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The Centre for Theoretical and Computational 
 Chemistry (CTCC) is a Norwegian Centre of Excel-
lence (CoE) established by the Research Council of Nor-
way (RCN) in July 2007. The goal of the CoE program 
is to stimulate Norwegian research groups to establish 
larger units focusing on frontier research at a high 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 two centres in chemistry. It has two nodes of equal 
size, hosted by UiT the Arctic University of  Norway (UiT) 
and the University of Oslo (UiO). The CTCC  receives an 
annual RCN funding of about 9.5  MNOK for the period 
July 2007 – June 2017. In addition, it  receives substantial 
financial support from UiT and UiO.

The vision of the CTCC is to become a leading 
 international contributor to computational chemistry 
by carrying 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 at the centre. In 
 addition, the CTCC has organized a number of inter-
national 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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Training and promotion of the young have been  important 
for the CTCC since its establishment in 2007. The  Centre 
has always given priority to its younger members at the 
CTCC weekly joint seminars, at CTCC meetings, and all 
CTCC sponsored events. In 2013 we saw strong evidence 
that this policy is working when Dr. Heike Fliegl and 
 Dr. Kathrin Hopmann each received a “Young  Research 
 Talent” FRIPRO grant from the  Research Council of 
Norway, allowing them to launch their own  independent 
research programs within the CTCC, thereby contribut-
ing to sustaining the high level of activity at the Centre. 
In fact, 2014 was our second most productive year, with 
93  articles published in international journals, only one 
less than in the top year 2012.

 In 2014, young scientists at the CTCC again achieved 
successes. First and foremost, we would like to congrat-
ulate Dr. Simen Kvaal in Oslo on his award of an ERC 
Staring Grant, Bivariational Approximations in  Quantum 
Mechanics and Applications to Quantum Chemistry. The 
CTCC now hosts two ERC Starting Grants and one Ad-
vanced Grant—the only ERC grants in chemistry in Nor-
way. We would also like to congratulate Dr. Erik Tellgren 
in Oslo, who was awarded a four-year “Young Research 
Talent” FRIPRO grant for his project Molecular Spin 
Frustration, continuing the success of the CTCC in this 
 respect. The four grants won by young CTCC scientists in 
2013 and 2014 are solid evidence that the CTCC is attract-
ing young talent with a vision for science. We are also 
proud that CTCC members Dr. Bin Gao and Dr. Kathrin 
 Hopmann were hired permanently as Research Scientists 
by UiT The Arctic University of Norway in 2014.

Several events were successfully organized by young 
scientists in 2014: Dr. Arnfinn Steindal organized the 
CTCC spring meeting in Tromsø in April, Dr. David 
Balcells organized a symposium in honour of Adjunct 
Professor Odile Eisenstein in Oslo in September, and Dr. 
Heike Fliegl organized the meeting of the Division for 
Computational Chemistry at the  National Convention of 
the Chemical Society of  Norway in Lillestrøm in Octo-
ber. We would like to take this  opportunity to thank them 
for their efforts. 

The year 2014 was not all about young scientists. We 
are proud that Associate Professor Thomas B.  Pedersen 
was awarded a four-year FRIPRO grant from the  Research 
Council of Norway, that Professor  Abhik Ghosh  published 
together with Steffen Berg the  inorganic  textbook Arrow-
Pushing in Inorganic  Chemistry: A  Logical Approach to the 
Chemistry of the Main Group  Elements, and that  Professor 
Kenneth Ruud was elected into the Finnish Academy of 
Science and Letters and into  Academia Borealis.

A special event at the CTCC in 2014 was the  Honorary 
Doctorate awarded to Adjunct Professor Odile  Eisenstein 
by the University of Oslo. She has done a fantastic job at 
the CTCC and we are delighted that her contract with 
us has been extended by another five years. In June 
2014, Odile Eisenstein organized with Adjunct Professor 
Benedetta Mennucci the conference Promoting Female 
Excellence in Theoretical and Computational Chemistry 
( FemEx II) in Oslo, a follow-up to the first such meeting 
held at Sommarøy in 2010. We would like to thank both 
and are particularly proud that the CTCC has accom-
plished something nontrivial: to establish a conference 
series. FemEx III is scheduled for 2018 in the Netherlands 
by Professor Ria Broer at the University of Groningen, 
one of the participants of FemEx II. 

In short, 2014 was a year that laid the groundwork for 
many future activities and research directions, both at the 
CTCC and beyond. We are confident that exciting new 
chemistry lies ahead, for all members of the CTCC.

A Year for Young Scientists

Director Trygve Helgaker and co-director Bjørn Olav Brandsdal.
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One year ago, the Board of Directors was pleased to 
note the many recent successes of the younger scientists 
at the CTCC, combined with a marked  diversification 
of the CTCC towards new areas of chemistry and 
 biochemistry and towards computation. This year, the 
younger  members of the CTCC continue to impress, but 
now within the core activities of theoretical rather than 
 computational chemistry. In particular, we would like to 
congratulate Dr. Simen Kvaal on the award of an ERC 
Starting Grant in theoretical chemistry for the  period 
2015–2020. It is a clear sign of quality that the CTCC is 
now the host to one ERC Advanced Grant and two ERC 
Starting Grants—in fact, all of Norway’s ERC grants in 
chemistry. 

The Board also extends its congratulations to Dr. Erik 
Tellgren on the award of an RCN “Young  Researcher 
 Talent” grant in theoretical chemistry, building on 
last year’s successes of Dr. Heike Fliegl and Dr. Kathrin 
 Hopmann. The fact that CTCC hosts three of the four 
“Young Research Talent” grants so far awarded to  chemists 
is another indication that the CTCC is  carrying out work 

at the highest national and international  levels and that 
it has done a remarkable job of attracting and promot-
ing young scientists. The Board is also pleased to learn 
that UiT hired on a permanent basis two  younger CTCC 
members as Research Scientists in 2014— namely, Dr. Bin 
Gao and Dr. Kathrin Hopmann. The Board  congratulates 
all of them with their achievements. A long-term con-
cern for the  future of chemistry in  Norway is perhaps the 
observation that none of the five young  scientists men-
tioned above are chemists graduated from Norwegian 
chemistry institutions—they have been recruited either 
from abroad or from physics.

For the CTCC and its future development, the 
 hiring of Michele Cascella as associate professor at the 
 University of Oslo was an important event in 2014. The 
CTCC now has an even stronger footing in biochemis-
try,  continuing its  diversification of computation beyond 
traditional  chemistry. Among the successes of its senior 
members, the Board would like to congratulate Professor 
 Abhik Ghosh on the publication of the textbook Arrow- 
Pushing in  Inorganic Chemistry: A Logical Approach to 

From the Board of Directors

Professor Fred Godtliebsen          
Vice Dean at The Faculty of Science and  
Technology, UiT. Chairman of the board

Professor Anne-Brit Kolstø 
University of Oslo

Vice-chairman of the board

Dr. Nina Aas
Det norske oljeselskap ASA

Professor Ragnar Winther
 University of Oslo

Associate Professor Ole Swang
University of Oslo, and Senior Scientist

at SINTEF Materials and
Chemistry
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Research: In terms of publications, 2014 was the  second 
most productive year, with 93 publications, one less than 
in the top year 2012 and 25 more than in 2013. Our  articles 
continue to have strong impact, collecting 1500 citations 
in 2014. The 565 CTCC  publications registered by Web 
of Science have now been cited about 6500 times in the 
literature and have an h-index of 33. An article describ-
ing the Dalton program, a software project to which the 
members of the CTCC have contributed strongly, was 
published in May 2014. It has been cited 83 times and 
identified as a Hot Paper by Web of Science, placing it 
in the top 0.1% of papers in  chemistry. The most highly 
cited CTCC paper remains the  article  Excitation energies 
in density functional theory: an  evaluation and a diagnos-
tic test, published by T. Helgaker in collaboration with D. 
Tozer and his research group at Durham University in 
2008; it has now been cited more than 480 times. The 
article  Human infrared vision is triggered by two- photon 
chromophore isomerization, coauthored by M.  Cascella 
(Proc. Natl. Acad. Sci. USA, 111, E5445, 2104) was high-
lighted in  Nature under the title Photons  double up to 
make the invisible visible on December 1 2014.

An important event in 2014 was the award of an ERC 
Starting Grant to S. Kvaal, a CTCC researcher in Oslo, 

for his project Bivariational Approximations in  Quantum 
Mechanics and Applications to Quantum Chemistry 
( BIVAQUM). With a budget of about 1.5 million euros 
and additional support from the Faculty of  Mathematics 
and Natural Sciences, the BIVAQUM project will run 
 until 2020, bringing in fresh activities in theoretical 
 quantum chemistry. Other CTCC members were also 
successful in bringing in new grants: E. Tellgren was 

2014 in brief

the  Chemistry of the Main Group Elements and Associ-
ated Professor Thomas B. Pedersen on securing a large 
RCN FRIPRO grant.

In 2014, the CTCC continued its tradition of organiz-
ing national and international meetings and  conferences. 
We are particularly pleased that the CTCC has organized 
the conference  Promoting Female Excellence in Theoreti-
cal and Compu tational  Chem istry II, as a  follow-up to the 
successful first female excellence conference held in Som-
marøy in 2010. It is a clear measure of success that a third 
such conference is now being planned in the Netherlands 

in 2018, thereby establishing a new conference series in 
theo retical and computation chemistry.

The Board of Directors notices that 2014 has been a 
productive year for the CTCC—after a dip in pro ductivity 
in 2013, the CTCC is now back at full throttle with more 
than 90 articles and one book published in 2014. Finally, 
the Board of Directors would like to  congratulate Adjunct 
Professor Odile Eisenstein on the award of an  Honorary 
Doctorate at the University of Oslo and  Professor  Kenneth 
Ruud on the election to the Finnish Academy of Science 
and the Letters and to the Academia Borealis in 2014.  

CTCC researcher Simen Kvaal was awarded an ERC Starting Grant
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awarded a four-year RCN FRIPRO “Young Research 
 Talent” grant of 7 million NOK for Molecular Spin Frus-
tration and T. B. Pedersen secured a four-year FRIPRO 
support of 9 million NOK for Coupled Cluster Methods 
for Periodic Systems.

The CTCC was host to a large number of guests and 
visitors in 2014, with about 35 visits to each of the two 
CTCC nodes, including a four-month stay in Oslo of 
Prof. Jürgen Gauss from the University of Mainz.

Training: An important part of the training of master 
students, PhD students, postdocs, and researchers are the 
regular video-transmitted CTCC seminars, where each 
Friday two reports on recent work are given by members 
of the CTCC. In addition, they receive valuable training 
at the CTCC spring meetings and the annual meetings 
of the Computational Chemistry Division of the Norwe-
gian Chemical Society. This year, twenty of the lectures 
given at the CTCC spring meeting in Tromsø and ten of 
the lectures at the Norwegian Chemical Society  meeting 
in Lillestrøm were given by young members of the CTCC.

In July 6–18, the 13th Sostrup Summer School in Quan-
tum Chemistry and Molecular Properties was held near 
Himmelbjerget in Denmark, with nearly 60  participants, 
among whom were the CTCC PhD students Sarah 
 Reimann and Karl Leikanger. As in previous years, the 
school was directed and taught by T. Helgaker of the 
CTCC together with P. Jørgensen and J. Olsen of Aarhus 
University, with S. Reine, E. Rebolini and S. Stopkowicz 
working as tutors from the CTCC. The heavy involve-
ment of the CTCC at this summer school is an   excellent 
indication of the central role that the CTCC now plays in 
 European quantum chemistry. Likewise, in April 22–24, 
B. O. Brandsdal and G. Isaken of the CTCC in Tromsø 
 organized a user meeting for the Q Molecular  Dynamics 
 Program on the Coastal Express, with 25 participants.

In 2014, CTCC member A. Ghosh published with 
 Steffen Berg the undergraduate inorganic textbook 
 Arrow- Pushing in Inorganic Chemistry: A Logical 
 Approach to the Chemi stry of the Main Group Elements 
on John Wiley and Sons. Ghosh presented his book at 
the 248th ACS  National Meeting and Exposition in San 

Francisco in  August 2014.
In 2014, two young members of the CTCC, K. Hop-

mann and B. Gao, were hired permanently as  research 
scientists at UiT The Artic University of  Norway. In early 
2015, M. Repisky of the CTCC in  Tromsø was  similarly 
hired and preparations are  being made for as similar 
hiring of S. Kvaal in Oslo,  following his  successful ERC 
award. 

Outreach and dissemination: In 2014, the CTCC 
 continued its tradition of organizing meetings and 
 conferences. Apart from the regular CTCC spring 
 meeting held in Tromsø 7–8 April, the CTCC  organized 
the meeting of the Division for Computational  Chemistry 
at the National Convention of the Norwegian Chemical 
 Society in Lillestrøm October 29–30, with 70  participants 
and 25 oral presentations. The Division for Computa-
tional Chemistry is the youngest division the Norwegian 
Chemical Society, established in 2008 on the initiative 
of the CTCC; this year, the sessions organized by the 
 Division for Computational Chemistry boasted the high-
est attendance of all parallel sessions at the convention.

As a follow-up to the successful Female Excellence 
meeting held at Sommarøy in 2010, O. Eisenstein,    B. Men-
nucci and T. Helgaker organized the  meeting  Promoting 
Female Excellence in Theoretical and  Computational 
Chemistry (FemEx II) in Oslo June 13–16, with more than 
100  participants, supported by the RCN and CTCC.

M. Cascella organized the CECAM workshop Protein 
assemblies at the interface of functionalised  materials at 
EPFL in Lausanne, Switzerland, 17–19 September 2014. 
He is coeditor of a special issue on the same topic in Fron-
tiers of Molecular Biosciences, to appear in 2015.

On September 2, O. Eisenstein received an  Honorary 
Doctorate from the University of Oslo; on the next 
day, the CTCC celebrated this happy event by holding 
a workshop in her honour at the Norwegian Academy 
of  Science and Letters, organized by D. Balcells and M. 
 Tilset,  followed by a banquet dinner in the evening. 

