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Redox Potential and Metabolic Stability: Development of High
Throughput Assays for Early Compound Profiling

Anabel Felix, Holger Fischer°, Manfred Kansy°, Matthias Hamburger*

*University of Basel, Klingelbergstrasse 50, CH-4055 Basel, Switzerland
° F. Hoffmann-La Roche AG, Grenzacherstrasse 124, CH-4009 Basel,

Switzerland

In recent decades pharmaceutical drug discovery and development has been
challenged by identifying efficacious and safe drugs. Among others, exten-
sive hepatic metabolism has been cited as one common problem partly asso-
ciated with failures in early drug discovery and development. The CYP450
superfamily with its most important member CYP3A4 is responsible for
most oxidative degradations [1, 2] so these molecules being rapidly and ex-
tensively metabolized are defined as compounds with low metabolic stabi-
lity.
Standard early metabolic stability determinations are biological based main-
ly focusing on the degradation of drugs by microsomal or hepatic cell prepa-
rations. Usually these assays only deliver information on the rate of meta-
bolism by the determination of the drug disappearance. A larger focus on
structural aspects of drugs candidates could probably improve understand-
ing of metabolic degradation processes and structure-effect relationships.
Therefore, the aim of our study was the development of a fast and easy pro-
filing system, allowing improvement of the understanding of metabolic
processes at the structural/compound level. This aim has been met by an
electrochemically based approach which allows the identification of com-
pounds/compound classes exhibiting a high probability of metabolic insta-
bility and phase-I metabolism processes.
[1] Lewis, D.F.V., Cytochromes P450: Structures Functions and Mechan-
isms. 1996, London: Taylor & Francis. 348.
[2] Coleman, M.D., Human Drug Metabolism: An Introduction. 1st ed.

2005, Birmingham: Wiley. 275.

Adsorption of Isocyanic Acid and Water over the TiO2 (101) and
γγ-Al2O3 (100) Surfaces: Theoretical Modelling of Catalyst Behaviour

Izabela Czekaj, Oliver Kröcher

Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland

The adsorption of isocyanic acid (HNCO) and water was studied on the
TiO2 anatase (101) [1,2] and as well on the γ-Al2O3 (100) surface [3] using
the ab-initio density functional theory (DFT) method with a cluster model.
The objective of our research was to clarify the mechanism of the heteroge-
neous hydrolysis of HNCO. The Ti8O28H24 cluster for the TiO2 (101) sur-
face and Al11O30H27 cluster for the γ-Al2O3 (100) surface were used in fur-
ther adsorption studies. The electronic structure of all clusters was calcu-
lated by DFT methods (StoBe code) using generalized gradient corrected
functionals according to Perdew, Burke, and Ernzerhof (RPBE). Detailed
analysis of the electronic structure in the clusters were carried out using
Mulliken populations and Mayer bond order indices. The theoretical calcu-
lations show that isocyanic acid is adsorbed on both TiO2 and Al2O3, involv-
ing surface O(x)-M(5) (x=2,3; M=Ti, Al) couples. Dissociative as well as
molecular adsorption of HNCO and H2O were found to be feasible, but their
role in hydrolysis of isocyanic acid strongly depends on the availability of
water in particular reaction steps. The dissociative adsorption of HNCO is
energetically more favorable on both titania and alumina as well as competi-
tive to water adsorption, supporting our initial assumption that the reaction
mechanisms are very similar on both materials.

[1] I. Czekaj, G. Piazzesi, O. Kröcher, A. Wokaun, Surf. Sci. 600 (2006)
5158.

[2] I. Czekaj, O. Kröcher, G. Piazzesi, J. Mol. Catal. A 280 (2008) 68.

[3] I. Czekaj, O. Kröcher, in preparation.
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In this work we are developing a reactive force field(ReaxFFNaAlH4)[1] to

study the structural and dynamical details of hydrogen absorp-

tion/desorption processes in NaAlH4 system. We have already sufficiently

parameterized ReaxFFNaH[2] to adequately describe H2 desorption process

in NaH. Parameterization of the reactive force field for NaH is done using

density functional theory (DFT) data. Parameterizations of the energy ex-

pressions in ReaxFFNaH were done by fitting into the training set the ab ini-

tio derived equations of state (EoS) of pure Na and NaH condensed phases,

reaction energies and bond dissociation profiles on small finite clusters.

Phase transformations/crystal modifications in both Na and NaH systems

during desorption process was accounted for by adding the high pressure

phases of Na and NaH, in addition to the groundstate phases, to the quantum

calculations.

The parameterized force field, ReaxFFNaH, is used to study the dynamics

governing hydrogen desorption in NaH. During the abstraction process of

surface molecular hydrogen charge transfer is found to be well described by

the parameterized force field. A molecular dynamics run is done, which

shows that a clear signature of hydrogen desorption is the fall in potential

energy surface during heating.

[1] Sam Cheung et al, J. Phys. Chem. A, 2005, 109, 851-859.

[2] J.G.O. Ojwang, Rutger van Santen, Gert Jan Kramer, Adri C. T. van

Duin, and William A. Goddard III J. Chem. Phys. 128, 164714 (2008)

New non-empirical approximation to the Orbital-Free
Effective Embedding Potential

Juan Maria Garcia Lastraa, Jakub W. Kaminskib, Tomasz A. Wesolowskib

aUniversidad del Pais Vasco
Departamento de Fisica de Materiales
E-20018 Donostia-San Sebastian, Spain

bUniversitè de Genève, Département de Chimie Physique
30, quai Ernest-Ansermet, CH-1211 Genève 4, Switzerland

The Orbital-Free Effective Embedding Potential [ ]BA
KSCED
effv ρρ , is used in

the large multiscale simulations of molecular complexes in the condensed
matter (see for instance [1]). One of the crucial components of the

[ ]BA
KSCED
effv ρρ , in one electron equations for embedded orbitals (see eq. 20-

21 in [2]) is the term [ ]BAtv ρρ , arising from the non-additivity of the kinetic
energy. In present work, the new approximation for [ ]BAtv ρρ , obeying the
exact limit in the vicinity of the nuclei of the environment is proposed[3].
To validate the adequacy of the new potential, the test set comprising
charged, polar and non-polar molecules has been chosen. The new approxi-
mation significantly improves the results in the case where the charged spe-
cies are involved in the interaction. For the neutral complexes the improve-
ment is less significant. The influence of the new approximation to

[ ]BAtv ρρ , on the excitation energies of the embedded organic chromo-
phores and the f-orbital levels of the lanthanides is also discussed.

