
Contents

1 An Introduction to Chiral Nanomaterials: Origin, Construction, 
and Optical Application 1
Zhengtao Lif Lin Shi, and Zhiyong Tang

1.1 Introduction 1
1.2 Chiral Noble Metal Clusters 3
1.2.1 Origin of Chiral Noble Metal Clusters 3
1.2.2 Construction of Chiral Noble Metal Clusters with Optical Activity 4
1.3 Chiral Plasmonic Nanostructures 5
1.3.1 Origin of Chiral Plasmonic Nanostructures 6
1.3.2 Construction of Chiral Plasmonic Nanoparticles with Optical 

Activity 10
1.3.3 Construction of Chiral Plasmonic Assembly with Optical Activity 12
1.3.3.1 Soft-Template-Induced Chiral Plasmonic Assembly 12
1.3.3.2 DNA-Induced Chiral Plasmonic Assembly 14
1.3.3.3 Inorganic-Channel-Induced Chiral Plasmonic Assembly 17
1.4 Optical Application of Chiral Noble Metal Nanostructures 20
1.5 Perspectives 22 

References 24

2 Chirality at Nanoscale -  Theory and Mechanism 29
Wei Zhang

2.1 Introduction 29
2.2 Brief Introduction to the Theoretical Background 32
2.2.1 Quantum Dots, Molecules 32
2.2.2 Metallic Nanostructures 33
2.3 The Twist Rod Model 34
2.3.1 The CD Spectra of Mirror Systems 34
2.3.2 Dependence on the Shape/Aspect Ratio 34
2.3.3 Dependence on the Geometric Structure (6) -  The Extent of 

Symmetric Breaking 35
2.3.4 Dependence on the Electromagnetic Interaction 36
2.3.5 Induced Chirality 37
2.4 Induced Chirality in Hybrid Nanostructures Made of Chiral Molecules 

and QDs 37

http://d-nb.info/1131724682


2.5 Induced Chirality in Hybrid Nanostructures Made of Chiral Molecules 
and Metal Nanoparticles 39

2.6 Induced Chirality in Hybrid Nanostructures Made of Chiral Quantum 
Dots and Metal Nanoparticles 43
References 47

3 Plasmonic Chiral Materials 51
Chengyi Song, Chen Zhang, and Peng Tao

3.1 Introduction 51
3.2 Fabrication of Plasmonic Chiral Nanomaterials 52
3.2.1 Top-Down Fabrication Method 52
3.2.2 Bottom-Up Fabrication Method 53
3.2.2.1 Template-Based Method 53
3.2.2.2 Stimuli-Response Fabrication Method 64
3.2.2.3 Dynamic Shadowing Growth 66
3.3 Properties of Plasmonic Chiral Nanomaterials 68
3.3.1 Optical Property 68
3.3.1.1 Circular Dichroism 68
3.3.1.2 Metamaterial Effect 73
3.3.2 Magnetic Property 74
3.4 Applications of Plasmonic Chiral Nanomaterials 77
3.4.1 Chiral Detection 77
3.4.2 SERS Sensor 79
3.4.3 Chiral Polarizer 79
3.5 Conclusions 79 

Acknowledgments 80 
References 80

4 Optically Active and Chiral Semiconductor Nanocrystals 85
Assaf Ben Moshe and Gil Markovich

4.1 Introduction 85
4.2 Chiroptically Active Excitonic Nanocrystals 86
4.3 Effects That Emerge from Chiral Arrangement of Nanocrystals 92
4.4 Nanocrystals with Chiral Crystal Symmetry (Chiral Atomic 

Arrangement) 92
4.5 Nanostructures with Chiral Shape 95
4.6 Summary and Outlook 96

References 97

5 Chirality in Gold Nanoclusters 99
Chenjie Zeng, Zhikun Wu, and Rongchao Jin

5.1 Introduction 99
5.2 The Origin of Chirality in Auw(SR)w Nanoclusters 100



5.3 X-ray Structures of Chiral Auw(SR)m Nanoclusters 101
5.3.1 Au20(SR)16 102
5.3.2 Au28(SR)20 102
5.3.3 Au38(SR)24 10S
5.3.4 Au102(SR)44 105
5.3.5 Au133(SR)52 106
5.3.6 Summary of Symmetry of Chiral and Achiral Auw(SR)m 

Nanoclusters 109
5.4 Separation of Racemic Gold Nanoclusters and Their Chiroptical

Properties 110
5.4.1 Au38(SR)24 110
5.4.2 Au28(SR)20 111
5.5 Other Chirality Origins in Gold Nanoclusters 111
5.5.1 Chirality Induced by Chiral Carbon Center in the Thiolate 

Ligand 111
5.5.2 Chirality in Phosphine-Protected Gold Nanoclusters 114
5.6 Conclusion 115

