Contents

Editorial for the textbook Optical Nanospectroscopy — V

Editorial for Volume 3: Applications — IX

List of Contributing Authors — XVIi

Part 1: Introduction

Part 2: New photonic technologies

2.1
2,11
2.1.2
2.1.3
2.1.4
2.1.4.1
2.1.4.2
2.1.4.3
2.1.4.4
2.1.4.5
2.1.4.6
2.1.4.7
2.1.4.8
2.1.5
2.1.6

2.2

2.2.1
2.2.2
2.2.3
2.2.4
2.2.41
2.2.4.2
2.2.4.3
2.2.4.4
2.2.4.5

Bibliografische Informationen
https://d-nb.info/1254134980

Application review of quantum emitters in nanospectroscopy — 13

Key messages — 13

Pre-knowledge — 13

Importance of the application — 15
State-of-the-art — 17

Light-matter interaction — 17

Cavity quantum electrodynamics and strong coupling — 17
Purcell effect and single-photon sources — 19
Photonic crystals — 22

Optical fibers and quantum systems — 24
Quantum photonic circuits — 25

Plasmonic antennas — 27

Quantum plasmonics — 31

Some challenges and solutions — 35
Summary and impact — 36

Bibliography — 36

Role of nanospectroscopy in the development of third-generation
photovoltaics — 43

Key messages — 43

Pre-knowledge — 43

Importance of the application — 44
State-of-the-art — 45

Multijunction and thin-film solar cells — 47
Organic solar cells — 48

Dye-sensitized solar cells — 50

Quantum dot solar cells — 55

Perovskite solar cells — 57

digitalisiert durch



https://d-nb.info/1254134980

Xl =—— Contents

2.2.5
2.2.6
23
2.341
2.3.2
2.3.3
2.3.4
2.3.41
2.3.4.2
2.3.4.3
2.3.4.4
2.3.4.5

2.3.4.6

2.3.5

Some challenges and solutions — 61
Summary and impact — 63
Bibliography — 63

Luminescence of point defects in lithium fluoride thin layers for radiation
imaging detectors at the nanoscale — 69

Key messages — 69

Pre-knowledge — 69

Introduction: luminescence and radiation detectors — 70
State-of-the-art — 72

Radiation detectors based on photoluminescence of color centers in
LiF—72

Photoluminescence properties of radiation-induced color centers in
LiF—173

Application of the photoluminescence properties of color centers in LiF
to X-ray imaging — 77

Confocal fluorescence microscopy: the ideal reading technique for 2D
and 3D X-ray imaging luminescent detectors — 81

Peculiarities and enhancement of photoluminescence in thin irradiated
LiF layers — 84

Other applications of the photoluminescence of color centers in LiF for
particle radiation detectors — 89

Conclusions and future perspectives — 90

Bibliography — 92

Part 3: Sensing

3.1
3.1.1
3.1.2
3.1.3
3.1.4
3.1.4.1
3.1.4.2
3.1.4.3
3.1.4.4
3.1.4.5
3.1.4.6
3.1.4.7
3.1.4.8
3.1.5

Localized surface plasmon resonance shift sensing — 101

Key messages — 101

Pre-knowledge — 101

Importance of the application — 102
State-of-the-art — 104

History of plasmonic sensing — 104
Concept of LSPR shift sensors — 107
Realization of LSPR shift sensors — 110
Fabrication of LSPR shift sensors — 111
Functionalization of LSPR shift sensors and choice of analytes — 118
Sensitivity of LSPR shift sensors — 120
Some examples of own work — 123
Applications of LSPR shift sensors — 128
Some challenges and solutions — 132



3.1.6

3.2

3.2.1
3.2.2
3.2.3
3.2.4

3.2.4.1
3.2.4.2
3.2.5

3.3

3.3.1
3.3.2
3.3.3
3.3.4
3.3.4.1

3.3.4.2
3.3.4.3
3.3.4.4
3.3.4.5
3.3.5
3.3.6

Contents === XIII

Summary and impact — 133
Bibliography — 134

Chemical nanosensors for the detection of explosives — 141

Key messages — 141

Pre-knowledge — 142

Introduction — 142

State-of-the-art of the nanospectroscopy methods used for explosives
detection — 145

Fluorescent sensing polymers — 146

Surface-enhanced Raman spectroscopy — 153

Summary and impact — 160

Bibliography — 161

Converging optical micro- and nanospectroscopies via the development of
surface science with forensic Shannon’s measure of information applied to
environmental applications — 165

Key messages — 165

Pre-knowledge — 166

Importance of the application — 167

State-of-the-art — 172

Quantitating perspectives on forensic optical nanospectroscopy
applications — 172

