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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 cen-
tre has two nodes of equal size, hosted re-
spectively by the University of Oslo and 
the University of Tromsø. The CTCC re-
ceives 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 addi-
tion, the centre receives substantial finan-
cial support from the respective host insti-
tutions. 

 The vision of the CTCC is to become 
a leading international contributor to com-
putational chemistry by carrying out cut-
ting-edge research in theoretical and com-
putational chemistry at the highest interna-
tional level.  
 The CTCC has established an exten-
sive visitors program for world-leading sci-
entists 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 infrastruc-
ture available in the Norwegian supercom-
puting program. 

 

More information about the CTCC 
and the day-to-day operations can be found 
at http://www.ctcc.no. 

Prof. Trygve Helgaker, the chancellor of the University of 
Tromsø, Prof. Jarle Aarbakke, and Prof. Kenneth Ruud at the offi-
cial opening of the CTCC. 

 

 

 
Vice-dean of research at the Faculty of Science, UiO, Prof. An-
ders Elverhøi, in discussions with board member Prof. Anne-Britt 
Kolstø at the CTCC inauguration at the University of Oslo. 

 

 

 

 
Reindeer race in downtown 
Tromsø (Photo: Lara Ferrighi) 

CTCC “Summer” BBQ in 
Telegrafbukta, Tromsø 
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A word from the directors 

This has been an exciting year for us. Since the an-
nouncement of the new Norwegian Centres of Ex-
cellence in December 2006, the CTCC senior sci-
entists and administrative staff have been actively 
building a scientific and administrative framework
to create a stimulating new environment for excel-
lent research in theoretical and computational
chemistry. Thanks to everyone’s splendid efforts,
we have managed to successfully establish CTCC
as an internationally renowned institution in the
field of theoretical chemistry, despite the short time
available to us since the opening of the centre in
July 2007. 

During 2007, we have had two announcements for
openings at the CTCC, for research positions, post-
docs and PhD students. The response was over-
whelming, with more than 70 applicants for 13 po-
sitions. The quality of the applicants for the post-
docs and research positions was exceptionally high.
Based on the excellent track records of the hired
postdocs and researchers, we are therefore in a very
good position to deliver the high-quality research
that must be the trademark of our centre. 

For the PhD positions, there were far fewer appli-
cants of the quality we seek. We need to make
CTCC attractive for students interested in pursuing 
a PhD degree. Therefore, the CTCC is seeking to 
establish a national research school in computa-
tional chemistry, thereby making the CTCC more
attractive to prospective PhD students. 

Much time and effort have been devoted to provid-
ing suitable new facilities and premises. Although 
this process is ongoing, we are optimistic it will be
completed shortly. 

A particular concern for CTCC is the gender bal-
ance. Although few women applied in the first 
round, there were more female applicants in the 
second call for postdocs - a trend we hope will con-
tinue. We are happy to have recruited two excellent 
female postdocs, as well as Dr. Sonia Coriani (Uni-
versity of Trieste) and Dr. Magdalena Pecul (Uni-
versity of Warsaw), who have joined us as associ-
ate professors II. 

To ensure the smooth and efficient running of the
centre, we are also glad to have recruited two ex-
cellent administrators, Stig Eide in Tromsø and
John McNicol in Oslo. 

There has been a high level of scientific activity 
among the CTCC staff members, during this build-
up phase. With all the new PhD students, postdocs,
and researchers in place, we are looking forward to
2008. We believe we have assembled an enthusias-
tic and talented team and anticipate exciting scien-
tific work in our first full year of operation. 

 

 

 
Trygve Helgaker Kenneth Ruud 
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 The scientific activities at the CTCC are
concerned with the understanding of how the build-
ing 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 understanding of
the fundamentals of chemistry. We believe that our
approach towards understanding and rationalizing 
chemistry, by focusing on a detailed theoretical un-
derstanding of the properties of molecules and their
interactions and reactions, was one of the reasons 
that the CTCC was selected as the only Norwegian 
Centre of Excellence in the chemical sciences. 

 However, significant progress can only be
achieved by creating a stimulating atmosphere for
exchanging scientific ideas brought forward by hav-
ing an interdisciplinary approach to the underlying 
chemical challenges. The CTCC emphasizes the
need for a close collaboration between theoreticians 
and experimentalists so as to provide the most fer-
tile ground for making new advances in the under-
standing of the behaviour of molecules. The princi-
pal scientists of the CTCC therefore comprise theo-
retical chemists devoted to the development of new
computational methodology applicable to the study
of molecules of increasing size and accuracy, as 
well as computational chemists having a concurrent
activity in experimental investigations of the reac-
tions and properties of molecules. Additional inter-
disciplinarity comes from the involvement of re-
searchers in applied mathematics and in atomic and
molecular physics. 

 

 

In the start-up phase of the CTCC, we have focused 
on establishing closer connections between the ac-
tivities in quantum-chemistry methods development
with the activities in applying these methods to the

study of molecules and reactions that are relevant to 
the experimental activities in the groups of the sen-
ior researchers—for example, the measurements of 
chemical reactions taking place in photochemical 
reactors designed for long path-length observations 
of atmospheric photolysis and OH radical reactions.

 It is the ambition of the CTCC to extend 
these interdisciplinary initiatives from a fundamen-
tal chemistry research level into the realm of more
applied chemical sciences related to the fundamental 
studies at the centre. Areas of particular interest to
us are atmospheric processes and climate modelling, 
chemical biology and macromolecular sciences, ma-
terials sciences as well as homogeneous and hetero-
geneous catalysis. However, the direct contribution
from the CTCC will in such efforts remain in mod-
elling the relevant chemical processes or interac-
tions, or developing the necessary computational 
methods. 

 The starting point for most of the modelling 
activities at the CTCC is the Schrödinger equation, 
used as a building block in the graphics on the front
page of this report. The Schrödinger equation is a
deceptively simple equation, which, however, leads 
to a complicated many-body problem that in prac-
tice can only be approached by finding increasingly 
better approximate solutions. 

  

Scientific activities at the CTCC  
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The CTCC contributes to such efforts by working to 
find increasingly more accurate solutions to the 
Schrödinger equation, or by making the Schrödinger 
equation applicable to larger and larger molecules. 
The CTCC pursues these goals following several 
different strategies that are, to some extent, com-
plementary to one another. More details about these 
developments can be found in Appendix B.  

