
NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) i 

NANOSCIENCE AND NANOTECHNOLOGIES 
 

Nanoscience and Nanotechnologies – Volume I 

No. of Pages: 441 

ISBN: 978-1-78021-031-5 (eBook) 

ISBN: 978-1-78021-531-0 (Print Volume) 

Nanoscience and Nanotechnologies – Volume II 

No. of Pages: 381 

ISBN: 978-1-78021-032-2 (eBook) 

ISBN: 978-1-78021-532-7 (Print Volume) 

Nanoscience and Nanotechnologies – Volume III 

No. of Pages: 419 

ISBN: 978-1-78021-033-9 (eBook) 

ISBN: 978-1-78021-533-4 (Print Volume) 

Nanoscience and Nanotechnologies – Volume III 

No. of Pages: 371 

ISBN: 978-1-78021-034-6 (eBook) 

ISBN: 978-1-78021-534-1 (Print Volume) 

 

For more information of e-book and Print Volume(s) order, please click here 

 

Or  contact : eolssunesco@gmail.com 
 

 

 

 

 

 

http://www.eolss.net/ebooklib/ViewEbookDetail_1.aspx?catid=5&fileid=E6-152
https://www.eolss.net/ebooklib/bookinfo/nanoscience-nanotechnologies.aspx


NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) ii 

CONTENTS 

 
Preface  xix

  

VOLUME I 

  
History of Nanotechnology  1 

N.K. Tolochko, Belarus State Agrarian Technical University, Belarus 

 

1.  Introduction 

2.  Background of nanotechnology 

 2.1.  Nanotechnology of the Past  

 2.2. Natural Nanotechnology  

 2.3.  Preconditions for nanotechnology development  

3.  History of nanotechnologies 

 3.1.  Nanodiagnostics  

 3.2.  Carbon Nanomaterials  

 3.3.  Constructional Nanomaterials  

 3.4.  Nanoelectronics  

 3.5.  Molecular Nanostructures  

 3.6.  Nanobiotechnology  

4.  Conclusion  

 

Asia Nanoscience and Nanotechnology Development 19 

Chunli Bai, Chinese Academy of Sciences, China 

 

1.  Nanotechnology policy in China 

 1.1.  Mainland China 

  1.1.1.  A Brief History of Nanotechnology  

  1.1.2.  Administration and Implementation Sectors 

  1.1.3.  Policies for Nanoscience and Nanotechnology Development  

  1.1.4.  Policy Characteristics  

 1.2.  Taiwan and Hong Kong  

  1.2.1.  A Brief History of Nanotechnology  

  1.2.2.  Administration and Implementation Sectors  

  1.2.3.  Policies for Nanoscience and Nanotechnology Development 

  1.2.4.  Policy Characteristics  

2.  Nanotechnology policy in Japan 

 2.1.  A Brief History of Nanotechnology 

 2.2.  Administration and Implementation Sectors  

 2.3.  Policies for Nanoscience and Nanotechnology Development 

  2.3.1.  Nano-Technique Strategic and Developing Plan  

  2.3.2.  Increasing Investment to Nanotech R&D  

  2.3.3.  Setting Priority Areas  

  2.3.4.  Views on Responsible R&D  

 2.4. Policy Characteristics  

3.  Nanotechnology policy in Korea 

 3.1.  A Brief History of Nanotechnology  

 3.2.  Administration and Implementation Sectors  

 3.3.  Policies for Nanoscience and nanotechnology development  

 3.4.  Policy Characteristics  

4.  Nanotechnology policy in Singapore 

 4.1. A Brief History of Nanotechnology  

 4.2  Administration and Implementation Sectors  

 4.3.  Policies for Nanoscience and nanotechnology Development  

4.4.  Policy Characteristics  

app:ds:administration
app:ds:administration
app:ds:administration
app:ds:administration
app:ds:administration


NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) iii 

5.  Nanotechnology policy in India 

 5.1.  A Brief History of Nanotechnology 

 5.2  Administration and Implementation Sectors  

 5.3.  Policies for Nanoscience and nanotechnology development 

 5.4.  Policy Characteristics  

 

Physics and Chemistry of Nanostructures: Why Nano Is Different 36 

Emil Roduner, Institute of Physical Chemistry, University of Stuttgart, Pfaffenwaldring 55, D-70569 

Stuttgart, Germany 

 

1.  Introduction  

2.  Surface effects and quantum confinement effects  

3.  Learning from surface physics and chemistry  

4.  The average coordination number and the stability of a particle  

5.  Magic numbers: geometric and electronic closed shells  

6.  Why nanoparticles and pore-confined matter melt at temperatures different from the bulk  

7.  Size-induced insulator-to-metal-transitions  

8.  The color of metallic and semiconducting nanoparticles  

9.  Size- and dimensionality-dependent magnetic properties  

10.  Catalysis by nanoparticles: dependence on size, shape and support  

11.  Concluding remarks 

 

Supramolecular Chemistry: From Molecular Architectures to Functional Assemblies 69 

Huaping Xu and Xi Zhang, Department of Chemistry, Tsinghua University, Beijing 100084, China 

Junqi Sun, State Key Lab for Supramolecular Structures and Materials, Jilin University, Changchun 

130021, China 

Shuxun Cui, Key Laboratory of Advanced Technologies of Materials, Southwest Jiaotong University, 

Chengdu, 610031, China 

 

