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APPENDICES

APPENDIX A Determination of ohmic linear regime.
Linear regime or ohmic regime is the regime that applied voltage 

depends directly on apply current according to ohmic law in equation (A -l)
In this work, linear regime was determined by ploting applied voltage 

(Va) versus currency). The range that gives the straight line is acceptable for 
using in conductivity measurement. Figure A -l and A-2 are the plots o f va and 
I  that using silicon wafer as the standard material and polyaniline, 
respectively. This experiment was carried out under 1 atm , 26 °c and 40% 
humidity.

V = Æ. (A -l)
where ะ V = applied voltage (mV)

I  = current (mA)
R = resistance (Q)

.6 
. 5 7  

. 5 1  

. 4 2  

. 3 2

<  . 2 6  12 
. 1 6 8  

. 2 9  

. 2 3 3  

. 1 3 9  
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0  2 0  4 0  6 0  8 0  1 0 0

Va(mV)
Figure A -l Linear Regime o f v a and /  used Silicon wafer as standard material.
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According to Figure A -l, straight line is indicated the range o f applied 
voltage and current corresponding to the ohmic law. The accepted range of 
those for using in conductivity measurement are 0 to 20 mV and 0 to 0.25 mA, 
respectively.
Table A -l Raw data o f determination o f linear regime (Silicon Wafer).

Applied voltage (mV) Current (mA) Volt drop (mV)
3.95 0.06 16.5
8.84 0.14 18.3
14.70 0.23 15.2
18.30 0.29 14.6
22.10 0.17 15.1
31.10 0.22 14.7
37.50 0.26 15.6
46.40 0.32 15.9
60.40 0.42 16.1
74.90 0.51 18.2
85.00 0.57 16.3
90.00 0.60 17.2

<=L

0 2 4 6

va (mV)
8

Figure A-2 Linear Regime of v a and /  used polyaniline.

10 12
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In the case o f polyaniline, a straight line can be seen in the range of 0 to 
2 mV of applied voltage and 0 to 15 pA of current, respectively. The resulting 
value is lower than in the case o f silicon wafer due to a lower resistance value. 
T a b l e  A-2 Raw data o f determination o f linear regime (polyaniline)

Applied voltage (mV) Current(pA) Volt drop (mV)
0.592 4.780 224.2
0.620 5.000 223.6
0.640 5.250 225.4
0.771 6.190 226.2
0.879 7.090 226.4
0.915 7.350 227.1
1.070 8.900 226.3
1.188 9.800 225.8
1.249 10.30 228.1
1.371 11.09 226.4
1.581 12.90 226.8
1.851 14.30 225.9
2.550 16.40 224.8
2.700 17.00 221.9
3.100 19.80 222.6
3.250 21.20 226.7
3.570 23.10 228.6
3.800 25.10 227.3
4.190 27.00 225.5
4.490 28.85 225.6
4.730 30.40 224.9
5.310 37.00 223.8
5.420 38.20 226.7



Applied voltage (mV) Current(pA) Volt drop (mV)
5.900 42.30 225.5
6.440 44.50 226.1
7.280 48.30 227.4
7.600 52.00 225.2
8.010 53.10 224.9
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APPENDIX B Determination of Geometric Correction Factor (K).
G e o m e t r ic  c o r r e c t io n  fa c t o r  ( K )  is  a  c o r r e c t io n  fa c t o r  th a t  t a k e s  in to  

a c c o u n t  o f  g e o m e t r ic  e f f e c t s .  It d e p e n d s  o n  t h e  c o n f ig u r a t io n  a n d  p r o b e  t ip  

s p a c in g .  K  fa c t o r  c a n  b e  d e t e r m in e d  b y  u s in g  t h e  f o l l o w i n g  e q u a t io n  ( B - l ) .  

T h e  r e s i s t iv i t y  o f  s ta n d a r d  m a t e r ia ls  w e r e  c a l ib r a te d  f r o m  a  u s in g  fo u r  p o in t  

p r o b e  a t K in g  M o n g k u t ’s  I n s t i tu t e  T e c h n o lo g y  o f  L a d  K r a b a n g .
I n  t h is  e x p e r im e n t ,  s i l i c o n  w a f e r  w i l l  b e  u s e d  a s  a  s ta n d a r d  m a te r ia l.  

R e s i s t i v i t i e s  o f  m a t e r ia ls  w e r e  m e a s u r e d  b y  u s in g  t h e  f o u r - p o in t  p r o b e .  T h e  

g e o m e t r i c  c o r r e c t io n  fa c to r  w a s  c a lc u la t e d  a n d  ta b u la t e d  in  th e  T a b le  B - l  

b e lo w :

w h e r e K

K  =  pref =  พ  ( B - l )
R x t  1 

g e o m e t r i c  c o r r e c t io n  F a c to r

Pref — k n o w n  r e s i s t iv i t y  f r o m  t h e  p o ly m e r  h a n d b o o k  ( Q .c m )

R r e s i s t iv i t y  ( Q )

t s h e e t  t h ic k n e s s  ( c m )
พ  = w id t h  ( c m )
1 l e n g t h  ( c m )

Table B-l D a t a  o f  K  c o r r e c t io n  fa c t o r  d e te r m in a t io n

M a te r ia l t ( c m ) p ref( Q .c m ) P r o b e  n o . K

S i 0 2/T a A 0 .0 7 1 5 9 .3  X 1 0 j 1 0 .0 9 1 5 1

2 0 .1 0 5 5 0
S i  1 0 - 2 8 A 0 .0 5 2 2 3 . 5 x 1 0 ’ 1 0 .1 1 4 7 1

2 0 .0 9 4 5 7
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Figure B-l S c h e m a t ic  d r a w  o f  f o u r - p o in t  p r o b e .

Table B-2 R a w  d a ta  o f  K  o f  p r o b e  1 u s in g  s i l i c o n  w a f e r s  a s  t h e  s ta n d a r d  

m a t e r ia ls  (26°c 5 4 0 %  r e la t iv e  h u m id i t y  a n d  A p p l i e d  v o l t a g e  =  0 .3 0 V ) .

