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Hardware

Beowulf type Cluster including as front-end

1 Intel based Pentium IV, @ 1.8 GHz, 1 Gb RAM
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Hardware

Beowulf type Cluster including as compute nodes

16 Intel Pentium IV, @ 2.4 GHz, 1 Gb RAM

24 Intel Pentium IV, @ 3.0-3.3 GHz, 1 Gb RAM

8 Sun V60X nodes with two Intel Xeon Pentium
IV, @ 3.0 GHz, 2 Gb RAM

2 SunFire V20z Servers with two AMD dual
Opteron 248 processors, @ 1 GHz, 2 Gb RAM

3 SunFire V40z Servers with four dual-core
Opteron 880 processors, @ 2.4 GHz, 16 Gb RAM

Connected by a 1 Gbit/s switched Ethernet
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Operating systems and contact

Linux Operating System

RedHat 9.0 (front-end) - to be upgraded by next
January

Fedora Core 2 (Intel Based compute nodes)

Fedora Core 4 (v20z) and 5 (v40z) 64-bits kernel

Contact person

Antonio M. M�arquez ( marquez@us.es )
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Quantum Chemistry packages

In use
VASP 4.6

Crystal06

CPMD 3.11.1

HONDO

Gaussian 98 (serial version only)

To be installed
NWChem
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QC packages

VASP
Plane-wave based code

Pseudopotentials

GGA density functionals

Ground state molecular dynamics

Good parallel e�ciency up to 16 nodes (depending
on system size)
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QC packages

Crystal06

Atom-centered gaussian basis set

RHF, B3LYP

Tools to analyze the adsorbate/substrate
interaction

Reasonable e�ciency for up to 8 nodes

Post Hartree-Fock methods
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QC packages

CPMD
Plane wave based code

Pseudopotentials

Excited state molecular dynamics

Incorporated a month ago, not fully tested
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Auxiliary programs/packages

Queue system

TORQUE: very simple instalation, only a queue on the
server, simple scheduler, home-made program used to
redistribute the jobs between the compute nodes,
home-made shells used to submit jobs, no graphical
interface

F90 compiler

Intel Fortran Compiler: version 7.0 and 9.0 installed

C compiler

GNU C compiler
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Auxiliary programs/packages

MPI environment
LAM 7.1.1: good performance and well integrated with
TORQUE

xmakemol
Simple graphical of molecules and solids

Open Data Explorer

Visualization of electron densities from VASP
Requires data conversion and some utility program
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Software we are exploring

NWChem

GridChem

PathScale
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Catalysis

Catalysis is one of the main tools in chemical
synthesis to the e�cient conversion of raw
materials into high added-value chemicals

Catalysis-based synthesis accounts for about 90 %
of chemical processes
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Catalysis: Challenges

Develop new synthetic techniques
incorporating the approaches of other
disciplines
This includes the use of new computational
techniques to guide synthesis by theory and
molecular modelling

Develop new catalysts and reaction systems
to prepare environmentally safe processes
This includes viable solid acid and base catalysts
to replace the toxic and corrosive mineral acids
and bases



Work
ows in
Computational
Heterogeneous

Catalysis

Infrastructure

Heterogeneous
Catalysis

Metals adsorption
in oxides

Metal Nitrides

Concluding remarks

Computational Heterogeneous Catalysis

Very complex problem both experimentally and
computationally

Characterization of active sites is challenging

Rarely possible to perform discrete and systematic
adjustement of the active sites

In the worst case the active site and/or the active
phase of the catalyst is poorly characterized

Simulation allows speci�c questions to be asked
and focus experimental work on solving particular
problems
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Metals on � -Al2O3

Metal deposition on surfaces is used to produce
materials with modi�ed surface properties

Enormous interest in heterogeneous catalysis: CO
oxidation, NO x reduction, hidrogenation, ole�ne
polimerization, : : :

Aluminum oxide is particularly important
substrate: mechanical and thermal resistance,
highly dispersed powder

Many phases exists:� -Al 2O3 is the best
characterized and very well studied
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Metals on � -Al2O3

Adsorption of transition metals on alumina
extensively studied
Catalytic properties in
uenced by

Electronic structure of the atom(s) at the surface
Cluster size e�ects

Bonding features of single atoms and small
clusters interacting with metal oxide surfaces are
of interest

Amount and direction of charge transfer at the
interfase
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Metals on � -Al2O3

Strong relaxation at the
surface (requieres PCB
code)

Many possible adsorption
sites
In depth analysys of the
bonding situation requires

Analysis of DOS
extracted from periodic
calculations
Examination of Density
Di�erence maps
Cluster models to allow
for more sophisticated
bonding analysis tools
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Coinage metal atoms on� -Al2O3

Change of preferred adsorption site
Cu and Ag prefer Al-hollow site
Au prefers on-top O site

Weak interaction energies (-0.6 to -1.1 eV),
following the order Cu > Au > Ag

Strong e�ect of surface relaxation (up to 30 % of
binding energy)
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Coinage metal atoms on� -Al2O3

Bonding analysis from CSOV indicates change of
bonding mechanism

N.C.Hern�andez, J. Graciani, A, M�arquez and J.Fern�andez Sanz,
Surf. Sci. 2005 , 575, 189
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Bonding analysis: tools

Constrained Space Orbital Variations (CSOV) method

allows to partition the adsorbate/substrate
interaction into physically meaningfull interactions

Limited to orbital based approaches

HONDO: requires development of a cluster model
for the system of interest, not allways evident

Crystal: very recent implementation of PBC
approach
N.C.Hern�andez, J.Fern�andez Sanz, C.M. Zicovich-Wilson ,

J. Chem. Phys. , 2006 , 124, 194105
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Next steps

Metal cluster deposition

Dynamics: cluster grow mechanism, incorporation
of metal atoms into the subsurface

Reactivity: CO oxidation
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Metals nitrides and oxides

Early transition metal nitrides show an unusual
combination of metallic, covalent and ionic
properties

High termal and mechanical resistance

High electronic conductivity: they are metals

All those properties may change dramatically with
the oxidation process
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Metals nitrides and oxides
Computationally challenging

Very important rippling at
the surface

Requires a large model to
be reproduced

Metal character best suited
to be reproduced with
plane-wave codes

Presence of defects and local
oxidation process best to be
deal with MO based codes
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Deposition of O2 on TiN and ScN

O2 adsorbs molecularly in di�erent sites



Work
ows in
Computational
Heterogeneous

Catalysis

Infrastructure

Heterogeneous
Catalysis

Metals adsorption
in oxides

Metal Nitrides

Concluding remarks

Deposition of O2 on TiN and ScN

O2 dissociation is easy

further incorporation of O atoms into the subsurface is
di�cult
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Next steps

Surface oxidation: in colaboration with BNL

TiON phases or TiO + TiN segregated phases ?

Metal deposition on TiN (on going work)

Metal deposition on oxided phases



Work
ows in
Computational
Heterogeneous

Catalysis

Infrastructure

Heterogeneous
Catalysis

Metals adsorption
in oxides

Metal Nitrides

Concluding remarks

Concluding remarks

Computational Heterogeneous Catalysis is a complex
subject that requires

Computationally intensive applications

Sophisticated tools to analyze bonding interactions

Interplay of many applications transfering
structure, and electron density data

Manipulation of many �les by the user, storage
and retrieval of results

Generation of many di�erent structures in
complex problems
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