
CONTENTS

vii

Preface and Acknowledgments xv

PART I. SELF-ASSEMBLY 1

 1. UNIFIED APPROACH TO SELF-ASSEMBLY 3
1.1. Self-Assembly through Force Balance 5
1.2. General Scheme for the Formation of Self-Assembled 

Aggregates 8
1.3. General Scheme for Self-Assembly Process 10
1.4. Concluding Remarks 17
References 18

 2. INTERMOLECULAR AND COLLOIDAL FORCES 21
2.1. Van der Waals Force 22
2.2. Electrostatic Force: Electric Double-Layer 28
2.3. Steric and Depletion Forces 33
2.4. Solvation and Hydration Forces 37

2.4.1. Solvation Force 37
2.4.2. Hydration Force 38

2.5. Hydrophobic Effect 39
2.6. Hydrogen Bond 42
References 44

 3. MOLECULAR SELF-ASSEMBLY IN SOLUTION I: MICELLES 47
3.1. Surfactants and Micelles 48
3.2. Physical Properties of Micelles 50

3.2.1. Micellization 50
3.2.2. Critical Micellar Concentration and Aggregation 

Number 51
3.2.3. Counterion Binding 53

CO
PYRIG

HTED
 M

ATERIA
L



viii CONTENTS

3.3. Thermodynamics of Micellization 53
3.3.1. Mass-Action Model 54
3.3.2. Pseudo-phase Separation Model 55
3.3.3. Hydrophobic Effect and Enthalpy–Entropy 

Compensation 57
3.4. Micellization versus General Scheme of Self-Assembly 58

3.4.1. Change of Micelle Structures 58
3.4.2. General Scheme of Micellization 60
3.4.3. Concept of Force Balance and Surfactant Packing 

Parameter 60
3.5. Multicomponent Micelles 63
3.6. Micellar Solubilization 66
3.7. Applications of Surfactants and Micelles 68

3.7.1. Micellar Catalysis 69
References 71

 4. MOLECULAR SELF-ASSEMBLY IN SOLUTION II: BILAYERS, 
LIQUID CRYSTALS, AND EMULSIONS 75
4.1. Bilayers 76

4.1.1. Bilayer-Forming Surfactants 76
4.1.2. Bilayerization 77
4.1.3. Physical Properties of Bilayers 79

4.2. Vesicles, Liposomes, and Niosomes 80
4.2.1. Physical Properties of Vesicles 80
4.2.2. Micellar Catalysis on Vesicles 82

4.3. Liquid Crystals 83
4.3.1. Thermotropic Liquid Crystals 84
4.3.2. Lyotropic Liquid Crystals 87

4.3.2.1. Concentration-Temperature Phase Diagram 87
4.3.2.2. Ternary Surfactant–Water–Oil (or 

Co-surfactant) Phase Diagram 90
4.4. Emulsions 92

4.4.1. Microemulsions 93
4.4.2. Reverse Micelles 95
4.4.3. Macroemulsions 97
4.4.4. Micellar Catalysis on Microemulsions 99

References 100

 5. COLLOIDAL SELF-ASSEMBLY 103
5.1. Forces Induced by Colloidal Phenomena 104

5.1.1. Surface Tension and Capillarity 105
5.1.2. Contact Angle and Wetting 108



CONTENTS ix

5.1.3. Adhesion 109
5.1.4. Gravity and Diffusion 110
5.1.5. Pressures by Osmotic and Donnan Effects 112
5.1.6. Electrokinetic Force 114
5.1.7. Magnetophoretic Force 116
5.1.8. Force by Flow 117

5.2. Force Balance for Colloidal Self-Assembly 118
5.3. General Scheme for Colloidal Self-Assembly 120
5.4. Micelle-like Colloidal Self-Assembly: Packing Geometry 121
5.5. Summary 122
References 123

 6. SELF-ASSEMBLY AT INTERFACES 125
6.1. General Scheme for Interfacial Self-Assembly 126

6.1.1. Surfaces and Interfaces 126
6.1.2. Force Balance with Interfaces 127

6.2. Control of Intermolecular Forces at Interfaces 129
6.2.1. Packing Geometry: Balance with Attractive and 

Repulsive Forces 129
6.2.2. Packing with Functional Groups: Balance with 

Directional Force 130
6.2.2.1. Building Units with Multifunctional Sites 130
6.2.2.2. Building Units with Single Functional Sites 132