S i  1 0 - 2 8 A S iC V T a A
7 ( m A ) V  ( m V ) K I  ( m A ) V  ( m V ) K

0 .0 0 0 3 5 5 2 .5 0 .0 9 5 2 1 0 .0 1 9 8 0 .0 3 1 0 .0 8 4 2 0
0 .0 0 0 4 1 5 2 .4 0 .1 1 5 9 0 0 .0 4 4 2 0 .0 7 0 0 .0 8 2 7 2
0 .0 0 0 5 7 2 2 .9 0 .1 3 2 2 5 0 .0 5 2 2 0 .0 8 3 0 .0 8 1 7 2
0 .0 0 0 6 0 0 3 .2 0 .1 2 5 7 0 0 .0 7 3 5 0 .1 1 6 0 .0 8 2 0 6
0 .0 0 0 9 4 4 4 .5 0 .1 4 0 6 5 0 .0 9 7 0 0 .1 5 1 0 .0 8 3 8 3
0 .0 0 1 8 8 7 9 .8 0 .1 2 9 0 0 0 .1 1 6 0 0 .1 6 6 0 .0 9 0 2 3

0 .0 0 1 7 2 1 9 .7 0 .1 1 8 9 6 0 .1 2 6 0 0 .1 7 6 0 .0 9 3 3 8

0 .0 0 2 3 5 1 1 3 .5 0 .1 1 6 7 0 0 .1 3 5 0 0 .1 9 2 0 .0 9 1 3 5
0 .0 0 2 3 7 8 1 4 .1 0 .1 1 3 0 8 0 .1 4 3 0 0.200 0 .0 9 3 2 3
0 .0 0 2 5 8 4 1 6 .3 0 .1 0 6 2 9 0 .1 4 8 0 0.201 0 .0 9 6 0 9
0 .0 0 2 7 4 4 1 7 .8 0 .1 0 3 3 6 0 .1 5 4 0 0 .2 0 7 0 .0 9 7 0 0
0 .0 0 2 9 1 5 1 9 .9 0 .0 9 8 2 2 0 .1 6 0 0 0 .2 0 9 0 .0 9 9 2 6
0 .0 0 3 0 1 4 2 1 .1 0 .0 9 5 7 7 0 .1 6 5 0 0 .2 1 3 0 .1 0 1 3 0

0 .0 0 3 0 4 3 2 1 .9 0 .0 9 3 1 7 0 .1 6 6 0 0 .2 0 6 0 .1 0 4 7 1
A v e r a g e 0 .1 1 4 7 1 A v e r a g e 0 .0 9 1 5 1
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Table B-3 R a w  d a ta  o f  K  o f  p r o b e  2  u s in g  s i l i c o n  w a f e r s  a s  t h e  s ta n d a r d  

m a te r ia l  (26°c 5 4 0 %  r e la t iv e  h u m id i t y  a n d  A p p l i e d  v o l t a g e  =  0 .3 0  V ) .

S i  1 0 - 2 8 A S iC V T a A
7 ( m A ) V  ( m V ) K I  ( m A ) V  ( m V ) K

0 .0 0 0 6 6 5 5 .2 0 0 .0 8 5 7 4 0 .0 4 5 0 .4 7 3 0 .1 2 3 7
0 .0 0 0 6 5 0 5 .1 0 0 .0 8 5 4 6 0 .0 5 0 0 .0 5 3 0 0 .1 2 2 7
0 .0 0 0 6 5 0 4 .9 0 0 .0 8 8 9 4 0 .0 6 5 0 .0 6 0 1 0 .1 4 0 6
0 .0 0 0 7 0 0 5 .1 0 0 .0 9 2 0 3 0 .0 7 5 0 .0 7 5 3 0 .1 2 9 5
0 .0 0 0 7 0 0 5 .2 0 0 .0 9 0 2 6 0 .0 7 5 0 .0 8 1 0 0 .1 2 0 4
0 .0 0 0 6 3 0 5 .0 0 0 .0 8 4 4 8 0 .0 8 5 0 .0 9 9 3 0 .1 1 1 3
0 .0 0 0 6 0 0 4 .9 0 0 .0 8 2 1 0 0.100 0 .1 2 3 5 0 .1 0 5 3
0 .0 0 0 7 0 0 4 .7 0 0 .0 9 4 1 5 0 .1 0 5 0 .1 4 7 1 0 .0 9 2 8
0 .0 0 0 8 0 0 5 .4 0 0 .0 9 9 8 6 0 .1 1 5 0 .1 5 3 7 0 .0 9 7 3

0 .0 0 0 8 0 0 5 .6 0 0 .0 9 5 7 8 0 .1 2 5 0 .1 6 9 4 0 .0 9 6 0

0 .0 0 0 8 0 0 5 .1 0 0 .1 0 5 1 8 0 .1 3 0 0 .1 9 7 5 0 .0 8 5 6

0 .0 0 0 5 8 0 4 .2 0 0 .0 9 2 5 9 0 .1 3 5 0.2120 0 .0 8 2 8
0 .0 0 0 6 7 0 4 .5 0 0 .0 9 9 8 3 0 .1 4 0 0 .2 1 8 0 0 .0 8 3 5

0 .0 0 0 7 8 0 4 .1 0 0 .1 2 7 5 6 0 .1 4 5 0.2210 0 .0 8 5 3

A v e r a g e 0 .0 9 4 5 7 A v e r a g e 0 .1 0 5 5
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APPENDIX c D e t e r m in a t io n  o f  %  b ip o la r o n  a n d  p o la r o n  b y  U V - V i s i b l e  

s p e c t r o m e t e r .

A c c o r d in g  t o  t h e  B e e r ’s  l a w  ( C h a m b e l l  a n d  W h it e ,  1 9 8 9 ) ,

Aj = ajbjCj ( C - l )

w h e r e A j =  a r e a  o f  e a c h  p e a k  

aj =  a b s o r p t iv i t y  ( c m 2/ g )  

bj =  p a th  le n g t h  ( c m )

Cj =  c o n c e n t r a t io n  o f  e m e r a ld in e  b a s e  in  s o lu t io n  ( g / c m 3)

T h e  c a l ib r a t io n  c u r v e s  in  w h i c h  th e  a r e a s  a r e  p lo t t e d  a s  a  f u n c t io n  o f  

t h e  c o n c e n t r a t io n  o f  e m e r a ld in e  b a s e  in  t h e  s o lu t io n  c a n  g i v e  s o m e  im p o r ta n t  

p e a k s .  T h e s e  a r e  ~  3 2 5  n m  r e p r e s e n t in g  t h e  b e n z e n o id  p a r t , -  4 4 0  n m  s h o w i n g  

t h e  b ip o la r o n  p a r t , -  6 2 5  n m  r e p r e s e n t in g  th e  q u in o id  p a r t , a n d  -  7 0 0 - 9 0 0  n m  

g i v i n g  t h e  p o la r o n  p a r t . T h e  s lo p e s  o f  t h e  c a l ib r a t io n  c u r v e s ,  t h u s ,  p r o v id e  th e  

p r o d u c t  o f  a b s o r p t iv i t y  o f  p a r t ic u la r  s p e c i e s ,  aj a n d  bj. T o  o b t a in  t h e  a m o u n t  o f  

t h e  p o la r o n  a n d  b ip o la r o n  in  a n  u n k n o w n  s a m p le ,  t h e  c o n c e n t r a t io n  c a n  b e  

c a lc u la t e d  b y  t h e  f o l l o w i n g  e q u a t io n ;

