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APPENDICES
Appendix A Polymerization Mechanism and Yield of PPy

There are two main synthesis methods for PPy: electrochemical and chemical
polymerization. The advantages of the chemical polymerization are capability of
mass production and low cost; whereas one of its disadvantages is a low conductivity
of product. In this dissertation, the chemical polymerization was selected. Figure Al
shows scheme for coupling of Py to PPy. This corresponds to the relationship
between amount of oxidant (APS) used and yield observed in our laboratory, as
shown in Figure A2. The higher amount of oxidant, the higher yield obtained. Even
though it provided the lowest yield, a APS:Py ratio of 1.5 was selected through out
this work due to the high conductivity of PPy obtained (see Figure A3).

)
H H H H g N__H
-2e7 <
> I3 A= TS ul
H N H H N H g H
| |
H H

Y
H

H H }ﬂ H ! ﬁ{
g N @\ '\ N__H
<____
H N H N @
| 1 H
H H

H H H H

H N H
34
H H
H —_—
H

H H 4 H H
|
N
H
N
H g H H

PPy

Figure AL Oxidative coupling polymerization of Py to PPy (Zotti, 1997).

l ¢
H H }I]
N

H

|
H

H



143

An optimum synthesis temperature of PPy was 0 - 5 °C in agueous solution
of ferric salts (Bocchi and Gardini, 1986). It was 0 °C for PPy/HCF (Gomez and
Romero, 1998) but with a lessen yield as compared to high temperature synthesis. A
study on chemical polymerization conditions of polyaniline (Cao et al, 1989)
indicated its optimum synthesis temperature of 0 —5 °C and claimed the precipitation
of polyaniline at -10 °c. The proper low temperature seems to lower the reaction
rate, resulting in less branching and enhanced conductivity. In this dissertation, the
synthesis temperature was kept at 0+ 0.5 °c. High APS:Py ratios could induce high
reaction rate and hence low conductive PPy, Moreover, temperature was difficult to
control during adding the concentrated APS solution.
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Figure A2 Effect of oxidant (APS):Py ratio on percent yield (normalized with the
weight of loaded Py monomer).
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Appendix B Determination of the Molecular structure of Undoped and Doped
PPy from an Elemental Analysis and a Thermogravimatric Analysis

Raw data obtained from the elemental analysis were weight percentages of N,
¢, , and H whereas the data from the thermogravimatric analysis was weight
percentage of water content which can be identified as the weight loss when sample
was heated at 100 - 150 °c. These data were used to determine molecular structures
of undoped and doped PPy under some assumptions as follows:

B.| Undoped PPy

In the matrix of undoped PPy, there were not only PPy itself, but also water
and co-dopants; HSO."and SO.Z [1,2]. However, there has been no report indicating
the proportion of these two species. The oxidation states of ~ atoms in these two
species are the same, making distinguishing between the two states by XPS an
impossible task. To simplify the calculation, we assume that the ratio of HSQ:" :
SO218 111,

Number of N atom = weight percentage ofN /14

=NinPyring (B.I)
Number of ¢ atom - weight percentage ofc / 1.

= ¢ inPyring (B2)
Number of atom  =weight percentage of /32

= INHCV+ in » 4

=2x InHSO. (B.3)

Number of H atom = weight percentage of H/1
=HinPyring+HinH.O+HinHSO."
=HinPyring + 1/(2+16) x %HA) (from TGA) + inHSO.'
....... (B4)
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Number ofo atom = (100 - weight percentage of N, ¢, , H) /16
=0 inPyring+0 iNHxo +0 InHSCV +0 in SO0L
=0 inPyring + 16/(2+16) x %HA) (from TGA)
t4x InHSCV+4x inS0Z ... (BS)

Then, the calculated data were normalized with the number of N. The
chemical structure of undoped PPy is shown in Table BL along with the theoretical
value without co-dopants. The theoretical value of H:N is 3.0. The excess amount is
attributed to the presence of the saturated pyrrolidine rings which have H:N s high
as 7.1 (Street et al, 1982). Number of 0 existing in Py ring is attributed to C-O, C-
OH, and ¢=0 groups arising during polymerization and storage (Kang et al, 1991).

B.2 Doped PPy

In doped PPy, there were: PPy itself; fed dopant, eg. CwH:SOs'; water
content; and co-dopants, HS04'and S04 (Cassignol et ai, 1998 and Prissanaroon et
al, 2000 ). The assumptions used for calculation of chemical structures are; 1) HSCV
: S04'is 1.1, and 2) C:N of Py ring is perfectly 4.0. The excess amount is attributed
to the presence of dopant molecules. The following equations are for naphthalene
sulfonate doped PPy.

NumberofNatom =NinPyring .. (Bs)

Number ofc atom =c inPyring + ¢ in Dopant
=4xNinPyring+c inDopant .. (B.7)

n dopant + in HSCV

Number of  atom i
110xc indopant + inHSCV . (Bs)

Number ofH atom  =H inPyring +H in dopant + Hin HA) + H in HSCV
=HinPyring + 7/10 x ¢ in dopant
+1/(2+16) x %HA) (from TGA) + InHSCV ... (B9)
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Number of 0 atom =0 inPyring+ 0 indopant +0 inHA) + 0 in HSO.'
=0 InPyring +3/10 x ¢ in dopant
+ 16/(2+16) x %HA (from TGA) +4x  inHSO."...(B.10)

For PPy doped with other dopants, the correlation between the numbers of |,
H, and 0 to that of ¢ in dopants is considered from particular dopant molecular
structures. The calculated chemical structures of PPy/A and PPy/B with different
dopant to monomer molar ratios are Shown in Table BI.



Tatﬁle B.| Experimental data and calculated data for chemical structure determination from EA and TGA of PPy/U, PPy/A, and PPy/B
with various DIM ratios

Data

_ Data from EA {rgrx bfA
Material  D/M Chemical structure d SN
% o % 'b‘
lPdPey - - - - - - C w H s N -
PPy/U 0 2176 466 1181  2.98 486 (C v H e N (HSCV)  oos  (SO&)  ope (HD) ., 046 001
PPy/U 0 36.42 4.32 12.48 3.01 4.86 C w H w6 N (HSCV)  0os  (SO&) e (HD) o 030 0.11

PPYIA 112 5961 506 1240 693 385 (€ w H s N i (HSCV) o (S0) s (CHTCY) 0w (HD) o 026 024
(HSCV) 1o (5042) w (CHTSCY) o (HD)  os 029 026

(HSOT) o5 (S04%) es  (CioHTSCV)  wix  (hD) a0 0.20 0.22

PPyIA 23 6209 508 1177 691 255 (C e H u N
PPYB 124 5772 487 1320 651 449 (C . H sw N i
PPYB 112 5976 505 1171 705 305 (C e H N i (HSCV) 00 (5042) wws  (COHTSCV) o2 (HD) o2 031 0.26
PPyB 112 5891 510 .80 706 305 (C ww H . N (HSCV) woe  (SO) oo (cOhTscv) o (HD) o 033 026
PPYB 16 6029 500 1244 700 34T (C e H s N i (HSCV) ooe  (SO4) s (CHSO03) o1 (D) o 025  0.25

PPYB 12 6182 512 1070 750 261 (€ w H e N i (HSCV) oo (S08) 0w (CHTSCY) o (D) o 035 031

)
PPYB 23 6062 445 1008 677 13 (€ . H sw N i (HSCV)  oa (3043) o (CHBCY) e (WD) wn 022 0.29
(HSCV) o (SO&)

(HSOT) o 5042) e (CHISCY) o («2)) e 032029

PPy/B 213 6285 499 1149 738 256 (C s H e N g w2 (C,HISCV)  o2e (WD) e 026  0.28

N N N N N N N N N N e N N

PPy/B Ur 6481 53  1L70 778 291 (C w0 H e N 1p



Appendix ¢ Determination of the Functional Groups in PPy by a Fourier
transform Infrared Spectroscopy

— 1541.7

- 1455.6
1375.9
1298.7
1167.6
1085.3

— 1035:1
960.5

—— 20711
- 8615
794.7

770.2

667.4

609.5

.96

—_— 0

.94 T T

3000 2900 2800

.5 I T ]

M B WD M0 D0 W0 & 60
Wavenumber (cmJ)
Figure Cl FT-IR spectrum of PPy/A at DIM of 1/12 with peak positions.
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Table CI Peak positions in FT-IR spectra of PPy/De, PPy/U, and PPy doped with
various dopants (excluding data of PPy/A which are shown in Table C2).

Ns o Material

“—

Assignment"'A z
VN-H* 3527
VasCH28 2917
vas CH2k 2954
Vs CH2 2851
Vs CH2k 2852
=09 1720
Ve=¢ # 1550
Ve=c¢ f 1546
Ve=c 1480
Ve=c¢ f 1470
N/A )

vC-C&C-N f 1391
vC-N # 1380
N/A

Deformation vib.# 1300

C-H&N-H def.t 1295
vC-C € 1290
C-H&N-H def.f 1242
VC-N € 1190
v5=09 1180

v 0f Py ring€ 1167
vC-C&C-N f 1148
N/A _
N/A _
C-H def.f 1050
v ofPyring E 1045
in-plane N-H 1 1029
v 0fPyring E 968
v 0fPyring E 922
out-of-plane C-H1 908
N/A

out-of-plane C-H1 767
-503"group » 670
v S-0 620

f Tian and Zerbi, 1990
*Zaid etal, 1994

§ Rosner and Rubner, 1994
#Toshima and Ihata, 1996

PPy/De

2847

1562
1481
1393
1362
1297

1241
1199

1091
1040

954
925

779

PPYIU (1)

2918

2857

1545

1468

1357

1293
1174

1095
1037
962
898

182

PPYIU (2)

2846

1542

1457

1353

1280

1166
1085

1032
960

887
856
171
669
597

PPy/B

2923

1542

1448

1298

1165

1034

885
860

PPYIC

2919

1543

1459
1450

1294

1170

1037
963

890
179

615

PPYID (1)

2913

2847

1549

1482
1380
1282

1206
1un

1120
1035

909
865
785

KKhatua and Hsieh, 1997

X Weast and Astle, 1978

€ Kang and Geckeler, 2000
EShen etal., 1998

PPYID (2)

2847

1549

1475
1449

13711

—
—
—
o
==
=
o
o

PPYIE (1)
PPYIE (2)

1549 1542 1542

1459 1457 1459

1356

1282 1296 1286 1295

1205

1178 1178

1161

1119

- 1175
1169 -
1126

1104

1031 1039 1034 1037

951

908
864
780
662
579

963 960 962

896 889
- 8% .
183 777 7175
. 668 .
616 615 615

—
o~
=
o
==
=
o
o

PPyIAB

1701
1542 1561

1458 1482

1368

1291

1164

111

1034 1045

959 964
922
883 .
- 192
173
660 .
612 617

9 Mathys and Truong, 1997

9 Gassner etal, 1997

raPouchert, 1997
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Table C2 Peak positions in FT-IR spectra of PPy/A at various D/M ratios.

N\ DIM

AssignmentA. = 8 = = = = 0w om N -
VN-H f 3527

vas CH25 2917

] ose 0T 916 - 2909 2915

vsCH2® 2851

vsctv 2852 2840 2847

Ve=c ¢ 1550

Vezc f 1546 1534 1543 1544 1542 1542 1540 1542 1543 1543
VCiC# 1480 1450 1454 1460 1447 1456 1450 1454 1454 1454
Ve=c f 1470

VC-N ¢ 1380 1359 1364 . 1361 1375 1362 1369 1372 1362
Deformation vib.# 1300
C-H&N-H def.1* 1295 1285 1300 1302 1292 1299 1294 1294 1291 1296
VC-C € 1290

VofPyring€ 1167 1155 1162 1164 1150 1168 1161 1169 1166 1166
N/A : 1079 1085 1087 1084 1085 1085 1085 1084 1084
vofPyringe 1045

in-plane N-H * 1029 1026 1031 1033 1030 1035 1034 1036 1035 1036
v ofPyring E 968 959 960 961 959 961 961 962 961 962
out-of-plane C-1I’ 908 877 885 885 877 891 B85 898 900 898
N/A : 844 856 856 834 862 830 862 862 860
N/A i i 787 788 784 795 786 793 788 791
out-of-plane C-IP 767 764 : ) 768 770 769 772 770 772
-S03 group « 670 665 669 ] 667 668 675 682 680 680

vS-0m 620 601 614 617 603 610 608 611 610 610



Appendix D Determination of the water content and degradation temperature
of PPy by a Thermogravimatric Analysis

In thermogravimatric analysis (TGA), a weight of 2-4 mg per sample is
measured as a function of increasing temperature with a constant heating rate under
N2 atmosphere. The decrease in weight when the temperature is raised to 150 °c can
be defined as the loss of small volatile molecules, which is mainly water. At higher
temperature where the weight sharply declines, main chain degradation occurred. An
on-set of degradation temperature is defined here as the temperature at which the
sample starts to loss its weight at the rate (derivative) of -0.5 %W/°C. This
transition has to cause more than a 50 %Wt decrease. Thermogram of PPy/B at DIM
of 112 is shown in Figure DL with its derivative and labels of the described
transitions. Water contents and an on-set of degradation temperatures of starting
materials, PPy/De, PPy/ , and PPy doped with various dopants at D/M ratio of 1/12
are shown in Table D1 and D2, respectively. Water contents of PPy/A at various
DIM ratios are shown in Table D3,

100
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Figure D1 Thermogram of PPy/B at D/M of /12 with its derivative.
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Table D1 Water content in starting materials and PPy/De, PPy/U, and PPy doped
with various dopants at D/M ratio of 1/12.

Runt Water content (%)

Materia A 1 2 3 4 5 6 7 Average SD
APS 23 - - - - : - 2.33

a-NSA 32 - - - - - - 3.3

P-NSA 03 - - : - - - 0.3

CSA 41 - - : - : - 4.1

DBSA 32 - - - - : : 3.2
p-Aminobenzoate 07 - - - - - - 0.7

PPy/De 101 - - - - - - 101 -
PPy/U 5.2 4.1 5.1 45 4.8 5.0 5.4 4.9 04
PPy/A 3.9 40 - - - - - 39 0.1
PPy/B 3.3 2.7 2.9 2.8 2.6 34 35 3.0 04
PPy/C 4.4 6.1 38 - - - - 4.8 12
PPy/D 0.9 0.8 10 - - - - 0.9 0.1
PPy/E 4.9 6.2 58 - - - - 5.6 0.7
PPy/P 54 54 - - - - - 54 0.0

PPy/AB 51 53 34 - - - - 4.6 1.0
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Table D2 On-set of degradation temperature of starting materials and PPy/De,
PPy/U, and PPy doped with various dopants at D/M ratio of 1/12.

Run# On-set of degradation temperature (°C)

Material A 1 2 3 4 5  Average SD
a-NSA 4590 - - : , 459.0
P-NSA 5264 - - - : 526.4
CSA 1963 - - - : 196.3
DBSA 4150 - - . . 415.0
17-Aminobenzoate 1710 - - - - 171.0
PPy/De 1751 - . : , IVEN .
PPy/U 2269 2236 2279 2084 2247 2223 8.0
PPy/A 249.0 2500 - . 249.5 0.7
PPy/B 268.1 2644 2314 2681 2690  260.2 16.2
PPy/C 2000 2000 2087 - - 202.9 5.0
PPy/D 2144 2756 2628 - , 270.9 1.1
PPy/E 2060 2190 2194 - : 214.8 1.6
PPy/P 2336 2300 - . : 231.8 2.5
PPy/AB 2149 .~ 2105 2156 - - 213.7 2.8

Table D3 Water content in PPy/A at various D/IM ratios.