6.2.3. Packing of Nonamphiphilic Building Units 134
6.3. Self-Assembly at the Gas–Liquid Interface 135

6.3.1. Langmuir Monolayer 135
6.3.2. Surface Micelles 138

6.4. Self-Assembly at the Liquid–Solid Interface 139
6.5. Self-Assembly at the Liquid–Liquid Interface 140
6.6. Self-Assembly at the Gas–Solid Interface 140
6.7. Interface-Induced Chiral Self-Assembly 142
References 145

 7. BIO-MIMETIC SELF-ASSEMBLY 149
7.1. General Picture of Bio-mimetic Self-Assembly 150
7.2. Force Balance Scheme for Bio-mimetic Self-Assembly 153
7.3. Origin of Morphological Chirality and Diversity 155

7.3.1. Chirality of Building Units 155
7.3.2. Asymmetric Structure of Building Units 157
7.3.3. Multiple Hydrogen Bonds 158
7.3.4. Cooperative Balance of Geometry and Bonding 159
7.3.5. Induced Asymmetric Packing 160



x CONTENTS

7.4. Symmetric Bio-mimetic Self-Assembled Aggregates 161
7.4.1. H- and J-Aggregates 161
7.4.2. Molecular Capsules 163

7.5. Gels: Networked Bio-mimetic Self-Assembled Aggregates 163
7.6. Properties of Bio-mimetic Self-Assembled Aggregates 165

7.6.1. Directionality, Site-Specifi city, and Chirality 165
7.6.2. Hierarchicality 166
7.6.3. Complementarity 167
7.6.4. Chiroptical Properties 167

7.7. Future Issues 168
References 168

PART II. NANOTECHNOLOGY 171

 8. IMPLICATIONS OF SELF-ASSEMBLY FOR NANOTECHNOLOGY 173
8.1. General Concepts and Approach to Nanotechnology 173
8.2. Self-Assembly and Nanotechnology Share the Same Building 

Units 176
8.3. Self-Assembly and Nanotechnology Are Governed by 

the Same Forces 177
8.4. Self-Assembly versus Manipulation for the Construction of 

Nanostructures 177
8.5. Self-Aggregates and Nanotechnology Share the Same 

General Assembly Principles 178
8.6. Concluding Remarks 180
References 181

 9. NANOSTRUCTURED MATERIALS 183
 9.1. What Are Nanostructured Materials? 184
 9.2. Intermolecular Forces During the Formation of 

Nanostructured Materials 185
 9.3. Sol–Gel Chemistry 187
 9.4. General Self-Assembly Schemes for the Formation of 

Nanostructured Materials 189
 9.5. Micro-, Meso-, and Macroporous Materials 190
 9.6. Mesostructured and Mesoporous Materials 192

9.6.1. Formation of Mesoporous Silica with Hexagonal 
Structure 193

9.6.2. Structural Control of Mesostructured and Mesoporous 
Materials 195



CONTENTS xi

9.6.3. Epitaxial Analysis at the Micelle–Silica Interface 198
9.6.4. Charge Matching at the Micelle–Silica Interface 203
9.6.5. Characterization of Mesostructured and Mesoporous 

Materials 204
 9.7. Organic–Inorganic Hybrid Mesostructured and Mesoporous 

Materials 205
 9.8. Microporous and Macroporous Materials 206

9.8.1. Co-Self-Assembly for the Formation of Microporous 
Materials 207

9.8.2. Emulsions for the Formation of Macroporous 
Materials 209

9.8.3. Colloidal Self-Assembly for the Formation of 
Macroporous Materials 210

 9.9. Applications of Nanostructured and Nanoporous Materials 211
9.10. Summary and Future Issues 214
References 216

10. NANOPARTICLES: METALS, SEMICONDUCTORS, AND OXIDES 221
10.1. What are Nanoparticles? 222
10.2. Intermolecular Forces During the Synthesis of Nanoparticles 224
10.3. Synthesis of Nanoparticles 226

10.3.1. Direct Synthesis: Confi nement-by-Adsorption 227
10.3.2. Synthesis within Preformed Nanospace 229

10.3.2.1. Surfactant Self-Assembled Aggregates 230
10.3.2.2. Bio-mimetic Self-Assembled Aggregates 232
10.3.2.3. Dendritic Polymers 233
10.3.2.4. Nanoporous Solids 233
10.3.2.5. Directed Growth by Soft Epitaxy 234
10.3.2.6. Directed Growth by Hard Epitaxy 234

10.3.3. Nanoparticle Synthesis with Nonconventional Media 236
10.3.3.1. Supercritical Fluids 236
10.3.3.2. Ionic Liquids 237

