
Index

a
ab initio methods 357ff.
– DFT calculations 370
absorbtion
– acceptor 6
– band-edges 136
– bleached 46
– bulk 350
– coefficient 14, 386, 388
– condensed media 103
– cross-section 14, 136
– cyclic-multiphoton absorption

mechanism 212
– fluence 348
– four-photon absorption cross-section 136ff.
– induced 46
– IR beam 79
– mid-infrared 25
– multiphoton 136f.
– nonlinear 156f.
– one-photon 14, 138
– polarized absorption spectra 261ff.
– steady-state spectra 148
– three-photon absorption cross-section 136,

138
– transient absorption spectra 271, 549
– two-photon absorption 156, 591
– two-photon absorption cross-section 156ff.
– UV 176
activation
– barrier 319, 329, 331
– energy 319, 324, 329, 331, 411f.
adenine–silver complex model 31ff.
adsorbate
– conformation 327f.
– -induced electronic states 348
– –metal complex 10, 30
– surface 84
– surface-enhanced HRS 96

adsorption
– associative 327f.
– chemical 30
– CO 84f.
– dissociative 111, 319, 327ff.
– electrostatic 242
– energies 327f., 330
– ion 81
– metal surface 84
– molecular 34, 327
– monomer 390
– selective 177, 204
– structure 327
AEM (Auger electron microscopy) 242, 342
– current oscillation 242f.
– depth profile 248
– ionization 163, 306ff.
– process 156, 164
AFM (atomic force microscopy) 4, 23f., 26,

206ff.
– cantilever 24, 118
– contact mode 26, 33
– non-contact mode 320
– sensitivity 118
– surface morphology changes 449f., 498f.,

527, 531, 534ff.
annihilation
– electron–electron 307
– exciton–exciton 205, 217, 220, 307
– one-electron 365
– operator 378
– sequential 217
– singlet–singlet 217
anti-Stokes Raman scattering 28
– coherent, see CARS
– spectra 16
Antoniewicz model 364
aperture
– closed 156f.
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– NA (numerical aperture) 158
– open 156f.
– size 57
– sub-wavelength 56
Arrhenius plots 411f.
atomic orbitals (AOs) 358f., 368, 370
Auger electron microscopy, see AEM
Auger recombination 351
autocorrelation
– curves 141ff.
– interferometric 134, 137
– trace 343
autocorrelation function
– fluorescence 141, 143, 149f.
– second-order orientational 62
– temporal fluctuation of fluorescence

intensity 140f.

b
background
– far-field 28
– free-detection 106
– scattering 379
band gap
– bulk 300
– energies 36, 158
– quantum confinement 300
– size-tunable 294
– structure of CdS quantum dots 298f.
– TiO2 320
band theory 357ff.
Belousov–Zhabotonsky (BZ) reaction 178
blinking
– dynamics 156, 163
– intrinsic 306
– kinetics model 310f.
– modified 308ff.
– photoluminescence 162f., 306f.
– Raman spectrum 34
– suppression 310
Bloch basis 359, 368
block copolymer
– diblock copolymer 203f., 206ff.
– film 203ff.
– functional chromophore 203f.
– functionalization 203, 208
– polymer microspheres 205ff.
– site-selective doping 208ff.
– surface morphology 208ff.
Boltzmann
– constant 141, 360
– distribution 118, 122
– kinetics 357
bonding

– chemical 25
– covalent 25
– distance 32f.
– p-type 389
Born approximation, see SCAB
Bose–Einstein distribution 379
bottom-up method 239
boundary condition 145, 359
– Direchlet 366, 369
– nonperiodic 376
– periodic 375f.
boundary element method 6f.
bridge model 386, 389
bright field optical microscope 178
Brillouin zone 345
Brownian motion 118, 120, 149, 159, 161,

227, 552ff.
Brownian ratchet mechanism 229
Brønsted acid 428ff.
building block
– heterologous 187
– homologous 187

c
CAI (computer-assisted irradiation) 174,

177ff.
– designing polymers 177ff.
CARS (coherent anti-Stokes Raman

scattering) 28, 547, 549
– nonlinear CARS process 29f.
– polarization 28f.
– tip-enhanced near-field CARS

microscopy 29
catalyst
– acidity–basicity 317f., 332f.
– Ag/Al2O3 402ff.
– CuO/ZnO 427
– electrocatalyst 84
– heterogeneous oxide 317, 384, 427
– PdO/ZrO2 427
– three-way 401
– zeolite-based 401f., 405, 407, 420
catalytic
– dehydration 317ff.
– dehydrogenation 317ff.
– dynamic catalytic reaction 327ff.
cavitation bubble 550ff.
CCD (charge coupled device), see detector
cell, see living cell
channel
– micro- 229f.
– nano- 204
charge carriers
– recombination process 164, 270
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– transfer 4, 203
– transient trapping 311
– trapped 305f., 310
charge transfer/transport, see (CTs)
chemometrics 624
chirality
– bundle 517, 519f.
– helical 517, 519
– molecular 516ff.
– supramolecular 515, 517, 520f.
– three-axial 516ff.
– tilt 517f., 520
cluster
– ad- 363f.
– Ag 408ff.
– agglomeration 432, 435
– C60 clusters 259f., 264ff.
– carbonyl 428
– chiral 521
– clustering process 435ff.
– C60N

þ–MePH optically transparent
nanoclusters 264f., 270f.

– dynamic coalescence 432ff.
– growth 438
– hydrogen bonded [4þ4] 514ff.
– [4þ4] ion-pair 514
– model 359, 368
– nano- 260
– Pd 427f., 431f., 434
– pseudo-cubic hydrogen bonding 505
CO
– adsorption 84ff.
– monolayer 88
– multibonded 96
– oxidation 85
– TR-SFG measurements 84ff.
– transient site migration 87ff.
computer-assisted irradiation, see CAI
conductance 144f., 361, 380f.
– -drop 379
– electrode–molecule–electrode (E–M–E)

361
– molecular 365
configurational interaction (CI)method 358f.
confocal light scattering

microspectroscopy 561
confocal microscope 57, 133ff.
– confocal volume 141
conformation 279ff.
contact angle 283f., 288
coordination number (CN)
– Ag–Ag 408f.
– Pd–O 433ff.
– Pd–N 435f.

– Pd–Pd 430ff.
coupling 173
– constant 378
– dielectric 302
– dipole–dipole 302
– electron–nuclear (eN) 360, 375
– electron–phonon (eph) 340, 360, 377ff.
– exciton–phonon 299f.
– nondiabatic 360
– vibronic 6
crankshaft motion 461
cross-correlation analysis 120, 125ff.
CTs (charge transfer/transport)
– bulk level 357
– heterogeneous 357f., 382
– homogeneous 358
– inelastic 375ff.
– interfaces 357ff.
– molecular level 357
– semi-classical transport theory 384
– sequential 364
– static 358
current
– density 245, 247
– elastic correction 379
– in-flux 383
– oscillation 241ff.
– reduction 244
– STM tunneling 14
– –time curve 11
– tunneling 16, 317

d
decay
– emissive 6
– processes 3
– rate 13
decomposition
– DCOOH 332
– HCOOH 325f., 331
– parallel factor analysis (PARAFAC)

model 633f., 637ff.
– reaction 317, 325f.
– thermal 213
– time–domain data 346
– unimolecular 329
degree of freedoms (DoFs) 363
– nuclear 364, 382
– rotation 628
dehydration
– DCOOD on TiO2 318ff.
– HCOOH on TiO2 317ff.
– unimolecular 329
dehydrogenation
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– bimolecular 318, 329, 331f.
– HCOOH on TiO2 317ff.
– pathway 329, 331
– temperature 330f.
density functional theory, see DFT
density matrix 359, 365f.
density of states (DOS)
– local 45
– projected (PDOS) 389f.
deposition
– chemical vapor deposition (CVD) 280f.,

