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APPENDICES

APPENDIX A Caculation of Doping Level and Atom Mole Ratio from 
Elemental Analysis of the Doped Polyaniline

T h e  d o p in g  lev e ls  o f  the  d o p e d  p o ly a n ilin e  film s  a t v a rio u s  
ra tio s  o f  C a /C p  w ere  d e te rm in e d  b y  th e  d e te rm in a tio n  o f  c a rb o n  (C ), h y d ro g e n  
(H ), an d  n itro g e n  (N ) a to m s fro m  e le m e n ta l a n a ly s is . T h e  a m o u n ts  o f  o x y g en  
(O ) an d  c h lo rin e  (C l) a to m s in  the  d o p e d  film  sa m p les  w e re  c a lc u la te d  fro m  
E q u a tio n  A l .  T h e  n u m b e r o f  o x y g en  a to m s in the  d o p e d  film s  fro m  w ate r, 
N M P , an d  o x id a n t w ere  d e te rm in e d  fro m  T G A  m e a su re m e n t. T h e  a m o u n ts  o f  
c h lo rin e  (C l) a to m s w ere  c a lc u la te d  b y  su b tra c t the  n u m b e r  o f  o x y g e n  a to m s 
in  th e  d o p e d  film s fro m  E q u a tio n  A 2 . T h e  n u m b e r o f  n itro g e n  (N ) a to m s o f  
the  d o p e d  film s  w a s  c a lc u la te d  b y  su b tra c t th e  n u m b e r  o f  n itro g e n  a to m s in 
N M P  fro m  E q u a tio n  A 3. T h e  n u m b e r o f  h y d ro g e n  a to m s o f  th e  d o p e d  film s 
w as c a lc u la te d  fro m  E q u a tio n  A 4.

(O + C l) =  100 - % c  - % H  - % N  - % ร ( A l )

C l =  (O + C l) - ( % 0 ,  H 20 )  - ( % 0 ,  N M P ) - ( % 0 ,o x id a n t)  (A 2)

N  =  % N - ( % N ,  N M P ) (A 3)

H =  % H  - (% H , H 20 )  - (%น, N M P ) - (%น, o x id a n t [H S O 4 ]) (A 4)



51

T h e  n u m b e r o f  c h lo rin e  an d  n itro g e n  a to m s fro m  th e  ab o v e  
c a lc u la tio n  w as  u se d  to  d e te rm in e  th e  d o p in g  lev e l o f  th e  d o p e d  film s  fro m  
E q u a tio n  2 .2 . T h e  raw  d a ta  o f  the  d o p e d  film s  a re  sh o w n  in  T a b le  A - l .

Table A - l  T h e  raw  d a ta  fro m  e le m e n ta l a n a ly z e r an d  the  d o p in g  lev e l.

Ca/Cp Sample
No.

EA Data Calculated Data Doping
Level% c % H % N % ร % H % N %C1

0.73 1 72.13 6.12 14.67 0.72 5.04 15.91 2.41 5.97
2 72.25 6.14 14.71 0.73 5.06 13.47 2.21 6.48

1.46 1 71.1 6.34 14.54 0.74 5.26 13.30 3.31 9.84
4 1 70.58 6.28 14.51 0.7 5.20 13.27 3.96 11.78

2 70.41 6.46 14.61 0.75 5.38 13.37 3.83 11.31
7.3 1 69.22 6.25 14.37 0.74 5.17 13.13 5.45 16.41

2 69.35 6.28 14.37 0.73 5.20 13.13 5.31 15.98
10.2 1 68.03 6.29 14.35 0.83 5.21 13.11 6.47 19.51

2 68.16 6.42 14.23 0.77 5.34 12.99 6.43 19.57
14.6 1 66.54 6.35 13.91 0.71 5.27 12.67 8.54 26.64

2 66.73 6.23 13.96 0.76 5.15 12.72 8.34 25.90
30 1 61.54 6.4 12.69 0.99 5.32 11.45 14.25 49.16
50 1 55.66 6.86 12.89 0.99 5.78 11.65 19.47 66.02
73 1 54.9 5.57 13.05 0.77 4.49 11.81 21.72 72.67

2 55.56 6.37 13.13 0.91 5.29 11.89 19.95 66.30
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T h e  e m p ir ic a l fo rm u la s  o f  the  c h e m ic a l s tru c tu re  o f  the  d o p ed  
p o ly a n ilin e  film s  w ere  a lso  d e te rm in e d  fro m  e le m e n ta l a n a ly s is  d a ta . T h e  m ole  
ra tio  o f  c a rb o n  (C ), h y d ro g e n  (H ) an d  n itro g e n  (N ) a to m s o f  th e  d o p e d  film s  w ere  
c a lc u la te d  b y  the  fo llo w in g :

