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aberration-corrected TEM 100
acetal reactions 88
2-acetamidoterephthalic acid 158
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acid-catalyzed reactions 363
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active pharmaceutical ingredients (APIs)

398
acyclic diene metathesis (ADMET)

oligomerization 292
adsorption properties 455–456
advanced oxidation process (AOP)
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Fenton and Photo-Fenton process 402
Green sustainable heterogeneous 402
heterogeneous photocatalysis 402–403
•OH radicals 399
oxidation potentials of 400
ozonation 401
UV irradiation (photolysis) 401–402

17α-ethynyl estradiol (EE2) 397
17α-hydroxysteroids 155
albeit 276, 371, 385
aldehyde catalysis, asymmetric cyanation of

206
aldehyde cyanosilylation 326–328
aldol addition reactions 158–161
alkene epoxidation over mesoporous

Nb-silicate 342–343
alkylphosphoric acid 380
AlPMOF 225
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amino-functionalized dicarboxylate ligand
88
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methyl)thiazol-2-yl) guanidine 424,
428

ammonia 227
decomposition 464–465
synthesis 464
urea SCR 374–377
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annular dark field (ADF) detector 101
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asymmetric aldol reactions 205, 209–210
asymmetric catalysis reactions 295–298
asymmetric Friedel–Crafts 201, 203
asymmetric hydrogenation 192, 196–198
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atomic absorption spectroscopy (AAS) 45,
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103–104
atomic layer deposition (ALD) 14, 281
atomic layer deposition (ALD) in MOFs
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azidation 203, 205
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back-scattered electrons (BSE) 98, 101
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benzoquinone (BQ) 421
benzyl alcohol oxidation 137, 138, 246
2-benzylidenemalononitrile 84, 246, 329
Bingel reaction 169
biodiesel 371, 433–435
bioglycerol 434–437
bioinspired catalytic systems 151
bio-MOF-1 46, 47
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bipyridyl ligands 25
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Birdlife International 397
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bisphosphine Pd complex 293
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bromate formation 401
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cage-directed mixed-linker MOFs 131, 132
cage-like repeating network structure 67
calcination process 82
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caping ligands 9, 11
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carbon dioxide (CO2) 49, 116, 220, 224, 381
carbon nanotubes (CNT) 412
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adsorption properties 455–456
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456
structural features 452–455

catalytic performances of
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decomposition of hydrocarbons 466
dehydrogenation reactions 460–461

fuel cell electro catalyst 465–466
gas-phase reactions 464–465
heterogeneous catalysts 466–467
hydrogenation reactions 459–460
liquid-phase hydroformylation

reactions 461–462
liquid-phase oxidation reactions

462–463
metal-containing species 457
sulfur catalysis 467

metal-free catalysts of 467
POM 352–353
types and dimensions 452

catalysis 316
definition 451

catalyst loading, effect 440
catalyst’s active site 274
catalytic performance 28, 49, 104, 155, 164,

223, 227, 273
catalytic transfer hydrogenation (CTH) 82,

154
C–C bond formation 83, 88, 200
Ce/SAPO-34 catalyst 372
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75, 416
charge transfer resistance (Rct) 419, 427,

428
charge transfer/separation efficiency 230,

232
chemical incorporation 9–10, 14, 18, 19
chemical oxygen demand (COD) 400
chemo-and diastereoselectivities 155
chiral metal-organic frameworks (CMOFs)

169, 181, 184
designing catalysts 193–194
direct synthesis 187–189
indirect synthesis 190–192
spontaneous resolution 185–187
type I 194–206
type II 206–210

chiral tube 453
chiral vector 452
4-chlorobenzyl bromide (CBB) 319
4-chlorophenol (4-CP) 418, 420, 428
cick reactions 68, 78, 88
cinnamaldehyde (CAL) reaction 460
cinnamyl alcohol oxidation reaction 76
(+)-citronellal 164
cluster-based mixed-linker MOFs 132
CO2 conversion 203–205
CO2 hydrogenation 385–387
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Co-MOF-74 78, 232
complete mineralization 424–425, 427, 428
conduction band minimum (CBM) 409
confined coordination complexes 277
confined molecular complexes 275
confinement effects

ethylene oligomerization and
polymerization reactions 291

hydroformylation reaction 289–290
hydrogenation reactions 288–289
metathesis reactions 291–293
oxidation reactions 290–291
in zeolites 274

