
Table of Contents XV 

Table of Contents 

 

 

 

ABSTRACT..................................................................................................................VII 

ZUSAMMENFASSUNG.............................................................................................. XI 

TABLE OF CONTENTS ............................................................................................XV 

1  INTRODUCTION .......................................................................................................1 

1.1 CHEMISTRY OF ADVANCED MATERIALS ....................................................................1 

1.2 SOLID STATE CHEMISTRY AND NANOCHEMISTRY.....................................................3 

1.3 NANOMATERIALS, NANODEVICES AND APPLICATIONS OF NANOMATERIALS ............5 

1.4 LITERATURE ..............................................................................................................7 

2  TEMPLATE-DIRECTED SYNTHESIS OF STRUCTURED MATERIALS.......9 

2.1 INTRODUCTION - HISTORY ........................................................................................9 

2.2 THE SOL-GEL PROCESS ...........................................................................................11 

2.3 STRUCTURED METAL OXIDES AND ORGANIC-INORGANIC COMPOSITES .................15 

2.4 LITERATURE ............................................................................................................22 

3  SCOPE AND OBJECTIVES ....................................................................................27 

LITERATURE ..................................................................................................................30 

4  EXPERIMENTAL SECTION..................................................................................33 

4.1 SYNTHESIS TECHNIQUES .........................................................................................33 

4.1.1 General Techniques .........................................................................................33 

4.1.2 Chemicals.........................................................................................................33 

4.1.3 Hard Materials.................................................................................................33 

4.2 ANALYSIS AND CHARACTERIZATION.......................................................................34 

4.2.1 X-ray Powder Diffraction ................................................................................34 

 



Table of Contents XVI 

 

4.2.2 Transmission Electron Microscopy .................................................................34 

4.2.3 Scanning Electron Microscopy ........................................................................35 

4.2.4 Chemical Analysis............................................................................................35 

4.2.5 Nitrogen Adsorption Measurements ................................................................35 

4.2.6 Magnetic Measurements ..................................................................................36 

4.3 LITERATURE ............................................................................................................37 

5  STRUCTURED VANADIUM OXIDES ..................................................................39 

5.1 INTRODUCTION ........................................................................................................39 

5.2 VANADIUM OXIDE NANOTUBES FROM ALKOXIDE PRECURSORS .............................41 

5.3 SYNTHESIS OF VANADIUM OXIDE NANOTUBES VIA NON-ALKOXIDE ROUTES ........42 

5.3.1 Introduction......................................................................................................42 

5.3.2 Vanadium(V) Oxytrichloride ...........................................................................42 

5.3.3 Vanadium Pentoxide ........................................................................................45 

5.3.4 Vanadic Acid ....................................................................................................47 

5.3.5 Ammonium Meta Vanadate..............................................................................49 

5.3.6 Polymers as templates......................................................................................50 

5.3.7 The use of other template molecules ................................................................53 

5.3.8 Discussion and Summary .................................................................................57 

5.4 CHARACTERIZATION OF THE VANADIUM OXIDE NANOTUBES .................................59 

5.5 TOPOCHEMICAL REACTIONS....................................................................................70 

5.5.1 Introduction......................................................................................................70 

5.5.2 Exchange Reactions with α,ω-Diamines .........................................................70 

5.5.3 Reaction with Ammonia ...................................................................................76 

5.5.4 Chemical Intercalation of Lithium Cations .....................................................77 

5.5.5 Reaction with Triflic Acid ................................................................................78 

5.6 MECHANISTIC CONSIDERATIONS .............................................................................80 

5.7 LITERATURE ............................................................................................................84 

 

 

 



Table of Contents XVII 

 

6  STRUCTURED MOLYBDENUM OXIDES ..........................................................87 

6.1 INTRODUCTION ........................................................................................................87 

6.2 AMINE-DIRECTED SYNTHESIS OF MOLYBDENUM OXIDE FIBERS.............................88 

6.2.1 Introduction: Organic-Inorganic Hybrid Materials ........................................88 

6.2.2 Synthesis Starting from Molybdic Acid ............................................................89 

6.2.3 Characterization of the molybdenum oxide fibers ...........................................91 

6.2.4 Summary and Conclusion ................................................................................99 

6.3 LITERATURE ..........................................................................................................101 

7 STRUCTURED IRON OXIDES .............................................................................103 

7.1 GENERAL ASPECTS OF MONODISPERSED COLLOIDS ..............................................103 

7.2 IRON (HYDROUS) OXIDE COLLOIDS AND NANOPARTICLES ...................................105 

7.3 IRON OXIDES FROM ALKOXIDE PRECURSORS ........................................................109 

7.3.1 Introduction....................................................................................................109 

7.3.2 Synthesis.........................................................................................................110 

7.3.3 Characterization ............................................................................................112 

7.3.4 Discussion ......................................................................................................126 

7.4 IRON OXIDES FROM „Fe6“......................................................................................129 

7.4.1 Introduction....................................................................................................129 

7.4.2 Synthesis.........................................................................................................130 

7.4.3 Characterization ............................................................................................134 

7.4.4 Discussion and Conclusion ............................................................................152 

7.5 LITERATURE ..........................................................................................................155 

ACKNOWLEDGEMENTS ........................................................................................157 

CURRICULUM VITAE .............................................................................................159 

 

 