 The application of these new methods to the 
study of molecules is, despite their approximate na-
ture, computationally expensive and only possible 
through the use of advanced computers. The in-
vestment in new supercomputers at the host institu-
tions of the CTCC, the Universities of Oslo and 
Tromsø, as well as at the other universities in the 
NOTUR system, has been a major boost for the 
computational activity at the CTCC, providing the 
CTCC with unique opportunities to develop compu-
tational technology applicable to large supercom-
puters. These investments will enable the CTCC re-
searchers to carry out computations that would not 
be possible in most other research groups world-
wide. We believe this will contribute to making 
CTCC internationally visible, making it an attractive 
research institution for computational scientists 
worldwide. 

 
 Although the main activity of the CTCC is 
the application of quantum mchanics to problems in 
chemistry, the recent affiliation of Assoc. Prof. 
Bjørn-Olav Brandsdal with the CTCC will also add 
expertise in the use of molecular-mechanics meth-
ods, in combination with dynamical simulations. 
His research will strengthen the activity of the 
CTCC in macromolecular sciences ands provide ex-
pertise in the development and application of hy-
brid-based methods such as quantum mechan-

ics/molecular mechanic/polarizable continuum ap-
proaches, which constitute the PhD project of our 
most recently hired PhD student. 

 

 The scientific activity of the CTCC is orga-
nized in nine thematic work packages, all having a 
senior scientist in charge, although our senior re-
searchers typically contribute to more than one work 
package. There are three work packages related to 
methods development: (1) large periodic and nonpe-
riodic systems; (2) fragment approaches for large 
systems; and (3) multiscale methods with wavelets. 
Two packages contain significant elements of both 
methods development and applications: (4) proper-
ties and spectroscopy; and (5) dynamics and time 
development. Finally, four of our work packages are 
application oriented: (6) bioinorganic chemistry; (7) 
catalysis and organometallic chemistry; (8) gas-
phase reactions and photochemistry; and (9) clus-
ters, surfaces and solids. 

 In the following pages, we give two scien-
tific highlights of the activity at the CTCC in 2007, 
both of which have been published in high-ranking 
international journals. These examples illustrate 
how theoretical and computational chemistry can 
address fundamental questions in the understanding 
of chemistry and how computations may make in-
dispensable contributions to the understanding of 
problems in biological sciences. More details about 
the activities in the work packages that constitute 
the scientific platform of the CTCC can be found in 
Appendix B. 
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Scientific highlights from the CTCC activity 
 

 

Pentacoordinate carbon — are 
you joking? 
 

It is well known that carbon has a valence of 4, 
which means that the carbon atom forms four bonds 
to other atoms in any compound where the element 
is a part, no less and no more. We say that carbon is 
tetracoordinated. Well known examples include 
methane (CH4), carbon dioxide (O=C=O), and the 
solids graphite and diamond. The reason behind this 
orderly behaviour of the element lies in its elec-
tronic structure. Carbon has atom number 6, and 
consists consequently of a nucleus with six positive 
charges surrounded by six electrons. Two of these 
electrons are in the core 1s orbital and do not form 
chemical bonds. The remaining outer four electrons 
are in the 2s and 2p orbitals, the valence orbitals. 
Each of these electrons then forms bonds to 
neighbouring atoms. Since a chemical bond is 
formed by two electrons, one from each atom, the 
result is that the carbon atom is surrounded by a to-
tal of eight valence electrons—four from itself and 
four from its neighbours. In chemistry, this is 
known as an octet and it gives rise to an electronic 
structure around the carbon atom that resembles that 
of noble gases, a particularly favourable arrange-
ment. 

 

 
 

We have been interested in understanding the fac-
tors that affect reactivity of carbon-containing com-
pounds—that is, organic molecules. A favourite  

 

 

 

 

 

reaction of ours is the important SN2 reaction, illus-
trated for instance by the reaction: 

 

 Cl- + CH3Br → CH3Cl + Br- 

 

This reaction involves the passage through a transi-
tion state, [Cl–CH3–Br]-. This state is only of ex-
tremely brief existence, and the molecular structure 
associated with it is not a potential-energy minimum 
as for stable molecules but instead a maximum of 
potential energy, reflecting the transient existence. 
This fact can easily be understood by noting that 
carbon in the transition state has a valence of 5, 
thereby breaking the rule discussed above. How-
ever, we had previously observed that the degree of 
instability of the transition state varies much, de-
pending on the atoms surrounding the central carbon 
atom of the transition state. Moreover, other group 
14 elements further down in the periodic table are 
well known to accomplish a valence exceeding four 
since they can take advantage of low-lying d orbi-
tals, which are not accessible to carbon. Neverthe-
less, could it still be possible that some structures 
with a pentacoordinate carbon could be stable? Us-
ing highly accurate quantum-chemical methods, we 
have set out to investigate this systematically for a 
promising class of molecular ions of the type, HnE–
CH3–EHn

+, (n is an integer number) illustrated in 
the figure. Our results showed that, if E is an ele-
ment slightly more electropositive than carbon, for 
E = Be, B, Al, Ga, Si, Ge, this arrangement indeed 
corresponds to a stable molecule and not to a transi-
tion state. Formally, these are eight-electron struc-
tures, but accomplish pentacoordination. However, 
if E becomes too electropositive, as for alkali and 
earth alkali metals, these structures become unstable 
and collapse, for example, into Li+…CH3Li. 

 

The paper describing this investigation has been 
published: Fernandez, I, Uggerud, E, and Frenking, 
G (2007). Stable Pentacoordinate Carbocations: 
Structure and Bonding  Chem. Eur. J. 
13(30):8620-8626. 
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Cracking a major biomedical 
puzzle: how does nitrite control 
blood pressure? 
 

It has been known for some time that nitrite, a 
ubiquitous anion present in blood, plays a key role 
in blood pressure regulation (vasodilation). But 
exactly how this happens has remained unclear 
until now. Working with biomedical researchers at 
the NIH and Wake Forest University in the USA 
(Professors Daniel Kim-Shapiro and Mark Glad-
win), members of the CTCC at the University of 
Tromsø (Professor Abhik Ghosh and visiting re-
searcher Dr. Jeanet Conradie) have helped crack 
the puzzle. The research appeared in Nature 
Chemical Biology on November 4, 2007. The puz-
zle in question consists of the following: 

Since NO is the ultimate agent for blood vessel di-
lation, nitrite must somehow be converted to NO 
in the course of the process. Indeed, nitrite does 
react with the deoxy (oxygen-free ferrous) form of 
hemoglobin to generate NO. The problem is that 
the hemoglobin resides inside the red blood cell 
and, before NO can diffuse out of the red cells to 
reach the blood vessel walls, it will be recaptured 
by hemoglobin to form a very stable NO complex. 
How then does the vasodilation occur? 

