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APPENDICES

Appendix A Identification of Characteristic FT-IR Spectrum of Undoped and
Doped Poly(Pyrrole)

The undoped and doped Poly(pyrrole) (Ppy) were first characterized by FT-
IR spectroscopy in order to identify functional groups. An * FT-IR spectrometer
(Thermo Nicolet, Nexus 670) was operated in the absorption mode with 32 scans and
a resolution of + 4 cm™, covering a wavenumber range of 4000-400 cm™ using a
deuterated triglycine sulfate detector, Optical grade KBr (Carlo Erba Reagent) was
used as the background material. The synthesized ppy was intimately mixed with
dried KBr at a ratio of Ppy:KBr = 1:20.
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Figure A1 The FT-IR spectrum of undoped and doped Ppy.

The assignments of peaks in the spectrum are shown in Table Al. The

characteristic peaks of Ppy were found between 4000 and 400 cm™ and can be

assigned to the stretching vibration of the C-H bond on the pyrrole ring; the peak at
3400 cm™ represents the N-H stretching of pyrrole ring; the peaks at 3000-2800 cm '’
represent the aliphatic C-H bonds; the peaks at 1560 and 1531 cm™ can be identified
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as the asymmetric and the symmetric C=C /C-C stretching vibrations in pyrrole ring.
After polypyrrole was doped that peak at 1183 cm™ represents the S=0 stretching
vibration of sulfonate anion; and the peak at 620 cm™ indicates the characteristic
vibration of DBSA. Both 1183 and 620 cm™ peaks increase with increasing DBSA

concentration.

L]

Table A1 The FT-IR absorption spectrum of undoped and doped Ppy with DBSA

Wavemflm per Assignments References
(em”)
S0 N-H stretching Zhang et al. (1997)
[3400] t
4 > . Prissanaroon et al.
3000-2800 C-H stretching of aliphatic (2000)
1558 Asymmetric C=C /C-C stretching Prissanaroon et al.
[1560] vibration (2000)
1541 Symmetric C=C /C-C stretching Prissanaroon et al.
[1531] vibration (2000)
1176 gy Prissanaroon et al.
[1183] S=O0 stretching vibration (2000)
1044,1038 - :
[1089,1039] C-H in plane bending Zhang et al. (1997)
[gggl Out of plane vibration of ring Zhang et al. (1997)
617 e Prissanaroon ef al.
[620] The characteristic vibration of DBSA. (2000)
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Appendix B Identification of Characteristic Peaks of Undoped and Doped
Poly(Pyrrole) from UV-Visible Spectroscopy

The UV-Visible spectra of undoped and doped polypyrrole recorded with a
UV-Vis absorption spectrometer (Perkin-Elmer, Lambda 10). Measurements were
taken in the absorbance mode in the wavelength range of 700-300 nm. Synthesized
Ppy was grinded into a fine powder, dissolved 0.05 g. in m-cresol 100 ml. and the
solution was poured into the cuvett quartz cell. Scan speed was 240 mm/mi with a

slit width of 2.0 nm, using a deuterium lamp as the light source.

3.0

2.5 1 \

Undoped Ppy
-------- Doped Ppy

1.5 4

Absorpbance

1.0 -

‘-.__‘w
300

0.0 ' .
700 600 500

Wavenumber (nm.)

Figure B2 The UV-Visible spectra of undoped and doped Ppy.
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The UV-Visible spectra of undoped and doped poly(pyrrole) from the
references are shown in Table 2B. The wavelength in [] refers to the results of the

assignments cites from references.

Table B2 Assignment peaks of UV-Visible peaks of undoped and doped pyrrole

Wavelength (nm) | Assignments ¢ References
344 n-n* transitions of the ;
[345] electrons of neutra! pyrrole trimer R 8L (200
440 n-n* transitions of the m electrons

Prissanaroon et al. (2000)

[460] Of the poly pyrrole in the oxidized form




Apperdix C Determination of Particle Sizes of Undoped and Doped Polypyrrole

Table C1 Summary of the particle diameters of Ppy U, and Ppy 1:1

Particle diameter (1um)
SN 1 2 3 Avg. STD
Ppy U 25.24 24.80 25.50 25.18 0.35384
Ppy 1:1 37.32 37.33 37.21 37.29 0.06658




Table C2 The raw data from particle size analysis of undoped Ppy

65

Size Undoped polypyrrole (Ppy U)
Low High
(pm) (um) In% | Under% | In% | Under% | In% | Under%
0.50 1.32 0.14 0.14 0.11 0.11 0.01 0.01
1.32 1.60 1.05 1.19 0.96 1.07 0.58 0.59
1.60 1.95 1.85 3.04 1.73 2.80 113 ] 1.2
1.95 2.38 2.49 5.53 2.38 5.18 1.69 341
2.38 2.90 3.00 8.53 2.93 8.11 2.29 5.70
2.90 3.53 3.42 11.95 3.44 11.55 2.96 8.66
3.53 4.30 3.83 15.78 3.95 15.50 3.70 12.36
4.30 5.24 4.24 20.02 4.47 19.97 4.51 16.87
5.24 6.39 4.64 24.66 4.95 24.92 5.26 22.13
6.39 7.78 4.94 29.60 5.25 30.17 5.73 27.86
7.78 9.48 5.11 34.71 5.34 35.51 5.81 33.67
9.48 1155 5.25 39.96 5.34 40.85 5.74 39.41
11.55 14.08 5.38 45.34 5.33 46.18 5.64 45.05
14.08 17.15 5.57 50.91 5.40 51.58 5.62 50.67
17.15 20.90 5.89 56.80 5.65 57.23 5.79 56.46
20.90 25.46 6.38 63.18 6.13 63.36 6.17 62.63
25.46 31.01 6.94 70.12 6.75 70.11 6.70 69.33
31.01 37.79 7.30 77.42 T20 19 77.31 7.13 76.46
37.79 46.03 7.11 84.53 7.10 84.41 T2 83.58
46.03 56.09 6.12 90.65 6.20 90.61 6.35 89.93
56.09 68.33 4.46 95.11 4.59 95.20 4.83 94.76
68.33 83.26 2.60 97.71 2571 97.91 2.96 97.72
83.26 101.44 | 1.10 98.81 LX7 99.08 1.35 99.07
101.44 | 123.59 | 0.24 99.05 0.24 99.32 0.33 99.40
123.59 150.57 | 0.00 99.05 0.00 99.32 0.00 99.40
150.57 183.44 | 0.07 99.12 0.00 99.32 0.00 99.40
183.44 | 223.51 0.26 99.38 0.14 99.46 0.07 99.47
223.51 | 27231 | 035 99.73 0.27 99.73 0.23 99.70
272.31 | 331.77 | 0.26 99.99 | 0.24 99.97 0.25 99.95
331.77 | 404.21 0.01 100.00 0.03 100.00 0.05 100.00
404.21 | 492.47 | 0.00 | 100.00 | 0.00 | 100.00 | 0.00 | 100.00
492.47 | 600.00 | 0.00 | 100.00 | 0.00 | 100.00 | 0.00 | 100.00
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Table C3 The raw data from particle size analysis of doping Ppy doping ratio 1:1

(Pth_1:1)
Size Ppy doping ratio 1:1 (Ppy 1:1)
Low High
(um) (um) In% | Under% | In% | Under% | In% | Under%
0.50 1.32 0.15 0.15 0.16 0.16 0.15 0.15
1.32 1.60 0.47 0.62 0.48 0.64 0.47 0.62
1.60 1.95 0.67 1.29 0.69 1.33 0.69 1.31
1.95 2.38 0.75 2.04 0.77 2.10 0.77 2.08
2.38 2.90 0.73 2.77 0.74 2.84 0.75 2.83
2.90 3.53 0.70 3.47 0.72 3.56 0.73 3.56
3.53 4.30 0.76 4.23 0.77 4.33 0.78 4.34
4.30 5.24 0.95 5.18 0.96 5.29 0.98 532
5.24 6.39 1.29 6.47 1.31 6.60 1.32 6.64
6.39 7.78 1.71 8.18 1.73 8.33 1.74 8.38
7.78 9.48 2.15 10.33 2.1% 10.50 2.16 10.54
9.48 11.55 | 263 12.96 2.64 13.14 2.59 13.13
11.55 14.08 | 3.17 16.13 3.16 16.30 3.04 16.17
14.08 17.15 | 3.86 19.99 3.82 20.12 3.66 19.83
17.15 2090 | 4.91 2490 4.86 2498 4.79 24.62
20.90 25.46 6.52 31.42 6.47 31.45 6.63 31.25
25.46 31.01 8.85 40.27 8.85 40.30 9.26 40.51
31.01 37719 | 1TSS 9212 1 IS0 5216 |1226| 352.77
37.79 46.03 | 14.53 | 66.65 1450 | 66.66 |14.43| 67.20
46.03 56.09 | 1457 | 81.22 |[1445)| 8l1.11 14.06 | 81.26
56.09 68.33 | 10.87| 9209 |10.84| 91.95 10.66 [ 91.92
68.33 83.26 | 5.76 97.85 5.84 97.79 5.95 97.87
83.26 101.44 | 2.03 99.88 2.10 99.89 2.13 100.00
101.44 | 12359 | 0.12 | 100.00 | 0.11 100.00 | 0.00 100.00
123.59 150.57 | 0.00 100.00 0.00 100.00 0.00 100.00
150.57 | 183.44 | 0.00 | 100.00 | 0.00 | 100.00 | 0.00 100.00
183.44 | 223.51 0.00 100.06 0.00 100.00 0.00 100.00
223.51 27231 0.00 100.00 0.00 100.00 0.00 100.00
272.31 331.77 | 0.00 100.00 0.00 100.00 0.00 100.00
331.77 | 404.21 0.00 100.00 0.00 100.00 0.00 100.00
404.21 492.47 | 0.00 100.00 0.00 100.00 0.00 100.00
492.47 | 600.00 | 0.00 100.00 0.00 100.00 0.00 100.00
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Appendix D Density Measurement

The specific density (pp) of poly(pyrrole) was measured by using a
pyncometer. We used a 25 ml pyncometer. First step, the weight of blank
pyncometer was measured and we added acetone into the pyncometer and we
remeasured the weight again. The specific density of acetone at testing temperature

was calculated by equation (D.1).

_ (@b
SN

where p, is specific density of acetone (g.cm™), a is the weigth of pyncometer with

(D.1)

water (g), and b is the weigth of blank pyncometer (g).

