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Ag/AgCl/ZnO nanocomposite 696
Ag-Au bimetallic nanoparticles 301
Ag/Au core–shell nanoprisms 557
Ag-based semiconductor 223
AgBr/Ag3PO4/ceria

nanocomposites 307
Ag2CdI4/AgI nanocomposites 233
Ag2CdI4 nanoparticles 233
Ag/CNT composites 621
Ag-decorated Fe3O4/TiO2-coated

cenosphere 253
Ag film nanoneedle array 492
agglomeration 195, 197, 198, 333, 663,

739, 740, 764
nanoparticles 400
processes 232

aggregation 233, 827
structure 495

aging 167
Ag ions 230
Ag-modified BiVO4 composite 307
Ag2MoO4 and Ag-Ag2MoO4,

characterization 494
Ag nanoclusters (AgNCs) 557
Ag nanoparticles 218, 230, 252, 253

degradation efficiency 559
mechanism of formation 521
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analytical applications
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(AN&N) 581

anatase–rutile transformation 243
anatase to rutile transition 240
anion–cation interaction 136
anionic dyes 136

removal of 585
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anisotropy 231
anode materials 297
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voltammetry (ASLSV) 91
anodic stripping voltammetric

(ASV) 92
anodized iron 661
anthracene 556
anthraquinone (AQ) 93
anthropogenic activities 141
antibacterial coatings 790
antibiotics 300
antifullerene IgG monoclonal

antibody 605
antimicrobial nanotechnology 778
antimicrobial packaging 781
antioxidant activity 220
antioxidant properties 737
apoptosis 554
apparent quantum efficiency

(AQE) 258
aquifers 294
Arabidopsis thaliana 154
arc-discharge 417, 764, 765
archaebacteria 583
aromatic compound, ionizable 620
aromatic hydrocarbons 666
aromatic organic molecules 138
array structure 491

arsenate ions 401
arsenic 302, 401, 402, 524, 686
immobilization 302
removal, pilot-scale system 404
species As(III) and As(V) 134

artificial photosynthesis 774, 775
artificial seawater 728
asbestos 742
ascorbic acid 96, 194
ascorbyl palmitate 791
aseptic application 392
Aspergillus fumigatus 810
assembled nanostructures, SEM
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ASTM D6866 standard testing

method 655
atomic arrangement 27
atomic force microscopy (AFM) 133,

301, 396, 495, 550
atrazine 401
Au-doped PdO NPs, photcatalysis

process 219
Au/GO/ZnO composite

nanostructures 248
Au/GO/ZnO hybrid photocatalyst

246
Au/GO/ZnO nanostructures

composite 246
Au/graphene quantum dots/ferroferric

oxide composite 300
Au nanoparticles 42, 222, 301, 560
AuNP–antibody conjugates 558
AuNP–CaCO3 hybrid material 558
AuNPs, as chemical sensor 524
AuNPs, by fungus Trichothecium

sp. 809
biofunctionalized AuNPs 549
incorporated enzymes 781
metallic 544
TEM images of 80

Au@Pd core–shell with different shapes
TEM-EDS analysis and schematic

diagram of 487
Au-Pd/rGO composite 300
Au/TiO2 photocatalyst 249
Au–TiO2/SiO2 nanocomposite 222
Au/ZnO hollow-sphere monolayer thin

films, and photocatalytic
properties 247
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Au-ZnO hybrid nanopyramids 246
Au–ZnO hybrid photocatalysts 245
Au-ZnO NPs

hybrid NPs 245
TEM image of 246

average pore diameters of GS0, GS1,
GS4, and GS8 199

Azadirachta indica 554
azo dyes 664

biodegradation of 664
removal of 663

azomethine 606
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Ba, and Ce oxides 58
Baccaurea ramiflora 552
Bacillus botulinus 558
Bacillus licheniformi 518
Bacillus megaterium D01 809
backpropagation 421
bacterial cellulose (BC) 698, 702

aerogel 589
TiO2 hybrid nanofibers, biosynthesis

route for 704
bacterial nanocellulose (BNC) 582

sponges, preparation of 589
bacteriorhodopsin 726
Baker’s yeast (Saccharomyces

cerevisiae) 809
ball and powder mixture 766
ball milling 417
bandgap 216, 224, 244, 654, 774

energy 244, 303
semiconductor 244
Si crystals 719

barium nitrites 57
barrier protection 781
basic fuchsin 218
batch adsorption method 133
batch sorption experiments 193
BaTi1�xCuxO3 perovskite 62
BC and spherical Fe3O4/BC

nanocomposites, digital
images of 699

bentazon 401
bentonite/g-C3N4/Ag3PO4 263
benzene 138, 372, 615
benzophenone-3 (2-hydroxy-4-methoxy

benzo-phenone) 103

benzotriazole (BTA) 106
BET isotherms 192
Bi-based semiconductors 256
bicarbonates removal, pilot-scale

system 404
bicrystalline phase Cr-TiO2

nanoparticles 241
phase transition studies of 241

bienzymatic biosensor 527
bifunctional abilities 827
bifunctional reagent 606
binding energy 25
bioactive compounds 727
bioadhesive properties 727
bioavailability 166, 727
biobased carboxylated NC 590
biobased plastic 655
BiOBr/NiFe2O4 composite 260

photocatalyst 260
biochar surface 153–155, 165, 166

pH-dependent dissociation of acid/
base groups 166

plant growth, effects of 166
soil fertility, effects of 155

biochemical oxygen demand
(BOD) 664

BiOCl photocatalyst, SEM images
of 257

biocompatibility 153, 154, 192, 581,
726

biocomposite screen-printable
material 528

biodegradable 191, 579, 656
organic materials 71, 72
plastic 655
polymers 658, 668

biodistribution 790
biodiversity 3, 4
bioelectronics applications 726
biofabricated nanoparticles 558
bioflocculation 675
biofunctionalized AuNPs 549
bioimaging 739

materials 667
BiOI microspheres, thermal conversion

of 240
bioinspired

functional nanocomposites 698
hybrid nanofibers 702
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magnetically responsive alginate-
based nanocomposites,
removal capacity 696

