
C H A P T E R  III  
E X P E R IM E N T A L

3.1 M a ter ia ls

In  th e  p o ly m e riz a tio n  p ro cess  o f  p o ly p y rro le , th e se  ch e m ic a ls  w e re  used : 
d is til le d  p y rro le  (A C R O S ) as a  m o n o m e r, a m m o n iu m p e rsu lfa te  (M E R C K ) as an 
o x id a n t, n ap h th a len e -2 -su lfo n ic  ac id (P ) so d iu m  sa lt (9 0 % , F lu k a ) as a  dopan t, 
m e th y l a lc o h o l(A R  g rad e , C A R L O  E R B A ) as a  w a sh in g  so lu tio n , l-m e th y l-2 -  
p y rro lid o n e  (98% F lu k a ) w as  u sed  as a  so lv en t in  th e  u v  V is  ch a ra c te riz a tio n  .

M o le c u la r  siev e  13X  w as u sed  as  th e  m in o r c o m p o n e n t o f  o u r  co m p o sites . 
L ith iu m  ch lo rid e  (99% , U N IL A B ), p o ta ss iu m  ch lo rid e  (9 9 % , F lu k a), an d  cesiu m  
ch lo rid e (9 9 % , F lu k a) w ere  u sed  in  th e  ca tio n  ex ch an g ed  p ro cesses .

N itro g e n  gas (9 9 % , T IG ), c a rb o n  m o n o x id e  (lOOOppm , T IG ), su lfu r  d io x id e  
(lOOOppm , T IG ), m e th an e  (97% , T IG ), c a rb o n d io x id e  (9 9 .8 % ,T IG ) an d  n itro g en  
d io x id e  (lOOOppm, T IG ) w ere  u sed  to  รณd y  e lec trica l c o n d u c tiv ity  re sp o n se s  o f  ou r 
co m p o site s . C a rb o n d io x id e  and  m e th an e  w ere  m ix ed  w ith  n itro g e n  to  o b ta in  10%  o f  
m e th a n e  b e fo re  fu rth e r use.

3.2  M eth o d o lo g y

3.2.1 P re p a ra tio n  o f  P o ly p y rro le

P y rro le  m o n o m e r w as p u rif ie d  b y  d is tilla tin g  p y rro le  u n d e r  th e  red u ce  
p ressu re . T h e  d o p ed  P P y  w ith  v a rio u s  d o p an t an io n s w as c h e m ic a lly  sy n th es ized  b y  
th e  i n  .ฝrw _doped, o x id a tiv e  co u p lin g  p o ly m e riz a tio n  acco rd in g  to  th e  m e th o d  o f  
R u a n g c h u a y  e t  a l . (2003). T h e  so lu tio n  o f  0 .6 8 4 6 g  (3 m illim o le ) A P S  in  10.0 m l 
d e io n iz e d  w a te r  w as  s lo w ly  add ed  to  th e  m ix tu re  o f  1 . 2  m illim o le  o f  d o p a n t an ion  
and  1.0 m l (14 .5  m illim o le ) p y rro le  in  2 0 .0  m l d e io n ized  w ate r. T h e  reac tio n  w as 
c a re fu lly  m a in ta in e d  at 0°c for 2 h o u rs . T h e  o b ta in e d  P P y  w as p re c ip ita te d  by  
p o u rin g  th e  reac tio n  m ix to e  in to  a  la rg e  ex cess am o u n t o f  d e io n ized  w ate r. T he P P y
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p o w d e r  w as  th en  w ash ed  severa l t im e s  w ith  d e io n ized  w a te r  an d  m e th an o l befo re  
d ry in g  in  a  v acu u m  at ro o m  tem p e ra tu re  fo r 2 days. T h e  P P y  p o w d e r  w as sieved  
th ro u g h  a m esh  (5 3 p m ) an d  d ried  at ro o m  tem p era tu re  b e fo re  fu tu re  u sed . In  o rd e r to 
s tu d y  e ffec t o f  th e  m o la r  ra tio  o f  d o p a n t an io n  to  p y rro le  m o n o m e r (Nd/Nm ra tio ) 
on  th e  p ro p e rtie s  o f  P P y , P P y  w as  sy n th esized  w ith  v a rio u s  am o u n ts  o f  P- 
n a p h th a le n e  su lp h o n ic  acid . T h e  Nd/Nm ra tio s  w e re  c h o sen  to  be  
1 :9 6 ,1 :4 8 ,1 :2 4 ,1 :1 2 ,1 :6 , an d  und o p ed .