[1] J. Neugebauer J, J. Phys. Chem. B, 2008, 112, 2207.
[2] T. A.Wesolowski, A.Warshel, J. Phys. Chem., 1993, 97, 8050.
[3] J.M. Garcia Lastra, J. W. Kaminski, T. A. Wesolowski, Phys. Rev. A,
2008, submitted
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Modern Semiempirical Molecular Orbital Methods for
Condensed Phase Systems.

Teodoro Laino
, Juerg Hutter



 Physikalische Chemische Institut, Zürich University,
Winterthurerstrasse 190, 8057 Zürich

Semiempirical (SE) molecular orbital methods have a long history that
goes back to the 1930s when the first germs of the SE approximations
appeared in treating π electrons within the context of Hückel theory. The
development of new SE methods, their improvement and application to
larger and more complex systems has continued throughout the years
[1,2] with important achievements from the computational community at
the University of Zurich [3]. Although the application of first–principles
methods to system of several hundreds of atoms can be considered an
established practice nowadays, there is still a need for SE Hamiltoni-
ans for the treatment of problems beyond the capabilities of ab initio or
density functional theory methods. The availability of recent accurate
parameterizations [2] and the high computational efficiency (on aver-
age 3 orders of magnitude faster than corresponding DFT calculations)
make the Semiempirical framework the perfect tool to explore and char-
acterize chemical processes. One of the main limitations for the applica-
tion of SE methods to condensed phase systems is the lack of a correct
treatment of the long–range coulomb interactions. In this talk will be
presented an effective “Semiempirical consistent” extension to periodic
systems, achieved exploiting a multipolar Ewald summation scheme [4].
The possibility of treating correctly condensed phase systems allows the
use of Semiempirical methods in multiple time-step (SE/DFT) integra-
tions schemes: preliminary results will be shown.

[1] M.J.S. Dewar and W. Thiel, Theor Chim Acta, 1977, 46, 89.
[2] J.J.P. Stewart, J Mol Model, 2007, 13, 1173.
[3] W. Thiel and A.A. Voityuk, J Phys Chem, 1996, 100, 616.
[4] T. Laino and J. Hutter, in preparation

Reaching the Highest Covalent Bond Multiplicity: a Theoretical and
Experimental Evidence of Newly Identified Di-Uranium Compounds

Ivan Infantea, Lester Andrewsb, Björn Roosc and Laura Gagliardia

aDepartment of Physical Chemistry, University of Geneva,
1211-CH, Geneva, Switzerland

bDepartment of Chemistry, University of Virginia,
22904-4319, Charlottesville, US

cDepartment of Theoretical Chemistry, Chemical Center, PO Box 124,
S-221 00 Lund, Sweden

The number of electron pairs that occupies the region between two atoms
determines the multiplicity of a chemical bond. Until the early sixties, the triple
bond of N2 was assumed to be the largest multiple bond. Afterwards, experimental
evidence has shown the formation of quadrupole bonds in transition metal
compounds1. More recently, highly accurate theoretical works have helped to
assess in a more systematic way the concept of multiple bond throughout the whole
periodic table2. A further challenge was introduced when studying the chemistry of
actinides that have the f shell available to form bonds. The theoretical existence of
the quintuple bond of the U2 molecule was predicted3, but no experimental
evidence had confirmed its existence.
In this new work, we attempt to apply the principle of quantum mechanics at very
high level of accuracy using CASSCF/CASPT2 method to predict newly multiple
bonded actinide species that can be isolated experimentally by means of laser
ablated spectroscopy. In particular, the IR spectrum based on the reaction between
Uranium and molecular Fluorine has been interpreted and gives enough evidence
of the formation of novel dimers like U2F2, U2F4 and U2F6 [4].

1. Cotton, F.A. and Harris, C.B. Inorg. Chem, 1965, 4, 330
2. Roos, B.O.; Borin, A.C. and Gagliardi, L., Angew. Chemi. Int. Ed., 2007, 46,
1469
3. Gagliardi, L. and Roos, B., Nature, 2005, 433, 848
4. Infante, I.; Andrews, L.; Roos, B. and Gagliardi, L., manuscript in preparation

Toward efficient wavefunction based linear scaling energy
minimization

Valery Weber

University of Zurich, Winterthurerstrasse 190,
CH-8057 Zurich, Switzerland

We will present an efficient direct energy functional minimization algorithm
for electronic structure theory [1]. The technique provides a computationally
very efficient tool that requires only few matrix multiplications per self-
consistent-field iteration. We propose to exploit the invariance property of
the total energy, through unitary transform, to generate �on the fly� sparse
wavefunction. To achieve this goal, we propose the use of a sparseness
function based on the l1-norm [2]. Sparsity of the wavefunction will be dis-
cussed for some large systems.

[1] V. Weber, J. VandeVondele, J. Hutter and A. M. N. Niklasson J. Chem.
Phys., 2008, 128, 084113.

[2] V. Weber and J. Hutter J. Chem. Phys., 2008, 128, 064107.

