Chapter 5

References

• K Aashamar, T M Luke & J D Talman, Atomic Data and Nuclear Data Tables 22, 443 (1978) • Hideaki Aizawa & Shinji Tsuneyuki, First-principles study of CO bonding to Pt (111): validity of the Blyholder model, Surface Science Letters (399), 364 (1998) • Ali Alavi, Peijun Hu, Thierry Deutsch, Pier Luigi Silvestrelli & Jürg Hutter, CO Oxidation on Pt (111): An Ab Initio Density Functional Theory Study, Physical Review Letters 80, 3650 (1998) • C O Almbladh & U von Barth, Physical Review B 31, 3231 (1985) • J A Alonso & L A Girifalco, Solid State Communications 24, 135 (1977) • J A Alonso & L A Girifalco, Physical Review B 17, 3735 (1978) • K Altenburg, H Bosch, J Van Ommen & P J Gellings, Journal of Catalysis 66, 326 (1980) • J B Anderson, International Reviews in Physical Chemistry, 14 85 (1995) • T A Arias, M C Payne & J D Joannopoulos, Physical Review Letters 69, 1077 (1992) • T Aruga, H Tochihara & Y Murata, Structure and transitions of K mono-layers on Cu (001), Surface Science 158, 490 (1985); Two-dimensional condensation of K ad-atoms on Cu (001), Surface Science Letters 175, 725 (1986); Valence-electronic structure of potassium adsorbed on Cu (001) deduced from work-function change and electron-energy-loss spectroscopy, Physical Review B 34, 8237 (1986) • N Ashcroft & Mermin, Solid State Physics, Harcount Brace College Publishers, Fort Worth (1976) • G B Bachelet, D R Hamann & M Schlüter, Physical Review B 26, 4199 (1982) • Paul S Bagus & Gianfranco Pacchioni, The contribution of metal sp electrons to the chemisorption of CO:

theoretical studies of CO on Li, Na and Cu, Surface Science 278, 427 (1992) • A D Becke, Density-functional exchange-energy approximation with correct asymptotic behaviour, Physical Review A 38, 3098 (1988) • A D Becke, Density functional thermochemistry: III The role of exact exchange, Journal of Chemical Physics 98, 5648 (1993) • A D Becke, Density functional thermochemistry: IV A new dynamical correlation functional and implications for exact-exchange mixing, Journal of Chemical Physics 104, 1040 (1996) • Lennart Bengtsson, Physical Review B 59, 12 301 (1999) • Peter E Blöchl, PhD Thesis, Universität Stuttgart 1989 • Peter E Blöchl, O Jepsen & O K Andersen, Improved tetrahedron method for Brillouin zone integrations, Physical Review B 49, 16 223 (1994) • H Bludau, M Gierer, H Over & G Ertl, A low-energy electron diffraction analysis of the ( √ 3 × √ 3)R30^∘ structure of molecular nitrogen adsorbed on Ru (0001), Chemical Physics Letters 219, 452 (1994)

CHAPTER 5. REFERENCES

• H Bludau, H Over, T Hertel, M Gierer & G Ertl, Structural aspects of cesium-oxygen phases on Ru (0001), Surface Science 342, 134 (1995) • George Blyholder, Molecular Orbital View of Chemisorbed Carbon Monoxide, The Journal of Physical Chemistry 68, 2772 (1964) • M Bockstedte, A Kley, J Neugebauer & M Scheffler, Density functional theory calculations for poly-atomic systems: Electronic structure, static and elastic properties and ab initio molecular dynamics, Computational Physics Communications 107, 187 (1997) • M Boero, M Parrinello & K Terakura, First principles molecular dynamics study of Ziegler-Natta heterogeneous catalysis, Journal of the American Chemical Society 120, 2746 (1998) • H B Bonzel, G Pirug & C Ritke, Adsorption of H2O on alkali-metal-covered Pt (111) and Ru (0001): A systematic comparison, Langmuir 7, 3006 (1991) • A Böttcher, A Morgante, R Grobecker, T Greber & G Ertl, Singlet-to-triplet conversion of meta-stable He atoms at alkali-metal over-layers, Physical Review B 49, 10 607 (1994) • A Böttcher, H Niehus, S Schwegmann, H Over & G Ertl, CO oxidation reaction over oxygen-rich Ru (0001) surfaces, Journal of Physical Chemistry B, 101, 11 185 (1997) • J Braun, K L Kostov, G Witte & Ch Wöll, CO over-layers on Ru (0001) studied by helium atom scattering:

Structure, dynamics and the influence of Co-adsorbed H and O, Journal of Chemical Physics 106, 8262 (1997) • G Brodén, G Gafner & H P Bonzel, Surface Science 84, 295 (1979) • Karl D Brommer, B E Larson, M Needels & J D Joannopoulos, Implementation of the Car-Parrinello algorithm for ab initio total energy calculations on a massively parallel computer, Computers in Physics 7, 350 (1993) • Kieron Burke, John P Perdew & Mel Levy, Nonlocal Density Functionals for Exchange and Correlation:

Theory and Applications, in Modern Density Functional Theory: A Tool for Chemistry, Editors J M Seminario & P Politzer, Elsevier, Amsterdam 1995 • D M Bylander & Leonard Kleinman, Good semiconductor band gaps with a modified local-density approximation, Physical Review B 41 7868 (1990) • J Callaway & N H March, Density functional methods: Theory and applications, Solid State Physics 38, 135 (1984) • R Car & M Parrinello, Unified Approach for Molecular Dynamics and Density-Functional Theory, Physical Review Letters 55, 2471 (1985) • W J Carr, Jr, Energy, specific heat and magnetic properties of the low-density electron gas, Physical Review 122, 1437 (1961) • W J Carr & Maradudin, Ground-state energy of a high-density electron gas, Physical Review A 133, 371 (1964) • D M Ceperley & B J Alder, Ground State of the Electron Gas by a Stochastic Method, Physical Review Letters 45, 566 (1980) • D Ceperley & B Alder, Quantum Monte Carlo, Science 231, 555 (1986) • D M Ceperley & L Mitas, Quantum Monte Carlo Methods in Chemistry, in New Methods in Computational Quantum Mechanics: Advances in Chemical Physics, XCIII, Editors I Prigogine and S A Rice, 1996 • D J Chadi, Special points for Brillouin-zone integrations, Physical Review B 16, 1746 (1977) • D J Chadi & M L Cohen, Special Points in the Brillouin Zone, Physical Review B 8, 5747 (1973) • C Julian Chen, Tunnelling matrix elements in three-dimensional space: The derivative rule and the sum rule, Physical Review B 42, 8841 (1990)

• C Julian Chen, Corrugation reversal in scanning tunnelling microscopy, Journal of Vacuum Science and Technology B 12, 2193 (1994) • L J Clarke, I Štich & M C Payne, Large-scale ab initio total energy calculations on parallel computers, Computer Physics Communications 72, 14 (1992) • Renato Colle & Oriano Salvetti, Approximate Calculation of the Correlation Energy for the Closed Shells, Theoretica Chimica Acta (Berlin) 37, 329 (1975) • Renato Colle & Oriano Salvetti, Theoretica Chimica Acta (Berlin) 53, 55 (1979) • H Conrad, G Ertl & J Küppers, Surface Science 76, 323 (1978) • S L Cunningham, Special points in the two-dimensional Brillouin zone, Physical Review B 10, 4988 (1974) • R Davis, R Toomes, D P Woodruff, O Schaff, V Fernandez, K-M Schindler, Ph Hofmann, K-U Weiss, R Dippel, V Fritzsche & A M Bradshaw, Quantitative structural study of the co-adsorption of CO and K on Ni (111) using photoelectron diffraction, Surface Science 393, 12 (1997) • R Davis, D P Woodruff, O Schaff, V Fernandez, K-M Schindler, Ph Hofmann, K-U Weiss, R Dippel, V Fritzsche & A M Bradshaw, Structure Determination of an Alkali Metal-CO Co-adsorption Phase: Ni (111)- K/CO, Physical Review Letters 74, 1621 (1995) • D R Diehl & R McGrath, Current progress in understanding alkali metal adsorption on metal surfaces, Journal of Physics: Condensed Matter 9, 951 (1997) • P A M Dirac, Note on exchange phenomena in the Thomas atom, Proceedings of the Cambridge Philosophical Society 26, 376 (1930) • D L Doering & S Semancik, Surface Science 175, L730 (1986) • P A Dowben, Determining the Bonding Orientation of Molecular Adsorbates on Metal Surfaces by Angle- Resolved Photoemission, Zeitschrift für Physikalische Chemie 202, 227 (1997) • R M Dreizler & E K U Gross, Density Functional Theory, An Approach to the Quantum Many-Body Problem, Springer-Verlag Berlin Heidelberg, 1990 • E Engel, A Facco Bonetti, S Keller, I Andrejkovics & R M Dreizler, Relativistic optimised potential method:

Exact transverse exchange and Møller-Plesset-based correlation potential, Physical Review A 58, 964 (1998) • G E Engel & W E Pickett, Investigation of density functionals to predict both ground-state properties and band structures, Physical Review B 54, 8420 (1996) • E Engel & S H Vosko, Fourth-order gradient corrections to the exchange-only energy functional: Importance of ∇^2n contributions, Physical Review B 50, 10 498 (1994) • Gerhard Ertl, Elementary Steps in Ammonia Synthesis: The Surface Science Approach, in Catalytic Ammonia Synthesis, Editor J R Jennings, Plenum, New York (1991), page 109 • Gerhard Ertl, H Knözinger & J Weitkamp, Handbook of Heterogeneous Catalysis, VCH, Weinheim (1997) • W R Fehlner & S H Vosko, Canadian Journal of Physics 55, 2041 (1977) • P J Feibelman, J E Houston, H L Davis & D G O’Neill, Relaxation of the clean, Cu- and AH-covered Ru (0001) surface, Surface Science 302, 81 (1994) • S Fichtner-Endruschat, V De Renzi, A Morgante, S Schwegmann, H Bludau, R Schuster, A Böttcher & H Over, Electronic properties of Cs+CO co-adsorbed on the Ru (0001) surface, Journal of Chemical Physics 108, 774 (1998) • A Filippetti, David Vanderbilt, W Zhong, Yong Cai & G B Bachelet, Chemical Hardness, Linear Response and Pseudo Potential Transferability, Physical Review B 52, 11 793 (1995)