On March 11, the Norwegian Chemical Society and 
the Norwegian Academy of Science and Letters organized 
the Celebration of 150 Years of The Law of Mass Action 
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Guldberg and Waage with CTCC members E. Uggerud 
as chairman and K. Ruud as a member of the organizing 
committee. The event was sponsored by Borregaard and 
the Department of Chemistry at the UiO. 

J. Vedde and T. Helgaker of the CTCC helped 
 organ ize the Kjemi Grand Prix Day at the Department 
of  Chemistry in Oslo on November 12, where CTCC 
 master student Jostein Trøyflat took the third prize 
in the competi tion, for his presentation of molecular 
 magnetism.  The CTCC was also involved with Festival 
of Chemistry at the  Norwegian Museum of Science and 
 Technology  November 8–16, where CTCC members 
E. Uggerud and T. Helgaker participated with various 

chemistry activities for  children, including icecream 
making with  liquid nitrogen. In 2014, members of the 
CTCC made  several notable  contributions in the media. 
In particular, E.  Uggerud  continued to serve as a member 
of the panel of Abels Tårn and Ekko, a popular-science 
program on  Norwegian Radio.

We would finally like to point out two upcoming 
CTCC events in January 2015: Fundamental  Aspects of 
DFT at the  Academy of Science and Letters organized by 
S. Kvaal and T. Helgaker and A Voyage From Molecules to 
 Materials with  Numerical Methods for Quantum Chem-
istry on the Coastal  Express, organized by L.  Frediani 
(CTCC) and D. Sundholm (University of Helsinki).

Figure 1: Published Items in Each Year Figure 2: Citations in Each Year
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In the past twenty years the synthesis of  expanded 
 porphyrins and porphyrinoids has undergone an 
 enormous development. The most well-known  porphyrin 
molecule is probably heme, which is the oxygen  absorbing 
pigment of the hemoglobin protein in red blood cells. 
Porphyrin-based heterocycles such as chlorins and 
 bacterio-chlorins are important for the photosynthesis of 
plants and  bacteria, since they are part of chorophyll and 
other light-harvesting complexes that provide the  energy 
needed to generate oxygen and sugars from carbon-
dioxide and water.

Beside being of biological relevance, porphyrin-based 
materials are useful as dyes in dye-sensitized solar cells, 
that generate energy from sunlight. Porphyrins can also 
be used in molecular electronics and nonlinear optics 

devices, since they serve as functional materials for elec-
tronic or magnetic data storage memory. 

Recently, porphyrins have gained increasing 
 importance for biomedical applications in the context 
of cancer treatment, such as photodynamic therapy. 
 Porphyrin-based drugs can be used as photosensitizers, 
that are injected into or close to cancer cells. Singlet oxy-
gen is  generated by illuminating the porphyrinoid drug 
with laser light, which then kills the cancer cells, whereas 
in  absense of light the injected drug is harmless to the 
 patient.

Thus, a deeper understanding of porphyrins and 
 porphyrin-based materials is important to society, since 
it will facilitate the development of new drugs for cancer 
therapy. Novel porphyrins may also be used for satisfying 

Highlight: 
New insights on porphyrinoid compounds 
through studies of   gauge-including 
magnetically induced  current densities
Heike Fliegl

Scheme 1: Overview of relevance of porphyrins.
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the increasing energy demand of mankind or as building 
blocks in molecular devices, see overview in Scheme 1.
Synthesis and chemical modification of porphyrinoids is 
experimentally rather easy. Therefore, porphyrinoids have 
gained increasing significance in systematic investi gation 
of the aromatic character of complex multiring molecules 
with the ultimate aim to design porphyrinoids  consisting 
of a distinct number of π-electrons.  Aroma ticity is a very 
old concept originating from organic chemistry, that 
is still under debate. However, for chemists the term 
 aromatic today implies i) stability of a molecule, ii) a 
particular reactivity, iii) specific spectroscopic properties 
and iv) that the molecule follows Hückel’s 4n + 2 (n = 1, 
2, ...)  π-electron count rule. Therefore, it is important to 
know if a molecule can be classified as aromatic or not. 
Electronic and spectroscopic properties of  porphyrinoid 
macrocycles are, to a large extent, determined by the 
number of π-electrons participating in the  conjugation 
network. Full control of the number of π-electrons 
 implies full control of the aromatic or antiaromatic 
 character of the molecule. To achieve this, knowledge 
about the electron delocalization pathways within a 
 molecule is  essential in, particular for those cases where 
the π-electron count is not obvious. Experimentally, these 
pathways are not  easily accessible. Therefore theoretical 
studies are necessary to complement experiments that 
aim at systematically synthesizing porphyrinoids with 
distinct properties and eliminate expensive and toxic lab-
oratory experiments. 

A computational approach to achieve this is the 
gauge-including magnetically induced current density 
method GIMIC J. Chem. Phys., 2004, 121, 3952, Phys. 
Chem. Chem. Phys., 2011, 13, 20500). By performing 
calculations of the susceptibility of the induced current 
density passing  selected bonds it is possible to determine 
theoretically the electron delocalization pathways that 

sustain the current transport around molecular rings. 
The sign and magnitude of the ring currents indicate 
whether  molecular rings are aromatic, antiaromatic, or 
 nonaromatic thus having diatropic (positive), paratropic 
(negative), or  vanishing net ring currents, respectively 
 (J. Phys. Chem. A 2009, 113, 8668). 

A brief overview of some of our theoretical 
 achievements is given in Scheme 2. We started our 
 investigations on porphyrinoids with a detailed study 
on  current pathways and ring current  susceptibilities 
for unsubstituted free-base porphyrin, chlorin, and 
 bacteriochlorin. For the first time it was shown that 
 explicit  calculations of the  current density including an 
analysis of integrated  current susceptibilities provide 
 reliable current pathways of  porphynoids (J. Org. Chem. 
2012, 77, 3408). 

A similar analysis was performed for 2,3- and 
3,4- thieno-bridged porphyrins, which are both 
 aromatic but differ in their spectroscopic properties. 
Our  calculations showed that the five-membered ring 
between the thiophene and porphyrin rings sustains 
a much stronger paratropic ring current in 2,3-thieno-
bridged porphyrin than in 3,4-thieno-bridged porphyrin, 
which provided a better understanding of the influence of 
the direction of the thieno-bridge and showed that these 
molecules can not be used as aromatic switches (Mol. 
Phys. 2013, 111, 1364). 

Recently, we investigated six tautomers of substi-
tuted and nonsubstituted core-modified  porphyrinoids 
where one of the pyrrole rings has been replaced by 
a  thienopyrrole moiety. Our calculations showed 
that  ethylformate substitution leads to a change from 
 antiaromatic to nonaromatic, while alkyl substitutions 
did not significantly affect the aromatic properties (Phys. 
Chem. Chem. Phys., 2014, 16, 11010). 
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Scheme 2: Overview of some achievements.

In 2013, an octaethylporphyrin OEP-Zn(II)2+ dica-
tion with formally 16 π-electrons was synthesized and 
claimed to be the strongest antiaromatic porphyrin with-
out bearing meso-phenyl groups. In our theoretical study 
we were able to confirm that this molecule is indeed 
strongly antiaromatic. However, according to our calcu-
lations isophlorins sustain larger paratropic ring currents 
as compared to OEP-Zn(II)2+ and are thus somewhat 
more antiaromatic according to the magnetic criterion 
 (J.  Phys. Chem. A, 2013, 117, 9062, J. Phys. Chem. A, 2014, 
doi:10.1021/jp5067549). 

Take home message: 
• Calculations of current pathways in porphyrinoids us-

ing magnetically induced current densities are possible.

• Current density susceptibilities are reliable aromaticity 
indices according to the magnetic criterion. 

• Current density calculations provide a deeper under-
standing of porphyrinoids. 

The presented work on porphyrinoid macrocycles is a 
national and international cooperation project between 
research groups at the University of Tromsø, Norway 
Dr. Jusélius, the University of Helsinki, Finland Prof. 
Sundholm, the Polytechnic University Tomsk,  Russia 
Dr.   Valiev and the Tohoku University, Sendai, Japan, 
Prof.  Pichierri. 



annual report 2014
CTCC The Centre for Theoretical

and Computational Chemistry

annual report 2014
CTCC The Centre for Theoretical

and Computational Chemistry

CTCC – Annual Report 2014 | 1110 | CTCC – Annual Report 2014

Persistent vision requires both efficient supply of specific 
photon detector molecules that are consumed upon the 
absorption of light, and a series of biochemical transfor-
mations that reconstitute the active photo-detectors from 
the consumed molecules. This process takes the name of 
visual cycle.

11-cis-retinal constitutes the prototypical photoac-
tive detector, while all-trans-retinal represents its light- 
insensitive counterpart. For both the cone and the 
rod visual cycles, in vivo experiments report  globally 
high substrate specificity toward 11-cis-retinal as the 
 active chromophore against other-cis-retinal isomers. 
 Experimental determination of retinoid isomers in the 
mouse eye evidenced the presence of other cis-forms i.e. 
9-cis and 13-cis only in negligible quantities. This estab-
lished paradigm set the initial idea that the various pro-
teins  involved in the cyclic process are specific for either 

11-cis or all-trans-retinoids, so that no other isomers are 
produced/transduced in chemically relevant concentra-
tions in the eye. 

However, independent experiments targeting single 
components of the visual cycle have been depicting a 
more complex framework. In particular, recent indepen-

dent studies are reporting how all 
enzymes and transporters expressed 
in the retina cells and  involved in 
the trans-to-cis back isomeriza-
tion are not strictly selective for 
11-cis- retinoid species. The possi-
bility of using thermodynamically 
stable 9-cis-retinoids as biologically 
 viable  surrogate for 11-cis-retinoids 
is nowadays  explored for pharmaco-
logical therapies against degenerative 
 diseases  involving disruption of the 
 visual cycle (Cascella et al., Arch. Bio-
chem. Biophys. 2013, 539,187).

Within the visual cycle,  cellular 
retinaldehyde binding protein CRAL-
BP is a key transporter  responsible 
for both the selection and the photo-
protection of 11-cis-retinal. 

In a longstanding collaboration 
with the biochemistry laboratory of 

Prof. Achim Stocker at University of Bern in Switzerland, 
we have been characterizing the binding properties of 
CRALBP to different shortchain retinoids, combining 
molecular dynamics simulations and QM/MM model-
ling to biochemical assays, crystallographic and spectro-
scopic data. Our investigations were able to dissect how 
both localization of the cis-bond and point mutations 
even far from the binding cavity like R234W, occurring 
at the protein surface and associated to Bothnia retina 
dystrophy can significantly affect the binding properties 
of the different ligands. In particular, residual hydration 

Highlight: 
Role of CRALBP for  Dark-Adapted 
Selection of cis-Retinoids in  the Eye 
Professor Michele Cascella

Visual cycle of the rod cells.
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Highlight: Norwegian Heavy Metal
Professor Abhik Ghosh and Professor Mats Tilset

of the binding cavity can occur, and different patterns in 
ligand conformational dynamics are observed (Helbling 
et al., J. Phys. Chem. B, 2013, 117, 10719).

Unexpectedly, we discovered that 9-cis-retinal is  slowly 
and irreversibly interconverted into 9,13-di-cis- retinal 
when bound to CRALBP (Bolze et al., J. Am. Chem. Soc., 
2014, 136, 137). The reaction is quantitative in practically 
one-day time in the native form of the  protein. In con-
trast, the R234W mutant has a very fast kinetics, leading 
to a thermodynamically equilibrated mixture of the two 
compounds. The biological implications for such reac-
tions are, to date, still unknown. CRALBP is  expressed in 
other tissues than the retina, like the ganglion, the  pineal 
gland and the iris. Moreover, it has been proven that Pax6, 
a key transcription factor involved into the development 
of the embryo, is a regulator of CRALBP. 

Therefore, such reaction may have implications in 
non-image forming processes, and being associated to 
biological clocks, wake/sleep pattern, and early develop-
ment of neuronal tissues. 

Heavy element chemistry has grown into a major new 
 focus for computational-chemistry applications at 
CTCC.
 
The platinum-group metals are a long-established work-
horse in the field of catalysis. Their catalytic  efficiencies 
are often so high that these most precious of the  naturally 
occurring metals can be successfully applied in the 
production of chemicals, ranging from high-volume, 
 low-price bulk and commodity chemicals to low-volume, 
high-price fine chemicals. Their metal complexes are 
of considerable interest in medicinal chemistry and in 
hightech materials.

Two CTCC groups have a special focus on platinum-
group metal chemistry: Professor Mats Tilset’s group at the 
University of Oslo investigates the  synthesis,  structures 
and reactions of organometallic gold(III) complexes, 
whereas Professor Abhik Ghosh’s group at the  University 
of Tromsø investigates the structural,  electronic, and 
spectroscopic properties of platinum-group metal com-
plexes of corroles, which are ring-contracted  analogues 
of porphyrins.

PhD student Eirin Langseth in the Tilset group 
 prepared in 2012 the very first alkene complex of gold(III) 
to be structurally characterized, (cod)AuMe2+  Figure 1a. 
Its structure and bonding were investigated by density-

Reaction mechanism of retinal isomerization in CRALBP. Inset: bind-
ing structures of 11-cis-retinal orange and 9-cis-retinal grey in native 
CRALBP upper panels and in R234W mutant lower panels.
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functional theory by CTCC researcher David Balcells, 
and the whole story was published in Angewandte Che-
mie in 2013. It is assumed that gold(III) alkene com-
plexes are  essential intermediates in catalysis. However, 
(cod)AuMe2+  is not involved in catalysis so far—its only 
 observed reaction type is alkene cod dissociation. Later, 
functionalization of simple alkenes at gold(III) have been 
seen in Oslo.

