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BaTiO3 nanoparticles (contd.)

— nonlinear refraction and nonlinear
absorption of BaTiO3-contained
suspensions 719-723

biogenic materials, LIFT of 274-275

biological laser printing (BioLP™) 289

biology, photoacoustic spectroscopy in

646-648
blister-based laser-induced forward transfer
(BB-LIFT) 251

blistering lift-off methods 304-305

Boltzmann constant 536, 579

bottom-up technology 53

Brillouin zone 513-514

Brownian motion of NPs 536

Brunauer, Emmett, and Teller (BET) method

535
bulk defects 47
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carbide NPs synthesis by LAL  447-451
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— — laser source 447
— - liquid medium 447
— — B-SiC quantum dots formation
448-449
carbon dioxide (CO,) laser
carbon nanocrystals (CNTSs)
— LIFT of 272
— — multiwall carbon nanotubes (MWCNTSs)
272
— synthesis by LAL  479-481, See also under
carbon nanocrystals; diamond
nanoparticles
— — carbon nanotubes 481
— — carbon nitride nanocrystals 481
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—-—inTHF 479
carbon nanotubes (CNTs) 243, 272-273,
293, 648, 655, 660, 670, 676
carbon nitride nanocrystals 481
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CATGIXRF program 109
cathodoluminescence (CL) 160, 567—568
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568-571
— — spatially resolved CL intensity mapping
569
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cavitations bubble formation 339-343
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applicationin  59-64
charge carrier dynamics
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— electron relaxation dynamics in metal
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— measurement of 679-684
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chemical vapor deposition (CVD) 271, 439
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385-386

classical nucleation theory (CNT) 168

cluster physics 73

clusters  74-75

— laser—cluster interaction 76-77
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coherence length (L;) 29

coherence time (t;) 29

coherent anti-Stoke’s Raman spectroscopy
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complementary metal oxide semiconductor
(CMOS) 497
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conduction band (Cg) 39

confinement process 322-324

confocal micro-Raman spectroscopy,

experimental setup for 520

confocal Raman spectroscopy 504-508
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— confocal UV Raman spectroscopy 504
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continuous wave (CW) lasers
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Coulomb explosion 73

Coulomb liquids 74

Coulombic explosion of nanoparticles,

laser-induced  402-407

— electron ejection through multiphoton
ionization 402-403

— electron ejection through photoelectric
effect 403-405

— electron ejection through thermionic
emission 405-407
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468-476
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— liquid effect 475
— pressure—temperature phase diagram of
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— source material effect
diatomic materials 41
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diffuse reflectance 54
diffusion process 732
direct band gap semiconductors 39
direct femtosecond laser ablation 204-205
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direct-write applications, LIFT techniques for
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— organic materials 271-276
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direct-write transfer methods 258
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Doppler effect 538

double pulse laser ablation 99

drag model 96

dynamic light scattering (DLS) 54, 535-552

— general principles of 537-542, See also
photon correlation spectroscopy

— NPs size determination by 535-552

— particle size standards applied to
542-546

— sample characterization using 547-551

— — instruments 548

— — ‘Marquardt/Contin’ or multimodal

analytical procedure 549
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— single-mode fiber-optic dynamic light
scattering 546547
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See also secondary NPs size uncertainty
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dynamic process, in laser ablation in liquid

459-462
dynamic quenching 598
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echo 673-678

effective absorption coefficient for laser
ablation 273

Einstein relations and gain coefficient

elastic sphere model (ESM) 515

electric field, filaments growth and treelike
assembly by 186-190

electrical-field-assisted LAL method
99-101, 489

— electric-field-assisted laser ablation in

liquids (EFLALs) 347
— electric-field-assisted LP-PLA of solid target
380

electrical isolation, in fluorescence
correlation spectroscopy 589

electromagnetic (EM) field 49

electron-beam-based characterization
methods 56-57

electron diffraction (ED) pattern 173

electron ejection

— through multiphoton ionization 402

— through photoelectric effect 403-405

— through thermionic emission 405-407

electron—hole pairs (EHPs) 133

electron microscopes 56

electron—phonon relaxation time (z;) 286
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electron relaxation dynamics in metal NPs,
size and surface effecton  683-684

electronic plasma 90

electronic Raman scattering time-resolved
measurement 668

elemental nanomaterials, LP-PLA of noble
metals in liquids for preparation of
351-364