It turns out (as shown in the figure) that nitrite re-
acts with the ferric form of hemoglobin in the red 

cells to generate a highly reactive (“ferric-nitrite”) 
intermediate, which in turn reacts with NO to gen-
erate N2O3. It is the latter species that diffuses out 
of the red cells, dissociating to NO and NO2 along 
the way, and this is how nitrite-derived NO 
reaches the blood vessel walls to accomplish the 
vasodilation. 

The contribution from computational modeling 
consisted of characterizing the crucial ferric-nitrite 
intermediate using the University of Tromsø’s ex-
cellent supercomputer facilities. Experimentally, 
this intermediate is an elusive species, so it proved 
critical to use computer modeling to gain an un-
derstanding of its properties. 

Although the results are still new and their impli-
cations difficult to foresee, the discovery of this 
unexpected mechanism may lead to the develop-
ment of new medicines in the cardiovascular field. 

The paper describing this investigation has re-
cently been published: Basu, S.; Grubina, R.; 
Huang, J.; Conradie, J.; Huang, Z.; Jeffers, A.; Ji-
ang, A.; He, X.; Azarov, I.; Seibert, R.; Mehta, A.; 
Patel, R.; King, S. B.; Ghosh, A.; Gladwin, M. T.; 
Kim-Shapiro, D. B. , Nature Chemical Biology 
2007, 3, 785-794.
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Principal investigators at the CTCC 

 
Prof. Kenneth Ruud, Director, 
UiT 

Linear and nonlinear molecular 
properties, solvent effects, 
multiwavelets 

 

 
Prof. Trygve Helgaker, Co-
director, UiO 

Coupled-cluster theory, large 
molecular systems, response 
theory, molecular dynamics, 
extrapolation techniques 
  

 
Tor Flå, Professor, UiT 

Wavelets, density functional 
theory, bioinformatics 

 

 

 

 

 

 
Luca Frediani, Associate Prof., 
UiT 

Linear and nonlinear molecular 
properties, solvent effect, mul-
tiwavelets 

 

 
Knut Fægri, Professor, UiO 

Relativistic quantum chemis-
try, methods for large molecu-
lar systems 

 

 
Abhik Ghosh, Professor, UiT 
 

Porphyrins, self-assembly 
processes, fluorinated macro-
cycles, validating density func-
tional theory 

 

 

 

 

 

 
Claus Jørgen Nielsen, Profes-
sor, UiO 

Atmospheric chemistry, 
photolysis reactions 

 
Inge Røeggen, Professor, UiT 

Electron correlation, intermo-
lecular interactions, the chemi-
cal bond 

 
Mats Tilset, Professor, UiO 

Organometallic chemistry, ca-
talysis, meta-organic frame-
works, CH activation 

 
Einar Uggerud, Professor, UiO 

Mass spectrometry, computa-
tional chemistry, reaction 
mechanisms, molecular clus-
ters 
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Researchers and postdocs 
 

 
Dan Jonsson, Researcher (UiT): 

Excited-state gradient, nonlinear molecular 
properties, geminals, left-handed materials 

 
Maxime Guillaume, Postdoc (UiT): 

Two-photon circular dichroism, nonlin-
ear optical properties 

 
Andreas Krapp, Postdoc (UiO): 

Infinite systems with periodic 
boundary conditions 

 

 
Lihn Bache-Andreassen, Postdoc (UiO) 

Experimental studies of isotope effects in 
chemical reactions 

 

 
Francesca Maria Iozzi, postdoc (UiO): 

Mechanochemistry (stretching of bio-
logical polymers) and reaction dynam-
ics of molecular clusters 

 
Andrew Teale, Postdoc (UiO): 

Effective local potentials 

 
Emmanuel Gonzales, Postdoc (UiT): 

Bioinorganic complexes, computational 
chemistry 

 
Jonas Juselius, Postdoc (UiT) 

Multiwavelets, finite element methods, 
cupled-cluster magnetic properties 
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Lara Ferrighi (UiT): 

Nonlinear properties, solvent effects, response 
theory 

 
Dmitry Shcherbin (UiT): 

Nonlinear chiroptical properties. 
Complex polarization propagator 

  
Erik Tellgren: PhD student (UiO).  

Methods for calculating periodic 
systems using Gaussian functions 

 
Margret Gruber-Stadler, (UiO): 
Quantum chemistry studies of isotope effects in 
chemical reactions 

 
Harald Solheim (UiT): 

Vibronic effects. Magnetic circu-
lar dichroism. Nonadiabatic ef-
fects 

 
Andreas J. Thorvaldsen (UiT): 

Response theory and perturbation-
dependent basis sets 

 
Ola Berg Lutnæs (UiO): 

DFT studies of magnetic properties, in particular 
NMR properties 

 
Arnfinn Hykkerud Steindal (UiT): 

Hybrid methods, QM/MM/PCM 

 

 
Simen Reine (UiO): 

Two-electron interactions in molecular and peri-
odic systems 

 
Espen Tangen (UiT): 

Low-coordinate transition metal 
nitrosyls and imido compounds 

 

 

PhD students
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Affiliates Administration Board of directors 

 
Bjørn Olav Brandsdal, Associate 
professor, UiT 

Biomolecular modeling, protein 
dynamics 

 
Stig Eide, Head of Administra-
tion, UiT 

Professor Tore Vorren           
(Dean of the Faculty of Science, 
University of Tromsø). Chairman of 
the board 

Professor Anne-Britt Kolstø (Uni-
versity of Oslo), vice-chairman of 
the board 

Dr. Nina Aas                         
(Statoil-Hydro) 

 
Harald Møllendal, Professor, UiO 

Conformational analysis, hydro-
gen bonding, astrochemistry 

 
John McNicol, Office Manager, 
UiO 

 

Professor Knut J.Børve (Univer-
sity of Bergen) 

Professor Aslak Tveito     (Direc-
tor, Simula Research Centre) 

 Assoc.prof. II Scientific advisory board 

 
Svein Samdal, Professor, UiO 
Conformational analysis, large-
amplitude motions 

 
Sonia Coriani, UiO 

Prof.Emily A.Carter        (Prince-
ton University, USA) 

Prof.Odile Eisenstein      (Univer-
sity of Montpellier, France) 

Prof.Kersti Hermansson    (Upp-
sala University, Sweden) 

 

 
Magdalena Pecul-Kudelska, UiT 

Prof.Mike Robb                 (Impe-
rial College London, UK) 

Prof.Per-Olof Åstrand  (Norwe-
gian Univerity of Science and Tech-
nology, Norway) 
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Other activities at the CTCC 

 The CTCC wishes to have an impact on
chemical research outside of the centre itself, na-
tionally as well as internationally. The CTCC has
therefore been actively engaged in establishing a di-
vision for computational chemistry of the Norwe-
gian Chemical Society, an effort we hope will be
approved by the General Assembly of the Norwe-
gian Chemical Society in the spring of 2008. As a
first step towards this establishment, the CTCC or-
ganized the first session ever on computational
chemistry at ”Landsmøtet for kjemi”, the Norwe-
gian version of the significantly larger meetings of
the American Chemical Society. 

