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The Centre for Theoretical and Computational Chem-
istry (CTCC) is a Norwegian Centre of Excellence (CoE) 
established by the Research Council of Norway (RCN) 
in July 2007. The goal of the CoE program is to stimu-
late Norwegian research groups to establish larger units 
 focusing on frontier research at a high inter national  level 
and to contribute to raising the quality of Norwegian 
 research.

The CTCC is one of 21 national CoEs in Norway and 
one of only two centres in chemistry. The centre has two 
nodes of equal size, hosted by UiT the Arctic Univer-
sity of Norway (UiT) and the University of Oslo (UiO). 
The CTCC receives an annual funding from the RCN of 
about 9.5 MNOK for the period July 2007 – June 2017. 
In addition, the centre receives substantial financial 
 support from UiT and UiO.

The vision of the CTCC is to become a leading 
intern ational contributor to computational chemistry 
by carry ing out cutting-edge research in theoretical and 
computational chemistry at the highest international 
level. 

The CTCC has an extensive visitors program for 
 scientists from around the world, as well as for PhD 
students and postdocs from other research groups 
who wish to benefit from the expertise available at the 
 centre. In addition, the CTCC has organized a number 
of  international meetings and conferences, bringing 
 together computational and theoretical chemists from 
all parts of the world. �

The Centre for Theoretical and 
Computational Chemistry (CTCC) 
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The CTCC is now well into its second five-year period 
of operation. We are continuing on the successful path 
that has been laid out over the years, with busy research 
activities in Tromsø and Oslo, frequent visits of research-
ers from home and abroad, biannual CTCC meetings, 
active participation in the Norwegian Chemical Society, 
the organization of Almlöf–Gropen lectures, and many 
other activities. This year, we would like to emphasize 
the importance of the installed videoconference room at 
the CTCC in Oslo, which over the last year has made the 
seminars an important weekly event at the CTCC, with 
presentations from members and visitors, facilitating 
tight cooperation and interaction between the two nodes.

In many ways, 2013 has been a year of change and tran-
sition at the CTCC. In February 2013, Professor Kenneth 
Ruud was elected Prorector of Research at the UiT. While 
this was excellent news for the UiT, it also meant that the 
CTCC needed to replace Ruud as Director of the  centre. 
As a result, Professor Trygve Helgaker was appoint ed  as 
 new director of the CTCC from August 2013, with Pro-
fessor Bjørn Olav Brandsdal acting as  Co-Director in 
T romsø. We would like to take this opportunity to thank 
Ruud for the excellent leadership and vision he has shown 
for the CTCC since it was established in July 2007. The 
CTCC is now entering a new phase, where preparations 
for activities beyond 2017 are becoming more important. 
We are pleased that Ruud remains an active member of 
the CTCC and that his valuable contributions will con-
tinue also in the future.

Apart from these changes, 2013 has been a year of 
exten sive recruitment at the CTCC, with no less than 
seven postdocs and five PhD students hired in the course 
of the year. The CTCC is now very much running at 
full throttle, with diverse activities in the fields of theo-
retical and computational chemistry. While its core of 
 the o retical chemistry remains strong and active, with 
the development of computational methods for high-
order response theory, for large molecular systems, with 
 research into multi-wavelet methods and the fundamen-
tals of density-functional theory, it is perhaps in the field 
of applied computational chemistry that the CTCC has 

seen the most conspicuous changes the last couple of 
years. 

In particular, a very strong computational activity has 
now been built up in catalysis, around the groups of Pro-
fessor Abhik Ghosh in Tromsø and Professor Mats Til-
set in Oslo. Last year, Tilset received a FRINATEK grant 
from the Research Council of Norway for work on gold 
chemistry; this year, Ghosh was awarded a FRINATEK 
grant for work on transition-metal chemistry. We are 
especially pleased to note the success of young CTCC 
members in this field and would like to congratulate Dr. 
David Balcells on his Marie Curie Career Integration 
Grant. In Oslo, an important contribution to catalysis is 
also made by Adjunct Professor Odile Eisenstein, who 
has established an extensive collaboration with experi-
mentalists at the Department of Chemistry. In 2013, she 
was elected into the French Academy, to become the only 
female member of its Chemistry Section. Our congratu-
lations!

Finally, our congratulations are extended to Dr. Heike 
Fliegl in Oslo and Dr. Kathrin Hopmann in Tromsø, who 
have received FRIPRO grants for work on magnetically 
induced currents in large molecules and asymmetric 
base-metal catalysis, respectively. We are very proud that 
two of the three grants awarded to Young Research Tal-
ents in chemistry this year were awarded to the CTCC 
and are confident that these projects will bring exciting 
new activities to the centre. �

A year of transition

Director Trygve Helgaker and Co-director Bjørn Olav Brandsdal.
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At the end of 2013, the Board of Directors is pleased to note 
the recent successes of younger scientists at the CTCC. 
In particular, we note the successful applications for a 
Marie Curie Integration Grant from Dr. David Balcells 
and for RCN FRIPRO grants from Dr. Heike Fliegl and 
Dr. Kathrin Hopmann. These grants not only bring new 
and fresh activities to the CTCC, they are indicative of an 
emerging new tier of leadership at the centre, consisting 
of young scientists with their own ideas and agendas. The 
grants therefore represent an important milestone in the 
development of the CTCC. We are aware of much talent 
among the young members of the CTCC—we strongly 
encourage these to follow the lead of Balcells, Fliegl, and 
Hopmann in seeking support for their own research. The 
Board notes that two of the grantees are female scientists. 
We take this fact as a strong indication that the strategy 
chosen by the CTCC for promoting gender equality and 
female excellence has been successful.

The Board of Directors is pleased to note that the 
CTCC is preparing a follow-up meeting to the success-
ful conference “Quantum Chemistry Beyond the Arctic 
Circle: Promoting Female Excellence in Theoretical and 
Computational Chemistry”, held at Sommarøy in 2010. 

The Board wishes Adjunct Professors Odile Eisenstein 
and Benedetta Mennucci and the CTCC success with 
“Promoting Female Excellence in Theoretical and Com-
putational Chemistry II” in Oslo in June 2014. We would 
also like to take this opportunity to congratulate Eisen-
stein on her election to the French Academy of Sciences. 
More generally, the Board is pleased that the CTCC con-
tinues its successful practice of organizing high-quality, 
well-attended international conferences, and bringing 
leading international quantum chemists to Norway. In 
2013, the happy occasion for the meeting was a celebra-
tion of Professor Trygve Helgaker’s 60th birthday. We 
would like to congratulate him on this occasion and on 
the publication of a bulky Molecular Physics Festschrift 
in his honour.

Importantly, the year of 2013 saw a change in the 
leader ship of the CTCC. Following the election of Pro-
fessor Kenneth Ruud as Prorector of Research of the 
Arctic University of Norway, Professors Trygve Hel-
gaker and Bjørn Olav Brandsdal took over as Director 
and Co-director, respectively, of the CTCC from August 
2013. We would like to congratulate Professor Kenneth 
Ruud on his election and to thank him for the wonder-

From the Board of Directors

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

Chairman of the board

Professor Anne-Brit Kolstø 
(University of Oslo)

Vice-chairman of the board

Dr. Nina Aas
(Statoil)

Professor Ragnar Winther
(Director of Centre of Mathematics for Applications, CMA)

Associate Professor Ole Swang
(Innovative Natural Gas Processes and Products, inGAP, and Senior 

Scientist at SINTEF Materials and Chemistry)
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Research: The CTCC has continued its high scientific 
output in 2013 but at slower pace than in the record year 
2012, with about 70 rather than 90 articles published. 
This slow down may be related to the large change in staff 
that occurred in 2012 and 2013. Our articles continue to 
have a strong impact, with about 1300 citations in 2013. 
In total, the 473 CTCC publications registered by Web 
of Science have now been cited nearly 5000 times in the 
literature. Moreover, there is a healthy mix of theoreti-
cal and computational papers, with a slight dominance of 
computation. Among the 25 most frequently cited CTCC 
papers, there are 15 predominantly computational and 10 
predominantly theoretical papers. A paper published in 
2008 by Professor T. Helgaker in collaboration with Pro-
fessor D. Tozer’s group, “Excitation energies in density 
functional theory: an evaluation and a diagnostic test” 
has been cited about 370 times.

Catalysis is a key research area of the CTCC, constitut-
ing a central part of WP6 on bioinorganic chemistry and 
WP7 on catalysis and organometallic chemistry. Over the 

last few years, the activities in catalysis have been broad-
ened and strengthened by several new  hirings. Indeed, 
two of the research highlights in this annual report are on 
catalysis, written by young CTCC scientists: The new ABC 
of Chemistry: Asymmetric Base-Metal Catalysis (K. Hop-
mann) and Are Transition Metal Catalysts Self-Protected? 
(D. Balcells). In these highlights, the authors describe ex-
citing new work, prepared without the co-authorship of 
senior members of the CTCC. 

In Oslo, Adjunct Professor O. Eisenstein has been 
 instrumental in setting up an extensive and active 
collabo ration with experimentalists, broadening our 
base within the department. We also note that Balcells 
received a Marie Curie Career Integration Grant from 
the EU in 2013, for the project Computational Modelling 
and Design of Sustainable Catalysts for Water Oxidation, 
allowing him to extend his contract with the University 
of Oslo and to strengthen research into catalysis at the 
CTCC and the Department.

In 2013, five CTCC postdocs and researchers made 

2013 in brief

ful job he has done for the CTCC since its establishment 
in 2007. We are convinced that his talents will serve the 
Arctic University well and are also pleased to note that 
Professor Ruud in 2013 was appointed Chairman of the 
Scientific Steering Committee of the Partnership for 
 Advanced Computing in Europe (PRACE), a great hon-
our for him and for computing in Norway. Finally, our 
congratulations go to Professor Knut Fægri, who in 2013 
was appoint ed to the position of Vice-Rector of the Uni-
versity of Oslo. Clearly, Norwegian quantum chemists 
possess no little political acumen—well beyond what is 
needed for dealing with the electronic many-body prob-
lem in a satisfactory manner.

The Board of Directors wishes the new CTCC leader-
ship all the best. An urgent task is to develop a convinc-
ing and strong strategy for theoretical and computational 

chemistry beyond 2017, when the CTCC ceases to exist 
in its present form. The Board of Directors would like to 
point out two circumstances that may be important for the 
strategy. First, the recent strong activities on the compu-
tational side of quantum chemistry of the CTCC, with an 
ascendency of computational chemistry in diverse  areas 
of chemistry; second, the recent stronger orientation of 
the CTCC towards biological and biochemical problems, 
with the inclusion of the new full members Professor 
Bjørn Olav Brandsdal in Tromsø (2012) and  Assistant 
Professor Michele Cascella in Oslo (2014). A challenge 
for the future is to nurture these important developments 
in computational chemistry and related fields, while up-
holding the strength of Norway in electronic-structure 
theory methods development. �
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applications for FRIPRO support from the Research 
Council in Norway, all of which obtained a rating as 
 “Excellent”. In early 2014, it became known that two 
of these had been successful within “Fellesløftet”: in 
 Tromsø, K. Hopmann received three year-support for 
herself and one postdoc with the project Eeny, meeny, 
miny, moe: Selectivity-determining factors in asymmetric 
catalysis; in Oslo, H. Fliegl received four-year support for 
herself and one PhD-student with the project, Hydrogen 
bond strengths for large molecules by local magnetically 
 induced currents. Their contributions will be important 
to the CTCC in the future.

Training: An important part of the training of PhD 
students and postdocs at the CTCC are the weekly video-
transmitted CTCC seminars. In addition, students and 
postdocs give presentations at the CTCC meetings: 17 
of the lectures given at the meeting at Sanner Hotell in 
 January 2013 were delivered by non-senior members of 
the CTCC.

In 2013, many CTCC members participated actively 
in PhD training. In September 8–21, the 14th European 
Summer School in Quantum Chemistry (ESQC) was held 
at Hotel Torre Normanna, near Palermo in Sicily, with 
nearly 100 participants. The ESQC was founded by Pro-
fessor Bjørn Roos in 1989 and is now under the direc-
torship of CTCC adjunct professor T. Saue. In Sicily, T. 
Helgaker gave eight lectures on molecular properties and 
A. Teale gave six lectures on DFT, while H. Fliegl and S. 
Stop-kowicz worked as tutors. In addition, several CTCC 
students attended the school. The heavy involvement of 
the CTCC at the ESQC, the largest European summer 
school in quantum chemistry, is an excellent indica-
tion of the central role that the CTCC plays in European 
quantum chemistry.

At the same time and also in Italy, E. Uggerud  lectured 
at the 1st International Mass Spectrometry School at Col-
legio Santa Chiara, the University of Siena, September 
15–20, attended by more than 100 students. In 2013, the 
CTCC was also host to two students who arrived on the 
IAESTE (Student Traineeships and Work Experience 
Placements) program, each spending six weeks in Oslo.

In February 2013, a paperback edition of the mono-
graph Molecular-Electronic Structure Theory by T. Hel-

gaker, P. Jørgensen and J. Olsen was published by Wiley. 
The original hardback edition was published in August 
2000 and has become a standard work in quantum 
chemistry, despite its hefty price tag of $600. At about 
$100, the monograph is now affordable to students—not 
only to research labs and libraries.

