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achiral hydrogenation
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– alkenes 209
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– ketones and aldehydes 209–212
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– transfer hydrogenation 213–215
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– water-soluble half-sandwich catalyst 214
achiral monophosphine/Ru/chiral

diamine-catalyzed asymmetric
hydrogenation 168–171

acid-base bifunctional heterogeneous catalysts
– acidic and basic organic groups 2–7
– coexistence, incompatible catalytic species

1
– dual activation, electrophile and nucleophile

1, 2
– nucleophilic addition reactions 1
– OH H+ acid sites, silica-alumina surfaces

19
– organic groups and acid sites 7–19
acid-base interaction, solid surface
– 1,4-addition reaction, nitroethane to methyl

vinyl ketone 17
– 13C CP/MAS NMR 15, 16
– normalized intensity, 13C CP/MAS NMR

15, 16
– SA(500) and triethylamine mixture 18
– SA(500)-Net2. preparation step 15, 16
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alcohol oxidation
– aliphatic diols 241, 242

– amphiphilic resin particles 242–244
– benzylic alcohols 241
– HBr-H2O2 242, 243
– palladium(II) complex of sulfonated

bathophenanthroline 239, 240
– water-compatible oxidants 239
– water-soluble Pd(II)-biquinoline 239
alcohols, selective oxidation
– O2 by Au:PVP, activation 415
– PVP-protected gold clusters 414
– TOF values, Au 414
Aldol and Mannich condensations,

asymmetric
– glycine imine ester with α-amino ester

449, 451
– glycine imine ester with aldehyde 449, 450
– synthesis of (+)-nemonapride 450, 451
Aldol reaction
– acyclic ketones 304
– amphiphilic chiral organocatalyst 307
– amphiphilic L-proline derivative 305–306
– amphiphilic protonated diamine 304
– asymmetric cascade reaction 309
– bifunctional organocatalyst 304
– cyclohexanone 305
– direct cross-aldol reaction 306
– dynamic light scattering 305
– emulsions, optical micrograph 306
– enantioselective direct aldehyde cross-aldol

reaction 304
– fluorescence microscope images 308
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alkanes, selective oxidation (contd.)
– epoxidation of trans-stilbene 413
– propylene epoxidation 413
– propylene oxide (PO) selectivity 412
– in situ UV-vis spectroscopy 412
– tert-butyl hydroperoxide 411
– Ti-OOH species 412–413
alkylation, SCFs
– benzene 481
– catalysts in scCO2 481–482
– isobutane and isopentane 481
alkylations, asymmetric
– (–)-antofine 444
– (–)-cis-clavicipitic acid 444–445
– double alkylation of glycine imine ester

446
– Maruoka-type chiral N-spiro quaternary

ammonium salt 443–444
– α-methyl serine derivatives 446
– N-(diphenylmethylene) glycine tert-butyl

ester 443
– oxazoline system 446
– synthesis of Selfotel 445
amide ligands 400, 403, 404
amine groups
– amine-modified trialkoxysilane 92, 93
– co-condensation method (one-pot synthesis)

91–92
– functional groups 91, 92
– grafting (post modification) 91
– M41S materials 92
– SBA-15 93
– sol-gel processing 91
amine-catalyzed reactions
– cyano-ethoxycarbonylation, carbonyl

compounds 13, 14
– Michael reaction 12, 13
– SA-NEt2 11, 12, 15
– 29Si MAS NMR analysis 12
– tertiary amine immobilization, SA surface

11, 12
amphiphilic ligands 504
Anderson–Schulz–Flory (ASF) product

distribution 560, 564, 585, 608
Anderson-type amphiphilic catalyst, 296
application, reverse micelles
– biotransformation 538–541
– enzyme immobilization 541–543
– organic solvents/hydrophobic ILs 537
– phase transition recovery 538
ASF product distribution. See

Anderson–Schulz–Flory (ASF) product
distribution

asymmetric aldol reaction 276–277

asymmetric carbonyl–ene reaction 178
asymmetric hydrogenation
– acetophenone 215
– aromatic ketones 216–217
– aryl ketones 217
– cyclic imines and iminium salts 217, 218
– hydrophilic BINAP derivatives 215–216
– methyl 2-acetamidoacrylate reduction

215
– nitroalkenes 218–219
– Noyori-Ikariya type catalysts 216
asymmetric Michael addition reaction 278
asymmetric PTC, organic synthesis
– Aldol and Mannich condensations. See Aldol

and Mannich condensations, asymmetric
– asymmetric alkylations. See Alkylations,

asymmetric
– chiral anion PTC 441–442
– chiral cation. See Chiral cation PTC
– chiral crown ethers. See Chiral crown ethers,

PTC
– conjugate additions 447–448
– cyanation reactions 459
– cyclization reactions 457–458
– 1,3-dicarbonyl derivatives 450–453
– fluorination and trifluoromethylation

reactions 458–459
– glycine imine derivatives 443–446
– hydrolysis 460
– Neber-rearrangement 460
– nitroalkanes 455, 457
– oxindoles 454–455
– ring-opening reaction 460
asymmetric Suzuki–Miyaura coupling

reactions 142, 145

b
BEP principle. See Brønsted–Evans–Polanyi

(BEP) principle
bifunctional catalysts. See Acid-base

bifunctional heterogeneous catalysts
BINAP (2,2-O-bis(diphenylphosphino)-

1,1′-binaphthyl) derivatives 215–216
1,1′-Bi-2-naphthol (BINOL), 426
BINOLate/La(III)-catalyzed asymmetric

epoxidation
– bridging spacers, multitopic ligands 181,

182
– heterogenized catalysts, chalcone

epoxidation 181
– α,β-unsaturated ketones, enantioselective

epoxidation 182, 183
BINOLate/Ti-catalyzed asymmetric

carbonyl–ene reaction 156–158
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BINOLate/Ti(IV)-catalyzed asymmetric
carbonyl–ene reaction

– (R)-BINOL–Ti(OiPr)2/(R)-BINOL complex
178

– chiral titanium-bis-BINOL polymers 178
– enantioselective carbonyl–ene reaction

178, 180
– generation 178, 179
BINOLate/Ti(IV)-catalyzed asymmetric

hetero-Diels–Alder reaction 154–156
BINOLate/Ti(IV)-catalyzed asymmetric

sulfoxidation reaction
– enantioselective sulfoxidation 179, 181
– ICP-AES analyses 179
– linker-bridged BINOL ligands 178
– self-supported Ti catalysts 179, 180
BINOLate/Zn(II)-catalyzed asymmetric

epoxidation 183–184
bromide poisoning of active sites, Au/TiO2

catalysts
– CO oxidation reactions 344–345
– NaBr poison 344, 345
– WGS reaction 345–346
– XANES measurements 344
Brønsted–Evans–Polanyi (BEP) principle

559, 586, 587

c
carbide mechanism
– definition 555
– initiation 557–558
– propagation 558–559
– relative rate requirements 556, 557
– termination 559
carbon nanotubes (CNTs) 352
catalysis. See Supercritical fluids (SCFs),

catalysis
catalyst recycling
– ‘‘catalyst in a tea bag’’ strategy 136
– heterogeneous catalysis 111
– research, chiral molecular complexes 111
catalytic acetalization reaction 279
catalytic asymmetric fluorination reaction

