Index

a

aberration-corrected transmission electron
microscopy (AC-TEM), 572

ab initio calculations, 750

abrupt Si—Ge interface, TEM image, 863

absorption, 236

— emission in nonselective coating, 209

— hexagonal lattices, made with Ag/Au
nanoparticles, 94

— pressure composition isotherm, 446

— — electrochemical, 441, 445

— spectrum, 173

abstract binary element, 681

AC. see activated carbon

acetate, formed during dark fermentation, 264

acetic acid, 254

— fermentation, 251

acetomicrobium flavidum, 252

acetonitrile (ACN), 382, 399

acetothermus paucivorans, 252

acetyl coenzyme A (acetyl-CoA), 253

acid-base interactions, 305

acid-catalyzed processes, 3

acidification, 256

activated carbon, 379, 395, 397

— electrodes, 385

— supercapacitor, 404

activated sintering, 338

activation energy, 597, 746

active sites, 65

— formylmethanofuran dehydrogenase, 259

— resist coking tuning, 65

adsorbents, 1168

advanced composite material (ACM), 332

Advanced Energy Consortium (AEC), 41

aeroacoustic emissions, 327

aerodynamic force predictions, 326

aeroelasticity, 328

aerogels, 940, 944, 970, 1153, 1155

— applications, 942, 943, 948

— — architectural, 970

— based plaster, 956

— building insulation, use in, 970

— challenges/future perspectives, 961

— inkjet printer-based, 972

— insulation, 972

— monoliths, granules, and sheets, 945

— preparation, 944

— — drying of gel, 945

— — gel formation, 944

— products/properties
948

— safety/hazard measures, 29, 962

— thermal insulation in, 944

aerospace components, lightweight
materials, 809

aerospace diligence, 843

aerospace industry, PMNCs applications, 836

aerostructural applications, material
properties, 332

Ag/AgCl electrode, 637

agglomeration, at high temperatures, 435,913,
925

Ag nanoprisms, UV-vis spectra, 151

Ag,S/CZTS/TiO, photoanode, 640

airborne pollutants, 983, 1161

airborne wind energy system (AWES), 1102

air-cleaning gypsum board systems, 988

air conditioning, 977

airfoils, 329

air mass, 867

air purification, 978

alcohols, 599

alkali earth metal oxides, 68

alkali metal tetrahydroborates, 751

alkaline fuel cells (AFCs), 1058

alkene cycle, 19, 28

alkoxylation, 9

Nanotechnology for Energy Sustainability, First Edition. Edited by Baldev Raj, Marcel Van de Voorde,

and Yashwant Mahajan.

© 2017 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2017 by Wiley-VCH Verlag GmbH & Co. KGaA.

1179



1180

Index

alkyl amine solutions, 1168

alloys

— alloying process, 437, 862

— chemical composition

—— Mg temperature and critical cooling rate

(CCR), 711

— low melting point, thermophysical
properties, 905

— steel, property of, 664

alumina (Al,O3), 838, 844

- 7-ALO;

— — time dependent, 1001

— — thermal conductivity, 1000

— — nanoparticle, 50, 922

— a-Al,O3 nanofluids, 1001

— ceramic matrix, 846

aluminophosphates, 3

aluminum, 3

— Al-Zn nanoparticles, 1013

— film, 281

— foams, 844

— matrices, 838

aluminum oxide nanoparticles, 43, 44

AM. see air mass

American Solar Energy Society, 967

aminated carbon, 402

amines deteriorate, 1168

2-aminobenzonitrile (ABN)

— dicyandiamide/cyanamide,
copolymerization, 621

3-aminopropyl triethoxysilane, 212

ammonia-oxidizing Nitrosomonas europaea
cell, 1135

ammonia production plant, 1164

amorphous silicon films, 359

anaerobic heterotrophic microorganisms, 252

anaerobic sequence batch reactor
(AnSBR), 256

anatase TiO, beads

— SEM images, 107

Anglo-Saxon press, publications on
nanotechnology, 317

aniline

— copolymerization of dicyandiamide/
cyanamide, 621

anisotropic nanostructures, 110, 113

anisotropic nanowhiskers W;3O49, 754

anisotropic peak broadening analysis

— for morphology investigations, 17

annealed TiNi sample

— microstructure, 442

— TEM micrograph and electron diffraction
patterns, 443

annual energy consumption, 59

— global consumption, 597

anode-active materials, 357

— intermetallics, 358

— silicon, 359

anomalous diffusion, 787

anticorrosion, 849

antifreeze agent, 404

antireflective coating (AR), 236, 241

— top layer, 235

aqueous-based CO, reduction reactions, 1126

aqueous electrolytes, 399, 404

— disadvantages, 399

— high ionic concentration, 399

— low resistance, 399

AREVA NP (nuclear power), 304

argon gas, 970

arithmetic logic unit (ALU) operations, 682

Armchair nanotubes, 487

aromatic hydrocarbons, 27

aromatics cycle, 28

Artemia cyst shell (AS), 584

artificial atoms, 138

asbestos, 991

Aspen™, 62

asphalt binders, 988

asphaltenes

— nanocolloids

— — crude oil properties, 52

— — structural states, 51

— nanophase boundaries, 53

— temperature-concentration phase
diagram, 51

asphalt roofs, 988

asphalt shingles, 988

asthma trigger, 986

Auger electron spectroscopy (AES), 437

austenite

— behavior of, 721

— stability, 716

austenitic steels, 303

austenitization temperature, 711

autoclave, 947

automobile industry

— PMNCs, potential applications of, 837

AZ31 alloys, 818, 820

— B/Al,O3 nanocomposite, 821

— nanocomposites, endurance strength of, 821

azimuthal splitting, 771

b
back surface field (BSF) layer, 148, 166
bainitic ferrite plate thickness, 713



bainitic transformation, and
microstructure, 712

ball mill system, 437, 919

— quartz (SiOy), cycling behavior, 366

bandgap, 746

— semiconductor materials, 300

band-to-band transfer, 635

basalt rock cliffs, 1164

base-treated zeolite (BTZ-13), 25

batteries

— chemistries, 386

— energy storage mechanisms, 393

— industry, 975

— waste, 976

batteryless sensors, 990

B-doped Si/Ge nanocomposites, 559

bending stiffness, of cantilever, 663

bentonite suspension, 44

benzene-silica electrolyte

— periodic mesoporous, 577

benzonitrile

— copolymerization of dicyandiamide/
cyanamide, 621

beryllium, 421

Bi—Ag alloy nanospheres, 623

binary operations, fundamental physics of, 690

binary switches

— 3D organization, in circuit with fan out, 699

— energy associated with fan out, 693

— energy diagram, 691

binary transitions, for computing, 685

binder-free carbon electrodes fabrication, 382

biocides, 985

bioelectrosynthesis, 1133

bioenergy, 377

bioH, production, 252

— via photofermentation/nanoparticles
role, 260

biological gaseous energy recovery, 263

biomass, 1173

biosphere, 929

biosystems, 367

bipolar effect, 528

birefringent liquid crystal behavior, 495

bishydroxydeoxybenzoin, 986

bismuth (Bi)-based carbon monoxide
(CO), 1131

bismuth telluride material (Bi,Tes), 22, 313,
519, 521, 554

— antimony alloys, 879

— based nanocomposites, 556, 558

— peak ZT values, 549

— nanowires, 880

Index

Bi,Te,;Seq 5 pellet, phonon scatterings, 553

BiVO, porous film, 641

blackbody radiation, 208, 232-234

black materials, 212

black silicon, 975

black titania nanotube arrays (B-TNT), 610

— absorption spectra and photographs of, 611

blanket insulating sheets, 970

block polymer lithography (BCPL), 580

body-centered cubic (BCC), 719

Bohr radius, 184

Boltzmann constant, 550

Boltzmann transport equation (BTE), 516

borohydride, 426

boron-doped graphenes (BG), 573

boron-oxygen centers, 167

boundaries, TEM image, 275

box counting method, 784, 785

Bragg reflectors, 198

brake fluids, 997

Bronsted acid, 23

bronchial irritants, 986

Brownian motion, 919, 931

— of nanoparticles, 925

Buchwald-Hartwig reactions, 929

bucky gels, 919

buckypaper, 383

building-integrated photovoltaics (BIPV), 973,
975

building materials, strength-to-weight
ratios, 969

bulk ceramic nanomaterials

— fracture strength/toughness, 341

— hardness/yield strength, 339

bulk conducting material, 149

bulk fluid properties, modification of, 42

bulk heterojunction (BHJ), 145

bulk insulators, 971

bulk nanocrystalline ceramic materials, 337

bulk Pd—H system, 423

bulk plasmons, 149

bulk silicon, 874

1-butyl-3-methylimidazolium
hexafluorophosphate (BMIM-PFy) ionic
liquid, 1128

butyric acid, 254

C

cadmium telluride (CdTe), 135
calcia-stabilized zirconia (CSZ), 284
calcination, 10

calcium carbonate nanoparticles, 45
calcium leaching, 983
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calcium sulfate, 988

calthrate hydrides, 434

Calvin—Benson—Bassham (CBB), 1134

Ca-modified counterparts, 822

cantilever piezoelectric energy harvester, 659

— alternative design, 660

— efficiency enhancement, 659

— geometries, 660

capacitance, 400, 408

— performance, 404

— pore size. effect of, 396

capacitors

— charging through a transistor in inverter
circuit, 688

— coin cell, 385

— energy storage, 386

— rolling system, 385

capping agents, 120

carbide-derived carbon (CDCs) 395

— cyclic voltammograms, 403

carbide, 236

— bainitic steels, 717

— microstructure, 717

— precursors, 408

carbon

— accumulation, 63, 75, 79

— aerogel scaffolds, 424

— allotropes, 380, 1147

— — schematic representations, 379

— based capacitor systems, 386

— based conductors, 487

— based nanomaterials, 461

— based (organic) pigments, 210

carbon black, 125, 396, 921

— based coatings, 210

carbon capture

— nanoparticle ionic materials (NIMS), 1172

— and storage/sequestration (CCS), 1109,
1111, 1164

— and use (CCU), 1110, 1164

carbon-coated silicon nanotubes, 360

carbon deposition, 64, 68

— methane decomposition, TPO-MS profiles
of, 76

— characterization, 71

carbon diffusion, 68

carbon dioxide, 59, 63, 1164

— activation, 68

— capture, 1165

— — cellulose-based porous

nanomaterials, 1172, 1173
— — CuO nanoparticle-loaded porous
carbons, 1173

— — efficiency, 1169

— — nanocomposites, 33, 1173

— — nanoparticle ionic materials (NIMs), 1172

— — nanoporous membranes, 1172

— — technologies overview, 1166

— concentrations, 1109

— conversion, 1111

— costs, 1163

— electrochemical reduction of, 1112

— electrolysis

— — on transition metal catalysts, 1129

— emissions, 271, 970, 975, 1109, 1161, 1162,
1163

— — warming versus cumulative, 1162

— equilibrium constants, 1121, 1122

— molecule possesses

— — water molecule nucleophilically

attacks, 1121

— global warming mitigation strategy, 1111

— Ni/SiO2 catalysts, conversion 66

— producing plants, 1110

— reactions, 1122

— reduction, 967, 1113

— — cathodic half-cell reaction, 1113

— — to N-formylmethanofuran, 257

— — thermodynamic properties, 1117

— — value-added products,

1112

— as resource, 1163

— separation technologies, 1165, 1167, 1171,
1172

— — versus electrolyte pH, 1120, 1121

— — variation of HY, 1124

— solubility of, 1121

— using selectively permeable
membranes, 1173

carbon emissions, 871, 968, 982

— global, 977

carbon-enriched austenite, 712

carbon fiber growth mechanisms/false color
micrograph, 75, 331

carbon formation, 64, 71

— demarcation of, 64

carbon-free electricity, 295

— worldwide, 298

carbon fullerenes, 746

carbonic acid

— acid dissociation constants, 1123

— formation from water-solvated CO,
molecule, 1120

carbon monoxide (CO), 59

carbon nanocoil (CNC), 571

carbon nanofibers (CNF), 126, 571, 833, 982



carbon nanomaterials, 391, 571, 1146

— based catalysts, 574

— composites, 386

— enhanced PCMs, 461

— — fatty acids-based PCMs, 21, 466

— — inorganic nanoparticles-enhanced

PCMs, 21, 474
— — metal nanoparticles-enhanced PCMs, 21,
473

— — paraffin-based PCMs, 21, 462

— — polymer-based PCMs, 21, 469

— — salt and salt hydrates PCMs, 461

— printing of, 380

carbon nanoonions (CNOQOs), 572

carbon nanostructures, 115, 400, 409

— based counter electrodes, 125

carbon nanotube (CNT)

— aerogels, 493

— bundles, 396

— — twisting of, 492

— cables

— — electrical conductivity, 500

— — fabricated prototype coaxial, 500

— coatings, 210

— — on Al substrate, reflectance spectra, 218

—— by CVD method, reflectance, 217

— conductors, 487

— Cu composite

— — Ashby plot comparing ampacity and, 499

— fibers, 501

— in forecast of
adoption of, 486

— growth mechanisms, 488

— hexadecane composites, 1016

— interfaces, 497

— matrix concentrations, effect on coating
reflectance in UV-vis range, 218

— metal composites, 22, 497, 498

— — wires and cables, 499

—— yarns, 498

— nanofluids, 1009

— organic composites, 977

— polypropylene composite material, 211

— properties of, 21, 486

— purification and enrichment of, 22, 489

— reinforced Mg nanocomposites, 821

— Si anode, 501

— side effects, 992

— sponges

— — morphology, 1148

— synthesis of, 21, 487

— wet spinning, of yarns, 491, 493

— — chemical doping, 22, 495

Index

— — from dispersions, 22, 490

— — from liquid crystalline solutions, 22, 494

— winding prototype generator, 501

— wires, 22, 490, 500

——and cables, applications of, 22, 500

— — prototypes of devices using, 500

— — technical feasibility of, 500

carbon nitride (C3N,4) nanocomposite, 636

carbon quantum dot (CQD), 636

— quantum-confined electron energy
levels, 142

carbon templates, 6, 7

— zeolite (CTZ-16), 25

carcinogens, 991

— chlorinated hydrocarbons, 980

cardiac pacemaker, 656

Carnot efficiency, 549

carrier energy filtering, 554

carrier mobility, 513, 726

carrier pocket engineering, 555

carrier solar cell, 156

catalyst

— characterization, 76

— coated alumina wires, 380

— coated whiskers, SEM views, 579

— coking

— — evaluation, analysis tools, 78

— — thermodynamic view of, 60

— deactivation, 21

— performance, of zeolite, 4

— ZSM-5 catalysts, 25

cathode-active materials, 361

CB. see conduction band

CDC. see carbide-derived carbon

CdSe nanoparticles, 615

— energy diagram of, 140

CdS/MoS, pn junction, 640

CdS photoanodes, 640

CdTe nanocrystal (NC)

— colloidal suspensions,absorption spectra
of, 140

cell phone displays, 977

cell resistance (ESR), 404

cellulose fiber, 973

cement composites, 983

cementite nanowires, 182

ceramic materials, 231

— fibers, 844

— dielectric matrix, 235

— lightweight composites, 336

— matrix nanocomposites, 845

— — manufacturing methods, 27, 845

— — mechanical properties, 27, 846
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— — transport industry, 846

