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APPENDICES
APPENDIX A Determination ofthe Geometric Correction Factor (K)
The calibration of 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. L

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

Material Sheet Resistivty, p (Qcm) — Thickness (cm)
SiOA 9.09x10'] 7.18x102
Si0JB 9.23x10'3 7.16x102

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

1§ measurement 2nimeasurement
I(mA) V (mV) K I(mA) V(mV) K

b4.7 1.60 182 707 250 1.90
60.6 1.90 187 715 330 1,65
82.6 340 187 827 400 1.69
116 5.60 1.88 104 5.60 1.69
153 80.0 190 1% 1.60 1.62
Average 1.86 Average 171

SD 0.04 SD 0.11
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Table A.3 Determination of K factor of the constructed four point meter by
using SiO B as the standard sheet at 25°c

1§ measurement 2 measurement
I(mA)  V (mV) K I(A) V(mV) K

69.7 3.80 131 66.9  3.90 142
69.4 340 161 763 450 148
905 5.00 163 97.1  6.20 150
88.6 490 162 118 8.00 151
110 6.60 162 123 8.30 12
Average 1.60 Average 149
D 0.05 D 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 ( ) atoms of
doped polyaniline in order to calculate to % of HIN, 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 975-1100°c with
helium as a carrier gas.The data from EA measurements of doped polyaniline
films at various doping ratios (CaCp and N&/Np) are shown in Table B. L

Table B.I The EA data of doped polyaniline films

Doped polyaniline CaCp NaNp % HIN
HC1 doped 0 0 0.64
polyaniline film 1 9.90 113
10 99.3 134
50 496 147
100 993 13.7
500 4963 104
CSA doped 0 0 0.64
polyaniline films 1 1.60 188
5 1.80 21.6
10 15.6 28.0
50 18.1 4.1
150 234 46.0

500 181 53.3
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Electrical Conductivity Data of HC1 Doped Polyaniline

Effect of Aging on the electrical conductivity of HCL
doped polyaniline films at various doping ratios (figure

4.15)

Sample: cdcp= 1, NaNp=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
CalCp =1, Na/Np = 9.90

# aging day

10
20
30
40
50
80

Specific conductivity
(Sfcm)
igsample 200 Sample
1.35E-01 1.37E-01
1.25E-01 1.23E-01
8.37E-02  8.40E-02
1.28E-02  7.24E-02
8.40E-02  8.14E-02

5.31E-02 -
6.00E-02  5.27E-02
5.10E-02  3.17E-02

Average

1.36E-01
1.24E-01
8.39E-02
1.26E-02
8.21E-02
5.31E-02
5.64E-02
4.14E-02

D

1.63E-03
1.20E-03
2.12E-04
2.83E-04
1.84E-03

5.16E-03
1.36E-02



Sample: ¢JCp= 10, NaNp=99.3

Thickness (t) = 21.0, 72.8 pm

Testing conditions: K factor = 1.65
Temperature = 25 °¢
Humidity = 65-70%

Moisture content = 3-5%

Table C-1.2 The electrical conductivity of HC1 doped polyaniline films at
C4Cp=10, NalNp = 99.3

#aging day

10
20
30
40
50
80

|d sample
2.37E-01
1.13E-01
5.90E-02
4.15E-02
1.10E-02
5.35E-02
4,62E-02
4.28E-02

Specific conductivity (S/cm)
2rasample

2.05E-01

4.54E-02
4.54E-02

2.31E-02
4.69E-02

Average

2.21E-01
1.13E-01
5.22E-02
4.35E-02
1.10E-02
3.86E-02
4.66E-02
4.28E-02

SD
2.23E-02

9.62E-03
2.716E-03

2.11E-02
4.95E-04



Sample: CaCp = 50, NaNp = 496

Thickness (t) = 18.2, 69.6 pm

Testing conditions: K factor = 1.6

Temperature = 25 °C

Humidity = 65-70%

Moisture content = 3-5%

Table ¢.1.3 The electrical conductivity of HC1 doped polyaniline films at
C4Cp =50, NaNp = 496