Second step, weight of blank pyncometer was measured again, then we added Ppy
powders into. the pynometer, and measured the weight changes. Then we added
acetone into the pyncometer and remeasured the weight of the pyncometer. The

specific density of poly(pyrrole) at testing temperature was calculated by equation
(D.2) - (D.3).

(e-d)
Pa

(D.2)
where A is the volume of acetone added into pyncometer (cm’), p, is the specific
density of acetone (g.cm'3), e is the weight of the pyncometer with acetone and Ppy

powders (g). and d is the weight of Ppy powder and the pyncometer (g).

_(d-b

LR D:3)
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where p, is the specific density of Ppy (g.cm™), d is the weight of Ppy powder,

pyncometer (g), b is the weight of the blank pyncometer (g), and A is the volume of

acetone added into the pyncometer (cm®).

Table D1 The data of the determination specific density of water and Ppy at 298K.

Specific density Measure (g/cm™)
3 average SD
(g/cm’) 1 2 3
Acetone 0.9668 | 0.9664 0.9668 | 0.966667 | 0.000231
Ppy 1.272091 | 1.265039 | 1.282921 | 127335 | 0.009007
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Appendix E Identification Thermal Property of Undoped, Doped Ppy and Pure
Elastomer.

Undoped and doped poly(pyrrole) (Ppy) at various ratios of monomer to
dopant unit were determined by a thermal gravimetric analyzer (DT-TGA 1790).
Measurements were taken with the temperature scans from 60 to 1000°C and a
heating rate of 10°C/min. The samples were weighed in the range of 1-5 mg and
: loaded into a platinum pan, and then were heated under N, flow. From figure E1, the
transitions can be observed for undoped and dope poly(pyrrole). The first transition
refers to the losses of residue solvent and water. The second transition refers to the
Ppy_U side chain degradation, and the third transition refers to the Ppy backbone
degradation. After doping, the thermal stability improved as compared to that of

undoped Ppy.

Table E1 Summary of Undoped and doped Ppy degradation step

sample ":Lan8|hton ;zmperah&re gdC) = % Weﬁ:\t loss - % Residue
Ppy U 60-172 | 172-312 | 312-1000 5.1 13.8 59.2 22.56
Ppy 1:1 | 60-105 | 105-356 | 356-1000 27 8.9 62.1 27.26

PDMS, AR, SAR, AR71, AR72HF, SIS, and SBR were also characterized by
a thermal gravimetric analyzer (DT-TGA 1790). Measurements were taken with the
temperature scans from 60 to 500 °C and a heating rate of 10°C/min. The samples
were weighed in the range of 15-25 mg and loaded into a platinum pan, and then
were heated under N, flow. All of elastomer matrices show only one transition that
can be referred to as the backbone degradation. From Figure E2, most of materials
rapidly lost their weights at about 400 °C. The degradation temperature of PDMS is
higher than others.




Table E2 Summary of various elastomer degradation temperatures

Transitions % Weight
Sample | e mperature( CO) e % Raaldue
AR70 365-409 72.25 3.03
AR71 365-400 78.77 1.08
AR72 363-419 71.92 8.65
PDMS 444-511 78.11 0.45
SAR 371417 78.06 0
SBR 372-468 78.06 22
SIS 421-482 78.18 0
120
' Undoped Ppy
| ——— Doped Ppy
100 :

% weight loss
= (o)} o)
o o o

N
o

temperature (OC)

600

Figure E1 The TGA thermograms of undoped and doped Ppy.
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Figure E2 The TGA thermograms of various elastomer matrices.
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Appendix F Specification of the elastomer matrices

F.1 Poly(dimethylsiloxane), hydroxy terminated (PDMS, Aldrich 432997)

Table F1 Properties of poly(dimethylsiloxane)

. Properties Typical value
Boiling point 93°C
Density 0.97 g/ml at 25 °C
Viscosity 18,000-22,000 cSt

72

F.2 Styrene acrylate copolymer rubber latex (SAR, Dow chemical Latex T — 3356 F)

Table F2 Physical and chemical properties of styrene acrylate copolymer

Properties Typical value
Physical state Fluids
Color White
Odour Mild
Molecular weight Mixture
Boiling Point 100 °C
Freezing Point 0°C
Melting point Not applicable
Flash point Not applicable (aqueous system)
Flammable limits Lower: not applicable(aqueous
system)
In air (% by volume) Upper: not applicable(aqueous
system)
Specific gravity (H,O=1) 1.1
Vapour pressure same as water
Vapour density (air = 1) <1

Evapouration rate
(butyl acetate = 1)

is slower than butyl acetate




F.3 Styrene butadiene copolymer rubber latex (SBR, Dow Chemical DL 849)

Table F3 Physical and chemical properties of styrene butadiene latex

73

Properties Typical value
Solubility in water as emulsion is misible with water
Boiling point 100 °C
Appearance milky whiie liquid emulsion
Odour practically odourless
Freezing point/ 0"C (relates to water component )
Specific gravity (H,0=1) 0.98-1.040
pH value 5.0-8.0
Vapour pressure 17.5 mmHg @ 20 °C (relates to water
component )
Vapour density 0.624 at 27°C (relates to water
component )
Solids content 52%
pH 7.7
RVT Brookfield viscosity (#2, 50 <700 m.Pa.S
rpm.)
Particle size 140 nm
Stabilizer anionic
Glass transition temperature (Ty) —— -7°C
Antioxidant Present
200 mesh residue <0.5 g/l
Mechanical stability Excellent
Hand Medium soft
Adhesion (on fabric) 43 N/50 mm
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F.4 Acrylate copolymer rubber latex (AR, Dow chemical Latex R 7018)

Table F4 Physical and chemical properties of acrylate copolymer

Properties Typical value
Physical state Fluids
Color White
Odour Mild
Molecular weight Mixture
Boiling Point 100 °C
Freezing Point 0°C
Melting point Not applicable
Flash point . Not applicable (aqueous system )
Flammable limits Lower: not applicable(aqueous system)
In air (% by volume) Upper: not applicable(aqueous system)
Specific gravity (H,0=1) 1.1
Vapour pressure Same as water
Vapour density (air = 1) <l
Solubility in water Dilutable
Evapouration rate Is slower than butyl acetate
(butyl acetate = 1)
Percent volatiles 2 51 wt%(water)

F5 Acrylate copolymer ( Nipol AR71 and Nipol AR72HF, Nipon Zeon Advance
Polymix Co,.LTD )

Table F5 Physical and chemical properties of Acrylate copolymer (AR71 and AR72)

Property AR71 AR72 HF

Elongation(%) 400 230

Volatile matter (%) 0.32 0.56

Tensile Strength (MPa) 11.8 1.2

100% Modulus (MPa) 4.1 6

Ash (%) 0.22 0.16

Moony Viscosity at 100 °C 50 48

Glass Transition C -15 -28

Specific Gravity 1.11 1.11

Type Heat resistance Low Temperature resistance
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F.6 Styrene isoprene styrene copolymer rubber latex (SIS, Shell Chemicals D113P)

Table F6 Physical and chemical properties of Styrene isoprene styrene copolymer

Property Value Unit Method
Tensile strength 600 psi ASTM D412 tensile tester jaw
separation speed 10in/min
300 % Modulus 50 % ASTM D412 tensile tester jaw
separation speed 10in/min
Elongation 1,500 % ASTM D412 tensile tester jaw
: separation speed 10in/min
Set at break 20 % -
Hardness, Shore A 23 - -
(10 sec)’
Brookfield Viscosity 600 - -
(Toluene Solution), cps
at 77°F
Specific Gravity 0.92 E Neat polymer concentration, 25%w.
Melt Index 24 gms/10 200 °C, 5 kg
~ min
Plasticizer Oil Content 0 Yow. -
Styrene/Rubber Ratio 16/84 - -
Plastic Form Pellet E -
Diblock 55 % -




76

Appendix G Determination of the Correction Factor (X)

The electrical conductivity of undoped and doped Ppy 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 for reading the resultant current.

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

K:E
!

(E.1)
K is geometrical correction factor, w is the width of probe tip spacing (cm), 1 is the
length between probes (cm).

In this measurement, the constant X value was determined by using standard
materials where specific resistivity values were known; we used silicon wafer chips
(Si0;). 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:

K= P - Ixp
Rxt Vxt

(E.2)
K is the geometric correction factor, p is the resistivity of a standard silicon wafer,
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 (), I 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).



4

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 procedures contain 3 steps: the solvent clean, the RCA0O1 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 (H,0), 1 part of 27% ammonium
hydroxide (NH4OH), and 1 part of 30% hydrogen peroxide (H,O2). 65 ml of
NH4OH (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
overflowed 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 deionized 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.



Table G1 Determination the geometrical factor of probe A

Probe K (correction factor)

1 2 3 Average | STD
A 4.88E-06 | 4.92E-06 | 4.94E-06 | 4.92E-06 | 1.62E-07

Current (A)

0.00 .02 .04 .06

.08 .10 A2
Drop Voltage (V)

Figure G1 The calibratioin 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 G2 Determination the geometric correction factor of probe A with standard Si
wafer (specific resistivity 0.014265 Q.cm, thickness 0.0724 cm, 24-25°C, 55-59%

R.H)

Applied Voltages Current (A)

V) 1 2 3
0.005 8.95E-08 | 8.88E-08 | 9.01E-08
0.01 1.80E-07 | 1.79E-07 | 1.79E-07
0.015 2.15E-07 | 2.16E-07 | 2.15E-07
0.02 2.57E-07 | 2.52E-07 | 2.42E-07
0.025 2.85E-07 | 3.03E-07 | 3.15E-07
0.03 3.78E-07 | 3.83E-07 | 3.78E-07
0.035 4.59E-07 | 4.58E-07 | 4.55E-07
0.04 5.03E-07 | 5.09E-07 | 5.06E-07
0.045 5.95E-07 | 5.92E-07 | 5.99E-07
0.05 6.45E-07 | 6.51E-07 | 6.55E-07
0.055 6.92E-07 | 6.97E-07 | 7.15E-07
0.06 7.83E-07 | 7.81E-07 | 8.06E-07
0.065 8.53E-07 | 8.53E-07 | 8.59E-07
0.07 9.22E-07 | 9.34E-07 | 9.43E-07
0.075 9.96E-07 | 9.99E-07 | 9.86E-07
0.08 1.06E-06 | 1.07E-06 | 1.09E-06
0.085 1.20E-06 | 1.20E-06 | 1.17E-06
0.09 1.26E-06 | 1.23E-06 | 1.25E-06
0.095 1.29E-06 | 1.30E-06 | 1.33E-06

0.1 1.36E-06 | 1.33E-06 | 1.32E-06
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Appendix H Conductivity Measurement

The specific conductivity, which is the inversion of specific resistivity (p) of
undoped and doped Ppy pellets was measured by using the two-point probe
connected to a source meter (Keithley, Model 6517A) for a constant voltage source
and for reading resultant current under the atmospheric pressure, 54-60% relative
humidity and 24-25°C. The geometric correction factor (K) of probe A is 1.23x107.
The thickness of pellets was measured by a thickness gauge. The applied voltage
was plotted versus the current change 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 polymer by using equation (H.1) as
follows:

1 1 I
— = > i3
P R, xt KxVxt (5

o:

Where o is the specific conductivity (S/cm), p is the specific resistivity (Q.cm), Rs is
the sheet resistivity (Q), I is the measured current (A), K is the geometric correction
factor, V is the applied voltage (voltage drop) (V), t is the pellet thickness (cm).

