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APPENDICES

Appendix A Investigation of Characteristic Peaks of FT-IR Spectrum of
Undoped and Doped Poly(p-phenylene)

FT-IR spectrometer (Nicolet/Nexus 670) was used to characterize functional
groups of undoped and doped poly(p-phenylene) at 50:1 mole ratio of dopant to
moomer unit (uPPP and 50:1 dPPP) and operated in the absorption mode in a
wavenumber range of 4000-400 cm™ with 32 scans and +4 cm’ resolution. Optical
grade potassium bromide (KBr) was used as a background material and dried before

being mixed with PPP at a ratio of 20:1.
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Figure A1 The FT-IR spectra of uPPP and 50:1 dPPP.



58

The FT-IR spectrum of PPP synthesized by Kovacic’s direct route (Kovacic
et al., 1963) through oxidative cationic polymerization was shown in Figure A-1.
The characteristic absorption peak situated at 805 cm” was corresponding to para
aromatic substitution. The less intense absorption peaks occurred at 763 and 695 cm™
were assignable to mono substitution of benzene rings. Moreover, there were
additional bands of secondary intensity of para band located at 999, 1396, and 1479
cm” (Kovacic ef al., 1963). The several precise assignments of characteristic FT-IR
spectrum for PPP were summarized in Table A-1 (Kvarnstrom ef al., 1997, Lacaze et
al. 1997).

The doping of PPP caused the occurrence of new absorption peaks at 1545
and 1180 cm'that were not appeared in the undoped state of PPP. The doping
induced IR characteristic peaks were not due to specific vibrations of dopant
molecules or between the molecules and the polymer chain, because the similar
peaks appeared for K-, AsFs- and FeCls-doping, therefore they are intrinsic vibration
of the polymer chain in doping state (Yli-Lahti ef al., 1985; Shacklette et al., 1980;
Yaniger ef al., 1984).

Table A1 Typical IR assignments of uPPP

Wavenumber (cm™) Characteristic bands References
3026+0.6 C-H stretching of aromatic Dale, 1957 and

[3029] Castiglioni e al., 1989
1599+0.6 Quinoid structure Pham et al., 1990
[1600]

1396+2.0, 1479404  C-C stretching of aromatic Pham et al., 1990

[1390, 1480]

999+0.5, 1250+4.0 C-H in-plane vibration of para  Soubiran e al., 1998

[1000, 1255] disubstituted phenyl rings

805+0.6 C-H out of plane vibration of ~ Froyer et al., 1985
[817-805] para disubstituted phenyl rings

763+2.0 C-H out of plane vibration Kvarnstrom ef al. 1985
[760] mono substituted phenyl rings

695+1.0 C-H out of plane vibration of ~ Rakovic et al., 1991

[692] mono substituted phenyl rings
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Appendix B Thermal Property of uPPP and 50:1 dPPP

The thermal property of uPPP and 50:1 dPPP was examined by a thermal
gravimetric technique. Thermal Gravimetric Analyzer (duPont/TGA 2950) was used
in operating mode: heating rate of 10 °C/min and temperature scan from 30-800 c
under air atmosphere. There was single transition step of both uPPP and dPPP
decomposition under air atmosphere. Single transition of uPPP and dPPP
decomposition under air atmosphere was noticed as shown in Figure B-1. It was
obviously observed that uPPP is thermally and thermooxidatively stable. There was
no significant decomposition appeared below 400 °C. It meant that at temperature up
to 400 °C uPPP demonstrated good resistance to thermal degradation and air
oxidation (Kovacic ef al., 1963). At approximately 569 °C PPP backbone began to
decompose responsible for the loss of benzene.

dPPP proposed less thermal stability with gradually decomposed when
temperature increased, than the undoped one, because doping induced the defect in
the polymer chain. However, dPPP still withstand the heat until most of dPPP
molecule decomposed at around 480 °C. Moreover, after decomposition dPPP had

higher amount of residue than uPPP due to the addition of ferric chloride dopant.
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Figure Bl TGA thermogram of uPPP and 50:1 dPPP.

Table B1 Decomposition of uPPP and 50:1 dPPP

800

Sample Ta (°C) % Weight loss % Residue
uPPP 569+4 08.04+0.83 1.96+0.83
50:1 dPPP ~ 480+6 86.95+1.10 13.05+1.10
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Appendix C Identification of Crystallinity of uPPP and 50:1 dPPP and

Structure of Zeolite

X-ray Diffractrometer (Phillips, Rigaku) was used in order to identify the
crystallinity of uPPP and 50:1 dPPP and ensure the structure of zeolite. Both uPPP
and dPPP powder were compressed into pellet form with 10 mm in diameter and
0.15-0.25 mm in thickness. Zeolite powder was packed into a glass plate. The XRD
patterns showed that uPPP had quite high crystalline accompanying with the d-
spacing value of 4.53, 3.63 and 3.24 A. The most intense d-spacing was 4.53 A
which closely corresponded to the length of a phenyl unit (Kovacic ef al., 1963;
Marvel et al., 1959). Therefore, it was postulated that the rings were very nearly
coplanar. However, the pattern of uPPP did show the existence of some amorphous
regions.

Some peaks presenting in the uPPP pattern were disappeared or reduced in
intensity after doping with FeCl; which meant FeCl; dopant can decease the
crystallinity of PPP. It might be due to the distortion of the polymer chain after being
doped.

By using XRD technique, the structure and crystallinity ZSM-5 was
confirmed. XRD patterns and peak positions matched those observed for the
characteristic structure of MFI. The peak intensities and low background lines

demonstrated the high crystallinity of the sample.
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Appendix D Determination of Particle Size and Particle Size Distribution of
PPP and Zeolite Powder

Particle Size Analyser (Malvern/Mastersizer X Version 2.15) was employed
to examine the particle size and particle size distribution of materials. Synthesized

PPP was ground and subsequently sieved with 54 pm sieve before being analyzed.