#aging day

10
20
30
40
80

|d sample
4,55E-01
1.71E-01
2.04E-01
1.69E-01
8.13E-02
7.58E-02
8.76E-02

Specific conductivity (S/cm)
2sample

2.99e-01
1.74E-01
1.02E-01
1.95E-01

Average

3.717E-01
1.73E-01
1.53E-01
1.82E-01
8.13E-02
1.58E-02
8.76E-02

SD

|I0E-01
2.12E-03
1.21E-02
1.86E-02



Sample: Ca/Cp = 500, Na/Np = 4963

Thickness (t) = 20.0, 23.2 pm

Testing conditions: K factor = 1.65

Temperature = 25 °c
Humidity = 65-70%

Moisture content = 3-5%

Table c.1.4 The electrical conductivity of HC1 doped polyaniline films at
CalCp = 500, NalNp = 4963

#aging day

1

5
10
20
40
50
80

1stsample
9.73E-02
2.70E-02
1.10E-03
2.10E-03
3.20E-03
2.10E-03
1.70E-03

Specific conductivity (S/cm)
2nasample

9.67E-02
2.57E-02
9.00E-04
2.00E-03
3.10E-03

Average

9.70E-02
2.64E-02
1.00E-03
2.10E-03
3.20E-03
2.10E-03
1.70E-03

SD

4.24E-04
9.19E-04
1.41E-04
1.07E-05
1.07E-05



C.2  Effectofacid concentrations on the electrical conductivity of HC1 doped polyaniline films atvarious doping
ratios (figure 4.21)
Sample: HC1 doped polyaniline films
Thickness (t) ~ 20 (im
Testing conditions: K factor = 1.65
Temperature = 24-25 °¢
Humidity = 64-75%, Moisture content = 3-5%

Tablec.2.1 The electrical conductivity of HC1 doped polyaniline films at different doping ratios
Electrical Conductivity (S/cm)

cdcp 1 10 50 150 250 500
NaNp 9.90 99.3 496 1489 2482 4963
3.17E-02 531E-02  B8.3E-02  497E-02  182E-02  3.20E-03
2.37E-02 4.62E-02  T58E-02  475E-02  L77E-02  3.10E-03
5.27E-02  8.76E-02 2.10E-03
5.10E-02 1.70E-03
Average 2.77E-02 5.08E-02  8.16E-02  4.86E-02  180E-02  2.50E-03

SD 5.66E-03 3.17E-03 5.90E-03 1.60E-03 4.00E-04 7.00E-04
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C.3 Effect ofthe percentage ofhumidity on the electrical conductivity
ofHCL doped polyaniline films (figure 4.19)

Sample: Ca/lCp= 1, NaNp=19.90

Thickness () = 21.2 pm

Testing conditions: K factor = 1.65
Temperature = 25-26 °c
Moisture content = 2%

Table c.3.1 The electrical conductivity 0f HC1 doped polyaniline films at
different % humidity

The electrical conductivity (S/cm)

%humidity 36.5 43.0 54.8 70.0
1.20E-03 1.52E-03 2.20E-03 2.59E-03
1.20E-03 =57 =0 2.18E-03 2.55E-03
1.12E-03 1.52E-03 2.17€-03
1.17E-03 2.21E-03
1.17E-03 2.19E-03
1.17E-03

Average 1.18E-03 1.52E-03 2.19E-03 2.57E-03

SD 8.95E-06 2.52E-06 1.39E-05 2.716E-05
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C.4 Effect of 1000 ppm SO2N2 mixture gas on the electrical
conductivity of HCL doped polyaniline films (figure 4.22)

Sample: CalCp= 1, NaNp=99

Thickness (t) = 39.4 pm

Testing conditions: K factor = 1.65
Temperature = 25-26 °c
Moisture content = 2%
Humidity = 28-32%

Table c.4.1 The electrical conductivity of HC1 doped polyaniline films at
CalCp = Lwhen exposed to 1000 ppm SO2ZN2mixture gas

