
C H A P T E R  I I I  
E X P E R I M E N T A L

3 .1  M a t e r ia l s

A naly tical grade aniline m onom er (M erck) w as used  as a m onom er. 
A na ly tica l grade am onium  peroxydisulfate, (N H 4)2S2 0 8 (M erck) w as used as 
an oxidant. T w enty  five percen t o f  analytical grade am m onia  solution, 
(N H 3 .H 2O ) (M erck) w as used as a base reagent. A naly tical grade calcium  
hydride , (C aH 2) (F luka) w as used in drying the aniline m onom er. T h irty  eight 
pe rcen t o f  analy tical grade hydrochloric acid (M erck), purum  99%  cam phor- 
10-su lfonic acid  (F luka), seventy  percent o f  analytical grade n itric  acid (LA B - 
SC A N ) and  n inety  five percen t o f  ethane sulfonic acid  (A ld ich) w ere  used  as 
the p ro to n ic  acid in doping process. A nalytical grade l-m eth y l-2 -p y rro lido n e  
(N M P ) (M erck) w as used as a so lvent for po lyan iline  film  preparation . 
N itro gen  gas (N 2), o f  U H P grade w ith  99%  purity , (T IG ) w as used  as a carrier 
gas. T he 1000-ppm  o f  su lfur dioxide ( S 0 2) balanced  w ith  n itrogen  (T IG ) w as 
used  as a  ta rg et gas.

3 .2  M e t h o d o lo g y

3.2.1 P urification  o f  aniline m onom er
Aniline monomer was distillated by the method of Perrin (1985).

100 ml of aniline monomer was dried with 0.25 grams of calcium hydride
(CAH2) for 30 minutes. The dried aniline was twice distillated
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und er red uced  p ressu re  at 50-60°C . The colorless o f  aniline m onom er w as 
ob tained  and sto red  in n itrogen  atm osphere at 0 ° c  p rio r to  use. F igu re  3.1 
show  the  apparatus for d istilla tion  m ethod.

F ig u r e  3 .1  A  schem e o f  the apparatus for d istillation  m ethod.

3 .2 .2  Synthesis o f  P olyaniline E m erald ine B ase
P olyaniline em erald ine base w as synthesized  by th e  m ethod  o f  

W ei (1992). 300 m l o f  H C l (1 mol/1) contain ing  5 m l (0.05 m ole) o f  aniline 
m onom er w as coo led  at 0-5°C . A  so lu tion  m ixture  o f  11.4 gram s (0.05 m ole) 
o f  (N H 4)2S2 0 8 in  100 m l o f  H C l (1 mol/1) w as slow ly added  in to  the m ix tu re  
o f  an iline  so lu tion  w ith in  30 m inutes. T he so lu tion  m ixtu re  w as stirred  
v ig o rously  at 550 rpm  for 2 hours. T he dark  green p recip ita te  o f  po lyan iline  
em erald ine  sa lt w as recovered  from  the polym erization  flask, filtered  and then  
w ashed  w ith  750 m l o f  H C l (1 mol/1), 700 m l o f  w ater and 750 m l O f  N FI4 OH 
(0.1 mol/1). P o lyan iline  em erald ine salt w as converted  to  the em erald ine  base 
form  by stirring  the em erald ine salt form  in 500 m L o f  N H 4 O H (0.1 mol/1) for 
5 hours. T he  dark  b lue pow der o f  po lyan iline  em erald ine base  w as filtered  and 
w ashed  by using  750 m l o f  N H 4 OH (0.1 mol/1) and w ater until the filtra te  w as 
neutral. T he dark  b lue pow der o f  po lyan iline  em erald ine  base  w as dried  in a
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vacuum  oven  at 50-60°C  for 12 hours. A  diagram  for the synthesis o f  
p o ly an iline  em erald ine  base is show n in F igure 3.2.

A niline m onom er (0.05 m ol) 
in 1 M. HC1 (300 m l.)

ไ
C ooling at 5 ๐c

A dding  (N H 4)2S20 8 (0.05 m ol.) 
in IM . HC1 (100 m l.)

