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The Centre for Theoretical and Computational  
Chemistry (CTCC) is a Norwegian Centre of Excel-
lence (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 in-
ternational level, and contribute to raising the quality 
of Norwegian research. 

The CTCC is one of 21 national centres of excel-
lence in Norway and the only one in chemistry. The 
centre has two nodes of equal size, hosted by the Uni-
versity 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 midterm 
evaluation. The centre also receives substantial sup-
port from the host institutions. 

The vision of the CTCC is to become a leading in-
ternational 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 worldleading scientists, 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 quantum-chemistry programs on the 
computational infrastructure available in the Norwe-
gian supercomputing program. 

 More information about the CTCC can be found 
at http://www.ctcc.no.

The Centre for Theoretical and 
Computational Chemistry (CTCC) 
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As we enter 2011, the CTCC has been fully operational 
for three and a half years and is already beginning to make 
a noticeable scientific impact, having published its 200th 
paper and collected its 1000th citation. We are grateful to 
the members of CTCC for their continued dedication to sci-
entific excellence, which has made it possible to pass these 
milestones in such a short time.

In 2010, the longstanding efforts of the CTCC in pro-
moting and supporting gender equality in a male-domi-
nated field of science are also beginning to pay off. We are 
especially pleased that our two young female adjunct as-
sociate professors, Sonia Coriani and Magdalena Pecul, 
in 2010 were found qualified for the title of full adjunct 
professor. We are also happy to welcome Profs. Benedetta  
Mennucci (University of Pisa) and Odile Eisenstein (Uni-
versity of Montpellier) as new CTCC adjunct professors in 
2010.

In June 2010, the CTCC hosted a conference promoting 
female excellence in theoretical and computational chem-
istry at Sommarøy outside Tromsø. The conference, which 
gathered 77 participants (54 female) from all over the world, 
was an unqualified success, with several requests for more 
events of the same format. We would like to congratulate 
its organizers, Sonia Coriani and Magdalena Pecul, on a re-
markable conference of a high international standard.

In preparation for the mid-term evaluation of the CTCC 
conducted by the Research Council of Norway, we were in 
2010 engaged in an active dialogue with our Scientific Advi-
sory Board on how to further improve the scientific activi-
ties at the centre. The feedback from the Scientific Advisory 
Board was very positive and constructive, providing us with 
valuable suggestions for improvements in the present pe-

riod of operation as well as strategic advice for the proposed 
second period. We are now anxiously awaiting the views of 
the international evaluation panel on our plans for the fu-
ture activities of the CTCC, an evaluation that will hopefully 
lay the ground for another six years of successful work.

From January 2011, John McNicol, the Administrative 
leader of the CTCC in Oslo, took up a position as a senior 
consultant at the Department of Research Administration 
at the University of Oslo. We would like to thank John Mc-
Nicol for the work he has done for the CTCC since it was 
established in 2007 and wish him good luck in the future. 
At the CTCC, he will be succeeded by Anne Marie Øveraas, 
who begins her work in Oslo on April 1.

As we enter 2011, it is necessary to raise a concern regard-
ing the future funding of the CTCC. Proactive leadership 
and hiring processes have allowed us to make an immediate 
scientific impact. However, reduced annual support and in-
creased running costs in the next five years may not allow us 
to fully capitalize on these early efforts. In the future, it thus 
becomes paramount to secure additional external funding 
to ensure continued excellence at the CTCC.

For the CTCC, 2010 was busy not just scientifically, but 
also with respect to outreach. Members of the CTCC were 
co-organizers of and teachers at one winter school and one 
summer school in quantum chemistry. Importantly, sev-
eral members were actively involved in preparation for the 
International Year of Chemistry of 2011, which provides 
a unique opportunity to celebrate and promote chemistry 
among the general public. In this wonderful celebration, the 
CTCC will make important contributions, as befits the only 
Norwegian Centre of Excellence in chemistry.

Words from the leadership

Kenneth Ruud Trygve Helgaker
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From the board of directors
The strong scientific foundations of the CTCC have 

been thoroughly confirmed in the past year—in particular, 
through the evaluation of the CTCC conducted by its Scien-
tific Advisory Board, which found the research at the centre 
to be at a high scientific level. At the same time, the Advisory 
Board emphasized the need for a stronger focus on collabo-
ration within the CTCC, pointing out that such collabora-
tion is likely to increase as the methodologies developed at 
the CTCC are becoming useful for its computational chem-
ists. We would like to thank the Advisory Board for their 
contributions to the development of the CTCC.

The high scientific quality of the CTCC staff members 
has been further attested in 2010 by the award of an Ad-
vanced Investigators Grant from the European Research 
Council to CTCC director Trygve Helgaker and the award 
of the Barbara Mez-Starck Prize to CTCC affiliate Prof. 
Harald Møllendal. We congratulate them both on their out-
standing scientific achievements.

We are pleased to see that outstanding scientific achieve-
ments have been recognized also among the younger CTCC 
staff. In particular, we congratulate Na Lin on the Inga  
Fischer Hjalmars Award for her PhD thesis at the Royal 
Institute of Technology in Stockholm, and thank her for 
choosing the CTCC for her postdoctoral studies.

We are happy to note an increasing outreach activity at 
the CTCC—not only news stories and commentaries, but 
also the involvement of several CTCC researchers in the 

celebration of the International Year of Chemistry 2011; the 
national effort led by CTCC researcher Prof. Einar Ugger-
ud. We strongly support this involvement, which provides a 
unique opportunity to highlight the activities at the CTCC 
as part of the promotion of chemistry as a central scientific 
discipline.

In view of its increasing outreach and internal collabo-
ration as well as its documented high scientific quality, we 
would like the CTCC to play a more active national role. 
Apart from making their new computational tools available 
to Norwegian computational chemists, the CTCC should 
foster a broader national collaboration. We have therefore 
asked the CTCC to host a national strategic workshop aimed 
at creating new competitive research proposals, building on 
the strong national competence in theory and computation.

By actively taking on this national role, the CTCC will 
have fulfilled all the goals of its original research proposals 
in terms of scientific excellence, training, and outreach. The 
board is thus of the opinion that the CTCC is performing 
very well, and we are expecting the midterm evaluation to 
confirm this impression.

The board would like to thank all CTCC members, and 
the CTCC administration and directors in particular, for an 
excellent job so far, bringing the CTCC to a level where it is 
able to make significant international scientific impact.

Professor Fred Godtliebsen          
(Vice Dean at The Faculty of Science and 

Technology)
Chairman of the board

Professor AnneBritt Kolstø 
(University of Oslo)

Vice-chairman of the board

Dr. Nina Aas
(Statoil)

Professor Knut J.Børve
(University of Bergen)

Professor Aslak Tveito
(Simula Research Centre)
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2010 in brief
Research focus: 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, in-
teract with one another in creating molecules. The focus 
of the CTCC is thus on the fundamentals of chemistry. 
To obtain new insights in this area of research, the CTCC 
conducts research along two complementary but inter-
linked axes: first, the development of new computational 
methodologies and computer implementations of these 
algorithms; second, the use of such quantum-mechanical 
methodology to solve important chemical problems.

The scientific activities of the CTCC are organized 
into eight thematic work packages, each headed by a 
principal scientist, most of whom also contribute to one 
or more other work packages. Three packages are con-
cerned with methodological developments: (1) large pe-
riodic and nonperiodic systems, (2) fragment approaches 
for large systems, and (3) multiscale methods with wave-
lets. Two packages contain significant elements of both 
methods development and applications: (4) properties 
and spectroscopy, and (5) dynamics and time develop-
ment. Finally, three of our work packages are application 
oriented: (6) bioinorganic chemistry; (7) catalysis and or-
ganometallic chemistry; and (8) gas-phase reactions and 
photochemistry.

Research: After three and half years of operation, the 
research activity has reached a mature level. During 2010, 
the 200th article with a CTCC address appeared; by the 
end of the year, a total of 219 such articles had been pub-
lished. Even more impressively, these articles were in the 
period 2007–2010 cited more than 1000 times. Although 
many CTCC publications have high citation numbers, 
the work by CTCC researcher Trygve Helgaker in collab-
oration with the group of Prof. David J. Tozer at the Uni-
versity of Durham on a diagnostic test for the quality of 
Kohn–Sham excitation energies merits special attention, 
having already received more than 100 citations since its 
publication in 2008 (J. Chem. Phys. 128, 044118 (2008)).

A CTCC paper that received much media attention 
in 2010 was a study by CTCC researcher Prof. Claus J. 
Nielsen on the environmental impact of commonly used 
anesthetics, in collaboration with US researcher S. M. 
Ryan (Anesthesia and analgesia, 111, 92 (2010)). Apart 
from pointing out the environmental impact of these 
common anesthetics, the authors also proposed ways to 
reduce it. 

