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a
AAO. see anodic aluminum oxide (AAO)
AB24 dye removal 521
absolute temperature 124
acetylacetonate 96
acid-cleavable hydrazine bond 414
acid etching 236
Acid Red 2 522
acid-responsive drug release 414
acoustic absorber 380
acridine orange
– nZVI for removal of 522
actinide magnets 48
advanced oxidation processes (AOP) 525
aerosol sodium dioctylsulfosuccinate 126
AFM. see antiferromagnetic (AFM)
agglomerates 88, 93, 101, 126, 129, 463
Ag nanocrystals, nanocrystallinity of 333
Ag@Ni HNCs
– low-magnification TEM/HRTEM images 243
Ag nucleation 253
Ag polycrystalline 331
Ag–Pt–Fe3O4 heterotrimer HNCs 253
AHE. see anomalous Hall effect (AHE)
air annealing 460
all-FexOy nanostructures 266
all-metal associations 226
all-oxide yolk–shell heterostructures 239
alnico energy 40
alnico magnets 53
alnico permanent magnets 40
alternating current (AC) 407
alternating magnetic field (AMF) 407, 417
– magnetic triggering 413
alumina nanoparticles 110
aminoaromatic compounds 526
ammonia gas 127
amorphous/hcp phases, syntheses of 329
amorphous iron powder 94
amorphous ribbons 137
amorphous shell, deposition 225

AMR. see anisotropic magnetoresistance (AMR)
angiography 382
angiotensin II 405
angular shift 46
anhydrous salts 91
anionic framework sublattice 240
anisotropic magnetoresistance (AMR) 67
anisotropic Nd2Fe14B/α-Fe nanocomposite

magnets
– hot-deformed, TEM micrographs 165
– hot-deformed, XRD patterns of 165
anisotropies 55, 121, 122, 138, 493
– constant 29, 45
– energy 407, 440
– Nd2Fe14B nanoflakes 162
– REMP nanoparticles 152
– seeds 228
– semiconductor NCs 261
– SmCo5/α-Fe nanocomposite magnets,

hysteresis loops of 161
– SmCo5 nanoflakes 156
–– half hysteresis loops 157
– Sm0.6Pr0.4Co5 nanoflakes 157
– substrate seeds 256
annealing methods 329, 451, 457, 494
– solvent vapor 457
– thermal 457
annealing temperature 140
anodic aluminum oxide (AAO) 113, 129, 195,

300
– template 113
anodization process 129
anodizing voltage 129
anomalours exchange-bias effects 235
anomalous Hall effect (AHE) 67
antibiofouling 91
antibonding 36
anticancer drug 239
anticancer therapeutics 404
antiferromagnetic (AFM) 35, 37, 38, 234, 237
– coupling 99, 346
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– exchange 39
– height profile along line marked 401
– hybridization 37
– insulators 192
– material 451
antiferromagnetism 35
antiferromagnets 38, 43
anti-HER2 immunoliposomes 410
antihuman insulin antibodies 349
antisense locked nucleic acids (a-LNA) 425
AOP. see advanced oxidation processes (AOP)
apoferritin 99
apoptotic cell death 410
apoptotic hyperthermia 407, 410
archetypal metal chalcogenides 259
arc plasma method 112
areal density 439, 450
artificial hybrid nanostructures 218
artificial mesoscopic materials 217
artificial solids 328
asymmetrically Au@FexOy-decorated FexOy

nanorods
– binary heterostructures made, low-

magnification TEM and HRTEM images 260
AtomfloTM Applicator Head 111
atomic exchange reactions 240
atomic force microscope (AFM) 336
atomic moments 31
– magnetic 32
atomic origin, nanomagnetic phenomena 48–51
– finite-size scaling 50
– nanoparticle magnetization 49
– RKKY exchange 48
– surface and interface anisotropy 51
atomic-scale defects 57
Au
– decorated Co nanorods 264
– heteroepitaxial deposition 252
– molecular precursor 263
– nanomaterials 397
– nanoparticles 107, 111
–– optical biosensor application 106
– nanorods 233
– Pt-alloy heterostructures 252
– tipped CdSe@CdS tetrapods 262
– tipped FePt nanorods 262
AuCu–FeCo (core–shell) nanocrystal,

illustration of 179
Au–Fe3O4 association 250
Au–Fe3O4 heterodimer peanuts 256
Au–Fe3O4–PbS heterotrimer HNCs
– low-resolution TEM images 247
Au@Fe3O4 yolk–shell HNCs 238
Au-FePt necklace-like heterostructures 262
AuPt–Fe3O4 heterdimers 250
autocatalysis 99

b
Bacillus subtilis 350, 525
bacteria separation 350
– capture efficiency 350
– detection of 350
– polymerase chain reaction 350
BaFe nanoparticles 101
ball milling 498
– melt-spinning and high-energy 151
band structure calculations 203
barium ferrites 489
Barrett-Joyner-Halenda (BJH) model 311
BCB. see benzocyclobutene (BCB)
bcc. see body-centered cubic (bcc)
BCP. see block copolymer (BCP)
BCP DSA. see block copolymer-directed self-

assembly (BCP DSA)
bentazon oxidation 529
benzocyclobutene (BCB) 456
Berry phase 33, 68, 70
Bethe–Slater curve 35
Bethe–Slater–Néel curve 41
bifunctional coupling 236
bilirubin adsorbents 294
binary chalcogenide materials, solution-phase/

thin film synthesis 191
binary magnetic chalcogenide nanostructures
– europium chalcogenide nanocrystals 196
– iron selenide nanocrystals 195
– iron sulfide nanocrystals 192
– synthesis methods 192
binary nanocrystal superlattices, TEM images

of 333
binary supracrystals 328
biocompatible iron 383
biocompatible materials 345
biocompatible superparamagnetic

nanoparticles 409
bioconjugated magnetic nanoparticles 428
biodiesel production, microalgae 529
biofouling 394
bioimaging 386
biological imaging systems 400
biomedical applications 417
biomedical diagnostics 233
biomedical purposes 235
biomedical research 345
biomedicine therapy 249
bioremediation process, microalgae 529
bioseparation 347
– bacteria separation 350
– biotechnology and bioprocess 347
– protein separation 347
– removal of pollutants, from water 353
biotin–streptavidin interaction 425
bisphenol A, removal of 524
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bit patterned media (BPM) 454, 455
– application of 455
– data storage in 455
– recording material for 455
– working principles of 454–462
bits 444
Bloch wall energy 61
Bloch wall scattering 61
block copolymer (BCP) 98, 100, 454–457, 461
– chain mobility 457
– direct self-assembly of 456
– film annealing 459
– phase behavior of 455
– self-assembly and guided assembly of 455–462
block copolymer-directed self-assembly (BCP

DSA) 461
blocked super paramagnetism 327
blocking temperature 124
blood–brain barrier (BBB) 419
blood cleansing process 352
blood oxygenation level-dependent (BOLD) 396
body-centered cubic (bcc) 475
Bohr magneton 29, 33, 43
Bohr radius 31, 55
BOLD. see blood oxygenation level-dependent