CO2 reduction reaction 224
CO 225

co-substituted aluminophosphates and O2
337–338

Coulombic forces lacking directionality
315

covalent modification approach 68
covalent organic frameworks (COFs) 97,

189, 274, 282–283, 323
4-CP degradation 420, 422, 423
crystal field stabilization energy (CFSE) 77
crystal phases of TiO2 404–406
Cu3[(BTC)2] (HKUST-1) 169
Cu-HKUST-1 175
Cu-porphyrinic framework 78, 79
CuRhBTC 325
Cu/SAPO-34 374–376
Cu3(BTC)2 structure 136
cyanation reaction 198, 200
cyanosilylation reaction 198–200
cycloaddition reactions 320–323
cycloalkenes 336
1,3-cyclohexadiene 162
cyclopropanation 168–175

d
DABCO modification 76
defects engineering 174
dehydrobenzoannulene (DBA) 117
dehydrogenation reactions 460–461, 468
de novo synthesis method 70
density functional theory (DFT) 5, 16, 97,

118–121, 467
3[2-(diaminomethyleneamino)-1,3-thiazol-

4-yl]-methylthio-N2-sulfamoyl-
propionamide 418

diastereoselective reactions catalyzed by
MOFs

aldol addition reactions 158–161
cyclopropanation 168–175
Diels–Alder reaction 162–164
isomerization reactions 164–168
Meerwein–Ponndorf–Verley reduction of

carbonyl compounds 154–158
diastereoselectivity 153, 169, 170
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU)

293
dibutyl bicyclo[2.2.2]oct-5-ene-2,3-

dicarboxylate 162
dicarboxylic acids 188
di(11-hydroxyundecyl)dimethylammonium

(DOHDA) 350
Diels–Alder reaction 162–164
dimethyl bicyclo[2.2.2]oct-5-ene-2,3-

dicarboxylate 162
dimethyl fumarate 162
direct environment 273
direct mixing 49
direct synthesis 187–189
direct Z-scheme 414
3,5-di-tert-butylbenzyl bromide (TBBB)

319
2D Ni-based MOFs 224
double-layer capacitance 419
2D-quantum transport features 455
drinking water 399
DWCNT channels 465
dye-sensitized solar cells (DSCs) 468
dynamic porosity 153
2D Zn-based MOF 158

e
e-h recombination rate 404, 425
electrical double layer (EDL) 406
electrocatalysis applications

CO2 reduction reaction 224–227
hydrogen evolution reaction 221–223
nitrogen reduction reaction 227–228
oxidation of small molecules 228–229
oxygen evolution reaction (OER) 223
oxygen reduction reaction 224

electrochemical CO2 reduction reaction
(CO2RR) 224

electrochemical data (EIS) 421
electrochemical water splitting 221
electron paramagnetic resonance (EPR)

110–111
endocrine-disrupting chemicals (EDCs)

399
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energy-dispersive X-ray spectroscopy 78,
113

enzymatic catalysis 151, 274
epoxide ring-opening 208–209
ethylbenzene (EB) 462
ethylene (C2H4) 225
ethylene oligomerization and

polymerization reactions 291
evaporation induced self-assembly (EISA)

process 418
exchangeable coordination positions 315
Extended X-Ray Absorption Fine Structure

