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AAAs see annular aperture arrays

absorption 10, 11, 22, 23, 30, 35,

37, 39, 124, 126, 130, 131,

180–183, 196, 197, 201, 203,

250, 251, 338, 339

absorption bands 196, 292

acoustic waves 283, 294, 295

adsorption 54, 55, 58, 105–108,

116, 321

AFM see atomic force microscopy

annular aperture arrays (AAAs)

289, 291

arrays 39, 111, 114, 339, 340, 343,

355, 375

finite 38

hexagonal 352, 353

junction unit 351

ordered 343

periodic 349

regular 318

striped 108

atomic force microscopy (AFM)

154, 157, 231

blue phase liquid crystal (BPLC)

302

BPLC see blue phase liquid crystal

Brownian motion 161

Brust protocol 61

cells 48, 151, 289

electrochemical 51

fuel 355

plant 145

polymer-based 342

quantum-dot-sensitized 342

resonant 292

chemical synthesis 145, 147, 149,

222, 254, 319, 320

chromophores 74, 172, 200, 205,

223, 234, 235

colloidal particles 77, 141, 149,

345

colloidal suspension 124, 126,

149, 150, 162, 322

colloids 77, 140, 149, 150, 163,

266

composite materials 48, 251, 266

concentrated solar power (CSP)

345

conduction electrons 8, 15, 22, 34,

35, 247, 338

conductors 8, 15, 19, 70, 247, 346

ideal 21

perfect 11

coupling 101, 102, 108, 111, 113,

114, 189, 197, 201, 206, 207,

252, 365–368, 370, 371, 373,

375, 377–381, 383

plasmon–gain 194

particle–particle 81

crystals 148, 150, 158, 159, 254,

283, 287

crystal structures 43, 53, 147, 148,

155, 159

CSP see concentrated solar power
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DDA see discrete dipole

approximation

Debye length 105, 162

decay 4, 196, 204, 228, 367, 376,

383

evanescent 18

nonradiative 235

radiative 146, 366

decay length 22, 112, 373, 374

defects 5, 43, 109, 159, 258, 259,

349

quadrupolar 267

structural 298

dependence 36, 38, 157, 184, 233,

248, 346, 383

angular 114

harmonic time 16, 17, 27

interdistance 194

polarization 253

devices 68, 157, 175, 223, 270,

282, 283, 287, 292, 336, 345,

346, 351

acousto-optical 294

cloaking 118

coupled 324

liquid-crystal-based 288

nanowire-based 317

opto-electronic 72

photonic 289

real 351

sensitive 222

single-junction 337

thermoelectric 348

thin film 353

DFLC see dual-frequency liquid

crystal

dielectric constant 11, 35, 36, 185,

249–251

dielectric function 10–13, 18, 20,

27, 29, 30, 217, 218, 220,

368

complex 6, 9, 10, 31, 172

frequency-dependent 249

dielectric medium 173, 216, 219

dielectric permittivity 4, 19, 185,

205, 249

dipoles 28, 30, 34, 38, 113,

367–369, 371, 378

dielectric 226

electric 113, 219, 284, 368

magnetic 117

oscillating 29

single-particle 368

transition 177

discrete dipole approximation

(DDA) 37–39

dispersion 17, 185

ferroelectric nanoparticle 129

hyperbolic 184, 186, 201, 205,

207

narrow size 321

DLS see dynamic light scattering

Drude model 7–10, 40, 217, 249

dual-frequency liquid crystal

(DFLC) 285, 286

dye molecules 172, 175, 189, 191,

199, 236

fluorescent 187, 188

organic 188

dyes 179, 186, 188, 190, 195, 199,

206, 207

active 189

laser 173

uncentered 177

dynamic light scattering (DLS) 42,

153, 161

EBL see electron beam lithography

EDL see electrical double layer

EF see enhancement factor

effective medium theory (EMT)

effective permittivity 185, 246,

247

electrical conductivity 7, 346, 347,

349, 354

electrical double layer (EDL) 104,

105, 162
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electric field 8, 9, 14, 15, 27–29,