(BOLD)
Boltzmann–Arrhenius law 62
Boltzmann constant 124, 443
Boltzmann probabilities 43
borohydride reduction reactions 95, 126
BPM. see bit patterned media (BPM)
brain tumors, MRI-monitored magnetic

targeting 419
broken exchange bonds 46
brookite TiO2 nanorods 263
Brownian motion 98
Brownian relaxation 407
Brown’s paradox 56
Bruggeman equation 503
Brunauer-Emmett-Teller (BET) 311
buckling nets 95
bulk anisotropic Nd2Fe14B/α-Fe nanocomposite

magnets 164
bulk anisotropic SmCo5/α-Fe nanocomposite

magnets 160
bulk magnets 42
bulk material 474
bulk metal oxides 104

c
Callen theory 48
camptothecin 415
cancer-cell apoptosis 416
cancer-cell death 415
cancer diagnosis 239
cancer treatment 397, 414

– hyperthermia ablation, role of 408
– MRI role 405
Candida albicans 351
capsule-shaped α-Fe2O3 nanoparticles 312
carbon
– activation 533
– amorphous 499
– arc reaction 125
– assisted carbothermal method 305
– nanofibers 522
– nanostructures 103
– nanowalls, fabrication 103
– shell 102
carbonization temperature 484
carbon–silica nanocomposites 484
caspase-8 410
caspase-9 410
caspase-mediated apoptosis 409
catalytic degradation methods 525, 527
catalytic efficiency 525
cation-exchange reaction 224, 225, 240, 253
– superparamagnetic nanomaterial 533
cation-exchange treatment 240
CdCr2S4 NCs 204
CdSe@CdS core–shell nanorods 265
CdSe@CdS core–shell tetrapods, low-

magnification TEM 258
CdSe@CdS nanorods 265
CdS impurity phase 204
cell apoptosis 239
cell death, programmed 410
cell-killing capacity 409
cell-signaling control 400
cell targeting/sorting 236
cellular functions, manipulation of 425
cellular information processing 425
centrifugation 474
ceramic nanoparticles 473
Cerenkov luminescence 386
cetuximab (CET)-conjugated PEGylated gold

nanorods (CET-PGNRs) 398
cetyltrimethylammonium bromide (CTAB) 126,

236
– surfactant 228
chain-like magnetic Ni/Ni3C core–shell

heterostructures 244
chalcogenide materials 191
chalcospinels 192
charcoal, activated 519
charge-carrier separating capabilities 262
charge retention 262
charge transfer conduction 67
chemical bounding 473
chemical coprecipitation method 504
chemical decomposition 103
– chemical etching 103
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– electrodeposition 103
chemical deposition
– mechanism 102
– process and influence factors 102
– synthesis, characteristics of MNP synthesized

with 102, 103
chemical etching process 131
chemical milling 123
chemical precipipation 474
chemical reactivity 474
chemical reduction method 483
– characteristics of MNP synthesized with

95–97
– mechanism 94
– reductive agents used in 95
chemical refining processes 152
chemical synthesis 122, 125
chemical vapor deposition (CVD) 102, 122, 474,

489, 507
– equipment 103
– synthesis 102
chimeric L6 (ChL6) monoclonal antibody

(mAb)–linked iron oxide nanoparticle 409
chito-FIONs, schematic illustration 410
chitosan 93
– fiber 518
chitosan oligosaccharide-stabilized ferrimagnetic

iron oxide nanocube (Chito-FION) 409
Chlorella vulgaris 529
chlorophenol red-(-D-galactopyranoside

(CRPG) 351
CIP. see ciprofloxacin (CIP)
ciprofloxacin (CIP) 527
citric acid 92, 488
classical LaMer nucleation 252
classical nucleation theory (CNT) 222
click chemistry 349
clinical cancer treatment 416
CM1 film, fabrication 105
CMI. see compound metal island (CMI)
CMR. see colossal magnetoresistance (CMR)
coalescence-crystallization 231, 245
coarse-grained magnets 155
cobalt chloride hexahydrate 475
cobalt (Co) removal
– by ZVI/graphene nanocomposites,

mechanism 521
cobalt species, outward diffusion 296
cobalt tricarbonylnitrosyl (Co(CO)3(NO)) 96
cocktail method 358
Co-coating 160
Co2(CO)8, thermal decomposition 264
CoCrPt film 463
– oxides thin films 439
CoCrPt layer 463
Co-decorated CoO tetrapods 265

coercivity 56–58, 121, 134, 452
– of ellipsoids 57
– variation with grain size 135
CoFe alloys 160, 442
coherency strain 261
coherent rotation theory 55
coincidence site lattice theory (CSLT) 251,

254
– based arguments 265
collagenase 405
colloidal carbon spheres 304
colloidal-crystal-assisted-lithography

strategy 312
colloidosomes 254, 255
colloid polystyrene particles 303
colossal magnetoresistance (CMR) 67
combination therapy 415
combustion driven compaction (CDC) 153,

154
complementary metal oxide semiconductor

377
complex-forming agents 95
complex permittivity 491
– dielectric loss tangents 491
– Fe and Ni nanocomposites 491
complex yolk–shell architectures 239
composite samples, micrometer/nanometer-

sized
– relative permeability curves 501
compound metal island (CMI) 105
computer tomography (CT) 365, 386
Coϵ nanocrystals
– AFM-based elastic force-displacement

measurements 337
– distribution of E∗ values of supracrystal films

of 337
– elastic properties of 337
– magnetic properties of 334
– mechanical properties of 336
– nano-Kirkendall effect 329
– TEM images, and corresponding size

distributions 328
– Young modulus of 337
Co nanoparticles 95, 329–332
– nanocrystallinity 331
– size-dependence of Kirkendall effect 330
Co nanorod 263
CoNi nanoparticles 95
constant permittivity 489, 490
controlled drug release 411, 412
– hyperthermia-based 413
controlled gene 412
controlled hydrolysis 236
copper (Cu) removal, by ZVI
– role of weak magnetic field in 518, 519
copper sulfide nanoparticles 397
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coprecipitation 85–87, 94, 101
– characteristics of MNP synthesized with

87
– mechanism 85
– process and influence factors 85–87
CoPt alloys 443
Co@Pt HNCs 238
CoPt island array 465
CoPt layers 445
CoPt nanoparticles 96
CoPt-SiO2 alloy 464, 465
CoPt-SiO2 dot arrays 465
core/shell
– architectures 260
– counterparts 245, 261
– HRTEM images of 330
– interface 224
– structures 99, 100
– templating approach 178
– topology 223
core–shell nanowires (CSNW) 127
correlation length 50, 72
CosmoFerINFeD Ferrisat 346
Co/Sm2O3 nanoparticles 151
Co9S8–PdSx
– low-magnification TEM and HRTEM

images 248
Co spheres
– evolution (TEM images) of 308
cosurfactants 98
Coulomb interaction 36, 37
Coulomb repulsion 34, 66
covalent coupling 532
CoxCu1�xCr2S4 NCs 202
Cr-based chalcogenides 201
– chalcospinel compounds 203
– selenides of 204
Cr L3 EELS spectra 207
crystal field potential 46, 47
crystallization 89
– hollow hematite, sonochemical fabrication

of 304
crystallographic-direction-dependent lattice

development 220
crystal-phase distribution 240
crystal-phase segregation 224
CS-700 485
CS-Fe-700 485
CSNW. see core–shell nanowires (CSNW)
CT. see computer tomography (CT)
CTAB. see cetyltrimethylammonium bromide