Acknowledgment 115 
References 116

6 Chiral Mesoporous Silica Materials 121
Yuanyuan Cao and Shunai Che

6.1 Introduction 121
6.2 Chiral Mesoporous Materials Templated by Artificial 

Amphiphiles 123
6.2.1 Chiral Mesoporous Silicas (CMSs) 123
6.2.1.1 Synthesis and Formation Mechanism 123
6.2.1.2 Synthetic Control 135
6.2.1.3 Features 144
6.2.2 Other Inorganic Mesoporous Materials 147
6.2.2.1 Nonsiliceous Materials 148
6.2.2.2 Electron Transition-Based Optical Activity (ETOA) 148
6.3 Chiral Mesoporous Materials Template by DNA 152
6.3.1 One-Dimensional Multihelical Silica Fibers 153
6.3.2 Three-Dimensional DNA-Silica Chiral Impeller 154
6.3.2.1 Mechanism of Handedness Inversion 155
6.3.2.2 Hierarchical Chirality: Water-Independent Optical Activity 157
6.3.3 Chiral DNA-Silica Films 157
6.4 Chiral Mesoporous Materials Templated by Peptides 158
6.4.1 Chiral Peptide Mineralization of ß-Sheet 159
6.4.2 Chiral Polypeptide Mineralization of a-Helices 161
6.5 Chiral Mesoporous Materials Templated by Polysaccharides 162
6.5.1 Chiral Mesoporous Cellulose-Silica Freestanding Film 164
6.5.2 Chiral Mesoporous Chitin-Silica Freestanding Film 164
6.6 Summary and Outlook 164 

References 167



7 DNA-Based Chiral Nanostructures 179
Hua Kuang and Chuanlai Xu

7.1 Introduction 179
7.2 Preparation of DNA-Directed Chiral Nanostructures 180
7.2.1 NPs/DNA Conjugates 180
7.2.2 Chiral assembly of NPs 182
7.2.2.1 Direct hybridization from Watson-Crick base pairing 182
122.2  DNA Template Engineering 182 
7 2 2 3  Nanoassembly by PCR 183
7.3 Typical Chiral Nanocrystals and Nanoassemblies 185
7.3.1 Individual Chiral Nanoparticles 185
7.3.2 Chiral Dimers 188
732.1 Preparation and Properties 188 
7 3 2 2  Chiral Sensing Based on Dimers 190
7.3.3 Chiral Chain and Ladder Assemblies 193
7.3.3.1 Au NP Chiral Chains 193 
7 3 3 2  Au NR Chiral Ladder 194
7.3.4 Tetrahedron Nanoarchitectures 197
7.3.4.1 Chiral Pyramid Fabrication 197
7.3.42 Detections Based on Pyramid Nanostructure 201
7.3.5 Chiral Helical Nanoparticle Assemblies 202
7.3.6 Other Novel Chiral Nanostructures 202
7.3.6.1 Core-Satellites Assemblies 202
73.6.2 Chiral Plasmonic Oligomers 205
7.4 Origin of Chiroplasmonic Activities 206
7.4.1 Plasmonic Chirogenesis in Gold Nanoparticles Assemblies 206
7.4.2 Understanding of Chirogenesis in Gold Nanorod Assemblies 212
7.5 Conclusions 215

References 217

8 Applications in Catalysis 223
Tomohiro Yasukawa, Hiroyuki Miyamura, and ShQ Kobayashi

8.1 Introduction 223
8.2 Asymmetric Hydrogenation Reactions Catalyzed by Chiral Metal 

Nanoparticles 225
8.2.1 Orito-Type Asymmetric Hydrogenation 225
8.2.2 Asymmetric Hydrogenation of Electron-Deficient Olefins 229
8.2.3 Asymmetric Hydrogenation of Unactivated Ketones 232
8.2.4 Asymmetric Hydrosilylation 236
8.3 Asymmetric C-C Bond-Forming Reactions Catalyzed by Chiral Metal 

Nanoparticles 239
8.3.1 Background 239
8.3.2 Asymmetric Allylic Alkylation Catalyzed by Palladium 

Nanoparticles 239
8.3.3 Asymmetric Cross-Coupling Reaction Catalyzed by Pd 

Nanoparticles 243
8.3.4 Hydroformylation Catalyzed by Rhodium Nanoparticles 245



8.3.5 Pauson-Khand Reaction Catalyzed by Rh Nanoparticles 247
8.3.6 Rh Nanoparticle-Catalyzed 1,4-Addition Reaction 248
8.3.7 Asymmetrie Reactions Catalyzed by Nanocrystalline Magnesium 

Oxide 249
8.3.8 Asymmetric Reactions Catalyzed by Copper Nanoparticles 250
8.3.9 Asymmetric Reactions Catalyzed by Gold Nanoparticles 251
8.4 Summary 252

References 252

9 Applications in Polymer Science 259
Yi Li, Baozong Li, and Yonggang Yang

9.1 Introduction 259
9.2 Preparation of Chiral Polybissilsesquioxanes 260
9.2.1 Preparation Through a Self-Templating Approach 261
9.2.2 Preparation Through an External Templating Approach 262
9.2.2.1 Preparation Using Chiral Cationic LMWAs 263
9.2.2.2 Preparation Using Chiral Anionic LMWAs 267
9.3 Characterization of Chiral Polybissilsesquioxanes 271
9.3.1 X-ray Diffraction Characterization 271
9.3.2 TEM Characterization 272
9.3.3 Characterization of Optical Activity 272
9.4 Applications of Chiral Polybissilsesquioxanes 276
9.5 Conclusion 276 

References 277

Index 281