(EXAFS) 38

f
famotidine (FAM) 418, 422
fathead minnow fishes 397
fatty acid methyl esters (FAMEs) 340
Fenton process 402
Fenton’s reagent 400
Fermi-level equilibration 407
Fischer–Tropsch synthesis (FTS) 464
flexible ligand method (FLM) 282
formic acid 225
2-(4-formylthiazol-2-yl) guanidine 424, 428
four-electron reaction pathway 224
free fatty acid (FFA) molecules 371
Friedel–Crafts alkylation 319–320
fructopyranose 373
fuel cell electro catalyst 465
furfural 372

g
gas adsorption measurements 323
gas-phase reactions

ammonia synthesis and ammonia
decomposition 464–465

epoxidation of propylene in DWCNTs
465

syngas conversion 464
Gibbs’s free energy 413
Glaser coupling reactions 246
glycerol

definition 434
dehydration 436–437

glycerol-yielding acrolein 435
Gouy layer (III) 407
Grand Canonical Monte Carlo (GCMC)

291
graphite nanofibers (GNF) 460

green sustainable heterogeneous 402
Grubbs–Hoveyda catalyst 291

h
HAADF-STEM images 102
Heck coupling reactions 246
Henry reaction 77, 160
[4 + 2] hetero-Diels–Alder cycloaddition

reaction 321
heterogeneous catalysts 333
heterogeneous photocatalysis 402–403
heterometallic metal-organic frameworks

7
heteropoly acid (HPA) 436–438, 443
heterostructural mixed linker (HML)

approach 129–130
strategy 128

H2 evolution reactions (HER) 221
hex-2-enes 336
high-angle annular dark-field (HAADF)

images 101
high carrier density 428
high resolution transmission electron

microscopy (HRTEM) 11, 458
HKUST-1 324
5-HMF 372
homometallic metal-organic frameworks 3
5-(4H-1,2,4-triazol-4-yl)isophthalic acid

84
hydrazine 229
hydrocarbon 378
hydroformylation reaction 289
hydrogenation reactions 288–289,

325–326, 459
hydrogen evolution reaction 221–223
hydrogen peroxide 333
hydroisomerization 379–383
hydrophobic effect 151
hydroprocessing 383–385
hydroquinone (HQ) 421
hydrothermally stable catalyst 339
3-hydroxypropanal 436
hydroxysteroid derivatives 158

i
imine ligands 25
iminopyridine functionality 85
incipient wetness impregnation 39–42
InCrOx-SAPO-34 catalyst 387
indirect bandgap excitation process 410
indirect synthesis 190–192
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inductively coupled plasma (ICP) 112–114
inductively coupled plasma optical emission

spectroscopy (ICP-OES) 112
inner Helmholtz plane (IHP) 406
inorganic heterogeneous catalysts 166
in-situ guest metal-organic framework

encapsulations
co-precipitation methodologies

49–51
solvothermal encapsulation/one pot

47–49
in situ metalation 32
integrating multiple ligands 127
International Union of Pure and Applied

Chemistry (IUPAC) 116
ionic liquid (IL) surface-modified Cu-BTC

89
IRMOF-3 catalysts 141
isomerization reactions 164, 168
(–)-isopulegol 164
isostructural mixed linker (IML) 128–129

j
Johnson–Corey–Chaykovky reaction 169
John–Teller effect 77

k
K-A oil 346
Katsuki–Jacobsen epoxidation reaction 27
Keggin-type (polyoxometalates) 436
Keggin-type heteropolytungstate 350
17-ketosteroids 155
Knoevenagel condensation 328–329
Knoevenagel condensation reactions 84,

88, 187, 246–247
Kulinkovich reaction 169

l
Lewis acid-catalyzed 133
Lewis acidity 4
ligand accelerated catalysis (LAC) 28–31
limit of detection (LOD) 399
linker design 284
liquid-phase hydroformylation reactions

461
liquid-phase oxidation reactions 462

oxidation of alcohols 240–241
oxidation of furfural 241

liquid-phase selective oxidation 333
lithium polysulfides (LiPSs) 467

m
macro(mono)cyclization 292
macroporous materials 38
MCM-41 281
Meerwein–Ponndorf–Verley reaction (MPV)