3 .2 .2  P rep a ra tio n  o f  M o lecu la r  S iev e  13X

T h e  ca tio n -ex ch an g ed  p ro c e ss  w as ca rried  o u t b y  em erg in g  m o lecu la r 
s iev e  13X  in  0.5 M  L iC l, KC1, and  C sC l so lu tio n  (1 g  o f  13X  /25 m l so lu tio n )a t 80 
๐c  fo r 1 h o u r and  th en  cen trifu g in g  th e  em u ls io n  to  sep a ra te  th e  liq u id  p h ase  from  
th e  so lid  ph ase . T h e  m o le c u la r  siev e  13X  w as d ried  o v e r n ig h t. T h e  co n cen tra tio n  o f  
c a tio n  in  13X  w as in c reased  b y  rep e a tin g  the  abo v e  steps. 13X  w as ca lc in ed  at 200 
°c u n d e r n itro g en  flow  fo r 2  h o u rs  to  e lim in a te  so m e  v o la tile  o rg a n ic s  from  th e ir  
s tru c tu res . T h e  ca lc in ed  sam p le  w as  fu rth e r g ro u n d ed  and  s iev ed  w ith  a  m esh  
(5 3 p m ) b e fo re  fu rth e r use.

3 .2 .3  C o m p o site  P rep a ra tio n

T h e  m o le c u la r  sieve  13X  and  P p y  w as g ro u n d  and  m ix ed . T h en  sam p les 
w ere  p re sse d  in to  d iscs  b y  a h y d rau lic  p re ss  m ach in e  at p re ssu re  o f  6  tons. In  o rd e r to 
s tu d y  e ffec t o f  zeo lite  co n ten t, v a rio u s  zeo lite  w e ig h ts  u sed  w e re  5 ,10 , 20 , an d  40%  
b y  v o lu m e .

3 .2 .4  C h a rac te riz a tio n

3 . 2 . 4 . 1  U V -  V I S  S p e c t r o p h o t o m e t e r

T o  in v estig a te  th e  e lec tro n ic  s tru c tu re  o f  u n d o p ed  P P y , and 
d o p ed  P P y , sam p le s  w ere  d isso lv ed  in  N M P  at a  co n cen tra tio n  0 .05 g/1. T he
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so lu tio n s  w ere  co n ta in ed  in  q u a rtz  ce lls , an d  u v  ab so rp tio n  sp ec tra  w e re  m easu red  
b y  u s in g  a  U V -V IS  sp ec tro p h o to m e te r (P E R K IN  E L M E R , L a m b d a  10).

3 . 2 . 4 . 2  F T I R  S p e c t r o p h o t o m e t e r

F T IR  (B ru k er, F R A  106/S) w as  u se d  to  id e n tify  th e  func tiona l 
g ro u p s  o f  sy n th es ized  u n d o p ed  P P y , an d  d o p ed  P P y . In  ad d itio n , th e  in te rac tio n  
b e tw e e n  C O , S O 2 , an d  N O 2 and  P P y  sam p les  w ere  in v es tig a ted . S am p le s  w ere  
g ro u n d  w ith  K B r an d  F T IR  sp ec tru m  w a s  tak en  b e fo re  an d  a fte r  th e  g as  exposu re .