Time (min) I(mA) V(mV) a (Slem)
-13 1.00E-02 575.5 2.129E-03
-8 1.00E-02 577.5 2.122E-03
1 1.00E-02 577.5 2.122E-03
0 1.00E-02 578.5 2.123E-03
1 1.00E-02 568.5 2.733E-03
1 1.00E-02 570.5 2.129E-03
2 1.00E-02 572.5 2.124E-03
2 1.00E-02 573.5 2.121E-03
3 1.00E-02 572.5 2.7127E-03
3 1.00E-02 570.5 2.7137E-03
4 1.00E-02 574.5 2.720E-03
5 1.00E-02 573.5 2.730E-03
6 1.00E-02 572.5 2.738E-03
8 1.00E-02 575.5 2.126E-03
10 1.00E-02 573.5 2.736E-03
13 1.00E-02 576.5 2.122E-03
17 1.00E-02 579.5 2.7118E-03
19 1.00E-02 578.5 2.123E-03
33 1.00E-02 579.5 2.718E-03
40 1.00E-02 577.5 2.120E-03
54 1.00E-02 577.5 2.125E-03



Sample: Ca/Cp = 50, NaNp = 496.3

Thickness (t) = 69.6 pm

Testing conditions: K factor = 1.65

Temperature = 25-26 °c

Moisture content = 2%
Humidity = 28-32%

Table c.4.2 The electrical conductivity of HC1 doped polyaniline films at

CaCp =50 when exposed to 1000 ppm SO02N2mixture gas

Time (min)

—

3

-9
-3
-1
0
0
2
3
4
5

8
11
14
19
24
29
34
39
44
48

[(mA)

4,00E-03
4.00E-03
4.00E-03
4,00E-03
4.00€E-03
4.00E-03
4.00E-03
4.00E-03
4.00E-03
4.00E-03
4.00E-03
4.00E-03
4.00E-03
4.00E-03
4.00E-03
4.00E-03
4.00E-03
4.00E-03
4.00E-03
4.00E-03

vV (mV)

59.2
59.5
58.5
58.5
55.5
56.5
55.5
56.5
57.5
57.5
57.5
OVed
56.5
56.5
56.5
57.5
54.5
56.5
56.5
56.5

a (Slem)

2.385E-02
2.319E-02
2.386E-02
2.392E-02
2.325E-02
2.338E-02
2.398E-02
2.367E-02
2.329E-02
2.332E-02
2.351E-02
2.363E-02
2.419E-02
2.425E-02
2.402E-02
2.360E-02
2.481E-02
2.313E-02
2.367E-02
2.313E-02
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APPENDIX D Electrical Conductivity Data of CSA Doped Polyaniline

D. 1 Effect of Aging on the electrical conductivity of CSA
doped polyaniline films at various doping ratios
(figure 4.16)

Sample: CadCp =1, NaNp = 1.60

Thickness (t) = 15.0 pm

Testing conditions: K factor=1.65
Temperature = 25 °c
Humidity = 65-72%
Moisture content = 3-5%

Table D.1.1 The electrical conductivity of CSA -doped polyaniline at CaCp =
1, Na/Np = 1.60

Specific conductivity (S/cm)

# aging day Average SD
1stsample 2na sample
1 6.58E-04 6.57E-04  6.58E-04 7.07E-07
5 5.59E-04 5.65E-04  5.62E-04  4.24E-06
10 4.93E-04 490E-04  4.92E-04 2.12E-06
15 4.85E-04 4.89E-04  4.87E-04 2.83E-06
20 5.81E-04 5.75E-03  3.17E-03  3.66E-03

30 1.35E-04 1.46E-04  T7.41E-04 7.78E-06



9%

Sample: CaCp=5 NaNp=17.80

Thickness (t) - 18.2 pm

Testing conditions: K factor = 1.65
Temperature = 25 °c
Humidity = 65-72%
Moisture content = 3-5%

Table D.1.2 The electrical conductivity of CSA -doped polyaniline at CaCp =
5NaNp=7.80

Specific conductivity (S/cm)

#aging day Average SD
|slsample 2na sample
1 2.55E-03 481E-03  3.68E-03 1.60E-03
5 2.40E-03 6.70E-03  4.55E-03  3.04E-03
10 3.32E-03 : 3.32E-03
15 4.50E-03 : 4.50E-03
20 2.50E-03 - 2.50E-03

30 4.32E-03 - 4.32E-03
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Sample: CaCp= 10, NaNp =15.6

Thickness (t) = 33.4 pm

Testing conditions: K factor =1.65
Temperature = 25 °c
Humidity = 65-72%
Moisture content = 3-5%

Table D.1.3 The electrical conductivity of CSA-doped polyaniline at CaCp =
10, NaNp= 15.6

Specific conductivity (S/em)