280–281
catalytic carbonylation reaction
– activation CO2 70
– with CO 68–70
– hydroformylation reactions. See

Hydroformylation reactions
catalytic condensation reaction 279–280
catalytic hydrogenation
– alkyne 58–59
– olefin 58
– α,β-unsaturated aldehydes 60–61

catalytic nanoreactor engineering
– homogeneous and heterogeneous properties

390
– macroreactors and microreactors 390
– porous materials 390
catalytic oxidation reaction 278–279
catalytic reactions, RTILs. See

Room-temperature ionic liquids (RTILs)
C–C bond formation
– alcohol oxidation 238–244
– Diels–Alder reaction 220–224
– Friedel–Crafts alkylation 224–226
– Heck reaction 234–238
– Suzuki–Miyaura coupling 226–234
C–C coupling reactions
– Mizoroki–Heck reaction 45–47
– Sonogashira reaction 48
– Stille reaction 47
– Suzuki reaction 42–44
– Ullmann reaction 48–49
cetyltrimethylammonium bromide (CTAB)

500–502
cetyltrimethylammonium chloride (CTAC)

205
chemical reduction, gold clusters
– amide ligands 400–404
– gold NPs, formation 401
– LaMer model 399–400
– organic ligands 400, 401
– phosphorus ligands 400–402
– sulfur ligands 400–403
chiral anion PTC
– ‘‘anion metathesis’’ 442
– chiral phosphate salt 442
– C8-TRIP 63b and PhDAP 442
– silver salt of TRIP 63a 442
chiral binaphthyl and biphenyl, quaternary

ammonium salts
– alkyl groups 434, 436
– asymmetric Darzens reaction 438
– conformational rigidity and flexibility 438
– C2-symmetric BINOL 434, 435
– free OH group 437, 438
– N-(diphenylmethylene) glycine tert-butyl

ester, alkylation 434, 435
chiral catalysis
– asymmetric catalysis 105
– (R)-(+)-BINOL 105
– chiral bis(cyclohexyldiamine)-based Ni(II)

complexes 106
– chiral bis(oxazoline) ligand 106
– chiral vanadyl salen complex 106
– heterogeneous catalyst 105
– mesoporous silica, l-proline 105
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chiral catalysis (contd.)
– Rh and Ru catalysts 106
– SBA-15 105
chiral cation PTC
– chiral quaternary ammonium salts

428–440
– chiral quaternary phosphonium salts

440–441
chiral crown ethers, PTC
– BINOL 426
– (+)-camphor-based chiral aza-crown ether

428
– chiral spiro crown ether 426–427
– C2-symmetric chiral crown ethers 427
– D-glucose-based crown ethers 442
chiral dendritic catalysts
– advantages, polymer resins 126
– BINAP ligands, Ru-catalyzed asymmetric

hydrogenation 127
– carbosilane dendrimers 136
– catalysis, core and periphery 126
– diamine ligands, Ru-catalyzed asymmetric

transfer hydrogenation 131–132
– folded prolinamide, asymmetric aldol

reactions 137, 139
– modular chiral monodentate

phosphoramidite ligands 128–130
– modular PHOX ligands 130, 131
– NOBIN ligands, Ti-catalyzed

hetero-Diels-Alder reactions 132, 133
– PAMAM-bound [Co(salen)] catalysts,

epoxides 133, 134
– phosphorus dendrimer-bound

phosphoramidites 137, 138
– phosphorus dendrimer-immobilized

azabis(oxazoline) ligands 137
– PPI/PAMAM-bound diphosphine ligands

133, 134
– PPI-supported BINAP, Cu-catalyzed

asymmetric hydrosilylation 135
– quinoline derivatives, BINAP ligands 127,

128
– Ru-catalyzed and thermomorphic

asymmetric hydrogenation 128, 129
– supramolecular monophosphite ligands

130, 131
– TsDPEN-functionalized Janus dendrimers

138, 140
chiral guanidinium salts 438–439
chiral linear polymeric catalysts
– bis(oxazoline)-based coordination polymers

125
– covalent binding strategy 123
– cross-linked insoluble polymers 114

– diethyl zinc, aldehydes 120, 121
– main-chain quaternary ammonium

cinchonidine salts 124, 125
– PEG-bounded TsDPEN 117
– PEG-supported chiral monophosphite 117,

118
– and PEG-supported ligands 116
– PEG-supported Ru-BINAP catalyst 118
– PEG-supported tartaric acid ester ligands

116, 117
– polyester-supported BINAP ligands 121,

123
– quaternary ammonium cinchonidine salts,

asymmetric allylation 124
– salen catalysts, olefins asymmetric

epoxidation 123
– soluble polymer-supported salen (Co/Mn)

119
– structure, BINOL-BINAP copolymer 121,

122
– water-soluble and pH-sensitive pendant

copolymer, aldol reactions. 119, 120
chiral onium salts 428
chiral quaternary phosphonium salts

440–441
3-(chloropropyl)triethoxysilane (CPTES) 95
cinchona, quaternary ammonium salts
– bifunctional quaternary ammonium salt

430–431
– cinchonine- and cinchonidine 428, 429
– dihydrocinchonidine- and quinidine 429
– dimeric and trimeric cinchona 433
– 9-fluorinated quinidine-derived catalyst

432
– free 9-OH group 431
– N-anthracenylmethyl function 428
– N-2′,5′-bis(trifluoromethyl)benzyl

quinidinium salt 430
– N-(diphenylmethylene) glycine tert-butyl

ester, alkylation 428
– N-p-trifluoromethylbenzylcinchoninium

bromide 428
– O-methyl chinconidinium salt 430
– phenolic OH group 431
– quinine-derived quaternary ammonium salt

428
– steric properties 429–430
– (thio)urea H-bonding donors 432–433
clustering 471
CO binding, imaging
– edge sites 338–339
– electron richness of gold 337–338
– infrared spectra, gold clusters 338, 339
– oxidation 337
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– STM techniques 338, 339
– structure-sensitive 337
CO2 cycloaddition to epoxide, SCFs
– cross-linked-polymer-supported ionic liquid

483
– cyclic carbonates 482
– glycerol 483
– propylene carbonate (PC) production 483
– scCO2-soluble catalysts 482
– styrene carbonate 483
CO2, hydrogenation
– to formic acid 477
– in methanol 477
– N,N-diethylformamide production

477–478
– scCO2 and scCO2-IL systems 476–477
– scCO2/[bmim][PF6] system 477
CO oxidation
– Au8 clusters 418
– Au13 clusters 415
– Au/Mg(OH)2 415, 416
– Au/TiO2 417
– MgO film 415, 416, 417
– moisture 418
– TOF 417–418
Co-condensation method (one-pot synthesis)
– amine groups 91–92
– organic–inorganic hybrid materials

88–89, 91–96
COFs. See Covalent organic frameworks

(COFs)
combinatorial approach, homogeneous

asymmetric catalysis. See Homogeneous
asymmetric catalysis

conformation, reverse micelles 528–530
conjugate additions
– glycine imine esters 447, 448
– synthesis of (+)-cylindricine C 448
– synthesis of (+)-monomorine 448, 449
cooperative activation effect
– epoxide hydration 381–382
– isolation effect 382–385
– kinetic resolution of epoxides 377–379
– water oxidation reactions 380
cooperative catalysis
– nitroaldol reactions 18, 19
– p-formylbenzoic acid with nitromethane

reaction 19
– SA-NH2-NEt2. surface structure 18
coordinatively unsaturated (undersaturated)

sites (CUS) sites 343
covalent bonded bridging ligands
– continuous-flow reactor 188, 190

