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— frequencies 32

— vibrations in 31

ammonia adsorption calorimetry 816

ammonia synthesis catalysts, investigation
of 643

ammoxidation 1014

amorphous aluminophosphate gel 79

amplitude-modulation atomic force
microscopy (AM-AFM) 735
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(APLD) 900

atmospheric pressure photoionization
(APPI) 888
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497
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cobalt(II) porphyrin monolayer

— STM images of 727
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— data analysis 1088, 1089

— probing same part of catalyst
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— curves of Au/FeO, catalyst 683

copper chromite, initial and reduced samples,
INS spectra 197
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of 636
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520, 1091 diamond-like carbon (DLC) films, thermal
degradation processes 168 treatment 65
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— beam path sketch 116

diffuse reflectance spectroscopy, heatable
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diffusion 225
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electron energy-loss spectroscopy
(EELS) 255, 657, 665
electronic absorption bands 101
electronic effects 228, 231, 232, 446
electronic spectroscopy 586
— characterization of solids 122, 123
— controlled environments, optical
configuration and cells 110-120
—— diffuse reflection mode, fiber-optic
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— UV-vis-NIR spectra 93-108
— zeolites
——jon exchange in 124, 125
—— isomorphous substitution, of framework
cations 123, 124
electron-loss near-edge structure
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electron-phonon interaction 63

electron spectroscopy, for chemical
analysis 539
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energy-filtered transmission electron
microscopy (EFTEM) 657, 665, 666
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— high-resolution imaging of exposed
clusters 690

— images of Cu/ZnO catalyst in gas
environments 689
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Fick’s first law 874

Fick’s second law 202

field desorption (FD) 887

field emission gun (FEG) 656

Fischer-Tropsch reaction 240, 241, 983, 990

Fitzgerald’s method 958
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fluorocarbon SAM (F-SAM)
fluorophores 591
formate species, FT-IRAS spectra 271
Forster resonance-energy transfer (FRET)

800

915
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Fourier frequency 262

Fourier time 200

Fourier transform (FT)

— instruments 3

— IR spectrometers 109, 261

— limitations and problems with 6, 7

— Raman spectroscopy 51-53

— technical aspects 7, 8

Fourier transform infrared (FTIR)
spectroscopy 3, 44, 112, 211, 810

Fourier transform ion cyclotron resonance
mass spectrometry (FI-ICR-MS) 959

Fourier transforms, convolution theorem
for 200

Franck-Condon principle

Frenkel excitons 105

frequency-modulation atomic force
microscopy (FM-AFM) 735

frequency shifts 256, 258

Fresnel equations 90, 259, 260

frozen core hole (FCH) approach 546

5,203, 296, 645, 646

150
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GaAs(110) STM images of 706
gallium oxides 809

gas adsorption 854

gas analysis 963

gas chromatography (GC) 953, 954
— advantage of 954

— analysis of 323

—— hydrocarbons mixtures 956

— coupling 326

— elemental and structural analysis
methods 957, 958

— global characterization 957

— heteroelement analysis

—— multi-element detection 970, 971

—— nitrogen 969, 970

—— oxygen detection 970

——sulfur 967-969

— high-resolution (HR) 954
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—— liquid-phase chromatography 959, 960

—— mass spectrometry (MS) 958, 959

—— supercritical fluid chromatography

(SFC) 960, 961

— image software 980

— mass detection 971

— molecular analysis 961

—— hydrocarbons, analysis of 963

—— simulated distillation 961-963

— petroleum products, analysis of 956, 957

— two-dimensional 954

gas emission, from factories 825

gas oil 954

— GCx GC-NCD chromatogram of 990

— SimDist curve for 962

gasoline 961, 986

— hydrocarbons, analysis of 971

— PIONA analysis of 966

gas-phase photocatalytic reactions

gas pollution 825

gas—solid interactions

gas—solid system 854

Gaussian approximation 515

Gaussian curve 590

Gaussian expression 202

Gaussian fit 596, 597

Gaussian function 585, 590, 598

Gaussian resolution function 198

GC. See gas chromatography (GC)

GC chromatograms, SimDist curves

GC-GCx GC-FID instrument 997

GC-MS coupling 971

GC-NCD analyses 970

GC-SCD analyses 969

GCxGC 972

— advantage of 954

— applications of 983

—— middle distillates, group-type
analysis of 983-986

——oil industry 994

—— sulfur and nitrogen speciation 986-990

— chromatographic aspects 980

—— dimension 982

—— stationary phase, nature of 980-982

— data processing 979, 980

— detection 979

- 1D-GC, couplings between

—— GC-GCx GC coupling 996, 997

—— GCxGCxGC total coupling 997, 998

— instrumentation for 976

—— focusing phenomena 978

—— modulation period, optimization of 978,
979

—— modulation technology 976-978
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986

— molecular analysis systems 995

— multi-dimensional methods 954, 955
— petrochemical applications

—— Fischer-Tropsch synthesis 990, 991

—— LAB process 991-994

— position of problem 995, 996

— principle of 973

—— peak capacity of 975, 976

— separation capacity 972, 973
GCx GC chromatograms 985, 993
— synthesis of LABs 993

GCxGC data, overview of 979
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GCxGC instrumentation 974
GCxGC-SCD
— operating conditions for 987
— for SR1/SR2, 988, 989
GCx GC separations, advantage of 981
GCx GC-TOF-MS FT product sample 992
gel permeation chromatography (GPC) 960
generalized gradient approximation
(GGA) 426, 1131
generalized rank annihilation method
(GRAM) 980
glow discharge (GD) 889
Goldanskii-Karyagin effect 421
gold nanoparticles, embedded in Mylar 438
gold surface, PM-IRAS spectra 281
goniometer 619
grand canonical Monte Carlo (GCMC)
873
graphene, Raman spectra 67
graphite/germanium crystals 620
graphite plate laser desorption/ionization
(GPLDI) mode 897
gravimetry 857
green fluorescent protein (GFP) 149
guanines, image contrast, changes in 731
Guinier range 194

