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acetamido-2,2,6,6-tetramethylpiperidine

N-oxyl (ACT) 211, 213
acetic acid 31, 41–43, 225, 261, 279
Ag-pCN/TiO2 composite photocatalyst

292
ammonia splitting 85
amorphous graphitic carbon conductor

79
anthracenyl (MOF-74) 150
apparent quantum efficiencies (AQY)

66, 67, 71, 75
apparent quantum efficiency (AQE), of

H2 evolution 203
applied bias photon-to-voltage

conversion efficiency (ABPE)
97–98

aquamarine hydrogen 6, 8
aromatic alcohols 171, 176
aromatic polycarboxylates 147
artificial chloroplasts 78–81
artificial leaves based on semiconductor

junctions 81–82
Au/CdS photocatalysts 202
Au-supported TiO2 261
Au/TiO2 photocatalysts 196–198

b
band alignment of semiconductors

146
barium titanate nanostructures 257
B-doped TiO2 photocatalysts 201

1,2,3-benzenetricarboxylate (BTC)
147, 148

benzimidazoles, photocatalytic one-pot
synthesis of 183, 184

benzimidazolic derivatives 183
benzoin (BZ) 176
benzyl alcohol oxidation of 171
benzylamine 180, 208
bioassays 295
biodiesel production-derived

wastewater 258–261
bioinspired two-absorber Z-scheme

configurations 79–81
biological biomass conversion process

221
biomass

accumulation 191
metal-based photocatalytic reforming

of 191–213, 219–238
biomass-derived intermediates,

oxidation of 173–174
biomass processing methods 221
biophotolysis 13
bisphenol (BPA) 252, 262, 264
Bi/TiO2 composite nanofibers 260
BiVO4/MoO3 bilayer photoanode

103
BiVO4 photoelectrode 104, 105
black hydrogen 5
blue hydrogen 5, 6
boron carbides photocatalysts 209
brown hydrogen 5
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c
cadmium sulfide (CdS) 24, 27, 220,

237
camouflage green hydrogen 6
carbon-based solar fuels 8
carbon containing compounds 169
carbon dioxide emissions and global
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carbon dioxide reduction 8, 14
carbon nitride (C3N4) 37, 78, 84, 146,

171–174, 202, 209, 210, 284
carboxylic acid-functionalized

polypyridyl Ru-based
photocatalyst 211

carboxylic acids 42, 149, 183, 225, 226,
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CdS-based photocatalysts 171,
201–203, 220, 222

for hydrogen evolution 223–226
CdS/SiO2 catalyst 177
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226–237

Cd1−xZnxS photocatalysts, XRD pattern
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228
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evolution from 232–235
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166
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free CoO nanoparticles 73
hydrogen evolution 69
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co-doping 193, 200
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concerted proton-electron transfer

(CPET) mechanism 175
conduction-band bottom energy 20,
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contaminant treatment 294
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cost of hydrogen 124
Cu-doped TiO2 photocatalysts 199
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Cu2O semiconductors 73
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d
decarbonized energy schemes 4
dehydrogenative homocoupling

reaction of alcohols 175
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double-beam photoacoustic
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dual-functional photocatalysis for H2
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dyes-containing wastewaters 256–258
dye-sensitized photoelectrochemical

cell (DSPEC) 211, 213
dye-sensitized TiO2 photocatalysts

211–213

e
electrocatalysis 134
electrocatalytic water splitting 9–10,
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electrolysis 5, 7, 9, 64, 83, 97, 106, 112,
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energy diagrams, in
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energy losses in photocatalytic water
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enrofloxacin (ENR) 262, 264
ethylene glycol (EG) 175, 176, 196,

255, 264, 265
Evonik P25 photocatalytic activity 28

f
Faradaic efficiency for hydrogen
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F-doped Co3O4 photocatalysts 204
Fe and Ni co-doped TiO2 photocatalysts

200
Fe-doped strontium titanate 172
Fermi levels of Au/TiO2

nanocomposites 197
fixed catalyst photoreactors 291–293
flat-band potential (FBP) 24
fluidized photoreactors 291
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formaldehyde 38, 39, 43–46, 169, 250,

251
formic acid 38, 43–45, 50, 169, 206,

261, 266
fossil fuels 2, 5, 95, 141, 219

reserves of 2–3

total reserves, proved reserves and
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world annual CO2 emission 123
four-electron water oxidation reaction

