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APPENDICES

Appendix A Determination of Functional Groups in PPV Precursor, PPV, and
Doped ppy by Fourier Transform Infrared Spectroscopy

The PPV Precursor, PPV, and doped PPV were characterized by FT-IR
spectroscopy in order to identify functional groups. Optical grade KBr (Carlo Erba
Reagent) was used as the background material. Ten-mg sample was mixed with 50-
mg KBr. An FT-IR spectrum was observed by using an FT-IR spectrometer (Bruker,

model EQUOX55/S) in the absorption mode with 32 scans at a resolution of 4 cm'
1

o Precursor PPV
.......... PPV

4] ——— Dope PPV with H»SO4 1:300
: |
s 34 A ﬁ l‘,
.g B i — e P 7"»”‘“"‘5"/[“ ~ “\\ 4
ot ; B
2 27
o =
<

1

0 =

4000 3000 2000 1000

Wavenumber(cm'l)

Figure A4 The FT-IR spectra of PPV Precursor, PPV, and doped PPV with a mole
ratio of sulfuric acid to monomer unit equal to 300:1.
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Table Al Peak positions from FT-IR spectra of PPV Precursor, PPV, and doped
PPV with amole ratio of sulfuric acid to monomer unit equal to 1:300

Wavenumber (cm])
Functional groups
PPV doped
Precursor "V PPV
Phenylene out of plane ring ~ 550£10  550£10 55010
bending (558) (557) (556)
C-S stretching 63810 i
(637)
S-0 stretching 650210
(664)
Para-phenylene ring C-H 830+10  830+10 83010
out ot plané bending (847) (836) (835)
C-H out of plane bending 960£10 96010  960+10
(950) (964) (964)
$=0 symmetric stretching 1050110
(1047)
Quinoid ring c=¢ 1170£10
stretching (1172)
=0 asymmetric stretching 120010
(1204)
C-C ring stretching 1517410 1517+10  1517%10
(1515) (1516) (1517)
CH3symmetric stretching 2872410  2872:10  2872:10
(2880) (2882) (2882)
CH3asymmetric stretching ~ 2960+10  2960+10  2960£10
(2946) (2950) (2950)
Trans vinylene C-H 3022£10  3022+10
strectching (3024) (3023)

References

elat,(2002)

Fernandes
etal,(2004)

Fernandes
et .,(2004)

etal,(2006)

Pprpg
etal, (2006)

Fernandes
etal,(2004)

Fernandes
etal,(2004)

Fernandes
etal,(2004)

ﬁ/[Eoom

etal (2006)
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|dentification of peaks in the spectrum are shown in Table Al. PPV
Precursor, PPV and sulfuric acid doped PPV were examined by FTIR spectroscopy.
The presence of the absorption band near 960 cm'J, resulting from C-H out-of-plane
bending, is a characteristic of the trans configuration of the vinylene group (Peres,
2006). The absorption band around 3022 cm"1is due to thetrans vinylene C-H
stretching mode. The absorption band around 550 cm'Lis attributed to the phenylene
out-of-plane ring-bending. The bands at 830 cm'land 1516 cm'lare assigned to para-
phenylene ring C-H out-of-plane bending and C-C ring stretching, respectively. The
bands at 2872 and 2960 cm'l represent the CHs symmetric and CHs asymmetric
deformation (Cirpan, 2002). After the heat treatment under vacuum, the intensity of
these two bands decrease. The intensity of the absorption band near 3022 cm"1
increase due to the elimination of the tetrahydrothiopenyl group and HCL The
absence. 0-fthe C-S linkage peak at 632 cm'1from tetrahydrothiophene indicate full
conversion of the precursor after pyrolysis (Fernandes, (2004). Upon oxidation of
PPV, the infrared spectrum shows band at 1170 cm'L The emergence of this band-in
the spectra is related with the formation of quinoid structure. The quinoid structure
i a result of a break of symmetry of the polymeric chain. The presence of
vibrational bands from hydrogensulfate anion the counter ion of the oxidized
polymer backbone , at 1200, 1050, and 650 cm'l are due to s=0 asymmetric
stretching, =0 symmetric stretching, and S-0 stretching, respectively (Fernandes,
2004).
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Figure A3 The FT-IR spectra of PPV Precursor.
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Figure A4 The FT-IR spectra of PPV.
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Figure A5 The FT-IR spectra of doped PPV with a mole ratio of sulfuric acid to
polymer unit equal to 300:1
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Appendix B The Thermogravimetric Thermogram of PPV Precursor, PPV,
and Doped PPV
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Figure BL TGA thermogram of Precursor PPV,

6500
6000 1
v
[7/]
=
= 5500 |
=
20
%]
2 5000 -
<
(=)
4500 1
4000

100 200 300 400 500 600

Tempurature(Celcius)

Figure B2 TGA thermogram of PPV
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Figure B3 TGA thermogram of dPPV

Table BL The summary of percent weight loss in the TGA thermogram of PPV
Precursor, PPV, and doped PPV

Transition Temperature (°C) % Weight Loss o Daci

Sample y o ard " ) ¢ yq  JoResidue
PPV Precursor ~ 88-127 150-249 520-550  21.70 1047  4.90 62.93
PPV 50-110 478-596 6.62 25.2 68.19

300 H2S04:PPV  30-139 139-269 530-590 2061 1656  9.15 53.19
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Appendix ¢ Determination of the Correction Factor (K)

The electrical conductivity of sample was measured by two point probe
meter.
The meter consists of two probes, that making contact on the surface of thin layer
sample. These probes were connected to a source meter (Keithley, Model 6517A) for
a constant voltage source and reading the resultant current,
The geometrical correction factor was taken into account of geometric
effects, depending on the configuration and probe tip spacing

K= (C.l)

where K is geometrical correction factor
is width of probe tip spacing (cm)
1 isthe length between probe (cm)

This measurement, the constant K value was measured by using a standard
sheet with a known resistivity value; we used silicon wafer chips (5i02). K was
calculated by using Equation C.2,

= :/
“ Rxt \fxrf (€2)

where K = geometric correction factor
p resistivity of standard silicon wafer which were calibrated by using
a four point probe at King Mongkut™ Institute Technology Lad
Krabang (E2.cm)
film thickness (cm)
film resistance (£2)
measure current (A)
voltage drop (V)

< — U
oo



54

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

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 RCAOL 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 9OC for 10 min, removed and placed in methanol for 2-5 min,
subsequently rinsed with deionized water and blown dried with nitrogen gas. Second
step is the RCA clean, to remove organic residues from silicon wafers. This process
oxidized the silicon wafer and left a thin oxide on the surface of the wafer. RCA
solution was prepared with 5 parts of water (H20), 1 part of 27% ammonium
hydroxide (vHaoH), and 1 part of 30% hydrogen peroxide (H202). 65 ml of
NH40H (27%) was added into 325 ml of deionized water in a beaker and then heated
to 70 + D'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 deionised water was added to the polypropylene bottle and then
added to 20 ml HF. Wafer was soaked in this solution for 2 min, removed and
checked for hydrophobicity by performing the wetting test. Deionized water was
poured onto the surface wafer; the clean silicon surface would shows that the beads
of water would roll off. Clean Si wafer was further blown dried with nitrogen and
stored in a clean and dry environment.



Table CI Determination the correction factor of probe 4, 6, Al, A2, A3

Probe

Al

A2

A3

1.30x1 03

7.39x10'4

1.74x105

1.94x105

2.80x1 05

2

1.30x103

1.49x1 04

1.75x1 05

1.94x1 05

2.81x10'5

K (correction factor)
3

1,30x10°3
7.59x10'4
1,75x10%
1.94x1 05

2.81x10'5

Average

1.30x1 03
1.02x105
1.75x1 05
1.94x105

2.81x10%5

55

D

2.15x10

1.49x1 04

3.72x10°8

15x108

3.02x108 .



Table C2 Determination the correction factor of probe 4 with standard Si wafer
(Temperature 26 + 1 °C, Humidity 55 + 1%) plt= 107.373

Applied Voltage (V)

PO 2 O O WWWOO00 =IO UTUT B B 0w N
CUITOTOUTIOTIOUTO0IOCTIOTTIO CT1TO Ul

(Temperature 20+ 1°C, Humidity S+ 1%)

1
4.86x1 04
5.64x104
7.13x104
8.49x1 04
9.71x10’4
1.07x10'3
1.20x1 03
1.29x1 03
141x10"3
1.48x1 03
1.55x10°3
1.61x10'3
159103
1.60x1 073
1.59x1 03
1.65x1 03
1.59x1 03
1.54x1 073
1.59x1 073
1,56x10°3

Measured Current (A)
Probe 4
2
4.85x104
6.00x1 04
7.28x10™4
8.50x10'4
9.49x1 04
1.08x1 03
1.23x1 03
1.29x1 03
1.43x10'3
1.50x1 03
1.55x1 03
157x1 03
155x10'3
1.61x10"3
159x1 03
1.67x103
1.56x10°3
1.55x10°3
1,56x10°3
1.56x10°3

56

3
4.87x10"4
5 98x1 04
7.17x104
8.53x104
9 58x10'%4
1.09x1 03
1.22x1 03
1.31x1073
1,42x10"3
1.50x1 03
1.56x103
1.60x1 03
157x10°3
1.60x103
1,58x10°3
1.61x103
1.59x1 03
1.59x103
1,59x10'3
1.56x103



Table C3 Determination the correction factor of probe 6 with standard Si wafer
(Temperature 26 £ 1 ¢, Humidity 55 £ 1%) p/t= 107.373

Applied Voltage (V)

10
11
12
13
14
15
16
17
18
19
2.0
2.1
22
2.3
24
2.5
2.6
2.1
2.8
2.9

(Temperature 26 + 1°C, Humidity 55 + 19%)

1
4.23x1 04
4.37x10'4
4.84x1 04
5.41x104
5.89x10"4
0AOx10'4
6.14x1 04
6.36x10'4
6.71x104
7 1x104
7.48X10-4
7.95x104
794x1c4
8.20x1 04
9.13x1 04
9 27x1 04
9.74x1c 4
9.66x1 04
1.05x1 03
1.04x1 O3

Measured Current (A)
Probe 4
2
4.20x1 04
4.50x10'4
5.08x10'4
5.50x1 04
5.95x1074
6 32x1 04
6 27x104
6.38x1 04
6.99x1 04
721x10'4
7.63X10'4
7.91x10'4
786x1c4
8.86x1 04
8.72x104
9.44x10%
9.60x1 04
9.89x10'4
1.07x103
1.07x103

57

3
4.32x10'4
4.65x1 04
5. 10x10'4
5.68X10-4
6.25x1 04
6.33x104
6.23x10'4
6.52x10'4
6.88x10'4
741x10'4
7.70x104
8.00x1 04
7.94x10"4
911xi04
9.14x1 04
9.59x1 04
9.55x10'4
100x103
107x103
1.06x1 03
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Table C4 Determination the correction factor of probe Al with standard Si wafer

(Temperature 26 £ 1 °C, Humidity 55 + 1%) pit = 19.0107
Measured Current (A)

Applied Voltage (V)

1.00
1.10
1.20
1.30
140
1.50
1.60
1.70
1.80
1.90
2.00
2.10
2.20
2.30
240
2.50

2.60
2.10

2.80
2.90

(Temperature 26 + 1 ¢, Humidity 55 £ 1 %)

1

7.31x10'6
7.97x1 06
9.03x10°6
9.85x1 06
109x10'5
1.22x10'5
1.36x10'5
153x10%
1.68x10'5
1.81x10:5

. 1.92x1.05

2.01x10'5
2.10x10%
2.17x10'5
2.26x1 05
2.32x105

2.40x1 05
2.45x10°5

2 52x1 05
2.59 xi05

Probe 4
2

7.27x10'6
8.01x10%
8.87x1 06
9.90x1 06
l.IIxI0 "5
1.24x105
1.34x1 05
1,53x10"5
1.69x1 05
1.82x1 05
1.92x105
2 0IxI0'5
2.11x10'5
2.17x10%
2.24x1 05
2.35x10"5

2.39x10'5
2.48x10"
2.53x10%
2.59x10%

3

1.44x1 06
8 10x106
8.92x10°6
997x1056
110x105
123x105
1.36x10'5
1.54x105
169x1 05
1.82x10%5
1.93x10%
2.02x1 05
2.10x105
2.18x1 05
2 25x10%
2.34x10'5

2.40x10'5
2.47x10%

2.52x1 05
2.58x10'5
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Table C5 Determination the correction factor of probe A2 with standard Si wafer

(Temperature 26 + 1 °C, Humidity 55 + 1%) pit= 19.0107
Measured Current (A)

Applied Voltage (V)

1.00
1.10
1.20
1.30
1.40
150
1.60
170
1.80
1.90
2.00
2.10
2.20
2.30
2.40
2.50

2.60
2.10

2 80
2.90

(Temperature 26 £ 1 ¢, Humidity 55 £ 1 %)

1

1.37x10'5
1,45x10'5
1.52x10'5
1.58x10"5
171x10'5
175x10%
1.79x10'5
187x10%
1.89x10'5
1.95x10'
2.02x10'5
2.05x10"5
2.09x10'
2.16x10%
2 17x105
2.25x10%

2.24x10'5
2 26x105

2.33x10"5
2.36x1075

Probe 4
2

1.39x10'5
1.45x1 05
1.51x10%
1.59x1 05
1.71x10'5
1.74x1.05
1.78x1 05
1.85x1 05
1.93x10%
1.95x1 05
2.00x105
2 04x105
2.09x1 05
2.15x1 05
2 18x105
2.23x10%

2.26x10%
2.25x10'6

2.33x10%
2.35x10'5

3

1.39x10
1.46x1 05
1.52x10'5
1,61x10'5
171x10'5
1.72x105
179x105
1,85x10'5
1,93x10%
199x10%
1.97x105
2.03x10"5
2.12x105
2.12x105
2.24x10'5
2.23x10"5
2.24x10"
2.28x10%
2 33x10%
2.35x10%
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Table C6 Determination the correction factor of probe A3 with standard Si wafer

(Temperature 26 £+ 1°c, Humidity 55 £ 1%) p/t=19.0107
Measured Current (A)

Applied Voltage (V)

1.00
1.10
1.20
1.30
140
1.50
1.60
1.70
1.80
1.90
2.00
2.10
2.20
2.30
240
2.50

2.60
2.10

2.80
2.90

(Temperature 26 £ 1°c, Humidity 55 + 1%)

1

1.16x1 05
1,41x10%
1.57x10'5
1.74x10'5
192x10%
2 14x105
2.33x105
2 49x10'5
2.91x10'5
3.21x10'5
3.60x10'5
3 55x10'5
3.35x10'5
3.21x105
342x105
3.39x105

3.54x10%
3.64x1 05

3.12x105
3.76x105

Probe 4
2

1.20x105
1.42x105
1.56x10'5
1.76x1 05
192x105
2 15x105
2.34x10'5
2.51x10"5
2.93x10%
3.25x105

3.58x10'5..

