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APPENDICES

Appendix A Determination of Molecular Weight of Chitosan

Table AL Running time of solvent and chitosan solution

Concentration Time (second)

(9/200ml) 1 2 3 Average
0.0000 97.48 97.63 97.91 97.6
0.0125 113.50 11350 11352 11350
0.0250 130.72 130.72 130.59 130.67
0.0500 168.84 168.75 168.78 168.79
0.0750 214.75 214.56 214,62 214,64
0.1000 270.22 270.18 21041 210.27

Table A2 Data of relative viscosity ( rei), specific viscosity ( p), and reduced
viscosity ( red) of chitosan solution with various concentrations

Concentration T 9 ! In[ rel]lc
(9/100 ml) reI ' e L
0.0000 1.0000 0 - -
0.0125 1.1621 0.1621 12.9716 12.0183
0.0250 1.3379 0.3379 135176 11.6440
0.0500 1.7281 0.7281 14.5633 10.9405
0.0750 2.1976 1.1976 15.9685 10.4982

0.1000 2.1672 1.7672 17.6718 10.1784
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Figure Al Plot of reduced viscosity (rsp/c) and In(( rei)/c) versus concentration of
chitosan solution: « = (risp/c)and o= In(( rei)ic).

The viscosity-average molecular weight of chitosan was determined base on
Mark-Houwink equation. The K and a values were according to Wang et al. (1997).

[]= (659« 109M0

where [ ] = intrincsic viscosity
M = viscosity-average molecular weight
Interception: [ ]= 12.161
From calculation;
MO0&B= (12.161)/6.59 « 10’5= 1.85 x 105
0.88 logM = log[1.85 x 109
log M = 5.9
M= 967« 105
The viscosity-average molecular weight of chitosan obtained from calculation
was 9.67 x 105¢/mol.
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Appendix B Mechanical Properties of PANI/Chitosan Blend Film
Table BL Raw data of mechanical properties of the pure chitosan films

Sample Young’s modulus ~ Tensile strength Elongation at
%MPa) (MPa) break
. : {%)3
Chitosan film 2304.65 60.67 4.36
(CS) 4060.66 65.12 18.28
2364.97 67.90 17.70
2631.30 60.77 15.35
27163.15 69.79 19.49
3105.25 68.99 16.61
2128.68 70.90 18.27
3707 84 1112 17.76
2549.17 13.87 15.84
2912.82 73.96 16.51
Average 2912.85 68.31 17,02
Std 570.03 478 1.56

Table B2 Raw data of mechanical properties of PANI/CS blend films with 10 wt%
PANI content

Sample Young'smodulus — Tensile strength Elongation at
%MPa) (MPa) br(;ak
0
PANI/CS (10/90) 3233.12 57.96 gz&
2812.98 53.04 1.33
251261 57.07 1.35
2857.72 60.33 0.6
2893.06 60.96 9.09
2955.06 6C.02 6.89
2655.68 50.09 6.47
2866.04 61.29 8.83
2268.79 60.21 1.33
3233.12 62.55 8.42
Average 2828.82 58.35 1.98

Std 296.84 3.97 1.09
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Table B3 Raw data of mechanical properties of PANI/CS blend films with 20 wt%
PANI content

Sample Young's modulus Tensile strength Elongation at
((JMPa) (MPa) break
%
PANI/CS 3086.18 1142 %E?zl
(20/80) 2922.21 14.72 1.60
2823.76 17.85 1.32
337153 16.52 6.23
3546.92 81.08 1.70
3178.32 1142 1.18
2467.00 1148 8.45
2528.55 171.85 9.34
3148.70 11.52 1.42
2632.96 75.04 1.2
Average 2970.62 75.49 1.54
Std 360.25 3.21 0.84

Table B4 Raw data of mechanical properties of PANI/CS blend films with 30 wt%
PANI content

Sample Young’s modulus Tensile strength Elongation at
((]MPa) (MPa) break
%
PANI/CS 3013.44 84.62 %4)9
(30/70) 3223.28 82.01 1.29
3412.82 78.98 6.32
2950.53 85.10 111
3286.46 18.64 8.81
2975.35 18.24 6.53
3587.31 84.81 .17
3545.17 82.37 8.58
2956.19 78.98 6.97
3177.70 83.84 6.97
Average 3212.83 81.76 1.29

Std 242.21 2.80 0.85
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Table B5 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content

Sample Young’smodulus ~ Tensile strength Elongation at

(VPy) (V3 ok

0

PANI/CS 3084.31 85.36 7(88
(40/60) 2956.26 84.15 .55
472,37 80.49 8.1

2959.22 85.20 0.20

2362.58 8250 6.07

321042 83.98 O1l

2760.73 82.03 6.2

3872.21 81.85 8.1

2950.06 87.62 1.83

2859.08 86.67 6.49

Average 3138.73 83.99 1.00
Std 504.83 2.2 0.92

Table B6 Raw data of mechanical properties of PANI/CS blend films with 50 wt%
PANI content

Sample Young's modulus ~ Tensile strength Elongation at
MPa) (MPa) br&ak
0
PANI/CS 2763.92 7412 é8§
(50/50) 3415.49 19.34 145
2907.58 76.61 6.25
2534.05 18.35 143
2811.39 67.41 » 5,04
2094.95' 14,03 6.22
222380 1842 5.20
2393.47 66.46 .89
2900.06 8.9 .14
2849.63 76.63 1.82
Average 2689.43 75,08 6.74
Std 386.89 4.69 1.02
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Appendix ¢ Mechanical Properties of PANI/Chitosan Blend Film Doped with
0.5 M HCLfor2h

Table Cl Raw data of mechanical properties of the pure chitosan films doped with
0.5 M HCL for 2h

Sample Young’smodulus  Tensile strength Elongation at
([JI\/IPa) (MPa) break
. . g’@
Chitosan film 2153.80 42.01 96
(C3) 2144.46 44,65 6.50
180485 36.21 5.34
2307.28 31.29 1.64
1762.91 37.10 5.1
1450.68 38.75 1.03
2384.88 37.02 0.1
2699.39 42.98 4.32
1878.24 46.38 5.67
2046.55 4782 5.59
Average 2063.30 41.02 2.96
Std 357.33 4.30 0.92

Table C2 Raw data of mechanical properties of PANI/CS blend films with 10 wt%
PANI content doped with 0.5 M HCL for 2 h

Sample Young’s modulus  Tensile strength Elongation at
?I\/IPa) MPa) break
g
PANI/CS (10/90) 1625.14 39.97 .16
2008.41 33.85 5.07
150653 34,02 8.3
2108.76 35.03 6.67
138340 28,06 8.2
1274.38 30.46 9.16
224378 28.03 9.99
1776.34 3187 5.50
1482.25 29.25 0.8l
139053 3257 1.84
Average 1679.95 3231 1.23

Sta 337.85 3.66 171
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Table C3 Raw data of mechanical properties of PANI/CS blend films with 20 wt%
PANI content doped with 0.5 M HCL for 2 h

Sample Young’ modulus  Tensile strength Elongation at
([JI\/IPa) (MPa) b(r(;a%k
0
PANI/CS 2385.21 48.27 0.34
(20/80) 193318 5261 6.02
2435.25 44,62 5.97
2459.59 42.69 8.25
2549.80 50.86 1.54
1687.85 47,67 5.30
2159.21 44.45 4.94
2546.69 50.26 183
1628.58 38.00 5.29
195359 4743 5.64
Average 2113.90 46.69 6.2
Std 352,00 4.34 120

Table C4 Raw data of mechanical properties of PANI/CS blend films with 30 wt%
PANI content doped with 0.5 M HCL for 2 h

