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APPENDICES

A p p e n d ix  A  Id e n tif ic a t io n  o f  F T -IR  S p ectru m

S y n th e s iz e d  P o ly d ip h e n y la m in e  ( P D P A )  a n d  D e - d o p e d  P o ly d ip h e n y la m in e
P o ly d ip h e n y la m in e  ( P D P A )  w a s  s y n th e s iz e d  v i a  th e  o x id a t iv e  

p o ly m e r iz a t io n  o f  d ip h e n y la m in e  ( D P A )  to  o b ta in s  d o p e d - P D P A  ( D - P D P A )  (O r lo v  
et a l.,  2 0 0 6 ) .  T h e  P D P A  w a s  d e d o p e d  b y  im m e r s in g  in  a m m o n iu m  h y d r o x id e  
s o lu t io n  to  b e c o m e  n e u t r a l  P D P A  ( D e - P D P A ) .  T h e  p o ly m e r s  w e r e  f i r s t  c h a r a c te r iz e d  
f o r  th e  f u n c t io n a l  g r o u p s  b y  a  F T - I R  s p e c t r o m e te r  ( T h e r m o  N ic o le t ,  N e x u s  6 7 0 )  in  
a b s o r p t io n  m o d e  w i th  3 2  s c a n s  a n d  a  r e s o lu t io n  o f  ±  2  c m '1, w a v e n u m b e r s  r a n g e  o f  
4 0 0 0 - 4 0 0  c m '1, a n d  u s in g  a  d e u te r a te d  t r ig iy c in e  s u l f a te  a s  a  d e te c to r .  O p t ic a l  g ra d e  
K B r  ( C a r lo  E r b a  R e a g e n t )  w a s  u s e d  a s  th e  b a c k g r o u n d  m a te r ia l .  D e - P D P A  a n d  D - 
P D P A  w e r e  in t im a te ly  m ix e d  w i th  d r ie d  K B r  a t  a  r a t io  o f  P D P A : K B r  =  1 :2 0 .

F ig u r e  A 1 T h e  F T - I R  s p e c t r u m  o f  d e d o p e d - P o ly d ip h e n y la m in e  ( D e - P D P A )  a n d  
d o p e d - p o ly d ip h e n y la m in e  ( D -P D P A ) .
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T a b le  A l  T h e  F T -I R  A b s o r p t io n  S p e c t ru m  o f  D - P D P A  a n d  D e - P D P A

W a v e n u m b e r s  ( c m 1)

A s s ig n m e n t s R e fe r e n c e s
D -P D P A D e -P D P A

P D P A
e le c tr o s p u n

f ib e r
R e fe r e n c e s

3388 3388 3386 3383 N-H (stretching) Athawale e t a/., 1999
3053 3027 3133 3100-3000 C-H Aromatic Santana e t  a l .,2003
1594 1595 1595 1595 Quinoid rings (stretching) Athawale e t  a l . , 1999
1503 1498 1503 1494 Phenyl hydrogen Hua e t  a l . , 2003
1318 1317 1316 1299 Benzenoid rings (stretching) Sathiyanarayanan 

e t  a l .,2003
1173 1174 1173 1114 Vibration band of N2 in quinone Sathiyanarayanan 

e t  a l . ,2003
821 821 820 823 C-H out of plane aromatic Sathiyanarayanan 

e t  a l . ,2003
748 748 747 799 1,4 substitued on aromatic rings Sathiyanarayanan 

e t  a l .,2003
694-748 694-748 693-747 699-750 C-H out of plane bending 

vibration Athawale e t  a l . , 1999

V a r ia t io n  o f  D o p in g  M o le  R a t io  f N i in  /Nmnnnmer) o f  P D P A
T h e  d e d o p e d - P D P A  w a s  d o p e d  w i th  H C 1 a t  v a r io u s  d o p in g  m o le  r a t io s

(Nhci/N monomer)* T h e  m o le  r a t io s  c h o s e n  w e r e  1 :1 , 1 0 :1 , 1 0 0 :1 , 2 0 0 :1 .  T h e  d e d o p e d -  
P D P A  p o w d e r  w a s  s t i r r e d  w i th  H C 1 s o lu t io n s  fo r  2 4  h r s ,  f l i t te r e d ,  a n d  v a c u u m  d r ie d  
a t  2 5  °c fo r  2 4  h r s .  T o  c o m p a r e  p e a k s  in te n s i ty  o f  F T - I R  s p e c t r a  o f  D e - P D P A  a n d  D - 
P D P A  o f  v a r io u s  d o p in g  m o le  r a t io s  ( P D P A  1 :1 , 1 0 :1 , 1 0 0 :1 , 2 0 0 :1 )  p o ly m e r s  w e r e  
p r e c is e ly  m ix e d  w i th  d r ie d - K B r ,  a n d  th e  m ix e d  s a m p le s  w e r e  c o m p r e s s e d  in to  
s a m p le  p e l le ts .  I h e  P 1 - I R  s p e c t r a  o f  th e  p o ly m e r  a r e  c o m p a r e d  to  e a c h  o th e r s  a s  in  
th e  f o l lo w in g  F ig u r e  A 2 .
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F ig u re  A2 FT-IR spectra of dedoped-Polydiphenylamine (De-PDPA) and doped- 
polydiphenylamine (D-PDPA) at various doping levels 1:1, 10:1, 100:1, 200:1.

The spectra show above the N-H stretching peaks at 3400 cm'1 (Zhao e t  a l ,

2 0 0 5 ) ;  the peak intensity significantly decreases as the doping mole ratio is increased 
(Figure A3).

Wavenumber (C m 1)

Figure A 3  F T -IR  spectra o f  d ed op ed -P olyd ip h en ylam in e (D e -P D P A ) and doped-
P o lyd ip h en y lam in e (D -P D P A ) o f  various d op in g  lev e ls  1:1, 10:1, 100:1, 200:1 .
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Polydiphenvlamine (PDPA) Electrospun Fiber
First, PDPA was dissolved in dichloromethane (DCM). The PDPA solutions 

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

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

F ig u re  A4 The FT-IR spectrum of de-doped-Polydiphenylamine (De-PDPA) and 
PDPA electrospun fiber.
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A p p en d ix  B  T h e  T h e r m o g r a v im e tr y  A n a ly s is

The Thermogravimetry Analysis of De-doped-Polydiphenylamine (De-PDPA)
The thermogravimetric analyzer (Perkin Elmer, TGA7) was used to 

determine the thermal behavior of polymers. The experiment was carried out by 
weighting a powder sample of 5-10 mg and placed it in a platinum pan, and then 
heated it under nitrogen flow with the heating rate 10 ๐c/min from 30-800°C. From 
Figure B l, the TGA thermogram of De-PDPA showed two-stage weight changes: 1) 
The decomposition of De-PDPA main chain around 300°C: 2) The complete 
degradation of De-PDPA at around 450°c.

F ig u re  B l  TGA thermogram of De-PDPA.
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A fter doped  D e-P D P A  w ith  5M  HC1 so lu tion , 24  hr. T he therm ogram s ship
around 100-150°c, due to the chem i-absorb  o f  HC1 and P D P A  m ain chain.