1.  Introduction 

2.  Tuning the amphiphilicity of building blocks for controlling self-assembly and      dis-assembly 

 2.1.  Irreversible Methods to Tune the Amphiphilicity of Building Blocks 

  2.1.1.  Photo-Irradiated Irreversible Methods 

  2.1.2.  Oxidation Reactions  

  2.1.3.  Ph-Stimuli Methods 

 2.2.  Reversible Stimuli-Responsive Methods 

  2.2.1.  Redox Switches 

  2.2.2. Photo-Controlled Methods 

  2.2.3.  Tuning the Amphiphilicity by Reversible Combination of Carbon Dioxide 

 2.3.  Supramolecular Methods 

  2.3.1.  Hydrogen Bonding Method 

  2.3.2.  Charge-Transfer Interaction 

  2.3.3.  Host-Guest Modulation Employing Cyclodextrin as Host 

  2.3.4.  Host-Guest Modulation Employing Cucurbituril as Host 

3.  Supramolecular chemistry for organized thin films 

 3.1.  Conventional Lbl Assembly Methods  

  3.1.1.  Electrostatic Interaction  

  3.1.2.  Hydrogen/ Halogen-Bonded Lbl Assembly 

  3.1.3.  Step-By-Step Reaction for Lbl Assembly  

  3.1.4. Metal Oxide Gel Films from a Surface Sol–Gel Process  

  3.1.5.  Lbl Adsorption and Reaction Method for the Preparation Of Metal Phosphate Films 

  3.1.6.  Lbl Assembly Technique Based on Other Kinds of Weak Interactions 

 3.2.  Unconventional Lbl Assembly Methods 

  3.2.1.  Electrostatic Complex Formation 

  3.2.2.  Block Copolymer/Surfactant Micelles 

  3.3.3.  Methods for Fabricating Robust Lbl Multilayers 

 3.4.  Functional Lbl Assembled Films 

  3.4.1.  Superhydrophobic Coatings 

app:ds:administration


NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) iv 

  3.4.2.  Surface Imprinting in Lbl Assembled Films 

  3.4.3.  Mechanically Stable Anti-Reflection and Anti-Fogging Coatings 

4.  Driving forces of the molecular self-assembly 

 4.1.  A Brief Introduction to SMFS 

 4.2.  Some Examples on Detecting the Driving Forces of the Supramolecular Self-Assembly 

  4.2.1.  Single Polymer Chain Adhesion Force at the Interface 

  4.2.2.  The Hydrophobic Forces and Π-Π Interactions at the Single Molecule Level 

  4.2.3.  The Interactions between Macromolecules and Small Molecules 

  4.2.4.  The Binding Forces in Host-Guest Supramolecular Systems 

  4.2.5.  The Binding Force in the Metallo-Supramolecular Systems 

  4.2.6.  The Multiple Hydrogen Bonds That Stabilize Supramolecular Polymer 

5.  Conclusion 

 

Nanothermodynamics 120 

G. Reza Vakili-Nezhaad, Department of Chemical Engineering, University of Kashan, Iran, and 

Department of Petroleum and Chemical Engineering, Sultan Qaboos University, Oman 

 

1.  Introduction 

2.  Different Approaches to Nanothermodynamics 

 2.1.  Surface Thermodynamics 

  2.1.1.  Phase Transitions in Nanoparticles  

  2.1.2.  Quasi-Chemical Description of Solid Nanoparticles 

  2.1.3.  Size Dependent Interface Energy 

  2.1.4.  Thermodynamics of Confined Fluids in Nanopores 

  2.1.5.  Thermodynamic Properties of Some Nanostructures 

  2.1.6.  Structural Properties of Nanoclusters 

 2.2.  Nonextensive Statistical Mechanics 

 2.3.  Hill’s Approach to Nanothermodynamics 

 2.4.  Tensorial Approach 

  2.4.1.  Chemical Potential Tensor 

  2.4.2. Directed Partial Quantities 

3.  Phase Transitions in Nanosystems  

4.  Mathematical Concepts Applicable to Nanothermodynamics 

 4.1.  Euler’s Theorem of Homogenous Functions 

 4.2. Symmetry of Fullerenes 

 4.3.  PI Index of Some Carbon Nanotubes 

5.  Nonequilibrium Nanothermodynamics 

6.  Conclusions 

 

Nanostructures   158 

Raúl J. Martín-Palma, Departamento de Física Aplicada, Universidad Autónoma de Madrid, Spain 

Akhlesh Lakhtakia, Department of Engineering Science and Mechanics, The Pennsylvania State 

University, USA 

 

1.  Introduction 

2.  Low-dimensional structures 

 2.1.  Two-dimensional Structures: Quantum Wells 

 2.2.  One-dimensional Structures: Quantum Wires and Nanowires 

 2.3.  Zero-dimensional Structures: Quantum Dots and Nanodots 

3.  Properties of nanostructures 

 3.1.  Electrical Transport 

 3.2.  Thermal Transport 

 3.3.  Magnetic Properties 

 3.4.  Optical Properties 

4.  Nanofabrication and characterization 

 4.1.  Nanofabrication 

  4.1.1.  Physical Vapor Deposition (PVD) 



NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) v 

  4.1.2.  Chemical Vapor Deposition (CVD) 

  4.1.3.  Molecular Beam Epitaxy (MBE) 

  4.1.4.  Ion-beam Sculpting 

  4.1.5.  Nanolithography 

  4.1.6.  Chemical and Electrochemical Techniques 

 4.2.  Characterization 

  4.2.1. Electron Microscopy 

  4.2.2.  Optical Microscopy 

  4.2.3.  Scanning Tunneling Microscopy (STM) 

  4.2.4.  Atomic Force Microscopy (AFM) 

5.  Concluding Remarks 

 

Magnetism of Nanostructures 203 

K. Bennemann, Institute of Theoretical Physics FU-Berlin Arnimallee 14, 14195 Berlin  

 

1.  Introduction 

 1.1.  Magnetic Clusters 

 1.2.  Film 

 1.3.  Tunnel Junctions 

2.  Theory  

 2.1.  Electronic Theory 

 2.2.  Heisenberg Type Theory 

 2.3.  Balian-Bloch Type Theory 

 2.4.  Magneto-optics 

 2.5.  Magnetization Dynamics 

 2.6.  Theory for Nonequilibrium Magnetic Domain Structure 

 2.7.  Tunnel Junctions 

 2.8.  Quantum Dot Systems 

3.  Results 

 3.1.  Small Particles 

  3.1.1.  Single Clusters 

  3.1.2.  Ensemble of Clusters 

 3.2.  Thin Films 

  3.2.1.  Magnetic Structure 

  3.2.2.  Reorientation Transition 

  3.2.3.  Magneto-optics 

  3.2.4.  Nanostructured Thin Films with Magnetic Domains 

 3.3.  Tunnel Junctions 

4.  Conclusion 

 

Quantum Phenomena in Low-Dimensional Systems 253 

Michael R. Geller, Department of Physics and Astronomy, University of Georgia, USA 

 

