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APPENDICES

APPENDIX A Determination of the Geometric Correction Factor (K)

The calibration o f the constructed four point probe meter for 
measurement electrical conductivity of thin film sample was performed by 
using silicon wafer chips (SiO). The sheet resistivity (p) and thickness of 
silicon wafer chip are shown in Table A. 1.

Table A .l The sheet resistivity and thickness of standard sheet (SiO)

Material Sheet Resistivty, p (Qcm) Thickness (cm)
S i O A 9.09xl0 'j 7 .18xl0 '2
SiOJB 9.23xl0 '3 7.16x1 O’2

Table A.2 Determination of K factor of the constructed four point meter by 
using SiO_A as the standard sheet at 25°c

1 st measurement 2 nd measurement
I(m A ) V (mV) K I(m A ) V (mV) K

54.7 1.60 1.82 70.7 2.50 1.90
60.6 1.90 1.87 71.5 3.30 1.65
82.6 3.40 1.87 82.7 4.00 1.69
116 5.60 1 .8 8 104 5.60 1.69
153 80.0 1.90 125 7.60 1.62

Average 1 .8 6 Average 1.71
SD 0.04 SD 0 . 1 1
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Table A.3 Determination o f K factor o f the constructed four point meter by 
using SiO B as the standard sheet at 2 5 ° c

1st measurement 2 nd measurement
I(m A ) V (mV) K I (ท!A) V (mV) K

69.7 3.80 1.51 66.9 3.90 1.42
69.4 3.40 1.61 76.3 4.50 1.48
90.5 5.00 1.63 97.1 6 . 2 0 1.50
8 8 .6 4.90 1.62 118 8 . 0 0 1.51
1 1 0 6.60 1.62 123 8.30 1.52

Average 1.60 Average 1.49
SD 0.05 SD 0.04
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APPENDIX B Elemental Analysis Data of Doped Polyaniline

The elemental analysis technique was used to determine the amounts of 
elements; carbon (C), hydrogen (H), nitrogen (N), and sulfer (ร) atoms of 
doped poly aniline in order to calculate to % of H/N, the doping level. The 
doping level presents the amount of protons from an acid dopant protonating 
the nitrogen atoms in the polymer chain in the protonation doping process of 
polyaniline. The undoped and doped film samples were weighed at 1.5-2.5 mg 
and sealed in the tin capsules and put in the sample cell. The sample was 
dropped in the combustion zone at a temperature between 975-11 0 0 ° c  with 
helium as a carrier gas.The data from EA measurements of doped polyaniline 
films at various doping ratios (Ca/Cp and Na/Np) are shown in Table B. 1.

Table B.I The EA data of doped poly aniline films

Doped polyaniline Ca/Cp Na/Np % H/N
HC1 doped 

polyaniline film
0 0 5.64
1 9.90 11.3

1 0 99.3 13.4
50 496 14.7

1 0 0 993 13.7
500 4963 10.4

CSA doped 
polyaniline films

0 0 5.64
1 1.60 18.8
5 7.80 27.6

1 0 15.6 28.0
50 78.1 42.7
150 234 46.0
500 781 53.3
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APPENDIX c  Electrical Conductivity Data o f HC1 Doped Polyaniline

c . 1 Effect of Aging on the electrical conductivity of HC1
doped polyaniline films at various doping ratios (figure 
4.15)

Sample: c a/c p = 1, Na/Np = 9.90 
Thickness (t) = 20.2, 21.2 pm 
Testing conditions: K factor =1.65

Temperature = 25 °c 
Humidity = 65-70%
Moisture content = 3-5%

Table c.1.1 The electrical conductivity of HC1 doped polyaniline films at 
Ca/Cp = 1 , Na/Np = 9.90

# aging day
Specific conductivity 

(S/cm) Average SD
1st sample 2 n0 sample

1 1.35E-01 1.37E-01 1.36E-01 1.63E-03
5 1.25E-01 1.23E-01 1.24E-01 1.20E-03

1 0 8.37E-02 8.40E-02 8.39E-02 2.12E-04
2 0 7.28E-02 7.24E-02 7.26E-02 2.83E-04
30 8.40E-02 8.14E-02 8.27E-02 1.84E-03
40 5.31E-02 - 5.31E-02 -
50 6.00E-02 5.27E-02 5.64E-02 5.16E-03
80 5.10E-02 3.17E-02 4.14E-02 1.36E-02
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Sample: C J Cp = 10, Na/Np = 99.3 
Thickness (t) = 21.0, 72.8 pm 
Testing conditions: K factor = 1.65

Temperature = 2 5  ° c  
Humidity = 65-70% 
Moisture content = 3 -5 %

Table C-1.2 The electrical conductivity o f HC1 doped polyaniline films at
Ca/C p=10, Na/Np = 99.3

# aging day Specific conductivity (S/cm) Average SDl sl sample 2 na sample
1 2.37E-01 2.05E-01 2.21E-01 2.23E-02
5 1.13E-01 - 1.13E-01 -

1 0 5.90E-02 4.54E-02 5.22E-02 9.62E-03
2 0 4.15E-02 4.54E-02 4.35E-02 2.76E-03
30 1.10E-02 - 1.10E-02 -
40 5.35E-02 2.37E-02 3.86E-02 2.11E-02
50 4.62E-02 4.69E-02 4.66E-02 4.95E-04
80 4.28E-02 - 4.28E-02 -
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Sample: Ca/Cp = 50, Na/Np = 496 
Thickness (t) = 18.2, 69.6 pm 
Testing conditions: K factor = 1.65

Temperature = 25 °c 
Humidity = 65-70%
Moisture content = 3-5%

Table c.1.3 The electrical conductivity o f HC1 doped polyaniline films at
Ca/Cp = 50, Na/Np = 496

# aging day Specific conductivity (S/cm) Average SDl sl sample 2 nQ sample
1 4.55E-01 2.99E-01 3.77E-01 l.lOE-01
5 1.71E-01 1.74E-01 1.73E-01 2.12E-03

1 0 2.04E-01 1.02E-01 1.53E-01 7.21E-02
2 0 1.69E-01 1.95E-01 1.82E-01 1.86E-02
30 8.13E-02 - 8.13E-02 -
40 7.58E-02 - 7.58E-02 -
80 8.76E-02 - 8.76E-02 -



90

S a m p le :  C a/C p  =  5 0 0 , N a/N p  =  4 9 6 3  
T h ic k n e s s  ( t)  =  2 0 .0 ,  2 3 .2  p m  
T e s t in g  c o n d i t io n s :  K  f a c to r  =  1 .65

