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Dear reader,

Welcome to the 2010 Annual Report of the Ruder Boskovi¢
Institute. The aim of this report is to provide a succinct over-
view of the most important activities and top achievements
made at the Ruder Boskovi¢ Institute during 2010. As such,
the report covers exemplary performance in high-quality
fundamental research, published in top journals or scientific
books, and shows the strong involvement of scientists of the
Ruder BoSkovic¢ Institute in higher education. The report also
highlights selected awards, recognitions, patents, domestic
and international projects and collaborations, important invit-
ed lectures, and international conferences organized by the
Institute during the year.

On behalf of the Editorial Board, | would like to take this op-
portunity to sincerely thank the RBI staff for their cooperation
during the preparation of this report. We would also like to
thank you, the reader, for your interest and take pleasure in
inviting you to share with us your comments and suggestions
regarding future editions of this report.

Editor
Nela Pivac



Introduction

OVERVIEW

The year of 2010 saw the Ruder Boskovi¢
Institute (RBI) celebrate its 60th Anniversary.
From its foundation in 1950, on the initiative
of lvan Supek and colleagues who chose to
name the Institute after the renowned Croa-
tian physicist Ruder BoSkovi¢, the Institute
has come a long way. Today, the RBI is re-
garded as Croatia’s leading scientific institute
in the natural and biomedical sciences as well
as marine and environmental research, owing
to its size, scientific productivity, international
reputation in research, and the quality of its
scientific personnel and research facilities.
The Institute is the leading and most interna-
tionally competitive Croatian institute by virtue
of its participation in international research
projects, such as the IPA, IAEA and FP5-7
programs funded by the European Commis-

ORGANIZATION OF THE
INSTITUTE

sion, NATO, Cogito, COST, UNESCO and
other international scientific foundations.

Today, the RBI has over 550 scientists and
researchers in more than 80 laboratories pur-
suing research in theoretical and experimental
physics, material physics and chemistry, elec-
tronics, physical chemistry, organic chemistry
and biochemistry, molecular biology and medi-
cine, marine science and the environment, in-
formational and computer sciences, laser and
nuclear research and development.

In addition to basic research, the RBI is
strongly involved with the development of in-
novative research, participation in higher ed-
ucation and increasing public awareness of
the importance of knowledge and science in
modern society. These tasks are conducted
in cooperation with universities, scientific in-
stitutes and other similar institutions in Croa-
tia and all over the world.
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Figure 1. The organizational structure of the RBI
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ORGANIZATION OF THE
INSTITUTE

Organizationally, the RBI consists of
twelve divisions, three centres, a library, the
office of the Director General, as well as sec-
tions for maintenance and technical services
and administration (Figure 1).

The administrative structure of the In-
stitute sees central roles for the Board of

ORGANIZATIONAL SCHEME

Governors, the Director General and the
Scientific Council. Important input is derived
from the Heads of the Divisions and Centres
(via their Divisional Councils), the Assistant
Directors, as well as the Heads of the Ad-
ministration, the Maintenance and Technical
Services and the Library (Figure 2). The In-
ternational advisory board provides vital ex-
ternal advice and guidance.
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Figure 2. The administrative structure of the RBI



Director General: Danica Ramljak

Head of the Scientific Council: Neven Bili¢

Chairman of the Board of Governors:
Slavko Krajcar

International Scientific Board:

Jean-Marie Lehn, Laboratoire de Chimie
Supramoléculaire, ISIS/ULP, France

Harold Kroto, University of Sussex, UK

Egon Matijevi¢, Clarkson University, NY,
USA

Helmut Schwarz, Technische Universitat
Berlin, Germany

Fritz Vogtle, Universitat Bonn, Germany

Robert Blinc, Jozef Stefan Institute, Ljublja-
na, Slovenia

Jonathan R. Ellis, CERN, Switzerland

Anthony R. Peaker, University of Manches-
ter, UK

Bogdan Povh, MPI fir Kernphysik, Heidel-
berg, Germany

Roberto D. Peccei, UCLA, Los Angeles, CA,
USA

Fernando Azorin, Institute of Molecular Biol-
ogy of Barcelona, Spain

Bernd Kaina, Institut fir Toxikologie, Mainz,
Germany

Werner E. G. Miller, Johannes Gutenberg
Universitat, Mainz, Germany

Miroslav Radman, Université René Des-
cartes-Paris V, France

Jurgen Soll, Ludwig-Maximilians-Universitat
Minchen, Germany

Vito Turk, Jozef Stefan Institute, Ljubljana,
Slovenia

Joseph Schlessinger, Yale University School
of Medicine, CT, USA

Hans Joachim Seitz, Universitat Hamburg,
Germany

Davor Solter, MPI flr Immunbiologie,
Freiburg, Germany

Peter J. Stambrook, University of Cincinnati
Medical Center, OH, USA

Rudolf Zechner, Institute for Molecular Bio-
sciences, Graz, Austria

Farooq Azam, University of California, San
Diego CA, USA

Walter Giger, Swiss Federal Institute for
Aquatic Sciences and Technology,
Dubendorf/Zirich, Switzerland

Thomas C. Malone, OceanUS Office
for Integrated and Sustained Ocean
Observations, Arlington, VA, USA

Werner E.G. Muller, Johannes Guten-
berg Universitat, Mainz, Germany

Nadia Pinardi, University of Bologna,
Ravenna, Italy

ACTIVITIES
Fundamental research

The total number of research articles pub-
lished by RBI scientists in 2010 was 613.
Among these, 477 were published in journals
cited by Current Contents, the maijority of
which were published in high ranking interna-
tional Journals.

The details of the many important discov-
eries made by RBI scientists in 2010 are to
be found in the subsequent sections of this
report. Nevertheless, we present here a small
section of highlights in order to convey a gen-
eral impression of the kind research carried
out at the Institute.

Ideas that development of embryos mir-
rors evolutionary history are well known even
outside biological circles. However, due to the
lack of tools that would allow explicit quanti-
tative testing, the scientific status of this elu-
sive concept has been unclear. Evolutionary
geneticist, Tomislav Domazet-Lo$o, from the
Division of Molecular Biology, together with
Diethard Tautz, from the Max Planck Institute
for Evolutionary Biology, devised a new ap-
proach that measures phylogenetic age of
the expressed genes across ontogeny and
showed that phylogeny-ontogeny correlation
is real. In a broader perspective, this study
shows that the correlation between phylog-
eny and ontogeny is not a myth, and that
the once disputed ideas of von Baer, Darwin



and Haeckel have to be revisited. The results
were published in the 9th December issue of
Nature as a cover story.

Nela Pivac, Matea Nikolac, Gordana Nedi¢
and Dorotea Mueck-Seler from the Laboratory
of Molecular Neuropsychiatry in the Division
of Molecular Medicine, together with associ-
ates from the Faculty of Pharmacy and Bio-
chemistry at the University of Zagreb discov-
ered a major advance in the diagnosis of the
attention-deficit hyperactive disorder (ADHD).
Their research article entitted Human plasma
glycome in attention-deficit hyperactivity disor-
der and autism spectrum disorders was pub-
lished in the prestigious journal Molecular and
Cellular Proteomics. The article details for the
first time changes in specific glycan structures
found in the plasma of 99 children suffering
from ADHD. These results indicate the possi-
bility of clinical applications and the elabora-
tion of new potential biomarkers for diagnos-
ing ADHD through a simple blood test.

RBI Scientists Anamaria Brozovi¢, Andreja
Ambriovi¢-Ristov, and Maja Osmak, from the
Laboratory for Genotoxic Agents in the De-
partment of Molecular Biology have published
a review article entitled The relationship be-
tween cisplatin-induced reactive oxygen spe-
cies, glutathione, and BCL-2 and resistance
to cisplatin in the journal Critical Reviews in
Toxicology, which is one of the most respected
journals in the field of toxicology. This review
article describes the role and relationship of
the anti-apoptotic protein BCL-2 and gluta-
thione in cisplatin-induced oxidative stress as
well as the role these molecules play in cispla-
tin resistant tumour cells. Despite the general-
ly accepted fact that DNA damage is a key for
the harmful effects of cytostatics, this review
article presents the results of recent studies
that show that cisplatin can induce production
of lethal reactive oxidative radicals (ROS) that
are not primarily related to DNA damage.

Scientists from the Division of Electron-
ics, Fran Supek, Nives Skunca, Jelena Repar
and Tomislav Smuc, published an extensive
computational study entitled Translational
selection is ubiquitous in prokaryotes in the

prestigious journal PLoS Genetics. The study
describes how natural selection acts to im-
prove speed and accuracy of protein transla-
tion, as evidenced in biased codon usage in
prokaryotic genomes. The study represents a
significant step forward in terms of its breadth,
computational methodology and this work
points to a universal regularity - the contents
of 'silent’ sites of a group of genes in all bacte-
ria and archaea are not determined randomly.
Rather, they are shaped by translational se-
lection, which is a new and significant finding
from many perspectives. For instance, gene
expression levels can be predicted from co-
don usage and the expression level correlated
to environmental conditions, enabling further
in silico research of mechanisms of microbial
adaptation.

Irena Dokli, and Zdenko HamerSak, from
the Laboratory for Stereoselective Catalysis
and Biocatalysis in the Division of Organic
Chemistry and Biochemistry, in collaboration
with Ivana Matanovi¢ from the Theoretical
Chemistry Group, in the Division of Physical
Chemistry, have published an article entitled
Sulfur Ylide Promoted Synthesis of N-Pro-
tected Aziridines: A Combined Experimental
and Computational Approach in Chemistry - A
European Journal. The article describes the
asymmetric synthesis of N-protected aziridi-
nes in high enantiomeric excess, using a chi-
ral benzyl sulfonium salt. The diastereoselec-
tivities of the reactions are influenced by the
N-protecting group, the imine substituent, and
the sulfide structure. In the case of tert-butyl
substituted aziridines, an unusual cis selectiv-
ity was observed and subsequently explained
using computational models.

Analytical Chemistry, the world's leading
journal in the field of the same name, published
a paper entitled Blind separation of analytes
in nuclear magnetic resonance spectroscopy
and mass spectrometry: sparseness-based
robust multicomponent analysis by lvica Ko-
priva (Division of Laser and Atomic Research
and Development) and Ivanka Jeri¢ (Division
of Organic Chemistry and Biochemistry). The
paper describes a method for blind extraction



of analytes from mixtures. The method is ex-
emplified on the examples in NMR spectros-
copy and mass spectrometry. The original
contribution of the paper is theoretical and
experimental demonstration of the extraction
of analytes the number of which exceeds the
number of mixtures. It has been considered
within the chemometrics community so far that
this problem is too ill-posed and, thus, insolv-
able. Potential application of obtained result is
in biomarker detection, natural product analy-
sis and metabolomics. The paper is a result
of two years of collaborative efforts that have
already yielded three scientific papers and two
international patent applications.

Projects and other revenue
The RBI has 132 projects in basic research,

which are funded by the Ministry of Science
Education and Sport. Additional domestic com-

petitive projects are provided by the Croatian
Science Foundation and the Unity Through
Knowledge Fund (UKF), from which RBI has
13 active projects, respectively. The Institute is
involved with almost 100 international projects
(including 7 FP7, 1 FP6, 6 IAEA, 3 NATO, 1
COST, 1 UNESCO, 1 SCOPES, and 58 bilat-
eral projects), as well as 61 applied and tech-
nological contracts (including 6 HRZZ, 1 Na-
tional Park Plitvice, 3 iProject, 2 VIP, 1 HIT and
1 BICRO). The total financial value of these
projects can be seen in Table 1, as well as the
funding trends since 2006.

Table 1 also shows that the largest non-
competitive source of revenue continues
to be derived from the Ministry of Science,
Education and Sports, which directly con-
tributed almost € 23 M in 2010. A significant
part of this revenue is dedicated to staff sala-
ries (ca. 75%), while the remained is relat-
ed to various running costs (Table 2). This
so-called block grant was reduced in 2010.

REVENUE 2006 % 2007 %

2008 % 2009 % 2010 %

Funding from the
Ministry of Science,
Education and Sports
(MSES)

20.842.974 88,05% 23.770.518 83,61%

25.755.013 86,37%

24.030.178 83,82% 23.372.730 81,61%

National Projects
funding (Croatian
Science Foundation, 172.490 0,73%
Croatian Institute of
Technology, etc.)

1.017.194 3,58%

487.601 1,64% 345.916 1,21%

1.365.294 4,77%

International projects
funding (FP, NATO, 749.913 3,17%
IAEA, etc.)

1.377.929 4,85%

910.305 3,05%

1.575.532 5,50% 1.780.549 6,22%

Commercial contracts 1.782.322 7,53% 1.999.839 7,03%

2.449.662 8,22%

2.416.483 8,43% 1.873.087 6,54%

Donations and other

" 123.887 0,52% 264.046 0,93%
funding

216.622 0,73% 300.392 1,05% 246.147 0,86%

TOTAL 23.671.586 | 100,00% | 28.429.526 100%

29.819.203 100%

28.668.501 100% 28.637.807 100%

Table 1. RBI revenues from 2006-2010.

