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APPENDICES
Appendix A Yielding of the Synthesized PANI

Table A1 Raw data o f yield o f PANI synthesized by conventional method

Conventional PANI Order Weight (g) 
ANI

Weight (g) 
PANI % Yield SD

ANI 2.55 g 1 2.553 0.682 26.71
2 ' - 2.553 0.650 25.46
3 '■ 2.553 0.662 25.93

Avg 2.553 0.665 26.03 0.63

ANI 2.04 g 1 2.043 0.601 29.42
2 ■ 2.043 0.597 29.22
3 ■ ' 2.043 0.610 29.86

Avg 2.043 0.603 29.50 0.33

ANI 1.74 g 1 1.736 0.547 31.51
2 - - 1.736 0.517 29.78
3 1.736 0.523 30.13

Avg 1.736 0.529 30.47 0.91

ANI 1.02 g 1 1.021 0.338 33.10
2 1.021 0.347 33.99
3 1.021 0.371 36.34

Avg 1.021 0.352 34.48 1.67



76

Table A2 Raw data of yield of PANI synthesized using 1800 mg/L biosurfactant
concentration as a template at 6 hr polymerization time

ANI : Biosurfactant 
weight ratio Order W eight (g) 

ANI
W eight (g) 

PANI % Yield ร อ
28.3 : 1 1 2.553 0.650 25.46

2 2.553 0.660 25.85
3 2.553 0.640 25.07

Avg 2.553 0.650 25.46 0.39

22.7 ะ 1 1 2.043 0.600 29.37
2 2.043 0.620 30.35
3 2 043 0.610 29.86

Avg 2.043 0.610 29.86 0.49

19.3 : 1 1 1.736 0.530 30.53
2 1.736 0.540 31.11
3 1.736 0.500 28.80

Avg 1.736 0.523 30.15 1.20

11.3 : 1 1 1.021 0.370 36.24
2 1.021 0.350 34.28
3 1.021 0.340 33.30

Avg 1.021 0.353 34.61 1.50
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Table A3 Raw data of yield of PANI synthesized using 1800 mg/L biosurfactant
concentration at different polymerization time

Polymerization time Order W eight (g) 
ANI

Weight (g) 
PANI % Yield SD

4 hr 1 2.043 0.550 26.92
2 2.043 0.520 25.45
3 2.043 . 0.510 24.96

Avg 2.043 0.527 25.78 1.02

6 hr 1 2.043 0.600 29.37
2 2.043 0.620 30.35
3 2.043 0.610 29.86

Avg 2.043 0.610 29.86 0.49

8 hr 1 2.043 0.800 39.16
2 2.043 0.750 36.71
3 2.043 0.690 33.77

Avg 2.043 0.747 36.55 2.70
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Table A2 Raw data of yield of PANI synthesized using 3600 mg/L biosurfactant
concentration as a template at 6 hr polymerization time

ANI ะ Biosurfactant Order Weight (g) 
ANI

W eight (g) 
PANI % Yield SD

14.2 : 1 1 2.553 0.610 23.89
2 2.553 0.600 23.50
3 2.553 0.620 24.29

Avg 2.553 0.610 23.89 0.39

11.4 : 1 1 2.043 0.580 28.39
2 2.043. 0.600 29.37
3 2.043 0.610 29.86

Avg 2.043 0.597 29.21 0.75

9.6:1 1 1.736 0.510 29.38
2 1.736. 0.500 28.80
3 1.736 0.500 28.80

Avg 1.736 0.503 28.99 0.33

5.6 : 1 1 1.021 0.340 33.30
2 1.021 0.350 34.28
3 1.021 0.330 32.32

Avg 1.021 0.340 33.30 0.98
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Appendix B Determination of Ohmic Linear Regime

Linear regime or ohmic regime is the regime that applied voltage depends 
directly on the apply current according to ohmic law in equation (B l)

In this work, linear regime was determined by ploting applied voltage (Va) 
versus current (/). The range that gives the straight line is acceptable for using in 
conductivity measurement. Figure A1 is the plot between Va and 1 o f  the silicon 
wafer, as a standard material, using custom built two-point probe. This experiment 
was performed under 1 atm, 50% relative humidity, and 25°c.

p  — ^ i f  = 1 /s lo p e  (B l)

where V0 = applied voltage (V)
I = current (A) 
p = resistivity (O)

Probe numberl

Figure B l Linear regime of Va and /  o f the silicon wafer, used as a standard 
material, obtained by the custom built two-point probe.
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According to Figure Al, straight line is indicated the range of applied
voltage and current corresponding to the ohmic law. The accepted range of those for
using in conductivity measurement are 0.01 to 2 V.

Table B1 Raw data o f determination o f linear regime from silicon wafer by using 
custom built two-point probe

Applied voltage Current (A)
2 1.03E-06

1.5 6.82E-07
1.4 6.27E-07
1.2 5.50E-07
1 4.50E-07

0.9 4.07E-07
0.75 3.36E-07
0.5 2.74E-07

0.45 2.1 IE-07
0.1 3.65E-08

0.05 2.98E-08
0.03 2.72E-08
0.01 2.94E-08

Probe number 2

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0
0.2 0.40 0.1 0.3 0.5 0 6
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Figure B2 Linear regime of v a and /  o f the silicon wafer, used as a standard 
material, obtained by the custom built two-point probe.

According to Figure B2, straight line is indicated the range o f applied 
voltage and current corresponding to the ohmic law. The accepted range o f those for 
using in conductivity measurement are 0.01 to 0.5 V.

Applied voltage Current (A)
0.5 8.17E-07
0.4 7.02E-07

0.35 5.87E-07
0.3 4.47E-07

0.25 3.30E-07
0.2 2.40E-07

0.15 1.80E-07
0.1 1.27E-07

0.07 1.25E-07
0.05 1 19E-07
0.03 1.13E-07
0.02 1.04E-07
0.01 9.85E-08
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Appendix c  Determination of Geometric Correlation Factor (K) of Custom  
Built Two-Point Probe

Geometric correction factor (K) is a correction that takes into account of 
geometric effects. K factor can be determined by using the following equation (C l).