In 2010, CTCC director Prof. Trygve Helgaker was 
awarded an Advanced Investigator Grant by the Euro-
pean Research Council, being the first recipient of this 
prestigious award in chemistry in Norway. His ABACUS 
(“Ab-initio adiabatic-connection curves for density-
functional analysis and construction”) project concerns 
the properties of the exchange–correlation functional, 
which is at the core of the very successful and popular 

Barbara Mez-Starck 2010 prize winners: Prof. James E. Boggs (left) and 
CTCC affiliate Prof. Harald Møllendal (right), with Dr.Jürgen Vogt, 
director of the Barbara Mez-Starck Foundation
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density-functional theory, thus nicely complement-
ing the work Prof. Helgaker is conducting as part of the 
CTCC research activity. In 2010, CTCC affiliate Prof. 
Harald Møllendal received the Barbara Mez-Starck Prize 
for his efforts in pushing the limits of precise character-
ization in physical chemistry of molecular systems. Both 
these awards attest to the high quality of the research 
conducted at the CTCC.

As part of CTCC’s focus on gender equality, Research 
Director Odile Eisenstein of the University of Montpel-
lier and Prof. Benedetta Mennucci of the University of 
Pisa were in 2010 appointed as adjunct professors at the 
CTCC for a period of three years. As part of the evalu-
ation for these appointments, our current adjunct asso-
ciate professors, Sonia Coriani of the University of Tri-
este and Magdalena Pecul of the University of Warsaw, 
were both found qualified as full adjunct professors. The 
CTCC believes it has contributed in a positive manner to 
their qualification for the title of full professor.

In preparation for the midterm evaluation conducted 
by the Research Council of Norway, the Scientific Advi-
sory Board of the CTCC has performed an internal eval-
uation of the centre. Their findings confirmed the high 
scientific standard of the research at the CTCC, as wit-

nessed by the many recognitions received by its members 
in this and earlier years.

Training: The CTCC continues to contribute to the 
selection of training courses offered as part of the Nor-
wegian Supercomputing Project, by suggesting relevant 
topics for courses — in particular in the area of computa-
tional chemistry. In addition, the CTCC has in 2010 been 
involved in the planning of PhD courses offered nation-
ally through video conferences and a Nordic Master pro-
gram in Computational Chemistry and Physics, opened 
for international applications at the end of 2010. The 
CTCC hopes that this initiative will significantly increase 
the participation of master students in its research activi-
ties as the first group of students arrives in the autumn 
of 2011.

The CTCC continues to focus on the training of PhD 
students and postdocs in presentation skills. During 
May 20–21, the CTCC held its spring meeting at Clari-
on Hotel Oslo Airport, where many of the centre’s PhD 
students and postdocs gave oral presentations. Likewise, 
many CTCC members gave a presentation at the annual 
meeting of the Norwegian Chemical Society, Division of 
Computational Chemistry, excellently organized by Prof. 
Per Olof Åstrand (NTNU) at Britannia Hotel in Trond-

Newly appointed adjunct professors at the CTCC: 
Prof. Odile Eisenstein (left) and Prof. Benedetta Mennucci (right).
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heim, November 22–23. 
Outreach and dissemination: The organization of 

the centre has now reached a mature stage, allowing the 
centre to engage more strongly in outreach and dissemi-
nation activities. An activity that received much atten-
tion in 2010 was the preparation of “Letters to a young 
chemist”, edited Prof. Abhik Ghosh of the CTCC. This 
anthology contains popular scientific stories highlighting 
the exciting world of chemistry, written by 17 leading in-
ternational chemists. It will be launched at the American 
Chemical Society meeting in the spring of 2011.

A major CTCC event in 2010 was the international 
conference “Quantum Chemistry Beyond the Arctic 
Circle—Promoting Female Excellence in Theoretical and 
Computational Chemistry”, organized by the CTCC ad-
junct professors Sonia Coriani and Magdalena Pecul. The 
conference was a resounding success, gathering 54 female 
and 23 male researchers in theoretical and computational 
chemistry. A lively roundtable discussion that addressed 
barriers to female research careers offered fresh perspec-
tives on this important issue.

To promote publications authored by CTCC research-
ers, a publication newsletter was launched in 2010. Apart 
from disseminating research results among CTCC mem-
bers, these newsletters also provide an easily accessible 
channel to CTCC research, available through the CTCC 
web pages (www.ctcc.no).

As part of the Science Days 2010 at the University of 
Tromsø, CTCC postdoc Kathrin Hopmann and CTCC 
director Prof. Kenneth Ruud contributed a commentary 
on CTCC research to the local newspaper Nordlys, add-
ing to the scientific commentaries made by the CTCC di-
rector through his blog on the Norwegian research portal 
(www.forskning.no/blog/kennethruud), an activity that 
is expected to increase as part of the International Year 
of Chemistry 2011.

Finally, CTCC staff members take an active part in the 
dissemination of CTCC activities to visiting high-school 
students, bringing their excitement for high-quality re-
search to the younger generation.

In the following, we present three highlights of recent 

CTCC research, giving a more detailed insight into some 
recent scientific activities at the centre.

Publication and citation trends for the CTCC in 
the period 2007-February 28 2011. 
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Mechanical influence is important in chemistry. Trivial 
examples include the grinding of metal mixtures for the for-
mation of amalgams and the stirring of reaction mixtures in 
organic chemistry. In addition to being useful for obtaining 
homogenous mixtures, application of an external force or 
pressure to a chemical system may result in interesting al-
terations of molecular properties and reactivity. Sometimes 
even dramatic changes are observed. For example, hydrogen 
becomes a metal above 100 GPa, improved yield in synthesis 
is obtained using ultrasound (sonochemistry), and the piezo-
electric effect results from the response of some solid mate-
rials to an external force. Reversely, detonation of energetic 
substances leads to the propagation of a shock wave, while 
certain proteins act on their environment by exerting force, 
as in muscle actions.

Recently, the effect of mechanical strain on individual 
molecules has been studied experimentally by using atomic-
force microscope (AFM). By anchoring a polymer molecule 
at one end to the base of the AFM and at the other end to the 
cantilever tip it becomes possible to monitor continuously 
the force acting on the molecule when increasing the base–
tip separation in a controlled fashion. From the recorded 
force-extension profile, it is possible to follow the stretching 
of the molecule all the way from its initial equilibrium state, 
via intermediate states, up to a transition state where the me-
chanically weakest covalent bond of the backbone breaks. In 
other situations, stretching a molecule may bring it closer to 
the transition state of a reaction of that molecule. We may 
term this force-enhanced reactivity. Both these processes 
have been investigated experimentally using AFM, but re-
main incompletely understood.

Within the CTCC we have made efforts in modelling 
molecule stretching and activation using quantum chemi-
cal methods, partly in collaboration with Julio Fernandez of 
Columbia University, who is a pioneer in AFM experiments 
with biological molecules. The key parameters during molec-
ular stretching are the location of the bond-breaking point, 
the bond-rupture force and the kinetics, i.e. the dissociation 
probability as a function of the temperature and applied force. 
Describing bond breaking even in a qualitatively correct 
manner remains a challenge to modern quantum chemistry. 

The first step in our studies of mechanochemistry has there-
fore been a very careful and detailed benchmark study of a 
large number of different computational methods in order to 
assess which methods allow for qualitative, and quantitative 
accurate descriptions of the bond-breaking process.

On the basis of these findings we have explored the mech-
anochemistry of the disulfide bond. The disulfide bond is 
important in biology and our study included a model of the 
I27 domain in the titin protein. Upon stretching, the diradi-
cal character of the disulfide bridge increases while the en-
ergy difference between the singlet ground state and the low- 
lying triplet state decreases. Moreover, an external force in the 
range 0.1–0.4 nN promotes the disulfide reduction. The nu-
merical description of the interplay between force and reac-
tion mechanism is in good qualitative agreement with experi-
mental observations. With titin being a muscle protein, we 
are now approaching a molecular-level description of muscle 
contraction.

This work has been published in Mol.Phys. 107, 2537 
(2009).

Mechanochemistry and Force Driven 
Reactions 

 

Scanning Tunnelling Microscope (STM) image of PTCDA molecules 
adsorbed on a Graphite surface. Author: Frank Trixler, LMU/CeNS, 
distributed under the Creative Commons license
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In density-functional theory (DFT), we assume that 
the universal density functional F[ρ]  for an electron 
density ρ(r) can be calculated in some approximate 
manner at low cost and then use this approximate F[ρ]  
to generate the ground-state energy E[v] in an external 
potential v(r)  by the Hohenberg–Kohn variation prin-
ciple: 

 

The success of this approach depends critically on 
the quality of the approximate universal density func-
tional F[ρ]. Although many successful approximations 
have been developed over the years, none of these are 
reliable under all circumstances. Moreover, no method 
exists for improving these functionals in a systematic 
manner—unlike in traditional ab initio wavefunction 
theory, where the results can be systematically im-
proved.

In 1983, Lieb introduced a variation principle for the 
universal density functional F[ρ]  itself, demonstrating 
how it can be obtained from the ground-state energy 
E[v]:

 

Since the ground-state energy in this expression 
may be calculated at any level of wave-function theory, 
the Lieb variation principle opens up the possibility 
to study the universal density functional in a system-
atic manner, thereby obtaining invaluable information 
about this central quantity of DFT. At the CTCC, we 

have undertaken such a systematic study of the univer-
sal density functional, which we hope will not only be 
useful for analysis and benchmarking, but also provide 
new information that will help in constructing new and 
improved density functionals.

