Contents

List of Contributors

1

Optical properties of carbon nanotubes and nanographene
R. Saito, A. Jorio, J. Jiang, K. Sasaki, G. Dresselhaus,
and M.S. Dresselhaus

11 Overview

1.2 Definition of carbon nanotubes and nanographene

1.3 Experimental setup for confocal resonance
Raman spectroscopy

14 Raman signals and sample evaluation

1.5 Excitons in single-wall carbon nanotubes

1.6 Summary and future directions

References

Defects and disorder in carbon nanotubes
Philip G. Collins

2.1 Introduction and outline

2.2 Categorization of defect and disorder

2.3 Experimental identification of defects

2.4 Physical consequences of defects and disorder
2.5 Concluding remarks

Acknowledgments

References

Roles of shape and space in electronic properties
of carbon nanomaterials
Atsushi Oshiyama and Susumu Okada

3.1 Introduction

3.2 Nanospace in carbon peapods

3.3 Boundaries in planar and tubular nanostructures

3.4 Double-walled nanotubes: Peculiarity in cylindrical
structure

3.5 Defects in carbon nanotubes

3.6 Hybrid structures of carbon nanotubes

3.7 Summary

Acknowledgments

Appendix: Total-energy electronic-structure calculations

References

XVii

19
23
25

31

31
32
50
68
80
81
81

94

94
95
102

112
119
124
134
135
135
136



Contents

Identification and separation of metallic and semiconducting
carbon nanotubes
Katalin Kamaras and Aron Pekker

4.1 Introduction

4.2 Basic properties determining metallic or semiconducting
behavior of carbon nanotubes

4.3 Characterization techniques sensitive to metallic or
semiconducting type

4.4 Specific chirality-selective growth techniques

4.5 Physical postgrowth selection methods

4.6 Enrichment by chirality-sensitive chemical reactions

4.7 Modification of transport properties without change in chirality

4.8 Applications as transparent conductive coatings

4.9 Summary/Concluding remarks

Acknowledgments

References

Size-dependent phase transitions and phase reversal
at the nanoscale
Amanda S. Barnard

5.1 Introduction

5.2 Phase reversal at the nanoscale
5.3 Concluding remarks
References

Scanning transmission electron microscopy of nanostructures
SJ. Pennycook, M. Varela, M.F Chisholm, A.Y. Borisevich,

A.R. Lupini, K. van Benthem, M.P. Oxley, W. Luo,

J.R. McBride, S.J. Rosenthal, S.H. Oh, D.L. Sales,

S.L Molina, K. Sohlberg, and S.T. Pantelides

6.1 Introduction

6.2 Aberration correction in electron microscopy
6.3 Semiconductor nanocrystals

6.4 Semiconductor quantum wires

6.5 Nanocatalysts

6.6 Magnetism in gold and silver nanoclusters
6.7 Charge ordering in manganites

6.8 Summary

Acknowledgments

References

Harmonic detection of resonance methods for micro- and
nanocantilevers: Theory and selected applications

J.D. Taylor, B. Elliott, D. Dickel, G. Keskar, J. Gaillard,

M.J. Skove, and A.M. Rao

7.1 Introduction
7.2 Mechanical vs. electrical responses

141

141

142

151
161
162
163
170
173
176
177
177

183

183
186
200
200

205

205
207
215
221
226
237
240
243
244
244

249

249
255



10

7.3 Analytic modelling

7.4 Applications

7.5 Cantilevered multiwall carbon nanotubes (MWCNT)
7.6 Conclusion

Acknowledgments

References

Microspectroscopy as a tool to discriminate nanomolecular
cellular alterations in biomedical research
Francis L Martin and Hubert M. Pollock

8.1 Introduction

8.2 Some existing mid-IR microspectroscopy techniques

8.3 Development of near-field techniques

8.4 Towards a brilliant benchtop IR source

8.5 Possible advantages of using normal AFM probes

8.6 Experimental procedures for PTMS

8.7 Prospects for high spatial resolution in near-field FTIR
spectroscopy

8.8 Spectroscopic detection of small particles

8.9 Data analysis

8.10The analysis paradigm to discriminate nanomolecular cellular
alterations in biomedical research