Selective Calculation of High-Intensity Vibrations in
Molecular Resonance Raman Spectra

Karin Kiewisch, Johannes Neugebauer, Markus Reiher

Laboratorium für Physikalische Chemie, ETH Zürich,
Wolfgang-Pauli-Strasse 10, CH-8093 Zürich, Switzerland

We present an intensity-driven approach for the selective calculation of vi-
brational modes in molecular resonance Raman spectra [1]. The method
exploits the ideas of the mode-tracking algorithm [2] for the calculation of
pre-selected molecular vibrations and of Heller�s gradient approximation [3]
for the estimation of resonance Raman intensities. The gradient approxima-
tion allows to construct a basis vector for the subspace iteration carried out
in the mode-tracking claculation which corresponds to an artificial collec-
tive motion of the molecule that contains the entire intensity in the reson-
ance Raman spectrum. Subsequently, the algorithm generates new basis
vectors from which normal mode guesses are constructed. It is then possible
to provide estimates for (i) the accuracy of the approximations obtained for
the normal modes, and (ii) the intensity of these modes in the final reson-
ance Raman spectrum. This approach opens up the way to resonance Raman
calculations for protein models.

[1] K. Kiewisch, J. Neugebauer, Markus Reiher, in preparation.
[2] M. Reiher, J. Neugebauer, J. Chem. Phys., 2003, 118, 1634.
[3] E. Heller, R.L. Sundberg, D. Tannor, J. Phys. Chem., 1982, 86, 1822.
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First-Principles Investigation of the Schrock Mechanism of
Dinitrogen Reduction

Stephan Schenk1, Barbara Kirchner2, Markus Reiher1*

1Laboratorium für Physikalische Chemie, ETH Zürich, Wolfgang-Pauli-
Strasse 10, CH-8093 Zürich, Switzerland

2Chair of Theoretical Chemistry, University of Leipzig, Linnestrasse 2,
D-04103 Leipzig, Germany

The reduction of dinitrogen to ammonia is a very important reaction both
for living organisms and the chemical industry. In nature, reduction is per-
formed at ambient conditions employing nitrogenases as efficient catalysts.
In industry, reduction is normally performed using the Haber�Bosch process
at elevated pressure and temperature. For decades, a more elegant way of
reducing dinitrogen has been much sought-after. Recently, Schrock et al.
synthesized several well defined mononuclear molybdenum complexes that
are capable of catalytically reducing dinitrogen to ammonia. It turned out
that efficient catalysis can only be achieved with very bulky ligands like
HIPTN3N [1].
We report on our detailed investigations of the catalytic cycle employing
density functional methods [2�4]. We explicitly take into account the full
HIPTN3N ligand without approximating it by model systems. It is demon-
strated that the nature of the substituents does have a profound influence on
the reaction energies. A mechanistic study of the NH3/N2 exchange has been
carried out [5].

[1] D. V. Yandulov, R. R. Schrock, Science, 2003, 301, 76.
[2] S. Schenk, B. Le Guennic, B. Kirchner, M. Reiher, Inorg. Chem., 2008,

47, 3634.
[3] M. Reiher, B. Le Guennic, B. Kirchner, Inorg. Chem., 2005, 44, 9640.
[4] B. Le Guennic, B. Kirchner, M. Reiher, Chem.�Eur. J., 2005, 11,

7448.
[5] S. Schenk, B. Kirchner, M. Reiher, in preparation.

TD-DFT Study on “Proton vs Hydrogen” Transfer
in Hydrogen-Bonded Ammonia Wire

Matteo G., Ivano T. and Ursula R.


Swiss Federal Institute of Technology, CH-1015 Lausanne, Switzerland

7-HydroxyQuinoline (7HQ) is a bifunctional hydrogen-bonding molecule
which acts as a H-bond donor at the OH group and as an acceptor at
the N atom. Electronic excitation strongly modifies the acid-base prop-
erties of this molecule at both positions rendering the hydroxyl group
more acidic and the N atom more basic. It is well established that the
1:3 bridged complex between a single 7HQ and 3 ammonia molecules
(7HQ-(NH3)3) gives rise to enol→keto tautomerization process, of the
heteroaromatic chromophore compound, upon photoexcitation.[1]

Our present efforts are aimed to understand the electronic character
of the excited state involved in the tautomerization performing non-
adiabatic excited state dynamics.

Ligand Migration In Carbonmonoxy Neuroglobin

Stephan Lutz, Markus Meuwly


Department of Chemistry, University of Basel, Klingelbergstrasse 80,
CH-4056 Basel

Neuroglobin (Ngb), a recently discovered heme-protein [1] of the globin
family, shows an interesting feature earlier found in several plant hemoglobins
and cytoglobin. In the absence of an exogeneous ligand at the sixth co-
ordinating position of the heme iron, the distal His64 can bind in a com-
petitive fashion with gaseous ligands, like CO, NO and O2 to the heme
iron. In this work we analyze CO migration pathways in deoxy NgbCO
using Molecular Dynamics (MD) simulations. From forty 1 ns unbiased
MD trajectories on deoxy NgbCO, eight different stable docking sites can
be differentiated. Some of these cavities are reminiscent of those found
for CO migration in myoglobin (Xe1, Xe2, Xe4). Comparisons of wt Ngb
with F28L and F28W NgbCO mutants revealed a facilitated CO transfer
to the Xe4 docking site depending on the size of the residue in position
28. This effect was also reported for L29 myoglobin mutants [2]. Fur-
thermore, Ngb possess a large distal side cavity which is divided into five
docking sites. Opening and closure of two tertiary rebinding pockets in
this region depends on the orientation of the Pro52 sidechain.

[1] Pesce, A., Dewilde, S., Nardini, M., Moens, L., Ascenzi, P.,
Hankeln, T., Burmester, T., and Bolognesi, M., Structure,
2003, 11, 1087.

[2] Banushkina, P., Meuwly, M., J. Phys. Chem. B, 2005, 109,
16911.