In the popular Kohn–Sham theory, the universal 
density functional is decomposed into several parts, 
among which the exchange–correlation functional is 
the only nontrivial contribution, containing all infor-
mation about the important but difficult exchange and 
correlation effects of the electrons. 

In the figure below, we compare the exchange–cor-
relation energy for the H2 molecule, calculated from 
FCI theory using the Lieb variation principle (blue line 
under the orange area), with that obtained using the ap-
proximate BLYP exchange–correlation functional (red 
line). In each plot, the exchange–correlation energy is 
recovered by integrating the (blue and red) curves from 
the noninteracting system at λ=0 to the fully interact-
ing system at λ=1. Whereas the BLYP functional per-
forms well close to the equilibrium geometry (at bond 
distance 1.4 bohr), it performs poorly for the stretched 
molecule (at bond distance 5.0 bohr), displaying almost 
none of the curvature of the exact functional, although 
it gains from error cancellation between exchange and 
correlation.

With this unique data at hand, we have been able to 
construct simple models that provide physical insight 
into how successful exchange–correlation functionals 
should be constructed. Of particular interest to us will 
be to perform such comparisons in magnetic fields, as 
DFT often fails to describe accurately magnetic respons-
es in molecules, important for spectroscopic parameters 
such as NMR shielding constants. In magnetic fields, it 
is known that the exchange–correlation functional de-
pends on the current density as well as on the charge 

The rigorous calculation of the universal 
density functional by the Lieb variation 
principle

F[!]=max
v
E[v]! v(r)!(r)dr"( ).

E[v]=min! F[!]+ v(r)!(r)dr!( ).  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density, but attempts at including this dependence have 
not yet led to any improvements in the results. Our new 
tools of analysis should help shed important light on 
this situation.

This work has been published in J. Chem. Phys. 133, 
164112 (2010)
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Between theory and experiment in chemistry lies literally an 
ocean! Theoreticians like to think about a molecule as a well-de-
fined isolated system which is not interacting with anything else 
around. Experimental chemists, on the other hand, know very 
well that whenever they want to make things happen they need 
to make molecules interact and this is normally achieved using 
a solvent. How can we make these two ends meet? How can we 
reconcile theory (one molecule) with experiment (as many as 
1023 molecules!)? Even though CTCC is actively trying to ad-
dress large systems, fully quantum-mechanical models on such 
a large system are beyond reach even for modern computers and 
this is likely be the case for many years to come. 

Our main goal is still the properties of the single molecule 
and not all the solvent molecules surrounding it. The key lies 
in the interaction. We only need to reproduce the interaction 
of that single molecule with all the solvent molecules. The most 
prominent of these interactions is the electrostatic interaction 
due to the fact that molecules are a collection of charges (positive 
for the nuclei and negative for the electrons) and it is well known 
how to deal with such an interaction. 

But how do we go about reproducing the interaction of our 
single molecule with the surrounding "sea" of solvent molecules? 
The answer lies hidden in the question: we treat that sea as a sin-
gle entity,  a so-called continuum, disregarding the single mole-
cules, and we provide it with the features necessary to reproduce 
the electrostatic interaction. Our initially isolated molecule will 
be immersed in this solvent sea. In order to do this we need to 
make a tiny "bubble" in the solvent called a "cavity”. The mol-
ecule will be enclosed in this cavity and the interaction with the 
sea can simply be described by distributing a fictitious charge on 
the cavity surface. What originally was a horrendous problem 
dealing with a huge number of molecules has been reduced to 
the only molecule we are interested in plus a charge distribu-
tion on the cavity! The challenge is now to solve this interaction 
problem in an efficient and accurate way. 

We can do this by borrowing a technique largely employed 
in engineering problems called the Boundary Element Method 
(BEM). In this approach, the boundary of the cavity is dis-

cretized in tiny pieces and the problem is solved on each of these 
pieces yielding an approximation of the true solution: ideally, 
very small pieces should yield an accurate solution at the ex-
pense of efficiency, as the cost of the computation will grow with 
the number of pieces. 

It would appear that we can either be efficient or accurate, 
but not both at the same time! A solution to this dilemma comes 
from wavelet theory, which is a modern branch of mathematics 
dealing with such problems both efficiently and accurately. The 
cavity is divided in N large patches, which are successively re-
fined. Each level of refinement brings about four times as many 
pieces: refinement 1 (4N pieces), refinement 2 (16N pieces), re-
finement 3 (64N pieces) and so on. The efficiency of the calcula-
tion is largely dependent on the number of large patches N that 
can be kept small (fewer patches = faster calculations), whereas 
the accuracy depends on the refinement level, which can be in-
creased largely with a limited impact on the efficiency. Thanks 
to the wavelet method it is then possible to solve the problem of 
the solute-solvent electrostatic interaction both accurately and 
efficiently at the same time.

This work has been published in J. Comp. Chem. 31, 1469 
(2010).

Can we deal efficiently and accurately with 
an ocean of molecules?

The cavity enclosing a benzene molecule. Different colors show the 
different patches.
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A visit to a large bookstore with a well-stocked science sec-
tion readily shows that chemists have not kept pace with their 
physicist and biologist colleagues when it comes to popularizing 
their discipline. Browsing the science shelves in that book store 
will probably lead to a book or two on the periodic table and 
perhaps a biography of Marie Curie, among popular books dedi-
cated to chemistry. Important as these subjects are, they hardly 
capture the excitement at the frontiers of current chemistry. This 
is where Letters to a Young Chemist, a popular science book ed-
ited by CTCC senior researcher Professor Abhik Ghosh, seeks 
to contribute. In short, it aims to convey current chemistry re-
search to the man, woman, and teenager on the street.

The book is a collection of letters to “Angela”, a hypotheti-
cal undergraduate in California who has also spent time in our 
Tromsø laboratory as an exchange student. The writers of the let-
ters include not only luminaries like Harry Gray and Marye Ann 
Fox, but also rising stars like Kara Bren (bioinorganic chem-
istry), Seth Cohen (supramolecular chemistry) and Jonathan 
Wilker (marine natural products). To provide a more youthful 
perspective, Professor Ghosh also recruited a Harvard postdoc 
(now an assistant professor at MIT) – Liz Nolan – to write a 
chapter on biological imaging. MIT chemistry professor Steve 
Lippard graciously agreed to write a Foreword for the book. 
Never one to indulge in false praise, he nonetheless wrote: “This 
book should also be required reading for all faculty members 
who teach chemistry in high schools, colleges, and universities.”

Chemistry’s contributions to biology and medicine, to re-
newable energy and to nanotechnology are all treated in depth 
in this book. Yet a theme that recurs throughout the book is that 
chemistry is much more than a central science, much more than 
a ‘machine shop’ to our sister disciplines. Professor Ghosh’s own 
chapter on porphyrins and related molecules, titled “The Purple 
Planet”, illustrates this theme well. Professor Ghosh describes 
a variety of spectroscopic phenomena that modern quantum 
chemistry can only imperfectly simulate, clearly a subject of 
considerable interest to the CTCC. In the same spirit, Marye 
Ann Fox, renowned chemist and Chancellor of the University of 
California San Diego, chose to write on physical organic chem-

istry. Some might describe that as a somewhat old-fashioned 
topic, but that would be a mistake: what are organic conductors 
and dye-sensitized solar cells, for example, but physical organic 
chemistry in action?

Two key features of the book are worth pointing out. The 
book is in no way a triumphalist ‘chemistry rocks!’ type of ad 
campaign for our field. The contributors have written not only 
about why they love their field but also about their day-to-day 
challenges. A career in research, whether in industry or aca-
demia, is obviously not for everyone. Second, this is a powerful 
and affecting book. If you are young and wondering about which 
area of chemistry to pursue, this book can be honestly recom-
mended. The editor freely admits, “Had I read a book like this 
one when I started my career, I might well have chosen a differ-
ent field, which is not to say that I am in any way dissatisfied with 
my present circumstances.”

Letters to a young chemist: 
A popular science book on the occasion of the International 
Year of Chemistry 2011

Figure 1. 
In this 1827 
painting by 
an unknown 
artist, the 
young chemist 
is believed to 
be Michael 
Faraday. Here 
then are two 
puzzles for 
you to ponder: 
(a) Who is 
the teacher? 
With whom 
did Faraday 
enjoy such a 
close personal 
relationship? 
Hint: It’s not 
necessarily Sir 
Humphrey 
Davy. 
(b) What are 
the two yellow 
solutions 
leading to the 
blue pigment?