MR un # Water content (%)

D/M\ 1 2 3 4 5 6 7 Average SD
PPy/U 5.2 41 5.1 45 4.8 5.0 54 4.9 04
1/96 48 - - - - - - 4.8

1/48 50 - - - - - - 50 -
1/24 3.9 45 - - - - - 4.2 04
1/12 4.4 3.9 40 - - - - 4.1 0.3
1/6 3.2 2.6 39 - - - - 3.2 0.7
13 2.6 26 - - - - - 2.6 0.0
12 2.7 2.5 29 - - - - 2.1 0.2
203 24 23 - - - - - 24 0.1

n 14 03 20 - - - - 1.2 08



Appendix E Determination of the Order Aggregation in PPy by an X-Ray
Diffractometer

From the well-known Bragg law (Campbell and White, 1991), a crystal
lttice spacing, d, in a material can be calculated from a scattering angle, 9, inan X-
ray diffraction pattern, where X = 1.542 A for CuKaradiation;

1d = 2sine)/A, .. (El)

For PPy, the X-ray diffraction pattern contained no maxima and hence no
structure present (Geiss et al., 1983). The presence of other bonding in PPy, besides
a dominant a,a’-bond (Clarke et al, 1983; Diaz and Hall, 1983), leads to its
structural disorder. Geiss et al. (1983) observed the diffuse electron diffraction
pattern from PPy. It was thought to originate from a structure that consists of small
crystalline regions separated by much larger amorphous regions.

One of the source of line broadening in X-ray diffraction pattern is the small
crystal size effect: the crystal is oriented close to, but not exactly at, the Bragg
position. This small crystalling region is referred as ‘order aggregation’ in this
dissertation. The correlation of the extent of order aggregation and the breadth of X-
ray diffraction peak can be described by Scherrer equation (Campbell and White,
1992):

KX
B COS6 E2)

where extent of order aggregation,

breadith at halfthe peak height in radians,

Bragg angle, and

coefficient depending on theshape ofthe crystals,

it is normally close to 0.9.

AN O W
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Figure EI Bond lengths and bond angles in pyrrole ring (Geiss et al, 1983)
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Figure E2 The X-ray diffraction pattern of PPy/A (DIM = 1/12) and its
deconvoluted results attributed to its order aggregations.

The X-ray diffraction pattern of PPy/A is shown in Figure E2 along with its
deconvoluted results attributed to order aggregations in PPy/A, as described in
Chapter II. The X-ray diffraction patterns of PPy/De, pp/u and PPy doped with other
dopants are shown in Figure E3 whereas the 20, d-spacing, t, and percentage of each
deconvoluted scatters are shown in Table EI. Effect of DIM ratio used during the
synthesis of PPy/A on PPy ordering was not dominantly observed. Their 20, ¢+
spacing, t, and percentage of each deconvoluted scatters are shown in Table E2.
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Figure E2 The X-ray diffraction patterns with deconvoluted results underneath of.
) PPy/De; b) PPy/U; ¢) PPy/B: d) PPyIC; €) PPyID; ) PPY/E; g) PPy/P; and h)
PPy/AB.



Table EI The deconvoluted results from X-ray difffactograms of PPy/De, PPy/U, and doped PPys with various dopants.

Line-broadening #1 Line-broadening #2 Line-broadening #3 Line-broadening #4 Line-broadening #5
Material

) A A » ., A A % A A % A A » & 0 (A %
PPylDe 173 51 160 246 210 42 317 61 226 39 106 21 249 36 282 203 257 35 1B1 447
PPYIU (1) 173 51 250 211 210 42 376 153 226 39 194 45 249 36 278 282 257 35 B1 327
PPYIU(2) 169 52 257 203 203 44 419 120 225 39 W6 79 243 37 231 264 257 35 131 299
PPy/A (L) 159 56 281 152 206 43 361 249 226 39 0L 57 255 35 335 282 257 35 131 24
PPY/A (2) 168 53 242 216 204 43 430 148 25 39 W1 63 252 35 284 329 257 35 131 216
PPY/A(3) 162 55 295 169 202 44 399 186 226 39 wI 75 251 35 282 336 257 35 131 216
PPyB 163 54 350 136 203 44 365 276 226 39 157 60 253 35 204 280 257 35 131 234
PPYIC (1) 163 55 204 167 208 43 313 321 226 39 199 56 255 35 318 179 2710 33 168 24
PPYIC (2) 164 54 279 162 207 43 398 241 226 39 86 56 253 35 354 222 257 35 131 285
PPYID (1) 156 57 419 85 197 45 348 268 226 39 %4 66 243 37 237 M6 257 35 B 2
PPYID (2) 158 56 416 100 203 44 288 413 228 39 154 78 244 36 210 132 252 35 118 263
PPYE (1) 162 55 340 98 205 43 202 248 226 39 103 50 245 36 215 326 257 35 131 21
PPYIE (2) 163 54 268 156 203 44 33 226 26 39 %2 11 253 35 241 286 257 35 131 227
PPy/P 172 51 265 205 208 43 415 118 26 39 146 52 244 36 207 37 257 35 B 223
PPy/AB 167 53 282 177 207 43 350 221 227 39 3L 49 244 37 264 270 278 32 146 256



Table E2 The deconvoluted results from X-ray diffractograms of PPy/A with various D/M ratios.

PPYIU (1)
PPYIU (2)

Line-broadening #1

) W @
173 51 250
169 52 257
164 54 265
159 56 249
159 56 281
168 53 242
162 55 295
166 54 257
167 53 261
159 56 259
162 55 280
169 52 251

%

211
20.3
18.0
183
152
21.6
169
20.6
198
234
18.7
21.6

Line-broadening #2
e @ W
210 42 316
203 44 419
203 44 404
206 43 315
206 43 361
204 43 430
202 44 399
208 43 315
209 42 346
200 44 347
205 43 380
207 43 411

%

153
12.0
179
247
24.9
148
18.6
20.9
183
190
182
16.1

Line-broadening #3
@ @ A
226 39 1194
225 39 906
25 40 %42
226 39 1082
226 39 101
25 39 9l
22,639 - 927
226 39 1143
226 39 1189
21 40 1230
26 39 1.l
26 39 992

%

45
79
71
50
5.7
6.3
15
50
3.8
3.6
59
5.2

1)
24.9
243
25.2
255
255
25.2
25.1
25.0
24.8
24.1
245
25.0

A

3.6
37
35
35
35
35
35
3.6
3.6
37
3.6
3.6

Line-broadening #4

tA

218
231
26.8
285
335
284
28.2
30.2
26.4
21.9
25.5
30.1

%

23.2
26.4
3.3
25.1
282
32.9
33.6
28.1
324
21.5
34.0
31.2

Line-broadening #5



Appendix F Determination of the Morphology of PPy and Its Blends by a
Scanning Electron Microscope

The scanning electron micrographs of PPy/U and PPy doped with various
dopants with D/M ratio of 1/12 are shown in Figure FI; whereas, those of PPy/A5
blends are shown in Figure F2 (see additional pictures in Chapter IV).
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d)P

».

e

Figure FI The scanning electron micrographs of: a) PPy/U; b) PPy/A; ¢) PPy/B; d)
PPyIC; €) PPyID; 1) PPy/E; g) PPy/P; and h) PPy/AB with D/M ratio of 1/12, taken
at 20 kv and 3,500 times magnification.

Al
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b) PPy/A5/PS film
from solution mixing

3 “.;I.J'. PLAT VR AVE, M) T YIS
]

% C) PPy/AS/ABS film
from solution mixing

B d) PPy/AS/PMMA film
% from solution mixing

f) PMMA-coated

e?j PMMA-coated
PPy/AS (lower side)

PPy/AS5 (upper side)

Figure F2 The scanning electron micrographs of: a) PPy/AS/PEQ film; b)
PPy/AS/PS film; c) PPy/AS/ABS film; d) PPy/AS/PMMA film from solution mixing;
e) PMMA-coated PPy/A5 (upper side); and d) PMMA-coated PPy/A5 (lower side);
taken at 25 kv and 1,500 times magnification.



Appendix G Determination of the Doping Level by a Scanning Electron
Microscope in an Energy Dispersive Mode

An energy-dispersive X-ray analyzer is an accessory of a scanning electron
microscope (SEM/EDS) with a capability for elemental analysis. The electron beam
inan SEM (5 - 20 keV) can dislodge many atomic electrons from the sample with a
penetration depth about 1 pm (http:/www.nlectc.org/assistance/edx/html). The atom
is then immediately neutralized by other electron from higher energy level. In this
neutralization process, an X-ray with energy which is a characteristic of the atom i
emitted. Figure G1 shows the EDS spectrum of PPy/P at DIM of 1/12 with the labels
showing atoms from where X-ray is emitted. Note that two Cu peaks are derived
from a copper sample holder. Determination of doping level in term of atomic ratio
of PPy doped with various dopants is described in Chapter II. The results are shown
in Table Gl.

'g b 3
§
» Cu Cu
4 8
X-Ray Energy (keV)

Figure Gl EDS spectrum of PPy/P at DIM of 1/12,


http://www.nlectc.org/assistance/edx/html
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Table G1 Doping level of PPy/De, PPy/U and PPy doped with various dopants D/M

ratio of 1/12 as determined by SEM/EDS.

Run #
M aterials.

PPy/De
PPy/U
PPy/A
PPy/B
PPyIC
PPy/D
PPy/E
PPy/P
PPy/AB

1
0.019
0.103
0.303
0.223
0.105
0.246
0.083
0.175
0.257

0.006
0.117
0.299
0.276
0.165
0.296
0.104
0.131
0.225

0.004

0.204
0.206
0.182
0.192
0.167

Doping level (atomic ratio)

4
0.003

0.192
0.261

0.195

5
0.005

0.174
0.218

0.149

6

0.215
0.226

0.072

7

0.226

0.111

8

0.244

Average

0.007
0.110
0.231
0.235
0.151
0.245
0.126
0.153
0.241

SD

0.007
0.010
0.056
0.024
0.040
0.052
0.045
0.031
0.023



Appendix H Determination of the Charge Carrier Species by an Ultraviolet-
Visible Spectroscopy

The electron holes in the positively charged PPy that discontinue electron
mobility manifest themselves as mid-gap states. The polaron state of the p-type
doped PPy contains one electron and one electron hole, whereas the hipolaron state
contains two empty electron holes. Figure HI shows the energy, @ (eV) that electron
needs for transitions in the neutral state and states containing polaron and bipolaron
of PPy under the irradiation of ultraviolet or visible light (Blackwood and Josowicz,
1991). Since polaron is formed by removal of only one electron from the valence
band of the neutral state, we can assume that o3 ~ ©3

=
M3 (OR) ® 3
-------- (,0 l .. sessnssndecsnsssnnandisnnn
'.-'-,:.'-E.-EJ-E}'-“}?.'-E.'-E.’-:_-‘.‘-{'.'-
.--.--.r-.--w-.-.,--.--. AT DT T T T T
b et un en CLAC LR LR W e e e e e
R R e e e E:.?:-'.“:.'.“:-': e

S r e e R R R R

..........

Neutral Polaron Bipolaron

Figure HI Electronic structure of the bandgap of p-type doped PPy in its neutral,
polaron and bipolaron states: CB = conducting band; VB = valence band.

The energy that the molecule needs for electron transition, E, is interrelated to
the maximum absorption wavelength, Anaxobserved from UV-Vis spectroscopy, as
clarified by the Einstein equation:
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E = helX,
where = energy for transition (eV)
= Plank’s constant (4.14 X 10'5eV'1 )
= light velocity (2.998 X 10i7nm1 )
= wavelength of the irradiation light ( ! )

> © = m
[

Energies for electron transition that were appeared in literatures are listed in
Table HI. Note that some of them were reported in terms of Anawith no type of
transition specified. The transition energies observed in some soluble PPys from our
|aboratory are shown in Table H2

Table HI' Absorption peaks or transition energies for PPy reported in literatures.

Description Neutral Polaron Bipolaron
1y B ) 3 A mex
Sample V) m @) @) ) 6V) V) () V)
Almost neutral PPy* el . 14 - 3.16
PPy/Perchlorate 2.47-
(do{ling level = 33 %)* RS — - - 7 ) - 076 g 356
Electrochemically
synthesized PPy* o E— - - - 3
400
Neutral PPy* (3.1
eV)
540
PPyITEAToS* - = (23
eV)
900
Fully oxidized PPy/TEATos* (1\./3)8
¢
PPy/TCNQ film5 .32 . ~05 -23 ~32 -18 -23 - >05 -23 -3.6
Electrochemicall ) ) ) ) ) ) ) ) ?2617
synthesized PPy/DBSAL V)
Chemically synthesized ?238 )
PPy/DBSAL SYL
. 415 655 =965
PPy/NSA in m-cresof 6o - @9 - - - - - (13
) eV) eV)
*Bechsetal, 194 *Teauka and Aok, 1989 *70tt and Schiavon 1989

Badwood andJosonicz, 1L Kimetal, 1% nJenand Wan, 197
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Figure H2 a) The visible spectrum of PPy/B in NMP solution; and b) its converted
data with deconvoluted results.
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Table H2 Transition energies in soluble PPys synthesized in our laboratory, along
with their percentages.

— Transition 3or 3 4 11 €0"3
Sample _(eV) (%) (eV) (%) (eV) (%) (eV) (%)
PPy/A film from m-cresol solution 2.8 132 - - 14 492 3.5 37.6
PPy B in NMP solution 31 418 19 205 1.6 19.1 3.8 18.6

(0.04) (5.84) (0.06) (4.55) (0.03) (5.12) (0.09) (2.78)
PPy/B film from m-cresol solution 2.5 18.3 2.0 11.0 14 2.4 3.0 68.3
(0.00) (1.48) (0.01) (L.02) (0.02) (0.54) (0.00) (1.00)
PPyID film from m-cresol solution 3.0 108 - - 17 638 34 254

Absorbance, A of the sample depends on the molar absorptivity, € as
described by Beer’s law:

A=sebe (H2)

A Absorbance (arbitrary unit)

e molar absorptivity (M-1cm')

b path length of the light through the sample (cm)
¢ = sampleconcentration (M)

Since € depends on both the electron concentration of occupied sites and that
of unoccupied sites available, we can expect that:

€of 3> €0fews » €0fes and ... (H.3)
6 0f(01( 203> €ofo 4005, .. (H.4)

€ values of each transitions found in our samples were determined by
measuring A values of PPy/B solution in NMP with different concentrations whereas
b was fixed at 1 cm. The slopes of the plots of A values vs. PPy concentrations (in
g/L), as shown in Figure H3, imply € values in (g/Ly'zcm'L they are listed in Table
H3,
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Figure H3 Calibration curves from PPy/B samples in NMP solution.
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Table H3 € values of all transitions found in PPy/B in NMP solution and their fit

goodness, R2

Transition
(030r 3
04
01

"3

£ values
(g/L)-1cm-1
0.86
0.59
0.55
053

R2

0.91
0.96
0.98
0.97



Appendix | Determination of the Surface Compositions of PPy by an X-ray
Photoelectron Spectroscopy

Table I Binding energy (BE) of PPy components from literaturess.

Reference

Liang
etal, 1992

Jou 190

Gustafsson
etal, 1989

Chanetal.,
1988

Erlandsson
etal., 1985

Lim etal.,
1999

Internai
standard

284.6 eV

[iiiv

N/A

28510¢e'y

N/A

c 1s
= 284.6
eV

BE (eV)

283.80
284.90

286.50

288.00
397.50

401.50

531.50
534.00
168.50
166.50
399.70
288.00
399.80

397.50
399.50
401.40

401.60
402.60

403.50

397.70
400.00
167.70
398.10
399.70
400.00

Description as written in reference

a ring carbon
P ring carbon

carbon atoms which are adjacent to a
positively charged N atom and carbon atoms
which are sigma bonded to oxygen

carbonyl carbon
imine-like nitrogen

positively charged pyrrolylium nitrogen
cations

carbonyl oxygen

0xygen sigma bonded to carbons
characteristic of the sulfate species ( (2p32))
imine-like nitrogen

pyrrolylium nitrogen (-NH-)

carbonyl carbon

-NH-

deprotonated, uncharged nitrogen atoms
having three bonds to carbon

uncharged nitrogen

nitrogen atom associated with a unit positive
charge in PPy-12

nitrogen atom associated with a unit positive
charge in PPy-Br2

nitrogen atom associated with a unit positive
charge in PPy-13

nitrogen atom associated with a unit positive
charge in PPy-Br2

imine-like nitrogen
-NH-

2p32
imine-like nitrogen
amine-like nitrogen
positively charged nitrogen

Description used
in this book

Cct
o
C-N+& C-0
c=0
=N-
N+
O=c
0-C

VI
=N-
_NH_
c=0
_NH_
=N-
_NH.
N+

N+

N+
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Table I Binding energy of PPy components from literatures (continued).