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

conductivity of matrixes was calculated by using equation (H.2 — H.3) as follows:

2
K= xx(ﬂf_[f—"g_]) (H2)

Where K, is the effective area of the guarded electrode for the particular electrode
arrangement employed (cm?), D is the diameter of the guarded clectrode (cm), B is
the effective area coefficient (cm?) (B is always zero), g is the distance between the

guarded electrode and the ring electrode (cm):
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1 tx1I
0: — F-—

H.3
o 229xV (H3)

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

Table H1 Determination the speciiic conductivity (S/cm) of matrixcs,. undoped and

doped poly(pyrrole) at various mole ratios of acid to monomer

Code Specific conductivity STD
(S/cm)
AR70 8.13E-13 7.84E-14
AR71 5.16E-12 1.38E-13
AR72 1.03E-12 1.24E-14
PDMS 2.73E-06 4.27E-07
SAR 6.86E-15 2.03E-16
SIS 8.72E-17 3.67E-17
SBR 5.65E-15 5.43E-16
Ppy U 5.21E-01 4.37E-02
Ppy_1:1 4,07E+00 3.16E-01
AR70:1_un 1.28E-12 2.54E-15
AR70:2_un 1.30E-12 8.89E-15
AR70:3_un 4.18E-12 1.4354E-13
AR70:4_un 4.94E-12 3.21E-14
AR70:5_un 5.33E-12 5.48E-15
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Table H2 The raw data of the determination conductivity of AR70 at 24-25°C, 54-
60% R.H. was measured by using the resistivity testing fixture (Keithley, Model

8009)
Summie Thickness | Applied voltage (V) Measured Current (A) Conductivity (S/em)
e (cm) 1 2 3 1 2 3 1 2 3
AR70 | 1)0.133 | 05 | 05 | 05 | 5.59E-11 | 5.58E-11 | 5.61E-11 | 6.45E-13 | 6.43E-13 | 6.46E-13
2)0.132 1 1 1 1.31E-10 | 1.31E-10 | 1.31E-10 | 7.55E-13 | 7.54E-13 | 7.55E-13
3)0.132 15 1.5 | 1.5 | 2.06E-10 | 2.07E-10 | 2.07E-10 | 7.90E-13 | 7.97E-13 | 7.94E-13
2 2 2 2.84E-10 | 2.88E-10 | 2.86E-10 | 8.17E-13 | 8.30E-13 | 8.23E-13
2.5 2.5 2.5 | 3.66E-10 | 3.70E-10 | 3.68E-10 | 8.43E-13 | 8.73E-13 | 8.48E-13
3 3 3 4.49E-10 | 4.51E-10 | 4.50E-10 | 8.63E-13 | 8.67E-13 | 8.65E-13
35 35 3.5 | 533E-10 | 536E-10 | 5.34E-10 | 8.77E-13 | 8.83E-13 | 8.80E-13
4 R e 6.18E-10 | 6.21E-10 | 6.20E-10 | 8.91E-13 | 8.95E-13 | 8.94E-13
4.5 4.5 4.5 | 7.05E-10 | 7.08E-10 | 7.07E-10 | 9.03E-13 [ 9.07E-13 | 9.05E-13
5 5 -, 7.93E-10 | 7.97E-10 | 7.95E-10 | 9.15E-13 | 9.19E-13 | 9.17E-13
5.5 5.5 5.5 | 8.85E-10 | B.88E-10 | 8.86E-10 | 9.27E-13 | 9.31E-13 | 9.29E-13
6 6 6 9.76E-10 | 9.80E-10 | 9.78E-10 | 9.38E-13 | 9.42E-13 | 9.40E-13
6.5 6.5 6.5 | 1L.O7E-09 | 1.07E-09 | 1.07E-09 | 9.47E-13 | 9.52E-13 | 9.52E-13
T 7 7 1.16E-09 | 1.17E-09 | 1.16E-09 | 9.57E-13 | 9.61E-13 | 9.59E-13
7.5 7.5 1.5 1.26E-09 | 1.26E-09 | 1.26E-09 | 9.67E-13 | 9.70E-13 | 9.69E-13
8 8 8 1.35E-09 | 1.36E-09 | 1.36E-09 | 9.76E-13 | 9.80E-13 | 9.78E-13
8.5 85 8.5 | 1.45E-09 | 1.46E-09 | 145E-09 [ 9.85E-13 | 9.88E-13 [ 9.87E-13
9 9 9 1.55E-09 | 1.56E-09 | 1.56E-09 | 9.96E-13 | 9.99E-13 | 9.98E-13
9.5 9.5 9.5 | 1.66E-09 | 1.66E-09 | 1.66E-09 [ 1.01E-12 | 1.01E-12 | 1.01E-12
10 10 10 1.75E-09 | 1.77E-09 | 1.76E-09 | 1.01E-12 | 1.02E-12 | 1.01E-12
2e-9
2e-9 -
2e-9 1
1e-9
g 1e-9
e
1e-9
:
o Be-10
Ge-104
4e-104
2e-104
0 T v
0 2 4 6 8 10 12

Applied Voltage (V)
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Table H3 The raw data of the determination conductivity of AR71 at 24-25°C, 54-
60% R.H. was measured by using the resistivity testing fixture(Keithley, Model

8009)
s 3 Thickness | Applied voltage (V) Measured Current (A) Conductivity (S/em)
am
v (em) 1 2 3 1 2 3 1 2 3
| ART71 1) 0.0235 | 10 10 10 | 5.17E-08 | 5.28E-08 | 5.39E-08 | 5.26E-12 | 5.37E-12 | 5.48E-12
2) 0.0222 | 20 20 20 | 1.06E-07 | 1.05E-07 | 1.06E-07" | 5.39E-12 | 5.34E-12 | 5.39E-12
3) 0.0241 30 30 30 | 1.56E-07 | 1.52E-07 | 1.59E-07 | 5.29E-12 | 5.16E-12 | 5.39E-12
40 | 40 | 40 | 2.02E-07 | 201E-07 | 2.00E-07 | 5.14E-12 | 5.11E-12 | 5.09E-i2
50 50 50 | 2.46E-07 | 249E-07 | 2.48E-07 | 5.01E-12 | 5.07E-12 | 5.05E-12
60 60 60 | 3.04E-07 | 3.06E-07 | 3.10E-07 | 5.16E-12 | 5.19E-12 | 5.26E-12
70 70 70 3.51E-07 | 3.50E-07 | 3.48E-07 | 5.10E-12 | 5.09E-12 | 5.06E-12
80 80 80 3.98E-07 | 3.99E-07 | 3.97E-07 | 5.06E-12 | 5.07E-12 | 5.05E-12
90 90 90 | 443E-07 | 449E-07 | 4.45E-07 | 5.01E-12 | 5.08E-12 | 5.03E-12
100 100 100 | 4.97E-07 | 492E-07 | 4.94E-07 | 5.06E-12 | 5.01E-12 | 5.03E-12
1.8e-7 -
1.6e-7 1
1.4e-7 1
1.2e-7
- E
S' 3
- 1.0e-7 -
g ]
= 8.0e-8 1
=3
&) ]
6.0e-8 -
4.0e-8 1
2.0e-8 -
0.0 T T T d T ;‘ "

40

60

80

Applied Voltage (V)

100

120
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Table H4 The raw data of the determination conductivity of AR72 at 24-25°C, 54-
60% R.H. was measured by using the resistivity testing fixture (Keithley, Model

8009
S Thickness | Applied voltage (V) Measured Current (A) Conductivity (S/em)

g (em) 1 2 3 1 2 3 1 2 3
AR72 1) 0.0157 5 5 5 6.88E-09 | 6.91E-09 | 6.89E-09 | 9.43E-13 | 9.47E-13 | 9.45E-13
. 2) 0.0155 10 10 10 | 1.44E-08 | 1.44E-08 | 1.43E-08 | 9.87E-13 | 9.87E-13 | 9.80E-13

3) 0.0158 15 15 15 | 2.19E-08 | 2.18E-08 | 2.20E-08 | 1.00E-12 | 9.96E-13 | 1.01E-12
20 20 20 | 2.96E-08 | 2.96E-08 | 2.97E-08 | 1.01E-12 | 1.01E-12 | 1.02E-12
25 25 25 | 3.68E-08 | 3.67E-08 | 3.66E-08 | 1.01E-12 | 1.01E-12 | 1.00E-12
30 30 30 | 4.51E-08 | 4.50E-08 | 4.55E-08 | 1.03E-12 | 1.03E-12 | 1.04E-12
35 35 35 5.30E-8 | S530E-8 | 5.31E-08 | 1.04E-12 | 1.04E-12 | 1.04E-12
40 40 40 6.08E-8 | 6.08E-08 | 6.08E-08 | 1.04E-12 | 1.04E-12 | 1.04E-12
45 45 45 6.87E-08 | 6.87E-08 | 6.68E-08 | 1.05E-12 | 1.05E-12 1.02E-12
50 50 50 | 748E-08 | 744E-08 | 7.45E-08 | 1.03E-12 | 1.02E-12 | 1.02E-12
55 55 55 | BAGE-08 | 846E-08 | 8.44E-08 | 1.05E-12 | 1.05E-12 | 1.05E-12
60 60 60 | 9.19E-08 | 9.20E-08 | 9.22E-08 | 1.05E-12 | 1.05E-12 | 1.05E-12
65 65 65 | 9.94E-08 | 9.95E-08 | 9.98E-08 | 1.05E-12 | 1.05E-12 | 1.05E-12
70 70 70 | 1.07E-07 | 1.07E-07 | 1.07E-07 | 1.05E-12 | 1.05E-12 | 1.05E-12
75 25 75 1.14E-07 | 1.14E-07 | 1.14E-07 | 1.04E-12 | 1.04E-12 1.04E-12
80 80 80 1.21E-07 | 1.22E-07 | 1.22E-07 | 1.04E-12 | 1.05E-12 1.05E-12
85 85 85 | 1.29E-07 | 1.29E-07 | 1.28E-07 | 1.04E-12 | 1.04E-12 | 1.03E-12
90 90 90 1.35E-07 | 1.36E-07 | 1.36E-07 | 1.03E-12 | 1.04E-12 1.04E-12
95 95 95 1.43E-07 | 143E<07 | 144E-07 | 1.03E-12 | 1.03E-12 1.04E-12
100 | 100 | 100 | 1.51E-07 | 1.52E-07 | 1.55E-07 | 1.04E-12 | 1.04E-12 | 1.06E-12
1.8e-7
1.6e-7 1
1.4e-7
= taeTs
<
= 1.0e-7 |
c
g 8.0e-8 1
(&)
6.0e-8
4.0e-8
2 0e-8 -
0.0 v T - -