Overcoming the diffraction limit — 176

Historical review — 178

UV-Vis seeking to go below the diffraction limit — 181
Important nanospectroscopic UV-Vis development — 183
Challenges and solutions — 196

Summary — 210

Bibliography — 215

Part 4: Life sciences

4.1
4.1.1
4.1.2
4.1.3
4.1.4
4.1.4.1

Molecular and biomolecular SERS detection in liquid environment — 225

Key messages — 225

Pre-knowledge — 225

Introduction — 229

State-of-the-art — 231

Field and SERS enhancement of individual and near-field-coupled
nanoparticles — 231



XIV = Contents

4.1.4.2

4.1.4.3
4.1.4.4

4.1.5

4.2

4.2.1
4.2.2
4.2.3
4.2.4
4.2.4.1
4.2.4.2
4.2.43
4.2.4.4
4.2.5
4.2.6

4.3
4.3.1
4.3.2
4.3.3
43.3.1
4.3.3.2

4.3.3.3
4.3.3.4

4.3.3.5
4.3.4

SERS detection in liquid environment with chemically and
thermophoretically aggregated nanoparticles — 233

Optical forces — 237

SERS molecular detection in liquid environment mediated by optical
forces —— 241

Summary and impact — 249

Bibliography — 249

SERS in label-free detection of cancer from proteins, cells, and
tissues — 255

Key messages — 255

Pre-knowledge — 255

Importance of the application — 256
State-of-the-art and the application — 258
Label-free detection and SERS — 258
Proteins — 260

Cells — 263

Tissues — 268

Some challenges and solutions — 272
Summary and impact — 274
Bibliography ~— 275

Advanced nanospectroscopy in bioapplications — 281

Key messages — 281

Pre-knowledge — 281

State-of-the-art — 283

The concept of SERS labels and probes — 283

Probing the chemical environment beyond SERS tagging: SERS

probes — 284

Multimethod approach to understand SERS nanoprobes in cells — 286
Multifunctional plasmonic probes to understand nanoparticle-bio
interactions — 291

Multiphoton vibrational probing in complex biological systems — 296
Outlook and challenges: from cultured cells to live animals — 298
Bibliography — 300

Part 5: Analytical and material science

5.1
5.1.1
5.1.2

Application of nanospectroscopy in food science and agriculture — 311

Key messages — 311
Pre-knowledge — 311



Contents == XV

5.1.3 Importance of the application — 312

5.1.4 State-of-the-art — 314

5.1.4.1 Vibrational spectroscopy — 314

5.1.4.2 Nanosensors — 324

5.1.5 Some challenges and solutions — 328

5.1.6 Summary and impact — 329
Bibliography — 330

5.2 Surface-enhanced Raman scattering in cultural heritage studies — 335

5.2.1 Key messages — 335

5.2.2 Pre-knowledge — 335

5.2.3 Importance of the application — 336
5.2.4 State-of-the-art — 337

5.2.4.1 Historical perspective — 337
5.2.4.2 Art pigments — 338
5.2.4.3 SERS-active substrates for cultural heritage studies — 343
5.2.4.4 Sample treatment — 347
5.2.4.5 Case studies — 356
5.2.5 Some challenges and solutions — 358
5.2.6 Summary and impact — 359
Bibliography — 360

5.3 Application of nanospectroscopy methods to study cyanine dyes —
J-aggregation on the surface of noble metal nanoparticles — 367

5.3.1 Key messages — 367

5.3.2 Pre-knowledge — 368

5.3.3 Importance of the application — 368
5.3.4 State-of-the-art — 369

5.3.4.1 Self-organization of cyanine dyes — 369
5.3.4.2 Optical properties of AuNPs and AgNPs — 373
5.3.4.3 Application of nanospectroscopy methods in dye aggregation

studies — 374
5.3.5 Some challenges and solutions — 393
5.3.6 Summary and impact — 394

Bibliography — 395

5.4 Nanospectroscopy of graphene and two-dimensional atomic materials and
hybrid structures — 401

5.4.1 Key messages — 401
5.4.2 Pre-knowledge — 401
5.4.3 Importance of the application — 403

5.4.4 State-of-the-art — 404



XVl == Contents

5.4.4.1

5.4.4.2
5.4.4.3

5.4.4.4
5.4.4.5
5.4.5
5.4.6

Graphene and 2D atomic materials, their hybrid structures and physical
properties — 404

Synthesis of 2D atomic materials — 408

Identification and characterization techniques of 2D atomic

materials — 412

2D hybrid atomic heterostructures and devices — 420

Applications of 2D atomic materials and devices — 424

Some challenges and solutions — 430

Summary and impact — 431

Bibliography — 432

Index — 441



