REFERENCES

Ando, E., Onodera, ., lino, M., and Ito, 0. (2001). Electric conductivity changes of
polypyrrole and polythiophene films with heat-treatment. Carbon, 39, 10-
10s.

Appel, G., Yfantis, A, GOpel, ., and SchmeiBer, D. (1996). Higly conductive
polypyrrole films on non-conductive substrates. Synthetic Metals, 83, 197-
200.

Atkins, p., . (1995) Physical Chemistry.The United Kingdom: Oxford University
Press.

Auerbach, ., M, Carrado, K., A, and Dutta, P., K. (2003) Handbook of Zeolite
Science and Technology.

Bétz, p., Schmeisser, D., and Gopel, . (1991). Electronic structure of polypyrrole
films. Physical Review B, 430 0. 9178-9189,

Beck, J.S., Lee, JK,, Song, H.G., Jang, K.S, Oh, EJ., and Joo, J. (1999). The
correlation between structure and charge transport of polypyrrole. Synthetic
Metals. 101,433,

Benseddik, E., Makhlouki, M., Bemede, J.C., Leffant, ., and Proh, A, (1995). XPS

dies of environmental stability of polypyrrole-poly(vinyl alcohol)
composites. Synthetic Metals, 72, 237-242.

Bogang, T., and Zerhi, G. (1989). Structure,lattice dynamics and spectra of pristing
and doped polypyrrole. Synthetic Metals,28.CI-Cé.

Brie, M., Turcu, R., Neamta, c., and Pruneanu, . (1996). The effect of initial
conductivity and doping anions on gas sensitivity of conducting polypyrrole
films to NH3 Sensors and Actaators B. 37. 119-122,

Breck, D., ., (1984). Zeolite molecular sieves. The United State of America;
Robert E. Krieger Publishing Company.

Cassignol, c., Oliver, p., Richard, A, Influence of the dopant on the polypyrrole
Moiture content: Effect on conductivity and themal stability. Journal of
Applied Polymer Science. 70, 1567-1577.

Chang, R. (1994). Chemistry. The United State of America: McGraw-Hill.



43

Cheah, K,, Forsyth, M,, and Truong, Y.-T. (1999). An XRD/XPS approach to
structural change in conducting PPy. Synthetic Metals. 101,19,

Cheah, K., Forsyth, M., Truong, V.-T., and Olsson-Jacques, ¢. (1997). Mechanical
governing the enhanced thermal stability of acid and base treated
polypyrrole. Synthetic Metals. 84, 829-830.

Child, A.D., and Kuhn, H.H. (1997). Enhancement of the thermal stability of
chemical synthesized polypyrrole. Synthetic Metals. 84, 141-142,

Chuapradit, ¢. (2002). Development of polyaniline/zeolite a composite as a
carbonmonoxide sensor. m.s. Thesis in Polymer Science. The Petroleum
and Petrochemical College, Chulalongkom University.

Compbell, D., Petrick, R., A., and White, J., R. (2000). Polymer Characterization:
Physical Techniques. United Kingdom: Stanley Thomes(Publishers) Ltd.

Densakilprasert, N., (2003) Development of polyaniline/zeolite composite as CO/IN?
sensor. m.s. Thesis in Polymer Science. The Petroleum and Petrochemical
College, Chulalongkom University.

Diffraction Reference, (1993). Malvern Instrument Ltd.

Dyer, A (1998). An Introduction to Zeolite Molecular Sieve.New York: John Wiley

& Sons.

Fedorko, p., and Skakalovd, V. (1998). Low pressure effect in electrical
conductivity of doped polypyrrole. Synthetic Metals. 94, 279-283.

Ferrari, AM., Neyman, K.M., Rosch, N., (1997). CO interaction with alkalimetal
cations in zeolites: A density functional model cluster. Journal of Physical
Chemistry B, 101, 9292-9298.

Fink, J., Scheerer, B., Wemet, ., Monkenbusch, M., Wegner, G., Freund, H.-J., and
Gonska, H. (1986). Electronic structure of pyrrole-based conducting
polymers: An electron-energy-loss-spectroscopy study. Physical Review B.
34(2), 1101-1115.

Forsyth, M., and Truong, V.-T. (19%). A dy of acid/base treatments of
polypyrole films using 2 n.m.r. spectroscopy. Polymer. 36(4).725-730.

Gilani, TH,, and Ishiguro, T. (1997). Metallic state in elongated PFO’ -cloped
polypyrrole. Synthetic Metals. 84, 845-846.



49

Gassner, F., Graf, ., Merz, A, (1997). On thephysical properties of conducting
poly(3,4-dimethoxypyrrole) films. Synthetic Metals. 87, 75-79.

Hay, N.E., (1987) Natural Gas Aplications for Air Pollution Control. The United
State of America; The Fairmont Press, Inc.

Heurberger, M., Tresch, ., and Dietler, G. (1995) Nucléation and growth of gold
on polypyrrole investigated by quantitative XPS and STM. Thin Solid
Films, 271, 144-146.

Kang, H., ¢., and Geckeler, K., E. (2000). Enhanced electrical conductivity of poly
pyrrole prepared by chemical oxidative polymerization: effect of the
preparation technique and polymer additive. Polymer,41,6931-6934.

Khulbe, K., ¢., and Mann, R, . (1982). Polymerization of pyrrole by potassium
persulfate. Journal of Polymer Science: Polymer Chemistry Edition. 20,
1089-1095.

Li, p., Xiang, Y., Grassian, V.H., Larsen, s.c. (1999). CO adsorption as a probe of
acid sites and the electric field in alkaline earth exchanged zeolite beta using
FT-IR and ab initio quantum calculation. Journal of Physical Chemistry B,
103,5058.

Miasik, J., Hooper, A., and Tofield, B. (1986).Conducting gas sensors. Journal of
Chemical Society. Faraday Trans. |. 82, 1117-1126.

Nechtschein, M., Devreux, F., Genoud, F., (1986). Polarons, bipolarons and charge
interactions in- polypyrrole: Physical and electrochemical approaches.
Synthetic Metals. 15, 59-78.

Kreyszeg, E. (1970). Introductory Mathematical Statistic: Principle and Methods.
Singapore; John Wiley & Son,

O’Neill, p., (1993) Environmental Chemistry, 2rdedn., The United States of
America: Chapman and Hall.

Prissanaroon, . (1998). Preparation and characterization of polypyrrole films for
0as sensor application. m.s. Thesis in Polymer Science. The Petroleum and
Petrochemical College, Chulalongkom University.

Prissanaroon, ., Ruangchauy, L., Sirivat, A., and Schwank, J. (2000). Electrical
conductivity response of dodecylbenzene sulfonic acid-doped polypyrrole
films to SO2-N2 mixtures. Syntetic Metals. 114, 65-72.



50

Quantachrome Corporation, (1995). Autosiorh 1 Gas sorption system, Instrument
Manual.

Ruangchuany, L., . (2003). Development of polvpvrrole-based sensors for vapors
of flammable chemicals. Ph.D. Thesis in Polymer Science. The Petroleum
and Petrochemical College, Chulalongkom University.

The Aldrich Library of FT-IR Spectra. (1997). The United State of America; Sigma-
Aldrich.

Selampinar, F., Toppare, L., Akbulut, ., Yalgin, T., and Siizer, . (1995). A
conducting composite of polypyrrole 11.: As gas sensor. Synthetic Metals,
68, 109-116.

Shen, Y., and Wan, M. (1997). Soluble conductive polypyrole synthesized by in
situ doping with P-naphthalene sulphome acid. Journal of Polymer Science:
Part A: Polymer Chemistry. 35, 3689-3695.

Shen, Y., and Wan, M. (1998). In situ doping polymerization of pyrrole with sulfonic
acid as a dopant. Synthetic Metals. 96, 127-132.

Silverstien, R., M., Bassler, G, ¢., and Morrill, T., ¢. (1991). Spectrometric
|dentification of Organic Compounds. The United State of America; John
Wiley & Son,

Skoog, D., A, Holler, F., J., and Nieman, T., A. (1998). Principles of Instrumental
Analysis. The United State of America; Thowson learning, Inc.

Street, G., B,, Lindsey, ., E.,Nazzal, A,, L, and Wynne, K., J. (1985). The structure
and mechanical properties of polypyrrole. Molecular Crystal and Liquid
Crystal. 118, 137-148.

Yadong, J, Tao, ., Zhing, ., Dan, L., Xiang, c., and Dan, X. (2002). Study on
the NHs -gas sensitive properties and sensitive mechanism of polypyrrole.
Sensors and Actuators B. es, 280-282.

Thigblemont, J.C., Brun, A., Marty, J., Planche, M.F., and Calo, p. (1995). Themal
analysis of polypyprole oxidation in air. Polymer. 36(8), 1605-1610.



APPENDICES

Appendix A Determination of the Charge Carrier Species by Ultraviolet-visible
Spectroscopy

25 ¢of - undpoed
—————— 1:96

absorbance

400 500 500 700 800 000
X [nm]

Figure AL UV-Vis spectra of polypyrrole: (a ) undoped: (b) 1:96; (c) 1:48; (d) 1:12,
and; (8) 1.

Figure AL shows the UV-VIS spectra of Ppy at different Nd/Nmratios.
There is no absoption peak for Ppy at 1:96 and 1:48 Nd/Nm ratio due to the limitation
of solubility of the polymer. When Nd/Nm  ratio increases to 1.12 and 1.6, the
absorption peaks at 427.46 and 411.59 nm appear; they are assigned to the 71-» Tt*
transition. Peaks at 700.76and 706.05 nm  are assigned to bipolaron. The absorption
spectra are different from the previous work (Ruangchuay, 2003); the polaron
absorption peaks at 398.02 and 648.67nm do not appear due to the overlapping of
the bipolaron peaks. The blue shift of 7-» 7* transition refers to the decrease of
conjugation in the polymer chains and the red shift of bipolaron due to the solvent
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stabilizing effect on the bipolaron (Shen,1997). The peaks and their interpretations
of these spectra are summarized in Table Al

Table Al. Absorption wavelengths of polypyrrole doped by P-naphthalenesulfonate
sodium salt in NMP solution

NdNm ratio  Peak position (nm) Assignment
Refference
undoped
1.%
143

1:12 427146 323332 7-—>71* transition
- 048.67 Polaron
700.76 77029 Bipolaron

1:6 41159 T 71* transition
106.05 Bipolaron
1:3 - 1he  7=>7* transition
052 Polaron
970 Bipolaron
11 - 415hc  7->7* transition
695 Polaron
965 Bipolaron

aRuangchuay, 2003, bShen, and Wan, 1997, ¢ Used solvent is m-cresol.



Appendix B Determination of Functional Groups in Ppy by a Fourier
Transform Infrared Spectroscopy

Table B1 Peak position in FT-IR spectra of undoped polypyrrole and polypyrrole at
NANm= 1/96,1/48,1/12 and 1/6

Ref. Wave number ¢cm']
undoped 1% Doplz}nt/pyrrole mole ratio

CHsr  29%h 29 e
Csmr 282 2%
COmcCen W00 B 1 B B 5

In pyrrole rin 15
PTOETNG 0t
1575
1542h
N'Hoend 1445¢ 1465 1457 1443 1450
C-H&N-H def. 1298h 1287 129 1299
=Odr 1183f 1189 1162 1163 1161 1166
1175¢
_ 1055¢
Vof Kztnng 11650 1162 1163 1161 1166
CNstr 1200-1000® 1109 1087
1034h 1044 1005 1032 1031 1032
Vlrll_lplane C 968d 965 959 959 961
IN-H
Vout ofl\,olane 922d 014
C-HIN-H
N/A 850 851
Out of Ellane C 779 1% 718 171 T 778
N/A 679 669 669 669 669
N/A 617 600 601 610 619

str=stretching ,  asm = asymmetric vibration
bend = bending s sym = symmetric vibration

aKhulbe, and Mann, 1982 bBogang, and Zerbi, 1989
cSilverstien et ai, 1991 d Shen, and Wan, 1998
eKang, and Geckeler, 2000 fPrisanaroon et al., 2000

gYadong et al, 2002 hRuangchauy, 2003
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Figure B FTIR spectra of polypyrrolevarying No/Nmratio: (a) undoped Ppy;
(1)1/9 (c)1/48; (d) 1/12; (e) L6.

The absorption peaks due to C-H stretching ,2954 and 2852 cm-1 (Silverstien,
1991 and Ruangchuay, 2003), are visible in the spectrum of undoped poypyrrole.
These peaks disappear from the spectra of doped polymers due to a masking of the
polaron and bipolaron absorption at 8066 cm " Street”S, Prissanaroon,2000). The
success of doping can be verified from the absorption peaks around 777 -795 cm']
which are due to the C-H out of plane vibrations (Bogang, 1989) in the henzene ring
fromthe P-naphthalenesulfonate anion.



Appendix C Elemental Analysis

Tabled The amountof CHN, and in polypyrrole.

c

Ppy_ud 5.18E+01
5.19E+01

average 5.18E+01
SO 431E-02
Ppy :96 5.37E+01
5.37TE+01

average 5.37EH01
SO 5.66E-02
Ppy_:48 5.64E+01
5.66E+01

average 5.65E+01
SO 156E-01
Ppy_1:12 5.89E+01
5.93E+01

average 5.91E+01
SO 288E01
Ppy_l:s 6.05E+01
6.06E+01

average 6.06E+01
SO 12901

Composition (%)

H
3.96E+00
3.78E+00
3.87E+00
1.29E-01
3.21E+00
3.45E+00
3.33E+00
1.65E-01
3.35E+00
3.38E+00
3.36E+00
2.33E-02
3.55E+00
3.64E+00
3.60E+00
5.94E-02
3.84E+00
3.80E+00
3.82E+00
2.69E-02

N
153E+01
151E+01
1.52E+01
1.25E-01
1.39E+01
1.40E+01
1.39E+01
3.96E-02
1.33E+01
1.33E+01
1.33E+01
2.83E-03
1.18E+01
1.17E+01
1.18E+01
3.39E-02
1.14E+01
1.14E+01
1.14E+01
1.41E-03

Doping level is defined by SIN ratio.

SIN
4.02E+00 2.63E-01
3.99E+00 2.65E-01
400E+00 2.64E-01
148E-02 1.20E-03
463E+00 3.32E-01
4.53E+00 3.24E-01
4.58E+00 3.28E-01
7.00E-02 5.95E-03
4.58E+00 3.45E-01
4.79e+00 3.60E-01
4.69E+00 3.53E-01
14801 112E-02
5.84E+00 4.95E-01
6.05E+00 5.15E-01
5.94E+00 5.05E-01
143801 141E-02
5.83E+00 5.10E-01
5.98E+00 5.23E-01
5.90E+00 5.16E-01
107E-01 9.47E-03



Appendix D Determination of Degradation Temperature of Ppy by a
Thermogravimatric Analysis

In thermogravimatric analysis, 4-10 mg of Ppy was used to determine the
degradation temperature under N2 atmosphere and 10°c/min of heating rate. The on-set

degradation temperature (Td) is defined as the temperature at which the rate of lost
weight is 0.5 Y%owt./°C,

110

-—
o O o
o o o

Weight(%)

~
o

(o))
o

0 lzgo 400 [Eg%ﬁ 800 1000

mperature
1.2 (a)
g\)yo L
§° 8
S,
© .6 1
2
s 41
—_
A 21
0.0

6 aogmpg?aaureﬁé&] 860 1000
(b)
Figure D1 Thermogram of Ppy at Nd/Nmequal tol 96: () %Wt. lost; and (b) its
derivative,
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Figure DL shows a thermogram of Ppy at various No/Nmratios and their T are
listed in Table DI. Tdincreases when increasing No/Nm- This result is consistent with
the results of Shen et al.{1998) showing that Ppy doped with naphthalene sulfonic acid
possesses a good thermal stability.

Table DI On-set of degradation temperature and moisture content of Ppy at various
Nd/Nmratios

Nd/Nnratio On-set Td[°C] Moisture

Content (%)
Ref.

Undoped 207 2233 5.325
41T - 9.212

1.% 2438 - 6.545
2424 - 1.353

148 250.0 - 1,005
254.8 - 6.669

1:12 2925 260.2a 4.941
2155 - 5.652

16 2921 - 5.504
285.5 4510

i 317h i

1:1

aRuangchuay, 2003 bShenand Wan, 1998



Appendix E Determination of The Crystal Lattice Spacing and Order of
Aggregation by an X-ray Diffractometer

From the Bragg’s law (Cambell and White, 1991), a crystal lattice spacing, d, is
calculated from the following relation:

1/d = (2sin0)A, (E.])

where 9 is the scattering angled, and X is 1542 A for CuKa radiation.

The order of aggregation, correlating with the breath of X-ray diffraction peak, is
described by the Scherrer equation (Cambell and White, 1991):

t="(KX)/(BcosO) (E2)

where tis the extentent of order of aggregation, B is the breath at half the peak height in
radians, 0 is the Bragg angle, and K is coefficient depending on the shape of the crystals
it is normally close to 0.9,

The X-ray diffraction patterns of Ppy as various D/M ratios are shown in Figure
El whereas the 29, d-spacing , t, and percentage of each deconvoluted peaks are
tabulated in Table E2. The interpretations of d-spacings are shown in Table El
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Table EI The crystal lattice spacing and their assignment

Material ~ d-spacing (A) Ref.  Assignment

Undoped 36
45

5.9

9.6
Doped Ppy  3.3-34
1:96,1:48, 4.1-4.2
1.12, 1:6

6.9-1.2

83

3.58a
45]a

5.4b

N/A

3.58a
39

6.9

The interplanar spacing between aromatic group
The distance between neighbouring pyrrole ring
where the a-a’ linkages are single bond

The distance between two hard segment separated
by counterion (SO:2)

The interplanar spacing between aromatic group
The distance between neighbouring pyrrole ring
where the a-a’ linkages are double bond

The distance between two hard segment separated
by counterion(NSA)

aGassner etal.(1997) bRuangchuay et al (2003).
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Figure El The X- ray diffraction patterns with deconvolved result underneath of Ppy as
various D/M ratios (a) undoped, ( ) 1:96, (c) 148, (d) 1:12, and (g) L6.



Table E2 The deconvoluted result from X-ray diffraction of Ppy as various Nd/Nmratios

DIM ratio

UPpy()

UPpy (2)

UPpy (3)
1:%
148
156 (1)
1.6 (2)
1:6(3)

Line- broadening # 1

# 11

9.2
91
92
10.7
94
95

8.6
8.8

95

9.6
83
94
93
10.2
99
94

30.1
28.1
28.8
146
254
241
18.3
152
819

20

(deg)
87 132
79 143
44 150
152 123
44 124
28  12.6
04 159
28 16.2
06 129

6.2

5.9
1.2
11
10
5.6
55
6.9

Line- broadening #2

11

7.6
16
42.1
28.2
33.1
6.3

6.1

5.9

3.0
5.2
1.0
1.6
13
25
42
6.9
44

Line- broadening #3

20
(ceg)
194
192
196
29
24
21.2
209
215
24

11

4.6
45
41
4.2
41
43
41
4.2

20.2

46.8

197 454
194 449

11
16
6.9
6.7
10

6.8

9.1
820
86.4
83.2
156
824

Line- broadening # 4

1%

20
(ceg)
254
25
2.7
26.7
24
268
266
267
26.6

d
A
35
36
36
33
33
33
34
33
34

8.8
8.5
8.8

3.1

28.0

281

243

253

2.1

414
415
43.7
41
6.3
83
132

12.8
12.6
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Appendix F Particle Size Analyzer

The particle size of samples was determined by a particle size analyzer
(Malvern Instrument, Masterizer X). The result of this technique is volume based and
expressed in terms of equivalent spheres (Instrument Manual, 1993). A mean
diameter is defined by:

Jdm (D)dD M

DIMNT = 41 (0)eD (F)
S P

where Mis the relative volume in size class i with mean  class diameter j. In this
work, the mean diameter over the volume distribution, D[4,3], is reported as shown
in Table FI.