FUNDING FROM THE STATE

BUDGET 2006 % 2007

2008 % 2009 % 2010 %

Salaries 14.194.651 68,15%

15.752.782 | 66,30%

17.082.656 | 66,63% | 17.825.802 | 74,22% | 18.243.201 76,23%

Operating costs 2.897.658 13,91%

3.052.403 12,85%

2.727.386 10,59% 1.908.463 7,95% 2.087.153 8,72%

Research projects - national 2.960.532 14,21%

3.711.388 15,62%

3.591.772 13,95% 2.659.660 11,07% 2.251.603 9,41%

Research projects - international 18.604 0,09% 25.290 0,11%

222.488 0,86% 124.391 0,52% 393.296 1,64%

International co-operation 197.193 0,95% 183.613 0,77%

160.847 0,62% 159.213 0,66% 155.848 0,65%

Construction and other investment 560.892 2,69%

1.034.174 4,35%

676.742 2,63% 915.769 3,81% 259.794 1,09%

Loan from the World Bank

1.281.309 4,98% 425.211 1,77% 540.973 2,26%

TOTAL 20.829.530 | 100,00% | 23.759.650 | 100,00%

25.743.200 | 100,00% | 24.018.509 | 100,00% | 23.931.868 | 100,00%

Table 2. A breakdown of RBI revenues from the state budget from 2006-2010.
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Thus, despite the increase in international
project funding observed during 2010, the
total RBI revenue was reduced by almost € 2
M in comparison to 2008.

Organization of international
conferences

As in previous years, the RBI continued
to support the organization of numerous in-
ternational and domestic conferences. Many
of them were organized as a part of a series
of events celebrating the 60th Anniversary
of the Institute. For example, a symposium
on Ivan Supek - Scientist and Humanist was
held in April at the RBI. Five plenary lectures
were presented on the life and work of lvan
Supek, Croatian physicist, philosopher, writ-
er, peace advocate, humanist and founder
of the RBI. Plenary lecturers included promi-
nent scientists and academicians, Ksenofont
llakovac, Ivo Slaus, Vladimir Paar, Kruno
Pisk, and Vladimir Knapp.

In April the Department of Experimental
Physics organized its first Festival of Science
by young researchers. The festival showed
the recent research of doctoral students in
the department.

For the fourth year in a row, the RBI orga-
nized its Open Days. In 2010, this event took
place from May 6t to 8th and attracted over
4500 visitors, not only from Zagreb, but also
from all over Croatia and neighbouring Bos-
nia and Herzegovina. Visitors were treated
to an exhibition with 16 focal points which
were designed to bring the world of science
closer to the general public.

The Scientists of the Institute held a se-
ries of popular lectures on current topics in
various fields of science. The visitors had the
opportunity to visit the exhibition "Croatian
inventors through history" which showed the
rich tradition of invention and patent protec-
tion in Croatia. The exhibition was organized
by the State Intellectual Property Office in
cooperation with RBl's spin-off company
Ruder Innovations Ltd. The RBI Open House
was organized as part of the activities mark-

Otvoreni
dani

| Instituta Ruder Boikovié

weve it bR vprene-dond
Figure 3. A brochure from the RBI’s “Open Days”.

ing the 60th Anniversary of the Institute. The
aim of this event was to inform the public
with RBI research and to show how funds
invested in science are used for the develop-
ment of society, higher education and creat-
ing better living conditions for all citizens.

As part of the celebrations marking the
60th anniversary of RBI, the Center for Infor-
matics and Computer Science and the De-
partment of Electronics at RBI held a meeting
on May, commemorating 60 Years of Elec-
tronics and Computer Science Research at
RBI. Among the numerous renowned scien-
tists from Croatia and abroad attending the
event, Professor Veljko Radeka, recipient of
the Harold Wheeler Award and director of the
Instrumentation Division at the Brookhaven
National Lab (USA) was also a participant.
The meeting focused on the development of
electronics and computer science at RBI over
the last 60 years and many of the scientists in
attendance began their careers in the area of
electronics and computer science at RBI.

In cooperation with the government of the
Republic of Croatia and the RBI, the /AEA
Regional Workshop on Successfully Apply-
ing for EU-funded Projects was held in May
at the RBI. The workshop brought together
sixty participants from twenty countries in
Europe and Central Asia.

At a gala event held in the Vatroslav Lisin-
ski Concert Hall the 60th anniversary of RBI



was celebrated in June. Croatian president
Dr. Ivo Josipovic, as well as Premier Jadran-
ka Kosur were patrons of the event. President
Josipovic in his address pointed out the work
of RBI has tremendous importance for Croa-
tia. He stated that there should be better co-
operation between the educational process,
science and industry. Josipovic also stated
that science should not be subject to austerity
measures as this undermines our future.

Figure 4. The celebration of the 60th anniversary of RBI at the
Vatroslav Lisinski Concert Hall.

The third in a series of summer schools
in applied molecular microbiology entitled
Microbial Metabolites: Signals to Drugs was
held in August in Dubrovnik. The Summer
School is co-organized by the John Innes
Centre (UK) and the RBI. The summer
school is intended for scientists at the gradu-
ate level and post-doctoral fellows as well as
those who plan a career in industry.

The RBI in cooperation with leading insti-
tutions in the field of nanotechnology: Finn-
ish Centre for Nanotechnology, University of
Jyvaskyla and Joanneum Research in Graz
organized first session of Adriatic School on
Nanoscience - ASON-1, in September in Du-
brovnik. The school brought together lead-
ing Croatian and European speakers in the
fields of nanoscience as well as participants
from several countries.

In September in Primosten, the RBI orga-
nized the international scientific conference
5th Central European Conference - Chem-
istry Towards Biology. The conference was

attended by 124 scientists from both Croatia
and abroad. This conference brings together
chemists, biochemists, molecular biologists
and bioinformaticists from Central European
countries representing a platform for the dis-
semination of research results arising from
collaborations during the previous two years
and provides an opportunity to initiate plans
for new collaborations. The most common
themes at the conference were the chemis-
try of proteins and peptides, structural biol-
ogy, bioprocesses and drug design.

The Laboratory for lon Beam Interactions
hosted the first workshop organized within
the FP7 SPIRIT project valued at 7 million
euros. The workshop entitled New detec-
tor technologies for advanced materials re-
search using ion beam analysis was held in
October at Plitvice National Park. The aim
of the planned workshops was to inform a
broad range of scientists on the possibilities
for use of accelerator methods in scientific
research in the areas of physics, chemistry,
biology and medicine and thereby increase
both the number of users as well as the
availability of European accelerator infra-
structure. The total number of participants at
the Plitvice workshop was 60 scientists from
15 European countries, including a number
of speakers from partner institutions within
the SPIRIT project.

More details about the conferences, con-
gresses and meetings organized by the RBI
can be found in the subsequent pages of this
report.

Awards and Recognition

As in previous years, the achievements of
RBI scientists were also recognized through
numerous awards. For example, Morana Ja-
ganjac received prestigious State Award for
Science in the graduate student category,
for the significant scientific contribution in the
study of the role of neutrophils in the growth
and regression of tumours. This work has led
to the application for an international patent
pertaining to her work.



Young scientist Snjezana Juri¢ received
prestigious Zeljko Trgovéevié Award, for re-
search excellence in the field of molecular
biology and genetics. At the 180t conference
of the Hungarian Academy of Sciences, its
President Professor J6zsef Palinkas awarded
Karolj Skala, the RBI's head of the Centre for
Informatics and Computing, with a medal for
scientific research and international coop-
eration. In addition, the Centre for Informatics
and Computing received the VIDI e-Novation
Award Golden Tesla's Egg.

At a meeting of the European Association
for Cancer Research (EACR), Sonja Levanat
from the Department of Molecular Medicine
was elected to honorary membership in the
EACR. As well Sonja Levanat received ca. €
70,000 of Terry Fox Run Donation. This dona-
tion would aid Sonja Levanat's work which is
aimed at research and treatment of hereditary
forms of breast and ovarian cancer.

Robert Vianello was awarded the Promis-
ing Scientist Award at the 15t international
conference on Quantum Systems in Chem-
istry and Physics. The award was given by
the Centre for Applied Quantum Mechanics
in Paris for his significant contributions to the
computational design of extremely strong su-
peracids and superbases and insights into
their properties.

The Director's Prize for Most Successful
RBI Scientists have been awarded to almost
50 RBI scientists, for publication in high impact
journals, successful grant applications (grants
greater than ca. € 70,000), projects of special
importance to RBI, successful international
patent applications as well as for scientific
work honoured with state awards for science.

The International Conference on Informat-
ics and Communication Technologies, Elec-
tronics and Microelectronics - MIPRO 2010
awarded the RBI with the MIPRO Charter for
exceptional service in the development of ICT,
electronics and microelectronics.

List of all the awards and recognition given
to the RBI scientists can be found in the in-
dividual Divisional reports in the subsequent
sections of this report.

Education

Although the RBI is currently not able to
conduct its own, independent postgraduate
study program, it has developed collabo-
rations with several universities in Croatia
through a number of doctoral and specialist
study programs. In addition, through basic
agreements with various universities in Croa-
tia, RBI scientists actively participate in pro-
grams of higher education in Croatia. Owing
to the large number of potential mentors and
qualified researchers, as well as the relatively
modern research equipment, the RBI remains
an attractive place for the best students from
Croatian universities to pursue doctorates,
which continue to provide an influx of quali-
fied doctoral candidates. Table 3 and Figures
5 and 6 provide an overview of the level of
courses and their distribution across different
locations and Divisions, respectively.

Type of course Number of
courses
Undergraduate courses 76
Graduate courses 33
Ph.D. courses 181
Additional specialist courses 9
Total 299

Table 3. Overview of the courses held by RBI in 2010.

Intellectual Property

Apart from fundamental research and
education, the activities of the RBI also re-
sult in various forms of intellectual creations.
One important aspect of the RBI’'s mission
is the protection of intellectual property and
its commercialisation. In this context, various
specific activities have been initiated and
realized over the last few years. As a sub-
sidiary, the Ruder BoSkovi¢ Institute estab-
lished Rudjer Innovations Ltd., a company
specializing in the commercialization of inno-
vations and technology transfer. The intellec-
tual property portfolio of Rudjer Innovations
includes innovations protected by patents or
patent applications in various fields of sci-



Figure 5. The distribution of the RBI courses by the location of the
relevant hosting institution

ence that have commercial potential. In 2010
RBI was granted by three patents.

The State Intellectual Property Office of the
Republic of Croatia granted a patent for the in-
novation NN'N"-Tris-(3-dimethylaminopropyl)-
guanidine, No. P20040341, the procedure of
preparation from carbodiimide and application
in reactions of the transesterification of oil, to
the inventors Mirjana Maksi¢ and Zoran Gla-
sovac, researchers from the Laboratory for
Physical-Organic Chemistry in the Division of
Organic Chemistry and Biochemistry.

Similarly, the domestic Intellectual Property
Office granted a patent entitled Synthetic pep-
tides containing unnatural adamantane relat-

Figure 6. The distribution of the RBI courses by RBI Division

ed amino acids for use as antitumor drugs,
No. P20050242), to several investigators
including RBI scientists Stefica Horvat, Kata
Majerski, Andreja Jakas and Jelena Veljkovic.

The United States Patent and Trademark
Office granted a patent for the discovery of
a Mixed bacterial culture for atrazine degra-
dation, to a team including Dubravka Hrsak,
from the Department for Marine and Envi-
ronmental Research at the RBI. The patent
describes a new mixed bacterial culture with
specific properties that quickly and complete-
ly degrades atrazine and other s-triazite pesti-
cides over a wide concentration range and at
different temperatures.
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Division

Theoretical
Physics
Department
Department of
Experimental
Physics
Department
of Materials
Physics
Department
of Laser

and Atomic
Research and
Development
Department of
Electronics
Department
of Physicsl
Chemistry
Department
of Organic
Chemistry and
Biochemistry
Department
of Materials
Chemistry
Department
of Molecular
Biology
Department
of Molecular
Medicine
Department
of Marine and
Environmental
Research
Centre for
Marine
Research
Centre for
Informatics
and Computing
Centre for
Nuclear
Magnetic
Resonance
Library

TOTAL RBI

STAFF

Research
staff

24

48

28

1

41

65

40

67

71

79

37

1"

535

Articles
inCC
journals

28

121

35

55

50

22

30

76

52

12

14

477

ARTICLES*
Articles
n ey Articles in
journals
and conferepce
chapters proceedings
in books
1
5 4
1 2
2
8 3
14 2
7
7 8
10
16 1
15 11
5 8
3 6
1
1
87 49

Total
articles

29

130

38

1"

7

57

37

40

93

78

25

10

15

1
613

Theses (written

THESES

Books | Handbooks | Patents by RBI staff)
Ph.D. B.Sc. Ph.D.
24 2 1 2
1
2 1
1 6 1
2 7
3
6 4
10 6
1 1 7 2 2
1
1 1 1
3 24 3 46 7 13

M.Sc.

