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608 Index 

Bimodal polymer (Lont,)
 
MW distribution, Cr(DMPDh, 465-46u
 
P-oH ,nd AI-oH, 465
 
poisoning experiments, 471-473
 
polymerization activity, 473
 
reactivity determination, sites, 470
 
relative contribution, P- and
 

AI-associated peaks, 469
 
uniform distribution, H;>, 47(1
 

BP canvaT~ process. See nfso Tridiurn­
complex catalyzed carbonylation, 
methanol 

elements, methanol carbonylntion, 25
 
retrofittin~, 24-25
 

Branch distribution, et-olefins
 
average branch content, 223
 
branching, low-MW side, 220
 
deconvolution, seven Schulz-Flory
 

components, 220-221
 
electron deficiency, 219
 
ESCR dependence, 222
 
cthylene-hexene copolymers production,
 

222-223
 
ere with butyl branch profiks, 21 ()
 
incorporation efficiency, 218--219
 
lower activation temperature, 222
 
tie molecules role, polymer f"dlure model,
 

219-220
 

c 
Carbon nanotubes (CNTs)
 

EPO, 97-98
 
multiwalJ arra ys, 104
 

C<lTreaU-Y03sUOil (CY)-a villues
 
as indicator, LCB level, 314-319, 347
 
LCB detection, 274
 
pore volume, 306
 
as relaxation time distribution,306
 
residence timc, 321
 
selective poisoning, titania, 347
 

Catalyst carrier structure 
activity and kinetics
 

initial steps, active site formation, 233
 
"platcau ratc," 234
 

chain growth
 
basic variables, 249-250
 
MW relatic'Ilship, 249
 

compacting pores
 
MW and melt indices, 253
 
polymerization test results, 251-252
 
volume distributions, 2.1)1
 

copolymerization, pores influence,
 
269-270
 

Cr / silica manufacture
 
pore water replacement 233
 
process, 230-231
 
silica hydrogel before dr~'ing step,
 

231-232
 
spray drying/flash drying, 232-233
 
stlsppndcd primary silica partic1cs, 231
 

fragmentation
 
ashing process, 239-240
 
large catalyst, plasma ashing, 239
 
polymer particle production, 238-239
 
pore v0lumes, rccovered catalyst,
 

239-240
 
role, pores, 241
 
typical dimensirms, 241-242
 

mass transport
 
complex behavior, 246
 
.\1W distrihution, 248-249
 
rate-decay kinetics, 247-248
 
reaction temperature, 246--247
 
soluble mctallocene catalysts, 248
 
types, 245-246
 

mes()porosity 
,r<,cerage number of contacts and pore 

volume, reiatioIlship, 23f>-.237
 
drying step, hydrogel samples, 234-235
 
measured penetration, 237-238
 
nitrogen adsorption, 235
 
pore volump distribution, 235-236
 

MW distribution, pores intluence.
 
259-260
 

netv.'ork reinforcement
 
ilCtivity per unit area. 259
 

alkaline aging, 254-255
 
common silica g'rades, 255
 
environments, influence chain ,:;rowth,
 

257
 
general pattern, polymer MW
 

dependence, 257-258
 
MW, sinten>d (,il~alysts, 257-258
 
Oswald ripening, 254
 
polymer MW and pore diameter
 

relationship, 25f>-.257
 
pore diameter crlkulation, 253
 
pore volume distributions, Da"'ison
 

silicils.255
 
silica gel coalescence, 254
 
standard silica, 257
 

particle replication
 
growth and expansion, 243
 

In< 

C; 

( 



Index Index 609 

>Iyrnerization, pores influence,
 
269-270
 

;ilica manufachJre 
)[(' water replacement, 233
 
~ocess, 230-231
 
Iica hydrogel before drying step,
 

231-232
 
lray drying/flash drying, 232-233
 
Ispended primary silica particles, 231
 
mentation
 
hing process, 239-240
 
rge catalyst, plasma ashing, 239
 
)lymer particle production, 238-239
 
xe volumes, recovert.'d catalyst,
 

239-240
 
,Ie, pores, 241
 
pical dimensions, 241-242
 
:; transport 
Irnplex behavior, 246
 
:w distribution, 248-249
 
te-decay kinetics, 247-248
 
action temperature, 246-247
 
Iluble metaJJocene catalysts, 248
 
pes, 245-246
 
)porosity 
'erage number of contacts and pore
 

volume, relationship, 236-237
 
yingstep, hydrogel samples, 2,34-235
 
easured penetration, 237-238
 
trogen adsorption, 235
 
Ire volume distribution, 235-236
 
distribution, pores influence, 
259-260
 
ork reinforcement 
tivHy per unit area, 259
 
Glline aging, 254-255
 
rnmon silica grades, 255
 
vironments, influence chain growth,
 

257
 
neral pattern, polymer MW
 

dependence,257-258
 
W, sintered catalysts, 257-258
 
iwald ripenmg, 254
 
Ilymer MW and pore diameter
 

relationship,256-257
 
're diameter calculation, 253
 
're volume distributions, Davison
 

silicas, 255
 
ica gel coalescence, 254
 
lI1dard silica, 257
 
Je replication 
)wth and expansion, 243
 

PE subunits, 243
 
spherical Cr / alumin'l catalyst, 244
 
Ziegler catalyst, 244-245
 

pore ruphJre and particle disintegration 
dependence, polymerization activity, 

229-230
 
earliest stages, polymerization, 228-229
 
fragility, 228, 230
 
high pore volume (PV), 228
 

porosity and LCB, 270
 
techniques, increase pore volume
 

aqueous methods, drying, 267-269
 
hydrogel optimization, 261-263
 
MI potentiat 260
 
organic methods, drying, 263--267
 

Catalytic methanol carbonylation
 
acetic add, 2-3
 
approaches, alternative
 

copper-containing mardenite catalysts, 
37
 

dimethyl ether, 36
 
isotopic labeling, 38
 
Pd(I1) catalyst, 38
 
solid~acid catalysts, 35-36
 

cobalt iodide catalyst, 3
 
computational investigations
 

migratory CO insertion, 34-35
 
phosphines and ligands, 35
 
transition state, 34
 

iridium-complex 
commercialization (See BP cativa fM 

process) 
reaction mechanism, 27-34
 

principal features, 4
 
process
 

carbon monoxide insertion, 4
 
esterification, 5
 
low water concentration, 6
 
rhodium-complex-catalyzed,5--6
 

rhodium-complex
 
iodide salts, 9-10
 
phosphine ligands and derivatives,
 

10-20
 
reaction mechanism, 6-9
 
supported, 20-23
 

Wacker process, 3
 
Catalytic processing
 

computational methods, 34-35
 
description, 51
 
homogeneous, 20,39
 
intensification, 54
 
ruthenium promoted, 32-33
 

Catalytic wall microreactors
 
heat transfer performance, 72
 

mass transfer performance
 
external, 69-72
 
internal, 68--69
 

pressure drop, 64--65
 
residence time distribution
 

axial mixing, 65
 
continuous flow reactor, 64-65
 
diffusion coefficients, 66--67
 
dispersion, 66
 
flow maldistribution, 67
 
plug flow, 67-68
 

small channel dimensions
 
fixed-bed reactor, 63
 
particle and cylindrical channel
 

diameter, 64
 
Chain architechJre
 

branch distribution
 
cross-insertion, sites, 293-294
 
intramolecular incorporation, 294
 
LCB distribution, 293
 
low-MW preference, site population,
 

292-293
 
single-site MW distribution, 292-293
 
unusual characteristics, 293
 

coCiltalysts
 
BEh, MW broadening, 282
 
reaction variables, 280-282
 

Cr--Cr pmximity
 
Arnett plot, 280-281
 
LCB, chromium loading, 280-281
 
molten polymer elasticity, 279-280
 
shear response, 278-279
 

dehydroxylation
 
"Arnett plot," 275
 
blow-molding process, 276-278
 
contradictory trends, 274-275
 
Cr/silica activation temperahJre,
 

influence,276-277
 
melt strength, 276-277
 
polymer grades, diverse blow molding
 

applications, 278-279
 
polymer properties, increasing
 

activation temperature, 274, 276
 
detection
 

Janzen and Colby (JC) relationship,
 
272-273
 

melt rheology, 272
 
SEC-MALS, 273-274
 

ethylene concentration
 
shear stress response, 286-287
 



I,610 Index 

Cha.in architecture (cont.)
 

solution process, 287
 
increased vinyl concentration
 

alpha-omega dienes pathway, 299-300
 
extreme rheological changes, 291:\-299
 
LeB forrnati("ln, 299
 

macramer insertion
 
dichromate species with Cr ions, 290
 
electron deficiency, 290
 
"frozen out" polymer chains, 288
 
incorporation mechanism, 287-288
 
"intramolecular" incorporation, 289
 
LCB generation, neighboring sites,
 

290-291
 
LeB levels, 288-289
 
melt viscosity curve, 291
 
trigger mechanism, 289-290
 

melt elasticity
 
LCB levels, 271-272
 
polyethylene exhibit, 270-271
 

p(lisons 

CO,283
 
HLMI/MI ratio, 283-284
 
impact resistance, film, 284-285
 
melt--solution viscosity (MSV) ratio,
 

283
 
molten polyethylene elasticity
 

reduction, 284
 
reaction temperature
 

Arnett plot, 285-286
 
partial solvation, 286
 

solution polymerization
 
chromium coverage effect, 297-298
 
LCB levels, varying temperatures, 295
 
reaction temperature, 295
 
research goal, Crlsilica adaption,
 

294-295
 
shear stress responses, 296--297
 

Chemical vapor deposition (CVD)
 