3.42x105
3.29x105
3.32x10'5
3.43x10'5
3.40x105

357x105
3.65x10%

3.75x10%
3.69x105

3

1.22x105
1.44x105
1.53x105
1.74x105
1.94x105
2.18x10'5
2.33x10'5
2 52x10%
2.97x105
3.39x10
3.58x105
3.43x10%
3.28x10'5
3.33xI0'5
3.32xI0'5
343x105

3.54x105
3 65x10%

3.12x105
3.68x105
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Appendix D Conductivity Measurement

The specific conductivity, which is the inversion of specific resistivity (p) of
undoped PPV, doped PPV, Zeolite Y ( Si/Al=5.1 Nat), Zeolite Y ( Si/Al= 5.1 NH3+
), Zeolite Y ( Si/AI=5.11f ), Zeolite Y ( Si/AI= 30 If ), Zeolite Y ( Si/AI= 60 1f ),
and Zeolite Y ( Si/Al= 80 H+) pellets were measured by using the two-point probe
connected to a source meter (Keithley, Model 6517A) for a constant voltage source
and reading resultant current . 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 (D. 1) as follows:

of )= = Y
P Rsxt  KxVxi ()
where a = specific conductivity (Slcm)

p = specific resistivity (E2.cm),

Rs = sheet resistivity (Q)

| = measured current (A)

K = geometric correction factor

V = applied voltage (voltage drop) (V)
t = pellet thickness (cm).



Table D1 Determination the specific conductivity (S/cm) of undoped and doped
PPV, Zeolite Y ( Si/Al=5.1Na4), Zeolite Y ( Si/Al= 5.1NH3t), Zeolite Y ( Si/Al=
51 H+t), Zeolite Y ( SI/Al= 30 H+), Zeolite Y ( Si/AI= 60 FT'), and Zeolite Y (
SilAI=80 1")

Specific
Sample conductivity STD

(Scm)
PPV 1.97x106 1.60x108
50 H2504 : PPV 2.08x105 6.17x1 08
100 H2S04: PPV 5.03x10" 1.10x1072
200 H2S04 : PPV . 3.07x10° 1.43x10'
300 H2S04 : PPV 117x103 5.43x10"
Zeolite Y ( S/Al = 5.1, Na# 1.62x10%5 1430107
Zeolite Y ( SUAl = 5.1,NH3+) 1.13x10'5 3.44x1 06
Zeolite Y ( SUAI =51, H+) 337105 701x10%
Zeolite Y ( SVAl = 30, H+) 2 46x10'3 2 54x1 03
Zeolite Y ( SIAI =60, Ht) 3.86x103 3.33x10°3
Zeolite Y ( SUAl = 80, H+) 297%1 08 294103



Table D2 Determination the specific conductivity (S/cm) of PPV /10 Zeolite Y
( SUAI'= 5.1, Na#) , PPV [Zeolite Y ( Si/Al= 5.1 NH3+), PPV- [Zeolite Y ( SifAl=
51 H+), PPV [Zeolite Y (SifAl= 30 H4), PPV [Zeolite Y ( Si/Al= 60 H+), and PPV
[Zeolite Y ( SilAl= 80 H+)

Specific
Sample conductivity STD

(S.cm)
PPV/90Zeolite Y ( Si/Al = 5.1, Na4) 2.79x10'3 7.22x106
PPV/90Zeolite Y ( Si/Al= 5.1 NH34) 2.49x10'5 6.23x10°8
PPV/90Zeolite Y ( Si/Al=5.1 HH 3.78x102 6.92x107
PPV/90Zeolite Y ( SifAl= 30 H4) 1.06x102 3.07x103
PPV/90Zeolite Y ( SifAl=60 v f) 2.00x1 04 2.83x107
PPV/90Zeolite Y ( Si/Al= 80 H4) 2.53x10"4 1.02x1 06
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Table D3 Determination the specific conductivity (S/cm) of PPVJOO H2S0ass0
Zeolite Y ( Si/Al = 5.1, Nat) , PPVJOO H25(y90Zeolite Y ( Si/Al= 5.1 NH3t),
PPVJOO H2504/90Zeoiite Y ( Si/Al= 5.1 vt ), PPVJOO H2S04/90Zeolite Y (
SilAl= 30 H+), PPVJOO H25(V90Zeolite Y ( Si/Al= 60 H+), and PPVJOO
H2SC>4/90Zeolite Y ( SAl= 80 H+ ).

Specific
Sample conductivity STD
(S.cm)

PPVJ00H2504/90Zeolite Y ( Si/Al = 5.1, Na#) 2.71x102 4.86x10%
PPVJOO H204/90Zeolite Y ( SI/AI= 51 NH3)  1.31x10"3 2.33x104
PPVJOO H25(V90Zeolite Y ( Si/Al=5.1 H+) 2.71x10"2 1.79x102
PPVJOO H2SCV90Zeolite Y ( Si/AI=30 H+) s=1' .15 02 219103
PPVJOO H2SCH4/90Zeolite Y ( SifAl= 60 H+) 147x102 2.04x103
PPVJOO HZ5(V90Zeolite Y ( SifAl= 80 HY 156x1 02 498 xI0'3



Sample

PPV

Table D4 The raw data of the determination of linear regime of poly(para-

phenylene vinylene).

: Applied
Thickness Vgﬁage

)

0.0652 5
6

10
1
12
13
14
15
16
17
18
19
20
pAl
22
23
24

(Temperature 26 £ 1 ¢, Humidity 50 £ 1%, K = 2.366x1 O3 Probe 4)

1.03 x10'9
1.15x10'9
1.30x109
1.45x10'9
158 x10'9
1.73x10'9
1.87x1 09
2.03 x10'9
2.15 x10"9
2.30 X10"9
2.46 X109
2.59 X10"9
2.71 XI0"9
2.85x10"9
2.97 X109
3.18x1 09
3.35 X109
3.48 X109
3.63 x10'9
3.74 X109

Current(A)

1.00 x10"9
113 x10'9
1.26x1 09
1.42x109
1.57 XI0'9
172 x10'9
1.86 XI0"9
2.00 XI0'9
2.16 x10'9
2.26 X109
2.44 X109
2.56 X109
2.70 X109
2.83 XI0'9
2.96 X10"9
3.20 X109
3.34 XI10'9
3.48 X109
3.60 XI10'9
3.73 XI0"9

9.84 XIO'1
1.12 X109
1.24 X10'9
1.41 XI0'9
1.56 XI0'9
1.70x1 09
185x109
1.98x1 09
2.14x10"9
2.25 XI0"9
241 x10'9
2.55 X109
2.69 X109
2.82 XI10'9
2.96 X109
3.17x10'9
3.32 XI0"9
3.46 X10'9
3.59 XI0'9

3.74x1 09

Conductivity (S/cm)
243 X106 2.37 XI0-6  2.32 XIO'6
227 X106 2.23xI0'6 221 XIO'6
2.18xI0'6  2.12xI0'6  2.10 XIO'6
2.14 XI0'6 2.09xL06  2.08 xI06
207 XI0'6  2.06xI0'6  2.05xIO'6
2.04 XI0'6  2.03 XI06  2.01 xI0'6
201 XI0'6  2.00 X106 1.99 xI0'6
199 X106 1.96xI06  1.95XI046
1.95x10'6  1.96 XIO-6  1.94 xI06
1.94x10'6 191 XI0'6  1.90xL 06
193XI10'6 192 XI0'6  1.90x1 06
191 XI0'6  1.89XI0'6  1.88 XIO'6
188 XI0'6  1.87XI0'6  1.87 XIO6
187x106  1.85x106  1.85XIO'6
184 xI0'6  1.84xl0'6  1.84xI0'6
188xI0'6  1.89XI0'6  1.87 XIO'6
1.88 XI0"6  1.88x106  1.87x106
187 X106 1.86x106  1.85XI0-6
ls6xi06  1.85xI0" 184 XI0'6
184 XI0'6 183 XI0'6  1.84xI0"6



Sample

Doped
PPV
1:50

Table D5 The raw data of the determination of linear regime of Doped poly(para-

phenylene vinylene) at 50 H.SOs : PPV

Tm%ﬁrws @%ﬁggg
(V)
0.0038 1.00x101
2.00x10"1
3.00x10"1
4.00 x10"1
5.00 x10"1
6.00 XI0'1
7.00x10'1
8.00 X101
9.00 xI0'1
1.00
1.10
1.20
1.30
1.40
1.50
1.60
1.70
1.80
1.90
2.00

1.68 xI0™
2.59 xio"
3.46 XI0'L
4.20 Xl0'1L
5.00 XI0"1t
5.88x10™
6.60 xio"
7.31 X101
7.97 Xlo'LL
1.09 XI10'D
1.13 X100
1.18 x10'D
1.27 X100
1.34 X100
141 XI0'D
1.49 XI0'D
157 XI10'0
166xio D0
1.76 XIO'D
1.86 XI0'D

Current(A)

171 XI0'1
2.56 X10'1L
3.42x10™

447 X101
4.99x10""

5.86x10"™

6.60 x10"-
7.35 xi0 "

8.08 xio™

1.04 XI0'0
111 XI0'0
1.17x10'0
1.25 X100
1.34 XI0'D
141 XI0'D
1.49 XI0'D
1.58 XI0'D
1.68 X10'0
1.75 X10'D
1.84 XI0'D

171 x10'1
2.59x10"™
3.43x10™"
4.38x10™
4.99x10"
5.97 xio™
6.64 X10'1
7.43x10"
8.26x10"
1.09x10'0
111 XI0'D
1.20 X10'0
1.25 X100
1.33 X100
142xi0D0
1.49 XI0'0
1.58 XI0'0
1.66 x10'0
1.75x1 00

1.86 X10'D

69

Conductivity (Slcm)
3.40 X105 346 XI0'5  3.46x10'5
2.62XI05 259 XI0%  2.62xI0'5
2.33x10'5 231 XI05  2.31 xI0'5
212 X105 2.26xI0'5  2.22xI0'5
2.02XI0'5  2.02xI0'5  2.02 XIO%
198 X105 1.98x105 2,01 XIO'S
191 X105 191 XI0B  1.92 XIO
185XI0'5  1.86xI0'5  1.88x105
1.79xI0'5  1.82 XI05  1.86 XIO
221 XI05 211 xio5  2.21 XIO%
2.07XI0%5  2.03 XI05  2.04 XIO'
199 X105 L1.97XI05  2.02 XIO
197 X105 195 XI0%  1.94 XIO
1.93x105 194 XI05  1.92xI0'5
191 XI05  1.90xI0'5 191 xI0'%
189x105  1.88XI05  1.88xI0%
187XI05  1.88x105  1.88 XIO
186105 189XI05  1.86x105
187XI05  186XI05  1.86 XIO'S
188 X105 186xI0'5  1.88 XIO"

(Temperature 26 £ 1 ¢, Humidity 50 £ 1%, K = 2.366x1 03 Probe 4)



Sample

Doped
PPV
1:100

Table D6 The raw data of the determination of linear regime of Doped poly (para-

phenylene vinylene) at 100 H2so4 : PPV,

: Applied
Thickness V%ﬁage

o)

119xioy 100107
4.00x1 02
7.00x1 02
1.00 xio"
2.00x10""
3.00 xio”
4.00x10%
5.00x10"
6.00x10"
7.00%10-"
8.00X10"
9.00x10°"
1.00E+00
1.10E+00
1.20E+00
1 30E+00
1 40E+00
1 50E+00
1 §0E+00

1.70E+00

3.21 xl0""

3.50x10-"

3.87 xl0™

4.28%x10-*

5.47x10-"

6.44x10"

7.53x10"

8.62x10"'"

9.69x10"

1.07x10-"°

1.18x10"°

1.27x10-"°

1.34x10'°

1.33x10'°

1.53x10-"°

1.64 X100

177 X100

1.90 xIO"10

1.92x10'°

2.04x10"°

Current(A)

3.20x10"
3.50x10"
3.86 xio"
4.29x10"
5.45x10"
6.44x10"
7.56x10"
8.64x10"
9.69x10"
1.07x10"°
1.18x10"°
1.28x10"°
1.36x10"°
1.35x10°'°
1.49 xio"0
1.64x10"°
1.77x10-*
1.88x10"°
1.95x10°'°

2.01 xlo™*

3.16x10"

3.49x10"

3.86x10"

4.26x10"

5.45x10"

6.51x10"

7.53x10"

8.62x10"

9.66x10"

1.07x10"°

1.18x10"°

1.29x10-*

1.39x10"°

1.37x10-*

1.45x10"°

1.64x10"°

1.75x10-"

1.88x10"°

1.96x10"°

1.95 X100

10

Conductivity (slcm)
8.08 XI0'2  8.05xio2 7.94 X102
8.81 xio2 8.80x102 8.78 XI072
9.74 xi02 9.72xi02 9.71 XI0"2
1.08x10" 1.08x10-' 1.07x10-
1.38x10-" 1.37x10- 1.37x10*
1.62x10' 1.62x10- 1.64x10-
1.90 XI0't  1.90x10* 1.89x10'
2.17x10- 2.17x10-" 2.17x10-'
2.44x10" 2.44x10-" 2.43 XIO-'
2.69x10° 2.70x10- 2.70x10-'
2.97x10-' 2.97x10-" 2.96x10*
3.20x10- 3.22x10-" 3.23 xlo™
3.38x10- 3.41 xI0"1  3.49x10-'
3.35x10- 3.39x10-" 3.46 xio*
3.85x10- 3.75x10-" 3.65 xl0o™
4.13x10-' 411 xiol  4.14x10-
4.46x10-' 4.45x10- 4.41 xio*
4.79x10" 4.73x10-' 4.72x10-'
4.84x10- 4.91 xio* 4.93 xio*
5.13x10- 5.05x10-" 4.91x10°

(Temperature 26 £ 1 ¢, Humidity 50 £ 1%, K =2.366x10'3 Probe 4)
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Table D7 The raw data of the determination of lingar regime of Doped poly(para-
phenylene vinylene) at 200 H. SO« : PPV,

Sample

Doped PPV
1:200

Thickness P
Vo
(cm) (V)

0.0325 L00
1.10

1.20
1.30
1.40
150
1.60
1.70
1.80
1.90
2.00
2.10
2.20
2.30
2.40
2.50
2.60
2.70
2.80
2.90