— target compound NPs preparation by

reactive LP-PLA of solids 365

elemental NPs of active metals, preparation
of 350-365

elemental spectroscopy for chemical analysis
(ESCA) 56

ellipsometry 54

energy-dispersive X-ray spectroscopy (EDX)
56, 160, 268

Engines of Creation: The Coming Era of
Nanotechnology 36

enhanced donor systems for printing
applications  262-263

enhanced photoelectron emission from
FLIPSS 213

excimer lasers  20-21

excitation-dependent PL spectroscopy
565-567

explosive ablation threshold 88

extended X-ray absorption fine structure
(EXAFS) 55

external quantum efficiency (EQE)
422-423
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(EUV/VUV) laser lights 1

— methods of producing 22-26

— — free electron lasers (FELs) 22-24

— through higher harmonic generation

25-26
extrinsic stacking fault (ESF) 47
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fast scanning optics, liquid-PLA of solid with
382-385
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femtosecond laser ablation, surface
nanostructuring by  204-205

femtosecond laser emitting 267

femtosecond laser-induced impulsive force
63

femtosecond laser-induced melt dynamics
206

femtosecond laser-induced periodic surface
structure (FLIPSS) 207

— applications of 210-214
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FLIPSS 213
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210-211
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214
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211-212
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femtosecond laser pulses (fs-LIFT) 242

femtosecond lasers, special applications
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femtosecond stimulated Raman spectroscopy
668

femtosecond transient absorption technique
655, 671

Fick’s law 733

field-effect transistors (FETs) 53

field emission gun (FEG) 129

first thermal diffusion length (1) 638

flash-assisted rapid thermal process (fRTP)
506

fluorescence correlation spectroscopy (FCS)
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— basic theory of 577-580
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— — molecule detection function (MDF) 579
— — normalized autocorrelation function
578

— — point spread function (PSF) 578
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— instrumentation 580-587
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— — emission filter (EM) 583
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— — single-photon-counting detector (APD)

584
— instrument optimization and FCS
experiments 587-589
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— — light isolation 588
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— — core—shell silica particles through

multiphoton FCS 591
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spectrometer (FCCS) 585-586
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- working  576-577

fluorescence 21

fluoroalcoholpolysiloxane (SFXA) 278

four level laser systems 4

Fourier transform infrared (FTIR) 504

Fourier transform pulse shaper (FT-PS) 33

Fourier-transformed-infrared (FT-IR) spectra
443

fourth group NPs synthesis by LAL
457-491, See also carbon nanocrystals:
synthesis by LAL; germanium NPs
synthesis by LAL; silicon NPs synthesis by
LAL

four-wave mixing 678-679

free electron lasers (FELs) 22-24

— brilliance 24

— coherence 24

— pulse duration 24

— tunability 23

Frenkel defect 45

front-end processing (FEP) metrologies 497
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gas dynamic laser 20

gas flow laser 20

gas laser 15-21

— atomic gas laser 16-17
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— construction of gas laser system 16
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— gas flow laser 20
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— molecular laser 18-21
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— sealed tube laser 20
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— self-terminating 20
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ablation over 319
Gaussian—Gaussian—Lorentzian intensity
profile 579
Gaussian-shaped energy profile 267
germanium NPs synthesis by LAL  489-491
— electrical-field-assisted LAL method 489
giant pulse formation, See Q-switching
gold—palladium alloy nanoparticles
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- TEM of 181
— XRD data of 182
gold-silver nanostructures 176
— gold-silver alloy nanoparticles
Gruneisen parameter 529
guide to the expression of uncertainty in
measurement (GUM) 549, 551

177-179
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hematite, electron microscope
characterization of 138-140

He—Nelaser 16-17

Hertz—Knudsen equation 330

heterojunction 14

high harmonic cutoff 25

high harmonic generation (HHG) 70

high-intensity femtosecond laser interactions
with gases and clusters  69-80

— aerosol monitoring 77-78

— atmospheric effects  78-79

— clusters  74-75

— high-pressure atomic physics 73

— laser—atom interactions 69-71

— laser—cluster interaction 76-77

— laser—cluster production 75-76

— laser—-molecule interactions 72-73

— strongly coupled plasmas 74

high-order harmonic generation (HHG)
704-714

— in silver-nanoparticle-contained plasma

704-714
— — Al powder medium 707-710
— — coherence length and the length of the
medium 712

— — colloidal silver 707

— — experimental arrangements  705-706

— — harmonic efficiency determination 713

— — low-order harmonic generation,

comparison 711
— — structural changes during 713
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high-pressure atomic physics 73
high-resolution transmission electron
microscope (HRTEM) 56, 174,