(WOR) 166
Fourier-Transform Infrared (FTIR)

spectra in OH/OD stretching
regions for unlabeled, deuterated
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F-TiO2/Pt photocatalyst 252
Fujishima–Honda effect 73
furfural alcohol 173, 174

g
g-C3N4 catalyst doped with Bi spheres

265
g-C3N4 materials 264
Gibbs energy-change reactions 20
global primary energy supply 2
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224, 225, 258, 260, 261, 266, 278,
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graphitic carbon nitride (C3N4) 53, 78,
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gray hydrogen 5, 141
green economy 123
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h
H2 as fuel, drawbacks of 142
HAT-coupled DSPEC cell for PP-ol

oxidation 213
hematite photoanode PEC system 100
heterogeneous photocatalysis 19, 35,

143, 167, 192, 193, 291
heterogeneous photocatalytic H2

production 167
heterogeneous semiconductor

photocatalysts, photophysics of
67–69

heterostructured materials 102
H-isotopologues of carboxylic acids 42
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homogeneous photocatalysis 167, 192
homogeneous photocatalytic H2

production 166, 167
H-type photocells 99
hybrid CdS-based catalyst 175
hybrid PEC-PV systems 109
hybrid photoelectrochemical systems

7
hydrobenzoin (HB) 176, 177
hydrogen

color codes 5
production costs 6–7
as renewable energy carrier 5–6

hydrogen evolution 28
anatase and rutile particles 28–31
from aqueous 2-propanol 27
cocatalysts for 24–26, 69
heterogeneous photocatalysis 19
metal-oxide photocatalysts for 24
photocatalysts for 23–24
platinum-amount dependence

26–28
standard electrode potential

22–23
thermodynamic description

19–21
hydrogen evolution rate

from aqueous solutions of glucose
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on Cd1−xMnxS catalysts 231
temperature dependent 228

hydrogen evolution reaction (HER)
13, 29, 31, 95, 101, 102, 110, 130,
145–147, 155, 156, 166, 194, 195,
201, 220, 226, 237, 283, 284

hydrogen producing process 219
hydrogen production 124, 165

in CH3OH–H2O mixtures 41
electrocatalytic water splitting 128
from H2O 123
PEC water splitting 95

incident photon to current
efficiency 98

photocurrent density 98

photoelectrochemical reactor setup
98

photogenerated electron-hole pair
role in 96

principle 95
reactor setup 98–101
solar-to-H2 conversion efficiency

96–98
photocatalytic and photo-

electrocatalytic water splitting
128–129

photocatalytic systems, fundamental
principles of 167–170

thermal water splitting using metal
oxides 124–127

hydrogen sulfide 85
5-hydroxymethylfurfurale (HMF) 173,

174, 202

i
IEE-11(Ti) 160
IEF-11 structure 160
incident photon to current efficiency

96, 98
indirect oxidation process 223
industrial economy, consequence of 1
inflatable artificial leaf with

TiCoOx/BiVO4 photoanode
and Pt/perovskite photocathode
82

inorganic electron donor sacrificial
agents 169, 220, 227

inorganic nitrides 78
in situ photodeposition of Ni clusters on

ultrathin CdS nanosheets 180
integrated GaInP/GaAs/Ge cell 109
integrated PEC-PV (IPEC) system 109
isotope-enriched KS13C15N 54
isotopic labeling 39, 41, 52, 54
isotopic shift factor 51, 52
isotopic substitution 36

on photocatalyst 47
H substitution 51
O substitution 49
Ti substitution 47
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on solvent/substrate
alcohols 38–41
aromatic compounds 45–46
carbonyl compounds 41–45
water 36–37

isotopologues 37, 40–42, 45, 50, 54

k
kinetic isotope effect (KIE) 37, 41, 46,

55

l
ligand-to-metal charge transfer (LMCT)

