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aminopropyltriethoxysilane 255
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– Li-ion batteries 412
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biofuel cells 314
biological chemical conversion method 340
biomass energy
– biological chemical conversion method

340
– direct combustion 340
– plants and animals 340
– pollution-free energy source 340
– thermal chemical conversion 340
Bragg’s law 22
Brodie method 250

c
carbon aerogels 174
carbon allotropes 350
carbon black (CB) composites 153, 179
carbon coated graphene (GSNC) 92
carbon dioxide, photocatalytic reduction 285
carbon material composites, graphene
– carbon black (CB) 153
– carbon nanotubes (CNT) 153
– mesoporous carbon spheres (MCS) 154
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– applications 372
– electron transfer resistance 371
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carbon nanotubes (CNTs) (contd.)
– redox mediators 371
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carbon nanowires (CNWs) 174
carbon/oxygen ratio (C/O ratio) 87
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– Li-ion battery 414
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– transition metals 413
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characterization of graphene
– AFM 14
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– Raman spectroscopy 23
– SEM 16
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– XRD 21
charge transport layer
– ETL, see electron transport layer (ETL)
– HTL, see hole transport layer (HTL)
chemical approaches, graphene synthesis 379

chemical vapor deposition (CVD) 1, 3, 4,
148, 175, 281, 358

chemically modified graphene (CMG)
– CV plots 126
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– TEM image 126
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composite material, GO
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11–13
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163
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159
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– PANI nanowires 162, 163
– PANI-graphene composites 159
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– PANI/rGO nanocomposite 161, 164
conduction band (CB) 277
conductive electrodes
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shell nanostructures 322
cubic nanostructures 326
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cyclic voltammetric analysis 373

d
2D flexible anode materials
– chemical deposition/hydrothermal reaction

70
– Co3O4 nanosheets/GS film 72
– Coulombic efficiency 69
– CVD 69
– Fe3O4 nanospindles/GS film 71, 72
– holey graphene paper 67, 68
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– SnO2 nanoparticles/GS paper 71
2D flexible cathode materials
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76
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– CO2 directl and indirect dehydration route

313
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– advantages 310, 312
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– LSV curve 312
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– ORR process 311
– polymer membranes 313
– Pt-based catalysts 311
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double-layer capacitance, graphene
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179
– electrodes 177, 180
– reduction of graphene oxide 176
dual-chamber MFC 342, 343
dye-sensitized solar cells (DSSCs)
– electrical conductivity 409
– electron mobility network 415
– electron transport enhancement 415
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– hybrid materials development 415
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416
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– visible light irradiation 416

e
electrical double layer capacitors (EDLCs)
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electrochemical capacitors (ECs)
– EDLCs 174
– fundamentals 172
– hybrid ECs 174
– pseudocapacitive materials 174
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– Ragone plot 172
electrochemical method 358
electrochemical sensing 418
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(ERGO)/PANI composite 132, 375

electrode materials, graphene capacitors
– double-layer capacitance 176
– pseudocapacitive composite materials 183
electron transport layer (ETL) 395, 398, 399
energy resources
– biomass 339
– electricity 340
– environmental pollution 339
– fire 339
– human society 339
environmental remediation
– organic dyes, photodegradation 287
– water disinfection 287
epitaxial growth 148
equivalent series resistance (ESR) 174
exfoliation, graphene
– description 1
– mechanical cleavage 3, 4

f
fabrication graphene oxide (GO) 420
Faradaic mechanism 174
FePt/rGO nanostructures 331
field-emission scanning electron microscopy
(FESEM) 256

fluorine tin oxide (FTO) electrode 117
fossil fuels, industrialization and economic
growth 339

FSPd/GN synthesis 330
fuel cells (FC)
– anodic oxidation/cathodic reduction

reactions 333
– carbon-based materials 114
– carbon nanotube-based supports 315
– classification 308
– DAFCs and biofuel cells 314
– DFAFCs 313
– DMFCs 313
– electrocatalysts 315
– electrochemical redox reactions 333
– high-temperature 308
– hydrogen storage materials 115
– metal alloy nano-composites 315
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– metal nanoparticles 315
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– nitrogen-doped graphene 114, 116
– Pd NPs 318, 319
– PEMFCs 309, 310
– preparation methods 315
– PtRu NPs 317, 318
– treatment modes 308
– types of 308
full width at half maximum (FWHM) 21, 24
fullerenes 174
functionalization of graphene oxide (FrGO)
417