— nanocomposites, 845, 851

— polymer membranes, 368

cerium oxide (CeO,), 68, 69

— lattice, 69

cerium-zirconia oxide solid solutions
(CeOy-Zr0,), 69

certification

— methodology

— — illustration of, 344

— — type testing/type evaluation, 343

— wind energy applications, 342

— — approval of designer, 344

— — manufactures/suppliers, 343

— — nanomaterial processing, 343, 344, 345

— — nanostructured components, 345

CeS-CrS, nanotube, 771

— high-resolution HAADF STEM image
of, 772

CF3-aerogels, 1153

chalcogenides, 522

CH, conversion

— by Ni/Ce-ZrO, catalysts,
67

— by Ni/SiO2 catalysts, 66

charge-based memory,
695

charge carrier injection, in bR/TiO,
photoanode cell, 610

charge-discharge cycling, 380

— curve, 365, 380

— processes, 356

— stability tests, 385

charge storage mechanism, 392, 394

charge-transfer resistance, 403

Charpy test, 717

chemical vapor deposition (CVD), 147, 214,
380, 487, 786, 860, 971

chemical vapor transport (CVT), 765

— of chalcogenides, 747

chemisorption, 67

chitin, 368

chitosan, 491

chloralkali process, 1132

chlorine, 765

— gas, 986

— water purification, used in, 980

chlorites, 746

Cs, hydrocarbons, 23

CIGS. see copper, indium, gallium, and
selenium

circular CO, economy, 1165

clathrates, 519, 528, 530

Clausius—Mosotti relation, 86

clean energy, 597

cleaning contaminated water, in oil spill
sites, 1139

— aerogels, 1153

— conventional routes, 1140

— crude oil composition, 1139

— inorganic nanomaterials and
composites, 1141

— nanomaterials-based membranes, 1153

— nanoremediation, 1139

— nanosized natural and synthetic
polymers, 1151

— oil-water interfacial tension, 1140

— toxicity, cost, and selection of
nanomaterials, 33, 1154

cleaving zeolite (MTT), 15

Clemson Nanomaterials Center (CNC), 377

— contributions, 380

climate change, energy revolution
requirement, 297

Clostridia butyricum, 250, 251

Clostridium aceticum, 1133

Clostridium beijerinckii, 251

Clostridium ljungdahlii, 1133

Clostridium pasteurianum, 251

Clostridium welchii, 251

clumped graphene sheets, 396

CNC. see Clemson Nanomaterials Center

CNT. see carbon nanotube

coal-burning power plants, 975, 1167

coal gasification, 597

coating, 849

— absorptance vs. wavelength bands
spectrum, 221

— corrosion, 226

— nanoparticles, 1151

— oxidation, 235

— for solar collectors, reflectance curves, 215

cobalt, 259

CODE (COating DEsigner) software, 240

CO disproportionation, 76

coefficient of performance, 872

coherent oxygen-enriched nanoclusters
(NCs), 274

coin cell-type supercapacitors, 384

coke-free methane reforming catalysts, 79

coke resistance, 68

coking rate deposition, 67

colloidal chemical synthesis, 120

colloidal dispersion, 914

colloidal materials, 43, 918

colloidal stability, 919



commercial fuel, 597

communication devices, 650, 681, 679, 680

complex metal hydrides

— properties of, 421

complex metal oxides, 634

composite formation

— with carbon nanostructures, 115

— SEM image, 112

— using hydrothermal method, 466

compound annual growth rate (CAGR), 1079

compressive strength, 940

computational fluid dynamics (CFD), 328

concentrated solar power (CSP), 207, 232

concrete, 981

— compressive strength

— — nanobinders, effect of, 982

— reinforcing with nanofibers, 983

— titanium dioxide nanoparticles, role of, 982

conducting polymers, 573

conduction band edge (CBE), 105, 598, 636

conductive glass plate, 104

conductive nanofiber mats, 117

conductivity, 498

— of metallic CNTs, 487

— performances of, 312

— temperature plot, 500

contact angle

— adhesive and cohesive forces, 305

contact metalization, 867

contractive symmetry, 783

controlled potential electrolysis (CPE), 1127

conversion efficiency, 547

— as function of temperature and thermocouple
material, 873

conversion electrodes, 365

co-oligomerization

— of unsaturated hydrocarbons, 1111

Co-Operative Patent Classification
(CPC), 1061

CoOx/NCNC hybrid catalysts, 572

COP. see coefficient of performance

copper, indium, gallium, and selenium
(CIGS), 973,135

— solar cells, 176

copper—indium—gallium—diselenide, 135

copper nanowires (CuNWs), 474

copper oxide, 43

— nanofluid, 999

— nanoparticles, 44, 1173

— — porous carbons, 1173

— nanowires, 236

copper sulfide, 235

copper wires, 500

Index

core—shell

— coaxial nanocable structure, 608

— heterojunction, 862

— nanostructures, 108

— — configurations, 108

— single NW silicon solar cell

—— SEM image, 865

— structure, 573

corrosion, 185, 487

— protective coatings, 287

CoSbs-based skutterudites, 529

Co4Sby12TegSn, material, 529

cosmetics, drug delivery, 997

cost-effective materials, 325, 550

Coulombic force, 395

counter electrodes, 124, 125

coupled ferroelectrics thermoelectric
materials, 525

covalent hydrides, 421

crack blunting effect, 716, 981

crack bridging, 342

crack growth resistance curve, 342

crack initiation, 721

crack propagation

— carbon nanotubes, role in, 983

critical cooling rate (CCR), 712

critical micellar concentration (cmc), 1003

critical resolved shear stress (CRSS), 817

Cr-Ni ODS, high-resolution TEM image, 274

Cr,O53—Cr composite coating, 211

9Cr-ODS (Fe-9Cr-0.11C-2W-0.2Ti—
0.35Y,0; ferritic—martensitic) cladding
tubes

— TEM micrograph, 280

9Cr-ODS steel

— cladding tubes, 278

— creep rupture strength of, 280

CrS,/VS,-based misfit compounds, 774

crude oil production, 59

9Cr—-2W-0.1C-0.2Ti-0.35Y,05 ODS cladding
tube, 279

cryogenic rocket fuel, 972

cryogenic separation captures, 1167

cryogenic temperature, 940

cryotechnology, 958

crystal growth, 12

— modification, 13

crystalline silicon panels, 974

crystalline Si solar cells, 165

— application, antireflection coatings, 165

— chemical texturing, 165

— conventional chemical texturing, 165

— conventional light trapping for, 165
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— designs, 166

— integration of, Mie coatings, 14, 166

— monocrystalline, 165

— polycrystalline, 165

crystalline TiO,, 1149

crystallization processes, 4

crystallographic parameter, 721, 817

crystal size effects, 8, 20, 21, 69

CsCl-type cubic structure, 451

1CSi steel, 716

CTAB, thermal conductivity, 1003

cultivating energy, 788

Cu nanofluid, 999

Cu,O nanoparticles, 929

current density (CD), 1127

Cu,Se nanocomposites, 559

Cup.44Tip.4aMng g4Feg 2503 with bixbyite
structure, 211

Cu vacancies, 235

CV. seecyclic voltammogram

CVD. see chemical vapor deposition

cyanobacteria, 598

cyclic adsorption—desorption operations, 1169

cyclic voltammetry, 381, 393

B-cyclodextrin-grafted MWCNTs, 1147

d

dark current, 870

dark fermentative H, production, 257
— biochemistry of, 252

— domains of, 251

— improvement in, 254

— metabolic pathway of, 253

— using nanoparticles, 250

Darwin’s theory, 95

D-band stemming, 76

3D bulk/2D quantum well/1D quantum wire
— DOS in terms of average energy, 513
2D carbides (MXene), 397

DC SQUID sensor, photograph of, 282
dealkylation, 28

De Broglie wave, 890

decarbonized energy, 295

deep reactive ion etching, 858, 864, 865
— method, 858, 864

degradation mechanisms, 224

— in evacuated tube collector, 224
degree of fractalness, 784

delithiation, 356

dendrimers, 980

densification, 357

density functional theory (DFT), 931

— calculations, 1127

Department of Energy (DOE), 1110

depolluting titanium dioxide, 979

deposition techniques, 142

desilication, 5

— in alkaline media, 5

desorption, electrochemical pressure-
composition isotherm, 445

3D graphene networks, 729

diamond nanorods, 989

dibenzyl toluene-based MoS, nanofluids, 1004

diborane, 865

dibutyl magnesium, 424

dicyandiamide, 620

dielectrics, 238

— constant, 942

— nanoparticles, 164, 174

— nanostructures, 163

— — optical resonance, 163

Diels-Alderand Mukaiyamaaldolreactions, 928

diethanolamine (DEA), 1167

differential scanning calorimetry (DSC), 405

diffuse doping profile, 866

diffusion barrier properties, 301

diffusion coefficient, 404

diffusion distances, 356, 395

digital information processing, 682

diiodooctane, 195

dilatation symmetry, 787

DIM. see dynamic insulation material

dimethyl ether, 59

dimethyl sulfoxide (DMSO), 534

dip coating, 237, 380, 864

dipolar approximation, 85, 86

dipolar moment, 85

diquaternary ammonium-type surfactant, 12

direct absorption collection (DAC), 900

direct current, generated by wind, 249

directional electron transport, 113

— path, 110

directly growing VACNTSs

— roll-to-roll (R2R) process, 381

direct methanol fuel cell (DMFC), 577, 1057

direct sonication, 916

disintegrated melt deposition, 811

dispersants, 919

dispersion, 65

dissolution and precipitation (DP), 449

distributed Bragg reflector (DBR), 176, 197

3D Kagome nanolattice, 981

DMD-synthesized composites, 815

DNA materials, 509

DNA memory,array-free organization 703

donor/acceptor nanomaterials, 145, 195



donor material, 145

dopant

— exposure time, 868

— gas precursors, 865

— silicon system, 866

doping, 530, 630

— chemical, 757

— gas precursors, 866

— of IFs/INTs by Re atoms, 757

— inorganic fullerenes/nanotubes, 757

— of MoS, and WS, fullerenes and
nanotubes, 745

— of nanoparticles, 757

double layer capacitance, 309, 394

double metal hydroxides, 979

double oxide coating on Ti for reconditioning
(DOCTOR), 285

— blading, 380

down-shifting (DS), 152

3D photonic crystals, 109, 198, 199

dressed polarizability, 87, 88

DRIE. see deep reactive ion etching

drilling fluids, 42

— dependencies, 45

— effects of nanoparticles, 43

droplets states

— on microstructured surfaces, 306

dropwise condensation, 306

Drude-Lorentz classical dispersion
formula, 238

dry powder glue, 982

dry reforming of methane (DRM), 66

drywall, 988

DSC. see differential scanning calorimetry

dual cycle, 19

— hydrocarbon pool mechanism, 19

ductility, 714, 715, 716, 717

durability test, 224, 641

dye bilayer sensitizer, schematic, 122

dye-sensitized solar cell (DSSC), 13, 102, 103,
136, 733

— construction and working, 13, 103

— TiO, morphologies, photovoltaic
performance, 118

— history, 13, 102

— nanotechnology, role of, 105

— photovoltaic conversion efficiency, 108

— technologies, 734

dynamic aeroelastic stability

— interaction triangle, 328

dynamic insulation material, 972

dynamic light scattering (DLS), 920

dynamic tensile strength, 345

Index

e

e-beam evaporation, 237

ecosystems, 1139

EDF (Electricité de France), 295

— facility, 307

— generating technologies, 296

— nuclear plants, 296

edge boundary scattering, 881

effective medium approximation (EMA), 242

EG. see ethylene glycol

eggshell membrane (ESMs), 581

E-glass fiber, 331

e-HEPA. see electric high-efficiency particulate
arrest

elastic beam bending analysis, 662, 663

elastic modulus, 663

elastic strain energy, 749

elastomers, 325

electrical capacitors, 377

electrical charge, 918

electrical conductivity, 189, 487,497,499, 512,
514, 517, 921, 987

— Seebeck coefficient, 877

electrical energy, 181, 649, 651

electrical generator, 871

electrical resistance, 872

electric dipoles, 91

— moment, 84

— resonance, 175

electric double layer, 379, 393, 395, 409

— capacitance(EDLC), 379, 393, 406

— stern model, 394

electric high-efficiency particulate arrest, 979

electricity production, 597, 649, 679

— from fossil fuels, 297

electric polarizability, 87

electric power, 295

— energy storage, 309

— — electrochemical, 115, 355, 377

— energy transformation, 305

— GEN-IV nuclear reactors, 302

— group presentation, 295

— heat transfer, 17, 300, 305

— mechanical properties, 299

— nano risk, perception, 316

— National Nanotechnology Initiative
(NNI), 317

— quantum effects, 300

— thermodynamical stability, 300

— thermoelectric materials, 311

electroactive polymers, 386

electrochemical active surface areas
(ECSAs), 570
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electrochemical anodization, 114

electrochemical capacitors, 377, 393

— electrolytes used, 398

electrochemical CO, reduction reaction, 1115,
1116

— half-cell reactions of cathode, 1117

— particle size on electrode performance, 1125

electrochemical impedance spectroscopy, 385

electrochemical lithiation, 365

electrochemical pressure-composition
(EPC), 441

— isotherms for absorption and desorption of
hydrogen, 445

electrochemical testing, 402

electrochromic

— film, 985

— technology, 985

— windows, 968, 985

electrode

— capacitive performance, optimization, 408

— designing, 404

— — effect of surface chemistry, 401

— electrolyte interface, 409

— materials, 185, 380, 401, 404

— volumetric capacity, 359

electrodeposition, 397

electrokinetic potential analysis, 918

electrolysis, 362, 629, 631

— additives, 404

— development, 399

electromagnetic

— energy, 652

— environments, 314

— power, 84

— shields, 485

— waves, 150

electromechanical coupling factor, 659

electromotive force, 652

electron diffraction, 16

electron energy loss spectroscopy, 606

electron—hole pairs, 134, 144, 184

electronics, 679

— band structure, of oxides, 525

— components, 681

— conductivity, 356

— devices, 649, 650, 680

— thermal conduction, 512

electron microscopy analysis, 16

— of Ce- and Gd-substituted LaS-CrS,
nanotubes, 774

electron mobility, 727

electron scattering effects, 517, 552

electron transfer reactions, 729

electron transport layer (ETL), 115, 174

electrophoresis, 380

electroplating, 499

electrospinning/electrospraying (E/E)
technique, 111, 117, 578

electrospun graphene/TiO, composite

— TEM image, 118

electrostatic

— charge storage, 377

— devices, 652

— energy, 650

— interactions, 65

elemental anode-active materials, 356

ellipsometry, 240

— measurements, 239

elliptical profile

— geometrical equation of, 666

embedded nanoepoxy bubbles, 968

EMIM-BE, electrolyte, 1131

EMIM-TESI electrolyte, 403

— cyclic voltammograms, 406

emission trading system, 1163

enantioselectivity, 928

endothermic reactions, 62, 598

— CO, reduction reaction, 1111

energetics of computing, 25, 697, 698

— data-centric chip architectures, 699

— optimization for energy reduction, 698

energy applications, 298

energy band alignment, 116

energy band gap (Eg), 139, 517

energy barriers, 555

energy conservation, 939, 969

— building, 970

energy consumption, 679, 1169

— global, 459, 967

— logic operation, 691

— millions of instructions per second
(MIPS), 25, 687, 688

—— MOSFET, 25, 687

energy conversion efficiency, 656

energy density, 404

energy diagram, photosynthesis in green
plants, 609

energy efficiency, 679, 939

— building, 979

— nanostructured thermoelectric materials

— — cost-effective, development of, 555

— thermoelectric materials, 547

— — cost of, 556

energy field/temperature, in ultrasonic bath
and, 916

energy for communication, 695



energy generation, 939

energy geometry, 789

energy harvesting techniques, 651, 652, 782

energy needs, 857, 968

energy production

— projected total energy of, 686

energy security, 1079

energy sources, alternative, 781

energy storage, 975

— density, 395

— devices

— — power and energy density metrics, 392

—— Ragone plot, 378

— — specific power vs. specific energy, 378

— industry, 397

— materials, classification of, 460

— puzzle, 395

— short- and long-term, 782

— technologies, 386, 392

enhanced oil recovery (EOR), 49

enthalpy, 62

environmentally beneficial
nanotechnologies, 969

epitaxial attachment, 859

epoxy resin

— with steel, 336

equal channel angular extrusion (ECAE),
810

equilibrium methane and carbon dioxide
conversion values, 63

equilibrium rate constant, 62,419

Er®* concentration, 154

Escherichia coli, 702, 980

ETA cell, 147

ethanol, 569

ethylenediaminetetraacetic acid, 599

ethylene glycol (EG), 404, 997, 1012, 1013,
1144

— Al,O3 nanofluids, 999

— Al-Zn hybrid nanofluid, 1014

— Cu nanofluid, 999

— graphene nanosheets, 1013

— iron (Fe) nanofluid, 1000

ethylene/propylene carbonates, 1111

1-ethyl-3-methylimidazolium
tetrafluoroborate (EMIM-BF,), 1129

ethyl-methylimidazolium tri(fluorosulfonyl)
imide, 406

Euclidean dimensionality, 782, 783, 785

Eurofighters Typhoon, 824

European Union, 970

CO, emission reductions, 968

Europium-doped ceria, 583
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evaporation, 142

exciton, binding energy of, 139

exfoliated graphite nanoplatelets
(xGnPs), 1141

exfoliation adsorption, 834

exhaust flue gas

— of thermal power plants, 1124

exothermic reactions, 928

expanded perlite/paraffin/graphene oxide, 465

external quantum efficiency
measurements, 199

f

fabrication methods, 212, 379

Fabry-Pérot interference, 173

face centered cubic (FCC), 522, 719

facultative anaerobic bacteria, 250, 254

Faradaic efficiency, 639, 644

— energy storage, 383

fast breeder test reactor (FBTR), 272

— steam generators, 272

fatigue, 719

— crack growth, 346

— damage, 721

— effects, 329

— metallic materials, 719

— performance, 720

— strength, 720, 721

— tests, 720

faujasite, 9

Federal Aviation Administration (FAA),
824

Fe—Fe hydrogenase, 256

Fe impurities, 449

o-Fe metallic phase, 1142

FEM simulation

— dimensions of metal shim, 666

— flexure hinge profile, 669

— stress, 669, 670

— — simulation of metal shim, 668

— — values, 666

Fenton system — Fe,O3—H,0,, 1144

— oxidation ranges, 1141

Fe,O3@C nanoparticles, 1142

Fe;O, crystal, 1002

Fe,O3 nanoparticles, 1015

Fermi—Dirac statistics, 516

Fermi energy, 395, 528, 554

— of conduction band, 149

ferredoxin, 253

ferric oxide, 211

ferritic—martensitic steels, 273, 275, 276

ferrocene-xylene method, 382
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— catalyst solution, 382