Reference "1™ BE (ev)  Description as written in reference D ESCTIPtiON used in

standard this book
Malitesta N Is  283.83 +0.05 Cp Cp
etal, 1085 = 363/9'6 284.81 +0.03 Coe, cont. C Cot & contaminate C
286.29 £0.06 C-OH, C=N, C-N+ C-OH, C=N, C-N+
287.83 £0.11 CO, C=N+ c=0, C=N+
289.70 £0.20 shake-up 1
291.50 £0.40 shake-up 2 ,
397.68 £0.12 C=N C=N
399.60 -NH- -NH-
401,11 £0.09 C-N+ C-N+
402,71 £0.17 C=N+ C=N+
53153 £0.10 0=C 0=C
533.18 £0.11 OH-C OH-C

Table 12 Nitrogen compositions of PPy/De, PPy/ , and PPy doped with various
dopants at D/M ratio of 1/12

-N= -NH- -NH'"+ = +-
Material T WHM* (imineNIike N) (neuh:rgl N) (p(,)\lllz:ron) (bipwron)
(eV) BE(evV) %  BE(eV) % BE(eV) % BE(eV) %
PPy/De (1) 180 3972 1298  399.0 7456 401.0 1246
PPy/De (1) 161 397.9 1166 399.6 7755 401  10.79
PPy/De (2) 253 397.0  40.16 3987  47.00 4009  12.75 .
PPY/U (1) 163 3976 356 3993 7344 4011  23.00 - 0.00
PPYIU (1) 158 3974 317 3993 6521  401.0 3162 - 0.00
PPYIU (2) 158 3981 168 399.4 7263 4009 2569 - 0.00
PPY/A (1) 149 3970 147 3993 70.97 4008 2124 4024 633
PPY/A (1) 150 3974 185  399.3 7050 4008 2119 4024  6.46
PPY/A (2) 147 3974 3.62 3992  68.93 4007 2131 4023 6.3
PPY/A (2) 154 3972 369 399.3  68.87 4008 21.26 4024  6.18
PPY/A (3) 152 397.2 187 399.3  70.27 4008 2119 4024 667
PPY/A (4) 148 3974 081 3993 7287 4008 2003 4024  6.29
PPY/A (4) 156 3974 2.00 399.2  69.33 4008 2236 4024 631
PPy/B (1) 147 - 000 399.3  68.07 4008 2597 4024 587
PPY/B (2) 150 3974 093 399.3  71.05 4008 2801 - 0.00

Full width at half-maximum, FWHM



Table 12 Nitrogen compositions of PPy/De, PPy/U, and PPy doped with various

dopants at D/M ratio of 1/12 (continued).

Material  TWHM " (imine-like N)

V) BE (ev)
PPYIB (3) 147 3974
PRYIC (1) 161 3977
PPYIC (2) 159 3977
PPYID (1) 157 3977
PPYID (2) 156 3077
PPYID (3) 157 3077
PPYID (3) 156 397.7
PPYIE (1) 167
PPYIE (1) 1,68
PRYIE (2) 14 3977
PPYIE (2) 136 3977
PPy/P 211 3974
AB(1) 163 3975
AB(1) 163 3975
AB (2) 166 3975
AB(2) 166 3975

%
3.43
474
18.46
8.98
8.75
7.12
547
0.00
0.00
4.47
4.92
19.67
16.04
15.99
14.76
16.57

-NH-
(neutral N)

BE (eV) %
3993 64.72
3993 71.62
3993 58.15
3995 7135
3995  68.67
3995 7224
399.5  70.68
3993  79.52
3993 7654
3993  65.60
3993 63.80
399.1 5857
3994  75.08
399.4 7437
3994 7489
3994 7175

-NH+
(polaron)

BE (eV) %
400.8  25.99
400.8  19.71
400.8  19.86
401.0  19.68
401.0  18.01
401.0  20.36
401.0 1930
400.8  20.48
400.8  19.28
400.8  22.09
400.7 2233
400.6  21.76
401.0 8.89
401.0 9.64
401.0 1035
401.0  11.68

172

=NH+
(bipolaron)

BE (eV) %
4024 585
4024 3.92
4024 353

0.00
402.6  4.57
4026  0.28
4026 455
0.00
4024 4.18
4024 785
402.2 895
0.00
0.00
0.00
0.00
0.00



Table 13 Nitrogen compositions of PPy/A at various D/M ratios.

oy FWHM
(eV)

1/96(1) 130
1/96(1) 127
1196 (2) 157
1/48(1) 157
1148 (2) 152
1124 150
1/12(1) 1.44
112 (2) 150
1/6(1) 1.48
106 (2) 1.48
1/3(1) 150
113 (2) 156
1/2(1) 169
112 (2) 168
203 (1) 150
203 (1) 143
203 (2) 152
203 (2) 150
1/1(1) 1.51
111 (2) 147

(imine-like N)
BE (V) %

398.2 7.76
397.8 5.15
397.8 3.30
3974 1113
3974 1119
397.4 5.30
397.2 0.00
397.2 0.00
397.2 0.00
397.3 2.94
397.4 2.65
397.2 2.56
397.2 3.67
397.1 2.94
397.2 0.00
397.2 0.00
397.2 0.00
397.2 0.00
397.2 0.00
397.2 0.00

-NH-
(neutral N)
BE (V) %

3994 6172
399.2  60.65
399.4 7558
399.2  62.90
399.2  60.67
399.3  68.28
399.3  70.30
399.3  73.78
399.2 7147
399.3 7217
399.3  71.48
399.4  73.92
399.3 73.35
399.3  68.21
399.4 7292
399.3  69.50
399.3  74.03
3993  73.04
3993  71.54
3993 69.64

-NH +
(polaron)

BE (V) %
4005  23.88
4003  25.04
401.0  17.78
4008  18.36
400.7 1942
400.8  20.04
4006  20.46
4008  18.76
400.7 2118
4008  19.69
4009  20.33
401.1  19.68
4008  21.70
400.8  20.41
4009  20.99
400.7  23.10
4009  19.78
4008  20.22
4008  23.36
400.7  23.66

173

=NH+
(bipolaron)

BE (eV) %
402.0 6.64
401.6 9.15
402.6 3.34
402.2 7.60
402.3 8.72
402.4 6.38
402.1 9.24
402.4 7.46
402.3 7.35
402.4 5.20
402.5 5.54
402.9 3.85
402.4 1.29
402.4 8.45
402.5 6.08
402.3 7.39
402.5 6.19
402.4 6.74
402.4 5.10
402.1 6.70
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Table 14 Sulfur compositions of PPy/A at various D/M ratios.

IVINF VIIN*
FWHM

(V) BE* Run # BE Run #
ev) 1 2 3 4 5 (&) 1 2 3 4 5

a-NSA 137 1678 - ; ;
0 232 - 0.00 - - - - 1672 0.2

1/96 243 1664 014 011 o011 020 - 1679 001 0.01 0.01 0.02

1/48 177 1668 0.17 0.16 019 - - 1696 0.02 002 002

1124 178 1668 0.17 017 017 - - 1687 0.06 006 006 - -
1/12 1.64 1666 019 018 020 020 0.20 1685 0.05 0.06 0.04 005 0.06
1/6 1.69 166.7 0.22 024 020 - - 1686 0.09 0.11 0.06

13 207 1679 018 014 021 - - 1698 015 019 o012 - -
112 174 166.6 021 016 0.20 023 023 1685 0.11 0.16 0.12 0.09 0.06
213 1.66 1666 019 014 020 023 - 1685 0.14 0.19 013 0.10

n 173 1665 0.26 0.25 026 - - 1678 0.09 0.10 0.09

*lRepresents BEs of 2p 1/2; whereas those 0f2p 3/2 are-1.28 eV (SD = 0.6 eV)
OWer

"Represents areas of  2p in IV{ 2p 112 and 2p 3/23
*Represents areas of 2pin VI( 2p 12and 2p 312



Appendix J Determination of the Surface Compositions of PPy Blends by an X-
Ray Photoelectron Spectroscopy

, CHy
2
Canty,
=0
0
3 |
‘CH,

Scheme J1 Chemical structure of PMMA with labels on ¢ and o atoms (italic
leters).

Table J1 Parameters in XP spectra of PMMA (Wagner, 1989).

\(Drbital Cls 0 Is
Parameteir'\ 1 2 3 4 1 2
BE* (eV) 285 285.72 286.79 289.03 532.21 533.77
FWHMT (eV) 1.15 1.06 1.28 0.99 1.27 1.39
Area (%) 42 21 21 17 51 49

*Binding energ?]/, BE
A Full width at nalf-maximum, FWHM

The fractions of PMMA (derived from the XPS peak area ratios, as described
in Chapter 1V) at the surfaces of PPy/AS/PMMA obtained from dry mixing, of
PPy/AS/PMMA films obtained from solution mixing, and of PMMA-coated PPy are
shown in Table J2. The fractions of PMMA at the surfaces of PPy/AIPMMA
obtained from solution mixing with various fed PMMA/PPy ratios, as reported in
Chapter V, are shown in Table J3,
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Table J2 PMMA fraction at surface of PPy/A5 blends from three different mixing
methods.

Material Fed PMMA fraction at surface
PMMAPPY Run#1 Run#2 Average SD
PPy/AS/PMMA from dry mixing mn 0.21 . 0.21
PPy/A5/PMMA from solution mixing n 0.34 0.38 0.36 0.03
PMMA-coated PPy/A5 2.21 0.68 - 0.68

Table J3 PMMA fraction at surface of PPy/A blends from solution mixing with
various fed PMMA/PPy ratios.

PMMA/PPy at surface

Materia PMMAIPPY  Run# 1 Run#2  Average SD
PPy/AIPMMA from solution mixing 1 0.38 - 0.38 -
PPy/AIPMMA from solution mixing 211 0.46 0.42 0.44 0.03
PPy/AIPMMA from solution mixing 311 0.50 0.39 0.44 0.08
PPy/AIPMMA from solution mixing 41 0.41 0.32 0.37 0.07



Appendix K Determination of the Contact Angle of Water on PPy and Its
Blends

As 5 pL of water was dropped onto sample surface, contact angle, 0, was
directly measured visually, whereas the remaining water volume on the surface was
calculated from the observed parameters as shown in Scheme K. L

N

S 0 | H
D
Scheme K. Profile of water droplet on specimen surface: = water droplet; =

specimen; D = diameter of the surface of contact of the droplet; H = height of the
droplet; and 0 = contact angle.

K.| Determination of water volume on specimen surface

If the specimen is absorbent, the decrease of water volume at the surface as
the functions of time is worth determining. The volume was calculated from the
droplet profile, assuming the droplet on the surface is a part of a symmetric sphere.

K.11WhenH< /2and0<90

SR y=R
X’ Iy Vol. = [ =rdy
y = R-H) 7277 . o 77077 I
: | R
D S— H* *
—— ylr-HE  £737)2 dy

1* R2dy Z_ZJRR_HUy dy
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R2y - y3 i

R-H 3 RH

TR2R - TR2(R-H)- TR3 + 1(R-H)3

(K.1)
When H+H’
H +5)tan (90-0) (K2)
K. 12WhenH>D/2 and 0> 90
y (H-9py2
» £X§1IR3 + y-]0 T dy
y=(HR) W m-l;. HoR e
27R3  + TR2y ¢ v o
A D2 A 3
H N 2R3+ R2(H-R)- 0 - n(H-R)3+0
| G
o 7( (6 - 90) (K3)
When R H _H y

H- 5) an(0-90) .. (K4)

Experimental data from contact angle measurement between water and the
surfaces of PPy/AS, its blends, and PMMA sheet are shown in Tables K1 - Kb.
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Table KI' Experimental data from the contact angle measurement between water
and the surface of PPy/AbS.

, Contact angle , Contact angle

Time D H Val. (degree) Time D H Vol. (degree)

(sec)  (cm) (ecm) (cm3) Left  Right (sec)  (em)  (em) (cm) Left  Right
41 0.262 0.130 4.6E-03 90 90 370 0.244 0.065 15E-03 - 60
91 0.262 0.118 45E-03 - 80 405 0.240 0.049 13E-03 - 40
117 0.260 0.114 45E-03 - 75 449 0236 0.035 6.3E-04 - 40
150 0.274 0.106 4.3E-03 70 70 477 0234 0.026 33E-04 - 40
264 0.268 0.087 2.9E-03 - 65 493 0232 0.020 2.7E-04 - 30
284 0.262 0.078 2.2E-03 - 65 510 0.230 0.015 1.4E-04 - 30
307 0.256 0.076 2.3E-03 - 60 530 0.228 0.010 6.4E-05 - 30
326 0.250 0.073 20E-03 - 60 553 0.226 0.000 0.0E+00 - 0

Table K2 Experimental data from the contact angle measurement between water
and the surface of PPy/A5/PMMA as obtained from dry mixing.

, Contact angle , Contact angle
Time D H Vol. (degree) Time D H Val. (degree)
(sec)  (cm)  (ecm)  (cm3 Left Right (sec)  (cm)  (cm)  (cm3) Left  Right
8 0312 0.104 5.1E-03 55 70 297 0300 0.044 16E-03 30 35
29 0.312 0.090 4.6E-03 45 60 335 0290 0.038 13E-03 - 30
5, 0310 0.077 34E-03 . 50 365 0.280 0.030 LIE-03 - 20
113 0.308 0.070 3.1E-03 45 45 404 - 0.020 - - 10
170 0.306 0.064 2.9E-03 AING! 440 - 0014 - 15 5
218 0.304 0.058 2.3E-03 . 40 495 - 0.010

248 0302 0.052 18E-03 - 40



180

Table K3 Experimental data from the contact angle measurement between water
and the surface of PPy/A5/PMMA as obtained from solution mixing.

Time
(sec)
10
38
47
87
139
168
240
330
410
492

0.178
0.178
0.178
0.177
0.176
0.175
0.174
0.172
0.171
0.171

0.174
0.174
0.170
0.166
0.160
0.157
0.147
0.130
0.119
0.104

Vol.

3.9E-03
3.9E-03
3.5E-03
3.2E-03
3.6E-03
3.4E-03
3.2E-03
2.9E-03
2.9E-03
1.8E-03

Contact angle
(degree)

Left  Right
130 130
130
130
130
125
125
120
110
100
100

120

100

Time

(sec)

527
580
640
700
720
760
787
820
840

0.165

0.161
0.160
0.160
0.148
0.112
0.000

0.096
0.084
0.070
0.057
0.044
0.036
0.030
0.010

Vol.
(cm)

1.1E-03

6.9E-04
4.6E-04
3.3E-04
2.0E-04
2.3E-05

0.000 0.0E+00

Contact angle

(degree)
Left  Right
95
95 95
85 85
70 70
60 60
55
55
40 40
20 20

Table K4 Experimental data from the contact angle measurement between water
and the surface of PMMA-coated PPy/AS.

Time
(sec)
10
60
90
120
180
240
300

D

(cm)

0.258
0.254
0.250
0.250
0.250
0.244
0.240

0.126
0.120
0.115
0.110
0.102
0.093
0.083

Vol.

5.3E-03
4.6E-03
4.1E-03
3.6E-03
2.9E-03
2.3E-03
1.9E-03

Contact angle

(degree)
Left ~ Right
80
80
80
80
80
80
75

Time

(sec)

360
420
480
540
600
660

Vol.
(cm)
1.7E-03
1.1E-03
1.2E-03
7.5E-04
4.2E-04
9.5E-05

Contact angle
(degree)

Left  Right
65
65
45
40
30
20



Table K5 Experimental data from the contact angle measurement between water
and the surface of PMMA shegt,

Time D H oy Contactangle ... Ny Contactangle

(sec)  (cm)  (ecm)  (cm3) Le(f(:egreRei)ght (sec) (cm)  (cm3) Le(f(iegreF:?ght

15 0305 0.116 4.7E-03 75 80 300 0.302 0.075 2.9E-03 45 60
45 0305 0.112 4.8E-03 75 70 360 0.302 0.066 2.9E-03 45 40

=)
3

90 0305 0.103 41E-03 - 70 420 0.300 0.056 2.3E-03 40 35
120 0305 0.101 4.4E-03 - 65 480 0.295 0.048 2.1E-03 30 30
165 0305 0.094 37E-03 - 65 540 0.290 0.038 1.9E-03 20 20
180 0.305 0.093 36E-03 - 65 600 0.279 0.029 1.1E-03 15 25
210 0.305 0.089 3.2E-03 - 65 660 0.269 0.018 5.2E-04 20 10
240 0305 0.084 32E-03 - 60 690 0.251 0.014 2.9E-04 15 15

270 0.305 0.076 2.9E-03 50 60



Appendix L Effect of Contact Force of Probe on the Specific Conductivity of
PPy

L.I  Introduction

Aparecido et al. (1996) pointed out the significant influence of force on the
conductivity of conductive polymers. The force of more than 30 N may cause
bending to polymer. As the applied force increases, the conductivity increases
nonlinearly, along with the increasing of measurement errors. In this work, this
phenomenon has been carefully considered before building a four-point probe. The
custom-made four-point probe was fabricated by fixing the stainless steel bar on the
upper piece of probe (see Figure LI). The suitable weight, which is sufficiently high
to give the precise conductivity values but not so high as can destroy the sample, was
investigated by the following procedure.