154
(–)-Menthol 164
Me3SiCN 327
mesoporous 38
mesoporous silica 281, 293
mesoporous Ti-silicates

in oxidation of bulky phenols 340–342
in oxidation of hydrocarbons 339–340

metalated phtalocyanines 285
metal-based catalysts, zeolites 293
metal exchange 14
metal-ion exchange 46–47
metallic units 14–17
metal-ligand 287
metal nanoparticles (MNPs) 73
metal node engineering

intrinsically active metal nodes
more than one metal in its cluster 6–8
only one metal 3–6

isolating the catalytic site
metal exchange 14
metallic units 14–17
organometallic chemistry 18–21

tune metal-node catalytic properties
characterisation techniques 10–11
chemical incorporation 9–10
chemical reactivity 11–12

metal organic chemical vapor deposition
(MOCVD) 42–46

metal-organic frameworks (MOFs) 294
active sites

metallic nodes 70
near ligand centre in 70
near pores in 69

aldehyde cyanosilylation 326–328
composites 219

inorganic nodes of 220
nanostructures of 221
organic linkers of 220

composites for CO2 cycloaddition
reactions 247

composites for coupling reactions
Glaser coupling reactions 246
Heck coupling reactions 246
Knoevenagel condensation reaction

246–247
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metal-organic frameworks (MOFs) (contd.)
three-component coupling reaction

247
composites for hydrogenation reactions

C=C and C≡C groups 241–242
reduction of C=O groups 244
reduction of–NO2 group 242–244

composites for tandem reactions
248–250

cycloaddition reactions 320–323
engineering of active sites in

ligand centres 83–90
metal nodes 77–83
pore tunability 73–77

Friedel–Crafts alkylation 319–320
gas-phase oxidation reactions 239–241
hydrogenation reactions 325–326
Knoevenagel condensation 328–329
Lewis acid sites 317
ligand accelerated catalysis (LAC) 28–31
ligands as active metal sites

bipyridyl ligands 25
chemical reactivity 24–25
imine ligands 25–26
metal free organic ligands 27–28
porphyrin ligands 23–24
salen ligands 26–27

metal-based guest pore engineering
incipient wetness impregnation

39–42
metal-ion exchange 46–47
MOCVD 42–46
ship-in-a-bottle 42

metal node engineering 3
metals by direct synthesis

postgrafting metal complexes 33–34
premetalated linker 32–33
in situ metalation 32

metals by post synthetic modifications
post-synthetic metalation 36–38
SALE 34–36

molecular complexes into porous
materials 283

oxidation of olefins 323–324
percentage of metal ions in 315
selective oxidations over Cr-and Fe-based

MOFs 343–347
selective oxidations with H2O2 over

Zr-and Ti-based MOFs 347–349
solid catalysts 315
supported transition metal catalysts 223

Suzuki–Miyaura coupling reactions
244–246

synthesis and characterization 70–72
zeolites 319

Metal Organic Material enzyme
(MOMzyme-1) 47

metal-oxygen clusters 132
metal/TiO2 Schottky Junction 415
metathesis reactions 291
Metronidazole 402
Michael Initiated ring closure 169
microenvironment 275
microporocity of POM/SiO2 composites

350
microporous materials 38
microscopy techniques

atomic force microscopy (AFM)
103–104

scanning electron microscopy (SEM)
98–100

transmission electron microscopy (TEM)
100–103

mixed linker metal organic frameworks
(MIXMOFs) 133

mixed linker MOFs
advantages 127
catalysis 133
heterogeneous catalysts

similar size/directionality linkers
134–140

structurally independent linkers
140–147

HML frameworks 129–130
IML frameworks 128–129
TML frameworks 130–131
types of 131

cage-directed 132
cluster-based 132
pillared-layer 131
structure templated 132–133

mixed-metal organic frameworks 7
mixed-metal or heterometallic MOF 6
Mobil Oil Corporation researchers 338
MOF-5 43
MOF-808 154
molecular building block (MBB) method

192
molecular complexes

immobilized into porous materials
characterization of 285–287
confinement effects 287–298
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into porous materials
in carbon materials 285
COFs 282–283
mesoporous silica 279–281
in metal–organic frameworks 283
in zeolites 281–282

molecular oxygen (air) 333
molybdacyclobutane 292
Mott–Schottkyplot 426
multi-walled carbon nanotubes (MWCNTs)