10.4. Properties of Nanoparticles 238
10.4.1. Quantum Size Effect 238

10.4.1.1. Optical Properties of Semiconductors 238
10.4.1.2. Optical Properties of Noble Metals 240
10.4.1.3. Electromagnetic Properties of Noble Metals 240
10.4.1.4. Electric Properties of Metals 241

10.4.2. Surface Atom Effect 241
10.5. Applications of Nanoparticles 243

10.5.1. Chemical and Biological Sensors 243
10.5.2. Optical Sensors 244
10.5.3. Nanocomposites and Hybrid Materials 245



xii CONTENTS

10.5.4. Catalysis 245
10.5.5. Functional Fluids 245

10.6. Summary and Future Issues 246
References 247

11. NANOSTRUCTURED FILMS 249
11.1. What Is Nanostructured Film? 249
11.2. General Scheme for Nanostructured Films 251
11.3. Preparation and Structural Control of Nanostructured Films 252

11.3.1. Self-Assembled Monolayer (SAM) 252
11.3.2. Layer-by-Layer Assembly 255
11.3.3. Vapor-Deposited Films 256
11.3.4. Sol–Gel Processed Films 258
11.3.5. Langmuir-Blodgett (LB) Films 259

11.4. Properties and Applications of Nanostructured Films 263
11.4.1. Nanoporous Films 263
11.4.2. Nanolayered Films 263
11.4.3. Nanopatterned Films 264
11.4.4. Monolayer: Model Membrane 265

11.5. Summary and Future Issues 266
References 267

12. NANOASSEMBLY BY EXTERNAL FORCES 271
12.1. Force Balance and the General Scheme of Self-Assembly 

Under External Forces 272
12.2. Colloidal Self-Assembly Under External Forces 273

12.2.1. Capillary Force 273
12.2.2. Electric Force 275
12.2.3. Magnetic Force 277
12.2.4. Flow 278
12.2.5. Mechanical Force 279
12.2.6. Force by Spatial Confi nement 280
12.2.7. Other Forces 282

12.2.7.1. Laser-Optical Force 282
12.2.7.2. Ultrasound 282
12.2.7.3. Gravity and Centrifugal Forces 282

12.3. Molecular Self-Assembly Under External Forces 283
12.3.1. Flow 283
12.3.2. Magnetic Field 285
12.3.3. Concentration Gradient 285
12.3.4. Confi nement 286
12.3.5. Gravity and Centrifugal Forces 287



CONTENTS xiii

12.4. Applications of Colloidal Aggregates 287
12.4.1. Optical Band Gap 287
12.4.2. Nanostructured Materials 288

12.5. Summary and Future Issues 288
References 290

13. NANOFABRICATION 293
13.1. Self-Assembly and Nanofabrication 294
13.2. Unit Fabrications 296

13.2.1. Jointing 296
13.2.2. Crossing and Curving 297
13.2.3. Alignment and Stacking 298
13.2.4. Reconstruction, Deposition, and Coating 299
13.2.5. Symmetry Breaking 300
13.2.6. Templating and Masking 302
13.2.7. Hybridization 303

13.3. Nanointegrated Systems 304
13.4. Summary and Future Issues 308
References 308

14. NANODEVICES AND NANOMACHINES 311
14.1. General Scheme of Nanodevices 312
14.2. Nanocomponents: Building Units for Nanodevices 314

14.2.1. Interlocked and Interwinded Molecules 314
14.2.2. DNA 315
14.2.3. Carbon Nanotubes and Fullerenes 315

14.3. Three Element Motions: Force Balance at Work 316
14.4. Unit Operations 317

 14.4.1. Gating and Switching 318
 14.4.2. Directional Rotation and Oscillation 319
 14.4.3. Shafting, Shuttling, and Elevatoring 320
 14.4.4. Contraction-and-Extension 321
 14.4.5. Walking 322
 14.4.6. Tweezering or Fingering 323
 14.4.7. Rolling and Bearing 323
 14.4.8. Pistoning, Sliding, or Conveyoring 324
 14.4.9. Self-Directional Movement 324
14.4.10. Capture-and-Release 325
14.4.11. Sensoring 325
14.4.12. Directional Flow 326

14.5. Nanodevices: Fabricated Nanocomponents to Operate 326
14.5.1. Delivery Systems 327
14.5.2. Nanoelectronics 329



xiv CONTENTS

14.6. Nanomachines: Integrated Nanodevices to Work 329
14.6.1. Power Source 330
14.6.2. Synchronization 330
14.6.3. Packing 331
14.6.4. Communication with the Macroworld 331

14.7. Summary and Future Issues 331
References 332

Index 335



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