Applied
ﬁage

1.27x107
1.40x10'7
1.60 x10'7
1.81 XIO'7
2.14 x10'7
2.43x10'7
2,73 XIO'7
2.81 X107
3.06 XIO'7
3.29x1 07
3.42 X107
3.61 XI0'7
3.83 XIO'7
443 x10'7
5.57 XIO'7
6.93 xI0'7
8.43 x10'7
9.16 XI0'7
9.79x1 07

1.08x1 0%

Current(A)

1371 xI0'7
1.41 XIO'7
1.612 XI0'7
1.884x1 07
2.087x1 07
2.403 XI0'7
2.647x107
2.892 XI0'7
3.028 XIO'7
3.216 XI0'7
3.375 XI0'7
3.712 XI0'7
3.856 XI0'7
4.469 XI0'7
5.567 XI0'7
7.058x1 07
8.367 XI0'7
9.188 XI0'7
9.64 XIO'7
1.034 X10'6

1.22 XI0"7
1.40 XIO'7
1.62 XI0'7
1.84 XI10"7
2.10 x10'7

2.40x107

2.45x1 0T

2.89x107
3.03 XIO'7
3.19 X107
3.56x1 07
3.61 XIO'7
3.85 XI0'7
4.48 X10'7
5.59 XIO'7
7.06 XIO'7
8.12 XIO'7
8.82x107
9.79 XIO'7
1.07 X106

Conductivity (s/cm)

7.22x101
7.95x10*
9.12x10*
1.03 x102
121 x102
1.38 x102
1.55 xl-02
1.60 X102
1.74 XI02
1.87x102
1.94 X102
2.05 X102
2.18 x102
2,51 XI02
3.16 X102
3.94 X102
4.79 XI02
5.20 XI02
5.56 X102
6.13 X102

(Temperature 26 + 1°c, Humidity 50 £ 1%, K =2.366x10'3 Probe 4)

7.79x10*
8.01 xlo*
9.16x10*
1.07 X102
1.19 X102
1.37x102
1.50x102
1.64 X102
1.72 XI02
1.83 XI02
1.92 XI02
2.11 X102
2.19x102
2.54 X102
3.16 x102
4,01 x102
4.75x102
5.22 X102
5.47 X102
5.87 X102

6.95 XI0*
7.94 xI0*
9.23x10*
1.05 x102
1.19 X102
1.37 X102
1.39 XI02
1.64 X102
1.72 X102
1.81 X102
2.02 x102
2.05 X102
2.19 x102
2.54 X102
3.18 x102
4.01 x102
4.61 Xl02
5,01 Xl02
5.56 X102
6.10 X102



Sample

Doped
PPV
1:300

12

Table D8 The raw data of the determination of linear regime of Doped poly(para-
phenylene vinylene) at 300 H.SOx : PPV.

: Applied
Thickness ng

tage
(cm) )

0.00326 100
1.10
1.20
1.30
1.40
1.50
1.60
1.70
1.80
1.90
2.00
2.10
2.20
2.30
2.40
2.50
2.60
2.70
2.80

2.90

1.67 xio-7

2.02 xI0'7

2.40 x10'7

2.70 x10'7

2.89 x10"7

3.09 x10"7

3.34x10'7

3.50xio07

3.58 xI0'7

3.70 XI0'7

3.84 XI0'7

3.79 X107

3.80 X107

4.02 XI0'7

4.29 X10'7

4.40 XI10'7

4.74 XI10'7

5.35 XI0'7

5.57 XI0'7

5.68 X10'7

Current(A)

1.72 XI0'7
2.19 x10'7
2.40 XI10'7
2.69 X10'7
2.86 X10'7
3.07 XI0'7
3.31 XI0'7
3.46 X107
3.53 XIO'7
3.67 XIO'7
3.70 X10'7
3.79 X107
3.80 X107
4.00 X10'7
4.11 X107
4.47 X10'7
4.75 X10'7
5.27 X10'7
5.42 XI0'7

5.62 XI0'7

1.75x1 07

2.22 XI0'7

2.45 XI0'7

2.68 XI0'7

2.89 XI0'7

3.03 x10'7

3.28 X10'7

3.43x1 07

3.50 XI0'7

3.64 XI10'7

3.79 XI0'7

3.79 XI0'7

3.80 XI0'7

4.00 X107

4.23 X107

4.31 X107

4.73 XI10'7

5.22 XI0'7

5.38 X107

5.55 XI0'7

Conductivity (S/cm)
1.03xI03  1.06 X103 1.07 xio3
1.12xI03  1.22 X103 1.24 xi03
1.23 X103 1.23 XI03  1.25 XI03
1.27xi03  1.27 X103  1.26 XI03
127xi03  1.25XI03  1.26 XI03
1.26 xio3  1.26 XI03  1.24 XI03
1.28'X103- 1.7 x-103  1.26 XI03
126 xi03  1.25XI03  1.24 XI03
1.22xi03  1.20 X103 1.19x103
1.20 X103 1.18xl03  1.18 xl03
1.18 xio3  1.14xio3 1.16x103
111 XI03 111 XI03  1.11 XI03
1.06 XI03  1.06 XI03  1.06 X103
1.07 X103 1.07XI03  1.07 XI03
[.I0x103  1.05XI03  1.08 xio3
1.08xi03  1.10xI03  1.06 XI03
1.12 X103 1.12xi03  1.12 XI03
1.21 X103 1.20 X103 1.19 xio3
1.22 X103 1.19xio3  1.18xio3
1.20X103  119XI03  1.17x103

(Temperature 26 + 1°C, Humidity 50 + 1%, K = 2.366x1 O3 Probe 4)



Sample

CVB 100

Table D9 The raw data of the determination of linear regime of Zeolite Y

( SIAI =54, Na,

: Applied
Thzgl;nr;ess Vgi)tage
V)

0031 5

10
1
12
13
14
15
16
1
18
19
20
2
22
23
24

2.79x1 09
3.52x1 09
4.06 x10'9
4.69 x10"9
5.11x10'9
6.75 x10'9
7.38 x10°9
7.94 XI0'9
8.32 XI0'9
8.83 XI0'9
9.3 XI0'9
9.65 X109
1.08 XI0'8
1.25x10'8
1.36 XIO'8
145 X10'8
153 XI0'8
159 XI0'8
1.64 XI0'8
1.69 X108

Current(A)

2.88 X109
3.54 X109
4°X10'9
4.87 X10'9
6.03 X109
6.71 X109
7.28 X10'9
7.84 X109
8.3 XI0'9
8.68 X109
9.13 XI0'9
9.81 XI0"9
1.14 XIO'8
1.27XI0'8
1.36x10'8
1.45 XI0'8
152 X108
159 XI0'8
1.63 X108
1.68 XIO'8

2.89 X10'9
3.49x1 09
3.95 X109
4.87x109
6.05 X109
6.7 XI10'9
721 x10'9
7.75 X109
8.18x1 09
8.67 X109
9.09 xI0"9
9.85x10'9
1.14 XI0'8
1.28x1 08
1.36 XI0'8
1.45x1 0%
152 XI0'8
157 XI0'8
1.62 X108
1.67 XIO'8

13

Conductivity (S/cm)
1.38 XI0% 143 x10'5 143 XI0'5
1.46 xI0'5 147x105 144 xI0'5
1.44 X10'5 1.42 X105 1.40 XI0'5
1.45 x10'5 151 XI0'5  1.51 XI0%
1.41 XI0% 1.66 xI0'5  1.67x10%
1.67x105 1.66 xI0'5  1.66x10%5
1.66 xI0'5 1.64 XIO'5 163 XI0'5
1.64 X10% 1.62 XI0'5  1.60 XI0'
1.59 XI0'5 1.58 xI0'5 1,56 XI0"
1.56 XI0'5 1.54 XIO'5  1.54 XI0'5
1.54 XI0'5 151 XIO'5 150 XI0'5
1.50 XIO'5 1.52x10'5 153 XI0%
1.58 X10'5 1.66 xI0'5  1.66 XI0'5
1.73 XI0'5 1.75XI0'5  1.76 XI0'5
1.78x1 0% 1.78x10'5  1.78 XI0'5
1.80 XI0" 1.80 XI0'5  1.80 XI0%
1.80 XI0% 1.80 XIO'5  1.80 XI0'5
1.80 XI0% 1.79 X105 1.78 XI0'5
1.76 XI0'5 1.76 xI0'5  1.75 XI0'5
1.74x1 0% 1.74 X105 1.72 XIO'5

(Temperature 26 £ | °c, Humidity 50 1%, K = 138x1 O3 Probe 4)



Sample

CVB 300

Table DIO The raw data of the determination of linear regime of Zeolite Y

( Si/AI = 5.1, NH3).

Th|ckness A\)gﬁggg

0.031 5

10
i
12
13
14
15
16
1
18
19
20
pal
22
23
24

3.34x10"9
3.89x10'9
4.29x10'9
4.67x109
5.01 xI0"9
5.27x109
5.65x10'9
6.04 X10'9
6.05 X109
5.93 X10'9
6.28 X109
6.47 X109
6.56 X109
6.64 XI0'9
7.02 X109
7.52 X109
7.76 X109
7.89 X109
8.15 X109
8.38 X10'9

Current(A)

3.31 X109
3.9 X10'9
4.19x1 09
4.58 X109
5 XI0'9
5.19x1 09
5.64x1 09
5.76 XI0"9
5.95 X109
5.99x1 09
6.27 X109
6.25 x10"9
6.6 X10'9
6.7 XI10"9
7.07 XI0'9
7.51 XI0"9
7.64 X109
7.85 XI10'9
8.14 X10"9

8.26x1 09

3.3 XI0"9
3.82 XI10'9
4.18x1 09
4.55 X109
4.89 XI10'9
5.18x10'9
5.56 X109
5.71 XI0"9
5.98 XI10'9
5.91 XI0'9
6.23 X109
6.32 XI0'9
6.59 XI0"9
6.71 XI0"9
7.09 X10'9
7.47 X10"9
7.67 XI0'9
7.81 XI0"9
8.07 X109
8.26x1 09

14

Conductivity (S/cm)
1.66 XI0'5 1.64 XI0'5  1.64 XI0"
1.61 XIO'5 161 XI05  1.58 XI0'5
152 XI0'5 149 X105  1.48 XI0'5
1.45 XI0'5 142 X0 1.41 XIO'
1.38 x10'5 1.38 X105 1.35XI0%
131 XI0'S 129 X105 1.29 XIO'5
1.27x1 05 1.27x10%  1.26 XIO'
1.25 XI0'5 119 X105 1.18 XIO%
1.15 XI0% 1.14 X105 1.14 XIO%
1.05 XI0'5 1.06 XI0'5  1.05 XIO'
1.04 XI0'5 1.04 X105 1.03 XIO%
1.00 X105 9.70 XIO'6  9.81 XIO'6
9.58x1 06 9.63 XIO-6  9.62x1 0%
9.16 XIO'6 9.24 XIO'6  9.25 xI0"6
9.17 x1 06 9.24 XI0'6  9.25 xl0-6
9.33 XIO'6 9.32 XI0'6  9.27x1 0%
9.17 XIO'6 9.02x106  9.07 XlO-6
8.90 XIO'6 8.86 XIO"6  8.81 XIO-6
8.79x1 06 8.78 XI0'6  8.71 XIO'6
8.67 x10'6 8.54xI0'6  8.54 XIO'6

(Temperature 26 + 1 °c., Humidity 50 + 1%, K = 1.38x10 , Probe 4)



Sample

CVB 400

Table DIl The raw data of the determination of lingar regime of Zeolite Y

(SilAl =51, H4)

Thlckness %ﬁga‘g

0.032 5

10
il
12
13
14
15
16
17
18
19
20
pal
22
23
24

2.58 x10"9
2.9x10'9
3.34x10'9
3.8 x10"9
4.4x10'9
4.82 X109
5.32 x10'9
5.79 XI0"9
6.35 X109
7.08x1 09
7.65 XI0'9
8.1 XI0"9
8.49 X109
9.12 XI0'9
9.89 X109
1.05 XIO'8
1.09 X108
1.14 xI08
1.19 XIO'8
1.26 XIO'8

Current(A)

2.56x1 09
291 x10"9
3.32 X109
3.8x10'9
4.39 X109
4.83 X109
5.32 XI0"9
5.77 XI0'9
6.34 x10"9
7.13 X109
7.54 x10'9
8.05 X109
8.47 X109
9.13 X109
9.9 X109
1.04x1 0%
1.09x1 08
114x108
119x10'8
1.25 XIO'8

2.47x1 09
2.88 X10'9
3.27 X10"9
3.77 X10"9
4.34 X109
4.82 X10'9
5.29 XI0'9
5.76 XI0"9
6.35 X109
7.12x1 09
751 XI0'9
8x109
8.51 XI0'9
9.17x1 09
9.96 X10'9
1.03 x10'8
1.08 XIO-8
113 x108
1.2 XIO-8
124 X108

1

Conductivity (S/cm)
1.13 X108 1.12xI0'8  1.08 XIO'8
1.06x108  1.06 XIO'8  1.05xI0'8
1.04 x108 1.04 XIO'8  1.02 XIO'8
1.04 XI0-8  1.04 XI08  1.03 XIO'8
1.07x108  1.07 XI0'8  1.05 XIO8
1.05 X108 1.06 XI0'8  1.05 XIO'8
1.06 XI0'8  1.06x108 1.05 XIO8
1.05 X108 1.05 XI0'8  1.05 X108
1.07 X108 1.07 XI08  1.07 XIO'8
[1I0xI0'8 111 XI08 1.11 XIO8
1.11 XIo's  LIOxI0'8  1.09 XIO8
1.11 X108 LI0OxI0'8  1.09 XIO8
1.09xl0'8  1.09x108 1.09 XIO'8
1.11 Xlo's 111 XI0'8 1.11 X108
1.14x10'8  1.14xI08  1.15 XIO8
1.14 XI0'8  1.14xI0'8  1.13 XIO8
1.14x10'8  1.14xI0'8  1.13 XIO8
1.13 XIO8 1.13 X108 1.12xI08
1.13 XIO8 1.13 X108  1.14 XIO8
1.14XI08 1.14x108 1.13xI108

(Temperature 26 ! 1°c, Humidity 50 £ 1%, K = 1.43x10'5 Probe 4)



Sample

CVB 720

Table D12 The raw data of the determination of lingar regime of Zeolite Y

(SilAl = 30, £f).