1

V igorously  stirred  fo r 2 hours 
r at 0-5 ° c

W ashing  crystal p roduct by IM  HC1 (750 m l.),
H 20  (700 m l.) and N H 4O H  (750 m l.) until the  filtrate  is co loress

\ r

P olyaniline E m erald ine salt

เ
T rea tm en t w ith  0.1 M . N H 4 OH by stir for 5 hours

\

W ashing  by  0.1M  N H 4O H  and H 20  until filtra te  is neutra l

\

D rying  in vacuum  oven fo r 12 hours, at 50-60 ° c
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I
Polyaniline Em erald ine B ase

F ig u r e  3.2 A  diagram  o f  synthesis po lyaniline em erald ine base.

3.2.3 P reparation  o f  U ndoped and D oped P olyaniline F ilm

3.2.3.1 U ndoped  Polyaniline F ilm s
U ndoped polyaniline so lu tion  w as p repared  by  m ix ing  4 

gram s o f  po lyan iline  em erald ine base w ith  1 0 0 0  m l o f  l-m e th y l-2 -pyrro lidone 
(N M P). T he so lu tion  w as then stirred for 3 hours at room  tem peratu re . A  0.45 
m l o f  un d oped  polyaniline solution w as cast on a glass substrate  w ith  a size o f  
2 .5x2 .5  cm 2. T he w et film s w ere dried at 50-60°C  for 96-120  hours in a 
vacu um  oven.

3.2 .3 .2  D oped P olyaniline Film s

- F lydrochloric A cid  D oped Polyaniline (FIC l-doped polyan iline) 
P olyaniline solution w as prepared  by m ix ing  4 gram s o f  

po lyan iline  em erald ine base w ith  1000 m l o f  l-m eth y l-2 -p y rro lid o ne  (N M P). 
T he  so lu tion  w as then  stirred  for 3 hours at room  tem perature . T he so lu tion  
w as d iv ided  in to  5 m l/sam ple. A  8.67 m l (4 m ole) o f  37%  HC1 in  1000 m l o f  
w a te r w as added  into each polyaniline solution sam ple at p a rticu la r vo lum es 
o f  0 .14, 0 .65, 6 .8 6 , 13.71, 68.57 m l. The m ixture doped so lu tion  w as then 
stirred  or shak ing  to  reach equilibrium  for 15-20 hours. A  0.45 m l o f  HC1 
doped  po lyan iline  so lu tion  w as cast on a glass substrate w ith  a size o f  2 .5x2.5 
cm 2. T he w et film s w ere  dried at 50-60°C  for 96-120 hours in a vacuum  oven. 
T he ratios o f  C a/Cp on the ratios o f  HC1 concen tration  in g/1 d iv ided  by
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po lym er concen tration  in g/1 in m ixture solution o f  HC1 doped  polyaniline 
w ere  1 ,5 , 10, 50, 100 and 500.

- C am phor Sulfonic A cid  D oped P olyaniline (C SA  doped
polyan iline)

4 mol/1 o f  C SA  at particu lar volum es o f  0.1, 0.4, 0.9, 4.3, 8 .6 , 
13 and 17 m l w as added in to 4 g/1 o f  polyaniline so lu tion  p repared  as the sam e 
p rocedure  as HC1 doped polyaniline. The m ixture w as then  stirred  or shacked 
to  reach  an equ ilib rium  for 15-20 hours. The ratios o f  C a/Cp o f  C SA  doped 
po lyan iline  w ere  1, 5, 10, 50, 100, 150 and 500. 0.45 m l o f  C SA  doped 
po lyan iline  so lu tion  w as cast on a glass substrate w ith  a size 2 .5x2 .5  cm 2. The 
w e t film s w ere  dried  at 50-60°C  for 96-120 hours in a vacuum  oven.

