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AA (ascorbic acid) 202, 209,
211-12,219,221, 251-52,
259, 261, 293, 301, 303,
404-5, 435-36

AC (activated carbon) 181, 185,
318,475-80, 482, 485, 487-91,
499,501, 509,511-12

ACA (adamantine carboxylic acid)
438

acetaldehyde, decomposition of
22-23,35-36

ACF (activated carbon fiber) 482,
488

activated carbon see AC

activated carbon fiber see ACF

adamantine carboxylic acid see ACA

Ag nanowires 430-31

anatase 17,19, 26,41, 43-45,
47-49,51, 53, 65-66, 70-72,
103-5, 114, 123-24,130-32,
140-41

anatase crystals 49, 52, 58-59, 65,
68,105,110, 351

anatase TiO, 38,43,47-50, 53, 56,
62-64, 66,70-71, 249, 273,
351,490

anatase TiO, sheets 60-61, 63-64

antase TiO, crystals 50-51, 53-55,
57,59, 61, 63,65

apoptosis 115,120-21, 123-25,
128-31, 137,151,153, 232

artificial nanostructures 699-700,
702,704, 706,708,710, 712,
714,716,718,720,722,724,
726,728

ascorbic acid see AA

Au (gold) 192,195-96, 208-9,
224,228-30, 239-40, 242-44,
246-47,264-66, 294-95,
301-2, 306,309, 312-16,
321-23

Au/CeO, nanorods 306, 308
Au cores 261, 267,287-89, 291,
294,299,301, 322
Au-Cu,0 core-shell
heterostructures 263-66,
271,277-78
Au nano-octahedra 321, 383
Au nanocrystals 199, 219, 249-52,
258,273-74,277,311, 322,
338,393
cubic 257,262
Au nanoparticles 192, 194-95,
201, 208, 236-39, 243-45,
269, 278, 288-89, 306-7,
309,311-12,377,388-89,
391
branched 216-17,219
highly-faceted 265-66
Au nanorods 195, 209-15, 220,
228,231, 237-38, 242,
244-45, 251, 265-66, 272,
300-2, 305, 321,371-72
Au nanoshells 194, 196, 202, 229,
231, 234, 238-39
Auseeds 197-201, 209, 220, 294,
298,301
Au shell 196-204, 208-9, 236,
295,302,319
Au surface 224-25, 234, 299

bandgap 2-4,17,54,76,78,
81-82,85,89,91,97, 126,
658-59,670-71, 676, 685

batteries 474-75,494,512,518,
521-22,525-26, 532, 565,
572,574, 604-5, 609, 611,
614-15,617-20

BG (bioactive glasses) 165-66, 185

bioactive glasses see BG
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bronchial cells 118,124,126

cancer cells 188, 198, 223-24,
226-28,232,234,236, 242,
244-45

capping agents 210, 223, 252, 259,
284, 288,290,301, 303, 333,
337,339,400-1, 403-4, 438

capping surfactant 262, 335,
352-53

carbon 148-49,417-18, 466,
481-83, 486-87,496-97,
513-16,525-27, 545-46,
551,560-61,565-69,
599-600, 602-4, 651-55

amorphous 527,557,559, 567,
654

carbon atoms 623-24, 628

carbon-based materials 546-47,
555,557,559, 625, 637

carbon-coated Sn0O, 535, 545, 547,
549-50, 553,599

carbon gels 479, 481

carbon nanofibers 475-76,478,
481

carbon nanotubes 14, 253, 275,
293,372,407,417,463, 466,
475-76,478,482-83,525-26,
602-3,624-25

carbon steel 626-28

carbonaceous materials 479, 525,
529, 654

carbonization 479-81, 527

carboxyl groups 199-200, 225-26,
555

catalysts 5,12,101, 280, 288,
303-4,306-11, 313-15,
322-25,329,417-18,441-42,
444, 448-49, 455-56

