Contents

Preface . . . . . . . . e

1. Carbon Nanotubes: A Basic Description
Christophe Goze-Bac

1.1.  Brief History of the Nanotubes . . . . ... .......
1.2. Size and Shape of Nanotubes . . . . . ... ... ....
1.3. Synthesis of Nanotubes . . . .. ... ..........
1.4. Molecular Structures of Nanotubes . . . . .. ... ...
1.5. Electronic Properties of Carbon Nanotubes . . . . . . . .
1.6. Recent Works on Individual Carbon Nanotubes . . . . .
Bibliography . . . . . . . ...

2. Applications in Mechanics and Sensors

Angel Rubio

2.1. Introduction . . . . . ... ...
2.1.1. Some Applications: Carbon Nanotube-Based

Sensors . . . ... o oL

2.2. Nanotube Nanomechanics . . . ... ... .......

2.2.1. Experimental Evidence of Nanotube Resilience .

2.3. Applications of Mechanical Response . . . . ... ...

Acknowledgements . . . ... ... ... ..

Bibliography . . . . . . . ...

3. Applications in Biology and Medicine
Guido Rasi and Claudia Matteucci

3.1. Application in Biosensing, Imaging and Tissue
Engineering . . . . . ... .. ... L L.
3.2. Application in Drug, Peptide and Gene Delivery . . . . .
3.3. Application in Cancer Diagnosis and Therapy . . . . . .
34. Conclusions . . . . ..o v
Bibliography . . . . . . . . ...

19

21
22
26
27
30
30

35

36
46
52
56
57

xiii



Xiv

Contents

4. Carbon Nanotubes: Applications for Medical Devices

Robert Streicher

4.1. Introduction . . . . .. ... ... .. ... ..
4.2. Biomaterialsand Implants . . . . . .. ... L
4.2.1. Orthopaedic Implants . . . . .. ... ... ...
4.2.1.1. Current Issues with Orthopaedic Implants
4.3. Nanomaterials in Medicine . . . . .. ... .......
44. CarbonNanotubes. . . . ... ... ... ........
4.4.1. Biomedical Applications . . . .. ... ... ..
4.4.2. Interaction with Biologic Structures . . . . . . .
4.4.2.1. Tissue Engineering for Neural
Applications . . . . . ... ... ...
4.4.2.2. Tissue Engineering for Orthopaedic
Applications . . . ... ...
4.4.3. Structural Components for Orthopaedics . . . . .
4.4.3.1. Carbon Fibers and Composites for
Orthopaedic Applications . . . . . . . .
4.4.3.1.1. Polymer/CNT Nano-
composites . . . . . ...
4.43.1.2. Alumina/CNT Nano-
composites . . . .. ... ..
4.5. Summary and Conclusions . . . . . ... ........
Bibliography . . . . . . . ...

Toxicity of Carbon-Nanotubes

Silvana Fiorito

5.1. Behaviour and Fate of Carbon-Nanotubes in Mammals .
5.2.  Cellular Uptake of Carbon-Nanotubes . . . . . ... ..
5.3. Lung Toxicity of Carbon-Nanotubes . . . . . ... ...
5.4. Cell Toxicity of Carbon-Nanotubes . . . . . . ... ...

Acknowledgement . . . . ... ... L.
Bibliography . . . . . . ... .o

Mechanisms of Toxicity of Carbon Nanotubes

Silvana Fiorito and Annalucia Serafino

6.1. Cytotoxicity Mediated by Oxidative Stress . . . . . . . .
6.2. Cytotoxicity Mediated by Altered Gene Expression . . .

61

61
62
63
64
67
67
68
69

71

77
81

82

86

90
91
94

105

106
108
108
113
122
122

127

127
129



Contents |xv

6.3. Cytotoxicity Mediated by Geometrical and Mechanical

Factors . . . . . .. . 131
6.4. Cytotoxicity Mediated by the Binding of CNTs

to Plasma Proteins . . . . . .. ... ... L. 132
Acknowledgement . . . . .. ... Lo 133
Bibliography . . . . . . . ... 133
Conclusions 137

Index 139