Table FI The mean diameter, volume, and the specific surface area of molecular
sieve 13X and polypyrrole

sample D[43] (pm)  Volume  Specific surface
(pm3) area (ma/ms)
13X 1 8.68 342.55 1.9043
2 893 373.02 18701
3 8.01 269.20 1.9013
average 8.54 328.26 1.8919
D 048 53.36 0.0189
Ppy_ud 1 38.67 2421 x 105 0.2885
2 37.05 2.129 x 10s 0.3109
3 2831 9.499 x 104 0.4379
average 34.68 1833 x 10s 0.3458
D 5.7 7.789 x 104 0.0805

(continued)



Table FI (continued)

sample
Ppy_LG 1
2
3
average
D

D{43] (pm)

40.52
38.52
37.84
38.96

1.39

\Volume

2.785 x 10s
2.393 x 105
2.268 x 10s
2.482 x 10s
2.698 x 104

Paticle diameter(pm)

Figure FI Particle size distribution of molecular sieve 13X.

Specific surface
area (ma/m3

0.2827
0.2997
0.3075
0.2966
0.0127
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Figure F2 Particle size distribution of Ppy_ud.
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Figure F3 Particle size distribution of Ppy | s.
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Appendix G Scanning Electron Microscope

Figure G1 SEM micrographs of Ppy (a) undoped; (b) 1:96; (c) 1:48; (d) 1:12; (e) 1.6
Nad/Nmratio.

Figure GL shows the SEM micrographs of Ppy at various No/Nmratios at
which the magnification and accelerating voltage are 3500 times and 25 kv,

respectively. Similar to the earlier work (Ruangchauy, 2003), the morphology of
those Ppy appears as globular structures, and is independent of No/Nmratios.
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(9)
Figure G2 SEM micrograph of (8) unmodified 13X; (b) 32 mole% of Li; (c) 8L
mole% of Li; (d) 48 mole % of K; (g) 94 mole% of K; (f) 35 mole% of Cs and (g) 59
mole% of Cs at 25 kv and 5000 magnification.
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Appendix H Density Determination by Pycnometer

The density of molecular sieve 13X is determined at 20°C under ambient
pressure by following equation:

oA g (A

where dzis the density of 13X, dwis the density of water, 0.99860 at 20 ¢ and Latm
(John, 1999), 1 is the weight of pycnometer flask, 2 is the weight of water and
pycnometer flask, sis the weight of 13X and pycnometer flask, ~ 4is the weight of
13X, water and pycnometer flask. Table HI shows the density of zeolite from the
experiment,

Table HI The density of zeolite 13X

gzwfgl 8 oW gl K

. : 0
2130 57015 32062 51581 19

32132 55l 3221 57.5%0 16
157240 4%

G1=00=

The density of polypyrrole is determined at 25 °c under ambient pressure by
following equation:

iopy [ 2-w] ) (H2)
25.499-

where doy is the density of polypyrrole, dhis the density of ~ - heptane, 0.6816 glcms
at 25 °c and 1 atm (John, 1999), W] is the weight of pycnometer flask, 2 is the
weight of polypyrrole and pycnometer flask, s is the weight of polypyrrole, -
heptane and pycnometer flask. Table H2 shows the density of polypyrrole from the
experiment,



Table H2 The density of polypyrrole

Ppy_ud

Ppy_LG

Wi

32.1%’8
32.19
32.197

32.199
32.191
32.191
32.197

)

32.291
32.294

32.285
32373
32215
32.274

o5

49,591
49,587

49585
49.592
49.590
49.588

cm
ek
0875
0.759
0.79810.067
0.728
0.743
0.816
0.791
0.76910.040

68



Appendix | Determination of Number of Unit Cell per Particle of Molecular Sieve

13X

The volume ofa 13X particle is 328.26 pms
The density of 13Xis 15727 glems
: g 1.57279x 328.26 XI(T 18l 3

The weight of a 13X particle is 618

516.25x1 0z g
From the composition of 13X Si/Al ratio is 1.27*
The summation of Si and Alatom per aunitcellis  192a atom
Thus the unit cell formular of 13X is Nasd[SimAleinssa]
Fhe weight of a unit cell is s 05 = 221 X16° g
Thus one particle of 13x has approximately MDA Hon  Undtcells

233 x 1Qo  unit cells

«www zigma-aldrich.com
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Appendix J Surface Area of Molecular Sieve 13X

The surface area of 13X can be determined by the Brunauer-Emmett-Teller
(BET) equation (Quantachrome, 1995).

Aoty (D)
where is the weight (g) of gas adsorbed at a relative pressure(P/Po), Wnis the weight
(9) of adsorbate constituting a monolayer of surface coverage, ¢ is a constant, w mis
obtained from slope and intercept of the plot 1/(W/((Po/P)-I)) versus P/Po

The specific surface area, , is obtained by following equation (Quantachrome,
1995).

< (|\(/|1/A1* (\]2)
where N is Avorgadro’s number (6.023 x 1023 molecule/mol), Acs is cross sectional area

ofadsorhate (m2), M is the molecular weight of the adsorbate, and is the weight of
13X(0).

Table J1 The surface area, , and specific pore volume, V, of 13X

(mdg)  V{cmdlg)

13X 5% 0.320
690 0.366
646 0.343

average 04347 0.343+0.023
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Appendix K Characterization of Molecular Sieve 13X by X-ray Diffraction

Table K1 The d-spacing of molecular sieve 13X and 13X_Li+XRD patterns

d-spacing (A) _
hkl Ref.* 1 Lild Lidd Lih
11 14465 14447 144297 143821 14.3827
220 8845 88557 88029 8768  8.8029
311 7538 75514 75189 74809 74935
31 5731 57415 57121 56902 56975
333511 4811 48126 4792 47116 47818
440 4419 44227 4401 43838 438081
53l 4226 42208  4.207 | 41992
620 3946 39518 3938 39208 39242
533 3808 38145 37985 37794 3785/
444 3609 361 35028 35786 35814
711551 35 3501 34875 34715 34768
642 3338 33409 33262 33117 33165
731,553 353 3547 32408 32269  3.2292
133 3061 30538 30416 30294 30315
822,660 2944 29455 29341 2921 2947
751,555 2885 2886 28701 28626  2.8644
840 209 27945 27827 27126 27743

911 2743 27428 27331 2727 27233
Breck, D., ., 973

Table K2 The d-spacing of 13X_K+and 13X_Cs+XRD patterns

d-spacing :A)
hkl  Ref* KN K3d K7 Cslt Cs3d Cs7h
111 14465 145245 14477 14447 145258 144783 144471
2200 8845 88557 88734 88734 88565 88741 88734
311 7538 75574 75574 75703 7558 75581 75703
B 5731 57415 57564 57638 5742 57569 57638
333511 4811 48178 48282 48335 48182 48286 4833%
A0 4419 44221 44315 44403 44230 44318 44403
53l 426 42308 42348 42468 42311 42351 42468
620 3946 39553 39657 39692 39556 39661 39692

33 3808 38145 38243 38308 38148 38246 38308
* Breck, D, ., 1973 (continued)



Table K2 (continued)

hkl
711,551
642
131,533
133
822,660
751,555
840
i

Table K3 The relative intensity (/10 of 13X and 13X _Li+XRD patterns

ref

35
3.338
3.253
3.051
2.944
2.885
2.194
2743

K14
3.9037
3.3434
3.2510
3.0558
2.9493
2.8878
2.7962
2.7461

hkl Ref* 13X
11 100 100
220 18 28
311 12 22
331 18 45
333511 5 15
440 9 26
hal 1 4
620 4 12
h33 21 10
444 1 2
711,551 1 4
642 8 62
731,553 1 4
133 4 14
822,660 9 20
75155 19 66
840 8 28
911 2 6
* Breck,D., ., 1973

| = Intensity of XRD eaks
0 = the hlghes intensity of XRD peaks

K 3u

3.3508
3.264
3.062
2,955
2.8%51
2.8031
2.151

Mo
LI 1¢
100
36
20
o/
18
32
4
16
18
4

6
2
6
18
Rl

14
30

10

d-spacing rA)

K 7h
30173
3.3538
3.2687
3.0661
2.9588
2.8988
2.8065
2.756

Li 3rd
100

40
22
44
18
26
14
66
4

6

8
6

16
20

4
18

8

Cs 14
3504
3.3437
3.2572
3.0561
2.9495
2.8881
2.7964
2.7463

Li 7t

Cs 3

3.3511
3.2042
3.0622
2.9552
2.8953
2.8033
2.1512

12

Cs 7h
35173
3.3558
3.2687
3.0661
2.9588
2.8988
2.8065
2.7561



Table K4 The relative intensity (I/1o) of 13X K+and 13X_Cs+XRD patterns

hkl

111
220

311
31
333,511
440
31
620
533
711,551
642
131,553
133
822, 660
751,535
840

911
* Breck,

From the XRD patem, the changes of the cations from Na+to Li+, K+, and

Ref
100 100
8
12 16
8 3
5 18
9 18
1 4
4 16
21 12
1 6
8 66
1 10
4 20
9 36
19 68
8 50
2 10
., 1973

100

30
16
30
18
16
4

22
14
30

8
12
22

48
40
8

1710

100

28
22
34
18
12
6
24

66

100

30
17
32
17
18
3
13
10
5
63

10
20
3
10
50

10

100

29
18
3
18
14
5

20
5
66
10

14
38
15
54

10

K¢ K3d K7h Cslg Cs3d Cs7h

100

3
17
3
18
15
3
21
13
/
64
8
15
3
7

68
12

13

Cs+did not affect the framework structure of 13X, as shown in Figure K1, Figure K2

and Figure K3, respectively.
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Appendix L Determination of Cation in Molecular Sieve 13X by Atomic
Absorption Spectrophotometer (AAS)
Table LI The AAS result of Li-Na ion exchange

Sample  Weight ~ Determination of Na Determination of Li ~ Mole %
Amount Amount

ofNa
@  Abs (Cp%rr]ﬁ) sa%e) Abs, (Cp%?re]) s'él B/Ig)
131 00525 0499 070 013333
13Xr2 00504 0476 067 0.1329%
1373 00520 0509 072 0.13846
Lilgl 0054 036 051 009043 0557 181 00128 3192
Lilg2 00536 0342 049 009142 0548 177 001322 3239
Lil¢3 00600 0381 054 009000 0594 194 001295 3228
Average  32.20
D 0.24
Li2dl 00568 0264 039 006866 0804 272 001919 48,06
Lizng 00550 0250 037 006727 0762 257 001868 47.90
Li2d3 00519 0241 036 006936 0744 250 001928 47.92
Average  47.96
D 0.08
Liddl 00528 o200 030 005682 0879 300 002275 57.01
Lifdd2 00556 0205 031 005576 0904 310 002228 56.95
Lifdd3 00515 0195 030 005825 0861 294 00281 5646
Average  56.81

SO 030
Abs = absorbance = -log(' /To) (continued)
T % Transmittance
Mole% |

where Weal is weight of cation per gram of 13X, WNais weight of Na per gram of
13X, MWeat is atomic weight of cation and MW"a is atomic weight of cation.



Table LI (continued)

sample  Weight

Li 5*/1
Li 5¥72
Li 53

Li 6471
2
LG

Li 7!
Li 712
Li TG

9
00561

0.0506
0.0508

0.0510
0.0552
0.0514

0.0548
0.0518
0.0520

Determination ofNa

ADs,
0.280
0.250
0251

0.200
0.209

0.200

0.201

0.186
0.192

Cone
(ppm)
0.39
0.34

0.34

0.27
0.28
0.2

0.27
0.25
0.26

Amount

sa%&le

0.03476
0.03360
0.03346

0.02647
0.02536
0.02626

0.02463
0.02413
0.02500

Determination of Li

Amount
of Li

Abs, (Cp%?re]) sa(r%lgle

0.327
0.290
0.290

0.307
0.324
0311

0.349
0321
0.333

67
145
146

155
165
157

178
163
1.69

0.029768
0.028656
0.02874
Average
D
0.030392
0029891
0.030545
Average
SD
0.032482
0.031467
0.0325
Average
SD

17

Mole %

1393
1385
1398
13.92
0.06
19.17
79.60
19.38
19.39
0.21

81.36
81.19
8115
81.24

0.11



Table L2 The AAS result Cs-Na ion exchange

sample  weight

Csld/
Csld42
Cs 1413

Cs3rd1
Cs3rd2
Cs3rd3

Cs21!
Cs7mi2
CsTth'3

Csl 5!

Determination ofNa

amount
ofNa

Determination of Cs

Amount
of Cs

Cone, CONe,
()  Abs (ppm) saf“n{ole) Abs  (ppm) sa‘nf)le)

0.0528
0.0628
0.0488

0.0592
0.0558
0.0502

0.0423
0.0490
0.0605

0.0441

Cs15"2 0.0560

CsNE

0.0580

0.327
0.343
0.278

0.249
0.231
0.217

0.179
0.195
0.236

0.174
0.206

0.212

0.34
0.37
0.27

0.24

0.22
0.20

0.17
0.18

0.22

0.16
0.19
0.19

0.06438
0.05859
0.05614

0.04020
0.038/1
0.03984

0.03900
0.03653
0.03669

0.03650
0.03392
0.03362

0.070

2.00

0.1892

0083 239 0.1902

0.064

0.107
0.09
0.091

0.084
0.0%
0.118

0.001
0.112

0.118

182

305
2.80
2.62

2.42
2.11
3.3

2.60
3.18
3.34

0.1863
average
SD
0.2572
0.2512
0.2610
average
SD
0.2861
0.2767
02772
averge
SD
0.2950
0.2846
0.2885
average
SD

Mole%

33.62
35.95
36.46
35.34
151

52.52
52.88
53.12
52.84
0.30

59.92
56.71
56.64
56.42
043

58.28
59.19
59.74
59.07
0.73

18



Table L3 The AAS result of K-Na ion exchange

sample  weight

Klst/1
Klst/2
Klst/3

K3rd/1
K3rd/2
K3rd/3

K5th/1
K5th/2
K5th/3

K7th/1
K7th/2
K7th/3

Y
0.0569

0.0502
0.053

0.0704
0.0593
0.0516

0.0545
0.0519
0.0492

0.0533
0.0517
0.0499

Determination ofNa

Cone,
Abs  (ppm)

0.266
0.238
0.247

0.132
0.112

0.098

0.105
0.099
0.0%

0.06
0.058
0.056

0.35
031
0.32

0.17
0.14

0.12

0.13
0.13

0.12

0.08
0.07
0.07

Amount of

Na (qf

samge%
0.06151
0.06175

0.06038

0.02415
0.02361
0.02326

0.01193
0.01252

0.0122

0.0075
0.00677

Determination of K

0.297
0.266
0.217

0.576
0.492
0435

0.26
0.245
0.253

0.2
0.262

Cone,
Abs  (

ppm)
052
046

0.48

103
0.87
0.77

0.45
0.42
0.44

0.47
0.45

000701 025 043

Amount of

s
0.09139
0.09163
0.09057
average
SD
0.14631
0.14671
0.14922
average
SD
0.16514
0.16185
0.17886
average
SD
0.17636
0.17408
0.17234
average
SD

mole%

46.52
46.49
46.76
46.99
0.147
18,01
18.44
18.98
1843
0.48
89.02
88.32
89.57
88.97
0.62
93.22
93.77
93.50
93.50
0.2



Appendix M Determination of 13X Composition by X-ray Fluorescence.

Table M| The composition of 13X and ion-exchanged 13X

13X
Li 1¢
Li 3
Li 7h
K 1¢
K 3
KT7h
Cs 14
Cs 3
Cs 7h

Na)
1526
1829
2.026
1,301
2.937
1.119
0.261
3.120
1551
1526

Cs 15h 1109

A0 3
28.498
29.598
30.172
31.16
23537
21.264
19.768
17.760
11.079
11.031
11.785

Amount of compound (%/w)

Si02
63.279
62.445
67.167
66.77
47038
41,151
37.939
33545
20.506
20.275
21.829

k2
0.123
0.089
0.054
0.056
26.255
36.144
41.672

0.020

0019

Cs

45.236
66.704
67.297
65.099

Ca0
0.071

0.101

0.09
0.066
0.058
0.079
0.051
0.025
0.027
0.035

Fe0 3
0.043
0.039
0.050
0.044
0.038

0041
0.086

80

a
0461

0.430
0.452
0.310
0.264
0.241
0.202
0.115
0.115
0.125

The relative mole of element in 13X, as shown in Table M2, was calculated by

following procedure.

The metal oxide, VDY

Mole of Ma&h = %MW

Mole of M

The relative mole

(a %)/MW
Mole of M/Mole of AL



Table M2 The relative mole of elements in 13X and ion-exchanged 13X

sample
13X

Li i
Li 3nd
Li 7t
K1
K 3

Cs 14
Cs 3
Cs T
0 15*

Na
0.4344
04351
0.1104
0.0734
0.2068
0.0865
0.0217
0.2890
0.2303
0.1873
0.1548

Al
1
1
1
1
1
1
1
1
1
1
1

Relative mole

S
1.8874
17933
18922
18213
L1
1.6449
16313
16004
15732
15623
15744

0

54930
5.3070
5.3452
5.1863
5.6410
5.1579
5.9228
5.3106
5.8235
5.1933
5.1012

K
0.0046
0.0016
0.0019
0.0019
1.2197
1.8444
2.2814

00019

00017

Cs

0.4479
2.1176
2.1457
1.9428

6l
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Appendix N Determination of the Geometric Correction Factor (K)

The geometric correction factor, used to correct the geometric effect in linear-
array four point probe, can be determined by using a known specific resistivity
silicon wafer and the following equation (Ruangchuay, 2003):

K =
where K is geometric correction factor, p is resistivity of stand materials which were
calibrated by using a four point probe(Kokusai Electric, VR-10-Resistivity Test) at
King Mongkufs Institute Technology of Lad Krabang (Q.cm), tis a film thickness
(cm),l is a current (A), V is a voltage drop (V).

Table N1 The geometric correction factors of probe A and probe B were measured
by 0.03 Q.cm Si wafer, 0.0724 cm sample thickness, at 28 °c and 50 %RH

I(mA) V grré\/) K

Probe A 120 ; 1381
13 44 1253

184 6.6 11.56

221 85 11.07

283 11.0 10.66

385 16.7 9.55

394 172 9.49

Average  11.23

SD 1.56

ProbeB 381 14 11.28

88 34 10.72
169 6.9 10.15
142 5.6 1051
Average  10.66

D 0.47



Appendix o Determination of Specific Conductivity of PPy as Various Na/nm
Ratios by Four Point Probe Meter

By using four point probe meter, the specific conductivity of the samples is
calculated by following equation (Ruangchuay,2003):

th (01)
where a is a specific conductivity(S/cm), | is an applied current(A), K is a geometric
correction factor, v ais an average voltage drop(V/a), and t is a film thickness(cm).

That the specific conductivities are acceptable is confirmed by two criteria.
The first one is the relation between voltage drop and applied current following the
Ohmic’s law:
V=IR (02)
|t means that a correlation coefficient (1 of the voltage drop and the applied
current is nearly unity (Kreyszig, 1970). The correlation coefficient is computed by
following equation:

= (03)

where x; is the applied current, y; is the voltage drop, and s the number of data.
The second one is a value of a signal to noise ratio of the voltage drop (S/N) which
should be less than 5%. The SIN is calculated by following equation:

SIN = (SD/V4xI00 (04)
where SD is the standard deviation of v a.