(CTAB)
cubane-type bis(tetra-n-butylammonium)

tetrakis[benzenethiolato-μ 3-sulfidoiron]
clusters 193

cube-shaped EuS NCs

– Transmission electron microscope (TEM)
images 198

cubic spinel CuCr2Te4 phase 205
CuCr2S4 201
CuCrS2/CuCrSe2 impurity phases 203
CuCr2Se4 201
CuCr2Se4 NCs 208
CuCr2Se4 single crystals 205
CuCr2S4 nanocubes 207
– TEM images 202
CuCr2Te4 spinel 201
– Raman modes of 206
CuFe2O4 nanoparticles 100
Cu(I)-catalyzed azide–alkyne cycloaddition 349
Curie temperatures 29, 32, 38, 121, 196, 203
– transition temperature 209
Curie–Weiss paramagnetism 31
Cu2S–In2S3 heterodimers
– low-magnification TEM and HRTEM

images 248
CVD. see chemical vapor deposition (CVD)
β-cyclodextrin 90
cysteine-cysteine-alanine-leucine-asparagine-

asparagines (CCALNN) peptide ligands 307

d
data logging 377
data storage, capacity 439
de Broglie wave length 32
dechlorination 525, 527
decomposition 133
defect classes 85
– one-dimensional defects 85
– three-dimensional defects 85
– two-dimensional defects 85
– zero-dimensional defects 85
degassed bovine liver, coagulated-tissue

volume 404
demagnetizing factor 40, 53
demagnetizing field 40
dendrites
– branched 89
– hyperbranched 89
deposition rates 135
devitrification phase transformation 136
diagnostic agents 394
diagnostic magnetic resonance (DMR) 356,

377
– assay, schematic 378
– biosensing 379
– cleavage
–– intranucleosomal 410
diamagnetism 30
1,2-dichlorobenzene (DCB) 328
dielectric losses 483
dielectric permittivity 499
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diffraction peaks 493, 498
dimercaptosuccinic acid (DMSA) 353
dimeric/oligomeric nanoheterostructures 245
diphenyl diselenide (DPDS) 203
dipole–dipole interactions 373
Dirac equation 73
direct heterogeneous deposition 224
direct heterogeneous nucleation 227, 229, 232,

245, 246
direct redox replacement 225
direct ring opening polymerization 518
– of aziridine 518
dirty-metal
– behavior 66
– resistivities 66
dispersive-nanoparticle-solid phase

microextraction procedure 533
disproportionation reaction method 486
divalent transition ions 346, 375
DNA fragmentation 410
DNA templates 301
1-dodecanethiol (1-DDT) 203
– mineralization and dechlorination by ZVI

528
dodecyldimethylammonium bromide

(DDAB) 266
domain wall energy 124
dopamine (DA) 349
doxorubicin (DOX) 395, 413, 415
– DOX-SPIO-MBs, schematic illustration of 421
drift velocity 65
drinking water, Hg concentration 519
drug accumulation 405
drug/gene delivery 407
drug release, localized 394
drug release through bond breaking (DBB)

412
drug release through enhanced permeability

(DEP)
– drug delivery platform 414
dual magnetic-catalytic functionality 237
dual-mode bioimaging, bifunctional probes 254
dumbbell-like nanoparticles 297
– applications, in cell targeting and drug

release 297
– Au-Fe3O4

–– preparation and characterization of 298
– factors affecting, synthetic process 297
– magnetic properties of Fe3O4 in 297
– modulation of 297
– in multimodal biological detection 299
– production 297
– therapeutic and diagnostic applications 297
dumbbell-to flower-like geometry 250
dyes
– adsorption and removal of 519–522

– removal, with nZVI 522
–– adsorption 522
–– degradation 522
–– precipitation 522
–– reduction 522
– solutions treatment with nanosilica-

AgNPs 523
Dynabeads 347
Dzyaloshinskii–Moriya (DM) interactions

39, 61

e
ECC. see exchange-coupled composite (ECC)

media
effective magnetic anisotropy 122
effective nuclear charge 74
EG. see ethylene glycol (EG)
ejection pressure 137
electrical conductivity 478
electrical resistance 65, 493
electric currents and magnetism 65
electric magnetic field (EMF) 412
electric percolation 479
electrocatalysts 239
electrochemical cell 128
electrochemical synthesis 123
electrodeposition process 128, 129, 131
electroless plating technique 160
electrolyte 131
electromagnetic (EM) fields 73, 382, 473
electromagnetic interference (EMI) 506
– shielding 507
electromagnetic materials (EM) 473
– waves 473
electromagnetic performances 480, 489
electromagnetic properties 474
electromagnetic radiation 397
electromagnetic response 474
electromagnetic waves 474
– absorption capability 234
electron beam lithography 312, 462
electron density 47
electron energy loss spectroscopy (EELS) 207
electronic-band structure 261
electronic communication 224
electronic exchange–coupling mechanisms 226
electron migration, metal contact role 251
electron mobility 231
electron pair 34
electron scavengers 262
electron velocity 70
electroporation 419
electrospinning 129, 132
electrostatic electron–electron interactions 34
electrostatic potential 33
element doping 451
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EM. see electromagnetic materials (EM)
emergent magnetic field 70
EMI. see electromagnetic interference (EMI)
emulsifier 87
emulsion 97
energy activation barriers 242
energy ball milling method 493, 495
energy expression 72
energy gain 37
energy minimization, thermodynamics 126
energy product 52
energy spectrum 36
engineered magnetic nanoparticles
– as enhanced magnetic resonance imaging

(MRI) contrast agents 374–377
enhanced permeability and retention (EPR) 372,

405
enhanced photocatalytic reduction yield 262
Enterococcus faecium 350
environmental contamination 515
epidermal growth factor receptor (EGFR) 371,

415
epidermal growth factor receptor antibody

(EGFRA) 297
epitaxial deposition 226
epitaxial seeded-growth techniques 219
epithelial cancer cells, photothermal ablation

of 398
epoxy resin 486, 505
equilibrium phase diagram, stable phases in 447
– A1 phase 447
– L10 phase 447
ergodicity 42
Escherichia coli 348, 525
etching process 462, 463
– destabilization experiments 250
– schematic illustration of 316
2,20-(ethylenedioxy)-bis-(ethylamine)

(EDBE) 351
ethylene glycol (EG) 100, 475, 480
ethylene hydrogenation 239
Eu(II) chalcogenide NCs 192, 210
– electronic transition and spin

configuration 196
– magneto-optic and photophysical

properties 200
Eu(III) dithiocarbamate precursor complex
– solvothermal decomposition 197
europium monochalcogenides 196
europium oleate, solvent thermolysis 199
Eu(S2CNEt2)3Bpy
– crystal structure 198
EuSe, crystal structure 197
EuTe nanospindle growth 199
EuTe nanostructures 199
exchange constants 35

exchange-coupled composite (ECC) media
441

– recording density 441
– writing field 441
exchange coupling 444, 445
– between grains 446
– intergrain 444
exchange energies 62
exchange stiffness 54, 124
exogenous genes 419
external field 30
– magnetic field 67, 367, 372

f
fabricate Sm-Co/Fe(Co)-based hard/soft

nanocomposite materials 151
face-centered cubic (fcc) 196, 443, 475
– cobalt nanocrystals (Cofcc) 329
– phase, synthesis 329
– supra crystals, SEM images 332
face-centered tetragonal (fct) 447
Faraday effects 192
– in Co0.7Cu0.3Cr2S4 201
Faraday rotation 196, 210
fast-diffusing species 237
fast Fourier transform (FFT) 332
fcc. see face-centered cubic (fcc)
fct. see face-centered tetragonal (fct)
α-Fe and Fe3C composite powders 494
Fe0.13[Co20Ni80]0.87 478
FeCoNi particles, intrinsic permeability 480
FeCoNi powders, SEM images 477
FeCo/Pt superlattices
– perpendicular lattice parameters 178
– schematic picture of 178
Fe-CPNDs
– AFM topography images of 401
– high-resolution TEM micrograph 401
– synthesis 401
– TEM micrograph 401
Fe/graphite oxide nanocomposites, TEM

images 486
Fe nanocomposite, reflection loss 492
α-Fe nanocrystals 161
Fenton catalyst 526
Fenton degradation 525, 526
Fenton reaction 526–528
Fe2O3