ALD,I04-105
 
alumina coating, 102
 
carbon nanofibers, 103---104
 
CNTs, 104
 

Mo2C and zr02 thin films, 103
 
Chromium catalyst. Phillips supported
 

activation treatments
 
anhydrous impregnation, 351-358
 
commercial practice, 364-371
 
dehydroxylation, enhanced, 358-364
 
LCB, h...o-step activation, 372-374
 
prereactor reduction, Cr(II), 349-351
 

AIPO,
 
activation temperature, 444-448
 
copolymerization, 427-431
 
wprecipitated,421-422
 
LCE,441-444
 
metal phosphates, 448-449
 
phosphate-treated alumina, 419-4.20
 
polymerization, 433--441
 
sensitivity, H 2, 43"1-433
 
silanes, 422, 424-425
 
'1's. Si02, 419-421
 
triethylboron cocatalyst, 425-427
 

carrier structure
 
activi.t:y and kinetics, 233---234
 
chain growth, 249-250
 
compacting pores, 251-253
 
copolymerization, pores influence,
 

269-270
 
CrlsiJica manufacture, 230-233
 
fragmentation, 238-242
 
m"lSS transport, 245-249
 
mesoporosity, 234-238
 
MW distribution, pores influence,
 

259-260
 
network reinforcement, 253-259
 
particle replication, 243--245
 
pore rupture and particle
 

disintegration, 228-230
 
porosity and long.-ehain branching, 270
 
techniques, increase pore volume,
 

260-269
 
chain architecture
 

brnnch distribution, 292-294
 
cocatalysts, 280-282
 
Cr---er proximity, 278--280
 
dehydroxylation, 274-278
 
detection, 272-274
 
ethylene concentration, 286--287
 
increased vinyl concentration, 298-300
 
macramer insertion, 287-291
 
melt elasticity, 270-272
 
poisons, 283-285
 
reaction temperature, 285-286
 
solution polymerization, 294-298
 

cflcatalysts
 
commercial process, 485-486
 
with cyclflpentadienyl groups, 503-504
 
definition, 483-484
 
enhanced activity, 486-490
 
mechanism, 484---485
 
polymer modification, 494-503
 



611 Index 

'0,
 
lctivation temperature, 444---448
 
:opolyrnerization, 427-43t
 
;oprecipitated,421--422
 
"CD,441-444
 
netal phosphates, 448-449
 
)hosphate-treated alumina, 419-420
 
>olymerization, 433-441
 
ensitivity, H 2, 431--433
 
llanes, 422, 424-425
 
'5. SiOu 419-421
 
riethylboron cocatalyst, 425-427
 
.ier structure
 
ctivity and kinetics, 233-234
 
hain growth, 249-250
 
ornpacting pores, 251-253
 
opolymerization, pores influence,
 

269-270
 
:r/silica manufacture, 230-233
 
ragrnentation, 238-242
 
:'laSS transport, 245-249
 
lesoporosity, 234--238
 
-lW distribution, pores influence,
 

259-260
 
etwork reinforcement, 253-259
 
article replication, 243-245
 
ore rupture and particle
 

disintegration, 228-230
 
orosity and long-chain branching, 270
 
!Chniques, increase pore volume,
 

260-269
 
n architecture
 
ranch distribution, 292-294
 
)catalysls,28(}-282
 
'r-er proximity, 278-280
 
ehydroxylation, 274--278
 
etection, 272-274
 
:hylene concentration, 28&-287
 
lcreased vinyl concentration, 298-300
 
lacromer insertion, 287-291
 
leIt elasticity, 270-272
 
3isons, 283-285
 
~action temperature, 285-286
 
llution polymerization, 294-298
 
talysts
 
)mmercial process, 485-486
 
ith cyclopentadienyl groups, 503-504
 
~finition, 483-484
 
lhanced activity, 486--490
 
echanism, 484-485
 
)lymer modification, 494-503
 

Index 

sensitivity, H2, 504-508
 
solid,492-494
 
stoichiometry, 49G--492
 

commercial activation, Cr!silica
 
bent ramp, 574-576
 
Cr(Vl) stability 1.':->. oxygen, 580-582
 
mathematical model, 573-574
 
space velOCity, 569-572
 
temperature sensitivity, 572-573
 
Hme dependence, 576-580
 
water \'apor influence, 565-569
 

commercial polyethylene
 
comparison, 131-132­

markets, 129-131
 
origin, 133-137
 

Cr/alumina
 
activity,40G--401
 
characteristics, 398-399
 
copolymerization, 402--403
 
fluClride-treated, 406--409
 
high molecular weight (MW), 401--402
 
LCB,403-405
 
metal oxides addition, 415--418
 
sensitivity, H~, 405-406
 
sulfate-treated,409--415
 
two-step acti\'ation, 418-419
 

Cr/silica reduction
 
Crlrv),164-165
 
CrIO) and Crll), 162, 164
 
Cr(I1) oxide, 156-157
 
Cr(IIl) oxide, 155-156
 
Cr(V) oxide, 155
 
Cr(TJ)/silica catalyst, 157-163
 
valence, active chromium species,
 

154-155
 
Cr / silica-titania
 

acidity, 323~324
 

FS. Cr / titania, 347-348
 
preparations, 324-325
 
titania, 326-347
 
uniqueness, 349
 

dispersion and stabilization, Cr(V1)
 
bis(triphenylsilyl) chromate, 153-154
 
calcination, 138-139
 
chromate 1.'~. dichromate, 139
 
Cr02Ch adsorption and desorptiC)fi,
 

143-146
 
mobility, 149-153
 
silanol group replacement
 

measurements, 140-142
 
spectroscopy, 140
 
surface coverage, 146-149
 

in situ branching
 
advantages, 528-529
 
cocatalyst, 518-520
 
Hz, as cocatalyst, 533-535
 
hydrosilanes, 529-533
 
Ct.-olefin, 509-511, 522-528
 
reaction variables, 520-522
 
reduction step, 512-514
 
silica support, 514-518
 

melt elasticity and catalyst structure
 
commercial applications, 311-313
 
dehydroxylation 1.'s. coalescence,
 

308-311
 
flame treatment, 316-317
 
fluxing, sodium, 315-316
 
hydrothermal treatment, 313-315
 
materials, 320
 
pore volume, 304-308
 
residence time, 320-323
 
silica types, 316-320
 
surface area, 300-304
 

Ct.-olefins copolymerization
 
bimodal polymers, 223-224
 
blocking, 224-225
 
branch distribution, 218-223
 
branchlength,225-226
 
catalyst particle size, 22&-228
 
comonomers reactivity, 210-211
 
insertion mechanism, 208-209
 
molecular weight suppression, 211-218
 
polymer density, 207-208
 

organochromium compounds
 
bimodal polymer, 465--473
 
bonding, 45()....451
 
branching, 478-479
 
calcination temperature, 459--465
 
chromium loading, 456--458
 
chromium oxide, combined, 480--483
 
fluoride effect, MW distribution,
 

473-476
 
initiation mechanism, 458--459
 
open- FS. closed-ring chromocene,
 

476-478
 
paired Cr species, 478
 
support acidity, 453-456
 
types, 451-453
 

polyethylene manufacture
 
activity 1.'s. reaction temperature,
 

546-547
 
commercial PE process, 535-538
 
density control and MW, 547-553
 
H~ influence, 558-563
 



612 lodell. 

Chromium catalyst, Phillips supported 
(cant.) 

hmLtations, Cr /silica catalyst system,
 
538-540
 

melting and swelling, 540-546
 
MW distribution control, 553-558
 
product contamination, 563---565
 

polymer formation
 
chain growth rate, 165-166
 
chain transfer, 173-175
 
comparisons, 176-177
 
initiation mechanisms, 169-173
 
reduction, 166-169
 
site vs. chain initiation, 169
 
surface acidity, 175-176
 

promoters, Cr / silica
 
alkaline earth mt'tals, 391-393
 
Cr /silica-alomina, 378-379
 
Cr / silica-zirconia, 374-377
 
Cr /Sn-silica, 377-378
 
halides, 379-388
 
lithium and sodium, 388-391
 
modifiers, 398
 
silicil phosphate, 393-395
 
silica suHnte, 3':15-397
 

site diversity and carrier influence
 
active sites, 193-197
 
bonding, individual Cr <:I toms, 177-178
 
MVV distribution, 178-179
 
MW-time dependence, 179-182
 
radioactive labelin~, 207
 
site discrimination, CO titration,
 

182-184
 
surface deh~'droxylationand
 

annealing, ]84-189
 
thermal treatments, 189-193
 
titration by poisons, 197-207
 

Chromocene
 
characteristics, chromium catalysts, 452
 
:J: --oldin cL1polymerization, 452-453
 
open- us. closed-ring
 

aluminophosphate support, 477--478
 
comparison, M\\' distributions,
 

47<>-477
 
cyclopentadiene ring loss, 477
 

sensitivity, H2, 453
 
Chromyl chloride (Cr02C12 )
 

adsorption, ]43-145
 
desorption, 145-146
 

CNTs. Sec Carbon nanotubes
 
Cocatalysts
 

BEt3, MW broadening, 282
 
characteristics, 485
 

commercial process
 
advantages, 485
 
contacting, 486
 

cyc10pentadienyl groups
 
catalyst modification procedure, 504
 
chromocene surface sp~cies, 503
 
MW distributions, 503-504
 

definition
 
behavior, 483
 
as reducing agents, 483--484
 

enhanced activity
 
activity imprnvement, Cr/
 

aJuminophosphate, 488-489
 
average turnover numbers, 488
 
CO reduction, 489-490
 
indudion time, 486
 
maximum rate, 488
 
poly'merization kinetics, Cr /
 

silica-titania, 486-487
 
polymer modification
 

AIEtJ and BEt", influence, 495-496
 
BEt] influence, 500-501
 
boron alkyls, 494-495
 
broad MW distributions, 498
 
ESCR test, 498
 
four different conditions, 498-499
 
high-MW tail, MW distribution, 494
 
HLMI/MI ratio, 497-498
 
parison swell, 500
 
performance characteristics, 501-502
 
physical properties, 500
 
5 ppm BEh influence, 496-497
 
shear thinning, 497-498
 

reaction variables, 280-282
 
sensiti\'it~'i, H2
 

chromium species, as MW regulator,
 
504
 

extreme shift, MW distributions, 508
 
ML polymer, 505-506
 
MW distributions, 505, 507-508
 
polymers characteristics, 507-508
 

six ways, active-site behavior, 484-485
 
solid
 

Cr / silica activities, 493-494
 
scavenging function, separation,
 

492--493
 
stoichiometry
 

AIEt] influence, 49ll-491
 
boron alkyls, as reducing agents, 491
 
Cr--Q--Si bonding link, 490
 
induction time, 492
 
ZnEh intluence, 491--492
 

Compacting pores, carrier structure
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Cr(Il)/sHica catalyst (coni.)
 