3 . 2 . 4 . 3  T h e r m o g r a v i m e t r i c  A n a l y z e r ( T G A )

T h e  am o u n t o f  m o is tu re  and  d e g ra d a tio n  tem p e ra tu re  o f  P P y  
w ere  m e a su re d  b y  a  T G A  eq u ip m en t (D u p o n t, T G A  2 9 5 0 ) a t a h e a tin g  ra te  o f  
1 0 ° c /m in  to  d e te rm in e  th e  w a te r  co n ten t and  th e  d e g ra d a tio n  tem p era tu re , 
c o n firm in g  th a t w e  o b ta in ed  PPy.

3 . 2 . 4 . 4  S c a n n i n g  E l e c t r o n  M i c r o s c o p e  ( S E M )

S urface  m o rp h o lo g y  o f  P P y  w as in v es tig a ted  b y  u s in g  a 
scan n in g  e lec tro n  m ic ro sco p e  o r S E M  (JE O L , m o d e l JS M -5 2 0 0 ). P P y  w as fix ed  on  
th e  h o ld e r  w ith  an  ad h esiv e  tap e  an d  co a ted  w ith  a  lay e r o f  g o ld  b efo re  
m easu rem en ts  w ere  taken .

3 . 2 . 4 . 5  X - r a y  D i f f r a c t i o n  S p e c t r o s c o p y ( X R D )

A n  X R D  (P h illip s  P W  1830/00  N o . D Y 1241  D iffrac to m ete r, 
m o d e l R ig ak u ) w as u sed  to  in v estig a te  a rran g em en ts  o f  a to m s o r m o lecu le s  an d  to  
d e te rm in e  th e  c ry sta l s tru c tu res  o f  u n d o p ed  P P y , d o p ed  P P y , and  m o le c u la r  sieve 
13X. E ach  X R D  sam p le  w as m easu red  in  a  p e lle t fo rm  in  an  a lu m in iu m  sp ec im en  
h o ld e r an d  d iffrac tio n  an g le  w as v a ried  fro m  5-50  degree .

3 . 2 . 4 . 6  E l e m e n t a l  A n a l y z e r

T h e  e lem en ta l an a ly ze r, P e rk in -E lm er, 2 4 0 0  S eries  II C H S /O  
A n a ly ze r, w as  u sed  to  d e te rm in e  d o p in g  level o f  p o ly p y rro le . T h e  sam p les  w ere  
w e ig h e d  a t 1 .5-2 .5 m g  and  sea led  in  th e  tin  cap su les an d  p lace  in to  th e  sam p le  cells.
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T h e  sam p le  w as d ro p p ed  in  th e  co m b u stio n  zo n e  at a  te m p e ra tu re  b e tw e e n  97 5 -1 1 0 0  
°c w ith  h e liu m  as th e  ca rrie r gas. T h e  am o u n ts  o f  c a rb o n  (C ), h y d ro g e n  (H ) and  
n itro g e n  (N ) w ere  d e te rm in ed .

3 . 2 . 4 .7  P a r t i c l e  S i z e  A n a l y z e r

T h e  p a rtic le  s izes o f  13X  and  p o ly p y rro le  w e re  d e te rm in ed  by  
u s in g  a  p a rtic le  s ize  an a ly ze r (M a lv e rn  In s tru m en ts  L td ., M a s te r iz e r  X ). T h is 
in s tru m e n t m easu red  th e  av erag e  p a rtic le  s ize  and  th e  s ize  d is trib u tio n .

3 . 2 . 4 . 8  S u r f a c e  A r e a  A n a l y z e r

T h erm o  F in n ig an , S O R P T O M A T IC 1 9 9 0  S IR E S  w a s  u sed  to  
m e a su re  th e  p o re  s ize  and  th e  su rface  a rea  o f  each  13X . 13X  p o w d e r  w as  w e ig h ted  
at 300 m g  and  o u tg assed  at 300 °c b e fo re  each  m easu rem en t.

