REFERENCES

Agbor, N.E., Petty, M.C., and Monkman, A.p. (1995) Polyaniline thin films for gas
sensings. Sensors and Actuators B Chemical, 28, 173-179.

Athawale, A.A., and Kulkami, M.V. (2000) Polyaniline and its sudstitued

derivatives as sensor for aliphatic alcohols. Sensors and Actuators B Chemical, 67,

173-177.

Bai, H., and Shi, G. (2007) Gas sensors based on conducting polymers. Sensors, 7,
267-307.

Blinova, N.V., Stejskal, J., Trchoyd, M., Prokes, J., and Omastovd, M. (2007)
Polyaniline and Polypyrrole: A Comparative Study of the Preparation.
European Polymer Journal. 43. 2331-2341.

Carvalho, E.R., Filho, N.C., Venancio, E.C., Jr, O.N.O., Mattoso, L.H.C., and
Martin-Neto, L. (2007) Detection of Brominated By-Products Using a
Sensor Array Based on Nanostructureed Thin Films of Conducting
Polymers. Sensors. 7. 3258-3271.

Dao, L.H., Guay, J.,, and Leclerc, M.. (1989) Synthetic Metal. 29, E383.

Ding, B., Wang, M., Yu, J., and , G. (2009) Review Gas Sensors Based on
Electrospun Nanofibers. Sensors. 9. 1609-1624.

Dong, L., Cui, Z., and Zhang, Z. (1997) Gas sensing properties of nano-ZnO
prepared by arc plasma method. Nanostructure Materials. 8, 815-823.

Doshi, J., and Reneker, D. (1995) Electrospinning process and applications of
electrospun fibers. Journal of Electrostatic. 35. 151-160.

Fong, H., Chun, 1, and Reneker, D. (1999) Beaded nanofibers formed during
electrospinning. Polymers. 40, 4585-4592,

Gopalan, A.l., Lee, K.P., Manesh, K.M., and Santhosh, p. (2008) Poly(vinylidene
fluoride)-polydiphenylamine composite electrospun membrane as high-
performance polymer electrolyte for lithium batteries. Journal of Membrane
Science. 318, 422-428.

Gopel, . (1995) Supramolecular and polymeric structures for gas sensors.
Sensors and Actuators B Chemical. 24, 17-32.

Guay, J., Paynter, R.,and Dao, L.H. (1990) Macromolecules. 23, 3598.



43

Hua, F., and Ruckenstein, E. (2003) Water-soluble conducting poly (ethylene
oxide)-graft polydiphenylamine stnthesis through a graft onto process.
Macromolecules, 36(26), 9971-9978.

Hua, F., and Ruckenstein, E. (2005) Hyperbranched sulfonated polydiphenylamine
as a novel self-doped conducting polymer and Its pH response.
Macromolecules, 38, 888-898.

James, D., Scott, S.M., Ali, z., and O ’Hare, W.T. (2005) Review Chemical Sensors
for Electronic Nose Systems. Microchimica Acta, 149, 1-17.

Jin, Z., Zhou, H., Jin, Z., Savinell, R., and Liu, C. (1998) Application of nano-
crystalline porous tin oxide thin film for CO sensing.  Sensors and
Actuators B Chemical, 52, 188-194.

Kumar, D., and Sharma, R.c. (1998) Review Article Advance in Conductive
Polymers. European. Polymers Journal, 34(81. 1053-1060.

Lee, D., Han, ., Huh, J., and Lee, D. (1999) Nitrogen oxides-sensing
characteristics of Wos-based nanocrystalline thick film gas sensor. Sensors
and Actuators B Chemical. 60, 57-63.

Li, RW.C., Venture, L., Gruber, J., Kawano, Y., and Carvalho, L.R.F. (2007) A
selective conductive polymer-hased sensor for volatile halogenated organic
compounds (VHOC). Sensors and Actuators B Chemical. 131, 646-651.

Li, C.Y., Wen, T.C., Guo, T.F,, and Hou, . . (2008) A facile synthesis of
sulfonated poly (diphenylamine) and the application as a novel hole
injection layerin polymer light emitting diodes. Polymer, 49, 957-964.

Melo, C.P., Neto, B.B., Lima, E.G., Lira, L.F.B., and Souza, J.E.G. (2005) Use of
conducting polypyrrole blends as gas sensors. Sensors and Actuator B
Chemical. 109, 348-354.

Manesh, K.M., Santhosh, p., Gopalan, A., and Lee, K.p. (2007) Electrospun
poly(vinylidene  fluoride)/poly(aminophenylboronic  acid) composite
nanofibrous membrane as a novel glucose sensor. Analytical. Biochemitry,
360, 189-195.

Manesh, K.M., Gopalan, A.L., Lee, K.P., Santhosh, p., Song, K.D., and Lee, D.D.
(2007) Fabrication of Functional Nanofibrous Ammonia Sensor. |EEE
Transations on Nanotechnology, 6(5), 513-518.



44

Matsumiya, M., Shin, ., Izu, N., and Murayama, N. (2003) Nano-Structured thin-
film Pt catalyst for thermoelectric hydrogen gas sensor. Sensors and
Actuators B Chemical, 93, 309-315.

Nagle, H.T., Schiffman, . ., Osuna, R.G. (1998) The How and Why of Electronic
Noses. IEEE Spectrum, 35, 22-34.

Orlov, A.V., Ozkan, S.Z., and Karpacheva, G.p. (2006) Oxidative polymerization
of Diphenylamine: A mechanistic study. Polymer science ser. B, 48, 11-17.

Penza, M.,and Gassano, G. (2003) Application of principal component analysis and
artificial neural networks to recognize the individual YOCs of methanol/2-
propanol in a binary mixture by SAW multi-sensor array. Sensors and
Actuator B Chemical, 89, 269-284.

Reneker, D., and Chun, I. (1996) Nanometer diameter fibers of polymer, produced
by electrospinning. Nanotechnology, 7, 216-223.

Sathiyanarayanan, ., Muthukrishnan, ., and Venkatachari, G. (2006) Synthesis
and anticorrosion properties of polydiphenylamine blended vinyl coatings.
Synthetic Metals. 156, 1208-1212.

Shirakawa, H., Louis, EJ., MacDiarmid, A.G., Chiang, C.K., and Heeger, A.J.
(1977) Synthesis of Electrically Conducting Organic Polymers :Halogen
Derivatives of Polyacetylene, (CH)X J.c.s. CHEM. COMM, 579,

Torsi, L., Tanese, M.C., Cioffi, N., Gallazzi, M.C., Sabbatini, L., and Zambonin,
P.G. (2004) Alkoxy-Substituted Polyterthiophene Thin-Film-Transistors as
Alcohol Sensors. Sensors and Actuators B Chemical, 98, 204-207.