An important mission for this new
Division of Computational Chemistry will be an an-
nual meeting for Norwegian Computational and
Theoretical Chemistry, and the CTCC participated
in what may turn out to be the first meeting in this
series, the workshop Norwegian Theoretical Chem-
istry: From molecules to nanostructures organized at
the Norwegian University of Science and Technol-
ogy, with Prof. Per-Olof Åstrand as the organizer
for the event. Prof. Åstrand also serves on the Scien-
tific Advisory Board of the CTCC. The meeting
gathered more than 40 participants, largely from
Norwegian research groups, but also involving in-
vited international quantum chemists. 

 

 The CTCC was also a sponsor and co-
organizer of the Coastal Voyage in Current Density
Functional Theory, which took place on Hurtigruten
as it traversed the Norwegian Coast Line from
Tromsø to Trondheim, gathering chemists and
physicists from around the world for a fascinating

event comprised of scientific presentations and dis-
cussions in beautiful surroundings. In addition to
Prof. Trygve Helgaker and Prof. Kenneth Ruud of 
the CTCC, the organization committee included Dr.
Trond Saue of the University of Louis Pasteur in
Strasbourg (France). 

 The CTCC was 
pleased to be granted the coordinating responsibility 
for the establishment of a Network of National Cen-
tres of Excellence in Computational Chemistry
(NCoECC), which was approved by NordForsk in 
the autumn of 2007. In addition to the CTCC, the
network comprises the the Finnish Centre of Excel-
lence in Computational Molecular Sciences
(FCECMS), the Lundbeck Foundation Center for 
Theoretical Chemistry (LCTC), and the Swedish 
Center of Computational Molecular and Systems
Biology (CCMSB). The project will last for the pe-
riod 2007-2010, allowing us to draw on the exper-
tise of our fellow Nordic Centres of Excellence in 
computational chemistry. 

 In connection with ”Landsmøtet i kjemi”, 
the CTCC also organized its first meeting directed
towards the young researchers at the centre, giving 
them an opportunity to present and discuss their sci-
ence. We will continue to develop this forum so as
to stimulate our PhD students and postdocs to ac-
tively engange in defining new, interesting research 
topics. 
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Visiting scientists 

 

The CTCC believes that the most significant scientific advances often arise from interactions between 
skilled scientists with diverse backgrounds and training, as well as in the challenging discussions between 
PhD students, postdocs and experts in their respective fields of science. Already from the start of the CTCC 
in July 2007, we have had a strong focus on quickly establishing an extensive visiting researcher program at 
the CTCC. During the first 6 months of operation, we have had 20 different researchers, from PhD students 
to full professors, visiting the centre for periods ranging from a few days up to almost two months. The 
CTCC is pleased to see that the centre has already become an attractive collaborative partner through this 
exchange program, attracting also visitors with no prior established scientific collaboration with the CTCC 
principal investigators. 
Name  From  Date visiting   Host 
Ameila Albrett New Zealand 01.10.07-24.11.07  UiT 
Antonio Rizzo Italia  07.09.07-22.09.07  UiT 
Emmanuel Fromager France 06.08.07-19.09.07  UiT 
Francesca Iozzi Italia  06.08.07-12.08.07   UiT 
Hans Jørgen Aagaard Jensen Denmark 06.08.07-19.09.07  UiT 
Jan Stanek Poland 01.09.07-20.09.07  UiO 
Jeanet Conradie South Africa 17.05.07-14.06.07  UiT 
Kathrin Hopmann Sweden 04.10.07-08.10.07  UiT 
Magdalena Zimnicka Poland 18.11.07-25.11.07  UiO 
Margret Gruber-Stadler Switzerland 12.11.07-25.11.07  UiO 
Mauritz Ryding Sweden 22.10.07-30.10.07  UiO 
Maxim Fedorowsky Switzerland 02.12.07-03.12.07  UiT 
Michal Jaszunski Poland 01.09.07-12.09.07  UiO 
Michal Jaszunski Poland 18.09.07-08.10.07  UiT 
Pablo Sanchez Spain  07.12.07-12.12.07  UiO 
Patrick Andersson Sweden 22.10.07-30.10.07  UiO 
Penelope Brothers New Zealand 08.10.07-10.10.07  UiO 
Filip Pawlowski Poland 24.10.07-26.10.07   UiO 
Radovan Bast France 18.09.07–22.09.07  UiT 
Stinne Høst Denmark 19.11.07–22.11.07  UiT 
Øyvind Bjørkås Norway     UiT 
 

 

 

 

 

 
Towards the top with CTCC: Visiting prof. 
Hans Jørgen Jensen (Univerity of Southern 
Denmark) approaching the summit of Lan-
glitind on the island of Andørja, August 
2007. 
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Total revenue and expenditure figures 

 

 

Finansiering Reell Planlagt Planlagt Planlagt Planlagt Planlagt Planlagt Total  
i tusen kroner finans finans finans finans finans finans finans finans 
  2007 2008 2009 2010 2011 2012 2013-17   

Regnskapsførte inntekter på SFF ved vertsinstitusjonenen                 
Vertsinstitusjonen  2 200 4 500 4 600 4 700 4 800 5 100 20 100 46 000
Norges forskningsråd - SFF 3 900 9 600 10 100 10 400 10 600 10 600 34 800 90 000
Aktiv samarbeidspartner (UiO) 1 100 2 800 3 200 3 300 3 400 3 600 11 500 28 900

Sum regnskapsførte inntekter  7 200 16 900 17 900 18 400 18 800 19 300 66 400 164 900

