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APPENDICES

APPENDIX A Caculation of Doping Level and Atom Mole Ratio from
Elemental Analysis of the Doped Polyaniline

The doping levels of the doped polyaniline films at various
ratios of Ca/Cp were determined by the determination of carbon (C), hydrogen
(H), and nitrogen (N) atoms from elemental analysis. The amounts of oxygen
(0) and chlorine (Cl) atoms in the doped film samples were calculated from
Equation AIl. The number of oxygen atoms in the doped films from water,
NMP, and oxidant were determined from TGA measurement. The amounts of
chlorine (Cl) atoms were calculated by subtract the number of oxygen atoms
in the doped films from Equation A2. The number of nitrogen (N) atoms of
the doped films was calculated by subtract the number of nitrogen atoms in
NMP from Equation A3. The number of hydrogen atoms of the doped films
was calculated from Equation A4,

(04CI) = 100 - %¢ - %H - %N - % (A)
Cl = (O+4CI)- (%0, H2) - (%0, NMP) - (%0,0xidant)  (A2)
N = %N-(%N, NMP) (A3)
- = %H - (%H, HO) - (% ,NMP) - (% , oxidant [HS04]) (A4)
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The number of chlorine and nitrogen atoms from the above
calculation was used to determine the doping level of the doped films from
Equation 2.2. The raw data of the doped films are shown in Table A-l.

Table A-I The raw data from elemental analyzer and the doping level.

CdCp  Sample EA Data Calculated Data Doping
No.  wc  %H %N % %H %N %Cl Level

0.73 1 1213 612 1467 072 504 1591 241 597
2 122 614 U7l 073 506 1347 220 648

146 1 1 634 145 074 526 1330 331 984
4 1 7058 628 1451 07 520 1321 3% 1178
2 041 646 461 075 538 1337 38 113

13 1 6922 625 143 074 517 1313 545 1641
2 6935 628 1437 073 520 1313 531 1598

102 1 6803 62 143 08 5201 1311 647 1951
2 6816 642 1423 077 534 1299 643 1957

146 1 6654 635 1391 071 527 1267 85 2664
2 6673 625 13% 076 515 1272 834 2590

30 1 6154 64 1269 099 532 114 145 4916
50 1 566 68 1280 099 578 1165 1947 66.02
13 1 549 557 1305 077 449 181 2172 7267
2 556 637 1313 091 529 1189 1995 66.30
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The empirical formulas of the chemical structure of the doped
polyaniline films were also determined from elemental analysis data. The mole
ratio of carbon (C), hydrogen (H) and nitrogen (N) atoms of the doped films were
calculated by the following:

1) Mole ratio of carbon (C), hydrogen (H) and nitrogen (N)
were calculated by dividing weight ratio of each element with their molecular
weight.

c = T711/12.01 = 592 mole
H = 526/1.01 = 521 mole
N = 133/14.01 = 0.95 mole

2) The doped polyaniline have one nitrogen atom per repeating
unit. Therefore, mole ratios of each elements normalized to nitrogen were
calculated by dividing mole ratios of each atoms with mole ratio of nitrogen.

¢ = 59209 = 623
H = 52109 = 548
N o= 0950095 NIVER



APPENDIX B Determination of Geometric Correction Factor (K)

wafer chips are shown in Table B.I.

The calibration of the constructed four point probe meter for
measurement the electrical conductivity of thin film sample was performed hy

using silicon wafer chip (Si0). The sheet resistivity (p) and thickness of silicon

Table B-1 The sheet resisitivity and thickness of standard sheet (Si0).

Material
SO A
Si0JB

Sheet Resistivity (p, £2cm)

9.09x103
9.23x1 03

Thickness (cm)
1.18X10°2
7.16x102

Table B-2 Determination of K factor of the left probe by using Si0_A as the
standard sheet at 27° C.

