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The Centre for Theoretical and
Computational Chemistry (CTCC)

The Centre for Theoretical and Computational Chemistry (CTCC) is a Norwegian Centre of Excellence (CoE)
established by the Research Council of Norway in July
2007. The goal of the CoE program is to stimulate Norwegian research groups to establish larger units focusing on frontier research at a high international level, and
contribute to raising the quality of Norwegian research
The CTCC is one of 21 national centres of excellence
in Norway and the only one in the field of chemistry. The
centre has two nodes of equal size, hosted respectively
by the University of Oslo and the University of Tromsø.
The CTCC receives an annual funding from the Research
Council of Norway of about 9.5 MNOK for the period
July 2007 – June 2017, pending a successful mid-term
evaluation. In addition, the centre receives substantial financial support from the respective host institutions.
The vision of the CTCC is to become a leading inter-
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national contributor to computational chemistry by carrying out cutting-edge research in theoretical and computational chemistry at the highest international level.
The CTCC has established an extensive visitors program for world-leading scientists from around the world,
as well as for PhD students and postdocs from other
research groups who wish to benefit from the expertise
available at the centre.
The CTCC is actively engaged in communicating the
potentials offered by computational chemistry in all areas
of chemistry, offering courses in the efficient utilization
of modern quantum-chemistry programs on the computational infrastructure available in the Norwegian supercomputing program.
More information about the CTCC and the day-today operations can be found at http://www.ctcc.no.

A word from the leadership
At the end of 2009, it is rewarding to note that the
CTCC is beginning to make an impact on international
science. A Web of Science search at the end of 2009 shows
that 144 papers have been published with a CTCC address and these papers have already been cited 570 times,
with 13 of these papers having been cited at least 13 times
during the 2,5 years that the CTCC has been operational.
We note in particular that one paper by Peach et al. has
been cited more than 50 times during the first two years
since its publication, making it the most cited paper published in the Journal of Chemical Physics in 2008.
Although we have observed an increase in joint publications of the two CTCC nodes, there is room for improvement in this respect. To increase awareness of all
the CTCC activities, new postdocs will soon upon arrival
visit the other node, and joint PhD committees involving researchers from both nodes will be used whenever
possible. Based on recommendations from our Board, we
will also consider other means of encouraging joint publications between Oslo and Tromsø.
We are happy to note the great success of our international visitors program—so far, a total of 67 CTCC
papers have been coauthored with CTCC visitors, and
many of these papers rank among the most cited papers
of the CTCC.

However, the most important asset of the CTCC and
the main reason for its scientific impact is the excellent
group of master and PhD students, postdocs and researchers working at the CTCC. It is their continuous efforts to develop new theories, new computational models
and unraveling the nature of chemical reactions and the
properties of molecules that form the scientific foundation on which the CTCC builds. We are very grateful that
they decided to join the CTCC and help us reach the ambitious scientific goals of the center.
The next year of operation will be an important one,
during which the mid-term evaluation of the CTCC activities will begin. In preparation for this evaluation, our
Scientific Advisory Board will visit the center for several
days in June 2010 to provide us with scientific feedback
on our operation beyond the mere metrical evaluations.
We will also seek the advice of our Scientific Advisory
Board on the future directions of research at the CTCC
in its second period of operation.
Considering the quality of our staff members and the
documented scientific impact of the CTCC, we are looking forward both to the visit by the Scientific Advisory
Board and to the midterm evaluation, which will provide
us with important advice on how to improve our operations and the scientific activities at the CTCC.

Kenneth Ruud

Trygve Helgaker
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From the board of directors
Halfway into its first operational period, the CTCC is
now fully operational and staffed. The Board of Directors
is pleased to see that the scientific efforts at the CTCC are
becoming internationally recognized and that the centre continues to improve the collaborations and interactions between the two nodes, as reflected in the number
of joint publications. Still, the promotion of internode
collaborations at the CTCC calls for constant attention
of its members. The Board is pleased to note that the adjunct professors of the CTCC play an important role in
fostering internode collaborations.
With the renovation of the Science Building at the
University of Tromsø, the board very much welcomes
the possibility to co-localize all the CTCC members in
Tromsø, as we believe interactions on a daily basis is the
best way to foster innovative science of high international
standards.
The Board sees it as important that the CTCC defines
its place at the national level, finding a good balance between its own activities and the need to secure a large and
active computational chemistry community also outside
the centre. The CTCC's involvement in the activities of
the Norwegian Chemical Society represents an important activity in this respect, but the centre nevertheless

Professor Fred Godtliebsen
(Vice Dean at The Faculty of Science and
Technology)
Chairman of the board

Professor Anne-Britt Kolstø

(University of Bergen)
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(University of Oslo)

vice-chairman of the board

Professor Knut J.Børve
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needs to define more clearly its national role and position.
The Board of Directors is particularly pleased to note
that the attention to gender issues is starting to pay off.
At the beginning of 2009, there were 20% women at the
postdoctoral level. Although not high, this proportion
still represents a clear improvement compared with the
situation at the start of the centre. The appointment of
two additional female adjunct professors at the CTCC
and the organization of a conference in June 2010, promoting female excellence in theoretical and computational chemistry, will contribute to strengthening the involvement of women at the CTCC.
The Board is pleased to note that the CTCC has established good routines and practices for the various aspects
of the centre operation. The Board believes it is important that the CTCC is now actively engaged in promoting
science to the general public and, in particular, to young
people. Indeed, such promotion should be a priority area
for the CTCC in the coming year, so that the centre can
take full advantage of the opportunities offered by the
International Year of Chemistry 2011 in promoting its
activity and the importance for society of the research
carried out at the CTCC.

Professor Aslak Tveito
(Simula Research Centre)

Dr. Nina Aas
(Statoil)
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The scientific...activities
CTCC are concerned with the
be part atofthe
something
understanding of how the building blocks of the atoms, the
nuclei and the electrons, interact with one another and create
molecules. The focus of the CTCC is thus on the fundamentals
of chemistry.
To achieve its goal of understanding chemistry at the molecular level, the CTCC has adopted an interdisciplinary approach
to the underlying chemical challenges. The CTCC emphasizes
the need for a close collaboration between theoreticians
and exNow 24 issues
perimentalists so as to provide the most fertile ground for making new advances. The principal scientists of the CTCC therefore comprise theoretical chemists devoted to the development
and application of new computational methodologies applicable
to molecules of increasing size and accuracy, as well as computational chemists having a concurrent activity in experimental inBe part
something bigger
with Lab on a Chip!
vestigations of the reactions
andofproperties
of molecules.
Added
Read more online
interdisciplinarity comes from the involvement of researchers in
applied mathematics and in atomic and molecular
physics.
www.rsc.org/loc
An important goal for the CTCC is to develop new computational chemistry methods, making these more applicable to
real-life chemical problems. However, the dissemination of the
knowledge about these methods, their use and their range of applicability, is also an integral part of the centre's activities. This is
in part achieved by organizing training classes in the use of computational chemistry software, and through the establishment of
(inter)nationally coordinated masters- and PhD programs.
An important aspect of computational chemistry program
development is the design and use of robust and flexible programming environments that facilitate scientific discoveries.
The CTCC has initiated collaboration with the Simula Center,
a center that conducts basic research in the fields of networks
and distributed systems, scientific computing and software engineering (www.simula.no) to learn best practices in code development and maintenance.
Seeking to take advantage of advances made in related disciplines, the CTCC organized in 2009 a joint workshop with the
Centre for Mathematics and Applications (CMA, www.cma.uio.
no), another Norwe-gian Center of Excellence. The workshop
was devoted to computational quantum mechanics and was enPhys
ics

Lab on a Chip submissions have significantly increased
over the years. This is not surprising, given that the
leading journal in miniaturisation science has provided
extensive support to the community right from the
start. With an impact factor of 5.1* and the fastest
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Jan-04

Jan-05

Jan-06

Jan-07

Jan-08

Now Lab on a Chip is doubling in frequency to 24 issues
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topical research even faster!
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COVER ARTICLE
Tozer et al.
TDDFT diagnostic testing and functional
assessment for triazene chromophores

PERSPECTIVE
van Faassen and Burke
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beyond
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Dr. Maxime Guillaume having made the front
cover of Physical Chemistry Chemical Physics (PCCP)