Table D1 Mean particle diameter of materials

Mean particle diameter (pum)
1 - 3 Avg. SD
PPP 33.74 33.41 33.69 33.61 0.18
ZSM-5(23) 5.46 5.45 5.47 5.46 0.01

Materials




Table D2 Raw data of particle size of uPPP
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Particle size uPPP
diameter (um) 1 2 3
Sizelow | Sizehigh | In% | Under% | In% | Under% | W% | Under %
0.20 0.48 0.1 0.11 0.11 0.11 0.11 0.11
0.48 0.59 0.33 0.43 0.32 0.43 0.34 0.40
0.59 0.71 0.45 0.88 0.45 0.88 0.47 0.91
0.71 0.86 0.45 1.33 0.44 132 0.46 1.37
0.86 1.04 0.34 1.67 0.33 1.65 0.35 1.72
1.04 1.26 0.19 1.86 0.19 1.84 0.20 1.92
1.26 1.52 0.10 1.97 0.10 1.94 0.11 2.03
1.52 1.84 0.12 2.09 0.12 2.06 0.13 2.16
1.84 2.23 0.27 2.36 0.26 233 0.27 2.43
2.23 2.70 0.48 2.84 0.48 2.81 0.50 2.93
2.70 3.27 0.68 3.52 0.68 3.49 0.70 3.63
327 3.95 0.90 4,42 0.90 4.40 0.93 4.56
3.95 4.79 1.18 5.60 1.18 5.58 121 5.77
4.79 5.79 1.51 7.11 1.52 7.09 1.55 731
5.79 7.01 1.91 9.03 1.92 9.01 1.95 9.26
7.01 8.48 2.36 11.39 2.36 1137 2.39 11.66
8.48 10.27 2.86 14.24 2.87 14.25 2.90 14.56
10.27 12.43 3.45 17.70 3.48 17.73 3.51 18.07
12.43 15.05 4.23 21.92 4.29 22.02 431 22.38
15.05 18.21 5.32 27.25 5.40 27.42 5.41 27.80
18.21 22.04 6.80 34.06 6.89 3431 6.87 43.67
22.04 26.68 8.58 42.63 8.66 42.97 8.57 43.23
26.68 32.29 10.34 52.98 10.41 53.38 10.22 53.46
32.29 39.08 11.52 64.49 11.57 64.95 11.32 64.77
39.08 47.30 11.51 75.99 11.53 76.47 11.30 76.06
47.30 57.25 9.83 85.82 9.81 86.28 9.67 85.72
57.25 69.30 7.10 92.93 7.04 93.32 7.00 92.73
69.30 83.87 425 97.17 4.15 97.47 4.23 96.96
8387  101.52 2.06 99.23 1.94 99.42 2.11 99.08
10152 122.87 0.73 99.97 0.58 100.00 0.82 99.90
12287 14872 0.03 100.00 0.00 100.00 0.10 100.00
14872 180.00 0.00 100.00 0.00 100.00 0.00 100.00




Table D3 Raw data of particle size of ZSM-5(23)
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Particle size ZSM-5(23)
diameter (um) 1 2 3
Sizelow | Sizehigh | In% [Under% | % | Under% | In% | Under%

0.05 0.12 0.00 0.00 0.00 0.00 0.00 0.00
0.12 0.15 0.00 0.00 0.00 0.00 0.00 0.00
0.15 0.19 0.00 0.00 0.00 0.00 0.00 0.00
0.19 0.23 0.00 0.00 0.00 0.00 0.00 0.00
0.23 0.28 0.00 0.00 0.00 0.00 0.00 0.00
0.28 0.35 0.00 0.00 0.00 0.00 0.00 0.00
0.35 0.43 0.00 0.00 0.00 0.00 0.00 0.00
0.43 0.53 0.05 0.05 0.05 0.06 0.06 0.06
0.53 0.65 0.30 0.35 0.30 0.36 031 0.37
0.65 0.81 0.68 1.03 0.70 1.06 0.71 1.08
0.81 1.00 1.23 2.26 1.25 231 1.28 235
1.00 1.23 1.92 4.18 1.96 4.27 1.99 4.34
1.23 1.51 2.70 6.88 2.72 6.99 2.73 7.07
1.51 1.86 3.37 10.25 3.36 10.34 3.33 10.40
1.86 2.30 3.84 14.09 3.79 14.14 3.74 14.14
2.30 2.83 4.43 18.52 4.41 18.54 4.40 18.53
2.83 3.49 6.12 24.66 6.17 24.73 6.25 24.79
3.49 4.30 9.35 34.00 9.47 34.19 9.60 34.38
4.30 5.29 14.17 48.19 14.25 48.45 14.25 48.64
5.29 6.52 18.51 66.67 18.37 66.80 18.05 66.67
6.52 8.04 17.38 84.04 17.17 83.96 16.84 83.49
8.04 9.91 10.69 94.71 10.66 94.60 10.74 94.21
9.91 12.21 4.27 99.01 4.35 98.98 4.60 98.85
12.21 15.04 0.98 100.00 1.02 100.00 1.14 100.00
15.04 18.54 0.00 100.00 0.00 100.00 0.00 100.00
18.54 22.84 0.00 100.00 0.00 100.00 0.00 100.00
22.84 28.15 0.00 100.00 0.00 100.00 0.00 100.00
28.15 34.69 0.00 100.00 0.00 100.00 0.00 100.00
34.69 42.75 0.00 100.00 0.00 100.00 0.00 100.00
42.75 52.68 0.00 100.00 0.00 100.00 0.00 100.00
52.68 64.92 0.00 100.00 0.00 100.00 0.00 100.00
64.92 80.00 0.00 100.00 0.00 100.00 0.00 100.00
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Appendix E Density Measurement

Density of PPP and zeolite can be measured by using pycnometer at
controlled temperature. Blank pycnometer was firstly weighed and then water was
added into the pycnometer and weight of pycnometer with water was measured

again. The density of water can be calculated through equation (E1)

_(a-b)
w 25 (El)

where p,, is the density of water (g.cm™), a is the weight of pycnometer with water
(g), b is the weight of blank pycnometer (g).

The blank pycnometer was weighed again and then sample powder was
introduced into the pycnometer and the total weight was measured. After that the
water was added into the same pycnometer and again the total weight was measured.
In this step, the volume of added water will be obtained from equation (E2) and
finally the density of the sample can be calculated through equation (E3)

= (e-d) (E2)
P
where 4 is the volume of added water (cm’), e is the weight of pycnometer with

sample and added water (g), d is the weight of pycnometer with sample (g).

_(d-b)
Pm=05_4

where p,, is the density of matarial (g.cm™).

(E3)

Table E1 Density of materials

Materials Density(g.cm™)
PPP 1.3273+0.0011

ZSM-5(23) 1.9739+0.0004
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Appendix F Morphology

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

(Figure F-1) shows rough surface and irregular shapes.

(b)
Figure F1 Morphology of PPP at magnifications of (a) 1000; (b) 1500.

(a)
Figure F2 Morphology of dPPP at magnifications of (a) 1000; (b) 1500.
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()
Figure F3 Morphology of ZSM-5(23) at magnifications of () 1000; (b) 1500.

