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APPENDICES

Appendix A Calculations of Ti:Si Molar Ratio

Table A1 X-Ray Fluorescence analysis of CTAB modified Na-bentonite

Analyte Compound Concentration
(%)

Mg MgO 1.675
A1 A120 3 16.41
Si Si02 78.48
K k 20 0.549
Ca CaO 0.111
Ti T i02 0.307
Mn Mn02 0.034
Fe Fe203 2.403
Zn ZnO 0.03

%LOI = 30%
Factor = 0.702

M.w. of Si02 = 60.09 
1 g of CTAB modified Na-bentonite 
= 0.702 g of Na-bentonite 
= 0.702 g ofNa-bentonitexO.7848 g of Si02 
= 0.551 g of Si02

And 1 g of Na-bentonite 
= 0.7848 g of Si02
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P25/CTAB modified Na-bentonite 
15 m ole% Si 
1 g basis of mixture 
Assume P25 has 100%TiO2 
M.w. T i02 = 79.87 
85 mole Ti: 15 mole Si
Assume X is Ti02 weight, and then 1-X is CTAB modified bentonite

weight.
_Ti = 85 mole Ti X/79.87 mole Ti 
Si 15 mole Si (1-X) xO.5509/60.09 mole Si 
X = 0.81 g P25
Thus, CTAB modified Na-bentonite = 0.19 g

P25/purified Na-bentonite 
10 m ole% Si 
1 g basis of mixture 
90 mole Ti: 10 mole Si
Assume X is T i02 weight, and then 1-X is CTAB modified bentonite

weight.
Jj_= 90 mole Ti = x/79.87 mole Ti
Si 10 mole Si (1-X) x0.7848/60.09 mole Si 
X = 0.90 g P25
Thus, purified Na-bentonite = 0.1 Og

Sol-gel TiOVpurified Na-bentonite 
10 m ole% Si
M.W. of Ti(acac)20iPr2 = 364.27 
M.W. o fT i02 = 79.87
Ti(acac)20iPr2 in ispropanol solution= 75 wt.%
Starting with 2.5 g Ti(acac)20iPr2 = 2.5 gxO.75/364.27 = 5.15x10‘3

mol Ti
Assume X = Si02 weight
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Thus, 0 .10  m o le  S i = ________ X /6 0 .0 9  m o le  S i____________

5.15x1 O'3 m o le  T i +  x /6 0 .0 9  m o le  S i

X  =  0 .034  g S i0 2

Thus, p u r if ie d  N a -ben ton ite  =  0 .034  g S iO 2 /0 .7848 =  0 .044 g 
A n d  T i0 2 w e ig h t =  5 .1 5 x l0 ‘3 m o l T ix 7 9 .8 7  =  0.41 g
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Appendix B Supplementary Results of Chapter IV

Figure BI The ene rgy  band gap (E g ) o f  P25 and 15 m o le% S i.

Eg  =  1 2 3 9 m

X  o f  P25 =  388 nm  
E g  o f  P25 =  3 .20 eV

A, o f  15 m o le% S i =  409 .7  nm  
E g  o f  15 m o le% S i =  3 .02 eV

X  o f  p u r if ie d  N a  ben ton ite  =  326.4 nm  
Eg o f  p u r if ie d  N a  ben ton ite  =  3 .80 eV
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Table Cl T e x tu ra l p rope rtie s  o f  the sem iconduc to r e lec trodes ob ta ined  fro m  N 2 

ad so rp tio n -deso rp tion  ana lys is

Appendix c  Supplementary Results o f Chapter V

S em iconduc to r

S pe c if ic  
surface area

(m 2/g )

Pore s ize  (nm )

T o ta l pore  
vo lum e  
(m l/g )

S o l-ge l T i 0 2 120 3.61 0.163

5 m o le%  S i p u r if ie d  N a -  
benton ite

165 3.63 0.215

10 m o le%  S i p u r if ie d  N a -  
ben ton ite

198 3.64 0.246

20 m o le%  S i p u r if ie d  N a -  
ben ton ite

243 3.64 0.269

40  m o le%  S i p u r if ie d  N a -  
ben ton ite

267 3.63 0.292

60 m o le%  S i N a -ben to n ite 263 3.63 0.293

80 m o le%  S i p u r if ie d  N a -  
ben ton ite

184 3.62 0.265

P u r if ie d  c la y 62 - -
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>ฯ
3

A  = Anatase 
R  = R utile  
B = Bentonite

«IJ|||V>V»* I 'NwAuk«*U*
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Figure Cl X R D  patte rns o f  (a) TiC>2/60 w t.%  p u r if ie d  N a -ben to n ite , (b ) T iO 2/40  
w t.%  p u r if ie d  N a -ben to n ite , (c ) T iO 2/20  w t.%  p u r if ie d  N a -ben to n ite , and, (d ) T i ( ) 2 
e lec trodes.



185

Appendix D Supplementary Results o f Chapter VI

c,
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Figure D1 T o p -v ie w e d  S E M  m ic rog raphs  on  the le f t  hand side and cross-sectiona l 
F E -S E M  m ic rog ra ph s  on  the r ig h t hand  side o f  (a ) P25 TiC>2 , (b ) P25 T iÛ 2 /5  m o l%  
m od if ie d -b e n to n ite , (c ) P25 T i c y i o  m o l%  m od if ie d -b e n to n ite , (d ) P25 TiC>2/5 m o l%  
p u r if ie d  N a -ben to n ite , and (e) P25 T iC V IO  m o l%  p u r if ie d  N a -ben to n ite .



187

Table D1 P ho to vo lta ic  p rope rtie s  o f  DSSC  sens itized  b y  red cabbage dye

Sem iconduc to r-based  f i lm
Th ickness

(p m )

Jsc
(m A /c m  )

V(V) FF 0 (% )

P25
7.5 2 .07 0 .60 0.33 0.40

10.0 2 .12 0 .59 0.31 0.39

5 m o l%  S i m o d if ie d -b e n to n ite

5.0 1.65 0.63 0.25 0.26

8.0 1.84 0 .59 0.27 0.29

12.0 1.92 0 .59 0.25 0.28

10 m o l%  S i m o d if ie d -  
ben ton ite

4.0 1.58 0.61 0.21 0.20

7.0 1.71 0 .59 0.22 0.22

11.5 2 .00 0 .58 0.19 0.22

5 m o l%  S i p u r if ie d  N a -  
ben ton ite

5.0 1.38 0 .59 0.25 0.20

8.5 1.76 0 .59 0.25 0.26

11.5 1.93 0.58 0.24 0.27

10 m o l%  S i p u r if ie d  N a -  
ben ton ite

4.5 1.23 0 .62 0.16 0.12

7.0 1.45 0 .59 0.17 0.15

11.5 1.49 0 .58 0.18 0.15
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Appendix E Supplementary Results of Chapter VII

Size Dstribution by Intensity
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Figure El
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Figure E2 Ze ta  p o te n tia l d is tr ib u t io n  o f  p u r if ie d  N a -ben to n ite  co lle c te d  fro m  the top  
o f  s e tt lin g  raw  N a  ben ton ite  sw o lle n  in  de ion ized  water.
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