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a

aberration, chromatic/spherical 329

ablation process, laser 83-86

absorbance 158

— differential 197

— gold-silver alloy 174

— optical 179

absorption

- light quanta 13

— optical 150

- UV  147-149

absorption spectra, photochromic materials
196

additive technologies 3

adiabatic coagulation 27

adsorption

— enthalpy 315

- Langmuir isotherm  314-317

Aerosil®, index of refraction 148

aerosol process, flame 92-103

agglomerates, fractal 94-95
agglomeration 71
— coated particles 104-105

— in laser ablation process 85
- platelets 284

alloy, gold-silver 174

alumina particles, spherical 314
aluminum

— nanocrystalline 247

— surface energy 42
anisotropic lattices 26
anisotropy

—energy of 114-116

— magnetic 114-115, 129
annealing 57, 179

— Xeray diffraction pattern 322
annealing temperature 198

antiferroelectric—paraelectric transformation
58

antiferromagnetism 110-111, 122

aperture, numerical 327

arc, electric 304

armchair-type carbon nanotubes 292

array, gas sensing elements 18

Ashby—Verall mechanism 246-248

atoms, energy levels 152

Auger electrons 335

b

ballistic conductivity 212-213

band energy 153

band gap 154

barrier, energy 13

beam, electrons 331-334

BET (Brunauer, Emmett and Teller) method
314-319

BET surfaces, nanopowders 319

biologically functionalized nanoparticles 11

bleaching process 204

Bloch walls 109-112, 141-142

blocking temperature 113, 119

blue shift 148-158, 166, 175, 181-182,
204-207

Bohr magneton 116, 124

Bohr radius, excitons 150

Bose-Einstein statistics 43

“bottom-up” approach 1-3

boundaries, grain 22

Bragg’s law 320

bremsstrahlung 335

“bricks-and-mortar” structure 257

bright-field imaging 332-333

Brownian molecular movement 270

Brunauer, see BET method

Nanomaterials: An Introduction to Synthesis, Properties and Application. Dieter Vollath
Copyright © 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

ISBN: 978-3-527-31531-4

343



344

Index

bulk metallic materials 236-253

Burgers vector 242

burnable organic liquids 102-103

c

cadmium sulphide (CdS) nanorods

— photoluminescence spectrum 223

—surface 224

cadmium telluride (CdTe) nanoparticles
175-179

calibration curves, gas sensors 19

cancer cells, luminescence staining 163

capacity, heat, see heat capacity

carbon, supercooled 304

carbon black 92

carbon nanotube-based composites
262-265

carbon nanotubes 288-300

— armchair-type 292

— debundling 230

— electrical conductivity 216-221

— electron field emission characteristics

— single-wall 263, 265

- zigzag type  291-292, 294

catalyst particles  305-306

cavity, resonant microwave 87

CCD devices 325

CD player systems 272

cell separation, magnetic 133

cells, cancer 163

ceramic-coated ceramic nanoparticles 104

ceramic core 164165, 180-183, 185-186

ceramic materials, mechanical properties
236-253

ceramic/polymer nanocomposites,
photoluminescence 164

ceria (CeO,) nanoparticles, facetted 26

[-V characteristics 213-215, 217-220

- imogolite 288

charge carrier transport

charge transfer 189

chemical analysis, localized 334-340

chemical reactions

— gas-phase  34-35, 71-108

chemical vapor synthesis processes

chemisorption 314

chemistry, colloid 71

chirality vector 291

chromatic aberration 329

Clausius—Clapeyron law 33

clusters, fractal 5

coagulation 71

— adiabatic 27

— and phase transformations

— gold particles 28

228-229,

295

200

79-83

54-55

— relaxation time 37

coated particles

— agglomeration  104-105

— gas-phase synthesis 103-107

coating, nanoparticles 9-10

— nanoparticles 19

coercitivity  110-112, 137, 300-303

— superparamagnetism 119

collision parameter 74, 78

— influence of electrical charge 77

collision probability 72

colloid chemistry 71

coloring/bleaching process 204

composites, see nanocomposites

condensation 71

condensation process, inert gas

condensor 330

conductance 211

— cadmium sulphide (CdS)