– nanoparticles 97
–– preparation 92
Fe3O4

– crystallites 244
– graphene oxide nanocomposites 532
– hollow spheres 309
– magnetic nanoparticles
–– steps in formation 86
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–– synthesis 86, 87
– nanocomposites 524
– nanocrystals, OLAC-stabilized 240
– nanoparticles 87, 88, 94, 518, 519, 522, 529, 530
–– for harvesting of marine microalgae 529
–– synthesis 89
– nanorods 233
– NMP 86
– nucleation sites 250
– PEI nanocomposites 530
– shell 452
–– partial dewetting 250
Fe3O4–Ag heterodimers
– with hollow Fe3O4 domain, TEM images 248
– TEM images 248
γ-Fe2O3–MeX system 254
γ-Fe2O3 nanomaterial 533
α-Fe2O3 nanoplates 525
α-Fe2O3 nanoring formation
– schematic illustration of 314
Fe3O4–Pt seeds 253
γ-Fe2O3 seed 254
– tetrapods 265
α-Fe2O3–SnO2 HNCs 264
Fe3O4-ZnO nanocomposites 530
Fe3O4@ZnO nanorods 234
FePd nanoparticles 96, 233
Fe50Pd50 nanoparticles 96
α-Fe powder 476
– SEM image 476
– XRD pattern 476
Fe-Pr-(BSi) ribbons 162
FePt-Ag film 448
FePt alloy 447, 448
FePt–Au heterodimer HNCs with cubic-shaped

FePt domains
– low-resolution TEM images 247
FePt-Au trimer and high-order oligomer HNCs
– low-resolution TEM images 247
FePt@CdSe HNCs
– TEM and HRTEM images 241
FePt@Fe3O4 and Pt@Fe3O4 yolk–shell

HNCs 238
FePt–Fe3O4 heterodimers
– low-magnification TEM and HRTEM

images 248
FePt@Fe3O4 yolk–shell HNCs 239
FePt film 447, 448
– L10 ordering of 447
FePt-In2O3 heterodimer HNCs 251
FePt magnetic nanoparticles, synthesis 96
FePt nanocube 453
Fe50Pt50 nanocubes 453
FePt nanoparticles 151, 451–453
– annealing 451

– chemical composition of 451
– with MnO shell 452
– as recording media 453
– synthesis, phase transition and size

control 451–453
– without MnO shell 452
Fe50Pt50 nanoparticles 96
Fe55Pt45 nanorods
– TEM images of 302
FePt nanorod seeds 263
Fe55Pt45 nanowires
– TEM images of 302
FePt-oxide films 448, 450
Feridex I.V. (AMAG) 346
Feridex nanoparticles 409
Fermi energy 203
Fermi level 68
Fermi velocity 65
ferric chloride 484
ferrimagnetic materials 54
ferrimagnetic ordering 194
ferrimagnetic oxide 490
ferrimagnetism 409
ferrimagnets 43
ferrite CoxFe2�xO4 nanocrystals 240
ferrite nanocomposites 496
ferrite nanoparticles, synthesis 91
ferrites 474
ferrofluid 86
ferromagnetic correlations 51
ferromagnetic coupling 192, 199
ferromagnetic exchange 40
ferromagnetic-like behavior 231
ferromagnetic nanoparticles 327, 367
ferromagnetic nanospheres, magnetization

reversal 55
ferromagnetism (FM) 36–38, 44, 67
ferromagnets 30, 38, 54
– spinel-type 83
ferumoxytol (MNP)
– fluorescently labeled 406
ferumoxytol and polymeric NPs
– high-resolution intravital imaging 406
Fe3S4
– microcrystals 194
– nanocrystals 192, 194
Fe3Se4
– nanowires 196
– TEM images 196
α-Fe, SEM images 494
Fe–Se phase diagram 195
Fe2+ sequestering agent 240
FeSO4 195
FexOy nanorod 266
field annealing 139
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field cooling (FC) 208
field-free point (FFP) 382
FiM-FM exchange coupling 265
Finemet’alloys, microstructure evolution 138
Finemet conventional annealing, time–

temperature transformation 140
finite-temperature magnetism 42û45
flame vapor deposition (FVD) 129
Flory-Huggins interaction 455, 457, 458
flow magnetotrigger 413
fluorescence 386
fluorescence-activated cell sorting (FACS)

analysis 424
fluorescence imaging 399
fluorescent emission 254, 265
fluorescent nonoxide semiconductors 231
fluoropolymer 100
FM. see ferromagnetism (FM)
focused ultrasound transducers 408
fractional quantum Hall effect (FQHE) 68
Frank–van der Merwe mode 222
free energy 34, 43
frequency dependences, of reflection losses

curves 495
frequency-dependent dielectric losses 483
fridge magnets 31
fullerene–IONP nanocomposite 396
full width at half maximum (FWHM) 443
functionalized magnetic nanoparticles 427
fungus-Fe3O4 bionanocomposites 519
FVD. see flame vapor deposition (FVD)
FWHM. see full width at half maximum (FWHM)

g
gadd153 promoter 416
gadolinium-embedded iron oxide 385
galvanic replacement reactions 237, 239, 240
GaN hollow spheres formation, mechanism 305
gas- and bio-sensing 227
geldanamycin (GM) 411
GEM. see generalized effective-medium (GEM)
gene delivery
– agents 420
– magnetic targeting 423
– methods,
–– without viral 422
– systems 423
– viral vector 422
gene expression analysis 366
generalized effective-medium (GEM) 503
gene therapy 415, 416
gene transfection 420
– efficiency 420
– research 420
gene transfer 423
– efficiency 425

gene vectors 420
geomagnetic fields 31
giant coercivity value 195
giant magnetoresistance (GMR) 67, 355
Gibbs free surface energy change function 221
Gilbert damping parameters 503
Gilbert equation 479
GLAD. see glancing angle deposition (GLAD)
glancing angle deposition (GLAD) 113
global positioning system 403
glucocorticoid 395
glutaraldehyde 522
glutathione (GSH) 349
glutathione-S-transferase (GST) 349
GMR. see giant magnetoresistance (GMR)
GO. see graphene oxide (GO)
gold-polymer-nickel hybrid nanowires 300
– synthesis of 301
gonadotropin-releasing hormone agonists 408
Goodenough–Kanamori–Anderson rules 35
grain boundaries 444
– sliding 158
grain isolation 446
grain size 122, 125, 439, 442
– magnetic 440
– nonuniform 440
granular films, morphology 448
graphene nano ZVI composite synthesis 525
graphene oxide (GO) 518
– nanosheets 518
graphite oxide 485, 486
graphoepitaxy 461
greigite (Fe3S4) phase
– iron sulfide 192
– nanosheets 194
grinded powders, SEM images 183
gyromagnetic resonance 499
gyroresonance 503
– peak 504
– spectrum 501

h
Hall effect 33, 67, 195
– scattering mechanisms 67
Hall–Petch relationship 125
HAMR. see heat-assisted magnetic recording