(a)
Figure F4 Morphology of dPPP(90)/NaZ23 at magnifications of (a) 1000; (b) 1500.

(a) (b)
Figure F5 Morphology of dPPP(80)/NaZ23 at magnifications of (a) 1000; (b) 1500.
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®)
Figure F6 Morphology of dPPP(70)/NaZ23 at magnifications of (a) 1000; (b) 1500.

(a) (b)
Figure F7 Morphology of dPPP(70)/NaZ23 at magnifications of (a) 1000; (b) 2000.
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Appendix G Identification of Si/Al and Cation Exchange Level of Zeolite

An Atomic Absorption Spectrometer (AAS) (Varian/SpectrAA 300) was
used to determine the amount of Si and Al containing in zéolite and the amount of
desired cation after ion exchange processes. The known weight zeolite was dissolved
with hydrofluoric acid (HF) and hydrochloric acid (HCI). After the volume of
solution was adjusted, the solution was filtered before being tested. Standard, blank
and sample solutions were prepared for testing of each cation and different lamps
were used for different cations.

The Si/Al ratio of zeolite can be calculated via equation (G1)

mole of Sil g of zeolite
mole of Allg of zeolite

Si/ Al ratio = (G1)

Table G1 Si/Al ratios of zeolite

Cation content (mole/g zeolite) Si/Al
Si Al

ZSM-5(23) 13849 x 10™ 1.0930x 10° 12.67

Zeolite

Before performing cation exchange process, ZSM-5 zeolite contains the
NH," cation. After the process, cation containing in the ZSM-5 was changed and the
actual amount of balancing cation was then determined. Cation exchange level can
be calculated on the assumption that 100% cation exchange possesses identical mole
number of incoming cation and Al as followed equation (G-2)

mole of cation/ g of zeolite

Cation exchange level = (G-2)
mole of All g of zeolite
Table G2 The cation exchange level of NH4ZSM-5(23) with Na" and K"
: : [AL] [cation] -
Sample Cation Times (mmol/g zeolite) _(mmol/g zeolite) 70 Exchange
ZSM-5(23) Na' 1% 1.0978 1.0674 97.23

K i* 1.0978 1.0576 96.34
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Appendix H Surface Area and Pore Volume of Zeolite

Surface area and pore volume of zeolite were determined by employing a
Surface Area Analyzer (SAA) (Quantachrome/Autosorb-1). Dried zeolite was
weighed and out gassed at 250 °C over night before being performed adsorption and
desorption with He and N; gases.

Table H1 Surface area and pore volume of zeolite

Zeolite BET Surzface area Pore vglume
(m/g) (cm*/g)
NH4ZSM-5(23) 290.14+0.85 0.1819+0.0031
HZSM-5(23) 332.6+6.51 0.2075+0.0006
NaZSM-5(23) 283.1+8.63 0.1759+0.0112
KZSM-5(23) 273.3+1.34 0.1663+0.0074

It was well-known that if the zeolite contains different cation, the surface
area and pore volume of the zeolite are also different due to the various types of
cation whose size of cation are not the same. From table G-1, the surface area and
pore volume of ammonium cation form existing in ZSM-5 are 290. 1m?/g and 0.1819
cm’/g, respectively. After calcination without passing cation exchanged process,
ammonium cation became H' because of the removal of NHj during calcination
process, therefore the surface are and pore volume of zeolite increase up to 332.6
m?/g and 0.2075 cm’/g, respectively. Due to K" possesses the larger cation size than
Na', thus ZSM-5 containing K* have less surface area and pore volume than
NaZSM-5.
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Appendix I Correction Factor (K) Measurement

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

According to the geometric effects of the probe, the geometrical correction

factor was taken, depending on the configuration and probe tip spacing

K== an

where K is geometric correction factor, w is width of probe tip spacing (cm), / is
length between probes (cm).

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

currents. The geometric correction factor was calculated via equation (12)

p _Ixp
— = 2
Rxt V xt 1)

where p is resistivity of standard silicon wafer (Q.cm), which was calibrated by using
four point probe at Thailand Microelectronic Centre (TMEC), R is resistance of film
(Q.), tis film thickness (cm), / is measured current (A) and V'is applied voltage V).
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Table I1 The correction factor of several two point probes.

Probe Correction Factor (K)
1 2 3 Avg. SD
1 3.05E-05 2.785E-05  7.445E-06  2.195E-05 1.902E-06
2 7422E-05 9.872E-06 4.200E-05 4.205E-05  4.550E-05
3 1.506E-05 4.847E-05 3.180E-05 3.177E-05 2.362E-05
4 8.063E-06 8.213E-06 8.260E-06 8.178E-06 1.028E-07
5 2.385E-05 2.221E-05 2.755E-05 2.454E-05 2.735E-06
6 3.501E-05 3.453E-05 3.488E-05 3.481E-05 2.495E-07
1.2¢-8 -
1.0e-8 | o
I o}
~~ 3 o}
L 8.0e9 - ©
4 1 0]
5 ] 0
= 6.0e-9 e}
S | °
4.0e-9 -
] o
{ (o]
2.0e-9 -
0.0 = | . . .
0.00 .03 .06 09 A2 A8
Voltage (V)

Figure I1 Voltage vs. current data of the probe calibration with Si-wafer whose
sheet resistivity of 107.373 Q/sq, at 24-25 °C, 50-60 %RH.
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Table 12 Voltage-current data of the probe 1 calibration with Si-wafer whose sheet
resistivity of 107.373 Q/sq, at 24-25 °C, 50-60 %RH

Applied Voltage (V) Current (A)

1 2 3 1 2 3
0.01 0.01 0.01 5.80E-10 | 4.48E-10 | 4.25E-10
0.02 0.02 0.02 1.16E-09 | 8.97E-10 | 8.51E-10
0.03 0.03 0.03 1.70E-09 | 1.60E-09 | 1.64E-09
0.04 0.04 0.04 | 2.24E-09 | 2.30E-09 | 2.43E-09
0.05 0.05 0.05 | 3.28E-09 | 3.17E-09 | 3.25E-09
0.06 0.06 0.06 | 4.23E-09 | 432E-09 | 4.39E-09
0.07 0.07 0.07 | 5.06E-09 | 5.08E-09 | 5.09E-09
0.08 0.08 0.08 | 6.13E-09 | 5.96E-09 | 5.60E-09
0.09 0.09 009 | 6.63E-09 | 6.61E-09 | 6.42E-09
0.10 0.10 0.10 7.28E-09 | 7.28E-09 | 7.34E-09
0.11 0.11 0.11 8.33E-09 | 8.25E-09 | 8.25E-09
0.12 0.12 0.12 8.90E-09 | 8.75E-09 | B8.71E-09
0.13 0.13 0.13 9.48E-09 | 9.36E-09 | 9.42E-09
0.14 0.14 0.14 1.02E-08 | 1.01E-08 | 1.02E-08
0.15 0.15 0.15 1.10E-08 | 1.07E-08 | 1.10E-08