— precursor, 380

ferrofluid, on glass, 898

— on glass, 898

— sensor, color pattern, 283

— speakers, 899

ferrous oxide, 982

FF. see fill factor

F16 Fighting Falcon fighter jet, 824

fiberglass, 335, 971, 988

— batts, 973

fiber microbuckling, 329

fiber-reinforced composites, dominate wind
turbine blade, 1101

fiber-reinforced plastic (FRP), 331, 332, 333

— using CNTs, 333

fiber-to-fiber bonding, 985

fiber volume fraction (FVF), 331

field-assisted sintering technique (FAST), 339

filamentary rods, of nanoscaled thickness, 325

fillers, 299

fill factor, 125, 866

— efficiency, 125

filmwise condensation, 306

filter paper, 383

Fischer—Tropsch synthesis, 59, 597

flame reduction process, 606

flame-retardant additives, 369

flat-plate collector designs, 224

flexible element (metal shim)

— with uniform profile, 662

— with varying profile, 662

flexible/on-demand 3D connection/
routing, 703

flexible piezoelectric energy harvesters, 657

floating catalyst, 382

flocculation, 918

flue gas

— capturing, 1168, 1169

— desulfurization, 988

fluid chemistry, 913

fluidized bed reactor (FBR), 747

— advanced cladding and wrapper materials, 277

— typical nanocrystalline materials, 283

fluid pressure, 44

fluorescence emission wavelength, 120

fluorescent ceiling lights, 977

fluorine tin oxide (FTO), 104, 733

fly ash, 983

foaming agent, 986

foam insulation materials, 971, 1170

formate hydrogen lyase, 254

formation enthalpy, 419

formic acid oxidation reaction (FAOR), 265,
569

— oxidation, commercial Pd/C, 570

formylmethanofuran dehydrogenases, 257,
259

Forouhi-Bloomer formulation, 238

fossil fuels, 249, 629, 871, 1161

— burning, 1109

fourfold absorption enhancement, 173

fractal dimensionality, 782, 785, 787

fractal process zone (FPZ), 342

fractals, 784, 788

— overview, 782

fracture

— fluids, 46

— tests, 984

— toughness, 331

free energy, 774

freezing transition, 1017

French Alternative Energies and Atomic Energy
Commission (CEA), 304

Fresnel coefficients, 238

Fresnel reflection, 869

friction mechanisms of multilayered IF
NP, 762

friction reduction, 44

front contact, 183

frozen smoke, 970

FTO. see fluorine-doped tin oxide

fuel cells, 309, 1057

— assignee activity across

—— components, 31, 1071, 1073

— catalyst support/active materials, 1071

— classification of, 1064

— — type of electrolyte, 1064

— — types of fuel and oxidant, 1064

— commercial products, 31, 1075

— distribution of

— — applications, 1070

— — patents, 1061, 1063, 1065, 1067, 1069,

1071-1073

— future perspectives, 1077

— nanotechnology-based products, 1076

— nonexhaustive schematic, 736

— operating on organic molecules, 569

— — geographical distribution of, 31, 1067

— — organization-wise distribution of,

applications, 1069

— proton exchange membrane, 1067

— publication trend, 31, 1058-1062, 1063,
1065, 1066, 1068, 1069

— research activities

— — catalyst active materials, 1074



—— MWZCNT application in, 1058

— research publications of top 10
countries, 1059

— technology, 569

— types vs catalysts-active materials, 1073

fuel cycle facilities

— fast breeder reactors, 272

fullerenes, 125, 378, 603, 774

— nanostructures, 745

— nanotubular structures

— — from misfit layered compounds, 764

functional elements of a solar cell, 182

functionalized grapheme sheet (FGS), 1012

functionalized HEG (f-HEG), 1014

functional oxides, 30

fungicides, 985

futuristic buildings, 990

g9
GaAs/GalnP, photocathode, 643

GaAs

— photocathode, 643

— quantum wells, 555

— solar cells, 171

gadolinia-doped ceria (GDC), 582

gallium-based liquid metal, 889

— melting-point, 889

gallium-based magnetic nanofluid

— properties of, 900

gallium-based thermal interface material

— thermal conductivity of, 893

gallium fluids

— boiling point, 899

gallium—indium droplets, 900

gallium oxide, 891

gallophosphates, 3

Garnet-type oxides, 427

GaSb nanoinclusion in (GaSb) Yb,Co,Sb,,
nanocomposite, 530

gas chromatograph, 75

gas-cooled fast reactor (GFR), 276

gaseous energy extraction

— via biomethanation process, 256

gas-fired plants, 1168

gasification, 69

gasoline energy, 509

gas-phase method, 214

gas precursor disilane, 862

gas precursor dissociation rate, 859

gas ratio, 644

gas separations, 1171

— gate-opening process, 1171

gas-to-liquid (GTL) 59, 79

Index

— catalysts, 65

— process, 60, 79

— technologies, 60

gas turbine, 231

gate length

— vs. switching energy for MOSFET, 693

G-band, 76

GDC-KAIlZn composite, 583

GdS-CrS,

— orthorhombic crystals of, 771

Ge coating, 212

gel drying processes, for silica aerogel, 946

generic electron-charge-based memory
element, 695

generic fuel cell design, 736

genetic algorithm, operating principle of

— used to optimize a n-ary lattice, 95

GEN-III PWR reactors, 302

GEN-1V reactors, 271, 302

geometrically necessary dislocation
(GND), 814

geometrical optics approaches, 869

geometrical resonances, 163

geothermal energy, 377

germanium, 22, 524, 859

— quantum dots, 859

giant IF-MoS, “bubbles”, 753

Gibbs energy, 599, 631, 1115

— free energy, 15, 61, 62, 419, 1114

glass, 985

— like disordered grain boundaries, 436

— microspheres, 986

glassy carbon electrode (GCE), 1131

global warming, 509, 629, 1161

glucose, 253

gold (Au) NPs

— catalyzed VLS, 859

— diffusion coefficient, 861

— nanodroplets, 859

— nanoparticles, 150, 498

— — coated with palladium, 980

— reduce CO, to CO, 1127

gold

— Au oxide film, 1128

— mesh electrode, 149

— silicon phase diagram, 859, 860

GO/S, composite counterelectrode, 734

grain boundaries, 340, 552

graphene, 115, 126, 378, 395, 572, 727, 776,
850, 921, 922, 942, 972, 1098, 1101

— aerogel, insulating properties, 972

— based DSSC, 734

— based supercapacitors, 730
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— — fabrication, 729

— batteries, applications, 732
— derived materials, 727

— electrodes in PVCs, 733

— electronic properties, 397
— in fuel cells, 738

— for hydrogen splitting of electrolytes, 740

— lithium titanate, 1049

— metal oxide composite materials, 1043
— for MOR

— — electrochemical performance, 575

— MWCNT composites (FLG/MWCNT), 573

— MWCNT hybrid nanofluids, 1014
— nanoparticles, 924

— nanoplatelets coatings on wind blades, 1100

— for ORR

— — electrochemical performance, 576
— properties, 726, 728

— in solar technologies, 735

— in supercapacitors, 730

— symmetric capacitors, 729
graphene nanoribbon (GNR), 573, 1012
graphene nanosheet (GNS), 1012
graphene/Ni;,P5 composite

— electron transport mechanism, 127
— SEM image, 127

graphene oxide (GO), 603, 929, 1012
— batteries, 730

— electrolyzers, 738

— electronic properties, 727

— in energy generation devices, 734
— in energy storage devices, 725, 727
— fuel cells, 735

— sheets, 466

— solar energy, 733

— supercapacitors, 728

graphene quantum dot (GQD), 573
— GQD-GNR hybrid, HRTEM images, 574
graphene sheet (GS), 469

graphite, 833

— bulk material, 378

— microbeads, 367

— nanofiber, 464

graphitic carbon, 71, 74

— helical microtubules of 485
graphitic carbon nitride, 620
gravitational forces, 324

green algae, 598

green building, 967, 968

— nanotechnology, role of, 967
greenhouse gases, 60, 249, 1081
green hydrogen, 738

green tensor, 94

grid-connected PV—-electrolysis, 632
Griffith’s criterion, 341
groundwater

— contamination of, 1139

gypsum, 988

h

half Heusler alloys, 519, 526, 536

— negative Seebeck effect, 526

— of NiSn, CoSb, and PdBi groups with
substitutions, merits of, 527

halloysite (HNT), 475

Hall-Petch equation, 339, 340

Halobacterium salinarum, 609

H,/O,; evolutions, of Z-schematic water-
splitting system, 636

H,/O, generation, 637

hard-chromizing processes, 984

hardened ferritic steel, 435

hardness values, 718

harvested energy, 650

Hausdorff dimension, 783, 786, 789

— fractal dimension, 784, 785

hazardous cleansers, 979

health-monitoring devices, 651

hearing aids, 650, 656

heat absorbing films, 971, 972

heat capacity, 514, 921, 922, 930

heat conversion efficiency, 234

heat engines, 871

heat exchangers, 511

heat gain, 985

heat leakages, 519

heat management, 939

heat storage, 459, 912

— capability, 461

heat-to-electricity conversion, 871

heat transfer coefficient (U-value), 307, 912,

929, 956
— experimental measurements, 308
heat transport mechanism, 301, 911
— in different forms of aerogel, schematic
of, 952
heat-treatable titanium alloys, 332
heliothermal efficiency, 234
Helmholtz layer, 395
— capacitance, 394
— double-layer model, 394
hematite particles, 365
Henry’s constant, 1121, 1123
— for CO, in water, 1118
heteroatom-doped graphenes, 573
heterocoagulation, 44



heterogeneous catalysis, 3, 928

heterojunction, 635

— with intrinsic layer (HIT), 165

heteropoly acid, 608

hexadecane (HD), 1004

— thermal conductivity with
temperature, 1005

hexadecyltrimethoxysilane, 8

hexafluorophosphate (PFs), 400

hexagonal cell, 879

hexagonal TiO,, TEM, 113

1,2,3-hexanetriol, 13, 14

HE. see hydrofluoric acid

high-Cr corrosion/oxidation-resistant
nanodispersion-strengthened NFAs, 278

high-energy ball milling (HEBM), 435,438,439

high-energy photons

— thermalization of, 152

high-index semiconductors, 164

high-melting-point refractory metals, 235

high-performance building materials, 981

high-performance thermoelectrics, 547

high-pressure carbon monoxide (HiPco), 489

high-resolution transmitting electron
microscopy (HRTEM), 633

— optimized phase contrast conditions, 772

high specific capacitance, 396

high-temperature and high-pressure
(HTHP), 43

high-temperature fuel cell (HTFC), 569

high-temperature solar receivers, 236

HIPing, 339, 846

H,O, C ratio, 67

hole transport layer (HTL), 174

hollow carbon nitride sphere

— photochemical reaction, 623

— surface morphology of, 622

hollow mesoporous zirconia nanospheres (hm-
ZrO,), 287

hollow multiwall WS, nanotube, 747

HOMO. see highest-occupied molecular orbital

homocoagulation, 44

homoepitaxy, 859

Honda-Fujishima effect, 598

hot carrier cell

— in conventional semiconductor

— — relaxation process, 154

— energy band diagram, 156

hot electron—hole gas, 155

HSS, strength—formability relationship, 335

human resonant motion, 655

human vibration energy harvester with
PZT, 655

Index

hybrid dye solar cells, 146

hybrid electric vehicle, 1033

hybrid nanocomposite (HyNPCM), 474

hybrid nanofluids, 1013

hybrid organic/inorganic thermoelectric

materials, 313

hydrides

— derivatives of, 20, 425

— thermodynamic properties and hydrogen

content for, 419

— types of, 425

hydrocarbons, 3, 20, 28, 922

— fuels, 569

— reservoirs, 47

hydrocracking, 3

hydro energy, 296

hydrofluoric acid, 863

hydrogen (H,), 59, 415, 751, 752

— absorption, in palladium metal, 418

— adsorption of, 417

— boiling point, 415

— bond dissociation enthalpies, 417

— CO ratio, 59

— desorption, PC isotherms, 452

— energy, 597

— — density in, liquid state, 416

— evolution

— — over Pt/In,S3/CdS/CZTS cathode, 641

— — performance of semiconductor HJ
photocatalysts, 638

— feedstock to recycle carbon dioxide, 597

— generation

— — solar water splitting by PV—electrolysis
(PEC), 645

— gravimetric energy density for, 415

— as ideal gas, 416

— limit for solubility, 418

— metallic hydrides, 418

— nanoconfinement, 20, 423

— physical properties, 415

— physisorption of, 417

— production

— — biological process, 249

— — rate, 637

— — by renewable energy, 416

— storage in, solid state, 416

— stronger bonds, 20, 418

— volumetric energy density, 415

— weaker bonds, 20, 417

— wind energy, storage of, 416

— as a zero emission fuel, 597

hydrogenase system, 261

hydrogenation, 64, 610, 630, 635
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hydrogen evolution reaction (HER), 600, 1113

