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Pareto plot 15–16
Pauling valency concept 133
Pausen-Khand reaction 244
Péclet number 597
Penicillin G amidase (PGA) 256
peptidases 185–186
phenyl alanine dehydrogenase (Phe-DH)

178, 254
photocatalysis 216–217, See also

heterogeneous photocatalysis
– applications of 219
– in practice, reactor considerations

225–228
– principle of 217–219
physical adsorption 514–516
physical chemistry 4
pig liver esterase (PLE) 171
planar laser-induced fluorescence (PLIF) 371
plug flow reactors (PFRs) 546
Point of Zero Charge (PZC) 422–423, 436
polyethylene glycol (PEG) 178
polymerase chain reaction (PCR) 253
polymer-electrolyte (or proton-exchange)

membrane fuel cell (PEMFC) 207
polymerization 261–285
– kinetics
– – active sites 269–273
– – ‘dormant’ sites 269–273
– – ‘triggered’ sites 269–273
– latest breakthroughs 280–285
– – half-titanocene precatalyst structures 281
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– olefin polymerization process technology
264–273, See also individual entry

– polyolefins 262–264
– Ziegler–Natta-type olefin polymerizations

261
polyolefins 262–264
porcine pancreatic lipase (PPL) 184
pore size distribution (PSD) 518
pore volume impregnation (PVI) 425
porous catalysts, concentration profiles in 79
porous materials as catalysts and catalyst

supports 431–444, See also adsorption
methods for porous materials
characterization

– activated carbon supports 439
– alumina (Al2O3) and other oxides 436–438
– carbon materials 438–440
– fumed silica 433–436
– general characteristics 431–433
– ordered mesoporous materials 442
– shaping 443–444
– sol-gel method of preparation of 433–436

– – Aerosil
®

process 435
– zeolites 440–441
Prelog-rule 177
pressure gap 36–39
primary proton attachment 137
Proactinomyces erythropolis 181
process choice 17–19
– classical chlorohydrin route 18
– modern pertochemical route 18
propane oxidation 150
propene polymerization catalysts 266
proton activation by zeolites 135–139
Pseudomonas chlororaphis B23 256
Pseudomonas putida 181
pyruvate decarboxylase (PDC) 194
pyruvate/phosphoenolpyruvate-dependent

aldolases 192–193

q
α-quartz 433
quasi-surface equilibrium approximation 75

r
radical chemistry, of high-temperature

catalysis 365–385
– experimental evaluation of models 371
rate-controlling step or slow step 33
rate-determining step 34
rate-limiting step 6, 21
reaction engineering principles, See catalytic

reactor engineering
reaction mechanisms 70, 73–77

– bimolecular catalytic reactions 76–77
– complex reaction 73
– Langmuir–Hinshelwood model 74–75
– ‘masi’ approximation 75–76
– quasi-surface equilibrium approximation

75
reaction order 69
reaction rate 69
reactor choice 16–17
reactor engineering, See catalytic reactor

engineering
reactor performance (Lp) 578
redox catalysis 333–335
reducible oxides 143–150
– heats of formation 145
– oxidation reactions, mechanism 148–150
– – propane ammoxidation mechanism 149
– – propane oxidation 150
– – selective oxidation of propylene 148–150
– relative stabilities, comparison 143–145
– structure sensitivity 145–148
residence time distribution (RTD) 587–602,

606–607
– experimental determination of 589–591
– – pulse function 590–591
– – step function 589–590
– residence time distribution in tubular

reactors, estimation 597–599
– RTD for ideal reactors 591–595
– – cascade of ideally stirred tanks 592–593
– – ideal continuously-operated stirred tank

reactor 591–592
– – ideal plug flow reactor 591
– – laminar flow reactor 593–595
– RTD influence on performance of real

reactors 599–602
– RTD models for real reactors 595–597
– – cell model 596–597
– – dispersion model 595–596
reversible reaction 69
rhodium-catalyzed carbonylation of methanol

245
rhodium-catalyzed hydroformylation 236
Rhodococcus rhodochrous 256
Ruhrchemie/Rhône-Poulenc process 237
ruthenium 312

s
Sabatier Principle 21–23
Sabatier’s catalytic reactivity principle 14
Scanning Electron Microscopy (SEM) 494
Scanning Transmission X-ray Microscopy

(STXM) 509
Schmidt number 85
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second Damköhler number (DaII)
81–82, 98

Second Harmonic Generation (SHG) 502
secondary proton attachment 137
segmented flow gas–liquid–solid reactors

620
selection, catalyst 13–16
– Brønsted–Evans–Polanyi (BEP)

relationship 14
– computational approach 13
– Sabatier’s catalytic reactivity principle 14
selective oxidation 333–335
selectivity 544
shaping, porous material catalysts 443–444
Shell Higher Olefin Process (SHOP) 103
Sherwood number (NSh) 547
side-chain elongation mechanism 329
silica (SiO2) 433
single-molecule in-situ spectroscopy of

catalytic solid 504–508
single-phase MSR 604–607
– mixing 604
single-phase reactors 564–568, See also

stirred-tank reactor
– tubular reactors 567–568
single-site alkene metathesis catalysts