CdS nanocrystals 299, 338-39,
362

CdSe Nanocrystals 100, 272, 295,
366,460, 690, 692

cell death 106,113-18,127,130-
31,138,141, 143,223,228

cell lines 116,123-25,128,130-31,
138,143-45

cell viability 116,127, 130-31,
137-39,171

cells, lithium-ion 568, 601, 638-39,
643-44, 647-48

cellular toxicity 113,115,117,
119,121, 123,125,127, 129,
131-32

central nervous system see CNS

CeO, nanocrystalline 306, 323

Ce0, nanoparticles 307-8

Ce0, nanorods 306, 322

ceria nanoparticles 308,347

cetyl trimethyl ammonium bromide
see CTAB

chemical etching technique 25,
27,29

chemical stability 221, 324, 499,
700

chemical vapor deposition 298,
479,653,709

circulation, systemic 111-12

CNS (central nervous system) 106,
110-11, 153

color rendering index see CRI

composite materials 174, 371,
378,598, 600, 648-49

conducting polymers see CPs

conductivity 271,497,507,571-
73,575,579-80, 618, 649

core-shell heterostructures 248,
260-61, 263,271

synthesis of 260-61, 263

core/shell nanoparticles 197, 204,
207,240-41, 294

core-shell nanostructures 260,
293,300

core/shell QDs 670-71, 677,
685-86, 689

CPs (conducting polymers) 475-76,
497,499, 506-7,509, 618

CRI (color rendering index) 674-76,
694

CTAB (cetyl trimethyl ammonium
bromide) 171,177,202, 204,
211-14,217, 220, 223-24,



250,261, 288, 293, 300-1,
304,372

CTAC (hexyltrimethylammonium
chloride) 215, 220, 251,
261-62,293,300-1

Cu,0 nanocrystals 254, 256, 259,
267-68, 270, 273,275

CV (cyclic voltammetry) 446,
502-3,562, 565,578,592,
621, 643

cyclic voltammetry see CV

deposition 104,107,177, 201,
210, 288-89, 292-93, 302-3,
309, 373-75,421-22, 426,
571, 614-15, 641

electroless 201,409, 425, 464

diamond nanostructure fabrication
708-9,711,713,715

diamond nanowires 708, 713-16,
727

diamond surfaces 714-15,726-27

DMFC (direct methanol fuel cell)

396,439, 446
DNA damage 115,117, 124-25,
127

drug carriers 155-64, 166, 168,
170,172,174,176,178-80,
182, 184-86,188-89, 191

drug delivery 156, 174-75,180-83,
185-86, 189, 191, 198, 222,
243,328

drug release 156-57,159-60, 174,
179,182,184, 186

DSSC (dye-sensitized solar cell)
84-85, 101, 725

dye-sensitized solar cell see DSSC

EC (ethylene carbonate) 79, 489,
540, 548, 556, 573, 586, 661

EDLCs (electrochemical double
layer capacitors) 475-78,
485

Index

EIS (electrochemical impedance
spectra) 542,553,595,598

electrical conductivity 270-71,
291, 483-84, 486, 488-89,
500, 578, 625

electrocatalysis 409, 456,470-71

electrocatalysts 14, 304, 322,397,
408,417,439, 443-44, 446,
456-57,471

electrochemical capacitors 475-76

electrochemical deposition 408,
493,535-37,539-40, 582,
600

electrochemical double layer
capacitors see EDLCs

electrochemical impedance spectra
see EIS

electrochemical measurements 92,
553-54, 569, 599

electrochemical reactions 493,
521, 646

electrochemistry 530, 533, 538,
576-77,608, 611, 614

electrodes

composite 506, 535,562, 564,
566-67,570,578, 615
microtube 541-42,544, 553,

599

electrolyte, aqueous 487, 505-7,
510-11

electron diffraction pattern 52,
423,431

electrons, photo-generating 76-77,
80, 82,91, 96

electropolymerization method
570,578,581

electrostatic capacitor 474-75

electrostatic interactions 133, 199,
201, 223, 225,372,375

ethylene carbonate see EC

exfoliation, electrolytic 631-32

FAOR (formic acid oxidation
reactions) 440, 450, 453
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Faradaic pseudocapacitors 475-77