chemisorption behavior, 159-160
 
cooling, CO and vacuum yields, 157
 
CO tn>ahnent, 158
 
ethylene polymerization activities, 160
 
oxygen adsorption, 157-158
 
site types, 161
 
species characteristics, 162-163
 
surface ion types, 162­

Crlsilicd reduction 
commercial. activation
 

bent ramp, 574-576
 
Cr(VI) stability us. oxygen, 580-582
 
mathematical model. 573-574
 
space velocity, 569-572
 
temperature sensitivity, 572-573
 
time dependence, 576-580
 
water vapor influence, 565-569
 

C,(IV),164-165
 
C,(O) and C,CII, 162, 164
 
Cr(II) oxide, 156--157
 
Cr(III) oxide, 155-156
 
Cr(V) oxide, 155
 
Cr(Il)/silica, 157-163
 
manufacture
 

pore water replacement, 233
 
process, 230-231
 
silica hydrogel before drying step,
 

231-232
 
spray drying/ flash drying, 232-233
 
suspended primary silica particles,
 

231
 
valence, nclive chromium species,
 

154-155
 
Cr /silica-titania catalysts
 

acidity
 
MW and MW distribution, 323
 
Ti-nssociatcd sites, 324
 

vs. Cr/titania
 
MW distributions, 348
 
as promoter, 347
 

preparations
 
cogelation, 325
 
superior-titanated / cogelled, 325
 
"titanated" catalyst, 324-325
 

titania
 
coating, 327-330
 
incorporation efficiency, 341-343
 
influence, copolymerization, 333-339
 
on melt elasticity, 344
 
melt index (MI), 327
 
MW distribution, 33G-331
 

polymerization activity, 326-327
 
on porosity, 339-341
 
selective poisoning, 345-347
 
thermal stability, 331-333
 

uniqueness, 349
 
CVD. See Chemical vapor deposition
 

D 

Dehydroxylation, chain architecture
 
"Arnett plot," 275
 
blow-molding pnx:ess, 276--278
 
contradictory trends, 274--275
 
Cr/silica activation temperature,
 

influence, 276--277
 
melt strength, 276-277
 
polymer grades, diverse blow molding
 

applications, 27B-279
 
polymer properties, increasing activation
 

temperahJre, 274, 276
 
Dispersed phase microstructured reactors
 

microstructured packed beds
 
cyclohexene hydrogenation, 80
 
silicon-glass microreactor, 81
 

segmented flow reactors
 
flow regimes, 76
 
hydrogenations, 78
 
liquid-liquid mass transfer, 79--80
 
mass transfer steps, gaseous re..~etnnt,
 

77
 
microbubble column, 79
 
Taylor flow, 76-77
 
three-phase systems, 79
 

Drying techniques 
aqueous method
 

anionic surfactants, 268
 
pH change, hydrogel, 268-269
 

organic method
 
azeotropic distillation process,
 

264-266
 
fractionation, 267
 
interfacial tension, water us. heptane,
 

265
 
pore volume, silica hydrogel snmples,
 

263-264
 
solvent-exchange process,
 

Cr/silica-titania hydrogel. 264
 
thermal extraction, 267
 
various dzeotropic compositions,
 

267-268
 
volume changes, in various stages,
 

265-266
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Tn situ 'branching (conI.)
 

Cr(Il)/silica-titania, 515
 
initial temperature, 516-517
 
properties production, four catalysts,
 

516
 
titania influence, ':I-olefin generation
 

and incorporation, 515
 
Internal mass transfer, catalytic wall
 

microreadors
 
effectiveness factor, 68
 
temperahue profile, 69
 

Ir(I) complexes
 
oxidative addition reactions
 

H 2 <tnd co, 29
 
HI,28
 
!\fel, 27-28
 

Iridium-complex catalyzed carbonyJation,
 
methanol
 

BP Cativa™ process
 
acetaldehyde concentrations, 27
 
benefits, 26-27
 
low water concentrations, 24
 
metal compound categories, 25-26
 
and rhodium catalysts, 25
 
ruthenium promoter, 26
 

catalyst speciation, 23
 
reaction mechanism
 

iodide concentration, 34
 
leO) complexes, 27-29
 
lr(llI) methyl complexes, 29-31
 
promoters, 31-32
 
ruthenium-promoted catalytic process,
 

32-34
 
WGS reaction, 24
 

Ir(III) methyl complexes
 
CO-loss mechanism, 31
 
CO partial pressure, 30
 
flash-photolysis experiments, 30-31
 
iodide loss mechanism, 30-31
 
stoichiometric carbonylation, 29-30
 

Janzen and Colby (JC)-:::r values
 
cos. activation temperature, 308
 
catalyst surface area, 300
 
LCB levels, 308-309, 318~319, 404
 
pore volume, 305
 
selective poisoning, titania, 346--347
 

L 

Linear low-density polyethylene (LLDPE) 

as commercial forms, 129-131
 
origin, 137
 

Long-chain branching (LCB) ,
 
activation temperature, AIP04, 448
 
AIP04,
 

film blowing, 442
 
intramolecular incorporation, 443-444
 
polymerization series, 441-442
 
production, Cr/AlP04, v,;. Cr /alumina,
 

441
 
relaxation time, polymers, 442-443
 
solvent-fractions analysis, 443
 

branch distribution, 293
 
catalyst carrier structure, 270
 
Cr/alumina, 403-405
 
Cr-er proximity, 280-281
 
CY-a values, 315
 
increased vinyl concentration, 299
 
macromer insertion, 288-289
 
melt elasticity, 271-272
 
melt elasticity and catalyst structure
 

commercial applications, 313-314
 
dehydroxylation cos. coalescence,
 

308-310
 
hydrothermtll treatment, 314-315
 
pore volume, 304
 
residence time, 320-321
 
silica, types, 319
 
surface area, 300-301
 

5EC-MALS, 273-274
 
solution polymerization, 295
 
hvo-step activation
 

catalysl<; dehydroxylation, 373-374
 
comonomer incorporation, 372
 
vs. one-step activation, 373
 
polymer contents, 372-373
 

M 

Macromer insertion, chain architechlfe
 
dichromate species with Cr ions, 290
 
elech'on dE'ticiency, 290
 
"frozen out," polymer chains, 288
 
incorporation mechanism, 287-288
 
"intramolecular" incorporation, 289
 
LCB generation, neighboring sites,
 

290-291
 
LCB levels, 288-289
 
melt viscosity curve, 291
 
trigger mechanism, 289-290
 

"Marlex," 136
 
Mass transport, carrier structure
 

complex behavior, 246
 

II 
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Microstructured reactors tMSRs) (cont.)
 
mass transfer elimination, 55-56
 
thermal behavior, 56
 

multiphase reactions, design
 
continuous, 73-75
 
dispersed, 7&-81
 
hydrogenation, 72
 
microstructurcd catalysts, 81---83
 
types, 72-73
 

reaction design, gas phase reactants
 
catalytic wall microreactors, 63-72
 
micropacked bed, 56-63
 

surface layers preparation
 
gas phase deposition, coating, 101-106
 
liquid phase deposition, coating,
 

87-101
 
partial oxidation, 83
 
porous layer, 84
 
treahnent, wall material, 84--87
 

Monsanto process
 
acetic acid manufacture, 3
 
catalyst stability and solubility, 6
 
CO2 emissions, 27
 
lithium iodide promoter, 9
 

MSRs. Sec Microstructured reactors 

N 

Network reinforcement
 
activity per unit area, 259
 
alkaline aging, 254-255
 
common silica grades, 255
 
environments, influence chain grov.,th,
 

257
 
general pattern, polymer MW
 

dependence, 257-258
 
MW, sintered catalysts, 257-258
 
Oswald ripening, 254
 
polymer MW and cCltalyst pore diameter
 

relationship, 256-257
 
pore diameter calculCltion, 253
 
pore volume distributions, Davison
 

silicas, 255
 
silica gel cOCllescence, 254
 
standard silica.'i, 257
 

N-heterocyclic carbene" (NHCs)
 
catalyst degradation, 15
 
steric congestion, 14
 

o 
:r-Olefins copolymerization 

bimodal polymers 

low-MW homopolymer and high-MW
 
copolymer production, 224
 

reversing, natural branch profile,
 
223-224
 

blocking
 
block V5. isolated branching, 224
 
branch dispersion index (BDI), 224-225
 

branch distribution
 
average branch content, 223
 
branching, low-MW side, 220
 
deconvolution, seven Schulz--Flory
 

components, 220-221
 
electron deficiency, 219
 
ESCR dependence, 222
 
ethylene-hexene copolymers
 

production, 222-223
 
GPC with butyl branch profiles, 219
 
incorporation efficiency, 218-219
 
lower activation temperature, 222
 
tie molecules role, polymer failure
 

model,219-220 
branch length
 

advantages, 225
 
comonomers comparison, 226
 
dependence, physical properties,
 

225-226
 
cJtalyst pClrticle size
 

density production, 227
 
vs. polymer particle size, 226-227
 

comonomers reactivity
 
incorpClration efficiency, I-hexene, 210
 
vs. manufacturing process, 211
 

insertion mechanism
 
l,2-insertion, comonomeT, 208
 
reactivities, 208-209
 
stereo-selectivity improvement, 209
 

III	 ~itu branching
 
BEt;, concentration, 524-525
 
cocatalysts produced, Cr(II)j
 

silicCl-titaniu, 522-523
 
coproduction, 509
 
generating sites, 509-511
 
incorporation efficiency, 526-528
 
molar ratio, l-hexene to l-butene
 

incorporation, 523-524
 
plot, Schulz-Flory background line,
 

524
 
reaction temperature, 525
 
in vClrying ethylene concentration,
 

525-526
 
molecular weight (MW) suppression
 

butene isomers, 215, 217
 

lodE 

f 

Or1 
a 
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"Plateau rate:' 234
 
Polydispcrsity index (PDI), 178, 220, 249
 
Polyethylene (PE)
 

comparison
 
HDPE and LLDPE production, 131
 
rnelL vi::.:cosity us. shear rate, 131-132
 
\1W distributiuns, 131-132
 
Ziegler resins, 133
 

density control and MW
 
average activity, 550-551
 
l-hexene concentration, 548-549
 
higher ethylene cOllcentration, 549-550
 
Langmuir-Hinshelwood mechanislll,
 

551
 
r-.H dependence, 547-548
 
O2 influence, fluidized-bed process,
 

552-553
 
polymerization kindles, Cr /
 

silica-titania (R71 "Ct 550
 
reaction rate, 550
 
residencf' timf' variation, 551-552
 

H:;o influence
 
average moments, MW distribution,
 

562-563
 
chain tennination, 561
 
Cr/silica us. Ziegler catalysts, 558-559
 
MT risc, polymer exLrusiun, 560
 
MW distribution, 559-560, 562
 
"Zth" m~)Ult'nt, 562.
 

manufacture
 
activity VI>. rt'action temperature,
 

546--547
 
commercial PI:<: process, ~35-538
 

limitations, Cr/silica catalyst system,
 
538-540
 

markets
 
architecture, -i29-130
 
HDPE,131
 

melting and swelling
 
differential scanning calorimetry,
 

54~541 

Flory-Huggins relationship, S44
 
fouling, :;41
 
"foul" zone, 545
 
low-density resin, 543
 
maximum operating tcmpcr,ltures,
 

544-545
 
PF. grades behavior, isobutane, 542-543
 
temperature Limits, 540
 

\.1\tv distribution CO(ltw!
 

