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INTRODUCTION

If knowledge is not applied it does not really exist. Not that I think that knowledge is valuable only if it can be consumed, but I
believe that the transformation of data and information into knowledge is as demanding as creating music from a series of
noles. If we evaluate research with respect to what good it brings, or will bring, to the people, then the dilemma as to whether
we should mainly develop basic knowledge or new technologies becomes irrelevant. The impact of scientific research and
technological development is the greatest when both basic research and technological development are equal, i.e., balanced,
and when they both receive equal social recognition. When this balance is established and the interaction between the fwo is
in place, scientific research and technological development can bring the greatest benefits. Neglecting one at the expense of the
other weakens both of them, and this weakening has a negative effect on everything else, not only in the economic, but also in
the cultural, social and other fields.

We know that we can achieve this balance by treating basic science and technological development as some kind of connecting
vessels; however, we still cannot effectively implement this concept into our lives. This might be so because we seek the solutions,
Jrom which only small groups can benefit, or because we do not have enough knowledge and awareness to develop a
comprehensive approach to this issue. It is easy, of course, to criticise disinterested and narcissistic scientists or, on the other
hand, technologically backward and non-development-oriented companies. But in this way we only minimise and marginalise
the excellent resulls achieved in both scientific research and technological development. I can say, with certainty, that such
results have been achieved in environments characteristic for their positive, open-minded and cooperative attitudes, but not in
those that lack such qualities.

Unfortunately, it also has to be pointed out that, in the past decade, the organisation and operation of national research
institutions were dominated by an attitude that has pushed researchers into the past by at least fifty years, into the situation
we had in the 1950s. It is clear that society is being bureaucratised by some obscure players, greatly affecting also scientific
research and development. I believe the reason for this process is a deep misunderstanding and ignorance of research and
development and of their roles in the modern world. The state has to - as soon as possible and through a dialogue and in
cooperation with researchers - introduce more modern and efficient solutions.

To balance the above critical view I also have to point out the positive side of our research and development activities: in recent
years the development indicators of the JoZef Stefan Institute have been, in all our areas and despite the economic stagnation

in the country, very positive. As a result of winning research and development projects (the Institute oblains all ifs resources in

a competitive way ) the number of our employees has increased to record figures, this happened solely due to the employment of
young researchers, while the numbers of senior researchers and the staff in the support services have been on a slight decrease.
An important outcome of such a development was a significant increase in the transfer of young PhD researchers to industry,
which was really a historical shift. In addition, by the end of last year the economic crisis had no fatal influence on our projects
carried out for industry or for other direct users.

However, looking at it from today’s perspective, the economic crisis has not abated, but it is continuing with an even greater
impact, so that the forecast for 2012 and 2013 is not at all optimistic. Our biggest worry is that young, ambitious and talented
people will be without opportunities and such a situation will lead to irreparable consequences. In my view there is no other
issue as important as this one.

s

Prof. Jadran Lenarcic
Director of the JoZef Stefan Institute

4 Annual Report 2011



Jozef Stefan Institute §

Adpressing the Institute employees at the end of the year

Annual Report 2011 5



3:0 Jozef Stefan Institute

A BRIEF HISTORY OF THE
JOZEF STEFAN INSTITUTE

1946

~  Decision taken by the Slovenian Academy of Science and Arts to build a Physics
Institute

1949

~  Research connected to the peaceful use of atomic energy started, financed by the
Federal Government

1952

~ Institute renamed the JoZef Stefan Physics Institute and moved to new
laboratories on its present site

1954

~  The betatron and an electron microscope installed as the institute’s first major
pieces of equipment

1956

~  Van de Graaff accelerator, constructed at the institute, started operation

1958

~ Institute reorganised and new fields of activity defined: nuclear physics, solid-
state physics, chemistry, and radiobiology

1959

~ Institute renamed the JoZef Stefan Nuclear Institute. The major source of income
was provided by the Yugoslav Atomic Energy Commission

Mass spectrometer at the JSI (about 1960)
1962

One of the first compounds of a noble gas, XeF,, synthesised at the institute
The first computer for research, ZUSE Z 23, installed

1966

~ Nuclear research reactor TRIGA starts operation

1968

~ Yugoslav Atomic Energy Commission ceases to operate; The Republic of Slovenia
becomes the institute’s dominant source of research funding

1969

~  Institute is renamed as the Jozef Stefan Institute

1970
University of Ljubljana becomes a co-founder of the JoZef Stefan Institute,
together with the Federal Executive Council

1971
Anew unit, INOVA, established with the aim of applying the institute’s expertise
and output to productive use in the national economy

Institute buildings after the opening in 1953

1972

~  New computer Cyber 72 purchased, and the Republic Computer Centre
established as an independent unit of the JoZef Stefan Institute

1974

~  Collaboration with the international centre CERN in the field of high-energy
physics started

~  SEPO group for evaluating environmental interventions is established

1976

~  First Yugoslav 8-bit processor computer DARTA 80

1979

~  Contract defining cooperation between the JoZef Stefan Institute and the Nuclear
Power Plant Krsko is signed

~  First robot in Slovenia is constructed

1982

~  Ecological Laboratory with Mobile Unit established as a special unit of the
Slovenian Civil Protection Organisation

1983

~  Stefin, a cysteine proteinase inhibitor named after JoZef Stefan, isolated and its
primary structure determined

The Reactor Centre, Podgorica, built in 1966
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1985

~  “2000 New Young Researchers” project established by the Slovenian Research
Council

~  Centre for Hard Coatings established by the JoZef Stefan Institute and the firm
SMELT

1987

~  INEA established by the JoZef Stefan Institute as an independent company to
promote technology transfer in the fields of cybernetics and energy management

Nuclear magnetic resonance spectrometer

1989

~  Milan Copi¢ Nuclear Training Centre established

1990

~  The first Slovenian supercomputer, CONVEX, installed at the JoZef Stefan Institute

1992

~  New technology centres established by the Ministry of Science and Technology

~  Jozef Stefan Institute restructured by the Slovenian Government as a public
research institution

~  Jozef Stefan Technology Park founded, later to become
the Ljubljana Technology Park

[ 1]
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1995

~  Jozef Stefan Institute is a co-founder of the international postgraduate school for
environmental sciences, the Nova Gorica Polytechnic

~  Research institutes in Velenje, ERICo and Valdoltra established by the Institute

1997

~  3.5-MeV electrostatic accelerator, TANDETRON, installed

1999

~  Jozef Stefan Institute celebrates its 50™ anniversary

2003

~  Jozef Stefan International Postgraduate School established

2004

~  Jozef Stefan Institute is chosen as the coordinator of four Research Centres of
Excellence

2007

~  nanomanipulation of single atoms using low-temperature scanning tunneling
microscope

~  New ERDA/RBS beamline installed at the TANDETRON accelerator at the
Microanalytical center

The beginnings of robotics at the JSI, in 1985

FORMER DIRECTORS

Prof. Anton Peterlin,

Prof. Anton Peterlin, Founder and first Director of the Jozef Stefan Institute, 1949—1955
Karol Kajfez, 1955-1958

Lucijan Sinkovec, B. Sc., 1959-1963

Prof. Milan Osredkar, 1963—1975

Prof. Boris Frlec, 1975—1984

Prof. Tomaz Kalin, 1984—1992

Prof. Danilo Zavrtanik, 1992—1996

Prof. Vito Turk, 1996—2005

first Director of the Jozef Stefan Institute
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ORGANISATION OF THE
JOZEF STEFAN INSTITUTE

BOARD OF GOVERNORS

DIRECTOR SCIENTIFIC COUNCIL

RESEARCH DEPARTMENTS

Physics
Theoretical Physics (F-1) Biochemistry, Molecular and Structural Biology (B-1)
Prof: Syjetlana Fajfer Prof. Boris Turk
Low and Medium Energy Physics (F-2) Molecular and Biomedical Sciences (B-2)
Asst. Prof. Matej Lipoglavsek Prof. Igor Krizaj
Thin Films and Surfaces (F-3) Biotechnology (B-3)
Dr: Peter Panjan Prof. Janko Kos
Surface Engineering and Optoelectronics (F-4) Environmental Sciences (0-2)
Prof. Miran Mozetic Prof- Milena Horvat
Solid State Physics (F-5)
Prof. Igor Musevic
Complex Matter (F-7) Electronics and Information Technology
Prof. Dragan Dragoljub Mihailovic
Reactor Physics (F-8) Automation, Biocybernetics and Robotics (E-1)
Asst. Prof. And'rej Trkov Asst. Prof. Leon Zlajpah
Experimental Particle Physics (F-9) Systems and Control (E-2)
Prof. Marko Mikuz Prof. Stanisiav Strmcnik, Dr: Viadimir Jovan

Chemistry and Biochemistry
L./

Inorganic Chemistry and Technology (K-1)
Asst. Prof.Gasper Tavcar
Physical and Organic Chemistry (K-3)

Artificial Intelligence Laboratory (E-3)
Prof. Dunja Mladenic
Open Systems and Networks (E-5)
Prof. Borka Jerman Blazi¢
Communication Systems (E-6)
Asst. Prof. Mihael Mohorci¢
Computer Systems Department (E-7)

Prof. Ingrid Milosev Prof. Franc Novak
Electronic Ceramics (K-5) Knowledge Technologies (E-8)
Prof: Marija Kosec Prof: Nada Lavrac
Engineering Ceramics (K-6) Intelligent Systems (E-9)
Prof. Tomaz Kosmac Prof. Matjaz Gams

Nanostructured Materials (K-7)

Prof: Spomenika Kobe
Synthesis of Materials (K-8) Reactor Techniques and Energetics
Prof: Darko Makovec
Advanced Materials (K-9) Reactor Engineering (R-4)
Prof: Danilo Suvorov Prof Leon Cizelj
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CENTRES

