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APPENDICES

Appendix A Identification of Characteristic Peaks in FT-IR Spectrum of
Undoped Poly(p-phynylene)

The undoped poly(p-phynylene) (PPP) was characterized by FT-IR
spectroscopy in order to identify functional groups. The FT-IR spectrometer
(Thermo Nicolet, Nexus 670) operated in the absorption mode with 32 scans and a
resolution of +4 ¢cm'L covering a wavenumber range of 4000-400 cm'1 using a
deuterated triglycine sulfate detector. Optical grade KBr (Carlo Erba Reagent) was
used as the hackground material. The synthesized PPP was intimately mixed with
dried KBr at a ratio of PPP:KBr = 1:20
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Figure AL The FT-IR spectra of: a) undoepd poly(p-phenylene); and poly(p-
phenylene) doped with H.SO: at various mole ratios of acid to monomer unit (Necid
Nmonomer ); b) 1:100; ¢) 1:10; d) 1:1; (¢) 10:1 and (f) 100:1
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The assignments of peaks in the spectrum are shown in Table Al. The
characteristic peaks of ppp were found at 3025-3020 cm'1and can be assigned to the
stretching vibration of the C-H bond on the benzene ring; peak at 1477 and 805 cm'1
represents the double sides p-substituted stretching vibration; peak at 1000 cm'1
represents the C-C stretching vibration of benzene ring; and peaks at 757 and 693
cme1 represent the single side p-substituted stretching vibration (Kovacic et al,
1962).  After the neutral poly(p-phenylene) was doped with sulfuric acid, some
characteristic peaks of acid appeared on FT-IR spectra: the double sides p-substituted
stretching vibration will be shifted to higher wavenumbers at 1530 and 810 cm'1.
The shift of the C-C stretching vibration of benzene ring from 1000 to 1080 cm1is
present (Geetha et al., 2004).

Table Al The FT-IR absorption spectrum of undoped and doped ppp with H: SO

Wavenumber (cm ) Assignments References
3025 - 3020 C-H stretching of benzene ring Kovacic et al. (1962)
1530 and 810 Double sides p-substitute stretching after doping ~ Geetha et al. (2004)
1477 and 805 Double sides p-substitute stretching Kovacic et al. (1962)

1080 C-C stretching of benzene ring after doping Geetha et al. (2004)
1000 C-C stretching of benzene ring Kovacic et al. (1962)

757 and 693 Single side p-substitute stretching Kovacic et al. (1962)
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Appendix B Identification of Characteristic Peaks of Undoped and Doped
Poiy(p-phynylene) from UV-Visible Spectroscopy

The UV-Visible spectra of undoped and doped Poly(p-phynylene) recorded
with @ UV-Vis absorption spectrometer (Perkin-Elmer, Lambda 10). Measurements
were taken in the reflectance mode in the wavelength range of 200-900 nm.
Synthesized ppp was grinded into a fine powder and put into a sample holder. Scan
speed was 100 mm/min, and a slit width of 5.0 nm using a deuterium lamp as the
light source.
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Figure BL The UV-Visible spectra of : a) undoped Poly(p-phynylene); and Poly(p-
phynylene) doped with H2SO4at various mole ratios of acid to monomer unit (Nacid :
Nmonomer ) jb) 1:100 ;c) 1:10; d) L:1 ;e) 10:1 ;and f) 100:1.
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The UV-Visible spectra of undoped and doped Poly(p-phynylene) from the
references are shown in Table B1. The wavelength in [] refers to the results of the
assignments cited from references.

Table BL Assignment peaks of UV-Visible peaks of undoped and doped Poly(p-
phynylene)

Wa‘é’ﬁr'ﬁ”gth Assignments References

350£10 MTT* transitions of the

1350] benzoid fing Geetha et al. (2004)
300-400 717 transitions of the conjugated

[320-370] nolymer chains after dojpi%g Demanze et . (1996)
400-600

8701 Charge carriers Geetha et al. (2004)



Appendix ¢ Determination of Particle Sizes of Undoped and Doped ppp

Table CI' Summary of the particles diameter of undoped ppp_ ), Nacid : Nronomer
1:100 (PPP_1:100), Nadd  Nnmononer 1:10 (PPP_1:10), Naod : Nmonomer 11 (PPP_1:1),
Necid : Nmonomer 10:1 (PPP_10:1), and Nacid : Nmonomer 100:1 (PPP_100:1)

Particle diameter (pm)
2 3 Avg.  STD

PPP 473 4218 4097 4262 119
PPP 1:100 5015 497 4667 4884  0.96

PPP 110 5404 4647 5052 4634 424
PPP 11 5146 4333 4813 4764 408

PPP 101 4549 4642 4837 4676 147
PPPIO0T 775 4556 4592 4641 147

Samples



Table c2 The raw data from particle size analysis of undoped ppp

Size

Low
(pm)
0.50
1.32
1.60
1.95
2.38
2.90
353
4.30
h.24
639
1.78
9.48
11.55
14.08
17.15
20.90
25.46
31.01
31.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
22351
212.31
33177
404.21
492 47

High
(pm)
132
1.60
1.9
2.38
2.90
353
4.30
5.24
6.39
1.8
9.48
11.55
14.08
17.15
20.90
25.46
3101
31.79
46.03
56.09
68.33
83.26
101.44
123 59
150.57
183.44
22351
272,31
33117
404.21
492.47
600.00

In%

0.17

0.54
0.79
0.90
091

0.94
1.06
1.33
1.74
2.21

2.69
3.25
3.98
494
6.08
1.15
1.78
117
1.24
629
5.03
3.48
2.22
1.96
2.82
3.89
433
3.38
1.84
0.87
0.75
1.73

Une oped po y(p-phenylene)

Under%
0.17
0.71
150
2.39
3.30
424
5.30
6.63
8.37
10.58
13.27
16,51
20.50
25.44
3151
38.66
46.44
5421
61.45
67.74
12,77
76.20
7843
80.39
83.22
87 10
91.43
94,81
96.65
9752
98.28
100.00

In%
0.07
0.71
0.62
0.55
0.57
0.88
154
e
1.80
251
2.11
2.88
453
451
489
8.54
9.78
7.08
6.97
403
5.54
151
10.10
1.02
0.09
251
0.88
2.99
0.17
1.11
0.26
0.16

Under%
0.07
0.78
1.40
1.9
252
340
4.94
6.17
797
10.48
12.59
1547
20.00
24.51
29.40
37.94
47.72
54.80
61.77
65.08
71.34
78.85
88.95
89.97
92.01
94.52
95.40
98.39
98.47
99.58
99.84
100.00

In%

0.20

0.13

0.73

0.78
0.69
0.84
1.25
1.13
1.68

2.34
3.99
297
4.04
398
5.39
6.57
8.79
742
6.81
9.22
4.39
5.30
348
0.88
1.24
257
6.75
3.34
0.22
1.69
0.83
0.36

Under%
0.20
033
1.06
1.84
253
3.37
462
5.15
743
9.77
13.76
16.73
20.77
24.75
30.14
36.71
4550
52.92
59.73
68.95
73.34
78.64
82.12
83.00
84.24
86.81
93.56
96.90
97.12
98.81
99.64
100.00

134



Table c3 The raw data from particle size analysis of Nacid ; Nmonomer about 1 100

Size
Low
(pm)
0.50
1.32
1.60
195
2.38
2.90
353
4.30
524
6.39
1.78
9.48
11.55
14.08
17.15
20.90
25.46
31.01
31.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
22351
212.31
33177
404.21
49247

High
(pm)
1.32
160
1.9
2.38
2.90
353
4,30
h.24
639
1.18
9.48
11.55
14.08
17.15
20.90
25.46
31.01
31.79
46.03
56.09
68.33
83.20
101.44
123.59
150.57
183.44
22351
21231
33177
404.21
492 47
600.00

In%
0.06
0.30
0.50
0.64
0.77
091
10.9
1.33
1.58
181
207
254
3.38
459
593
6.82
6.61
5.32
4.15
443
6.59
10.00
11.50
7.99
3.84
2.11
1.30
0.86
0.59
0.32
0.05
0.00

Nacid « Nvonomer about 1:100

Under%
0.06
0.37
0.86
151
2.28
3.19
428
5.61
7.19
9.00
11.07
13.61
16.99
21.58
27.50
34.32
40.93
46.26
50.41
h4 84
61.44
71 44
8293
90.92
94.76
96.88
98.18
99.04
99.63
99.95
100.00
100.00

In%
0.06
031
051
0.66
0.79
0.94
1.12
1.36
161
1.85
2.11
2.60
3.46
471
6.07
6.96
6.68
5.29
4.06
4.32
6.50
9.96
11.52
8.00
3.74
1.86
0.97
0.62
0.62
0.73
0.00
0.00

Under%
0.07
0.38
0.89
155
2.35
3.28
441
517
7.38
9.23
11.34
1393
17.40
22.11
28.17
35.13
4181
4711
5117
55.49
61.99
71.95
83.45
91.45
95.19
97.06
98.03
98.65
99.27
99.99
100.00
100.00

In%
0.06
0.28
0.46
0.60
0.73
0.87
1.06
1.29
154
1.76
1.99
244
3.23
441
574
6.69
6.60
547
441
4.74
6.94
10.34
11.66
7.85
3.70
2.19
153
0.99
0.46
0.00
0.00
0.00

der%
0.06
0.34
0.80
140
2.13
3.00
4.06
5.35
6.89
8.65
10.64
13.08
16.32
20.72
26.45
33.14
39.74
45.20
49,61
54.36
61.30
71.64
83.28
91.13
94.83
97.03
98.55
99.54
100.00
100.00
100.00
100.00

