
CHAPTER III
EXPERIMENTAL

3.1 Materials

A n i l in e  m o n o m e r  ( A ld r ic h )  w a s  u s e d  a s  a  m o n o m e r .  A m m o n iu m  
p e r o x y d is u lp h a te  (M e rc k )  w a s  u s e d  a s  a n  o x id a n t  w i th o u t  f u r th e r  p u r i f ic a t io n .  
A n a ly t ic a l  g r a d e  h y d r o c h lo r ic  a c id  ( 3 7 %  H C 1, A ld r ic h )  a n d  m a le ic  a c id  ( 9 8 % M A , 
F lu k a )  w a s  u s e d  a s  th e  d o p a n ts .  A m m o n ia  s o lu t io n  ( 2 5 % , A C S  r e a g e n t  g r a d e )  a n d  
m e th a n o l  w a s  p u r c h a s e d  f ro m  th e  A ld r ic h  C h e m ic a l  C o . Z e o l i t e s  3 A , 4 A , a n d  5 A  
( p o w d e r ,  u n d r ie d )  w e r e  p u r c h a s e d  f ro m  A ld r ic h  C h e m ic a l  C o . N i t r o g e n  g a s  ( N 2 9 9 %  
p u r i ty ,  T IG )  w a s  u s e d  a s  th e  c a r r ie r  g a s . C a r b o n  m o n o x id e  ( C O , T IG )  s to c k  w a s  a  
m ix tu r e  w i th  n i t r o g e n  a t  1 0 0 0  p p m .

3.2 Methodology

3 .2 .1  P u r i f ic a t io n  o f  A n i l in e  M o n o m e r
A n i l in e  m o n o m e r  w a s  s to r e d  a t  8 -1 0 ° C  a n d  p u r i f i e d  b y  d is t i l la t io n  

u n d e r  v a c u u m  a t 6 0 -6 2 ° C . C o lo r le s s  a n i l in e  m o n o m e r s  w e r e  o b ta in e d  a n d  s to re d  a t 

5°c p r io r  to  u s e .

3 .2 .2  S y n th e s i s  o f  P o ly a n i l in e  B a s e
In  th is  w o rk ,  w e  f o l lo w e d  th e  c h e m ic a l  s y n th e s i s  p r o c e d u r e  o f  

M a c D ia r m id  et al. ( M a c D ia r m id ,  1 9 8 6 ). 7 .6 7  g r a m s  o f  a n i l in e  (0 .0 8 2  m o le )  w e r e  
m ix e d  w i th  8 9 .0 6  m l in  a  1 M  H C 1 a q u e o u s  s o lu t io n .  T h e  s o lu t io n  m ix tu r e  w a s  
c o o le d  a t  0°c fo r  1 h  a n d  9 8 .4 4  m l  o f  a m m o n iu m  p e r o x y d is u l f a t e  in  1 M  H C 1 

s o lu t io n  w a s  a d d e d  d r o p w is e .  P o ly m e r i z a t io n  w a s  c a r r ie d  o u t  a t  0°c f o r  3 h . T h e  
m ix tu r e  c o lo r  c h a n g e d  f ro m  c le a r  th r o u g h  a  b lu e  to  a  d a r k  g re e n . T h e  p r e c ip i ta t e d  
p o ly a n i l in e  w a s  f i l t e r e d  a n d  th e n  w a s h e d  w i th  m e th a n o l :w a te r  ( 2 0 :8 0 )  u n ti l  th e  
f i l t r a te  w a s  c o m p le te ly  c o lo r le s s .  T o  s tu d y  th e  e f f e c t  o f  d o p in g  le v e l ,  th e  p r e c ip i ta te d  
p o ly a n i l in e  ( e m e r a ld in e  s a l t  f o rm , E S )  w a s  c o n v e r te d  to  th e  e m e r a ld in e  b a s e  fo rm
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(E B )  b y  t r e a tm e n t  w i th  a q u e o u s  0 .1  M  a m m o n iu m  h y d r o x id e  s o lu t io n  f o r  4  h . T h e  
p o ly a n i l in e  b a s e  f o rm  w a s  w a s h e d  w i th  m e th a n o l :w a te r  ( 2 0 :8 0 )  s o lu t io n  a n d  d r ie d  in  
v a c u u m  o v e n  f o r  4 8  h . F in a l ly ,  th e  e m e r a ld in e  b a s e  p o w d e r  w a s  g r o u n d  w i th  a  b a l l  
m i l l  fo r  3 h  a n d  s ie v e d  w i th  m e s h  ( 5 3 p m )  p r io r  to  f u r th e r  u s e .