1.  Introduction 

2.  Making Low-Dimensional Quantum Structures 

3.  Physics in Quantum Systems of Reduced Dimensions 

 3.1.  Effective Mass Theory 

 3.2.  Density of States 

 3.3.  Mesoscopic Physics 

  3.3.1.  Aharonov-Bohm Effect 

  3.3.2.  Persistent Currents 

  3.3.3.  Phase-Coherent Transport 

  3.3.4.  Dephasing by Electron-Electron Interaction 

  3.3.5.  Thouless Energy 

 3.4.  Integrable Systems 

 3.5.  Fermi Liquid Theory and Beyond 

4.  Two-Dimensional Quantum Systems 



NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) vi 

 4.1.  Surface Science 

 4.2.  Heterostructures 

 4.3.  Quantum Wells and Superlattices 

 4.4.  Two-Dimensional Electron Gas 

  4.4.1.  The Electron Solid 

  4.4.2.  The Metal-Insulator Transition 

  4.4.3.  The Quantum Hall Effect 

  4.4.4.  Composite Fermions 

 4.5.  High-Temperature Superconductors 

 4.6.  Two-Dimensional Magnetism 

5.  One-Dimensional Quantum Systems 

 5.1.  Quantum Wires 

 5.2.  Carbon Nanotubes 

 5.3.  The Luttinger Liquid State 

 5.4.  Edge States of the Quantum Hall Fluid 

 5.5.  Spin Chains 

6.  Zero-Dimensional Quantum Systems 

 6.1.  Quantum Dots 

  6.1.1.  Coulomb Blockade and the Single Electron Transistor 

  6.1.2.  Quantum Computers 

  6.1.3.  Exact Diagonalization 

 6.2.  Artificial Molecules 

 6.3.  Nanocrystals and Nanoparticles 

 

Radical Reactions with Metal Complexes in Aqueous Solutions 276 

Alexandra Masarwa, Department of Chemistry, Ben-Gurion University of the Negev, Beer-Sheva, Israel 

Dan Meyerstein, Department of Chemistry, Ben-Gurion University of the Negev, Beer-Sheva, Israel  

Department of Biological Chemistry, the College of Judea and Samaria, Ariel, Israel 

 

1. Radicals and their role in chemical processes with emphasis on biological systems 

2.  The chemistry of radicals 

 2.1.  Initiation, Propagation, Termination 

 2.2.  Formation of Radicals 

 2.3.  Redox Properties of Radicals  

 2.4.  Detection of Radicals     

3.  Important types of Radicals 

 3.1. Inorganic Radicals 

  3.1.1.  Hydroxyl Radicals ( OH ) 

  3.1.2.  Superoxide Radicals (
-

2O ) 

  3.1.3.  Dihalogen Radicals (
-

2X ) 

  3.1.4.  Sulfur Oxide Radicals (
-

xSO )        

 3.2. Organic Radicals 

  3.2.1.  Aliphatic Carbon Centered Radicals ( R ) 

  3.2.2.  Aliphatic Peroxyl Radicals ( OOR ) 

  3.2.3.  Thyil Radicals ( RS ) 

 3.3. Stable Radicals 

  3.3.1.  Dioxygen ( 2O ) 

  3.3.2.  Nitrogen Oxide ( NO ), Nitrogen Dioxide ( 2NO  )   

  3.3.3.  Organic Radicals, e.g. Antioxidants, Nitroxides, Methylviologen, DPPH     

4.  The Role of transition metal complexes in radical chemistry 

 4.1. Reactions with Aliphatic and Aliphatic Peroxyl Radicals 

  4.1.1. Reactions with Aliphatic Radicals 

   4.1.1.1. Redox Reactions of Radicals with Transition Metal Complexes 



NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) vii 

   4.1.1.2. Formation of Transition Metal Complexes with Metal-carbon -bonds. 

  4.1.2. Reactions with Aliphatic Peroxyl Radicals 

 4.2. Fenton-like Reactions 

 4.3. Transition Metal Complexes with Ligand Radicals 

5.  Concluding remarks 

 

Layered Nanostructures 307 

Eduard Kazaryan, Faculty of Physics and Technology, Russian – Armenian University, Armenia 

Hayk Sarkisyan, Faculty of Physics and Technology, Russian – Armenian University, Armenia 

Faculty of Physics, Yerevan State University, Armenia 

 

1.  Introduction 

2.  Layered Nanostructures with the simplest geometry 

3.  Spherical Nanolayers 

 3.1.  Electron in a Spherical Nanolayer 

 3.2  Arrangement of the Energy Levels in the Spherical Nanolayer 

 3.3  Electron in the Multilayered System 

 3.4. Interband Absorption 

4.  Nanolayers with cylindrical symmetry  

 4.1.  Quantum Rings: Aharonov–Bohm Oscillations of the Ground State 

 4.2  The Models of Confinement Potential 

 4.3  Narrow-Gap Cylindrical Nanolayer 

 4.4.  Two Electronic States in Quantum Rings 

5.  Conclusion 

 

Nanotribology  332 

Enrico Gnecco, Department of Physics. University of Basel, Switzerland 

 

1.  Introduction 

2.  Instruments 

 2.1.  Friction Force Microscopy 

 2.2.  Force Calibration in Friction Force Microscopy 

 2.3.  Other Techniques 

3.  Mechanics of sliding nanocontacts 

 3.1.  Load Dependence of Friction 

 3.2.  Estimation of the Contact Area 

4.  Friction experiments on the nanometer scale 

 4.1.  Material Contrast Revealed by Friction Force Microscopy 

 4.2.  Role of the Environment 

 4.3.  Topographic Effects 

5.  Modeling friction on the atomic scale 

 5.1.  The Tomlinson Model 

 5.2.  Thermal Effects on Atomic Friction 

 5.3.  Molecular Dynamics Simulations of Friction and Wear 

6.  Friction experiments on the atomic scale 

 6.1.  Experimental Overview 

 6.2.  Friction Anisotropy 

 6.3.  Velocity and Temperature Dependence of Friction 

 6.4.  Dissipation in Non Contact Atomic Force Microscopy 

7.  Wear on the nanometer scale 

 7.1. Nanoindentation 

 7.2.  Nanolithography 

 7.3.  Tribochemical Wear 

 7.4.  Metallic Nanocontacts 

8.  Conclusions 

 

Index     361

         



NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) viii 

About EOLSS  371 

 

VOLUME II 

 
Polymers and Their Synthesis 1 

F. Ciardelli, Dipartimento di Chimica e Chimica Industriale, Università di Pisa, Italy. 

E. Passaglia, CNR-ICCOM Sezione di Pisa, Italy 

S. Bronco, CNR-INFM PloyLab Pisa Italy 

 