Wannatong. L., and Sirivat A. (2008) Polypyrrole and its composites with 3A
zeolite and polyamide 6 as sensors for four chemicals in lacquer thinner.
Reactive and Functional. Polymer. 68, 1646-1651.

Wang, P., Tan, K.L., Zhang, F., Kang, E.T., and Neoh, K.G. (2001) Synthesis and
Characterization of Poly(ethylene glycol)-Graft Polyaniline. Chemistry of
Materials, 13(2), 581-587.

Wen, T-C., Chen, J-B., Gopalan, A. (2002) Soluble and methane sulfonic acid
doped poly(diphenylamine)— synthesis and characterization.  Materials
Letters, 57, 280-290.



APPENDICES

Appendix A Identification of FT-IR Spectrum

Synthesized Polydiphenylamine (PDPA) and De-doped Polydiphenylamine

Polydiphenylamine (PDPA) was synthesized via the oxidative
polymerization of diphenylamine (DPA) to obtains doped-PDPA (D-PDPA) (Orlov
et al., 2006). The PDPA was dedoped by immersing in ammonium hydroxide
solution to become neutral PDPA (De-PDPA). The polymers were first characterized
for the functional groups by a FT-IR spectrometer (Thermo Nicolet, Nexus 670) in
absorption mode with 32 scans and a resolution of £ 2 cm'L wavenumbers range of
4000-400 ¢cm 'L and using a deuterated trigiycine sulfate as a detector. Optical grade
KBr (Carlo Erba Reagent) was used as the background material. De-PDPA and D-
PDPA were intimately mixed with dried KBr at a ratio of PDPA: KBr = 1:20.

Absorbance
> mee

‘\"J\*‘ \&I\I‘M % |

—_
[ SRS N

‘\’T

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm'])

Figure AL The FT-IR spectrum of dedoped-Polydiphenylamine (De-PDPA) and
doped-polydiphenylamine (D-PDPA).
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Table Al The FT-IR Absorption Spectrum of D-PDPA and De-PDPA

Wavenumbers (cm )

PDPA Assignments References
D-PDPA  De-PDPA electrospun References
fiber
3388 3388 3386 3383 N-H (stretching) Athawale et a/., 1999
3053 302 3133 3100-3000 C-H Aromatic Santana et al.,2003
1594 15% 15% 159% Quinoid rings (stretching) Athawale et a1, 1999
1503 1498 1503 144 Phenyl hydrogen Huaet 1., 2003
1318 1317 1316 129 Benzenoid rings (stretching) Satte]itygﬂara anan
3 173 14 Vioraon bard ofNainguinone. - SAeregren
&1 4l 820 83 C-H out of plane arormetic Sathlyanaraganan
e t al. ,20 3
748 78 1y 799 14 substitued on arorratic rings Sattgiygﬂara dhan

G478 bW 67w g7 CHodafplaetendng e 100

Variation of Doping Mole Ratio fNiin /Nmnnnmer) of PDPA

The dedoped-PDPA was doped with HCL at various doping mole ratios
(Nhci/N monomer* The mole ratios chosen were 1:1, 10:1, 100:1, 200:1. The dedoped-
PDPA powder was stirred with HCL solutions for 24 hrs, flittered, and vacuum dried
at 25 °C for 24 hrs. To compare peaks intensity of FT-IR spectra of De-PDPA and D-
PDPA ofvarious doping mole ratios (PDPA 1.1, 10:1, 100:1, 200:1) polymers were
precisely mixed with dried-KBr, and the mixed samples were compressed into

sample pellets. Ihe P 1-IR spectra of the polymer are compared to each others as in
the following Figure A2,
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0 30 P00 X0 A0  BO W0 50
Wavenumber (cm 1)

Figure A2 FT-IR spectra of dedoped-Polydiphenylamine (De-PDPA) and doped-
polydiphenylamine (D-PDPA) at various doping levels 1:1, 10:1, 100:1, 200:1.

The spectra show above the N-H stretching peaks at 3400 cm'1(Zhao et a1,
2005); the peak intensity significantly decreases as the doping mole ratio is increased
(Figure A3).

————— De-PDPA

e ol —— D-PDPA 1:1

—————— D-PDPA 10:1
D-PDPA 100:1

— =— — - D-PDPA 200:1

3500 34'00 33'00 3200
Wavenumber (Cm )

Figure A3 FT-IR spectra of dedoped-Polydiphenylamine (De-PDPA) and doped-
Polydiphenylamine (D-PDPA) ofvarious doping levels 1:1, 10:1, 100:1, 200:1.
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Polydiphenvlamine (PDPA) Electrospun Fiber

First, PDPA was dissolved in dichloromethane (DCM). The PDPA solutions
were blended with polyethylene oxide (PEO) at various concentrations; 95:5, 97:3,
98:2% | . The PDPA contents in the solutions were 30% and 50%. Then solutions
were stirred and processed in an ultrasonic hath to ensure homogeneous PDPA
solutions. Electrospinning of the PDPA solution was performed at a flow rate of 10
mL/h with a potential difference of 10 kv. A distance between the syringe tip and the
collector is 15 cm. Membranes were accumulated on the collector (drum) with an
aluminium foil laid on the collecting surface (Gopalan e1 a1., 2008).

In a typical electrospinning process, a solution droplet under the needle tip
is highly electrified by a strong electric field and the induced charges are distributed
over the surface. The droplet experiences two major types of electrostatic force: an
electrostatic repulsion between the surface charges and a Coulombic force exerted by
the external electric field. Under these electrostatic, interactions, the droplet is
distorted into a conical object commonly known as Taylor cone. When the intensity
of electric field reaches a critical value, the electrostatic forces overcome the surface
tension of the solution and an electrified jet is produced. The jet is subsequently
stretched by the electric field force to form acontinuous and thin fiber.

——— De-PDPA
=== PDPA fiber

Absorbance

4000 3000 2000 1000

Wavenumber (cm'l)

Figure A4 The FT-IR spectrum of de-doped-Polydiphenylamine (De-PDPA) and
PDPA electrospun fiber.
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Appendix B The Thermogravimetry Analysis

The Thermogravimetry Analysis of De-doped-Polydiphenylamine (De-PDPA)

The thermogravimetric analyzer (Perkin Elmer, TGA7) was used to
determine the thermal behavior of polymers. The experiment was carried out by
weighting a powder sample of 5-10 mg and placed it in a platinum pan, and then
heated it under nitrogen flow with the heating rate 10 ¢/min from 30-800°C. From
Figure BI, the TGA thermogram of De-PDPA showed two-stage weight changes: 1)
The decomposition of De-PDPA main chain around 300°C. 2) The complete
degradation of De-PDPA at around 450°C.

90 1

80

70

60
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Figure BI TGA thermogram of De-PDPA.