40

60

80

Applied Voltage (V)

100

120
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Table HS The raw data of the determination of linear regime of PDMS at 24-25°C,

54-60% R.H. was measured by using the two-point probe meter

1.0

Sample Thickness | Applied voltage {V) Measured Current (A) Conduciivity (S/em)
(cm) 1 2 3 1 2 3 1 2 3
PDMS 1) .00 0.1 0.1 0.1 1I3E-11 | L.I7E-11 | 1.15E-11 | 3.97E-06 | 4.11E-06 | 4.04E-06
2) 1.02 0.2 0.2 02 | 1.55E-11 | 1.58E-11 | 1.56E-11 | 2.72E-06 | 2.78E-06 | 2.74E-06
3) 1.03 0.3 0.3 0.3 1.91E-11 | 1.89E-11 | 1.87E-11 | 2.24E-06 | 2.21E-06 2.l9.E-06
0.4 0.4 04 | 3.32E-11 | 3.33E-11 | 3.34E-11 | 2.92E-06 | 2.92E-06 | 2.93E-06
0.5 0.5 0.5 | 4.04E-11 | 4.08E-11 | 4.07E-11 | 2.84E-06 | 2.87E-06 | 2.86E-06
0.6 0.6 0.6 | 4.62E-11 | 466E-11 | 4.60E-11 | 2.70E-06 | 2.73E-C6 | 2.69E-06
0.7 0.7 0.7 | 5.50E-11 | 5.60E-11 | 5.59E-11 | 2.76E-06 | 2.81E-06 | 2.81E-06
08 | 08 0.8 | 6.21E-11 | 597E-11 | 6.11E-11 | 2.73E-06 | 2.62E-06 | 2.68E-06
0.9 0.9 09 | 6.73E-11 | 6.70E-11 | 6.72E-11 | 2.63E-06 | 2.62E-06 | 2.62E-06
1 1 1 7.28E-11 | 7.39E-11 | 7.35E-11 | 2.56E-06 | 2.60E-06 | 2.58E-06
1.1 1.1 1.1 | 7.71E-11 | 7.87E-11 | 7.87E-11 | 2.46E-06 | 2.51E-06 | 2.51E-06
1.2 1.2 1.2 | 8.49E-11 | 850E-11 | 8.54E-11 | 2.49E-06 | 2.49E-06 | 2.50E-06
1.3 1.3 1.3 | B.86E-11 | 8.90E-11 | 8.81E-11 | 2.39E-06 | 2.40E-06 | 2.38E-06
1.4 1.4 14 | 923E-11 | 924E-11 | 9.26E-11 | 2.32E-06 | 2.32E-06 | 2.32E-06
1.5 1.5 1.5 | 1.02E-10 | 1.02E-10 | 1.02E-10 | 2.39E-06 | 2.39E-06 | 2.39E-06
1.6 1.6 1.6 | 1.05E-10 | 1.04E-10 | 1.03E-10 | 2.31E-06 | 2.28E-06 | 2.26E-06
1.7 1.7 1.7 | 1.10E-10 | 1.11E-10 | 1.09E-10 | 2.27E-06 | 2.29E-06 | 2.25E-06 |
1.8 1.8 1.8 | LI8E-10 | 1.17E-10 | 1.17E-10 | 2.30E-06 | 2.28E-06 | 2.28E-06
1.9 1.9 1.9 | 1.25E-10 | 1.25E-10 | 1.24E-10 | 2.31E-06 | 2.31E-06 | 2.29E-06
2 2 2 1.36E-10 | 1.37E-10 | 1.39E-10 | 2.39E-06 | 2.41E-06 | 2.44E-06
22 22 2.2 | 148E-10 | 148E-10 | 1.49E-10 | 2.36E-06 | 2.36E-06 | 2.38E-06
1.6e-10
1.4e-10 -
1.2e-10 -
< 1.0e-10 1
g 8.0e-11
|-
\'3 6.0e-11
4.0e-11 4
2.0e-11 A
0.0 T v

1.5

Applied Voltage (V)

20 25



Table H6 The raw data of the determination conductivity of SAR at 24-25°C, 54-
60% R.H. was measured by using the resistivity testing fixture (Keithley,Model
8009)

Samgle Thickness | Applied voltage (V) Measured Current (A) Conductivity (S/cm)
(cm) 1 2 3 1 2 3 1 2 3
SAR 1) 0.090 2 2 2 | 3.41E-12 | 3.40E-12 | 3.42E-12 | 6 48E-15 | 6.46E-15 | 6.50E-15
2) 0.086 3 F i 3 | 5.30E-12 | 5.32E-12 | 5.28E-12 | 6.71E-15 | 6.74E-15 | 6.69E-15
3) 0.084 4 4 4 | 7.10E-12 | 7.13E-12 | 7.08E-12 | 6.75E-15 | 6.77E-15 | 6.72E-15
5 5 5 | 8.63E-12 | 8.61E-12 | 8.65E-12 | 6.55E-15 | 6.54E-15 | 6.57E-15
6 6 6 1.06E-11 | 1.08E-11 | 1.07E-11 | 6.73E-15 | 6.84E-15 | 6.75E-15
7 7 17 1.25E-11 | 1.26E-11 | 1.25E-11 | 6.81E-15 | 6.83E-15 | 6.79E-15
8 8 8 1.45E-11 | 1.47E-11 | 1.45E-11 | 6.89E-15 | 7.00E-15 | 6.87E-15
9 9 9 1.64E-11 | 1.64E-11 | 1.63E-11 | 6.91E-15 | 6.92E-15 | 6.89E-15
10 10 10 | 1.73E-11 | 1.79E-11 | 1.82E-11 | 6.56E-15 | 6.80E-15 | 6.93E-15
11 11 11 | 2.02E-11 | 2.03E-11 | 2.02E-11 | 6.98E-15 | 7.00E-15 | 6.97E-15
12 12 12 | 2.22E-11 | 2.23E-11 | 2.22E-11 | 7.04E-15 | 7.06E-15 | 7.03E-15
13 13 13 | 2.42E-11 | 2.42E-11 | 2.42E-11 | 7.07E-15 | 7.08E-15 | 7.06E-15
14 14 14 | 2.62E-11 | 2.63E-11 | 2.62E-11 | 7.11E-15 | 7.12E-15 | 7.i0E-15
15 15 15 | 2.82E-11 | 2.83E-11 | 2.82E-11 | 7.15E-15 | 7.16E-15 | 7.13E-15
16 16 16 | 3.03E-11 | 3.03E-11 | 3.02E-11 | 7.19E-15 | 7.20E-15 | 7.17E-15
17 17 17 | 3.24E-11 | 3.25E-11 | 3.24E-11 | 7.25E-15 | 7.26E-15 | 7.24E-15
18 18 18 | 3.45E-11 | 3.46E-11 | 3.45E-11 | 7.29E-15 | 7.30E-15 | 7.27E-15
19 19 19 | 3.67E-11 | 3.68E-11 | 3.66E-11 | 7.34E-15 | 7.35E-15 | 7.33E-15
20 20 20 | 3.94E-11 | 3.95E-11 | 3.93E-11 | 7.48E-15 | 7.50E-15 | 747E-15
21 21 21 | 4.12E-11 | 4.13E-11 | 4.12E-11 | 746E-15 | 747E-15 | 745E-15
22 22 22 | 4.33E-11 | 4.34E-11 | 4.32E-11 | 7.48E-15 | 749E-15 | 747E-15
6e-11
5e-11 1
4e-11
<
€ 3e-11
e
3
2e-11 -
1e-11 1
0 r -

0 5 10 15 20 25 30
Applied Voltage(V)



87

Table H7 The raw data of the determination conductivity of SBR at 24-25°C, 54-
60% R.H. was measured by using the resistivity testing fixture (Keithley, Model
8009)

— Thickness | Applied voltage (V) Measured Current (A) Conductivity (S/cm)
¥ (cm) 1 2 3 1 2 3 1 2 3
SBR 1)0.188 1 1 1 1.00E-12 | 7.49E-13 | 8.86E-13 | 8.11E-15 | 6.05E-15 | 7.16E-15
2) 0.186 2 2 2 1.48E-12 | 1.49E-12 | 1.47E-12 | 5.98E-15 | 6.01E-15 | 5.95E-15
3)0.181 3 3 3 2.17E-12 | 2.15E-12 | 2.20E-12 | 5.86E-15 | 5.79E-15 | 5.91E-15
4 4 4 2.85E-12 | 2.83E-12 | 2.83E-12 | 5.76E-15 | 5.71E-15 | 5.71E-15
5 5 5 343E-12 | 344E-12 | 3.42E-12 | 5.55E-15 | 5.55E-15 | 5.52E-15
6 6 6 4.03E-12 | 4.0€E-12 | 4.01E-12 | 543E-15 | 547E-15 | 5.40E-15
7 7 7 4.90E-12 | 4.86E-12 | 4.88E-12 | 5.65E-15 | 5.61E-15 | 5.63E-15
8 8 8 547E-12 | 544E-12 | 5.49E-12 | 5.52E-15 | 549E-15 | 5.55E-15
9 9 9 5.83E-12 | 592E-12 | 5.90E-12 | 5.24E-15 | 531E-15 | 5.30E-15
10 10 10 | 6.42E-12 | 6.39E-12 | 6.45E-12 | 5.19E-15 | 5.17E-15 | 5.21E-15
11 11 11 7.05E-12 | 7.07E-12 | 7.02E-12 | 5.18E-15 | 5.19E-15 5.16E-15
12 12 12 | 791E-12 | 7.89E-12 | 7.93E-12 | 533E-15 | 5.31E-15 | 5.34E-15
13 13 13 | 9.10E-12 | 9.14E-12 | 9.12E-12 | 5.66E-15 | 5.68E-15 | 5.67E-15
14 14 14 | 9.73E-12 | 9.72E-12 | 9.73E-12 | 5.61E-15 | 5.61E-15 | 5.62E-15
15 15 15 1.07E-11 | 1.06E-11 | 1.07E-11 | 5.74E-15 | 5.71E-15 | 5.78E-15
1.2e-11
1.0e-11 -
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Table H8 The raw data of the determination conductivity of SIS at 24-25°C, 54-60%
R.H. was measured by using the resistivity testing fixture (Keithley, Model 8009)