151, 182
light absorption efficiency (ηA) 98
light absorption in single

photoelectrochemical cells 107
light-activated overall water splitting

systems 65, 66
light harvesting 95, 98, 104, 105, 108,

128, 130, 133, 146, 177, 178, 183,
185, 206

light harvesting efficiency (LHE) 98
lignocellulose-derived furanics 178
LiPH8 biocatalysts 200
low-carbon economy 165
low-carbon goals and energy

sustainability 4–5
low-carbon technologies 95

m
magnetic resonance techniques 36
material-based research, in

semiconductor photoelectrodes
113

mechanistic study
by EPR spectroscopy 51
on methanol photoreforming 38

melamine-derived g-CN 174
3-mercaptopriopionic acid

(MPA)-capped CdSe quantum
dots (MPA-CdSe QDs) 172

metal-based photocatalytic reforming of
biomass

CdS-based photocatalysts and
co-catalyst loading 201–203

metal oxides other than TiO2-based
photocatalyst 204–206

metal sulfides other than CdS
203–204

nonmetals/TiO2 photocatalysts
200–201

non-precious metals/TiO2
photocatalysts 198–200

TiO2-based photocatalysts and
cocatalysts effect 193–198

metal doping, of SrTiO3 75
metal-free photocatalysts 209–211
metal organic frameworks (MOFs) 78,

147, 149
advantages and disadvantages 148
based photocatalysts 206–209
features 147
as photocatalysts 149–152

H2 generation 153–156
overall water splitting 156–160
transition metal ions 151

photo-induced ligand to metal charge
transfer in 151, 152

stability 148
metal oxide nanostructures, PEC

performance of 102
metal-oxide photocatalysts 24
metal oxide photoelectrocatalysts

101
methane reforming 85, 134
methanol 169
methanol isotopologues 40
2-methylfuran (2-MF) 178
MIL-125-NH2 ((Ti8O8(OH)4

(BDC-NH2)6) 206
MIL-125-NH2 catalyst 256
MIL-125(Ti)-NH2, overall water

splitting in 157
mixed metal oxides 75, 126, 128, 204
MJSC-based electrocatalytic system vs.

Si-PC cell 133
Mn-doped TiO2 photocatalysts 200
Mo-doped ZnIn2S4 catalyst 181–182
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MOF-5 148
photocatalytic degradation activity of

152
monolithic tandem photoelectrode cell

107
MoS2-foam-modified CdS nanorod

175
MoS2−x@TiO2-OVs catalysts 262
multijunction GaAs-based solar cells

(MJSC) 131
drawback 130
properties 129
vs. Si-based PV 130

n
naphthyl (MOF-205) rings 150
Na2SO3 sacrificial agent 256
Na2S sacrificial agent 256
natural photosynthesis 8, 13, 14, 66,

145, 162, 291
N-doped TiO2 photocatalysts 200,

201
N-hydroxyphthalimide (NHPI)

211–213
Ni/CdS photocatalyst 202
Ni/CdS/TiO2@MIL-101 photocatalyst

183
nickel/yttria-stabilised-zirconia

(Ni/YSZ) catalyst 112
Ni-doped TiO2 catalyst 198
NiFeOOH and Co-Pi co-catalyst

modified BiVO4 photoelectrode
104

Ni-modified CdS nanoparticle
photocatalyst 171

Ni-Mo-Zn hydrogen evolution catalyst
10

NiS/CdS photocatalysts 202–203
noble-metal-free Ni-based co-catalyst

171
non-metal doped TiO2 200, 258
non-metals doping 200

Kohn-Sham one-electron states and
spin density plots 201

nonmetals/TiO2 photocatalysts
200–201

nonporous TiO2 particles 152
non-precious metals/TiO2

photocatalysts 198–200
normal hydrogen electrode (NHE)

157, 168, 207, 276

o
ofloxacin (OXF) 262, 264
one-pot reforming, of cellulosic biomass

194
one-semiconductor overall water

splitting photocatalysts 72
open photocells 99
optical fiber honeycomb reactor 293
optical fiber reactors, for water splitting

293
optical-path length (OPL) 285
organic biomass derivatives 220
organic electron donor sacrificial agents

169
organic/metal-organic semiconductors,

for photocatalytic water splitting
78–79

organic polymers, as photocatalytic
materials for H2 production 53

organic transformations photocatalytic
170–184

1-(o-tolyl)propan-2-one 182
outdoor PV-electrolysis experimental

set up 132
overall photocatalytic water splitting

reaction 276
overall water splitting 63

into H2 and O2 71, 73
single light absorber configuration

based on metal oxide
semiconductors 71–82

for Pt/C3N4 with peroxide 84–85
overall water splitting process 156
overlapping tandem configuration 107
overpotentials 10, 25, 69, 71, 104, 109,