Time (
1
5
10
15
20

25
30

min)

1(A)
6.1x10's
6.0x10'5
6.0x10's
6.0x10's
6.0x10s

Average
D

|4 measurement

V(V)
25x10'3
2.4%103
2.2x103
2.2x10'3
2.2x10'3

K
3.1x103
3.2x103
34x10'3
3.4x103
3.4x10'3

3.3x103
1.7x104

2rd measurement
1(A) V(V)
59x10's  2.3x10"3
59x10s  2.3xl0'3
59x10s  2.2x10°3
59x10s  2.2x103
59x10s  21xl0'3
59x10's  2.3x1073
59x10s  2.3x10'3
Average
SD

K
3.3x10'3
3.3x10°3
34x10'3
3.4x103
3.6x103
3.3xI0'3
3.3x103
34x103
1.2x104



Table B-3 Determination of K factor of the right probe by using SiO_A as the
standard sheet at 27° c.

Time (min)

10

20
25
30

1(A)
5.9x105
5.9x105
5.9x105
59x10s
59x10s
5.9x105
59x10s

average
D

13 measurement

V(V)

2.0x10%
20003
20003
20103
2.0x10'3
2009
2.0x103

K
3.7X10'3
3.7x103
3.7%10'3
3.7x103
3.7x10'3
3.7x103
3./x103
3.7xI0'3

0

1(A)
5.9x10'
59x10s
59x10°s
5.9x10%
59x10s
5.9x1 05
59x10'

2rdmeasurement

V(V)
2.0x103
19x103
19x103
20003
201103
201103
20103

daverage

D

K
3.7x103
3.9x103
3.9x10°3
3.7x10'3
3.7x103
3.7x103
3.7x103
3.8X103
9.6x105



Table B-4 Determination of K factor of the left probe by using SiO_B as the
standard sheet at 27° C.

Time (min) | measurement 2 [timeasurement

1(A) V(V) K 1(A) V(V) K
]- 5.94x10 s 2.1x 103 3.6x10"3 5.9x10'5 2.5x 10"3 2.99x10'3
5 5.94x1 O'5 2.1x103 3.6x10'3 5.9x10 s 2.5x10'3 2.99x10 3
10 5.9x105 2.2x10'3 3.4x103 5.9x10"5 2.5x10"3 2.99x10"3
15 5.9x10'5 2.3x10'3 3.3x10'3 5.9x10's 2.5x10'3 2.99x10"3
20 5.9x105 2.3x10'3 3.3x10'3 5.9x10"s 2.4x103 3.13x10°3
25 5.9x10 s 2.3x10"3 3.3x10"3 5.9xl0's 2.4x10"3 3.13X10'3
30 5.9x10 s 2.3x10'3 3.3xI0’'3 5.9x10 s 2.4x1 03 3.13X10-3
average 3.5x10'3 average 3.05X10'3
SD 9.8x10 s SD 7.48x10 s

Table B-5 Determination of K factor of the right probe by using SiO_B as the
standard sheet at 27° c.

Time (min) 13 measurement 2rd measurement
1(A) V(V) K 1(A) V(V) K

1 5.9x10% 19109  40xI¢!3  59x10s 1103  4.0x103
5 5.9x10s  19x10%  40x103  59x10s  20x103  3.8x1C83
10 5.9xI05  20x103  38x103  59x10s  20X103  3.8x103
5 5.9x10s  21xI03  36x103 590" 20x103  3.8x103
20 5.9x10s  2.0x103  38xI0'3  59x10s  2IXO0"3  3.6x103
25 5.9x10s  2.0x103  38X1003  59x10s  2Ix103  3.6x103
30 59x10s  20x1¢'3  38xI0'3  59x10s  2IKO"3  3.6xI0°3
average 3.8x10"3 average 3.x103

1.3x104 SD 1.3x104
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APPENDIX C  Electrical Property Data

C-l

Effect of Aging on the doped polyaniline films at
different ratio of CaCp

Sample : CdCp = 14.6 Thickness (t) = 2.7x10°3c¢m
Testing conditions :  Conductive meter no.2, Left probe
K factor = 3.35x1 03
Testing temperature = 26-28° ¢

Table C-1.| Data from the conductive measurement of the doped film at CaCp
equal to 14.6 on the effect of aging.