g
G-metal oxide nanocomposites 130
gas-phase synthesis 1
GNR, see graphene nanoribbon (GNR)
GNS, see graphene nanosheets (GNS)
GO-TiO2 nanorod composites 258
graphene
– carbon material composites 153
– characterization 2, 12
– CNTs 295
– disadvantages 295
– 2D of sp2-hybridized carbon atoms 171
– EDLCs devices 123
– efficiency 241
– electroactive species 123
– energy 215
– environmental and energy applications 267
– faradic process 123
– fields 216
– GO and rGO, see graphene oxide (GO)
– graphitic carbon forms 171, 172, 296
– heterogeneous electronic structure 250
– high-performance energy 304
– human beings 215
– hydrogen production 241
– hydrogen storage technologies 295
– issues 137
– light absorber and electrocatalyst 215
– mesopore and macropore structures 124
– metal oxides composites 154
– metal oxides-conducting polymer

composites 158, 164
– mixed colloid photocatalytic systems, see

mixed colloid photocatalytic systems
– molecular hydrogen storage, see hydrogen

storage
– optical property modification 25
– optoelectric application 39
– photocatalysis, see photocatalysis

– photocatalytic applications, see
photocatalytic applications

– photoelectrochemical cells, see
photoelectrochemical cells

– photoelectrons 249
– photovoltaic/electrolyzer devices, see

photovoltaic/electrolyzer devices
– polymer composites, see polymer

composites
– potential dopants 304
– properties 171
– semiconductor photocatalysts, see

semiconductor photocatalysts
– sluggish kinetics, hydrogen/oxygen 216
– solar-driven water-splitting devices, see

solar-driven water-splitting devices
– sp2 carbon atoms 249, 277
– specific power vs. energy 124
– specific surface area 123
– supercapacitors, see supercapacitors
– superior properties 296
– synthesis 1, 267
– TiO2 composite photocatalysts 278
– various fields 296
– water upon semiconductors 215
graphene nanoribbon (GNR) 87
graphene nanosheets (GNS) 85, 96
graphene oxide (GO)
– absorption spectra 27
– diffraction rings 17
– EELS spectrum 17, 19
– oxygen plasma treatment 32
– PL spectra 35
– properties 253
– Raman spectra 26
– reduction 1
– SAED pattern 17, 18
– synthesis 252
– TEMmeasurements 16, 18
– thermal annealing 22, 25
graphene oxide nanoribbons (GONRs) 361
graphene quantum dot (GQD)
– cathode buffer additive 409
– electron transfer capability 410
– hole blocking 410
– photonic and electric properties 409
graphene sheets (GS) 94
graphene synthesis methods
– chemical exfoliation method 149
– chemical vapor deposition (CVD) 150, 151
– electrochemical capacitor performance

147, 148
– graphene oxide (GO) chemical structure,

149
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– liquid-phase exfoliation 149
– mechanical exfoliation 148
– reduced graphene oxides (rGO) 149
graphene, sensitizer
– doping 407
– electronic devices 407
– energy devices applications 410
– intrinsic optical absorption 407
– lithium-ion batteries 407
– supercapacitors 408
graphene-activated carbon (GAC) composite.
178

graphene-based anode materials, LIBs
– composites 56
– graphite, 3D network 54
– heteroatomic doping 55
– Irreversible/reversible Li storage 55
– Li2C6 intercalation mechanism 55
– lithium adsorption 54
– metal oxides composites 62
– oxygen-containing functional groups or

heteroatoms sites 54
– Si/Sn composites 58
– transport mechanism in disordered carbon

54
– van der Waals forces 56
graphene-based cathode materials, LIBs
– LiFePO4 52
– LiMn0.75Fe0.25PO4 nanorods 52
– LiMPO4 51
– V2O5 52
graphene-based electrodes, supercapacitors
– EDLC materials 151
– electrochemical capacitors 152
– flexible supercapacitors 152
– microwave exfoliated GO (MEGO) 152
– N-doped graphene sheets (NGS) 152
– rGO electrodes 151
graphene-based energy devices
– fuel cells 114
– Li-ion batteries 85
– Li-sulfur batteries 111
– solar cells 116
– supercapacitors 105
graphene-based materials
– anode electrodes, MFCs 357
– electrochemical applications 356
– microbial fuel cell 356
– optimal material 367
– small-scale reactors 367
graphene-based MFC
– carbon nanotubes 348
– cathode 350
– electricity generation 349