F ig u r e  B2 TGA thermograms of De-PDPA, D-PDPA 2 0 0 :1 , 100:1 , 10:1, 1:1.
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Polydiphenylamine (PDPA) Electrospun Fiber
The thermograms of De-PDPA and D-PDPA_100:1 electrospun fibers show 

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

0  200 400 600 800

Temperature (deg)

--------------------  30% w t D e-P D P A :P E O  (95 :5) + D C M
------------------------- 30% w t D e-P D P A :P E O  (97 :3) + D C M
------------------------- 30% w t D e-P D P A :P E O  (98 :2) + D C M
--------------------  50% w t D e-P D P A :P E O  (95 :5 ) +  D C M

50% w t D e-P D P A :P E O  (97 :3) +  D CM
-------------------- 50% w t D e-P D P A :P E O  (9 8 :2 )+  D C M
--------------------  30% w t D -P D P A :P E O  (97 :3) +  D C M
--------------------  50% w t D -P D P A :P E O  (97 :3) + D C M

F ig u re  B3 PDPA electrospun fibers at various PDPA:PEO contents.
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A p p e n d i x  c  D e t e r m i n a t i o n  o f  P a r t i c l e  S iz e s  o f  D e - d o p e d  P o l y d i p h e n y l a m i n e  

( D e - P D P A )

T a b l e d  P a r t ic le  d ia m e te r s  o f  D e - P D P A

S a m p le
P a r t i c l e  d i a m e t e r  ( p m )

A v e r a g e S T D  ( p m )
1 2 3

D e - P D P A 1 2 2 .6 5 12 2 .9 1 13 2 .3 1 1 2 5 .9 6 5 .5 0 9 5

T a b l e  C 2  T h e  r a w  d a ta  f ro m  p a r t i c le  s iz e  a n a ly s is  o f  D e - P D P A

S iz e D e - P D P A

L o w  ( p m ) H ig h  ( p m )
1 2 3

I n % U n d e r % I n % U n d e r % I n % U n d e r %
. 0 .0 5 1 .3 2 0 .5 9 0 .5 9 1 .0 8 1 .08 0 .6 8 0 .6 9

:  1 .32 1 .6 0 1 .39 1 .9 8 2 .4 4 3 .5 3 1 .6 2 2 .3 0
1 .6 0 1 .95 1 .77 3 .7 5 3 .0 3 6 .5 5 2 .0 7 4 .3 7
1 .95 2 .3 8 1 .6 4 5 .3 9 2 .6 8 9 .2 3 1 .9 2 6 .2 9
2 .3 8 2 .9 0 1.21 6 .6 0 1 .7 8 11 .01 1 .4 2 7 .7 0
2 .9 0 3 .5 3 0 .7 9 7 .3 9 0 .8 9 1 1 .9 0 0 .9 1 8 .6 1
3 .5 3 4 .3 0 0 .6 0 7 .9 9 0 .4 0 1 2 .2 9 0 .6 7 9 .2 8
4 .3 0 5 .2 4 0 .7 4 8 .7 4 0 .4 4 1 2 .7 4 0 .7 9 1 0 .0 8
5 .2 4 6  3 9 1 .15 9  88 ก Q3 1 3 .6 7 1 .2 0 1 1 .2 8
6 .3 9 7 .7 8 1 .6 0 1 1 .4 8 1 .5 4 1 5 .2 0 1 .6 3 12 .91
7 .7 8 9 .4 8 1 .88 1 3 .3 6 1.91 1 7 .1 2 1 .85 1 4 .7 6
9 .4 8 1 1 .5 5 2 .1 1 1 5 .4 7 2 .2 1 1 9 .3 2 1 .9 8 1 6 .7 4
1 1 .5 5 1 4 .0 8 2 .4 3 1 7 .9 0 2 .6 2 2 1 .9 5 2 .1 6 1 8 .9 0
1 4 .0 8 1 7 .1 5 2 .8 8 2 0 .7 8 3 .2 4 2 5 .1 9 2 .4 2 2 1 .3 1
1 7 .1 5 2 0 .9 0 3 .3 9 2 4 .1 8 3 .9 3 2 9 .1 3 2 .6 6 2 3 .9 8
2 0 .9 0 2 5 .4 6 3 .8 3 2 8 .0 1 4 .3 7 3 3 .5 0 2 .7 9 2 6 .7 7



53

2 5 .4 6 3 1 .0 1 4 .1 8 3 2 .1 9 4 .3 8 3 7 .8 8 2 .8 5 2 9 .6 2
3 1 .0 1 3 7 .7 9 4 .6 1 3 6 .8 0 4 .1 3 4 2 .0 1 3 .1 0 3 2 .7 2
3 7 .7 9 4 6 .0 3 5 .1 4 4 1 .9 4 3 .81 4 5 .8 2 3 .6 6 3 6 .3 8
4 6 .0 3 5 6 .0 9 5 .5 7 4 7 .5 0 3 .5 3 4 9 .3 5 4 .4 3 4 0 .8 1
5 6 .0 9 6 8 .3 3 5 .6 3 5 3 .1 3 3 .3 6 5 2 .7 1 5 .1 6 4 5 .9 7
6 8 .3 3 8 3 .2 6 5 .0 7 5 8 .2 0 3 .2 4 5 5 .9 5 5 .4 6 5 1 .4 2
8 3 .2 6 1 0 1 .4 4 3 .9 3 6 2 .1 3 3 .0 7 5 9 .0 2 5 .0 1 5 6 .4 3

1 0 1 .4 4 1 2 3 .5 9 2 .6 2 6 4 .7 5 2 .8 5 6 1 .8 8 3 .9 6 6 0 .3 9
1 2 3 .5 9 1 5 0 .5 8 1 .8 8 6 6 .6 4 2 .8 4 6 4 .7 2 3 .0 5 6 3 .4 4
1 5 0 .5 7 1 8 3 .4 4 2 .5 0 6 9 .1 3 3 .5 5 6 8 .2 7 3 .3 2 6 6 .7 7
1 8 3 .4 4 2 2 3 .5 1 4 .6 5 7 3 .7 9 5 .3 2 7 3 .6 0 5 .2 2 7 1 .9 9
2 2 3 .5 1 2 7 2 .3 1 7 .7 3 8 1 .5 2 7 .91 8 1 .5 1 8 .2 7 8 0 .2 6
2 7 2 .3 1 3 3 1 .7 7 9 .5 5 9 1 .0 6 9 .5 3 9 1 .0 3 1 0 .1 9 9 0 .4 4
3 3 1 .7 7 4 0 4 .2 1 7 .2 2 9 8 .2 5 7 .2 6 9 8 .2 6 7 .7 2 9 8 .1 3
4 0 4 .2 1 4 2 9 .4 7 1 .7 2 9 9 .9 8 1.71 9 9 .9 8 1 .8 4 9 9 .9 8
4 9 2 .4 7 6 0 0 .0 0 0 .0 0 1 0 0 .0 0 0 .0 0 1 0 0 .0 0 0 .0 0 1 0 0 .0 0
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T h e  X R D  p a t te r n s  o f  D e - P D P A  a n d  D - P D P A  a t  v a r io u s  d o p in g  m o le  r a t io s  
(1 :1 , 1 0 :1 , 1 0 0 :1 , 2 0 0 :1 )  w e r e  r e c o r d e d  o n  a  X - r a y  d i f f r a c to m e te r  ( R ig a k u  D /M A X  
2 2 0 0 )  o p e r a te d  a t  s c a n  r a n g e  5 - 9 0  d e g re e ,  s c a n  s te p  0 .0 5  d e g re e ,  s c a n  s p e e d  5 
d e g r e e /m in  3 0 M A  a n d  4 0  K V P . F ro m  F ig u r e  E l ,  th e  X R D  p e a k s  o f  D - P D P A  a re  
s h a r p e r  th a n  th a t  o f  D e - P D P A , s o  th e  c r y s ta l l in e  p h a s e  o f  D - P D P A  is  h ig h e r  th a n  th a t  
o f  D e - P D P A . T h e  d o p in g  le v e l  h a s  n o  e f f e c t  o n  th e  c r y s ta l l in e  p h a s e  o f  
p o ly d ip h e n y la m in e ,  a s  s h o w n  in  F ig u r e  E 2  a n d  E 3 .

