
325

Index

a
absorption coefficients 271
abundant sulfur vacancies 313
adsorption 225, 269
adsorption energy 220,

226–228
adsorption purification technology

48
Ag-Co dual cocatalysts 193
Ag/AgBr/TiO2 photocatalysts 52
agglomeration 272
aggregation-induced emission (AIE)

316
air treatment 311
Al doping 193
Al-doped SrTiO3 with metal

cocatalysts 2
alcohol oxidation 27

heptazine-based graphitic carbon
nitrides 28–29

mechanism by carbon nitrides
29–31

alcohols oxidation, selectivity of
32

carbon nitride photocatalyst
with H2 evolving catalyst 36

O2 substitution by oxidants 35

photo chargeable ionic carbon
nitrides under anaerobic
conditions 36–38

reaction time optimization and
alcohol conversion 32–35

aliovalent doping 84–86
all-solid-state Z-scheme

heterojunction 42–43
amine groups 206
ammonia (NH3) synthesis 253
ammonia economy 253
amoxicillin (AMO) degradation and

hydrogen production for 19
anion dopants 270
anisotropic facet engineering 82
anti-bacterial agents 297
anti-fogging 297
antibiotics 52
antifouling ability 316
apparent quantum efficiency (AQE)

15
artificial LED lamp-type plant

factory
CO2 concentration 149
CO2 usage 138
H2 evolution 150

artificial nitrogen fertilizers 253

UV-Visible Photocatalysis for Clean Energy Production and Pollution Remediation: Materials, Reaction
Mechanisms, and Applications, First Edition. Edited by Xinchen Wang, Masakazu Anpo, and Xianzhi Fu.
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artificial photosynthesis 93
Au/ZnO catalysts 63

b
Bader charge 220
band structure 213, 227
bandgap 226
benzyl alcohol oxidation 29

external quantum efficiency
31–32

schematic mechanism of 30
benzylic alcohols, photocatalytic

dehydrogenation of 36
benzylic and aliphatic alcohol

oxidation 27
biomass-derived benzaldehyde

conversion 18
biomass-derived substances 13
biomass feedstocks 112
biophotonic crystal 286
Bi 6d orbitals 257
Bi7O9I3/B4C heterojunction, type II

heterostructure and Z-scheme
mechanism for 16–17

BixOy/CdS heterostructure
construction 154–155

BiO quantum dots 260
biotemplate materials 286
bio-templated photocatalysts 5
Bi2O3/TiO2 S-scheme

heterojunction 48
bismuth monoxide (BiO) quantum

dots 257
bismuth oxychloride (BiOCl) 260
bisphenol A (BPA) on urchin-like

oxygen doped MoS2/ZnIn2S4
(OMS/ZIS) composite 19

blue hydrogen 44
bond angle 220

bond distance 220
bottom-up wet chemical exfoliation

218
bulk GeTe 180

c
calcination 233
carbon decoration 257
carbon modification 255–257
carbon neutrality 46
carbon nitride 247

mechanism of alcohols oxidation
29–31

carbon products 190
carbon-based nanomaterials 247
carbon-based surface engineering

255
catalyst screening 272
catalytic systems 215
cation 270
C atom protonation 218
CdS nanorods/Ti3C2Tx nanosheet

18
CdS photocatalytic material 5
CdS-based photocatalysis 154

h-BN heterostructure on rGO
nanosheets 156–158

N-doped CdS nanocatalyst
158–162

p-n type BixOy/CdS
heterostructure construction
154–155

Pd single-atom decorated CdS
nanocatalyst 163–167

CdS-Pd nanocatalyst
aberration-corrected

high-annular dark-field
scanning TEM 163–165

photo-electrochemical analysis
166
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Raman spectra 163
surface photoinduced reduction

strategy 163
UV-vis absorption spectra 164
water splitting on 167
X-ray absorption near-edge

structure spectrum 163
CdS/PT composite 46
CdS@h-BN/rGO (CdS@BNG)

ternary composite
photocatalyst 158

electrochemical measurements
158

photocatalytic HER performance
157

PL emission spectra 157
SEM and TEM characterizations

156
UV-vis absorption spectra 156

CeO2/polymeric carbon nitride
(CeO2/PCN) S-scheme
heterojunction photocatalyst
52

charge carrier dynamics 260
charge carriers 270
charge transfer procedure, in

PbTiO3 photocatalyst 102
charge-carrier transport 189
charge-enriched Cu–In dual sites