– electrode resistance 348
– proton membrane 350
graphene-based supercapacitors
– energy-related applications 408
– platinum catalysts 408
– rGO electrodes 153
– supercapacitor device 408
graphene-single-walled carbon nanotubes
375

graphene-supported metal nanostructures
– alloy metal nanoparticles 321
– application fields 308
– BPtNW/RGO hybrids at magnifications

328
– chemical and physical advantages 307
– shell nanostructures 322, 323
– cubic nanostructures 325–327
– 2D/3D nanostructures 333
– 3D Fe3O4/N-GAs catalyst 334
– electrical energy 307
– and FC, see fuel cells (FC)
– Fermi level difference 308
– flower-like nanostructures 330, 331
– graphene-based nanocatalysts 308
– high resolution TEMmicrographs 323,

324
– hollow nanostructures 324
– inorganic metals/metal oxides 307
– nanoclusters 317
– nanodendrites 332
– nanowires and nanorods 329
– potential energy source 307
– TP-BNGN 332
graphene/g-C3N4 composites 264
graphene–CdS/TaON system 231

h
Helmholtz double layer 174
heterotrophic MFC 344
hexagonal boron nitride (h-BN) 3
hexylamine-modified graphene 8
highest occupied molecular orbital (HOMO)
23, 30

highly ordered pyrolytic graphite (HOPG) 3
hole transport layer (HTL)
– AFM topography, GO 396
– anode interfacial layer 393
– charge transfer interactions 393
– device configuration, inverted

PSCs 393
– hole extraction property, GO 393
– photovoltaic device structure 392
– polymer solar cells (PSCs) 390
– PSS-based PSCs 395
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hole transport layer (HTL) (contd.)
– solution-processed conventional rGO 393
– surface C –C dipoles 391
holey graphene (HG) 93, 94
hollow nanostructures 324
Holm’s theory 410
hot filament chemical vapor deposition
(HFCVD) 409

humidity degradation testing 397
Hummer’s method 7, 175, 366, 415
hybrid electrochemical capacitors 174
hydrogen evolution reaction (HER) 236, 238
Hydrogen spillover 303
hydrogen storage
– C–H bonds 297
– doped-graphene 301
– efficiency 298
– graphene-based metal/metal oxide 301
– hydrogen adsorption 299
– lattice-layered graphitic structure 298
– MGFs 298
– physisorption substrates 297
– sp3 C-H bonds 297
– spillover 301
– Stone–Wales defects 297
– three-dimensional pillared graphene array

298
hydrothermal/solvothermal methods 256,
279

i
In-situ Raman technique 86
incident photon-to-current efficiency (IPCE)
219, 224

indirect MFC 344
interfacial layer, tandem solar cells 398, 400,
401

intermittent MFC 344
irreversible redox process 411

l
Lerf–Klinowski model 252
Li-sulfur batteries
– G-S hybrid, formation 113, 115
– G-S-CNF multilayered coaxial

nanocomposites 113, 115
– RGO/CMK-3/S composite 111, 114
light-harvesting materials
– chemically grafted graphene-P3HT 387
– conjugated systems polymers 387
– current-voltage characteristics, photovoltaic

devices 388
– GQDs 388, 390
– graphene thin film 387

– oxidation and organic functionalization
387

– soluble conjugated polymers and fullerene
387

lithium ion batteries (LIBs)
– anode materials 54, 85, 418
– application 417
– cathode materials 51, 100
– charging/discharging process 51
– conductive graphene 418
– electrodes 51
– principle 50
– rocking chair battery 51
– schematic representation 50
– theoretical capacity 51
– three-dimensional macroscopy 74
– two-dimensional macroscopy 67
lithium storage mechanisms of anode materials
– alloying-dealloying mechanism 58
– conversion mechanism 57, 58
– intercalation-deintercalation mechanism

57, 58
lithium-ion capacitors (LIC)
– activated microwave expanded graphite

oxide (a-MEGO) 198
– asymmetric capacitors 205
– conventional Li-ion based hybrid systems