L2  Experiment

Stainless steel bars with different weights were attached onto the upper piece
of probe (Figure LI). The specific conductivity of a sample was measured. The PPy
sample used can be any. In this experiment, the pellet of PPy/A at DIM of 1/60 and at
APSIM of 1/1 was used.

Stainless steel bar

Upper piece of probe é!iéz/,
g~

-

Figure L1 Geometry of the custom-made four-point probe.

I Freely-moving

direction
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L3 Result and Discussion

When the loading weight was varied from 57.9 - 384.3 g, the specific
conductivity of the sample remained constant at 0.29 s/cm with the standard
deviation of only 0.014 s/cm. This means all of the weights studied here are suitable.
The experimental results are shown in Table LI.

Table LI The specific conductivity of PPy/A at DIM ratio of 1/60 and at APS/M of
1/1 at different loading weights on the upper piece of the custom-made four-point
probe, thickness of pellet = 0,008 cm and K of probe = 1.65.

Loading Weight (g) o (Slem)
Run #1 Run #2

57.9 2.9E-01 .
1147 27E-01  2.9E-01
173.7 2.8E-01 -
327.0 3.0E-01  3.1E-01
384.3 3.1E-01

average a (S/cm) 2.9E-01

SD (Slem) 1.4E-02

L4 Conclusion

The specific conductivity of the sample does not depend on the loading
weight on the top of the probe in the range of study. So, any of stainless steel bars
can be selected for the further experiment and it was the bar with the weight of 327.0

&

L5 Reference

I} Aparecido, A.C., Robert, G.R. (1996) A new method for extending the
range of conductive polymer sensors for contact force. International Journal of
Industrial Ergonomics. 17, 285-290.



Appendix M Determination of the Geometric Correction Factor of the Custom-
Made Four-Point Probe

tsL / : llllllll ~ / :,, — %

fesot

T A
T <~ L >3 A
Scheme M.I Dimensions of probes and sample: = width of probes; t = thickness

of sample; L = distance between two inner probes; and A = cross-sectional area
where electron flux flows.

A geometric correction factor, K of a four-point probe is a ratio of probe
width, , to the distance between two inner probes, L. This factor can be obtained
practically by measuring the specific conductivity of standard semiconductor sheets
with known resistivity values. K is then simply defined as a ratio of a specific
resistivity of the standard obtained from text book or measured by another reliable
probe, p s te¢, to a resistance times thickness of the standard sample measured in our
|aboratory, (Rstd, mea t), as derived from these following correlation:
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1 psdtet

L/ (Rddme A)

L/(Rstd.meart' ) .. (M.I)
Esd tet (R e t).
WIL,

Ulcdatet (Redne )]
pelet R ) ... M3
Uforred (Rmea 1))

RmeAt/K (M4)

In this work, K values were determined from Si and SIG2wafers with known
specific resistivity values. The results are shown in Tables MI and M2 for the
custom-built four-point probes having linear array geometry (for gas exposure) and
in Table M3 for the one having square array geometry (for liquid exposure).
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Table M1 Experimental data of K determination for the custom-built four-point
probe #1 (linear array for gas exposure), measured at 25 £ 1-c, 50 £ 10 %RH.

Material

Si_Al
Si_Al
Si_Al
Si_Al
Si_Al
Average
Si_A2
Si_A2
Si_A2
Si_A2
S(_A2
Average
Si_A3
Si_A3
Si_A3
Si_A3
Si_A3
Average
Si Bl
Si_BI
Si_BI
Si_BlI
Average
Si_Cl
Si_Cl
Si Cl
i_Cl
Si_Cl
Average

p
(Q cm)
9.1E-03
9.1E-03
9.1E-03
9.1E-03
9.1E-03

9.3E-03
9.3E-03
9.3E-03
9.3E-03
9.3E-03

9.3E-03
9.3E-03
9.3E-03
9.3E-03
9.3E-03

1.2E+00
1.2E+00
1.2E+00
1.2E+00

3.6E+01
3.6E+01
3.6E+01
3.6E+01
3.6E+01

Thickness

(cm)
7.2E-02
7.2E-02
7.2E-02
7.2E-02
7.2E-02

1.2E-02
1.2E-02
1.2E-02
1.2E-02
7.2E-02

1.2E-02
1.2E-02
7.2E-02
7.2E-02
1.2E-02

5.4E-02
5.4E-02
5.4E-02
5.4E-02

5.3E-02
5.3E-02
5.3E-02
5.3E-02
5.3E-02

(mA)

Applied |

60.6
82.6
115.9
1534
195.0

69.4
88.6
109.5
133.9
173.1

66.9
97.1
1227
166.0
1874

0.6960
0.7150
0.8020
0.8160

0.0510
0.0655
0.0689
0.0707
0.0752

Volt drop
(mV)
41
5.6
78
10.2
137

5.6
71
8.8
11
144

6.1
8.4
10.5
148
16.4

7.5
8.0
8.7
9.4

245
33.4
34.6
30.7
35.4

Average K
D

1.87E+00
1.87E+00
1.88E+00
1.90E+00
1.80E+00
1.87E+00
1.61E+00
1.62E+00
1.62E+00
1.57E+00
1.56E+00
1.59E+00
1.42E+00
1.50E+00
1.52E+00
1.46E+00
1.48E+00
1.48E+00
2.10E+00
2.02E+00
2.08E+00
1.96E+00
2.04E+00
1.42E+00
1.34E+00
1.36E+00
1.57E+00
1.45E+00
1.43E+00

1.68E+00
2.63E-01
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Table M2 Experimental data of K determination for the custom-built four-point
probe #2 (linear array for gas exposure), measured at 25 + 1 -c, 50 £ 10 %RH.

Material

Si_Al
Si_Al
Si_Al
Si_Al
Si_Al
Si Al
Average
Si_A2
Si_A2
Si_A2
Si_A2
Si_A2
Si_A2
Average
Si_A4
Si_A4
Si_A4
Si_A4
Si_A4
Average
Si_BI
Si_BI
Si Bl
Si_BI
Average
Si Cl
Si_Cl
Si_Cl
Average

P
(n cm)

9.1E-03
9.1E-03
9.1E-03
9.1E-03
9.1E-03
9.1E-03

9.3E-03
9.3E-03
9.3E-03
9.3E-03
9.3E-03
9.3E-03

9.1E-03
9.1E-03
9.1E-03
9.1E-03
9.1E-03

1.2E+00
1.2E+00
1.2E+00
1.2E+00

3.6E+01
3.6E+01
3.6E+01

Thickness

(cm)
1.2E-02
1.2E-02
1.2E-02
1.2E-02
1.2E-02
1.2E-02

1.2E-02
1.2E-02
1.2E-02
1.2E-02
1.2E-02
1.2E-02

1.2E-02
1.2E-02
1.2E-02
1.2E-02
1.2E-02

54E-02
5.4E-02
54E-02
54E-02

5.3E-02
5.3E-02
5.3E-02

Applied 1

(mA)
54.1
707
827
1044
1250
1805

166.6
80.5
80.8

107.3

1318

1331

1426
1543
160.2
157.0
159.5

0.5900
0.7500
0.8100
0.8500

0.0611
0.0668
0.0712

Volt drop
(mV)
38
4.7
6.2
18
9.8
141

146
6.9
6.7
9.2

102

108

100
112
110
11.0
110

1.5
8.4
94
9.9

315
32.8
36.1

Average K
D

1.82E+00
1.90E+00
1.69E+00
1.69E+00
1.62E+00
1.62E+00
1.72E+00
148E+00
1.52E+00
1.57E+00
1.51E+00
1.68E+00
1.60E+00
1.56E+00
1.81E+00
1.74E+00
1.84E+00
1.82E+00
1.84E+00
1.81E+00
1.78E+00
2.02E+00
1.95E+00
1.94E+00
1.92E+00
1.32E+00
1.39E+00
1.35E+00
1.35E+00

1.67E+00
2.23E-01



Table M3 Experimental data of K determination for the custom-built four-point
probe (Square array for liquid exposure), measured at 26 + 1-c, 55 + 5 %RH.

Material

Si02 Al
Si02 Al
Si02 Al
Si02 Al
Si02 Al
Si02 Al
Average
Si02 Bl
Si02B1
Si02 Bl
Si02_Bl
Si02B1
Average
Si_C2

Si_C2

Si_C2

Si_C2

Average

P
(Q cm)
29E-01
29E-01
2.9E-01
29E-01
29E-01
29E-01

2.1E+00
2.1E+00
2.1E+00
2.1E+00
2.1E+00

35E+01
35E+01
35E+01
35E+01

Thickness

(cm)
5.3E-02
5.3E-02
5.3E-02
5.3E-02
5.3E-02
5.3E-02

1.2E-02
1.2E-02
1.2E-02
1.2E-02
1.2E-02

5.2E-02
5.2E-02
5.2E-02
5.2E-02

(mA)

Applied 1

80.9
915
1075
1222
1371
1471

56.9
3.7
85.3
94.0
100.6

293
2.95
3.22
3.07

Volt drop
(mV)
745
84,5
98.0
1105
124.0
132.0

4455
545.5
607.5
625.5
836.5

830.5
857.5
896.5
890.5

Average K
D

K

5.96E+00
5.94E+00
6.02E+00
6.07E+00
6.07E+00
6.11E+00
6.03E+00
3.67E+00
3.88E+00
4,03E+00
4.31E+00
3.45E+00
3.87E+00
2.35E+00
2.29E+00
2.39E+00
2.29E+00
2.33E+00

4,08E+0Q
1.86E+00



Appendix N Determination of Chemical Vapor Concentration for the Flow
System

The concentration of a chemical saturated vapor at a particular temperature
can be determined from its constants: A, B, and C, by using an Antoine equation
(Seader et al, 1998) as shown in Egs. N.| and N.2

Vapor pressure = 10 AB(CGHT) mmHg (N
Saturated concentration at T "C= Vapor pressure / 760 x 100 Vol.% ...(N.2)

Table N1 Antoine parameters of chemical studied in this work.

Chemical A g ; Seure conentrator
Water* N/A N/A N/A 23.56
Toluene™ 6.95464 1344.80 219.482 314
Acetone® 723160 1277.03 231.230 30.26
Acetic-acid” 7.29960 1479.02 216.820 201

Saturated %oncentration at 25 °Cwas calculated from saturated concentration of
water at 20 “C (17.5 Vol.%: Chou, 2000)
A, B, and C constants were obtained from Seader et al. (1998)

The concentration of chemical vapors in the flow system can be varied by
changing the chemical volume (Viig) in a chemical container, using this correlation:

Vapor concentration (Vol.%) = Viig(cm3)» 22,400 (cm3mole) « p(g/cm3)« 100..(N.3)

Viot (cm3) xMw (g/mole)
Where; Vh = volume of liquid chemical in container
Vit = volume ofthe whole flow system
0 = density of chemical (0.791 g/cm3 for acetone)
Mw = molecular weight of chemical (58.08 g/mole

for acetone)



Appendix O Experimental Data of Conductivity Measurement and Electrical
Conductivity Response of PPy and Its Blends

Table Ol The experimental conditions and data of conductivity measurement and
electrical conductivity response toward water liquid of PPy/A5 and its blends.

Material

PPy/AS

PPy/AS

Blends from Drv
mixing
PPY/ASIPEO
PPy/ASIPMMA
PPY/ASIPMMA
PPy/AS/HDPE

Blends from
solution mixing

PPy/A5/ABS

Polvmer-coated
PPy/AS

PMMA-coated
PPy/AS

PMMA-coated
PPy/A5

Run

1
2

[ N

.
[ CREFEIGEYFCRE NN N
'

1

2

25
25

21
21
21
21

25

25
25
25
25
25
25

26

25

% ot
# <« RH (cm)

59 0.007
59 0.007

51 0.018
51 0.007
51 0.008
51 0.007

59 0.040

59 0,010
59 0.011
59 0.011
59 0,011
59 0.011
59 0.010

70 0.006

current
(A)

3.4E-02

3.7E-02

3.1E-02
2.6E-02
2.7E-02
2.3E-02

8.0E-04

5.5E-04
2.3E-03
3.0E-03
1.9E-03
1.5E-03
2.6E-03

4.3E-05

Applied Voltage

drop

(V)
2.0E-01
1.8E-01

9.6E-01
2.0E+00
1.7E+00
2.5E+00

5.6E+00

2.4E+00
1.9E+00
1.9E+00
1.9E+00
1.9E+00
5.3E+00

5.1E+00

(Slem)

6.2E+00
7.5E+400

4.6E-01
4,5E-01
4.8E-01
3.6E-01

8.9E-04

5.7E-03
2.7E-02
3.6E-02
2.3E-02
1.8E-02
1.2E-02

3.6E-04

Water exposure

(Slem)
2.4E+00
1.9E+00

-3.6E-02

1.8E-01
2.1E-01
1.1E-01

-5.4E-04

1.6E-05
1.1E-03

-8.4E-04

1.1E-04

-1.5E-03
-9.0E-04

-4.5E-06

69 0.006 2.2E-05 6.7E+00 1.4E-04 -3.3E-06

Aalcti X trt g

100 (%) () =

39.50 2 635
25.00 1 628
-7.88 3999
40.27 19 346
4455 22 689
29.67 55 380
-61.06 3 183
029 30 400
4.09 unclear 356
-2.33 unclear 489
0.49 unclear 787
-8.35 1 464
-7.19 2 799
-1.26 210 1614

-2.44 unclear 3000

Mthe time at which sample conductivity started to change (response time, tr)
*the time sample needed to reach an eguilibrium change (equilibrium time, teqp)
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Table 02 The experimental conditions and data of conductivity measurement and
electrical conductivity response toward toluene liquid of PPy/AS5 and its blends.

| Run'l'% ¢ Applied Voltage Toluene exposure
Materia current  drop
RH (cm Slem Aaliij X te
W W Gy Wl () ()
PPy/AS 125 59 0.006 3.1E-02 2.1E-01 6.2E+00 7.5E-02  1.20 unclear 628
Blends from

solution mixing
PPy/AS/PMMA 125 59 0.010 1.2E-03 5.1E+00 56E-03 -4.2E-03 -74.43 1 233

PPYIASIPS 128 77 0011 40E-03 4.6E+00 1OE-02 -1.2E-02 -6413 1 796
PPY/AS/ABS 1 25 59 0.011 15E-03 65E+00 5.4E-03 -35E-03 -65.25 1 455
Polvmer-coated

PPV/A5

Eg"y%'wa‘ed 125 69 0.006 35E-06 LIE+00 13E-04 17E-04 132.46 150 2500
E'F\,"ym'wa‘ed 2 25 69 0.006 34E-06 LOE+00 14E-04 2.0E-04 14609 9 3530

Table 03 The experimental conditions and data of conductivity measurement and
electrical conductivity response toward acetone liquid of PPy/A5 and its blends.

