




of empirical rules referred to as „pillars of selective oxidation“ that lack, however physical 
foundation. 
 
In this context it turns out that simple oxides such as vanadia or complex oxides such as 
MoVWNbTeOx are not discriminated in their accessibility to the functional part of their 
surface. All of these catalysts provide enormous challenges in synthesis operation and 
functional characterisation. The support of surface science models is very useful but mostly 
limited as they do not provide the necessary functionality when they are well ordered in their 
structure. 
 
It will be demonstrated that a concept of adaptive sites being part of a cluster-like surface 
termination of active materials can provide a unified structural concept towards 
understanding selective oxidation. After all, most of these reactions are combination of C-H 
activation and oxygen transfer for which similar elementary steps should operate. This 
concept was derived from a synopsis of model studies and in-situ functional analysis. The 
role of solid-state chemistry driving the expression of the active sites under reaction 
conditions will be highlighted. 

 
 
COMPUTER MODELLING OF ACTIVE SITES IN MICROPOROUS MATERIALS 
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The catalytic action of microporous materials (zeolites and ALPOs) is due to the presence of 
acid or metal sites. This lecture will describe how the structures, properties, reactivities and 
formation mechanisms of such centres can be investigated in detail using a range of 
electronic structure techniques. We will show how, in addition to the conventional Bronsted 
and centre, reaction of water with zeolites can generate a fascinating range of hydrogen 
containing defect centres. We will also describe modelling of metal centres based on 
transition metal substititutionals in framework sites, with strong emphasis on microporous 
titanosilicate catalysts, where we will again show that reaction with water can create a range 
of sites which play important roles in catalytic processes.  

 
 
LOW DIMENSIONAL SURFACE OXIDES IN THE OXIDATION OF Rh 
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Transition metal particles are commonly used catalysts for a wide range of oxidation 
reactions. Nevertheless, only the systematic studies performed in the recent years have led to 
the discovery of ultrathin surface oxide films. We have studied the surface oxides formed on 
various facets of Rh with the help of density functional theory (DFT) calculations using the 
Vienna Ab-initio Simulations Package (VASP). We find the formation of 2D surface oxides 
with a common structure on all low-indexed surfaces, while the presence of step edges leads 
to the formation of 1D stripes on the higher indexed surfaces. The surface oxides play an 
important role for two different aspects of the oxidation process: On the one hand the 
thermodynamic stability of the 2D oxides results in an increased presence of low-indexed 
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facets of Rh particles at high oxygen partial pressures.On the other hand, the 1D stripes 
decorating the step edges are a nucleation center for the formation of the 2D oxides. 
Differences in the structure of the 1D stripes are predicted to lead to a preferred growth 
direction of the 2D oxides, in agreement with experiment. 

 
 
ELECTROSTATIC FORCES AND POLARITY: FROM SEMI-INFINITE OXIDE 
SURFACES TO ULTRA-THIN FILMS 
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Polar surfaces of insulating materials result from the piling of charged atomic layers whose 
electrostatic stabilization involve very specific processes and leads to peculiar atomic or 
electronic surface configurations. The richness of surface processes related to polarity and 
their potential applicability in catalysis or electronics have encouraged efforts to synthesize 
and understand them, during the last ten years. With the reduction of size, as in the case of 
nano-objects and ultra-thin films, polarity effects gain an additional dimension but the 
relevant electrostatic forces differ from those on semi-infinite surfaces, and are largely size-
dependent. Relying upon first principles simulations, we will show how electrostatic laws 
manifest themselves at different sizes and which unusual structural and electronic 
characteristics they induce. 

 
 
