in creases and induces  m ore  m ic e lle  fu s io n  re su lt in g  in  the P O A  p a rt ic le  

agg lom e ra tio n  (Paradee and S ir iv a t , 2013).

3.3 E le c t r ic a l co n d u c t iv ity

T he  e le c tr ic a l co n d u c t iv ity  in creases fro m  8.8 X 10‘2 s / c m  to  193.44  s /cm  

depend ing  on  the S D S /O A  m o le  ra tio . T h e  e le c tr ic a l c o n d u c t iv ity  o f  P O A  increases 

w ith  in c re a s in g  S D S  m o le  ra t io s  u n til S D S  m o le  ra tio  reaches to 8 .00 , the h ighe st 

co n d u c t iv ity , and then the e le c tr ic a l c o n d u c t iv ity  decreases (F ig u re  9) because  S D S  

acted as a dopan t (Tad ros e t  a i ,  2009). S D S  co n s is ts  o f  an an ion  o f  su lfa te  g roup , it  

can  induce  the structu re  o f  P O A  to 'h a ve  m o re  con jugated  doub le  b onds as show n  in
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F igu re  5. A t  the S D S  m o le  ra tio  h ig he r than 8 .00 , the e le c tr ic a l c o n d u c t iv ity  

decreases because the reaction  o f  se lf-sc reen in g  o ccu rs  on the p o ly m e r iz in g  and 

dop in g  by  S D S  an ions. T h e  e le c tr ic a l co n d u c t iv ity  no t o n ly  depends on d o p in g  le v e l 

but a lso  depends on  m o rp h o lo g y . M a g n itu d e  o f  the h ighe st e le c tr ic a l c o n d u c t iv ity  is 

193.44 s /cm  at S D S / O A  m o le  ra tio  o f  8.00. T h is  ra t io  p ro v id e s  a fu l l f ib e r  in  

p o lym e r m o rp h o lo g y  (w ith  a d iam e te r o f  63 ± 9 nm ) and the h ighest e le c tr ic a l 

c o n d u c t iv ity  (193 .44  s /cm ) because o f  the h ighe r su rface  area fo r e le c tro n s  to 

transfer.

C o m p a red  w ith  W a ng  e t  a l . syn thes ized  P O A  b y  ch e m ic a l o x id a t io n  

p o ly m e r iz a t io n , A P S  w as used as the o x id a n t and m ethane s u lfo n ic  a c id  ( M S A ) ,  

h y d ro ch lo r ic  a c id  (HC1), and p -to lu ene  su lfo n ic  a c id  ( p T S A )  w e re  used as the 

dopants. p T S A  p ro v id ed  the h ighest e le c tr ic a l c o n d u c t iv ity  w hen  com pa red  w ith  HC1 

and M S A  because  the m o le cu la r  structu re  o f  p T S A  c o u ld  s ta b iliz e  the bond  be tw een  

the dopant 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  that 

assisted fo rm a tio n  o f  a resonance s tru ctu re  fo r e le c tro n s  to f lo w  o ve r the en tire  

p o lym e r cha in . Jadhav  e t  a l. syn th es ized  P O A  w ith  S D S  as a su rfactan t. T h e  

m o rp h o lo g y  o f  p o lym e r w as rod -shaped  w ith  a p a rt ic le  s ize  betw een  40  nm  to 50  nm  

because S D S  created the c y lin d r ic a l m ic e lle  re su lt in g  in  rod -shaped  o f  n an o -s ize  

P O A .

T h u s , the m o rp h o lo g y  and e le c tr ic a l c o n d u c t iv ity  o f  P O A  depend on  the 

p o ly m e r iz a t io n  co n d it io n s  such  as tem peratu re  and t im e  o f  p o ly m e r iz a t io n , su rfac tan t 

con cen tra tion , and cha ra c te r is t ic s  o f  dopant. In ad d it io n , the e le c tr ic a l c o n d u c t iv ity  

can  be d ire c t ly  re lated to the m o rp h o lo g y  and p a rt ic le  s iz e  o f  P O A .

3.4  R e p ro d u c t iv ity

P O A  syn thes is  in  c o n d it io n  o f  48 hrs, 3 °c, and 8 m o le  ra t io  o f  S D S :  o -  
an is id in e m o n o m e r can rep roduce  w h ic h  the P O A  p ro pe rt ie s  as e le c tr ic a l c o n d u c t iv ity  

(144.47 ± 72.83 s /cm ) and the P O A  ch a ra c te r is t ic  as ch e m ica l p rope rtie s  ( F T - IR ,  

U V - v is ,  H '- N M R ) ,  therm a l p rope rty  ( T G A ) ,  and m o rp h o lo g y  ( c y lin d r ic a l shape, 77 

± 17.7 nm ) are s im ila r .
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4. Conclusion
In the p resen t study, P O A  nanopa rtic le s  w ere  su c c e s s fu lly  syn th e s ized  us ing  

A P S  as an o x id a n t and S D S  as a surfactant p la tfo rm  in  the ch e m ica l o x id a tio n  

p o ly m e r iz a t io n  in  the range o f  63 to 129 nm  depend ing  on the p o ly m e r iz a t io n  

tem peratu re, p o ly m e r iz a t io n  t im e , and S D S  con cen tra tio n . T h e  syn th e s is  p roduced  