34, 38, 217, 218, 284, 286,

319, 323, 327, 337, 342, 364,

366–369

alternating 33, 34

external 8, 217, 284, 285

local 38, 219

optical 22

scattered 30

static 27

electromagnetic coupling 41, 253,

265

electromagnetic fields 7, 216, 217,

247, 281, 364, 373, 379

interacting 37

oscillating 247

electromagnetic radiation 34, 37,

156, 226, 246

incident 219

scattered 228

electron beam 43, 154–156, 352

convergent 43

primary 156

thin 156

electron beam lithography (EBL)

44, 102, 352, 370

electron cloud oscillation 216,

217, 221

electron density 34, 71, 249

electron gas 7, 8, 14, 301

electrons 7–9, 34, 35, 38, 40, 154,

156, 157, 160, 217, 218, 220,

247, 249, 337, 346, 349, 364,

365

emitted 160

mobile 7

photo-excited 337, 342

secondary 156

electrostatic forces 103–105, 116,

139

electrostatic interactions 71, 72,

104, 148

emission 22, 124, 177, 183, 188,

195, 196, 207, 223, 326, 345

chromophore 235

short-living 190

stimulated 173

thermionic 154

EMT see effective medium theory

184, 185

energy 6, 12, 44, 144, 172, 176,

199, 208, 216, 218, 260, 336,

337, 339, 350

absorbed 292

anchoring 260

free 49

kinetic 156

mechanical deformation 260

photon 327, 336

thermal 8

energy transfer 156, 173, 184,

196

nonradiative 188, 194

resonant 172, 189, 205

enhancement factor (EF) 228,

229, 325, 326, 329

EOT see extraordinary optical

transmission

etching 340, 343, 353

dry 343

electroless 343

metal-assisted chemical 354

reactive ion 343

wet chemistry-based 343

excitation 15, 188, 191, 194, 218,

234, 318, 326, 338, 341

direct 48

elementary 216

fundamental 15

laser 290

localized 247

nonpropagating 247

resonant 247

excitation energy 187, 193, 199,

200, 203, 208

excitation frequency 185, 226

excitation wavelength 185, 206,

322, 325, 326
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extinction spectrum 116, 117,