872,
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HAADF image

—in AC-STEM 677

— of Au/FeOy catalyst 683

— of high-activity WZrOH catalyst
particle 684

— with Rietveld method 678

— STEM imaging 668, 669

Harrick scientific products 117

Hartree approximation 1124, 1125

Hartree—Fock approaches 1130

Hartree—Fock approximation 546,
1125, 1126

Hartree formulation 1126

H-cluster interactions 1141

heatable flow-through reactor, schematic
drawing 114

heat of adsorption 805, 832

heavy cracked oil distillates (HCO)

hectorite 805

Heisenberg uncertainty principle 349

helium 859

heterogeneous catalysts, characterization
of 302-308

— aluminosilicates 304, 305

— pure silicas and aluminas

1001

303, 304
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— silica/alumina-containing materials
303-305

— silica- and alumina-containing
materials 303

— surface acidity and basicity 306-308

— vanadium-containing materials 305, 306
— zeolites 304, 305
—— and aluminosilicates 304, 305

heterogeneous catalytic process 314

heteronuclear dipolar couplings, techniques
for measurements 300

— rotational-echo adiabatic-passage double-
resonance 302

— rotational-echo double resonance 301

— spin-echo double resonance 300, 301

— transfer of population in double
resonance 301

— transferred-echo double resonance 301

heteropolyacids 816-818

hexamethylbenzene 134

— diffuse reflection-UV-vis spectra 136

high-energy electron ionization 958

high-flux spectrometers 190

high-frequency electron paramagnetic
resonance (HF-EPR) 392, 403

highly dispersed oxide catalysts 149

highly ordered pyrolytic graphite (HOPG)
66, 719

— cobalt(II) porphyrin (CoPor) monolayer STM
images of 728

high-performance liquid chromatography
(HPLC) 730

high-pressure spectroscopic techniques,
illustration 213

high-pressure STM (HP-STM) 716

high-pressure X-ray photoelectron
spectroscopy (HP-XPS) 212

high-resolution electron energy loss
spectroscopy (HREELS) 212, 256

high-resolution electron microscopy 302

high resolution mass spectrometry (HRMS)

— analysis, of oil 933

— chemical composition, of crude oils and
fractions 934, 935

— oil refinery processes, consequences
for 934-936

high-resolution scanning transmission
electron microscopy (HRSTEM) 664

— Z-contrast imaging 664

high-resolution transmission electron
microscopy (HRTEM) 222, 593, 638, 656,
661-664

— analysis of carbon nanotube catalyst
particles 671
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673

— contrast transfer function 662

— determining crystallographic
relationship 672

— Fourier space 661

— image of Cu/ZnO catalyst during
exposure to 692

— image of specimen of ZSM-5, 675

— method of retrieving structures from 664

— multiple scattering 663

— resolution and interpretability of image 664

— resolution limit 662, 663

— Scherzer defocus 662

— structure of ZSM-23 is revealed by 674

— thin mesoporous films, structural
features of 594

'H MAS NMR spectroscopy 299

Hohenberg-Kohn functional 1129

Hohenberg theorem 1128

HOMO-LUMO transitions

Horwath—Kawazoe analysis

host—guest interactions 601

— characterization of 589

host-guest system 596

HRSTEM. See high-resolution scanning
transmission electron microscopy
(HRSTEM)

HRTEM. See high-resolution transmission
electron microscopy (HRTEM)

H-SAPO-34, diftuse reflection-UV-vis
spectra 137

H,-TPR of Ag/AL,O; catalyst 833

hybrid instruments 912

hydrocarbons

— activation  317-319, 322

— analysis of

—— gaseous phase 963

—— liquid phase 963-967

— cracking 818

— mixtures 964

— oxidation 486—489

— partial, and total oxidation 492-494

—pool 324, 325, 327

— species  133-138

—— deactivation, and regeneration 138

—— reference spectra  133-137

—— surface hydrocarbon pool, under reaction

conditions 137, 138

hydrochlorination 437, 438

hydrocracking processes 990

hydrodearomatization (HDA) process

hydrodenitrification (HDN) 989

hydrodesulfurization (HDS) 985

100
872

986

— products 969

hydrogenated solvent, GCx GC separation
of 981, 982

hydrogenation 472, 473, 489

— of acetylene and ethylene over

— benzene 226

— of 2-butanone 312

— CO hydrogenation on Ru 270

— of cyclopentadiene compared with 473

— ethylene 226, 397

— of methyl benzoate 40

— of naphthalene 478

— Pd as highly selective catalyst for 577, 578

— in situ XPS study with a Pd foil during 578

— of t-2-pentene 577

— of vinylbenzene and cyclopentadiene 472

hydrogenation activity of Pd/W-MOx 811

hydrogen storage applications 854

hydroisomerization processes 990

hydrotalcite-derived oxides 815, 816

hydrothermal crystallization, of zeolite
silicalite-1 1079

hydrotreating (HDT) catalysis

— activation 525

— CoMoS model 524

hydrotreatment process 36

hydroxyl-terminated SAM (HO-SAM)

hyperfine interactions 414, 415

— electric monopole interaction 415-417

— electric quadrupole interaction 419-421

— magnetic dipole interaction 417-419

hyperfine sublevel correlation spectroscopy
(HYSCORE) 388-390, 403

hyperpolarized xenon, advantage 308

hysteresis loops, representation of 863

HY zeolite 38

H-ZSMS, spectrum of 28, 31
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524

915

i
imaging mass spectrometry (IMS) 888
— under ambient conditions 908-910
— for biologists 900-903
— highly resolved SIMS images 904, 905
— in-vacuum desorption techniques
903, 904
— new perspectives for
IM-5 catalyst 674
impactcollision ion scattering spectroscopy
(ICISS) mode 464
incoherent scattering 189
indirect electron-coupled interaction 294
indium oxide 809
inelastic neutron scattering (INS)
— applications 196

907

185, 195



inelastic tunneling spectroscopy with STM
(IETS-STM) 731

INEL detector 1079

infinite interferogram 6

infrared (IR) absorption spectrometry 956

infrared multiphoton dissociation
(IRMPD) 911

infrared reflection absorption spectroscopy
(IRAS) 211-213, 212, 255, 256-258,
722,917