— from aqueous solution, 619

hydrogen exfoliated graphene (HEG), 1014

hydrogen—hydrogen bonds, 416

hydrogenotrophic methanogens, biomethane
production using CO2 and H2 by, 257

hydrogen oxidation reaction (HOR), 572

hydrogen-powered vehicles, 597

hydrogen production rate, 255, 262, 598

— through biological routes, 265

hydrogen storage, 433

— high-energy ball milling, 438

— hydride properties, 439

— materials, 439, 440

— mechanical alloying, 434, 436

— mechanochemical activation synthesis
(MCAS), 439

— milling processes, 435

— nanomaterials, 434

— nanotechnology, 433

— top-down approach, 434

hydrogen sulfide (H,S), 48, 747

hydrogen-transfer reactions, 26

hydrolysis, 256

hydrophilic surfaces, 309

hydrophobic

— character, 305

— coatings, 308

— compound, 48

— foams, 1152

— with quaternary amines, 1140

— — p-hydroxybenzaldehyde, 929

— surfaces, 305, 914

hydroxyl free radical, 265

hypersonic shock tunnel, 755

hypothetical capacitor plates, 379

hysteresis loop, 900

i

ICT energy consumption, 681

IF-MoS, nanoparticles, 752

imidazolium, 923

immobilization, 928

impedance, 407

incandescent lights, 977

incident flux, 94

incident light radiation, 151

indium-doped tin oxide, 104

indium tin oxide (ITO), 149, 167, 733

indoor air quality, 978

— nanotechnology, role of, 979

inductively coupled plasma mass spectrometry
(ICP-MS), 758

industrial marine tidal turbine, 297

industrial solvents, 980

infiltration process, 311

informational display panels, 978

information/communication technology, 680,
681

information processing, elements of, 681

— basic computing system, 25, 682

— bits, realization of binary elements, 681

— millions of instructions per second
(MIPS), 682

— performance metrics for computing
systems, 682

infrared

— absorbing coatings, 972

— radiation, 208

infrared reflective (IRR) metallic layer, 234,
235

inhibitor-loaded nanocontainer-based
coatings, 289

inorganic nanotube (INT), 745

— and fullerene-like nanoparticles

— — applications, 758

— — nanocomposites, 762

— — synthesis and structural

characterization, 746

— — tribological properties, 758

inorganic pigment-based coatings, 211

inorganic semiconductors, 193

Institute for Nanoscale Technology, 979

insulations, 940, 969, 970

— applications, in energy conservation/
storage, 940

— coatings, 971

— material, 940, 970

— nanoparticles, 971

— technologies, 972

intercalation, 393

interdigitated back contact (IBC), 165

interfacial corrosion reactions, 225, 226

Intergovernmental Panel on Climate Change
(IPCC), 1109

intermatrix synthesis, 834

intermediate reflectors, 198

intermetallics-based hydrides

— LaNis-type materials, 447

— Mg,Ni alloy, 450

— with nanostructure, 440

— TiFe-type system, 440

— ZrV2-type system, 444

intermolecular-ionic interaction, 914

internal quantum efficiency IQE of

— solar cells, 191



International Energy Agency (IEA), 1109

International Patent Classification (IPC), 1061

interstitial metal hydrides, 418

inverse opal carbon, 126

inverse silica photonic crystals

— FESEM image, 109

In,CeyCo4Sb,, composite, 530

IoBiofluids, 912

iodine, 747, 754, 765

— doped graphenes, 573

ion adsorption/desorption, 397

IoNanofluid (INF), 28,911, 912, 914, 915,
916, 918, 919, 921, 922, 929

— applications of, 926

— challenges to industrial applications, 931

— dependence on temperature and, 922

— as nano-driven catalysts, 928

— Newtonian zone of, 926

— preparation, 921

— properties, 920

— research, challenges in, 930

— for solar energy applications, 929

— stability, 923, 928

— surfactant-free, 921

— thermal conductivity enhancement, 922

ion diffusion, rate of, 356

ion dynamics, 401, 402

ion electrosorption, 402

ion-exchange resin, 1169

ionic hydrides, 420

— coordination number, 420

— properties of, 420

ionic impedance, 403

ionic liquids (ILs), 911,915,918, 919, 922, 924,
928, 929, 930

— advantages, 405

— approach to molecular structure of, 924

— constant, 401

— electrolytes, 397

— mixtures, 405, 406

ionic percolation, 301

ionophilic pores, 402

ionophobic pores, 402

ion sieving, 402

ions size, role of, 395

ion storage film, 985

IPCE measurement, 112, 114

IQE curves, 191

iron hydroxide nanoparticles, 45

iron nanoparticles oxidize

— in water, 1141

iron oxide particles, 44

iron phthalocyanine/NG, 573

Index

iron sulfate complex, nZVI particle, 1143
irradiation damage, 303

— resistance, 274, 303, 304
isomerization, 3

isothermal transformation, 713, 718
ITO. see indium-doped tin oxide

i

jelly-roll type supercapacitors, 384
Jobin Yvon ellipsometer, 239

J-V characteristics, 112

k

Kerker scattering, 174, 175

kerosene, 997

— Fe30, nanofluids, 1004, 1005, 1009, 1010,
1011

— — magnetic field strength, 1010

— magnetite nanofluids, 1010

— thermal conductivity, 1005

kinetically stable dispersions, 917

kinetic energy, 650

Kirchhoff’s law of radiation, 232

Knudsen cell, 859

Koch snowflake, 783

Kolbe—Schmitt reaction, 1111

K_Pt95Rub5 particles, SEM images, 571

Kretschmann coupler, 149

krypton, 970

I
Lagrangian multiplier method, 61
Lambertian limit, 870
lamellar zeolites, 9
LaNiOj perovskite, 70
LayNiOy44s polyhedra, 70
La/Ni powders
— XRD spectra of, 448
LaNis-type negative electrodes, 448
lanthanides, 772
— -based misfit nanotubes,
767
lanthanum gallate (LSGM), 580
lanthanum oxide (La,Os), 68
LaS-CrS, nanoscroll, 769, 771
— HRTEM image of, 770
— CeS-CrS,/GdS-CrS,/TbS-CrS, nanoscrolls/
nanotubes
—— SEM images of, 769
laser sintering, 871
Lag 75S1r9.25Cro5Mng 503_q (LSCM), 585
lattice strain energy, 860
layered thermoelectric structures
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— p-type Ko 5CoO, and SryTiO,4, 525

lead—acid batteries, 976

lead-based materials, 22, 522

Leadership in Energy and Environmental
Design Council, 967

lead selenide quantum dots, 974

LED. see light-emitting diode

Lenz’s law, 652

Lewis acid—base interactions, 363

LiBH,, endothermic desorption, 422

LiFePO,4 nanoparticles

— carbon-coating of, 361

— development of, 362

— electrochemical signature, 362

— electronic conductivity of, 361

light absorption

— beyond dipolar approximation, 91

— binary Au—Ag lattice, 96

— collection of particles, 86

— layers, 134

— by single particle, 84

light-emitting

— diode, potential energy savings, 977

— technology, 978

light gauge steel framing, 984

light harvesting

— efficiency, 109

— vesicular pigments, 260

lightning strikes, 325

light resonances, 867

light-to-heat conversion/storage

— schematic of, 472

light-trapping device, 869

lightweight high-strength metal matrix
nanocomposites, 838

— aerospace applications, 843

— dispersion of nanoparticles, 841

— manufacturing, 838

— metallic foam-based lightweight
structure, 844

— MMNCs

— — in automobile sector, 843

— — mechanical property of, 842

— thermal stability of nanoparticles, 841

— wettability, 841

lignins, 386

lignocellulosic biomass, 264

lignocellulosic fibrils, 985

Li* ions

— batteries costs, 386

— schematic representation of, 364

Li/MgHj cell

— voltage profile of, 366

limit cycle oscillations, 328

LiMn,0,, 364

Li-molybdate battery, 1038

linear oscillator, 659

linear proportionality, 925

liquid-based electrostatic energy
harvester, 653

liquid catalyst, reservoir effect, 862

liquid crystal display technology, 989

liquid-gallium suspensions

— thermal conductivity enhancement
ratio, 895

liquid gold/silicon alloy, 859

liquid hydrocarbons, 59

liquid metal-based MF

— electrical resistivity of, 897

— modification procedure for preparation
of, 892

— thermal and electrical conductivity of, 889

liquid metal droplets, 901

liquid metal gallium

— substitute of mercury, 899

— thermal conductivity, 899

— wettability and compatibility of, 899

liquid metal poly (LMP) grease, 895

— electrical resistivity of, 897

— fabrication process, schematic diagram 896

— thermal greases thermal conductivities
of, 897

liquid metals

— as thermal interface materials, 894

liquid-phase processing, 811

liquid sodium metal, 282

liquid solar collecting coating, 974

liquid/solid surface energy, 860

liquid-vapor interface meets, 305

Li recycling, 386

Li-sulfur battery, 1038

lithiation, 356

lithium-alloying elements, 357

lithium borohydride—magnesium hydride, 422

lithium cobalt oxide (LCO) battery, 1038

— uses in, 1038

lithium dendrites, 368

lithium hydrides, 420

lithium ion batteries, 30, 309, 355, 501, 975,
1031

— advantages of, nanostructured
materials, 1034

— annual growth of, patents, 1036

— application of, nanomaterials in, 31, 1040,
1041

— assignees vs. publication year, 1046



— carbon nanotubes, 1042

— charging process, 1031

— classification of, 31, 1033, 1038

— country-wise distribution of, 1037

— discharging process, 1032

— 3D representation of patents, 1048

— electrodes of, 1032

— energy density of, 1032

— future perspectives, 1051

— graphene, 1043

— iron oxides, 1044

— lithium iron phosphate (LiFePO,), 1044

— market for, 1051

— nano-enabled Li-ion batteries, 1050

— nanosilicon, 1044

— patents distribution, 1042

— — application sector, 1045, 1046

— — pie chart, 1037

— — publication trends,

1046, 1047

— — segregation, 1039, 1041, 1049

— — top assignees, 1040

— performance parameters, 1033

— power density, 1034

— pulverization of electrodes, 1034

— rate capability, 356, 1034

— reactions during, charging-discharging
process, 1032

— safety, 367, 368

— sulfur-based cathodes, 732

— technological aspects of nanostructured
materials for, 355, 975

— types and application areas of, 1033

lithium-ion conducting ceramic, nanofibrer
mat, 310

lithium-ion diffusion, 362

— coefficient of, 356

lithium iron phosphate (LiFePO,) battery, 309,
1038

— applications in, electric vehicles, 1038

— power storage capability, 1038

lithium manganese oxide (LMO) battery, 1038,
1050

— applications in, 1038

lithium metal—electrolyte, 364

lithium nickel manganese cobalt oxide (NMC)
battery, 1038

— applications in, 1038

— energy densities, 1038

lithium titanate (LTO) battery, 1038, 1050

— advantages of, 1038

lithium titanate oxide materials, 975

lithography, 120, 914
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LnS-CrS, nanotube, 771

— growth model of, 773

load-bearing structural material, 980

local type certification committee (LTCC),
345

Lorentz number, 514, 547, 881

Lotus effect, 289

low and high metal volume fraction (LMVEF/
HMVF), 235

low-density polyethylene (LDPE), 1132

low-melting point metals, 902

— thermophysical properties of, 904

low-refractive-index materials, 164

low-temperature fuel cell (LTFC), 569

low-temperature solid oxide fuel cell
(LTSOFC), 580

LSCM/LSGMg/LSCM configuration, 585

lubrication mechanism, of nanoparticles, 44

LUMO. see lowest-unoccupied molecular
orbital

lung inflammation, 991

m

MACE. see metal-assisted chemical etching

macro- to nanoscale, 911

magnesium alloys, 450, 809, 824

— automobile components, 810

— metal matrix, 811

— nanocomposites for cleaner transport, 809

magnesium-based nanocomposites

— challenges, 825

— corrosion properties, 820

— creep properties, 818

— dynamic mechanical properties, 818

— engineering properties, 822

— fabrication of, 811

— fatigue properties, 820

— machinability, 823

— potential applications in transport
industries, 824

— tensile/compressive properties, 814

— wear, 822

magnesium boride, 422

magnesium borohydride, 426

magnesium hydrides, 420

magnesium nanocomposites, 820, 825

magnetic carbon nanotubes

— physical properties of, 1146

magnetic dipole resonance, 175

magnetic flux leakage (MFL), 282

magnetic force, 915

magnetic impurities, 1146

magnetic nanofluids, 1009

1197



1198

Index

magnetic nanoliquid metal fluid

— fabrication of, 899

magnetite-coated rosin amidoxime, 1145

magnetization—temperature curve, 900

magnetodielectric resonator networks, 83

magnetorheological fluid

— magnetization of, 899

Mahan-Sofo theory, 554

manganese oxide, 929

marine renewable energy, 295

mass activity (MA), 570

— nanocrystalline Mg,Ni alloy, 452

— for synthesizing nanometer-sized powders

— — schematic cross-sectional

representation, 437

mass spectrometer, 75

match-like ZnO/Au heterostructure, synthesis
of, 616

material design, nanotechnology, role of, 967

materials, 980

— toxicity, 968

matrix modification, using micro-or
nanostructured fillers, 1100

maximum power factor

— vs. cross-sectional area, 877

maximum ZT over time, 873

MAX phase precursors, 398

Maxwell limit, 1000

Maxwell’s equation, 92

— using finite element method, 96

Maxwell supercapacitors, 386

2-MBT-loaded TiO, nanocontainer-
impregnated epoxy coatings, 289

MCM-22 cage, 11

MCNTs

— transmission electron micrograph, 1146

— wrapped oil droplets, 1147

mean free path, 881

mechanical alloying (MA), 435

mechanical stability, 715, 717

mechanochemical activation synthesis
(MCAS), 435

mechanochemical processing (MCP), 435

mechanochemical synthesis (MCS), 435, 439

medical devices, 510

MEG. see multiple exciton generation

melamine, 620

melanin, 930

melting temperature, 42, 466

melt intercalation, 834

melt spinning (MS), 314

membrane-bound photosynthetic
components, 261

membrane diffusion, 1167

Menger sponge, 783

MeOH conversion, 24

mercury, 978

mesophilic temperatures, 250

mesoporosity

— in single zeolite crystal, 7

— as variable parameter, 24

mesoporous

— carbon, 125

— nanocomposite, 361

— Pt nanorods, 571

— silica, 1173

— system, 11

— TiO, beads

—— SEM images, 107

meso-tetra(4-carboxyphenyl) porphine
(TCPP), 534

metal-anion bond, 231, 365

metal-assisted chemical etching method, 858,
863, 864, 871

metal borides, 15, 212

metal borohydrides, 423

— perovskites, 20, 426

— stability of, 425

metal cathodic systems in acetonitrile (MeCN)
electrolyte, 1129

metal/ceramic composites or cermets, 235

metal chalcogenides, 747, 765

metal charge transfer, 774

metal crystallites, 75

metal 3d dopants, 602

metal diffusion, 238

metal halides, 423, 747

metal hydrides

— as ion conductors in batteries, 20, 426

metal hydroxides, 747

metal ions, 65, 259

metallic bonding

— thermodynamic properties/hydrogen
content for, 419

metallic conductors, 487

metallic hydride, 418

— crystallization and growth of, 418

metallic nanoparticle welding of CNTs, 498

metallic nanostructures, 163

metallic solar receivers, 232

metal loadings, 67

metal matrix composite (MMC), 831, 1098

metal matrix nanocomposite (MMNC), 832,
842

metal nanocatalysts, 928

metal nanoparticles, 30, 928



metal organic chemical vapor deposition,
117

— TiO, on PECVD grown carbon
nanofiber, 119

metal—organic frameworks (MOF), 33, 434,
1170

— using zinc nitrate, 1170

metal-oxide semiconductor field effect
transistor (MOSFET), 688

metal oxides/semiconductor
nanocrystals, 105, 185, 211, 423, 747, 913

— conduction band position, 104

— fibers, 111

metals, 234

with low melting point, 905

— PCM category, 905

— phosphates, 747

— properties of, 420

— shim surface, 662, 669

metal shim

— elliptical cut profile, simulated stress
distribution, 667

— parabolic cut profile, simulated stress
distribution, 668

— rectangular shape, simulated stress
distribution of, 665

— tapered cut profile, simulated stress
distribution, 670

— trapezoidal shape, simulated stress
distribution of, 665

— triangular shape, simulated stress
distribution of, 665

metal silicides, 212

metal sulfides, 635

metal-sulfur chemical bond, 746

methanation, 256

methane, 59

— conversion, 63

— decomposition, 64, 76

— dry reforming, 61, 63

— — feasible reactions during, 62

— generation, during activated sludge anaerobic
digestion, 256

— production by hydrogenotrophic
methanogens, mechanism of, 258

— reforming systems, 61

Methanobacterium
thermoautotrophicum, 259

Methanobacterium wolfei, 260

methanofuran, 257

methanogenic bacteria, 257

methanol (MOR), 265, 569, 600, 1110

— AL,O3, 999

Index

— conversion variation, with time-on-
stream, 23

Methanolobus tindarius, 257

methanol oxidation

— polycrystalline electrode, 286

methanol synthesis, 597

methanol-to-aromatic reactions, 18

methanol-to-gasoline process, 18, 23

methanol to hydrocarbons reaction (MTH), 4,
27,29

— using a series of ZSM-5 catalyst samples, 28

methanol-to-olefins/propene (MTO)

— conversion, 23, 26

— product selectivity, 26

Methanosphaera stadtmaniae, 257

methylbenzenes, 20

methyl free radical, 265

methylotrophs, 250

methyl silicone oil, 895

MEFI nanosheets, 27

MEFI unilamellar structure, 12

MEP. see mean free path

Mg alloys, 810, 818, 825, 831

— development of, 811

— mechanical properties enhancement, 810

Mg,Cu intermetallic phase, 816

Mg; 5sMng sNi/LaNi3 75Mng.75Al9.25C00.25

— discharge capacities, 455

— XRD spectra, 453, 454

Mg 5sMng sNi/TiFeq 25Nig 75 hydride
nanocomposites, 454

Mg, sMn sNi/25%
Zro.35Tio.65V0.85Cr0.26Ni1.30, 453

Mg nanocomposites, 822

— compressive properties, 816

— creep rates of, 820

— dynamic mechanical properties, 819

— fabrication methods, overview of, 812

— by micromilling method, 823

— synthesis technologies, 813

— tensile properties, 815

— tension-compression yield asymmetry, 817

— wear characteristics of, 823

Mg,Ni alloy, 451

Mg,Ni electrode, 451, 454

Mg,Ni transforms, 451

MgO nanoparticles, 46

Mg/ZnO nanocomposites, 818

Mg-Zn-Y alloy, 810

microbial electrolytic cell (MEC), 739

microbial electrosynthesis (MES), 1133

microbial fuel cell, 1133

microbial H, production, 250
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microcomputed tomography (micro-CT)
scan