8.11 Standardization

8.12 A “biochemical-cell fingerprint” or phenotype

8.13 Medium-term goals from a long-term objective

8.14Conclusion

Dedication

Acknowledgments

References

Holographic laser processing for three-dimensional
photonic lattices
Satom Shoji, Remo Proietti Zaccaria, and Satoshi Kawata

9.1 Introduction

9.2 Theoretical

9.3 Experimental

9.4 Combination of holographic laser processing
and multiphoton direct-writing technique

9.5 Conclusion

References

Nanoanalysis of materials using near-field Raman
spectroscopy
Norihiko Hayazawa and Prabhat Verma

10.1 Introduction
10.2 SERS analysis of strained silicon
10.3 TERS analysis of e-Si and GaN thin layers

261
271
279
281
282
282

285

285
286
201
297
299
301

304

310
311

319
323
323
325
328
329
329
330

337

337
340
352

358
361

362

364

364
365
370

Contents  Xi



Xii

Contents

1

12

13

10.4 Improvement of TERS sensitivity for crystalline
materials

10.5 Controlling the polarization in detection for crystalline
materials

10.6 Towards higher spatial resolution

10.7 Conclusions

References

Scanning SQUID microscope study of vortex states and
phases in superconducting mesoscopic dots, antidots,
and other structures

T Nishio, Y. Mata, S. Okayasu, J. Suzuki, S. Nakayama,

A. Magata, A. Odawara, K. Chinane, and K. Kadowaki

11.1 Introduction

11.2 Development of a high-resolution scanning SQUID
microscope

11.3 Direct observation of quantized flux in superconducting
rings

11.4 Vortex confinement in microscopic superconducting disks,
triangles, and squares

115 Direct observation of an extended penetration depth in
thin films

11.6 Vortex states in unconventional superconductors

11.7 Final observations

Acknowledgments

References

New phenomena in the nanospace of single-wall carbon
nanotubes
Z | Shiand Z.N. Gu

12.1 Introduction

12.2 Filling MWNT

12.3 Filling SWNT

12.4 New phenomena inthe nanospace of SWNTSs
125 Filling of DWNTSs

12.6 Summary

Acknowledgments

References

Thermopower of low-dimensional structures: The effect
of electron-phonon coupling
M. Tsaousidou

13.1 Introduction

13.2 Thermopower of two-dimensional semiconductor
structures

13.3 Phonon-drag effect on the thermopower of semiconductor
qguantum wires

379

385
397
401
402

405

405

410

414

419

423
429
434
435
435

438

438
439
442
443
465
470
470
470

477

477

478

500



14

15

16

17

13.4 Phonon-drag thermopower of doped single-wall carbon
nanotubes

13.5 Conclusions

Acknowledgments

References

ZnO wide-bandgap semiconductor nanostructures:
Growth, characterization and applications
E. McGlynn, M.O. Henry, andJ.-P. Mosnier

141 Introduction

14.2 ZnO wide-bandgap semiconductors: Crystalline and
electronic structure and optical and materials properties

14.3 Growth of ZnO nanostructures

14.4 ZnO nanostructure characterization

145 ZnO nanostructure applications

14.6 Conclusions and acknowledgments

References

Selective self-assembly of semi-metal straight and branched
nanorods on inert substrates

X.-S. Wang, S.S. Kushvaha, X. Chu, H. Zhang, Z. Yan, and

W Xiao

15.1 Introduction

15.2 Experimental and drift-correction procedures

15.3 Previous studies of semi-metal growth on inert substrates

15.4 Growth and morphology of Sb nanorods and Bi nanobelts
on inert substrates

155 Summary

Acknowledgments

References

Nanostructured crystals: An unprecedented class of hybrid
semiconductors exhibiting structure-induced quantum
confinement effect and systematically tunable properties
Jing Li and Xiao-Ying Huang