Time (days)

10
20
Rl
40
50
60

Sample No. 1 Sample No. 2

1(A) V(V)  a(Skm) 1(A) V(V) a (Slem)
152x103 0.5 6.72X102  153x103  0.28 6.04x102
150x103 033 5.03x102 1.52x103 029 5.90x1 02
150x103 031 5,36X102  150x10"3 027 6.14X102
150x103 064 259x102 150100 0.60 2.76x1 02
1.50x103  0.60 275X102 150108 0.74 2.26x102
15103 0.62 270xL02  152X103 0.7 2.29x102
151x103 053 315X102  151x103 048 343x102
15IX103 055 304102 151x103 0.2 3.19X102
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Sample : CaCp = 50 Thickness (t) = 2.7x103cm
Testing conditions ~ Conductive meter no.l, Left probe
K factor = 3.35x10°3
Testing temperature = 26-28° ¢

Table C-1.2 Data from the conductive measurement of the doped film at CaCp
equal to 50 on the effect of aging.

Time (days) Sample No. 1 Sample No. 2

1(A) V(V) c (S/cm) 1(A) V(V) o (S/cm)
1 3.76x10'5 4.17x10'2 9.97X101 3.73x10 s 3.88x10'2 1.06X102
5 3.70x10'5 4.22x1 02 9.69x10" 3.68x10 s 3.94X10'2 1.03X102
10 3.61x10 s 4.75X10'2 8.40x10’ 3.50X10*5 4.42x10"2 8.75x10'
20 3.64x10 s 9.13xl0°2 4.41x10" 3.66x10 s 8.34x10'2 4.85x10'
30 3.60x10'5 9.33x102 4.27x10' 3.30x10 s 9.0x1 0*2 4.05x10'
40 3.70x10 s 8.61X102 4.75x10" 3.53x10 s 8.28X10*2 4.71x10'
50 3.65x10 s 7.52x10'2 5.37x10" 3.68x10 s 8.47x1 02 4.85x10°'

60 3.68x10 s 7.75X10'2 5.30x10" 3.66x10 s 7.32x102 5.59x10’
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Sample : CaCp = 73 Thickness (t) = 2.7x10"3cm
Testing conditions . Conductive meter no.l, Left probe
K factor = 3.35x10-3

Testing temperature = %‘BOC

Table C-1.3 Data from the conductive measurement of the doped film at CaCp
equal to 73 on the effect of aging.

Time (days) Sample No. 1 Sample No. 2

1(A) V (V) o (Sicm) 1(A) V(V) o (S/cm)
1 3.79x10'5  3.72x10'2  1.13X102  3.82x10'5  3.81x102 |.lIxi02
5 3.75x10s  3.67X102  1.13X102  3.69x10s  3.94x102  1.04X102
10 3.72x10s  4.03x102  1.02X102  3.70x10s  4.15x102  9.86x10’
20 3.73x10s  6.43x10'2  6.41x10’ 3.60x10s  6.45x102  6.17x10’
30 3.68x10s  9.19x102  4.43x10’ 3.65x10's  9.33X102  4.33x10’
40 3.58x105  8.27x10'2  4.79x10’ 3.69x10s  9.67x102  4.23x10’
50 3.71x10s  7.68x102  5.34x10' 3.67x10s  7.76X102  5.13x10’

60 3.66x10 s 8.04x10°2 5.04x10’ 3.73x10 s 7.89x10 2 5.25x10’



equal to 7.3 on the effect of acid concentrations.
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C-2  Effect of acid concentrations on the doped polyaniline films
at different ratio of CaCp

Sample : CaCp = 7.3
Testing conditions :

Sample No.