Table I3 Voltage-current data of the probe 2 calibration with Si-wafer whose sheet
resistivity of 107.373 Q/sq, at 24-25 °C, 50-60 %RH

Applied Voltage (V) - Current (A)

1 2 3 1 2 3
0.05 0.05 0.05 3.64E-08 | 3.49E-08 | 3.40E-08
0.10 0.10 0.10 | 7.17E-08 | 7.10E-08 | 6.66E-08
0.15 0.15 0.15 1.00E-07 | 9.98E-08 | 1.00E-07
0.20 0.20 0.20 1.33E-07 | 1.27E-07 | 1.22E-07
0.25 0.25 0.25 1.62E-07 | 1.64E-07 | 1.50E-07
0.30 0.30 0.30 1.93E-07 | 1.94E-07 | 1.89E-07
0.35 0.35 0.35 | 2.38E-07 | 2.40E-07 | 2.39E-07
0.40 0.40 0.40 | 2.87E-07 | 2.79E-07 | 2.78E-07
0.45 0.45 0.45 | 3.23E-07 | 3.23E-07 | 3.12E-07
0.50 0.50 0.50 | 3.63E-07 | 3.65E-07 | 3.53E-07
0.55 0.55 0.55 4.01E-07 | 3.95E-07 | 3.85E-07
0.60 0.60 0.60 | 435E-07 | 4.34E-07 | 4.30E-07
0.65 0.65 0.65 4 85E-07 | 4.78E-07 | 4.73E-07
0.70 0.70 0.70 | 5.04E-07 | 4.99E-07 | 4.94E-07
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Table I4 Voltage-current data of the probe 3 calibration with Si-wafer whose sheet
resistivity of 107.373 Q/sq, at 24-25 °C, 50-60 %RH

Applied Volta%e V) Current (A)

1 2 3 1 2 3
0.05 0.05 0.05 591E-09 | 5.89E-09| 6.01E-09
0.10 0.10 0.10 1.45E-08 | 1.42E-08 | 1.40E-08
0.15 0.15 0.15 | 2.36E-08 | 2.31E-08 | 2.29E-08 .
0.20 0.20 0.20 | 3.16E-08 | 3.02E-08 | 2.98E-08
0.25 0.25 0.25 | 3.72E-08 | 3.63E-08 | 3.59E-08
0.30 0.30 0.30 | 4.38E-08 | 4.22E-08 | 4.19E-08
0.35 0.35 0.35 | 4.94E-08 | 4.80E-08 | 4.81E-08
0.40 0.40 040 | 5.61E-08 | 5.51E-08 | 5.48E-08
0.45 0.45 0.45 6.14E-08 | 6.08E-08 | 6.08E-08
0.50 0.50 0.50 | 6.80E-08 | 6.76E-08 | 6.76E-08
0.55 0.55 0.55 7.54E-08 | 7.38E-08 | 7.36E-08
0.60 0.60 0.60 | 8.14E-08 | 8.22E-08 | 8.12E-08
0.65 0.65 0.65 9.09E-08 | 9.18E-08 | 9.12E-08
0.70 0.70 0.70 1.04E-07 | 1.03E-07 | 1.03E-07

Table I5 Voltage-current data of the probe 4 calibration with Si-wafer whose sheet
resistivity of 107.373 Q/sq, at 24-25 °C, 50-60 %RH

Applied Voltage (V) Current (A)

1 2 3 1 2 3
0.01 0.01 0.01 8.74E-10 | 8.41E-10 | 8.68E-10
0.02 0.02 0.02 1.09E-09 | 1.06E-09 | 1.05E-09
0.03 0.03 0.03 1.33E-09 | 1.40E-09 | 1.33E-09
0.04 0.04 0.04 2.54E-09 | 2.58E-09 | 2.54E-09
0.05 0.05 0.05 3.07E-09 | 3.07E-09 | 3.26E-09
0.06 0.06 0.06 4 83E-09 | 4.87E-09 | 5.22E-09
0.07 0.07 0.07 5.32E-09 | 5.43E-09 | 5.28E-09
0.08 0.08 0.08 6.14E-09 | 6.39E-09 | 6.62E-09
0.09 0.09 0.09 7.83E-09 | 8.03E-09 | 7.63E-09
0.10 0.10 0.10 8.62E-09 | 8.75E-09 | 8.24E-09
0.11 0.11 0.11 9.58E-09 | 8.91E-09 | 8.85E-09
0.12 0.12 0.12 9.52E-09 | 9.69E-09 | 9.65E-09
0.13 0.13 0.13 1.11E-08 | 1.15E-08 1.26E-08
0.14 0.14 0.14 1.35E-08 | 1.34E-08 1.38E-08
0.15 0.15 0.15 1.39E-08 | 1.42E-08 | 1.43E-08




Table I6 Voltage-current data of the probe 5 calibration with Si-wafer whose sheet

resistivity of 107.373 Q/sq, at 24-25 °C, 50-60 %RH

Applied Volta%im Current (A)

1 2 3 1 2 3
0.005 | 0.005 | 0.005 | 7.03E-10 | 5.68E-10 | 9.56E-10
0.01 0.01 0.01 2.33E-09 | 2.22E-09 | 2.52E-09
0.02 0.02 0.02 3.98E-09 | 4.32E-09 | 6.68E-09
0.03 0.03 0.03 7.16E-09 | 6.70E-09 | 6.68E-09
0.04 0.04 0.04 9.36E-09 | 8.15E-09 | 9.38E-09
0.05 0.05 0.05 1.44E-08 | 1.31E-08 | 1.53E-08

Table 17

resistivity of 107.373 Q/sq, at 24-25 °C, 50-60 %RH

Voltage-current data of the probe 6 calibration with Si-wafer whose sheet

Applied Voltage (V) + Current (A)