1) M o le  ra tio  o f  c a rb o n  (C ), h y d ro g e n  (H ) an d  n itro g e n  (N ) 
w ere  c a lc u la te d  b y  d iv id in g  w e ig h t ra tio  o f  e a ch  e le m e n t w ith  th e ir  m o le c u la r  
w eig h t.

c  = 7 1 .1 /1 2 .0 1 =  5 .9 2  m o le
H = 5 .2 6 /1 .01 =  5.21 m o le
N = 13.3 /14 .01 =  0 .9 5  m o le

2) T h e  d o p e d  p o ly a n ilin e  h a v e  o n e  n itro g e n  a to m  p e r  re p e a tin g  
u nit. T h e re fo re , m o le  ra tio s  o f  each  e le m e n ts  n o rm a liz e d  to  n itro g e n  w ere  
c a lc u la te d  b y  d iv id in g  m o le  ra tio s  o f  e a ch  a to m s w ith  m o le  ra tio  o f  n itro g en .

c  = 5.92/0.95 z= 6.23
H = 5.21/0.95 = 5.48
N = 0.95/0.95 — 1
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APPENDIX B Determination of Geometric Correction Factor (K)

T h e  c a lib ra tio n  o f  the  c o n s tru c te d  fo u r  p o in t p ro b e  m e te r  fo r 
m e a su re m e n t the  e le c tr ica l c o n d u c tiv ity  o f  th in  film  sa m p le  w as  p e rfo rm e d  by  
u s in g  s ilic o n  w a fe r  c h ip  (S iO ). T h e  sh e e t re s is t iv ity  (p )  an d  th ic k n e ss  o f  s ilic o n  
w a fe r  c h ip s  a re  sh o w n  in  T a b le  B . l .

Table B-l T h e  sh e e t re s is itiv ity  an d  th ic k n e ss  o f  s ta n d a rd  s h e e t (S iO ).

Material Sheet Resistivity (p, £2cm) Thickness (cm)
SiO_A 9.09x103 7.18X10'2
SiOJB 9.23x1 O'3 7.16x102

Table B-2 D e te rm in a tio n  o f  K  fa c to r  o f  the  le f t p ro b e  b y  u s in g  S iO _ A  as the  
s ta n d a rd  sh e e t a t 27° c.

Time (min) l sl measurement 2nd measurement
1(A) V(V) K I (A) V(V) K

1 6.1x10 s 2.5xl0'3 3. Ixl0‘3 5.9x10's 2.3xl0"3 3.3x10'3
5 6.0x10'5 2.4xl0‘3 3.2x103 5.9x10 s 2.3xl0'3 3.3xl0‘3
10 6.0x10 s 2.2xl0‘3 3.4xlO'3 5.9x10 s 2.2x10'3 3.4xlO'3
15 6.0x10's 2.2xl0'3 3.4x103 5.9x10 s 2.2x10'3 3.4x103
20 6.0x10 s 2.2xl0'3 3.4xl0'3 5.9x10 s 2. lxlO'3 3.6x103
25 - - - 5.9x10's 2.3xl0‘3 3.3xlO'3
30 - - - 5.9x10 s 2.3xl0'3 3.3x103

Average
SD

3.3x103 Average
SD

3.4x10 3
1.7x104 1.2x1 O'4
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Table B -3  D e te rm in a tio n  o f  K  fa c to r  o f  the  rig h t p ro b e  b y  u s in g  S iO _ A  as the  
s ta n d a rd  sh e e t a t 27° c .

Time (min) 1S1 measurement 2nd measurement
1(A) V(V) K 1(A) V(V) K

1 5.9x1 O'5 2.0x10'3 3.7X10'3 5.9x10‘s 2.0x103 3.7x1 O'3
5 5.9x1 O'5 2.0x1 O'3 3.7x1 O'3 5.9x10 s 1.9x10 3 3.9x1 O'3
10 5.9x1 O'5 2.0x1 O'3 3.7xlO'3 5.9x10 s 1.9x1 O'3 3.9x10‘3
15 5.9x10 s 2.0x1 O'3 3.7x1 O'3 5.9x10‘5 2.0x1 O'3 3.7x10'3
20 5.9x10 s 2.0xl0'3 3.7xl0'3 5.9x10 s 2.0x1 O'3 3.7xl0‘3
25 5.9x105 2.0x1 o*3 3.7x10 3 5.9x1 O'5 2.0x1 O'3 3.7x1 O'3
30 5.9x10 s 2.0x103 3.7x1 O'3 5.9x10 s 2.0x1 O'3 3.7x10 3