titled “From ab initio methods to density functional theory”.
In addition to collaborating and interacting with other Norwegian scientific groups and centers, the CTCC has a strong
emphasis on international collaboration. The international visitors program continues to be a great success, with a total of 31
international visitors in 2009. These visitors strongly impact the
research conducted at the centres, contributing to nearly one
third of all papers published by the CTCC last year.
A close collaboration with other leading Nordic research
groups in computational chemistry is maintained through the
Nordic Network of National Centers of Excellence in Computational Chemistry (NCoECC), funded by NordForsk. The
network consists of national centers of excellence from the University of Helsinki (Finland), KTH (Sweden), and Aarhus University (Denmark). The annual meeting of the NCoECC was
held at KTH in November as part of a month-long Nordita research program in which CTCC researcher Prof. Kenneth Ruud
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was a co-organizer. The NCoECC meeting gathered about 50 attendees from Europe, Asia and the USA.
Finally, to foster collaboration within the center, the CTCC
organizes yearly an internal workshop where its PhD students
and postdocs present their own research. In May 2009, this event
was organized at the island of Sommarøy in Troms.
Most of the computational activities at the CTCC take the
Schrödinger equation as their starting point. However, the underlying many-body problem cannot be solved exactly and powerful computers are needed to provide approximate solutions
of sufficient accuracy. As in earlier years, the CTCC benefitted
in 2009 strongly from the Norwegian supercomputer program
NOTUR and from the HPC program at the University of Tromsø, without which we would not have been able to perform quantum-chemical simulations of the highest international standard.
The future success of the CTCC will continue to depend critically on the availability of powerful supercomputing resources.
An evaluation of Norwegian basic chemistry research was
conducted by an international review panel in 2008, and their
report was published in 2009. The CTCC activities covered by
the report were found to overall be very good, with some contributions being at an internationally leading level. The theoretical
chemistry group in Oslo was in particularly highlighted as being
one of the strongest worldwide, and the activity in the inorganic
chemistry group in Tromsø was likewise described as excellent.
The committee notes that the groups involved in the CTCC can
support the training of a larger number of PhD students.
The CTCC congratulates one of our senior researchers, Dr.
Luca Frediani, on receiving the University of Tromsø Young Investigator Award. We also congratulate Dr. Maxime Guillaume
(in collaboration with Prof. Kenneth Ruud and researchers from
the University of Durham (UK) led by Prof. David Tozer) for
once again having made the front cover of Physical Chemistry Chemical Physics (PCCP). The Journal of Chemical Physics highlighted the research of CTCC researchers Prof. Trygve
Helgaker and Dr. Sonia Coriani (in collaboration with CTCC
visiting scientist Joachim Friedrich and Prof. Michael Dolg from
the University of Cologne) on their front page in October 2009.
A paper published by CTCC member Prof. Claus Jørgen
Nielsen was selected as one of only five papers highlighted in
connection with the American Chemical Society’s celebration of
Earth Day in April 2009. In 2009, CTCC member Prof. Abhik
Ghosh edited a special issue of Coordination Chemistry Reviews, devoted to “Theory and Computing in Contemporary
Coordination Chemistry”.
In addition to the recognition received by our peers, we are
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pleased to note that some of the work done at the CTCC also attracted attention from more popular scientific media. We would
in particular like to highlight the work of former CTCC PhD
student Erik Tellgren, together with CTCC researcher Trygve
Helgaker and former CTCC researcher Alessandro Soncini on
molecules in very strong magnetic fields. Their work was not
only presented in the popular scientific magazine Appolon at the
University of Oslo, but an interview with Dr.Tellgren and Prof.
Helgaker was in the autumn of 2009 aired on the science program “Verdt å vite” on Norwegian radio.
The scientific activity of the CTCC is organized into eight
thematic work packages, each headed by a principal scientist.
However, most scientists contribute to more than one package.
There are three work packages related to method development:
(1) large periodic and nonperiodic systems; (2) fragment approaches for large systems, and (3) multiscale methods with
wavelets. Two packages contain significant elements of both
method development and applications: (4) properties and spectroscopy; and (5) dynamics and time development. Finally, three
packages are applications oriented: (6) bioinorganic chemistry;
(7) catalysis and organometallic chemistry; and (8) gas-phase
reactions and photochemistry
In the following four pages, highlights from the different
scientific activities at the center are presented. We hope these
excursions into the scientific activity of the CTCC will provide a
tantalizing glimpse into the work being carried out at the center.
21 O C T O B E R 2 0 0 9
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The Journal of Chemical Physics highlighted the research
of CTCC researchers Prof. Trygve Helgaker and Dr. Sonia Coriani

Atoms in Molecules and Solids
The atomic hypothesis of Democritus, refined and confirmed by the work of Dalton and Boltzmann in the 19th
century, is perhaps one of the most fruitful scientific
ideas ever formulated. Richard Feynman asks the following question in volume one of his well-known books "The
Feynman Lectures on Physics": What statement would
contain most information in the fewest words? His answer is the following: “I believe it is the atomic hypothesis
– that all things are made of atoms – little particles that
move around in perpetual motion, attracting each other
when they are a small distance apart, but repelling upon
being squeezed into each other. In that sentence there is
an enormous amount of information about the world, if
just a little thinking and imagination are applied.”
In chemistry and physics a huge body of experimental
results can be interpreted by the notion that matter consists
of atoms. In spite of this tremendous success, the fundamental theory of chemistry – quantum mechanics – cannot rigorously support the notion of a well-defined state of
an atom in a complex. Even the states of non-interacting
subsystems in a complex – if previously entangled – are
not defined. This particular feature of quantum mechanics
is usually denoted Einstein-Rosen-Podolsky correlations.
Nevertheless, we do not consider a proper wave function
for the whole Universe, and non-interacting complexes are
described by simple products of wave functions.
In a new computational model – the PATMOS model
(Perturbed AToms in MOlecules and Solids) – the idea of
using product functions as a basic approximation is at the
heart of the model. The change in the total energy during
the formation of a complex can then be written as sum of
distortion energies (changes of intra-atomic energies), and
the sum of the interactions between distorted or perturbed
atoms. The interaction energy can further be portioned
into a Coulomb component that has a classical interpre-

Scanning Tunnelling Microscope (STM) image of PTCDA molecules
adsorbed on a Graphite surface. Author: Frank Trixler, LMU/CeNS,
distributed under the Creative Commons license

tation, and a (molecule – complex) correlation-exchange
component that has no classical interpretation. The energy
partitioning can explain the origin of bonding in molecules, i.e. why atoms form complexes. Indeed, calculations
performed using the PATMOS model, confirm the atomic hypothesis as formulated by Richard Feynman.
The PATMOS model has strong conceptual features.
Equally important is, however, the possibility of constructing a feasible and accurate computational model for large
systems. The definition of atoms in a complex implies that
the well-known bottleneck in electronic structure calculations – the huge number of two-electron integrals – can be
partly circumvented. Within the PATMOS model, the interaction between atoms that are far apart can be described
by a dipole-dipole interaction, and hence, no two-electron
integrals are required for this long-distance interaction.
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Molecular integral evaluation
Nowadays, quantum-chemical methods are used on a
daily basis by thousands of chemists, providing valuable information about the nature of chemical species
and their interactions. Our quest for understanding and
describing such systems would therefore directly benefit
from any improvements in the computational techniques
underlying such quantum-chemical studies.
Molecular Hamiltonian integrals over atomic-orbital
(AO) basis functions are central to all quantum-chemical methods and their efficient evaluation is essential
to any successful quantum-chemical software package.
The most expensive such integrals are the two-electron
Coulomb-repulsion integrals between AO product pairs.
These six-dimensional integrals are obtained by highly
efficient recurrence relations, starting from simpler onedimensional integrals.
In spite of tremendous advances in integration techniques over the last 50 years, integral evaluation is often the bottleneck in quantum-chemical calculations.
The development of more efficient integration schemes
has therefore received much attention at the CTCC. The
rapid development of computer technology calls for software developers to adapt their methods to the new platforms and architectures. Combined with the need for a
higher degree of flexibility in software development, this
has led us to develop a new integral code at the CTCC,
within the Dalton package.
A popular and successful approach to molecular integral evaluation is density fitting, where the electron
density is expanded in an auxiliary set of AOs rather
than in products of AOs. Traditional density-fitting tech-
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Figure: The titin molecule

niques provide speed-ups by factors 3–30 for small and
medium-sized molecules. We have developed these techniques further, to studies of large molecules at a cost that
scales linearly with their size. Our code has been applied
to water clusters containing up to 4000 atoms.
In a DFT BP86/6-31G geometry optimization of the
392-atom titin molecule illustrated above, each energy
optimization takes 48 minutes with the new code, while
the forces acting on all atoms are evaluated in nine minutes on a single Xeon 2.66 GHz processor. By adaptating
the code to parallel computers, we expect each geometry
step to require no more than a few minutes, opening up
new possibilities for ab initio studies of large molecules.

Metal-Organic Frameworks
Metal-Organic Frameworks (MOFs) constitute a new
class of materials that has attracted the attention of interdisciplinary chemistry research during the last decade.
MOFs are crystalline, nanoporous materials that are constructed from main-group or transition-metal atoms or
clusters (cornerstones) connected in one, two, or three
dimensions by polyfunctional organic ligands (linkers).
The successful combination of cornerstones and linkers
makes possible the creation of open, porous, and robust
three-dimensional structures with high pore volumes and
large surface areas. MOFs are currently considered strategic materials of academic and growing industrial interest,
with foreseen applications in catalysis, gas storage, separation, sensing, molecular recognition, and much more.
MOFs are challenging systems to work with computationally due to their very large size, but have now become
within computational reach. The insight that can be obtained from computational modeling is expected to have
a profound impact on the further exploitation of MOFs,
bearing in mind that MOF synthesis and design are still
in their infancy, with a considerable associated trial- and
error component.
One MOF currently studied at the CTCC is UIO-66,
recently prepared by the catalysis group at UiO. In this (see
Figure) and related MOFs, hexanuclear zirconium clusters
are linked by organic dicarboxylates to form highly symmetrical, essentially face-centered cubic, three-dimensional structures. Their periodicity and high symmetry allow
for computational studies despite the very large crystal-

Figure: Structure of UIO-66.

lographic unit cells. It is expected that the computational
studies of UIO-66 will strongly benefit ongoing experimental investigations at UiO of this exceptionally robust,
highly porous material with respect to applications in
catalysis, gas adsorption, separation, and much more. In
particular, by varying the cornerstones and linkers computationally, invaluable information is generated for the
experimentalists, helping them in identifying the most attractive synthetic targets.
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Molecular chirality and light
Chiral molecules—that is, molecules that are not superimposable on their mirror images—are basic building
blocks of all living organisms and are vital for their function. Most drugs, food and cosmetics ingredients are chiral and structural characterization of such molecules is of
great importance in chemistry and biochemistry.
Traditionally, crystallographic methods have been
used to determine molecular structure. However, for
many biologically relevant molecules, it is not feasible
to develop crystals for X-ray or neutron structure determination. Moreover, in many cases, it is necessary to
establish the conformation not in the solid state but in
solution. Non-destructive optical methods that can be
applied in all states of matter are therefore an attractive
alternative.
The optical phenomenon usually associated with chirality, known since the early XIX century, is optical rotation: the rotation of linearly polarized light when passing through a chiral sample. However, optical rotation is
not the only optical manifestation of chirality. Chirality
influences also absorption and emission spectra. Circular dichroism (CD, the differential absorption of left and
right circularly polarized light) and circularly polarized
luminscence (CPL, its counterpart in emission spectroscopy) are examples of such spectroscopic methods.
Chiroptical spectra are difficult to interpret and cannot usually be assigned to a definite molecular structure
by empirical rules. Instead, quantum-chemical calculations can assist in relating observed spectra to molecular
structure.
Of particular interest recently has been CPL, which
delivers information about the chiral structure of a molecule in its excited state. The geometry of a molecule may
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change significantly upon electronic excitation. By comparing CD and CPL spectra, information on structural
changes occurring during an electronic excitation process can be obtained.
Early measurements (1983) revealed that some chiral
molecules in the class β,γ-enones (molecules with C=O
and C=C bonds separated by two bonds) have an interesting property: the signs of the corresponding CD and
CPL bands are different. The authors interpreted their
observation in terms of geometry changes between the
ground and excited states. M. Pecul and K. Ruud decided
to verify this idea by means of linear-response densityfunctional theory (DFT) and coupled-cluster (CC2) calculations. They found that, for most of these systems,
there exist not one but two energy minima on the excited-state potential energy surface—one with an associated positive rotatory strength and one with a negative
rotatory strength—and that their relative energy affects
the sign and magnitude of the CPL, thus demonstrating
the insight that can be obtained from joint theoretical
and computational studies of chiroptical properties.

