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Absolute configuration and stereodescriptors
699–702

Absolute coverage 393
Achiral molecules
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– – homochiral vs. heterochiral 713–717
– – symmetry breaking II 710–713
– definition 702
– self-assembly of intrinsically chiral

molecules
– – diastereomers and diastereomeric

recognition 724–726
– – homochiral adsorbates 717–719
– – racemic mixtures 719–724
Acrolein (2-propenal)
– adsorption and interaction energies

611–617
– alloying effects 611–617
– with Co/SiO2 catalysts 599
– HREELS and DFT 604
– on Pt(111)
– – alloying Rh catalysts 599
– – hydrogenation pathways 595
– – hydrogenation pathways, energy profiles

of 605, 606
– – NEXAFS and FT-IR studies 597
– – selectivity of hydrogenation 607
– – in situ SFG vibrational spectroscopy 597
– – total energy 604
Acrolein isomers 593, 595
Activated adsorption 266
Activated dissociation 1260, 1262
– CH4 1272, 1298
– H2 1264
– hydrogen adsorption
– – Ag and Au surfaces 285
– – with Cu(100) 284

– – molecular beam experiments 282, 286
– – sticking probability, for monoenergetic

hydrogen beam 283–284
– N2 1264
Adiabatic approximation 1258, 1261
Adsorbate-induced substrate restructuring
– bare Au(110) surface 61–63
– faceting 64–66
– fcc(210) surface, hard sphere model of 65
– Pd(110) surface 60–61
– Pt(100)surface reconstruction 59–60
– quasi hexagonal Ir(100) surface

reconstruction 58, 59
Adsorbate structures 419
– ARUPS (see Angle-resolved UV

photoelectron spectroscopy (ARUPS))
– band structure
– – c(4 × 2) benzene/Ni(110) system

445–448
– – c(2 × 4) ethylene/Ni(110) system

448–451
– – 2D band structure 444–445
– – formation 445
– – hydrocarbons 445
– electronic structure
– – adsorbate level broadening 426
– – bonding shift 426–427
– – Franck–Condon principle 425
– – gaseous and chemisorbed benzene, UPS

spectra of 425, 426
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– – valence 425
– – work function 426
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Adsorbate structures (contd.)
– – NO adsorption on Pt(111) 421–422
– molecule orientation
– – adsorbate/substrate interaction 427, 428
– – single-particle approximation 428
– – symmetry selection rules (see Symmetry

selection rules)
– STM
– – advantage 422
– – benzene + CO coadsorption on Rh(111)

422–423
– – CO adsorption on Pt(111) 423, 424
Adsorption 391
– accommodation coefficient 4–5
– ad-particles
– – adsorbed carbon monoxide 46–48
– – adsorbed xenon atoms 44–45
– – corrugation function 42, 43
– – dissociative oxygen adsorption 49–52
– – equilibrium adsorption site 41
– – localization/nonlocalization, degree of

43
– – movement 42
– – ratio of mobile vs. immobile ad-particles

43, 44
– adsorbate delivery 3–4
– adsorbate structures (see Adsorbate

structures)
– application of computer simulations
– – confined systems 1198
– – features 1160–1163
– – finite-size effects and thermodynamic

limit 1154–1160
– – fluctuations 1143
– – molecular dynamics method 1150–1152
– – monolayers 1164–1186
– – Monte Carlo method 1144–1150
– – multilayers and wetting phenomena

1186–1198
– – periodic boundary conditions and

interactions 1152–1154
– aspects/features 396
– BET isotherm, of multilayer adsorption

19–20
– bridge sites 394
– calorimetry 74
– – on well-defined single crystal surface

88–89
– chemisorption 38–41
– coadsorption 418–419
– collective ad-layer properties
– – ad-layer band structures 57–58
– – ad-layer structure 52–53
– – adsorbate-induced segregation 66–69

– – adsorbate-induced substrate restructuring
58–66

– – two-dimensional phase transition 53–57
– coverage 5–6, 393
– coverage-dependent measurements
– – benzene adsorption on Ni(111) surface

406–408
– – CO adsorption on Cu3Pt(111) surface

405
– – CO adsorption on PtCo surface 405–406
– – CO/Pt(111) 402–404
– – oxygen on Ru(1010) surface 402–404
– definition 1
– desorption rate 395
– energy 73
– heat of adsorption 20–22
– hollows sites 394
– impingement rate 395
– isotherm 887
– – competitive adsorption 12
– – dissociative adsorption 11–12
– – Fowler–Guggenheim isotherm 13–15
– – and isobars 6, 7
– – kinetic considerations 8
– – Kisliuk model 15–19
– – Langmuir isotherm 9–11
– – Temkin isotherm 12–13
– kinetics of 396
– Kisliuk model 396
– Knudsen cell 4
– Langmuir behavior 395
– on metal oxide surfaces (see Metal oxide

surfaces)
– on-top sites 394
– phenomenological surface thermodynamics

884–886
– physisorption
– – adsorbed xenon atoms 44–45
– – atomic adsorption with 38, 39
– – vs. chemisorption 40
– – van der Waals interactions 37
– rate of 395
– reactive sites, semiconductor surfaces
– – conjugation and aromaticity 771–778
– – cycloaddition reactions 766–771
– – dative bonding 763
– – dissociative addition 763–766
– – group IV semiconductors 750–754
– – II–VI vs. III–V semiconductors 754–756
– semiconductor surfaces
– – acetone 769
– – chemomechanical functionalization,

silicon surfaces 778–781
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– – organic and organometallic reactions
756–760

– – partially hydrogenated semiconductor
surfaces 781–786

– – use of kinetic and thermodynamic factors
760–763

– simple fluids 1066–1088
– at solid–gas interface 2, 3
– spatial-temporal pattern formation 836
– spectroscopic identification (see

Spectroscopic identification, of
adsorbates)

– on stepped surfaces
– – CO adsorption on Pt(355) 417
– – coverage-dependent sticking coefficients

for N2 413, 414
– – methane on Pt surfaces 415–416
– – models of 413, 414
– sticking coefficient 5, 395, 396
– – calculation 407
– – CO on Pd(111) surface 7, 8
– – coverage-dependent development 410
– – definition 4
– – determination 7, 8
– – King and Wells method 408–410
– – methane adsorption on Pt surface

411–413
– – nonequilibrium conditions 6
– – pressure trace 409
– – quadrupole mass spectrometry 408
– – three-stage supersonic molecular beam

409
– surface defects 5
Adsorption-induced chirality 703–704
AES. See Auger electron spectroscopy (AES)
Agglomerated ZnS crystals, SEM image of
508, 509

Alkali adsorbates, surface reconstruction by
181–182

Alkali and alkaline-earth elements, electron
characteristics of 157, 158

Alkali metals 157
𝛼, 𝛽–unsaturated aldehydes, hydrogenation
reactions of 595, 596

Angle-resolved UV photoelectron
spectroscopy (ARUPS) 428

– CO on Ni(100) 431, 432
– description 425
– dilute benzene layer on Ni(100) 438, 441
– dilute ethylene layer on Ni(100) 433, 435
– saturated c(2 × 4) ethylene layer 448
– symmetry selection rules 429, 431
Anharmonicity 603
Anthracene

– on Ag(110) 643
– on Cu(111)
– – copper(1×1) unit cell 640
– – vs. naphthalene, hexagonal motif 642
– – STM images 641
Ar/Pt(111) 1283–1286
Artificial structures, physical investigations
– magnetic structures 1431–1437
– quantum corrals 1417–1423
– small chain and island structures, electronic

properties of 1423–1431
– thin insulating film manipulation

1437–1445
Associating fluids, density functional theories
– integral equations and perturbation theory

1035–1038
– model 1034–1035
– Segura approach 1038–1041
– theory of association of Yu and Wu

1041–1043
Associative adsorption 9–11
Asymmetric adsorption 836
Atomic adsorption 9–11
Atomic hydrogen
– dissociative chemisorption
– – activated 282–286
– – fundamentals 276–280
– – one-dimensional Lennard–Jones potential

energy diagram 276, 277
– – schematic illustration 275, 276
– – spill-over effect 282
– – spontaneous dissociation 280–282
– – sticking coefficients 280–283
– Pauling electronegativity 260
– physical and chemical properties 260
– production 262
– stationary Schrödinger equation 259
Atomic/molecular adsorption 1280–1281
Auger electron spectroscopy (AES) 533
Auger spectra, halogenation 207, 209

b
Band structure
– c(4 × 2) benzene/Ni(110) system
– – adsorbate surface Brillouin zone 445,

446
– – 2a1g Bloch wave function 447–448
– saturated c(2 × 4) ethylene layer on Ni(110)
– – ARUPS spectra 448, 450
– – band structure calculations, sensitivity of

450–451
– – extended Brillouin zone scheme 448,

449
Base-centered cubic metals 223
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Baule formula 270
Benzene
– on Ag(110) 633
– on Cu(110) 632
– on Cu(111)
– – EELS spectrum 633, 638, 639
– – peak desorption temperature 631
– – temperature-programmed desorption

637, 638
– electronic structure 631
– molecule packing in hexagonal array 633,

634
– orientation 631
BEP correlation. See Brønsted–Evans–Polanyi
(BEP) correlation

