
C H A P T E R  II  
L I T E R A T U R E

2 .1  S y n t h e s i s
MacDiarmid e t al. (1985) reported that polyaniline could be 

synthesized in various forms both chemically and electrochemically in 
aqueous media. The quinoid-benzinoid diimine form, an insulator, was doped 
in a dilute aqueous protonic acid to obtain the metallic regime. This 
represented a new type of p-doping phenomenon in a conducting polymer. The 
non-conductive and conductive forms are stable in the presence of air and/or 
water. The doping process could be reversed by treatment with aqueous alkali.

Huang e t  al. (1986) reported that the emeraldine base form of 
polyaniline (PANI) could be synthesized electrochemically as a film 
exhibiting a well-defined fibrillar morphology closely resembling that of 
polyacetylene. Cyclic voltammograms o f chemically synthesized and 
electrochemically synthesized PANI were identical. The emeraldine salt form 
of PANI had a symmetrical conjugated structure having an extensive charge 
delocalization.

Cao e t al. (1989) reported the chemical polymerization o f aniline in 
aqueous solution, and studied the effect of synthesis parameters such as pH, 
reactive concentration of reactants, polymerization temperature, and time etc. 
They found that the reactive yield was not sensitive to most variables; on the 
contrary, the inherent viscosity of the polymer, measured in solution of 
concentrated sulfuric acid, was strongly dependent on the synthesis 
parameters.

Fong e t al. (1995) studied the polymerization of aniline using mixed 
oxidizers. They reported that potentiametric and calorimetric measurements on 
aniline polymerized by persulfate revealed an induction period, which may be
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decreased or eliminated by the addition of ceric (Ceiv) ion. The addition o f the 
second oxidizer appeared to promote nucléation. The molecular weight and 
electrical conductivity of the resulting polyaniline were also measured. 
Substantial shortening of the reaction time and improvement o f polymer 
conductivity might be realized with the addition of 0.1-1% CeIV co-oxidizer in 
the standard polymerization technique.

MacDiarmid e t  al. ( 1996) described the synthesis o f PANI oligomer 
and chiral PANI film, the use of PANI in light-emitting devices, the effect of 
substrate surface on properties of PANI, PPy, and the application of soluble 
PPy in solution for volatile organic compounds.

Stejskal e t al. (1996) found that the oxidative polymerization o f aniline 
gave rise to polyaniline, which existed in a variety o f forms, differing in 
electrical conductivity and in colour. They also proposed a scheme of 
interrelated structures, which accounted for all the spectroscopic and 
conductometric observation together with a set of equation summarizing the 
chemical transformation.

2 .2  D o p in g
MacDiaramid e t al. (1987) reported that the analytically pure base form 

of polyaniline was converted from an insulator to a conductor by treatment 
with 1M aqueous HC1 to form a corresponding salt, the emeraldine 
hydrochloride. This involved a new type of doping of conductive polymer in 
which the number of electrons associated with the polymer underwent no 
change during the protonic acid doping process. The metallic emeraldine 
chloride was believed to be a delocalized poly(semiquinone radical cation) 
having a polaron conduction band, with most of the positive charge residing 
on the nitrogen atoms.

Cao e t al. (1992) reported that the counter ion could induce 
processibility of the resulting PANI complex when using a suitable
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func tionalized  pro tonic  acid to  p ro tonate  PA N I. T h eir resu lt dem onstra ted  the 
feasib ility  o f  processing , in the conducting  form , po lyan iline  and a  varie ty  o f  
po lyb lend  m ade from  PA N I. The resu lting  conductive p o ly m er m ateria ls could  
be m elt-p rocessed  or p rocessed  from  a so lu tion  to  enab le  the fab rica tion  o f  
th in  film s, sheets, fibers, transparen t conductive film s, b u lk  ports , etc. T hese 
m ateria ls exhib ited  relatively  h igh  levels o f  e lectrica l conductiv ity , w hile  
m ain ta in in g  excellen t m echanical properties.