218
C—H bond generation 217
C—H bonds 207
chemical(s) 272
chemical etching 142
chemical oxygen demand (COD)

288
chemical reduction 193
chemical vapor deposition 218
Co atoms 227
CO2 coordination 216, 219–222

CO2 emissions 213
CO2 molecules 214
CO2 photoreduction 231
co-catalysts 17
CoAl-LDH heterostructure

photocatalysts 233
cobalt phosphide Co2P cocatalyst

97
cocatalysts 5
cocatalyst deposition 94
CoMgAl-LDH nanosheets 227
commercial TiO2 photocatalysts

301
composite catalyst 218
composite materials 226
compound nitrogen 240
conditional wastewater treatment

device 288
conduction band (CB) 240, 242,

254
conduction band edge (ECB),

of UV-TiO2 and Vis- TiO2
144

conduction band minimum (CBM)
269

conjugated linear poly(phenylene)
121

conventional sol-gel method 287
conversion efficiency 288
coordination mode 215–219
covalent-organic frameworks

(COFs) 214
C-N=C coordination 257
C=O bond 217
C—O bond dissociation 216
C3N4/PDI composite catalyst 124
Cr2O3/Rh-modified Y2Ti2O5S2 88
critical sliding angle

(CSA)-dependent wettability
316
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C self-doping 286
Cu2O/RGO/BiVO4 composites

for H2 production and tetracycline
degradation 16–17

cyanimide-functionalized graphitic
carbon nitride 29

cyclic voltammetry tests 260–263
cyclic voltammograms 257

d
degradation efficiency 288
density functional theory (DFT)

161, 167, 172, 175, 177, 180,
183, 257

desorption 269
Δ-sol method 173, 174
DFT configurations 219
dimethyl carbonate (DMC)

productivity 227
direct Z-scheme heterojunction 43
disinfection and sterilization

technology 52
doping 226
DOS 226
dry preparation method 297
dual-cocatalyst loading 86–88
dual-functional vs. conventional

photocatalysts 13
dual-functional photocatalysts 11,

13–15
dual-metal sites 215
dual redox cocatalysts 4, 94

center/edge distribution 103
classification 95
configuration for 98

random distribution 98–99
spatially separated distribution

99–103
design advantages 96
design principles 97–98

facet-dependent distribution
102

hydrogen evolution reactions 96
parameters on photocatalysis 96
photocatalytic systems integrated

with 104
tip/side configurations 99–100
York-shell structure distribution

101–102

e
electrocatalytic NH3 synthesis 239
electron-deficient metal sites 214
electron density difference 228
electron donor 190
electron-hole separation

mechanism, on
Bi3TaO7/ZnIn2S4 hybrid 22

electron mediator 189–190
electron paramagnetic resonance

(EPR) 276
electron promoter 255
electron transfer 214, 218, 257
electron-trapping sites 231
electronic structure 226
electrons-holes 213
electrophilic Lewis acid center 214
energy crisis 93
energy-generation technologies

189
engineering techniques 308
environmental pollution 48, 93
eosin Y (EY), LUMO and HOMO

levels of 20
etching methods 226
EXAFS oscillation 304
exfoliation strategies 226
exposed metal atoms 222
external quantum efficiency (EQE)

80
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f
Fenton hydroxylation reaction 231
fertilizer 263
first-principles approach 174
flow chemistry-based techniques