198
– Faradaic process 195
– LIBs 195
– nanohybrid capacitor (NHC) 198
– V2O5 nanowires (VNWs) 199
low energy electron diffraction (LEED)
patterns 2, 4

lowest occupied molecular orbital (LUMO)
23, 30

m
membraneless EBFCs
– current–voltage behaviors 374
– graphene based 372, 373
– redox mediators 373
– silica sol–gel matrix 372
mesoporous carbon spheres (MCS)
composites 154

mesoporous graphene foams (MGF) 238
metal oxides composites
– cobalt and nickel oxides 157, 158
– conversion mechanism 62
– graphene/NiO composite 64
– GS/Fe3O4 composite 63
– hydrothermal method 62
– manganese oxides (MnO2 and Mn3O4)

156



Index 437

– in-situ chemical synthesis 63
– nitrogen-doped graphene 64
– preparation methods 63
– redox reaction 154
– ruthenium oxide (RuO2) 155
– SnO2 nanoparticles 62
– sponge/rGO, and sponge/rGO/MnO2 157
– vanadium oxides nanomaterials 158
metal oxides-conducting polymer composites
– 3D conductive layer wrapping method 164
– graphene/MnO2 (GM) 164, 165
metallomacrocycle-graphene frameworks
(MGFs) 298

MFC anode electrodes
– 3D graphene electrodes 360, 361
– graphene and modified graphene 357
– graphene nanosheets 357
– graphene oxide (GO) 361
micro-supercapacitors
– 2D design 201
– carpet-based microsupercapacitors 202
– fabrication procedures 202
– GO/CNT 201
– graphene quantum dots (GQD) 202
– laser reduction technique 203
– laser scribing method 203
– rGO electrodes 201
microbial fuel cell (MFC)
– advantages 341
– biosensor 347
– classification 342
– development history 345
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– electrochemical device 340
– electrode applications 356
– electron movement 355
– electron transfer process 340
– high cost 348
– internal resistance 355
– ion exchange membrane 355
– low output power density 348, 355
– micro batteries 346
– mobile power supply 346
– nanotechnologies 355
– photosynthesis and stem 346
– power density curves 358
– power supply, remote areas/open sea 347
– sewage treatment 347
– social and environmental benefits 348
– unmodified carbon cloth electrode 360
microelectromechanical systems (MEMS)
199

mixed bacteria MFC 345
mixed colloid photocatalytic systems

– CdS/TaON core-shell heterojunction 231,
232

– CdSe/GO composite 229
– DOS plots 234
– dye-sensitized system 230
– EY-RGO/Pt photocatalyst 230
– graphene–CdS/TaON system 231
– H2-production rate 227
– 2 M H2SO4 235
– NGO-QDs 234
– organic dye-like macromolecular 233
– photocatalytic hydrogen production 227,

233
– r-NGOT 228
– reduced graphene oxide 227
– RGO-ZnxCd1-xS photocatalysts 232
– RGO/CdS nanocomposites 228, 229
– RGO/ZnIn2S4 nanocomposite 229, 230
– stable H2 evolution 233
– TEOA 230
– TiO2/graphene 227
– TiO2/MoS2/RGO photocatalyst 232
– titania-graphene nanosheet composite 227
– Z-scheme systems 231, 232
modified graphene 8
molybdenum disulfide (MoS2) 3
Monte Carlo simulation 2
multiwalled carbon nanotubes (MWCNTs)
361

multiwalled carbon nanotubes/zinc oxide
375

n
nanorods 329
nanowires 329
natural dye anthocyanin 409
nitrogen-doped graphene (NG) 350, 364,
366, 367

nitrogen-doped graphene oxide-quantum dots
(NGO-QDs) 234, 235

number of graphene (NGP) layers 21

o
onion like carbons (OLCs) 174
optical microscopy 2
optical property modification, graphene
– absorption 26
– annealed GO 25
– oxygen plasma treatment, PL properties 29
– Pd grafted graphene oxide 35
– substrate effect 30
optical sensor and gas sensor application 418
optoelectric application, graphene
– Dirac equation 39
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optoelectric application, graphene (contd.)
– dye-sensitized solar cells consist 41
– GTCFs37 42
– indium tin oxide (ITO) 41, 42
– OLED 41
– photodetectors 43
– photoexcited electron kinetics 40
– saturable absorber 43
organic dyes, photodegradation 287
organic light emitting device (OLED) 41, 43
organic photovoltaic cells (OPV)
– bulk heterojunction (BHJ) 416
– nanostructured graphene 417
– oxidation treatment 416
organic solar cell (OSC) 380
oxidized graphene (OG) 26, 28
oxygen evolution reaction (OER)
– dual-doped graphene 237
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nanoribbons 236
oxygen reduction reaction 350

p
P25-graphene composite 259
partially reduced graphite oxide (GOpr) 177
PEDOT-graphene nanocomposite 136
photoanode additive, graphene
– DSSCs, see dye-sensitized solar cells