Ctcc members
Principal investigators at the ctcc
Tor Flå
Professor
UiT

Trygve
Helgaker
Professor
UiO

Kenneth Ruud
Professor
UiT

Mats Tilset
Professor
UiO

Luca Frediani
Associate Prof.
UiT

Claus Jørgen
Nielsen
Professor
UiO

Inge Røeggen
Professor
UiT

Einar Uggerud
Professor
UiO

Abhik Ghosh
Professor
UiT

Knut Fægri jr.
Professor
UiO

Researchers

Dan Jonsson
UiT

Alessandro
Soncini
UiO

Clemens
Woywod
UiT

Thomas Bondo
Pedersen
UiO

Postdocs
Radovan Bast
UiT

Kathrin
Hopmann
UiT

Na Lin
UiT

Andrew
Teale
UiO

Bin Gao

Francesca
Maria Iozzi
UiO

Ying-Chan
Lin
UiT

Erik Tellgren
UiO

Hui Cao
UiT

Jonas
Juselius
UiT

Michael
Przybytek
UiO

Andreas
Thorvaldsen
UiT

Bruno Cardey
UiT

Andreas Krapp
UiO

Simen
Sommerfeldt
Reine
UiO

Ville Weijo
UiT

Adam
Chamberlin
UiT

Alexey
Konovalov
UiO

Yizhen Tang
UiO

Li-Ming
Yang
UiO

UiT
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PhD students
Antoine
Durdek
UiT

Ola Berg
Lutnæs
UiO

Dmitry
Shcherbin
UiT

Stig Rune
Jensen
UiT

Johannes
Rekkedal
UiO

Anton Simakov
UiO

Patrick
Merlot
UiO

Magnus
Ringholm
UiT

Harald Solheim
UiT

Mihayo
Musabila
UiO

Vladimir
Rybkin
UiT

Arnfinn
Hykkerud
Steindal
UiT

Alexei Zatula
UiO

Master students
Marco Anelli
UiT

Arne J. C.
Bunkan
UiO

Geir
Isaksen
UiT

Maria
Døvre
Strømsheim
UiO

Kai K. Lange
UiO

Affiliates
Bjørn Olav
Brandsdal
Associate
Professor
UiT

Harald
Møllendal
Professor
UiO

Administrative staff
Stig Eide
Head of
Administration
UiT

Board of directors
Professor Fred
Godtliebsen

(Vice Dean of the Faculty of
Science, University of Tromsø)

John McNicol
Office
Manager
UiO

Professor Anne-Britt Kolstø
(University of Oslo)

Vice-chairman of the board

Svein Samdal
Professor
UiO

Adjunct Professors
Sonia Coriani
Associate
Professor II
UiO

Dr. Nina Aas

(Statoil)

Magdalena
Pecul
Associate
Professor II
UiT

Professor Knut J.Børve
(University of Bergen)

Trond
Saue
Professor II
UiT

Professor Aslak Tveito
(Simula Research Centre)

Chairman of the board

Scientific advisory board
Prof.Emily A.Carter

(Princeton University, USA)
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Prof.Odile Eisenstein
(University of Montpellier,
France)
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Prof.Kersti Hermansson
(Uppsala University, Sweden)

Prof.Mike Robb
(Imperial College
London, UK)

Prof.Per-Olof Åstrand
(Norwegian University of
Science and Technology,
Norway)

Molecular Properties '09
The CTCC was a main sponsor of the international conference "Molecular Properties '09" (MP09) which was held
at Hotel Vettre in Asker, about 20 km southwest of Oslo,
from Thursday June 18 until Sunday June 21 2009. The
meeting, which was organized as a satellite symposium to
the 13th International Congress of Quantum Chemistry
(ICQC) in Helsinki June 22–27, was devoted to the calculation of molecular properties by quantum–chemical
methods, including developments in methodology and
applications to challenging problems in chemistry and
physics, with emphasis on the relationship between theory and experiment. The MP09 conference attracted 117
participants from 21 countries, who gave in total 35 oral
and 54 poster presentations. The international character
of the meeting may be judged from the fact that 91 of
the participants were non-Scandinavian, with the largest
number of participants coming from Germany (15), US
(11), Poland (9), Italy (9) and Japan (8) and UK (5) and a
total of 28 non-European participants.
The overall quality of the presentations was very high,
even by international standards, with high attendance
and lively discussions. The social program at the meeting

included a Barbecue dinner on Thursday evening and a
Fjord cruise on Friday evening, unfortunately marred by
unusually poor weather conditions for the season, with
rain and cold wind.
The organizing committee, consisting of Prof. Trygve
Helgaker (CTCC, chairman), Prof. Bogumil Jeziorski
(University of Warsaw, Poland), Prof. Peter Knowles
(University of Cardiff, UK) and Prof. Kenneth Ruud
(CTCC) initially made a selection of 18 invited speakers, nearly all of whom accepted the invitation to MP09
immediately. The selection of the remaining 17 speakers
was subsequently made by the organizing committee,
based on the abstracts submitted by the participants.
The MP09 conference was sponsored by the Research
Council of Norway (RCN) as well as the CTCC. Important for the success of the meeting was administrative
help from John McNicol and John Vedde at the CTCC
and the Department of Chemistry in Oslo. In addition,
CTCC PhD student Vladimir Rybkin helped with many
practicalities during the conference, contributing to its
great success.

II
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Almlöf–Gropen lecture 2009:

Prof. Tom Ziegler, University of Calgary, Canada

Professor Jeanet Conradie, Professor Daniel Crawford, Professor Tom Ziegler, Professor Josef Michl

The 2009 Almlöf–Gropen lecture was given by Prof.
Tom Ziegler from the University of Calgary, Canada on
May 11 at the University of Oslo and on May 14 at the
University of Tromsø. The title of his talk was "Analyzing Complex Electronic Structure Calculations on Large
Molecules in Simple Chemical Terms".
Prof. Tom Ziegler was born in Denmark in 1945 and
took his PhD in inorganic and theoretical chemistry
at the University of Calgary in 1978. He is a Canadian
citizen and holds a prestigious Canada Research Chair
in Theoretical Inorganic Chemistry. Since 1970, Prof.
Ziegler has authored more than 400 publications in international journals and is today considered one of the
world's leading quantum chemists. His main contributions are concerned with the development of densityfunctional theory (DFT) and the application of DFT
to inorganic chemistry, with a special interest in catalytic processes and reactive intermediates. Possessing a
broad range of interests, Prof. Ziegler has made many
contributions to the calculation of spectroscopic parameters, reaction paths, and molecular dynamics. On
the application side, he has worked with a large number
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of companies on the computational design of catalysts
for olefin polymerization, functionalization of hydrocarbons, and epoxidation of olefins. Prof. Ziegler has
received numerous awards for his work, including the
Schrödinger medal from WATOC (2004), the Steacie
Award from the Canadian Society of Chemistry (2005).
He is a Fellow of the Royal Society of Canada (1997)
and the Royal Danish Academy of Sciences and Letters
(2000) and of the International Academy of Quantum
Molecular Sciences (2007).
In his Almlöf–Gropen lecture, Prof. Ziegler presented an exciting new scheme for chemical bond analysis [Mitoraj, Michalak, and Ziegler, J. Chem. Theory
Comput. 5, 962 (2009)], obtained by combining the
previously developed Extended Transition State (ETS)
method from 1977 and the Natural Orbitals for Chemical Valence (NOCV) theory from 2008. The resulting
ETS–NOCV method was presented with great enthusiasm and applied convincingly to a number of chemical systems, explaining, for example, the trans effect in
square planar platinum complexes.

Visiting scientists
Name

From

Period (from - to)

Name

From

Period (from - to)

New Zealand

06.06.09-13.06.09

Marcel Nooijen

Belgium

09.12.09-18.12.09

Penny Brothers

Silvio Pipolo

Italy

16.11.09-23.11.09

Debashis Mukherjee

India

04.06.09-17.06.09

Gabor J. Halasz

Hungary

06.10.09-12.10.09

Stefano Borini

Germany

02.06.09-17.06.09

Agnes Vibok

Hungary

06.10.09-12.10.09

Fami Himo

Sweden

28.05.09-30.05.09

Mikio Nakamura

Japan

30.09.09-02.10.09

Josef Michl

USA

14.05.09-15.06.09

Israel Lopez

Spain

28.09.09-08.10.09

Tom Ziegler

Canada

13.04.09-16.05.09

Marek Wojcik

Poland

24.09.09-26.09.09

Per Olof Åstrand

Norway

12.03.09-13.05.09

Jeanet Conradie

South Africa

20.09.09-04.10.09

Shubhrodeep Pathak

India

04.05.09-27.06.09

Mats Larsson

Sweden

15.09.09-15.09.09

Jeanet Conradie

South Africa

03.04.09-29.05.09
15.03.09-03.04.09

Michal Jaszunski

Poland

10.09.09-21.09.09

Abdelsalam Mohammed Sweden

Florian Rupp

Germany

14.08.09-31.08.09

Leonie Mueck

Germany

13.03.09-20.03.09

Netherlands

06.03.09-17.03.09

Helmut Harbrecht

Germany

12.08.09-21.08.09

Ulf Ekstrom

M. Randrianarivony

Germany

24.07.09-02.10.09

Prakash Jha

India

22.03.09-21.05.09

23.07.09-02.10.09

Daniel Crawford

USA

21.02.09-20.08.09

Fatemeh Elmi

Iran

Malgorzata Olejniczak Poland

28.06.09-28.08.09

Marcel Nooijen

Belgium

14.06.09-18.06.09

Karl Kadish

USA

08.06.09-13.06.09

Kristoffer Andersson

Norway

08.06.09-13.06.09
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Visiting scientist:
Professor Daniel Crawford (Virginia Tech, USA)

