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Index

a
ab initio molecular dynamics (MD) 146
absorbed photon-to-current efficiency

(APCE) 87, 224
absorption factor 163, 164
absorption of photons 10, 79, 161
acetaldehyde 43, 115, 251, 298
acetic-acid decomposition 39–41, 43
acetoacetanilide 262
acrylaldehyde 115
action-spectrum analysis 36–39
activation energies 134
activation of adsorbed species 134
adsorption energy 134
adsorption equilibrium constant 43
adsorption of biomacromolecules 343
adsorption sites and charge transfer

202–203
α-Fe2O3 (hematite) photoanodes 58
agglomeration of nanomaterials 339
aggregation of nanomaterials 339–342
algae 9, 11, 344
ammonia 9, 103, 109, 249, 269, 315
ammonium acetate 262
anatase 44
anatase nanoparticles 113, 144
anatase TiO2 138, 205
annular photoreactors 179
anti-Frenkel defect 190
apparent quantum efficiency (AQE) 40,

113
apparent quantum yield (AQY) 108, 272

applied bias photon-to-current efficiency
(ABPC) 89

aquatic ecosystem 339
aqueous triethanolamine (TEOA) solution

250
aromatic benzaldehydes 251
aromatic diamines 257
artificial photosynthesis 1
aryl triphenyl azine COFs (Nx-COFs)

255
atomic dipole 130
atomic layer deposition (ALD) 97, 144
Au/Al2O3 catalysts 112
Au/TiO2 111, 112, 117
average volumetric rate of photon

absorption (AVRPA) 163

b
back reaction 202, 245, 280–281, 318
band gap 79

energy 81, 288
engineering 190
problem 128

bare TiO2 105
Beer–Lambert–Bouguer conditions 163
Beer–Lambert–Bouguer equation 162
β-Fe2O3 336
biologically mediated transformations of

nanomaterials 344
biosolids 343
bi-reforming (BRM) 296
bismuth tungstate (Bi2WO6) 41, 43
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BiVO4 288
time-resolved local structural dynamics

228–231
time-resolved microwave conductivity

224, 231–232
time-resolved THz spectroscopy

232–237
transient absorption 224–228

β-ketoenamine COFs 255
blackbody emission 161
black TiO2 202, 209
Boudouard reaction 296
2-bromomalonates 252
Brouwer diagram 191
Brownian motion 340
bubble templating 248
bulk-C3N4 248
buried-junction devices 87

c
cadmium sulfide-COF composite material

257
Calvin cycle 9, 10
C-anion doped TiO2 138
carbon-based nanoparticles 340
carbon-defective g–C3N4 204
carbon dioxide (CO2) 287

capture, storage, and utilization 287
reduction 42

carbon fixation rate 17
carbon-free energy sources 287
carbon monoxide (CO) 115, 288, 292,

295, 296, 298
carbon nanoreactors (CNRs) 113
carbon nanospheres 113
carbon nanotubes 190
Car-Parinello molecular dynamics

schemes 130
carrier diffusion process 222
carrier lifetime 278
carrier localization process 225
carrier transport 273, 277
catalyst grade TiO2 320
category molecular constraints 155
C-cation doped TiO2 138

C-doped TiO2 322
CdS 331
Ce-doping of anatase TiO2 139
cetyltrimethylammonium bromide

(CTAB) 260
charge carrier generation and migration

200–202
charge carrier lifetime 52
charge carrier localization 221, 224
charge carrier separation 130–133
charge localisation models 146
charge neutrality 189
charge partitioning methods 132
charge transfer selectivity 5
charge transport pathways 17
chemisorption-calcination cycle (CCC)

144
Chlamydomonas reinhardtii 344
chlorofluorocarbons (CFCs) 287
classical catalysis vs. photocatalysis

103–108
classical thermal heterogeneous catalysis

103
CO2 252
cobalt phosphate (CoPi) 249
co-catalyst 11, 105, 111
CO2 methanation 298
competitive dye light absorption 14
compound parabolic collecting reactors