Ikke regnskapsførte midler på SFF ved vertsinstitusjonen                 
                 

Sum årets finansiering 7 200 16 900 17 900 18 400 18 800 19 300 66 400 164 900

Finansieringsplanens beløp               0
Avvik fra finansieringsplanen 7 200 16 900 17 900 18 400 18 800 19 300 66 400 164 900
Overført  (+/-) 0 5 495 5 495 5 495 5 495 5 495 5 495   

Sum finansiering og overføring 7 200 22 395 23 395 23 895 24 295 24 795 71 895 197 868

         

Utgifter Reelle Utgifts- Utgifts- Utgifts- Utgifts- Utgifts- Utgifts- Totalt 
i tusen kroner utgifter budsjett budsjett budsjett budsjett budsjett budsjett budsjett
  2007 2008 2009 2010 2011 2012 2013-17   

Regnskapsførte utgifter på SFF ved vertsinstitusjonen                 
Personell og lokaler 632 14 800 15 800 16 300 16 700 17 200 58 000 139 432
(Lønn og sosiale kostnader) 632       632
Andre driftskostnader 352 2 100 2 100 2 100 2 100 2 100 8 400 19 252

Sum regnskapsførte utgifter  983 16 900 17 900 18 400 18 800 19 300 66 400 158 683

Ikke regnskapsførte utgifter på SFF ved vertsinstitusjonen                 
Personell og lokaler 722 0 0 0 0 0 0 722

Sum ikke regnskapsført 722 0 0 0 0 0 0 722

                 

Sum utgifter 1 705 16 900 17 900 18 400 18 800 19 300 66 400 319 442

Til overføring (+/-) 5 495 5 495 5 495 5 495 5 495 5 495 5 495 -121 575

         

      
 
    

Personale/Stillinger Årsverk Årsverk Årsverk Årsverk Årsverk Årsverk Årsverk  
  2 007 2 008 2 009 2 010 2 011 2 012 2013-17  

Professorer, forskere o.l            4,0          
Doktorgradsstipendiater            4,8         
Postdoktorstipendiater            3,7         
Teknisk/adm.stillinger            0,5          

Sum årsverk stillinger          13,0             -               -               -               -               -                -     

           

Gjesteforskere         0,9              
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Appendix A: Publications 2007 

Adlhart, C and Uggerud, E (2007).  
Mechanisms for the dehydrogenation of alkanes on 
platinum: Insights gained from the reactivity of gase-
ous Cluster cations, Ptn+ n = 1–21  
Chem. Eur. J. 13:6883–6890.  

Aidas, K, Kongsted, J, Nielsen C, Mikkelsen, KV, 
Christiansen, O, and Ruud, K (2007).  
Gauge-origin independent magnetizabilities from hy-
brid quantum mechanics/molecular mechanics mod-
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Appendix B: Activity reports 

 

WP 1: Large periodic and nonpe-
riodic systems 
During 2007, we have made significant progress 
both on large molecular systems and on periodic 
systems. For large molecules, we have published 
two papers, on energy optimization and property 
calculations (excitation energies and polarizabili-
ties). Our approach is based on an exponential 
parameterization of the density matrix in the atomic-
orbital basis, thereby avoiding the potentially ex-
pensive diagonalization of the Fock/Kohn-Sham 
matrix. As a bonus, this approach allows us to 
merge the traditional two steps of self-consistent 
field optimizations (Roothaan-Hall Fock/Kohn-
Sham diagonalization and DIIS averaging) into a 
single quasi-Newton-type step, in which the DIIS 
averaging assumes the role of Hessian updating. The 
convergence properties of the resulting one-step ap-
proach, termed the augmented Roothaan-Hall 
(ARH) method, is superior to that of the standard 
two-step approach. The work on energy optimiza-
tion and property calculations is carried out in col-
laboration with the group of Poul Jørgensen and 
Jeppe Olsen in Denmark as part of the NCoECC ef-
forts. 

An important part of energy optimizations is 
the calculation of the Fock/Kohn-Sham matrix. We 
have developed improved schemes for the evalua-
tion of the Coulomb and exchange contributions to 
the Fock/Kohn-Sham matrices. For these contribu-
tions, we have achieved a speed-up of one to two 
orders of magnitude over the original Dalton code, 
by the efficient use of density fitting. Our Coulomb 
scheme differs from that of others in that the fitting 
is carried out not on the whole three-dimensional 
space, but in finite-size boxes, thereby achieving 
linear scaling without loss of accuracy. Alterna-
tively, linear scaling is achieved with the introduc-
tion of a sparse fitting metric, based on a damping 
of the Coulomb operator. We have demonstrated 
that such damping can be achieved at little loss of 
accuracy. For the more complicated exchange con-
tribution, we have at present a very fast exchange 
evaluation for small and medium-sized molecules 
and are in the process of adapting our scheme to 
large systems, introducing sparsity through damp-
ing.  

 

 

The two- and three-center integrals needed 
for density-fitting integral evaluation are generated 
by a scheme introduced by us in 2007, based on the 
use of Hermite rather than Cartesian atomic orbitals. 
The Hermite scheme simplifies the code and im-
proves efficiency. These simplifications are particu-
larly important for derivative integrals, needed for 
the evaluation of molecular gradients and Hessians. 
During the last year, we developed a linear-scaling 
gradient code (excluding exact exchange). With this 
code, gradients can be calculated at a cost similar to 
that of a single self-consistent field iteration. 

Concerning periodic systems, we have de-
veloped a new code for the calculation of the elec-
tronic energy of such systems in a Gaussian basis, 
within the Dalton program system. As for molecular 
systems, we have studied different schemes for the 
energy optimization and, in particular, compared the 
traditional two-step method (alternate Fock/Kohn-
Sham diagonalization and DIIS averaging) with the 
new one-step ARH method. The ARH method is 
more stable but needs more work to reduce the di-
mensions of the quasi-Newton equations. Our peri-
odic code has been applied to the calculation of 
bond-length alternation in polyacetylene and poly-
yne, in collaboration with D. Tozer at the university 
of Durham, UK. 