402–406
– enantioselective ring-closing metathesis

405
slurry-phase bubble column reactors 309
slurry reactors 310
slurry–suspension reactors 574–575
sol-gel method 433–436
solid acids and bases 132–143, 440
– Brønsted acid or base 132
– Lewis acid or base 132
– mechanistic considerations 139–143
– – direct alkane activation 139–141
– – hydride transfer 141
– – isomerization catalysis 141–143
– primary proton attachment 137
– proton activation by zeolites 135–139
– secondary proton attachment 137
– stereochemical effects 139
– van der Waals interactions 139
solid oxide fuel cells (SOFC)
– high-temperature catalysis in 380–385
solid-state properties, in catalysts

development 448–453
solvent complexes 487
Sorghum bicolor 189–190
space time 580, 583
space–time yield 545
space velocity 580

specific adsorption 204
specific surface area (A) 518
spectator ligands 59
staged fixed-bed 569
standard isotherms 522–523
steam reforming, in ammonia sysnthesis

291, 295–299
– catalysis 296–297
– secondary phenomena 297–299
– technology 295–296
– tubular reformer 296
stirred-tank reactor 564–567
– heat transfer 567
– mixing 565
structural defects 451–452
structured catalysts for multiphase reactions

575
sulfidic catalyst 393–397, See also under

hydrodesulfurization
supported catalysts 453
– preparation 420–429
– – deposition precipitation 427–428
– – drying 425–427
– – impregnation 425–427
– – ion adsorption 423–424
– – outer-sphere complex formation 423
– – selected catalysts, applications 421
– – selective removal 420
– – support surface chemistry 422–423
– – thermal treatment 428–429
Supported Liquid-Phase Catalyst (SLPC) 106
supported transition-metal hydrides

408–411
surface oxygen species in methane conversion

449–450
surface reactions 34–36
– elementary rate constant expressions for

34–36
surface reconstruction 37–38
suspension reactors 572
symmetric versus asymmetric cracking

patterns 328–332
synthesis gas 311
synthetic organic chemistry 4

t
Temkin kinetic expression 118
Temkin Pyzhev kinetics 291–292
temperature-programmed reduction (TPR)

method 509
Temporal Analysis of Products reactor (TAP)

451
Terrylene diimide (TDI) dye molecule 506
Tetrahydrofuran (THF) 57, 176
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thermal reaction 216
thermal treatment 428–429
Thiele modulus 88, 95, 98, 547
Thomas chemistry 339
three-center (M-C-H) transition states

128
three-phase gas–liquid–solid systems

573–575
three-phase reactors 616–622
– continuous-phase contacting 616–618
– dispersed phase contacting 619–622
– gas–liquid–solid 616
– mesh microcontactor 619
– trickle-bed reactors 555, See also

individual entry
Ti-catalyzed epoxidation 335–338
Time-Resolved Microwave Conductivity

(TRMC) 220
t-method 522–523
Topsøe radial flow converter 292
T-plot techniques 6
TPPTS (tris sodium salt of meta-

trisulfonated triphenylphosphine) 237
transaminases (TAs) 193–194
transition metal catalysis 114–132
– ammonia synthesis 114–119, See also

individual entry
– C–C bond cleavage 126–132
– dehydrogenation 126–132
– ethane hydrogenolysis mechanism

127–132
– hydrogenation 126–132
– methane reforming 120–125, See also

individual entry
transition metal-centered homogeneous

catalysis 155, 159–169
– hydrometalation of alkenes 165
– kinetic activity 167
– ligand substitution
– – associative pathway 160
– – dissociative pathway 160
– – limiting mechanisms 160
– migratory insertion 164–165
– oxidative addition 162–163
– reductive elimination 164
– substrates and reagents, activation

of 159
– Ziegler–Natta polymerization 164
Transmission Electron Microscopy (TEM)

494
transport effects, estimation criteria for

101–103
trickle-bed reactors 552
– advantages 553

– application of 556
– criteria for 554
– – axial mixing 554
– – channeling 554
– – isothermality 554
– – mass transfer 554
– disadvantages 553
– input data 555
– laboratory scale versus industrial trickle-bed

reactors 557
tubular reactors 567–565
tubular reformer 296
turnover frequency (TOF) 55
turnover number (TON) 54–55

u
UV Photoelectron Spectroscopy

(UPS) 493
UV/Vis spectroscopy 486–490
– principal component analysis 489

v
van der Waals interactions 139
visible light-sensitive systems, quest for 223

w
Washburn equation 533
weight hourly space velocity (WHSV)

544
Weisz module 90, 102
Weisz’ window 545
wet impregnation 425
white biotechnology 171
Wilkinson’s catalyst 166

x
xenon porosimetry 533–534
X-ray Absorption Near Edge Spectroscopy

(XANES) 497
x-ray absorption spectroscopy (XAS) 466
x-ray fluorescence spectroscopy (XAFS) 466
X-ray Photoelectron Spectroscopy (XPS) 493
x-ray scattering techniques 6

y
yield 545

z
zeolite catalysis 325–339
– framework-substituted redox ions

335–339
– hydrocracking reaction, acid catalysis

325–332, See also individual entry
– Lewis acid–lewis base catalysis 332–333
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zeolite catalysis (contd.)
– redox catalysis 333–335
– selective oxidation 333–335
– single-site versus two-center Fe

oxycations reactivity 334–335
– Thomas chemistry 339

zeolites 7, 28–30, 440–441
– proton activation by 135–139
Ziegler–Natta-type olefin polymerizations

164, 261–262, 266–267, 274–283
Z-scheme process 224