Appendix D XRD Patterns of De-doped and Doped Polydiphenylamine (De-
PDPA, D-PDPA)

0 20  40  60 80  100

2theta (deg)

F i g u r e  D 1  X R D  p a t te r n s  o f  d e - d o p e d - p o ly d ip h e n y la m in e  ( D e - P D P A )  a n d  d o p e d -  
p o ly d ip h e n y la m in e  ( D -P D P A ) .
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F i g u r e  D 2  X R D  p a t te r n s  o f  d e - d o p e d - p o ly d ip h e n y la m in e  ( D e - P D P A )  a n d  d o p e d -  
p o ly d ip h e n y la m in e  ( D - P D P A )  o f  v a r io u s  d o p in g  le v e ls  1 :1 , 1 0 :1 , 1 0 0 :1 , 2 0 0 :1 .

F i g u r e  D 3  X R D  p a t te r n s  o f  d e d o p e d - p o ly d ip h e n y la m in e  ( D e - P D P A )  a n d  d o p e d -  
p o ly d ip h e n y la m in e  ( D - P D P A )  o f  v a r io u s  d o p in g  le v e ls  1 :1 , 1 0 :1 , 1 0 0 :1 , 2 0 0 :1 .
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T h e  X R D  p a t te r n  o f  th e  D e - P D P A  e le c t r o s p u n  f ib e r  s h o w s  tw o  p e a k s  a t
1 8 .6  a n d  2 1 .2  Â  f o r  D e - P D P A  f ib e r . T h e  D - P D P A  f ib e r  h a s  th e  p e a k s  a s  th o s e  o f  th e  
D e - P D P A  f ib e r  a s  c a n  b e  s e e n  in  F ig u r e  D 4 . T h is  c a n  b e  a t t r ib u te d  to  th e  f a c t  th a t  th e  
e le c t r o s p in n in g  p r o c e s s  d o e s  n o t  in te r r u p t  th e  o r ie n ta t io n  o f  P D P A  m o le c u le s .

—--------------  30%wt PDPA:PEO (95:5) + DCM
--------------- 30%wt PDPA:PEO (97:3) + DCM

30%\vt PDPA:PEO (98:2) + DCM
----------------  50%wt PDPA:PEO (95:5) + DCM
----------------  50%wt PDPA:PEO (97:3) + DCM

F i g u r e  D 4  X R D  p a t te r n s  o f  P D P A  e le c t r o s p u n  f ib e r  a s  v a r io u s  P E O  c o n te n t .



57

A p p e n d ix  E  C o rrec tio n  F a c to r  (K ) M e a su r e m e n t

A  tw o  p o in t  p r o b e  m e te r  c o n n e c te d  w i th  a  s o u rc e  p o w e r  s u p p l ie r  ( K e i th le y /  
M o d e l  6 5 1 7 A )  w a s  e m p lo y e d  to  d e te r m in e  th e  e le c t r i c a l  c o n d u c t iv i ty  o f  m a te r ia ls .  A  
c o n s ta n t  v o l ta g e  w a s  a p p l ie d  a n d  th e  c u r r e n t  w a s  s im u l ta n e o u s ly  m e a s u r e d .

A c c o r d in g  to  th e  g e o m e tr ic  e f f e c ts  o f  th e  p r o b e ,  th e  g e o m e tr ic a l  c o r r e c t io n  
f a c to r  d e p e n d s  o n  th e  c o n f ig u r a t io n  a n d  p r o b e  t i p  s p a c in g :

K  =  พ /1 ( E . l )

W h e re ,  K  is  th e  g e o m e tr ic  c o r r e c t io n  f a c to r ,  พ  is  th e  p r o b e  w id th  o r  th e  t i p  s p a c in g  
( c m ) , a n d  /  is  th e  p r o b e  le n g th  (c m ) .

T h e  g e o m e tr ic  c o r r e c t io n  f a c to r  c a n  b e  d e te r m in e d  b y  u s in g  s ta n d a r d  
m a te r ia ls  w h o s e  s p e c i f ic  r e s i s t iv i ty  v a lu e s  a r e  k n o w n . I n  o u r  c a s e ,  s i l i c o n  w a f e r  c h ip s  
w e r e  u s e d  a s  th e  s ta n d a r d  m a te r ia ls .  T h e  r e s i s ta n c e  w a s  m e a s u r e d  b y  u s in g , o u r  
c u s to m - m a d e  tw o - p o in t  p r o b e ,  o b ta in e d  b y  a p p ly in g  v a r io u s  v o lta g e s , a n d  
s im u l ta n e o u s ly  m e a s u r in g  c u r r e n ts .  T h e  g e o m e tr ic  c o r r e c t io n  f a c to r  w a s  c a lc u la te d  
v ia  th e  e q u a t io n :

K  ะ= p / R x t  =  I X p / v x t  ( E .2 )

W h e re ,  p  is  th e  r e s i s t iv i ty  o f  a  s ta n d a r d  s i l ic o n  w a f e r  ( Q .c m ) ,  R  is  th e  r e s i s ta n c e  o f  
f i lm  (f2 ) , t  is  th e  f i lm  th ic k n e s s  ( c m ) ,  I  is  th e  m e a s u r e d  c u r r e n t  ( A )  a n d  V  i s  th e  
a p p l ie d  v o l t a g e  (V ) .
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Table E l V oltage-current data o f  the probe num ber 1 calibration w ith  S i-w afer
w h o se  sheet resistiv ity  o f  107 .373  Q /sq , 2 5 ° c ,  6 0 -6 5  %RH

V I K = I/V * p /t
1 2 3 1 2 3 1 2 3
6 6 6 3 .95133E-05 3 .98508E-05 3 .94E-05 0.000707 0.00071315 0.000706
5 5 5 3 .24104E-05 3 .20105E-05 3 .22E-05 0.000696 0.000687413 0.000692
4 4 4 2 .69673E-05 2 .68025E-05 2 .65E-05 0.000724 0.000719465 0.00071
3 3 3 •2 . 13034E-05 2 . 11894E-05 2 . 15E-05 0.000762 0.000758388 0.000769
2 2 2 1.63918E-05 1.61998E-05 1.62E-05 0.00088 0.00086971 0.000872
1 1 1 ' 8 .27043E-06 8 .2819E-06 8 .22E-06 0.000888 0.000889252 0.000883

0.9 0.9 0.9 7 .01924E-06 7 .0205E-06 7E-06 0.000837 0.000837569 0.000836
0.7 0.7 0.7 4 :52863E-06 4 .53443E-06 4 .5E-06 0.000695 0.000695536 0.00069
0.5 0.5 0.5 •2-.46653E-06 2 .46679E-06 2 .47E-06 0.00053 0.000529734 0.000529