T e m p e r a tu r e  =  2 5  ° c  
H u m id i ty  =  6 5 - 7 0 %
M o is tu r e  c o n te n t  =  3 -5 %

Table c . 1 . 4  T h e  e le c t r ic a l  c o n d u c t iv i ty  o f  H C 1 d o p e d  p o ly a n i l in e  f i lm s  a t  
C a/C p  =  5 0 0 , N a/N p  =  4 9 6 3

#  a g in g  d a y
S p e c if ic  c o n d u c t iv i ty  (S /c m )

A v e r a g e S D
1st s a m p le 2 na s a m p le

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

1 0 1 .1 0 E -0 3 9 .0 0 E -0 4 1 .0 0 E -0 3 1 .4 1 E -0 4
2 0 2 .1 0 E -0 3 2 .0 0 E -0 3 2 .1 0 E -0 3 7 .0 7 E -0 5
4 0 3 .2 0 E -0 3 3 .1 0 E -0 3 3 .2 0 E -0 3 7 .0 7 E -0 5
5 0 2 .1 0 E -0 3 - 2 .1 0 E -0 3 -

8 0 1 .7 0 E -0 3 - 1 .7 0 E -0 3 -



C .2  E f f e c t  o f  a c id  c o n c e n t r a t io n s  o n  th e  e le c t r ic a l  c o n d u c t iv i ty  o f  H C 1 d o p e d  p o ly a n i l in e  f i lm s  a t  v a r io u s  d o p in g  
r a t io s  ( f ig u r e  4 .2 1 )

S a m p le :  H C 1 d o p e d  p o ly a n i l in e  f i lm s

T h ic k n e s s  ( t)  ~  2 0  ( im
T e s t in g  c o n d i t io n s :  K  f a c to r  =  1 .65

T e m p e r a tu r e  =  2 4 -2 5  ° c
H u m id i ty  =  6 4 - 7 5 % , M o is tu r e  c o n te n t  =  3 - 5 %

Table c . 2 . 1  T h e  e le c t r ic a l  c o n d u c t iv i ty  o f  H C 1 d o p e d  p o ly a n i l in e  f i lm s  a t  d i f f e r e n t  d o p in g  r a t io s
E le c t r ic a l  C o n d u c t iv i ty  (S /c m )

c a/c p 1 1 0 5 0 150 2 5 0 5 0 0
Na/Np 9 .9 0 9 9 .3 4 9 6 1 4 8 9 2 4 8 2 4 9 6 3

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

5 .2 7 E -0 2 8 .7 6 E -0 2 2 .1 0 E -0 3
5 .1 0 E -0 2 1 .7 0 E -0 3

A v e ra g e 2 .7 7 E -0 2 5 .0 8 E -0 2 8 .1 6 E -0 2 4 .8 6 E -0 2 1 .8 0 E -0 2 2 .5 0 E -0 3
S D 5 .6 6 E -0 3 3 .1 7 E -0 3 5 .9 0 E -0 3 1 .6 0 E -0 3 4 .0 0 E -0 4 7 .0 0 E -0 4
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C .3  E f f e c t  o f  th e  p e r c e n ta g e  o f  h u m id i ty  o n  th e  e le c t r ic a l  c o n d u c t iv i ty  
o f  H C 1 d o p e d  p o ly  a n i l in e  f i lm s  ( f ig u r e  4 .1 9 )

S a m p le :  C a/C p =  1, N a/N p  =  9 .9 0  
T h ic k n e s s  ( t)  =  2 1 .2  p m  
T e s t in g  c o n d i t io n s :  K  f a c to r  =  1 .65

T e m p e r a tu r e  =  2 5 -2 6  ° c  
M o is tu r e  c o n te n t  =  2 %

Table c . 3 . 1  T h e  e le c t r ic a l  c o n d u c t iv i ty  o f  H C 1 d o p e d  p o ly a n i l in e  f i lm s  a t  
d i f f e r e n t  % h u m id i ty

T h e  e le c t r ic a l  c o n d u c t iv i ty  (S /c m )
% h u m id i ty 3 6 .5 4 3 .0 5 4 .8 7 0 .0

1 .2 0 E -0 3 1 .5 2 E -0 3 2 .2 0 E -0 3 2 .5 9 E -0 3
1 .2 0 E -0 3 1 .5 2 E -0 3 2 .1 8 E -0 3 2 .5 5 E -0 3
1 .1 2 E -0 3 1 .5 2 E -0 3 2 .1 7 E -0 3
1 .1 7 E -0 3 2 .2 1 E -0 3
1 .1 7 E -0 3 2 .1 9 E -0 3
1 .1 7 E -0 3

A v e r a g e 1 .1 8 E -0 3 1 .5 2 E -0 3 2 .1 9 E -0 3 2 .5 7 E -0 3
S D 8 .9 5 E -0 6 2 .5 2 E -0 6 1 .3 9 E -0 5 2 .7 6 E -0 5
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C .4  E f f e c t  o f  1 0 0 0  p p m  S 0 2/N 2 m ix tu r e  g a s  o n  th e  e le c t r ic a l  
c o n d u c t iv i ty  o f  H C 1 d o p e d  p o ly a n i l in e  f i lm s  ( f ig u r e  4 .2 2 )

S a m p le :  C a/C p =  1, N a/N p  =  9 .9  
T h ic k n e s s  ( t)  =  3 9 .4  p m  
T e s t in g  c o n d i t io n s :  K  f a c to r  =  1 .65

T e m p e r a tu r e  =  2 5 - 2 6  ° c  
M o is tu r e  c o n te n t  =  2 %
H u m id i ty  =  2 8 - 3 2 %

Table c . 4 . 1  T h e  e le c t r ic a l  c o n d u c t iv i ty  o f  H C 1 d o p e d  p o ly a n i l in e  f i lm s  a t  
C a/C p  =  1 w h e n  e x p o s e d  to  1 0 0 0  p p m  S 0 2/N 2 m ix tu r e  g a s

T im e  (m in ) I ( m A ) V  (m V ) a  (S /cm )
-13 1 .00E -02 575 .5 2 .7 2 9 E -0 3
-8 1.00E -02 577 .5 2 .7 2 2 E -0 3
-1 1.00E -02 577 .5 2 .7 2 2 E -0 3
0 1.00E -02 578 .5 2 .7 2 3 E -0 3
1 1.00E -02 568 .5 2 .7 3 3 E -0 3
1 1 .00E -02 570 .5 2 .7 2 9 E -0 3
2 1.00E -02 572 .5 2 .7 2 4 E -0 3
2 1.00E -02 573 .5 2 .7 2 1 E -0 3
3 1 .00E -02 572 .5 2 .7 2 7 E -0 3
3 1 .00E -02 570 .5 2 .7 3 7 E -0 3
4 1 .00E -02 574 .5 2 .7 2 0 E -0 3
5 1 .00E -02 573 .5 2 .7 3 0 E -0 3
6 1.00E -02 572.5 2 .7 3 8 E -0 3
8 1 .00E -02 575.5 2 .7 2 6 E -0 3