220, 322

extraordinary optical transmission

(EOT) 294, 295

fabrication 5, 60, 70, 72, 73, 81,

102, 118, 129, 266, 282, 319,

321, 340, 345, 353

controlled 101

large-scale 352

lithographic 320

metamaterial 60, 81

FIB see focused ion beam

fluorescence 74, 172, 189, 195,

203

fluorescent molecules 172, 189,

195

focused ion beam (FIB) 102, 198,

199, 222, 284, 289

free electrons 8, 9, 33, 34, 40, 41,

215, 218, 249, 281

frequencies 4, 6, 11, 14, 18, 20, 33,

36, 175, 177, 218, 219, 224,

226, 227, 285, 364, 365

angular 8

crossover 285

fundamental 324, 326–328

laser 229

natural 15

optical 116, 172, 182, 201, 205

oscillation 35

plasma 10, 175, 185, 217

resonant 33, 34, 367

second-harmonic 326

gain 31, 172, 174, 176, 178–180,

183, 184, 187, 189, 191, 193,

194, 196, 197, 199, 208, 264

effective 187

excess 178

optical 31, 173, 191

zero 180

gain-assisted systems 173, 186,

189, 190, 200

gain elements 183, 184, 187, 198,

199, 207

gain-functionalized systems 186,

189, 197

gain medium 171, 174, 194, 195,

197, 200

gain molecules 172, 177, 184, 189,

194

plasmon–gain interplay 174, 175,

177, 179, 181, 183, 185, 201

gap 111, 367, 369, 372, 374–376,

378, 383

edge-to-edge 374

inter-particle 373, 375, 376

gold 11, 12, 23, 107, 115, 152,

153, 175–179, 199, 205, 218,

248, 269, 317, 319, 321

bulk 220

crystalline 153

gold cores 180, 188, 193, 194,

196

gold film 284, 286

gold nanoparticle layers 109, 110,

112, 113

gold nanoparticles 103, 106,

108–111, 113, 114, 116, 118,

152, 153, 248, 250, 262, 266,

267, 370, 372, 378, 379, 381

charged 116

identical 370

isolated 116

multiple 112

nematogen-coated 262

gold nanorods 49, 50, 103, 286,

293, 298, 301

aligned 293

dispersed 293

gold nanostructures 368, 374,

378
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gold shell 317, 318, 320–322,

326–329

HMMs see hyperbolic

metamaterials

hyperbolic metamaterials

(HMMs) 184–186, 201,

205–207

interface 4, 15, 16, 18–20, 22, 26,

173, 216, 259, 285, 338, 348

device 287

metal/dielectric 217, 218

vitreophilic 76

interplay 101, 171, 174, 204, 207,

258

metal-gain 201

plasmon–exciton 194, 201

layers 105, 106, 109–112, 206,

246, 264, 289

alternating 205

amino silane 321

cladding 292

concentric 221

conductive 337

gold 292

hydrogen-bonded 115

molecular 302

nanoparticle 109

organic 71

organic protecting 68

planar 319

redox hole transporting 342

Stern 105, 162

LCs see liquid crystals

ligands 68, 202, 266, 269, 345

bifunctional 70, 72

mesogenic 269

nitrogen-based 45

oxygen-based 45

phosphorus 45

pyrazole 71

sulfur 45

light shutter 296

linker 257, 258, 261–263, 265,

342

liquid 124, 149, 158, 161, 282

ionic 62

layering 65

smectic 282

uniform 302

liquid crystal host 248, 288

liquid-crystalline phases 246, 255,

256, 268

liquid crystals

azobenzene-doped 289

azo-dye-doped 303

cholesteric 282, 298, 301

dual-frequency 285

ferroelectric 302

host 267, 292

nematic 267, 282, 289, 294

photochromic 290

photoresponsive 289, 290

photosensitive 292

polymer-dispersed 296

polymer network 302

special 302

liquid crystals (LCs) 73, 102, 103,

123, 126, 128, 129, 158, 159,

245, 246, 248, 250–252,

254–268, 270, 281–303, 363

localized surface plasmon

resonance (LSPR) 175, 191,

219, 221–223, 232, 235, 248,

287, 317, 321, 322, 364, 380

localized surface plasmons (LSPs)

6, 15, 22, 23, 25, 27, 29, 172,

173, 215–220, 222, 224, 226,

228, 230, 232, 247

LSPR see localized surface plasmon

resonance

LSPs see localized surface

plasmons
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materials 4, 5, 42, 103, 144–151,