128, 146, 157, 168, 194
oxalic acid 43, 291
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oxidative co-catalysts 104
oxidative cross-coupling, H2 production

with 182–184
oxidative quenching 167, 168
oxygen evolution reaction (OER) 95,

101, 102, 110, 145, 146, 156, 210

p
parallel tandem configuration 107
pi-conjugated polymers 78
Pd-supported TiO2 261
Pd/TiO2 photocatalyst 182, 195–196
PEC-dye sensitised semiconductor

cell (PEC-DSSC) systems
108–109

PEC H2 production 95–101
pharmaceutical wastewater 261–265
phosphomolybdic acid (PMA) 210
photoanode materials 101
photobiocatalysis 13
photobiocatalytic hydrogen 13
photocatalysis 7, 12–14, 64, 143, 145

advantage 219
general principles of 192
principle/mechanism 19
for overall water splitting,

MOF-based 158
photocatalytic formaldehyde oxidation

45
photocatalytic gas evolution, using

UiO-66 159
photocatalytic generation, of reactive

oxygen species 144
photocatalytic HER, materials

employed for 147
photocatalytic homogeneous system

with oxidative quenching 168
with reductive quenching 168

photocatalytic hydrogen evolution 31
from cellulose aqueous suspensions

232–235
from starch aqueous suspensions

235–237

photocatalytic hydrogen, from
feedstocks by photoreforming
11–13

photocatalytic hydrogen generation
biodiesel production-derived

wastewater 258–261
industrial wastewater 251

dyes-containing wastewaters
256–258

oxic/anoxic condition effects
252–256

municipal wastewater 247–251
pharmaceutical wastewater

261–265
WtE network 246

photocatalytic hydrogen production
from biomass components 221–223
efficiencies 8
mechanisms 35–55
WtE network 245

photocatalytic organic reactions
coupled with H2 production

oxidation
of alcohols 170–173
of biomass-derived intermediates

173–174
rate-limiting step 170

photocatalytic oxidative coupling
reactions

C-C coupled products formation
175–179

C–N coupled products formation
180–181

S–S coupled products formation
181–182

photocatalytic process 14, 35, 36, 40,
44, 142, 152–154, 159, 167, 170,
173, 237, 247, 250, 257, 266, 279,
290, 294

photocatalytic reforming 169
of aqueous methanol 40
of aqueous naphthalene 46
of aqueous natural/ deuterated

naphthalene 47
of benzene 46
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photocatalytic reforming (contd.)
of biomass 193
of formaldehyde 44–46
of naphthalene isotopologues 45
of oxalic acid 43

photocatalytic wastewater treatment
with simultaneous hydrogen
production 296

photocatalytic water splitting 10, 21,
36, 65, 219

catalyst choice and design 169
to H2 and O2 on semiconductor-based

photocatalysts 168
photocathodes 82, 95, 101–103, 106,

108, 113
photocells 98

incident light intensity 100, 101
types of 99
window material 100

photocurrent density 98
in single photoelectrochemical cells

107
photoelectrocatalytic (PEC) systems,

stability, and performance
130–133

photoelectrocatalytic water splitting 9,
128–129

photoelectrochemical reactor
configurations

classifications of 106
integrated PEC system 109
PEC-DSSC systems 109
single photoelectrochemical cells

106–107
tandem photoelectrochemical cells

107–108
photoelectrochemical semiconductor

materials 101
morphologies of 101–102
photoelectrode modification

103–104
bilayer structure 103
co-catalyst layer 104–105
surface passivation coating 105
Z-scheme multilayer 103–104

photoelectrochemical (PEC) water
splitting 35, 95

design considerations 109
decision tree 110
semiconductor features 112–113
technical challenges 113–114
temperature effects 112
theoretical studies and models

110–111
photoexcited pairs 167
photofermentation 13
photogenerated charge separation 277
photo-induced alcohol oxidation

mechanism 211
photo-Kolbe reaction 41, 45
photophysical mechanism,

in semiconductor-based
photocatalyst 67, 68

photophysics of heterogeneous
semiconductor photocatalysts
67–69

photoreactor engineering and process
conditions 69–71

photoreactors
feasibility factors 289
fixed catalyst 291–293
integrated LED lamps in 293
slurry 289–291

photoreforming 294, 295
of formic acid 44
process 12

photosensitizer (PS) 167, 206, 211,
213, 285

photovoltaic electricity 7, 64, 65
photovoltaic-electrolytic technology

65
photovoltaics device 145
pink hydrogen 5
platinized TiO2 (Pt/TiO2)

photocatalysts 194–195
platinum-loaded MOF composite

(Pt/PCN-777)
for H2 production 208

pond green hydrogen 6
porphyrin-based MOFs 159
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primary energy production trends 1–2
proton exchange 40, 54
proton exchange reaction 42
proton exchange reaction rate 43
Pt/CdS-ZnS catalysts 251
Pt/CdZnS photocatalyst