average
SD

3.7xlO'3 average
SD

3.8X103
0 9.6x1 O'5
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Table B-4 D e te rm in a tio n  o f  K  fa c to r  o f  the  le f t p ro b e  b y  u s in g  S iO _ B  as the  
s ta n d a rd  sh e e t a t 27° c.

Time (min) Is1 measurement 2nd measurement
1(A) V(V) K 1(A) V(V) K

1 5 .94x10  s 2. l x  1 0 3 3 .6x1 0"3 5 .9 x1 0 ‘5 2 .5 x  10"3 2.99x1 O'3

5 5.94x1 O'5 2 .1 x 1 0 3 3 .6 x lO '3 5 .9x1 0  s 2 .5 x l0 '3 2 .99x10  3

10 5 .9 x 1 0 5 2 .2 x1 0 '3 3 .4 x 1 0 3 5 .9 x1 0"5 2 .5 x1 0"3 2 .9 9 x1 0"3

15 5 .9 x1 0 '5 2 .3 x1 0 '3 3 .3 x l0 '3 5 .9 x l0 's 2 .5 x1 0 '3 2 .99 x1 0"3

20 5 .9 x 1 0 5 2 .3 x l0 '3 3 .3 x lO '3 5 .9 x1 0"s 2 .4 x 1 0 3 3.13 x lO ’3

25 5 .9x10  s 2 .3 x1 0"3 3 .3x1 0"3 5 .9 x l0 ‘s 2 .4 x l0 "3 3.13X 10 '3

30 5 .9x1 0  s 2 .3 x l0 ‘3 3 .3 x lO ’3 5 .9x1 0  s 2.4x1 O'3 3.13X10-3

average 3 .5 x lO '3 average 3.05X10'3

SD 9 .8x1 0  s SD 7 .48 x10  s

Table B-5 D e te rm in a tio n  o f  K  fa c to r  o f  the  r ig h t p ro b e  b y  u s in g  S iO _ B  as the 
s ta n d a rd  sh ee t a t 27° c .

Time (min) 1S1 measurement 2nd measurement
1(A) V(V) K 1(A) V(V) K

1 5.9x10‘5 1.9x10‘3 4.0x1 o*3 5.9x10 s 1.9x1 O'3 4.0x1 O'3
5 5.9x10 s 1.9x10'3 4.0x1 O'3 5.9x10 s 2.0x1 O'3 3.8x1 O'3
10 5.9xl0‘s 2.0x1 O'3 3.8x1 O'3 5.9x10 s 2.0X10'3 3.8x10"3
15 5.9x10 s 2.1xlO'3 3.6x1 O’3 5.9xl0"s 2.0x1 O'3 3.8x103
20 5.9x10 s 2.0x103 3.8xl0'3 5.9x10 s 2. lxlO"3 3.6x10"3
25 5.9x10 s 2.0x103 3.8X10*3 5.9x10 s 2. lx 10"3 3.6x103
30 5.9x10 s 2.0x1 o*3 3.8xlO'3 5.9x10 s 2. lxlO"3 3.6xl0'3

average
รอ

3.8xl0"3 average
SD

3.7x10"3
1.3x104 1.3xl0‘4
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APPENDIX c Electrical Property Data
C-l Effect of Aging on the doped polyaniline films at 

different ratio of Ca/Cp

S am p le  : C a/Cp ะ= 14.6 T h ic k n e ss  (t)  =  2 .7 x l 0 ’3 cm  
T e s tin g  c o n d itio n s  : C o n d u c tiv e  m e te r  n o .2 , L e ft p ro b e

K  fa c to r  =  3 .3 5 x 1  O'3 
T e s tin g  te m p e ra tu re  ะ= 26-28° c

Table C -l.l D ata  fro m  the  c o n d u c tiv e  m e a su re m e n t o f  th e  d o p e d  film  a t C a/Cp 
e q u a l to  14 .6  o n  th e  e ffe c t o f  ag in g .