K =  X /  =  Slop* Sp =  slope X 107.373 (C l)

where K = geometric correction factor
P re f  = resistivity o f standard material (Q.cm) 
t = sheet thickness (cm)
V = applied voltage (V)
/  = current (A)

For conductive samples, such as polyaniline in the doped form, the silicon 
wafer with known resistivity/thickness o f 107.373 Q was used as a standard material 
for the determination o f geometric correction factor (K).
Probe number 1

From Figure A1 slope = 5E-07 and 7  =  107,3 73 Q
Therefore, the geometric correction factor (K) for the conductive samples o f  

custom built two-point probe is K = 5E-07 X  107.373 = 5.36E-05 
Probe number 2

From Figure A2 slope = 2E-06 and 7  =  107.373 Q
Therefore, the geometric correction factor (K) for the conductive samples of 

custom built two-point probe is K = 2E-06 X  107.373 = 2.15E-04
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Appendix D Conductivity measurement

Table D1 Conductivity measurement o f dedope polyaniline synthesized by using 
the ANEBiosurfactant weight ratio o f 11.3:1 at 6 hr polymerization time (Geometric 
correction factor is 5.36E-05)

ANI:Surfactant Order Thickness(mm) Voltage (v) Current(A) Conductivity(S/cm)
11.3 : 1 1 0.0029 80 1.34E-08

0.003 70 1.18E-08
0.0029 60 1.07E-08
0.0029 50 9.82E-09
0.003 45 8.89E-09
0.003 40 8.25E-09

35 7.84E-09
30 7.03E-09
20 6.01E-09
10 4.79E-09

AVG 0.0030 6.22E-04

Voltage (V)

ANI:Surfactant Order Thickness(mm) Voltage (v) Current(A) Conductivity(S/cm)
1 1 3 : 1 2 0.0029 80 1.34E-08

0.0031 70 1.16E-08
0.0031 60 1.01E-08
0.0032 55 9.89E-09
0.0032 50 9.98E-09
0.0031 45 9.45E-09

40 9.28E-09
35 8.29E-09
30 7.20E-09

AVG 0.0031 6.02E-04
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ANI:Surfactant Order Thickness(mm) Voltage (v) Current(A) Conductivity(S/cm)
11.3 : 1 3 0.0031 80 1.45E-08

0.0032 70 1.30E-08
0.0032 60 1.26E-08
0.0031 50 1.07E-08
0.0031 45 1.01E-08
0.0032 40 8.93E-09
0.0029 35 8.46E-09
0.0031 30 8 06E-09

20 6.53É-09
10 4.95E-09

AVG 0.0031 6.02E-04

Sample Specific Conductivities( s/cm)
1 6.22E-04
2 6.02E-04
3 6.02E-04

Average 6.09E-04
SD 1.16E-05
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Table D2 Conductivity measurement of dedope polyaniline synthesized by using
the ANhBiosurfactant weight ratio of 19.3:1 at 6 hr polymerization time (Geometric
correction factor is 5.36E-05)

ANI:Surfactant Order Thickness(mm) Voltage (v) Current(A) Conductivity(S/cm)
19.3 : 1 1 0.0031 80 1.13E-08

0.0029 70 1.01E-08
0.0037 60 9.12E-09
0.0035 50 8.61E-09
0.0034 45 8.40E-09
0.0035 40 7.95E-09

30 6.64E-09
25 6.37E-09
20 5.93E-09
10 4.85E-09
5 4.17E-09

AVG 0.0034 4.94E-04

ANI:Surfactant Order Thickness(mm) Voltage (v) Current(A) Conductivity(S/cm)
19.3 : 1 2 0.0032 60 1.35E-08

0.003 55 1.16E-08
0.0032 50 1.05E-08
0.0033 40 9.76E-09
0.0031 35 9.31E-09
0.003 30 8.03E-09

20 6.32E-09
10 5.12E-09
5 4.39E-09

AVG 0.0031 6.02E-04
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ANI:Surfactant Order Thickness(mm) Voltage (v) Current(A) Conductivity(S/cm)
19.3 : 1 3 0.0034 80 1.53E-08

0.0032 70 1.26E-08
0.0039 60 1.19E-08
0.0027 50 1.05E-08
0.0031 45 1.01E-08
0.0033 40 9.09E-09
0.003 35 8.29E-09

30 7.56E-09
20 6.13E-09
10 4.76E-09

AVG 0.0032 5.83E-04

Voltage (V)

Sample Specific Conductivities( s/cm)
1 4.94E-04
2 6.02E-04
3 5.83E-04

Average 5.60E-04
SD 5.77E-05
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Table D3 Conductivity measurement of dedope polyaniline synthesized by using
the ANhBiosurfactant weight ratio of 22.7:1 at 6 hr polymerization time (Geometric
correction factor is 5.36E-05)

ANI:Surfactant Order Thickness(mm) Voltage (v) Current(A) Conductivity(S/cm)
22.7 : 1 1 0.0034 65 1.33E-08

0.0031 60 1.29E-08
0.0039 55 1.22E-08
0.0042 50 1.28E-08
0.0033 45 1.17E-08
0.0045 40 9.59E-09

35 9.46E-09
30 8.79E-09
20 6.76E-09
10 5.24E-09

AVG 0.0037 5.04E-04

ANI:Surfactant Order Thickness(mm) Voltage (v) Current(A) Conductivity(S/cm)
22.7 ะ 1 2 0.0039 80 1.34E-08

0.0037 70 1.23E-08
0.0036 60 1.09E-08

0.00333 50 8.92E-09
0.0038 45 8.58E-09

40 8.29E-09
35 7.60E-09
30 6.98E-09
20 5.73E-09
10 4.58E-09

AVG 0.0037 5.04E-04
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ANI:Surfactant Order Thickness(mm) Voltage (v) Current(A) Conductivity(S/cm)
22.7 : 1 3 0.003 80 1.22E-08