282
flow technology 33
fluoroalkyl silane 314
fossil energy 225
fossil fuel consumption 213
free nitrogen 240
free radicals 318
furfuryl alcohol (FOL)

dehydrogenation of 18
photocatalytic conversion of 19

g
GaN ZnO solid solution 87
gas discharge lamps 271
g-C3N4/SnO2 S-scheme

heterojunction 48
g-C3N4 in photocatalysis

advantages and disadvantages of
113

for H2 production 112–115
g-C3N4/polypyrrole composites

113
g-C3N4/rGO composites 114
Gibbs free energy 226–228, 231
global CO2 emission 253
global energy consumption 253
global energy structure 253
glucose oxidase-catalyzed reaction

317
graphene 206–207
graphene nanosheets/g-C3N4

composite 114
graphene oxide (GO) 154
graphitic C3N4 113

graphic carbon nitride (g-C3N4)
35, 214, 217

graphitic carbon nitrides,
heptazine-based 28, 29

green energy conversion technology
311

green hydrogen 44, 109
greenhouse effect 46
grey hydrogen 44

h
H2 evolution

apparent quantum efficiency 15
biomass usage 149
hybridization/integration of

reaction system 150
on NaOH-Vis-TiO2/Ti-foil/Pt

photocatalyst 149
H2 production and organic

pollutant
degradation/conversion 16

organic substrate type 19–21
photocatalyst design 16–19
reaction conditions 21–23

H2O clusters 302
H2O oxidation 254–255
H2O2 production

anthraquinone process 50
polydopamine S-scheme

heterojunction 50
TiO2/In2S3 S-scheme

photocatalyst 52
ZnO/g-C3N4 S-scheme

heterojunction 51
H2O2, uses of 50
h-BN/ZrS2 and g-C3N4/ZrS2 vDW

heterojunctions 181
H-type quartz reactor, for

photocatalytic water splitting
145
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Haber-Bosch process 253, 255
halogen-functionalized GDY 177
heptazine-based graphitic carbon

nitrides 28–29
HER coupled with organics

oxidation 103
HER mechanism on N-CdS

nanocatalyst 161
heteroatom doping 158
heterogeneous catalysis 213
heterogeneous photocatalysis 109,

116
heterojunction interface 41
Heyd-Scuseria-Ernzerhof (HSE06)

method 172
high-value-added chemicals 225
HSE06 method 173
hybrid materials 233
hybridization 217, 236
hydroelectric stations 292
hydrogen evolution reaction (HER)

36
hydrogen peroxide (H2O2) 31
hydrogen production

non-metallic semiconductor
photocatalysts 153

strategies 153
hydrogenation 207, 241
hydrous metal oxide 246
hydroxyl radicals (OH) 272

i
impregnation 193
industrial N2 fixation catalyst 257
infrared-based CO2 sensing method

272
infrared light irradiation 236
infrared spectroscopy 279
innovative technology 213
inorganic semiconductors 213

inorganic/organic S-scheme
heterojunction photocatalyst,
for hydrogen evolution 45

in situ Fourier transform infrared
(FT-IR) spectroscopy
measurements 192

in-situ irradiated X-ray
photoelectron spectroscopy
(ISIXPS) 46

in-situ irradiation Kelvin probe
force microscopy (ISIKPFM)
46

interference fringes 300
internal diffusion vertical plug flow

photocatalytic reaction tank
group 289

ion engineering techniques 297
ionized cluster beam (ICB)

297–298

k
KOH treatment 257
KOH-treated carbon nitride

(K-C3N4) 260

l
LaMgxTa1−xO1+3xN2−3x

photocatalyst 88
layered double hydroxides (LDHs)

214
controllable synthesis

hybridization of 233
modulation of compositions

229–230
modulation of coordination

environment 231–232
coordination structure 227
defect structure and electronic

structure of 227
DFT calculations 227–228
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elemental composition 226
in photocatalytic reaction 227
M2+, M3+, and interlayer anions

in 226
physical/chemical properties of

226
rational design of 226
solar energy conversion 226
topological transformation