Time (days) Sample No. 1 Sample No. 2
1(A) V(V) a (S/cm) 1(A) V(V) a (S/cm)

1 1.52x103 0.25 6.72X102 1.5 3x10'3 0.28 6.04x1 o2
5 1.50x103 0.33 5.03x1 o2 1.52xl0‘3 0.29 5.90x1 o2
10 1.50x103 0.31 5.35X102 1.50x10'3 0.27 6.14X102
20 1.50x103 0.64 2.59x1 o2 1.50X10'3 0.60 2.76x1 o2
30 1.50x103 0.60 2.75X102 1.50X10'3 0.74 2.24x1 o2
40 1.52x10'3 0.62 2.70x1 o2 1.52X10'3 0.73 2.29x1 o2
50 1.51x103 0.53 3.15X102 1.51x103 0.48 3.43x1 o2
60 1.51X103 0.55 3.04X102 1.51x103 0.52 3.19X102
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S a m p le  : C a/Cp =  50  T h ic k n e ss  (t)  =  2 .7 x 1 0 ‘3 cm  
T e s tin g  c o n d itio n s  ะ C o n d u c tiv e  m e te r  n o . l ,  L e ft p ro b e

K  fa c to r  =  3 .3 5 x 1 0 ‘3 
T e s tin g  te m p e ra tu re  =  26-28° c

Table C-1.2 D ata  fro m  the  c o n d u c tiv e  m e a su re m e n t o f  th e  d o p e d  f ilm  a t C a/C p 
eq u a l to  5 0  o n  the  e f fe c t  o f  ag in g .

T im e  (days) Sam ple N o. 1 Sam ple N o . 2

1(A) V(V) c  (S /cm ) 1(A) V(V) o  (S /cm )

1 3 .76 x1 0 '5 4 . 1 7 x l0 '2 9 .97X 101 3 .73x10  s 3 .8 8 x lO '2 1.06X102

5 3 .70 x1 0 '5 4.22x1 O'2 9 .6 9 x1 0 ' 3 .68 x10  s 3 .94X 10 '2 1.03X102

10 3 .61x10  s 4.75X 10 '2 8 .4 0 x1 0 ’ 3.50X10*5 4 .4 2 x1 0"2 8 .75 x10 '

20 3 .64x10  s 9 .1 3 x l0 ‘2 4 .4 1 x1 0 ' 3 .66x10  s 8 .34 x1 0 '2 4 .8 5 x1 0 '

30 3 .60 x1 0 '5 9 .3 3 x 1 0 2 4 .2 7 x1 0 ' 3 .30x10  s 9.0x1 o*2 4 .0 5 x1 0 '

40 3 .70x10  s 8 .6 1 X 1 0 2 4 .7 5 x1 0 ' 3 .53x10  s 8.28X10*2 4 .7 1 x1 0 '

50 3 .65x10  s 7 .5 2 x l0 '2 5 .37 x10 ' 3 .68 x10  s 8.47x1 O'2 4 .8 5 x1 0 '

60 3 .68x10  s 7 .75X 10'2 5 .3 0 x1 0 ' 3 .66x10  s 7 .3 2 x 1 0 2 5 .59 x10 '
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S a m p le  : C a/Cp =  73 T h ic k n e ss  (t) ะ= 2 .7 x 1 0 "3 cm
T e s tin g  c o n d itio n s  : C o n d u c tiv e  m e te r  n o . l ,  L e f t p ro b e

K  fa c to r  =  3 .3 5 x l 0 -3 
T e s tin g  te m p e ra tu re  =  26-28° c

T a b le  C -1 .3  D a ta  fro m  the  c o n d u c tiv e  m e a su re m e n t o f  th e  d o p e d  film  a t C a/Cp 
e q u a l to 73  o n  the  e ffe c t o f  ag in g .

T im e  (days) Sample N o. 1 Sam ple N o . 2

1 (A ) V ( V ) o  (S /cm ) 1 (A ) V ( V ) o  (S /cm )

1 3 .79 x1 0 '5 3 .72 x1 0 ‘2 1.13X102 3 .82 x1 0 '5 3 .81X 10 '2 l . l l x i o 2
5 3 .75x10  s 3.67X10'2 1.13X102 3 .69x10  s 3 .94 x1 0 '2 1.04X102

10 3.72x10  s 4.03x1 O'2 1.02X102 3 .70 x1 0 s 4.15x1 O'2 9 .8 6 x 1 0 ’

20 3 .73x10  s 6 .4 3 x l0 '2 6 .4 1 x 1 0 ’ 3 .60x10  s 6 .45 x10  2 6 .1 7 x1 0 ’