Figure 01 depicts the linear regime and the r2 of Ppy at 1:48 D/M ratio in
which the Ohmic’s law applies. When No/Nmratio increases the specific conductivity
also increases, as shown in Figure 02. This tendency is similar to the work of
Ruangchuay (2003) in which the dopant effect is explained in terms of the stability
of charge carrier due to the dopant anion .
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Figure Ol Linear regime and the r>0f Ppy at 1:48 Na/Nmratio determined at 27 °c 1
atm, and 71% relative humidity.
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Figure 02 Specific conductivity of Ppy as various Nd/Nmratios determined at 27 -c,
latm, and 71% relative humidity.
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Table Ol Specific conductivity of Ppy at various Nd/Nmratio, determined at latm

Va[mV] SD[mV] IN[%] I[mA] a(Slcm)
sample  Ppy ud(l) 497 19 38 0644 9.36E-02
ta=  003cm 1091 23 21 1399 9.27E-02
K= 10.66 122.8 4.6 31 1559 9.17E-02

Tempb=  27°c 2083 2.8 14 2616 9.17E-02
RHC= n% 2837 46 16 3601 9.17E-02
2 = 1 H11 198 439 5714 9I5E-02
average 9.21E-02

sample  Ppy ud(2) 137 1.8 13 2014  9.66E-02
t = 00143cm 29 A 09 4327  9.60E-02

K = 10.66 4453 25 o6 06538  9.64E-02
Temp. = 27°C 9137 1.8 02 13582 9.76E-02
RH = 1% average  9.67E-02
2 = 0.999

sample  Ppy ud3) 1243 3 24 1333 9.15E-02

t=  ooumcem 318 32 1 3389 9.10E-02

K = 10.66 610.4 33 05 6517  9.12E-02
Temp.=  27°C 821.9 38 046 8792 9.13E-02

RH = Mm% 11154 3 027 11981 9.17E-02

2 = 09994 1363 33 024 14633 9.22E-02

15872 36 23 17511 9.42E-02

18116 2 219901 9.38E-02

average  9.21E-02

tis thickness, bTemp. is temperature, ®RH is room humidity (continued)



Table 01 (continued)

sample
t =
K=
Temp. =
RH =
2 =
sample
t =
K=
Temp.
RH
2

sample
t =
K =

Temp. =
RH =

2 =

sample
t =
K =

Temp. =
RH=

2 =

Ppy_1:96(1)
0.0107 cm
10.66
21°C
2%
0.9988
Ppy_1:96(2)
0.0127 cm
10.66
28 °C
12%
0.9974

Ppy_1:96(3)
0.0116 cm
10.66
28°C
2%
0.99%

Ppy_1:48(1)
0.0083cm
10.66
28 °C
5%
0.9963

Va[mv]  SD[mV]

516
65.9
132
92.6
1348

33.6
191
%
106.1
1355
1514

51.2
1009
1437
1823
186
1974

401
52.2
59.2
129
85.2
937

25
25

0
1.2

24

15
2
25

2.2
2.1
6.3
2.5
23
25
24
15
24

23
L7
1.2
24
19

IN[%)
48
3

0
13
18

45
25

2.6
2.1

1.6

041

48
23
17
13
0.78

1.2

51
44

2.8
1.6

29

2

[mA]
13.116
16.384
18.317
22.874
33.031
average
1.962
18.929
23479
24,946
32.888
37.162
average
10.863
20837
29.698
37553
38.365
37553
average
18.443
22.858
25.758
30.569
35.994
39.833
average

a(Slcm)
2.23E+00
2.18E+00
2.20E+00
2.17E+00
2.15E+00
2.19E+00
1.75E+00
1.77E+00
1.83E+00
1.74E+00
1.80E+00
1.81E+00
1.79E+00
1.72E+00
1.67E+00
1.67E+00
1.67E+00
1.67E+00
1.64E+00
1.68E+00
5.20E+00
4.96E+00
4.92E+00
4.74E+00
4.78E+00
4.83E+00
4.99E+00
(continued)

86



Table O (continued)

sample  Ppy 1:48(2)
t = 0.0089cm
K = 10.66

Temp.=  28°C)
RH = 5%

2 = 0.991
sample  Ppy_:48(3)
t= 00072cm
K = 10.66

Temp.=  28°C
RH = 5%

2 = 0.9989

sample  Ppy 1:12(1)
t= 00152 cm

K 10.66

Temp.= 21 ¢
RH = 3%

2 = 0.9986
sample  Ppy 1:12(2)
t = 0.009cm
K = 10.66

Temp.=  21°C
RH 13%

2 = 0.9974

Va[mv] SD[mV]

39.6 15
48.2 1.7
738 1.6
834 13
934 17
116.7 15
R 1
57.2 2.3
60.1 2.2
76.9 2.1
96.5 2.1
1139 2.3
241 1.2
34.2 0
419 24
45.2 2.2
245 0.68
3.8 13
435 1.6
499 2
8.8 14

IN[]
39
35
2.1
1.6

1.8

13

3
38
39
2.8

2.2
2

51
0
5.1
48

2.8

39
3.7

[mA]

17.007
19.748
30.77

34.498
38.369
30.98

average
11.262
18.901
20,247
25.445
31.504
37411
average
20.888
29527
35.889
38.961
average

17522
23183
29.848
34.085
39.725
average

67

a(S/cm)
4 56E+00
4.33E+00
4 40E+00
4 37E+00
4 33E+00
3.62E+00
4. 27E+00
4 33E+00
4 31E+00
4 39E+00
4.32E+00
4.26E+00
4. 29E+00
4.32E+00
5.35E+00
5.34E+00
5.29E+00
5.33E+00
5.37E+00

1.46E+00
1.16E+00
1.15E+00
1.14E+00
7.05E+00
7.19E+00
(continued)



Table OI (continued)

sample  Ppy :12(3)
t = 0.013 cm
K = 10.66

Temp.= 21C
RH = 3%
2 = 0.9994

sample  Ppy_I:6(1)
t = 0.0205 cm

= 10.66

Temp.= 21C
RH = 13
2 = 0.9857

sample ~ Ppy_1:6(2)
t = 0.0155 cm

K= 10.66

Temp.= 2/C

RH = 13%
2 = 0.9971

sample  Ppy_1:6(3)
t = 0.013 cm
K= 10.66

Temp. = 2/C
RH = 13%

2 = 0.9%41

33.7
381
44
433
52.3

22.3
24.9
304
338

24.3
28.6
3.1
349

2.1
31
36.2
39.3

Va[mv]  SD[mV]

1.8

2
0.9

1.1

23

24
15

2.1

13

0.68

19

17

16
0.76
2.4

1.1

N[
54
51
2.1

2.2

43

10.9
5.9
6.9
38

2.8
6.6

04
2.2
6.7
2.1

[MA]
24,628
28.097
32.039
35.647
38.178
average
26.215
29.623
34.641

average

26.949
30.848
31.185
38.646

average

30.703
34.397
36.7%5
39.98
average

88

a(S/cm)
5.28E+00
5.33E+00
5.26E+00
5.28E+00
5.27E+00
5.28E+00
5.38E+00
5.45E+00
5.22E+00
5.10E+00
5.29E+00

6.72E+00
6.53E+00
6.59E+00
6.71E+00
6.66E+00

T4TE+00
7.30E+00
7.35E+00
7.35E+00
1.37E+00



Appendix p The Specific Conductivity of Ppy When Exposed to Methane
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Figure PI Specific conductivity of Ppy_ud(l) when exposed to methane.
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Figure P2 Specific conductivity of Ppy ud(l) when exposed to methane.
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Figure P4 Specific conductivity of Ppy_ud(l) when exposed to methane.



Table P1 Specific conductivity and sensitivity of Ppy_ud(1) when exposed to 10%
methane/N2

Ppy_ud(l) thickness  0.172 mm
K 11.23 TR SsBo
RH (%) 55 T ==

gis  Q(Slem) AQ(Slem) time (min) tP(min)  ATHChe

air 0.44E-01  1.26E-02 16 | 1.99€-02
vacuum  643E-01  1.15E-02 25 - 1.83E-02
n2 0.42E-01  1.06E-02 21 | 1.69E-02
vacuum 63301  1.40E-03 21 | 2.21E-03
n2 0.33E01  1.33E-03 20 . 2.11E-03
vacuum  6.29B-01  -2.94E-03 8 | -4,65E-03
n2 6.32E-01  0.00E+00 4 13 0.00E+00

vacuum  623E-01  -8.56E-03 9 -1.35E-02
methane  641E-01  9.45E-03 161 80 1.50E-02

I~

vacuum  6.27E-01  -4.29E-03 24 5 -6.80E-03
n2 6.34E-01  2.78E-03 40 | 441 E-03
vacuum  6.36E-01  3.95E-03 13 | 6.25E-03
methane  6.33E-01  1.10F-03 60 . 1.75E-03
vacuum  6.22E-01  -9.57E-03 3 4 -1.52E-02
n2 6.27E-01  -4.15E-03 34 | -6.57E-03
vacuum  6.298-01  -2.95E-03 4 - -4,68E-03
methane  6.26E-01  -5.38E-03 42 | -8.52E-03
vacuum  6.28E-01  -3.98E-03 20 | -6.30E-03
6.34E-01  -5.36E-03 3 | -8.49E-03

n2 '
aTr=room temperature, hTo= chamber temperature
tr=the time that (Treaches equilibrium, dAa = 0- ON()
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Figure P5 Specific conductivity of ppy_ud(2) when exposed to methane.



Table P2 Specific conductivity and sensitivity of Ppy_ud(2) when exposed to 10%

methane/N;

0as
air
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
methane
vacuum
n2
vacuum
methane

*Poy_ud(2)
K
RH

a (Slem)
3.97E-01
2.49E-01
2.80E-01
2.15E-01
2.19e-01
2.11E-01
2.11E-01
2.06E-01
2.60E-01
2.05E-01
242E-01
1.99E-01
197E-01

10.66
5 %

Az (Slem)
1.86E-01
381E-02
6.96E-02
4.62E-03
1.796-03
6.89E-04
0.00E+00
-4.27E-03
4,94E-02
-5.74E-03
3.10E-02
-1.18E-02
-1.35E-02

thickness
Tr
Tc

time (min)

16
25

21
21
20

8

41
9
161
24
40
13

6
* The sample was broken during the experiment.

0.163 mm
28°C
28°C

tr (min)
13
20

10

10

5
3
147
!

Adla\?
8.81E-01
1.80E-01
3.30E-01
2.19E-02
3.69E-02
3.26E-03
0CCE0

-2.02E-02

2.34E-01
-2.12E-02
147E-01
-5.59E-02
-6.40E-02

%



Table P3 Specific conductivity and sensitivity of Ppy_ud(3) when exposed to 10%
methane/N.

Ppy_ud(3) thickness ~ 0.173 mm
K 10.66 Tr 26 °C
RH 60% Tc SPo

gas o (Slem) Aa(Slem)  Time(min)  tr(min)  Aajan?

ar - 29301 1.39E-01 26 - 9.01E-01
vacuum 2.11E-01  5.71E-02 25 11 3.71E-01
n2 230E-01 8.49E-02 4 39 5.51E-01
vacuum 149601  -5.08E-03 21 16 -3.30E-02
n2 198E-01  4.35E-02 106 97 2.82E-01
vacuum 141E-01 -131E-02 17 11 -8.49E-02
n2  160E-01  5.46E-03 3 Rl 3.54E-02
vacuum L1.34E-01  -2.02E-02 12 11 -1.31E-01
n2  154E-01  0.00E+00 52 ; 0.00E+00
vacuum 151E01  -2.96E-03 18 13 -1.92E-02
methane 157E-01  2.55E-03 49 - 1.65E-02
vacuum L145E-01  -9.43E-03 16 - -6.12E-02
n2 161E-01  6.97E-03 2 10 4.52E-02
vacuum 151E-01  -2.24E-03 12 : -1.45E-02
methane 153E-01  -5.39E-04 36 11 -3.50E-03
vacuum L149E-01  -4.41E-03 11 : -2.86E-02
n2  164E-01  9.95E-03 24 8 6.45E-02
vacuum 161E-01  7.31E-03 17 : 4.74E-02
methane 168E-01  141E-02 61 : 9.13E-02
vacuum 158E-01  4.12E-03 16 : 2.67E-02

no 14901 -4.66E-03 o6 12 -3.02E-02
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Table P4 Specific conductivity and sensitivity of Ppy_I:6(1) when exposed to 10%
methane/N.

Ppy_Ls(l) thickness 0.129omm
K 10.66 Tr 270C
RH 60% To 28 C

gas  Q(Slem)  Act(Slem)  time (min)  w(Min)  Acsan

Air - 447TE+00  -3.86E-01 22 | -3.86E-01
vacuum  453E+00  -3.29E-01 6 | -3.29E-01
n2  465E+00  -2.05E-01 48 | -2.05E-01
vacuum  4.65E+00  -2.13E-01 1 | -2.13E-01
n2  A484E+00  -184E02 77 | -1.84E-02
vacuum  490E+00  3.77E-02 16 | 3.77E-02
n2  486E+00  000E+00 38 | 0.00E+00
vacuum  4.68E+00  -1.83E-01 4 | -1.83E-01
methane  4.86E+00  4.88E-03 80 | 4.88E-03
vacuum  450E+00  -3.63E-01 16 3 -3.63E-01
n2  480E+00 57302 6l 44 -5.13E-02
vacuum  4.83E+00  -2.72E-02 14 | -2.12E-02
methane 4.79E+00  -740E-02 69 25 -1.40E-02
vacuum  481E+00  -4.42E-02 15 - -4.42E-02
n2 453400  -3.33E-01 34 | -3.33E-01
vacuum  447E+00  -3.89E-01 24 3 -3.89E-01
methane 457E+00  -2.92E-01 57 23 -2.92E-01
vacuum 444400  -4.19E-01 18 5 -4,19-01

n  438E+00  -478E01 0 , -4.78E-01
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Table P5 Specific conductivity and sensitivity of Ppy_1:6(2) when exposedto 10%

methane/N:

0as
Air
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
methane
vacuum
n2
vacuum
methane
vacuum
n2
vacuum
methane
vacuum
n2

Poy_1:6(2)
K
RH

a (Slem)
1.64E+00
1.67E+00
1.68E+00
1.54E+00
1.58E+00
1.51E+00
1.53E+00
1.49E+00
1.54E+00
1.48E+00
1.51E+00
1.49E+00
1.50E+00
1.50E+00
1.48E+00
1.46E+00
147E+00
1.46E+00
1.44E+00

11.23
60%

Aa (Sfem)
1.01E-01
1.35E-01
141E-01
3.27E-03
4.80E-02
-2.51E-02
0.00E+00
-4,38E-02
1.73E-03
-5 40E-02
-2.54E-02
-4 46E-02
-3.03E-02
-3.03E-02
-5.24E-02
-1.26E-02
-6.58E-02
-1.91E-02
-0.08E-02

thickness
Tr
To

time (min)
22
6

43
!
21
16
38
4
80
16
61
14

69
(B}
34
24
of

18
30

0.165 mm
21°C
28 C

tr (min)

20

10

10

Actfane
6.58E-02
8.78E-02
9.16E-02
2.12E-03
3.12E-02

-1.63E-02

0.00E+00

-2.85E-02

112603

-3.50E-02
-1.65E-02

-2.89E-02

-1.97E-02
-1.97E-02
-3.40E-02
-4.71E-02
-4.27E-02
-5.14E-02
-5.80E-02
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Table P6 Specific conductivity and sensitivity of Ppy_ud/13X_5(1) when exposed to
10% methane/N:

Ppy_ud/13X 5()  thickness  0.160 mm
K 10.66 Tr 21°C
RH 50 % Tc 28°C

gas  d(Slkm) AQ(S/em) Time (min)  tr(min) Actctn2t

ar 772802 6.72E-03 20 : 9.54E-02
vacuum 6.57E-02 -4.72E-03 34 : -6.70E-02
n.  1.53E02 4.89E-03 79 : 6.94E-02
vacuum 6.41E-02 -6.35E-03 13 : -9.01E-02
nz 197E-02 9.25E-03 64 36 1.31E-01
vacuum 7.16E-02  1.17E-03 11 . 1.66E-02
n2  6.49E-02 -557E-03 % 3 -1.91E-02
vacuum 7.44E-02  3.98E-03 10 I 5.64E-02
n2  T.04E-02 0.00E+00 36 k¢ 00CE0
vacuum 8.13E-02  1.08E-02 14 8 154601
methane 7.57E-02 5.23E-03 43 26 7.42E-02
vacuum 7.57E-02  5.22E-03 22 17 142E-02
n. 832E-02 1.28E-02 3 15 1.82E-01
vacuum 7.55E-02  5.06E-03 14 : 1.18E-02
methane 8.75E-02  1.71E-02 53 16 2.43E-01
vacuum 9.696-02  2.65E-02 14 6 3.76E-01
n2  997E-02 292E-02 26 10 4.15E-01
vacuum 9.76E-02  2.72E-02 9 6 3.86E-01
methane 8.13E-02  1.08E-02 65 50 154E-01
vacuum 8.20E-02  1.15E-02 39 26 1.64E-01

6(F-Q2 2.63E-02 21 : 3.73E-01
=gy



102

Table P7 Specific conductivity and sensitivity of Ppy_ud/13X_5(2) when exposed to
10% methane/N-

Ppy_ud/13X 5(2)

0as
air
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
methane
vacuum
n2
vacuum
methane
vacuum
n2
vacuum
methane
vacuum
\P

K
RH

a (Slem)

147E-01
147E01
146E-01
145E01
146E-01
143601
144E01
143E01
144E01
143601
143601
142801
141E01
1.39E-01
1.39E-01
137E01
1.39E-01
1.39E-01
1.39E-01
137E01
1.38E-01

11.23
50%

AT (Slem) time (min)

3.26E-03
2.T6E-03
2.38E-03
1.73E-03
2.01E-03
-4.82E-04
3.71E-04
-1.31E-04
0.00E+00
-8.719E-04
-1.12E-03
-1.53E-03
-3.12E-03
-5.06E-03
-4.60E-03
-6.81E-03
-4.87E-03
-4.61E-03
-4.51E-03
-6.97E-03
-5.29E-03

thickness
Tr
Tc

26
42
ol
16
10
o7

68
21

3
18
43

11

103
20
46
11
49
20
46

11

49

0.168 mm
21°C
28 °C

tr (min)

24
16
14

15
21

10

A alcTN?