Sample Young’s modulus  Tensile strength Elongation at
(VPa) (Ve b(r;e/;k
0
PANI/CS 207155 55.49 28
(30170) 204474 51,04 6.4
257548 46.80 5.55
1876.20 46.84 692
2139.20 14715 6.21
2284.89 44,31 5.50
2014.82 45.22 433
2068.57 58.27 4.50
2253.64 48.24 6.80
226701 4791 4.64
Average 2179.61 49.13 5.82

Sta 191.49 451 108
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Table c5 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 0.5 M HC1 for 2 h

Sample Young’ modulus  Tensile strength Elongation at
%I\/IPa) (MPa br&ak
0
PANI/CS 2039.46 44.29 ( 7).85
(40/60) 2635.99 55.69 8.17
1870.95 5251 161
3290.28 42 54 8.25
231273 59.85 9.96
2103.15 47,56 895
3010.30 53.42 8.0
2288.21 54.79 6.92
2136.1 58.60 710
240,26 52.20 857
Average 2430.74 52.15 813
Std 434,00 5,74 0.79

Table C6 Raw data of mechanical properties of PANI/CS blend films with 50 wt%
PANI content doped with 0.5 M HCL for 2 h

Sample Young’s modulus ~ Tensile strength Elongation at
%MPa) (MPa) br(;ak
0

PANI/CS 2263.22 45.39 (5.235
(50150) 2182.69 44,63 4.19

2511.25 46.51 414

. 2285.16 37.26 363
1935.66 40.34 4,62

2398.56 46.84 359

2089.79 39.26 6.26

2654.56 43.00 354

2194.34 45.17 593

Average 2279.47 43.16 4.75

Sta 217.85 3.42 1.09
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Appendix D Mechanical Properties of PANI/Chitosan Blend Film Doped with
Different HCL Concentration for 2 h

Table D1 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 0.1 M HCL for 2 h

HCL Young’smodulus  Tensile strength  Elongation at break
) ((]MPa) MPa

concentration (M (f/o)
01 2536.46 55.94 307
2697.01 55.09 12.18
2792.85 51.25 1051
2100.55 51.80 12.26
2199.01 49.42 12.65
2796.99 52.02 10.26
2615.32 h9.44 13.35
2005.12 h1.24 9.07
2568.52 51.59 9.57
2037 4T 54,54 105
Average 243493 h3.23 11.35
Std 316.00 297 153

Table D2 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 0.5 M HCL for 2 h

HClconﬁ/Ientration Youn%’smodulus Tensile strength  Elongation at break

MPa (MPa (%
2239.46 44.2 185
2635.99 55.69 8.17
1870.95 5251 161
3290.28 42 54 8.25
231273 50.85 9.96
2103.15 4756 8%
3010.30 53.42 8.20
208821 54.79 6.92
2136.12 58,60 710
242026 52.20 857
Average 2430.74 52.15 8.13

Sta 434.00 5.74 0.79
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Table D3 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 1.0 M HCL for 2 h

HCL Young’smodulus  Tensile strength  Elongation at break
W e IP: %)

concentration (

10 1777.26 494 1.85

2212.78 56.59 8.17

2186.48 50.15 1.67

2282.76 47.15 6.92

2180.88 50.68 1.62

2850.96 06.14 5.59

1897.60 51.02 8.20

1942.62 47.34 8.96

2299.45 48.13 6.24

1860.65 57.97 8.01
Average 2149.15 51.46 1.98
Std 310.35 3.99 105

Table D4 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 2.0 M HCL for 2 h

HCL Young’s modulus  Tensile strength ~ Elongation at break

concentration (M) ?I\/IPa) (MPa) (%%

20 215175 5540 6.28

1978.90 54.37 1.20

2330.60 46.06 5.10

2102.36 4531 8.00

1888.16 46.84 8.5

t 2138.70 47.32 140

2320.88 5023 6.64

2185.26 45.39 5.74

242626 5211 .30

2085.36 51.25 6.00

Average 2160.82 4943 0.82

Sta 164.18 3.75 1.06
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Table D5 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 3.0 M HCL for 2 h

HCL Young’smodulus  Tensile strength ~ Elongation at break
concentration (M) ((] Pa MPa (%%
30 1959.05 52.1 kil
2385.26 23.14 5.29
2455 41 50.33 5.22
231348 20,50 5.08
1874.77 48.29 590
201250 oL87 6.92
198971 4203 6.60
2026.28 .79 760
2203.17 2380 5.0
2436.67 51.15 6.59
Average 2199.71 49,22 6.08
Std 209.19 3.16 0.89

Table D6 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 4,0 M HCL for 2 h

HC1 Young's modulus  Tensile strength  Elongation at break

concentration (M) ([JMPa (MPa) (%g
40 2202.24 50.44 6.81

198429 51.65 142

186147 55.56 5.03

2094.74 40.12 113

247318 4711 5.38

1900.49 45.80 5.26

1843.33 52.28 151

2126.72 46.12 5.86

1644.70 40.77 6.19

2097.11 54.79 6.28

Average 2022.83 48 46 6.29

Std 229.53 5.39 0.90
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Table D7 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 6.0 M HCL for 2 h

HCL Young's modulus  Tensile strength  Elongation at break
concentration (M) ((JI\/IPa (MPa %

6.0 217417 49.6 b.o4
2356.49 43,65 355
220457 52.33 3.24
2305.56 4132 327
1876.62 46.59 490
2053.83 41.719 383
2281.82 47.62 381
1863.46 53.89 3.05
2262.09 44.65 492
1634.42 41.96 4.8

Average 2101.30 46.33 4.10

Sta 237.10 448 0.89
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Appendix E Mechanical Properties of PANI/Chitosan Blend Film Doped with
IM HCI Concentration at Different Time

Table EI' Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with L0 M HCI for 0.5 h

Doping time () Younc(;’smodulus Tensile strength  Elongation at break

MPa) (MPa) (%)

0.5 2452.04 48.05 547
2501.04 46.88 5.09

2005.15 52.60 5.85

1993.07 08,84 5.8

2179.99 57.13 6.04

1947.11 55.28 .1

2616.11 5053 5.82

245115 57.38 5.94

2313.09 53.87 015

1908.85 49.79 6.29

Average 2236.76 53.04 5.92
Std 262,37 4,15 0.54

Table E2 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 1.0 M HCI for 2.0 h

Doping time () Youn%%)dulus Tensill\e/| |gglrength Elongation at break

%

20 1777.26 494 (7%5
221278 56.59 817

2186.48 50.15 167

2082.76 47.15 6.9

2180.88 50.68 162

2850.96 56.14 5,50

1897.60 51.02 820

1942.6 47.34 896

2299.45 48.13 6.24

1860.65 57.97 851

Average 2149.15 51.46 1.8

Std 310.35 3.99 105
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Table E3 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 1.0 M HCL for 5.0 h

Doping time (h) Youn%’s modulus  Tensile strength  Elongation at break

MPa) (MPa) 0
50 202391 512 W
216022 1941 745
1856.67 4811 716
1759.10 50.14 814
155436 54 46 631
2139.89 181 655
219962 5311 6.04
2080.29 1497 721
2122.80 54,74 5 61
2660,39 55,66 538
Average 205575 50,55 6.69
St 296,14 150 0.86

Table E4 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 10 M HCL for 8.0 h

Doping time () Youn?’smodulus Tensile strength ~ Elongation at break

MPa) MPa 0%

8.0 182305 (50.9% ok
1726.15 18.19 7.22
200752 44,65 .09
2452 56 505 6.42
2094.39 4552 651
5641 ¢ 4656 6.32
264,24 4995 574
2403.04 44,06 547
184976 56,93 6.35
1895.25 5353 643

Average 2067.21 19.16 6.26

Sta 250.57 414 0.4/
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Table E5 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with L0 M HCL for 10.0 h.

