
C H A P T E R  II

E X P E R IM E N T A L  SEC T IO N

2.1 M aterials

P yrro le  m o n o m e r , o b ta in ed  from  S ig m a , w a s  sto red  at 8 - 10 ° c  and  

d ried  w ith  C aH b (F lu k a ) for 2 4  h ou rs b e fo re  u se . A m m o n iu m  p e r su lfa te . A P S  

w a s  o b ta in e d  from  B D H  L ab oratory  S u p p lie s  as an o x id a n t. D o d e c y lb e n z e n e  
su lfo n ie  a c id  ( D B S A )  w a s  o b ta in ed  from  S ig m a  as d op an t and w a s  u sed  as  
r e c e iv e d . S in c e  D B S A  is s e n s it iv e  to  h u m id ity , it w a s  sto red  in a dry p la ce .

ทา-C reso l o b ta in ed  from  M erck  w a s  u sed  as so lv e n t  to  m a k e  p o ly p y r r o le  

so lu t io n  for s tu d y in g  U V -V 1 S  sp ectra  and c a s t in g  p o ly p y r r o le  f i lm s  .
S u liu r d io x id e  b a la n ced  w ith  n itro g en  o b ta in ed  from  T IG  w a s  th e  to x ic  

g a s s tu d ie d  in th is  w ork . T h e  sto ck  tank c o n c e n tr a tio n  w a s  2 5 0 0  ppm . 
P ro p ertie s , to x ic ity  data o f  S O 2 are sh o w n  in A p p e n d ix  A .

2.2 M ethodology

2 .2 .1  S y n th e s is  o f  D B S A -d o p e d  p o ly p y rro le
In th is w o rk , p o ly p y r r o le  w a s  sy n th e s iz e d  fo l lo w in g  th e  m eth o d  

o f  Lee el al. (1995). T h is  m eth o d  is th e c h e m ic a l p o ly m e r iz a t io n  o f  p o ly p y r r o le  

so lu b le  in o rg a n ic  so lv e n t  and e le c tr ic a lly  c o n d u c t iv e  in d ried  sta te  and is 
sh o w n  in f  ig u re  2 . 1 .
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Repeated

Figure 2.1 Flow chart o f synthesis o f so luble polypyrrole.

P yrro le  m o n o m e r  w a s  dried  b y  m ix in g  p y rro le  m o n o m e r  w ith  
C a l b  in th e  ratio o f  100 g  o f  C a lb /L  o f  p y rro le  and th is  rea c tio n  w a s  k ep t for  

2 4  h ou rs b e fo re  u sed . 0 .3  m o le  o f  d ried  p y rro le  m o n o m e r  and 0 .1 5  m o le  o f  

D B S A  w e r e  d is s o lv e d  in  5 0 0  m l o f  d is t ille d  w ater . T h is  m ix tu re  w a s  

m a in ta in ed  at a b o u t 0 ° c  and v ig o r o u s  stirred  for 5 m in u te s . A  0 .0 6  m o l o f  A P S  
in 100 m l o f  d is t ille d  w a ter  w a s  s lo w ly  ad d ed  to  th e a b o v e  so lu t io n  w ith  a rate 

o f  5 m l/m in u le  as sh o w n  in F igu re  2 .2 . R e a c tio n  w a s  carried  o u t for  4 0  h ou rs  

an d  then  term in a ted  b y  p o u r in g  in 2 0  m l o f  m eth a n o l. T h e  resu lta n t p o ly p y r r o le  

p o w d e r  w a s  filtered  and w a sh e d  se q u e n tia lly  tw ic e  w ith  5 0  m l d is t ille d  w ater, 
5 0  m l m eth a n o l and 50  m l a c e to n e . T h e  w a sh in g  part W'as rep ea ted  and  

fo l lo w e d  by filte r in g  and d ry in g  in v a cu u m  o v e n  at 25 °c  for 12 hou rs.
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P o ly p y r r o le  p o w d er  w a s  stored  in a d ess ica to r . T h e  p rod u ct w a s  ch a ra cter ized  