CTCC – Annual Report 2010 | 1312 | CTCC – Annual Report 2010

Tor Flå
Professor
UiT

Luca Frediani
Associate Prof.
UiT

Knut Fægri jr.
Professor
UiO

Abhik Ghosh
Professor
UiT

Trygve 
Helgaker
Professor
UiO

Claus Jørgen 
Nielsen
Professor
UiO

Kenneth Ruud
Professor
UiT

Inge Røeggen
Professor
UiT

Mats Tilset
Professor
UiO

Einar Uggerud
Professor
UiO

Niels H. 
Andersen
UiO

Radovan Bast
UiT

Bruno Cardey
UiT

Adam 
Chamberlin
UiT

Bin Gao
UiT

Kathrin 
Hopmann
UiT

Francesca 
Maria Iozzi
UiO

Thomas
Kjærgaard
UiO

Andreas Krapp
UiO

Alexey
Konovalov
UiO

Na Lin
UiT

YingChan
Lin
UiT

Michael 
Przybytek
UiO

Michal
Repisky
UiT

Yizhen Tang
UiO

Erik Tellgren
UiO

Andreas
Thorvaldsen
UiT

Ville Weijo
UiT

Li-Ming
Yang
UiO

Ctcc members
Principal investigators at the ctcc

Researchers 

Postdocs

Vebjørn 
Bakken
UiO

Dan
Jonsson
UiT

Thomas
Bondo
Pedersen
UiO

Simen S.
Reine
UiO

Andrew
Teale
UiO

Clemens 
Woywod
UiT
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PhD students

Affiliates

Adjunct Professors

Board of directors

Scientific advisory board

Marco 
Anelli
UiT

Arne J.C.
Bunkan
UiO

Antoine
Durdek
UiT

Stig Rune 
Jensen
UiT

Kai K. 
Lange
UiO

Patrick
Merlot
UiO

Krzysztof
Mozgawa
UiT

Mihayo 
Musabila
UiO

Xiaojun 
Li
UiT

Johannes 
Rekkedal
UiO

Magnus
Ringholm
UiT

Vladimir
Rybkin
UiT

Dmitry 
Shcherbin
UiT

Anton 
Simakov
UiO

Harald 
Solheim
UiT

Arnfinn 
Hykkerud 
Steindal
UiT

Alexei 
Zatula
UiO

Bjørn Olav 
Brandsdal
Associate 
Professor
UiT 

Harald 
Møllendal
Professor
UiO

Svein Samdal
Professor
UiO

Sonia Coriani
Professor II
UiO

Odlie 
Eisenstein
Professor II
UiO

Professor Fred 
Godtliebsen       
(Vice Dean of the Faculty of 
Science, University of Tromsø) 
Chairman of the board

Professor AnneBritt Kolstø 
(University of Oslo)
Vice-chairman of the board

Dr. Nina Aas
(Statoil)

Professor Knut J.Børve
(University of Bergen)

Professor Aslak Tveito
(Simula Research Centre)

Prof.Emily A.Carter
(Princeton University, USA)

Prof.Odile Eisenstein
(University of Montpellier, 
France)

Prof.Kersti Hermansson   
(Uppsala University, Sweden)

Prof.Mike Robb
(Imperial College 
London, UK)

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

Benedetta
Mennucci
Professor II
UiT

Magdalena 
Pecul
Professor II
UiT

Trond
Saue
Professor II
UiT

Administrative staff
Stig Eide
Head of 
Administration
UiT 

John McNicol
Office 
Manager
UiO
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The conference "Quantum Chemistry beyond the 
Arctic Circle: promoting female excellence in Theoretical 
and Computational Chemistry” (http://www.ctcc.no/po-
lar2010/) took place in Tromsø and Sommarøy from June 
23rd to 26th 2010. The conference had two main goals: to 
present and discuss new developments in theoretical and 
computational chemistry, and to highlight and stimulate 
the excellence of female researchers in the field. The lat-
ter goal was addressed by bringing in a large number of 
female speakers (31 out of 35 speakers were women). In 
addition, an open discussion on gender issues in science 
was organized, leading to a very lively discussion on how 
to promote gender balance in academia, a discussion 
introduced by Lise Nordbrønd, the director of the Cen-
tre for Women and Gender Research at the University 
of Tromsø. The discussions continued also into informal 
settings.

It was recognized that an important element in pro-
moting gender balance is to highlight existing female 
role models for instance when selecting speakers for in-
ternational conferences. Also, unanimous consensus was 
reached on the fact that quality should be the only guid-
ing principle when appointing professors at all levels, and 
that special positions for women are not the way to go. 
However, it was pointed out that search committees, as 
conference organizers, should broaden their horizon in 
terms of whom to invite to apply for a position in terms 
of relevant research topics.

There were 77 participants (54 of them female), com-
ing from 18 countries (European countries, USA and 
Japan), giving the meeting a highly international char-
acter. In addition to 8 plenary lectures, 19 contributed 
talks, and 8 short presentations by selected early-stage 
researchers, 27 posters were also presented at the con-
ference. Ksenia Bravaya (University of Southern Cali-
fornia) was awarded the best poster prize funded by the 
journal PCCP journal for her poster entitled "Electronic 
structure of excited and ionized states of the Photoactive 
Yellow Protein chromophore". The jury (B. Mennucci, 
O. Eisenstein, T. Helgaker and A. Rizzo) found that the 

work presented on the poster represented challenging 
and original research, carried out on a hot topic (spec-
troscopy of photoactive yellow protein chromophore) 
with cutting-edge ab initio approaches. CTCC provided 
two runner-up poster prizes to Elena Malkin from the 
Comenius University in Bratislava for her poster entitled 
"Fully relativistic calculations of EPR and NMR param-
eters with a finite-size nucleus model", and to Jiří Vaníček 
from Ecole Polytechnique Federal de Lausanne for his 
poster entitled "Coherent quantum dynamics with the 
dephasing representation of quantum fidelity".

The conference was sponsored by the Research 
Council of Norway, the University of Tromsø and by 
the CTCC. The organizers were CTCC adjunct profes-
sors Sonia Coriani and Magdalena Pecul, locally aided 
by Radovan Bast and Stig Eide. The scientific committee 
was composed of Sonia Coriani, Odile Eisenstein, Trygve 
Helgaker, Magdalena Pecul, and Kenneth Ruud.

 
Quantum Chemistry beyond the Arctic Circle 
Promoting female excellence in Theoretical and 
Computational Chemistry

The conference participants at Sommarøy in beautiful summer weather.
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The 2010 Almlöf-Gropen lecture was given by Prof. 
Michele Parrinello from the Eidgenössische Technische 
Hochschule (ETH) in Zürich, Switzerland. The lecture 
was presented on June 1 in Oslo and June 2 in Tromsø, 
and was entitled “Through Mountains and Valleys with 
Metadynamics”.

Prof. Parrinello was born in 1945 in Messina, Italy 
and finished his studies in Physics with a laurea de-
gree of the University of Bologna in 1968. Later he was 
teaching at SISSA in Trieste (Italy), followed by an ap-
pointment with the IBM research lab in Zürich (Swit-
zerland). After this period he was appointed as one of 
the directors of Max Planck Institute for Solid State Re-
search in Stuttgart (Germany) before he was appointed 
professor at the ETH Zürich (Switzerland). 

Prof. Parrinello is one of the two inventors of the 
Car-Parrinello molecular dynamic methodology. He 
has published almost 400 papers in international jour-
nals with a referee system, being cited more than 30000 
times since 1991. The original CarParrinello paper has 
been cited more than 5000 times since its publication 

in 1985.
Prof. Parrinello research interest covers a very broad 

scope, with an emphasis on dynamical aspects of molec-
ular systems and with an increasing interest in complex 
biological systems and complex dynamical properties.

In his very exciting lecture, Prof. Parrinello focused 
on the challenges one faces when studying the dynam-
ics at very complex potential energy surfaces, in which 
some structures are particularly stable. By using prin-
ciples of metadynamics, in which a memory about the 
phase-space exploration is built into the method, effi-
cient algorithms can be devised in which the complete 
potential energy landscape can be efficiently probed, 
even in the presence of very stable structures from 
which conventional dynamics would not be able to es-
cape in a reasonable computational time. 

In the lecture, Prof. Parrinello also highlighted a 
particularly impressive application of the metadynam-
ics approach, namely the computational modelling of 
a bulk phase transition, which represents true state-of-
the-art modelling of challenging dynamical effects.