30 3 .68x10  s 9.19x1 O'2 4 .4 3 x 1 0 ’ 3 .6 5 x l0 's 9 .33X 10 '2 4 .3 3 x 1 0 ’

40 3.5 8x1 O'5 8 .27 x1 0 '2 4 .7 9 x 1 0 ’ 3 .69 x10  s 9.67x1 O'2 4 .2 3 x 1 0 ’

50 3 .71x10  s 7.68x1 o 2 5 .3 4 x 1 0 ’ 3 .6 7 x 1 0 -s 7 .76X 10 '2 5 .1 3 x 1 0 ’

60 3 .66x10  s 8 .04 x1 0 ‘2 5 .0 4 x 1 0 ’ 3 .73x10  s 7 .8 9 x1 0  2 5 .2 5 x 1 0 ’
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C-2 Effect of acid concentrations on the doped polyaniline films 
at different ratio of Ca/Cp

S am p le  : C a/Cp =  7 .3  T h ic k n e ss  (t)  ะ= 2 .7xlC T 3 cm  
T e s tin g  c o n d itio n s  : C o n d u c tiv e  m e te r  n o . 2, L e ft p ro b e

K  fa c to r  =  3 .3 5 x l 0 ’3 
T e s tin g  te m p e ra tu re  =  2 6 -2 8 °  c

Table C-2.1 D a ta  fro m  the  c o n d u c tiv e  m e a su re m e n t o f  the  d o p e d  film  a t C a/Cp 
e q u a l to  7 .3  o n  the  e ffe c t o f  ac id  c o n c e n tra tio n s .

Sample No. 1sl measurement 2nd measurement
1(A) V(V) o (S/cm) 1(A) V(V) o (S/cm)

1 2.0x1 O'5 1.4X10'1 1.58x10' 2.0x10'5 1.46x10-' 1.52x10'
2.0x10 s 1.37x10 1 1.61x10' 2.0x10'5 1.40x10"' 1.58x10'
2.0x1 O'5 1.33x10' 1.66x10' 2.0x10'5 1.38x10 1 1.60x10’
2.0x1 O'5 1.27x10' 1.75x10' 2.0x10'5 1.30x10 ' 1.70x10'
2.0x1 O'5 1.27x10'1 1.74x10' 2.0x1 O'5 1.33x10 ' 1.66x10'
2.0x10'5 1.30x10 1 1.70x10' 2.0x1 O'5 1.29x10"' 1.71x10'

2.0x1 O'5 1.28x10"' 1.73x10'
Average 1.67x10' Average 1.64x10'

SD 0.68 SD 0.79
2 2.0x10'5 1.20x10 1 1.8x10' 2.0x10‘5 1.23x10"' 1.79x10'

2.0x10 s 1.15x101 1.9x10' 2.0x1 O'5 1.29x10"' 1.72x10'
2.0x10'5 1.19x10 1 1.9x10' 2.0x10 s 1.14x10"' 1.94x10'
2.0xl0"5 1.08x10 1 2.0x10' 2.0x10 s 1.16x10"' 1.91x10'
2.0x10"s 1.16x10 1 1.9x10' 2.0x10 s 1.17x10 1 1.89x10'
2.0x1 0 s 1.07x10 1 2.1x10' 2.0xl0"s 1.22x10"' 1.81x10'

2.0x10 s 1.20x10"' 1.84x10'
Average 1.94x10' Average 1.84x10'

SD 0.92 SD 0.76



S am p le  : C a/Cp =  10.2  T h ic k n e s s  (t) =  2 .6 5 x l 0 ‘3 cm  
T e s tin g  c o n d itio n s  : C o n d u c tiv e  m e te r  no . 2 , L e ft p ro b e

K  fa c to r  =  3 .3 5 x lO "3 
T e s tin g  te m p e ra tu re  =  2 6 -2 8 °  c

Table C-2.2 D a ta  fro m  th e  c o n d u c tiv e  m e a su re m e n t o f  th e  d o p e d  f ilm  a t ca/c 
e q u a l to  10 .2  on  th e  e f fe c t o f  ac id  c o n c e n tra tio n s .