b y  F T IR , E A , SPiM , U V -V 1 S , and c o n d u c t iv ity  d etecto r .
T o  s tu d y  the e f fe c t  o f  d o p in g  le v e l o n  th e c o n d u c t iv ity  r e sp o n se  

o f  p o ly p y r r o le  f ilm s , p o ly p y r r o le  w a s  sy n th e s iz e d  in th e sa m e  m eth o d  but th e  

a m o u n t o f  D B S A  u se d  w a s  v a r ied  from  0 .1 5 , 0 .2 0 .  0 .2 5 ,  0 .3 0 ,  0 .3 5 ,  0 .4 0  and
0 .4 5  m o le /L .

๒ -
------ > Stirrer

Figure 2.2 A schem e o f the apparatus for synthesis D B SA -doped  
polypyrrole.

2 .2 .2  P reparation  o f  D B S A -d o p e d  p o ly p y rro le  f ilm s
1 gram  o f  D B S A -d o p e d  p o ly p y r r o le  s y n th e s iz e d  as m e n tio n e d  in 

th e se c t io n  2 .2 .1  W'as c o m p le te ly  d is s o lv e d  by u ltr a so n if ic a t io n  in 2 5  m l o f  m - 
c r e so l at room  tem p eratu re  for 6 0  m in u te s . D B S A -d o p e d  p o ly p y r r o le  so lu tio n  

w a s  filte red  th rou gh  a 1 p m  T e f lo n  m em b ra n e  filter. 1 m l o f  th e  so lu t io n  w a s  

ca st o n to  a g la s s  s l id e  by u s in g  a g la s s  sy r in g e  and th e  so lv e n t  w a s  d ried  at 2 1 0  

° c  for  5 h ou rs. T h e  resu ltin g  D B S A -d o p e d  p o ly p y r r o le  f ilm  w a s  stored  in a
d e ss ic a to r  b e fo re  u se .
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2.3 C h aracterization  / Sam ple Preparation

2 .3 .1  F ou rier  T ran sform  Infrared S p ec tro m eter  (F T 1R )
F T IR  sp ectra  w e r e  o b ta in ed  on  a F T -4 5  A  B io -R a d  S p ec tro m eter  

in order to  ch a ra cter ize  th e im p ortan t fu n c tio n a l g ro u p s o f  th e  sy n th e s iz e d  

D B S A -d o p e d  p o ly p y r r o le . T h e  F T IR  e x p e r im e n t w a s  d o n e  in a tr a n sm iss io n  
m o d e  w ith  16 sc a n s  at a r e so lu tio n  o f  8 cm " 1. A  freq u en cy  ra n g e  o f  4 0 0 0  - 4 0 0  
c n r 1 w a s  o b se r v e d  u s in g  a d eu lera ted  tr ig ly c in e  su lfa te  d e te c to r  (D  I G S )  w ith  a 

s p e c if ic  d e te c t iv ity . D * , o f  l x l 0 4c m .H z l//2 พ " 1.
O p tica l grad e K B r c o m m e r c ia l ly  a v ia la b le  from  C arloE rb a  

R e a g e n t w a s  u sed  as b a ck g ro u n d . T h e  K B r w a s  p r e sse d  h y d r a u lic a lly  in to  a 

p e lle t  and q u ic k ly  tak en  to  th e F T -IR  ch a m b er . T h e  K B r sp ec tra  b a ck g ro u n d  
w a s  c o lle c te d  w ith  16 sc a n s . A lte r  o b ta in in g  th e b a ck g ro u n d  sp ectra , th e  
sa m p le  w a s  th en  m ix e d  w ith  dried  K B r at an a p p ro x im a te  ratio  o f  1:20 =  

sa m p le :K B r . u s in g  th e K B r sa m p le  u sed  in the b a ck g ro u n d  sp ec tru m . T h e  so lid  

m ix tu re  w a s  grou n d  and transferred  to  th e sa m p le  h o ld er  u s in g  th e  sa m e  

p ro ced u re  as m e n tio n e d  a b o v e .