mineralization methods 696
nanocomposites 685, 687, 692, 706

decontamination via photocatalytic
application 702

dispersed phase 687
environmental application of 697

nanomaterials 827
Pd/Fe3O4, Au/Fe3O4, and PdAu/

Fe3O4 nanocomposites 704
photocatalytic nanocomposites

702
BiOI powders, pure/heat-treated, SEM

images of 241
biological

applications 727
chemicals 294
contaminants 737
materials 693
oxidation 369
oxygen

demand 71, 369
biomass 557

separation membrane
bioreactor 365

technology 774
bio-mediated nanocatalysts 557
biomedical and medical

applications 220, 667
biomedicine 211
biomimetic

immune technology 478, 481
strategy 696

biomineralization 518, 519
biomolecules 549

immobilization 531
sensitized solar cell (BSSC) 726

bionanomaterials 519
based devices, for environment 717,

726
bionanoparticle (BNP) 517, 518

advantages of 520
fabrication using different

microorganisms 520
bionic immunization 473, 480
bioplastics 657

from mixed sources 656

biopolymers 654–656, 663, 671,
673

as immobilization supports 662
matrices 726
nanobiohybrids 726
supported photocatalysts, for

pollution remediation 662
bioprotein 726
bioreceptors 527
bioremediation 584, 651, 724, 778
biosensors 103, 336, 483, 527, 531
based on gold nanorods

(AuNRs) 530
for trace metal ions 525

biosynthesized
spherical Fe3O4 698, 699

biotemplates 517
biotic processes 664
biotinylated ditryptophan peptide 548
biotreatment methods 651
BiOX-based photocatalysts 256
biphenyls 543, 650
bipotentiostatic chronoamperometric

biosensor 528
bis(2,2-bipyridine)-[4-(4-methyl-2,2-

bipyridin-4-yl) propylamine]
ruthenium(II)
dihexafluorophosphate
complex 591

Bismarck Brown 664
bismuth 307
bismuth oxychloride (BiOCl) 256
bismuth oxyhalide-based

photocatalysts 256
bis [o-(N-methylidenamino-2-thiol-

1,3,4-thiadiazole-5-yl)
phenoxy] ethane
(BMTTE) 93

bisphenol A 138, 300, 397, 398
polyester 397

Bi12TiO20-Bi2WO6

heterostructures 221
black carbon 39
blue baby’s syndrome 543
Bois durci 655
Boltzmann constant 425
Bombyx mori 791
borax decahydrate 419
boric acid 419
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boron 413, 421, 686
agglomerated 418
based fuel-rich propellant 422
based pyrotechnic composition

414
boron filament resistance 418
combustion 419
containing fuel 415
doped diamond 297
fuel 414, 421
minerals 419
nanoparticles 414, 419
oxidation 420
particles 413

burning 418
combustion process 415

powders 415, 420
amorphous 414, 418

removal rate 701
boron carbide 417, 420
boron oxide 419, 420

radiation emission 418
boron suboxide B6O 416, 417
boron trichloride 417
borothermic decomposition 416
bovine serum albumin (BSA) 605
Brassica juncea 744
Brassica oleracea 746
Britton–Robinson buffer 102
Brønsted acid 54
bromomalonates 606
Brownian effects 424, 427, 433
Brownian force 425, 427, 432
Brownian mechanisms 434
Brownian motion 422–425, 427, 430,

431, 433, 434, 767
induced force 723

Brownian velocities 427
Brunauer–Emmett–Teller (BET)

396
Buckminster fullerene 140
burning

behaviors 419
rate 420

butanol 307
butyllithium-functionalized

MWCNTs 606
butyl nitrite C5H9NO2 419
butyraldehyde 623

c
cadmium 90, 92, 555

adsorption 90
detection limit 94, 527
ions 91, 92, 131

cadmium oxide (CdO) 454
cadmium toxic metal 132
Ca2Fe2O5 nanofibers 228
calcarosol 167
calcination 228, 229, 518

temperature 243
calibration curve 524
Candida albicans 669
CaO NPs 96
capacitance 720, 777
capacitive deionization 136
capillary action 498
capillary electrophoresis (CE) 106
capping agents 333
carbaryl pesticides 103
carbon 417

particles 764
paste electrode 90
quantum dots 223
vapor aggregates 764

carbonaceous
adsorbents 138
fertilizer 154
materials 221
nanomaterials 300, 324

carbon aerogels 777
carbon atom structure 718
carbon-based fertilizers 154
carbon-based nanomaterials 298, 738

in environmental sector
potential applications 717

carbon-based nanoparticles 718
carbon dioxide (CO2) 39, 45, 72, 603,

655, 668
adsorption 323
capture technology 323
photocatalysts 267
reduction 256

carbon dot (CD) 154, 178
carbon fertilizers 165
carbonization 612
carbon monoxide (CO) 39, 56, 446, 532

oxidation 42
catalysts 41
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carbon nanoadsorbents 74
carbon nanocones 739
carbon nanofiber (CNF) 93, 223, 739
carbon nanofragment (CNF) 104

based electrchemical analysis of
organic molecules 104

carbon nanohorn 739
carbon nanomaterial (CNM) 125, 128,

716, 785, 825, 826
and composite 298
for environmental devices and

techniques 717
carbon nanoonion 154
carbon nanoparticle (CNP) 103
carbon nanorods 154
carbon nanotechnology 155
carbon nanotube (CNT) 19, 74, 128,

223, 298, 324, 393, 400, 523,
531, 591, 722, 739, 764, 807

adsorption 619
based biosensors 718
based film 718
based metal matrix composite (CNT-

MMC) 692
based nanomaterials 825
bilayers 456
CNT–NiCo oxide composite 106
composites 300
defunctionalized 607
dispersion 619
electrode 456
functionalization routes 604
for inorganic molecule analysis 90
network transistor 726
noncovalent functionalization

of 326
paste electrode (CNTPE) 96
in removal of target pollutants 616
sensors 129, 456
TiO2 composites 621

carbonyl chromophore 673
carcinogens 664

dyes 300
catalytic

degradation 686
oxidation 477
performance over Ce1�xZrxVO4

catalysts 54
processes 39

technologies 39
catechol 101
Catharanthus roseus 169
cation–π bonding 137
cation-exchange capacity (CEC) 166
cation-exchange membrane 364
cationic–anionic force 135
cationic dendrimers 787
cationic dyes 131, 136
cationic ions 621
cation membrane 364
cavitation 770
cavities 806
C3-C60F36 fluorofullerene 32
Cd(II), Co(II), and Pb(II) ions 133
Cd(NO3)2�2H2O 233
CdO nanostructures 455
CdS/BCF hybrid nanofibers 702
CdS/BC hybrid nanofibers, pathway for

preparation 703
CdS nanoparticles 702
Ce doping 54
Ce-Fe-O solid solutions 45
cell-disruption mechanism
of Ag-impregnated ZnO

nanoparticles 305
cellulose 419, 667
membranes 587, 661
nanocrystals 582, 726
nanofibers 582, 590
nanofibril 582
nanomaterials 579, 582
nanoparticles 579, 584
nanowhiskers 582, 583
polymers 667

cellulose acetate (CA) 402, 668
silica composite-based

membranes 812
cellulose-g-oxolane-2,5-dione,

preparation of 588
cellulose-g-oxolane nanofibers 587
Ce-Mn-O solid solutions 45
Ce-M samples 48
Ce-NC sample 48
ZSM-5 sample 48