CHAPTER 5. REFERENCES

• A Filippetti, A Satta, David Vanderbilt & W Zhong, Hardness Conservation as a New Transferability Criterion: Application to Fully Nonlocal Pseudo Potentials, International Journal of Quantum Chemistry 61, 421 (1997) • M Fuchs & M Scheffler, Ab initio pseudo potentials for electronic structure calculations of poly-atomic systems using density-functional theory, submitted for publication (1998) • J C Fuggle, M Steinkilberg & D Menzel, Angular Dependence of UV Photoemission Spectra from Clean Ru(001) and from Adsorbed Oxygen and CO, Chemical Physics 11, 307 (1975) • Peter Fulde, Electron Correlations in Molecules and Solids, Springer-Verlag Berlin Heidelberg (1991) • R Gáspár, Über dine approximation des Hartree-Fock schen potentials durch eine universelle potential funktion, Acta Physica Academiae scientiarum Hungaricae 3, 263 (1954) • M Gell-Mann & K A Brueckner, Physical Review 106, 364 (1957) • M Gierer, H Bludau, H Over & G Ertl, The bending mode vibration of CO on Ru (0001) studied with low-energy electron-diffraction, Surface Science 346, 64 (1996) • M Gierer, H Over, H Bludau & G Ertl, Structural properties of ordered alkali metal over-layers: a LEED analysis of the Ru (0001)-( √ 3× √ 3R30^∘-Li phase in comparison with related systems, Surface Science 337, 198 (1995) • M J Gillan, Calculation of the vacancy formation energy in aluminium, Journal of Physics: Condensed Matter 1, 689 (1989) • Xavier Gonze, Peter Käckell & Matthias Scheffler, Ghost states for separable, norm-conserving, ab initio pseudo potentials, Physical Review B 41, 12 264 (1990) • Xavier Gonze, Roland Stumpf & Matthias Scheffler, Analysis of separable potentials, Physical Review B 44, 8503 (1991) • Andreas Görling & Mel Levy, Exact Kohn-Sham scheme based on perturbation theory, Physical Review A 50, 196 (1994) • E K U Gross & R M Dreizler, Gradient expansion of the Coulomb exchange energy, Zeitschrift der Physik A 302, 103 (1981) • O Gunnarsson & R O Jones, Total-energy differences: Sources of error in local-density approximations, Physical Review B 31 7588 (1985) • O Gunnarsson, M Jonson & B I Lundqvist, Exchange and Correlation in Inhomogeneous Electron Systems, Solid State Communications 24, 765 (1977) • O Gunnarsson, M Jonson & B I Lundqvist, Descriptions of exchange and correlation effects in inhomogeneous electron systems, Physics Review B 20, 3136 (1979) • F Gygi, Adaptive Riemannian Metric for Plane-Wave Electronic-Structure Calculations, Europhysics Letters 19, 617 (1992) • D R Hamann, Generalised norm-conserving pseudo potentials, Physical Review B 40, 2980 (1989) • D R Hamann, M Schlüter & C Chiang, Norm-Conserving Pseudo Potentials, Physical Review Letters 43, 1494 (1979) • B Hammer, L B Hansen & J K Nørskov, Improved adsorption energetics within density functional theory using revised PBE functionals, accepted for publication in the Physical Review B (1999) • B Hammer, Y Morikawa & J K Nørskov, CO Chemisorption at Metal Surfaces and Over-layers, Physical Review Letters 76, 2141 (1996) • B Hammer, K W Jacobsen & J K Nørskov, Role of nonlocal exchange correlation in activated adsorption Physical Review Letters 70, 3971 (1993)

• Bjørk Hammer, Matthias Scheffler, Karsten W Jacobsen & Jens K Nørskov, Multi-dimensional potential energy surface for H2 dissociation over Cu (111), Physical Review Letters 73, 1400 (1994) • B L Hammond, W A Lester Jr & P J Reynolds, Monte Carlo Methods in ab initio Quantum Chemistry, World Scientific, Singapore (1994) • A Harju, B Barbiellini, S Siljamäki, R M Nieminen & G Ortiz, Stochastic Gradient Approximation: An Efficient Method to Optimise Many-Body Wave Functions, Physical Review Letters 79, 1173 (1997) • P He, H Dietrich & K Jacobi, Lateral interaction of CO chemisorbed on Ru (0001), Surface Science 345, 241 (1996) • P He & K Jacobi, Vibrational analysis of cesium on Ru(0001), Physical Review B 53, 3658 (1996) • Peimo He, Yabo Xu & Karl Jacobi, Vibrational analysis of the (Cs+CO)-(2×2) compound layer on Ru (0001), Journal of Chemical Physics 104, 8118 (1996) • D Hennig, M V Ganduglia-Pirovano & M Scheffler, Ad-layer core-level shifts of ad-metal mono-layers on transition-metal substrates and their relation to the surface chemical reactivity, Physical Review B 53, 10 344 (1996) • F Herman, J P van Dyke & I B Ortenburger, Physical Review Letters 22, 807 (1969) • P Hohenberg & W Kohn, Inhomogeneous Electron Gas, Physical Review 136, B864 (1964) • M A van Hove, Another unusual adsorption site for alkali adsorption on a metal, found by automated tensor LEED on a notebook computer: Rh (111)-( √ 3 × √ 3)R30^∘-Na, Surface Review and Letters 1, 9 (1994) • J Hrbek, Adsorption of cesium on Ru (0001), Surface Science 164, 139 (1985) • P Hu, D A King, S Crampin, M-H Lee & M C Payne, Gradient corrections in density functional theory calculations for surfaces: CO on Pd (110), Chemical Physics Letters 230, 501 (1995) • Jürg Hutter, Hans Peter Lüthi & Michele Parrinello, Electronic structure optimisation in plane-wave-based density functional calculations by direct inversion in the iterative subspace, Computational Materials Science 2, 244 (1994) • Jürg Hutter, Mark E Tuckerman & Michele Parrinello, Integrating the Car-Parrinello equations. III. Techniques for ultra-soft pseudo potentials, Journal of Chemical Physics 102, 1302 (1995) • K Jacobi, H Shi, H Dietrich & G Ertl, Adsorbate-induced electronic modification of Cs over-layers on Ru(0001), Surface Science 331-333, 69 (1995) • K Jacobi, H Shi, M Gruyters & G Ertl, Adsorbate-induced electronic modification of alkali-metal overlayers, Physical Review B 49, 5733 (1994) • P Jakob, Dynamics of the C-O Stretch Overtone Vibration of CO/Ru (001), Physical Review Letters 77, 4229 (1996) • P Jakob, Fermi resonance distortion of the Ru-CO stretching mode of CO adsorbed on Ru(001), Journal of Chemical Physics 108 5035 (1998) • O Jepsen & O K Andersen, The Electronic Structure of hcp Ytterbium, Solid State Communications 9, 1763 (1971) • Benny G Johnson, Peter M W Gill & John A Pople, The performance of a family of density functional methods, Journal of Chemical Physics 98, 5612 (1993) • Benny G Johnson, Carlos A Gonzales, Peter M W Gill & John A Pople, A density functional study of the simplest hydrogen abstraction reaction. Effect of self-interaction correction, Chemical Physics Letters 221, 100 (1994) • R O Jones & O Gunnarsson, The density functional formalism, its applications and prospects, Reviews of Modern Physics 61, 689 (1989)