DFT study of the binding of the N3 dye and its deprotonated
forms to anatase(101)

Florian Schiffmann, Jürg Hutter, Joost VandeVondele


University of Zürich, Winterthurerstr. 190, 8057 Zürich

The N3-anatase interface is of great importance in current dye sensi-
tized solar cells (DSSC), since devices based on TiO2 nanoparticles and
Ru(dcbpy)2(NCS)2 dyes exhibit one of the best performance. A problem
still under debate for this system is the binding geometry of these dyes
to the anatase surface[1,2].
We employed density functional theory methods to identify the most
favourable binding modes. To describe the system approriatly, DFT+U
had to be used to correct for self interaction errors. In the first step
a large number of initial geometries were optimized. For the resulting
structures, the IR-spectrum was calculated[3] and compared to experi-
mental data. In this way we were able to identify two different binding
modes, which are in good agreement with experiment and favourable
from an energetical point of view.
Our results indicate that both structures are present in DSSC, depending
on the pH and the protonation of the dye.

[1] M. K. Nazeeruddin, R. Humphry-Baker, P. Liska and M. Grätzel, J. ,
Phys. Chem. B, 2003, 107,8981-8987
[2] K.S. Finnie, J. R. Bartlett and J. L. Woolfrey, Langmuir,
1998, 14, 2744-2749
[3] M. Reiher,J. Neugebauer, J. Chem. Phys., 2003, 118, 1634-1641
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Targeting the Imatinib-resistant T315I mutant of Abl: Design, synthesis and
experimental validation of potent inhibitors

Shaheen Ahmed1, Enrico Rosso1, Sara Radaelli2, Carlo Gambacorti-
Passerini2 and Leonardo Scapozza1

1Pharmaceutical Biochemistry Group, School of Pharmaceutical Sciences,
University of Geneva, University of Lausanne, Quai Ernest-Ansermet 30,

CH-1211 Geneva 4, Switzerland
2Department of Clinical Medicine, University of Milano-Bicocca, Via

Cadore 48, 20052 Monza, Italia

Chronic myelogenous leukemia (CML), characterized by unregulated
proliferation of myeloid cells in the bone marrow, accounts for 15 to 20 %
of all adult leukemia cases in the Western population. The molecular cause
for the disease is a characteristic translocation between chromosome 9 and
22 which results in the so called Philadelphia chromosome (Ph) and in the
formation of the chimeric BCR-ABL gene. In CML the protein product of
this hybrid gene is a constitutively active protein kinase. BCR-ABL kinase
drives the pathogenesis of CML through the phosphorylation and activation
of a broad range of downstream substrates playing a critical role in cellular
signal transduction and transformation. ABL tyrosine kinase therefore
represents an interesting therapeutic target and many potent inhibitors have
been developed and brought to the clinic in recent years, including Imatinib,
Nilotinib and Dasatinib.
However, the T315I mutant form of BCR-ABL, which is frequently found
in CML patients, mediates complete resistance to Imatinib and many of the
next generation Abl kinase inhibitors like Dasatinib and Nilotinib.
Therefore, there is an eminent need for the development of drugs which are
active against the T315I mutant of ABL.
Here we present the design and testing of compounds with a novel scaffold,
compared to known BCR-ABL inhibitors, which are able to inhibit the
T315I mutant of ABL in the nM range and in some cases even potently
inhibit ABL wt.

Benchmarking and extension of algorithms for exhaustive
computational search of local minima

Fabrice Avaltroni, Clémence Corminboeuf*

Institut des sciences et ingénierie chimiques
Laboratory of Computational Molecular Design

EPFL SB ISIC LCMD (BCH 5119) CH-1015 Lausanne

Exploring the Potential Energy Surface (PES) essentially involves
exhaustive finding of stationary points. The identification of the global
minimum, which has received most of the attention so far, motivated the
development of methods or specific algorithms such as basin-hopping,
simulated annealing, Car-Parrinello based approaches, genetic algorithms
and even stochastic approaches [1,2]. For the exhaustive identification of
low-lying local minima, however, chemical intuition is still heavily relied
upon, and this can be a problem when the chemistry of a given system is not
well known. In the present work, we propose to automate, benchmark and
extend one stochastic and one deterministic algorithm to various model
reactions and systems including the dehydration of amino-triborane and
endohedral clusters.

[1]
Xue, G., J. Global Optim., 1991, 1, 187.

[2] Wales, D.J.; Scheraga, H.A., Science, 1999, 285, 1368.

A Computational Study of Tetrathiafulvalene (TTF) Fused
with a Strong Acceptor

Carmen Blum, Shi-Xia Liu
, Xavier Guégano, Samuel Leutwyler,
Silvio Decurtins

Departement für Chemie und Biochemie, Universität Bern
Freiestrasse 3, CH-3012 Bern, Switzerland

Charge transfer transitions can be studied in donor-acceptor (D-A) sys-
tems. Tetrathiafulvalene (TTF) is a good donor unit in such D-A systems
[1] which are of prime interest on account of their potential applications
in molecular electronic devices.
Herein, we will present a computational study of TTF fused with a new
strong acceptor [2]. The aim is to understand the electronic structure of
the ground- as well as low lying electronic excited-states.

[1] Ch. Jia, S.-X. Liu, Ch. Tanner, C. Leiggener, A. Neels, L.
Sanguinet, E. Levillain, S. Leutwyler, A. Hauser and S. De-
curtins, Chem. Eur. J., 2007, 13, 3804-3812.

[2] M. Kozaki, K. Sugimura, H. Ohnishi and K. Okada, Org. Lett.,
2006, 8, 5235-5238.

Square Peg. Round Hole. Lessons from Robotics on
the Application of Neural Networks to Receptor Surface Representa-

tions.