Ce-NR sample 48
centrifugation limit 299
CeO2-Ag catalyst 45
CeO2 nanoflakes 307

Index 835



CeO2NPs 76
CeO2-TiO2 composite 54
CeO2 truncated nanocubes 47
CeO2-ZrO2 (CZ) catalyst 45, 49
ceramics 316, 416

matrix nanocomposite 691
membranes 661

ceria-based catalysts 62
ceria NPs 76
ceria-zirconia-based catalyst 47
cerium-doped activated carbons 56
cerium-doped copper ferrite NPs

(CuFe2�xCexO4) 262
cetyltetramethylammonium salt 586
cetyltrimethylammonium bromide

(CTAB) 333, 551
Ce-Zr-O nanostructured catalyst 41
Ce0.9Zr0.1O2-NP catalyst 46
C60F36 adsorbed molecules 35
C60F18 fluorofullerene 27
C60F36 fluorofullerene

molecules on Si(111)-7× 7 surface 31
C60F18 isomers 32
C60F18 molecule 20–29, 31, 35

on Si(111)-7× 7 surface
orientations 24

C60F36 molecule 31–34
C60F42 molecule 20
C60F44 molecule 20
C60F48 molecule 20
C60F36 molecules 33
C-60 fullerenes 141
charcoal 134
charge

densities 27
exchange phenomena 481
membrane 355

cheese concentration 391
chelating adsorbent 133
chemical

bonding 717
complexation methods 374
composition 401
contaminants 543
enhancement 475, 476
exfoliation 457
functionalization 579
industry 39
inertness 303

interaction 30, 323
methods 544
modification 603, 671, 721
modified electrode (CME) 93
organic compounds 722
oxidation 698
oxygen demand (COD) 367, 650
pollutants 543, 544
precipitation 373
process 4

engineering 3
properties 825
reactions 727
reduction 544
routes/bottom-up approaches 767
sensing techniques 474
sensitivity 445
sensors 224, 720
stability 82, 155, 333, 663, 673
storage sites 543
structure, of widely used dyes and

absorption band maxima
(λmax) 260

transformation 738, 827
treatment 650
vapor deposition (CVD) 77, 128,

607, 662, 724, 740
Chemical Warfare Convention

(CWC) 557
chemiluminescence 523, 528
chemiosmotic cation 518
chemisorption 40, 132, 776
chemo-biosensing 473
chi-AgNPs as fluorophore 558
chiral 582

compounds 723
pharmaceuticals 723

chitin 663
chitosan (CS) 129, 135, 531, 626, 663,

666, 673, 779, 781
capped AgNPs (chit-AgNPs) 557
chitosan gelatin/GO monoliths

(CGGO) 626
chitosan–GO composites

(CSGO) 134, 627
chitosan–polyacrylamide

[Chi-PAA] 97
chitosan/sulfhydryl-functionalized

GO (CS/GO-SH) 131
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chitosan–TiO2 composite 666
epichlorohydrin 671
films 726
nanoparticles 298
vulnerability 666

chlorfenvinphos 531
chlorides 769

ions 391, 548
chlorinated hydrocarbons 670
chlorination 670

of lignin 670
chlorobenzene 615
chloroform sensors 108
chlorophenols 12, 104

2-chlorophenol 104
4-chlorophenol 307

chloroplasts 154, 176
chlorpyrifos 138
chromatography-based systems 445
chromium 93, 96, 267, 528, 553, 695

and chromium(VI) in water
samples 96

detection limit 94
in drinking 93
electrode 93
species 588

chromium(VI) 96
chromophores 728
C.I. Acid Red 73 665
C.I. Direct Blue 71 665
ciprofloxacin 199, 300
cisplatin 787
citric acid 229, 331
Citrobacter freundii 812
Citrus limetta 552
Citrus limon 552
civilization 4
clean water 71
climate

change 414
warming 39

clove silver nanospheres (C-SNSs) 553
clustering of particles 422
CNM’s functionalization methods 324

alkali activation 325
covalent functionalization 324
doping heteroatoms 325
grafting 325
sulfonation 325

surface oxidation 324
CO2 adsorption 323
coagulation 369, 675
coalescence 724
CoAl-LDH flakes 610
coarsening 232
coating film 788
coating industry 788
cobalt-doped antimony oxide nanoparticle

(CoSb2O6 NP) 108
cobalt nanocrystals 81, 82
CO2 capture technology 323
cocondensation method 333
codoping 243
CoFe2O4/CeO2 nanocomposite 262
CoFe2O4/graphene 251
hybrid material 262

coking wastewater 372
treatment 372

cold vapor atomic absorption
spectrometry (CVAAS) 93

collagen protein 548
collisions 763, 767
colorimetric sensors 336, 551, 552
combine membrane separation

technology 380
combustion 413, 414, 419
behavior 419
chamber 422
characteristics 421
mechanisms 418
models 421
propellant 415

commercialization 825, 826
communications 761
Co-Mn/TiO2 catalyst 53
competing demands 293
competitive water treatment

technology 12
complexed metal ions 94
complex hydrocarbon fuel 413
complex matrices 724
composite membrane materials 380
composition and structure analysis, GN

and GS 197
concentric parabolic collector

(CPC) 676
conductivity 30, 92, 534, 692, 777
conduction band (CB) 652
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conductometric transducer 527
confocal scanning laser

microscopy 155
Congo red (CR) 137, 217
contact angles, of GS0 aerogels and GS6

aerogels 196, 197
contaminants 72, 127, 671, 686
conventional colorimetric

methods 524
conventional Si-based photovoltaic

devices 719
cooler inert gas 763
copper(II) detection limit 94
copper interdigital electrode 534
copper ions 133, 528
coprecipitation 81, 82, 95, 232, 234

method of synthesis 307, 534
ferrite catalytsts 234
silver-based catalyst 233
titanium-based catalyts 234
zinc-based catalyst 233

core–shell monomers 482
core–shell nanostructure 225
core–shell structure 244, 302