452

n
N2 adsorption 115, 118
nano-assembly method 369
1-naphthalenemethanol 74
N-butylamine-Zr-BDC-MOF 85
near-ambient-pressure X-ray photoelectron

spectroscopy (NAP-XPS) 107
N-heterocyclic carbene (NHC) catalyst 292
Ni-MOF-74 78
Nitroaldol reaction 205–206
4-Nitrobenzaldehyde 76
nitrogen reduction reaction (NRR)

227–228
(E)-1-nitroprop-1-ene 320
N-methylpyrrole 320
N,N-dimethyl-3,5-dimethylpiperidinium

377
noncovalent interactions 151, 152
non-crystalline/amorphous materials 97
N-phenyl-based maleimides 163
N2-sorption analysis 73
n-type SC/electrolyte interface 408
nuclear magnetic resonance (NMR)

109–110

o
open metal site 4, 133, 175, 220
ordered mesoporous materials 415
ordered mesoporous titania (OMT) 416,

417
complete mineralization studies

424–425
photocatalytic degradation studies

420–424
spent catalyst 425–427
synthesis and characterization 418–420

organometallic chemistry 18–21
oriental white-backed vulture (OWBV) 397
oxidation of furfural 241

oxidation of olefins 323–324
oxidation of small molecules 228–229
oxidation reactions 290–291
oxidative dehydrogenation reactions (ODH)

468
oxygen evolution reaction (OER) 109, 223,

295
oxygen reduction reaction 224
ozonation 401
ozonolysis 402

p
PAF-76 323
Pair Distribution Function (PDF) 6, 16
para xylene isomer 319
p-benzoquinones (p-BQ) 340
PCN-222(Rh) 172
PCN-224(Rh) 172
PCN-625(Fe) 321
Pd/Ce-BTC-MOF 89
Pd-tridecilamine complex 288
Penicillin 402
personal care products 237
pharmaceutical pollution 397
1-phenylethyl hydroperoxide (PEHP) 462
phonon 410
phosphomolybdic acid (H-PMo) 443
5-phosphonobenzene-1,3-dicarboxylic acid

(pbdc) 319
phosphotungstic acid (H-PW) 443
photocatalytic CO2 reduction

CO2 photoreduction to CH3OH 233–234
CO2 photoreduction to CO 232–233
CO2 photoreduction to HCOO-/HCOOH

234–235
photocatalytic degradation of organic

pollutants
degradation of wastewater 237–239
gas-phase organic compounds 239–240

photocatalytic efficiency 404
photocatalytic hydrogen production

active sites/co-catalysts 229–230
structural evolution and heterogeneous

structure 230–232
photocatalytic organic reactions

hydrogenation 235
oxidation 235
Suzuki coupling reaction 236–237

Photo–Fenton process 402
photogenerated charge separation strategies

metal/TiO2 Schottky Junction 415
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photogenerated charge separation strategies
(contd.)

TiO2/carbon heterojunction 412
TiO2/SC coupled heterojunction

412–414
TiO2/TiO2 phase junction 414–415

pillared-layer MOFs 131
PIZA-3 25
polyoxometalates in confined environment

carbon nanotubes 352–353
MOF-incorporated 350–352
silica-encapsulated 350

pore size distribution (PSD) 115
pore tunability 73–77
porous coordination networks (PCNs) 97
porous coordination polymers (PCPs) 67,

97
porous materials 101, 276
porous organic polymers (POPs) 97, 101
porphyrin ligands 23–24
porphyrin metallic complex 172
postgrafting metal complexes 33–34
post-synthetic exchange 34
post-synthetic metalation 36–38, 284
post-synthetic modification (PSM) 67, 70,