tage

0.05 5

Thi(ckr}ess %P"ed

10
1
12
13
14
15
16
17
18
19
20
2
22
23
24

(Temperature 26 ! 1°c, Humidity 50 £ 1%, K = 1.38x103

6.57 x10'8
7.48x108
8.50x10'8
9.51 XI0'8
1.04x1 07
1.14 XI0'7
1.23 XIO'7
1.32 XI0'7
141 XIO'7
1.50 XIO'7
1.59x1 07
1.69 X107
1.78x1 07
1.87x107
1.91 XIO'7
2,01 XIO'7
2.08 XIO'7
2.16 x10'7
2.22 XIO'7
2.29 XIO'3

Current(A)

6.38 XIO'8
7.43 XI0'8
8.17x1 08
9.39 XI0'8
1.03 XI0'7
1.13x107
1.22 XI0'7
1.31 XIO'7
1.40x1 07
1.49 XI0'7
1.58x1 07
1.68x1 07
177 XIO'7
1.86 XIO'7
1.94 XI0'7
2.00x107
2.07 XIO'7
2.15 X10'7
221 XIO'7
2.28 XIO'7

6.46 XI0'8
7.39 X108
8.45x10'8
9.50 XI0'8
1.03xI0'7
1.13x107
1.23x107
1.30 XIO'7
1.40 XIO'7
1.49 XI0'7
1.60 XIO'7
1.68 XI0'7
1.76 xI0'7
1.86 XIO'7
191 x10'7
2.00 XIO'7
2.06x1 07
2.14x107
221 x10'7

2.271 XI0'7

16

Conductivity (S/cm)
2.02 XI0" 258 XIO4  2.61 xI0'4
275 X104 273 X104 2.72x1 04
2.87x104 276 XI0'4  2.85 XIO4
296 xI0'4 292 XI0'4  2.96 XIO'4
3.00x104  2.98x104 2.99xI0'4
3.07xI0'4  3.04xI0'4 3.06xI0'4
3.12 XI0'4  3.10 XI0'4  3.12 XI0'4
3.14 XI0'4 311 X0 3.10 XI0'4
3.17x104  3.15X0'4  3.15 XI0'4
3.19x10'4  3.18 XI0'4 3.17xI0'4
3.23x10'4 320 X104 3.23 XI0'4
3.25 XI0'4 3.25 X104 3.24x10'4
3.28x10'4  3.25XI04  3.24 x10'4
3.29 X104 3.28 XI0'4  3.27x1 04
3.23 X104 3.27 XI0-4  3.23 xI04
3.26x104  3.24 XI0'4  3.23x1 04
3.24 X104 3.23 XI0'4 321 XI0'4
3.23X10'4  3.22 XI04  3.21 XI0'4
3.21 XI0'4  3.20 XIo-4  3.19 xI0"4
3.20x10'4 319 XI0'4  3.17xI0'4



Sample

CVB 760

Table D13 The raw data of the determination of linear regime of Zeolite Y

( SilAl = 60, H4),

Applied
Thlckness VgPtage

0.05 5

10

12
i3
14
15
16
iy
18
19
20
21
22
23
24

(Temperature 26 + 1 ¢, Humidity 50 + 1%, K= 1.38x103)

9.21 x10'9
112 x10'8
1.34 XI0-8
1.58x1 08
1.82x10'8
2.02 XI0'8
2.28 X108
2.59x10"*
2.98 XI0-8
3.21 XI0-8
351 XIO'8
3.87x10"
4.04 XIO'8
4.41 X108
4.65 XIO-8
4.98 X108
5.48x10"
5.71 XIO'8
6.09x1 08

6.39x10*

Current(A)

9.43 XI0'9
1.14x10™
1.36 XIO-8
1.59 X108
1.83 XI0'8
2.03x10™
2.30 XI0'8
2.68 XI0-8
2.93x1 08
2.34 X108
3.59x10*
3.92x10™
4.09x10"
4.43 X108
4.68 x10-8
5.03 XI0-8
5.48x1 08
571 XIO'8
6.02 XI0'8
6.50 XIO'8

9.43 X10'9
1.16 xI0*8
1.38 XI0-8
1.61 X108
1.83x10™
2.06 XIO'8
2.33 XIO-8
2.74x10™
2.95 XIO'8
2.47x1 08
3.60 XIO'8
3.86 XIO'8
4.09x10"™
4.41 X108
4.70 XIO'8
5.08 XIO'8
541 XIO'8
5.72 XIO'8
6.05 X108
6.54 XI0'8

7

Conductivity (S/cm)
283xI0'5 290 X105 2.90 XIO'5
314x10'5  3.19XI0%5  3.23 XI0"
343XI0'5  3.49x105 3.54 XI0'
373xI0'5  3.77XI05  3.82 XIO'5
4.00xI0'5 4,02 XI0'5  4.03 xI0'5
4.15XI0%5  4.16 XIO'5  4.22 xI0'5
438 XI0'5 442 XI5 4.48 XIO'5
4.69x105  4.85XI05  4.96x105
509XI10'5 501 XI0'5  5.05 XIO'5
519 X105 3.78 X105 3.99 xI0'5
540 X105 553 X105 5.53 XI0'
5.67x10% 574 X105 5.65 XI0'
565 X105 5.72XI05  5.72 XI0'5
590 X105 5.93 XI0'5  5.89 XI0'
596 XI0'5  6.00x10%  6.03 X0
6.12XI05  6.19x10%5  6.25 XIO"
6.49XI0'5  6.49 XI0'5  6.40 XIO'5
6.51 XI0'5  6.51 XIO5  6.51 XIO'5
6.69 XI0'5  6.61 xIO'5  6.65 XIO'5
6.78 XI0'5  6.89 XIO'5  6.94 XI0'5



Sample

CVB 780

Table D14 The raw data of the determination of linear regime of Zeolite Y

(SilAl = 80, 1),

Thlckness %ﬂggg

0.08 5

D

—

oo

o

10

1

12

13

i

18

19

2

22

23

24

(Temperature 26 + 1°C, Humidity 50 + 1%, K - 1.38xI0'3)

4.26 x10'9
531 x10'9
5.96 x10'9
6.66x1 09
7.07x1 09

*'7.56 X109

7.70 XIO'9
7.80 XI0'9
8.30 XI0'9
8.77 XI0'9
9.32 XI0'9
9.58 XI0'9
1.03x10'8
1.15x10-*
1.42x10™
158 XI0'8
1.69 XI0'8
1.60 XI0'8
1.81 XIO'8
1.94 XI0'8

Current(A)

4.52 x10'9
5.33 X109
5.90 x10'9
6.45 x10'9
6.96 x10'9
7.40 X109
7.48 x10'9
1.77 XI0'9
8.24 x10'9
8.86 x10'9
9.15x1 09
1.05 XI0'8
1.05 XI0'8
1.29 XI0'8
1.44 X108
1.68x1 08
1.68 XIO-8
1.58 XI0'8
1.82x1 08

1.92 XI0'8

4.54 XI0'9
5.26 XI0'9
5.94 X109
6.55 X109
6.91 x10"9
7.16 X10'9
7.36 XI0'9
7.91 X109
8.22 XI0"9
8.61 x10"9
9.35 X109
9.89 X10'9
1.06 XI0'8
1.16x1 08
1.48x108
1.62 x10'8
1.62x1 08
1.60x10"*
1.79x10™

1.92 XI0'8

8

Conductivity (S/cm)
4.10 XI0'5  4.35 X105 4.37 XIO'5
487xI06  4.88XI0-6 4.82 XIO-6
521 xI0"6  5.16X10-6  5.20 XIO-6
557x10"6 539 XI06 5.48 XIO-6
5.66 XI0-4  5.58 XIO-6  5.53 XIO-6
5.82xI04 569 XIO-6 5.51 xI0"6
5.69 XI0'6  5.54 XI0'6  5.44 XIO-6
556 XIO'6  5.53 XIO'6  5.63 xI0'6
570 XIO6  5.66 xI0'6  5.65 XI0-6
582 XI0'6  5.87 XI0'6  5.71 XIO'6
598 XI0-6  5.87 XIO-6  6.00 XIO-6
5.94x106  6.53 XIO6 6.14 XIO-6
6.21 XI06  6.32 XIO"6  6.40 XIO-6
6.72 XIO"6  7.54 XIO-6  6.73x10-*
8.05 XI0-6  8.17xI0"6  8.36 XIO-6
8.68 XIO-6  9.25 XIO-6  8.90 XIO-6
9.04x106  8.97 XIO-6  8.66 XIO-6
8.33 XI0'6  8.23 XIO'6  8.33 XIO-6
9.17xI06  9.22 XI0'6  9.06 XIO-6
9.57 X106 9.46 XIO6  9.47 xI0"6
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Appendix E Determination of Particle Sizes of PPV, Doped PPV, Zeolites Y
(SAI=5.1, Na$), Zeolites Y (SI/Al = 5.1, NH3H), Zeolites Y (SI/AI =5.1, H4)
Zeolites Y (S/Al = 30, H4), Zeolites Y (SI/Al = 60, H4), Zeolites Y (Si/Al =80, HY)

by Particle Size Analyzer

Table El Summarized the particle diameter and specific surface area of PPV, doped

PPV, Zeolites Y (SI/Al = 5.1, Nad), Zeolites Y (SI/Al = 5.1, NH3), Zeolites Y (Si/Al
=51, H4, Zeolites Y (SI/Al = 30, HH), Zeolites Y (SI/Al = 60, H”, Zeolites Y (Si/Al

= 80, HY

Sample

PPV

300 H2S04:PPV
Zeolites Y (Si/Al =5.1,NaH
Zeolites Y (Si/Al = 5.1, NHsO
Zeolites Y (SI/AI=5.1, 1)
Zeolites Y (SI/Al = 30, PT)
Zeolites Y (S/Al = 60, IT)
(Sif

Zeolites Y (Si/Al = 80, Ht)

1

37.29
31.18

10.55

[I=}

¢l

[T=}

32

10.07

9.43

2

37.94
29.06
10.61
9.86
10.54
9.62
9.37

5.74

3

36.52
29.13
9.00
9.46
10.65
8.9
9.10

5.01

Avg

31.52
30.00
10.05
9.48
10.17
9.13
9.51

6.72

Particle diameter (pm)

STD

0.71
1.57
0.91
0.38
0.73
0.35
0.50

1.93

Specific surface area (m2()

1

0.3686
0.4198
1.2826
1.5569
1.5183
1.5728
1.5327

2.0556

2

0.3829
0.4474
1.2713
1.5020
1.4739
1.6042
1.4904

2.0566

3

0.3921
0.5132
1.3457
1.5127
1.4907
1.6334
1.5041

2.5689

Avg
0.3812
0.4601
1.2999
1.5238
1.4943
1.6034
1.5091

222170

STD

0.012
0.047
0.040
0.029
0.022
0.025
0.022

0.241
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Figure E2 Particle diameters of Zeolites Y (Si/Al = 5.1, Na#), Zeolites Y (Si/Al
5.1, NH3tXZeolites Y (Si/Al = 5.1, H, Zeolites Y (Si/Al = 30, H+), Zeolites Y
(Si/Al'= 60, H ), Zeolites Y (Si/Al = 80, H4).
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Figure E3 Particle diameter of Zeolites Y (Si/Al = 5.1, Na4).
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Figure E4 Particle diameters of Zeolites Y (SI/Al = 5.1, NH:+)
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Figure E5 Particle diameters of Zoglite Y (Si/Al = 5.1, FT).
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Figure E6 Particle diameters of Zoelite Y (Si/Al = 30, H4).
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Figure E7 Particle diameters of Zoelite Y (Si/Al = 60, FT).
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Table E2 Raw data from particle size analysis of PPV

Low (fim)
0.50
1.32
1.60
1.95
2.38
2.90
3.53
4.30
5.24
6.39
7.78
9.48

.55
14.08
17.15
20.90
25.49
31.01
37.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
223.51
272.31
331.77
404.21
492.47

Size
High (Jim)
1.32
1.60
1.95
2.38
2.90
3.53
4.30
5.24
6.39
7.18
9.48
11.55
14.08
17.15
20.90
25.49
31.01
37.79
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
600.00

1
0.07
0.15
0.19
0.23
0.33
0.55
0.92
1.50
2.38
3.49
4.64

5.89

6.86

7.60-

8.04
8.20
8.25

8.16 -

7.79
6.98
5.72
421
2.76
1.62
0.90
0.62
0.61
0.62
0.48
0.24
0.00
0.00

In %
2
0.08
0.20
0.26
0.29
0.35
0.53
0.92
1.58
2.52
3.68
4.89
6.06
7.03
1.75
8.19
8.35
8.36
8.18
7.70
6.74
5.35
3.74
2.27
1.19
0.62
0.50
0.60
0.69
0.64
0.49
0.25
0.00

3
0.08
0.20
0.28
0.31
0.38
0.58
0.98
1.67
2.64
3.80
5.01
6.17
7.13
7.85
8.28
8.40
8.36
8.12
7.56
6.55
5.13
3.56
2.16
1.17
0.68
0.58
0.65
0.66
0.55
0.37
0.14
0.00

1
0.07
0.23
0.42
0.65
0.98
1.53
2.45
3.95
6.33
9.82
14.46
20.35
21.21
34.81
42.85
51.05
59.29
67.46
75.25
82.23
87.95
92.16
94.92
96.54
97.45
98.07
98.67
99.29
99.76
100.00
100.00
100.00

Under %
2
0.09
0.28
0.54
0.83
1.18
171
2.62
4.20
6.72
10.41
15.30
21.36
28.40
36.15
44.34
52.69
61.05
69.23
76.93
83.67
89.02
92.75
95.02
96.21
96.83
97.33
97.93
98.62
99.26
99.75
100.00
100.00

89

3
0.09
0.29
0.56
0.88
1.26
1.83
2.82
4.49
7.12
10.93
15.94
22.11
29.25
37.09
4537
53.77
62.12
70.24
77.80
84.35
89.48
93.03
95.19
96.37
97.05
97.63
98.28
98.94
99.49
99.86
100.00
100.00



Table E3 Raw data from particle size analysis of doped PPV

Low (pm)
0.50
1.32
1.60
1.95
2.38
2.90
3.53
4.30
5.24
6.39
7.78
9.48
11.55
14.08
17.15
20.90
25.49
31.01
37.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
223.51
272.31
331.77
404.21
492.47

Size
High (pm)
1.32
1.60
1.95
2.38
2.90
3.53
4.30
5.24
6.39
7.78
9.48
11.55
14.08
17.15
20.90
25.49
31.01
37.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
223.51
272.31
331.77
404.21
492.47
600.00

1
0.09
0.23
0.31
0.34
0.39
0.55
0.93
1.62
2.67
4.04
5.60
7.20
8.58
9.52
9.87
9.54
8.76
7.66
'6.34
491
3.49
2.25
132
0.76
051
0.49
0.56
0.57
0.47
0.32
0.12
0.00

In %
2
0.11
0.27
0.36
0.39
0.41
0.56'
0.94
1.67
2.19
4.26
593
7.62.
9.08
10.04
10.31
9.84
8.89

1.63 .