Doping time (h) Youn((;’smodulus Tensile strength  Elongation at break

MPa (MPa) 0%

100 2000.;4 53.09 (6.3)3
2009.98 46.81 4.68

224466 H2.78 1.46
2110.32 47.96 1.181

1587.39 4173 5.13

231353 48.20 1.3

1558.64 46.20 6.3

1974.55 4791 1.08

1733.90 51.98 1.03

1785.35 54.93 .54

Average 1948.19 48.52 0.94
Std 259.62 398 0.92

Table E6 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 10 M HCL for 15.0h.

Doping time ()~ Young’smodulus — Tensile strength ~ Elongation at break

iMPa) (MPa) (%%

15.0 694.32 42,05 9.20

2264.25 42.88 6.54

1762.88 4053 6.02

1833.53 47,06 745

1603.73 38,68 29

178093 38.89 H

229558 48.45 £ 90

1888.03 40.82 701

Average 188147 42.35 .00
Std 263.92 3.85 118
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Table E7 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 1.0 M HCL for 24.0 h,

Doping time ()~ Young's modulus  Tensile strength  Elongation at break

EI\/IPa) (MPa) (%23

24.0 497.38 40.33 1.64

1667.93 44.10 6.12

126951 39.68 1091

144503 38.85 6.65

121571 3751 9.78

1973.30 38.52 9.77

1823.67 39.25 1.24

219414 49.42 6.52

1863.13 43.16 8.95

2137.48 4213 9.55

Average 1708.73 41.36 8.31

Sta 346.14 3.91 167
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Appendix F Mechanical Properties of PANI/Chitosan Blend Film Doped with
1M of different type of acid for 10.0 h

Table FI' Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 1.0 M of acetic acid for 10.0h

Type of Acid Youn?’smodulus Tensile strength ~ Elongation at break

dopant MPa (MPa 0%
Acetic acid 2951.%8 69.8% (12.)83
2774.93 59.25 10,01
2851.71 56.01 1217
3471.25 68.75 1156
2437.05 65.64 10.82
250543 60.69 11.08
2885.73 55,01 10.86
2521.78 64.22 8.05
3608.74 59.71 8,66
3256.49 59,08 1132
Average 2928.49 61.82 10.74
Std 40361 5,09 147

Table F2 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with L0 M of formic acid for 10.0h

Type of Acid Youn%’smodulus Tensill\e/| Igtrength Elongation at break

dopant a a {%g
Formic acid 214981 56.31 437
1855.73 65.94 12.62
> 2321.68 59.92 1456
2390.31 56.09 13.46
2064.15 h4.19 15.96
1963.15 h8.17 1250
2631.40 59.98 11.30
1697.84 70.84 16.72
2436.25 68.15 1187
2838.34 57.26 13.79
Average 2234.86 60.69 1371

Sta 355.28 5.6 167
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Table F3 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 1.0 M of perchloric acid for 10.0 h

Type of Acid
dopant
Perchloric acid

Average
Std

Young’s modulus
((]MPa)

2202.63
1542 86
171475
2820.24
2264.69
2653.14
2315.67
2166.99
2042.12
2446.74

2266.98
395.67

Tensile strength
(MPa)

33.32
3457
46.66

Elongation at break
(%)
5.26
5.04
8.38
8.56
1.19
6.42
9.10
991

9.74
5.1

1.20
175

Table F4 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 1.0 M of nitric acid for 10.0h

Type of Acid
dopant
Nitric acid

Average
Std

Youn%;?I modulus
Pa)

215040
2340.46
2560.82
197250
2271.52
2634.67
265482
2244 33
2514.54
2196.44

2474 65
260.07

Tensile strength
MPa
46.6

Elongation at break
I
393
881
1.28
6.61
8.04
1.88.
9.11

1.32
9.20

8.93
8.06
091



Table F5 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 1.0 M of sulfuric acid for 10.0 h

Type ofAt\cid Youn?’smodulus Tensile strength  Elongation at break

dopant MPa) (MPa %
Sulfuric acid 2653.63 479 ,

2759.63 46.81 759

2050.55 h1.78 8.04

271148 h2.T4 6.15

2491.97 50.54 785

2701.82 43.76 548

2247 53 4853 6.84

2683.66 53.90 943

2564.23 45.32 6.89

2875.16 41.17 5.24

Average 251397 48,25 1.15

Std 250.80 409 128

Table F6 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 1.0 M of p-toluene sulfonic acid for 10.0 h

Type of Acid Youn([;’smodulus Tensile strength  Elongation at break

dopant MPa) (MPa) %)/?
p-tolueng sulfonic 9801.46 50.16 ,

acid 3083.15 4059 6.68
3005.14 48.93 133

2338.99 4783 h.84

194722 h3.33 9.53

* 2709.18 50.78 7.69
1960.22 4358 6.82

2090.23 41.33 152

2628.50 4821 6.32

2405.95 48.20 6.49

Average 2497.00 41.29 1.0
Std 41444 415 1.04



Table F7 Raw data of mechanical properties of PANI/CS blend films with 40 wt%
PANI content doped with 1.0 M of ascorbic acid for 10.0 h

Type of Acid  Young’smodulus  Tensile strength  Elongation at break
dopant ?MPa) MP

ant a 0

Ascorglc acid 263191 70.68 (51)4
2456 57 69.89 7.26

2467.89 71.80 6.0

2504.42 7770 5,46

222259 79.24 157

3384.85 .23 487

3707.53 7352 6.21

2691.05 74.94 5.36

3059.08 75.50 5,49

249717 83.34 161

Average 2762.30 75.19 6.11

Std 471.33 411 102
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Appendix G 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 (1G)

In this work, linear regime was determined by ploting applied voltage (va)
versus current (7). The range that gives the straight ling is acceptable for using in
conductivity measurement. Figure GL is the plot between va and / of the
PANI/chitosan blend film with 40 wt% PANI content as the standard material using
custom built two-point probe. This experiment was carried out under 1 atm, 50%
relative humidity, at 28 c.

V=IR (GI)
Where V = applied voltage (V)

| =current (A)
R = resistance (Q)

1.26-10
1.0e-10 -

¢ 8.0e-1l | ;

&x

[ep}

J 6.0e-ll - °

4.0e-Il - e

2.0e-ll ' : . .
1 2 3 4 5 6
Applied voltage (V)

Figure GI Linear regime of va and 1 of the PANI/chitosan blend film with 40 wt%
PANI content obtained by the custom built two-point probe.



According to Figure GI, straight line is indicated the range of applied voltage
and current corresponding to the ohmic law. The accepted range ofthose for using in
conductivity measurement are 125to 5V and 2.74 x 10'Lto 9.68 x 10'ILA,
respectively.

Table Gl Raw data of determination of linear regime from PANI/chitosan blend
film with 40 wt% PANI content using custom built two-point probe

Applied voltage (V) Current (x 10n)(A)

1.25 2.74
150 3.19
175 3.61
2.00 4.05
2.90 5.02
3.00 2.93
3.90 6.82
4.00 .11

5.00 9.68



89

Appendix H 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. It depends on the configuration and probe tip spacing. K factor can
be determined by using the following equation (KI).