Anne Bowen and Kim Baldridge*

Theoretical Chemistry Group, Organic Chemistry Institute,
University of Zurich,

Winterthurerstrasse 190, 8057 Zurich, Switzerland

When the 3D structure of a receptor is unknown, the molecular similarity
between a series of known interacting ligands is often used to characterize
structural features responsible for biological activity. �Similarity� is based
on the detectable changes induced in the receptor by the ligand. Since the
ligand-induced perturbations on the molecular surface of the receptor often
vary in a non-linear fashion between ligands, typical linear regression me-
thods are inadequate to accurately describe the relationship.1 Ligands also
can activate variant signal transduction pathways to different degrees, mak-
ing it necessary to redefine conventional notions of activity, agonism and
antagonsm in these models.2 As a further complication, �activity� in many
cases, is due to the combined effect of several receptors being simultaneous-
ly activated by one receptor. Such complications often require one to in-
clude more than one endpoint in the structure-activity relationship model.3
Our present work focuses on the development of 5 varieties of supervised
and unsupervised Neural Networks commonly used in robotics for
(1) A �Fuzzy� logic classification of activity/efficacy of ligand-receptor
interactions across a family of receptors (rather than a single receptor)
(2) Modeling of quantum mechanical structural and property descriptors
based on this classification scheme in a reduced descriptor space.
(3) Mapping of this descriptor space back to 3D space for comparison with
experimental data.
The methodology provides an improved framework for the representation
and validation of receptor surface models against biological data.

1Winkler D,Mol. Biotech., 2004 , 27:139
2Urban et al, JPET 2007 320:1
3Weistein H, APAS 2006 :871
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Nickel deposition on γ-Al2O3: modelling of metal particles
behaviour at the support

Izabela Czekaj, Francois Loviat, Jörg Wambach, Alexander Wokaun

Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland

Recently, surface modifications of a commercial Ni/Al2O3 catalyst during
the production of methane from synthesis gas were investigated by quasi in-
situ X-ray photoelectron spectroscopy (XPS) [1]. The conclusion was that
the stability of Ni clusters with different cluster sizes on the γ-Al2O3 support
can be influenced by the type of deposition, which was the topic of our fur-
ther experimental and theoretical studies about surface modifications.
On home-made model catalysts, Ni metal deposition by thermal evaporation
in UHV and consecutive XPS characterisation were carried out. In parallel,
the molecular structure of model Ni/γ-Al2O3 catalyst used during methana-
tion of synthesis gas was investigated using DFT method with cluster model
and non-local functional (RPBE). Ni clusters with different size were cut
from the (100) Ni surface and deposited at the Al15O40H35 cluster in order to
validate deposition model determined by XPS analysis.
Our experimental studies suggest that a kind of Stranski-Krastanov growth
model can explain Ni deposition on γ-Al2O3, namely firstly, a partial Ni
monolayer is deposited and, secondly, on top of this �layer� three dimen-
sional islands of Ni metal are growing. Theoretical DFT calculations show
that nickel atoms adsorb on Al2O3 (100) with deposition energy -0.9 eV/Ni
atom. The preferred adsorption sites are hole positions between surface
oxygen centres. This corresponds quite well to the partial monolayer growth
found by XPS analysis. Ni prefers to be localized at AlO4 tetrahedrons be-
tween rows of AlO5. This finding corresponds quite accurately with a cov-
erage �0.5 ML� of nickel found experimentally as maximum of the first
deposition stage.

[1] I. Czekaj, F. Loviat, F. Raimondi, J. Wambach, S. Biollaz, A. Wokaun,
Appl. Catalysis A: General 329 (2007) 68-78.

Core Electron Spectroscopy of Oligopeptides in Aqueous
Solution

Samuele Giani a, Jürg Hutter a, Marcella Iannuzzi b

a Physikalisch-Chemisches Institut, Universität Zürich,
Winterthurerstr. 190, CH-8057 Zürich

b Paul Scherrer Institut, CH-5232 Villigen PSI

Recently, an approach for calculating X-ray absorption spectra based
on the transition potential method combined with the Gaussian and
augmented-plane wave method (GAPW) has been introduced [1]. For
this type of spectroscopy, the promotion of a core electron to an unoccu-
pied orbital and the resulting relaxation of the electronic structure has
to be appropriately modeled. The GAPW formalism allows for efficient
DFT all-electron calculations of extended systems, making this frame-
work appealing for condensed phase X-ray spectroscopy.

We focus on excitation spectra of oligopeptides in aqueous solution. The
calculations were performed along classical MD trajectories and com-
pared with reported experimental spectra [2]. The analysis of conforma-
tion dependent signal patterns of absorption leads to the interpretation
of the transitions in therms of secondary structure modifications and dy-
namical reorientation of hydrogen bonds between donor–acceptor part-
ners: this latter involving both intra– and intramolecular interactions,
in particular with the surrounding waters. This technique opens new
perspectives towards the characterization of the nature of the H–bonds,
possibly clarifying how the number and the strength of the local coordi-
nation sphere affects the spectra.

[1] M. Iannuzzi, J. Hutter, Phys. Chem. Chem. Phys., 2007, 9,
1599.

[2] B.M. Messer, C.D. Cappa, J.D. Smith, W.S. Drisdell, C.P.
Schwartz, R.C. Cohen, R.J. Saykally, J. Phys. Chem. B,
2005, 109, 21640.