- Why did you choose to visit the CTCC? How did
you learn about the CTCC and its visitors program?
About two and a half years ago, my wife asked me if I
had any ideas about where we could spend our upcoming sabbatical. I told her without hesitation that my first
choice would be Scandinavia because of the quality of
the research I saw published from the Oslo, Tromsø, and
Aarhus groups, in particular, and because of the overlap
in our interests in response theory and molecular properties. By excellent coincidence, within a matter of days
thereafter I received an email from Kenneth Ruud telling
me about the establishment of the CTCC by the Research
Council of Norway and asking if I would be interested
in participating in the visitor’s program for half a year. I
responded immediately, of course, as this fit almost too
perfectly with our wishes.
- In what way was the stay at the CTCC important
for your scientific activities?
I developed several new collaborative projects with
CTCC members, two of which have already produced
new, publishable results. In addition, through discussions
with CTCC scientists, I was able to gain a deeper understanding of a number of theoretical problems I have been
pursuing over the last few years.
- How did you find the working conditions and social and scientific environment at the CTCC?
Both the Tromsø and Oslo groups were very hospitable to my family and me. They helped us to find apartments and settle in, and then they provided us with
numerous social opportunities so we could learn more
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about the group and the region. I am particularly grateful
for the Mølje party in Tromsø in February, the Sommarøy
event with both CTCC groups in May, the garden party at
the Helgakers' home in June, and the visit to Kristiansand
with the Helgakers in July.
The CTCC working environment is excellent, with
senior scientists, postdocs, and students who are extremely well trained and productive. Both groups gather
on a nearly daily basis for coffee etc., which helps everyone to get to know one another. In addition, the CTCC
hosted a number of other visitors during my stay (e.g.
Josef Michl (Boulder, USA) and Tom Ziegler (Calgary,
Canada), which gave me even more opportunities for scientific interactions. My only difficulty was in my first few
weeks in Tromsø where my desk was in a rather public
area. I have not shared an office in a little more than a
decade, and I found the distraction had a surprising impact on my productivity. However, Kenneth Ruud quickly found a quiet office for me to use, and my work gained
momentum again very quickly.
- How did you find Norway in general and Oslo/
Tromsø in particular?
There was, of course, some cultural adjustment for
my family and me but, as noted above, the CTCC personnel helped to make the transition rather smooth. We
found that, while we did our best to learn as much of the
language as possible, nearly all Norwegians speak superb
English, making communication much easier. In addition, we did not need a car during our stay because the
public transportation in both Tromsø and Oslo is sufficiently convenient and affordable. Norway is an expensive country, but the stipend provided by the CTCC covered the vast majority of our living expenses.
- Assuming you would recommend the visitor program of the CTCC to your colleagues, what would you
say are the strengths of the program and the benefits to
the visitors?
The strengths of the program are first and foremost
in the CTCC personnel, who, as I’ve indicated above, are
some of the best in the field. I have already suggested the
CTCC visitor’s program to two collaborators in the US,
and I hope they take advantage of it.

Total revenue and expenditure figures
Finansiering (i tusen kroner)
REGNSKAPSFØRTE INNTEKTER PÅ SFF
ved vertsinstitusjonen
Vertsinstitusjonen
Norges forskningsråd - sff
Samarbeidspartner (navngis)
Internasjonale midler
Andre offentlige
Nfr-prosjekter
Andre offentlige enn Nfr
Andre private
Sum regnskapsførte inntekter
ANDRE INNTEKTER = Ikke regnskapsførte midler på
sff ved vertsinstitusjonen
Samarbeidspartner A
Samarbeidspartner B
Vertsinstitusjonen
Andre
Sum ikke regnskapsførte midler
Sum årets finansiering
Finansieringsplanens beløp
Avvik fra finansieringsplanen
Overført (+/-)
Sum finansiering og overføring

Kostnader (i tusen kroner)
REGNSKAPSFØRTE KOSTNADER PÅ SFF
ved vertsinstitusjonen
Personell og lokaler
(Lønn og sosiale kostnader)
(Lokaler - husleie og drift)
Innkjøpte FoU tjenester
Utstyr
Andre driftskostnader
Sum regnskapsførte utgifter
ANDRE KOSTNADER = Ikke regnskapsførte
kostnader på SFF ved vertsinstitusjonen
Personell og lokaler
(Lønn og sosiale kostnader)
(Lokaler - husleie og drift)
Innkjøpte FoU tjenester
Utstyr
Andre driftskostnader
Sum ikke regnskapsført
Sum utgifter
Til overføring (+/-)

Reell
finans
2007

Reell
finans
2008

Planlagt
finans
2010

Reell
finans
2009

Planlagt
finans
2011

Planlagt
finans
2012

Planlagt
finans
2013-17

3 300
3 900

8 099
6 400

7 900
11 137

8 000
10 932

8 200
12 552

8 700
11 923

31 600
34 800

7 200

14 499

19 037

18 932

20 752

20 623

66 400

0
7 200
7 200
0
7 200
Reelle
utgifter
2007

0
14 499
14 499
0
5 006
19 505
Reelle
utgifter
2008

0
19 037
19 037
0
4 148
23 185

0
18 932
18 932
0
4 083
23 015
Utgiftsbudsjett
2010

Reelle
utgifter
2009

0
20 752
20 752
0
1 212
21 964
Utgiftsbudsjett
2011

0
20 623
20 623
0
1 212
21 835
Utgiftsbudsjett
2012

0
66 400
66 400
0
0
66 400
Utgiftsbudsjett
2013-17

632

13 139

16 397

19 068

19 227

17 908

52 875

1 562
2 194

2 218
15 357

2 705
19 102

2 735
21 803

2 737
21 964

2 715
20 623

13 525
66 400

0

0

0

0

0

0
19 102
4 083

0
21 803
1 212

0
21 964
0

0
20 623
1 212

0
66 400
0

0
2 194
5 006

0
15 357
4 148
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Total
finans

75 799
91 644
0
0
0
0
0
0
167 443

0
0
0
0
0
167 443
167 443
0
183 104

Totalt
budsjett

139 246
0
0
0
0
28 197
167 443

0
0
0
0
0
0
0
167 443
15 661

| 17

CTCC publications 2009
This list holds the following references to publications, sorted by year and author:

1. Alemayehu, AB, Gonzalez, E, Hansen, LK, and
Ghosh, A (2009).
Copper Corroles Are Inherently Saddled
Inorganic Chemistry 48(16): 7794-7799.
2. Bast, R, Jensen, HJ, and Saue, T (2009).
Relativistic Adiabatic Time-Dependent Density
Functional Theory Using Hybrid Functionals and
Noncollinear Spin Magnetization
International Journal of Quantum 109(10, Sp. Iss.
SI): 2091-2112.
3. Bast, R, Juselius, J, and Saue, T (2009).
4-Component relativistic calculation of the magnetically induced current density in the group 15
heteroaromatic compounds
Chemical Physics (1-3, Sp. Iss. SI): 187-194.
4. Bast, R, Saue, T, Henriksson, J, and Norman, P
(2009).
Role of noncollinear magnetization for the firstorder electric-dipole hyperpolarizability at the fourcomponent Kohn-Sham density functional theory
level
The Journal of Chemical Physics 130: 024109.
5. Bast, R, Thorvaldsen, AJ, Ringholm, M, and Ruud, K
(2009).
Atomic orbital-based cubic response theory for
one-, two-, and four-component relativistic selfconsistent field models
Chemical Physics 356(1-3): 177 - 186.
6. Blanco, F, Alkorta, I, Solimannejad, M, and Elguero,
J (2009).
Theoretical Study of the 1:1 Complexes between
Carbon Monoxide and Hypohalous Acids
Journal of Physical Chemistry A 113(13): 32373244.
7. Bråten, H, Bunkan, A, Bache-Andreassen, L,
Sollimannejad, M, and Nielsen, C (2009).
Final report on a theoretical study on the
atmospheric degradation of selected amines
NILU, Technical report.
8. Carvajal, M, Margules, L, Tercero, B, Demyk, K,
Kleiner, I, Guillemin, J, Lattanzi, V, Walters, A,
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9.

10.

11.

12.
13.

14.

15.