- N itric  A cid  D oped P olyaniline (N H 0 3 doped polyaniline)
4 mol/1 o f  N H O 3 at particu lar volum es o f  0.08, 0.8, 2 .71, 4 

and 8  m l w as added into 4 g/1 o f  po lyaniline solution. The m ixture  solution 
w as then  stirred  or shacked to  reach an equilibrium  for 15-20 hours. The ratios 
o f  C a/Cp o f  N H O 3 doped polyaniline w ere 1 ,1 0 , 30, 50 and 100, respectively . 
0.45 m l o f  N H O 3 doped polyaniline so lu tion  w as cast on a glass substrate w ith  
a size 2 .5x2 .5  cm 2. The w et film s w ere dried at room  tem peratu re  for 96-120 
hours.

- E thane Sulfonic A cid  D oped P o lyan iline  (ESA  doped
po lyan iline)

4 mol/1 o f  ESA  at particu lar vo lum es o f  0.043, 0.22, 0.43,
2.17 and 4.33 m l w as added into 4 g/1 o f  po lyaniline solution. T he ESA  doped 
po lyan iline  film s w ere prepared  as the sam e procedure as HC1 doped 
polyan iline . T he ratios o f  C a/Cp o f  E SA  doped polyaniline w ere  1, 5, 10, 50 
and 1 0 0 .
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A diagram  o f  preparation  o f  undoped  and dop ed  po lyan iline  
film  is show n in F igure 3.3.

4 gram s o f  polyaniline em erald ine base po w d er 
in 1000ml o fN M P

Stirred for 3 hours at 
room  tem perature

D ividing polyaniline solution 
to 5 m l/sam ple

A dd in g  0, 0.14, 
0.69, L 37, 6.86, 
13.71 and 68.57 
m l o f  4 M . HC1

A dding  0, 0.08, 
0.8, 2 .7 , 4 and 8 

m l o f  4 M . N H 0 3

A dding  0, 0.1, 
0.4, 0.9, 4.3, 

8 .6, 13 and 17 
ml o f  4 M. 

C SA

A dding  0, 
0 .043, 0 .22, 

0 .43, 2.17 and 
4.33 m l o f  
4 M . E S A

เ
C asting 0.45 m L o f  po lyaniline  

solution on a glass substrate 
w ith  size o f  2 .5x2 .5  cm 2

D rying at 50-60°C  for 96-120 hours 
in a vacuum  oven.

เ
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i
U ndoped polyaniline film  and D oped po lyan iline  film

Figure 3.3 A  diagram  for the preparation  o f  undoped  and dop ed  po lyan iline  
film .

3 .2 .4  C haracterization

3.2.4.1 Fourier-T ransform  Infrared  Spectrom eter (FT IR )
Infrared spectra w ere recorded  usin g  F T -IR  sp ectrom eter 

(B ruker, F R A  106/S) in the w avenum ber range o f  400-40000 c m '1 using  the 
abso rbance m ode w ith  64 scans.T he reso lu tion  o f  th is in strum en t w as ±4 c m '1. 
T he K B r techn ique w as used to  prepare the pow d er sam ples for reco rd in g  
spectrum .

Specim ens for the synthesized  po lyan iline , undoped  
po lyan iline , doped polyaniline and doped polyaniline after exposing  to  a gas at 
each Ca//Cp ratio  w ere prepared  by grind ing pow dered  po lyan iline  w ith  K B r 
pow der. T he sam ple m ixture w as p ressed  w ith  special d ies un d er th e  p ressure  
o f  10 tons. T he sam ple spectrum  w as recorded  by using  K B r as a background .

F T IR  w as used to  identify  the functional group 
characteristics o f  the synthesized po lyan iline  and the d ifferences in the 
functional groups betw een undoped and doped  p o ly  aniline film  as w ell as 
be tw een  before  and after exposing to a gas.
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3.2.4.2 U V -visib le  S pectrophotom eter (U V -V is)
U V -visib le spectra w ere recorded  w ith  a U V -V is 

spec trom eter (P erk in  E lm er, L am da 10). T he so lu tion  sam ples w ere  fd led  in a 
quartz  cell to  m easure  absorbance in the w avelength  range o f  300-1000 nm .