1.  Introduction 

 1.1.  Historical Aspects 

 1.2.  Chemical Structure 

 1.3.  Stereochemical Structure 

 1.4.  Typical Examples 

2.  The synthesis of macromolecules 

 2.1. From Monomers to Macromolecules 

  2.1.1.  Features of the Polymerisation Reactions 

  2.1.2.  Chain Polymerisations 

  2.1.3.  Stepwise Polymerisation  

 2.2. From Macromolecules to Macromolecules 

  2.2.1.  Change of Molecular Weight 

  2.2.2.  Postmodification 

3.  The shape of macromolecules 

4.  The crystalline and the amorphous state 

5.  Application of polymers 

 5.1.  Polymers for Structural Applications 

  5.1.1.  Polymeric Materials 

  5.1.2.  Additives 

  5.1.3.  Forming 

 5.2.  Polymers for Functional Applications (Speciality Polymers) 

 

Nanoscience and Nanotechnologies: Nanomachining 43 

Mark J. Jackson, Birck Nanotechnology Center and Center for Advanced Manufacturing, Purdue 

University, West Lafayette, Indiana IN 47907, United States of America 

 

1.  Nanomachining 

 1.1  Basic Elements of Molecular Dynamics Modeling 

  1.1.1.  Material Representation and Microstructure 

  1.1.2.  Atomic Interaction 

   1.1.2.1. Pair Potentials 

   1.1.2.2. Many-Body Potentials 

  1.1.3.  Systems Dynamics and Numerical Description 

  1.1.4.  Boundary Conditions 

 1.2.  Design and Requirements for State-of-the-Art MD Cutting Process Simulations 

 1.3.  Capabilities of MD for Nanoscale Material Removal Process Analysis 

  1.3.1.  Analysis of Microstructure and Deformation 

  1.3.2.  Obtaining Cutting Forces, Stress and Temperature 

 1.4. Advances and Recent Developments in Material Removal Process Simulation 

  1.4.1.  Complete 3D Surface Machining Simulation 

  1.4.2.  Consideration of Fluids in MD Cutting Simulation 

2.  Ductile Machine of Brittle Machining 

 2.1.  Mechanism of Ductile Mode Cutting of Brittle Materials 

  2.1.1.  Transition of Chip Formation Mode from Ductile To Brittle  

 2.1.2.  Molecular Dynamics Modeling and Simulation of Nanoscale Ductile Mode Cutting of 

Silicon  

  2.1.3.  The Mechanism of Ductile Mode Chip Formation in Cutting of Silicon  

 2.2. Chip Formation in Cutting of Brittle Materials 



NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) ix 

  2.2.1.  Material Deformation and Crack Initiation in the Chip Formation Zone 

 2.2.2.  Stress Conditions in the Chip Formation Zone in Relation to Ductile-Brittle Mode of 

Chip Formation 

 2.3. Machined Surfaces in Relation to Chip Formation Mode  

3.  Micromachining 

  3.1.1.  Definitions and Technological Possibilities 

  3.1.2.  Main Applications of Micromachining 

 3.2. Microturning 

  3.2.1.  Characteristic Features and Applications 

  3.2.2.  Microturning Tools and Tooling Systems 

  3.2.3.  Machine Tools for Microturning 

 3.3. Microdrilling  

  3.3.1.  Characteristic Features and Applications 

  3.3.2.  Microdrills and Tooling Systems 

  3.3.3.  Machine Tools for Microdrilling 

 3.4. Micromilling  

  3.4.1.  Characteristic Features and Applications 

  3.4.2.  Micromills and Tooling Systems 

  3.4.3.  Machine Tools for Micromilling 

 3.5. Product Quality in Micromachining  

  3.5.1.  Quality Challenges in Micromachining 

  3.5.2.  Burr Formation in Micromachining Operations  

  3.5.3.  Surface Quality Inspection of Micromachining Products  

4.  Diamond Cutting Tools 

 4.1.  Diamond Technology 

  4.1.1  Hot Filament CVD (HFCVD) 

 4.2. Preparation of Substrate 

  4.2.1.  Selection of Substrate Material 

  4.2.2.  Pre-Treatment of Substrate 

 4.3.  Modified HFCVD Process 

  4.3.1.  Modification of Filament Assembly4.4.2. Process Conditions 

 4.4.  Nucleation and Growth of Diamond 

  4.4.1.  Nucleation 

  4.4.2.  Bias-Enhanced Nucleation (BEN) 

  4.4.3.  Influence of Temperature 

 4.5.  Deposition on Complex Substrates 

  4.5.1.  Diamond Deposition on Metallic (Molybdenum) Wire 

  4.5.2.  Deposition on WC-Co Microtools 

  4.5.3.  Diamond Deposition on Tungsten Carbide (WC-Co) Microtool 

 4.6.  Diamond Micromachining 

  4.6.1.  Performance of Diamond-Coated Microtool
 

5.  Application of Micro and Nanomachining 

 5.1.  Typical Machining Methods 

  5.1.1.  Diamond Turning 

  5.1.2.  Shaper/Planer Machining 

 5.2.  Applications in Optical Manufacturing 

  5.2.1.  Aspheric Lens 

  5.2.2.  Fresnel Lens 

  5.2.3.  Micro-Structured Components 

 5.3.  Semiconductor and Electronic Applications 

  5.3.1.  Semiconductor Wafer Production 

  5.3.2.  LSI Substrate Planarization  

6.  Conclusions 

 

 

 

 

 



NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) x 

Nanocarbons through Computations: Fuleerenes, Nanotubes, and Graphene 139 

E. F. Sheka, Peoples’ Friendship University of Russia, 117198 Moscow, Russia 

 

1.  Introduction 

 1.1.  Why Odd Electrons and Not Aromatic π Electrons? 

 1.2.  Donor-Acceptor Ability as a Leitmotiv of Interaction between Nanocarbons  

2.  Grounds of Computational Science of Nanocarbons 

 2.1.  Unrestricted Broken Symmetry Approach: Basic Relations 

 2.2.  UBS Approach Realization in Semiempirical Calculation 

 2.3.  UBS HF Approach Testing 

 2.4.  UBS HF Approach and Nanoscience of Nanocarbons 

3.  Chemical Portraits of Fullerenes C60 and C70; Single-Walled Carbon Nanotubes, and Graphene: 

Enhanced Chemical Reactivity 

 3.1.  Fullerenes 

 3.2.  Single-Walled Carbon Nanotubes 

 3.3.  Graphene 

4.  Synopsis of Features Concerned with Chemical Reactivity of Nanocarbons 

 