— applications  263-266

— monitoring surface reactivity, and
catalysis 268-281

— organic small molecules, and chirality,
adsorption 266-268

— principle 258-261

— surface functionalization, and elaboration
of sensors 281, 282

infrared (IR) spectroscopy 255, 456, 876

— diffuse reflection 9, 10

— experimental considerations

— Fourier transform

—— limitationsand problems with 6, 7

—— technical aspects 7, 8

— IR light 3,4

— matter—radiation interaction 4

— operando IR spectroscopy

—— experimental setup 40

—— measurements, examples

—— reactions conditions 40

—— surface reactivity, applications

— practical implementation 8-10

— principles and use 3-7

— solids characterization, use 11-39

— spectrometry, interferometry 46

— transmission experiments, quantitative
aspects 8,9

In,0;5-containing catalysts 809

inorganic crystal structure database
(ICSD) 623

— powder diffraction file (PDF) 623

in situ calcination 16

in situ hydrothermal cell 77

in situ NMR methods 313-329

— alkylation reactions 319, 322

— applications  317-329

— aromatization reactions 319-321

— batch conditions 314, 315, 317

—— alkylation reactions 319

—— hydrocarbon activation 317-319

—— isomerization, and aromatization

reactions 319-321
— Beckmann rearrangement 321
- 3C MAS NMR spectra, Stack plot 321

7-10, 258

40-45

3945
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— coupling with a second technique 325-329

— experimental apparatus for 314

— experimental setups 315, 316

— flow conditions 315-317, 322

—— alkylation reactions 322

—— hydrocarbon activation 322

—— methanol-to-hydrocarbons reaction

323-325

—— MTBE synthesis 322, 323

——second technique, coupling with  325-329

— '"H MAS NMR spectra, Stack plot 318

— hydrocarbon activation 317-319, 322

— isomerization reactions 319-321

— methanol-to-hydrocarbons reaction  323-325

— MTBE synthesis 322, 323

— reaction protocol for 325

— for studying lithium ion batteries 314

in situ Raman spectroscopy 56

in situ small-angle X-ray scattering (SAXS)-
wide-angle X-ray scattering (WAXS) data
acquisition 1079

in situ TEM approach 676

in situ UV-visible spectroscopy 326

— experimental setup for 327

in situ visible Raman technique 76

integral low-energy electron Mossbauer
spectroscopy (ILEEMDS) 423

intensity borrowing mechanism 225

interfacial bonding models 265

interferometer 4-6

internal reflection elements (IREs) 236

intervalence charge transfer (IVCT) 103

in-vacuum ionization techniques 891, 892,
896-898

— operating processes 895

— typical features of sources 893, 894

inverse Fourier transformations 676

iodine adlayer 722

iodine exhibits 722

ion cyclotron resonance (ICR) frequency 886

ionization efficiency 889

ionization methods 931

ionization sources, basic principle 891

ion mobility mass spectrometry (IM-MS) 907

ion scattering spectroscopy (ISS) 453, 461

— main concept 461-463

IRAS. See infrared reflection absorption
spectroscopy (IRAS)

IR—gravimetric experiment 26

iron-based Fischer-Tropsch catalysts 443, 444

IR spectra, for CuZSM-5-11.9 sample 839

isomerization 319-321, 798

— and aromatization reactions 319-321

isomer shift scale for Ru 430
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isothermal titration calorimetry (ITC) 817

— on D-histidine and L-histidine on
Nabesite 819

isotherm, types of 863

isotropic hyperfine interaction 353

k

KBr beamsplitters 8

KBr matrix method 11

Keggin-type heteropoly compounds 816

Kelvin probe force microscopy (KFM) 739

Kendrick mass defect (KMD) value 926

kerosene 954

— aromatic compounds in 960

kinetic energy (KE) 537, 555, 911

kinetic radical freezing method 400

Kirchhoff's law 8

Kohn theorem 1128

Kramers—Heisenberg-Dirac dispersion
equation 51

krypton 854, 865

KT approach, for cluster calculations 546

Kubelka—Munk function 10, 90, 97, 106,
107, 130

K-V-O catalysts 305
I
LAB synthesis 993

Lambert-Beer law 90, 94, 95, 554

Lambertian surface 96

Lamb-Maossbauer f-factor 421, 438

— determination for quantitative
analyses 437, 438

Lamellar phases 602, 603

Langmuir-Hinshelwood (LH)
mechanism 269, 712

Langmuir theory 867

Laporte’s rule 99

Larmor frequency 292

Larmor precession 199

—angle 191

Larmor precession time of nuclear spin 441

laser desorption (LD) ionization
mechanism 896

laser diode thermal desorption (LDTD)

laser-induced acoustic desorption (LIAD)
source 897

laser irradiation 887

laser scanning confocal microscope
(LSCM) 587

laser triggered reaction 44

lateral resolution 569, 570

layered silicates 805

LC-GCx GC coupling 998-1000, 999

900

- VGO, chromatogram of 1000

LeBail refinement methods 632
LEIS depth profiling 473
Lennard-Jones potential 734, 856

Lennard-Jones-type expression 872

Lewis acid 399

Lewis acidic centers, investigation by
NMR 307

Lewis acidity 24

Lewis acid sites (LASs) 24

ligand-centered (LC) transitions 103

ligand-to-metal charge transfer (LMCT)

light cycle oil (LCO) 968

— nitrogen compounds, elution profile of 970

light diffusion coefficient 10

light-harvesting complexes (LH1/LH2)

— LH1 core complexes 738

light scattering 616

linear absorption coefficients 95

103

737

linear alkylbenzenes (LABs) 983
linear polarizations 259
liquid chromatography (LC) 959

liquid nitrogen-cooled MCTdetectors 13

liquid-phase chromatography 958, 959

liquid-phase hydrocarbon mixtures 963

liquid secondary ion mass spectrometry
(LSIMS) 887

liquid-solid interactions 787

local density approximation (LDA)

local density of states (LDOS) 707

localized surface plasmon resonance
phenomenon 106

Lorentzian function 203

Lorentzian profile 203

Lorentz polarization 616, 630

low-energy electron diffraction (LEED)
286, 456, 465, 467, 708

—grids 540

low-energy electron microscopy (LEEM) 693

low-energy ion scattering (LEIS) 453, 454,
457, 461

— active sites  497-501

— compositional effects, in catalytic
reactions 484—489

— dispersion effects 477-480

— main concepts 461-463

— potentialities of 463-465

— promotion, and poisoning effects

Lowenstein’s rule 304

low-temperature EPR spectra 357

426, 1130

258,

489-497
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macrocrystalline solids 637
macroscopic crystals 612