INSIDE A REACTOR: TIME- AND SPACE-RESOLVED STRUCTURE OF A 
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The design and construction of better catalysts requires knowledge of the structure 
performance relation. However, more often than not, the structure of the catalytically active 
site is unknown. Because the catalyst structure is dynamic, its structure has to be determined 
under true reaction conditions. Using X-rays to study catalysts is very attractive, because of 
the high penetration depth of high energy X-rays. Over the years, we have performed XAS 
studies on supported metal catalysts and aimed at determining the ensemble of atoms that 
forms the catalytically active site. We have explored high-energy resolution XAS, X-ray 
emission spectroscopy, which enables the spin-selective detection of the valence band under 
in situ conditions. This provides valuable information about the reactivity of transition metal 
catalysts.  
The structure of a heterogeneous catalyst may vary over time and even within its position in 
a catalytic reactor. We have determined the structure of a functioning heterogeneous catalyst 
over time as function of its position in a catalytic reactor and identified strong variations. It 
will be shown that catalyst characterization is essential to occur in situ, time and space 
resolved and that if these requirements are met, structure performance relations can be 
determined. 
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FROM UHV TO IN SITU: MULTISCALE MODELING ACROSS THE PRESSURE 
GAP 
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In-situ studies of model catalysts at near-ambient pressure con ditions can reach much higher 
conversion rates than traditional experiments in ultra-high vacuum. In order to assess 
concomitant heat dissipation and mass transport limitations we present a first-principles 
based multiscale modeling approach that integrates a detailed description of the reaction 
chemistry and the macro-scale flow structures. Using RuO2(110) as a representative 
substrate for the frequently studied CO oxidation reaction we illustrate that at flatfaced thin 
single-crystals factors like a suppressed heat conduction at the sample backside and the 
build-up of a product boundary layer above the surface may readily mask the true catalytic 
function. 
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The hydrogen evolution reaction (HER) and its microsdopic reverse, the hydrogen oxidation 
reaction (HOR), are of great importance for technological applications such as energy 
storage via H2 production and hydrogen fuel cells. Despite extensive experimental research 
efforts it is still unclear which reaction pathway, Volmer-Tafel or Volmer-Heyrovsky, is 
dominating on different metal surfaces at different potentials. However, the recent success of 
first-principles modelling techniques in probing electrochemical reactions [1,2,3] offers hope 
of a solution to this issue. Here we first give a short review of a recently developed density 
functional theory (DFT) based model of the electrode-electrolyte interface. In particular, it is 
shown how accurate energetics for charge transfer reactions can be obtained. The model is 
then used to establish the full energetics of the three elementary HER/HOR steps – Volmer, 
Heyrovsky and Tafel – on a number of metal electrodes. Combined, these DFT results 
suggest a preferential pathway and also clearly indicate that the hydrogen adsorption free 
energy is the most important parameter in describing the HER/HOR activity of an electrode.  
[1] R. Jinnouchi and A.B. Anderson, J. Phys. Chem. C 112, 8749 (2008). 
[2] J.-S. Filhol and M. Neurock, Angew. Chem. Int. Ed. 45, 402 (2006). 