442-454

high-resolution X-ray diffraction (HRXRD)
505

high temperature, high pressure, and high
density (HTHPHD) 318

higher harmonic generation (HHG),
EUV/VUV lasers through 25-26

highest occupied molecular orbital
(HOMO) 39

historical development of nanoscale
materials  35-36

hole traps 47

Holonyak, Nick 1

homodyne correlation function 540

homodyne detection method 538

homojunction 14

horseradish peroxidiase (HRP) 275

hydrodynamic phenomenon 92
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idler photons 603

imperfections 44-47

indirect PA cells 633

indium—tin oxide (ITO)-coated glass
substrate 272

induced assembly of nanoparticles 58-59

inductive, capacitive, and resistive (LCR)
circuit 10

infrared (IR) characterization
(1000-200000nm) 55

inkjet technology 258

inorganic materials as absorbing release
layers  285-286

instrument response function (IRF) 603

insulator nanomaterials 53

intermetallic nanoparticles

— FeAl intermetallic nanoparticles

— NiAl intermetallic nanoparticles

internal conversion 597

intersystem crossing 597

intrinsic stacking fault (ISF) 46

ion laser 17-18

iron oxide nanostructures 135-142, See also
under thermal-assisted pulsed laser
deposition (TAPLD)

isovalent substitution 45

I-V curves 57

182-185
183-185
183-185
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Kastler, Alfred 1
Kerr effect

— optical Kerr gate (OKG) 658-659

— time-resolved fluorescence based on 659

Kerr gate technique  606—-607

Kerr lens mode-locked (KLM) 1064 nm laser
284

Kramers—Kronig relationship 701

Kroger Vink notation 609
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Ladenburg, RW. 1
Lamb, W.C. 1

laser ablation in liquid (LAL) 439-454,
457-468, See also fourth group (C, Si, and
Ge) NPs synthesis by LAL; metal
compound nanoparticles synthesis by LAL

— dynamic process 459-462

— experimental setup 458

— laser plasma plume formation induced by

459

— laser wavelength used for 461

— liquid layer thickness role in 461

— nanoparticle control  466—468

— NPs growth mechanism  462-464

— — audible acoustic waves generation 465

— — bubble formation 462

— — in situ monitoring of 466

— — liquid splashing, reduction 464-465

— — reactive quenching process 463

— — solid target in liquid 462

— — time-resolved evolution of transmission

during 463

— — ‘water hammer’ effect 464

— physical and chemical aspects of  344-345

— safety matters 468

laser-ablated inductively coupled plasma
mass spectroscopy (LA-ICPMS) 64

laser ablation of metals in vacuum
105-114

— nanostructured thin films prepared by,

synthesis and analysis  105-114

— — experimental details 106

laser ablation transfer (LAT) 249, 280
— mechanism of 282
— with a metallic release layer 282-285

laser ablation under liquid confinement
321-322
— basic characteristics of 321-322
laser alloying of nanoparticles in vapor phase
174-182
— gold—palladium alloy nanoparticles
181-182
— gold-silver nanostructures 176
— in solutions, size control by laser
irradiation 179-181



laser—atom interactions 69-71
laser-based processing in liquid media
317-491, See also under liquid media
laser-based thermal techniques  729-754
— experimental techniques 743-748
— — basic principle 744-745
— — thermal pulses  746-747
— — three-dimensional mapping 747-748
— one-dimensional heat conduction
733-736
— — Bauer and Ploss regimes 735
— one-dimensional LIMM equation and its
solutions  736-741
— — Monte Carlo technique 740-741
— — scale transformation  737-738
— — Tikhonov regularization 737, 739-740
— polarization and space-charge profiling
with  729-754
— polymer-dispersed liquid crystals (PDLCs)
752-753
— polyvinylidene fluoride and its copolymers
films 748-749
— PVDF-TTFE coaxial sensor cables
749-752
— space-charge electrets 752
— theoretical foundations and data analysis
733-743
— thermal polarization probing 733
— — frequency-domain approach 733
— — time-domain approach 733
— two-and three-dimensional analysis
741-743
laser chemical vapor deposition (LCVD) 59,
241
— pyrolytic LCVD 61
laser decal transfer 270
laser direct-write (LDW) 241
laser-excited X-ray spectroscopy (LEXS) 77
laser heating effect on nanoparticles
524-531
— NiFe;O4 nanostructures 525-531
— ZnO nanostructures  524-525
laser-induced breakdown spectroscopy
(LIBS) 64,77
laser-induced chemical vapor deposition
(LCVD) 265
laser-induced electron diffraction (LIED) 71
laser-induced forward transfer (LIFT)
219-237, See also micro-nanomaterials
transfer on substrate
— antigen and DNA 235
— applications  235-237
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— for devices fabrication 255-306, See also
devices fabrication, LIFT for; modified
LIFT methods

