Contents

Contents
List of abbreviations
1 Introduction

2 Theoretical aspects

2.1 Solarcells . . . . ... ...
2.1.1 Basicprinciples . . . . .. . ...
2.1.2 Hybrid solarcells . . . . . . ... ... ... ....
2.1.3 Solid-state dye-sensitized solar cells. . . . . . . ..

2.2 Polymer basics . . . . . ... ...
2.2.1 Block copolymers . . . . . ... ...
2.2.2 Conducting polymers . . . . . ... ... .....

2.3 Titania and sol-gel synthesis . . . . . .. ... ... ....
2.3.1 Titania properties . . . . . . . . ... ... ....

2.3.2 Basic principles of sol-gel synthesis . . . . . . . ..

2.3.3 Structure direction with polymer templates . . . .
2.4 Scattering basics . . . . . ... ...
2.4.1 Reflectivity . . . ... ... ... ...
2.4.2 Diffraction . .. ... ... ... .. ...

2.4.3 Grazing incidence scattering . . . . . . . ... ...

2.5 Tomography . . . . . . . . . ...

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



vi Contents

3 Characterization methods 7
3.1 Spectroscopic and electronic characterization . . . . . .. 78
3.1.1 UV/Vis Spectroscopy . . . . . « v v v v v v v v .. 78
3.1.2 Photoluminescence spectroscopy . . . . ... . .. 79
3.1.3 1/V characterization . . . . ... ... ... .... 80

3.2 Structural characterization . . ... ... ... ... ... 82
3.2.1 Optical microscopy . . . . . . . . ... ... .... 83
3.2.2 Scanning and transmission electron microscopy . . 83
3.2.3 X-ray reflectivity . . . . .. ... 85
3.2.4 X-ray diffraction . . . . .. ..o 87
3.2.5 Grazing incidence x-ray scattering . . . ... . .. 88
3.2.6 Grazing incidence neutron scattering . . . . . . . . 92
3.2.7 Tomography . .. ... ... ... ... ... 96

4 Sample preparation 99
4.1 Materials . . . . . ... 100
4.2 Processing . . . . . ... 105
4.2.1 Synthesis of nanostructures . . . . . ... ... .. 105
4.2.2 Coating methods . . . . .. ... ... ... ... 112
4.2.3 Filling of titania structures with hole conductors . 115
4.2.4 Solar cell assembly . . . .. ... ... ... ... 117

5 Combination of sol-gel synthesis with micro-fluidics 123
5.1 Properties of titania from TTIP precursor . . . . . . . .. 126
5.1.1 Titania structures . . . . . . ... ... ... ... 126

5.1.2  Crystallinity of titania . . . . . . . ... ... ... 132

5.1.3 Optical properties of titania films . . . . . . . . .. 132
5.1.4 Structure in a single drop of titania . . . . . . .. 133

5.1.5 Results . . .. ... ... ... .. 137

5.2 Titania from TTIP precursor with micro-fluidics . . . . . 139
5.2.1 Characterization of flow in the micro-fluidic cell . . 140

5.2.2 Titania structures . . . . . . . .. ... ... 142

5.2.3 Optical properties . . . . ... ... ... ..... 151
5.2.4 Results . . . . . ... oL 153

5.3 Summary . . . ... .. 155

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



Contents vii

6 Low temperature synthesis 157
6.1 Sol-gel synthesis with EGMT precursor . . . .. ... .. 159
6.1.1 Titania structure . . . . . . . .. .. ... ... .. 160

6.1.2 Crystalline structure . . . . . . .. ... ... ... 168

6.1.3 Optical properties . . . .. ... ... ... .... 169

6.1.4 Results . . .. .. ... ... ... 172

6.2 Low temperature synthesis and micro-fluidics . . . . . . . 175
6.3 Solar cells with titania from EGMT precursor . . . . . . . 181
6.4 Summary . . . . ... ... e e e e 183

7 Titania nanostructures in contact with water vapor 187
7.1 Static investigation of structures in air and water vapor . 190
7.1.1 Crystallinity depending on calcination settings . 190

7.1.2 Influences of calcination temperature . . . . . . . . 193

7.1.3 Influence of calcination atmosphere . . . . . . . . . 202

7.1.4 Surface and interface structure . . . .. . ... .. 207

7.1.5 Changes in crystallinity with vapor infiltration . . 209

7.1.6 Results . .. .. .. .. ... L. 211

7.2 Kinetic evolution of structures in vapor . . ... ... .. 213
7.3 Summary . . ... .. e e 221

8 Filling of titania structures 225
8.1 Granular titania films obtained from commercial paste . . 227
8.1.1 Solar cell efficiencies . . . . . .. .. ... .. ... 227

8.1.2 Morphology . . . . . . . .. ... ... 231

8.1.3 Degreeof filling . . . . . .. ... ... ... .... 239

814 Results . .. . ... ... 240

8.2 Tailored titania structures from TTIP precursor. . . . . . 242
8.2.1 Optical properties . . .. ... ... ... ..... 243

8.2.2 Morphology . . . . . .. ... 245

8.2.3 Degreeof filling . . . ... ... ... ... ..., 253

824 Results . . .. .. ... ... 256

8.3 Summary . . . . . ... 258

9 Conclusion and outlook 261

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.

Es gilt nur fir den persénlichen Gebrauch.



viii Contents

Bibliography 265
List of publications 303
Acknowledgements 313

Dieses Werk ist copyrightgeschiitzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den persénlichen Gebrauch.