CHAPTER 5. REFERENCES

• Yu-Min Juan & Efthimios Kaxiras, Application of gradient corrections to density-functional theory for atoms and solids, Physical Review B 48, 14 944 (1993) • Tomohiko Kato, Attractive interaction between alkali-metal ad-atoms on metal surfaces, Physical Review B 47, 13 895 (1993) • P Kaukasoina, M Lindroos, P Hu, D A King & C J Barnes, Full structure determination of an alkalimetal/CO co-adsorption phase for Co (1010)-c(2 × 2)-(K+CO), Physical Review B 51, 17 063 (1995) • P Kaukasoina, M Lindroos, G S Leatherman & R D Diehl, Adsorption site change for Cs, Rb or K adsorption on Ag (111), Surface Review and Letters 4, 1215 (1997) • G P Kerker, Non-singular atomic pseudo potentials for solid state applications, Journal of Physics C: Solid State Physics 13, L189 (1980) • Alexander Khein, Analysis of separable non-local pseudo potentials, Physical Review B 51, 16 608 (1995) • Y D Kim, S Wendt, S Schwegmann, H Over & G Ertl, Structural analyses of the pure and cesiated Ru (0001)-(2 × 2)-3O phase, Surface Science 418, 267 (1998) • M P Kiskinova, Surface Science 111, 584 (1981) • M Kiskinova, G Pirug & H P Bonzel, Surface Science 133, 312 (1983) • Leonard Kleinman & D M Bylander, Efficacious Form for Model Pseudo Potentials, Physical Review Letters 48, 1425 (1982) • Alexander Kley, Theoretische Untersuchungen zur Adatomdiffusion auf niederindizierten Oberflächen von GaAs, Doktorarbeit (PhD Thesis), Technische Universität Berlin (1997) • W Kohn & L J Sham, Self-Consistent Equations Including Exchange and Correlation Effects, Physical Review 140, A1133 (1965) • Georg Kresse, Ab initio Molekular Dynamik für flüssige Metalle, Doktorarbeit (PhD Thesis), Technische Universität Wien, 1993 • G Kresse & J Furthmüller, Efficiency of ab initio total energy calculations for metals and semi-conductors using a plane-wave basis set, Computational Materials Science 6, 15 (1996a) • G Kresse, J Furthmüller, Efficient iterative schemes for ab initio total-energy calculations using a planewave basis set, Physical Review B 54, 11 169 (1996b) • H J Kreuzer & S H Payne, in Equilibria and dynamics of gas adsorption on heterogeneous solid surfaces, Editors W Rudzinski, W A Steele and G Zgrablich, Vol. 104, Elsevier (1997) • J B Krieger, Yan Li & G J Iafrate, Construction and application of an accurate local spin-polarised Kohn- Sham potential with integer discontinuity: Exchange-only theory, Physical Review A 45, 101 (1992) • F W Kutzler & G S Painter, Physical Review Letters 59, 1285 (1987) • K Laasonen, F Csajka & M Parrinello, Chemical Physics Letters 194, 172 (1992) • K Laasonen, A Pasquarello, R Car, C Lee & D Vanderbilt, Car-Parrinello molecular dynamics with Vanderbilt ultra-soft pseudo potentials, Physical Review B 47, 10 142 (1993) • J Lahtinen et al, unpublished results (1998) • J Lahtinen, J Vaari & K Kauraala, Adsorption and structure dependent desorption of CO on Co (0001), Surface Science 418, 502 (1998) • J Landskron, W Woritz, B Narloch & D Menzel, Verhandlungen der Deutschen Physikalischen Gesellschaft (VI) 31, 1901 (1996); J Landskron, W Woritz, B Narloch, G Held & D Menzel, Surface Science, to be submitted • N D Lang, Theory of single-atom imaging in the scanning tunnelling microscope, Comments in Condensed Matter Physics 14, 253 (1989)