3 . 2 . 4 . 9  A t o m i c  A b s o r p t i o n  S p e c t r o p h o t o m e t e r ( A A S )

13X  has b een  d ig e s te d  b y  c o n cen tra ted  H N O 3 fo r 1 h o u r to  
o b ta in  s to ck  so lu tio n s. T h e  s to ck  so lu tio n s  w ere  d ilu ted  w ith  D I w a te r  to  o b ta in  
o p tim a l ran g e  o f  co n cen tra tio n  th a t co u ld  b e  m e asu red  b y  an  a to m ic  ab so rp tio n  
sp ec tro p h o to m ete r. T h e  am o u n t o f  c a tio n  in  13X  w as d e te rm in ed  b y  an  a tom ic 
ab so rp tio n  sp ec tro p h o to m e te r (V arian , S p ec trA A -3 0 0 ).

3 . 2 . 4 . 1 0  X - r a y  F l u o r e s c e n c e  ( X R F )

X -ray  f lu o rescen ce  tech n iq u e  (B U K E R , S R S  3400  ) w as  u sed  
to  d e te rm in e  th e  e lem en ta l c o m p o sitio n  o f  13X. T h e  p o w d e r  o f  13X  and  b o ric  acid  
w ere  w e ig h te d  at 0.5 g ram s and  4.5 g ram s re sp ec tiv e ly , g ro u n d ed  and  m ix e d  to g e th e r 
w ith  m ech an ica l m ix in g  fo r 2-3  m in . P o w d e r  m ix tu re  w as th en  p laced  in  a  sam ple  
h o ld e r an d  p re ssed  b y  a  h y d rau lic  p re ss  (1 5 0  lb / 2  m in ) to  m ak e  sam p le s  in to  a  p e lle t 
form .
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3 . 2 . 4 . 1 0  F o u r - p o i n t  P r o b e  M e t e r

T h is  m e te r  co n s is ted  o f  fou r p ro b es . T h e  in n e r tw o  p ro b es 
w ere  co n n e c te d  to  a  v o ltm e te r  fo r m e a su rin g  th e  v o ltag e  d ro p . T h e  o u te r  tw o  p robes 
w ere  c o n n ec ted  to  a  co n s ta n t cu rren t so u rce . T h e  v o lta g e  d ro p  w as co n v e rted  to  the 
e lec tr ica l c o n d u c tiv ity  o f  sam p le  b y  u s in g  th e  fo llo w in g  eq u a tio n :

a  =  (1 /p )  =  (1 /R tK ) (3 .1)

w h e re  R  is re s is tiv ity  (Q ), t is th e  p e lle t th ick n ess(cm ), an d  K  is  th e  g eo m etric  
c o rre c tio n  factor. T h e  g eo m etric  c o rre c tio n  fac to r K  ta k e s  in to  acco u n t o f  the  
g e o m e tric  effec t, d ep en d in g  o n  th e  c o n fig u ra tio n  and  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  stan d a rd  m a te ria ls  w h o se  sp ec ific  re s is tiv ity  v a lu e s  are  know n . 
In  o u r  case , th e  sh ee t re s is tiv ity  w as m easu red  w ith  a  c u s to m  b u ilt  fo u r-p o in t p ro b e  
an d  th e  g eo m etric  co rre c tio n  fac to r w as  co m p u ted  fro m  th e  eq u a tio n :

K =  Pref/(Rst) (3 .2 )

w h e re  pref is k n o w n  sp ec ific  re s is tiv ity  (Q .c m ) and  t is film  th ick n ess(cm ).

T w o  sp ec ia lly  co n stru c ted  g as  ch am b ers  w ere  u se d  to  s tu d y  th e  e lec trica l 
co n d u c tiv ity  re sp o n se  o f  P P y  and  P P y /1 3 X  . T h ey  w ere  co n n e c te d  in  se ries  . E ach  o f  
th em  co n ta in ed  a  fan  an d  a  tem p era tu re  co n tro lle r. T h e  seco n d  c h a m b e r co n ta in ed  
th e  tw o  fo u r p o in t p ro b e  m e te rs  to  m easu re  th e  sp ec ific  c o n d u c tiv ity . W e fo llo w ed  
th e  p ro c e d u re  o f  D en sak u lp ra se rt e t  a l . { 2003).

F ig u re  3.1 C o n d u c tiv ity  d e tec to rs  w ith  gas cham ber.
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S tep  1 A  cu rren t w as  ap p lied  to  P P y  p e lle ts  in  o rd e r  to  m e a su re  co n d u c tiv ity  

b e fo re  ex p o s in g  to  gas.

S tep  2 B o th  ch am b ers  w ere  c lo sed  an d  e v acu a ted  b y  u s in g  a  v acu u m  p u m p  
in o rd e r  to  rem o v e  g a ses  (v a lv e  N o . 1 an d  2 w ere  c lo sed , v a lv e  N o . 3 and  4 w ere  
o p en ed ).

S tep  3 V a lv e  b e tw een  th e  tw o  ch am b ers  (N o . 3 ) an d  v a lv e  b e tw een  the 
seco n d  c h a m b e r an d  th e  v acu u m  p u m p  (N o .4 ) w ere  c lo sed .

S tep  4 N 2  gas w as  fed  in to  th e  first c h am b er u n til th e  p re ssu re  reach ed  2 
a tm  as o b se rv e d  fro m  th e  p re ssu re  gauge .

S tep  5 V a lv e  N o . 3 w as o p en ed ; th e  c o n d u c tiv ity  re sp o n se  o f  N 2  gas w as
reco rd ed .

S tep  6  R ep ea t step  2-6  u n til th e  co n d u c tiv ity  re sp o n se  o f  N 2 w as  co n stan t 
(th is  re fe rs  to  p reex p o sed  <7N2,preex.)-

S tep  7 B o th  ch am b ers  w ere  c lo se d  and  ev acu a ted  b y  u s in g  a  v acu u m  pum p  
in o rd e r  to  rem o v e  gases.

S tep  8  C a rb o n  m o n o x id e  gas w as fed  in to  th e  firs t c h a m b e r u n til the  
p re ssu re  reach ed  2  a tm  as o b se rv ed  fro m  th e  p re ssu re  gauge .

S tep  9 V a lv e  N o. 3 w as o p en ed ; th e  co n d u c tiv ity  re sp o n se  o f  C O , N 0 2, and

S 0 2  g as  at 1000 p p m  w as reco rd ed  u n til it re ach ed  an  eq u ilib riu m  value.

S tep  10 B o th  ch am b ers  w e re  c lo sed  and  e v acu a ted  b y  u s in g  a v acuum  

p u m p  in  o rd e r  to  rem o v e  gas.

S tep  11 V a lv e  b e tw een  th e  tw o  ch am b ers (N o . 3) an d  v a lv e  b e tw e e n  the 

seco n d  c h a m b e r and  th e  v acu u m  p u m p  (N o .4 ) w ere  c lo sed .

S tep  12 N 2  gas w as  fed  in to  th e  first c h am b er u n til th e  p re ssu re  reach ed  2 
a tm  as o b se rv ed  from  th e  p ressu re  gauge .

S tep  13 V a lv e  N o . 3 w as o p en ed  th en  th e  c o n d u c tiv ity  re sp o n se  o f  N 2  gas 
w as  reco rd ed  as it re ach ed  eq u ilib riu m , th e  Cjrecovery-
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T h e  d iffe ren ces  in  th e  ch an g e  o f  e lec trica l co n d u c tiv ity  (A ct) a t v a rio u s  
d o p in g  ra tio s  w e re  c a lc u la ted  b y  E q u a tio n  (3 .3 ) fo llo w in g ;

Act — CTg - CT]\|2preex (3 .3)

w h e re Act =  th e  d iffe ren ce  in  sp ec if ic  co n d u c tiv ity  (S /cm )
tfN2preex =  th e  sp ec ific  c o n d u c tiv ity  o f  N 2  (S /cm ) b e fo re  e x p o s in g  th e  ta rg e t

gas
CTg =  th e  sp ec ific  c o n d u c tiv ity  o f  g as(S /cm )
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