Outreach and dissemination: Over the years, the 
CTCC has built up a reputation for organizing and sup-
porting international conferences and workshops: Coast-
al Voyage of Current Density Functional Theory between 
Tromsø and Trondheim in 2007, Molecular Properties at 
Hotell Vettre outside Oslo in 2009, Promoting Female 
Excellence in Theoretical and Computational Chemistry 
at Sommarøy outside Tromsø in 2010, the 15th Euro-
pean Seminar on Computational Methods in Quantum 
Chemistry at Oscarsborg outside Oslo in 2011, and Accu-
rate Methods for Accurate Properties, at the University of 
 Zurich, June 4–6 2012. In June 9–12, the conference Very 
Accurate and Large Computations and Applications was 
organized by the CTCC at Fevik, with about 100 partici-
pants from home and abroad, in celebration of the 60th 
birthday of T. Helgaker. In addition, a special issue of 
Molecular Physics in honour T. Helgaker was published 
in 2013. The Festschrift, which was edited by K. Ruud 
and A. Teale, respectively former student and postdoc of 
Helgaker, contained 49 articles in the area of molecular 
physics, with many contributions by CTCC members.

In 2013, the members of the CTCC made several nota-
ble contributions in the media. In particular, E. Uggerud 
served in 2013 as a regular member of the panel of Abels 
Tårn (Ekko), a popular science program on Norwegian 
Radio; he also made appearances on Norwegian televi-
sion and contributed the article I pose og sekk (with T. 
Helgaker) in the Norwegian newspaper Dagens Nærings-
liv on the 2013 Nobel Prize in Chemistry,  awarded to 
 Martin Karplus, Michael Levitt, and Arieh Warshel 
“for the development of multiscale models for complex 
chemical systems”. In addition, T. Helgaker gave a talk on 
the 2013 Nobel Prize as part of the Kjemi Grand Prix day 
at the University of Oslo, a successful event to which J. 
Vedde at the CTCC contributed strongly.

Molecular biology and biochemistry is an area into 
which the CTCC moved with the appointment of Profes-
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sor Bjørn Olav Brandsdal as a full member in 2012 and 
further with the appointment of M. Cascella as associ-
ate professor at the CTCC in Oslo in 2014. It is therefore 
appropriate that the CTCC contributed strongly with 
popular media contributions on this topic in 2013. M. 
Beereport, B.O. Brandsdal, K. Ruud and A. Hykkerud 
wrote articles on the Nobel Prize in Kjemi (the journal of 
the Norwegian Chemical Society) and in the newspaper 
Nord lys.

Among the many other CTCC contributions to out-
reach in 2013, we note that M. Tilset coauthored a fea-
ture article, Glemte sykdommer rammer 1 milliard, in the 
newspaper Aftenposten and gave a talk for high-school 
teachers, Renere organisk kjemi med katalyse. S. Kvaal 
has contributed to Abels Tårn and runs a popular blog on 
scientific matters. At the DFT2013 conference in Durham 
in September 2013, T. Helgaker gave a talk in memory 
of Professor N. C. Handy, Cambridge University. Finally, 
the CTCC sponsored in 2013 a hands-on exhibition of 
the Periodic Table at the UiO with the amount of NOK 
10000.

We would here like to point out two upcoming events 
in 2014, with which CTCC members have been involved 
during 2013. First, the preparation for the Celebration of 
150 years of The Law of Mass Action (Guldberg and Waage) 
by the Norwegian Chemical Society and the Academy of 
Science and Letters in March 2014, with E. Uggerud as 
chairman and K. Ruud as a member of the organizing 
committee; second, the preparation for the conference 
Promoting Female Excellence in Theoretical and Computa-
tional Chemistry II in Oslo in June 2014, with O. Eisen-
stein and B. Mennucci in the organizing committee and 
the CTCC as sponsor. �

Figure 1: Published Items in Each Year

Figure 2: Citations in Each Year
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An important event at the CTCC last year was the Dal-
ton2013 program release. Dalton is a versatile quantum-
chemistry program suite, known for its extensive func-
tionality for the calculation of molecular properties at the 
Hartree–Fock, density-functional, multiconfiguration 
self-consistent-field and coupled-cluster levels of theory. 
Dalton has a worldwide and active user community with 
about 500 licenses issued annually, of which about one 
sixth are site licenses. Simultaneously with the release of 
the program, a Software Focus article describing the func-
tionality of Dalton2013 was published in WIREs Compu-
tational Molecular Science DOI: 10.1002/wcms.1172, with 
84 authors (one quarter of which are associated with the 
CTCC and the theory groups in Oslo and Tromsø)

The first Dalton release, in 1997, was a collaborative 
effort of quantum chemists in Odense, Oslo, Stockholm, 
and Århus, combining code developments dating back to 
the early eighties. There have since been a total of seven 
releases of Dalton. At the time of the 2013 release, the 
Dalton author list comprised a total of 80 authors. Today, 
Dalton is being developed through a wide international 
effort, with contributions from Europe, US, and Austra-
lia, the main developments being carried out in Scandi-
navia.

Dalton contains a unique set of tools for quantum-
mechanical studies of molecular systems, ranging from 
linear-scaling and massively parallel studies of large 
systems to high-accuracy benchmark studies on small 
systems. It can be used for molecular structure, energet-
ics, reactivity, spectroscopic parameters, and linear and 
nonlinear optical processes. Small systems may be accu-
rately benchmarked using full configuration-interaction 
techniques. Environmental effects may be incorporated 
at different levels of theory and using different models for 
the environment.

Dalton is a cornerstone of the activities at the CTCC, 
important for the visibility and impact of the centre. 
 Students and researchers at the centre may use Dalton as 
a basis for their own developments and take advantage 
of existing functionality to perform methods develop-
ments at the highest international level. As a result of the 

frequent Dalton releases instigated in 2011, new develop-
ments are quickly adopted and tested by an international 
user community.

For a large code to be internationally leading, good 
strategies and infrastructures for lasting code develop-
ments are essential. As one of the main contributors 
to Dalton, the CTCC is therefore not only active in the 
developments of new methodologies, but also heavily 
involved with the release, maintenance and support of 
Dalton. In May 2013, Oslo was the host of the Dalton pre-
release meeting, where 17 developers worked for three 
days in preparation for the 2013 release. A similar meet-
ing will be held in Oslo in 2014.

The figure shows a snapshot of the Dalton forum, and 
demonstrates one of the important activities of Dalton. 
Here users and developers can raise questions, make 
 requests, get assistance from experienced users and 
develo  pers and discuss various Dalton related matters. 
�

Highlight: Dalton2013 release

Snapshot from the Dalton forum webpage

Dr. Simen Reine
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Highlight: The new ABC of chemistry: 
Asymmetric Base-metal Catalysis
Many molecules are chiral, meaning that they can exist 
in two forms, R or S. Although the two forms are each 
other’s mirror images, their biological activity may be 
very different. For example, (S)-naproxen is used as a 
pain killer, whereas (R)-naproxen causes liver damage. 
(S)-DOPA is used to treat Parkinson’s disease; (R)-DOPA 
is highly toxic. 

Clearly, it is essential to be able to prepare chiral com-
pounds in an enantiopure form. This is difficult, however, 
as the physical and chemical properties of the two forms 
are identical in a symmetric environment. One solution 
is to synthesize the molecule in an asymmetric environ-
ment using a chiral catalyst. We recall that a catalyst is 
a substance that accelerates a chemical reaction—for 
example, by interacting with and bringing together reac-
tants. The use of a chiral catalyst can lead to the preferred 
formation of one product enantiomer.

Most industrially employed catalysts are based on pre-
cious metals such as iridium and rhodium. However, 

there is an increasing interest in replacing these with base 
metals—for example, Fe or Co. Base metals are cheaper 
and of less environmental and toxicological concern. An 
ideal asymmetric catalyst is highly selective and ‘green’. 
Design and refinement of such catalysts is not trivial, 
 requiring knowledge about properties, mechanisms, and 
selectivity-determining factors. Molecular modelling is 
an ideal tool for providing such insight.

We have modelled metal-catalysed asymmetric alkene 
(R2C=CR2) and imine (R2C=NR) hydrogenation using 
quantum chemistry. These reactions have traditionally 
been performed with iridium catalysts, but the mecha-
nistic details were not well understood. With Dr. A. 
Bayer (UiT), we have proposed a new mechanism for 
hydrogenation of imines with Ir-phosphinooxa-zoline 
catalysts (Hopmann & Bayer, Organometallics 2011, 30, 
2483). Our work provides insight into the selectivity-
determining interactions and explains why alkenes and 
imines provide opposite selectivities: Alkenes coordinate 
to the iridium atom during hydrogenation, while imines 
do not. Recently, we have reviewed the current know-
ledge on asymmetric imine hydrogenation with different 
iridium catalysts (Hopmann & Bayer, Coord. Chem. Rev., 
In Press).

At present, the mode of action of base-metal cata-
lysts is poorly understood. We have modelled two novel 
cobalt catalysts, providing insights into their intricate 
diradical electronic structures, their activation and de-
activation routes, and their alkene hydrogenation mech-

Dr. Kathrin H. Hopmann

The S- and R-enantiomers of a molecule are mirror images

Asymmetric vs. symmetric metal catalysis

Precious metals (yellow) typically used as catalysts 
and possible base metal replacements (green)
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Transition-metal complexes are used as catalysts in a wide 
variety of chemical processes, in industry and  research. 
These compounds contribute to the “green side” of chem-
istry since they often dramatically improve selectivity, 
thereby reducing or excluding the generation of waste. 
The practical use of transition-metal catalysts requires 
high levels of activity, sustainability, and robustness.

Robustness is probably the least understood property 
of catalysis and has seldom been explored computation-
ally. This feature relates to parallel and competing reac-
tion pathways, which, instead of yielding products from 
reactants, transform the catalyst into less active or non-
active forms. Robustness plays a key role in many impor-
tant chemical processes involving strong oxidants, like 
the oxidation of methane to methanol and the evolution 
of oxygen from water.

Our study focused on the properties of the C-H bonds 
in the aliphatic chains of several amine and phosphine 
 ligands bound to late transition metals. A large number 
of transition-metal-based catalysts belong to this cate-
gory. Bond strength and reactivity were determined for 
the C-H bonds directly attached to the donor atoms, 

which are most prone to trigger catalyst degradation by 
undergoing cleavage. These properties were quantified 
by carrying out density-functional calculations of radical 
stabilization energies (RSE) and energy barriers for radi-
cal H abstraction (DDG‡).

The RSEs are based on isodesmic reactions, in which 
the same type of bonds are formed and broken in reac-
tants and products, yielding accurate thermodynam-
ics data. This quantity measures the bond dissociation 
 energy (BDE) in the free ligand with respect to the metal-
bound system. Remarkably, all RSE values showed that 
C-H bonds are significantly stronger when the ligand 
binds to the metal, with BDE changes as large as 15 kcal 
mol–1.

In line with this, the values found for DDG‡ showed 
that radical H abstraction is much slower in the metal-
bound ligand. Upon coordination, the barrier of this 
reaction can be increased by more than 14 kcal mol–1, 
implying a reaction rate reduction by ten orders of mag-
nitude at room temperature. The results also showed that 
the greater the C-H strengthening, the greater the C-H 
deactivation. Additional calculations with the CCSD(T) 

Highlight: Are Transition Metal Catalysts 
Self-Protected? 

anisms (Hopmann, Organometallics 2013, 32, 6388). Our 
work shows that these Co complexes are able to catalyze 
a competing alkene isomerization reaction, with the 
formed isomer showing a different reactivity and selec-
tivity when hydrogenated than the starting alkene. These 
insights are instrumental for the design of improved base 
metal  catalysts. �

Dr. David Balcells
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Spin density plot of the TACN ligand after H abstraction, 
free (top) and bound to IrCl3 (bottom)

method, the “gold standard” of computational chemis-
try, confirmed these results on the smallest system. More 
 recent investigations on the IR spectra of these molecules, 
in collaboration with the experimental group of R.H. 
Crabtree (Yale, USA), further confirmed these observa-
tions, which suggest that transition-metal complexes are 
self-protected.

The origin of this effect was determined by an analysis 
of spin density plots. These plots, which show the distribu-
tion of the unpaired electrons, revealed that the donation 
of the lone pairs on nitrogen (amines) and phosphorous 
(phosphines) to the metal centre hinders the stabilization 
of the C radicals (see the figure), thus making C-H cleav-
age less favourable. C-H strengthening and deactivation 
were recently reported for the first time for the oxidation 
of organic bases in the presence of Li+ and Mg2+ salts 
 (Bietti et al., J. Am. Chem. Soc., 2013, 135, 415); our study 
is the first report for transition-metal complexes. These 
effects play a critical role in catalyst robustness and are 
easily quantified by computing RSE and DDG‡.

Our study was published by Dr. Ainara Nova and the 
author (Chem. Comm. 2014, 50, 614) as their first fully in-
dependent publication, illustrating the excellent environ-
ment provided by the CTCC to scientists at the early 
stage in their careers. This study will be further extended 
within the project Computational Modelling and Design of 
Sustainable Catalysts for Water Oxidation, supported by a 
Marie Curie Grant recently awarded to for the author. �
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The Almlöf–Gropen Lecturer of 2013 was Professor Fritz 
Schaefer III from the University of Georgia in Athens, 
Georgia, USA. Schaefer was born in Grand Rapids, 
Michigan in 1944 and received his Ph.D. in chemical 
physics from Stanford University in 1969. He was a pro-
fessor at the University of California, Berkeley, from 1969 
until 1987, when he moved to the University of Georgia. 
Schaefer is a highly distinguished computational and 
theoretical chemist, being the author of nearly 1500 sci-
entific publications (H-index 107). At present, Schaefer is 
the Graham Perdue Professor of Chemistry and Director 
of the Center for Computational Chemistry.