The undoped and doped  po lyan iline  so lu tion  sam ples 
w ere  p repared  by  d isso lv ing  in N M P  at the concen tration  o f  0.01 g/1. The 
und oped  po lyan iline  so lu tion  and doped polyaniline so lu tion  at various C a/Cp 
ratio s w ere  p u t in a quart cell and recorded  the U V -visib le  sp ec tra  by  using  
N M P  as a  background .

U V -visib le spectropho tom eter w as used  to  investigate  
the  e lectron ic  structure  o f  polyaniline betw een  undoped  and dop ed  po lyan iline  
so lu tion . T he absorp tion  spectra o f  the excita tion  o f  benz ino id  segm ents, 
qu ino id  segm ents, and polaron  state w ere identified.

3.2.4.3 E lem ental A nalysis (EA )
E lem ental analysis (P erk in -E lm er, 2400 Series II 

C H N S /O  A nalyzer) w as used to  determ ine the am ount o f  th e  e lem ents in 
po ly  an iline sam ples. T he am ount o f  carbon (C), hyd rogen  (H ), n itrogen  (N 2) 
and su lfu r (ร ) atom s in undoped  and doped po lyan iline  w ere  ob tained . The 
dop ing  level o f  the doped polyaniline film  at various acid  concen tra tions w as 
also  calcu la ted  from  those am ounts.

The undoped  and doped  film  sam ples w ere  w e igh ed  at
1.5-2.5 m g and sealed  in the tin capsules and pu t in  the sam ple  cell. The 
sam ple w as dropped  in the com bustion  zone at a  tem peratu re  be tw een  975- 
1 1 0 0 °c  w ith  helium  as a carrier gas. T he am ounts o f  carbon  (C), h y d ro gen  
(H ), n itrogen  (N ) and su lfur (ร) w ere determ ined. T he dop ing  level o f  HC1 
doped  po ly an ilin e  and C SA  doped polyaniline  w as determ ined  in  te rm  o f  the 
ratio  o f  H /N  and S/N , respectively .
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3.2 .4 .4 . Scanning E lectron M icroscope (SEM )
Scanning electron m icroscope (JO E L , m odel JSM - 

5200) w as used  to  identify the m icrostructure o f  the und oped  and doped 
po ly  aniline th in  film s. SEM  digitized pho tographs w ere ob tained  w ith  a 
m agn ifica tion  range betw een 35-20,000 tim es.

T he undoped and doped polyaniline film s w ere  cut in to 
sm all p ieces and adhered on a brass-stub by using  an adhesive  tape. The 
sam ples on stub w ere  coated  w ith  th in layer o f  gold by usin g  JF C -1100E  ion 
spu tte ring  device before  operating  in scanning electron m icroscope. The 
m orphology  o f  po lyan iline  film s w as obtained by using  an acceleration  
vo ltage  o f  25 k v  w ith  a m agnification  o f  5000 tim e

3.2 .4 .5 . T herm ogravim etric  A nalyzer (TG A )
A  therm al gravem etric analyzer (D uPont, m odel T G A  

2950) w as used  to  study therm al stability , m oisture contents and degradation  
p ro cess o f  the undoped  and doped polyaniline film . T herm og trav im etric  
A na ly zer w as operated  from  50 to  7 8 0 °c  at the heating  rate o f  2 0 °c /m in .

T he undoped  and doped polyaniline film s w ere  w eighed  
at 2-5 m g and pu t in a titan ium  pan. The sam ples w ere  then  h eated  from  50 to 
7 8 0 °c .