3 .2 .3  P r e p a r a t io n  o f  D o p e d  P o ly a n i l in e  P o w d e r
3.2.3.1 H ydrogen chloride-doped  p o lyan ilin e  (PAN I-H C l)
P o w d e r  o f  th e  e m e r a ld in e  b a s e  (E B )  w a s  d o p e d  a n d  c o n v e r te d  in to  th e  

e m e r a ld in e  s a l t  ( E S )  a t  v a r io u s  m o le  r a t io s  o f  a n  a c id  d o p a n t  a n d  E B ;  th e y  w e r e  0 .2 , 
0 .5 , 1 .0 , 2 .0 ,  5 .0 , 1 0 .0 , a n d  2 0 .0 . E B  p o w d e r  w a s  w e ig h te d  a t  0 .7 2 4  g  a n d  im m e rs e d  
in  th e  1 M  H C 1 s o lu t io n  a t  p a r t i c u la r  v o lu m e s  o f  0 .4 , 1 .0 , 2 .0 ,  4 .0 ,  1 0 .0 , 2 0 .0 ,  a n d
4 0 .0  m l,  r e s p e c t iv e ly .  T h e  m ix tu r e  w a s  th e n  s t i r r e d  a n d  a l lo w e d  to  r e a c h  e q u i l ib r iu m  
w i th in  a  p e r io d  o f  m o r e  th a n  4 8  h . T h e  E S  p o w d e r  ( P A N I - H C l)  w a s  f i l t e r e d  a n d  th e n  
v a c u u m - d r ie d  a t  60°c fo r  4 8  h  to  e l im in a te  m o i s tu r e  (L i a n d  W a n , 1 9 9 9 ).

3.2 .3 .2  M aleic  acid -doped  p o lyan ilin e  (PAN I-M A)
In  o r d e r  to  o b ta in  m a le ic  a c id - d o p e d  p o ly a n i l in e  w i th  th e  s a m e  m o le  

r a t io s  a s  h y d r o g e n  c h lo r id e  a c id  d o p e d . T h e  v o lu m e s  o f  1 M  m a le ic  a c id  s o lu t io n s  
u s e d  w e r e  th e  s a m e  a s  th o s e  o f  h y d r o g e n  c h lo r id e  a c id  s o lu t io n s ,  w h ic h  w e r e  a d d e d  
to  0 .7 2 4  g  o f  e m e r a ld in e  b a s e . T h e  m ix tu r e  w a s  th e n  s t i r r e d  a n d  a l lo w e d  to  r e a c h  

e q u i l ib r iu m  d u r in g  a  p e r io d  o f  48 h . T h e  d o p e d  p o w d e r  w a s  f i l t e r e d  a n d  d r ie d  a t  6 0 °  
c  f o r  48 h  in  a  v a c u u m  o v e n .

3 .2 .4  P r e p a r a t io n  o f  D o p e d  P o ly a n i l in e  P e l l e t
0 .0 7 5 + 0 .0 0 2  g  o f  d o p e d  p o ly a n i l in e  p o w d e r  w a s  p r e s s e d  in to  a  d is c  

f o rm  u n d e r  th e  p r e s s u r e  b e tw e e n  3 -4  to n s  b y  a  G r a s e b y  s p e c a c  h y d r a u l ic  p r e s s  u s in g  
a  s ta in le s s  s te e l  d ie  o f  2 .5  c m -d ia m e te r .  T h e  p e l le ts ,  h a v in g  a  d i a m e te r  o f  2 .5  c m  a n d  
a  th ic k n e s s  o f  a b o u t  0 .0 1  m m , w e r e  o b ta in e d .  A l l  s a m p le s  w e r e  s to r e d  in  a  d e s s ic a to r  
fo r  la te r  u s e .