Schaefer’s Almlöf–Gropen lecture was presented in 
Tromsø on September 24 and in Oslo two days later, 
with the title From Donor-Acceptor Complexes to Gal-
lium  Nitride Nanorods. Both lectures were well attended, 
drawing an audience of 30–35 attendants in Tromsø and 
70–80 in Oslo.

In his lecture, Schaefer outlined advances in compu-
tational modelling of gas-phase reactions leading to the 

formation of binary materials by chemical vapour depo-
sition (CVD). The product materials are donor–acceptor 
complexes containing elements of the groups 13–15 of the 
periodic table such as gallium nitride. Recent theoreti-
cal studies of the structures, stabilities, and reactivities of 
such complexes—in particular, amido, and imido com-
pounds, large group 13–15 clusters, and nanotubes—were 
highlighted. The use of group 13–15 compounds as single-
source precursors to alloys was also discussed. At the end 
of his talk, Schaefer indicated directions for further theo-
retical and experimental studies in this area. 

Owing to Schaefer’s clear style of presentation, his lec-
ture was easy to follow also for the non-specialist. His 
lecture attracted chemists far beyond the circle of theo-
retical chemists—in particular, in Oslo.

The Almlöf–Gropen Lecture Series was established 
by the CTCC to honour the memory of two pioneers 
of quantum chemistry in Norway: Professor Jan Almlöf 
(1945–1996) at the University of Oslo and Professor Odd 
Gropen (1941–2005) at the University of Tromsø. �

Almlöf–Gropen Lecture 2013: 
Professor Fritz Schaefer III

Professor H. Schaefer in discussion with Professors K. Ruud and B. O. Brandsdal at the CTCC in Tromsø.
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Bjørn Olav  
Brandsdal
Professor 
UiT

Abhik Ghosh 
Professor
UiT

Mats Tilset
Professor
UiO

Tor Flå
Professor
UiT

Trygve Helgaker
Professor
UiO

Einar Uggerud 
Professor
UiO

Luca Frediani
Associate 
Professor
UiT

Thomas Bondo 
Pedersen
Associate 
Professor
UiO

Knut Fægri
Professor
UiO

Kenneth Ruud
Professor
UiT

Vebjørn
Bakken
UiO

Róbert Izsák
UiO

Heike Fliegl
UiO

Simen Kvaal
UiO

David Balcells
UiO

Bin Gao
UiT

Peter Wind
UiT

Kathrin 
Hopmann
UiT

Erik Tellgren,
UiO

Michal Repisky, 
UiT

Espen Sagvolden, 
UiO

Alex Borgoo, 
UiO

Daniel Friese, 
UiT

Elena Malkin, 
UiT

Yann Cornaton, 
UiT

Stanislav 
Komorovsky, 
UiT

Ainara Nova, 
UiO

John Earles, 
UiT

Hugo Vazquez 
Lima, 
UiT

Magnus 
Ringholm, 
UiT

Ulf Egil Ekström, 
UiO

Ying-Chan Lin, 
UiT

Mauritz Ryding, 
UiO

Ctcc members
Principal scientists

Researchers

Postdocs
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Affiliates

PhD students

Arne Karlsson
Professor II
UiO

Harald  
Møllendal
Professor
emeritus
UiO

Claus Jørgen 
Nielsen
Professor
UiO

Peter Klæboe, 
Professor 
emeritus, 
UiO

Inge Røeggen
Professor
emeritus
UiT

Svein Samdal
Professor
UiO

Marco Anelli
UiT

Maarten  
Beerepoot
UiT

Arne J. C.  
Bunkan
UiO

Jon Austad, 
UiO

Roberto Di 
Remigio,
UiT

Antoine 
Durdek, 
UiT

Geir Isaksen,
UiT

Stig Rune 
Jensen, 
UiT

Kai K. Lange, 
UiO

Karl R. 
Leikanger, 
UiO

Mihayo 
Musabila Maguta, 
UiO

Patrick Merlot,
UiO 

Davide 
Michetti, 
UiT

Glenn B.S. 
Miller, 
UiO

Krzysztof 
Mozgawa, 
UiT

Sarah Reimann, 
UiO

Johannes 
Rekkedal, 
UiO

Postdocs
Arnfinn 
Hykkerud 
Steindal, 
UiT

Stella 
Stopkowicz,
UiO

Clemens 
Woywod, 
UiT
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Administrative staff
Stig Eide
Head of 
Administration
UiT

Jan Ingar Johnsen
Head of 
Administration
UiO

Adjunct professors

Board of directors

Scientific advisory board

Odlie Eisenstein
Professor II
UiO

Benedetta 
Mennucci
Professor II
UiT

Trond Saue
Professor II
UiT

Andrew Teale
Associate  
Professor  
UiO

Professor Kersti 
Hermansson
(Uppsala University, 
Sweden)

Professor Vidar
Remi Jensen
(University of Bergen,  
Norway)

Professor  
Gunnar Nyman
(University of 
Gothenburg)

Professor  
Mike Robb
(Imperial College London, UK)

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

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

Dr. Nina Aas
(Statoil)

Professor Ragnar 
Winther 
(Director of Centre of 
Mathematics for 
Applications, CMA)

Associate Professor Ole 
Swang
(Innovative Natural Gas 
Processes and Products, inGAP, 
and Senior Scientist at SINTEF 
Materials and Chemistry)

Senior Engineers
Niels H. 
Andersen, 
UiO

Simen Reine, 
UiO
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The international conference Very Accurate and Large 
Computations and Applications 2013 (VALCA2013): Celeb-
rating the scientific career and achievements of Professor 
Trygve Helgaker on the occasion of his 60th birthday took 
place in beautiful Norwegian summer weather at Strand 
Hotel Fevik in Fevik near Grimstad, on the southern 
coast of Norway, June 9–12, 2013. Organized as a satellite 
to the 7th Mo lec u lar Quantum Mechanics conference held 
in Lugano, Switzerland, June 2–7 2013, VALCA2013 com-
plemented and extended the overview of recent ab initio 
quantum-chemistry developments given in Lugano.

The VALCA2013 conference was sponsored by the 
CTCC, the Department of Chemistry at the University 
of Oslo, and the Division for Computational Chemistry 
of the Norwegian Chemical Society. The annual meeting 
of the latter was organized as part of the conference. The 
organizing committee for the conference consisted of 
Vebjørn Bakken (UiO), Knut Fægri (UiO), Hans Herlof 

Grelland (UiA), and Kenneth Ruud (UiT).
More than 100 participants enjoyed 38 lectures 

 delivered by prominent scientists and more than 30 post-
ers. The speakers came to Fevik from around the globe 
(eight from Norway, 23 from other European countries, 
five from North America, one from India, and one from 
Australia) to pay tribute to Professor Helgaker's career.

Covering no less than ten scientific topics, ranging 
from fundamental quantum mechanical theory via  ab 
initio methods development to computational studies of 
supramolecular systems, the conference properly reflect-
ed the broad impact of Professor Helgaker's many scien-
tific contributions. Most of the participants were friends 
and collaborators of Professor Helgaker, giving the con-
ference an informal atmosphere that stimulated active 
scientific discussions and provided a great opportunity 
for the younger scientists and students to learn from the 
very best in the field. �

Very Accurate and Large 
Computations and Applications 2013:

Strand Hotel in Fevik, on the Southern coast of Norway, the venue for VALCA2013

Celebrating the scientific career and achievements of Professor Trygve 
 Helgaker on the occasion of his 60th birthday.
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Visiting scientists
Visitors in Tromsø
Name Title Period (from - to)

Taye B. Demissie PhD 010113 – 280213

Stefan Knecht Postdoc 130113 – 260113

Hans Jørgen Aa. Jensen Assoc.Professor 130113 – 260113

Helena Dodziuk Professor 200113 – 270113

Marco Garavelli Assistant Professor 200113 – 230113

Jan H. Jensen Professor 210113 – 230113 

Jeanet Conradie Professor 040213 – 270213

Alex Borgoo Postdoc 060313 – 080313

Vit Novak PhD student 130313 – 260313

Petr Bour Professor 200313 – 080413

Jean-Marc Billod Master student 030413 – 060613

Sergio Losilla Postdoc 190413 – 260413

Pawel Kozlowski Professor 060513 – 050613

Jeanet Conradie Professor 060513 – 200513

Jogvan Magnus Olsen Postdoc 110513 – 240513

Daniel Crawford Professor 130513 – 180513

Elena Papaleo Postdoc 140513 – 170513

Anton Vidal Professor 300513 – 310513

Kicksledding at Sanner Hotell, Gran

This year’s CTCC meeting was held at Sanner Hotell, 
January 30–31, conveniently located in Gran, about 65 km 
north of Oslo and 45 minutes bus drive from Gardermoen 
Airport. The meeting was well attended by both nodes of 
the CTCC. A total of 20 talks were given by the members 
of the CTCC. In addition, the talk Heavenly Chemistry 
was delivered by a member of the Scientific Advisory 
Board, Professor Gunnar Nyman, University of Gothen-
burg. A particular attraction of the Sanner meeting was 
horse drawn sleigh rides in beautiful winter weather. �

CTCC meeting at Sanner Hotell, Gran
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Visitors in Tromsø
Name Title Period (from - to)

Kiran Maiti Postdoc 160613 – 210613

Joanna Kauczor Lecturer 240613 – 050713

Heike Fliegl Researcher 080713 – 190713

Peter C. Ford Professor 250813 – 010913

Henry F. Schaefer Professor 230913 – 250913

Petr Stepanek PhD student 011013 – 161013

Michael Patzschke Senior researcher 211013 – 271013

Jeanet Conradie Professor 031113 – 301113

Benoit Champagne Professor 051213 – 061213

Attila Csaszar Professor 051213 – 061213

Visitors in Oslo
Name Title Period (from – to)

Jose Luis Abbud Mas Professor 040113 – 010213

Peter C Burgers Professor 090113 – 110113

Vladimir Rybkin PhD student 180113 –  250113

Jürgen Gauss Professor 150213 – 010313

Odile Eisenstein Professor II 220213 – 010313

Andrew Teale 1.Aman II 240213 – 270213

Thomas Kjærgaard Postdoc 240313–270313

Sergio Losilla PhD student 050413 – 030513

Andrew Teale 1.Aman II 070413 – 190413

Odile Eisenstein Professor II 120413 – 190413

Emelie Graham Master student 130413 – 260413

Róbert Izsák Postdoc 250413 – 270413

James D Talman Professor 030513 – 310513

Ambar Banerjee PhD student 170513 – 140613

Andrew Teale 1.Aman II 190513 – 280513

Jogvan Magnus Olsen Postdoc), 270513 – 290513

Erik Hedegaard Research assistant 270513 – 290513

Radovan Bast Researcher 270513 – 290513

Thomas Kjaergaard Postdoc 270513 – 290513

Kurt Mikkelsen Professor 270513 – 290513
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Visitors in Oslo
Name Title Period (from – to)

Arnfinn Steindal Postdoc 270513 – 290513

Sonia Coriani Senior Researcher 270513 – 290513

Hans Jørgen Aagaard Jensen Professor 270513 – 290513

Olav Vahtras Professor 270513 – 290513

Joanna Kauczor Lecturer 270513 – 290513

Zilvinas Rinkevicius Assistant Professor 270513 – 290513

Jaime Axel Rosal PhD student 270513 – 290513

Sergei Vyboishchikov Associate professor 110613–120613

Ludwik Adamowicz Professor 120613 – 050713

Odile Eisenstein Professor II 150613 – 210613

Thomas Jagau Postdoc 210613 – 300613

Sangita Sen Junior Research Fellow 010713 – 170713

Rahul Maitra Senior Research Fellow 010713 – 170713

Debalina Sinha Senior Research Fellow 010713 – 170713

Debashis Mukerjee Professor 100713 – 170713

Allie Strom PhD student 010813 – 311013

Andrew Teale 1.Aman II 110813 – 170813

Jean-Claude Guillemin Director of research 170813 – 240813

Odile Eisenstein Professor II 160813 – 230813

Soon-Heum Ko September Researcher 080913 –130913

Thomas Kjærgaard Postdoc 080913.–130913

Henry F. Schaefer Professor 250913–270913

Joachim Friedrich Junior Professor 260913 – 031013

Sonia Coriani Senior Researcher 260913 – 031013

Andrew Teale 1.Aman II 051013 – 111013

Julien Toulouse Professor 061013 – 101013

Elisa Rebolini PhD student 0610130 – 011113

Odile Eisenstein Professor II 081113 – 221113

Michael Patzschke Senior researcher 211013 –221013
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Professor Debashis Mukherjee

Professor Debashis Mukherjee is an Indian theore-
tical chemist. A former Director of the Indian Associa-
tion for the Cultivation of Science, Mukherjee is best 
known as an architect of a class of high-level quantum 
chemistry methods known as multi-reference coupled-
cluster theory.

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

I had been hearing a lot about the CTCC chain from 
many of my friends and colleagues, all of whom were 
very enthusiastic about the activity and its open ambi-
ance. Some years ago, I met Kenneth Ruud, then Director 
of CTCC, and heard about its programs and activities. 
Of course, I was always aware and deeply appreciative of 
the Theoretical Chemists of Norway, specially all those 
involved in the activity of the CTCC chain. I had known 
Abhik Ghosh almost from his student days. My con-
tact with Kenneth and Abhik grew stronger when both 
visi ted me in Kolkata. Later, when Kenneth invited me, 
 informing me of the CTCC visitors’ program, I very 
enthu siastically accepted the invitation to visit the CTCC 
and Tromsø. 