(DSSCs)
– additives 415
photocatalysts, graphene synthesis
– electrochemical and electrophoresis

deposition 281
– ex situ hybridization strategy 279
– in situ growth strategy 279
– semiconductors 278
photocatalytic activity, hydrogen evolution
420

photocatalytic applications
– CO2 266
– DSSCs 266
– H2O 264
– photodegradation, organic pollutants 262
– TiO2 257
photocatalytic hydrogen evolution 283
photochemical reaction 282
photoelectrochemical cells (PECs)
– α-Fe2O3 andα-Fe2O3/graphene

photoanodes 224
– α-Fe2O3/RGO/BiV1⃧xMoxO4 core-shell

nanorod 222
– bare Si, Gr–Si and NGr–Si photocathodes

225
– BiVO4/RGO photoanode 220

– chronoamperometry operation 225
– CNNS/NRGO/MoS2 nanojunction 223
– CNT and graphene 220
– current–potential plots, BCN 223
– 2D ternary nanojunction 222
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– fabrication process, photoanode 224
– FE-SEM image 224
– GNs–CdS QDs 220, 221
– graphene interlayer 224
– graphene with semiconductors 219
– heterojunction array 222
– H2-production 219
– IPCE 224
– iron oxide photoanode 220
– monolayer graphene 225
– n-Si/graphene electrodes 225
– photocurrent density–potential curves

225
– photoexcited electron–hole transport 226
– planar Si/rGO composite 223
– RGO/ZnO heterojunction 226
– STH efficiencies 216
– transient photocurrent density vs. time

plotted 223
– water splitting process 219
– WO3-RGO photoanode 220
– Zn0.5Cd0.5S nanosheets 220
– Zn0.5Cd0.5S/reduced grapheme oxide 220
– Zn0.5Cd0.5S/RGO photoelectrode 220
photoluminesces (PL) measurement 3, 14, 23
photosynthetic autotrophs MFC 344
photovoltaic/electrolyzer devices
– carbon materials 236
– chemical modification 236
– Co3O4/graphene composites 240
– CoO nanocrystals 240
– 3D architectured hydrated catalyst 238
– electrocatalytic HER activity 237
– electrodes 236
– MoS2/graphene hybrid material 238
– MoS2/RGO composite 238
– N-doped graphene and NiCo2O4 238
– NG-CNT catalyst 237
– OER mechanism, N-doped armchair and

zigzag graphene nanoribbons 236
– overpotential/faradic efficiency 236
– solar cell 235
– Tafel plot 240
– unique properties 236
physical coating method 358
Polyaniline (PANI)-graphene nanocomposites
133, 184
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polyethylenedioxythiophene (PEDOT)
composites 185

polymer composites
– ALD 136
– PANI-graphene nanocomposites 133
– PEDOT-graphene nanocomposite 136
– 2p orbitals, carbon atoms 129
– PPy-graphene nanocomposite 135
– supercapacitors 129
polymer tandem solar cells 401
polymethyl methacrylate (PMMA) spheres
69

polypyrrole (PPy)-graphene nanocomposite
135

polystyrene (PS) colloidal particles 69
polythiophene (PTh) composites 136
polythiophene (PTh)/GO composites 135
porous graphene nanosheets (PGNs) 107
power generation, human wastes 371
PPy composites 184
proton exchange membrane fuel cells
(PEMFCs)

– anodic/cathodic reaction 310
– carbon materials 310
– H2 gas fuel 309
– Pt electrocatalysts 310
– ultralow/zero emissions, environmental

pollutants 309
pseudocapacitive materials
– carbon-based materials 175
– conducting polymer, graphene 183
– graphene 175
– graphene/ PANI composites 184
– graphene/ PEDOT composites 185
– graphene/PPy composites 184
– metal oxides 175
– redox reactions 175
pseudocapacitors
– electrode materials 146
– energy storage mechanism 145
– Faradaic manner 174
PtAu/GN nanostructures 331
PtNF/GO nanostructures 329
pure bacteria MFC 345

r
Ragone plots 137, 173
Raman spectroscopy 2
randomly stacked HGs (RSHGs) 93, 94
reduced graphene oxide (RGO), see also
graphene oxide (GO)