1 0 1 .00E -02 573.5 2 .7 3 6 E -0 3
13 1 .00E -02 576 .5 2 .7 2 2 E -0 3
17 1 .00E -02 579 .5 2 .7 1 8 E -0 3
19 1 .00E -02 578.5 2 .7 2 3 E -0 3
33 1.00E -02 579 .5 2 .7 1 8 E -0 3
40 1.00E -02 577 .5 2 .7 2 0 E -0 3
54 1.00E -02 577 .5 2 .7 2 5 E -0 3
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S a m p le :  C a/C p  =  5 0 , 
T h ic k n e s s  ( t)  =  6 9 .6  
T e s t in g  c o n d i t io n s :

Na/Np = 496.3 
p m
K  f a c to r  =  1 .6 5  
T e m p e r a tu r e  =  2 5 -2 6  ° c  
M o is tu r e  c o n te n t  =  2 %  
H u m id i ty  =  2 8 - 3 2 %

Table c . 4 . 2  T h e  e le c t r ic a l  c o n d u c t iv i ty  o f  H C 1 d o p e d  p o ly a n i l in e  f i lm s  a t  
C a/C p  =  5 0  w h e n  e x p o s e d  to  1 0 0 0  p p m  S 0 2/N 2 m ix tu r e  g a s

T im e  (m in ) I ( m A ) V  (m V ) a  (S /cm )
-13 4 .0 0 E -0 3 59.2 2 .3 8 5 E -0 2
-9 4 .0 0 E -0 3 59.5 2 .3 7 9 E -0 2
-3 4 .0 0 E -0 3 58.5 2 .3 8 6 E -0 2
-1 4 .0 0 E -0 3 58.5 2 .3 9 2 E -0 2
0 4 .0 0 E -0 3 55.5 2 .3 2 5 E -0 2
0 4 .0 0 E -0 3 56.5 2 .3 3 8 E -0 2
2 4 .0 0 E -0 3 55.5 2 .3 9 8 E -0 2
3 4 .0 0 E -0 3 56.5 2 .3 6 7 E -0 2
4 4 .0 0 E -0 3 57.5 2 .3 2 9 E -0 2
5 4 .0 0 E -0 3 57.5 2 .3 3 2 E -0 2
8 4 .0 0 E -0 3 57.5 2 .3 5 1 E -0 2

11 4 .0 0 E -0 3 57.5 2 .3 6 3 E -0 2
14 4 .0 0 E -0 3 56.5 2 .4 1 9 E -0 2
19 4 .0 0 E -0 3 56.5 2 .4 2 5 E -0 2
24 4 .0 0 E -0 3 56.5 2 .4 0 2 E -0 2
29 4 .0 0 E -0 3 57.5 2 .3 6 0 E -0 2
34 4 .0 0 E -0 3 54.5 2 .4 8 1 E -0 2
39 4 .0 0 E -0 3 56.5 2 .3 7 3 E -0 2
44 4 .0 0 E -0 3 56.5 2 .3 6 7 E -0 2
48 4 .0 0 E -0 3 56.5 2 .3 7 3 E -0 2

*
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A P P E N D I X  D  E le c t r ic a l  C o n d u c t iv i ty  D a ta  o f  C S A  D o p e d  P o ly a n i l in e

D . 1 E f f e c t  o f  A g in g  o n  th e  e le c t r ic a l  c o n d u c t iv i ty  o f  C S A  
d o p e d  p o ly a n i l in e  f i lm s  a t  v a r io u s  d o p in g  r a t io s  
( f ig u r e  4 .1 6 )

S a m p le :  Ca/Cp = 1, Na/Np = 1 .6 0  
T h ic k n e s s  ( t )  =  1 5 .0  p m  
T e s t in g  c o n d i t io n s :  K  f a c to r  = 1 .6 5

T e m p e r a tu r e  =  2 5  ° c  
H u m id i ty  =  6 5 -7 2 %
M o is tu r e  c o n te n t  =  3 -5 %

Table D.1.1 T h e  e le c t r ic a l  c o n d u c t iv i ty  o f  CSA - d o p e d  p o ly a n i l in e  a t  Ca/Cp = 
1, Na/Np = 1.60

#  a g in g  d a y
S p e c i f ic  c o n d u c t iv i ty  (S /c m )

A v e r a g e S D
1st s a m p le 2 na s a m p le

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

1 0 4 .9 3 E -0 4 4 .9 0 E -0 4 4 .9 2 E -0 4 2 .1 2 E - 0 6
15 4 .8 5 E - 0 4 4 .8 9 E -0 4 4 .8 7 E -0 4 2 .8 3 E - 0 6
2 0 5 .8 1 E -0 4 5 .7 5 E -0 3 3 .1 7 E -0 3 3 .6 6 E -0 3
3 0 7 .3 5 E -0 4 7 .4 6 E -0 4 7 .4 1 E -0 4 7 .7 8 E - 0 6
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Sam ple: C a/C p =  5, N a/Np =  7.80 
T h ickness (t) - 18.2 pm  
T estin g  conditions: K  factor =  1.65

T em perature  =  25 ° c  
H um idity  =  65-72%  
M oisture  content =  3-5%

T a b le  D .1 .2  T he electrical conductiv ity  o f  C SA  -doped  po ly an ilin e  at C a/Cp =  
5 N a/Np =  7.80

# ag ing  day
Specific conductiv ity  (S /cm )

A verage SD
l sl sam ple 2 na sam ple

1 2.55E-03 4.81E-03 3.68E-03 1.60E-03
5 2.40E-03 6.70E-03 4.55E -03 3.04E -03

1 0 3.32E-03 - 3.32E-03 -

15 4.50E-03 - 4.50E-03 -

2 0 2.50E-03 - 2.50E-03 -

30 4.32E-03 - 4.32E -03 -
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Sam ple: C a/Cp =  10, N a/Np = 1 5 .6  
T h ickness (t) =  33.4 pm  
T esting  conditions: K  factor = 1 .6 5

T em perature  =  25 ° c  
H um idity  =  65-72%
M oisture  conten t =  3-5%

T a b le  D .1 .3  T he e lectrical conductiv ity  o f  C SA -doped po lyan iline  at C a/Cp = 
10, N a/N p =  15.6