— reconstructed three-dimensional, 471

microcrystalline Mg,Cu, (Mg;—xM,).Ni
alloys, 450

microcrystalline Mg,Ni alloy, 451

microcrystalline powders, 337

microcrystalline Si (pc-Si), 181

microcrystalline
Zro.35Tio.65V0.85Cr0.26Ni1.30, 453

— for hydrogen absorption and desorption,
445

— pressure composition isotherm, 446

micro-CT scan slice of UGF-wax
composite, 471

micro-electromechanical-systems
(MEMS), 991

— cantilever piezoelectric power
generator, 659

— EM harvester, 652

— technologies, 656

microencapsulated healing agent, 983

microencapsulated phase change material
particles (MEPCM) suspension, 1014

micro energy harvesting technologies, 649

— hierarchy of, 650

microfluids, 997

micro/MEMS technologies, 652

— miniaturization, 657

micromorph silicon tandem solar cell, 198

microporous aluminosilicate materials, 1170

microporous carbons, 400

microporous metal—organic frameworks, 1170

microprocessor unit

— 1994-2014 MPU summary, 684

microscale, 785

— energy harvesting systems, 649

microsizes, 785

Microsoft Excel™, 62

microstructure

— characterization of phase change
composites, 463

— in hydrogenated microcrystalline
silicon, 192

— and properties, 712

microwave, 747

— absorbing wind power blade coating, patent
application, 1094

— assisted rapid sintering-based powder
metallurgy, 811

— assisted rapid synthesis, 752

— irradiation method, 753

Mie coatings, 172

Mie scattering theory, 85, 941, 942

Miller indices, 771

misfit compounds, 774

misfit fullerene-like particles, 774

misfit layered compound (MLC), 764

— nanotubes, 768, 771

misfit nanotubes with O-T-O-T-T, 767

mixed-oxide-coated titanium anode
(MOCTA), 286

— electrodes, 286

MMEX steel, 984

mobile devices, 510, 656

MOCVD. see metal organic chemical vapor
deposition

model-driven synthesis, 409

modified montmorillonite (MMT) zeolite, 577

modifier/template effect on morphology, 15

module glass, 177

molecular drafting

— process, 117

— schematic, 118

molecular dynamic simulations, 14, 402, 409,
1017

molten carbonate fuel cell, 1058

molten salt method, 107

molten salt reactor (MSR), 271

molybdenum-containing formylmethanofuran
dehydrogenases, 259

molybdenum disulfide (MoS,), 1132

molybdenum suboxide, 755

molybdopterin guanine dinucleotide, oxidized
form, 259

monocrystalline ZnO porous matrices, 146

monoethanolamine (MEA), 1167

monolithic devices, 630

monolithic nanowires, 862

monolithic PV-PEC configuration, 643

monolithic solar-driven water-splitting
system, 643

Moorella thermoacetica, 1133

Moore’s law, 679

MoOs;_, nanowhiskers, 755

MOR (magnetite—oil ratio), 1144

— magnetite nanoparticles, efficiency of, 1145

morse-type potential, 879

mortars, 983

MoS, closed nanoparticles

— in nanooctahedral core undergoes
morphology change, 752

MoS, cocatalyst, 634

MoS,/graphene composite, 731, 740

MoS, INTs growth in solar ablation, 755

MoS, lattice, 755



MoS, nanooctahedron

— atomic resolution image of, 751

— phase-contrast TEM, atomic resolution
image of, 750

MoS, nanotubes, 748, 754, 755, 757

— calculated energy per atom for, 749

— formation mechanism,schematic of,
757

MoS, particles, produced by microwave
irradiation method

— HRTEM images of, 753

Mo-Ti alloy, 758

motion harvesters, 650

Mott—Jones relations, 550

MQW heterostructures, 156

MTBE (methyl tertiary butyl ether), 1144

multielement-doped graphenes, 573

multifunctional nanocomposites, 334

multijunction solar cells, 183

multilayer coating, 212, 241

multilayer insulation (MLI), 958

multiple exciton generation (MEG), 120,
154

multiple internal reflections, 869

multiplicity factor, 771

multipolar interactions, 96

multiwall carbon nanotube (MWCNT),
43, 44, 45, 74, 380, 749, 921, 983, 1018

— buckypaper, scalable production, 384

— coated aluminum electrodes, fabrication
of, 380

— electrodes supercapacitors,
performance, 385

— functionalization, 116, 1018

— — thermal conductivity, 1018

— phase contrast optical microscopic
images, 1017

— thermal conductivity, 1018

multiwall (mother) nanotubes, plasma
treatment of

— formation of daughter nanotubes, 750

mutations, 95

M13 viruses, 116

MWCNT. see multiwalled carbon nanotube

MXenes, 398

MX subsystem, 774

MX-TX; MLC with O-T stacking order

— c-axis periodicity values of tubular
structures, 775

n
NaAlH,
— nanoconfinement of, 425

Index

NaBr electrolyte, 404

— aqueous electrolyte, 404

naked metal, 890

nanoadditives, 44

nano-Al,O3 particle-reinforced AZ31
alloy, 820

nano-based sensors, 284

nanobinders, 983

nanobowls, 476

nanobranched nanorod arrays, 115

nanocapsules, 476

nanocermets, 235

nanochitin, 362

nanoclay-reinforced PMNCs

— with PMCs, 834

nanocoatings, potential energy-saving
characteristics, 973

nanocolloids, 52

nanocomposites, 184, 231, 511, 549, 657, 745,
969, 981

— bulk materials, 519

— challenges and opportunities for, 27, 849

— coating, 849

— demand in wind energy, growth drivers
for, 1087

— fuel efficiency, 831

— generator, using aligned PZT nanowires, 658

— based hydrides, 452

—— Mgy sMngsNi/

LaNi3 75Mng 75Alo25C00.25, 452
—— Mg1.5Mng sNi/Zr 35Tig.65V0.85Cr0.26Ni1.30
hydride materials, 452

— — nanoscale Mg,ni/Tini composites, 454

— materials, 187, 455

—— magnet, 1102

— plastics, 986

— selective coatings, 235

nanoconfinement, 423, 870

— chemical hydride, 424

— complex hydrides, 424

NANOCRYL®A product series, 1093

nanocrystalline, 633

— alumina—copper hybrid (A;;O3—Cu)
powder, 1014

— bainite, 709, 713

— hydrogen storage alloys, 450

— LaNig»Algg alloy

—— AES spectrum of, 449

— LaNis alloy powder, 447

— LaNis-type alloys, 449

— materials, 436, 437

— Mg,Ni-type materials, 451

- Mg, Mn,Ni-H alloys, 452
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— powders

— — electrochemical properties of, 444

— — to form agglomerates, 338

— selected properties of, 455

— silicon absorber, 192

— silicon oxide, 181

— steel grades, design of, 25, 709

— — additional refinement of
microstructure, 710

— — carbide-free microstructure, 710

— — faster rate of reaction, 710

— — increased hardenability, 710

— — low austenite to bainite transformation
temperature, 710

— — simple alloy system, 710

— synthesized CdO thin films, 284

— TiFe, discharge capacity, 443

— TiFe materials, 442

— TiFe;_,Ni, materials, 442

— YDT sintered pellet, SEM image of, 285

— ZrN film, AFM image of, 288

— Zro35Ti0.65V0.85Cro26Ni 30 material, 446,

447

— ZrV,-type materials

— — discharge capacities, 447

nanocrystalline bainite

— wear performance, 718

nanocrystalline chemical deposition

(NCD), 786

nanocups, 124

NaNOs electrolyte, 404

nanoelectronics, 398

nanoemulsions, 476

nano-enabled commercialized products, 1099

nano-enabled Li-ion batteries

— commercial status of, 1050

nano-enabled membranes, 1074

— filing trend for, 1075

nano-enabled permanent magnets, 1102

nano-enabled polymer electrolyte membrane
fuel cell, 1057

nano-enabled sensors, 1101

nanoencapsulated PCMs, 478

nanoengineered materials, 182, 183, 184,
967, 968

nano-enhanced e-HEPA, 979

nano-enhanced lighting technologies, 968

nano-enhanced paints, 992

nanoenhanced PCMs, 460, 461

nano ferrofluid, 282

nanofibers, 113, 476, 657

— of lithium-ion conducting ceramic, 309

— mats, 117

— reinforcement, 982

nanofibrillar bonding, 985

nanofibrillated cellulose (NFC), 1169

nanofiltration techniques, 1140

nanoflakes, 746

nanofluids, 476, 478, 913, 919, 929, 1005

— effective thermal conductivity of, 888

— for heat transfer applications, 997

— — CNT-based nanofluids, 1008

— — graphene nanofluids, 1012

— — hybrid nanofluids, 1013

— — magnetic nanofluids, 1009

— — phase change material, thermal

conductivity of, 1015

— — traditional nanofluids, 999

— IoNanofluids systems, 918

— — solar energy applications, 928

— preparation methods, comparison of, 914,
915

— schematic representation of, 998

— stability, 917

— — methods to improve, 919

— structural characterization of, 920

— thermal conductivity of, 887, 998

nanofractal, 786

nanogel translucent aerogel, 989

nanoimprint lithography, 185

nanoinsulations, 971

— future market, 972

nano-iron oxide composite, 1146

nanolayers, 231

nanoliquid metal, 888

— additional energy conversion
mechanisms, 906

— applications of, 890, 906

— challenging scientific and technological
issues, 904

— energy conversion, 898

— energy management, 892

— energy storage, 901

— piezoelectricity generation, 906

— properties of, 889

— synthesis of, 891

nanolithium-titanate battery cells, 975

nanolithography, 914

nanomanipulation, 914

NanoManufacturing Institute, 990

nanomaterials, 181, 184, 210, 478, 921

— application areas, 102

— as catalysts, 928

— component performance in wind
turbines, 1085

— components, 343



— origin of increased surface area, 102

— problem, 913

— processing, 345

— surface functionalization, 101

— toxicity, 1154

— in wind energy, commercialization
challenges of, 1082

nanometers, 185

— sized precipitates trap helium bubbles, 278

nanometric scales, 138

nanometric-size oxides, 1144

nano/micro-electromechanical (N/M-EM), 289

nano/nanotype CMNCs, 845

nanoparticles (NPs), 45, 155, 235, 630, 967

— Ag based, 864

— aggregation, 918

— agglomeration, 924

— bulk synthesis, 982

— catalysis, 30

— dye-sensitized solar cells, role in, 107

— geometry, 176

— H, production via dark fermentation, 254

— networks, in light absorption, 89

— size distribution, 926

nanoparticles-enhanced ionic liquid
(NEIL), 912

nanoparticulate titanium dioxide, 983

nanophase ceramics, 339

nanophotonic back reflector designs, 197

nanophotonic intermediate reflector
designs, 199

nanopillars (NP), 133

nano-platinum coating, 286

— titanium electrodes, 286

nanoporous materials, 30;944

— aerogel, SEM of, 942

— BiVO, anode, 637

— BiVO, electrode, 639

— traps, 970

nanopowders, 336, 915

nanoribbons, 748

nanorods, 657

nanoscale, 60, 785

— adhesives, 968

— antenna arrays, 975

— filters, 980

— materials, 101, 200, 970

— mixtures, 184

— Ni-YSZ anode, 580

— plastic beads, 985

nanoscrolls, 769, 771

nano semiconductor materials, for
photocatalytic water splitting, 600

Index

— carbon nitrides, 620

— iron oxide, 611

— other materials, 623

— titanium dioxide, 602

— zinc oxide, 613

nanosensors, 41,46, 47,48, 968, 982, 984, 990,
1101

— Ag-based, optical properties, 48

— building maintenance and safety, role in, 990

nanosheets, 11

— SAPO-34 catalyst, 26

nanosilica, 983, 1094

nanosilver, 914

nanosized fillers, 299

nanosized gypsum, 988

nanosized reinforcements, 849

nanosized SAPO-34 crystals, 26

nanosized titanium/titanium diboride
particles, 823

nanosolar employed semiconductor, 973

nanosponges, 46

— selectively absorbs oil, 1148

nanostructured materials, 25, 184, 356, 514

— advantages and disadvantages, 19, 356

— applications in wind energy sector, 1083

— — nanocoatings, 1088

— — nanofluids, 1091

— — nanolubricants, 1089

— — nanosensors, 1092

— — structural adhesives, 1093

— — structural applications, 1083

— — ultracapacitors, 1092

— BiyTe,Seq 3 nanoplates, 554

— carbons, 391

— ceramics

— — schematic illustration, 348

coatings, 164, 176

— contact material, 187

— — properties, 188

— cost-effective materials, 547

— — band engineering to power factor

enhancement, 554

— — material requirements, 550

— ionic conductors, 582

— magnesium hydroxide (nano-MH), 474

— in wind energy components, potential
applications of, 1084

— in wind energy industry, challenges, 1081

— — dispersion, 1081

— — high aspect ratio, 1081

— — stricter environmental regulations and

toxicity issues, 1082
nanostructured thin-film (NSTF), 578
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nanostructured transformable steel
(NTS), 278
nanostructure ferritic alloy (NFA), 275
nanostructures, 184. see also nanostructured
materials
engineering to lower thermal
conductivity, 551
— material, 300
— — absorber, 191
— metal oxides for gas detection, 439
— nonporous carbon materials, 396
— PCMs, 476
— porous carbon materials, 396
— PZT material, 658
— schematic representation, 434
— thermoelectric materials, 511
— — challenges to increase efficiency, 511
— — electronic properties, 22, 516
— — future challenges, 22, 23, 530, 533
— — device level performance, 22, 532
— — fabrication level performance, 22, 531
— — material level challenges, 22, 531
— — high-temperature applications, 511
— — large-scale applications, 511
— — low-temperature applications, 511
— — phonon properties, 22, 516, 518
— — small-scale applications, 511
— thermoelectric materials synthesis, 548, 556,
557
nanotech-based spray, 972
nanotech-based window films, 971
nanotechnologies, 41, 60, 858, 1080
— applications, 319
— for energy, societal implications, 316
— methodologies, 208
— relevance, 101
— role of, 967
— water treatment technologies, 1140
— wind energy
— — components, growth drivers for, 1081
— — intellectual property scenario, 1095
nanotextured interfaces, in silicon thin-film
solar cells, 186
nano-TiO,
— as photocatalysts or adsorbents, 1140
nanotubes, 630, 657, 745, 746, 771, 1171
— from inorganic compounds, 745
— of misfit-layered compounds, 774
nanowire quantum dot (NWQD), 517
nanowires (NW), 133, 511, 519, 549, 605, 630,
657, 858
— Ag based, 475
— — glass, SEM image, 187

— assemblies

—— 3D Pt-Co, 570

— axial heterojunction, 862

— cell, 869

— in’situ NW, TEM image, 860

membranes, 1153

— thermoelectric property, 879

nanozeolites, 8

nano-ZnO, 257

Na,SO,4-10YH,0@SiO, solid nanobowls

— TEM observation of, 477

National Nanotechnology Initiative (NNI), 317

National Renewable Energy Laboratory, 974

National Wind Technology Center
(NWTC), 327

natural container, 1140

natural gas, 59, 60, 629

natural photosynthesis, 1110

natural polymers, 1152

Nb—AlO,—Nb Josephson junctions, 281

Nb doping, 757

Nb,Os, 105

NbS,- and Ta$S,-based compounds, 774

N-butyl-N-methylpyrrolidinium bis
(fluorosulfonyl)imide, 405

NCA battery, 1038

N doping, 607

NdYAG laser pulses, 765

near-theoretical densification, 338

neodymium-nickel crystalline precursor, 585

Nernst equation, 441

neutrons flow

— irradiation caused, 303

neutrons flux, 303

Newtonian fluid, 922, 925

NFC/PEI material, 1170

N-formylmethanofuran, 257

N, gas adsorption isotherm

— for as-prepared silica aerogel, 953

— for plane aerogel sheet/sandwich aerogel
sheet, 953

NH3H,O-catalyzed reaction, 1153

Ni/Al,Oj3 catalyst, 69

Ni/pure gallium

— DSC curves of, 900

Ni-B alloy, 68

Ni-B matrix, 68

Ni catalysts, 66, 68

Ni cermet, 580

nickelate backbones, 311

nickel-based superalloys, 276

nickel black, 226

— coatings, 226



nickel carbide, 71, 76

nickel coating, 226

nickel crystallites, 74

nickel lattice, 68

nickel-metal hydride (Ni-MH,) batteries,
444

Ni crystals, 67, 70, 71

— size, 67

Ni dispersion, 74

Ni-Fe hydrogenase, 250, 256

Ni/GDC anode, 580

Ni lattice, 68

Ni loading, 67

Ni/MgAl,O4

— catalysts, 76

— TEM images of, 74

Ni/Mo electrodes, 643

Ni nanoparticles, 66, 67, 255

NiO-YSZ anode, 583

Ni powders

— XRD spectra of, 450

Ni surface, 68

nitric acid, 497

nitrides, 634

2-nitrobenzoic acids, 929

nitrogen-based complex ions, 421

nitrogen doping, 757

— carbon nanocage (N-CNC), 572

— CNTs, 382

— graphene (NG), 468, 573

— graphene oxide, 603

— ordered mesoporous carbon, 574

nitrogen fixation, 250

nitrogen oxides, 3

nitrosomonas europaea, 1134

Ni/Y,03 catalysts, 70

N-methyl-N-propylpiperidinium bis
(fluorosulfonyl)imide, 405

NMI. see NanoManufacturing Institute

N,N'-dihydroxyethyl aniline, 469

nobel metals, 262

— component, 65

Noether theorem, 787

nonbasal cross-slip activation, 818

nondestructive evaluation (NDE)