[3] M. Otani and O. Sugino, Phys. rev. B 73, 115407 (2006). 
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Heterogeneous nucleation of water plays a key role in fields as diverse as atmospheric 
chemistry, catalysis, and biology. Ice nucleation on metal surfaces offers an opportunity to 
watch this process unfold, providing a detailed molecular-scale description of the initial 
stages of heterogeneous ice nucleation and growth at a well-defined, planar interface. Here 
we discuss an extensive range of density-functional theory studies on a variety of metal 
surfaces specifically designed to understand the fundamental nature of the water-metal 
interaction1,2. Specifically, the structure and dynamics of ice nanoclusters on Ag(111) and 
Cu(111) have been examined, along with 1D and 2D ice structures that form on Cu(110). 
These systems reveal an unanticipated structural adaptability of water-ice films and, in 
particular, the widespread belief that structures must necessarily be built from hexagons or 
bilayers is shown not to be true. For example, the ca. nanometer wide water-ice chains that 
nucleate and grow on a Cu(110) surface3 are built from a face sharing arrangement of water 
pentagons2. We also explore the reactivity of water on clean and O pre-adsorbed Cu(110), 
trying to understand the mechanism behind water dissociation on this system, where 
experimentally OH dimers are observed on the surface at low coverages. Overall, our results 
show that the structure and reactivity of different substrates contribute to yield a rich and 
novel variety of structures, which forsakes previous assumptions and universally applicable 
models such 
as, for instance, the bilayer wetting model. 
1 H. Gawronski, J. Carrasco, A. Michaelides and K. Morgenstern, Phys. Rev. Lett. 101, 
136102 (2008).  
2 J. Carrasco, A. Michaelides, M. Forster, S. Haq, R. Raval and A.Hodgson, Nature Mat. (in 
press).  
3 T. Yamada, S. Tamamori, H. Okuyama, Phys. Rev. Lett. 96, 036105 (2006). 
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The study of gold nanoclusters is a flourishing topic, due primarily to its importance for 
catalysis.  Here, we apply the recently developed all-electron ab initio code FHI-aims for the 
density functional (DFT) study of the relative energies and vibrational properties of known 
isomers of small Aun(n<10) clusters. In particular, besides the calculations of the traditional 
harmonic frequencies, we focus on the less common evaluation of the (temperature 
dependent) vibrational power spectrum, obtained via Fourier transformation of the velocity 
dipole and velocity autocorrelation functions, where dipoles and velocities are sampled along 
a DFT Molecular Dynamics trajectory at the given temperature. We underline differences 
between harmonic and anharmonic spectra at different temperatures and compare with 
available experimental data. 
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We present first principles simulations of temperature programmed desorption of H2O from 
Au(111) and Ru(0001) with precovered Oxy-gen. Adsorption energies and angularly 
resolved pair interactions are calculated using Density Functional Theory. These parameters 
are used as input to Monte Carlo simularions of the temperature programmed desorption. 
The desorption step is treated kinetically while the diffusion, rotation of adsorbed species 
and the reaction H2O + O  2OH are treated in equilibrium. 
We find that OH forms the island edges at 2:1 H2O:O precoverage while H2O forms the 
island edges for 4:1 H2O:O precoverage. A ( 3   3 )-OH/H2O structure is formed on the 
surface due to the fact that OH-H2O forms more attractive adsorbate interactions than H2O-
H2O. 