Flow Chart of Chemical Synthesis.
A n il in e  7 .6 7  g  w a s  d i s s o lv e d  in  8 9 .1  m l  o f  1 M  H C 1

S tir r e d  a t  0°c
S lo w ly  d r o p  1 4 .6 7  g ( N H 4 ) 2 S 2 0 8  

in  9 8 .4 4  O f 1 M  H C 1 f o r  3 h

J f | ,  V ig o r o u s ly  s t i r r e d  a t  0°c 
G r e e n  e m e r a ld in e - H C l  p r e c ip i ta t e d

F i l t e r e d  a n d  w a s h e d  
w i th  M e O H :H 20  (2 0 :8 0 )  

P o w d e r  w a s  im m e r s e d  in  3 1 2  m l  o f  0 .1  M  N H 4 O H  f o r  3 h

F i l t e r e d  a n d  w a s h e d

f
P o w d e r  w a s  d r ie d  in  v a c u u m  a t 60°c, 4 8  h

I
P o w d e r  w a s  g r o u n d  b y  tw o - r o l l  m i l l  f o r  3 h o u r s

f
P o w d e r  w a s  s ie v e d  w i th  m e s h ,  p a r t i c le  s iz e  5 3  p m

I '
E m e r a ld in e  p o w d e r  w a s  d o p e d  w i th  a q u e o u s  a c id  s o lu t io n

f
D o p e d  p o ly a n i l in e  p o w d e r  w a s  p r e s s e d  in to  a  d i s c  f o rm
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3 .2 .5  C o m p o s i te  P r e p a r a t io n
P o ly a n i l in e /Z e o l i t e  A  c o m p o s i te s  w e r e  o b ta in e d  b y  d r y  m ix in g . 

P o ly a n i l in e  u s e d  a s  th e  m a jo r  p h a s e  w a s  g r o u n d  to g e th e r  w i th  z e o l i t e  4 A . Z e o l i te  4 A  
p o w d e r  w a s  d r ie d  a t  120°c p r io r  to  f u r th e r  u s e d . B e c a u s e  p o ly a n i l in e  w a s  u s e d  a s  th e  

m a jo r  p h a s e ,  a  h ig h  w e ig h t  f r a c t io n  o f  z e o l i te  4 A  p o w d e r  a p p r o x im a te ly  5 0 -w t%  w a s  
v a r ie d  b y  th is  m e th o d  to  s tu d y  th e  e f f e c t  o f  z e o l i te  c o n te n t .  T o  s tu d y  th e  e f fe c t  o f  
z e o l i te  ty p e ,  z e o l i te  4 A  w a s  r e p la c e d  w i th  z e o l i te s  3 A  a n d  5 A  a t  2 0 - w t%  in  th e  
p o ly a n i l in e  m a tr ix .

3 .2 .6  C h a r a c te r iz a t io n
ร. 2.6.1 F ourier-transform  in frared  spectrom eter (FT-IR)

F T - I R  s p e c t r a  o f  th e  p o ly a n i l in e  s a m p le  w e r e  t a k e n  w i th  a  
B ru k e r ,  m o d a l  E Q U I N O X 5 5 /S  s p e c t r o m e te r  in  th e  a b s o r p t io n  m o d e  w i th  3 2  s c a n s  a t 
a  r e s o lu t io n  o f  4  c m '1. T h e  w a v e n u m b e r  r a n g e  o b s e r v e d  w a s  4 0 0 - 4 0 0 0  c m '1. T h e  
s a m p le s  w e r e  p r e p a r e d  b y  g r in d in g  th e  p o w d e r e d  p o ly a n i l in e  w i th  th e  K B r  p o w d e r .  
T h e  m ix tu r e  w a s  m o ld e d  in  s p e c ia l  d ie s  u n d e r  th e  p r e s s u r e  o f  8 to n s  in to  a  p e l le t .  T h e  
s a m p le  s p e c t r a  w e r e  r e c o r d e d  b y  u s in g  K B r  a s  a  b a c k g r o u n d .  I n  s i tu  F T - I R  te c h n iq u e  
w a s  u s e d  to  in v e s t ig a te  th e  C O  in te r a c t io n  o f  a c id - d o p e d  p o ly a n i l in e  e x p o s e d  to  a  
C O /N 2 m ix tu r e .  T h e  s a m p le  o f  a c id - d o p e d  p o ly a n i l in e /K B r  p e l le t  w a s  p l a c e d  in  th e  
h o ld e r  o f  th e  g a s  c e ll . A t  th a t  in s ta n c e ,  th e  s a m p le  s p e c t r u m  w a s  t a k e n  a s  th e  
b a c k g r o u n d .  T h e n  th e  s a m p le  w a s  e x p o s e d  to  a  1 0 0 0  p p m  C O /N 2 m ix tu r e ,  a n d  a  F T -  
I R  s p e c t r u m  w a s  r e c o r d e d  e v e r y  10  m in u te s .