135



Table c4 The raw data from particle size analysis of Nacid ; Nmonomer about 1:10

Size

Low
(pm)
0.50
132
1.60
1.95
2.38
2.90
353
4.30
5.24
6.39
1.78
9.48
11.55
14.08
17.15
20.90
25.46
31.01
31.79
46.03
56.09
68.33
83.26
101.44
12359
15057
183.44
22351
272.31
33177
404.21
492 47

High
(pm)
RY)
1.60
195
2.38
2.90
353
4.30
5.24
6.39
1.8
9.48
11,55
14.08
17.15
20.90
25.46
31,01
371.79
46.03
56.09
68.33
83.26
101.44
12359
150.57
183.44
22351
212,31
33177
404.21
49247
600.00

In%
0.11
0.45
0.71
0.87
0.97
1.08
1.26
152
1.85
2.20
254
3.03
3.76
4.75
5.82
6.56
6.51
5.66
480
492
6.39
8.58
9.17
6.38
3.25
2.00
151
1.21
0.96
0.67
0.38
0.10

Nacid « Nmonomer ahout 1:10

der% In% Under%  In%
0.12 0.13 0.13 0.10
0.57 051 0.64 0.40
128 080 145 0.62
2.15 0.98 243 0.76
3.12 1.09 3.52 0.86
421 1.21 4.73 0.97
5.46 1.39 6.12 115
6.98 1.66 1.78 141
8.84 2.02 9.80 1.74
1104 238 1218 208
1358 274 1492 242
1661 326 1819 2.3
2037 407 2226 357
2412 515 2741 449
09 631 3372 550
3149 707 4079  6.26
4399 691 4770  6.39
4966 58 535 590
h446 479 5835 544
50939 480 6316 586
6579 626 6943 745
7436 845 7787 954
8353 896 8682 975
8990 608 9290 648
93.16 292 9582  3.09
9517 158 9741 1.75
9668 105 9846 131
9789 077 9923 103
9885 053  99.76  0.65
9952 024 10000 0.14
9990 0.0 10000  0.00
10000 0.00  100.00  0.00

Under%
0.10
0.49
1.12
1.88
2.74
3N
486
6.26
8.00
10.09
1251
15.40
18.97
23.45
28.95
35.20
41.59
4750
h2.94
58.80
66.26
75.80
85.54
92.02
% 1
96.87
98.18
99.21
99.86
100.00
100.00
100.00

136



Table 5 The raw data from particle size analysis of Nacid : Nmonomer about 1:1

Size
Low
(pm)
0.50
132
1.60
1.95
2.38
2.90
353
4.30
524
6.39
1.78
9.48
11.55
14.08
17.15
20.90
25.46
31.01
37.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
22351
212.31
33177
404 21
492 47

High
(pm)
13
1,60
1.9
2.38
2.90
353
4.30
5.24
6.39
1.78
9.48
11,55
14.08
17.15
20.90
25.46
3101
31.79
46.03
56.09
68.33
83.26
101.44
12359
150.57
183.44
22351
212,31
33117
404.21
49247
600.00

In%
0.07
0.30
0.49
0.64
0.81
1.02
1.34
1.1
2.21
2.75
3.14
3.54
4.05
467
531
513
5.75
h.84
5.38
5.92
1.18
8.55
8.49
6.05
3.25
178
1.06
0.76
0.68
0.66
0.60
051

Nacid tNmonomer abOUt 1'1

Under%
0.07
0.37
0.85
150
2.30
3.33
467
6.44
8.71
11.46
14.60
18.14
22.19
26.87
St
3790
43.65
49.12
h4.51
60.43
67.61
76.16
84.64
90.69
93.94
95.72
96.78
97 54
98.23
98.89
99.49
100.00

In%
0.07
0.33
0.54
0.71
0.88
1.11
144
1.88
240
2.89
3.28
3.67
416
4.76
5.37
513
5.67
5.30
5.09
555
6.78
8.17
8.21
5.92
3.26
1.88
1.19
0.89
081
0.79
0.70
0.57

der%
0.07
0.40
0.95
1.66
254
3.65
5.09
6.97
9.37
12.25
15.53
19.20
23.36
28.13
33.49
39.23
44.90
50.19
55.29
60.84
67.62
75.78
83.98
89.90
93.17
95.05
96.24
97.12
97.94
98.73
99.43
100.00

In%
0.07
0.29
051
0.66
0.85
1.08
1.33
1.95
2.38
2.84
3.09
3.88
4.09
4.66
5.32
5.77
5l
546
5.29
5.17
113
8.64
8.34
5.97
3.27
1.82
1.15
0.84
0.71
0.54
0.12
0.47

Under%
0.07
0.36
0.87
153
2.38
346
479
6.74
9.12
11.96
15.05
18.93
23.02
27.68
33.00
38.77
44 48
49,94
55.23
61.00
68.13
16.77
85.11
91.08
94.35
96.17
97.32
98.16
98.87
99.41
99.53
100.00

137



Table Ce The raw data from particle size analysis of Nacid : Nmonomer about 10:1

Size
Low
(pm)
0.50
132
1.60
1.95
2.38
2.90
353
4.30
524
6.39
1.78
9.48
11.55
14.08
17.15
20.90
25.46
31.01
37.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
22351
212.31
33L.77
404.21

High
(pm)
132
1.60
195
2.38
2.90
353
4.30
5.24
6.39
1.78
9.48
11,55
14.08
17.15
20.90
25.49
3101
371.79
46.03
56.09
68.33
83.26
101.44
12359
150.57
183.44
22351
272,31
33177
404.21
600.00

In%
0.08
0.33
0.52
0.64
0.72
0.85
0.97
1.19
147
175
1.99
2.30
2.16
343
4.29
5.16
5.83
6.19
6.40
6.88
7.85
8.92
8.77
6.49
3.94
2.19
2.26
193
1.60
1.16
0.56

Nacid Nmonomer abOUt 10:1

nder%
0.08
041
093
1.57
2.29
3.10
4.07
5.26
6.73
8.48
10.47
12,77
1554
1897
23.26
28.42
34.25
40.44
46 84
h3.73
61.58
7050
79.26
85.75
89.69
92.49
94.75
96.68
98.28
99.44
100.00

In%

0.10

031

0.54
0.66

0.75
0.78
0.95
1.28
1.56
1.80
1.85
2.44
2.85
341
427
511
5.23
6.78
6.44
6.69
7.86
8.94
8.42
6.49
3.64
2.88
2.34
1.94
155
121
093

Underd%
0.10
041
09
161
2.36
3.14
409
5.37
6.93
8.73
10.58
13.02
15.87
19.28
2355
28.66
33.89
40.67
4711
53.80
61 66
70.60
79.02
85.51
89.15
92.03
94.37
96.31
97.86
99.07
100.00

In%
0.07
0.36
0.99
0.61
0.80
0.65
0.92
1.24
1.55
171
1.97
251
2.12
3.45
4.16
539
5.22
6.67
6.39
6.84
7.88
8.99
8.69
6.41
365
284
2.26
1.90
159
050
0.12

der%
0.07
043
142
2.03
2.83
443
5.35
6.59
8.14
9.85
11.82
14.33
17.05
2050
24.66
30.05
35.27
41,94
48.33
h5.17
63.05
72.04
80.73
87.14
90.79
93.63
95.89
97.79
99.38
99.88
100.00
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Table C7 The raw data from particle size analysis of Nacid : Nmonomer about 100:1

Size

High
(pm)
1.3
1.60
1.9
2.38
2.90
353
4.30
5.24
6.39
1.8
9.48
11,55
14.08
17.15
20.90
25.49
3101
31.79
46.03
56.09
68.33
83.26
101.44
12359
150.57
183.44
22351
212,31
33117
404.21
600.00

In%
0.08
0.26
0.39
0.46
0.50
0.57
0.72
0.97
1.30
1.64
1.9
2.26
2.64
3.16
3.90
485
5.94
7.08
8.20
9.28
10.20
10.50
9.30
6.49
3.68
2.01
1.07
0.49
0.11
0.00
0.00

Nacid 1 Nmonorer about 100:1
Under%  In% der%  In%
0.08 0.08 0.09 0.09
0.34 0.28 0.37 0.29
0.73 0.42 0.79 0.44
118 0.50 1.29 0.52
1.68 0.55 1.84 0.56
2.26 0.63 247 0.64
2.98 0.78 3.26 0.79
3.95 104 429 1.05
5.25 1.37 5.66 1.38
6.89 1.72 7.38 173
8.84 2.03 9.42 2.04
110236 1178 236
1374 276 1454 276
1690 334 1788 334
2080 414 2202 415
2565 514 2716 516
3159 625 3341 630
3867 736 4077 740
4687 840 4917 839
5.15 933 5850 924
6635 1006 6856  9.87
7684 1012 7867  9.88
86.14 877 8743 861
9263 599 9342 601
%31 329 9%.72 343
9833 174 9847 187
9940 095 9941 1.03
9989 047 9988 052
10000 0.2 10000 015
10000 0.00  100.00  0.00
100.00  0.00  100.00  0.00

Under%
0.09
0.38
0.82
1.34
1.90
2.54
438
5.76
1.49
9.53
11.89
14.66
18.00
22.14
2131
3361
41,01
49.40
h8.64
68.50
78.38
86.99
92.99
96.42
98.30
99.33
99.85
100.00
100.00
100.00
100.00
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Appendix D Properties of the Polymer Blend Matrix.