T ak a  e t  a l. (1994) d iscovered a p rocessab le  and  conductive  po lyan iline  
com plexes includ ing  functionalized  su lfonic  acids th a t w ere  an im portan t 
d iscovery  in the field o f  conjugated  polym ers. T he conductiv ity , e lectron ic  and 
crysta lline  structure properties o f  po lyan iline  p ro to na ted  w ith  
dod ecy lb enzenesu lfon ic  acid w ere proportional to  the m olar concen tration  o f  
the acid. T he p ro tonation  led to  a layer structure  as ev iden t in X -ray  d iffrac tion  
pa tte rn  and  the crystallin ity  degree w as a function  o f  th e  acid  concen tration  
sim ilar to  an  increase in the conductiv ity . T he electron ic  structu re  m easured  by 
U V -V is spectroscopy  show ed an increase in the p o laro n  concen tration  as acid  
concen tra tion  increased.

L evo n  e t  a l. (1995) reported  that dop ing  o f  P A N I had  been  achieved  by 
in troducing  the dopant m olecules into the solid, u n d oped  P A N I w ith o u t the 
use  o f  a aux iliary  solvent. C om plex  form ation in  th e  so lid  phase  resu lted  in  the 
fo rm ation  o f  a so luble and p rocessab le  condu cting  com plex. T he dop ing  
p rocess w as sim ilar to  the oxidation  o f  on em erald ine  base  w ith  trad itional 
p ro to n ic  ac id  dop ing  as observed by  u v  and 1R spectroscopies.

M acD iaram id  e t  a l. (1995) d iscovered  a new  concep t in  conductive  
po lym ers, w hich  w as called a secondary  doping. T hey  exp la ined  th at a 
p rim ary  d op an t for a conductive po ly m er w as a  substance w h ich  drastica lly  
changed  th e  electron ic, optical, m agnetic , and ion structural p roperties o f  the 
po lym er and  w as usually  accom panied by a large increase  in conductiv ity . A  
secondary  dopan t w as an apparently  inert substance w hich , w hen  applied  to  a
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prim ary -doped  polym er, induced further changes in the above p roperties 
includ ing  a further increase in conductivity .

F u  e t  a l. (1997) studied  the p ro tonation  o f  po lyan iline  w ith  light 
su lfonated  po lysty rene in po lar so lvents such as dim ethy su lfoxide (D M SO ) 
and N -m ethy  pyroridone (N M P). The U V -V is spectroscopy resu lts show ed 
that qu ino id  units and sem iquinoid  units w ere in equilib rium  and w ere 
dependen t on the su lfonic acid concentration . The p ro tona tion  o f  po lyan iline  
w as retarded  in N M P  com pared  w ith  D M SO  due to  p revalen t hydrogen  
bonding .

G eng  e t  a l. (1997) studied po lyan iline  doped w ith  m acrom olecu lar 
acid. P o lyan iline  w as doped w ith  su lfonated  PS, PPO  and PEEK . The 
p roperties o f  doped  polyanilines depended on the p rocessin g  m ethod  and the 
structure  o f  the backbone o f  the m acrom olecule  acids.

Sertova e t  a l. (1998) reported  about a novel pho to induced  p ro to nation  
o f  P A N I(E B )/P V C  w ith  HC1 as donor. PV C  blended  w ith  the base  o f  PA N I 
(E m erald ine  base) form ed a po lym er com posite. The p ro tona tion  o f  EB 
occurred  th rough  E1C1 diffusion. T he uv w as used to induce p ro to na tion  o f  
the po lym er chain. T he PA N I(E B )/P V C  com posite  tu rned  to  green co lor after 
a U V  exposure.

2 .3  C h a r a c t e r iz a t io n
W an e t  a l. (1992) stud ied  an in fluence o f  the p ro tona tion  state on the 

conductiv ity  at room  tem perature. T hey  reported  that all resu lts ob tained  are in 
ag reem en t w ith  the m odel o f  the conducting  island, w hich  a m etallic  island  is 
due to  po laro n  form ed by p ro tonation  p rocess separated  by in su la ting  m edium .

W an (1992) studied  absorp tion  spectra  o f  a th in  film  o f  po ly  aniline on a 
slide glass coated  by  a sp in coater. T he absorp tion  spectra  w ere  m easured  as a 
function  o f  the p ro tonation  state o f  po lyan iline , the concen tration  o f  so lu tion  
o f  po lyan iline  in N M P, and the dry ing  tem perature . T he absorbance value  o f
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the  950 nm  p eak  and the ratio  o f  the absorbance value  at 950 nm  to  th at o f  the 
630 nm  peak  increased  w ith  an increase in the pro tonation  state o f  po lyaniline. 
T h is w as consisten t w ith  the observation  o f  vary ing  the conductiv ity  w ith  the 
p ro to na tio n  state.