Reactor Centre (RIC) Helium Liquifier with Superconducting Magnet and
Prof- Borut Smodis Helium Regeneration System
Centre for Networking Infrastructure (CNI) Milan Rozmarin, B. Sc.
Viadimir Alkalaj, M. Sc. Mass Spectrometry Centre
Science Information Centre (SIC) Dr. Dusan Zigon
Dr: Luka Sustersic National Centre for Microstructure and Surface Analysis
Energy Efficiency Centre (EEC) Prof- Miran Ceh
Stane Merse, M. Sc. National High Resolution NMR Spectroscopy
Centre for Knowledge Transfer in Information Prof. Janez Dolinsek
Technologies (CT-3) Centre for Protein Structure
Mitja Jermol, M. Sc. Prof. Dusan Turk
Milan Copi¢ Nuclear Training Centre (ICJT) Nanolitography and nanoscopy
Prof. Igor Jencic Prof. Dragan Mihailovic
Centre for Electron Microscopy (CEM) Center for experimental particle physicis
Prof: Miran Ceh in international laboratories
Centre for Technology Transfer and Innovation (CTT) Prof: Marko Mikuz
Dr: Spela Stres Hot Cells Facility
Microanalytical Instrumental Centre (MIC) Asst. Prof: Borut Smodis
Asst. Prof. Primoz Pelicon Video-conferencing centre
Combined atomic microscope (UHV-AFM/STM) Prof: Borka Jerman BlaZic
Prof: Maja Remskar

ADMINISTRATION, SERVICES AND SUPPORT UNITS

PARTICIPATION IN THE REGIONAL DEVELOPMENT OF RESEARCH

Ljubljana Technology Park Ltd. Technology Centre for Circuits, Technology Centre for Production

Components, Materials, Technologies and|  Automation, Robotics and Informatics
Equipment for Electrotechnic (TC SEMTO) (ARI)

University of Nova Gorica Nanotesla Institute Ljubljana Security Technology
Competence Centre (SETTCE)

Jozef Stefan International Development Centre for Hydrogen
Postgraduate School Technologies

Nanoscience and Nanotechnology
Center of Excellence for Polymer CONOT: Centre of Excellence for Low-
Centre of Excellence for Integrated Materials and Technologies (PoliMaT) Carbon Technologies
Approaches in Chemistry and Biology

of Proteins (CIPKeBiP) EN-FIST Centre of Excellence Centre of Excellence for Space Sciences

and Technologies SPACE-SI
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MANAGEMENT

DIRECTORATE

Director JSI

Prof. Jadran Lenarcic

Advisers

Darko Korbar, M. Sc., MBA (7o 31 October 2011)
Joze Kasman, B. Sc. (from 1 November 2011)
Dasa Modic Gorjup, LL. B.

Dr. Boris Pukl

Marta Slokan, LL. B.

BOARD OF GOVERNORS

Prof. Damjan Zazula, Chair, Ministry of Higher Education, Science and Technology
Alenka AvberSek, Ministry of Higher Education, Science and Technology

Franjo Bobinac, MBA, Director of Gorenje d. d., Velenje

Dr. Tomaz Boh, Ministry of Higher Education, Science and Technology

Tatjana Fink, MBA, Director of Trimo d. d., Trebnje

Prof. Marko Mikuz, /57

Peter Ribari¢, M.Sc., Ministry of the Economy

Prof. Franc Solina, Ministry of Higher Education, Science and Technology

Prof. Stanko Strm¢nik, /S7

SCIENTIFIC COUNCIL

until 26 January 2011

Prof. Igor MusSeviC, President

Prof. MatjaZ Gams

Prof. Milena Horvat, Deputy President
Prof. Spomenka Kobe

Prof. Nada Lavrac, Deputy President
Prof. Jadran Lenarci¢

Prof. Andrej Likar

Prof. Borut Mavko

Prof. Dragan Dragoljub Mihailovi¢
Prof. Marko Mikuz

Prof. Ingrid Milosev

Asst. Prof. Mihael Mohor¢ic

Prof. Peter Prelovsek

Prof. Danilo Suvorov

Prof. Vito Turk

10

since 27 January 2011

Prof. Dragan Dragoljub Mihailovic, President
Prof. Denis Arcon

Prof. Milena Horvat

Prof. Spomenka Kobe

Prof. Borka Dzonova Jerman Blazi¢

Prof. Jadran Lenarci¢

Prof. Andrej Likar

Prof. Borut Mavko

Prof. Marko MikuZ

Prof. Ingrid MiloSev, Deputy President

Asst. Prof. Mihael Mohorcic, Deputy President
Prof. Peter Prelovsek

Prof. Danilo Suvorov

Prof. Vito Turk

Asst. Prof. Leon Zlajpah
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STAFF QUALIFICATIONS
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1949-2011

1949 f

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

400

600

800

1000 1200

1335

1350

1367

1375

1400

1444

1457

1443

1412

1403

1420

15

1452

145

1480

1515

1534

1558

1593

@ Ph. D. Degree
M M. Sc., B. Sc. Degree
O Total Staff

1634

1632

1687

1630

1652

1675

1667

280

1702

1732

1749

1813

349

1852

1895

1909

1895

1858

205

1809

981
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RECIPIENTS OF THE JSI AWARDS

AND TITLES

HONORARY MEMBERS

Prof. Robert Blinc®, President of the Scientific Council of the Jozef Stefan Institute
from 1992 to 2007 (1933 -2011)

Prof. Jean-Marie Dubois, Institut Jean Lamour, CNRS - Centre National de la
Recherche Scientifique, Paris and Université Lorraine, Nancy, France

Prof. Boris Frlec, Director of the Jozef Stefan Institute from 1975 to 1984

Prof. Robert Huber, Nobel Prize Winner, Max-Planck-Institut fiir Biochemie,
Munich, Germany

Prof. Milan Osredkar®, Director of the JoZef Stefan Institute from 1963 to 1975 (1919 -2003)

Prof. Anton Peterlin®, Founder and First Director of the Jozef Stefan Institute from

1949 to 1955 (1908 - 1993)
ASSOCIATE MEMBERS

Prof. David C. Ailion, University of Utah, Salt Lake City, Utah, USA

Prof. Neil Bartlett?, University of California, Berkeley, California, USA

Prof. John H. Beynon, University of Wales Swansea, Swansea, United Kingdom

Prof. Wolfram Bode, Max-Planck-Institut fiir Biochemie, Munich, Germany

Prof. Oscar D. Bonner?, University of South Carolina, Columbia, South Carolina, USA

Dr. Horst Borrmann, Max-Planck-Institut fiir chemische Physik fester Stoffe,
Dresden, Germany

Prof. Henrik Buchowsky, Politechnika Warszawska, Warszawa, Poland

Prof. Ridiger Dillmann, Karlsruher Institut fiir Technologie, Karlsruhe, Germany

Prof. Joseph W. Doane, Liquid Crystal Institute, Kent State University, Kent, Ohio, USA

Prof. Hans Fritz, Universitit Miinchen, Munich, Germany

Prof. Oskar Glemser?, Universitit Gttingen, Gottingen, Germany

Prof. Paul Hagenmuller, Université de Bordeaux I, Bordeaux, France

Prof. John Holloway, University of Leicester, Leicester, United Kingdom

Prof. Rudolf Hoppe, Universitit Giessen, Giessen, Germany

Prof. Robert ]. Jaeger®, National Institute on Disability and Rehabilitation Research,
US Department of Education, Washington, D. C., USA

Prof. Nikola Kallay, University of Zagreb, Zagreb, Croatia

Prof. Nobuhiko Katunuma, Tokushima Bunri University, Tokushima, Japan

Prof. Raymond Kind, ETH, Zurich, Switzerland

Prof. Joze Koller, National Institute of Chemistry, Ljubljana, Slovenia

Prof. Ridiger Mews, Universitit Bremen, Bremen, Germany

Prof. Donald Michie®, Edinburgh University, Edinburgh, United Kingdom

Dr. Fani Milia, National Centre for Scientific Research “Demokritos”, Athens, Greece

Prof. Tsuyoshi Nakajima, Aichi Institute of Technology, Toyota, Japan

Prof. Vincenzo Parenti - Castelli, University of Bologna, Bologna, Italy

Prof. Herbert W. Roesky, Universitiit Gottingen, Géttingen, Germany

Prof. John A. Rupley, The University of Arizona, Tucson, Arizona, USA

Prof. Findlay E. Russell, The University of Arizona, Tucson, Arizona, USA

Prof. Hugo V. Schmidt, Montana State University, Bozeman, Montana, USA

Prof. Lev A. Shuvalov®, Institute for Crystallography, Russian Academy of Sciences,
Moscow, Russia

Prof. Neil W. Tanner?, University of Oxford, Oxford, United Kingdom

Dr. Alain Tressaud, Institut de Chimie de la Matiére Condensée de Bordeaux, CNRS,
Pessac, France

Prof. Vlado Valkovic, Zagreb, Croatia

Prof. John Waugh, M.L T, Cambridge, Massachusetts, USA

EMERITUS SCIENTISTS

Prof. France Brem$ak®
Prof. Peter Gosar

Prof. Darko Jamnik

Prof. Gabrijel Kernel

Prof. Miodrag V. Mihailovi¢
Prof. Marjan Senegacnik™

EXTERNAL ADVISERS

Prof. Savo Brato$, Université Pierre et Marie Curie, Paris, France
Marko Bulc, B. Sc., Ljubljana, Slovenia
Prof. Davorin Dolar?, Slovenian Academy of Sciences and Arts,
Ljubljana, Slovenia
Zdravko Gabrovsek, B. Sc., Slovenia
Prof. Dusan HadZi, National Institute of Chemistry, Ljubljana, Slovenia
Prof. Karl A. Miiller, Nobel Prize Winner, IBM Research Laboratory,
Zurich, Switzerland
Prof. Bogdan Povh, Max-Planck-Institut fiir Kernphysik, Heidelberg, Germany
Dr. Lev Premru, Lek, d. d., Ljubljana, Slovenia
Prof. Momcilo M. Risti¢, Academy of Science of Serbia, Belgrade, Serbia
Milan Slokan®, M. Sc., Ljubljana, Slovenia
Prof. dr. Petar Strohal, Zagreb, Croatia
Dr. Novak Zuber, Nuclear Regulatory Commission, Washington D. C., USA
Prof. Crt Zupanci¢, Ludwig-Maximillians-Universitit, Munich, Germany
Prof. Andrej Zupancic?, Slovenian Academy of Sciences and Arts, Ljubljana, Slovenia
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INTERNATIONAL ADVISORY BOARD

Prof. James W. Cronin, Nobel Prize Winner, University of Chicago, Chicago, Illinois, USA

Prof. Richard Ernst, Nobel Prize Winner, ETH Zurich, Switzerland

Prof. Robert Huber, Nobel Prize Winner, Max-Planck-Institut, Martiensried, Germany