PANI/Fe3O4 nanoparticles 400
core–shell ZnO/oxygen-doped g-C3N4

nanocomposite 224, 225
Corynebacterium sp. SH 09 809
cosmetics 790

nanocarriers 790
cost optimization 722
cost ratio limitation 774
coupled semiconductors 244
coupling agents 333, 671
covalent bonding 300, 786
covalent coupling 603
covalent interaction 137
CPE modifier, for electrochemical

sensing of copper ions 93
Cr3+ doping 242
Cr3+ ions 553
Cr2O3 clusters 243
crop/plant productivity 153, 155
crotonic acid (CA) 94
Cr oxide 242
Cr-TiO2 samples 242
crude oil 39
crystal lattice 45, 237
crystalline cellulose 582

crystalline solids 237
crystallization 483

promoting in gel media 592
techniques 580

crystal morphology and size distribution
of MDC 369

crystal structure 254
sulfapyridine solvate 593

crystal violet (CV) 131
CS-glass system 667
CS-SH-MWCNT nanocomposite

film 92
Cucumis sativus 746
Cu2+ detection 530
CuFe/beta monolith catalyst 55
Cu(II)–GO interactions 623
Cu(II) ions 301
Cu loadings 55
culturing process 545
Cunningham Correction Factor 425
CuO/G hybrids 231
CuO/graphene (CuO/G) 231

hybrid composite 230
CuO/graphene-oxide hybrid 230
Cu2O nanocubes 301
Cu2O NP-modified ZnO

nanowires 533
cupric ions 554
cup-stacked carbon nanotube 154,

178
current imaging tunneling spectroscopy

(CITS) 32
CuS doped with Ni ions 218
Cu-TiO2/ZnO heterojunction

nanocomposite 262
Cyamopsis tetragonaloba 557
cyanide (CN�) 557
cyanotoxins 303
cyclic microwave radiation 230
cyclic voltammetry (CV) 102
cycloaddition reactions 606
β-cyclodextrin (β-CD) 336
cyclohexane 615
cysteamine (CA) 335
cysteine 523
cysteine-alanine-leucine-asparagine-

asparagine pentapeptide
553

cytotoxicity 191, 749, 787, 791
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Danish Environmental Protection

Agency Report 6
Daucus carota 746
decolourization 559
decontamination 658

factor 374
degradation 219

organic dyes 220
paint pigments 238

degrouping 435
Degussa P25 nanoparticles 703
dendrimer 782

composite membranes 301
nanocarrier 787

dendritic encapsulation 806
dendritic nanopolymers 723

composites 723
DeNOx/HC oxidation catalysts 49
dense solid fuel 413
densities of state (DOS) 24, 25
density distribution 27
density of state 29
deodorants 591
deoxidization 230
deposition-precipitation (DP) 50
deprotonation 165, 204
dermatitis 664
desalination rate 367
desethyldesisopropylatrazine 401
desorption efficiency 202
detection limits of chromium(III) 96
detergents 650
detoxification 132
devices optimization 377
dextran 725
3D geometry of hot spots 482
β-D-gluocopyranose 582
3D graphene systems (3DGNs) 130
3D hot spots 498, 500

concept 827
matrix

noble-metal sols 500
structure 498

plasma 827
structures 827

for SERS detection 500
3,4-diaminophenyl-functionalized

dextran 129

diazonium cation 728
dicarboxylated cellulose (DCC) 582
2,3-dicarboxylic cellulose

nanofibrils 582
dicetyl phosphate (DCP) 102
2,6-dichlorobenzamide 401
1, 2-dichlorobenzene 105, 141,

615, 620
1,1-dichloro-2,2- bis-(4´-chlorophenyl)

ethane 98
dichlorocarbene 606
dichloromethane 109
dichlorophenol 303
dielectrophoresis (DEP) 723
[2 + 1], [4 + 2] Diels–Alder

cycloaddition of
o-quinodimethane 606

diesel oxidation catalyst (DOC) 39,
40

diesel particulate 45
diesel particulate filter (DPF) 39, 42
temperature 43

diethylenetriamine 397, 398
differential pulse anodic stripping

voltammetry (DPASV) 94
differential pulse voltammetry

(DPV) 93
differential scanning calorimetric

(DSC) 95
diffusion 763
flame 420
rate 371

digital images
graphite oxide 194
GS0, GS1, GS4, GS6, and GS8

hydrogels 194
protein 194

3,4-dihydroxy-L-phenylalanine
(L-DOPA) 549

di-iso-butyl phthalate 99
dimer 29, 482
dimer-adatom-stacking-fault (DAS) 22
dimercaptosuccinic acid (DMSA) 95
dimethylbenzene 138
dimethyl sulfone 129
3,5-dinitrosalicylic acid 402
diphenylcarbazide (DPC) 91
1,5-diphenylcarbazide

nanocomposite 93
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dipole-like formation 27
dipole moment 27
direct electrooxidation 297
direct functionalization (cocondensation

and in situ) 318
disinfectant, ideal 298
disinfection 72

using nanomaterials 297
disinfection by-product (DBP) 674
dispersed phase on properties of

composites, influence of
geometry 688

disruptive behavior 420
dissolved organic carbon (DOC) 674
dissolved organic matter 738
dithiodibezoic acid (DDA) 93
divalent ions 391, 403
DNA biosensors 526
DNA-CNT linking strategies 614
DNA-CNT sensors 129
DNA coupling 614
DNA damage 749
DNA guide assembly scheme 495
3D nanostructured graphene-

polypyrrole (Ppy)
nanocomposite 135

DNAzyme 554
dodecane-1,2-diol 81
dodecanethiol 333
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for 523
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procedure 587
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nanomaterials 461
nanoparticles 74, 303, 305, 393, 781,