14

Theses (menthored by
RBI staff)

B.Sc.

12

16

40

Table 4. Review of publications for the year 2010 (*Original scientific papers and review papers in journals/conference proceedings and

chapters in books.)



Theoretical Physics Division

DIVISIONAL
ORGANIZATION

Head: Branko Guberina

The Theoretical Physics Division (ZTF)
consists of the following laboratories:

= Solid State Physics Group,
Radovan Brako

=  Particle Physics and Cosmology
Group, Neven Bili¢

=  Theoretical and Mathematical
Physics Group, Stjepan Meljanac

OVERVIEW OF THE DIVISION

Research performed in the Theoretical
Physics Division covers theoretical investiga-
tion of high-energy physics, including heavy-
quark physics, perturbative quantum chro-
modynamics, gravity and cosmology, and
general and mathematical physics. There
is also a substantial research component in
condensed matter physics, nanophysics and
complex systems. The members of the Divi-
sion continued to be involved in lecturing at
the University of Zagreb and the University
of Split and a number of students completed
their B. Sc., M. Sc. and Ph. D. thesis.

TOP ACHIEVEMENTS

A large cosmological constant under
control - a modified gravity story

The mechanism for the relaxation of the
cosmological constant is formulated as a

http://www.irb.hr/en/ztf

modified gravity theory. It was shown that
the introduced modifications of gravity dras-
tically reduce the effects of almost arbitrar-
ily large cosmological constant of both signs
that could be expected from high-energy fun-
damental theories (Stefancié et al., 2010).

Scalar Field Theory on Non-
commutative Snyder Space-Time

A scalar field theory on the Snyder non-
commutative spacetime was constructed.
The generic construction of the coalgebraic
sector underlying the Snyder geometry is de-
rived (Meljanac et al., 2010).

Fluctuations around Periodic BPS-
Density Waves in the Calogero
Model

The collective field formulation of the
Calogero model supports periodic density
waves. We have presented a complete anal-
ysis of quadratic fluctuations around these
BPS solutions. The corresponding Hamilto-
nian fluctuation was diagonalized in terms of
bosonic creation and annihilation operators
which correspond to the complete orthogonal
set of Bloch-Floquet eigenstates of a related
periodic Schrédinger Hamiltonian. Remark-

"010T Modoy [enuuy [y
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ably, the fluctuation spectrum is independent
of the parameter which determines the den-
sity wave’s amplitude (Bardek et al., 2010).

One vacuum, many possible energy
densities

An analytical calculation of the probabil-
ity distribution of the vacuum energy density
for real and complex massless scalar fields
in Minkowski space was presented. The ob-
tained probability distributions are broad and
the vacuum expectation value of the Ham-
iltonian density is not fully representative of
the vacuum energy density (Duplanci¢ et al.,
2010).

Density functional theory with
non-local correlation and the CO
adsorption puzzle

The well-known CO adsorption puzzle is
the incorrect predictions in ab-initio calcula-
tions of the adsorption of CO molecules into
sites of different coordination on (111) sur-
faces of late 4d and 5d transition metals. In
order to resolve the discrepancies between

Pt
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-
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e

()
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Pt
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Fig. 1. Differences in correlation energy densities between Density
Functional Theory calculations with the standard PBE functional
and the non-local vdW-DF functional, for CO adsorbed on Pt(111)
in a on-top site, upper panel, and hollow site, lower panel.

experimental and density functional theory
calculations, we have applied the relatively
new van der Waals-density functional which
includes nonlocal correlation. In all con-
sidered cases this reduces or completely
solves the site preference discrepancies and
improves the value of the adsorption energy
(Lazi¢ et al., 2010).

Increase of conductance in
nonequilibrium gap geometry: a
molecular wire story

The influence of a contact gap geome-
try on the transport has been investigated
using density-functional theory and non-
equilibrium Green’s function method. The
increase in the low bias conductance with
the contraction of the gap is shown in line
with experimental observations. However,
the unusual increase of conductance is dis-
played with the contact separation with the
lowest conductance for the equilibrium gap
geometry. It is shown that all the predicted
increases in the conductance arise from
better band alignment between relevant
frontier orbitals at nonequilibrium geome-
tries at the expense of weaker coupling with
the contacts (Crljen et al., 2010).

Massively parallel post-processing
evaluation of van der Waals-density
functional correlation energy

The recently developed nonlocal correla-
tion functional vdW-DF opens the prospect
of applying the Density Functional Theory
calculations to soft matter and other mate-
rials in which the van der Waals interaction
plays an important role, where the standard
LDA and GGA functionals have not been
successful. We have developed JuNoLo, a
massively parallel computer code which is
used in a post-DFT calculation approach, by
applying the functional to the charge density
calculated using any standard DFT code thus
obtaining a new improved value for the total
energy of the system (Lazi¢ et al., 2010).



Constraints on the quantum gravity
scale from kappa - Minkowski
spacetime

Two versions of deformed dispersion re-
lations (energy vs. momenta and momenta
vs. energy) and the corresponding time de-
lay up to the second-order accuracy in the
quantum gravity scale (deformation param-
eter) are compared. A general framework
describing modified dispersion relations and
time delay with respect to different noncom-
mutative k-Minkowski spacetime realizations
is proposed, within which we have shown
that some of the realizations provide certain
bounds on quadratic corrections and have
also shown how the coefficients in the dis-
persion relations can be obtained through
a multiparameter fit of the gamma-ray burst
(GRB) data (Meljanac et al., 2010).

EDUCATION

In 2010, members of the Division served
as lecturers in undergraduate and graduate
courses at the Universities of Zagreb and
Split. Five students completed their B.Sc. (2)
or M.Sc. (3) theses.

AWARDS

Velimir Bardek, Radovan Brako, Danijel
Jurman, Stjepan Meljanac, Hrvoje Nikoli¢, Hr-
voje Stefangié and Josip trampetié received
the RBI Director’s Award for Scientific Excel-
lence and Larisa Jonke served as a member of
the Steering Committee for the ESF research
network Quantum Geometry and Quantum
Gravity (July 2007 — December 2011).

PROJECTS

Projects supported by the Ministry
of Science, Education and Sports

1. Surfaces and nanostructures: Theoreti-
cal approaches and numerical calculations,
Radovan Brako

2. Electronic properties of hybrid nanostruc-
tures, Zeljko Crljen

3. Electromagnetic field fluctuations: the van der
Waals-Casimir forces, Marin-Slobodan Tomas

4. Fundamental interactions in elementary parti-
cle physics and cosmology, Branko Guberina

5. Noncommutative spaces in high energy
physics, Josip Trampetic¢

6. Matrix models, duality and field theory, Larisa
Jonke

7. Quantum field theory, noncommutative spac-
es and symmetries, Stjepan Meljanac

Research, developmental and
international project

1. QCD sum rules for exclusive decays of heavy
hadrons, Blazenka Meli¢ (International Re-
search Project promoted by the Alexander
von Humboldt Foundation, with principal in-
vestigators from RBI and University of Sie-
gen, Germany)

2. Final state interaction in non-leptonic D- and
B-decays, Blazenka Meli¢ (Croatian-French
Project in the program “COGITO” - partner-
ship Hubert Curien)

3. Modified gravity theories and the accelerated
expansion of the universe, Hrvoje Stefangi¢
(Croatian-Serbian Bilateral Project)

4. Tools and Precision Calculations for Phys-
ics Discoveries at Colliders, Josip Trampeti¢
(collaboration to the FW 6 EU RTN Network
HEPTOOLS, no. MRTN-CT-2006-035505)

SELECTED INVITED LECTURES

1. Passek-Kumericki K, GPDs from DVCS at LO
and beyond, invited talk given at the workshop



10.

11.

Diffractive and electromagnetic processes at
LHC, Trento, Italy, January 4-8, 2010

Bilic N, Cosmological k-essence condensa-
tion. Beyond 2010, Cape Town, South Africa,
February 1-6, 2010

Andrasi A, Energy Divergences in Coulomb
Gauge QCD, Triangle Workshop on Non-
Perturbative Methods in Qunatum Field The-
ory, Heviz, Hungary, March 10-12, 2010
Skoda Z, Twisted nonabelian differential co-
homology, Conference «Geometry at large
II: Hodge and homotopy theories», University
of Vienna, Vienna, Austria, May 3-7, 2010
Nikoli¢ H, Making nonlocal reality compat-
ible with relativity, Quantum 2010: Advances
in Foundations of Quantum Mechanics and
Quantum Information with Atoms and Pho-
tons. Torino, Italy, May 24-28, 2010

Meli¢ B, Charmless two-body B-meson de-
cays in QCD, 3rd Workshop on Theory, Phe-
nomenology and Experiments in Heavy Fla-
vour Physics (Capri2010), Anacapri, Island
Capiri, Italy, July 5-7, 2010

Bili¢ N, Cosmological condensation of the
tachyon fluid, Efeitos Quanticos em Gravi-
tacao e Cosmologia, Espirito Santo, Brasil,
August 15-20, 2010

Nikoli¢ H, Making Bohmian mechanics
compatible with relativity and quantum field
theory, 21st century directions in de Broglie-
Bohm theory and beyond, Vallico Sotto, Italy,
August 29 — September 3, 2010

Jonke L, Gauge theory on kappa-Minkowski re-
visited: the twist approach, Satellite Workshop
on Noncommutative Field Theory and Gravity,
Corfu, Greece, September 8 - 12, 2010

Bili¢ N, Cosmological condensation of the
tachyon k-essence, 6th Mathematical Phys-
ics Meeting: Summer School and Conference
on Modern Mathematical Physics, Belgrade,
Serbia, September 14-23, 2010

Skoda Z, Symmetrization map, realizations
and Lie algebroids, «Higher Structures in
Mathematics and Physics», Erwin Schroed-
inger Institute for Mathematical Physics, Vi-
enna, Austria, October 14, 2010

SELECTED ORGANIZED
CONFERENCES

1. Beyond 2010, Cape Town, February 1-6,
2010 (Nevenko Bili¢, member of the Organ-
izing Commitee)

2. Croatian Black Hole School, Trpanj, PeljeSac,
Croatia, June 21-25, 2010 (Zoran Skoda,
member of the Organizing Commitee)

3. 5th Austrian-Croatian-Hungarian Meeting,
Summer Workshop for Theoretical Physics
— ,Gauge Fields, Quark Matter, and LHC®,
Rab, Croatia, August 30 — September 4,
2010 (Andelka AndrasSi, member of the Or-
ganizing Commitee)

4. 3rd International Conference on Nuclear and
Particle Physics with CEBAF at Jefferson
Lab, NAPP 2010, Dubrovnik, October 3-8,
2010 (Blazenka Meli¢, member of the Organ-
izing Commitee)

5. Meeting of Croatian Particle and Astroparti-
cle Physicists, Ruder Boskovi¢ Institute, Za-
greb, Croatia, October 28-29, 2010 (Goran
Duplanci¢, member of the Organizing Com-
mitee)

SELECTED PUBLICATIONS

1. Bauer F, Sola J, Stefangi¢ H. Dynamically
avoiding fine-tuning the cosmological con-
stant: the «Relaxed Universe». J Cosmol
Astropart P 12 (2010), 029-1.

2. Battisti M V, Meljanac S. Scalar Field Theory
on Non-commutative Snyder Space-Time.
Phys Rev D 82 (2010), 024028.

3. Bardek V, Feinberg J, Meljanac S. Fluctua-
tions around Periodic BPS-Density Waves in
the Calogero Model. J High Energy Phys 8
(2010), 018.

4. Duplangi¢ G, Glavan D, Stefanéi¢ H. Prob-
ability distribution of the vacuum energy den-
sity. Phys Rev D 82 (2010), 125008-1.

5. Bili¢ A, Crlien Z, Gumhalter B, Gale J D,
Rungger |, Sanvito S. Conductance of a phe-
nylene-vinylene molecular wire: Contact gap
and tilt angle dependence. Phys Rev B 81
(2010), 155101-1.



6. Lazi¢ P, Alaei M, Atodiresei N, Caciuc V, Bra-

ko R, Bligel S. DFT with nonlocal correlation:
A key to the solution of the CO adsorption
puzzle. Phys Rev B 81 (2010), 045401-1.
Lazi¢ P, Atodiresei N, Alaei M, Caciuc V,
Bligel S, Brako R. JuNoLo - Julich Non Local
code for parallel post-processing evaluation
of vdW-DF correlation energy. Comput Phys
Commun 181 (2010), 371.

Toma$ M S. Recursion relations for general-
ized Fresnel coefficients: Casimir force in a pla-

10.