 

WP 2: Fragment approach for 
large systems 
The PATMOS model – “Perturbed AToms in MOle-
cules and Solids” – is a fragment approach where the 
fragments are chosen as atoms. The model is hierar-
chical. At the basic level, i.e. the root approximation, 
the wave function is chosen as a Hartree  product of  
atomic wave functions. The atomic wave function is 
a product of  an RHF (Restricted Hartree-Fock)-type 
function for the core orbitals and a Hartree-type 
product function for the valence orbitals. Within the 
framework of the energy incremental scheme, anti-
symmetry  and electron correlation are introduced 
for  atoms, pairs of atoms, three-atomic clusters and 
higher-order clusters, in a hierarchical way. The fea-
sibility of the PATMOS model depends critically on 
the quality of the orbitals of the root function. We  
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have recently abandoned the use of  UHF (Unre-
stricted Hartree-Fock )  orbitals since these  orbitals 
will not be appropriate for all types of systems. The 
principal ideal choice of valence orbitals would be 
spin optimized Hartree-Fock (SOHF) orbitals. How-
ever, this type of orbitals can only be obtained for 
few-electron systems, i.e. less than 12-15 valence 
electrons. On the other hand, we do not need fully 
optimized SOHF orbitals. Recently we have con-
structed an algorithm for the determination of ap-
proximate SOHF orbitals. We have just started on 
the construction of the corresponding computer 
code. 
 

WP 3: Multiscale methods with 
wavelets 
The goal of this work package is to develop a mul-
tiwavelet-based code for quantum chemistry calcu-
lations, and in particular for Density Functional 
Theory of large molecules. 

The key element in our approach for devel-
oping an efficient multiwavelet-based DFT code, is 
a code developed by Dr. L. Frediani (CTCC) and 
Dr. E. Fossgaard, which is a Poisson/Helmholtz 
solver in the multiwavelet formalism. This is the 
key step also in the multiwavelet-based DFT code. 

During the last year the original code has been 
rewritten in order to be able to deal with any finite 
number of dimensions (the original code was lim-
ited to 3-D calculations). A significant advantage is 
that in this way functions, operator kernels and op-
erators can all be treated on the same footing, lead-
ing to significant simplifications. The code has also 
been provided with a robust configuration structure 
to enhance the portability, and its administration is 
now run under the version control system called Git. 
The code has also been partially parallelized in or-
der to be able to exploit modern cluster architec-
tures. 

A manuscript describing our multiwavelet-
based Helmholtz/Poisson solver has been written 
and submitted to a leading journal in the field of ap-
plied/numerical mathematics 

Among the main goals of CTCC are the training 
and education of the involved researchers and PhD 
students. We have therefore used the opportunity 
provided by ``Forskerutdanningsnettverket i Nord-
Norge'' (Research Training Network in Northern  

 

Norway) to establish a course entitled ``Multiwave-
lets methods in physics and chemistry''. The course 
and a connected research project have been sup-
ported with 40.000 NOK. The course is currently 
taught by Prof. T. Flå and Ass.prof. L. Frediani, 
both of the CTCC, and Dr. Øyvind Bjørkås (HiBø).  
 

WP 4: Properties and spectros-
copy 
A major advance made at the CTCC during 2007 of 
relevance to this work package has been the devel-
opment of an open-ended formalism for the calcula-
tion of frequency-dependent molecular properties of 
arbitrary order. A particular novel aspect with the 
formalism is that it allows the atomic orbital basis 
set to depend on the applied external perturbation 
(such as geometrical distortions or magnetic fields 
described by London atomic orbitals). Furthermore, 
the atomic orbital basis may also be time dependent. 
Currently the implementation can handle one-elec-
tron perturbations to order 31, and allow for up to 
two orders of dependencies in the basis set on the 
applied perturbations. The current implementation 
is, however, limited to Hartree-Fock wave func-
tions. 

 In order to capitalize on the developments 
made in WP1, a strategy for utilizing the linearly-
scaling response solver developed as part of WP 1 
in collaboration with Prof. Poul Jørgensen (Univer-
sity of Aarhus) has been established in the frame-
work of the NCoECC. This will allow us to imme-
diately utilize our approach in a linearly scaling 
manner, as care has been taking to keep the number 
of matrix multiplications as low as possible. The ini-
tial applications of the code have been directed to-
ward a diverse set of properties, including Coherent 
anti-Stokes Raman Scattering (CARS), Verdet con-
stants, Raman intensities and the Cotton-Mouton ef-
fect. 

 Parallel to this development, we have also 
developed a cubic response code for the calculation 
of fourth-order molecular properties including the 
effects of a polarizable dielectric medium. This has 
been the topic of the PhD thesis of Lara Ferrighi, 
who defended her thesis in November 2007. The 
code has been implemented for Hartree-Fock, Den-
sity-functional theory (including Coulomb-attenu-
ated functionals) as well as multiconfigurational 
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self-consistent field wave functions. For the two 
first of these models, the code is fully parallel, al-
lowing us to perform calculations on the large mole-
cules that often are of interest experimentally. The 
model allows us to handle the slow and the fast 
components of the solvent differently, in a so-called 
non-equilibrium scheme. Non-equilibrium effects 
are in many cases of great importance in the study 
of time-dependent properties. 

 Finally, we have utilized the nonlinear com-
plex polarization propagator approach as developed 
by Dr. Patrick Norman (Linköping University) and 
coworkers to simultaneously obtain the A and B 
terms appearing in the conventional theory of mag-
netic circular dichroism (MCD). Indeed, our studies 
have shown that similar ligand-based excitations in 
structurally related porphyrins (only differing in the 
central atom), give very similar overall MCD spec-
tra, even though an analysis in terms of A and B 
contributions are very different. On the basis of 
these findings, we have proposed that the separation 
of the temperature-independent contribution to the 
MCD signal should be abandoned, and that the best 
way of obtaining the temperature-independent con-
tribution to the MCD spectrum is through the use of 
the complex polarization propagator formalism. 

 

WP 5: Dynamics and time devel-
opment 
For this work package particular emphasis is put on 
understanding chemical reaction dynamics as an in-
terplay between the initial conditions (po,ro) and the 
topography (V(r)) of the potential energy surface. 

From the start of the CTCC, efforts have 
been concentrated around two topics, one related to 
protein chemistry and physics, and one to water 
cluster chemistry. These will be discussed in turn. 
When developed to maturity, within a few years, we 
plan to compute the time development of large mo-
lecular systems, consisting of thousands of atoms. 