The matrix used in research is acrylic elastomers from Nipon Zeon Advance
Polymix Co,.LTD. There are two types: Nipol AR71 and Nipol AR72HF. Their
different properties are tabulated in Table DI.

Table DI The properties of Nipol AR71 and Nipol AR72HF from Nipon Zeon*
Advance Polymix Co,.LTD.

Properties ART1 ART2HF

Elongation (%) 400 230
Volatile matter (%) 0.32 0.56
Tensile strength (MPa) 11.8 11.2
100% Modulus (MPa) 41 6

Ash (%) 0.22 0.16
Moony Viscosity at 1ooc 50 48
Glass Transition ¢ 15 -28
Specific Gravity 1.11 1.11

Heat resistance Low Temperature resistance

Ilyps

*Note: 100Amodulus is Young’s modulus at strain equal 100%.



141

Appendix E Determination of the Correction Factor (K)

The electrical conductivity of undoped and doped ppp was measured by a
two-point probe meter. The meter consists of two probes, making contact on the
surface of film sample. These probes were connected to a source meter (Keithley,
Model 6517A) for a constant voltage source and reading the resultant current.

The geometrical correction factor was taken into account of geometric effects,
depending on the configuration and probe tip spacing.

gL Y
l

(E)
K is geometrical correction factor, is width of probe tip spacing (cm), Lis the
length between probes (cm).

In this measurement, the constant K value was determined by using standard
materials whose specific resistivity values were known; we used silicon wafer chips
(SIC2). In our case, the sheet resistivity was measured by using our custom made
two-point probe and then the geometric correction factor was calculated by equation
(E.2) as follows:

= Rt 7V~x¥
(E2)

K is geometric correction factor, p is resistivity of standard silicon wafer
which has been calibrated by using a four point probe at King Mongkut’s Institute
Technology of Lad Krabang (Q.cm), t is the film thickness (cm), R is the film
resistance (Q), | is the measured current (A), and V is the voltage drop (V).

Standard Si wafer were cleaned to remove organic impurities prior to be used
according to the standard RCA method (Kern, 1993).
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Materials

Acetones (Scharlau, 99.5%), Methanol (CARLO ERBA, 99.9%), Ammonium
hydroxide (Merk, 99.9%), Hydrogen peroxide (CARLO ERBA, 30% in water), and
dilute (2%) Hydrofuric acid

Experiment

The cleaning procedure contains 3 steps: the solvent clean, the RCAQL and
the HF dip. The first step is the solvent clean step, employed to remove oils and
organic residues that appeared on Si wafer surface. The Si wafer was placed into the
acetone at 55°c for 10 min, removed and placed in methanol for 2-5 min,
subsequently rinsed with deionized water and blown dried with nitrogen gas. Second
step is the RCA clean, to remove organic residues from silicon wafers. This process
oxidized the silicon wafer and left a thin oxide on the surface of the wafer. RCA
solution was prepared with 5 parts of water (H20), 1 part of 27% ammonium
hydroxide (NH4OH), and 1 part of 30% hydrogen peroxide (H202). 65 ml of
NHOH (27%) was added into 325 ml of deionized water in a beaker and then heated
to 70 + 5°c.  The mixture would bubble vigorously after 1-2 min, indicated that it
was ready to use. Silicon wafer was soaked in the solution for 15 min, consequently
overflown with deionized water in order to rinse and remove the solution. The third
step is the HF dip, which was carried out to remove native silicon dioxide from
wafer. 480 ml of deionised water was added to the polypropylene bottle and then
added to 20 ml HF. Wafer was soaked in this solution for 2 min, removed and
checked for hydrophobicity by performing the wetting test. Deionized water was
poured onto the surface wafer; the clean silicon surface would shows that the beads
of water would roll off. Clean Si wafer was further blown dried with nitrogen and
stored in a clean and dry environment.
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Table EI' Determination the geometrical factor of probe A

Probe K" (correction factor)
L 2 3 Avera%e STD
A 275E-05 284E-05 2.80E-05 2.80E-05 4.59E-07

.030

.025 A

.020 -

015 -

Current (mA)

.010 -

.005 +

0.000 T T T oy T T T
0 20 40 60 80 100 120 140 160

Drop Voltage (mV)

Figure EI The calibration data of Si-wafer: K tay which specific resistivity (p)
0.014265 Q.cm, thickness 0.0724 cm, 24-25°C, 55-59 %R.H.
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Table E2 Determination the correction factor of probe A with standard Si wafer

(specific resistivity 0.014265 D.cm, thickness 0.0724 cm, 24-25°C, 55-59% R.H)

Volt Applied (mV)

1

1
5
10
15
20
25
30
3
40
45
50
95
60
65
10
15
80
85
90
9%
100
105
110
115
120
125
130
140
150

2

3
1
5
10
15
20
25
30
3
40
45
50
95
60
65
10
15
80
85
90
9%
100
105
110
115
120
125
130
140
150

Current (raA)

1
0.00034
0.00091
0.00154
0.00214
0 00265
0.00311
0.00370
0.00439
0.00488
0.0054
0.00587
0.00673
0.00741
0.00784
000872
0.00947
0.0104

0.0108
0.0115
0.0124
0.0125
00138
0.0149
0.0158
0.0171
0.0184
0.0202
00222
0.0251

2
0.00031
0.00085
0.00158
0.00213
0.00264
0.00312
0.00368
0.00435
0.00491
0.00548
0.00584
0.00665
000746
0.00782
0.00860
0.00952

0.0102
0.0109
0.0117
0.0122
0.0129
0.0135
0.0148
0.0159
00171
0.0185
0.0204
0.0223
0.0255

3
0.0003/
0.00088
0.00155
0.00217
0.00265
0.00309
0.00364
0.00431
0.00489

0.0055
0.00588
0.00662
0.00744
0.00768
0.00875
0.00955
0.01
0.0108
0.0115
0.0122
0.0127
0.0137
0.0151
0.0158
0.0174
0.0185
0.0203
0.0228
0.0252
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Appendix F Conductivity Measurement

The specific conductivity, which is the inversion of specific resistivity (p) of
undoped and doped ppp pellets were measured by using the two-point probe
connected to a source meter (Keithley, Model 6517A) for a constant voltage source
and reading resultant current under the atmospheric pressure, 54-60% relative
humidity and at 24-25°C. The geometric correction factor (K) of probe A is 2.8x1 05
The thickness of pellets was measured by a thickness gauge. The applied voltage
was plotted versus the current to determine the linear ohmic regime of each sample.
The applied voltage and the current change in the linear ohmic regime were
converted to the electrical conductivity of the palymer by using equation (F.I) as
follows:

%) Rslxt Kx\llxt ()
where a is specific conductivity (S/em), p is specific resistivity (Q.cm), Rsis the
sheet resistivity (Q), I is the measured current (A), K is the geometric correction
factor, V is the applied voltage (voltage drop) (V), tis the pellet thickness (cm).

In addition, the conductivity of matrixes can he measured by using the
resistivity testing fixture (Keithley, Model 8009) connected to a source meter
(Keithley, Model 6517A) for a constant voltage source and reading resultant current
under the atmospheric pressure, 54-60% relative humidity and 24-25°C. The
conductivity of matrixes can calculate by using equation (F.2 - F.3) as follows:

Kv= **(fl +Fxg]) (F2)

where Kvis effective area of the guarded electrode for the particular electrode
arrangement employed (cm2), D is diameter of the guarded electrode (cm), p is
effective area coefficient (cm2) (P is always zero), g is distance between the guarded
electrode and the ring electrode (cm).
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1 X
) = 20xv (F3)

where a is the specific conductivity (S/cm), p is the specific resistivity (Q.cm), s
the measured current (A), V is the applied voltage (voltage drop) (V), t is the sheet
thickness (cm).

Table FI Determination the specific conductivity (S/cm) of matrixes, undoped and
doped poly(p-phenylene) at various mole ratios of acid to monomer unit

Code Specific conductivity STD

(Slcm)
AR71 5.16E-12 1.38E-13
ART2HF 1.03E-12 1.24E-14
ppp 5.28E-06 4.86E-07
ppp 1:100 1L.O7E-05 1.66E-07
PPP 1:10 1.56E-05 1.24E-07
PPP 11 3.48E-05 2.86E-06
PPP 101 3.31E-04 4,78E-05

PPP 100:1 1.30E-03 2.26E-05
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Table F2 The raw data of the determination of linear regime of AR72HF at 24-
25°C, 54-60% R.H

Sample
ART2HF

Thickness

(cm)
1) 0.0157
2) 00155
3) 0.0158

Applied
1

5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95

100
105
110
115
120

voltage (V)
2 3
5 5
010
5 15
20 2
% 25
30030
¥ %
40 40
55 45
50 50
5 5
0 60
65 6
010
BT
80 80
85 85
%0 90
% 95
100 100
105 105
110 110
115 115
120 120

Mesuered Current (A)