Cj = Aj/ajbj (C-2)

H e n c e ,  t h e  %  b ip o la r o n  a n d  %  p o la r o n  c o u ld  b e  c a lc u la t e d  b y  e q u a t io n s  

i f  t h e  a r e a s  o f  t h e  b e n z e n o id ,  q u in o id ,  b ip o la r o n  a n d  p o la r o n  p a r t  a r e  k n o w n

A bz +  A bp +  A q +  Ap = Atota| ( C - 3 )
%  b ip o la r o n  =  (ABp/Atotai)*100 ( C - 4 )
%  p o la r o n  =  (Ap/Atotai)* 100 ( C - 5 )
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T h e  a r e a  o f  e a c h  p e a k s  in  a  U V - V i s i b l e  s p e c tr a  c o u l d  b e  c a lc u la t e d  b y  

u s i n g  t h e  G a u s s ia n ’s  E q u a t io n  a s  s h o w n  in  e q u a t io n  C - 6 .

G a u s s ia n  e q u a t io n  =  ( l / ( S D * ( ( 2 * ( 2 2 / 7 ) ) ° ' 5) ) ) * e x p ( 0 . 5 ( ( ( x - a v g ) / S D ) 2) ) * a r e a

( C - 6)

Figure C - l  T h e  c a l ib r a t io n  c u r v e  o f  P A N I-H 2 S O 4 /C S A .
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Figure C-2 T h e  c a l ib r a t io n  c u r v e  o f  P A N I - H 2S O 4/ H N O 3.
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Figure C - 3  T h e  c a l ib r a t io n  c u r v e  o f  P A N I - H 2S O 4/H C O O H .
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F r o m  E q u a t io n  C - l ,  th e  s l o p e s  o f  t h e  c a l ib r a t io n  c u r v e s ,  th u s  5 p r o v id e  

t h e  p r o d u c t  o f  p a r t ic u la r  s p e c ie s ,  a { a n d  bj. T a b le  C - l  s h o w s  t h e  m o la r  

a b s o r p t io n  c o e f f i c i e n t  o f  p a r t ic u la r  s p e c i e s  o f  d o p e d  p o l y  a n i l in e .

Table C-l T h e  p r o d u c t  o f  a b s o r p t iv i t y  (aO  o f  p a r t ic u la r  s p e c i e s  a n d  biOf 
d o p e d  p o ly a n i l in e .

D o p e d  P A N I & b e n z e n o id * b j ® b ip o la r o n * b i ^  q u in o id * b j & p o la ro n * ^ ) ;

P A N I / C S A 1 .2 0 e + 3 1 .4 9 ๗ - 2 5 .1 3 e + 2 2 .6 4 e + 2
P A N I / H N O 3 1 .2 6 e + 2 2 .9 3  e + 2 4 .4 2 e + 2 4 .3 3 e + 2

P A N I /H C O O H 1 .6 8 ๗ - 3 1 .2 9 ๗ - 2 1 .6 0 ๗ - 3 1 .2 4 ๗ - 3
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Table C - 2  R a w  d a ta  o f  %  b ip o la r o n  a n d  %  p o la r o n  d e t e r m in a t io n .
Acid Doping Area Concentration % %BP+%P

ratio BZ BP Q p BZ BP Q p BZ BP Q p
HCOOH 1 220 6.8 470 15 0.13 0.05 0.29 0.01 30.9 0.96 66.0 2.11 3.07

2 205 7.15 448 17.5 0.12 0.06 0.3 0.01 30.3 1.06 66.1 2.58 3.64
4 188 7.47 421 18 0.11 0.06 0.26 0.01 29.6 1.18 66.4 2.84 4.01
10 175 7.55 398 25 0.10 0.06 0.27 0.02 28.9 1.25 65.7 4.13 5.38
20 150 7.6 289 32.5 0.10 0.06 0.20 0.03 31.3 1.59 60.3 6.78 8.37
40 170 7.5 321 35.7 0.10 0.06 0.20 0.03 31.8 1.40 60.1 6.68 8.09
50 160 7 276 25 0.10 0.05 0.70 0.02 34.2 1.50 59.0 5.34 6.84
180 45 3.8 230 7.45 0.03 0.03 0.14 0.01 15.7 1.33 80.3 2.6 3.93
200 39.4 1.8 2.28 0.72 0.02 0 0 0 71.7 4.07 4.15 1.63 5.70

HN03 1 235 78 725 451 1.87 0.27 1.64 1.04 15.8 5.24 48.7 30.3 35.5
2 235 85 711 469 1.87 0.29 1.61 1.08 15.7 5.67 47.4 31.3 36.9
4 212 100 684 486 1.68 0.30 1.55 1.12 14.3 6.75 46.2 32.8 39.5
10 215 120 600 500 1.71 0.41 1.36 1.15 15.0 8.36 31.8 34.8 43.2
20 220 135 500 539 1.75 0.46 1.13 1.24 15.8 9.68 35.9 38.7 48.4
30 220 145 200 625 1.75 0.49 0.45 1.44 18.5 12.2 16.8 52.5 64.7
40 234 366 180 648 1.86 1.25 0.41 1.50 16.4 23.5 12.6 45.4 68.9

CSA 1 170 28.7 7 170 0.14 0.19 0.01 0.64 45.2 7.64 1.86 45.3 52.9
2 173 33 68 359 0.14 0.22 0.13 1.36 27.3 5.21 10.7 56.7 61.9
4 173 31.1 7.5 220 0.14 0.21 0.01 0.83 40.1 7.21 1.74 51.0 58.2
10 179 35 32.9 415 0.15 0.24 0.06 1.57 27.0 5.29 4.97 62.7 68.0
20 183 33 30.5 425 0.15 0.22 0.06 1.61 27.3 4.91 4.54 63.3 68.2
30 34 9.42 6.8 120 0.03 0.06 0.01 0.45 20.0 5.53 3.99 70.5 76.0
40 177 38 38.4 398 0.15 0.26 0.07 1.51 25.1 8.50 5.44 62.4 70.89
80 178 33 72 315 0.15 0.22 0.14 1.19 29.8 5.52 12.0 52.7 58.2
160 185 32.5 29.6 300 0.15 0.22 0.06 1.14 33.8 5.94 5.41 54.8 60.8
250 165 35 65 395 0.14 0.24 0.13 1.50 25.0 5.30 9.85 59.9 65.2
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M o le c u la r  w e i g h t  o f  s y n t h e s iz e d  P A N I  w a s  e q u a l  t o  2 2 , 0 0 0  g /m o l  ( M a t t ,  1 9 9 1 )  