# ag ing  day Specific conductiv ity  (S /cm )
A verage SD

l sl sam ple 2 na sam ple
1 1.90E-02 6.00E-03 3.68E-03 1.60E-03
5 1.73E-02 1.01E-02 4.55E-03 3.04E-03

1 0 7.71E-03 4.68E-03 3.32E-03 -

15 7.51E-03 - 4.50E-03 -

2 0 7.47E-03 4.42E-03 2.50E-03 -

30 3.35E-03 3.23E-03 4.32E-03 -
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Sam ple: C a/Cp =  100, N a/Np =  156 
T hickness (t) =  33.0 pm  
T esting  conditions: K  factor = 1.65

T em perature =  25 ° c  
H um idity  =  65-72%
M oisture content =  3-5%

T a b le  D .1 .4  T he electrical conductivity  o f  C SA  -doped  po lyan iline  a t C a/Cp = 
100, N a/Np =  156

# ag ing  day
Specific conductivity  (S /cm )

A verage SD
1st sam ple 2 na sam ple

1 2.95E-02 4.33E-02 3.68E-03 1.60E-03
5 4.31E-02 5.12E-02 4.55E-03 3.04E-03

1 0 5.13E-02 3.00E-02 3.32E-03 -

15 4.38E-02 - 4.50E-03 -

2 0 3.84E-02 4.14E-02 2.50E-03 -

30 4.45E-02 4.26E-02 4.32E-03 -
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Sam ple: C a/Cp =  150, N a/Np =  234 
T hickness (t) =  33.4 pm  
T esting  conditions: K  factor =  1.65

T em perature  =  25 ° c  
H um idity  =  65-72%
M oisture content =  3-5%

T a b le  D.1.5 T he electrical conductiv ity  o f  C SA  -doped po lyan iline  at C a/Cp = 
150, N a/Np =  234

# ag ing  day
Specific conductiv ity  (S/cm )

A verage SD
l sl sam ple 2 na sam ple

1 4.01E -02 - 3.68E-03 1.60E-03
5 6.31E -02 - 4.55E-03 3.04E-03

1 0 5.40E-02 - 3.32E-03 -

15 6.30E-02 4.03E-02 4.50E-03 -

2 0 7.66E-02 4.89E-02 2.50E-03 -

30 5.44E-02 - 4.32E-03 -



D.2 E ffect o f  acid concentrations on the electrical conductiv ity  o f  C SA  doped polyaniline  film s at various dop ing  ratios 
(figure 4 .21)

Sam ple: C SA  doped  po lyan iline  film s 
T esting  conditions: K  factor =  1.65

T em perature  =  25 ° c
H um idity  =  65-72% , M oisture  conten t =  3-5%

T a b le  D .2 .1  The electrical conductiv ity  o f  C SA  doped po lyan iline  film s at d ifferent dop ing  ratios

S p ecific  E lectrical C onductivity (S /cm )
Ca/Cp 1 5 10 100 150
Ng/Np 1.60 7 .80 15.6 156 234

6 .58E -04 2 .55E -03 1.90E -02 2 .95E -02 4 .0 1E -0 2
6 .57E -04 4.81E -03 6.00E -03 4 .33E -02 6 .31E -02
5 .59E -04 2 .39E -03 1.73E -02 4 .31E -02 5 .40E -02
5 .65E -04 6.70E -03 1.01E -02 5.12E -02 6 .30E -02
4 .9 3E -0 4 3 .32E -03 7.71E -03 5 .13E -02 4 .0 3E -0 2
4 .9 0E -0 4 4.50E -03 4 .68E -03 3 .00E -02 7 .66E -02
4 .8 5E -0 4 2.50E -03 7 .51E -03 4 .38E -02 4 .8 9E -0 2
4 .89E -04 4.32E -03 7 .47E -03 3 .84E -02 5 .44E -02
5 .81E -04 4.42E -03 4 .14E -02
5 .75E -04 3.35E -03 4 .45E -02
7 .35E -04 3.23E -03 4 .26E -02
7 .46E -04

A verage 5 .86E -04 3.89E -03 8.25E -03 2.91E -03 1.16E -02
SD 9.38E -05 1.49E -03 5 .33E -03 7.05E -03 1.24E -02



D.3 E ffect o f  the percentage o f  hum id ity  on the electrical conductiv ity  o f  C SA  doped po lyan iline  film s (figure 4 .19)

Sam ple: C a/Cp =  10, N a/Np =  15.6 
T hickness (t) =  39.2 pm  
T esting  conditions: K  factor = 1 .6 5

T em perature  =  25-28 °c 
M oisture  conten t =  4%

T a b le  D .3 .1  The electrical conductiv ity  o f  C SA  doped polyaniline film s at d ifferen t % hum id ity

Specific  E lectrical C onductiv ity  (S /cm )
%  hum idity 36 41 47 58 6 6 75.8 8 8

1.16E-04 3.53E-04 1.11E-03 3.30E-03 6.10E-03 2.43E -02 3.46E-02
1.14E-04 3.53E-04 1.04E-03 3.36E-03 6.06E-03 2.50E -02 3.48E-02
1.10E-04 3.53E-04 9.50E-04 3.36E-03 5.93E-03 2.36E -02 3.53E-02
1 12E-04 9.40E-04 2.44E -02
1.16E-04 2.41E -02
1.12E-04

A verage 1.13E-04 3.53E-04 1.01E-03 3.34E-03 6.03E-03 2.43E-02 3.49E-02
SD 2.28E-06 3.06E-07 7.98E-05 3.40E-05 8.54E-05 5.10E-04 3.80E-04
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D.4 Effect o f 1 0 0 0  ppm SO2 /N 2  mixture gas on the electrical conductivity of 
CSA doped polyaniline films (figure 4.23)

Sample: Ca/Cp = 1, Na/Np = 1.60 (first sample)
Thickness (t) = 24.9 pm
Testing conditions: K factor = 1.65

Temperature = 25-26 °c 
Moisture content = 2%
Humidity = 28-32%

Table D.4.1 The electrical conductivity of C S A  doped polyaniline films at 
C a/Cp = 1 (first sample) when exposed to 1000 ppm S Q 2/N 2  mixture gas

Time (min) I(mA) V (mV) a  (S/cm) A a %Aa
- 1 1 1.00E-03 870.5 4.89E-04
- 1 0 1.00E-03 877.5 4.85E-04