Sample No. Is measurement 2"d measurement
1(A) V(V) o (S/cm) 1(A) V(V) G  (S/cm)

1 1.0x1 O'5 1.61x102 7.00x10' l.OxlO*5 3.68x1 o*2 3.06x10'
1.0x1 O'5 1.02x1 O'2 l.lOxlO2 1.0x1 O'5 2.30x102 4.90x10'
1.0x1 O'5 9.6x103 1.17X102 1.0x105 1.80x1 O'2 6.26x10'
1.0x10’5 1.31x102 8.60x10' 1.0x1 O'5 2.50x1 O'2 4.51x10'
1.0x10‘5 1.59x102 7.08x10' 1.0x1 O'5 1.91xl0‘2 5.90x10'
1.0x105 8.9x1 O'3 1.27X102 1 .Ox 1o*5 3.40x1 O'2 3.31x10'
1.0x10'5 9.7X10'3 1.16x 1 o2 1.0x1 O'5 3.50xl0‘2 3.22x10'

Average 9.96x10' Average 4.45x10'
SD 23.5 SD 13.1

2 2.0x10'5 9.0x1 O'2 2.50x10' 2.0x105 1.13x10' 1.99x10'
2.0x1 O'5 7.54x1 O'2 2.99x10' 2.0x1 O'5 1.31x10 1 1.72x10'
2.0x1 O'5 6.38xl0'2 3.53x10' 2.0x105 1.35x10 1 1.67x10'
2.0x1 O’5 7.22xl0‘2 3.12x10' 2.0x1 O'5 1.23x10' 1.84x10'
2.0x1 0*5 6.9 lxl O'2 3.26x10' 2.0x1o*5 1.39x10 1 1.63x10'
2.0x1 O'5 5.92x1 O'2 3.81x10' 2.0x1 0*5 1.07x10*' 2.10x10'
2.0x1 O'5 8.02xl0*2 2.81x10' 2.0x1 O'5 1.09x10*' 2.07x10'

Average 3.51x10' Average 1.86x10'
SD 4.4 SD 2.0
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S am p le  : C a/Cp =  14.6 T h ic k n e ss  (t) =  2 .7 x lO '3 cm  
T e s tin g  c o n d itio n s  : C o n d u c tiv e  m e te r  no . 2, L e f t p ro b e

K  fa c to r  =  3 .3 5 x l 0 ' 3 
T e s tin g  te m p e ra tu re  =  2 6 -2 8 °  c

Table C-2.3 D a ta  fro m  the c o n d u c tiv e  m e a su re m e n t o f  th e  d o p e d  f ilm  a t C a/Cp 
eq u a l to  14.6  on  th e  e ffe c t o f  ac id  c o n c e n tra tio n s .

Sample No. 1st measurement 2nd measurement
1(A) V(V) o (S/cm) 1(A) V(V) a (S/cm)

1 1.52x1 O'3 5.77x10“' 2.91X102 1.51x103 5.40x10“' 3.09x1 o2
1.52xl0“3 5.76x10“' 2.92X102 1.51x103 5.39x10“' 3.10X102
1.52xlO“3 5.78x10“' 2.91X102 1.51X10'3 5.44x10“' 3.07x1 o2
1.52x1 O'3 5.82x10“' 2.89X102 1.51X10 3 5.36x10“' 3.1 lx io 2

1.51X10'3 5.39x10“' 3. lOxlO2
1.51x10 3 5.35x10' 3.12xl02
1.51x103 5.46x10“' 3.06x1 o2

Average 2.91X102 Average 3.09x1 o2
SD 1.3 SD 2.3

2 1.52X10'3 6.43x10' 2.61X102 1.51x103 4.95x10“' 3.37X102
1.52x103 6.44x10“' 2.61X102 1.51x103 4.96x10“' 3.37x1 o2
1.52x1 O'3 6.45x10“' 2.61X102 1.51x103 4.97x10“' 3.36X102
1.52xl0‘3 6.43x10“' 2.61X102 1.51x103 4.98x10“' 3.35x1 o2

Average 2.61X102 Average 3.36X102
SD 0.4 SD 0.9
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Sample No. lsl measurement 2nd measurement
1(A) V(V) G  (S/cm) 1(A) V(V) G (S/cm)

3 1.51x103 4.47x10' 3.73X102 1.52x1 O'3 6.43x10' 2.61X102
1.51x103 4.46x10 ' 3.74X102 1.52x1 O’3 6.44x10'' 2.61X102
1.51x103 4.48x10’' 3.73X102 1.52x1 O’3 6.45x10’' 2.61X102