226–227, 233–235
layered double hydroxides

(LDHs)-based nanomaterials
5

LDH compounds 194
LDH/TiC heterojunction

concentration 228
LDH/TiC materials 228
LED-based light sources 271
Lewi base centers 218
Lewis acid center 216
Lewis’s theory of acids (LA) 217
light irradiation 213, 254
light-emitting diode (LED) lamps

271
lignite gasification wastewater 292
lignocellulosic biomass 111
linear sweep voltammogram 263
liquid phase transformation 233
liquid separation 311
liquid-solid reaction condition 243
localized surface plasmonic

resonance (LSPR) effect 271

m
mass spectrometry (MS) 273
M–C–O–M mode 215
mechanical exfoliation 218
mesoporous silicas 199
metal and hydroxyl defects 231
metal cocatalysts

Ag nanoparticles 191–192
additives 192
dual cocatalysts 193
photocatalyst surface properties

192–193
sizes, location, and

morphologies of 193
Pt, Pd, Au, Cu, Zn, and Ag 191

metal oxide 214–215, 243, 246
metal oxide nanosheets 218
metal oxide semiconducting

photocatalysts 2
metal oxide semiconductor 257
metal-free carbon nanodot/g-C3N4

nanocomposite 113
metal-free photocatalysts 121
metal-organic frameworks (MOFs)

199, 205, 214
metallic phosphide cocatalysts 97
metal sulfide 246
4-methoxybenzyl alcohol oxidation

in water 33
methylene blue (MB) 210

LUMO and HOMO levels of 20
mixed metal oxide (MMO) 226,

233
mixed-phase TiO2, photocatalytic

activity of 174
M· · ·O—C bonds 216
M—O bonds 214, 217
Mo—O bond 233
Mo—O—Bi bonds 260
mobile phase photocatalytic water

treatment equipment 288
MOF photocatalysts 206
molecular Ti-oxo species 199
molten salt-assisted synthesis

method 81
molybdenum dioxide (MoO2) 260
MoO2 nanosheets 260
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MoO2/BiOCl composite 260
MS deposition method 298
multi-component photocatalyst

41
multi-electron process 213

n
N2 activation 263
N2-saturated electrolyte 255
N≡N bond energy 249
N-doped CdS nanocatalyst 158,

162
N–N triple bond 257
nanoarchitectonics 199
nanosheets (NST) 218–220
nanosize effects 199
nanostructure design 199
natural photosynthesis 189
Nb2O5/g-C3N4 photocatalysts 115
NCN-CNx and Ni co-catalyst 36
NH2-MIL-125(Ti) containing

2-aminoterephthalate 206
NH3 combustion 253
NiS(1+x) reduction cocatalyst 97
nitride materials 263
noble-metal-free co-catalysts 18
non-biodegradable materials 1
non-metal cocatalysts 195
non-semiconductor systems 271
nonmetal cocatalysts

chromate ions 194
Ni-Al layered double hydroxide

194
solid-state reaction method 194

normal hydrogen electrode 191
nucleophilic Lewis bases 214

o
O K-edge XES data 234
OH radicals 231

optical absorption spectroscopy, of
porous 2D phosphorus
materials 180

organic conversion 225
organic pollutants 11, 270
organic supramolecular

photocatalysts, for water
splitting 121

perylene diimide derivatives
123–127

porphyrins 127–133
organic synthesis 54, 311
overall water splitting 103
OWS-active Zr-TaON/Ta3N5

photocatalyst 83
oxidation cocatalysts 95
oxidative radical species 272
oxidizers 272
oxygen and metal defects 231
oxygen atom 216
oxygen defects 236
oxygen deficiency 218
oxygen evolution reaction (OER)

227
oxygen reduction reaction 272
oxygen vacancies (OVs) 227

p
palladium nanoparticles (NPs)