N u m b e r  o f  c h a r g e  c a r r ie r s  ( # )  c a n  b e  c a lc u la t e d  f r o m  t h e  f o l l o w i n g  e q u a t io n :
M W  =  N  X M W  o f  r e p e a t in g  u n it

#  o f  c h a r g e  c a r r ie r s  T o t a l =  #  o f  c h a r g e  c a r r ie r s  B P  + #  o f  c h a r g e  c a r r ie r s  p ( C - 7 )
#  o f  c h a r g e  c a r r ie r s  BP =  2  X N  X ( % b ip o la r o n ) ( C - 8)
#  o f  c h a r g e  c a r r ie r s  p =  N  X (% p o la r o n ) ( C - 9 )
w h e r e  N  i s  d e g r e e  o f  p o ly m e r iz a t io n .

l e +  1 

l e + o  

l e - 1  

l e -2  

l e - 3  

l e - 4  

l e - 5
0  2 0  4 0  6 0  8 0  1 0 0

% Bipo la ro ท + % Po la ro ท
Figure C-4 T h e  e f f e c t  o f  % b ip o la r o n  +  % p o la r o n  o n  t h e  s p e c i f i c  c o n d u c t iv i t y .

1

—▼ — p a n i-h 2 s o 4 / h c o o h

- O -  PANI-H2SO4/HNO3 

- « -  PANI-irJscyCSA
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Table C - 3  R a w  d a ta  o f  n u m b e r  o f  c a r r ie r  m o le c u le s .
Acid Doping ratio %BP %p nBP np nBp + np (T (S/cm)

H C O O H 1 0.96 2.11 1.16684928 1.28231874 2.44916802 1.89E-05
2 1.1 2.58 1.28839608 1.56795372 2.8563498 1.93E-05
4 1.18 2.84 1.43425224 1.72596456 3.1602168 1.95E-05
10 1.25 4.13 1.519335 2.50994142 4.02927642 2.51E-05
20 1.59 6.78 1.93259412 4.12043652 6.05303064 2.98E-05
40 1.4 6.68 1.7016552 4.05966312 5.76131832 2.32E-04
50 1.5 5.34 1.823202 3.24529956 5.06850156 2.22E-05
180 1.33 2.6 1.61657244 1.5801084 3.19668084 2.00E-05
200 4.07 1.63 4.94695476 0.99060642 5.93756118 2.00E-05

H N O 3 1 5.24 30.3 6.36905232 18.4143402 24.7833925 1.93E-03
2 5.67 31.3 6.89170356 19.0220742 25.9137778 2.39E-01
4 6.75 32.8 8.204409 19.9336752 28.1380842 5.85E-01
10 8.36 34.8 10.1613125 21.1491432 31.3104557 6.16E-01
20 9.68 38.7 11.7657302 23.5193058 35.285036 6.38E-01
30 12.2 52.5 14.8287096 31.906035 46.7347446 6.92E-01
40 23.5 45.4 28.563498 27.5911236 56.1546216 7.17E-01

CSA 1 7.64 45.3 9.28617552 27.5303502 36.8165257 1.79E-03
2 5.21 56.7 6.33258828 34.4585178 40.7911061 2.56E-02
4 7.21 51 8.76352428 30.994434 39.7579583 2.65E-01
10 5.29 62.7 6.42982572 38.1049218 44.5347475 2.89E-01
20 4.91 63.3 5.96794788 38.4695622 44.4375101 3.27E-01
30 5.53 70.5 6.72153804 42.845247 49.566785 3.95E-01
40 8.5 62.4 10.331478 37.9226016 48.2540796 4.20E-01
80 5.52 52.7 6.70938336 32.0275818 38.7369652 3.95E-01
160 5.94 54.8 7.21987992 33.3038232 40.5237031 2.58E-01
250 5.3 59.9 6.4419804 36.4032666 42.845247 2.49E-01
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APPENDIX D P r o b e  C o n f ig u r a t io n .

^ ___________ 3 c m  ___________^

1 c m  — ^

A lu m in iu m

◄ --------T e f lo n
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APPENDIX E C o n d u c t iv i t y  M e a s u r e m e n t  o f  D o p e d  P A N I  u n d e r  th e  

c o n d i t io n  o f  1 a tm , 6 0 %  r e la t iv e  h u m id i t y  a n d  28° c.
Table E-l R a w  d a ta  o f  c o n d u c t iv i t y  m e a s u r e m e n t  in  a ir .

Doping Thickness Applied Current Voltage drop CT
ratio Acid (cm) voltage (mA) (mV) (S/cm)

(V) Avg. SD Avg. SD Avg. SD
0 Undoped(1) 0.01065 0.55 1.86E-03 1.17E-04 97382.5 1324.8 1.74E-05 1.09E-06

Undoped(2) 0.01018 0.55 1.97E-03 1.34E-04 97082.5 953.1 1.93E-05 1.48E-06
Undoped (3) 0.01127 0.55 2.12E-03 1.48E-04 96832.5 1115.6 1.88E-05 1.30E-06

1 HCOOH(l) 0.01121 0.55 2.14E-03 1.43E-04 96932.5 1077.1 1.91E-05 1.30E-06
HCOOH (2) 0.00991 0.35 1.83E-03 1.89E-04 97682.5 1989.3 1.83E-05 2.02E-06
HCOOH (3) 0.01114 0.35 2.16E-03 2.22E-04 97382.5 1819.5 1.93E-05 1.97E-06

2 HCOOH (1) 0.01093 0.35 2.15E-03 1.51E-04 97732.5 1209.3 1.95E-05 1.42E-06
HCOOH (2) 0.01112 0.35 2.10E-03 2.31E-04 97682.5 1767.5 1.87E-05 1.99E-06
HCOOH (3) 0.01012 0.35 1.99E-03 2.18E-04 97382.5 1693 1.96E-05 2.10E-06

4 HCOOH (1) 0.01129 0.55 2.35E-03 1.08E-04 97882.5 1353.8 2.06E-05 1.08E-06
HCOOH (2) 0.01029 0.55 2.06E-03 1.58E-04 98382.5 1090.2 1.97E-05 1.47E-06
HCOOH (3) 001225 0.55 2.29E-03 1.37E-04 99192.50 1953 1.83E-05 1.02E-06