 
 
TRENDS IN CO OXIDATION RATES FOR METAL NANOPARTICLES AND 
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Using density functional theory calculations, we study trends in the CO oxidation activity for 
different metals and surfaces. Specifically, we show how the activity of (111) close-packed 
surfaces, (211) stepped surfaces, (532) kinked surfaces, 55 atom cuboctahedral clusters, and 
12 atom cluster models changes with the coordination number of atoms at the active sites.  
This effect is shown to be electronic in nature, as low coordinated metal atoms, which bind 
reactants most strongly, have the highest energy metal d states. 

 
 
DFT STUDY OF Au NANOSTRUCTURES ON RUTILE TiO2(110) 
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Since the discovery of enhanced catalytic properties of dispersed gold nanoparticles on oxide 
supports adsorption of metal atoms and formation of nanostructures on the oxide surfaces 
attracted a lot of interests. Recently, it has been proposed that one-dimensional Au structures 
can be formed in a controlled manner, using ordered oxygen vacancies created on a 
TiO2(110) surface during irradiation. We examine the adsorption of small Au aggregates 
(atomic rows and clusters), of a size ranging from a monomer to a dozen of Au atoms per 
cell, on a partially reduced rutile TiO2(110). The calculations apply density-functional 
theory, plane wave basis, and the projector augmented wave method. Our previous results 
for the infinite monomer, dimer, and triple Au rows are extended to higher Au coverages and 
finite rows, and supplemented by results for clusters. The discussion is focused on the 
structure and bonding of one-dimensional Au rows on the missing row defected TiO2(110) 
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surface and their comparison with the respective properties of Au clusters and finite rows 
adsorbed on the partially defected bridging O row. The calculations show the strong bonding 
to the substrate and the metallic nature of the Au rows. The adhesive bonding of gold 
clusters to the vacancy defected bridging oxygen row at the TiO2(110) is of covalent nature. 
We examine electron charge transfer and discuss the charging of clusters and its dependence 
on the cluster size. Results from this study give an insight into the nature of Au-Ti bond, the 
role of the amount of deposited metal on the observed electronic properties, and the growth 
behaviour of Au nanostructures on TiO2(110).  
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With overall fuel utilization efficiencies as high as 75% as well as being very flexible with 
respect to fuel types, solid oxide fuel cells (SOFCs) are promising candidates for future 
power plants. We investigate the trends in methane oxidation activity on SOFC anodes. The 
study is based on detailed first-principle calculations of the reaction energetics at Ni {111} 
and {211} surfaces.To accommodate for the elevated SOFC operational temperature we 
include thermodynamic corrections. The Ni energetics is further extended through scaling 
relationships to describe both the reaction energies and barriers over other transition metals 
in terms of only two descriptors: the carbon and oxygen adsorption energies. A simple free 
energy analysis as well as more elaborate microkinetic modelling allows us to present anode 
activity landscape in terms of those two descriptors.This not only simplifies the view of the 
combustion process, it also gives insight into which reaction pathways are likely to be 
dominant over the different transition metal anode materials. Most importantly, the method 
reveals the theoretically optimal carbon and oxygen binding energies for the reaction under 
consideration, which allows for a systematic search for promising anode alloys in the most 
interesting catalytic regime. 
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Li-doped magnesium oxide efficiently catalyzes conversion of methane to ethylene and 
ethane in the presence of oxygen (oxidative coupling of methane process, OCM). The 
activity of this catalyst was attributed to the formation of [Li+O-] centers at the surface. 
However, the concentration of these centers at the surface and in the bulk, and the surface 
composition and structure in general remain unknown at the reaction conditions.  
In this study, we use the first-principles ab initio atomistic thermodynamics approach to 
assess relative stability of Li-doped MgO (100) surfaces of different stoichiometry, and 
calculate concentrations of surface defects at realistic temperatures and pressures. The 
electronic structure of surfaces and defects is described using periodic DFT with GGA PBE 
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exchange-correlation (XC) functional. We also analyze the effect of exact exchange and 
electron correlation on localization of the electronic hole accompanying the [Li+O-] centers, 
and on defect formation energies, by using hybrid XC functionals and MP2 in an embedded 
cluster framework. 
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In this work, we have combined our previously derived microkinetic model (based on UBI-
QEP theory) for CH4 partial oxidation (CPO) on Rh with a detailed modeling of the reactor 
to elucidate the pathways leading to syngas. The analysis points out the importance of 
transport phenomena in dictating the dominant pathways to syngas, revealing the occurence 
of up to three reaction zones: a deep combustion of methane at high O* coverage, followed 
by a zone where direct formation of syngas in parallel with catalytic combustion occurs, and 
finally a steam reforming and WGS zone, when oxygen is no longer available. These 
findings may reconcile the long debated mechanistic differences regarding direct vs. indirect 
pathways in CPO, and underscore the importance of the long postulated interplay of mass 
transfer and surface chemistry, pointing out that an accurate description both of transport 
effects and chemical kinetics is required for a proper account of chemical events and of data. 