0.0032 70 1.09E-08
0.0039 60 9.74E-09
0.0036 50 8.78E-09
0.0032 45 8.25E-09
0.0035 40 7.66E-09

35 6.85E-09
30 6.25E-09
20 5.43E-09
10 4.61E-09

AVG 0.0034 5.49E-04

Sample Specific Conductivities( s/cm)
1 5.04E-04
2 5.04E-04
3 5.49E-04

Average 5.19E-04
SD 2.57E-05
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Table D4 Conductivity measurement of dedope polyaniline synthesized by using

the ANEBiosurfactant weight ratio of 28.3:1 at 6  hr polymerization time (Geometric

correction factor is 5.36E-05)

A N I : S u r f a c t a n t O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
2 8 .3  : 1 1 0 .0045 80 6.04E -09

0 .0045 70 5.78E -09
0 .004 4 65 5.52E -09
0 .004 7 60 5.35E -09
0 .0 0 4 6 55 5.14E -09

50 5.03E -09
40 4 .75E -09
35 4 .60E -0 9
30 4 .43E -0 9
2 0 4 .18E -0 9
1 0 3 .91E -0 9

A V G 0 . 0 0 4 5 1 .2 4 E - 0 4

Voltage (V)

A N I : S u r f a c t a n t o r d e r t h i c k n e s s v o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
2 8 .3  ะ 1 2 0 .003 7 80 5.5E -09

0 .0 0 3 6 70 5.3E -09
0 .0035 65 5.1E -09
0 .0 0 3 2 60 5.0E -09
0.0031 55 4 .9E -09
0 .003 2 50 4 .7E -09
0 .0 0 3 7 45 4 .6E -09

40 4 .5E -09
30 4 .3E -09
2 0 4 .1E -09

A V G 0 . 0 0 3 4 1 . 1 0 E - 0 4



90

A N I : S u r f a c t a n t o r d e r t h i c k n e s s v o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
2 8 .3  : 1 3 0 .0037 80 5.56E -09

0 .0036 70 5.31E -09
0 .0035 65 5.17E -09
0 .0032 60 5.04E -09
0.0031 55 4.87E -09
0 .0032 50 4.76E -09
0 .0037 45 4.66E -09

40 4.57E -09
30 4 30E -09
2 0 4.09E -09
1 0 3.89E -09
1 0 3.91E -09

A V G 0 . 0 0 3 4 1 .1 0 E - 0 4

S a m p l e S p e c i f i c  C o n d u c t i v i t i e s (  s / c m )
1 1.24E -04
2 1.10E -04
3 1.10E -04

A v e r a g e 1 .1 5 E - 0 4
S D 8 .4 5 E - 0 6
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Table D5 Conductivity measurement of dedope polyaniline synthesized by

conventional method using ANI 2.06 at 6  hr polymerization time (Geometric

correction factor is 5.36E-05)

A N I O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
2 .0 6  g 1 0.006 70 5.66E -09

0.0051 65 5.55E -09
0 .0047 60 5.37E -09
0.0055 55 5.21E -09
0 .0049 50 5.07E -09
0 .0052 40 4.70E -09

35 4 61E -09
30 4.40E -09
2 0 4.18E -09
15 4.04E -09
1 0 3.91E -09
1 0 3.91 E-09

A V G 0 .0 0 5 2 1 .0 8 E - 0 4

A N I O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
2 .0 6  g 2 0.0055 80 5.41 E-09

0.0055 70 5.19E -09
0 .0058 60 4.91 E -09
0 .0047 55 4.79E -09
0 .0046 50 4.70E -09

45 4.61E -09
40 4.49E -09
35 4.40E -09
30 4.23E -09
25 4.11 E -09

A V G 0 .0 0 5 2 7 . 1 8 E - 0 5
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Voltage (V)

A N I O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
2 .0 6  g 3 0 .005 80 5.64E -09

0 .004 8 70 5.32E -09
0 .0053 65 5.19E -09
0 .0054 60 5.10E -09
0 .0053 55 4 .98E -0 9

50 4 .87E -0 9
45 4 .72E -0 9
40 4 .66E -0 9
35 4 .50E -0 9
30 4 .36E -0 9
2 0 4 .17E -0 9
1 0 3.90E -09

A V G 0 . 0 0 5 2 7 . 1 8 E - 0 5

S a m p l e S p e c i f i c  C o n d u c t i v i t i e s (  s/cm)
1 1.08E -04
2 7.18E -05
3 7 .1 8E-05

A v e r a g e 8 .3 7 E - 0 5
S D 2 . 0 7 E - 0 5
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Table D6 Conductivity measurement of doped PANI synthesized with the

ANEBiosurfactant weight ratio of 22.7 : 1 at mole ratio between ANI : HC1 equal to

1: 5 ( Geometric factor is 2 .15E-04)

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1/5 1 0 .0 0 6 5 30 6 .4 8 E -0 7

0 .0 0 6 4 25 3 .8 1 E -0 7
0 .0 0 6 6 23 3 .1 0 E -0 7
0 .0 0 6 6 2 0 4 .2 8 E -0 8
0 .0 0 6 6 18 3 .5 3 E -0 8

17 3 .1 7 E -0 8
15 2 .5 8 E -0 8
13 1 .9 8 E -0 8

A V G 0 . 0 0 6 5 4 0 . 1 4 3

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1/5 2 0 .0 0 7 5 43 6 .9 9 E -0 7

0 .0 0 7 8 4 0 5 .1 2 E -0 7
0 .0 0 7 8 38 4 .2 5 E -0 7
0 .0 0 7 7 3 7 3 .8 6 E -0 7
0 .0 0 7 4 3 6 3 .4 9 E -0 7

3 4 2 .8 2 E -0 7
32 2 .3 7 E -0 7
3 0 2 .0 3 E -0 7
28 3 .7 6 E -0 8
2 6 3 .2 6 E -0 8
2 4 2 .8 1 E -0 8

A V G 0 . 0 0 7 6 4 0 . 0 7 3
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A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1/5 3 0 .0 0 8 4 0 3 .6 5 E -0 7