P alan iappan  e t  a l. (1994) reported  that five d ifferen t PA N I salts had 
been  p repared  by a chem ical po lym erization  o f  aniline in aqueous so lu tion  o f  
d iffe ren t acids. T herm al stability  o f  chem ically  synthesized  P A N I salts had 
been  stud ied  by therm al analysis. PA N I salts underw ent a th ree-step  w eight- 
loss p rocess in the heating  cycle. T he therm al stability  o f  PA N I salts depended 
on the concen tration  used and the po lym ers w ere  apparen tly  stable up to 
250  ๐c .

C han e t  a l. (1994) described a h ighly  conductive P A N I w ith  therm al 
stab ility  superio r to  that o f  PA N I doped w ith  hydrochloric  acid  (PANI-HC1); 
the  form er h ad  been prepared  by postsynthesis treatm ent o f  P A N I base  w ith  
th ree  d ifferen t phosphonic  acids, R -PA , w here R =  buty l(B U ), decy l(D c), and 
benzy l(B n). Iso therm al study show ed the vastly  superio r therm al stab ilities o f  
P A N I-R P A  to  those o f  PANI-HC1. T herm ograv im etric  analysis dem onstra ted  
th a t condensation  reaction  above 150 ๐c  caused  a loss o f  th e  electrical 
conductiv ity .

A v lyan ov  e t  a l. (1995) investigated  the reduced  v iscosity  o f  m ix tu res o f  
po lyan iline  (em erald ine base, E B ) and d ,l-cam phorsu lfon ic  acid  (H C S A ) in 
so lu tions o f  m -creso l or chloroform  (or the m ix tu res o f  th ese  solvents). 
V iscosity  m easurem ents as a function o f  (a) m -creso l conten t in the m ixed 
so lven t for a fully pro tonated  E B H +/C S A ' po lym er, and (b) the p ro tona tion  
level o f  EB  by  increasing  am ount o f  H C S A  in m -creso l, ind icated  th at the 
fu lly  p ro to na ted  po lym er adopted  a m axim ized  expanded  m olecu lar 
confo rm ation  in a good so lvent such as m -cresol.

Z neng  e t  a l. (1995) reported  that the m olecu lar conform ation  o f  
doped  P A N I w as strongly affected by its p ro ronation  level in pure acid
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solution . In  a strong acid, both the im ine and am ine n itrogen  atom s o f  PA N I 
w ere  pro tonated , resu lting  in an expanded coil m olecu lar conform ation . W hile  
in w eak  acid, only the m ost basic im ine n itrogen  atom s w ere  pro tonated  
resu lting  in  a com pact coil conform ation.

X ia e t  a l. (1995) reported  th at P A N I-H C S A  had  a m ore expanded  co il
like conform ation  in  m -cresol, p-cresol, 2 -ch lophenol, 2 -fluophenol, and 3- 
e thy lpheno l than  in chloroform , N M P, D M F, and B enzyl-alcoho l. T hey  also 
found  th at the conductiv ity  o f  m ore expanded coil-like o f  P A N I chain  w as 
h igh  because  o f  h igher charge carrier m obility .

N ico lan  e t  a l. (1997) reported  that som e d ifference in  the U V -V IS -N IR  
light adsorp tion  spectra  o f  the cam phorsu lfonic  acid -p ro tonated  P A N I (C SA - 
PA N I) so lu tion  w ere  observed. T hey w ere rela ted  to  the m olecu lar w eigh t 
(M W ), aggregation  state o f  the PA N I and to  the coun teran ion  nature. H igh 
m olecu lar w eigh t PA N I synthesized at low  tem peratu re  gave a C SA -PA N I 
film  w ith  an enhanced  polaron  delocalization .

P ie lic h o w sk i (1 9 9 7 ) s tu d ie d  k in e tic  a n a ly s is  o f  th e  th e rm a l 
decom position  o f  polyaniline. T ypical tw o and th ree  step decom position  
p rofiles w ere  obtained. T hey reported  that the degradation  m echanism  strongly  
depended  on the experim ental conditions and structure o f  the po lyan iline  
form .