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First-principles kinetic Monte Carlo (kMC) simulations have evolved into an important tool 
in the modelling of heterogeneous catalytic processes. The success of the approach relies on 
the accurate treatment of two central aspects for the reactive surface chemistry: A first-
principles description of the involved elementary processes and an evaluation of their 
statistical interplay that fully accounts for the correlations, fluctuations and spatial 
distributions of the chemicals at the catalyst surface. Particularly for technologically more 
relevant environments, i.e. ambient pressures and elevated temperatures with concomitant 
higher product formation rates, a third aspect in form of the heat and mass flow in the system 
becomes increasingly important. We investigate these effects by coupling first-principles 
kMC simulations self-consistently with continuum level simulations for the gas and solid 
phase transport, considering a stagnation point flow geometry as a model for recent in situ 
measurements over single-crystal model catalysts. Applying our method to the CO oxidation 
over RuO2(110) [1], we demonstrate how the build-up of temperature and pressure gradients 
over the active surface influence the observed catalytic activity and surface composition.  
[1] K. Reuter and M. Scheffler, Phys. Rev. B 73, 045433 (2006). 
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Density-functional theory within the generalized gradient approximation has been 
immensely successful in describing the ground state properties of a diverse range of 
materials.  However, inherent strong self-interaction effects and the absence of van der 
Waals interactions are two prominent examples of GGA's failures. The random phase 
approximation (RPA) as formulated within the adiabatic connection fluctuation dissipation 
theorem presents a promising way to overcome these deficiencies.  However, despite the 
considerable interest the RPA has generated, a comprehensive assessment of its performance 
is not available. Using CO@Cu(111), a selection of bulk metals, and the benzene dimer--a 
prototypical π-conjugated system as examples, we demonstrate the performance of the RPA 
for different types of systems. We show that the potential-energy surface of CO adsorbed on 
Cu(111) can be correctly described within RPA at a quantitative level. The binding energy of 
the benzene dimer, on the other hand, is considerably underestimated.  
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Catalytic carbon deposition on Ni nanoparticles and surfaces is the first step towards coking 
of steam reforming Ni catalysts and metal dusting (carbon-induced corrosion) on Ni-alloys 
[1,2]. The fundamental processes at the atomic scale are essentially the same, therefore an 
atomistic understanding of how the gas-phase components influence carbon deposition and 
nucleation is necessary. The growth of graphene on the Ni surface is a necessary step in both 
processes. Recent DFT [3] studies have shown that steps on the metal surface act as growth 
centers for graphene. On the basis of first principles calculations done with the Dacapo code, 
we present a general model for the growth of graphene on metal surfaces, including a 
discussion of the growth centers, the influence of the metal proporties and the reaction 
conditions, the example of the Ni3Sn alloy is presented. 
[1] H.J. Grabke, Materials and Corrosion 54 736 (2003) 
[2] J.R. Rostrup-Nielsen, Catalytic Steam Reforming, In: “ ‘Catalysis Science and 
Technology’ “ vol. 5, Springer-Verlag, Berlin 1984. 
[3] F. Abild-Pedersen et. al. Phys. Rev. B 73 115419 (2006) 
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Determining index-specific surface energies of metals is, to date, still a challenge, both 
theoretically and (even more so) experimentally. Density-functional theory (DFT) 
calculations within the local-density approximation (LDA) for exchange-correlation (XC) 
have provided understanding of qualitative trends. Yet, absolute surface energies, in 
particular of d-metals, still exhibit significant uncertainties related to the description of XC. 
Here we analyze the surface energies of 4d-metals with (semi-)local functionals, using the 
all-electron FHI-aims code1. Relating the bulk cohesive energy and surface energy via an 
improved bond-cutting model we find that recent gradient corrected functionals like PBEsol 
and AM05 can indeed correct the poorer results of the usual PBE. In addition, we consider 
methods beyond (semi-)local DFT such as hybrid XC functionals (B3LYP, PBE0, HSE03) 
as well as  DFT+RPA using a cluster correction scheme,2  and discuss their effects on the 
calculated surface energies.  
[1] V. Blum et al. Comp. Phys. Comm. accepted (2009); 
[2] Q.-M. Hu et al., Phys. Rev. Lett. 98, 176103 (2007); 99, 169903(E). 
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In this study the effect of local changes in both geometry and chemical compositions on the 
acid strength of the bridging OH group in zeolites has been investigated trough density 
functional theory calculations. The chemical composition locally around the OH group of all 
Al-substituted zeolites are the same. Consequently, the variations in acid strength of the OH 
groups must originate in the geometry of the zeolite. In this study, it has been investigated 
how variations in acid strength of different OH groups correlates with small changes in the 
local geometry, i.e. variations in Si-OH-Al angle. An increase in acidity with increasing 
angle is observed. Furthermore, an investigation of the variations of acid strength of OH 
groups in zeolites with a range of transition metals substituted for Al has been carried 
out.Both investigations show a strong correlation between the acid strength of the OH group 
and the level of the LDOS p-band center of the active oxygen. The acidity is increasing with 
decreasing energy level of the oxygen p-band. Also shown is a clear correlation between the 
d-band center of the substituted metal in its bulk state and the p-band center of the active 
oxygen in the zeolite. 