BET isotherm, of multilayer adsorption
19–20

Bilayer model 358
Bistable system 823
Blyholder model, of CO adsorption 531
Boltzmann-Matano method 190
Born–Green–Yvon equations 996–1000
Born–Oppenheimer approximation 263,
1258–1261

– gas-surface interactions, breakdown of
1272–1277

Br/Ni(110) system, facetting for 228, 230
Brønsted–Evans–Polanyi (BEP) correlation
532

Brønsted–Lowry acid–base theory
– formic acid, dissociative adsorption 805
– reconstructed surface, adsorption on

808–809
– ZnO(0001) and ZnO(0001), methanol on

806–808
Br/Pt(110) system, phase transition 230–232
Bulk fluids, integral equations 1004–1009
Bulk NiI2 crystal, atomic structure of 243,
244

1,3-Butadiene
– hydrogenation 505–508
– hydrogen atom precoverage 582, 583
– ideal catalytic process 580
– at 300 K 585
– on Pt(111) 592
– – adsorption energy per molecule/atom

587, 588
– – adsorption modes 586, 587
– – model catalytic hydrogenation studies

581
– – Sn promoter for hydrogenation

590–591, 593
– – thermal evolution, of HREEL spectra

583, 584

– – vibrational spectra 588, 589
– – zero-order kinetics 586
– Pt catalyst performance of 581
– selective hydrogenation scheme 580
– sintered Pt–Ge intermetallic powders 581
Butene isomers
– C=C stretching frequencies 574
– on Pt(111)
– – binding energies 575
– – desorption spectra 576, 577
– – di-σ-mode 579
– – Gibbs free adsorption enthalpy 579
– – H2 desorption states 577, 578
– – HREEL spectra 573, 574
– – monolayer desorption state 576
– – reflection absorption IR spectroscopy

573, 574
– – thermal reactivity 578
– TPR spectra 581, 582

c
Calorimetry
– adsorption 74
– description 73
Calvet-type calorimeters 97–98
Canonical ensemble density functional theory
1136–1139

Capillary condensation
– confined systems 924
– lattice gas analysis 1199–1207
Capillary evaporation 925
Charging procedure 968
Chemicurrent 1274, 1292
Chemisorption 38–41, 392–393
– acid/base properties, experimental probes

804
– Brønsted–Lowry acid–base theory

805–809
– dissociative 804–805
– layer formation, metal halogenation process
– – commensurate–incommensurate phase

transitions 211–223
– – elastic and electronic interactions 208
– – electronically driven phase transitions

230–232
– – reconstructive phase transitions

223–230
– – submonolayer coverage 208–211
– Lewis acid–base theory 801–802
– molecular chemisorption 802–804
Chiral
– crystal modification and surface

reconstruction 733–735
– definition 695
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– ensembles and monolayers, achiral
molecules

– – homochiral vs. heterochiral 713–717
– – symmetry breaking II 710–713
– footprints 705–707
– molecules, chiral surfaces 731–733
Chirality, definition 702–703
Chlorinated Cu(100) surface, STM images of
237, 238

CH4/Ni(111) 1298–1302
Chopped molecular beam experiment 29, 30
Clausius–Clapeyron equation 74
Coinage metal single crystal surfaces
– aromatic hydrocarbons 629, 630
– structural parameters of 629, 630
Collective ad-layer properties
– ad-layer band structures 57–58
– ad-layer structure 52–53
– adsorbate-induced segregation 66–69
– adsorbate-induced substrate restructuring

58–66
– two-dimensional phase transition 53–57
Commensurate–incommensurate phase
transitions

– base-centered cubic metals 223
– face-centered cubic (100) surfaces
– – hollow adsorption case 219–220
– – I/Ni(100 )system 221
– – iodine lattice compression on Cu(100)

220–221
– – preferential adsorption sites 219, 220
– face-centered cubic (110) surfaces
– – Br/Pt(110) system 223
– – domain wall model 222
– – I/Cu(110) system 222
– – preferential adsorption sites 221
– face-centered cubic (111) surfaces
– – Cl/Ag(111) system 214–215
– – Cl/Cu(111) system 211–214
– – crowdions 215–219
– hcp metals 223
– in two dimensions 211
CO molecules on Pt(111) surface
– coverage-dependent measurements

402–404
– spectroscopic identification of 397–400
Competitive adsorption 12
Complete mixing 927
Complete wetting 920
Concentration-dependent diffusion coefficient
191

Confined systems
– interfacial phenomena and surface phase

transitions 924–926

– lattice gas analysis, capillary condensation
1199–1207

– nanoscopic slit-like pores 1207–1214
– phenomenological surface thermodynamics

894–899
Conjugation and aromaticity, semiconductor
surfaces

– functional groups additivity 777–778
– functionalized aromatics 771–775
– heteroaromatics 775–777
CO oxidation on Pt and Pd surfaces 489
– asymmetric site blocking 490
– Langmuir–Hinshelwood type reaction 490
– methodology gap 498–502
– polycrystalline metal foil
– – domain boundaries 497
– – field ion microscopy 497–498
– – grain boundaries 497
– – kinetic phase diagrams 495, 496
– – local kinetic measurements 492–494
– – reaction-induced surface morphology

changes 498
– – surface termination 491
– – UV-PEEM 491, 493
– in technological catalysis 490
– three-way catalytic converters 498
Copper crystal surfaces, structural parameters
629, 630

Coronene (C24H12)
– adsorption on Ag(110)
– – STM image of 682, 683
– – structures of 683, 684
– – two-structure behavior 682
– adsorption on Au(111) 684
– adsorption on Cu(110)
– – DFT calculations 680, 681
– – molecular modelling calculations 680,

681
– – structures of 681
– D6h symmetry 680
Corrugation function 42, 43
Crotonaldehyde 598, 600, 601, 603
– adsorption energies 604
– alloying effects 611–617
– decarbonylation 597
– diffuse reflectance Fourier transform

infrared spectroscopy 599
– 𝜂1-E-(s)-trans-top-OSn structures 611
– interaction and adsorption energies

611–617
– isomers 593, 595
– phase transitions 611
– strong di-σ(CC) interaction 597
– TiO2-supported Pt catalysts 596–597
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Crystalline phases of ice 357
Cube model 1268, 1269, 1284
Curtin and Ashcroft approach 1021–1022
Cycloaddition reactions
– [2 + 2] cycloaddition 766–770
– [4 + 2] processes in competition with [2 + 2]

770–771

d
Dative bonding 763
d-band model 531
Demixing transition 927
Density functional approaches
– canonical ensemble density functional

theory 1136–1139
– Curtin and Ashcroft approach 1021–1022
– density expansions 1012–1013
– expansion of canonical ensemble density

profile 1132–1136
– fundamental measure theory 1025–1032
– inhomogeneous fluids and mixtures
– – adsorption of simple fluids 1066–1088
– – advantage 1065
– – charged chains 1127–1131
– – electrolyte solutions with solid surfaces

and in pores 1098–1110
– – fluid mixtures in pores 1088–1098
– – short-chains with solid surfaces and in

pores 1110–1127
– in isobaric-isothermal ensemble

1139–1143
– local density approximation 1017–1018
– Meister–Kroll–Groot theory 1022–1024
– nonuniform fluids with interparticle

interactions 1033–1065
– perturbation treatment of intermolecular

forces 1013–1017
– square gradient-type approximations

1010–1011
– theory of Kierlik and Rosinberg 1032–1033
– weighted density approach of Tarazona

1018–1021
Density functional theory (DFT) 1257, 1259
– of associating fluids
– – integral equations and perturbation

theory 1035–1038
– – model 1034–1035
– – Segura approach 1038–1041
– – theory of association of Yu and Wu

1041–1043
– calculations 752
– elements of electric double layer theory
– – application of equation of state,

electrolytes 1061–1063

– – fundamentals of density functional
approach 1053–1057

– – reference fluid density approach
1058–1060

– – restricted primitive model 1052–1053
– – theory of electrolytes of Groh, Evans, and

Dietrich 1063–1065
– single-chain simulations 1050–1052
– theory of Yu and Wu 1043–1049
Density functional theory–generalized
gradient approximation (DFT-GGA) level
534–535

Desorption 1256, 1263, 1281–1282
– kinetic order 25–28
– Polanyi–Wigner–equation 23, 25
– rate 23
– thermal desorption spectroscopy
– – CO from ordered Cu3Pt(111) alloy surface

32, 34
– – compensation effect 35–37
– – complications 31–32
– – Cu, Ag, and Au from Ru(0001) surface

32, 33
– – experimental setup 24
– – influence of heating 32, 33
– – lateral interactions 34–35
– – silver from Ru(0001) surface 28, 29
– – simulated 26, 27
– – surface heterogeneity 32, 34
– – Xe from Pt(111) surface 24, 25
Detailed balance 1263–1264
Devil’s staircase 915
Dewar–Chatt–Duncanson model 531
DFT. See Density functional theory (DFT)
DFT-GGA level. See Density functional
theory–generalized gradient approximation
(DFT-GGA) level

Diabatic potential 1262, 1274, 1290
Diastereomers and diastereomeric recognition
724–726