11.

nar cavity. Phys Rev A 81 (2010), 044104-1.
Borowiec A, Gupta K S, Meljanac S, Pachot
A. Constraints on the quantum gravity scale
from kappa - Minkowski spacetime. Euro-
physics letters 92 (2010) 20006.

Zlati¢ V, Gabrielli A, Caldarelli G. Topological-
ly biased random walk with application and
community finding in networks. Phys Rev E
82 (2010), 066109-1.

Palle D. On the anomalous large-scale flows
in the Universe. Eur Phys J C 69 (2010), 581.
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Division of Experimental Physics

DIVISIONAL
ORGANIZATION

Head: Tome Antiéi¢

The Division of Experimental Physics
(DEP) consists of the following
laboratories:

= Laboratory for hadron physics,
Ivan Supek

= Laboratory for nuclear physics,
Zoran Basrak

= Laboratory for astroparticle
physics, Raul Horvat

= Laboratory for electromagnetic and
weak interactions, Milica Krémar

= Laboratory for ion beam
interactions, Milko Jaksi¢

= Laboratory for measurement of
low-level activities, Bogomil Obeli¢

= Laboratory for high energy
physics, KreSo Kadija

= Laboratory for nuclear analytical
methods, Jasmina Obhodas

= Group for hadronic spectroscopy,
Alfred Svarc

OVERVIEW OF THE DIVISION

The core activities of the Division of Ex-
perimental Physics involve experimental ion
beam, nuclear, particle and astroparticle
physics, interdisciplinary research includ-
ing nanotechnology and detector and sen-
sor testing and development, as well as re-

http://www.irb.hr/en/zef

lated radiation applications. The division has
about 65 staff, including more than 30 PhDs.
They are involved in numerous experiments
and experimental complexes abroad and in
Croatia, and maintain a strong performance
in both basic and applied physics research.
The Division, due to its excellent international
reputation, received a large fraction of its fi-
nancing from non-MZOS sources, which was
used, among others, to significantly enhance
its experimental capabilities.

The main strategic objectives of DEP for the

next five years are briefly:

* A significantly enlarged experimental
contribution in top large international
physics collaborations, in particularly in-
volving experimental work at the DEP
site, leading to a much more prominent
role in these experiments.

» Strengthened partnerships at numerous
levels with prominent European institu-
tions.

* Increased experimental capabilities and
capacities for experiments at the local
RBI Tandem accelerator facility.

» Additional focus on local experimental
capabilities, such as the Cockcroft Wal-
ton accelerator (neutron generator), or
the anticoincidence germanium system
experiments.

'010T Hodoy [enuuy 1
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* Development of an automated under-
water vehicle, which integrates several
sensors for detection and identification of
objects lying on the see floor.

* Improved characterization of advanced
materials and their modification.

* Improved cooperation with partners,
such as the Universities of Zagreb, Split
and Rijeka, Croatian industry, as well as
local cultural institutions and authorities.

+ Traditionally strong activities regarding
development and applications of radia-
tion based techniques in interdisciplinary
research areas.

* Increased attraction for top Croatian stu-
dents, as well as for current top staff.

* An even larger success in getting exter-
nal funding.

TOP ACHIEVEMENTS

First data at the Large Hadron
Collider (CERN)

Fig. 1. First observation of a heavy Z boson decay into a pair of
muons observed with the CMS experiment.

After many years of preparation, the Large
Hadron Collider (LHC) has taken its first data
at high energy and has therefore brought
back the energy frontier in Particle Physics
to Europe. Between April and November, the
Compact Muon Sollenoid (CMS) detector has

accumulated 36 inverse picobarns of data.
The RBI group in CMS has actively partici-
pated in the data collection and has continued
its contribution to the improvement of the data
acquisition environment. The RBI group also
played an active role in the analysis of the first
data and the first published measurements,
focusing on electroweak processes involving
the production of the heavy W and Z bosons.

lon beams for nanostructuring

Irradiation by swift heavy ions under the
grazing incidence angle resulted in creation
of chains of nanohillocks on the surface of
SrTiO3 (Karlusic et al., 2010), demonstrating
the versatility of the RBI accelerator facil-
ity in materials modification research using
ion beams. Furthermore, ordering of Ge na-
nocrystals has been induced after irradiation
of thin Ge/SiO, multilayers by oxygen and
silicon ions in collaboration with the Division
of Materials Physics.

Observation of a first vr candidate
event in the OPERA experiment

At LNGS, the OPERA-RBI group has par-
ticipated in data taking and analysis of neutrino
interactions in the emulsion/lead target. The
topology and kinematics of a first candidate vt
charged-current event satisfying the kinemati-
cal selection criteria are described. The back-
ground calculations and their cross-check are
explained in detail and the significance of the
event is assessed (Agafonova et al., 2010).

Search for high-energy hadronic
axions

At CERN, the CAST-RBI group explored
the relation between the coupling constants
of pseudoscalar particles that couple to a nu-
cleon and to two photons by using the CAST
y-ray calorimeter to look for a high-energy
axion emission signal from 7Li (0.478 MeV)
and D(p,y)3He (5.5 MeV) nuclear transitions
(Andriamonje et al., 2010).



Holographic dark energy models

We showed that a framework underlying
all holographic dark energy models is not
capable of accounting for a strong jump in
the entanglement entropy, measuring quan-
tum-mechanical correlations between the
cosmological horizon and its interior. (R.
Horvat, 2010.)

Spin-isospin selectivity in three-
nucleon forces

Nuclear force is studied via a preci-
sion measurement of the break-up reaction
2H(p,pp)n induced by a polarized-proton
beam of 190 MeV impinging on a liquid-deu-
terium target. The obtained vector-analyzing
powers are compared with state-of-the-art
Faddeev calculations including three-nucle-
on forces effect. Significant discrepancies
between the data and theoretical predictions
were observed for kinematical configurations
which correspond to the 2H(p,2He)n channel
(see in Fig. 2). These results are compared
to the 2H(p,d)n reaction to test the isospin
sensitivity of the present three-nucleon force
models. The current modeling of two and
three-nucleon forces is not sufficient to de-
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Fig. 2. The analyzing power as a function of the center of mass
angle for the reaction 2H(p,2He)n induced by polarized protons of
190 MeV (square dots).

scribe consistently polarization data for both
isospin states (Mardanpour et al., 2010).

Full production mode for the
Crystal Ball Collaboration with
MAMI-C accelerator

In 2010 the MAMI-C accelerator finally
achieved 1.6 GeV with a beam current of 20
MA. The Crystal Ball Collaboration successfully
used this beam to continue with its experimen-
tal program. Highlights of this work include ex-
periments measuring differential cross section
and resonance structure for eta meson chan-
nel. The CB Collaboration has already pub-
lished these measurements in the prestigious
Phys. Lett. B and Phys. Rev. C journals.

Fig. 3: New Mainz Microtron (MAMI-C) racetrack.

New Zagreb method for resonance
identification confirmed

In collaboration with the Mainz group we
applied the Zagreb regularization method
(see Ceci et al, PR D77 116007) to inves-
tigate singularities of Dubna-Mainz-Taipei
meson-exchange model amplitudes. We
concluded that the RM is a reliable method
of extracting the pole structure from single-
channel data. In the absence of full experi-
mental knowledge about all of the channels,
this method can be sequentially applied to
determine the pole structure relevant for the
experimentally known channels of a multi-
channel system (Tiator et al, 2010).



ZEF

Zagreb amplitude resonance
parameters updated

Zagreb realization of Carnagie-Melon-
Berkeley amplitudes (as explained in Batinic
et al, PR C51 2310) have been updated and
suplemented with the pole positions (Batinic
et al, 2010).

NEW EQUIPMENT

Setup for reaction products
measured in coincidence

A modular array of 6 silicon strip detectors
each of 50x50 mm? active area was set up,
tested and applied. Telescopes consist of 20
um thick strip detector (SD) divided into 16
equal strips and 1000 ym or 500 pum thick po-
sition sensitive strip detector with perpendic-
ularly mounted 16 strips (PSSD). Such a set-
up makes possible particle identification for
all reaction products from proton to oxygen
(see in Fig. 4) while its granularity and large-
angle coverage allows identification and de-
tection with high efficiency of the 8Be exit
channel through the a-particle — a-particle
coincidence. The energy resolution of the
detected reaction products is in the range
40 and 100 keV. This detector array has 288
outputs which are processed by usual NIM
electronics and data acquisition system build

on VME ADCs and MIDAS software. DAQ
records both coincident events and singles
scaled down for appropriate factor.

Upgraded dual irradiation beam line

The unique possibility to simultaneous ir-
radiate materials with ion beams from both
RBI accelerators, namely 1.0 MV Tandetron
and 6.0 MV Tandem Van de Graaff, was
made possible after installation of a new
scattering chamber shown in Figure 5. This
chamber has been equiped with 6 axis go-
niometer for sample positioning and on line
monitoring of radiation damage induced by
one ion beam while making analysis using
another ion beam (Fig. 5).

Fig 5. New dual beam irradiation chamber. 6 axis goniometer
enables performance of channeling RBS. Inset at botom right
presents RBS/c imaging of silicon crystal planes.

Development of 14C AMS dating
method

Graphite sample preparation (target for

RBI Annual Report 2010.

Fig. 4. The SD-PSSD telescopes mounted in the INFN-LNS Cata-
nia scattering chamber. Beam is coming from down. Inset depicts
high particle-identification resolution.

AMS) from micro samples for 14C dating has
been further developed for different types of

20



material, including charcoal, bone, carbon-
ate, DIC and DOC in water, etc. (Krajcar
Bronic et al., 2010).

Fig. 6 Vacuum line for preparation of graphite for 14C AMS
measurement technique.

EDUCATION

Members of the Division were involved
in lecturing at undergraduate and graduate
courses at the Faculty of Science at the Uni-
versity of Zagreb, University of Rijeka, and
at joint studies organized by RBI in coopera-
tion with the Universities of Osijek and Du-
brovnik. Four students completed their Ph.
D. theses and one B. Sc. thesis under the
leadership of division staff.

AWARDS

Raul Horvat, Neven Soi¢, Tome Antig¢i¢
and Bogomil Obeli¢ received the RBI Direc-
tor’'s Award for scientific excellence in 2010.
Ines Krajcar Broni¢ served as a member of
the ICRU Report Committee on “Key data
for measurement standards in the dosimetry
of ionizing radiation”, and Bogomil Obeli¢
served as a member of the Expert Advisory
Group (EAG) “Regional aspects of the 7th
Framework Programme” of EC Research Di-
rectorate (2008-2012).

PROJECTS

Projects supported by the Ministry
od Sciences, Education and Sports

1. Experimental research of the nucleus: nucle-
ar structures and reactions, Suzana Szilner

2. lon beam interactions and nanostructures,
Milko Jaksi¢

3. Hadronic physics and QCD, lvan Supek

4. Heavy-ion physics, Zoran Basrak

5. Massive neutrinos and astro-particles: from
particle physics to cosmology, Ante Ljubicic¢

6. Experimental physics at LHC energies, KreSo
Kadija

7. Experiments in quantum communication and
quantum information, Mario Stip&evi¢

8. Photon-atom interactions and correlations,
Tihomir Suri¢

9. Natural isotopes in investigation of karst en-
vironment and dating, Bogomil Obeli¢

10. Development and application of nuclear ana-
lytical methods, Jasmina Obhodas

11. Development of the methods for illicit traffick-
ing control, Dario Matika and Davorin Sudac

12. Hadronic physics between the experiments
and QCD models, Alfred Svarc

13. Test of special relativity by the Ives-Stilwell
type experiment, Sada Blagus

Research, developmental and
international projects

1. FP7 REGPOT project: “Particle Detectors”,
Tome Antici¢ project coordinator

2. Underwater Costal Sea Surveyor (UNCOSS),
Jasmina Obhodas (EU FP7-SEC-2007-1,
Contract No. 218148.

3. Support of Public and Industrial Research
using lon beam Technology (SPIRIT), Milko
Jaksi¢ (EU FP7 project No. 227012)

4. Network in solid waste and water treatment
between Europe and Mediterranean countries
(SOWAEUMED), FP7 Project, Bogomil Obeli¢

5. CLUustering phenomeNA in nuclear physics:
strengthening of the Zagreb - Catania — Bir-
mingham partnership (CLUNA), Neven Soi¢
(FP7-REGPOT-2007-3 International Coop-



10.

it~

12.

13.

14.

15.

16.

eration - Coordination and Support action,
project number 203200)

Hadron Physics 2, Roman Caplar, Ilvan Su-
pek, Alfred Svarc, Ivan Supek activity lead-
er in SPINMAP subprogram (EC FP 7 pro-
gramme contract 227431.

