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Lowest unoccupied molecular orbital

(LUMO), 138
Luryi’s quantum capacitance, 14

M

Magneto-transport, 12,
see also Graphene

Maleic anhydride, 23
Mechanical exfoliation, 24

dry ball milling, 27
fluid dynamics, 27
micromechanical cleavage, 24
pressure-driven fluid dynamics, 28
vortex fluidic film, 28

Metallic carbon nanotubes, 310
Metal matrix composites (MMC), 458
Metal oxide semiconductor (MOS), 772
Michel-Levy interference color chart, 359
Microemulsion, 611
Micromechanical cleavage, 24
Mirror twin boundaries (MTB), 145
Molecular beam epitaxy (MBE), 131, 614
Monolayer graphene, 19
Mono vacancies, in graphene, 49
Morphology characterization, of graphene, 90
Multilinear regression (MLR) model, 516,

521
Multiple exciton generation (MEG), 771
Multiple walled carbon nanotubes

(MWCNT), 369, 445

N

Nanocrystals
classification, 581
hierarchical, 581
one-dimensional, 581
two-dimensional, 581

Nanographene, 47
Nanomaterials, 173, 174f, 579

line defects, 579
point defects, 579

Nanoparticles, 55
modified carbon nanotubes, 291,

see also (Carbon nanotubes (CNT))
Nanostructured materials, 582
Nanotube, 251

applications, 483
arc discharge processing, 253, 256
ball milling, 252
biomedical, 486
catalytic deposition, 269
chemical purification, 271
chemical vapor deposition, 257, 258, 259,

260
classification, 445
conventional pyrolysis, 270
direct melt mixing, 560
electrochemical processing, 266, 268
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energy storage, 484
environmental application, 489
fabrication parameters, 558
fabrication strategies, 560
functional chemical groups, 422
functionalization process, 421
gas filtration, 489
heat treatment, 270
heavy metal ions removal, 491
laser ablation, 261, 262, 265
melt mixed process, 560
membrane separation, 492
multistep purification, 272
oil–water separation, 490
physical purification, 272
polymer composite, 558
properties, 482
purification, 271
sensors, 488
in situ catalysis, 270
solar cell, 488
solar processing, 269
surface modification, 562
unit cell, 446
water desalination, 489

Natural deep eutectic solvents
(NADES), 423

N-doped graphene quantum dots, 182
Nearest neighbor tight binding

(NNTB), 233
Noncovalent functionalization, 55,

see also Graphene
Nonequilibrium Arora’s distribution function

(NEADF), 8
Nonlinear density functional theory

(NLDFT), 70
Nonlinear regression, 516
Nonlinear regression model, 521
Nonthermal plasma synthesis, 777,

see also Quantum dot (QD)

O

Oil and water purification, 204,
see also Biomass-derived graphene

Optoelectronic devices, 878,
see also Quantum dot (QD)

Organic light-emitting diodes (OLED), 919
Ortho-dichlorobenzene (ODCB), 135
Oxygen reduction reaction (ORR), 203

P

Parallelogram, 45
Partially fluorinated graphene (PFG), 215
Perovskite-based quantum dot, 909
Phase transfer method, 669
Photolithography, 780,

see also Quantum dot (QD)
Photoluminescence (PL) spectroscopy, 717
Photoluminescent quantum yield (PLQY),

904
Photothermal therapy (PTT), 161
Physical purification, of nanotubes. See also

Nanotubes, 272
Physical vapor deposition, 615
Plasma-enhanced chemical vapor deposition

(PECVD), 177, 194, 450
Polymer-assisted graphene ink, 112
Polymer electrolyte membrane (PEM) fuel

cell, 221
Polymer solar cells (PSC), 163
Polyvinylpyrrolidone (PVP), 216
Porous graphene-like nanosheets (PGNS),

197
Portland cement, 497
Pressure blister test, 108
Pristine graphene inks, 111
Pseudocapacitors, 485
Pseudospin, 47
Purification

chemical, 271
of nanotubes. See also (Nanotubes), 271
physical, 272

Q

Quantum confined structures, 589
Quantum confinement effect (QCE), 903
Quantum dot (QD), 155, 599, 632, 687, 709,