791
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classical approaches 544
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nanocrystals 483
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nanostructures 482, 483
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methylene violet 136
methylmercury 551
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degradation of 245, 703
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nanocomposites 612
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Mg2+ ions 619
MgO nanoparticles 747
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biomass 651
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methods 810
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defibrillation procedures of 583
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microelectromechanical system 336
microemulsion 767, 768

method 768
system 768
technique 85

microfiltration 354, 358, 373, 391, 392
microfluidic devices 727
microfluidic pH analysis 727
microorganisms 366, 548, 808
micropollutants 372
microporous carbons 324
microporous ceramic filters 44
microporous membranes 355, 365
microwave-assisted hydrothermal

process 223
microwave-assisted polyol method 333
microwave-assisted thermal
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device 231
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microwave method 229, 230
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mineralization 223, 303, 666
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Mn2+ detection 530
Mn2+ ions 553, 555
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Mn oxides 55
MNP-based adsorption technology 725
modified Hummers’ method 192
moisture content 194, 790

of hydrogels 196
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molecular beam epitaxy 77
molecular detection 474
molecular diffusion equation 362
molecular dynamics (MD) 620
molecular size 371
molecule–substrate interaction 35
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mononitrogen oxides 446
monosaccharide (β-D-glucose) 548
monovalent ions 393
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sensor 535
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mutation 553
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nanobiohybrid materials 726
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toxic effects of 162
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702
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dosage 701
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nanoengineering 713
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environment 727
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and applications 7
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in pesticides 773
photocatalysis applications 220
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research and development, future

trends 15
as sensors 773
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purification of water 812
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nanoobjects 581
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by microorganisms 546
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nanoribbons 232
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nanosensing 317
nanosensor technology 445, 447, 461,
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properties of 461

nanoseparation devices 826
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nanosilver (nano-Ag) 298
nanosized magnetites 303
nanosized metals 301

oxides 303
nanosized silica particles (SNPs) 787
nanosized TiO2 303
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nanostructured ceria-zirconia catalysts
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nanostructured coatings 714
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catalysts 44
nanostructured lipid carrier 784
nanostructured materials 738
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nanostructure TiO2 nanoparticles
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applications 772
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natural products 650
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near-infrared fluorescence
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next-generation sensors 298
NH3 decomposition 249
NH2-NH2 coupling 249
NH3-SCR performance 56
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Ni2+ and Co2+ ions 555
nickel(II) detection limit 94
NiFe2O4/graphene 251
Ni(II) metal ion 134
NiO/CeO2 catalysts 50
nitrates 71, 523, 543, 556
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nitric acid 94, 105
nitric oxide 56, 446
nitrite analysis 728
nitrite ions 523, 556
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nitroaromatic pesticides 402
nitrogen 367, 415
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nanocomposites 691
nontoxicity 253
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method 486
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particle-retaining MF 392
particles grouping, in oscillating

flow 423
particle sizes 221, 239, 417–420, 422,

424, 426, 427, 498, 651, 763
particle trajectories 427
particle velocity 426, 429
particulate matter (PM) 39, 40
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material 216
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materials 216
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converting CO2 with CO, CH3OH,
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photocatalytic applications 231

using nanoparticles 214
photocatalytic degradation

mechanism of rhodamine B 264
of pollutants 221
of tetracycline 266

photocatalytic efficiency 216, 228,
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photocatalytic materials 225
copper-based materials 236
microstructure of 237
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synthesis of 220
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photocatalytic reduction 268, 301

of CO2 with H2O on Ag3PO4/g-
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effect 220

photocatalytics process 213
photocatalytic systems 658
powders 658
system 674
for water decomposition 257
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photocorrosion 653
photodecomposition 249
photodegradation 103, 557, 698, 706

adsorption process 666
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photoreaction 228
photoreactors
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system 660
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photostability 653
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photovoltaic effect 719
photovoltaic (PV) technology 774, 775
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p-nitrophenol, 3,5-dinitrosalicylic
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sorbent interaction 651

pollution 130, 353, 528, 721
control 103, 127
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polymeric materials 661
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polymeric nanoparticles 784
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nanomaterial hybrids 320
nanotechnology 726
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materials 133
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p–p interactions 621
PPy nanoparticles 534
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crystalline TiO2 238
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propylene 51
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proteins 518
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protonation 165
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deprotonation reactions 204
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pseudo-first-order model 202
kinetic model 194
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pseudo-second-order model 129, 132,

133, 135, 203
Psidium guajava Linn 231
Pt catalyst 44

CO and HC oxidation on 41
Pt-decorated DPF samples 44
Pt/K/Al2O3 catalysts 60
Pt nanoparticles 41
p-toluenesulfonic acid 137
Pt particle size 44
Pt-V diesel oxidation catalysts 41
p-type of graphene oxide 461
Pt–ZnO hybrid nanocomposites 247,
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Pt–ZnO hybrid photocatalysts 247, 249
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1-(2-pyridilazo)-2-naphtol 96
pyrocatechol 528
pyrolysis 155, 178, 416, 668
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quantum dot (QD) 298, 299, 323, 738

photovoltaic applications 814
QD-based LEDs (QDLEDs) 814
QD-based solar cells (QDSCs) 814

quantum size effects 40
quartz 661

crystal microbalance
measurements 92

substrate 527
quasi-fiber ZnO 306
quaternary oxide photocatalysts 258
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radiation absorbance 216
radioactive elements 373, 737
radioactive ions 586
radioactive wastewater 373

treatment 374
Raman detection

on gold core–shell nanoparticles
coated with Pt and Si 486

Raman enhancement 481, 499
Raman instrument 477
Raman scattering 475, 476
Raman signal 476
Raman spectra 474, 827
of enzyme-TiO2/rGO and control-

TiO2/rGO
nanocomposites 697

for multiple WO3 structures 456
resonance 197
spectrometer 499
spectroscopic techniques 95, 550,