10 HCOOH (1) 0.00981 0.55 2.29E-03 8.76E-05 99842.5 2270.2 2.27E-05 5.39E-07
HCOOH (2) 0.01065 0.55 2.61E-03 1.30E-04 97682.5 2228 2.43E-05 1.13E-06
HCOOH (3) 0.01225 0.55 3.49E-03 9.94E-05 97592.5 2175.9 2.83E-05 7.14E-07

20 HCOOH (1) 0.01029 0.55 3.22E-03 1.62E-04 97272.5 1786.4 3.12E-05 1.57E-06
HCOOH (2) 0.00925 0.55 2.64E-03 1 77E-04 98382.5 1090.2 2.81E-05 1.21E-06
HCOOH (3) 0.01129 0.55 3.42E-03 1 32E-04 97472.5 2291.1 3.02E-05 1.25E-06

40 HCOOH (1) 0.01181 0.35 2.86E-02 3.98E-04 95732.5 3036.1 2.45E-04 3.34E-06
HCOOH (2) 0.01216 0.35 2.73E-02 3.02E-04 95172.5 1320.8 2.29E-04 2.56E-06
HCOOH (3) 0 01177 0.25 2.59E-02 8.76E-05 96532.5 1697.7 2.21E-04 8.02E-06

50 HCOOH (1) 0.01452 0.38 3.45E-03 2.01E-04 96332.5 1081.2 2.39E-05 1.49E-06
HCOOH (2) 0.01543 0.38 3.28E-03 2.90E-04 96732.5 1068.8 2.13E-05 1.90E-06
HCOOH (3) 0.01216 0.38 2.61E-03 1.10E-04 97212.5 1818.7 2 14E-05 1.03E-06

180 HCOOH (1) 0.01454 0.38 2.67E-03 2.31E-04 97272.5 1203.7 1.83E-05 1.62E-06
HCOOH (2) 0.01520 0.27 3.26E-03 2.22E-04 96132.5 1276.3 2.16E-05 1.43E-06
HCOOH (3) 0.01225 0.27 2.47E-03 2.36E-04 97172.5 1104.6 2.01E-05 1.92E-06

200 HCOOH (1) 0.01205 0.27 2.13E-03 2.41E-04 97252.5 1037.4 1.76E-05 2.01E-06
HCOOH (2) 0.01264 0.27 2.68E-03 2.10E-04 97222.5 921.1 2.11E-05 1 56E-06
HCOOH (3) 0.01197 0.30 2.56E-03 2.59E-04 97372.5 894.5 2.13E-05 2.13E-06



1 0 0

Doping Thickness Applied Current Voltage drop Ü
ratio Acid (cm) voltage (mA) (mV) (S/cm)

(V) Avg. SD Avg. SD Avg. SD
1 CSA (l) 0.01108 0.30 1.65E-01 1.84E-02 80612.5 1966.6 1.79E-03 1.67E-04

CSA (2) 0.01205 0.33 1.75E-01 1.08E-02 80462.5 2257.4 1.75E-03 1.39E-04
CSA (3) 0.01095 0.33 1.63E-01 1.16E-02 79902.5 2937.1 1.81E-03 1.08E-04

2 CSA (1) 0.01135 0.23 4.98E-01 1.93E-02 15932.5 343.3 2.67E-02 1.17E-02
CSA (2) 0.01149 0.23 4.78E-01 2.52E-02 16342.5 529.6 2.47E-02 1.71E-01
CSA (3) 0.01098 0.31 4.66E-01 2.88E-01 16072.5 412.8 2.56E-02 1.68E-02

4 CSA (1) 0.01356 0.31 7.44 1.90E-01 16162.5 457.5 3.30E-01 1.56E-02
CSA (2) 0.01068 0.28 5 06 2.37E-01 19282.5 1650.5 2.40E-01 2.83E-02
CSA (3) 0.01387 0.28 5.84 4.38E-01 18562.5 1230.4 2.21E-01 1.96E-02

1 0 CSA (1) 0.01659 0.34 9.13 3.37E-01 19822.5 1478.6 2.71E-01 2.61E-02
CSA (2) 0.01353 0.34 8.99 3.28E-01 22002 5 763.0 2.93E-01 8.75E-02
CSA (3) 0.01038 0.37 8 . 1 1 3.31E-01 24772.5 2867.5 3 10E-01 3.30E-02

2 0 CSA (1) 0.00996 0.37 8.34 3.63E-01 24012.5 2705.8 3.42E-01 3.76E-02
CSA (2) 0.00978 0.42 7.09 2.56E-01 24852.5 3263.0 2.87E-01 3.78E-02
CSA (3) 0.00861 0.42 7.47 5.23E-01 24712.50 3411.2 3.47E-01 5.76E-01

30 CSA (1) 0.01097 0.42 12.41 2.69E-01 25092.5 3006.5 4.44E-01 6.19E-02
CSA (2) 0.00970 0.31 6.87 2.56E-01 18665.5 2126.3 3.72E-01 4.40E-02
CSA (3) 0.00970 0.31 7.00 2.62E-01 18592.5 2082.4 3.81E-01 4.35E-02

40 CSA (1) 0.01044 0.31 9.52 4.98E-01 18892.5 806.2 4.69E-01 3.32E-02
CSA (2) 0.01227 0.31 10.95 4.77E-01 18082.5 742.1 4.79E-01 1.90E-02
CSA (3) 0.01249 0.36 7.90 2.82E-01 19622.5 1151.6 3.14E-01 2.00E-02

80 CSA (1) 0.01253 0.36 9.65 8.48E-01 18262.5 895.9 4.10E-01 4.38E-02
CSA (2) 0.01252 0.37 9.95 3.40E-01 18212.5 919.5 4.24E-01 1.98E-02
CSA (3) 0.01290 0.37 8.89 2.81E-01 19082.5 1039.0 3.51E-01 3.69E-02

160 CSA (1) 0.01344 0.55 1.31 8.19E-03 4602.5 115.5 2.05E-01 5.03E-02
CSA (2) 0.01514 0.55 2.41 4.24E-02 4772.5 92.6 3.23E-01 5.49E-02
CSA (3) 0.01044 0.55 1.30 1.20E-02 4602.5 115.5 2.63E-01 6.05E-02

250 CSA (1) 0.01264 0.27 6.70 7.86E-01 19672.5 1249.9 2.62E-01 3.63E-02
CSA (2) 0.01093 0.27 4.66 7.04E-01 21602.5 1465.2 1 91E-01 2.34E-02
CSA (3) 0.01304 0.30 7.55 3.72E-01 18512.5 1461.7 3.05E-01 2.35E-02