– heterogeneous catalysis, enantioselective
hydrogenations 188, 189

– ICP-AES analysis 188
– monodentate phosphorus ligands 187–188
covalent organic frameworks (COFs) 352
covalent-bonding methods
– asymmetric catalysis 360
– chiral ligand/catalyst 359–360, 362
– chiral MOFs 360–362
– chiral PMOs 360
– D-POST-1 and L-POST-1 360
– photocatalyst and chiral catalyst 360
– post-synthetic modification 362–363
CTAB. See Cetyltrimethylammonium bromide

(CTAB)
cyanation reactions
– electron-deficient alkenic acceptors 459,

461
– Strecker reaction 459, 460
cyclization reactions
– asymmetric PTC synthesis 457–458
– clusiaphenone B 457
– synthesis of (-)-hyperibone K 457, 458
– synthesis of isoxazolines and pyrazolines

458

d
1-decene 206, 207
density functional theory (DFT) analysis

335–336
DFT. See Density functional theory (DFT)

analysis
1,3-dicarbonyl derivatives
– asymmetric PTC 450–452
– conjugate addition of dimethyl malonate

452
– synthesis of (-)-paroxetine and

(-)-isonitramine 452, 453
Diels–Alder reaction
– asymmetric 224
– 2-cyclohexen-1-one and benzaldimines

221, 223
– cyclopentadiene with buten-2-one 220–221
– cyclopentadiene with enones 221, 223
– diene carboxylate salts 221, 222
– 2,4-hexadienyl acetate cycloaddition 224,

225
2,6-dimethyl-β-cyclodextrin (DMCD) 504
DLCSs. See Double long-chain cationic

surfactants (DLCSs)
DMCD. See 2,6-Dimethyl-β-cyclodextrin

(DMCD)
1-dodecene 205
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double long-chain cationic surfactants
(DLCSs) 502

dual reaction center site model, FT reaction
– advantages 593
– calculation, kinetics 592–593
– expressions, α and CO consumption 594
– generation, reducible oxides 594

e
edge X-ray absorption fine structure (EXAFS)

measurements 346
electrospray ionization (ESI) 405
emulsion catalysis
– amphiphilic catalyst 286
– Bancroft rule 285
– DBT removal vs. reaction time 297
– definition 285–287
– emulsion droplets, optical photographs

297
– H2O2 as oxidant. See Oxidative

desulfurization (ODS), H2O2 as oxidant
– incompatible reactants 284
– liquid–liquid biphasic reaction system 287
– micelles, macroemulsion and emulsion

284
– model 286
– O2 as oxidant 296–297
– organocatalysts. See Organocatalysts
– O/W and W/O surfactant emulsifier 285
– polymer-bounded catalysts. See

Polymer-bounded catalysts
– water as solvent 283–285
– water in chemistry 283
emulsion/sol-gel transport system (EST) 208
enzyme catalysis
– advantages 511
– asymmetric acylation 1-phenylethanol 77
– Candida rugosa lipase 77
– desorption experiments 77, 78
– disadvantages 511
– DKR 1-phenylethanol, 78, 79
– immobilization, lipase 77
– kinetic resolution, aromatic secondary

alcohols 78
– molecular organic solvent-based reverse

micelles. See Molecular organic
solvent-based reverse micelles

– reusability, penicillin G acylase 79
epoxide hydration, nanoreceptors
– DFT calculation 381
– H2O/EO ratio 381
– S/C ratio 382
EXAFS. See Edge X-ray absorption fine

structure (EXAFS) measurements

extended x-ray absorption fine structure
spectroscopy (EXAFS) 405, 406

f
Fischer–Tropsch (FT) reaction
– analysis, selectivity and conversion

559–560
– behavior, chain growth parameter 601, 602
– carbide mechanism. See Carbide

mechanism
– cutoff behavior, parameter set 560, 561
– equilibrium distribution, self-assembling

system 564
– expression, methane selectivity 563, 599,

600
– expressions, RCO and α 599, 600
– incorporation, reversible C–C bond

formation 560
– infinite chain length 560, 562
– kinetic Monte Carlo approach 554
– lumped kinetics model. See Lumped kinetics

model, FT reaction
– methane formation 603, 604
– modeling 553
– molecular microkinetics simulations. See

Molecular microkinetics simulations, FT
reaction

– monomer formation limited kinetics vs.
chain growth limit 561

– Pichler–Schulz mechanism 555
– reverse isotope effect 603
– Sabatier principle behavior, RCO 601
– simulated values, α and RCO 561, 563
– transient kinetics. See Transient kinetics, FT

reaction
fluorinated dendrimer
– fluorous HPLC separation 259
– fluorous mixture synthesis 262–263
– G2 260
fluorinated diphosphine ligand (dfppp)

complexes 266
fluorous aminosulfonamide-catalyzed aldol

reaction 276–277
fluorous catalysis
– benzotrifluoride 254
– dendrimer. See Fluorinated dendrimer
– 19F MRI (magnetic resonance imaging)

agent 258
– fluorine content differences 258
– fluorous molecule, structure 254
– fluorous tags 254
– FMS, solution-phase reaction 257–258
– G0–G3 dendrimers 261
– history 253–254
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– HPLC separation 256–257
– intermediates synthesis 263
– metallic catalysis. See Fluorous metallic

catalysis
– Mitsunobu reaction mixture 255
– organocatalysis. See Fluorous

organocatalysis
– Pd-catalyzed hydrogenolysis 261
– separation methods 254–255
– solid-phase extraction 256
fluorous Grubbs’ catalysts 272–273
fluorous hydrazine-carbothioate-catalyzed

reaction 280
fluorous immobilized nanoparticles catalysts
– acridines 269
– Diels–Alder reaction 267–268
– fluorous alkyl iron(III) porphyrin 268
– fluorous nanoparticles and related reaction

269
– FSG.Hf(N(SO2C8F17)2)2-catalyzed reactions

269–270
– FSG-supported copper(II) nanoparticles

268
– FSG-supported palladium nanoparticles

267–268
– nano-palladium catalyst 267
– olefin oxidation 268
– perfluorinated bis(dihydrooxazole)

copper(II) (PBDC) complexes 267–268
fluorous metallic catalysis
– fluorinated diphosphine ligand (dfppp)

complexes 266
– fluorinated ytterbium-catalyzed

condensation 275
– fluorous Grubbs’ catalysts 272–273
– fluorous immobilized nanoparticles

catalysts 267–270
– fluorous palladacycle catalysts 264–265
– fluorous palladium-NHC complexes

270–271
– fluorous phosphine-based palladium catalyst

271–272
– fluorous pincer ligand-based catalysts

265–266
– fluorous silver catalyst 273
– fluorous trizole-based ligand 274
– fluorous Wilkinson catalyst 273–274
– immobilization 264
– perfluoroalkylated PCP pincer ligand 266
– uses 263
fluorous o-iodoxybenzoic acid-catalyzed

oxidation reaction 279
fluorous organocatalysis
– asymmetric Aldol reaction 276–277