1 2 3
6.88E-09  6.91E-09  6.89E-09
144E-08  144E-08  143E-08
219E-08  218E-08  2.20E-08
296E-08  2.96E-08  2.97E-08
3.68E-08  3.67E-08  3.66E-08
451E-08  450E-08  4.55E-08
530E-8  5.30E-8  53LE-08
6.08E-8  6.08E-08  6.08E-08
6.87E-08  6.87E-08  6.68E-08
748E-08  7T.44E-08  7.45E-08
B46E-08  84GE-08  8.44E-08
9.19E-08  9.0E-08  9.22E-08
9.94E-08  9.95E-08  9.98E-08
1.07E-07 = 1.07E-07  1.07E-07
114E-07 ~ 1.14E-07  1.14E-07
121E-07  122E-07  1.22E-07
1.29E-07  129E-07  1.28E-07
135E-07  136E-07  1.36E-07
143E-07  143E-07  144E-07
151E-07  152E-07 ~ 1.55E-07
1.61E-07  164E-07  1.62E-07
1.70E-07  1.71E-07  1.70E-07
1.84E-07  184E-07  1.88E-07
1.98E-07 ~ 196E-07  1.94E-07

Conductivity (Slcm)

1 2 3
9.43E-13  947E-13  9.45E-13
987E-13  9.87E-13  9.80E-13
1.00E-12  9.96E-13  1.01E-12
1.01E-12  1.01E-12  1.02E-12
1.01E-12  1.01E-12  1.00E-12
1.03E-12  1.03E-12  1.04E-12
1.04E-12  1.04E-12  1.04E-12
1.04E-12  1.04E-12  1.04E-12
1.05E-12  1.05E-12  1.02E-12
1.03E-12  1.02E-12  1.02E-12
1.05E-12  1.05E-12  1.05E-12
1.05E-12  1.05E-12  1.05E-12
1.05E-12  1.05E-12  1.05E-12
1.05E-12  1.05E-12  1.05E-12
1.04E-12  104E-12  1.04E-12
1.04E-12  1.05E-12  1.05E-12
1.04E-12  1.04E-12  1.03E-12
1.03E-12  1.04E-12  1.04E-12
1.03E-12  1.03E-12  1.04E-12
1.04E-12  1.04E-12  1.06E-12
1.05E-12  1.07E-12  1.06E-12
1.06E-12  1.07E-12  1.06E-12
1.10E-12  1.10E-12  1.12E-12
1.13E-12  112E-12  LI1L1E-12

Table F3 The raw data of the determination conductivity of AR71 at 24-25°C, 54-

60% RH
Thickness
Sample )
ART1 1) 0.0235
2) 0.0222
3) 0.0241

Applied voltage(V)
1 2 3

10
20

30

40

50

60

70

80

90
100

10
20
30
40
50
60
70
80
90
100

10
20
30
40
50
60
70
80
90
100

Mesuered Current (A)

1 2 3
5.17E-08 528E-08  5.39E-08
1.06E-07  1.05E-07  1.06E-07
156E-07  152E-07  159E-07
2.02E-07  2.01E-07  2.00E-07
2.46E-07  2.49E-07  2.48E-07
3.04E-07  3.06E-07  3.10E-07
351E-07  350E-07  348E-07
398E-07 399E-07  3.97E-07
4.43E-07  4.49E-07  4.45E-07
497E-07  492E-07  4.94E-07

Conductivity (Slcm)

1 2 3
5.26E-12  537E-12  548E-12
539E-12  534E-12  5.39E-12
529E-12  5.6E-12  5.39E-12
514E-12  5.11E-12  5.09E-12
501E-12  507E-12  5.05E-12
516E-12  5.19E-12  5.26E-12
5.10E-12  5.09E-12  5.06E-12
5.06E-12  507E-12  5.05E-12
5.01E-12  5.08E-12  5.03E-12
5.06E-12  5.01E-12  5.03E-12
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Table F4 The raw data of the determination of linear regime of ppp_  at 24-25°C,

54-60% R.H
Thicki

Sample Egmr;ess

ppp_ 1) 0.0201
2) 0.0199
3) 0.0203

Applied voltage (V)
1 2 3

01
05
1
15
2
2.5
3
35
4
45
5
55
b
6.5
7
75
8
8.5
9
9.5
10
10.5
1
115
12
125
13
135
14
145
15
155

16
16.5

i

01
0.5
1
15
2
2.5
3
35
4
45
5
55
6
6.5
7
1.5
8
8.5
9
9.5
10
10.5
i
115
12
125
13
135
14
145
15
155

16
16.5

i

01
05
1
15
2
2.5
3
35
4
45
5
55
b
6.5
7
75
8
8.5
9
9.5
10
10.5
i
115
12
125
3
135
14
145
15
15.5

16
16.5

i

Mesuered Current (A)

1 2 3
125612 120E-12  121E-12
179E-12  185E-12  1.74E-12
286E-12  2.83E-12  2.88E-12
4.26E-12  4.25E-12  4.26E-12
5.32E-12  5.31E-12  5.35E-12
6.86E-12  6.78E-12  6.85E-12
8.13E-12  8.11E-12  B8.14E-12
101E-11  1.05€-11  LOOE-U
1.16E-11  1I5E-11  1.19E-11
140E-11  134E-11  138E-11
158E-11  155E-11  1.60E-11
179E-11  178E-11  1.78E-11
5.98E-11 5.94E-11 5.99E-11
§.38E-11 = 6.34E-11  6.40E-11
6.87E-11  6.89E-11  6.88E-11
T44E-11  7.40E-11  T.43E-11
7.83E-11 777E-11 T7.75E-11
8.30E-11 8.36E-11  8.32E-11
8.91E-11 891E-11  8.95E-11
9.42E-11  9.40E-11 9.44E-11
9.93E-11  9.95E-11 9.98E-11
1.056-10  1.04E-10  1.03E-10
1.09E-10  1.09E-10  1.05E-10
1.16E-10  1.17E-10  1.16E-10
122E-10  1.23E-10  1.20E-10
128E-10  129E-10  1.27E-10
134E-10  133E-10  1.39E-10
138E-10  1.38E-10  1.39E-10
141E-10  143E-10  141E-10
144E-10  L144E-10  1.43E-10
149E-10  150E-10  1.55E-10
158E-10  157E-10  1.59E-10
161E-10  162E-10  159E-10
164E-10  165E-10  1.61E-10
169E-10  168E-10  1.65E-10

Conductivity (Slcm)

1 2 3
222E-05  2.13E-05  215E-05
636E-06  657E-06  6.18E-06
5.08E-06 5.03E-06  5.12E-06
5.05E-06  5.03E-06  5.05E-06
4.73E-06  4.72E-06  4.75E-06
488E-06  4.82E-06  4.87E-06
482E-06  4.80E-06  4.82E-06
513E-06  5.33E-06  5.08E-06
515E-06 5.1IE-06  5.29E-06
553E-06  5.20E-06  5.45E-06
56lE-06 551E-06  5.69E-06
578E-06 5.75E-06  5.75E-06
1.77E-05  1.76E-05  1.77E-05
1.74E-05  L1.73E-05  1.75E-05
1.74E-05  L1.75E-05  1.75E-05
L76E-05  L75E-05  L76E-05
1.74E-05  173E-05  1.72E-05
1.74E-05  1.75E-05  1.74E-05
1.76E-05  L1.76E-05  1.77E-05
1.76E-05  176E-05  1.77E-05
1.76E-05  L.77E-05  1.77E-05
1.78E-05  L1.76E-05  1.74E-05
1.76E-05  1.76E-05  1.70E-05
L79E-05  181E-05  L.79E-05
181E-05  182E-05  1.78E-05
182E-05 183E-05  181E-05
183E-05  182E-05  L90E-05
182E-05  182E-05  183E-05
L79E-05  18LE-05  LT9E-05
L76E-05  L76E-05  L.75E-05
L76E-05  178E-05  L84E-05
1.81E-05  180E-05  1.82E-05
1.79E-05  180E-05  1.77E-05
177E-05  178E-05  1.73E-05
1.77E-05  1.76E-05  1.72E-05
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Table F5 The raw data of the determination cONAUCtIVItY ;¢ acianmonomer
(PPP_1:100) at 24-25T, 54-60% R.H

Sample
ppp_l:100

Thickness
(cm)

1) 00225

2) 0.0240

3) 0.0236

Applied voltage (V)
1 23

01
05
1
15
2
2.5
3
35

01
0.5
1
15
2
2.5
3
3.5

01
05
1
15
2
2.5
3
35

Mesuered Current (A)

1 2 3
556E-13  553E-13  560E-13
1.30E-12  143E-12  144E-12
2.19E-12  237E-12  211E-12
3.18E-12  3.12E-12  3.14E-12
411E-12  416E-12  4.12E-12
5.24E-12  533E-12  5.38E-12
6.40E-12 ~ 6.28E-12  6.51E-12
T49E-12 = 754E-12  T751E-12
883E-12  893E-12  8.99E-12
1.05E-11  104E-11  1.06E-11
1.22E-11  123E-11  1.19E-11
160E-11  158E-11  1.64E-11
1.92E-11  191E-11  1091E-11
2.01E-11  2.05E-11  2.04E-11
6.90E-11  6.95E-11 6.94E-11
7.82E-11  7.80E-11  7.85E-11
8.7E-11 B.89E-11  8.79E-11
9.67E-11  9.65E-11  9.70E-11
1.06E-10  1.06E-10  1.06E-10
1.16E-10  1.15E-10  1.16E-10
1.25E-10  124E-10  1.28E-10
134E-10  135E-10  133E-10
142E-10  143E-10  147E-10
158E-10  152E-10  1.55E-10
1.61E-10  162E-10  1.62E-10
172E-10  171E-10  1.74E-10
1.80E-10  1.80E-10  1.81E-10

Conductivity (Slcm)