Research project Experimental nuclear
physics inputs for thermonuclear runaway,
principal investigator Neven Soi¢, part of the
collaborative project Physics of compact ob-
jects: explosive nucleosynthesis and evolu-
tion, EuroGENESIS programme of the Euro-
pean Science Foundation

Using environmental isotopes for evaluation
of streamwater/groundwater interactions in
selected aquifers in the Danube basin (IAEA
Reg TC project RER8016, Nada Horvating€ic)
Strengthening sustainability of nuclear re-
search and development institutes in the
modern science and technology environ-
ment, Stjepko Fazini¢ (National Coordinator,
IAEA regional project RER/0/031)

Isotopic composition of precipitation in Croa-
tia and Slovenia, bilateral project Croatia —
Slovenia, Ines Krajcar Broni¢ (2009 — 2010)

Measurement of 3H activity in natural waters
with electrolytic enrichment, bilateral project
Croatia — Slovenia, Jadranka BareSi¢ (2010
—2011)

Physics of nuclei and hadrons at high ener-
gies, Roman Caplar (International collabora-
tion project RBI-KFKI Research Institute for
Particle and Nuclear Physics, Budapest via
Croatian (HAZU) and Hungarian Academy of
Science)

Monitoring of Marina Punat, Jasmina
Obhodas

Development of frozen spin polarized target
for Crystal Ball Collaboration at MAMI, Ivan
Supek (University of Mainz for EU program
I3HP TNA Contract)

Precise Measurement of the IT" — e'n

Branching Ration, lvan Supek (International
Collaboration between RBI and University of
Virginia, Charlottesville, USA)

OPERA collaboration, Ante Ljubici¢ (Inter-
national collaboration between RBI, CERN
(Switzerland) and LNGS (Gran Sasso, Italy))

17. CERN Axion Solar Telescope (CAST) experi-
ment, Milica Krémar (International collabora-
tion between RBI and CERN (Switzerland))

18. ALICE collaboration, Tome Antic¢i¢ (Inter-
national collaboration between RBI and
CERN(Switzerland))

19. NA61 collaboration, KreSo Kadija (Interna-
tional collaboration between RBI and CERN
(Switzerland))

20. CMS Collaboration, KreSo Kadija, Vuko
Briglievic (International collaboration be-
tween RBI and CERN, Switzerland).

21. NA49 collaboration, Tatjana Su$a (Interna-
tional collaboration between RBI and CERN
(Switzerland))

22. Pierre Auger Observatory, KreSo Kadija, as-
sociate membership through University of
Nova Gorica, Slovenia.

SELECTED INVITED LECTURES

1. Bogdanovi¢ Radovi¢ I, Coincidence elastic
scattering and TOF-ERDA - sensitve tech-
nigues for light element analysis in thin films,
13th Joint Vacuum Conference, Strbske Ple-
so, Slovakia, June 20-24, 2010.

2. Bogdanovi¢ Radovi¢ I, Light elements analy-
sis using elastic scattering coincidence tech-
nique at the Zagreb microprobe, 10th Euro-
pean Conference on Accelerators in Applied
Research and Technology, ECAART 2010,
Athens, Greece, September 13-17, 2010

3. Laki¢c B, Search for solar axions with the
CAST experiment. «<xASPERA National Day
Croatia», Opatija, Croatia, May 27, 2010

4. Laki¢ B, Search for solar axions with the
CAST experiment. «Time and Matter 2010y,
Budva, Montenegro, October 4-8, 2010

5. Krajcar Broni¢ I, Radiocarbon dating and its
application to early Neolithic in Croatia, 2nd
Balkan Symposium in Archaeometry - Sci-
ence meets archaeology and art history.
Kultur University, Istanbul, Istanbul, Turkey,
September 15-17, 2010.

6. Krajcar Broni¢ |, Environmental 14C Activity:
The Atmosphere and The Biosphere, Scien-
tific symposium “Public health research on



10.

11.

12.

exposure to electromagnetic radiation”, Za-
greb, 19 November 2010.

Svarc A, Poles of PWData and PWAmpli-
tudes in Zagreb model. EBAC workshop on
«Extractions and interpretations of hadron
resonances and multi-meson production re-
actions with 12 GeV upgradev», Jlab, Newport
News, USA, May 27 - 28, 2010,

Basrak Z, Equation of state of asymmetricic
nuclear matter at supra-saturation densitie.
CBM collaboration meeting, Darmstadt, Ger-
many, April 12-16, 2010

Szilner S, Quasi-elastic reactions: an inter-
play of reaction dynamics and nuclear struc-
ture. International Symposium on Quasi-
fission Process in Heavy lon Reactions,
Messina, Italy, November 8-9, 2010
Brigljevi¢ V, Low Pt Physics with CMS, LHC
Days in Split, Split (Croatia), October 4-9, 2010.
Brigljevi¢ V, CP Violation, Lectures at the Sara-
jevo School for High Energy Physics, Sarajevo
(Bosnia and Hercegovina), May 10-12, 2010.
Morovi¢ S, CMS Online Data Quality Monitor-
ing: Real-Time Event Processing Infrastructure.
International Conference on Computing in High
Energy and Nuclear Physics. Academia Sinica,
Taipei (Taiwan). October 18-22 2010.

SELECTED ORGANIZED
CONFERENCES

New detector technologies for advanced
materials research using ion beam analysis,
FP7 project SPIRIT Workshop organized by
the RBI (chaired by Milko Jaksi¢, program or-
ganized by Iva Bogdanovi¢ Radovi¢, Stjepko
Fazini¢ and Milko Jaksi¢), Plitvice lakes, Cro-
atia, 24.10.-27.10.2010

Origin of the Elements and Nuclear History
of the Universe, The first EuroGENESIS
workshop, organized by the RBI Laboratory
for Nuclear Physics, chaired by Neven Soi¢,
Dubrovnik, 23- 26.11.2010. From the RBI Ne-
ven Soi¢, Vedrana Toki¢ and Lovro Prepolec
participated in the organization.

Workshop on the first W and Z measure-
ments with CMS at the LHC, organized by

the RBI Laboratory for High Energy Physics,
RBI, November 15-19 2010.

4. |AEA Regional Workshop on “Successful
Applying for EU-funded projects”, organized
by the RBI (Stjepko Fazini¢) in collaboration
with the IAEA, Zagreb, 25-28 May 2010.

5. 14t European X-Ray Spectrometry Confer-
ence (EXRS 2010), 20-25 June 2010, Figuei-
ra da Foz, Portugal, (Stjepko Fazini¢ member
of International Advisory Board)

SELECTED PUBLICATIONS

1. Karlusi¢ M, Akcoltekin S, Osmani O, Monnet
I, Lebius H, JakSi¢ M, Schleberger M. Ener-
gy threshold for the creation of nanodots on
SrTiO3 by swift heavy ions. New J Phys 12
(2010), 043009-1.

2. Pinto S, Rolo A, Gomes M, Ivanda M,
Bogdanovi¢-Radovi¢ |, Grenzer J, Micklich
A, Barber D, Bernstorff S, Buljan M. Forma-
tion of void lattice after annealing of Ge quan-
tum dot lattice in alumina matrix. Appl Phys
Lett 95 (2010), 173113.

3. Agafonova N, et al. (OPERA Collabora-
tion-RBI: Jakovci¢ K, Klicek B, Ljubi€i¢ A,
Stipcevi¢ M). Observation of a first vr candi-
date event in the OPERA experiment in the
CNGS beam. Phys Lett B 691 (2010), 138.

4. Andriamonje S, et al. (CAST Collaboration-
RBI: Jakov¢i¢ K, Krémar M, Laki¢ B, Ljubici¢
A). Search for solar axion emission from 7Li
and D(p,y)3He nuclear decays with the CAST
gamma-ray calorimeter. J Cosmol Astropart
P 3 (2010), 032-1.

5. Batinié¢ M, Ceci S, Svarc A, Zauner B. Poles
of the Zagreb analysis partial-wave T matri-
ces. Phys Rev C 82 (2010), 038203-1.

6. Tiator L, Kamalov S, Ceci S, Chen G Y,
Drechsel D, Svarc A, Yang S N. Singularity
structure of the PiN scattering amplitude in a
meson-exchange model up to energies W <
2.0 GeV. Phys Rev C 82 (2010), 055203-1.

7. McNicoll E et al., (Crystal Ball Collaboration-
RBI: Korolija M, Mekterovi¢ D, Mi¢anovi¢ S,
Supek |, Zamboni I. Study of the gamma p ->
eta p reaction with the Crystal Ball detector at



10.

1.

12.

the Mainz Microtron (MAMI-C). Phys Rev C
82 (2010), 035208.

Prakhov S et al. (RBI: Supek I). Measure-
ment of K- p radiative capture to gamma
Lambda and gamma SigmaO for p(K-) be-
tween 514 and 750 MeV/c. Phys Rev C 82
(2010), 015201.

Di Pietro A et al. (RBI: Zadro M). Elastic Scat-
tering and Reaction Mechanisms of the Halo
Nucleus 1"Be around the Coulomb Barrier.
Phys Rev Lett 105 (2010) 022701.

Freer M et al. (RBI: Soi¢ N). Cluster States
in 12C and 14C. Mod Phys Lett A 25 (2010),
1833.

Jiang C L et al. (PRISMA Collaboration-RBI:
Szilner S). Fusion hindrance for Ca+Ca sys-
tems: Influence of neutron excess. Phys Rev
C 82 (2010); 041601(R).

Lopez, X et al. (FOPI Collaboration-RBlI:
Basrak Z, Caplar R, Ga$parié |, Ki§ M, Ko-

13.

14.

15.

rolija M). Measurement of K*(892)0 and KO
mesons in Al plus Al collisions at 1.9A GeV.
Phys Rev C 81 (2010), 061902(R).
Mardanpour, H et al. (BINA Collaboration-
RBI: Ki§ M). Spin—isospin selectivity in three-
nucleon forces. Phys Lett B 687 (2010), 149.
R. Horvat: Entanglement in holographic dark
energy models. Phys Lett B 693 (2010), 596.
Krajcar Broni¢ I, et al. A new graphite prepa-
ration line for AMS 14C dating in the Zagreb
Radiocarbon Laboratory. Nucl Instr and Meth
B 268 (2010) 943.

Books

Obhodas J, Valkovi¢ V, Kutle A. Atlas of
Sediments (Croatia’s Coastal Region and Is-
lands), In Croatian, Udruga Lijepa naSa, Za-
greb, 2010. pp 231. ISBN: 978-953-97044-
3-6.



Division of Materials Physics

DIVISIONAL
ORGANIZATION

Head: Nikola Radi¢

The Division of Materials Physics
(ZFM) consists of the following
laboratories:

= Laboratory for Semiconductors,
Branko Pivac

= Laboratory for Thin Films,
Nikola Radi¢

= Laboratory for Molecular
Physics, KreSimir Furi¢

OVERVIEW OF THE DIVISION

The primary mission of the Division of Ma-
terials Physics is the acquisition and accu-
mulation of new knowledge through frontier
research in the fundamental natural sciences
- physics, chemistry and interdisciplinary re-
search. We are focused on fundamental and
applied studies of physical parameters and
processes which describe and connect the
microscopic, mesoscopic and macroscopic
properties of condensed matter and mol-
ecules. Nanoscience and nanotechnology
has been the most active direction of both
fundamental scientific research and develop-
ments in technology. Fundamental research
in the field of molecular and solid state phys-
ics placed special emphasis on vibrational
spectroscopy in a wide range of systems,
while strongly nonlinear effects in laser-mat-
ter interaction, and self-organization in con-
densed systems continue to be the subjects
of intensive research.

http://www.irb.hr/en/zfm

TOP ACHIEVEMENTS
Ge QDs for non-volatile memories

The successful application and analysis of
Deep Level Transient Spectroscopy (DLTS)
in the study of Ge QDs embedded in SiO,
deposited by magnetron sputtering. Charge
trapping in Ge QDs has been demonstrated
(Buljan et al., 2010a).

Self-assembling of Ge quantum
dots in an alumina matrix

The structural description of a new nano-
material consisting of self-assembled Ge quan-
tum dots in a single, 600 nm thick (Ge+Al,O3)/
Al O3 film has been demonstrated. The ob-
served self-assembly of the quantum dots is
explained and simulated by a kinetic Monte-
Carlo model (Buljan et al., 2010b).

Growth of spatially ordered
nanoclusters on rippled substrates

A method for the fabrication of spatially
ordered nanoclusters in amorphous matri-
ces, where the ordering is achieved in a sin-
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gle large domain has been demonstrated.
Regular ordering is induced by the deposi-
tion of a multilayer on a periodically rippled
substrate at an elevated substrate tempera-
ture. During the deposition, the nanoclusters
self-arrange, following the morphology of the
substrate (Buljan et al., 2010b, c).