 

Quantum chemical simulation of mechanochemical 
processes in biological molecules. 
When a molecule is deformed from its equilibrium 
geometry by the application of external forces, its 
chemical and physical properties change, often dra-
matically. At one extreme limit, stretching a mole-

cule has the consequence that it breaks. In other less 
dramatic situations, stretching a molecule to some 
extent brings it closer to the transition state of a re-
action of that molecule. We may term the latter 
force enhanced reactivity. Both these processes have 
been investigated experimentally for various pro-
teins, applying atomic force spectroscopy (AFM), 
but are at best incompletely or poorly understood. 
We are convinced that only theoretical modelling 
coupled to reliable experimental data can provide 
the necessary insight into these processes. It is 
probably not necessary to point out the intimate link 
between this topic and biology, for example for 
muscle contraction and expansion. 

To this end, as the first phase of our ambi-
tious project, we have been busy to simulate small 
molecular systems, essentially fragments of pro-
teins, with the twofold purpose of understanding the 
molecular physics of the process and to determine 
which quantum chemical level of theory that can be 
used to describe the physical and chemical proc-
esses accurately and realistically, and at the same 
time be efficient enough to allow for extension to 
larger and more relevant molecular systems. 

One paper written in collaboration with Julio 
Fernandéz and co-workers (Columbia University) 
was very recently accepted for publication in The 
Journal of the American Chemical Society. 

 

Dynamics of elementary reactions of water clusters. 
Water clusters mimic water, and elementary proc-
esses occurring in water are best understood when 
conducted under the carefully controlled conditions 
one may obtain in isolated populations of small, 
size-selected clusters. For example, the kinetics, en-
ergetics and detailed chemical mechanisms for clus-
ter and subsequent droplet formation in the atmos-
phere are generally inaccurately known. Since at-
mospheric aerosol particles, including clouds, re-
flect sunlight and since their effect on the heat bal-
ance in the atmosphere is highly uncertain, knowl-
edge about the physical and chemical properties of 
such particles will be mandatory for predicting cli-
mate change, and thereby of crucial importance for 
future political decision making. The role of aero-
sols has been identified by the Intergovernmental 
Panel on Climate Change (IPCC) as the key uncer-
tainty in predicting climate change, as evident from 
their report of February 2, 2007. For example, both 
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the role of ions formed by cosmic radiation and the 
importance of organic and inorganic components (in 
particular salts) as nucleation centres are highly un-
certain. In our laboratory we study the chemical re-
actions and physical properties of water clusters ap-
plying several techniques, including Fourier trans-
form ion cyclotron resonance mass spectrometry, 
and low-energy collision experiments with beams of 
cluster ions. In addition, we have recently started a 
series of measurements in collaboration with inter-
national partners (including Patrik Andersson 
(Gothenburg University) and Steen Brøndsted Niel-
sen, (Aarhus University)) employing the ITSLEIF 
facilities at Aarhus University. The reactions studied 
are water evaporation kinetics, ligand and isotope 
exchange, and red/ox reactions. 

The CTCC project constitutes an integral 
part of these experimental activities. By using exist-
ing software for ab initio direct dynamics calcula-
tions we are currently modelling two reactions, 
H/D-isotope exchange in protonated water clusters 
and water exchange and elimination in reactions be-
tween water and protonated alcohols. Further on, we 
intend to model red/ox reactions in water clusters of 
various sizes. 

A post-doctoral fellow, Dr. Maria Francesca 
Iozzi, devotes her full time to the two projects de-
scribed above. She has been employed by the CTCC 
since December 1 2007. 

Dr. Vebjørn Bakken, Department of Chemis-
try and SINTEF, is also involved, contributing with 
his unique expertise in ab initio direct dynamics. In 
addition to these people, the large scale develop-
ment project also includes Trygve Helgaker, Simen 
Reine, both CTCC, and Pawel Salek, The Royal In-
stitute of Technology, Sweden, through the 
NCoECC framework.  

 

WP 6: Bioinorganic chemistry 
Middle and late transition metal imido complexes 
were largely unknown until very recently, which 
should not be surprising in light of the prohibitive 
dp-pp antibonding interactions that many such spe-
cies would necessarily entail. Recently, however, 
the use of low-coordinate architectures has allowed 
the isolation and even structural characterization of 
a number of Fe, Co, and Ni imido complexes. The 
great potential of these complexes for C-H activa-

tion and nitrene transfer chemistry, their relevance 
as models for nonheme metalloenzyme intermedi-
ates, and the novelty of their electronic structures, 
have all led to the recognition of this area as a major 
new advance in inorganic chemistry. The pseudotet-
rahedral or trigonal-planar coordination geometries 
of these complexes provide energetically accessible 
d orbitals, particularly a curiously low-energy ds or-
bital, thereby avoiding, as far as possible, occupancy 
of the high-energy dp-pp antibonding orbitals (the s 
and p descriptions being relative to the metal-imido 
linkage). During 2007, we completed and published 
a series of DFT studies on low-coordinate imido 
complexes. These DFT results are now being cali-
brated against ab initio CASPT2 calculations in a 
collaborative project with Prof. Björn Roos of the 
University of Lund, Sweden. 

A major theoretical and experimental study 
of nonheme FeNO complexes was completed and 
published (JACS 2007, 129, 10446-10456) in col-
laboration with Professors Stephen J. Lippard (MIT) 
and Stephen Koch (SUNY, Buffalo). Among other 
things, this study reported a rare paramagnetic 
{FeNO}6 complex, whose geometric and electronic 
structures were fully analyzed. Gratifyingly, we 
were able to derive isolobal analogies between low-
coordinate NO complexes studied in this work and 
certain of the imido complexes alluded to above. In 
a related project in collaboration with US research-
ers (see Highlight), DFT calculations played a sig-
nificant role in elucidating the complex chemistry of 
hemoglobin-nitrite interactions and their role in hy-
poxic vasodilation. Professor Ghosh also edited a 
major reference work on heme-diatomic interac-
tions, wherein he and Professor John Olson of Rice 
University, USA, also wrote a major review titled 
“Mammalian Myoglobin as a Model for Under-
standing Ligand Affinities and Discrimination in 
Heme Proteins.” 

WP 7: Catalysis and or-
ganometallic chemistry 
Catalysis is of paramount importance for the devel-
opment of efficient, selective and environmentally 
friendly processes in the production of chemicals 
and materials. Any rational approach to catalyst de-
sign demands an in-depth understanding of the basic 
reaction mechanism and the influence of external 
(medium) and internal (substituents, side groups) 
factors on it. The most fruitful way to come to this 
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knowledge is by combining experimental and com-
putational approaches. In 2007, we started such col-
laborative work in the field of homogenous transi-
tion metal catalysis in two project.  