618
4.59
3.03
1.69
0.76
0.29
0.19
0.31
0.46
0.51
0.43
031
0.16
0.00

3
0.11
0.28
0.38
0.40
0.44
0.59
0.98
173
2.87
4.35
6.02
1.72
9.16
10.12
10.38
9.90
8.92
761
6.09
4.45
2.85
151
0.62
0.20
0.14
0.28
0.42
0.46
0.39
0.30
0.21
0.12

1
0.09
0.32
0.63
0.97
1.36
1.90
2.83
4.45
7.12
1117
16.77
23.96
32.54
42.06
51.92
61.46
70.21
77.87
84.21
89.12
92.61
94.86
96.18
96.95
97.46
97.95
98.51
99.09
99.56
99.88
100.00
100.00

Under %
2
0.11
0.38
0.75
113
1.54
2.10
3.04
4.71
7.50
11.77
17.70
25.31
34.40
44.44
54.75
64.58
73.47
81.10
87.27
91.87
94.90
95.59
97.35
97.64
97.83
98.14
98.60
99.11
99.54
99.84
100.00
100.00

%0

3
0.12
0.39
0.77
1.18
161
2.20
3.19
491
7.78
12.14
18.16
25.87
35.04
45.15
55.53
65.43
74.34
81.96
88.04
92.50
95.35
96.86
97.48
97.69
97.83
98.11
98.53
98.98
99.37
99.67
99.88
100.00



o

Table E4 Raw data from particle size analysis of Zeolites Y (Si/Al = 5.1, Na4),

Low (gm)
0.50
1.32
1.60
1.95
2.38
2.90
3.53
4.30
5.24
6.39
7.78
9.48
11.55
14.08
17.15
20.90
25.49
31.01
37.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
22351
27231
331.77
404.21
492.47

Size

High (gm)
1.32
1.60
1.95
2.38
2.90
3.53
4.30
5.24
6.39
7.78
9.48
11.55
14.08
17.15
20.90
25.49
31.01
371.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
22351
272.31
33177
40421
492 .47
600.00

1
0.17
1.97
3.64
5.16
6.57
7.9
9.15
10.17
10.65
10.17
8.96
6.71

479

3.34
2.44
1.95
171
15
1.22
0.83
0.42
0.1

0.05
0.17
0.24
0.22
0.09
0
0

In %
2
0.17
1.99
3.67
5.17
6.53
7.79
8.94
9.86
10.28
9.84
8.51
6.73
4.97
3.58
2.65
2.07
1.78
1.58
1.35
1
0.62
0.28
0.05
0
0
0.02
0.13
0.2
0.18
0.05
0
0

3
0.17
2.17
4.04
5.13
7.23
8.57
9.71
10.49
10.64
9.83
8.12

6.1.

431
3.06
2.34
1.95
17

1.45-

1.09
0.67
0.28
0.01

0.08
0.12
0.11
0.04
0
0

1

0.18
2.14
5.77
10.94
17.51
25.40
34.56
44.73
55.38
65.55
74.23
80.95
85.73
89.07
9151
93.46
95.16
96.67
97.88
98.71
99.13
99.23
99.23
99.23
99.23
99.29
99.45
99.70
99.91
100.00
100.00
100.00

Under %

2

0.19
2.17
5.83
11.00
17.54
25.33
34.27
44.13
54.41
64.25
72.75
79.49
84.45
88.04
90.69
92.76
94.54
96.12
97.47
98.47
99.09
99.37
99.42
99.42
99.42
99.44
99.57
99.77
99.95
100.00
100.00
100.00

3
0.18
2.34
6.38
12.10
19.34
27.91
37.62
48.11
58.75
68.57
76.69
82.79
87.10
90.16
92.50
94.45
96.16
97.61
98.70
99.37
99.64
99.66
99.66
99.66
99.66
99.66
99.73
99.85
99.96
100.00
100.00
100.00



9

Table E5 Raw data from particle size analysis of Zeolites Y (SI/Al = 5.1, NH:4.

Low (gm)

0.50
1.32
1.60
1.95
2.38
2.90
3.53
4.30
524
6.39
7.78
9.48
11.55
14.08
17.15
20.90
25.49
31.01
31.19
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
22351
272.31
331.77
40421
492 .47

Size

High (urn)

1.32
1.60
1.95
2.38
2.90
3.53
4.30
5.24
6.39
7.78
9.48
11.55
14.08
17.15
20.90
25.49
31.01
31.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
223.51
272.31
33177
404.21
492 47
600.00

1

0.62
3.67
6.21
8.01
9.06
9.52
9.59
9.36
8.75
7.61
6.08
4.56
3.40
2.74
2.42
2.19
1.93
1.56
111
0.67
0.33
0.09
0.00
0.00
0.00
0.01
0.11
0.18
0.16
0.06
0.00
0.00

In %
2
0.52
3.35
5.75
7.52
8.67
9.29
9.55
9.47
8.95
7.84
6.27
4.68

3.45

2.4
0242
2.24

. 2.06

derfer
1.35
0.87
0.45
0.16
0.00
0.00
0.00
0.04
0.14
0.22
0.20
0.05
0.00
0.00

3
0.54
3.40
5.82
7.60
8.74
9.35
9.58
9.48
8.95
7.84
6.27
4.69
3.47
2.76
2.43
2.22
2.01
1.70
1.29
0.83
0.42
0.12
0.00
0.00
0.00
0.00
0.10
0.18
0.18
0.06
0.00
0.00

1
0.63
431
10.51
18.52
21.57
37.09
46.68
56.04
64.79
72.40
78.47
83.04
86.44
89.18
91.60
93.79
95.72

97.28-

98.39
99.06
99.39
99.48
99.48
99.48
99.48
99.49
99.60
99.78
99.94
100.00
100.00
100.00

Under %

2

0.53
3.88
9.62
17.15
25.81
35.10
4465
54.11
63.06
70.90
77.17
81.85
85.30
88.04
90.46
92.70
94.76
96.53
97.87
98.74
99.20
99.35
99.35
99.35
99.35
99.39
99.53
99.75
99.95
100.00
100.00
100.00

3

0.54
3.94
9.76
17.36
26.10
35.44
45.02
54.49
63.44
71.27
77.54
82.23
85.70
88.46
90.89
93.11
95.12
96.82
98.11
98.95
99.37
99.48
99.48
99.48
99.48
99.48
99.59
99.77
99.94
100.00
100.00
100.00



Table E6 Raw data from particle size analysis of Zeolites Y (Si/Al = 5.1, H+)

Low (]im)
0.50
1.32
1.60
1.95
2.38
2.90
3.53
4.30
5.24
6.39
7.78
9.48
11.55
14.08
17.15
20.90
25.49
31.01
37.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
223,51
272.31
331.77
404.21
492.47

Size
High (1)
1.32
1.60
1.95
2.38
2.90
3.53
4.30
5.24
6.39
7.78
9.48
11.55
14.08
17.15
20.90
25.49
31.01
37.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
223.51
272.31
331.77
404.21
492.47
600.00

0.61
3.42
5.74
7.37
8.31
8.76
8.92
8.87
8.52
7.68
6.39
4.98
3.80
3.03
2.62
2.38
2.22
2.0
1.63
1.15
0.66
0.28
0.03
0.00
0.00
0.02
0.14
0.21
0.19
0.06
0.00
0.00

In %
2
0.64
3.59
6.01
8.63
9.04
9.13
9.00
8.59
1.72
6.41
5.01
3.84
3.07
2.65
2.37
2.1
174
1.25
0.73
0.3
0.02
0.00
0.00
0.00
0.02
0.10
0.10
0.16
0.15
0.06
0.00
0.00

3
0.64
3.51
5.88
7.5
8.42
8.83
8.94
8.85
8.49
7.65
6.36
4.97
3,81
3.05
2.64
2.39
2.18
1.90
1.50
0.99
0.51
0.16
0.00
0.00
0.00
0.06
0.18
0.26
0.23
0.08
0.00
0.00

1

0.61
4.04
9.77
17.14
25.45
34.21
43.13
51.99
60.52
68.19
74.58
79.57
83.37
86.70
89.02
91.40
93.63
95.62
97.25
98.41
99.07
99.35
99.38
99.38
99.38
99.40
00.54
99.75
99.94
100.00
100.00
100.00

Under %
2
0.65
4.24
10.25
17.93
26.57
35.61
4473
53.73
62.33
70.04
76.45.
81.46
85.29

88.36 -

91.01
93.37
95.48
97.22
98.47
99.20
99.50
99.52
99.52
99.52
99.52
99.54
99.64
99.79
99.94
100.00
100.00
100.00

93

3

0.64
4.16
10.03
17.54
25.96
34.78
43.72
52.57
61.06
68.70
75.06
80.04
83.85
86.90
89.54
91.93
94.11
96.02
97.51
98.50
99.02
99.18
99.18
99.18
99.18
99.24
99.42
99.68
99.92
100.00
100.00
100.00



Table E7 Raw data from particle size analysis of Zeolites Y (Si/Al = 30, T).

Low (")
0.50
1.32
1.60
1.95
2.38
2.90
3.53
4.30
5.24
6.39
7.78
9.48
11.55
14.08
17.15
20.90
25.49
31.01
37.79
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

Size

High (
1.32
1.60
1.95
2.38
2.90
3.53
4.30
5.24
6.39
7.78
9.48
11.55
14.08
17.15
20.90
25.49
31.01
37.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
22351
272.31
33177
404.21
492 .47
600.00

)

0.92
421
6.77
8.28
8.80
8.68
8.31
7.94
7.58
7.07
6.33
5.52
474
4.04
3.34
2.55
1.80
1.18
0.73
0.44
0.24
0.09
0.00
0.00
0.00
0.00
0.08
0.14
0.14
0.06
0.00
0.00

In %
2
1.08
457
1.21
8.65
8.98
8.63
8.05
7.55
7.15
6.63
5.90
5.11
4.40
3.80
925
2.66
2.07
A=b3
1.06
0.66
0.35
0.14
0.00
0.00
0.00
0.00
0.10
0.19
0.19
0.07
0.00
0.00

3
113
4.73
7.43
8.86
9.15
8.72
8.09
7.57
1.17
6.67
5.94
5.15
4.42
3.80
321
2.56
1.93
1.36
0.89
0.51
0.23
0.05
0.00
0.00
0.00
0.00
0.09
0.15
0.15
0.05
0.00
0.00

1
0.93
5.15
11.91
20.19
28.99
37.68
45.99
53.62
61.51
68.58
74.91
80.43
$5.17
89.21
92.55
95.10
96.90
98.09
98.82
99.26
99.50
99.59
99.59
99.59
99.59
99.59
99.67
99.81
99.94
100.00
100.00
100.00

Under %
2
1.09
5.66
12.86
21.51
30.49
39.12
47.17
54.72
61.87
68.49
74.39
79.50
83.90
87.70
90.96
93.61
95.68
97.22
98.28
98.94
99.30
99.43
99.44
99.44
99.44
99.44
99.55
99.73
99.93
100.00
100.00
100.00

9%

3
1.14
5.87
13.28
22.14
31.29
40.01
48.10
55.67
62.84
69.51
75.45

80.60 .

85.02
88.82-
92.03
94.58
96.51

97.88 .

98.76
99.27
99.50
99.55
99.55
99.55
99.55
99.56
99.65
99.80
99.95
100.00
100.00
100.00



Table E8 Raw data from particle size analysis of Zeolites Y (Si/Al = 60, FT).

Low (gm)
0.50
1.32
1.60
1.95
2.38
2.90
3.53
4.30
5.24
6.39
7.78
9.48 .
11.55
14.08
17.15
20.90
25.49
31.01
37.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
223,51
272.31
331.77
404.21
492.47

Size

High (gm)
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
25.49
31.01
37.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
223.51
272.31
331.77
404.21
492.47
600.00

1
1.16
4.52
6.97
8.15
§.21
7.65
6.98
6.56
6.42
6.31
6.06
5.76
5.45
5.09
4.55
3.71
2.71
1.72
0.93
0.39
0.09
0.00
0.00
0.00
0.00
0.07
0.17
0.21
0.16
0.02
0.00
0.00

m%
2
1.07
429
6.66
7.85
7.99
7.51
6.91
6.50
6.34
6.21
5.97
5.69
5.42
517
4.76
4.05
3.14
2.16
1.29
0.65
0.27
0.09
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

3
1.10
437
6.76
7.94
8.05
7.53
6.91
6.50
6.35
6.24
6.01
5.75
5.49
5.21
4.76
4.00
3.06
2.06
1.19
0.54
0.17
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1
1.17
5.68
12.64
20.79
29.00
36.65
43.63
50.19
56.61
62.92
68.98
74.75
80.19
85.28
89.84
93.54
96.25
97.97
98.90
99.28
99.37
99.37
99.37
99.37
99.38
99.44
99.61
99.82
99.98
100.00
100.00
100.00

Under %
2
1.08
5.37
12.03
19.87
27.86
35.36
42.27
48.77
55.11
61.32
67.29
72.98
78.40
83.57
88.33
92.37
9551
97.68
98.97
9.63
99.90
99.99
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

%

3
111
5.48
12.23
20.18
28.22
35.75
42.66
49.16
55.51
61.74
67.76
73.50
78.99
84.20
88.96
92.96
96.02
98.08
93.27
99.81
99.99
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00



Table E9 Raw data from particle size analysis of Zeolites Y (Si/Al = 80,I-T).