2.28E-02
1.92E-02
1.65E-02
1.20E-02
1.40E-02

-3.35E-03

2.58E-03

-5.09E-03

0100=,00)

-6.12E-03
-1.19E-03
-1.07E-02
-2.17E-02
-3.52E-02

-3.20E-02
-4.713E-02

-3.39E-02
-3.20E-02
-3.14E-02
-4.85E-02

-3.68E-02



103

Table P8 Specific conductivity and sensitivity of Ppy_ud/13X_20(I) when exposed
to 10% methane/N:

Ppy_ud/13X 20(I)  thickness  0.175 mm
K 10.66 Tr 29°C
RH 55 % Tc 28 °C

gas a(Slem AQ(Slem) time (min)  tr(min) Acjlane

ar - §63E-02 458E-02 26 - 1.13E400
vacuum  509€-02  1.04E-02 13 6 2.56E-01
n2  580E-02 1.75E-02 45 2 4,33E-01
vacuum 4,11E-02  5.80€-04 12 10 1.43E-02
n2 479602 744E-03 52 50 1.84E-01
vacuum 3 68E-02 -3.66E-03 13 10 -9,04E-02
N2 411E-02 6.51E-04 74 47 1.61E-02
Vacuum  4,14€-02  8.96E-04 11 | 221E02
n2 405602 0.00E+00 68 | 0002100
vacuum 39902 -6.37E-04 11 -1.57E-02
methane 4,05€-02 -1.47E-05 67 21 -3.63E-04
vacuum 389E-02 -1.64E-03 5 . -4,06E-02
n2 38702 -1.79E-03 52 24 -4 41E-02
vacuum 0.03562 -4.88F-03 13 5 -1.20E-01
methane 393€-02 -1.23E-03 5 10 -3.03E-02
vacuum 39402 -1.12E-03 13 . -2.T6E-02
N2 444802 388E-03 31 25 9.57E-02
vacuum  4,07-02  2.01E-04 12 - 497E-03
methane 398E-02 -743E-04 48 b -1.84E-02
vacuum  394g-02 -1.11F-03 16 | -2.13E-02

n2  380E-02 -162E-03 3 | -4.01F-02
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Table P9 Specific conductivity and sensitivity of Ppy_ud/13X _20(2) when exposed
to 10% methane/N2
Ppy_ud/13X 20(2)  thickness  0.17 mm
K 11.23 Tr 29°C
RH 55 % To 28 °C

gas  ((Slem) Act(Sfem) time (min)  tr(min) Acrene

ar - B6REM2 201E03 %6 : 349E-02
vacuum 079523 -375E-03 13 6 -4.51E-02
Nz 849E-02 16303 4 3l 195E-02
vacuum 763F-02 -6.93F-03 12 8 -8.33E-02
n2 845602 12503 92 15 L31E-02
vacuum 755E-02 -7.78E-03 13 6 -0.34E-02
n2 83302 000E+00 74 % 0.00E+00
vacuum 761E-02 -7.14E-03  u ! -8.57E-02
methane (082879 -3.96E-04 8 65 -4, 15603
vacuum 747E-02 -860F-03 10 -1.03E-01
n2 (081475 -180E-03 67 60 -2.16E-02
vacuum 728E-02 -104E-027 B 12 -1.25E-01
methane 825E-02 -8.15F-04 52 100 -0,78E-03
vacuum 849e-02  162F-03 13 - 1.94E-02
N2 888E-02 550E-03 3 13 0.61E-02
vacuum 785E-02 -475E-03 12 8 -5.71E-02
methane 778E-02 -543F-03 48 3 -6.52E-02
vacuum (066238 -170F-02 16 13 -2.05E-01

N2 672E-02 -161F-02 36 - -1.93E-01



105

Table P10 Specific conductivity and sensitivity of Ppy_ud/13X_40(1) when exposed
to 10% methane/N:

Ppy_ud/13X_40( 1)

08
air
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
N2
vacuum
methane
vacuum
n2
vacuum
methane
vacuum
n2
vacuum
methane
vacuum
n2

K
RH (%)

d(Slem)
1.33E-02
4,60E-03
6.59E-03
4.21E-03
5.45E-03
3.64E-03
3.80E-03
3.79E-03
3.T9E-03
3.73E-03
3.73E-03
3.78E-03
3.59E-03
3.60E-03
351E-03
348E-03
3A1E-03
3.38E-03
343E-03
340E-03
340E-03

Aa (Slem) time (min)  tr(min)

thickness  0.167 mm

10.66 Tr
00 Tc
9.46E-03 18
8.07E-04 ki
2.80E-03 53
4.20E-04 18
1.66E-03 62
-1.51E-04 18
9.83E-05 48
3.16E-06 17
0.00E+00 39
-5.54E-05 10
H.00E-05 56
-1.16E-05 16
203E-04 37
-1.87E-04 17
28304 33
-3.05E-04 9
S34E-04 30
-4,06E-04 13
354E-04 45
-3.83E-04 15
S91E-04 45

=S
28 °C

15
40
9
40

12

25

Ag/dn?
2.50E+00
2.13E-01
1.39E-01
1.11E-01
4.39E-01
-3.97E-02
2.60E-02
8.34E-04
0.00E+00

-146E-02
-1.50E-02
-3.05E-03
-5.35E-02

-4.94E-02
-1.46E-02
-8.05E-02
-9.87E-02
-1.07E-01
-9.34E-02
-1.01E-01
-1.03E-01
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Table P11 Specific conductivity and sensitivity of Ppy_ud/13X_40(2) when exposed
to 10% methane/N:

Ppy_ud/13X_40(2)

0as
air
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
N2
vacuum
methane
vacuum
n2
vacuum
methane
vacuum
n2
vacuum
methane
vacuum
n2

K
RH (%)

d(Slem)
8.47E-03
197E-03
34TE-03
1.65E-03
2.63E-03
6.92E-04
1.94E-03
141E-03
1.85E-03
148E-03
1.82E-03
140E-03
148E-03
1.37E-03
1.44E-03
1.26E-03
1.27E-03
1.25E-03
1.34E-03
1.25E-03
1.25E-03

Aa (Slem) time (min)  tr(min)

thickness 0,163 mm

11.23 Tr
5 Tc
6.62E-03 18
116E-04 31
1.62E-03 53
205604 18
173E04 62
-116E-03 18
885E-05 48
449E-04 17
0.00E+00 39
-369E-04 10
353E-05 56
449E-04 16
-3.76E-04 37
481E-04 17
414E-04 33
-5.94E-04 9
588E-04 30
-6.08E-04 13
S509E-04 45
-0.06E-04 15
-6.01E-04 45

0
28 OC
28 C

23
50
17
62
iy
45
8
3l
/
42
13
30
12
21
5

10

30
14

Adlane
3.57E+00
6.23E-02
8.73E-01
-[.IIE-01
4.17E-01
-6.27E-01
4.T7E-02

-2.42E-01

0.00E+00
-1.99E-01

-1.91E-02
-2.42E-01

-2.03E-01

-2.60E-01

-2.24E-01
-3.20E-01
-3.17E-01
-3.28E-01
-2.14E-01
-3.21E-01
-3.24E-01
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Table P12 Specific conductivity and sensitivity of Ppy 1:6/13X_10(1) when
exposed to 10% methane/N.

Ppy 1:6/13X_10(I)  thickness  0.177 mm
K 10.66 Tr 26 °C
RH 5 % To 28 °C

gas  a(Slem) Aa(Slem) time (min)  tr(min)  Acicne

alr 1.24E+00 -341E-01 2 : 0.21612
vacuum 1 A4E+00 -1.43€-01 42 : 0.09026
N2 160E+00 2.21F-02 50 : 0.013964
Vacuum 163€+00 5.276-02 16 - 003337
n2  162E+00 3.82E-02 10 : 0.024198
VacuUm 1 56E+00 -1.54E-02 56 2 000978
N2 157E+00 -9.56E-03 68 23 -0,00605
Vacuum 1 56E+00 -2.02E-02 21 15 001279
N2 158E+00 QOCRQD 33 B 0
Vacuum - 1 57E+00 -9.97E-03 17 : 000632
methane 1556400 -2.60E-02 18 - 10.01648
vacuum 1 55€+00 -2.51F-02 11 - 10,0159
N2 153E+00 -5.07E-02 103 . 0.03212
VACUUM 51F+00 -6.46E-02 20 5 0.04093
methane 154E+00 417602 46 28 002642
vacuum 1 51F+00 -6.66E-02 11 : -0.04217
N2 151F+00 -6.94E-02 49 16 0,04392
vacuum 1 50E+00 -6,10E-02 19 - 10,0386
methane 1 54E400 -4.10E-02 4 21 1002593
vacuum 1 51F+00 -7.18E-02 11 10 0.04547

N2 151F+00 -7.39E-02 48 - -0.04681



Table P13 Specific conductivity and sensitivity of Ppy_:6/13X_10(2) when
exposed to 10% methane/N2
Ppy_1:6/13X_10(2)

08s
air
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
methane
vacuum
n2
vacuum
methane
vacuum
n2
vacuum
methane
vacuum
n2

K
RH

d(S/em)

1.56E+00
1.32E+00
142E+00
1.28E+00
1.34E+00
1.17E+00
1.23E+00
1.21E+00
1.24E+00
1.14E+00
1.24E+00
1.15E+00
1.15E+00
1.11E+00
1.15E+00
1.13E+00
1.11E+00
1.11E+00
1.14E+00
1.12E+00
1.11E+00

1123
5 %

Act(S/em)

3.14E-01
1.55E-02
181E01
3.19E-02
1.01E-01
-1 47E-02
-1.59E-02
-3.05E-02
0.00E+00
-1.05E-01
-9.64E-03
-0.14E-02
-0.53E-02
-137E-01
-9.13E-02
-1.16E-01
-1.35E-01
-131E-01
-1.02E-01
-122801
-1.34E-01

thickness
Tr
TC

time (min)
2
42
50
I
69
56

68
21

3
il
43
11

103
20

46
1

49
19

11

43

0.173 mm
26 °C
28°C
tr (min)

30
23
9
26

48

A cricme

2.50E-01
6.07E-02
145E-01
2.57E-02
8.10E-02

-6.01E-02

-1.28E-02
-2.45E-02

0100=,00)

-8.44E-02
-4.54E-03
-1.35E-02
-1.66E-02
-|.1IE-01
-1.83E-02

-9.31E-02
-1.09E-01
-1.06E-01

-8.17E-02
-9.80E-02

-1.08E-01
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Table P14 Specific conductivity and sensitivity of Ppy_1:6/13X_20(I) when
exposed to 10% methane/N.

Ppy_1:6/13X_20(I)

K
RH

gas  a(Slem)

alr  §,63E-02
vacuum  5,09g-02
n2  580E-02
vacuum 4.]_]_E-02
nz  479E-02
vacuum 3 68E-0?
n2 41102
vacuum  4.14g-02
n2  405E-02
vacuum  3.99g-0?
methane 4.05E-07
vacuum 3.89g-02
n2  387E-02
vacuum  0.03562
methane 3.93F-0?
vacuum  3.94-02
N2 444E-02
vacuum  4.07E-0?
methane 3 98F-07

10.66
50 %

Aa (Slcm)

4.58E-02
1.04E-02
1.75E-02
5.80E-04
1.44E-03
-3.66E-03
6.51E-04
8.96E-04
0.00E+00
-6.37E-04
-L47E-05
-1.64E-03
-1.79E-03
-4.88E-03
-1.23E-03
-1.12E-03
3.88E-03
2.01E-04
-1 43E-04

thickness

Tr
Tc

time (min)
R,
40
18
3.
3
14
29
11
38
19
3
8
3
14
24
13
2
15
30

0.169 mm
27 °c

28 °c
tr(min)
1
22
1

6

A a/CTN2

1.13E+00
2.56E-01
4.33E-01
143E-02
1.84E-01
-9.04E-02
161E-02
2.21E-02
00CEQ0
-1.57E-02
-3.63E-04
-4.06E-02
-4 41E-02
-1.20E-01
-3.03E-02
-2.16E-02
9.57E-02
4.97E-03
-1.84E-02
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Table P15 Specific conductivity and sensitivity of Ppy_1:6/13X_20(2) when
exposed to 10% methane/N2
Ppy_:6/13X_20(2) thickness  0.166 mm
K 11.23 Tr 21°C
RH 55 % Tc 28°C

gas  Q(Sfem)  Ac(Sem)  time(min)  tr(min) A cveen2

ar  862E-02  291E-03 32 : 3.49E-02
vacuum  7.95E-02  -3.75E-03 40 - -4 51E-02
n2  849E-02  163E-03 48 : 1.95E-02
vacuum  7.63E-02  -6.93E-03 Rl : -8.33E-02
nz  845E-02  1.25E-03 39 : 1.51E-02
vacuum 75502 -7.78E-03 14 : -9.34E-02
nz 83302  0.00E+00 29 12 0005100)
vacuum  7.61E-02  -7.14E-03 11 - -8.57E-02
methane  8.29E-02  -3.96E-04 38 28 -4,75E-03
vacuum  747E-02  -8.60E-03 19 12 -1.03E-01
N2 8.15E-02  -1.80E-03 3 14 -2.16E-02
vacuum  7.28E-02  -1.04E-02 8 : -1.25E-01
methane  8.25E-02  -8.15E-04 32 21 -0.78E-03
vacuum 84902  162E-03 14 12 1.94E-02
n2  888E-02  550E-03 24 : 6.61E-02
vacuum  7.85E-02  -4.75E-03 13 : -5.71E-02
methane  7.78E-02  -5.43E-03 2 10 -6.52E-02
vacuum  6.62E-02  -1.70E-02 5 : -2.05E-01

na  672E02  -161E-02 30 - -1.93E-01



Table P16 Specific conductivity and sensitivity of Ppy_1:6/13X_40(I) when
exposed to 10% methane/N2

Ppy_L:6/13X_40(1) thickness  0.180 mm
K 10.66 Tr 28°C
RH 54% Tc 28°C

gas  a(Sm) AQ(Sfem) time(min) tr(min)  Aalan

ar - 401 250E-01 22 : 1,03E+00
vacuum  3496-01  1.06E-01 20 20 433E1
nz  350E01  LI5E-01 28 20 471E01
vacuum 315601 7.16E-02 21 21 2 O4E-01
nz  287E0L  4.37E-02 3 11 1.79E-01
Vacuum  248E-01  4.66E-03 3 25 191E-02
N2 247E-01  3.73E-03 5 20 1.53E-02
vacuum  237E-01  -7.11E-03 I7 o -Q92E-02
n2  QME-01  0.00E+00 &3 8B Q00E0
vacuum  234E-01  -1.02E-02 18 T -420E02
methane 240E-01  -3.55E-03 4 0 -146E-02
vacuum  229E-01  -1.52E-02 22 9 625602
n2  227E01  -1.69E-02 &) : -6.93E-02
vacuum - 223801 -2.06E-02 10 - BA5E2
methane 9224F-01  -1.93F-02 52 - -1.92E-02
vacuum 919601  -2.48E-02 15 - -1.026-01
N2 219E-01  -251E-02 L : -1,03E-01
VACUUM 223601 -2.11F.02 10 > -B66E-02
methane 9224F-01  -1.99F-02 40 - -8.17E-02
vacuum 223F-01  -2.03F-02 15 - -8.33E-02

N2 219E-01  -2.45E-02 42 - -1.0IE-0l
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Table P17 Specific conductivity and sensitivity of Ppy_I:6/13X_40(2) when
exposed to 10% methane/N:

Ppy 1:6/13X 40(2) ~  thickness ~ 0.175 mm
K 1A Tt 2B°C
RH 54% Tc B°C

gas o (Slem) Aa(Slem) time (min) o« (Min)  Acveen:

ar - 465601 L93E-01 22 : 7.09E-01
vacuum - 377E-01  1.04E-01 20 23 3.83E-01
Nz 386E-01  1.14E-01 28 20 4.17E-01
vacuum  3M4E-0L  T.17E-02 21 22 2. 63E-01
nz  316E-01  4.39E-02 36 IR 1.61E-01
vacuum 27601 4.00E-03 3 30 14TE-02
N2 276E-01  342E-03 % 24 1.26E-02
vacuum 2 65E-01  -7.72E-03 17 12 -2.83E-02
Nz 272E0L  0.00E+00 3 17 0002100
vacuum - 2.62E-01  -1.06E-02 18 d -3.90F-02
methane 2 60E-01  -3.64E-03 i1 B LUE0
Vacuum - 25601 -161E-02 22 b 59E0
N2 255E-01  -1.74E-02 3 : 6.37E-02
vacuum - 251F-01  -2.16E-02 10 : -1.94E-02
methane  253E-01  -1.99E-02 52 : -7.29E-02
vacuum - 247€-01  -2.57E-02 b : -9.45E-02
N2 247EQ1  -253E-02 R : -9.29E-02
vacuum - 253E-01  -1.98E-02 10 6 -7.25E-02
methane 251601  -2.10E-02 40 : 1.72E02
vacuum 25301 -1.91F-02 15 : -7.03E-02

N2 247E-01  -252E-02 42 : 9.27E-02
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Figure P14 Specific conductivity of Ppy_ud and Ppy_I:6 at various 13X contents.
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Figure P15 The electrical response of Ppy_ud and Ppy_I:s to methane at various
13X contents.
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The electrical response of polypyrrole to the target gases, the sensitivity, is
calculated by following equation (Densakulprasert, 2003):

SenSitiVity = (cjg- Cn2)/Actn (P')
where agis specific conductivity of Ppy exposed to target gases, and cme is specific
conductivity of Ppy exposed to N2 at the previous target-gas exposure step.

We will assume that the polymer will respond to a target gas ifthe sensitivity
IS either greater than 005 or less than -0.05.

From Table Pls, it shows that Ppy and its composite do not response to 10%
methane due to the methane molecule characteristics. Methane is a tetrahedral
molecule (Atkins, 1995) causing no interaction with polypyrrole.



Table P18 The Ppy/zeolitel3X samples and their % apparent doping levels (DL), % degrees of crystallinity (DC), the induction times
(t]), the recovery time (tre), electrical conductivity values in air, electrical conductivity values in N2, electrical conductivity values in
methane and the electrical response (Aafab) upon exposed to 10 %methane /NO2 mixture at 28 °c, at atmospheric pressure

sample DL DC t' a (Slcm) Aa AdlACTN
(min) (min) air n?2 Methane (Slem)

Ppyud 026 543 80 5 (4.68+2.48)x 10"l (3.96£3.36) x 10’1  (3.97£3.44) x 10"l (6.00£4.78) xi0-3  (1.57£0.11)x 102
Ppy_ud/13X 5 026 543 26 17 (1.1240.49)x 101 (1.07£0.52) x 101 (1.0940.47) x 10"l  (2.06¢4.49)x 103 (3.3245.80) x 10?2
Ppy ud/13X 20 0.26 543 4626 10 (8.62+.01) x 102 (6.19£3.02) x 102 (6.17£0.03.00) x 10"2 (-2.05+2.70) x 10"  (-2.56£3.11)x 10'3
Ppy ud/13X 40 026 543 42 13 (1.09+0.34)x 102 (2.82+1.37)x 103 (2.78£135)x 103  (4.62+1.56) x 105 (-1.710.29) x 102

Ppy_I:6 051 804 23t3 5 3.01£2.08 3.17+2.31 3.17£2.30 (3.31£2.22) x 10"3  (1.06+0.01) x 10'3
Ppy L1:6/13X 10 051 804 15 - 1.40£0.23 141£0.24 1.40£0.22 (-1.58£1.44) x 102 (-1.05£0.00.84) xI02
Ppy :6/13X 20 051 804 28 12 1.00£0.13 (9.72¢159) x 10’1 (9.80 £1.50) x 101 (-2.05+2.70) x 104  (1.2621.20) x 10'2
Ppy 1-6/13X 40 051 804 29+1 1743 (4.79£0.20) x 101 (2.58£0.20) x 10'1  (2.5420.20) x 10'1  (-3.60£0.06) x 10'3  (-2.56%3.11)x 103

dj is the trat the target gas exposure step, ftreis the trat the evacuation step.
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Appendix Q The Specific Conductivity of Ppy When Exposed to CO.