Applied Voltage Acetone exposure
Material Run o (F)f)H (cm) Current drop (Slem) Aola: X tah
CYR() Slem) 10006) () ()

PPy/A5 125 590006 3.4E-02 18E-01 7.8E+00 -1.8E+00 -23.65 1719
PPy/A5 2 25 590006 3.4E-02 19E-01 7.5E+00 -2.5E+00 -33.22 1927
Blends from
solution mixing
PPy/A5/PMMA 125 590010 9.2E-04 29E+00 7.9E-03 -7.7E-03 -98.27 2 281
PPy/A5IPMMA 2 28 770011 12E-03 7.0E+00 3.8E-03 -3.7E-03 -98.16 1 357
PPyIA5/PS 128 770011 3.7E-03 6.6E+00 1.3E-02 -1.3E-02 -99.48 1 153
PPy/A5/PS 2 28 770011 3.4E-03 6.7E+00 1.1E-02 -1.1E-02 -99.49 1 94
PPy/A5/ABS 125 590.011 1.4E-03 35E+00 8.9E-03 -8.8E-03 -98.81 1 817
PPy/A5/ABS 2 28 580010 25E-03 5.8E+00 1.1E-02 -1.0E-02 -97.11 1 395
Polvmer-coated
PPV/A5

PMMA-coated
PPy/A5

—_

26 70 0.006 9.3E-05 5.1E+00 7.7E-04 -7.3E-04 -94.617 1144 1614



Table 04 The experimental conditions and data of conductivity measurement and
electrical conductivity response toward glacial acetic acid liquid of PPy/A5 and its

blends.

Material

PPy/AS

Blends from
solution mixing

PPy/ASIPMMA
PPy/A5/PMMA
PPy/A5/PS
PPy/A5/PS
PPY/ASIABS
PPY/ASIABS

Polvmer-coated
PPy/AS

PMMA-coated
PPy/A5

Run %
# ToRH (cm)

1 25 59 0.006

125
2 28
128
2 28
12
2 28

59 0.010
58 0.011
77 0.011
77 0.011
59 0.011
58 0.010

1 28 67 0.006

current
(A)

3.1E-02

1.1E-03
1.4E-03
3.7E-03
3.3E-03
1.1E-03
2.4E-03

4.8E-04

Applied Voltage

drop
(V)
1.6E-01

6.1E+00
5.2E+00
7.1E+00
4.6E+00
2.1E+00
6.2E+00

4.2E+00

(Slem)

7.8E+00

4.4E-03
6.2E-03
1.2E-02
1.6E-02
1.2E-02
9.5E-03

4.3E-04

Acetic acid exposure

(Slem)

-4.4E-01

-2.3E-03
-3.7E-03
-6.5E-03
-9.6E-03
-4.8E-03
-4.8E-03

-3.3E-04

Alilcj; X
100 (%)
-21.21

-51.97
-58.66
-55.03
-58.97
-38.72
-50.48

-16.26

f
()
1

— o s N s ©

G
)

614

397
381
578
140
17
250

885 3000
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Table 05 The experimental conditions and data of reproducibility measurement in

electrical conductivity response toward saturated acetone vapor in N2of
PPy/A/PMMA from solution mixing at various PMMA:PPy weight ratios.

Material

PPy/A

PMMA/
PPy/A

PMMA/
PPy/A

PMMA/
PPy/A

PMMA/
PPy/A

PMMA/
PPy/A

PMMA
IPPy
ratio

0

mthlamhwmlamhwwlahwwn— S~ o o —_ [& » B — N S T ) [EEN

26
25
26
26
26
25
24
24
25
25
24
24
25
26
25
26
26
26
25
26
25
26
26
25
26
25
26
26

43
49
48
49
59
44
54
49
47
44
54
49
47
43
49
48
49
59
54
57
52
53
52
54
57
52
53
52

t
TO %RH (cm)

0.006

0.028

0.027

0.034

0020

0.018

Applied
current

(A)
2.52E-02
3.00E-03
3.18E-03
3.29E-03
3.50E-03
2.10E-03
1.57E-03
1.42E-03
1.52E-03
1.53E-03
1.50E-03
1.83E-03
1.54E-03
8.04E-04
1.19E-04
1.7171E-04
8.04E-04
8.29E-04
1.30E-03
6.15E-04
3.95E-04
4.18E-04
4.26E-04
3.86E-03
1.14E-04
1.72E-04
2.24E-04
1.99E-04

Voltage
drop

(V)

9.27E-02
1.07E-02
1.12E-02
1.15E-02
1.22E-02
2.713E+00
1.95E+00
1.72E+00
1.89E+00
2.4TE+00
1.90E+00
2.73E+00
2.31E+00
2.14E+00
2.80E+00
2.82E+00
2.88E+00
2.94E+00
1.99E+00
2.15E+00
2.04E+00
2.05E+00
2.06E+00
2.59E+00
2.09E-01
4.96E-01
6.09E-01
5.40E-01

2.77E+01
2.85E401
2.89E+01
2.92E401
2.93E401
1.64E-02
1.72E-02
1.75E-02
1.71E-02
1.35E-02
1.73E-02
1.47E-02
1.45E-02
6.53E-03
4.84E-03
4.80E-03
4.84E-03
4.90E-03
1.95E-02
8.52E-03
5.79E-03
6.07E€-03
6.17E-03
4.95E-02
1.81E-02
1.15E-02
1.22E-02
1.22E-02

Acetone exposure

I
BIem o) ﬁﬁ&é

-4.32E-01
-6.88E-01
-6.55E-01
-1.20E-01
-1.10E-01
-2.85E-03
-3.22E-03
-3.29E-03

-1.87E-03
-3.11E-03
-2.71E-03

-3.30E-03
-1.39E-03
-1.29E-03
-1.22E-03
-9.45E-04
-1.32E-02
-4.54E-03
-1.02E-03
-1.14E-03

-3.60E-02
-1.10E-02
-2.69E-03
-2.97E-03

-1.57
-2.44
-2.29
-2.49
-2.16

-17.43
-16.55
-18.75

-13.88
-18.00
-18.42

-50.46
-28.80
-26.94
-25.21
-19.27
-67.76
-53.30
-17.67
-18.80

-12.13
-61.07
-23.34
-24.34

ano.

100
103
1.04
105
106
100
105
107
105
100
1.27
1.09
107
100
0.74
0.73
0.74
0.7
100
0.44
0.30
031
0.32
100
0.37
0.23
0.25
0.25
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Table 05 The experimental conditions and data of reproducibility measurement in
electrical conductivity response toward saturated acetone vapor in N2of
PPy/AIPMMA from solution mixing at various PMMA:PPy weight ratios
(continued).

Vateria P/hP/IE)/IA . ¢ Applied  Voltage Acetone exposure
A R T T
&1 2 53 0017 2.31E-04 333E+00 245E-03 -2.28E-03  -93.20 1.00
10 2 % 83 3.55E-05 2.02E+00 4.9E-04 -1.89E-04  -44.06 0.18
PMMA/ 326 50 4.10E-05 3.03E+00 4.76E-04 -2.15E-04  -4513 0.19
PPyIA b5 4 5.40E-05 3.41E+00 5.58E-04 -4.63E-04  -82.81 0.23
5 27 53 228E-02 267E+03 3.01E-04 -2.36E-05  -7.83 0.12
& 1 26 53 0018 3.04E-04 2.16E+00 4.67E-03 -4.22E-03  -9039 1.0
10 2 2% 43 5.90E-05 3.34E+00 5.87E-04 -154E-04  -26.18 0.13
PMMA/ 326 50 5.90E-05 327E+00 5.98E-04 -2.43E-04  -40.65 0.13
PPyIA 425 4 130E-05 3.94E+00 3.62E-04 -2.79E-04  -77.05 0.08
5 21 53 228E-02 404E+03 187E-04 -3.06E-05  -16.39 0.04

Table 06 The experimental conditions and data of reproducibility measurement in
electrical conductivity response toward saturated acetic acid vapor in N2of
PPy/AIPMMA from solution mixing at various PMMA:PPy weight ratios.

_ P/I\Flljll:\JAA . ¢ Applied  Voltage Acetic acid exposure
T S Sy B
0 1 26 59 0.006 3.45E-03 1.20E-02 2.90E+01 -6.24E-01 -2.15 1.00
2 25 55 5.96E-03 2.05E-02 2.94E+01 -2.21E-01 -0.75 101
PPy/A 3 260 44 9.16E-03 3.26E-02 2.83E+01 -4.19E-01 -1.48 0.98
425 49 6.24E-03 2.13E-02 2.96E+01 -1.06E+00 -3.57  1.02
5 26 49 8.67E-03 2.93E-02 2.99E+01 -1.24E+00 -4.15  1.03
1 1 24 50 0028 159E-03 1.97E+00 1.72E-02 -1.55E-03 -0.02  1.00
2 25 49 169E-03 1.99E+00 1.80E-02 -3.41E-03  -18.91 1.5
PMMA/ 3 25 49 165E-03 1.97E+00 1.78E-02 -3.12E-03  -17.57 1.03
PPylA 425 49 169E-03 2.01E+00 1.79E-02 -3.09E-03  -17.32 1.04
5 25 47 1.72E-03 2.08E+00 1.75E-02 -3.40E-03  -19.43 1.2
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Table 06 The experimental conditions and data of reproducibility measurement in
electrical conductivity response toward saturated acetic acid vapor in N2of

PPy/AIPMMA from solution mixing at various PMMA:PPy weight ratios

(continued).
PMMA
Material /PPy
ratio
1
PMMA/
PPy/A
2
PMMA/
PPy/A
3
PMMA/
PPy/A
4
PMMA/
PPy/A
4
PMMA/
PPy/A

B WO N s BN O W N O oW N s oW N

0,
0 %RH (cm)

24
25
25
25
25
26
25
26
25
26
26
26
21
21
26
25
26
26
26
25
26
26

50
49
49
49
47
59
%5
44
49
49
47
50
b1
59
54
45
53
43
54
45
53
43

t

0.027

0.034

0.014

0.017

0.018

Applied
current

(A)
1.28E-03
1.40E-03
1.65E-03
1.69E-03
1.30E-03
8.29E-04
9.03E-04
1.93E-04
4,68E-04
1.38E-03
5.20E-04
9.03E-04
1.27E-03
1.55E-03
2.712E-04
2.53E-04
2.31E-04
3.55E-05
2.16E-04
4.81E-04
3.04E-04
5.90E-05

Voltage
1
1.92E+00
2.00E+00
2.04E+00
2.08E+00
1.97E+00
2.93E+00
3.04E+00
2.90E+00
2.90E+00
3.05E+00
1.16E+01
2.19E+01
2.68E+01
3.20E+01
2.75E+00
2.95E+00
3.31E+00
2.90E+00
2.00E+00
2.01E+00
2.16E+00
3.33E+00

(Slem)

1.46E-02
1.54E-02
1.78E-02
1.79E-02
1.45E-02
4.90E-03
5.16E-03
4.74E-03
2.80E-03
1.87E-03
1.95E-03
1.80E-03
2.06E-03
2.11E-03
3.46E-03
3.00E-03
2.45E-03
4.29E-04
3.5TE-03
7.91E-03
4.67E-03
5.87E-04

Acetic acid exposure

Actlu; X ai
(Slem) 100 (%) ©"*

-8.40E-04
-2.25E-03
-3.02E-03
-3.26E-03
-2.12E-03
-9.45E-04
-1.13E-03
-3.00E-03
-8.53E-04
-3.43E-03
-5.12E-04
-3.78E-04
-2.97E-04
-4 4TE-04
-1.29E-03
-8.30E-04
-2.28E-03

-1.91E-03
-3.84E-03
-4.22E-03

-5.74

-14.64
-17.03
-18.28
-14.56
-19.27
-21.95
-63.20
-30.45
-43.59
-26.21
-21.05
-14.40
-21.13
-37.39
-21.64
-93.29

-53.48
-48.54
-90.39

1.00
1.05
121
1.22
0.99
1.00
1.05
0.97
0.57
1.60
1.00
0.92
1.06
1.08
1.00
0.87
0.71
0.12
1.00
2.22
131
0.16



Table 07 The experimental conditions and data of a
on electrical conductivity response toward saturated acetone vapor in N2of
PPy/A/PMMA from solution mixing at PMMA:PPy weight ratios of 3:1.

Sample

#

O oo N oo O B W N e

—_
o

(C)
26
26
26
26
24
26
25
25
26
26

%RH

20
20
3
3
48
48
48
48
10
10

(cm)

0.026
0.040
0.026
0.026
0.020
0.017
0.020
0.018
0.026
0.026

Applied  Voltage
current  drop
(A) (V)

2.25E-04 4.27E+00
1.96E-04 2.39E+00
3.63E-04 5.02E+00
3.35E-04 6.40E+00
1.44E-04 2.91E+00
8.04E-04 2.56E+00
1.30E-03 2.38E+00
3.86E-03 3.10E+00
2.95E-04 '6.26E+00
2.01E-04 4.34E+00

(Slem)

1.21E-03
1.22E-03
1.66E-03
1.20E-03
1.47E-03
1.11E-02
1.95E-02
4.13E-02
1.08E-03
1.07E-03

19

dy of the effect of humidity

Acetone exposure

tegb
(sec)

(Slem)

8 -9.90E-04

8
12
12

b
15
29
33
26
26

-1.05E-03
-9.33E-04
-1.54E-04
-1.02E-03
-5.58E-03
-1.38E-02
-3.44E-02
-6.49E-04
-5.93E-04

Aaia iX
100 (%)
-81.59
-86.19
-56.13
-62.81
-68.98
-50.46
-70.83
-12.73
-59.85
-55.62

Table 08 The experimental conditions and data of a study of effect of humidity on
electrical conductivity response toward saturated acetic acid vapor in N2of
PPy/AIPMMA from solution mixing at PMMA:PPy weight ratios of 3.1,

Sarzple (OQ %RH

o Ol B W N

26
26
25
25
21
21

20
20
47
47
70
70

Applied  Voltage
current — drop

(A) (V)
5.23E-05 1.17E+00
9.03E-05 2.19E+00
1.35E-04 2.92E+00
1.99E-04 6.47E+00
1.22E-04 3.23E+00
1.24E-04 2.97E+00

(Slem)

1.34E-03
1.23E-03
1.38E-03
1.02E-03
1.65E-03
1.56E-03

Acetic acid exposure

o)
44
2
5
3%
10
13

(Slem)

-3.50E-04
-2.62E-04
-2.94E-04
-3.08E-03
-3.62E-04
-1.94E-04

AalOj X
100 (%)
-26.19
-21.31
-21.40
-30.14
-21.93
-12.45



Appendix p Experimental Data of Electrical Conductivity Measurement of PPy
at Aging Time more than 1 Year

Table PI Experimental conditions and data of electrical conductivity measurement
of PPy/ and PPy doped with various dopants at D/M of 1/12 at aging time more
than 1year.

Synthesis Age t % Applied  Applied Voltage Average

Material vokage current

(mr?ﬁjtg/yy) (day) ~ (cm) ( RH (\7}3 (mA) (%3/% (Slem) (sfem)
PPy/U (1) 03/21/00 612 7.18E-03 255 58 12.0 3.30 1720 6.68E-02 6.87E-02
(1.85E-04) 145 4.00 2070 6.73E-02 (1.68E-03)

16.9 4.80 2420 6.91E-02

20.8 5.90 2950 6.97E-02

23.7 6.90 3390 7.09E-02
PPy/U (2) 08/20/00 463 8.53E-03 25.8 ~ 57 10.9 4.40 1695 7.61E-02 7.70E-02
(2.43E-04) 137 5.50 2095 7.70E-02 (9.01E-04)

18.7 7.60 2860 7.79E-02
PPy/U (3) 08/22/00 461 7.79E-03 258 57 1.5 1.00 1035 3.10E-02 3.26E-02
(3.90E-04) 116 1.60 1565 3.28E-02 (8.87E-04)

16.7 2.30 2240 3.30E-02

21.1 2.90 2825 3.30E-02

2417 3.40 3290 3.32E-02
PPy/A (1) 08/31/99 813 5.70E-03 25 56 03 15.90 47 148E+01 1.62E+01

(3.42E-04) 05 23.35 65 158E+0L (7.26E-01)
07 28.35 78 159E+01
08 3575 96 163E+01

10 42.45 113 165E+01

12 5135 134 1.68E+01

14 §0.35 156 1.70E+01
PPY/A (2) 08/23/00 460 5.59E-03 255 56 06  29.85 77 L73E+01 LT7E401
(3.32E-04) 0.7 3745 96 L74E+01 (349E-01)

09 4385 110 178E+01

10 5170 129 180E+01

12 59.25 146 181E+01
PPYB (1) 08/31/99 817 6.01E-03 258 57 24 §9.45 210 L37E401 1.39E+01
(3.80E-04) 27 8000 240 139E+01 (L63E-01)

30 9490 282 LAOE+0L
PPYB (2) 11/02/99 755 6.66E-03 265 60 13 5690 168 L27E+01 1.31E+01
(2.29E-03) 16 7450 216 L129E+01 (2.88E-01)

21 97.00 275 132E+01

24 11130 313 133E+01



Table Pl Experimental data of electrical conductivity measurement of PPy doped
with various dopants at D/M of 1/12 at aging time more than 1year (continued).