Materials of the Future 176 

Philip Ball, Consultant Editor, Nature, London, UK 

 

1.  Introduction 

2.  Synthesis and Processing 

3.  Biomedical Materials 

4.  Smart Materials 

5.  Biomimetics and Self-assembly 

6.  Nanoscale Materials and Assembly  

7.  Future Information Technologies 

8.  Display Technology 

9.  Ultrastrong Fibers 

10.  Materials Made To Measure 

 

Sculptured Thin Films 217 

Joseph B. Geddes III, Beckman Institute for Advanced Science and Technology,University of Illinois at 

Urbana-Champaign, USA 

Akhlesh Lakhtakia, Department of Engineering Science and Mechanics,Pennsylvania State University, 

USA 

 

1.  Introduction 

2.  Fabrication 

3.  Constitutive Relations 

4.  Applications 

 4.1.  Optical 

 4.2.  Plasmonic 

 4.3.  Thermal 

 4.4.  Chemical 

 4.5.  Biological 

5.  Advantages and Disadvantages 

6.  Concluding Remarks 

 

Nanocomposites 232 

N. A. Stepanishchev, Faculty of Special Machinery, Bauman Moscow State Technical University, Russia 

 

1.  Introduction 

 1.1.  The General Concepts of Composites 

  1.1.1.  Polymeric Composite Materials (PCM) 

  1.1.2.  Metal-matrix Composite Materials  

  1.1.3.  Ceramic-matrix Composite Materials 



NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) xi 

  1.1.4.  Hybrid Composite Materials 

2.  Definition of nanocomposites 

3.  Classification of nanocomposites 

 3.1.  Natural Nanocomposites 

 3.2.  Artificial Nanocomposites 

  3.2.1.  Fullerene Nanocomposites  

  3.2.2.  Carbon Nanotubes Nanocomposites 

  3.2.3.  Layered-silicate Based Nanocomposites 

4.  Prospects and development tendencies in nanocomposites 

 4.1.  Market Growth and Intensification of Researches 

 4.2.  Diversification of Nanocomposite Materials 

4.3.  Plastic Manufacturers’ Interest in Nanocomposites 

5.  Nanoecology 

6.  Conclusion 

 

Solar Energy Conversion in Nanostructured Interfaces 260 

Igor Tyukhov, Moscow State University of Mechanical Engineering, All-Russian Scientific Institute of 

Rural Electrification, Russia 

 

1.  Introduction 

2.  Nanotechnologies for solar energy conversion 

3.  Nanostructured materials for solar energy conversion  

4.  Nanostructured materials for direct conversion of solar energy into electric energy 

 4.1.  Three Generations of Solar Cells (SCs) 

 4.2.  Photoelectric Effect and SCs with Planar Interface  

 4.3.  Solar Elements with Nanostructured Interfaces 

 4.4.  Principles of Operation of Organic SCs 

 4.5.  Examples of Organic SCs 

  4.5.1.  Polymer-fullerene SCs  

  4.5.2.  Polymer SCs  

  4.5.3.  Low-molecular SCs 

  4.5.4.  Tandem SCs  

  4.5.5.  Hybrid SCs  

  4.5.6.  Polymers with Nanoparticles  

  4.5.7.  Organic Dye-sensitized SCs (DSSC)  

5.  Conclusion 

 

Nanotechnology for Wastewater Treatment: In Brief 284 

I.J. El Saliby, H.K. Shon, J. Kandasamy and S. Vigneswaran, School of Civil and Environmental 

Engineering, Faculty of Engineering and Information Technology, University of Technology, Sydney, 

Australia 

 

1.  Introduction 

2.  Benefits of Nanotechnology in Water and Wastewater Treatment 

 2.1. Wastewater Treatment  

 2.2   Water Treatment  

3. Application of Nanotechnology in Water and Wastewater Treatment 

 3.1  Nanomaterials and membrane filtration  

 3.2  Metals, bimetallic nanoparticles and mixed oxides  

 3.3  Naturally occurring material: the case of zeolites 

 3.4  Carbon nanocompounds 

 3.5  Modified photocatalysts 

4. Nanotechnology and human health  

 
Index     305

        

About EOLSS  311 



NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) xii 

VOLUME III 

 
Nanoscale Material Systems 1 

Li Yadong, Department of Chemistry, Tsinghua University, China 

 

1.  Oxide and Complex Oxide Nanomaterials 

 1.1.  Introduction 

 1.2.  Synthetic Methods 

 1.3.  Applications of Oxide Nanomaterials 

 1.4.  Conclusion 

2.  Semiconducting Nanomaterials 

 2.1.  Introduction 

 2.2.  Semiconductor Quantum Dots 

 2.3.  One Dimensional Semiconductor Nanostructures 

 2.4.  Semiconductor Core/Shell Nanostructures 

3.  Noble Metal Nanocrystals 

 3.1.  Introduction 

 3.2.  Shape- and Size-Controlled Synthesis of Noble Metal Nanocrystals 

 3.3.  Fascinating Properties and Corresponding Promising Applications 

 3.4.  Relationship between Crystal Size/Morphology and Property 

4.  Fluorides Nanocrystals 

 4.1.  Rare Earth Fluorides 

 4.2.  Alkaline-Earth Metal Fluorides 

5.  Assembly of Semiconductor Nanocrystals 

 

Micro-Electro-Mechanical-Systems (MEMS) 32 

Songlin Feng, Shanghai Institute of Microsystem and Information Technology, Chinese Academy of 

Sciences, China 

 

1.  Definition 

2.  Main Technology in MEMS 

 2.1. Bulk Micromachining 

  2.1.1.  Wet Etching Techniques 

  2.1.2. Dry Etching Techniques: 

  2.1.3.  Wafer Bonding Techniques 

 2.2.  Surface Micromachining 

 2.3.  NEMS 

3.  Applications 

 3.1.  Sensors 

  3.1.1.  Pressure Sensors 

  3.1.2.  Accelerometers 

  3.1.3.  Gyroscopes  

 3.2.  Actuators 

 3.3.  IT-MEMS 

 3.4.  Bio-MEMS 

 3.5.  Optical-MEMS 

 