Table Q1 Specific conductivity and sensitivity of Ppy_ud(l) when exposed to 10%
CO2IN:2

Ppy_ud(l) thickness 0.163 mm

K 11.23 TR 25 ‘;c

RH (%) % o BT
gas a(Slem)  AQ(Slm) time (min) tr(min) Az coe
air 5.§3E-0% 2.85 ) 251 ) i) 1.17E+00
vacuum 239602 -7.60E-04 17 2 -3.09E-02
na  3I7E-02  7.05E-03 20 s 280E0L
vacuum 250E-02  4.01E-04 15 u 163E-02
na  258E-02  L16E-03 41 14 470E-02
vacuum 251E-02  5.08E-04 8 | 2.06E-02
na  259E-02  129E-03 83 60  5.24E-02
vacuum 2.22E-02  -2.43E-03 4 | -9.86E-02
na  246E-02  0.00E+00 39 | 0.00E+00
vacuum 253E-02  6.99E-04 3 | 2.84E-02
C0> 243E-02  -2.84E-04 41 % -L16E-02
vacuum 242E-02  -381E-04 13 - -155E-02
na  249E-02  2.83E-04 45 | 1.15E-02
vacuum 2.15E-02  -3.07E-03 20 | -1.25E-01
CO2  247E-02  1.05E-04 59 3 428E-03
vacuum 2.56E-02  1.04E-03 15 no 42E02
nz 25702  105E-03 3l , 4.25E-02
vacuum 2.44E-02  -2.18E-04 6 | -8.87E-03
C02 245E-02  -7.6E-05 21 , -2.91E-03
vacuum 242602 -4.10E-04 12 | -1.67E-02

no  221E-02  -2.56E-03 25 o1 -1.04E-01
* Aa = CTOR - Ch2d)
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Table Q2 Specific conductivity and sensitivity of Ppy_ud(2) when exposed to 10%
COIN:

Ppy_ud 2) thickness  0.176 mm
K 18 Ta 5%

RH(%) 5% ™w B
0as G(S/cm%AoéS/cm) time gmin) tr(min)  aoon2

ar  2.68E-02 1.18E-02 2 : 1.84E-01
vacuum 1.48E-02 -1.61E-04 20 20 -1.07E-02
n2  196E-02 4.63E-03 6/ 62 3.08E-01
vacuum 1.33E-02 -1.72E-03 11 9 -1.15E-01
n2 185E-02 347E-03 144 119 2.31E-01
vacuum 1.52E-02 2.20E-04 9 10 147E-02
n2  160E-02 1.03E-03 24 . 6.83E-02
vacuum 1.35E-02 -1.54E-03 8 6 -1.03E-01
n2  150E-02 0.00E+00 35 30 0.00E+00
vacuum 1.43E-02 -6.90E-04 18 : -4.60E-02
C02 146E-02 -4.03E-04 39 . -2.69E-02
vacuum 1.45e-02 -4.80E-04 13 10 -3.20E-02
n2  150E-02 7.64E-07 3 15 5.09E-05
vacuum 1.39E-02 -1.09E-03 23 14 -1.28E-02
C0, 148E-02 -1.74E-04 38 . -1.16E-02
vacuum 1.43€-02 -6.72E-04 9 : -4 47E-02
n.  148E-02 -2.23E-04 30 23 -1.49E-02
vacuum 1.49e-02 -1.49E-04 1 : -9.89E-03
C0> 152E-02 2.18E-04 34 13 1.45E-02
vacuum 1.47E-02 -3.21E-04 12 : -2.14E-02

no 145E-02 -5ABE-04 42 : -3.65E-02
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Table Q3 Specific conductivity and sensitivity of Ppy_|:6(1) when exposed to 10%

COIN:

Ppy L (1)

ges
alr
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
C02
vacuum
n2
vacuum
C02
vacuum
n2
vacuum
C02
vacuum
n2

K
RH (%)

a (Slem) Aa (Slem) timeggmin) tr (min)

1A4E-01
4.68E-01
4.96E-01
4,05E-01
4 44E-01
3.35E-01
343601
3.31E01
341E-01
3.32E01
3.36E-01
3.14E-01
3.21E-01
3.20E-01
3.26E-01
3.19E-01
3.17E0L
3.09E-01
3.12E01
3.17E01
3.16E-01

10.66

60

4,03E-01
1.27E-01
1.54E-01
6.33E-02
1.02E-01

-6.04E-03

191E-03
-1.04E-02
0.00E+00
-9.63E-03

-3.92E-03
-2.11E02
-2.05E-02
-2 11E-02
-1.36E-02
-2.23E-02
-249E-02
-3.26E-02
-2.98E-02
-2.49E-02
-2.56E-02

Tia
Teh

1
40
16
49
53
30
16
ol
21
42
15
12
8
88
13
32
15
3l

13
43

thickness  0.155 mm

27°C

8°C

14
28
10
29
43
24
10
24
4

13
15

¢

10

Adare
1.18E+00
3.711E-01
4 52E-01
1.85E-01
2.99E-01
-1.77E-02
5.60E-03
-3.06E-02
0[005100)

-2.82E-02
-1.15E-02
-8.11E-02
-5.99E-02
-6.18E-02
-3.99E-02
-6.03E-02
-1.30E-02
-9.56E-02
-.72E-02
-1.29E-02
-1.49E-02
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Table Q4 Specific conductivity and sensitivity of Ppy I:6(2) when exposed to 10%

CO:IN:

Ppy_1:6(2)

Ges
alf
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
C02
vacuum
n2
vacuum
C0:
vacuum
n2
vacuum
C02
vacuum
n2

K
RH (%)

a (S/cmf
9.09E-0

8.48E-01
8.62E-01
8.21E-01
8.46E-01
8.12E-01
8.23E-01
8.46E-01
8.35E-01
8.40E-01
8.34E-01
8.07E-01
8.08E-01
8.24E-01
8.17E-01
8.20E-01
8.18E-01
8.14E-01
8.02E-01
8.11E-01
8.20E-01

thickness 0.163 mm

11.23 Tra
60 Tt
Aa :SS/cm) time
143E-02 3
128E-02 17
2T1E-02 40
-L3BE-02 16
108E-02 49
23302 53
L1402 30
LO7E-02 16
0.00E+00 Bl
494E-03 2
-8.05E-04 36
27902 B
-2.60E-02 12
-LOGE-02 s
1.78E02 g8
L49E-02 13
-169E-02 32
21302 15
32802 3l
24302 13
-151E-02 48

21 ¢
28°C

gmin) tr (min)

Ad/(Tno
8.90E-02
1.53E-02
3.25E-02
-1.66E-02
1.29E-02
-2.19E-02
-1.37E-02
1.28E-02
0.00E+00
5.92E-03

-9 64E-04
-3.34E-02
-3.17E-02

-1.27E-02

-2.13E-02
-1.78E-02

-2.03E-02

-2.55E-02
-3.92E-02

-2.91E-02

-1.81E-02
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Table Q5 Specific conductivity of Ppy when exposed to air, N, and methane and the
electrical response of Ppy to 10% CO2

a (Sfom) PAAT,

air n2 C02
Ppyud  533E-02  246E-02 243E-02  -116E-02
2608E-02  150E02 146E-02  -2.69E-02
average 4.01E-02  198E02 195E02  -1.93E-02
SO 187E-02 6.79E-03  6.86E-03 1.08E-02
Ppy le  744E-01  341E-01 338E01  -1.15E-02
90901  835E-01 B834E01  -9.64E-04
average 82701  58BE-0 586E-01  -6.23E-03
SO LI7/EQ1 34901  351E-01  745E-03

There is no electrical response of Ppy to 10% CO- as shown in Table Q5
because COz2 is a linearly symmetric molecule and its dipole moment is 0 Cm
(Atkins, 1995); hence - interaction with polypyrrole is not expected.



Appendix R The Specific Conductivity of Ppy When Exposed to CO
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Table R1 Specific conductivity and sensitivity of Ppy _ud(1) when exposed to 1000

ppm CO

Ppy_ud (1)

O3S
all
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
N2
Vacuum
CO
vacuum
n2
vacuum
CO
vacuum
n2
vacuum
CO
vacuum
n2

K
RH (%)

a (S/cm}
1.96E-0
1.50E-01
1.78E-01
1.38E-01
1.50E-01
1.24E-01
14101
1.49E-01
1.67E-01
1.46E-01
1.60E-01
130E-01
1.38E-01
1.03E-01
121E-01
1.04E-01
1.02E-01
8.39E-02
9.59E-02
8.06E-02
9.38E-02

10.66

60

2.81E-02
-1.72E-02
1.02E-02
-2.97E-02
-1.78E-02
-4.36E-02
-2.69E-02
-1.88E-02
0.00E+00
-2.18E-02
-6.95E-03

-3.0E-02

-2.95E-02
-6.42E-02
-4.66E-02
-6.29E-02
-6.53E-02
-8.35E-02
-1.14E-02
-8.68E-02
-1.36E-02

thickness 0.173 mm

Tr
TC

a (Slem (trlnr?ﬁ)
e

13
20
6/
26
62
21
40
15
49
9
5
10
3
14
26
11
4
12
29

6

[

30°c
28 °C

tr (min)
16
45

11
10
17
/
12
9
8
10
8
17
11

19

8
7
9
1

Adla
1.72E-01
-1.03E-01
6.11E-02

-1.78E-01
-1.06E-01
-2.60E-01
-1.58E-01

-1.12E-01
01005,00)

-1.30E-01
-4.15E-02
-2.21E-01
-1.76E-01
-3.84E-01

-2.18E-01

-3.76E-01

-3.90E-01
-4.99E-01
-4.27E-01
-5.18E-01
-4.40E-01
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Table R2 Specific conductivity and sensitivity of Ppy_ud(2) when exposed to 1000

ppm CO

Ppyud (2)

Ges
all
vacuum

n2
Vacuum

n2
vacuum

n2
vacuum

N2
vacuum

CO
vacuum

n2
vacuum

CO
vacuum

n2
vacuum

CO
vacuum

n2

K
RH (%)

a (Slem)
2.66E-01
1.72E01

1.89E-01
1.69E-01

1.86E-01
1.68E-01

1.85E-01
167E-01
1.82E-01
167E-01
181E-01
1.68E-01

1.73E-01
1.66E-01
174E-01
167E-01

174E-01
1.66E-01
172E01
165E-01

1.76E-01

1123
60

Ac (Slem) time

8.42E-02

-1.01E-02

6.76E-03
-1.20E-02

3.95E-03
-1.36E-02

2.80E-03
-1A4E-02
0.00E+00
-148E-02
-8.20E-04
-142E-02

-8.57E-03
-1.60E-02
-8.04E-03
-1.50E-02

-1.37E-03
-1.58E-02
-9.87E-03
-1L71E-02

-6.07E-03

thickness  0.175 mm

Tr
Tc

20

67
26

62

21

40
15
49
9
58

10

3l
14
26

11

45
12
29
6
i

30 °c
28 °c

1gmin) i (min)

13
50

8
3
8
36
6
46
10
50
6
24
8
20

8
42
8
28
6
8

Aala
4.63E-01
-5.56E-02

3.13E-02
-1.09E-02
2.17E-02
-1 47E-02

1.54E-02
-1.92E-02
01005,00)

-8.14E-02
-4.56E-03
-1.81E-02

-4.11E-02
-8.82E-02
-4 42E-02

-8.25E-02

-4.05E-02
-8.69E-02
-5.42E-02

-0.41E-02
-3.34E-02
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Table R3 Specific conductivity and sensitivity of Ppy 1 6(1) when exposed to 1000
ppm CO

Ppy_Lis (1) thickness  0.182 mm
K 10.66 Tr 3°c
RH%) 6 Tc 28 °C

gas  a(Slem) Aa (Slcm) time %min) tr(min)  actdat
ar - LO7TE+00 L154E-01 1 | 1.69E-01
vacuum 8.14E-01 -O79E-02 17 - -107E-01

no  864E-01 -480E02 16 s  -0.20E-02
vacuum  740E-01 -L71E-01 w2 7 -188E-01

no 88901 -226E02 &/ 28 -2.48E-02
vacuum  718E-01 -L194E-01 15 9 21301

n  92/E01 155E-02 84 60  L170E-02
vacuum  7.63E-01 -149E-01 9 6 -1.63EL
N2 912E-01 000E+00 60 40 0000
vacuum  591E-01 -321E-01 24 6  -3.02E-(1
CO  85ME01 -578E02 40 25 -6.34E-02
vacuum  59%E-01 -313E-01 5 -343E0L

no  88E-01 -2%BE-02 3 17 -32[E-02
vacuum  6.57E-01 -2505E-01 20 13 -279E-01
CO  T76E01 -L3E0L 52 3 -149E-01
vacuum  6.04E-01 -308E-01 1= o -337E-01
n2  T0IE01 -211E-01 41 2 -231E01
vacuum  6.70E-01 -242E-01 23 10 -2.66E-01
CO  701E-01 -21IE-01 34 - -231E0
vacuum  698E-01 -214E-01 V7 - -2.35E01

n2  694E-01 -218E-01 23 - -2.39E-01
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Table R4 Specific conductivity and sensitivity of Ppy_[:6(2) when exposed to 1000

ppm CO

Ppy_1:6(2)
K 1123 Tr
RH (%) 65 To
gas  d(Sem) Ac jS/cm) time
ar  2.16E+00 5.44E-01 1
vacuum 1.67E+00 5.52E-02 17
n2  168E+00 5.81E-02 16
vacuum 1.62E+00 -220E-03 12
n2  166E+00 4.13E-02 57
vacuum 159E+00 -3.23E-02 15
n2  165E+00 269E-02 84
vacuum 1.56E+00 -5.54E-02 9
N2 162E+00 0.00E+00 60
vacuum 151E+00 -1.07E-01 24
CO  154E+00 -7.49E-02 40
vacuum 1.49E+00 -1.28E-01 12
n2  151F+00 -1.10E-01 39
vacuum 147E+00 -147E-01 20
CO  150E+00 -1.17E-01 %2
vacuum 147E+00 -152E-01 1
n2  149E+00 -1.29E-01 4
vacuum 143E+00 -187E-01 23
CO  147E+00 -146E-01 %4
vacuum 1.39E+00 -2.30E-01 17
n2  143E+00 -192E-01 23

thickness  0.165 mm

3l °c
28 °C

%min) tr(min)

10
9
17

10
9
1
i

20

Aada
3.36E-01
3.41E-02

3.99E-02
-1.36E-03

2.59E-02
-2.00E-02

1.66E-02
-3.42E-02
0.00E+00

-6.61E-02
-4.62E-02
-1.93E-02

-6.19E-02
-9.05E-02
-1.21E-02
-0.37E-02

-1.96E-02
-116E-01
-9.01E-02
-142E-01

-1.18E-01



Table R5 Specific conductivity of Ppy when exposed to air, N2, and methane and the
electrical response of Ppy to 1000 ppm CO

(T(Slem) Ag/ACh2

air n2 CO
Poy ud  196E-01  167E-01 160E-01  -4.15E-02
206E-01 182801 181E-01  -4.56E-03
average  231E-01  L75E01 L71E01  -2.30E-02
SO 4%E02  106E02 148E-02  2.61E-02
Ppy Ie  LO7EX00  9.12E01 854E-01  -6.34E-02
216E+00 162400 154E+00  -4.62E-02
average  162E+00  127E400 120E+00  -5.48E-02
SO T7T7IE-01 501E01  4.85E-01 1.22E-02
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Appendix  The Specific Conductivity of Ppy When Expose to SO.
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Figure S1 Specific conductivity of Ppy ud(1) when exposed to 1000 ppm SO5.
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Figure S2 Specific conductivity of Ppy ud(1) when exposed to 1000 ppm SOs.
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Figure S3 Specific conductivity of Ppy_ud(l) when exposed to 1000 ppm SO-.
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Figure $4 Specific conductivity of Ppy_ud(l) when exposed to 1000 ppm SO2.

620

640

660 680

time (min)

100

120

140

127



128

4.0

3.5 1
3.0 A1
. W

2.0

A<5/c1Nz

1.5

600 700

T
500

1.0 T T L L T
100 200 300 400

Figure S5 Specific conductivity of Ppy_ﬁlrznee( I()mv%en exposed to 1000 ppm S02
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Figure Se Specific conductivity of Ppy | :6(L) when exposed to 1000 ppm S02
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Figure Ss Specific conductivity of Ppy I :6(1) when exposed to 1000 ppm SO,
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AalCTISR2

Figure S9 The electrical response of Ppy/13X composite of various 13X content.
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Figure S10 The electrical response of Ppy/13X composites of various  cation types:
Na[100], Li[50], K[50], and Cs[50] to 1000 ppm S02.
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Figure SU The electrical response of Ppy/13X composites of various Li+
concentrations to 1000 ppm SO,
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Table SI Specific conductivity and sensitivity of Ppy_ud(l) when exposed to 1000

ppm SO

Ppy_ud (1)

K
RH (%)

0as
air
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
N2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2

10.66
58

d(Slem)
6.87E-01
197E01
3.10E-01
2.49E-01
3.65E-01
246E-01
3.29E-01
2.18E-01
2.80E-01
2.35E-01
3.69E-01
2.51E-01
2.80E-01
2.T2E-(1
2.99E-01
2.49E-01
2.T3E-01
2.65E-01
2.715E-01
2.13E-01
2.62E-01

AQ(Slcm) time (min) tr(min)

4,07E-01
-8.33E-02
3.02E-02
-3.09E-02
8.49E-02
-3.35E-02
4 86E-02
-6.17E-02
0.00E+00
-4.49E-02
8.90E-02
-2.85E-02
-1.21E-04
-8.20E-03
1.89E-02
-3.10E-02
-6.49E-03
-1.48E-02
-4.52E-03
-6.82E-03
-1.75E-02

thickness 0.174 mm

Tn
Tch

16
21
39

8

100

16
o4
i
52
14
47
11
3l
13
45
13
43
25
39
i
3l

32 °c

30 °c

24
3
8
80
12
50
10
4
12
43
10
32
5
4
9
33

10

3

23

Acticme
1.45E+00

-2.97E-01

1.08E-01

-1.10E-01

3.03E-01

-1.20E-01

1.74E-01

-2.21E-01

0.00E+00

-161E-01

3.18E-01

-1.02E-01

-4.33E-04

-2.93E-02

6.76E-02
-111E-01
-2.32E-02

-5.29E-02

-1.61E-02
-2.44E-02

-6.27E-02
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Table S2 Specific conductivity and sensitivity of Ppy_ud(2) when exposed to 1000
ppm Oz

Ppy_ud (2) thickness  0.167 mm
K 11.23 T 2°C
RH(%) 58 Td 30°c
03 a (Slem)  AQ(Slm) time (min)  tr(min)  Acdon2
air 262E-01  7.13E-04 16 - 2.13E-03
vacuum  248E-01  -1.34E-02 21 - -5.13E-02
n2 2TTE-01 162602 39 0 61902
vacuum 249601  -1.26E-02 8 1 -4.83E-02
n2 269E-01  7.83E-03 100 3 3.00E-02
vacuum  248E-01  -1.28E-02 16 1 -4.90E-02
n2 265E-01  3.96E-03 B 37 152E-(2
vacuum  247E-01  -1.45E-02 12 5 -5.54E-02
N2 261E-01  0.00E+00 52 40 0.00E+00
vacuum  247E01  -1.41E-02 14 o -h.39E-02
S0, 306E01  4.52E-02 47 40 1.73E-01
vacuum  2.96E-01  351E-02 11 6 1.34E-01
n2 314E-01  5.24E-02 3 28 2.01E-01
vacuum  301E01  4.02E-02 13 1 154E-01
S0, 332E01  7.05E-02 45 3 2.70E-01
vacuum  316E-01  5.46E-02 13 10 2.09E-01
n2 330E-01  7.83E-02 43 H  300E-01
vacuum  320E-01  5.89E-02 25 6 2.26E-01
S0 334E-01  7.30E-02 39 29 27901
vacuum  3.22E-01  6.13E-02 17 8 2.35E-01

n2 333E01  7.14E-02 3l 18 2.13E-01
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Table S3 Specific conductivity and sensitivity of Ppy_1:6(1) when exposed to 1000
ppm 02

Ppy L (1) thickness  0.182 mm

K 10.66 TR B°C

RH (%) 62 Td 29°c
gis  d(Sfem) AQ(Slem) time (min) tr(min)  Aa/ane
ar  6.66E+00  3.48E+00 17 - .I0E+00
vacuum  3.82E+00  6.36E-01 14 10 2.00E-01
nz  402E+00 8.39E-01 47 44 2.64E-01
vacuum  348E+00  3.01E-01 16 1 9.47E-02
nz  358E+00  4.00E-01 43 40 1.26E-01
vacuum  2.89E+00  -2.93E-01 24 10 -9.23E-02
nz  3I7E+00 -1.02E-02 47 0 -320E-03
vacuum  3.09E+00  -8.91E-02 18 - -2.80E-02
N2 3.18E+00 0.00E+00 39 20 00CE0
vacuum  3.06E+00 -1.16E-01 20 15 -3.64E-02
S0 349E+00  3.10E-01 3 22 9.76E-02
vacuum  2.74E+00  -4.35E-01 14 10 -1.37E-01
*N2  287E+00  -3.09E-01 29 18 -973E-02
vacuum  2.89E+00 -2.91E-01 21 - -9.14E-02
S0, 287E+00 -3.14E-01 3 7 -9.88E-02
vacuum  2.63E+00  -5.47E-01 16 10 -1.72E01
nz  80BE01 -237E+00 42 - -T.46E-01
vacuum  3.66E-01 -2.81E+00 25 - -8.85E-01
S02 55301 -2.63E+00 49 - -8.26E-01
vacuum  224E01  -2.96E+00 21 - -9.30E-01
383E-01  -2.80E+00 14 6 -8.79E-01

x The sample was broken at this step.