Demaison, J, Wlodarczak, G, Huet, TR, Møllendal,
H, Ilyushin, VV, and Cernicharo, J (2009).
Rotational Spectrum of 13C2-Methyl Formate
(HCOO13CH3) and Detection of the Two
13C-Methyl Formate in Orion
Astronomy & Astrophys. 500: 1109-1118.
Chakrabarti, S and Ruud, K (2009).
Large two-photon absorption cross-section:
Molecular tweezer as a new promising class of
compounds for nonlinear optics
Phys. Chem. Chem. Phys. 11: 2592-2596.
Chakrabarti, S and Ruud, K (2009).
Intermolecular Interaction-Controlled Tuning of
the Two-Photon Absorption of Fullerene Bound in a
Buckycatcher
The Journal of Chemical Physics A 113: 5485-5488.
Coriani, S, Forzato, C, Furlan, G, Nitti, P, Pitacco, G,
Ringholm, M, and Ruud, K (2009).
Synthesis, characterization and assignment of
the absolute configuration of 4,4-dimethyl-5oxo-tetrahydrofuran-3-carboxylic acid and its
esters: a combined experimental and theoretical
investigation
Tetrahedron: Asymmetry 20: 1459-1467.
Demaison, J, Møllendal, H, and Guillemin, J (2009).
Equilibrium CAs and CSb Bond Lengths
J. Mol. Struct. 930: 21-25.
Dodziuk, H, Ostrowski, M, Ruud, K, Jazwinski, J,
Hopf, H, and Kozminski, W (2009).
Spatial structure and NMR spectra of strained
[2.2.2]cyclophanes
Magn. Reson. Chem. 47: 407-414.
Fernandez, I, Frenking, G, and Uggerud, E (2009).
The Interplay between Steric and Electronic Effects
in SN2 Reactions
Chemistry – A European Journal 15(9): 2166-2175.
Friedrich, J, Coriani, S, Helgaker, T, and Dolg, M
(2009).
Implementation of the incremental scheme for oneelectron first-order properties in coupled-cluster
theory
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The Journal of Chemical Physics 131: 154102(1-10).
16. Fromager, E, Real, F, Wåhlin, P, Wahlgren, U, and
Jensen, HJA (2009).
On the universality of the long-/short-range
separation in multiconfigurational densityfunctional theory. II. Investigating f0 actinide
species
The Journal of Chemical Physics 131: 054107.
17. Gao, B, Wu, Z, Agren, H, and Luo, Y (2009).
Chirality and diameter dependent x-ray absorption
of single walled carbon nanotubes
The Journal of Chemical Physics 131(3): 034704.
18. Ghosh, A (2009).
Theory and computing in contemporary
coordination chemistry (Preface)
Coordination Chemistry Reviews 253(5-6, Sp. Iss.
SI): 523-525.
19. Guillaume, M, Champagne, B, Bégué, D, and
Pouchan, C (2009).
Electrostatic interaction schemes for evaluating the
polarizability of silicon clusters
The Journal of Chemical Physics 130: 134715-.
20. Hansen, K, Andersson, PU, and Uggerud, E (2009).
Activation energies for evaporation from protonated
and deprotonated water clusters from mass spectra
The Journal of Chemical Physics 131(12): 124303.
21. Hopmann, KH and Conradie, J (2009).
Density Functional Theory Study of Substitution
at the Square-Planar Acetylacetonato-dicarbonylrhodium(I) Complex
Organometallics 28(13): 3710-3715.
22. Hopmann, KH, Conradie, J, and Ghosh, A (2009).
Broken-Symmetry DFT Spin Densities of Iron
Nitrosyls, Including Roussin's Red and Black Salts:
Striking Differences between Pure and Hybrid
Functionals
Journal of Physical Chemistry B 113(30): 1054010547.
23. Hopmann, KH, Ghosh, A, and Noodleman, L
(2009).
Density Functional Theory Calculations on Moss-

24.

25.

26.

27.

28.

29.

30.

31.

bauer Parameters of Nonheme Iron Nitrosyls
Inorganic Chemistry 48(19): 9155-9165.
Hvelplund, P, Nielsen, SB, Panja, S, Pedersen, JO,
and Uggerud, E (2009).
On the existence of the hypervalent H3O, H2DO,
HD2O, and D3O radicals
International Journal of Mass Spectrometry 281(12):52-54.
Höfener, S, Tew, DP, Klopper, W, and Helgaker, T
(2009).
The geminal basis in explicitly correlated wave
functions
Chemical Physics 356: 25-30.
Iozzi, MF, Helgaker, T, and Uggerud, E (2009).
Assessment of theoretical methods for the
determination of the mechanochemical strength of
covalent bonds
Mol. Phys. 107: 2537–2546.
Jackowski, K, Makulski, W, Szyprowska, A, Antusek,
A, Jaszunski, M, and Juselius, J (2009).
NMR shielding constants in BF3 and magnetic
dipole moments of B-11 and B-10 nuclei
Journal of Chemical Physics 130(4): 044309-0443095
Jansik, B, Høst, S, Johansson, MP, Olsen, J, Jørgensen, P, and Helgaker, T (2009).
Robust and reliable multilevel minimization of the
Kohn–Sham energy
J. Chem. Theory Comput. 5: 1027–1032.
Jansik, B, Høst, S, Johansson, MP, Olsen, J, Jørgensen, P, and Helgaker, T (2009).
A stepwise atomic, valence-molecular, and fullmolecular optimisation of the Hartree-Fock/KohnSham energy
Phys. Chem. Chem. Phys. 11: 5805–5813.
Jiang, J, Gao, B, Han, T, and Fu, Y (2009).
Ab initio study of energy band structures of GaAs
nanoclusters
App. Phys. Lett. 94(9): 092110.
Julinek, O, Setnicka, V, Miklasova, N, Putala, M,
Ruud, K, and Urbanova, M (2009).
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32.

33.

34.

35.

36.

37.

38.

39.
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Determination of Molecular Structure of
Bisphenylene Homologues of BINOL-Based
Phosphoramidites by Chiroptical Methods
Journal of Physical Chemistry A 113: 10717–10725.
Juzeniene, A, Setlow, R, Porojnicu, A, Steindal, AH,
and Moan, J (2009).
Development of different human skin colors:
A review highlighting photobiological and
photobiophysical aspects
Journal of Photochemistry and Photobiology B –
Biology 96(2): 93-100.
Kjærgaard, T, Jørgensen, P, Thorvaldsen, AJ, Salek, P,
and Coriani, S (2009).
A gauge-origin independent formulation and
implementation of magneto-optical Activity within
atomic-orbital-density based Hartree-Fock and
Kohn-Sham response theories
J. Chem. Theory Comp. 5(8): 1997-2000.
Klæboe, P, Nielsen, C, Horn, A, Guirgis, G, and
Kilway, K (2009).
Vibrational spectroscopic studies, conformations
and ab initio calculations of 1,2-bis(trifluorosilyl)
ethane (CF3CH2CH2CF3)
Journal of Raman Spectroscopy 40: 2111-2122.
Konovalov, A, Møllendal, H, and Guillemin, J
(2009).
Microwave Spectrum, Structure, Barrier to Internal
Rotation, and Dipole Moment of the AzirindineBorane Complex (C2H5N-BH3)
Journal of Physical Chemistry A 113: 8337-8342.
Lutnæs, OB, Teale, AM, Helgaker, T, Tozer, DJ,
Ruud, K, and Gauss, J (2009).
Benchmarking density-functional-theory
calculations of rotational g tensors and
magnetizabilities using accurate coupled-cluster
calculations
Journal of Chemical Physics 131: 144104.
Margulès, L, Coudert, LH, Møllendal, H, Guillemin,
J, Huet, TR, and Janeckovà, R (2009).
The Microwave Spectrum of the Mono Deuterated
Species of Methyl Formate
J. Mol. Spectrosc. 254: 55-68.
Møllendal, H, Khater, B, and Guillemin, J (2009).
Synthesis, Microwave Spectrum, and
Conformational Equilibrium of Propa-1,2dienethiol (H2C=C=CHSH)
Journal of Physical Chemistry A 113: 5906-5911.
Møllendal, H, Konovalov, A, and Guillemin, J
(2009).
Microwave Spectrum and Intramolecular
Hydrogen Bonding of 2-Propene-1-selenol
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40.

41.

42.

43.

44.

45.

46.

47.

48.

(H2C=CHCH2SeH)
Journal of Physical Chemistry A 113: 6342-6347.
Møllendal, H, Konovalov, A, and Guillemin, J
(2009).
Synthesis and Microwave Spectrum of
2-Chloroethylphosphine (ClCH2CH2PH2)
Journal of Physical Chemistry A 113: 12904.
Møllendal, H, Mokso, R, and Guillemin, J (2009).
Microwave and Quantum Chemical Study of
Propargyl Selenocyanate (HC=CCH2SeC=N)
Journal of Physical Chemistry A 113: 2821-2825.
Netland, KA, Graziani, O, Krivokapic, A, Heyn, RH,
and Tilset, M (2009).
The synthesis and thermal degradation products of
the C-H bond activating complex [(diimine)Pt(Me)
(OSO2CF3)]
Journal of Coordination Chemistry 62(19): 30853097.
Nilsson, E, Bache-Andreassen, L, Johnson, M, and
Nielsen, C (2009).
Relative Tropospheric Photolysis Rates of
Acetaldehyde and Formaldehyde Isotopologues
Measured at the European Photoreactor Facility
Journal of Physical Chemistry A 113: 3498-3504.
Nilsson, E, Johnson, M, and Nielsen, C (2009).
Isotope Effects in the Reactions of Chloroform
Isotopologues with Cl, OH, and OD
Journal of Physical Chemistry A 113: 1731-1739.
Panja, S, Hvelplund, P, Nielsen, SB, and Uggerud, E
(2009).
The reduction of water clusters H+(H2O)n to (OH-)
(H2O)m by double electron transfer from Cs atoms
Phys. Chem. Chem. Phys., accepted, DOI: 10.1039/
b903517f(11): 6125-6131.
Parmene, J, Ivanovic-Burmazovic, I, Tilset, M, and
van Eldik, R (2009).
Combined Low Temperature Rapid Scan and H-1
NMR Mechanistic Study of the Protonation and
Subsequent Benzene Elimination from a (Diimine)
platinum(II) Diphenyl Complex Relevant to Arene
C-H Activation
Inorganic Chemistry 48(19): 9092-9103.
Peach, MJ, Le Sueur, CR, Ruud, K, Guillaume, M,
and Tozer, DJ (2009).
TDDFT diagnostic testing and functional
assessment for triazene chromophores
Phys.Chem.Chem.Phys. 11: 4465 - 4470.
Pedersen, TB, Aquilante, F, and Lindh, R (2009).
Density fitting with auxiliary basis sets from
Cholesky decompositions
Theoretical Chemistry Accounts 124(1-2): 1-10.