The formal insertion of ethylene into a gold-oxygen 
bond in (tpy)Au(OCOCF3)2 was investigated by a com-
bined experimental (PhD student Eirin Langseth) and 
computational (CTCC postdoc Ainara Nova) approach, 
published in Journal of the American Chemical Society 
in 2014. The gold(III) alkene complex, believed to be a 
key intermediate in brackets, Figure 1b, was not  directly 
 observed, but strong evidence support its fleeting exis-
tence during the reaction. The collected mechanistic 
 insight Figure 1c into the reaction concerns a key step in 

catalysis. However, (tpy)Au(OCOCF_3)_2  so far does 
not catalyze the addition of CF3COOH or other  polar 
 reagents to alkenes—it merely activates the  alkene so 
that it reacts in a stoichiometric fashion. Marte  Sofie 
 Holmsen and Franziska Ihlefeldt PhD and MSc  students, 
 respectively, have shown that a range of alkenes reacts 
similarly and that other polar reagents than CF3COOH 
also add to the coordinated  alkenes—but still in a 
 stoichiometric  fashion.

Then, very recently, Marte Sofie Holmsen has found 
that (tpy)Au(OCOCF3)2  causes the catalytic  addition 
of trifluoroacetic acid to acetylene. This reaction is 
now under scrutiny. We anticipate that the combined 
 experimental and computational approach will allow 
us to  understand why alkenes react stoichiometrically, 
whereas acetylene reacts catalytically, paving the way to 
the development of new catalysts. 
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Figure 1. a (cod)AuMe2+  still remains the only structurally characterized gold(III) alkene complex. b Ethylene insertion at gold(III). c  Reaction 
mechanism and energy diagram arising from DFT calculations of reaction b.
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Professor Abhik Ghosh’s group has taken a differ-
ent tack with the 5d elements. In years past, the group 
used  corroles to create stable models of the high- valent 
iron  intermediates of cytochromes P450 and other heme 
proteins. The work resulted in a large collection of 3d 
 metallocorroles, whose structures and spectroscopic 
properties led to significant new insights into the  nature 
of noninnocent metal-ligand assemblies. Recently,  largely 
as a fun exercise, the group tried to squeeze 5d metals such 
as platinum, gold, and osmium into the tight  central cav-
ity of corroles. Not surprisingly, such metal- ligand “mis-
fits” proved tricky to synthesize but ultimately  yielded to 
the considerable synthetic talents of Dr. Abraham Ale-
mayehu, a senior researcher in Professor Ghosh’s labo-
ratory. Gratifyingly, the work found its way on  multiple 
journal covers Figure 2.

In a longstanding collaboration with Professor Penny 
Brothers of the University of Auckland, New Zealand, the 
Ghosh laboratory has explored another class of element-
ligand misfits, viz. boron corroles. Boron is so tiny that 
even corroles, with their tight central cavities, generally 
bind two boron atoms. Not exactly heavy metal here, but 
nevertheless interesting!

There is every reason to believe that the “mis-fit” 
 complexes described above are not just cool, but also 
significant and useful. In unpublished work, some com-
plexes have exhibited strong activity against certain 
 cancer cell lines; the boron corroles are promising as 
sugar sensors; synthesis of the platinum corroles entailed 
C-H  activation of the solvent benzonitrile, which ended 
up as an aryl axial ligand; the great majority of the 5d 
 complexes are also  luminescent and potentially applica-
ble to  medical imaging.

Synthesis of the 5d metallocorroles has raised a pleth-
ora of exciting electronic-structural questions that are 
explored by postdoc Dr. Hugo Vasquez-Lima. The com-
pounds provide a new testing ground for state-of-the-art 
four-component relativistic quantum chemical methods 
being developed by Professor Kenneth Ruud and his 
group. The blossoming of 5d element chemistry in Oslo 
and Tromsø is certainly a major development for the 
CTCC and, dare we add, an exciting new direction for 
Norwegian heavy metal! 

Element-ligand misfits” as featured on journal covers during 2014. 
 Bottom right: The two architects of the molecules in question, Drs. 
Kolle Thomas left and Abraham Alemayehu right.
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Highligh: Chemists are demanding 
customers. How can we please them? 
Professor Luca Frediani

Chemistry is the science of molecules. What are their 
fundamental properties? How do they react with other 
molecules to yield new ones? The quantity holding the 
answer to those fundamental questions is the energy: if 
the products have less energy than the reactants, a reac-
tion will occur spontaneously; for a substance to have a 
given colour (e.g., blue) it will have to absorb light of a 
specific energy (e.g., yellow light). Predicting the molec-
ular energy and properties with high accuracy is there-
fore crucial. 

But how much energy are we talking about? A rough 
estimate of the total molecular energy can be taken by 
counting its electrons and multiplying that number by 
5000 kcal/mol (one kcal/mol is a thousand of calories per 
mole of substance). Water has ten electrons and therefore 
50.000 kcal/mol.

The typical energy of a reaction is much lower. Gaso-
line combustion (a highly energetic reaction) can release 
1000 kcal/mol, whereas most biologically important 
 reactions, such as the binding of oxygen to hemoglobin, 
release only a few kcal/mol. Common to all reactions is 
the relationship between the energy and the final out-
come: a change of the reaction energy by 1 kcal/mol shifts 
the balance between products and reactants by a factor 5 
(2 kcal/mol by 5 × 5=25, 3 kcal/mol by 5 × 5 × 5 = 125, and 
so on….). This exponential relationship shows that even 
a slight error in the calculation of the reaction energy 
can have a huge impact on the quality of a theoretical 
 prediction, and one should ideally keep it below 1 kcal/
mol. This “holy grail” is often called chemical  accuracy. 
To reach chemical accuracy, calculations need to be pre-
cise up to the fifth or sixth digit. It has been compared 
to weighing the captain of a medium-sized ship as the 
 difference of the ship’s weight with and without the 
 captain on board—that’s why chemists are demanding!

To achieve such an accuracy, traditional methods 
rely heavily on error cancellation: the error committed 
on the one side of the reaction will be roughly the same 
as the error on the other side, making the difference 
more  reliable than it otherwise would. However, when 
 accuracy requirements are stretched to the limit and the 

Figure 1 Multiwavelets guarantee that functions and numerical results 
can be represented to any given precision through successive improve-
ments. The initial approximation (red curve, top left) has a large error 
(top centre). In four successive steps, the representation is improved 
until it is nearly perfect (right side).

Figure 2 Fig.2: Thanks to the linear scaling of the code, we have been 
able to compute the electrostatic potential of diamond fragments 
including up to 600 atoms.
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size of the molecules becomes larger, there is no way to 
know how good or how bad such an error cancellation is. 
The modelling of molecular properties (e.g. the colour of 
a substance) is even more critical because there are fewer 
cancellation effects. 

To overcome such limitations, it is necessary to make 
use of tools that yield a guaranteed and predefined 
 precision. One such alternative is given by a mathemati-
cal tool known as multiwavelets. They are functions that 
are able to guarantee a predefined accuracy in a  numerical 
calculation. 

In 2014, we have in our group completed the imple-
mentation of a program for running density- functional-
theory calculations with multiwavelets. Our code 

is  capable of calculating the energy of a  molecule, 
 making sure that a given number of digits (up to 7) 
in the  final  result is in principle exact for the chosen 
 density- functional method.

A very recent achievement of our code is also the 
 possibility to obtain molecular properties with the same 
accuracy. Besides accuracy, a multiwavelet code has other 
strengths: it yields linear scaling algorithms (if it takes 1 
hour to run a calculations, it should take 10 hours for a 10 
times larger molecule, not 100 or 1000 hours, as for many 
traditional methods) and it is well suited for modern 
parallel computers (we have tested our code up to 1600 
CPUs). We believe that our code will be able to please our 
demanding customers! 

 

Celebration of the Guldberg–Waage Law 
of Mass Action
A fundamental law of chemistry, the law of mass action, 
was proposed 150 years ago by two Norwegian scientists: 
Cato Guldberg (1836–1902) and Petter Waage (1833–1900). 
Over the next 20 years, their theory was refined into the 
form known today. To celebrate their achievement, the 
Norwegian Chemical Society organized several events 
during 2014. On the day of the publication of Studier over 
Affiniteten by Guldberg and Waage, March 11, a sympo-
sium The Law of Mass Action and the Future was held at 
the Academy of Science and Letters in Oslo. Scientific 
talks were by given Prof. Roland Kjellander (University 
of Gothenburg), Prof. Eberhardt Voit (Georgia Institute 
of Technology), Prof. Poul Nissen (Aarhus University), 
and Prof. Signe Kjelstrup (NTNU). In the afternoon, 
the special event Fra Guldberg og Waage til kjemisk reak-
torteknologi was held in Gamle Festsal in Domus Aca-
demica at the University of Oslo, with popular talks and 
a concert by Sangselskapet Guldbergs  Akademiske Kor, 
founded by Cato Guldberg’s brother Ansgar Guldberg in 

1916. A banquet dinner at the Academy of Science and 
Letters concluded the festivities. 

The CTCC played an important part in these celebra-
tions, with Prof. Einar Uggerud as the main coordinator 
of the event.

Participants of the Guld-
berg–Waage Symposium 
in the Academy of Science 
and Letters

Prof. Einar Uggerud with 
Sangselskapet Guld-
bergs Akademiske Kor 
in Domus Academica, 
University of Oslo
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Almlöf–Gropen Lecture 2014: 
Professor Leo Radom, University of Sydney

The Almløf–Gropen Lecturer of 2014 
was Professor Leo Radom, Univer-
sity of Sydney, Austrialia. Radom was 
born in Shanghai in 1944. At the age 
of two, his family moved to Sydney. 
He  received his Ph.D. from the Uni-
versity of Sydney 1969 and carried 
out post-doctoral work with Nobel 

 Laureate John Pople. Before returning to his Alma  Mater, 
he was Professor at the Research School of Chemistry 
at the  Australian National University in  Canberra for 
many years. Professor Radom is one of the world's lead-
ing computational chemists and has published more 
than 500  articles. He has been the President of the World 
 Association of Theoretical and Computational Chemists 
(WATOC) and organised the highly successful WATOC 
2008 Conference in Sydney, Australia.

In his excellent  lecture, Adventures in Free Radical 
 Chemistry: A Computational  Approach, given in Oslo and 
Tromsø on June 17 and 19,  respect ively,  Professor  Radom 
explained how the  advent of  powerful and inexpen-
sive  computers and the development of highly efficient 
computer  algorithms have opened the way for a viable 
 alternative approach to chemistry: chemistry by com-
puter, based on the laws of  quantum  mechanics, to deter-
mine the structures of molecules and to help  understand 
 molecular mechanisms and reactivity. The bulk of his talk 
was  devoted to the study of the stabilities and  reactions of 
free radicals.  

Radicals are ubiquitous in chemistry, biology, and 
polymer science. Because they are highly reactive  species, 
they are often difficult to study experimentally and  theory 
therefore has a potentially useful role to play in their 
characterisation. Professor Radom  demonstrated how 
ab initio theory is used to determine radical  stabilization 
 energies, with the important aim of  seeing how  individual 
substituents stabilize or destabilize a radical  centre. 
He also  explained the details of addition,  abstraction 
and rearrangement reactions of radicals,  including an 
 examination of quantum-mechanical  tunnelling and 
 isotope effects. 

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. 
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Symposium in Honour of Odile Eisenstein

Odile Eisenstein holds an adjunct professorship (Profes-
sor II position) at the CTCC, University of Oslo, where 
she is promoting fruitful collaborations between the 
theoretical and experimental groups at the Department 
of Chemistry. On September 2 2014, she was awarded 
an honorary  doctorate by the University of Oslo for her 
outstanding contributions to the field of computational 
chemistry.

To celebrate this event, Mats Tilset and David Balcells 
at the CTCC in Oslo organized a symposium in Odile 
Eisenstein’s honour. This symposium was kept secret  until 
the last moment and presented to her as a surprise gift, 
at the Norwegian Academy of Sciences and Letters on 
 September 3. In the spirit of Odile’s work, the  symposium 
was based on an international blend of theoretical and 
experimental speakers from the fields of organo metallic 
chemistry and catalysis, including  professors Robin 
 Perutz (University of York), Julia  Contreras-Garcia 
(UPMC, Paris), Agustí Lledós (University of Barcelona), 
Stuart Macgregor (Heriot-Watt University,  Edinburgh) 
and Feliu Maseras (Autonomous University of  Barcelona). 
The  topics covered included new NMR techniques, 
 non-covalent interactions, electronic structure analysis 
and computational homogeneous catalysis. 

In the evening, the participants of the symposium 
 attended a celebration banquet at the Academy, which 
was also attended by Vice Rector Knut Fægri, Vice 
Dean of Research Svein Stølen, Head of Department Jo 
Døhl, Head of Office Line Altern Halvorsen Valbø, RCN 
 Senior Advisor Trude Dypvik, and Conseiller Jean-Marc 
 Pommeray of the French Embassy in Norway. 
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Inorganic chemistry deals with more than 95% of 
the periodic table – it’s a foundational area of science 
and  underpins modern civilization. Unless you are 
an  inorganic chemist, however, chances are that your 
 experience of this area has been less than inspiring. Now 
CTCC  researchers have given introductory inorganic 
chemistry a makeover and students and instructors alike 
seem to like their approach. 

“The problem with introductory inorganic  chemistry 
is that it’s illogical,” says Abhik Ghosh, CTCC senior 
 researcher and professor of chemistry at UiT –  The  Arctic 
University of Norway. “Consider just a few  reactions 
 taken out of a popular sophomore textbook:

P4 + 3NaOH + 3H2O → 3NaH2PO2 + PH3
24 SCl2 + 64 NH3 → 4 S4N4 + S8 + 48 NH4Cl
3 Cl2 + 6 NaOH → NaClO3 + 5 NaCl + 3 H2O

“I would bet that even the majority of PhD chemists 
couldn’t make head or tail out of these. Why does boiling 
white phosphorus in alkali lead to sodium hypophosphite, 
NaH2PO2, and not sodium phosphate, Na3PO4? Or, for 
that matter, how do 24 SCl2 molecules and 64 NH3 mole-
cules hook up to give the products  indicated? Such ques-
tions are never addressed, let alone answered.”