0 .0 0 8 2 38 2 .7 7 E -0 7
0 .0 0 8 3 - 3 7 2 .4 8 E -0 7
0 .0 0 8 3 6 2 .2 1 E -0 7

0 .0 0 8 2 35 4 .1 3 E -0 8
3 4 3 .8 5 E -0 8
33 3 .5 2 E -0 8
3 2 3 .2 6 E -0 8
3 0 2 .8 3 E -0 8
2 8 2 .4 6 E -0 8

A V G 0 . 0 0 8 1 4 0 . 1 1 5

S a m p l e S p e c i f i c  C o n d u c t i v i t i e s !  s /c m )
1 0 .1 4 3
2 0 .0 7 3
3 0 .1 1 5

A v e r a g e 0 . 1 1 0

S D 0 .034 9
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Table D7 Conductivity measurement of doped PANI synthesized with

ANPBiosurfactant weight ratio of 22.7:1 at mole ratio between ANIlHCl equal to

1/25 (Geometric correction factor is 5.36E-05)

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 /25 1 0 .0 0 3 9 4 5 1 .7 8 E -0 5

0 .0 0 4 1 4 0 1 .3 3 E -0 5
0 .0 0 4 0 35 9 .8 4 E -0 6
0 .0 0 4 2 3 0 7 .3 1 E -0 6
0 .0 0 4 2 2 5 5 .0 1 E -0 6

2 0 3 .3 2 E -0 6
15 1 .9 6 E -0 6
1 0 1 .0 7 E -0 6
5 . 4 .3 9 E -0 7

A V G 0 . 0 0 4 1 1 . 8 2 9

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 /25 2 0 .0 0 3 8 3 0 7 .6 8 E -0 6

0 .0 0 3 1 2 7 6 .1 1 E -0 6
0 .0 0 3 6 2 3 4 .4 1 E -0 6
0 .0 0 3 5 2 0 3 .3 9 E -0 6
0 .0 0 3 7 17 2 .5 6 E -0 6

14 1 .8 5 E -0 6
1 0 1 .1 2 E -0 6
7 6 .7 8 E -0 7
4 3 .2 3 E -0 7
1 1 .9 5 E -0 8

A V G 0 . 0 0 3 5 1 . 5 8 1
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A N I : H C I O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 /25 3 0 .0 0 2 9 2 0 4 .0 3 E -0 6

0 .0 0 2 9 18 3 .2 9 E -0 6
0 .0 0 3 1 16 2 .4 9 E -0 6
0 .0 0 2 9 14 1 .8 4 E -0 6
0 .0 0 3 0 1 2 1 .3 4 E -0 6

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

A V G 0 . 0 0 3 0 1 . 2 6 1

5นิ

0 000005 
0 000004 
0 000003 
0 000002 
0 000001 

0
-0 00000

V = 2E-07X - 7E-07 : ร-"'-’:^ ;-’ . ^ ; ]
R2 = 0.923 y  Iท̂  ■

I
■■ 7 i

ร  : .10 20 30

Voltage (V)

S a m p l e S p e c i f i c  C o n d u c t i v i t i e s (  s / c m )
l 1 .8 2 9
2 1 .5 8 1
3 1 .2 6 1

A v e r a g e 1.557
S D 0 .285
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Table D8 Conductivity measurement of doped PANI synthesized with

ANEBiosurfactant weight ratio of 22.7:1 at mole ratio between ANEHCl equal to

1/50 (Geometric correction factor is 5.36E-05)

A N I : H C I O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 /5 0 1 0 .0 0 7 2 8 0 7 .2 6 E -0 9

0 .0 0 7 1 7 0 6 .8 5 E -0 9
0 .0 0 6 0 6 0 6 .2 8 E -0 9
0 .0 0 5 7 . . 5 5 5 .9 4 E -0 9
0 .0 0 7 0 ■ 50 5 .7 7 E -0 9
0 .0 0 7 0 4 5 5 .5 6 E -0 9

4 0 5 .3 5 E -0 9
■ .30 4 .9 2 E -0 9
: 2 0 4 .4 5 E -0 9

. ' 15 4 .2 2 E -0 9
; 1 0 4 .0 0 E -0 9

A V G 0 . 0 0 6 7 2 . 2 2 8

A N I r H C l O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 /5 0 2 0 .0 0 4 9 1 0 1 .4 4 E -0 5

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

7 .5 9 .5 5 E -0 6
7 8 .7 3 E -0 6
6 7.1 I E -0 6
3 2 .9 0 E -0 6

A V G 0 . 0 0 7 2 5 . 1 6 8
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A N I : H C I O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 /5 0 3 0 .0 0 4 3 23 2 .6 8 E -0 5

0 .0 0 5 5 2 2 2 .4 0 E -0 5
0 .0 0 5 4 2 1 2 .2 0 E -0 5
0 .0 0 4 7 19 1 .8 2 E -0 5
0 .0 0 5 3 17 1 .4 8 E -0 5

14 1 .0 6 E -0 5
1 0 6 .1 5 E -0 6
8 4 .4 4 E -0 6
7 3 .7 1 E -0 6
5 2 .3 0 E -0 6

A V G 0 . 0 0 5 0 4 3 . 7 0 2

S a m p l e S p e c i f i c  C o n d u c t i v i t i e s (  s / c m )
1 2.228
2 5.168
3 3.702

A v e r a g e 3 . 6 9 9
S D 1 .4 7 0
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Table D9 Conductivity measurement of doped PANI synthesized with

ANEBiosurfactant weight ratio of 22.7:1 at mole ratio between ANEHCl equal to

1/100 (Geometric correction factor is 5.36E-05)

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 1 0 .0 0 4 6 25 1 .5 2 E -0 4

0 .0 0 4 4 2 0 1 .1 0 E -0 4
0 .0 0 4 4 17 8 .8 0 E -0 5
0 .0 0 4 15 7 .7 6 E -0 5

0 .0 0 4 2 13 6 .5 5 E -0 5
1 0 4 .9 4 E -0 5
8 3 9 4 E -0 5
6 2 .9 7 E -0 5
4 1 .9 7 E -0 5
2 9 .7 0 E -0 6

A V G 0 . 0 0 4 3 2 2 5 . 9 1 2

A N I : H C I O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 2 0 .0 0 5 7 2 0 1 .7 5 E -0 4

