
353

Index

A
acetophenone 46, 47, 51, 59, 81, 153, 321
acidic zeolites, 251
activated carbon-supported trimetallic

PdNiAg alloy nanoparticles
(PdNiAg/C) 295

active metals 23, 28, 30, 148, 243, 249,
257, 281, 301, 302

active pharmaceutical ingredients (APIs)
148

adipic acid 127
adsorbed isopropylamine 334
aerosyl pyrolysis method 162
Ag nanocubes 186
Ag nanoplates 186
Ag nanospheres 186
Ag/NH2-UiO-66 288
AgNPs-core (macro)molecules-shell

101, 102
AgPd/MOF-5-C-900 preparation 288
Ag@Pd nanoparticles 292
airborne particulate matter 23
air stable ILs 123
albeit low-cost bimetallic catalyst 332
alcohol oxidation 222–224
ALD-SiO2 layer-protected PdCoNi alloy

nanoparticles 296–298
alditol bearing polysaccharides 108
alkylimidazolium aluminate IL 123
alkyl poly(ethylene oxide) (PEO) 215
alloyed AuPd NPs 186

alloyed PtCo NPs 186
amine-functionalized SBA-15 226, 231
amine-functionalized silica nanotube

(ASNTs)-supported Pd NPs 233
amine-functionalized UiO-66 288
amines 28, 46, 64, 75, 106, 174, 186,

218–220, 228, 229, 312, 346
1-aminoisopropyl radical 336
(3-Aminopropyl)triethoxysilane (APES)

146, 220
3-aminopropyltriethoxysilane (3-APTS)

functionalized silica 228
ammonia synthesis 332
ammonium-type surfactants 51
APTS-functionalized SiO2 supported

trimetallic PdAuCr alloy
nanoparticles 295

artificial photosynthesis 257
atomic charges 342, 347
atom probe tomography (APT) 291
Au@Pd NPs 206
Au@Pd/N-rGO nanocatalyst 292, 293
Au@Pd/N-rGO nanomaterial 293
Au@ZIF-8 198, 208
Au/ZnO@ZIF-8 flower-like

nanocomposite 203
AuPdCeO2 decorated reduced graphene

oxide 296
automobile catalysts 23
azide-alkyne cycloaddition reaction

(CuAAC) 22

Nanoparticles in Catalysis: Advances in Synthesis and Applications, First Edition.
Edited by Karine Philippot and Alain Roucoux.
© 2021 WILEY-VCH GmbH. Published 2021 by WILEY-VCH GmbH.



354 Index

B
Balandin–Sabatier volcano curve 340,

346
ball mill treatment 29
bare cluster 336–337
bathocuproine disulfonic acid disodium

salt (BCDS) 49
bi-and multimetallic nanoparticles (NPs)

73
bimetallic alloy-type MNPs 186
bimetallic CuRu–MOF precursor 270
bimetallic FeCo nanoparticles 313–314
bimetallic FeNi nanoparticles 313
bimetallic nanoparticles 75, 77, 88–90,

94, 108, 116, 118, 133, 137, 199,
228, 249, 317, 327

bimetallic palladium-based nanocatalysts
in alloy structure 287–291
core@shell structure 291–294
physical mixture form 286–287
selenium (Se) doped

graphene/CoFe2O4 301
small-sized PtRuBiOx nanoparticles

297
trimetallic Pd-containing nanocatalysts

294–297
bimetallic PdNi NPs 200
bimetallic 2D MOFs 203
bi-/multimetallic electrocatalysts 272
biologically inspired magnetically

recoverable
metalloporphyrin-based catalysts
165

biomass 7, 9, 133, 141–143, 148, 153,
242, 279

biosourced materials 9
biosynthesis method 188
biphasic catalysis 45
bitter-taste dipeptide 165
blue diamonds 341
BMIm.PF6 128
boron hydrides 279
boron–nitrogen compounds 279
bottom-up liquid-phase techniques 73