C o rrec tio n  fa c to r  (K )
1 2 3 A vg . S D

0.000747 0.000744469 0.000743 0.000744651 8.09136E-05

F ig u re  E l  V o lta g e  v s . c u r r e n t  d a ta  o f  th e  p r o b e  n u m b e r  1 c a l ib r a t io n  w i th  S i - w a f e r  
w h o s e  s h e e t  r e s i s t iv i ty  o f  1 0 7 .3 7 3  Q /s q ,  25°c, 6 0 -6 5  % R H .
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A p p e n d ix  F  C o n d u c tiv ity  M e a su r e m e n t

T h e  e le c t r i c a l  c o n d u c t iv i ty  ( a )  c a n  b e  m e a s u r e d  b y  u s in g  th e  tw o - p o in t  
p r o b e  m a te r  c o n n e c te d  w i th  a  v o l ta g e  s u p p l ie r  ( K e i th le y ,  6 5 1 7 A )  w h o s e  c o n s ta n t  
v o l ta g e  c a n  b e  v a r ie d  a n d  th e  c u r r e n t  is  m e a s u r e d .  T h e  c o n d u c t iv i ty  m e a s u r e m e n t  
w a s  p e r f o r m e d  u n d e r  a tm o s p h e r ic  p r e s s u r e ,  4 0 - 7 0  % R H  a n d  a t  2 5 -2 7 ° C . T h e  r e g im e  
w h e re  r e s p o n s iv e  c u r r e n t  is  l in e a r ly  p r o p o r t io n a l  to  th e  a p p l ie d  v o l ta g e  is  c a l l e d  th e  
l in e a r  O h m ic  r e g im e  w h ic h  c a n  b e  id e n t i f i e d  b y  p lo t t in g  th e  a p p l ie d  v o l ta g e  a g a in s t  
w i th  th e  c u r r e n t .  T h e  v o l ta g e  a n d  th e  c u r r e n t  in  th e  r e g im e  w e r e  c o n v e r te d  to  th e  
e le c t r ic a l  c o n d u c t iv i ty  b y  f o l lo w in g  e q u a t io n :

a  =  1/ p  =  \ /  R x t  =  I / (R S x V x t )  ( F . l )

w h e re ,  a  is  th e  s p e c i f i c  c o n d u c t iv i ty  ( S /c m ) ,  p  is  th e  s p e c i f ic  r e s i s t iv i ty  ( Q .c m ) ,  Rs is  
th e  s h e e t  r e s i s ta n c e  ( O /s q ) ,  Î is  th e  th ic k n e s s  o f  s a m p le  p e l le t  ( c m ) ,  V  is  th e  a p p l ie d  
v o l ta g e  ( V o l ta g e  d r o p ) ( V ) ,  /  is  th e  m e a s u r e d  c u r r e n t  ( A ) , a n d  K  is  th e  g e o m e tr ic  
c o r r e c t io n  f a c to r  o f  th e  tw o - p o in t  p r o b e  m e te r .  A l l  s a m p le  th ic k n e s s e s  w e r e  
m e a s u r e d  b y  u s in g  a  th ic k n e s s  g a u g e .

T a b le  F I  T h e  s p e c i f i c  c o n d u c t iv i ty  ( S /c m )  o f  D e - P D P A , D - P D P A  w i th  v a r io u s  
d o p in g  le v e ls

S a m p les S p e c ific  c o n d u c tiv ity (S /c m )
D e - P D P A 1 5 ? x 1  ก-6

D - P D P A  1:1 1 .2 6 x 1  O'5
D - P D P A  10:1 1 .3 1 x 1  O'4
D - P D P A  100 :1 9 .8 0 x 1  O'4
D - P D P A  2 0 0 :1 3 . 1 5 x 1 0  s
D - P D P A  3 0 0 :1 1 .0 4 x 1 0 '6
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Figure FI Specific conductivity versus doping moles ratio (Nuci/Nmonomer) of PDPA.
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T a b le  F2 V oltage-current data in linear reg im e o f  D e-P D P A  at 2 5 ° c ,  70  % RH

V 1 I,avg
1 2 3 1 2 3
15 15 15 3.72E-09 3.74E-09 3.74E-09 3.73E-09
14 14 14 3.75E-09 3.68E-09 3.71E-09 3.71E-09
13 13 13 3.69E-09 3.71E-09 3.68E-09 3.69E-09
12 12 12 3.68E-09 3.67E-09 3.68E-09 3.68E-09
11 11 .11 3.67E-09 3.66E-09 3.66E-09 3.66E-09
10 10 10 3.64E-09 3.62E-09 3.64E-09 3.63E-09
9 9 .9 3.61E-09 3.61E-09 3.61E-09 3.61 E-09
8 8 8 3.58E-09 3.59E-09 3.57E-09 3.58E-09
7 7 ๆ 3.56E-09 3.56E-09 3.55E-09 3.56E-09
6 6 . .6 3.54E-09 3.55E-09 3.55E-09 3.55E-09
5 5 . •5 3.53E-09 3.53E-09 3.52E-09 3.53E-09
4 4 4 3.52E-09 3.51E-09 3.51E-09 3.51 E-09

Figure F2 The Ohmic regime of De-PDPA at thickness = 0.0177 cm, 25°c, 
70 %RH.
K = 7.45E-04 
Thickness (t) = 0.0177 cm 
I/V (slope) = 2.00E-11 

Specific conductivity (น) = I/(V*K*t) 
a  = 2.00E-11/(7.45E-04*0.0177) = 1.52E-06 s/cm

Thickness (cm) avg
0.0177 0.0170 0.0185 0.0177
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T a b le  F 3  V oltage-current data in linear reg im e o f  D -P D P A  1:1 at 2 5 ° c ,  7 0  % RH

V I l,avg
1 2 3 1 2 3
15 15 15 6.51E-09 6.46E-09 6.40E-09 6.45E-09
14 14 14 6.19E-09 6.32E-09 6.28E-09 6.26E-09
13 13 13 6.00E-09 5.96E-09 5.94E-09 5.96E-09
12 12 12 5.75E-09 5.74E-09 5.58E-09 5.69E-09
11 11 11 5.58E-09 5.49E-09 5.51E-09 5.53E-09
10 10 10 5.29E-09 5.27E-09 5.29E-09 5.28E-09
9 9 9 5.10E-09 5.06E-09 5.09E-09 5.08E-09
8 8 8 4.92E-09 4.89E-09 4.89E-09 4.90E-09
7 7 7 4.58E-09 4.56E-09 4.59E-09 4.58E-09
6 6 6 4.42E-09 4.4E-09 4.45E-09 4.42E-09
5 5 5 4.26E-09 4.24E-09 4.14E-09 4.21E-09

.1 1 10 100 1000 Voltage (V)

Figure F3 The Ohmic regime of D_rDPA 1:1 at thickness -  0.0213 cm, 25°c, 
70 %RH.

K = 7.45E-04
Thickness (cm) avg

0.0225 0.0228 0.0187 0.0213
Thickness (t) = 0.0213 cm 
I/V (slope) = 2.00E-10 

Specific conductivity (a) = I/(V*K*t) 
a = 2.00E-10/(7.45E-04*0.0213) = 1.26E-05 s/cm
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T a b le  F 4  V oltage-current data in linear regim e o f  D  P D P A  10:1 at 2 5 ° c ,  70  % RH

V I I,avg
1 2 3 1 2 3
8 8 8 2.18E-08 2.13E-08 2.07E-08 2.12E-08
7 7 7 2.03E-08 2.01E-08 1.97E-08 2.00E-08
6 6 6 1.76E-08 1.71E-08 1.67E-08 1.7 IE-08
5 5 5 1.53E-08 1.52E-08 1.47E-08 1.51E-08
4 4 4 1.29E-08 1.33E-08 1.30E-08 1.31E-08
3 3 3 1.02E-08 1.05E-08 1.04E-08 1.04E-08
2 2 2 7.42E-09 7.51E-09 7.53E-09 7.49E-09
1 1 1 5.07E-09 5.12E-09 5.19E-09 5.13E-09

๐  D-PDPA 10:1

© © ©eeeeæffiB»

1 10 100 
Voltage (V)

1000

Figure F4 The Ohmic regime of D-PDPA 10:1 at thickness = 0.0205 cm, 25°c, 
70 %RH.