(HAMR)
hard disk drives (HDD) 147
harmonic expression 71
hcp. see hexagonal close packed (hcp)
HCT116 cells 399
heat-assisted magnetic recording (HAMR) 441
– advantages of 446
– L10 FePt for
–– overview 447
– media, requirements for 441, 447
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–– magnetics 441
–– microstructure 441
–– texture and chemical ordering 441
–– thermal profile 441
– overview of 446–450
heat generation mechanism 407
heat-inducible gene 416
heat-inducible plasmid
– composition 417
heat-shock protein (HSP) 411, 416
heavy metals 515, 516
– adsorption and removal of 516–519
– adsorption by ZVI 517
– ions 354
– removal of
–– magnetic adsorption 525
–– by ZVI/oxidants 517
– separation, from contaminated water 518
Heisenberg energy 38
Heisenberg exchange 31
Heisenberg ferromagnetic semiconductor

materials 196
Heisenberg model, 3D 44
HeLa cells 239
hematite nanostructure formation process 315
hepatocellular carcinoma
– associated antigens 408
– thermal ablation of 408
HepG2 cells, PA images 402
HER2+ cancer cells 410
heterodimers 245
– formation 254
– synthesis, at liquid/ liquid interfaces 248
heteroepitaxial growth
– strain-driven 257
heterogeneous Ag deposition 252
heterogeneous Co nucleation 265
heterogeneous deposition modes 221
heterogeneous growth reactions 256
heterogeneous nucleation 137, 225, 253, 261
hetero-oligomers made of multiply γ-Fe2O3-

decorated brookite TiO2 nanorods
– low-magnification TEM 259
heterostructured nanocrystals (HNCs) 217
– anisotropically shaped 259
– anisotropic synthesis
–– site-selective heterogeneous deposition on

preformed nanorods seeds 258
– Au–Pt-alloy heterodimer 252
– AuPt@Fe3O4 core–shell 250
– bimetallic core–shell 228
– Co@Ag
–– low-magnification TEM/selected HRTEM

images 243
– CoFe2O4@SiO2 HNCs 230
– colloidal HNCs, controllable synthesis 219

– core–shell
–– formation mechanism 225
– core@SiO2-shell HNCs synthesis 230
– dumbbell-like Au–Fe3O4 HNCs
–– low-resolution TEM images 246
– fabrication 260
– hetero-oligomer type 245
–– synthesis by induced fusion of preformed

heterostructured seeds 249
– magnetic core–shell 224, 227, 241, 243
–– oxide material based 229
– Ni@Au@ZnO, low-magnification TEM/

selected HRTEM images 243
– oligomer-type
–– formation mechanisms 232
– PdSx–Co9S8–PdSx peanut-shaped HNCs 256
– peanut-shaped Au–MnO HNCs
–– low-resolution TEM images 246
– peanut-shaped FePt–In2O3 heterodimerHNCs
–– low-resolution TEM images 246
– peanut-shaped Pt–Fe3O4 HNCs
–– low-resolution TEM images 247
– prototypes 262
– strain-driven heteroepitaxial growth, achieved

by 260
– synthesis
–– seeded growth approach 222
–– self-controlled nucleation-growth

mechanisms 248
– yolk–shell HNCs synthesis 238
heterostructures
– based on anisotropic shaped material

sections 256
– based on nearly isotropic-shaped material

domains 245
– formation, thermodynamics 220
1,2-hexadecanediol 346
hexadecylamine (HDA) 199, 263
hexaferrite 489
hexagonal close packed (hcp) 134, 443, 475
hexagonal ferrites 41
hexagonal Fe7Se8 195
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5-hydroxyisophthalic acids 90
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lithium-ion storage media 239
liver tumors 408
LLG. see Landau–Lifshitz–Gilbert (LLG)
L10 ordering 447, 448, 463
– in FePt films 448
– and grain size 450
– kinetic activation energy for 447
Lorentz force 67, 68, 70, 355, 517
Lorentzians 503
lower critical solution temperature (LCST) 414
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–– magnetization curling 55
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multilayered nanorods (MNR) 127
multilayered nanowires (MNW) 127, 129
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– synthesis 94
nanoreactors 97
nanorings 312

– high-density information storage, application
in 312
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nanotubes 127
nanowires (NW) 127, 133, 256, 259, 299, 489
– solvothermal method 301
– templating synthesis method 299
α-naphthol, removal of 524
β-naphthol, removal of 524
native oxide 127
Nd2Fe14B
– based magnets 163
– grains 162, 165, 166
– magnetically aligned nanoflakes
–– SEM images 151
– nanoflakes 151
Nd2Fe14B/Fe3B nanocomposite magnets 149
Nd2Fe14B/α-Fe naonocomposite magnets 164
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–– writing field 440, 441
perpendicular magnetization 63
personalized treatment 394, 396
perturbation theory 33, 48
PET. see positron emission tomography (PET)
pH-activated nanodots 400
ϵ-phase Co nanocrystals, synthesis 328
phase-controlled iron 235
phase segregation 242, 244
– development 245
phase separation 444
phase transformations, kinetics of 102
phenyl ether solvents 249
phosphate-buffered saline (PBS) 419
photoacoustic imaging (PAI) 399
photocatalytic systems 261
photochemical catalysis 525
photochemical oxidation 99
photodeposition process 262
photodetectors 191
photodynamic anticancer agent 396
photodynamic therapy (PDT) 396, 415
– imaging-guided 396
photogenerated charge carriers 261
photoluminescence 99
– quantum yield 233
photosensitized BOLD-contrast MRI 396
photosensitizer 396, 415
photothermal therapy (PTT)
– imaging-guided 397
– nanoagents 397
pH-sensitive magnetic nanogrenades

(PMNs) 396
– pH-dependent structural transformation 399
– related magnetic/photoactivity change 399
physically localized therapy 408
physical vapor deposition (PVD) 104
– techniques
–– laser ablation 104
–– molecular beam epitaxy 104
–– sputtering 104
– tube furnace, used for 104
pinning
– and nucleation 58
PI-PLA. see polystyrene-polylactide (PI-PLA)
planar flow 136
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– etching 464
– jet
–– reactor 110
– technique 109–111
–– characteristics of MNP synthesized

with 110–112
–– limitation 113
–– mechanism 109
–– process and influence factors 109
– polymerization treatment 110
– torch 125
plasma pressure compaction (PPC) 154
plasmid transfection
– fluorescence microscopy images 424
plasmonic devices 227
plasmonic properties 234
plasmon resonance 227, 251
plasmon-to-exciton coupling 218
platinum (Pt)
– dome arrays 465
– electron enrichment 253
– nucleation 228
– tipped Au nanorods 228
– tipped Cd@CdS core–shell nanorods 262
platinum acetylacetonate 233
– Pt(acac)2 451
PLD. see pulsed-laser deposition (PLD)
PLGA
– embedded nanoparticles, TEM images 418
– PEG, fluorescently labeled 406
PMMA. See polymethylmethacrylate

