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ACC see amorphous calcium carbonate

ACP see amorphous calcium phosphate

adamantane 170,174,176,180-81,
185-88

adsorption 62,125, 146, 149, 156,
214,302, 304-5, 500, 502-6,
522,525,527,539-40

aerosol formation 401-3, 405, 407,
409,411, 413-14, 449, 455, 464

aerosol formation events 413,428

aerosol mass spectroscopy (AMS) 406,
446

aerosol particle formation 410

aerosol particles 14-15, 354, 400-1,
405,418

new 401,409

aerosol source 419

aerosols 10, 13, 354, 359-60, 399,
406,419,421, 423, 425, 430,
434, 439-40, 467,490

sea spray 13-14,33-34

AFM see atomic force microscopy

agglomerated particle deposition
(APD) 460-61

agglomeration 335, 337, 419, 464

aggregate IDPs 334-38,340-41,
343-44,346-47,350,352-54

aggregation state 1,9, 46,50, 53, 59,
63,89

akaganéite 77,99-100

akaganéite nanocrystals, synthetic
100

algae 85,90, 504-5,537-40

algal growth media 540

allophane 22,48,493-97,499-511

alumina nanoparticles 6, 54,528, 543

aluminum oxide nanoparticles, col-
loidal behavior of 69

ammonia 404, 409,415-16

amorphous calcium carbonate (ACC)
234, 244,299-301, 303, 309

amorphous calcium phosphate (ACP)
228

amorphous clusters 298-99, 305

amorphous nanoparticles 2,301

AMS see aerosol mass spectroscopy

anisotropy energy density 277

APD see agglomerated particle deposi-
tion

aqueous environments 92,151, 519,
522-23,526

aqueous precursor 458,462-63

aragonite 234-35

aragonite nanocrystals 237-38

aragonite platelets 237-38

arsenian pyrite 147-49, 151

ash, volcanic 12, 353,494-96, 508,
511

ash particles 12,448-49

asteroids 176, 334, 337, 348, 350, 389

atmospheric aerosol formation 400,
413,416-17,419

atmospheric aerosols 399-400, 402

atmospheric chemistry 400,478

atmospheric clusters 401,416, 420

atmospheric ions 403-4,420

atmospheric mineral dust 14, 25

atmospheric nanoparticle generation
419

atmospheric nanoparticles 404, 406

atmospheric nucleation 400-2,
414-16, 420, 444

atmospheric particles 403, 406, 487

atomic force microscopy (AFM) 54,
69,229

Au deposits 147-48,159, 161

Au nanoparticles 147-51,153-54

Au particles 150, 156-57
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bacteria 81,94, 97,156, 159, 225, 227,
239, 250, 253, 453,510, 537

banded iron formations 76, 81

BCM see biologically controlled miner-
alization

beak 274-75,279, 286-88

beetle photonic crystals 316-18, 321

beetles 313-16,318-22

BIM see biologically induced mineral-
ization

bioaerosols 445, 453-54

biofilms 84,156,453

biogenic magnetite nanoparticles 93

biogenic volatile organic compounds
(BVOCs) 401-2,410

biologically controlled mineralization
(BCM) 250

biologically induced mineralization
(BIM) 249

biomineralization 41, 76,103,116,
225-26,228,233,235,241-42,
250,262,296, 303

pathological 233

biominerals 226-29, 235-36, 239,
241, 295-97, 302, 304-5

birds 273-76, 278, 280, 282, 284,
286-88

bone 225,228-29,232-33,297

bone formation 232

boreal forests 406,411

Box Canyon 95,97-99

bulk diamond 169-70, 184-85

bulk pyrite 117,132-34

bulk water 201

butterflies 313-14,317,319, 321

BVOCs see biogenic volatile organic
compounds

cages 170-72, 240,376,379

calcite 100, 209, 211, 227, 234-35,
297,299-302,503
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calcium 195, 226-28, 241, 299, 446
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241,297,304

carbon 173,176, 335, 341, 351, 353,
366,402, 445, 448, 456, 507-9,
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carbon nanomaterials 380
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525-28