2D ice rules 368
Diels–Alder reaction 771
DIET 1276, 1277
DIMET. See Dynamics induced by multiple
electronic transitions (DIMET)

Dipole selection rule 429
Direct dissociation 1256, 1264–1267
Direct scattering 1282–1283
Disjoining pressure/interfacial tension 891
Dispersion forces 944
Dissipation system 821
Dissociative addition 763–766
Dissociative adsorption 11–12
– formic acid 805
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Dissociative chemisorption 804–805
– atomic hydrogen
– – fundamentals 276–280
– – one-dimensional Lennard–Jones potential

energy diagram 276, 277
– – schematic illustration 275, 276
– – spill-over effect 282
– – spontaneous dissociation 280–282
– – sticking coefficients 280–283
Distribution functions
– charging procedure 968
– direct correlation function 965–966
– inhomogeneous fluids 960–962
– interparticle interactions 963
– many-particle systems 962
– multicomponent systems 969–974
– second-order Ornstein–Zernike integral

equation 967
– variational principle 964
Dynamics
– dissociation 1264–1267
– measurements types 1279–1283
Dynamics induced by multiple electronic
transitions (DIMET) 1277

e
Electric double layer 956
– application of equation of state, electrolytes

1061–1063
– fundamentals of density functional approach

1053–1057
– reference fluid density approach

1058–1060
– restricted primitive model 1052–1053
– theory of electrolytes of Groh, Evans, and

Dietrich 1063–1065
Electrochemical calorimetry 95
– electrochemical heat changes at single

electrodes
– – Calvet-type calorimeters 97–98
– – experimental problems 98
– – Lange’s adiabatic differential calorimeter

97
– – temperature difference, measurement of

96–97
– electrochemical surface reactions
– – cyclic voltammogram 99
– – experimental drawback 100, 101
– – microcalorimeter 100
– – mirage effect 99–100
– – pulse experiments 99
– – sensitivity of heat measurement 99
– – temperature-difference experiments

99

– – thermistor experiments 98
– – working electrode 99
Electrochemical Peltier heat, Lange’s adiabatic
differential calorimeter for 97

Electrochemical single-electrode calorimetry
– entropic effects 113
– entropy changes of electrochemical

reactions
– – in batteries 115
– – electrode–electrolyte interface 114
– – electromotoric force and variation with

temperature 113–114
– – open-cell potential 115
– Peltier heat 112, 113
– submonolayer hydrogen adsorption on

platinized Pt electrode 113
– UHV surface calorimetry 112
Electrolytes
– application of equation of state 1061–1063
– solutions with solid surfaces and in pores

1098–1110
– theory of Groh, Evans, and Dietrich

1063–1065
Electron characteristics
– of alkali and alkaline-earth elements 157,

158
– of rare-earth elements 159, 160
Electron–core interaction 549
Electron current manipulation 1386–1388
– experimental aspects 1388–1393
– inelastic tunneling electron manipulation

1393–1404
– molecule chemistry with 1404–1406
– single molecule chemistry with 1406–1417
Electron donating defects 813–815
Electronically driven phase transitions
230–232

Electronic friction 270, 1273, 1274, 1277
Electronic structure–reactivity correlations
532

Electropositive adlayers
– lateral interactions of adatoms and structure

169
– – cesium onW(110) surface, adsorption

energy of 171
– – 2D condensation phenomenon 172, 173
– – density functional approach 173
– – dipole–dipole interaction 170
– – first-order phase transition 172
– – incommensurate structures 175
– – LEED technique 174
– – manifestations 174–175
– – scanning tunneling microscopy 175
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Electropositive adlayers (contd.)
– – Sr adatom structure on W and Mo 171,

172
– – S-shaped dependence 172
– – substrate-mediated lateral interactions

174
– – surface electronic states 176
– metallization 185
– Mg-Mo(112) system, photoelectron

emission 188
– monopole and multipole surface plasmons

187
– multipole plasmons, resonance excitation of

186–187
– nonlinear optical effects 197
– nonmetal–metal transitions
– – on dielectrics 189
– – vs. metallization 185
– – photoemission yield 186
– – quantum yield of photoelectrons 186
– phase diagram 200
– phase transitions 176–181
– photoelectron spectroscopy of adsorbed

xenon 164, 165
– plasmon excitations 188
– on semiconductors 182–185
– surface diffusion 189–193
– surface drift in nonhomogeneous electric

fields
– – description 193–194
– – direction dependence 195
– – field emission microscopy 193
– – polarizability 196
– – semiconductor tips 196
– surface potential
– – argon and krypton 165
– – local perturbations 164
– – xenon adatom 164–165
– surface properties
– – alkali metal adsorption on graphite 198
– – chemisorption 196
– – electron enrichment of solid surface 197
– – graphane substrate 198
– – graphene oxide 199
– – graphene substrate 198
– – positive ion sources 197
– – second-harmonic generation 197
– work function 165
– – atomic structure, role of 169
– – close-packed monolayer 168
– – degree of coverage 166
– – Friedel oscillations 167
– – jellium model 166–167
– – metallicity 167

– – surface Green function method 167
Eley–Rideal chemistry 1256, 1296–1297
Eley–Rideal mechanism 531
Ellipsomicroscopy for surface imaging (EMSI)
827–832

Enantiomers, definition 695
Energetics of hydrogen adsorption and
desorption 286

– adsorption energy
– – coverage dependence 292–295
– – low-coverage limit 287–292
– multilayer relaxation 295
– subsurface hydrogen 298–300
– surface reconstruction 296–298
– surface relaxation 295–296
Energy transfer 1256, 1257, 1267
Ensemble effect 406
Entropy, electrochemical systems 73
Equilibrium heat of adsorption. 901
Ethene
– bonding on Pt(111)
– – IRAS studies 541
– – NEXAFS 540
– – 𝜋 (CC) ethene formation 540
– – STM 541–542
– – vibrational spectroscopies 541
– di-σ and π-ethene 548–557
– – calculated adsorption energies for

550–551
– – C–H stretching frequency 552
– – computed adsorption energies 551
– – computed vibrational frequencies

555–556
– – geometry optimizations 550
– – HREELS spectra 548–549, 551–556
– – periodic DFT approach 549
– – projector-augmented wave method 549
– – Pt2Sn(111) surface 555
– – Pt–Sn surface alloys 554
– – Redhead analysis 549
– – slabs 549–550
– on Pt(111) 539–540
– – ethylidyne vibrational modes on 553
– on Pt-based surfaces
– – C–H bond formation and dissociation

mechanisms 546
– – C2-surface intermediates 546
– – dehydrogenation pathways 546–547
– – DFT studies 542
– – Gibbs free energy 545
– – Horiuti–Polanyi mechanism 547
– – hydrogenation pathways 543, 546–547
– – Pt–Sn alloy surfaces 545–546
– – slab models 545
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– – studies on cluster models 543
– – surface relaxations 544–545
– on Pt2Sn(111) 539–542
– on Pt3Sn(111) 539–542
– TPD, TPRS, and reaction studies 535–539
– vibrational properties and adsorption

energies 557–567
– – on Cu(111) 564, 565
– – Cu3Pt(111) surface 559, 560, 563
– – Cu(111) surface 559
– – energy decomposition scheme 562
– – geometric parameters 558
– – HREEL spectra 559–560
– – interaction energies 561, 563, 564, 566
– – I/V-LEED 566
– – molecular deformation energy 561
– – molecule–surface bond 562
– – net adsorption energy 567
– – 𝜈 (C–C) stretch and 𝛿s (CH2) deformation

modes 559
– – 𝜋-ethene 567
– – 𝜋𝜎 parameter 557
– – on Pt(111) 564, 565
– – surface deformation energy 561
– – surface–molecule stretching vibration

558
– – surface relaxation and perturbation 561
Ethylene hydrogenation 502–505
Ethylidyne, decomposition of 547
Excursus, surface state 1323–1324
External forcing, using capillary arrays
872–876

f
Face-centered cubic (100) surfaces
– commensurate–incommensurate phase

transitions
– – hollow adsorption case 219–220
– – I/Ni(100)system 221
– – iodine lattice compression on Cu(100)

220–221
– – preferential adsorption sites 219, 220
– reconstructive phase transitions,

halogen-induced 224
Face-centered cubic (110) surfaces
– commensurate–incommensurate phase

transitions
– – Br/Pt(110) system 223
– – domain wall model 222
– – I/Cu(110) system 222
– – preferential adsorption sites 221
– reconstructive phase transitions,

halogen-induced 227–230
Face-centered cubic (111) surfaces

– commensurate–incommensurate phase
transitions

– – Cl/Ag(111) system 214–215
– – Cl/Cu(111) system 211–214
– – crowdions 215–219
– reconstructive phase transitions,

halogen-induced
– – Br/Ag(111) system 224
– – LT-STM image 224, 225
– – Moiré-like superstructures 225–227
Femtochemistry 1277, 1306
Fermi’s Golden rule 428
Fick’s laws 3
Fluctuation relations 976–977
Fluid mixtures in pores 1088–1098
Fowler–Guggenheim isotherm 13–15
Franck–Condon principle 425
Frank–van der Merwe (FvdM) model 53,
131–133, 232