428
– dopant-induced laser ablation 204f., 211ff.
– electropdeposition, see oscillatory

electropdeposition
– Langmuir–Blodgett method 58, 60
– layer-by-layer 268
– oscillatory electrodeposition 239ff.
– reprecipitation method 217
– spin-coating 49, 58, 208, 215, 218
– thin-film 204
desorption-induced by electronic transition

(DIET) 364, 381ff.
desorption-induced by multiple electronic

transition (DIMET) 364, 382f.
detection
– efficiency 73
– -interface-selective 104f.
– interferometric 137
– single chromophore 162
detector
– avalanche photodiode 134, 218
– CCD (charge coupled device) camera 27,

41, 43, 73, 112, 427, 624ff.
– closed aperture 156f.
– ICCD (image-intensified charge coupled

device) 562
– microchannel-plate photomultiplier

(MC-PMT) 610
– multi-channel spectral 41
– open aperture 156f.
– photomultipliers (PMTs) 62, 73, 75, 77,

105, 343
– quadrant photodiode (QPD) 119
– single-channel photodetector 41, 45f.
DFG (difference frequency generation) 74,

77f.
DFT (density functional theory) 34, 317,

358f., 366
– HCOOH on TiO2 317ff.
– HF–DFT 358
– in situ 318
– KS–DFT 358
– time-dependent 393, 490

dielectric constant 19, 21, 74, 165f., 565
DIET, see desorption-induced by an electronic

transition
difference frequency generation, see DFG
diffraction limit
– infrared 580f.
– visible light light 3, 22, 39, 56f., 94, 137,573,

578
diffusion
– anomalous diffusion 648f., 656ff.
– coefficient 141f., 649ff.
– constant 142
– -controlled electron transfer processes 308
– DDDC (distance dependence of diffusion

coefficient) 657ff.
– distance 160, 652, 657
– -limited aggregation (DLA) 241, 250
– normal 650ff.
– real-time visualization 647ff.
– rotational/translational 133
– second-order diffusion-controlled 653
– spectral 162
– TDDC (time dependence of diffusion

coefficient) 657f., 661
– time 141, 151
– two-dimensional 226f.
– vector models 649
– velocity 141f.
DIMET, see desorption-induced by multiple

electronic transition
dipped adcluster model (DAM) 359
discret dipole approximation (DDA)

method 5, 12, 71f., 669ff.
dispersion
– curve 20
– group velocity 108
– Pd 432ff.
– relation 20
dissipative structures 189f.
– Bénard convestion cells 190ff.
– droplet arrays 193ff.
– evaporating polymer solutions 191ff.
– hierarcially ordered structures 193
– large-scale 190f.
– polymer dewetting pattern 195f.
– polymer-rich finger structures 192
– tears-of-wine 190ff.
DSC (differential scanning calorimetry) 180
double layer, see electric double layer
droplet
– deformation 283, 286, 288
– manipulation 279, 281
– net transport 285f.
– rachet motion 284ff.
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– spontaneous motion 281
dye exclusion test 554
Dyson equation 366, 378, 383
DZP, see polarized double zeta

e
eigenchannel 367
electric dipole moment 73, 94
– dynamic 7
– IR transition 76
– orientation 8
– Raman transition 76
electric dipole 75f.
electric double layer 80f.
electric field
– distribution 48ff.
– enhanced 48f.
– flourescence lifetime imaging microscopy

(FLIM) 607f., 610f.
– -induced aggregate formation 617ff.
– -induced quenching 616
electric field modulation spectroscopy 610
electrochemical
– etching 10
– oscillations 240f.
electrochemical quartz crystal

microbalance 248
electrochemical reaction systems 240f.
– Stark tuning 85
electrode
– asymmetric 284f.
– Au 80, 84
– counter 78, 253, 272
– crystalline disk 79
– ITO (indium–tin oxide) 264ff.
– photosensitive 260, 272
– potential 78, 81, 241
– Pt 80ff.
– Pt-poly 85
– reference 78, 244, 284, 286
– semi-infinte 362
– silver 5
– surface 81, 83f.
– working 78, 253, 272
electrolyte
– concentration 81
– solution 78f.
– ultra-thin layer 250ff.
electromagnetic
– distributions 9
– enhancement 4ff.
– field 94, 159
– simulations 48
– theory 46, 48

electron
– bath 382
– conduction 42
– density 329f., 338, 446
– distribution function 360
– –electron scattering 46
– –hole pairs 250, 350, 364, 382
– hot 347, 349, 363, 381, 384
– injection 338, 362, 364, 381
– lifetime 338, 344
– photoinduced electron transfer 260
– photoinduced hot 350
– –photon scattering 46
– primary 384
– secondary 384f., 389
– solvation 344ff.
electron transfer 6, 163, 260, 328
– inter-molecular 614
– intra-molecular 614
– ultrafast proton-coupled 345
electron
– transient trapping 307, 383
– tunneling 13, 163, 319
– wet 345
electronic
– absorption resonance 349
– excitation probability 14
– state 30, 348
electronic structure theory 359, 381
electronic transition state theory (eTST) 383
electrophoresis 228f.
emission
– angle 75
– count rate 218f
– fluorescence 3, 14, 512ff.
– intensity 220
– solid-state 513
enantiomeric
– crystals 528
– pseudo-cubic network 520
enantioresolution 511f.
endothermic reactions 104
energy
– acceptor 6
– binding 32f., 324
– confinement 299
– diagrams 94f., 327, 329
– level diagram 299
– profiles 360
– reorganization 360
energy–time uncertainty relation 104
energy transfer 6, 268
– non-radiative 310
– rate 310, 364
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– ultra-fast non-radiative 310
enhanced green fluorescence protein

(EGFP) 557
enhancement
– chemical 30
– efficiency 5
– electromagnetic 4f., 30
– excitation 13
enhancement factor 5
– field (FEF) 6ff.
– Raman 5, 49
– TERS 5
entropy 189
– conformational 191
– production 189
– transfer 189
EPR (electron paramagnetic resonance)

spectroscopy 419f., 469
equal-pulse transmission correlation

method 45
evaporation 22, 24
exchange-correlation (XC) functionals 358,

385
excitation
– de- 3
– density 603
– direct 362, 364
– electronic 361ff.
– incoherent 348
– indirect 362, 364, 381f.
– intensity 163f.
– intensity fluctuations 607
– inter-molecular 362
– intra-molecular 362
– laser power 219
– mechanisms 349ff.
– multiple pulse 351, 593
– one-electron 362
– out-of-focus 591, 593
– photon energy 338
– power dependence 218f.
– probability images 47
– pulsed 95
– Raman 105
– ratio method 615
– substrate-mediated 350
– surface adsorbate 350
– two-photon 591f.
– wavelength 50, 611ff.
exciton
– Bohr radius 293
– deep-trapped 302
– dynamics 220
– inter-band exciton recombination 298