0 .0 0 5 8 15 1 .3 8 E -0 4
0 .0 0 9 9 13 1 .2 1 E -0 4
0 .0 0 9 6 1 1 1 .0 6 E -0 4
0 .0 0 5 7 1 0 9 .6 9 E -0 5

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

A V G 0 . 0 0 7 3 4 2 2 . 8 7 6
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A N I:H C 1 O rd er T h ick n ess(m m ) V o lta g e  (v) C u rren t(A ) C o n d u c tiv ity (S /c m )
1 / 1 0 0 3 0.0061 27 ■ 2.39E-03

0 .0 0 6 7 24 2.08E -03
0 .0 0 7 0 2 0 ■ 1..71E-03
0.0061 18 L 50E -03
0 .006 8 16 1.30E -03
0 .0065 14 1:09E-03

1 2 9-06E -04
1 0 7 .30E -0 4
8 5.61E -04
6 4.1 IE -04
3 1.80E -04

A V G 0 . 0 0 6 5 2 5 . 7 1 4

S am p le S p e c if ic  C o n d u c tiv itie s !  s /c m )
1 25 .912
2 22 .87 6
3 25 .71 4

A v era g e 2 4 . 8 3 4
SD 1 .6 9 8
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Table DIO Conductivity measurement of doped PANI synthesized with

ANEBiosurfactant weight ratio of 22.7:1 at mole ratio between ANI:HC1 equal to

1/200 (Geometric correction factor is 5.36E-05)

A N I : H C I O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 2 0 0 1 0 .0 0 6 7 8 0 7 .7 0 E -0 5

0 .0 0 6 2 7 0 6 .1 7 E -0 5
0 .0 0 6 2 6 0 5 .1 3 E -0 5
0 .0 0 7 6 55 4 8 1 E -0 5
0 .0 0 7 4 5 0 4 .7 2 E -0 5

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

A V G 0 . 0 0 6 8 2 2 . 7 4 4

Voltage (V)

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c n f
1 / 2 0 0 2 0 .0 0 5 7 7 0 1 .5 5 E -0 4

0 .0 0 5 9 6 0 1 .1 8 E -0 4
0 .0 0 6 4 55 1 .0 1 E -0 4
0 .0 0 6 8 5 0 8 .5 2 E -0 5
0 .0 0 5 4 4 5 7 .0 4 E -0 5

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

A V G 0 . 0 0 6 0 4 6 . 2 1 9
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A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 2 0 0 3 0 .0 0 4 1 8 0 7 .7 0 E -0 5

0 .0 0 4 8 7 0 6 .1 7 E -0 5
0 .0 0 4 7 6 0 5 .1 3 E -0 5
0 .0 0 4 5 55 4 .8 1 E -0 5
0 .0 0 4 8 5 0 4 .7 2 E -0 5

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

A V G 0 . 0 0 4 5 8 4 . 0 5 6

S a m p le S p e c if ic  C o n d u c tiv itie s (  s /c m )
1 2 .7 4 4
2 6  219
3 4 .0 5 6

A v era g e 4 .3 3 9
SD 1.755



103

Table D ll Conductivity measurement of doped PANI synthesized with

ANEBiosurfactant weight ratio o f 22.7:1 at mole ratio between ANEHCl equal to

1/300 (Geometric correction factor is 5.36E-05)

A N E H C l O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A j C o n d u c t i v i t y ( S / c m )
1 /3 0 0 1 0 .005 4 70 9.30E -05

0 .005 9 60 7.03E -05
0 .0065 55 5.92E -05
0 .0066 50 5.09E -05
0 .006 45 4.30E -05

40 3 .55E -0 5
35 2.88E -05
30 2.31E -05
2 0 1.29E -05
1 0 5 .16E -0 6

A V G 0 . 0 0 6 0 8 3 . 0 5 8

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ] C o n d u c t i v i t y ( S / c m )
1 /3 0 0 2 0 .0 0 8 9 6 0 1 .3 8 E -0 4

0 .0 0 9 3 55 1 .0 6 E -0 4
0 .0 0 9 5 0 7 .9 2 E -0 5

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

35 2 .9 1  E -0 5
3 0 2 .0 2 E -0 5
2 0 8 .8 4 E -0 6
1 0 3 .1 7 E -0 6

A V G 0 . 0 0 9 0 6 6 . 2 1 9
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A N I:H C I O rd er T h ick n ess(m m ) V o lta g e  (v) C u rren t(A ) C o n d u c tiv ity (S /c m )
1 /3 0 0 3 0 .0 0 8 5 5 0 1 .8 4 E -0 4

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

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

A V G 0 . 0 0 8 8 8 8 . 3 8 5

Voltage (V)

0 0C02 
O.OOC15

ร 0.0001
£0.00005
3 0

-0.00005

S a m p le S p ec ific  C o n d u c tiv itie s (  s /c m )
1 3 .058
2 6 .219
3 8.385

A v era g e 5 .8 8 7
SD 2 .6 7 9
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Table D12 Conductivity measurement o f doped PANI synthesized with
ANEBiosurfactant weight ratio o f 28.3:1 at mole ratio between ANEHC1 equal to
1/100 (Geometric correction factor is 2.15E-04)

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 1 0 .0 0 6 4 4 5 1 .9 9 E -0 4

0 .0 0 5 2 3 7 1 .2 6 E -0 4
0 .0 0 6 4 3 0 1 .0 0 E -0 4
0 .0 0 6 5 17 5 .8 0 E -0 5
0 .0 0 6 4 15 3 .5 2 E -0 5

13 1 .7 4 E -0 5
1 1 1 .0 2 E -0 5
1 0 7 .6 5 E -0 6
9 5 .8 4 E -0 6
8 4 .5 0 E -0 6
6 2 .8 2 E -0 6
5 2 .0 7 E -0 6

A V G 0 . 0 0 6 2 3 . 0 2 5

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 2 0 .0 1 1 6 4 0 6 .4 2 E -0 4