I have been going back periodically ever since, inter-
acting with the CTCC in Oslo—Trygve Helgaker and 
 Simen Reine, in particular—but keeping in touch with 
the CTCC in Tromsø as well.

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

My stay in CTCC in Oslo has been very fruitful in 
several ways. In my younger days, I started out working 
in the field of Theoretical Chemistry in Kolkata, India, in 
relative isolation. Nobody in India was engaged in meth-
ods development at the time, so I was very conscious of 
the need to discuss science with peers and of the syn-
ergy of creativity it can induce. My visits abroad began by 
giving invited talks at international meetings. The sheer 
pleasure of sharing and generating new ideas by talking 
to the compatriots convinced me to take every opportu-
nity to interact with them. I have been visiting friends 
and colleagues ever since. 

My visits in CTCC stand out as special, since it 
 offered rather unique possibilities to discuss science with 
a number of eminent scientists who have complemen-
tary  interests and expertise. Collaborations between us 
 start  ed naturally and are flourishing.

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

The working conditions at the CTCC in Oslo, where 
I participated actively in collaborations, are wonderful. 
Warm colleagues, helpful and kind office superintendent, 
and an ambiance that fosters interactions at both profes-
sional and personal levels have been very stimulating for 
me. I interacted with the group quite socially as well—the 
coffee room was one place where discussions continued 
for hours often. Very enjoyable stays altogether.

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

I have had only limited opportunity to travel in Nor-
way and thus can provide only scrappy impressions. 
Tromsø and Oslo are friendly cities, with scenic sur-
roundings and friendly people everywhere I went. Trom-
sø is remarkable for its location—a special experience 
for someone like me, from a tropical country. Oslo as a 
city held a special charm for me, having a character of its 
own, with a mix of cosmopolitan and Norwegian flavour. 
I visited several museums, including the art  museums 
and found them to be enlivening—all in all a very memo-
rable experience. �

Interview with visiting scientist: 
Professor Debashis Mukherjee
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Collaboration with experimental 
 catalytic groups
During 2013, the CTCC extended its network of interna-
tional collaborations towards experimental groups in the 
US, including two leading groups in the field of organo-
metallic chemistry and catalysis: the group of Professor 
Robert H. Crabtree (Yale, USA) and the group of Profes-
sor John F. Hartwig (UC Berkeley, USA). Both collabora-
tions were instigated by Dr. David Balcells, a postdoctoral 
researcher at the CTCC in Oslo. 

In these collaborations, a number of computational 
tools and techniques, including density-functional- 
theory (DFT) methods, natural-bond-orbital (NBO) 
analysis, and non-covalent interaction plots are used 
for a characterization of the reaction mechanisms. The 
computational data thus obtained is combined with ex-
perimental data in a synergic manner, allowing for a 
deeper understanding of the chemical processes studied. 
The collaboration with the Crabtree lab involves also the 
theory group led by Victor Batista at Yale University and 
focuses on the catalytic technology needed for artificial 
photosynthesis. 

The collaboration with the Hartwig lab focuses on cat-
alytic reactions aimed at the synthesis of fine chemicals. 
This work was funded by a grant from the Peder Sather 
Center, which fosters joint projects between UC Berkeley 
and Norwegian universities. Thanks to this grant, Alex-
andra Strom, a PhD student from Berkeley, visited the 
CTCC in Oslo for a period of three months, during which 
Balcells trained her in the use of computational chemis-
try. On the same funding, Balcells later visited Berkeley 
for one week to follow up the project, giving a seminar 
and meeting with students and postdocs interested on 
complementing their experimental work with calcula-
tions. 

Balcells is also collaborating actively with other 
groups, including the group of Professor Pedro Pérez 
(UHU, Spain) and, thanks to Ainara Nova and Mats Tilset 
(CTCC), the group of Nilay Hazari (Yale, USA). The pro-
jects with Pérez and Hazari focus on catalytic oxidation 
and cross-coupling reactions, respectively.�

The Sather Gate at the University of California, Berkeley campus

The primary mission of the Peder Sather Center for Ad-
vanced Study is to strengthen ongoing research collabora-
tions and foster the development of new research collab-
orations between faculty at the University of California, 
Berkeley and from a consortium of eight participating 

Norwegian academic institutions. The Center’s funding 
enables the Berkeley faculty to conduct exploratory and 
cutting-edge research in tandem with leading researchers 
from Norwegian higher education institutions in collabo-
ration with the Norwegian Research Council. �

The Peder Sather Center for Advanced 
Studies
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Odile Eisenstein was appointed as Adjunct Professor 
(Professor II) at the CTCC in 2012. She is Directrice de 
Recherche Classe Exceptionnelle at CNRS, Université 
Montpellier 2 in France. She was elected as a member of 
the International Academy of Quantum Molecular Sci-
ence in 2006 and as a foreign member of the Norwegian 
Academy of Science and Letters in 2013. She is the only 
female member of the Chemistry Division of the French 
Academy of Sciences, to which she was elected  in 2013. 

Odile Eisenstein is the author of more than 380  papers, 
in which computational methods are used in diverse 
fields of chemistry, including organometallic chemistry, 
inor ganic chemistry, organic chemistry, reaction mecha-
nisms, and homogeneous catalysis. She has an H-index 
of 64.

Odile Eisenstein is one of the leading computational 
chemists in the world today. Her unique ability to  con nect 
theory and experiment is unsurpassed. Her group uses 
computational methods, predominantly density-func-

tional calculations, for understanding the structure and 
reactivity of transition-metal complexes. This is done in 
strong collaboration with world-leading experimental 
groups. Selected topics include metal hydrides, hydrogen 
transfer, and single-bond activation (H-H, C-H, C-F, Si-
H, etc.).

Odile Eisenstein speaks fluently the languages of ex-
perimentalists and theoretical chemists. Her insight into 
chemistry and chemical science in the broadest sense is 
impressive, allowing her to identify fundamentally inter-
esting and highly challenging problems to work on, from 
the whole spectrum of chemistry. These are the qualities 
that have led to the impact she has had as adjunct profes-
sor at the CTCC: She has built bridges between CTCC and 
research groups in catalysis, organometallic chemistry, 
organic chemistry, and biochemistry. With Odile Eisen-
stein’s contributions, one vision of CTCC is within reach—
namely, that computational methods should be one of the 
standard tools for today’s chemistry researchers. �

Odile Eisenstein – Adjunct Professor at 
the CTCC

Benedetta Mennucci was appointed as Adjunct Professor 
(Professor II) at the CTCC in 2010. She is Full Professor 
in Physical Chemistry at the University of Pisa in Italy. In 
November 2012, she was elected as a President of the PhD 
School in Chemical and Material Sciences of the Univer-
sity of Pisa. In January 2014, she was elected President of 
the Theoretical and Computational Chemistry division 
of the Italian Society of Chemistry. 

The international impact of her scientific activity is 
reflected in her list of about 200 publications (scientific 
papers and monographic reviews) in top journals and 
her high number of citations: she has been cited more 
than 15000 times in the literature and has an H-index of 
50. Benedetta Mennucci is frequently invited as a speaker 
at international meetings and conferences.

Two of her recent research lines have obtained 
 important funds from the EU through the NanoScience 
ERANET network with a transnational 3-year project 
entitled Molecules and Light in individual Metal Nano-

structures and through the European Research Council 
(ERC), which in 2011 awarded her a 5-year ERC Starting 
Grant entitled The interplay between quantum coherence 
and environment in the photosynthetic electronic energy 
transfer and light-harvesting: a quantum chemical picture. 

Benedetta Mennucci is a leading expert in the field 
of environmental effects in quantum chemistry, with an 
extraordinary ability to expand her horizons beyond the 
traditional boundaries of her field as her recent achieve-
ments in the field of the quantum-mechanical model-
ling of light-harvesting processes have demonstrated. 
In her career, she has established fruitful collaborations 
with theoretical and experimental chemists alike.  At the 
CTCC, she contributes with her expertise in environ-
mental effects, especially in connection with the work 
package on molecular properties (WP4). Benedetta 
Mennucci also takes part in the teaching of the Computa-
tional Chemistry course, giving a series of lectures and 
exercises on solvent effects. �

Benedetta Mennucci – Adjunct Professor 
at the CTCC
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Total revenue and expenditure figures

FINANSIERING i tusen kroner

Reell
finans

2007-2011

Reell
finans
2012

Reell
finans
2013

Planlagt
finans
2014

Planlagt
finans
2015

Planlagt
finans
2016

Planlagt
finans
2017

Total 
finans

REGNSKAPSFØRTE INNTEKTER PÅ SFF ved vertsinstitusjonen
Vertsinstitusjonen 35 499 3 514 5 067 4 898 5 185 4 745 1 474 60 382
Norges forskningsråd - SFF 44 921 11 923 7 800 8 100 8 280 8 759 4 080 93 863
Samarbeidspartner (navngis) 0
Internasjonale midler 0
Andre offentlige 0
  Andre NFR-prosjekter 0
 Andre offentlige enn NFR 0
Andre private 0
Sum regnskapsførte inntekter 80 420 15 437 12 867 12 998 13 465 13 504 5 554 154 245
ANDRE INNTEKTER = Ikke regnskapsførte midler på SFF ved vertsinstitusjonen
Universitetet i Oslo (UiO) 4 686 2 212 2 288 2 001 2 441 1 686 15 314
Samarbeidspartner B 0
Vertsinstitusjonen 0
Andre 0
Sum ikke regnskapsførte midler 4 686 2 212 2 288 2 001 2 441 1 686 15 314

0
Sum årets finansiering 80 420 20 123 15079 15 286 15 466 15 945 7 240 169 559
Finansieringsplanens beløp 0
Avvik fra finansieringsplanen 80 420 20 123 15 079 15 286 15 466 15 945 7 240 169 559
Overført  (+/-) 14 835 110 4 012 1 831 304 -423 860

Sum finansiering og overføring 95 255 20 233 19 091 17 117 15 770 15 522 8 100 191 088

KOSTNADER i tusen kroner

Reelle
utgifter

2007-2011

Reelle
utgifter

2012

Reelle
utgifter

2013

Utgifts-
budsjett

2014

Utgifts-
budsjett

2015

Utgifts-
budsjett

2016

Utgifts-
budsjett

2017
Totalt

budsjett
REGNSKAPSFØRTE KOSTNADER PÅ SFF ved vertsinstitusjonen
Personell og lokaler 68 333 7 551 8 248 8 645 9 324 8 753 3 584 114 438
(Lønn og sosiale kostnader) 0
(Lokaler - husleie og drift) 0
Innkjøpte FoU tjenester 0
Utstyr 0
Andre driftskostnader 11 977 1 465 986 1 096 1 046 1 046 436 18 052
Sum regnskapsførte utgifter 80 310 9 016 9 234 9 741 10 370 9 799 4 020 132 490

ANDRE KOSTNADER = 
Ikke regnskapsførte kostnader på SFF ved vertsinstitusjonen
Personell og lokaler Universitetet i Oslo (UiO) 0 6 232 6 799 6 222 5 023 4 073 3 782 32 131
(Lønn og sosiale kostnader) 0
(Lokaler - husleie og drift) 0
Innkjøpte FoU tjenester 0
Utstyr 0
Andre driftskostnader 973 1 227 850 800 790 298 4 938
Sum ikke regnskapsført 0 7 205 8 026 7 072 5 823 4 863 4 080 37 069

Sum utgifter 80 310 16 221 17 260 16 813 16 193 14 662 8 100 169 559
Til overføring (+/-) 14 945 4 012 1 831 304 -423 860 0 21 529
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1. Helgaker, Trygve; Gauss, Jürgen; Cazzoli, Gabriele; 
Puzzarini, Cristina, S-33 hyperfine interactions in H2S 
and SO2 and revision of the sulfur nuclear magnetic 
shielding scale, JOURNAL OF CHEMICAL PHYS-
ICS, 139, 244308 (2013)

2. Komorovsky, Stanislav; Repisky, Michal; Ruud, 
Kenneth; Malkina, Olga L.; Malkin, Vladimir G., 
Four-Component Relativistic Density Functional 
Theory Calculations of NMR Shielding Tensors for 
Paramagnetic Systems, JOURNAL OF PHYS ICAL 
 CHEMISTRY A, 117, 14209 - 14219 (2013)

3. Jaszunski, Michal; Repisky, Michal; Demissie, Taye 
B.; Komorovsky, Stanislav; Malkin, Elena; Ruud, 
Kenneth; Garbacz, Piotr; Jackowski, Karol; Makulski, 
Wlodzimierz, Spin-rotation and NMR shielding con-
stants in HCl, JOURNAL OF CHEMICAL PHYS-
ICS, 139, 234302 (2013)

4. Cheng, Lan; Stopkowicz, Stella; Gauss, Jürgen, Spin-
free Dirac-Coulomb calculations augmented with 
a perturbative treatment of spin-orbit effects at the 
 Hartree-Fock level, JOURNAL OF CHEMICAL 
PHYSICS, 139, 214114 (2013)

5.  Lin, Na; Forzato, Cristina; Berti, Federico;  Fellu ga, 
Fulvia; Nitti, Patrizia; Pitacco, Giuliana; Cori-
ani,  Sonia, On the Absolute Configuration of Chiral 
1,4- Dihydropyridazines Synthesized by Organocata-
lysed Reactions, JOURNAL OF ORGANIC CHEM-
ISTRY, 78, 11670 - 11679 (2013)