– inter-exciton distances 220
– migration 218, 220
– non-radiative exciton recombination 303,

307
– self-trapped 218
exposure time 27, 33
extinction
– band 42
– coefficient 144f., 411
– optical 44
– peak 42f.
– peak shifts 42
– spectra 39, 43

f
fast braodband spectral acquisition 592
fcc model 386, 389
FCS (fluorescence correlation

spectroscopy) 139ff.
– biological systems 655
– confocal volume (CV) 655, 656
– experimental set-up 139f.
– inside single cells 662f.
– local temperature measurement 140ff.
– molecular diffusion 228, 645ff.
– non-emissive relaxation dynamics in CdTe

quantum dots 148ff.
– outside single cells 664
– sampling volume controlled (SVC-FCS)

656ff.
femtosecond transient absorption

spectroscopy 549
Fermi
– energy 319
– functions 367, 379
– level 338, 345, 350f., 362, 367f.
figures of merit (FOM) 158
finite-differential time-domain (FDTD)

method 5, 23
finite element electromagnetic simulations 8
first-order expansion 94
FLIM (flourescence lifetime imaging

microscopy) 602, 607ff.
– electric field effects 607f., 610f.
– in vitro 615
– in vivo 615f.
– pH dependence 607f.
– system 608ff.
fluorescence
– anisotropy 61f.
– anisotropy decay 63ff.
– auto- 591, 623f.
– beads 574, 579f.
– chromophores 162, 208f., 607f.
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– components 636f., 639ff.
– decay rate 12f., 602, 614f.
– delay time 624
– depletion effect 572
fluorescence depolarization method 61ff.
fluorescence
– donut-like enhancement pattern 6
– electrofluorescence spectrum 614, 616
– g–Em maps 635ff.
– enhancement 12, 303ff.
– epi- 557
– intensity 6, 13, 58f., 140
– lifetime 62, 607f., 610ff.
– line illumination 624, 627, 635
fluorescence microscopy
– flourescence lifetime imaging microscopy,

see FLIM 602, 607ff.
– time- and spectrally-resolved system 624f.,

629
– super-resolution laser-scanning fluorescence

microscope 571ff.
fluorescence
– multidimensional 623ff.
– polymer latex bead 558
– quenching 6
fluorescence recovery after photobleaching

(FRAP) 14, 649, 654
fluorescence
– solid-state emission 512ff.
– solution 630ff.
fluorescence spectroscopy 3f., 6, 25
– confocal system 559, 590f.
– excitation–emission matrix system 624ff.
– fluorescence correlation spectroscopy,

see FCS
– fluorescence dip spectroscopy 572
– line-scanning 591ff.
– point-by-point scanning 591, 597
– single (sub-) molecule STM

spectroscopy 13f., 16
– three-dimensional 558, 630ff.
– time-resolved 614, 636
– total internal reflection fluorescence,

see TIRF
– transient fluorescence detected IR,

see TFD-IR
fluorescence
– spectral imaging 591ff.
– two-color 571f.
– two-photon 561, 602, 677
– up-conversion fluorescence depletion 571f.
Förster resonance energy transfer (FRET)

302
force

– adhesion 118
– atomic 33
– effect 35
– electric double layer 118
– electrostatic 119
– femto-newton order 120
– friction 89
– gradient 159, 162
– hydrodynamic interaction 120ff.
– Lorentz 259, 266
– magnetic 259, 264, 266
– photon 117ff.
– repulsive 33, 282
– scattering 159
– van der Waals 535
– weak 118f.
Fourier electron density map 446
Fourier transformation 104f.
– SHG spectrum 111f.
– time-domain response 105f., 108
– voltage oscillation 251
Fourier transform infrared spectroscopy,

see FTIR
fourth-order coherent Raman

scattering 103ff.
– buried interfaces 103ff.
– frequency domain detection 112
– frequency domain spectrum 112
– time-domain detection 112
Frank–Condon
– factor 361
– mechanism 95, 364
– state 448
FRAP (fluorescence recovery after

photobleaching) 228
frequency
– angular 20f.
– -domain detection 112
– -domain filter 351
– -domain method 614
– -domain spectrum 112
– intrinsic frequency shift 25
– IR 76
– peak 30
– resonance 19, 21, 29
– second harmonic 104
– shifts 31f., 87
– transverse-mode 44
– vibrational 31
Fresnel
– coefficients 91, 340
– factor 75, 79
– formula 384
friction 89, 91
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FWHM (full width at half maximum) 29,
86f., 95

– Gaussian pulse 105f.
– NIR laser microscope 134, 137
FTIR (Fourier transform infrared)

spectroscopy 410ff.

g
Gaussian
– beam 157
– conformation 56
– distribution 261
– function 86, 111
– profile 10
– pulse 135
glass transition temperature 180
Gran–Taylor prism 77
Green dyadic formalism 45
Green�s function theory 359, 361, 366ff.
– matrix (GFM) 366, 368
– NEGF (nonequilibrium) 365ff.
– NEGF–DFT 365, 367f., 373, 383f.
– NEGF–SCF 367ff.
– perturbation (PT-GF) 368
– retarded 379
– time-dependent 394
guest
– exchange reaction 522
– molecules 511
– volumes 510

h
Hamiltonians 365ff.
Hartree–Fock (HF) method 358f.
Heaviside function 10, 383
higher order multiphoton excitation, see NIR

laser microscope
higher order multiphoton fluorescence

135ff.
highest occupied molecular orbital, seeHOMO
highly oriented pyrolytic graphite (HOPG)

11f.
hole-trapping 308
holographic Super Notch filters 78
Holstein model 376, 381
HOMO (highest occupiedmolecular orbital)

373
homodyne scheme 106
hopping mechanism 308, 324, 360
host–guest
– assemblies 505
– chemistry 465, 505
– complexation 522
host frameworks 510f.

hot spot 49f.
HRS (hyper-Raman scattering) 72, 94ff.
Huygens–Fresnel integration 157
hydrocarbons
– oxidation 412f.
– oxidative activation 416ff.
hydrodynamic force measurement 122ff.
hydrogel 89
hydrogen-bonding 91, 512
– acceptor 515, 520
– donor 520
– multipoint 205
– networks 512, 515f.
– water 80, 83f., 91
hydrogen
– effect 404f., 409f., 415, 417f.
– switching 409, 416f.
– waves 80, 85
hydrophilic
– core 516
– glass beads 288ff.
– substrate 234
– surface 91, 229, 282f., 285, 287
hydrophobic
– beads 290
– phenyls 515
– surface 92, 230, 282, 287
hyper-Raman spectroscopy 94, 96

i
ICP-MS (inductively coupled plasma mass

spectroscopy 679
IETS (inelastic electron tunneling

spectroscopy) 4, 368, 375ff.
illumination 14, 27
– fluorescence line 624, 627, 635
– light field 25f.
– Raman scattering 25f.
– side 10
image
– CARS 29
– excitation probability images 47
– flourescence intensity 610f.
– fluorescence SNOM 57ff.
– optical transmission 137
– near-field Raman excitation 50f.
– near-field transient transmission 46f.
– near-field two-photon excitation 47ff.
– scanning fluorescence 138
– simultaneous STM–TERS 11ff.
– NIR laser microscope four-photon

fluorescence 138
– NIR laser microscope three-photon

fluorescence 138
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– NIR laser microscope two-photon
fluorescence 138