1 h n o 3 ( 1 ) 0.01007 0.4 1.94E-02 1.70E-02 91102.5 1523.9 2.05E-03 2.00E-04
HNOj (2) 0.00910 0.4 1.60E-01 8.17E-03 92172.5 1699.7 1.85E-03 8.66E-05
HNO3 (3) 0 . 0 1 0 1 1 0.35 1.80E-01 1.56E-02 91822.5 3424.0 1.88E-03 1.92E-04
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Doping Thickness Applied Current Voltage drop CT
ratio Acid (cm) voltage (mA) (mV) (S/cm)

(V) Avg. SD Avg. SD Avg. SD
2 h n o 3 ( 1 ) 0.01174 0.30 1.93 1.83E-01 6212.5 218.3 2.57E-01 2.43E-02

HNOj (2) 0 . 0 1 2 1 0 0.28 1 . 6 8 1.62E-01 6306.5 332.3 2.14E-01 2.45E-02
HNO3 (3) 0.01241 0.40 1 . 8 8 1.69E-01 6152.6 201.4 2.45E-01 2.06E-02

4 HNOj (1) 0.01205 0.55 2.85 6.41E-01 4363.5 71.4 5.25E-01 3.36E-03
HNO3 (2 ) 0.0172 0.55 2.95 7.33E-02 4137.5 109.6 5.90E-01 8.17E-03
HNO3 (3) 0.01171 0.55 2.96 8.35E-02 3842.5 108.7 6.39E-01 8.71E-03

1 0 h n o 3 ( 1 ) 0.01095 0.45 2.93 7.70E-02 4117.5 93.1 6.31E-01 1.07E-02
HNO3 (2) 0.01104 0.40 2.87 1.28E-01 4127.5 129.6 6.11E-01 4.49E-02
HNO3 (3) 0.01227 0.40 3.08 1.39E-01 3977.5 143.9 6.12E-01 2.64E-02

2 0 HNO3 (1) 0.01324 0.35 3.31 1.19E-01 3772.5 205.8 6.43E-01 4.06E-02
HNO3 (2 ) 0.01227 0.35 2.97 1.84E-01 4042.5 135.0 5.80E-01 4.31E-02
HNO3 (3) 0.01709 0.35 4.86 3.31E-01 3922.5 161.9 7.03E-01 5.27E-02

30 h n o 3 ( 1 ) 0.01639 0.35 4.71 4.07E-01 4022.5 139.8 6.92E-01 5.32E-02
HNO3 (2) 0.01616 0.35 3.95 1.18E-01 3952.5 117.9 7.34E-01 5.44E-02
HNO3 (3) 0.1583 0.35 4.15 4.93E-01 3902.5 149.1 6.53E-01 8.65E-02

40 HNO3 (1) 0.01256 0.35 3.92 2.04E-01 3922.5 204.4 7.14E-01 4.18E-02
HNO3 (2) 0.01274 0.25 3.51 1.60E-01 3882.5 204.4 6.90E-01 5.40E-02
HNO3 (3) 0.01213 0.30 3.57 1.77E-01 3952.5 171.6 7.23E-01 3.70E-02



1 0 2

Table E - 2  R a w  d a ta  o f  c o n d u c t iv i t y  m e a s u r e m e n t  o f  P A N I - H 2S O 4/ C S A  

w h e n  e x p o s e d  to  100% e th a n o l .

Doping Thickness Applied Current Voltage drop a (S/cm)
ratio Acid (cm) voltage (mA) (mV)

(V) Avg. SD Avg. SD Avg. SD
1 CSA(l) 0.01108 0.30 2.33E-01 1.40E-02 70424.3 1407.3 2.90E-03 1.87E-04

CSA (2) 0.01205 0.33 2.31E-01 7.40E-03 6662.5 1885.9 2.79E-03 5.73E-05
2 CSA(l) 0.01135 0.23 1.21E+00 6.43E-02 18202.5 920.1 5.66E-02 8.58E-04

CSA (2) 0.01149 0.23 1.14E+00 8.53E-02 18102.5 784.6 5.30E-02 2.16E-03
4 CSA (1) 0.01356 0.31 8.31E+00 2.39E-01 17762.5 356.5 3.35E-01 1.20E-02

CSA (2) 0.01068 0.28 7.97E+00 3.30E-01 21302.5 828.7 3.40E-01 1.09E-02
10 CSA (1) 0.01659 0.34 1.05E+01 2.72E-01 16667.5 464.3 3.70E-01 5.63E-03

CSA (2) 0.01353 0.34 9.69E+00 2.60E-01 18487.5 452.2 3.76E-01 3.10E-03
20 CSA (1) 0.00996 0.37 1.02E+01 2.50E-01 23822.5 1521.5 4.20E-01 2.65E-02

CSA (2) 0.00978 0.42 1.03E+01 3.03E-01 23362.5 982.2 4.37E-01 1.46E-02
30 CSA (1) 0.01097 0.42 1.29E+01 5.32E-01 23612.5 1143.5 4.81E-01 6.68E-03

CSA (2) 0.0097 0.31 1.06E+01 3.13E-01 22522.5 661.3 4.69E-01 5.45E-03
40 CSA (1) 0.01044 0.31 1.31E+01 1.94E-01 16342.5 469.5 6.23E-01 1.39E-02

CSA (2) 0.01227 0.31 1.31E+01 1.55E-01 16642.5 327.3 6.24E-01 1.11E-02
80 CSA (1) 0.01253 0.36 1.22E+01 2.72E-01 18022.5 887.9 5.23E-01 2.35E-02

CSA (2) 0.01252 0.37 1.24E+01 2.64E-01 18712.5 652.3 5.12E-01 1.98E-02
160 CSA (1) 0.01344 0.55 1.29E+00 3.00E-02 3602.5 115.5 2.59E-01 1.12E-02

CSA (2) 0.01514 0.55 1.49E+00 9.18E-02 3587.5 184.2 2.67E-01 2.55E-02



Table E - 3  R a w  d a ta  o f  s e n s i t i v i t y  o f  P A N I - H 2S O 4/ C S A  a t  N A/ N EB e q u a l  t o  1 :4 0  w h e n  
e x p o s e d  t o  e t h a n o l .  _____________________ ______________________________ _____________________ ________
E t h a n o l T h i c k n e s s A p p l i e

d
C u r r e n t ( m A ) V o l t

d r o p
b e f o r e
( m V )

V o l t
d r o p

a f t e r
( m V ) ( S / c m )

b e f o r e
( S / c m )

a f t e r À G
( S / c m )

( % ) ( c m ) V o l t a g
e ( V )

A v g . S D . A v g . S D . A v g . S D . A v g . S D . A v g . S D .