carbonaceous chondrites 85-86

carbonates 17,31, 62,152,156, 195,
204,226,228

Carlin-type deposits 146

cartilage, mineralized 232

cations 78,202, 226,494, 501-3,510

CCN see cloud condensation nuclei

cell damage 533,535-37

cell membrane, nerve 274-75, 286-87

cells 53-54,239-40, 250, 252-56,
260, 262,278,319,510, 534-35,
537

algal 540

chains 96-97, 99, 239, 252-53,
258-62, 275, 278, 280-88, 305,
376,379, 381

chemical transport models (CTMs)
419
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455, 460-61, 475

chitin 303,309, 319, 322

clay minerals 10, 23-25, 48, 80,
174-75,197,206-7,501

clay particles 494, 504

clays 4,16-17,24,26,30-31,92,152,
156-57,210, 298, 444, 501

climate change 402, 450

cloud condensation nuclei (CCN) 399,
401,412,419-20, 423

clouds 330, 333, 345, 362, 364, 388,
401, 410

CMD see count median diameter

coagulation 149, 335-36, 375, 400,
418-19, 447-49, 452, 480, 483

coal combustion 446-48

coal combustors 446, 448, 450

collagen 233,297,303

colloidal photonic crystals 315-16,
322
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colloidal transport 157-59, 161
colloids 21, 26, 49, 142-43, 158, 249
colours 314-16,320-21
structural 316, 320-21
comet nuclei 337,345-46
comets 176,333-34, 339, 341, 343,
345-48, 389
complexes 8
condensation particle counter (CPC)
402, 405-6, 409
condensation particle counter battery
(CPCB) 402,406, 426,430
condensed volatile matter (CVM)
446-47
confinement, nanopore 200-2
continental shelves 10, 19, 24-27,
29,31
count median diameter (CMD) 451-52
counterions 520, 522-23,527
CPC see condensation particle counter
CPCB see condensation particle counter
battery
critical clusters 401, 407-9
crypsis 320-22
crystal cages 170-72
crystal lattice 317,321-22
crystal phase 455,458
crystal surfaces 184
crystalline goethite crystals 199
crystalline silicates 332, 335,337, 349
crystallinity 77,89, 99, 200
crystallites 298
crystals 85,90,96-98, 124-25, 183,
207, 228,232,253, 256-61, 277,
298,303, 314-18, 322
bullet-shaped 257-58
inorganic 227
molecular 47
CTMs see chemical transport models
Cuions 503
CVD see chemical vapor deposition
CVM see condensed volatile matter

dendrites 274, 287-88
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Desulfovibrio magneticus 251-52, 256,
259

diamantane 170-71, 174,181

diamond 169,173-75, 181, 184-85,
329, 343,367-68

diamondoid thiols 188-89

diamondoids 169-84, 186-90, 192-94

diesel exhaust nanoparticle composi-
tion 451

dust 14-15,17-18, 32,95, 330-34,
336, 346-49, 352, 364, 375,
385-87,389-90, 392-95, 454

larger 390, 394-95
meteoric 352

dust-balls 336-37

dust grains 334, 365, 367

dust impact 387-88

dust instruments 386-88

dust particles 348, 387-90, 395

dust surface charges 387,392

EDL see electric double layer

EELS see electron energy loss spectros-
copy

electric double layer (EDL) 24,200

electron energy loss spectroscopy
(EELS) 52-53,55-56, 62,144

electron microscopy techniques
54-55

emissions, primary 419-20

enamel 229,231-32

energy, kinetic 118-19, 350

engineered nanomaterials 4, 443,
465-66

engineered nanoparticles 45, 443,
445, 447, 449, 451, 453, 455,
457,459, 461, 463, 465, 494,
518

engineered nanostructures 517-18,
520, 522-24, 526, 528-30, 532,
534,536,538, 540-41

engines, diesel 450-51, 480-81

environment 8,21,50-51,96, 142,
152,158-60, 163, 372-73,
400-1, 443-45, 454-55, 502,
510-11, 518-19

indoor 450, 480-81, 485
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occupational 466
subsurface 195-96,215-16
supergene 155,159-61
environmental applications 66, 474,
512,514
environmental colloids 46, 48-50
environmental nanomaterials 50-51,
54,57
environmental systems 46, 48
equilibrium chemistry 348, 355
evolution 75, 149, 225,318-19,
321-22,334,336,361-62, 376,
380-81, 393,401-2
chemical 341-43,354,376
exchange interactions 276
excitation 186,188,371-72,377,379
excitation energy 185-86,377
external magnetic field 274, 276, 278,
280, 282-88
extinction 176,363-64
extinction curve 362-64