– transient fluorescence 577f.
– transmission 635f.
imaging
– bioimaging 646, 676
– fluorescence lifetime 607ff.
– high-speed 556
– light scattering spectroscopic 547ff.
– multidimensional fluorescence 623f.,

635ff.
– multiphoton fluorescence 134, 137
– nano- 23
– near-field two-photon excitation 49f.
– nonlinear 42
– off-resonant 29
– on-resonant 29
– quantitative 607
– real-space 56
– single molecule 294
– spectral fluorescence imaging 591f., 598ff.
– three-dimensional biological 156
– time- and spectrally resolved

fluorescence 626f., 635ff.
– total internal reflection fluorescence

(TIRF) 557
inelastic electron tunneling spectroscopy, see

IETS
instrumental response function (IRF) 637
intensity ratio method 612
interactions
– acid–base 430f.
– attractive 89
– bilayer–substrate 230ff.
– carrier–carrier 164
– chemical 30
– coefficient 123f., 128
– Coulomb 20, 266, 318
– dimer–dimer 385
– dipole–dipole 300
– electric double layer 231
– electrostatic 89, 231, 261
– force 118, 120, 122ff.
– homologous pair–pair 188
– hydration 231
– hydrophobic 264
– inter-chain 63f.
– intermolecular 3, 133, 218, 512f., 535
– intra-chain 64
– lattice–electron 300
– metal–support 427f.
– molecular–molecular 279
– molecule–substrate 76, 279
– repulsive 61, 89

– van der Waals 117f., 230f.
interface
– aqueous solution/nitrobenzene 283
– Au thin film electrode/electrolyte

solution 80
– burried 103f.
– concentric pattern 241
– disk/water 79
– electrode/electrolyte 71, 80
– fourth-order coherent Raman

scattering 108ff.
– gel/solid 89
– hexadecane/solution 108
– ice/air 92
– liquid/air 241, 250, 252ff.
– liquid/liquid 108ff.
– molecule/bulk 360
– OTS/quarz 92
– protic/solvent metal-oxide 345
– PVA gel/hydrophobic 91
– PVA gel/OTS-modified quartz 92, 96
– PVA gel/quartz 89, 92, 97
– Pt thin film electrode/electrolyte

solution 80ff.
– quartz/electrolyte 79
– quartz/water 79, 81
– -selective detection 104f., 113
– semiconductor/solution 250
– solid/liquid 71f., 84, 96, 260, 270, 340
– solid/liquid/liquid 289
– solid/solid 89
interfacial
– charge transport 365
– force 283
– frictional behavior 89, 92
– molecule/bulk CTs 357f.
– molecular structure 89
– structures 71
– tension 283f.
– water 71, 79, 89ff.
intersystem crossing 6
ion beam etching 239, 243
ion-exchange 429
IPNs (interpenetrating polymer

networks) 175
IR (infrared) absorption spectroscopy 25, 85,

94
IR microspectroscopy
– application 573f.
– single cells 571
– super-resolution, see TDF-IR
IR–visible
– double resonance signal 577
– SFG measurement 72f.
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isomer
– closed-ring 444, 446f., 451f.
– open-ring 446f., 451
isomerization dynamics 340

j
Joule heating 375
junction
– electrode–molecule–electrode 365ff.
– metal–molecule–metal 360

k
Kadanoff–Baym ansatz 367, 383, 393
Keldysh formalism 365f.
Keldysh–Kadanoff–Baym (KKB)

equation 366
Kerr effect 156f.
kinetic potential analysis 123ff.
Kohn–Sham (KS) framework 358
Kretchmann configuration 21
Kronecker product 629
Kubelka–Munk 409

l
Lambert–Beer law 176f.
Landauer formula 360ff.
Landauer–Buttliker 367
Langevin equations 123
Langmuir–-Blodgett transfer process 26
Laplace equation 6
Laplacian field 250
laser ablation dynamics 548ff.
– etching 550
– femtosecond 550
– phthalocyanine film 549
laser
– coherent beam 527
– continuous 15
– femtosecond 41f., 45, 47, 338ff.
– fluence 349, 555f.
– focal point 11, 558, 560
– free-electron 104
– nanosecond 338
– near-infrared laser microscope, see NIR
– non-destructive removal 555
– power 14, 27
– profile 86f.
– pulsed 14, 29, 134
– pump–pulse irradiation 86ff.
– repetition-rate 14, 159, 162
laser-scanning confocal microscope, see LSCM
laser
– short pulse 84
– spot size 10

– tabletop 104
laser trapping 119f., 122f., 158f.
– biological cells 691ff.
laser tsunami processing 547ff.
– in situ micro-patterning 556
– injection of nanoparticles 558ff.
– removal technique 556
– single animal cell manipulation 554ff.
– single polymer bead manipulation 551ff.
laser
– tweezer 554f., 691
– ultrashort pulse 134, 337, 340, 352
layered nanostructure, see oscillatory

electrodeposition
LEED (low-energy electron diffraction)

optics 318
light field 20ff.
– collection 26
– confinement 23
– evanescent 21, 119
light
– nano-light-source 23f., 26
– non-propagating 56
light scattering microspectroscopy 561ff.
– confocal 561ff.
– imaging system 561f.
– spectra 563
– supercontinuum 561
linear synchronous transit (LST) 319
lipid bilayer 225
– artificial 225ff.
– composition 233
– fluidic 227f.
– molecular manipulation 233ff.
– patterned 226
– properties 225f.
– self-spreading 229ff.
– two-dimensional diffusion 226f.
lithography
– dip-pen nanolithography (DPN) 226f.
– electron-beam lithography (EBL) 233f., 239
– nano-sphere lithography (NSL) 233f.
– photo- 239
living cell
– dynamic motion 689f.
– extracellular matrix (ECM) 657ff.
– extracellular pH 613, 615
– gold nanorods 674ff.
– injection of nanoparticles 558ff.
– intracellular pH 607f., 612ff.
– intracellular spectral gradient 596ff.
– laser trapping 691ff.
– laser tsunami 554ff.
– manipulation of single animal 554, 556
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– membrane, see photosynthetic membranes
– molecular diffusion 645
– patterning methods 555f.
– photochemical damage 556, 560, 602, 624
– photothermal damage 556, 602, 624, 676
– separation 699f.
– suspension 615, 617, 695ff.
– TDF-IR imaging 581ff.
local field effect 158
local plasmon, see plasmon polaritons
location model 511f.
lock-in amplifier 46, 134, 611
longitudinal optical (LO) phonon 300
Lorenz–Mie regime 159
low-energy electron diffraction, see LEED
lower critical solution temperature (LCST)

178
lowest order expansion (LOE) 378f., 381, 393
lowest unoccupied molecular orbital, see

LUMO
LSCM (laser-scanning confocal microscope)

177, 561, 590f., 599, 604, 625
LUMO (lowest unoccupied molecular

orbital) 322, 373, 389

m
Mach–Zehnder interferometry (MZI) 182
magnetic dipole 96
magnetic field effects (MFEs) 259f., 268
magnetic
– gradient 259, 263, 266
– orientation 259ff.
– processing 264ff.
magnetohydrodynamic mechanism 259
mapping
– high-speed 8
– optical 22
– spatial 578
– spectral 11, 27
– STM–TERS intensity 11ff.
– tip-enhanced near-field Raman spectral 28
Marcus theory 357, 360ff.
Maxwell�s equation 5, 669
mean-field level theory 358
mean residence time 141
mean-square displacement (MSD) 227f.,