2 .3 .2  F dem ental A n a ly z e r  (E A )
T h e  d o p in g  le v e l o f  th e re su ltin g  p o ly p y r r o le  w a s  d e term in ed  

from  th e S /N  ratio , m o n ito red  b y  P erk in -E lm er  2 4 0 0  S e r ie s  II E lem en ta l  
A n a ly z e r  in C F IN S m o d e , c ,  H , N , and ร can  be d e te r m in e d  s im u lta n e o u s ly  

w ith  a n a ly s is  t im e s  r a n g in g  from  6 to  14 m in u tes . H e  (2 0  p s i)  and  (ว2 (1 5  p s i)  
w e r e  u sed  as th e carrier g a s and the c o m b u st io n  g a s , r e sp e c t iv e ly .

D B S A -d o p e d  p o ly p y r r o le  p o w d e r  w a s  w e ig h e d  in at 2 m g  and  

se a le d  in d isp o sa b le  tin c a p su le s  and p la ced  in a 4 9 -p o s it io n  sa m p le  c a ro u se l. 
P o ly p y r r o le  w a s  f lu sh e d  w ith  H e  and d rop p ed  in to  the c o m b u s t io n  tu b e  w h ere  

it W'as burnt at 9 7 5  ° c  for ab ou t 3 m in u te s . A d d e d  heat from  th e  o x id a t io n  o f
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th e  tin  in c r e a se d  th e  tem p eratu re  to  a b o v e  1 8 0 0  ° c  for a c o m p le te  c o m b u st io n .  
T o  o b ta in  q u a n tita tiv e  o x id a tio n , th e c o m b u st io n  p ro d u cts w e r e  tran sferred  w ith  
H e carrier ga s o v e r  e f f ic ie n t  o x id a tio n  c a ta ly s ts  and f lu sh e d  in to  th e  red u ctio n  

tu b e f ille d  w ith  red u ced  C u . O x id e  o f  N  w a s  c o n v e r te d  to  e le m e n ta l N  at 

tem p era tu res b e tw e e n  5 5 0  ° c  and 7 0 0  ° c ,  w h ile  in ter fer in g  c o m p o n e n ts , ร , w a s  

r e m o v e d  from  th e g a s  m ix tu re  w ith  Pb ch ro m a te  and A g  w o o l.
T h e  d o p in g  le v e l o f  th e re su ltin g  D B S A -d o p e d  p o ly p y r r o le  w a s  

c a lc u la te d  from  th e  S /N  w e ig h t  ratio  b y  u s in g  E q u a tio n  2.1 :

% D o p in g  le v e l =  7 7 X 7 -7 ^ x 100  (2 .1 )
N  M s

w h ere
ร m a ss  o f  ร  from  E le m e n ta l A n a ly z e r  (g )
N m a ss  o f  N  from  E le m e n ta l A n a ly z e r  (g )
M m o le c u la r  w e ig h  o f  N

m o le c u la r  w e ig h  o f  ร

2 .3 .3  S c a n n in g  E lec tro n  M ic r o sc o p e  (S E M )
S c a n n in g  e lec tro n  m icro g ra p h s w e r e  tak en  o u t to  d e te r m in e  the  

th ic k n e ss  o f  th e p o ly p y r r o le  film  and to  o b se r v e  th e  film  m o r p h o lo g y . S E M  

d ig it iz e d  p h o to g ra p h s w ere  o b ta in ed  from  JO E L  5 2 0 0  - 2 A E  (M P  1 5 1 5 2 0 0 ) ,  
w ith  a m a g n if ic a t io n  ran ge o f  35  - 2 0 0 ,0 0 0  tim es.