After doped De-PDPA with 5M HCI solution, 24 hr. The thermograms ship

around 100-150°c, due to the chemi-absorb of HC1 and PDPA main chain.
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Figure B2 TGA thermograms of De-PDPA, D-PDPA 200:1, 100:1, 10:1, L:1.
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Polydiphenylamine (PDPA) Electrospun Fiber

The thermograms of De-PDPA and D-PDPA 100:1 electrospun fibers show
two transition temperatures at 330, 295°c and 410, 342°c (fig. 2(b)). It is
unambiguously observed that the De-PDPA electrospun fiber are highly stable than
the D-PDPA electrospun fiber.

120
100
80
60
40 1
20 1
0 Y T Y Y
0 200 400 600 800
Temperature (deg)
-------------------- 30%wt De-PDPA:PEQ (95:5) + DCM
------------------------- 30%wt De-PDPA:PEQ (97:3) + DCM
------------------------- 30%wt De-PDPA:PEQ (98:2) + DCM
-------------------- 50%wt De-PDPA:PEQ (95:5) + DCM
50%wt De-PDPA:PEQ (97:3) + DCM
-------------------- 50%wt De-PDPA:PEO (98:2)+ DCM
-------------------- 30%wt D-PDPA:PEQ (97:3) + DCM
-------------------- 50%wt D-PDPA:PEQ (97:3) + DCM

Figure B3 PDPA electrospun fibers at various PDPA:PEQ contents.
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Appendix C Determination of Particle Sizes of De-doped Polydiphenylamine

(De-PDPA)

Tabled Particle diameters of De-PDPA

Sample

De-PDPA

Particle diameter (pm)

1
122.65

2

122.91

132.31

Average

125.96

Table C2 The raw data from particle size analysis of De-PDPA

Low (pm)

. 0.05
1.32
1.60
1.95
2.38
2.90
3.53
4.30
5.24
6.39
1.78
9.48
11.55
14.08
17.15
20.90

Size

High (pm)

1.32
1.60
1.95
2.38
2.90
3.53
4.30
5.24
6 39
1.78
9.48
11.55
14.08
17.15
20.90
25.46

In%
0.59
139
1P
1.64
121
0.79
0.60
0.74
1.15
1.60
1.88
2.11
2.43
2.88
3.39
3.83

1

Under%
0.59
1.98
3.75
5.39
6.60
7.39
7.99
8.74
9 88
11.48
13.36
15.47
17.90
20.78
24.18
28.01

De-PDPA
2

In%  Under%
1,08 1.08
2.44 3.53
3.03 6.55
2.68 9.23
1.78 11.01
0.89 11.90
0.40 12.29
0.44 12.74

Q3 13.67
1.54 15.20
1.91 17.12
2.21 19.32
2.62 21.95
3.24 25.19
3.93 29.13
4.37 33.50

STD (pm)
5.5095
3
In%  Under%
0.68 0.69
1.62 2.30
2.07 4.37
1.92 6.29
1.42 7.70
0.91 8.61
0.67 9.28
0.79 10.08
1.20 11.28
1.63 12.91
1.85 14,76
1.98 16.74
2.16 18.90
2.42 21.31
2.66 23.98
2.79 26.77



25.46
31.01
31.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
22351
272.31
331.77
404.21
492.47

31.01
31.79
46.03
56.09
68.33
83.26
101.44
123.59
150.58
183.44
223.51
27231
33171
404.21
429 .47
600.00

418
4.61
5.14
5.57
5.63
5.07
3.93
2.62
1.88
2.50
4.65
7.73
9.55
1.22
1.72
0.00

32.19
36.80
41.94
47.50
53.13
58.20
62.13
64.75
66.64
69.13
73.79
81.52
91.06
98.25
99.98
100.00

4.38
4.13
3.81
3.53
3.36
3.24
3.07
2.85
2.84
3.55
5.32
1.91
9.53
7.26
17
0.00

37.88
42.01
45.82
49.35
52.71
55.95
59.02
61.88
64.72
68.27
73.60
81.51
91.03
98.26
99.98
100.00

2.85
3.10
3.66
4.43
5.16
5.46
5.01
3.96
3.05
3.32
5.22
8.27
10.19
1.72
1.84
0.00

29.62
32.72
36.38
40.81
45.97
51.42
56.43
60.39
63.44
66.77
71.99
80.26
90.44
98.13
99.98
100.00
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Appendix D XRD Patterns of De-doped and Doped Polydiphenylamine (De-
PDPA, D-PDPA)

The XRD patterns of De-PDPA and D-PDPA at various doping mole ratios
(1:1, 10:1, 100:1, 200:1) were recorded on a X-ray diffractometer (Rigaku D/MAX
2200) operated at scan range 5-90 degree, scan step 0.05 degree, scan speed 5
degree/min 30MA and 40 KVP. From Figure EIl, the XRD peaks of D-PDPA are
sharper than that of De-PDPA, so the crystalline phase of D-PDPA is higher than that
of De-PDPA. The doping level has no effect on the crystalline phase of
polydiphenylamine, as shown in Figure E2 and E3.

—— De-PDPA
—— D-PDPA
B
z
£
=
0 20 10 60 80 100

2theta (deg)

Figure D1 XRD patterns of de-doped-polydiphenylamine (De-PDPA) and doped-
polydiphenylamine (D-PDPA).
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Figure D2 XRD patterns of de-doped-polydiphenylamine (De-PDPA) and doped-
polydiphenylamine (D-PDPA) of various doping levels 1:1, 10:1, 100:1, 200:1.
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Figure D3 XRD patterns of dedoped-polydiphenylamine (De-PDPA) and doped-
polydiphenylamine (D-PDPA) of various doping levels 1:1, 10:1, 100:1, 200:1.
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The XRD pattern of the De-PDPA electrospun fiber shows two peaks at
18.6 and 21.2 A for De-PDPA fiber. The D-PDPA fiber has the peaks as those of the
De-PDPA fiber as can be seen in Figure D4. This can be attributed to the fact that the
electrospinning process does not interrupt the orientation of PDPA molecules.

Intensity

2 Theta

oo 30%wt PDPA:PEO (95:5) + DCM
--------------- 30%wt PDPA:PEQ (97:3) + DCM
30%!vt PDPA:PEQ (98:2) + DCM
---------------- 50%wt PDPA:PEQ (95:5) + DCM
e 50%wt PDPA:PEO (97:3) + DCM

Figure D4 XRD patterns of PDPA electrospun fiber as various PEO content.
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Appendix E Correction Factor (K) Measurement

A two point probe meter connected with a source power supplier (Keithley/
Model 6517A) was employed to determine the electrical conductivity of materials. A
constant voltage was applied and the current was simultaneously measured.