650ff.
membranes, see photosynthetic membranes
Menzel–Gomer–Redhead (MGR) model 364
metal
– electroactive ion 244f.
– –molecule complexes 30
– nanostructure 4f.
– periodic nano-architechtures 225

– subsurface 5
microfluidic system 230, 233, 281, 285
– channel 281f.
– three-dimensional 230
microdomain 204, 208, 213
micro-spectroscopic systems 133ff.
Mie theory 5, 669
migration
– exciton 217
– nanoparticle 564
mode
– alkali–substrate stretching 346f.
– alternative bond length (ABL) 379
– assembly 519
– axial 36
– bulk phonon 111
– C–C stretching 27
– C–N stretching 27
– Cs–Pt stretching 341, 345, 350f.
– dipolar 43f.
– frustrated rotation 88, 104
– frustrated translation 88, 104
– hyper-Raman active 94ff.
– IR-active vibrational 72
– lateral 347ff.
– longitudinal plasmon 42ff.
– molecular diffusion 225
– packing 517
– phonon 345, 379
– Raman active 94ff.
– ring breathing 27, 30, 35
– ring stretching 29f.
– selective excitation 351f.
– silent 72
– stacking 519
– surface normal 341, 348
– surface phonon 111, 341, 347, 351f.
– transverse plasmon 42ff.
– vibrational 16, 34
modulators 513f.
molecular
– aggregation 188
– architectures 522f.
– arrangements 530f., 538
– bond length 30
– conformation 531
– diffusion dynamics 225f., 228, 648ff.
– dynamics 133ff.
– fingerprint 571
– fluorescence 6
– information 516ff.
– manipulation 225. 228, 233ff.
– nano-identification 19
molecular orbital (MO) theory 26, 358ff.
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– renormalized (RMO) 373
– restricted 374
molecular
– orientation 35
– segregation 225
– single molecular detection (SMD) 648
– separation 226, 228
– structure distortion 6
– transportation 229f.
– vibration 3, 13, 76
– vibration energy 25
– vibration frequencies 29
– weight 58ff.
molecule
– amphiphilic lipid 225
– dimer 49f.
– lipid 225
– steroidal 522f.
– transport 104
– vibrational excitation 13f.
moletronics 357, 360, 365
momentum conservation 73, 75
monolayer
– OTS (octadecyltrichlorosilane) 92f.
– polar 75
– self-spreading 229f.
morphology changes
– bulk crystals 531f., 539f.
– laser ablation dynamics 550
– microcrystals 532ff.
– organic crystals 527ff.
– photochromic single crystals 498f.
– triisobenzophenone 537ff.
morphosynthesis of polymeric

systems 173ff.
Møller–Plesset perturbation (MP)

method 358
Mulliken charges 327f., 331, 373f.
multichromophoric systems 217, 219
multiphoton microscopy 602
multiple multipole method (MMA) 12
multiple-particle-tracking microrheology

(MPTM) 650
multi-reference self-consistent field (MSCF)

358f.

n
nano-analysis 19f., 31
nanocrystals
– adenine 27f., 30ff.
– monodispersed 148
– organic dye 217, 221
– size 217f.
– surface 33

nanodevices 268, 272
nanoparticle
– aggregates 301f.
– CdS 268, 293ff.
– CdTe 148ff.
– colloidal 293, 295
– crystalline 42
– diameter 42
– gap 48
– gold 42f.
– metal 19, 21f., 39
– Mn2þ-doped ZnS 268ff.
– noble metal 48ff.
– organic 205
– patterning 203
– polarization 21
– self-defocusing materials 157
– -spheres 42f., 48ff.
– synthesis 295ff.
nanorods 42f.
– aggregation 670
– aspect ratio 42f.
– biocompatible 670ff.
– biodistribution 673f.
– CTAB-stabilized gold nanorods 670ff.
– gold 42f., 669ff.
– in vivo 675ff.
– in vitro 677
– lightning rod effect 47
– living cells 674f.
– metal 45
– PC-modified gold nanorods 671f., 678ff.
– PEG-modified gold nanorods 672, 674,

677ff.
– photoreaction 680ff.
– plasmon-mode wavefunctions 42ff.
– spectroscopic properties 669f.
– two-photoninduced photoluminescence, see

TPI-PL
– ultrafast near-field imaging 45ff.
nanostructure
– construction by magnetic fields 259ff.
– construction by spin chemistry 259
– metal filament 250ff.
– modification 203ff.
near-field optical spectroscopy 22, 40f.
near-field transmission images 42f., 46f.
near-field transmission spectra 42ff.
near-field two-photon excitation images

47ff.
NEGF, see Green�s function theory
NIR (near-infrared) laser microscope 133ff.
– femtoseond 133ff.
– higher order multiphoton excitation 133ff.
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– higher order multiphoton fluorescence from
organic crystals 135ff.

– multiphoton fluorescence imaging 134,
137

– time-resolved 134
NMR (nuclear magnetic resonance) 516
– diffusion-ordered NMR spectroscopy

(DOSY) 649
– pulsed field gradient (PFG-NMR) 649,

659f.
noncolinear optical parametric amplification

(NOPA) system 340ff.
nonlinear optical (NLO)
– phenomena 27
– properties of CdTe quantum dots 155ff.
– second-order process 71f., 94
– third-order effect 156
NO
– consumption rate 415
– oxidation 411, 415
– selective reduction 413, 428f.
NOx
– conversion 402ff.
– NSR (NOx storage-reduction) 401
– reduction technologies 401ff.
– storage materials 401
NSR, see NOx
nuclear wavepacket
– coherent 347, 349, 351
– displacement 341, 350
– motion 104, 343ff.
nuclear wavepacket dynamics 337ff.

o
OH
– oscillators 91
– -stretching region 79, 81f., 90, 92f., 96
one-bond-flip (OBF) motion 461
OPA path 77
open density matrix 364
optical fiber probe 40ff.
optical
– field 47ff.
– fourth-order coherent Raman scattering

transitions 104ff.
– manipulation 159
– subwavelength scale measurements 49
– switching 158
– trapping 158f., 552
organic field effect transistor (OFET) 197
organic fluorophores 512f.
organic inclusion crystals 505ff.
– dynamics of steroidal 506ff.
– guest-responsive structures 506f.