D B S A -d o p e d  p o ly p v r r o le  film  prep ared  as m e n tio n e d  in th e  
se c t io n  2 .2 .2  w a s cu t in to  0 .2  cm  to  0 .5  cm . A  p ie c e  o f  f ilm  w a s  a tta ch ed  to  a 

b ra ss-stu b  by u s in g  a d h e s iv e  tap e and th en  th e su r fa ce  o f  th e sa m p le  w a s  co a ted  

w ith  th e  th in  A u  film  p ro d u ced  b y  a v a cu u m  ev a p o ra tio n . T h e  sa m p le  w a s  

p la ced  in to  th e sp e c im e n  s ta g e  in s id e  th e  m ic r o sc o p e . T h e  p ic tu res  w ere  

c o lle c te d  by u s in g  an a c c e le ra tio n  v o lta g e  o f  15 k v  w ith  m a g n if ic a t io n  7 5 0  -

*
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1 0 0 0  tim e s . T h e  film  th ic k n e ss  w a s  m ea su red  from  an e d g e  v ie w  o f  th e  sa m p le  

b y u s in g  standard  sc a le  se tt in g  in th e S E M  p rogram .

2 .3 .4  U ltr a v io le t -V is ib le  S p ec tro m eter  (U V -V 1 S )
T h e  u ltr a v io le t-v is ib le  sp ectra  w e r e  reco rd ed  w ith  a P erk in -E lm er  

in stru m en t S p ec tro m eter  L a m b d a  16 in order to  o b se r v e  th e p o la ro n  and  

b ip o la ro n  a b so rp tio n  o f  c o n d u c t iv e  p o ly m e r s . A  D eu ter iu m  lam p  w a s  u sed  as 

th e lig h t so u r c e . m -C r e so l w a s  u sed  as th e  so lv e n t . T h e  sa m p le  so lu t io n  w a s  
prepared  by d is s o lv in g  0 .0 5  g  o f  D B S A -d o p e d  p o ly p y r r o le  w ith  100  m l o f  m - 
cr e so l in th e u ltra so n ic  bath for 6 0  m in u te s  and th en  filte r in g  th ro u g h  a 1 p m  

T e flo n  m em b ra n e  filter. T h e  sa m p le  so lu tio n  w a s  v ie w e d  m ic r o s c o p ic a lly  for  

c e n te r in g  and ap ertu rin g  to  a p articu lar area. T h e  tr a n sm iss io n  lig h t th en  p a sse s  

to  a d isp e r s iv e  sy s te m  to  record  th e ligh t tr a n sm iss io n  as a fu n c tio n  o f  
w a v e le n g th  in th e ran ge o f  190 - 8 0 0  nm .

B e c a u se  the p o laron  and b ip o la ro n  a b so rp tio n  are freq u en tly  

c o n s id e r e d  in e lec tro n  v o lt  u n it, the a b so rp tio n  w a v e le n g th  w a s  c o n v e r te d  to  

p h o to n  e n e r g y  b y  u s in g  E in s te in 's  eq u a tio n  as sh o w n  in E q u a tio n  2 .2  :

E =  h v he
X (2.2)

w h e r e
E p h o to n  en erg y  (J )
h = P la n c k 's  co n sta n t =  6 .6 2  X  10 ’ 34 J .sec
V freq u en cy  (H z  or s e c - ' )
c = ligh t v e lo c ity  in v a cu u m  =  3 X  1 0 8 m /se c
X w a v e le n g th  (m )
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th e  p h o to n  e n e r g y  in J ean  b e  co n v e r te d  to  e le c tro n  v o lt  b y  d iv id in g  w ith  1 .6 0 2  

X  1 0 '19 J /eV .

2.4 E lectrical Properties

2 .4 .1  T h e  F o u r-P o in t P rob e for C h a ra c ter iz in g  S h e e t R e s is t iv ity
T h e  fo u r -p o in t p rob e is c o m m o n ly  u sed  to  m ea su re  th e sh ee t  

r e s is t iv ity  o f  th in  la y ers or th in  f ilm s . A  fo u r-p o in t m eta l-t ip  p ro b e  a s se m b ly  is 
l ig h t ly  p ress  in to  th e  su r fa ce  as sh o w n  in F ig u re  2 .3 . P rob e tip  sp a c in g s  

ty p ic a lly  ra n g e  from  0 .0 2 5  in c h e s  to  0 .0 6 2  in c h e s . T h e  sh e e t  r e s is ta n c e  is 

o b ta in ed  b y  in tro d u c in g  a current (I) th rou gh  o u ter  tw o  p in s  and d e te r m in in g  

th e v o lta g e  drop  (V )  a c r o ss  th e inner tw o  p in s . T h e  sh e e t  r e s is ta n c e  is 
c a lc u la te d  from  E q u a tio n  2 .3  :