Frenkel–Kontorova model 131–133
Freundlich isotherm 13
Frontier orbital model 531
Functioning model catalysts
– cryogenic temperature 470
– polarization-modulation infrared reflection

absorption spectroscopy 471
– pressure gap 470, 471
– in situ spectroscopy 471
– sum frequency generation 471
– surface composition 471
– surface-sensitive studies 471–472
– surface spectroscopy/microscopy,

experimental setup for 472–474
– UHV investigations 470
Fundamental measure theory (FMT)
1025–1032

g
Gas-surface interactions
– experimental overview 1277
– – Ar/Pt(111) 1283–1286
– – CH4/Ni(111) 1298–1302
– – dynamics measurements types

1279–1283
– – H2/Cu(111) 1292–1296
– – H/Cu(111) 1291–1292
– – H+H–Cu(111) 1296–1298
– – NO/Ag(111) and NO/Au(111)

1286–1291
– – O2/Pt(111) 1302–1306
– – techniques 1278–1279
– theoretical overview 1257–1258
– – Born–Oppenheimer approximation

1258–1261, 1272–1277
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Gas-surface interactions (contd.)
– – detailed balance 1263–1264
– – dissociation dynamics 1264–1267
– – GenericPES topologies 1261–1263
– – lattice coupling 1267–1272
GenericPES topologies 1261–1263
Gibbs adsorption equation 892
Global coupling 835
Gold crystal surfaces, structural parameters
629, 630

Graphene 198
– water adsorption on
– – adsorption of water monomers 383
– – description 382
– – local carrier concentration 382
– – metal-supported graphene 383–384
Graphene oxide 199
Green’s functions method 1328–1329
Gurney model
– adsorption bond in electronegative

adsorbates 162–163
– electrostatic charge image model

160–161
– Helmholtz formula 162
– ionization energy of an atom 159–160
– potential energy diagram, for free and

adsorbed atom 159, 161
– valence energy level broadening

161–162

h
Halide growth, metal halogenation process
– heteroepitaxial growth 232
– layer-by-layer growth of thin films 232
– LEED measurements 233
– nucleation of halide 237–239
– for semiconductor systems 232
– surface halides 233–237
– thin halide films, atomic structure of

240–244
Hammond–Leffler postulate 619
Hard sphere model of fcc(210) surface 65
HBC. See Hexabenzocoronene (HBC)
hcp metals, commensurate–incommensurate
phase transitions 223

H2/Cu(111) 1292–1296
H/Cu(111) 1291–1292
Heat
– of adsorption 20–22
– of evaporation 909
– of sublimation 909
Helium atom scattering (HAS) method
306–307, 360

Helmholtz formula 162

Henry isotherm 11
Heterochiral 702
– homochiral vs. 713–717
Heterogeneous catalysis
– adsorption energy in 73
– confined oscillations 864–868
– ellipsomicroscopy for surface imaging

827–832
– external forcing using capillary arrays

872–876
– initiation of double metastable states

868–870
– low-energy electron microscopy 827
– mass spectrometry 824
– molecular beam 862
– nonlinear dynamics
– – bistability 823
– – excitability 823
– – monostability 823
– – oscillatory state 824
– – reaction-diffusion system 822
– – self-organization 821
– – spatial coupling mechanisms on metal

surfaces 822
– pattern formation (see Spatial-temporal

pattern formation)
– photoemission electron microscope

825–827
– reflection anisotropy microscopy

827–832
– relative flux distribution 864, 865
– schematic diagram 863
– surface modification 870–872
– work function 824–825
Hexabenzocoronene (HBC) 688
– on Au(111)
– – deposition and film growth of 686
– – molecular orientation models and STM

images of 686, 687
– – photoelectron diffraction images 685
– on Cu(111)
– – intermolecular spacing 686
– – photoelectron diffraction images 685
– LEED and STM study 685
Hexagonal ice (ice Ih) 357
H+H–Cu(111) 1296–1298
Higher mono-olefines. See Butene; Propenes
Highly symmetric adsorption sites 394
High-resolution core level spectra, Rh3d5∕2
spin–orbit component 50, 51

High-resolution electron energy loss
spectroscopy (HREELS) 767

High-resolution XPS spectra, CO adsorbed on
Pt(111) 47
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High-surface-area model catalysts
– compositional changes 469
– metal–support interaction 469–470
– oxide-supported nanoparticles,

structural/compositional changes of 468
– surface restructuring 468–469
Hittorf reference plane 80
Homochiral
– adsorbates 717–719
– vs. heterochiral 713–717
HOMO–LUMO gap 1325
Horiuti–Polanyi mechanism 531
Hot atom (HA) 1270, 1292, 1297
Hot electrons
– from dynamics 1273–1275
– dynamics from 1275–1277
HREELS spectra
– CO adsorbed on Cu3Pt(111) surface 48
– CO adsorbed on Pt(111) surface 47–48
Hydride types 261
Hydrogen
– atom
– – Pauling electronegativity 260
– – physical and chemical properties 260
– – production 262
– – stationary Schrödinger equation 259
– Born–Oppenheimer approximation 263
– chemisorbed hydrogen phases, structure of

305
– – adsorbed phases with long-range order

313–318
– – bond lengths 306
– – coordination number 306
– – helium atom scattering 306–307
– – LEED method 306
– – local H–metal adsorption complex

307–312
– – phase transitions 318–323
– – STM experiments 307
– – vibrational spectroscopy 307
– chemisorption
– – definition 264, 266
– – theories 340–346
– coverage 264
– discovery 256
– embrittlement 304
– energetics (see Energetics of hydrogen

adsorption and desorption)
– interaction kinetics/dynamics 263
– on metal surfaces, adsorption of 530
– molecular hydrogen
– – atomic mass 257
– – dissociation 262
– – electronic charge distribution 256–258

– – geometrical size 256
– – in industry and technology 259
– – nuclear spins 258
– – physical and chemical properties 256,

257
– – quantum delocalization 258
– molecular sticking coefficient on Ru(0001)

surface 269
– multiparticle interaction 263
– physisorption 265
– role of 255
– single-particle interaction 263
– stationary Schrodinger equation 263
– subsurface hydrogen 298–300
– surface diffusion
– – atom diffusion parameters 305
– – history 302–303
– – quantum delocalization 303
– – small size 303–304
– – tunneling effects 303
– surface vibrations of adsorbed hydrogen

328, 332
– – asymmetric stretch 327
– – HREELS 324–326
– – impact scattering 325–326
– – infrared reflection–absorption

spectroscopy 324
– – optical infrared spectroscopy 324
– – site symmetry and vibration modes 326,

327
– – symmetric stretch 327
– – vibrational frequency 323
– – vibrational modes, selection of 327,

329–331
– UV-photoemission and work function

effects 332–340
Hydrogenation, of olefins 531
Hydrostatic approximation 987–990

i
Impingement rate 395
Incomplete wetting 920
Independent electron surface hopping (IESH)
1275, 1291

Industrial-grade heterogeneous catalysts 459
Inhomogeneous fluids
– distribution functions 960–962
– integral equations 1004–1009
– and mixtures
– – adsorption of simple fluids 1066–1088
– – advantage 1065
– – charged chains 1127–1131
– – electrolyte solutions with solid surfaces

and in pores 1098–1110
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Inhomogeneous fluids (contd.)
– – fluid mixtures in pores 1088–1098
– – short-chains with solid surfaces and in

pores 1110–1127
Integral equations
– Born-Green-Yvon equations 996–1000
– density expansions 982–983
– hydrostatic approximation 987–990
– inhomogeneous fluids 1004–1009
– for multicomponent fluids 1000–1001
– potential expansions 980–982
– second-order theories 990–996
– singlet integral equations for local density

983–986
– sum rules for density profiles 1001–1004
Interface depinning transition 924
Interfacial phenomena and surface phase
transitions

– confined systems 924–926
– liquid-vapor interface 906
– liquid-vapor phase diagrams 911–912
– mixture 926–931
– monolayers 912–920
– multilayers and wetting 920–924
– roughening transition 907
– system free energy 908
Intermolecular pairwise forces 942
Interparticle interactions models
– dispersion forces 944
– intermolecular pairwise forces 942
– permanent charge interactions 948–949
– short-range forces 943–944
– short-range repulsive and dispersion

interactions 944–948
Intrinsically chiral molecules, self-assembly
– diastereomers and diastereomeric

recognition 724–726
– homochiral adsorbates 717–719
– racemic mixtures 719–724
Inverse model catalysts 463, 465
Irreversible adsorption 76, 77
Isosteric heat 74
– of adsorption 20, 902, 903

j
Jump diffusion coefficient 191

k
Kinetics 1255, 1264
– thermal 1279–1280
– and thermodynamic factors 760–763
Kisliuk model 15–19, 396
Krischer, Eiswirth, Ertl (KEE) model 837

l
Lange’s adiabatic differential calorimeter
97

Langmuir behavior 395
Langmuir–Hinshelwood mechanism 531,
1256, 1296

– type reaction 490
Langmuir isotherm
– assumptions 9
– atomic and associative adsorption

9–11
– competitive adsorption 12
– dissociative adsorption 11–12
Laser-induced desorption experiments, Xe and
Kr on Pt(111) 146