Brønsted–Evans–Polanyi (BEP) linear
scaling relationship 332

Brunauer–Emmett–Teller (BET) method
259

Buchwald–Hartwig amination reaction
176

bulk magnetic materials 160

C
calcined silica supports 220
capping agents 2, 3, 45, 65, 67, 86, 101,

103, 112, 115, 186, 187, 194, 262,
264, 332

capping agent-stabilized metal
nanoparticles 3

ε-caprolactam 127
carbohydrates 9, 108–113
carbonaceous ligands 47, 51
carbon black (CB) 272, 287
carbon capture and storage (CCS) 323
carbon-carbon (C-C) coupling reaction

4, 6, 64, 130, 148, 229
carbon feedstock valorization 309
carbon ligands 49–50
carbon microfibers (CFs) 265
carbon monoxide (CO) oxidation

221–222
carbon nanofibers (CNFs) 285
carbon nanotube-graphene (CNT-GR)

244
carbon nanotubes (CNT) 29, 93, 167,

201, 227, 244, 279
carbon-neutral fuel cycle diagram 280,

281
carbon-supported PdAu alloy

nanoparticles (PdAu/C) 290, 294
carboxylic acids 46, 75, 78, 84–86, 88,

110, 161, 183, 199, 265, 267, 269,
312

carboxymethylated CNFs 147
catalysis activated by magnetic

gas-phase catalysis 314
heated micro-and macro-scaled

materials 314–316



Index 355

hyperthermia of nanoparticles
316–318

catalyst loading 22, 24, 86, 233, 258
catalyst poisoning methods 30
catalyst recycling 54, 159, 173
catalyst supports 34, 146, 159, 161, 167,

173, 229, 317
catalytic carbon dioxide hydrogenation

133–134
catalytic contamination 22–24
catalytic reactions in solution 318–321
C–C cross-coupling reaction 14, 16, 20,

105, 108
C–S cross-coupling reaction 18, 19, 21
CelluForce 141
cellulose nanocrystals (CNCs) 7

advantages 141
cellulose pulp 141
CNC-based nanocatalysts

functionalized 145–146
unmodified 144–145

enantioselective catalysis 142
organic transformations catalyzed

C–C coupling reactions 148–151
reduction reactions 151–153

publication trend 142, 143
solid supports

amino groups 146
carbon source 147

sulfuric acid 142
whisker-shaped nanomaterials 141

chemical transformations 6, 18, 145,
184, 187, 332

chemical vapor deposition (CVD) 99,
162, 187, 296

cinnamaldehyde hydrogenation 89
cleaner chemistry 8
climbing image nudge elastic band

(CINEB) method 347
C matrix/C-based support 266–270
CNC-based nanocatalysts

biphasic separation 144
surface functionalities 145–146
unmodified 144–145

CO adsorption and oxidation reactions
77

CO2-expanded liquids 190
CO2 hydrogenation

into dimethyl ether 250–252
into formic acid 242–246
methanol 247–250

CO2-in-IL microemulsion 192
CO2-mediated H2 energy cycle 242
CO2 transformation 9
cocktail-type systems 6, 13, 14, 17
cold catalysis 322
collagen fiber (CF) 110
colloidal AuPd-PVA NPs 173
colloidal deposition method 195, 197
colloidal immobilization method

218–219
colloidal MNPs 187, 194, 332
colloidal nanoparticles, immobilization of

172–174
colloidal polyvinylpyrrolidone (PVP)
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321
hydroformylation 6, 127, 132–133, 135
hydrogen adsorption Gibbs free energies

346
hydrogenation/dehydrogenation cycle

storage system 279
hydrogenation of organic compounds 27
hydrogenation reaction 226

carbon ligands 49–50
nitrogenated ligands 47–51
organometallic MNPs

bimetallic nanoparticles 88–90
carboxylic acids 84–86
fullerenes 82–84
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312–313
iron (0) nanoparticles 312
iron oxides 161, 166, 176
iron oxide spherical NPs 318
isopropylamine compounds 336
isopropylamine model 334