macroscopic polarizability tensors 214
Madelung energy 547

magic angle hopping (MAH) 298
—use 317

magic angle spinning (MAS) 289, 298
magnetic field gradients 295, 296

— application of 295-297
——diffusion 296, 297
—— magnetic resonance imaging 295, 296
—— measuring flow 296, 297
— magnetic resonance imaging 295, 296
— measuring flow and diffusion 296, 297
magnetic field, interaction of matter
with 343, 344
magnetic flux density 343
magnetic moment 351
magnetic parameters, quantum chemical
calculations of 386-388
magnetic resonance experiment 292

magnetic resonance imaging (MRI) 290, 295,
296, 310, 311

— applications 329

— k-space formalism 296

magnetic resonance measurements 311

— principles of 290

magnetic resonance signal 296

— properties of 297

magnetic resonance visualization 330

magnetization 294, 344

magnetization vector 297

manometric device, schematic representation
of 857,860

Mark II X-ray absorption fine structure (XAFS)-
XRD setup 1079

Marquardt-Levenberg algorithm 425

MAS probe 316

mass measurement accuracy 889

mass spectrometry (MS) 883, 953, 958, 959

— atmospheric pressure ionization
techniques  898-900

— collisional activation 910-912

— combined ionization techniques 900

— high-quality mass spectrum, experimental
parameters for 889-891

— high-resolution 959

— in-vacuum ionization techniques
896-898

— mass spectrum, characteristics of 889

— modified multiple quadrupole
instrument 920

— preparative mass spectrometry 918-922

— QTOF instrumentation 918

— for SID experiments 912, 913

— soft landing instrumental devices

891, 892,

915-918
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— sources for nonvolatile materials 891

— tandem mass spectrometry 910-912

— technology development 907, 908

— vs. immunoassay-based methods 903

matrix-assisted laser desorption/ionization
(MALDI) 887, 888

— for highly selective peptide/protein
profiles 905, 906

— MALDI-TOF instrument 886

—— image, human cerebellum 903

matrix-assisted laser desorption/ionization
mass spectrometry (MALDI-MS) 676

matrix-enhanced secondary ion mass
spectrometry (ME-SIMS) 904

matrix-isolated electron spin resonance 400

Maxwell-Boltzmann distribution 349

MCM-41, photoluminescence 155

mean square displacement (MSD)

membrane protein 736

mercapto undecanoic acid (MUA)

mercury porosimetry 311

mesoporosity 873

mesoporous silica 593, 869

— layers, domain growth of 604

mesoporous silica nanochannels

— self-assembly of 603, 604

— structure formation of 601

metal-assisted secondary ion mass
spectrometry (Meta-SIMS) 904

metal organic frameworks (MOFs) 200

metal organic open structures (MOFs)
854

metal oxide catalysts 805

— bulk oxide 805-807

— doped and modified oxides 807

— supported metal oxide/metal catalysts
808

metal oxides 747

— active sites and phase structure,
characterization 55-59

— active species identification 55, 56

— surface region, phase transformation
in 56-59

metal oxide-supported catalysts

metal-support interactions 824

metal-to-ligand charge transfer (MLCT)
transitions 103

methanation reaction 241

methane formation, reaction paths of 1047

methanol 33, 34

— IR spectra 34

— synthesis of 633

methanol conversion, *C MAS NMR
spectra 320
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264, 283

657,

807,

831, 832

1167



1168

Index

methanol-to-hydrocarbons reaction 323-325

methanol to olefins (MTO) conversion 323

N-methylaniline 322

2-methyl-2-butene hydration reactions

methyl tert-butyl ether (MTBE) synthesis

N-methyleneaniline 322

1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine 906

MFI-type zeolites

—v(OH) bands 16

—spectrum 15

— types of sites 18

Mg-Al mixed oxides

Mg:Al ratio 815

mica substrate, native photosynthetic
membrane, AFM image of 738

Michelson interferometer 261

microcalorimetry 814

microelectromechanical system (MEMS)
approach 691

micropore filling 871

microporosity 873

microporous/mesoporous solids

microreactor 1018

mid-infrared (MIR) radiation 99

mixed metal oxides 811-814

mixed oxides 798

— catalysts 813

M1/M2 system 678

modern software packages

modulation processes 976

— cryogenic modulation  976-978

— thermal heating modulation 976

— valve-based modulators 978

Moiré structures 716

molar absorption coefficients

—ranges 100

molecular beam experiments

— key components 1015

molecular beam scattering (MBS) 1014

molecular diffusion in porous solids,
techniques for characterization 312, 313

molecular diffusion processes 291

molecular interpretation, of parameters

— g tensor 380-383

— hyperfine tensor 383-386

molecular sieves  799-805

— characterization 73

molecular sieves synthesis mechanisms
73-80

— active centers and silicate building units,
assembling Fe-ZSM-5 74-76

— assembling zeolites, from prefabricated
units 73, 74

331
322

815

869

623

9,26, 34, 38, 39

1014

380

— crystallization process, real-time
probing for 76-80
molecule-surface interaction 1120
molybdenum oxides 61
monochromatic light, interferogram 5
monolayer capacity 867
monolayer (ML), optimal coverage of 1134
Monte Carlo simulation 712
montmorillonite 805
Mo-O stretching frequency 59
— vs. Raman stretching frequency 59
mordenite synthesis solid phase, Raman
spectra 74
Morse curve 21
Mo/SiO, photoluminescence spectrum 178
Mossbauer absorber 414
Mossbauer-active transitions
—of "7Au 433, 434
—of ¥Fe  427-429
—of ’Ir 432,433
-of Ru 429, 430
—of ?'Sb 432
—of Sn 430, 431
Moéssbauer effect 407, 409—411
— consequences of recoil effect 410
— conservation of energy 410
— kinetic recoil energy 410
— Lamb-Méssbauer f-factor
— limitations 411, 413
—Y-quanta 409, 410, 411
- recoil momentum 411
— resonance adsorption phenomenon 409,
410
— survey of applications, in study of catalytic
materials 434-447
— total energy of nuclear transition 410
Mossbauer parameters, theoretical calculation
of 426, 427
— augmented plane wave (APW) method 427
— complexity and precision 426
— DFT approximations 426
— DFTmethods, approaches 426, 427
— full-potential linear muffin tin orbitals (FP-
LMTO) method 427
— projector augmented wave (PAW)
method 427
— WIEN2k code 427
Méssbauer spectroscopy (MbS)
— advantages 407, 408
— applications in heterogeneous catalysis 408
— experimental data, evaluation of 424-426
— limitations 408
— radiation source for
motor octane number (MON)