Laser state to state techniques 1278
Lattice coupling 1267–1270
– in dissociation dynamics 1271–1272
Lattice gas analysis, capillary condensation
phenomena 1199–1207

Layering transitions. 922
Leading edge method 28
LEED. See Low-energy electron diffraction
(LEED)

LEIS experiments. See Low-energy alkali ion
scattering (LEIS) experiments

Lennard-Jones (LJ) 1262, 1281
– potentials 37, 38, 945
Lewis acid–base theory 801–802
Linear Brønsted–Evans–Polanyi (BEP)
correlation 532

Linear mono-olefins. See Ethene
Lippman equations 957
Liquid–air and solid–liquid interface, chiral
expression 738

Local density, singlet integral equations
983–986

Local gas dosing system
– confined oscillations 864–868
– external forcing using capillary arrays

872–876
– initiation of double metastable states

868–870
– molecular beam 862
– relative flux distribution 864, 865
– schematic diagram 863
– surface modification 870–872
Local reactant dosing
– using 2×1 capillary array 872–874
– using 2×2 capillary array 874–876
Long-range forces 942
Lorentz–Berthelot mixing rules 946
Low-energy alkali ion scattering (LEIS)
experiments 534
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Low-energy electron diffraction (LEED) 533
– issue of 360
Low-energy electron microscopy (LEEM)
827

m
Maleic anhydride reactions 769
Manipulation
– and basic manipulation modes, STM

1354–1359
– electron current 1386–1388
– – experimental aspects 1388–1393
– – inelastic tunneling electron manipulation

1393–1404
– – molecule chemistry with 1404–1406
– – single molecule chemistry with

1406–1417
– vertical
– – with particle transfer to tip 1381–1384
– – wire formation 1384–1386
Meister–Kroll–Groot theory 1022–1024
Metal halogenation process 207
– chemisorbed layer formation
– – commensurate–incommensurate phase

transitions 211–223
– – elastic and electronic interactions 208
– – electronically driven phase transitions

230–232
– – reconstructive phase transitions

223–230
– – submonolayer coverage 208–211
– halide growth
– – heteroepitaxial growth 232
– – layer-by-layer growth of thin films 232
– – LEED measurements 233
– – nucleation of halide 237–239
– – for semiconductor systems 232
– – surface halides 233–237
– – thin halide films, atomic structure of

240–244
– thick halide films 244–245
Metal–organic frameworks (MOFs) 198
Metal oxide surfaces
– bulk structure 796–797
– chemisorption
– – acid/base properties, experimental probes

804
– – Brønsted–Lowry acid–base theory

805–809
– – dissociative 804–805
– – Lewis acid–base theory 801–802
– – molecular chemisorption 802–804
– O2 adsorption 812
– physisorption 800–801

– point defects 809–810
– – electron donating defects 813–815
– – oxygen vacancies 810–813
– polarity 797
– polarity compensation, MgO(111) system

797–799
– study of 794–796
– water adsorption on 813–825
– – MgO 380–381
– – water dissociation 379
Metal-supported graphene, water adsorption
on 383–384

Methanol steam reforming (MSR)
– Cu-ZnO catalyst 475
– description 475
– Pd-ZnO catalyst
– – aberration-corrected HRTEM 477
– – ambient-pressure catalysis 484, 485
– – Auger electron spectroscopy 482
– – CO adsorption 481–482, 488–489
– – CO2-selective multilayer alloy 487–488
– – formation/decomposition, of PdZn

surface alloy 481
– – HRTEM images 475, 476
– – LEIS measurements 482, 483
– – near-ambient-pressure XPS spectra 486
– – Pd 3d and valence band results 486, 487
– – PdZn multilayer and monolayer

484–486
– – PdZn surface alloy preparation 478
– – quick-EXAFS 476, 477
– – structural changes 477
– – structure and composition 476
– – XPS 478–480
– selectivity 474, 475
MgO, water adsorption on 380–381
Micromechanical calorimeter 89
Mirage effect 99–100
Missing-row (MR) model 181
Mixtures
– binary fluid phase diagrams 927–928
– complete and partial mixing 926
– critical end point 927–929
– critical temperatures 927
– demixing transition 926
– and inhomogeneous fluids
– – adsorption of simple fluids 1066–1088
– – advantage 1065
– – charged chains 1127–1131
– – electrolyte solutions with solid surfaces

and in pores 1098–1110
– – fluid mixtures in pores 1088–1098
– – short-chains with solid surfaces and in

pores 1110–1127
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Mixtures (contd.)
– interfacial phenomena 931
– phase diagram topology 929–930
– pressure–temperature phase diagrams 928
– tricritical point 929
– wetting behavior 931
Model catalysis/model surface science
approach 530

Model surface science approach 530
Modulated beam relaxation spectroscopy
(MBRS) 29–31

Molar heat of adsorption 78
Molecular beams 1278, 1280
Molecular chemisorption 802–804
Molecular chirality, at surfaces
– absolute configuration and stereodescriptors

699–702
– achiral molecules, chiral ensembles and

monolayers
– – homochiral vs. heterochiral 713–717
– – symmetry breaking II 710–713
– achiral surfaces, self-assembly of

intrinsically chiral molecules
– – diastereomers and diastereomeric

recognition 724–726
– – homochiral adsorbates 717–719
– – racemic mixtures 719–724
– chiral crystal modification and surface

reconstruction 733–735
– chirality, definition 702–703
– chiral molecules, chiral surfaces 731–733
– liquid–air and solid–liquid interface, chiral

expression 738
– stereochemistry, historical development

697–699
– switching handedness 735–737
– symmetry breaking I
– – adsorption-induced chirality 703–704
– – chemical reactions 707–708
– – chiral footprints 705–707
– – oblique alignment 704–705
– – parity eigenstates perturbation 708–710
– symmetry breaking II 710–713
– symmetry breaking III 726–731
Molecular dynamics method, adsorption
1150–1152

Molecular dynamics with electronic frictions
(MDEF) 1274, 1277

Molecular hydrogen
– associative adsorption on surfaces
– – closed-shell entity 267
– – dissociative chemisorption 271
– – elastic and direct inelastic scattering 267

– – energetics and kinetics of hydrogen
physisorption 271–275

– – physisorption 269–270
– – reaction channels 267–268
– – transient trapping 267, 268
– atomic mass 257
– dissociation 262
– electronic charge distribution 256–258
– geometrical size 256
– in industry and technology 259
– interaction mechanism 263
– multiparticle interaction 263
– nuclear spins 258
– physical and chemical properties 256, 257
– quantum delocalization 258
– single-particle interaction 263
Molecule–surface interaction 532
Monolayer
– adsorption isotherms 913–914, 918
– commensurate phases and order-disorder

phase transitions 1164–1186
– devil’s staircase 915
– domain wall 916–917
– herringbone ordered structure 916–917
– incommensurate and high-order

commensurate phases 915–916
– krypton condensation adsorbed on MgO

919–920
– lattice unit cell symmetries, fcc crystals

913–914
– phase diagram 913
Monolayer adsorption, isotherms of
– Fowler–Guggenheim isotherm 13–15
– Kisliuk model 15–19
– Langmuir isotherm
– – assumptions 9
– – atomic and associative adsorption 9–11
– – competitive adsorption 12
– – dissociative adsorption 11–12
– Temkin isotherm 12–13
Monopole and multipole surface plasmons
187

Monostable system 823
Monte Carlo method, adsorption 1144–1150
Morse potential 946
MSR. See Methanol steam reforming (MSR)
Multicomponent fluids, integral equations
1000–1001

Multicomponent systems, distribution
functions 969–974

Multilayers
– application of computer simulations
– – adsorption isotherm 1186–1187
– – bulk phase diagram 1188–1189
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– – condensation 1186
– – energy distribution function and

adsorption energy 1198
– – finite droplet spreading 1192–1193
– – grand canonical ensemble Monte Carlo

simulations 1190–1191
– – hard spheres 1194–1196
– – hard spherocylinder fluid 1195, 1197
– – layering transitions 1186, 1188
– – pre-freezing 1193
– – prewetting transition 1188, 1190
– – surface phase diagrams 1186–1187
– – wetting transitions 1187
– complete and incomplete wetting 920
– drying transition 924
– interface depinning transition 924
– intermediate substrate regime 922
– layering transitions 922
– roughening temperature 922
– strong substrate regime 921
– thin-thick film transition 923
– weak substrate regime 924
– wetting transition 921

n
Na+ ion covered diamond nanopaticle, for
tumor therapy 199

Nanoscopic slit-like pores 1207–1214
Naphthalene
– on Ag (111)
– – IR spectra 638, 639
– – near-edge X-ray absorption fine structure

639–640
– on Cu (111)
– – increasing adsorption energy 637
– – ordered structures 636, 637
– – temperature-programmed desorption

637, 638
Near-edge X-ray absorption fine structure
(NEXAFS) 767

Negative electron affinity (NEA) photoemitters
184, 185

Ni3Al(111) surface
– chemical order 67
– high temperature exposure 68
– oxide film growth structural model 67, 68
– STM image
– – after oxidation 67
– – Al-oxide film growth 68, 69
NO/Ag(111) 1286–1291
NO/Au(111) 1286–1291
Non-activated dissociative adsorption 266
Non-adiabatic 1272–1274