• N D Lang & W Kohn, Theory of metal surfaces: Charge density and surface energy, Physical Review B 1, 4555 (1970) • N D Lang & W Kohn, Theory of metal surfaces: Work function, Physical Review B (1971) • Chengteh Lee, Weitao Yang & Robert G Parr, Development of the Colle-Salvetti correlation energy formula into a functional of the electron density, Physical Review B 37, 785 (1988) • G Lehmann & M Taut, On the Numerical Calculation of the Density of States and Related Properties, physica status solidi b 54, 469 (1972) • M Levy, International Journal of Quantum Chemistry S23, 617 (1989) • M Levy & J P Perdew, Hellmann-Feynman, virial and scaling requisites for the exact universal density functionals. Shape of the correlation potential and diamagnetic susceptibility for atoms, Physical Review A 32, 2010 (1985) • E H Lieb & S Oxford, International Journal of Quantum Chemistry 19, 427 (1981) • S G Louie, S Froyen & M L Cohen, Physical Review B 26, 1738 (1982) • S Lundqvist & N H March (Editors), Theory of the Inhomogeneous Electron Gas, Plenum Press, New Your and London (1983) • A H MacDonald, Comment on special points for Brillouin zone integrations, Physical Review B 18, 5897 (1978) • Theodore E Madey, The Geometry of CO on Ru (001): Evidence for Bending Vibrations in Adsorbed Molecules, Surface Science 79, 575 (1979) • T E Madey & C Benndorf, Surface Science 164, 602 (1985) • G D Mahan, Many-Particle Physics, Plenum, New York 1981 • K Markert & K Wandelt, The short range of the electronic promoter effect of potassium, Surface Science 159, 24 (1985) • Dominik Marx & Michele Parrinello, Ab initio path-integral molecular dynamics, Zeitschrift der Physik B 95, 143 (1994) • Dominik Marx & Michele Parrinello, Ab initio path integral molecular dynamics: Basic ideas, Journal of Chemical Physics 104, 4077 (1996) • Dietrich Menzel, Comment on Feibelman et al (1994), Surface Science 318, 437 (1994) • Dietrich Menzel, Adsorbate-Induced Global and Local Expansions and Contractions of a Close-Packed Transition Metal Surface, Surface Review and Letters 4, 1283 (1997) • N D Mermin, Physical Review 137 A1441 (1965) • A Messiah, Quantum Mechanics, Volume 1, (North-Holland, Amsterdam, 1974) • M Methfessel, D Hennig & M Scheffler, Trends of the surface relaxations, surface energies and work functions of the 4d transition metals, Physical Review B 46, 4816 (1992) • M Methfessel & A T Paxton, High-precision sampling for Brillouin-zone integration in metals, Physical Rev B 40, 3616 (1989) • G Michalk, W Moritz, H Pfnür & D Menzel, A LEED determination of the structures of Ru (001) and of CO/Ru (001)- √ 3 × √ 3R30^∘, Surface Science 129, 92 (1983) • Lubos Mitas, Electronic structure by quantum Monte Carlo: atoms, molecules and solids, Computer Physics Communications 96, 107 (1996) • H J Monkhorst & J D Pack, Physical Review B 13, 5188 (1976) • B Montanari, P Ballone & R O Jones, Density functional study of molecular crystals: Polyethylene and a crystalline analog of bisphenol-A polycarbonate, Journal of Chemical Physics 108, 6947 (1998)

CHAPTER 5. REFERENCES

• Sam Dylan Moré, Untersuchungen von Absorbaten auf Einkristalloberflächen mittels Beugung niederenergetischer Elektronen, Doktorarbeit (PhD Thesis), Freie Universität Berlin (1998): http://darwin.inf.fu-

berlin.de/1998/14/index.html

• Jens Jørgen Mortensen, A theoretical study of adsorption and dissociation on metal surfaces, PhD thesis, Technical University of Denmark (1998) • Jens Jørgen Mortensen, Bjørk Hammer & Jens K Nørskov, Alkali promotion of N2 dissociation over Ru (0001), Physical Review Letters 80, 4333 (1998) • J J Mortensen, Y Morikawa, B Hammer & J K Nørskov, Density functional calculations of N2 adsorption and dissociation on a Ru (0001) surface, Journal of Catalysis 169, 85 (1997) • V L Moruzzi, J F Janak & A R Williams, Calculated Electronic Properties of Metals, Pergamon, New York (1978) • J E Müller, Theory of the co-adsorption of H2O and CO with K on the Pt (111) surface, in Physics and Chemistry of Alkali Metal Adsorption, Editors H P Bonzel, A M Bradshaw & G Ertl, Elsevier Science Publishers B V (1989); J E Müller, Theory of the co-adsorption of H2O and CO with K on the Pt (111) surface, in The Chemical Physics of Solid Surfaces and Heterogeneous Catalysis, volume 6 page 29, Elsevier, Amsterdam (1993) • F D Murnaghan, Proceedings of the National Academy of Sciences of United States of America 30, 244 (1944) • C Nagl, R Schuster, S Renisch & G Ertl, Regular mixing in a two-dimensional lattice system: The Coadsorption of N and O on Ru (0001), Physical Review Letters 81, 3483 (1998) • B Narloch, G Held & D Menzel, Surface Science 317, 131 (1994) • B Narloch, G Held & D Menzel, Surface Science 340, 159 (1995) • Björn Narloch & Dietrich Menzel, Structural evidence for chemical contributions in the bonding of the heavy rare gases on a close-packed transition metal surface: Xe and Kr on Ru(001), Chemical Physics Letters 270, 163 (1997) • J S Nelson, S J Plimpton & M P Sears, Plane wave electronic structure calculations on a parallel supercomputer, Physical Review B 47, 1765 (1993) • Jörg Neugebauer & Matthias Scheffler, Adsorbate-substrate and adsorbate-adsorbate interactions of Na and K ad-layers on Al (111), Physical Review B 46, 16 067 (1992) • Ralf Neumann & Nicholas C Handy, Higher-order gradient corrections for exchange-correlation functionals, Chemical Physics Letters 266, 16 (1997) • A Nilsson, N Wassdahl, M Weinelt, O Karis, T Wiell, P Bennich, J Hasselström, A Föhlisch, J Stöhr & M Samant, Local probing of the surface chemical bond using X-ray emission spectroscopy, Applied Physics A 65, 147 (1997); A Nilsson, M Weinelt, T Wiell, P Bennich, O Karis, N Wassdahl, J Stöhr & M G Samant, An atom-specific look at the surface chemical bond, Physical Review Letters 78, 2847 (1997) • P Nozieres & D Pines, The Theory of Quantum Liquids. I, Benjamin, New York 1966 • W Oed, B Dötsch, L Hammer, K Heinz & K Müller, Surface Science 375, 91 (1997) • G L Oliver & J P Perdew, Physical Review A 32, 2010 (1985) • G Ortiz & P Ballone, Pseudo potentials for non-local-density functionals, Physical Review B 43, 6376 (1991) • Herbert Over, Crystallographic study of interaction between ad-species on metal surfaces, Progress in Surface Science 58, 249 (1998) • H Over, H Bludau, M Gierer & G Ertl, Structural Properties of Alkali-Metal Atoms Adsorbed on Ru (0001), Surface Review and Letters 2, 409 (1995a)