# aging day Average SD
|sl sample 2nasample
1 1.90E-02 6.00E-03  3.68E-03  1.60E-03
5 1.73E-02 101E-02  4.55E-03  3.04E-03
10 1.71E-03 4.68E-03  3.32E-03
15 7.51E-03 - 4,50E-03
20 1.47E-03 4.42E-03  2.50E-03

30 3BBE-03 3.23E-03  4.32E-03
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Sample: Ca/lCp = 100, NaNp = 156

Thickness (t) = 33.0 pm

Testing conditions: K factor = 1.65
Temperature = 25 °c
Humidity = 65-72%
Moisture content = 3-5%

Table D.1.4 The electrical conductivity of CSA -doped polyaniline at CaCp =
100, NaNp = 156

Specific conductivity (S/cm)

* aging day ttsample  2nasample Average D
1 2.95E-02 4.33E-02  3.68E-03  1.60E-03
5 4.31E-02 5.12E-02  455E-03  3.04E-03
10 5.13E-02 3.00E-02  3.32E-03
15 4,38E-02 : 4.50E-03
20 3.84E-02 4.14E-02  2.50E-03

30 4 45E-02 4.26E-02  4.32E-03
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Sample: CaCp = 150, NaNp = 234

Thickness (t) = 33.4 pm

Testing conditions: K factor = 1.65
Temperature = 25 °c
Humidity = 65-72%
Moisture content = 3-5%

Table D.15 The electrical conductivity of CSA -doped polyaniline at CaCp =
150, NaNp = 234

Specific conductivity (S/cm)

* aging day |dsample  2msample Average D
1 4.01E-02 : 3.68E-03  1.60E-03
5 6.31E-02 \ 4.55E-03  3.04E-03
10 5.40E-02 : 3.32E-03
15 6.30E-02 4,03E-02  4.50E-03
20 1.66E-02 4.89E-02  2.50E-03

30 5.44E-02 : 4.32E-03



D.2  Effect ofacid concentrations on the electrical conductivity of CSA doped polyaniline films at various doping ratios
(figure 4.21)
Sample: CSA doped polyaniline films
Testing conditions; K factor = 1.65
Temperature = 25 °c
Humidity = 65-72%, Moisture content = 3-5%
Table D.2.1 The electrical conductivity of CSA doped polyaniline films at different doping ratios

Specific Electrical Conductivity (S/cm)

CdCp 1 5 10 100 150

Ng/Np 1.60 1.80 156 156 234
6.58E-04 2.55E-03 1.90E-02 2.95E-02 4.01E-02
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
4.93E-04 3.32E-03 1.71E-03 5.13E-02 4.03E-02
4.90E-04 4.50E-03 4.68E-03 3.00E-02 1.66E-02
4.85E-04 2.50E-03 71.51E-03 4.38E-02 4.89E-02
4.89E-04 4.32E-03 1.47E-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
1.35E-04 3.23E-03 4.26E-02
1.46E-04

Average 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 1.05E-03 1.24E-02



D.3 Effect ofthe percentage of humidity on the electrical conductivity of CSA doped polyaniline films (figure 4.19)

Sample: CaCp= 10, NaNp = 15.6

Thickness (t) = 39.2 pm

Testing conditions: K factor =1.65

Temperature = 25-28 °C
Moisture content = 4%

Table D.3.1 The electrical conductivity of CSA doped polyaniline films at different % humidity

% humidity

Average
SD

36
1.16E-04
1.14E-04
1.10E-04
112E-04
1.16E-04
1.12E-04
1.13E-04
2.28E-06

41
3.53E-04
3.53E-04
3.53E-04

3.53E-04
3.06E-07

Specific Electrical Conductivity (S/cm)

47
1.11E-03
1.04E-03
9.50E-04
9.40E-04

1.01E-03
1.98E-05

58
3.30E-03
3.36E-03
3.36E-03

3.34E-03
3.40E-05

66
6.10E-03
6.06E-03
5.93E-03

6.03E-03
8.54E-05

5.8
2.43E-02
2.50E-02
2.36E-02
2.44E-02
2.41E-02

2.43E-02
5.10E-04

88
3.46E-02
3.48E-02
3.53E-02

3.49E-02
3.80E-04
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D.4 Effect of 1000 ppm SO./N. mixture gas on the electrical conductivity of
CSA doped polyaniline films (figure 4.23)