Low (pm)
0.50
1.32
1.60
1.95
2.38
2.90
3.53
4.30
5.24
6.39
7.78
9.48 .
11.55
14.08
17.15
20.90
25.49
31.01
37.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
223.51
272.31
331.77
404.21
492.47

Size
High (pm)
1.32
1.60
1.95
2.38
2.90
3.53
4.30
5.24
6.39
7.78
9.48
11.55
14.08
17.15
20.90
25.49
31.01
37.79
46.03
56.09
68.33
83.26
101.44
123.59
150.57
183.44
223.51
272.31
331.77
404.21
492.47
600.00

1
2.00
7.27
10.96
12.47
12.03
10.48
8.72
7.33
6.39
558
4.62
3.57
2.54
1.68
1.01
0.52
0.24
0.13
0.11
0.09
0.04
0.00
0.00
0.02
0.21
0.45
0.60
0.54
0.33
0.07
0.00
0.00

In %
2
0.19
0.75
1.16
1.40
1.56
1.84
2.50
3.69
5.42
7.28
8.68
9.68
10.09
9.85
8.99
7.65
6.29
4.75
3.43
2.30
1.40
0.76
0.34
0.11
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00

3

0.00
0.00
0.00
0.00
0.00
0.00
0.12
0.70
1.49
2.49
3.63
4.72
5.74
7.11
8.55
9.47
9.65
9.14
8.32
7.27
6.08
4.83
3.61
2.49
1.57
0.95
0.65
0.53
0.46
0.32
0.13
0.00

1
2.01
9.28
20.23
32.69
44.72
55.20
63.91
71.24
77.64
83.22
87.84
91.41
93.95
95.63
96.65
97.17
97.42
97.54
97.65
97.74
97.78
97.78
97.78
97.80
98.01
98.46
99.06
99.61
99.93
100.00
100.00
100.00

Under %
2
0.19
0.94
2.10
3.50
5.06
6.90
9.40
13.09
18.50
25.79
34.46
44.14
54.23
64.07
73.05
80.71
10.27
12.43
15.05
18.21
22.04
26.68
32.29
39.08
47.30
57.25
69.30
83.87
101.52
122.87
148.72
180.00

%

3

0.00
0.00
0.00
0.00
0.00
0.00
0.12
0.82
2.30
4.79
8.42
13.14
18.88
25.99
34.54
44.01
53.66
62.80
71.12
78.39
84.47
89.29
92.90
95.39
96.96
97.92
98.56
99.09
99.55
99.87
100.00
100.00



o7

Appendix F Density Determination by Pycnometer

The density of water is determined at 20 °C under ambient pressure by
following equation:

Dw = (2 ) (F)

where :
Dw = the density of water (g/cm3)
] = the weight of pycnometer (g)
2 = the weight of pycnometer flask and water (g)
Table FI shows the density of water from the experiment.

Table FI' The density of water

- (0) 2(9) Dz(glcm3)
20.49 70.16 0.9934
20.51 70.12 0.9922
20.52 70.13 0.9922

average 0.9926

The density of undoped and doped poly (p-phenylene vinylene) are
determined at 20 ¢ under ambient pressure by following equation:

p = (3 ) (F.2)
100 0 4_ 3 I



%

where .
Dp = the density of polymer (g/cm3)
s = the weight of polymer and pycnometer flask (g)
+ = the weight of polymer, water, and pycnometer flask (g)
Table F2 and F3 show the density of undoped and doped poly (p-phenylene vinylene)
from the experiment.

Table F2 The density of undoped poly (p-phenylene vinylene)

() 3 (9) 1 9) Dp(glem3
20,5501 21.2607 10.26 113
20.5507 21.2408 10.24 109
20,5211 21.2456 10.24 131

average 1.170.12

Table F3 The density of doped poly(/?-phenylene vinylene)

. (0) 3(0) 4(0) Dp (glem3
34.9038 35.0217 1345142 107
34.9035 35.0155 1345131 112
34.9031 35,0101 134.5130 110

average 1.09£0.12

The density of zeolite is determined at 20 °c under ambient pressure by
following equation:

Dz = ( 5- ) (F.3)



where:
Dz

5

o -

Table F4 The density of zeolites

Zeolites
CVB100

CVB 300

CVB 400

CVB 720

CVB 760

the density of zeolite (g/cm3
the weight of zeolite and pycnometer flask (g)

the weight of zeolite, water, and pycnometer flask (g)
Table F4 shows the density of zeolites from the experiment.

- (0)
35.1364

35.0334
35.2077

34.9044
34.8952
34.9151

35.0239
35.0203
35.0167

35.0742
35.0628
351321

35.0411
35.0441
35.0657

5(0)
35.2543

351473
35.3447

36.1467
36.1422
36.0044

36.4693
35.9379
36.0155

36.1371
36.0238
36.0831

36.0459
36.0811
36.0844

6(0)
1343493

134.2592
134.4029

. average

134.7940
1347244
134.7655
average
134.9493
134.7512
134.7228
average
1349193
134.7910
134.7231
average
134.8183
134.8477
1348354
average

Dp (g/om3
0.7090

0.7638
0.7165
0.7298+0.03
2.0034
18719
1.9988
1.9601+0.07
1.8390
23911
1.7836
2.0046+0.34
2.0413
1.9355
15224
1.8331+0.27
19581
2.0861
1.9865
2.01020.07
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Zeolites
CVB 780

Wi(g)
35.0457

35,0494
35,0008

>(0)
36.1570

36.1242
35.9397

W6 (g)

134.7612
134.8347
134.8099
average

100

Dp (g/cmd)
1.6820
1.9415
2.3909

2.004820.36



Appendix G Determination of Surface Area and Pore Size of Zeolites Y (Si/Al =
5 Nat), Zeolites Y (Si/AI = 5 NH3+) Zeolites Y (S/Al =5 H+) Zeolites Y
(Si/AI'=30 H+),Zeolites Y (Si/Al = 60 ,H+), Zeolites Y (Si/Al = 80 ,H+)

The surface areas of all zeolites were measured by BET method using a
Sorptomatic 1990. Before measurement, an absorbent sample was outgassed by
heating at 573 K for 12 hours under vacuum to eliminate volatile adsorbates on the
surface. BET surface area was determined by measuring the quantity of gas adsorbed
onto or desorbed from solid surface by the static volumetric method. The data were
obtained by admitting or removing a known absorbate gas, nitrogen, into or out of a
sample cell containing the solid adsorbent maintained at a constant temperature of
the adsorbate, that is 77 K for nitrogen.

The adsorption data were calculated using the Brunauer-Emmett-Teller
(BET) equation as shown in equation G. 1and G.2. »

P = 1 + {CP (G.])
VPO-P) MG VmCPo

where :
V' = volume of gas adsorbed at pressure p
VM- volume of gas adsorbed in monolayer, same units as V
Po = Saturation pressure of adsorbate gas at the experimental temperature
C = a constant related exponentially to the heats of adsorption and
liquefaction ofthe gas

rqU)IRT
{argl) 62
where .
gi = heat of adsorption on the first layer
gi = heat of liquefaction of adsorbed gas on all other layers

R - the gas constant
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The term MTtepresents the volume of gas adsorbed as a monolayer. Once
VIMhas been determined it is necessary to convert this term from volume unit to
surface unit in order to calculate the adsorbent specific surfaces (Satterfield, 1991).

S =S = Sox M = ZxaxHf G3
where :

SS = Specific surface

= Sample mass
Vm = Monolayer volume
z = Avogadronumber
a = average molecular area of the adsorbate

= Sox VM

So = Zxa



Table G1 Specific Surface Area and Median Pore Width summary

Sample : Zeolites

Zeolites Y (Si/Al

Zeolites Y (Si/Al =

Zeolites Y (Si/Al
Zeolites Y (Si/Al
Zeolites Y (Si/Al
Zeolites Y (

=5, Nat)

5, NH34)
=5, Ht)

=30, H¥)
=60, H4)

" Al'=80, H)

Specific

Surface area (m2g)

750,07
(900)
771,56
(935)

8641565
(730)
700,35
(780)
740£28.99
(720)
122475 45
(780)

Median
Pore Width (A)

6.423

6.726

10.75£0.0025
9.56+0.0982
10.74£0.0254
10.10+0.0212

103
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Appendix H Detemination of the Crystallinity of Poly(p-phenylene vinylene)
and Doped Poly(p-phenylene vinylene)

XRD technique was used to investigate the interchain distances and the
degree of crystallinity of poly(p-phenylene vinylene). - X-ray diffractogram was
obtained on a Rigaku RINT X-ray Diffractometer (Rigaku Corp., Japan). The
diffraction patterns of undoped and doped poly(p-phenylene vinylene) were typical
of semi-crystalline polymers. They were identified as follow: the crystalline one
corresponds to a relative sharp peak, and the amorphous one is visible as a broad
pattern (Lunzy and Bang, 2000). The percentage of cryatallinity was determined by
integrating area under assumed Guassian curves. Quantitatively, the percentage of
crystallinity was calculated from the ratio of the integrated crystalline component
intensity to the integrated total intensity.

%Crystallinity = Acryst x 100 (H.I)
AeryS + Aamorphous

where :
Acryst = thearea of crystalline peak
Aamorphous = the are of amorphous peak
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A

Table HI' Values of 20 and d-spacing (A) of PPV and doped PPV

Sample Jtheta (deg.)  d-spacing (A)  Assignment Reference

PPV 24.38 3.648 layer of polymer Kim
[22.1] [0.4] chain etal., (2004)
doped PPV 20.38 43540 layer of polymer Masse
[18.9] [4.691] chain etai, (1989)
28.30 3.1509 layer of chemical Masse
[23.96] [3.7109] dopant etal., (1989)

Table H2 Calculated crystallinity of PPV and doped PPV

Sample %Amorphous %Crystalline
PPV 13 21
doped PPV 62 38



Appendix | Characterization of Zeolites Y (Si/Al =5.1, ET}, Zeolites Y (SI/Al

=30, Ht), Zeolites Y (Si/Al =60, H+), Zeolites Y (SifAl =80, H+)
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Figure 11 XRD pattern of zeolite Y (Si/Al =5.1, FT).
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Figure 12 XRD pattern of zeolite Y (S/Al =30, H").
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Table 11 X-Ray Powder Data of zeolite Y (Si/Al =5.1, H4)

A

Sample hkl d-value (A) Reference*

Zeolite Y il 14.107 14.418
(SUAI=5.1, HY) 220 8.648 8.784
31l 1.381 1.487

31 5.625 5,69

33 4.716 4.112

440 4.330 4,387

620 3814 3951

533 3.739 3.179

444 3.534 3.580

111 3432 3.468

642 3.216 3311

73l 3191 3.2

133 2,99 3025

822 2.888 2.919

751 2.829 2.860

840 2.740 2.67

ol 2.692 2.719

664 2.674 2641

931 2,612 2.600

10.2,2 2.359 2.382

830 2.221 2.189

*Breck, 1973.



Table 12 X-Ray Powder Data of zeolite Y (Si/Al =30, H4)

A

Sample hk| d-value (A) Reference*
Zeolite Y 111 13.930 14.418
(SI/Al =30, HY) 220 8.548 8.784
311 1.29 1.487
31 5.562 5.695
333 4.667 4.772
440 4.287 4.387
620 3.834 3.951
533 3834 3.779
444 3.699 3.580
(gl 33%' 3.468
642 3.241 3311
133 2.963' 3.025
822 2.859 2919
T 2.801 2.860
10,2.2 2.334' 2.382
830 2.188 2.189

*Breck, 1973.



Table 13 X-Ray Powder Data of zeolite Y (Si/Al =60, H4)

A

Sample hkI d-value (A) Reference*
Zeolite Y 111 15.384 14418
(S|/A| :60, H+) 220 8.565 8.784
311 1.308 1.487
331 5.562 0.695
333 4.662 4.772
440 4.283 4.387
620 3834 3.951
533 3.696 3.719
11 3.393 3.468
642 3238 1331
731 3.155 3221
133 2,963 3025
51 2.857 2.860
840 2.780 2.767
011 2710 2.719
664 2.662 2.641
931 2.583 2.600
10,22 2.334 2.382
880 2.185 2.189

*Breck, 1973,
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Table 14 X-Ray Powder Data of zeolite Y (Si/Al =80, H+)

A

Sample hk| d-value (A) Reference*
Zeolite Y 1 14.062 14.418
(SI/Al' =80, H4) 220 8.598 8.784
31 1.333 1.487
31 5.557 5.695
333 4679 4.772
440 4.292 4.387
620 3837 3.951
533 3.702 3.779
642 3.396 3.31}
131 3.241 3221 -
133 2'%3 3.025
1 2.855 2.860 -
ol 2.712 2.719
10,22 2.333 2.382
880 2.185 2.189

*Brack, 1973.
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Appendix J Scanning Electron Microscope

Scanning Electron Microscope (SEM) (JEOL/JSM 5200) was utilized to
examine the morphology of materials. Samples were coated with gold before being
characterized in order to suppress the charge up phenomena,

a) b)
Figure JL The morphology of poly(p-phenylene vinylene) powder at magnification :
a) x 1500 and b) x 5000.

9) b)
Figure J2 The morphology of doped poly(/y-phenylene vinylene) powder with the
mole ratio of sulfuric acid to monomer unit equal to 300 : 1 at magnification : a) x
1500 and ) x 5000, B5kv.



J )

Figure J3 The morphology of zeolite Y(SI/Al = 5.1, NH+) powder at
magnification ) x 1500 and b) x 5000, 15kV.

Figure J4 The morphology of zeolite Y(Si/Al = 5.1, Naj powder at magnification :
a) x 1500 and b) x 5000,15kV.
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Figure J5 The morphology of zeolite Y(Si/Al = 5.1, H+) powder at magnification : a)
x 1500 and b)x 5000, 15 kv.

) b)
Figure J6 The morphology of zeolite Y(Si/Al = 30, H+) powder at magnification : a)
x 1500 and ) x 5000, 15 kv.
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a) b

Figure J7 The morphology of zeolite Y(Si/Al = 60, H+) powder at magnification : )
x 1500 and b)x 5000, 55 kv. - .

) b)
Figure J8 The morphology of zeolite Y(SI/Al = 80, FT) powder at magnification : a)
x 1500 and b) x 5000, 15 kv.
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Figure J9 The morphology of dPPV/Zeolite Y(SI/Al = 5.1, H4 powder at
magnification ) x 1500 and b) x 5000, 15 kv,

Figure J10 The morphology of dPPV/Zeolite Y(Si/Al = 30, H4) powder at
magnification :a) x 1500 and b) x 5000, 15 kV.
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Figure J11' The morphology of dPPV/Zeolite Y (Si/Al = 60, H+) powder a
magnification :a) x 1500 and b) x 5000, 15 kv.

Figure J12 The morphology of dPPV/Zeolite Y(Si/Al = 80, H+) powder at
magnification : ) x 1500 and b) x 5000, 15 kv.
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Appendix K FTIR investigations of reactions of adsorbed nxanos

FTIR spectra of PPV, dPPV, Zeolite Y and dPPV/Zeolite Y were taken using
the KBr pellets. The sample pellet was located on the sample holder and put in the
gas cell. The spectra of samples were collected before, during and after nHanos
exposure, in order to study the interaction between these samples and nHanos.