1 2 3 1 2 3
0.005 0.005 0.005 1.20E-09 | 1.24E-09 | 1.31E-09
0.010 0.010 0.010 | 3.85E-09 | 3.61E-09 | 3.65E-09
0.015 | 0015 | 0.015 | 4.75E-09 | 4.85E-09 | 5.01E-09
0.020 0.020 0.020 | 5.97E-09 | 6.03E-09 | 5.82E-09
0.025 0.025 0.025 | 7.07E-09 | 7.13E-09 | 7.37E-09
0.030 0.030 0.030 | 9.63E-09 | 9.69E-09 | 9.72E-09
0.035 | 0.035 | 0.035 | 1.24E-08 | 1.23E-08 | 1.29E-08
0.040 | 0.040 | 0.040 | 1.42E-08 | 1.39E-08 | 1.42E-08
0.045 | 0.045 | 0.045 | 1.72E-08 | 1.59E-08 | 1.47E-08
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Appendix J Conductivity Measurement

The electrical conductivity (c) can be measured by using the two-point
probe mater connected with a voltage supplier (Keithley, 6517A) which its constant
voltage can be changed and the current is reported. The conductivity measurement
was performed under atmospheric pressure, 40-60% RH and at 25-27 °C.. The
responsive current linearly proportional to the applied voltage is called the linear
ohmic regime which can be identified by plotting the applied voltage against with the
current. The voltage and the current in the regime were converted to the electrical
conductivity by following equation (J1)

1 1 1

g == —
0 R\ KxV xt

Uy

where o is specific conductivity (S/cm), p is specific resistivity (€.cm), R is sheet
resistance (€/sq), 7 is thickness of sample pellet (cm), V is applied voltage (voltage
drop) (V), I is measured current (A), and X is geometric correction factor of the two-
point probe meter.

In this measurement, the probe 2 was used; whose K is 4.205 x10” and the

thickness of the samples was measured by using a thickness gauge.

Table J1 The specific conductivity (S/cm) of uPPP, dPPP with various doping level
and NaZSM-5(23) zeolite

Sample Specific conductivity (S/cm)
uPPP (1.171+0.073)E-05
10:1 dPPP (1.260+0.248)E-04
20:1 dPPP (2.214+1.140)E-02
50:1 dPPP (8.701+4.246)E-01
100:1 dPPP (1.481+0.733)E+00

NaZSM-5(23) (8.670+2.543)E-03
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Figure J1 The specific conductivity of dPPP at various mole ratios between dopant
and monomer at 24-25 °C, 50-60 %RH.

Table J2 Voltage-current data in linear regime of uPPP at 24-25 °C, 50-60 %RH

Applied voltage (V) Measure current (A) Conductivity (S/cm)
1 2 3 1 2 3 1 2 3
0.2 0.2 0.2 1.50E-12 | 1.57E-12 | 1.63E-12 | 8.59E-06 | 9.02E-06 | 9.37E-06
0.4 0.4 0.4 3.66E-12 | 3.58E-12 | 3.55E-12 | 1.05E-05 | 1.03E-05 | 1.02E-05
0.6 0.6 0.6 5.86E-12 | 6.20E-12 | 5.98E-12 | 1.12E-05 | 1.19E-05 | 1.14E-05
0.8 0.8 0.8 8.58E-12 | 8.22E-12 | 8.22E-12 | 1.23E-05 | 1.18E-05 | 1.18E-05
1.0 1.0 1.0 1.05E-11 | 1.05E-11 | 1.04E-11 | 1.21E-05 | 1.21E-05 | 1.19E-05
1.2 1.2 1.2 1.25E-11 | 1.26E-11 | 1.24E-11 | 1.19E-05 | 1.20E-05 | 1.18E-05
14 1.4 1.4 1.42E-11 | 1.42E-11 | 1.42E-11 | 1.17E-05 | 1.17E-05 | 1.17E-05
1.6 1.6 1.6 1.57E-11 | 1.58E-11 | 1.58E-11 | 1.13E-05 | 1.13E-05 | 1.13E-05
1.8 1.8 1.8 1.78E-11 | 1.78E-11 | 1.75E-11 | 1.13E-05 | 1.13E-05 | 1.12E-05
2.0 2.0 2.0 1.92E-11 | 1.88E-11 | 1.88E-11 | 1.10E-05 | 1.08E-05 | 1.08E-05
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Table J3 Voltage-current data in linear regime of 10:1 dPPP at 24-25 °C, 50-60

%RH
Applied voltage (V) Measure current (A) Conductivity (S/cm)
1 2 3 1 2 3 1 2 3
0.1 0.1 0.1 9.30E-12 | 1.04E-11 | 1.08E-11 | 1.31E-04 | 1.47E-04 | 1.53E-04
0.2 0.2 0.2 1.87E-11 | 1.82E-11 | 1.82E-11 | 1.32E-04 | 1.29E-04 | 1.29E-04
0.3 0.3 0.3 2.87E-11 | 2.83E-11 | 2.82E-11 | 1.35E-04 | 1.33E-04 | 1.33E-04
0.4 0.4 0.4 3.75E-11 | 3.72E-11 | 3.72E-11 | 1.32E-04 | 1.31E-04 | 1.31E-04
0.5 0.5 0.5 4.62E-11 | 4.55E-11 | 4.51E-11 | 1.31E-04 | 1.29E-04 | 1.28E-04
0.6 0.6 0.6 5.45E-11 | 5.39E-11 | 5.38E-11 | 1.29E-04 | 1.27E-04 | 1.27E-04
0.7 0.7 0.7 6.28E-11 | 6.29E-11 | 6.20E-11 | 1.27E-04 | 1.27E-04 | 1.25E-04
0.8 0.8 0.8 7.13E-11 | 7.13E-11 | 7.07E-11 | 1.26E-04 | 1.26E-04 | 1.25E-04
0.9 0.9 0.9 7.99E-11 | 7.88E-11 | 7.90E-11 | 1.26E-04 | 1.24E-04 | 1.24E-04
1.0 1.0 1.0 8.82E-11 | 8.82E-11 | 8.75E-11 | 1.25E-04 | 1.25E-04 | 1.24E-04
1.1 1.1 1.1 9.71E-11 | 9.59E-11 | 9.55E-11 | 1.37E-04 | 1.23E-04 | 1.23E-04

Table J4 Voltage-current data in linear regime of 20:1 dPPP at 24-25 °C, 50-60

%RH
Applied voltage (V) Measured current (A) Conductivity (S/cm)