– intercalation in bilayer crystals 508f.
– solid-state fluorescence emission 512ff.
ORTEP drawings 446, 463, 477f., 491, 530,

538
oscillation
– amplitude 43
– collective electronic 42f.
– current 241
– electrochemical 241
– frequency 43, 349
oscillatory electropdeposition 241ff.
– Au 252f.
– Cu/Cu2O 247ff.
– Cu–Sn alloy 242f.
– growth 252f.
– iron-group alloys 246f.
– layered nanostructure 242ff.
– ordered architectures 241
Ostwald ripening 295
OTS (octadecyltrichlorosilane) 92f.
oxygen
– bridging 319ff.
– defect 319ff.
– selective transfer 495
– vacancies 318, 324, 326

p
packing coefficient 510f.
packing diagram
– Cp* rings 496f.
– inclusion crystals 508
parallel factor analysis (PARAFAC)

model 624f., 627ff.
– decomoposition 633f., 637ff.
particle-in-a-sphere model 293
particulate materials (PM) 401
Pauli principle 382
penetration 103, 138
perturbation
– expansion 378, 381
– order 364, 378
– theory 378
pH
– electrolyte 250
– in situ measurements 248
– SFG intensity 81
phase separation 178, 180ff.
– microphase separation structure 203, 206,

208f., 215
– nanoscale networklike 208f., 216
– reversible 181
– sea–island 206, 208f., 215f.
– worm-like 208, 210f., 217
phase transition
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– benzyl muconate crystal 476
– thermal 449, 527f.
phonon
– bath 379
– coherent surface 341, 345, 350ff.
– dynamics 340f.
– frozen-phonon approximation 378
– longitudinal optical (LO) 340f.
photoactivation 303, 305ff.
photoactive species 390f.
photoautotrophic 594ff.
photobleaching 25, 163, 305, 596, 607
photocatalysis 357
photochemical reactions 173ff.
photochemistry 381ff.
photochromic reaction 490ff.
photochromism
– crystalline-state 487ff.
– rhodium dithionite complexes 487ff.
– single crystals 443ff.
– transition-metal based 488
photocurrent 267, 272
photocyclization reaction 446ff.
– asymmetric 528f.
– enantiospecific 528f.
– microcrystals 532ff.
– Norish type II 528
– quantum yield 447f.
– single-crystal-to-single-crystal 527ff.
photodesorption 364
– metal 364
– nitric oxide on Ag surface 384ff.
photodimerization 174, 178, 527
– [2þ2] 465ff.
– anthracene 181f.
– benzyl muconates 465ff.
– cyclodimerization 465
– 1,3 dienes 465
– reversible 181f.
photodiode, see detector
photodissociation 174, 181f.
photoelectrochemical reaction 259f.
photoexcitation 46f., 267, 273, 338, 616
photoinduced
– charge separation 270
– electron-transfer reactions 270f.
– intermolecular electron-transfer 271f.
– reverse electron-transfer process 272
– surface dynamics of CO 84ff.
photoinhibition 596
photoirradiation 267, 273, 443, 448ff.
photoisomerization 282, 443, 449, 453,

460ff.
– benzyl (Z,Z) muconates 460ff.

– bicycle-pedal model 461
– EZ-photoisomerization 460ff.
– hula-twist process 461
– solid-state 460f.
photoluminescence
– CdS quantum dots 161f., 293ff.
– color 294, 298
– electro- 197
– enhancement 303ff.
– intensity 161, 164f.
– intensity time-trajectories 163f.
– intermittency, see blinking
– lifetime 304, 310
– monolayer films 268ff.
– on–off, see blinking
– polarization degree (p-value) 269f.
– polarized spectra 269
– quantum efficiency 303f.
– size-dependent 294, 298
– spectral shifts 299ff.
– time-dependent 161
– two-photon absorption-induced 161f.
photomechanical effect 448f., 550
photomultipliers (PMTs), see detector
photon
– antibunching 205, 217, 219ff.
– bunching 163
photon correlation 218, 220f.
– Hanbury–Brown set-up 218
– Twiss set-up 218
photon force measurement 117, 121f.
photon
– -in/photon out/photon method 73
– interphoton times 219
– local density of states 45
– multiphoton 133ff.
– pulse 75
– pressure potential 159ff.
– Raman-shifted 27
– single-photon sources 217, 220
photonics dewetted structures in

organic 196f.
photoreversible shape changes 450ff.
photosensitization 178f.
photosynthetic membranes
– fluorescence microscopy 590ff.
– heterotrophic conditions 595f.
– photoautotrophic conditions 594ff.
– pigment-protein complexes 580f., 592
– spectral fluorescence imaging 591ff.
– thylakoidmembranes in chloroplasts 590f.,

598ff.
– thylakoid membranes of cyanobacteria

590, 594
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plasmon polaritons 19ff.
– local 19, 21, 23, 30, 39
plasmon resonance
– localized 19ff.
– wavelength 13
point-spread function 597
Poisson process 653
polarizability
– dielectric particles 159
– first-hyper 73
– hyper- 75
– linear 73
– molecular 74
– second-hyper 73
polarization 23, 41
– anisotropy 61
– coherent 343
– excitation 61
– incident polarization directions 41, 48ff.
– in-plane 34
– IR beam 77
– out-of-plane 34
– p- 23, 81, 106, 110, 350
– parallel incident 48, 50, 61
– perpendicular incident 49, 61
– s- 23, 119, 350
– static 74
polarized double zeta (DZP) 385
polymer
– amorphous 189
– bio- 522
polymer blend 178ff.
– recycling 181ff.
– scattering profiles 182f.
polymer brush 61ff.
– dynamics 63ff.
– graft density 63ff.
polymer chain
– confined 55f.
– conformations 55f., 58ff.
– dynamics 61ff.
– grafting 55, 61, 63
– mobility 63f.
– PMMA (polymethyl methacrylate) 58ff.
– three-dimensional 60
– two-dimensional 60
polymer
– conjugated 261
– copolymer, see block copolymer
– crosslink 174, 181, 214, 216
– diblock copolymer 203ff.
– droplet 193ff.
– graded co-continuous morphology 176
– interpenetrating polymer networks, see IPNs

– microspheres 205ff.
– multicomponent 173f.
– solution, see dissipative structures
– spatially graded structures 175ff.
– syndiotactic 476
– wrapping 260f
polymerization 61, 175, 466f.
– benzyl muconates 465f., 471ff.
– electro- 259
– expanding 472ff.
– heterogeneous 476ff.
– homogeneous 476ff.
– rate 472ff.
– reactivity 470ff.
– shrinking 472ff.
– solid-state 469, 471f.
– strain 474ff.
– surface-initiated atom transfer radical 63
– thermally-induced 475
– topochemical 469
– UV- induced 473ff.
– X-ray-induced 474
potential
– cycling 78
– embedding 371
– energy slope 359
potential energy surfaces (PESs) 359f.,

363f.
– Helmholtz double layer 244
– kinetic, see kinetic potential analysis
– oscillation 242, 247f., 250
– profile 81, 118, 120f.
– thermal 161
– three-dimensional profile 118, 120, 122f.
– trapping, see trapping potential analysis
potential
– induced 371f.
– mean-field 371f.
promotion effect 247f.
protrusion 320
– formic acid on TiO2 321ff.
– gold 22
– nano- 22f.
PSTM (photon scanning tunneling

microscopy) 4
pump–probe
– delay times 46, 338, 340, 343
– measurement 73
– pulses 339
– spectroscopy 337
– transient absorption scheme 45f.
– transitions 105
PVA (polyvinyl alcohol) gel 90f.
– pressure 91ff.