• H Over, H Bludau, R Kose & G Ertl, Cs and CO co-adsorbed on Ru (0001): low-energy electron diffraction analysis, Surface Science 331-333, 62 (1995b) • H Over, H Bludau, R Kose & G Ertl, Structural analyses of Cs+CO Co-adsorbed on Ru(0001), Physical Review B 51, 4661 (1995c) • H Over, H Bludau, R Kose, S Schwegmann & G Ertl, in preparation (1999) • H Over, H Bludau, M Skottke-Klein, G Ertl, W Moritz & C T Campbell, Low-energy electron-diffraction analysis of the structure of a Cs-O/Ru (0001) co-adsorbate phase, Physical Review B 46, 4360 (1992a) • H Over, H Bludau, M Skottke-Klein, G Ertl, W Moritz & C T Campbell, Coverage dependence of adsorption-site geometry in the Cs/Ru (0001) system: A low-energy electron-diffraction analysis, Physical Review B 45, 8538 (1992b) • H Over, M Gierer, H Bludau & G Ertl, Anisotropic thermal displacements of adsorbed atoms and molecules on surfaces studied by low-energy electron diffraction, Physical Review B 52, 16 812 (1995d) • H Over, W Moritz & G Ertl, Anisotropic Atomic Motions in Structural Analysis by Low Energy Electron Diffraction, Physical Review Letters 70, 315 (1993) • Z Paál, G Ertl & S B Lee, Applied Surface Science 8, 231 (1981) • Gianfranco Pacchioni, Sai-Cheong Chung, Sven Krüger & Notker Rösch, Is CO Chemisorbed on Pt anomalous compared with Ni and Pd? An example of surface chemistry dominated by relativistic effects, Surface Science 392, 173 (1997) • James D Pack & Hendrik J Monkhorst, “Special points for Brillouin-zone integrations” – a reply, Physical Review B 16, 1748 (1977) • R A de Paola, F M Hoffmann, D Heskett & E W Plummer, Adsorption of molecular nitrogen on clean and modified Ru (0001) surfaces: The role of σ bonding, Physical Review B 35, 4236 (1987) • Robert G Parr & Weitao Yang, Density-Functional Theory of Atoms and Molecules, Oxford University Press, Oxford 1989 • S H Payne, H A McKay, H J Kreuzer, M Gierer, H Bludau, H Over & G Ertl, Multilayer adsorption and desorption: Cs and Li on Ru (0001), Physical Review B 54, 5073 (1996) • S H Payne, Jun Zhang & H J Kreuzer, Lattice gas with multiple interactions: isosteric heat and thermal desorption, Surface Science 264, 185 (1992) • M C Payne, J D Joannopoulos, D C Allan, M P Teter & D H Vanderbilt, Molecular dynamics and ab initio total energy calculations, Physical Review Letters 56, 2656 (1986) • Charles H F Peden, Carbon monoxide Oxide Oxidation on Model Single-Crystal Catalysts, in Surface Science of Catalysis: In Situ Probes and Reaction Kinetics, edited by D J Dwyer and F M Hoffman (American Chemical Society, Washington DC, 1992) • J P Perdew, Unified theory of exchange and correlation beyond the local density approximation, in Electronic Structure of Solids ’91, Editors P Ziesche & H Eschrig, Akademie Verlag, Berlin (1991) • John P Perdew, Kieron Burke & Matthias Ernzerhof, Generalised Gradient Approximation Made Simple, Physical Review Letters 77, 3865 (1996); Erratum 78, 1396 (1997); Reply to Comment 80, 891 (1998) • John P Perdew, Kieron Burke & Yue Wang, Generalised gradient approximation for the exchange-correlation hole of a many-electron system, Physical Review B 54, 16 533 (1996) • J P Perdew, J A Chevary, S H Vosko, K A Jackson, M R Pederson, D J Singh & C Fiolhais, Atoms, molecules, solids and surfaces: Applications of the generalised gradient approximation for exchange and correlation, Physical Review B 46, 6671 (1992)