- 8 1.00E-03 882.5 4.82E-04
-5 1.00E-03 880.5 4.83E-04
-3 1.00E-03 917.5 4.83E-04
0 1.00E-03 982.5 4.87E-04 2.32E-06 0.48
2 1.00E-03 1005.5 4.94E-04 8.78E-06 1.82
3 1.00E-03 1011.5 4.91E-04 5.84E-06 1 . 2 1
4 1.00E-03 1012.5 4.90E-04 5.36E-06 1 . 1 1
5 1.00E-03 1014.5 4.89E-04 4.39E-06 0.91
6 1.00E-03 1012.5 4.90E-04 5.36E-06 1 . 1 1
7 1.00E-03 1010.5 4.91E-04 6.32E-06 1.31
8 1.00E-03 1013.5 4.90E-04 4.87E-06 1 . 0 1

1 0 1.00E-03 1011.5 4.91E-04 5.84E-06 1 . 2 1
1 2 1.00E-03 1011.5 4.91E-04 5.84E-06 1 . 2 1
15 1.00E-03 1005.5 4.94E-04 8.78E-06 1.82
18 1.00E-03 1002.5 4.95E-04 1.02E-05 2 . 1 2
2 1 1.00E-03 976.5 4.90E-04 5.26E-06 1.09
23 1.00E-03 975.5 4.91E-04 5.79E-06 1 . 2 0
27 1.00E-03 972.5 4.92E-04 7.29E-06 1.51
30 1.00E-03 975.5 4.91E-04 5.79E-06 1 . 2 0
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Thickness (t) = 17.1 pm
Testing conditions: K factor = 1.65

Temperature = 25-26 °c 
Moisture content = 2%
Humidity = 28-32%

Table D.4.2 The electrical conductivity of CSA doped polyaniline films at 
Ca/Cp = 1 (second sample) when exposed to 1000 ppm S 0 2 /N 2  mixture gas

S am p le : C a/Cp =  1, N a/Np =  1.60 (se c o n d  sa m p le )

Time (min) I(mA) V (mV) or (S/cm) Act %ÀÜ
-14 2.00E-03 1159.5 5.20E-04
-13 2.00E-03 1158.5 5.20E-04
- 1 1 2.00E-03 1164.5 5.17E-04

- 6 2.00E-03 1168.5 5.16E-04
-4 2.00E-03 1170.5 5.15E-04
- 2 2.00E-03 1170.5 5.15E-04
0 2.00E-03 1176.5 5.27E-04 1.16E-05 2.24
1 2.00E-03 1177.5 5 27E-04 1.11E-05 2.15

2 2.00E-03 1169.5 5.30E-04 1.47E-05 2.85
3 2.00E-03 1180.5 5.25E-04 9.75E-06 1.89
4 2.00E-03 1178.5 5.26E-04 1.07E-05 2.07
5 2.00E-03 1173.5 5.29E-04 1.29E-05 2.50
7 2.00E-03 1181.5 5.25E-04 9.34E-06 1.81
8 2.00E-03 1185.5 5.23E-04 7.53E-06 1.46

1 0 2.00E-03 1183.5 5.24E-04 8.46E-06 1.64
1 2 2.00E-03 1188.5 5.22E-04 6.23E-06 1 . 2 1
15 2.00E-03 1190.5 5.21E-04 5.36E-06 1.04
17 2.00E-03 1188.5 5.22E-04 6.23E-06 1 . 2 1
2 0 2.00E-03 1185.5 5.23E-04 7.52E-06 1.46
25 2.00E-03 1184.5 5.24E-04 7.98E-06 1.55
28 2.00E-03 1189.5 5.21E-04 5.77E-06 1 . 1 2
30 2.00E-03 1190.5 5.21E-04 5.36E-06 1.04
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Thickness (t) = 27.0 pm
Testing conditions: K factor = 1.65

Temperature = 2 5 - 2 6  ° c  
Moisture content = 2% 
Humidity = 2 8 -3 2 %

S am p le : C a/Cp =  10, N a/Np =  15.6 (f irs t  sa m p le )

Table D.4.3 The electrical conductivity of CSA doped polyaniline films at 
Ca/Cp = 1 0  (first sample) when exposed to 1000 ppm S 0 2 /N 2  mixture gas

Time (min) I(mA) V (mV) CT (S/cm) A ct % A a
- 1 0 7.30E-01 1270 1.20E-03

- 8 7.55E-01 1310 1.20E-03
-5 8.20E-01 1460 1.17E-03
-3 7.45E-01 1290 1.21E-03
0 7.75E-01 1340 1.21E-03
2 7.65E-01 1310 1.22E-03 2.38E-05 1.99
3 7.65E-01 1300 1 23E-03 3.32E-05 2.77
4 7.80E-01 1310 1.24E-03 4.78E-05 3.99
5 7.80E-01 1300 1.25E-03 5.74E-05 4.79
6 7.75E-01 1300 1.25E-03 4.94E-05 4.12
7 7.55E-01 1280 1.23E-03 3.62E-05 3.02
8 7.65E-01 1280 1.25E-03 5.25E-05 4.38

1 0 7.45E-01 1270 1 23E-03 2.94E-05 2.45
1 2 7.60E-01 1280 1.24E-03 4.43E-05 3.70
15 7.90E-01 1340 1.23E-03 3.55E-05 2.96
18 7.70E-01 1300 1.24E-03 4.13E-05 3.45
2 1 7.85E-01 1320 1.24E-03 4.62E-05 3.86
23 7.70E-01 1300 1.24E-03 4.13E-05 3.45
27 8.10E-01 1360 1.25E-03 4.82E-05 4.02
30 8.00E-01 1350 1.24E-03 4.19E-05 3.50
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Thickness (t) = 29.0 pm
Testing conditions: K factor = 1.65

Temperature = 25-26 °c 
Moisture content = 2% 
Humidity = 28-32%

S am p le : C a/Cp =  10, N a/Np = 1 5 .6  (s e c o n d  sa m p le )

Table D.4.4 The electrical conductivity of CSA doped polyaniline films at 
c a/c p = 1 0  (second sample) when exposed to 1000 ppm S 0 2 /N 2  mixture gas