K
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immobilization of colloidal
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catalytic properties of 185–186
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reduction reactions 151–153
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colloidal suspensions 187
electrochemical techniques 188
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method 187
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earth-abundant transition 4
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potential applications 1
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synthesis strategies 73
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sandwich-like nanostructures 206
three-dimensional 203
two-dimensional 203
zero-dimensional 201

MOF-74(Ni) monolith 204
MOF-177 monoliths 204
molecular and heterogeneous catalysts

dynamic catalysis
cross-coupling reactions 14
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re-capture 24
nanosalts 14

interface
catalytic contamination 22
molecular species, mass
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monometallic Ni-based heterogeneous

catalyst 281
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monomolecular Pd complexes 20
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Mulliken population analysis (MPA) 347
multi-step chemical reactions 331
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N
nanocatalyst design principles 332
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cellulose nanofibers (CNFs)
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nanochemistry 2–4, 8, 9, 73, 74, 331
nanoclusters 1, 6, 14, 17, 100, 186, 267,
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approach 20
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nanoreactor-like MNP/MOF composites
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N-heterocyclic carbene (NHC) 21, 32,
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nickel thiolate complex [Ni(SAr)2]n 21
nickel thiolates 16, 18, 21
NiMo@MIL-103 199
nitrogen adsorption energy 332
nitrogenated ligands 46–51
nitrogen-containing mesoporous graphitic

carbon nitride (mpg-C3N4) 244
nitrolis(methylphosphonic) acid (NTPA)

49
4-nitrophenol reduction over gold

nanoparticles 20
(Ni-Cu)@(Ni-Cu-MOF) 205
noble metal nanoparticles 117
nonfunctionalized ILs 123, 126
nonionic triblock copolymers 215
nonmagnetic catalytically active species

161
nontoxic polyoxoethylene–polyoxo-

propylene–polyoxoethylene
triblock copolymer (P123) 61, 62

nudged elastic band (NEB) method 333,
347

O
n-octylamine ligands 346
olefinic complexes 74
olefinic ligands 125, 171, 332
oligomeric surfactants 215
1D Au/ZnO@ZIF-8 203
one-dimensional (1D) MOFs 201
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condensation 189
one-pot tandem catalysis 184
organic anions/chelating agents 194
organic polymers 75, 279
organic synthesis 13, 27, 68, 90, 224
organic transformations 9, 105, 148, 151
organocatalysis 143
organometallic metal nanoparticles

advantages of 94
hydrogenation reactions

bimetallic nanoparticles 88–90
carboxylic acids 84–86
fullerene 82–84
N-heterocyclic carbenes 80–82

Ni NPs 86, 87
phosphorus ligands 78–80
Ru NPs 86, 88
supported MNPs 90–94
zwitterionic ligands 82

stabilizer effect
advantage 74
CO oxidation 77
immobilization of 75
ionic liquids 75
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oxalate coprecipitation method 249
oxidation reactions 27, 28, 52, 56–57,

66–67, 77, 198, 221–226
oxidative addition mechanism 334
oxide-derived materials 273
oxygen evolution reaction (OER) 205,

317, 340

P
palladium nanoparticles 16, 296–298
palladium(0) complex Pd2dba3 20, 22
PCy3(tricyclohexylphosphine)-modified

Cu catalyst 175
PdAg/NH2-UiO-66 288
Pd/Al2O3 175, 244, 282
PdAuNi alloy nanoparticles 295, 296
Pd atom detachment 25, 26
Pd-based bimetallic alloy 293, 294
Pd-based trimetallic nanocatalysts 297,

300
PdCoNi alloy nanoparticles 297, 298
Pd containing bimetallic catalysts, forms

of 286
Pd0.60Co0.18Ni0.22/TiO2 nanocatalyst 297
Pdn type nanoparticles 14
Pd(0.25)-Cu/SiO2 250
Pd(OAc)2 Contamination 22
Pd/Diene-catalyzed cross-coupling 20
Pd-diimine@SBA-15 231
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Pd/MSC-30 282, 284, 285
PdNi/GNs-CB nanocatalyst 290
PdNi@UiO-67 200
Pd/N-MSC-30 nanocatalysts 284, 285
Pd NPs-modified