0 .0 1 0 8 3 5 5 .4 4 E -0 4
0 .0 1 0 5 3 0 4 .5 0 E -0 4
0 . 0 1 1 2 2 5 3 .6 1 E -0 4
0 .0 1 0 4 17 2 .1 6 E -0 4

15 1 .8 7 E -0 4
13 1 .6 7 E -0 4
1 1 1 .3 8 E -0 4
9 1 .1 4 E -0 4

A V G 0 . 0 1 0 9 8 . 5 7 4
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A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 3 0 .0 0 9 6 3 0 6 .3 6 E -0 4

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

0 .0 1 6 15 2 .4 6 E -0 4
0 .0 1 1 4 1 2 1 .7 4 E -0 4

1 0 1 .3 1 E -0 4
8 8 .8 2 E -0 5
6 5.1 IE -0 5
5 3 .6 0 E -0 5
3 1 .5 7 E -0 5

0 .5 5 .0 7 E -0 6
A V G 0 .0 1 1 5 8 .1 4 1

S a m p l e S p e c i f i c  C o n d u c t i v i t i e s !  s /c m )
1 3.025
2 8 .574
3 8.141

A v e r a g e 6 .5 8 0
S D 3 .0 8 7
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Table D13 Conductivity measurement o f doped PANI synthesized with
ANEBiosurfactant weight ratio o f 19.3:1 at mole ratio between ANI:HC1 equal to
1/100 (Geometric correction factor is 2.15E-04)

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 1 0 .0 0 3 6 3 0 5 .6 9 E -0 6

0 .0 0 3 9 2 7 4 .2 6 E -0 6
0 .0 0 4 25 3 6 4 E -0 6

0 .0 0 3 5 23 3 .2 2 E -0 6
0 .0 0 4 5 18 3 .2 E -0 6

15 2 .8 E -0 6
1 0 1 .8 3 E -0 6
5 1 .3 9 E -0 6
1 1 .3 5 E -0 6

A V G 0 . 0 0 3 9 0 . 1 1 9

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 2 0 .0 0 8 8 23 6 .6 8 E -0 6

0 .0 0 8 8 2 0 4 .5 5 E -0 6
0 . 0 1 17 3 .3 4 E -0 6

0 .0 0 8 9 15 2 4 4 E - 0 6
0 .0 0 9 13 1 .9 E -0 6

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

A V G 0 . 0 0 9 1 0 . 1 5 3



108

0 000008 0 000007 _  0 000006 < 0 000005 ■ £ 0 000004 
รุ 0 000003 § 0 000002 บี 0 000001 0

0 10 20 30
V o ltage (V )

A N I : H C I O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 3 0 . 0 1 0 0 2 0 6 . 7 6 E - 0 6

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

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

A V G 0 . 0 0 8 9 0 . 1 5 7

0 000008 
0 000007

5 - 0 000Û06
0.000005 

รุ 0 000004 
3  0.000003 °  0.000002 0 000001 0

0 10 20 30
Vo ltage  (V)

S a m p l e S p e c i f i c  C o n d u c t i v i t i e s (  s /c m )
1 0 .1 1 9
2 0 .1 5 3
3 0 .1 5 7

A v e r a g e 0 .143
S D 0.021
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Table D14 Conductivity measurement o f doped PANI synthesized with
ANEBiosurfactant weight ratio o f 11.3:1 at mole ratio between ANI:HC1 equal to
1/100 (Geometric correction factor is 2.15E-04)

A N I r H C I O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 1 0 .0 1 0 6 23 1 .0 3 E -0 5

0 .0 1 3 0 2 0 7 .8 9 E -0 6
0 . 0 1 2 0 18 6 .3 8 E -0 6
0 . 0 1 2 0 16 5 .3 8 E -0 6
0 .0 1 3 0 14 4 .5 2 E -0 6

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

A V G 0 . 0 1 2 1 0 . 1 5 4

y -  4F-07y -  RF-ก1? » m
R- -  0.939 /s

I_ _ _ _ _ _ _

นิ {•(1 •‘••'îsj

■ ' ■ะ
10 20 

Voltage  (V)
30

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 2 0 .0 0 8 2 2 0 3 .7 E -0 6

0 .0 0 7 9 18 3 .0 6 E -0 6
0 .0 0 8 16 2 5 6 E -0 6

0 .0 0 7 9 14 2 .1 7 E -0 6
0 .0 0 7 6 1 2 1 .8 E -0 6

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

A V G 0 . 0 0 7 9 0 . 1 1 8



0.000006 
_  0 000005 
ร- 0 C00004 
I  0.000003
I  0.000002 

0 000001 
0

0 10 20 30
Voltage (V)

A N I : H C I O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 3 0 .0 0 9 2 2 0 6 .3 7 E -0 6

0 .0 0 8 7 18 5 .1 E -0 6
0 . 0 1 2 16 4 .1 5 E -0 6

0 .0 0 9 1 14 3 .5 3 E -0 6
0 .0 0 9 2 1 2 2 .9 6 E -0 6

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

A V G 0 . 0 0 9 6 0 . 1 4 5

Vo ltage  (V)

S a m p le S p e c if ic  C o n d u ctiv itie s!  s /c m )
1 0.154
2 0.118
3 0 .145

A v e r a g e 0 .139
S D 0 .019
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Table D15 C onductiv ity  m easurem ent o f  doped PANI synthesized by conventional
m ethod at m ole ratio betw een A N EH C l equal to 1/5 (G eom etric correction  factor is
2.15E-04)

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1/5 1 0 .0 0 9 0 6 0 1 .2 0 E -0 4

0 .0 0 9 5 55 1 .1 5 E -0 4
0 .0 0 9 5 5 0 1 .0 6 E -0 4
0 .0 0 9 3 4 0 7 .8 5 E -0 5
0 .0 0 9 0 3 5 7 .3 1 E -0 5

3 0 6 .7 2 E -0 5
2 7 6 .6 5 E -0 5
2 4 6 .5 7 E -0 5
2 0 5 .7 5 E -0 5
15 4 .6 6 E -0 5
1 0 3 .4 8 E -0 5

A V G 0 . 0 0 9 2 6 1 . 0 0 9

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1/5 2 0 .0 0 8 3 3 0 1 .4 3 E -0 4

0 .0 0 8 1 2 5 1 .3 3 E -0 4
0 .0 0 7 8 2 0 1 .1 0 E -0 4
0 .0 0 8 1 17 9 .8 4 E -0 5
0 .0 0 8 15 1 .0 2 E -0 4

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

0 .3 2 .9 8 E -0 6
A V G 0 . 0 0 8 0 6 2 . 8 9 9
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A N L H C l O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ’ C o n d u c t i v i t y ( S / c m )
1 /5 3 0 . 0 0 8 9 3 0 2 . 9 9 E - 0 4

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

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

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

0 00035 __ - ■ . :-  7E-ÜOX.+ 5E-05 /♦  i
< K. -  U.UvD
c - ^ .

บ
0 -l_8------’■ ■ ■ -I" ...r""' 11—a------ ......... ..........H

10 20 
Voltage(V)

30 40

S a m p l e S p e c i f i c  C o n d u c t i v i t i e s (  s / c m )
l l .0 0 9
2 2 .8 9 9
3 3 . 4 5 8

A v e r a g e 2 .4 5 5
S D 1 .2 8 3
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Table D16 Conductivity measurement of doped PANI synthesized by conventional
method at mole ratio between ANEHC1 equal to 1/25 (Geometric correction factor is
2.15E-04)

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 2 5 1 0 . 0 1 0 2 5 1 . 2 3 E - 0 3

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

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

0 . 5 2 . 4 3 E - 0 5
A V G 0 . 0 1 1 4 2 0 . 5 3 1

A N I r H C l O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ' C o n d u c t i v i t y ( S / c m )
1 / 2 5 2 0 . 0 0 9 2 5 3 . 4 4 E - 0 3

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

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

0 . 5 1 . 1 1 E - 0 4
A V G 0 . 0 1 0 6 4 3 . 9 1 8
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A N I r H C I O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A " C o n d u c t i v i t y ( S / c m )
1/25 3 0 .0 0 9 3 2 5 3 .4 4 E -0 3

0 .0 0 8 9 2 0 2 .5 7 E -0 3
0 .0 0 9 15 1 .8 7 E -0 3

0 .0 0 8 5 13 1 .7 2 E -0 3
0 .0 0 8 6 1 0 1 .3 6 E -0 3

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

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

0 .0 8 1 .7 8 E -0 5
A V G 0 . 0 0 8 9 4 7 . 4 7

S a m p l e S p e c i f i c  C o n d u c t i v i t i e s (  s / c m )
1 2 0  5 3 1
2 4 3 . 9 1 8
3 4 7 . 4 6 7

A v e r a g e 3 7 . 3 0 6
S D 1 4 .6 3 5
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Table D17 Conductivity measurement of doped PANI synthesized by conventional
method at mole ratio between ANI:HC1 equal to 1/50 (Geometric correction factor is
2.15E-04)

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A C o n d u c t i v i t y ( S / c m )
1 / 5 0 1 0 . 0 1 0 4 2 0 3 . 0 4 E - 0 4

0 . 0 1 0 1 1 5 1 3 6 E - 0 4
0 . 0 1 0 3 1 3 1 . 0 1 E - 0 4
0 . 0 0 9 0 11 7 . 3 7 E - 0 5
0 . 0 0 9 0 9 5 . 3 2 E - 0 5

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

A V G 0 . 0 0 9 8 4 . 7 6 8

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A j |  C o n d u c t i v i t y ( S / c m )
1 / 5 0 2 0 . 0 0 6 5 2 0 1 . 8 0 E - 0 4

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

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

A V G 0 . 0 0 6 2 6 . 7 8 3
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A N I r H C l O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A C o n d u c t i v i t y ( S / c m )
1 / 5 0 3 0 . 0 0 8 7 2 0 3 . 0 4 E - 0 4

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

7 3 . 6 9 E - 0 5
' : 5 2 . 3 1 E - 0 5

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

A V G 0 . 0 0 8 7 5 . 3 7 1

0 00035 
0.0003 

0.00025 < 0.0002 
£ 0  00015I  0.0001
3 0 0 0 0 0 5

-000005

y,- It-uox - ผะ-บ&. /"- Ra--Q;8C0 ---------y/>
" • -,,2, V ", ; ' ■ :

;

-
tr ป ี^ - ^ - 2tr" s 70

Voltage (V)

S a m p l e S p e c i f i c  C o n d u c t i v i t i e s (  s / c m )
1 4 . 7 6 8
2 6 .7 8 3
3 5 .3 7 1

A v e r a g e 5 .6 4 1
S D 1 .0 3 4
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Table D18 Conductivity measurement of doped PANI synthesized by conventional
method at mole ratio between ANPHCl equal to 1/100 (Geometric correction factor
is 2.15E-04)

A N I r H C I O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 1 0 . 0 0 8 2 2 0 1 . 7 1 E - 0 4

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

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

A V G 0 . 0 0 8 2 5 . 1 2 9

A N I . H C l O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 2 0 . 0 0 8 3 2 3 2 . 7 9 E - 0 4

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

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

A V G 0 . 0 0 8 1 5 . 7 9 8
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A N I:H C 1 O r d er T h ic k n e ss (m m ) V o lta g e  (v) C u rren t(A ) C o n d u c tiv ity (S /c m )
1 / 1 0 0 3 0 .0 1 0 4 3 0 4 .3 6 E -0 4

0 . 0 1 0 2 2 5 3 .4 8 E -0 4
0 . 0 1 0 2 2 2 2 .9 8 E -0 4
0 . 0 1 0 2 2 0 2 .6 8 E -0 4
0 .0 0 9 4 17 2  3 1 E -0 4

15 1 .9 5 E -0 4
13 1 .6 7 E -0 4
1 0 1 .2 7 E -0 4
7 8 .8 0 E -0 5
5 6 .2 9 E -0 5
3 4 .1 1 E -0 5
1 1 .6 9 E -0 5

A V G 0 . 0 1 0 1 4 .6 3 6

S a m p le S p ec ific  C o n d u c tiv itie s (  s /c m )
1 5 .129

2 5 .798
3 4 .636

A v e r a g e 5 .187
SD 0.583
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Table DI 9 Conductivity measurement of doped PANI synthesized by conventional
method at mole ratio between ANEHCl equal to 1/200 (Geometric correction factor
is 2.15E-04)