Time (min) I(mA) V (mV) a  (S/cm) A ct %Acโ
- 1 2 4.30E-01 840 1.07E-03
- 1 0 4.40E-01 850 1.08E-03
-9 4.40E-01 870 1.06E-03
- 8 4.40E-01 860 1.07E-03
-7 4.50E-01 890 1.06E-03
- 6 4.45E-01 880 1.06E-03
-5 4.45E-01 870 1.07E-03
-3 4.45E-01 880 1.06E-03
-1 4.55E-01 890 1.07E-03
0 4.50E-01 870 1.08E-03
1 4.50E-01 880 1.07E-03 6.70E-06 0.63
2 4.35E-01 850 1.07E-03 7.55E-06 0.71
3 4.40E-01 840 1.10E-03 3.28E-05 3.08
4 4.40E-01 830 1.11E-03 4.60E-05 4.32
5 4.45E-01 830 1 12E-03 5.86E-05 5.51
6 4.35E-01 810 1.12E-03 6.04E-05 5.68
7 4.35E-01 820 1.11E-03 4.67E-05 4.39
8 4.40E-01 820 1.12E-03 5.95E-05 5.59

1 1 4.40E-01 820 1.12E-03 5.95E-05 5.59
14 4.45E-01 830 1.12E-03 5.86E-05 5.51
19 4.35E-01 810 1.12E-03 6.04E-05 5.68
25 4.40E-01 830 1.11E-03 4.60E-05 4.32
29 4.45E-01 830 1.12E-03 5.86E-05 5.51
33 4.45E-01 835 1.11E-03 5.19E-05 4.88
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Thickness (t) = 50.1 pm
Testing conditions: K factor =1.65

Temperature = 25-26 °c 
Moisture content = 2% 
Humidity = 28-32%

S am p le : C a/Cp =  150, N a/Np =  2 3 4  (f irs t  sa m p le )

Table D.4.5 The electrical conductivity of CSA doped polyaniline films at 
c a/c p = 150 (first sample) when exposed to 1000 ppm S 0 2 /N 2  mixture gas

Time (min) I(mA) V(mV) G (S/cm) À G %Aa
-14 2.00E-03 1.3270 1.42E-02
- 1 1 2.00E-03 1.3420 1.40E-02
-7 2.00E-03 1.3550 1.43E-02
-4 2.00E-03 1.3770 1.41E-02
0 2.00E-03 1.3930 1.39E-02
0 2.00E-03 1.2990 2.01E-02
1 2.00E-03 1.3140 1.98E-02 5.76E-03 40.7
3 2.00E-03 1.3550 1.88E-02 4.71E-03 33.3
4 2.00E-03 1.3720 1.77E-02 3.59E-03 25.4
5 2.00E-03 1.3860 1.75E-02 3.41E-03 24.1
6 2.00E-03 1.3950 1.74E-02 3.30E-03 23.3
7 2.00E-03 1.4060 1.72E-02 3.16E-03 22.3
9 2.00E-03 1.4230 1.70E-02 2.96E-03 20.9

1 0 2.00E-03 1.4300 1.69E-02 2.87E-03 20.3
1 2 2.00E-03 1.4450 1.76E-02 3.54E-03 25.0
15 2.00E-03 1.4590 1.82E-02 4.16E-03 29.4
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Thickness (t) = 32.7 pm
Testing conditions: K factor = 1.65

Temperature = 2 5 - 2 6  ° c  
Moisture content = 2% 
Humidity = 28-32%

S am p le : C J Cp =  150, N a/Np =  2 3 4  (se c o n d  sa m p le )

Table D.4.4 The electrical conductivity o f CSA doped polyaniline films at 
Ca/Cp = 150 (second sample) when exposed to 1000 ppm S 0 2 /N 2  mixture gas

Time (min) I(mA) V(mV) a  (S/cm) A a %Aa
- 6 2.00E-01 0.3800 8.25E-02
-5 2.00E-01 0.3800 8.25E-02
-3 2.00E-01 0.3800 8.25E-02
-1 2.00E-01 0.3800 8.25E-02
0 2.00E-01 0.3400 9.18E-02 9.32E-03 11.3
1 2.00E-01 0.3500 8.93E-02 6.77E-03 8 . 2
2 2.00E-01 0.3300 9.45E-02 1.20E-02 14.5
3 2.00E-01 0.3400 9.18E-02 9.32E-03 11.3
4 2.00E-01 0.3300 9.45E-02 1.20E-02 14.5
5 2.00E-01 0.3300 9.45E-02 1.20E-02 14.5
6 2.00E-01 0 3100 1.00E-01 1.77E-02 21.5
7 2.00E-01 0.3200 9.73E-02 1.48E-02 17.9
8 2.00E-01 0.2900 1.07E-01 2.43E-02 29.5
9 2.00E-01 0.2900 1.07E-01 2.43E-02 29.5

1 0 2.00E-01 0.2800 1.11E-01 2.80E-02 33.9
1 2 2.00E-01 0.2750 1.12E-01 2.99E-02 36.2
14 1.50E-01 0.2300 9.98E-02 1.72E-02 20.9
16 1.60E-01 0.2300 1.06E-01 2.39E-02 29.0
17 1.50E-01 0.2300 9.98E-02 1.72E-02 20.9
18 1.50E-01 0 . 2 2 0 0 1.04E-01 2.15E-02 26.1
2 0 1.50E-01 0 . 2 2 0 0 1.04E-01 2.15E-02 26.1
2 2 1.50E-01 0.2300 9.98E-02 1.72E-02 20.9
24 1.50E-01 0 . 2 1 0 0 1.09E-01 2.62E-02 31.7
27 1.50E-01 0 . 2 2 0 0 1.04E-01 2.15E-02 26.1



D .5  E f f e c t  o f  S 0 2/N 2 m ix tu r e  g a s  a t  v a r io u s  c o n c e n t r a t io n s  o n  th e  e le c t r ic a l  c o n d u c t iv i ty  o f  C S A  d o p e d  p o ly a n i l in e  
f i lm s  ( f ig u r e  4 .2 6 )

S a m p le :  C S A  d o p e d  p o ly a n i l in e  f i lm s  a t  C a/C p =  1 5 0 , N a/N p  = 2 3 4  
T h ic k n e s s  ( t)  =  1 8 .1 , 3 2 .6 ,  4 7 .7 ,  5 1 .4  p m  
T e s t in g  c o n d i t io n s :  K  f a c to r  = 1 .6 5

T e m p e r a tu r e  =  2 5 -2 6  ° c  
M o is tu r e  c o n te n t  =  2 %
H u m id i ty  =  2 8 - 3 2 %

Table D.5.1 T h e  e le c t r ic a l  c o n d u c t iv i ty  o f  C S A  d o p e d  p o ly a n i l in e  f i lm s  ( C a/C p  =  1 5 0 , N a/N p  = 2 3 4 )  a t  v a r io u s  S 0 2/N 2
m ix tu r e  g a s  c o n c e n t r a t io n s

s o 2
co n cen tra tio n

(ppm )