1 2 3 1 2 3 1 2 3

1 1 1 2.41E-09 | 2.23E-09 | 1.81E-09 | 3.51E-03 | 3.25E-03 | 2.63E-03
2 2 2 8.85E-09 | 8.47E-09 | 7.99E-09 | 6.44E-03 | 6.17E-03 | 5.82E-03
3 3 3 1.60E-08 | 1.58E-08 | 1.55E-08 | 7.76E-03 | 7.66E-03 | 7.55E-03
4 4 4 2.47E-08 | 2.44E-08 | 2.43E-08 | 9.01E-03 | 8.89E-03 | 8.85E-03
5 5 5 3.46E-08 | 3.44E-08 | 3.42E-08 | 1.01E-02 | 1.00E-02 | 9.97E-03
6 6 6 4.51E-08 | 4.48E-08 | 4.47E-08 | 1.10E-02 | 1.09E-02 | 1.08E-02
7 7 7 5.55E-08 | 5.53E-08 | 5.50E-08 | 1.16E-02 | 1.15E-02 | 1.14E-02
8 8 8 6.62E-08 | 6.58E-08 | 6.55E-08 | 1.21E-02 | 1.20E-02 | 1.19E-02
9 9 9 7.68E-08 | 7.68E-08 | 7.68E-08 | 1.24E-02 | 1.24E-02 | 1.24E-02
10 10 10 8.88E-08 | 8.94E-08 | 8.85E-08 | 1.29E-02 | 1.30E-02 | 1.29E-02
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Table J5 Voltage-current data in linear regime of 50:1 dPPP at 24-25 °C, 50-60

%RH
Applied voltage (V) Measured current (A) Conductivity (S/cm)
1 2 3 1 2 3 1 2 3
0.1 0.1 0.1 1.11E-08 | 1.09E-08 | 1.08E-08 | 0.111813 | 0.109453 | 0.108562
0.2 0.2 0.2 3.37E-08 | 3.28E-08 | 3.14E-08 | 0.169619 | 0.164998 | 0.158225
0.3 0.3 0.3 5.37E-08 | 5.44E-08 | 5.27E-08 | 0.180072 | 0.182382 | 0.176912
04 0.4 0.4 7.51E-08 | 7.29E-08 | 6.91E-08 | 0.188950 | 0.183487 | 0.173976
0.5 0.5 0.5 9.07E-08 | 8.98E-08 | 8.87E-08 | 0.182579 | 0.180773 | 0.178435
0.6 0.6 0.6 1.11E-07 | 1.10E-07 | 1.06E-07 | 0.186147 | 0.184265 | 0.178023
0.7 0.7 0.7 1.24E-07 | 1.19E-07 | 1.19E-07 | 0.177664 | 0.171037 | 0.170959
0.8 0.8 0.8 1.41E-07 | 1.43E-07 | 1.42E-07 | 0.176984 | 0.179755 | 0.178662
0.9 0.9 0.9 1.55E-07 | 1.59E-07 | 1.54E-07 | 0.173118 | 0.177641 | 0.171850
1.0 1.0 1.0 1.70E-07 | 1.64E-07 | 1.57E-07'| 0.171437 | 0.164798 | 0.157886

Table J6 Voltage-current data in linear regime of 100:1 dPPP at 24-25 °C, 50-60

%RH
Applied voltage (V) Measured current (A) Conductivity (S/cm)
1 2 3 1 2 3 1 2 3
0.1 0.1 0.1 1.02E-07 | 1.03E-07 | 1.05E-07 | 0.972079 | 0.983163 | 1.000698
0.2 0.2 0.2 2.51E-07 | 2.58E-07 | 2.63E-07 | 1.196080 | 1.232245 | 1.254015
0.3 0.3 0.3 4.13E-07 | 4.2E-07 | 4.44E-07 | 1.313635 | 1.335709 | 1.413778
0.4 0.4 0.4 6.38E-07 | 6.36E-07 | 6.41E-07 | 1.522853 | 1.517735 | 1.529188
0.5 0.5 0.5 8.77E-07 | 8.97E-07 | 9.06E-07 | 1.673749 | 1.712993 | 1.729517
0.6 0.6 0.6 1.20E-06 | 1.25E-06 | 1.27E-06 | 1.905577 | 1.990477 | 2.026039
0.7 0.7 0.7 1.63E-06 | 1.65E-06 | 1.69E-06 | 2.216643 | 2.256428 | 2.306414
0.8 0.8 0.8 1.98E-06 | 1.93E-06 | 1.95E-06 | 2.364017 | 2.307162 | 2.326751
0.9 0.9 0.9 2.27E-06 | 2.3E-06 | 2.35E-06 | 2.406210 | 2.436363 | 2.490092
1.0 1.0 1.0 2.66E-06 | 2.63E-06 | 2.61E-06 | 2.542574 | 2.515294 | 2.494274
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Table J7 Voltage-current data in linear regime of NaZSM-5(23) at 24-25 °C, 50-60

%RH
Applied voltage (V) Measured current (A) Conductivity (S/cm)
1 2 3 1 2 3 1 2 3

0.5 0.5 0.5 3.77E-09 | 2.13E-09 | 3.77E-09 | 5.64E-03 | 1.79E-03 | 3.23E-03
1.0 1.0 1.0 1.37E-08 | 5.46E-09 | 1.37E-08 | 1.03E-02 | 2.29E-03 | 5.26E-03
1.5 15 1.5 2.25E-08 | 9.99E-09 | 2.25E-08 | 1.12E-02 | 2.80E-03 | 5.93E-03
2.0 2.0 20 3.14E-08 | 1.78E-08 | 3.14E-08 | 1.17E-02 | 3.74E-03 | 6.74E-03
2.5 25 25 4.02E-08 | 2.98E-08 | 4.02E-08 | 1.20E-02 | 4.99E-03 | 7.66E-03
3.0 3.0 3.0 478E-08 | 3.9E-08 | 4.78E-08 | 1.19E-02 | 5.46E-03 | 7.92E-03
3.5 35 35 5.55E-08 | 4.36E-08 | 5.55E-08 | 1.18E-02 | 5.23E-03 | 7.76E-03
4.0 40 4.0 6.34E-08 | 5.31E-08 | 6.34E-08 | 1.18E-02 | 5.57E-03 | 7.97E-03
4.5 4.5 45 7.14E-08 | 5.9E-08 | 7.14E-08 | 1.18E-02 | 5.51E-03 | 7.93E-03
5.0 5.0 50 8.01E-08 | 8.07E-08 | 8.01E-08 | 1.20E-02 | 6.78E-03 | 8.81E-03
55 55 55 8.78E-08 | 1.06E-07 | 8.78E-08 | 1.19E-02 | 8.12E-03 | 9.66E-03
6.0 6.0 6.0 9 67E-08 | 1.15E-07 | 9.67E-08 | 1.20E-02 | 8.06E-03 | 9.67E-03
6.5 6.5 6.5 1.04E-07 | 1.32E-07 | 1.04E-07 | 1.20E-02 | 8.50E-03 | 9.94E-03
7.0 7.0 7.0 1.12E-07 | 1.44E-07 | 1.12E-07 | 1.19E-02 | 8.60E-03 | 9.99E-03
15 7.5 15 1.17E-07 | 1.43E-07 | 1.17E-07 | 1.17E-02 | 8.02E-03 | 9.51E-03
8.0 8.0 8.0 1.23E-07 | 1.62E-07 | 1.23E-07 | 1.15E-02 | 8.50E-03 | 9.75E-03
8.5 85 8.5 1.31E-07 | 1.62E-07 | 1.31E-07 | 1.15E-02 | 8.01E-03 | 9.44E-03
9.0 9.0 9.0 1.41E-07 | 1.76E-07 | 1.41E-07 | 1.17E-02 | 8.19E-03 | 9.64E-03
9.5 9.5 9.5 1.47E-07 | 1.92E-07 | 1.47E-07 | 1.16E-02 | 8.48E-03 | 9.78E-03
10.0 10.0 10.0 1.53E-07 | 1.91E-07 | 1.53E-07 | 1.15E-02 | 8.02E-03 | 9.43E-03
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Appendix K Electrical Conductivity Sensitivity Measurement