132, 174, 185
Povarov synthesis of pyranoquinolines 165
powder X-ray diffraction (PXRD) 104
premetalated linker 32–33
pristine CNTs (p-CNTs) 467
pristine Cu-BTC MOF 76
product selectivity 316
Pt nanosheets 221
PVP (polyvinylpirrolidone) 48
pyrano[3,2-c]quinoline 164

q
quasi-MOF 82, 220
quinolone 168

r
radical/spin adduct 110
reaction rate and selectivity 316
redox reagent (Jredox) 409
reductive transformations

CO2 hydrogenation 385–387
hydroisomerization 379–383
hydroprocessing 383–385
selective catalytic reduction (SCR)

ammonia/Urea 374–377
hydrocarbon 378–379

resonance 109
reversible hydrogen electrode (RHE) 224
Rh-monophosphorus catalyst 198
Rh-porphyrin complex 172
root growth or base growth 455
Ru(II)-salen complex 170

s
SAPO-11 374, 379–382
SAPO-34 371
SAPO-n zeolites 365
SBA-15 280
scanning electron microscopy (SEM)

98–101
Schiff base-ligands 26
Schottky Junction/Barrier 415
SDA molecules 364
secondary electrons (SE) 98
selective catalytic reduction (SCR) 374

ammonia/urea 374–377
hydrocarbon 378–379

selective oxidations over Cr-and Fe-based
MOFs 343–347

selective oxidations with H2O2 over Zr-and
Ti-based MOFs 347–349

self-assembly techniques 457
semiconductor/electrolyte interface 406
semiconductor photocatalysis mechanism

403
sequential alcohol oxidation 206–207
sequential alkene epoxidation 208, 209
shape catalysis in MOF 319
shape-selectivity in MOFs 316
ship-in-a-bottle 42, 282
ship in the bottle species 274
silica-encapsulated POM 350
silica-supported HPA

acid sites effect 440–443
catalyst loading effect 440
heteropoly acid 443–444
textural properties of support on product

selectivity 439–440
silicoaluminophosphate (SAPO)

acidic 363
general routes for 366
hydrothermal synthesis 365
organic transformations

acid catalysis 370–374
reductive transformations 374–387

zeolites characterization 370
silicotungstic acid 443, 445
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Simmons–Smith reaction 169
single crystal x-ray diffraction (SCXRD) 74,

105
single-walled carbon nanotubes (SWCNTs)

452
Sn/SAPO-34 catalysts 371
solid-electrolyte interface (SEI) 420
solid-state NMR (SS-NMR) spectroscopy

109
solvent-assisted linker exchange (SALE)

34–36
solvothermal deposition in MOFs

14, 15
solvothermal encapsulation or one pot

47–49
space charge region (SCR) 407
spectroscopy techniques

electron paramagnetic resonance (EPR)
110–111

inductively coupled plasma (ICP)
112–114

nuclear magnetic resonance (NMR)
109–110

UV-Vis DRS 111–112
X-ray spectroscopy

PXRD 104–105
XAFS 107–109
XPS 105–107

spent catalyst 425–47
stereoselectivity 169
Strecker reaction 187, 200–203
structural defects and missing linkers

315
structure templated mixed-linker MOFs

132–133
substrate/reactant selectivity 318
2-sulfobenzoic anhydride (SBA) 88
Supported Homogeneous Catalysts (SHC)

273, 279
supramolecular approach 275
surface chemistry 276, 282, 463
Surface Organometallic Chemistry (SOMC)

18, 279
surface reaction 406–409
Suzuki–Miyaura coupling reactions 139,

244–246
Suzuki–Miyaura cross-coupling reaction

73, 85, 139, 140
Suzuki–Miyaura reaction 283
syngas conversion 464

t
tandem oxidation 209–210
tap water 398, 399
temperature-programmed desorption (TPD)

370
templating agents 365
tert-Butylation reaction 317
tetraethyl orthosilicate (TEOS) 280,

350
5,10,15,20-tetrakis-(4-bromophenyl)-

porphyrin (TBPP) 323
tetrakis[4-(4′,4,′5′,5′-tetramethyl-1,′3′,2′-

dioxaborolane-phenyl)]methane
(TTBPM) 323

tetramethyl orthosilicate (TMOS) 280
2,2,6,6-tetramethylpiperidine-1-oxyl

(TEMPO) 111
tetramethylterephthalic acid 129
thermal defect engineering (TDE) 174
thermocatalytic applications