CHAPTER 5. REFERENCES

• John P Perdew, Stefan Kurth, Ales Zupan & Peter Blaha, Accurate Density Functional with Correct Formal Properties: A Step Beyond the Generalised Gradient Approximation, Physical Review Letters 82, 2544 (1999); Erratum, 82, 5179 (1999) • John P Perdew, Robert G Parr, Mel Levy & Jose L Balduz Jr, Physical Review Letters 49, 1691 (1982) • J P Perdew & Y Wang, Physical Review B 33, 8800 (1986) • John P Perdew & Yue Wang, Accurate and simple analytic representation of the electron-gas correlation energy, Physical Review B 45, 13 244 (1992a) • J P Perdew & A Zunger, Physical Review B 23, 5048 (1981) • José M Pérez-Jordá & A D Becke, A density-functional study of van der Waals forces: rare gas diatomics, Chemical Physics Letters 233, 134 (1995) • H Pfnür, P Feulner & D Menzel, The Influence of Adsorbate Interactions on Kinetics and Equilibrium for CO on Ru(001) II. Desorption Kinetics and Equilibrium, Journal of Chemical Physics 79, 4613 (1983) • H Pfnür & D Menzel, The Influence of Adsorbate Interactions on Kinetics and Equilibrium for CO on Ru (0001). I. Adsorption Kinetics, Journal of Chemical Physics (1983) • H Pfnür, D Menzel, F M Hoffmann, A Ortega & A M Bradshaw, High resolution vibrational spectroscopy of CO on Ru (001): The importance of lateral interactions, Surface Science 93, 431 (1980) • Warren E Pickett, Pseudo potential methods in condensed matter applications, Computer Physics Reports 9, 115 (1989) • E I Proynov, A Vela & D R Salahub, Nonlocal Correlation Functional Involving the Laplacian of the Density, Chemical Physics Letters 230, 419 (1994); Erratum 234, 462 (1995) • P Pulay, Molecular Physics 17, 197 (1969) • Péter Pulay, Convergence Acceleration of Iterative Sequences. The Case of SCF Iteration, Chemical Physics Letters 73, 393 (1980) • A M Rappe, K M Rabe, E Kaxiras & J D Joannopoulos, Optimised pseudo potentials, Physical Review B 41, 1227 (1990); Erratum 44, 13 175 (1991) • D K Remler & P A Madden, Molecular dynamics without effective potentials via the Car-Parrinello approach, Molecular Physics 70, 921 (1990) • S Renisch, R Schuster, J Wintterlin & G Ertl, Dynamics of adatom motion under the influence of mutual interactions: O/Ru(0001), Physical Review Letters 82, 3839 (1999) • José A Rodriguez & D Wayne Goodman, Science 257, 897 (1992) • José A Rodriguez & D Wayne Goodman, High-pressure catalytic reactions over sing-crystal metal surfaces, Surface Science Reports 14, 1 (1991) • A Schiffer, P Jakob & D Menzel, Surface Science 389, 116 (1997) • K-M Schindler, Ph Hofmann, K-U Weiss, R Dippel, P Gardner, V Fritzsche, A M Bradshaw, D P Woodruff, M E Davila, M C Asensio, J C Conesa & A R Gonzàlez-Elipe, Journal of Electron Spectroscopy and Related Phenomena 64/65, 75 (1993) • K E Schmidt & M H Kalos, in Monte Carlo Methods in Statistical Physics II, Topics in Current Physics 36, Editor K Binder, Springer, Berlin, Heidelberg (1984) • Rolf Schuster, Peter J Eng & Ian K Robinson, Anomalous coverage behaviour of the Cs-Ag distance on Cs/Ag (110), Surface Science 326, L477 (1995) • K Schwarz, Chemical Physics Letters 57, 605 (1978) • S Schwegmann, A P Seitsonen, H Dietrich, H Bludau, H Over, K Jacobi & G Ertl, The adsorption of atomic nitrogen on Ru(0001): Geometry and energetics, Chemical Physics Letters 264, 680 (1997)

• S Schwegmann, A P Seitsonen, V De Renzi, H Dietrich, H Bludau, M Gierer, H Over, K Jacobi, M Scheffler & G Ertl, Oxygen adsorption on the Ru (10¯10) surface: Anomalous coverage dependence, Physical Review B 57, 15 487 (1998) • Alexander Seidl, Elektronische Struktur von Halbleitern im Rahmen einer verallgemeinerten Kohn-Sham- Theorie, Doktorarbeit (PhD Thesis), Technische Universität München (1995) • A Seidl, A Görling, P Vogl, J A Majewski & M Levy, Generalised Kohn-Sham schemes and the band-gap problem, Physical Review B 53, 3764 (1996) • F Sette, J Stöhr, E B Kollin, D J Dwyer, J L Gland, J L Robbins & A L Johnson, Na-Induced Bonding and Bond-Length Changes for CO on Pt (111): A Near-Edge X-Ray-Absorption Fine-Structure Study, Physical Review Letters 54, 935 (1985) • L J Sham Approximations of the exchange and correlation potentials, in Computational Methods in Bond Theory, Editors P J Marcus, J F Janak & A R Williams, Plenum, New York 1971 • H B Shore, J H Rose & E Zaremba, Physical Review B 15, 2858 (1977) • David J Singh, Weighted density approximation ground state studies of solids, Physical Review B 48, 14 099 (1993) • C Stampfl, S Schwegmann, H Over, M Scheffler & G Ertl, Structure and stability of a high-coverage (1 × 1) oxygen phase on Ru(0001), Physical Review Letters 77, 3371 (1996) • C Stampfl, H J Kreuzer, S H Payne, H Pfnür & M Scheffler, Physical Review Letters 83, 3991 (1999) • P Stoltze & J K Nørskov, Bridging the “pressure gap” between ultrahigh-vacuum surface physics and high-pressure catalysis, Physical Review Letters 55, 2502 (1985) • F Strisland, A Beutler, A J Jaworowski, R Nyholm, B Stelik, D Heskett & J N Andersen, Adsorption sites in co-adsorption systems determined by photoemission spectroscopy: K and CO co-adsorbed on Rh (111), Surface Science 410, 330 (1998) • Roland Stumpf, Gesamtenergierechnungen zu Adsorption, Diffusion und Wachstum auf Al-Oberflächen, Doktorarbeit (PhD Thesis), Technische Universität Berlin, 1993 • R Stumpf, X Gonze & M Scheffler, A list of separable, norm-conserving, ab initio pseudo potentials, Research Report of the Fritz-Haber-Institut (1990) • R Stumpf & M Scheffler, Simultaneous calculation of the equilibrium atomic structure and its electronic ground state using density-functional theory, Computer Physics Communications 79, 447 (1994) • L Surnev, in Physics and Chemistry of Alkali Metal Adsorption, Editors H P Bonzel, A M Bradshaw and G Ertl, Elsevier, Amsterdam (1989), page 173 • A Szabo & N S Ostlund, Modern Quantum Chemistry, (McGraw-Hill, New York, 1989) and citations therein • J D Talman & W F Shadwick, Physical Review A 14, 36 (1976) • F Tassone, F Mauri & R Car, Acceleration schemes for ab initio molecular dynamics simulations and electronic structure calculations, Physical Review B 50, 10 561 (1994) • J Tersoff & D R Hamann, Theory of the scanning tunnelling microscope, Physical Review B 31, 805 (1985) • Michael Teter, Additional condition for transferability in pseudo potentials, Physical Review B 48, 5031 (1993) • G E Thomas & W H Weinberg, Nederlands Tijdschrift voor Vakuumtechniek 16, 57 (1978) • G E Thomas & W H Weinberg, The vibrational spectrum and adsorption site of CO on the Ru (001) surface, Journal of Chemical Physics 70, 1437 (1979) • Michael Tinkham, Group Theory and Quantum Mechanics, McGraw-Hill, New York (1964)