153, 154, 158, 159, 172, 197,

222, 246, 251–253, 255, 256,

262, 263, 267–270, 315–317

active 222

anisotropic crystalline 319

artificial index 270

biological 155

bulk oxide 317

centrosymmetric 323

dielectric 247, 338

electromagnetic 73

homogenous 147, 150, 261

host 251, 252

liquid crystal 270

magneto-plasmonic 293

metallic 5

monodispersed 146

nanocrystal 342

nanocrystalline 43

nanostructured 6, 345

optoelectronic 283

piezoelectric 295

plasmonic nanocomposite 73

self-organized 246

transparent 223

Maxwell’s equations 4, 6, 13, 16,

17, 22, 36, 38

MBE see molecular beam epitaxy

medium 3, 4, 6, 10, 36, 40, 41, 117,

161, 163, 177, 183, 184, 215,

364, 378

alkaline 146

amplifying 176

artificial 201

background 176, 183

contrast 146

dispersing 73

gain-assisted 174

homogeneous 23, 31

ideal active 284

isotropic 184

left-handed 4

organic 62

right-handed 3, 4

MEF see metal enhanced

fluorescence

MEGs see multiple exciton

generation

mesocapsules 181–184, 199–201

mesogens 254, 256–258,

261–263, 265–268

cyanobiphenyl 267

native 254

rod-like 268

metal enhanced fluorescence

(MEF) 223, 233, 235, 236

metal nanoparticles 29, 30, 33, 49,

148, 151, 153, 172, 217, 220,

245, 267, 269, 338–340, 355,

367

metal nanostructures 172, 220,

223, 228, 232, 234, 235, 246

metal oxides 74, 147–149

metals 6, 7, 9–11, 13, 15, 20, 21,

34–36, 40, 173, 215–218, 222,

223, 227–229, 235, 246, 247,

249, 250, 317

diluted 247

heavy 152, 153

lanthanide 154

lossless 175

noble 10, 11, 49, 55, 317, 353,

354

plasmonic 220

precious 343

real 21, 175

thin 319

zero-valent 48

metamaterials 4, 102, 171, 246,

247, 364

micelles 49, 51, 54, 65

cylindrical 51

nonspherical 51

microscopy 156, 157

electronic 154

scanning probe 42, 157

tunneling 157
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model 8, 174, 179–182, 200, 250,

251, 256–258, 261, 263, 265,

326, 367, 371, 378

analytical 31

classical 6–8

dipolar coupling 378

dipole-dipole coupling 373

dipole-dipole interaction 371

free-electron 11

mathematical 222

plasmon hybridization 112

retarded local field 371

semiempirical 234

theoretical 197, 200

molecular beam epitaxy (MBE)

344

molecules 40, 60, 61, 69, 70, 73,

74, 102, 145, 161, 224–230,

233, 245, 246, 256–259,

261–266, 270, 283, 284, 287

alkyne-terminated 69

biological 145, 223

carboxylated 153

cysteine 70

dendritic 255

diatomic 226

dimer 125

excited 48, 173

long-chain 345

mesogen 257, 263

organic 246, 255

solvent 105, 161

multiple exciton generation

(MEGs) 341, 342

nanocrystals 43, 56, 147, 152, 177

nanocubes 39, 59, 152

nanodiscs 372–375, 377

nanohole arrays 284, 285, 299,

352

nanoparticles 102–105, 107–113,

123–126, 128, 145, 147–149,

151–153, 246–248, 250–252,

254–268, 338, 339, 343,

364–368, 373, 378, 379

charged 103, 108

coated 124, 126

conductive 247

discotic-capped 267

gold/silver 153

gold spherical 220

hemispherical 343

hydrophilic 75

hydrophobic 80

magnetic 147

mesogen-coated 266

mesogenic 268

organic 148

surfactant-coated 124

nanorods 30, 31, 35, 147, 148,

221, 222, 293, 294, 365

nanostructures 81, 82, 223, 229,

236, 284, 286, 291, 318, 322,

348, 352, 353, 355, 363–368,

370–380, 382, 383

core–shell 81, 317, 322

hybrid 208, 316, 317

metal-based 171, 208

metallo-dielectric 172

monodisperse 60

plasmon 207

plasmon-based 208

un-coupled 376

well-ordered 365

nanowires 58, 148, 317–322, 325,

327, 329, 336, 338–340, 343,

344, 348, 349, 352–355

alkaline 319, 323

high-density 352

oleic acid 62, 124–129, 131, 132,

134–137, 140, 141, 145

oleic acid molecules 125, 126, 135

optical materials 172, 208

optical metamaterials 70, 74, 251

optical microscopes 154, 322
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optical properties 27, 33–35, 71,