Nanoelectromechanical Systems  41 

E.G. Kostsov, Institute of Automation and Electrometry SB RAS  

 

1.  Introduction 

2.  The principles of operation and construction of microelectromechanical and nanoelectromechanical 

energy converters, MEMS, NEMS 

3. The prospects of nanoelectromechanical systems, NEMS 

 3.1.  Applications of NEMS 

 3.2.  Nanomanipulators  

 3.3.  Nanovibrators 



NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) xiii 

 3.4.  NEMS -RF filters 

 3.5.  Bio NEMS 

 3.6  NEMS in nanoelectronics 

4.  Conclusion 

 

Nano- And Microsystems Engineering 56 

K. Potlovskiy, Bauman Moscow State Technical University, Russia 

 

1.  Structure and properties of nanophases 

2.  Principles of functioning and feature of designing 

3.  The MEMS materials 

 3.1.  Thermal Oxidation 

 3.2.  Chemical Vapor Deposition 

 3.3.  Physical Vapor Deposition 

  3.3.1.  Thermal Evaporation 

  3.3.2.  Electron Beam Evaporation 

 3.4.  Electrochemical Deposition 

4.  Microsystem technologies 

 4.1.  Isotropic Wet Etching 

 4.2.  Anisotropic Wet Etching 

 4.3. Dry Etching 

 4.4.  Surface Micromachining 

 4.5.  LIGA Process 

 4.6. Wafer Bonding 

 4.7. Electron Beam Lithography 

 4.8. Microstereolitography 

5.  Sensors and actuators 

6.  Pressure sensors 

7.  Accelerometers 

8.  Microactuators 

9.  Linear actuators 

10.  Electrostatic and electromagnetic micromotors 

11.  Optical components 

12.  Microfluidics 

13.  Valves 

14.  Microreactors and mixers 

15.  Portable jet engines 

16.  Conclusion 

 

Molecular and Nano-Electronics 80 

Weiping Wu, Yunqi Liu, Daoben Zhu, Institute of Chemistry, Chinese Academy of Sciences, China 

 

1.  Introduction 

2.  Molecular and nano-electronics in general 

 2.1.  The Electrodes 

 2.2.  The Molecules and Nano-Structures as Active Components 

 2.3.  The Molecule–Electrode Interface 

3.  Approaches to nano-electronics 

 3.1.  Nanofabrication 

 3.2.  Nanomaterial Electronics 

 3.3.  Molecular Electronics 

  3.3.1.  Scanned-Probe Experiments 

  3.3.2.  Mechanical Break Junctions 

  3.3.3.  Electromigrated Break Junctions 

  3.3.4.  Other Approaches 

4. Molecular and Nano-devices 

 4.1.  Definition, Development and Challenge of Molecular Devices 

 4.2.  Molecular Conductive Wires 



NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) xiv 

 4.3.  Molecular Switches 

 4.4.  Molecular Rectifiers 

 4.5.  Molecular Memories 

 4.6.  Molecular Transistors and Circuits 

 4.7.  Molecular Logic and Molecular Computers 

 4.8.  Nano-Structures in Nano-Electronics 

 4.9.  Other Applications, Such as Energy Production and Medical Diagnostics 

 4.10. Molecularly-Resolved Bioelectronics 

5.  Summary and perspective 

 

Nanomedicine and Medical Nanorobotics 118 

Robert A. Freitas Jr., Institute for Molecular Manufacturing, Palo Alto, California, USA 

 

1.  Nanotechnology and Nanomedicine 

2.  Medical Nanomaterials and Nanodevices 

 2.1.  Nanopores 

 2.2.  Artificial Binding Sites and Molecular Imprinting 

 2.3.  Quantum Dots and Nanocrystals 

 2.4.  Fullerenes and Nanotubes 

 2.5.  Nanoshells and Magnetic Nanoprobes 

 2.6. Targeted Nanoparticles and Smart Drugs 

 2.7.  Dendrimers and Dendrimer-Based Devices 

 2.8.  Radio-Controlled Biomolecules 

3.  Microscale Biological Robots 

4.  Medical Nanorobotics 

 4.1.  Early Thinking in Medical Nanorobotics 

 4.2. Nanorobot Parts and Components 

  4.2.1.  Nanobearings and Nanogears 

  4.2.2.  Nanomotors and Power Sources 

  4.2.3.  Nanocomputers 

 4.3. Self-Assembly and Directed Parts Assembly 

  4.3.1.  Self-Assembly of Mechanical Parts 

  4.3.2.  DNA-Directed Assembly   

  4.3.3.  Protein-Directed Assembly   

  4.3.4.  Microbe- and Virus-Directed Assembly 

 4.4. Positional Assembly and Molecular Manufacturing 

  4.4.1.  Diamond Mechanosynthesis 

  4.4.2.  Massively Parallel Manufacturing 

 4.5. Medical Nanorobot Designs and Scaling Studies 

  4.5.1.  Respirocytes 

  4.5.2.  Microbivores 

 

Nanomaterials and Coatings with Antimicrobial Properties  167 

V. I. Beklemyshev and I. I. Makhonin, Institute of Applied Nanotechnology Ltd., Russia 

Umberto Orazio Giuseppe Maugeri, Salvatore Maugeri Foundation, Italy 

 

1.  Introduction 

2.  Application of nanostructures and biologically active metals  

3.  Cosmetics and sanitary products based on natural nanomaterials 

4.  Textile materials with antibacterial properties 

 4.1. Use of Antibacterial Textile Materials 

 4.2. Antibacterial Processing of Textile Materials with Nanosystems 

5.  Antibacterial processing of nonwoven materials and leather with nanosystems  

6.  Medical polymers with antimicrobial properties  

 6.1.  Use of Medical Polymers with Antimicrobial Properties  

 6.2.  Production of Medical Polymers with Antimicrobial Properties On The Basis of Nanosystems 

nanosystems 

7.  Lacquer coatings with biocidal and fungicidal properties on the basis of nanomaterials 



NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) xv 

 7.1.  Use of Biocidal Lacquer Coatings 

 7.2.  Production of Biocidal and Fungicidal Lacquer Coatings On The Basis of Nanomaterials 

8.  Conclusion 

 

Detonation Nanodiamonds: Technology, Properties and Applications 198 

A. Ya. Vul’, A. E. Aleksenskiy, and A. T. Dideykin, Ioffe Physical-Technical Institute, Russian Academy 

of Sciences, St. Petersburg 194021, Russia 

 