Almlöf–Gropen lecture 2010: 
Prof. Michele Parrinello, ETH Zürich, Switzerland 

Prof. Michele Parrinello (left) with his wife and Prof.Pawel Kozlowski from the University of Louisville (USA) overlooking the Tromsø island on a cold June day.
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Visiting scientists

Name From Period (from  to)
Patrick Norman Sweden 11.29.1012.04.10
Petr Stepanek Czech Republic 11.01.1011.24.10
Vaclav Profant Czech Republic 11.01.1011.30.10
Patrik Andersson Sweden 10.26.1011.01.10
Mauritz Ryding Sweden 10.26.1011.08.10
Shubhrodeep Pathak India 10.21.1012.23.10
Heike Fliegl Finland 10.18.1010.31.10
Mark Hoffmann USA 10.04.1001.15.11
Jeanet Conradie South Africa 09.19.1009.10.10
András Csehi Hungary 09.14.1012.31.10
Jan Wallenborn Germany 06.09.1006.11.10
David J.Tozer United Kingdom 09.04.1009.11.10
Joseph Francisco USA 09.02.1009.09.10
Wim Klopper Germany 09.01.1003.31.11
Stefan Knecht France 08.25.1009.05.10
JeanClaude Guillemin France 08.23.1009.01.10
Emmanuel Fromager France 08.22.1009.05.10
David Sulzer France 08.22.1009.05.10
Florian Rupp Germany 08.21.1009.05.10
Ulf Ekström The Netherlands 08.09.1008.28.10
Vladimir G. Malkin Slovakia 08.02.1008.30.10
Olga Malkin Slovakia 08.02.1008.30.10
Sebastian Wojtysiak Poland 08.01.1008.31.10
Daniel H. Friese Germany 07.22.1009.17.10
Hans Petter Lühti Switzerland 06.28.1007.02.10
Antonio Rizzo Italy 06.26.1007.03.10
Alexey Arbuznikov Germany 06.26.1007.02.10
Agnes Nagy Hungary 06.25.1006.29.10
Agnes Vibok Hungary 06.16.1006.25.10
Gabor J. Halasz Hungary 06.16.1006.25.10
Małgorzata Olejniczak Poland 06.09.1008.05.10
Michele Parrinello Switzerland 05.31.1006.02.10
Shubham Nayyar Pakistan 05.28.1007.31.10
Luwik Adamowicz USA 05.26.1006.23.10

Name From Period (from  to)
Andrey Yachmenev Germany 05.03.1006.27.10
Pawel Kozlowski USA 04.25.1008.16.10
Gabor J. Halasz Hungary 04.13.1004.23.10
Agnes Vibok Hungary 04.13.1004.23.10
Timothy Keiderling USA 04.10.1004.13.10
Andreas Savin France 04.06.1004.09.10
Paola GoriGiorgi The Netherlands 04.06.1004.08.10
Petr Bour Czech Republic 03.30.1004.24.10
Taku Onishi Japan 03.30.1002.03.11
Stefano Borini Japan 03.04.1003.04.10
Theo Kurtén Finland 02.22.1002.26.10
JeanClaude Guillemin France 02.22.1002.27.10
Roberto Dovesi Italy 02.17.1002.21.10
Roberto Orlando Italy 02.14.1002.21.10
Marcin Kwit Poland 02.09.1002.13.10
Pawel Skowronek Poland 02.09.1002.13.10
Małgorzata Olejniczak Poland 02.04.1003.04.10
Patrik Andersson Sweden 01.25.1002.07.10
Mauritz Ryding Sweden 01.25.1002.07.10
Attila Papp Hungary 01.18.1007.31.10
Hans Jørgen Aa. 
Jensen Denmark 01.11.1001.15.10
Emmanuel Fromager France 01.12.1001.18.10
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Interview with visiting scientist Prof. Mark Hoffmann 
(University of North Dakota, USA)

 Why did you 
choose to visit the 
CTCC, and how did 
you learn about the 
CTCC and its visitors 
program?

I have followed and 
admired the research 
of Trygve Helgaker 
ever since I was a 
graduate student, well 
over two decades ago, 
and, more recently, the 

work of Kenneth Ruud.  
At a conference that Trygve and I both attended, I seem to 
recollect that it was WATOC in Sydney, Australia, in 2008, 
Trygve mentioned the CTCC to me, and the possibility of 
an extended visit.  Plans took shape in 2009, when at the 
Molecular Properties satellite meeting of the 13th ICQC, 
I discussed with Trygve and Kenneth the possibility of 
spending part of my upcoming sabbatical at the CTCC; 
Daniel Crawford shared with me during that same meet-
ing his positive experience at the CTCC for his sabbatical.

 In what way was the stay at the CTCC important for 
your scientific activities?

My focus, during much of the previous decade, can be 
broadly categorized into two parts: development of novel 
hybrid variational-perturbational methods for electronic 
structure theory (including the Generalized Van Vleck 
variant of multireference perturbation theory) and the 
development of electronic structure methods in extreme, 
or at least unusual, surroundings.  The time at the CTCC 
revolved around a collaborative project that advanced 
understanding towards both ends.  Specifically, most ef-
fort was towards the development of a framework for de-
scribing ground and excited states of molecules in intense 
magnetic fields.  This complements beautifully our current 
effort to explore molecular properties using Generalized 
Van Vleck perturbation theory and, also, our interests in 
molecules in intense laser fields.  As an unexpected ben-

efit, I had the opportunity to explore the string representa-
tion of determinants.  We expect 3-4 papers on the theory, 
implementation, and application of our framework for de-
scribing ground and excited states of molecules in intense 
magnetic fields to be submitted in the upcoming year.

 How did you find the working conditions and social 
and scientific environment at the CTCC?

In short, everything was excellent!  In addition to the 
anticipated good interactions with Trygve, I enjoyed the 
frequent conversations with Einar Uggerud, whose office 
was next to mine, and with Wim Klopper, who was also 
on sabbatical and with whom I shared a large office.  Most 
importantly, I was very much made to feel an integral part 
of the CTCC, which facilitated greatly the interactions 
with Erik Tellgren and Kai Lange, with whom I worked 
most closely.  I also appreciated the cameraderie of the 
lunchroom, including the insights into Norwegian his-
tory and culture.  Friday nights with the gang at a tavern in  
Majorstuen were a lot of fun (and we also talked a little 
science)!  Forethought and attention to details, such as in-
ternet access, mail, keys, etc., enabled me to be produc-
tive from within 24 hours of arriving in Oslo to within 24 
hours of leaving.

 How did you find Norway in general and Oslo in 
particular?

We very much enjoyed our time in Oslo.  The neighbor-
hood in which we lived (Frogner) is the epitome of a Eu-
ropean city: quaint but vibrant.  From having easy walking 
distance access to a “konditori”, which my wife thoroughly 
enjoyed, and Vigeland Park, which my daughter thought 
was grand, to being close to both the city center and the 
University, we could not have found a better environment.  
Essentially everyone we met spoke English fairly well, 
which was important since my ability to learn Norwegian 
was underwhelming.  People were generally friendly and 
eager to help.  We quickly felt accepted, and some of our 
neighbors and people in stores seemed disappointed when 
they learned that we were to leave.  Norway is modern, but 
has not lost its humanity.

Visiting scientist Prof. Mark Hoffmann.
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Total revenue and expenditure figures

Finansiering (i tusen kroner)

Reell 
finans 
2007

Reell 
finans 
2008

Reell 
finans
2009

Reell 
finans
2010

Planlagt
finans
2011

Planlagt
finans
2012

Planlagt
finans

201317
Total 
finans

REGNSKAPSFØRTE INNTEKTER PÅ SFF 
ved vertsinstitusjonen

Vertsinstitusjonen 3 300 8 099 7 900 8 000 8 200 8 700 31 600 75 799
Norges forskningsråd  SFF 3 900 6 400 11 137 10 932 12 552 11 923 34 800 91 644
Samarbeidspartner (navngis) 0
Internasjonale midler 0
Andre offentlige 0 0

Andre NFRprosjekter 0
Andre offentlige enn NFR 0

Andre private 0
Sum regnskapsførte inntekter 7 200 14 499 19 037 18 932 20 752 20 623 66 400 167 443

ANDRE INNTEKTER = Ikke regnskapsførte midler på 
SFF ved vertsinstitusjonen

Samarbeidspartner A 0
Samarbeidspartner B 0
Vertsinstitusjonen 0
Andre 0
Sum ikke regnskapsførte midler 0 0 0 0 0 0 0 0
Sum årets finansiering 7 200 14 499 19 037 18 932 20 752 20 623 66 400 167 443

Finansieringsplanens beløp 0
Avvik fra finansieringsplanen 7 200 14 499 19 037 18 932 20 752 20 623 66 400 167 443
Overført  (+/) 5 006 4 148 4 083 1 598 0 0
Sum finansiering og overføring 7 200 19 505 23 185 23 015 22 350 20 623 66 400 182 278

Kostnader (i tusen kroner)

Reelle
utgifter

2007

Reelle
utgifter

2008

Reelle
utgifter

2009

Reelle
utgifter

2010

Utgifts
budsjett

2011

Utgifts
budsjett

2012

Utgifts
budsjett
201317

Totalt
budsjett

REGNSKAPSFØRTE KOSTNADER PÅ SFF 
ved vertsinstitusjonen

Personell og lokaler 632 13 139 16 397 19 229 19 613 17 908 52 875 139 793
(Lønn og sosiale kostnader) 0
(Lokaler  husleie og drift) 0
Innkjøpte FoU tjenester 0
Utstyr 0
Andre driftskostnader 1 562 2 218 2 705 2 188 2 737 2 715 13 525 27 650
Sum regnskapsførte utgifter 2 194 15 357 19 102 21 417 22 350 20 623 66 400 167 443