Prof. Karl A. Miiller, Nobel Prize Winner, Universitat Zirich, Zurich, Switzerland

Prof. Ernst Giinther Afting, GSF, Neuherberg, Germany

Prof. Akito Arima, Riken, Tokyo, Japan

Prof. John H. Beynon, University of Wales Swansea, Swansea, United Kingdom

Prof. Richard Brook, EPSRC, Swindon, United Kingdom

Prof. Julio Celis, Aarhus University, Aarhus, Denmark

Prof. Brian Clark, Aarhus University, Aarhus, Denmark

Prof. Barge Diderichsen, Novo Nordisk, Bagsvaerd, Denmark

Prof. Jean Etourneau, Institut de Chimie de la Matiere Condensée de Bordeaux,
CNRS, Pessac, France

Prof. Reinosuke Hara, Seiko Instruments, Tokyo, Japan

Prof. Oleg Jardetzky, Stanford University, Stanford, California, USA
Prof. Sergey P. Kapitza, Russian Academy of Sciences, Moscow, Russia
Prof. Karl-Hans Laermann, Bergische Universitét, Wuppertal, Germany
Prof. Egon Matijevic, Clarkson University, Potsdam, New York, USA
Prof. Federico Mayor, Madrid, Spain

Prof. Dietrich Munz, Universitit Karlsruhe, Karlsruhe, Germany

Prof. Giinther Petzow, Max-Planck-Institut fiir Metallforschung, Stuttgart, Germany
Prof. Bernard Roth, Stanford University, Stanford, California, USA

Prof. John Ryan, University of Oxford, Oxford, United Kingdom

Prof. Volker Sorgel, Ruprecht-Karis-Universitit, Heidelberg, Germany
Prof. H. Eugene Stanley, Boston University, Boston, Massachusetts, USA
Prof. Thomas Walcher, Universitit Mainz, Mainz, Germany

DELEGATIONS AND VISITORS

Prof. Thomas A. Henzinger, President of the Institute of Science and Technology
Austria (IST Austria), Klosterneuburg, Austria, 6 April 2011

H. E. Mr Toshimitsu Ishigure, Ambassador of Japan, Embassy of Japan, Ljubljana,
Slovenia, 8 April 2011,

Prof. John Hollerbach, University of Utah, Salt Lake City, Utah, USA, 27 June 2011

Prof. Harry Kroto, Nobel Prize Winner 1996, Florida State University, Tallahassee,
Florida, USA, 20 July 2011

Dr. Danilo Tiirk, President of the Republic of Slovenia, 17 October 2011

Prof. Erkki KM Leppavuori, President & CEO, VIT Technical Research Centre of
Finland, Finland, 23 November 2011

H. E. Mr Toshimitsu Ishigure, the Ambassador of Japan, Embassy of Japan, Ljubljana,
Slovenia, 20 December 2011

Dr. Danilo Tiirk, President of the
Republic of Slovenia
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INTERNATIONAL COOPERATION

14

Multilateral international cooperation

7. FP (COOPERATION: HEALTH, FOOD, AGRICULTURE/FISHERIES, BIOTECHNOLOGY, INFORMATION COMMUNICATION TECHNOLOGIES,

No. of projects
75

NANOSCIENCES + NANOTECHNOLOGIES, MATERIALS + NEW PRODUCTION TECHNOLOGIES, ENERGY, ENVIRONMENT AND CLIMATE CHANGE,
TRANSPORT (INCLUDING AERONAUTICS), SOCIO-ECONOMIC SCIENCES + THE HUMANITIES, SPACE, SECURITY; IDEAS: FRONTIER RESEARCH
(EUROPEAN RESEARCH COUNCIL); PEOPLE: MARIE CURIE FELLOWSHIPS; CAPACITIES: RESEARCH INFRASTRUCTURES, SMESs, REGIONS OF
KNOWLEDGE, RESEARCH POTENTIAL, SCIENCE AND SOCIETY, INCO (HORIZONTAL), DEVELOPMENT OF POLICIES)

6. FP (LIFESCIHEALTH, IST, NMP, AERO, TREN, SPACE, FOOD, ENERGY, TRANSPORT, GLOBAL, CITIZENS, SSP, NEST, SME, INCO, ERA-NET, 5
MOBILITY, INFRASTRUCTURES, SCIENCE AND SOCIETY, RESEARCH/INNOVATION POLICIES)

CIP

E-CONTENTPLUS, PHEA

ESA (PECS)

COST

25

[AEA

10

ERA-NET (MATERA, MNT, MNT I1, SEE, ERASME)

OTHERS (DELPHI, ATLAS, CERN RD-39, CERN RD-42, CERN RD-50, BELLE, BELLE II, CIMA, SCOPES, IEEE-RAS, EUROSTARS, MSS, SIM-RIS,

26

WAEGNER, NET WORDS, EUSAS, ARTEMIS, SERENA - OECD/NEA, CAMP, F4E, EURADOS, SLOVENIA - RTD AUDIT, ERASMUS, MED, HFSPO...)

Bilateral cooperation No. of projects
Albania 1

Austria 9

Bulgaria 2

Brazil 3

Montenegro 3

France (PROTEUS - 6) 7

Italy 2

China 15

Bilateral cooperation No. of projects

Hungary 7

Germany 2

Norway 2

Portugal 2

Russia 1

Serbia 6

Turkey 2

Great Britain 2

TOTAL 138

Annual Report 2011
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INTERNATIONAL COOPERATION

AGREEMENTS

In 2011, cooperation agreements were signed between the JoZef Stefan Institute and:

1. Merck KGaA, Darmstadt, Germany

2. Oslo University, Department of Physics, Norway; Lund University, Department
of Physics, Sweden; Copenhagen University, Niels-Bohr Institute, Denmark;
University of Helsinki, Helsinki Institute of Physics, Finland; Uppsala University,
Department of Physics and Astronomy, Sweden; NIIF, Nemzeti Informacids
Infrastruktira Fejlesztési Intézet, Hungary; Swiss National Grid association
(SwiNG), Switzerland; Pavol Jozef Safarik University in KoSice, UPJS, Slovakia;
Ukrainian National Grid, Ukraine; Lithuanian National Grid (LitGrid), Lithuania

3. The National Physical Laboratory (NPL), NPL Management Ltd, Teddington,
Middx, United Kingdom

4. Enviros Consulting Limited, Wolverhampton, Quintessa Limited, Oxon, Great Britain

10.

1L
12.

Hungarian Academy of Sciences, Institute for Geochemical Research, Budapest,
Hungary

Faculty of Geography, M.V. Lomonosov Moscow State University, Moscow,
Russian Federation

FIR e.V an der RWTH Aachen, Aachen, Germany

University of York, York, Great Britain

Halbleiter Deutschland GmbH, Munich, Germany

Akademija nauka i umjetnosti Bosne i Hercegovine, Centar za koordinaciju
medicinskih istraZivanja, Sarajevo, Bosnia in Herzegovina

Quant Technologies, LLC, Blaine, MN, USA

Morphoplant GmbH, Bochum, Germany

COOPERATION WITH

UNIVERSITIES

FULL-TIME FACULTY MEMBERS

Professors

1. Asst. Prof. Denis Ar¢on, University of Ljubljana, Faculty of Mathematics and Physics

2. Prof. Iztok Arcon, University of Nova Gorica

3. Prof. Janez Bonca, University of Ljubljana, Faculty of Mathematics and Physics

4. Prof. Ivan Bratko, Academician, University of Ljubljana, Faculty of Computer
and Information Science

5. Prof. Milan Brumen, University of Maribor, Faculty of Education

6. Prof. Dean Cvetko, University of Ljubljana, Faculty of Mathematics and Physics

7. Prof. Bruno Cvikl, University of Maribor, Faculty of Civil Engineering and
Faculty of Energy Technology

8. Prof. Mojca Cepi¢, University of Ljubljana, Faculty of Education

9. Prof. Marko Cepin, University of Ljubljana, Faculty of Electrical Engineering

10. Prof. Martin Copi¢, University of Ljubljana, Faculty of Mathematics and Physics

11. Prof. Janez Dolinsek, University of Ljubljana, Faculty of Mathematics and Physics

12. Prof. Irena Drevensek Olenik, University of Ljubljana, Faculty of Mathematics
and Physics

13. Prof. Mihael Drofenik, University of Maribor, Faculty of Chemistry and
Chemical Engineering, Faculty of Medicine and JoZef Stefan International
Postgraduate School, Ljubljana

14.  Prof. Svjetlana Fajfer, University of Ljubljana, Faculty of Mathematics and Physics

15. Prof. Bojan Golli, University of Ljubljana, Faculty of Education

16.  Prof. Bostjan Golob, University of Ljubljana, Faculty of Mathematics and Physics

17. Prof. Tomaz Gyergyek, University of Ljubljana, Faculty of Electrical Engineering

18.  Asst. Prof. Branko Kavsek, University of Primorska, Faculty of Mathematics,
Natural Sciences and Information Technologies

19. Prof. Borut Paul KerSevan, University of Ljubljana, Faculty of Mathematics and Physics

20.

21

22.

23.
24.
25.
26.

27.

28.
29.

30.
31.
32.
33.
34.
35.

30.

37.

38.
39.
40.

41.

Prof. Jus Kocijan, University of Nova Gorica

Prof. Alojzij Franc Kodre, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Samo Korpar, University of Maribor, Faculty of Chemistry and
Chemical Engineering

Prof. Janko Kos, University of Ljubljana, Faculty of Pharmacy

Prof. Samo Kralj, University of Maribor, Faculty of Education

Prof. Edvard Kramar, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Marjeta Kramar FijavZ, University of Ljubljana, Faculty of Mathematics
and Physics

Asst. Prof. Matjaz Kristl, University of Maribor, Faculty of Chemistry and
Chemical Engineering

Prof. Peter KriZan, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Brigita Lenarcic, University of Ljubljana, Faculty of Chemistry and
Chemical Technology

Prof. Andrej Likar, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Marko MikuZ, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Igor Musevic, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Slavko Pecar, University of Ljubljana, Faculty of Pharmacy

Prof. Rudolf Podgornik, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Tomaz Podobnik, University of Ljubljana, Faculty of Mathematics
and Physics

Prof. Peter Prelovsek, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Sasa Prelovsek Komelj, University of Ljubljana, Faculty of
Mathematics and Physics

Prof. Vladislav Rajkovi¢, University of Maribor, Faculty of Organisational Sciences
Prof. Anton Ramsak, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Iztok Savnik, University of Primorska, Faculty of Mathematics,
Natural Sciences and Information Technologies

Prof. Janez Seliger, University of Ljubljana, Faculty of Mathematics and Physics
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42,

43.
44.
45.
46.