233
Pd single-atom decorated CdS

nanocatalyst 163, 167
PDI self-assembly-based

photocatalysts 124
PDI-based supramolecular

photocatalysts, for hydrogen
production 123, 128

perylene diimide supramolecular
materials 4
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perylene monoimide (PMI)
molecules 127

perylenetetracarboxylic acid (PTA)
supramolecular nanosheets
124

Phenol conversion 232
photocatalysis 1, 11, 93, 225, 264

addition of chemicals 272
biotemplated photocatalysts 286
CO2 conversion, using H2O

189–190
consumption of dye molecules

275
disinfection and sterilization by

52
direct analysis of decomposed

products 273
functional TiO2-SiO2 and

TiO2-B2O3 binary oxide
thin-film photocatalysts
303–306

light sources 271
non-semiconductor systems 271
photocatalytic activity and

superwettability 318–321
and pollutant 271–272
for pollutant remediation 269
radicals species 275–278
reaction intermediates 279–281
reactors 287–289
RF-magnetron sputtering

(RF-MS) method 306–307
skid-mounted photocatalytic

reactors
hydropower stations 292
lignite gasification wastewater

292
wastewater treatment of

290–291

surfaces with superwettability
314–317

temperature, pH, and humidity
272

transparent TiO2 thin film
photocatalysts 298–303

UV irradiation 270
visible light response

photocatalysts 270
photocatalysis technology 285
photocatalyst design 263
photocatalyst film 210, 288
photocatalyst powders 272
photocatalyst synthesis 285
photocatalyst-supported carrier

288
photocatalysts 214, 225

history of 2
research progress 3

photocatalytic activity 213
photocatalytic CO2 reduction 227,

234
photocatalytic decomposition 272
photocatalytic efficiency 288, 293
photocatalytic evolution 263
photocatalytic fixation of N2 5
photocatalytic hydrogen evolution,

Bi3TaO7/ZnIn2S4 hybrid 22
photocatalytic N2 fixation 254,

255, 260,
264

challenges and opportunities
248–249

crop growth and social
production 239

factors 241–243
materials for 243–248
mechanism of 240–241
in social life 239

photocatalytic NH3 synthesis 239
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photocatalytic organic synthesis
advantages 55
development 55

photocatalytic overall water
splitting 80

photocatalytic performance 231
photocatalytic pollutant

degradation technology 48
photocatalytic process 222
photocatalytic reactions 199, 225,

235
history of 2

photocatalytic reactors 292
photocatalytic remediation 272,

282
photocatalytic selective oxidation

231–232
photocatalytic solar H2 production

system 150
photocatalytic water splitting 153

semiconductor-based
photocatalysts 153

photocatalytic water splitting, types
of 103

photocurrent responses, for UV-
and Vis- TiO2 /Ti-foil 144

photodeposition method 193, 194
photoexcited electron 206
photogenerated carriers 240, 242
photogenerated electron-hole

separation mechanisms 17
photogenerated electrons 257
photo-induced carrier’s efficiency

225
photo-induced charge carriers 233
photoinduced electron-hole pairs

260
photoinduced superhydrophilic

properties 209
photolysis 269

photo-reforming process 110–111
photosensitization effect, of TiO2

electrode 171
photosensitizer 236, 264
photosynthesis 138, 149
photothermal effect 264
π backdonation 255, 257
π-conjugated porphyrins 127
pigments 122
plasma methods 226
p-n type BixOy/CdS heterostructure

construction 154, 155
pollutant degradation 225
pollutants treatment methods 311
pollution-related diseases 1
polydopamine S-scheme

heterojunction 50
poly(3-hexylthiophene)/g-C3N4

composite 115
poly(azomethine) 121
poly(p-phenylene) 121
polydimethylsiloxane 320
polymeric carbon nitride based

materials, for H2 production
112, 115

polymeric graphitic carbon nitride
(g-C3N4) 121

polytetrafluoroethylene (PTFE)
314

porous coordination polymers
(PCPs) 199, 205

porphyrin-based supramolecular
materials 4

porphyrin-based supramolecular
photocatalysts for hydrogen
production 127, 133

positron annihilation lifetime
spectroscopy (PALS) 66

positron annihilation spectrometry
(PAS) 231, 234
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potassium poly(heptazine imide)
29

pre-reduction process 69
pristine nanosheets 218
proton-coupled electron transfer