72, 101, 103, 108, 110, 218,

219, 246, 249, 259, 268, 270,

317, 327

collective 199

nonconventional 253

nonlinear 318

second-order 323

shape-dependent 73

solvent-dependent 60

tunable 116, 118

optical resonances 316, 318

organic solvents 50, 60–62, 66, 70,

73, 80

PDLCs see polymer-dispersed

liquid crystal

permittivity 4, 11, 163, 173, 176,

179, 181, 182, 217, 246, 323,

364, 368

complex 179

negative 247

positive 176, 183

relative 175

phonons 156, 348, 349

phonon scatterings 348, 349

plasmon band 38, 41, 42, 72, 111,

188, 195, 196, 378

plasmon coupling 365, 367,

369–371, 377, 378

plasmon frequency 14, 42, 177,

179

plasmonic absorbers 291, 292

plasmonic devices 297, 301, 302

active 282, 284, 285, 302

controllable 295

liquid-crystal-based 301, 303

tunable 285, 295

plasmonic nanoparticles 33, 34,

68, 69, 71, 73, 75, 77, 79, 81,

101, 117, 118, 246, 248, 263,

297, 302

plasmonic nanostructures 222,

283, 284, 302, 303

plasmonic resonances 171, 179,

187, 247, 285, 298, 322

plasmon resonance 29, 31, 36, 38,

41, 113, 176–178, 197, 198,

208, 218, 223, 245, 247

plasmons 15, 34, 101, 156,

178–180, 199, 208, 215–217,

219, 221, 222, 269, 383

conjugate 178, 179

dry 343, 353

electron 247, 249

gain-assisted 177

metal nanoparticle 268

polyelectrolyte layers 110–115

polymer-dispersed liquid crystal

(PDLCs) 296, 297

polymers 45, 58, 73, 75, 102, 103,

145, 146, 148, 150, 296, 321,

352

conductive 342

elastic 282

process 44, 46, 53, 58, 107–109,

124, 129, 146, 149–152, 154,

158, 187–189, 219, 379, 381

amino silane 321

ball-mill 130

biological 151

densification 149

detoxification 151

dissipation 341

extracellular 152

gelation 150

hydrothermal reaction 147

inter-band absorption 114

lift-off 285, 343

multiple-step 45

nanolithography 329

nonlinear optical 320

nonlinear physical 316

nucleation 47

optical driving 289

photochemical 49
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photogeneration 337

plasma etching 353

plasmon hybridization 187

template-generating 352

trans-cis isomerization 289,

290

QDs see quantum dots

quantum dots (QDs) 145, 146,

152, 175, 201–205, 317, 318,

341, 342, 355

radiation 4, 5, 7, 21, 30, 173, 232

inelastic scattered 224

secondary 22

synchrotron 43

Raman scattering 224–226

Raman spectroscopy 223, 227,

232

reactions 46, 49, 57, 58, 60, 75,

144, 146

biochemical 145

condensation 74

galvanic displacement 60

heterogeneous phase 147

ligand-exchange 75, 76

organic 60

redox 52

reduction 44, 46, 48, 49, 51, 58,

61, 80, 191, 194, 197, 199,

206, 349, 380

biological 44

chemical 44, 62

extracellular 152

spontaneous 61

refractive index 12, 22, 40, 41, 71,

72, 223, 248, 251, 270,

282–284, 294, 295, 298

resonance 29, 33–35, 38, 113,

175, 177–179, 232, 247, 248,

252, 294, 322, 328

collective 182, 187

dipole 39, 40

electromagnetic 252

longitudinal plasma 41

Mie 117

red-shifted 198

resonance conditions 35, 219,

220, 222, 366

resonance frequency 29, 173, 175,

248, 292, 294, 365

resonance peaks 39, 365

samples 105, 107–110, 112–114,

118, 119, 133, 134, 154–158,

160, 161, 192, 194, 203–206,

236, 237, 283, 284, 300, 301,

370–372, 378–383

amorphous 109

dialyzed 105, 106

gain-assisted 190

isotropic 379

nanometric 160

polydispersed 68

spiked 237

structured nanoscale 102

SAWs see surface acoustic waves

scanning electron microscopy

(SEM) 43, 44, 59, 155, 156,

318, 322, 383

scattering 22, 24, 26, 27, 30, 34,

35, 37, 39, 117, 192, 193, 195,

219, 223, 227, 248, 251

elastic 156

electron–phonon 41

electron-surface 220

inelastic 156, 341

second-harmonic generation

(SHG) 316, 317, 319, 320,

324, 326, 327, 329

seeds 44, 47, 55, 60, 74, 79, 321,

322, 344, 345

SEM see scanning electron

microscopy

sensors 29, 70, 74, 222, 230
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classic 231