Cr/silica-titania, activation
 
temperature, 554
 

ESC:R condition, 555
 
melt fracture, 557-558
 
physical properties influence, 553
 
pressure generation, pipe extrusion,
 

556-557
 
origin
 

commercial design. ns
 
flUidized-bed technology, 137
 
LDPE,133
 
licensing agreement.;, 135-136
 
r..1arlt>x. 136
 
patent, Phillips catalyst, 137
 
Phillips catalyst, 133
 
solution-ionn ISF) and particle-form
 

(PF) processes, 136
 
Ziegler's catalyst, 134
 
Zleti's catalyst, 13+--135
 

product c0ntamination
 
grit fOfIlldtion, 564-565
 
intermixing, 563--564
 

PolYlncr formation
 
chain growth rate, 165-166
 
ch.ain transfer
 

H elimination, 173-174
 
hydrogenolysis, 174
 
MW distributions, 174--175
 
pathways, 173
 

comparisons, 176-177
 
initiation mechanisms
 

carbene pathway, 171
 
chain initiation, hydrogen, 170
 
Cr(IV) alkylidene formation, 169-170
 
Cr-H reaction with silica, 172-173
 
"missing H," 170-171
 
propused p.)thv.'ilys, metallocyde, 172
 

redurti()O
 
formaldehyde detection, 166--167
 
induction time, 166
 
Lewis-addk carrier "ddition, 167
 
UHMW PE production, 167-168
 

site vs. chain initiation, 169
 
surface ilcidity
 

BrlJnsted site, 175
 
chain termination, 175-176
 
comonomer incorporation eifieiency,
 

176
 R 
Polymer modification, cocatalysts
 

A1Etl and BJ:<:t3 influence, 495-496
 
BEt3 influence, SOD-SOl
 
boron alkyls,494-495
 
broad MW distributions, 498
 
ESCR test, 498
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Rhodium complex-catalyzed carbcmylation,
 
methanol (cpnf.)
 

reaction mechanism
 
acetyl complex, 8
 
kinetic behavior, 7
 
rate, 6-7
 
tetra iodide, 9
 
WGS reaction, 8-9
 

supported
 
carbon, 23
 
covalent attachment and
 

immobilization, 20
 
ionic liquids, 2~-23
 

ion-pair interactions, 2G-21
 
leaching, 21
 
thin polymer films, 22
 

RTD. See Residence time distribution
 

s 

Schulz-Flory distribution, 178,220,337,
 
479-480,511-512,522-523
 

Selective poisoning, titania
 
CY-a value'>, 347
 
JC-:l values, 346-347
 
MW distribution change, 345
 
polymer properties change, 345-346
 

Shear stress response
 
chromium coverage effed, 297-298
 
slurry process, 296
 
solution process, 29h-297
 

Silanes
 
(CH3hSiCl and (CH3hSi-N-Si(CH3h
 

reaction, 422, 424
 
1'1Si NMR spectmm, 424
 

"umbrella" crowding effect, 425
 
Silanol group replacement
 

bromide and iodide, 380
 
fluoride addition
 

Cr(VI) saturation, 383
 
I-hexene incorporation, 385-386
 
MI, pOlymer, 383-384
 
MW distribution.~, 386-388
 
polymers characteristics, 385-386
 
shear stress response, 384-385
 
sintering, 381-382
 

silica, 379-380
 
SlLP catalyst. See Supported ionic liquid
 

phase catalyst
 
Sintered metal fibers (SMFs)
 

catalyst, 62-63
 
polyelectrolyte-modified,100
 

Site diversity and carrier influence, Philtips
 
catalyst
 

active sites
 
Cr loading influence, 196-197
 
measurements, Cr/silic~, 193-195
 

bonding, individual Cr atoms, 177-178
 
MW distribution
 

Schulz-Flory distribution and PD1, 178
 
site reactivity, 178-179
 

MW-time dependence
 s 
distribution, Cr/silica, -180-181
 
liVing us. nonliving polymerization
 

system, 180
 
melt index (MI), 179-180
 
overheating behavior, 181-182
 
reaction behavior, 179-180
 

radioactive labeling, 207
 
site discrimination, CO titration
 

Cr(VI) site reduction, 182
 
MI, 1R3-184 

partial reduction, 182-183
 
surface dchydroxylation and annealing
 

advantages, 186-187
 
average activity, calcination
 

temperature, 184--185
 
characteristics, chromium, 186
 
color ranges, Cr/silica, 186
 
drawbacks, spectroscopic techniques,
 

1R7 
ESCR, 188-189
 
MW distribution, various temperature,
 

187-188
 
polymerization behavior, 184-185
 

thermal treatments
 
calcination temperature variance,
 

catalysts series, 189-191
 
HLMI, cycled and virgin silica, 191-192
 
MW distributions, 192-193
 

titration by poisons
 
classical poisoning profile curves, 198,
 

200
 
CO, 202-204
 
diethyl sulfide, 202-203
 
divalent chromium, 205-206
 
Hogan's estimation, 197-198
 
methanol,201-202
 
MW distribution, 206-207
 
oxygen, 198,201
 
various poison examples, 198-199
 

Size exclusion chromatography-multiangle
 
light scattering (SEC-MALS)
 

L'S. JC technique, 443-444
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LCB detectiQn, 273-274
 
SMFs. SCI' Sintered metal tibers
 
Sol-gel method
 

anhydrous gelation of, 316
 
preparation, 93--94
 
suspensions, 96
 
uses, 92
 
VO~ ITiOz coating steps, 95-96
 
washcoats,95
 

Specialized activation treatments
 
anhydrous impregnation
 

chromium loading, 357-358
 
chromium reaction with siloxanes,
 

355
 
M1 values, two-step activation
 

proced ure, 352-354
 
one-step V5. tV,.'(l-step point, 820 GC, 354
 
organics, M11..--nhanccment, 355
 
possible insertion, Cr(Vl), 352
 
reactive siloxanes, 351-352
 
titanium and chromium addition,
 

355-356
 
two-step activation, 356--357
 

dehydroxylation, enhanced
 
CO, CS2 and bromide/iodide
 

replacement, 358-359
 
elemental sulfur vapor, 358-359
 
halide-dehydroxylation method,
 

361-362
 
polymer prnperties, various chemical
 

reactions, 359-361
 
sharp drop, catalyst porosity and
 

polymer ML 363
 
silicas extent, various gases, 359-360
 
three series results, ty,.·o-step
 

activations, 362-363
 
LCB, two-step activation
 

catalysts dehydroxylation, 373-374
 
comonomer incorporation, 372
 
vs. one-step activation, 373
 
polymer contents, 372-373
 

prereactor reduction, Cr(II)
 
CO-reduced catalysts, 350
 
CerVI),349
 
Cr/silica catalysts activities, 540 and
 

760 'C, 350-351
 
MW and branch distributions, 350
 

R&R activation process
 
calcination time, CO, 368-369
 
chromium-attachment, 364-365
 
clumping, 370-371
 

Cr(IJ), Cr(VI) and Cr/silica, MI values,
 
370
 

et-Cr203 crystallites production,
 
365-366
 

CS2, 367-368
 
longer hold times, 369
 
MT potentials, two series, 367
 
optimum second treatment
 

temperature, 365
 
polymer, MT values, 371
 
redistrihution, chromium, 370
 
titania-associated sites, 368
 
titania proximity, 369
 

Sputtering, 101
 
Struchued supported iQllic liqUid-phase
 

(SSILP) catalysis, 103
 
Supported ionic liquid phase (SILP) catalyst,
 

23
 
Surface dehydroxylation and annealing
 

advantages, 186--187
 
average activity, calcination temperature,
 

184-185
 
characteristics, chromium, 186
 
color ranges, Crlsilica, 186
 
drawbacks, spectroscopic techniques, 187
 
ESCR,181l-189
 
MW distribution, various temperature,
 

187-188
 
polymerization behavior, 184-185
 

Surface layers preparation
 
anodic oxidation
 

alumina layer, 84
 
porous oxide layer, 84-85
 

chemical treatment
 
doping, 87
 
skeletal metal layer, 86
 

gas phase depositiclO, coating
 
CVD, 102-105
 
flame combustion synthesis, 105-106
 
physical vapor deposition, 101-102
 

high-temperature treatment, 85-86
 
liquid phase deposition, coating
 

electroJess plating and electrochemical
 
deposition, 98-99
 

EPD,96-98
 
sol-gel method, 92-96
 
suspensions, 88-92
 
thickness, 87
 
zeolite growth, 99-101
 

Suspensions, surface coating
 
)'-AI20 1,89
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Suspensions, surface coating (cont.)
 
aqueous, 97
 
catalytic steam reforming, 88
 
CNTs, 97-98
 
deposited catalysts, 90-91
 
single channel microreactor, 92
 

Sylox, 318-319
 

T 

Time dependence, Cr/silica
 
activation hold time, influence, 580-581
 
dehydroxylation, 576
 
silica dehydration reaction, 576
 
thermogravimetric analy~is (TGA),
 

57&-577
 
water loss, annealing process, 577-579
 

Titania
 
coating
 

catalyst preparation, 327-328
 
fluorided and titanatcd data, 329-330
 
melt indices (MI) and adsorption,
 

drying temperature, 328-329
 
saturation coverage, 329
 
titanium compound reaction, 328
 
water solvent, 330
 

activity enhancement, 326-327
 
flame combustion synthesis, 105
 
incorporation efficiency
 

MI potential, 342
 
Ti/Si 2p intensity ratios, 341-34, 343
 

influence on copolymerization
 
branch profiles, copolymers, 334-335
 
deconvolution, erc Curves, 336-337
 
1-hexene incorporation, inhibition,
 

333-334
 
possible interactions, 1-hexene,
 

338-339
 
three-dimensional plots, Schulz-Flory
 

site distribution, 337-338
 
on melt elasticity, 344
 
melt index (Ml), 327
 
MW distribution
 

change, increasing polymer yield,
 
331-332
 

epc curves, 330
 
photocatalyst, 97
 
on porosity
 

catalyst 'us. virgin silica, 341
 
fluidity plot, 340-341
 
sintering, 340
 

surface area, silica-titania cogels, 339
 
selective poisoning
 

CY-a values, 347
 
IC -':I values, 346-347
 
MW distribution change, 345
 
polymer properties change, 345-346
 

sol-gel method, 95
 
"superhydrophilic," 101
 
thermal stability
 

Cr(VI) sites, 331
 
MW distributions, 332-333
 

Titration by poisons
 
classical poisoning profile curves, 198, 200
 
CO,202-204
 
diethyl sulfide, 202-203
 
divalent chromium, 205-206
 
Hogan's es'timation, 197-198
 
methanol,201-202
 
MW distribution, 206-207
 
oxygen, 198, 201
 
various poison examples, 198-199
 

Triethylboron cocatalyst
 
BEh,426
 
chain transfer agents, Cr/AIP04 vs. Cr/
 

silica, 425-426
 
MW distributions, 426-427
 

u 

"Umbrella" crowding effect, 425
 

w 
Water gas shift reaction (WeSR)
 