The electrical conductivity of dPPP and dPPP/zeolite composite pellets
under both N, and NH; gas atmosphere were carried out by using two point probe,
under pressure 1 atm, at 2941 °C. The electrical conductivity response of the sample
is defined as the difference between the equilibrium conductivity of sample under

exposed to NHj and that of samples under N, exposure.

AC =0y, — Oy, posat (K1)

The electrical conductivity sensitivity is calculated from the electrical

conductivity response divided by equilibrium conductivity under exposed to N,.

Sensitivity = Ao/ Oy, it (K2)
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Figure K1 Specific conductivity of 50:1 dPPP when exposed to 0.15625%v NH;.
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Figure K2 Specific conductivity of 50:1 dPPP after evacuating 0.15625%v NHs and

exposed to Na.
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Figure K3 Specific conductivity of 50:1 dPPP when exposed to 0.3125%v NH;.
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Figure K4 Specific conductivity of 50:1 dPPP after evacuating 0.3125%v NH; and

exposed to N;.
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Figure K5 Specific conductivity of 50:1 dPPP when exposed to 0.625%v NHs.
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Figure K6 Specific conductivity of 50:1 dPPP after evacuating 0.625%v NH; and

exposed to Na.
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Figure K7 Specific conductivity of 50:1 dPPP when exposed to 1.25%v NHs.
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Figure K8 Specific conductivity of 50:1 dPPP after evacuating 1.25%v NHs and
exposed to Na.
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Figure K9 Specific conductivity of 50:1 dPPP when exposed to 2.5%v NH;.
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Figure K10 Specific conductivity of 50:1 dPPP after evacuating 2.5%v NHj3 and

exposed to Na.
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Figure K11 Specific conductivity of 50:1 dPPP when exposed to 5%v NHs.
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Figure K12 Specific conductivity of 50:1 dPPP after evacuating 5%v NH; and

exposed to Na.
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Figure K13 Specific conductivity of 50:1 dPPP when exposed to 10%v NHs.
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Figure K14 Specific conductivity of 50:1 dPPP after evacuating 10%v NHs and

exposed to Nz.
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Figure K15 Specific conductivity of dPPP(90)/NaZ23 when exposed to 5%v NH;.
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Figure K16 Specific conductivity of dPPP(90)/NaZ23 after evacuating 5%v NH;

and exposed to N.
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Figure K17 Specific conductivity of dPPP(80)/NaZ23 when exposed to 5%v NH;.
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Figure K18 Specific conductivity of dPPP(80)/NaZ23 after evacuating 5%v NH;

and exposed to N,.
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Figure K19 Specific conductivity of dPPP(70)/NaZ23 when exposed to 5%v NHa.
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Figure K20 Specific conductivity of dPPP(70)/NaZ23 after evacuating 5%v NH3

and exposed to Na.

Time (min)



93

.25

.20

A5

G (S/em)

10

05 -

0.00 +— T
0 10 20 30 40 50

Time (min)

Figure K21 Specific conductivity of dPPP(60)/NaZ23 when exposed to 5%v NHs.
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Figure K22 Specific conductivity of dPPP(60)/NaZ23 after evacuating 5%v NH;

and exposed to N,.
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Figure K23 ecific conductivity of dPPP(90)/NaZ23 when exposed to 1.25%v NHs.

o (S/cm)

0.0 r —————r———— St

Time (min)

Figure K24 Specific conductivity of dPPP(90)/NaZ23 after evacuating 1.25%v NHj

and exposed to Na.
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Figure K25 Specific conductivity of dPPP(80)/NaZ23 when exposed to 1.25%v NHs.
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Figure K26 Specific conductivity of dPPP(80)/NaZ23 after evacuating 1.25%v NH;3

and exposed to N,.
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Figure K27 Specific conductivity of dPPP(70)/NaZ23 when exposed to 1.25%v NHs.
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Figure K28 Specific conductivity of dPPP(70)/NaZ23 after evacuating 1.25%v NH3

and exposed to N,.
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Figure K29 Specific conductivity of dPPP(60)/NaZ23 when exposed to 1.25%v NHs.
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Figure K30 Specific conductivity of dPPP(60)/NaZ23 after evacuating 1.25%v NH;

and exposed to Nj.
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Figure K31 Specific conductivity of dPPP(90)/NaZ23 when exposed to 0.62 5%v NH;.
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Figure K32 Specific conductivity of dPPP(90)/NaZ23 after evacuating 0.625%v
NHj3 and exposed to Na.
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Figure K33 Specific conductivity of dPPP(80)/NaZ23 when exposed to 0.625%v NHs.

44
3
£
&
@ 5]
© F_
=
P 1 IR P < "= T
0 10 20 30 40 50 60

Time (min)

Figure K34 Specific conductivity of dPPP(80)/NaZ23 after evacuating 0.625%v
NH; and exposed to N.
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Figure K35 Specific conductivity of dPPP(70)/NaZ23 when exposed to 0.625%v NHs.
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Figure K36 Specific conductivity of dPPP(70)/NaZ23 after evacuating 0.625%v
NHj; and exposed to N,.
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Figure K37 Specific conductivity of dPPP(60)/NaZ23 when exposed to 0.625%v NH;.
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Figure K38 Specific conductivity of dPPP(60)/NaZ23 after evacuating 0.625%v
NH; and exposed to N,.
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Figure K39 Specific conductivity of dPPP(90)/KZ23 when exposed to 0.625%v NHs.