(PMMA)
PMR. see perpendicular magnetic recording

(PMR)
polar electron-donor solvent 250
polarizations 483, 490
polar media 249
pollutants
– diffusion 515
– refractory 525
– removal
–– by ZVI-ZVI/H2O2 system, mechanism 527
polybenzoxazine 522
polycarbonate membrane templates 300
polychlorinated biphenyls (PCB)
– isomers 524
polycrystalline material 85
polycrystalline nanorings
– schematic illustration of 313
polydentate bridging ligands 90
polydopamine 518
polyelectrolytes 98
polyethylene glycol (PEG) 91, 297, 367
polyethylenimine (PEI) 356, 423
polyhistidine-tagged proteins 349

polymer
– brushes 456, 458
– polyamic hydrazide 519
poly(methacrylic acid) pentaerythritol tetrakis

(3-mercaptopropionate) 307
polymethylmethacrylate (PMMA) 200
poly(N-isopropylacrylamide) (PNIPAM)
– based nanogels 413
– microgels 413
polyols 474
– method 127
– process 91, 95
– as reducing agent 91
poly (dimethylsiloxane) (PDMS) 457
– dot patterns 461
polystyrene 303
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polystyrene-block-poly (ethylene oxide) (PS-

PEO) 458
polystyrene-polydimethylsiloxane (PS-PDMS)

films 458
– solvent annealing 460
– thermal annealing 458, 459
polystyrene-polylactide (PI-PLA) 458
polyvinylpyrrolidone 91
– coated magnetite nanoparticles 524
pore density 129
porosity 500
– reduction 516
porous nanoparticles, synthesis of
– thermal decomposition method 311
positron emission tomography (PET) 365, 399
postannealing process 447, 448
postdeposition coalescence-crystallization 254
postdeposition ion milling 129
potassium permanganate 479
potassium stannate
– hydrothermal treatment 234
potential energy 36
Pourbaix diagram 128
PRB. see permeable reactive barrier (PRB)
precursor concentration ratio 251
precursor injections, slow 242
precursor oxide 488
prednisolone acetate 395
preformed HNCs
– reactions induced between 256
premagnetization 517
prostate cancer 409
protein separation 347
– advantages 347
– chromatography 347
– gel electrophoresis 347
PS-PDMS. see polystyrene-polydimethylsiloxane

(PS-PDMS)
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PS-PEO. see polystyrene-block-poly (ethylene
oxide) (PS-PEO)

pulsed electrodeposition 131
pulsed-laser deposition (PLD) 129, 149
pulse excitation 365
pulse thermal processing (PTP) 154
PVD. see physical vapor deposition (PVD)
pyromelitic dianhydride 519
pyrrhotite nanocrystals 193
pyrrole monomer 92

q
quantum mechanical origin magnetism 34
quantum mechanics 32
quartz tube 103
quenched MnBi ribbons melt-spun
– SEM image of 182
quenching reaction 133
quench rate 137

r
rabbit liver tumors, in vivo coagulated necrotic-

tumor volume 404
radiation therapy 415
radio frequency (RF) 365, 372, 412
– induction heating 137
radiotherapy 408
Raman-active modes 205
Raman-active outer layer 403
Raman scattering responses 226
RanGTP proteins 427
Ran/RCC1 signaling 427
rapid solidification technique 136
rare earth anisotropy 47
rare-earth permanent magnets (REPM) 83,

147
– bulk fully dense magnets 152
– films 152
– low-dimensional materials 149
– nanoparticles 151
– nanostructured powders 149, 150
– nanostructured preparing techniques 149
rare earth transition metal intermetallics 41
RCC1/Ran signaling network
– simplified schematic 428
RCox-based magnet powders 156
– magnetically anisotropic magnets 156
– magnetically isotropic magnets 155
– single-phase magnets 155
RCox-based nanocomposite magnets 158
– magnetically anisotropic magnets 160
– magnetically isotropic magnets 158
reactant delivery techniques 220
reaction temperature 480
reactive oxygen species (ROS) 366, 396

reactive radicals 526
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– thermal stability of 440
recording density 440, 447, 455
– vs. grain size 440
recording layer 443, 445, 446
– Co-based 443, 444, 448
–– film morphologies and crystalline

structures 442–445
– fabrication of 442
– granular film morphology of 444
– oxygen reactive sputtering of 444
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recording media 443, 450, 454
– Co-based 448
– CoPtCr-SiO2-based 445
– FePt as 446
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– making of 439
– perpendicular 443
reducing agents 95, 474
– NaBH4 as 95
reduction temperature 477, 486
reflection loss (RL) 483, 494
– frequency dependence 489
refrigerant capacity (RC) 209
regenerative medicine, magnetic nanoparticles

for 358
relative permeability 490, 496
– effective 500
relative permittivity 496
relative standard deviation 131
relativistic physics 33
relaxation enhancement 374
relaxation time 68, 374
remote intravenous TOOKAD administration
– experimental setup 398
renal cell carcinomas 408
REPM. See rare-earth permanent magnets

(REPM)
resin-bonded MnBi magnets
– hysteresis loops of 181
resin composites, reflection losses 498
resistivity 68
resonance
– frequency 502, 503
– width 502
Resovist

®

– in vitro T2-weighted MR image and MR signal
intensities 395

Resovist, T2
∗ -weighted MR images 395

reverse micelles formation 126
reverse microemulsion 97
reverse transcription-PCR (RT-PCR) 356
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R2Fe14B
– based magnets 149, 163
– based nanocomposite magnets
–– magnetically anisotropic magnets 164
–– magnetically isotropic magnets 163
– based single-phase magnets 161
–– magnetically anisotropic magnets 162
–– magnetically isotropic magnets 161
R-Fe-B-based magnets 147
R2Fe17 compound
– microstructural variation, schematic

diagrams 487
rhodamine B 522
ricinoleic acid 107
RL. see reflection loss (RL)
RNA interference technology 425
room temperature magnetizations 29
Ruderman–Kittel (RKKY) exchange 35
– interactions 49
Ru layer 446, 462

s
saccharomyces cerevisiae 351
SAM. see self-assembly monolayer (SAM)
samarium dihydride 487
samples A–F, reflection loss 509
saturation magnetic moment 177
saturation magnetization 93, 94, 121, 133, 265
SAXS. see small-angle X-ray scattering (SAXS)
Scherrer’s formula 493
Schrödinger equation 33, 36, 57, 61, 69, 73
second-order expression 46
second-order perturbation theory 176
seeded-growth synthesis 223, 245
selected nude mice, in vivo magnetic resonance

images 401
selective heterogeneous nucleation 256
– surfactant-controlled 264
selective heterogeneous nucleation
–– growth mechanism 262
self-assembly monolayer (SAM) 456
self-controlled nucleation growth 242
– sequential 225
self-doped metallic-like semiconductor 234
self-regulated heterogeneous nucleation 245
self-regulated homogeneous nucleation 255
semiconductors 99, 224
– magnetic-metal associations 261
– modules 251
– and transition-metal associations 231
sensing 249
sepsis 351
shadowing phenomenon 107
shape anisotropy 46, 134, 259
SHE. see spin Hall effect (SHE)

shear banding 125
shell deposition 226
shell formation 224
– by redox replacement or conversion

reactions 237
shell-to-core volume ratio 233
shell transformation, via cation-exchange

reactions 240
shock wave 94
shock-wave compaction (SWC) 153, 154
signal processing 439
silica-based micron-sized iron oxide