CHAPTER 5. REFERENCES

• B Y Tong & L J Sham, Physical Review 144, 1 (1966) • Johannes Trost, Über die Wechselwirkung zwischen adsorbierten Teilchen und deren mikroskopische Verteilung: Untersuchungen mittels Rastertunnelmikroskopie an den Systemen N/Ru (0001), Cs+O/Ru (0001) und O/Al (111), Doktorarbeit (PhD Thesis), Freie Universität Berlin (1995) • J Trost, J Wintterlin & G Ertl, Atomic scale imaging of a 2D fluid-solid equilibrium for Cs and O coadsorbed on a Ru (0001) surface, Surface Science 329, L583 (1995) • N Troullier & J L Martins, Efficient pseudo potentials for plane wave calculations, Physical Review B 43, 1993 (1991) • Mark E Tuckerman, Dominik Marx, Michael L Klein & Michele Parrinello, Efficient and general algorithms for path integral Car-Parrinello molecular dynamics, Journal of Chemical Physics 104, 5579 (1996) • Mark E Tuckerman & Michele Parrinello, Integrating the Car-Parrinello equations. I. Basic integration techniques, Journal of Chemical Physics 101, 1302 (1994) • Mark E Tuckerman & Michele Parrinello, Integrating the Car-Parrinello equations. II. Multiple time scale techniques, Journal of Chemical Physics 101, 1316 (1994) • C Umrigar, Accelerated Metropolis Method, Physical Review Letters 71, 408 (1993) • C Umrigar, M P Nightingale & K J Runge, A diffusion Monte Carlo algorithm with very small time-step errors, Journal of Chemical Physics 99, 2865 (1993) • D Vanderbilt, Optimally smooth norm-conserving pseudo potentials, Physical Review B 32, 8412 (1985) • D Vanderbilt, Soft self-consistent pseudo potentials in a generalised eigenvalue formalism, Physical Review B 41, 7892 (1990) • S H Vosko, L Wilk & M Nusair, Canadian Journal of Physics 58, 1200 (1980) • K Wandelt, in Thin Metal Films and Gas Chemisorption, edited by P Wissmann, Elsevier, Amsterdam (1987); K Wandelt, in Chemistry and Physics of Solid Surfaces VIII, edited by R Vanselow and R Howe, Springer Series in Surface Science Volume 22, Springer, Berlin (1990), page 289 • Y Wang & J P Perdew, Physical Review B 43, 8911 (1991) • H Wedler, M A Mendez, P Bayer, U Löffler, K Heinz, V Fritzsche & J B Pendry, Coverage-dependent DLEED analysis of the adsorption structure of K on Ni (100), Surface Science 293, 47 (1993) • D H Wei, D C Skelton & S D Kevan, Desorption and molecular interactions on surfaces: CO/Rh (110), CO/Rh (100) and CO/Rh (111), Surface Science 381, 49 (1997) • J J Weimer, E Umbach & D Menzel, The Properties of K and Co-adsorbed CO/K on Ru (0001), Surface Science 159, 83 (1985) • M Weinert & R E Watson, Core-level shifts in bulk alloys and surface ad-layers, Physical Review B 51, 17 168 (1995) • J A White & D M Bird, Implementation of gradient-corrected exchange-correlation potentials in Car- Parrinello total-energy calculations, Physical Review B 50, 4954 (1994) • E P Wigner, Physical Review 46, 1002 (1934) • Steffen Wilke, Morrel H Cohen & Matthias Scheffler, Local iso-electronic reactivity of solid surfaces, Physical Review Letters 77 1560 (1996) • Ellen D Williams & W H Weinberg, The geometric structure of carbon monoxide chemisorbed on the ruthenium (001) surface at low temperatures, Surface Science 82, 93 (1979) • A Williams & J Soler, Bulletin of the American Physical Society 32, 562 (1987) • E Wimmer, A J Freeman, J R Hiskes & A M Karo, All-electron local-density theory of alkali-metal bonding on transition-metal surfaces: Cs on W (001), Physical Review B 28, 3074 (1983)

• J Wintterlin, J Trost, S Renisch, R Schuster, T Zambelli & G. Ertl, Real-time STM observations of atomic equilibrium fluctuations in an adsorbate system: O/Ru(0001), Surface Science 394, 159 (1997) • D M Wood & Alex Zunger, A new method for diagonalising large matrices, Journal of Physics A: Math Gen 18, 1343 (1985) • B Woratschek, W Sesselmann, J Küppers, G Ertl & H Haberland, Singlet to triplet conversion of metastable He atoms during de-excitation at a Cs-covered surface, Physical Review Letters 55, 611 (1985); G Ertl & J Küppers, Low Energy Electron and Surface Chemistry, VCH, Weinheim (1985) • Yingkai Zhang, Wei Pan & Weitao Yang, Describing van der Waals Interaction in diatomic molecules with generalised gradient approximations: The role of the exchange functional, Journal of Chemical Physics 107, 7921 (1997) • Y Zhang & W Yang, Comment on Perdew, Burke & Ernzerhof (1996), Physical Review Letters 80, 890 (1998)