ANDRE KOSTNADER = Ikke regnskapsførte 
kostnader på SFF ved vertsinstitusjonen

Personell og lokaler 0 0 0 0 0 0
(Lønn og sosiale kostnader) 0
(Lokaler  husleie og drift) 0
Innkjøpte FoU tjenester 0
Utstyr 0
Andre driftskostnader 0
Sum ikke regnskapsført 0 0 0 0 0 0 0 0
Sum utgifter 2 194 15 357 19 102 21 417 22 350 20 623 66 400 167 443

Til overføring (+/) 5 006 4 148 4 083 1 598 0 0 0 14 835
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1. Conradie, J, Ghosh, A, Electronic Structure of an 
Iron-Porphyrin-Nitrene Complex, Inorg. Chem., 49, 
243 - 248 (2010) 
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pyrazine, Theor.Chem.Acc., 125, 521 - 533 (2010) 
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320 - 325 (2010) 
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12. Leiros, HKS, Brandsdal, BO, McSweeney, SM, Bio-
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the antibiotic resistance protein NimA from Deino-
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13. Tangen, E, Conradie, J, Franz, K, Friedle, S, Telser, 
J, Lippard, SJ, Ghosh, A, Electronic Structure of a 
Paramagnetic {MNO}(6) Complex: MnNO 5,5-Tro-
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Characterization, and Protonation Reactions of 
ArBIAN and Ar-BICAT Diimine Platinum Diphenyl 
Complexes, Eur. J. Inorg. Chem., 1381 - 1394 (2010) 

15. Coriani, S, Kjærgaard, T, Jørgensen, P, Ruud, K, 
Huh, J, Berger, R, An Atomic-Orbital-Based La-
grangian Approach for Calculating Geometric 
Gradients of Linear Response Properties, J.Chem.
Theory Comput., 6, 1028 - 1047 (2010) 

16. Rozenberg, M, Loewenschuss, A, Nielsen, CJ, Spec-
tral shifts of matrix isolated species as criteria for 
acid-base interactions with solid Xe, Phys. Chem.
Chem.Phys., 12, 4024 - 4031 (2010) 

17. Albrett, AM, Boyd, PDW, Clark, GR, Gonzalez, E, 
Ghosh, A, Brothers, PJ, Reductive coupling and pro-
tonation leading to diboron corroles with a B-H-B 
bridge, Dalton Trans., 39, 4032 - 4034 (2010) 

18. Wilson, SR, Strand, MF, Krapp, A, Rise, F, Petersen, 
D, Krauss, S, Hedgehog antagonist cyclopamine 
isomerizes to less potent forms when acidified, 
J.Pharm.Biomed.Anal., 52, 707 - 713 (2010) 

19. Margules, L, Huet, TR, Demaison, J, Carvajal, M, 
Kleiner, I, Møllendal, H, Tercero, B, Marcelino, N, 
Cernicharo, J, Rotational spectrum and tentative 
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detection of DCOOCH3 – methyl formate in Orion, 
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WP1: Large periodic and nonperiodic systems
Scientist in charge: Trygve Helgaker

In 2010, we have worked further towards efficient 
computational methods for large molecular sys-
tems: the completion and publication of an efficient 
method for molecular gradients in large systems; 
consolidation of methods for integral evaluation 
and optimization in large systems for release as part 
of Dalton 2011; work on more efficient exchange 
evaluation in large systems; implementation and ap-
plication of linear-scaling geometry optimizers for 
large systems; implementation and first testing of a 
new molecular dynamics code. In the following, we 
briefly describe the above points.

Our new code for evaluation of molecular gra-
dients for large systems [Reine et al., J. Chem. Phys. 
133, 044102 (2010)] has greatly extended the range 
of systems for which geometry optimizations and 
classical trajectory calculations can be carried out 
by means of quantumchemical methods. Impor-
tantly, the molecular gradient is significantly faster 
than energy optimization, typically taking less than 
a quarter of the time spent on the energy. For exam-
ple, for the 643-atom crambin protein, the gradient 
is obtained in 26 min, whereas the energy optimi-
zation takes about 3 h on a single Xeon 2.66 GHz 
processor. For sufficiently large systems, about one 
second is spent on the force per atom. 

During 2010, much work was spent on consoli-
dating the new Fortran90 integral code, which is 
now ready for release as part of the linear-scaling 
functionality of Dalton 2011, to be released dur-
ing winter 2011. This code consolidation includes 
a complete rewrite of the moleculargradient code 
in preparation for execution on massively parallel 
computers using MPI. The rewritten code can al-
ready utilize OpenMP for parallelization, reducing 
the CPU time by several factors beyond what was 
possible with the previously published code. This 

is particularly important for molecular dynam-
ics (WP5), where each trajectory typically requires 
the re-evaluation of energy and molecular gradient 
(forces) several thousand times. As an example, each 
time step for a system of 20 water molecules (to be 
studied in WP5) takes only 50 s on 8 Xeon 2.66 GHz 
cores at the BLYP/631G* level of theory. Typically, 8 
or less iterations, each using about 6 s, are needed for 
the energy optimization, whereas the force evalua-
tion takes only 12 s. Work is now directed towards 
implementation of MPI for parallelization on sever-
al hundred processors, thereby reducing each time 
step to less than one second for a system consisting 
of 20 water molecules.

Much effort was spent in 2010 on integration 
techniques for exact exchange. Whereas exact ex-
change is typically more important for large than 
small systems, it is also very expensive. In large or-
bital basis, the exchange contribution to the Fock/
Kohn–Sham matrix takes typically two orders of 
magnitude more CPU time than the Coulomb 
contributions; in a small basis, it takes an order of 
magnitude more CPU time. We have implemented 
an improved version of the standard LINK method 
for exchange in the new code; more importantly, we 
are developing a new density-fitting approach to ex-
change: pair atomic resolution-of-identity (PARI), 
which has reduced the CPU time by a factor of three 
to five in large basis sets. The high cost of exchange 
is currently the bottleneck in calculations on large 
systems that use some proportion of exact exchange. 
Much effort will be directed towards this problem in 
the future.

Regarding periodic systems, work was begun in 
2010 on a reimplementation of our code for peri-
odic boundary conditions (PBC) in Dalton, taking 
full advantage of the improvements in integration 
techniques in our group over the last few years. This 
work should be finished during spring 2011, after 
which we will start work on a periodic code that uses 

Appendix B: Activity reports
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Wannier rather than Bloch orbitals.
Finally, we report on two other research direc-

tions, related to WP1 and other work packages. 
First, we have continued our work on molecules in 
finite magnetic fields, initiated in 2008, as part of 
an effort to develop an integral package for mixed 
plane-wave/Gaussian basis sets in periodic systems. 
During 2010, a method for the calculation of molec-
ular gradients (forces) and excitation energies was 
developed as part of a master thesis in our group. 
Initial applications have revealed interesting chang-
es in molecular structures in magnetic fields, as well 
as in electronic excitation spectra, with large effects 
on absorption strengths. We also began work on full 
configuration-interaction (FCI) and multiconfigu-
rational self-consistent-field (MCSCF) wave func-
tions in magnetic fields, in collaboration with Prof. 
M. Hoffmann, on sabbatical at the CTCC. The FCI 
code is currently working, whereas the MCSCF code 
will be finished during a visit of E. Tellgren to Prof. 
Hoffmann in early 2011.

While of great interest in themselves (yielding 
unique information about electron correlation and 
more generally about electronic systems in strong 
magnetic fields), an important goal of the devel-
opment of correlated methods in magnetic fields 
is to study the exchange–correlation functional of 
density-functional theory (DFT) in magnetic fields, 
as discussed as one of the highlights of the present 
CTCC report. The work on exchange–correlation 
functionals studied by means of the Lieb variation 
principle will become increasingly important in our 
group in the coming years.

WP2: Fragment approach for large systems
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 system of interacting 
perturbed atoms. In defining the model, each va-
lence electron is described by a separate spatial or-
bital. However, the determination of these spatial 
orbitals is a nontrivial problem. The present solu-
tion 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 va-
lence electrons associated with different atoms. The 
perturbed atomic orbitals are determined by mini-
mizing the PATMOS functional with a set of con-
straints. Two types of constraints are considered: (1) 
The valence orbitals are expressed in terms of a one-
center atomic basis set. The advantage of this type 
of constraint is a localization of each orbital to the 
vicinity of a particular nucleus. The disadvantage is 
the requirement of large one-center basis sets in or-
der to have sufficient flexibility in describing orbital 
changes. (2) For each atom, a set of bonding partner 
atoms is introduced, The singly occupied orbital of 
an atom can overlap with singly occupied orbitals of 
its bonding partners, but it is orthogonal to singly 
occupied orbitals of nonbonding partner atoms. A 
singly occupied orbital is in this case expressed in 
terms of the complete basis set for the system.  The 
advantage of this approach is a better root approxi-
mation, but at the cost of an inferior localization of 
the orbitals. However, electron density can only be 
shifted towards its bonding partners. Hence, atoms 
can be defined. Type (2) constraints are presently 
adopted.