Noncontact atomic force microscopy
(nc-AFM) 360

Nonlinear dynamics
– bistability 823
– excitability 823
– monostability 823
– oscillatory state 824
– reaction-diffusion system 822
– self-organization 821
– spatial coupling mechanisms on metal

surfaces 822
Nonmetallic surfaces, water adsorption on
– graphene
– – adsorption of water monomers 383
– – description 382
– – local carrier concentration 382
– – metal-supported 383–384
– metal oxides
– – MgO 380–381
– – water dissociation 379
– sodium chloride 381–382
Nonmetal–metal (NM) transitions,
electropositive adlayers

– on dielectrics 189
– vs. metallization 185
– photoemission yield 186
– quantum yield of photoelectrons 186
Nonuniform fluids with interparticle
interactions 1033–1065

Novaco–McTague rotation 142
Nucleation of halide 237–239

o
Olefins
– Dewar–Chatt–Duncanson model for 531
– hydrogenation of 531
One-dimensional water chains on Cu(110)
369–370

O2/Pt(111) 1302–1306
Ortho-hydrogen 258, 259
Oscillatory system 824
Oxygen-adsorption
– metal oxide surfaces 812
– surface core level spectroscopy 50
Oxygen vacancies 810–813

p
Para-hydrogen 258, 259
Paratartaric acid 698
Parity eigenstates perturbation 708–710
Partially dissociated water structures on
Ru(0001) 370–371

Partially hydrogenated semiconductor surfaces
781–786
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PAWmethod. See Projector-augmented wave
(PAW) method

Pentacene
– adsorption on Ag(111) 658–659
– on Ag(110) 660–661
– on Au(100) 667–669
– on Au(110) 665–667
– on Au(111) 661–665
– on Cu(110)
– – equivalent structure 653
– – low-density structure 654
– on Cu(111) 654–657
– deposition on Ag(111) 659
Permanent charge interactions 948–949
Perylene (C20H12)
– on Ag(110)
– – high-density structure model 677, 678
– – LEED/STM investigations 675–676
– – STM image 677, 678
– – structures 676
– on Ag(111) 674–675
– on Au(110) 678–680
– on Cu(100)
– – c(8×4) structure 674
– – DFT calculations 673
– – at room temperature 672
– on Cu(110)
– – molecular orbital calculations 671
– – striped phase, STM image of 671
– – structures of 670
– description 669
Phase diagrams
– interfacial phenomena and surface phase

transitions 911–912
– mixtures 929–930
– monolayers 913
– multilayers and wetting phenomena

1186–1189
– surface thermodynamics, evaluation of 941
Phase transitions, in electropositive adlayers
– annealing 181
– antisolitons 177, 178
– commensurate structures 176
– incommensurate adlayers 178
– misfit dislocations/solitons 177, 178, 180
– second-order transitions 177
– strict long-range order 178–179
– structure transitions within first monolayer

176
– thermal disordering process 179
Phenomenological surface thermodynamics
– adsorption phenomena 884–886
– of confined systems 894–899
– for excess quantities 889–894

– phases 899–906
– surface excess quantities 886–889
Photochemistry 1276
Photoelectron spectroscopy of adsorbed xenon
(PAX) 164, 165

Photoemission electron microscope (PEEM)
825–827

Physisorption 392–393, 800–801
– adsorbed xenon atoms 44–45
– atomic adsorption with 38, 39
– vs. chemisorption 40
– van der Waals interactions 37
Piezos 1318
Point defects 809–810
– electron donating defects 813–815
– oxygen vacancies 810–813
Polanyi–Wigner equation 75
Polarity 797
– compensation, MgO(111) system 797–799
– metal oxides 799
Polyaromatic hydrocarbons on coinage metal
surfaces

– acene series
– – anthracene 640–643
– – coronene 680–684
– – hexabenzocoronene 685–688
– – naphthalene 636–640
– – pentacene 653–669
– – perylene 669–680
– – size and shape, of unit cells 635, 636
– – tetracene 643–652
– benzene 631–634
Potential energy functions
– interparticle interactions models
– – dispersion forces 944
– – intermolecular pairwise forces 942
– – permanent charge interactions 948–949
– – short-range forces 943–944
– – short-range repulsive and dispersion

interactions 944–948
– molecules-solid substrates interactions

949–958
– surface-mediated interactions 958–959
Potential energy surface (PES) 1257, 1259
Precursor-mediated dissociation 1256, 1264,
1267

Prenal (3-methyl-2-butenal) 593, 595, 596
– adsorption and interaction energies

611–617
– alloying effects 611–617
– increased Pauli repulsion 612, 613
– minimum-energy reaction pathway 607
– Pt(111)
– – desorption states 600
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– – HREEL spectra 600–602
– – vs. Pt(553) surface, hydrogenation 597
– – SFG vibrational spectroscopy 597
– – TPRS experiments 600
– Pt80Fe20 (111) bulk alloy surface 604
– on Pt3Sn(111) and Pt2Sn(111) alloy films

607–611
Pressure tensor 977–979
Prewetting transition 923
Pristine graphene 382
Prochiral, definition 695
Projector-augmented wave (PAW) method
549

Propenes
– adsorption energy on PtxSny(111) 572
– interaction energies 572, 573
– on Pt(111)
– – dehydrogenation channel 568
– – HREEL spectra 569, 571
– – hydrogenation mechanism 570, 572
– – molecular desorption 568, 570
– – reversible chemisorption 568
– – TPRS studies 568, 569
Proton disorder 357
Pseudoracemate 720
Pt2Sn(111) surface alloys 534
Pt3Sn(111) surface alloys 534

q
Quantum delocalization 258
Quasi hexagonal Ir(100) surface
reconstruction 58, 59

r
Racemate 698
Racemic mixtures 719–724
Rare-earth elements, electron characteristics
of 159, 160

Rare gas adsorption
– adsorption energies 135, 137–138
– analytical tools 130
– Ar on Cu(110), island trapping and sticking

probability 135, 136
– desorption energies and kinetics 138–140
– 2D heat of condensation 138
– diffusion kinetics 146
– Einstein mode determination 147
– electronic structure
– – binding energies 144–145
– – photoemission spectroscopy of adsorbed

Xe 145
– – Topping formula 144
– – Xe on Pt(110)-(1×2)-H 145
– first-order desorption kinetics 139–140

– Frenkel–Kontorova model 131–133
– He-atom scattering 130
– Kr on exfoliated graphite, adsorption

isotherm for 128, 129
– Landolt–Börnstein database 127
– lattice dynamics 147, 148
– photoemission of adsorbed xenon 127
– preferential adsorption sites 143
– rare gas interaction on surfaces
– – holding potential 133, 134
– – hybridization role 134
– – intrinsic surface electronic states

134–135
– – surface corrugation 134
– scanning probe techniques 130
– sticking probability 135
– structure and phase diagram
– – Xe on graphite 140, 141
– – Xe on Pt(111) 142–143
– surface mobility determination 146
– trapping efficiency 135
– two-dimensional phase diagram 128, 129
– Xe atom manipulation on Ni(110) surface

130, 131
Rare gas interaction on surfaces
– holding potential 133, 134
– hybridization role 134
– intrinsic surface electronic states 134–135
– surface corrugation 134
Reconstructive phase transitions,
halogen-induced 223

– face-centered cubic (100) surfaces 224
– face-centered cubic (110) surfaces

227–230
– face-centered cubic (111) surfaces
– – Br/Ag(111) system 224
– – LT-STM image 224, 225
– – Moiré-like superstructures 225–227
Redhead approximation 28
Reference fluid density approach 1058–1060
Reflection anisotropy microscopy (RAM)
827–832

Relative coverage 393
Restricted primitive model (RPM)
1052–1053

Reversible adsorption 76, 77

s
SCAC. See Single-crystal adsorption
calorimetry (SCAC)

Scaling theory 937–941
Scanning tunneling microscope (STM)
– advantage of 1320
– Ag(111) image 1320
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Scanning tunneling microscope (STM) (contd.)
– Ag(100), oxygen atoms images 1321
– bulk dislocations (BDs) 1320
– constant current mode 1319
– Cu(111) images 1323
– electron current manipulation 1386–1388
– – experimental aspects 1388–1393
– – inelastic tunneling electron manipulation

1393–1404
– – molecule chemistry with 1404–1406
– – single molecule chemistry with

1406–1417
– experimental aspects 1318–1323
– – surface state 1323–1324
– – theoretical background 1324–1325
– feedback loop 1319
– historical remarks 1316–1317
– H2O cluster 1323
– interpretation 1321
– manipulation and basic manipulation modes