fast Fourier transformation (FFT) 100,
147
FD see fluorescein diacetat
Fe 5,20-21, 23, 29, 81, 85,96-99,
129-30, 198, 209-10, 333,
335-38, 346-47,350-52, 457
Fe-based biominerals 238-39
Fe-based nano-biominerals 238-39
Fe-oxides 343-44,347,352,354
Fe-silicate nanograins 336, 338,342,
345
Fe-silicates 338-41, 343-44, 347,354
ferrihydrite 2, 30, 48, 63, 75-88,
91-93,96-99, 159, 196, 199,
210-11, 238,494
chemical composition of 48,79
extraterrestrial 85
six-line 77-80, 82, 84
transformation of 87,92
ferrihydrite crystals 48, 85
ferrihydrite domains 197, 199
ferrihydrite nanocrystals 80, 88
ferrihydrite nanomineral 77,79, 81,
83,85

ferrihydrite nanoparticles 78

ferrihydrite particles 79, 84, 89, 494

ferrihydrite surface 86

ferritin 85

FFF see field flow fractionation

FFT see fast Fourier transformation

fibers 83,228,231-32

fibrils 230-32

field flow fractionation (FFF) 59,61,
68,72

filamentous structure 259-60

flame aerosol reactor (FLAR) 455-60,
462,464,472-74

FLAR see flame aerosol reactor

fluorescein diacetate (FD) 534-35

forest ecosystems 401-2

free energy 7,117,120-23,129-31,
276-78, 298,302,500

free energy of formation 131-33

freeways 480-87

freshwater 253

FuAR see furnace aerosol reactor

fuels 448,452,456-57

fullerenes 48, 341, 361, 369-70,
379-81, 518, 520, 522-23, 532

furnace aerosol reactor (FuAR) 455,
462-65

galaxies 361-62,373,375,380-81
Gallionella 81-83
generalized gradient approximation
(GGA) 120
geomagnetic field 273-74, 279-80,
282-83, 287-88
geosphere 174-75,177,227
germination 528-30
GGA see generalized gradient approxi-
mation
goethite 5,8,28,54,59,75-77,79,81,
84,86-93,99, 199, 207, 209-11,
214-17
ideal 88,210-11
non-porous 208-9
goethite crystals 88,90, 92, 199
goethite nanocrystals 87-91, 204,
206, 208, 210-11, 214
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goethite nanograins 352

goethite nanoparticles 77, 89

gold 142-43,145,152,156-61, 303
invisible 147,149,152

gold nanoparticles 142,147,153, 156
supergene 152

gold transport 143, 158-61

grain coagulation 336-37

grains 24,197-98, 331-35, 340, 347,

352,366,371-72,374-75, 495

stardust 367

groundwater 81, 155,159, 195

HAP see hydroxyapatite

HAP crystals 229, 232

HDDT see heavy-duty diesel trucks

heavy-duty diesel trucks (HDDT)
484-85, 487

hematite 5-6, 8, 54, 75,77-79, 81,
86-87,91-95, 196, 214, 351

hematite nanocrystals 60, 91-93

hematite nanoparticles 5,59, 92

high-resolution electron energy loss
spectroscopy (HREELS) 62

high-resolution transmission electron
microscopy (HRTEM) 79, 88,
100, 150, 198-99, 497

higher diamondoids 170, 175-80

highest occupied molecular orbital
(HOMO) 180-82, 188

highways 451-52

homing pigeons 249, 286

HOMO see highest occupied molecular
orbital

homogeneous nucleation 405

HREELS see high-resolution electron
energy loss spectroscopy

HRTEM see high-resolution transmis-
sion electron microscopy

humic acid 71, 159, 524-25

humic substances 494, 502, 507-8

hydroxyapatite (HAP) 227-28,
232-33, 239,297

ice sheets 29-30
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icebergs 29-30