47.

48.
49.

50.
51
52.
53.
54.
55.
56.

o Jozef Stefan Institute

Prof. John Shawe-Taylor, University College London, Centre for Computational
Statistics and Machine Learning

Prof. Ales Stanovnik, University of Ljubljana, Faculty of Electrical Engineering
Prof. Janez Stepisnik, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Sasa Svetina, Academician, University of Ljubljana, Faculty of Medicine
Prof. Simon Sirca, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Ziga Smit, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Borut Strukelj, University of Ljubljana, Faculty of Pharmacy

Prof. Jurij Franc Tasi¢, University of Ljubljana, Faculty of Electrical Engineering,
University of Primorska, Koper

Asst. Prof. Tanja Urbancic, University of Nova Gorica

Asst. Prof. Natasa Vaupoti¢, University of Maribor, Faculty of Education

Asst. Prof. Darko Veberi¢, University of Nova Gorica

Prof. Danilo Zavrtanik, University of Nova Gorica

Prof. Marko Zgonik, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Primot Ziherl, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Slobodan Zumer, University of Ljubljana, Faculty of Mathematics and Physics

Assistants and researchers

L.

S e

Asst. Prof. Marko Bracko, University of Maribor, Faculty of Chemistry and
Chemical Engineering

Dr. Gregor Cigler, University of Ljubljana, Faculty of Mathematics and Physics
Dr. Andrej Muhic, University of Ljubljana, Faculty of Mathematics and Physics
Dr. Jure Leskovec, Stanford University, Palo Alto, California, USA

Dr. Rok Okorn, University of Ljubljana, Faculty of Mathematics and Physics
Dr. Tomaz Rejec, University of Ljubljana, Faculty of Mathematics and Physics

PART TIME FACULTY MEMBERS

Professors

1. Asst. Prof. Andreja Bencan Golob, JoZef Stefan International Postgraduate
School, Ljubljana

2. Asst. Prof. Ljudmila Benedik, University of Ljubljana, Faculty of Chemistry and
Chemical Technology, Faculty of Mathematics and Physics and JoZef Stefan
International Postgraduate School, Ljubljana

3. Asst. Prof. Slavko Bernik, JoZef Stefan International Postgraduate School, Ljubljana

4. Asst. Prof. Anton Biasizzo, JoZef Stefan International Postgraduate School, Ljubljana

5. Prof. Robert Blinc, Academician, JoZef Stefan International Postgraduate
School, Ljubljana

6. Asst. Prof. Vid Bobnar, JoZef Stefan International Postgraduate School, Ljubljana

7. Prof. Marko Bohanec, University of Nova Gorica, School of Enginnering and
Management and JoZef Stefan International Postgraduate School, Ljubljana

8. Prof. Vladimir Cindro, University of Ljubljana, Faculty of Natural Sciences and
Technology

9. Prof. Leon Cizelj, University of Ljubljana, Faculty of Mathematics and Physics

10 Asst. Prof. Uros Cvelbar, JoZef Stefan International Postgraduate School, Ljubljana

1. Prof. Miran Ceh, University of Ljubljana, Faculty of Chemistry and Chemical
Technology and JoZef Stefan International Postgraduate School, Ljubljana

12. Prof. Milan Cergek, University of Maribor, Faculty of Civil Engineering, Faculty of
Energy Technology and University of Ljubljana, Faculty of Mathematics and Physics

13.  Asst. Prof. Nina Daneu, JoZef Stefan International Postgraduate School, Ljubljana

14.  Prof. Marko Debeljak, University of Ljubljana, University of Primorska,
University of Nova Gorica, University of Tennessee, USA, ENSAIA, Nancy, France

15.  Asst. Prof. Jure Demsar, University of Konstanz, Germany, JoZef Stefan
International Postgraduate School, Ljubljana

16.  Asst. Prof. Goran Draic, JoZef Stefan International Postgraduate School, Ljubljana

17.

18.

19.

20.

21.
22.

23.
24.

25.
26.
27.
28.
29.

30.

3L

32.
33.
34.

35.

30.

37.

38.
39.
40.
41.
42.
43.

44.

45.
46.

47.

48.
49.

Prof. Saso DZeroski, University of Nova Gorica and JoZef Stefan International
Postgraduate School, Ljubljana

Prof. Borka DZonova Jerman Blazi¢, University of Ljubljana, Faculty of
Economics and JoZef Stefan International Postgraduate School, Ljubljana

Asst. Prof. Tomaz Erjavec, University of Nova Gorica, Jozef Stefan International
Postgraduate School, Ljubljana, Karl-Franzens-Universitit Graz, Austria

Asst. Prof. Ingrid Falnoga, University of Ljubljana, Faculty of Maritime Studies
and Transport

Asst. Prof. Andrej Filip¢ic, University of Nova Gorica

Prof. Bogdan Filipic, University of Ljubljana, Faculty of Mechanical Engineering,
Faculty of Computer and Information Science, University of Nova Gorica, Faculty
of Engineering and Management, JoZef Stefan International Postgraduate
School, Ljubljana

Asst. Prof. Marko Fonovic, Jozef Stefan International Postgraduate School, Ljubljana
Prof. Matjaz Gams, University of Ljubljana, Faculty of Economics, Faculty of
Computer and Information Science, Faculty of Arts, Jozef Stefan International
Postgraduate School, Ljubljana

Asst. Prof. Marko Gerbec, Jozef Stefan International Postgraduate School, Ljubljana
Prof. Ester Heath, JoZef Stefan International Postgraduate School, Ljubljana
Prof. Milena Horvat, Jozef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Marko Hrovat, JoZef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Jernej Iskra, JoZef Stefan International Postgraduate School, Ljubljana
and University of Maribor, Faculty of Chemistry and Chemical Engineering

Asst. Prof. Bostjan Jancar, JoZef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Tomaz Javornik, JoZef Stefan International Postgraduate School, Ljubljana
Prof. Igor Jencic, University of Maribor, Faculty of Civil Engineering, University
of Ljubljana, Faculty of Mathematics and Physics

Asst. Prof. Robert Jeraj, University of Ljubljana, Faculty of Mathematics and
Physics, University of Wisconsin, School of Medical Physic, Madison

Asst. Prof. Zvonka Jeran, Jozef Stefan International Postgraduate School, Ljubljana
Prof. Dani Juricic, University of Nova Gorica, School of Environmental Sciences,
University of Maribor, Faculty of Logistics and Jozef Stefan International
Postgraduate School, Ljubljana

Prof. Viktor Kabanov, Jozef Stefan International Postgraduate School, Ljubljana
Prof. Gorazd Kandus, University of Maribor, Faculty of Electrical Engineering and
Computer Science and JoZef Stefan International Postgraduate School, Ljubljana
Prof. Monika Kapus Kolar, University of Maribor, Faculty of Electrical
Engineering and Computer Science

Asst. Prof. Ivo Kljenak, University of Ljubljana, Faculty of Mathematics and Physics
Dr. TomaZ Klobucar, University of Maribor, Faculty of Criminal Justice and
Security, Jozef Stefan International Postgraduate School, Ljubljana, and DOBA
Faculty of Applied Business and Social Studies, Maribor

Prof. Spomenka Kobe, University of Ljubljana, Faculty of Natural Sciences and
Technology, Jozef Stefan International Postgraduate School, Ljubljana

Asst. Prof. Robert Kocjancic, Jozef Stefan International Postgraduate School, Ljubljana
Prof. Ivan Aleksander Kodeli, University of Maribor, Faculty of Energy Technology
Asst. Prof. Matej Andrej Komelj, University of Ljubljana, Faculty of Mathematics
and Physics

Prof. Branko Konti¢, University of Nova Gorica

Asst. Prof. Dusan Kordis, University of Ljubljana, Faculty of Chemistry and
Chemical Technology, Jozef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Peter Korosec, University of Primorska, Koper, Faculty of Mathematics,
Sciences and Information Technologies; Faculty of Education Koper

Asst. Prof. Barbara Korousic Seljak, JoZef Stefan International Postgraduate School
Prof. Marija Kosec, University of Ljubljana, Faculty of Natural Sciences and
Technology and JoZef Stefan International Postgraduate School, Ljubljana
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51
52.

53.

54.

55.

56.

57.

58.

59.
60.

ol.
02.

03.
04.

05.
00.

07.

08.

69.
70.

71

72.
73.

74.

75.
76.

77.
78.

79.
80.

8.
82.
83.