6. Dossmann, Heloise; Afonso, Carlos; Tabet, Jean-
Claude; Uggerud, Einar, Unimolecular dissociation 
characteristics of cationic complexes between  nicotinic 
acid and Cu(II) and Ni(II), INTERNATIONAL 
JOURNAL OF MASS SPECTROMETRY, 354, 165 - 
174 (2013)

7. Hopmann, Kathrin H., Cobalt-Bis(imino)pyridine-
Catalyzed Asymmetric Hydrogenation: Electronic 
Structure, Mechanism, and Stereoselectivity, OR-
GANOMETALLICS, 32, 6388 - 6399 (2013)

8. Sekiguchi, Osamu; Uggerud, Einar, Fragmentation 
of Deprotonated Glycolaldehyde in the Gas Phase and 
Relevance to the Formose Reaction, JOURNAL OF 
PHYSICAL CHEMISTRY A, 117, 11293 - 11296 (2013)

9. Conradie, Jeanet, Oxidation potential of [Rh(beta-
diketonato)(P(OPh)(3))(2)] complexes-Relationships 
with experimental, electronic and calculated param-
eters, ELECTROCHIMICA ACTA, 110, 718 - 725 
(2013)

10. Berg, Steffen; Ghosh, Abluk, Six Impossible Mecha-
nisms Before Breakfast: Arrow Pushing as an Instruc-
tional Device in Inorganic Chemistry, JOURNAL OF 
CHEMICAL EDUCATION, 90, 1446 - 1451 (2013)

11. Badri, Zahra; Pathak, Shubhrodeep; Fliegl, Heike; 
Rashidi-Ranjbar, Parviz; Bast, Radovan; Marek, 
Radek; Foroutan-Nejad, Gina; Ruud, Kenneth, All-
Metal Aromaticity: Revisiting the Ring Current Model 
among Transition Metal Clusters, JOURNAL OF 
CHEMICAL THEORY AND COMPUTATION, 9, 
4789 - 4796 (2013)

12. Tellgren, Erik I.; Fliegl, Heike, Non-perturbative 
treatment of molecules in linear magnetic fields: Cal-
culation of anapole susceptibilities, JOURNAL OF 
CHEMICAL PHYSICS, 139, - (2013)

13. Jagau, Thomas-C; Gauss, Jürgen; Ruud, Kenneth, 
Analytic evaluation of the dipole Hessian matrix in 
coupled-cluster theory, JOURNAL OF CHEMICAL 
PHYSICS, 139, 154106 (2013)

14. Onel, L.; Thonger, L.; Blitz, M. A.; Seakins, P. W.; 
Bunkan, A. J. C.; Solimannejad, M.; Nielsen, C. J., 
Gas-Phase Reactions of OH with Methyl Amines in the 
Presence or Absence of Molecular Oxygen. An Experi-
mental and Theoretical Study, JOURNAL OF PHYSI-
CAL CHEMISTRY A, 117, 10736 - 10745 (2013)

15. Samdal, Svein; Møllendal, Harald; Guillemin, 
Jean-Claude, Microwave Spectrum and Con-
formational Properties of 4-Isocyano-1-butyne 
(HC=CCH2CH2N=C)., The journal of physical 
chemistry. A, 117, 10304 - 10 (2013)

16. Stoyanova, Alexandrina; Teale, Andrew M.; Tou-
louse, Julien; Helgaker, Trygve; Fromager,  Emmanuel, 
Alternative separation of exchange and correla-
tion energies in multi-configuration range-separated 
 density-functional theory, JOURNAL OF CHEMI-
CAL PHYSICS, 139, 134113 (2013)

17. Carles, S.; Møllendal, H.; Guillemin, J. -C., Rotational 
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spectrum of ethyl cyanoacetylene (C2H5C equivalent 
to C-C equivalent to N), a compound of potential 
astrochemical interest, ASTRONOMY & ASTRO-
PHYSICS, 558, A6 (2013)

18. Sivertsen, Annfrid; Brandsdal, Bjørn Olav; Svendsen, 
John Sigurd; Andersen, Jeanette Hammer; Svenson, 
Johan, Short cationic antimicrobial peptides bind to 
human alpha-1 acid glycoprotein with no implications 
for the in vitro bioactivity, JOURNAL OF MOLECU-
LAR RECOGNITION, 26, 461 - 469 (2013)

19. Valiev, Rashid R.; Fliegl, Heike; Sundholm, Dage, 
Insights into Magnetically Induced Current Pathways 
and Optical Properties of Isophlorins, JOURNAL OF 
PHYSICAL CHEMISTRY A, 117, 9062 - 9068 (2013)

20. Røeggen, Inge; Gao, Bin, Perturbed atoms in mole-
cules and solids: The PATMOS model, JOURNAL OF 
CHEMICAL PHYSICS, 139, 094104 (2013)

21. Klaeboe, Peter; Nielsen, Claus J.; Horn, Anne; Guir-
gis, Gamil A.; Overby, Jason S.; Aleksa, Valdema-
ras, Raman and infrared spectra, quantum chemical 
 calculations, conformations and spectral assignments 
of 1-chloro-1-methyl-1-silacyclohexane, JOURNAL OF 
MOLECULAR STRUCTURE, 1047, 282 - 291 (2013)

22. Csehi, Andras; Woywod, Clemens; Halasz, Gabor J.; 
Vibok, Agnes, Ab initio studies of two pyrimidine de-
rivatives as possible photo-switch systems, CENTRAL 
EUROPEAN JOURNAL OF PHYSICS, 11, 1141 - 
1148 (2013)  

23. Conradie, Jeanet, P(OPh)3 substitution at [Rh(beta-
diketonato)(cod)] complexes: The relationship between 
kinetics and frontier orbitals, INORGANICA CHIM-
ICA ACTA, 406, 211 - 216 (2013)

24. Rekkedal, Johannes; Coriani, Sonia; Iozzi, Maria 
Francesca; Teale, Andrew M.; Helgaker, Trygve; 
 Pedersen, Thomas Bondo, Communication: Analytic 
gradients in the random-phase approximation, JOUR-
NAL OF CHEMICAL PHYSICS, 139, 081101 (2013)

25. Przybytek, Michal; Helgaker, Trygve, The accuracy 
of the Gaussian-and-finite-element-Coulomb (GFC) 
method for the calculation of Coulomb integrals, 
JOURNAL OF CHEMICAL PHYSICS, 139, 054114 
(2013)

26. Rybkin, Vladimir V; Ekström, Ulf; Helgaker, Trygve, 
Internal-to-Cartesian back transformation of molecu-
lar geometry steps using high-order geometric deriva-
tives., Journal of computational chemistry, 34, 1842 
- 9 (2013)

27. Demissie, Taye B.; Repisky, Michal; Komorovsky, 
Stanislav; Isaksson, Johan; Svendsen, John S.; Dodzi-
uk, Helena; Ruud, Kenneth, Four-component relativ-
istic chemical shift calculations of halogenated organic 
compounds, JOURNAL OF PHYSICAL ORGANIC 
CHEMISTRY, 26, 679 - 687 (2013)

28. Yang, Li-Ming; Ravindran, Ponniah; Vajeeston, 
Ponniah; Svelle, Stian; Tilset, Mats, A quantum me-
chanically guided view of Cd-MOF-5 from formation 
 energy, chemical bonding, electronic structure, and op-
tical properties, MICROPOROUS AND MESOPO-
ROUS MATERIALS, 175, 50 - 58 (2013)

29. Kvaal, Simen, Variational formulations of the coupled-
cluster method in quantum chemistry, MOLECULAR 
PHYSICS, 111, 1100 - 1108 (2013)

30. Frediani, Luca; Fossgaard, Eirik; Flå, Tor; Ruud, 
Kenneth, Fully adaptive algorithms for multivariate 
integral equations using the non-standard form and 
multiwavelets with applications to the Poisson and 
bound-state Helmholtz kernels in three dimensions, 
MOLECULAR PHYSICS, 111, 1143 - 1160 (2013)

31. Kristensen, Kasper; Kjærgaard, Thomas; Høyvik, 
Ida-Marie; Ettenhuber, Patrick; Jørgensen, Poul; 
Jansik, Branislav; Reine, Simen; Jakowski, Jacek, The 
 divide-expand-consolidate MP2 scheme goes massive-
ly parallel, MOLECULAR PHYSICS, 111, 1196 - 1210 
(2013)  

32. Cornaton, Yann; Franck, Odile; Teale, Andrew M.; 
Fromager, Emmanuel, Analysis of double-hybrid 
density functionals along the adiabatic connection, 
 MOLECULAR PHYSICS, 111, 1275 - 1294 (2013)

33. Sagvolden, Espen; Ekström, Ulf; Tellgren, Erik I., 
 Isoorbital indicators for current density functional 
theo ry, MOLECULAR PHYSICS, 111, 1295 - 1302 
(2013)

34. Fliegl, Heike; Ozcan, Nergiz; Mera-Adasme, Raul; 
Pichierri, Fabio; Juselius, Jonas; Sundholm, Dage, 
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Aromatic pathways in thieno-bridged porphyrins: un-
derstanding the influence of the direction of the thio-
phene ring on the aromatic character, MOLECULAR 
PHYSICS, 111, 1364 - 1372 (2013)

35. Stopkowicz, Stella; Cheng, Lan; Harding, Michael 
E.; Puzzarini, Cristina; Gauss, Jürgen, The bromine 
 nuclear quadrupole moment revisited, MOLECULAR 
PHYSICS, 111, 1382 - 1389 (2013)

36. Lin, Na; Barone, Vincenzo; Cappelli, Chiara; Zhao, 
Xian; Ruud, Kenneth; Santoro, Fabrizio, Effective 
time-independent studies on resonance Raman spec-
troscopy of trans-stilbene including the Duschinsky ef-
fect, MOLECULAR PHYSICS, 111, 1511 - 1525 (2013)

37. Merlot, Patrick; Kjærgaard, Thomas; Helgaker, 
Trygve; Lindh, Roland; Aquilante, Francesco; Reine, 
Simen; Pedersen, Thomas Bondo, Attractive electron-
electron interactions within robust local fitting ap-
proximations, JOURNAL OF COMPUTATIONAL 
CHEMISTRY, 34, 1486 - 1496 (2013)

38. Samdal, Svein; Møllendal, Harald; Guillemin, Jean-
Claude, Microwave Spectrum, Conformational Prop-
erties, and Dipole Moment of Cyclopropylmethyl lso-
cyanide (C3H5CH2NC), JOURNAL OF PHYSICAL 
CHEMISTRY A, 117, 5073 - 5081 (2013)

39. Tverdova, Natalya V.; Girichev,  Georgiy V.; 
Samdal, Svein, The molecular structures of 
tris(dipivaloylmethanato)chromium and tris(dipival-
oylmethanato)cobalt determined by gas electron 
 diffraction and density functional theory  calculations, 
STRUCTURAL CHEMISTRY, 24, 891 - 900 (2013)

40. Belova, N. V.; Girichev, G. V.; Haaland, A.;  Zhukova, 
T. A.; Kuzmima, N. P., The molecular structure of 
tris-2,2,6,6-tetramethyl-heptane-3,5-dione indium: 
gas-phase electron diffraction and quantum chemical 
calculations, STRUCTURAL CHEMISTRY, 24, 901 
- 908 (2013)

41. Pikulska, Anna; Hopmann, Kathrin H.; Bloino, 
 Julien; Pecul, Magdalena, Circular Dichroism and 
Optical Rotation of Lactamide and 2-Aminopropa-
nol in Aqueous Solution, JOURNAL OF PHYSICAL 
CHEMISTRY B, 117, 5136 - 5147 (2013)

42. Pathak, Shubhrodeep; Bast, Radovan; Ruud,   Kenneth, 

Multiconfigurational Self-Consistent Field Calcula-
tions of the Magnetically Induced Current Density Us-
ing Gauge-Including Atomic Orbitals, JOURNAL OF 
CHEMICAL THEORY AND COMPUTATION, 9, 
2189 - 2198 (2013)

43. Stuurman, Nomampondomise F.; Muller, Al-
fred; Conradie, Jeanet, Structural trends  in 
[Rh(PhCOCHCO(CH2)nCH3)(CO)(PPh3)] (n=0-
3) and related complexes: crystal structure of 
[Rh(PhCOCHCO(CH2)2CH3)(CO)(PPh3)], TRAN-
SITION METAL CHEMISTRY, 38, 429 - 440 (2013)  

44. Yang, Li-Ming; Ravindran, Ponniah; Tilset, Mats, 
Solid-State Structure and Calculated Electronic Struc-
ture, Formation Energy, Chemical Bonding, and Opti-
cal Properties of Zn4O(FMA)3 and Its Heavier Con-
gener Cd4O(FMA)3, INORGANIC CHEMISTRY, 52, 
4217 - 4228 (2013)

45. Li, Xiaojun; Su, Kehe; Yang, Xiaohui; Song, Limei; 
Yang, Liming, Size-selective effects in the geometry 
and electronic property of bimetallic Au-Ge nanoclu-
sters, COMPUTATIONAL AND THEORETICAL 
CHEMISTRY, 1010, 32 - 37 (2013)

46. Harmsen, Rianne A. G.; Sivertsen, Annfrid;  Michetti, 
Davide; Brandsdal, Bjørn Olav; Sydnes, Leiv K.; 
Haug, Bengt Erik, Synthesis and docking of novel 
piperidine renin inhibitors, MONATSHEFTE FUR 
CHEMIE, 144, 479 - 494 (2013)