1 2 3
6.69E-06  6.65E-06  6.73E-06
313E-06  3.44E-06  3.46E-06
263E-06 2.85E-06  254E-06
255E-06  250E-06  252E-06
247E-06  250E-06  2.48E-06
252E-06  256E-06  259E-06
257E-06  252E-06  2.61E-06
257E-06  259E-06  258E-06
265E-06  2.68E-06  2.70E-06
281E-06  2.78E-06  2.83E-06
293E-06 296E-06  286E-06
350E-06  3.45E-06  359E-06
385E-06  3.83E-06  3.83E-06
345E-06  352E-06  3.50E-06
LOE-05  LO4E-05  LO4E-05
1.04E-05  1.04E-05  1.05E-05
1.07E-05  1.07E-05  1.06E-05
1.0GE-05  105E-05  106E-05
LOGE-05  10GE-05  1.06E-05
1.07E-05  1.06E-05  1.07E-05
1.07E-05  1.07E-05  1.10E-05
LOTE-05  10BE-05  LOTE-05
LOTE-05  LOTE-05  L10E-05
1.12E-05  1.08E-05  1.10E-05
1.08E-05  108E-05  108E-05
L09E-05  108E-05  110E-05
1.08E-05  1.0BE-05  1.09E-05
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Table F6 The raw data of the determination conductivity of NecidNmonomer
(PPP_1:10) at 24-25°C, 54-60% RH

Sample

ppp_1:10

Table F7 The raw data of the determination
(PPP 1.1) at 24-25°C, 54-60% R.H

Sample
PPP 11

Thickness

(cm)
1) 0.0220
2) 0.0215
3) 00213

Thickness

(cm)
1) 0.0187
2) 0.0179
3) 00181

Applied voltage (V)
1 2 3

© o N o Gl B~ W N

= = e s s e
[ I SO FOR O =)

1

— —
N':“okooo\lc»m.:;wl\:

— =
[3 2 RS I}

© oo N o ol B W N

= s s s
(S 2 B SN TC R L T e e )

Applied voltage (V)
1 3

1
2
3
4
5
b
7
8
9

10
1
12
13
14
15

© o N o Ul AW N LN

[ T
(S 5 B =R IS I T R e )

© o N o Ol B~ W N

= > > s s e
Ol B~ W o P o

Mesuered Current (A)

I 2 3
2.30E-12  2.13E-12  2.28E-12
441E-12  4.40E-12  4.52E-12
6.72E-12  6.84E-12  6.80E-12
9.39E-12  9.40E-12  9.41E-12
1.24E-11  122E-11  1.25E-11
151E-11  153E-11  156E-11
1.92E-11  190E-11  194E-11
7.37E-11 7.38E-11  T7.41E-11
8.27E-11  8.17E-11  8.25E-11
911E-11 9.08E-11  9.15E-11
9.89E-11 9.94E-11  9.97E-11
1.10E-10  1.11E-10  1.15E-10
1.22E-10  124E-10  1.25E-10
132E-10  131E-10  1.37E-10
1.58E-10  157E-10  153E-10

Conductivity (Slcm)

1 2 3
380E-06  3.52E-06  3.77E-06
3.65E-06  3.64E-06  3.74E-06
370E-06  3.77E-06  3.75E-06
388E-06 3.80E-06  389E-06
410E-06  4.03E-06  4.13E-06
416E-06  422E-06  4.30E-06
454E-06  4.49E-06  458E-06
152€-05  153E-05  153E-05
152€-05  150E-05  152E-05
151E-05  150E-05  151E-05
L49E-05  149E-05  L50E-05
152E-05  153E-05  1.58E-05
155E-05  158E-05  159E-05
L56E-05  155E-05  LG2E-05
1.74E-05  1.73E-05  1.69E-05

CondUCtiVity of Nacid:Nmonomer

Mesuered Current (A)

1 2 3
3.72E-12  3.85E-12  3.82E-12
7.28E-12  T7.34E-12  T41E-12
118E-11  119E-11  1.16E-11
186E-11  188E-11  1.94E-11
6.84E-11 6.89E-11  6.91E-11
8.76E-11  8.74E-11  8.81E-11
1.02E-10  1.05E-10  1.01E-10
1.26E-10  125E-10  1.25E-10
145E-10  1.44E-10  1.46E-10
1.68E-10  1.66E-10  1.68E-10
191E-10  195E-10  1.93E-10
221E-10  2.23E-10  2.23E-10
245E-10  2.44E-10  247E-10
2.69E-10  2.72E-10  2.70E-10
293E-10  2.89E-10  2.94E-10

Conductivity (Slcm)

1 2 3
730E-06 7.55E-06  750E-06
7.14E-06  7.20E-06  7.27E-06
7.72E-06  7.78E-06  7.59E-06
912E-06 9.22E-06  9.52E-06
2.68E-05  2.70E-05  2.71E-05
286E-05 286E-05  2.88E-05
286E-05 294E-05  2.83E-05
309E-05  3.07E-05  3.07E-05
316E-05  3.14E-05  3.18E-05
330E-05  3.26E-05  3.30E-05
341E-05  348E-05  344E-05
361E-05 3.65E-05  3.65E-05
370E-05  3.68E-05  3.73E-05
377E-05  381E-05  3.78E-05
383E-05 378E-05  385E-05
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Table F8 The raw data of the determination conductivity of NecidNmonomer

(PPP_10:1) at 24-25°C, 54-60% RH

Thickness
Sample )
ppp_10:1 1) 0.0180

2) 00215

3) 00168

Applied voltag,e(\/g

1 2
0001 0001 0001
0005 0005 0.005
0010 0010 0,010
0015 0015 0015
0020 0020 0020
0025 0025 0025
0030 0030 0030
0035 0035 0.035
0040 0040 0.040
0045 0045 0045

Mesuered Current (A)

1 2 3
2.22E-13  2.29E-13  2.19E-13
887E-13  B.8GE-13  BOIE-13
156E-12  161E-12  1.68E-12
2.38E-12  2.44E-12  251E-12
3.33E-12  341E-12  3.36E-12
4.15E-12  4.19E-12  4.18E-12
5.02E-12  5.I1E-12  5.13E-12
594E-12 589E-12  5.88E-12
6.88E-12  6.82E-12  6.91E-12
7.95E-12 = 7.90E-12  7.81E-12

Table F9 The raw data of the determination
(PPP_100:1) at 24-25°C, 54-60% R.H

Thickness

Sample (o)
ppp_100:1 1) 0.0202
2) 0.0195
3) 0.0188

Applied voltage
1 2

0.001
0.005
0.010
0.015
0.020
0.025
0.030
0.035
0.040
0.045

0.001
0.005
0.010
0.015
0.020
0.025
0.030
0.035
0.040
0.045

(V)
3
0.001
0.005
0.010
0.015
0.020
0.025
0.030
0.035
0.040
0.045

Conductivity (Slcm)

1 2 3
4.26E-04  4.40E-04 4.21E-04
3.41E-04  3.40E-04  3.42E-04
3.00E-04  3.00E-04  3.23E-04
3.05E-04  3.12E-04  3.21E-04
3.20E-04  327E-04  3.23E-04
3.19E-04  3.22E-04  3.21E-04
3.21E-04  327E-04  3.28E-04
3.26E-04  3.23E-04  3.23E-04
330E-04  3.27E-04  3.32E-04
339E-04  337E-04  3.33E-04

conductivity of NecidiNmonomer

Mesuered Current (A)

1 2 3
9.91E-13  9.88E-13  9.78E-13
383E-12  3.94E-12  3.89E-12
7.02E-12  6.89E-12  6.98E-12
1.08E-11  104E-11  1.06E-11
T41E-11  145E-11 1.44E-11
182E-11  183E-11  1.80E-11
2.09E-11 211E-11  211E-1
243E-11  2.43E-11  2.45E-11
2.80E-11  2.79E-11  2.88E-11
3.13E-11  3.14E-11 3.18E-11

Conductivity (Slcm)

1 2 3
182E-03  182E-03  LT9E-03
1.40E-03  140E-03  1.42E-03
129E-03  L29E-03  128E-03
1.32E-03  132E-03  1.29E-03
129E-03  129E-03  132E-03
133E-03  133E-03  L32E-03
128E-03  128E-03  129E-03
127E-03  1.27E-03  1.28E-03
1.28E-03  128E-03  1.32E-03
1.27E-03  127E-03  1.29E-03
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Appendix G Density Measurement

The specific density 5 of poly(p-phenylene) can be measured by using a
pyncometer. In this case we use a pyncometer of size 25 ml. In the first step, we
measured the weight of blank pyncometer and added water into the pyncometer and
remeasured its weight again. The specific density of water at testing temperature can
calculated by equation (G.1).

(a-h)

= ()

where »w is the specific density of water (g.cm'3), ais the weigth of pyncometer with
water (g), and b is the weigth ofa blank pyncometer (g).

In the second step, we measured the weight of blank pyncometer again and
added ppp powders into pynometer, and remeasured the weight change. Then we
added water into the pyncometer and remeasured the weight of the pyncometer. The
specific density of poly(p-phenylene) at testing temperature can calculated by
equation (G2) - (G.3).

(e-d)
p
where A is the volume of water which was added into the pyncometer (cm3), pwis
specific density of water (g.cm"3), e is the weight of the pyncometer with water and
PPP powders (g), and d is the weight of ppp powder and pyncometer (g).

G.2)

i-b)
B = 25-A (63
where », IS the specific density of ppp (g.cm"3), d is the weight of ppp powder and
pyncometer (g), b is the weight of a blank pyncometer (g), and A is the volume of
water which was added into pyncometer (cm3)
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Table G1 The data of the determination specific density of water and ppp at 298K.