HAADF TEM imaging and elemental
mapping of 234

HRTEM images of 233
Pt/Cd0.5Zn0.5S photocatalyst 224
Pt/CdZnS 120 photocatalyst 229
P-TiO2/Pt microsphere catalyst for H2

production 250
Pt-loaded brookite nanoflutes 84
Pt@MIL-125/Au composite

photocatalyst 207
Pt-modified graphitic carbon nitride

53
Pt@mp-gC3N4 thin film catalyst 292
Pt/RuO2/TiO2 system 222
Pt/TiO2-N catalysts 251
PV-electrolysis setup 132
pyrenyl (NU-1000) 150

q
quadrupole mass spectrometry (QMS)

signals, for generated CO2, HD,
H2, D2 44

quadrupole MS signals
during gas-phase photocatalytic

reforming of methanol 38
during photoreforming of

D2O/CH3OH vapors 40
quantum efficiency 14, 30, 31, 77, 172,

199, 235, 236

r
redox mediators 71, 79, 291
redox photooxidation mechanism

50–51
red phosphorous (RP)-doped TiO2

(TiO2/RP) 201
reductive quenching 167, 168
renewable solar fuel technologies 7

reversed double-beam spectroscopy
(RDB-PAS) 26

RGO/ZnO@ZnS-Bi2S3 203, 204
Rh-doped strontium titanate 171
rhodium-chromium co-catalyst 76
Rietveld method 228, 229, 233
Ru-doped ZnIn2S4 178
ruthenium (Ru) (II) tris-bipyridine

(bpy) [Ru(bpy)3]2 211

s
sacrificial agents 21, 129, 153, 156,

166, 169, 200, 237, 251, 252,
255–257, 262, 265, 266, 277–280,
286, 292–294

sacrificial electron donors 36–38, 64,
146, 156–157, 159, 161, 169, 183,
195, 202

in photocatalytic H2 production
153–155

Sb2Se3 nanorod-thin film bilayer 103
Scaife’s plot 23
Schottky-type barrier 21
seawater splitting, photocatalytic 83,

84
self-assembled 3D ZnO nanosphere

204
self-healing cobalt-based oxygen

evolution catalyst 10
semiconductor-based photocatalytic

overall water splitting 72
semiconductor-based photocatalytic

systems 184
semiconductors

into H2O2 and H2 84, 85
for water splitting photocatalysis

67–69
Si-based PV cells 133
single light absorber materials, H2/O2

formation
based on metal oxide semiconductors

73–75
doped metal oxides 75–76
modifications of 76

single-phase sulfide catalysts 226
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single photoelectrochemical cells
106–107

slurry photoreactors 289–291
sodium tantalate doped with lanthanide

series 75
solar-active catalysts, drawback of 102
solar electromagnetic radiation 143
solar energy 166

storage 64, 69, 86
solar fuels 7

advantages and disadvantages of
144

solar hydrogen production 7, 275–296
solar photocatalysis 64, 69, 75, 142,

184
solar photocatalytic hydrogen

production 275
considerations 275–278
performance affecting factors 280

catalyst structure and morphology
280–281

light intensity 281–282
pH 284
photoreforming 278–279
temperature 282–284

solar photoreactors 285
compound parabolic collectors 286
non-concentrating collectors 285,

289
parabolic trough collectors 285, 288

solar-to-H2 conversion efficiency
96–98

solar-to-hydrogen conversion efficiency
(STH) 66–67, 69, 71, 73, 76, 78,
82, 84, 294

solar-to-hydrogen efficiencies, of
photocatalytic water splitting
86

solid oxynitride solutions 76
solid-state cross-polarization

magic-angle-spinning 13C-NMR
53

Spin-echo 47/49Ti NMR spectra, of
macroporous Zn2TiO4 48

squarate 160

SrTiO3/Ag/Fe3O4/(30 wt% g-C3N4)
nanostructures 264

standard electrode potential (SEP) 20,
22, 23

standard hydrogen electrode (SHE)
22–26, 29, 31

starch aqueous suspensions,
photocatalytic hydrogen
evolution from 235–237

steam CH4 reforming (SMR) 123, 124
steam reforming of methane (STM)