Sample: CaCp = 1, NaNp = 1.60 (first sample)

Thickness (t) = 24.9 pm

Testing conditions: K factor = 1.6
Temperature = 25-26 °C
Moisture content = 2%
Humidity = 28-32%

Table D41 The electrical conductivity of csa doped polyaniline films at
caCp = 1(first sample) when exposed to 1000 ppm SQ N mixture gas

Time (min) ~ I(mA V (mV) a (Slcm Aa %Aa
1 1.60E 33 8§/0.5 4.é9E-04)1
1 1.00E-03 8775 4 85E-04
8 1.00E-03 882.5 4 82E-04
) 1.00E-03 880.5 4 83E-04
3 1.00E-03 9175 4.83E-04
: 1.00E-03 982.5 4 87E-04 2.32E-06 048
2 1.00E-03 1005.5 4,94E-04 8.78E-06 182
3 100E-03 10115 4.91E-04 5.84E-06 121
4 100E-03 10125 4.90E-04 h.36E-06 Lot
) 1.00E-03 10145 4 89E-04 4.39E-06 091
; 100E-03 10125 4.90E-04 h.36E-06 L
I 1.00E-03 1010.5 4.91E-04 0.32E-06 131
] 1.00E-03 10135 4.90E-04 4 87E-06 Lot
1o 1.00E-03 10115 4.91E-04 h.84E-06 121
12 1.00E-03 10115 4.91E-04 5.84E-06 L1
15 100E-03 10055 4.94E-04 8.78E-06 182
18 100E-03 10025 4.95E-04 1.02E-05 )12
)’ 1.00E-03 976.5 4.90E-04 h.26E-06 1.09
23 1.00E-03 9755 4.91E-04 5.79E-06 L2
21 1.00E-03 9725 4.92E-04 1.29E-06 151
30 1.00E-03 975.5 4.91E-04 5.719E-06 120
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Sample: CaCp =1, NaNp = 1.60 (second sample)

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
CaCp = 1(second sample) when exposed to 1000 ppm S0./N. mixture gas

Time Smm) | émAg V (Bm\é) or §S/cm3 Act %AU
-1 2.00E-03 1159, 5.20E-0
13 2.00E-03 11585 5.20E-04
11 2.00E-03 11645 0.17E-04
5 2.00E-03 11685 5.16E-04
- 2.00E-03 11705 5.15E-04
¥ 2.00E-03 11705 0.15E-04
: 2.00E-03 11765 0.21E04  LI6E05 2.4
1 2.00E-03 1775 H21E04  LIIE05 215
) 2.00E-03 11695 D.30E-04  147E-05 285
3 2.00E-03 11805 D.20E04  975E06  1.89
4 2.00E-03 11785 0.26E-04  107E0S 207
5 2.00E-03 11735 0.29E-04  129E05 250
1 2.00E-03 11815 D.25E-04  934E06 181
; 2.00E-03 11855 23604  TH3E-06 146
1 2.00E-03 11835 D.24E-04  8AGE-06 164
y 2.00E-03 11885 D.22E-04  6.23E06 1.
15 2.00E-03 11905 0.21E-04  536E-06 104
i 2.00E-03 11885 D.22E-04  6.23E-06 1.
20 2.00E-03 11855 023604 TH2E06 146
25 2.00E-03 11845 0.24E04  T98E-06 155
28 2.00E-03 11895 02104 5T77E06 112
30 2.00E-03 11905 521E-04  536E-06  1.04



Sample: Ca/Cp = 10, Na/Np = 15.6 (first sample)

Thickness (t) = 27.0 pm

Testing conditions: K factor = 1.65

Temperature = 25-26 °c
Moisture content = 2%
Humidity = 28-32%
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Table D.4.3 The electrical conductivity of CSA doped polyaniline films at
CaCp =10 (first sample) when exposed to 1000 ppm S02/N. mixture gas

Time (min)

-10

dodn=

810E-01
8.00E-01

V (va
1270
1310

)

12403
1.25E-03
1.24E-03

2.38E-05
3.32E-05
4.78E-05
5.74E-05
4 94E-05
3.62E-05
9.29E-05
2.94E-05
4 43E-05

% A a

OISO PO LVOFFE—J1O—I©o
ONYUTISHOUOTIOHYOUTIOO NN WO WO IO



Sample: Ca/Cp = 10, Na/Np =15.6 (second sample)