According to the geometric effects of the probe, the geometrical correction
factor depends on the configuration and probe tip spacing:

K= 11 (E.I)

Where, K is the geometric correction factor, is the probe width or the tip spacing
(cm), and /is the probe length (cm).

The geometric correction factor can be determined by using standard
materials whose specific resistivity values are known. In our case, silicon wafer chips
were used as the standard materials. The resistance was measured by using, our
custom-made two-point probe, obtained by applying various voltages, and
simultaneously measuring currents. The geometric correction factor was calculated
via the equation:

K =p/Rxt=1Xp/vxt (E.2)

Where, p is the resistivity of a standard silicon wafer (Q.cm), R is the resistance of
film (f2), t is the film thickness (cm), I is the measured current (A) and V is the
applied voltage (V).



N W &~ O O -

0.9
0.7
0.5

Table El Voltage-current data of the probe number 1calibration with Si-wafer
whose sheet resistivity of 107.373 Q/sq, 25°c, 60-65 %RH

o w SO oo <

0.9
0.7
0.5

I K=1/V*plt

3 1 2 3 1 2

6 395133605  3.98508E05  3.94E05  0.000707  0.00071315
5 3.24104E05  320105E05  322E05  0.000696  0.000687413
4 2.69673E05  268025E:05  2.65E05  0.000724  0.000719465
3 2.13034E05  2.11894E05  2.15E05  0.000762  0.000758388
2 163918E05  161998E05  162E05  0.00088 0.00086971
1 82704306  82819E06  8.22E06  0.000888  0.000889252
09  7.01924E06  7.0205E-06 TE06 0.000837  0.000837569
07  4:52863E:06 453443E06  45E06  0.000695  0.000695536
05  246653E06 246679E06 247E06  0.00053  0.000529734

Correction factor (K)

1 2 3 Avg. SD
0.000747 0.000744469 0.000743 0.000744651  8.09136E:05

Se-5
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o
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Figure EI Voltage vs. current data of th
whose sheet resistivity of 107.373 Q/sq,

2

robe number 1calibration with Si-wafer
°C, 60-65 %RH.
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3
0.000706
0.000692
0.00071
0.000769
0.000872
0.000883
0.000836
0.00069
0.000529
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Appendix F Conductivity Measurement

The electrical conductivity (a) can be measured by using the two-point
probe mater connected with a voltage supplier (Keithley, 6517A) whose constant
voltage can be varied and the current is measured. The conductivity measurement
was performed under atmospheric pressure, 40-70 %RH and at 25-27°C. The regime
where responsive current is linearly proportional to the applied voltage is called the
linear Ohmic regime which can be identified by plotting the applied voltage against
with the current. The voltage and the current in the regime were converted to the
electrical conductivity by following equation:

a =1p =\[Rxt = l/(RSxVxt) (F.)

where, a is the specific conductivity (Sfem), p is the specific resistivity (Q.cm), Rsis
the sheet resistance (0/sq), Tis the thickness of sample pellet (cm), Vis the applied
voltage (Voltage drop)(V), / is the measured current (A), and K is the geometric
correction factor of the two-point probe meter. All sample thicknesses were
measured by using a thickness gauge.

Table FI The specific conductivity (S/cm) of De-PDPA, D-PDPA with various
doping levels

Samples Specific conductivity(S/cm)

De-PDPA 157%x1 -6
D-PDPA 11 1.26x1 0%
D-PDPA 10:1 1.31x1 04
D-PDPA 100:1 9.80x1 04
D-PDPA 200:1 3.15x10's

D-PDPA 300:1 1.04x10'6
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Figure FI Specific conductivity versus doping moles ratio (Nuci/Nmonomer) of PDPA.
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Table F2 Voltage-current data in linear regime of De-PDPA at 25°c, 70 %RH

V
1 2 3 1
15 15 15 3.12E-09
14 14 14 3.75E-09
13 13 13 3.69E-09
12 12 2 3.68E-09
1 1 11 3.67E-09
10 10 10 3.64E-09
9 9 9 3.61E-09
8 8 8 358E-09
! ! 3.56E-09
6 6 B 354E-09
) ) .9 353E-09
4 4 4 3.52E-09

%
;
$ 3
&
3 (]
-

Voltage(V)

1
2
3.T4E-09
3.68E-09
3.71E-09
3.67E-09
3.66E-09
3.62E-09
3.61E-09
3.59E-09
3.96E-09
3.95E-09
3.93E-09
3.01E-09

3.80e-9

3
3.T4E-09
3.71E-09
3.68E-09
3.68E-09
3.66E-09
3.64E-09
361E-09
357E-09
3.55E-09
3.55E-09
3.52E-09
3.51E-09

lavg

3.13E-09
3.71E-09
3.69E-09
3.68E-09
3.66E-09
3.63E-09
361E-09
3.58E-09
3.56E-09
3.95E-09
353E-09
351 E09
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3.75¢-9

3.70e-9

3.65¢-9

3.60e-9 1

3.55¢-9

3.50e-9

3.45¢-9

O De-PDPA

4

10 12

Voltage (V)

Figure F2 The Ohmic regime of De-PDPA at thickness = 0.0177 cm, 25°,

70 %RH.
K= 1.45E-04 Thickness (cm) avg
Thickness (t) = 0.0177 cm 00177 00170 00185  0.0177

IV (slope) = 2.00E-11
Specific conductivity ( ) = /(V*K*t)

a = 2.00E-11/(7.45E-04*0.0177) = 1.52E-06 s/cm

14
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Table F3 Voltage-current data in linear regime of D-PDPA 1:1 at 25°c, 70 %RH

V

1 2 3 1 2 3 g

15 5 5 651E09  G46E-09  6AOE-09  645E-09

il l 4 GI9E-09 632E09  628E09  6.26E-09

3 B B GOOE-09 59E-09 594E-09  596E-09

12 1 o GT5E09  574E-09  558E09  569E-09

1 1 0 5SE09  549F-09  551E09 55309

0 0 10  52E00 52E09 520E09  528E-9

9 9 9 510E09  506E09  GOOE-09  5OBE-09

8 8 8  AWE09  ABOE-09  489E-09  A90E-09

7 7 7 ASBE09  4B6E-09  450E-09  458E-09

6 6 6 AME)  A4E09  445E-09  442E-09

5 5 5 A6E09  A2E09  AL4E-09  A21E09

e e 0939/. o

I U 7—) i G T 4

\izp\) Voltage ¥
Figure F3 The Ohmic regime of D_rDPA L1 at thickness - 0.0213 c¢m, 25°c,
70 %RH.
Thickness (cm) avy