Xmn«X
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Table S4 Specific conductivity and sensitivity of Ppyl 6(2) when exposed to 1000

ppm SO

Ppy_1:6(2)

K
RH (%)

0as
air
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
N2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2
vacuum
S0
vacuum
n2

11.23
62

d(Slem)
2.46E+00
24TE+00
2.43E+00
2.48E+00
2.44E+00
24TE+00
2.45E+00
2.46E+00
2.43E+00
2.43E+00
2.75E+00
2.77E+00
2.77E+00
2.718E+00
2.82E+00
2.86E+00
2.81E+00
2.79E+00
2.82E+00
2.80E+00
2.82E+00

Ad(Slem)
3.07E-02
3.60E-02
4.94E-03
5.07E-02
1.84E-03
4.02E-02
2.2TE-(2
2.TTE-02
0.00E+00
3.77E-03
3.23E-01
3 40E-01
340E-01
34TE0L
3.93E-01
4,35E-01
3.82E-01
3.65E-01
3.94E-01
3.T5E-01
392E-01

thickness
i
Td

time (min)
17
14
47
16
13
24
47
18
3
20
3
14
29
21
3
16
1Y)
25
49

21

14

0.165 mm
33 °c

29 °c

tr (min)

10

12
25

12

Adldne
1.26E-02
1.48E-02
2.04E-03
2.09E-02
3.23E-03
1.65E-02
9.35E-03
1.14E-02
0.00E+00
1.55E-03
1.33E-01
1.40E-01
1.40E-01
1.43€-01
1.62E-01
1.79€-01
1.57E-01
1.50E-01
1.62E-01
1.55E-01
1.61E-01
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Table S5 Specific conductivity and sensitivity of Ppy_ud/13X-Na[100] 10(I) when

exposed to 1000 ppm SOz
Ppy_ud/13X-Na[100] 10 (1)

K
RH (%)

0as
air
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
N2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2

10.66

65

d(Slem)
5.15E-02
241802
3.12E-02
2.31E-02
2.58E-02
2.21E-02
2.50E-02
2.16E-02
2.20E-02
211E-02
3.29E-02
2.13E-02
2.70E-02
2.65E-02
2.96E-02
2.85E-02
2.13E-02
2.90E-02
2.81E-02
2.88E-02
2.85E-02

Ad(Slem) time (min) tr(min)

2.93E-02
1.88E-03
9.01E-03
0.22E-04
3.99E-03
-4.43E-05
2.T7E-03
-6.24E-04
0.00E+00
-1.07E-03
1.08E-02
5.10E-03
4 84E-03
4.26E-03
1.39E-03
6.30E-03
5.12E-03
6.83E-03
5.91E-03
6.58E-03
6.28E-03

thickness 0.173 mm

T
T

14
16
41
18
39
14
o
6
3
12
105
14
28
1
64
14
A
1
45
19
40

32°C
30°c

;
33
15
36
10

5

6

100

12

24

60
15
32
12
39

12

30

Act/cre
1.32E+00
8.46E-02
4.06E-01
4.16E-02
1.62E-01

-2.00E-03

1.25E-01

-2.81E-02

0.00E+00

-4.82E-02

4 85E-01
2.30E-01
2.18E-01
1.92E-01
3.33E-01
2.84E-01
2.31E-01
3.08E-01
2.66E-01
2.97E-01
2.83E-01
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Table S6 Specific conductivity and sensitivity of Ppy_ud/13X-Na[100]_10(2) when

exposed to 1000 ppm SO:
Ppy ud/13X-30Na[100] 10(2)
K 11.23
RH (%) 65
0as d(Slem)
air 5.21E-02
vacuum 3.54E-02
n2 4.25E-02
vacuum 3.44E-02
n2 3. T1E-02
vacuum 3.34E-02
n2 3.63E-02
vacuum 3.29E-02
N2 3.33E-02
vacuum 3.24E-02
S02 4.42E-02
vacuum 3.86E-02
n2 3.83E-02
vacuum 3.718E-02
S02 4,09€-02
vacuum 3.98E-02
n2 3.86E-02
vacuum 4,03E-02
S02 3.94E-02
vacuum 4,01E-02
n2 3.98E-02

AJ(S/cm) time (min)  tr(min)

1.81E-02
2.03E-03
9.16E-03
1.07E-03
3.74E-03
1.05E-04
2.92E-03
-4.75E-04
0.00E+00
-9.21E-04
1.09-02
5.25E-03
4.99E-03
441E-03
1.54E-03
6.44E-03
5.21E-03
6.98E-03
6.06E-03
6.73E-03
6.43E-03

thickness 0.183 mm

T
Td

14
16
41
18
3
14
57
6
3
i
105
14
28
/
64
14
sl
i
45
19
40

32 °¢
30°c

9
30
13
3

10

50

90
10

24

8
10
41
10
42
15
25

Adt/ane
5.36E-01
5.61E-02
2.69E-01
2.75E-02
1.07E-01

-1.32E-03

8.28E-02
-1.86E-02
01005,00)

-3.19E-02

321E01
1.52E-01
145E-01
1.27E-01
2.21E-01
1.88E-01
153E-01
2.04E-01
1.77E-01
197E-01
1.88E-01
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Table ? Specific conductivity and sensitivity of Ppy_ud/13X-Na[100] 20(1) when
exposed to 1000 ppm SO

Poy ud/13X-Naf100] 20 (1)

K
RH(%)

0as
air
vacuum
n2
vacuum
n2
vacuum
N2
vacuum
N2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2

10.66

56

d(Slem)
2.T4E-02
1.87E-02
2.23E-02
1.74E-02
2.04E-02
1.55E-02
1.89E-02
1.66E-02
1.88E-02
1.60E-02
2.37E-02
2.16E-02
2.35E-02
2.26E-02
244E-02
2.29E-02
2.35E-02
2.25E-02
24302
2.34E-02
2.33E-02

Aa (Slcm) time (min) ~ tr (min)

8.97E-03
-1.04E-04
3.46E-03
-144E-03
1.60E-03
-3.29E-03
1.32E-04
-2.22E-03
0.00E+00
-2.16E-03
4.93E-03
2.T6E-03
4.66E-03
3.80E-03
5.64E-03
4.12E-03
4.68E-03
3.72E-03
5ATE-03
4.61E-03
4.53E-03

thickness 0.175 mm

TR
Td

12

6

3
16
33
i
47
10
59
12
69
14
ol
19
ol
28
3
15
59
i
sl

3°c
3l °c

29
26
10
3
49
ol
3l

3

10
20

3

33

AdOne
4.56E-01

-5.53E-03

1.84E-01
-1.67E-02
8.53E-02
-1.75E-01
1.04E-03

-1.18E-01

0.00E+00
-147E-01
2.62E-01
147E-01
2.48E-01
2.02E-01
3.00E-01
2.19e-01
249E-01
1.98E-01
2.91E-01
2.45E-01
241E-01
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Table S8 Specific conductivity and sensitivity of Ppy_ud/13X-Na[100] 20(2) when

exposed to 1000 ppm SO:
Ppy ud/13X-Na[100] 20 (2)
K 11.23
RH (%) 00
0as a (Slem)
air 3.48E-02
vacuum 3.53E-02
n2 3.59E-02
vacuum 3.61E-02
n2 3.69E-02
vacuum 3.81E-02
n2 3.87E-02
vacuum 3.98E-02
N2 4,05E-02
vacuum 4.16E-02
S02 4.73E-02
vacuum 5.18E-02
n2 5.14E-02
vacuum 5.34E-02
S02 5.09E-02
vacuum 543E-02
n2 5.40E-02
vacuum 5.40E-02
S02 5.28E-02
vacuum 5.45E-02
n2 5.50E-02

Aa (Slcm)  time (min)

-.68E-03
-5.18E-03
-4.63E-03
-4.37E-03
-3.65E-03
-2.39E-03
-1.78E-03
-1.22E-04
0.00E+00
112603
6.82E-03
1.13E-02
1.09E-02
1.29E-02
1.04E-02
1.38E-02
1.35E-02
1.35E-02
1.23E-02
1.40E-02
145E-02

thickness  0.179 mm

T
Tch

12

6

38
16
3
i)
47
10
59
12
69
14
ol
19
ol
28
39
15
59
17
50

3°c
3l °c

tr(min)
16
24
i

41

25

11

12

AdlClre

-140E-01
-1.28E-01
-1.14E-01
-1.08E-01
-9.01E-02
-5.89E-02
-4.38E-02
-1.78E-02

0.00E+00
2.76E-02
1.68E-01
2.80E-01
2.69E-01
3.18E-01
2.56E-01
341E-01
3.33E-01
3.33E-01
3.03E-01
3.46E-01
3.57E-01
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Table S9 Specific conductivity and sensitivity of Ppy_ud/13X-Na[100] 40(1) when
exposed to 1000 ppm SO:

Ppy_ud/13X-Na[100] 40 (1) thickness  0.167 mm
K 10.66 Tra 32 °c
rRH (%) 60 Tch 3 ec
0as a (Slem)  AQ(S/em) time (min)  tr(min)  act/dre
air 1.35E-02 8.95E-05 14 | 6.70E-03
vacium  132E02  -1.99E-04 6 4 -149E-02
n2 L3E-02  2.21E-07 3 | 1.66E-05
vacium  129E-02  -4.25E-04 21 6  -3.18E-02
n2 1.34E-02 1.49E-05 42 4 L12E03
vacuum  126E-02  -7.55E-04 13 7 -5.65E-02
n2 133E-02  -9.06E-05 66 9  -6.78E-03
vacuum  126E02  -7.69E-04 15 5 -5.76E-02
N2 L34E-02  0.00E+00 ! | O0CE0
vacuum 121802 -711E-04 18 g -0.32E-02
502 1.45E-02 1.10E-03 12 5% 82E02
vacium  L138E-02  4.33E-04 16 1T 32E02
n2 1.49E-02 1.52E-03 43 5 LUE0
vacium  L40E-02 6.65E-04 2 17 498E-02
502 1.49E-02 154E-03 o s  LI5EL

vacuum 142E-02 8.07E-04 19 12 6.03E-02
n2 1.49E-02 1.54E-03 3 5 115601
vacuum  141E-02 1.32E-04 16 5  A8E-02
S02 1.50E-02 1.61E-03 47 8 1.20E-01
vacuum  140E-02 6.38E-04 12 6  4TIE02
n2 1.51E-02 1.69E-03 46 9 1.27E-01
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Table S10 Specific conductivity and sensitivity of Ppy_ud/13X-Na[100] 40(2) when

exposed to 1000 ppm SO:
Ppy_ud/13X-Na[100] 40 (2)
K 10.66
RH (%) 60
0as d(Slem)
air 1.39E-02
vacuum 1.17E-02
n2 1.20E-02
vacuum 1.12E-02
n?2 1.15E-02
vacuum 1.01E-02
n?2 1.03E-02
vacuum 1.01E-02
N2 1.02E-02
vacuum 9.15E-03
502 1.16E-02
vacuum 1.08E-02
n? 1.07E-02
vacuum 1.05E-02
502 1.08E-02
vacuum 1.04E-02
n2 1.05E-02
vacuum 1.03E-02
502 1.06E-02
vacuum 1.03E-02
n? 1.04E-02

AQ(Slcm)  time (min)

3.62E-03
1.46E-03
1.75E-03
9.13E-04
1.25E-03
-1.09E-04
4.35E-05
-1.70E-04
0.00E+00
-1.09E-03
1.35E-03
5.26E-04
4.10E-04
2.34E-04
5.06E-04
1.74E-04
2.20E-04
8.99E-05
3.58E-04
6.47E-05
1.04E-04

thickness  0.170 mm

Tra
Td

13
16
69
14
40
2
37
10
3
19
14
10
5
22

14
il
53
!
10
18

4

32°C

3 °c

tr (min)
14
17
il
34
16
26
4
28
14
12
6
3
49
1
14
5

60
10

A ct/CTn2

3.53E-01
143E-01
171E01
8.91E-02
1.22E-01

-1.06E-02

4.25E-03
-1.66E-02
01002,00)

-1.07E-01

1.32E-01
5.13E-02
4.00E-02
2.29E-02
4.94E-02
1.70E-02
2.14E-02
8.78E-03
3.49E-02
6.31E-03
1.02E-02



Table SII Specific conductivity and sensitivity of Ppy_1:6/13X-Na[100]_10(1)
when exposed to 1000 ppm SO:

Ppy_|:6/13X-Na[100]_10()

K
RH (%)

03
air
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
N2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2
vacuum
S0
vacuum
n2

11.26
37

d(Slem)
7.06E-01
4.46E-01
5.16E-01
3.80E-01
4.29E-01
345E-01
3.53E-01
3.29E-01
3.13E-01
2.T1E-01
4.34E-01
3.22E-01
3.54E-01
3.18E-01
3.66E-01
3.22E-01
3.27E-01
3.17E-01
3.21E-01
3.13E-01
3.16E-01

A(Slem) time (min)

3.93E-01
133601
2.03E-01
1.59E-02
1.16E-01
3.22E-02
4,01E-02
161E-02
0.00E+00
-4.23E-02
1.21E-01
8.91E-03
4.14E-02
4.92E-03
5.21E-02
9.43E-03
141E-02
4.14E-03
8.36E-03
5.15E-04
2.T5E-03

thickness
T

Tch

18
10

42
13
41

15
3

14
40
12

9%
13
113
11

82
26
42

3
12

37

0.173 mm
30°c
tr(min)
9
3
11
40

12

28

12
90
10
100

10

67
17

10

Adane
1.25E+00
4.25E-01
6.50E-01
2.42E-01
312801
1.03E-01
1.28E-01
5.15E-02
0[005,00)

-1.35E-01

387E-01
2.85E-02
1.32E-01
157E-02
1.68E-01
3.01E-02
4 49E-02
1.326-02
2.67E-02
1.64E-03
8.78E-03
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Table S12 Specific conductivity and sensitivity of Ppy_I:6/13X-Na[100]_10(2)
when exposed to 1000 pom (

Ppy_I:6/13X-Na[100]_10 (2) thickness  0.173 mm
K 11.23 T 30°c
RH(%) 63 Td 28°C

0as a(Slem)  Aa(Slem) time (min) tr(min)  Adlane

air 1.36E+00 -4,88E-01 12 - -2.65E-01
vacuum 1.64E+00 -2.02E-01 17 8 -1.10E-01
n2 1.66E+00 -1.89E-01 3 - -1.02E-01
vacuum 1.69E+00 -1.58E-01 16 - -8.57E-02
n2 1.75E+00 000E-02 39 - -4.88E-02
vacuum 1.81E+00 -2.95E-02 H - -1.60E-02
n2 1.84E+00 SHO1E03 43 - -3.04E-03
vacuum 1.78E+00 -0.24E-02 2 - -3.38E-02
N2 1.84E+00 0.00E+00 45 - 0.00E+00
vacuum 1.79E+00 -5.30E-02 10 - -2.88E-02
S02 2.38E+00 5.33E-01 )] 45 2.89E-01
vacuum 2.42E+00 h.18E-01 17 - 3.14E-01
n2 2.49E+00 6.46E-01 44 - 3.50E-01
vacuum 2.46E+00 6.15E-01 14 - 3.34E-01
S02 2.52E+00 6.78E-01 6/ - 3.67E-01
vacuum 2.53E+00 6.81E-01 22 - 3.69E-01
n2 2.53E+00 6.84E-01 39 - 3.71E-01
vacuum 2.54E+00 6.94E-01 16 - 3.77E-01
S02 2.53E+00 6.83E-01 2 - 3.71E-01
vacuum 2.51E+00 6.61E-01 16 - 3.59E-01

n2 2.51E+00 6.66E-01 28 - 3.61E-01



Table S13 Specific conductivity and sensitivity of Ppy _[:6/13X-Na[100]_20(1)
when exposed to 1000 ppm SO:

Ppy_I:6/13X-Na[100]_20 (1) thickness 0.175 mm
K 10.66 Tr 3°c
RH (%) 03 T 30°c
0as a(Slem)  AQ(Slem) time (min) tr(min)  ActCre
ar 1338400  2.01E-01 13 | 1.78E-01
vacuum 122E+00  9.09E-02 16 10 8.08E-02
n2 122E+00  93B/E-02 32 | 8.31E-02
vacuum 108E+00  -455E-02 1w 5 -4.04E-02
n2 LIE+00  -123E-02 3 | -1.09E-02
vacuum 106E+00  -7.02E02 17 | -6.23E-02
n2 109E+00 ~ -383E-02 41 | -3.40E-02
vacuum 109E+00 ~ -360E02 15 | -3.20E-02
N2 113E+00  0.00E+00 48 | 0.00E+00
vacuum 1126400  -3.20E-03 14 - -2.90E-03

S02 130E+00  176E0L s 60 1.56E-01
vacuum 128E400  159E-01 = 10 141E-01

n2 130E+00  L70E01 52 | 151E-01
vacuum 1.31E+00 1.35E-01 35 | 1.65E-01
S02 1338400  2.04E-01 5% | 181E-01
vacuum 1338400  2.06E-01 17 - 1.83E-01
n2 133B+00 204E01 30 | 1.82E-01
vacuum 1338400  206E-01 77 | 1.83E-01

502 134E+00  219E-01 37 6 1.94E-01
vacuum 1.33E+00 2.07E-01 3 8 1.84E-01
n2 1.34E+00 2.12E-01 38 . 1.89E-01
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Table S14 Specific conductivity and sensitivity of Ppy_1:6/13X-Na[100] 20(2)

when exposed to 1000 ppm SO:
Ppy_I:6/13X-Na[100] 20 (2)

K
RH (%)

0as
air
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
N2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2

11.26
60

d(Slem)
1.12E+00
1.03E+00
1.04E+00
9.73E-01
9.85E-01
9.59E-01
1.00E+00
9.76E-01
9.97E-01
9.75E-01
1.20E+00
1.15E+00
1.16E+00
1.16E+00
1.20E+00
1.19E+00
1.19E+00
1.19E+00
1.21E+00
1.19E+00
1.19E+00

AQ(Slem)  time (min) ~ tr(min)

1.23E-01
3.76E-02
3. 1902
-2.38E-02
-1.22E-02
-3.80E-02
241E-03
-2.15E-02
0.00E+00
22102
2.02E-01
1.50E-01
1.64E-01
1.66E-01
1.98E-01
1.92E-01
1.92E-01
19301
2.09E-01
1.92E-01
19301

thickness  0.166 mm

T
Td

13
16
32
11
3l
1
41
15
43
14

68

21

52
3
50
i
30
[l
37
3
38

32 C
30°c

24
10

24
20

6l

15
3

11

AdlaN?
1.23E-01
3.77TE-02
3.80E-02

-2.38E-02
-1.23E-02
-3.81E-02

2.42E-03

-2.16E-02

0.00E+00

-2.20E-02

2.03E-01
151E-01
1.65E-01
167E-01
1.99E-01
1.92E-01
1.92E-01
1.93E-01
2.09E-01
1.92E-01
1.94E-01



Table S15 Specific conductivity and sensitivity of ppy I :6/13X-Na[100] 40(I)

when exposed to 1000 ppm SO:
Ppy_1:6/13X-Na[100]_40(])

K
RH (%)

0as
air
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
N2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2

10.66
60

d(Slem)
5.16E-01
3.13E-01
3.08E-01
2.46E-01
2.T6E-01
2.80E-01
2.T0E-01
181E-01
1.95E-01
133601
2.13E-01
1.73E-01
1.83E-01
5.46E-02
1.30E-01
1.67E-02
1.09E-01
1.24E-01
1.37E-01
1.34E-01
1.27E-01

Aa (Slcm)  time (min)

3.21E-01
L17E0L
112E01
5.10E-02
6.08E-02
8.44E-02
142602
-147E-02
0.00E+00
-6.26E-02
1.77E-02
-2.18E-02
-1.24E-02
-141E-01
-6.49E-02
-119E-01
-8.63E-02
-1.15E-02
-5.719E-02
-6.12E-02
-6.82E-02

thickness  0.180 mm

T
Td

18
16
36
16
43
it
3
1
41
25
59
(B}
4
18
63
12
36
4
58
16
30

32°C
3¢

tr(min)

1
29

12
21
11
46

12

44

50
21

3

Aalane
1.64E+00
6.00E-01
5.75E-01
2.61E-01
4.14E-01
4.32E-01
3.80E-01

-1.54E-02

00CE00

-3.20E-01

9.07E-02
-1.12E-01
-6.36E-02
-1.20E-01
-3.32E-01
-6.07E-01
-4.42E-01
-3.66E-01
-2.96E-01
-3.14E-01
-3.49E-01
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Table S16 Specific conductivity and sensitivity of Ppy_I:6/13X-Na[100]_40(2)

when exposed to 1000 ppm SO:
Ppy_:6/13X-Na[100] 40 (2)

K
RH (%)

0as
air
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
N2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2

11.26
60

d(Slem)
2.09E-01
161E-01
154E-01
112E-01
8.23E-02
1.51E-02
1.55E-02
7.00E-02
1.05E-02
6.15E-02
1.49E-02
6.92E-02
1.29E-02
6.79-02
1.65E-02
6.87E-02
6.59E-02
6.67E-02
6.90E-02
6.68E-02
6.40E-02

AQ(Slem) time (min)