ferromagnetic nanoparticles see
FMNPs

FESEM (field-emission scanning
electron microscopy) 407,
633, 640, 643

fibroblasts 118,121,123, 137-39,
141, 143-44, 151

field-emission scanning electron
microscopy see FESEM

FMNPs (ferromagnetic
nanoparticles) 375,377-78

formic acid 396, 415, 435-36, 439,
443, 450-53, 469-70

formic acid oxidation 450-54, 471

formic acid oxidation reactions see
FAOR

fuel cells 9,11, 74, 328, 395, 405,
408,416-17, 439,456, 468,
470

gold nanostructures for biomedical
applications, synthesis of
192,194, 196, 198, 200, 202,
204, 206, 208, 210, 212, 214,
216,218,220
graphene 525,602, 623-38, 640,
642-46, 648-56
characterization of 632-33, 635
properties of 624-25, 627
controlled size and shape of
623-24, 626, 628, 630, 632,
634, 636, 638, 640, 642, 644,
646, 648, 650, 652
graphene nanosheet dispersion
631, 636-37
graphene nanosheets 602, 632-36,
638-43, 645-48, 653-54
graphene oxide 630, 654
graphene paper 626-27, 632, 650
graphene sheets 624-31, 634,
637-38
graphite 483,490,522, 524,
527-29, 602, 624-25,

627-31, 634, 637, 648-49,
651-53, 709
graphite oxide 630, 653

HeLa cells 127,130, 139, 232

hexyltrimethylammonium chloride
see CTAC

hollow gold nanoparticles 194,
197, 204-5, 207, 241

hollow nanostructures 204, 248,
265,267,271, 277,335, 347

synthesis of 265, 267, 347

HSCs (hybrid supercapacitors)
477-78,501, 512

hybrid capacitors 475-76,491

hybrid inorganic nanocrystals
286-87, 289, 291, 293, 295,
297,299,301, 303

hybrid nanomaterials 280-81,
294,315,318

hybrid supercapacitors see HSCs

LEDs (light emitting diodes) 11,
657-58, 673-75,677, 688-89

Li-ion battery 484, 491, 495,
521-22,524,529,611-12,
615, 618, 623-24, 626, 628,
630, 632, 636-48

light emitting diodes see LEDs

lipid peroxidation 110,112, 115,
120-21, 130

lithium insertion 527,567, 603-4,
637-38, 643, 654

lithium-ion battery 13, 485, 492,
502, 601-5,607,611, 616,
619, 653, 655-56

LLCs (lyotropic liquid crystals)
429-30, 437, 469

LMD (lysosomal membrane
destabilization) 115,121,
128,130-31

low-temperature CO oxidation
279,283,314, 322-24



lyotropic liquid crystals see LLCs
lysosomal membrane
destabilization see LMD

macrophages 107-9,113-14,
117-19,122,125,131-32,
137-38, 140, 142-43, 146,
150

magnetic resonance imaging see
MRI

MBG (mesoporous bioactive glass)
156, 166, 185

MCA (morphology controlling
agent) 54,57-59, 65

mesoporous bioactive glass see
MBG

mesoporous materials 155-56,
179,181

mesoporous Pt nanorods 429-30

mesoporous Pt nanotubes 429-30,
467

metal nanoparticles 192-93, 365,
373-74, 387,459, 461

anisotropic 242-43, 274

metal-organic chemical vapor
deposition see MOCVD

metal-organic frameworks see
MOFs

metal oxide colloidal nanocrystals
348-49, 351, 353, 355, 357

metal oxide nanocrystals 274,
327-46, 348, 350, 352, 354,
356, 358, 360, 362, 364, 366

synthesis of 330-31, 333, 335,

337,339, 341, 343

metal oxide nanoparticles 327-28,
330, 339,357, 361, 364

metal precursors 284-85, 295-96,
357,414

methanol oxidation 440, 447-50,
463,465-66,470-71

methanol oxidation reaction see
MOR

microemulsion 307, 328-29,
345-46, 365, 427

Index

microflakes 583-87,592-97

microglial cells 113,117,122,131,
143,146

mitochondria membrane potential
see MMP

MMP (mitochondria membrane
potential) 123,131

MOCVD (metal-organic chemical
vapor deposition) 420, 700

MOFs (metal-organic frameworks)
480

MOR (methanol oxidation reaction)
101-2, 304, 439-40, 446-48,
450, 457

morphological evolution 251-52,
275,434

systematic 263-64

morphology control 257,259-60,
273,458-59, 498

morphology controlled rutile TiO,
nanorod 19,21, 23

morphology controlling agent see
MCA

MRI (magnetic resonance imaging)
156,174,196, 202-3, 234-36,
246, 280, 316, 344

nano anode materials for
supercapacitors 478-79,
481, 483, 485, 487, 489

nano cathode materials 491, 493,
495, 497,499,501, 503, 505,
507,509,511

nanocages 194-95, 248, 265-68,
435

nanocomposites 171-72,491,
499-500, 509, 512, 558-61,
566,568,608,617, 642,
646-47, 655