– asymmetric Michael addition reaction 278
– catalytic acetalization reaction 279
– catalytic asymmetric fluorination reaction

280–281
– catalytic condensation reaction 279–280
– catalytic oxidation reaction 278–279
– fluorous aminosulfonamide-catalyzed aldol

reaction 276–277
– Morita–Baylis–Hillman reaction 277–278
fluorous palladium-NHC complexes
– dimethylformamide (DMF) 271
– N-heterocyclic carbenes (NHCs) 270
– Suzuki coupling 270–271
fluorous phosphine-based palladium catalyst

271–272
fluorous thiourea-catalyzed oxidation reaction

279
Fourier transform infrared (FTIR) 493
Fréchet-type dendritic catalyst 128–129,

131–132
Friedel–Crafts alkylation
– 2-acyl imidazoles 226, 227
– aldehydes, amines, and indoles 225
– C-Glycosylation 226
– nucleophilic substitution of alcohols 226,

228
– 3-substituted indoles 224–225
FT reaction. See Fischer–Tropsch (FT)

reaction
FTIR. See Fourier transform infrared (FTIR)

g
gold clusters, heterogeneous catalysis
– Au309 clusters 406
– characterization 405–406
– chemical reduction. See Chemical reduction,

gold clusters
– d-Band spin-orbital splitting 397, 398
– definition 397
– electrical reduction 404
– features 397
– vs. gold NPs 398
– organic synthesis 419–420
– physical vapor deposition 403
– preparation 399–405
– selective hydrogenation. See Selective

hydrogenation
– selective oxidation. See Selective oxidation
– surface states and valence band structures

397, 398
– titanosilicalite-1 (TS-1) 405
grafting (post modification) method
– amine groups 91
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grafting (post modification) method (contd.)
– organic–inorganic hybrid materials 88,

91–96
green solvents, 469. See also Supercritical

fluids (SCFs), catalysis

h
HAADF-STEM. See High-angle annular

dark-field scanning transmission electron
microscopy (HAADF-STEM)

Heck reaction
– aryl halides with olefins 235
– aryl iodides with olefins 236–238
– m-triphenylphosphane-3,3′

3′′-tricarboxylate, 236
– nonionic amphiphile 235–236
– oxime-based ligands 238
– prolinol vinyl ether 235
– ris(4,6-dimethyl-3-sulfonatophenyl)-

phosphane trisodium salt 236
– tert-butyl acrylate/styrenes 234
helical polymeric catalysts
– asymmetric hydrosilylation 142, 144
– asymmetric Suzuki–Miyaura coupling

reactions 142, 145
– chiral phosphorus ligand 140, 143
– synthesis, ligands and applications 140,

142
heterogeneous asymmetric catalysis,

self-supporting approach
– asymmetric carbonyl–ene reaction 178
– BINOLate/La(III)-catalyzed asymmetric

epoxidation 180–183
– BINOLate/Ti(IV)-catalyzed asymmetric

carbonyl–ene reaction 178
– BINOLate/Ti(IV)-catalyzed asymmetric

sulfoxidation reaction 178–180
– BINOLate/Zn(II)-catalyzed asymmetric

epoxidation 183–184
– heterogenization, chiral catalysts 175, 176
– homochiral microporous metal-organic

materials 175
– immobilization, chiral catalysts 172–173,

174
– metal-organic coordination polymers 174
– metal-organic polymers 175–176
– modes, heterogenization of homogeneous

catalyst 176, 177
– MonoPhos/Rh(I)-catalyzed asymmetric

hydrogenation reactions 187–194
– Noyori-type Ru(II)-catalyzed asymmetric

hydrogenation 185–187
– polymeric ligands 173
heterogeneous catalysis

– catalyst development pathway 90, 91
– description 89
– and homogeneous catalysis, characteristics

89–90
heterogeneous catalysis with homogeneous

performance
– alkylation and esterification reactions

73–74
– asymmetric catalysis 74–77
– catalytic carbonylation reaction. See Catalytic

carbonylation reaction
– catalytic hydrogenation 57–61
– enzyme catalysis 77–79
– IL-phase catalysis 51–55
– isomerization and oligomerization 72–73
– selective oxidation 61–63
– silica gel-confined IL catalysts 55–57
– water-gas shift reaction 70–72
heterogeneous catalytic reactions
– hydrogenation of CO2 473–474
– SCFs reactions 472
1-Hexene 203–204
high-angle annular dark-field scanning

transmission electron microscopy
(HAADF-STEM), 342, 405–406

higher olefins, hydroformylation
– aqueous-organic biphasic system 497
– aqueous-phase catalysts 498–499
– cosolvent 499–500
– cyclodextrins 503–505
– RCH/RP process 497–498
– surfactants 500–503
– TRPTC 505–506
– unmodified Rh-TPPTS system 498
– water-soluble substrates 498
high-resolution transmission electron

microscopy (HRTEM) 328
homogeneous asymmetric catalysis
– catalyst separation methods 114, 115
– chiral catalyst discovery 152
– chiral dendritic catalysts. See Chiral

dendritic catalysts
– chiral linear polymeric catalysts. See Chiral

linear polymeric catalysts
– helical polymeric catalysts. See Helical

polymeric catalysts
– ‘‘one-phase catalysis/two-phase separation’’

112
– Ru complex-catalyzed enantioselective

reactions 168–172
– soluble polymeric supports 112–113
– Ti(IV)-catalyzed enantioselective reactions

153–159



Index 615

– Zn complex-catalyzed enantioselective
reactions. See Zn complex-catalyzed
enantioselective reactions

homogeneous catalytic reactions
– CO2 Cycloaddition to Epoxide 483
– hydroformylation reactions 478–479
– hydrogenation of CO2 477
– organic reactions 475
– SCFs reactions 472
HPMO. See Hybrid periodic mesoporous

organosilica (HPMO)
HRTEM. See High-resolution transmission

electron microscopy (HRTEM)
hybrid periodic mesoporous organosilica

(HPMO)
– organic–inorganic hybrid materials 89
– PMO 98–99
hydroformylation
– alkenes 202–203
– aqueous-biphasic hydroformylation 205
– aryl phosphines 489
– atom-economical and clean reaction 489
– biphasic system 508
– cationic surfactants 205–206
– cyclodextrin 206–207
– data 489, 490
– 1-hexene and styrene 204–205
– higher olefins. See Higher olefins,

hydroformylation
– immobilizing catalysts 207
– internal olefins 506–508
– lower olefins. See Lower olefins,

hydroformylation
– mechanism 491–493
– methyl 3-pentenoate 204
– nonionic surfactants 206, 207
– olefins 203–204, 207–208, 489, 490
– ‘‘OXO’’ process 489
– RCH/RP process 489–490
– rhodium-phosphine complex catalytic

process 489
– switchable dditives 208
– technical and economic advantages 508
– water-miscible organic cosolvent 205
– water-soluble rhodium-phosphine complex

catalytic systems 490–491
hydroformylation reactions
– alkenes 479–480
– C4 olefins 63–65
– C2–C2 olefins 65–67
– 1-hexene 480
– 1-octene 480
– olefin 479
– propylene 479