Specific
density Measurements (g.cnT3)

1 2 3 (g.cnfd

Water 09883 09815 09844  0.9847 0.0034

PPP 1129 112 1137 1129 0.008
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Appendix H  Electrorheological Properties Measurement of Pure Acrylic
elastomer Nipol AR71 and AR72HF

The electrorheological properties of pure acrylic elastomer Nipol AR71 and ART2
HF from Zeon Polymix Advance Co,.Ltd were measured by the melt rheometer
(Rheometric Scientific, ARES) under oscillatory shear mode and applied electric
filed strength varying from 0 to 2 kv/mm. In these experiments, the dynamic moduli
(G' and G") were measured as functions of frequency and electric field strength.
Strain sweep tests were first carried out to determine the suitable strain to measure G
and G" in the linear viscoelastic regime as showed in Figure J1 and J2.
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(b)
Figure HI Strain sweep test of pure acrylic elastomer AR71, frequency L.0 rad/s,
27° ¢, gap 0.780 mm at a) E = 0v/mm, b) E = 2000 v/mm.
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Figure H2 Strain sweep test of pure acrylic elastomer AR72HF, frequency 1.0 radls,
21° ¢, gap 0.860 mm at a) E = 0v/mm, b) E =2000 v/mm.
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= 1200 V/mm
= 1500 V/mm
=2000 V/mm

Figure H3 Frequency sweep test of pure acrylic elastomer AR71, strain 0.1%, 27°

¢, gap 0.780 mm various electric field strengths: a) G’(Pa), b) G” (Pa).
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500 V/mm
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Figure H4 Frequency sweep test of pure acrylic elastomer ART2HF, strain 0.1%,
21° ¢, gap 0.860 mm various electric field strengths: a) G’(Pa), b) G” (Pa).
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Figure H5 Responses of the storage and the loss moduli (AG’(co) and AG” ( ) of
the acrylic elastomer AR71 vs. electric field strength, frequency 1.0 rad/s, strain
0.1%, gap 0.780 mm at 27°C: (a) AG’(ffl), (b) AG”(ffl) when G 0= 10,314 Pa and
G"0= 1,017 Pa



160

10000

AG
—e—
e
—e—
|
@
e
o+
—eo—

1000 - - - — ——
1 10 100 1000 10000

1000 -

10 T T — T —
1 10 100 1000 10000

E (V/imm)

Figure H6 Responses of the storage argg)the loss moduli (AG’(m) and AG” () of
the acrylic elastomer AR72HF vs. electric field strength, frequency 1.0 rad/s,
strain 0.1%, gap 0.860 mm at 27°C: (a) AG’(®), (b) AG"(ce) when G’o= 11,427
Paand G"0= 1,190 Pa,
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Appendix | The Differential Thermal Analysis of Undoped and doped ppp.

A DT-TGALT760 differential thermal- thermal gravity analyzer (DT-TGA)
was used to record the degrading exotherms for undoped and doped ppp.
Calibration for the temperature scale was carried out with a pure platinium pan and
blank pan for obtains zero weight of pan. Then put sample into pan and run under
interesting condition (40-900 °C). The result was show by Figure LI and L2. From
DT-TGA the depredating temperature of undoped ppp is lower than doped ppp.

Exo
Endo
Undope PPP
— AT DopEa PrY
Nacid : Nmonomer = 100:1
0 200 400 600 800 1000

Temperature Oc

Figure Il The DT-TGA thermograms of undoped ppp and doped ppp at Nacid ;
Nmonomer= 100:1 between 40-900 °c at rate of 10 °c/min.
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Figure 12 The DT-TGA thermograms of undoped ppp and doped ppp between 40-
900 °c at rate of 10 °c/min,
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Appendix J The Thermal Gravity Analysis of NipolAR71 and ART2HF,

A TGAT Thermal Gravity Analyzer (TGA) was used to record the
degrading exotherms for Nipol AR71 and AR72HF. Calibration for the temperature
scale was carried out with a pure platinium pan and blank pan for obtains zero weight
of pan. Then put sample into pan and run under interesting condition (40-500 °C).
The result was show by Figure MI. From DT-TGA the depredating temperature of
Nipol AR71 is lower than AR72HF.

120

100 4

80 -

60

a0 |- pure Nipol AR71
—— pure Nipol ARHF

% Weight Loss

20 A

100 200 300 400

Temperature (OC)

Figure J1 The TGA thermograms of Nipol AR71 and AR72HF hetween 40-500 °c
at rate of 10 °c/min.
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Appendix K Scanning Electron Micrograph of Undoped ppp, Doped ppp

(b)
Figure KL The morphology of undoped poly(p-phenylene) (PPP) powder at

magnification ofa) 1,500 and b) 5000
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Figure K2 The morphology of doped ppp powder with Hzsoa as various doping
ratio at magnification of 1,500: &) 100:1; b) 10:1; ¢) L:1; d) 1:10; and ¢) 1:100.
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Appendix L  Electrorheological Properties Measurement of Polymer Blends
between ppp and Nipol AR71 at Various ratio of ppp.

The electrorheological properties of polymer blends between ppp and Nipol AR71
at various ratio of ppp were measured by the melt rheometer (Rheometric Scientific,
ARES) under oscillatory shear mode and applied electric filed strength varying from
0 to 2 kv/mm. In these experiments, the dynamic moduli (Gland G") were
measured as functions of frequency and electric field strength. Strain sweep tests
were first carried out to determine the suitable strain to measure G' and G" in the
linear viscoelastic regime.



168

1e+5 - 1
{
©
(S
= oo
O 1e+4 - L 01 <=
T =<
(=
©
()
M
—0— G" (Pa)
—&— tand
1e+3 T T — -~ 0.01
0.01 0.1 1 10 100
% Strain
(@
1e+5 1
<
o
E_') (o]
- 1e+4 =031 §
[
(9]
® W
—0— G'(Pa)
—0— G"(Pa)
—— tanj
1e+3 T T —rrT ~+ 0.01
0.01 0.1 1 10 100
% Strain

Figure L1 Strain sweep test of polymer blend between pp and AR71 at 10% v/v
of ppp (AR 10%PPP), frequency L0 rad/s, 27° ¢, gap 0.530 mmat a) E=0
v/imm, b) E=2000 v/mm.
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Figure L2 Frequency sweep test of polymer blend between pp and ART1 at 10%
viv of ppp (AR 10%PPP), strain 0.1%, 27° ¢, gap 0.530 mm at various electric
field strengths: a) G’(Pa), b) G” (Pa).
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Figure L3 Responses of the storage and the loss moduli (AG’(co) and AG” (to) of
polymer blend between pp and ART1 at 10% v/v of ppp (AR 10%PPP) vs,
electric field strength, frequency 1.0 rad/s, strain 0.1%, gap 0.530 mm at 27°C: (a)
AG’( ), (b) AG”(co) when G’0= 27,250 Pa and G"0= 3,565 Pa.
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Figure L4 Strain sweep test of polymer blend between pp and AR71 at 20% viv
of ppp (AR 20%PPP), frequency 1.0 rad/s, 27° ¢, gap 0.690 mm at a) E=0
Y/mm, b) E = 2000 v/mm.
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Figure L5 Frequency sweep test of polymer blend between pp and ART1 at 20%
viv of ppp (AR 20%PPP), strain 0.1%, 27° ¢, gap 0.690 mm at various electric

field strengths: a)

G'(Pa), b) G” (Pa).
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Figure L6 Responses of the storage and the loss moduli (AG’( ) and AG” ( ) of
polymer blend between pp and AR71 at 20% v/v of ppp (AR 20%PPP) vs.
electric field strength, frequency 1.0 rad/s, strain 0.1%, gap 0.690 mm at 27°C: (a)
AG’( ), (b) AG"( ) when G’0= 39,859 Pa and G"0=5,496 Pa.
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Figure L7 Strain sweep test of polymer blend between pp and AR71 at 30% v/v
of ppp (AR 30%PPP), frequency 1.0 rad/s, 27° ¢, gap 0.590 mmat a)E=0
vimm, b) E=2000 v/mm.
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Figure L8 Frequency sweep test of polymer blend between pp and AR71 at 30%
viv of ppp (AR 30%PPP), strain 0.1%, 27° ¢, gap 0.590 mm at various electric
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Appendix M Dielectric Constant Measurements

The dielectric constant values of all elastomers and blends were measured by
an LCR meter (HP, model 4284A) connected to the rheometer (Rheometric
Scientific, ARES) with a 25 mm parallel plate fixture. The thickness of the
specimens is typically 1 mm and the diameter is about 25 mm. The top and bottom
sides of the specimens were coated with silver adhesive to improve the electrical
contact between the specimens and the electrodes. The measurements were carried at
temperatures between 300 and 370 K. AC voltage applied was varied between 1and
10 Y, depending on materials. The dielectric constant at a frequency of 20 Hz will be
referred to as the dielectric constant of the materials.
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Figure MI Dielectric analysis of pure AR70 matrices at various temperatures, gap =

1.130 mm, E = 1V, with Sliver coating: (a) dielectric constant vs. frequency; (b)

dielectric loss factor vs. frequency.
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Figure M3 Dielectric analysis of pure AR72 matrices at various temperatures, gap =
0.715 mm, E = 10 V, without silver coating: (a) dielectric constant vs. frequency; (b)

dielectric loss factor vs. frequency.
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Figure M4 Dielectric analysis of pure SAR matrices at various temperatures, gap =
0.380 mm, V = 5V: (a) dielectric constant vs. frequency; (b) dielectric loss factor vs.
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Figure M5 Dielectric analysis of pure SIS matrices at various temperatures, gap =
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0.700 mm, V = 1V: (a) dielectric constant vs. frequency; (b) dielectric loss factor vs.

frequency.