Thickness (t) =29.0 pm

Testing conditions; K factor = 1.6
Temperature = 25-26 °C

Moisture content = 2%
Humidity = 28-32%
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Table D.4.4 The electrical conductivity of CSA doped polyaniline films at
cadcp=10 (second sample) when exposed to 1000 ppm S0:/N. mixture gas

Tlme (mln
si

)

)

4
J0EL
4
9
4
4

OO
rl_l
O
——

0E-01

0E-01

oE-01

oE-01
45E-01
99E-01
0E-01
20E-01
39E-01
40E-01
40E-01
45E-01
39E-01
39E-01
40E-01
4 40E-01
4.45E-01
4 35E-01
4 40E-01
4 45E-01
4.45E-01

S R R S R R R R S S S R R S e
o
-
m
D
QO

TEQ
112603
112603
112603
111E-03
1.12E-03
L11E-03

Act

%Ac

O CICICTOTRCICTR WO O
COUTCLLSHUTIUTUTILWLWSHUTLLO IO
OO N0 PO WOWOoO PPN OO LD



Sample: CaCp = 150, Na/Np = 234 (first sample)

Thickness (t) = 50.L pm

Testing conditions: K factor =1.65

Temperature = 25-26 °C
Moisture content = 2%
Humidity = 28-32%
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Table D.4.5 The electrical conductivity of CSA doped polyaniline films at
cacp=150 (first sample) when exposed to 1000 ppm S02/N. mixture gas

Time (min)

ol BB ww -

=3

10

12

15

|(mA)
2.00E-03
2.00E-03
2.00E-03
2.00E-03
2.00E-03
2.00E-03
2.00E-03
2.00E-03
2.00E-03
2.00E-03
2.00E-03
2.00E-03
2.00E-03
2.00E-03
2.00E-03
2.00E-03

V(mV)
1.3210
1.3420
1.3550
1.3770
1.3930
1.2990
1.3140
1.3550
1.3720
1.3860
1.3950
1.4060
1.4230
1.4300
1.4450
1.4590

6 (Slcm)
1.42E-02
1.40E-02
1.43E-02
1.41E-02
1.39E-02
2.01E-02
1.98E-02
1.88E-02
1.77E-02
1.75E-02
1.74E-02
1.72E-02
1.70E-02
1.69E-02
1.76E-02
1.82E-02

AG

5.76E-03
4.T1E-03
3.59E-03
3.41E-03
3.30E-03
3.16E-03
2.96E-03
2.87E-03
3.54E-03
4.16E-03

%Aa

40.7
33.3
254
241
23.3
22.3
20.9
20.3
25.0
294



Sample: ¢ 3 Cp = 150, Na/Np = 234 (second sample)
Thickness (t) = 32.7 pm

Testing conditions: K factor= 1.65

Temperature = 25-26 °c
Moisture content = 2%
Humidity = 28-32%
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Table D.4.4 The electrical conductivity of CSA doped polyaniline films at
CdCp = 150 (second sample) when exposed to 1000 ppm S02/N. mixture gas

I(mA&
2.00E-01
2.00E-01
2.00E-01
2.00E-01
2.00E-01
2.00E-01
2.00E-01
2.00E-01
2.00E-01
2.00E-01
2.00E-01
2.00E-01
2.00E-01
2.00E-01
2.00E-01
2.00E-01
1.50E-01
1.60E-01
1.50E-01
1.50E-01
1.50E-01
1.50E-01
1.50E-01
1.50E-01

V(mV
Ll
0.3800
0.3800
0.3800
0.3400
0.3500
0.3300
0.3400
0.3300
0.3300
03100
0.3200
0.2900
0.2900
0.2800
0.2750
0.2300
0.2300
0.2300

0.2200
0.2200
0.2300
0.2100
0.2200

S

1O
I,I ",I IO
oS
~oR—

oE-02
oE-02

3E-02

6E-01

Aa

9.32E-03
6.77E-03
1.20E-02
9.32E-03
1.20E-02
1.20E-02
17T7E-02
1.48E-02
2.43E-02

%Aa



D.5 Effect of SO2IN2 mixture gas at various concentrations on the electrical conductivity of CSA doped polyaniline
films (figure 4.26)