Index j717



q
quantum chemical calculations 31
quantum confinement effect 293, 300, 360
quantum dots, see nanoparticle
quantum
– information science and technology 162
– intensity trajectory 310
– single quantum systems 205
– size effect 268
– yield 12, 512, 598
quartz surface 90ff.
quenching 25, 176

r
radiation pressure 119f.
radical
– chain mechanism 469
– decay of radical pair 270ff.
– pair mechanism 272f.
– photogenerated triplet biradicals 259
radius of gyration 56, 59f.
radio-frequency identification (RFIDs)

tags 197
Raman active material 49
Raman bands 26ff.
– intensity 27, 50
– Rhodamine molecules 50
– shift 30
Raman microscope 26
Raman scattering, see Stokes Raman

scattering
Raman spectroscopy
– confocal 248
– ex situ 252
– in situ 248, 252
– intensity 5, 8f., 11
– intensity distribution 28
– micro- 25, 27, 252ff.
– near-field nano-Raman spectroscopy 25f.
– near-field Raman excitation images 49f.
– nonlinear 25, 28, 41, 71ff.
– oscillatory electrodeposition 252ff.
– resonance Raman scattering, see RRS
– signal enhancement factor (EF) 11
– single-molecule 19
– STM–Raman spectroscopy 4
– surface-enhanced Raman scattering,

see SERS
– third-order 105
– tip effect 30ff.
– tip-enhanced Raman scattering, see TERS
Raman spectrum
– adenine 31ff.
– far-field 28, 30

– near-infrared (NIR) 30f.
– peak shift 33f.
– temporally fluctuating 35
– tip-enhanced near-field 33f.
Rayleigh light scattering spectroscopy 548,

561ff.
Rayleigh
– particles 160
– scattering 3, 26
reaction 357ff.
– cathartic 653
– cavities in crystalline-state reaction

495ff.
– cross-linking reaction 214
– crystalline-state photochromism 490ff.
– photochemical biomolecular reaction

(PVBR) 659f.
– signaling 652ff.
reaction path
– HC–SCR 414f.
– lowest-energy 494
– switchover 331
reaction propability 382ff.
recognition mechanism 511f.
recrystallization method 510, 528
refractive index 20f., 75
– complex 384
– dispersion 134f.
– imaginary part 120
– nonlinear 157
– relative 22
relaxation
– anisotropy 62
– charge-induced non-radiative 163
– non-radiative 302
– non-radiative Auger 298
– phonon-assited non-radiative 298
– radiationless 364
– radiative 298, 302
– tension 558
– time 76, 165, 338, 343
resolution
– atomic scale 4, 14
– lateral 8
– nanometric spatial 19
– SNOM 57
– spatial 3f., 14, 22, 28, 39f., 57, 134, 563,

580, 647
– sub-nanosecond time 629
– temporal 134, 648
– vertical 103
resonance
– condition 21, 24, 47
– transition 343
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s
SAM (self-assembled monolayer) 188f.,

268f., 272, 279f.
– partial decomposition 281
SANS (small angle neutron scattering) 56, 60
scanning electron microscopy, see SEM
scanning near-field optical microscopy,

see SNOM
SCBA (self-consistent Born

approximation) 378
scatter-in (out) function of electrons 367
scattering
– electron–electron 384
– electron–phonon 378
– inelastic 3, 13, 25, 72, 94, 347
– inelastic nonlinear 94
– Rayleigh 3, 26
second harmonic generation, see SHG
second-order rate equation 329
SEHRS (surface-enhanced hyper-Raman

spectroscopy) 72
SEIRAS (surface-enhanced infrared

spectroscopy) 71
selective catalytic reduction (SCR) 401
– decane–SCR reaction 419
– HC (hydrocarbons)–SCR 401ff.
– n-hexane–SCR 411, 414
– promotion effect 415, 417, 420f.
– urea-SCR 401
self-assembly 49f., 187ff.
– bilayer vesicles 225
– blockcopolymer microphase

seoaration 188
– bottom-up 197
– chiral salt crystals 528
– lipid molecules 558
– micelles 188
– nanoparticle 49f.
– self-assembled monolayer, see (SAM)
– snow crystals 188
– top-down 197
– vesicle fusion process 226
self-energy 366f., 369, 381
– matrices 368, 370
self-organization 49f., 522
– Beouzoc–Zhabotinsky reaction 188
– biological cell 188
– dynamic 239f.
– oscillatory electrodeposition 239ff.
– static 239
self-spreading, see lipid bilayer
SEM (scanning electron microscopy) 24,

194, 196
– current oscillation 242f.

semiconductor 43
– magnetic 268
– n-type 320
– p-type 250
– quantum dots 155, 159, 162, 260, 268, 299
– wide-band gap 110
sensor
– bio- 226
– chemical 226
– immunosensor 21
SERS (surface-enhanced Raman

scattering) 4f., 30, 48ff.
– in situ 253ff.
– oscillatory electrodeposition 252ff.
– SERS–TERS 8ff.
– spectrum 30f.
SFG (sum frequency generation)

spectroscopy 71ff.
– conformational changes 282
– electrochemical measurements 78f.
– experimental arrangement 77
– in situ measurements 79
– intensity 76, 81, 86, 96
– interfacial water structures at PVA gel/quartz

interfaces 89ff.
– photoinduced surface dynamics of

adsorbed CO 84ff.
– potential-depending structure of

water 80ff.
– second-order 104
– spectrum 76, 78, 80f., 86f.
– time-resolved (TR-SFG) 71, 84, 87
– vibrational 74, 103, 113
SHG (second harmonic generation) 72, 74,

77, 105, 134f.
– experimental set-upff.
– intensity 111f., 340f.
– interferometric autocorrelation 134f.
– nuclear wavepacket motion at

surfaces 345ff.
– time-resolved (TR-SHG) 105, 338, 340ff.
ship-in-bottle method 428
signal-to-noise-ratio (S/N) 140, 623
single crystals
– absorption intensity 452
– diarylethene 444ff.
– molecular structural chnages 490ff.
– photochromic 443ff.
– photomechanical effect 448f.
– photoreversible shape changes 450ff.
– surface morphology changes 449f., 498f.
single molecule microscopy 308
single molecule spectroscopy 117, 163, 217
site-selective doping 205, 208ff.
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– dye-doped copolymer films 211ff.
– photoactive chromophore 208ff.
– nanoscale surface morphology 208ff.
slab model 359, 368
small angle neutron scattering, see SANS
SNOM (scanning near-field optical

microscopy) 3, 39ff.
– aperture-less 3, 40
– conformation of single polymer chains 56f.
– device 57
– scattering-type 40
– shear-force feedback method 41
solvation dynamics 344ff.
spatiotemporal 239f.
– non-uniform conditions 181
– patterns 241
– synchronization 239, 241f.
spectroelectrochemical cell 78f.
spectrophotometer 26
spin chemistry 259f., 272
spin–lattice relaxation 272f.
spin–orbit coupling (SOC) 272
SPM (scanning probe microscopy) 4, 13, 39
Stark shift 616
states
– antibonding unoccupied 343
– deep-trap 302
– delocalized 344
– donor/acceptor 360
– electron image potential 344, 350
– electronic density 317, 338
– excited 3, 6, 13f., 16, 76
– ground 6, 76, 105, 108, 272, 349, 364, 549
– inclusion 510
– intermediate 338
– intrinsic molecular 6
– liquid 510
– localized 344
– one-electron 358f., 361f.
– photostationary 452f.
– quasi-stable 329
STM (scanning tunneling microscopy) 4, 23,

239
– chemistry 363, 376
– HCOOH on TiO2 317ff.
– in situ 318
STS (scanning tunneling spectroscopy) 357
Stokes–Einstein model 141
Stokes law 159
Stokes Raman scattering 25
– cross-section 25
– hyper-Raman scattering, see HRS
– probability 25
– RRS (resonance Raman scattering) 10
Stokes shift 300, 631

sum frequency generation, see SFG
superconducting magnet 259, 261, 263f.
super-resolution laser-scanning fluorescence,

see fluorescence microscopy
supramolecular synthons 522
surface
– acid–base property 317
– adsorbed species 412, 414f.
– charge 282, 299
– coverage 280f.
surface defect 287, 294, 298, 305, 319, 322,