I II III A v e ra g e SD
A a A a

(% )
A a A a

(% )
A a A a

(% )
A a A a

(% )
A a A a

(% )
1000 27 .9 5 .17E -03 18.6 5 .1 3 E -0 2 23.1 1 .26E -02 2 3 .2 2 .3 0 E -0 2 4 .65 2 .4 8 E -0 2
750 11.9 3 .37E -03 13.9 4 .7 7 E -0 3 - - 12.9 4 .0 7 E -0 3 1.41 9 .9 0 E -0 4
500 3.29 1 .88E -03 6 .86 2 .6 3 E -0 3 4 .09 6 .9 0 E -0 4 4 .75 1 .73E -03 1.87 9 .7 8 E -0 4
375 3.72 6 .5 0 E -0 4 - - - - 3 .72 6 .5 0 E -0 4 - -
250 1.76 2 .5 7 E -0 4 3.81 6 .4 7 E -0 4 2.33 3 .6 9 E -0 4 2.31 4 .2 4 E -0 4 1.09 2 .0 1 E -0 4

187.5 0 0 0 0 - - 0 -
125 0 0 0 0 - - 0 -

62.5 0 0 0 0 - - 0 -
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A P P E N D I X  F  E le c t r ic a l  C o n d u c t iv i ty  D a ta  o f  E S A  D o p e d  P o ly a n i l in e

F . 1 E f f e c t  o f  A g in g  o n  th e  e le c t r ic a l  c o n d u c t iv i ty  o f  E S A  
d o p e d  p o ly a n i l in e  f i lm s  a t  v a r io u s  d o p in g  r a t io s  
( f ig u r e  4 .1 7 )

S a m p le :  C a/C p  =  1, N a/N p  =  3 .3 0  
T h ic k n e s s  ( t )  =  2 6 .8  p m  
T e s t in g  c o n d i t io n s :  K  f a c to r  =  1 .6 5

T e m p e r a tu r e  =  2 5  ° c  
H u m id i ty  =  6 5 - 7 2 %  
M o is tu r e  c o n te n t  =  3 -5 %

Table F.1.1 T h e  e le c t r ic a l  c o n d u c t iv i ty  o f  C S A  - d o p e d  p o ly a n i l in e  a t  C a/C p  =  
1, N a/N p  =  3 .3 0

#  a g in g  d a y
S p e c if ic  c o n d u c t iv i ty  (S /c m )

A v e r a g e S D
l sl s a m p le 2 nQ s a m p le

1 2 .8 3 E -0 2 2 .8 2 E -0 2 2 .8 3 E - 0 2 7 .0 7 E -0 5
10 2 .6 7 E -0 2 2 .6 8 E -0 2 2 .6 8 E - 0 2 7 .0 7 E -0 5
2 0 2 .6 5 E -0 2 2 .6 6 E -0 2 2 .6 6 E - 0 2 7 .0 7 E -0 5
3 5 1 .6 9 E -0 2 - 1 .6 9 E -0 2 -

5 0 - 1 .4 6 E -0 2 1 .4 6 E -0 2 -
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S a m p le :  Ca/Cp =  10 , Na/Np =  3 2 .9  
T h ic k n e s s  ( t )  =  2 3 .0  p m  
T e s t in g  c o n d i t io n s :  K  f a c to r  = 1 .6 5

T e m p e r a tu r e  =  2 5  ° c  
H u m id i ty  =  6 5 - 7 2 %
M o is tu r e  c o n te n t  =  3 -5 %

Table F.1.2 T h e  e le c t r ic a l  c o n d u c t iv i ty  o f  CSA - d o p e d  p o ly a n i l in e  a t  Ca/Cp = 
10, Na/Np = 32.9

#  a g in g  d a y
S p e c i f ic  c o n d u c t iv i ty  (S /c m )

A v e r a g e S D
1st s a m p le 2 nQ s a m p le

1 1 .8 5 E -0 1 - 1 .8 5 E -0 1 -

10 1 .3 0 E -0 1 - 1 .3 0 E -0 1 -

2 0 1 .5 1 E -0 1 9 .5 0 E -0 2 1 .2 3 E -0 1 3 .9 7 E -0 2
35 1 .1 2 E -0 1 1 .5 2 E -0 1 1 .3 2 E -0 1 2 .8 2 E -0 2
5 0 1 .2 0 E -0 1 1 .3 0 E -0 1 1 .2 5 E -0 1 7 .0 0 E -0 3
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F .2  E f f e c t  o f  a c id  c o n c e n t r a t io n s  o n  th e  e le c t r ic a l  c o n d u c t iv i ty  o f  E S A  
d o p e d  p o ly a n i l in e  f i lm s  a t  v a r io u s  d o p in g  r a t io s  ( f ig u r e  4 .2 1 )  

S a m p le :  E S A  d o p e d  p o ly a n i l in e  f i lm s  
T e s t in g  c o n d i t io n s :  K  f a c to r  = 1 .6 5

T e m p e r a tu r e  =  2 5  ° c  
H u m id i ty  =  6 5 - 7 2 %
M o is tu r e  c o n te n t  =  3 - 5 %

Table F.2.1 T h e  e le c t r ic a l  c o n d u c t iv i ty  o f  E S A  d o p e d  p o ly  a n i l in e  f i lm s  a t  
d i f f e r e n t  d o p in g  r a t io s

S p e c i f ic  E le c t r ic a l  C o n d u c t iv i ty  ( S /c m )
Ca/Cp 1 5 10
Na/Np 3 .3 0 16 .5 3 2 .9

2 .8 3 E -0 2 6 .6 4 E -0 2 1 .8 5 E -0 1
2 .6 8 E -0 2 6 .6 6 E -0 2 1 .3 0 E -0 1
2 .6 6 E -0 2 6 .6 4 E -0 2 1 .2 3 E -0 1
1 .6 9 E -0 2 6 .6 3 E -0 2 1 .3 2 E -0 1
1 .4 6 E -0 2 6 .6 5 E -0 2 1 .2 5 E -0 1

A v e r a g e 2 .2 6 E -0 2 6 .6 4 E -0 2 1 .3 9 E -0 1
S D 6 .3 8 E -0 3 1 .2 0 E -0 4 2 .6 0 E - 0 2
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F .3 E f f e c t  o f  1 0 0 0  p p m  S 0 2/ N 2 m ix tu re  g a s  o n  th e  e le c t r ic a l  c o n d u c t iv i ty  o f  
E S A  d o p e d  p o ly a n i l in e  f i lm s  ( f ig u r e  4 .2 4 )