427

411

407

411-414
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Mott—Wannier excitons 105

Mo-V-Nb-Te-O system 678

MoVTeNbO, mixed metal oxide catalyst

— for hydrocarbon oxidation 631

Mo-V-Te-O catalysts 488

MS. See mass spectrometry (MS)

MTBE synthesis 322, 323

MUA-coated gold surface, PM-IRAS
spectra 284

MUA-functionalized gold surface, PM-IRAS
spectra 283

multi-configurational self-consistent field
(MC-SCF) 1127

multi-dimensional gas chromatography
(MDGC) 972

— peak capacity of 973

multiple-quantum magic angle spinning
(MQMAS) 300

multiple scattering 97, 514

multiplet splitting 552

— influence on lineshape of Cr XPS
lines 553

multi-technique high-energy setup 1105

multivariate curve resolution (MCR) 43

m/z ratio 883, 886, 936

n

Na atoms, hypothetical fcc packing of 618

NaCl

— powder diffraction pattern of 617

— XRD pattern of 616

nanocluster gold catalysts, study of 676

nanographite sample, Raman spectrum 65

nanoporous materials 853, 854

— process evaluation of 854

nanostructured materials, electron-phonon
coupling in 63, 64

nanotechnology 671

nanotube 670

naphtha cuts, high-resolution
chromatographic analysis of 966

natural clays 805

natural gas 963

NaX zeolite 858, 872

- nitrogen isotherm 870

— n-pentane in 206

NaY zeolite

— benzene adsorbed in 193

near-edge X-ray absorption fine structure
(NEXAFS) 574

near-infrared (IR) lasers 51

Néel relaxation time 441

neodymium yttrium—-aluminum-garnet
(Nd:YAG) 217

Index

neutral impact collision ion scattering
spectroscopy (NICISS) 465

neutron diffraction (ND) 185, 192, 632

— application 193

neutron momentum 186

neutron—nucleus interaction 187

neutron scattering

— coherentand incoherentscattering  188-190

— diffusive motions  197-208

— dynamics 194-208

— experimental 190-192

— neutron spin-echo technique 198-201
— neutrons properties 186, 187

— rotational motion 201

— scattering cross-sections 187, 188

— structure  192-194

— translational motion 202-208

— vibrational spectroscopy 195-197

neutron spin echo (NSE) 191, 198-201, 876

— advantage 198

NHj; adsorption microcalorimetry, study on
v-alumina 805

NH; calorimetry, on Cs-exchanged HPW 817

NH; oxidation 715, 716

nickel-exchanged zeolite X

— transmission UV-vis spectra 125

nicotinic acid 887

Ni/Cu ratio 815

Ni-P alloys 472

Ni(110) surface 710

nitrite, and nitrate reduction 495, 496

nitrogen

— adsorption of 311, 861, 864, 866

— equilibrium adsorption isotherms of 873

nitrogen chemiluminescence detector
(NCD) 963, 969

nitrogen isotherm, Horwath—Kawazoe
method 872

nitrogen oxides 825

nitrogen—phosphorus thermionic detector
(NPD) 969

NMR. See nuclear magnetic resonance

NO dissociation mechanism 275-277

N,O gas-phase species 274

noise-free high-resolution data 646

nominal Kendrick mass (NKM) value 926

noninteracting system

— kinetic energy of 1130

nonlinear susceptibility tensor 213

NO-NO, reaction 834

nonporous oxides 869

nonradiative deactivation pathway 159

nonscattering media 111

NO PM-IRAS spectra 276, 277, 278, 279
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normal coordinate analysis (NCA) 72

normalized differential reflectivity 261

NO, storage-reduction cycles 280

["°N]pyridine titrating sulfated zirconia
>N CP-MAS spectra 307

nuclear Bragg diffraction (NBD) 448

nuclear forward scattering (NFS) 448

nuclear gamma resonance (NGR)
spectroscopy 407

nuclear inelastic scattering (NIS) 448

NMR spectrometer, schematic
presentation 291

nuclear magnetic resonance (NMR)
spectroscopy 289, 290, 456, 953

— adsorption process 311, 312
— advantages 327
— basic principles 291-294

— bulk and surface characterization
techniques 298, 299

— chemical shift interaction 293

— complication 303

— diffusion process 312, 313

— dipolar interaction 292, 293

— full multinuclear capability 302

— heterogeneous catalysts
characterization 302-308

— historical perspective 289, 290

— indirect electron coupled interaction 294

— magnetic field gradients application 295-297

— measuring heteronuclear dipolar couplings
techniques  300-302

— modern spectrometer 291

— operando studies  329-331

— porosity processes 308-311

— quadrupolar interaction 293, 294

— relaxation time analysis 310

— relaxation times 294, 295

- Si MAS 304

—insitu  313-329

— solid-state techniques 302

- studying quadrupolar systems with 1>1/2,
299, 300

— for studying solids

—— popular techniques

— theory 291-298

— Zeeman interaction 292

nuclear magnetic resonance (NMR)-UV-Vis
setup

— for studying methanol to olefin (MTO)
process 1081

nuclear resonance scattering (NRS) 448

nuclear spin angular momentum 293

nuclear spin quantum number, of various
nuclei 351

297-302
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nuclear spin system 291
nuclei-electron external potential
nucleus-Zeeman interaction 366
numerical aperture (NA) 587
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monolayers on gold substrates

— ARXPS analysis of 559

— ERXPS analysis of 558
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— adsorption 265