Electron correlation is calculated within the 
framework of the energy incremental scheme. A 
scheme for diatomic correlation terms based on 
biorthonormal orbitals and geminal theory is imple-
mented. Accurate results can be obtained by using 
this particular approach, but it is computationally 
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very costly. For large systems, a simpler approach is 
of paramount importance. The use of the PATMOS 
functional with constraints of type (2) implies that 
electron correlation can be calculated as an additive 
sum of two-electron terms, three-electron terms and 
higher-order terms. For each of these terms we can 
devise different types of approximations depending 
on the required accuracy for the electron correla-
tion. This latter approach will be implemented with-
in the first half year of 2011.  When the correspond-
ing code is obtained, we will embark on an extensive 
testing of the PATMOS model.

WP3: Multiwavelets 
Scientist in charge: Tor Flå

The work of the group in 2010 was mainly con-
centrated on further development of a program for 
solving the Poisson, Helmholtz and Kohn-Sham 
equations with the goal of linear scaling calcula-
tions of molecular electronic orbitals: MRChem.  
Our approach is based on a reformulation of the 
KS equations to integral equations. This reformu-
lation makes it possible to use powerful separation 
of variable techniques for the integral operators, 
allowing these operators to be expanded with the 
same complexity as in one dimension. This reformu-
lation also makes it possible to do an expansion in 
Alpert’s multiwavelets using the nonstandard repre-
sentation of the operators in such a way that elemen-
tary operations like convolution of separated integral 
kernels and multiplication of linear and nonlinear 
potentials, can be done with linear complexity. 

Frediani and former CTCC postdoc Jonas Juselius 
have worked on a program for the efficient calcula-
tion of the ground-state molecular orbitals based on 
a multiwavelets approach and found promising re-

sults for simple test problems such as the hydrogen 
atom. Juselius and CTCC PhD student Stig Rune 
Jensen has restructured the MRChem program to 
C++ and also made progress with parallelization. 
They have in particular been able to demonstrate 
that the implementation gives linear scaling in the 
calculation of the electrostatic potential of water 
clusters with increasing number of water molecules 
in one, two and three dimensions, with similar tim-
ings independent of the dimensionality of the clus-
ter, a feature not provided by any other method as 
far as we know (see Figure).

 

CTCC PhD student Antoine Durdek, in collabora-
tion with Flå and Frediani, has formulated a gener-
alized wavelets basis and multiresolution technique 
which has varying polynomial degree with scale. 
Flå and Durdek spent 3 months during the spring 
2010 at the Max-Planck Institute, Mathematics in 
the Sciences (MIS), Leipzig. Flå developed a relation 
between tensor approximations of Green’s functions 
and semigroups from the heat equation and this 

Illustrating the linear scaling of the calculation of the electrostatic 
potential of water in 1, 2, and 3 dimensions.
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work is still under development and holds promise 
for new methods related to for instance Fast Gauss 
Transforms. Durdek, Flå, and Frediani have made 
progress in the field of direct iteration methods for 
KS orbitals theoretically influenced by Schneider and 
Khoromskij.  Durdek and Frediani have developed a 
scheme for implementing Hilbert curves with better 
localization properties than present parameteriza-
tion of adaptive trees in the multiwavelets program. 
This project will be important for the parallellization 
of the MRChem program (Wind and Juselius).

WP4: Molecular properties 
Scientist in charge: Luca Frediani

Building on the work reported last year in terms 
of an automated scheme for evaluating derivatives 
of exchange-correlation kernels using automatic dif-
ferentiation, we have interfaced this library with the 
CRYSTAL code of Dovesi, Orlando and coworkers 
at the University of Torino in Italy. This has enabled 
us to perform DFT calculations of the first hyperpo-
larizabilities on solid-state materials, a work which is 
now being extended to the study of nonlinear optical 
properties of carbon nanotubes in order to explore 
the failure of many common GGA functionals in the 
calculation of nonlinear optical properties for conju-
gated systems under periodic boundary conditions.

An exciting new activity that has received an in-
creasing attention during the last year, largely spear-
headed by CTCC postdoc Bin Gao, is the calculation 
of X-ray absorption spectra. The approach has been 
applied to the study of X-ray absorption in a rather 
diverse set of compounds, ranging from a series of 
DNA duplexes, the DNA bases themselves as well 
as graphene. Due to the high energies involved in 
these transitions, timedomain methods are of inter-

est in calculating these properties. A prototype time-
domain approach has been developed for modeling 
linear and nonlinear responses in the time-domain, 
showing promising results. Further development of 
these methods will, however, rely on obtaining addi-
tional external funding.

The multilayered fully polarizable QM/MM/PCM 
model has been further refined, and a linear and qua-
dratic response function implementation has been 
completed during 2010. We are now in the process of 
interfacing this approach with the OpenRSP code, the 
open-ended atomic-orbital based response theory of 
CTCC postdoc Andreas Thorvaldsen, as well as with 
the very general one- and two-electron integral deriv-
atives codes of CTCC postdoc Bin Gao (1-electron) 
and Andreas Thorvaldsen (2-electron). This will al-
low us to take full advantage of the flexibility of the 
OpenRSP code. This will allow us to calculate higher-
order molecular responses analytically, also including 
the effects of a solvent in an efficient manner.

When addressing solvent effects through explicit 
representation of the solvent molecules, the dynamics 
of the solvent needs to be taken into account through 
molecular dynamics, and when calculating the mo-
lecular property, a proper sampling of the solvent 
configuration space is important. This has received 
much attention during the last year, exploring the 
importance of solvent effects arising from water mol-
ecules on Raman Optical Activity (ROA) spectra. We 
have demonstrated that ROA, having both negative 
and positive contributions to an observed intensity, is 
very sensitive to the conformational sampling, often 
requiring five times as many configurations as in the 
modeling of convention  al Raman spectroscopy. The 
work has been lead by CTCC postdoc Kathrin Hop-
mann, and these studies have been performed based 
on a quantummechanical description of the solvent 
molecules, and we will in the next year investigate to 
what extent the QM/MM/PCM model may provide a 
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more affordable approach to model these solvent ef-
fects.

A very exciting new development in this respect is 
the collaboration initiated with a small pharmaceu-
tical company located in Tromsø, LyTiX Biopharma, 
on the determination of the absolute configuration of 
marine compounds that display promising medical 
activity, compounds that have been found as part of 
bioprospectation activities in the Arctic ocean. The 
CTCC performs computational studies that allow us 
to determine the absolute configuration of these com-
pounds when compared to the experimental spectra 
recorded in the laboratory of our collaborator Petr 
Bour at the Czech Academy of Sciences in Prague.

In relation to solvent effects, we also note that 
CTCC postdoc Ville Weijo in collaboration with 
newly appointed CTCC adjunct professor Benedetta 
Mennucci, have developed a new formulation of how 
dispersion effects can be handled in an efficient man-
ner in continuum solvation models, laying the foun-
dations for accurate and reliable models for treating 
for instance surfaces and interfaces.

CTCC postdoc Radovan Bast and CTCC adjunct 
professor Trond Saue have been heavily involved in a 
major international collaboration focusing on detect-
ing parity-violation in molecular systems. This work 
involves collaborations with experimental research-
ers, and a new class of compounds has been put forth 
as promising for observing parity-violation effects, 
namely a class of chiral oxorhenium(V) complexes.

WP5: Dynamics and time development
Scientist in charge: Einar Uggerud

The primary objectives of the work package are 
to develop and implement efficient methods for 
Born-Oppenheimer dynamics (BOD), and to apply 
these to chemical problems relevant to ongoing ex-

perimental activities. For the method development 
part we have set two goals, which are to improve the 
computer codes for accurate and significantly faster 
integration of the equations of motion, and to inter-
face the dynamics code with a development version 
of Dalton giving access to linearly scaling methods 
for electronic structure calculations. The first will 
allow us to extend trajectory calculations to longer 
time scales, allowing for extensive sampling of the 
available phase space of the nuclei, thus obtaining 
more reliable dynamics, while the second will make 
it possible to perform BOD calculations of large 
chemical systems. For the latter the idea is to take 
advantage of ongoing work in WP1 and the group of 
Prof. Helgaker. Our experimental activities include 
reaction dynamics of small ionic systems, physical 
and chemical properties of hydrogen bonded clus-
ters of atmospheric relevance, and the mechanohe-
mistry of protein molecules.

Besides the theoretical and computational work, 
the PI with students and collaborators have been 
active in a series of experimental investigations, 
mainly by mass spectrometry, for which quantum 
chemical descriptions are essential for interpreta-
tion of the experimental results. The experimen-
tal activities include detailed reaction dynamics of 
unimolecular and bimolecular reactions of small 
ionic systems, physical and chemical properties of 
hydrogen-bonded clusters of atmospheric relevance, 
and the mechanohemistry of protein molecules and 
other polymers.

The centre has allocated two coworkers, one post-
doctoral scholar (M. F. Iozzi, November 2007-No-
vember 2010; New postdoc from April 2011) and 
one Ph.D. student (V. Rybkin) since August 2008. 
The Ph.D. student has worked on the method de-
velopment side, and has been successful in both 
implementing and testing a new predictor-corrector 
method, as well as a Fock matrix update scheme. 
Both these developments have been successful in 
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reducing computational times by a factor of 5. Very 
recently, he has started the work of interfacing this 
code to the electronic structure part, and to adapt 
and optimize the code for parallel processing. Ryb-
kin will take advantage of these developments, and 
has started applying the code to a number of chal-
lenging chemical problems within the experimental 
fields mentioned above. 