328f.
surface-enhanced hyper-Raman spectroscopy,

see SEHRS
surface-enhanced infrared spectroscopy, see

SEIRAS
surface-enhanced optical microscopy 22
surface-enhanced Raman scattering, see SERS
surface fourth-order coherent Raman

scattering 107f.
surface
– gold 6, 8ff.
– gradient 280f.
– Hirshfeld 511
– liquid 107f.
– metal subsurface 5
– morphology 208ff.
– morphology changes 527ff.
– passivation of defects 303, 306
– photochemical reactions 337
surface plasmon polaritons 20ff.
surface plasmon resonance (SPR)
– longitudinal SPR peak of nanorods 671,

681
surface
– polarization 301
– stoichiometric 327, 329f.
– switching 282ff.
– tension 281
– TMA-covered TiO2 110f.
– -to-volume ratio 293
surface wetting 279ff.
– boundary 285, 287
– distribution 285
– gradient 283, 286ff.
surfactant 242f., 281f., 242f., 245
super-exchange mechanism 361
susceptibility
– anisotropic 263
– first-order 74
– fourth-order 105
– second-order 74, 76, 103
– second-order nonlinear 340, 347
– third-order 74
– third-order nonlinear 155f.
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SWCNT (single wall carbon nanotube) 11,
35, 260

– -based composites 260ff.
– bundle 35, 263
– radial deformation 36
– semiconducting 262
– shortened 262f.
symmetry
– centro- 75, 94f.
– inversion 71f., 103
– molecular 72
– spatial 173

t
tempertaure
– deviation 145
– elevation coefficient 144ff.
temperature programmed desorption

(TPD) 324
TERS (tip-enhanced Raman scattering) 4f., 8,

10f., 24, 26ff.
– BCB (brilliant cresyl blue) 8f., 13
– intensity mapping 11ff.
– SERS–TERS 8ff.
– signal intensities 10
– SWNT bundle spectrum 30f., 35
TFD-IR (transient fluorescence detected

IR) 572ff.
– application to cells 581ff.
– fluorescence detection system 574f.
– optical layout for biological samples

575f.
– picosecond laser system 574
– picosecond time-resolved 578f.
– super-resolution 572ff.
– time-profiles 583
thermodynamic
– analysis of three-dimensional

potentials 118, 120, 122f.
– equilibrium 187f., 239
– instability 191, 196
THG (third harmonic generation) 77
thin film
– homopolymer 209, 213
– metallic 21, 24
– passivating 250
– polymer 55f., 208ff.
– polymer ultra- 55f., 58ff.
– Pt electrode 80
– thickness 56, 59f., 208, 241f., 249
– transparent polymer 217
third harmonic generation, see THG
third-order nonlinearity 28
tight-binding-layer (TBL) 369
time-of-flight (TOF) analyzer 339f.

tip
– aspect ratio 6f.
– design 24
– forces 31, 33, 35f.
– geometry 6, 8, 11f.
– glass fiber 23
– metal 4, 6, 22
– nano- 19, 22ff.
– optical fiber 3
– optimization 24
– –sample distance 8
– –sample gaps 6, 13, 23
– –sample separation 317
– silver 6, 8ff.
– –substrate separation 8
– tunneling 4ff.
TIRF (total internal reflection

fluorescence) 557
TOF, see time-of-flight
top-down method 239
topography 30, 51, 162
total internal reflection microscopy 119
TPI-PL (two-photon induced

photoluminescence) 47f.
transition
– dipole 62
– electronic moments 61f.
– electronic states 25, 573
– inter/intra band 388
– one-photon downward 95
– optical 104f., 362
– probability 104
– resonant electronic 350
– state (TS) 318, 329f.
– surface interband 350
– two-photon upward 95, 105
– vibrational 76, 573
transmission 597
– coefficient 361, 377
– matrix 367
trapping potential analysis 118, 124f.
Tucker3 model 628, 630
tunneling
– bias repetition rate 16
– coherent 361
– current 4, 375
– efficiency 163
– inelastic electron 16
– position 8
– probe 4
– quantum mechanical 300
– resonant 308
two-color double resonant spectroscopy 572
two-photonphotomession (2PPE) spectroscopy
– excitation probability 49
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– experimental set-up 339f.
– femtosecond laser pulses 338ff.
– interferometric time-resolved 339, 343
– time-resolved 338
two-state model dynamics 364^, 384
two-temperature model 382

u
UHV (ultrahigh vacuum) 318, 320, 339f.
– SHG 342f.
ultrafast
– electron dynamics 338
– laser 134f.
ultrafast spectroscopy 41f., 45f., 337
– near-field imaging of gold nanorods 45ff.
– time-resolved images 45
ultrafast surface dynamics 84
ultrashort NIR pulse 134
UV–VISs
– band height 409, 417
– in situ 405f., 410, 416
– –NIR spectrometer 262
– spectra 406f., 409

v
vacuum
– high 13
– ultrahigh 13
velocity
– fluctuations 126
– translational diffusion 141
vibration
– CO-stretching 85, 87
– frequency 3, 324
– low-frequency 104
– mode 25
– OH oscillators 80, 84
– OH-stretching 79, 81, 83
vibrational anharmonicity 87
vibrational coherence 104ff.
– alkali-covered metal surfaces 345ff.
– diphasing 347ff.
– TMA-covered TiO2 surface 110ff.
vibrational
– dynamics 337
– eigenstates 337
– nanospectroscopy 19, 84
– overtone 161
– relaxation dynamics 582ff.
viscosity 174
– -induced drag force 159
– solution 141
– temperature dependences 142
– water 232f.

voltammetry
– cyclic (CV) 79f., 80f., 85
– differntial pulse (DPV) 266

w
water
– cluster 80, 91, 233
– ice-like 80, 84, 91f., 96f.
– liquid-like 80, 84, 91f., 96f.
– molecule 80f., 83
– ordered layer 81
– potential-depending structure 80
wavefunction
– images 42
– longitudinal plasmon modes 43f.
– plasmon-wavefunction amplitudes 44
– steady-state 47
– total electron 360
waveguide effect 20, 368, 370ff.
wavelength
– component 636f.
– nonresonant 156
– observation 3, 16
– photon 19
– resonance peak 44
– sub- 49
wavenumber 20f., 87, 407
– bands 110f.
– -dependent sensitivity 107
– depth-dependent 111
– IR 103
wavepacket dynamics, see nuclear wavepacket

dynamics
wide-band-limit (WBL) approximation 367

x
X-ray absorption fine structure (XAFS)
– dispersive (DXAFS) 427f., 430ff.
– extended (EXAFS) 407, 410, 416f., 427, 429
– in situ 410, 416f., 427, 430ff.
– quick (QXAFS) 427, 432ff.
– time-resolved EXAFS 435ff.
X-ray absorption near-edge structure

(XANES) 436
X-ray diffraction (XRD) 80, 217
– diarylethene single crystal 444ff.
– organic inclusion crystals 507, 510
– polymerization 474, 476
– solid-state fluorescence spectra 513f.
– XRD–EXAFS 427
X-ray photoelectron diffraction (XPD) 329, 342

z
Zeeman splitting 272
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