Figure 2.3 Scheme of the four-point probe. A E pical spacing is 1 nun between
probes.
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w h e r e

R s =  K x ^

Rs = sh e e t  r e s is t iv ity  (Q )
K G e o m e tr ic  co rrectio n  factor

v a = v o lta g e  drop (V )
I a p p lied  current (A )

(2 .3 )

T h e  G e o m e tr ic  co rrectio n  factor  ta k es  in to  a c c o u n t g e o m e tr ic  
e f fe c ts . It d ep e n d s  on  th e co n fig u r a tio n  and p rob e tip  sp a c in g  and can  be  

d e term in ed  b y  u s in g  standard  m a ter ia ls  w h o s e  s p e c if ic  r e s is t iv it ie s  are k n o w n  

(A p p e n d ix  B ). S h e e t  r e s is t iv ity  o f  th e se  m ateria l w a s  m ea su red  by u s in g  th e  

fo u r -p o in t p ro b e  d e tec to r  and th en  th e  g e o m e tr ic  co r r e c tio n  fa c to r  w a s  
co m p u te d  from  E q u a tio n  2 .4  :

\z _  p ret
K r 7 2 T (2 .4 )

w h e r e
p  f  =  k n o w n  re s is t iv ity  from  th e c h e m ic a l h a n d b o o k  (Q .c m )  

t =  f ilm  th ic k n e ss  (c m )

1 I
R s X  t

So the specific conductivity o f  a polypyrrole film with known
thickness can be calculated from Equation 2.5 :

CT
p K x  V  x t (2 .5 )
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w h ere

G s p e c if ic  c o n d u c t iv ity  (S /c m )

p  = sp e c if ic  r e s is t iv ity  (Q .c m )

I a p p lied  current (A )
K G e o m e tr ic  co rrectio n  factor

v a = v o lta g e  drop (V )
t film  th ic k n e ss  (c m )

2 .4 .2  C o n d u c tiv ity  D e le e to r  W ith  G as C h am b er
2.4.2.1 Construction. M ea su rem en ts  o f  c o n d u c t iv ity  r e sp o n se s  

o f  th e p o ly p y r r o le  f ilm s  to  S Û 2 w e r e  reco rd ed  u s in g  a sp e c ia lly -c o n s tr u c te d  

g a s -s e n s it iv ity  c e ll .  A  sc h e m a tic  rep resen ta tio n  o f  th e ap p aratu s is  sh o w n  in 

F ig u re  2 .4 . It c o n s is te d  o f  tw o  ch a m b ers o f  8 x 8 x 8 in c h 3 c o n n e c te d  in ser ie s . 
T h e  c h a m b ers  w e r e  m a d e  from  S ta in le s s  S te e l N o .3 1 6 ,  s iz e  3 m m  w ith  h ig h  
c o r r o s io n  r e s is t iv ity . T h e  first ch a m b er  c o n s is te d  o f  fou r  5 x 8  in c h 2 b u ff le s  for a 
u n ifo rm  g a s m ix in g  and a fin n ed  h eater  for c o n tr o llin g  th e  te s t in g  tem p eratu re  

o f  p o ly p y r r o le  f ilm s . T h is  ch a m b er  w a s  c o n n e c te d  to  tw o  P erk in -E lm er  F lo w  

m eters N o . 6 2 -0 1  w ith  s ta in le s s  stee l f lo a ts  for c o n tr o ll in g  v a r io u s  SC b  

co n c e n tr a tio n . T h e  se c o n d  ch a m b er  co n ta in ed  th e sa m p le  h o ld er  and fo u r-m eta l  
tip p ro b es  for c o n d u c t iv ity  m ea su rem en t b a sed  on  th e  fo u r -p o in t p ro b e  th eo ry . 
A  p ressu re  g a g e  w a s  c o n n e c te d  to  th is ch a m b er  for c o n tr o ll in g  th e  te s t in g  
p ressu re . T h e  tem p eratu re  co n tr o lle r  from  S h in h o , D ig ita l D C N  7 2 0  c o n n e c te d  

to  b oth  ch a m b ers w ith  a th e r m o c o u p le  w a s  u sed  to  m o n ito r  and co n tro l 
tem p era tu res  w ith in  th e  ch a m b ers.