L i e t  a l. (1998) p repared  a porous po lyan iline  film  w ith  h igh  
condu ctiv ity  at room  tem perature  by a new  m ethod  called  “dop ing-dedop ing- 
red op in g” . T hey explained that the resu lting  po lyan iline  chains still kep t the 
expanded  conform ation  like P A N I-C S A  in m -cresol, w h ich  m igh t be w hy high 
room -tem peratu re  conductiv ity  could be obtained  by th is new  m ethod.

W enguang  (1999) show ed the therm al stab ility  in order o f  P A N I-H 3P O 4 

> P A N I-p -T S A  > P A N I - H 2 S O 4  > PANI-HC1, P A N I-H c l0 4 > P A N I-C S A . The 
conductiv ity  o f  doped PA N I film s at room  tem perature  w as reduced  after a 
therm al treatm ent, and it w as dependent on the counterions. It w as found that
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the conductiv ity  stability  o f  PA N I-p-T SA  and P A N I-C S A  w as th e  best below
2 0 0  ° c .

P om fret e t  a l. (2000) developed a new -acid  so lu tion  p ro cessin g  route  
for po lyan iline  (PA N i) w hich  is a one step w et-sp inn ing  p rocess o f  inheren tly  
condu ctive  PA N I fibres. This w as achieved from  so lu tion  o f  P A N I p ro to na ted  
w ith  2 -acry lam ido-2 -m ethy l- 1 -propanesulfonic acid in d ich lo roacetic  acid. 
A s-spun  fibres had Y ou n g ’s m oduli o f  40-60 M Pa, u ltim ate  tensile  strengths 
o f  20-60  M P a and electrical conductiv ités o f  70-150 s /cm .

2 .4  A p p l ic a t io n :  G a s  S e n s o r
M iasik  e t  a l. (1982) developed solid-state sem ico nducto r gas sensors 

based  on organic  sensor elem ents. D evices based  on m etal ph tha locyan ines 
show ed useful responses to  N O 2 . L ead phthalocyanine  com bined  the h ighest 
conductiv ity  w ith  the m axim um  sensitiv ity  to  N O 2 . C onducting  po lym ers, and 
particu la rly  chem ically  doped polypyrrole, show ed responses to  to x ic  gases at 
am bien t tem peratu re  w hereas phthalocyanine sensors had been  operated  at 
170°c  to  obtain  a conductance w ith  reasonable speeds o f  response  and 
recovery .

A gbor e t  a l. (1995) reported that th in  film s o f  P A N I have been 
deposited  by sp ining, evaporation, and the L angm uir-B lodgett techn iq ue. T he 
film s w ere  show n to  possess slightly d ifferen t features and p roperties. T he 
conductiv ity  w as found to depend on the gas am bient. A ll types o f  P A N I film s 
w ere  sensitive  to  H 2S and N O x.

K uk la  e t  a l. (1996) studied a new  type o f  am m onium  senso r w ith  PA N I 
as a sensitive  elem ent. The use o f  PA N I ensured a h igh  chem ical stab ility  o f  
senso r in ox id iz ing  am bients. A  sensor design w as based on a silicon  chip 
custom -packed  into a linear plastic  cage.

A gbor e t  a l. (1997) show ed that PA N I could  be deposited  onto a 
substra te  as finely  th in  film s. The th ickness per layer w as 5.5 ± 0.6 nm .
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E xposing  a single LB layer o f  PA N I to  N 0 2 and H 2S produced  increases in 
reflec tiv ity  and resonance angle. The effects w ere  partly  reversib le , w ith  low er 
detection  lim its o f  about 50 vapor part per m illion  at room  tem perature .

G rum m t e t  a l. (1997) reported  that th in  layers o f  P A N I w ere  su itab le  to 
m easure the pH  in the range o f  2-12 in the near in frared  reg ion. T he deposition  
o f  such layers w as strongly facilitated  by the use o f  so lu tion-processab ly  
PA N I. T esting  the sensor layers over a period  o f  300 hours and up to  500 
titra tion  cycles revealed  excellen t rep roducib ility  and stability .

D haw an e t  a l. (1997) reported  that the leaching  o f  the p o laron ic  site in 
the doped  PA N I grafted  surface on exposure to  N H 3 leaded  to  a characteristic  
change in the resistance o f  the polym er. T he surface resistance o f  doped  PA N I 
changed  on exposed  to  aqueous am m onium .
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