177
computational quantum chemistry 127

charge carrier separation 130–133
key processes in photocatalysis 127
light absorption 128–130
photocatalyst materials 138
surface reactivity 134–137

concrete 321
conduction band (CB) 29, 197, 288
conduction band edge (CBE) 128
conduction band minimum (CBM) 128
conductivity 198
configurational entropy 187
conjugated polymers (CPs) 246

hydrogen evolution 261
most studied 258
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pollutants degradation 261–263
synthesis techniques 258–260

continuously stirred tank type reactors
(CSTR) 309

CoPi-modified BiVO4 films 228
copper phthalocyanine 295
Coulomb potential 129
covalent organic frameworks (COFs)

246, 254
CP-nanocomposites 258
CrOx/Rh 282
crystalline V2O5 118
C3N4 288
Cu/CdS-TiO2/SiO2 295
Cu-loaded g-C3N4 nanorods 297
Cu2O 288
Cu/TiO2 296
Cu/ZnO-based catalysts 109
cyanamide 248
cyanobacteria 9

d
dark polarons 235
dark zones 164
d-band center 134, 136
deep vs. shallow trap states 206
defect diffusion 192
defects in photocatalysis

adsorption sites and charge transfer
202–203

black TiO2 209
characterization techniques 194–196
charge carrier generation and

migration 200–202
charge neutrality 189
deep vs. shallow trap states 206
definition and thermodynamics

187–188
diffusion and segregation process

191–192
dimensionality 188
dynamic defects 207
electronic changes/electronic structure

197–199
extrinsic defects 193–194

extrinsic point defects 190
intrinsic defects 192–193
intrinsic point defects 190
Kröger-Vink notation and defect

diagrams 190–191
location 189
nonstoichiometry vs. substoichiometry

190
optimized treatment conditions and

surface-to-bulk ratio 203–205
strain-induced photocatalysis 207
structural changes/physical structure

197
subsurface defects 205–206

dehydrated isolated VO4 species 114
density derived electrostatic and chemical

(DDEC) scheme 132
density functional theory (DFT) 128,

147, 191, 246
density of states (DOS) 130
depletion layer 82, 83
depletion width 82
2, 4-dichlorophenol (2, 4-DCP) 338
2,4-dichlorophenoxyacetic acid 64
dicyanodiamide 248
2,5-diethoxy-terephthalohydrazide 255
difficult reactions 15
diffuse reflectance FTIR (DRIFTS) 59
diffuse scattering (s) coefficient 35
diffusion and segregation process

191–192
dihydroxyacetone 112
dimensionality 188
dimethoxymethane (DMM) 116
dimethyl malonate 251
dioxygen splitting 111
1,4-diphenylbutadiene (DPB) 260
direct band gap semiconductors 81
direct light-driven water splitting 79
double-skin sheet reactor 177
drift 277
dry reforming of methane (DRM) 290,

292–296
Duran 159
dye degradation photocatalyst 5
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dye methylene blue 193
dye sensitization effect 1
dye sensitized photovoltaic cell 1
dye-sensitized reactions 38
dye sensitized solar cells 15
dynamic defects 207

e
electrocatalysis 273, 279
electrocatalysts 95
electrochemical CO2 reduction reaction

78
electrochemical reaction kinetics 18
electrochemical redox potential 81
electrolyte 280
electrolyzer (E) conjunct 269
electromagnetic field enhancement 111
electron donating reagents 12
electronic conductivity 198
electron paramagnetic resonance (EPR)

55, 65, 195
electron relay 106
electron scavenger 225
electron transfer 32
electron transfer rate constant 15
electron-vacancy pairs 29
elemental substitution 235
Eley–Rideal mechanism 43
emission of radiation 161
endergonic overall water splitting reaction