 
 
AB INITIO INVESTIGATION OF THE ADSORPTION PROPERTIES OF METAL-
ORGANIC FRAMEWORKS: THE INTERACTION OF CO AND CO2 WITH  
CPO-27-M (M=Mg, Ni, Zn) 
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The adsorption of CO and CO2 molecules with metal-organic frame-works CPO-27-M 
(M=Mg,Ni,Zn) were simulated with the periodic ab initio CRYSTAL program by adopting 
an all-electron basis set and the B3LYP level of theory; the binding energies of the 
molecules were computed by including the dispersion energy by means of the empirical 
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Grimme’s scheme. The effect of partially occupied d-orbitals in Ni is reflected in the 
adsorption process of CO, where the Ni−−−CO bond is remarkably shorter (2.18 Å-exp 2.11 
Å-) than for Mg and Zn (more than 2.50 Å). The adsorption of CO shows an increasing 
interaction in the sense Zn<Mg<Ni. For CPO-27-Ni the computed binding energy (46 
kJ/mol) is in good agreement with experimental calorimetric data (55±5 kJ/mol). Results for 
CO2 (Zn<Ni<Mg) show similar agreement with experiments. Vibrational frequency 
calculations (IR and Raman) were also performed to estimate CO and CO2 frequency shifts 
(~35 cm-1 for CO).  
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The possibility to design MOFs (Metal-Organic Frameworks) with the aim to modulate the 
properties of grafted Cr(CO)3 species has been investigated by DFT methods, characterized 
by a different HF exchange proportion. The effect of the benzene substituents nature on the 
stability of the (η6-arene)Cr(CO)3 adduct and on the shift of νCO has been considered. 
Different electron-donor (e.g. –CH3) and electron-acceptor (e.g. -COOH) substituents have 
been used and compared with benzene. C6H4(COOZnOH)2  and  C6H4(Zn4O13C6H5)2  
clusters have been also adopted as models of the MOF-5 linker. This study indicates that e-
acceptor substituted MOF linkers facilitate the substitution of CO by incoming molecules, 
whereas the use of e-donors ones would improve the stability of the Cr(CO)3  adduct and the 
ring acidity. A linear dependence of the Cr(CO)3 binding enthalpies on the calculated   ∆ 
νCO, d(Cr-CO) and d(Cr-arene) was found suggesting that the stability of the Cr(CO)3 adduct 
can be inferred experimentally from vibrational and XRD data.   
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Steam reforming of methane (CH4 + H2O = CO + 3 H2) is one of the most important 
methods of producing hydrogen. It was commercialized in the 1960s; however, there are still 
limitations in this process. An industrially used catalyst demands not only high reactivity, 
but also high stability and low price. Sometimes, there is compromise between these 
properties. The efforts to find a reactive, stable and cheap catalyst for this reaction were 
never stopped. This poster presents an example of designing alloy catalysts by combination 
of first principle calculation, scaling relations, BEP relations and micro kinetic simulation, as 
well as the database of calculated properties of materials. 
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The increasingly stringent emission requirements for diesel engines require NOx abatement 
technology, which is effective under lean-burn conditions. To remove NO, the selective 
catalytic reduction (SCR) process using other reductant gases has been applied for decades. 
However, the direct catalytic decomposition of NO has been considered the best technique 
for NO removing since direct NO decomposition into N2 and O2 is thermodynamically 
favorable. The question is we need to find a heterogeneous catalytic surface which is both 
active and oxidation-resistant. Here we study the screening for ideal stepped transition-metal 
surfaces among alloys. Then catalytic activity trend can be understood based on two 
descriptors, the dissociative chemisorption energy of N2 andO2. Also the stability property of 
those alloy surfaces are investigated. We show that stepped alloy surfaces appear in a narrow 
band when plotting the dissociation energy of N2 as function of dissociation energy of O2. 
There are still spaces to improve compared with pure transition-metals in both catalytic 
activity and costs. 
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Platinum group metals play a fundamental role in oxidation catalysis, and clarification of the 
interaction of their surfaces with oxygen is crucial to understand the catalytic process at 
atomistic level. We have investigated formation of adsorption structures and surface oxides 
on selected Pd and Pt surfaces by first-principles techniques as complement to experimental 
investigations. In particular we have calculated phase diagrams for surface phases by first-
principles thermodynamics. On Pd(111), a large variety of metastable structures has been 
observed to coexist with the thermodynamically stable Pd5O4 surface oxide. On palladium 
surfaces, surface oxide monolayers PdOx form with x between 0.8 and 1, whereas on Pt 
surfaces α-PtO2-like structures are most stable. Consistently, as in the bulk case, platinum in 
surface oxides reaches higher oxidation states than Pd under the same conditions of 
temperature and pressure. Although atomic structure of surface oxides may be not directly 
related to the bulk oxide structure, local coordination of individual atoms show regular 
patterns in all structures considered. 
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Carbon deposited on a palladium catalyst heavily influences activity and selectivity of the 
catalyst for reactions of partial hydrogenation of hydrocarbons. The exact nature of these 
carbon phases and their role are still unclear. We have employed density functional theory 