1.52x1 O’3 6.43x10’' 2.61X102
Average 3.73X102 Average 3.59X102

SD 0.8 SD 0.99
4 1.53x103 4.65x10’' 3.63X102 1.50x1 O’3 5.03x10’' 3.30X102

1.53x1 O'3 4.69x10’' 3.59x1 o2 1.50x1 O’3 5.02x10’' 3.30x1 o2
1.53xlO’3 4.68x10’' 3.60X102 1.50x1 O'3 5.04x10’' 3.29X102
1.53X10'3 4.66x10’' 3.62x1 o2
1.53x10‘3 4.67x10’' 3.61X102

Average 3.61X102 Average 3.30X102
SD 1.22 SD 0.66
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S a m p le  : C a/Cp =  30  T h ic k n e ss  (t) =  2 .6 7 x 1 0  3 cm  
T e s tin g  c o n d itio n s  : C o n d u c tiv e  m e te r  n o . 2, R ig h t p ro b e

K  fa c to r  =  3 .3 5 x l 0 ' 3 
T e s tin g  te m p e ra tu re  =  2 6 -2 8 °  c

T a b le  C -2 .4  D a ta  fro m  th e  c o n d u c tiv e  m e a su re m e n t o f  th e  d o p e d  f ilm  a t C a/Cp 
e q u a l to  30  o n  th e  e f fe c t o f  ac id  c o n c e n tra tio n s .

Sample No. 1st measurement 2nd measurement
1(A) V (V) a  (S/cm) 1(A) V (V ) a  (S/cm)

1 1.55xl0'3 5.46x1 O'1 3.18X102 1.57x10'3 5.39x10'' 3.26x1 o2
1.53x1 O'3 5.44X10'1 3.15X102 1.56x10'3 5.38x10'' 3.24x1 o2
1.52x1 O'3 5.4x10'' 3.15X102 1.54x10'3 5.35x10' 3.22x1 o2

Average 3.16X102 Average 3.24x1 o2
SD 1.66 SD 2.15



S am p le  : C a/Cp =  5 0  T h ic k n e ss  (t) = 2 .7 x 1 0 ' 3 cm
T e s tin g  c o n d itio n s  : C o n d u c tiv e  m e te r  n o . l ,  L e ft p ro b e  K  fa c to r  =  3 .3 5 x l0 "3

T e s tin g  te m p e ra tu re  =  2 6 -28 °C

Table C -2 .5  D a ta  fro m  the  c o n d u c tiv ity  m e a su re m e n t o f  the  d o p e d  film  a t C a/Cp e q u a l to 50  o n  the  e f fe c t  o f  ac id  
c o n c e n tra tio n s .

Sample No. Is1 measurement 2nd measurement 3rd measurement
1(A) V (V ) a  (S/cm) 1(A) V (V ) a  (S/cm) 1(A) V (V ) a  (S/cm)

1 3.63x105 7.37x10'2 5.45x10' 3.75xl0‘5 7.72X10'2 5.37x10' 3.25X10'5 7.20x102 4.99x10'
3.51X10'5 7.11x102 5.46x10' 3.90x10‘5 7.42x10‘2 5.81x10' 3.62X10'5 7.43X10'2 5.39x10'
3.59x1 O'5 7.30x10'2 5.44x10' 3.60x10'5 6.92x1 O'2 5.75x10' 3.78xlO'5 8.24x1 O'2 5.07x10'
3.72xl0'5 7.44x10'2 5 53x10' 3.30x10'5 6.52x102 5.60x10' 3.66x1 O'5 7.97x1 O'2 5.08x10'

Average 5.47x10' 3.50X10'5 6.50x102 5.95x10' Average 5.13x10'
SD 0.41 Average 5.70x10' SD 1.75

SD 2.23
2 3.72X10'5 7.00x10'2 5.88x10' 3.65X10'5 6.80x1 O'2 5.93x10' 3.88xlO'5 7.98xl0'2 5.38x10'

3.30x10'5 6.90x1 O'2 5.29x10' 3.68xlO'5 6.94x1 O'2 5.86x10' 3.75x1 O'5 8.52x102 4.87x10'
3.50x10'5 6.74x102 5.74x10' 3.75X105 7.70X10'2 5.38x10' 3.68xl0'5 7.13x102 5.71x10'
3.83xlO'5 7.64xl0"2 5.54x10' 3.71X10'5 7.31xl0'2 5.61x10' 3.55x1 O'5 7.37X10'2 5.33x10'
3.79x10'5 8.25xl0'2 5.08x10' 3.55X10'5 6.45x1 O'2 6.08x10' 3.5 8x1 O'5 7.45X10'2 5.31x10'
3.78X10'5 8.28x102 5.05x10' 3.43xl0'5 6.30X10'2 6.02x10' 3.66x1 O'5 7.26xl0'2 5.57x10'

Average 5.43x10' Average 5.82x10' Average 5.36x10'
SD 3.46 SD 2.68 SD 2.87



Sample : Ca/Cp = 73 Thickness (t) = 2.7xl0‘3 cm
Testing conditions : Conductive meter no.l, Left probe K factor = 3.35xlO'3

Testing temperature = 26-28°C

Table C-2.6 Data from the conductivity measurement of the doped film at Ca/Cp equal to 73 on the effect of 
acid concentrations.