3 .2 .4 .6 . X -ray  D iffraction  A nalyzer (X RD )
A n X -ray d iffractom eter (R igaku m odel) w as used  to  

investigate  orderly  arrangem ents o f  atom s or m olecules and also  determ ine the 
crystal s tructu res o f  polym er. X -ray diffraction  patterns w ere  reco rded  on a 
P hillips PW  1830/00 N o. D Y  1241 diffractrom eter. T he X R D  sam ples w ere 
p repared  by  p u ttin g  undoped  or doped polyaniline  film s on alum inum  
specim en h o ld er and exam ined betw een 20 =  5-50°.
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3.2.5. C onductiv ity  M easurem ent
T he electrical conductiv ity  o f  po lyan iline  th in  film  w as 

m easured  by using  a four po in t p robe m eter. T he four p o in t p robe  m eter 
consists o f  tw o  outer electrodes connected  w ith  a curren t d river and tw o  inner 
e lectrodes connected  w ith  a vo ltm eter as show n in F igure  3.4.

Figure 3.4  A  schem atic  o f  the F our P oin t P robe M eter.

A  constan t curren t (I) w as applied  to  the tw o  outer e lectrodes 
and the sam ple vo ltage (V) w as m easured  betw een  the tw o  inner electrodes. 
T he specific  conductiv ity  o f  doped  po lyan iline  film  w as calcu lated  from  
E quation  2.1 .

w here

1 _  1 I

p  =  R x t  = K x V x t  ( 3 -1}

<3 = specific  conductiv ty  (S /cm )
p = specific  resistiv ity  (Q .cm )
R = resistance (Q )
I = curren t (A )
V = voltage  drop (V )
T =1 th ickness (cm )
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K =  geom etric factor

The constan t K  value depending on the probe  geom etry  can be 
calcu lated  by using  E quation  3.2.

w here
พ  =  probe w id th  (cm )
1 =  probe length (cm )

(3.2)

In th is m easurem ent, the constan t K  value w as de te rm in ed  by 
using  a standard  sheet w ith  know n resistiv ity: silicon w afer chip (S iO ). It w as 
calcu lated  by using  E quation  3.3.

w here

K _  Pref =  I X Pref 
~ R x t ~  Vx t (3.3)

P r e f  =  know n resistiv ity  from  the chem ical handbook  
(Q .cm )

t =  standard  sheet th ickness

M easurem ents o f  conductiv ity  responses o f  po lyan iline  film s to  
S 0 2 w ere  recorded  by using  a specially  constructed  gas-sensitiv ity  cell. It 
consisted  o f  tw o  cham bers connected  in series. The cham bers w ere  m ade from  
stain less steel N o .316  m w ith  th ickness o f  3 m m  w ith  a h igh corrosion  
resistiv ity . A  schem atic o f  the apparatus is show n in F igure  3.5. T he first 
cham ber w as connected  to tw o P erk in-E lm er F low  m eters N o. 62-01 w ith  
stain  steel floats for contro lling  various S 0 2 concentrations. T he second 
cham ber contained the four point p robe m eter for conductiv ity  m easurem ent.
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T he tem peratu re  contro ller (Shinho, D igital D C N  720) connec ted  to  both  
cham bers w ith  a therm ocouple  w as used to  m onitor and contro l tem peratu re  
w ith in  the cham ber.

Figure 3.5 A  schem atic  o f  C onductivity  D etector W ith  G as C ham ber.

3.2.5.1 O perating  P rocedure
The doped polyaniline fdm  w as located  on the sam ple 

h o ld er and p ressed  by four probes o f  the conductiv ity  detector in the second 
cham ber. B oth  cham bers w ere evacuated  by using  a  vacuum  pu m p  to  rem ove 
o ther gases. T he S 0 2 and N 2 gases w ere  fed into the first cham ber a t specific  
concen tra tion  and tem perature. The feeding step w as fin ished  w h en  the 
p ressu re  in the first cham ber becam e 1 atm  as observed  from  pressu re  gage. 
T he cu rren t w as applied  to  po lyaniline film  to  m easure conductiv ity  before  
exposing  to  a gas. A fter the conductiv ity  o f  po lyan iline  film  reached  
equ ilib rium , the gas m ixture w as fed in to the second cham ber. T he voltage 
drop w as detected  until the response becam e saturated. The vo ltage  drop w as 
calcu lated  to  be specific  conductivity  by using  E quation  3.1.
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