Thickness | Applied voltage (V) Mieasured Current (A) Conductivity (S/em)

(cm) 1 2 3 1 2 3 1 2 3
SIS 1) 0.77 50 50 50 | 2.97E-13 | 2.93E-13 | 2.96E-13 | 1.95E-16 | 1.92E-16 | 1.94E-16
2)0.73 100 | 100 | 100 | 3.86E-13 | 3.94E-13 | 4.13E-13 | 1.26E-16 | 1.29E-16 | 1.35E-16
3) 0.75 150 | 150 | 150 | 4.96E-13 | 490E-13 | 4.49E-13 | 1.08E-16 | 1.07E-16 | 9.80E-17
200 | 200 | 200 | 5.22E-13 | 524E-13 | 530E-13 | 8.55E-17 | 8.58E-17 | 8.68E-17
250 | 250 | 250 | 6.21E-13 | 6.19E-13 | 6.25E-13 | 8.14E-17 | 8.11E-17 | 8.19E-17
300 | 300 | 300 | 7.20E-13 | 7.22E-13 | 7.25E-13 | 7.86E-17 | 7.88E-17 | 7.91E-17
350 | 350 | 350 | 8.28E-13 | 8.25E-13 | 8.19E-13 | 7.75E-17 | 7.72E-17 | 7.66E-17
400 | 400 | 400 | 8.39E-13 | B40E-13 | 8.53E-13 | 6.87E-17 | 6.88E-17 | 6.98E-17
450 | 450 | 450 | 9.08E-13 | 9.00E-13 | 8.98E-13 | 6.61E-17 | 6.55E-17 | 6.54E-17
500 | 500 | 500 | 9.23E-13 | 928E-13 | 9.54E-13 | 6.05E-17 | 6.08E-17 | 6.25E-17
550 | 550 | 550 | ).04E-12 | 1.05E-12 | 10SE-12 | 6.19E-17 | 6.25E-17 | 6.25E-17
600 | 600 | 600 | I.13E-12 | 1.12E-12 | 1.14E-12 | 6.17E-17 | 6.11E-17 | 6.22E-17
650 | 650 | 650 | 1.22E-12 | 123E-12 | 1.24E-12 | 6.15E-17 | 6.20E-17 | 6.25E-17
700 | 700 | 700 | 1.38E-12 | 139E-12 | 1.38E-12 | 6.46E-17 | 6.50E-17 | 6.46E-17
750 | 750 | 750 | 1.51E-12 | 1.52E-12 | 1.53E-12 | 6.59E-17 | 6.64E-17 | 6.68E-17
800 | 800 | 800 | 1.65E-12 | 1.65E-12 | 1.65E-12 | 6.75E-17 | 6.75E-17 | 6.75E-17
850 | 850 | 850 | 1.85E-12 | 1.82E-12 | 1.79E-12 | 7.13E-17 | 7.01E-17 | 6.90E-17
900 | 900 | 900 | 198E-12 | 1.99E-12 | 2.01E-12 | 7.21E-17 | 7.24E-17 | 7.31E-17
950 | 950 | 950 | 2.29E-12 | 231E-12 | 2.25E-12 | 7.89E-17 | 7.96E-17 | 7.76E-17
1000 | 1000 | 1000 | 2.51E-12 | 2.53E-12 | 2.51E-12 | 8.22E-17 | 8.29E-17 | 8.22E-17

Sample
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Table H9 The raw data of the determination conductivity of Nacia:Nmonomer (Ppy_U)
at 24-25°C, 54-60% R.H. by using the two-point probe meter

Applied Voltage (V)

Sample Thickness | Applied voltage (V) Measured Current (A) Conductivity (S/em)
(em) 1 2 3 1 2 3 1 2 3
Ppy U 1)0.0353 | 0.005 | 0.005 | 0.005 | 4.40E-10 | 4.45E-10 | 4.54E-10 | 5.28E-01 | 5.34E-01 5.44E-01
2)0.0341 | 001 | 0.01 | 0.01 | 1.02E-09 | 1.03E-09 | 1.03E-09 | 6.13E-01 | 6.18E-01 | 6.19E-0l
3)0.032+ | 0.015 | 0.015 | 0.015 | 1.33E-09 | 1.33E-09 | 1.33E-09 | 5.32E-01 | 5.32E-01 | 5.32E-0l
002 | 002 | 002 | 1.63E-09 | 1.63E-09 | 1.63E-09 | 4.89E-01 | 4.88E-01 | 4.89E-0l
0.025 | 0.025 | 0.025 | 1.93E-09 | 193E-09 | 1.94E-09 | 4.62E-01 | 4.63E-01 | 4.64E-01
003 | 003 | 003 | 2.49E-09 | 2.50E-09 | 2.50E-09 | 4.98E-01 | 5.00E-01 | 5.00E-01
0.035 | 0.035 | 0.035 | 3.09E-09 | 3.09E-09 | 3.09E-09 | 5.30E-01 | 5.30E-01 | 5.30E-01
004 | 0.04 | 0.04 | 338E-09 | 3.37E-09 | 3.37E-09 | 5.06E-01 1 5.06E-01 | 5.05E-01
0.045 | 0.045 | 0.045 | 3.95E-09 | 3.97E-09 | 3.97E-09 | 5.26E-01 | 5.29E-01 | 5.29E-0l
0.05 | 005 | 0.05 | 4.26E-09 | 425E-09 | 4.25E-09 | 5.11E-01 | 5.10E-01 | 5.10E-01
0.055 | 0.055 | 0.055 | 4.84E-09 | 4.84E-09 | 4.85E-09 | 5.28E-01 | 5.28E-01 | 5.28E-01
006 | 006 | 0.06 | 544E-09 | 544E-09 | 544E-09 | 544E-01 | 5.44E-01 | 5.44E-01
0.065 | 0.065 | 0.065 | 5.71E-09 | 5.68E-09 | 5.67E-09 | 5.27E-01 | 5.24E-01 | 5.23E-01
0.07 | 007 | 0.07 | 626E-09 | 6.27E-09 | 6.28E-09 | 5.36E-01 | 5.37E-01 | 5.38E-0l
0.075 | 0.075 | 0.075 | 6.59E-09 | 6.60E-09 | 6.61E-09 | 527E-01 | 5.27E-01 | 5.28E-01
008 | 0.08 | 0.08 | 7.19E-09 | 7.19E-09 | 7.19E-09 | 5.39E-01 | 5.39E-01 | 5.39E-0l
0.085 | 0.085 | 0.085 | 7.79E-09 | 7.80E-09 | 7.80E-09 | 5.49E-01 | 5.50E-01 | 5.50E-0l
0.09 | 009 | 0.09 | 8.08E-09 | 8.09E-09 | 8.09E-09 | 5.38E-01 | 5.39E-01 | 5.39E-01
0.095 | 0.095 | 0.095 | 8.69E-09 | 8.70E-09 | 8.70E-09 | 5.49E-01 | 5.49E-01 [ 5.49E-01
0.1 0.1 0.1 | 9.00E-09 | 9.01E-09 | 9.02E-09 | 540E-01 | 5.40E-01 | 541E-01
1e-8
8e-9
@ 6e-9
€
£
8 4e-9
2e-9
0 T r v T -
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Table H12 The raw data of the determination conductivity of Nacia:Nmonomer
(Ppy_l:1) at 24-25°C, 54-60% R.H. was measured by using the two-point probe

meter

Sample

Thickness

Applied voltage (V)

Measured Current (A)

Conductivity (S/cm)

(cm)

1

2

3

2

3

1

2

3

Ppy 1:1

1) 0.0895

0.005

0.005

4.41E-10

8.84E-09

8.86E-09

8.94E-09

3.93E+00

3.94E+00

3.98E+00

2) 0.0881

0.01

0.01

1.02E-09

2.12E-08

2.13E-08

2.14E-08

4.72E+00

4.74E+00

4.77E+00

3) 0.0941

0.015

0.015

1.33E-09

2.77E-08

2.79E-08

2.79E-08

4.11E+00

4.14F+00

4.14E+00

0.02

0.02

1.63E-09

3.42E-08

3.43E-08

3.44E-08

3.81E+00

3.82E+00

3.83E+00

0.025

0.025

1.93E-09

4.07E-08

4.08E-08

4.08E-08

3.62E+00

3.63E+00

3.63E+00

0.03

0.03

2.49E-09

5.34E-08

5.36E-08

5.37E-08

3.96E+00

3.97E+00

3.98E+00

0.035

0.035

3.09E-09

6.65E-08

6.66E-08

6.67E-08

4.23EH00

423E+00

4.24E+00

" 0.04

0.04

3.38E-09

7.33E-08

7.35E-08

7.35E-08

4.08E+00

4.09E+00

4.09E+00

0.045

0.045

3.95E-09

8.64E-08

8.66E-08

8.63E-08

4.27E+00

428E+00

4.27E+H00

0.05

0.05

4.26E-C9

931E-08

9.34E-08

9.32E-08

4.14E+00

4.16E+00

4.15E+00

0.055

0.055

4.84E-09

1.06E-07

1.06E-07

1.06E-07

4.29E+00

4.29E+00

4.29E+00

0.06

0.06

5.44E-09

1.19E-07

1.19E-07

1.19E-07

4.42E+00

441E+00

4.41E+00

0.065

0.065

5.71E-09

1.26E-07

1.26E-07

1.26E-07

4.30E+00

4.32E+00

4.32E+00

0.07

0.07

6.26E-09

1.39E-07

1.39E-07

1.38E-07

441E+00

441E+00

4.40E+00

0.075

0.075

6.59E-09

1.45E-07

1.45E-07

1.45E-07

4.30E+00

4.30E+00

4.31E+00

0.08

0.08

7.19E-09

1.58E-07

1.58E-07

1.59E-07

4.40E+00

441E+00

4.41E+00

0.085

0.085

7.79E-09

1.72E-07

1.72E-07

1.72E-07

4.50E+00

449E+00

4.49E+00

0.09

0.09

8.08E-09

i.78E-07

1.79E-07

1.79E-07

4.41E+00

442E+00

4.43E+00

0.095

0.095

8.69E-09

1.92E-07

1.91E-07

1.91E-07

4.50E+00

447E+00

4.47E+00

0.1

0.1

9.00E-09

197E-07

1.97E-07

1.97E-07

4.39E+00

438E+00

4.38E+00

Current (A)

T

.08

Applied Volatge (V)

.10

Al
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Table H13 The raw data of the determination conductivity of AR70 with 1%
undoped Ppy (AR70:1 un) at 24-25°C, 54-60% R.H.