(sMPIO) 425
silica coating 235
– approach 236
silica nanocapsules 528
silica shell growth 224, 225
silicate-anion-assisted hydrothermal

method 315
silicon-containing polymer 457
silicon organometallic molecules 236
silver nanoparticles 528
single-crystal grains 182
single-crystal hematite (α-Fe2O3) nanorings 312
single domain size 148
single-γ-Fe2O3-functionalized anatase TiO2

nanorods
– binary heterostructures made, low-

magnification TEM and HRTEM images 260
single imaging modality 400
single-material nanocrystals synthesis 219
single source precursor (SSP)
– thermolysis of 193
single stranded DNA
– fluorescein-labeled 412
single-tipped Au-CdSe nanomatchstick

counterparts 262
single-walled nanotube (SWNT) 102
SiO2

– nanoparticles 97
– network covering 236
– yolk–shell nanoreactors 236
siRNA delivery 425
site-specific heterogeneous nucleation 257, 259
site-specific therapies 407
skin-depth effect 474, 490
skyrmions 61
small-angle X-ray scattering (SAXS) 106
SmCo
– based magnets 156
– Fe multilayer film 152
Sm2Co17
– based powders
–– magnetic properties of nanostructured 155
–– TEM dark field micrograph 155

Index 569



– nanoparticles 109
SmCo5
– SEM images 151
Sm17Co83
– energy-ball milling of 156
SmCo5
–– FeCo 149
–– grain boundaries 159
–– magnet 156
–– nanoflakes 156, 160
–– powders 161
–– SEM images of 160
Sm Fe ingot powders, XRD patterns 488
sMPIO-a-Let7g
– schematic drawing 426
SnCl2 precursors 239
SOC. see spin-orbit coupling (SOC)
sodium borohydride (NaBH4) 329
sodium fluorescein, on-demand controlled

release 413
sodium hydroxide 474, 480
soft magnetic materials 121
– dimensionality, schematic diagram 123
soft magnetic nanomaterials
– nanoparticles 123–127
– nanorods 127–134
– ribbons 135–140
–– crystallization 137–140
–– rapid solidification 136, 137
– thin films 134, 135
soft magnetic nanoparticle fabrication 126
soft magnetic underlayer 445
soft magnets 41
soft nanocarriers 416
soft template-based methods 305
soft underlayer (SUL) 442
solar cells 191
solar oven 403
sol-gel method 133
– advantages 93
– characteristics of MNP synthesized with 93
– mechanism 91
– precursor solution 132
– process and influence factors 92
– reaction 348
– synthesis process 92
solidification 136
solid-phase extraction (SPE) 531
solid-phase immobilization 356
solid-state diffusion 225, 254
– atomic 245
solid-state drive (SSD) 439
solid-state magnetism, features 30
solid-state physics 73
solid-state reductive annealing 233

solid-tumor model 396
solution-liquid–solid (SLS) 253
solvated oxygen species 237
solvation energies 240
solvents 88
– annealing 457–459
– diethylene glycol 88
– equilibrium vapor pressure 460
– ethylene glycol 88
– evaporation process 336
–– induced self-assembly 484
– solubility parameter 460
solvothermal method 87, 88
– monodisperse magnetite fabrication 88
– precipitation reactions 233
– synthetic process 369
Sommerfeld’s fine-structure constant 31
sonochemical method 93, 94
spark plasma sintering (SPS) 153
– process, schematic 153
S-participated selective coalescence 256
spatial biochemical switch triggeringmicrotubule

nucleation
– principle 429
SPE. see solid-phase extraction (SPE)
specific absorption rate (SAR) 407
specific loss power (SLP) 407
– nanoparticles 416
spherical Pt@Fe2O3 HNCs 229
spherical-shaped Ni seeds 231
spin coating 122
spin direction, adiabatic change 69
spinel CuCr2Te4 205
spinel ferrites 126
spin gapless ferromagnetism 67
spin Hall effect (SHE) 67
spin memory 35
spin moment 29
spin-only magnetism 35
spin-orbit coupling (SOC) 48, 68, 74
spin-orbit interaction 176
spin structures 39
– antiferromagnet 39
– ferrimagnet 39
– ferromagnets 39
spin torque oscillator (STO) 441
spintronics 208
SPIO. see superparamagnetic iron oxide (SPIO)
SPION. see superparamagnetic iron oxide

nanoparticles (SPION)
SPR. see surface plasmon resonance (SPR)
sputtering 464
square root magnetization law 334
SSD. see solid-state drive (SSD)
stabilizing agents 98
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stacking faults 261
standard deviation 475
standard pyrolytic organometallic routes 261
standing-wave type 47
Staphylococcus antibodies 351
Staphylococcus aureus 350
Staphylococcus epidermidis 350
starting seeds 261
– Fe3O4

–– TEM images 241, 248
static magnetic field 382
stimuli-responsive nanoparticle (SRNP) 419
stimulus-responsive membrane
– proposed mechanism 414
– in vitro triggering 414
STO. see spin torque oscillator (STO)
stochastic thermal energy 124
Stoner transition 49
Stoner-Wohlfarth (SW) model 53, 184, 186
– particles 62, 64
sTRAIL-EGFP. tumor volume 417
strain-driven heterostructure formation 266
Stranski–Krastinov mode 222
streptavidin 533
–– coated magnetic nanomaterials, detection
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SUL. see soft underlayer (SUL)
sulfonamides 532
superconducting quantum interference devices

(SQUID) magnetometer 124, 204, 206, 208
superficial tumors 396
superlattices 97
– three-dimensional 96
superparamagentism 124
– behavior 124, 233
superparamagnetic effect 440
superparamagnetic iron oxide (SPIO) 93
superparamagnetic iron oxide nanoparticles

(SPION) 90, 93, 94, 97, 381, 395
– in magnetic field-guided drug delivery

vehicles 90
– polymer coating 91
–– dextran 91
–– polyethylene glycols (PEG) 91
– streptavidin-DyLight549 (orange)-coated

414
superparamagnetic nanoparticles 365
superparamagnetism 127, 409
supersaturation 126
superspin glass phase 328
superstructures 218
supracrystals 327
– ZFC/FC curves of 334, 335
surface anisotropy 52
surface-binding surfactants 252

surface-confined redox reaction, followed by
hollowing

– via Kirkendall effect 225
surface energy 135, 266
– balance 245
surface engineering 371
surface-enhanced Raman scatter (SERS) 400
surface functionalization 233
surface-interface energy balance 263
surface ligands 245
surface plasmon oscillations 226
surface plasmon resonance (SPR) 106, 218
surfactant 86, 88, 89, 91, 96–98, 108, 109, 126
– adsorption 98
– amphoteric 99
– assisted two-step solution synthesis 235
– capped Fe 231
– controlled site-selective deposition 257
– mediated synthesis method 313
surfactant-assisted ball milling (SABM) 151
surgery, imaging-guided 403
SW620 cells, confocal fluorescence images 401
SWNT. see single-walled nanotube (SWNT)
symmetric CoPt3–Au heterodimer HNCs
– low-resolution TEM images 247
synergistic thermoradiotherapy 242
synthesis method 131
synthetic sophistication 246

t
tadpole-like HNCs 262
target cancer cells 418
target cells 404
targeted drug delivery 416–419
targeted gene delivery 419
targeted tumor cells 394
targeted tumor silencing 425
target FePt cores 240
target protein 371
target selectivity index 419
Tb2Fe14B nanoflakes 162
(TbLa)FeB-based nanocrystalline ribbons 161
TCNM. see trichloronitromethane (TCNM)
Teflon autoclave 194
template-assisted electrodeposition 129, 132,