Sample: CSA doped polyaniline films at Ca/Cp = 150, Na/Np =234

Thickness (t) = 18.1, 32.6, 47.7, 51.4 pm

Testing conditions: K factor=1.65
Temperature = 25-26 °c
Moisture content = 2%
Humidity = 28-32%

Table D.5.1 The electrical conductivity of CSA doped polyaniline films (Ca/Cp = 150, N aNp =234) at various S0 2IN 2
mixture gas concentrations

502 I Il H Average SD
concentration Aa Aa Aa Aa Aa Aa Aa Aa Aa Aa
(ppm) g/%) g%) (%) 8%) (%)
1000 27.9 5.17E-03 18.6 513E-02 231 1.26E-02 23.2 2.30E-02 4.65  2.48E-02
750 11.9 3.37E-03 13.9 4.7T7E-03 - - 12.9 4.07E-03 141 9.90E-04
500 3.29 1.88E-03 6.86 2.63E-03 409  6.90E-04 4.75 1.73E-03 1.87  9.78E-04
375 3.72 6.50E-04 . . . . 3.72 6.50E-04 - .
250 1.76 2.57E-04 3.81 6.47E-04 233  3.69E-04 2.31 4.24E-04 1.09  2.01E-04
187.5 0 0 0 0 . - 0 -
125 0 0 0 0 . - 0
62.5 0 0 0 0 - . 0



APPENDIX F

F.1

Sample: CalCp= 1, NaNp=3.30

109

Electrical Conductivity Data of ESA Doped Polyaniline

Effect of Aging on the electrical conductivity of ESA

doped polyaniline films at various doping ratios

(figure 4.17)

Thickness (t) = 26.8 pm
Testing conditions: K factor = 1.65

Temperature = 25 °¢c
Humidity = 65-72%

Moisture content = 3-5%

Table F.1.1 The electrical conductivity of CSA -doped polyaniline at Ca/Cp =

1, NaNp = 3.30

# aging day

1
10
20
35
50

Specific conductivity (S/cm)

Islsample
2.83E-02
2.67E-02
2.65E-02
1.69E-02

2msample

2.82E-02
2.68E-02
2.66E-02

1.46E-02

Average

2.83E-02
2.68E-02
2.66E-02
1.69E-02
1.46E-02

SD

1.07€-05
1.07€-05
1.07€-05
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sample: CaCp= 10, NaNp= 32.9

Thickness (t) = 23.0 pm

Testing conditions: K factor=1.65
Temperature = 25 °¢c
Humidity = 65-72%
Moisture content = 3-5%

Table F.1.2 The electrical conductivity of CSA -doped polyaniline at CaCp =
10, NaNp = 32.9

Specific conductivity (S/cm)

" aging day Istsample 2msample Average D
1 1.85E-01 - 1.85E-01
10 1.30E-01 - 1.30E-01
20 1.51E-01 9.50E-02 1.23E-01  3.97E-02
35 1.12E-01 1.52E-01 1.32E-01  2.82E-02

50 1.20E-01 1.30E-01 1.25E-01  7.00E-03



F.2  Effectofacid concentrations on the electrical conductivity of ESA
doped polyaniline films at various doping ratios (figure 4.21)
Sample: ESA doped polyaniline films
Testing conditions: K factor=1.65
Temperature = 25 °c
Humidity = 65-72%
Moisture content = 3-5%

Table F.2.1 The electrical conductivity of ESA doped polyaniline films at
different doping ratios

Specific Electrical Conductivity (S/cm)

CaCp 1 5 10

NaNp 3.30 16.5 32.9
2.83E-02 6.64E-02 1.85E-01
2.68E-02 6.66E-02 1.30E-01
2.66E-02 6.64E-02 1.23E-01
1.69E-02 6.63E-02 1.32E-01
1.46E-02 6.65E-02 1.25E-01

Average 2.26E-02 6.64E-02 1.39E-01

SD 6.38E-03 1.20E-04 2.60E-02
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F.3 Effect of 1000 ppm SO2ZN2mixture gas on the electrical conductivity of
ESA doped polyaniline films (figure 4.24)