– unsaturated alcohol and ester 67–68
hydrogenation
– achiral hydrogenation 209–215
– asymmetric hydrogenation 215–220
– C–C bond formation. See C–C bond

formation
– gaseous hydrogen 208
– reactions 31–32
hydrogen-bonded bridging ligands
– homochiral supramolecular metal-organic

assembly 190, 191
– ICP-AES spectroscopic analyses 192
– Ureido-4[1H]-ureidopyrimidone 190

i
ILs. See Ionic liquids (ILs)
IL-supported/mediated metal nanoparticles
– C–C coupling reactions. See C–C coupling

reactions
– hydrogenation reactions 31–32
– molecular dynamics simulations 30–31
– nanocatalysis 22
– NMPs preparation, ILs. See NMPs

preparation, ILs
– Pd NPs 32, 34–35
– Pt and Ir NPs 36–37
– Ru NPs. See Ru NPs, IL-supported
– SEM and TEM 29–30
– XPS and NMR 28–29
immobilized catalyst separation methods

114, 115
immobilized chiral catalysts. See

Homogeneous asymmetric catalysis
In situ infrared spectroscopy, 346
ionic liquid-based reverse micelles
– microemulsification 531–537
– surfactants 537
ionic liquids (ILs). See also Room-temperature

ionic liquids (RTILs)
– BPy-functionalized ILs 41, 42
– CN-functionalized 32
– ‘‘control performance’’ 22
– ‘‘heterogenized (ionic) liquids’’ 94
– IL-supported/mediated NMPs. See

IL-supported/mediated metal
nanoparticles

– immobilization via anion 94, 95
– immobilization via cation 94, 95
– immobilization via supported liquid phase

94, 95
– Knoevenagel reactions 93
– MCM-41 93
– molecular dynamics simulations 30–31
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ionic liquids (ILs). See also Room-temperature
ionic liquids (RTILs) (contd.)

– NMPs preparation. See NMPs preparation,
ILs

– organic–inorganic hybrid materials 93–95
– SBA-15 93
– Sonogashira reaction 48
– Stille reaction 47
– and supercritical carbon dioxide 34–35
– Suzuki reaction 42
– Ullmann reaction 48
iridium clusters, ethylene hydrogenation
– MgO-supported clusters 348
– structure-function relationships 346
– Wilkinson’s catalyst Ir(PPh3)3Cl 347
– zeolite-supported catalyst 346, 347, 348
isolation effect, nanoreceptors
– alkenes, DCA- and HA-photosensitized

oxidation 383, 384
– molecular catalysts, dimerization 385–386
– phenyl phenylacetates, structure 384
– selective oxidation 383
– selectivity control 382–385
– zeolites, shape selectivity 382–383

k
kinetic Monte Carlo model, FT reaction 554,

564–565, 567
kinetic resolution (KR), epoxides
– chiral Co(Salen) catalyst 378
– Cr(Salen)py, concentration 379
– DFT calculation 379
– metal Salen complexes 377–378
– nanocages, SBA-16 379
Knoevenagel condensation
– ILs 93
– organic–inorganic hybrid materials 99,

103
KR. See Kinetic resolution (KR), epoxides

l
LASC. See Lewis acid surfactant combined

catalyst (LASC)
Lewis acid surfactant combined catalyst

(LASC) 298–302
Lewis acid-catalyzed organic reactions
– aldol reactions, asymmetric version 301
– α-amino phosphonate 299
– asymmetric aldol reactions 302
– LASC 12 and benzaldehyde mixtures 299
– LASC-catalyzed aldol reaction 298
– LASC-catalyzed allylation reactions 301
– LASC-catalyzed Friedlnder annulation 302

– meso-epoxides, asymmetric ring opening
303

– Michael reactions 299
– scandium–bipyridine complex 301–303
– Sc(DS)3-catalyzed three-component 300
– tetraallyltin 301
– tetrahydrofuran (THF) 297
lignin peroxidase (LiP)
– AOT head group 513
– catalytic activities 513, 514
– GGDE/TX-100 and AOT reverse 515
– reverse micelles 540
LiP. See Lignin peroxidase (LiP)
lower olefins, hydroformylation
– butene 496–497
– description 493
– ethylene 493–494
– propene 494–496
L-proline-functionalized mesoporous silica,

direct synthesis 95–96
lumped kinetics model, FT reaction
– definition 554
– dual reaction center site 592–594
– single reaction center site. See Single

reaction center site model, FT reaction

m
MALDI. See Matrix-assisted laser desorption

ionization (MALDI)
matrix-assisted laser desorption ionization

(MALDI) 405
MBG. See Microemulsion-based organogel

(MBG)
mesoporous silicas (MSs)
– co-condensation 356–358
– grafting method 355–357
– hydrothermal method 353
– periodic mesoporous organosilicas 357
– PMOs 354
– SAB-16 and FDU-12 353–354
– SBA-15 353
– surface modification 355–358
metal cluster catalysts
– bromide poisoning of active sites, Au/TiO2

catalysts 344–346
– catalyst pretreatment temperature 328
– CH4 turnover rates 326
– chromia gel pretreatment temperature 327
– CO binding, imaging 337–339
– copper cluster cores 329
– electrochemical reduction of CO2 328
– enzymes 329
– Fe-S clusters 331
– g-Al2O3 system 328
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– gold core 329, 330
– Ir4 clusters. See Iridium clusters, ethylene

hydrogenation
– metal-carbonyl clusters via ligand effects. See

Metal-carbonyl clusters via ligand effects
– 2-NT probe molecule 330–331
– open sites. See Open catalytic active sites
– structure-sensitive or insensitive reactions

325–326
– ‘‘varying degrees of saturation’’ 325
– well-characterized systems 331
metal-carbonyl clusters via ligand effects
– Blyholder model of metal-CO bonding

333–334
– calix[4]arene phosphine (L) 332, 333
– CO and O binding, gold clusters 336
– DFT analysis 335–336
– gold binding energy 332
– Ir4 carbonyl clusters 332–337
– Pauli repulsion 336
– π-backbonding interaction 334
– single-crystal X-ray diffraction 334–335
metal-coordinated bridging ligands
– α-dehydroamino acid esters, asymmetric

hydrogenation 192
– heterogeneous asymmetric hydrogenations

192, 194
– homochiral bimetallic coordination

assemblies 192, 193
metal-organic frameworks (MOFs)
– covalent bonding 358
– dative bonding 358–359
– definition 354
– functionalization 358
– porous structure, control 354
– post-synthetic modification 358
– structural and chemical properties 355
– surface modification 358–359
methane formation vs. FT kinetics
– lumped microkinetics expression,

production 584
– rate constants 583
– temperature maximum, Cn production

585
– volcano curve, production 584
methyl 3-pentenoate, hydroformylation

204
Michael addition, organocatalysts
– aldehydes 310
– diamine organocatalyst 309
– malonate 312
– nitroalkenes 309
– nitroolefins 310
– β-nitrostyrene 310

– Rolipram 310
– SATO catalysts 310
– surfactant-type asymmetric organocatalysts

310
– α,β-unsaturated aldehydes 311
microemulsion-based organogel (MBG)
– ethyl valerate 542
– IL-based 543
– immobilization 541, 543
– microstructure 542
– phenylethyl acetate 541
microenvironment engineering, nanoreactors
– Bu4NBr, addition 387
– (1R,2R)-diaminocyclohexane 386
– diffusion of reactants and products