MOF composites for CO2 cycloaddition
reactions 247–248

MOF composites for coupling reactions
244–247

MOF composites for hydrogenation
reactions 241–244

MOF composites for oxidation reactions
gas-phase oxidation reactions

239–240
liquid-phase oxidation reactions

240–241
MOF composites for tandem reactions

248–250
thermogravimetric analysis (TGA) 10, 71,

98, 114–115
three-component coupling reaction 247
TiO2/carbon heterojunction 412
TiOOH 335
TiO2 photocatalysis 404, 413
TiO2/SC coupled heterojunction 412–414
TiO2/TiO2 phase junction 414–415
tip-growth method 454
Ti-substituted polyoxometalates (Ti-POM)

336
Ti-substituted zeolites and H2O2 334–337
titanium dioxide (TiO2) 403
TMC-036 422, 428
TMP-123 418–421, 424, 428
transesterification of oil 371
trans-isomers in cyclopropanation 175
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transition-metal-substituted molecular
sieves

co-substituted aluminophosphates and O2
337–338

Ti-substituted zeolites and H2O2
334–337

transition state selectivity 155, 319
trans-metalation process 77, 78
transmission electron microscopy (TEM)

100–103
trans-nitrovinylphenol 161
trimethyl-p-benzoquinone (TMBQ) 342
2,3,6-trimethylphenol (TMP) 341
truncated mixed linker (TML) 128,

130–131
TS-1-based phenol hydroxylation process

335
TS-1 epoxidation catalyst 336
TS-1 hydrophobicity 334
tuning the acidity 444
type I

asymmetric hydrogenation 196–198
azidation 203–205
CO2 conversion 203–205
cyanation reaction 198–200
cyanosilylation reaction 198–200
Nitroaldol reaction 205–206
Strecker reaction 200–203

type II
asymmetric aldol reactions 209–210
asymmetric cyanation of aldehyde

206–207
epoxide ring-opening 208–209
sequential alcohol oxidation 206–207
sequential alkene oxidation 208–209
tandem oxidation 209–210

u
UiO-66 10, 16, 35, 115, 164, 166, 200, 220,

229
UiO-66 78
UiO family 8
UMCM-1 synthesis 130
UV irradiation (photolysis) 401–402
UV-Vis diffuse reflectance spectroscopy

(DRS) 111–113

v
valance band maximum (VBM) 409, 413
van der Waals forces 44, 45, 151
van der Waals interactions 274, 291
Venturello complex 350, 353
visible-light harvesting 409–411

w
wastewater treatment plants (WWTPs)

397, 400
wavelength dispersive spectroscopy (WDS)

99
wet chemistry method 458–459

x
X-ray absorption fine structure (XAFS)

techniques 11, 38, 72, 107–109,
287

X-Ray Absorption Near Edge Structure
(XANES) 16, 38, 72

X-ray photoelectron spectroscopy (XPS)
34, 71, 72, 98, 105

X-ray spectroscopy
PXRD 104–105
XAFS 107–109
XPS 105–107

z
zeolites 154, 155, 274, 281–282, 293, 330,

365–370, 379, 387, 436
ZIF-67 synthesis 80
zirconium-based metal-organic frameworks

(Zr-MOFs) 82, 137, 204, 347, 349
Zn-Bp-BTC MOF 83
ZnCar compound 153
[Zn2(1)2dabco] framework 129
Zn(OAc)2 2H2O 319
[Zn3(pbdc)2) 2H2O]n 319
[(Zn3(pbdc)2) 2H2O]n catalyst 319
Zn-MOFs 159, 327
[Zn2(2-acetamidoterephthalate)2(4,4′-

bipyridine)2(H2O)(DMF)]n 158
Zr-BDC MOF 85–87
Zr6O4(OH)4(urea)x(BPDC)y 142