S a m p le :  C a/C p =  1, N a/N p  =  3 .3  
T h ic k n e s s  ( t)  =  48.6 p m  
T e s t in g  c o n d i t io n s :  K  f a c to r  =  1 .65

T e m p e r a tu r e  =  25-26 °c 
M o is tu r e  c o n te n t  =  2% 
H u m id i ty  =  28-32%

Table F.3.1 T h e  e le c t r ic a l  c o n d u c t iv i ty  o f  E S A  d o p e d  p o ly a n i l in e  f i lm s  a t  
C a/C p  =  1 w h e n  e x p o s e d  to  1 0 0 0  p p m  S 0 2/N 2 m ix tu r e  g a s

T im e  (m in ) I ( m A ) V  (m V ) a  (S /cm ) À a % Acโ
-2 4 1.10 4 .08E -01 3 .3 1 E -0 2
-13 1.10 4 .08E -01 3 .3 1 E -0 2
-9 1.10 3 .95E -01 3 .3 5 E -0 2
-4 1.80 6 .40E -01 3 .3 5 E -0 2
0 1.60 5 .40E -01 3 .3 6 E -0 2
0 1.40 4 .91E -01 3 .5 5 E -0 2
1 1.30 4 .63E -01 3 .4 9 E -0 2 1 .32E -03 3 .9 6
2 1.20 4 .40E -01 3 .3 9 E -0 2 2 .8 0 E -0 4 0 .8 4
3 1.20 4 .30E -01 3 .4 7 E -0 2 1 .06E -03 3 .18
5 1 15 4 .07E -01 3 .5 1 E -0 2 1 .48E -03 4 .43
6 1.10 4 .05E -01 3 .3 7 E -0 2 1 .27E -04 0 .38
8 1.10 4 .03E -01 3 .4 0 E -0 2 3 .3 3 E -0 4 1.00
9 1.10 4 .00E -01 3 .4 2 E -0 2 5 .4 3 E -0 4 1.63
10 1.10 4 .00E -01 3 .4 2 E -0 2 5 .4 3 E -0 4 1.63
12 1.10 3 .99E -01 3 .4 2 E -0 2 6 .2 6 E -0 4 1.88
14 1.10 4 .01E -01 3 .4 1 E -0 2 4 .6 0 E -0 4 1.38
15 1.10 4 .02E -01 3 .4 0 E -0 2 3 .7 3 E -0 4 1.12
17 1.15 4 .20E -01 3 .4 0 E -0 2 4 .0 6 E -0 4 1.22
20 1.20 4 .39E -01 3 .4 0 E -0 2 3 .9 6 E -0 4 1.19
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S a m p le :  C a/C p =  10, N a/N p  =  3 2 .9  
T h ic k n e s s  ( t)  =  4 8 .6  p m  
T e s t in g  c o n d i t io n s :  K  f a c to r  =  1 .65

T e m p e r a tu r e  =  2 5 - 2 6  ° c  
M o is tu r e  c o n te n t  =  2 %
H u m id i ty  =  2 8 - 3 2 %

Table F.3.2 T h e  e le c t r ic a l  c o n d u c t iv i ty  o f  E S A  d o p e d  p o ly a n i l in e  f i lm s  a t  
c a/ c p =  10 w h e n  e x p o s e d  to  1 0 0 0  p p m  S 0 2/N 2 m ix tu r e  g a s

T im e  (m in ) I ( m A ) V  (m V ) a  (S /cm ) À C J % A c
-5 1.00E -01 180.5 6 .5 4 E -0 2
-4 1.00E-01 181.5 6 .5 0 E -0 2
-3 1.05E-01 186.5 6 .6 4 E -0 2
-3 1.05E -01 190.5 6 .5 0 E -0 2
-1 1.10E -01 198.5 6 .5 4 E -0 2
0 1.10E-01 199.5 6 .5 0 E -0 2
1 1.25E -01 189.5 7 .7 8 E -0 2 1 .2 3 E -0 2 18.73
2 1.20E-01 202 .5 6 .9 9 E -0 2 4 .3 6 E -0 3 6 .6 6
3 1.20E -01 196.5 7 .2 0 E -0 2 6 .4 9 E -0 3 9 .92
4 1.10E -01 184.5 7 .0 3 E -0 2 4 .7 8 E -0 3 7.31
6 1.10E -01 180.5 7 .1 9 E -0 2 6 .3 4 E -0 3 9 .69
8 1.10E -01 180.5 7 .1 9 E -0 2 6 .3 4 E -0 3 9 .6 9

10 1.10E -01 189.5 6 .8 5 E -0 2 2 .9 3 E -0 3 4 .4 8
12 1.15E -01 196.5 6 .9 0 E -0 2 3 .4 9 E -0 3 5 .34
14 1.20E-01 206 .5 6 .8 6 E -0 2 3 .0 0 E -0 3 4 .5 9
16 1.20E-01 205 .5 6 .8 9 E -0 2 3 .3 4 E -0 3 5 .10
18 1.30E -01 219 .5 6 .9 9 E -0 2 4 .3 2 E -0 3 6 .6 0
21 1.30E -01 220 .5 6 .9 6 E -0 2 4 .0 0 E -0 3 6 .12
23 1.30E -01 221.5 6 .9 2 E -0 2 3 .6 9 E -0 3 5 .64
25 1.35E -01 230 .5 6 .9 1 E -0 2 3 .5 5 E -0 3 5 .42
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F .4 E ffec t o f  SO 2/N 2 m ixture gas at various concen trations on the electrical 
conductiv ity  o f  E S A  doped polyaniline film s (figure 4 .26)

Sam ple: E SA  doped polyaniline film s at C a/Cp = 1 0 ,  
N a/Np =  32.9

Thickness (t) =  11.2, 21.3 pm  
T esting  conditions: K  factor = 1 .6 5

T em perature  =  25-26 ° c  
M oisture  con ten t =  2%
H um idity  =  28-32%

Table F.4.1 T he electrical conductiv ity  o f  E SA  doped  po lyan iline  film s 
(C a/Cp =  10, N a/Np =  32.9) at various S 0 2/N 2 m ix tu re  gas concen trations

s o 2 I II A verage SD
concen tration A a A a A ct A a A a A a A a A a

(ppm ) (% ) (% ) (% ) (% )
1 0 0 0 5.41 3.55E-

03
“ ~ 5.41 3.55E

-03
- -

750 3.46 1.23E-
04

1.43 4.82E
-04

2.45 3.03E
-04

1.44 2.54E
-04

500 0 0 0 -

375 0 0 0 -
250 0 - 0 -

187.5 0 - 0 -
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