47. Rybkin, Vladimir V.; Simakov, Anton O.; Bakken, Ve-
bjørn; Reine, Simen; Kjærgaard, Thomas;  Helgaker, 
Trygve; Uggerud, Einar, Insights into the dynamics 
of evaporation and proton migration in protonated 
water clusters from large-scale Born-Oppenheimer di-
rect dynamics, JOURNAL OF COMPUTATIONAL 
CHEMISTRY, 34, 533 - 544 (2013)

48. Conde, Ana; Vilella, Laia; Balcells, David; Diaz-
Requejo, M. Mar; Lledos, Agusti; Perez, Pedro J., 
Introducing Copper as Catalyst for Oxidative Alkane 
Dehydrogenation, JOURNAL OF THE AMERICAN 
CHEMICAL SOCIETY, 135, 3887 - 3896 (2013)

49. Samdal, Svein; Møllendal, Harald; Guillemin, 
Jean-Claude, Synthesis, Microwave Spectrum, and 
Conformational Properties of 2-Fluoroethyl Azide 
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(FCH2CH2N3), JOURNAL OF PHYSICAL CHEM-
ISTRY A, 117, 1935 - 1940 (2013)

50. Conradie, Jeanet, A DFT study of the reactivity of 
beta-diketonato-1,5-cyclo-octadieneiridium(I) com-
plexes, POLYHEDRON, 51, 164 - 167 (2013)

51. Lin, Na; Solheim, Harald; Zhao, Xian; Santoro, Fab-
rizio; Ruud, Kenneth, First Principles Studies of the 
Vibrationally Resolved Magnetic Circular Dichroism 
Spectra of Biphenylene, JOURNAL OF CHEMICAL 
THEORY AND COMPUTATION, 9, 1557 - 1567 
(2013)

52. Li, Xiaojun; Hopmann, Kathrin H.; Hudecova, Jana; 
Isaksson, Johan; Novotna, Jana; Stensen, Wenche; 
Andrushchenko, Valery; Urbanova, Marie; Svendsen, 
John-Sigurd; Bour, Petr; Ruud, Kenneth, Determina-
tion of Absolute Configuration and Conformation of 
a Cyclic Dipeptide by NMR and Chiral Spectroscopic 
Methods, JOURNAL OF PHYSICAL CHEMISTRY 
A, 117, 1721 - 1736 (2013)

53. Klaeboe, Peter; Horn, Anne; Nielsen, Claus J.; Alek-
sa, Valdemaras; Guirgis, Gamil A.; Wyatt, Justin 
K.; Dukes, Horace W., Infrared and Raman spectra, 
conformations, quantum chemical calculations and 
spectral assignments of 1-methyl-1-silacyclohexane, 
JOURNAL OF MOLECULAR STRUCTURE, 1034, 
207 - 215 (2013)

54. Onishi, Taku; Helgaker, Trygve, A theoretical study 
on the hydrogen transport mechanism in SrTiO3 
perovskite. II. Scandium doping at titanium site, 
INTERNATIONAL JOURNAL OF QUANTUM 
CHEMISTRY, 113, 599 - 604 (2013)

55. Chen, X.; Rinkevicius, Z.; Ruud, K.; Ågren, H., Role 
of zero-point vibrational corrections to carbon hyper-
fine coupling constants in organic π radicals, JOUR-
NAL OF CHEMICAL PHYSICS, 138, 054310 (2013)

56. Kornobis, Karina; Ruud, Kenneth; Kozlowski, Pawel 
M., Cob(I)alamin: Insight Into the Nature of Electroni-
cally Excited States Elucidated via Quantum Chemi-
cal Computations and Analysis of Absorption, CD and 
MCD Data, JOURNAL OF PHYSICAL CHEMIS-
TRY A, 117, 863 - 876 (2013)

57. Malkin, Elena; Komorovsky, Stanislav; Repisky, 

 Michal; Demissie, Taye B.; Ruud, Kenneth, The 
 Absolute Shielding Constants of Heavy Nuclei: 
 Resolving the Enigma of the Sn-119 Absolute Shield-
ing, JOURNAL OF PHYSICAL CHEMISTRY LET-
TERS, 4, 459 - 463 (2013)  

58. Teale, Andrew M.; Lutnæs, Ola B.; Helgaker, Trygve; 
Tozer, David J.; Gauss, Jürgen, Benchmarking den-
sity-functional theory calculations of NMR shielding 
constants and spin-rotation constants using accurate 
coupled-cluster calculations, JOURNAL OF CHEMI-
CAL PHYSICS, 138, 024111 (2013)

59. Tang, Yizhen; Nielsen, Claus Jorgen, Theoretical 
Study on the Formation and Photolysis of Nitrosa-
mines (CH3CH2NHNO and (CH3CH2)2NNO) under 
Atmospheric Conditions, JOURNAL OF PHYSICAL 
CHEMISTRY A, 117, 126 - 132 (2013)

60. Simakov, Anton; Miller, Glenn B. S.; Bunkan, Arne J. 
C.; Hoffmann, Mark R.; Uggerud, Einar, The dissocia-
tion of glycolate-astrochemical and prebiotic relevance, 
PHYSICAL CHEMISTRY CHEMICAL PHYSICS, 
15, 16615 - 16625 (2013)

61. Hey, Jakob; Leusser, Dirk; Kratzert, Daniel; Fliegl, 
Heike; Dieterich, Johannes M.; Mata, Ricardo A.; 
Stalke, Dietmar, Heteroaromaticity approached by 
charge density investigations and electronic structure 
calculations, PHYSICAL CHEMISTRY CHEMICAL 
PHYSICS, 15, 20600 - 20610 (2013)

62. Alam, Md. Mehboob; Chattopadhyaya, Mausumi; 
Chakrabarti, Swapan; Ruud, Kenneth, Effect of 
 donor-acceptor orientation on solvent-dependent 
three-photon activity in through-space charge-trans-
fer systems - case study of [2,2]-paracyclophane de-
rivatives, PHYSICAL CHEMISTRY CHEMICAL 
PHYSICS, 15, 17570 - 17576 (2013)

63. Erasmus, Johannes J. C.; Conradie, Jeanet, Chemical 
and electrochemical oxidation of [Rh(beta-diketonato)
(CO)(P(OCH2)3CCH3)]: an experimental and DFT 
study, DALTON TRANSACTIONS, 42, 8655 - 8666 
(2013)

64. Conradie, Jeanet, Carbonyl Substitution in beta- 
Diketonatodicarbonyl-rhodium(I) by Cyclo-octa-
diene: Relationships with Experimental, Electronic 
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and Calculated Parameters, SOUTH AFRICAN 
JOURNAL OF CHEMISTRY-SUID-AFRIKAANSE 
 TYDSKRIF  VIR CHEMIE, 66, 54 - 59 (2013)

65. Beerepoot, Maarten T. P.; Steindal, Arnfinn 
 Hykkerud; Kongsted, Jacob; Brandsdal, Bjørn Olav; 
Frediani, Luca; Ruud, Kenneth; Olsen, Jogvan 
 Magnus Haugaard, A polarizable embedding DFT 
study of one-photon absorption in fluorescent proteins, 
PHYSICAL CHEMISTRY CHEMICAL PHYSICS, 
15, 4735 - 4743 (2013)  

66. Langseth, Eirin; Scheuermann, Margaret L.; Balcells, 
David; Kaminsky, Werner; Goldberg, Karen I.; Eisen-
stein, Odile; Heyn, Richard H.; Tilset, Mats, Genera-
tion and Structural Characterization of a Gold(III) 
Alkene Complex, ANGEWANDTE CHEMIE- 
INTERNATIONAL EDITION, 52, 1660 - 1663 (2013)

67. Boström, Jonas; Aquilante, Francesco; Pedersen, 
Thomas Bondo; Lindh, Roland, Analytical Gradi-
ents of Hartree-Fock Exchange with Density Fitting 
Approxi mations, JOURNAL OF CHEMICAL THE-
ORY AND COMPUTATION, 9, 204 - 212 (2013)

68. Shiozaki, Toru; Woywod, Clemens; Werner, Hans-
Joachim, Pyrazine excited states revisited using the ex-
tended multi-state complete active space second- order 
perturbation method, PHYSICAL CHEMISTRY 
CHEMICAL PHYSICS, 15, 262 - 269 (2013)

69. Rybkin, Vladimir V., Ekström, Ulf; Helgaker, Trygve, 
Internal-to-Cartesian back transformation of molecu-
lar geometry steps using high-order geometric deriva-
tives, JOURNAL OF COMPUTATIONAL CHEM-
ISTRY. 34, 1842–1849 (2013) �

WP1: Large periodic and nonperiodic 
systems
Scientists in charge: Trygve Helgaker and Thomas 
Bondo Pedersen
An important contribution to WP1 in 2013 is the release 
of the DALTON2013 suite of programs, accompanied by 
the publication of a Software Focus article in WIREs Com-
putational Molecular Science (DOI:10.1002/wcms.1172), 
which provides an overview of the many capabilities of 
Dalton and collects key references to publications that 
describe the implementations in detail.

The DFT part of LSDALTON has undergone several 
important steps toward a robust and efficient production 
code for molecular systems. These steps include imple-
mentation of hybrid OMP/MPI parallelization for the 
exact exchange contribution, consolidation, benchmark-
ing and theoretical improvements of the (fast) ADMM 
exchange approximation, improvements of the geometry 
optimizer, and the construction of an interface to XCFun, 
needed to extend the current functionality to unrestrict-
ed DFT. Additionally, work on geometrical derivatives up 
to arbitrary order has begun, in addition to a modulari-
zation of the integral code for a simpler interfacing with 

There are no reports for WP2, WP8, and WP9, which are defunct 
in the second CTCC period.
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collaborative codes. We also note the publication of a 
work on internal-to-Cartesian back transformations of 
molecular geometry steps and of a mixed Gaussian-and-
finite-element (GFC) method for the evaluation of Cou-
lomb integrals.

In 2013, we have worked on a new implementation of 
the random-phase approximation (RPA) to the ground-
state electron correlation energy of molecular systems. 
In collaboration with the research group of Professor 
Poul Jørgensen at Aarhus University, Denmark, we have 
 adopted the divide-expand-consolidate (DEC) frame-
work of LSDALTON to achieve the first linear scaling 
(with respect to the size of the molecule) and massively 
parallel implementation of RPA correlation energies 
with and without the inclusion of second-order screened 
 exchange (SOSEX). We are currently testing and bench-
marking this implementation and expect to publish our 
findings in early 2014. In parallel with the DEC-RPA 
develop ment, we have used the RPA gradient implemen-
tation from 2012 to include SOSEX corrections via the 
Lieb formulation in DFT.

Work on the Gaussian-based LSDALTON code for 
extended systems with periodic boundary conditions 
(PBC) has also progressed during 2013. We now have a 
new and efficient implementation of restricted Hartree–
Fock theory for closed-shell molecular crystals, develop-
ment of a Kohn–Sham module is underway, and detailed 
plans are being laid for an implementation of DEC-RPA 
for extended systems.

Finally, we mention that the CTCC has contri buted 
to the development of analytic energy gradients in multi-
configurational self-consistent field theory using Cho-
lesky decompositions, to significantly speed up calcu-
lations and reduce storage demands in the MOLCAS 
quantum chemistry software package.

WP3: Multiwavelets  
Scientist in charge: Tor Flå
In 2013, the work was concentrated on further develop-
ment of MRChem, a program for solving the Kohn–
Sham equations of DFT with the goal of linear scaling in 

calculations of molecular orbitals.  Our approach is based 
on an integral reformulation of the Kohn-Sham equa-
tions that makes it possible (1) to use powerful separation 
of variable techniques for the integral kernels, allowing 
these operators to be expanded with the same complex-
ity as in one dimension and (2) to employ multiwave-
lets combined with the non-standard representation of 
 operators. In this framework, elementary operations such 
as convolution of separated integral kernels and multipli-
cation of linear and nonlinear potentials can be done with 
linear complexity at any given arbitrary precision.

The main activities of 2013 can be summarized as fol-
lows: Durdek, Flå, Frediani, and Jensen have successfully 
implemented and tested three direct optimizers for all-
electron calculations within DFT: (1) a straightforward 
iteration of the integral equations, (2) a DIIS-like pro-
cedure, and (3) a Krylov-accelerated method. The latter, 
which is the most efficient method, is based on a stepwise 
direct orthonormalization of the N occupied orbitals and 
the Fock matrix space spanned by the occupied orbitals. 
A scheme based on both the history of orbital variations 
and diagonalized Fock matrix variations is employed 
in the iterative scheme. The method has been tested for 
some small molecules such as water and benzene and 
found to yield robust convergence for a wide range of ini-
tial values of N orbitals and eigenvalues. We have writ-
ten a manuscript, describing our implementation of these 
three methods, and testing the iteration method for the 
Kohn–Sham electronic orbitals. 

Lately, Flå, Frediani, Jensen, and Wind have  further 
improved on the strategy to deal with Kohn–Sham 
 orbitals by developing a localization procedure based on 
the Foster–Boys functional and orthogonal transforma-
tions of the orbitals. An equivalent method with induced 
orthogonal transformations on the spatial observables in 
the Foster–Boys functional has also been developed by 
Flå and has the potential for reduced complexity.

Jensen has implemented an integral equation method 
for an orbital free method of the molecular electron den-
sity. The approach is very attractive, as it would allow DFT 
calculations without resorting to the Kohn–Sham pic-
ture, consequently eliminating the need to compute N/2 
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orbitals. The two main challenges of such an approach are 
a reasonably accurate description of the kinetic energy 
functional and a robust optimization strategy.