15
endergonic reactions 6, 9
endergonic with charge selectivity 6
endergonic with spatial separation 6
energy consumption 269
energy-resolved distribution of electron

traps (ERDT) 44
ethylene (C2H4) 288
Evonik P25 44
excimer lamps 167
excitonic reactions 2
exciton separation 273, 276
exergonic reaction system 6
experimental bandgap 129
extended (volume) defects 188

extended X-ray absorption fine structure
(EXAFS) 55, 68, 227

external quantum efficiency 87
extinction coefficient 162
extrinsic defects 193–194
extrinsic point defects 190

f
falling film photoreactors 179
Faradaic reaction 17
[Fe(OH)(H2O)5]2+ 17
[Fe(SO4)(H2O)5]+ 17
Fe-doped TiO2 nanorods 139
femtosecond-laser systems 39
femtosecond transient diffuse reflectance

(fs-TRDR) measurements 225
FeOx-modified TiO2 146
Fermi energy 134, 271
Fermi level of gold 110
Fermi softness 136
Fe2O3 331
finite systems 130
Fischer Tropsch synthesis (FTS) 296
flat band condition 81, 83, 84
flat band potential 84, 248
fluorescence/black-body radiation

161
fluorescence lamps 157
fluorinated ethylene propylene (FEP)

159
Fock exchange 129
formaldehyde (HCHO) 58, 65, 114, 207,

253, 262, 288
formic acid (HCOOH) 42, 112, 207, 288,

296
fossil fuels 77, 287
Fourier transform infrared spectroscopy

(FTIR) 59
free energy change 2, 3, 104
free energy of activation 11
free-exciton binding energy 334
Frenkel defects 190
Frenkel excitons 276
frequency and extinction coefficient 35
fuel producing device 3
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fully hydrated VOx/SiO2 catalysts 114
fundamental electrochemistry literature

78

g
GaN:ZnO particle catalyst 10
GaP 288
gas-discharge lamps 167
gaseous/liquid solar fuels 51
gasoline 269
g-C3N4/Bi2MoO6 144
g-C3N4/TiO2 144
generalised gradient approximation

(GGA) 129
Gibbs energy 2
Gibbs energy of the reaction 271
Gibb’s free energy 2, 128, 187

of adsorption 134
of hydrogen 89

glassy materials 158
global warming 287
glyceric acid 112
glycerol oxidation 112
gold/ceria composites 111
graphitic C3N4 201, 246, 250

degradation of organic pollutants 254
photocatalysis assisted organic

synthesis 250–252
photocatalytic hydrogen production

249–250
photocatalytic reduction of CO2

252–254
structure and properties of 246–249

Green functions 129
greenhouse gases (GHGs) 287
Grätzel’s dye sensitized solar cell 1
ground state energy 128
gyroidal TiO2 205

h
halogen lamps 157, 167
hard template-based NCPs 260
heat-induced lattice strain 231
hematite (α-Fe2O3) 336
Henry type-adsorption model 43

hetero-and nano-structuring 144
heterogeneous catalysis 102

active site consideration 109
classical catalysis vs. photocatalysis

103–108
general function of classical 102–103
nanosized gold in alcohol oxidation

109–113
vanadium oxide (sub)monolayer

catalysts 113–117
heterogeneous charge transfer rate 13
heterogeneous photocatalysis 29
hexagonal WO3 nanorods 337
highest occupied molecular orbital

(HOMO) 248
high-resolution X-ray photoelectron

spectroscopy 230
hole scavenger 225
homogeneous catalysis 102
hopping mechanism 191
“hot-electron (positive hole)” mechanism

39
hot electrons 111
Hubbard-like U parameter 129
humidity 310
hydrogen (H2) 77
hydrogen-and oxygen evolution reactions

(HER/OER) co-catalysts 246
hydrogen evolution 261
hydrogen evolution reaction (HER) 128
hydrogen production 128
hydrogen-reduced TiO2 nanowire arrays