Solvothermal and surfactant-free
synthesis of crystalline Nb2Os,
Taz205, HfO5, and Co-doped HfO> na-
noparticles

A simple route to niobium, hafnium and
tantalum oxide nanocrystals using a non-
aqueous sol-gel route based on the solvo-
thermal reaction of the corresponding metal
chlorides with benzyl alcohol was described.
This approach can easily be extended to the
preparation of high quality Co-doped HfO,
nanoparticles of uniform size and shape and
with a homogenous distribution of the mag-
netic ions (Buha et al., 2010).

Fig. 1. TEM overview images of as prepared metal oxide nanopar-

ticles obtained from halide precursors in benzyl alcohol: (a) Nb205,
(c) HfO2, (e) Ta205. HRTEM images with the respective PS (inset)
of the particle marked with an arrow of (b) niobium oxide, (c)) hafni-

um oxide and (f) tantalum oxide.

Niobium Doped TiO> with
Mesoporosity and Its Application
for Lithium Insertion

The synthesis as well as a study of the
electrochemical properties of niobium-doped
TiO2 (NTO) with mesoporosity and high sur-
face area was described. The as-prepared
samples were used as positive electrode ma-
terials for a lithium-ion battery, whose charge
discharge properties, cyclic voltammetry,
and cycle performance were examined and
revealed very good properties. A highly sta-
ble capacity of 160 mA h g-! was found after
100 cycles (Wang et al., 2010).

Fig. 2. The galvanostatic voltage profiles between 1 and 3.1 V
for the first cycle (a), the discharge/charge capacity profile and
Coulombic efficiency between 1 and 3.1 V voltage window and
C/6 up to the hundredth cycle (b), and cycling and rate perfor-
mance (c) of the mesoporous NTO electrode cycled at C/8, C/6,
C/4, C/2, 1C, and 2C.

The Double Role of
p-Toluenesulfonic Acid in the
Formation of ZnO Particles with
Different Morphologies

The role of p-toluenesulfonic acid (p-TSA)
as a catalyst and/or morphology-directing
agent for the formation of ZnO particles with
different sizes (20 to 250 nm) and shapes
(from bullet-like to complex, cauliflower ar-
chitectures) was studied. The catalytic role
of the p-TSA was pronounced when the p-
TSA concentration was kept low, while an
elevated acid concentration inhibits the reac-



tivity of the ZnO precursor toward the alcoho-
lysis, presumably due to the adhesion of the
p-TSA on its surface. The abundance of ZnO
surface chelation with the p-TSA controls the
ZnO particle growth and shape as well as the
self-assembly of ZnO nanocrystals into com-
plex architectures (Ambrozi¢ et al., 2010).
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Fig. 3. (a) Overview TEM image of ZnO nanorods prepared with
the assistance of p-TSA (0.02 mmol, 5 h). (b) Overview TEM image
of ZnO nanorods prepared without the assistance of p-TSA. (c)
HRTEM image of ZnO nanorods described in (a). The correspond-
ing power spectrum of the nanorod displayed in the upper part

of Fig. 1(c) is shown in the inset. (d) HRTEM image of the ZnO
nanorods prepared without the assistance of the p-TSA.

EDUCATION

Members of the Division of Materials
Physics teach 10 graduate and 4 post-grad-
uate courses in physics and related topics at
the Faculty of Sciences, Faculty of Electri-
cal Engineering and Computing, Faculty
of Chemical Engineering and Technology in
Zagreb and elsewhere.

Research programs

1. Synergy of nanophases and nanocompos-
ites, Aleksandra Turkovi¢

2. Basic properties of nanostructures and de-
fects in semiconductors and dielectrics,
Branko Pivac

3. Doped optoelectronic and ceramic hanoma-
terials, Biserka Grzeta

4. The thin film silicon alloys on the amorphous
to crystalline transition, Davor Gracin

5. Thin Films of Novel Amorphous or Nano-

structured Materials, Nikola Radi¢

Semiconductor materials for optoelectronics

and nanotechnology, Branko Santi¢

7. Physics and application of nanostructures

and bulk matter, KreSimir Furi¢

Organizational processes and optical inter-

actions in condensed molecular systems,

Stjepan Lugomer

2

®

Program supported by the Ministry
of Science, Education and Sports

1. Advanced materials and applications for en-
ergy conversion and storage, Branko Pivac

Research, developmental and
international projects

1. Study of defects in semiconductors irradiated
by fast neutrons (B. Pivac, PI) (Croatian-Slo-
venian bilateral project 2009-2010)

2. Influence of quantum confinement on vibra-
tional properties in nanocrystalline silicon)
(D.Gracin, Croatian-Slovenian bilateral project)

3. Nanocrystalline silicon as a possible candidate
for “third generation” of solar cells (D.Gracin,
Croatian-Slovenian bilateral project)

4. Laser-induced surface self-organization: for-
mation of surfaces with special properties,
Stjepan Lugomer (Croatia-Hungary)

5. Atom probe tomography and electrical char-
acterization of doping in Germanium (I. Ca-
pan, Pl) (COGITO Croatian-French bilateral
project 2009-2010)

6. Study of oxygen precipitation and structural
defects in single crystal silicon (B. Pivac, Pl)
(Croatian - Chinese Scientific and Techno-
logical Cooperation)

7. Silicon nanocrystals solar cells ... Proper-
ties and characterization ((I. Capan, PI,
Unity Through Knowledge Fund — Young
Researchers Program; 01.10.2009 -
30.09.2011)



8. The origin of structural defects in silicate
glasses and their effects upon the properties,
Davor Gracin, (National Science Foundation
of Croatia)

AWARDS

Dr.sc. Maja Buljan won the Annual RBI
Director’s Award for excellence in scienctific
research and publishing in highly rated sci-
entific journals.

Dr.sc. Davor Gracin and Dr.sc. Branko
Pivac, respectively, won the Annual RBI Di-
rector's Award as recipients of competitive
grants (greater than 70.000 EUR).

SELECTED ORGANIZED
CONFERENCES

Maja Buljan received the RBI Director’s
Award for scientific excellence in 2010. Da-
vor Gracin and Branko Pivac received the
RBI Director’s Award as recipients of com-
petitive grants (greater than 70.000 EUR).

SELECTED PUBLICATIONS

1. Ambrozi¢ G, Djerdj |, Skapin S, Zigon M, Crn-
jak Orel Z. The Double Role of p-Toluenesul-
fonic Acid in the Formation of ZnO Particles
with Different Morphologies. CrystEngComm
12 (2010) 1862.

2. Buha J; Arcon D; Niederberger M; Djerd;j I.
Solvothermal and surfactant-free synthe-
sis of crystalline Nb205, Ta205, HfO2, and
Co-doped HfO2 nanoparticles. Phys Chem
Chem Phys 12 (2010) 15537.

3. Buljan M, Grenzer J, Holy V, Radi¢ N, Misi¢-
Radi¢ T, Levichev S, Bernstorff S, Pivac B,
Capan |. Structural and charge trapping
properties of two bilayer (Ge+SiO2)/SiO2
films deposited on rippled substrate. App/
Phys Lett 97 (2010a) 163117.

4. Buljan M, Pinto SRC, Rolo AG, Mar-
tin-Sanchez J, Gomes MJM, Grenzer
J,Muecklich A, Bernstorff S, Holy V. Self-as-
sembling of Ge quantum dots in an alumina
matrix . Phys Rev B 82 (2010b) 235407.

5. Buljan M, Bogdanovi¢ Radovi¢ |, KarluSi¢
M, Desnica U, Radi¢ N, Skukan N, Drazi¢
G, Ivanda M, Gamulin O, Matej Z, Vales V,
Grenzer J,Cornelius T, Metzger HT Holy V.
Generation of an ordered Ge quantum dot ar-
ray in an amorphous silica matrix by ion beam
irradiation. Phys Rev B 81 (2010c) 085321.

6. Buljan M, Grenzer J, Keller A, Radi¢ N, Vale$
V, Bernstorff S, Cornelius T,Metzger HT, Holy
V. Growth of spatially ordered Ge nanoclus-
ters in an amorphous matrix on rippled sub-
strates. Phys Rev B 82 (2010d) 125316.

7. Gupta SK,Desai R, Jha PK, Sahoo S, Kirin D.
Titanium dioxide synthesized using titanium
chloride: size effect study using Raman spec-
troscopy and photoluminescence. J Raman
Spect 41 (2010) 350.

8. Kaper H, Sallard S, Djerdj |, Antonietti M,
Smarsly BM. Toward a Low-Temperature
Sol-Gel Synthesis of TiO2(B) Using Mixtures
of Surfactants and lonic Liquids. Chem Mater
22 (2010) 3502.

9. Pinto SRC, Rolo A, Gomes MJM, Ivanda M,
Bogdanovi¢-Radovi¢ |, Grenzer J Mucklich A,
Barber DJ, Bernstorff S, Buljan M. Formation
of void lattice after annealing of Ge quantum
dot lattice in alumina matrix. Appl Phys Let
97 (2010) 173113.

10. Stipcevic M, Skenderovic H, Gracin D. Char-
acterization of a novel avalanche photodiode
for single photon detection in VIS-NIR range.
Opt Express 18 (2010) 17448.

11. Wang YD, Smarsly BM, Djerdj I. Niobium
Doped TiO2 with Mesoporosity and its appli-
cation for lithium insertion. Chem Mater 22
(2010); 6624.

12. Zhang J, Su DS, Blume R, Schloegl R, Wang
R, Yang X, Gajovic A. Surface Chemistry and
Catalytic Reactivity of a Nanodiamond in the
Steam-Free Dehydrogenation of Ethylben-
zene. Angewandte Chem - Int Ed 49 (2010)
8640-8644

SELECTED INVITED LECTURES
1. Buljan M, Desnica UV, Radi¢ N, Pivac B,

Drazi¢ G, Bernstorff S, Corenlius T, Metzger
H, Holy V.Production and design of regularly



ordered quantum dot lattice in amorphous
matrices. 13th Joint Vacuum Conference,
Programme and Book of Abstracts, ed: Vese-
ly, Marian; Vincze, Andrej; Vavra, Ivo. Strbske
Pleso, Slovacka, Slovak Vacuum Society,
2010, 97-97, date is missing

Turkovi¢ A. SAXS Studies of TiO»> Nano-
particles in Polymer Electrolytes, Second
Regional Symposium on Electrochemistry,
South-East Europe, Beograd, Srbija, June 6,
2010. Program & Book of Abstracts / Nikoli¢,
Branislav ; Miskovié-Stankovi¢, Vesna, De-
kanski, Aleksandar (ed.). -Beograd: Serbian
Chemical Society, 2010. 15-15.

3. Radi¢ N. C/W nanolaminates - alternating

various C & W phases. E-MRS Spring Meet-
ing, Symposium L: “Carbon- or Nitrogen-
containing Nanostructured Composite Films,
Strasbourg, France, June 7-11, 2010.
Desnica U. Electricity from the Sun: A Bright
Future Shines on PV. 10th International Con-
ference: “ECSAC 10 - Sustainable Energy:
Challenges and Opportunities”, LoSinj, Croa-
tia, August, 23-27, 2010.

Desnica U. Sustainable Energy: Challenges
and Opportunities. 22nd Conference ,Ener-
gy and Environment 2010”,Opatija, Croatia,
October, 19-23, 2010.






Division of Laser and Atomic

Research and Development

DIVISIONAL ORGANIZATION
Head: Hrvoje Zorc

The Division of Laser and Atomic R&D
consists of the following laboratories:

= Laboratory of Optics and Thin
Films, Vesna Janicki

= Multipurpose workshops,
Eduard Svegel

OVERVIEW OF THE DIVISION

The mission of the Division is to expand
and strengthen knowledge in the field of im-
aging and non-imaging optics, photonics and
the fundamentals of optical thin films. In ad-
dition, we are involved in activities directed
to the application of these basic disciplines
to the field of national security.

The Division is currently developing sever-
al strategic projects. These include modelling
of thin films mixtures using effective medium
theories, research on plasmonic properties of
metallic nanoclusters, use of plasmonic ma-
terials in optical multilayer design, characteri-
zation and modelling of very thin metallic lay-
ers, blind and semi-blind signal processing,
sparse component analysis with applications
in chemometrics, use of a tensor factorization
approach to blind separation of multidimen-
sional signals with applications in blind im-
age deconvolution and blind decomposition

http://www.irb.hr/en/zlair

of multispectral/hyperspectral images; basis
learning algorithms for efficient (sparse) rep-
resentation of signals.

TOP ACHIEVEMENTS
Optical thin films

We continue with out research on the
plasmonic properties of the metal island films
(MIF) and their applications. Such films show
unique optical properties due to the surface
plasmon resonance (SPR) of electrons in
metal clusters. By varying conditions in the
preparation of these films, the structural and
geometrical properties of the clusters can be
varied, enabling tuning of optical properties
of the films. Structural and optical characteri-
zation are carried out by different techniques
(AFM, GISAXS, RBS, ellipsometry), in the
framework of international cooperation. Elec-
tric field assisted dissolution (EFAD) of metal
clusters, involving instantaneous application
of electric field and increased temperature
enables structuring of such films.