387–388
– factors influencing 385–386
– NaCOO-H2O system 387
– Ru-TSDPEN 386
– surface modification 386
– TOF of Fe(salan) 387
Mizoroki–Heck reaction
– iodobenzene and ethyl acrylate reaction 45
– Pd NPs 46, 47
– Pd/chitosan nanocomposite 45, 46
MOFs. See Metal-organic frameworks (MOFs)
molecular catalysts, nanoreceptors
– covalent-bonding methods 359–363
– noncovalent bonding methods 363–366
– reducing pore entrance size 366–369
molecular dynamics simulations
– DFT methods 30
– Ru NPs 31, 33
– spatial distribution function, imidazolium

cation 31, 33
molecular microkinetics simulations, FT

reaction
– chain growth limit 569, 573
– chain length cutoffs 567, 570
– elementary reaction rate data 565
– H2 and CO partial pressure dependence

576–578
– high C2+ yield 574, 575
– vs. methane formation. See Methane

formation vs. FT kinetics
– oxygenate formation 571
– polymerization vs. chain growth model. See

Polymerization vs. chain growth model,
FT reaction

– reaction energy, propylene and methane
formation 565–567

– relative rate, CHx formation 567, 572
– simulated conversion data, parameters

567, 568
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molecular microkinetics simulations, FT
reaction (contd.)

– surface composition 574
– temperature dependence, α 567, 570
– value, α convergence 567, 571
molecular organic solvent-based reverse

micelles
– electrical property 513–516
– hydrophobic group 513
– surfactant head group 516–521
MonoPhos/Rh(I)-catalyzed asymmetric

hydrogenation reactions
– covalent bonded bridging ligands 187–190
– hydrogen-bonded bridging ligands

190–192
– metal-coordinated bridging ligands

192–194
Morita–Baylis–Hillman reaction 277–278
MSs. See Mesoporous silicas (MSs)

n
nano-metal particles (NMPs)
– heterogeneous solid-supported catalysts

22, 23
– and ILs 23
– IL-supported/mediated 22, 23, 28–31
– preparation 23–28
nanoreactors, catalysis
– catalytic nanoreactor engineering 390
– cooperative activation effect. See Cooperative

activation effect
– heterogeneous catalysis 351
– homogeneous catalysis 351
– hydrothermal/solvothermal synthetic

approach 353
– microenvironment engineering 385–388
– MOFs 354–355
– molecular catalysts. See Molecular catalysts,

nanoreceptors
– MSs 353–354
– pore confinement effect 369–377
– porous structure, influence 388–389
2-naphthalenethiol (2-NT) probe molecule

330–331
nitroalkanes
– aldol reaction of nitroacetates 456, 457
– conjugate addition of 2-nitropropane 455,

456
– PTC conditions 455–457
NMPs. See Nano-metal particles (NMPs)
NMPs preparation, ILs
– Au NPs 27
– IL as reducing agent 24

– molecular hydrogen, reducing agent
24–26

– NaBH4, reducing agent 26
– rod-like gold NPs 27, 28
– silver nanostructures 27, 28
noncovalent bonding methods
– chiral Co(Salen) complex 365
– chiral ligand/catalyst 364
– immobilization methods 364
– ordered MSs 365
– porous matrix 364–365
– zeolites, ship-in-a-bottle synthesis

365–366
nonionic surfactants
– AOT reverse micelles and LiP 513
– catalytic activity 515, 516
– GGDE 514
Noyori–Ikariya type catalysts 216
Noyori-type Ru(II)-catalyzed asymmetric

hydrogenation
– aromatic ketones 186, 187
– generation 185
– hetero-coordination, achiral bridged

diphosphine 186
2-NT. See 2-Naphthalenethiol (2-NT) probe

molecule

o
1-octene 205
OMSs. See Ordered mesoporous silicas

(OMSs)
open catalytic active sites
– Amplex Red to resorufin, conversion 340
– atomic layer deposition Al2O3 341–342
– dependence of reaction rate 341
– HAADF-STEM 342–343
– kinetic poisoning experiment 341
– pseudo-first-order rate constant 341
– reactivity of edge and corner sites 343
– resazurin reduction reaction 340–341
– single nanoparticle catalysis 340
– turnover frequency (TOF) 341–342
ordered mesoporous silicas (OMSs)
– MCM-41 phase 85
– M41S synthesis 85
– MSU-1 85
– Na ion exchange reaction 86
– organic–inorganic hybrid materials, types

87–88
– PMO 87
– pore sizes and surface areas 85
– SBA-1 86
– SBA-15 85–86
– surfactant interactions, types 86–87
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organic base-catalyzed reactions, SiO2
enhanced

– amine-catalyzed aldol reaction 7
– amine-functionalized silicas 8
– cyclic carbonate synthesis 9, 10
– heterogeneous and homogeneous acid and

base catalysts 8
– Knoevenagel reaction 8, 9
– MCM-41 catalysts, amine-functionalized 9
– nitroaldol reactions 9, 10
– propylene oxide 10, 11
– silica-supported phosphonium salts 10, 11
organic substances, hydrogenation
– citral 473–474
– cyclohexene to cyclohexane 472
– imines 475–476
– levulinic acid 474
– N-(1-phenylethylidene)aniline 475–476
– phenol 474–475, 476
– α-pinene to pinane 472–473
– prochiral α-enamides 475
organic synthesis 419–420
organic–inorganic hybrid materials
– advantages 91
– aldol condensations 99, 103
– amine groups 91–93
– catalysis 100–102
– co-condensation method (one-pot synthesis)

88–89, 91–96
– esterification of alcohol 103–104
– grafting method 88, 91–96
– HPMO 89
– ionic liquids (ILs) 93–95
– Knoevenagel condensation 99, 103
– PMOs 88, 89
organocatalysts
– aldol reaction. See Aldol reaction
– Michael addition 309–312
organometallics
– heterogeneous asymmetric catalysis. See

Heterogeneous asymmetric catalysis,
self-supporting approach

– homogeneous asymmetric catalysis. See
Homogeneous asymmetric catalysis

oxidations, SCFs
– alcohols in scCO2 480
– cyclohexane 481
– propylene oxide (PO) 480–481
– styrene oxide 480
oxidative desulfurization (ODS), H2O2 as

oxidant
– alcohols and sulfides, selective oxidation

293
– Brønsted acid ion liquids (BAILs) 294–295

– BT oxidation, in water/oil emulsion droplets
290

– catalytic oxidative system advantages
293–294

– diesel, sulfur removal 291
– emulsion catalysis 287
– emulsion system, fluorescence optical

micrograph 292
– ‘‘green’’ solvent 287
– hybrids 295
– hydrodesulfurization (HDS) 287
– IL emulsion system, preparation 294
– lanthanide-containing POMs 293–294
– metastable emulsion droplets 289, 292
– microemulsion droplets 289
– phosphotungstic compounds 290
– polyoxometalate (POM) 288
– quaternary ammonium cations 288
– straight-run diesel 291, 292
– sulfones 291
– sulfur-containing compounds 288–289
– sulfur-specific GC-FPD chromatograms

291
– transmission electron microscopy (TEM)