Steffen Berg, a sci-
ence teacher at Arendal 
High School, Norway, 
adds, “It’s tempting to 
throw up one’s hands 
and say, these reactions 
don’t make sense so let’s 
just forget about them! 
That would be a great 
pity. It’s important for 

a scientifically literate person to have a basic knowledge 
of chemistry and a key part of that knowledge  consists 
of  actual chemical reactions, as opposed to abstract 
 theories.”

Working together, Ghosh and Berg tried to explain 
inorganic reactions using a technique called ‘arrow 
pushing’, which is widely used by organic chemists but 

is  largely unknown in introductory inorganic chem-
istry. Arrow pushing is an intuitive and visual way of 
 representing where electrons move in the course of a 
chemical  reaction. “It works like a charm, but five years 
ago, we didn’t know that,” add the two authors. “We didn’t 
know whether our method would be able to deal with the 
wide variety of chemical bonding that is found in inor-
ganic molecules.”Over the last few years, the two educa-

tors explained their method in a couple of papers in the 
Journal of Chemical Education. In August, they presented 
their  approach in book form: Arrow Pushing in Inorganic 
Chemistry: A Logical Approach to the Chemistry of the 
Main-Group  Elements, published by Wiley. In a foreword 
to their book, Caltech chemist Harry Gray writes: “Now, 
at long last, we have a book… that students can learn 
from! They may even read it from cover to cover without 
going to sleep! The authors… have clearly demonstrated 
how a  mechanistic  approach makes the  reactions of main 
group  elements interesting and understandable: Arrow 
pushing is the key! I urge instructors to try the Ghosh–
Berg method when faced with teaching the dreaded 'de-
scriptive' section of the inorganic course.”

“It’s both flattering and humbling. Inorganic chemis-
try is a 200-year-old discipline,” adds Ghosh by way of a 
concluding thought. “We are still amazed that Steffen and 
I, working at the world’s northernmost university, seem 
to have come up with a whole new way of introducing 
this venerable science. 

Arrow Pushing Rules!
Norway duo seek to reinvent the teaching of introductory inorganic chemistry

Steffen Berg and Abhik Ghosh

Left: Cover of Ghosh and Berg’s textbook. Right: Legendary Caltech 
chemist Harry Gray showing off the book in San Francisco, where 
the book debuted in August, 2014, at the 248th National Meeting and 
Exposition of the American Chemical Society.
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In June 12–18 2014, the last regular Sostrup Summer School 
of Quantum Chemistry and Molecular Properties was held 
at Himmelbjergegnens Natur- og Idrætsefterskole near 
Silkeborg in Denmark.

The Sostrup Summer School has been organized 
 biennially since 1990 by Trygve Helgaker of the Uni-
versity of Oslo and Poul Jørgensen and Jeppe Olsen of 
 Aarhus University. More than 600 students from all over 
the world have attended the 13 schools since 1990, the 
largest contingency coming from Germany. Each school 
has consisted of 45 lectures delivered by the three orga-
nizers and 8 three-hour exercises, which since 2002 have 
been led by tutors, selected among previous students to 
the school. The basis for the school has been the textbook 
Molecular Electronic-Structure Theory by T. Helgaker, J. 
Olsen, and P. Jørgensen (Wiley, 2000), with additional 
material on molecular properties.

Over the years, CTCC has contributed strongly to 
the school. Simen Reine has been main tutor since 2008 
and many students, postdocs and researchers at the 
CTCC have attended the school as students and tutors. 

In 2014, Trygve Helgaker, Karl Leikanger, Elisa Rebolini, 
Sarah Reimann, Simen Reine and Stella Stopkowicz from 
CTCC participated.

The Sostrup Summer School has played an  important 
role in training a generation of quantum chemists in 
 Europe, many of whom are still active in science—includ-
ing many senior and younger members of the CTCC. 

The 13th Sostrup Summer School 
of Quantum Chemistry and Molecular 
Properties

Teachers and tutors of the Sostrup Summer School in 2014. From left to 
right: Elisa Rebolini (CTCC), Enrico Benassi (Rome), Stella Stopkowicz 
(CTCC), Michael Patzschke (Helsinki), Simen Reine (CTCC), Kasper 
Hald (Aarhus), Janus Juul Eriksen (Aarhus), Trygve Helgaker (CTCC), 
Poul Jørgensen (Aarhus) and Jeppe Olsen (Aarhus).

Participants of the Sostrup Summer School in 2010
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The second edition of the meeting aimed at promoting 
Female Excellence in Theoretical and  Computational 
Chemistry was organized by Adjunct Professors B. 
Mennucci and O. Eisenstein with Prof. T. Helgaker as a 
 co-organizer at the Soria Moria Hotel in Oslo, with the 
financial support of the CTCC and the Research Council 
of Norway. A total of 105 participants from 20  countries 
attended the conference. There was a large representa-
tion with 97 participants from 15 European countries  
(1 Denmark, 1 Finland, 17 France, 12 Germany, 9 Italy,  
2 Netherlands, 21  Norway, 8 Poland, 5 Portugal, 1 Slova-
kia, 4 Spain, 4 Sweden, 3  Switzerland, 4 Turkey, 5 UK), 
the other participants  coming from US (4), Australia (1), 
 Israel (1), Saudi Arabia (1), Taiwan (1) .

There were sessions on “Materials, surfaces and Mag-
netism”, “Excited States and Energy/electron transfers”, 
“Reactivity, Biology and Condensed Phases”, “Electronic 
Structure and Methods” and “Dynamics” with a total 
of 43 talks (6 plenary, 25 invited, and 12 oral presenta-
tions). The organizing committee together with Kenneth 
Ruud selected the oral presentations from the applica-
tions. The plenary speakers were all females but not the 
invited  lectures (1 male per session). Oral presentations 
were selected without gender consideration. Two posters 
sessions were held. The International Journal of Quantum 
Chemistry sponsored an Oral and a Poster  Presentation 
Prize. An after-dinner talk on women in science was  given 
by Paul Walton from University of York. This  lecture was 
attended by all participants with additional participants 
coming from UiO. It was heavily discussed during the 
evening and had rather long-term positive  effect.

Feedback from the participants confirmed the  success 
of the meeting. The scientific program was viewed as 
 excellent and the diversity of topics was greatly appreci-
ated. All speakers took care in being pedagogical, which 
contributed strongly to the success of the meeting. Dis-
cussions were encouraged in a relaxed atmosphere. 

The hotel was extremely comfortable and the food 
was excellent. The lecture hall was superb and techni-
cally well equipped. The weather was splendid during the 
whole meeting. The organisation, which was essentially 
faultless thanks to the help of the three staff members 
from UiO, was heavily applauded. It was, however, felt 
that the meeting was slightly too dense and that time 
for discussions and rest in the wonderful surroundings 
was too limited. Also, the space given for posters was too 
small. Several female participants came with young chil-
dren and needed the help of members of the family for 
day care. The organizing committee contributed finan-
cially to compensate part of the extra cost.

It was a general consensus among the participants 
that the FemEx meeting should become a series and Prof. 
Ria Broer from the University of Groningen volunteered 
to organize a third FemEx meeting in 2018. 

FemEx II: 
Promoting Female Excellence in 
Theoretical and Computational Chemistry
Soria Moria Hotel, Oslo, June 13–16 2014, Oslo
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The CTCC spring meeting was held in splendid 
weather in Tromsø, with the above view from 
the hotel.

The CTCC spring meeting was held in Tromsø, at Rica 
Ishavshotel April 7–8 2014. A total of 14 talks were given, 
including presentations by CTCC guests Professor Jürgen 
Gauss, University of Mainz, Higher derivatives in coupled 
cluster theory and by Professor Penny Brothers,  University 
of Auckland, Boron porphyrins and corroles: using compu-
tational chemistry to untangle experimental problems. 

Last year’s winners of Young Researcher Talent grants 
gave presentations: Dr. Kathrin Hopmann, An unlikely 
bond, a metal ring, and a 7-year wait: Nitrile hydratase 
unveiled, and Heike Fliegl, New challenges—magnetically 
induced current densities of inorganic compounds. Finally, 
the new CTCC senior member Michel Cascella gave his 
first CTCC presentation, Mechanisms of drug recognition 
in multidrug efflux pump MexB from P. aeruginosa investi-
gated by computer simulation. 

CTCC Spring Meeting 
Rica Ishavshotel, Tromsø, April 7–8 2014

Computational Chemistry Division 
at the National Convention of the 
Norwegian Chemical Society
Norway Trade Fairs, Lillestrøm, October 29–30 2014

The Computational Chemistry Division of the 
 Norwegian Chemical Society organized one of the six 
 parallel meetings at the 20th National Convention of 
the Norwegian Chemical Society, held in Lillestrøm 
in October 29–30 2014. Attracting 70 participants 
from UiB, UiO, UiT, NTNU, and SINTEF, the meet-
ing on Quantum Chemistry and Modelling was  highly 
 successful, with a total of 25 talks delivered in six ses-
sions. Two longer presentations were given by Dr. 
Ida–Marie Høyvik, NTNU, who spoke about  Orbital 
 transformations for localization of nonorthogonal 
 molecular orbitals and by Senior Scientist Ole Martin 
Løvvik, SINTEF/UIO, who spoke about Calculating 
transport properties from first principles: thermoelectric 
materials as a playground. 

At the Lillestrøm meeting, members of the CTCC gave 
a total of 14 talks. The meeting of the  Computational 
Chemistry Division was the largest of all meetings 
at the National Convention, both with respect to the 
number of talks and the number of attendants. In fact, 
the session on Reactivity and Catalysis stretched well 
into the happy hour, setting a new standard of dili-
gence at the convention. This is impressive, bearing 
in mind that the Computational Chemistry Division 
is the youngest division of the Norwegian Chemical 
 Society, having been established in 2008 on the initia-
tive of the CTCC. Dr. Heike Fliegl did a great job at 
organizing the meeting, putting together an exciting 
and varied program. 
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Visiting scientists

Visitors in Tromsø
Name Title Period from-to

Susmita Roy Postdoc 31.01.2014 - 08.02.2014

Kiran Maiti Postdoc 31.01.2014 - 08.02.2014

Orian Louant Master student 21.02.2014 - 26.05.2014

Christoffer Lind Master student 10.03.2014 - 13.03.2014

Petr Bour Professor 02.04.2014 - 22.04.2014

Jiri Kessler PhD student 02.04.2014 - 22.04.2014

Michele Cascella Assosiate Professor 03.04.2014 - 08.04.2014

Jürgen Gauss Professor 03.04.2014 - 08.04.2014

Venera Khoromskaia Research fellow 17.03.2014 - 21.03.2014

Boris Khoromskij Professor 17.03.2014 - 21.03.2014

Dage Sundholm Professor 18.03.2014 - 21.03.2014

Sergio Losilla Postdoc 18.03.2014 - 21.03.2014

Helmut Harbrecht Professor 18.03.2014 - 21.03.2014

Monica Bugeanu PhD student 18.03.2014 - 21.03.2014

Reinhold Schneider Professor 18.03.2014 - 21.03.2014

Edward Valeev Assosiate Professor 17.03.2014 - 20.03.2014

Alex Borgoo Postdoc 18.03.2014 - 21.03.2014

Pawel Kozlowski Professor 19.05.2014 - 17.06.2014

Taye B. Demissie Postdoc 27.03.2014 - 24.06.2014

Johan Åqvist Professor 20.04.2014 - 21.04.2014

Trond Saue Professor II 22.04.2014 - 03.05.2014

Cina Foroutan-Nejad Postdoc 09.08.2014 - 09.09.2014

Benedetta Mennucci Professor II 08.06.2014 - 13.06.2014

Penelope Brothers Professor 25.03.2014 - 20.04.2014

Vladimir Nikiforov Researcher 12.05.2014 - 16.05.2014

Leo Radom Professor 18.06.2014 - 21.06.2014

Per Olof Åstrand Professor 02.06.2014 - 03.06.2014

Mohammed Abdalilah Researcher 01.01.2014 - 28.02.2014

Jeanet Conradie Professor 08.09.2014 - 05.10.2014

Florian Rupp Professor 11.08.2014 - 10.09.2014

Radek Marek Professor 15.08.2014 - 30.08.2014

Jan Vicha Postdoc 15.08.2014 - 30.08.2014

Jan Novotny Postdoc 15.08.2014 - 30.08.2014

Vladimir Pomogaev Assosiate Professor 15.10.2014 - 30.11.2014

Heike Fliegl Researcher 08.09.2014 - 12.09.2014

Bassam Shakhashiri Professor 10.09.2014 - 14.09.2014

Petr Stepanek PhD student 01.12.2014 - 05.12.2014
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Visitors in Oslo
Name Title Period from – to

Jürgen Gauss Professor 08.01.2014 - 30.04.2014

Andrew Teale Associate Professor II 10.01.2014 - 17.01.2014

Peter Knowles Professor 16.02.2014 - 07.03.2014

Odile Eisenstein Professor II 21.02.2014 - 07.03.2014

Vladimir Rybkin PhD student 21.02.2014 - 21.03.2015

Taku Onishi Assistant Professor 03.03.2014 - 21.03.2014

Yann Cornaton Postdoc 05.03.2014 - 03.04.2014

Kostiantyn Kulyk Postdoc 07.07.2014 - 13.03.2014

Andrew Teale Associate Professor II 10.03.2014 - 14.03.2014

Edward Valeev Professor 16.03.2014 - 17.03.2014

Dage Sundholm Professor 17.03.2014 - 18.03.2014

Israel Fernández López Profesor Contratado Doctor 19.04.2014 - 09.05.2014

Ankan Paul Assistant Professor 02.05.2014 - 22.05.2014

Odile Eisenstein Professor II 09.05.2014 - 16.05.2014

Sangita Sen Junior Research Fellow 09.05.2014 - 30.05.2014

Debalina Sinha PhD student 09.05.2014 - 30.05.2014

Andrew Teale Associate Professor II 16.05.2014 - 30.05.2014

Odile Eisenstein Professor II 06.06.2014 - 16.06.2014

Leo Radom Professor 15.06.2014 - 18.06.2014

Ursula Roethlisberger Professor 16.06.2014 - 18.06.2015

Jürgen Gauss Professor 19.06.2014 - 23.06.2017

Anna Krylov Professor 20.06.2014 - 24.06.2017

Kostiantyn Kulyk Postdoc 04.07.2014 - 11.07.2014

Oleksii Rebrov PhD student 04.07.2014 - 11.07.2015

Ludwig Adamowicz Professor 04.07.2014 - 24.07.2016

Odile Eisenstein Professor II 15.08.2014 - 09.09.2014

Jean-Claude Guillemin Professor 22.08.2014 - 29.08.2014

James Talmann Professor 22.08.2014 - 05.09.2014

Taku Onishi Assistant Professor 05.09.2014 - 05.10.2014

Kathrin Hopmann Researcher 30.10.2014 - 31.10.2014

Pablo Baudin PhD student 31.10.2014 - 07.11.2014

Anna Tramontano Professor 25.11.2014 - 26.11.2014

Andrew Teale Associate Professor II 21.11.2014 - 28.11.2015

Vladimir Rybkin PhD student 27.11.2014 - 02.12.2014

Róbert Izsák Researcher 30.11.2014 - 03.12.2014
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Michele Cascella: 
New CTCC Senior Member

Interview with Visiting Scientist: 
Professor Jürgen Gauss
Jürgen Gauss is a C4 professor of theoretical chemistry at the University of Mainz, known for his 
outstanding work in coupled-cluster theory, molecular properties, relativity, and high-accuracy 
quantum chemistry.