1.  Introduction 

2.  Technology of production of detonation nanodiamonds (DND) 

 2.1.  The Principle Underlying the Detonation Synthesis  

 2.2.  DND Isolation from Detonation Soot 

3.  Structure of detonation nanodiamond  

 3.1.  Structure of Single DND Particle 

 3.2.  DND Aggregation 

4.  Properties of DND 

 4.1.  Physical and Chemical Properties of DND Powder 

4.2.  DND Suspension 

5.  DND applications 

 5.1.  Current Applications  

 5.2.  Future applications  

6. Historical note and present state of DND production  

7.  Conclusion 

 

Nanosensors Based on Metal and Composite Nanoparticles and Nanomaterials 227 

Ignác Capek, Slovak Academy of Sciences, Polymer Institute, Institute of Measurement Science, 

Dúbravská cesta, Bratislava, Slovakia and Trenčín University, Faculty of Industrial Technologies, 

Púchov, Slovakia 

 

1. Introduction 

2.  Metal nanoparticle sensors 

 2.1  Magnetic Nanoparticle Sensor 

 2.2  Noble Metal Nanoparticles 

3.  Carbon nanotube sensors 

 3.1  Carbon Nanotube Gas Sensors 

 3.2  Carbon Nanotube Sensors 

 3.3  Carbon Nanotube Biosensors 

 3.4  Carbon Nanotube/Polymer Composite Nanosensors 

4.  Microcantilever sensors 

5.  Bionanosensors 

 5.1.  Optical-Based Nanosensors 

 5.2.  Nanoscale Sensing Systems 

 5.3.  DNA- Based Sensors 

 5.4.  Protein-Based Sensor 

 5.5.  Redox-Based Sensors 

6.  Polymer nanoparticle sensors 

 6.1.  Microgels 

 6.2.  Polymers and Grafts  

 6.3  Microgel/Metal Nanostructures 

7.  Semiconductor nanoparticle sensors 

8.  Conclusion and Outlook 

 
Index     341

        

About EOLSS  349

  

 



NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) xvi 

VOLUME IV 

 
Introduction to Nanobioscience: A Tissue Engineering Perspective 1 

Serge Ostrovidov, Tohoku University, Sendai 980-8577, Japan 

Azadeh Seidi, Okinawa Institute of Sciences and Technology (OIST), Japan 

Deepti Rana, Centre for Stem Cell Research (CSCR), (A unit of Institute for Stem Cell Biology and 

Regenerative Medicine, Bengaluru), Christian Medical College Campus, Vellore 632002, India. 

Project Internship Student from Amity University, Noida 201313, Uttar Pradesh, India  

Kaarunya Sampathkumar, Centre for Stem Cell Research (CSCR), (A unit of Institute for Stem Cell 

Biology and Regenerative Medicine, Bengaluru), Christian Medical College Campus, Vellore 632002, 

India 

Queeny Dasgupta, Centre for Stem Cell Research (CSCR), (A unit of Institute for Stem Cell Biology and 

Regenerative Medicine, Bengaluru), Christian Medical College Campus, Vellore 632002, India 

Alok Srivastava, Centre for Stem Cell Research (CSCR), (A unit of Institute for Stem Cell Biology and 

Regenerative Medicine, Bengaluru), Christian Medical College Campus, Vellore 632002, India 

Ali Khademhosseini, Tohoku University, Sendai 980-8577, Japan 

Harvard University, Boston 02115, USA 

Kyung Hee University, Seoul 130-701, Republic of Korea 

King Abdulaziz University, Jeddah 21569, Saudi Arabia 

Murugan Ramalingam, Tohoku University, Sendai 980-8577, Japan 

Centre for Stem Cell Research (CSCR), (A unit of Institute for Stem Cell Biology and Regenerative 

Medicine, Bengaluru), Christian Medical College Campus, Vellore 632002, India 

Université de Strasbourg, Strasbourg 67085, France
 

 

1.  Introduction 

2.  Nanopatterns and Nanopatterning Techniques 

 2.1.  Physical Nanopatterns 

 2.2.  Chemical Nanopatterns 

3.  Methods of Fabricating Nanofiber Scaffolds 

 3.1.  Electrospinning 

 3.2.  Self-Assembly 

 3.3.  Phase Separation 

4.  Applications of Nanofibers in Tissue Engineering  

5.  Conclusion 

 

Nanotoxicology: Toxicological and Biological Activities of Nanomaterials 25 

Yuliang Zhao, CAS Key
 
Lab for Biomedical Effects of Nanomaterials and Nanosafety, Institute of High 

Energy Physics, The Chinese Academy of Sciences, Beijing 100049, & National Center for Nanoscience 

and Technology of China, Beijing 100190, China 

Bing Wang, CAS Key
 
Lab for Biomedical Effects of Nanomaterials and Nanosafety, Institute of High 

Energy Physics, The Chinese Academy of Sciences, Beijing 100049 

Weiyue Feng, CAS Key
 
Lab for Biomedical Effects of Nanomaterials and Nanosafety, Institute of High 

Energy Physics, The Chinese Academy of Sciences, Beijing 100049 

Chunli Bai, National Center for Nanoscience and Technology of China, Beijing 100190, China  

The Chinese Academy of Sciences, Beijing 100864, China 

 

1.  Introduction 

2.  Target organ toxicity of nanoparticles 

 2.1.  Respiratory System 

  2.1.1.  Deposition of Nanoparticles in the Respiratory Tract 

  2.1.2.  Clearance of Nanoparticles in the Respiratory Tract 

  2.1.3.  Nanotoxic Response of Respiratory System 

 2.2.  Gastrointestinal System 

 2.3.  Cardiovascular System 

 2.4.  Central Nervous System 

 2.5.  Skin 

3.  Absorption, distribution, metabolism and excretion of nanoparticles (ADME) 



NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) xvii 

 3.1.  ADME of Nanoparticle Following Inhalation Exposure 

  3.1.1.  Absorption and Retention of Nanoparticles Following Respiratory Tract Exposure 

  3.1.2.  Translocation and Distribution of Nanoparticles Following Respiratory Tract Exposure 

   3.1.2.1 Translocation of Inhaled Nanoparticles into the Blood Circulation System 

   3.1.2.2 The Redistribution of Inhaled Nanoparticle via Blood Circulation  

   3.1.2.3 Translocation of Inhaled Nanoparticle into the Central Nervous System 

  3.1.3.  Metabolism and Excretion of Nanoparticles in the Lung  

 3.2.  ADME of Nanoparticle via Gastrointestinal Tract 

 3.3.  ADME of Nanoparticles via Skin 

4.  Cytotoxicity of nanoparticles 

 4.1.  The Interaction of Metallic and Metal Oxide Nanoparticles with Cells 

 4.2.  The Cytotoxicity of the Metallic Nanoparticles and the Possible Mechanism 

5.  Molecular toxicology of nanoparticles 

 5.1.  The Interaction of Nanoparticles with DNA 

 5.2.  The Interaction of Nanoparticles with Proteins 

 