(PCET) process 216–217,
263

proton-electron pair 217
P25 TiO2 nanoparticles 319

q
quantum chemical calculations

257
quantum efficiencies (QE) 271

r
radio frequency magnetic sputtering

(RF-MS) deposition method,
TiO2 thin films 138, 139

characteristics 138, 143
distance between target and

substrate, effect of 139–141
H-type quartz reactor for

photocatalytic water splitting
145

photoelectrochemical properties
of 144, 145

pure H2 and O2 separate
evolution 145, 149

sputtering Ar gas pressure, effect
of 141

surface treatment effect on 142
substrate temperature, effect of

139–141
radio-frequency magnetron

sputtering (RF-MS)
deposition method 298

reaction efficiency evaluation 15
reactive oxygen species (ROS) 11
reactive proton source 263

reduction cocatalysts 95
relative humidity (RH) 272
renewable energy 263, 311
renewable hydrogen 171
research community 285
resorcinol on urchin-like oxygen

doped MoS2/ZnIn2S4
(OMS/ZIS) composite 19

RF-magnetron sputtering (RF-MS
297, 306–307

RGO nanosheets, h-BN
heterostructure on 156, 158

RGO photocatalyst 20
Rh-RhOx/PCN photocatalyst 99
Rh/Cr2O3-modified Ta3N5/KTaO3

83
Rh/Cr2O3/Mn3O4-decorated GaN

ZnO particle 87
RhCrOy-decorated

LaMgxTa1−xO1+3xN2−3x
photocatalyst particles 88

rhodamine B (RhB), LUMO and
HOMO levels of 20

Ru/Cr2O3/IrO2-loaded Zr-TaON
particles 85

RuO2/CdS/MoS2 composite 100

s
sacrificial reagents 103, 146
SA-TCPP supramolecular

photocatalyst 130
Schottky junction 43
S-doped g-C3N4/TiO2 S-scheme

heterojunction 49–50
self-cleaning 297, 311
self-doping elements 286
semiconductor particle photo-

charging mechanism 37
semiconductor photocatalysis 93
semiconductor systems 254
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semiconductor-based photocatalytic
water splitting for hydrogen
production

basic process 120
requirements 120

simultaneous photocatalysis,
principles of 13

dual-functional vs. conventional
photocatalysts 13

reaction efficiency evaluation 15
simultaneous photocatalytic

reactions, for H2 production
23

single component photocatalyst
216

single photocatalyst 190
single-atom sites (SASs), metallic

163
single-metal-site 215
single-site Ti-oxo species 5, 199

characterization of 200–201
CO2 photocatalytic reduction,

with H2O 207–209
molecular cluster of 204–206
preparation and characterization

210
Ti-containing zeolites and

mesoporous silicas/silicates
200–203

single-step photoexcitation
mechanism 79–80

six-electron transfer process 260
skid-mounted device 288–289
skid-mounted internal diffusion

horizontal plug flow photo-
catalytic reaction tanks 289

skid-mounted photocatalytic
reactor 292–293

solar energy 189, 195, 225, 294
solar energy absorption ability 225

solar water splitting 119
solar-driven water splitting 79
solar-powered skid-mounted

photocatalytic reactors 294
solar-to-biofuel conversion

efficiency 93
solar-to-hydrogen (STH) energy

conversion efficiency 80
sol-gel method 209, 300
solid-state reaction method 194
solvothermal method 154–156
sonication-exfoliation 218
special transition metal atoms 222
specific capacity (𝛿max), of photo

chargeable materials 37
spherical aberration-corrected

method (STEM) 66
spin-coating method 209
spinel ferrite-g-C3N4 systems 115
SrTiO3Al/Rh/Cr2O3/CoOOH OWS

photocatalyst 80
anisotropic facet engineering 82
crystal orientation 81
external quantum efficiency 82
quantum efficiency 81
SAED pattern 81
TEM image 81