— for direct write of patterns in film form
219-237

— — principle and method 219-221

— of materials 221-235
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— — chromium 226-228

— — copper 221-222

— — diamond 229

——gold 222-224

— — metals and single element

— — palladium 228-229
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— — tungsten 224-225

— oxides 229-234, See also oxides, LIFT of
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laser-induced local transfer (LILT) 292

laser-induced melting/vaporization of

nanoparticles 389-402
— improved two temperature model (Werner
and Hashimoto) 398
— Insawa et al. model  391-395
— modified two temperature model
(Glammanco et al.) 397-398
— Takami et al. model 389-391
— two step size reduction model (Singh et al.)
395
— two temperature model (Hodak et al.) 395
laser-induced
melting/vaporization/fragmentation in
alloy and core/shell NPs preparation
409-411

laser-induced molecular implantation
technique (LIMIT) 280

laser-induced nano/microfabrications
203-306

221-229

— arrays of nanoholes  209-210
— FLIPSS, on metals 207-208
— nanostructures  205-207

— — cavitation nanospallation 206
— — femtosecond laser-induced melt
dynamics 206

— — mechanisms 206

— — redeposition of ablated species 206

— nanostructure-textured microstructures
208-209

— — columnar microstructures 208-209

— — microgroove structures 208

— single nanoholes 209-210

— surface nanostructuring by direct
femtosecond laser ablation 204-205
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(LIPSSs) 203

laser-induced solid etching (LISE) 304

laser-induced thermal imaging (LITT)
292-295

laser-induced thermal spray printing (LITSP)
289

laser-induced ultrasonics 647

laser intensity modulation method (LIMM)
731, 745-746

— one-dimensional LIMM equation and its

solutions  736-741

— — Monte Carlo technique 740-741

— — scale transformation 737-738

— — Tikhonov regularization 737, 739-740

laser irradiation of metal salts or liquid
precursors 411-422

laser—matter interaction 85-103, See also
under high-intensity femtosecond laser
interactions

— plasma and nanomaterials processing

85-103, See also individual entry

laser molecular implantation (LMI)
279-280

laser—molecule interactions 72-73

laser nanosurgery of defects 62

laser plasma channeling 88

laser polarization effect 101-102

laser propulsion transfer 285

laser radiation properties 26-30

— brightness 29
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— coherence length (L;) 29

— coherence time (t;) 29
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— focusing of laser beam  29-30
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laser Raman spectroscopy 62
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— — principle of 30-31

— — techniques  31-32
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laser thermal transfer 284

laser-vaporization-controlled condensation
(LVCC) 59, 167-198, 317, See also
intermetallic nanoparticles; laser alloying
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268,

— filaments growth and treelike assembly by
electric field 186-190
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synthesis  167-198
— nanoparticle catalysts synthesis  167-198
— nucleation and growth from vapor phase
168-170
— for semiconductor synthesis 167-198
laser vaporization with controlled
condensation (LVCC) 168, 170-173
— doped nanocrystals upconvertion by
190-194
— experimental setup for 171
— supported nanoparticle catalysts by
194-197
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— application
— — in nanomaterial synthesis, modification,
and characterization 59-64
— basic construction 2
— Einstein relations and gain coefficient
2-3
- fundamentals 1-34
— geometry of laser cavity 5
— historical development 1
— modes 7-8
— operations 1-34
— optical resonator 5-7
— principle of lasing 2
— threshold gain coefficient for lasing 4
— types and their operations 8-22, See also
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laser; solid laser
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absorbing films  280-305
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296-304
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using 303
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DRL 302
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— blistering lift-off methods 304-305
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— laser thermal transfer 284
— metal films as absorbing release layers
286-292
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— — laser-induced local transfer (LILT) 292
— — light-hydraulic effect (LHE) 289
— — two-photon polymerization (2PP)
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light dynamic scattering (LDS) 64
light-emitting diode (LED) device
131, 268, 439
light-emitting polymers (LEPs) 295
light-hydraulic effect (LHE) 289
light isolation, in fluorescence correlation
spectroscopy 588
light scattering intensity autocorrelation
function 540
light-to-heat conversion (LTHC) 262
line defects 45
liquid-assisted pulsed laser ablation
(LA-PLA)/irradiation for generation of
nanoparticles 317-438
— advantages over gas phase 319
— classification, on the basis of target
characteristics  319-422
— — liquid-phase laser ablation of metal
salts/organic precursors 320
— — liquid-phase laser ablation of solid bulk
target materials 320
— — liquid-phase laser ablation of solid bulk
target materials  320-387
— — liquid-phase laser ablation of suspended
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— liquid-suspended particles, laser-induced
melting and fragmentation of
387-422, See also individual entry
liquid laser 21-22
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317-491
— liquid-assisted pulsed laser ablation
(LA-PLA)/irradiation for generation of
nanoparticles 317-438, See also
individual entry
liquid-phase laser ablation of metal
salts/organic precursors 320
liquid-phase laser ablation of solid bulk
target materials  320-387
— advancements in  345-347
— basics  345-347
— cavitations bubble formation and related
effects  339-343
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409-411
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laser-induced 402-407
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407-409
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389-398
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— mechanisms 388
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low-energy electron diffraction (LEED) 57