infrared 351

SERS see surface-enhanced Raman

spectroscopy

SHG see second-harmonic

generation

signals 156, 160, 161, 224, 229,

237, 324

electrical 156

nonlinear optical 329

optical 324

radio frequency 296

scattered 193, 196

single-molecule 228

transmission enhancement 192

simulations 112, 117, 251, 291,

322, 326–328, 374

atomistic 349

molecular 260

theoretical 373

size-selective precipitation

(SSP) 65, 66, 338

solar cells 60, 336, 339, 340

commercial 343

polymer-based 342

quantum dot 342

thin film 338, 339

species 44, 57, 147, 148, 344

biological 233

conductive 345

crystalline 150

homologous 148

spectrum 6, 41, 175, 177, 188,

193, 195, 203, 218, 285, 294

electromagnetic 218, 222

optical 41

reflectance 231

time-resolved 191

visible 12, 222, 366

visible-infrared 283

SPPs see surface plasmon

polaritons

SPR see surface plasmon resonance

SSP see size-selective precipitation

structures 42, 43, 102, 104, 117,

146, 148, 150, 151, 153, 155,

159, 228, 247, 253, 254, 266,

268

assembled 82

carbon 148

columnar 353

device 338, 342

down-scale 102

homogeneous 147

lamellar 269

layered 119

ligand 255

mesogenic 292

molecular 202

nanohole 285

octamer 288

planar 316

rod-like 318

seeded 321

topological 259

surface 33, 35, 101, 103–105, 108,

115, 116, 148, 157–160, 162,

227, 228, 262, 263, 267, 269,

366, 379

azide-labeled 69

cathode 52

charged 104, 105, 162

coated 150

curved 116, 247

homogeneous 144

metallic 75

nanowire 321

piezoelectric 294, 295

plasmonic 227

seed 47

surface acoustic waves (SAWs)

294, 295

surface chemistry 36, 42, 43, 54,

60, 65, 75, 116

surface-enhanced Raman

spectroscopy (SERS) 69, 73,

227–229, 236
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surface plasmon modes 187, 188,

194, 285

surface plasmon oscillation 34, 37,

38, 41

surface plasmon polaritons (SPPs)

6, 15, 17–22, 173, 216–219,

297, 338, 339

surface plasmon resonance (SPR)

33–37, 42, 71, 82, 172, 175,

191, 193, 196, 216, 219, 286,

293, 317, 321, 322

surface plasmons 21, 29, 34, 192,

215, 216, 227, 247, 289, 338,

339

TCSPC see time-correlated

single-photon counting

techniques 42–44, 65, 67, 103,

124, 144–146, 150, 153–156,

159–161, 163, 223, 227, 282,

342, 343, 345

chromatographic 67

colloidal chemistry 36

electrochemical deposition

344

hydrothermal 320

layer-by-layer 103

lithography 372

nanofabrication 282

optical 42

spectroscopic 232

synthetic 62

therapeutic 74

time-correlated single-photon

counting (TCSPC) 190, 205

volume plasmons (VPs) 6, 15, 215,

218

VPs see volume plasmons

waves 13, 14, 16, 19, 21, 26, 185

diffracted 158, 159

evanescent 4, 5

fundamental 326

longitudinal 14, 296

phonon 349

X-ray diffraction (XRD) 43, 158,

159, 318

XRD see X-ray diffraction
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