CO through, 359
 
iridium-complex catalyst, 27-28
 
mechanism, 8-9
 
microscale glass reactor, 59
 
rhodium catalyst, 26
 
silica dehydroxylation, 358-359
 

z 
Zeolite growth, structured surfaces
 

higher effectiveness, 99
 
nucleation period, 101
 
SMF panels, 100
 
ZSM-5 crystals, 100-10]
 

"Zth" moment, 562
 



A Bioreactors, 315 
Bond order conservation (DOC), 

Acetica') process, 117 156-158,159 
Acicular mullite monolith, SEM images of, Brady-Pettit model, 135, 

294 Bronsted-Evans-Polanyi (BEP) relationship 
Alcohols, vanadium phosphate, 201,203, CH,-CH, recombination reaction, 

215-216 
A s ,  , .  . .. 157-158 pramolecular catalysis, CO activation, 152, 153 

IUL-10.5 . .  . Sachtler-Biloen mechanism, 139 

at, on a lum~num foam, concerted reaction mechanism, 197-198 
278-279 consecutive alkenyl mechanism 

to MA, 194 ' 
l m  dihydroxide, 10 consecutive alkoxide mechanism, 

' monohydroxide, 11,12 196-197 

Aluminum oxide , 
promoters, effects of, 228-230 

with group-4 metallocenes, 18-19 reactor technology for 
tallocene group-4 metal fixed-bed reactors, 230 
:cursors, on surfaces, 19-21 . . . . -- - --- fluidized beds, 230,231 

Anodization procedure, aluminum redox couple mechanism, 198-199 
monoliths, 279 

Artificial metalloenzymes, supramolecular C 

Benzoin, 71 in acylation of butanol, 
BEP. Scc? Brernsted-Evans-Polanyi (BEP) performance of, 290 

relationship applications, 285 

catalysis cordierite monoliths, after CNF 
artificial metalloenzymes, 108 growth, 288 
avidin-biotin interaction, 106-107 enzyme, 288-290 
DNA-based catalyst, 107,109 free lipase and immobili7ed lipase, initial 
enantioselective Michael additions in reaction rates, 289 

water, 110 lipase, capacity of adsorption, 289-290 
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Carbon monoliths (cont.) 
methods, for coating, 286 
textural properties of, 287 

Carbon nanofibers (CNF), 286-288 
Catalytic wet air oxidation, Taylor flow 

regime, 316-317 
Ceramic composites, SEM images of, 287 
Cerium, 226 
Charge relay system, supramolecular 

catalysis, 70 
Chemical grafting, of Lewis acid 

aluminum oxide with group-4 
metallocenes, 18-19 

catalytically active transition metals, 
17-23 

half-metallocene group-4 metal 
precursors, on aluminum oxide 
surfaces, 19-21 

heterometallic oxides, of aluminum and 
non-metallocene group-4 metal 
precursors, 21-23 

Chemical vapor deposition (CVD), carbon 
monoliths, 286 

Chromium, 228 
CNF. See Carbon nanofibers (CNF) 
Cobalt, 219,226-227. See also Fischer- 

Tropsch catalysis 
carbonyl-bound silanetriol, 16 

Colloidal solutions, monolithic catalysts, 
275-276 

Cordierite monolith 
after CNF growth, 288 
MILlOl(Cr)-coated, tetralin oxidation, 297 
with nickel nitrate solution, 

impregnation, 281 
SEM images of, 274 

Countercurrent flow reactors 
advantages, 317 
film flow monolithic reactors, 317-318 
reactive distillation, 317 

Cucurbit[6]uril and 1,3-dipolar 
cycloaddition, supramolecular 
catalysis, 86-87 

I 

I Cyclic ketones and nitroalkenes, 

receptor, Zn-polyazamacrocycle 
complex, 72-73 

with thiamine analogue, 72 

9 

a-cyclodextrin alkoxide, 69 

organocatalyzed asymmetric Michael 
addition of, 100, 101 

Cyclic zinc-porphyrin trimer, 82, 83 
Cyclodextrin, supramolecular catalysis 

p-cyclodextrin 

y-cyclodextrin, ternary complex of, 73 
Cyclohexane oxidation, vanadium 

phosphate, 237 

Decarboxylative hydroformylation, catalytic 
cycle, 81 

Dendrimers, supramolecular catalysis, 113, 
114 

Diels-Alder reactions, cyclic zinc-porphyrin 
trimer catalysts, 82 

Diesel exhaust gas, 303 
Dimethyl phosphine oxide, 97 
Dipcoating, carbon monoliths, 286 
Diphosphine catalyst, self-assembly of, 106 
Ditopic ligands, supramolecular catalysis, 

104,105 
DNA-based catalyst, supramolecular 

catalysis, 107, 109 

Effective molarity (EM), supramolecular 
catalysis, 68 

Elementary surface reaction steps, 
Fischer-Tropsch catalysis 

CH,-CH, recombination reaction 
activahon energies, comparison of, 

159-1 60 
adsorption energies, 158,159 
BEP relationship, 157-158 
bond order conservation (BOC), 

156-158,159 
chain growth, 161 
on Co(0001) and Ru(0001) surfaces, 

160 
methanation, 161 
structure sensitivity, 156-157, 158 
transition states, CH4 activation, 163 
window, metal-arbon interaction, 

161,162 
C1 hydrogenation reaction 

activation energies comparison, on 
metal surfaces and palladium 
atom, 164 

equilibrium distribution, 166-167 
methane activation, 164 
reaction energy diagram for, 

165-166 
ruthenium surfaces, 165,166 
transition state, 164165 

CO activation 
adsorption energies of, 151 
BEP relationship, 152,153 
calculated activation energif 

dense (111)-type surfac 
hydrogen-assisted and direc 

activation, on corrugat~ 
surface, 157 

nickel surfaces, activation er 
comparison, 153,154 

reaction energy paths, comF 
157 

ruthenium, 153,156 
stepped and nonstepped ru 

surface, 151,152 
Ethylene polymerization, with Lc 

grafted heterometallic catal] 
catalytic activity 

and computational study, 2' 
half-metallocene heterobimc 

catalysts, data, 27 
MA0 concentration, 28-29 
metallocene-derived heterol 

catalysts, data, 25 
non-metallocene heteromet; 

catalysts, data, 28 
reaction rates, 24-28 

olefin polymerization, 24 
plastic age, 23 
transition metal, 24 

Fischer-Tropsch catalysis, mecht 
issues 

alkene/alkane molar ratio, 17: 
Brady-Pettit model, 135 
catalyst deactivation, 172 
chain growth and chain termh 
chain-growth reaction, C1 spec 

Brady-Pettit mechanism, It  
branching mechanism, meti 

171 -. . 

Gaube mechanism, 169,170 
Maitlis mechanism, 168-17( 

cobalt, particle sizes, 132 
computational catalysis, 130,1 
elementary surface reaction st 

physical chemistry of, 17 
CH,-CH, recombination re 

156-163 
C1 hydrogenation reaction, 
CO activation, 15&156 
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:tion steps, 
atalysis 
~tion reaction 
;, comparison of, 

ts, 158, 159 
157-158 
vation (BOC), 

:u(0001) surfaces, 

ty, 156-157,158 
:I& activation, 163 
rbon interaction, 

~ction 
; comparison, on 
s and palladium 

wtion, 16&167 
1,164 
3gram for, 

CO activation 
adsorption energies of, 151 
BEP relationship, 152,153 
calculated activation energies, on 

dense (111)-type surfaces of, 151 
hydrogen-assisted and direct 

activation, on corrugated Ru 
surface, 157 

nickel surfaces, activation energies 
comparison, 153,154 

reaction energy paths, comparison of, 
157 

ruthenium, 153,156 
stepped and nonstepped ruthenium 

surface, 151, 152 
Ethylene polymerization, with Lewis acid 

grafted heterometallic catalysts 
catalytic activity 

and computational study, 29-31 
half-metallocene heterobimetallic 

catalysts, data, 27 
MA0 concentration, 28-29 
metallocene-derived heterobimetallic 

catalysts, data, 25 
non-metallocene heterometallic 

catalysts, data, 28 
reaction rates, 24-28 

olefjn polymerization, 24 
plastic age, 23 
transition metal, 24 

Fischer-Tropsch catalysis, mechanistic 
issues 

alkene/alkane molar ratio, 175 
Brady-Pettit model, 135 
catalyst deactivation, 172 
chain growth and chain termination, 176 
chain-growth reaction, C, species 

Brady-Pettit mechanism, 168 
branching mechanism, metallacycle, 

171 
Gaube mechanism, 169,170 
Maitlis mechanism, 168-170 

cobalt, particle sizes, 132 
computational catalysis, 130, 135, 175 
elementary surface reaction steps, 

physical chemistry of, 173 
CH,-CH, recombination reaction, 

156-163 
C, hydrogenation reaction, 16.3-168 
CO activation, 150-156 

Gaube-Maitlis model, 135 
graphene formation, 176 
hypothesis, 131 
methanation reaction, 134 
microkinetics expressions 

chain growth, 182 
chain-growth parameter, 179-180,181 
complete surface coverage, 180,181 
hydrocarbons, production rate of, 180 
for methanation, 177-179 
Pichler-Schulz mechanism 

(CO insertion route), 145-150 
rate expressions for, 179 
Sachtler-Biloen mechanism 