1.39E-01
9.04E-02
8.35E-02
4.14E-02
L1TE-02
4. 54E-03
4.92E-03
-0.36E-04
0.00E+00
-9.04E-03
4 35E-03
-1.32E-03
2.30E-03
-2.68E-03
5.93E-03
-1.85E-03
-4.68E-03
-3.84E-03
-1.58E-03
-3.79E-03
-6.54E-03

thickness  0.175 mm

Tr
Tth

18
10
42
13
41
(K}
3l
14
40
12

%
13
113
11

62
26
42

35
12

37

2°C
3L°C

tr (min)

12

28

y
22
41
50
18

41

ACTCIN
1L97E+00
1.28E+00
1.18E+00
5.87E-01
1.66E-01
6.43E-02
6.97E-02

-1.60E-03

0100,00)

-1.28E-01

6.16E-02

-1.87E-02

3.26E-02

-3.80E-02

841E-02

-2.62E-02
-6.63E-02
-5.45E-02
-2.24E-02

-5.31E-02

-0.27E-02

148
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Table S17 Specific conductivity and sensitivity of Ppy_ud/13X-Li[30]_10(I) when

exposed to 1000 ppm SO
Ppy_ud/13X-Li[30] 10 (1)
K 10.66
RH (%) 50
0as d(Slem)
air 9.91E-02
vacuum 6.01E-02
n2 6.31E-02
vacuum 6.03E-02
n2 6.13E-02
vacuum 5,85E-02
n2 6.08E-02
vacuum 5. 76E-02
N2 6.46E-02
vacuum 5.96E-02
S02 8.49E-02
vacuum 1.94E-02
n2 6.94E-02
vacuum 7.08E-02
S02 8.02E-02
vacuum 6.47E-02
n2 6.19E-02
vacuum 6.23E-02
S02 71.53E-02
vacuum 6.48E-02
n2 6.69E-02

AQ(S/cm)  time (min) *tr(min)

3.45E-02
-4.55E-03
-1.58E-03
-4,36E-03
-3.34E-03
-6.13E-03
-3.80E-03
-1.08E-03
0.00E+00
-4.99E-03
2.03E-02
148E-02
4.74E-03
6.21E-03
1.56E-02
8.24E-05
-2.10E-03
-2.32E-03
1.07E-02
1.15E-04
2.25E-03

thickness 0.173 mm

T
Tch

14
13
3%
12
32
14
42
15
4
5
66
26
3
13
10
12
3l
14
59
19
3

32°C
3l °c

21

16
:
18
39
%
30
18
4-0

19

A ct/CTn2

5.33E-01
-1.04E-02
-2.45E-02
-6.75E-02
-5.17E-02
-9.48E-02
-0.88E-02

-.I0E-Ol

0100,00)
-1.12E-02
3.14E-01
2.28E-01
1.33E-02
9.60E-02
2.41E-01
1.28E-03
-4.18E-02
-3.59E-02
1.65E-01
177E03
3.48E-02
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Table S18 Specific conductivity and sensitivity of Ppy_ud/13X-Li[30]_10(2) when

exposed to 1000 ppm SO
Ppy_ud/13X-Li[30] 10 (2)
K 11.23
RH (%) )]
0as a (S/cm)
air 1.02E-01
vacuum 1.02E-01
n2 1.03E-01
vacuum 1.02E-01
n2 1.02E-01
vacuum 1.02E-01
n2 1.03E-01
vacuum 1.02E-01
N2 1.03E-01
vacuum 1.01E-01
S02 1.21E-01
vacuum 1.23E-01
n2 1.23E-01
vacuum 1.22E-01
S02 1.24E-01
vacuum 1.23E-01
n2 1.25E-01
vacuum 1.24E-01
S02 1.26E-01
vacuum 1.23E-01
n2 1.24E-01

Aa (Slcm)  time (min)

-0.46E-04
-9.91E-04
1.86E-04
-0.36E-04
-9.07E-04
-6.37E-04
2.54E-04
-6.93E-04
0.00E+00
-1.64E-03
1.80E-02
2.00E-02
2.07E-02
1.93E-02
2.11E-02
2.05E-02
2.24E-02
2.17E-02
2.32E-02
2.07E-02
2.10E-02

Tra
Td

14
13
R
12
32
14
42
(K}
4
5
66
26
3
13
10
12
3l
14
59
19
34

thickness  0.177 mm

32°C
3l °c

tr (min)
5
18

22
Rl

50

10

10

Aalane

-9.21E-03
-9.65E-03

1.81E-03

-8.14E-03
-8.83E-03
-6.20E-03

2.47E-03

-6.75E-03

0.00E+00
-1.60E-02
1.75E-01
1.94E-01
2.02E-01
1.88E-01
2.05E-01
2.00E-01
2.18E-01
2.11E-01
2.26E-01
2.02E-01
2.05E-01



(5]

Table S19 Specific conductivity and sensitivity of Ppy_ud/13X-Li[50]_10(I) when

exposed to 1000 ppm S02

Ppy_ua/L3X-Li[50] 10 (1)

K 10.66

RH (%) 53
gas d(Slem)
air 7.85E-02
vacuum 2.65E-02
n2 2.71E-02
vacuum 1.88E-02
n2 2.63E-02
vacuum 2.20E-02
n2 2.13E-02
vacuum 2.02E-02
S02 3.45E-02
vacuum 2.16E-02
n2 3.03E-02
vacuum 2.10E-02
S02 3.07E-02
vacuum 2.11E-02
n2 3.07E-02
vacuum 2.11E-02
S02 3.04E-02
vacuum 2.66E-02
n2 2.98E-02

Aa (Slem) time (min) tr(min)

5.12E-02
-1.61E-04
-1.50E-04
-8.50E-03
-9.39E-04
-0.28E-03
0.00E+00
-1.03E-03
1.22E-03
2.86E-04
3.04E-03
-2.44E-04
3.39E-03
-1.60E-04
343E-03
-2.27E-04
311E-03
-1.05E-04
2.96E-03

thickness 0.182 mm

T
Tch

14
22
37
15
42
18
4
13
80
21
4
v
59
15
26
14
49
15
5%

32°
30°C

15

11
11

20

13
15
8
58
14
30
14

22
12

8

5
14
!

20

Aalare
1.88E+00
-2.19E-02
-5.51E-03
-3.11E-01
-344E-02
-1.93E-01
0(005,00)

-2.58E-01

2.65E-01
1.05E-02
111E-01
-8.95E-03
1.24E-01

-.88E-03

1.26E-01
-8.33E-03
1.14E-01

-2.58E-02

9.38E-02
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Table S20 Specific conductivity and sensitivity of Ppy_ud/13X-Li[50] _10(2) when
exposed to 1000 ppm SO

Ppy_ud/13X-Li[50] 10 (2) thickness  0.175 mm
K 1123 e 27
RH (%) 53 T  20°C
0as a (Slem)  Aa (Slem) time (min) tr(min)  AdVire
air 6.80E-02  2.28E-03 14 - 3.46E-02
vacuum  6.71E-02  137E-03 22 3 2.08E-02
n2 6.60E-02  2.42E-04 37 3 3.68E-03
vacuum  651E-02  -648E-04 15 9 -9.85E-03

n2 6.00E-02  121E-04 42 33 1.83E-03
vacuum  6.50E-02 -7.30E-04 18 13 -1.11E-02
n2 0.58E-02 000E+00 47 32 0.00E+00

vacuum  6.52E-02  -5.53E-04 13 8 -8.41E-03
S02 8.026-02  1.44E-02 80 1 2.19E-01
vacuum  8.04E02  147E-02 21 - 2.23E-01
n2 8.02E-02  1.45E-02 42 - 2.20E-01
vacuum  797E-02  1.40E-02 17 - 2.13E-01
S02 8.02E-02  144E-02 59 Rl 2.20E-01
vacuum  8.02E-02  1.45E-02 15 - 2.20E-01
n2 8.026-02  1.44E-02 26 - 2.20E-01
vacuum  8.00E-02  1.43E-02 14 - 2.17E-01

S02 8.01E-02  143E-02 49 - 2.17E-01
vacuum  8.00E-02  143E-02 15 - 2.17E-01
n2 8.01E-02  144E-02 5 - 2.19E-01
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Table 21 Specific conductivity and sensitivity of Ppy_ud/13X-Li[70]_10(I) when
exposed to 1000 ppm SO

Ppy_ua/13X-Li[70]_10(1) thickness  0.175 mm
K 10.66 Tra 2°c
RH (%) 02 Tch 3¢
0as a(Slem)  AQ(Slem) time (min) tr(min)  acucra
air 4.34E-02 2.64E-02 9 : 1.55E+00
vacuum  2.62E-02 9.18E-03 17 13 538E01
n2 2.46E-02 1.51E-03 & 5 440E-01
vacuum  173E-02 2.39E-04 i 7 140E02
n2 1.82E-02 1.09E-03 28 o 6.40E-02
vacuum  175E-02 4 41E-04 8 : 2.59E-02
n2 1.75E-02 4 54E-04 3 20 2.66E-02
vacuum  160E-02  -1.02E-03 11 7 -5.96E-02
N2 1.71E-02 01005,00 RY) 13 0000
vacuum 153E-02 -1.79E-03 12 9  -105E-01
S02 1.85E-02 141E-03 1 62  8.28E-02
vacuum  166E-02  -4.93E-04 14 s -2.80E-02
n2 L70E-02  -5.57E-05 2 5 -327E-03

vacuum 1.68E-02 -3.05E-04 16 o -1.79E-02
S0z 1.74E-02 3.07E-04 43 Rl 1.80E-02
vacuum 1.60E-02 -1.08E-03 18 0 -6.33E-02
n2 1.66E-02 -4.76E-04 40 0 -2.79E-02
vacuum 1.58E-02 -1.30E-03 14 5 -1.63E-02
S02 1.67E-02 -3.12E-04 % 39 -1.83E-02
vacuum 1.59E-02 -1.17E-03 17 13 -6.84E-02
N2 1.60E-02 -1.06E-03 20 - 1-6.22E-02
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Table S22 Specific conductivity and sensitivity of Ppy_ud/13X-Li[70]_10(2) when
exposed to 1000 ppm SO

Ppy ud/13X-Li[70] 10(2) thickness ~ 0.175 mm
K 11.23 Tr 32 °c
RH (%) 2 Tch dc
0as a (Slem)  Aa (Slem) time (min)  tr(min) Aglct?
air 6.96E-02  2.47E-03 9 - 3.67E-02
vacuum  5.90E-02  -8.14E-03 17 8 -1.21E-01
n2 6.01E-02  -7.02E-03 3 11 -1.05E-01
vacuum  5.92E-02  -7.88E-03 17 10 -1.17E-01
n2 6.23E-02  -4.78E-03 28 9 -1.12E-02
vacuum  5.97E-02  -7.43E-03 8 6 -[I[E-01
n2 6.29E-02  -4.26E-03 39 8 -6.35E-02
vacuum 629802  -4.26E-03 1 9 -6.35E-02
N2 6.71E-02  0.00E+00 32 14 0[005,00)
vacuum 657602 -1.38E-03 12 5 -2.06E-02
S02 8.726-02  2.00E-02 i 5 2.98E-01
vacuum  834E-02  1.63E-02 14 5 2.42E-01
n2 848E-02  1.77E-02 21 : 2.64E-01
vacuum  840E-02  1.69E-02 16 2 2.52E-01
S02 8.70E-02  1.99E-02 43 : 2.97E-01
vacuum 82902  158E-02 18 5 2.35E-01
n2 845E-02  L1T4E-02 40 14 2.59E-01
vacuum  8.08E-02  1.36E-02 14 - 2.03E-01
S02 884E-02  2.13E-02 % 34 3.17E-01
vacuum  8I15E-02  1.44E-02 17 ! 2.14E-01

n2 8.30E-02  159E-02 20 9 2.31E01
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Table S23 Specific conductivity and sensitivity of Ppy_ud/13X-Li[80] _10(I) when
exposed to 1000 ppm SO

Ppy_ua/13X-Li[80] 10 (1) thickness  0.168 mm
K 10.66 Th 32 °c
RH (%) 60 Teh 31 °c
0as a(Skm)  Aa(Slem) time (min)  tr(min)  Acdc2
air 6.798-02  3.82E-02 14 - 1.28E+00
vacuum 37302 TH4E-03 11 9 2.54E-01
n2 445E-02  147E-02 3 21 495E-01
vacuum 3TIE02  7.32E-03 14 1 246E-01
n2 358E-02  6.03E-03 6l 43 20301
vacuum 297E-02  -3.71E-05 11 s  -125E-03
n2 302E-02  454E-04 45 - 1.52E-02
vacuum 295E-02  -2.22E-04 13 - -T46E-03
N2 2.98E-02  0.00E+00 41 - 0.00E+00
vacuum 294E02  -3.40E-04 25 - -1.14E-02
S0z 325E02  2.69E-03 8 60  9.04E-02
vacuum 32002 241E-03 1 5 8.11E-02
n2 32002 247E-03 41 - 8.32E-02
vacuum 323602 255E-03 22 - 8.56E-02
502 324E02  261E-03 80 - 8.77E-02
vacuum 320E-02  2.62E-03 2 - 8.81E-02
n2 323E-02  251E-03 43 - 8.45E-(2
vacuum 323E-02  2.54E-03 17 - 8.54E-02
502 J24E02  262E-03 60 - 8.80E-02
vacuum 324E-02  2.64E-03 kY. - 8.85E-02

n2 322E-02  247E-03 21 - 8.31E-02
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Table S24 Specific conductivity and sensitivity of Ppy_ud/13X-Li[80] 10(2) when

exposed to 1000 ppm SO
Ppy_ud/13X-Li[80] 10 (2)
K 11.23
RH (%) 60
0as d(Slem)
air 3.32E-02
vacuum 9.91E-03
n2 1.08E-02
vacuum 1.03E-02
n2 1.07E-02
vacuum 1.01E-02
n2 1.03E-02
vacuum 1.01E-02
N2 1.03E-02
vacuum 9.92E-03
S02 1.08E-02
vacuum 1.05E-02
n2 1.06E-02
vacuum 1.06E-02
S02 1.08E-02
vacuum 1.04E-02
n2 1.05E-02
vacuum 1.04E-02
S02 1.06E-02
vacuum 1.05E-02
n2 1.04E-02

AQ(Sicm)  time (min)

2.29E-02
-4.09E-04
4 87E-04
-4,08E-05
3.36E-04
-2.08E-04
2.01E-05
-2.59E-04
0.00E+00
-3.94E-04
5.02E-04
177E-04
2.95E-04
2.18E-04
4.38E-04
1.30E-04
1.94E-04
1.34E-04
2.69E-04
1.79E-04
1.25E-04

thickness
Tr
T

14
11
33
14
6l
11
45
13
41
25
84
1
41
22
80
21
43
1
60
32

21

0.173 mm
32°¢C
3l °c

tr (min)

12

20

24
16
40

22

1

30

ACTICTN2

2.22E+00
-3.97E-02
4.72E-02
-3.95E-03
3.28E-02
-2.01E-02
1.94E-03
-2.51E-02
0.00E+00
-3.82E-02
4 87E-02
1.72E-02
2.86E-02
2.70E-02
4.25E-02
1.26E-02
1.88E-02
1.29E-02
2.61E-02
174E-02
1.21E-02
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Table 25 Specific conductivity and sensitivity of Ppy_1:6/13X-Li[50] _10(I) when

exposed to 1000 ppm SOz
Ppy_1:6/13X-Li[50] 10(1)
K 10.66
RH (%) )
0as a (Slcm)
air 5.98E-01
vacuum 6.69E-01
n2 6.96E-01
vacuum 591E-01
n2 6.33E-01
vacuum 6.01E-01
n2 5.98E-01
vacuum 4.80E-01
N2 5.88E-01
vacuum h.71E-01
S02 6.45E-01
vacuum 5.86E-01
n2 6.48E-01
vacuum 6.43E-01
S02 6.37E-01
vacuum 6.25E-01
n2 6.30E-01
vacuum 6.28E-01
S02 6.36E-01
vacuum 6.30E-01
n2 6.50E-01

Ad(Slem)  time (min)

1.01E-02
8.14E-02
1.08E-01
3.25E-03
4.55E-02
1.28E-02
1.05E-02
-1.08E-01
0.00E+00
-1.68E-02
5.66E-02
-1.73E-03
6.01E-02
5.48E-02
4.92E-02
3.71E-02
4.19E-02
3.99E-02
4.78E-02
4.24E-02
6.18E-02

thickness
Tra
Td

18
12
41
11
44
19
3
12
29
15
ol
12
39
14
41
14
21
19
40
(5}
28

0.181 mm
3°C
3l °c

tr (min)
5
8

28
12
23
6

12

1
36

Adlcne
1.72E-02
1.38E-01
1.84E-01
5.52E-03
1.73E-02
2.18E-02
1.79-02

-1.83E-01

0100,00)

-2.86E-02

9.66E-02
-2.94E-03
1.02E-01
9.33E-02
8.37E-02
6.31E-02
1.13E-02
6.79E-02
8.14E-02
1.22E-02
1.05E-01
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Table 526 Specific conductivity and sensitivity of Ppy_1:6/13X-LI[50]_10(2) when
exposed to 1000 ppm SO

Ppy_1:6/13X-Li[50] 10 (2) thickness ~ 0.173 mm
K 11.23 Tr 3°C
RH (%) 56 B oae
0as a (Slkm)  Aa (Slem) time (min)  tr(min)  Adlcbe
air 231E+00  -481E-02 18 | -1.98E-02
vacuum 218400  -244E01 12 6  -LOIE01
n2 2.38E100  -421E-02 41 20 -LT4E-(2
vacuum 25E+00  -L72E01  w 7 -T1EQ2
n2 241E+00  -801E-03 4 20 -331E-03
vacuum 220E+00  -L31E01 19 | -5.42E-(2
n2 243E+00  106E-02 33 1 4.37E-03
vacuum  230E+00  -125E-01 12 5  -5.15E-(2
N2 2428400  000E+00 29 18 0.00E+00
vacuum 233400 91902 b5 6  -3.T9E-02
502 260E+00  272E-01 5l 0 LI2E01
vacuum 240E+00  -265E-02 12 | -1.09E-02
n2 268E+00  259E-01 39 25 L0701
vacuum 256E100  I1BEONL M | 5.49E-02
502 2T1E+00  286E01 4 13 118E01
vacuum 256E+00  L30E01 M4 | 5.T4E-02
n2 260E+00  L78E0L 27 | 1.36E-02
vacuum  260E+00  181E01 19 | 1.46E-02
502 271E+00 289601 40 20 119601
vacuum 250E+00 LT2E0L b5 | 7.08E-02

n2 2064E+00  21/E01 28 | 8.97E-02
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Table S27 Specific conductivity and sensitivity of Ppy_ud/13X-K[50]_10(I) when
exposed to 1000 ppm SO:

Ppy_ud/L3X-K[50] 10 (1) thickness ~ 0.172 mm

K 11.23 Tra 33°%

RH (%) 63 T 30 ¢

gas 6 (Slm) Aa (Slkm) time (min)  tr(min) Aalan
ar  6.87E-02  9.43E-04 28 - 1.39E-02
vacuum - 6.51E-02  -2.62E-03 20 14 -3.87E-02
n2  6.71E-02 -6.73E-04 40 25 -0.93E-03
vacuum  6.48E-02  -2.98E-03 14 10 -4.39E-0?2
n2  6.83E-02 5.40E-04 13 68 7.97E-03
vacuum  6.67E-02 -1.04E-03 24 11 -1.53E-02
n2  691E-02 1.36E-03 67 45 2.00E-02
vacuum  6.65E-02  -1.22E-03 20 12 -1.81E-02
N2 6.78E-02 0.00E+00 24 11 0.00E+00
vacuum  6.66E-02 -1.16E-03 21 8 -1.71E-02
S0 833E-02  156E-02 117 90 2.30E-01
vacuum 8.18E-02  1.40E-02 18 9 2.07E-01
n2  828E-02  150E-02 Y 21 2.21E-01
vacuum  8.11E-02  1.33E-02 14 1 1.96E-01
S02  833E-02 155E-02 16 57 2.29E-01
vacuum - 8.13E-02  1.35E-02 21 9 1.99E-01
nz  820E-02 1.42E-02 34 : 2.10E-01
vacuum 8.06E-02  1.28E-02 16 10 1.89E-01
S02  8.16E-02 1.38E-02 25 19 2.04E-01
vacuum  8.01E-02  1.23E-02 20 12 1.82E-01

na  80l1E-02 123E-02 19 10 1.81E-01
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Table S28 Specific conductivity and sensitivity of Ppy_ud/13X-K[50] 10(2) when

exposed to 1000 ppm SO

Py ud/13X-K[50]_L0(2)