100

UL

10
let

letl

1

le+2

1e+0 g § 89

lel
Q le2
1e-3
le-4
le-5

letl

O

1e+2

Q
Y

co< > oo

pure SBR at 300 K, ' =25.37 pF/m
pure SBR at 310 K, ' =26.25 pF/m
pure SBR at 320 K, ' =26.94 pF/m
pure SBR at 330 K ' =28.19 pF/m
pure SBR at 340 K, , =29.07 pF/m
pure SBR at 350 K, 1=29.17 pF/m

#5 @y £

le+3 le+d leth
Frequency (rad/s)

(@)

G ek

oo < » O

le+3 le+d leth
Frequency (rad/s)

le+6

pure SBR at 300 K,  =0.32 pFim
pure SBR at 310 K, = 0.37 pFim
pure SBR at 320 K, = 0.56 pFim
pure SBR at 330 K, =0.46 pF/m
pure SBR at 340 K. | =0.95 pFim
pure SBR at 350 K, =1.42 pFim

le+6

187

- o . (o) .
Figure M6 Dielectric analysis of pure SBR matrices at various temperatures, gap =
0.440 mm, V = 1V: (a) dielectric constant vs. frequency; (b) dielectric loss factor vs.

frequency.



188

Appendix N Electrical Conductivity of the Elastomers at Various
Temperatures

Table N1 The conductivity value ofthe elastomers at various temperatures

Conductivity of various types of elastomer (S/cm)

Temperature
(K) ART0 ART1 ART2 SAR SISDI112
300 L1E /
310 L;Z
320 —3E
-
30 I
360 :

ln%l:ii

SBR

[8.
—_
rr
&
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Appendix 0  Electrorheological Properties of the Elastomers at Various
Temperatures
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Figure 03 Effect of temperature of the AR72: (a) the storage modulus (G’) atE = 0

and 2 kvimm atvarious temperatures using one sample for all temperatures tested;
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Appendix p %Element of the Elastomers

The percentages of elements (Cu, Zn, Fe, Cl, Na, C, and 0) in the elastomers
were characterized and determined by an EDX (Energy Dispersive X-Ray
Fluorescence Spectrometer, OXFORD Pentafet, model 6111); it was also connected
to a scanning electron microscope (JEOL, model JSM-5200).

Table P Elemental analysis of SAR/OI by EDX technique

Element %Atomic

1 2 3 average SD
C 78.31 78.14 78.22 78.22 0.09
0 20.70 20.89 20.45 20.68 0.22
Na 0.46 0.16 0.54 0.39 0.20
Cl 0.04 0.08 0.07 0.06 0.02
Fe 0.13 0.22 0.18 0.18 0.05
Cu 0.05 021 0.25 0.17 0.11
Zn 0.31 0.30 0.29 0.30 0.01

Table P2 Elemental analysis of SAR/02 by EDX technique

Element %Atomic

1 2 3 average SD
C 78.64 77.99 76.97 77.87 0.84
0 20.64 21.17 2252 21.44 0.97
Na 0.10 0.14 0.09 0.11 0.03
Cl 0.07 0.09 0.08 0.08 0.01
Fe 0.23 0.15 0.10 0.16 0.07
Cu 0.04 0.17 0.11 0.11 0.07

Zn 0.37 0.29 0.27 0.31 0.05



Table P3 Elemental analysis of AR70/01 by EDX technique

Element %Atomic

1 2 3 average
C 65.67 67.28 65.95 66.30
0 33.87 32.22 33.49 33.19
Na 0.26 0.34 0.4 0.33
Cl 0.17 0.11 0.14 0.14
Fe 0.01 0.02 0.01 0.01
Cu 0.02 0.02 0.01 0.02
Zn 0.00 0.01 0.00 0.00

Table P4 Elemental analysis of SIS/01 by EDX technique

Element °loAtomic

1 2 3 average
¢ 99.85 99.88 99.77 99.83
0 0.09 0.05 0.09 0.08
Na 0.03 0.01 0.05 0.03
Cl 0.02 0.00 0.00 0.01
Fe 0.00 0.00 0.01 0.00
Cu 0.00 0.02 0.03 0.02
Zn 0.01 0.04 0.05 0.03
**note

Scanning electron micrographs (JEOL, model JSM-5200)
Magnification = X2,000
Accelerating voltage = 20.00 kv

Element %Atomic

SAR AR70 SIS
C 78.22+0.09  66.30%0.81  99.83*0.06
0 20.6840.22  33.19*0.86  0.08*0.02
Na 0.39£0.05  0.33*0.07  0.03*0.02
Cl 0.06£0.02  0.14%0.03 0.01%0
Fe 0.1840.55 0.01%0 0.00%0
Cu 0.17%0.11 0.02%0 0.02%0

Zn 0.30%0.01 0.00%0 0.03*0

D

0.81
0.86
0.07
0.03
0.01
0.01
0.01

SD

0.06
0.02
0.02
0.01
0.01
0.02
0.02
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Appendix Q Identification of Characteristic Peaks in FT-IR Spectrum of the
Elastomers

The six elastomers were characterized by an FT-IR spectrometer in order to
identify their functional groups. The FT-IR spectrometer (Thermo Nicolet, Nexus
670) was operated in absorption mode with 32 scans at resolution of £ 4 cm
covering a wavenumber range between 400 and 4,000 cm'l using a deuterated
triglycine sulfate detector. The specimens were prepared as thin films (thickness ~
0.5 mm).

Table QL FT-IR spectrum of acrylic elastomers (AR70)

Wavenumber (cm?)  Functional Wavenumber Reference
group from references
2960 C-H stretching 3000 Gunzler et al.
1728 =0 stretching 1715 Lu etal.
on ester group
1410 CO-CH2 1405 Luetal,
1390 ch3 1380 Gunzler etal.
1260 (CH3)3C 1255-1240 Amomsin et al.
1150 C-0 on ester 1200-1100 Gunzler et al.
group

Table Q2 FT-IR spectrum of acrylic elastomers (AR71)

Wavenumber (cmQ)  Functional Wavenumber References
group from references
2990 C-H stretching 3000 Gunzler etal,
1728 0=0 stretching 1715 Lu etal.
on ester group
1410 CO-CH: 1405 Lu etal,
1380 ch3 1380 Gunzler et al.
1260 (CH3)3C 1255-1240 Amomsin et al.
1155 C-0 on ester 1200-1100 Gunzler et al.
group

1040 0-CH2-C 1050 Gunzler et al.



Table Q3 FT-IR spectrum of acrylic elastomers (AR72)

Wavenumber (cm )

2960
1730

1415
1260

1160

1050

Table Q4 FT-IR spectrum of styrene-acrylic copolymer (SAR)

Wavenumber (cm"J)

2980
1728

1470
1160

164

102

Functional
group
C-H stretching
=0 stretching
on ester group
CO-CH2
(CH3)3C

C-0 on ester

group
0-CH2-C

Functional
group
C-H stretching
C—0 stretching
on ester group
C=C vibration
on benzene ring
C-0 on ester
group
C-H stretching
on mono-
substituted
benzene ring
C-H stretching
on mono-
substituted
benzene ring

W avenumber
from references
3000
1715

1405
1255-1240

1200-1100

1050

W avenumber
from references
3000
1715
1500-1430
1200-1100

751+15

697+11

19

References

Gunzler etal.
Lu etal.

Lu etal.
Amornsin et al.

Gunzler et al.

Gunzler et al.

References

Gunzler etal.
Lu etal.

Gunzler et al.
Gunzler et al.

Gunzler et al.

Gunzler et al.



Table Q5 FT-IR spectrum of styrene-isoprene-styrene triblock copolymer (SIS)

Wavenumber (cm )
2960, 2930, 2860
1450

1380
1100-1020

889

760

698

Functional
group
C-H stretching
on -CH -
C=C vibratior
on benzene ring
ch3d
C-0 on ester
group
di- substituted
ofisoprene
C-H stretching
on mono-
substituted
benzene ring
C-H stretching
on mono-
substituted
benzene ring

W avenumber

from references

3000-2900

1500-1430

1380
1200-1100

895-885

751+15

697+11

References

200

Gunzler et al.

Gunzler et al.

Gunzler et al.
Gunzler et al.

Gunzler et al.

Gunzler et al.

Gunzler et al.



Table Q6 FT-IR spectrum of styrene-butadiene rubber (SBR)

Wavenumber (cm')

3003

2980-2900

1620-1600

1450
1020

966

760

698

Functional
group
Mono-

substituted of
butadiene
C-H stretching
on-CHo-
C-C stretching
on mono-
substituted of
benzene ring
C=C vibration
on benzene ring
=CH-R on
butadiene
1,2 tran- C-H
wagging of
butadiene
C-H stretching
on'mono-
substituted
benzene ring
C-H stretching
on mono-
substituted
benzene ring

Wavenumber
from references

3000-2900

1600-1585

1500-1430
1010

970

751+15

697+11

References

201

Gunzler et al.

Gunzler etal.

Gunzler et al.

Gunzler et al.

Gunzler et al.

Gunzler et al.

Gunzler et al.

Gunzler et al.