CuO-ZnO-Al2O3-ZrO2/HZSM-5
catalysts 252

Pd/NH2-UiO-66 288
Pd/PDA-rGO 283, 284
Pd/Vulcan XC-72R 282
PEG-coated palladium NPs 64
PEG-tagged compound 64
periodic DFT calculations of metal

clusters 347
2-phenyl-4-(1-naphthyl)-quinolinium ion,

QuPh+-NA 273
4-(3-phenylpropyl)pyridine (PPP) 88
N-phenylhydroxylamine (PHA) 88
4-phenylpyridine-capped RuNPs 341
phenylpyridine-capped RuNPs 346
4-phenylpyridine(PP)-capped Ru NPs

263
4-phenylpyridine (4PP)-protected Ru NPs

340
4-phenylpyridine-protected Ru NPs 341
phosphine ligands 20, 25, 75, 78, 79, 88,

90
phosphorous ligands 46–47, 51, 78–80,

88, 175
photocatalytic effect 147
Pickering emulsion 141, 193
piperazine–gold interface 174
P/N-doped C nanofibers 271
poly(alkylene oxide) block copolymers

215
polyaniline fibers (PAni) 269
polydopamine (PDA)-coated Ru NPs

266
poly(ethylene glycol) (PEG) 100–104
polymeric thiolate species 18
polymers stabilization

carbon–carbon coupling reaction
64–66

hydrogenation reactions 58–64
oxidation reactions 66–67

polyols
bottom-up colloidal synthesis

carbohydrates 108–113
ethylene glycol 100–104
glycerol 105–108
in microwave-assisted synthesis

100
poly(ethylene glycol) (PEG)

100–104
top-down synthesis (sputtering)

113–117
polytetrafluoroethylene (PTFE) labware

23
polyvinylalcohol (PVA) 60
polyvinylpyrrolidinone (PVP)-stabilized

palladium NPs 64
polyvinylpyrrolidone (PVP) 172, 273
polyvinylpyrrolidone (PVP)-stabilized

metallic nanoparticles 58, 60
polyvinylpyrrolidone PVP (RuNP@PVP)

334
porous coordination polymers (PCPs)

183
porous MOFs 183, 190, 198, 205, 208
porous Ru nanomaterial 340
porphyrin-based MOFs 203
post-synthetic grafting method 220
potential energy surface (PES) 331
PP-stabilized Ru NPs 265
pristine catalysts 184
projected density of states (pDOS) 347
projector augmented waves (PAW)

347
protein-induced biomineralization

process 197
Pt@DUT-5 composite 199
Pt@MOF-181 198
Pt@MOF-259 200
Pt@UiO-66 184, 200
Pt/Au@Pd@UiO-66 206
PVA-stabilized Pd NPs 175
PVP-coated rhodium nanospecies 60
PVP-stabilized M@Pd core@shell

291
PVP-stabilized RuRe NPs 77
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Q
quantitative poisoning methods 30
quantitative structure–property

relationship (QSPR) 25
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catalyst 249

R
recycling 9, 27, 28, 45, 49, 54, 60, 80, 84,

87, 92, 94, 105, 132, 144, 147, 150,
151, 159, 172, 173, 325

red diamond 341
reduced graphene oxide (rGO) 289, 292
reduced graphite oxide (r-GO) 244
reductive organic transformations 151
renewable energy use 323–324
residual magnetization 160
resins (Amberlite-type) 291
reticular synthesis conceptual approach

190
reverse microemulsion methodology

163, 164
reverse microemulsion system 176
reverse water-gas shift (RWGS) 247
Rh/C60 NPs 84
Rh@HEA16Cl catalyst 54
rhodium-catalyzed tandem process 54
roof-shaped phosphine ligands 79
room temperature ILs (RTILs) 123, 124
Ru NPs 86, 88, 133
Ru@HEA16Cl catalyst 57
Ru-based NPs in HER electrocatalysis

Brunauer–Emmett–Teller (BET)
method 259

C matrix/the C-based support
266–270
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