— as SQUID-based technique, 281

nonequilibrium Green’s function model, 517

nongeminate recombination, 195
nonlinear hybrid energy harvester, 657
nonlinear oscillator, 659

nonporous carbon material, 395, 396
nonrenewable energy resources, 649
nonselective coatings, 208, 209, 210

Index

— advantages and disadvantages of, 227

— performance, prepared by gas-phase
method, 221

— performance, prepared by wet-chemical
method, 219

nonsilicon semiconductor materials, 973

nonuniform refractive index, 868

normal hydrogen electrode (NHE), 1125

normalized capacitance

— vs. CDC samples pore size, 402

notched tension-tension fatigue
specimens, 719

novel fracture toughness, 981

novel TiO,@BiVO, photoanode, 644

NP10

— thermal conductivity, 1003

N-P homojunction, 135

N, separation, 1171

n-type band structure, 865

n-type BiyTes-based nanocomposite, ZT
value, 521

n-type conductors, 185

nuclear reactor vessel, 303

nuclear systems, nano materials, 271, 273

— hydrogen sensor, 284

— nano ferrofluid-based sensors, 282

— nanoscale sensors, 280

— oxygen sensor, 284

— sodium-cooled fast reactors, 17, 276

— sodium monitoring in fast reactors, 282

— SQUID-sensors, 281

nucleation rate, 8

NW. see nanowire

N-W relationship, 720

nylon fibers, 1140

Nyquist plots, 403

nZVI particle

— iron sulfate complex, 1143

— surfaces, 1143

nZVI reactivity, 1155

o

obligate anaerobes, 250, 252
ocean deterioration, 1161
ohmic damping, 171, 174
oil degradation

— Fenton-type catalyst, 1141
oilfield nanotechnologies, 41, 42
oil recovery, 50

— purposes, 1147

oil remediation, 1155

oil spills, 1140, 1154
oil-water separation
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— confocal laser-scanning fluorescence
microscopy, 1147

OLC. see onion-like carbon

OLED. see organic light-emitting diode

olivines, 361

one-dimensional nanostructures, 13, 110

one-pot hydrothermal synthesis process, 112

onion-like carbon, 395

— electrodes, 409

on-site energy storage, 976

on-site renewable energy, 973

— solar, 973

open-circuit electromotive force, 871

operating potential window, 406

operating temperature window, 405

operating voltage window, 392, 406

optical absorption spectrum, 138, 865

optical cavity, 867

optical gap, 139

optical indices, 239

optical modeling, 242

— theory for multilayer systems, 236

— W-SiCH multilayer stacks, 242

optical rectenna solar cell (ORSC), 136

optical scattering, 164

— beneficial for, 164

optical transparency, 972

optimal carrier concentration yielding
peak, 879

optimum phase mixture (OPM), 192

optimum pore size, 400

optoelectronics, 398

— devices, 115

— properties, 181

ordered mesoporous carbon (OMC), 572

organic bulk heterojunctions, 181

— solar cells, 193

organic electrolytes, 399

— advantage, 399

organic enamels, 211

organic insecticides, 985

organic light-emitting diodes, 977, 989

organic photovoltaics, 195

— nanotechnology, 976

organic solar cell, 145, 174

— with bulk heterojunction absorber, 194

organic thin films

— advantage, 973

— solar cells, 975

organosilanes, 833

orientation relationship (OR), 719

Orowan strengthening, 814

oscillation frequency, 150

Ostwald ripening/aggregation, 570, 861

oxidation evolution reaction, 600

oxide dispersion-strengthened (ODS), 274,
303

— alloy, 276

— ferritic martensitic steel, 278

— — irradiation data, 278

— — typical chemical composition of, 279

oxidizing reagents, 599

oxidoreductase complex, 259

oxidoreduction reactions, 301

oxyfuel combustion, 1166, 1167

oxygen mobility, 69

oxygen reduction reaction (ORR), 569

oxygen storage, 68

— capacity, 69

oxynitrides, 236, 634

p

pacemaker, 650, 654

paints, 213

— coating, 213, 929

palmitic acid (PA), 468, 473

PAO-based alumina nanofluids, 999

PAO-based hybrid sphere/CNT
nanofluids, 1014

PAO-based MWCNT nanofluid, 1008

paraffin, in CNT, 465

paraffin wax, infiltrated into a porous
deformable carbon nanotube sponge, 464

parasitic absorption, 173

Paros and Weisbord (PW) equations, 661

particle agglomeration, 337, 435

particle size, 29, 42, 67

— distribution, 931

— of SAPO-34, 21

particles polarizability, 87

patent analysis, 1035

— geographical region-wise distribution
of, 1036

— in Li-ion batteries, 1035

— methodology, 1035

— patenting activity, 1036

— year-wise patent publication trend, 1035

patents segmentation, 1049

PbS film, 141

PbS-NP-based cells

— with bandgap, photovoltaic properties
of, 141

Pb-stabilized oxide whiskers, 755

PbTe-based alloy Ag;_,Pb;gSbTeyq
(LAST), 523, 559

PbTe-based nanostructured materials, 559



PC. see propylene carbonate

p-cresol, 929

PdAg nanorings on graphene (PdAg/G), 572

Pd crystallites, low-magnification TEM
micrograph of 66

Pd infiltration

— on porous YSZ scaffold, 584

Pd nanoparticles, 570, 572

Pd octahedrons, in MOR, 570

PdPt nanocube, 570

PEG-Ag/EVM ss-CPCMO

— SEM images of, 476

PEG-GO-GNP composite PCM, 472

Peltier coefficient, 871

Peltier effect, 871, 872

— thermoelectric cooling, 871

PEO-based electrolytes, 363

perovskite solar cell (PSC), 103, 632

— electrolysis system, 644

perovskite tandem cell

— J=V curves of, 644

— for water splitting, 644

petroleum nanotechnologies, 42

petroleum oil, 249

PHAPTMS surface silanization, 9

phase change material (PCM), 21, 459, 468,
901, 997, 1015

— categories of, 903, 904

— cool storage, degree of supercooling, 902

— thermal conductivity particles, 1015

phase change materials for cool storage
(PCMCT), 901

phase stability boundaries, 300

phase transformation, 304

phase transition, 460, 902

— of PCM, 460

— temperature, 460

phenylaminopropyltrimethoxysilane, 9

phenyl-Cg;-butyric acid methyl ester
(PCBM), 174

phonon, 874

— boundary scattering, 874

— conductivity of, 517, 529

— — B-Zn,Sbs, 524

— diffusion, 313

— dispersion relation, 875

— mean free path, 514, 881

— scattering, 519, 874

phonon glass—electron crystal (PGEC), 519

phonon—phonon Umklapp scattering, 874,
881

phonon thermal conductivity, 514, 518, 529

— in superlattice, 524

Index

phonon transport, 881

— kinetic theory of, 880

— properties, 516

phosphine, 865

phosphonium, 923

phosphoric acid fuel cells (PAFCs), 1058

photoactive centers, 105

photoanodes, 108, 117

photobiological water splitting, 598

photocatalysis, 598, 602, 635, 636

photocatalytic coatings, 968

— conversion of acetate, 262

— drawback, 979

photocatalytic H, production

— reaction mechanism, 264

photocatalytic nanomaterials, 980

photocatalytic water splitting reaction, 598,
599, 602

photocathode, 639, 640

photochromic technologies, 986

photocurrent, 109

— density, 639, 641, 866, 868

— enhancement, 173

photoelectrochemical (PEC), 630

— electrodes, 641

— H, evolution

— — photocathodes for, 642

— silver nanowire, 475

— water splitting, 598

— — single-crystal TiO,, 631

photoelectrolysis cell configurations, 601

photoexcitation, 105, 195

photo-Fenton-like method, 1142

photofermentation, mechanism of, 261

photogenerated carriers, 861

photoinduced polymerization, 834

photo-Kolbe reaction, 265

photoluminescence quantum yield, 155

photolytic H,, 635

— based on nanoenhanced materials, 632

— photocatalyst powders, 633

— production, basic principle and evaluation
methods for, 630

— tandem PV-electrolysis or PV-PEC
systems, 642

— using PEC systems, 636

photonic band gap, 109

photonic crystals, 109

photons, 182, 183

— absorption process, 193, 238

— down-conversion, 134, 137

photoprotectors, 930

photosensitizer, 121
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photosynthetic bacteria, 250

photothermal conditions, 752

photovoltaic absorber materials, 183, 191, 196

photovoltaic cells (PVCs), 133, 148, 194, 237,
727, 969

— based on bandgap, 135

— geometric-confinement effects, 14, 144

— hot carrier solar cells, 155

— multiple exciton generation solar cells, 154

— nanomaterials, 13, 137

— nanostructured cells based on silicon, 14,
146

— nanowire-based, 865-870

— optical management, based on
nanostructures, 149

— organic and hybrid nanostructured cells, 145

— plasmonics for, 14, 149

— principle, 138

— quantum-confinement effects, 13, 138

— solar cells based on silicon
nanoparticles, 142

— solar cells on PbS/PbSe nanoparticles, 141

— technologies, 137

— — schematic representation, 136

— up/down photon conversion, 14, 152

— windows, 968

photovoltaic conversion, 133

photovoltaic devices, 207, 974

— applications in, 190

— present photovoltaic technologies, 134

— principle and limiting factors, 134

photovoltaic electricity, 231

photovoltaic energy, 182

photovoltaic performances, 117

— different counter electrode materials
based, 126

phthalates, 986

physical adsorption, 392

physical vapor deposition (PVD), 237

physisorption, 417

p-, i, and n- core—shell Si nanowire solar cells

—J-V curves, 865

piezoelectric cantilevers, 661

piezoelectric coefficients, 663, 657

piezoelectric conversion, 652

piezoelectric energy, 650

— harvesting, 653

piezoelectric materials, 655, 657,659, 660, 661

— deformation of, 671

— selection, 659

piezoelectric MEMS energy harvesters, 656

piezoelectric power generator, 655, 656

piezoelectric transducer (PZT), 653

— embedded in shoes, 654

— human vibration energy harvester with, 655

— nanofiber generator, 658

— nanogenerator attached to a Teflon
cantilever, 658

— nanowires, nanocomposite generator, 658

pigments

— organic and inorganic, 210

p-i-n junctions, 865, 867

pinwheel fractal, 784

planar metal—dielectric interfaces, 149

planar polycrystalline Si solar cells, 866

Planck’s law, 232, 550

planetary milling processes, 438

plasma ablation, 747

plasma coating, 971

plasma deposition techniques, 237

plasma-enhanced chemical vapor deposition
(PECVD), 142, 187, 191, 232, 237

plasmon, 149

— resonance, 88

plasmonics, 122, 181

— Ag NP coating, 173

— coating, 171

— nanoparticles, 174, 176

— particles, design of absorption spectrum
with, 93

plastics, 986

— solar cells, 973

plugging indicators, 284

plug-in hybrid electric vehicles (PHEV), 1033

plywood effect, 984

PM-processed Mg/Al,O3
nanocomposites, 815

p—n junction, 865, 866

point defect (PD), 552

point of zero charge (PZC), 65

polar solvent, 630, 919

polyacetylene, 534

polyalkyl thiophenes, 534

polyaniline (PANI), 473, 534, 729

polyanionic cathodes, 362

poly(2,7-carbazolyenevinylene), 534

polycrystalline Cu electrode, 1128

polycrystalline silicon solar cells, 857

polycyclic aromatic hydrocarbon (PAH), 1139

polycyclic aromatics (coke), 26

polydiallyldimethylammonium chloride, 13

poly(3,4-ethylenedioxythiophene)
(PEDOT), 534, 734

— poly(styrenesulfonate) (PEDOTPSS), 149

poly(ethylene glycol) (PEG), 603, 731

polyethylene oxide, 362



— membrane network, 737

polyethylenimine (PEI), 1169

polyhedral oligomeric silsesquioxane
(POSS), 833

poly(3-hexylthiophene)-coated GaAs
nanopillars grown, 149

poly(3-hexylthiophene) solution, 623

polymerase chain reaction systems, 509

polymer-coated nanoparticle (PCNP), 914,
1151

polymer electrolyte membrane fuel cell, 23,569

— carbon nanomaterials as catalyst
support, 23, 571

— nanocomposite membranes, 574

— nanostructured catalyst layers, 578

— noncarbon-supported electrocatalysts, 573

— nonprecious metals/metal-free
catalysts, 573

— porous PGM-based nanocatalysts, 23, 570

— supported electrocatalysts, 571

polymer electrolyte membrane fuel cell
(PEMFC), 572

— gas diffusion layer, 1074

polymer electrolytes, 574

— ionic conductivity, 363

polymeric carbon nitride, 620

polymeric nanoparticles, 1173

polymer immobilized ionic liquid phase
catalysts, 928

polymer—inorganic nanocomposites, 137

polymerized octadecylsiloxane (PODS),
1152

— modified sponge, toluene/water collection
process, 1152

polymer matrix composite (PMC), 331, 986,
1100

polymer matrix nanocomposites
(PMNC), 831, 832

— potential automobile applications, 833

— synthesis routes for fabrication, 835

— in transport sector, 832

— — manufacturing methods, 27, 834

— — matrices and reinforcement materials

uses, 27, 833
— — potential applications in transport
industry, 834

polymer solar cell (PSC)

— thick-film, 145

polymethylbenzenes, 28

polymethylmethacrylate panels, 970

polymorphic transition, 460

polypropylene fiber fabric, 1146

polypyrrole (PPy), 534

Index

— CNTs nanocomposite, 1140

— nanofiber, 752

polystyrene (PS)

— boards, 971

— microsphere, 1142

polystyrene nanosphere (PSNS), 147

polystyrenesulfonate (PSS), 734

polyurethane-based phase change materials
(PUPEG), 472

polyurethanes, 473

polyvinyl acetate (PVA), 48

polyvinyl alcohol, 490

poly(vinylbutyral), 491

pore size/ion size

— in aerogels, 944

— relationship between, 400

porous carbons, 395, 396, 408

porous metal borohydrides, 426

porous Pt nanotubes, 570

porous silica, 369

portland cement, 982

postannealing methods, used to dope Re into
MoS, IFs/INTs, 758

postcombustion technology, 1166

postnucleation, 120

postsynthesis Redoped INT-WS,

— HRTEM image, 759

potassium carbonate, 1167

potassium tetrabromoaurate, 495

power conversion efficiency (PCE), 142

power densities, 234

— electronic devices, energy sources/average
power consumption of, 651

power distribution activities, in Europe, 295

power-plant class installation, 857

power plastic, 973

power transmission, in Europe, 295

precession electron diffraction, 16

precombustion, 1166

precursor solution, 120

predicting zeolite equilibrium morphology,
15

prefractals, 783

prefractal transfers, 785

pressureless sintering, 338

pressure-treating wood, 985

pressurized water reactor (PWR), 273

pristine nanotubes, 757

pristine ZSM-5 (ZST-12), 25

product, after annealing

— TEM images of, 754

PROMES, 232

property-composition correlations, 52
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propylene carbonate, 399