0 0 . 0 0 9 9 7 0 . 3 5 1 . 0 1 4 2 0 . 0 2 1 4 4 5 5 9 . 0 2 6 . 9 2 9 2 4 . 0 6 5 . 3 0 . 2 1 6 4 0 . 0 0 1 5 3 0 . 3 3 7 4 0 . 0 0 2 3 0 .1 2 1 0

0 . 0 1 1 0 4 0 . 3 5 1 . 1 0 5 7 0 . 0 1 9 6 4 8 8 8 . 2 4 6 . 1 3 0 4 2 . 9 4 2 . 3 0 . 1 9 8 7 0 . 0 0 2 1 5 0 . 3 1 9 2 0 . 0 0 4 8 0 . 1 2 0 5

1 0 . 0 0 9 9 3 0 . 5 5 1 . 1 6 2 9 0 . 0 2 6 5 6 0 8 2 . 5 4 4 . 7 3 8 7 9 . 2 4 0 . 4 0 . 1 8 0 0 0 .0 0 12 0 . 2 9 4 3 0 . 0 0 2 5 0 . 1 1 4 2
0 . 0 1 2 2 3 0 . 5 5 0 . 7 0 5 6 0 . 0 1 9 2 3 3 2 7 . 8 2 9 . 3 1 9 6 0 . 6 1 6 .1 0 . 1 6 8 1 0 .0 0 12 0 . 2 8 4 5 0 . 0 0 2 9 0 . 1 1 6 4

2 . 3 0 . 0 1 0 1 4 0 . 5 5 1 .1 0 0 2 0 . 0 2 8 1 5 5 8 2 . 5 8 3 . 7 4 1 6 7 . 5 3 5 . 4 0 . 1 8 3 5 0 . 0 0 1 4 0 . 2 6 2 8 0 . 0 0 4 8 0 . 0 8 2 6
0 . 0 1 4 2 9 0 . 5 5 1 . 2 1 5 7 0 .0 20 1 5 0 2 1 . 8 7 1 . 3 3 2 7 6 . 7 2 5 . 7 0 . 1 6 4 3 0 .0 0 12 0 . 2 5 1 8 0 . 0 0 5 3 0 . 0 8 7 5

4 . 6 0 . 0 1 3 4 4 0 . 5 5 1 . 4 1 0 6 0 .0 20 1 4 7 0 2 . 5 2 7 . 9 4 2 0 2 . 5 2 5 3 . 9 0 . 2 1 0 8 0 . 0 0 6 7 0 . 2 4 3 6 0 . 0 1 6 5 0 . 0 6 6 2
0 . 0 1 4 2 6 0 . 5 5 1 . 4 2 8 3 0 . 0 1 1 9 5 3 5 5 . 5 3 7 . 2 3 8 4 4 . 4 2 1 . 3 0 . 1 8 1 0 0 . 0 0 0 5 0 . 2 5 2 7 0 . 0 1 4 3 0 . 0 7 1 3

9 . 2 0 . 0 1 2 4 9 0 . 5 5 1 . 4 1 1 2 0 . 0 1 8 3 4 5 1 5 . 0 1 3 8 . 4 3 8 6 5 . 0 1 9 7 . 4 0 . 2 3 8 0 0 . 0 0 9 1 0 . 2 8 7 8 0 . 0 1 4 6 0 . 0 6 2 9
0 . 0 1 1 4 9 0 . 5 2 1 . 5 6 7 5 0 . 0 7 2 0 6 1 1 1 . 2 10 0 .1 4 7 9 7 . 3 1 0 7 . 3 0 . 2 1 6 5 0 . 0 0 7 4 0 . 2 7 5 8 0 . 0 1 5 3 0 . 0 5 9 3



E t h a n o l T h i c k n e s s A p p l i e
d

C u r r e n t ( m A ) V o l t
d r o p

b e f o r e
( m V )

V o l t
d r o p

a f t e r
( m V ) ( S / c m )

b e f o r e
( S / c m )

a f t e r A a
( S / c m )

( % ) ( c m ) V o l t a g
e ( V )

A v g . S D . A v g . S D . A v g . S D . A v g . S D . A v g . S D .

1 5 0 . 0 1 3 0 2 0 . 5 5 1 . 2 8 1 9 0 . 0 1 1 6 5 9 8 2 . 5 4 4 . 7 5 4 2 4 . 1 8 9 . 4 0 . 1 5 7 0 0 .0 0 12 0 . 1 7 5 8 0 . 0 0 1 7 0 . 0 1 8 8
0 . 0 1 4 1 6 0 . 4 6 1 . 3 2 3 1 0 . 0 2 8 4 5 2 2 3 . 3 4 0 . 6 4 7 2 4 . 9 7 4 . 2 0 . 1 7 3 5 0 . 0 0 1 6 0 . 1 9 1 8 0 .0 0 11 0 . 0 1 8 3

20 0 . 0 1 3 1 4 0 . 4 6 1 . 3 7 0 7 0 . 0 1 5 6 5 8 3 5 . 8 8 1 . 6 5 5 1 3 . 7 8 5 . 4 0 . 1 7 2 4 0 . 0 0 3 5 0 . 1 8 3 5 0 . 0 0 2 5 0 .0 110

0 . 0 1 1 7 1 0 . 4 6 1 . 2 1 4 4 0 . 0 1 4 9 5 5 4 9 . 1 4 6 . 8 5 2 1 8 . 1 3 9 . 1 0 . 1 8 1 2 0 . 0 0 1 5 0 . 1 9 2 8 0 . 0 0 1 7 0 . 0 1 1 5

3 0 0 . 0 1 0 3 8 0 . 2 9 1 . 1 2 3 8 0 . 0 1 6 9 5 5 3 4 . 7 5 6 .1 5 2 5 5 . 9 4 2 . 5 0 . 1 8 9 7 0 . 0 0 1 7 0 . 1 9 9 8 0 . 0 0 1 3 0 . 0 0 9 7 6
0 . 0 1 1 5 9 0 . 2 9 1 . 1 1 7 9 0 . 0 1 1 7 4 5 9 5 . 5 7 2 . 3 4 3 8 4 . 2 3 9 . 7 0 . 2 0 3 6 0 .0 0 21 0 . 2 1 3 4 0 . 0 0 2 7 0 . 0 0 9 8 1



TableE-4 Raw data of sensitivity of PANI-H2SO4/CSA at NA/NEB equal to 1:160 when
exposed to ethanol._______________________________________________________
E t h a n o l T h i c k n e s s A p p l i e

d
C u r r e n t ( m A ) V o l t

d r o p
b e f o r e
( m V )

V o l t
d r o p

a f t e r
( m V ) ( S / c m )

b e f o r e
( S / c m )

a f t e r À G
( S / c m )

( % ) ( c m ) V o l t a g
e ( V )

A v g . S D . A v g . S D . A v g . S D . A v g . S D . A v g . S D .