Large Scale Ab Initio Molecular Dynamics Based On Hybrid
Density Functionals

Manuel Guidon
, Joost VandeVondele, Jürg Hutter

University of Zürich, Winterthurerstr. 190, 8057 Zürich, Switzerland

Kohn-Sham density functional theory (DFT) has become a highly effi-
cient tool for studying the electronic structure of molecules. The usage
of models based on the generalized gradient approximation (GGA) for
exchange and correlation effects allows to describe and predict chemical
processes fairly accurately. Despite the success of GGA-models, it be-
comes more and more clear, that some of the failures in standard DFT
can only be addressed by hybrid functionals, i.e. approximations con-
taining exact Hartree-Fock exchange (HFX). However, for large systems
the calculation of HFX in hybrid DFT is computationally much more
demanding due to poor scaling with system size and basis set quality.
Therefore, ab initio molecular dynamics (MD) of large molecules and
systems in condensed phase with hybrid density functionals have so far
found little application.
In this work, we present our approach to overcome this drawback. We
implemented a broad variety of techniques and algorithms [1] into CP2K
[2], a freely available quantum chemistry package. We have thus ob-
tained an efficient and robust tool for the study of systems containing a
few hundred atoms based on hybrid DFT. We demonstrate the applica-
bility of our method with extensive simulations of liquid water and the
investigation of some systems for which GGAs fail to give a qualitatively
correct description.

[1] M. Guidon, F. Schiffmann, J. VandeVondele, J. Hutter, J.

Chem. Phys., submitted
[2] The CP2K developers group, http://cp2k.berlios.de/

Approximation of NMR Chemical Shifts in Large Molecules

Daniel F. Jana, Clémence Corminboeuf*

Ecole Polytechnique Fédérale de Lausanne (EPFL)
Institut de Sciences et Ingénierie Chimiques

EPFL SB ISIC LCMD (BCH 5119) CH -1015 Lausanne

Computation of NMR parameters is a powerful tool to complement or help
in the assignement of experimental spectra[1]. The aim of this work is to
introduce and validate a suitable approximation offering reasonable accura-
cy to evaluate chemical shifts of NMR active nuclei in large molecules.
While accurate chemical shifts can be computed for small isolated
sys¬tems, the presence of neighbouring molecules or groups in larger mole-
cules can drastically in�uence to the long range contribution to the chemical
shift anisotropy[2]:

long range a
δtotal = δshort range + δelectrostatic + δremote current + δsolvent

Molecular motion also in�uences the measured chemical shift. Taking all
these contributions into consideration inevitably leads to an increased cost
of the computation. Distinct approximations offering reasonable accuracy
for evaluating electrostatic and motional effects on the chemical shift of
benchmark systems are presented and compared.

[1] M. Kaupp, M. B¨uhl, V.G. Malkin, Calculation of NMR and
EPR parameters: Theory and Applications, (Wiley-VCH,
2004).

[2] A.C. de Dios, J.G. Pearson, E. Old�eld, Science, 1993,
260, 1491.
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π−π−Delocalization in Linearly Conjugated Oligomer
Chains: A Donor-Acceptor-Interaction Based Scheme
of Analysis

Peter A. Limacher, Maurizio Bruschi and Hans Peter Lüthi*
ETH Zürich, Wolfgang-Pauli-Str. 10, 8093 Zürich, Switzerland

We present a scheme for the evaluation of electron delocalization in linearly
conjugated compounds which is based on the Natural Bond Orbital (NBO)
theory. The scheme is illustrated by means of an investigation of the
evolution of electron delocalization as a function of the chain length in
polyacetylene (PA), polydiacetylene (PDA) and polytriacetylene (PTA)
oligomers, which differ by the number of ethynyl-spacers incorporated in
the chain.

The scheme tracks the development of the orbital interaction energies of
adjacent unsubstituted bonds within linearly conjugated systems. These
values are shown to reach saturation after a characteristic oligomer size. The
profile of interaction energies allows drawing conclustions on the effective
conjugation length of the oligomer chain investigated.

Prediction of Moessbauer Parameters in a
Douglas-Kroll-Hess Framework

1R. Mastalerz, 2G. Barone, 3R. Lindh and 1M. Reiher

1Laboratorium für Physikalische Chemie, ETH Zürich, Wolfgang-Pauli-
Str.10, CH-8093 Zürich, Switzerland

2Università di Palermo, Parco d’Orleans II, 90128 Palermo, Italy
3Lund University, P.O.B. 124, 221 00 Lund, Sweden

Moessbauer spectra supplement other spectroscopic techniques and support
the structure determination of molecular and electronic structures. Theoreti-
cal predictions of the isomer shift and quadrupole splitting based on ab in-
itio calculations of the electron density at the nucleus and the electric field
gradient, respectively, are helpful in the interpretation of such spectral data.
A reliable prediction of accurate electron densities as well as electric field
gradients at nuclei requires relativistic effects to be taken into consideration.
The scalar-relativistic variant of the Douglas-Kroll-Hess (DKH) [1,2] unita-
ry transformation technique provides a suitable framework to treat relativis-
tic effects and has been extended to the analytical calculation of molecular
properties avoiding the so-called picture change error [3], which results
form calculating the desired property from non-DKH-transformed (i.e. non-
relativistic) property integrals. In a recent study on the nuclear quadrupole
moment of 119Sn and the quadrupole splitting in a variety of tin compounds
we demonstrated the reliability and stability of our picture-change-corrected
DKH approach [4]. An extension of this approach to the calculation of the
isomer shift in iron compounds is in progress in our laboratories.

[1] B. A. Hess, Phys. Rev. A, 1986, 33, 3742; A. Wolf et al., J. Chem.
Phys., 2002, 117, 9215.; M. Reiher, Theor. Chem. Acc., 2006, 116, 241.

