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APPENDICES
Appendix A Calculations of Ti:Si Molar Ratio

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

Anajte  Compound Concentration
(%)

Mg MgO 1675
Al AN 3 1641
S Si02 7848
K kD 0.549
Ca Ca0 0.111
Ti Ti02 0.307
Mn Mn02 0.034
Fe Fed)3 2403
n Zn0 0.03

%LOI = 30%

Factor = 0.702

M.w. of Si02= 60.09

1gof CTAB modified Na-bentonite

=(.702 g of Na-bentonite

=0.702 g ofNa-bentonitex0.7848 g of Si02

= (0,551 gof Si02

And 19 of Na-bentonite

=(.7848 g of Si02
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P25/CTAB modified Na-bentonite
15 mole%Si
1¢ basis of mixture
Assume P25 has 100%Ti02
M.w. Ti02=T79.87
8 mole Ti: L mole Si
Assume X is Ti02weight, and then 1-X is CTAB modified bentonite

Ti=8%moleTi  X/79.87 mole Ti

S 15mole Si- (1-X) x0.5509/60.09 mole S
X=081 gP%

Thus, CTAB modified Na-bentonite = 0.19 g

P25/purified Na-bentonite
10 mole%Si
19 basis of mixture
90 mole Ti: 10 mole Si
Assume X is Ti02weight, and then 1-X is CTAB modified bentonite

J.=9%0moleTi= X/79.87 mole Ti

S 10mole Si (1-X) x0.7848/60.09 mole S
X=0909P%

Thus, purified Na-bentonite = 0.1Qy

Sol-gel TiOVpurified Na-bentonite
10 mole%Si
M.W. of Ti(acac)diPr2= 364.27
M.W. 0fTi02=T79.87
Ti(acac)iPr2in ispropanol solution= 75 wt.%
Starting with 25 ¢ Ti(acac)iPr2= 25 gx0.75/364.27 = 5.15x10'3

Assume X = Si02weight
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Thus, 0.10 mole Si=__ X/60.09 mole Si
5.15x103mole Ti + x/60.09 mole Si

X =0.034 ¢Si02

Thus, purified Na-bentonite = 0.034 g Si02/0.7848 = 0.044 ¢

And Ti02weight = 5.15x10'3mol Tix79.87 = 0.41 ¢
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Appendix B Supplementary Results of Chapter IV

3.0
P25
25 y = -0.0445x + 17.08
R2=0.999

20 15 mole%Si e P 25
o y =0.0227x +9.01
c Ri=0.9991 0 — — 15 mole%Si
£ 15 N .
& IPurified Na bentonite *++++Purified Na
2 y=-0.0141x + 4.6015 bentonite
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Figure Bl The energy band gap (Eg) 0f P25 and 15 mole%Si.
Eg=1239m

x 0fP25 =388 nm
Eg ofP25=3.20eV

Aof15mole%Si=409.7 nm
Egof 15 mole%Si= 3.02 eV

x ofpurified Na bentonite = 326.4 nm
Eg ofpurified Na bentonite = 3.80 eV
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Appendix ¢ Supplementary Results of Chapter V

Table Cl Textural properties of the semiconductor electrodes obtained from N2
adsorption-desorption analysis

Specific Total pore
Semiconductor surface area  Pore size (nm) volume
(m 2g) (ml/g)
Sol-gel Ti02 120 3.61 0.163
5mole% Sipurified Na-
, 165 3.63 0.215
bentonite
10 mole% Sipurified Na-
, 198 3.64 0.246
bentonite
20 mole% Si purified Na-
, 243 3.64 0.269
bentonite
40 mole% Sipurified Na-
. 267 3.63 0.292
bentonite
60 mole% SiNa-bentonite 263 3.63 0.293
80 mole% Si purified Na-
184 3.62 0.265

hentonite

Purified clay 62
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A = Anatase
R =Rutile
A , B = Bentonite
R BRA . & per
>
3
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5 10 H 205 30 H 40 4H 50 5 60 65 0 H &
2 Theta

Figure Cl XRrD patterns of (a) TiC>2/60 wt.% purified Na-bentonite, (b) TiO 240
wt.% purified Na-bentonite, (c) TiO220 wt.% purified Na-bentonite, and, (d) Ti()2
electrodes.
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Appendix D Supplementary Results of Chapter VI
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Figure D1 Top-viewed SEM micrographs on the left hand side and cross-sectional
FE-SEM micrographs on the right hand side of (a) P25 TiC>2, (b) P25 TiU2/5 mol%
modified-bentonite, (c) P25 Ticyio mol% modified-bentonite, (d) P25 TiC>2/5 mol%
purified Na-hentonite, and (e) P25 TICVIO mol% purified Na-bentonite.



Table D1 photovoltaic properties of DSSC sensitized by red cabbage dye

Semiconductor-based film

P25

5mol% Simodified-bentonite

10 mol% Simodified-
bentonite

5mol% Sipurified Na-
bentonite

10 mol% Sipurified Na-
bentonite

Thickness
(pm)
1.5
10.0
5.0
8.0
12.0
4.0
7.0
11.5
5.0
8.5
115
4.5
7.0
115

Jsc
(mAfcm )
2.07
2.12
1.65
1.84
1.92
1.58
17
2.00
1.38
1.76
1.93
1.23
1.45
1.49

0.60
0.59
0.63
0.59
0.59
0.61
0.59
0.58
0.59
0.59
0.58
0.62
0.59
0.58

FF

0.33
0.31
0.25
0.27
0.25
0.21
0.22
0.19
0.25
0.25
0.24
0.16
0.17
0.18

187

0 (%)

0.40
0.39
0.26
0.29
0.28
0.20
0.22
0.22
0.20
0.26
0.27
0.12
0.15
0.15
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Appendix E Supplementary Results of Chapter VII

Size Detnoution by Intersty

Figure El Size distribution of purified Na-bentonite collected from the top of
seftling raw Na hentonite swollen in deionized water.2

Zeta Potential Dstribution

>
H~
[N

Zeta Potential (mV)

Record 28 Sﬂ

Figure E2 Zeta potential distribution of purified Na-bentonite collected from the top
ofsettling raw Na bentonite swollen in deionized water.
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