0 0 . 0 1 2 7 1 0 . 3 5 1 . 0 1 7 3 0 .0 12 1 4 1 3 6 . 3 3 6 . 2 2 5 1 4 . 8 3 0 . 1 0 . 1 8 7 7 0 . 0 0 2 7 0 . 3 0 8 7 0 . 0 0 1 4 0 .1 2 1 0

0 . 0 1 1 5 1 0 . 3 5 1 . 0 6 9 4 0 . 0 0 9 7 4 5 2 0 . 3 5 9 . 2 2 7 9 1 . 1 6 7 . 3 0 . 1 9 9 3 0 . 0 0 6 3 0 . 3 2 2 8 0 . 0 0 1 1 0 . 1 2 3 5

1 0 . 0 1 1 6 2 0 . 6 4 0 . 9 4 0 9 0 . 0 9 0 8 4 0 5 4 . 4 1 7 .8 2 4 8 4 . 5 4 6 . 3 0 . 1 9 3 7 0 . 0 0 7 1 0 . 3 1 6 1 0 . 0 0 1 8 0 . 1 2 2 4
0 . 0 1 0 4 2 0 . 6 4 1 . 0 1 7 6 0 . 0 8 6 7 4 4 1 9 . 6 2 6 . 9 2 8 2 0 . 5 2 1 . 1 0 . 2 1 4 3 0 . 0 0 5 0 0 . 3 3 5 8 0 .0021 0 . 1 2 1 5

2 . 3 0 . 0 1 1 8 2 0 . 3 9 1 . 1 7 0 3 0 . 0 2 3 8 4 2 0 7 . 7 3 9 . 3 3 1 5 4 . 4 4 7 . 2 0 . 2 2 8 2 0 . 0 0 3 5 0 . 3 0 4 4 0 . 0 0 2 6 0 . 0 7 6 2
0 . 0 1 2 3 9 0 . 4 8 1 . 1 7 7 7 0 . 0 3 7 5 3 7 8 2 . 2 4 5 . 1 3 0 3 9 . 1 4 9 . 7 0 . 2 4 3 7 0 . 0 0 3 2 0 . 3 0 3 3 0 . 0 0 2 8 0 . 0 5 9 6

4 . 6 0 . 0 1 1 4 9 0 . 4 8 1 . 2 4 3 9 0 . 0 0 6 9 4 5 2 2 . 6 1 0 2 . 3 3 8 0 0 . 6 9 9 . 7 0 . 2 3 2 2 0 . 0 0 3 2 0 . 2 7 6 3 0 . 0 0 1 9 0 . 0 4 4 1
0 . 0 1 0 6 4 0 . 2 5 0 . 7 0 1 5 0 . 0 1 1 6 3 0 6 8 . 6 6 6 . 4 2 4 9 1 . 0 6 9 . 9 0 . 2 0 8 4 0 . 0 0 5 0 0 . 2 5 1 7 0 . 0 1 6 4 0 . 0 4 3 3



E t h a n o l T h i c k n e s s A p p l i e
d

C u r r e n t ( m A ) V o l t
d r o p

b e f o r e
( m V )

V o l t
d r o p

a f t e r
( m V ) ( S / c m )

b e f o r e
( S / c m )

a f t e r
( S / c m )

( % ) ( c m ) V o l t a g
e ( V )

A v g . S D . A v g . S D . A v g . S D . A v g . S D . A v g . S D .

9 . 2 0 . 0 1 0 8 4 0 . 4 8 1 . 2 1 2 3 0 . 0 4 4 3 5 1 0 2 . 5 6 0 . 8 4 5 5 2 . 5 7 0 . 7 0 .2 12 0 0 . 0 0 1 4 0 . 2 5 4 7 0 . 0 0 5 1 0 . 0 4 2 7
0 . 0 1 1 3 4 0 . 4 8 1 . 1 1 8 2 0 . 0 3 0 7 4 3 3 5 . 3 7 9 . 8 3 6 5 1 . 6 6 3 . 1 0 . 2 2 0 6 0 . 0 0 5 7 0 . 2 6 1 9 0 . 0 0 5 2 0 . 0 4 1 3

1 5 0 . 0 0 7 8 0 0 . 5 3 0 . 9 2 4 6 0 .0 222 7 5 0 5 . 3 5 2 . 3 6 8 1 3 . 2 4 9 . 7 0 . 1 5 3 1 0 . 0 0 4 2 0 . 1 6 8 7 0 . 0 0 3 6 0 . 0 1 5 6
0 . 0 0 8 3 0 0 . 5 3 0 . 9 9 4 2 0 . 0 0 5 1 5 4 0 6 . 6 6 7 . 7 5 0 0 2 . 3 4 1 . 4 0 . 2 1 4 9 0 . 0 1 1 5 0 . 2 3 1 9 0 . 0 0 4 8 0 . 0 1 7 0

20 0 . 0 1 0 6 4 0 . 5 3 1 . 0 6 9 6 0 . 0 4 0 7 5 4 1 5 . 0 7 2 .1 5 2 0 0 . 6 6 3 . 1 0 . 1 8 0 0 0 . 0 0 0 7 0 . 1 8 7 5 0 . 0 0 3 2 0 . 0 0 7 4 2
0 . 0 0 9 6 4 0 . 4 7 1 . 0 7 5 4 0 . 0 3 9 8 4 8 1 9 . 2 4 3 . 2 4 6 1 7 . 3 5 6 . 2 0 . 2 2 4 5 0 . 0 0 6 2 0 . 2 3 4 3 0 . 0 0 7 1 0 . 0 0 9 8 2

3 0 0 . 0 1 0 1 7 0 . 3 0 1 . 0 5 3 4 0 . 0 0 9 7 4 9 8 7 . 1 4 1 . 3 4 7 6 4 . 1 4 9 . 1 0 . 2 0 1 4 0 .0 0 11 0 . 2 1 0 9 0 . 0 0 2 5 0 . 0 0 9 4 3
0 . 0 1 0 6 2 0 . 3 0 1 . 0 0 5 0 0 . 0 1 2 8 4 6 5 1 . 3 3 9 . 2 4 4 7 3 . 3 4 9 . 9 0 . 1 9 7 3 0.0022 0 . 2 0 5 2 0 . 0 0 3 1 0 . 0 0 7 8 5
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