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APPENDICES

Appendix A Extinction coefficient of natural dyes



Figure Al Calibration curve of natural dyes; sappan wood (a), safflower (b), black
(c), noni leaves (d) and sunflower (e).

Table A1 Extinction coefficient of natural dyes
Natural dyes Extinction coefficient (L g"1 cm"1)
Sappan wood 3.303

Safflower 3.848
Black rice 0.819

Noni leaves 3.747
Sunflower 12.923
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From the Beer-Lambert Law relationship for absorbance of light:
A = eel,

Where A = absorbance
ธ = extinction coefficient (L g" 1 cm'1) 
c = concentration of the dye (g/L)
1 = path length of the cell, which is normally 1 cm

The data of concentration and absorbance at a particular wavelength are used to 
draw the calibration curve as shown in figure 6.3. The slope of the curve is the 
extinction coefficient for each of the natural dyes.
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Appendix B EDX of ZnO + polythiophene 

Sample: 0.1 M Thiophene 0.2 M LiC104 1 min

Election Image I

Figure B1 FE-SEM image and EDX spectrum of the hybrid of ZnO and polythiophene.
Table B1 EDX data of of the hybrid of ZnO and polythiophene.

Element
OK 
Si K 
ร K 
Cl K 
Zn L 
รท L 

Totals

Weight%
14.52
0.78
0.19
0.04

65.40
19.06
100.00

Atomic%
43.15
1.32
0.28
0.05

47.56
7.64
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Sample: 0.1M Th 0.2M UCIO4 2 min

fc'lett/on Image 1

Figure B2 FE-SEM image and EDX spectrum of the hybrid ofZnO and polythiophene. 
Table B2 EDX data of of the hybrid ofZnO and polythiophene.

Element Weight% Atomic%
c  K -0.13 -0.52
O K 14.37 43.22
Al K 0.24 0.43
Si K 0.72 1.23
ร K 0.23 0.35
Cl K 0.11 0.14
Zn L 63.21 46.53
รท L 21.26 8.62

Totals 100.00
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Sample: 0.1M Th 0.2M LiC104 5 min

Figure B3 FE-SEM image and EDX spectum of the hybrid of ZnO and polythiophene. 
Table B3 EDX data of of the hybrid of ZnO and polythiophene.

Element Weight% Atomic%
c  K -0.10 -0.41
O K 14.36 43.69
Si K 0.56 0.97
ร K 0.37 0.57
Cl K 0.05 0.07
Zn L 60.79 45.28
รท L 23.97 9.83

Totals 100.00
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Sample: 0.2M Th 0.2M LiClC>4 1 min

Figure B4 FE-SEM image and EDX spectrum of the hybrid ofZnO and polythiophene. 
Table B4 EDX data of of the hybrid ofZnO and polythiophene.

Element Weight% Atomic%
O K 14.87 43.92
Si K 0.63 1.06
ร K 0.23 0.34
Cl K 0.13 0.17
Zn L 64.65 46.74
รท L 19.50 7.76

Totals 100.00
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Sample: 0.3M Th 0.2M LiC104 1 min

ull Scale 2185 cts Cursor: 0.000

Figure B5 FE-SEM image and EDX spectrum of the hybrid of ZnO and polythiophene. 
Table B5 EDX data of of the hybrid of ZnO and polvthiophene.

Element Weight% Atomic%
CK 4.34 12.91
OK 16.19 36.12
SiK 0.91 1.15
SK 8.83 9.83
Cl K 6.31 6.36
ZnL 59.34 32.40
รท L 4.07 1.23

Totals 100.00
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Sample: 0.1 M Th 0.2 M LiCICU I min (EPD)

Figure B6  FE-SEM image and EDX spectrum of the hybrid of ZnO and polythiophene. 
Table B6 EDX data of of the hybrid of ZnO and polythiophene.

Element Weight% Atomic%
CK 0.02 0.10
OK 14.48 43.10
SiK 0.77 1.30
SK 0.20 0.29
Cl K 0.04 0.05
Zn L 64.93 47.31
รท L 19.57 7.85

Totals 100.00
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Appendix c BET data of the ZnO film with various conditions.

Table Cl BET data of the ZnO film with various voltages.

Conditions Surface area (m2/g) Pore volume (cc/g) Pore size (A0)
15V 5 min 6.17 0.0302 195.6
18V 5 min 55.19 0.1543 109.8
21V 5 min 50.64 0.1247 98.53
24V 5 min 106.3 0.1904 71.65

Table C2 BET data of the ZnO film with various deposition times.

Conditions Surface area (ทrVg) Pore volume (cc/g) Pore size (A0)
15V 5 min 6.17 0.0302 195.6
15V 10 min 31.28 0.1270 162.3
15V 15 min 29.35 0.1159 158.1
15V 20 min 29.37 0.1671 227.6
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