200
hydroperoxyl radicals 304
hydrosulfide 12
hydroxyl and superoxide radicals

(HO• and O2
•−) 262

hydroxyl radicals 331

i
ideal regenerative cell efficiency 88
immersion photoreactors 177
immobilized catalysts 173, 175
impedance spectroscopy 196
incandescent lamps 167
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incident photon-to-current efficiency
(IPCE) 87

incident spectral photon fluence rate
163

incident spectral photon radiance 162
indirect band gap semiconductors 81
inevitable free-energy loss

semiconductors 80
in-situ photocatalytic DRIFTS study 60
intensity modulated photocurrent

spectroscopy (IMPS) 228
internal numbering-up approach 159
internal quantum efficiency 87
International Union of Pure and Applied

Chemistry (IUPAC) 1, 41, 89
interstitial diffusion 191
intrinsic defects 192–193, 205
intrinsic point defects 190
iodide/tri-iodide redox couple 15
ionic MgO crystal 197
iron-based catalysts 109
irreversible keto-enol tautomerization

257

j
Japan oval-shaped coins 33

k
KCa2Nb3O10 13
kinetic Monte Carlo simulation 228
Kohn–Sham equation 128
Kohn–Sham formulation 128
Kröger-Vink notation and defect diagrams

190–191
Kubelka–Munk function 35

l
La-modified TiO2 nanoparticles 297
Landau–Zener theory 228
Langmuir adsorption-based kinetic model

43
Langmuir-adsorption isotherm 43
Langmuir–Hinshelwood kinetics 309
Langmuir–Hinshelwood (L-H)

mechanism 43
lasers 167

lattice-matched cubic KTaO3 204
lead halide perovskites 222
Leighton relationship 304
L-H mechanism 43
lifetime τ (decay time) 10
ligand-to-metal charge transfer (LMCT)

115, 317
light absorption 128–130

coefficient 15
and efficient charge carrier separation

134
light bulbs 167
light emitting diodes (LED) 167
light-intensity dependence analysis

39–41
light sources 166–173
light-triggered, time-resolved FTIR

spectroscopy 62
linear absorption factor 164
linear decadic absorption coefficient 162
linear defects 188
linear naperian absorption coefficient

161
local density approximation (LDA) 129
localized surface plasmon resonance

(LSPR) 113, 342
local volumetric rate of photon absorption

(LVRPA) 163
lowest unoccupied molecular orbital

(LUMO) 248

m
Madelung potential 197
manganese-doped ZnO 335
many-bodied wavefunction 128
mass transfer 273
MB photodegradation 201
melamine 248
melem (triamino-tri-s-triazine) molecule

248
mercury vapor lamps 157, 167
mercury/xenon-arc lamps 39
mesoporous g-C3N4 (mpg-C3N4) 251
mesoporous silica host matrices 248
metal chalcogenides 142
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metal oxides 138
photoabsorbers 225
powder 44
semiconductors 221

metal phosphides 142
metal-semiconductor interface 279
methane (CH4) 287, 288
methanol (CH3OH) 202, 269, 288

dehydrogenation 39
photooxidation on TiO2 62
production 287
synthesis 109

methylene blue (MB) 38, 201, 335, 336
methyl orange (MO) 262, 336
methyl radicals 4, 296
methylviologen dichloride 12
microstructured reactors 159, 179
microwave discharge electrodeless lamps

(MDEL) 172
mid-infrared (MIR) spectroscopy 59
MIR spectroscopy 60–62
(Mo+C)-doped TiO2 139
molar decadic absorption coefficient 162
molar naperian absorption coefficient