conductivity

— ballistic 212-213

— diffusive 211-212

— electrical, see electrical conductivity

— thermal 268-269

confinement, quantum 149-161

contraction, lattice 32

contrast enhancement

— ferrofluidic 276

- NMR 134

cooling, rapid 86

copper ferrite (CuFe,0,) platelets

core, ceramic, see ceramic core

corona discharge 101

correlation length 137

coverage of surface 317

crystal

— one-dimensional 286-288, 301

crystal field, magnetic 132

crystal model, linear 42

crystallization, metal nanoparticles 51

crystallographic planes  25-26

cubic—tetragonal transformation 323

Curie temperature 59

current 211

— density at failure 216

current-voltage characteristics
217-220

— imogolite 288

curvature, surfaces 35-36

curvature-dependence, vapor pressure
36

78-79

225

281-282

213-215,

d
dark-field imaging 332-333
DeBroglie relationship 150, 328



debundling, carbon nanotubes 230
defoliated platelets 258-259
deformation

—mode 235

— nanocrystalline aluminum 247
density distribution, electrons 151
diamagnetism 109

diamond structure 300

dielectric constant 59

differential absorbance 197
differential transmittance 202-203
diffraction

— selected area 326

— X-ray/electron 319-326

diffusion coefficient, volume 245
diffusion scaling law  13-19

diffusive conductance 211-212
dimensionless surface/volume ratio 21
dipole—dipole interactions 121-122
discharge, corona 101

dislocation climbing/gliding 240-241
displays, field emission 295-296
distortion, pseudotetragonal 58
domains, magnetic 109-110
drift movement of electrons
DVD player systems 272
dynamic viscosity 269

211

e

EELS, see electron energy loss spectroscopy

elastic scattering 329

electric arc 304

electric quadrupole splitting 128

electrical charge, influence on collision
parameter 77

electrical conductivity

— carbon nanotubes  216-221

- gold nanowire 213-214

— nanocomposites  225-230

- nanotubes and nanorods

— PFO coating 297

electrical current, see current

electrical properties, nanoparticles 211-231

electrical resistance, carbon nanotubes
216-220

— resistance quantum 213

electrochromic materials 194, 200-204

— transmittance 201-203

electrodes, plate and needle 100-102

electroluminescence 188-194

electromigration 37-38

electron beam, interaction with specimen
331-334

electron energy loss spectroscopy (EELS)
338-339

211-216

331,

Index

electron field emission characteristics, carbon
nanotubes 295

electron microscopy 326-331

— localized chemical analysis  334-340

— scanning transmission 340-341

electron shells 336-337

electrons

— density distribution 151

— diffraction 319-326

—free 153
— mean free path length 88
— oscillations  169-171

— wavelength 329
elongated gold nanoparticles
embryos 63-65

emission spectra 154155
— CdTe quantum dots 177
Emmett, see BET method
energy

— Fermi 153, 188

— of anisotropy 114-116

— solid-liquid interface 51
—strain  31-32

— surface, see surface energy
energy bands 153

energy barrier 13

energy levels

170

—atoms 152
—nucleus 128, 131
ensemble 67
enthalpy

— adsorption 315

— free, see free enthalpy

- Gibb’s free 41

— monoclinic—tetragonal transformation 54

- of melting 42, 50

entropy 41

equations, see laws and equations

exchange-coupled magnetic nanoparticles
136-142

excimer lasers 84

excitation, lumophores

excitons  149-150

— Bohr radius 150

extended X-ray absorption fine structure
(EXAFS) 323

183-184

f

facetted nanoparticles 26

Faraday effect 204-206

feed-throughs 272-273

Fermi energy 153, 188

ferrimagnetism 111

ferrites 115, 120-121, 123, 126-127,
129-130, 140-142, 206-207
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ferroelectric material 56-57