F T -E R  w a s  u s e d  to  id e n t i f y  th e  f u n c t io n a l  g r o u p  o f  th e  
s y n th e s i z e d  p o ly a n i l in e  a n d  th e  d i f f e r e n c e s  in  th e  f u n c t io n a l  g r o u p s  b e tw e e n  th e  
u n d o p e d  a n d  d o p e d  p o ly a n i l in e s  a n d  b e tw e e n  th e  C O  e x p o s e d  a n d  u n e x p o s e d  
p o ly a n i l in e s .

3.2 .6 .2  U V-visible spectrophotom eter
U V - v is ib le  s p e c t r a  w e r e  r e c o r d e d  w i th  a  P e r k in  E lm e r ,  m o d e l  

L a m d a  10  s p e c t r o m e te r  in  th e  w a v e le n g th  r a n g e  o f  2 9 0 - 9 0 0  n m . T o  in v e s t ig a te  th e  
e le c t ro n ic  s t r u c tu r e  o f  p o ly a n i l in e ,  s a m p le s  w e r e  p r e p a r e d  b y  d i s s o lv in g  in  N M P  a t a  
c o n c e n t r a t io n  o f  0 .0 5  g/1. E a c h  s a m p le  w a s  p u t  in  a  q u a r tz  c e l l  a n d  r e c o r d e d  th e  U V -  
v i s ib le  s p e c t r a  b y  u s in g  N M P  a s  th e  b a c k g r o u n d .
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บ V - v i s ib l e  s p e c t r o p h o to m e te r  w a s  u s e d  to  in v e s t ig a te  th e  
e le c t ro n ic  s t r u c tu r e  o f  p o ly a n i l in e  b e tw e e n  th e  u n d o p e d  a n d  d o p e d  p o ly a n i l in e  
s o lu t io n s .  T h e  a b s o rp t io n  s p e c t r a  o f  th e  e x c i ta t io n  o f  b e n z e n o id  s e g m e n ts ,  q u in o id  
s e g m e n ts ,  b ip o la r o n  s ta te  a n d  p o la r o n  s ta te  w e r e  id e n t i f ie d .

3.2.6.3 Scanning electron microscope (SEM)
S c a n n in g  e le c t r o n  m ic r o g r a p h s  w e r e  t a k e n  w i th  a  J E O L , m o d e l  

J S M - 5 2 0 0  s c a n n in g  e le c t r o n  m ic r o s c o p e  to  d e te rm in e  th e  m o r p h o lo g y  a n d  s u r fa c e  
a p p e a r a n c e  o f  P A N I  p o w d e r  a n d  p e l le t  f o rm  a n d  id e n t i f y  m o r p h o lo g y  o f  z e o l i te  
p o w d e r .  A  p ie c e  o f  s a m p le  w a s  p l a c e d  o n  th e  h o ld e r  w i th  a n  a d h e s iv e  t a p e  a n d  
c o a te d  w i th  a  la y e r  o f  g o ld  b y  u s in g  a  J F C - 1 1 0 0 E  io n - s p u t te r in g  d e v ic e  b e f o r e  
m e a s u r e m e n ts  ta k e n . T h e  s c a n n in g  e le c t r o n  m ic r o g r a p h s  o f  p o ly a n i l in e  w e re  
o b ta in e d  b y  u s in g  a n  a c c e le r a t io n  v o l ta g e  o f  2 5  k v  w i th  a  m a g n if ic a t io n  o f  1 0 0 0 - 
3 5 0 0  t im e s .

3.2.6.4 Thermo gravimetric analyzer (TGA)
T h e  m o is tu r e  c o n te n ts  o f  p o ly a n i l in e  a n d  z e o l i te  w e r e  s tu d ie d  

b y  a  D u P o n t  m o d e l  T G A  2 9 5 0  th e r m a lg r a v im e tr ic  a n a ly z e r .  E a c h  s a m p le  w a s  
w e ig h e d  a t  1 0 -1 5  m g  a n d  th e n  p u t  in  a n  a lu m in u m  p a n . T h e  in s t r u m e n t  w a s  s e t  to  
o p e ra te  a t  t e m p e r a tu r e s  f r o m  30 to  700°c a t  a  h e a t in g  r a te  o f  1 0 ° c /m in .