Prof. Tomaz Kosmac, University of Ljubljana, Faculty of Natural Sciences and
Technology, JoZef Stefan International Postgraduate School, Ljubljana

Dr. Igor Kovac, Fachhochschule Joaneum, Graz, Austria

Asst. Prof. Janez Kovac, University of Ljubljana, Faculty of Natural Sciences and
Technology and JoZef Stefan International Postgraduate School, Ljubljana

Prof. Igor Krizaj, University of Ljubljana, Faculty of Chemistry and Chemical
Technology, Biotechnical Faculty, Medical Faculty, JoZef Stefan International
Postgraduate School, Ljubljana

Asst. Prof. Danjela Kuscer Hrovatin, JoZef Stefan International Postgraduate
School, Ljubljana

Prof. Zdravko Kutnjak, University of Ljubljana, Faculty of Mathematics and
Physics and Faculty of Mechanical Engineering, JoZef Stefan International
Postgraduate School, Ljubljana

Prof. Gojmir Lahajnar, University of Ljubljana, Biotechnical Faculty

Prof. Nada Lavrac, University of Ljubljana, Faculty of Social Sciences, University
of Nova Gorica, JoZef Stefan International Postgraduate School, Ljubljana

Prof. Jadran Lenarci¢, University of Ljubljana, Faculty of Electrical Engineering,
University of Nova Gorica, Universita degli studi di Bologna

Asst. Prof. Igor Lengar, University of Maribor, Faculty of Energy Technology
Asst. Prof. Matej Lipoglavsek, University of Ljubljana, Faculty of Mathematics
and Physics

Asst. Prof. Darja Lisjak, Jozef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Sonja Lojen, University of Ljubljana, Faculty of Natural Sciences and
Engineering, University of Nova Gorica, School of Environmental Sciences and
Jozef Stefan International Postgraduate School, Ljubljana

Prof. Boris Majaron, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Darko Makovec, University of Maribor, Faculty of Chemistry and Chemical
Engineering and Faculty of Medicine, JoZef Stefan International Postgraduate
School, Ljubljana

Prof. Barbara Malic, JoZef Stefan International Postgraduate School, Ljubljana
Prof. Borut Mavko, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Paul McGuiness, Jozef Stefan International Postgraduate School, Ljubljana
Prof. Igor Mekjavi¢, University of Portsmouth, Institute of Biomedical and
Biomolecular Sciences, Portsmouth, United Kingdom

Asst. Prof. Alenka Mertelj, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Tomaz Mertelj, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Dragan Dragoljub Mihailovic, University of Ljubljana, Faculty of Mathematics
and Physics and Jozef Stefan International Postgraduate School, Ljubljana

Prof. Radmila Milacic, JoZef Stefan International Postgraduate School, Ljubljana
Prof. Ingrid Milo$ev, University of Zagreb, Croatia, Faculty of Chemical
Engineering and Technology

Prof. Dunja Mladenic, JoZef Stefan International Postgraduate School, Ljubljana
and University of Zagreb, Croatia, University of Ljubljana, Faculty of Education,
University of Nova Gorica, University of Primorska, Koper

Asst. Prof. Mihael Mohorcic, JoZef Stefan International Postgraduate School, Ljubljana
Prof. Miran Mozeti¢, University of Nova Gorica, JoZef Stefan International
Postgraduate School, Ljubljana, University of Ljubljana, Faculty of Natural
Sciences and Technology

Asst. Prof. Bojan Nemec, JoZef Stefan International Postgraduate School, Ljubljana
Prof. Franc Novak, University of Maribor, Faculty of Electrical Engineering and
Computer Science and JoZef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Roman Novak, JoZef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Sasa Novak Krmpotic, Jozef Stefan International Postgraduate
School, Ljubljana

Asst. Prof. NataSa Obermajer, University of Ljubljana, Faculty of Pharmacy
Prof. Nives Ogrinc, JoZef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Gregor Papa, JoZef Stefan International Postgraduate School, Ljubljana

[
Jozef Stefan Institute 3:

84. Asst. Prof. PrimoZ Pelicon, University of Ljubljana, Faculty of
Mathematics and Physics

85.  Asst. Prof. Toni Petan, University of Nova Gorica, School of Environmental
Sciences, School for Viticulture and Enology

86. Asst. Prof. Uro$ Petrovi€, University of Nova Gorica, School of Environmental
Sciences, School for Viticulture and Enology

87 Asst. Prof. Maja Ponikvar-Svet, JoZef Stefan International Postgraduate School,
Ljubljana

83. Prof. Albert Prodan, JoZef Stefan International Postgraduate School, Ljubljana

89. Prof. Joze Pungercar, University of Ljubljana, Faculty of Chemistry and
Chemical Technology

90. Asst. Prof. Aleksander Re¢nik, University of Ljubljana, Faculty of Natural Sciences
and Technology, Jozef Stefan International Postgraduate School, Ljubljana

91. Prof. Maja Remskar, JoZef Stefan International Postgraduate School, Ljubljana

92. Asst. Prof. Igor Sersa, University of Ljubljana, Faculty of Natural Sciences and
Technology, JoZef Stefan International Postgraduate School, Ljubljana

93. Asst. Prof. Tomaz Skapin, JoZef Stefan International Postgraduate School

94. Prof. Borut Smodis, University of Ljubljana, Faculty of Chemistry and
Chemical Technology, University of Maribor, Faculty of Energy technology,
University of Nova Gorica, School of Environmental Sciences and JoZef Stefan
International Postgraduate School, Ljubljana

95. Prof. Marko Staric, University of Ljubljana, Faculty of Mathematics and Physics

96. Prof. Stojan Stavber, JoZef Stefan International Postgraduate School, Ljubljana

97. Prof. Peter Stegnar, University of Ljubljana, Faculty of Mathematics and Physics,
Jozef Stefan International Postgraduate School, Ljubljana

98. Prof. Vekoslava Stibilj, JoZef Stefan International Postgraduate School, Ljubljana

99. Asst. Prof. Veronika Stoka, JoZef Stefan International Postgraduate School, Ljubljana

100. Prof. Stanislav Strménik, University of Nova Gorica, University of Ljubljana,
Faculty of Electrical Engineering

101.

=t

Prof. Danilo Suvorov, University of Ljubljana, Faculty of Chemistry and

Chemical Technology and Faculty of Mathematics and Physics, Jozef Stefan

International Postgraduate School, Ljubljana

102. Prof. Janez S¢ancar, Jozef Stefan International Postgraduate School, Ljubljana

103. Asst. Prof. Jurij Silc, JoZef Stefan International Postgraduate School, Ljubljana

104. Asst. Prof. Sreco Davor Skapin, JoZef Stefan International Postgraduate School,
Ljubljana

105. Asst. Prof. Zdenka Slejkovec, Jozef Stefan International Postgraduate School, Ljubljana

106. Asst. Prof. Janez Strancar, JoZef Stefan International Postgraduate School, Ljubljana

107. Asst. Prof. Saso Sturm, JoZef Stefan International Postgraduate School, Ljubljana

108. Asst. Prof. Ales Svigelj, Jozef Stefan International Postgraduate School, Ljubljana

109. Prof. Iztok Tiselj, University of Ljubljana, Faculty of Mathematics and Physics,
University of Maribor, Faculty of Logistics

110. Asst. Prof. Andrej Trkov, University of Ljubljana, Faculty of Mathematics and
Physics and University of Maribor, Faculty of Energy Technology

111. Asst. Prof. Roman Trobec, University of Ljubljana, Faculty of Computer and
Information Science

112. Prof. Boris Turk, University of Ljubljana, Biotechnical Faculty, Faculty of
Chemistry and Chemical Technology, JoZef Stefan International Postgraduate
School, Ljubljana

113. Prof. Dusan Turk, University of Ljubljana, Faculty of Chemistry and Chemical
Technology and Faculty of Medicine, JoZef Stefan International Postgraduate
School, Ljubljana

114. Prof. Vito Turk, University of Ljubljana, Faculty of Chemistry and Chemical
Technology, JoZef Stefan International Postgraduate School, Ljubljana

115. Asst. Prof. Ales Ude, Jozef Stefan International Postgraduate School, Ljubljana

116. Prof. Janja Vaupoti¢, University of Ljubljana, Faculty of Medicine, University of

Nova Gorica and JoZef Stefan International Postgraduate School, Ljubljana
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117.

118.

119.

120.
121.

—

122.

123.
124.
125.

o Jozef Stefan Institute

Asst. Prof. Alenka Vesel, JoZef Stefan International Postgraduate School

Asst. Prof. Damir Vrancic, University of Maribor, Faculty of Logistics, University
of Nova Gorica

Prof. Bostjan Zalar, University of Ljubljana, Faculty of Mathematics and Physics
and Biotechnical Faculty, Jozef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Marko Zavrtanik, University of Nova Gorica

Prof. Aleksander Zidansek, University of Maribor, Faculty of Education, Jozef
Stefan International Postgraduate School, Ljubljana

Prof. Boris Zemva, University of Ljubljana, Faculty of Chemistry and Chemical
Technology, JoZef Stefan International Postgraduate School, Ljubljana

Asst. Prof. Eva Zerovnik, Jozef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Matjaz Zitnik, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Leon Zlajpah, JoZef Stefan International Postgraduate School, Ljubljana

Assistants and researchers

O 0 SN W R 8 o

10.

Dr. Zoran Arsov, University of Ljubljana, Faculty of Mathematics and Physics
Dr. Jan Babic, University of Ljubljana, Faculty of Electrical Engineering

Dr. Klemen Bucar, University of Ljubljana, Faculty of Mathematics and Physics
Dr. Miha Devetak, University of Ljubljana, Faculty of Mathematics and Physics
Blaz Fortuna, B. Sc., Jozef Stefan International Postgraduate School, Ljubljana
Dr. Dusan Gabrijel¢ic, University of Maribor, Faculty of Criminal Justice and Security
Matej Gasperin, B. Sc., University of Nova Gorica

Dr. Dejan Gradisar, University of Ljubljana, Faculty of Electrical Engineering
Dr. Andrej Hrovat, JoZef Stefan International Postgraduate School, Ljubljana
Dr. Peter Jeglic, University of Ljubljana, Faculty of Chemistry and Chemical
Technology and Faculty of Mathematics and Physics

. Bostjan Kaluza, B. Sc., JoZef Stefan International Postgraduate School, Ljubljana
. Dr. Martin Klanjsek, University of Ljubljana, Faculty of Mathematics and Physics
. Dr. Bostjan Koncar, University of Ljubljana, Faculty of Mathematics and Physics

Jurij Koruza, B. Sc., University of Ljubljana, Faculty of Natural Sciences and
Technology

Dr. Marjan Kromar, University of Maribor, Faculty of Energy Technology

Dr. Matjaz Leskovar, University of Ljubljana, Faculty of Mathematics and Physics
Dr. Andrej Miheli¢, University of Ljubljana, Faculty of Mathematics and Physics
Dr. Matija Milani¢, University of Ljubljana, Faculty of Mathematics and Physics
Dr. Rok Pestotnik, University of Ljubljana, Faculty of Mathematics and Physics
Vladimir Radulovic, University of Nova Gorica, School of Applied Sciences

Dr. Andrej Pro$ek, University of Ljubljana, Faculty of Mathematics and Physics
Dr. Igor Sega, University of Ljubljana, Faculty of Mathematics and Physics

Dr. Andrej Studen, University of Ljubljana, Faculty of Mathematics and Physics
Dr. Miha Skarabot, University of Ljubljana, Faculty of Natural Sciences and
Technology and Faculty of Mathematics and Physics

Dr. Primoz Skraba, University of Ljubljana, Faculty of computer and information
science

Tea Tusar, M. Sc., JoZef Stefan International Postgraduate School, Ljubljana

Dr. Marko Udovic, JoZef Stefan International Postgraduate School, Ljubljana

Dr. Matjaz Vencelj, University of Ljubljana, Faculty of Mathematics and Physics

. Dr. Mojca Vilfan, University of Ljubljana, Faculty of Mathematics and Physics
. Dr. Darko Vrecko, University of Nova Gorica
. Dr. Andrej Zorko, University of Ljubljana, Faculty of Natural Sciences and

Technology and Faculty of Chemistry and Chemical Technology

Asst. Dr. Bernard Zenko, Faculty of Information Studies Novo mesto and
University of Nova Gorica, School for Viticulture and Enology

Zerovnik Gasper, University of Maribor, Faculty of Energy Technology

Dr. Dusan Zigon, Joef Stefan International Postgraduate School, Ljubljana
Dr. Martin Znidarsi¢, University of Nova Gorica, School of Arts, School of
Enginnering and Management and Faculty of Information Studies Novo mesto

MENTORING

Doctoral theses

L.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Petra Avanzo Cagli¢, Biochemical and biological properties of cnispin, a new
serine protease inhibitor from muschroom Clitocybe nebularis (mentor Borut
Strukelj; co-mentor dr. Jerica Sabotic).