Material

date

(mm/dalyy)

Synthesis Age t
(day)

(cm)

PPy/B (3) 08/20/00 463 6.20E-03

PPy/B (4)

PPY/B (5)

PPYIC (1)

PPYID (1)

PPYID (2)

PPYID (3)

PPYIE (1)

PPYIE (2)

08/31/99

01/19/00

01/12/00

08/18/00

03/16/00

08/18/00

01/11/00

01/11/00

01/10/00

(L.0BE-03)

828 5.78E-03
(L58E-03)

689 5.69E-03
(8.83E-04)

681 6.93E-03
(6.24E-04)

465 3.06E-03
(3.27E-04)

632 6.16E-03
(51 1E-04)

480 5.78E-03
(7.77E-04)

682 6.71E-03
(6.48E-04)

682 6.84E-03
(7.67E-04)

683 6.46E-03
(2.37E-04)

co

26.5

26.5

25.8

26

25.1

25.1

25.8

25.6

25.6

25.6

%
RH

60

60

57

59

98

58

58

57

57

57

Applied Applied Voltage

voltage
(V)
0.6
09
14
18
2.2
2.0
2.3
2.5
1.0
13
14
1.6
8.7
10.7
134
15.7
185
8.4
10.5
15.2
19.1
23.1
184
23.1
21.1
325
6.7
117
16.6
9.2
12.3
15.9
19.0
9.9
12.1
14.9
177
5.4
1.3
9.8
12.2

current
(mA)
25.85
31.45
44.15
53.05
61.50
64.80
75.10
87.10
47.10
59.15
68.05
18.35
8.70
10.90
14.00
16.80
20.70
1.70
2.10
3.00
3.90
4.75
1.78
2.30
2.75
3.38
1.65
2.90
4.40
5.50
1.40
9.70
11.90
3.90
4.85
6.10
7.30
5.90
8.00
10.95
14.00

drop
(mV)
140
170
230
275
310
203
232
265
143
178
202
231
1235
1540
1930
2280
2735
1245
1540
2200
2770
3350
2215
2820
3305
3965
560
961
1420
1175
1555
2000
2410
1020
1255
1555
1835
875
1175
1577
1976

Average

(Slem) (Slem)

745E+00 7.68E+00
746E+00 (2.34E-01)
7.14E+00
7.78E+00
8.00E+00
1.38E+01 1.40E+401
LA0E+01 (2.05E-01)
L42E+01
145E+01 147E+01
146E+01 (L94E-01)
148E+01
149E+01
2 54E-01 2.62E-01
2. 55E-01 (7.79E-03)
2.62E-01
2.66E-01
2.73E-01
1.12E-01 1.13E-01
1.12E-01 (2.20E-03)
1.12E-01
1.15E-01
1.16E-01
3.26E-02 3.35E-02
3.31E-02 (8.32E-04)
3 37E-02
3 46E-02
1.27E-01 1.31E-01
1.30E-01 (3.3LE-03)
1 34E-01
1.74E-01 1.79E-01
1.77E-01 (4.15E-03)
1.81E-01
1.84E-01
1.40E-01 1.42E-01
141E-01 (247E-03)
1.43E-01
1 45E-01
261E-01 2.67E-01
2.63E-01 (5.86E-03)
2.68E-01
2. T4E-01
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Table Pl Experimental data of electrical conductivity measurement of PPy doped
with various dopants at D/M of 1/12 at aging time more than 1 year (continued).

Applied Applied Voltage Average

. %
Material ~ date voltage current  drop
(middlyy) (@)~ (cm) ( RS )y vy ©m) (gem)

PPylP (2) 01/10/00 683 6.84E-03 25.8 58 9.7 6.80 801 3.10E-01 3.13E-01
(2.57E-04) 131 9.30 1076 3.16E-01 (2.89E-03)

171 12.30 1447 3.11E-01

214 1565 1815 3.15E-01
PPy/AB  08/17/00 466 5.89E-03 255 58 334 0.35 400 3.71E-05 3.71E-05
(4.65E-04) 43.0 0.45 515 3.71E-05 (4.52E-08)

98.2 0.60 685 3.72E-05

Synthesis Age t

Table P2 Experimental conditions and data of electrical conductivity measurement
of PPy/A with various D/M ratios at aging time more than 1 year.

Synthesis - -
Applied Applied Voltage
DIM (m?na/ted/ /(Aj\ge t F?/& voltage current  drop Average .
»} (day)  (cm) vy (mA)  (mV) (Slem) — (S/em)
1/96(1) 07724/00 504 5.66E-03 25 54 091 11.90 109 4.82E+00 4.81E+00

(1.50E-04) 204 3625 341 4.70E+00 (3.69E-01)
405 5230 470 4.92E+00
196 (2) 07124100 504 5.28E-03 25 54 184 10.40 221 4.09E+00 4.14E+00

(1.06E-04) 2.88 30.25 342 4.19E+00 (6.78E-02)
1/48 10/28/99 755 5.39E-03 25.7 58 1.08  37.25 126 137E+01 1.40E+01
(4.91E-04) 137 4170 159 1.39+01 (2.12E-01)

166  58.25 192 141E+01

187 66.45 217 1.42E+01
1/24 (1) 09/06/99 807 553E-03 255 57 183 57.80 213 123E+01 1.24E+01
(4.37E-04) 2.08  65.95 241 1.24E+01 (9.35E-02)

222 170.80 257 1.25E+01
1/6 07/25/00 503 5.91E-03 26.5 60 150  54.10 547 4.19E+00 4.21E+00
(7.69E-04) 167  64.60 650 4.21E+00 (2.18E-02)

185 72.15 722 4.23E+400
13 07/27/00 501 5.28E-03 265 60 421 28.10 211 6.31E+00 6.42E+00
(4.44E-04) 6.09 38.90 285 6.47E+00 (9.30E-02)

719 5145 3765 647E+00
1/2(1)  09/02/99 811 5.14E-03 255 &7 190  23.55 265 4.32E+00 4.38E+00
(2.77E-04) 240  28.30 316 4.36E+00 (4.64E-02)

3.00 3520 390 4.39E+00

3.70  42.45 466 4.43E+400



Table P2 Experimental conditions and data of electrical conductivity measurement
of PPy/A with various D/M ratios at aging time more than 1 year (continued).

Synthesis

DIM date

Age t
(mm/dd/ (day)

(cm) ()

H
12 (2) '0'9/0%79'9 810 5.65E-03 25.5

07/26/00

213 09/02/99

n 09/02/99

n 09/02/99

(8.59E-04)

502 548E-03 25.8
(4.00E-04)

811 5.14E-03 255
(2.83E-04)

811 1.I8E-02 26
(1.16E-03)

303 129E-02 25
(2.22E-03)

%
RH

57

58

ol

50

Applied Applied Voltage
voltage current

(V)
0.59
117
2.26
3.18
4.13
6.00
2.02
2.31
2.90
1.50
1.80
2.50
3.00
3.50
4.00
4.96
5.70
6.49
N/A
N/A

(mA)

1.40
14.40
27.10
31.50
38.75
61.30
33.55
39.65
46.85
29.90
35.25
46.45
55.85
66.05
75.85
52.95
62.60
73.35
22.10
87.55

drop

(mV)
100
188.5
372.5
516
650.5
1004.5
2435
285
334
220
257
335
398
464
525
557
646.5
7345
13
298.5

Average 0
(Slem) — (S/cm)

3.27E+00 2.99E+00
3.38E+00 (3.40E-01)
3.22E+00
2 70E+00
2 64E+00
2. 70E+00
6.28E+00 6.34E+00
6.34E+00 (5.68E-02)
6.40E+00
6.61E+00 6.80E+00
6.67E+00 (1.57E-01)
6.75E+00
6.83E+00
6.93E+00
7.03E+00
2.02E+00 2.06E+00
2.05E+00 (5.15E-02)
2.12E+00
5.88E+00 5.79E+00
5.70E+00 (1.30E-01)



Appendix Q Experimental data of electrical conductivity response measurement
of PPy toward acetone vapor at 16.7 vol.% in N2

Table QL Experimental data of electrical conductivity response  dy of PPy toward
acetone vapor at 16.7 vol.% in N2, 1atm and at 23-26 °C, sample thickness values
are shown with their standard derivations in parentheses (data of PPy/B are excluded;
they are shown only in Table Q3 due to the different data format).

. i Acetone exposure

Material Thig;n)ess ’%Srprlelﬁf Vglrtoapge (S/em) chct;)(
(mA) (mV) (Slem) 100 (%)

PPyIU (3) 1.05E-02 (3.46E-02) 2.15 43.90 3.16E+00 -7.10E-03 -0.23
PPyIU (4) 1.09E-02 (3.35E-02) 1.17 23.24 3.12E+00 -8.03E-03 -0.26
PPyIA (5) 6.47E-03 (3.02E-04) 22.42 92.86 2.52E+01 -3.75E-01 -1.49
PPYIA (3) 1.80E-02 (2.52E-03) 28.41 49.95 2.14E+01 -3.86E-01 -1.81
PPyIC (1) 9.22E-03 (1.49E-03) 22.20 482.98 3.36E+00 -2.88E-02 -0.86
PPyIC (1) 9.22E-03 (1.49E-03) 24.40 535.11 3.34E+00 -2.10E-02 -0.63
PPyIC (2) 8.94E-03 (1.13E-03) 21.61 518.39 3.15E+00 -1.99E-02 -0.63
PPy/D 1.34E-02 (1.16E-03) 117 561.13 1.05E-01 -1.69E-02 -16.13
PPYIE (1) 9.60E-03 (1.33E-03) 23.00 543.14 2.98E+00 -3.74E-02 -1.26
PPyIE (1) 9.60E-03 (1.33E-03) 21.60 517.85 2.93E+00 -6.35E-02 -2.17
PPYIE (2) 9.10E-03 (5.94E-04) 4.29 107.24 2.97E+00 -6.41E-02 -2.16
PPYIE (2) 9.10E-03 (5.94E-04) 4.85 118.69 3.03E+00 -7.56E-02 -2.50
PPy/P (1) 1.03E-02 (9.31E-04) 2.45 185.82 8.66E-01 -2.89E-02 -3.34
PPyIP (1) 1.03E-02 (9.31E-04) 2.61 20959 8.19E-01 -1.62E-02 -1.97
PPy/AB (2B) 9.21E-03 (2.99E-03) 0.05 3013.00 1.20E-03 -3.00E-04 -24.99
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Table Q2 Experimental data of electrical conductivity response study of PPy/A with
various D/M ratios toward acetone vapor at 16.7 vol.% in N2, Latm and at 25 & 1%
(excluding data of PPy/A with D/M ratio of 1/12 which is shown in Table QI).

Material Thézmess ACL[J]rprlelri(tj Vglrtoapge (S/cm) eetone exzits/litriex
(mA) (mV) (Slem) 100 (%)

1/96 1.10E-02 (1.16E-03) 20.07 57.33 1.89E+01 -4.33E-02 -0.23
1/48 9.66E-03 (1.50E-03) 20.57 48.89 2.60E+01 -1.45E-01 -0.56
124 9.44E-03 (4.30E-04) 20.26 51.25 2.50E+01 -3.50E-01 -1.40
1/6 1.03E-02 (5.45E-04) 20.07 72,76 1.60E+01 -3.81E-01 -2.38
1/6 1.03E-02 (5.45E-04) 20.09 56.05 2.08E+01 -4.20E-01 -2.02
1/3(1) 9.75E-03 (1.23E-03) 20.77 179.15 7.10E+00 -1.48E-01 -2.08
1/3(1) 9.75E-03 (1.23E-03) 20.78 113.58 1.12E+01 -3.50E-01 -3.13
13 (2) 1.09E-02 (1.63E-03) 20.41 123.50 9.04E+00 -2.80E-01 -3.10
1/2(1) 1.10E-02 (2.26E-03) 20.96 128.88 8.80E+00 -4.09E-01 -4.65
112(1) 1.10E-02 (2.26E-03) 21.21 88.28 1.30E+01 -2.67E-01 -2.05
1/2(1) 1.10E-02 (2.26E-03) 21.29 159.11 7.24E+00 -2.81E-01 -3.88
112 (2) 8.99E-03 (6.52E-04) 20.72 91.13 151E+01 -5.51E-01 -3.65
213 1.01E-02 (1.36E-03) 21.75 132.04 9.70E+00 -2.90E-01 -2.99
213 1.01E-02 (1.36E-03) 21.20 91.13 1.37E+01 -4.00E-01 -2.92
11 (1A) 9.16E-03 (1.68E-03) 20.72 198.62 6.80E+00 -2.20E-01 -3.24
U1 (1A) 9.16E-03 (1.68E-03) 24.96 162.67 1.00E+01 -2.70E-01 -2.70
11 (IB) 8.66E-03 (3.34E-04) 23.93 103.12 1.60E+01 -3.20E-01 -2.00



Appendix R Experimental Data of Electrical Conductivity Response
Measurement of PPy toward Acetone Vapor at Various Concentration in N2

Table R1 Experimental data of electrical conductivity response stuay ofPPy/
toward acetone vapor at various concentrations in N2, 1atm and at 23-25 C sample
thickness values are shown with their standard derivations in parentheses.

Acetone exposure

Applied  Voltage Acetone
current drop

IR k)

0l.%)

Thickness

Material (cm)

PyU 1) L15E02 (L59E03 3 2% 245E+00 0.00 3.91E-04 002
PPyIU (D) L15E02 (L5OE(3 13 28 24650 o000 -LIGEM 000
PPYU(D) 115602 (LSOE3 206 81 2510 533 24603 0
PAYU(Q) 12702 (23BE03 12 B4 2040 33 281E0@ Q12
PPYU(Y) 115602 (LSOE3 13 314 246800 83 4NE 019
PPyIU(3) L106E02 (346E02 215 B9 316640 166 -110E03 023
PPYU4 10902 (335E2 7 282 3DEH0 166 B0EW 0%
PPyIU(l) 115602 (L59E3 13 289 2456400 2497 -LUEQR 08
PPyIU() L115E02 (L5903 13 BN 24E00 2497 8MEB 05
PPyIU(l) L1560 (159E-3 204 B% 24840 BY B4ER 04
PPYU() 115602 (L5903 13 B8 240 BL 96ER 04
PAYU(Q) 127E02 (238E03 122 279Q 2360 3B -L0IER Q4



Table R2 Experimental data of electrical conductivity response study of PPy/A
toward acetone vapor at various concentrations in N2, 1atm and at 23-25 °C.