295, 296
– turnover number (TON) 289
oxindoles
– asymmetric PTC 454–455
– synthesis of (-)-esermethole 454
– synthesis of tricyclic diamines 454–455
oxygen activation 409–410

p
Pd NPs, IL-supported
– acetophenone hydrogenation reaction 34
– hydrogenation, alkynes 32, 34
– in situ formation and stabilization 34
– isomerization reaction 34, 35
– phenanthroline (Phen) ligand-protected Pd

NPs 32
– supercritical CO2 extraction 35
perfluoroalkylated PCP pincer ligand 266
periodic mesoporous organosilica (PMO)
– aliphatic 97–98
– aromatic 98
– catalytic application 104
– ethane-bridged 96
– HPMO 98–99
– mild pH conditions 97
– OMSs 87
– organic–inorganic hybrid materials 88, 89
– synthesis with surfactants 96–97
phase-transfer catalysis (PTC)
– advantages 425
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phase-transfer catalysis (PTC) (contd.)
– asymmetric PTC. See Asymmetric PTC,

organic synthesis
phosphine ligands 490, 491
phosphorus ligands 400, 401, 402
photocatalysis
– biphenyl (Bp)-PMO catalyst 107
– impregnation method 106
– nano-structured metallic catalyst 107
– nano-structured titania (TiO2) 106
– organic–inorganic mesoporous materials

107
– porphyrin-bridged PMO 107
Pichler–Schulz mechanism 555
PMO. See Periodic mesoporous organosilica

(PMO)
poly(ethylene glycol) (PEG)
– definition 114, 116
– PEG-bounded TsDPEN 117
– and PEG-supported chiral ligands and

catalysts 116
– PEG-supported chiral monophosphite 117,

118
– PEG-supported Ru-BINAP catalyst 118
– PEG-supported tartaric acid ester ligands

116, 117
– uses, chiral catalysts immobilization 114
poly(propyleneimine) (PPI) 133–135
polyacrylamide gel electrophoresis (PAGE)

402, 403
polymer-bounded catalysts
– aldehydes, transfer hydrogenation 318
– amphiphilic polymer-immobilized

nanoparticle 314
– amphiphilic polysterol/polyethylene glycol

resins 316
– C–C coupling reactions 314
– cinnamaldehyde 314
– emulsion system, microscope images

319
– ethyl pyruvate 313, 314
– Heck reactions 314–315
– heterogeneous catalysts 313
– hydrogenated cinnamaldehyde 313
– Kharasch reaction 316–317
– N-heterocyclic carbene (NHC) palladium

complexes 316–317
– 1-octene, hydroformylation 318
– O/W emulsion catalytic system 317–318
– palladium–phosphine complex catalysts

315
– poly(amido-amine) (PAMAM) dendrimer

315

– polymer–metal hybrid materials
312–313

– polymer-stabilized metal emulsion catalysis
313–314

– polyvinylpyrrolidone (PVP) 313
– selective catalytic reaction 313
– Suzuki coupling 315
polymerization vs. chain growth model, FT

reaction
– lumped microkinetics 576, 578
– mechanistic model, C–C bond formation

and CO activation 581
– rate of CO consumption 579, 582
– simulated coverages, monomer formation

580
pore confinement effect
– achiral cluster Os3(CO)12 374
– asymmetric epoxidation 372–373, 376
– asymmetric reactions 370–371
– chiral bis(oxazoline) ligand 373
– chiral Mn(Salen) catalysts 369–370, 372
– cis- and trans-methylstyrene, oxo-Mn(Salen)

377
– conversion and enantioselectivity 375, 377
– MCM-41 and MCM-48 372
– MCM-41 and SBA-15 371
– olefins 375
– pores influencing chiral catalysis 375, 376
– Pt nanoparticles in CNTs 374
– Zn-Al layered double hydroxides 372, 373
pore entrance size, molecular catalysts
– chiral catalysts 367
– encapsulation strategy, advantages 369
– FDU-12-BINAPO 367, 368
– MSs 366
– nanocages 366
porous structure, nanoreactors
– Binol-based MOFs 388–389
– carbonyl–ene reaction 388
– chiral PMOs 389
– Friedel–Crafts reaction 388
PPI. See Poly(propyleneimine) (PPI)
propene 202
Pt and Ir NPs, IL-supported
– acetone hydrogenation 36
– enantioselective hydrogenation 36
– size distribution, Ir(0) NPs 36, 38
PTC. See Phase-transfer catalysis (PTC)
PVP (poly(N-vinyl-2-pyrrolidone) 402

q
quat salts
– definition 425
– mechanism of PTC 425, 426
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r
RCH/RP process. See Ruhrchemie/

Rhone-Poulenc (RCH/RP) process
reverse micelles
– additives. See Additives, reverse micelles
– application. See Application, reverse micelles
– biodiesel preparation 544
– conformation 528–530
– enzyme catalysis. See Enzyme catalysis
– IL-based microemulsions 544
– ionic liquid-based. See Ionic liquid-based

reverse micelles
– micellar enzymology 543
– microemulsifications 512
– microemulsions 511–512
– molecular organic solvent-based. See

Molecular organic solvent-based reverse
micelles

– ‘‘polar pool’’ 512
– pseudophase model and enzyme-catalyzed

reaction kinetics 530–531
– room-temperature ILs 512
– ‘‘water pool’’ 512
– W/IL microemulsions 544
Rh NPs, IL-supported
– (E)-2-(benzoylamino)-2-propenoic acid

derivatives hydrogenation 42
– bipyridine coordination modes, NMPs 41
– bipyridine-functionalized ILs 41, 42
– BPys behavior, styrene hydrogenation

40–41
– styrene hydrogenation 40
– substituted aromatic compounds

hydrogenation 40
rhodium-phosphine complex catalytic systems
– activity and selectivity 495
– aqueous-organic biphasic transition metal

catalysis 491
– 1-dodecene 500
– P-C bond 495
– phosphine ligands 490, 491
– RCH/RP advantages 490–491
– TPPTS 490, 494
room-temperature ionic liquids (RTILs)
– common cations and anions 21
– Friedel–Crafts reactions 21
– IL-supported/mediated metal nanoparticles.

See IL-supported/mediated metal
nanoparticles

– solid-supported IL. See Heterogeneous
catalysis with homogeneous performance

RTILs. See Room-temperature ionic liquids
(RTILs)

Ru complex-catalyzed enantioselective
reactions

– achiral bisphosphine/Ru/chiral
diamine-catalyzed asymmetric
hydrogenation 171–172

– achiral monophosphine/Ru/chiral
diamine-catalyzed asymmetric
hydrogenation 168–171