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together with molecular dynamics and genetic algorithms to investigate the Pd-C 
configuration space and stability of possible phases. Taking into account calculated 
formation energies and core level shifts, formation of Pd carbides can be excluded. Presence 
of dissolved carbon and intercalated graphite better explains the experimental findings. 
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Density functional theory (DFT) applying the LDA or GGA for the description of the 
exchange-correlation energy provides an efficient method for a wide range of applications. 
Nevertheless, errors in the bond length are of the order of 1% and atomization energies are 
not reproduced with chemical accuracy (1 kcal/mol). Furthermore, the (semi-)local LDA and 
GGA do not properly account for long-range van der Waals interactions.  
Therefore, the adiabatic connection fluctuation dissipation theorem (ACFDT), which links 
the electron correlation to the response function and provides, in principle, an exact 
expression for the correlation energy, has received increased interest in the recent years (e.g., 
[1]-[4]). We have evaluated lattice constants and atomization energies of extended systems 
within the ACFDT framework applying the random phase approximation (RPA). The RPA 
routines have been implemented in the Vienna Ab-initio Simulation Package (VASP).  
The RPA energy includes exact exchange and a compatible correlation energy that also 
accounts for long-range van der Waals interactions. We found that atomization energies and 
lattice constants of the rare-gas solids Ne, Ar, and Kr are improved compared to LDA and 
GGA and the correct long-range 1/V2 volume dependence could be reproduced [4]. For 
insulators and metals, covalent and ionic bonded systems, RPA lattice constants are found to 
deviate on average by only 0.25 % from experiment. Atomization energies, however, are 
throughout too small (≈0.2 eV/atom). But although the mean error in the atomization 
energies remains close to the DFT-PBE one, RPA yields improved heats of formation. 
[1] F. Furche, Phys. Rev. B 64, 195120 (2001). [2] M. Fuchs and X. Gonze, Phys.Rev. B 65, 
235109 (2002). [3] A. Marini, P. García-González, A. Rubio, Phys. Rev. Lett. 96, 136404 
(2006). [4] J. Harl, G. Kresse, Phys. Rev. B 77, 045136 (2008). 
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For Cu-exchanged zeolites experiments show that CO bonds preferably to Cu+-sites, whereas 
only very unstable bonds are reported for Cu2+-sites. In order to understand the reason for 
this site-preference on a theoretical level, we performed ab initio simulations based on 
Density Functional Theory, applying the Vienna ab-initio simulation package (VASP) in its 
latest release 5.2. We investigated the adsorption of CO in Cu-exchanged chabazite in a 
comparative study using standard GGA-functionals like PW91 and PBE and the hybrid 
functionals PBE0 and HSE03. Our results indicate that the experimental behaviour can not 
be reproduced at a standard GGA-level. Only by including exact exchange using hybrid 
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functionals like PBE0 and HSE03 the experimentally observed site preference is reproduced. 
Another important issue in our investigations was to compare experimental and calculated 
IR-spectra. Experimentally measured frequencies range between 2166cm-1 and 2153cm-1. In 
our calculations yield too low frequencies at the GGA-, and too high frequencies at the 
hybrid functional level, respectively. 
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We have simulated Temperature Programmed Desorption experiments of the system 
O/Rh(111) applying Kinetic Monte Carlo techniques. A comparison between a single-site 
and a multi-site Lattice Gas model which takes fcc- and hcp-hollow sites into account has 
demonstrated that using a multi-site model is necessary at high coverages but differences in 
the calculated spectra can also be found at low coverages. The Lattice Gas Hamiltonian 
(LGH) was constructed by fitting to the energies of about 80 system configurations, which 
were calculated with the Vienna Ab Initio Simulation Package (VASP) using Density 
Functional Theory. The accuracy of the LGH was optimized by applying the procedure of 
cross validation. We compared the calculated desorption spectra with experimental results. 

 
 
AB-INITIO MODELING OF SOLID OXIDE FUEL CELL CATHODES 
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Perovskites are the major class of materials used for modern solid oxide fuel cell (SOFC) 
cathodes and have the ability to catalyze the oxygen reduction reaction (ORR) on their 
surfaces. However, diffculties in performing in-situ characterization of well-controlled 
samples means that the rate limiting steps and structure-property relationships underlying 
ORR on these materials are not understood. In this talk we will discuss some of the 
challenges and opportunities associated with using ab-initio techniques to study ORR on 
SOFC materials. We have used ab-initio based thermokinetic modeling to study 
(La,Sr)MnO3 (LSM), which is the primary cathode catalyst used in commercial SOFCs. We 
have developed a combined bulk and surface defect model in order to better understand 
surface defect structure and transport. We have also studied lanthanum transition metal 
oxides LaBO3 (B=3D Mn, Fe, Co, and Ni) to identify trends in surface oxygen binding, 
hopping, vacancy formation, and dissociation vs. transition metal types. We use these trends 
to discuss a possible descriptor for the ORR on SOFC catalysts. 
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