[2] M. Reiher, A. Wolf, J. Chem. Phys., 2004, 121, 2037; ibid 10945
[3] A. Wolf, M. Reiher, J. Chem. Phys., 2006, 124, 064102; ibid 064103;

R. Mastalerz et al., J. Chem. Phys., 2007, 127, 074105.
[4] G. Barone et al., J. Phys. Chem. A, 2008, 112, 1666

A Subsystem TDDFT-Response Formalism for Studying
Natural Light-Harvesting Complexes

Johannes Neugebauer

Laboratorium für Physikalische Chemie, ETH Zürich,
Wolfgang-Pauli-Strasse 10, HCI, 8093 Zürich, Switzerland

Natural light-harvesting complexes accomplish the first two essential steps
in photosynthesis: (i) absorption of solar light and (ii) transfer of the excita-
tion energy to the photosynthetic reaction center. The details of the excita-
tion energy transfer (EET) processes depend crucially on the excited states
of the pigment molecules present in the light-harvesting complexes, which
are influenced by interactions with surrounding proteins as well as by ag-
gregation phenomena related to excited-state interactions.

A subsystem formulation of time-dependent density-functional theory
(TDDFT) [1] is presented that is capable of describing both types of effects.
It is shown that this approach is well suited to investigate general spectros-
copic properties of a particular chromophore for which the environmental
response is important. In particular, characteristic features of excitonically
coupled chromophores in absorption and circular dichroism spectra are ac-
cessible. Moreover, accurate and efficient approximations to this formalism
can be found, so that it can be applied to problems connected to photosyn-
thesis. This is demonstrated in a study on protein-pigment interactions and
EET couplings in the light-harvesting complex LH2 of purple bacteria [2].

[1] J. Neugebauer, J. Chem. Phys. 2007, 126, 134116.
[2] J. Neugebauer, J. Phys. Chem. B 2008, 112, 2207.

Theoretical Study of Spherophanes: Geometrical and
Electronic Structures

Amar Saal, Claude Daul


Department of Chemistry, University of Fribourg, Switzerland

A set of novel supramolecular cage-structures, spherophanes, has been
studied at the density functional B3LYP level. Full geometrical struc-
tures optimizations have been made with 6-31G and 6-31G(d) basis sets
followed by frequency calculations and their electronic energies have been
evaluated at B3LYP/6-31++G(d,p). Three different symmetries have
been adapted during the optimizations: C1, Ci, and Oh. The results
show almost the same geometrical parameters and energies for all three
symmetries. It has been found that the benzene rings are more distorted
in the case of spherophane1 which can be due to the long distance in-
teractions between the hydrogen atoms. In addition, the bonds between
the benzene rings are very long to prevent π-electrons delocalization be-
tween them. These spherophanes show portal openings of 2.596 Å in
Spher1, 4.000 Å in Meth2, 3.659 Å in Oxa3, and 4.412 Å in Thia4. It
has also been observed, in regard of eventual host-guest interaction stud-
ies, that the nearest atoms to the center of the cavities are the carbons
bonded to the X groups. Set apart the HOMO of Thia4, the results at
B3LYP/6-31++G(d,p) show that the spherophanes’ HOMO and LUMO
orbitals are almost similar to those of a free benzene molecule. They
belong to the irreducible representations Eu and Eg of the Oh point
group, respectively. However, the Thia4’s HOMO is a symmetric lin-
ear combination of two 3p sulphur atomic orbitals that has a2g symme-
try. These supramolecules have a relatively large HOMO-LUMO gap
of 2.89eV(Spher1), 5.26eV(Meth2), 5.73eV(Oxa3), and 4.82eV(Thia4).
The standard molar enthalpies of formation at 298.15K have been evalu-
ated, the obtained values for B3LYP/6-31G(d) are, in kcalmol−1, 595.24,
193.92, -107.51, and 404.80 for Spher1, Meth2, Oxa3, and Thia4, respec-
tively. The reported IR and 13C NMR spectra of these spherophanes
were calculated are very simple due to their highly considered symmetry,
Oh.
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Theoretical Investigation of the Adsorption of Organic Molecules on
Pt Surfaces

Gianluca Santarossa, Angelo Vargas, Alfons Baiker*

ETH Zurich, Hoenggerberg, HCI, CH-8093 Zurich, Switzerland

The theoretical study of the adsorption of organic molecules on platinum
and on other transition metal surfaces is of fundamental importance for the
investigation of reaction mechanisms in heterogeneous catalysis [1-3]. Den-
sity Functional Theory is the standard tool for such studies, since the sys-
tems are typically too large for analysis with post-Hartree-Fock calculations.
We have investigated several methods for the description of a metal surface
using (i) periodic slabs and (ii) clusters for the modeling of the metal, and (i)
Gaussian-Plane-Wave, (ii) Plane Waves, or (iii) localized basis sets for the
expansion of the wave function [4-6]. Physico- chemical properties of the
metal as well as the adsorption properties of organics are compared using
the different methods. Applications to the study of chiral surface
modi�cation of platinum catalysts complements the theoretical investigation
[7].

[1] J.K. Norskov, M. Sche�er, H. Toulhoat, MRS Bul l., 2006, 31, 669.
[2] R.A. van Santen, M. Neurock, Handbook of Heterogeneous Catalysis
(Eds. G. Ertl, H. Knoezinger, J. Weitkamp), Wiley-VCH, Weinheim, 1997,
Vol. 3, p. 942.
[3] A. Gross, Theoretical Surface Science, Springler-Verlag, Berlin Heidel-
berg New York, 2003.
[4] N. Bonalumi, A. Vargas, D. Ferri, A. Baiker, J. Phys. Chem. B, 2006,
110, 9965.
[5] G. Santarossa, A. Vargas, M. Iannuzzi, A. Baiker, ChemPhysChem,
2008, 9, 401.
[6] G. Santarossa, C. Pignedoli, M. Iannuzzi, D. Passerone, A. Vargas, A.
Baiker (In preparation).
[7] A. Vargas, G. Santarossa, M. Iannuzzi, A. Baiker, J. Phys. Chem. C,
2008 (In press).