162
monochromatic-irradiation wavelength

39
monochromator based dispersive IR

spectroscopy 62
monodisperse Fe2O3 colloid nanocrystals

336
monolayer catalysts 113
monolayer g-C3N4/CdS heterostructure

144
MoO4/WO4 tetrahedra 228
multielectron charge transfer reactions

15
municipal STPs 345

n
nano-α-Fe2O3 336–337
nanocluster-surface composites 146
nanocomposites 190
nano Fe2O3 336–337

nanoscale zero-valent iron (NZVI)
particles 343

nanosized gold in alcohol oxidation
109–113

nanostructured α-Fe2O3 hollow spheres
336

nanostructured photoelectrodes 14
nanostructuring of conjugated polymers

(NCPs) 258
nano TiO2 332–334
nano WO3 337–338
nano ZnO 334–336
naphthol blue black (NBB) 337
napierian absorbance 162
narrow-bandgap semiconductors 132
narrow-band monochromatic light 167
narrow-band monochromatic spectrum

(type C) 167
N-aryltetrahydroisoquinolines 251
Na2SO3 hole scavenger 226
natural organic matter 343
NCP-hybrids 258
N-doped TiO2 138, 193
N-doped ZnO 335
near-ambient pressure X-ray

photoelectron spectroscopy
(NAP-XPS) 54

net atomic charge 130
NiO 13
nitric oxide (NO) 303
nitroalkanes 251
nitrogen-adsorption measurement 44
nitrogen dioxide (NO2) 303, 307
nitrogen dissociation 103
nitrogen-doped titania nanotube arrays

295
nitrogen oxides (NOx) 303
nitromethane 251
nitrous acid (HONO) 307
nitrous oxide (N2O) 287
12nm-TiO2 nanoparticles 113
noble metal loading 139
nonstoichiometry vs. substoichiometry

190
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normal hydrogen electrode (NHE) 128,
248

n-or p-type semiconductivity 200
n-type doping 80
n-type semiconductors 84, 86
n-type TiO2 86

o
Ohmic-type contact 279
oligo(p-phenylenes) (OPP-n) 261
one-dimensional TiO2 hollow

nanotubular structures 334
optimal light absorption coefficients 13
organic dye 42
organic light-emitting diodes (OLEDs)

167
organic pollutants 254
out-scattering effect 161
overall water splitting 204
overdoping 200
overpotentials 10, 86, 89, 90, 92, 95, 105
oxygen evolution reaction (OER) 204
oxygen reduction reaction (ORR) 312
oxygen vacancy 136, 188, 190–192, 196,

197, 200
ozone (O3) 287

p
parabolic trough reactors 177
parallel plate reactors 179
particularities of different types of

photocatalyst 173–176
passivated anionic and cationic co-doping

139
Pd nanoicosahedron cocatalyst 208
PEC solar fuel production 90–93
pentachlorophenol (PCP) 337
perfluoroalkoxyalkanes (PFA) 159
periodic boundary conditions (PBC) 128
peroxynitrite (OONO-) 305
peroxynitrite intermediate 318
persistent organic pollutants 331
photoabsorber 105
photoacoustic spectroscopy 196
photoactive reactants 166

photoactive semiconductor nanomaterials
332

in wastewater treatment
environmental effects of

nanomaterials 344
fate and transformation processes of

nanomaterials 339
nano Fe2O3 336–337
nano TiO2 332–334
nano WO3 337–338
nano ZnO 334–336
prevalence, occurrence and routes of

nanomaterials 338
photocatalysis 29, 188, 292

action-spectrum analysis 36–39
assisted organic synthesis 250–252
band-gap determination by Tauc plots

34–36
light-intensity dependence (LID)

analysis 39–41
photocatalytic activity evaluation

41–43
photocatalytic activity vs.

physical/structural properties
44–46

reliability in scientific studies 30–34
photocatalyst materials 138
photocatalyst powder technology

270–272
photocatalysts 1, 270
photocatalytic activity vs.