Acetone exposure

20.13 44.28 2.74E+01  12.55 -3.39E-01 -1.24
22.42 92.86 2.52E+01  16.70 -3.75E-01 -1.49
28.41 49.95 2.14E+01  16.70 -3.86E-01 -1.81
21.76 48.90 2.68E+01  25.02 -4.07E-01 -1.52
21.95 48.92 2.70E+01  37.65 -4.09E-01 -1.51
20.85 73.92 2.06E+01  37.65 -4.05E-01 -1.96

PPy/A (4B) 1.12E-02
PPy/A (5)  6.47E-03
PPy/A (3)  1.80E-02
PPy/A (4B) 1.12E-02
PPy/A (4B) 1.12E-02
PPY/A (2B) 9.23E-03

1.95E-03
3.02E-04
2.52E-03
1.95E-03
1.95E-03
1.64E-03

M aterial ThEE;n)ess AmFJ)rprlelfl(t:I V((;lrtoapge (siem) Avcaert)(())r;e Aalijj X
(mA) — (mV) cone.  (Slem) 100 (%)
(vol.%)

PPy/A (1) 9.48E-03 (6.17E-04) 21.81 48.83 3.18E+01  0.025 -1.68E-02 -0.05
PPy/A (2A) 8.08E-03 (7.65E-04) 21.68 83.60 2.17E+01  0.025 -9.94E-03 -0.05
PPy/A (3) 1.80E-02 (2.52E-03) 21.25 42.86 2.39E+01 0.25 -1.45E-02 -0.06
PPy/A (1) 9.48E-03 (6.17E-04) 21.29 47.46 3.19E+01 0.25 -1.19E-02 -0.04
PPy/A (1) 9.48E-03 (6.17E-04) 21.66 48.94 3.15E+01 1.05 -1.16E-01 -0.37
PPy/A (3)  180E-02 (2.52E-03) 21.81 44.28 2.36E+01 1.05 -1.04E-01 -0.44
PPy/A (4A) 9.30E-03 (2.67E-03) 21.82 78.13 2.03E+01 1.05 -7.82E-02 -0.39
PPy/A (3)  1.80E-02 (2.52E-03) 29.84 48.83 2.29E+01 251 -1.87E-01 -0.81
PPy/A (4A) 9.30E-03 (2.67E-03) 21.25 94.87 2.08E+01 251 -1.52E-01 -0.73
PPy/A (4B) 1.12E-02 (1.95E-03) 20.55 45.60 2.71E+01 251 -2.00E-01 -0.74
PPy/A (4  9.10E-03 (8.65E-03) 22.42 73.50 2.26E+01 251 -1.49E-01 -0.66
PPy/A (5) 6.47E-03 (3.02E-04) 21.25 117.19 2.43E+01 4.18 -1.84E-01 -0.76
PPy/A (2B) 9.23E-03 (1.64E-03) 22.46 68.95 2.38E+01 8.37 -2.49E-01 -1.05
PPy/A (6) 9.96E-03 (1.27E-03) 21.90 58.59 2.53E+01 8.37 -3.15E-01 -1.24
PPy/A (5) 6.47E-03 (3.02E-04) 21.82 78.13 2.91E+01 12,55 -3.60E-01 -1.24
PPy/A (3) 180E-02 (2.52E-03) 26.38 44,49 2.23E+01 12,55 -3.59E-01 -1.61

( ( )

( ( )

( ( )

( ( )

( ( )

( ( )



Table R3 Experimental data of electrical conductivity response study of PPy/B

toward acetone vapor at various concentrations in N2, 1atm and at 23-25 °C.

Material ThEErI;n)ess
PPy/B (1) 8.96E-03 (1.55E-03)
PPy/B (2) 8.25E-03 (5.40E-03)
PPy/B (1) 8.96E-03 (1.55E-03)
PPy/B (3A) 1.02E-02 (1.16E-02)
PPy/B (1) 8.96E-03 (1.55E-03)
PPy/B (2) 8.25E-03 (5.40E-03)
PPy/B (3B) 8.92E-03 (7.28E-03)
PPy/B (4A) 7.92E-03 (1.24E-03)
PPy/B (4B) 8.42E-03 (4.26E-03)
PPy/B (5) 1.52E-02 (2.37E-03)
PPy/B (1) 8.96E-03 (1.55E-03)
PPy/B (5) 1.52E-02 (2.37E-03)
PPy/B (5) 1.52E-02 (2.37E-03)
PPy/B (3A) 1.02E-02 (1.16E-02)

Applied current

(mA)

Voltage drop

(mV)

N/A
N/A
N/A
36.33
N/A
N/A
33.63
N/A
N/A
25.06
N/A
23.68
25.62
35.40

(Slem)

3526401 (1.1E-02)
2.82E401 (7.9E-03)
3.42E401 (4.3E-03)
3.56E+01
3.43E401 (2.0E-02)
2.93E+401 (2.1E-03)
3,28E+01
2.62E401 (1.3E-01)
2.68E+01 (1.7E-01)
2.97E+01
2.88E+401 (4.0E-03)
3.15E+01
2.92E+01
3.54E 401

Acetone exposure

Acetone vapor
cone, (vol.%)

o o
[N ]
ol o

0.33
0.33
1.05
1.05
3.33
8.37
8.37
12.55
16.65
16.65
25.02
37.65

(Slem)

-3.43E-02
-2.99E-02
-3.42E-02
-3.48E-02
-3.23E-02
-3.21E-02
-8.53E-02
-1.45E-01
-1.52E-01
-1.68E-01
-1.99E-01
-1.91E-01
-2.10E-01
-1.90E-01

Ad/a, X
100 (%)

-0.13
-0.11
-0.10
-0.10
-0.10
-0.11
-0.26
-0.55
-0.57
-0.57
-0.69
-0.61
-0.72
-0.75



Table R4 Experimental data of electrical conductivity response study of PPy/AB
toward acetone vapor at various concentrations in N2, 1atm and at 23-25 °c.

Material

PPyIA
PPyIA
PPyIA
PPyIA
PPy/
PPy/
/
/
/
/
/

1A
1A
IB

B (1A) 7.71E-03
B (1A) 7.71E-03
B (IB) 7.41E-03
B (1A) 7.71E-03
AB (IB) 7.41E-03
AB (2A) 9.10E-03
PPyIAB (IB)
PPYIAB (2A)
PPYIAB (LA)
PPy/AB (2B)
PPYIAB (1A)

IB) 7.41E-03
2A) 9.10E-03
1A) 7.71E-03
2B) 9.21E-03
1A) 7.71E-03

Acetone exposure

Thickness
(cm)

1869.0 1.13E-03

16.60 -3.00E-04

Aala: x
100 (%)

0.00

-4.33
-1.61
-0.80
-6.48
-13.05
-12.88
-19.43
-26.72
-24.99
-24.91



Appendix  Comparison of Electrical Responses of PPy/A5 in Chapter IV and
PPy/A in Chapter V

As referred in the introduction part of Chapter V, the electrical responses of
PPy/A in Chapter V (D/M = 1/12) toward toluene, acetone, and acetic acid are
similar to those of PPy/A in Chapter IV (DIM = 1/5), whereas their electrical
responses toward water are different. Note that PPy/A, which has a higher moisture
content, shows a smaller response to water than PPy/ADb,

60
PPy/A, DIM = 1/5 (Chapter IV)

40 ) 1 PPy/A, DIM = 1/12 (Chapter V)

g 20
$
0
m

B Y

-40 |

-60

Water Toluene  Acetone  Acetic Acid
Chemicals

Figure SI' Comparison of electrical responses of: (O) PPy/A5 in Chapter IV and
(I ) PPy/A in Chapter \ upon exposures to chemical liquids.



Appendix T Effect of Acetone Exposures on Charge Carrier Species of PPy

Upon exposure to the saturated acetone vapor, the absorbance peak in the
visible spectrum of PPy/B film cast from m-cresol solution evidently decreased in
magnitude, as shown in Figure TI. This corresponds to the change observed by
Blackwood and Josowicz (1991) upon methanol vapor exposure. It was claimed to be
the reduction in polaron and hipolaron species in the PPy/TCNQ film because
methanol acts as a reducing agent toward PPy. The same reason is also applicable for
the acetone exposure. In addition, suggesting acetone as a reducing agent
corresponds to the fact that acetone reduces the conductivity of PPy. The decreases
in bipolaron were found to be more dominant than those of polaron, as clarified in
Table T1. There was no significant change in the transition energies observed.

0.90
0.80
0.70
A 0.60
0.50

0.40

0.30

1 1.5 2 3 35 4

2:
E (eV)

Figure TI The visible spectra of a) the fresh PPy/B film, and b) the same film upon
exposure to saturated acetone vapor.
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Table T Transition energies in the fresh PPy/B film and the film under saturated

acetone vapor,

~—-Transition
Sample —
Fresh PPy/B (1)

PPy/B (1) in saturate acetone vapor
% Change in energy (1)

% Change in percentage (1)

Fresh PPy/B (2)

PPy/B (2) in saturate acetone vapor

% Change in energy (2)
% Change in percentage (2)

e3 0r 3

(eV)
3.04

(0.01)
3.06

(0.01)
047

3.04
(0.00)
3.07
(0.00)
0,75

(%)
67.6

(277)
75.5

(0.36)

11.62
69.0
(0.22)
75.6
(0.69)

9.53

(eV)
1.97

(0.00)
1.98

(0.00)
0.29

1.98
(0.00)
1.99
(0.00)
0.13

4
(%)
10.2
(0.44)
75
(0.19)

-26.74
1.7
(0.08)
70
(0.37)

-40.15

'

(eV)
1.40

(0.00)
141

(0.00)
036

1.37
(0.00)
143
(0.01)
4.24

(%)
28

(0.21)
05

(0.00)

-§2.15
21
(0.09)
0.1
(0.01)

-95.01

ol
BV) (%)
252 193
(002) (3.06)
253 165
(0.03) (0.16)
0.31
. 1448
250 172
(0.00) (0.34)
250 173
(001) (1.08)
0.52
0.38



Appendix  Effect of Chemical Exposures on Chemical Structure of PPy
Figures Ula - f show X-ray photoelectron spectrum of the fresh PPy/A at

D/IM ratio of 1/12 and the ones treated with chemical vapors. The changes caused by
the chemicals are described in Chapter IV.

3500 .

3000 [

N(E)

412 407 402 397 392
Binding Energy (eV)

—2
{

3500 (b) [ 3500
|
3000 | | 3000 |
& 2500 | "\ {8 2500 L
z Z
2000 | 2000 |
Frgaaad L NPga
1500 |y 4 1500 jeTod
412 407 402 397 392 412 407 402 397 392
Binding Energy (eV) Binding Energy (eV)
3500 - (d) 3500 (e)
3000 L 3000
& 2500 | g 2500
z
2000 | 2000 /
1500 1500 17 " \

402 397 392

07
Binding Energy (eV)

412 407 402 397 392 412 4
Binding Energy (eV)

Figure UL XPS spectra with deconvoluted results of the pellets of: a) fresh PPy/A;
b) PPy/A after exposure to saturated water vapor; c) PPy/A after exposure to
saturated toluene vapor; d) PPy/A after exposure to saturated acetone vapor; and ¢)
PPy/A after exposure to saturated acetic acid vapor.
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Table UL FWHM, percentages of =N-, -NH-, -NH +, and =NH+ of the fresh PPy/A
at DIM of 1/12 and the ones treaced with saturated chemical vapors, and the
percentage of change as compared with the fresh PPy/A.

% -N=

e e (im/ior,l‘e:'l”ke pevral ) (polaron)  (spolron
Fresh PPy/A (1) 147 4.07 67.67 20.80 7.46
Fresh PPy/A (2) 1.50 3.01 69.78 20.55 6.66
Fresh PPy/A (3) 1.44 4.11 68.20 21.05 6.64
Average 1.47 3.73 68.55 20.80 6.92
SD (0.03) (0.63) (1.10) (0.25) (0.47)
Water-treated PPy/A (4) 151 5.74 67.97 20.87 5.42
Water-treated PPy/A (5) 151 5.84 67.92 20.89 5.36
Average 151 5.79 67.95 20.88 5.39
SD (0.01) (0.07) (0.04) (0.01) (0.05)
% Change 2.57 55.11 -0.88 0.36 -22.10
Toluene-treated PPy/A (6) 1.49 3.41 69.89 19.81 6.89
Toluene-treated PPy/A (7) 1.48 3.31 69.23 20.92 6.54
Average 1.49 3.36 69.56 20.37 6.71
SD (0.01) (0.07) (0.47) (0.79) (0.25)
% Change 0.94 -9.90 1.47 -2.09 -2.97
Acetone-treated PPy/A (8) 147 2.95 70.67 19.82 6.56
Acetone-treated PPy/A (9) 1.47 2.83 70.40 21.23 5.54
Average 1.47 2.89 70.53 20.52 6.05
SD (0.00) (0.08) (0.19) (1.00) (0.73)
% Change -0.06 -22.47 2.90 -1.34 -12.55
Acetic acid-treated PPy/A (10) 1.48 1.48 72.87 19.55 6.10
Acetic acid-treated PPy/A (11) 1.49 0.85 72.52 20.36 6.27
Average 1.49 1.16 72.70 19.95 6.19
SD (0.01) (0.45) (0.25) (0.57) (0.12)

% Change 1.01 -68.80 6.05 -4.08 -10.60



Appendix V Effect of Chemical Exposures on Order Aggregation in PPy

Figures via- f show XRD patterns of the fresh PPy/A at DIM ratio of 1/12
and the ones treated with chemical vapors. Note that the effect of toluene was not
studied due to the null electrical response of PPy/A to toluene and its toxicity.

Due to H+ abstraction at -NH- of pyrrole ring by the water molecule, as
discussed in Chapter IV, intensities of line-broadenings #2 (Py-Py order aggregation
connected by single bond) and #3 (Py-Py order aggregation connected by double
bond) decrease, corresponding to an increment in -N= species (see Appendix ). At
the same time, ling-broadenings #4 and #5 (van der Waals-induced order
aggregation) increase in intensity. This could be explained by the reduction in
amount of charge from H+abstraction which enhances van der Waals force,

Effect of an acetone exposure on order aggregation are discussed in Chapter
Il Note that a decrease in area of the line-broadening #3 and an increase in area of
the line-broadening #2 corresponds to an increase in the neutral form of PPy (-NH-)
as observed by XPS (see Appendix ).

Upon exposure to saturated acetic acid vapor, the line-broadening #5 of
PPy/A tremendously increases in intensity. Protonation caused by acetic acid, as
revealed by XPS, reduces order aggregations extensively.
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Figure VI XRD patterns with deconvoluted results of: a) the fresh PPy/A pellet; b)
the same pellet after exposure to saturated water vapor; c) the fresh PPy/A pellet; d)
the same pellet after exposure to saturated acetone vapor; e) the fresh PPy/A pellet;
and f) the same pellet after exposure to saturated acetic acid vapor,
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Table VI Diffraction peaks (29), d-spacing (D), order aggregation extent (t), and
area of diffraction peaks ofthe fresh PPy/A at D/M of 1/12 and the ones treated with
saturated chemical vapors, and the percentage of change in area as compared with
XRD patterns of the fresh PPy/A (see the line-broadening assignments in Appendix
E).

Line-broadening #1 Line-broadening #2

Material - 0 . 0
(deg.) D(A) 1) (C/T)Lenat) Ch:;]ge (deg.) D(A) tA) (cAoLenat) Ch:)nge
Air 16.6 241 1.7E+03 0.0 205 41.1  1.3E+03 0.0
(0.1)  <050)  (0.9) (1.3E+02) (0.0) Z (1.0) (7.0E+01)
Water 17.0 28.0 13E+03 -249  20.6 39.8 8.2E+02 -39.2
(0.7) <o~ (0.0) (3.2E402) (0.3) (0.0) (9.8E+01)
Acetone 16.3 2719 9.7E+02 -42.1 20.5 39.8 2.0E+03  49.6
(0.5) (0.0) (1.2E+02) (0.0) « (0.0) (3.6E+02)
Acetic 173 280 13E403 236  20.8 398 16E+03 194
Acid (1.1) L (0.0) (3.5E+02) (0.5) (0.0) (2.9E+01)
atarial Line-broadening #3 Line-broadening #4
ateria 0 . 0
(deg.) D(A) t(A) (cAoLenat) Che{%ge (deg.) D(A) t(A) (c/-})Lenat) Chfnge
Air 22.6 3.9 904 47E+02 00 251 30.7  2.3E+03 0.0
(0.0) (0.0) (1.4) (2.3E+01) (0.1) Z (11) (L6E+02)
Water 22.6 39 886 3.7E+02 -218 254 354  25E+03 6.4
(0.1)  (0.0) (0.0) (1.7E+02) (0.3) (0.0) (4.0E+02)
Acetone 22.5 r'y 88.6 3.0E+02 -36.0 25.1 354 19E+03 -16.6
(0.1) A (0.0) (9.4E+01) (02)  (0-0) (0.0) (5.3E+02)
Acetic 22,6 88.6 4.7E+02 16 354 2.7E403  15.0
Acid 01) (0.0) (1.2E+02) (0.0) (2.9E+01)
I Line-broadening #5
Materia 0
(deg) D(A) HA) o) Change
Air 25.7 130 1.8E+03 0.0
(0.0) Z (0.1) (L.BE+01)
Water 3.4 124 23E+03  28.0
Z (0.0) (1.2) (4.3E+02)
Acetone 26.6 115 3.3E+03 88.2
(1.2) Z (2.7) (8.3E+02)
Acetic 26.5 104 35E+03 1008
Acid (1.1) (2.3) (7.3E+02)



Appendix

Table ! Deconvoluted results from XP spectraof ¢ Is in PPy/A at different

Determination of the Surface Degradation of PPy/A by an X-ray
Photoelectron Spectroscopy

accumulated X-ray exposure times.