Sample Fhicknans | Appliod volings (V) Measured Current (A) Conductivity (S/cm)
AR70:1 un | 1)0.085 10 | 10 | 10 | 315609 | 321E-09 | 3.24E-09 | 1.16E-12 | 1.18E-12 | 1.19E-12
2)0.083 | 20 | 20 | 20 | 6.99E-09 | 6.97E-09 | 6.96E-09 | 1.28E-12 | 1.28E-12 | 1.28E-12
3)0.083 | 30 | 30 | 30 | 1.08::-08 | 1.08E-08 | 1.08E-08 | 1.32E-12 | 1.32E-12 | 1.32E-12
40 40 40 1.48E-08 | 1.48E-08 | 1.48E-08 | 1.35E-12 | 1.36E-12 | 1.35E-12
50 | 50 | 50 | 1.89E-08 | 1.91E-08 | 1.92E-08 | 1.39E-12 | 1.40E-12 | 1.41E-12
60 | 60 | 60 | 2.34E-08 | 2.35E-08 | 2.35E-08 | 1.43E-12 | 1.44E-12 | 1.44E-12
70 | 70 | 70 | 2.81E-08 | 2.80E-08 | 2.79E-08 | 1.47E-12 | 1.47E-12 | 1.46E-12
80 | 80 | 80 | 3.26E-08 | 3.25E-08 | 3.25E-08 | 1.49E-12 | 149E-12 | 1.49E-12
90 | 90 | 90 | 3.71E-08 | 3.69E-08 | 3.69E-08 | 1.51E-12 | 1.50E-12 | 1.50E-12
100 | 100 | 100 | 4.16E-08 | 4.13E-08 | 4.12E-08 | 1.53E-12 | 1.52E-12 | 1.51E-12
5e-8
4e-8 -
— |
<L 3e-8
= )
[ = 4
4
=
2 .
o e-8
1e-8 1
0 y y _ : L
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Table H14 The raw data of the determination conductivity of AR70 with 2%
undoped Ppy (AR70:2_un) at 24-25°C, 54-60% R.H.

A Thickness Applied voltage (V) Measured Current (A) Conductivity (S/cm)
v (em) 1 2 3 1 2 3 1 2 3
AR70:2 un 1) 0.068 5 5 5 2.01E-09 1.99E-09 1.97E-09 1.21E-12 1.20E-12 1.19E-12
2) 0.071 10 10 10 | 433E-09 | 4.30E-09 | 4.28E-09 1.31E-12 1.30E-12 1.29E-12
3) 0.067 15 15 15 6.80E-09 | 6.78E-09 | 6.78E-09 1.37E-12 1.36E-12 1.36E-12
20 20 20 | 9.50E-09 | 9.53E-09 | 9.59E-09 1.43E-12 1.44E-12 1.44E-12
25 25 25 1.24E-08 | 1.26E-08 | 1.25E-08 1.50E-12 1.52E-12 1.50E-12
30 30 30 1.53E-08 | 1.53E-08 1.53E-08 1.54E-12 1.53E-12 1.53E-12
35 35 35 1.84E-08 | 1.84E-08 1.84E-08 1.58E-12 1.59E-12 1.58E-12
40 40 40 | 2.24E-08 | 221E-08 | 2.24E-08 1.69E-12 1.67E-12 1.69E-12
45 45 45 2.64E 08 | 2.60E-08 | 2.61E-08 1.77E-12 1.74E-12 1.75E-12
50 50 50 3.01E-08 | 3.01E-08 | 3.01E-08 1.82E-12 1.81E-12 1.81E-12
5e-8
4e-8 - 2
-~
-~
—
<L 3e8 -
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=
;
2e-8
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1e-8
0 -{ . — P — —— L T
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Table H15 The raw data of the determination conductivity of AR70 with 3%
undoped Ppy (AR70:3 un) at 24-25°C, 54-60% R.H.

s : Thickness | Applied voltage (V) Measured Current (A) Conductivity (S/cm)
ampie
. (em) 1 2 3 1 2 3 1 2 3
AR70:3 un 1) 0.085 5 5 5 6.47E-09 | 6.84E-09 | 6.98E-09 | 3.90E-12 | 4.12E-12 | 4.21E-12
2) 0.090 10 10 10 1.36E-08 | 1.34E-08 | 1.31E-08 | 4.11E-12 | 4.04E-12 | 3.95E-12
3) 0.088 15 15 15 | 2.18E-08 | 2.05E-08 | 2.05E-08 | 4.38E-12 | 4.12E-12 | 4.12E-12
20 20 20 2.83E-08 | 2.85E-08 | 2.90E-08 | 4.26E-12 | 4.30E-12 | 4.37E-12
25 o 25 | 3.51E-08 | 3.58E-08 | 3.51E-08 | 4.24E-12 | 4.31E-12 | 4.24E-12
30 30 30 | 446E-08 | 443E-08 | 449E-08 | 4.48E-12 | 4.45E-12 | 4.51E-12
35 35 35 | 5.50E-08 | 5.40E-08 | 5.48E-08 | 4.73E-12 | 4.65E-12 | 4.72E-12
40 40 40 6.58E-08 | 6.56E-08 | 6.52E-08 | 4.96E-12 | 4.94E-12 | 4.91E-12
45 45 45 | 7.66E-08 | 7.57E-08 | 7.50E-08 | 5.13E-12 | 5.07E-12 | 5.02E-12
50 50 50 | 9.06E-08 | 9.04E-08 | 9.02E-08 | 546E-12 | 5.45E-12 | 544E-12
1e-7
8e-8
i !
<L 6e-8 -
o
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=
4e-8 -
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Table H16 The raw data of the determination conductivity of AR70 with 4%
undoped Ppy (AR70:4_un) at 24-25°C, 54-60% R.H.

Sadiale Thickness | Applied voltage (V) Measured Current (A) Conductivity (S/em)
» (cm) 1 2 3 1 2 3 1 2 3
| AR70:4_un 1) 0.068 2 2 2 3.04E-09 | 3.24E-09 | 3.05E-09 | 4.58E-12 | 4.87E-12 | 4.59E-12
2) 0.069 4 B 4 6.46E-09 | 6.49E-09 | 6.46E-09 | 4.86E-12 | 4.89E-12 | 4.86E-12
%) 0.071 6 6 6 1.09E-08 | 1.10E-08 | 1.09E-08 | 548E-12 | 5.51E-12 | 547E-12
8 8 8 1.35E-08 | 1.35E-08 | 1.35E-08 | 5.07E-12 | 5.10E-12 | 5.10E-12
10 10 | 10 | 1.63E-08 | 1.64E-08 | 1.65E-08 | 4.91E-12 | 4.95E-12 | 4.98E-12
12 12 12 1.94E-08 | 1.93E-C8 | 1.96E-08 | 4.88E-12 | 4.86E-12 | 4.92E-12
14 14 14 | 227E-08 | 2.28E-08 | 2.28E-08 | 4.88E-12 | 4.91E-12 | 4.91E-12
16 16 16 | 2.60E-08 | 2.61E-08 | 2.62E-08 | 4.90E-12 | 4.91E-12 | 4.94E-12
18 18 18 | 2.99E-08 | 2.98E-08 | 2.99E-08 | 5.01E-12 | 5.00E-12 | 5.00E-12
20 20 20 | 3.32E-08 | 3.34E-08 | 3.37E-08 | 5.00E-12 | 5.04E-12 | 5.07E-i2
4e-8
-
-~
,U/T
3e-8 - |
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Table H17 The raw data of the detcrmination conductivity of AR70 with 5%
undoped Ppy (AR70:5_un) at 24-25°C, 54-60% R.H.

s Thickness | Applied voltage (V) Measured Current (A) Conductivity (S/cm)
’ (cm) 2 3 1 2 3 1 2 3
AR70: Sun 1) 0.068 & 2 2 2.77E-09 | 2.76E-09 | 2.74E-09 | 6.03E-12 | 6.00E-12 | 5.96E-12
2) 0.069 4 4 4 5.11E-02 | 5.07E-09 | 5.07E-09 | 5.56E-12 | 5.52E-12 | 5.52E-12
3)0.071 6 6 6 747E-09 | 747E-09 | 7.43E-09 | 542E-12 | 542E-12 | 5.39E-12
8 8 8 9.84E-09 | 9.81E-09 | 9.78E-09 | 5.36E-12 | 5.34E-12 | 5.32E-12
10 10 10 | 1.22E-08 | 1.22E-08 | "1.22E-08 | 5.33E-12 | 5.32E-12 | 5.33E-12
12 12 12 | 1.46E-08 | 146E-08 | 1.46E-08 | 5.32E-12 | 531E-12 | 5.30E-12
14 14 14 | 1.71E-08 | 1.71E-08 | 1.71E-08 | 5.32E-12 | 5.32E-12 | 5.31E-12
16 16 16 | 1.96E-08 | 1.95E-08 | 1.95E-08 | 5.32E-12 | 5.31E-12 | 5.30E-12
18 18 18 | 2.19E-08 | 2.19E-08 | 2.19E-08 | 5.30E-12 | 5.30E-12 | 5.30E-12
20 20 20 | 2.44E-08 | 2.44E-08 | 2.44E-08 | 532E-12 | 5.32E-12 | 5.31E-12
3e-8
3e-8 -
2e-8
—_— |
<
S—
=
2e-8 -
£
=
=
(&)
1e-8 -
5e-9 -
0 Ll T T T L] L] T
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Appendix I Identification of Crystallinity of Undoped and Doped Ppy.

Powder of Ppy was packed on the glass plate and taken into X-ray Rigaku,
mode 1860. The data were collected after X-ray passed through the sample.
Properties of Ppy can be investigaied by the peaks of graph. The characteristic peaks
were determined in range 20 between 5 - 35° as shown in Figure I1. The d-spacing
* between molecules can be calculate;d by use this equation.

nA = 2dsin® (L1)
where n is number, A is wavelength of X-ray source, d is d-spacing, 0 is angle that

peaks appeared.