Zero field splitting of a [FeCl4]
3– subsystem in SrCl2:Fe+

Florian Senn, Matija Zlatar, Claude Daul


Department of Chemistry, University of Fribourg, Switzerland

As M. Moreno et al [1] found experimentally, in SrCl2:Fe+ an isolated Fe+

impurity undergoes a big off-centre motion from the center of a FeCl 7 –

8

cube to a position close to the center of a < 100 > face. Despite huge
distortion the associated well depth is found to be only 0.28eV. From pre-
vious calculations one knows, very small excitations from ground state
are possible, where zero field splitting (ZFS) plays an important role.
In an EPR experiment, only |

3

2
,−1

2
>→ |

3

2
, 1

2
> trainsition were well

detected [1].

This observation can be explained from the result of our fine structure
calculation that shows a ZFS of the ground state 4A2 by more than
200 cm – 1, which is higher than microwave photon energy, and thus, is
not observed [1].
The therefore needed ZFS and its D-value (ZFS-tensor) have been calcu-
lated in this study for a FeCl 3 –

4 subsystem. This has been done using a
non-empirical Ligandfield approach, for which parameter were calculated
using ligand field density functional theory (LFDFT)[2].

[1] P. Garca-Fernndez, J.A. Aramburu, M.T. Barriuso, M.
Moreno, Phys Rev B, 2006, 73, 184122.

[2] a) M.A. Atanasov, C.A. Daul, C. Rauzy, Chem Phys Lett,
2003, 367, 737. b) M.A. Atanasov, C.A. Daul, C. Rauzy,
Struct Bond, 2004, 106, 97. c) M.A. Atanasov, C. Rauzy,
P. Baettig, C.A. Daul, Int J Quant Chem, 2005, 102, 119

Designing PET Tracers for HSV1-TK-based Gene Therapy
Using Molecular Ddynamics

Yvonne Westermaier1, Lucile Pernot1, Miljen Martič2, Simon Ametamey2,
Leonardo Scapozza1

1School of Pharmaceutical Sciences, University of Geneva and University
of Lausanne, Quai Ernest-Ansermet 30, CH-1211 Geneva 4. 2Institute of
Pharmaceutical Sciences, ETHZ, Wolfgang-Pauli-Str. 10, CH-8093 Zürich

Therapeutically efficient nucleoside analogues against Herpes Simplex Vi-
rus 1 are selectively activated via its Thymidine Kinase (HSV1-TK). Further
metabolized to triphosphates, they inhibit viral replication by blocking the
viral DNA-polymerase. Being trapped inside the cell due to their negative
charges, they are suitable for Positron Emission Tomography (PET) to mon-
itor HSV1-TK activity in situ. Here, we apply molecular dynamics to the
design of PET tracers for HSV1-TK-based gene therapy. With this method,
we assess the stability of HSV1-TK regions allowing binding of experimen-
tally determined high affinity substrates and spot more flexible regions
where substitutions could be beneficial. To this end, 3 different high resolu-
tion crystal structures of HSV1-TK in complex with their respective sub-
strates have been used. We present the protocol setup as well as the method
validation combining AMBER 9.0 [1] and NAMD 2.6 [2], including a 50 ps
minimization-equilibration and a 5 ns trajectory simulation. To evaluate
docking poses of substrate analogues previously generated with Gold 3.1.1
[3], the above-mentioned protocol has been applied and the results have
been compared to the reference simulations. Subsequently, first substitu-
tions possibly improving the binding affinity are pointed out.

[1] DA Case, TE Cheatham, T Darden et al. The Amber biomolecular simulation
programs. J Comput Chem. 2005, 26, 1668.

[2] JC Phillips, R Braun, W Wang et al. Scalable molecular dynamics with
NAMD. J Comput Chem. 2005, 26, 1781.

[3] G Jones, P Willett, RC Glen. Molecular recognition of receptor sites using a
genetic algorithm with a description of desolvation. J Mol Biol. 1995, 245, 43.

A LFDFT Study of the EPR Parameters and Magnetic
Susceptibility of Cobaltocene

Matija Zlatar 1,2, Florian Senn 1 and Claude Daul1,


1Department of Chemistry, University of Fribourg, Switzerland
2Center for Chemistry, IHTM, University of Belgrade, Serbia

In transition metal chemistry low-lying excited states are common. Ex-
plicit treatment of the correlation is necessary in order to understand and
predict the properties of coordination complexes. This is achieved within
the non-empirical ligand field (LF) approach [1] – CI within the active
space of Kohn-Sham (KS) orbitals with open d-shells. With the frozen
KS orbitals obtained in the avarage of configuration DFT calculation,
the energies of all single determinants in the corresponding active space
is calculated and used to deduce LF and Racah parameters. Spin orbit
coupling constant ζ is evaluated as described in [1c]. These parameters
are introduced in a LF program to calculate the multiplet energies as
well as the EPR parameters [1].

We apply our DFT based Ligand Field model to analyze the magnetic
properties of the cobaltocene, Jahn-Teller instable metallocene. Calcula-
tion of g- and A- tensors [1d], and magnetic susceptibility of this complex
is presented, compared to the experimental findings [2], and analyzed in
terms of the parameters that determine the ground state potential energy
surface of this molecule.

[1] a) M. Atanasov, C.A. Daul and C. Rauzy, Chem. Phys. Lett.,
2003, 367, 737. b) M. Atanasov, C.A. Daul, C. Rauzy, Struct.

Bond., 2004, 106, 97. c) M. Atanasov, C. Rauzy, P. Baet-
tig, C. Daul, Int. J. Quant. Chem., 2005, 102, 119. d) M.
Atanasov, E. J. Baerends, P. Baettig, R. Bruyndonckx, C.
Daul, C. Rauzy, M. Zbiri, Chem Phys. Lett., 2004, 399, 433.

[2] a) E. Könning, Chem. Phys., 1978, 27, 331. b) H. Eicher
Phys. Rev. A, 1989, 40, 1637. c) R. Bucher, PhD Thesis,
ETH Zürich 1977
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