2.4.2.2 O peration. D B S A -d o p e d  p o ly p y r r o le  f ilm  w a s  lo ca ted  
o n  th e sa m p le  h o ld er  and p ressed  b y  fou r p ro b es o f  c o n d u c t iv ity  d e tec to r  
sy s te m  in the se c o n d  ch a m b er . T h e  o p era tio n  can  b e d iv id e d  in to  3 s te p s  ;
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•  S tep  1 : V a lv e  no. 1 and n o . 2 w e r e  o p e n e d  w h ile  v a lv e  n o . 3 

w a s  c lo s e d . B o th  ch a m b ers w e r e  ev a c u a te d  b y  u s in g  a v a c u u m  p u m p .
•  S tep  2 : V a lv e  n o . 1 w a s  c lo s e d  and th en  N o that se r v e d  as the  

carrier g a s  and S O 2 w e r e  fed  in to  th e first ch a m b er  a lrea d y  se t at th e d esired  

tem p eratu re . N o and SO o H o w s w e r e  c o n tr o lle d  b y  a reg u la to r  from  Ail- 
P rod u cts and f lo w  rates o f  both  g a se s  w e r e  ca lib ra ted  b y  m e a su r in g  th e  v o lu m e  

o f  g a s  p a s s in g  th ro u g h  the sy s te m  p er u n it tim e  u s in g  P erk in -E lm er  F lo w  m eter. 
W h en  th e fe e d in g  step  w a s  f in ish ed  th e p ressu re  in the first c h a m b er  b e c a m e  2 

atm  as o b se r v e d  from  p ressu re  g a g e  N o . l .  T o  g e t a g o o d  u n ifo r m ly  m ix e d  g a s, 
th is g a s  m ix tu re  w a s  m a in ta in ed  for 5 m in u te s  in th e  first c h a m b er  after  

f in ish in g  th e fe e d in g  step .
•  S tep  3 : T h e  current w a s  a p p lied  to  th e  p o ly p y r r o le  f ilm  and  

th en  th e  g a s  m ix tu re  w a s  a llo w e d  to  b e  e x p o se d  to th e  se c o n d  c h a m b er  by  

o p e n in g  th e ball v a lv e  N o . l .  T h e  p ressu re  o f  ea ch  ch a m b er  eq u ilib ra ted  to  1 
atm . T h e  v o lta g e  drop  w a s d e te c te d  at 3 0  m in u te s  after  sta rtin g  e x p o su r e  o f  g a s  

to  p o ly p y r r o le  film  w h e n  th e r e sp o n se  b e c a m e  satu rated . T h e  sp e c if ic  
c o n d u c t iv ity  can  b e  c a lc u la te d  b y  u s in g  E q u a tio n  2 .5 .

2.4.2.3 C alculation o f  F low  rate and  F eed ing  time fo r  various 
S O 2 concentration . T h e  ca lc u la tio n  part can  b e  d iv id e d  in to  3 s te p s  ;

•  S tep  1 : D eterm in a tio n  o f  m o le  o f  g a s m ix tu re  
F rom  D a lto n 's  law  ;

pเท =  p. +  pb +  p«

w h ere
p ,11 =  tota l p ressu re  o f  m ix e d  ga s
Pa.P b ,P c =  partial p ressu re  o f  g a s  a, b, c  r e sp e c t iv e ly

and

P V  =  n R T
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N o.l

M l ---------D r a in
Bail Valve

No.3

P r e s s u r e  
g a g e  N o . l

T e m p e r a t u r e  
c o n t r o l le r

T h e r m o c o u p le
lo w  m e te r

1 1

P r e s s u r e  
g a g e  N o .2

Ball Valve 
No.2

V a c u u m
p u m p

F ig u r e  2 .4  A  s c h e m a t ic  r e p r e s e n t a t io n  o f  c o n d u c t iv i t y  d e t e c t o r  w ith  g a s  c h a m b e r .
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th ere fo re .