591
Ramjet engines 414
rapid detection 528
reactants’ fractional conversion, on

LaCo0.5Cu0.5O3 with 51,
52

reactive oxygen species (ROS) 298,
741, 749

reactive red 4 (RR4) 667
dye 667

reactor 661
real-time monitoring 473
recalcitrant organic pollutants 650
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membrane science 13
recovery times 336
recyclable boron burning 413
recyclable nanophotocatalysts 262
recycle boron 413
redox potentials 254
reduced graphene oxide (RGO) 229,
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Ag/TiO2 nanotubes/Ti plates with
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activity 249
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refractory organic pollutants 650
renewability 191
renewable energies 726
sources 719

renewable raw materials 649
renewable resources 656
based bioplastics 656
based biopolymers 658

resilient polymer wastes 655
resorcinol 102
retinyl acetate (RA) 784
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reverse osmosis (RO) 14, 83, 354, 359,
360, 391, 687

inorganic membranes 371
membrane 392

module 367, 391
pretreatment equipment 367
process for salinity wastewater 367

Reynolds number 424
Rhizopus oryzae 810
rhodamine B (RhB) 101, 136, 254, 262,

300, 323, 591, 628
degradation 263
dye 216, 218, 695
photocatalytic degradation of 245
photodegradation 257

rhodamine B hydrazide (RBH) 523, 529
rhodium-containing catalysts 52
Rhodopseudomonas capsulate 809
riboflavin-stabilized silver nanoparticles

(R/AgNPs) 524
Ricinus communis 558
RNA-GO nanosheets 138
Rosa indica-wichuriana 555
rose bengal 222

s
Saccharomyces cerevisiae 695
salinity 368
Salmonella typlus 808
salt intrusion 294
sample sizes 580, 720, 721
sanitation 71
scanning electron microscope

(SEM) 84, 155, 396, 495, 523,
550

scanning tunneling microscope
(STM) 20, 762

scientific thoughts and scientific
progress, future flow 15

screen-printed carbon electrode
(SPCE) 528

screen-printed carbon platinized
electrode (SPCPtE) 528

screen-printed electrode (SPE) 102
screen-printing process 766
seawater

detection of other chemicals in 728
nitrate analysis 728
nitrite analysis 728

sedimentation 369, 373
selective catalytic reduction (SCR) 53

activities 53, 54
catalyst 53
system 40
technology 53

selectivities 557, 722
colorimetric sensing 555

selenium (Se) nanoparticles 519
selenium particle (SeP) 529
self-assembled nanoparticle chains 490
semiconductors 211, 244, 254, 658,

762, 774
for heterogeneous

photocatalysis 244
heterojunctions 256
heterostructures 244
hybrid 245
mediated photocatalytic

decomposition, of organic
contaminants 653

nanocomposites 244
oxide 477
photocatalysts 653
photosensitization of 218
quantum dots 591
surface, generalized possible reactions

occurring 653
Se nanoparticles 519
sensing ability 552
sensing/monitoring methods 298

in petroleum industries 446
sensors 722

for gases 532
for heavy metals 525
for pesticides 530

Se oxyions 519
sequestration 153
sericin anionic nanoparticles 791
sewage 353
Shewanella oneidensis MR-1 703
Shockley-Queissar limit 719
Si adatoms 24
Si atoms 27
Si-based semiconductor systems 19
Si-based solar cells 726
Si��C interaction 25
Si-F compound 20
silanes 333
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silica-based materials 323
silica-based nanomaterials 321

functionalization and
applications 320

silica gel 661
silica materials 786
silica nanoparticles 398, 740
silicate 728
silicone rubber membrane 365
silicon oxide (SiO2) nanorods 519
silt pollution index 368
silver-based photocatalysts 222
silver-based semiconductors 307
silver nanoparticles (AgNPs) 393, 398,

535, 545, 791
assembled nanospheres 483
dimers’ hot spot 489

silver orthophosphate (Ag3PO4) 254
silver (I) oxide 222
silver-PEGylated dendrimer
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silver sol 498
silylation process 324
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STM images of 22
single-junction inorganic (Si) solar
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single-walled carbon nanotube

(SWCNT) 74, 174, 300, 523,
599, 603, 606, 720, 785

for inorganic molecule analysis,
electrochemical applications
of 93

peptide-functionalized sensor 130
spectroscopic applications, for

ananlysis of organic
molecules 104

single-walled nanotube (SWNT) 718,
807

oxidized 718
SiO2/gold nanoparticles 493
Si substrate 533
Si surface 27, 35
Si(111)-7× 7 surface C3-C60F36

fluorofulerene molecules 33
small unilamellar vesicle (SUV) 807

smart packaging 781
smoke particles 423
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SnO2 NP-modified nitrogen-doped
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SnS2/CPVA nanocomposite 267
sodium 391, 419
sodium azide 415
sodium borohydride 135
sodium dodecylbenzene sulfonate
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sodium dodecyl sulfate 402
functionalized graphene oxide 131

sodium hydrosulfite 136
sodium nitrate 415
sodium silicate (Na2SiO3) 740
soil carbon 154
soil contaminations 153
soil erosion 294
soil pH 154
soil structure 154
Solanum lycopersicum 746
solar cells 293
applications 220
based on quantum dots (QD solar

cells) 719
solar energy 660, 698, 775
for Cr(VI) 243
for hydrogen production 775
induced evaporization 81
in photovoltaic technology 774
utilization 323

solar light irradiation 263, 658
solar-thermal systems 774
sol–gel-assisted electrospinning 225
sol–gel hydrothermal

electrospinning 225
sol–gel method 225, 234, 692, 740,

768
steps involved in sol-gel 768

aging 769
casting 769
densification 769
drying 769
gelation 769
mixing 769

of synthesis 226, 768
solid fibers 584
solid fuel 419
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solid lipid nanoparticles 784, 790, 791
solid–liquid separation 366
solid phase effluents 649
solid-phase extraction (SPE) 481, 584,