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 2 0 0 1 0 .0 0 8 4 2 7 1 .8 1 E -0 4

0 .0 0 8 1 2 4 1 .5 7 E -0 4
0 .0 0 8 0 2 0 1 .2 2 E -0 4
0 .0 0 8 4 17 1 .0 8 E -0 4
0 .0 0 8 2 14 9 .5 4 E -0 5

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

0 .5 2 .1 4 E -0 5
A V G 0 . 0 0 8 2 2 . 8 4 2

A N I r H C l O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 2 0 0 2 0 .0 0 7 5 15 8 .3 E -0 5

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

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

0 . 8 1 .1 9 E -0 6
A V G 0 . 0 0 7 5 3 . 0 9 9
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A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 2 0 0 3 0 . 0 0 9 7 2 0 4 . 7 8 E - 0 5

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

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

A V G 0 .0 0 9 2 1 .0 1 4

S a m p l e S p e c i f i c  C o n d u c t i v i t i e s !  s / c m )
1 2 .8 4 2
2 3 .0 9 9
3 1 .0 1 4

A v e r a g e 2 .3 1 8
S D 1 .1 3 7
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Table D20 Conductivity measurement of doped PANI synthesized by conventional
method at mole ratio between ANEHCl equal to 1/300 (Geometric correction factor
is 2.15E-04)

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 3 0 0 1 0 . 0 0 7 5 2 0 1 . 3 E - 0 5

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

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

A V G 0 . 0 0 7 6 0 . 4 2 8

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ] C o n d u c t i v i t y ( S / c m )
1 / 3 0 0 2 0 . 0 0 9 6 2 5 5 . 6 3 E - 0 5

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

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

A V G 0 . 0 1 0 4 0 . 8 9 7
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0 00006 
0 00005 

_ . 0 00004 
~  0.00003I  0.000023 0 00001 ̂ 0 -0 00001

Voltage (V)

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 3 0 0 3 0 . 0 0 8 4 3 0 2 . 4 7 E - 0 5

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

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

A V G 0 . 0 0 7 8 0 . 3 5 9

S a m p l e S p e c i f i c  C o n d u c t i v i t i e s (  s / c m )
1 0 .4 2 8
2 0 .8 9 7
3 0 .3 5 9

A v e r a g e 0 .5 6 1
S D 0 .2 9 3
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T a b l e  D 2 1  C o n d u c t i v 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  s y n t h e s i z e d  w i t h  

A N E B i o s u r f a c t a n t  w e i g h t  r a t io  o f  2 2 . 7 : 1  a t  m o l e  r a t i o  b e t w e e n  A N P H C l  e q u a l  t o  

1 / 1 0 0  a n d  4  h r  p o l y m e r i z a t i o n  t i m e  ( G e o m e t r i c  c o r r e c t i o n  f a c t o r  i s 5 . 3 6 E - 0 5 )

A N L H C l O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 1 0 . 0 1 0 0 2 6 1 . 0 9 E - 0 5

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

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

A V G 0 . 0 1 0 2 2 0 . 7 3 0

น 0.000002
10 2010
Voltage(V)

30

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) 2 u r r e n t ( A C o n d u c t i v i t y ( S / c m
1 / 1 0 0 2 0 . 0 0 9 5 2 1 9 . 9 2 E - 0 6

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

1 5 4 . 3 E - 0 6
1 3 3 . 6 8 E - 0 6
11 3 . 5 8 E - 0 6
1 0 2 . 9 9 E - 0 6

A V G 0 . 0 0 8 5 6 0 . 8 7 2



12 4

0 000012 
0.0000$

<  0 000008  
I  0 000006
3  0 000004  

0 000002 
0

0 10 20 30V oltage(V )

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 3 0 . 0 1 1 3 0 1 . 5 1 E - 0 5

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

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

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

A V G 0 . 0 1 2 3 8 0 . 7 5 4

0 000016  
0 000014  

5 - 0 .0 0 0 0 1 2  ~ 0.00001 
I  0.000008  
I  0 .000006
พ ี 0.000004  0 000002 0

0 20 40V oltage (V)

S a m p l e S p e c i f i c  C o n d u c t i v i t i e s (  s / c m )
1 0 .7 3 0
2 0 .8 7 2
3 0 .7 5 4

A v e r a g e 0 . 7 8 5
S D 0 .0 7 6
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Table D22 Conductivity measurement of doped PANI synthesized with
ANI.Biosurfactant weight ratio of 22.7:1 at mole ratio between ANIlHCl equal to
1/100 and 8 hr polymerization time (Geometric correction factor is 2.14E-04)

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 1 0 . 0 0 8 3 2 3 2 . 7 9 E - 0 4

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

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

A V G 0 . 0 0 8 0 6 5 . 7 9 8  '

A N I r H C l O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 2 0 . 0 0 7 4 2 2 3 . 9 E - 0 5

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

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

A V G 0 . 0 0 7 2 1 . 2 9 8



1 2 6

A N I : H C 1 O r d e r T h i c k n e s s ( m m ) V o l t a g e  ( v ) C u r r e n t ( A ) C o n d u c t i v i t y ( S / c m )
1 / 1 0 0 3 0 .0 1 0 4 3 0 4 .3 6 E - 0 4

0 .0 1 0 2 2 5 3 .4 8 E - 0 4
0 .0 1 0 2 2 2 2 .9 8 E - 0 4
0 .0 1 0 2 2 0 2 .6 8 E - 0 4
0 .0 0 9 4 17 2 .3  I E - 0 4

15 1 .9 5 E - 0 4
13 1 .6 7 E - 0 4
10 1 .2 7 E - 0 4
7 8 .8 0 E - 0 5
5 6 .2 9 E - 0 5
3 4 .1 1 E - 0 5
1 1 .6 9 E - 0 5

A V G 0 . 0 1 0 0 8 4 . 6 7 3

S a m p l e S p e c i f i c  C o n d u c t i v i t i e s (  s/cm)
1 5 .7 9 8
2 1 .2 9 8
3 4 .6 7 3

A v e r a g e 3 .9 2 3
S D 2 .3 4 2
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