K— prefX/ (HI)
tx v
where K = geometric correction factor

Pref = resistivity of stanard material (Q.cm)
R = resistivity (E2)

t =sheet thickness (cm)

v = applied voltage (V)

| =current (A)

In this experiment, the PANI/chitosan blend film with 40 wt% PANI content
Was used as a standard material for the determination of K factor. The Resistivities of
standard materials were measured followed the ohmic law by using the Resistivity
Test Figure (Keithley model 8009). The equation used to measure the resistivity of
standard material is shown as followed (H2).

p = 229xI (H2)
tx v



le-4

8e-5 -
< be-5 -
B 4e-5

2e-5 -

20 40 60 80 100 120
Applied voltage (V)

Figure HI' Linear regime of va and/ of the PANI/chitosan blend film with 40 wt%
PANI content obtained by the Resistivity Test Figure.

Table HI Raw data of determination of linear regime from PANI/chitosan blend
film with 40 wt% PANI content using the Resistivity Test Figure

Applied voltage (V) Current (x 109 (A)

4 0.130
3 0.197
10 0.621
15 1.090
20 1.550
29 2.000
30 2.460
30 2.880
40 3.320
45 3.680
20 4.080
60 9.050
10 9.980
80 6.700
90 1.450
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According to Figure HI, the accepted range for using in conductivity
measurement are 40 60 V and 0.13 x 10%t0 5.05 x 10%5A, respectively.

p= (22.9 x 40)
(196 x 1073 x (3.32 x 109
p= L41xI0Dohm/cm

The resistivity of the PANI/chitosan blend film with 40 wt% PANI content used as
the standard material is 141xio Dohm/cm.

Calculation fromeq. HI; K= (1.41x101) X(7.71x10'n)
(1.96x103) x (4)
K = 138.66

Iggrgéore, the geometric correction factor (K) of custom built two-point probe is
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Appendix I Conductivity Measurement of PANI/Chitosan Blend Film

Table Il Raw data of conductivity measurement of pure chitosan film under the
condition of Latm, 50% relative humidity and 28 °c

Sample Thickness (cm)  Applied voltage (V) Current Conductivity (Sfcm)

% 0 :EI ﬁ%
|

H_‘HHI—\
—

—
[
(RE p R B L

" gg o
I% E-

Average EE%

%

CQI(%&H

]

%

Average }
C?ﬁ{gaan %

%

o000 Wﬁ
I'l'lrl'll'l'l'l'll'l'l

P —
%8%‘&2‘4.’

(IS 08 I% J06 JU RN IS 76 J0 76 JLRRNIS J6 I 76 J6)
[Sa]
I\JHHHQO =000 OO0

_ 3AE-10

C 0.75 16E-1 IIE-1

C L1oE-1 E%

Lo | E-1

%§= 1 g E-1 78E1

2Ot L5 E-1 (OE-1

Average 3.16E-10
Average conductivity ~ 3.88E-10
STD 4.14E-11

Table 12 Raw data of conductivity measurement of PANI/CS film with 10 wt%
PANI content under the condition of atm., 50% relative humidity and 28 °c

Sample Thickness (cm)  Applied voltage (V) Current Conductivity (Slcm)
PANI/CS 10/%0 0.75 S1E-11 S0F-
B E
Average Lo : HeEL D790
PANIICS 10190 1.50E- 0.75 4, %EH . E%
::%Eg : g: i Zé E
A T50E e B 5EE_-110
PANICS 0 156 0 AEE-1 i3
I
Average o ' e 24310

Average conductivity  2.60E-10

STD 1.78E-11
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Table 13 Raw data of conductivity measurement of PANI/CS film with 20 wt%
PANI content under the condition of 1 atm., 50% relative humidity and 28 °c

Sample Thickness (cm) ~ Applied voltage Current Conductlwty (Slem)
WS E ) a1
I I
Average e L )
L I N T
3 5 D 1]
i | SOE-IT 1501
Avgrﬂ%s I 0% 395611 Sl
Y8 o B
- . BOE-IT tE
Average 145610

Average conductivity ~ 2.57E-10
STD 1.15E-11

Table 14 Raw data of conductivity measurement of PANI/CS film with 30 wt%
PANI content under the condition of Latm., 50% relative humidity and 28 °c

Sample Thickness (cm) - Applieg voltage Current Conductivity (Slcm)
PANI/CS 5 2E-11 1.32E-1
A B
I8 i it t gﬁ
AVE’%?I g 4 1.2:I:E_-10
a0 :gggg ﬁ% ggggﬁl ! Sgﬁg
P M &
"Rl | D
o BRI
Average . 1:.01E-10

Average conductivity ~ 1.08E-10

STD 1.28E-11
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Table 15 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content under the condition of 1 atm., 50% relative humidity and 28 °c

Sample  Thickness (cm)  Applied voltage Current Conductivity (S/cm)

=T TE
- & W
LN I B

I B
L
NP

Average conductivity ~ 8.09E-11
STD 8.51E-12

Table 16 Raw data of conductivity measurement of PANI/CS film with 50 wt%
PANI content under the condition of 1atm., 50% relative humidity and 28 °c

Sample Thickness (cm)  Applied voltage Cugint Conductivity (S/cm)
Sl §;2 .
- i
L ;;;%Eg POE %QEE;H
N
Avera E %l 7.05E-1_1
Average %E% 555 gig%ﬂ j.OGE-:l

1
6.
1

97E-11

Average conductivity
STD 53E-12
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Table 17 Raw data of conductivity measurement of PANI powder under the
condition of 1atm., 50% relative humidity and 28 °c

Sample Thickness (cm) ~ Applied voltage Current Conductivity (Slcm)
L %%g )
D - b D
1.354E-2 25 1.90E-11 4 05e-11
Average. 4.00E-11
Wi %:g&:g S g;é?gzﬁ
® o B 0
A¥8ra§m e : 0% 220611 S
Gl B
0 & B o
Average 4.24E-11

Average conductivity  4.09E-11
STD 150E-12
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Appendix J Conductivity Measurement of PANI/Chitosan Blend Film Doped
with 0.5 M HCL for 2 h

Table J1 Raw data of conductivity measurement of pure chitosan film doped with
0.5 M HCL for 2 h under the condition of 1atm., 50% relative humidity and 28 °c

Sample Thickness (cm)  Applied voltage (V) Current Conductivity (Sfcm)

Chitosan ﬁ% - 1 E8 % g
. I
. 9BE

FT i ey

11755 2
Aver, ?e % 3 % ﬁz 6§82 2
Chitosan 4.10E- 05 3
ﬂ:%é% i 3 H
W Z H ég
AVEIgGe ?tOSﬁﬂ Z‘r E 0 15 iggE 737%?%8
Average %ggég ;2: 8117{ E g S;Oél?éEE

8
Average conductivity 1.56E-8
STD 1.26E-9

Table J2 Raw data of conductivity measurement of PANI/CS film with 10 wt%
PANI content doped with 0.5 M HCL for 2 h under the condition of 1 atm., 50%
relative humidity and 28 °c

Sample Thickness (cm)  Applied voltage (V) Current Conductivity (Slcm)
PANI/CS 10/90 2F 05 YA (o=
21 & B
: I -
PANIICS 1060 gggﬁ VoIl 0 j: 2E:% ¥
PR 10 E% 25 ': OE 7715
G g A ﬁzgéE;% 3
IS DR
Verage 15T

Average conductivity 1.69E-7
STD 1.75E-8



Table J3 Raw data of conductivity measurement of PANI/CS film with 20 wt%
PANI content doped with 0.5 M HCL for 2 h under the condition of 1 atm., 50%
relative humidity and 28 °c

Sample Thickness ~ Applied voltage Current Conductivity
e o g, ot
iy i 3 1 4TIES 1635
% E 15 6.45E-6 149ES
2 959E6 166E5

25

w
[N
rm

e

kS
£

Average

ISR

s
:

DS
FI'IFI'I'l'IFl‘IFI'I
(@ p)
—
Frorrr o nr e e

P PR R AR TT]
(% J6 76 Jb J6)
N,
()‘I'u_.I <
RO ~IOD B0 ¢
DO PO OO s |

O
—q
o

rrrrrrrrrm
1 1 1 1 1
[J% T J6 J6 J%)
PO = O
o1 ot
oo 3y o an]

rorrrrrrrm
S

SSSG SO GGS GG &

Average conductivity ~ 2.15E-5
STD 4.64E-6

Table J4 Raw data of conductivity measurement of PANI/CS film with 30 wt%
PANI content doped with 0.5 M HCL for 2 h under the condition of 1 atm., 50%
relative humidity and 28 °c

Sample Thickness (cm)  Applied voltage Current Conductivity (Slem)

TR

g

COCOPS SO
COCCTO—~I I~
POOOCODO0—]

SATRTUTRTTI
[@p & dy &n &Sa)

%g 5
1 _
Average 1 p 3 .E5:
SER D
A - I B
Average H g ;;55 Zggg jig

é\¥eDrage conductivity ﬁggg
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Table J5 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 0.5 M HCL for 2 h under the condition of 1 atm., 50%
relative humidity and 2s °c

Sample Thickness (cm)  Applied voltage Current Conductivity

e
s %3 ;
i

i |
M
il J %

Average conductivity ~ L123E-4
STD

P—

Slem)

_">Ll,_ll LA |_">IEI.EI E”L#_hé_lrlrl_lrl_lrl_ln

C
N}
N,

O Sy
o\
OIS

|||||-.nr|'|

'a; —

—
I~
—
T

.;o___
TTU s

H
(e
o1

7

Table J6 Raw data of conductivity measurement of PANI/CS film with 50 wt%

PANI content doped with 0.5 M HCL for 2 h under the condition of 1 atm., 50%
relative humidity and 28 °c

Sample Thickness (cm)  Applied voltage Current Conductivity (Sfcm)

L A
o - . A
B P
N DA B
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Table J7 Raw data of conductivity measurement of PANI powder doped with 0.5 M
HCL for 2 h under the condition of 1atm., 50% relative humidity and 28 °¢

Sample Thickness (cm)  Applied voltage Current Conductivity (Scm)
Polyaniline 1 40F- ) 30E- E-
LI A B
ARt T42F- 25 24E-4 2%§EE§
{E: 25 éi 2 3
Aﬁ’graiﬁ\ ® L4 05 £ Y5
il TiE: i 193 Al
D
T42F- 25 20E-4 A6
Average 17E5

Average conductivity 6 31E-5
STD 8.49E-7



Appendix K Conductivity Measurement of PANI/Chitosan Blend Film Doped
with Different HCL Concentration for 2 h

Table K1 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 0.1 M HCL for 2 h under the condition of 1 atm., 50%
relative humidity and 28 °c

HCL con,f{%wtration Thigkmness Applied voltage (V) Cu rrent Conductivity (Slcm)
o, I
T0E- o 2 ?E | Ef
i3 17 g E. i
[oE- 15 bE- S1E-
Average 01 . 0 7.28E-_5
Average Y 11% E 91é7EE554
o1 3% 0.15 [
3.26F- 25 4E-
Average 8.35E-5

Average conductivity 8.50E-5
STD 1.30E-5
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Table K2 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 0.5 M HCL for 2 h under the condition of 1 atm., 50%

relative humidity and 28 °c
HCI conﬁ/lentration Thickness  Applied voltage (V)
cm

Average
0.5

Average

Average

O 0O CO CO O OO OO O —~N—J N
SOCOCOON0 OO 31—
rArnrnrmrm. rorornrerm - roreeeemr
COLWLILICLD WLWLWLIL O

"
15
2
2.5

Current Conductivity (Sfcm)

o’j‘;
o

PO OSHOT100
LR N N | R R R | R N R N
[SalSplsplspldy] o1oTo1o1TOo o1o1o101

NOISLON CICTERGON OISO
[de]eoclanle o]

WOUT—I00 WWUToSO~IS
m,EI—J ROROOWLW LD

,S%rage conductivity

1.74E-4
1. 24E-

L

Table K3 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 1.0 M HCL for 2 h under the condition of 1 atm., 50%

HCI conﬁ/lentration Thickness  Applied voltage (V)
cm

relative humidity and 28 °c
L 1.85E-3
1.85E-3
1.85E-3
1.85E-3
1.85E-3
Average
3.50E-3
3.50E-3
3.50E-3
3.50E-3
3.50E-3
Average
10 1.85E-3
1.85E-3
1.85E-3
1.85E-3
1.85E-3
Average

0.5
0.75
1
125
15

o

0
1
15
2
2.5
0.5
0.7

1
12
L

S ol

Current Conductivity (Slcm)

—
—
I_II_IV
o

MMM mmimrm - menm
[Saldaldpldaldy] E NS oSy [Saldaldy]

Average conductivity
STD

E-04
E-04

ORI O LWO =T
m
o
~

1 1 1 1
SO
o~
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Table K4 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 2.0 M HCL for 2 h under the condition of 1 atm., 50%
relative humidity and 28 °c

HCI concentration  Thickness  Applied voltage (V) Cugent Conductivity (Slcm)

M
So? —z‘sfdﬁ)-a 05 2.%8)E-5 1.16E-4
259E-3 1 3.29E-5 9.16E-5
2.59E-3 i5 4.60E-5 8.54E-5
2.50E-3 ) 8.48E-5 118E-4
2.50E-3 25 131E-4 1.46E-4
Average L11E-4
4 S 0-15 e TiE
2.13E-3 15 4.00E-5 9.03E-5
213E-3 ) 4.79E-5 8.11E-5
, 2.13E-3 25 5.50E-5 977%?&5
verage T3E-
I i ihes rhEd
2.30E-3 15 4.16E-5 8.70E-5
230E-3 ? 487E-5 764E-5
\ 230E-3 25 5.72E-5 974137EE-55
verage A3E-
Average conductivit 101E4
Sl VG

Table K5 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 3.0 M HCL for 2 h under the condition of 1 atm., 50%
relative humidity and 28 °c

HCI concentration  Thickness  Applied voltage Current Conductivity
M Ecn%) ( A (S/cmg
39E-3 ; 2 00E-5 8.%%5
3.29E-3 1 4.68E-5 1.04E-4
3.29E-3 125 .80E-D 1.15E-4
3.29E-3 9.75E5 1.08E-4
3.29E-3 25 1.30E-5 L15ES
AR 05 1 GEE 5 T
' g%%gg 1 445E-5 l'.0§E—4
.ZOE- 12.5 5.72E—g 1.1oE4
§%8E§ 25 1 8E—4 }83 ﬂ
Average 104E-4
voomE % ER b
T .
2.03E- 25 515%5% 1.05E-4
Average 9.77E-5
Average conductivity 9.58E-5
STD 9.38E-6
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Table K6 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 4.0 M HCL for 2 h under the condition of 1 atm., 50%
relative humidity and 28 °c