30 1
28 1
26 -

24

o (S/cm)

22 !

.20

.18 +—r——"m—m————r—+——+—+T1—— e

Time (min)

Figure K40 Specific conductivity of dPPP(90)/KZ23 after evacuating 0.625%v NH;

and exposed to Na.
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Figure K41 Specific conductivity of dPPP(90)/NH4Z23 when exposed to 0.625%v NHs.
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Figure K42 Specific conductivity of dPPP(90)/NH4Z23 after evacuating 0.625%v
NH;3; and exposed to Na.
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Figure K43 Specific conductivity of dPPP(90)/HZ23 when exposed to 0.625%v NHs.
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Figure K44 Specific conductivity of dPPP(90)/HZ23 after evacuating 0.625%v NH3

and exposed to Na.



Table K1 Specific conductivity and sensitivity of 50:1dPPP and its composites when exposed to air, N; and NH3 with various concentrations

under chamber temperature (T.) of 28+1 °C, at 1 atm, # = the time that Onm, reaches equilibrium, 7, = the time that o reaches equilibrium after

evacuate NH,, V= applied voltage, K = correction factor (2.19 x 107%)
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Appendix L Ammonia Temperature Programmed Desorption

An ammonia temperature programmed desorption (NH3-TPD) of zeolite
was performed in a flow-through reactor with helium as a carrier. In order to remove
water and undesired impurities, approximated 0.05 g of sample was pre-treated under
He flow by heating from 30 °C to 500 °C at 10 °C/min. After holding temperature at
500 °C for 1 h and cooling to ambient temperature, the gas flow was switched to 1%
NHs/He. The NH; adsorption under room temperature was allowed for 1 h and the
removal of weakly adsorbed NH; was then achieved by purging He gas into the
system for 2 h. The NH; desorption was done by elevating temperature from 30 °Cto
600 °C at ramp rate of 10 °C/min. In case of dPPP, NH3 desorption was performed by
elevating temperature from 30 °C to 300 °C. The desorbed NH; was detected by
thermal conductivity detector (TCD).
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Figure L2 NH;3-TPD thermogram of 50:1 dPPP.
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Appendix M Investigation of Interaction between dPPP, dPPP composite,
NaZSM-5(23) and NH; by using FTIR technique

FTIR spectra of 50:1 dPPP, 50:1dPPP(70)/NaZ23 and NaZSM-5(23) were
taken by using KBr pellet technique. The sample pellet was located on sample holder
and put in the gas cell. The spectra of samples were collected, before, during and

after NH; exposure, in order to study the interaction between these samples and NHs.
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Figure M1 The FT-IR spectra of 50:1dPPP; before, during and after NH3 exposure.
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Figure M2 The FT-IR spectra of 50:1dPPP(70)/NaZ23; before, during and after NHs

exposure.
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Figure M3 The FT-IR spectra of NaZSM-5(23); before, during and after NH;

exposure.



111

Absorbance
<g

4000 3000 2000 1000

Wavenumber (cm")

Figure M4 The FT-IR spectra of 50:1dPPP versus time of NH; exposure.
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Figure M5 The FT-IR spectra of NaZSM-5(23) versus time of NH3 exposure.
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Figure M6 The FT-IR spectra of 50:1dPPP(70)/NaZ23 versus time of NH; exposure.
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Table M1 Peak position in FT-IR spectra of 50:1dPPP before, during and after NH3

exposure

Characteristic bands Ref. (cm™) Wavenumber (cm™)
before exposed after
NH; vibration 3336™° . 3333.06 -
C-H stretching of aromatic 3029° 3021.6 3021.6 3021.6
NH; vibration 1627.5>° s 1624.47 -
Quinoid structure 1600° 1593 1554 1592
C-C stretching of aromatic 1480° 1475.8 1474.25 | 1473.96
NH; vibration 1397° - 1398.5 1399.3
C-H in-plane vibration of para o
disubstibuted pheayl rings 1000 995.9 998.7 995
NH; vibration 968.1*° - 964.3 -
NH vibration 931.6" - 929.5 -
C-H out of plane vibration of £
veve disibitiied phenil s 817-805 803.7 803.5 803.2
C-H out of plane vibrgtion J//"=ne 760.7 757.8 760.0
mono substituted phenyl rings
C-H out of plane vibratiéh 60}, s 688.5 6877 | 6915
mono substituted phenyl rings

Table M-2 Peak position in FT-IR spectra of NaZSM-5(23) before, during and after

NH3 exposure

Characteristic bands Ref. (cm™) Wavenumber (cm™)
before exposed after
Silanol group 3638 3645 - 3662
N/A 1642 1645.6 1640.5
Vibrations of T-O-T linkages 1232' 1222 1222.8 1223.3
Vibrations of T-O-T linkages 1062’ 1079 1063.2 1077.8
NH; vibration 968.1*" - 951.8 -
NHj vibration 931.6° - 916.4 -
Vibrations of T-O-T linkages 797" 790 792.6 791
Vibrations of T-O-T linkages 581" 544 544.6 544
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Table M3 Peak position in FT-IR spectra of 50:1dPPP(70)/NaZ23 before, during

and after NH; exposure

Characteristic bands Ref. (cm™) Wavenumber (cm™)
before exposed after
Silanol group 3638 3639 - 3663
N/A 1638 1645.1 1640.2
C-C stretching of aromatic 1480° 1479 1475.7 1476
NHj3 vibration 1397° 1383 1392.2 1387.2
Vibrations of T-O-T linkages 1232' 1223 1223 1223
Vibrations of T-O-T linkages 1062' 1078 1079.7 1078
NHj vibration 968.1%" - 950.9 -
NHj vibration 931.6° - 916.4 -
C-H out of plane vibration of £
para disubstituted phenyl rings S1H-8 0 e 03 e
C-H out of plane vibration of h
mono substituted phenyl rings g 992 2 oesd
Vibrations of T-O-T linkages 581" 543 545.1 543.9

*Su, ef al., 2000, *Yin et al., 1997, “Dale, 1957 and Castiglioni et al., 1989,
pham et al., 1990, “Soubiran et al., 1998, Froyer et al., 1985,
&K varnstrom ef al. 1985, "Rakovic ez al., 1991, "Venkatathri N., 2006
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