S-scheme heterojunction 4, 43
carbon dioxide reduction 46–48
hydrogen evolution 44
redox ability of 48
universality of 44

stationary phase photocatalytic
water treatment equipment
288

structure-directing agents (SDAs)
210

sulfide photocatalysts 215
super wettability and photocatalytic

activity 5
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superhydrophilicity 314
superhydrophobic surfaces 320
superhydrophobicity 314
superoleophilicity 314
superoleophobicity 314
superoxide anion radicals (O2) 272
superoxide radical 29, 231
superwettable surfaces 314
surface coordination 222
surface defects 222

on photocatalytic reaction
behavior

defects function in performance
regulation 69–70

gas adsorption 66–69
surface plasmon resonance (SPR)

114
surface reaction 269
surface vacancy defects, ZnO,

characterization of 64
electron paramagnetic resonance

spectroscopy 65
photoluminescence spectroscopy

66
Raman spectroscopy 64
X-ray photoelectron spectroscopy

64
surface wettability of TiO2 thin

films and TiO2-based binary
oxide thin films 5

sustainable strategy 225
synergistic effect 289
syngas ratio 233
synthetic method 239

t
Ta3N5 83
Ta3N5Ti3O3N2 solid solution

photocatalyst 173
Ta-based photocatalysts 192

temperature programmed
desorption (TPD) 255

temperature-controlled wettability
321

tetra(4-carboxylphenyl)porphyrin
(TCPP) supramolecular
photocatalyst 129

tetracycline (TC) 22
tetracycline (TC) on urchin-like

oxygen doped MoS2/ZnIn2S4
(OMS/ZIS) composite 19

tetraphenylporphinesulfonate
(TPPS)/fullerene 129

tetraphenylporphyrin-C60 129
thermodynamic energy barriers

225
3D photocatalysts, for water

splitting 172
band structure engineering

172–174
carrier separation 174–177

Ti-oxo clusters, Ti8O8(OH)4 206
Ti/Si binary oxides 297
titanium dioxide (TiO2)

band edge positions of 173
density of states (DOSs) of 173
energy band structure 172
energy level diagram 14
facet effect of 172
phosphorus (P)-doped anatase

phase of 173
TiO2 nanoparticle (NP) 199, 220
TiO2 photocatalysts 297
TiO2 thin films 297

chemical etching with HF
solution 148

fabrication 138, 139
radio frequency magnetic

sputtering (RF-MS)
deposition method 138–139
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TiO2 thin films (contd.)
characteristics 138–143
distance between target and

substrate, effect of 139
H-type quartz reactor for

photocatalytic water splitting
145

photoelectrochemical
properties of 144–145

pure H2 and O2 separate
evolution 149

sputtering Ar gas pressure,
effect of 141

substrate temperature, effect of
139

surface treatment effect on
142

sputtering parameters 138
UV–vis transmission spectra

140
TiO2-based photocatalysts 270
TiO2/Ce2S3 S-scheme

heterojunction 55
TiO2/CsPbBr3 S-scheme

heterojunction, for CO2
reduction 46

TiO2/g-C3N4 S-scheme
photocatalyst 48

TiO2 thin films, radio frequency
magnetic sputtering (RF-MS)
deposition method

distance between target and
substrate, effect of 141

substrate temperature, effect of
141

titanium dioxide (TiO2) 137, 199
titanium vapor 298
total solar energy conversion

efficiency (η) of
photocatalytic material 80

TPPS/PDI 129
traditional Z-scheme heterojunction

41
transition metal dichalcogenides

214
transition metal oxide catalyst 218
transparent TiO2 thin film

photocatalysts 298, 300, 303
triethanolamine (TEOA) 206
triethanolamine photo-reforming

