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APPENDIX A

Electrical conductivity measurement by van de Pauw method

Van der Pauw method is the technique for measuring conductivity (ex) of
sample, which has constant thickness but arbitrary shape. First, four ohms contacts
are made at the edge of the sample (Figure A-1). Then applied suitable current (112
through contact 1 and 2 and measured potential different (V34 between contact 3
and 4. this case, the suitable current (112) is assigned to the three values by use

the resistance 100 KQ, 200 KQ, and 300 KQ, respectively. The obtained data is

shown in Table A-1.

Table A-1 Current and potential data measuring as h2and V34 respectively

Current (Ampere) Potential(Volt)

100 KQ 12(1) V34(1)
200 KQ 112(2) V34(2)
300 KQ 123) V34(3)

The resistance is obtained by plotting the graph of current and
voltage value from Table A-1. The slope, which is the resistance, is assigned to R-l-
the other way, 23is applied through contacts 2 and 3 and potential different, V4t is

measured to obtain the group of data inthe same method, and R2is obtained.
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Continuously, Rtand R2are taken into the Equation A-1 to obtain the
electrical conductivity.
exp (-*Ridff) + exp(-*Rida) (A-1)
Where d is the thickness of the sample and a is the electrical

conductivity.

l; l,,and V.
R ~

Figure A-1 Conductivity measurement by van der Pauw method

Next, the current electrode is changed around the sample disc, get 12, 23 34,
l0 and corresponding potential different V34 V411 v 12, v 23, respectively. Then

calculate @1, a2, a3, a4from equation 3.1. Finally obtain more accurate conductivity,

Equation A-2.
U = (a3 (A)
(T=average conductivity
Contact resistance between the measurement electrodes and the
composite sample is reduced by painting electrodes directly on to the surface of the

sample. Suitable paints are silver dispersions or Aquadag (an aqueous dispersion

of colloidal graphite).
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Calculation of electrical conductivity

Computer program for calculating conductivity was constructed follow
equation A-1 from van der Pauw method by using program ‘GW basic’ language.

The detail of the program is shown below:

ok

List

10 INPUT" SAMPLE THICKNESS ="ID
20 INPUT" Resistance No.l ="RI
30 INPUT" Resistance No.2 = "R2
40 M=3.141527*D

50 R=R1

60 S=R2

70 A=M*R

80 B=M*S

90 C=(A+B)*.5

100 X=.69314/c

110 IZEXP(-A*X)+EXP(-B*X)

120 IF 1<=0.00001 THEN GOTO 150
130 x=x

140 GOTO 110

150 PRINT “ Conductivity =" X

ok
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Example for calculation the electrical conductivity of pgh/mer sample

After the electrical data (V and 1) at 4 points of polymer sample were
obtained, the slope of the graph plotting between potential and current, R
(Resistance), cound be obtained by least square fit technique. Then, the resistance
values from each sample which have the correct least square fit will be calculated by

computer program.

Sample

L Thickness d1=10.040 cm
d2=0.042 cm
d3=0.044 cm
d4=0.041 cm

Average thickness d =0.042 c¢cm

2. The slope of the graph from V and ldata
Group 1 l2 v  0.79,05;0.39, 0.3;0.24,0.1
Group2 123 vl4 :0.79,0.8;0.40, 0.4 ;0.25, 0.2
from group 1 we obtained RI=0.68

from group 2 we obtained R2=1.09

3. Calculation program

Run

SAMPLE THICKNESS =0.042
Resistance No.l =0.68
Resistance No.2 =1.09

Conductivity =6.050098
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Ok
principle, <rl, cr2, a3, o could be calculated by changing the current
electrodes around. These values were averaged to obtain the final value that was

the average conductivity of the sample.
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APPENDIX B

The electrical conductivity of polypyrrole composites

TableB-1 Electrical conductivity of Polystyrene/Polypyrrole composites

Sample Pyrrole: PS Reaction ~ Conductivity(Sem'D)  ayerage
code ratio time(hour) #1 #7 (Sqm4)
PSO1 0.1 1 1.53 1.53 1.53
PS02 0.2 1 2.70 2.73 2.12
PS03 0.5 1 7.13 8.01 1.57
PS04 0.8 1 8.26 7.94 8.10
PS05 1 1 10.85 9.11 9.98
PS06 0.1 2
PSO7 0.2 2 3.35 1.7 2.53
PSO08 0.5 2 5.44 5.23 5.34
PS09 0.8 2 1.33 1.06 3.20
PS10 1 2 4.41 4.55 4.48
PS11 0.1 3 3.21 2.99 3.10
PS12 0.2 3 2.24 2.38 2.31
PS13 0.5 3 2.78 2.84 2.81
PS14 0.8 3 2.35 2.16 2.26
PS15 1 3 3.40 3.06 3.23
PS16* 0.1 Mixed 5.18 1.21 6.51
PS17* 0.2 Mixed 71.04 7.46 7.25
PS18* 0.5 Mixed 9.90 7.56 8.73