The width of the SPR of metal particles
increases as the particle size reduces due to
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confinement effects that modify the metal di-
electric function. In the limit of very low parti-
cle concentration, particle size can be direct-
ly related to the plasmon width. It is shown
(1) that for noble metals the contribution of
interparticle interaction to SPR width cannot
be neglected even at volume concentrations
of a few per cent. These results can be use-
ful in extending nanoparticle sizing from opti-
cal extinction spectroscopy beyond the dilute
limit required by classical Mie theory.

Application of EFAD to MIF, followed by
thermal annealing, results in the formation
of metal nanoparticles embedded in a glass
matrix. The results suggest that the depth
profile of metal particles might be tailored by
modification of the parameters of metal film
dissolution. Variation of thermal annealing
parameters allows control of the nanoparti-
cles size. Thus, the surface plasmon absorp-
tion intensity and line shape are changed,
enabling tuning of the optical properties of
the sample.

Three dimensional (3D) photonic micro-
structures are produced by the locally se-
lective EFAD of metal clusters embedded in
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Fig. 1: Optical microscopy pictures of the grating used as
electrode (a), multilayer sample after EFAD process (b) and
multilayer sample after two consecutive EFAD treatments, with
the electrode rotated 90- in the second treatment (c).

dielectric multilayer stacks (Figure 1). The
produced structures show a highly tailorable
optical behaviour that combines the inter-
ferential effects of multilayer stacks and the
SPR of non dissolved metal clusters (Figure
2). Due to its feasibility and the possibility to
widely modify the optical properties of the
resulting structures, the current approach
represents a promising method for the pro-
duction of novel components based on 3D-
metallodielectric photonic structures.
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Fig. 2 Wavelength-dependence of diffraction pattern of multilayer
structures produced by EFAD treatment: (a) multilayer structure
BK7/(Ag/Si02)5 with thickness of 7 nm of Ag and 100 nm of SiO2
and (b) multilayer structure BK7/(X/Si02)5, in which X represents
a multilayer of Ag and SiO2 films.
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Signal processing

A conceptually novel sparseness-based
multivariate data analysis method was de-
veloped and applied to blind separation of
analytes from mixtures recorded in various
types of spectroscopic and spectrometric
measurements (Kopriva and Jeri¢, 2010).
As opposed to many existing blind decom-
position schemes, the present concept is ca-
pable of estimating: the number of analytes,
the matrix of their concentration profiles and
the analytes themselves, from available
mixtures. The number of analytes can be
less than, equal to or greater than the num-
ber of mixtures. The method is exemplified
on a blind extraction of four analytes from
three mixtures using 2D NMR spectroscopy
(COSY spectra) and five analytes from two
mixtures using mass spectrometry. The pro-
posed methodology is of widespread signifi-



cance with the main application being natural
products research and the field of metabolic
studies, wherein mixtures represent samples
isolated from biological fluids such as urine,
blood, plasma, etc. Moreover, the proposed
method can be applied to solve important
problems in systems biology such as the re-
construction of transcription factors in gene
regulating networks.

Blind image deconvolution (BID) refers
to the problem of restoring the image from
its blurred observation provided that point
spread function (PSF) of the medium is un-
known. The majority of existing BID methods
rely on a priori information and assume that a
PSF is space invariant with a known model.
An image restoration method that works in a
completely blind scenario is developed in: I.
Kopriva, Optics Express vol. 18, pp. 17819-
17833, 2010, . The method is experimentally
demonstrated on single- and multiframe stat-
ic and dynamic multispectral images blurred
by: defocusing, atmospheric turbulence and
a grating (photon sieve). This is accom-
plished by means of the multilinear SVD al-
gorithm known as higher order orthogonal
iteration (HOOI) method. A comparable or
better performance is demonstrated in rela-
tion to the blind Richardson-Lucy algorithm
which, however, requires a priori information
about parametric model of the blur.

A novel dependent component analysis
(DCA)-based approach to demarcation of
basal cell carcinoma (BCC) through unsu-
pervised decomposition of the red-green-
blue (RGB) fluorescent image of the BCC
is presented in: |. Kopriva et al., Journal.
Photochem. Photobiol. B, vol. 100, pp. 10-
18, 2010. The method exhibits robustness
against intensity fluctuation which is due
to the scale invariance property of DCA al-
gorithms, since they exploit spectral and
spatial diversities between the BCC and
the surrounding tissue. By comparative
performance analysis with state-of-the-art
image segmentation methods such as ac-
tive contours (level set), K-means cluster-
ing, non-negative matrix factorization, ICA

and ratio imaging we experimentally dem-
onstrate good performance of DCA-based
BCC demarcation in two demanding sce-
narios where intensity of the fluorescent im-
age has been varied almost two-orders of
magnitude.

EDUCATION

1. Blind signal separation and independent
component analysis, graduate course, Fac-
ulty of Electrical Engineering and Computing,
University of Zagreb (Kopriva, lvica).

2. Laboratory of Physical Optics, Study of Oph-
thalmic Optics, Polytechnic College in Velika
Gorica (Lon¢ari¢, Martin).

3. Laboratory of Geometrical Optics, Study of
Ophthalmic Optics, Polytechnic College in
Velika Gorica (Lon¢ari¢, Martin).

AWARDS

Ivica Kopriva and Jordi Sancho-Parramon
received the RBI Director’s Award for scien-
tific excellence in 2010.

Hrvoje Zorc received the RBI Director’s
Award as a recipient of an IPA project grant
financed by the European Union.

PROJECTS

Projects supported by the Ministry
of Science, Education and Sports

1. Analysis of multispectral data, Ivica Kopriva
2. Optical properties of nanostructured layers,
Hrvoje Zorc

Research, developmental and
international projects

1. Optical properties of metal nanoparticles em-
bedded in dielectric multilayers, Project in col-
laboration with Institute of Nanostructured Ma-
terials and Photonics, Weiz, Austria, Zorc H.



2.

3.

Collaboration in development of optical sys-
tems for the company HS Produkt, Croatia
Collaboration with Dr. Salvador Bosch (Uni-
versity of Barcelona) on Mueller matrix prop-
erties of single particle scattering
Collaboration on algorithms for nonnegative
matrix and tensor factorizations and their ap-
plications in chemometrics and multispec-
tral image analysis with Professor Andrzej
Cichocki (Laboratory for Advanced Brain
Signal Processing, Brain Science Institute,
RIKEN, Japan).

SELECTED INVITED LECTURES

.

I. Kopriva. Tensor Factorization Approach to
Blind Separation of Multidimensional Sourc-
es, Virginia Comonwealth University, Depart-
ment of Computer Science, Richmond, VA,
USA, February 17, 2010.

I. Kopriva. Tensor Factorization Approach to
Blind Separation of Multidimensional Sources,
The George Washington University, School
of Engineering and Applied Science, Depart-
ment of Electrical and Computer Engineering,
Washington D.C., USA, February 19, 2010.
The paper: |. Kopriva, I. Jeri¢ (2009). Multi-
component Analysis: Blind Extraction of Pure
Components Mass Spectra using Sparse
Component Analysis, Journal of Mass Spec-
trometry, vol. 44, issue 9, pp. 1378-1388, has
been selected as one of the most novel and
groundbreaking contributions in the field of
chemometrics in the years 2008 and 2009
in a review article: B. Lavine, J. Workman
(2010). Chemometrics, Analytical Chemistry,
vol. 82, pp. 4699-4711.

SELECTED PUBLICATIONS

Sancho-Parramon J, Janicki V, Zorc H. On
the dielectric function tuning of random metal-
dielectric nanocomposites for metamaterial
applications, Opts Express 18 (2010) 26915.
Sancho-Parramon J et. al. Optical and struc-
tural properties of silver nanoparticles in

glass matrix formed by thermal annealing of
field-assisted film dissolution. Opt Mater 32
(2010) 510.

Janicki Vet. al., Three-dimensional photonic
microstructures produced by electric field as-
sisted dissolution of metal nanoclusters in
multilayer stacks. Appl Physics B - Laser Opt
89 (2010) 93.

Kopriva |, Jeri¢c | (2010). Blind separation
of analytes in nuclear magnetic resonance
spectroscopy and mass spectrometry:
sparseness-based robust multicomponent
analysis. Anal Chem 82 (2010) 1911.

5. Kopriva I, PerSin A, Puizina-Ivié¢ N, L. Miri¢
L. Robust demarcation of basal cell carcino-
ma by dependent component analysis-based
segmentation of multi-spectral fluorescence
image. J Photochem Photobiol B - Biol 100
(2010) 10.

Kopriva |. Tensor Factorization for model-
free space-variant blind deconvolution of the
single- and multi-frame multi-spectral Image,
Opt Express 18 (2010) 17819.

PEER REVIEWED CONFERENCE
PAPERS

1.

I. Kopriva, A. Persin (2010). 3D tensor-based
blind multi-spectral image decomposition for
tumor demarcation, accepted for SPIE Medi-
cal Imaging-Image Processing, San Diego,
CA, USA, February 13-18, 2010.

I. Kopriva, A. Cichocki (2010). Nonlinear
Band Expansion and 3D Nonnegative Ten-
sor Factorization for Blind Decomposition
of Magnetic Resonance Image of the Brain.
Proceedings of 9th International Conference
on Latent Variable Analysis and Signal Sep-
aration, Lecture Notes Computer Science
6365, pp. 490-497, V. Vigneron (editor), Sep-
tember 27-30, 2010, Saint Malo, France.
META 10, 2nd International Conference on Met-
amaterials, Photonic Crystals and Plasmonics,
Multilayer based interferential-plasmonic struc-
ture: metal cluster 3D grating combined with
dielectric mirror 22-25 February 2010. Cairo,
Egypt, V. Janicki, J. Sancho-Parramon,



4. META 10, 2nd International Conference on

Metamaterials, Photonic Crystals and Plas-
monics, 22-25 February 2010. Cairo, Egypt,
J. Sancho-Parramon, V. Janicki, M. Lon¢ari¢,
H. Zorc, P. Dubéek, S. Bernstorff, Optical and
structural properties of silver-gold islands
films for plasmonic application,

5. OIC - Optical Interference Coatings 2010,

Tucson USA, V. Janicki, J. Sancho-Parramon,
H. Zorc, Gradient silver nanoparticle layers in
absorbing coatings - experimental study

OIC - Optical Interference Coatings 2010,
Tucson USA, H. Zorc, M. Lon¢ari¢, J. Sancho-
Parramon, V. Janicki, Use of Gold Island Films
in Design of Reflectors with High Luminosity






DIVISIONAL ORGANIZATION
Head: Tomislav Smuc

The Division of electronics consists of
two laboratories and one group:

Laboratory for information

systems, Dragan Gamberger
Laboratory for stochastic signals
and processes research, Branka
Medved Rogina

Computational biology and
bioinformatics group, Tomislav Smuc

OVERVIEW OF THE DIVISION

The main topics of research in the Divi-
sion of Electronics combines research in
the fields of artificial intelligence (machine
learning and intelligent data analysis meth-
ods, knowledge representations for informa-
tion systems) with advanced measurement
techniques and signal analysis. Emphasis
is placed on tailored applications of these
techniques in biomedicine, computational
biology and bioinformatics, but also in engi-
neering and economics, which is reflected
in the multi-disciplinary character of our col-
laborations and publications record. Senior
Division members contribute significantly to
the graduate and post-graduate curricula of
the University of Zagreb through a number
of graduate engineering courses and PhD
courses in bioinformatics and biomedicine.

In addition to long term research projects
supported by the Ministry of Science, Educa-
tion and Sport, in 2010 the Division obtained

#_,__,%

one EU-FP7 Collaborative Project and one
COST project. During that year two PhD
students finished their PhD theses and one
student received a Croatian Science Foun-
dation research grant. In 2010 we organized
the celebration of 60 years of electronics and
computing at the Institute with invited talks
presented by former RBI prominent scientists
V. Radeka, B. Soucek, L. Budin and B. Jeren.

TOP ACHIEVEMENTS

Knowledge technologies and
computer science

e-LICO project

On June 1st, 2010 the Division of Electron-
ics began work on the EU project e-LICO (e-
Laboratory for Interdisciplinary Collaborative
Research in Data Mining and Data-Intensive
Sciences; FP7 STREP), leading activities in a
work package on Personalization and recom-
mendation services for digital multimedia re-
positories. This project represents a coupling
of e-science computational infrastructure like
Taverna, with open source data mining pack-
age Rapid Miner and their joint enactment
via planning and meta-learning tools. Experi-
mental demonstration of this new extension is
focused in two different application domains;



one of these domains is biomedical, the other
(lead by DEL members) is in the field of digi-
tal multimedia repositories and recommender
systems.