1

1(A)
20005
20x10
20XL05
20XL.05
200105
2.0x105

14 measurement

V(V)
14X101
137x101
1.33410"
12710
127x10'1
130x10 1

Average

2.0x10°5
2.0x10s
2.0x10°5
2.0x10"5
2.0x10%
2.0x105s

D

1.20x101
1.15x101
1.19x101
1.08x101
1.16x10 1
1.07x101

Average

N

Thickness (t) = 2.7xICT3cm
Conductive meter no. 2, Left probe
K factor = 3.35x1073
Testing temperature = 26-28° ¢
Table C-2.1 Data from the conductive measurement of the doped film at CaCp

0 (Slem)
1.58x10°
1.61x10°
1.66x10°
1.75x10"
1.74x10"
1.70x10°

1.67x10"
0.68
1.8x10'
1.9x10°
1.9x10°
2.0x10'
1.9x10°
2.1x10°

1.94x10°
0.92

2rd measurement

1(A) V(V) o (Skm)
2.0x105  146x10-"  1.52x10°
2.0x10'5  140x10™  1.58x10°
20x105  1.38x101 1.60x10°
2.0x10%5  130x10"  1.70x10°
20x105 133x10"  1.66x10'
20x105  129x10™  1.71x10°
20x105  128x10™  1.73x10'
Average 1.64x10'

) 0.79
2.0x10%5  123x10™  1.79x10'
20x105  12x10™  1.72x10'
20x10s  114x10™  1.94x10°
20x10s  116x10™  1.91x10'
20x10s  117x101  1.89x10'
200" 122x10™  1.81x10'
20x10s  120x10™  1.84x10'
Average 1.84x10°

D 0.76



Sample : CaCp = 10.2 Thickness (t) = 2.65x10°3cm
Testing conditions :  Conductive meter no. 2, Left probe
K factor = 3.35x10"3
Testing temperature = 26-28° ¢

Table C'2.2 Data from the conductive measurement of the doped film at CdC
equal to 10.2 on the effect of acid concentrations.

Sample No. |s measurement 2'timeasurement
1(A) V(V) 0 (Slem)  1(A) V(V) s (Slm)
1 10x105  1.61x102  7.00x10"  LOXO*5 3.68x102  3.06x10"
10x105 102202 LlOxI02 ~ 10x105 2.30x102  4.90x10'
10x105  9.6x103  17X102  1.0x105 1.80x102 6.26x10'
10x10%  1.31x102  8.60x10°  10x1O5 250xL02  4.51x10°
10x10%  1.59x102  7.08x10'  L1Ox1O05 1.91x102  5.90x10'
10x105  8Ox103  127X102  1Oxl0%5 340x102 33110’
10x10%  97X103  1l6xl2  10x1O5 3.50xI102  3.22x10'

Average 9.96x10' Average 4.45x10'
SD 235 D 131
2 20x10%5  9.0x102  250x10"  2.0x105 1.13x10"  1.99x10°

20x105  754x102  2.99x10"  20x105 131x101 1.7210°
20x105  6.38x102  353x10"  2.0x105 135101 1.67x10°
20x105  7.22x102  312x10"  2.0x105 1.23x10"  1.84x10°
20x105  69Ix102  326x10°  2.0x1o%5 139x101  1.63x10°
20x105 59102 381x10  2.0x10% 107x10*  2.10x10'
20x105  8.02x10*2 281x10"  20x105 109x10*  2.07x10°

Average 3.51x10' Average 1.86x10'
D 4.4 D 2.0



Table C-2.3 Data from the conductive measurement of the doped film at CalCp

Sample : CaCp = 14.6
Testing conditions :

Testing temperature =

Thickness (t) = 2.7x10"3cm
Conductive meter no. 2, Left probe
K factor = 3.35x10"3

equal to 14.6 on the effect of acid concentrations.

Sample No.