K = 7.45E-04 
Thickness (t) = 0.0205 cm 
I/V (slope) = 2.00E-9 

Specific conductivity (น) = I/(V*K*t) 
a = 2.00E-9/(7.45E-04*0.0205) = 1.31E-04 s/cm

Thickness (cm) avg
0.0201 0.0207 0.0207 0.0205
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T a b le  F 5  V oltage-current data in linear reg im e o f  D -P D P A  100:1 at 2 5 ° c ,  70  %RH

V I I,avg
1 2 3 1 2 3
15 15 15 3.69E-07 3.68E-07 3.63E-07 3.67E-07
14 14 14 3.57E-07 3.53E-07 3.46E-07 3.52E-07
13 13 13 3.50E-07 3.28E-07 3.24E-07 3.34E-07
12 12 12 3.18E-07 3.13E-07 3.16E-07 3.15E-07
11 11 11 2.75E-07 2.77E-07 2.87E-07 2.80E-07
10 10 10 2.56Ë-07 2.49E-07 2.65E-07 2.57E-07
9 9 9 2.38E-07 2.53E-07 2.48E-07 2.47E-07
8 8 8 2.08E-07 2.24E-07 2.09E-07 2.14E-07
7 7 7 2.05È-07 2.01E-07 2.02E-07 2.03E-07
6 6 6 1.98E-07 1.91E-07 1.87E-07 1.92E-07

Figure F5 The Ohmic regime of D-PDPA 100:1 at thickness = 0.0274 cm, 25°c, 
70 %RH.

K = 7.45E-04 
Thickness (t) = 0.0274 cm 
I/V (slope) = 2.00E-8

Thickness (cm) avg
0.0287 0.0300 0.0234 0.0274

Specific conductivity (a) = I/(V*K*t) 
a  = 2.00E-8/(7.45E-04*0.0274) = 9.80E-04 s/cm
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T a b le  F 6  V oltage-current data in linear reg im e o f  D -P D P A  200:1 at 2 5 ° c ,  70  % RH

V I I,avg1 2 3 1 2 3
15 15 15 1.53E-08 1.55E-08 1.58E-08 1.55E-08
14 14 14 1.53E-08 1.5E-08 1.52E-08 1.52E-08
13 13 13 1.51E-08 1.49E-08 1.47E-08 1.49E-08
12 12 12 1.35E-08 1.42E-08 1.47E-08 1.41E-08
11 11 11 1.37E-08 1 35E-08 1.32E-08 1.35E-08
10 10 10 1.38E-08 1.31E-08 1.25E-08 1.31E-08
9 9 9 1.28E-08 1.26E-08 1.25E-08 1.26E-08
8 8 8 1.21E-08 1.20E-08 1.23E-08 1.21E-08
7 7 7 1.21E-08 1.12E-08 1.19E-08 1.17E-08
6 6 6 1.14E-08 1.11E-08 1.10E-08 1.11E-08
5 5 5 1.07E-08 1.05E-08 1.02E-08 1.05E-08

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

K = 7.45E-04
Thickness (t) = 0.0213 cm
I/V (slope) = 5.00E-10

Specific conductivity (<y) = I/(V*K*t)

Thickness (cm) avg
0.0226 0.0202 0.0211 0.0213

o = 5.00E-10/(7.45E-04*0.0213) = 3.15E-05 s/cm
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Sensitivity measurements of dedoped-polydiphenylamine (De-PDPA) 
doped-polydiphenylamine (D-PDPA), and polydiphmylamine electrospun fiber were 
carried out by using the two point probe at the 10% v/v methanol (CH3OH) vapor of 
1 atm, 60-70% relative humidity and 25±2°c. The electrical response of sample was 
calculated from the difference between the equilibrium conductivity of sample upon 
exposed to CH3OH vapor and the steady state of final conductivity of sample in N2 
(Densakulprasert et al., 2003).

A p p e n d ix  G  S e n s it iv ity  M e a su r e m e n ts  w h e n  E x p o se d  to  M e th a n o l

^ = ĈHjOH ~ °N2!ทน 1๗ (G. 1 )

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

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

Materials ti(min) tr(min) o (S/cm) Response (Ao S/cm) Sensitivity(Ao/Oj) Recovery (Ao, S/cm)Air N2(initial) Methanol N2(final)
De-PDPA - - (2.82 ± 0.06)x 10'5 (2.77 ± 0.02)x 10'5 (2.78 ± 0.02)xl0'5 (2.75 ± 0.03)x 10'5 (1.29 ± 3.18)x 10'7 0.0046 ±0.012 (-3.33 ± 0.09)xl0'7
D-PDPA 1:1 30 27 (3.34 ± 0.05)xl0'5 (2.26±0.02)xl0's (2.71 ±0.02)xl0'5 (2.29±0.004)xl0‘5 (4.48 ± 0.33)xl0'6 0.198 ±0.016 (-4.20 ± 0.18)x 10"6
D-PDPA 10:1 20 67 (1.57 ± 0.01)x 10"4 (9.01 ±0.14)xl0'5 (1.08 ± 0.004)xl0"4 (7.99 ± 0.03)x 10'5 (1.80 ± 0.18)x 10'5 0.200 ± 0.023 (-2.83 ± 0.07)x 10'5
D-PDPA 100:1 30 17 (1.79 ± 0.04)xio-4 (1.94 ± 0.002)xl0’s (2.51 ±0.02)xl0'5 (1.86 ± 0.007)x 10‘5 (5.71 ±0.02)xl0'6 0.294 ± 0.009 (-6.42 ± 0.23)x 10‘6
D-PDPA 200:1 29 34 (5.43 ± 0.02)xl0'5 (2.41 ± 0.02)x 10'5 (2.55 ± 0.01) xlO'5 (2.34 ± 0.001 )x I0'5 (1.43 ± 0.1 Oxio-6 0.059 ± 0.005 (-2.13 ± 0.07)xl0'6
30% wt De-PDPA:PEO (95:5) fiber 20 15 (3.58 ± 2.16)xl0'5 (3.33 ± 1.98)x 10'5 (3.62± I.79)xl0‘5 (3.41 ±2.04)xl0'5 (2.95 ± 0.21)x 10"6 0.0886 ± 0.056 (-2.15 ± 0.5)xl0‘7
30% wt De-PDPA:PEO (97:3) fiber 33 30 (2.18 ± 0.14)xl0'5 (2.05 ± 0.28)x 10'5 (2.42 ± 0.30)x10'5 (2.32 ± 0.26)x 10'5 (4.50 ± 3.1 l)xl0'6 0.178 ±0.165 (-9.50 ± 4.64)x 10'7
30% wt De-PDPA:PEO (98:2) fiber 25 33 (3.79 ± 1.14)x 10'5 (3.60 ± 0.84)x I0's (3.76 ± 0.93)x 10'5 (3.60 ± 0.86)x 10's (1.62 ± 0.45)xl0‘6 0.0451 ±0.16 (-1.59 ± 0.69)xl0‘6
50% wt De-PDPA: PEO (95:5) fiber 27 18 (2.10 ± 0.01)x 10'5 (2.04±0.04)xl0-' (2.08 ± 0.06)xl0'5 (2.03 ± 0.06)x 10'5 (4.00 ± 1.41 )x 1 O’7 0.0196 ±0.01 (-5.00 ± 0.01 )xl 0‘7
50% wt De-PDPA: PEO (97:3) fiber 26 22 (9.45 ±0.29) *10'6 (8.72 ± 0.54)xl0'6 ' (9.56±0.14)xI0V (S.soiO.ôojxiô6 (8.39 ± 0.40)x 10'7 0.0962 ± 0.051 (-7.61 ±4.54)xl0'7
50% wt De-PDPA:PEO (98:2) fiber 30 29 (2.35 ± 1.79)x 10'5 (2.39 ± 1.91)x 10 s (2.44 ± 1.85)xl0'5 (2.29 ± 1.71 )>■ 1 O'5 (5.01± 5.68)x 10'7 0.021 ±0.059 (-1.5 ± 1.43)x 10'6