(CO dissociation mechanism), 
136-145 

oxygenates formation, 176 
rate of CO consumption, 174 
total surface coverage, lack of dependence 

of, 184 
hydrocarbon chain growth, 183 
rate of CO consumption, 182 
steady-state equation, 183 

Fischer-Tropsch synthesis, Taylor flow 
regime, 315-316 

Fixed-bed reactors, n-butane 
oxidation, 230 

Fluidized beds, n-butane 
oxidation, 230,231 

FrCchet dendrimer, hydrogen-bonding 
motifs of, 115-116 

Fuels, combustion of, 305-306 
Furan, 194,195 

Gallium hydroxides, 12-13 
Gas/liquid/liquid systems, 318 
Gas-phase reactants, monolithic catalysts 

fuels, combustion of, 305-306 
low-pressure-drop applications, 300-304 
post- (finishing) reactors 

ammonia oxidation, 306-307 
phthalic anhydride synthesis, 307 

research and development projects, with 
applications, 308, 309 

short-contact-time reactors 
foams, 308 
gauzes, 307-308 

Gaube mechanism, chain-growth reaction, 
135,169,170 

Germanium(I1) hydroxide, 13-14 
Glycerol, vanadium phosphate, 236 
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H I zinc, 225-226 

1-Heptene, hydroformylation zirconium, 224-225 Impregnation, monolithic catalysts, 280-282 
of, 94, 95 Metallic monoliths, 277-279 

1iz sifu and theoretical analysis, of vanadium Metal ligand complex, to dendrimc Heterometallic complexes, synthons for phosphate materials 
aluminum hydroxides, 9-12 Metal organic frameworks, 295-29: active catalyst phase formation, dynamic 
gallium hydroxides, 12-13 Methanation reaction, Fischer-Trol 

processes, 221 
germanium(I1) hydroxide, 13-14 catalysis, 134,177-179 active surface, temperatures, 220 
organic-substituted calcium and Methylalumoxane (MAO), 29,39,4 

P/V ratio, influence of, 221,222 
3-Methyl-1-pentyn-3-01 hydrogena strontium hydroxides, 7-9 Internally illuminated monolith reactor 

silanetriols, 16, 17 (IIMR), 315 296 
Microfabricated packed bed, monc Ion exchange, monolithic catalysts, 282, 283 

zirconium hydroxide, 14-15 catalysts, 255 
Iron, 226-227. See also Fischer-Tropsch 

Microkinetics expressions, Fischer- Heterometallic oxides, of aluminum and catalysis 
catalysis non-metallocene group-4 metal 

precursors, 21-23 L chain growth, 182 
chain-growth parameter, 179-18 Hetero transition metals, bimodal catalyst, 

31-37 Lanthanide motif construction, for ring- complete surface coverage, 180, 

I-Hexene, with oxygen-bridged opening polymerization catalysis, hydrocarbons, production rate c 

heterometallic catalysts, 45-49 3 9 4 3  for methanation 

Highest occupied molecular orbital Lewis acids, 3-4. See also Molecular catalysts complete surface coverage, 1; 

(HOMO), hetero transition metals, designing, with enhanced Lewis rate expressions for, 177 

36-37 acidity steady-state condition, 177 
Lipase, carbon monoliths, 289,290 volcano-type dependence, 17; Hydrocyanation reactions, supramolecular 
Liquid-phase reactants Pichler-Schulz mechanism (CO catalysis, 99, 100 

monolithic catalysts route) Hydrodynamics, monolithic catalysts 
gas-liquid flow, in tubes, 262 enzymes, 312 aldehyde content in, 149,150 

stirred-tank reactor, with monolithic Anderson-Schulz-Flory distr Taylor flow 
us. film flow, 262 agitator, 312-313 of, 149 

in single tube, 263, 264 vanadium phosphate materials, 236-238 chain-growth probability, 141 
Lowest ~~noccupied molecular orbital C, species, generation of, 146 Hydroformylation catalysts, oxygen center 

attachment (LUMO), hetero transition metals, 36-37 energy barriers, 146-147 
Low-pressure-drop applications, gas-phase homogeneous catalysis, 146 aldehydes, preparation of, 45,46 

reactants, 300-304 reaction energy diagram and 1-hexene, with oxygen-bridged 
heterometallic catalysts Ludox AS-40-coated cordierite monolith, formation on hcp-Co(00 

CO bridging modes, SEM micrographs, 276 surface, 147-148 
termination reactions, 148 types of, 47 

data for, 4 7 4 9  M rate expressions for, 179 

heterosiloxanes, 4 7 4 9  Sachtler-Biloen mechanism (C( 
Maitlis mechanism, chain-growth reaction, 

olefins, 49 168-170 dissociation mechanism) 
apparent activation energy, 1 silanetriols, with carbonyl Maleic anhydride (MA), 191, 192, 193 

clusters, 46 144,145 Membrane technology, n-butane oxidation, 
structure of, 47 231-233 BEP theory, 139 

C, coverage intermediates, 1 water-soluble biphasic Metal dopants, vanadium phosphate C, formation, 145 olefins, with rhodium polyethylene materials chain-growth parameter, 141 
glycolate complex, 50,51 alkali and alkaline earth metals, 227-228 control parameter of Cl cove SHOP (Shell Higher Olefins Process), 50 chromium, 228 

Hydroformylation process, reverse-flow iron and cobalt, 226-227 
139 

iron, inverse space velocity i adsorption, 120 molybdenum- and cerium, 226 
Hydrogen bonding promoter elements, 223, 224,229 

137 

molecular recognition, 76,78 M-C bond energy, 139 reaction rates and surface areas, 
motifs, of Frkchet dendrimer, 115 methanation rate, 138,140 

comparison of, 223,224 
oxygen removal, 136 
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zinc, 225-226 
zirconium, 224-225 

Metallic monoliths, 277-279 
Metal ligand complex, to dendrimer, 114 
Metal organic frameworks, 295-297 
Methanation reaction, Fischer-Tropsch 

catalysis, 134, 177-179 
Methylalumoxane (MAO), 29,39,41 
3 -~e th~ l - l -~en tyn-3 -01  hydrogenation, 293, 

296 
Microfabricated packed bed, monolithic 

catalysts, 255 
Microkinetics expressions, Fischer-Tropsch 

catalysis 
chain growth, 182 
chain-growth parameter, 179-180,181 
complete surface coverage, 180,181 
hydrocarbons, production rate of, 180 
for methanation 

complete surface coverage, 177,178 
rate expressions for, 177 
steady-state condition, 177 
volcano-type dependence, 178,179 

Pichler-Schulz mechanism (CO insertion 
route) 

aldehyde content in, 149,150 
Anderson-Schulz-Flory distribution 

of, 149 
chain-growth probability, 148 
C, species, generation of, 146 
energy barriers, 146-147 
homogeneous catalysis, 146 
reaction energy diagram and C-C bond 

formation on hcp-Co(0001) 
surface, 147-148 

termination reactions, 148 
rate expressions for, 179 
Sachtler-Biloen mechanism (CO 

dissociation mechanism) 
apparent activation energy, 142,143, 

144,145 
BEP theory, 139 
C ,  coverage intermediates, 141 
C1 formation, 145 
chain-growth parameter, 141, 142,143 
control parameter of C, coverage, 138, 

139 
iron, inverse space velocity influence, 

137 
M-C bond energy, 139 
methanation rate, 138,140 
oxygen removal, 136 

reactivity index, 139 
surface concentration of, 138 
surface coverage, 143, 144 
volcano curve, 140 

Molecular catalysts designing, with 
enhanced Lewis acidity 

catalytic center, generation of, 5 
C-heteroatom bonds and C-C bonds, 3-4 
organometallic fluorides, of group-4 

metals 
CpTiX3/MAO activity, in toluene, 

54-56 
fluorinating reagents, 52-53 
Me3SnF, 53-54 
styrene polymerization, 54-56 

oxygen center attachment, active metal 
A1-O-Ln motif construction, for ring- 

opening polymerization catalysis, 
3 9 4 3  

bridging oxygen, effect of, 50-52 
catalytically active species, 

investigation of, 37-39 
chemical grafting, with catalytically 

active transition metals, 17-23 
ethylene polymerization, with grafted 

heterometallic catalysts, 23-31 
heterometallic catalysts, 6 
heterometallic complexes, synthons 

for, 7-16 
hetero transition metals, bimodal 

catalyst, 31-37 
hydroformylation catalysts, 

development of, 45-50 
M-0-M' motif construction, synthetic 

strategy for, 16-17 
multimetallic system, 6 
olefin epoxidation catalysis, 43-44 
styrene polymerization, investigation 

of, 39 
synthetic strategies, 4-5 
transition metals, 3-4 

Molybdenum, 226 
Monolithic catalysts 

active phase, deposition of 
impregnation, 280-282 
ion exchange, 282,283 
precipitation, 282-284 
ready-made catalyst particles, coating 

of, 284-285 
agitated vessel, 251-252 
aitomobile exhaust gas 

abatement, 256,257 
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Monolithic catalysts (conk.) metal organic frameworks, 295-297 0 
carbon monoliths multiphase operation 

in acylation of butanol, performance of, hydrodynamics, 261-263 Oct-2-enoic acid, supramolecula~ 
290 mass transfer rates, in Taylor flow, catalysis, 80 

applications, 285 263-267 Olefins, 49 
ceramic composites, SEM images of, parameters, characteristics of, 256 epoxidation catalysis 

287 permeable walls cubic silicon-titanium p-OX( 

CNF/monolith system, SEM image of, acicular mullite monolith, SEM images complex, 44 
287-288 of, 294, tert-butyl hydroperoxide (T 

cordierite monoliths, after CNF mean initial activities per unit silica 45 
growth, 288 volume, 3-methyl-1-pentyn-3-01 titanium catalysts, 4344 

enzyme, 288-290 hydrogenation, 294-295,296 with rhodium polyethylene gl 
free lipase and immobilized lipase, palladium elemental mapping, silica- complex, 50,51 

initial reaction rates, 289 coated acicular monolith, Organometallic fluorides, of grot 
lipase, capacity of adsorption, 289-290 294,295 CpTiX3/MAO activity, in tolu 
methods, for coating, 286 thickness of, 294 fluorinating reagents, 52-53 
textural properties of, 287 practical applications, 297 Me3SnF, 53-54 

coating, with support material gas-phase reactants, 300-312. See also styrene polymerization, 54-56 
bare cordierite monolith, SEM images Gas-phase reactants, monolithic Oxygen center attachment, mole1 

of, 274 catalysts) catalysts designing 
with colloidal solutions, 275-276 heat effects, 298 A1-O-Ln motif construction, f t  

metallic monoliths, 277-279 with high rates, of heat conduction, opening polymerization c 
pore filling, 274 298-299 E-caprolactone, 42-43 
slip casting and pore-filling coating, liquid-phase reactants, 312-313 synthesis of, 41,42 