- X. Lu, C. Tan, J. Xu, and C. He, Synthetic Metals, 138, p.429-440, 2003
-H. Gunzler, H-U Gremlich, IR Spectroscopy, Wiley-VCH.
-M. Amomsin, A. Petchsom, Principles and Techniques of Instrumental Analysis,
Chulalongkorn Univesrsity.
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f
Figure Q2 FT-IR spectrums of the elastor%)ers: (a) ART70; (b) ART7L; (c) ART2; (d)

SAR; (e) SIS and; (f) SBR.
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Appendix R Deflection Distance, Angle and Dielectrophoresis Force of the Six
Elastomers under DC Electric Field

The dielectrophoresis forces were determined by measuring the deflection
distances of the elastomers in the vertical cantilever fixture under electric field. The
specimens were vertically immersed in the silicone oil (viscosity = 100 c¢St) between
parallel copper electrode plates (40 mm long, 30 mm width, and 1 mm thick). The
gap between the pair of electrodes was 30 mm. A DC voltage was applied with a DC
power supply (Goldsun, GPS 3003B) connected to a high voltage power supply
(Gamma High Voltage, model UC5-30P and UC5-30N) which can deliver an electric
field up to 25 kv. The output voltage from the high voltage power supply was
calibrated using a Fluke 40 kv High Voltage Probe. We used a CCD video camera to
record the movement during the experiment. Still pictures were captured from the
video and the deflection distances in x (d) and y axes (1) at the ends of the specimen
were determined by using Scion Image software (version 4.0.3). The electric field
strength was varied between 0-600 v/mm atroom temperature, 300 £ 1 K. Both the
voltage and the current were monitored. We calculated the resisting elastic force of
the specimens under electric field using the non-linear deflection theory of a
cantilever (Timoshenko et al.) and (Kim et al., 2007), which can be calculated from

A
the standard curve between -Fﬁli’ and % (Jo = initial length of specimens)

(Timoshenko et ah).

where Feis the elastic force, d is the deflection distance in the horizontal axis, | is the
deflection distance in the vertical axis, E is the Young’s modulus — which is equal to
2G (l+v), where G is the shear storage modulus taken to be G'(co =1 rad/s) at various

electric field strengths and, v is the Poisson’s ratio (0.5 for an incompressible
sample)— and / is the moment of inertia -1A2--13 , Where tis the thickness of the film

and is the width of the film. The dielectrophoresis force can be calculated from the
static horizontal force balance consisting of the elastic force and the corrective
gravity force term (mgs'md):

Fd =Fe+mgsing | (RI)
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where g =9.8 m.s"2 m = mass of the specimen, and 6 is the deflection angle.
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Figure R1 Electromechanical responses of AR70-01 at various electric field
strengths: (a) deflection lengths; (bf) deflection angles; (c) elastic force (Fe); (d)
dlelectro?_horenc forces (F(I();; (e) force density; (f) energy density; (g) power
consumption.
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Figure R2 Electromechanical responses of AR71-01 at various electric field
strengths: (a) deflection lengths; (bf) deflection angles; (c) elastic force (Fé); (d)
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Figure R3 Electromechanical responses of AR72-01 at various electric field
strengths: (a) deflection lengths; (bf) deflection angles; (c) elastic force (Fe); (d)
dlelectro;g_horenc forces (Fd); (e) force density; ?f) energy density; (g) power
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strengths: (a) deflection lengths; (bf) deflection angles; (c) elastic force (F); (d)
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Appendix  Deflection Distance, Angle and Dielectrophoresis Force of the
Acrylic Elastomers (AR71) and Styrene Copolymers (SAR and SBR) under AC
Electric Field

The dielectrophoresis forces were determined by measuring the deflection
distances of the elastomers in the vertical cantilever fixture under electric field. The
specimens were vertically immersed in the silicone oil (viscosity =100 ¢St) between
parallel copper electrode plates (40 mm long, 30 mm width, and 1 mm thick). The
gap between the pair of electrodes was 10 mm. An AC field was applied with a
function generator (Tektonix, model CFG 253) connected to a high voltage power
supply (Trek, model 609E-6) which can deliver an electric field up to 4 kv. The
output voltage and frequency from the high voltage power supply was detected using
an oscilloscope (BK' Precision, model 2120B). We used a CCD video camera to
record the movement during the experiment. Still pictures were captured from the
video and the deflection distances in x (d) and y axes (1) at the ends of the specimen
were determined by using Scion Image software (version 4.0.3). The electric field
strength was varied between 0-800 v/imm at room temperature, 300 £ 1 K. Both the
voltage and the current were monitored. We calculated the resisting elastic force of
the specimens under electric field using the non-linear deflection theory of a
cantilever (Timoshenko et al.) and (Kim et ah, 2007), which can be calculated from

the standard curve between Féyf and % (o = initial length of specimens)

(Timoshenko et ah).

where Feis the elastic force, d is the deflection distance in the horizontal axis, / is the
deflection distance in the vertical axis, E is the Young’s modulus —which is equal to
2G(I+v), where G is the shear storage modulus taken to be G'(® =1 rad/s) at various
electric field strengths and, v is the Poisson’s ratio (0.5 for an incompressible

sample)— and / is the moment of inertia -1|2-t3 , where t is the thickness of the film

and is the width of the film. The dielectrophoresis force can be calculated from the
static horizontal force balance consisting of the elastic force and the corrective
gravity force term (mgsinQ):
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Fd=Fe+mgsin6, (SI)
where g = 9.8 m.s'2, m =mass of the specimen, and 0 is the deflection angle.



Table S1 Dimensions of specimens

Samples Width, | Length, | Thickness | Weight | Volume | Maximum Maximun Maximun
w(mm) | 1(mm) | ,t(mm) () (mm®) Fq Fg/volume Fg/thickness
(mN) (N/m?®) (N/m)

ARTLatE =200 225 | 1039 0.65 0.017 | 15.19 0.011 724 0.02
V/mm

AR7LatE =300 221 | 1055 | 076 | 0021 | 1772 | 0.021 1,185 0.03
V,mm

AR7LatE =200 234 | 11.40 0.51 0.015 | 13.60 0.024 1,764 0.05
V/mm

ARFEALE =600 231 | 1258 0.73 0.026 | 2120 0.040 1,886 0.06
V/mm

AR71 at E =800 213 | 1224 0.79 0.024 | 20.59 0.185 8,984 0.23
V/mm

SAR & E =600 213 | 1230 | 069 | 0019 | 18.08 0.027 1,493 0.04
V/mm

SAR At =800 244 | 1275 0.73 0.025 | 2271 0.071 3,126 0.10
V/mm

SBR at E =800 228 | 11.97 0.66 0.019 | 17.90 0.008 469 0.01

V/mm
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Table S2 Dimensions of specimens

Samples Width, | Length, | Thickness | Weight | Volume | Maximum Maximun Maximun
w (mm) | 1(mm) , t (mm) (2) (mm3) Fq4 Fg/volume Fg4/thickness
(mN) (N/m’®) (N/m)

ARTLAE=800 | 519 | 1139 | o011 | 0003 | 274 0.103 37,588 0.94
V/mm

AR71 at E =800 211 | 11.72 0.25 0.007 | 6.18 0.207 33,493 0.83
V/mm

ARTLAE=800 1 536 | 1153 | 052 | 0016 | 1415 | 0177 12,511 034
V/mm

ARTIAE=800 1 513 | 1224 | 079 | 0024 | 2059 | 0.8 8,984 0.23
V/mm

AR at E =800 234 | 1165 0.93 0.030 | 25.35 0.068 2,682 0.07

V/mm
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Table S3 Dimensions of specimens

Samples Width, | Length, | Thickness | Weight | Volume | Maximum Maximun Maximun

w (mm) | 1(mm) , t (mm) (mg) (mms) Fq4 Fg/volume Fg4/thickness
(mN) (N/m?) (N/m)

Pure AR7TLatE= | H11 | 1172 0.25 6.55 6.18 0.207 33,493 0.83

800 V/mm

AR71:undoped

PPP 1% at E =800 2.15 11.59 0.29 8.37 7.22 0.011 1,523 0.04

V/mm

AR71: undoped

PPP 10% atE = 2.29 12.22 0.28 9.55 7.83 0.006 766 0.02

800 V/mm

AR71: undoped

PPP 20% atE = 2.28 12.10 0.22 7.70 6.07 0.002 329 0.01

800 V/mm

AR71:doped PPP

1% at E =800 2.18 11.40 0.31 9.09 7.70 0.346 44,940 1.12

V/mm ’

AR71:doped PPP

10% at E =800 2.34 11.25 0.30 9.62 7.89 0.419 53,100 1.39

V/mm

AR71:doped PPP

20% at E =800 2.22 11.63 0.27 8.85 6.97 0.229 32,850 0.85

V/mm
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Figure SI Electromechanical responses of AR71 at various frequencies and under
AC electric field strengths (a) deflection angles; (b) dielectrophoresis forces (Fd).
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Figure S2 Electromechanical responses of SAR and SBR at various frequencies and
under AC electric field strengths (a) deflection angles; (b) dielectrophoresis forces
(Fd).
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Figure S3 Electromechanical responses of AR71 at various frequencies and
thickness under AC field E = 800 v/imm (a) deflection angles; (b) dielectrophoresis
forces (Fd).
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Figure SA Electromechanical responses of AR71:doped ppp (mol acid:mol ppp ratio
= 100:1) at various poly(p-phenylene) concentrations under AC field E = 800 v/imm,
thickness ~ 0.20-0.30 mm, (a) deflection angles; (b) dielectrophoresis forces (Fa).
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