1354–1359
– para-chloronitrobenzene 1322
– physical investigations, artificial structures
– – magnetic structures 1431–1437
– – quantum corrals 1417–1423
– – small chain and island structures,

electronic properties of 1423–1431
– – thin insulating film manipulation

1437–1445
– scanning tunneling spectroscopy
– – experimental aspects 1333–1335
– – theoretical background 1331–1333
– Si(001) surface 764, 765
– soft lateral manipulation, tip particle forces
– – large molecules 1369–1381
– – pulling, pushing, and sliding of atoms and

small molecules 1359–1369
– spectroscopy with 1329–1331
– standing waves 1321
– vertical manipulation
– – with particle transfer to tip 1381–1384
– – wire formation 1384–1386
– vibrational spectroscopy 1335–1336
– – experimental aspects 1336–1340
– – theoretical background 1340–1353
Scanning tunneling microscopy (STM) 707
– appearance 736
– experimental aspects 1333–1335
– inelastic electron tunneling spectroscopy

1329
– methyl group position 709–710
– mirror domains for corannulene on Cu(110)

711
– oligophenylene derivatives 719

– P-[7]H structures 721
– pinwheel assembly, pentacene on Bi(111)

713
– theoretical background 1331–1333
– tip forming 1332
Scattering
– atomic/molecular 1282–1283
– lattice coupling in 1267–1270
Second Kelvin relation 83
Second-order Ornstein–Zernike integral
equation 967

Second-order theories 990–996
Self-assembly, intrinsically chiral molecules
– diastereomers and diastereomeric

recognition 724–726
– homochiral adsorbates 717–719
– racemic mixtures 719–724
Self-organization 821
Semiconductors, electropositive adlayers on
– catalytic reactions 184
– Cs and Ba adlayers on Si(111)7 × 7, 184
– K on Si(100)2 × 1
– – adsorption energy 183
– – charge-transfer region 184
– – energy diagram 182, 183
– – perturbation of electrostatic potential

183
– – Schottky barrier 183
– – surface states 182
– – work function 182
– negative electron affinity photoemitters

184, 185
Semiconductor surfaces, adsorption
– chemomechanical functionalization, silicon

surfaces 778–781
– organic and organometallic reactions

756–760
– partially hydrogenated semiconductor

surfaces 781–786
– reactive sites on
– – conjugation and aromaticity 771–778
– – cycloaddition reactions 766–771
– – dative bonding 763
– – dissociative addition 763–766
– – group IV semiconductors 750–754
– – II–VI vs. III–V semiconductors 754–756
– use of kinetic and thermodynamic factors

760–763
Short-chains with solid surfaces and in pores
1110–1127

Short-range forces 943–944
Short-range repulsive and dispersion
interactions 944–948
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Silicon surfaces, chemomechanical
functionalization 778–781

Silver crystal surfaces, structural parameters
629, 630

Simple fluids, adsorption 1066–1088
Single-chain simulations, density functional
theories 1050–1052

Single-crystal adsorption calorimetry (SCAC)
74

– with infrared detector 89–91
– with pyroelectric contact detector 91
– – Campbell design 93
– – gas adsorption on planar model catalysts

94, 95
– – polymer sample setup 92
– – single-crystalline sample setup 92
Singlet integral equations, for local density
983–986

Small droplets 885
Smoluchowski effect 168
– electron smoothing 54
Sodium chloride (NaCl), water adsorption on
381–382

Soft lateral manipulation, tip particle forces
– large molecules 1369–1381
– pulling, pushing, and sliding of atoms and

small molecules 1359–1369
Solid–electrolyte interface, modern
calorimetry 75

Solid–gas interfaces
– adsorption energy measurement
– – equilibrium thermodynamics 76
– – temperature-programmed desorption

75–76
– adsorption of molecules 101–103
– energetics of reaction intermediates

103–105
– energy differences between two solid surface

phases 109–110
– metal adsorption on oxides and organic

materials 105–109
– particle-size-dependent adsorption energies

110–112
– thermodynamic considerations 77
– – adsorption enthalpy 78
– – constant-volume UHV apparatus 76
– – degrees of freedom 79–80
– – integral heat of adsorption 78
– – molar heat of adsorption 78
– – sticking probability 76
Solid–liquid interfaces
– electrochemical Peltier effect
– – Bouty’s first measurement 83, 84
– – Eastman’s entropy of transfer 81, 82

– – historical conception of 83–85
– – Hittorf reference plane 80
– – Hittorf transference numbers 81
– – Peltier heat 81, 82
– – theoretical explanation 80
– – Thomson’s second relation 83
– – transported entropy 82
– heat evolution at single electrodes 80
– irreversible heat effects 85–86
Spatial coupling mechanisms, on metal
surfaces 822

Spatial-temporal pattern formation
– asymmetric adsorption 836
– CO spiral formation 838, 839
– evolution of spirals 832–833
– global coupling 835
– global forcing via gas-phase 850–862
– local control of surface reactions 847–580
– O2 annihilation 837–838
– PEEM image sequence 834
– reconstruction model, schematic diagram

836–837
– spiral waves attached to surface defect

832–833
– standing waves 835
– subsurface oxygen on Pt 843–847
– temperature patterns 838–843
Spectroscopic identification, of adsorbates
– CO molecules on Cr(110) surface 400
– CO molecules on Pt(111) surface
– – high-resolution electron energy loss

spectroscopy 399
– – IR spectroscopy 397–398
– – X-ray photoelectron spectroscopy

399–400
– N2 molecule 400–401
– oxygen molecule on Pt(111) surface 400
Spill-over effect 282
Square gradient-type approximations
1010–1011

Standing waves 835
Statistical surface thermodynamics
– elements of scaling theory 937–941
– interfacial phenomena and surface phase

transitions
– – confined systems 924–926
– – liquid-vapor interface 906
– – liquid-vapor phase diagrams 911–912
– – mixture 926–931
– – monolayers 912–920
– – multilayers and wetting 920–924
– – roughening transition 907
– – system free energy 908
– phase diagram evaluation 941
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Statistical surface thermodynamics (contd.)
– phenomenological thermodynamics
– – adsorption phenomena 884–886
– – confined systems 894–899
– – surface excess quantities 886–889
– – surface phases 899–906
– – thermodynamic relations for excess

quantities 889–894
– potential energy functions
– – interparticle interactions models

942–949
– – molecules-solid substrates interactions

949–958
– – surface-mediated interactions 958–959
– theory of phase transitions and critical

phenomena 931–937
Statistical thermodynamics of interfaces
959–960

– distribution functions
– – charging procedure 968
– – direct correlation function 965–966
– – inhomogeneous fluids 960–962
– – interparticle interactions 963
– – many-particle systems 962
– – multicomponent systems 969–974
– – second-order Ornstein–Zernike integral

equation 967
– – variational principle 964
– fluctuation relations 976–977
– internal energy 975
– pressure tensor 977–979
– thermodynamic potential 974
Stereochemistry, historical development
697–699

Stereodescriptors, absolute configuration and
699–702

Sticking coefficient 5, 395, 396, 1278
– CO on Pd(111) surface 7, 8
– definition 4
– determination 7, 8
– nonequilibrium conditions 6
Sticking probability/coefficient
– definition 265
Stranski–Krastanov mode
– growth 53
– mechanism 175
– on Pt(111) 533
Strong metal support interaction (SMSI) 463
Structure and phase diagram
– rare gas adsorption
– – Xe on graphite 140, 141
– – Xe on Pt(111) 142–143
Subsurface hydrogen 298–300

Sum frequency generation (SFG) selection
rules 360–361

Supported nanoparticle model catalysts
– atomic-layer deposition 467
– electron beam lithography 467
– Pd-Al2O3/NiAl(110) model catalysts

465–467
Surface alloys 533
Surface and interface chemistry studies,
primary goals in 529

Surface crystallography 704
Surface diffusion
– continuum model 301
– description 300–301
– of electropositive adsorbates
– – Boltzmann–Matano method 190
– – concentration-dependent diffusion

coefficient 191
– – coverage dependence, Li, Sr, Dy, and Cu

on Mo(112) 190
– – heterogeneous systems 191
– – kinetic factor/jump diffusion coefficient

191
– – soliton diffusion mechanism 192–193
– – surface potential corrugation 189
– Fickian diffusion coefficient 301
– of hydrogen
– – atom diffusion parameters 305
– – history 302–303
– – quantum delocalization 303
– – small size 303–304
– – tunneling effects 303
– temperature dependence 302
Surface excesses
– adsorption isotherms 889, 890
– definition 886
– quantities 886–889
– thermodynamic relations 889–894
Surface halides
– Cl/Ag(111) system 233–235
– Cl/Au(111) system 235–236
– Cl/Pt(110) system 236–237
– I/Cu(111) system 235
Surface ionization 157
Surface-mediated interactions 958–959
Surface melting 907
Surface microcalorimetry
– on single crystals 115–116
– thermodynamic principles of
– – solid–gas interfaces 75–80
– – solid–liquid interfaces 80–86
Surface mobility determination, rare gas
adsorption 146

Surface oscillator model (SOM) 1271
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Surface phases 899–906
Surface pressure 891
Surface reactions
– ellipsomicroscopy for surface imaging

827–832
– forcing through local gas dosing
– – confined oscillations 864–868
– – external forcing using capillary arrays

872–876
– – initiation of double metastable states

868–870
– – molecular beam 862
– – relative flux distribution 864, 865
– – schematic diagram 863
– – surface modification 870–872
– low-energy electron microscopy 827
– mass spectrometry 824
– photoemission electron microscope