*Study in 50% methanol/water at 1 hour polymerization time



TableB-2 Electrical conductivity of Poly(vinyl chloride)/Polypyrrole composites

Sample
code

PVCO1
PVCO02
PVCO3
PVCO04
PVCO5
PVCO6
PVCO7
PVCO8
PVCO09
PVC10
PVC11t
PVC12
PVC13
PVC14
PVC15
PVC16*
PVC1T7*

PVC18*

*Study in 50% methanol/water at 1 hour polymerization time

Pyrrole: PVC
ratio

0.1
0.2
0.5
0.8
1
0.1
0.2
0.5
0.8
1

0.1

0.5
0.8
1
0.1
0.2

0.5

Reaction
time(hour)

1

1

3
Mixed
Mixed

M ixed

Conductivity(Scm ')

#1

5.60
9.79

10.14

2.16
8.16
7.00
6.48
0.19
0.88
2.20
1.71
1.14
0.43
2.25
4.05

#2

5.06
9.25
9.90
0.09
2.33
1.21
1.82
1.25
0.17
1.09
1.74
1.46
1.14
0.57
2.60
3.08

Average
(Scrrr)

5.33
9.52
10.02
0.10
2.24
7.68
141
6.86
0.18
0.98
1.97
1.58
1.14
0.50
2.42
3.56
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TableB-3 Electrical conductivity of Polypyrrole powder prepared by dispersion

polymerization

Sample Pyrrole: PVP Solvent

code ratio

PVPOL 0.1 Methanol
PVP02 0.5 Methanol
PVPO03 0.8 Methanol
PVP04 0.1 W ater

PVP05* 0.5 Water

PVPO6 0.8 W ater

PVPO7 0.1 Mixed

PVPO08 0.5 Mixed

PVPOY 0.8 Mixed

PVP10* 0.5 2 hour

PVP11* 0.5 3 hour

*Study in water at 1,2, 3 hour polymerization time

Conductivity(Scm')  aAverage

#1

0.15
0.23
1.12
15.93
6.82
2.87
42 .43
16.71
0.91
1.72

13.02

#2

0.15
0.25
1.20
16.02
6.24
2.87
41.55
14.58
0.89
6.94

16.74

(Scrrr)
0.15
0.24
1.16
15.98
6.53
2.87
41.99
15.64
0.90
7.33
14.88



TableB-4 Conductive stability of Poiystyrene/Polypyrrole composites

Smdee

PSO1

PS02

PS03

PS04

PS05

storing time
(week)

0

o o &= N

o ® o = N o

o o & N o

Conductivity (Scm"J)

#1
1.53
1.41
1.08
1.06
0.82
0.88
2.70
2.65
1.64
1.49
1.25
1.08
1.13
6.33
4.28
3.94
3.52
3.49
8.26
2.86
1.62
1.19
0.87
0.70
10.85
3.36
241
1.65
1.32
1.09

#2

1.53
1.34
1.04
1.36
1.03
0.86
2.13
2.48
1.72
2.06
1.34
0.92
8.01
5.43
4.16
3.91

3.61

3.37
7.94
2.09
1.72
0.98
0.77
0.72
9.11

3.90
2.78
1.81
1.63
1.15

Average
(Sem'l)

1.53
1.38
1.06
1.21
0.92
0.87
2.72
2.56
1.68
1.78
1.30
1.00
1.57
5.88
4.22
3.92
3.56
3.43
8.10
2.48
1.68
1.08
0.82
0.71
9.98
3.63
2.60
1.73
1.48
1.12
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TableB -5 Conductive stability of Poly(vinyl chloride)/Polypyrrole composites

Samdple Storingime  Conductivity (Scm"])
code (We k} 1 # #2 (Sem'V

0 5.60 5.06 5.33
2 2.00 2.29 214
PVCO3 4 160 141 1.50
6 125 113 119
8 0.82 0.80 081
10 0.77 0.71 0.74
0 9.79 9.25 9.52
2 3.99 3.88 3.94
PVC04 4 3.04 3.24 3.14
6 444 2.95 3.0
8 181 180 180
10 124 114 119
0 1154 8.50 10.02
2 3.90 2.88 3.19
PVC05 4 2.19 2.04 212
6 179 1.56 168
8 125 0.99 112
10 1.00 104 102
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APPENDIX ¢

Attenuated total reflectance FT-IR spectroscopy [46]

The Attenuated total reflectance FT-IR spectroscopy is a sampling technique
based on internal reflection spectroscopy (1RS). The ATR technique rely on the
intimate contact of a sample with the surface of a high refractive index, infrared
transparent character or ATR prism, see Figure C-1(a),(b). IR radiation entering the
prism at an angle greater than the critical angle and internally reflected within the
prism. Its energy was attenuated by absorption of the sample attached to the prism

[47],
PRISM

PRISM

== r——

SAMPLE SAMPLE
@ ®
Figure C-1 Schematic diagram of internal reflection spectroscopy

Since smooth film cannot be fabricated from the samples being investigated,
casting onto the surface of prism is employed (see Figure C-2). Droplets of
suspended sample obtained by dispersing dry powders in methanol were put on the
prism. After the solvent was completely removed. The sample on the surface of the
ATR prism was analyzed by ATR FT-IR spectroscopy.
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Figure C-2 ATR FT-IR study model for polypyrrole coating composite

The incident angle is important for obtaining absorption band.  If the incident
angle is small, the inner layer of polymer sample will be detected. Thus, in this
investigation an incident angle of 45 Owas employed to observe the outer layer only

of polymer composite.



APPENDIX D
FT-IR Spectra
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