– BiVO4
– concept of spacer 128
– EDLC preparation 177

– electrochemical performance 126
– mechanical and electrical properties 125
– MoS2 238
– N-doped 125
– PANI nanocomposites 129
– PEDOT composite 134
– synthesization 87

s
scanning electron microscopy (SEM) 2
scanning tunneling microscopy (STM) 2
Schottky junction solar cells
– electron blocking layer 389
– graphene-on-silicon 391
– sheet resistance 389
– surface modification 389
sediment MFC 344
selective area electron diffraction (SAED)
pattern 17

semiconductor photocatalysts
– hazardous organic pollutants 254
– hydrothermal and solvothermal methods

257
– mixing method 255
– sol–gel process 256
– TiO2 254
sensor application 418, 419
Si/Sn composites
– alloying mechanism 58
– CVD technique 62
– morphologies 59
– nanoparticles on graphene sheets 60
– Si nanowire (Si NW)/GS composite 61
– Si/grapnene composites 60, 61
– Sn/graphene composites 61
single wall carbon nanotube (SWCNT) 195,
236

single-chamber MFC 343, 344
solar cells
– active layer 385
– conductive electrodes 380
– dye sensitized applications 117
– graphene/PEDOT-PSS composite electrode

117
– graphene/TiO2/dye/spiro-OMeTAD/Au

device 117
– light harvesting material 380
– near IR range 116
solar-driven water-splitting devices
– bandgap ranging 218
– classification 216
– graphene possesses 217
– H+/H2 217
– heteroatom doping 217
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solar-driven water-splitting devices (contd.)
– hexagonal structured sp2-hybridized carbon

atoms 217
– metal electrocatalysts 217
– mixed colloid photocatalysis systems 216
– n-type semiconductor before and after

contacts 218
– PEC devices 216
– PV/electrolyzer tandem devices 217
– RGO with reduction degree 218
solar-to-hydrogen (STH) efficiencies
– PEC devices 216
– PV/electrolyzer device 235
solid electrolyte interphase (SEI) 98
solution based graphene
– chemical exfoliation 7
– intercalation 7
– ultra sonication 6
solution-processable functionalized graphene
(SPF-graphene) 417

sp2 bonding 1
Staudenmeier method 251
storage current collector, graphene
– charge separation process 410
– electrical conductivity 410
– energy devices 410
– lithium ion-exchange cell 411
– surface wettability 411
– thermodynamic stability 411
supercapacitors (SCs)
– carbon electrode materials 110
– CVD graphene 125
– EDLCs 106, 128, 145
– electrochemical tests 107, 112
– electrode materials 180, 181
– energy and power densities 147
– GO samples, tests 107, 113
– graphene-based porous materials 107, 112,

124
– graphene/metal oxide nanocomposites 128
– material 106, 111, 175
– performance metric 146
– PGNs 107
– power density 147
– pseudocapacitor 106, 145
– ultracapacitors 123
SWCNT based anode 374
synthesis, graphene
– composite material, graphene oxide 8
– CVD growth of graphene 4
– epitaxial growth 4
– mechanical cleavage 3
– solution based graphene 5

t
thermal chemical conversion 340
TiO2/MoS2 composites
– characterization 66
– graphene/TiO2 66
– intercalation mechanism 65
– three-dimensional graphene network

(MoS2/3DGN) 65
– TONRAs-GS nanocomposite 66
TiO2 nanorods-GO composite 259
transition metal oxides
– EDLC 186
– graphene 186
– graphene/manganese oxide composites

186
– pseudocapacitive materials composites

191
– RuO2 188
– supercapacitors 189, 192
transmission electron microscopy (TEM) 2,
13, 252, 256, 257

transparent conductive anodes
– electronic interfacial change 383
– energy level alignment 381
– indium tin oxide (ITO) 380
– optical transparency 380
– reduced graphene oxide (rGO) 382
– sheet resistance 382
– solar cell, graphene electrodes 383
transparent conductive cathodes
– APCVD graphene 385
– functional semiconductors 384
– glass substrate 384
– photovoltaic devices 384
transparent conductive films (TCFs) 419

v
valence band (VB) 277

w
wastewater treatment process 347
water disinfection 287

x
X-ray diffraction (XRD) 2, 21
X-ray photoelectron (XPS) 20

y
Young’s modulus 277

z
Zn0.5Cd0.5S photoelectrodes 220