using rGO nanosheets/C3N4
composites 115

two-dimensional (2D) graphene
materials 171

2D C3N4 nanosheets 103
2D g-C3N4 for photocatalytic water

splitting 177
2D materials, advantage of 171
2D metal oxide nanosheets 214,

222
2D MXenes as co-catalysts 19
2D phosphorus 177
2D photocatalysts 214

band structure engineering
177–181

carrier separation 181–183
for water splitting 177

2D transition metal oxide
nanosheets 214, 218– 219

type II heterojunction 41–42, 181

u
ultrathin 2D self-assembled tetrakis

(4-carboxyphenyl) zinc
porphyrin (SA-ZnTCPP)
supramolecular nanosheets
133

ultrathin molybdenum disulfide
(MoS2) 260

ultrathin nanosheets 218, 312
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ultrathin TiO2 nanosheet 219
ultrathin two-dimensional (2D)

nanosheets 214
ultraviolet lamp tube 288
Using X-ray absorption near edge

structure (XANES)
spectroscopy 193

UV irradiation 210, 269
UV light irradiation 209, 301
UV-vis absorption 210

v
valence band (VB) 189, 240, 254
Valence band maximum (VBM)

269
van der Waals forces 257
vDW heterojunctions, electronic

structure of 181
visible-light-driven photocatalysts

195
visible light nanomaterials 11
visible light organic photocatalysis

27
visible light-responsive polymeric

graphic carbon nitride
(g-C3N4)
photocatalyst 2

visible light-responsive
semiconducting thin-film
photocatalysts 137

visible light-responsive TiO2 thin
film photocatalyst 2

visible-light-responsive OWS
photocatalysts development
83

aliovalent doping 84–86
dual-cocatalyst loading 86–88
new precursor designs 83
semiconductor material defect

control 83–86

surface nanolayer coating 88–89
visual biosensing 316

w
wastewater regulations 285
wastewater treatment device 290
wastewater treatment equipment

288
water contact angle (WCA) 305
water droplets 209
water photo-splitting 109
water splitting 311

photocatalysts characteristics
171

water splitting reaction 79, 225
water treatment equipment 288
water-based dyes 321
water-soluble contaminants 320
weak interaction M—O bond 216
wide band gap semiconductors 59
WO3/g-C3N4 S-scheme hetero-

junction photocatalyst 45

x
XAFS measurements 304
X-ray absorption fine structure

(XAFS) 231
X-ray diffraction patterns 232

z
Z-schematic water splitting

photocatalyst 154
Z-scheme photocatalyst 190
Z-scheme photocatalysts 189
Z-Scheme Pt/g-C3N4/TiO2/IrOx

heterojunction 101
zeolites 199
zinc oxide (ZnO) 59

interstitial oxygen and zinc 61
limitations 59
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zinc oxide (ZnO) (contd.)
oxygen vacancies 60
photocorrosion process 70

effective electron transfer
channel creation 71

vs. surface vacancy defects 70
photo-induced process 70
surface defects mechanism, on

photocatalytic reaction
behavior 66–70

surface vacancy defects
characterization of 64–66
electron paramagnetic

resonance spectroscopy 65
photoluminescence

spectroscopy 66
Raman spectroscopy 64
X-ray photoelectron

spectroscopy 64
surface vacancy defects,

controllable preparation of
annealing 62

high-energy electrons and light
irradiation 64

metal and nonmetal doping
63

surface vacancy defects, types of
60–61

vacancy formation energy 60
zinc vacancies 60

Zn2Ti-LDH containing oxygen
vacancies 232

ZnIn2S4-NiO/BiVO4
heterojunction 23

formaldehyde conversion and
simultaneous H2 evolution
over 22–23

ZnO photocatalyst 4, 270
Zr-doped TaON/Ta3N5

nanoparticles 83
Zr-TaON/Ta3N5 photocatalyst 83,

84
ZrS2-based vDW heterojunctions
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