K =7.45E-04 00225 0028 00187 00213

Thickness (t) = 0.0213 cm
)V (slope) = 2.00E-10
Specific conductivity (a) = I/(V*K*t)

a = 2.00E-10/(7.45E-04*0.0213) = 1.26E-05 s/cm
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Table F4 Voltage-current data in linear regime of D PDPA 10:1 at 25°c, 70 %RH

Current (I)

I

2
2.13E-08
2.01E-08
1.71E-08
1.52E-08
1.33E-08
1.05E-08
1.51E-09
5.12E-09

3
2.07E-08
197E-08
167E-08
147E-08
1.30E-08
1.04E-08
1.53E-09
5.19E-09

lavg

2.12E-08
2.00E-08
L7IE08
151E-08
131E-08
1.04E-08
149E-09
5.13E-09

228 O D-PDPA 10:]

4

6 3 1a

Voltage (V)

Figure F4 The Ohmic regime of D-PDPA 10:1 at thickness = 0.0205 ¢m, 25°c,

V
1 2 3 1
8 8 8 2.18E-08
I I I 2.03E-08
6 6 6 1.76E-08
) 5 5 153E-08
4 4 4 1.29E-08
3 3 3 1.02E-08
2 2 2 1.42E-09
1 1 1 5.07E-09
D-PDPA 10:1 g
ﬁf
mm°
© OCxiB
1 D () m
Mtee(\)
70 %RH.
K = 7.45E-04

Thickness (t) = 0.0205 cm
IV (slope) = 2.00E-9
Specific conductivity ( ) = I/(V*K*t)

Thickness (cm)

0.0201

a = 2.00E-9/(7.45E-04*0.0205) = L31E-04 s/cm

0.0207

avg

00207 0.0205
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Table F5 Voltage-current data in linear regime of D-PDPA 100:1 at 25°c, 70 %RH

V
1 2 3
15 15 15
14 14 14
13 13 13
12 12 12
1 1 1
10 10 10
9 9 9
8 8 8
7 T !
6 6 6

Voltage (V)

1
360E-07
357E-07
350E-07
3.18E07
2. T5E-07
2 56E-07
2.38E-07
2.08E-07
2 05E-07
1.98E-07

urrent (I)

C

4.0e-7

3.5¢-7

3.0e-7

2.5¢-7 1

2.0e-7

1.5¢-7

I

2
3.68E-07
3.53E-07
3.28E-07
3.13E-07
2.TTE-07
249E-07
2.53E-07
2.28E-07
2.01E-07
191E07

3
3.63E-07
3A46E-07
324E07
3.16E-07
2.87E-07
2.65E-07
248E-07
2.09E-07
2.02E-07
187E07

|,avg

367E-07
3.52E-07
3.34E-07
3.15E-07
2.80E-07
2.51E07
2ATE-07
2.14E-07
2.03E-07
192607

O D-PDPA 100:1

Voltage (V)

Figure F5 The Ohmic regime of D-PDPA 100:1 at thickness = 0.0274 c¢m, 25°,

70 %RH,

K = 7.45E-04
Thickness (t) = 0.0274 cm
IV (slope) = 2.00E-8

Thickness (cm)

0.0287

Specific conductivity (a) = I/(V*K*t)
a = 2.00E-8/(7.45E-04*0.0274) = 9.80E-04 s/cm

0.0300

0.0234

avg

0.0274
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Table F6 Voltage-current data in linear regime of D-PDPA 200:1 at 25°c, 70 %RH

v | |avg

1 2 3 1 2 3 ’
55 5 5 153E08 15E08 15E08  155E-08
1% 14 4 153E08  15E08  152E08  LS2E-08
B B 3 I5IE08 LA9E08 147E-08  L49E-08
P 1 p  13EM  L4E08 147E08  141E-08
1 1 n L3EM8  13E-08  L3EG8  L35E-08
10 10 10 13E08 L3IE08 LXE08  L3IE(8
9 9 9 128F-08 126E08 125E08  L126E-08
8 8 8 120E08 120E08 123E08  121E-08
7 7 7 120E08 L1F08 L19E08  117E-08
6 6 6  LUE08 LUF08 110E08 L11F-08
5 5 5 10708 105E-08 L1OPE-08  L05E-08

,,. : N

38 }Q 1.5¢8

= g =

- . o eess® ; s

Bl 1 10 100 4 6 s 10 12

Voltage (V) Voltage (V)

Figure F6 The Ohmic regime of D-PDPA 200:1 at thickness = 0.0213 cm, 25°c,
70 %RH.

Thickness (cm) avg
K=7.45E-04 00226 ooz oo 00203
Thickness (t) = 0.0213 cm
IV (slope) = 5.00E-10
Specific conductivity () = /(V*K*t)
0 =5.00E-10/(7.45E-04*0.0213) = 3.15E-05 s/cm
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Appendix G Sensitivity Measurements when Exposed to Methanol

Sensitivity measurements of dedoped-polydiphenylaming (De-PDPA)
doped-polydiphenylamine (D-PDPA), and polydiphmylamine electrospun fiber were
carried out by using the two point probe at the 10% v/v methanol (CH30H) vapor of
1atm, 60-70% relative humidity and 25+2°c. The electrical response of sample was
calculated from the difference between the equilibrium conductivity of sample upon
exposed to CH30H vapor and the steady state of final conductivity of sample in N2
(Densakulprasert et al., 2003).

A= ACHOH~ N3 1 (6.)

The sensitivity is defined as the electrical response divided by it’s
conductivity at the final N2 (Densakulprasert et al., 2003).

sensitivity = Acrler,,, ... (G.2)
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Table G1 The electrical conductivity (a), response (Aa), sensitivity (Aa/aj), the induction time (tj) and the recovery time (tr) for 10%v/v of
methanol absorbed on dedoped PDPA, doped PDPA pellet, doped PDPA film and PDPA electrospun fibers. Measurements were made under
chamber temperature 0f 25¢1 °c and at atmospheric pressure

PEO(973)

ﬁgmoo 1)PEO

EPAIN:FEO
EPA(I0 ) PEQT

EPHDA(IOO: |):PEOOT:3)

PEO(973)

ti(mn)  tr(min)

B 8 8 B3

[N
o

[ ]
o

b

S8 8 838 B 8B Be
&3

20

Ar
28 +000)x 105
34100505

157 £000X D
(L0040
(3+002X05
(35821605
1B+014X0%
370+ LU D

(210 £0.01)X105

(106 069)x 104
(637 £ L45)*105
(3.7620.5)*104
(859=074)x 15

()

NIinitial)
277120 105
2.26£0.02)xI0's
90L £0.14)xI0'5
(L%£0.002)M0's
(24 £0.02)x 105
(3383:£ LB 105
(206028 105
(3600810
(2040.04)xI0-
(872£054)xI0s *
(2391 19x0s