and th en ,
pn, =  ( n a +  ทb + ทc ) R L

V...

p =  ( ท )111 V 111 ' RL

w h e r e

Pm
ททา

R

Tm
v m

=  to ta l p ressu re  o f  m ix e d  g a s  (a tm )
=  m o le  o f  g a s m ix tu re  (m o le )
=  G a s co n sta n t =  8 2 .0 5 7  a tm .c m 3/m o l.K  

=  tem p eratu re  o f  g a s  m ix tu re  (K )
=  v o lu m e  o f  g a s m ix tu re  ( c m 3 ) 

v o lu m e  o f  tw o  ch a m b ers ( c m 3)

In c a lc u la t io n  o f  f lo w  rate and fe e d in g  t im e  for  v a r io u s  ร (ว 2 

co n c e n tr a tio n , th e m o le  o f  g a s  m ix tu re  w a s  first c a lc u la te d  from  E q u a tio n  2 .6

•  S tep  2 : D e te r m in a tio n  o f  th e d es ired  m o le  o f  s to c k  SC b and  

]รเ2 for  o b ta in in g  th e certa in  g a s  co n cen tra tio n . T h e  m o le  o f  p ure sc >2 n e e d e d  
for ea ch  co n cen tra tio n  w a s  c a lc u la te d  b y  u s in g  E q u a tio n  2 .7  :

nso2 = X ท,11 (2.7)

w h ere
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ทร0:
Cso.
ทเฑ

=  th e d e s ir e d  m o le  o f  p ure S O 2 (m o l)  

=  th e d es ired  S O 2 co n cen tra tio n  (p p m )  

=  m o le  o f  g a s  m ix tu re  (m o le )

B e c a u se  s to c k  S O 2 c o n cen tra tio n  w a s  2 5 0 0  p p m  (0 .2 5  % ), so  the  

w a n ted  m o le  o f  s to c k  S O 2 (nstock) can  b e c a lc u la te d  from

n s,ock =  ^  x n ร02 ( 2 - 8 )

and th e m o le  o f  N 2 n e ed ed  to  m ix  w ith  s to c k  S O 2 (ท ) is

stock (2 .9 )

•  S tep  3 : D e term in a tio n  f lo w  rate and fe e d in g  t im e  o f  s to c k  

S O 2 and  N 2 . F irst w e  had to co n v er t the a m o u n t o f  s to c k  S O 2 and  1\ เ 2 from  

m o le  to  v o lu m e  b e c a u se  cu b ic  m eters  w e r e  u sed  in d e te c t in g  th e  v o lu m e  f lo w  

rates o f  s to c k  S O 2 and  พ 2

stock ns,„ck X MSO„
Pso,

(2.10)

and

w h ere
Vstock-V 
nstock • | \
M  . M .

p , Ps' ร๐2 '

V N1 =
ท N 2 x M N;

P n:
(2.11)

th e d esired  v o lu m e  o f  s to c k  S O 2 and พ 2 , r e s p e c t iv e ly  ( c m 3) 

th e d esired  m o le  o f  s to c k  S O 2 and N 2 , r e s p e c t iv e ly  (m o l)  

m o le c u la r  w e ig h t  o f  S O 2 and  N 2 , r e s p e c t iv e ly  (g /m o l)  

d e n s ity  o f  S O 2 and  พ 2, r e sp e c t iv e ly  ( g /c m 3 )
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F rom  th e ca lib ra tio n  data  o f  H ow  m eter  n o . 6 2 - 0 1 ,  w e  u sed  th e  

f lo w  rate at 7 3 0  c m 3/m in , so  fe e d in g  t im e  o f  b o th  g a se s  can  b e  c a lc u la te d  from

V
730 (2.12)

w h ere
t =  th e  fe e d in g  t im e  o f  g a s  (m in )
V  =  th e d esired  v o lu m e  o f  g a s  ( c m 3 )
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