IDPs see interplanetary dust particles

illite 16-17,27,206-7,209

imogolite 48,493-511

imogolite forms 495-96

imogolite nanoparticles 493-94, 496,
498,500, 502, 504, 506, 508,
510-11

in-cabin microenvironments 486, 488

incubation 533-34, 536,538

individual particle deposition (IPD)
460-61

insects 314,316-17,319,321-22

interplanetary dust cloud 389-90

interplanetary dust particles (IDPs)
331, 334-35, 337, 346

interplanetary medium 385-87,
389-91, 394-95

interstellar gas 330, 373-74

interstellar medium 332-33, 335, 362,
364-66,371,373,375-76, 380,
386, 395

interstellar nanomaterials, evolution of
374-75,377,379

ion-induced nucleation 413,417-18

IPD see individual particle deposition

iridescence 313,315,319, 321

iron 76,85,95,99,227,253,256-57,
288, 338-39, 343-44

iron biominerals 249

iron hydroxides 82-83, 86,494

iron oxide minerals 101

iron oxide nanoparticles 53,76-77,
91, 93,95,97,99

synthesized magnetic 261

iron oxide phases 96

iron oxides 5-6,17,24-28,52, 60,
62-63,75-77,85,87,95,101,
256,351

lattice fringes 82,90-91, 94

lattice morphology 317

layers, nacreous 235-36

liquefied petroleum gas (LPG) 450,
452

longhorn beetles 317,319, 321-22
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lower diamondoids 170, 175,177-78

lowest unoccupied molecular orbitals
(LUMO) 180-82,184,188

LPG see liquefied petroleum gas

luminescence 184-86

LUMO see lowest unoccupied molecular
orbitals

maghemite 9,75,77,93-98, 238, 256,
260, 279-80, 288
ferrimagnetic mineral 274,279
saturation magnetization of 281,
283, 286
maghemite nanocrystals 93,96-98
maghemite nanoparticles 77,93, 95
maghemite platelet chains 274-75,
278,281, 284-88
magnetic characterization 62-63
magnetic domains 278-80, 283-84
magnetic field 249-50, 262, 281, 285
magnetic iron nanoparticles 250
magnetic iron oxide particles 273-74
magnetic nanoparticles 251, 254, 258,
261-62
bacterial 262
magnetic resonance imaging (MRI)
261-62,271
magneticum 251-52,256
magnetite 9,76-77,93-98, 238-39,
252-53,256-57, 260, 263,
279-80
stoichiometric 256, 260
magnetite crystals 256-57
magnetite formation 255
magnetite nanocrystals 96-98
magnetite nanoparticles 77,95, 274
magnetization 257-58, 260, 274,
276-83,286-88
magnetization vector 276, 281-82
Magnetococcus marinus 251-53
magnetoreception 76-77, 249, 274,
280, 286-88
magnetoreceptors 275, 286-87
magnetosome crystals 256-61
magnetosome formation 256, 262
magnetosome membrane 255