274,275 module design, increased heat bridging oxygen, effect of, 50- 
slurry coating, 277 transport, 299-300 catalytically active species, in\ 
sol-gel coating, 276-277 multiphase systems, 313-318 of, 37-39 

decoupling diffusion length and preparation, methods for, 273 chemical grafting, of Lewis aci 
interparticle length reactors and reactor configurations aluminum oxide, with grou 

active layer coating, 260 cocurrent downflow, with free gas metallocenes, 18-19 
advantages of, 261 recirculation, 268, 269 catalytically active transitiol 
catalyst particles/support, structure of, inlets and outlets, 270 17-23 

260 loop reactors, 269,270 half-metallocene group-4 m 
characteristic timescales, in porous moving-bed structure, 272 precursors, on alumin1 

catalyst particles, 258 packed-bed reactor, 268 surfaces, 19-21 
performance, as function of Thiele stirrer reactor design, 271 heterometallic oxides, of ah 

modulus, 257-258 struch~red and non-metallocene g 
structured reactors, 259 fiber structures, 255 metal precursors, 21-2 

definition, 256 microfabricated packed bed, electron density, 52,53 
extrusion, 256 255 ethylene polymerization, with 
fixed-bed reactor, 252 numbers of cells per square grafted heterometallic ca 
heterogeneous catalysis, gas/liquid inch, 253 catalytic activity, 24-29 

reactants, 251,252 solid foam (aluminum), catalytic activity and compl 
high-performance monolithic catalysts 253-254 study, 29-31 

~(-A1203 coating, SEM images of, 292 static mixer, 254 plastic age, 23 
aluminum and palladium for, SEM Monolithic loop reactor (MLR), 314 heterometallic catalysts, 6 

image and elemental maps of, Monsanto process, supramolecular heterometallic complexes, syr 
291-292 catalysis, 116, 117-118 aluminum hydroxides, 9-1 

3-methyl-1-pentyn-3-01 hydrogenation, gallium hydroxides, 12-13 
293 germanium(1I) hydroxide, 

palladium distribution, 292,293 
N organic-substituted calciun 

washcoated monolith, 291 Nickel surfaces, CO activation, 153,154 strontium hydroxides 
silanetriols, 16, 17 
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frameworks, 295-297 0 water, 7 
)eration zirconium hydroxide, 
mics, 261-263 Oct-2-enoic acid, supramolecular hetero transition metals, 
%r rates, in Taylor flow, catalysis, 80 advantages of, 31-32 
i7 Olefins, 49 data, 34,35 
~aracteristics of, 256 epoxidation catalysis enthalpy differences, : 
111s cubic silicon-titanium p-0x0 HOMO and LUMO, 3,, 
~llite monolith, SEM images complex, 44 trimetallic complex, 3? 

tert-butyl hydroperoxide (TBHP), 44, zirconium hydroxide, 
45 1 activities per unit silica zirconium, titanium, 2 

e, 3-methyl-1-pentyn-3-01 titanium catalysts, 4344 hafnium, 34 
$enation, 294-295, 296 with rhodium polyethylene glycolate 

complex, 50,51 

fluorinating reagents, 52-53 J 0"' --'- 0-- 

I, 294 heterometallic ca' ' - ' -  "' 
cations, 297 Me3SnF, 5-3-54 water-soluble biphasi~ 
eactants, 300-312. See also styrene polymerization, 54-56 main-group and transitic 
lase reactants, monolithic Oxygen center attachment, molecular hydroxides, 8 
,ts) catalysts designing M a - M '  motif conshuc 
298 AI-O-Ln motif construction, for ring- strategy for, 16-17 

ites, of heat conduction, opening polymerization catalysis, 39 multimetallic system, 
9 E-caprolactone, 4243 olefin epoxidation cataly 
2 reactants, 312-313 synthesis of, 41,42 cubic silicon-titanium 
ign, increased heat bridging oxygen, effect of, 50-52 complex, 44 
~r t ,  299-300 catalytically active species, investigation tert-butyl hydroperoxi 
systems, 313-318 of, 37-39 titanium catalysts, 43- 
~ethods for, 273 chemical grafting, of Lewis acid styrene polymerization, 
tactor configurations aluminum oxide, with group-4 investigation of, 39 
~wnflow, with free gas metallocenes, 18-19 

lation, 268,269 catalytically active transition metals, 
4 -  P 

utlets, 270 
s, 269,270 half-metallocene group-4 metal Palladium distribution, monolithic catalysts, 
structure, 272 precursors, on aluminum oxide 292,293 

reactor, 268 surfaces, 19-21 Photoreactors, 314-315 

)r design, 271 heterometallic oxides, of aluminum phthalic anhydride spthes.,, ,,, 
and non-metallocene group-4 

res, 255 metal precursors, 21-23 

~ted packed bed, electron density, 52,53 Microkinetics expressions, 
ethylene polymerization, with Lewis acid Fischer-Tropsch catalysis 

cells per square grafted heterometallic catalysts p-nitrophenylcholine carbonate (PNPCC), 
53 catalytic activity, 24-29 CAChe-minimized structure of, 73-74 
sluminurn), catalytic activity and computational 
1 study, 29-31 R 
254 plastic age, 23 
eactor (MLR), 314 heterometallic catalysts, 6 Redox couple mechanism, n-butane 
5, supramolecular heterometallic complexes, synthons for oxidation, 198-199 
3,117-118 aluminum hydroxides, 9-12 Renewable feedstocks, vanadium phosphate 

gallium hydroxides, 12-13 materials, 236 
germanium(I1) hydroxide, 13-14 Reverse-flow adsorption (RFA), 

N organic-substituted calcium and supramolecular catalysis, 118,119,120 

:O activation, 153, 154 strontium hydroxides, 7-9 Rhodium 
silanetriols, 16, 17 in anionic form, 117 
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diphosphino, from pyridine- 

hydroxypyridine pairs, 97,98 
hydrogenation and hydroformylation, 

host-guest catalysis, 75 
polyethylene glycolate complex, with 

olefins, 50,51 
triarylphosphine, 79 

Ring-opening polymerization (ROP) 
catalysis, AI-O-Ln motif 
construction, 39 

E-caprolactone, 4 2 4 3  
synthesis of, 41,42 

ROTACAT reactor, 312-313 
Ruthenium surfaces 

C1 hydrogenation reaction, 165,166 
CO activation, 151,152, 153, 156, 157 

Sachtler-Biloen mechanism (CO 
dissociation mechanism), 131,136-145. 
See nlso Microkinetics expressions, 
Fischer-Tropsch catalysis 

Scanning electron microscopy (SEM) image 
acicular mullite monolith, 294 
a-AI2O3 coating, 292 
of y-A1203 slurry-coated cordierite 

monolith, 278 
aluminum and palladium for, 291-292 
bare cordierite monolith, 274 
ceramic composites, 287 
CNF/monolith system, 287-288 
of Ludox AS-40-coated cordierite 

monolith, 276 
vanadium phosphate materials, 200, 201, 

202 
Secondary phosphine oxides (SPO) 

platinum catalysts, 94,95 
Shell higher olefins process (SHOP), 50 
Silanetriols, 16, 17, 46 
Silica, in supramolecular catalysis 

functionalized, with binding motif, 115 
immobilized rhodium phosphine 

catalyst, 113 
Slurry coating, 277 
Sol-gel coating, 276-277 
Soot abatement, continuous regenerating 

trap, 303,304 
Strontium hydroxides, 7-9 
Styrene 

hydroformylation of, 103,104 

poly meriza tion 
MAO, effect of, 39,41 
M-0-M' motif, data, 40 
organometallic fluorides, 54-56 

Supramolecular catalysis 
assembling ligands, 121 
asymmetric catalysis, artificial 

biomacrom~lecules for 
artificial metalloenzymes, 108 
avidin-biotin interaction, 106-107 
DNA-based catalyst, 107,109 
enantioselective Michael additions in 

water, 110 
binding site, assemblies of 

alkyl carboxylic acid substrate, 
oxidation, 77 

benzoin, 71 
charge relay system, action mode of, 70 
close to catalytic/reactive center, 68 
covalent and supramolecular catalyst- 

directing group, 78 
covalent nucleophilic catalysis, 70 
P-cyclodextrin receptor, Zn- 

polyazamacrocycle complex, 
72-73 

y-cyclodextrin, ternary 
complex of, 73 

e-cyclodextrin, with thiamine 
analogue, 72 

decarboxylative hydroformylation, 
catalytic cycle, 81 

effective molarity (EM), 68 
host-guest catalysis, in rhodium- 

catalyzed hydrogenation and 
hydroformylation, 75 

molecular clips, with phosphines/ 
phosphites, 74-75 

molecular modeling, catalyst design, 
78-79 

molecular recognition, of hydrogen 
bonding, 76,78 

m-tert-butylphenyl acetate, 2- 
benzimidazolacetic acid and 
cc-cyclodextrin alkoxide (a-CD), 
69 

oct-2-enoic acid, reaction of, 80 
rhodium triarylphosphine, 79 
thiamine diphosphate and 

zwitterion-carbene resonance 
hybrids, of thiazolium ion, 70,71 

vinylacetic acid, hydroformylation of, 
79.80 

Zn-cavitand and p-nitrophenylchol 
carbonate (PNPCC), CAChe- 
minimized structure of, 73-74 

catalyst backbone assembly, synthesi 
strategies 

aldehydes, hydrogenation of, 96 
allylic amination, 101-103 
asymmetric rhodium-complex- 

catalyzed hydrogenation, 106 
bidentate ligands, 103,104 
chiral SPOs, 96 
cyclic ketones and nitroalkenes, 