Ru NPs, IL-supported
– catalytic hydrogenation 1,3-cyclohexadiene

and cyclohexene 37
– phosphonium and imidazolium ILs 39, 40
– Rh NPs. See Rh NPs, IL-supported
– [Ru(COD)(2-methylallyl)2] reduction 37
– size distributions 37, 39
– SYBYL representations, CYD 37, 39
– toluene hydrogenation 37
Ruhrchemie/Rhone-Poulenc (RCH/RP)

process
– large-scale manufacturing method 497
– m-OHCC6H4SO3Na and

C3H7P(m-C6H4SO3Na)2 494
– TPPTS 490
– traditional cobalt process 497
– water-soluble rhodium catalyst 489–490
Ruhrchemie/Rhône-Poulenc process 202

s
scanning tunneling microscopy (STM) 338
SCFs. See Supercritical fluids (SCFs), catalysis
Schiff base/Ti(IV)-catalyzed asymmetric

hetero-Diels–Alder reaction
– acid additives 153, 154
– tridentate Schiff base ligands 153
selective hydrogenation
– Au25(SR)18 clusters 407–409
– H2-D2 exchange reaction 407
– turnover frequencies (TOFs) 407
selective oxidation
– alcohols. See Alcohols, selective oxidation
– alcohols aerobic oxidation 61–62
– alkanes 410–411
– alkenes. See Alkenes, selective oxidation
– CO oxidation. See CO oxidation
– olefins aerobic oxidation 62–63
– oxygen activation 409–410
silica gel-confined IL catalysts
– confinement effect, supercage of silica gel

55
– covalently supported IL catalysts 56–57
– emission behavior 56
– preparation and model 55
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single reaction center site model, FT reaction
– BEP relationships 586, 587
– catalysts performance 590, 591
– influence, CO activation energy 588, 590
– M–O and M–C bond energies 586
– predicted RCO and α 588, 589
size-exclusion chromatography (SEC) 402,

403
solid-supported IL catalyzed reactions. See

Heterogeneous catalysis with homogeneous
performance

soluble polymeric supports 112–113
Sonogashira reaction
– carbapalladacycle complex 48
– description 48
– iodobenzene and phenylacetylene 48
SSITKA. See Steady-state isotopic transient

kinetic analysis (SSITKA)
steady-state isotopic transient kinetic analysis

(SSITKA) 594
Stille reaction 47
sulfonated Xantphos 204
sulfonic/carboxylic acid-amine bifunctional

catalyst
– cooperative catalysis, sulfonic acid and

primary amine groups 4
– heterogeneous and homogeneous acid and

base catalysts 3, 4
– initial turnover frequency, aldol reactions

6, 7
– nitroaldol reactions 5
– SBA-15-AB 3, 4
– SBA-G-AP0.5 6
– surface silanol groups 6
– surface structures, amine and carboxylic

acid grafted silica catalysts 6
sulfur ligands
– ligand exchange 401–402
– reduction of Au(I)SR 401, 402
– thiolation 402–403
supercritical fluids (SCFs), catalysis
– alkylation 481–482
– clustering 471
– CO2 cycloaddition to epoxide 482–483
– CO2, hydrogenation. See CO2,

hydrogenation
– cycloaddition in scCO2 470
– description 469–470
– ethylene carbonate 470
– features of reactions 471–472
– hydroformylation reactions 479–480
– organic substances, hydrogenation. See

Organic substances, hydrogenation
– oxidations 480–481

– pure substance 470
– thermophysical properties 470, 471
supported IL catalyst
– alkylation and esterification reactions

73–74
– asymmetric catalysis 74–77
– BMImPF6 52, 53
– [BMIm][Tf2N] behavior 54
– catalytic carbonylation reaction. See Catalytic

carbonylation reaction
– catalytic hydrogenation. See Catalytic

hydrogenation
– enzyme catalysis 77–79
– heterogenized homogeneous IL catalyst

system 51
– immobilizing organometallic complexes

53, 54
– isomerization and oligomerization 72–73
– Lewis acidic IL-phase catalysis 51
– magic-angle spinning (MAS) 53
– para-hydrogen induced polarization (PHIP)

NMR spectroscopy 53
– selective oxidation 61–63
– two-dimensional nano-IL catalyst 51, 52
– water-gas shift reaction 70–72
Suzuki reaction
– description 42–43
– ionic polymer-stabilized Pd NPs/IL system

44
– ligands, norborn-5-ene-2,

3-dicarboxylicanhydride 44
– nitrile-functionalized IL 43
– Pd NPs 43, 44
Suzuki–Miyaura coupling
– aryl bromides 227, 230
– aryl iodides and bromides 233
– biaryls synthesis 226–227
– bulky phosphine ligands 228
– catalyst recycle 229, 230
– drawback 233
– heterocyclic halides with boronic acids

228, 230, 231
– ligand-free catalysts 231–232
– microwave promoted 234
– Pd(II)-(di-2-pyridyl)methylamine 229–230
– pH-responsive palladium catalyst 232–233
– silica-supported catalyst 232
– water-soluble phosphine ligands 227

t
tartaric acid-derived quaternary ammonium

salts 438, 439
thermoregulated phase-transfer catalysis

(TRPTC) 206, 505–506
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Ti(IV)-catalyzed enantioselective reactions
– BINOLate/Ti-catalyzed asymmetric

carbonyl–ene reaction 156–158
– BINOLate/Ti(IV)-catalyzed asymmetric

hetero-Diels–Alder reaction 154–156
– BINOLate/Ti-catalyzed asymmetric

ring-opening aminolysis, epoxides
158–159

– Schiff Base/Ti(IV)-catalyzed asymmetric
hetero-Diels–Alder reaction 153–154

Ti-catalyzed hetero-Diels–Alder reactions
132, 133

transient kinetics, FT reaction
– analysis, isotope switch experiments 597
– reported data vs. interpretation, simulations

598
– residence times, methane 595, 597
– simulations 595, 596
– SSITKA measurements 594
transition-metal-catalyzed asymmetric

reactions 133, 134
TRPTC. See Thermoregulated phase-transfer

catalysis (TRPTC)

u
UCC. See Union Carbide Corporation (UCC)
Ullmann reaction
– ‘‘green’’ pathway 49, 50
– ionic liquids 48, 49
union Carbide Corporation (UCC) 489, 490
urea-amine bifunctional catalyst
– acetone with 4-nitrobenzaldehyde aldol

reaction 2, 3
– aldol reaction, urea and amine groups 2, 3
– surface structures, immobilized MSNs 2

v
VOCs. See Volatile organic compounds

(VOCs)
volatile organic compounds (VOCs) 469

w
water catalysis
– heat capacity 201
– heat of vaporization 201

– hydroformylation. See Hydroformylation
– hydrogenation. See Hydrogenation
– properties 201–202
water oxidation reactions
– molecular catalysts 380
– SBA-16, nanocage 380
– TOF 380
water-gas shift (WGS) reaction 345–346
water-in-oil (W/O) microemulsions
– cetyltrimethylammonium-based surfactants

521
– counterion binding 522
– interfacial region 515, 518
– nonionic surfactant 514
– p-nitrophenyl-n-hexanoate 517, 520
– reverse micelles 512
– straight-chain alcohols 513
water-soluble catalyst, rhodium-phosphine

complex systems 490–491
WGS. See Water-gas shift (WGS) reaction
W/O microemulsions. See Water-in-oil (W/O)

microemulsions

x
X-ray absorption near edge structure (XANES)

measurements 344
X-ray photoelectron spectroscopy (XPS)

28–29, 328

z
Zn complex-catalyzed enantioselective

reactions
– BINOLate/Zn/diimine-catalyzed

asymmetric diethylzinc addition
162–164

– BINOLate/Zn/diimine-catalyzed
asymmetric hetero-Diels–Alder reaction
165–167

– chiral amino alcohol/Zn/racemic amino
alcohol-catalyzed asymmetric diethylzinc
addition 159–162