— mechanism of suspension-based system,
630

proton-conductive bifunctional materials,
577

proton exchange membrane (PEM), 737

proton exchange membrane fuel cell
(PEMFC), 737, 1058

protonic ceramic fuel cell (PCFC), 311

prototype fast breeder reactor (PFBR), 272

pseudocapacitive behavior, 402

pseudocapacitive charge storage
mechanisms, 393

pseudocapacitive material, 398

pseudocapacitors, 393

Pt

— deposits, 639

— hollow nanospheres, 571

— loaded carbon nitride, 623

— loaded CuGaS,/RGO-TiO, composite, 636

— loading, 569

Pt/In,S3/CdS/CZTS cathodes

— cross-sectional SEM images of, 641

Pt/In,S3/CdS/CZTS photocathode, 641

Pt nanocups, SEM images, 124

Pt nanoflower, SEM images, 124

Pt nanoparticles, 124

— coated Ti mesh electrode, 286

PtPb nanoparticles, 573

Pt/TiO,/Al,05/Zn0O.Al/Cu,O
photocathodes, 641

p- type band structure, 865

p-type conduction, 185

p-type Pt-doped Sb,Te; nanocomposites, 554

public lighting management, 297

public water purification systems, 980

pulsed laser deposition (PLD), 584

pumping carbon dioxide, 1164

pure electric vehicle, 1034

pure ionic liquids

— DSC profiles, 405

purple non-sulfur bacteria, 260

PV-electrolysis configuration, 632

PV-PEC tandem device, 642

pyridine-catalyzed reaction, 1120

pyrococcus furiosus, 252

pyrogel®, 961

pyrolysis, 922

— of biomass, 597

pyrrolidinium, 923

pyruvate ferredoxin oxidoreductase, 252,
253

pyruvate formate lyase, 254

q

QD. see quantum dot

QDSSC. see quantum dot sensitized solar cell

quadrupolar interactions, 97

quantum capacitance, 382, 395

quantum-confined nanomaterials, 137

quantum confinement effect, 120, 141, 313,
550, 875

quantum dots, 120, 138, 153, 511, 519, 549,
859, 968, 973, 975, 978

— based silicontandem cell, 143

— lighting, 978

— schematic, 122

— as sensitizers, 120

— — solar cell (QDSC), 121, 136

— technology, 974

quantum effects, 517

quantum efficiency of cells

— FESEM image, 109

quantum information treatment, 83

quantum size effects, 101

quantum wells, 138

— energy region, Quasi-Fermi level
splitting, 157

quantum wires, 517

quartz reactor, 768

quasi-Fermi level, 156

quaternary nanotubular structures, 771

r

radiation-induced point defects, 273

radiative emission, 232

radiative thermal losses, 234

radioactive thermoelectric generator
(RTG), 509

radiofrequency (RF) energy harvesting, 649

Ragone plot, 377, 392

rainbow solar cells, 121

— schematic of, 122

Ralstonia eutropha cells, 1134

Raman spectroscopy, 76, 776

— single LaS-TaS,/NdS-TaS, tubular
crystals, 775

R-AN amidoximes, 1145

rate-determining step (RDS)

— CO, reduction process, 1119

raw DWCNT bundles, extracted from CNT
aerogel

— SEM micrograph of, 496

Rayleigh scattering, 941, 942

reactive hydride composites (RHC), 20, 422

— tailoring thermodynamic properties, 422

— schematic illustration of, 422



reactive ion etching (RIE), 166, 870

real-time VLS self-assembly, 860

rear-side nanostructured reflectors, 164

Re-doped MoO;_y nanoparticles, 758

Re-doped MoS, fullerenes, 758

Re-doped MoS, IFs

— SEM images of, 758

Re-doped MoS, nanotube

— postannealing method, TEM image of, 758

redox polymers, 386

REDOX reactions, 569, 599

redox shuttles, 369

red phosphorus (RP), 474

reduced graphene oxides (rGO), 729

refined silicon, 857

reflectance measurements, 239

refractory metals, 276

refrigerators, 997

Re:IF-MoS; nanoparticle

— high-magnification HAADF-HRSTEM
of, 760

reinforced concrete construction, 984

reinforcement, 304

— phases, 814

— products, 336

relaxation time approximation (RTA), 516

remote radar sensing

— feasibility demonstration, 315

renewable energy, 249, 781, 857

— nanotechnology

— — applications of, 106

— — role of, 105

— sources, 386, 630, 887

renewable fuels

— equilibrium constants, 1122

renewable resources, 459

residential framing, 984

residual steam pressure, 307

resin-transfer molding (RTM), 334

resonant nanostructures, 176

— application of, 164

— beneficial for, solar applications, 176

response surface methodology (RSM), 578

reverse current treatment (RCT), 580

reverse disproportionation, 68

reverse-microbial fuel cell (R-MFC), 1133

— practical artificial leaves, 1133

reversible energy storage, 309

reversible hydrogen electrode (RHE), 637

reversible nitrogen-based complex
hydrides, 421

Rhodopseudomonas palustris, 262

rice grain-shaped TiO,

Index

— SEM image, 111

Richardson—Mandelbrot diagram, 784, 785

rigid polystyrene boards, 973

RK-AN amidoximes, 1145

robust SAM (R-SAM), 142

roll on installation method, 974

roll-to-roll method, 380

— production, 973

rooftop solar systems, 975

room-temperature ionic liquid (RTIL), 399,
1129

rotating bending

— fatigue behavior, 719, 720

— fatigue strength, 720

rotor blades, 335

R2R processes, 385

— polymer filter, 383

RTA model, 517

RTIL. see room temperature ionic liquid

RuO,, 397

— thin-film electrodes, 398

ruthenium oxide, 385, 386

rutile TiO, nanorods on FTO

— SEM images, 115

s

Sahara Desert, 207

samarium-doped ceria (SDC), 580

— nanocomposite electrolyte, 583

sandvik nanoflex, 984

SAPO materials, 16

— SAPO-34 crystallite, 20, 24-27

— SAPO-34 morphologies, 26

— SAPO-34 nanocrystals, 26

— SAPO-34 zeotype catalyst, 24

saturated calomel electrode (SCE), 637

Sby 5BigsTes

— thermoelectric properties, 314

SBS. see sick building syndrome

scanning electron micrograph (SEM), 471

— rhombohedral SAPO-34 particles, 22

scanning electron microscope, 765, 859

scattering cross section (SCS), 175

Scherrer equation, 17

Schockley—Queisser limit, 137, 156

Schottky junction, 866, 868

Scotch tape method

— for thin film isolation, 725

scratch-resistant, 849

screen-printed metallic (Ag) finger
contacts, 166

SDS. see sodium dodecyl sulfate

sedimentation kinetics, 917, 918
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Seebeck coefficient, 301, 313, 512, 547, 548,
871, 872, 874

— undoped Bi,Te; (p-type), 519

Seebeck effect, 551, 871

— thermoelectric generator, 871

Seebeck voltage, 872

selected area electron diffraction (SAED), 769

selected microstructural parameters, 716

selective coatings, 234

— with double cermet and tandem absorber
multilayer structures, 235

selective etching, 397

selective methane oxidation, 79

selective niobium etching process (SNEP), 281

selective surfaces, 233

— optical properties of, 232

selenide, 235

selenium-doped CNT/graphene composites
(Se-CNT-graphene), 573

self-assembled monolayer (SAM), 142

self-assembly synthesis, 834, 859

self-cleaning, 849

— buildings, 968

— clay roof tiles, 988

— surfaces, 979

— wood surfaces, 985

self-fueled electrodeposition(SFED)
method, 498

self-healing concrete, 287, 968, 983, 991

self-jumping, 308

SEM. see scanning electron microscope

semiconductors, 212, 236, 513, 518, 598, 599,
620, 630, 635, 679, 928

— bandgap energy, 191

— devices, 679

— Landauer limits of energy efficiency, 701

— materials, 105

— nanocrystals, 235

— nanostructures, 942

— particle size distribution, 236

— pigmented paints, 221

— solar cell, 857

— substrate, 102

sensor technologies, 115, 398, 1103

shell-in-shell TiO, hollow spheres, 112

shim thickness, 664

Shockley-Queisser theory, 182

Shockley-Read-Hall recombination, 187

shock wave, 747

Si/Al ratio, 5, 17

Si-based solar cells, 102

SiC ceramics, 339

SiC electrode

— CDC electrodes, 408

— SEM images of, 367

SiCH film, 242

— optical indices, 243

— thin films, 237

sick building syndrome, 979

SiC nanoparticle-strengthened
magnesium, 818

SiC(N)H thin films, 238

— optical behavior of, 238

Si crystallinity, 189, 868

Sierpinski triangle, 783

SiGe alloys, 555

Si/Ge interface, 862

SiGe nanocomposites, 559

SiGe/SiGe superlattices, 524

silanated YSZ porous electrode, 581

silane (SiH3), 859

silica aerogels, 940, 962, 970

— flexible sheet roll, 954

— granules seen under optical microscope, 954

— infiltered, in fiber mat

— — magnified image of, 953

— infiltered refractory mat, 953

— properties of, 943

silica colloidal crystal, FESEM image, 109

silicalite-1 nanozeolites, 8, 9

silica-supported poly(ethyleneimine) (PEI)
materials, 1169

— nanomaterials, 1169

silicides, 236

silicoaluminophosphate, 3

— SAPO-34 zeotype, 18

silicon, 3, 22, 359, 524

— based heat transfer liquids, 930

— based microelectronic industry
technology, 858

— based photovoltaic manufacturing
industry, 974

— based solar market, 974

— conductivity of, 359

— quantum effects, 144

— silicon-germanium nanowires

— — fabrication of, 858—864

— specific capacity, 359

silicon carbide (SiC), 237, 238, 844, 1000

silicon—carbon nanocomposite, 359

silicon cast bainitic steels, 717

silicon dioxide (SiO,), 970, 999

silicon film

— cycled, SEM micrographs of, 358

— high magnification, 360

silicon gas precursor, 859



silicon—germanium nanowires

— superlattice nanowires, synthesis of, 862

— thermoelectric property of, 877

silicon heterojunction (SHJ), 188, 191

— solar cells, internal quantum efficiency IQE
of, 190

silicon nanocrystal 974

— ink, 974

— TEM image, 155

silicon nanoparticles, 974

silicon nanostructures, 360, 871

silicon nanotubes, 360

— arrays, 360

silicon nanowires (SiNWs), 149, 858, 874

— arrays;868

— bundle solar cell, 868

——17J-V curve, 869

— fabrication by PSNS lithography, 148

— light-trapping effect, 870

— measured thermal conductivity, 875

— Ostwald ripening, 861

— sandwiching, 731

— schematic illustration, 148

— solar cells, 147, 866, 869, 870

— thermal conductivity, 874

— thermoelectric property, 876

— vapor-liquid—solid synthesis, 858—861

silicon oxide, 189

silicon/silicon—germanium axial
superlattice, 863

silicon solar cells, 152

silicon solar enhancement, 973

silicon wafers, 238

silver antimony telluride (AgSbTe,), 523

silver dioxide, 982

silver nano-based organic ester (SNOE), 473

silver nanoparticles, 89, 255, 863, 992

silver nanowires (AgNW), 47, 186

Si Mie coating, 167, 171

— application of, 167

— light trapping properties of, 167

— scattering properties, 168

simple vacuum filtration, 383

simulated (PC1D) V,, 170

Si nanowires

— grown by gold catalyst VLS, 860

single-crystalline solar cells, 867

single-crystal misfit compounds, 765

single-crystal silicon wafer production, 974

single-junction solar cell

— photovoltaic efficiency, 152

single micro-CT scan slice of nickel foam
template, 471

Index

single molecular transistors, 115

single MoS, nanotube

— high-resolution aberration-corrected
HAADF image of, 756

single-nanowire solar cells, 867

single-phase electrolytes (SDC), 582

single-wall carbon nanotube (SWCNT), 47,
487, 991

single-walled carbon nanohorns, 466

SiNW. see silicon nanowire

SiN, (Au)/GaAs/Au structure, 150

SiO, nanoparticles, 50

SiO, nanosensors

— optical properties of, 48

Si/SiGe prealloyed heterojunctions, 862

Si solar cells

— light trapping properties, 171

— properties of, nanostructured coatings, 169

Si thin film, 869

Si wafer, 870

skutterudites, 519, 528, 532, 536

sliding/rolling wear resistance, 717

sludge solubilization, 256

smart aggregates, 991

smart environments, 990

smart nanobattery, 975

smart textile curtains, 976

SMAT material, 968

— strength—formability relationship, 335

smog-eating concrete, 968, 979

SnS,/SnS misfit layers, exfoliation/scrolling of

— tubular (scroll) structures, SEM image,
766

SnS-SnS, misfit nanotubular structures, 765,
768

SnS-SnS, nanotubes, 765

SnS-SnS, tubule, with O-T . . . periodicity

— TEM images of, 767

Soave—Redlich—-Kwong (SRK) model, 61

sodium carbonate, 1111

sodium-cooled fast reactor (SFR), 272

— GEN-1IV SER concept, 276

— nanomaterials components, 277

— spectrum reactor, 271

— surface modification

— — nanocomposite coatings, 289

— — nanocontainer-based coatings, 287

— — stainless steels, 287

— — superhydrophobic coatings, 289

— — titanium, 285

sodium dodecylbenzenesulfonate
(SDBS), 1002

sodium dodecyl sulfate, 383, 389, 490
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— NP 9, silica nanoparticle volume
fraction, 1004
— thermal conductivity, 1003
sodium lauryl sulfate (SLS), 1013, 1014
sodium yttrium fluoride (NaYF4) matrices, 153
solar ablation, 747, 752, 774
solar absorption, 208, 233, 234, 241, 972
solar arrays, 649, 974
solar cells, 183, 190, 192, 969
— applications, 858
— classical, 182
— devices, 134
— fabrication of, 144
- PbS, 13, 141
— Si, TiO,, and Ag nanoparticle coatings, 170
— spectrum modification, 152
solar collectors, 928, 975
— paint, 975
— plates, factors, leading degradation of, 224
— windows, 974
solar devices, 997
solar energy, 208, 296, 377, 597, 629, 630, 921
— conversion, 137
— dependency, 1110
— flux, 631
solar energy generating system (SEGS), 207
solar furnace, 774
solar hydrogen production, from water, 598
solar irradiation, 234
solar minimodule, 176
solar panels, 968, 975
solar/photothermal ablation, 751
SolarPly, 973
solar power density, 233
solar radiation, 207, 208, 231, 234, 641
— absorber(s), 235
solar roof tiles, 975
solar spectrum, 208, 866
solar thermal systems, 231
— absorbers, 212
— applications, 232
— — nonselective coatings for, 209
— coating, performance of, 215
— — absorptance and emittance, 215
— — factors affecting emittance, 221
— conversion, 208
— electricity, 232
— energy system, 207, 231
— power plants, 231
— spectra
— — ideal selective, selective, and nonselective
coatings, spectral characteristic, 209
solar water splitting, 632, 974

— schematic model for, 637

solar window, 974

sol-gel method, 309, 846

— schematic representation of, 945

— synthesis of membranes with anionic
conduction, 311

solid electrolyte interphase, 357

solid oxide fuel cell (SOFC), 310,311,579,1057

— SEM images, 582

— nanomaterials, role of, 579

— nanostructured anode materials, 580

— nanostructured cathode materials, 584

— nanostructured electrolytes, 23, 581

solid-phase conduction, 971

solid-phase crystallization, 74

solid-phase materials, properties of, 782

solid-phase processing, 811

solid plasticizer, 363

solid state heterojunction solar cells, 121

solid-state hydrogen storage, thermodynamic
consideration, 419

solid-state ion-conducting composite, 369

Solnova Solar Power Station, 207

solvated ions, 396

— size, 400

solvation shell, 400, 401

solvent annealing, 195

solvent-free electrolytes, 399

— polymer, 362

sonication time, 915, 999

Span 80, in hexadecane

— thermal conductivity, 1016

spark plasma sintering (SPS), 314, 339, 583

specific capacitance plot, 401

specific wear rate (SWR), 718

— for commercial steel, 718

spectral absorbency analysis, 918

spectral lattice thermal conductivity, 552

spectral reflectance, of ideal solar selective
material, 233

SPEX ball mill, 435

SPEX model 8000, 435

spherical nanocrystals

— theoretical evolution of optical bandgap,
139

sp>-hybridized carbon atom, 115

spin coating, 237, 397

spongy graphene (SG)