16.1 Introduction

16.2 11-VI-based inorganic-organic hybrid nanostructures
16.3 Conclusions

Acknowledgments

References

Nanoscale Gej-*Mn”Te ferromagnetic semiconductors
J.F. Biand K.L. Teo

171 Introduction

17.2 Growth procedure and characterization
17.3 Structure analysis

17.4 Optical properties

507
516
517
518

523

523

527
538
549
556
562
564

572

572
575
577

582
592
593
593

598

598
602
626
626
627

632

632
634
636
639

Contents  xiii



Xiv

Contents

18

19

20

21

17.5 Magnetic properties
17.6 Transport properties
17.7 Conclusions
Acknowledgments
References

Synthesis, characterization and environmental applications

of nanocrystalline zeolites
Vicki H. Grassian and Sarah C. Larsen

18.1 Introduction

18.2 Synthesis and characterization of nanocrystalline
zeolites

18.3 Applications in environmental catalysis

18.4 Applications in the adsorption of environmental
contaminants

18.5 Hierarchical zeolite structures

18.6 Outlook for environmental applications of
nanocrystalline zeolites

Acknowledgments

References

Unusual properties of nanoscale ferroelectrics
Huaxiang Fu

19.1 Introduction

19.2 Critical questions on low-dimensionalferroelectricity

19.3 Theoretical approaches

19.4 2D ferroelectric structures: Surfaces, superlattices
and thin films

19.5 ID ferroelectric nanowires

19.6 Ferroelectric nanoparticles

19.7 Conclusions

References

Magnetic properties of nanoparticles
Steen Mdorvp, Cathrine Frandsen, and Mikkel F Hansen

20.1 Introduction

20.2 Magnetic domains

20.3 Magnetic anisotropy

20.4 Magnetic dynamics in nanoparticles
20.5 Magnetic structures in nanoparticles
20.6 Summary and conclusions
Acknowledgment

References

Structural, electronic, magnetic, and transport properties

of carbon-fullerene-based polymers
AN. Andriotis, R.M. Sheetz, E. Richter, and M. Menon

21.1 Introduction

641
650
655
656
656

659

659

660
666

675
679

683
683
684

688

688
692

693

696
700
703
708
709

713

713
714
716
719
735
740
740
741

745

745



22

23

24

21.2 Computational methods

21.3 Defect-induced structural and electronic features
21.4 Electronic, magnetic and transport properties
21.5 Magnetic coupling among magnetic moments
21.6 Conclusion

Acknowledgments

References

Magnetic nanowires: Fabrication and characterization
Kleber Roberto Pirota, Marcelo Knobel, Manuel
Hemandez-Velez, Kornelius Nielsch, and

Manuel Vazquez

22.1 Introduction

22.2 Metallic nanowire fabrication, the state-of-the-art

22.3 Structural characterization

22.4 Magnetic reversal process: Single nanowire

22.5 Magnetic anisotropy and interactions: Role
of geometrical arrangement

22.6 Transport measurements

22.7 Temperature-driven effects

22.8 Dynamic properties of magnetization

22.9 Future perspectives

References

Iron-oxide nanostructures with emphasis on nanowires
U.P. Deshpande, T Shripathi, and A.V Narlikar

23.1 Overview of iron-oxide nanostructures

23.2 Iron-oxide nanowires

23.3 Synthesis of a-Pe203 nanowires and nanosheets
by thermal oxidation route

23.4 Preferential bending of [110] grown cx-PerO3 NWs
about the C-axis

23.5 Quantitative estimation of NW alignment using XRD
and GIXRD

23.6 Summary

Acknowledgments

References

DNA-based self-assembly of nanostructures
Joshua D. Carter, Chenxiang Lin, Yan Liu, Hao Yan,
and Thomas H. LaBean

24.1 Introduction

24.2 DNA building blocks and assembly strategies
24.3 DNA-directed assembly of heteromaterials
24.4 Conclusion

References

748
752
757
764
768
769
769

772

772
773
784
788

794
799
804
811
815
817

825

825
829

838

848

852
859
860
860

867

867
868
878
886
887

Contents

XV



XVi

Contents

25 Properties and potential of protein-DNA conjugates
for analytic applications
M. Adler

25.1 Introduction

25.2 DNA-protein conjugates and their applications
25.3 Conclusions

Acknowledgments

References

Subject Index

891

891
892
921
922
923

929