Michele Cascella became 
a senior member of the 
CTCC in 2014, follow-
ing his appointment as 
Associate Professor in 
Theoretical Chemistry 
at University of Oslo 
in  February. He got a 
 degree in Chemistry at 
the  University of Rome 

“La Sapienza”, Italy (year 2000), and a PhD in Statisti-
cal and Biological Physics at the International School for 
Advanced Studies of Trieste, Italy (2004).

Michele Cascella joined the University of Oslo  after 
a successful experience as Assistant Professor at the 
University of Bern, Switzerland, where his position 
was  associated to a Swiss National Science Foundation 
 Professorship, a competitive National grant aimed at 
 supporting talented scientists in the first steps of their 
independent career. 

Michele Cascella is author of 42 papers covering a 
broad range of topics: electronic-structure methods, 
development of coarse-grained and multiscale model-

ling for proteins, application of computational methods 
to electrochemical, pharmacological, bioinorganic, bio-
chemical and biophysical problems. 

During his initial years as independent  researcher, 
Michele Cascella established a strong research line 
in  collaboration with experimental bio-chemical and 
pharmacological laboratories, involving also industrial 
 partners. 

Michele Cascella’s current research interests 
are  focused on computational studies of biological 
 phenomena—in particular, protein–protein interactions 
and  molecular transport. He is involved in a  synergic 
 effort with molecular biology laboratories into the 
 investigation of protein nanoparticles as potential drug- 
delivery systems across endothelial barriers. 

The appointment of Michele Cascella is part of an 
 initiative to strengthen life-science-related  chemistry at 
the Department of Chemistry and the Faculty of Math-
ematics and Natural Science at the University of Oslo. 
Within the CTCC, his hiring is an important step in the 
consolidation and diversification of its activities, both 
within the lifetime of the present centre and for the 
 activities beyond the centre. 

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

I knew about CTCC due to my longstanding collabo-
rations with the theoretical chemistry groups in Oslo 
and Tromsø. However, I only learned about its visitors 
program during a visit to Oslo in December 2011, when 
Trygve Helgaker suggested that I spend in this way some 

time in Oslo to strengthen our collaboration. I was very 
excited about this opportunity, but it took me a while to 
decide when I should come and how long I should stay. 
And things had to be clarified back in Mainz. My decision 
to come for four months to Oslo was motivated first of all 
by the scientific excellence of the CTCC. It was a chance 
for me to strengthen existing collaborations, but also to 



annual report 2014
CTCC The Centre for Theoretical

and Computational Chemistry

annual report 2014
CTCC The Centre for Theoretical

and Computational Chemistry

CTCC – Annual Report 2014 | 2928 | CTCC – Annual Report 2014

learn new things and broaden 
my scientific  perspective. In 
addition, I was intrigued by 
the idea to spend time abroad 
in a different country and 
Norway and Oslo appeared to 
me an ideal choice.

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

First of all, the stay at the 
CTCC in Oslo gave me the 
opportunity to work on a spe-
cific project (analytic third 
derivatives in coupled- cluster 
theory) in collaboration with 
Simen Reine and Trygve Hel-
gaker. Equally important 
for me was to establish new 
 contacts in Oslo and Tromsø, to learn about the formal 
developments in density-functional theory carried out in 
Oslo and to get involved in the theoretical study of mol-
ecules in strong magnetic fields. I should mention that I 
also started very enjoyable projects with Harald Møllen-
dal and with Kenneth Ruud's group, which have already 
resulted in joint publications. The first is a combined ex-
perimental and theoretical study of conformers of bisub-
stituted acetylenes; the topic of the second is the effect of 
relativity on the oxygen and sulfur NMR scales. There are 
also now joint scientific activities with Michele Cascella: 
a graduate student from Mainz will soon come for three 
months to Oslo to work with him.

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

Excellent! First of all everything was well organized. 
More importantly, I was very much welcomed at the 
CTCC and quickly got involved in the scientific and  social 
activities. I found the atmosphere relaxed and  inspiring. 
It was a pleasure to work there, to get involved in informal 
discussions, to give a lecture series on  coupled-cluster 

theory—but also to go together for lunch, having a coffee 
at the library, joining others for the Friday beer at Valka, 
and so on. 

– How did you find Norway in general and Oslo in par-
ticular?

I chose Norway as I was always fascinated by the 
country and its landscape. The visit in Oslo allowed me 
to  experience the daily life there and to learn more about 
the country and meet people. I was very intrigued by their 
friendliness and helpfulness. Oslo, in particular, is a great 
place, as it is a city with a broad range of  cultural options 
(one needs here to mention the spectacular  opera house), 
but also an excellent place for many  outdoor activities.  To 
try something new, I decided to come in winter to enjoy 
cross-country skiing. But there were also other outdoor 
activities such as hiking and fishing. I think that I could 
not have found a better place for my stay and I very much 
would like to come back soon for another long stay. It is 
more than appropriate to thank at this point the whole 
CTCC in Oslo and, in particular, Trygve Helgaker for the 
great hospitality. 
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Total revenue and expenditure figures

FAKTISK  FINANSIERING AV ALL FAGLIG AKTIVITET VED SENTERET i tusen kroner 2014
Egenfinansiering 7 186
Innbetaling fra samarbeidspartner(e) til vertsinstitusjonen 0
Egenfinansiering hos samarbeidspartnere (in kind) 0
Forskningsrådet (SFF-bevilgning) 8 100
Eksterne prosjektmidler som inngår i kontrakten 0
Sum finansiering av senteret som avtalt i kontrakten 15 286

Finansiering av prosjekter med faglig tilknytning til senteret
Andre prosjektmidler fra Forskningsrådet 9 157
Internasjonale prosjektmidler 7 268
Offentlige prosjektmidler og annen offentlig finansiering 0
Private prosjektmidler og annen privat finansiering 172
Sum finansiering fra ekstern prosjekter 16 597
Finansiering av samlet faglig aktivitet 31 883

REGNSKAPSFØRTE KOSTNADER PÅ CTCC i tusen kroner 2014
Lønn og sosiale kostnader 16 038
Driftskostnader 2 509
Sum kostnader 18 547

Personellressurser på CTCC
Personellressurser i årsverk 49,0
Professorer, forskere o.l. 12,0
Doktorgradsstipendiater 14,6
Postdoktorstipendiater 16,6
Gjesteforskere 3,2
Teknisk/adm. Ansatte 2,6
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1. Yang, Li-Ming, Quantum chemistry investigation of 
rigid A-IRMOF-M0 series (A = zinc, cadmium, and 
alkaline-earth metals) on crystal structure, electronic 
structure, formation energy, chemical bonding, and 
optical properties, MICROPOROUS AND MESO-
POROUS MATERIALS, 183, 218 - 233 (2014) 

2. Nova, Ainara; Balcells, David, Does the metal protect 
the ancillary ligands? C-H strengthening and deacti-
vation in amines and phosphines upon metal-binding, 
CHEMICAL COMMUNICATIONS, 50, 614 - 616 
(2014) 

3. Li, Yan; Mondal, Kartik Chandra; Stollberg, Peter; 
Zhu, Hongping; Roesky, Herbert W.; Herbst-Irmer, 
Regine; Stalke, Dietmar; Fliegl, Heike, Unusual for-
mation of a N-heterocyclic germylene via homolytic 
cleavage of a C-C bond, CHEMICAL COMMUNI-
CATIONS, 50, 3356 - 3358 (2014) 

4. Beerepoot, Maarten T. P.; Friese, Daniel H.; Ruud, 
Kenneth, Intermolecular charge transfer enhances 
two-photon absorption in yellow fluorescent protein, 
PHYSICAL CHEMISTRY CHEMICAL PHYSICS, 
16, 5958 - 5964 (2014) 

5. Friese, Daniel H.; Haettig, Christof, Optical rotation 
calculations on large molecules using the approximate 
coupled cluster model CC2 and the resolution-of-the-
identity approximation, PHYSICAL CHEMISTRY 
CHEMICAL PHYSICS, 16, 5942 - 5951 (2014) 

6. Yang, Li-Ming; Pushpa, Raghani, Tuning electronic 
and optical properties of a new class of covalent organ-
ic frameworks, JOURNAL OF MATERIALS CHEM-
ISTRY C, 2, 2404 - 2416 (2014) 

7. Manas, Michael G.; Sharninghausen, Liam S.; Bal-
cells, David; Crabtree, Robert H., Experimental 
and computational studies of borohydride cata-
lyzed  hydrosilylation of a variety of C=O and C=N 
 functionalities including esters, amides and hetero-
arenes, NEW JOURNAL OF CHEMISTRY, 38, 
1694  - 1700 (2014) 

8. Fliegl, Heike; Sundholm, Dage, Coupled-cluster 
 calculations of the lowest 0-0 bands of the electronic 
excitation spectrum of naphthalene, PHYSICAL 

CHEMISTRY CHEMICAL PHYSICS, 16, 9859 - 
9865 (2014) 

9. Ryding, Mauritz J.; Uggerud, Einar, CO2 incorpora-
tion in hydroxide and hydroperoxide containing  water 
clusters-a unifying mechanism for hydrolysis and 
protolysis, PHYSICAL CHEMISTRY CHEMICAL 
PHYSICS, 16, 9371 - 9382 (2014) 

10. Valiev, Rashid R.; Fliegl, Heike; Sundholm, Dage, 
The aromatic character of thienopyrrole-modified 20 
pi-electron porphyrinoids, PHYSICAL CHEMISTRY 
CHEMICAL PHYSICS, 16, 11010 - 11016 (2014) 

11. Amacher, Anneliese; Yi, Chenyi; Yang, Jiabao;  Bircher, 
Martin Peter; Fu, Yongchun; Cascella, Michele; 
Graetzel, Michael; Decurtins, Silvio; Liu, Shi-Xia, A 
quinoxaline-fused tetrathiafulvalene-based sensitizer 
for efficient dye-sensitized solar cells, CHEMICAL 
COMMUNICATIONS, 50, 6540 - 6542 (2014) 

12. Møllendal, Harald; Balcells, David; Eisenstein, Odile; 
Syversen, Linda; Suissa, Michal Rachel, Conforma-
tional complexity of morphine and morphinum in the 
gas phase and in water. A DFT and MP2 study, RSC 
ADVANCES, 4, 24729 - 24735 (2014) 

13. Borgoo, Alex; Teale, Andrew M.; Tozer, David J., 
 Revisiting the density scaling of the non-interacting 
 kinetic energy, PHYSICAL CHEMISTRY CHEMI-
CAL PHYSICS, 16, 14578 - 14583 (2014) 

14. Teale, A. M.; De Proft, F.; Geerlings, P.; Tozer, D. J., 
Atomic electron affinities and the role of symmetry 
 between electron addition and subtraction in a cor-
rected Koopmans approach, PHYSICAL CHEMIS-
TRY CHEMICAL PHYSICS,16, 14420 - 14434 (2014) 

15. Yang, Li-Ming; Ganz, Eric; Svelle, Stian; Tilset, Mats, 
Computational exploration of newly synthesized zirco-
nium metal-organic frameworks UiO-66,-67,-68 and 
analogues, JOURNAL OF MATERIALS CHEMIS-
TRY C, 2, 7111 - 7125 (2014) 

16. Alemayehu, Abraham B.; Vazquez-Lima, Hugo; 
 Beavers, Christine M.; Gagnon, Kevin J.; Bendix, Jes-
per; Ghosh, Abhik, Platinum corroles, CHEMICAL 
COMMUNICATIONS, 50, 11093 - 11096 (2014) 

17. Helbling, Rachel E.; Lamprakis, Christos; Aeschi-
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mann, Walter; Bolze, Cristin S.; Stocker, Achim; 
Cascella, Michele, Mechanisms of Ligand-Protein 
 Interaction in Sec-14-like Transporters Investigated by 
Computer Simulations, CHIMIA,68, 615 - 619 (2014) 
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19. Jarlebring, Elias; Kvaal, Simen; Michiels, Wim, an 
inverse iteration method for eigenvalue problems with 
eigenvector nonlinearities, siam journal on scientific 
computing, 36, A1978 - A2001 (2014)

20. Hopmann, Kathrin H.; Kuhn,  Annemarie; Conradie, 
Jeanet, Substitution reactions of dichlorobis (betadike-
tonato-O,O') titanium(IV) complexes with aryl diola-
to ligands: An experimental and computational study, 
POLYHEDRON, 67, 231 - 241 (2014) 