physical/structural properties
44–46

photocatalytically active paints 320
photocatalytically active paving stones

322
photocatalytic CO2 reduction 288

CO2 utilization 291
dry reforming of methane 290,

292–296
other reactions 298
schematic 289
steam reforming of methane 296–298

photocatalytic dry reforming (PDRM)
292
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photocatalytic dye degradation reaction
13

photocatalytic glycerol oxidation 112
photocatalytic hydrogen production

249–250
photocatalytic NOx abatement

accurate performance determination
310

basic principle 305
catalysts incorporation into building

materials 320–321
intermediates, selectivity 307–309
photocatalytic activity 312–314
reaction kinetics 309–312
reaction pathway 305–307
spectral response 314–318
strategies to improve the selectivity

317
photocatalytic organics-decomposition

reactions 40
photocatalytic reaction system 3
photocatalytic selective isopropanol

oxidation 111
photocatalytic steam reforming (PSRM)

292
photocatalytic water splitting

back reaction 280–281
carrier transport 277–279
electrocatalysis 279
electrolyte 280
exciton separation 276–277
photocatalysts 270–272
photon absorption 276
reporting protocol 272–275
solar energy conversion 269
state of the art 281–283

photochemical processes 1
photochemical (excitonic) reaction

systems
common parameters 10–13
mechanistic aspects of 2–10
photocatalytic reaction systems 13–17

photochemical transformations of
nanomaterials 342

photochemical water splitting reaction 2

photochlorinations 157
photoelectrochemical energy storage

device configurations 86–87
device figures of merit and system

efficiencies 87–90
PEC solar fuel production 93–94
protection layers/surface coatings

96–97
semiconductor/electrolyte interface

under illumination 84–86
semiconductors and the

semiconductor/electrolyte
interface 80–84

solar fuel production 90–93
surface modification 94–98
thermodynamic requirements and

driving forces 78–80
photoelectrochemical water splitting 4,

51, 221
photoelectrochemistry 52
photoelectrolytic cells 2
photoelectron spectroscopy 66–68
photoelectrosynthetic cells 6
photoexcitation 52
photogenerated charge carriers 132, 221,

338
photogenerated electron-hole (e−-h+)

pairs 331
photogeochemistry 1
photoluminescence (PL) spectroscopy

195
photon absorption 52, 273, 276
photon energy 271
photon flux 157, 272
photonic efficiency 108
photopolymerizations 157
photoreactor engineering

fundamentals of 155–160
light sources 166–173
particularities of different types of

photocatalyst 173–176
radiation field and rate of reaction

160–166
types of photoreactors 176–181

photosensitized CoOx nanoparticles 62
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photosynthesis 1, 104
photosynthesis derived fossil fuels 1
photosynthetic devices 15
photosynthetic reaction system 3, 13–17
photosynthetic systems 1
photovoltaic (PV) panels 77
photovoltaic (PV) power generation 269
phytoplankton 9
pigmentary TiO2 320
planar defects 188
Planck constant 35
Planck equation 161
Planck’s constant 87, 271
plasmonic metallic nanomaterials 342
plasmon-mediated photocatalysis 342
plaster 321
“platinized” TiO2 270
PLEXIGLAS® 177
plug flow type reactoe (PFR) 309
point defects 188
point of zero charge (PZC) 114
polaron formation 225, 233
polarons 53, 222
pollutants degradation 261–263
polyacetylene (PAc) 258
polychromatic spectrum (type A) 167
polychromatic spectrum (type B) 167
polydimethylsiloxane (PDMS) 159
poly(2-methoxy-5-)-2′-ethylhexyloxy-

1,4-phenylene vinylene
(MEH-PPV) 263

poly(3-octylthiophene-2,5-diyl) (P3OT)
film 258

polymers 269
polymethylmethacrylate (PMMA) 159
polymorphous Fe2O3 nanosystems 336
polysaccharides 343
polysulfide radical anion 251
positron annihilation lifetime

spectroscopy (PALS) 196
potassium poly(heptazine imide) (K-PHI)