49. Pedersen, TB, Kongsted, J, Crawford, TD, and Ruud,
K (2009).
On the importance of vibrational contributions to
small-angle optical rotation: Fluoro-oxirane in gas
phase and solution
Journal of Chemical Physics 130: 034310.
50. Piszczatowski, K, Lach, G, Przybytek, M, Komasa, J,
Pachucki, K, and Jeziorski, B (2009).
Theoretical Determination of the Dissociation
Energy of Molecular Hydrogen
Journal of Chemical Theory and Computation
5(11): 3039-3048.
51. Przybytek, M, Jeziorski, B, and Szalewicz, K (2009).
Infinite-Order Functional for Nonlinear Parameters
Optimization in Explicitly Correlated Coupled
Cluster Theory
International Journal of Quantum Chemistry 109
(13, Sp. Iss. SI): 2872-2884.
52. Rizzo, A, Shcherbin, D, and Ruud, K (2009).
Jones and magnetoelectric birefringence of pure
substances — A computational study
Can.J.Chem. 87: 1352–1361.
53. Rosenberg, ML, Krivokapic, A, and Tilset, M (2009).
Highly cis-selective cyclopropanations with ethyl
diazoacetate using a novel Rh(I) catalyst with a
chelating N-heterocyclic iminocarbene ligand
Org. Lett. 11(3): 547--550.
54. Ruud, K and Thorvaldsen, AJ (2009).
Theoretical approaches to the calculation of Raman
optical activity spectra
Chirality 21: S54.
55. Sekiguchi, O, Meyer, V, Letzel, MC, Kuck, D,
Uggerud, and Einar (2009).
Energetics and reaction mechanisms for the
competitive losses of H2, CH4 and C2H4 from
protonated methylbenzenes — Implications to the
methanol-to-hydrocarbons (MTH) process
European Journal of Mass Spectrometry 15(2): 167181.
56. Shcherbin, D, Thorvaldsen, AJ, Ruud, K, Coriani, S,
and Rizzo, A (2009).
Analytic calculations of nonlinear mixed electric
and magnetic frequency-dependent molecular
properties using London atomic orbitals:
Buckingham birefringence
Phys. Chem. Chem. Phys. 11: 816-825.
57. Sobron, P, Sobron, F, Eide, UM, Nielsen, C, and Rull,
F (2009).
Model-Based Measurements of Diffusion of Sulfuric
Acid into Water Using Raman Spectroscopy

Applied Spectroscopy 63: 1382-1388.
58. Solimannejad, M and Scheiner, S (2009).
Nature of interactions in open-shell complexes
pairing H2X with HXX, X=S,O
Molecular Physics 107(8-12, Sp. Iss. SI): 713-719.
59. Strand, TG, Gundersen, S, Priebe, H, Samdal, S, and
Seip, R (2009).
Molecular structures, conformations, force fields
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with quantum chemical calculations on 2-propen1-ol
Journal of Molecular Structure 921(1-3): 72-79.
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Photodegradation of 5-methyltetrahydrofolate in the
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Steric and electronic effects in SN2 reactions
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Appendix B: Activity reports
WP1: Large periodic and nonperiodic systems
Scientist in charge: Trygve Helgaker
The work toward routine methods for large molecular
systems has proceeded along two paths: on the one hand,
we are developing more efficient and robust optimization
methods; on the other hand, we are developing new techniques for the evaluation of Coulomb, exact exchange
and exchange–correlation contributions to Fock/Kohn–
Sham matrices and to the molecular gradient, which are
needed in geometry optimizaions of large systems. In
both areas, we have made significant progress during the
last year.
Concerning the energy optimization of large molecular systems, we have published two papers in 2009 on a
new three-level optimization scheme, based on the Augmented Roothaan–Hall (ARH) method developed by us
in collaboration with one of our NCoECC partners, the
group of P.Jørgensen and J.Olsen at the University of Aarhus (Denmark) during the last few years. In the ARH
three-level (ARH-3L) scheme, the energy optimization
is performed in three separate steps. First, a crude molecular density is composed by a superposition of atomic
densities, generated by canonical-ensemble calculations
on the individual atoms in the system. Second, chemical bonds are formed by a simple valence-shell optimization of the molecular density. This step involves only
those atomic orbitals that are (fully or partially) occupied
in the atomic calculations. The purpose of this valencebasis optimization is to incorporate the essential features
of bonding into the density matrix at low cost, before
full-basis molecular optimization in the third and final
step. An important feature of the ARH-3L method is that
there is loss of information between steps, because the
basis set of each step is a true subset of the basis set of
the next step. In the language of optimization, the three
ARH-3L steps may be characterized as providing the
starting guess, performing the global optimization, and
performing the local optimization, respectively. Importantly, only the small valence basis set is needed in the
critical global region of the optimization—the remaining
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atomic orbitals are only brought into play when the density is refined in the local region of the optimization.
The resulting ARH-3L scheme is highly cost-effective,
requiring 25% fewer iterations than the best standard
programs of quantum chemistry. Moreover, since the
underlying ARH optimization algorithm utilizes a onestep trust-region synthesis of the traditional two-step
Roothaan–Hall and DIIS steps of quantum chemistry,
the ARH-3L is highly robust, avoiding both oscillations
and convergence to saddle points. The ARH method,
published last year as part of our work on large molecular systems, has already been implemented in the ADF
package.
During 2009, we have made substantial progress
in the evaluation of Coulomb, exact exchange and exchange–correlation contributions to the energy and to
gradients. In the spring of 2008, the design and coding of
a completely new integral code was initiated. This code
is now finished with respect to the Coulomb evaluation
for energy optimizations and work is in progress for the
calculation of exact (orbital dependent) exchange contributions to the energy.
We have also finished a computer code for the linearscaling evaluation of the molecular gradient for large
systems. Linear scaling follows from the use of the fastmultipole method (FMM) for the Coulomb contribution,
whereas efficiency is ensured by density-fitting techniques and the RTH solid-harmonic Hermite scheme
previously published by members of CTCC [Reine et al.,
Phys. Chem. Chem. Phys., 9, 4771–4779 (2007)]. On a
single Xeon 2.66 GHz processor, our code evaluates the
molecular gradient for the 392-atom titin molecule at the
BP86/6-31G level of theory in 10 minutes, which is half
the time required for the gradient with the newest TURBOMOLE package. We also note that, for a molecule of
this size, the gradient evaluation is 6 times faster than the
energy optimization itself. For smaller molecules, the efficiency of the new scheme can be judged from the following BP86/6-31G timings for the molecular gradient
(excluding the energy optimization): 5 s for 21 atoms, 8 s

for 30 atoms, 10 s for 42 atoms, 23 s for 47 atoms and 25
s for 75 atoms.
For periodic systems, much effort was in 2009 put into
the development of an ARH-based optimization method
with periodic boundary conditions. Our implementation
is not yet fully satisfactory in that it does not consistently
improve upon the traditional Roothaan–Hall/DIIS optimization scheme used in our periodic code.
Apart from work geared specifically toward large molecular systems within this work package, we also pursued
a number of other avenues. In collaboration with Joachim
Friedrich (a CTCC visiting scientist) and Michael Dolg,
we published a paper on the incremental scheme for the
evaluation of first-order molecular properties in coupledcluster theory [J. Chem. Phys. 131, 154102 (2009)]. In the
incremental method of Stoll, further developed by Dolg
and coworkers, the total electronic energy is evaluated
from fragment calculations based on a Bethe–Goldstone
expansion of the energy. In our work, we demonstrated
that dipole moments may be calculated to an accuracy of
5% and 0.5% accuracy at the third and fourth orders of
the expansion, respectively.
In 2008, CTCC members presented a method for the
calculation of integrals using a mixed plane-wave/Gaussian basis set, utilizing this for the study of molecules in
strong magnetic fields with London orbitals. In 2009,
this code was further used to study the non-perturbative
behavior of molecules in strong magnetic fields [Phys.
Chem. Chem. Phys. 11, 5489 (2009)]. Our study revealed that the behavior of molecules in magnetic fields
is complicated and highly non-linear. Most interestingly,
we showed that all closed-shell paramagnetic molecules
undergo a transition to diamagnetism in a sufficiently
strong magnetic field. Moreover, the onset of diamagnetism may be understood in terms of a simple four-parameter model, which accurately describes the behavior
of molecules in magnetic fields and explains the onset of
dia-magnetism.

system of interacting perturbed atoms. In defining the
model, each valence electron is described by a separate
spatial orbital. However, the determination of these spatial orbitals is a nontrivial problem. The present solution
of this problem is the definition of a functional based on
open-shell, restricted Hartree-Fock theory. In this functional – the PATMOS functional – only Coulomb interactions are included between valence electrons associated to different atoms. The perturbed atomic orbitals are
determined by minimizing the PATMOS functional with
the constraint that the valence orbitals are expressed in
terms of a one-center atomic basis set. This restriction
ensures localization of each orbital in the vicinity of a
particular nucleus. Test calculations have been performed
on different types of systems such as clusters of hydrogen
atoms, the benzene molecule and the chromium dimer.
The next step in the development of the model is to introduce correlation-exchange corrections. These corrections are calculated within the framework of the energy
incremental scheme. An algorithm for the two-electron
corrections has been implemented, and work on threeelectron corrections is under way. Proper testing of the
model is only possible after these three-electron terms
are included.
The PATMOS model is a hierarchical one. At the highest level, it is equivalent to a full configuration interaction
(FCI) model. However, the applicability of the model will
depend on how fast the PATMOS energy expression converges to the FCI limit. Hopefully, acceptable results can
be obtained by including corrections up to the three- or
four-electron level.
If the convergence properties of the model are satisfactory, then we might construct an efficient wavefunction model for large systems. The large number of twoelectron integrals can be avoided by using a dipole-dipole
interaction between perturbed atoms that are separated
by a distance larger than a certain threshold.