21. Nova, Ainara; Suh, Hee-Won; Schmeier, Timothy J.; 
Guard, Louise M.; Eisenstein, Odile; Hazari, Nilay; 
Maseras, Feliu, An Unusual Example of Hypervalent 
Silicon: A Five-Coordinate Silyl Group Bridging Two 
Palladium or Nickel Centers through a Nonsymmetri-
cal Four-Center Two-Electron Bond,  ANGEWANDTE 
CHEMIE-INTERNATIONAL EDITION, 53, 1103 - 
1108 (2014) 

22. Tellgren, E. I.; Teale, A. M.; Furness, J. W.; Lange, 
K. K.; Ekström, U.; Helgaker, T., Non-perturbative 
calculation of molecular magnetic properties within 
current-density functional theory, JOURNAL OF 
CHEMICAL PHYSICS, 140, - 034101 (2014) 

23. Ringholm, Magnus; Jonsson, Dan; Bast, Radovan; 
Gao, Bin; Thorvaldsen, Andreas J.; Ekstrom, Ulf; 
Helgaker, Trygve; Ruud, Kenneth, Analytic cubic and 
quartic force fields using density-functional theory, 
JOURNAL OF CHEMICAL PHYSICS, 140, - (2014) 

24. Sivertsen, Annfrid; Isaksson, Johan; Leiros, Hanna-
Kirsti S.; Svenson, Johan; Svendsen, John-Sigurd; 
Brandsdal, Bjørn Olav, Synthetic cationic antimicro-

bial peptides bind with their hydrophobic parts to drug 
site II of human serum albumin, BMC  STRUCTURAL 
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25. Gao, Bin; Ringholm, Magnus; Bast, Radovan; Ruud, 
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Analytic Density Functional Theory Calculations 
of Pure Vibrational Hyperpolarizabilities: The First 
 Dipole Hyperpolarizability of Retinal and Related 
Molecules, JOURNAL OF PHYSICAL CHEMISTRY 
A, 118, 748 - 756 (2014) 

26. Tellgren, Erik I.; Kvaal, Simen; Helgaker, Trygve, 
Fermion N-representability for prescribed density and 
paramagnetic current density, PHYSICAL REVIEW 
A, 89, -  012515 (2014) 

27. Rozenberg, Mark; Loewenschuss, Aharon; Nielsen, 
Claus J., Trimethylamine/Sulfuric Acid/Water Clus-
ters: A Matrix Isolation Infrared Study, JOURNAL OF 
PHYSICAL CHEMISTRY A, 118, 1004 - 1011 (2014) 

28. Landman, Marile; Liu, Renyuan; Fraser, Roan; 
van Rooyen, Petrus H.; Conradie, Jeanet, Fac and 
mer dppe-substituted Fischer carbene complexes of 
chromium: X-ray, DFT and electrochemical study, 
 JOURNAL OF ORGANOMETALLIC CHEMIS-
TRY, 752, 171 - 182 (2014) 

29. Samdal, Svein; Gronas, Terje; Møllendal, Harald; 
Guillemin, Jean-Claude, Microwave Spectrum and 
Conformational Properties of 4-Isocyano-1-butene 
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Nitrile Hydratase: A Cyclic Intermediate and an Unex-
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53, 2760 - 2762 (2014) 
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MOLECULAR PHYSICS, 112, 818 - 835 (2014) 

34. Grabowski, Ireneusz; Teale, Andrew M.; Fabiano, 
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37. Samdal, Svein; Mollendal, Harald; Guillemin, Jean-
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JOURNAL OF COMPUTATIONAL CHEMISTRY, 
35, 622 - 633 (2014)

40. Rossi, Elda; Evangelisti, Stefano; Lagana, Antonio; 
Monari, Antonio; Rampino, Sergio; Verdicchio, 
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54. Ruud, Kenneth; Demissie, Taye B.; Jaszunski, Michal, 
Ab initio and relativistic DFT study of spin-rotation 
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 INORGANIC CHEMISTRY, 53, 5486 - 5493 (2014) 
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Isomerization Influences the Stereochemical Outcome, 
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 Hykkerud; Ruud, Kenneth; Olsen, Jogvan Magnus 
Haugaard; Kongsted, Jacob, Convergence of envi-
ronment polarization effects in multiscale modeling 
of  excitation  energies, COMPUTATIONAL AND 
 THEORETICAL CHEMISTRY, 1040, 304 - 311 
(2014) 

63. Langseth, Eirin; Nova, Ainara; Traseth, Eline Aa; 
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Abhik, Copper corroles with triplet ground states: 
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68. Strom, Alexandra E.; Balcells, David; Hartwig, John 
F., Design of new rhodium hydroamination catalysts 
through in silico ligand screening, ABSTRACTS OF 
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PHYSICAL REVIEW A, 90, - 022507 (2014) 
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canonical ensembles of trajectories using harmonic 



annual report 2014
CTCC The Centre for Theoretical

and Computational Chemistry

annual report 2014
CTCC The Centre for Theoretical

and Computational Chemistry

36 | CTCC – Annual Report 2014

 approximation in internal coordinates, JOURNAL 
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Analytic Energy Derivatives in Relativistic Quan-
tum Chemistry, INTERNATIONAL JOURNAL OF 
QUANTUM CHEMISTRY, 114, 1108 - 1127 (2014) 
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A Joint Experimental-Computational Study, 
 ORGANOMETALLICS, 33, 4417 - 4424 (2014) 

79. Smalø, Hans S.; Rybkin, Vladimir V.; Klopper, Wim; 
Helgaker, Trygve; Uggerud, Einar, Mechanochemis-
try: The Effect of Dynamics, JOURNAL OF PHYSI-
CAL CHEMISTRY A, 118, 7683 - 7694 (2014) 

80. Cornaton, Yann; Fromager, Emmanuel,  Double 
 Hybrid Density-Functional Theory Using the 
 Coulomb-Attenuating Method, INTERNATIONAL 
JOURNAL OF QUANTUM CHEMISTRY, 114, 
1199 - 1211 (2014) 

81. Jankowski, Mikolaj Jan; Olsen, Raymond; Nielsen, 
Claus Jørgen; Thomassen, Yngvar; Molander, Paal, 
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MENTAL SCIENCE-PROCESSES & IMPACTS, 16, 
2423 - 2431 (2014) 

82. Ringholm, Magnus; Bast, Radovan; Oggioni, Luca; 
Ekström, Ulf; Ruud, Kenneth, Analytic calculations 
of hyper-Raman spectra from density functional 
 theory hyperpolarizability gradients, JOURNAL OF 
CHEMICAL PHYSICS, 141, - 134107 (2014)

83. Jaszunski, Michal; Demissie, Taye B.; Ruud, Kenneth, 
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PHYSICAL CHEMISTRY A, 118, 9588 - 9595 (2014) 

84. Møllendal, Harald; Samdal, Svein; Gauss,  Juergen; 
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 Spectrum, Quantum Chemical Calculations, and 
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equivalent to CPH2), JOURNAL OF PHYSICAL 
CHEMISTRY A, 118, 9419 - 9428 (2014) 

85. Samdal, Svein; Møllendal, Harald; Guillemin, Jean-
Claude, Synthesis, Microwave Spectrum, Quantum 
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CAL CHEMISTRY A, 118, 9994 - 10001 (2014) 

86. Andersen, Niels H.; Nielsen, Claus J.; Klaeboe, Peter; 
Guirgis, Gamil A.; Overby, Jason S.; Askarian, Sah-
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ane, JOURNAL OF MOLECULAR STRUCTURE, 
1076, 419 - 425 (2014) 

87. Campos, Jesus; Sharninghausen, Liam S.;  Crabtree, 
Robert H.; Balcells, David, A Carbene-Rich but 
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hydride Cluster as a Deactivation Product from Cat-
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CHEMIE-INTERNATIONAL EDITION, 53, 
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 Vibrational frequency scaling factors for correlation 
consistent basis sets and the methods CC2 and MP2 
and their spin-scaled SCS and SOS variants, JOUR-
NAL OF CHEMICAL PHYSICS, 141, - (2014) 

89. Friese, Daniel H.; Beerepoot, Maarten T. P.; Ruud, 
Kenneth, Rotational averaging of multiphoton 
 absorption cross sections, JOURNAL OF CHEMI-
CAL PHYSICS, 141, - (2014) 

90. Aasheim, Jens H.; Fliegl, Heike; Uggerud, Einar; 
Bonge-Hansen, Tore; Eisenstein, Odile, Stereoselec-
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catalytic scaffold, NEW JOURNAL OF CHEMIS-
TRY, 38, 5975 - 5982 (2014) 

91. Borgoo, Alex; Green, James A.; Tozer, David J., 
 Molecular Binding in Post-Kohn-Sham Orbital-Free 
DFT, JOURNAL OF CHEMICAL THEORY AND 
COMPUTATION, 10, 5338 - 5345 (2014) 

92. Palczewska, Grazyna; Vinberg, Frans; Stremplewski, 
Patrycjusz; Bircher, Martin P.; Salom, David; Komar, 
Katarzyna; Zhang, Jianye; Cascella, Michele; Wojt-
kowski, Maciej; Kefalov, Vladimir J.; Palczewski, 
Krzysztof, Human infrared vision is triggered by two-
photon chromophore isomerization, PROCEEDINGS 
OF THE NATIONAL ACADEMY OF SCIENCES 
OF THE UNITED STATES OF AMERICA, 111, 
E5445 - E5454 (2014) 

93. Miller, Glenn B. S.; Esser, Tim K.; Knorke, Harald; 
Gewinner, Sandy; Schoellkopf, Wieland; Heine, 
Nadja; Asmis, Knut R.; Uggerud, Einar, Spectroscop-
ic Identification of a Bidentate Binding Motif in the 
 Anionic Magnesium-CO2 Complex ([ClMgCO2](-)), 
ANGEWANDTE CHEMIE-INTERNATIONAL 
EDITION, 53, 14407 - 14410 (2014) 
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Appendix B: Activity Reports 2014

WP1: Large periodic and nonperiodic 
systems

Scientists in charge: Trygve Helgaker and Thomas 
Bondo Pedersen

For DFT the inclusion of the exact exchange, or variants 
of it, is imperative for charge-transfer excitations and 
 Rydberg states, in particular, and for large systems and 
accuracy in general. However, using standard techniques, 
the exact exchange is the computational bottleneck. 
As such, a major part of WP1 has been devoted to the 
 de velopment of efficient and accurate approximate treat-
ments of the exact exchange.

In the ADMM method (Guidon 2010) the exact 
exchange is replaced by an exact exchange evaluated in 
a smaller auxiliary basis set, combined with a first-order 
DFT-type GGA-exchange correction between the regular 
and auxiliary basis. In this way, the exchange evaluation 
in the large basis set is avoided. Both the evaluation of 
the exact exchange in the auxiliary basis and the GGA 
correction terms are highly efficient, leading to an over-
all speed up of about two orders of magnitude. In 2014, 
we presented some improved variants, improved the 
performance of our implementation, and conducted a 
thorough benchmark of the ADMM method for different 
ADMM variants and GGA functional corrections. For 
an example, calculation of titin I27SS model (392 atoms, 
see figure) in the cc-pVTZ basis, the exchange-matrix 
 evaluation,  needed for the Kohn–Sham matrix build as 
part of a  single SCF step, is reduced from 2500 seconds to 
23 seconds. For comparison, the Coulomb and exchange- 
correlation matrix contributions are evaluated in 31 and 21 
seconds, respectively. On-going developments of ADMM 
includes benchmarking gradient and geometry optimisa-
tion calculations, linear response properties, and tailored 
auxiliary basis sets to be used for ADMM.

The implementation of Hartree–Fock theory in LS-
DALTON for solid-state systems described with  periodic 
boundary conditions is in the final debugging stages and 
now reproduces results from the CRYSTAL program 

package with satisfactory accuracy in the vast majority 
of cases.

However, the efficiency of the developed code is 
 rather disappointing in comparison with the CRYSTAL 
code. Since the goal is the accurate description of  electron 
 correlation in solid-state systems, we decided not to 
 pursue Hartree–Fock and Kohn–Sham implementati-
ons any further at the moment. Instead, basing our work 
on the publicly available and highly efficient CP2K code 
for Hartree–Fock and Kohn–Sham calculations, we have 
embarked on an implementation of the transformation of 
delocalized Bloch orbitals to localized Wannier orbitals, 
which form the basis for a linear-scaling implementation 
of electron correlation energies. This work is still in the 
initial phase.

In addition, some effort has been spent on the imple-
mentation and test of analytic gradients of HF, KS-DFT, 
MP2, and CASSCF energies in the MOLCAS program. 
This has resulted in two publications in 2014 and two ma-
nuscripts are under review.  

WP3: Multiwavelets  
Scientist in charge: Tor Flå
The work of the group in 2014 was concentrated on 
 further development of MRChem, a program for  solving 
the Kohn-Sham equations of DFT with the goal of  linear 
scaling calculations of molecular electronic orbitals.  Our 
approach is based on an integral reformulation of the 
Kohn–Sham equations, making it possible (1) to use pow-
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erful separation of variable techniques for the integral 
kernels, allowing these operators to be expanded with the 
same complexity as in one dimension and (2) to employ 
multiwavelets combined with the non-standard represen-
tation of operators. 

The code is able to treat small molecular systems 
with unprecedented accuracy, both at the Hartree-Fock 
and DFT level of theory. The code has been interfaced 
to the XCFun library, making a wide range of exchan-
ge–correlation functionals available. We are currently 
working with Professor Stefan Goedecker at the Univer-
sity of Basel (Switzerland) on producing highly accurate 
atomization energies at DFT (GGA) level for a number 
of small molecules. These benchmarks are important for 
the development of accurate pseudopotentials, which is 
currently being pursued by the group of Prof. Goedecker.