The IR spectra in the 700-3500 cm- region identifies the NH.NO: adsorption
at 1 atm and at room temperature. The vibrational stretching frequencies of free
N'H/ molecule are (v = 3330, 3300 cm’) and of free NOs’ molecule are (v = 1300-
1350 cm'], 815-840 ¢cm') (Zecchina et al. 1997).

Figure K2 shows the IR spectrum of dPPV hefore nwanos exposure, during
nHano3 EXPosure and after nwanos exposure. Before nwanos exposure, the IR
spectrum shows a peak at 1170 cm-. which is assigned to the quinoid structure, at
1519 and 3022 cm-1which can be assigned to thephenylene characteristics. During
nHano3 eXposure, the IR spectaim shows a new peak at 3336 cm-:which can be
assigned to the vibration of nw a4+ Interacting with carbon cation on the quinoid
structure of doped PPV (Zecchina et al. 1997). The new two peaks at 1333 and 830
cm:: can be assigned to the vibration of no - interacting with cation on the quiniod
structure of doped PPV (Cziczo et al. 1999). Increasing intensity at wavenumber
1172 ¢cm-1 during nHanos exposure is assigned to the increase on the quinoid
structure in doped PPV. The intensities of peaks at 3019, 1517 cm-1 decrease after
nHanos eXposure and the peaks at wavenumbers 3336, 1333 ¢m-: disappear. The
decreases of intensity at wavenumbers 3019, 1517 cm- after nnanos exposure
confirm that n+anos molecule may act as a secondary dopant and the number of the
quinoid structure increases in dPPV (Densakulprasert et al. 2005). This is the FTIR
evidence for the previously proposed interaction schematic of Figure K2

Figure K3 shows the IR spectra of Zeolite Y (Si/Al=5.1, H ) before NH:NO:
exposure, during nw.inos exposure and after NHaNOs exposure. Before NH:NOs
exposure, the IR spectrum shows a peak at 3640 cm:: which can be assigned to the
silanol group. During nHanos exposure, the IR spectrum show new two peaks at
3334 and 1625 cm-: which can be assigned to the NTLt+ interacting with oxygen
molecules on Si molecule (Zecchina et al. 1997); The new peak at 1380 cm-: can be



assigned to the o interacting with oxygen molecules on Si molecule (Cziczo et al.
1999). A peak at 3663 cm-1 which can be assigned to characteristic of zeolite after
nHanos €Xposure confirm that no interaction between the zeolite and nwanos,
There is no significant band pattern difference between before and after exposed to
nHanos (Venkatathri et al. 2006)

Figure K4 show the IR spectra of Zeolite Y (Si/AI=80, H4) hefore NH:NO:
exposure, during nranos exposure and after nnanos exposure. The IR spectrum of
Zeolite Y (Si/AI=80, H4) is the same as that of the IR spectrum of Zeolite Y
(Si/AI=5.1, HH). There are the same significant bands but of higher intensities.

Figure Ke show the IR spectra of nwanos (pressure at 1 atm and at room
temperature) adsorbed on dPPV/Zeolite Y (Si/AI=80, Hf) hefore nwanos exposure,
during nanos exposure and after nranos exposure. Before nranos exposure,
the IR spectrum shows a peak at 1160 cm-: which can be assigned to the quinoid
structure, at 1517 and 3010 cm. which can be assigned to the .phenylene
characteristic and at 3660 cm-. which can be assigned to the silanol group. During
nHano3 eXposure, the IR spectrum shows a new peak at 3340 cm- which can be
assigned to NH.+ interacting with cation on dPPV and oxygen on Si molecule
(Zecchina et al. 1997). The new peak at 1330 cm- can be assigned t0 nos
interacting with cation on dPPV and oxygen on Si molecule (Cziczo el al 1999). The
intensities of the peaks at 3023, 1520 cm: decrease during and after exposure. The
decreases of intensity at wavenumber 3023, 1520 cm+ during and after exposure
confirms that nHanos molecule may act as a secondary dopant. The number of the
quinoid structure increases in dPPV structure corresponding to the intensity increase
in peaks at 1170 cm-: during nranos exposure (Densakulprasert et al. 2005). After
NHano3 eXposure, the peaks at 3340, 1330 cm-: disappear. A peak at 3663 cm-1 can
be assigned to characteristic of zeolite after nwanos exposure, confirms that no
interaction between zeolite and nwanos. This is the FTIR evidence for the
previously proposed mechanism that Zeolite Y induces a larger volume of nranos
vapor for interact with dPPV and nHanoz molecules may act as a secondary dopant.
This clearly suggests that the interactions are llirther induced by the presence of
Zeolite Y (Si/AI=80, H+). Figure . shows a schematic of the proposed interactions
between nwanos and dPPV/Zeolite Y
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Figure K9 Show the schematic of the proposed interactions between NH.NO: and
the doped PPV/ Zeolite Y.
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Table KI Peak positions from FT-IR spectra of dPPV before nHanos exposure,
NH.NO: exposure and after NnHano3 exposure
(NHANO3=0.377 % vlv, pressure™! atm, T=25 °C)

Functional groups

Para-
out 0

fr

henylene ring C-H

lane bending

NOs' vibration

*C-H out of plane bending
S0 symmetric stretching

uinoid ring C=C
Stretching

S=0 asymmetric stretching

NO "strectching

C-C ring stretching

NH.+vibration

CHs symmetric stretching

CHs asymmetric stretching

Trans vinylene C-H
strectching

NFL. strectching

Wavenumber (cm])
Before After
NH.NO;
NH4NO3 NH4NO3
exposure  XPOSUTEaynosiire
830+ 10 830+10 83010
e R ) N )
830 + 10
el
%0+ 10 960% 10
o e b
1050+ 10 1050+ 10 1050"' 10
o) 04 (o4
1170+ 10 1170+ 10 1170+ 10
ki) R v R X))
lZOOilO lZOOilO 1200i 10
1340 £ 10
(133
1517+10 1517+10 1517+10
59 (i51) (D)
1630 £ 10
(16%)
2872+ 10 2872+10 2872+ 10
88 08 (8%
2960+ 10 2960+ 10 2960+ 10
B0 PN (2950)
3022+10 302+10 3022+ 10
an) ey (D)
3330+ 10

(33%)

References

A i

Fernan BS et
al, (2004)

Fernandes
etal,(2004)

Fernances et
al, (2004)

CzICzZ0 et
al, (1999)

al, (2006)
Zecchina et

al, (1997)

Cirpan et
al |2002)

(%II‘ Net
al,(2006)

Zecchina et
al, (1997
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Table K2 Peak positions from FT-IR spectra of Zeolite Y (Si/AI=5.1, H1) before
NH.NOs exposure, NHsNOs exposure and after NH.NOs exposure
(NH4N03:0.377 % V/V, P=1 atm, T=25 OC)

Functional groups

Vibrations of Si-O-Si
linkages
Vibrations of Si-O-Si
linkages

NOs' strectching
NH.+vibration
NH.+strectching
Silanol group

Wavenumber (cm?)

Before  After  References
exposure  “XPOSUTEexposure
1010£10 1010+£10 1010+10 Venkatathrl
(1022)  (1o10) (1003)  N., (2006)
1200+10 120010 1200+10 Ven atathrl
(1) Lo (1238) N, (2006
1340+10 Czicz0 et
%1380f (1999
163010 ) Zecchina et
81625% (1997
: 3330£10 ] Zecchina et
_ (3334) ,(1997)
3630110 ] 3630+10  Venkatathri
(3640) (3663)  N., (2006)
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Table K3 Peak positions from FT-IR spectra of dPPV/Zeolite Y (Si/AI=5.1, H4)
before NH.NOs exposure, NH.NO: exposure and after NH.NOs exposure
(NHANO3=0.377 % vlv, P=1 atm, T=25 °C)

Wavenumber (cmJ)
Functional groups Eﬂﬂ re3 s ﬁ]}ﬁ , 3 References
n 0 n 0]
exposure  CXPOSUIe exgosure
Para- Phenylene igC-H  830£10 ~ 830+10  830+10
out of plarie bending (820) (835) (835) al, (2006)

9%0+10 96010  960£10
C-H out of plane bending (985) (964) (964) al. (2006)

Vibrations of Si-0-Si. 101010 1000+10  1010+10  Venkatathi
linkages %1000{ %1010{ %1011{ N., (2006)
=0 symmetric stretching 1150%% 0N %0% 0 1150% 0 Fglrna?ggi el
Vibrations of Si-O-Si 1800if0 12 _}0 18001%0 Venkatathri
linkages (1130) (12200  (1219) N, (2006)
(%ummd ring c=c 170£10 117010 1170410  Fernandes
stretching (1160)  (170)  (1170) et al.,(2004)
_ - 1200810 1200810 1200£10  Fernandes et
s=0 asymmetric stretching (220) 1%1% (1220) % (2004)
. + 71620 ¢f
e 151% 10 1%113730{0 151% 10 oA
- - + t +
" 1 ecchina_et
b 2872- 10 2%17623(?0 2872- 10 e
: : t t t rpan et
CHesymmetricsretching — “gi)”  “Bdgn) (7 G {’2002)

CH3 asymmetric stretching 2§26€98i0§0 2?2685:‘2)1)0 2§26906i2§0 (;wga %%%t
3022+10 3022410

Trans vinylene C-H 22t 3022¢10 3022+ Peres et

strectching (3010) 83023f (3018) %2006)

NHé# strectching : 3(33304%)0 oI 1'887 el
3630£10 363010 V nkatathri

Silanol group (3660) ] (3663) N, (2006)



Appendix L Calibration curve of vapor concentration (Probe number 4, 6)

The flow rate of nwanos Was measured by the slope of calibration curve
between volume of n 1 ancsaqy and the elapsed time (min). The flow rate of 2 from
the flow controller was 5 L/min. ~. was flown through the chemical solution
chamber to form a vapor. The vapor concentration was calculated from volume flow

rate of nranos (L/min) divided by total volume flow rate (v az+vananos+vnao,
L/min) as

% Vapor concentration = f TG x 100 (L)

VN2+V]\IH 4No03+ VH20

Vv Vv

Where v .nanos = Volume flow rate 0f nranos (Lmin)-
vaz = Volume flow rate of v . (L/min)
Vieo = Volume flow rate of H.O(L/min)



Table LI Weight loss of Ammonium nitrate vapor

' - Volume of
ggg)e Weight loss (g) NH4NO3 (1)
0 0 0
5 0.25 128x102
10 041 2.09x10'3
15 0.65 3.32x10"3
20 0.74 3.76x10 3
25 0.85 4.34x10'3
30 103 5.26x10°3
3 145 7.40x10'3
40 153 7.81x10"3
45 18 9.18x1073 .
50 2.16 1.10x10™
5 241 1.23x10™
60 29 1.28x10"

Slope of calibration curve = 2.20x10°3L/min

% Vapor concentration at 60 min

(. 22x103Umin

(5 Lmin + 5x(2.2x10°3 L/imin)
V.

3.77x102%vlv

J

x 100
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Figure LI Calibration curve 0fNHanoOS3.



Appendix M Sensitivity Measurement (Probe number 4, 6)

Sensitivity measurements of poly(/?-phenylene vinylene) and s COH.SOs
poly(p-phenylene vinylene)/zeolite pellets were carried out by using the two point
probe at the 0.0377% viv NH.NOs vapor of 1 atm, 40-60% relative humidity and
28+2 °c. The electrical response of sample was calculated from the difference
between the equilibrium conductivity of sample upon exposed to NH.NO: vapor and
the steady state of final conductivity of sample in N (Densakulprasert et al, 2003).

AC = ONH4NO03-ON2 final (M.1)

However, an addition of zeolite into PPV results in the lowering of the
conductivity of composite samples. - The sensitivity s defined as the electrical -
response divided by the it's conductivity at the final N.  (Densakulprasert et al., .
2003).

Sensitivity AC 1 ON2 final (M2)
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Table M1 The conductivity response of PPV, Doped PPV and Zeolite Y (Cation H+)
exposed to 0.0377%v/v NHanos3

SiA Sensitivity

a0 Samplel  Sample 2
(probe d)  (probe 6)

PPV 0 624100 48510® 5.55xI0°2 9.84x10(
dPPV 0 98100 94x10™ 9.65xI0'W 2.86x102
CVB400 51 L1100 142100 121xI0W 187x100
CVBT720 30 186x10@ 211x10™"  198x10™" 18Ix10Q
CVBT60 60  38Lx10"* 3.85xI0'Q 383x10™" 255x10®
" CVB/80 80 4Tx10® 486x10™" 4.64x100W 2.15x10@

Sample Average.  STD

Table M2 The conductivity response of 10%v/v Doped PPV with 90% Zeolite Y
(Cation HH) exposed to 0.0377%VIV nHanos

SiiA Sensitivity

a0 Samplel  Sample2
(probed)  (probe 6)

PPV 0 6.24x100 4.85x10*2 555xI0"°2 9.84x103
dPPV 0 98x10™ 94410 9.65x10™"  2.86x102
dPPV/CVBA00 51  2.06x10T 966x10™ 5.86x10™"  5.37x10™
dPPVICVBT20 30 137 1.60 148 164x10™
dPPVICVBT60 60 2.80 2.23 252 A406x10™
dPPVICVBT80 80 3.18 440 3.79  860x10™

Sample Average  STD



Table M3 Electrical Sensitivity and Temporal Response

Sample

PPV
dPPV
CVB400
CVBT20
CVBT60
CVB/80
dPPV/CVB400

dPPVICVBT20 .

dPPVICYBT60
dPPVICVBT780

Sensitivi
(Aa/al\lzt)y

5.55xI0'(
9.65x1011
121x1011
198x10'
383xl01
4.64x1 0
5.86x101
1.48
2.52
3.79

Induction time,
i (min)

8l
80
88
103
105
101
41
34
o
118

Recovery time,
tr(r%)

28
3
138
5
25
43
23
47
38
20
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Table M4 The conductivity response of PPV exposed to 0.0377%V/v NHanos

Sample name PPV 1

Probe 4

Room Temperature :  25° Humidity : 48 %  Thickness :0.0706 cm.
Chamber Temperature : 26°c Applied Voltage : 20V K: 1.29x1 Oos

Sample name ; PPV 2

Probe s
Room Temperature :  25° Humidity : 48 %  Thickness :0.0384 cm.
Chamber Temperature : 26°c Applied Voltage : 20V K : 3.65%1 Oos