249
powder semiconductor 273
pristine CdS nanoparticles 257
pristine TiO2 111

propanal 115
proteins 343
Pt loaded g-C3N4 253
Pt-loaded TiO2 208
Pt/TiO2 296
p-type doping 81
p-type semiconductors 84
PV-electrolysis 77
Pyrex 159

q
quantum yields (QY) 108, 156, 157,

162–164, 272, 317
quartz/fused silica 158
quasi-Fermi levels 84, 86

r
radiation constraints 155
radiation field and rate of reaction

160–166
radiative transport equation 160
radical anion stabilization energy (RASE)

255
Raman spectroscopy 63–64
reaction kinetics 309–312
reaction pathway 305–307
reaction rate constant 43
reactive oxygen species (ROS) 305
redox-labile enzymes 344
redox potentials 271, 290
redox reaction 342
reflection absorption infrared

spectroscopy (RAIRS) 59, 67
renewable energies 221
resonance enhanced multiphoton

ionization (1+1 REMPI) 67
resonant inelastic X-ray scattering (RIXS)

68
reversed double-beam photoacoustic

spectroscopy (RDB-PAS) 44
reverse water gas shift reaction (RWGS)

291
Rh/Cr2O3 cocatalyst 17
Rhodamine B (RhB) dye 335
Rh2-yCryOx composite 17
round-coin hypothesis 33
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s
scanning electrochemical microscopy

(SECM) 68
scanning photocurrent microscopy

(SPCM) 68
scanning tunneling microscopy (STM)

68, 191
Schiff-base condensation reaction 257
Schottky barrier 110, 111, 132
Schottky defects 190
Schottky-Queisser limit 80
Schottky-type barrier 279
Schottky vacancy pair formation 191
second harmonic and sum frequency

generation spectroscopy 64
segregation 192
selective aerobic oxidation of alcohols

109
selective methanol oxidation 114
self-assembled nanoporous WO3 337
semiconductor-based photocatalysis 245
semiconductor/electrolyte interface

84–86
semiconductor-metal interface 132
semiconductor photocatalysis

challenges in in-situ and operando
characterization 52–54

diffuse reflectance FTIR (DRIFTS) 59
electron paramagnetic resonance (EPR)

65–66
Fourier-transform infrared

spectroscopy (FTIR) 59
mid-infrared (MIR) spectroscopy 59
MIR spectroscopy 60–62
non-linear laser spectroscopies 64–65
photoelectron spectroscopy 66–68
Raman spectroscopy 63–64
reflection absorption infrared

spectroscopy (RAIRS) 59
transient MIR spectroscopy 62–63
(transient) UV/Vis/NIR electronic

spectroscopy 57–59
vibrational spectroscopy 59–63
X-ray absorption and emission

spectroscopies 68

X-ray based spectroscopies 66–68
semiconductor photocatalysts 332
semiconductors and the

semiconductor/electrolyte
interface 80–84

semiconductor-semiconductor
heterostructures 132

semiconductor-semiconductor interface
132

semiconductor TiO2 nanomaterials 333
sewage treatment plants (STPs) 345
shallow trap states 206
shell (usually SiO2) isolated nanoparticles

of a plasmonic metal (SHINERS)
64

Shockley-Queisser limit 92
SiC 288
silicon 15
single-particle Kohn-Sham orbitals 128
single-site photocatalysts 105
small polaron hopping mobility 228
sodium dodecylsulfate (SDS) 260
soft templating 248
solar electricity generation 77
solar energy conversion 269
solar fuel (H2) 78, 255
solar fuels modeling 92
solar photoreactors 176–177
solar-to-chemical (STC) efficiency 93
solar-to-fuel (STF) efficiency 93
solar-to-hydrogen (STH) efficiency 78,

88, 91
solar water splitting 245
solid (photocatalyst) adsorbing reaction

substrate 37
solid particulate photocatalyst materials

44
solution absorption coefficients 35
solvothermal method 334
space charge layer 83
space charge region 66, 83, 84, 132
space charge width 83
specific layered monoclinic scheelite

structure 226
spectral absorption factor 163
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spectral photon radiance 161
spectral response 314–318
spin density plot 130
spin magnetisation 130
SrTiO3 86, 281, 288
SrTiO3/Ni particles 15
SrTiO3 photoanode 54
standard and compact fluorescence lamps