ferrofluids 135, 270-277

— applications  272-277

— contrast enhancement

— viscosity 271-274

ferrohydrodynamics 270

ferromagnetism 109-110

FET, see field-effect transistor

Fick’s laws 13-14

field

- inhomogeneous magnetic 271

— magnetic crystal 132

- reduced magnetic 117

field-effect transistor (FET) 220-221

field emission characteristics, carbon
nanotubes 295

field emission displays

filled polymer composites

films

— thick-film layer 18

— thin, see thin films

FITC, see fluorescein isothiocyanate

flame aerosol process 92-103

flames, silica-producing 94

276

295-296
253-265

fluctuations
— structural  64-68
—thermal 125

fluids, nano-, see nanofluids
fluorescein isothiocyanate (FITC)
fluorescence 163, 181

161-162

formation, nanorods and nanoplates  283-285
formulae, see laws and equations

fractal agglomerates  94-95

fractal clusters 5

Frank-Reed source 241-242

free enthalpy 65-66

- Gibb’s 41

— nanocrystalline bodies 248

— of formation 29

free path length, mean 72-73

—mean 88

free electrons 153

frequency, “kitchen” 89

— industrial 92

friction coefficient 303-304

fullerenes 279, 288-291, 293, 300, 302-305
— multiwall  300-302

—nested 291

gallium nitride (GaN) nanorods 304, 306
gap, band 154

gas condensation process, inert 78-79

gas-phase reactions  34-35

gas-phase synthesis 71-108

— coated particles 103-107

— flame aerosol process 92-103

— inert gas condensation process

— laser ablation process 83-86

— microwave plasma process 86-92

— physical/chemical vapor synthesis
processes  79-83

gas pressure, reaction chamber 84

gas sensors

— general layout 15

— nanoparticles 15-17

gases, kinetic theory 73

gearwheel, nanometer-sized 282

germanium nanorods  307-309

Gibb’s free enthalpy 41

gold nanoparticles

— coagulation 28

— elongated 170

- melting temperature 68

— phase diagram 63

— spheroidal 169

gold nanorods 172

gold nanowire, electrical conductivity 213-214

gold platelets 281

gold-ruby—glass 7, 172-174

gold-silver alloy, absorbance 174

grain boundaries, polycrystalline material 22

grain growth  27-29

grain size 238-251

— zirconia (ZrO,) powder 5

graphene 217-220, 289, 291-293, 307

— electron microscopy 339

graphite, structure 289

78-79

h

HAADF, see high-angle annular dark-field
detector

Hall-Petch relationship 239-240, 243-245

hard magnetic materials 136-138

hardness

— Vickers 244, 246-247

heat capacity

— nanoparticles 42-45

— sintered metallic nanocrystalline materials
44

heat capacity ratio 267-268

heat release rate  261-262

heat transfer, nanofluid improved 267-270

hexamethyl disiloxane (HMDSO) 93, 95

high-angle annular dark-field (HAADF)
detector 340-341

high-power lasers, pulsed 83

holes 153, 189, 195



homogenization time, relative 14
Hooke’s law  234-235

hydrostatic pressure 24, 30-32
hydroxide layer 90
hypostoichiometric state 195
hysteresis 110-111, 116-117, 127

i

illumination hole 198-199

imaging, bright-/dark-field 332-333

imogolite (Al,SiO3(OH),) 286-288

improved heat transfer 267-270

index of refraction, adjustment 145-149

indium tin oxide (ITO) 186-187, 190,
297-298

inelastic scattering 329, 334-335

— HAADF Detector 340

inert gas condensation process

—up-scaling 80

inhomogeneous magnetic field 271

instability, thermal 113

interface energy, solid-liquid 51

inverse Hall-Petch relationship 244-245

ionization, partial 78

iron oxide (Fe,O3) powder

— gas-phase synthesis 81-82

— nanoparticulate 6

iron oxide particles, superparamagnetic 107

ITO, see indium tin oxide

78-79

k

Kelvin formula 33

Kerr effect 204

kinetic theory of gases 73
“kitchen frequency” 89

I

Landau’s order parameter 60-61
Langevin’s formula 116, 118, 123, 125
Langmuir adsorption isotherm 314-317
Langmuir’s formula 314