— oil absorption and characterization, 1149

— recycling process

— — four-step schematic diagram, 1150

sporomusa ovata, 1133

spray coating, 237



— electrodes, 386

spray pyrolysis process, 986

S_PtosRus

— high-magnification (a-2, b-2) SEM images
of, 571

— mass-normalized current density, 571

sputtering, 142, 397

— deposition, 214

SQUID-based NDE system, 281, 282

SQUID-based NDT system, 281

Sr, Tiy—Er samples

— photocatalytic reaction on, 624

SSA. see specific surface area

stainless steel

— carburization/decarburization of, 283

— foils, 380

standard lithographic top-down
approaches, 857

steam condenser

— in 1300 MW French nuclear power
plant, 307

stearic acid (SA), 466, 475

— TiO, nanofluids, 474

steel, 984

— quenched and tempered, 719

steered molecular dynamic (SMD)
simulations, 919

steric filtration, 980

steric repulsions, 401

STH efficiency, 641

stiffen blades, 336

Stockholm Environment Institute (SEI), 1163

strain energy, 859

stress, 663

— factor, 720

— ratio, 719

— relief, 716

stress distribution, 664, 667

— comparison of, various surface shapes and
profiles, 671

— for conventional shapes and modified
profiles, 672

— on shim, 671

— simulation for different surface shapes,
664

structural sensitivity analysis, 79

submicrometer-scale topology, 305

substrate conformal imprint lithography
(SCIL), 176

substrate-level phosphorylation, 250

subterranean coal deposits, 975

sulfonated poly(ether ether ketone)
(SPEEK), 577

Index

sulfonated polyimide containing triazole
groups (SPI-8), 577

sulfur-based materials, 731

sulfur-doped graphenes, 573

sulfuric acid

— voltammetric cycling, 383

supercapacitors, 377, 380, 382, 391, 404, 485,
501, 651, 728

— benefits, 391

— characteristic, 391

— devices, 400, 405

— double-layer charge storage, 393

— electrode, 397

— electrolytes, 399, 405

— energy storage mechanisms, 393

— interfaces, modeling efforts, 409

— nanostructured electrode materials, 395

— performance, 379

— properties, 391

— with symmetric electrodes, 398

— theory, 409

supercritical water-cooled reactor
(SCWR), 271

superheaters, 308

superhydrophobic

— condensation, 305

— nanostructured surface, 975

— titanium coatings, 289

superimposed J-V curves of the individual
TiO,@BiVO, photoanode and PSC
device, 632

superlattices, 511

supersaturation, 120, 859, 862

superspace symmetry, 764

superthin nanotube sheet, 989

supplementary cementing materials, 983

supported ionic liquid phase, 928

surface carbon gasification, 71

surface energy density, 42

surface localized plasmons, 301

surface mechanical attrition treatment
(SMAT), 334

— strength—formability relationship, 335

surface modification

— of materials, 285

surface passivation, 169

— advantages, 168, 169

— nanostructures for, 168

surface plasmons, 149, 150

— polaritons, 196, 197

— resonance, 122

surface-protected Cu,O electrode, 640

surface recombination effects, 869
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surface reflectance, 208

surface roughness effect, 876

surface-to-volume ratio, 861

SWCNH nanoinclusions, SEM visualization
of, 467

switching energies, of microprocessors, 690

SWNT-COOH functionality, 572

SWNT-PCM composites, 469

— chemical structures and synthetic
scheme, 472

symmetric conic-section flexure hinge,
parameters defining, 667

synthetic amorphous silica, 913

synthetic gypsum, 988

synthetic polyalphaolefin oil-based MWCNT's
nanofluid, 1008

t

TALK operation, 682

taming lithium, 364

tandem GaAs/GalnP, solar cell, 642

tandem PV—electrolysis (or PEC—electrolysis)
system, 642

Tanner, Fung, Virkar (TFV) model, 580

TbS-CrS, nanotubes, 769

T-C diagram for asphaltene nanophases, 51

telluride, 235

temperature-programmed oxidation (TPO), 75

templated carbon, 395

tensile ductility values, 716

tension-compression yield symmetry, 817

ternary oxide compounds, 771

tetrabutylammonium, 5

tetraethoxysilane, 212

tetraethylammonium tetrafluoroborate
([TEA]-[BE,]), 399

tetraethylphosphonium tetrafluoroborate ([P
(C»)41-[BE4]), 399

tetrafluoroborate (BF,), 400, 407

tetrahydridoaluminate ion, 421

tetrahydridoborate ion, 421

tetrahydroborate complex anion BH,~, 426

tetramethylbenzenes, 19

tetra-n-butylphosphonium acetate, 929

tetrapropylammonium, 5

TESI™ anion, 402

theoretical stress, 668

— values, 667

— vs. FEM stress, comparison of, 668, 669, 671

thermal annealing method, 195, 768, 771

thermal conductivity (TC), 45, 300, 313, 461,
475, 512, 516, 517, 518, 519, 523, 529, 872,
913, 918, 919, 921, 922, 928, 940, 944, 1002

— in aerogels, 944

— enhancement ratio, 893

— as function of roughness factor, 876

— heat capacity per unit volume, comparison
of, 890

— of MWCNT-modified water-based drilling
muds, 45

— of pressurized sintered SiGe alloy, 524

— of p-type Hfy 5sZrq 5CoSb and n-type
Hfy 5Zro5NiSn, 528

thermal conductivity enhancement

— for [C,mim][C(CN)3], 923

— for ionic liquids, 923

thermal conductivity materials, 940

— of PCMs, 461

— Si/Ge/GaAs NW's

— — effect of roughness root mean square, 875

thermal containment unit, 464

thermal emissivity, 929

thermal emittance, 233, 241

thermal energy storage (TES), 459, 511

— density, 472

thermal expansion

— anisotropic crystal structure/coefficient, 341

— coefficient, 532

—— of PdS and SnS, subsystems, 774

thermal insulation, 939

— aerogel property, 944

— applications, 954

— — aerospace, 29, 958

— — architectural, 29, 955

— — automotive, 29, 957

— — cold storages and cryogenic insulation, 29,

957

— — defense, 29, 958

— — industrial, 954

— — textiles, 29, 959

— materials, 939, 940

— — commercially used, 941

thermal insulator, 972

thermal interface material (TIM), 895, 898

thermally stable electrolytes, 368

thermal management, 510, 904

— applications, 510

thermal performances, 306

thermal radiative losses, 237

thermal resistance values, 971

thermal stability, 209, 222, 232, 304, 465, 831,
928, 940

— of W— SiCH multilayer coatings, 242

thermochromic technologies, 986

thermoelectric components

— of H, production, 250



— p- and n-type, 548

thermoelectric cooler, 871, 873

thermoelectric devices, 764, 862, 871

— real application, 879

thermoelectric effects

— introduction of, 871

thermoelectric energy, 649

thermoelectric generators, 650

— energy generator, 872

thermoelectricity (TE), 509

— development, 511

— materials, 311, 514, 524, 550, 764

— nano materials materials, 22, 518

thermoelectric modules, 509, 512, 871

thermoelectric optimization, 514

thermoelectric parameters, 516

thermoelectric power, 516

— factor, 876

— generation, 873

thermoelectric systems, 510, 511

thermogravimetric analysis (TGA), 75

thermophilic temperatures, 250

thermophotovoltaic energy, 83

thermoplastics, 325, 834

thermosets, 325

thermosyphon effect, 895

Thiele modulus, 21

thin [C,mim] [(CF3SO,),N] film coated onto
CNTs, 928

thin-film coatings, 985

thin-film insulation, 971

thin-film silicon anodes, 359

— specific capacity, 359

thin-film solar cell

— five functionalities, prototypical layer
sequence for, 182

— nanostructured coatings for, 171

— organic solar cells, 969

— technologies, 135, 176, 973

thiourea, 620

third-generation solar cells, 102

Ti/AITiN/AITiON/AITiO coatings, 237

Ti(C, O, N)/a-C:H nanocomposite depicting

— schematic multicomponent, 290

Ti(C, O, N)/a-C:H thin film, 289

Ti doping in MoS, nanotubes, 758

TiFe alloys

— discharge capacities, 441

— electrochemical isotherms pressure-
composition, 441

— powder, 442

TiFeq 25Nig 75 nanopowders

— on hydrogen storage behavior, 455

Index

— pressure-composition isotherms, 456

TiFe(»5Nig 75 phase, 442, 455

Ti/Fe powders

— XRD spectra, 440

TiFe;_«Niy alloys, 442

tight-binding method, 876

tin dioxide nanofacets (SnO,NFs), 573

TiNig¢Fep. 1Mo 1Crg1Cop1 powder, 443

TiNi(Fe) phase, 455

tin oxide (SnO,) nanocrystals, 1127

Ti—O-Fe nanotubes, 606

Ti, on glass plate

— schematic, 114

titanate route, 112

titania inverse photonic, FESEM image, 109

titania nanotubes, 114

— absorption spectra and photographs, 611

titanium dioxide (TiO,), 43, 69, 980

— BiVO, photoanode, 644

— electrodes, for photocatalytic H,
production, 262

— fibers, SEM image, 111

— flower-shaped, SEM image, 113

— hollow sphere, SEM images, 107

— HRTEM/FESEM images, 288

— leaf-shaped, SEM image, 111

— membranes, 1148

— Mie coating, 171

—on MWCNT

—— FESEM image, 116

— nanofibers, 113

— nanofluids, 999

— nanoparticles, 44, 50

— nanorods, 114, 115

— nanospider film grown, on FTO glass

—— SEM images of, 604

— nanospider morphology

— — optical micrograph of, 604

— nanotube array by anidization of Ti foil

—— FESEM image, 114

— nanotubes grown, on conducting glass

—-—SEM, 114

— nest shaped, SEM image, 113

— particles by molten salt method

—— SEM images, 107

— surface morphologies and cross sections
of, 605

— thermal conductivity, 1000

— TiSi, heterostructures, structure of, 612

— transition metal doping of, 606

TMD. see transition metal dichalcogenide

TNTs, absorption spectra/photographs of, 611

topological dimension, 782
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— insulators, 534, 535

— surface state, 535

total cell potential, 406

total power consumption

— by information and communication
technologies, 680

total reflectance, 870

total thermal conductivity, 944

tower configurations, 324

toxic battery chemicals, 977

toxin-sniffing nanosensors, 968

trailing-edge flaps, 329

transformation-induced plasticity (TRIP),
715

— effect of, 715, 716, 719

transformation temperature, 714

transformer oil (TO), 999

transforming nonselective to selective
coating, 222

transistors, 485

transition metals, 65

— based materials, 236

— carbides, 398

— component, 65

— dichalcogenides, 398, 746

— oxides, 236

translucent systems, 989

translucent wall panels, 970

transmission electron microscope (TEM), 71,
189, 195, 745

transparent carbon nanotube sheets, 989

transparent conducting substrate, 104

transparent/conductive front electrodes, 185

transparent conductive oxide (TCO), 164,167,
197

transport agent, 747

transport industry, 831

triangular MoS,_, nanostructures, 750

trichalcogenides, decomposition of, 747

trichloroethylene (TCE) mineralization,
1142

triethylmethylammonium tetrafluoroborate
(ITEMAJ-[BE,]), 399

tri-n-octylphophineoxide (TOPO), 120

trivalent erbium, 153

trivalent rare-earth materials, 528

tube collector designs, evacuation of, 224

tubular structures/common by-products, SEM
images of, 768

tubule’s agglomerate

— secondary electron image of, 766

tunable fluorescence, 120

tungsten carbide (WC), 435

— coated balls, 437

tungsten—halogen lamp, 642

tungsten oxide, 968

tungsten—SiCH composite, 243

tungsten—silicon carbide (W-SiC)-based
coatings, 232

tunneling emission microscopy (TEM), 919

turbine

— generated electricity, 323

— lifetime, 326

— in wind farms, 327

turbo engines, thermal protection, 846

turnover frequency (TOF), 1120

turnover number (TON), 1120

two-layer daughter nanoscroll, HRTEM
of, 750

type II heterojunction, band diagram of,
193

typical HRTEM image, XRD pattern, 634

u

UASB reactor, used for H, production,
264

UC layers absorb photons, upconversion
process, 153

UGEF-CNT-erythritol composite, 469

UGF-wax composite, 471

ultimate tensile strength (UTS), 715

ultracapacitors, 393, 1100

ultrafine-grained AZ61 alloy, 810

ultralight panels, 988

ultrananocrystalline chemical deposition
(UNCD), 786

ultraporous cellulose (UPC), 1152

ultrasonic

— agitation, 915

— assisted stirring, 841

— bath, 916

— cavitation, 811

— energy methods, 915

ultrasound techniques, 929

ultrathin bilayer electrolytes, 582

ultrathin-graphite foam (UGF), 469

ultraviolet, 631

— illumination, 1148

— NIR spectroscopies, 918

— visible spectrum, 122

Umbklapp processes, 553

unilamellar MFI zeolite, 27

US-published Patent Application 2013/
0216390

— for production of carbon nanotube-
reinforced wind turbine blade, 1094



v

VACNT. see vertically aligned carbon nanotube

vacuum-assisted resin transfer molding
(VARTM), 334, 1098

vacuum evaporation, 215

vacuum insulation panel (VIP), 475, 971

vacuum permeability, 84

value-added chemicals

— converting COy,challenges of, 1110

Van Der Walls (VDW), 918

— forces, 305, 496, 746, 764, 774

— interactions, 753, 1017

— — dispersion, 416

— solids, 397

Van't Hoff equation, 419

vapor barrier property, 940

vapor-deposited thin films, 786

vapor-liquid—solid (VLS) method, 147, 858,
862

vapor-solid—solid (VSS), 147

— growth technique, 862

variable-pitch drive systems, 336

variable profile thickness, of metal shim, 666

— elliptical profile, 666

— parabolic profile, 668

— tapered profile, 669

vermiculite, 1141

vertically aligned carbon nanotubes
(VACNT), 377, 578, 1146

— coated electrodes, 381

vertically aligned TiO, nanostructures, 113

very high-temperature reactor (VHTR), 271

vinyl (polyvinyl chloride (PVC)), 986

virus template approach, schematic, 117

visible light photocatalysis, 979

VLS. see vapor-liquid—solid

VOC. see volatile organic compound

vortex fluidic device (VED), 572

w

Walden inversion, 749

W /AISiN/AISiON/SiO, tandem absorber
selective coatings, 237

waste heat, in automotive, 510

waste stream greenhouse CO, gas, 1109

water and liquid metal, comparison, 893

water-based

— Ag,Al nanofluid, 1002

— aggregating (TiO,), 1000

— Ag—HEG hybrid nanofluid, 1014

— Ag-MWNT hybrid nanofluid, 1013

— alkaline electrolysis, 597

— Al,O3 nanofluids, 1004

Index

— CNT-AuNP hybrid nanofluids, 1013

— CuO-HEG, 1014

— exfoliated graphene nanofluid, 1012

— Fe30, nanofluids, 1002

— gold nanofluids, 1001

— nanofluids, thermal conductivity with
temperature, 1005

— silica-MWCNT hybrid nanofluid, 1014

— TiO, nanofluids, 1000

— untreated diamond nanofluids, 1005

water conservation, 30, 979

water contaminants, 980

water-free deposition environment, 142

water-in-oil emulsions, 1140

water—oil filtration process, 1150

water—oil separation, 1141

water oxidation reaction, 1114

water purification, 979

water-soluble surfactants, 919

water splitting, 629, 630

— on TiO, surface in response to light
energy, 264

water sweeping, 308

watertight lithium-ion conducting
membranes, 310

WC-Co cemented carbides, 340

Weibull modulus, 339, 340

weight-induced fatigue loads, 330

well-dispersed MWCNTs, 1017

wet-chemical method, 212

wettability, 49

— alteration by nanoparticles, 49

wetting angle, 860

whole rate spectrum, 408

Wiedemann—Franz law, 514, 881

wind blades, 324

— lightning receptors, 334

wind energy applications, 296, 323, 326, 1079,
1080, 1100

— aeroacoustic properties, 327

— aerodynamics properties, 326

— aeroelastic properties, 328

— bulk nanocrystalline ceramics, 338

— challenges, due to agglomerated
powders, 338

— fatigue properties, 18, 329

— future development and directions, 1100

— high strength requirement, 331

— material selection criteria, 329

— polymer-based lightweight materials,
332

— processing-related challenges, 336
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