Mithenol

218+002)X05
110.02)xI05

(L08£000N0's
(051 H0.02)110s
0% 001)%0s

(362¢ 17905
(242030105
(3762093105
(208+006)X0%
(9.56+0.14)xI0V
(244 LBOMOS

I+ I+I

(6. 30815 (88+307K s

445+ 045K 105 (461 0.39)xI05

852+ 0,105 (L2 + 0140

NALEE)
RGN,
Q2000005

(79003 s
(860,007 105
(23420001105

(341 £2.04)x10'5
(2321020 105
(360£080)x 105
(208:+006)x 105
(S.50i0.00xite
(22 170 1G5
(539£3.18x1Cs

(443 £ 045)K 105
(788:£ 058)110'5

(748£098)x 105 (154+ 107104 (548+ L77)x 16

sy

129+319x107
448+033)x106

(180£0.18)x105
(571£0.02)x106
(L4301 Oxios
2%5+02)x 105

450+ 311)x106
1621045)xI0s

001 14)x10r
839i040)x]07
B0Lt5.68)x 107

(250 01306

AA/—\I/—\/—\/—\

(161 £ 055)x 106
(L07 01310
(788:+ 969 10s

iy
00460012
01980016

02000023
02940009
00690006

00836£00%6
01780165
001 1016
001% 001
00962006l
0021 0,069

00461 £0.032
0036240.016
15+013
10+ 119

S

33300907
-420+0.19x 106

(283+007x 105
(642+023x 106
(21300740
(215£05)xI07
(950+464x107
(-L59:+0.69)xI0%
(500£000)X 07
(761 +4.54)xI07
(151 143 106

(489£ 112X 105
(-1.76£0.62)xI0'6
(-L13£020)x10J
(988 £8.90)x 105
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Table G2 The conductivity response of De-PDPA exposed to MetOH

Sample name : De-PDPA 1

Room Temperature :  25°C Humidity 709% thickness 0.0177 cm.
Chamber Temperature 25°c Applied Voltage 10V K 145E-4
Sample name : De-PDPA 2

Room Temperature :  25°C Humidity 70% thickness : 0.0176 cm.
Chamber Temperature : 25°c Applied Voltage :10 V. K 1.45E-4

Sample G Noirtd AN e A gy
DePDPA1 27805 278E05 277E05 273E45 OOE7 -360E03  -400EL7
DePDPA 2 286E-05 276E05 279E05 277E05 350E07  L27EQ2  -266E-07

Tahle G3 The conductivity response of D-PDPA L1 exposed to MetOH

Sample name : D-PDPA 1:11

Room Temperature :  25°C Humidity ; 70% thickness 0.0213 cm,
Chamber Temperature 25°C Applied Voltage :10 V. K 145E-4
Sample name : D-PDPA 1:12

Room Temperature :  25°C Humidity 70% thickness 0.0214 cm.
Chamber Temperature 25°c Applied Voltage 10V K 1.45E-4

Sample “r  @NDiritd Affrd  Adeyme  AJOj  Aorermy
DePDPA 1AL 331E05 22705 270E5 220E-05 424E-06 L17EOL  -4.07E-06
DePDPA 1:12  337E05 225E-05 272E05 220E05 4TIE-06 20001  -4.32E-06
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Table G4 The conductivity response of D-PDPA 10:1 exposed to MetOH

Sample name : D-PDPA 10:11

Room Temperature :  25°C Humidity : 70 9%  thickness :0.0205 cm.
Chamber Temperature : 26°c Applied Voltage :5V K 1.45E-4

Sample name : D-PDPA 10:12

Room Temperature :  25°C Humidity 70% thickness 0.021 cm.
Chamber Temperature 26°c Applied Voltage 5V K 1.45E-4

Sample Mro Aoiiid  OMICH - il myoe AV Adeoay
DePDPAI0:L 1 156E-04 O11F-05 10BE-4 8O0E05 168E05 184E01  -378E-05
DePDPA 1012 1STE04 89E-05 LOBE-04 7O7EQ5 19305 216E-01  -2.88E-05

Table G5 The conductivity response of D-PDPA 100:1 exposed to MetOH

Sample name D-PDPA 100:11

Room Temperature :  25°C Humidity 70% thickness 0.0274 cm,
Chamber Temperature : 26°C Applied Voltage :10 V. K 1.45E-4
Sample name : D-PDPA 100:12

Room Temperature :  25°C Humidity 70 % thickness : 0.0 cm.
Chamber Temperature 26°C Applied Voltage 10V K 1.45E-4

Sample ar Nointid Nfrd e AWCE Ao,
D-PDPA 100:11  L77E04 1405 250B-05 187E05 559E-06 288E01  -6.26E-06
D-PDPA 100:12  182E-04 193E05 252E-05 186E-05 583E06 301E01  -6.58E-06
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Table G6 The conductivity response of D-PDPA 200:1 exposed to MetOH

Sample name D-PDPA 200:1 1

Room Temperature :  25°C Humidity: 70%  thickness :0.0213 cm,
Chamber Temperature 26°c Applied Voltage 10V K 1.45E-4
Sample name : D-PDPA 200:1 2

Room Temperature :  25°C Humidity 70 % thickness :0.0212 cm,
Chamber Temperature 26°c Applied Voltage 10y K 1.45E-4

Sample @r  Nitd aefrd  mpee AWG] Aoy
DPDPA200:11  542E05 242E-05 255E-05 234E-05 ;135E06 55OE-02  -2.18E-06
DPDPA200:12 545E05 230E05 255E-05 234E05  15IF-06  6.32E-02  -2.07E-06

Table G7 The conductivity response of 30% wt De-PDPA:PEQ (95:5) fiber
exposed to MetOH

Sample name : 30% wt De-PDPA:PEO (95:5) electrosun fiberl

Room Temperature :  25°C Humidity: 70%  thickness : 0.0196 cm.
Chamber Temperature 25°c ~ Applied Voltage :5V K 1.45E-4
Sample name : 30% wt De-PDPA:PEO (95:5) electrosun fiber 2

Room Temperature ~ 25°c  Humidity 70% thickness 0.0 cm,
Chamber Temperature 25°c  Applied Voltage 5V K 1.45E-4

Sample @r  Niitd eNfid  Megoe  AUQ) AQmmmy
ggg%y\l}.&DPﬁiPEO

o) Tioer SIE05 472E05 50305 485E-06 310E-06 6.57E-02 -180E-07
280/%%&DPA:PEO

b:5) Tier 2 205E-05  193E-05 221E-05 196E-06 280E-06 145E-01  -2.50E-07



?9%

1

Table G8 The conductivity response of 30% wt De-PDPA:PEO (97:3) electrosun
fiber exposed to MetOH