— PM-IRAS spectra 265

n-octane 331

2-octene 331

off-resonance nutation experiments 304

oil refinery processes, consequences for
934-936

olefin 961

operando (DRIFTS-MS) experimental setup, at
heterogeneous catalysis 1051

operando IR spectroscopy 40

— experimental setup 40

264

— measurements, examples 40-45
— reactions conditions 40

—setup 41

operando measurements 290

operando reactor cell 42
optical density (OD) 94
optical impedence spectroscopy 877
optical microscopy, utilization of 585
optical parametric generator/amplifier
(OPG/OPA) 217
Orgel diagrams 103
oriented thin film
— crystallites 628
— schematic representation of 628
oscillator receptor 886
oxidation
— catalysts, selective 678
— of propylene to acrolein 1014
— of transition metals 470
oxidative dehydrogenation (ODH)
oxometallate (MO,) species 125
oxygen species, Raman spectra 56
oxygen storage capacity (OSC) 685, 686, 820
— of CeO,-based solids 685, 686
oxygen treatment, and TAP
experiments 1033
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palladium 1134
paraffinic solvent 960
n-paraffins, dehydrogenation of 993
paraffins, isoparaffins, olefins, naphthenes,
and aromatics (PIONA) 964
parallel factor analysis (PARAFAC)
paramagnetism 344
partial oxidation of propane 813
particle dimensions estimation 573
Pauli principle 1125, 1126, 1129
Pauli repulsion 856, 1125
Pd/Al, O3 catalyst 331
Pd fraction 626
Pd surface, in situ IRAS spectra 228
PdX alloys, Vergard lines for 632
Pd-Zn alloy formation 232
Pd-Zn model 231
peptide nucleic acid (PNA) 731
periodic DFT calculations 70, 76
perturbation theory, second-order 51
petroleomics 922, 923
— accurate mass measurement 924, 925
— for complex petroleum samples, mass
spectrometry for 923, 924
— data graphical representations 925-928
— mass spectrometry methodology,
improvements to  928-933
— ultra-high resolution and data treatment,
role of 922,923
petroleum product, mass spectrum of 958
PFG-based technique, to probe diffusion 313
phase characterization, application 629
phase contrast 661
phase shift 297
phase transformations 80, 473
phenylazonaphthylamine, UV-vis
spectra 128
2-phenylethylamine 759, 813
phonon dispersion curves 190
photobleaching 591
photocatalytic decomposition, reaction

980

profiles 174
photodiode-array detector 1078
photoelastic modulators 212, 261

photoelectron spectroscopy 1120
photoemission 538, 540, 551
photoemission electron microscopy
(PEEM) 693
photo-formed electrons
photoionization 931
photoluminescence
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— bands, intensities 165

— degassing temperature effect

— intensity 154

—— additive ionization potentials effect

—— time profiles 166

— lifetimes and relative intensities

— quenching 158, 160

— schematic energy diagram 151

—types 157

photoluminescence spectroscopy

—advances in 149

— Ag"/MFI catalysts 165

— basic principles 150-153

— bulk TiO, photocatalysts, in situ
photoluminescence  159-163

— highly dispersed transition metal ions
and oxides, in situ
photoluminescence 163-165

— measurements, general aspects

— microcrystalline MgO, in situ
photoluminescence 156-159

— steady-state measurements 153, 154

— time-resolved measurements 154-156

— time-resolved photoluminescence
spectroscopy

—— characterization of catalysts

—— dynamics investigations of

photocatalysis  165-181

— V-containing BEA zeolite catalysts
163-165

photomultiplier tube (PMT) 109

photon—electron interaction 512, 513

photon-induced near-field electron microscopy
(PINEM) 694

physisorption 788, 855

picosecond surface temperature jump 238

pillared clays, acidity of 805

Plank’s constant 186, 703

plasma desorption mass spectrometry
(PDMS) 886

PM-IRAS. See polarization modulation
infrared reflection absorption spectroscopy
(PM-IRAS)

point defects 106

point of zero charge (PZC)

polarizability 50, 1078

—tensor 51

polarization enhancement techniques
331

polarization modulation infrared reflection
absorption spectroscopy (PM-IRAS) 233,
255, 275

— advantages

— applications
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liquids 282

— experimental setup 262

— experimental set-up for

- in liquid phase 282-285

— monitoring surface reactivity and
catalysis  268-281

— organic small molecules and chirality,
adsorption 266-268

— principle 261-263

— sensitivity 263

— surface functionalization and elaboration of
sensors 281, 282

— surface spectra 236

polarization-modulation infrared reflection
adsorption spectroscopy 212

polarization transfer techniques

— implementation of 289

polarized sum frequency spectra 237

pollution 825

polycrystalline metal surface 465

— adsorption of organic molecules

— adsorption of simple molecules

— surface defects 465-469

polycrystalline particles 636

polycyclic aromatic hydrocarbons
(PAHs) 281

polyglutamic acid (PG)

— aluminum sample, PM-IRAS spectra 285

— stable chemical forms 284

poly-L-glutamic acid (PG) 284

polymerization 455

poly(N-vinyl-2-pyrrolidine) (PVP) 676

polysilphenylenesiloxane, polar column
consisting of 990

porosity characterization 308, 854

— magnetic resonance imaging 310, 311

—role of 853

- T; and T, relaxometry 309, 310

- *Xe NMR 308, 309

porosity processes 308-311

— magnetic resonance imaging 310, 311

— T, and T, relaxometry 309, 310

- "Xe NMR 308, 309

porous clays 827

porous solids 308

— diffusion in  873-877

position vector 214

post-Hartree-Fock methods 1126, 1127

post-reaction Auger spectroscopy 224

powder EPR spectra 367, 368, 369

power-compensated DSC apparatus

power-compensated system, block
diagram 778

278

289

469, 470
465-469

778

pr—dm transitions 68, 69
pressure swing adsorption (PSA)
applications 854
principal component analysis (PCA)
562, 980
prism-CCD spectrometer 589
probe adsorption processes 311
probe molecule adsorption 14, 20
projected density of state (PDOS)
calculations 69
proportionality constant
proteomics 888
protic molecules 33
31 P spin-echomapping NMR technique 305
Pty3
— gas-phase shapes for 1140
— surface stability diagram 1140
Pt-Al, 05 hydrogenation catalysts 686, 687
Pt/BaO film time-resolved PM-IRAS
spectra 280
Pt nanoparticles
Pt(111) surface
— CO, adsorption of 716
— CO oxidation on 713
-inH, 716
— STM image of 720
pulsed field gradient (PFG)
- NMR 207
—— analysis 875
— principle 296
pulsed flame photometric detector
(PEPD) 967
pulsed gradient spin-echo (PGSE) magnetic
resonance 297
pulse electron spin echo techniques 403
pulse—quench technique 316, 317, 324
pulse sequences. See quadrupolar systems
pump-probe pulses 219
pure insulators, optical absorption in 105
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— frequencies for adsorption 25
— spectra for 25
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200
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quadrupolar interaction 293, 294

quadrupolar systems, studying with 299
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quadrupole splitting vs. isomer shift

quantum chemistry methods 1119
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—— post-Hartree—Fock methods 1126, 1127
— heterogeneous catalysts, models of
1121-1123
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hydrogen 1139-1141
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—— (110) surface of ruthenium dioxide,
termination of 1133, 1134
quantum detectors, mercury—cadmium-—
tellurium (MCT) 7
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— schematic representation 186
quasi-elastic neutron scattering (QENS)
187, 200
— spectra 205
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quencher molecules
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186,
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— interaction phenomena 94
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radiative deactivation process 152
radiative decay process 151
radioactive decay of nuclides 887