 Among the important C-C coupling proc-
esses catalyzed by organometallic species are homo- 
and copolymerization of α-olefins. Such polymeri-
zation reactions have long been dominated by early 
transition metal catalysts (as e.g. group 4 metallo-
cenes), but in the late 1990’s group 8 – 10 based 
systems have been shown to be highly active cata-
lysts. One focus of our experimental work in this 
field was on ethene polymerization and dimerization 
with the cationic rhodium compound 
Cp*Rh(C2H4)(C2H4-μ-H)+. The reaction in solution 
raised a number of basic mechanistic questions, first 
of all the question whether and how vinylic C-H is 
involved in the course of the reaction and how H 
exchange between the coordinated and incoming 
ethene molecules takes place. These questions were 
attacked in parallel with gas phase experiments 
(Fourier transform ion cyclotron resonance mass 
spectrometry, with Einar Uggerud see also WP 5) 
and DFT calculations (with CTCC-Postdoc Andreas 
Krapp). We gained detailed understanding about the 
H-exchange and  the C-H activation processes and, 
by combing the experimental gas phase and solution 
data with the theoretical results, we were able to 
pinpoint the processes responsible for the catalyst 
deactivation. A paper summarizing these results is 
in preparation. 

 A second project in which experiment and 
calculation work hand in hand focuses on mechanis-
tic studies of a highly cis-selective cyclopropanation 
reaction catalysed by a Rh(I) system with a chelat-
ing N-heterocyclic iminocarbene ligand. Cyclopro-
panes are important sub-structures in many biologi-
cally active compounds and are also valuable syn-
thetic intermediates, particularly because of the gen-
eration of several stereogenic centres starting from 
relatively simple compounds. Many catalysts have 
been developed  that are selective for formation of 
the thermodynamically favoured trans-isomer but 
only few report about cis-selective catalysts in this 
type of reaction. It is thus desirable to fully under-
stand the experimentally observed reactivity in 
terms of mechanism in order to be able to exploit 
the full potential of this type of reaction. We started 
at the end of 2007 to investigate the reaction 
mechanism by means of DFT calculations. These 

studies are performed as a collaborative work be-
tween a PhD student (Marianne Lena Rosenberg) 
and a CTCC-PostDoc (Andreas Krapp). This col-
laboration comprises – besides the scientific activity 
– also training in computational chemistry of the 
PhD student by the PostDoc and serves thus one of 
the broader goals of the CTCC, namely to propagate 
the possibilities of computational modelling to the 
scientific community.  

WP 8: Gas-phase reactions and 
photochemistry 
During 2007 we have investigated the electronic 
ground-state potential surfaces of a series of reac-
tions (see below). The quantum chemical calcula-
tions have in general been accompanied by experi-
mental kinetic studies employing stable isotopes and 
by variational transition state calculations. Isotope 
effects are useful and sensitive benchmarks for 
quantum chemical calculations since they provide 
unique information about the bottlenecks of reac-
tions. The motivation behind these studies of rela-
tively simple systems is to build expertise in calcu-
lating rates of chemical reactions from first princi-
ples. The ultimate goal is then to apply this knowl-
edge to reactions which are currently difficult or 
even impossible to address in experiments. 

 

Reaction Status 

HCHO + Cl Published 

  

CH3Br + OH / CH3Br + 
Cl 

The reactions have been 
characterized by 
MP2/aug-cc-pVTZ cal-
culations. Single point 
CCSD(T)/aug-cc-pVQZ 
calculations of stationary 
points are currently run-
ning. 

  

CH2Cl2 + OH / CH2Cl2 
+ Cl 

The reactions have been 
characterized by 
MP2/aug-cc-pVTZ cal-
culations. Single point 
CCSD(T)/aug-cc-pVQZ 
calculations of stationary 
points are completed. 
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Manuscript is in pro-
gress. 

  

CHCl3 + OH / CHCl3 + 
Cl 

The reactions have been 
characterized by 
MP2/aug-cc-pVDZ cal-
culations. Single point 
CCSD(T)/aug-cc-pVTZ 
calculations of stationary 
points are completed. 
Manuscript is in pro-
gress. 

  

CH3OH + OH / CH3OH 
+ Cl 

The reactions have been 
characterized by MP2/ 
aug-cc-pVDZ cal-
culations and by single 
point CCSD(T)/aug-cc-
pVQZ calculations of 
stationary points. Manu-
script is in progress. 

  

HCOCl + Cl The reactions have been 
characterized by MP2/ 
aug-cc-pVTZ and single 
point CCSD(T)/aug-cc-
pVQZ calculations. 
Manuscript is in pro-
gress. 

  

HCOOH + OH / 
HCOOH + Cl 

The reactions have been 
characterized by MP2/ 
aug-cc-pVDZ cal-
culations. MP2/aug-cc-
pVTZ calculations are 
currently running. 

  

CH3CH2OH + OH / 
CH2FCH2OH + OH / 
CHF2CH2OH + OH / 
CF3CH2OH + OH 

The reactions have been 
characterized by 
MP2/aug-cc-pVDZ cal-
culations. MP2/aug-cc-
pVTZ and CCSD(T)/ 
aug-cc-pVTZ calcula-
tions are currently run-
ning. 

  

During 2007 we have started to investigate the elec-
tronic states of the following two systems: 
HCHO*H2O and HCHO*(H2O)2 by multi-reference 
configuration interaction (MRD-CI) calculations to 
elucidate formaldehyde photolysis. The photolysis 
of formaldehyde is the single largest source of mo-
lecular hydrogen to the atmosphere. It is also a ma-
jor source of HOx during sunrise and sunset. The 
motivation for studying these systems is found in a 
surprising experimental finding: The electronic tran-
sition moment of the n-π* transition of aqueous 
formaldehyde appears to be around 10 times larger 
than in the gas phase. This may have important im-
plications to aqueous-phase photochemistry (aerosol 
oxidation chemistry) and consequently to the aging 
of aerosols and to changes in their radiative proper-
ties and, eventually, to their climatic impact.  

On the experimental side we have measured ab-
solute absorption cross sections in the UV and IR 
regions of HCHO, HCDO and DCDO, and deter-
mined the relative photolysis rates, jHCHO/jHCDO and 
jHCHO/jDCDO. All available data so far implies that the 
differences in photolysis quantum yields are a result 
of dynamical effects. The absorption cross sections 
have been published. A manuscript on the relative 
photolysis rates of formaldehyde isotopomers is in 
progress.



F
orside/bakside:


