
CHAPTER V

SELECTIVITY IMPROVEMENT OF POL YPYRROLE/POL Y (METHYL 
METHACRYLATE) BLEND TOWARD FLAMMABLE CHEMICALS IN

LACQUER
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Selectivity Improvement of Polypyrrole/Poly(methyl methacrylate) Blend 
toward Flammable Chemicals in Lacquer

Abstract

A  film  o f  a -n a p h th a le n e  su lfo n a te  d o p ed  p o ly p y rro le /p o ly (m e th y l m e th ac ry la te ) , 
P P y /a -N S 7 P M M A , o b ta in ed  from  so lu tio n  m ix in g  w as su c c e ss fu lly  u se d  as sen s in g  
m a te ria l fo r ace to n e  v a p o r in  la cq u e r w ith  a h ig h  d eg re e  o f  s e le c tiv ity  b a se d  on  
e lec trica l c o n d u c tiv ity  o v e r ace tic  acid . C o m p ared  w ith  p u re  P P y /a -N S ',  th e  
se le c tiv ity  ra tio  o f  a ce to n e /ace tic  ac id  re sp o n se  o f  P P y /a -N S 7 P M M A  b le n d  w ith  a 
P M M A /P P y  w e ig h t ra tio  o f  3 .0  w as ca. 3 .8  tim es h ig h er. T h e  film  w a s  fo u n d  to  b e  
in sen s itiv e  to  m o is tu re  u n less  th e  re la tiv e  h u m id ity  w a s  lo w e r th an  20  % R H  in  w h ich  
th e  se le c tiv ity  ra tio  o f  ace to n e /ace tic  ac id  re sp o n se  w as  en h an ced . T h e  tim e  req u ired  
to  reach  th e  eq u ilib riu m  sig n a l at re la tiv e  h u m id ity  o f  2 0  -  30  % R H  w a s  6 - 1 5  m in ; 
it w as  as h ig h  as 20  - 26  m in  a t 50  - 70  % R H .

Keywords: c o n d u c tiv e  p o ly p y rro le , p o ly (m e th y l m e th a c ry la te ) , f la m m a b le  ch e m ic a l 
sen so r, b len d s , se lec tiv ity
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1. Introduction

C o n d u c tiv e  p o ly p y rro le  h as  b e e n  u tiliz in g  as sen s in g  m a te r ia l fo r  m a n y  gases 
an d  v ap o rs  [1 -4 ]. T h e  v a rie ty  o f  g ases an d  ch em ica l v a p o rs  th a t ch an g e  th e  e lec tr ica l 
c o n d u c tiv ity  o f  P P y  re fle c ts  its  lo w  se lec tiv ity . T o  o v e rc o m e  th is  p ro b lem , m an y  
re se a rch e rs  fa b ric a ted  sen so r a rray s  c o n s is tin g  o f  c o n d u c tiv e  p o ly m e ric  sen sin g  
m a te ria ls , e .g . P P y , p o ly an ilin e , p o ly th io p h e n e ; an d  th e ir  d e riv a tiv e s  [5 ,6]. E v en  
th o u g h  th o se  a rray s  m ay  w o rk  w e ll o n  th e  b asis  o f  p a tte rn  re c o g n itio n , th ey  h av e  to  
be  in itia lly  c a lib ra te d  w ith  all ta rg e t gases. In  ad d itio n , th e y  a re  c o m p lic a te d  an d  n eed  
an  ex p e n s iv e  so ftw a re  to  o p era te . In  o rd e r to  d ev e lo p  an  in ex p en s iv e , p o rtab le , and  
o n -lin e  p o ly m e r b a sed  co n d u c tiv e  sen so r fo r f la m m a b le  c h em ica ls , i. e. ace to n e  in  
lacq u er, th e  sen s in g  m a te ria l req u ire s  a  h ig h  d eg ree  o f  se le c tiv ity  to w a rd  th e  ta rg e t 
m o lecu le , a ce to n e , o v e r in te rfe ren ces , i.e. ace tic  ac id , w h ich  is  a  c o m p o n e n t in  
la cq u e r b u t n o t h ig h ly  flam m ab le , an d  w ate r, w h ic h  is p re se n t in  th e  m o is t air. In  a 
p re v io u s  s tu d y  o f  o u r g roup , a  film  o f  P P y /a -N S '/P M M A  b le n d  p re p a re d  fro m  
so lu tio n  m ix in g  sh o w ed  e n h an ced  re sp o n ses  to w ard  liq u id  a ce to n e  an d  a  red u ced  
re sp o n se  to w a rd  w a te r  [7], N ev e rth e le ss , th e  re sp o n se  to  a c e to n e  w as  a lm o s t th e  
sam e  as th e  re sp o n se  to  g lac ia l ace tic  acid . T h is  p a p e r  ex ten d s  th a t  p re v io u s  s tu d y  to  
th e  v a p o r p h ase , in  an  a ttem p t to  o p tim ize  th e  se lec tiv ity  fo r a ce to n e  b y  v a ry in g  the  
w e ig h t ra tio  o f  P M M A  in th e  b lend . T he  o p tim iz e d  P M M A /P P y  w e ig h t ra tio  w as 
th e n  u sed  to  s tu d y  th e  e ffec t o f  re la tiv e  h u m id ity  on  th e  re sp o n se  to w a rd  a ce to n e  and  
ace tic  a c id  v ap o rs .
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2. Experimental

2.1 M a te ria ls

P y rro le  m o n o m e r (A R  g rade , F lu k a ) w a s  p u rif ie d  b y  d is tilla tio n  u n d e r 
re d u c e d  p re ssu re  p rio r  to  use. A m m o n iu m  p e rsu lfa te  (A R  g rad e , A ld rich ) and  a -  
n a p h th a le n e  su lfo n ic  ac id , so d iu m  sa lt (A R  g rade , F lu k a ) w e re  u sed  as th e  o x id an t 
an d  as th e  d o p an t, re sp ec tiv e ly , fo r an  in situ  d o p ed  o x id a tiv e  p o ly m e riz a tio n . P o ly  
(m e th y l m e th a c ry la te ) , P M M A  (P o ly sc ien ces , IN C .) an d  to lu e n e  (H P L C  g rad e , J .T . 
B ak e r)  as so lv e n t fo r so lu tio n  m ix in g  w ere  u sed  w ith o u t p u rif ic a tio n . T h e  ch em ica ls  
fo r th e  e lec tr ica l re sp o n se  te s ts  w ere  ace to n e  (A R  g rad e , L ab -S can ) an d  ace tic  ac id  
g lac ia l (A R  g rad e , L ab -S can ).

2 .2  S am p le  P re p a ra tio n

T h e  P P y /a -N S ' w as  ch em ica lly  sy n th es ized  acco rd in g  to  th e  m e th o d  re p o rte d  
e a r lie r  [8]. T h e  d o p a n t to  p y rro le  m o n o m e r m o la r  ra tio  u se d  w as 1/12. W ith  th is  
fe e d in g  d o p a n t ra tio , as  co m p ared  to  th e  ra tio  o f  1/5 in  th e  p re v io u s  w o rk  [7], th e  
se n so r  re sp o n se s  to  liq u id  ace to n e  an d  g lac ia l a ce tic  a c id  w ere  s im ila r  b u t th e  
re sp o n se  to  liq u id  w a te r  w as  ca. 3 tim es  lo w er [9]. T h is  P P y  w as ag ed  in  d ry  a ir  (40- 
50  %  re la tiv e  h u m id ity )  a t a tm o sp h e ric  p re ssu re  fo r 5 m o n th s  b e fo re  th e  ex p e rim en ts . 
D u rin g  th is  p e r io d , P P y /a -N S ' b e cam e  n o n -ag in g : its  sp ec ific  c o n d u c tiv ity  re a c h e d  a  
s te ad y  sta te  v a lu e . 0 .05  g o f  P P y  p o w d e r  w as g ro u n d  an d  p re sse d  b y  a h y d ra u lic  
p re ss  a t 60  k N  in to  a  p e lle t w ith  a  d ia m e te r  o f  2 .5  cm  and  a  th ic k n e ss  b e tw e e n  80 -  
90  p m , as  m e a su re d  b y  a  th ic k n e ss  g au g e  (P eaco ck  m o d e l P D N  12N ). S o lu tio n  
m ix in g  w as d o n e  b y  f irs t d isso lv in g  P M M A  in  12.0 c m 3 to lu e n e  u s in g  an  u ltra so n ic  
b a th . W h en  th e  p o ly m e r w as co m p le te ly  d isso lv ed , 0 .6  g o f  P P y /a -N S ' w a s  ad ded . 
T h e  u ltra so n if ic a tio n  w as fu rth e r c a rried  o u t fo r  o n ly  2 m in  to  av o id  ch a in  
d eg rad a tio n . T h e  w e ig h t ra tio s  o f  P M M A  to  P P y /a -N S ' w e re  f ix e d  a t 1.0, 2 .0 , 3 .0  
an d  4 .0 . T h e  film s  o f  th e se  m ix tu re s  w ere  c a s t on  a  2 .2  cm  X  2 .2  cm  g lass  slide . A fte r
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o p en -a ir  d ry in g  fo r 6 h o u rs , fre e -s tan d in g  film s  o f  P P y /a -N S '/P M M A  w ere  o b ta in ed  
w ith  th ic k n e ss  v a lu e s  o f  100 -  110 pm .

2.3 S u rface  C o m p o s itio n s , E lec tr ic a l P ro p e rtie s  o f  P P y /a - N S 'a n d  P P y /a -N S '/P M M A  
film s

T h e  su rface  c o m p o sitio n s  o f  P P y /a -N S '/P M M A  sam p le s  w ith  d iffe ren t 
w e ig h t ra tio s  o f  P M M A  to  P P y /a - N S 'w e r e  ex trac ted  fro m  th e  c I s  re g io n  o f  X -ray  
p h o to e le c tro n  sp e c tra  o b ta in ed  u s in g  a  P e rk in  E lm e r m o d e l P H I 5 400  X -ray  
p h o to e le c tro n  sp ec tro m ete r. T h e  n o n -m o n o c h ro m a tic  M g  K a  ra d ia tio n  w ith  p h o to n  
en e rg y  o f  1253 .6  eV  w as se lec ted  as X -ray  so u rce  w ith  a  p o w e r  o f  3 00  พ  (15 k v  X  

20  m A ). T h e  p a ss  e n e rg y  an d  th e  ta k e -o ff  a n g le  w e re  17 .90  eV  an d  45°, re sp ec tiv e ly . 
T h e  re la tiv e  in te n s ity  an d  F W H M  o f  c co m p o n en ts  in  P M M A  w ere  fix ed  a t th e  
v a lu e s  re p o rte d  b y  W ag n e r [9], T h e  sp ec ific  co n d u c tiv ity , <J, o f  th e  P P y /a - N S 'p e l le t  
an d  P P y /a -N S '/P M M A  film s w ere  m easu red  by  a  c u s to m -m a d e  fo u r-p o in t p ro b e  
( lin ea r a rray ) c o n d u c tiv ity  m e te r  [8].

2 .4  E lec tr ic a l C o n d u c tiv ity  R esp o n se  o f  P P y /a -N S ' an d  P P y /a -N S '/P M M A  film s 
to w ard  C h e m ic a l V ap o rs

T h e  f lo w  sy s tem  fo r te s tin g  th e  sen so r re sp o n se  c o n s is te d  o f  a  h u m id ity -  
co n tro l se t ( th e  w a te r  c o n ta in e r  an d  th e  d e s iccan t) , a  ch e m ic a ls  co n ta in e r, an d  an  
e x p o su re  c h a m b e r  w h ic h  co n ta in ed  a  fo u r-p o in t p ro b e  an d  a  th e rm o h y g ro m e te r  
(C o le -P a rm e r, m o d e l P -0 3 3 1 3 -8 6 ). T h e  ace to n e  o r a ce tic  a c id  in  th e  ch em ica ls  
co n ta in e r w a s  v a p o riz e d  an d  f lo w n  in to  a  c lo sed  lo o p  sy s tem  fo r  a t le a s t 30  m in  
b e fo re  feed in g  it to  th e  e x p o su re  ch am b er. T h e  sa tu ra te d  v a p o r  c o n c e n tra tio n  o f  
ace to n e  an d  ace tic  ac id  in  N 2 a t 25 °c w ere  30.3 a n d  2 .0  v o l.% , re sp e c tiv e ly  [10]. T o  
s tu d y  th e  e ffe c t o f  re la tiv e  h u m id ity , d ry  N 2 w as f lo w n  in  to  th e  sy s tem  p a ss in g  
th ro u g h  a  w a te r  c o n ta in e r  o r  a  d e s iccan t in  o rd e r to  in c re a se  o r  d e c re a se  th e  re la tiv e  
h u m id ity  in  th e  ex p o su re  ch am b er: 20 , 30, 50, an d  70 ±  3 % R H  a t 25  ±  1 °c. T he 
c o n s is te n t ch an g es  in  th e  sp ec if ic  co n d u c tiv ity  o f  th e  P P y /a -N S ' p e lle ts  an d  th e
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P P y /a -N S V P M M A  film s u p o n  e x p o su re s  to  ace to n e  o r a ce tic  a c id  v a p o rs  u n d e r  th e  
ab o v e  c o n d itio n s  w ill be  rep o rted  as th e  p e rc e n ta g e  o f  th e  sp e c if ic  co n d u c tiv ity  
ch an g e , (g  -  Gj) /  Gj X 100% , w h ere  G is the  sp ec ific  co n d u c tiv ity  a t eq u ilib r iu m  sta te  
a fte r  ex p o su re s  an d  Gj is th e  sp ec ific  co n d u c tiv ity  o f  th e  fre sh  sam p le .

3. Results and Discussion

3.1 S u rface  C o m p o s itio n s  an d  E lec tr ic a l P ro p ertie s

T h e  p re se n c e  o f  P P y /a -N S ' at th e  su rfaces  o f  th e  P P y /a -N S '/P M M A  film s 
w ith  v a rio u s  w e ig h t ra tio s  o f  P M M A  are  sh o w n  in  F ig u re  1 in  te rm  o f  P P y  fra c tio n  at 
th e  su rface , a lo n g  w ith  th e  sp ec ific  co n d u c tiv ity  v a lu e s  o f  all sam p les . T h e  P P y  
frac tio n  a t th e  su rface  is h ig h e r  th an  th e  b len d  co m p o sitio n . T h is  in d ica te s  th e  
su sp en d in g  a t th e  su rface  o f  P P y  p a rtic le s  d u rin g  film  ca s tin g  an d  d ry in g . T h e  P P y  
frac tio n  at th e  su rfa c e  w as u n u su a lly  h ig h  w h en  th e  w e ig h t ra tio  o f  P M M A /P P y  w as
4 .0 , re f le c tin g  a  v e ry  h ig h  d eg ree  o f  in co m p a tib ility  w h e n  th e  c o n c e n tra tio n  o f  
P M M A  in  to lu e n e  so lu tio n  w as too  h igh . T h e  sp ec if ic  co n d u c tiv ity  v a lu e s  o f  th ese  
film s  h ad  a  g o o d  c o rre la tio n  w ith  th e  w e ig h t ra tio s . W ith  th e  1:1 w e ig h t ra tio  o f  
P M M A /P P y , th e  sp ec if ic  c o n d u c tiv ity  d ec rea sed  b y  3 o rd e rs  o f  m ag n itu d es . U p o n  
fu rth e r in c re a s in g  P M M A  p ro p o rtio n , sm all d e c rea ses  in  sp e c if ic  c o n d u c tiv ity  v a lu e s  
w ere  o b se rv ed . T h is  a lso  co rre sp o n d s  to  sm all d e c re a se s  in  P P y  fra c tio n  a t th e  
su rface . T h e  u n u su a l h ig h  P P y  fra c tio n  and  th e  lo w  sp ec if ic  co n d u c tiv ity  a t th e  
w e ig h t ra tio  o f  4 .0  su g g es t th a t th e  sp ec ific  c o n d u c tiv ity  w a s  a  b u lk  p ro p e rty , n o t a 
su rface  p ro p erty .
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Figure 1 ( A )  T h e  frac tio n  o f  P P y  at th e  su rface s  o f  th e  P P y /a -N S ‘ p e lle ts  an d  th e  
P P y /a -N S 7 P M M A  film s w ith  v a rio u s  w e ig h t ra tio s  o f  P M M A ; an d  ( o )  th e ir  sp ec ific  

c o n d u c tiv ity  v a lu es , m e a su re d  in  N 2 a t 25 ±  l°c an d  at 50  ±  5 % R H .
( O

 ) C
T (S

/cm
)



99

3 .2  E lec tr ic a l C o n d u c tiv ity  R esp o n se  to w ard  C h e m ic a l V ap o rs

F ig u re  2 a  sh o w s th e  p e rc e n ta g es  o f  ch an g es  in  e lec tr ica l c o n d u c tiv ity  v a lu es  
o f  sam p le s  u p o n  ex p o su re s  to  sa tu ra ted  ace to n e  an d  ace tic  a c id  v ap o rs . W ith  
in c re a s in g  p ro p o rtio n  o f  P M M A , th e  re sp o n ses  to w a rd  b o th  ch e m ic a ls  w ere  
en h an ced . T h e  ace to n e  re sp o n se  b e c a m e  m o re  d o m in a n t a t P M M A /P P y  w e ig h t ra tio s  
la rg e r th an  1.0. T h e  ra tio s  o f  a ce to n e /ace tic  ac id  re sp o n se  w e re  2 .0  - 2 .6  (F ig u re  2b).

T h e  n e g a tiv e  ch an g es  in  e lec tr ica l sp ec ific  c o n d u c tiv ity  o f  th e  sam p le s  are  
b e lie v e d  to  b e  m a in ly  in d u ced  b y  sw e llin g  o f  P M M A  in  a ce to n e  an d  ace tic  ac id  [11]. 
A  sw o lle n  P M M A  sep ara ted  co n d u c tin g  P P y  ap a rt an d  re d u c e d  th e  sp ec ific  
co n d u c tiv ity  o f  th e  m a te ria l. T h e  re sp o n se  to w a rd  a ce to n e  w a s  m o re  en h a n c e d  th an  
th a t o f  a ce tic  ac id  w ith  in c rea s in g  P M M A  p ro p o rtio n s , d u e  to  th e  g re a te r  sw e llin g  o f  
P M M A  in  ace to n e .

3 .3 T h e  R e c o v e ry  F a c to r  a fte r  E x p o su re s  to  C h em ica l V ap o rs

W h e n  th e  sam p le s  w e re  o n ce  ex p o sed  to  ace to n e  o r ace tic  ac id  v ap o rs , th e ir  
sp ec ific  c o n d u c tiv ity  v a lu es  co u ld  b e  re c o v e red  a fte r  p u rg in g  w ith  ]รโ2 . W e  d e fin e  th e  
ra tio  o f  th e  re c o v e re d  sp ec ific  c o n d u c tiv ity  v a lu e s  to  th e  fre sh  v a lu e s  (d ist) as ‘th e  
re c o v e ry  fa c to r ’. T h e  P P y /a -N S "  p e lle ts  an d  th e  P P y /a -N S '/P M M A  film s w ith  
v a rio u s  w e ig h t ra tio s  o f  P M M A  p o sse sse d  d iffe re n t re c o v e ry  fac to rs  a fte r  th e  
e x p o su re s  to  ace to n e  o r ace tic  ac id  v a p o r fo r 4  -  5 tim es , as sh o w n  in  F ig u re  3.
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Figure 2 a) T h e  p e rc e n ta g es  o f  ch an g es  in  sp ec ific  c o n d u c tiv ity  v a lu e s  o f  th e  
P P y /a -N S ' p e lle ts  an d  th e  P P y /a -N S '/P M M A  film s w ith  v a r io u s  w e ig h t ra tio s  o f  
P M M A  d u rin g  th e  ex p o su re s  to: (A ) sa tu ra ted  a c e to n e  v ap o r, an d  (o) sa tu ra ted  

ace tic  ac id  v a p o r  in  N 2 : b ) th e ir  a ce to n e /ace tic  ac id  re sp o n se  ra tio s , m e a su re d  a t 25 ±
l°c an d  at 50  ±  5 % R H .

1 2 3wt. PMMA / wt. PPy/a-NS"
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Figure 3 T h e  ra tio s  o f  re c o v e red  sp ec ific  co n d u c tiv ity  v a lu e s  ( a n) to  th e  fre sh  v a lu es  
(a is t, ท =  0) o f  th e  P P y /a -N S "  p e lle ts  and  th e  P P y /a -N S 7 P M M A  film s w ith  v a rio u s  

w e ig h t ra tio s  o f  P M M A  afte r th e  ex p o su re  to: a) s a tu ra te d  a c e to n e  v ap o r, an d  b ) 
sa tu ra ted  ace tic  ac id  v a p o r  in  N 2 , fo r 3 - 4 tim es, m e a su re d  a t 25 ±  l°c an d  a t 50 ±  5

% R H .
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T h e  P P y /a -N S "  p e lle ts  and  th e  1.0 P M M A /P P y  film  sh o w ed  g o o d  reco v e rie s  
a fte r  e x p o su re s  to  ace to n e  o r ace tic  ac id  o v e r 4 re p e titio n  tim es. T h e  o th e r film s  w ith  
w e ig h t ra tio s  o f  2 .0 , 3 .0 , and  4 .0  h ad  fa ir  o r  p o o r  re c o v e rie s  a fte r  ex p o su re s  to  
ace to n e , in  fac t th ey  sh o w ed  u n p red ic tab le  reco v ery  fac to rs  a fte r  e x p o su re s  to  ace tic  
acid .

In  te rm s  o f  se lec tiv ity  fac to r, P M M A /P P y  film s  w ith  w e ig h t ra tio s  o f  2 .0  -
4 .0  are  a c c e p tab le  an d  th e  film  w ith  a  w e ig h t ra tio  o f  3 .0  is th e  m o s t p ro m is in g  
sen sin g  m a te ria l fo r o u r p u rp o se . N e v e rth e le ss , d u e  its  fa ir  re c o v e ry  fac to rs , o n ly  the  
fre sh  film s  w e re  u sed  in  th e  n ex t ex p erim en t.

3 .4  E ffec t o f  H u m id ity  o n  C h em ica l V a p o r R esp o n se  o f  P P y /a -N S '/P M M A

T h e  e lec tr ica l re sp o n ses , o f  th e  fresh  P M M A /P P y  film s w ith  a  w e ig h t ra tio  o f
3 .0 , to w ard  sa tu ra te d  ace to n e  and  ace tic  ac id  v a p o rs  at d iffe re n t re la tiv e  h u m id ity  
v a lu e s  a re  sh o w n  in  F ig u re  4. T h e  ace to n e  re sp o n se  seem ed  to  b e  in se n s itiv e  to  th e  
h u m id ity  v a r ia tio n  ex cep t a t 20 % R H  w h ere  th e  re sp o n se  w as  en h a n c e d  u p  to  80- 
85% . T h e  ace tic  ac id  re sp o n se  w as in sen s itiv e  to  th e  h u m id ity  v a r ia tio n  in  th e  w h o le  
ran g e  o f  study .

T h e  P M M A /P P y  film  has b een  p rev io u s ly  re p o rte d  to  b e  in se n s itiv e  to  w ate r, 
re la tiv e  to  th e  p u re  P P y /a -N S ' [7] co n s is ten t w ith  th e  ab o v e  re su lts . It is c o n c e iv a b le  
th a t d u rin g  p u rg in g  o f  th e  e x p o su re  c h am b er w ith  d ry  N 2 to  ach iev e  a  re la tiv e  
h u m id ity  o f  20  % R H , so m e o f  th e  res id u a l so lv en ts  in  th e  f ilm , e .g . w a te r  and  
to lu e n e , m ig h t h av e  b een  rem o v ed . W h en  th ere  w as le ss  m o is tu re  c o n te n t in  th e  film , 
th e  ace to n e  re sp o n se  in c reased , a cco rd in g  to  th e  in c rea se  o f  a c c e ss ib le  ac tiv e  s ites  o f  
h y d ro g e n  b o n d in g  d o n o r, -N H - [8], T he  p o ss ib le  lo ss  o f  to lu e n e  co u ld  le ad  to  a  
h ig h e r o rd e r in g  in  th e  film  w h ich  w as b en efic ia l fo r  a c e to n e  d e tec tio n : th e re  w ere  
m o re  o rd e red  s tru c tu re s  to  be  d e s tro y ed  by  ace to n e  [8],
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L e t’s n o w  tu rn  to  th e  tim e  n eed ed  fo r th e  se n s in g  m a te ria ls  to  reach  
e q u ilib r iu m  s ig n a ls  (teqb) a fte r  ch em ica l v a p o rs  w e re  in jec ted  in to  th e  sy stem  (F ig u re  
4). S ince  teqb is s tro n g ly  d e p en d en t on  th e  flow  sy stem  u sed , w e  w ill co m p are  teqb 
o n ly  from  o u r  d iffe re n t ex p erim en ts . T h e  teqb v a lu es  o f  3 .0  P M M A /P P y  film s w e re  8 
- 1 2  m in  at 2 0  -  30  % R H  an d  in c rea sed  as h ig h  as 20  - 26  m in  a t 50  - 70  % R H . E v en  
th o u g h  th e  a b so lu te  ch an g e  in  e lec trica l s ig n a l w a s  n o t a lte red  b y  h u m id ity ; th e  tim e  
n eed ed  fo r e q u ilib r iu m  w as m u c h  a ffec ted  at v e ry  h ig h  h u m id ity . A t h ig h  m o is tu re  
lev e ls , th e  h ig h  c o n c e n tra tio n  o f  w ate r, w h ic h  is an  e x tre m e ly  p o o r  so lv e n t fo r 
P M M A , m a y  h a v e  h in d e re d  th e  sw e llin g  e ffec t o f  P M M A /P P y  in d u c e d  b y  ace to n e  
vapo r.