P O A  nano fibe rs . T h e  P O A  n a n o f ib e r  s ize  in creased  w ith  in c re a s in g  p o ly m e r iz a t io n  

t im e  and S D S  co n cen tra tio n  because these fa c to rs  co n tro lle d  the p o ly m e r iz a t io n  rate 

and created p a rt ic le  a g g lo m e ra t io n  and p a rt ic le  co n ne c tio n  together. T h e  e le c tr ica l 

c o n d u c t iv ity  o f  P O A  increased  fro m  0.025 to 193.44 s /c m  w ith  dec re a s ing  P O A  

n an op a rtic le  s ize . T h e  c o n d it io n  that generated the h ighe st c o n d u c t iv ity  (193.44  

S /cm ) w ith  connected  n a n o -f ib e r (65 ± 8.6 nm ) w as P O A  syn th es ized  u s in g  8:00 

m o le  ra t io  o f  S D S  at 3 °c fo r 48  h.
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Figure 1 F T IR  spectra  o f  P O A :  (a) dedoped  P O A ;  (b) S D S ; and (c) doped P O A .

(a) (b)

Figure 2 C h e m ic a l stru ctu re  o f  q u in o n io d  (a) b en zen o id  and (b) r in g  o f  P O A  

( K u lk a m i e t  a l . ,  2006).
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Figure 3 U V - v is  spectra  o f  P O A .

Figure 4 T h e rm o g ram  o f  P O A .
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Figure 5 P rop o sed  p o ly m e r iz a t io n  m echan ism  o f  P O A :  (a) O A  as m on om er is  

o x id iz e d  b y  A P S  to a ca t io n  rad ica l; (b) O A  ca tion  ra d ic a ls  fo rm  d im e rs  that 

subsequen tly  get deprotonated; and (c) P O A  p o ly m e r is  doped  and d o d e cy l su lfa te  

io n  acts as co un te r ion  (K h a n  e t  a l , 2009).
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Figure 6  M o rp h o lo g y  o f  P O A  n anopa rtic le s  p repa red  u s ing  v a r io u s  syn th es is  

tem peratu re: (a) 3 °c and (b) 25 °c.

Figure 7 M o rp h o lo g y  o f  P O A  n anopa rtic le s  p repared  u s ing  v a r io u s  syn th e s is  tim es: 

(a) 18h; (b) 48h; and (c) 72h.
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Figure 8  M o rp h o lo g y  o f  P O A  n an op a rtic le s  p repared  u s in g  va r io u s  S D S  m o le  

ra tio s: (a) 0 .12; (b) 4.00; (c) 8 .00; and (d) 12.00.
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Figure 9 E le c t r ic a l c o n d u c t iv ity  and f ib e r  d iam e te r o f  p o ly  o -a n is id in e  at v a r io u s  

m o le  ra t io s  o f  S D S : o -a n is id in e  m onom er.
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Table 1 C o m p a r is o n  o f  p a rt ic le  s ize , p a r t ic le  shape and e le c tr ic a l c o n d u c t iv ity  o f  

P O A  ob ta ined  unde r v a r io u s  syn thes is  c o n d it io n s

Syn th es is  m ethod
P a rt ic le  

s ize  (nm )
Shape

E le c t r ic a l

c o n d u c t iv ity  (S /cm )
R em a rk s*

E m u ls io n  p o ly m e r iz a t io n - L a m e lla r 8.85±  0.03 X l0 '2 O A :S D S  = 1:0.008

(S D S 'a s  su rfactan t) - L a m e lla r 1 .6 6 ± 0 .0 1 x l 0 "' O A :S D S  = 1:0.12

90  ± 17.9 F ib e r  agg lom e ra te _ 1.35 ± 0 .0 3 O A :S D S  = 1:1

73 ± 13.1 F ib e r  agg lom e ra te 9 .05  ± 2.93 O A :S D S  = 1:4

73 ± 13.5 F ib e r  agg lom e ra te 24 .19  ± 1.07 O A :S D S  = 1:6

65 ± 8 .6 F u l ly  fo rm ed  F ib e r 193.44  ± 6 .21 O A :S D S  = 1:8

80 ± 13.7 F ib e r  agg lom e ra te 126.23 ± 2 .2 4 O A : S D S =  1:10

60  ± 1 1 .2 F ib e r  agg lom e ra te 8 .6 6 ± 0.79 O A : S D S =  1:12

C h e m ica l o x id a t io n - S p h e r ic a l 1.8 ± 0 .2  X  10 '3 O A : M S A =  1:1.25

p o ly m e r iz a t io n - P la te - lik e 8.4 ± 0.8 X l0 ’3 O A : p T S A =  1:1.25

(W a ng  e t  a l . ,  2 011 ) - S p he r ic a l 2.5 ± 0 .1  X  10‘3 O A : H C l=  1:1.25

E m u ls io n  p o ly m e r iz a t io n  

(S D S  as su rfac tan t) 

(Jadhave/ a l ,  2 009 )

4 0 - 5 0 rod -shaped - O A :S D S  = 1:7.9

* R a t io s  g iv e n  are m o le  ra t io s
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