167
standard Gibbs energy 79
standard hydrogen electrode (SHE) 79
steam methane reforming (SMR) 78
steam reforming of methane (SRM)

296–298
Stone–Wales defect 190
strain-induced photocatalysis 207
subpar water oxidation photocatalyst

105
subsurface defects 189, 205–206
sugar fragment 3
sum frequency generation spectroscopy

64
sun tracking system 177
superoxide anions 331
superoxide radicals 304
supported vanadium oxide species

114
surface bidentate formate 295
surface metal oxide nanocluster

modification 146
surface modification 94–98
surface enhanced Raman spectroscopy

(SERS) 64
tip enhanced Raman spectroscopy (TERS)

64
surface reactivity 134–137
surface redox reactions 279
surface-sensitive techniques 194
suspended catalysts 173
symmetric periodic slab model 132

t
Ta3N5 204, 276, 288
TaON 288
tartronic acid 112

Tauc plots, band-gap determination by
34

terahertz spectroscopy (TRTS) 222
terminal hydroxyl (Oa) 147
thermodynamically uphill process 104
thin-film fixed bed reactor 177
thinner TiO2 hollow nanotubular wall

334
thioamides 252
thiourea 248
time-resolved local structural dynamics

228–231
time-resolved microwave conductivity

(TRMC) 222, 224, 231–232
time-resolved photoconductivity 231
time-resolved pump-probe spectroscopy

39
time-resolved spectroscopic technique

278
time-resolved THz spectroscopy

232–237
tin dioxide 106
TiO2 199, 288, 331
TiO2-Ag nanowire composite 64
TiO2 (rutile)-based photoanode 78
TiO2 hollow nanotubular structures 334
TiO2 Homibkat UV100 113
TiO2-nanocarbon composite 334
TiO2 nanocrystals 130
TiO4/VO4 species 105
titanate nanotube supported gold and

rhodium 297
titania-based photocatalyst 295
titania photocatalysts 40
titanium dioxide (TiO2) 245
titanium isopropoxide 315
titanium(IV) oxide 34
transient absorption (TA) 222, 224–228
transient absorption spectroscopy (TAS)

57
transient MIR spectroscopy 62–63
transient reflectivity (TR) 222
transmission-type

photoabsorption-measurement
setups 35
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1,3,5-triformylphloroglucinol 257
triple phase boundary (TPB) 208
1,3,5-tris(4-formyl-phenyl)triazine) 255
tubular shaped lamps 157
tuneable α–β surface phase junction 208
turnover frequency (TOF) 114
two-compartment water splitting cells

17
two-dimensional layered CdS/C2N

heterostructure 142
type C light sources 167

u
ultrafast spectroscopic techniques 53
“Umberto I” tunnel 321
undoped and doped anatase TiO2 207
urea 248
UV/Vis/NIR electronic spectroscopy

57–59
UV/VIS/NIR pump-probe absorption

228

v
vacuum-annealed defective WO3−x 204
valence band (VB) 29, 138, 197, 288
valence band edge (VBE) 128
valence band max (VBM) 128
vanadium oxide (sub)monolayer catalysts

113–117
van der Waals forces 260
vibrational entropy 187
vibrational spectroscopy 59–63
visible-light absorbing photocatalysts 34
visible light absorption 198
visible light photocatalytic NOx

abatement 314
visible-light-responsive photocatalysts

272
(V+N)-doped TiO2 139
volumetric/linear naperian absorption

coefficient 161
volumetric/linear naperian scattering

coefficient 161
Vycor 159
Vycor glass 115

w
Wannier–Mott excitons 276
water gas shift reaction 112
water oxidation 15
water oxidation reaction (OER) 128
water splitting 128

photocatalyst 5
reaction 15

water-TiO2 system 146
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