Oar e ON2findl  ONHANO3  ON2afterex Ao AQ dferex Induction  Recovery
Sample ~ (Sm)  (Som)  (Slom)  (Sfem)  (Slem)  (Slem)  (Slem) A0 "(rrﬂ?h)“ "(Tn?h)”
PPVI  206x108  8.83x10%  3.10x10°5  330xI0'G  3.35xI0'G  6.24X10'6  150xI0°5  6.24x100 54 5
PPV_2  g1xi08  121x10°%  424x10"6  4.45x10'G  1.03x10°°5  2.06x1c06  9.85X10'04  4.85x10'Q 108 1
AVG  s5a0®  5.02x10°5  367x10'G  387x10G  452xI0'6  200X10%  5.02x1cd  555xI0°0 81 2

STD 3,65xI0'B  5.39x10'6  8.06X10'6  8.15X1006  3.88XTO'G6  8.63X108B  6.88X10'04  9.84x100 38 19
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Table M5 The conductivity response of dPPV exposed to 0.0377%v/v NHanos

Sample name : dPPV |

Probe 4

Room Temperature :  25°C Humidity 48 %  Thickness : 0.0420 cm.
Chamber Temperature : 26°C Applied Voltage : 20V  K: 4.31x10'04

Sample name : dPPV 2

Probe s

Room Temperature :  25°C  Humidity: ~ 48%  Thickness : 0.0289 cm

Chamber Temperature : 26°C Applied Voltage : 20V K : 7491004

Saimple nair Ovac ON2 finl ONHINOZ  AN2 affere Ao aferex Induction  Recovery
(Slem)  (Sfem)  (Slem)  (Slem)  (Sfem)  (Slem)  (Slem) Aol “(nr%?h)n tl(rr?]?nj

OPPV_l  761x100  451x10'6  169X100  336xI0'R  3.94xI06  1L67X100  297X10%  9.85x10° 61 20

PPV 2 gs3xi0@  2900x106  649xI10'G  126X1001  2.90x10B  6.13xI0'G 973106 9.44xI10°0 100 56

AVG 8571000 370x10G  850x10°3  169XI0'®  1.98xI0'B  837xI0B  L49X10'W  9.65x10°" 80 3

STD 1.36X10'2  1.14xI0'®  1.19X10'2  2.37xI0@  2.76xI0'®B  1.18X10'@2  2.09X10'R  2.86x10*2 21 25



Table M6 The conductivity response of CVB400 exposed to 0.0377% viv NHaNOs

Sample name : CVB400 1
Probe 4
Room Temperature :  25°c
Chamber Temperature : 26°c

Sample name : CVB400J2
Probe s
Room Temperature :  25°C
Chamber Temperature : 26°c

i e
Sample (k) (Slem)
CVBA00J  2g7x106  s566x10%
CVB400_2  386xi06  6.12x10%
AVG  s3mxi0  5.80x10
SID 7orx100  3.230°@

Si/Al ratio 5.1 Cation HT
Humidity : 48 %  Thickness :0.194 cm.
Applied Voltage : 20V K: 1.29x1 Oos
Si/Al ratio 5.1 Cation HIL
Humidity : 48 %  Thickness :0.0380 cm
Applied Voltage : 20V K : 7.55x10-04
ON2final  ONHANOZ N2 affeex Ao
(Slem) — (Sfem) — (Sfem) — (Slem)
136xI0'6  L51XI0'6  8.49X106  157X10C6
1.15x10's  131X106  1.08XIOG  163X10'C6
1.25xI0'6  141XI0°6  9.64X10'06  1.60x1006
L46X1006  L142X10'6  163X10'06  4.71X10'CB

afterex

(Sfem)

6.66X1006

1.43x10'(6
1.05X10'%

5.41X10'06

Ao/On2

1.15x10Q

1.26x10'(

1.21x10'Q

7.88x10'®

139

Induction  Recovery
timg, i time, tr

(min) (min)
68 111
109 165
88 138

29 38
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Table M7 The conductivity response of CVB720 exposed to 0.0377% viv NH:NOs

Sample name : CVB720 1

Probe 4
Room Temperature :  25°C

Chamber Temperature : 26°C

Sample name : CVBT720 2
Probe s
Room Temperature :  25°C
Chamber Temperature : 26°c

G Enc
Sample  (Slem)  (Slem)
CVB720)  gexioo  126x10'G
CVBT20 2 42500 1.28x10'G
AVG 246x108  1.27xI0'%
STD 254108 131XI0°0

Si/Al ratio 30

Humidity 48 %

Applied Voltage : 20V K':

Si/Al ratio 30
Humidity : 48 %
Applied Voltage : 20 V

AN2 final ONH4N03
(Sfem) (Sfem)
1.26x1006  1.49xI0‘®
1.68XI0'6  2.03x10'°5
1L47xI0'06  1.76x10'%6
2.95X10'06  3.80X10'06

Cation H+
Thickness :0.0263 cm.
1.29x10'04
Cation H+
Thickness : 0.0678 cm.
K: 7.55%10-04
AN2 afterex Ao aflerex Aalole Irtl_ducti?n RtQCOVGI'y
Slem alo ime, fi Ime, tr
(Sem)  (Slem)  (Slem) mi) mi
151xI0'  2.34X10°06 1.06x10'°7 1.86x100 66 41
1.29x10'06  3.54X10'06  7.39X10'06  2.11xl0' 140 71
146x10'6  2.94'XI06  3.75X10'6  1.98xI0'Q 103 56
1.54X10'06  8.50x10'°7  5.15X10'06 1.81X10'02 53 21



Table M8 The conductivity response of CVB760 exposed to 0.0377% VIV NHanos3

Sample name : CVBT760 1
Probe 4
Room Temperature :  25°C
Chamber Temperature : 26°C

Sample name : CVBT760 2
Probe ¢
Room Temperature :  25°C
Chamber Temperature : 26°C

i .
Sample ~ (Slem)  (Slem)
CVBT60)  150x03  1.14x10'G
CVBT60_ 2  gooxi0m  9.00x10'6
AVG  38exio®  102x1075
STD 333108 L68X10'6

Si/Al ratio 60

Humidity : 48 %

Cation H+

Thickness : 0.0577 cm.
1.29x10'0

Applied Voltage : 20V K':

SifAl ratio 60
Humidity : 48 %
Applied Voltage : 20 V

ON2 final

(Sfem)

1.60x10°5

ONH4NO3

(Sfem)
9.92X10'06

1.29x10'®  7.94X10'06

1.45x10'%6  8.93X1006

2.22X10'06  1.41X10'06

Cation TT

Thickness : 0.0360 c¢m.

K:

N2 afterex

(Sfem)
110XI0'%

1.18x10'%6
1.14x10"®

5.86x10'07

1.55%1 Oos

Aa

(Slem)
0.11x10 6
4.96X10'06
5.54X10'06

8.13x10'07

Acs afterex

(Sfem)

1.04x1er06
3.85X10'06
2.44X10'06

1.99X10°06

141

Induction Recovery

AalaN2  time, fT time, tf
(min) (min)
3.81x10-0L 126 28
3.85%10-"" 85 23
3.83x10-"" 105 25
255x10'8 28 4
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Table M9 The conductivity response of CVB780 exposed to 0.0377% viv NH:NOs

Sample name ;: CVB780 1
Probe 4 Si/Al ratio 80 Cation H+
Room Temperature :  25°C Humidity : 48 %  Thickness :0.0264 cm
Chamber Temperature : 26°c Applied Voltage : 20V K: 4.3 1X10-04

Sample name : CVB780 2

Probe s SifAl ratio 80 Cation Hk

Room Temperature :  25°C Humidity : 48 %  Thickness : 0.0240 cm
Chamber Temperature : 26°C Applied Voltage : 20V K : 1.49%1 Qo4

nair Mae ON2 finl ONHANO3 /N2 aflerex AO aflerex Induction  Recovery

Sample  (Slem)  (Sfem)  (Sfem)  (Slem)  (Slem)  (Slem)  (Slem) Aolghe “(m?h)“ “(rpn?h)tr
CVB780‘] 1.49x10'03 [LOIxIO'G  3,02x105  4.17xI0'06 1.48x10'0 1.35x10'06 2.69xI10'06  4.79X10'0L 87 42
CVB780_2 4.56x10'03 1.63xI0'06  2.12x10°5  3.07x10"5 1.73x10'06  9.50X10'06 1.34x10'06  4.49x10‘(L 116 53
AVG 2.97x10°03 1.32x10'06 2.82xI10'6 3.62x10°5 1.60x10'%6 1.15x10°5  2.02xI10°06  4.64X100L 101 48

STD 2.24x10'B  4.41X10'06  6.37X10-06  7.76X10'06  1.78X10-06  2.82X10'06  9.55X10'06  2.15x1002 21 8



Table M10 The conductivity response ot dPPV/CVBA00 exposed to 0.0377%v/v NHanos

Sample name : dPPV/CVB400 |
Probe 4 Si/Al ratio 5.1 Cation H+
Room Temperature :  25°C Humidity : 48%  Thickness :0.0286 cm.
Chamber Temperature : 26°c Applied Voltage : 20V K: 1.29%1 Qos

Sample name : dPPV/CVB400 2

Probe s Si/Al ratio 5.1 Cation HR
Room Temperature :  25°C Humidity : 48%  Thickness :0.0206 cm.
Chamber Temperature : 26°c Applied Voltage : 20V K : 3.65%1 Qo4
(Eair Evac AN2 final ONH4N03 AN? afterex Ao afterex ADION?
Sample (Sfem)  (Slem)  (Slem)  (Slem)  (Slem)  (Sfem)  (Slem)

dPPVICVBA00_| 144102 9.04x105 348X104 4.19x10 195xlc4 7.15xI05 2.25¢10% 2.06xI01
dPPVICVBA00_2  397xI02 2.72x105 5.31xI03 182xlcd 31105 513x103 150x10* 9.66x10'
AVG 2.71x02 5.88xI05 2.83x0°3 301X104 11310 2.60x103 188104 5.86x10"
STD 179x102 4.47x105 350xI0'3 168x104 116x1 * 357x0"3 524x10%5 5.37x10"

Induction
time, t
(min)

0
52
4
il

143

Recovery
time, tr
(min)

b

0
A
8



Table M il The conductivity response of dPPV/CVBT20 exposed to 0.0377%v/v NHanos

Sample name : dPPV/CVBT720 |
Probe 4
Room Temperature :  25°C
Chamber Temperature : 26°c

Sample name : dPPV/CVBT720 2
Probe ¢
Room Temperature :  25°C
Chamber Temperature : 26°c

Gair

Sample (Slcm)
dPPVICVBT20 | ¢ ooxi0's

dPPVICVBT20 2 ¢31x102

AVG 6.15x10"2
STD 2.19x10'3

Si/Al ratio 30
Humidity :

Applied Voltage : 20V~ K:

Si/Al ratio 30
Humidity :

Applied Voltage : 20V K':

(Evac

(Sfem)
9.32x105

3.38x10"5
6.35x10"5

4.20x10'5

ON2 final

(Sfem)
2.11x0"4

3.57x10'5
1.23x10"4

1.24x10'4

Cation H" .
48% 1 Thickness :0.0221 cm.
1.29x1 Qus
Cation H+
48%  Thickness :0.0277 cm.
3.65x10'04
ONHANO3  AN2 aftrex Ao
(Slem)  (Sfem)  (Slem)
5.00x10'4 1.32x104  2.89x10"4
9.29x10"5  4.86x10s 5.72x10'5
2.97x10"4  9.00x10'5 1.73x10'4
2.88x10'4  5.87x10'5 1.64X10-4

Ao afterex

(Sfem)

3.69x10'4
4.44x10%5

2.07x10'4

2.29x10"4

Aol/oN2

1.37

1.60

1.48

1.64x10-'

Induction
time, t
(min)

26
41

34

1

144

Recovery
time, tf
(min)

37

57
47

14
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Table M12 The conductivity response of dPPV/CVBT60 exposed t0.0.0377%v/v NHanos

Sample name : dPPV/CVBT60 |
Probe 4 Si/Al ratio 60 Cation H+
Room Temperature :  25°C Humidity : 48 %  Thickness : 0.042 cm,
Chamber Temperature : 26°c Applied Voltage : 20V K: 1,291 Ovs

Sample name : dPPV/CVBT760 2

Probe s Si/Al ratio 60 Cation H+

Room Temperature :  25°C Humidity : 48 %  Thickness : 0.036 cm,
Chamber Temperature : 26°c Applied Voltage : 20V K:: 3.65x10'4

Nac ON2finl  UNHANO3  ON2 aflrex A0 Ac flerex Induction  Recovery

Sample (Sm)  (Sm)  (Sm)  (Sem)  (Slem)  (Slem)  (Slem)  AV/ORE "(f;%?h)ﬂ tl(rpneih)tr
GPPVICVBT60_| 13210,  4.07xI05  LI3xI0'3 4.20xI0°3 247x10" 3.16XI0'3 40sxi0s 280 75 2
PPVICVBT60_2  161xI02 733105 220X10s  7.10xI0s 8.32xI0"6 4.95xI0s 6.34xi05 223 107 34
AVG 14710 240xI05 5.76xlc4 218xlos 128XI04 1.61xI03 2.06xi05 252 q 3

STD 204x10:  2.36xI05  7.83x10™ 2910, 16910™ 220x10s 2.82x10'3  4.06x10° JA 6
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Table M13 The conductivity response of dPPV/CVBT80 exposed to 0.0377 %v/v NHsNOs
Sample name : dPPV/CVBT780 1

Probe 4 Si/Al ratio 80 Cation H+

Room Temperature :  25°C Humidity : 48%  Thickness :0.0270 cm.
Chamber Temperature :26°c Applied Voltage : 20V K: 4.31X10 04
Sample name : dPPV/CVBT780 2

Probe s Si/Al ratio 80 Cation H+
Room Temperature :  25°C Humidity : 48%  Thickness : 0.0248 cm.
Chamber Temperature : 26°c Applied Voltage : 20V K. 7.49x1 Ous
Gair Evac ON2 final ONHANO3 afferex Ac A0 afterex rolors Induction  Recovery
Sample (Sem) ~ (Slem)  (Slem)  (Slem)  (Slem)  (Slem)  (Sfem) ofon tl(Tn?h)“ “(rrnneih)tr
dPPVICVB780_|  191x02 31IxI0'5 3.50xI05 147x104 7.03xI05  1.12x10"  7.63x05 3.8 14 13
dPPVICVB780_2  12Ix102 1.53xI05 1.89xI0'5 102X104 100104  8.30xI05  166x06  4.40 o 2%
AVG 156xI02 2.32x105  2.70x105 124104 8.53xI05  9.73xI0'5  3.90x05  3.79 118 20
STD 498xi03 1.12x105 1.14x105 3.16x105 2.12xI05  2.02x105  5.28xI05  8.60x10" 3 10
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