723
solid polymer electrolyte (SPE) 776
solid propellants 413

rocket 414
solid-state pyrolysis 77
solvothermal synthesis 235, 769

chemical factors 769
thermodynamical factors 770

sonication 79, 221
sonoelectrochemistry 770
sonolysis 651
soot catalyst conditions 47
soot conversion 47
sorbent materials 725
sorbents 722
sorption 675
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soybeans 191
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specific chromophoric reagents 524
specific surface area (SSA) 191
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spherical Ag colloidal superstructures

self-assembly of Ag NPs 497
spherical Fe3O4/BC
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spinel cobalt (II) oxide (Co3O4) 454
spinels (AB2O4) metal oxides 534
square wave anodic stripping

voltammetry (SWASV) 90,
96, 526

nanoceria plant nanobionics 176
square wave voltammetry (SWV) 90,

523
stable grouping 423
π–π stacking 609
stainless steel 661
Staphylococcus aureus 779
Staphylococcus currens 808
Star-shaped ZnO/Ag hybrid

nanostructures 248

steric exclusion 333
sterilization 392
Stokes relaxation time 425
Stone–Wales (or 7-5-5-7) defect

on CNT sidewall 602
Streptococcus thermophilus 517
structure-specific magnetic

nanocrystals 694
4-styrenesulfonate anion-intercalated

MgAl LDH 611
succinimidyl ester 605
sulfanilic acid 728
sulfapyridine solvate 592
sulfasalazine 218
sulfate 42
sulfide (S2�) 557
sulfonated nanocellulose,

preparation 588
sulfonated NC dispersions 587
sulfonation 332
sulfonic acid 587
sulfonylurea 99
sunlight irradiation 256
sun protection factor (SPF) 791
supercapacitors 719, 720, 777
supercritical CO2 and TiO2

nanoparticles into polymeric
host, direct
impregnation 690

superhydrophobic sponges, with
oleophilic properties 589

superoxide anion radical (O2•-) 45,
530, 548

superoxide anions (•O2
�) 303

superparamagnetic composite 132
GO-Fe3O4 137

superparamagnetism 599
superwetting materials 724
supramolecular techniques 140
surface copolymerization 480
surface-enhanced Raman scattering

(SERS) 218, 474, 477, 480,
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detection 480
of environmental pollutants 479

hot spot 482
structures, development trend

of 483
surface interception 358
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surface modification 480, 722, 827
surface plasmon model 483
surface plasmon resonance (SPR) 223,

245, 476, 550, 599
effect 218

surface relaxation 40
surface thermodynamics 240
surface water 293
surfactants 333, 725, 739, 767

Triton X-114 mixed
hemimicelles 96

suspended solids 71
materials 391
pollutants 354
sediment particles 423

suspension quality 419
sustainable electricity storage 776

batteries 776
sustainable environment

greener approach 20, 805
sweep gas membrane distillation

(SGMD) 362
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swelling index (SI) 673
synthetic hydrocarbons 413
synthetic polymers 654, 693
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tartrazine, degradation rate 224
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temperature–time conditions 239
TEMPO radical 583, 590
Tenax TA 141
tensile strength 692
ternary metal oxides 229

photocatalysts 224
ternary Pt-graphene/TiO2

nanocomposites 629
tetra-n-butyl titanate 399
tetrachloroaurric (HAuCl4)

solution 551
tetracycline 137, 199, 200, 300
tetracycline adsorption

on GS0 and GS6, influence of
pH 204

influence of pH 204
tetracycline hydrochloride (TCH) 303
tetraethoxysilane 399
tetraethylenepentamine 323, 397, 398

tetraethylorthosilicate
(Si(OC2H5)4) 740

tetramethyl bisphenol A 397
tetrathiafulvalene (TTF) 528
textile wastewater process 369, 370
theoretical efficiency 775
thermal aging 60
thermal conductivity 130
thermal decomposition 79
thermal diffusion saturation 416
thermal evaporation 373
thermal exfoliation unzipping

CNTs 457
thermal reduction of GO 230
thermal remediation 778
thermal stability 47
thermal UV irradiation 79
thermal vaporization 81
thermodynamics 94, 129, 134, 135
isotherm 138
parameters 133

Thermomonospora sp. 809
T-Hg-T base pair 526, 552
thin-film composite coating (TFC) 301
thiocholine (TCh) 532
thiolation of CNTs, by modification of

carboxylated tubes 326
thiol-functionalized chitosan

(CS-SH) 92
thiol-functionalized nanophotocatalyst

(3-mercaptopropyltrie
thoxysilane) MPTES/
TiO2 333

thiol group 336
thiophenol-modified Ag-Al2O3
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thiosulfate 524
three-dimensional-graphene oxide

(3D RGO) hydrogel 132
three-dimensional structure 489
three-way catalyst (TWC) 39, 48
thymine-1-acetic acid (T-COOH) 336
Ti-Al-B alloys 416
Ti4+ cation 242
Tigriopus japonicas 745
tin dioxide (SnO2) 452
TiO6 octahedra in anatase and

rutile 238
TiO thin films 216
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titania 371, 774
based materials 225, 417
based photocatalyst 221
based systems 775
film 527
mesoporosity 527
mixed oxide 81
nanoparticles 776
photocatalysts 238
production 776

titanium dioxide (TiO2) 245, 653
heterojunctions 222
nanoparticles 393, 398, 813

titanium isopropoxide 232
titanium nanocomposites

(PTh/Sn-TiO2) 217
titanium oxide (TiO2) 450, 791

based composites 222
based photocatalysts 654
cellulose acetate (TCA) film 668
chitosan photosystem 666
chitosan ratios 666
lattice 242
matrix 221
mediated heterogeneous

photocatalysis
technology 675

nanoparticles 75, 519, 607, 689
aggregates 669
with Ru/Rh NPs 249
TEM image of 76

nanowire (TiO2NW) 108
gas sensor, SEM image of 451

oxidized CS-ECH system 673
PCL composite 669
photocatalysis principle 653
polymorphs 239
possesses 303
powders 661
precursors 661
support 53
synthesis methods, and effect on

sensor properties 452
titanium precursor 232
titanium tetraisopropoxide 237
Tobacco mosaic virus (TMV) 519
tocopherol 791
toluene 138, 532, 533, 615
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MWCNTs, surface functionalities
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tortoise-shaped flattened C60F18
fluorofullerene 21

total dissolved solid 369
total energies 24

density 414
total organic carbon (TOC) 651
total pore volume

of GS0, GS1, GS4, and GS8 199
total suspended solid 369
toxicants 543, 544
toxic contaminants 698
toxic gases 138, 445, 461

detection 445
offline analysis of 445

toxicity 141, 155, 180, 544, 742
heavy metals 527

trace environmental pollutants 473
trajectories 428, 433
transducer 718
transition metals 45, 322

doping process 224
transition nanometals 301
transition temperatures 239
transmembrane pressure (TMP) 371,