727, 803, 837
active targeting, 821
allergy and antigen sensor, 831
alloyed, 158, 732, 758
applications, 819
aquatic invertebrates, 844, 845
arc discharge, 739
assemblies electrochemically, 620
bacteria and microorganisms, 850
bacterial identification, 831
band gap energy, 806
bioassays, 806



940 Index

in bioimaging applications, 893
biological synthesis, 619
in biomedical, 809
biosensing, 827
bonding nature of ligands, 671
bottom-up approach, 607, 744
cadmium selenide, 677
cancer detection and treatment, 822, 830
capping, 668
carbon, 733, 916
As carriers, 820
Cd alloys, 638
chalcogenides, 642
characterization and analysis, 752
chemical ablation, 743
chemical bonds, 672
chemical classification, 667
chemical composition, 165
chemical reactions, 676
chemical stability, 673
chemical vapor deposition, 616, 751
classifications, 730
clinical use, 830
cluster-seed technique, 620
colloidal synthesis, 777
color filters, 906
comelting, 869
composition determination, 719
computational method, 633
concentration, 819
coordination, 666
coordination number, 670
core, 730
core shell, 731
core-shell, 665, 664, 755, 808
core-type, 156, 755
CQD, 813, 814
crystalline solar cell, 786
degradation, 856
delivering drugs, 830
development sector incorporating bulk, 793
different particles tracking, 829
display technologies, 903, 904
drug delivery, 831
drug distribution, 825
dynamic light scattering, 714
effect of ligands, 673
electrical properties, 736
electrochemical, 740

electron beam lithography, 599
electron diffraction spectroscopy, 719
embedded glass ceramics, 868, 875
emissive displays, 906
enhancement film, 904
environmental degradation, 843
environment effect, 674
etching technique, 604
experimental techniques, 634
fabrication methods, 868
fabrications of device, 772
family for displays, 908
femtosecond laser beam method, 874
focused ion beam, 602
forms, 164
future perspectives, 760
gallium arsenide, 677
gene therapy, 827
genotoxicity, 840
gold, 812
greener approaches, 620
heavy metal-free, 914
human health, 853
hydrothermal/solvothermal, 745
hydrothermal treatment, 618
imaging in vitro, 823
ingestion, 855
inhalation, 853
inorganic group II-VI and III–V, 908
ionic strength, 676
ion-implantation method, 874
kinetic properties, 677
labeling of fungi, 832
labeling the cells, 829
large-scale production, 777
laser ablation, 740
ligand interface bonding, 671
light emitting diodes, 878
luminescence behavior, 875
metallic materials, 810
microbial food chain, 852
microemulsion process, 610
microwaves synthesis, 745
minimizing the toxicity, 891
molecular absorber solar cell, 789
molecular beam epitaxy, 614
NIR, 812
nonlinear optical property, 877
nonthermal plasma synthesis, 777
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nontoxic, 819, 833
optical characteristics, 817
optical characterization techniques, 715
optical properties, 737
optoelectronic devices, 878
optoelectronic properties, 781
oxidation, 672
parenteral administration, 855
parts, 158
and PDT, 829
perovskite-based, 909
in pharmaceuticals, 828
pH effect, 674
photolithography, 780
photoluminescence spectroscopy, 717
photovoltaic technology, 784
physical vapor deposition, 615, 748
plants, 846
policies and public issues, 894
principle, 156
Q dots, 815
quantum confinement effect, 738
radio-opacity and paramagnetic, 893
Raman spectroscopic technique, 717
redox chemistry, 673
risks and ecotoxicology, 889
scanning electron microscopy, 712
semiconductor QDs II–VI, 808
semiconductors, 806
sensor, 879
shell structure, 665
Si element, 635
silver, 810
simulated, 795
size, 819
size determination techniques, 711
size effect, 735
skin penetration, 854
solar cells, 880
sol-gel, 607, 748, 871
solvothermal synthesis, 777
solvothermal treatment, 618
stability, 878
structural characterization techniques, 709
supplementary characterization techniques,