We have successfully completed the  implementation 
of a direct wavelet SCF scheme, and we are currently 
 working to further improve the implementation to be 
able to treat larger systems. One key point will be the 
 reduction of the overall scaling from quadratic to near 
linear, by making use of localized molecular  orbitals 
(MOs). Orbital localization has been successfully 
 implemented and the  current algorithm is able to  solve 
the Kohn–Sham  equations  directly for the localized MOs, 
without any  reference to the canonical MOs. To  achieve 
linear scaling, we will further exploit localization. In 
2014, we have extended the parallelization of our code 
(Peter Wind performed tests up to 1600 CPUs). We are 
currently working on the extension of the parallelization, 
by adding an additional layer to it, over the MOs: the goal 
is to be able to treat systems with thousands of electrons 
and up to 100 000 processors.

A significant effort during 2014 has been concerned 
with the extension of the MRChem code to treat linear- 
response molecular properties. At present, the code is 
able to deal with static electric and magnetic perturbati-
ons; work is in progress to deal with frequency- dependent 
fields as well. Lately, an interface to the GIMIC program 
has been written, making it possible to compute magne-
tically  induced currents. This work was presented in two 

talks given by Jensen and Jusélius at the international 
conference  Numerical Methods in Quantum Chemistry 
(NMQC), hosted by the CTCC in early 2015. 

We are currently working on the adaptation of our 
 framework to the arbitrary-order response formalism that 
has been developed within WP4. Additionally, we will 
couple the model with continuum methods to deal with 
the environment, either by combining the  multiwavelet 
DFT formalism with the wavelet-PCM ( polarizable con-
tinuum model) code, or by incorporating the dielectric 
properties of the environment in the operator  kernel.

Two manuscripts describing our  implementation 
were accepted for publication during 2014, the first 
 concerning the parallel implementation of the main 
workhorse of our code: the application of integral convo-
lution operators. The emphasis in the paper was the linear 
scaling computation of Coulomb potentials through the 
solution of the Poisson equation, and we demonstrated 
efficient  parallelization up to hundreds of processors. 
The other  manuscript was on our implementation of an 
 adaptive-order algorithm, which aims at reducing the 
complexity of the representation of a function by allowing 
for a reduction of the polynomial order at finer scales.

S.R. Jensen defended his PhD thesis in March 2014, 
 entitled “Real-space all-electron Density Functional 
Theory with multiwavelets”. He was hired in the WP3 
group as Flå’s postdoc from the end of March 2014 and is 
 currently the only postdoc in the group.  

To meet the need for new multiscale property  models 
in WP3, Flå started in 2014 a project based on Clebsch 
parameterization of density-matrix theory via  operator 
brackets from a reference state. The  method can be 
 restricted to be equivalent to well-known  methods for 
 linear  response both for static and periodic  perturbations. 
It can also be used to explore response to time  dependent 
pulses even in a finite magnetic field background. 
 However, this is also a step forward in the sense of a 
 versatile  parameterization of multiscale coarse graining 
for large  molecules with possibilities to extract back-
ground variation in mean observables in time and space.
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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 
 applications: elucidation of molecular structure through 
the understanding of structure-to-properties relation-
ships, 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  faithful 
 representation of the properties of the molecular  targets 
being investigated: for a correct description of the 
 molecular electronic structure, a wide range of electro-
nic structure methods is employed, ranging from DFT 
to multiconfigurational and coupled-cluster methods; 
for a correct description of heavy elements, relativistic 
effects are included through two- and four- components 
 methods; to reproduce the environmental effects, 
 polarizable embedding and the polarizable  continuum 
 model are employed. The calculation of high-order 
 molecular properties is achieved through the OpenRSP 
framework, capable of computing molecular properties 
at arbitrary order in the perturbation for self-consistent 
field methods such as Hartree–Fock and Kohn–Sham 
theories,  necessary to match recent advances in modern 
spectroscopic  techniques such as Coherent anti- Stokes 
Raman  Scattering or multidimensional vibrational 
 spectroscopy.

The excellent developing ground provided by the 
 recursive implementation of response theory (OpenRSP) 
reported in the Annual Report 2013 is showing its true 
powers. On the basis of this general framework, we have 
been able to push the boundaries for analytic calculati-
ons of anharmonic effects in vibrational spectroscopies. 
In addition to the third-, fourth-, fifth- and sixth- order 
geometrical derivatives reported last year, we have now, 
lead by CTCC postdoc Magnus Ringholm, extended the 
scheme to vibrational responses to nonlinear electric 

 polarizations, such as hyper-Raman scattering. CTCC 
postdoc Magnus Ringholm, extended the  scheme to 
 vibrational responses to nonlinear electric  polarizations 
such as hyper-Raman scattering. CTCC postdoc Yann 
Cornaton has been applying the methodology to  perform 
a detailed study of the anharmonic  vibrational infra-
red and Raman spectra of nitromethane, using  analytic 
 derivatives at the DFT level. Magnus Ringholm has during 
2014 also made significant progress on a new  program 
for calculating multidimensional vibrational spectrosco-
pies, and we are preparing for publication the first fully 
 analytic ab initio study of multidimensional  vibrational 
spectroscopies. 

During 2014, CTCC postdoc Daniel Friese has 
 extended the OpenRSP scheme to calculate residues of 
higher-order response functions recursively, enabling 
the calculation of multiphoton absorption cross  sections 
of arbitrary order. Although two-photon  absorption 
 largely dominates experimental investigations,   four- 
and five-photon absorption were recently reported 
 experimentally in Nature Photonics. We have pursued 
this line theoretically and reported the first theoretical 
studies of four- and five-photon absorption. A novel 
discovery encountered as part of this work was that, for 
centrosymmetric molecules, all odd- and even-order 
multiphoton absorption cross sections can be shown to 
be proportional to the one- and two-photon  absorption 
cross sections, respectively, only modulated by the 
 excited-state  polarizability. This  discovery also leads to 
 insight into molecular characteristics that will selectively 
enhance specific multiphoton absorption cross sections.

CTCC postdoc Arnfinn Steindal and CTCC PhD 
 student Maarten Beerepoot have, together with  Magnus 
Olsen (EPFL) and Jakob Kongsted and Nanna List 
(SDU), continued the development of new computa-
tional methods for studying the effects of structured 
media and solvents on molecular properties using po-
larizable embedding techniques. In 2014, we have been 
able to develop a polarizable density-embedding scheme 
(QM/QM/MM) that allows for a better representation of 
exchange/repulsion effects. We have also extended the 
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 polarizable  embedding scheme to describe vibrational 
 effects. The  latter has resulted in a detailed  understanding 
of  vibrational Stark effects in acetophenone and the 
 relation between the local electric fields and the  observed 
shifts in vibrational signature bands. Maarten Beere-
poot and  Daniel Friese have been able to show that the 
 enhancement of two-photon absorption cross sections 
from intermolecular charge-transfer excitations, a mecha-
nism first proposed together with CTCC visitor Swapan 
Chakrabarti (Kolkata), also helps enhance two-photon 
absorption properties in yellow fluorescent protein. This 
work  provides important guidelines on how to enhance 
two-photon absorption in fluorescent proteins.

In the development of relativistic four-component 
methods for calculating molecular properties, CTCC 
postdocs Michal Repisky and Stanislav  Komorovsky 
 together CTCC PhD student Marius Kadek have 
 developed the first real-time time-dependent DFT met-
hod at the four-component level of theory. By applying 
electric pulses to the system, the evolution of the electron 
density can be followed and, through Fourier transforms, 
the absorption and scatting properties of the system 
can be obtained in any energy region. The  combination 
of having access to all energy ranges and the use of a 
 relativistic four-component formalism is of particular 
relevance when studying core-electron spectroscopies, 
such as X-ray absorption. The L and M edges in X-ray 
absorption spectroscopy show the splitting of the p and 
d core  orbitals due to spin-orbit coupling, and a variatio-
nal treatment of the spin-orbit interaction is required to 
recover these effects, as done in the four-component for-
malism. As a particular novelty, they have also developed 
a tool that allows such time-propagated densities to be 
analyzed in terms of the dominating orbitals involved in 
the excitation processes.

In the area of continuum solvation methods, CTCC 
PhD student Roberto Di Remigio has, toghether with 
Trond Saue (Tolouse) and former CTCC postdoc 
Radovan Bast (KTH), published the first paper where 
the Polarizable Continuum Model (PCM) is used at the 
relativistic four-component level of theory. This work 

was made possible by the modularization of the PCM 
framework, which is now an independent package called 
PCMSolver. Thanks to PCMSolver, work is in progress 
to add solvation to several codes such as Respect and 
LSDalton, which are also developed at CTCC, as well as 
other  codes such as Psi4. CTCC PhD student Krzysztof 
Mozgawa has  employed an extension of PCM to model 
solvation at surfaces and interfaces, showing how this is 
an effective way to understand molecular structure and 
properties in such a challenging and important environ-
ment. Work is now in progress to extend such a model to 
membranes and droplets and to the calculation of inter-
facial effects on molecular properties.

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

The main objectives of the work package are to develop 
and implement efficient methods for Born-Oppenheimer 
dynamics (BOD) and to apply these to chemical prob-
lems relevant to ongoing experimental activities (mecha-
nochemistry, small molecule reactivity, and properties of 
hydrogen-bonded clusters).

As indicated in last year's report, we have finished a 
project combining laboratory experiments with extensive 
quantum-chemical model calculations for CO2 incorpo-
ration in hydroxide-containing water clusters and descri-
be a unifying mechanism for hydrolysis and protolysis, of 
significance to aqueous chemistry, in particular for CO2 
uptake in oceans. The paper was published in 2014.

During 2014, we finished and published the result of 
the final project of postdoc H.S. Smalø on simulating 
mechanical stretching of model polymer molecules, this 
time taking thermal motions explicitly into account. The 
application of a fixed external force to a thermodynami-
cally pre-equilibrated molecule leads to a preference for 
cleavage of the terminal C−C bonds, whereas a sudden 
application of the force favours bond breaking in the 
 central part of the chain. In all cases, transition-state 
 theory predicts higher bond-breaking rates than found 
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from the more realistic molecular dynamics simulations.
Postdoctoral fellow, Andrea Debranova, has been 

 employed from December 1, 2013. She has been 
 involved in dynamical simulations of the reactivity of  
O2−  (H2O)n clusters with alkyl halides, investigated in 
the mass  spectrometric laboratory by RCN-postdoctoral 
fellow  Mauritz Ryding. These reactions are of relevance 
to both  atmospheric chemistry and biochemistry, and 
a  manuscript will be submitted during February 2015. 
 Andrea Debranova is currently involved in one project 
related to Fenton  chemistry and one in method develop-
ment (so-called ring polymer molecular dynamics).

In collaboration with the group of Prof. Knut Asmis 
at the Fritz Haber Institute, Berlin, Ph.D. student Glenn 
Miller has identified a magnesium complex incorpora-
ting a novel metal–CO2 binding motif, [ClMg(η2-O2C)]–. 
This elusive and highly reactive species corresponds to 
an unusual way of activating carbon dioxide. The study 
involved a low-temperature mass-spectrometry method 
for photoactivation and utilized a free electron laser. The 
infrared spectrum was reconstructed from the mass spe-
ctrometric data and simulated using high-level quantum 
chemical methods. The study was published in December 
2014. Glenn Miller will continue his mechanistic studies 
of bond breaking and bond forming reactions relevant 
to the photosynthetic dark reaction and reductive CO2 
fixation in industry.

In collaboration with WP1, we have studied the geo-
metry of the magic number H+(H2O)21 water cluster 
by systematically substituting t-butanol molecules with 
water. These conclusions are supported by  quantum 
chemical calculations carried out using a development 
 version of the LSDALTON quantum-chemical program. 
Our study shows the t-butyl groups of a key  species, 
 H+(TB)9(H2O)21, form a tight hydrophobic outside  layer 
with an interior water core, essentially a nano- colloid 
particle, and the structural properties of H+(H2O)21 
water cluster provides insight to the structure and pro-
perties of gas hydrates. The paper has been accepted for 
publication (December 2014).
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WP6: Bioinorganic chemistry

Scientist in charge: Abhik Ghosh

The past year proved to be somewhat of a miracle year 
for the Ghosh group. Nearly two years of hard work 
came to a successful conclusion with the publication 
of our  undergraduate inorganic text Arrow-Pushing in 
 Inorganic Chemistry: A Logical Approach to the Chemistry 
of the Main Group Elements (John Wiley and Sons, Inc.). 
In  experimental research as well, there were ground-
breaking syntheses and crystal structures, most notably 
of the first platinum and osmium corroles, which fulfilled 
key obligations of our 2013 FRINATEK grant Corroles as 
a Platform for Fundamental Transition Metal Chemistry, 
with Emphasis on Heavy Elements. These developments 
are described in Highlights elsewhere in this Annual 
 Report and accordingly we shall not discuss them here.

The year was also notable for several new  collaborative 
endeavours, both near and far, involving Dr. Odrun 
 Gederaas (NTNU, Trondheim) on photodynamic  therapy 
using 5d metallocorroles;  Professor Jesper  Bendix (Uni-
versity of Copenhagen) on EPR  spectroscopic studies; 
Drs. Christine Beavers and Kevin Gagnon (Advanced 
Light Source, Berkeley, CA) on crystallographic  studies; 
Professor James Terner (Virginia Commonwealth 
 University) on a Raman spectroscopic study;  Professor 
Dage Sundholm, Dr. Stefan Taubert and  Markus 
 Rauhalahti (University of Helsinki) on ring  currents in 
unusual porphyrin analogues; Profs. Penny Brothers 
(University of Auckland) and Xuefeng Fu ( Peking Uni-
versity) and on main-group corroles; and Prof. Jeanet 
Conradie (University of the Free State, South Africa) on 
theoretical studies of the superheavy 7p elements.