Sample name : 30% wt De-PDPA:PEQ (97:3) electrosun fiberl

Room Temperature :  25°C Humidity: 70%  thickness :0.0196 cm.
Chamber Temperature 25°C Applied Voltage 10V K 1.45E-4
Sample name  30% wt De-PDPA:PEQ (97:3) electrosun fiber 2

Room Temperature ~ 25°C Humidity 70% thickness 0.0220 cm,
Chamber Temperature 25°C Applied Voltage 10V K 1.45E-4

Sample i oiritd aefrd  mpe A vy

DPAIPEO

) fiber | 217E05  203E05 26305 250E-06 6.00E06 29%E0L -1.30E-07
73 |Ee PA:PEO

219805 20705 220E-06 214E-06 150E-06 6.28E-02 -6.00E-07

Table G9 The conductivity response of 30% wt De-PDPA:PEO (98:2) electrosun
fiber exposed to MetOH

Sample name  30% wt De-PDPA:PEQ (98:2) electrosun fiber |

Room Temperature :  25°C Humidity: 70%  thickness :0.0134 cm.
Chamber Temperature 25°c Applied Voltage 10V K 1.45E-4
Sample name  30% wt De-PDPA:PEQ (98:2) electrosun fiber 2

Room Temperature «  25°C Humidity 70% thickness : 0.0162 cm.

Chamber Temperature 25°c  Applied Voltage 10V K: 1.45E-4
Sample ar it ANl Afrspore ANG) a g ey
Yows. PDPA:PEO
802)| r 460E-05 422E-05 A441E05 421E05  194E-06 4.60E-02 -2.07E-06
PA PEO

e

299E-05 297E-05 310B-05 29905 10E-06 43BE-02 -LIE-06
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Table G10 The conductivity response of 50% wt De-PDPA:PEQ (95:5) electrosun
fiber exposed to MetOH

Sample name  50% wt De-PDPA:PEQ (95:5) electrosun fiberl

Room Temperature :  25° Humidity 70%  thickness 0.0238cm.
Chamber Temperature : 25°¢ Applied Voltage :10 V. K: 145E-4
Sample name  50% wt De-PDPA:PEQ (95:5) electrosun fiber 2

Room Temperature :  25°c ~ Humidity 70% thickness 0.0227 cm.
Chamber Temperature : 25°c  Applied Voltage :10 V. K. 1.45E-4

Sample Nr Niritd GNfrd  Avepne AYQ Aoy
/ovv}BDPA PEO
05:5) fiberJ 21IE05  201E05  204E05 199E-05 300E07  149E02  -5.00E-07
Yo, PDPA:PEO
05:5) fiber 2 200E05 207E-05 212E05 20705 500E-07 242E02  -5.00E-07

Table Gil The conductivity response of 50% wt De-PDPA:PEO (97:3) electrosun
fiber exposed to MetOH

Sample name : 50% wt De-PDPA:PEQ (97:3) electrosun fiber |

Room Temperature ~ 25°C Humidity 709%  thickness 0.0584 cm.
Chamber Temperature : 25°¢ Applied Voltage 10V K 1.45E-4
Sample name  50% wt De-PDPA:PEQ (97:3) electrosun fiber 2

Room Temperature :  25°C Humidity 70 % thickness 0.0531 cm.
Chamber Temperature 25°c Applied Voltage 10V K 145E-4

Sample “r  tNinfd  fved Nl Afeoe AWO Myemry
DPA:PEO
55 el OA0E-06 83E06 O46E-06 83TE06 LI12E-06 LMEL  -1OBE-06
5900/ % PA:PEO
Ol O80E-06 OA0E-06 966E-06 922E-06 S560E-07 6ISER  -44ET
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Table G12 The conductivity response of 50% wt De-PDPA:PEO (98:2) electrosun
fiber exposed to MetOH

Sample name  50% wt De-PDPA:PEOQ (98:2) electrosun fiberl

Room Temperature : ~ 25°c  Humidity: 70%  thickness :0.0148 cm.
Chamber Temperature 25°c Applied Voltage :10V  K': 1.45E-4
Sample name : 50% wt De-PDPA:PEQ (98:2) electrosun fiber 2

Room Temperature :  25°c Humidity 70% thickness 0.0457 cm.

Chamber Temperature : 25°c Applied Voltage : 10V K: 1.45E-4
Sample G G\t eNfrd moe AMG Aoy
Yowt, PDPA:PEO
% 05)I r 362E05 37AE05  375E-05 350E-05  100E-07':267E03  -251E-06
Yowt, PDPA:PEO
95:5) Ticer 2 109E05 1O4E05  LI3E-05  10BE-05 9.03E-07 1868E-02 -487E-07

Table G13  The conductivity response of 30% wt D-PDPA(100:1):PEO
(97:3)belectrosun fiber exposed to MetOH

Sample name : 30% wt D-PDPA(100:1):PEO (97:3) electrosun fiber |
Room Temperature :  25°c Humidity 70 % thickness 0.0156¢m.
Chamber Temperature : 25°c Applied Voltage : 10V K: 1.45E-4
Sample name  30% wt D-PDPA(100:1):PEO (97:3) electrosun fiber 2
Room Temperature :  25°c  Humidity: 70%  thickness :0.0119 cm.
Chamber Temperature 25°c Applied Voltage 5V K 145E-4

Sample *r d\oiitd  WCH @Rl ATSIE A0 My
Dpéax(f'l%o UPEO  STEE®S 3ME®S 3TEK 3UEK 20ED TTER -S6E0

PX&BglPEO L0E04  780E-05 BOSE05 764E05 250E-06 321E-02  -A.1E-06
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Table G14 The conductivity response of 50% wt D-PDPA(100:1):PEO (97:3)
electrosun fiber exposed to MetOH

Sample name : 50% wt D-PDPA(100:1):PEQ (97:3) electrosun fiberl

Room Temperature :  25°¢ Humidity 70%  thickness :0.0118cm.
Chamber Temperature 25°c Applied Voltage ;10 V. K 1.45E-4
Sample name  50% wt D-PDPA(100:1):PEQ (97:3) electrosun fiber 2

Room Temperature :  25°c  Humidity: 70%  thickness :0.0104 cm.
Chamber Temperature  25°c  Applied Voltage 10V K 1.45E-4

Sample ®ir it aefrd My AV ATERy
(P (‘180 A 1J)PEO  53E05  413E-05 43305 41IE-05 200E-06 484E-02 -2.19E-06
5% wt
(PI%P%(}OO :PEO  TAOE-05 4T6E-05 48BE-05 4TSE05  122E06 25702 -1.33E-06

Table G15 The conductivity response of 30% wt D-PDPA(100:1):PEQ (97:3) film
exposed to MetOH

Sample name  30% wt D-PDPA(100:1):PEQ (97:3) film |

Room Temperature  25°C Humidity : 709% thickness 0.0165¢cm.
Chamber Temperature 25°c Applied Voltage ;10 V. K 1.45E-4
Sample name  30% wt D-PDPA(100:1):PEQ (97:3) film 2