magnetosomes 239, 249-62

Magnetospirilla 257-60

Magnetospirillum 252-53, 255

Magnetospirillum gryphiswaldense
251, 255-56, 259-60

magnetotactic bacteria 239, 250-51,
253,262

magnetotaxis 76-77,250-51, 258,
262

mammalian cells 532-34,537

Mars 95,333, 348

MDMA see multistage differential mo-
bility analyzer

meltwater 29

mesocrystals 296,304, 306

mesosphere 350-52

metadynamics 303

metadynamics simulations 300, 303

metal nanoparticle formation 151

metals 2,8, 20, 55, 76, 84, 88, 115,
144-45, 152, 157-58, 160-61,
201,232,354

precious 115, 142-43, 146

meteorites 77, 85-86, 176, 334-35,

337,340-41, 346, 348, 361, 367
primitive 334, 336,338, 355

meteoroids 345-47,349-50, 389-90,
393-94

meteors 176,346,350-51, 393

mineral aerosols 14-15

mineral dust 6,13-17, 30, 34

mineral evolution 355

mineral formation 250, 338

mineral nanoparticle budget 20

mineral platelets 234, 297

mineralization 85, 295

mineralogical form 143, 146, 149

mineralogy 82,107,174

minerals, sulphide 115-16

models, collision 395

molecular clouds 363-64

MRI see magnetic resonance imaging

multistage differential mobility ana-
lyzer (MDMA) 457

nano-biominerals 241-42



Si-based 240-41
nanocrystals 5,9, 84, 88-89,99-100,
117,121-23,126,131-32,135,
179,183, 229, 233, 261
nanodiamonds 172,176, 184, 334,
341,361,367
nanodust 386-91, 393-95
detection of 385-86, 388, 394
trajectories of 386,390-91
nanograins 331, 337-39, 341, 349-51,
353-55,361-62, 364, 366-68,
370,372-76,378-82
nanomaterials 3-4, 10, 23-25, 31,
33,49,51,61-63,121,361-62,
379-82, 443-45, 465-67, 529,
531-32
anthropogenic 51
inorganic 23,31, 33-34
nanominerals 2, 4, 8,15-19, 23, 25,
27-30, 33, 35, 46-49, 57, 63-64,
76,102,125
nanoparticle emissions 452
nanoparticle formation 404, 449, 463
nanoparticle formation in FLAR 457
nanoparticle formation in FUAR 462
nanoparticle synthesis 463
nanoparticles
aggregation of 196, 304-5
biomineralized 255
crystalline silica 351
inorganic 1-3,10-11, 23,31-32, 34
modeled nonspherical Si0, 457
non-crystalline light-scattering 320
short-range-order aluminosilicate 494
TiO, 6,9,98
unsuspended 521
nanoparticulate Au 147-48, 153-56,
159
nanophase goethite 87
nanopore effect 196,202
nanopores 84, 87,91, 195-98, 200-6,
208,210, 212-16,510
nanoporous alumina 200-3, 205-6,
215
nanoporous goethite 197, 199, 206,
208-9

Index

nanoporous structures 88,101,
209-10, 214-15

nanoporous surfaces 196, 214-15

nanospheres 315-17

nanostructures 75-76,101, 170, 228,
318,517-18, 541

natural nanomaterials 3, 11,47, 51,
225-26, 228, 230, 232, 234, 236,
238, 240, 242

biomineralization 225-26, 228, 230,

232,234,236, 238, 240, 242,
244,246

natural organic matter (NOM) 48-49,
62,69,103,517-18, 523-24,
529,531-34, 536

natural sediments 195,197

neutral clusters 402,415, 420

NMR see nuclear magnetic resonance

noble metal nanoparticles 141-42,
144, 146, 148, 150, 152, 154,
156, 158, 160-61

NOM see natural organic matter

non-nanoporous alumina 202, 204-6

non-polar surfaces 124, 126-27

nonspherical SiO, nanoparticles forma-
tion 458

nuclear magnetic resonance (NMR)
57,70,521

nucleation 93,158, 227, 296, 299-
300, 305, 345, 354, 374, 407-9,
415, 417-20, 448, 451-52, 457

nucleation sites 90, 351

nutrients 75-76, 85,504, 530-31, 537

OC see organic carbon
ocean margins 19, 24, 31
oceans 2,13,17-19, 21, 23-31, 33,
46, 444
deep 10,26-27,29,31
open 10, 19,25-27,29,31-33
organic acid 404, 409, 496, 507
organic carbon (0OC) 11, 25, 450, 499,
502,507-8
organic matrix 90, 238, 241
organic matter 76, 87,453,496, 502,
507-8,510-11
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natural 48-49, 62,517
oxyanions 502

particle size distribution (PSD) 411,
419, 448-49, 452, 486
particles
alumina 200-1
amorphous 299,301
charged 62,159, 405,413,419
fine 478-79
magnetic magnetosome 251, 254
micrometer-scale 352,354
micron 348
neutral 405,413
nucleated 403,411, 413-14,418-19
solid 353,399,477
pentamantane 170,178-79, 181,
184-85, 188
petroleum 174-75,178-79
petroleum formation 177
phenolic compounds 517,519-21,
523
phosphorus 454, 504-5
photonic crystals 313-15,317-18,
321-22
biological 322
insect 318,321-22
one-dimensional 315-16
three-dimensional 314-17,319-22
photosynthesis 401-2, 528-29,
539-40
planets 1, 30,46-47,75,95,329-30,
348, 381, 386, 389
plantroots 529, 531-32
plants 85,102,159, 226-27, 444, 453,
471,512,520, 523,525,528-33,
535,537,541
platelets 238, 274-75,279-88
polar surfaces 125-26, 128
precursor, iron oxide 96
prisms 231-32,237
pristine diamondoids 184, 188-89
prokaryotes 249
proteins 61, 227, 238, 255, 259,
300-1,518,523