multifunctional 176-77

nanocrystal synthesis 249, 251,
253, 255, 257-59

nanohybrids 279-82,286-89, 291,
297, 305,307,309, 311, 313
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nanoparticle assemblies 373-77,
390
nanoparticles 12-13, 148-51,
191-93, 222-24, 234-37,
288-90,317-21, 328-29,
350-52,370-78, 387-88,
390-92, 447-48, 545-47,
640-41
aggregation of 192, 345
assembly of 369, 374-75,377,
655
composite 188, 246,375
inorganic 189, 243,316, 327,
360, 370, 387
ultra-fine 539, 541-42, 544,
553,598
nanoporous carbons see NPCs
nanoribbons 583-90, 592-99, 614
nanorods 5-6,12-13,23-25,
139-40, 194-95, 215-17,
229-32,242-46,295-97,
321, 332-34,350-52,
365-66,371-73,406-7
nanosheets, graphene-oxide 631,
641
nanoshells 195,198, 202, 223,
227-29, 236,239, 245
nanospheres 53-54,107, 139, 180,
193, 195-96, 212, 216, 241,
333,337,340, 353,356, 406
nanotubes 5,13,67,82,127,292,
406-7,426-30, 464, 527-28,
534-36, 539, 542-44, 603,
607
nanowires 14, 86-87,89, 292,
407-10,412-13,415-16,
422,445-46,453,459-62,
582-87,592-97, 606-7,
712-13
noble-metal nanocrystals 249, 397
NPCs (nanoporous carbons) 475-
76,478-80, 485-88, 491

OA (oleicacid) 66,201, 252-53,
289, 299, 334-35, 339, 342-45,
351-52, 354,375,401

octahedral gold nanocrystals
250-52

oleic acid see OA

oleylamine 10, 66, 201, 203-4,
286, 289, 298, 334-35, 401

one-dimensional gold nanoparticles
209,211, 213, 215

synthesis of 209, 211, 213, 215

organic electrolytes 487-89, 501

ORR (oxygen reduction reaction)
152,290, 304, 318-19,
396-97,439-45

oxidative stress 112,114, 117-20,
139,151

oxide nanocrystals 283, 329,
332-33,364

oxygen deficiencies 62-64, 532

oxygen-deficient anatase TiO,
sheets 62-63

oxygen diffusion 684-86

oxygen evolution 80,539

oxygen reduction 31, 322, 440,
442,454,457, 465, 470-71

oxygen reduction reaction see ORR

oxygen vacancies 62, 65,72,306,
310,312,332

PAA (porous anodic alumina) 225,
424-25

particle-particle interactions 280,
283,305

PCC (protein carbonyl content)
120

PEL (permissible exposure limits)
136

PEMFCs (proton exchange
membrane fuel cells) 395-96,
439-41, 443, 445, 447, 449,
451, 453-54, 457, 465

permissible exposure limits see PEL

photocatalysts 11,46-47,54-55,
75-77,80, 105,126

photocatalytic reactions 24, 35, 37,
40, 46, 80



photoelectrochemical cells 76, 78,
98,101

photoelectrochemical electrode
83, 85,87,89,91, 93,95

photostability 670-71, 673-74,
689-90

photosynthesis 74-75

platinum 2,9, 40, 305, 321,
396-97,400-3, 409, 434,
437,457-60, 462-63, 465,
468,471

platinum-based nanostructures
439,441, 443, 445, 447, 449,
451, 453

platinum nanocrystals 403, 454,
457,460-61

platinum nanoparticles 398-99,
458, 460

platinum nanostructures 395-400,
402,404, 406,408, 410,412,
414,416,418, 432-36, 438,
444-46,454, 462-64

platinum nanotubes 421, 428, 442,
445-46

platinum nanowires 15, 406, 459,
461, 463

synthesis of 407,414

polyhedral nanocrystals 248,
259-60, 268

polymerization 392,498, 507-8,
576,618

polypyrrole 478,498, 508, 530,
570-71,578-79, 599, 618-19,
722

polyvinylidene fluoride see PVDF

porous anodic alumina see PAA

pristine SnO, nanoparticles 545-46,
548, 552

pristine ZnO nanowires 86-87,
89,96

protein carbonyl content see PCC

protein oxidation 114, 120-21,
151

proteins 99-100, 117-18, 120,
130, 135, 145, 153, 166, 191,
225-26, 235,290, 318, 373,
387