Sample: CaCp= 1, NaNp=33

Thickness (t) = 48.6 pm

Testing conditions: K factor = 1.69
Temperature = 25-26 °C
Moisture content = 2%

Humidity = 28-32%

Table F.3.1 The electrical conductivity of ESA doped polyaniline films at
CalCp= Lwhen exposed to 1000 ppm SO2N2mixture gas

Time (min) ~ 1(mA) V (mV) a (Slem) Aa %AC
-24 1.10 4.08E-01 3.31E-02
-13 1.10 4,08E-01 3.31E-02
-9 1.10 3.95E-01 3.35E-02
-4 1.80 6.40E-01 3.35E-02
0 1.60 5.40E-01 3.36E-02
0 1.40 4.91E-01 3.55E-02
1 1.30 4.63E-01 3.49E-02 1.32E-03 3.96
2 1.20 4.40E-01 3.39E-02 2.80E-04 0.84
3 1.20 4.30E-01 3.47E-02 1.06E-03 3.18
5 115 4.07E-01 3.51E-02 1.48E-03 4.43
6 1.10 4.05E-01 3.37E-02 1.27E-04 0.38
8 1.10 4.03E-01 3.40E-02 3.33E-04 1.00
9 1.10 4.00E-01 3.42E-02 5.43E-04 1.63
10 1.10 4.00E-01 3.42E-02 5.43E-04 1.63
12 1.10 3.99E-01 3.42E-02 6.26E-04 1.88
14 1.10 4.01E-01 3.41E-02 4.60E-04 1.38
15 1.10 4.02E-01 3.40E-02 3.13E-04 1.12
17 1.15 4.20E-01 3.40E-02 4.06E-04 1.22

20 1.20 4.39E-01 3.40E-02 3.96E-04 1.19



Sample: CaCp= 10, NaNp = 32.9

Thickness (t) = 48.6 pm

Testing conditions: K factor = 1.65

Temperature = 25-26 °c

Moisture content = 2%
Humidity = 28-32%
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Table F.3.2 The electrical conductivity of ESA doped polyaniline films at
cacp= 10 when exposed to 1000 ppm SO02N2mixture gas

Time (min)
-5
-4
-3
-3
-1
0
1
2
3
4
6

8
10
12
14
16
18
21
23
25

[(mA)
1.00E-01
1.00E-01
1.05E-01
1.05E-01
1.10E-01
1.10E-01
1.25E-01
1.20E-01
1.20E-01
1.10E-01
1.10E-01
1.10E-01
1.10E-01
1.15E-01
1.20E-01
1.20E-01
1.30E-01
1.30E-01
1.30E-01
1.35E-01

V (mV)
180.5
1815
186.5
190.5
198.5
199.5
189.5
202.5
196.5
184.5
180.5
180.5
189.5
196.5
206.5
205.5
219.5
220.5
2215
230.5

6.99E-02
1.20E-02
1.03E-02
1.19E-02
1.19E-02
6.85E-02
6.90E-02
6.86E-02
6.89E-02
6.99E-02
6.96E-02
6.92E-02
6.91E-02

ACJ

1.23E-02
4.36E-03
6.49E-03
4.78E-03
6.34E-03
6.34E-03
2.93E-03
3.49E-03
3.00E-03
3.34E-03
4.32E-03
4.00E-03
3.69E-03
3.55E-03

%AC

18.73
6.66
9.92
131
9.69
9.69
4.48
5.34
4.59
5.10
6.60
6.12
5.64
5.42
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F.4 Effect of SO2/N2 mixture gas at various concentrations on the electrical
conductivity of ESA doped polyaniline films (figure 4.26)

Sample: ESA doped polyaniline films at CaCp =10,
NaNp = 32.9
Thickness (t) = 11.2, 21.3 pm
Testing conditions: K factor =1.65
Temperature = 25-26 °c
Moisture content = 2%
Humidity = 28-32%

Table F.4.1 The electrical conductivity of ESA doped polyaniline films
(CdCp= 10, NaNp = 32.9) at various SOZN2 mixture gas concentrations

502 | I Average D
concentration  Aa Aa A Ad Aa Aa Al Aa
(ppm) (%) (%) (%) (%)
1000 541 3.55E- - ~ 541 3.55E
03 -03
750 346  123E- 143 482E 245 3.03E 144 254E
04 -04 -04 -04
500 0 0 0 :
375 0 0 0
250 0 0
187.5 0 0
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