Figure I1 XRD Patterns of undoped and doped Ppy
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Table I1 shows the raw data of characteristic peaks and d-spacing of Ppy of undoped

and doped polypyrrole from 20 = 15-30°. For doped polypyrrole, the peak at 20° can

refer to the polypyrrole-counter ion or inter-counter ion interaction scattering (Song,
M.K.2006) and The intensity of high angle peak at 26° is related to interplanar

distance of pyrrole —pyrrole and polypyrrole-counter ion .

Table I1 XRD raw data of undoped and doped Ppy

20 (°) d-spacing (A°) Intensity
Undoped
26.26, 26* 3.39, 3.42* 2488
Doped Ppy
20.32, 20* 4.37, 4.48* 3111
26.06, 26* 3.42,3.42* 1774

*Note: Values from Song et al., 2004
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Appendix J Scanning Electron Micrograph of Undoped Ppy, Doped Ppy and
Polypyrrole/Polyacylate rubber Blends (Ppy_U/AR70)

(©

Figure J1 The morphology of undoped polypyrrole powder at magnifications of: a)
1500, b) 7,500; and Doped polypyrrole powder at magnifications of ¢):1500.
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Figure J2 The morphology of polypyrrole/polyacylate blends at polypyrrole particle
concentrations = 1%vol/vol at magnifications of 350: a) surface, and b) cross section

pictures.
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Figure J3 The morphology of polypyrrole/polyacylate blends as polypyrrole particle
concentrations = 3%vol/vol at magnifications of 350: a) surface, and b) cross section

pictures.
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Figure J4 The morphology of polypyrrole/polyacylate blends as polypyrrole particle
concentrations = 5 %vol/vol at magnifications of 350: a) surface, and b) cross section

pictures.



102

Appendix K Electrorheological Properties Measurement of Pure Elastomer
Matrix

The electrorheological properties of various pure elastomer matrices were
measured by the melt rheometer (Rheometric Scientific, ARES) under oscillatory
shear mode and applied electric filed strength varying from O 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 firsi carried out to

determine the suitable strain to measure G' and G" in the linear viscoelastic regime

K.1) Acrylate copolymer rubber latex (AR 70)

1e+5 10
—0— G'(Pa)
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Figure K4 Strain sweep tests of pure acrylate copolymer rubber latex, frequency 1.0
rad/s, 27°C, gap 0.610 mm: at a) E =0 V/mm; b) E =2 kV/mm.
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Figure K5 Frequency sweep tests of pure acrylate copolymer rubber latex, strain 1.0

%, 27°C, gap 0.610 mm with various electric field strengths: a) G'(Pa); b) G"(Pa).
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Figure K6 Responses of the storage and the loss moduli (AG'(w) and AG"(w@))of the
acrylate copolymer rubber latex vs. electric field strength, frequency 1.0 rad/s, strain
1% at 27°C: (a) AG'(®) when G'o= 19666 Pa; (b) AG"(®) when G"¢= 3925 Pa.
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K.2) Acrylate copolymer (AR71)
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Figure K16 Strain sweep tests of pure acrylate copolymer(AR71), frequency 1 %,
rad/s, 27 °C, and gap 0.600 mm at: a) E =0 V/mm; b) E =2 kV/mm.
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Figure K17 Frequency sweep tests of pure acrylate copolymer(AR71), strain 1 %,
27 °C, and gap 0.6 mm with various electric field strengths: a) G'(Pa); b) G"(Pa).
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Figure K18 Responses of the storage and the loss moduli (AG'(®w) and AG"(®))of
the acrylate copolymer (AR71) vs. electric field strength, frequency 1 rad/s, strain 1
% at 27 °C: (a) AG'(0) when G'o= 31240 Pa; (b) AG"(®) when G"p =6443.6 Pa.
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K.3) Acrylate copolymer (AR72)
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Figure K16 Strain sweep tests of pure acrylate copolymer(AR72), frequency 1 %,
rad/s, 27 °C, and gap 0.600 mm at: a) E =0 V/mm; b) E = 2 kV/mm.
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Figure K17 Frequency sweep tests of pure acrylate copolymer(AR 72HF), strain 1

%, 27 °C, and gap 0.600 mm with various electric field strengths: a) G'(Pa); b)
G"(Pa).
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Figure K18 Responses of the storage and the loss moduli (AG'(w) and AG"(w))of
the acrylate copolymer (AR72) vs. electric field strength, frequency 1 rad/s, strain 1
% at 27 °C: (a) AG'(w) when G'p= 12332.7 Pa; (b) AG"(®w) when G"¢=993.71 Pa.
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K.4) Poly(dimethyl siloxane) (PDMS)
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Figure K10 Strain sweep tests of pure poly(dimethyl siloxane) frequency 1.0 rad/s,

27°C, gap 0.380 mm at: a) E=0 V/mm; b) E =2 kV/mm.
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Figure K11 Frequency sweep tests of pure poly(dimethyl siloxane) strain 700.0 %,
27°C, gap 0.380mm with various electric field strengths: a) G'(Pa); b) G"(Pa).
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Figure K12 Responses of the storage and the loss moduli (AG'(w) and AG"(w))of
the poly(dimethyl siloxane) vs. electric field strength, frequency 1.0 rad/s, strain
700% at 27°C: (a) AG'(m) when G’y = 0.2391 Pa; (b) AG"(®w) when G”p = 17.366
Pa.



115

K.5) Styrene acrylate copolymer rubber latex (SAR)
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Figure K1 Strain sweep tests of pure styrene acrvlate copolymer rubber latex,

frequency 1.0 rad/s, 27°C, gap 0.825 mm at: a) E =0 V/mm; b) E = 2 kV/mm.
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Figure K2 Frequency sweep tests of pure styrene acrylate copolymer, strain 1.0 %,
27°C, gap 0.825 mm with various electric field strengths: a) G'(Pa); b) G"(Pa).
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Figure K3 Responses of the storage and the loss moduli (AG'(®) and AG"(w))of the
styrene acrylate copolymer rubber latex vs. electric field strength, frequency 1.0
rad/s, strain 1% at 27°C: (a) AG'(w) when G’y = 38127 Pa; (b) AG"(w) when G"o =
23364 Pa.
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K.6) Styrene butadiene copolymer rubber latex (SBR)

10
o )
—0— G"
Te+4 |
g 8-
: 1 B
- 5
L)
1e+3 . L A v v T -1
001 .01 g 1 10 100 1000
strain (%)
(a)
1e+5 10
. il
: s
E 1]
) -
£ —
o 3
1e+3 - -1
1e+2 Ll L] ey T T 01
.001 .01 A 1 10 100 1000
strain (%)
(b)

Figure K7 Strain sweep tests of pure styrene butadiene copolymer rubber latex,
frequency 1.0 rad/s, 27°C, gap 0.525 mm at: a) E = 0 V/mm; b) E =2 kV/mm.
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Figure K8 Frequency sweep tests of pure styrene butadiene copolymer rubber
latex, strain 1.0 %, 27°C, gap 0.525 mm with various electric field strengths: a)
G'(Pa); b) G"(Pa).
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Figure K9 Responses of the storage and the loss moduli (AG'(®w) and AG"(w))of the
styrene butadiene copolymer rubber latex vs. electric field strength, frequency 1.0
rad/s, strain 1% at 27°C: (a) AG'(w) when G'p = 9250.5 Pa; (b) AG"(w) when G" -
2482.5 Pa



K.7) Styrene isoprene styrene triblock copolymer (SIS)
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Figure K13 Strain sweep tests of pure styrene isoprene styrene triblock copolymer,
frequency 1.0 rad/s, 27°C, gap 0.560 mm at: a) E = 0 V/mm; b) E =2 kV/mm.
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Figure K14 Frequency sweep tests of pure styrene isoprene styrene triblock
copolymer, strain 1.0 %, 27°C, gap 0.56 mm with various electric field strengths: a)

G'(Pa); b) G"(Pa).
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Figure K15 Responses of the storage and the loss moduli (AG'(®w) and AG"(@))of
the styrene isoprene styrene triblock copolymer vs. electric field strength, frequency
1.0 rad/s, strain 1 % at 27°C: (a) AG'(®) when G'o = 50606 Pa; (b) AG"(w) when
G"p =5060.0Pa



Table K1.Rheology properties of various matrices

Materials | Go(Pa) | Guwv(Pa) | Guv(Pa) | G(Ps) | G'uv(Pa) | AGWw(Pa) | AGuv(Pa) | AG™av(Pa) | AG'wv/Go | AGuv/Te | AG'av/Gs | oa(Siem)
AR70* | 19666 20714 65418 39245 | 18789 21047 45751 14865 10702 | 23264 37877 9.63E-13
ol 10137 14466 16440 1es2 | 17321 43287 63033 566.88 04270 | 06218 0.4865 5.16E-12
| e 28306 34130 24608 | 45372 8166.6 1399 2076.3 04055 | 0.6947 0.8428 5.16E-12
i | 3 70774 89761 64436 | 12745 39534 58520 6301.1 12655 | 18732 0.9779 5.16E-12
st SO M 14554 14177 1424 | 13513 34485 30713 208.85 03105 | 02766 0.1828 1.03E-12
i 15645 20798 24153 12497 | 20507 51534 8507.8 801.00 03294 | 05438 0.6410 1.03E-12
A | ws 15249 17025 99370 | 12805 2916 46926 286.77 02365 | 0.3805 0.2886 1.03E-12
. | 0am 0.2650 0.2696 17366 | 17.282 0.0259 0.0306 0083 | 01083 | 01278 | 00048 | 235E-06
SAR® 38127 78141 94869 23364 | 60350 40014 56742 36986 10495 | 14882 1.5830 7.09E-15
SBR* 9250.5 11732 18237 24825 | 44268 24818 8986.6 1944.4 02683 | 09715 0.7832 5.55E-15
SBRQ)* | 21557 30657 36429 42775 | 83237 91002 14872 4046.2 04222 | 0.6899 0.9459 SSSE15
SIS ** 50606 53387 55668 50600 | 55355 2780.1 5061.7 47549 00549 | 0.1000 0.0940 6.51E-17

All of materials was tested at frequency =1 rad/s, strain 1% and, temperature = 27 °C except AR 71, 0.1%, AR 72, 0.1% were
tested at strain 0.1% and PDMS 700% was tested at strain 700%

*films were formed by water solution casting, ** films were formed by acetone solution casting.

*** films were formed by toluene solution casting.

G'o, and G"g is storage and loss modulus without electric field

G'ikv is storage modulus at 1 kV/mm, G'yy and G" v are storage and loss modulus at 2 kV/mm.