T h e  teqb v a lu e s  o b se rv ed  from  ex p o su re s  o f  a ce tic  a c id  v a p o r  w e re  g en e ra lly  
lo n g er, 3 6 - 4 5  m in , d u e  to  a lo w er ev ap o ra tio n  ra te  an d  v a p o r  p re s su re  o f  ace tic  ac id  
as co m p ared  to  a ce to n e  [12], T h e  h u m id ity  d id  n o t a ffec t teqb fo r  a ce tic  ac id  ex p o su re . 
C o n s id e r in g  th e  re sp o n se  o f  p u re  P P y  to  ace tic  ac id  v a p o r  an d  th e  s lo p e  o f  ace tic  ac id  
re sp o n se  in  F ig u re  2, th e  in te rac tio n  o f  ace tic  ac id  w ith  P P y  w a s  m o re  d o m in a n t th an  
th e  in te ra c tio n  w ith  P M M A  (sw ellin g ). H en ce , th e  p re se n c e  o f  w a te r  at h ig h  
h u m id ity  d id  n o t e ffe c t th e  ace tic  ac id  re sp o n se  as in  th e  case  o f  a c e to n e  re sp o n se .
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Figure 4 a) T h e  p e rc e n ta g es  o f  ch an g es  in  sp ec ific  c o n d u c tiv ity  v a lu e s  o f  th e  
P P y /a -N S '/P M M A  film s w ith  P M M A /P P y  w e ig h t ra tio  o f  3 .0  d u rin g  th e  ex p o su re s  

to: (A )sa tu ra te d  ace to n e  v ap o r; and  ( o )  sa tu ra ted  ace tic  a c id  v ap o r: b )  th e  tim e  
n e e d e d  to  re a c h  th e  eq u ilib riu m  c o n d u c tiv ity  ch an g es  w h e n  e x p o se d  to: ( o )  sa tu ra ted  
ace to n e  v ap o r; an d  ( A )  sa tu ra ted  ace tic  ac id  v ap o r, as a  fu n c tio n  o f  re la tiv e  h u m id ity ,

m easu red  at 25 ± 1 °c.
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4. Conclusion

The film of PPy/a-NS'/PMMA blend cast from solution of toluene was used 
as the sensing material for acetone vapor in lacquer with a high degree of selectivity 
over acetic acid and moisture. Compared to the selectivity ratio of acetone/acetic acid 
response of pure PPy which was 0.7, the selectivity ratio of PPy/a-NS7PMMA blend 
with PMMA/PPy weight ratio of 3.0 was about 3.8 times higher. However, this 
material could be used only once. This selectivity ratio was found to be unaffected by 
a change in humidity except at very low relative humidity of 20% where the 
selectivity ratio was enhanced. The possible reason was the loss of water from the 
film at low relative humidity, increasing the amount of active sites for acetone, but 
not for acetic acid. The time required to reach the equilibrium signal at this condition 
was only 8 -2 0  min. The electrical response and teqb of the film to acetic acid was not 
affected by humidity.
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