HClconK/elntration Thickness  Applied voltage (V) Current Conductivity (Slcm)
cm

A

40 . 2.01E-3 0.5 .1)8E-5 6.52E-5

2.61E- 0.75 2.20E-5 8.11E-5

2.01E-3 2.88E-5 7.96E-5

2.01E-3 125 4.53E-5 1.00E-4

261E-3 15 5.98E-5 1.10E-4

Average 8.712E-5
40 2.80E-3 0.5 2.17E-5 112E-4

2.80E-3 0.15 2.84E-5 9.75E-5

2.80E-3 3.94E-5 101E-4

2.80E-3 125 4.58E-5 944E-5

2.80E-3 15 5.08E-5 8.72E-5

Average 9.85E-5
40 2.T0E-3 015 2.30E-5 1.23E-4

2.70E-3 390E-5 1.04E-4

2.T0E-3 125 4.68E-5 1.00E-4

2.T0E-3 15 543E-5 9.67E-5

2.70E-3 2 1.32E-5 9.78E-5

Average L04E-4

Average conductivity  9.67E-5
SID 8.68E-0

Table K7 Raw data of conductivity measurement of PANI/CS film with 40 wi%
PANI content doped with 6.0 M HCL for 2 h under the condition of 1 atm., 50%
relative humidity and 28 °c

HCL concentration  Thickness  Applied voltage (V) Current Conductivity (S/cm)

M cm A
%(P 3.%1I2—3 0.075 2.(17)E-6 6.96E-5
3.01E-3 0.1 59E-6 8.63E-5
301E-3 0.25 8.4TE-6 8.14E-5
301E-3 0.5 1.68E-5 8.08E-5
301E3 0.75 244E-5 1.82E-5
Average 1.93E-5
6.0 3.02E-3 0.075 2.10E-6 6.69E-5
3.02E-3 0.1 345E-6 8.24E-5
3.02E-3 0.25 8.27E-6 1.90E-5
3.02E-3 0.5 1.59E-5 1.59E-5
3.02E-3 0.75 2.35E-5 1.48E-5
Average 1.58E-5
6.0 2.96E-3 0.075 2.65E-6 8.61E-5
2.96E-3 0.1 3.86E-6 9.40E-5
2.96E-3 0.25 8.97E-6 8.74E-5
2.96E-3 0.5 1.78E-5 8.67E-5
2.96E-3 0.75 249E-5 8.09E-5
Average 8.70E-

é\¥grage conductivity 99575(?
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Appendix L Conductivity Measurement of PANI/Chitosan Blend Film Doped
with 1 M HCI at Different Time

Table LI Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 1.0 M HCI for 0.5 h under the condition of 1 atm., 50%
relative humidity and 28 °c

Doping time (h.) ~ Thickness  Applied voltage (V) CuKent Conductivity (Slcm)

05 247E-3 0.25 3.34E-6 3.90E-5
24TE-3 0.5 8.56E-6 5.00E-5
247E-3 0.15 1.53E-5 5.96E-5
247E-3 2.05E-5 5.99E-5
2.47E-3 125 2.56E-5 5.98E-5

Average 5.36E-5
2.31E-3 0.25 3.55E-6 4.43E-5
2.31E-3 0.5 9.11E-6 5.69E-5
2.31E-3 0.75 1.64E-5 6.83E-5
2.31E-3 1 2.15E-5 6.71E-5
2.31E-3 125 2.78E-5 6.94E-5

Average 6.12E-5

0.5 2.51E-3 0.25 3.86E-6 4 44E-5
2.51E-3 0.5 8.80E-6 5.06E-5
2.51E-3 0.15 1.49E-5 5.71E-5
2.51E-3 2.06E-5 5.92E-5
251E-3 125 2.68E-5 6.16E-5

Average 546E-5

)
STD 4.13E-
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Table L2 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 10 M HCL for 2.0 h under the condition of 1 atm., 50%
relative humidity and 28 °c

Doping time (h.) Th@rwess Applied voltage (V) CugArent Conductivity (Slcm)
2.0 2 5E)-3 0.5 1 1)E-5 1.27E-4
2.05E-3 0.75 2.45E-5 1.15E-4
2.05E-3 1 3.25E-5 1.14E-4
2.05E-3 125 4.05E-5 1.14E-4
2.05E-3 15 5.20E-5 1.20E-4
Average 1194
2.90E-3 05 2.65E-5 1.32E-4
2.90E-3 | 5,98E-5 1.49E-4
2.90E-3 15 1.06E-4 1.76E-4
2.90E-3 2 1.61E-4 2.00E-4
2.90E-3 25 2.28E-4 2.21E-4
Average LTTE-A
2. 2.15E-3 05 1.68E-5 1.13E-4
2.15E-3 0.75 2.25E-5 1.01E-4
2.15E-3 | 3.00E-5 101E-4
2.15E-3 125 3.86E-5 1.04E-4
2.15E-3 15 5.06E-5 1.13E-4
Average 1.06E-04

Average conductivity 1.34E-4
STD L17ES

Table L3 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 1.0 M HCL for 5.0 h under the condition of 1 atm., 50%
relative humidity and 28 °c

Dopingtime (h) ~ Thickness  Applied voltage (V) CurArent Conductivity (Scm)

cm
50 2.14E-3 0.25 1.&4 -05 1.62E-4
2.74E-3 0.5 2.71E-05 143E-4
2.14E-3 0.75 3.96E-05 1.39E-4
2.74E-3 1 5.46E-05 1.44E-4
2.74E-3 1.5 6.54E-05 1.38E-4
Average 145E-4
50 2.86E-3 0.25 1.40E-05 141E-4
2.86E-3 0.5 2.58E-05 1.30E-4
2.86E-3 0.75 3.92E-05 1 32E-4
2.86E-3 1 54TE-05 1.38E-4
2.86E-3 125 6.65E-05 1.34E-4
Average 1.35E-4
50 3.00E-3 0.25 1.58E-05 1.52E-4
3.COE-3 0.5 2.99E-05 1.44E-4
3.00E-3 0.75 4.26E-05 1.37E-4
3.00E-3 1 5.68E-05 1.37E-4
3.00E-3 15 1.03E-05 1.35E-4
Average 1414

Average conductivity |
STD .
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Table L4 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 10 M HCL for 8.0 h under the condition of 1 atm., 50%
relative humidity and 28 °c

Doping time (h.) ~ Thickness  Applied voltage (V) CuXent Conductivity (Slcm)

cm 8)E

8.0 2.96E-3 0.5 3.08E-5 1.74E-4
2.56E-3 0.75 3.84E-5 1.44E-4
2.56E-3 1 4.46E-5 1.26E-4
2.56E-3 15 6.34E-5 1.19E-4
2.56E-3 1.97E-5 L12E-4

Average 1.35E-4

8.0 2.63E-3 0.25 1.24E-5 1.36E-4
2.63E-3 0.5 2.66E-5 1.46E-4

2.63E-3 0.75 397E-5 1.45E-4

2.63E-3 1 55TE-H 153E-4

2.63E-3 15 1.05E-5 1.55E-4

Average L4TE-4
8.0 2.76E-3 0.25 1.35E-5 141E-4
2.16E-3 0.5 2.76E-5 LA4E-4

2.T6E-3 0.75 4.05E-5 141E-4

2.76E-3 1 5.74E-5 1.50E-4

2.T6E-3 125 1.33E-5 1.53E-4

Average 1.46E-4

Average conductivity  143E4
STD 6.63E-6
Table L5 Raw data of conductivity measurement of PANI/CS film with 40 wt%

PANI content doped with 1.0 M HCL for 10.0 h under the condition of 1atm., 50%
relative humidity and 28 °c

Doping time (h.) ~ Thickness  Applied voltage Current  Conductivity (Slcm
ping time (h.) ECrE) pp % y A% ty (Slem)
100 2.93E-3 . 3.20E-05 1.82E-4
2.03E-3 0.5 4.28E-05 1.63E-4
e 5 PR 12
7 53E-3 ) %E&l 160E-4
Averagfoo 2.28E 0.25 148E-05 l1'647EE-44
' 2f2§E-§ 05 2.'%0E-§5 lfggEA
2.2gE-§ 0./5 4, 5E—5 % Ezl
A o W fE
Averagf 1.83E-4
0.0 2.48E- 0.25 1.36E-05 1.59E-4
e in TRER 1RE]
%3485 1 g'. 8E— g 13% E-4
246E-3 15 B5E-0h 161E-4
Average 1.58E-4