Flå is developing a generalization of scaling laws for 
the kinetic energy and Kohn–Sham functionals based on 
quantum microscopic statistical laws influenced by long-
range interactions and constraints. 

Jensen has further implemented and tested a paralle-
lization algorithm for our adaptive representation of op-
erators by tensor 1D Gaussian approximations and multi-
wavelet trees. The method has been tested on a  series of 
alkanes and diamond clusters and found to have sub-
linear complexity with size of the molecular groups. A 
manuscript about our implementation has recently been 
submitted for publication. Jensen presented the sublinear 
scaling implementation of our Poisson solver with a post-
er entitled Linear scaling Coulomb interaction in the multi-
wavelet basis at the International Conference on Mathe-
matical Modeling in Physical Sciences  (IC-MSQUARE) in 
Prague, September 2013.

Another manuscript submitted for publication con-
cerns our implementation of the adaptive order algo-
rithm, which aims at reducing the complexity of the 
represen tation of a function by allowing for a reduction 
of the polynomial order at finer scales.

Our initial implementation of a direct multiwavelet 
solver for Helmholtz and Poisson operators was pub-
lished in 2013. Of the two PhD students that have been 
involved in the project, Durdek defended his thesis On 
Kohn-Sham Solver Based on Multiwavelet Framework 
in January 2013 and Jensen is aiming for defending his 
thesis in March 2014.

WP4: Molecular properties
Scientists in charge: Luca Frediani and Kenneth Ruud
The goal of WP4 is to develop and employ methods to 
compute molecular properties for a wide range of appli-
cations: elucidation of molecular structure through the 
understanding of structure-to-properties relationships, 
rational design of molecules and materials with tailor-

made properties, and assisting experimental work by 
providing modeling results that are complementary to 
experimental investigations.

The method development activity comprises a wide 
spectrum of tools to achieve an accurate and faith-
ful representation of the properties of the molecular 
 targets  being investigated. For a correct description of 
the molecular electronic structure, a range of electronic-
structure methods is employed, including DFT, multi-
configuration self-consistent field (MCSCF) theory, 
and coupled-cluster theory. For a correct description of 
heavy elements, relativistic effects are included through 
two- and four-components methods; to reproduce the 
environmental effects, the polarizable embedding and 
the polarizable continuum model (PCM) are employed. 
The calculation of high-order molecular properties is 
achieved through the OpenRSP framework, capable of 
computing molecular properties at any arbitrary order in 
the perturbation for self-consistent-field methods such as 
Hartree–Fock theory and DFT, as needed to match recent 
advances in modern spectroscopic techniques such as 
 coherent Anti-Stokes Raman scattering (CARS) or multi-
dimensional vibrational spectroscopy.

During 2013, the OpenRSP code has been completely 
rewritten using recursive programming and work is in 
progress to modularize the code. These are important 
steps towards the integration of the OpenRSP code into 
several com putational (nonrelativistic and two- and 
four-component relativistic) frameworks. As the code is 
compact and contains five distinct algorithms only, the 
 integration of modules for describing environmental 
 effects such as polarizable embedding and PCM is easy, 
making the extension of these models to high-order mo-
lecular properties straightforward. A major result of these 
efforts was the publication of the cubic and quartic force 
field at the DFT level, a joint effort of CTCC in Tromsø 
and Oslo. The code has also been used to provide quin-
tic and sextic force constants, as needed for fourth-order 
vibrational perturbation theory calculations of highly 
 accurate vibrational frequencies. Related to these efforts, 
an analytic implementation of dipole Hessians at the 
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coupled-cluster level of theory was published. This work 
was done in collaboration with Dr. Thomas Jagau, who 
 visited the CTCC for a three-month period during his 
PhD  studies in the spring of 2012, and Professor  Jürgen 
Gauss from the University of Mainz (Germany).

The work on four-component relativistic methods has 
made two significant contributions during the past year: 
establishing a new absolute shielding scale for 119Sn and 
presenting the first four-component implementation of 
NMR shielding constants of paramagnetic species. We 
have implemented the four-component calculation of 
nuclear spin–rotation constants, building on the theoreti-
cal analysis of Aucar and coworkers. Whereas the nuclear 
spin–rotation constants are directly related to the para-
magnetic part of the nuclear magnetic shielding constant 
in the non-relativistic framework, we showed that, for 
119Sn, they differ in the relativistic case by more than 1000 
ppm, corresponding to almost 30% of the absolute shield-
ing scale. Several other absolute shielding scales have also 
been revisited with this methodology. 

For paramagnetic molecules, additional contribu-
tions to the nuclear magnetic shielding constants appear 
beyond what is the case for closed-shell molecules, and 
these contributions are relativistic in nature. As such, it 
has been important to extend the calculation of nuclear 
shielding constants at the four-component level to open-
shell molecules, in part because of the importance of such 
paramagnetic species, but also because of the relativistic 
nature of this property, even for light elements.

Using our newly developed code for calculating mag-
netic-field-induced current densities, we have  explored 
the aromaticity of transition-metal clusters. In combina-
tion with other methods for determining metal- cluster 
aromaticity, we have shown that the prevalent under-
standing of the aromaticity in these clusters may be 
flawed. This work has been done as collaboration  between 
the CTCC nodes in Oslo and Tromsø, as well as with in-
ternational visitors to the CTCC.

The development within the PCM module led to the 
first calculations of solvation energies across surfaces and 
interfaces, including both electrostatic and non-electro-

static effects within a quantum-mechanical framework. 
Although electrostatics is the dominant contribution in 
the solvent, it is known that non-electrostatic effects are 
vital to describe surface solvation. Our recent develop-
ment makes it possible to not only compute solvation 
 energies at interfaces but also to model surface effects on 
molecular properties, enabling us in the near future to 
 include the environmental effect on properties that are 
connected to a wide range of surface-specific spectro-
scopic methods.

Another recent development in the PCM module is 
the interfacing of PCMSolver (our software module to 
include continuum solvation effects) with the PSI4 code 
to achieve a coupled-cluster implementation of PCM, up 
to the CCSD(T) level of theory. Our implementation is 
able to deal with several coupling schemes and we are 
currently working on the linear response implementa-
tion, which will enable us to achieve the first CCSD(T)/
PCM calculations of molecular properties. Such a devel-
opment is important in connection with the modeling of 
chiral properties (optical rotation, Raman optical activity, 
circular dichroism), which are sensitive both to the envi-
ronmental effect and to the accuracy of the electronic-
structure description.

In parallel with these method developments, we 
have continued our studies of the electronic structure of 
 cobalamines, extending our investigations to open-shell 
systems, including studies of their electron paramagnetic 
resonance (EPR) parameters, with special attention paid 
to the relation of these parameters to the spin densities 
in these molecules. Four-component relativistic  methods 
have been used. Because spin is no longer a good quantum 
number in the relativistic domain and due to  spin-orbit 
effects, we have shown that the direct analysis of the spin 
density distribution from experimental EPR data should 
be used with caution. Studies of vibronic effects in dif-
ferent molecular systems have also been pursued and 
published, as have our studies of one- and multiphoton 
absorption properties in fluorescent proteins using polar-
izable embedding methodology.
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WP5: Dynamics and time-development
Scientist in charge: Einar Uggerud
The main objectives of WP5 are to develop and imple-
ment efficient methods for Born–Oppenheimer dynam-
ics and to apply these methods to chemical problems 
relevant to on-going experimental activities: mechano-
chemistry, small molecule reactivity, and properties of 
hydrogen-bonded clusters.

For the method development part, we have improved 
the computer codes for accurate and significantly faster 
integration of the equations of motion. In particular, 
we have interfaced the dynamics code with a develop-
ment version of Dalton, giving access to linearly scaling 
 methods for DFT calculations (WP1). In 2013, Ph.D. stu-
dent V. Rybkin, and other CTCC members published a 
paper demonstrating the strengths of this approach by 
performing large-scale calculations for protonated water 
clusters, (H2O)nH+, with n = 20 and 21. Besides show-
ing the efficiency of the computational method, the cal-
culations reveal interesting dynamical details of proton 
 mobility within the clusters as well as water evaporation.

Postdoctoral fellow H.  S.  Smalø was employed by 
the CTCC (WP5) until summer 2013 and simulated me-
chanical stretching of polymer molecules. A constrained- 
geometry-optimization (COGEF) scheme in combina-
tion with DFT was employed to probe the effect of an 
external force on small molecule models of polymers, 
like polyethylene. When the external force overcomes a 
 critical value, one bond breaks. We discovered that it is 
not the thermochemically weakest central bond but the 
much stronger terminal bond that breaks when  applying 
a continuously increasing force to the opposite ends of 
the hydrocarbon chains. A paper was published in 2013 
 de mon  strating and analysing this anomaly. The dissocia-
tion energy, harmonic force constant, and the angle 
 between the given bond and the external force all con-
tribute to the outcome of the stretching process.  During 
this study, it became clear that dynamical effects also play 
a key role in the stretching of polymers. A follow-up study 
involving a series of molecular dynamics calculations, 
in which thermal fluctuations are also  incorporated, is 
about to be completed.

On the basis of mass-spectrometric experiments 
and quantum-chemical calculations, including detailed 
 kinetic and dynamics calculations, we reported the uni-
molecular dissociation of the glycolate anion in 2013. 
The results provide insights into possible mechanisms 
for interstellar and prebiotic formation of glycolate via 
the reverse of the unimolecular dissociation reactions. 
The addition of the complex of OH– and CO to CH2O 
seems to be the most feasible route to gas-phase synthesis 
of  glycolate, since all species are abundant in interstellar 
space

From gas-phase reactivity studies employing tandem 
mass spectrometry and accurate quantum-chemical 
calcula tions, a paper was published in 2013 describing the 
unimolecular dissociation of the corresponding base of 
glycolaldehyde under conditions of collisional activation. 
The relevance of these findings for the famous formose 
reaction (Butlerov reaction) and possible interstellar 
formation of carbohydrates from formaldehyde was dis-
cussed. It was concluded that the critical C–C bond form-
ing reaction between two formaldehyde molecules to give 
glycolaldehyde is unlikely to occur in the gas phase via a 
route involving the free formyl anion, thereby precluding 
a key pathway for interstellar formation of carbohydrates. 
However, an alternative formation reaction is suggested.

A new postdoctoral fellow, Andrea Debnarova, was 
employed from December 1. She is involved in dynami-
cal simulations of the reactivity of OH−(H2O)n and 
O2

−  (H2O)n clusters, currently under investigation in 
the mass-spectrometric laboratory. To this end, the reac-
tions of CO2 with water clusters containing hydroxide, 
OH−(H2O)n, have revealed that the decisive bicarbon-
ate forming step occurs by proton transfer away from 
a  water molecule already complexed with CO2, upon 
which a HO–CO2 bond is formed in a concerted man-
ner to the emerging OH–. For larger clusters, successive 
proton transfers from H2O to OH− are required to effec-
tively bring the nucleophilic OH− core next to the CO2 
molecule and accomplish bicarbonate formation. In this 
manner, a general mechanism is suggested, also applica-
ble to bulk water and thereby to CO2 uptake in oceans. 
 Remarkably, this mechanism avoids carbonic acid H2CO3 
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by combining the CO2 hydrolysis and the protolysis step 
in one. The general mechanistic picture is consistent with 
low enthalpy barriers and the fact that the limiting factors 
are largely of entropic nature.

A new Ph.D. student, Glenn Miller, was employed 
from August 1. His PhD project involves mechanistic 
studies of bond breaking and bond forming reactions 
 relevant to the photosynthetic dark reaction and the 
physical and chemical properties of hydrogen-bonded 
clusters of importance in atmospheric science.
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WP6: Bioinorganic chemistry
Scientist in charge: Abhik Ghosh
Much of 2013 was devoted to the writing of an under-
graduate inorganic chemistry textbook Arrow-Pushing in 
 Inorganic Chemistry: A Logical Approach to the Chemistry 
of the Main Group Elements, coauthored with our collabo-
rator Steffen Berg and due to be published by John Wiley 
and Sons in 2014. The book is intended to present a new 
approach to teaching descriptive inorganic chemistry, 
emphasizing electronic-structure principles, including 
both organic-style arrow-pushing and quantum-chemi-
cal calculations (DFT). The approach has been summa-
rized in two separate articles in the Journal of Chemical 
Education (see Figure 1) and a third one has been submit-
ted for publication. 

Book writing unfortunately took a toll on research 
publications in 2013; a great deal of progress, however, 
was made in several areas pursued in the Ghosh group. 
As usual, synthetic achievements in our experimental 
laboratory drove much of the group’s theoretical model-
ing efforts. The major highlight of these efforts was the 
synthesis of a wide range of 5d transition metal corroles, 
including many that are the first of their kind, by post-
doctoral researcher Dr. Abraham Alemayehu. These syn-
theses are challenging because of the mismatch between 
the large ionic radii of the lower oxidation states of the 5d 
elements and the contracted N4 cores of the corrole mac-
rocycle. Numerous X-ray crystal structures were solved 
at the Advanced Light Source of the Lawrence Berkeley 
 National Laboratory, Berkeley, California. These com-
plexes offer a fertile field for exciting spectroscopic and 
theoretical studies, which are currently being spearhead-
ed by postdoctoral associate Dr. Hugo Vasquez Lima. 