laser ablation process 83-86

lasers 83-84

lateral limits, structuring processes 4
lattices

— anisotropic 26

— contraction 32

—spin 111

laws and equations

— Bragg's law 320

— Clausius—Clapeyron law 33

— DeBroglie relationship 150, 328

— diffusion scaling law  13-19

- Fick’s 13-14

Index

— Hall-Petch relationship 239-240, 243-245
— Hooke’s law  234-235

— Kelvin (Thomson) formula 33

— Langevin’s formula 116, 118, 123, 125
— Langmuir’s formula 314

— Moseley’s law 336

— Ohm’s law 211, 213-215

— Pauli’s principle 152

— Planck’s equation 212

— Scherrer formula 322-323

— Tauc relationship  155-157

— Thomson’s law 47

layered silicate 260

layered structures 3, 285-286
— compounds 288-311
light

— absorption 13

— scattering 146147

limits, lateral 4

linear crystal model 42

liquids, burnable organic 102-103
localized chemical analysis  334-340
loudspeaker, ferrofluidic 273
luminescence 279-280

— cancer cell staining 163

— electro-  188-194

— nanocomposites  180-187

— photo- 160, 164-166

— spectra 182, 186-187
lumophores  161-169

— excitation 183-184

m

magnetic anisotropy 114-115, 129

magnetic cell separation 133

magnetic crystal field 132

magnetic domains 109-110

magnetic field

— inhomogeneous 271

—reduced 117

magnetic materials

— hard/soft 136-138

— ultrasoft 140

magnetic moment, molecular 110

magnetic nanoparticles, exchange-coupled
136-142

magnetic particle size 124

magnetic properties, nanoparticles

magnetic pumping system 274

magnetic refrigeration 135

magnetic susceptibility 125-132

magnetization

—remanent 298

— saturation 111, 120-121, 137, 185

109-143
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— thermal fluctuation 125

magnetization curve 110-111, 116-119,
121-124, 140-142

magneto-optic applications 204-207

mass increase, relativistic 328

mass susceptibility 126

matrices, transparent 169-180

matrix, nanocomposites  6-9

mean free path length 72-73

— electrons 88

mechanical properties, nanoparticles
235-266

melting, nanoparticles 60-64

melting enthalpy 42, 50

melting temperature

— gold nanoparticles 68

- reduction 47-51

metal nanoparticles, crystallization 51

metallic materials

— mechanical properties 236-253

- sintered nanocrystalline 44

metallic nanoparticles, transparent matrices

169-180
microscopy, electron 326-331
microwave cavity, resonant 87
microwave plasma process 86-92
Miller indices 320-321, 323, 332
molar surface energy 22
molecular magnetic moment 110
molecular movement, Brownian 270
molybdenum sulphide (MoS,) nanotubes
300-303
monoclinic phase 29-30, 29-30
monoclinic—tetragonal transformation
52-53
—enthalpy 54
Moseley’s law 336
Méssbauer spectrum  127-130, 132
mother-of-pear]l 254, 257-258
multilayer system 191-192
multiwall nanotubes 216-220, 293-294,
298-301, 307
— EELS spectra 340

n

nacre 254, 257-258

nanocomposites  5-11

— carbon nanotube-based 262-265

— carbon nanotube—epoxy 228-229

— electrical conductivity 225-230

— filled polymer 253-265

—matrix 6-9

— photoluminescence 164-166

— platelet-filled polymer-based 257-262

— special luminescent 180-187

nanocrystalline aluminum, deformation 247

nanocrystalline materials

— sintered metallic 44

— yield stress 237

nanofluids  267-277

— improved heat transfer 267-270
— thermal conductivity 268-269
nanomaterials

— and nanocomposites 5-11

— characterization 313-342

— consequences of particle size 11-19
— surfaces 21-40
nanometer-sized gearwheel 282
nanomotors 37-39