K
RH(%)

0as
air
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
N2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2

10.66

63

a (Slem)
3.25E-02
1.73E-02
3.36E-02
1.35E-02
1.97E-02
1.32E-02
153E-02
1.26E-02
1.29E-02
1.23E-02
1.52E-02
1.27E-02
1.32E-02
1.26E-02
1.36E-02
1.26E-02
1.26E-02
1.24E-02
1.27E-02
1.23E-02
1.23E-02

AQ(Sfem)  time (min) tr(min)

197E-02
4 41E-03
2.07E-02
5.83E-04
6.87E-03
3.69E-04
2.46E-03
-2.31E-04
0.00E+00
-5.53E-04
2.38E-03
-1.19E-04
3.50E-04
-2.30E-04
1.35E-04
-2.95E-04
-2.20E-04
-4.91E-04
-2.16E-04
-5.66E-04
-5.47E-04

thickness  0.176 mm

Tr
Td

28
20
40
14
13
24
67
20

24
21

117
18
52
14
16
21

34
16
25

20

19

33°C
30°c

15
3
12
10
12
60
13

22

12

114
16
45
9
10
55
23
11
24
13

Aalcre
1.53E+00
342E-01
1.61E+00
4 53E-02
h.34E-01
2.87E-02
191E-01

-1.79E-02

00CE0

-4.30E-02

1.85E-01

-9.22E-03

2.12E-02

-1.78E-02

5.71E-02

-2.29E-02
-1.71E-02
-3.81E-02
-1.68E-02
-4.40E-02
-4.25E-02
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Table S29 Specific conductivity and sensitivity of Ppy_1:6/13X-K[50]_10(I) when

exposed to 1000 ppm SO
Ppy_L:6/13X-K[50]_10(I)
K 10.66
RH (%) 41
gas d(Slem)
air 8.717E-01
vacuum 8.26E-01
n2 1.39E-01
vacuum 1.03E-01
n2 6.82E-01
vacuum 6.58E-01
n2 6.20E-01
vacuum 6.19e-01
S02 6.97E-01
vacuum 7.08E-01
n2 1.14E-01
vacuum 1.31E-01
S02 1.26E-01
vacuum 1.28E-01
n2 1.15E-01
vacuum 1.17E-01
S02 1.21E-01
vacuum 1.15E-01
n2 6.65E-01

AQ(Sfem) time (min) ~tr (min)

2.51E-01
2.07E-01
1.19E-01
8.37E-02
6.24E-02
3.85E-02
0.00E+00
-2.37E-04
1.12E-02
8.80E-02
9.47E-02
1.11E-01
1.06E-01
1.08E-01
9.51E-02
9.75E-02
101E-01
9.49E-02
4.54E-02

thickness  0.174 mm

TR

5

21

14
32
6
3
8
46
18
50
11
41
19
53
14
21
10
39
9
18

3°C
3 °c

10

11

1
45
23
3l
.
22

12

AdlCIn
4.15E-01
3.33E-01
1.92E-01
1.35E-01
1.0IE-0l
6.22E-02
0002700

-3.83E-04

1.25E-01
142E-01
1.53E-01
1.80E-01
171E-01
1.75E-01
1.53E-01
1.57E-01
1.63E-01
1.53E-01
1.33E-02
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Table S30 Specific conductivity and sensitivity of Ppy_I:6/13X-K[50]_10(2) when

exposed to 1000 ppm SO
Ppy_l:6/13X-K[50] 10 (2)
K 11.23
RH(%) 41
0as d(Slem)
air 144E-01
vacuum 1.45E-01
n2 1.46E-01
vacuum 1.46E-01
n2 1.46E-01
vacuum 1.46E-01
n2 147E-01
vacuum 147801
S02 1.72E-01
vacuum 1.712E-01
n2 1.72E-01
vacuum 1.75E-01
S02 1.78E-01
vacuum 1.79E-01
n2 1.78E-01
vacuum 1.798-01
S02 1.79-01
vacuum 1.798-01
n2 1.79-01

AQ(Slem) time (min)

-2.67E-03
-1.60E-03
-0.02E-04
-4.33E-04
-041E-04
-2.66E-04
0.00E+00
6.92E-04
2.49E-02
2.54E-02
2.58E-02
2.81E-02
3.12E-02
3.21E-02
3.16E-02
3.19E-02
3.22E-02
3.26E-02
3.21E-02

thickness  0.176 mm

TR
Tch

21

14
32
6
36
8
46
18
0
11
41
19
53
14
21
10
3
9
18

3°C
3l°c

tr (min)

3

21

ActCTn2
-1.82E-02
-1.09E-02
-3.42E-03
-2.95E-03
-3.69E-03

-1.82E-03

0.00E+00
4.72E-03
1.70E-01
1.73E-01
1.76E-01
1.92E-01
2.13E-01
2.19E-01
2.16E-01
2.17E-01
2.19E-01
2.23E-01
2.19E-01
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Table S31 Specific conductivity and sensitivity of Ppy_ud/13X-Cs[50]_10(1) when

exposed to 1000 ppm SO

Poy ud/L3X-Cs[50] 10 (1)

K
RH (%)

0as
air
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
N2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2

11.26
43

(7(Slem)
5 95E-02

2.32E-02
2.58E-02
2.02E-02
2.13E-02
1.91E-02
1.96E-02
1.85E-02
1.93E-02
1.76E-02
2.46E-02
2.19E-02
2.19E-02
2.17E-02
2.20E-02
2.15E-02
2.15E-02
2.15E-02
2.15E-02
1.92E-02
2.14E-02

Aa (Slem)  time (min) — tr(min)

4.03E-02
3.92E-03
6.52E-03
9.40E-04
2.07E-03
-1.36E-04
3.35E-04
-1.38E-04
0.00E+00
-1.69E-03
5.32E-03
2.67E-03
2.61E-03
2A4E-03
2.19-03
2.24E-03
2.22E-03
2.21E-03
2.23E-03
-4.94E-05
2.15E-03

thickness  0.182 mm

TrR
Td

15
23
53
20

3B
24
3
19
48
12

132
20

40
16
48

10

43

34

12

32°C
30°c

14
50
15
31
16
21
12
43
10

128

12
23

15

Aalcre
2.09E+00
2.04E-01
3.39E-01
4.88E-02
1.08E-01

-1.04E-03

1.74E-02

-3.83E-02

0.00E+00

-8.78E-02

2.76E-01
1.39E-01
1.36E-01
1.27E01
145E-01
1.16E-01
1.15E-01
1.18E-01
1.16E-01
-2.51E-03
1.12E-01
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Table S32 Specific conductivity and sensitivity of Ppy_ud/13X-Cs[50] 10(2) when
exposed to 1000 ppm SO:

Ppy_ud/13X-Cs[50] 10 (2) thickness  0.163 mm
K 10.66 Ta  32°C
RH (%) 60 T 3%
0as a (Slem)  Acr(Slem) time (min)  tr(min)  A/ON2
air 560E-02  5l4E-02 14 - 1.11E+01
vacuum 8.05E-03  343E-03 6 5 142601
n2 109E-02 62403 32 20 L35E+00
vacuum 13E03  2TTE03 = 14 6.00E01

n2 1.70E-03  3.08E-03 42 25 6.66E-01
vacuum h81E-03  1.19E-03 13 8 2.57E-01
n2 6.57E-03  1.94E-03 66 40 4.20E-01
vacuum 353E-03  -1.09E-03 15 9 -2.35E-01
N2 4.62E-03  0.00E+00 o 32 0.00E+00
vacuum 341E-03  -1.21E-03 20 13 -263E01
S02 540E-03  7.76E-04 12 60 1.68E-01
vacuum 3.34E-03  -1.28E-03 16 8 -2.17E-01
n2 406E-03  -5.63E-04 43 21 -1.22E-01
vacuum 3.08E-03  -154E-03 20 17 -334E-01
S02 398E-03  -6.45E-04 5l 43 -1.40E-01
vacuum 294E03  -1.68E-03 19 10 -3.64E-01
n2 351E-03  -1.12E-03 39 16 -241E-01
vacuum 3.60E-03  -1.02E-03 15 I -2 21E01
S02 356E-03  -106E-03 4/ 3 -2.29E-01
vacuum 245E-03  -2.17E-03 12 9 -4.69E-01
n2 323E-03  -1.39E-03 46 20 -3.01E-01
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Table S33 Specific conductivity and sensitivity of Ppy _I:6/13X-Cs[50]_10(I) when
exposed to 1000 ppm SO

Ppy_1:6/13X-Cs[50]_10(I)

K
RH (%)

03
air
vacuum
n2
vacuum
n2
vacuum
n2
vacuum
N2
vacuum
S02
vacuum
N2
vacuum
S02
vacuum
n2
vacuum
S02
vacuum
n2

10.66

53

o (Slem)
1.42E+00
1.28E+00
1.32E+00
1.23E+00
1.30E+00
1.25E+00
1.29E+00
121E+00
1.27E+00
1.20E+00
1.49E+00
1.41E+00
1.45E+00
141E+00
1.52E+00
1.43E+00
1.52E+00
1.42E+00
1.53E+00
1.45E+00
1.50E+00

Aa (Slem) time (min) ~ tr(min)

144E-01
1.91E-04
4.33E-02
-4.26E-02
2.46E-02
-2 43E-02
1.87E-02
-6.49E-02
0.00E+00
-1.21E-02
2.19E-01
1.32E-01
1.71E-01
1.36E-01
2.46E-01
1.53E-01
2.49E-01
1.50E-01
2.55E-01
1.75E-01
2.28E-01

thickness 0.168 mm

Tra
Td

18
11
4
8
32
11
39
11
3
12
13
14
v
12
61
14

110
11
88
20

3l

3°C
30°c

é
y
26
17
50
14
16
20

18

i

Adlctre
1.13E-01
6.20E-04
3.39E-02
-3.34E-02
1.93€-02

-1.90E-02

1.46E-02

-5.09E-02

0100,00)

-.69E-02

1.72E-01
1.03E-01
1.34E-01
1.07E-01
1.93E-01
1.20E-01
1.95E-01
1.18E-01
2.00E-01
1.38E-01
1.79E-01
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Table S34 Specific conductivity and sensitivity of Ppy_1:6/13X-Cs[50]_10(2) when

exposed to 1000 ppm SO
Ppy_1:6/13X-Cs[50] 10 (2)
K 11.23
RH (%) 53
0as d(Slcm)
air 2.95E+00
vacuum 1.35E+00
n2 1.47E+00
vacuum 1.23E+00
n2 1.27E+00
vacuum 1.18E+00
n2 1.24E+00
vacuum 1.17E+00
N2 1.21E+00
vacuum 1.12E+00
S02 1.49E+00
vacuum 1.29E+00
n2 1.30E+00
vacuum 1.29E+00
S02 1.38E+00
vacuum 1.29E+00
n2 1.36E+00
vacuum 1.28E+00
S02 1.38E+00
vacuum 1.31E+00
n2 1.34E+00

AQ(Sfem) time (min) tr (min)

1.74E+00
137E-01
2.59E-01
1.71E-02
5.99E-02
-2.18E-02
2.19E-02
-4.45E-02
0.00E+00
-0.03E-02
2.77TE-0L
1.52E-02
8.69E-02
1.57E-02
173E-01
8.32E-02
147E-01
1.01E-02
1.66E-01
9.91E-02
12701

thickness 0.173 mm

i
Td

18
11
o4
8
32
11
3
11
3
12
13
14
17
12
6l
14

110
11
88
20

3

B°C
30°C

9
3
5
20
5
25

6

50

© &

40

Adlan
1.44E+00
1.13E-01
2.14E-01
141E-02
4,95E-02

-2.30E-02

2.31E-02

-3.68E-02

0.00E+00

-1.46E-02

2.29E-01
6.21E-02
1.18E-02
6.25E-02
143E-01
6.88E-02
1.21E-01
5.19E-02
1.37E-01
8.18E-02
1.05E-01



Table S35 The PP,y/zeoIiteISX samples and their % apparent doi)inp_levels (DL), % degrees of crystallinity (DC), the induction times
(t]), the recovery time (trg), electrical conductivity values in air, electrical conductivity values in Nz, electrical conductivity values in S02
and the electrical response (Aa/<zNb) upon exposed to 1000 ppm SO2/NO2 mixture af 28 °c, at atmospheric pressure
Sample DL DC tre a (Slcm) Ao Ac/(h?
(min) (min) ar n2 502 (Slcm)

Ppyud 0.6 543 4416 82 (4.74£3.00)x 10'1 (27110.03) x 101 (3.381044) x 101 (6.7113.10)x 102 (2.4611.02) x 101
Ppy_Ud/I3X-Na[100) 10 026 543 9547 111 (5.21#0.00)x 102 (2.7810.80) x 102 (3.8610.80) x 102 (1.0910.01)x 102 (4.0011.16) x 10'L
Ppy_UG/L3X-Na[100] 20 026 543 5241 5  (3.1140.52)x 102 (2.9711.53)x 102 (3.5511.67)x 102 (5.8811.33)x 103 (2.1510.66) x 101
Ppy_UQ/I3X-Na[100] 40 026 543 64#8 61 (1.37:0.03)x 102 (1.1810.23) x 102 (1.3110.21)x 102 (1.2310.18) x 103 (1.0710.35) x 10'1
Ppy_UG/3X-LI[3010 026 543 44+ - (L00£0.002) x 10'1 (8.3712.69) x 102 (1.0310.25)x 102 (1.9210.16) x 102 (2.4410.98) x 101
Ppy_ud/I3X-Li[50]_10 026 543 67¢13 10 (7.3310.74)x 102 (48012.51) x 102 (5541350) x 102 (8.9017.79) x 103 (1.721067) x 101
Ppy Ud/3X-LI[70] 10 026 543 60£2 62 (5.6511.85)x 102 (4.211354) x 102 (5.2814.86) x 102 (L.0711.32) x 102 (1.9111.52) x 10'1
Ppy_Ud/I3X-LI[B0 10 026 543 50£14 6  (5.0612.45)x 102 (2.0011.37)x 102 (2.1611.53)x 102 (L601L.55)xI0'3 (6.9612.95) x 102
Ppy_ud/13X-K([50]_10 0.6 543 102+17 12#4 (5.0612.56) x 102 (4.0313.88)x 102 (4.9314.82) x 107 (8.9919.35)x 103 (2.0710.32) x 101
Ppy_Ud/I3X-Cs[50 10 026 543 9448 121 (5.7810.25)x 102 (1.1911.03)x 102 (15011.36)x 102 (3.0513.21) x 103 (2.2210.77) x 101
Ppy_I:6 051 804 24£2 10 45612.97 2.8010.53 3121052 (3.1710.09)x 101 (1.1510.25) x 101
Ppy I6/13X-Na[100] 10 ~ 051 804 68432 10 1031046 1.0811.08 1411138 (32712.91)x 1071 (3.3810.70) x 10'1
Ppy I:6/13X-Na[100] 20 051 804 60«1 10¢l 123105 1.0610.09 1251007 (1.8910.18)x 101 (1.7910.33) x 10°
Ppy_I:6/13X-Na[100] 40 051 80.4 34+12 102 (3.6312.17)x 101 (1.3310.88) x 10'1 (1.4410.98) x 101 (L1010.94) x 102 (7.6112.1) x 10°2
Ppy I:6/13X-Li[50] 10 051 804 334 - 1.4911.26 15111.30 1671145  (1641152)x 101 (1.0410.11) x 101
Ppy :6/13X-K[50] 10 051 804 40+7 6 (5.1015.18)x 10 (3.8313.34) X10'1 (4.3414.71) x 101 (5.1113.70) x 102 (1.4710.32) x 10’1
Poy L6/3X-Cs[501 10 051 804 50 6+ 2191108 1.2410.05 14910005  (2.4810.41) x 101 (2.0010.40) x 101
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Appendix T The Interaction between Ppy, 13X, and SO2 by FTIR

FTIR spectra of Ppy ud, Ppy 1:6,13X, Ppy ud/13X-Na[100] 40, ana
Ppy_1:6/13X-Na[100] 40 were taken by KBr pellet technique at 26°c, before SO-
exposure step and after e-hour SO exposure step to  dy interaction between these
samples and SO-.

Table T1 Peak position in FT-IR spectra of Ppy ud and Ppy /e before and after
exposed to SO

Ref, Wavenumber fern'g
Ppy ud py L

before after before after

c—cym IGCsm 1600 1558 1552 1544 1540

In pyrrole ring 1300(};

1560
1575
N-Hbend 1445¢ 1472 %21188 1451 1457
S=0 =< - - -
C-H&N-H def, 1298h 1301 1300 1300 1296
= Ostr 11831 1189 1184 - -
1175¢
v 0f Py ring 1165h 1163 1164
C-Ngr 1200- 1107 1105 1030 1031
1000
1034%
V Ir”)Iane C- 968d 966 - 962 962
IN-H
v out I-OI/f plane G- 922d 924 924
N/A 886 849
Out of plane C-H 779b 795 790 781 780
N/A 618 615 615 616

before = before SO2 exposure step, after = after SOz exposure step
str = stretching, asm = asymmetric vibration
bend =bending,  sym = symmetric vibration

aKhulbe, and Mann, 1982 bBogang, and Zerbi, 1989
cSilverstien et al., 1991 d Shen, and Wan, 1998
eKang, and Geckeler, 2000 fPrisanaroon et al., 2000

gYadong et al., 2002 hRuangchauy, 2003



169

Table T2 Peak position in FT-IR spectra of 13X before and after exposed to SO2

Ref. Wave number [cm']
13X
before after
o N/A 1647 1648
Si-0-Si 1000-11101 1064 1066
Si-0-C 920-1100) 977 975
N/A 1 749
N/A 669 673
N/A 562 560
N/A

, N 461 . 463
Sigma-Aldrich Library of FTIR, 1997 JSkoog, Holler, Nieman, 1998

Table T3 Peak position in FT-IR spectra of Ppy/13X composite before and after
exposed to SOz

Ref. Wave number [cm']
Ppy. Ud/13X- Poy 1:6/13X-
N 10 aTiooL 10
VA bleé%ge %tg‘r1 before after
C ICCasm  1600-1300 1556 1552 1544 1541
In pyrrole ring %g%)
NHoend 1445 1471 1467 1453 1450
C-H&N-H def, 1298 129 129 1307 1300
S-0% ﬁ%% 1188 1189 - -
VofP rmg 1165 - - 1163 1161
Si- 1110-1000 1038 1039 1029 1028
Si-0 C 963 968 964 964 965
Out of Ellane C- 179 182 182 81 780
N/A 675 673 671 672
N/A 562 563 560 560

N/A 456 456 459 458
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1800 1600 1400 1200 1000 800 600 400

wave number (cm-")

Figure T1 The FTIR spectra of Ppy ud: before the SO exposure (solid ling) and
after the SOz exposure (broken ling).
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1.6

Absorbance

L /v Al ) T

1800 1600 1400 1200 1000 800 600 400

wave number (cm"l)

Figure T2 The FTIR spectra of Ppy 1:6: hefore the SOz exposure (solid ling) and
after the - Oz exposure (broken ling).
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1.8

Absorbance

L5 T T ) T T

1800 1600 1400 1200 1000 800 600 400

wave number (cm-*)

Figure T3 The FTIR spectra of 13X: before the SOz exposure (solid ling) and after
the SOz exposure (broken line).
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12

Absorbance

1800 1600 1400 1200 1000 80 600 400
wave number(cm"|)

Figure T4 The FTIR spectra of Ppy_ud/13X-Na[100]_10: before the SO: exposure
(solid ling) and after the SOz exposure (broken ling).
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1.0

Absorbance

0.0 T 1 1 L T T 1 5
1800 1600 1400 1200 1000 800 600 400

wave number (cm'l)

Figure T5 The FTIR spectra of Ppy 1/6//13X-Na[100] 10: before the SOz exposure
(solid ling) and after the SO2 exposure (broken ling).
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