WP2: Fragment approach for large systems

WP 3: Multiwavelets

Scientist in charge: Inge Røeggen
The PATMOS model – “Perturbed Atoms in Molecules
and Solids” – is a new computational model for the study
of the electronic structure of molecules and solids. The
key idea in this approach is to consider a complex as a

Scientist in charge: Tor Flå
In many chemical modeling problems, only a small part
of the full system needs to be treated at a high level of accuracy; the remainder can be treated in a more approximate manner. Such models are said to be multiscaling,
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involving varying accuracy requirements in different regions of the chemical system. Our aim is the development
of methods where different regions of space are treated at
different resolutions and accuracies, thus allowing for a
fully quantum-mechanical description of the molecular
system without introducing a partitioning between e.g. a
QM and a MM (Molecular Mechanics) system. This resolution tuning can be realized with scaling and detail (also
known as wavelet) functions that allow for strict error
control and therefore yield results of fixed, predefined.
Key to the success of the approach is the bandedness of
the operators involved, coupled with separation of variables for operator kernels such as the Coulomb potential.
The separation of variables allows us to perform operator
applications as fast one-dimensional operations, instead
of costly 3D operations. The sparse, banded structure of
the wavelet representation of operators ensures that the
approach scales inherently linearly with system size.
The basic operators involved in solving the self-consistent field equations of wavelet theory are the same as
those for continuum models, namely the Poisson and
Helmholtz kernels. Therefore, a seamless integration of
a multiscale wavelet molecular model to an infinite continuum can be achieved. Numerical accuracy problems
plaguing continuum models due to the discretization of
the boundary surface may be resolved in this way, since
wavelets allow for strict error control, and a paper describing this approach has been submitted for publication.
The group’s work in 2009 focused on the following
subjects: (1) further development of a program for solving the Poisson, Helmholtz and Kohn-Sham equations
with the goal of achieving linear scaling of molecular
electronic structure calculations (Wind, Frediani, Jensen); (2) development of a new and object-oriented version of the MRChem code in C++ (Juselius, Frediani,
Jensen); (3) application of the current Poisson solver to
obtain a representation for the electrostatic potential
for dielectric continuum calculations of solvent effects
(Frediani, Weijo); (4) development of mathematical algorithms using natural separation of variables for KS
equations in an integral formulation with multiwavelets
and the structures induced by the energy functional and
Rayleigh perturbation theory in such a reformulation
(Flå); (5) development of a generalized wavelet basis and
multiresolution technique with adjustable polynomial
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degree for different scales (Durdek, Frediani, Flå). During 2009 T. Flå was responsible for the wavelet course directly connected to the WP; L. Frediani and J. Juselius
presented two posters at the DFT09 conference in Lyon
and S. R. Jensen obtained his Master’s degree in Physics on a thesis entitled "A multiwavelet approach to the
direct solution of the Poisson equation: implementation
and optimization".

WP 4: Molecular properties
Scientist in charge: Luca Frediani
A major advance made in the last year has been the
development of an open-ended program library for the
calculation of exchange-correlation functionals and their
arbitrary-order derivatives. This functionality is needed in
order to exploit the full potential of the open-ended response scheme developed previously in this work package
when using density functional theory (DFT)
To make the approach flexible, easy-to-use, and truly
open-ended, the library has been implemented with automatic differentiation (www.autodiff.org). In automatic
differentiation, the values of the derivatives are obtained at
relevant grid points by automatic rules on differentiation
of elementary mathematical functions and the numerical
evaluation of the derivatives. In practice this is done by
representing the mathematical functions as multivariate
Taylor series, truncated at the highest order of derivatives
required by our calculations. By building a library of such
rules, we ne ed only to implement the exchange-correlation
functional itself, with the toolbox automatically providing
us with the numerical values of the higher-order exchangecorrelation kernels. This work has been done by CTCC
postdoc Radovan Bast, in collaboration with Ulf Ekström
and Lucas Visscher of Vrije Universiteit, Amsterdam. The
versatility of the library has also been demonstrated by its
use in the solid-state program CRYSTAL, developed at the
University of Torino (Italy). We note that automatic differentiation was also the topic of the 2010 eScience winter
school of the eVITA research program.
In the framework of the open-ended response code,
much effort went into extending the formalism to higher-order geometrical derivatives of electric properties. So
far, second-order geometrical derivatives of molecular
dipole moments and (hyper)polarizabilities have been
implemented by CTCC researcher Dan Jonsson. As the

necessary differentiated two-electron integrals become
available (based on work by CTCC postdoc Andreas Thorvaldsen), cubic and quartic force fields will also become
available, allowing detailed analytic calculations relevant
to high-resolution vibrational spectroscopy. Although the
implementation is limited to DFT, the errors inherent in
modern DFT relative to more accurate methods should be
negligible for the quantities of interest. Indeed, there is already an interest in using the approach to calculate quintic
and hextic force constants.
The open-ended molecular property toolbox has also
been applied in several studies of Raman optical activity,
in collaboration with CTCC adjunct professor Magdalena
Pecul as well as with experimental researchers from the
University of Fribourg (Prof. W. Hug and Dr. C. Deillon).
CTCC postdoc Andreas Thorvaldsen has also developed
the theory for analytic calculation of Raman optical activity with London atomic orbitals.
Several combined theoretical and experimental studies
of the stereochemistry and circular dichroism of different
organic compounds have been performed in the project
period, in collaboration with visiting scientists to the centre as well as with CTCC adjunct professor Sonia Coriani.
Some of these projects are new collaborations, arising out
of the visitor program. EU funding has been applied for in
order to further develop some of these collaborations.
After extensive theoretical investigations by CTCC
postdoc Adam Chamberlin, in a joint FRINAT project led
by Professors Ghosh and Ruud) new insight into the electronic origins of strong two-photon ab-sorbing materials
based on porphyrin and corrole molecules are starting to
emerge. With a detailed under-standing of the aspects of
the electronic structure s that result in large two-photon
absorption cross sec-tions, new advances in the design of
novel compounds should be possible.
CTCC PhD student Harald Solheim, in collaboration
with Prof. Marcel Nooijen of the University of Waterloo
(Canada), has developed new methods for studying vibronic effects in magnetic circular dichroism (MCD) spectra. Preliminary calculations indicate that novel insights
can be obtained when these results are combined with the
observed experimental MCD spectrum of ethene, helping
researchers understand the excited states in this simple, yet
challenging, molecule.
The need to develop theoretical methods for ever larger
systems of relevance to biological and materials sciences

motivates the development of Quantum Mechanics/Molecular Mechanics (QM/MM) methods. This work has
been carried out mainly by CTCC PhD student Arnfinn
H. Steindal, in collaboration with CTCC Ass. Prof. Luca
Frediani and Ass. Prof. Jacob Kongsted of the University of
Southern Denmark. An efficient parallel implementation
of the QM/MM interface for linear and quadratic response
properties has been implemented and tested. Further extension of this project involves the implementation of a
"layered" model, where QM/MM is interfaced with the Polarizable Continuum Model for dielectric environ-ments.
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WP 5: Dynamics and time development
Scientist in charge: Einar Uggerud
Method development. Within the Born-Oppenheimer
approximation (BO) the essential dynamical information of a chemical reaction is included in a set of trajectories (r,t) that start at the reactant valley of the potential energy surface and end up on the product side,
each describing one reactive event. Each trajectory is the
result of the interplay between one unique set of initial
conditions (p0,r0) and the topography of the potential
energy surface, V(r). According to classical mechanics,
this interplay is described by Newton's equations of motion, and CTCC members had already in 1989 developed
a practical method for solving these equations, obtaining
V(r) and its higher derivatives from ab initio electronic
structure calculations. Unfortunately, to obtain statistically significant results, it is necessary to obtain a large
number of BO trajectories, which in turn demand efficient computational methods. The Ph.D. project of Vladimir Rybkin is aimed at achieving this goal.
So far, Rybkin has written new computer code for
predictor–corrector integration on the fifth-order model surface and for extrapolation of the single-particle
Hamiltonian in a Fock matrix dynamics scheme, both of
which (earlier expression was a bit awkward) will result
in significantly more economic calculations. The project
also involves full rewriting (renovation applies to building, usually) of the dynamics code of Dalton, including
an improved user interface for initial-state sampling and
trajectory analysis. Dr. Vebjørn Bakken has also played a
pivotal role in these developments. The ultimate goal of
these efforts is to model critical bond-making and bond-
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breaking processes in large systems, the mechanochemistry of biological molecules and cluster chemistry being
two areas of particular interest to us. To achieve this goal,
we plan to take full advantage of linearly scaling electronic-structure methods (developed in WP1).
Mechanochemistry of biological molecules.
Applying an external force to a molecule will deform
it relative to its natural, equilibrium configuration. The
chemical and physical properties will also change, often
dramatically. At one extreme, stretching a molecule may
altogether snap a covalent bond. In other, less extreme
situations, stretching a molecule may bring it closer to the
transition state of a reaction, a situation we may describe
as force-enhanced reactivity. Both these processes have
been have been studied with atomic force microscope
(AFM) for various proteins, but overall they remain incompletely or poorly understood. We are convinced that
only a combined theoretical-experimental approach can
provide real insight into these processes. The subject is
relevant to a number of biological phenomena, perhaps
most obviously muscle contraction and relaxation.
CTCC postdoctoral fellow Maria Francesca Iozzi is
currently focusing on this area, especially on establishing the relation between the amount of force applied and
the reaction rate. One paper written in collaboration with
Julio Fernandéz and co-workers (of Colum-bia University) has been published in the Journal of the American
Chemical Society, and another is in press in Molecular
Physics.
Elementary processes in water clusters.
Water clusters mimic liquid water to a degree, and
elementary processes occurring in water may be best
understood from the behavior of isolated populations
of small and medium size-selected clusters obtained under carefully controlled conditions. In our laboratory we
study the chemical reactivity and physical properties of
water clusters containing inorganic or organic ions using,
among other methods, Fourier Transform Ion Cyclotron
Resonance mass spectrometry and low-energy collision
experiments with beams of cluster ions. Processes studied
include water evaporation, ligand and isotope exchange,
and redox reactions. Two Ph.D. students have started on
work on this project during 2008. In addition, we are collaborating with Patrik Andersson of Gothenburg University and Steen Brøndsted Nielsen of the University
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of Aarhus. Several papers have been published recently
and more are in the pipeline. Using existing software for
ab initio direct dynamics calculations, we are currently
modeling two reactions: H/D-isotope exchange in protonated water clusters and water exchange and elimination
in reactions between water and protonated alcohols. Our
goal is to simulate the structural dynamics of clusters of
up to about 25 molecules to better understand the appearance of "magic numbers" in cluster populations.