nanoparticles 5

— biologically functionalized 11

- cadmium telluride (CdTe) 175-179
— ceria (CeO,) 26

— coated 103-107

— coating 9-10, 19

— electrical properties 211-231

— elongated gold 170

— exchange-coupled magnetic 136-142
— gas-phase synthesis  71-108

— gas sensors  15-17

— heat capacity 4245

— iron oxide (Fe,Os3) powder 6

— magnetic properties 109-143

— magneto-optic applications 204-207
— mechanical properties 235-266
— melting 60-64

— melting temperature 68

— metallic and semiconducting 169-180
— optical properties  145-209

— phase diagram 63-64

— phase transformations  41-69

— semiconducting 169-180

— spheroidal gold 169

— structure  55-60

—surface 11-12

— suspensions, see nanofluids

— thermal phenomena 12-13

— thermodynamics 41-42

— zirconia (ZrO,;) 27-28

—, see also particles

nanoplates 279-311

— formation 283-285
nanopowders, BET surfaces 319
—, see also powder

nanorods 3,5

— cadmium sulphide (CdS) 223

— electrical conductivity 211-216
— formation 283-285



— gallium nitride (GaN) 304, 306

— germanium  307-309

—gold 172

— nanotubes and nanoplates 279-311

- non-carbon  300-303

— photoconductivity 222-225

- synthesis  303-311

— zinc sulphide (ZnS) 191-193

nanostructures, compounds with layered
structures 288-311

—, see also layered structures

nanotubes 3,5

— carbon, see carbon nanotubes

— electrical conductivity 211-216

— multiwall  216-220

— nanorods and nanoplates 279-311

- non-carbon  300-303

— relation to nanorods and nanoplates
279-311

— single-wall carbon 263, 265

- synthesis  303-311

— tungsten sulphide (WS;) 300-303

- zinc oxide (ZnO) 309-311

nanowire, gold 213-214

Nd-YAG lasers 84

needle electrodes 100-102

Néel-superparamagnetism 127, 129

nested fullerenes 291

non-carbon nanotubes/-rods  300-303

nuclear magnetic resonance (NMR)
133-134, 276

nucleation 71

nucleus

— energy levels 128, 131

numerical aperture 327

o

Ohm’s law 211, 213-215

one-dimensional crystals 286-288

one-dimensional nanoparticles 279

“onion” crystal 301

“onion” molecules 291

optical absorbance 179

optical absorption 150

optical properties

— nanoparticles  145-209

— relation to quantum confinement
149-161

optical transmission, PFO  297-298

optoelectronics 222

order parameter, Landau’s 60-61

organic light-emitting diodes (OLEDs) 296

organic liquids, burnable 102-103

oscillations, electrons 169-171

Index

oxide/PMMA nanocomposites,
photoluminescence 165-166

p

paraelectric—antiferroelectric
transformation 58

paramagnetism 109-110

partial ionization 78

particle-filled polymers 253-256

“particle in a box” problem 150-151

particle size

— elementary consequences 11-19

— influence on thermodynamic behavior
41-68

— magnetic 124

particle size distribution, zirconia (ZrO,)
powder 75

— zirconia (ZrO,) powder 91

particles

— pseudocrystalline  63-64

—, see also nanoparticles

path length

— mean free 72-73, 88

Pauli’s principle 152

percolation threshold 225-226, 230

perovskite structure  56-57

PFO 297-298

phase, monoclinic  29-30

— sphalerite 178

— tetragonal  29-30

— wurtzite 178

phase diagram, gold nanoparticles 63

phase transformations

- and coagulation 54-55

— nanoparticles 41-69

phonons 169

photochromic materials  194-200

— absorption spectra 196

photoconductivity, nanorods 222-225

photoluminescence 160

— nanocomposites 164-166

— spectrum of CdS nanorods 223

physical vapor synthesis processes 79-83

physisorption 314

Planck’s equation 212

planes, crystallographic  25-26

plasma process, microwave 86-92

plasmon peaks 339

plasmons 153, 169-171

plasticity, super-, see superplasticity

plate and needle electrodes 100-102

platelet-filled polymer-based
nanocomposites  257-262

platelets
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— copper ferrite (CuFe,O,) 281-282