The 5d metallocorrole work formed the basis of a 
 successful grant application to FRINATEK, the basic 
 research program of the Research Council of Norway 
in the area of science and technology. The grant titled 
Corroles as a Platform for Fundamental Transition Metal 
Chemistry, with Emphasis on Heavy Elements will permit 
the group to recruit and retain key research personnel 

and thus continue to pursue a successful avenue of fun-
damental research in inorganic chemistry. 

Another interesting achievement was the synthesis of 
a series of corrole ligands with a large number (10–20) 
of –SF5 (pentafluorosulfanyl) groups by postdoctoral re-
searcher Dr. Kolle Thomas; these molecules are currently 
being examined as novel medical imaging agents. In yet a 
third line of work, the corrole N4 core was found to pro-
vide a spatially constrained environment for novel boron 
chemistry; this work was pursued in collaboration with 
Professor Penny Brothers of the University of Auckland, 
New Zealand.

Theoretical modeling of unusual non-heme NO com-
plexes was pursued with vigour in collaboration with 
Professor Jeanet Conradie of the University of the Free 
State, Republic of South Africa. Professor Ghosh was able 
to join a large gathering of NO researchers and present 
his research at a symposium in honor of Professor  Peter 
Ford of the University of California Santa Barbara at 
the Spring National Meeting of the American Chemical 
 Society in New Orleans. Both Professors Conradie and 
Ford visited Tromsø in the fall as CTCC visitors. 

The INDNOR program of the Research Council of 
Norway and the Department of Science and Technology, 
India, facilitated an active exchange of visitors between 
the CTCC and academic institutions in Kolkata, India. 
The Indian side is headed by Professor Emeritus Debashis 
Mukherjee of the Indian Association for the Cultivation 
of Science, Kolkata. The INDNOR research included 
methods development, particularly high-level multi-
configurational methods, and applications, focusing on 
 boron-nitrogen–based hydrogen storage materials. 
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Figure 1: Top left: Postdoc Abraham Alemayehu savoring the conclusive synthesis of a novel 5d metallocorrole. Top right: 
part of a Journal of Chemical Education paper illustrating the group’s deepening involvement in chemical education 
research. Bottom: Gathering of NO researchers at a symposium in honor of Professor Peter Ford’s 2013 ACS Award for 
Distinguished Service in the Advancement of Inorganic Chemistry at the Spring ACS meeting in New Orleans. Professor 
Ford is reclining on the floor; Professor Ghosh (grey suit) is behind him, flanked to the left by NO and nitrite researcher 
Professor George Richter-Addo and to the right by Professor Gerhard Erker (leading researcher on frustrated Lewis 
pairs).
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WP7: Catalysis and organometallic 
chemistry

Scientist in charge: Mats Tilset
Catalysis is of paramount importance for the develop-
ment of efficient, selective, and environmentally benign 
processes in the production of bulk and fine chemicals 
and materials. The main focus of WP7 is currently on 
systems of relevance to homogeneous catalysis. Gold 
 catalysis is one of the most actively pursued areas in 
metal-complex catalysis today. The research group of the 
WP7 leader has developed new and efficient synthetic 
procedures that give access to a variety of new Au(I) and 
Au(III) complexes, which are investigated with respect 
to structure, mechanisms, and catalytic applications. The 
most fruitful way to gain insight into such systems is to 
combine experimental and computational approaches, a 
development that is seen in numerous research groups 
internationally.

David Balcells, postdoctoral fellow at CTCC since 
2012, contributes to WP7 with computational work that 
strengthens the experimental activities of the Tilset group 
in organometallic chemistry and homogeneous cataly-
sis. Balcells was awarded a Marie Curie grant in 2013–a 
 testimony that CTCC attracts exceptionally skilled co-
workers: He is in the process of consolidating his scien-
tific independence at CTCC. 

Professor Odile Eisenstein, Montpellier, serves as an 
adjunct professor at CTCC. She does an admirable job 
at introducing computational methods in many research 
groups at the Department of Chemistry, including those 
that do chemistry within the scope of WP7. 

The WP7 leader Professor Tilset was awarded a FRI-
NATEK in 2013 grant to further pursue the development 
of gold chemistry. This has allowed the employment of 
two coworkers: Ainara Nova, post-doctoral fellow at 
CTCC for a 3-year period from May 2013, and Marte 
Sofie Holmsen, PhD student at the CTCC and the De-
partment of Chemistry for a 4-year period from August 
2013. Holmsen will mainly focus on experimental Au 
chemistry, whereas Nova will support the experimental 

activities with computational work. A great number of 
PhD and MSc students from different research groups, 
and who are primarily experimentalists, have in addi-
tion dedicated parts of their research to computational 
 studies, with CTCC mentors. This development is in 
line with the ambition of the WP7 leader: that students 
who focus on experimental work should also have com-
putational methods in their “chemistry toolbox” upon 
completion of their degrees. Ongoing efforts in compu-
tational organometallic chemistry and catalysis primarily 
utilize DFT methodologies. Four examples that describe 
activities from 2013, and which serve to define major di-
rections for future activities will be briefly described in 
the following.

A great number of important metal-catalyzed pro-
cesses, including those of Au(I) and Au(III), involve reac-
tions of unsaturated organic molecules, such as alkenes 
and alkynes. In the 2012 annual report, we described the 
isolation, crystal structure, and DFT investigation of the 
Au(III) complex (cod)AuMe2

+ (Figure 1). One year later, 
this species still remains the only published example of 
a structurally characterized Au(III) alkene complex. This 
unusual species has inspired us to investigate the possibil-
ity that other L-bonded ligands (L = alkene, alkyne, arene, 
CO, CO2…) might coordinate at the AuMe2

+  moiety to 
furnish a range of L2AuMe2

+ species. Computational 
data on the thermodynamic stabilities of such  species 
have been provided by Ainara Nova with the use of iso-
desmic exchange reactions. These calculations precede 
experimental efforts, and help guide new experiments 
to be conducted with the most promising of substrates L 
(experiments to be done by Marte Sofie Holmsen).

Au
Me
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L
Au

Me

L Me

(cod)AuMe2
+
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L2AuMe2
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Figure 2

Inspired by our isolation of the first Au(III) alkene 
complex, we designed experiments that led to the obser-
vation of the formal insertion of ethylene into one of the 
Au-O bonds in the Au(III) complex (tpy)Au(OCOCF3)2 
(Figure 2). Possible scenarios for the mechanism of 
this transformation were modeled by DFT methods by 
 Aina ra Nova. The calculations suggested a sequence 
of events that involve (a) substitution of ethylene for 
 trifluoroacetate, followed by (b) nucleophilic attack by 
external, rather than Au-bonded, trifluoroacetate on the 
coordinated ethylene. Furthermore, the calculations sug-
gested (c) that these steps should be reversible under the 
reaction conditions. These predictions led to the design 
of experiments that address these important issues. Very 
recently, we have learned that all three predictions  (a) -(c) 
are confirmed by experiment! A manuscript is near com-

pletion.
Alexandra Strom, an experimental PhD student from Pro-
fessor John Hartwig’s research group at the University of 
California, Berkeley, visited CTCC to learn and conduct 
DFT modeling of a promising Rh-based catalyst system 
for hydro amination of alkenes, a process that is of consid-
erable practical interest in organic synthesis. Mechanistic 
alternatives consistent with experimental observations 
were investigated under David Balcell’s guidance. The 
 results have led to the design of new ligands that should 
improve the catalytic performance – work currently  being 
conducted in Berkeley. A manuscript is in preparation.

CTCC post-doctoral fellows David Balcells and 
 Ainara Nova very recently published their first truly in-
dependent paper in Chemical Communications, showing 

that CTCC provides a research environment that strongly 
stimulates the transition of early-stage researchers to sci-
entific independence. It was demonstrated by DFT and 
CCSD(T) calculations on catalytically relevant complexes 
that the weakest C–H bonds of N- and P-donor ligands 
are strengthened upon ligand coordination at the metal. 
This effect serves to deactivate ligand C-H bonds with 
respect to bond cleavage processes that might other-
wise lead to catalyst destruction. To understand catalysis 
and to improve catalyst performance, it is important to 
 address the pathways that lead to catalyst deactivation. 
Thus, this contribution, which is highlighted elsewhere 
in this annual report, deals with an important issue that 
is often neglected by experimental and computational 
chemists alike. This study will be further extended in the 
context of David Balcell’s Marie Curie grant.

In conclusion, the activities in WP7 benefit tremen-
dously from the active interplay between theory and ex-
periment. During the early years of CTCC, experiment 
almost always preceded theory. Today, these approaches 
work hand in hand. Importantly, in several instances, 
theoretical predictions actually precede experiment and 
more than ever serve to actively guide the design of new 
experiments.

WP10: Biomolecular modeling
Scientist in charge: Bjørn Olav Brandsdal
Our main activities concern modeling of protein–ligand 
binding and enzymatic catalysis, with focus on design of 
protein inhibitors and ultimately tailor-made enzymes. 
One of our prioritized areas in 2013 has been to develop a 
graphical user interface (Qgui) to the molecular dynam-
ics (MD) program Q. The new interface enables automa-
tion of force-field assignment and topology generation, 
setup of MD simulations as well as more advanced free-
energy calculations. Tools to analyze data generated have 
also been implemented. The development of both Qgui 
and Q will continue in 2014, in collaboration with the 
groups of Professor Johan Åqvist and Professor Lynn Ka-
merlin at Uppsala University.
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Temperature dependence of chemical rates using en-
zymes adapted to different temperatures as model sys-
tems has been one of our major themes pursued. Cold-
adapted organisms require specialized enzymes that can 
resist freezing and maintain high catalytic efficiency at 
low temperatures. The high catalytic rates are achieved 
by enzyme adaptations yielding lower activation enthal-
pies and entropies than for mesophilic homologs, thereby 
solving the problem of the exponential rate decrease with 
falling temperature. However, the structural mechanisms 
behind this universal property of cold-adapted enzymes 
remain unknown. The crucial activation enthalpy– 
entropy balance for different enzymes must be repro-
duced by the simulations and the only way to do this is to 
computationally obtain Arrhenius plots for the activation 
free energy versus temperature. This involves calculating 
a large number of free energy profiles at different tem-
peratures so that activation enthalpies and entropies can 
also be extracted with high precision. Clearly, such exten-
sive sampling by molecular dynamics (MD) simulations 
precludes the use of most standard QM/MM approaches, 
but the empirical-valence-bond (EVB) model provides a 
very efficient method for this purpose. The EVB method 
allows us to study chemical reactions in solution, includ-
ing enzyme-catalyzed reactions, using classical molecular 
dynamics combined with the free-energy-perturbation 
(FEP) technique. A proper reference reaction for the 
uncatalyzed reaction is first parameterized to reproduce 
experimental (or ab initio) rate constants and barriers. 
The parameters obtained are then used directly in the 
enzyme-catalyzed reaction to obtain the free energy reac-
tion profile. 

We have focused our efforts on how to simplify the 
calculations of activation enthalpies and entropies from 
Arrhenius plots for chemical reactions through automa-
tion of parameter assignments and actual simulations. 
High-precision Arrhenius plots require accurate calcula-
tion of the free energy of activation to reach acceptable 
convergence and error bars, and the only way this can 
be achieved is by performing hundreds of simulations at 
each temperature. Thus, computational Arrhenius plots 
typically require around 1000 simulations, generating 

enormous amounts of data. With our newly developed 
Qgui, this can easily be carried out and analyzed with 
little effort. 

By extensive computer simulations, which reproduce 
the characteristic temperature dependence of activa-
tion free energies, we show that it is the softness of the 
protein-water surface that regulates the activation enthal-
py–entropy balance. Structural mechanisms behind this 
phenomenon are identified and our simulations show 
that single mutations can significantly affect the thermo-
dynamic activation parameters, indicating how these can 
be optimized by evolution.

We have also established collaboration with a phar-
maceutical company on design of inhibitors towards 
the human deoxyuridine 5’-triphospate nucleotidohy-
drolase (dUTPase). dUTPase catalyzes the hydrolysis of 
dUTP into dUMP and PPi in all free-living organisms, 
including viruses. It is essential for life to maintain a 
low dUTP:dTTP ratio. Failure to do so results in chro-
mosome fragmentation due to uracil misincorporation 
which ultimately leads to thymineless cell death. Species-
specific dUTPase inhibition has therefore emerged as a 
promising pharmaceutical strategy against a number of 
pathogens, including malaria and tuberculosis, where 
the biosynthesis of dTMP relies exclusively on the dUT-
Pase activity. We have established a protocol for how to 
efficiently calculate binding free energies using extensive 
sampling with molecular dynamics simulations. In silico 
design of novel inhibitors with prediction of binding free 
energies are ongoing and will continue in 2014. 

The last theme pursued in 2013 is the development 
of explicit membrane models to study how short cati-
onic antimicrobial peptides (CAPs) are able to selectively 
 destroy various bacteria. Our attention has been focused 
on the multiresistant Staph. Aureus. Bacterial membranes 
are most often negatively charged, whereas our cells are 
surrounded by a neutral membrane. We have now built 
models of both and have examined how the CAPs are 
able to destabilize the bacterial membrane. An example 
of how one of the active CAPs are inserted into the lipid 
bilayer is shown in Figure 1. �



annual report 2013
CTCC The Centre for Theoretical

and Computational Chemistry

annual report 2013
CTCC The Centre for Theoretical

and Computational Chemistry

CTCC – Annual Report 2013 | 3938 | CTCC – Annual Report 2013

Figure 1: MD snapshot of a cationic antimicrobial peptide (yellow) inserted into lipid bilayer
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