721
surface chemistry, 666
surface ligands, 667, 669
surface modification, 917

synthesis and creation, 739
synthesis processes, 618
system for imaging, 829
systemic toxicity, 842
thermal decomposition process, 613
thermal properties, 593
thermodynamic properties, 677
thin film solar cell, 786
tissue engineering, 830
top-down approaches, 599, 739
toxicity, 678, 818, 824, 833, 838, 839, 888
transmission electron microscopy, 711
ultrasonic or microwave irradiation, 618
ultraviolet-visible absorbance

spectroscopy, 715
uncertainty around, 892
vapor-phase methods, 613
wet-chemical methods, 607
X-ray diffraction, 709
X-ray photoelectron spectroscopy, 719
Zn-PbI2 alloy, 647
ZnS compound, 654

Quantum dots
color filters, 906
enhancement film, 904
LED displays, 906

Quantum electrochemical potential, 14,
see also Graphene

R

Raman and photoluminescence spectroscopy,
388

Raman spectroscopy, 58, 67, 71
of graphene-like materials, 195
technique, 717

Reduced graphene oxide (RGO), 30, 44, 90,
189

S

Salt-based method, 191
Scanning electron microscopy (SEM), 90,

712
graphene, 91
images, 195

Scanning tunneling microscopy (STM), 90,
93

Screen printing, 115
Selected area diffraction pattern (SADP), 95,

98
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Shear exfoliation techniques, 23,
see also Graphene

Silanization, 288
Silicon carbide, 31, 469
Single-layer graphene (SLG), 44
Single-layer graphene nanoribbons

(SLGNR), 318
electronic properties, 324
structural properties, 319

Single-walled carbon nanotubes (SWCNT),
281, 318, 369, 458

chirality values, 319
electronic properties, 324
and MWCNT, 282
structural properties, 319

Sodium ion batteries (SIB), 216
Solar cells, 180, 488
Solar processing. See also Nanotubes, 269
Solid, electronic properties, 583

density of states, 583, 585, 587, 588
size-dependent emission, 590
white light-emitting CdSe quantum dots,

591
Solid-state ball milling, 27
Solvothermal synthesis, 777,

see also Quantum dot (QD)
Solvothermal treatment, 618
Sonication, 21,

see also Graphene
Specific surface area (SSA), 69, 196
Spherical fullerene, 361
Spray coating, 116
Stone–Wales (SW) defect, 49
Strain sensors, 120
Supercapacitors, 202

graphene, 210
and graphene, 79

Surface charge transfer doping (SCTD), 127,
138

in devices, 141
early exploration, 139

Surface energy, 582
Surface-enhanced Raman scattering (SERS),

55
Surface silanization, 669

T

Tafel reaction, 549

Template-based confinement, 193
Tetracyanoquinodimethane, 139
Tetrathiofulvalene, 139
Theory of electric arc discharge, 452
Titanium oxide nanotubes, 462

fabrication, 463
mechanical properties, 463

Topography characterization, of graphene,
100

atomic force microscopy, 100
Total color difference (TCD) method, 58
Transition metal dichalcogenides (TMDC),

127, 546
applications, 546
basics, 546
crystal structure, 548
electrochemistry, 548
modifications of CNT, 549
physical properties, 548

Transmission electron microscopy (TEM),
49, 67, 78, 90, 94, 195, 342, 711

Two dimensional (2D) materials
chemical doping, 127
covalent functionalization, 135
defect engineering, 143
extrinsic defects, 146
inorganic functionalization, 127
interface engineering, 131
line defects, 145
molecular functionalization, 135
phase transition, 133
point defects, 143
surface charge transfer doping, 138

U

Ultra-high vacuum (UHV), 100
Ultraviolet-Visible (UV-Vis) spectroscopy,

59, 67, 74
absorbance, 715

V

Valence band maximum (VBM), 138, 324,
636

Van der Waals (vdW) interaction, 55
Van Hove singularities, 390
Vapor-grown carbon fiber (VGCF), 448
Volmer reaction, 549
Vortex fluidic film, 28,

see also Graphene
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W

Wet-chemical methods, 607
microemulsion process, 610
sol–gel process, 607
thermal decomposition process, 613

Wet etching method, 605

X

X-ray adsorption spectra (XAS), 146

X-ray diffraction (XRD), 68, 98, 709,
see also Graphene

spectroscopy, 59
X-ray magnetic circular dichroism (XMCD),

131
X-ray photoelectron spectroscopy (XPS), 67,

74, 196, 719
X-ray powder diffractometer (XRD), 67
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