PSD see particle size distribution

pyrite 21,87,99,116-17,128,
133-34,143

pyrite nanocrystals 116, 133,135

pyroxenes 95, 333,336-37, 340, 343,
347,354

pyrrhotite 337, 339, 345, 349

QDs see quantum dots
quantum chemistry 416
quantum dots (QDs) 518, 537-40

radial distribution function (RDF) 522

radiation pressure 346, 349, 389,
391-92

RDF see radial distribution function

reactive oxygen species (ROS) 534,
537,540

reservoir, continental nanomaterial 31

rice plants 529-31

rivers 9-10, 14, 21, 23, 25-33, 81

roadways 477-84,486, 488

rocks 2,28, 30, 46, 76,90, 494

root growth 528-29

ROS see reactive oxygen species

salt-assisted spray pyrolysis (SASP)
464

SAM see self-assembled monolayers

SASP see salt-assisted spray pyrolysis

scanning electron microscopy (SEM)
54-55, 146,152, 163, 235, 318,

446,531-32

scanning mobility particle sizer (SMPS)
446

scanning tunneling microscopy (STM)
54,181

schwertmannite 75,77, 80, 86,90-91,
98-99

SCM see surface complexation modeling

seawater 13,20-21

secondary-ion mass spectrometry
(SIMS) 56,72,143,146,148

sediments 10, 21, 23-26, 28-29, 76,
80-81, 84-85, 87,98, 102, 107,
196, 204, 206, 211



self-assembled monolayers (SAM)
187,303
SEM see scanning electron microscopy
SEM, environmental 54-55
silicates 17, 24, 30, 90, 333-35,
338-39, 343, 351, 363-66, 374,
498
SIMS see secondary-ion mass spec-
trometry
smectite 17,27, 80, 96,207,209, 342
smoke particles 351-52, 394
condensed meteoric 352
meteoric 393
SMPS see scanning mobility particle
sizer
soil environments 81, 157
soil orders 22-23,494
soil science 77
soils
allophane-rich 504
allophanic 503-4
contaminated 196-97, 206, 503
imogolite-rich 495-96, 506-8
natural 196,519,525
saprolite 87-88,209-10, 212
top 508
solar nebula 334, 336-38, 345, 367,
381
solar system 2,329, 331, 333-34,
337, 340, 345-46, 348-49, 367,
385-86, 388-90, 392, 394
inner 345, 349, 389, 391, 394-95
solar wind 385-86, 389-91, 393-95
Southern Ocean 18, 29-30
Stardust mission 347
stars 89, 332-36,361-62, 364, 367,
373-76,380
new 330-31,333,361-62,375
STM see scanning tunneling microscopy
stratosphere 352-53
lower 349-50,352-53
sulfides 7-8,31, 49, 123, 144, 146,
226,253-54,336
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sulfur 115-16, 129, 133-35, 446

sulfur-rich conditions 133

sulphuric acid 400, 403-4, 406-8,
414-16

supergene deposits 151-53, 155-57,
159,161

supernova explosions 333, 361-62,
375,377

surface complexation modeling (SCM)
213-14,217-18

TEM see transmission electron micros-
copy

tetramantane 170-72,178-79,
181-82, 188

toxicity 261,401, 465,528

transmission electron microscopy
(TEM) 51-56, 58,61, 63, 86,
144,152,163, 200, 209, 230,
235,318, 446,521

ultrafine particles, vehicle-emitted
479
uranium 195,197-98

vascular systems 530-31
vaterite 234-35, 299
vehicle exhausts 452,481, 483

water chemistry 20, 33
weathering, chemical 27-28

X-ray diffraction (XRD) 49, 56-57, 59,
63,77,79-80, 256, 497

X-ray spectroscopy, dispersive 53,55,
288

XRD see X-ray diffraction

Zodiacal cloud 345, 347-49
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