Meleq Bahtijari, Radon in Kosovo (mentor Peter Stegnar; co-mentor Zahadin
Shemsidini).

Milo$ Bekovic, Development of measurement procedures for determining the
magnetic losses of magnetic fluids (mentor Anton Hamler; co-mentor Mihael
Drofenik).

Rok Bojanc, Models for providing security in business information systems
(mentor Borka Jerman BlaZic).

Pavle Boskoski, Condition monitoring of mechanical drives: feature
extraction and fault diagnosis methods (mentor Dani Juricic; co-mentor Mile
Stankovski).

Tadej Debevec, The use of normobaric hypoxia and hyperoxia for the
enhancement of sea level andy/ or altitude exercise performance (mentor Igor
B. Mekjavic; co-mentors BlaZ Jereb, Stylianos N. Kounalakis).

Miha Devetak, Self-assembly of guanosine derivates on surfaces (mentor
Irena Drevensek Olenik).

Ivica Dimitrovski, Generic system for content- based image retrieval (mentor
Suzana LoSkovska; co-mentor Saso DZeroski).

Urban Dosler, The synthesis and characterization of glass-ceramic based
on ternary system Mg0-B,0 :5i0, (mentor Danilo Suvorov; co-mentor Marjeta
Macek Krzmanc).

Blaz Fortuna, Semi-automatic ontology construction (mentor Dunja
Mladenic).

Matej Gasperin, Parameter estimation of nonlinear dynamic systems with
application to failure prognostics (mentor Dani Juricic).

Gorazd Golob, Elastomer surface energy modification applying oxygen and
nitrogen plasma treatment with laser deactivation of the surface (mentors
Mladen Lovrecek, Miran Mozetic).

Martin Gorjan, Mid-infrared erbium doped fiber laser (mentor Martin Copic;
co-mentor Marko Marincek).

Biljana Govedarica, Evaluation of mechanical and surface properties of
pharmaceutical materials and products on a single particle level by atomic
Jforce microscopy (mentor Stane Sréi¢; co-mentor Miha Skarabot).

Andrej Hrovat, Radio wave propagation in special environments (mentor
Gorazd Kandus; co-mentor Tomaz Javornik).

David Jezersek, lon beam analysis of geometrically structured samples
(mentor Ziga Smit).

Michail Keramidas, Normobaric Hyperoxia: Haemodynamic responses to
acute and long-term exposure (mentor Igor B. Mekjavic; co-mentors Ola Eiken,
Nickos D. Geladas).

Andrej Kobler, New methods of processing aerial laser scanner data for
Jorest ecosystem monitoring (mentor Kristof Ostir; co-mentor Saso DZeroski).
Dragi Kocev, Ensembles for predicting structured outputs (mentor Saso
Dzeroski).

Katja Konig, T/e production of advanced ceramic materials by
electrophoretic deposition (mentor Spomenka Kobe; co-mentors Sasa Novak
Krmpotic, Aldo R. Boccaccini).

Alenka Kuznik, T/e mechanism activation and inhibition of endosomal Toll-
like receptors (mentor Roman Jerala; co-mentor Janko Kos).

Tanja Ljubi¢ Mlakar, Mercury in the process of cement clinker production
and emission control (mentor Milena Horvat).
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32.
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34.

35.
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37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Mathieu Lu-Dac, Phase slip phenomena and vortex dynamics in mesoscopic
superconductors (mentor Viktor V. Kabanov).

Satja Lumbar, Predictive control of aircrafis based on visual servoing
(mentor Drago Matko; co-mentor Stanko Strm¢nik).

Bostjan Macek, Measurement of luminosity in ATLAS spectrometer with beam
conditions monitor (mentor Marko MikuZ; co-mentor Andrej Gorisek).

Aljosa Maglica, Innovative electroconductive ceramic composites based on
SiN, (mentor Tomaz Kosmac; co-mentor Kristoffer Krnel).

Martin Mihajlov, Usable authentication with recognition-based graphical
passwords (mentor Borka Jerman Blazi¢; co-mentor Tomaz Klobucar).

Bojana Mirkovic, Regulation of exopeptidase and endopeptidase activity of
cathepsin B (mentor Janko Kos).

Petra Nikolic, Gene expression patterns in grapevine leafs infected with
plytoplasma associated with bois noir disease (mentor Marina Dermastia;
co-mentor Kristina Gruden).

Inna Novalija, Ontology extension using text mining for news analysis
(mentor Dunja Mladenic).

Roman Pacnik, Hydraulic load cells for measurement of small loads (mentor
Franc Novak; co-mentor Marija Kosec).

Stane Pajk, Influence of some cholesterol oxidation products on the structure
of model membranes (mentor Slavko Pecar; co-mentor Janez Strancar).
Viljem Pavlovi¢, Modelling of alpha-acid content early prediction by hops
(Humulus lupulus L.) with machine learning models (mentor Crtomir
Rozman; co-mentor Marko Bohanec).

Igor Perkon, Analysis of whisker dynamics by tracking of non rigid open
curves (mentor Jurij F. Tasi¢; co-mentor Mathew Diamond).

Larisa Pograjc, Impact of nutrition and physical stress on selenium status at
soldiers (mentor Vekoslava Stibilj; co-mentor Ingrid Falnoga).

Aleksander Pur, Model for monitoring and assessment of a public health
care network (mentor Marko Bohanec).

Mojca Rangus, The study of structural characteristics and formation of
microporous and mesoporous materials (mentor Gregor Mali; co-mentor
Janez Seliger).

Matjaz Ravnikar, Research of recombinant probiotics and interactions
between probiotic lactic acid bacteria and drugs (mentor Borut Strukelj;
co-mentor Mojca Lunder).

Ana Rotter, Development and implementation of system biology tools: a case
study of plant physiology data analysis (mentor Andrej Blejec; co-mentor
Kristina Gruden).

Mehdi M. Saghafi, Donepezil and galantamin as a preventive protection
against intoxocation with diizopropilfluorofosfat inhibitor of the enzyme
AChE (mentor Fajko Bajrovic; co-mentor Borut Strukelj).

Urban Simoncic, Modeling of radiopharmaceuticals uptake into the tumor:
optimization of the method and its applicatiom in the clinical studies
(mentor Robert Jeraj).

Jure Strle, Self-assembled MoSI nanowire networks and their properties
(mentor Dragan Mihailovic).

Katarina Susman, Pojem faznega prehoda pri pouku fizike (mentor Mojca
Cepic).

Katja Skerget, Contribution to understanding of the mechanism of amyloid
Jibril formation and its effects on the cell (mentor Eva Zerovnik; co-mentor
Uro$ Petrovic).

Denis Speli¢, Lossless compression of segmented voxel data (mentor Borut
Zalik; co-mentor Franc Novak).

Marko Strok, Migration of critical radionuclides in the area of former
wranium mine Zirovski vrh (mentor Borut Smodis).

47.

48.

49.

50.

51

52.

53.
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Martina Sturm, Nitrate migration in plantsoilgrounduwater sistem (mentor
Sonja Lojen).

Tea Toplisek, Ceramic composites with long silicon-carbide fibers (mentor
Spomenka Kobe).

Mitja Ursi¢, Modelling of solidification effects in fuel coolant interactions
(mentor Borut Mavko; co-mentor MatjaZ Leskovar).

Mitja Vahcic, Development of analytical methods for speciation of organotin
compounds in environmental samples using gas chromatography and mass
spectrometry (mentor Janez S¢anar).

Tjasa Vrlini¢, Development of new anti-bioadhesive surfaces for specific
neurodegenerative agents (mentor Miran Mozeti¢; co-mentor Fabienne Poncin-
Epaillard).

Urska Zapusek Novak, Preparation of artificial soil mixtures with sewage
sludges (mentor Domen Lestan; co-mentor Radmila Milacic).

Kristina Zagar, Synthesis and characterization of perovskite nanosiructures
(mentor Miran Ceh).

Master’s theses

L.

Robert Cebron, Design of an information system to support education in the
secondary school (mentor Bojan Cestnik).

Vitko Crep, Information system for the management of multi-residential
buildings and market opportunities for housing managers (mentor Bojan
Cestnik).

Hristijan Gjoreski, Adaptive human activity recognition and fall detection
using wearable sensors (mentor Matjaz Gams).

Andrej Jerman BlaZic, Educational web applications in vocational
education and training in Slovenia (mentor Franc Novak).

Silvester Jersi¢, The use of UML in procedures of standards IS0 9001 and
14001 (mentor Bojan Cestnik).

Tadej Kodelja, Simulation of system dynamics models with Simulink
sofhware (mentor Jus Kocijan).

Nejc Mekis, Sacroiliac joint imaging : achieving dose reduction with PA
projection (mentor Peter Stegnar; co-mentor Igor Kocijancic).

Marijan Merljak, Implementing CRM into Business Operations (mentor
Bojan Cestnik).

Candida Radicchi de Oliveira Alméri, Environmental impacts of aluminium
and chromium in bauxide ore and red mud (mentor Janez Séancar; co-
mentor Radmila Milacic).