Index

proton exchange membrane fuel
cells see PEMFCs

pseudocapacitance 477,505,507,
509

Pt-Fe/SiO, catalysts 312-13

Pt-loaded rutile TiO, 20, 24

Pt nanocrystals 397,400, 402-4,
437

Pt nanocubes 404, 441

Pt nanomaterials 10-11, 425

Pt nanoparticles 10,396-97,400-1,
405,411,413, 431,438,443,
445, 461-62, 466

aggregates of 412-13

Pt nanorods 411,413-14, 462

Pt nanostructures 10, 397, 409,
411-13, 415, 420,437, 443,
446-48, 455-56, 463

Pt nanotubes 421-27,431-32

Pt nanowires 396,408-10, 412-14,
416-19, 445-47, 450, 453,
463

PVDF (polyvinylidene fluoride)
535,548,552, 556,561,
563-65, 586, 590-91

QDs (quantum dots) 2-3,81-83,
88,90, 92,95-96,99-100,
102,167, 185, 299, 394, 616,
657-90, 692-97

controlled growth of 657-58,
660, 662, 664, 666, 668, 670,
672,674,676,678, 680, 682,
684, 686

giant 684, 686-87, 690

stability of 88, 682-84

synthesis of 658-59, 661, 663,
665, 667,669, 671

QSE (quantum size effect) 281,
283, 294, 658-59

quantum dots see QDs

quantum size effect see QSE

quantum yield see QY
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QY (quantum yield) 156,182, 231,
659, 669-70, 672-73, 678,
680, 687, 691

radio frequency see RF

reactive ion etching see RIE

reactive oxygen species see ROS

reagents, chemical-etching 18-19,
25

rechargeable batteries 524, 546-47,
549-50, 552,570, 602, 606,
618

bendable 575-77,579-80

reduction kinetics 303,410-12,
459

reversible capacity 511, 525, 548,
568, 638

RF (radio frequency) 700-2, 709,
711-12,726

RIE (reactive ion etching) 708,
712,715,727-28

room temperature
electrodeposition 537,543

room temperature ionic liquids see
RTIL

ROS (reactive oxygen species) 105,
110,118-21, 124, 126-28,
130-31, 141, 150

RTIL (room temperature ionic
liquids) 523, 581-82,587-
92,598-600

RTIL electrolyte 582, 586-88,
590-91, 594-95, 598

rutile 17,19, 21, 23-24, 26,40-41,
43-45,51,71,103-5,109-10,
114,122, 130-31, 140-41

rutile particles 24, 26-29

rutile TiO, 17,21, 23-26, 28,
30-31, 33,105

rutile TiO, nanorods 19-21, 23-
34,38-39

sacrificial templates 205, 267, 408,
431-32

SAED (selected area electron
diffraction) 21,51, 53, 258,
539, 634-35

scanning electron microscopy see
SEM

SCE (saturated calomel electrode)
448-49, 508, 510, 536, 539

SDS (sodium dodecyl sulfate) 52,
219,254, 269-71, 413

seed-mediated growth 210,212,
214-15, 217, 293, 299

seed solution 211, 217-18, 221,
252

SEI (solid electrolyte interphase)
526, 548, 638

selected area electron diffraction
see SAED

SEM (Scanning-electron-
microscopy) 20,51, 140,
162,169, 172-73,178, 385,
409, 415,536,571, 585,716

semiconductor nanocrystals 81,
100, 102, 189, 248, 252, 260,
268,271, 296, 315, 657, 690,
692, 696

semiconductor nanorods 276, 281,
319,360

semiconductor photocatalyst 67,
76-77

semiconductors 2-3, 5, 44, 78, 80,
85, 88, 95, 249, 280, 295-96,
317,328, 659-61, 699-700