Average conductivi 1.69E-4
STD J y 1.29E-5
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Table L6 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 1.0 M HCL for 15.0 h under the condition of 1 atm., 50%
relative humidity and 28 °c

Doping time (h.) ~ Thickness  Applied voltage (V) Current Conductivity (Slcm)

cm A

15.0 Z.gSE)-? 0.1 4.%3)E-6 1.07E-4
2.93E-3 0.25 1.26E-5 1.24E-4
2.93E-3 0.15 4.08E-5 1.34E-4
2.93E-3 6.04E-5 1.49E-4
2.93E-3 15 9.39E-5 L.54E-4

Average 1.46E-4
15.0 2.53E-3 0.25 1.05E-5 1.20E-4
2.53E-3 0.5 2.21E-5 1.26E-4

2.53E-3 0.75 321E-5 1.22E-4

2.53E-3 | 4.45E-5 1.27E-4

2.53E-3 125 546E-5 1.25E-4

Average 1.24E-4
15.0 2.79E-3 0.25 9.86E-6 1.02E-4
2.79E-3 0.5 2.05E-5 1.06E-4

2.719E-3 0.75 3.16E-5 1.09E-4

2.719E-3 1 4.31E-5 1.11E-4

2.719E-3 125 5.16E-5 L.07E-4

Average =

Average conductivity 1.25E-4
STD 1.93E-5

Table L7 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 1.0 M HCL for 24.0 h under the condition of 1 atm., 50%

relative humidity and 28 °c.
Doping time (h.) ~ Thickness  Applied voltage (V) Current Conductivity (Slcm)

i i
240 2.18E-3 0.25 1.20E-5 1.25E-4
2.78E-3 0.5 2.30E-5 1.19E-4
2.78E-3 0.75 3.86E-5 1.34E-4
2.78E-3 1 4.87E-5 1.26E-4
2.78E-3 125 6.43E-5 1.33E-4
Average L27E-4
24.0 2.719E-3 0.25 9.63E-6 9.96E-5
2.719E-3 0.5 1.79E05 9.25E-5
2.T19E-3 0.75 355E-H 1.22E-4
2.79E-3 1 4.66E-5 1.20E-4
2.19E-3 125 6.05E-5 125E-4
Average L12E-4
24.0 2.58E-3 0.25 8.63E-6 9.69E-5
2.58E-3 0.5 1.58E-5 8.83E-5
2.58E-3 0.75 2.46E-5 9.17E-5
2.58E-3 1 345E-5 9.64E-5
2.58E-3 125 4.96E-5 111E-4
Average 1.12E-4
Average conductivity 1.12E-4
STD 1.53E-5
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Appendix M Conductivity Measurement of PANI/Chitosan Blend Film Doped
with 1 M of Different Type of Acid for 10.0 h

Table MI' Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 1.0 M of ascorhic acid for i0.0 h under the condition of 1
atm., 50% relative humidity and 28 °c

Doping time (h.) Thiglfnness Applied voltage CurArent Conductivity (Slcm)
Ascorbic acid 2.50 -3 09/5)1 5.553%—11 2.59E-10
2.20E-3 | 190E-11 2.58E-..
2.20E-3 15 1.14E-10 2A9E-1
2.28E-§ L5 1.38E-18 2.05E-1!
2.20E- 2 1.49E-1 244E-10
Average _ 2.53E-10
Ascorhic acid 2.20E-3 15 9.60E-11 2 0BE-10
2 203 L5 1.19E-10 2.21E-10
2.22;-% 2 1.49E-10 2.42E-10
2.20E- 2.25 1.80E-10 2.60E-10
2.20E-3 25 197E-10 296E-10
A&\erageb' id  236F 15 1.00E-1 22'374EE'110
Scorbic aci J0E- . 00E- -
e E R
2.30E-3 2 140E-10 2.14E-10
2.%85% 2.5 1.62E-10 2.20E-10
2.30E- 25 1.89E-10 2.31E-10
Average 2.18E-10
Average conductivity 2.36E-10
STD 1.7/6E-11
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Table M2 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 1.0 M of formic acid for 10.0 h under the condition of 1
atm., 50% relative humidity and 28 °c

Doping time (h.) ~ Thickness  Applied voltage (V) Current Conductivity (Slcm)
cm

A

Formic acid 2.54E-3 0.25 5.57%-9 6.55E-8
2.54E-3 05 1.21E- 6.87E-8

2.54E-3 0.75 187E-8 7.08E-8

2.54E-3 1 2.30E-8 6.53E-8

2.54E-3 1.25 2.65E-8 6.02E-8

Average 6.01E-8
Formic acid 2.82E-3 2.25 6.22E-8 7.07E-8
2.82E-3 25 6.77E-8 6.93E-8

2.82E-3 2.15 7.25E-8 6.74E-8

2.82E-3 3 157E-8 6.45E-8

2.82E-3 35 8.43E-8 6.16E-8

Average 6.67E-8
Formic acid 1.38E-3 5 471E-8 4.92E-8
1.38E-3 55 5.29E-8 5.03E-8

1.38E-3 6 6.05E-8 5.27E-8

1.38E-3 T 759E-8 5.67E-8

1.38E-3 8 9.16E-8 5.98E-8

Average 5.37E-8

Average conductivi 22E-8
S1p v SR

Table M3 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 1.0 M of p-toluene sulfonic acid for 10.0 h under the
condition of 1atm., 50% relative humidity and 28 °c

Doping time (h.) Thchkness Applied voltage (V) Cu(rA{ent Conductivity (Slcm)
cm

p-toluene sulfonic 3.00E-3 0.5 2.16%-6 1.04E-5
acid 3.00E-3 0.75 352E-6 LI3ES
3.00E-3 1 5.04E-6 L21E-5
3.00E-3 125 6.75E-6 1.30E-5
3.00E-3 15 8.38E-6 1L3E-S
Average _ 1.20E-5
p-toluene sulfonic 3.88E-3 0,215 9.75E-7 1.81E-
* acid 3.88E-3 0. 1.84E-6 1.37E-5
3.88E-3 0.5 4.13E-6 LH4E-S
3.88E-3 0.75 6.25E-6 1.55E-5
3.88E-3 1 9.16E-6 L70E-5
Average _ 1.59E-5
p-toluene sulfonic 3.50E-3 L7 1.02E-5 1.20E-5
acid 3.50E-3 2 1.21E-5 1.25E-5
3.50E-3 25 1.70E-5 1A0E-5
350E-3 3 2.39E-5 1645
3.50E-3 4 349E-5 L80E-5
Average 146E-5

Average conductivity

1
STD 0.73E-
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Table M4 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 1.0 M of nitric acid for 10.0 h under the condition of 1
atm., 50% relative humidity and 28 °c