Room Temperature ~ 25°c Humidity 70% thickness :0.0212 cm.
Chamber Temperature 25°c Applied Voltage 10V K 1.45E-4

Sample Mo ANiid  oMICH N Avepre AT ACTemy
E;g éK&POIPPEO ATIEOA  842E05  182E04 829E-05 978E-05 1I6EH00 -9.91E-05

0%wt D-
(prﬁ(flPO 12 :PEO SAIE-04  862E05 202E-04 T47E-05 116E04  LIEH0 -L2/E04
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Table G16 The conductivity response of 50% wt D-PDPA(100:1):PEQ (97:3) film
exposed to MetOH

Sample name :50% wt D-PDPA(100:1):PEQ (97:3) film |
Room Temperature :  25°c Humidity 70%  thickness 0.039cm.
Chamber Temperature : 25°¢ Applied Voltage :10 V. K 1.45E-4
Sample name : 50% wt D-PDPA(100:1):PEQ (97:3) film 2
Room Temperature :  25°c  Humidity 70% thickness 0.0196 cm.

Chamber Temperature 25°c ~ Applied Voltage :10 VK. 745E-4
Sample Mro Mitd - CMiCH  @RRd  Aflspe AV Avermry
%W
(PQI%P (ﬁ?om 1):PEO 9LIE05  6.79E-05  781E-05 423E-05 LO2E-056 1S0E0L  -358E-05
5% W

D-
(%[5)%? II(I)% l} ‘PEO 806E-05 B8I/E05 229E-04 67305 147E04 180E+00 -162E-04
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Appendix H Scanning Electron Microscope (SEM)

Table HI' Scanning Electron Microscope (SEM) of Pure PDPA, electrospun 30%
and 50% wt at various PDPA:PEOQ ratios

Materials Not sonicated Sonicated

]_) Pure PDPA

2).30% wt PDPA:PEO
(95:5)+ DCM

3). 30% wt PDPA:PEQ
(97:3) + DCM

\ P A &
( '_“ R {
!§ 15kv  x2.000
2 ~ ‘v



"1

Materials Not sonicated Sonicated
4). 30% wt PDPA'PEQ

(98:2) + DCM

5). 50% wt PDPA:PEO
(95:5) + DCM

6). 50% wt PDPA:PEQ
(97:3) + DCM

4 15 2000 Toum 000000 |

A
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Table H2 The diameter of electrospun 30% and 50% at various PDPA:PEQ ratios

diameter (pm)
materials not sonicated Sonicated
1 2 3 average 1 2 3 average

% wt PDPA:PEO 955
0% w 448 373 428 416 204 223 24 2.22

+ DCM
% wt PDPA-PEO 97
30% wt O3 433 43 475 462 308 248 234 263
+ DCM
30% wt PDPA:PEO 98:2

612 443 549 535 243 218 244 2.35
+ DCM
50% wt PDPA:PEQ 95:5

923 935 935 931 459 395 446 433
+ DCM
50% wt PDPA:PEQ 97:3

665 561 543 580 435 397 405 4.1
+ DCM
50% wt PDPA:PEO 98:2
e 616 607 613 612 337 328 299 321

SEM micrographs show that pure PDPA cannot be processed into fibers.
Added PEO to increase the processibility of the electrospinnig process. The average
diameter of the electrospun PDPA is in the range of 2-3 pm (Table H2) and increased
with increasing PDPA concentration. It is also evident that decreasing the PEQ
content also decreass the diameter of the fibers. Without the addition of PEO to
PDPA dissolved in DCM, no fiber formation occurs, as the viscosity and surface
tension of the solution were not high enough to maintain a stable drop at the end of
the capillary tip (Norris et al., 2000). With high PEO content, the solution has a
higher surface tension, so higger drop occurred at the end of the tips, the diameters of
fiber were increased (Norris et al., 2000). The size of the electrospun fiber was
affected by the ratio of the PDPA/PEOQ content (Chronakis et al., 2006).

From the picture, we will see the morphology of the fibers which were not
sonicated show the rough surface because the particle size of PDPA is bigger than
100 pm. So the aggregation may have occurred. Then we tried to improve this
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problem by using the sonicate bath to disperse the PDPA particle into homogeneous
solution. The surface of PDPA fibers has smoother surfaces with sonification.

In order to investigated the diffusion of PEO in PDPA nparticle, the
PDPA:PEQ fibers were dissolve in water 24 hr to aged the PEO, then dried in
vacuum oven, and investigated by using scanning electron microscope. Figure HI (a)
and (b) shows the breach at the surface of the fiber which is cause from the diffusion
of PEO out from the PDPA fiber, It can indicate that the PEQ particle disperse
thoroughly in the PDPA phase,

5um 000000 ki

8 15ky  x10000

5
um_.000000 R T

Figure HI (a) PDPA:PEOQ fiber at magnification 5000, (b) PDPA:PEQ fiber at
magnification 10000.
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Appendix I FTIR Investigations of Reactions of Adsorbed MetOH

FTIR spectra of D-PDPA 100:1 sample was taken and is shown in Fig. 11.
The spectra of sample were collected before, during at 50 minutes interval, and after
MetOH exposure, in order to study the interaction between the samples and MetOH.
The FTIR spectra of MetOH show the absorbtion bands at 1012 and 1056 c¢m'l
assigned to the C-OH stretching in alcohol, bands at 2868 and 2972 ¢m'1assigned to
the CH3 stretching, and band at 3705 cm'lassigned to the OH stretching. The IR
spectrum shows a peak at 1317 cm'1assigned to the benzenoid structure, a peak at
1500 cm'lassigned to the phenyl H2 a peak at 1595 ¢cm'lassigned to the quinoid
structure, a peak at 3385 cm'l assigned to the N-H stretching; all are PDPA
characteristics (Athawale et al., 2000, Hua and Ruckenstein, 2003, and
Sathiyanarayanan et al., 2006). The FT-IR spectra of the after exposed samples also
shows a peak of the MetOH region. During MetOH exposure, the IR spectrum shows
a peak of MetOH and one new peak at 1401 cm'lwhich can be assigned to the
vibration of a oxygen atom of MetOH interacting with imine N2, and it remains
observable after MetOH is removed and replaced with N2 This indicates that the
interaction between MetOH and D-PDPA 100:1 is irreversible. The proposed
mechanism of D-PDPA when exposure to MetOH is shown in Fig. 12.
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Figure I IR spectra of D-PDPA exposed to MetOH (MetOH=10% vlv, pressure at
Latm and T at =25°C).
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Figure 12 Proposed mechanism of the MetOH-D-PDPA.
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