PDPA(100:1):PEO (97:3) fiber 25 20 (1.06 ± 0.69)x 10-4 (5.62 ± 3.08)x 10‘5 (5.88 ± 3.07)x 10'5 (5.39 ± 3.18)x 1 O'5 (2.59± 0.13)xl0'6 0.0461 ±0.032 (-4.89 ± 1.12)x 1 O'6

PDPA(100:1):PEO (97:3) fiber 26 28 (6.37 ± 1.45)*10'5 (4.45 ± 0.45)x 10'5 (4.61 ±0.39)xl0'5 (4.43 ± 0.45)x I0'5 (1.61 ± 0.55)x 10'6 0.0362 ±0.016 (-1.76 ± 0.61)xl0'6

PDPA(100: l):PEO(97:3) film 33 15 (3.76±0.5)*10‘4 (8.52 ± 0.14)xl0'5 (1.92 ± 0.14)xl0'4 (7.88 ± 0.58)xl0'5 (1.07 ± 0.13)x 1 O'4 1.25 ± 0.13 (-1.13 ± 0 .20)x 10'J

PDPA(100: l):PEO(97:3) film 30 20 (8.59 = 0.74)x 10' 5 (7.48 ± 0.98)x 10'5 (1.54 ± 1.07)x10'4 (5.48 ± 1.77)x 1 O'5 (7.88 ± 9.69)x 10‘5 1.05 ± 1.169 (-9.88 ± 8.90)x 10'5
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T a b le  G 2 The conductiv ity  response o f  D e-P D P A  ex p o sed  to M etO H

Sample name : De-PDPA_1 
Room Temperature : 25°c
Chamber Temperature ะ 25°c 

Sample name : De-PDPA_2 
Room Temperature : 25°c
Chamber Temperature : 25°c

Humidity ะ 70 % thickness ะ 0.0177 cm. 
Applied Voltage ะ 10 V K : 7.45E-4

Humidity : 70 % thickness : 0.0176 cm.
Applied Voltage :10  V K : 7.45E-4

Sample G*air N̂2 initial ® MetOH <*N2 final Ao> response Ao/cfj A g  recoery
De-PDPA_1 2.78E-05 2.78E-05 2.77E-05 2.73E-05 -l.OOE-7 -3.60E-03 -4.00E-07
De-PDPA_2 2.86E-05 2.76E-05 2.79E-05 2.77E-05 3.50E-07 1.27E-02 -2.66E-07

Table G3 The conductivity response of D-PDPA 1:1 exposed to MetOH

Sample name : D-PDPA 1:11 
Room Temperature : 25°c
Chamber Temperature ะ 25°c 

Sample name : D-PDPA 1 :1 2  
Room Temperature : 25°c
Chamber Temperature ะ 25°c

Humidity : 70 % thickness ะ 0.0213 cm.
Applied Voltage :10  V K : 7.45E-4

Humidity ะ 70 % thickness ะ 0.0214 cm. 
Applied Voltage ะ 10 V K : 7.45E-4

Sample °air ®N2 initial ®MetOH <*N2 final Actresponse Ac/Oj Acrrecoery

De-PDPA 1:11 3.31E-05 2.27E-05 2.70E-05 2.29E-05 4.24E-06 1.87E-01 -4.07E-06
De-PDPA 1:12 3.37E-05 2.25E-05 2.72E-05 2.29E-05 4.71E-06 2.09E-01 -4.32E-06
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T a b le  G 4  The con d u ctiv ity  resp on se o f  D -P D P A  10:1 exp osed  to  M etO H

Sample name : D-PDPA 10:11
Room Temperature : 25°c Humidity : 70 % thickness : 0.0205 cm.
Chamber Temperature : 26°c Applied Voltage : 5 V K ะ 7.45E-4

Sample name : D-PDPA 10:12
Room Temperature : 25°c Humidity ะ 70 % thickness ะ 0.021 cm.
Chamber Temperature ะ 26°c Applied Voltage ะ 5 V K ะ 7.45E-4

Sample âir N̂2 initial OMctOH <*N2 final response Ao/Oj Acfrecoery
De-PDPA 10:1_1 1.56E-04 9.11E-05 1.08E-04 8.00E-05 1.68E-05 1.84E-01 -3.78E-05
De-PDPA 10:1 _2 1.57E-04 8.92E-05 1.08E-04 7.97E-05 1.93E-05 2.16E-01 -2.88E-05

Table G 5 The conductivity response of D-PDPA 100:1 exposed to MetOH

Sample name ะ D-PDPA 100:11 
Room Temperature : 25°c
Chamber Temperature : 26°c 

Sample name : D-PDPA 100:12 
Room Temperature : 25°c
Chamber Temperature ะ 26°c

Humidity ะ 70 % 
Applied Voltage :10 V

Humidity ะ 70 % 
Applied Voltage ะ 10 V

thickness ะ 0.0274 cm. 
K ะ 7.45E-4

thickness : 0.0 cm.
K ะ 7.45E-4

Sample âir N̂2 initial ®MetOH ®N2 final response Ao/Ci Acrrec0e r y

D-PDPA 100:11 1.77E-04 1.94E-05 2.50E-05 1.87E-05 5.59E-06 2.88E-01 -6.26E-06
D-PDPA 100:12 1.82E-04 1.93E-05 2.52E-05 1.86E-05 5.83E-06 3.01E-01 -6.58E-06
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T a b le  G 6 The con d u ctiv ity  response o f  D -P D P A  200:1 exp osed  to M etO H

Sample name ะ D-PDPA 200:1 1 
Room Temperature : 25°c
Chamber Temperature ะ 26°c 

Sample name : D-PDPA 200:1 2 
Room Temperature : 25°c
Chamber Temperature ะ 26°c

Humidity: 70%  thickness : 0.0213 cm.
Applied Voltage ะ 10 V K : 7.45E-4

Humidity : 70 % thickness : 0.0212 cm.
Applied Voltage ะ 10 y  K : 7.45E-4

Sample ®air N̂2 initial ®MetOH ctN2 final response Ao/Oj Acyrecoery
D-PDPA 200:11 5.42E-05 2.42E-05 2.55E-05 2.34E-05 ; 1.35E-06 5.59E-02 -2.18E-06
D-PDPA 200:1_2 5.45E-05 2.39E-05 2.55E-05 2.34E-05 1.51E-06 6.32E-02 -2.07E-06