A new grant from RESULT (Ressurssenter for 
 undervisning, læring og teknologi), an educational 
 research  office at the University of Tromsø, provided 
a much  needed boost to a collaborative project with 
Prof. Ged Parkin (Columbia University) in the area of 
 inorganic chemistry instruction. In the area of teaching 
and  outreach, we were also privileged to count on the 
support of a number of other world-class chemists in this 

area, including Harry B. Gray (Caltech), Roald  Hoffmann 
(Cornell), Stephen J. Lippard (MIT), John T. Groves 
(Princeton), and Bassam Shakhashiri (University of 
Wisconsin, Madison). Of these, Professor  Shakahashiri, 
a former president of the American Chemical Society, 
visited Tromsø and gave a talk on chemical education, 
cosponsored by the CTCC and the Norwegian Chemical 
Society.

Several members of the Ghosh group presented their 
work at the CTCC-sponsored 2nd Nordic Meeting on 
Organometallic Chemistry held at the University of 
Oslo in March. Summer was brisk for the porphyrin and 
 bioinorganic communities with the 8th International 
Conference on Porphyrins and Phthalocyanines (ICPP8) 
in Istanbul (where CTCC researcher Heike Fliegl 
 presented a talk), EuroBIC 12 in Zurich, and the 248th 
National  Meeting and Expo of the American  Chemical 
 Society in San  Francisco (where CTCC researcher Hugo 
 Vasquez-Lima also presented a poster). Professor Ghosh 
 presented invited talks at all three conferences on diffe-
rent aspects of 5d metallocorroles.

Top: Profs. Penny Brothers and Abhik Ghosh on a Bosphorus cruise
at the ICPP8 conference. Bottom: Bassam Shakashiri, Abhik Ghosh,
Abraham Alemayehu, and Heike Fliegl at Yonas Pizzeria, Tromsø,
in September.
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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 research is on 
metal complexes and reactions that are of relevance to 
homogeneous catalysis. The most fruitful way to gain 
 insight into such systems is to combine  experimental 
and computational approaches, an approach that is 
 increasingly seen in research groups internationally. WP7 
leader Prof. Tilset already leads an RCN FRINAT grant 
to pursue gold  chemistry and catalysis. More  recently, 
a new  FRINAT project was awarded – led by associate 
prof.  Erwan  LeRoux at University of  Bergen: A PhD 
 student to be located in Oslo (start foreseen  August 2015) 
will develop a very different field of  catalysis,  namely 
 titanium  chemistry  targeted at CO2 activation and 
 functionalization. David Balcells, researcher at CTCC 
since 2012, contributes to WP7 with computational work 
that strengthens all experimental activities of the Tilset 
group in organo- metallic chemistry and  homogeneous 
catalysis, whether of gold, titanium, or other  metals. 
Importantly, Balcells in addition and very successfully 
pursues his own,  independent lines of research in com-
putational chemistry. His  efforts are supported by his 
Marie Curie grant (awarded in 2013). Finally, Prof. Odile 
 Eisenstein, adjunct professor at CTCC, does an  admirable 
job at spreading the  gospel of computational chemistry to 
many other  research groups at the Department of Chem-
istry, in  addition to the  catalysis community.

Gold catalysis is a vigorously pursued area in  current 
metal complex catalysis. The research group of the WP7 
leader has developed new and efficient  synthetic pro-
cedures that give access to a variety of gold  complexes, 
which are investigated with respect to  structure, 
 mechanisms, and catalytic applications. The  FRIPRO 
grant on gold chemistry employs two coworkers: 

 Ainara Nova, post-doctoral fellow at CTCC for a 3-year 
 period from May 2013, and Marte Sofie Holmsen, PhD 
 student at CTCC and the Department of Chemistry for 
a 4-year period from August 2013. Holmsen  focuses on 
 experimental Au(III) chemistry, whereas Nova  supports 
the  experimental  activities with computational work. 
A number of PhD and MSc students from the  research 
group, who are primarily experimentalists, have also 
 dedicated parts of their  research to computational 
 studies, with Nova and Balcells as CTCC mentors. This 
is in line with the ambition of the WP7 leader, that stu-
dents who focus on experimental work should also have 
computational methods in their “chemistry  toolbox” 
upon  completion of their degrees. Ongoing efforts in 
 computational  organometallic  chemistry and catalysis 
primarily utilize DFT  methodologies. Selected examples 
which describe activities from 2014, and which serve 
to define directions for future activities, are briefly de-
scribed in the following.

In the previous annual report, we briefly described 
the observation of the formal insertion of ethylene into 
one of the Au-O bonds in the Au(III) complex (tpy)
Au(OCOCF3)2 (Figure 1; R = H, SOH = CF3COOH). 
The detailed mechanistic investigation was completed 
and published last summer. An indepth understand-
ing of the reaction mechanism was obtained from the 
combined use of experiment and computation (see a 
more detailed description in the highlight contribu-
tion to this annual report). More recently, the scope 
of this reaction has been expanded: A wide range of 
alkenes ( terminal, internal, mono-, di-, and tri-sub-
stituted,  cyclic,  acyclic) will undergo insertions. Fur-
thermore, other solvents than trifluoroacetic acid may 
be utilized (Figure 1: SOH = CF3COOH, CH3COOH, 
MeOH, EtOH, iPrOH, tBuOH). Unfortunately, a gold-
catalyzed addition of the pertinent solvent SOH to the 
alkene C=C double bond has not been achieved. To our 
 satisfaction, however, it has been recently found that the 
gold complex (tpy)Au(OCOCF3)2 will actually catalyze 
the addition of CF3COOH to acetylene (Figure 2). The 
 apparently rather complex mechanism (intermediates 
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are  observed) of this catalytic transformation is currently 
investigated experimentally as well as computationally. 
We expect that this combined experimental and com-
putational approach will shed light on why addition to 
acetylene is catalytic whereas addition to ethylene is not. 
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Following the activities started on 2013, WP7 has 
also included several actions fostering international 
 collaborations between the CTCC and US Universities. 
The Peder Sather Center for Advanced Studies  supported a 
one-week stay of David Balcells at UC Berkeley. The main 
purpose of this visit was to follow the work of  Alexandra 
Strom on catalytic hydroamination in the group of Prof. 
John Hartwig. More recently, David also visited Yale Uni-
versity with the aim of developing  further his collabora-
tions with the groups of Profs. Nilay Hazari and Robert 
Crabtree. The work with the Hazari group focuses on 
the Suzuki-Miyaura reaction, which is highly valuable 
in the synthesis of fine chemicals. These studies, which 
started on 2012 with the visit of Damian  Hruszkewycz to 
the CTCC, have been already published in two  articles 
and also involve Postdoc Ainara Nova and group lead-
er Mats Tilset. The contribution of Odile Eisenstein, 
 professor II at the CTCC, and her recent UiO honorary 
 doctorate, were celebrated with a surprise Symposium on 
her honor, organized by David Balcells and Mats Tilset 
(see a more detailed description in the conferences of 

this annual  report). With the aim of bringing new com-
putational skills to the CTCC, David Balcells undertook 
a  research stay of two months at the group of Carme -> 
Carmen  Rovira (University of Barcelona). This activity 
was funded by the UiO Energy initiative and focused 
on the application of MM, QM and QM/MM molecular 
 dynamics to the study of solvation structures in the cata-
lytic  oxidation of water. Preliminary studies have already 
shown dramatic  changes in the first and second solva-
tion shells, depending on the nature of the ligands and 
charges surrounding the metal-oxo  moiety.

In conclusion, the activities in WP7 benefit 
 tremendously from the active interplay between the-
ory and  experiment. 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!
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WP10: Biomolecular modeling
Scientists in charge: Bjørn-Olav Brandsdal and 
Michele Cascella

The main activities in the Brandsdal group are focused 
on modelling of ligand binding and enzymatic  reactions 
using various computational techniques, and to relate 
biomolecular structure and function through energet-
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ics. A major part of our activities relies on  molecular 
 dynamics simulations using the program package Q 
and enzymatic reactions. Much effort has been put into 
 developing a graphical user interface to Q, and the first 
Q-user meeting was arranged by Brandsdal and Isaksen 
on the  Coastal Cruiser from Tromsø to Svolvær April 
22  –24 with 25 participants. The Qgui is now released 
under the GNU public license, and is distributed free of 
charge.

Temperature dependence of chemical reaction rates 
has been our main research topic in 2014. The  fingerprint 
of cold-active enzymes is their ability to catalyze  reactions 
at low to moderate temperatures with  lower activa-
tion enthalpies and more negative activation  entropies 
 compared to their warm-active counterparts. This is a uni-
versal property of cold-active enzymes, and the  reduced 
 activation enthalpy makes their reactions less tempera-
ture dependent. Our understanding of how this takes 
place from a structural point of view has been  hampered 
by not being able to map the macroscopic  properties 
down to the microscopic level. A  significant break-
through was achieved with respect to estimate  activation 
free energies, enthalpies and  entropies of  chemical 
 reactions from microscopic molecular dynamics simu-
lations, which was published in PLoS  Computational 
 Biology. Our model system was the rate- limiting step in 
the  reaction catalyzed by trypsin. Extensive  computer 
simulations  reproduced not only the  absolute enzymatic 
rates, but also the characteristic temperature  dependence 
of  activation free  energies as  revealed through high- 
precision  computational Arrhenius plots from  empirical 
valence bond  simulations. These  simulations show 
that it is the softness of the protein-water surface that 
regulates the activation enthalpy-entropy balance. We 
pinpoint single  mutations that significantly affect the 
 thermodynamic activation  parameters,  indicating how 
these can be  optimized through evolution.

Another enzyme that we are currently working with 
is endonuclease from Vibrio Cholera and  Salmonicida, 
warm- and cold-active homologues respectively. This 
is also a project related to understanding the  structural 

mechanisms responsible for low temperature  activity of 
enzymes, and involves collaboration with Lynn  Kamerlin 
and Johan Åqvist at Uppsala University.  Together, we have 
been able to derive a model for the catalytic mechanism 
involving a nucleophilic  attack on the phosphodiester 
bond by a hydroxide, and a  struc tural Mg2+ ion providing 
significant stabilization of the  charges along the reaction 
coordinate. Again, we are able to  reproduce the absolute 
chemical reaction rates as well as the  thermodynamic 
 activation enthalpies and entropies. Along with extensive 
simulations of the  reactant and transition state, several 
amino acid residues have been identified as important to 
provide stability and activity. We have also  successfully 
been able to produce five  mutant enzyme variants to 
 examine and validate the  predictions experimentally.

Inspired by the results for trypsin and  endonuclease, 
purine nucleotide phosphorylase was chosen as a new 
model system to challenge our approach  focusing on 
 enthalpy and entropy compensations in  enzymatic 
 reactions. Experimental data show that mutations 25 
Å away from the active site have small effects on the 
 activation free energy but changes the activation  enthalpy 
and  entropy by roughly 2 kcal/mol.  Unfortunately, 
 something that looked straightforward turned out to be a 
challenging task, mainly due to the fact that the  reaction 
mechanism was not clear. A systematic investigation of 
possible alternative mechanisms was first carried out, 
pinpointing the role of the phosphate, its protonation 
state and that of the purine ring as well as stabilization 
along the reaction  coordinate by active site amino acids. 
With this clarified, our model was able to reproduce the 
substrate specificity for 6-oxopurine nucleosides  (Figure 
1). A single-point mutation in the active site was also 
used to  examine the quality of the model. The mutation 
of Asn243 to Asp243 makes the rate for phosphorylysis 
of 6- oxopurine and 6-aminopurine nucleosides  virtually 
identical. Our EVB simulations of the mutant also 
show that the chemical rates for inosine, guanosine and 
 adenosine are almost identical (Figure 2). The next phase 
for this  particular project is to obtain Arrhenius plots for 
long-range  mutants and to examine structural features 
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for the  enthalpy-entropy compensations observed.
A new PhD student, Tor Arne Heim Andberg, was 

hired in September 2014. He will work on ligand binding 
with a focus on constructing new inhibitors of the human 
deoxyuridine 5’-triphospate nucleotidohydrolase (dUT-
Pase). Knowledge about the temperature dependence of 
binding constants and binding enthalpies and entropies 
is pivotal for ligand design campaigns. We are  currently 
pursing computational approaches that allow binding 
enthalpies and entropies to be calculated  accurately. 
 Andberg will also contribute to future development and 
to the maintenance of Qgui.

Figure 1 Reaction free energy profiles for the rate-limiting step in the 
phosphorolytic cleavage of the glycosidic bond for adenosine (red), 
guanosine (blue) and inosine (black) in water (dotted lines) and in 
HsPNP (solid lines).

Through activities on Sec-14-like proteins (described 
in the highlight), the Cascella group have built contact 
with the group of Prof. Krysztof Palczewski at Case West-
ern Reserve University, Cleveland.  In collaboration with 
them and with other experimental laboratories, we have 
investigated the peculiar capability of  mammalian  retinas 
to detect infrared light. We modelled the  process of 
photo-activation by simulating a  rhodopsin  protein in a 
POPE bilayer and explicit solvent (Figure 3).  Combining 
 multiscale hybrid-molecular  mechanics/quantum 
 mechanics method to molecular dynamics, we could 
sample thermally accessible configurations of the system 
and compute 2-photon cross section. 

Our computational data, together with experimental 
evidences, demonstrated that, in the 900-1200 nm range, 

there is non-vanishing probability of stimulation of the 
retina by a two-photon scattering process (G. Palczewska 
et al., Proc. Natl. Acad. Sci. USA 2014, 111, E5445–E5454.)

We have hired a first PhD student in last autumn 
( Raphael Peltzer), who will continue working on projects 
 related to Sec-14 like proteins, in collaboration with Prof. 
Achim Stocker, University of Bern, Switzerland, and 
eventually the group of Prof. Palczewski. 

Figure 2 Reaction free energy profiles for the rate-limiting step in the 
phosphorolytic cleavage of the glycosidic bond for adenosine (red), 
guanosine (blue) and inosine (black).  N243(dotted lines) and native 
HsPNP (solid lines).

Figure 3 Model of rhodopsin:  the protein (cartoon) is embedded in 
a POPE bilayer (lines) and in water solvent (not shown for clarity). 
The covalently bound chromophore (orange spheres) is treated at the 
quantum mechanics level, while the rest of the system is treated at the 
molecular mechanics level.




