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Frank Jäckel and Jürgen P. Rabe

2.1 Introduction 36

IX



2.2 STM/STS of Molecular Adsorbates 37

2.3 An Early Example of STS at the Solid/Liquid Interface 38

2.4 Ultrahigh Vacuum versus Solid/Liquid Interface 40

2.5 Probing p-Coupling at the Single-Molecule Level by STS 41

2.6 Molecular Diodes and Prototypical Transistors 47

2.7 Conclusions 51

Acknowledgements 51

References 51

3 Molecular Repositioning to Study Mechanical and Electronic Properties

of Large Molecules 54

Francesca Moresco

3.1 Introduction 54

3.2 Specially Designed Molecules 55

3.3 STM-Induced Manipulation 58

3.3.1 Manipulation of Single Atoms 58

3.3.2 Repositioning of Molecules at Room Temperature 61

3.3.3 Manipulation in Constant Height Mode 61

3.4 Mechanical Properties: Controlled Manipulation of Complex

Molecules 63

3.5 Inducing Conformational Changes: A Route to Molecular Switching

67

3.6 The Role of the Substrate 68

3.7 Electronic Properties: Investigation of the Molecule–Metal Contact 71

3.8 Perspectives 74

Acknowledgements 74

References 74

4 Inelastic Electron Tunneling Microscopy and Spectroscopy of Single Molecules

by STM 77

Jose Ignacio Pascual and Nicolás Lorente

4.1 Introduction 77

4.1.1 Working Principle 78

4.2 Experimental Results 80

4.2.1 C60 on Ag(110) 82

4.2.2 C6H6 on Ag(110) 85

4.3 Theory 88

4.3.1 Extension of Tersoff–Hamman Theory to IETS–STM 88

4.3.2 Some Model Systems 90

4.3.3 Acetylene Molecules on Cu(100) 90

4.3.4 Oxygen Molecules on Ag(110) 92

4.3.5 Ammonia Molecules on Cu(100) 92

4.4 Conclusion 96

References 96

X Contents



II Scanning Force Microscopy-Based Approaches 99

Patterning 101

5 Patterning Organic Nanostructures by Scanning Probe Nanolithography 101

Cristiano Albonetti, Rajendra Kshirsagar, Massimiliano Cavallini, and Fabio

Biscarini

5.1 Importance of Patterning Organic Nanostructures 101

5.2 Direct Patterning of Organic Thin Films 102

5.2.1 Fabrication of Nanostructures by a Local Modification 103

5.2.1.1 Nanorecording for Memory Storage 104

5.2.1.2 Local Probe Photolithography 106

5.2.1.3 Nanorubbing 107

5.2.2 Self-Organization of Molecular Nanostructures Triggered by SPM 109

5.3 Assembly of Organic Structures on Nanofabricated Patterns 111

5.3.1 Replacement Nanolithography on Self-Assembly Monolayers

(SAMs) 112

5.3.2 Template Growth of Molecular Nanostructures 114

5.3.2.1 Nanopatterns by Local Oxidation Nanolithography 114

5.3.2.2 Nanopatterns on SAMs 119

5.3.3 Constructive Nanolithography 121

5.3.3.1 Nanolithography by Local Electrochemical Oxidation 122

5.3.3.2 Nanolithography by Local Electrochemical Reduction 124

5.3.3.3 Additional Examples of Patterning by CNL 124

5.3.4 Catalytic Probe Nanolithography 126

5.3.5 Nanografting 128

5.4 Outlook and Conclusions 135

Acknowledgements 136

References 136

6 Dip-Pen Nanolithography 141

Seunghun Hong, Ray Eby, Sung Myung, Byung Yang Lee, Saleem G. Rao, and

Joonkyung Jang

6.1 Introduction 141

6.1.1 History of Writing 141

6.1.2 The Age of Microfabrication 142

6.1.3 New Building Blocks in the Era of Nanotechnology 144

6.2 Basics of Dip-Pen Nanolithography 144

6.2.1 Basic Concepts 144

6.2.2 Ink and Pen 146

6.2.3 DPN Writing Procedure 150

6.3 Lithographic Capability of Dip-Pen Nanolithography 153

6.3.1 Resolution 153

6.3.2 Overcoming Speed Limits via Multiple-Pen Writing 155

Contents XI



6.3.3 Patterning Extreme Materials: Biomaterials and Conducting

Polymers 157

6.3.4 Unconventional DPN 158

6.3.5 New Pens and Hardware 161

6.4 Other Applications 162

6.4.1 Etching Resist Patterning 162

6.4.2 Nanoassembly 163

6.5 Nanoscale Statistical Physics Inspired by DPN 166

6.5.1 DPN Theory 166

6.5.2 Nanoscale Water Condensation 168

6.5.3 Anomalous Surface Diffusion 170

6.6 Conclusions 170

Acknowledgements 171

References 171

Mechanical Properties 175

7 Scanning Probe Microscopy of Complex Polymer Systems: Beyond Imaging

their Morphology 175
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