. Sweety Karta Ram, Sustainable agriculture in India : need and prospects

with particular reference to the state of Punjab (mentors Ivo Slaus, Peter
Stanovnik, Matej Stopar, Gojmir Lahajnar).

Edvin Raubar, fncreasing productivity of ship-to-shore cranes in Port of
Koper using advanced electronic systems (mentor Damir Vrancic; co-mentor
Dani Juricic).

. Janko Skok, Impacts of forest management on biodiversity : small mammals

in the fir-beech forest of Mt. Sneznik as a model group (mentor Boris
Krystufek; co-mentor Marko Debeljak).

. Vidojka Srebrni¢, Optimization of vegetable food supply using linear

programming (mentor Bogdan Filipic).

Milen Tewolde, Functional characterisation of TDP- 43 in relevance to ALS
(mentor Boris Rogelj; co-mentor Jacqueline Mitchell).

Neza TurnSek, Molecular basis of colorado potato beetle (Leptinotarsa
decemlineata) response to plant defense response (mentor Kristina Gruden).

. LiXiaobin, Implementing DEXi evaluation models in Decision Deck platform

(mentor Marko Bohanec).
Iztok Zajc, Renewal of an information system for logistic support of
firefighting interventions (mentor Bojan Cestnik).
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Bologna master’s theses

1. PetraBarber, Use of multi-attribute decision support model in public
procurement (mentor Marko Bohanec; co-mentor Ljupco Todorovski).

2. Luka Cmok, Dynamic light scattering in suspensions of ferroelectric

nanoparticles in liquid crystals close fo nematic to smetic A phase transition

(mentor Alenka Mertelj).

3. Raphaél Connes, Scaling of simualtion of hydrogen combustion with
ASTEC computer code from containment experimental facility fo actual
containment (mentor Ivo Kljenak).

4. Adrien Giacosa, Steam explosions analysis in reactor conditions (mentor
MatjaZ Leskovar).

5. Jurij Gorjanc, The effectivity of cold induced vasodilatation as predicting

Sfactor for freezing cold injury (mentor Metka Milcinski; co-mentor Igor B.
Mekjavic).

6. Stasa Gyorkos, An introduction of the new approach to the designing of
continuous model for the purpose of stochastic inventory control (mentor
Damir Vrancic; co-mentor Dejan Dragan).

10.

11.

12.

13.

Marko Intihar, Path planing in the process of acquistion of biological
samples in the General hospital Celje (mentor Dani Juricic; co-mentor Dejan
Dragan).

Grega Medved, The development of sophisticated inventory management
policies with variable demand accompanied with a comparative analysis of
obtained results (mentor Damir Vrancic; co-mentor Dejan Dragan).
Alexandra Moraru, Enrichment of sensor descriptions and measurements
using semantic technologies (mentor Dunja Mladenic).

Maria Porcius, Topology design and accessibility provision in large scale
wireless mesh networks (mentor Mihael Mohor¢ic).

Helena Razpotnik, Researches of porcelain scrap application in alumina
porcelain C-120 (mentor Marija Kosec; co-mentors Janez Holc, Ivan Lavrac).
Tea Vizinger, Development of the heuristic algorithm in the process of the
biological material acquisition scheduling (mentor Dani Juricic; co-mentor
Dejan Dragan).

Milena Zorko, Self-assembled structures based on monodisperse spherical
silica particles (mentor Sasa Novak Krmpotic; co-mentor Miran Gaber$cek).

ART EXHIBITIONS AT THE JSI

Hommage a Zoran Krzi$nik, 26 January-17 February
Mojca Zlokarnik, 21 February-17 March

Dragica CadeZ, 21 March-14 April

Milan Eri¢, 18 April-12 May

Jurij Kalan, 16 May-9 June

Darko Slavec, 13 June-7 July

Ljubljana Fine Artist Society, 11 July-1 September
Nusa in BoStjan Lapajne, 5 September-29 September
Aleksej Kobal, 3 October-27 October

Maja Lubi, 2 November-24 November

Ludvik Pandur, 28 November-15 December

Marko Lakovic, 19 December-13 January 2012

Prof- Jadran Lenarcic, Director of the JSI, and Prof- Dragica Cadez at the
opening of the exhibition of her works
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INSTITUTE COLLOQUIA

20 January 2011: Schahram Dustdar
Information Systems Institute, Vienna University of Technology
Socially enhanced Services Computing

2 March 2011: Rajmund Krivec

Jozef Stefan Institute

Physics in six dimensions: from fusion research to aircraft accident
simulations

21 March 2011: Janez DolinSek
Faculty of Mathematics and Physics, University of Ljubljana and JoZef Stefan Institute
Complex metallic alloys: from quasicrystals to smart materials

22 March 2011: Riidiger Dillman

Karlsruhe Institute of Technology

From elementary sensorimotor operations to complex manipulation
tasks in humanoid robots

23 March 2011: Miha Drofenik
Jozef Stefan Institute
Synthesis and application of magnetic nanoparticles

6 April 2011: Tom Henzinger

IST Austria

Games, Time, and Probabilities: Models and Algorithms for System
Design and Analysis

20 April 2011: Bogdan Pucelj
Jozef Stefan Institute
Cernobil (1986) - Fukushima (2011)

18 May 2011: Ingrid MiloSev
Jozef Stefan Institute, Orthopaedic Hospital Valdoltra
Studies on biocompatible materials and orthopedic implants

25 May 2011: Leon Cizelj

Jozef Stefan Institute

Nuclear power plant in Fukushima after the earthquake and tsunami
on 11 March 2011

8 June 2011: Franci DemS$ar

ARRS - Slovenian Research Agency

Transparency in public sector: examples in science, international
relations and defense

27 June 2011: John M. Hollerbach
University of Utah, ZDA
Locomotion Interface for Outdoor Virtual Environments

29 June 2011: Iztok Tiselj
Jozef Stefan Institute
Condensation induced water hammer

7 September 2011: Mamoru Senna
Keio University, Japan
New aspects of processing nanomaterials under mechanical stressing

21 September 2011: Wolfgang Porod
Dept. of Electrical Engineering, University of Notre Dame, U.S.A
NanoMagnet Logic

28 September 2011: Marjan Kromar

Jozef Stefan Institute

Application of the reactivity coefficient method for the nuclear design
calculations of PWRs

12 October 2011: Gil Rosenman

School of Electrical Engineering - Department of Physical Electronics,Tel Aviv
University, Israel

Biological and Bioinspired Peptide Nanostructures: Basic Physics and
Applications

26 October 2011: Iztok Cadez
Jozef Stefan Institute
Collisions of atomic particles

2 November 2011: Sean Fain

University of Wisconsin - Madison, Madison, USA

Methodology and applications of magnetic resonance imaging (MRI)
with hyperpolarized C-13 and He-3 contrast agents

16 November 2011: Nives Ogrinc
Jozef Stefan Institute
Stable isotopes in theory and practice

14 December 2011: BoZidar Sarler
University of Nova Gorica
About Stefan’s studies of multiphase systems
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FINANCING

REVENUES JSI (€) AND NUMBER OF PROJECTS

Contribution Contribution No. of Projects
2010 Index 2011/2010 in 2011
National Agencies and Ministries 37,946,161 75.6% 34,433,391 73.9 % 110.2
International Market 6,968,502 139% 5,820,943 12.5% 119.7 330

50,199,388 100.0 % 46,624,921 100.00 %

| 2010
@ 2011

POSTGRADUATES FINANCED 1985-2011

by Slovenian Research Agency by Industry
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JSI UNDERGRADUATE
SCHOLARSHIPS "

FMF FKKT | FKKT ' / FEand | Other | FGand

UNILJ | UNIMB FRI UNILJ | FERI

Physics Mathematics

... 1982 115 100 50 12 315
-4--------------
198 11 3
-6-6-------------
198 1 8 22 2
--6-------------
1988 2 7 1 2
--6------- -----
1990 2 5 2 25
---------------
1992 22 17 1
-4--------------
199 7 1
-6--------------
199 A
---------------
1998 1
---------------
2000 1
-’-------------
2002 3 10
-4’-------------
200 1 15 1 2
-6--------------
200 2 1 17

2008 2 1 13 3 2 15 1

2010 2 11 2 1 1 3 10 2 5 43

IR T T N N A 2 T T T T

FMF Faculty of Mathematics and Physics, University of Ljubljana FRI
FKKT (Uni-Lj) Faculty of Chemistry and Chemical Technology, University of Ljubljana g
FKKT (Uni-Mb) Faculty of Chemistry and Chemical Technology, University of Maribor  ppgy

Faculty of Computer and Information Science, University of Ljubljana
Faculty of Civil Engineering, University of Maribor
Faculty of Electrical Engineering and Computer Science, University

NTF Faculty of Natural Sciences and Engineering, University of Ljubljana of Maribor

FDV Faculty of Social Sciences, University of Ljubljana UNG University of Nova Gorica

A Faculty of Administration, University of Ljubljana IPS Jozef Stefan International Postgraduate School

BF Biotechnical Faculty, University of Ljubljana Other UNILJ  Faculty of Pharmacy, Faculty of Mechanical Engineering, Faculty of
FE Faculty of Electrical Engineering, University of Ljubljana Economics, Faculty of Medicine, University of Liubljana
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COMPLETED THESES UNTIL 2011

Ph.D. Ph.D.
Theses Theses
..1962 15 6 21

N 1 5 "

1964 7 2 9
oows 66 1990 16 4 57

1966 2 2
B T 1992 19 42 61

1968 4 8 12 s 8 %6 e
o993 69 1994 27 37 64

1970 2 12 14 o ;%6
oL 76 B 1996 38 25 63

197 1 % 35 oy »n B 2
w3 8 4 m 1998 2 20 41

1974 21

1976 6

1978 10

1980 13

1982 13

1984 14

1986 8
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1. Laser system for medical removal of body tissue
Matjaz Lukac, Marko Marincek, Marko Kazic, Karolj Nemes
Patent No. US7867224 (B2), United States Patent and Trademark Office,
11.1.2011.

2. Process for the synthesis of nanotubes and fullerene-like nanostructures of
transition metal dichalcogenides, quasi one-dimensional structures of transition
metals and oxides of transition metals
Ales Mrzel, Maja Remskar, Adolf Jesih, Marko Virsek
Patent No. US8007756 (B2), United States Patent and Trademark Office,
30.8.2011.