825–827
– reflection anisotropy microscopy 827–832
– spatial-temporal pattern formation
– – asymmetric adsorption 836
– – CO spiral formation 838, 839
– – evolution of spirals 832–833
– – global coupling 835
– – global forcing via gas-phase 850–862
– – local control 847–580
– – O2 annihilation 837–838
– – PEEM image sequence 834
– – reconstruction model, schematic diagram

836–837
– – spiral waves, on surface defect 832–833
– – standing waves 835
– – subsurface oxygen on Pt 843–847
– – temperature patterns 838–843
– work function 824–825
Surface reconstruction, by alkali adsorbates
181–182

Surface residence time 265
Surface science methodology, catalyst
modeling with

– active site control 459
– agglomerated ZnS crystals, SEM image of

508, 509
– 1,3-butadiene hydrogenation 505–508
– CO oxidation on Pt and Pd surfaces 489
– – asymmetric site blocking 490
– – Langmuir–Hinshelwood type reaction

490
– – in technological catalysis 490
– ethylene and hydrogenation 502–505
– functioning model catalysts
– – cryogenic temperature 470

– – polarization-modulation infrared
reflection absorption spectroscopy
471

– – pressure gap 470, 471
– – in situ spectroscopy 471
– – sum frequency generation 471
– – surface composition 471
– – surface-sensitive studies 471–472
– – surface spectroscopy/microscopy,

experimental setup for 472–474
– – UHV investigations 470
– high-surface-area model catalysts
– – compositional changes 469
– – metal–support interaction 469–470
– – oxide-supported nanoparticles,

structural/compositional changes of
468

– – surface restructuring 468–469
– inverse model catalysts 463, 465
– metal–oxide interface examination 463,

465
– Pd-Al2O3 catalyst 460–461
– PdZn system for methanol steam reforming

474–489
– single-crystal surfaces of noble/transition

metals 464
– – adsorption/desorption experiments 463
– – density functional theory 463
– – finite size effects 462
– – microscopic methods 463
– – strength 461
– – structural homogeneity 462–463
– supported nanoparticle model catalysts
– – atomic-layer deposition 467
– – electron beam lithography 467
– – Pd-Al2O3/NiAl(110) model catalysts

465–467
Surface selection rule 325
Surface thermodynamics
– adsorption phenomena 884–886
– confined systems 894–899
– for excess quantities 889–894
– phases 899–906
– surface excess quantities 886–889
Switching handedness 735–737
Symmetry breaking I
– adsorption-induced chirality 703–704
– chemical reactions 707–708
– chiral footprints 705–707
– oblique alignment 704–705
– parity eigenstates perturbation 708–710
Symmetry breaking II 710–713
Symmetry breaking III 726–731
Symmetry selection rules
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Symmetry selection rules (contd.)
– benzene on Ni(110)
– – angle-resolved UPS spectra of 438, 441
– – benzene with symmetry elements 438
– – dilute benzene layer 438, 442
– – molecular symmetries of benzene 438,

440–441
– – saturated c(4 × 2) benzene layer

442–444
– CO on Ni(100) surface 431–432
– dilute ethylene layer on Ni(110) surface

433, 435–436
– dipole selection rule 429
– ethylene on Ni(110) surface 432–434
– for perpendicularly oriented CO 429–431
– for point group C2v 429–431
– saturated c(2 × 4) ethylene layer 436–438

t
Temkin isotherm 12–13
Temperature-programmed desorption (TPD)
74–75, 800

– experiments 548–549
– spectroscopy vs. TP-XPS 360
Temperature-programmed X-ray
photoelectron spectroscopy (TP-XPS) vs.
TPD spectroscopy 360

Tersoff–Hamann theory, tunneling current
1326–1328

Tetracene
– on Ag(110) 647–649
– on Ag(111) 644
– – ordered structures 645
– – thermal desorption behavior 646
– on Au(111) 643
– on Cu(110)
– – LEED and STM results 650, 651
– – p(11×2) structure modifications 651,

652
– – STM image 649
Theory of phase transitions and critical
phenomena 931–937

Thermal desorption spectroscopy (TDS)
– CO from ordered Cu3Pt(111) alloy surface

32, 34
– compensation effect 35–37
– complications 31–32
– Cu, Ag, and Au from Ru(0001) surface 32,

33
– experimental setup 24
– influence of heating 32, 33
– lateral interactions 34–35
– oxygen from Pt(111) 49
– silver from Ru(0001) surface 28, 29

– simulated 26, 27
– surface heterogeneity 32, 34
– Xe from Pt(111) surface 24, 25
Thermal kinetics 1279–1280
Thermodesorption spectrum, chlorine
adsorption on Cu(100) surface 207, 208

Thick halide films 244–245
Thin halide films, atomic structure of
– iodine on Ag(100)
– – atomic-resolution STM image 240, 241
– – DFT calculation 242
– – Fourier transformed image 241
– – sandwich-like model 242
– – STM images 240
– nickel iodide film on Ni(111)
– – Moiré-like pattern 242–243
– – STM images 242, 243
Tip forming 1332
TPD experiments. See
Temperature-programmed desorption
(TPD)

Transfer Hamiltonian method 1325–1326
Transition-state theory (TST) 278, 1258
Trapping coefficient 1256, 1269
Tricritical point 929

u
UHV adsorption calorimeter 87–88
UHV surface calorimetry 112
UV-photoemission spectra
– CO adsorbed on Pd(111) surface 46
– oxygen adsorption on gallium film 49, 50

v
van der Waals (vdW)
– forces 944
– interactions 1260
– potential 944–945
Vertical manipulation
– with particle transfer to tip 1381–1384
– wire formation 1384–1386
Vibrational de-excitation 1275, 1277, 1279,
1290

Vibrational excitation 1265, 1277, 1283, 1288
Vibrational spectroscopy 1335–1336
– experimental aspects 1336–1340
– theoretical background 1340–1353
Viedma ripening 738
Volmer–Weber growth 53

w
Water adsorption
– bilayer model 358
– coadsorption 359
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– helium atom scattering 360
– high-resolution electron energy loss

spectroscopy 360, 361
– ice-like bilayer structure 368, 369
– low-energy electron diffraction 360
– metal oxide surfaces 813–825
– multilayer adsorption 375
– – hydrophobicity/hydrophilicity 376
– – thin ice films on Cu(111) 377–379
– – thin ice films on Pt(111) 377
– noncontact atomic force microscopy 360
– on nonmetallic surfaces 379–385
– one-dimensional water chains on Cu(110)

369–370
– orientations of water molecules 367, 368
– partially dissociated water structures on

Ru(0001) 370–371
– sum frequency generation selection rules

360, 361
– temperature-programmed X-ray

photoelectron spectroscopy 360
– two-dimensional ice rule 368
– water film preparation 358–359
– water hexamers 366–367
– water monomer on close-packed metal

surface
– – adsorption energies 362–363
– – binding energy 362
– – diffusion mechanism and dimer formation

364–366
– – structure 361
– – vibrational spectroscopy 363
– water–oxygen interaction 359
– wetting layers 371–372
– – on Pt(111) surface 373–374
– – on Ru(0001) surface 374–375
– X-ray adsorption spectroscopy 360
– X-ray photoelectron spectroscopy 360
Weak metal support interaction (WMSI)
470

Wedler’s spherical thin-film adsorption
calorimeter 86–87

Weighted density approach of Tarazona
1018–1021

Well-defined model catalysts 532–535
Well-defined mono-and bimetallic model
catalyst surfaces 532, 533

Wentzel–Kramers–Brillouin (WKB)
approximation 1325

Wetting layers 371–372
– on Pt(111) surface 373–374
– on Ru(0001) surface 374–375

Wetting phenomena
– application of computer simulations
– – adsorption isotherm 1186–1187
– – bulk phase diagram 1188–1189
– – condensation 1186
– – energy distribution function and

adsorption energy 1198
– – finite droplet spreading 1192–1193
– – Grand canonical ensemble Monte Carlo

simulations 1190–1191
– – hard spheres 1194–1196
– – hard spherocylinder fluid 1195, 1197
– – layering transitions 1186, 1188
– – pre-freezing 1193
– – prewetting transition 1188, 1190
– – surface phase diagrams 1186–1187
– – wetting transitions 1187
– complete and incomplete wetting 920
– drying transition 924
– interface depinning transition 924
– intermediate substrate regime 922
– layering transitions 922
– roughening temperature 922
– strong substrate regime 921
– thin-thick film transition 923
– weak substrate regime 924
– wetting transition 921
Wetting transition 921
Work function values
– vs. Ba adatom onW(112) surface 157, 160
– vs. Cs adatom onW(110) and (100) surface

157, 159
– electropositive adlayers 165
– – atomic structure, role of 169
– – close-packed monolayer 168
– – degree of coverage 166
– – Friedel oscillations 167
– – jellium model 166–167
– – metallicity 167
– – surface Green function method 167
– vs. Li on Mo(110) 169
– polycrystalline surfaces 157, 158
– surface reactions 824–825
– W(112) surface 159

x
XPD experiments. See X-ray photoelectron
diffraction (XPD) experiments

X-ray adsorption spectroscopy (XAS) 360
X-ray photoelectron diffraction (XPD)
experiments 534

X-ray photoelectron spectroscopy (XPS) 360
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