133
template-engaged redox etching 239
template-free approach 309
TEOS. see tetraethyl orthosilicate (TEOS)
terephthalohydrazide 519
ternary Au@Fe3O4@SiO2 HNCs 231
ternary chalcogenides 192
ternary Fe3O4–Au–Fe3O4 HNC 256
ternary Fe3O4–Au–Fe3O4 HNCs with Au

bridging section
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– low-magnification TEM and HRTEM
images 249

ternary metal oxide hollow spheres 305
ternary PdSx–Co9S8–PdSx HNCs
– low-magnification TEM and HRTEM

images 249
tetraethyl orthosilicate (TEOS) 348, 484, 488,

507
tetragonal L10 FeCo 175
– maximum energy product 175
tetraphenyl phosphonium tetra

(diethyldithiocarbamate)-europium
complex 198

theranostic nanocarrier 396
theranostic nanotechnology 386
theranostic porphyrin dye nanoparticles (TPD

NPs) 396
– formation 397
theranostics 387
therapeutic apoptotic hyperthermia 411
therapeutic nanomedicine efficacy
– prediction 404
thermal ablation 407
– MNP-mediated 408
– MRI-guided 408
– therapeutic agents 409
thermal activation 124, 137
thermal agitation effect 374
thermal annealing 234, 239, 458, 459, 487, 496
thermal control 140
thermal decomposition 89, 101, 369
– characteristics of MNP synthesized with 91
– influence factors 89–91
– mechanism 89
thermal demagnetization 55
thermal energy 124
thermal equilibrium 43
thermal excitations 48
thermally driven crystal-phase segregation 225
thermally induced solid-state atomic

diffusion 242, 244
thermal reductive annealing 235
thermal stability 440, 441, 443, 455
thermal therapy 400
thermal transformation processes 312
thermochemotherapy 415
thermodynamic modeling 261
thermolabile azolinker 413
thermolabile linker 412, 413
thermolabile polymers 414
thermoresponsive copolymer 414
thermoresponsive polymers 413
thermosensitive ferromagnetic particle 409
thermosensitive polymers 413, 415
thin film deposition 129

thioacetamide (TAA) 195, 210
thiohydracrylic acid 193
TiO2

– nanorod 265
– nanostructures 525
–– as photocatalyst for water purification 525
– powders
–– solvothermal treatment 244
– seeds 266
tissue culture infective dose (TCID) 355
tissue necrosis 408
TMR. see tunnel magnetoresistance (TMR)
TNF-related apoptosis inducing ligand

(TRAIL) 416
tobamovirus, schematic illustration of 302
TOOKAD-treated mouse, reduction in signal

intensity 398
topological selectivity 261
total surface energy 256
toxicity 369
TPC. see track-etched polycarbonate (TPC)
trace elements 531
– detection and analysis of 531
track-etched polycarbonate (TPC) 129
trans-cyclooctene (TCO) 357
transfection efficacy 419
transfer foreign materials 419
transformation, mediated by solid-state cation

exchange 240
transition metal atoms 29
transition metal ions, spin alignment of 376
transition-metal oxide 231, 233, 259
– nanocrystals 239
transmetalation reactions 237, 242
transmission electron microscopy (TEM) 162,

226
– and HRTEM images 508
– overviews 229
transverse relaxation time 373
triblock copolymer nanotemplates 232
tributylphosphine 127
trichloronitromethane (TCNM) 525
triethanolamine 199
tri-n-octyl phosphine (TOP) 240
tri-n-phenylphosphine ligand 245
trioctylphosphine oxide (TOPO) 328
TRPV1, magnetic field stimulation
– experimental scheme 430
T1–T2 MRI dual-modal imaging 384
tumors
– bearing mice 400
–– after injectionwith PBS or PAA-Co9Se8-DOX
–– IR thermal images 402

– cells 371, 415
–– MRI 234
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– interstitium 394
– killing efficiency 408, 411
– microenvironment 394
– nanoparticles, accumulation of 395
– targeting 370
– therapy 394
tungsten carbon (WC) mold 153
tungsten dichalcogenides 191
tunnel device, traditional 209
tunnel magnetoresistance (TMR) 67, 208, 356
typical hysteresis loop 52
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– characteristics of MNP synthesized with 94
– mechanism 93
– process and influence factors 93
ultrasonic irradiation 254
ultrasonic knife technology 404
ultrasound attenuation 381
ultrasound contrast agent 419
ultrathin EuSe nanostructures 199
ultrathin films 135
uniaxial anisotropy 139
upconversion luminescence 386
upconversion nanoparticle (UCNP) 399
urchin-like TiO2 shell 239
uterine leiomyomata 408

v
vacuum evaporation (VE) 106
vacuum infiltration method 301
valerate 395
van der Waals forces 126
vapor deposition 134
vapor-phase techniques 220
vapor-transport deposition 264
vascular occlusion 368
vasodilation
– heating-mediated stimulation 405
VE. see vacuum evaporation (VE)
Verdet constant 210
very weak itinerant ferromagnetism (VWIF) 38,

49
Volmer–Weber regime 223

w
Wagner–Mermin theorem 45
wastewater
– remediation
–– nanomaterials in 515
– treatment 516
–– traditional methods 515
waterborne pathogen
– detection and analysis of 533
–– magnetic detection 533

water contamination 527
water crisis 515
water-in-oil microemulsion 232
water pollutants 516
water quality 515
water remediation 515, 525
– biological methods 515
– chemical methods 515
–– electrocoagulatioin 515
–– flocculation 515
–– ion exchange 515
–– reduction and oxidation 515
– combined technology 515
– magnetic nanomaterials in 516
– physical techniques 515
–– adsorption 515
–– filtration 515
–– flotation 515
–– sedimentation 515
– ZVI, role in 516
water treatment 525, 529
welding effect 493
wet-chemistry routes 217
wet etching 458
wet-phase synthetic methods 291
wireless magnetothermal stimulation 427
writing field 446

x
X-ray diffraction (XRD) 157, 194
– pattern 331
X-ray photoelectron spectrum (XPS) 205

y
YCC-DOX, MR contrast effect 395
– T2∗-weighted MR images 395
– in vitro T2-weighted MR image and MR signal

intensities 395
Y2(Fe1�xCox)17, XRD patterns 497
yolk-shell nanoparticles 292
–
–– advantages 292
–– biomedical and biosensing research 292
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–– hard template-assisted selective etching

method 292
–– Kirkendall effect 295
–– soft template-assisted bottom-up assembly

method 292
– Ostwald ripening method 294
– ship-in-bottle method 294

z
Zeeman energy 54, 69, 73
Zeeman interaction 33
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– assisted and sol-gel syntheses 197
zero-field cooling (ZFC) 208
– measurements 194
zero remanent magnetization 127
zero-temperature coercivity 64

zero-temperature ferromagnetism 42
zero-valent iron (ZVI) 516
zinc-doped iron oxide nanocrystals 414
ZVI. see zero-valent iron (ZVI)
zwitterionic dopamine sulfonate 372
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