3.2.6.5 Elemental analyzer (EA)
E le m e n ta l  a n a ly s is  w a s  u s e d  to  d e te r m in e  th e  c o n te n ts  o f  

c a r b o n  ( C ) ,  h y d r o g e n  (H ) , n i t r o g e n  (N )  a n d  o x y g e n  (O )  a to m s  o f  th e  u n d o p e d  a n d  
d o p e d  p o ly a n i l in e s .  T h e  r a t io  o f  H /N  in d ic a te d  th e  d o p in g  le v e ls  o f  th e  a c id -d o p e d  
p o ly a n i l in e .  E le m e n ta l  a n a ly s is  d a ta  w e r e  t a k e n  w i th  a  P e r k in - E lm e r  P E 2 4 0 0  S e r ie s  
II E le m e n ta l  A n a ly z e r  in  th e  C H N S /O  m o d e  a t  S c ie n t i f ic  a n d  T e c h n o lo g ic a l  
R e s e a r c h  E q u ip m e n t  C e n tr e ,  C h u la lo n g k o r m  U n iv e rs i ty .

3.2.6.6X-ray diffraction spectroscopy (XRD)
A n  X - r a y  d i f f r a c to m e te r  ( R ig a k u  m o d e l)  w a s  u s e d  to  

in v e s t ig a te  o r d e r ly  a r r a n g e m e n ts  o f  a to m s  o r  m o le c u le s  a n d  to  d e te rm in e  th e  c ry s ta l  
s t r u c tu r e s  o f  u n d o p e d  p o ly a n i l in e ,  a c id - d o p e d  p o ly a n i l in e  a n d  z e o l i te  s a m p le s .  X - ra y  
d i f f r a c t io n  p a t te r n s  w e r e  r e c o r d e d  o n  a  P h i l l ip s  P W  1 8 3 0 /0 0  N o . D Y  1241 
d i f f r a c to m e te r .  E a c h  X R D  s a m p le  o f  p o ly a n i l in e  w a s  m e a s u r e d  in  a  p e l le t  f o rm
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c o n ta in e d  in  an  a lu m in u m  sp e c im e n  h o ld e r  an d  th e  d if f ra c tio n  p a tte rn  w as  ex am in ed  
b e tw e e n  2 0  =  5 -5 0  d eg rees .

3.2 .6 .7  P artic le  size  analyzer
T h e  p a r tic le  s izes  o f  p o ly a n ilin e  a n d  z e o lite  sa m p le s  w ere  

d e te rm in e d  b y  u s in g  a  M a s te r iz e r  X  V e rs io n  2 .15  p a r tic le  s iz e  an a ly ze r, (M a lv e rn  
In s tru m e n ts  L td .). T h e  len se s  u se d  in  th is  e x p e rim e n t w e re  45 an d  3 0 0  m m . T h e  
sam p le  w a s  p la c e d  in  a  sam p le  ce ll a c ro ss  a  la se r  b eam . T h is  in s tru m e n t m e a su re d  
th e  av e ra g e  p a r tic le  s iz e  an d  th e  s ta n d a rd  s ize  d is tr ib u tio n . C o n se q u e n tly , th e  sp ec ific  
su rfa c e  a re a  w a s  c a lc u la ted  fro m  th e  p a r tic le  d ia m e te r  w ith  th e  a ssu m p tio n  o f  b e in g  a  
sp h e rica l p a rtic le .

3 .2 .7  C o n d u c tiv ity  M e a su re m e n t: F o u r-p o in t P ro b e  M e te r
E lec tr ic  co n d u c tiv ity , <7 (S /cm ) is th e  in v e rs io n  o f  sp e c if ic  re s is tiv e ly  

p (Q . cm .) , w h ic h  in d ica te s  th e  ab ility  o f  e lec tr ica l ch a rg e  tra n sp o rta tio n . T h is  m e te r  
c o n s is te d  o f  fo u r p ro b e s , th e  in n e r tw o  p ro b e s  w a s  c o n n e c te d  to  a  v o ltm e te r  fo r 
d e te c tin g  th e  v o lta g e  d ro p , w h ile  th e  o u te r  tw o  p ro b e s  w a s  c o n n e c te d  to  a  co n s ta n t 
c u rre n t so u rce . T h e  v o lta g e  d ro p  m e a su re d  w a s  c o n v e rte d  to  th e  e lec tr ica l 
c o n d u c tiv ity  o f  p o ly m e r b y  u s in g  e q u a tio n  as  fo llo w s:

CT =  ( l / p )  =  ( l /R t ) ( l /K )  (3 .1 )

w h e re  R  is  th e  sh ee t re s is tiv ity  (Q ), t is th e  p e lle t th ic k n e ss  (cm .) an d  K  is th e  
g eo m e tric  c o rre c tio n  fac to r. T h e  g eo m e tric  c o rre c tio n  fa c to r  K  w a s  ta k e n  in to  
a c c o u n t o f  th e  g eo m e tric  e ffec t, d e p e n d in g  o n  th e  c o n fig u ra tio n  an d  p ro b e  tip  
sp ac in g  an d  K  w as d e te rm in e d  b y  u s in g  s ta n d a rd  m a te r ia ls  w h o se  sp e c if ic  re s is itiv ity  
v a lu e s  w e re  k n o w n . In  th is  case , th e  sh ee t re s is tiv ity  w a s  m e a su re d  w ith  a  c u s to m - 
b u ilt  fo u r-p o in t p ro b e  (P ris sa n a ro o n , 2 0 0 1 ) an d  th en  th e  g e o m e tr ic  c o rre c tio n  fac to r 
w as  c o m p u te d  fro m  th e  eq u a tio n : K  =  Pref/ (R st) w h e re  pref is  k n o w n  re s is t iv ity  an d  t 
=  film  th ic k n e ss  (cm .). T h e  sp ec if ic  c o n d u c tiv ity  w as  m e a su re d  in  1 a tm  o f  N 2 at 2 7 ±  
l° c  in  th e  lin e a r O h m ic  reg im e , an d  th e  D C  c u rre n t u se d  b e tw e e n  15 -20  m A  as 
sh o w n  in  A p p e n d ix  I-J.
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3 .2 .8  G as M e a su re m e n t
M e a su re m e n ts  o f  c o n d u c tiv ity  re sp o n se s  o f  d o p e d  P A N I and  

P A N I/Z e o lite  c o m p o s ite  w e re  c a rr ie d  o u t b y  u s in g  a sp e c ia l c o n s tru c te d  gas cell. It 
c o n s is te d  o f  tw o  ch a m b e rs  c o n n e c te d  in  se ries . T h e  c h a m b e rs  w e re  m a d e  from  
s ta in le ss  s tee l. T h e  se co n d  c h a m b e r c o n ta in e d  tw o  fo u r  p o in t  p ro b e  m e te rs  fo r 
c o n d u c tiv ity  m e asu rem en t. T h e  te m p e ra tu re  co n tro lle rs , c o n n e c tin g  to  b o th  
ch am b ers , w e re  u se d  to  m o n ito r  an d  c o n tro l th e  te m p e ra tu re  w ith in  th e  gas ch am b er. 
T h e  p ro c e d u re  fo r m e a su rin g  th e  e le c tr ic a l c o n d u c tiv ity  in  th e  p re se n c e  o f  a  c a rb o n  
m o n o x id e  g a s  (C O ) w a s  as  fo llo w s. W ith  a  fix ed  v o lta g e  a p p lie d  to  th e  sam p le , p u re  
n itro g e n  w a s  p a sse d  th ro u g h  th e  sam p le  c h a m b e r  u n til a  s te a d y  c o n d u c tiv ity  v a lu e  
w a s  o b ta in ed . T h e  n itro g e n  w a s  tu rn e d  o f f  a n d  th e  c h a m b e r  w a s  th e n  v acu u m ed . T h e  
1 0 0 0 -p p m  C O  gas m ix tu re  w as  le t in  an d  th e  c o n d u c tiv ity  w a s  re c o rd e d  a fte r 
re a c h in g  e q u ilib riu m . T h e  C O  gas w as th e n  tu rn e d  o f f  an d  th e  c h a m b e r  w a s  th en  
v a c u u m e d  a n d  th e  n e x t lo w es t c o n c e n tra tio n  w a s  a d m itte d  to  th e  c h a m b e r  b y  d ilu tio n  
w ith  n itro g e n . T h e  p ro c e d u re  w as  re p e a te d  u n til n o  s ig n if ic a n t c h a n g e  w as  o b se rv ed . 
T h e  c h a n g e s  in  c o n d u c tiv ity  (À G  =  O c o -W in a i N2) o b se rv e d  w e re  fo r th e  C O  
c o n c e n tra tio n s  o f  1000 , 5 00 , 2 5 0 , 125, 6 2 .5 , 3 1 .2 5 , 15 .63 , an d  7 .8 6  p p m  fo r b o th  th e  
P A N I an d  P A N I/Z e o lite  sam p les.

Scheme 3.1 C o n d u c tiv ity  d e te c to rs  w ith  gas c h a m b e r
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