~r~anocatalyzed asymmehic 
Michael addition of, 100,101 

dimethyl phosphine oxide, 97 
diphosphine 106 catalyst, self-assembl 

diphosphino rhodium, from pyrid 
hydroxypyridine pairs, 98 

ditopic ligands, 104,105 
1-heptene, hydroformylation of, 

94,95 
heterodimeric chelating ligands, 5 
hydrocyanation reactions, 99,100 
nickel-diphosphine complex, 99 
nitriles, 97 
pseudoenantiomeric bisoxazoline 

derivatives, 102 
salt formation, 104 
self-assembled diphosphines, 104 
self-assembled transition 

metal-rhodium catalysts, IC 
self-assembly, 100-101 
SPO platinum catalysts, 94,95 
styrene, hydroformylation of, 10: 
tris-SPO, 96 
zinc complexes, 104-105 

catalyst, function of, 66 
characteristics, 65-66 
enzymes, 66,67 
homogeneous and heterogeneous 

catalysis, 65 
immobilized catalyst, on solid sup 

~cet ica"  process, 117 
advantages, 111 
decomposition, 112 
dendrimers, 113,114 
fluorotags, 116 
FrPchet dendrimer, hydrogen-b 

motifs of, 115-116 
guard bed, 116-117,118 
homogeneous form, 111 
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Zn-cavitand and p-nitrophenylcholine hydroformylation process, 119,120 
of, 39,41 carbonate (PNPCC), CAChe- metal ligand complex, noncovalent 
tif, data, 40 minimized structure of, 73-74 attachment of, 114 
lic fluorides, 54-56 catalyst backbone assembly, synthesis Monsanto process, reaction sequence 
~talysis strategies of, 116,117 
nds, 121 aldehydes, hydrogenation of, 96 phosphite-containing rhodium 
nlysis, artificial allylic amination, 101-103 hydrogenation catalyst, 115 
nolecuies for asymmetric rhodium-complex- reverse-flow adsorption (RFA), 118, 
~lloenzymes, 108 catalyzed hydrogenation, 106 119,120 
I interaction, 106-107 bidentate ligands, 103,104 rhodium, in anionic form, 117 

t I 

:atalyst, 107, 109 chiral SPOs, 96 silica functionalized, with binding 
ive Michael additions in cyclic ketones and nitroalkenes, motif, 115 
I0 organocatalyzed asymmetric silica-immobilized rhodium phosphine 
iemblies of Michael addition of, 100,101 catalyst, 113 
~lic acid substrate, dimethyl phosphine oxide, 97 transition metal complex, 
n, 77 diphosphine catalyst, self-assembly of, disadvantages of, 111-112 

106 reactive species isolation, from reversible 
jystem, action mode of, 70 diphosphino rhodium, from pyridine- encapsulation 
(tic/reactive center, 68 hydroxypyridine pairs, 98 anionic M4L6 cage and ally1 
supramolecular catalyst- ditopic ligands, 104,105 enammonium ion, 92,93 

:group, 78 I-heptene, hydroformylation of, 3-aza cope rearrangement, 92,93 

L 
eophilic catalysis, 70 94,95 cucurbit[6]uril and 1,3-dipolar 
n receptor, Zn- heterodimeric chelating ligands, 99 cycloaddition, 86-87 
macrocycle complex, hydrocyanation reactions, 99,100 desolvation, 86 

nickel-diphosphine complex, 99 ditopic molecule, with complementary 

L 
R, ternary nitriles, 97 binding groups, 88 
of, 73 pseudoenantiomeric bisoxazoline Fujita's self-assembled cage, exo- 

fl, with thiamine derivatives. 102 triamine and encapped Pd(I1) ions I - .  

?, 72 salt formation, 104 mixing, 90-92 
ve hydroformylation, self-assembled diphosphines, 104, 105 molecular reaction vessel, 86-87 
cycle, 81 self-assembled transition phenylacetylene and phenyl azide, I 
~rity (EM), 68 
talysis, in rliodium- 
$ hydrogenation and 
:mylation, 75 
)s, with phosphines/ 
tes, 74-75 
deling, catalyst design, 

~gnition, of hydrogen 
76,78 

~enyl acetate, 2- 
lazolacetic acid and 
?xhin alkoxide (a-CD), 

d, reaction of, 80 
rlphosphine, 79 
osphate and 
I-carbene resonance 
)f thiazolium ion, 70, 71 
$, hydroformylation of, 

metal-rhodium catalysts, 103 89-90 
self-assembly, 100-101 Rebek's capsule, 1,3-dipolar 
SPO platinum catalysts, 94, 95 cycloaddition, 89-90 
styrene, hydroformylation of, 103,104 self-assembly, 88-89 

tris-SPO, 96 synthetic receptor, 88 
zinc complexes, 104-105 transition state, 86 

catalyst, function of, 66 transition state, 66 

characteristics, 65-66 two simultaneously complexed reagents, 

C 
I 

enzymes, 66,67 assemblies of 
homogeneous and heterogeneous asymmetric binding motifs, 84-85 

catalysis, 65 CAChe-generated model, of exo- 
immobilized catalyst, on solid supports adduct, 82-83 

~cet ica@ process, 117 2,2,2-cyclic zinc-porphyrin trimer, 

advantages, 111 82-83 

I 
decomposition, 112 cyclic zinc-porphyrin trimer catalysts, 
dendrimers, 113,114 for Diels-Alder reactions, 82 

I 
fluorotags, 116 matchmakers, 80-81 
FrCchet dendrimer, hydrogen-bonding pyridine-substituted dienes and 

motifs of, 115-116 dienophiles, 82 
guard bed, 116-117,118 self-replicating system, 85 
homogeneous form, 111 SN2 reaction, 84 
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T supercritical antisolvent precipitation, active catalysts, 210 
TEM and electron diffraction active sites, 211-212,213 Taylor flow, monolithic catalysts 
pattern, 220 

applications axial HREM image, 210,211 
applications of bright-field image, platelet, 2 catalytic wet air oxidation, 316317 

ammoxidation, 235-236 evolution, of catalyst with tin Fischer-Tropsch synthesis, 315-316 
liquid-phase reactants, low- nanosized (VO)ZP207 particle axial mixing, 264 

temperature reactions with, evolution of, 212-213 bioreactors, 315 
236-238 one-phase hypothesis, 208-2( 

chemicai reactivity per unit of reaction 
oxidation, 233-235 transmission electron microg. 

volume, 266 
renewable feedstocks, use of, 236 

Chilton-Colburn analogy, 267 v5' phases, 208 
n-butane oxidation, 191-192 X-ray diffraction, 210,211 coefficient, 265 

concerted reaction mechanism, paraffins, oxyfunctionalization I conventional reactors, gas-liquid transfer, 
265 

197-198 phosphorus/vanadium ratio, 2' 
consecutive alkenyl mechanism, standard precursor synthesis us. film flow, 262 

194-196 
hydrogenation of, 264-265 alcohol, 201,203 

consecutive alkoxide mechanism, ion beam image of, 202,203 mass transfer, rate of, 263-267 
196-197 SEM micrograph, 200,201,2( 

monolithic loop reactor (MLR), 314 
(100) face, of (V0)2P207, 193 vanadium source, 200 photoreactors, 314-315 
MA, yield of, 193 VPA preparative route, 199, : single tube, 263, 264 
reactor technology for, 230-233 

structured monoliths, turbulent bubble 
redox couple mechanism, 

columns and agitated tanks, 
198-199 

comparison of, 266-267 
improvements in, 238-239 

fert-Butyl hydroperoxide (TBHP), olefin 
in s i tu  and theoretical analysis of 

epoxidation catalysis, 44,45 
active catalyst phase formation, 

Thiamine analogue, p-cyclodextrin, 72 
dynamic processes, 221 

Thiazolium ion, thiamine diphosphate and 
active surface, temperatures, 220 

zwitterion-carbene resonance hybrids 
of, 70, 71 

P/V ratio, influence of, 221,222 
layered and ideal structure, 207 

Thiele modulus, monolithic catalysts, 
257-258 

maleic anhydride (MA), 191, 192 
metal dopants, influence of 

Titanium catalysts, olefin epoxidation 
alkali and alkaline earth metals, 

catalysis, 43-44 
227-228 

u chromium, 228 
iron and cobalt, 226-227 

Urea decomposition, with nickel nitrate, 283, molybdenum- and cerium, 226 
promoter elements, 223,224, 229 
reaction rates and surface areas, 

V comparison of, 223,224 
zinc, 225-226 

Vanadium phosphate materials zirconium, 224-225 
acidity, of catalyst, 215 novel precursor synthesis 
amorphous material, role of aerosol process, 203 

alcohols, 215-216 cetyltrimethylarnmonium salts, 
catalyst activity and surface area, 204-205 

relationship, 217 exfoliation and reduction processes, 
cobalt, 219 205,206 
high-resolution electron micrograph, gas-phase synthesis, 203 

218 hydrothermal synthesis, 204 
in situ Raman spectroscopy, 219 supercritical antisolvent precipitation, 
spin-echo phosphorus NMR spectra, 206-207 

216 oxidation state 
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antisolvent precipitation, active catalysts, 210 VPD preparative route, 201 
and electron diffraction active sites, 211-212,213 VPO preparation route, 200 
rn, 220 axial HREM image, 210,211 Vinylacetic acid, hydroformylation of, 
of bright-field image, platelet, 210 79,80 
 tio on, 235-236 evolution, of catalyst with time, 209 
se reactants, low- nanosized (V0)2P207 particles, W 
erature reactions with, evolution of, 212-213 
:38 Water-soluble bipl~asic hydroformylation 

one-phase hypothesis, 208-209 
233-235 catalyst, 50 transmission electron micrographs, 212 
feedstocks, use of, 236 v5' phases, 208 
iation, 191-192 X-ray diffraction, 210,211 X 

reaction mechanism, paraffins, oxyfunctionalization of, 207 XONONTM cool ~ ~ ~ b ~ ~ t i ~ ~  technology, 
98 phosphorus/vanadium ratio, 214 305-306 
e alkenyl mechanism, standard precursor synthesis 
96 alcohol, 201,203 Z 
e alkoxide mechanism, ion beam image of, 202,203 
97 SEM micrograph, 200,201,202 Zinc, 225-226 
of (V0)2P207, 193 vanadium source, 200 Zirconium, 224-225 
of, 193 VPA preparative route, 199,200 Zirconium hydroxide, 14-15,32 
hnology for, 230-233 
)le mechanism, 
99 
s in, 238-239 
eoretical analysis of 
lyst phase formation, 
nic processes, 221 
ace, temperatures, 220 
influence of, 221,222 
deal structure, 207 
ride (MA), 191, 192 
s, influence of 
alkaline earth metals, 
28 
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)halt, 226-227 
Im- and cerium, 226 
lements, 223, 224, 229 
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or synthesis 
cess, 203 
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