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

Sample name : 30% wt De-PDPA:PEO (95:5) electrosun f i ber l  
Room Temperature : 25°c Humidity: 70%  thickness : 0.0196 cm.
Chamber Temperature ะ 25°c Applied Voltage :5 V  K : 7.45E-4

Sample name : 30% wt De-PDPA:PEO (95:5) electrosun fiber_2 
Room Temperature ะ 25°c Humidity ะ 70 % thickness ะ 0.0 cm.
Chamber Temperature ะ 25°c Applied Voltage ะ 5 V K : 7.45E-4

Sample ®air N̂2 initial ®MetOH ®N2 final ^̂ response Ac/Oj ÀOrecoery
30% wt PDPAiPEO (95:5) fiber l 5.11E-05 4.72E-05 5.03E-05 4.85E-06 3.10E-06 6.57E-02 -1.80E-07
30% wt PDPA:PEO (95:5) fiber_2 2.05E-05 1.93E-05 2.21E-05 1.96E-06 2.80E-06 1.45E-01 -2.50E-07
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Sample name : 30% wt De-PDPA:PEO (97:3) electrosun f i ber l  
Room Temperature : 25°c Humidity: 70%  thickness : 0.0196 cm.
Chamber Temperature ะ 25°c Applied Voltage ะ 10 V K : 7.45E-4

Sample name ะ 30% wt De-PDPA:PEO (97:3) electrosun fiber_2 
Room Temperature ะ 25°c Humidity ะ 70 % thickness ะ 0.0220 cm. 
Chamber Temperature ะ 25°c Applied Voltage ะ 10 V K : 7.45E-4

T a b le  G 8 The conductiv ity  response o f  30%  w t D e-P D P A :P E O  (9 7 :3 ) electrosun
fiber exp osed  to M etO H

Sample ป ีair N̂2 initial ® MetOH ®N2 final response Ac/ffj ^̂ recoery
3.0% wt PDPAiPEO 
(97:3) fiber l 2.17E-05 2.03E-05 2.63E-05 2.50E-06 6.00E-06 2.96E-01 -1.30E-07
30% wt PDPA:PEO (97:3) fiber_2 2.19E-05 2.07E-05 2.20E-05 2.14E-06 1.50E-06 6.28E-02 -6.00E-07

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

Sample name ะ 30% wt De-PDPA:PEO (98:2) electrosun fiber l 
Room Temperature : 25°c Humidity: 70%  thickness : 0.0134 cm.
Chamber Temperature ะ 25°c Applied Voltage ะ 10 V K : 7.45E-4

Sample name ะ 30% wt De-PDPA:PEO (98:2) electrosun fiber_2 
Room Temperature • 25°c Humidity : 70 % thickness : 0.0162 cm.
Chamber Temperature ะ 25°c Applied Voltage ะ 10 V K : 7.45E-4

Sample ป ีair N̂2 initial ®MetOH <*N2 final Atfresponse Atr/Oj A g  recoery
30% wt PDPA:PEO 
(98:2) fiber l 4.60E-05 4.22E-05 4.41E-05 4.21E-05 1.94E-06 4.60E-02 -2.07E-06
30% wt PDPA:PEO (98:2) fiber_2 2.99E-05 2.97E-05 3.10E-05 2.99E-05 1.30E-06 4.38E-02 -1.1E-06
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Sample name ะ 50% wt De-PDPA:PEO (95:5) electrosun f i ber l  
Room Temperature : 25°c Humidity ะ 70 % thickness ะ 0.0238cm.
Chamber Temperature : 25°c Applied Voltage :10 V K : 7.45E-4

Sample name ะ 50% wt De-PDPA:PEO (95:5) electrosun fiber_2 
Room Temperature : 25°c Humidity ะ 70 % thickness ะ 0.0227 cm.
Chamber Temperature : 25°c Applied Voltage :10 V K : 7.45E-4

T a b le  G 1 0  T he con d u ctiv ity  response o f  50%  w t D e-P D P A :P E O  (9 5 :5 ) electrosun
fiber ex p o sed  to  M etO H

Sample âir N̂2 initial ®MetOH ®N2 final Â response A<y/Oj Acrrecoery
50% wt PDPA:PEO 
(95:5) fiberJ 2.1 IE-05 2.01E-05 2.04E-05 1.99E-05 3.00E-07 1.49E-02 -5.00E-07
50% wt PDPA:PEO 
(95:5) fiber_2 2.09E-05 2.07E-05 2.12E-05 2.07E-05 5.00E-07 2.42E-02 -5.00E-07

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

Sample name : 50% wt De-PDPA:PEO (97:3) electrosun fiber l 
Room Temperature ะ 25°c Humidity ะ 70 % thickness ะ 0.0584 cm. 
Chamber Temperature : 25°c Applied Voltage ะ 10 V K : 7.45E-4

Sample name ะ 50% wt De-PDPA:PEO (97:3) electrosun fiber_2 
Room Temperature : 25°c Humidity ะ 70 % thickness ะ 0.0531 cm.
Chamber Temperature ะ 25°c Applied Voltage ะ 10 V K : 7.45E-4

Sample **air
—  

t*N2 initial ffMetOH °N2 final Atfresponse Ao/Oj ^̂ recoery
50% wt PDPA:PEO 
(95:5) fiber l 9.10E-06 8.34E-06 9.46E-06 8.37E-06 1.12E-06 1.34E-01 -1.08E-06
50% wt PDPA:PEO (95:5) fiber_2 9.80E-06 9.10E-06 9.66E-06 9.22E-06 5.60E-07 6.15E-02 -4.4E-07
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Sample name ะ 50% wt De-PDPA:PEO (98:2) electrosun f i ber l  
Room Temperature : 25°c Humidity: 70%  thickness : 0.0148 cm.
Chamber Temperature ะ 25°c Applied Voltage :10 V K : 7.45E-4

Sample name : 50% wt De-PDPA:PEO (98:2) electrosun fiber_2 
Room Temperature : 25°c Humidity ะ 70 % thickness ะ 0.0457 cm.
Chamber Temperature : 25°c Applied Voltage : 10 V K : 7.45E-4

T a b le  G 1 2  The con d u ctiv ity  response o f  50%  w t D e-P D P A :P E O  (9 8 :2 ) electrosun
fiber ex p o sed  to M etO H

Sample <*air ®N2 initial ®MetOH ®N2 final response Atr/Cj Â recoery
50% wt PDPA:PEO 
(95:5) fiber l 3.62E-05 3.74E-05 3.75E-05 3.50E-05 1.00E-07 ' : 2.67E-03 -2.51E-06
50% wt PDPA:PEO 
(95:5) fiber_2 1.09E-05 1.04E-05 1.13E-05 1.08E-05 9.03E-07 ■ 8.68E-02 -4.87E-07

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

Sample name : 30% wt D-PDPA(100:1):PEO (97:3) electrosun fiber l 
Room Temperature : 25°c Humidity ะ 70 % thickness ะ 0.0156cm.
Chamber Temperature : 25°c Applied Voltage : 10 V K : 7.45E-4

