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Appendix A
EXPERIMENTS FLOW CHARTS  

Figure A.1 Preparation flow chart of CuO nanowires by oxidation of copper plate. 

Fabrication CuO nanowires by oxidation reaction

Cu plate

Heating at 300, 400, 500, 600, and 700OC for 6 hr

4Cu(s) + O2(g) 2Cu2O(s)

2Cu2O(s) + O2(g) 4CuO(s)
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Figure A.2 Preparation flow chart of CuO thin films by oxidation of copper thin 
films. 

Fabrication CuO thin films by oxidation cu thin films

Evaporation Cu thin films
in chamber 4x10 5 torr

Heating at 700, 800, and 900 OC
for 12, 24 and 48 hr

4Cu(s) + O2(g) 2Cu2O(s)

2Cu2O(s) + O2(g) 4CuO(s)

Copper powder
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Figure A.3 Preparation flow chart of ZnO target. 

ZnO powder 42 g

Heat at 1,000°C for 12 hour

Grind for 1 hour

Heat again at 1,000°C for 12 hour

Grind for 1 hour

Press ZnO with 50 ton in cylindrical socket which has 3  diameter

Grind for 1 hour

Heat again at 1,200C for 24 hour

Obtain ZnO target which has 3’’ diameter and 3mm thickness
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Figure A.4 Preparation flow chart for synthesis ZnO nanobelts and nanowires by RF 
sputtering technique.

ZnO target

FTO substrate

The sputtering chamber 1x10 5 torr

Flow argon gas
pressure at 40 mtorr

Sputtering power of 300W
Time of 5, 10, 20 and 40 min

ZnObuffer layer on FTO
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Figure A.5 Preparation flow chart of DSSC based ZnO.

ZnO powder 5 g + PEG  1.1 g + H2O 10 cm3

Spin the mixture by magnetic stirrer for 1 hour

ZnO paste

Screen  on FTO  glass

Heat at 400°C for 1 hour

Soak in Eosin-Y solution for 1 hour 

Photoelectrode

Cl6H2Pt.aq + acetone (0.5 mM) 

Screen  on FTO  glass

Heat at 450° for 1 hour

Counterelectrode

Sandwich two electrode and make space
between them  

Drop electrolyte into the space

DSSC device



107 

 Appendix B 

Thickness calculation of evaporation 

Figure B.1 Schematic diagram of evaporation source to substrate.  

The mass of starting materials is m. The distance between substrate and starting 

materials is H and the substrate size of L. the thickness of evaporated ( 0l ) films can 

calculate by  

filmthin
start VV      (B.1). 

ThicknessAreaVstart             (B.2). 

0
24 lHVstart     (B.3). 

0
24 lH

V
     (B.4). 

H

m

l0 L
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20 4 H
ml     (B.5). 

Figure B.2 The relationship of thickness with length of substrate.

In this case, we calculated the thickness on substrate in a part of sphere but the real 

substrate is flat. Thus, the relationship of thickness when the length of substrate was 

changed can be write as 
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l      (B.6). 

l  is source thickness of deposited film 

m  is total deposited mass 

 is density of material

L  is distance between the centre of substrate and the point where the thickness is 

calculated

H is the distance between source and substrate 
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The next approximation, we calculate thickness by 

22
0 )/(1

1
HLl

l
      (B.7). 

The thickness decrease by 10% for L=H/4.
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Appendix C 

PAPER PUBLICATIONS 

Paper Publications 

Paper I  Ethanol sensing properties of CuO nanowires prepared by an oxidation 

reaction 

Paper II  CuO Nanostructure by Oxidization of Copper Thin Films 

Paper III  Copper oxide thin film and nanowire as a barrier in ZnO dye-sensitized 

solar cells 
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Paper I
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Paper II 
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Paper III
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