Accumulated

150
150
450
450
600
750
900
1050
1150
1150
1500
1500
1500
1800
1800
1800
2100
2400
2400
2550
2550
2850

7.87
7.11
9.25
8.31
7.76
7.69
7.74
7.75
7.79
7.79
8.51
8.51
8.30
7.40
7.40
7.29
9.29
9.10
9.00
10.18
10.18
8.80

1.9
1.9
1.9
1.9
19
1.9
1.9
19
19
18
18
18
18
18
18
18
18
18
18
18

o
o

18

284.02
284.06
284.38
284.28
284.28
284.28
284.28
284.28
284.28
284.28
28431
28431
284 31
284 .31
28431
284 .31
284.38
284.39
284.39
284.38
284.38
284.62

ocarbon A

X-ray r
exposure )N
time (min) FWHM3 jL

CIN

5.49
5.56
7.64
6.65
6.08
6.05
6.10
6.12
6.15
6.15
6.90
6.90
6.73
6.00
6.00
591
1.71
7.60
7.51
8.51
8.51
71.22

3 Full width at half-maximum, FWHM
ACa and Cp of pyrrole rings and contaminant hydrocarbon
*Binding energy, BE
§8Excluding ¢ 0f dopant, ¢ at polaron, and C=N-

sExcluding ¢ at bipolaron

Cls
C-OH & HX §
CIN
286.25 1.48
286.25 133
286.38 1.06
286.39 1.07
286.13 1.05
286.12 1.03
286.12 1.03
286.14 1.03
286.13 1.03
286.21 1.03
286.23 1.03
286.23 1.03
286.23 1.00
286.00  0.83
286.00 083
286.00 081
286.25 0.97
286.38 0.96
286.38 0.95
286.22 1.07
286.22 1.07
286.24  0.98

c=03
CIN

<eV)

288.08
288.08
288.27
288.27
288.00
287.98
287.98
288.00
287.98
287.98
288.15
288.15
288.15
287.60
287.60
287.60
288.08
288.30
288.30
288.04
288.04
288.04

0.65
0.59
0.44
0.44
0.45
0.44
0.44
0.44
0.45
0.45
0.42
0.42
041
0.39
0.39
0.38
0.38
0.36
0.35
0.42
0.42
0.45

TL-11*

290.15
290.32
290.23
290.24
290.28
290.19
290.20
290.23
290.20
290.20
290.27
290.27
290.27
289.37
289.37
289.37
290.15
290.29
290.29
290.15
290.15
290.20

0.25
0.23
0.12
0.15
0.17
0.16
0.16
0.16
0.17
0.17
0.16
0.16
0.16
0.19
0.19
0.19
0.16
0.18
0.18
0.18
0.18
0.15



Table 2 Deconvoluted results from XP spectra of N Is in PPy/A at different

accumulated X-ray exposure times,

Accumulated
X-ray
exposure
time (min)
150
150
450
450
600
750
900
1050
1150
1150
1500
1500
1500
1800
1800
1800
2100
2400
2400
2550
2550
2850

CIN

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

FWHM

15
15
15
15
15
15
1.6
15
15
14
15
15
15
15
15
1.6
16
15
1.6
15
15
1.6

0.02
0.02
0.04
0.02
0.04
0.04
0.04
0.04
0.04
0.04
0.07
0.07
0.06
0.08
0.08
0.06
0.10
0.09
0.08
0.08
0.08
0.08

N Is
-NH-
. -NH-IN
39932 0.74
399.33 0.74
39942 073
39942  0.73
39947  0.74
39947  0.73
39947  0.73
39947  0.74
39947  0.74
39947  0.74
399.48  0.74
39948  0.74
399.47  0.74
39952 0.75
39952 0.76
39950  0.77
39957  0.75
39956  0.75
399.55 0.77
39953  0.76
399.53 0.76
399.75 0.76

-NH'+- (polaron)

-NH-7N
400.83 0.20
400.84 0.19
400.93 0.19
400.93 0.19
400.98 0.19
400.98 0.19
400.98 0.18
400.98 0.18
400.98 0.18
400.98 0.18
400.99 0.16
400.99 0.16
400.98 0.15
401.03 0.14
401.03 0.14
401.01 0.13
401.08 0.12
401.07 0.13
401.06 0.12
401.04 0.13
401.04 0.13
401.26 0.11

=NH -
(bipolaron)
=NH+
IN

402.43  0.04
402.44  0.05
402.53  0.04
402.53  0.06
402.58  0.03
40258  0.04
402,58  0.04
402,58  0.04
402.58  0.04
402.58  0.04
402,59  0.03
402.59  0.03
402.58  0.05
402.63  0.03
402.63  0.02
402.61 0.04
402.68  0.03
402.67  0.03
402.66  0.03
402.64  0.03
402.64  0.03
402.86  0.05



Table 3 Deconvoluted results from XP spectraofo Isand 2p in PPy/A at
different accumulated X-ray exposure times,

Accumulated 0 Is 2p

X-ray 0=c 0-H _— SIV VI

t%go(sngrr?) ON F(\/g\|;|’)\4 Z OZNC/ O’-\‘H/ SIN- ey & N / & VIl
150 176 21 53090 128 53290 048 0.26 145 16629 0.18 16758 0.08
150 162 22 53091 117 53283 045 0.26 154 16635 0.19 167.71 0.07
450 179 23 53120 1.26 533.03 054 021 144 16646 0.15 16777 0.07
450 159 23 53115 114 53300 045 025 152 16655 0.19 168.10 0.06
600 139 23 53119 107 53315 032 021 1.33 16649 0.15 167.86 0.06
750 138 2.3 53119 107 53313 031 021 141 16648 0.15 16777 0.06
900 1.38 2.3 531.18 107 53314 031 021 144 16650 0.15 167.74 0.06
1050 139 23 53118 1.08 533.16 031 021 1.39 16650 0.14 167.70 0.06
1150 139 2.2 53118  1.07 53315 031 021 1.42 16645 0.14 167.66 0.07
1150 139 21 531.18 1.07 53315 0.31 021 1.40 16646 0.14 16768 0.07
1500 1.28 21 531.09 0.93 53294 035 0.8 1.38 16662 0.15 168.00 0.02
1500 1.28 21 531.09 093 53294 035 0.18 137 16655 0.14 16772 0.04
1500 1.25 21 531.09 091 53294 035 0.17 1.40 16662 0.15 168.00 0.02
1800 1.12 2.2 53119 0.84 53311 0.28 0.15 1.63 16650 0.13 168.00 0.02
1800 112 21 53119 0.84 53311 0.28 0.15 1.68 16650 0.13 168.00 0.03
1800 111 2.2 53119 0.83 53311 0.27 0.5 1.64 16650 0.13 168.00 0.02
2100 125 21 53124 0.96 53318 0.29 0.16 173 16654 0.13 167.98 0.03
2400 121 2.1 53119 0091 533.05 030 017 136 16644 0.13 16757 0.04
2400 1.19 2.1 53119 0.90 533.05 0.30 0.17 136 16644 0.12 16757 0.04
2550 1.27 2.1 53120 0091 53295 0.36 0.14 133 166.60 0.12 16784 0.02
2550 1.27 21 53120 0.91 53295 036 0.14 133 166.62 0.12 16801 0.02
2850 1.06 2.3 53147 0.81 53324 0.26 0.1 1.34 16673 0.10 168.16 0.02

=



Table 4 Deconvoluted results from XP spectraofc s in PPy/A at different
accumulated X-ray exposure times when there was no liquid nitrogen cooling kit

used.

Accumulated
X-ray
exposure
time (min)
150
150
150
300
300
300
300
450
450
450
450
600
600
600
750
750
750
900
900
900
900
900
1050
1050

CIN

8.45
7.68
7.75
9.05
9.21
7.87
8.04
8.29
8.74
1.71
7.87
8.95
7.87
8.04
8.02
8.17
8.02
10.21
10.21
10.59
10.59
8.23
11.01
10.62

FWHM

18
19
19
19
19
19
1.9
18
18
1.9
1.9
1.9
1.9
19
1.9
1.9
19
18
18
18
18
1.9
18
18

C hydrocarbon

284.23
283.85
283.85
284.23
284.23
283.94
283.94
284.28
284.28
283.98
283.98
284.30
284.01
284.01
284.02
284.02
284.02
284.40
284.40
284.40
284.40
284.05
284 41
284 41

CIN

6.61
5.43
548
6.69
6.81
5.76
5.88
6.38
6.72
5.76
5.88
7.03
5.99
6.12
6.18
6.29
6.18
8.14
8.14
8.44
8.44
6.46
8.94
8.63

Cls

C-OH & HX

N oo

286.11
285.63
285.63
285.96
285.96
285.72
285.72
286.10
286.10
285.82
285.82
286.22
285.85
285.85
285.88
285.88
285.88
286.22
286.22
286.22
286.22
285.96
286.32
286.32

1.14
1.39
1.40
1.45
1.48
1.28
131
1.26
1.33
121
1.24
1.26
1.16
=ty
1.12
1.14
1.12
1.33
1.33
1.38
1.38
1.09
1.34
1.29

c=0
CIN

287.96
287.62
287.62
287.78
287.78
287.60
287.60
288.05
288.05
287.75
287.75
288.25
287.76
287.76
287.76
287.76
287.76
288.09
288.09
288.09
288.09
287.79
288.26
288.26

0.50
0.64
0.65
0.63
0.64
0.60
0.61
0.48
0.51
0.53
0.54
0.49
0.52
0.54
0.51
0.52
0.51
0.54
0.54
0.56
0.56
0.49
0.55
0.53

T-7T*
TE-Tt4 N

290.24
289.77
289.77
289.78
289.78
289.69
289.69
290.17
290.17
289.84
289.84
290.59
289.99
289.99
289.86
289.86
289.86
289.99
289.99
289.99
289.99
289.92
290.25
290.25

218

0.21
0.22
0.22
0.28
0.28
0.23
0.23
0.17
0.18
0.20
0.21
0.17
0.19
0.20
0.20
0.21
0.20
0.20
0.20
0.21
0.21
0.20
0.18
0.18



Table

used.

Accumulated
X-ray
exposure
time (min)
150
150
150
300
300
300
300
450
450
450
450
600
600
600
750
750
750
900
900
900
900
900
1050
1050

Deconvoluted results from XP spectra of N IS in PPy/A at different
accumulated X-ray exposure times when there was no liquid nitrogen cooling kit

CIN

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

FWHM

15
15
15
14
14
15
14
15
13
15
14
15
15
14
15
14
15
15
15
14
14
14
14
1.6

397.42
397.08
397.10
397.38
397.34
397.15
397.49
397.38
397.79
397.18
397.44
397.41
397.21
397.70
397.25
397.48
397.25
397.50
397.50
397.76
397.76
397.77
397.97
397.52

=N-/N
0.01
0.03
0.03
0.04
0.04
0.03
0.04
0.05
0.05
0.04
0.04
0.04
0.03
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.05
0.04
0.03

N Is
-NH-
- -NH-/N
39942  0.77
399.08  0.70
399.07  0.69
399.38  0.70
39935 0.69
399.15  0.73
399.10  0.67
399.38  0.69
39936 0.66
399.18 =~ 0.72
399.14  0.67
399.41 0.70
399.21 0.74
399.18  0.68
39925  0.76
399.20  0.70
399.25 0.76
39950  0.74
39950  0.74
39947 071
39947 071
399.19  0.67
39947  0.70
39952 0.76

-NH + (polaron)

-NH-7N
400.93 0.17
400.59 0.20
400.51 0.20
400.89 0.20
400.74 0.20
400.66 0.18
400.36 0.21
400.89 0.19
400.69 0.21
400.69 0.19
400.43 0.21
400.92 0.19
400.72 0.17
400.45 0.20
400.76 0.15
400.44 0.18
400.76 0.15
401.01 0.18
401.01 0.18
400.77 0.19
400.77 0.19
400.40 0.21
400.68 0.20
401.03 0.17

=NH+
(bipolaron)
=NH+
(eV) IN
402,50  0.05
402.19  0.07
402.01 0.08
402.49  0.06
402.12  0.07
402.26  0.06
401.88  0.08
40249  0.07
402.33  0.08
402.29  0.06
401.91 0.08
402.52  0.06
402.32  0.05
40199  0.07
402.36  0.05
401.97  0.07
402,36 0.05
402.61 0.05
402.61 0.05
402,18  0.06
402.18  0.06
401.91 0.07
402.03  0.06
402.63  0.04
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Table  © Deconvoluted results from XP spectra of O Is and  2p in PPy/A at
different accumulated X-ray exposure times when there was no liquid nitrogen
cooling kit used.

min)

—

ray exposure

Accumulated
S S time

—
o
o

300
300
300
300
450
450
450
450
600
600
600
750
750
750
900
900
900
900
900
1050
1050

ONN

1.64
1.86
1.88
1.98
2.02
1.79
1.83
175
1.84
1.70
1.74
1.79
1.65
1.69
1.63
1.66
1.63
2.01
2.01
2.08
2.08
1.62
2.10
2.02

FWHM
(eV)

2.1
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.2
2.1
2.1
2.2
2.1
2.1
2.1
2.1
2.1
2.2
2.2
2.2
2.2
2.1
2.3
2.3

0ls
0=C

A 0=c/

531.14
530.85
530.85
531.32
531.32
530.93
530.93
531.29
531.29
530.96
530.96
531.38
531.00
531.00
531.00
531.00
531.00
531.49
531.49
531.49
531.49
531.03
531.49
531.49

N

1.27
1.28
1.29
1.40
1.42
1.23
1.26
1.18
1.24
1.16
1.19
1.26
1.14
1.16
11
113
111
1.36
1.36
141
141
1.14
141
1.36

0-H

/A

533.10
532.73
532.73
533.20
533.20
532.78
532.78
533.04
533.04
53281
53281
533.15
532.80
532.80
532.82
532.82
532.82
533.18
533.18
533.18
533.18
532.84
533.13
533.13

0-H/
N

0.37
0.58
0.59
0.58
0.59
0.56
0.57
0.57
0.60
0.54
0.55
0.53
0.51
0.52
0.51
0.52
0.51
0.65
0.65
0.67
0.67
0.48
0.69
0.66

SIN

0.29
0.27
0.27
0.31
0.32
0.27
0.27
0.25
0.26
0.24
0.25
0.24
0.25
0.25
0.23
0.24
0.23
0.26
0.25
0.27
0.26
0.24
0.26
0.25

FWHM
(eV)

1.44
1.52
1.52
1.58
1.58
1.60
1.60
1.23
1.23
141
141
1.22
1.63
1.63
1.44
1.42
1.42
161
1.32
1.61
1.32
1.48
1.57
1.44

SIV

Vi
SIv/ SW
Nf N f

<f>

166.67
166.09
166.09
166.45
166.45
166.20
166.20
166.61
166.61
166.43
166.43
166.48
166.54
166.54
166.35
166.31
166.31
166.62
166.70
166.62
166.70
166.32
166.53
166.59

0.19
0.20
0.20
0.21
0.21
0.20
0.21
0.12
0.12
0.14
0.15
0.13
0.16
0.17
0.14
0.15
0.15
0.18
0.14
0.19
0.15
0.18
0.17
0.15

2p

168.02
167.46
167.46
167.54
167.54
167.53
167.53
167.59
167.59
167.64
167.64
167.51
167.93
167.93
167.52
167.50
167.50
167.78
167.77
167.78
167.77
167.73
167.73
167.75

0.06
0.06
0.06
0.10
0.11
0.06
0.06
0.09
0.10
0.05
0.06
0.09
0.04
0.04
0.06
0.06
0.06
0.08
0.08
0.08
0.08
0.05
0.09
0.09

Nnew

>W/
N+

165.50
165.50
165.50
165.50
165.50
165.50
165.50
165.50
165.50
165.50

165.50

165.50
165.50

165.50

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.05
0.05
0.06
0.06
0.03
0.06
0.06
0.03
0.03
0.03
0.00
0.04
0.00
0.04
0.01
0.00
0.02

Represents BES of  2p 1/2; whereas those of 2p 3/2 are -1.28 eV (SD = 0.6 eV)

lower

ARepresents areas of  2p ( 2p U2 and 2p 312)
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