Sample name ะ 30% wt D-PDPA(100:1):PEO (97:3) electrosun fiber_2 
Room Temperature : 25°c Humidity: 70%  thickness : 0.0119 cm.
Chamber Temperature ะ 25°c Applied Voltage ะ 5 V K : 7.45E-4

Sample **air ctN2 initial M̂etOH ®N2 final A(TreSp011se Ao/Oj ^̂ recoery
30% wt D- 
PDPA(100:1):PEO (97:3) fiberJ

5.78E-05 3.44E-05 3.71E-05 3.14E-05 2.68E-06 7.79E-02 -5.68E-06
30% wt D- 
PDPA(100:1):PEO (95:5) fiber 2

1.55E-04 7.80E-05 8.05E-05 7.64E-05 2.50E-06 3.21E-02 -4.1E-06
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T a b le  G 1 4  T he con d u ctiv ity  response o f  50%  w t D -P D P A (1 0 0 :1 ):P E O  (97 :3 )
electrosun fiber exp osed  to M etO H

Sample name : 50% wt D-PDPA(100:1):PEO (97:3) electrosun f i be r l  
Room Temperature : 25°c Humidity ะ 70 % thickness : 0.0118cm.
Chamber Temperature ะ 25°c Applied Voltage :10  V K : 7.45E-4

Sample name ะ 50% wt D-PDPA(100:1):PEO (97:3) electrosun fiber_2 
Room Temperature : 25°c Humidity: 70%  thickness : 0.0104 cm.
Chamber Temperature ะ 25°c Applied Voltage ะ 10 V K : 7.45E-4

Sample ®air N̂2 initial ®MetOH ®N2 final ^̂ response Ao/Oj AeTpeCOery
50% wt D- ; 
PDPA(100;1):PEO 
(97:3) fiberjl 5.34E-05 4.13E-05 4.33E-05 4.1 IE-05 2.00E-06 4.84E-02 -2.19E-06

50% wt D- . 
PDPA(100:1):PEO 
(95:5) fiber2

7.40E-05 4.76E-05 4.88E-05 4.75E-05 1.22E-06 2.57E-02 -I.33E-06

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

Sample name ะ 30% wt D-PDPA(100:1):PEO (97:3) f i lm l  
Room Temperature ะ 25°c Humidity : 70 %
Chamber Temperature ะ 25°c Applied Voltage :10  V

Sample name ะ 30% wt D-PDPA(100:1):PEO (97:3) film_2 
Room Temperature ะ 25°c Humidity ะ 70 % 
Chamber Temperature ะ 25°c Applied Voltage ะ 10 V

thickness ะ 0.0165cm. 
K ะ 7.45E-4

thickness : 0.0212 cm. 
K ะ 7.45E-4

Sample âir N̂2 initial <*MetOH °N2 final Â response A<r/<Tj A CTree 0 ery
30% wt D- PDPA(100:1):PEO (97:3) film l 4.1 IE-04 8.42E-05 1.82E-04 8.29E-05 9.78E-05 1.16E+00 -9.91E-05
30% wt D- 
PDPA(100:1):PEO (95:5) film 2 3.41E-04 8.62E-05 2.02E-04 7.47E-05 1.16E-04 1.34E+00 -1.27E-04
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Table G16 The conductivity response of 50% wt D-PDPA(100:1):PEO (97:3) film 
exposed to MetOH

Sample name : 50% wt D-PDPA(100:1):PEO (97:3) film l 
Room Temperature : 25°c Humidity : 70 %
Chamber Temperature : 25°c Applied Voltage :10  V

Sample name : 50% wt D-PDPA(100:1):PEO (97:3) film_2 
Room Temperature : 25°c Humidity ะ 70 %
Chamber Temperature ะ 25°c Applied Voltage :10  V

thickness ะ 0.039cm. 
K ะ 7.45E-4

thickness ะ 0.0196 cm. 
K : 7.45E-4

Sample âir N̂2 initial °MetOH ®N2 Final Atfresponse Ao/Oj Â recoery
50% wt D- 
PDPA(100:1):PEO 
(97:3) filmj 9.1 IE-05 6.79E-05 7.81E-05 4.23E-05 1.02E-05 1.50E-01 -3.58E-05

50% wt D- 
PDPA(100:1):PEO 
(95:5) film 2 8.06E-05 8.17E-05 2.29E-04 6.73E-05 1.47E-04 1.80E+00 -1.62E-04
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Appendix H Scanning Electron Microscope (SEM)

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

1)

2)

3 )

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

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

10 um 000000



7 7

Materials Not sonicated

4). 30% wt PDPA'.PEO 
(98:2) + DCM

10 um 000000

Sonicated

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

7). 50% wt PDPA:PEO 
(98:2) + DCM
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Table H2 The diameter of electrospun 30% and 50% at various PDPA:PEO ratios

d ia m e te r  (p m )
m a te ria ls n o t so n ica te d S o n ica ted

1 2 3 av erag e 1 2 3 av erag e
30 %  w t P D P A :P E O  95:5 
+  D C M

4.48 3.73 4 .28 4 .1 6 2 .04 2.23 2.4 2.22

30 %  w t P D P A :P E O  97:3 
+  D C M

4.73 4 .3 8 4.75 4 .62 3 .08 2 .48 2 .34 2.63

30 %  w t P D P A :P E O  98 :2  
+  D C M

6.12 4 .43 5 .49 5.35 2.43 2 .18 2 .44 2.35

50%  w t P D P A :P E O  95:5 
+  D C M

9.23 9 .35 9.35 9.31 4 .59 3 .95 4 .4 6 4.33

50%  w t P D P A :P E O  97:3 
+  D C M

6.65 5.61 5.43 5 .89 4.35 3 .97 4 .05 4 .12

50 %  w t P D P A :P E O  98 :2  
+  D C M

6.16 6 .07 6.13 6 .12 3 .37 3 .28 2 .9 9 3.21

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

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

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

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

FTIR spectra of D-PDPA 100:1 sample was taken and is shown in Fig. II. 
The spectra of sample were collected before, during at 50 minutes interval, and after 
MetOH exposure, in order to study the interaction between the samples and MetOH. 
The FTIR spectra of MetOH show the absorbtion bands at 1012 and 1056 cm' 1 
assigned to the C-OH stretching in alcohol, bands at 2868 and 2972 cm'1 assigned to 
the CH3 stretching, and band at 3705 cm' 1 assigned to the OH stretching. The IR 
spectrum shows a peak at 1317 cm' 1 assigned to the benzenoid structure, a peak at 
1500 cm'1 assigned to the phenyl H2, a peak at 1595 cm'1 assigned to the quinoid 
structure, a peak at 3385 cm'1 assigned to the N-H stretching; all are PDPA 
characteristics (Athawale et al., 2000, Hua and Ruckenstein, 2003, and 
Sathiyanarayanan et al., 2006). The FT-IR spectra of the after exposed samples also 
shows a peak of the MetOH region. During MetOH exposure, the IR spectrum shows 
a peak of MetOH and one new peak at 1401 cm' 1 which can be assigned to the 
vibration of a oxygen atom of MetOH interacting with imine N2, and it remains 
observable after MetOH is removed and replaced with N2. This indicates that the 
interaction between MetOH and D-PDPA_100:1 is irreversible. The proposed 
mechanism of D-PDPA when exposure to MetOH is shown in Fig. 12.
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Figure II IR spectra o f D-PDPA exposed to MetOH (MetOH=10% v/v, pressure at 
1 atm and T at =25°C).
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Figure 12 Proposed mechanism of the MetOH-D-PDPA.
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