165, 191
surface passivation coating 103, 105
surface plasmon resonance (SPR) effect

194, 196, 198, 251, 264

t
tandem photoelectrochemical cells

107–108
tandem photoelectrode PEC systems

113
tantalates 75
techno economy analysis (TEA) 127,

131, 153, 256
terephthalate 147, 148
tetraphenyl porphyrin (PCN-222) 150
thermal water splitting using CeO2

application 125–127
limitation 126–127
principle 124–125

thermochemical process 221, 228
thermodynamic principle 20, 21
thermosolar catalysis 7
thermosolar H2 production 142
time-resolved spectroscopies 36
TiO2-based catalysts 277
TiO2-based photocatalysts

Au/TiO2 photocatalysts 197
CdS-based cocatalysts loading

201–203
CdS-based photocatalysts 201–203
nonmetals/TiO2 photocatalysts

200–201
non-precious metals/TiO2

photocatalysts 198–200
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Pd/TiO2 photocatalysts 195–196
platinized TiO2 (Pt/TiO2)

photocatalysts 194–195
ZnS-Bi2S3 nanocomposite 203–204

TiO2/HKUST-1 composite
photocatalyst 208

TiO2 light harvesting, in visible region
146

TiO2 photocatalyst, for H2 generation
145

TiO2/ZnO passivation layer 105
toxicity-biodegradability dichotomy

295
toxicity tests 295
transesterification process 258
turquoise hydrogen 5
2D black phosphorus and carbon

nitride (BP/CN) nanohybrids
210

2D MOFs 160
two dimensional (2D) hexagonal SnS2

nanostructures catalysts 257
two-electron process 22, 27, 29, 31
two-semiconductor overall water

splitting photocatalysts 72

u
ultrathin two-dimensional Ni/CdS

nanosheets 173, 174

v
vibrational spectroscopy 51
visible-light driven chemical reactions

179
visible-light-driven photocatalysis 220

w
waste-to-energy (WtE) 245–247, 275
wastewater

biodiesel production-derived
wastewater 258–261

industrial wastewater 251
dyes-containing wastewaters

256–258

oxic/anoxic condition effects
252–256

municipal wastewater 247–251
pharmaceutical wastewater

261–265
photocatalytic wastewater treatment

with simultaneous hydrogen
production 296

wastewater pretreatment 294
water-assisted direct oxidation path 39
water-assisted oxidation 38
water isotopologues 37, 40
water splitting 63

activity of CrOx/Rh/Al SrTiO3 77
artificial leaves based on

semiconductor junctions 81–82
bioinspired two-absorber Z-scheme

configurations 79–81
challenging kinetics of 69
co-catalyst requirements 69
design differences, of photocatalytic

vs.photoelectrochemical vs.
photovoltaic-electrochemical
approaches 64–66

light-activated overall water splitting
systems 65

light-driven overall water splitting
66

one-semiconductor overall water
splitting photocatalysts 72

overall photocatalytic water splitting
276

overall water splitting 63, 71–85
overall water splitting process 156
photocatalytic water splitting 10,

21, 36, 65, 219
catalyst choice and design 169
to H2 and O2 on

semiconductor-based
photocatalysts 168

organic/metal-organic
semiconductors for 78–79

photoreactor engineering and process
conditions 69–71
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water splitting (contd.)
semiconductor-based

photocatalytic overall
water splitting 72

thermodynamics 66–69
transformations 63
two-semiconductor overall water

splitting photocatalysts 72
wireless photoelectrochemical cell

design 10
Woodward–Hoffman rules 150

y
yellow hydrogen 5

z
zero-carbon technologies 95
Zn-doped Ga2O3 modified with a

Rh2−yCryO3 37
ZnIn2S4 photocatalyst 176
ZnO/RGO nanocomposite 206
ZnS-Bi2S3 nanocomposite photocatalyst

203, 204
ZnS/NiO core-shell nanostructures

260
Z-scheme multi-component bioinspired

approach 79
Z-scheme multilayer photoelectrode

modification 104


