Dr. Iozzi has dedicated half of her research time 
for various method development tasks, to some de-
gree within the scope of the work package, includ-
ing the application of linearly scaling methods. The 
other half of her research time has been devoted to 
mechanochemistry. The work on mechanochemis-
try has reached a high level of maturity, putting us 
in a position where we can attack more complex and 
realistic model systems for mechanochemical prob-
lems. Dr. V Bakken is associated with the CTCC 
through his part time position as associate profes-
sor at the Department of Chemistry, UiO. He is an 
expert in computational quantum chemistry in gen-
eral and BOD in particular, and has played a pivotal 
role in the activities described above.

WP6: Bioinorganic chemistry
Scientist in charge: Abhik Ghosh

As in years past, the Ghosh group has focused on 
combined synthetic-spectroscopic-computational 
approach to identify and characterize novel tran-
sition metal complexes and the bonding therein. 
Low-coordinate nonheme complexes have been a 
key focus for several years. During 2010, a number 
of unusual middle and late transition metal imido 
and nitrosyl complexes were studied. Of these, spe-
cial mention may be made of [Mn(5,5-tropocoro-
nand)(NO)], a rare paramagnetic {MNO}6 complex, 
which was studied in collaboration with Profes-
sor Stephen Lippard of MIT. NO is an exceedingly 

strong-field ligand and its presence almost invari-
ably leads to low-spin complexes.

Another highlight of the year was a full analysis 
of spin couplings in Roussin's black salt, a complex 
tetranuclear nitrosylated iron-sulfur cluster and 
a thermodynamic sink of much biologically im-
portant Fe/S/NO chemistry. Many of our insights 
into bonding in Low-coordinate complexes could 
be fruitfully applied in this analysis. This work in-
volved an ongoing collaboration involving Pro-
fessor Louis Noodleman of The Scripps Research 
Institute, La Jolla, California, and the Tromsø bioin-
organic group.

In collaboration with Professor Todd Harrop of 
the University of Georgia and Professor Jeanet Con-
radie of the University of Free State, South Africa, 
we studied a unique eight-coordinate iron complex 
with strong-field nitrogen ligands. Somewhat coun-
ter-intuitively, this complex exhibits a high-spin 
ground state by a clear margin.

Several unusual hemes were studied, with an em-
phasis on iron(III) porphyrins with a d-δ1 ground 
state, partly in collaboration with Professor Mikio 
Nakamura of Toho University, Tokyo, Japan. Heavy-
element ruthenium-based heme analogues were 
also studied, partly in a collaborative project with 
Prof. Penny Brothers of The University of Auckland. 
Finally, a major study was completed on hemoglo-
bin's role as a nitrite anhydrase. These studies aimed 
at determining how NO produced from deoxyhe-
moglobin and nitrite manages to escape from red 
blood cells, without recapture by deoxyhemoglobin, 
and bring about vasodilation. An intriguing conclu-
sion is that the NO is likely carried out of the red 
blood cells in the form of N2O3. This work, carried 
out in collaboration with US biomedical research-
ers Mark Gladwin and Daniel KimShapiro, is cur-
rently in press in Chemistry - A European Journal.
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WP7: Catalysis and organometallic chemistry
Scientist in charge: Mats Tilset

Catalysis is of paramount importance for the de-
velopment of efficient, selective, and environmen-
tally benign processes in the production of bulk and 
fine chemicals and materials. Any rational approach 
to catalyst design requires an in-depth understand-
ing of the underlying reaction mechanisms and cat-
alyst structure. Currently, the most fruitful way to 
gain this insight is the combination of experimental 
and computational approaches. In 2007, we started a 
collaborative work in the field of transition metal ca-
talysis. Several coworkers are or have been involved 
in this activity. One (Li-Ming Yang, postdoc since 
Sept 2008) is funded by CTCC. Others (Marianne 
Lenes Rosenberg, PhD student; Mathivathani Kan-
diah, postdoc) have supplemented their experimen-
tal projects in organometallic chemistry with com-
putational studies at CTCC. Andreas Krapp, also a 
CTCC postdoc, has been instrumental in integrat-
ing the new computational activities with ongoing 
experimental efforts in the area.

Our ongoing efforts in computational organome-
tallic chemistry and catalysis primarily utilize DFT 
methodologies and are currently focused on three 
activities, to be briefly described in the following.

One major project last year has involved a very 
fruitful interaction between experimental and com-
putational approaches. We recently described a 
highly unusual cis-selective cyclopropanation re-
action catalyzed by a Rh(I) system with a chelat-
ing N-heterocyclic iminocarbene ligand. The ex-
perimental results were published in Org. Letters in 
2009. Extensive additional experimental work along 
with computational studies with DFT methods has 
helped establish a possible reaction mechanism 
which accounts for the observed high cis selectiv-
ity. The origin of the selectivity appears to be largely 

steric. The computational results helped the design 
of an improved catalyst.  A manuscript describing 
the combined experimental and computational ef-
forts has been submitted. These studies have been 
performed as a collaborative effort between an ex-
perimental PhD student with separate NFR funding 
(Marianne Lenes Rosenberg) and CTCC postdoc 
Andreas Krapp. This collaboration gave the PhD 
student, primarily an experimentalist, good training 
in computational chemistry. She recently, and very 
successfully, defended her PhD thesis, a major part 
of which was based on the computational work. This 
project demonstrates a successful approach towards 
one of the goals of CTCC, namely to propagate the 
use of computational modeling to a broader scien-
tific community. It is one ambition of the WP leader 
that all coworkers should be equipped with compu-
tational methodologies in their “toolbox” once their 
terms as PhD students or postdocs are over.

A second major project focuses on computa-
tional studies of metal-organic frameworks (MOFs). 
MOFs are crystalline, nanoporous materials that are 
constructed from inorganic cornerstones (atoms or 
clusters) which are connected by polyfunctional or-
ganic ligands (linkers) to form three-dimensional 
networks. MOFs are highly challenging systems to 
work with computationally. The key to success is to 
take advantage of the fact that the crystalline MOFs 
are necessarily periodic in nature and that the crys-
tallographic unit cells are often highly symmetric. 
Initial studies focused on the “prototypical” MOF-5. 
In MOF-5, benzene1,4-dicarboxylate linkers con-
nect tetranuclear Zn cluster cornerstones. DFT cal-
culations addressed chemical bonding, electronic 
structure, and optical properties of this MOF, de-
scribed recently in Inorg. Chem. The studies have 
now been extended to a series of the yet-not-syn-
thesized alkaline earth analogs of MOF-5 in which 
Be, Mg, Ca, Ba, and Sr have replaced Zn as the cor-
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nerstones (submitted manuscript). Further stud-
ies have included larger MOFs, topologically simi-
lar to MOF-5 but with different linkers (submitted 
manuscript). The variations in electronic, bonding, 
band-gap, and optical properties when cornerstone 
metals and linkers are changed may provide valu-
able insight of relevance for investigation of these 
materials with respect to semiconductor and other 
applications. Ongoing studies address the properties 
of the even more complex MOF termed UIO-66. 
This highly porous and robust material was discov-
ered by the catalysis group at UiO and is vigorously 
studied experimentally. In UIO-66, the cornerstones 
are hexanuclear zirconium clusters. The MOF work 
involves CTCC post  doc Li-Ming Yang and is done 
in collaboration with members of the Centre for 
Materials Science and Nanotechnology at UiO.

A third project, which also benefits from the inte-
gration of experiment and computational work deals 
with reactions and dynamic behavior of organogold 
complexes. This work involves the WP leader and 
an externally (NFR) funded experimentalist at UiO, 
as well as collaborating partners at SINTEF, Oslo. 
Results of this project, which has not involved oth-
er CTCC resources than the WP leader, have been 
published and/or submitted. 

WP8: Gas-phase reactions and 
photochemistry
Scientist in charge: Claus Nielsen

We have continued our studies of the potential 
energy surfaces of reactions relevant to the atmo-
spheric photo-oxidation of amines. The focus has 
been on the reactions of amino radicals with O2, 
NO and NO2 leading to imines, nitrosamines and 
nitramines; the understanding of these reactions is 

of particular importance due to the carcinogenicity 
and toxicity of the latter two classes of compounds. 
Results for the reactions of the CH3NH and (CH3)2N, 
CH3CH2NH and (CH3CH2)2N radicals are ready for 
publication. 

Imines are major products in atmospheric pho-
to-oxidation of amines. The imines are difficult to 
study experimentally and there are no kinetic and 
no product information in the literature. We have 
characterized the potential energy surface of the 
CH2=NH + OH reaction at the CCSD(T)/augc-
cpVTZ//CCSD(T)/aug-cc-pVTZ level of theory as 
well as in CASPT2 calculations.