Doping time (h) ~ Thickness  Applied voltage (V) Current Conductivity (Sfcm)

o cn (é’-\z)
Nitric acid 2.54E-3 0.05 1.92E-6 1.09E-4
hno3 2.54E-3 0.075 2.88E-6 1.09E-4
2.54E-3 0.1 3.68E-6 1.04E-4
2.54E-3 0.25 8.29E-6 9.42E-5
254E-3 05 157E-5 8.92E-5
Average L01E-4
Nitric acid 2.98E-3 0.05 2.59E-6 1.25E-4
hno3 2.98E-3 0.075 3.97E-6 1.28E-4
2.98E-3 01 5.35E-6 1.29E-4
2.98E-3 0.25 1.35E-5 1.31E-4
2.98E-3 05 2.65E-5 1.28E-4
Average 1.28E-4
Nitric acid 2.02E-3 0.05 1.22E-6 8.71E-5
hno3 2.02E-3 0.075 1.73E-6 8.24E-5
2.02E-3 01 2.31E-6 8.25E-5
2.02E-3 0.25 4 57E-6 6.53E-5
2.02E-3 05 8.46E-6 6.04E-5
Average 1.55E-4

Average conductivity ~ 1.02E-4
STD 2.64E-5

Table M5 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 1.0 M of sulfuric acid for 10.0 h under the condition of 1
atm., 50% relative humidity and 28 °c

Doping time (h) ~ Thickness  Applied voltage (V) Current Conductivity (Sfcm)
cm

A
Sulfuric acid 1.(60E)-3 0.075 2.(7 -6 1.62E-4
hXo4 1.60E-3 01 3.62E-6 1.63E-4
1.60E-3 0.25 9.53E-6 1.72E-4
1.60E-3 05 1.85E-5 1.67E-4
1.60E-3 0.75 3.00E-5 1.80E-4
Average 1.69E-4
Suffuric acid 2.50E-3 0.075 561E-6 2.16E-4
H2S0,, 2.50E-3 01 6.94E-6 2.00E-4
2.50E-3 0.25 1.62E-5 1.87E-4
2.50E-3 05 3.86E-5 2.23E-4
2.50E-3 0.75 6.11E-5 2.35E-4
Average 212E-4
Sulturic acid 2.56E-3 0.05 4 21E-6 2.37E-4
h2sod 2.56E-3 0.075 567E-6 2.13E-4
2.56E-3 01 6.73E-6 1.90E-4
2.56E-3 05 3.40E-6 1.92E-4
2.56E-3 0.75 4.73E-6 1.77E-4
Average 2.02E-4

Average conductivity 1.94E-4
STD 2.26E-5



Table M6 Raw data of conductivity measurement of PANI/CS film with 40 wt%
PANI content doped with 1.0 M of perchloric acid for 10.0 h under the condition of 1
atm., 50% relative humidity and 28 °c

Doping time (h.) Thi(ckn)ess Applied voltage (V) Current Conductivity (Slcm)
cm

(A)
Perchloric acid 213E-3 01 1.30E-6 4.40E-5
HCI0. 213E-3 0.25 142E -6 4.63E-5
213E-3 05 6.58E-6 4.46E-5
2.13E-3 0.75 1.09E-5 4.92E-5
2.13E-3 1 1.34E-5 4.52E-5
Average 4.59E-5
Perchloric acid 1.88E-3 0016 4.12-E7 3.54E-5
HCI0. 1.88E-3 0 781E-7 3.35E-5
1.88E-3 0.25 1.96E-6 3.37E-5
1.88E-3 0.75 5.79E-6 3.31E-5
1.88E-3 1 7.29E-6 3.13E-5
Average 3.34E-5
Perchloric acid 1.85E-3 0.75 8.58E-7 4.46E-5
HCI0. 1.85E-3 i 1.07E-6 4.17E-5
1.85E-3 0.25 2 68E-6 4.18E-5
1.85E-3 05 5.36E-6 4.18E-5
1.85E-3 0.75 a0oF.s 450E-5
Average 4.30E-5
Average conductivity ~ 4.07E-5
STD 6.52E-6



Appendix N UV-Vis Spectrum of Model Drug
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Figure NL UV-Vis spectrum of salicylic acid.



Appendix o Calibration Curve of Model Drug

Table Ol Raw data of calibration curve of salicylic acid solution

Concentration

Absorbance at 296 nm (Azse)

(mgiml) — xy X2 xg Ve
0 0 0 0 0
0.004 0.141 0.142 0.141 0.1413
0.006 0.198 0.199 0.200 0.1990
0.008 0.258 0.259 0.258 0.2583
0.01 0.316 0.314 0.315 0.3150
0.012 0.371 0.372 0.371 0.3713
0.40
0.35 4
0.30 1
',‘é 0.25 A1
'g 0.20 1
§ - y =28.74858x + 0.02694
R%=0.99984
0.10
0.05 -
0 0002 0004 0006 0008 0010 0012

Concentration (mg/ml)

Figure O1 Calibration curve of salicylic acid solution.

Standard
deviation

0
0.0006
0.0010
0.0006
0.0010
0.0006
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Appendix p Data of Drug Release from PANI/Chitosan Blend Film with 40
wt% PANI Content

Table PI The release of 10 % salicylic acid from PANI/chitosan blend film with 40
% PANI content and 0.01% glutaraldehyde at 37 °c, pH 5.5

Time Amount of drug release (%) Standard
(min) | X9 X3 AVErage  Geviation
0 0 0 0 0 0

15 0.000919  0.001062 ~ 0.000955  1.910479  0.093%
30 0.000812  0.000884 ~ 0.000812 1632541  0.054031
45 0.000562  0.001027  0.000598 1715583  0.463201
60 0.000955  0.0009%5 000142 2166752  0.508868
90 0.000884 ~ 0.001277 0000955  2.022149  0.350733
120 0.001277 ~ 0.001134  0.000776 ~ 2.081817  0.545428
150 0.001241 0001706 0001277  2.742964  0.431464
180 0.00167 0.00142  0.001885 3243985  0.491741
240 0.00217 0002135  0.001563 382704  0.713661
300 0.003136 0.0031 0.002492 5690239  0.782678
360 0.003958  0.003457 0003171  6.91048  0.984504
480 0.004816 ~ 0.004637 000428 8952455  0.745275
600 0.006281  0.005638  0.004994  11.037/86 1553556
120 0.007389 000671 0006138 1320403  1.592264
840 0.008283  0.007532  0.006746 1472068 1893178
960 0.010356  0.00789  0.008033 171784 3310721
1080 0010821  0.009212  0.008855  18.86067 2662803
1200 0.011035  0.009606  0.00941  19.76229  2.26272
1320 0013395 001007 0010893 2245801  4.176033
1440 0.01318 001125 0011071  23.17553  3.060954
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Table P2 The release of 10 % salicylic acid from PANI/chitosan blend film with 40
% PANI content, 0.01% glutaraldenyde at 37 °c, pH 55, and 1V of electrical
potential

- Amount of drug release (%
&rﬁI]rlnng X| g XZ( ) Average ggsvgt?g(rj]
0 0 0 0 0
15 2.7102967 4.079867 3.391417 0.973616
30 3.79699 4.799209 4.298099 0.708676
45 3.724055 6.537618 5130837 1.98949
60 4.161664 6.897289 5.529477 1.934379
90 5.255687 8.276028 6.765857 2135703
120 6.057971 8.695644 7.376807 1.865116
150 7.151994 10.19427 8.673133 2151216
180 8.100148 10.91361 9.506881 1.989421
240 9.48591 12.3523 10.9191 2026842
300 10.87167 13.97082 12.42124 2191426
360 12.33037 15.70923 14.0198 2.389212
480 15.46657 18.88632 17.17644 2418128
600 18.2381 22.24325 20.24067 2.83207
720 21.22843 27.09881 24.16362 4.150985
840 22.76006 30.15601 26.45803 5.229726
960 25.16691 34.47206 29.81948 6.579734
1080 26.77148 40.04696 33.40922 9.387183
1200 43.10889 46.3412 44.72504 2.285588
1320 42.67128 52.63544 4765336 7045725

1440 43.5465 52.93517 48.24083 6.63879
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