Sample No. 1st m easurem ent 2nd measurement $rd measurement

1 (A ) V ( V ) a (S /cm ) 1(A) V(V) a  (S /cm ) 1 (A ) V ( V ) a  (S /cm )

1 3 .96x10  s 7.19X10'2 6 .09X 101 3.98X10'5 7.42x1 O'2 5 .93 x10 ' 3 .59x10  s 6.74x1 O'2 5 .89 x10 '

3 .8 3 x l0 's 7 .4 3 x l0 ‘2 5 .7 0 x1 0 ' 3 .83x10  s 7 .2 1 x l0 ‘2 5 .87 x10 ' 3 .36x10  s 6 .5 7 x l0 ‘2 5 .65 x10 '

3.77x1 O'5 7 .3 0 x1 0 ‘2 5 .7 1 x1 0 ' 3 .8 5 x l0 's 6.59x1 O'2 6 .46 x10 ' 3 .7 3 x l0 ‘5 7.46x1 o 2 5 .5 3 x1 0 '

3.65x1 O'5 6.78x1 O'2 5 .9 5 x1 0 ' 3 .91x10  s 7.48X10'2 5 .78 x10 ' 3 .78x10  s 7.71X10'2 5 .42 x10 '

3.68x1 O'5 7 .1 0 X 1 0 2 5 .7 3 x1 0 ' 3 .72x10  s 7 .03 x1 0 '2 5 .85 x10 ' 3 .81x10  s 8.02x1 O'2 5 .25 x10 '

3.72x1 O'5 7.14x1 O'2 5 .76 x10 ' 3 .65x10  s 6.26X10'2 6 .45 x10 ' 3 .6 9 x l0 's 7.08x1 O'2 5 .76 x10 '

Average 5 .82 x10 ' 3 .59 x1 0 s 6.41X10'2 6 .19 x10 ' 3 .65x10  s 6.43x1 O'2 6 .28 x10 '
ร อ 1.60 Average 6 .19 x10 ' Average 5 .68 x10 '

ร อ 2.88 ร อ 3.37

2 3 .79x10  s 9.24x1 o*2 4 .5 3 x1 0 ' 3 .87x10  s 8 .2 4 x l0 '2 5 .19 x10 ' 3 .94x10  s 8 .3 6 x l0 '2 5 .21x10 '

3.64x1 O'5 9 .4 2 x 1 0 2 4 .2 7 x1 0 ' 3 .75x10  s 7 .9 4 x l0 "2 5 .22 x10 ' 3 9 2 x1 0  s 8 .5 7 x l0 '2 5 .06 x10 '

3 .6 5 x 1 0 5 8 .2 7 x l0 '2 4 .8 8 x1 0 ' 3 .72x10  s 7.52X10'2 5 .47 x10 ' 3 .76x10  s 7.91X10'2 5 .26 x10 '

3 .5 1 x 1 0 5 8.01X10'2 4 .8 4 x1 0 ' 3 .61X10'5 6.91X10'2 5 .78 x10 ' 3 .87x10  s 7.98X10'2 5 .36 x10 '

3 .4 5 x l0 's 7 .8 6 x lO '2 4 .8 5 x1 0 ' 3 .50x10  s 6.67x1 O'2 5 .80 x10 ' 3.69x1 O'5 7.21X10'2 5 .66 x10 '

3 .8 1 x 1 0 5 9.35X 10 '2 4 .5 1 x1 0 ' 3 .2 7 x l0 's 6.52x1 O’2 5 .54 x10 ' 3 6 5x1 0  s 6.98X10'2 5 .78 x10 '

Average 4 .6 5 x1 0 ' Average 5 .50 x10 ' 3 .5 4 x l0 's 6.67x1 o*2 5 .87 x10 '
ร อ 2.48 ร อ 2.62 Average 5 .46 x10 '

ร อ 3.12
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