Raman bands 54, 61, 75
— intensities 51
Raman effect, origin 49
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Raman spectra
— fluorescence interference in 53
— before and during oxidative dehydrogenation
of propane 1103
Raman spectroscopy (RS) 49-51, 64,456,723
Raman vibrations, resonance
enhancement 72
rapid molecular motion 292
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probes 823-825
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—TPD of redox probes 822, 823
reduction profiles of Cu/SA 826
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reflection process 259
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relaxation times 294, 295
relaxometry measurements
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63
resonant intensity 54
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reversible hydrogen electrode (RHE)
Rhodospirillum photometricum 737
Rh(111) surface
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—— STM images of 725
— STM observation of 723
root-mean-square displacement 313
rotational-echo adiabatic-passage double-
resonance (REAPDOR) 302
rotational-echo double resonance
(REDOR) 301
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RS. See Raman spectroscopy (RS)
Ru0,(110) surface
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— STM image of 709, 710
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sample-controlled thermal analysis (SCTA)
approach 859
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(SATRAS/STMAS) 300
saturated calomel electrode (SCE) 721
SAXS data 1079

SAXS-WAXS setup 1079, 1080

SBA-15 crystallization of 648

SBA-15-supported vanadia samples, diffuse
reflection-UV-vis spectra of 126

scanning electron microscopy (SEM) 456

scanning monochromator, for quick extended
X-ray absorption fine structure 1079

scanning probe microscopy (SPM) 703

— schematic illustration of 704

scanning transmission electron microscopy
(STEM) 657

— experimental considerations 669, 670

— illumination and image formation in 660

— instrument consist of 659

— signal generated in electron beam-specimen
interaction 658

— specimen preparation 669, 670

scanning tunneling microscopy (STM) 81,
266, 456, 703, 705

— catalytic model systems

—— adsorption 708, 709

——diffusion 709-711

—— high-pressure environment

—— surface reactions 711-716

— chemical selectivity 727

—— inelastic tunneling spectroscopy with STM

(IETS-STM) 731-733

—— molecular tips  727-731

— electron tunneling 705

— measurements 222

— principles  705-708

- solid-liquid interface 719-721

—— anions, adsorption of 721-723

—— molecular adsorbates 723-727

—— surface reconstruction 721

scanning tunneling spectroscopy (STS)

— electronic property of 704

scattering function 194

scattering media 111

scattering vector 187

Schrédinger equation 90, 1124, 1125

Schuster—Kubelka—Munk theory 97

sealed ampoule technique 318
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716-718
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secondary ion mass spectrometry
(SIMS) 453-455, 457, 471, 886

— active sites  497-501

— basic principles 457-459

— compositional effects, in catalytic
reactions 484489

— depth profiling of oxide films

— dispersion effects 477-480

— dynamic simulations of a typical SIMS
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— for industrial applications

— potential of 459, 460

— preparation, and activation effects

— promotion, and poisoning effects

secondary ion mass spectrometry
(SSIMS) 455

473
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480484
489-497

selected area electron diffraction (SAED) 661
— reveal distinct ordered phases in 687
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selective catalytic reduction (SCR) 274,

825, 827
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— of thiols 727

self-consistent field (SCF) 1124

self-diffusion coefficient 207, 312

self-diffusivity 874

self-supporting wafers 111

self-trapping excitons 166, 167
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— De-NOx Over Pd/AL,O; 1101, 1102

— dynamic imaging studies 1107-1111
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conversion 1100, 1101
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1090-1093
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— propane dehydrogenation 1097-1099,
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— reactions at solid-liquid interface
1107
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components  1095-1097
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with 914
signal-to-noise ratio 357, 358, 540, 622, 642,
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— catalysts 748
silica mesopore, diffusion dynamics 597
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silver-based catalysts 824
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SimDist curves 986
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single-crystal approach 644
single-crystal surface 465
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— surface defects 465-469
single-molecule adsorption 1122
single-molecule fluorescence
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single-molecule microscopy (SMM)
593
single-molecule spectroscopy (SMS)
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— membrane dynamics 586
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solid-liquid interfaces, organic
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solids characterization
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— activation 13-17
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solid-state NMR techniques 302

soluble methane monooxygenase (sSMMO)

— biocatalysis 71

spark source (SS) ionization techniques 889

sp® carbon materials characterization 6467

Spectralon® polymers 112

spent sulfated zirconia catalyst

— photographs 136

spin-density imaging 311

spin-echo double resonance (SEDOR)
301

spin-echo pulse sequence 295

spin-echo time 200

spin-Hamiltonian 363, 366

spin incoherent scattering 199

spin-lattice interaction 349

spin-lattice relaxation 349, 350

spin orbitals 1125

spin-orbit splitting 548, 549, 552

spin-polarized scanning tunneling microscopy
(SP-STM) 704

spin quantum number

spin relaxation 348-350

spin resonance 348-350

spin—spin relaxation 295, 349

spin transition 349

s/p-polarization

— light intensity 261

— phase shift 260

SPT thin mesoporous films, structural features
of 594

steady-state isotopic transient kinetic analysis
(SSITKA) 1038-1041

— active reaction intermediates, concentration
of 1044, 1045

— kinetic parameter estimation 1041-1043

— mean surface residence time 1043, 1044

— mechanistic implications  1047-1049

— reactivity distribution 1046, 1047

— turnover frequency (TOF ;1)
1045, 1046

steady-state reactor 198

steamed Y zeolite, spectrum 11

steric effect 446

Stern-Volmer equation 179

Stern—Volmer plots 180

STM. See scanning tunneling microscopy
(STM)