Detection of genes optimized for
translation using machine learning
approach

Codon usage bias in prokaryotic genom-
es is largely a consequence of background
substitution patterns in DNA, but highly ex-
pressed genes may show a preference to-
wards codons that enable more efficient and/
or accurate translation. A novel approach
based on Random Forest classifier detects
effects of translational selection on genes of
prokaryotic organisms. In the largest genom-
ic study to date (461 examined prokaryotic
genomes); our method has shown evidence
that translational selection in prokaryotes
is practically universal. This approach out-
performs previous distance measure-based
approaches, such as the codon adaptation
index. Unlike state-of-the-art results in this
field, our method has shown evidence that
translational selection in prokaryotes is prac-
tically universal, as depicted in Fig. 1. (Su-
pek et al., 2010).

Advanced signal processing
techniques and measurement
systems

Adapting complex procedures for
real-time applications

The algorithm for approximation of multidi-
mensional systems by self-organizing GMDH-
type polynomial neural networks is adapted
for modelling the calculation of complex pro-
cedures in real-time measurements. The self-
organized polynomial neural networks may
achieve high approximation accuracies at low
complexities and are simple to implement in
digital computers. The efficiency of the algo-
rithm is demonstrated by constructing a sur-
rogate model (Fig. 2.) of a computationally

intensive natural gas flowrate error correction
procedure, which enables direct compensa-
tion of thermodynamic effects in real-time
using low-computing power microcomputer
(Mari¢ and Ivek, 2010).
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Fig. 1. Prevalence of codon usage optimized genes in prokaryotic
genomes.

FPGA based embedded systems
for ambient assisted living
applications

In collaboration with our Hungarian partners
we evaluated the potential of field programma-
ble gate array (FPGA) devices for use in am-
bient assisted living (AAL) applications. One
of the focuses was a video monitoring based
AAL system that supervises and assists the
everyday living activities of elderly people,
people with disabilities, and those who are in
need of rehabilitation. Such systems demand
high computer power to enable event recogni-
tion and decision on action (e.g. raising alarm)
to be embedded into the camera itself (smart
camera). We have developed and integrated
various video signal filters into an FPGA based
video capture system. A search for the minimal
value is performed using minimum search tree
shown on figure (Fig. 3.). The tree structure is
used because it allows parallelism, and also
because it can be pipelined should timing con-
straints require it. All elements in the same col-
umn have inputs that are mutually independ-



ent and are executed in parallel. FPGAs have
been found to be well suited for such video
processing applications.

Fig. 2. Self-organized polynomial neural network for flowrate
error correction.

Accelerometry based
measurements in analysis of
human systems motion

In the investigation of the sufficiency of us-
ing accelerometry based measurements in
analysis of human systems motion we focused
on mandible kinematics. The results show
that accelerometry is a more than adequate
method for capturing different kinematic pat-
terns of mandible open-closing cycles using
wavelet analysis of respective accelerometric
data. Different positions of the head during jaw
movements are clearly identified using spe-
cially designed wavelet coefficient functions.
Resolution capability of the method indicates
the possibility to use it for detection and quan-
tification of different mandible pathologies that
are manifested in restricted jaw kinematics.
This work has resulted in a PhD thesis.

The research of human walk fractal features
extraction and characterization, in collabora-
tion with the Faculty for Kinesiology, Univer-
sity of Zagreb, results in introduction of a new
method for fractal features detection and quan-
tification that was established through several
publications (Michieli et al., 2010). Adequacy of
the method was verified on human locomotion
data (stride intervals) for healthy subjects and
subjects with Huntington disease (Fig. 4.)
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Fig. 3. Schematic of an FPGA video capture system

EDUCATION

In 2010, the members of the Division con-
tinued to be involved in lecturing undergrad-
uate, graduate and doctoral courses in the
Faculty of Electrical Engineering and Com-
puting, the Faculty of Sciences and School
of Medicine of the University of Zagreb. Two
students completed their PhD theses.

Research projects supported by the
Ministry of Science, Education and
Sports

1. Machine Learning Algorithms and their Appli-
cation, Dragan Gamberger

2. Computational Intelligence Methods in Meas-
urement Systems, Ivan Mari¢

3. Real Life Data Measurement and Characteri-
zation, Branka Medved Rogina

4. Machine Learning of Predictive Models in
Computational Biology, Tomislav Smuc

Research, developmental and
international projects

1. e-LICO: An e-Laboratory for Interdisciplinary
Collaborative Research in Data Mining and Da-
ta-Intensive Science (EU-FP7 Collaborative
Project), Tomislav Smuc, Dragan Gamberger

2. Reconfigurable embedded systems based
assistive applications for elderly people (Cro-
atian-Hungarian Intergovernmental S&T Pro-
gramme), Branka Medved Rogina



3. Inductive Rule Learning (Croatian-Slovenian
Intergovernmental S&T Programme), Dragan
Gamberger

4. The Emergence of Southern Multinationals
and their Impact on Europe (COST IS0905
action), Dragan Gamberger

Research programs supported by
the Ministry of Science, Education
and Sports

1. Computational knowledge discovery in scien-
tific applications, Dragan Gamberger

AWARDS

Ivan Marié, Tomislav Smuc and Fran Su-
pek received the RBI Director’'s Award for
scientific excellence and international pro-
ject in the field of electronics in 2010.

Matko Bo3njak and Dragan Gamberger
(as a RandomGuy team) won second place
at RSCTC’2010 basic track of a discovery
challenge. The challenge has been organ-
ized as a part of The Seventh International
Conference on Rough Sets and Current
Trends in Computing, about 80 teams took
part from different institutions and the task
has been prediction of classes based on
measured gene expression values.

ORGANIZED CONFERENCE

60 years of electronics and computing at
the Institute, Zagreb, Croatja, May 31, 2010.
Karolj Skala and Tomislav Smuc

SELECTED PUBLICATIONS

1. Supek F, Skunca N, Repar J, Vlahovigek K,
Smuc T: Translational Selection Is Ubiqui-
tous in Prokaryotes. Plos Genetics 6 (2010)
e1001004-1.

2. Supek F, Smuc T: On relevance of codon usage
to expression of synthetic and natural genes in
Escherichia coli. Genetics 185 (2010) 1129.

3. Gredi¢ak M, Supek F, Kralj M, Majer Z, Hol-
losi M, Smuc T, Mlinari¢-Majerski K, Horvat S.
Computational structure-activity study directs
synthesis of novel antitumor enkephalin ana-
logs. Amino acids 38 (2010) 1185.

4. Mari¢ |, lvek |: Compensation for Joule-Thom-
son effect in flow rate measurements by GMDH
polynomial. Flow Meas Instrum 21 (2010) 134.

5. Michieli I, Medved Rogina B, Ristov S: Data
series embedding and scale invariant statis-
tics. Hum Movement Sci 29 (2010) 449.

Chapters in the books

1. LavraC N, Fuernkranz J, Gamberger D: Explic-
it Feature Construction and Manipulation for
Covering Rule Learning. Studies in Compu-
tational Intelligence. Koronacki J (ed). Berlin,
Springer-Verlag, 2010. pp. 121-146.

2. Daciuk, Jan; Piskorski, Jakub; Ristov, Stra-
hil. NLP Dictionaries Implemented as FSAs.
Mathematics, Computing, Language, and
Life: Frontiers in Mathematical Linguistics
and Language Theory - Vol. 2 Scientific Ap-
plications of Language Methods. Martin-Vide
C (ed), London: World Scientific & Imperial
College Press, 2010. pp. 133-204.

3. Prcela M, Gamberger D, Smuc T, Bogunovié¢
N: Information gain of structured medical
diagnostic tests: Integration of Bayesian
networks and ontologies. Proceedings of In-
ternational Conference on Biomedical Engi-
neering Systems and Technologies. Fred A,
Filipe J, Gamboa H (eds). Portugal: Institute
for Systems and Technologies of Informa-
tion, Control and Communication, 2010. pp
235-240.

4. Sluban B, Gamberger D, Lavra¢ N: Advances
in class noise detection. Proc. of 19th Euro-
pean Conference on Artificial Intelligence,
ECAI 2010. Coelho H, Studer R, Wooldridge
M (eds). 2010. pp. 1105-1106.



Division of Physical Chemistry

DIVISIONAL ORGANIZATION
Head: Aleksandar Sablji¢

= Laboratory for Chemical Kinetics
and Atmospheric Chemistry,
Branka Kovac¢

= Theoretical Chemistry Group,
Slobodan Bosanac

= Laboratory of Chemical and
Biological Crystallography,
Marija Lui¢

= Laboratory for Magnetic
Resonances, Boris Rakvin

= Laboratory for Synthesis and
Processes of Selfassembling
of Organic Molecules, lvan Habu$

OVERVIEW OF THE DIVISION

The mission of the Division of Physical
Chemistry is the discovery, exploitation, and
dissemination of fundamental knowledge in
the fields of protein science, coordination
chemistry, spectroscopy, and computational
and theoretical chemistry, in order to emerge
as an internationally recognized Center of
Excellence in selected areas of molecular
research.

In 2010. members of the Division pub-
lished more than 50 contributions in atmos-
pheric chemistry, chemical kinetics, structur-
al chemistry, theoretical chemistry, modeling
of physical and chemical processes, pep-
tides and proteins research, and in other

http://www.irb.hr/en/zfk

areas of bioscience. A significant number of
papers were published in the highest rank-
ing journals such as: Proceedings of the
National Academy of Sciences of the USA,
Dalton Transactions, Organic Letters, Physi-
cal Chemistry Chemical Physics, Journal
of Physical Chemistry A, ChemBioChem,
CrystEngComm, and Journal of the Ameri-
can Society for Mass Spectrometry. Half of
these publications resulted through domestic
and international collaborations. A number of
fruitful international collaborations demon-
strate a strong presence of the Division in the
European Research Area. Division members
also contribute extensively (about 30 cours-
es) to undergraduate and post-graduate ed-
ucation in Croatia. Last but not least, division
members organized the 12th BRIJUNI CON-
FERENCE — Sustainable Sources of Energy
a traditionally held international conference
which included the participation of Nobel lau-
reates. This highly regarded series of work-
shops has been supported by NATO and the
Air Force Office of Scientific Research.

"010C Hoday [enuuy [en

41



TOP ACHIEVEMENTS

Homologs of aminoacyl-tRNA
synthetases: a link between
ribosomal and nonribosomal
peptide synthesis

Aminoacyl-tRNA synthetases (aaRSs)
are ancient and evolutionarily conserved
enzymes that catalyze the formation of ami-
noacyl-tRNAs that are used as substrates
for ribosomal protein biosynthesis. Recently
discovered homologues of aminoacyl-tRNA
synthetases, named amino acid:[carrier pro-
tein] ligases, aminoacylate carrier proteins
instead of tRNA. The enzymatic activity of
aSerRS homologues is reminiscent of ade-
nylation domains in nonribosomal peptide
synthesis, and thus they represent an in-
triguing link between programmable riboso-
mal protein biosynthesis and template in-
dependent nonribosomal peptide synthesis
(Mocibob et al., 2010).
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Fig. 1. Structural comparison of atypical seryl-tRNA synthetase
(left) and glycyl:[carrier protein] ligase (right).

Resorcin[4]arene: A biomimetic
model of the mononucelar
metalloenzyme active site

The bowl-shaped resorcin[4]arene-based
ligand bearing three imidazol coordination
arms, represents a structural biomimetic
model of the ubiquitous trihistidine coordina-
tion core in the active sites of many mononu-
clear metalloenzymes, was prepared through
a seven-step synthetic procedure. The CH2-
O-CH2- linkers have been designed to allow
all three imidazoles to simultaneously bind

a metal ion and to favor a cis-coordination
of two exchangeable external ligands. The
corresponding two mononuclear Zn(ll) com-
plexes (perchlorato- and acetato-complexes)
were prepared and shown to be capable of
the selective guest binding and exchange at
both endo and exo positions relative to the
bowl-shaped cavity (ViSnjevac et al., 2010).

Fig. 2. Selective and reversible binding of the guest molecules at
the endo- and exo-positions in the model complex.

Pd(ll) emitters at ambient
temperatures

The first examples of azobenzene/bipy-
ridine palladacycles in which azobenzenes
act simultaneously as monodentate C- and
bidentate C,N-donors have been synthe-
sized and fully characterized (Juribasi¢ et
al., 2010). The cleavage of one Pd-N bond
in double cyclopalladated azobenzenes ena-
bles positioning of both Pd atoms onto the
same side of azobenzene ligand and sig-
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Fig 3. Azobenzene/bipyridine palladacycle as Pd(ll) emitter in the
solution and in the solid-state.



nificant Pde+<Pd interaction and such interac-
tions play an important role in luminescence
of azobenzene/bipyridine palladacycles in
both solution and solid state. These com-
plexes are rare examples of Pd(ll) emitters
in solution and solid state at ambient tem-
peratures.

Secondary structure formation in
protected dipeptides

A benchmark study of the conformational
preferences of small peptides: Ac-Xxx-Phe-
NH2, Xxx = Gly, Ala was performed with the