AG' kv is the the storage modulus responses between G'y and G'jyy

AG' 5y is the the storage modulus responses between G'y and G'yy

AG"xy is the the loss modulus responses between G"o and G"xv, AG'1xv/G is sensitivity of the storage modulus at 1 kV,
AG'yv/G'y 1s sensitivity of the storage modulus at 2 kV, AG"v/G"g is sensitivity of the loss modulus at 2 kV
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Figure K16 Effect of matrices on: (a) the storage modulus responses (A G’) and (b)
storage modulus sensitivity (AG'/G’y) vs. electric fields strength: 0 to 2 KV/mm at
frequency 1 rad/s, strain 1%(except PDMS was tested at 700%), and at 27 = 3
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Figure K17 sensitivity vs. G'y, strain 1.0%(except PDMS was tested at 700%),
frequency 1.0 rad/s, and 27 °C at: (a) solid line, 2 kV; (b) dash line, 1 kV.
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Figure K19 the storage modulus responses (AG’) vs. G, strain 1.0%(except PDMS
was tested at 700%), frequency 1.0 rad/s, and 27 °C at: (a) solid line 2 kV; (b) dash

line 1 kV.
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Figure K20 the storage modulus responses (AG’) vs. G, strain 1.0%(except PDMS
was tested at 700%), frequency 1.0 rad/s, and 27 °C at: (a) solid line, 2 kV; (b) dash

line, 1 kV.
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Figure K21 the n*vs. G', strain 1.0%(except PDMS was tested at 700%),
frequency 1.0 rad/s, and 27 °C at: (a) solid line, 2 kV; (b)long dash line, 1 kV; (c)
medium dash line, 0 kV.
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Figure K22 the n*vs. Gy, strain 1.0%(except PDMS was tested at 700%), frequency
1.0 rad/s, and 27 °C: at (a) solid line, 2 kV; (b) long dash line, 1 kV; (c) medium

dash line, 0 kV.
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Appendix L Electrorheological Properties Measurement of Polymer Blends
between Ppy and AR70 at Various ratio of Ppy.

The electrorheological properties of polymer blends bstween Ppy and AR70 at
various ratio of Ppy 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.
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Figure L1 Strain sweep test of polymer blend between Ppy and AR70 at 1% v/v
of Ppy (AR70:1_un), frequency 1.0 rad/s, e gap 0.650 mm at: a) E=0

V/mm; b) E = 2000 V/mm.
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Figure L2 Frequency sweep test of polymer blend between Ppy and AR70 at 1%
v/v of Ppy (AR70:1_un), strain 1%, 27° C, gap 0.650 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’(w) and AG” (®) of
polymer blend between Ppy and AR70 at 1% v/v of Ppy (AR70:1_un) vs. electric
field strength, frequency 1.0 rad/s, strain 1%, gap 0.650 mm at 27°C: (a) AG’(0);
(b) AG”(®) when G’ = 22,545 Pa and G”y= 7,176 Pa.
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Figure L4 Strain sweep test of polymer blend between Ppy and AR70 at 2 % v/v of
Ppy (AR70:2_un), frequency 1.0 rad/s, 27° C, gap 0.720 mm at: a) E =0 V/mm; b)

E =2000 V/mm.
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()

Figure L5 Frequency sweep test of polymer blend between Ppy and AR70 at 2%
v/v of Ppy (AR70:2_un), strain 1%, o i 08 gap 0.650 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’(w) and AG” (®) of
polymer blend between Ppy and AR70 at 2% v/v of Ppy (AR70:2_un) vs. electric
field strength, frequency 1.0 rad/s, strain 1%, gap 0.720 mm at 27°C: (a) AG’(®); (b)
AG”(w) when G’ = 36,526 Pa and G = 4,963 Pa.
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Figure L7 Strain sweep test of polymer blend between Ppy and AR70 at 3 % v/v of
Ppy (AR70:3_un), frequency 1.0 rad/s, 27° C, gap 0.643 mm at: a) E=0 V/mm; b)
E =2000 V/mm.
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Figure L8 Frequency sweep test of polymer blend between Ppy and AR70 at 3%
v/v of Ppy (AR70:3_un), strain 1%, 27° C, gap 0.643 mm at various electric field
strengths: a) G’(Pa); b) G” (Pa).
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Figure L9 Responses of the storage and the loss moduli (AG’(®w) and AG” (w) of
polymer blend between Ppy and AR70 at 3% v/v of Ppy (AR70:3_un) vs. electric
field strength, frequency 1.0 rad/s, strain 1%, gap 0.643 mm at 27°C: (a) AG’(®); (b)
AG”(w) when G’g = 45,020 Pa and Gy = 21,922 Pa.
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Figure L10 Strain sweep test of polymer blend between Ppy and AR70 at 4 % v/v
of Ppy (AR70:4_un), frequency 1.0 rad/s, 27° C, gap 0.295 mm at: a) E =0 V/mm;
b) E =2000 V/mm.
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Figure L11 Frequency sweep test of polymer blend between Ppy and AR70 at 4%
v/v of Ppy (AR70:4 _un), strain 1%, 27° C, gap 0.295 mm at various electric field
strengths: a) G’(Pa); b) G” (Pa).
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Figure L12 Responses of the storage and the loss moduli (AG’(®) and AG” (@) of
polymer blend between Ppy and AR70 at 4 % v/v of Ppy (AR70:4_un) vs. electric
field strength, frequency 1.0 rad/s, strain 1%, gap 0.295 mm at 27°C: (a) AG’(w); (b)
AG”(w) when G’p = 44,658 Pa and G” = 9120 Pa.
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Figure L13 Strain sweep test of polymer blend between Ppy and AR70 at5 % v/v
of Ppy (AR70:5_un), frequency 1.0 rad/s, e gap 0.560 mm at: a) E=0 V/mm;
b) E = 2000 V/mm.
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Figure L14 Frequency sweep test of polymer blend between Ppy and AR70 at 5%
v/v of Ppy (AR70:5_un), strain 1%, 27° C, gap 0.560 mm at various electric field
strengths: a) G’(Pa); b) G” (Pa).
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Figure L15 Responses of the storage and the loss moduli (AG’(®) and AG” (o) of
polymer blend between Ppy and AR70 at 5 % v/v of Ppy (AR70:5_un) vs. electric
field strength, frequency 1.0 rad/s, strain 1%, gap 0.560 mm at 27°C: (a) AG’(w); (b)
AG”(w) when G’p = 59,303 Pa and G"p = 30,962 Pa



Table L1.Rheology properties of various particle concentrations

: G G'ixy G' G" G"av | AG' AG' AG" E 0 e B

Materials (Pa) (P‘;) (Pla";’ (Pa'; (P;") (P:)“' (P;;" (P;;"’ AG'1wy/G's | AG'av/G'o | AG"5v/G" | 04 (S/cm.)

AR 70 19666 | 40714 | 65418 | 3924.5 | 18789 | 21047 | 45751 14865 1.0702 | 2.3264 3.7877 9.63E-13
AR70:1 un | 29540 | 43589 | 54764 | 6504.5 | 18954 | 14049 | 25204 12449 0.4756 0.8539 1.9139 1.28E-12
AR70:2 un | 36526 | 39958 | 40763 | 4963.5 | 5820.7 | 34325 | 42373 | 85720 0.0940 0.1160 0.1727 1.30E-12
AR70:3 un | 45020 | 55392 | 55635 | 21922 | 27314 | 10372 | 10615 5393 0.2304 0.2358 0.2460 4.03E-12
AR70:4 un | 44658 | 57993 | 64032 | 9120.6 | 13878 | 13336 | 19374 4757 0.2986 0.4338 0.5216 4.94E-12
AR70:5 un | 59303 | 81751 | 82940 | 30962 | 39956 | 22448 | 23637 8995 0.3785 0.3986 0.2905 5.33E-12

Specimens were tested at frequency =1 rad/s, strain 1% and, temperature = 27 °C

Films were formed by water solution casting.
G'o, and G" is storage and loss modulus without electric field

G'ikv is storage modulus at 1 kV/mm, G'yy and Gy are storage and loss modulus at 2 kV/mm.

AG' kv is the the storage modulus responses between Gy and G'yy
AG' 5y is the the storage modulus responses between G'g and Gy
AG"yy is the the loss modulus responses between G"gand G"yy
AG'\kv/G'y is sensitivity of the storage modulus at 1 kV

AG'xv/G'y is sensitivity of the storage modulus at 2 kV
AG"v/G"g is sensitivity of the loss modulus at 2 kV

194
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Table L1 Induction time and recovery time of pure polyacrylate (AR70) polypyrrole/

polyacrylate(AR70) elastomer blends.

First Saturated First Saturated
Samples Electric | induction | induction | recovery | recovery First | Saturated First | Saturated
field time time time time AG’ AG'iag | AG'y | AG's |
&V/mm) | Gea) ©) | @) 6) | Gud ) | Gud ) | Pas) | Pas) | Pas) | (Pas) |
Pure AR70 1 411 424 135 436 1,824 485 1,549 613
Pure AR70 2 496 433 459 466 4,861 2,995 2,051 2,896 °
AR71:4_un 1 434 337 65 207 2,555 9,048 160 3,657
AR71:4_un 2 445 309 62 138 23,592 50,022 16,438 47,301
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Figure L17 sensitivity vs. particle concentration, strain 1.0%, frequency 1.0 rad/s, and

27 °C: at (a) solid line, 2 kV; (b) dash line, 1 kV.
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Figure 4.3 the storage modulus responses (AG’) vs. G’y at strain 1.0%, frequency 1.0

rad/s, and 27 °C at: (a) solid line 2 kV; (b) dash line 1 kV.
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Figure L18 storage modulus (G’) vs. particle concentration, strain 1.0%, frequency
1.0 rad/s, and 27 °C: at (a) solid line, 2 kV; (b) long dash line, 1 kV; (c) short dash

line, 0 kV.
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Figure L19 Sensitivity of the polymer blends between AR70 and Ppy (G’ and

AG'5v/G'y), versus Ppy various concentrations at 27°C, frequency 1 rad/s.
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Figure L20 Temporal response of storage modulus (G”) of AR70 matrix at electric
field strength of 1 and 2 KV/mm, frequency 1.0 rad/s, strain 0.1%, and at 27 °C.
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Figure L21 Temporal response of storage modulus (G’) of polymer blend between
AR70 and undoped Ppy 4% v/v (AR71:4_un) at electric field strength of 1 and 2
KV/mm, frequency 1.0 rad/s, strain 1.0%, and at 27 T
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