—gold 281

PMMA, see polymethylmethacrylate

polarization plane 204-205

poly(2,7-9,9-(di(oxy-2,5,8-trioxadecane))
fluorene), see PFO

polycrystalline material, grain boundaries 22

polymer nanocomposites

— filled 253-265

— photoluminescence 164

polymerization, PMMA 165

polymers, particle-filled 253-256

polymethyl methacrylate (PMMA) 10,
106-107

— index of refraction 147-148

— nanocomposite photoluminescence
165-166

— special luminescent nanocomposites
180-186

— stress—strain diagram 256

porosity 236-238

powder

— BET surfaces 319

— iron oxide (Fe,O3) 6, 81-82

— titania (TiOy) 96, 98

— zirconia (ZrO,) 75, 91

— zirconia (ZrO,) powder 5

pressure
—gas 84

— hydrostatic 24, 30-32
—vapor 34-35

probability, particle collisions 72
pseudocrystalline particles 63-64
pseudotetragonal distortion 58
pulsed high-power lasers 83
pumping system, magnetic
Q-value 142

274

q
quadrupole splitting, electric 128
quantum confinement, relation to optical

properties  149-161
quantum dots  161-169
- CdTe 177

— electroluminescene 190
quenching 86

r

rapid cooling 86

reaction chamber, gas pressure 84
reactions, chemical, see chemical reactions
reduced magnetic field 117

reduction of melting temperature 47-51
Reed, see Frank—Reed source

refraction, index of 145-149
refrigeration, magnetic 135
relative homogenization time 14
relativistic mass increase 328
relaxation time, coagulation 37
remanence 110-112

remanent magnetization 298
resistance, electrical, see electrical resistance
resolution, sub—Angstrém 330
resonant microwave cavity 87
rupture 234

s

SAD, see selected area diffraction

saturation magnetization 111, 120-121, 137,
185

scaling law, diffusion 13-19

scanning transmission electron microscopy
340-341

scattering of light 146-147

Scherrer formula 322-323

selected area diffraction (SAD)

self-lubricating solid films 303

self-organization processes 7

semiconducting nanoparticles, transparent
matrices 169-180

sensitivity, gas sensors 17

sensors

—gas 15-17

— vibration 275

separation, magnetic cell

shear stress 242

silica-producing flame 94

silicates, layered 260

single-wall carbon nanotubes (SWNT)
265, 293

— EELS spectra 340

sintered metallic nanocrystalline materials,
heat capacity 44

sintering  35-36

size, particle, see particle size

small particle size, elementary consequences
11-19

“soccer ball” molecule 290

soft magnetic materials 137-138

solid films, self-lubricating 303

solid-liquid interface energy 51

sonication 229

specific surface area 313-319

spectra

— absorption 196

— EELS 338-339

— emission 154-155, 177

— luminescence 182

326

133

263,



— Méssbauer 127-130, 132

— photoluminescence 223

sphalerite phase 178

spherical aberration 329

spherical alumina particles 314

spheroidal gold nanoparticles 169

spin-canting phenomena 130

spin lattices 111

splitting, electric quadrupole 128

statistics, Bose—Einstein 43

strain, see stress—strain diagram

strain energy 31-32

strand of carbon nanotubes

stress

—surface 23-24

— yield, see yield stress

stress—strain diagram  233-235, 238, 248,
259-260, 263-264

264-265

— filled polymer composites 254-256
— superplastic materials 251-253
structural fluctuations  64-68
structure