1

1(A)
152x103
1.52x10°3
1.52x10°3
152x103

1 measurement
V(V)
5.77x10"
5.76x10
5.78x10*
5.82x10"

Average

D
152103 6.43x10'
1.52x103  6.44x10"
15x103  6.45x10”
1.52x103  6.43x10"

Average
D

0 (Slem)
2.91X102
2.92X102
2.91X102
2.80X102

2.91X102
13
2.61X102
2.61X102
2.61X102
2.61X102
2.61X102
04

1(A)
1.51x103
1.51x103
151X10°3
1.51X103
151X10'3
151x103
1.51x103

2rd measurement
V(V)
5.40x10“
5.39x10“
5.44x10"
5.36x10*
5.39x10*
5.35x10'
5.46x10"

Average

SD
151x103  4.95x10“
151x103  4.96x10“
151x103  4.97x10“
151x103  4.98x10“

Average
D

26-28° ¢

a (Slcm)
3.09x1 02
3.10X102
3.07x102
311xi02
3.10x102
3.12x102
3.06x102
3.09x102
2.3
3.37X102
3.31x102
3.36X102
3.35x102
3.36X102
0.9

61



Sample No.

3

|4 measurement

(A v(v)
151x103  4.47x10°
1,51x103
1,51x103

Average

D
1.53x103
153x103
1.53x1073
153X10'3
1.53x103

Average
D

4.46x10 '
4.48x10™

4.65x10™
4.69x10"
4.66x10”
4.66x10"
4.67x10”

e (Slem)
3.73X102
3.74X102
3.73X102

3.73X102
0.8
3.63X102
3.59x102
3.60X102
3.62x102
3.61X102
3.61X102
122

2rdmeasurement

1A V(V)
1524103 6.43x10
152103 6.44x10"

152x103  6.45x10"
152103 6.43x10"

Average
D

150x103  5.03x10"
150x103  5.02x10"
150x103  5.04x10"

Average
D

e (Slem)
2,61X102
2,61X102
2.61X102
2.61X102
3.50X102
0.99
3.30X102
3.30x102
3.29X102

3.30X102
0.66

62
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Sample : CaCp = 30 Thickness () = 2.67x10 3cm
Testing conditions :  Conductive meter no. 2, Right probe
K factor = 3.35x10'3
Testing temperature = 26-28° ¢
Table C-2.4 Data from the conductive measurement of the doped film at CaCp
equal to 30 on the effect of acid concentrations.

Sample No. 13 measurement 2rd measurement
1(A) V(V) a (Sfcm) 1(A) V(V)  a(Slem)
1 1.55x10'3  546x101  3.18X102  157x10'3 5.39x10"  3.26x102
153103  544X10'1  3.15X102  156x10'3 5.36x10"  3.24x102
152x103  5.4x10"  3.15X102  154x10'3 5.35x10"  3.22x102
Average 3.16X102 Average 3.24x102
SD 166 D 2.15



Sample : CaCp =50
Testing conditions :

Thickness (t) = 2.7x10'3cm

Conductive meter no.l, Left probe
Testing temperature = 26-28°C

K factor = 3.35x10"3

Table c-2.5 Data from the conductivity measurement of the doped film at CaCp equal to 50 on the effect of acid

concentrations.

Sample No.

[ measurement
V(V)

3.63x105 7.37x10'2
3.51X10'5 7.11x102
3.59x1 05 7.30x10'2
3.72xl0'5 7.44%x10'2

Average

SD

3.72X10'5 7.00x10'2
3.30x10'5 6.90x1 O2
3.50x10'5 6.74x102
3.83xI0'5 7.64x10"2
3.79x10'5 8.25xl10'2
3.78X10'5 8.28x102

Average

a (Slem)

5.45x10’
5.46x10'
5.44x10'
5 53x10'
5.47x10'
0.41

5.88x10’
5.29x10'
5.74x10’
5.54x10'
5.08x10'
5.05x10'
5.43x10'
3.46

orimeasurement
1(A) V(V)
3.75x10‘'5 7.72X10'2
3.90x10'5 7.42x10'2
3.60x10'5 6.92x1 02
3.30x10'5 6.52x102
3.50X10'5 6.50x102
Average
SD
3.65X10'5 6.80x1 02
3.68xI0'5 6.94x1 02
3.75X105 7.70X10'2
3.71X10'5 7.31x10'2
3.55X10'5 6.45x1 02
3.43xl0'5 6.30X10'2
AvgBage

a (Slem)

5.37x10’
5.81x10’
5.75x10’
5.60x10'
5.95x10'
5.70x10'
2.23
5.93x10'
5.86x10'
5.38x10’
5.61x10’
6.08x10'
6.02x10’
5.82x10'
2.68

aidmeasurement
V(V)
3.25X10'5 7.20x102
3.62X10'5 7.43X10'2
3.78x10'5 8.24x1 02
3.66x1 O5 7.97x1 02
Average
SD
3.88x10'5 7.98x10'2
3.75x1 O5 8.52x102
3.68x10'5 7.13x102
3.55x1 O5 7.37X10'2
3.58x105 7.45X10'2
3.66x1 O5 7.26x10'2
Avgbage

a (Slem)

4.99x10'
5.39x10’
5.07x10'
5.08x10'
5.13x10'
175

5.38x10'
4.87x10'
5.71x10’
5.33x10’
5.31x10'
5.57x10’
5.36x10’
2.87



Sample : CdCp =73 Thickness (t) = 2.7x10°3cm
Testing conditions : Conductive meter no.l, Left probe K factor = 3.35xI0'3
Testing temperature = 26-28°C

Table C-2.6 Data from the conductivity measurement of the doped film at CaCp equal to 73 on the effect of
acid concentrations.

Sample No. 1¢ measurement 2nd measurement $d measurement

1(A) V (V) d (S/cm) 1(A) V(V) a (S/cm) 1(A) V (V) a (S/cm)
1 3.96x10 s 7.19X10'2 6.09X101 3.98X10'5 7.42x1 072 5.93x10" 3.59x10 s 6.74x1 02 5.89x10'
3.83xl0's 7.43x10°2 5.70x10' 3.83x10 s 7.21x10°2 5.87x10° 3.36x10 s 6.57x10‘2 5.65x10"
3.77x1 O'5 7.30x10°2 5.71x10' 3.85xI10's 6.59x1 02 6.46x10' 3.73xl0'5 7.46x1o0 2 5.53x10'
3.65x1 0’5 6.78x1 02 5.95x10' 3.91x10 s 7.48X10'2 5.78x10" 3.78x10 s 7.71X10'2 5.42x10'
3.68x1 05 7.10X102 5.73x10' 3.72x10 s 7.03x10'2 5.85x10' 3.81x10 s 8.02x1 02 5.25x10'
3.72x1 05 7.14x1 02 5.76x10" 3.65x10 s 6.26X10'2 6.45x10' 3.69xlI0's 7.08x1 02 5.76x10'
Average 5.82x10" 3.59x10 s 6.41X10'2 6.19x10° 3.65x10 s 6.43x1 02 6.28x10'
1.60 Average 6.19x10"' Average 5.68x10'

2.88 3.37
2 3.79x10 s 9.24x1 0*2 4.53x10' 3.87x10 s 8.24x10'2 5.19x10° 3.94x10 s 8.36x10'2 5.21x10'
3.64x1 0’5 9.42x102 4.27x10' 3.75x10 s 7.94x10"2 5.22x10" 392x10 s 8.57x10'2 5.06x10"
3.65x105 8.27xl10'2 4.88x10' 3.72x10 s 7.52X10'2 5.47x10" 3.76x10 s 7.91X10'2 5.26x10°
3.51x105 8.01X10'2 4.84x10' 3.61X10'5 6.91X10'2 5.78x10' 3.87x10 s 7.98X10'2 5.36x10°
3.45xI10's 7.86x10'2 4.85x10' 3.50x10 s 6.67x1 02 5.80x10° 3.69x10'5 7.21X10'2 5.66x10'
3.81x105 9.35X10'2 4.51x10' 3.27xl0's 6.52x1 02 5.54x10" 365x10 s 6.98X10'2 5.78x10"
Average 4.65x10" Average 5.50x10' 3.54xI10's 6.67x1 0*2 5.87x10"'
2.48 2.62 Average 5.46x10'

3.12
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