STM probes tunneling electrons 705

stopped-flow experiments 316, 324

straight-run diesel sample, chromatograms
of 984

strong metal support interaction (SMSI)

structural effects 474477

300,

189

240

structure—activity relationships, in Au
nanoparticle catalysts 690
succinate species, IRAS spectra 268
succinic acid interaction 266
sulfate—carrier-vanadia interaction 822
sulfated Mn-promoted zirconia catalyst, XRD
pattern of 627
sulfated zirconia catalyst 307
— HRTEM images of 637
sulfide catalysts, activation of 525-527
sulfur chemiluminescence detector
(SCD) 963, 967
— chromatographic profile 968
sum frequency generation (SFG)
— case studies 221-244
—— bimetallic surfaces 228-233
—— metal nanoparticles on oxide
surfaces 240-244
—— metal single-crystal surfaces
—— oxide surfaces 233-239
— characteristic 225
— schematic illustration 218
— setup illustration 220
— signal intensity 216, 217

211-213

221-228

— signal intensity and selectionrules 215,216
—spectra 275

— spectrometer setup 217-221
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— theoretical background 213-215
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spectroscopy 226

supercritical fluid chromatography (SFC)
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— 3D representations 1003

— representation of 1002
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superparamagnetism, and determination of
particle sizes 440-442

supported boria catalysts 809

supported copper catalysts 825

supported metal oxides 808-810

— catalysts 59
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supported vanadium oxides

— molecular configurations

surface-adsorbed formic acid,
decomposition 238

surface area, characterization of 854

surface bandgap 157

surface chirality 267

surface diffusion probes 313
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metal oxides, characterization 59-63
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diagram for 1139
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surface reactivity, and catalysis
— monitoring 268-281
—— CO hydrogenation on Ru 270
—— CO on Ru oxidation 268-270
—— methanol decomposition on Pd 275
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on Cu 272-275
—— NO dissociation on Rh  275-277
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surfaces 277-280
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Pd 270-272
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—ISS 465
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— SIMS 465, 466
- XPS 266
surface-sensitive Mossbauer
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surface sensitivity 226, 481, 485, 487, 492,
498, 502, 537, 539, 566
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—of XPS 557-560
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spectra 77
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Tanabe-Sugano diagrams 103

tandem mass spectrometry 885, 910

TAP. See temporal analysis of products

TAP packed-bed microreactor
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— domain of conditions 1023

— model-free interpretation of kinetic
data 1027, 1028

— relevance of kineticinformation 1023, 1024
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1024-1026
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— applications 781
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— principle 779
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temperature-programmed oxidation
(TPO) 782
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— principle 782, 783
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(TPR) 456
temperature-programmed reduction 130, 782
— applications 783, 784
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— measured maximum temperatures and
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— principle 782, 783
temperature-programmed surface reaction
(TPSR) 785
— applications 786, 787
— data processing 786
— principle 785
— types of methods 785
temporal analysis of products (TAP)
1014-1019
Tera-Hertz spectroscopy 45
tetrahydrofuran (THF) 24
tetrahydrothiophene (THT) cracking 41
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— and their application 748
thermal conductivity 819
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thermal detectors
— deuterated triglycine sulfate (DTGS) 7
thermal effects 747
thermal measurement, short history
of 747-749
thermal methods 747

thermal transformations 747

thermal treatments, of hydrotalcites 815

thermocouples 749

thermodynamic scale, of acidity and
basicity 817, 818

thermogravimetric analysis 858

— 13X zeolite sample 859

thermogravimetric analysis (TGA) 38, 757

— applications  759-761

— data processing 758

— principle 758

— thermogravimetric analyzer 757, 758

thermogravimetric analysis, coupled with
calorimetry 761, 762

— applications  763-765

— Calvet-type TGA-DSC 762

— principle 763

— TGA-DSC and TGA-DTA systems
762

— TGA-plate-DSC 762

thermogravimetric analyzer

— asymmetric balance 758

— control of atmosphere 758

— crucibles 757, 758
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— symmetric balance 758

thermogravimetry 757

thiols, self-assembled monolayer (SAM)

Th-modified Ni/SiO, catalysts, surface
structure of 486
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both catalytic reactions and 1082

three-way catalyst (TWC) 685

threshold energy 105

Tian—Calvet microcalorimeter

Ti-MCM-48 catalyst

— photoluminescence spectra 177

Ti-MCM-41, UV resonance Raman
spectra 68

time-of-flight (TOF) techniques

— classes 191

— SIMS 456

time resolution 110

time-resolved axial composition 331

time-resolved photoluminescence
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— sequence of data acquisition 155

761,
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727
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time-resolved photoluminescence
spectroscopy

— characterization of catalysts
156-165

time-resolved pump-probe SFG
spectroscopy 219

tin-platinum catalysts 446

tin species in PtSn/Al,O; catalysts

TiO, particles

— photoluminescence spectra 160

— surface band bending 159

TiO, photocatalysts 156

TiO,-supported catalysts 836

Ti oxide-containing zeolite catalysts 175

Ti oxide photocatalysts 177

Ti oxide species, chemical parameters

titania (TiO,)

— anatase phase 57

— phase transformation 58

— photoluminescence (PL) intensities

— surface band bending 162

— UV Raman spectra 58

— visible Raman spectra 58

titania catalysts 126

titania pure/nitrogen-doped, diffuse reflection-
UV-vis spectra 126

titanium oxides, photocatalytic
reactivities 178
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— diffuse reflection-UV-vis spectra 124

— formation 123

Ti/Zr silica systems 647
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toluene alkylation 322

tomographic energydispersive diffraction
imaging (TEDDI) 1108

total internal reflection (TIR) geometry 212,
220

—use of 587

total ion current (TIC)

— chromatogram 971

t plot, schematic representation of 870
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(TRAPDOR) 301

transferred-echo double resonance
(TEDOR) 301

transition dipole moment 259

— important consequences 259

transition metal 273
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characterization 67-72
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identification 71, 72
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identification 67-69
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identification 69, 70

transition metal ions 55, 366

transition metal oxides 156, 177

transition metals 810

— catalytic activity 130
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transmission electron microscopy (TEM) 57,
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