— layered, see layered structures

— nanoparticles  55-60

— perovskite 56-57

structuring processes, lateral limits 4
sub-Angstrém resolution 330
subtractive technologies 3
supercooled carbon 304
superferromagnetism 112
superparamagnetic materials
— applications  132-135

— ferrofluids  270-277

— iron oxide particles 107

— luminescence spectra 186
— magnetic susceptibility 125-132
superparamagnetism

— Néel- 127,129

superplasticity 251-253

surface area, specific 313-319

surface energy 22-39, 283

—molar 22

- solid and liquid aluminum 42

— technical consequences 33-39

surface stress 23-24

surfaces

— cadmium sulphide (CdS) nanorods 224
— coverage 317

— curvature 35-36

— nanomaterials 2140

— nanoparticles 11-12

— surface/volume ratio 12, 21
susceptibility

—magnetic 125-132

113-135

Index

—mass 126

suspensions of nanoparticles, see nanofluids
SWNT, see single-wall carbon nanotubes
synthesis

— gas-phase  71-108

— nanotubes/-rods  303-311

t

Tauc relationship  155-157

technical consequences, surface energy
33-39

technologies, additive/subtractive 3

Teller, see BET method

temperature

—annealing 198

- blocking 113, 119

— melting 47-51, 68

tetragonal-cubic transformation 323

tetragonal-monoclinic transformation
52-54

tetragonal phase 29-30

thermal conductivity, nanofluids 268-269

thermal fluctuation, magnetization 125

thermal instability, superparamagnetic
materials 113

thermal phenomena, nanoparticles 12-13

thermodynamics, nanoparticles 41-42

thick-film layer 18

thin films 3,5

Thomson formula 33

Thomson’s law 47

threshold

— percolation 225-226, 230

titania (TiO,) powder 96, 98

“top-down” approach 1-3

transformation

— monoclinic—tetragonal  52-54

— paraelectric-antiferroelectric 58

— tetragonal-cubic 323

transistor, field-effect 220-221

transmission, optical 297-298

transmission electron microscopy, scanning
340-341

transmittance

— differential  202-203

— electrochromic materials  201-203

transparent matrices, metallic and
semiconducting nanoparticles

transport, charge carriers 200

tribological properties 303-304

tungsten sulphide (WS,) nanotubes

twinning 62, 332

two-dimensional nanomaterials, see thin films

two-dimensional nanoparticles 279

169-180

300-303
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u

ultimate strength 234

ultrasoft magnetic material 140

unit cell volume 56

up-scaling, inert gas condensation process
80

UV-absorbing materials  147-149
v
van der Waals bonds 289, 300, 302

van der Waals forces 285

vapor deposition 305

vapor pressure 34-35

vapor synthesis processes, physical and
chemical 79-83

Verall, see Ashby—Verall mechanism

Verdet constant 205

vibration sensor 275

Vickers hardness 244, 246-247
viscosity

— dynamic 269

— ferrofluids  271-274

voltage 211

— [-V characteristics

volume

— expansion 33

— surface/volume ratio, see surface/volume
ratio

— unit cell 56

volume diffusion coefficient 245

213-215, 217-220

w

Waals, see van der Waals
wavelength of electrons 329
wurtzite phase 178

X
X-ray diffraction  319-326

Y
yield stress  233-234, 243

— nanocrystalline aluminum 247

— nanocrystalline copper and palladium 237
Young's modulus 234, 236-239, 260-265
yttria-doped zirconia 252-253

z

zero-dimensional nanomaterials, see
nanoparticles

zigzag type carbon nanotubes 291-292, 294

zinc oxide (ZnO) nanotubes  309-311

zinc sulphide (ZnS) nanorods 191-193

zirconia (ZrO)

— index of refraction 148

— yttria-doped  252-253

zirconia (ZrO,) nanoparticles 27-28

zirconia (ZrO,) powder

— grain size 5

— particle size distribution 91

— size distribution 75

zirconium nitride (ZrN) particles 92