402, 403
transmission electron microscopy

(TEM) 155, 396, 523, 550
micrographs of ceria powders

synthesized 77
transparent conductors 224
transportation 761

ability 738, 827
treatment processes 71
treatments plants stages

primary treatment 72
secondary treatment 72
tertiary treatment 72

1,2,4-trichlorobenzene(TCB) 138
2,4,6-trichlorophenol (TCP) 138
triclosan (5-chloro-2-(2,4-

dichlorophenoxy)
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Tridax procubans 559
triethoxyfluorosilane 324
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trihalomethane 99, 403
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trimesoyl chloride 397
N-(trimethoxysilylpropyl)

ethylenediamine triacetic acid
(EDTA-silane) 626

1,3,6-trinitropyrene (TNP) 221
2,4,6-trinitrotoluene (TNT) 556
trioctylphosphine 333
TTX degradation, effect of pH

concentration 219
tungstate 307
tungsten oxide (WO3) 454
tunneling conductivity 30, 34
Tyndall effect 550
tyrosinase 528, 555
tyrosine 548
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ultracapacitors 719
ultrafiltration 354, 358, 373, 391
ultrafine aluminum 421
ultralarge ZnO macroflower 224
ultralight graphene oxide 299
ultrasensitive detection 482
ultrasensitive SERS hot spot 484
ultrasonication 230, 300
ultrasonic impregnation 220
ultrathin leaf-like nanobelts 224
ultraviolet

A/vis radiation 301
disinfection 298
filters 790
illumination 238
irradiation 79, 257, 805
light emitting devices 224
radiation 72
responsive semiconductor 249
UV–visible diffuse reflectance

spectrum (UV–vis DRS) 244
vis absorption spectra 108, 218
visible spectrophotometry 523
visible spectroscopy (UV–vis) 420,

550, 550, 552, 559
umbilical cord 3
uncatalyzed soot samples 46
United States Environmental Protection

Agency (US EPA) 402,
543

unmodified chitosan 671
uranium 723
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vacuum conditions 445
vacuum evaporative crystallization

(VEC) 369
vacuum membrane distillation

(VMD) 362
valence band (VB) 652
validation 427
vanadates 307
vanadium(V) 587
van der Waals bonds 602
van der Waals forces 20, 300
van der Waals interactions 129, 136
vaporization 79
vapor viscosity 362
vegetable proteins 191
vermiculite 613
Verticillium luteoalbum 809
vibrating sample magnetometer

(VSM) 95
Vibrio cholerae 559, 809
viscoelastic properties 527
visible light irradiation 224, 244, 256
volatile organic compound (VOC) 138,

220, 304, 621, 722, 737
voltammetry 523
Volvariella volvacea 810
V2O5-WO3/TiO2 catalysts 53
VWTi catalysts 53
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wallastonite 613
waste laboratory reagents 294
wastewaters 353, 371, 372, 391, 560,
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containing phenolics 670
discharge 543
inorganic pollutants, ground/

surface 400
oily, paint industry 371
organic 353, 369, 400
photocatalytic purification of 705
production 391
purification, significance of

nanotechnology for 72
remediation 550, 685

detection of aromatic
compounds 555

detection of dyes 558
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wastewaters (continued )
detection of heavy metal ions 550
detection of inorganic

pollutants 556
detection of

organophosphates 557
detection of toxins 558

sludge biochar 166
treatment methods 71, 354, 366,

371, 374, 649
applications of membrane process

for 366
biological treatment 650
chemical methods 651
novel devices for 374
physical treatment

techniques 651
semiconductor-mediated

photocatalytic oxidation
mechanisms 652

water absorption 420
water–CNT interface 629
water conduction 154
water contaminations 135, 550, 698
water decontamination 300
water electrolysis 775
water eutrophication 369
water filtration 392

membranes 667
water-insoluble cross-linked

networks 671
water permeation 132, 332
water–photocatalyst interaction 661
water pollution 127, 153, 724, 777

treatment 777
water purification system 580, 687,

698
water quality 367, 372
water reclamation 722
water recycling technologies 650
water retention capacity 154
water-soluble carbon dot (wsCD) 179
water-soluble carbon nanoonions 178
water-soluble carbon nanoparticle

(wsCNP) 165
treated wheat plant 168

water-soluble carbon nanotubes 176
water-soluble metal salts 768
water-soluble versions 154

water splitting photoelectrochemical
cells 726

water treatment, application 400
wave configuration 422
weak grouping 423
wearable sensors 523, 717
WO3-CuWO4 mixed composite 307
World Health Organization

(WHO) 686
WTi catalysts 53
wurtzite zinc-gallium oxynitrides

(ZnGaNO) particles 233
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Xanthoceras Sorbifola 553
xenobiotic 664

substances 670
Xenopus laevis 744
X-ray diffraction (XRD) 47, 94, 550

of Cr-TiO2, Fe-TiO2, and
V-TiO2 242

of gold nanostars 485
spectra of GS0 and GS6 196
of TiO2 thin film 451

X-ray photoelectron spectroscopy 523
xylene 105, 532, 533

isomers 141
o-xylene 105

z
zearalenone 558
zeolites 55, 128, 393, 615, 661, 776

framework 323
zero-dimensional structure 485
zero-emission vehicles 776
zero-valent iron nanoparticles

(nZVI) 812
NaBH4 system 301

zero-valent metals like iron (ZVI) 778
zero-valent nanocopper-loaded

TiO2 301
zeta potential measurements 90, 399
zinc oxide (ZnO) 224, 305, 452

AgI/Ag2CO3 nanocomposites 263
Ag3VO4/Fe3O4 nanocomposite 255
based photocatalyst 224
crystals 224, 231
GO/ZnO. PL emission 246
lattice 224
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material 336
nanocapsules 108
nanocrystals 245
nanoparticles 77, 231, 304, 398, 517,

518, 744, 791
nanostructures 77, 224

prepared with zinc acetate SEM
images of 78

nanowires 231
sensor properties of 453

oxygen-doped g-C3N4 225
particles 225
physical properties 224
thin film 245
ZnGaNO composite 233
ZnGaNO heterostructure 234

ZnGaNO particles 234
zirconia 371, 791
doped ceria catalysts 46

zirconium-hydroxide/graphene
composites 139

ZnCl2 solution 234
ZnFe2O4/graphene 251
ZnFe2O4 nanoparticles 234
Zn/Ga/CO3

nitridation of 233
ZnGaNO/ZnGa2O4 composite 233
Zn+2 ions 779
ZnS-CdS-Zn1–xCdxS

heterostructures 252
ZnWO4/graphene hybrid

materials 629
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