WP6: Bioinorganic chemistry
Scientist in charge: Abhik Ghosh
A combination of chemical synthesis, X-ray crystallography, and DFT calculations have led to significant advances in corrole chemistry. Corroles are structural variants of porphyrins, and lack one of the meso carbons of
the latter. As a result, though superficially similar, the
two classes of ligands sustain very different coordination
chemistries. As trianionic ligands, corroles form a variety of formally high-valent transition metal complexes,
which in a broad sense may be viewed as models of highvalent heme protein intermediates. During 2009, our key
findings were on the structural chemistry of corroles,
which turns out to be unexpectedly different from that of
analogous porphyrins. Unlike porphyrins, which buckle
easily, corroles don’t; thus, even sterically hindered, fully
substituted cobalt, rhodium, and iridium corroles are all
essentially planar. Against this context, we found crystallographically that copper corroles – uniquely – are inherently nonplanar. Although the degree of nonplanarity
or “saddling” increases with increasing steric crowding
on the macrocycle periphery, even sterically unhindered
corroles are significantly saddled. These somewhat counterintuitive findings were rather spectacularly confirmed
by DFT calculations of the saddling potentials of copper
and cobalt corroles. Observe from Figure 1 the variation
of the angle c, which is a measure of the saddle distortion
of the corrole ring. The physical reason underlying this
distortion lies in a specific Cu(dx2-y2)corrole(p) orbital interaction, which becomes symmetry-allowed as a
result of the saddling. Several crystal structures obtained
during 2009 by Abraham Alemayehu, Kolle Thomas and
Can Capar and analyzed theoretically by Emmanuel
Gonzalez provided dramatic confirmation of the picture
presented in Figure 1.

The other major project on the computational front
involved an ongoing DFT survey of unusual transition
metal nitrosyls. Highlights in this area included a study
of a unique paramagnetic {MnNO}6 complex in collaboration with Prof. Stephen Lippard (MIT) and a detailed
analysis of spin couplings in Roussin’s black salt anion,
anion, [Fe4(m-S)3(NO)7]–, in collaboration with Dr. Louis Noodleman of The Scripps Research Institute. CTCC
postdocs Kathrin Hopmann, Bruno Cardey and visiting
scientist Jeanet Conradie from the University of the Free
State, South Africa were involved in this work. Another
postdoc, Ying-Chan Lin, joined this team in the fall of
2009. In addition to a number of papers in Inorganic
Chemistry and The Journal of Physical Chemistry, a major review on the subject was published in the Encyclopedia of Inorganic Chemistry.
Professor Ghosh pursued a number of major international collaborative projects during 2009. In collaboration with Prof. Carl Wamser of Portland State University, the Ghosh group is developing dye-sensitized
solar cells based on corroles. With Prof. Penny Brothers
of The University of Auckland, New Zealand, the coordination chemistry of corroles was further explored,
with emphasis on boron corroles: due to the small size
of boron, the corrole often acts as a dinucleating ligand
in these unique complexes. A collaboration with Profs.
Björn Roos (Lund University, Figure 2) and Kristine
Pierloot (The Catholic University, Belgium) tackled the
question of metal- versus ligand-centered oxidation in
high-valent heme protein intermediates with multiconfigurational ab initio (CASSCF/CASPT2) calculations.
State-of-the-art ACPF calculations on small models of
high-valent copper oxygenase intermediates were carried out in collaboration with Professor Peter Taylor of
the University of Warwick.

and steric effects) factors on it. Currently, the most fruitful way to gain this insight involves a combination of experimental and computational approaches. In 2007, we
started a collaborative project in the field of homogenous
transition metal catalysis. Several collaborators are now
involved in this study. One (postdoc Li-Ming Yang) is
funded by CTCC. Others (PhD student Marianne Lenes
Rosenberg and postdoc Mathivathani Kandiah) are
supplementing their experimental projects in organo-

annual report 2009

WP 7: Catalysis and organometallic chemistry

Figure 1. OLYP/STO-TZP saddling potentials for (a) Cu and (b)
Co(PPh3) corrole derivatives as a function of the saddling dihedral χ.
Abbreviations: C = corrole, TPC = meso-triphenylcorrole.

Scientist in charge: Mats Tilset
Catalysis is of paramount importance for the development of efficient, selective, and environmentally benign
processes in the production of bulk and fine chemicals
and materials. Any rational approach to catalyst design
requires an in-depth understanding of the underlying
reaction mechanisms and the influence of external (medium) and internal (metal, ligand, substituent electronic

metallic chemistry with computational studies. Andreas
Krapp, also a CTCC postdoc, is primarily responsible for
integrating the new computational activities with ongoing experimental efforts in this area. Our current efforts
in computational organometallic chemistry, all involving
DFT calculations, encompass four different projects.
One project is concerned with the crucial C-C cou-
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pling processes that are catalyzed by organometallic species in the oligomerization and polymerization of terminal alkenes. One focus of our past experimental work in
this field has been on ethene dimerization catalyzed by
the cationic rhodium compound Cp*Rh(C2H4)(C2H4μ-H)+. Solution-phase studies by Erik Fooladi (a former
experimental PhD student) raised a number of interesting questions pertaining to the mechanism of isotope
scrambling processes that must involve repeated C-H
bond cleavage/bond forming reactions within the coordination sphere of the metal. These questions were addressed with gas phase experiments (Fourier transform
ion cyclotron resonance mass spectrometry) in collaboration with Einar Uggerud (see also WP 5) and DFT calculations in collaboration with CTCC postdoc Andreas
Krapp. A manuscript based on the results of this study
has been submitted to Dalton Transactions.
A second project involved mechanistic studies of
a highly unusual cis-selective cyclopropanation reaction catalyzed by a Rh(I) complex with a chelating Nheterocyclic iminocarbene ligand. The experimental
results were published in Organic Letters in 2009. Computational studies with DFT have now indicated a possible mechanism that rationalizes the observed high cis
stereoselectivity. These studies have been performed as
a collaboration between an experimental PhD student
(Marianne Lenes Rosenberg) and CTCC postdoc Andreas Krapp. This project gave the PhD student, primarily an experimentalist, valuable training in computational
chemistry. It is the hope of the WP coordinator that all
coworkers should receive similar exposure to computational chemistry during their tenure in the research
group.
A third project involved a combined experimental
and computational study of the structural features of
platinum(II) and palladium(II) complexes (κ2-N,C)MX2
and (κ1-N,C)2MX2 (N,C = iminocarbene ligands; X =
halide, alkyl). These species bear iminocarbene ligands
that are related to those found in the Rh(I) complex discussed above. It has been observed that the preferred
structures of these complexes (cis vs. trans coordination
mode; mono- vs. bis-carbene; chelate vs. open-chain
structure) is strongly dependent on the substituent pat-
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tern at the iminocarbene moiety. Computational studies
are directed at providing insight into the nature of metaliminocarbene bonding, which may lead to further catalyst development based on these ligand systems. These
studies have been carried out as a collaboration between
an experimentalist postdoc (Mathivathani Kandiah) and
CTCC postdoc Andreas Krapp.
The fourth project focuses on computational studies
of metal-organic frameworks (MOFs). MOFs are crystalline, nanoporous materials made up of inorganic cornerstones (atoms or clusters) connected by polyfunctional
organic ligands (linkers) to form three-dimensional
networks. MOFs are highly challenging systems to work
with computationally, but computational methods have
now become sufficiently sophisticated that high-quality
DFT studies of these intriguing, large structures is within reach. The key to success is to take advantage of the
fact that the crystalline MOFs are periodic in nature and
that the crystallographic unit cells are often highly symmetric. Initial studies have focused on the “prototypical” MOF-5. In MOF-5, aromatic dicarboxylates connect
tetranuclear zinc cluster cornerstones. DFT calculations
under periodic conditions have addressed the chemical
bonding, electronic structure, and optical properties of
this MOF. A manuscript describing this study is near
completion. Ongoing studies focus on the properties of
an even more complex MOF termed UIO-66, which has
cornerstones based on hexanuclear zirconium clusters.
This highly porous and robust material was discovered
by the catalysis group at UIO and has been vigorously
studied experimentally. The work on MOF-5 and UIO-66
is being complemented by studies of the consequences
of replacing their cornerstone metals by other elements,
allowing an examination of MOFs that so far have not
been within reach of experimentalists. The MOF work
involves CTCC postdoc Li-Ming Yang and is being done
in collaboration with members of the Centre for Materials Science and Nanotechnology at UiO.

WP 8: Atmospheric chemistry
Scientist in charge: Claus Nielsen
The activities in 2009 have focused on the atmospheric

fate of amines in general and on the formation and degradation of N-nitroso amines (nitrosamines) and N-nitro amines (nitramines) in particular. The thermochemistry of the complete atmospheric photo-oxidation of
CH3NH2, (CH3)2NH and CH3N, and (CH3)2N has been
derived, and the potential sur-faces for the gas-phase
reactions of CH3NH and (CH3)2N radicals leading to
the formation of N-nitroso- and N-nitro-compounds
have been characterised in detail. The electronic energy
levels of CH3NH-NO and (CH3)2N-NO, including estimates of solvent shifts, have been estimated in TD-DFT
and CASPT2 calculations. Various basis sets (6-311++G,
cc-pVDZ, cc-pVTZ, cc-pVQZ, aug-cc-pVDZ and augcc-pVTZ) and DFT functionals (BP86, PBE-1/PBE,
PW1PW91, X3LYP and B3LYP) have been employed
to find the best low-cost computational method for addressing larger compounds. We have continued our investigations of electronic ground-state potential energy
sur-faces of atmospherically relevant reactions in 2009.
The quantum-chemical calculations on the HCN+OH
system have been accompanied by experimental kinetic
studies employing stable isotopes and by RR KM multiwell calculations.
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Reaction

Status

CHCl3 + OH / CHCl3 + Cl

Published.

HCOCl + Cl

Manuscript submitted.

HCOOH + OH / HCOOH + Cl

Work completed.

HCN + OH

Work completed.

On the experimental side, we have carried out a series of
photo-oxidation experiments with CH3NH and (CH3)2N
at the European Photoreactor Facility in Valencia, Spain.
The results can be downloaded from http://ada.nilu.no.
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