low-frequency phonons 514
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low-voltage electron microscope (LVEM) 56
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procedure 549
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— band theory of solids
— historical development
—origin 35-36
materials characterization techniques
54-58
— electron-beam-based characterization
methods 56-57
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analysis (ESCA) 56
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(EXAFS) 55
— infrared (IR) characterization (1000—200
000 nm) 55
— light beam characterization techniques
(200-1000 nm)  54-55
— near-edge X-ray absorption fine structure
(NEXAFS) 55
— nuclear radiation and particle-based
spectroscopy 57-58
— X-ray absorption near-edge structure
(XANES) 55
— X-ray photoelectron spectroscopy (XPS)
55
— X-ray-beam-based characterization
methods 55-56
matrix-assisted pulsed laser evaporation
(MAPLE) 251, 259
matrix-assisted pulsed laser evaporation
direct-write (MAPLE-DW) study
236-237, 270-271, 277-279
— working principle of 277
Maxwell-Boltzmann distribution 614
mean free path 404
mechanically sensitive materials, transfer of
248-251

35-65
37-41
35-36

melting, laser irradiance influence on
85-90

metal compound nanoparticles synthesis by
LAL 439-454

— active metal oxides and hydroxides 440

— carbide NPs  447-451
— nitride nanoparticles 451-453
— oxide nanoparticles 441-447

— — FeO NPs characterizations 446
— — mechanism 443

——TiOy NPs  446-447
— — ZnO-Zn composite NPs formation
444

—ZnO-Zn NPs 440
metal compound nanostructures
preparation of, LP-PLA of active metals
for 370-379
— PLA of Alin liquids  377-379
— PLA of Zn and Cd in liquids  373-377
metal films as absorbing release layers
286-292
metal nanomaterials
— absorbers  295-296
— electron relaxation dynamics in  683—-684
— inks, LIFT of 269
— size-/shape-dependent properties 48-52
metal oxide semiconductor field-effect
transistor (MOSFET) 497
— linear region for Ips—Vps operation
497-498
metal patterns, LIFT of 263-271
— gold fringe patterns  266-267
— laser decal transfer 270
— metal nanoparticle inks 269
— silver nanoparticle (Ag NP) links 270
metal/elemental and metal/compound
nanomaterials by LP-PLA of solid targets
347-380
— compound nanostructures of active metals,
preparation  365-369
— elemental nanomaterials, LP-PLA of noble
metals in liquids for preparation of
351-364
— elemental NPs of active metals, preparation
of 350-365
— elemental NPs of noble metals, preparation
348-350
— metal/elemental NPs by nonreactive
LP-PLA of solids  347-348
— noble metals, reactive PLA for 369-380
metallic and bimetallic nanocrystals
synthesis, laser-vaporization-controlled
condensation for 167-198

48-53



metallic release layer, laser ablation transfer
(LAT) with  282-285
metals, LIFT of 221-229
— aluminum 224
— chromium 226-228
— copper 221-222
— diamond 229
—gold 222-224
— palladium 228-229
— titanium  225-226
— tungsten 224-225
metal-to-ligand charge transfer
(MLCT) 669
2-[2-(2-methoxyethoxy)ethoxy]acetic acid
(MEEAA) 425
Michaelis—Menten model 276
microchannel plate (MCP) detectors 73
microcontact printing (WCP) 257
microelectromechanical systems (MEMS)
241, 305
microgroove structures,
nanostructure-textured 208
micro-nanomaterials transfer on substrate
241-251
— blister-based laser-induced forward
transfer (BB-LIFT) 251
— donor substrate 241
— femtosecond laser pulses (fs-LIFT) 242
— mechanically sensitive materials, transfer
of 248-251
— metallic materials transfer 242
— prepatterned donor substrate, LIFT process
with 249
— spatial resolution of LIFT process
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