SERS (surface enhanced Raman
spectroscopy) 198, 216, 218,
385-86

silicon substrates 384-85, 463,
629

single-crystal Pt nanowires 415,
463

single-wall carbon nanotubes see
SWCNTs

Sn/graphene nanocomposites
640-43, 645, 655

Sn nanoparticles 640-43

Sn0, nanoparticles 545-46, 552,
615, 646-47



carbon-coated 545-47,552-53,
599
commercial 535,547,551, 553,
599
Sn0, nanotubes 534, 536, 538-41,
543-44,551, 553,598
sodium dodecyl sulfate see SDS
solid electrolyte interphase see SEI
sphere-shaped gold nanostructures
196-97, 199, 201, 203, 205,
207
SPIO (superparamagnetic iron
oxides) 196,203, 235-36
SPIO nanoparticles 197,202, 209,
234
SPR (surface plasmon resonance)
193-94, 197, 209, 231, 234,
238-39, 247
supercapacitors 11,473-79, 481,
483-91, 493-94, 497, 499,
501-4,512, 624, 653
electrode materials of 482,492
hybrid 475-78, 506
superlattices 375-76,379-83, 385
superparamagnetic iron oxides see
SPIO
surface chemistry 18-19, 47-48,
71,115, 145-46, 152,222,
227,268,317,379,532
surface enhanced Raman
spectroscopy see SERS
surface ligands 329, 682, 684
surface modification 192, 222-24,
277,288,360, 542,600
surface plasmon resonance see SPR
surfactant molecules 66, 286, 329,
345-46,427
surfactants 195, 202-4, 219-20,
250-51, 253-54, 258-59,
330-31, 341, 345-46, 351,
353,358,399, 415-16,
582-83
SWCNTs (single-wall carbon
nanotubes) 483,526

Index

systematic shape evolution 248-49,
251, 254, 257-59, 272,
274-76

Te nanowires 421,433

TEM (transmission electron
microscopy) 51, 89, 104,
116-17,140-41, 162-63,
172-73,178,217-18, 388,
409, 418,420-21, 436,
642-43

thermal decomposition 204, 281,
286-87, 289, 294, 329, 331,
341-42, 344, 350, 404, 479

thermodynamic growth regimes
353-54

three-dimensional gold
nanoparticles 216-17,219

TiO, (titanium dioxide) 17-19, 24,
28-31, 34-36, 39, 41, 43-45,
51, 60-61, 70, 103-5-6,
108-9,122-28,132,137-41,
144-53, 484-85, 700

TiO,, modified 33-36

TiO, nanocrystals 18, 71, 334-35,
348,354, 366

TiO, nanomaterials 39, 70, 147

Ti0, nanoparticle cytotoxicity 104,
106,108,110,112,114, 116,
118,120, 122,124,126, 128,
130,132

TiO, nanoparticles 18, 20, 71, 100,
103, 147, 149, 152-53, 334,
340, 361

Ti0, nanoparticles cytotoxicity,
characterization of 104, 106,
108,110,112,114,116, 118,
120,122,124,126,128, 130,
132

TiO, nanorods 19, 23-25, 27, 38,
41,354

etched rutile 25, 28,30-31, 38
titanium dioxide see TiO,
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toluene 26,30-31, 59-60, 201, wavelength converters 658,
207-8, 294, 298, 333, 338, 673-77,679, 681, 683, 685,
365,375,631 687, 689

transmission electron microscopy
see TEM

truncated octahedra 249, 255-56,
263-64,269-70, 350,
399-400, 404, 407

tumors 202,223,226-27, 229-30,
233-34, 243, 245

X-ray-diffraction see XRD

XRD (X-ray-diffraction) 86, 135,
256,452,536, 539, 546,
560-61,575-76, 583, 632

V,05, morphologies of 582, 587,

592,595-96 Zn0 nanostructure fabrication
visible-light irradiation 18, 31-32, 700-1,703, 705,707
35-38, 75, 83 Zn0 nanostructures 91, 700,

702-3,705-7,722,725
ZnO-nanowire sensitization 88,90
7Zn0 nanowires 85-89,91-96,
water splitting 73-84, 86, 88, 90, 724-26
92,94, 96,98-102 bare 92-95
photocatalytic 74-75 ZnS shell 672-73, 680-81