Ellipsoidal and Lens Shaped Quantum Dots 75 

Eduard Kazaryan and Karen Dvoyan, Faculty of the Physics and Technology of Russian-Armenian 

University, Armenia 

 

1.  Introduction 

2.  Electronic states in a weakly oblated ellipsoidal quantum dot (impermeable walls). 

3.  The model of finite deep rectangular ellipsoidal well  

4.  Strongly oblated ellipsoidal quantum dot 

5.  Strongly prolated ellipsoidal quantum dot  

6.  Electronic states in a cylindrical quantum dot having elliptical lens shaped cross section 

7. Electronic states in a cylindrical quantum dot having thin falciform cross section 

 7.1  Parabolic approximation (traditional method of calculation) 

 7.2  Modified Pöschl-Teller potential approximation. 

8.  Electronic states in a coated lens-shaped quantum dot   

9.  Direct interband absorption of light in a strongly oblated ellipsoidal quantum dot  

10.  Direct interband absorption of light in a strongly prolated ellipsoidal quantum dot 

11.  Conclusion 

 

Electrochemical Nanostructuring 102 

S. Langa, Technical University of Moldova 

I.M. Tiginyanu and A.I. Dikusar, Academy of Sciences of Moldova 

 

1.  What is electrochemical nanostructuring? 

2.  Basic principles of electrochemistry 

 2.1.  Solids 

 2.2.  Electrolytes 

3.  Top-down electrochemical nanostructuring 

 3.1.  Principles of Electrochemical Etching of Semiconductors  

 3.2. Electrochemical Nanostructuring of Si 

 3.3.  Electrochemical Nanostructuring of III-V and II-VI Semiconductors 

4.  Electrochemical nanostructuring using the “bottom-up” approach 

 4.1.  Main Principles of Electrochemical Deposition of Metals (Semiconductors) 

 4.2.  Electrodeposition of Nanostructures at High AR 

5.  Optical properties and possible applications 

 5.1. Cathodoluminescence from Porous Structures in III-V Compounds 

 5.2. Nonlinear Optical Effects 

 5.3. Integrated Waveguide Structures 

6.  Conclusion 

 

 

 

 



NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) xviii 

Nanophenomena and Nanotechnologies in Oil and Gas Recovery  127 

A. Ya. Khavkin, Institute of Oil and Gas Problems of the Russian Academy of Sciences, Russia 

 

1.  Introduction 

2.  Oil production engineering as a section of nanoscience 

3.  Oil and gas nanophenomena 

4.  Oil and gas nanotechnologies 

5.  Examples of oil and gas nanotechnologies based on nanomaterial application  

6.  Examples of oil and gas nanotechnologies based on nanoprocess management 

7.  Nanotechnological foundations of control of gas-hydrate state 

8.  Conclusion 

 

State Policy of the Russian Federation in the Field of Nanotechnologies Development  158 

A. V. Martynenko, State Apparatus of the Russian Federation, Russia 

 

1.  Introduction  

2.  President’s initiative "Strategy of the nanoindustry development" 

3.  Purpose-oriented programs   

4.  RUSNANO (formerly Russian Corporation of Nanotechnologies) 

5.  Infrastructure of the National Nanotechnology Network 

6.  National nanotechnologies research centre  

7.  Scientific educational centers  

8.  National system of standards and certification in the sphere of nanotechnology and nanomaterials  

9.  Governmental commission  

10.  Conclusion 

 

Carbon Nanostructured Materials – I 173 

Dmitry V. Schur and Svetlana Yu. Zaginaichenko, Institute for Problems of Materials Science of NAS of 

Ukraine, Krzhyzhanovsky str. 3, Kiev, 03142, Ukraine 

 

1.  Introduction 

2.  Graphene 

3.  Fullerenes and their derivatives  

4.  Fullerene C60 

5.  Exofullerenes 

 5.1. Hydrofullerenes 

 5.2. Halides 

6.  Fullerenes of substitution 

7.  Azulenes and schwarzites 

8.  Endofullerenes  

9.  Carbon nanotubes and graphene nanofibers  

10.  CNT reactivity  

11.  Hydrogen storage capacity of carbon nanostructures  

12.  The crystal structure 

 12.1. Fullerite 

 12.2. Polymerization of C60  

 12.3. Defects in Carbon Nanotubes 

13.  Classification of carbon modifications 

 

Carbon nanostructured materials – II 236 

Dmitry V. Schur and Svetlana Yu. Zaginaichenko, Institute for Problems of Materials Science of NAS of 

Ukraine, Krzhyzhanovsky str. 3, Kiev, 03142, Ukraine 

 

1.  Introduction 

2.  Features of carbon nanostructures formation 

3.  Methods of synthesis, extraction and separation of carbon nanostructures 

 3.1.  Methods of Synthesis of Fullerenes 

 3.2.  Extraction and Separation of Fullerenes 



NANOSCIENCE AND NANOTECHNOLOGIES 

Encyclopedia of Life Support Systems (EOLSS) xix 

 3.3.  Method of Electrophoresis 

4.  Separation and purification of endofullerenes 

5.  Polymerization method 

6.  Fullerene polymer composites 

7.  Methods for synthesis of other carbon nanostructures 

8.  Production of hydrocarbons by pyrolysis method 

9.  Synthesis of non-carbon nanotubes 

10.  Methods of assessment and identification of CNM 

11.  Prospects for practical applications of fullerenes and fullerene derivatives 

12.  Fullerenes as promising material for hydrogen storage application 

13.  Classification of carbon modifications 

 
Index     295

         

About EOLSS  301 
  

 

 

 

  