3. Method for operating a laser system for bleaching teeth
Matjaz Lukac, Boris Cencic

Patent No. US8011923 (B2), United States Patent and Trademark Office, 6.9.2011.

4. Metamaterials and resonant materials based on liquid crystal dispersions of
colloidal particles and nanoparticles
Igor Musevic, Miha Skarabot, Slobodan Zumer, Miha Ravnik
Patent No. EP1975656 (B1), European Patent Office, 8.6.2011.
5. Multistable liquid crystal device
Theo Rasing, Sergiy Lazarenko, Igor Musevi¢, Miha Skarabot, Marko Uplaznik
Patent No. EP1927885 (B1), European Patent Office, 27.7.2011.
6. Laser system for medical and cosmetic applications
Karolj Nemes, MatjaZz Lukac
Patent No. EP2030586 (B1), European Patent Office, 11.5.2011.
7. Procedure for synthesis of threadlike tungsten oxide W5014
Maja Remskar, Marko Virsek, Miha Kocmur, Adolf Jesih
Patent No. EP2114827 (B1), European Patent Office, 16.2.2011.
8. Process for applying adhesion coatings to a substrate
Tomaz Kosmac, Kristoffer Krnel, AndraZ Kocjan, Peter Jevnikar
Patent No. EP2170244 (B1), European Patent Office, 30.3.2011.

12.

Method for synthesis of magnetic liposomes in electric field

Kristina Elersi¢, Miran Mozetic, Alenka Vesel, Janez Pavli¢, Ales Iglic, Andrej
Znidarsi¢; Aljosa Kosak

Patent No. 123095 (A), Slovenian Intellectual Property Office, 31.1.2011.
Photocatalytic TiO, coatings on superparamagnetic carriers and procedure of
their production

Darko Makovec, Dejan Verhovsek, Marjan Sajko

Patent No. 123210 (A), Slovenian Intellectual Property Office, 31.5.2011.

. Rutile nanoparticles and procedure for synthesis of rutile nanoparticles

Dejan Verhovek, Tatjana Rozman, Miran Ceh, Pavel Blagotinsek, Saso Sturm,
Kristina Zagar

Patent No. S123218 (A), Slovenian Intellectual Property Office, 31.5.2011.
Anatase nanoparticles and procedure for synthesis of anatase nanoparticles
Dejan Verhovsek, Tomi Gominsek, Miran Ceh, Pavel Blagotingek, Saso Sturm,
Kristina Zagar

Patent No. 123219 (A), Slovenian Intellectual Property Office, 31.5.2011.

. Bioactive and photocatalytic coating on metal implants and a process of

preparing thereof

Sasa Novak, Natasa Drnovsek

Patent No. S123312 (A), Slovenian Intellectual Property Office, 19.3.2011.
The use of glycosidases and glycosiltransferases for increased production of
proteins

David Dobnik, Spela Baebler, Jana Zel, Kristina Gruden, Dejan Stebih
Patent No. S123374 (A), Slovenian Intellectual Property Office, 30.11.2011.
Improved magnetocaloric material and procedure of its manufacture
Benjamin Podmilj$ak, Paul John McGuiness, Spomenka Kobe

Patent No. S123405 (A), Slovenian Intellectual Property Office, 30.12.2011.
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AWARDS AND APPOINTMENTS

20

AWARDS MADE TO JSI RESEARCHERS
BY THE REPUBLIC OF SLOVENIA

Zois Award and Zois Certificate of Recognition

Gabrijel Kernel
Presented with the Zois Award for lifetime achievement in physics.

Boris Zemva
Presented with the Zois Award for lifetime work on the field of inorganic fluorine
chemistry.

Boris Turk
Presented with the Zois Award for highest scientific research contributions in the
field of transmission of signals with proteases.

Ingrid MiloSev
Presented with the Zois Certificate of Recognition for significant achievements in
research of biocompatible materials and experimental orthopaedics in 2011.

Puh Certificate of Recognition

Uros Cvelbar (JSI), Miran Mozetic (JSI), Ludvik Kumar (Kolektor, Idrija)
Presented with the Puh Certificate of Recognition for innovations, development
achievements and application of scientific discoveries in industrial practice.

The recipients of Zois awards and recognitions

JSTAWARDS AND APPOINTMENTS

The JoZef Stefan Golden Emblem Prize
presented to the following for doctoral theses with high impact :

Mitja Nemec
Predictive methods in controlled three-phase power converters

Petra Kocbek
Development of nanosystems for enhancing dissolution rate of poorly soluble drugs
and active targeting of tumor cells

Miha Ravnik
Colloidal structures confined to thin nematic layers

SELECTED OTHER AWARDS TO JSI
RESEARCHERS

Alojzij Franc Kodre, Gold Medal of the University of Ljubljana for scientific,
educational and organizational work at the Faculty of Physics

Matjaz Vencelj, Fruitful collaboration and business partnership award, Ljubljana,
Fotona d.d.

Marta Lavric, Ferbar Prize, Ljubljana, Faculty of Education, Liquid crystal elastomers.
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Igor Musevic, Mentor of the year 2011, Ljubljana, Slovenian Society of Young
Researchers

Marija Kosec, MIDEM acknowledgement, ceremony at the 25th Academy of the
Society for Microelectronics, Electronic Components and Materials, Ljubljana,
Slovenia, May 26, 2011

Marin Berovi¢, Darko Makovec, 2nd award for innovation at 4th International
Conference of Technology Transfer, Ljubljana, IJS, Magnetisation of wine yeast and
separation in production of sparkling wine.

Slavko Kralj, 3. award for innovation UL; Dean’s award for best innovation at UL,
Ljubljana, proposer Ljubljana University Incubator (LUI) and University of Ljubljana
(UL), Multifunctional nanoparticles for biomedical applications.

Andreja Sestan, Award for contribution to the sustainable development of society
for the year 2010, Ljubljana, The Slovene Human Resources and Scholarship Fund,
Microstructure characteristics of materials based on Ni-GDC and GDC prepared by
citrate-nitrate combustion synthesis.

Vojka Zuni¢, Award for contribution to the sustainable development of society for the
year 2010, Ljubljana, The Slovene Human Resources and Scholarship Fund, Sol-gel
synthesis of TiO2 nano-powders which are photocatalytically active under visible light
irradiation.

Radmila Milacic, The Pregl Award for Exceptional Achievements for important
scientific contributions in the field of speciation of elements, Ljubljana, Slovenia, 20
June 2011.

Jerica Saboti¢, Sara Zigon, Faculty Preseren Award to the students of Faculty of
Pharmacy, of the University of Ljubljana in 2011, Ljubljana.

[
Jozef Stefan Institute 3:

Andrej Debenjak, received Prof. Vratislav Bedjani¢ award for diploma thesis entitled
The application of electrochemical impedance spectroscopy to PEM fuel cell systems.

Damir Vrancic, Janko Petrovcic, Samo Krancan, Danfoss Trata: Silver and gold
prize for HVAC electrical valve innovation, granted by the Chamber of Commerce and
Industry of Slovenia.

Janez Brank, Award for the current achievements in the Information Society area

Vladimir Jovanovikj, Dusan Gabrijel¢i¢, Tomaz Klobucar, Best paper award

at SECUREWARE 2011, The Fifth International Conference on Emerging Security
Information, Systems and Technologies, Nice - Saint Laurent du Var, france, August
21 - 27 2011.

Bogdan Filipi¢, Miha Mlakar, Erik Dovgan, Tea Tusar, Silver award for excellence of
innovative industries at the 6th Slovenian Innovation Forum for Pedius, a system for
computer-aided reconstruction of wall paintings, Ljubljana, 23. 11. 2011

TomaZ Kompara, Dean's praise for the best students in academic year 2010/2011,
University of Ljubljana, Faculty of Electrical Engineering, Ljubljana, 29. 11. 2011

Damjan Kuznar, Matjaz Gams, Blaz Mahni¢, Domen Marincic, Rok Piltaver, TARAS
Award at the 3rd Industrial Forum of Innovation, Portoroz, R&D and Technology
(IRT) for successful collaboration between research institution and industry, project
»Intelligent Laboratory System for Healthcare (iLab)c, 6. 6. 2011

Andrej Prosek, Founding member recognition for the contribution in the
establishment of the Nuclear Society of Slovenia, Ljubljana, Nuclear Society of
Slovenia

Mitja Ursic, ENEN Prize, Nice, France, ENEN, Modeling of solidification effect in fuel
coolant interactions

Presentation to the winners of the JoZef Stefan Golden Emblem Prize. From leftto right: Prof. Jadran Lenarcic (Director of the
JSD), Prof. Vanja Ambrozic (mentor, accepting the award on behalf of the winner Dr. Mitja Nemec), Dr. Petra Kocbek (winner),
Dr. Miha Ravnik (winner) and Prof. Dragan D. Mihalovic (President of JSI Scientific Council).
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REVIEW OF PUBLICATIONS

FOR 2011

Department Original Articles* Books Patent Appl. and

Grants

129
Department of Thin Films and Surfaces (F-3)

Department of Solid State Physics (F-5)

Department of Reactor Physics (F-8)

Department of Inorganic Chemistry and Technology (K-1)

Electronic Ceramics Department (K-5)

Department for Nanostructured Materials (K-7)

Department for Advanced Materials (K-9)

Department of Molecular and Biomedical sciences (B-2)

Department of Environmental Sciences (0-2)

Department of Systems and Control (E-2)

Laboratory for Open Systems and Networks (E-5)

Computer Systems Department (E-7)

Department of Intelligent Systems (E-9)

Reactor Infrastructure Centre (RIC)

Science Information Centre (SIC)

Centre for Knowledge Transfer in Information Technologies (CT-3)

Radiation Protection Unit (SVPIS)

Centre for Technology Transfer and Innovation (CTT)

1 1
Joief Siean Insiute 1730

* Articles in Journals and Conference Proceedings, and Chapters in Books

Department of Theoretical Physics (F-1)
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KNOWLEDGE TRANSFER

The JSI pays a lot of attention to furthering its links with industry. In keeping with European aims and the objectives of the Slovenian government, the JSI organized several

important meetings on the subject of cooperation with enterprises and industry. In this way the JSI introduced a new method of cooperation, showing industry and the public

that it is aware of its leading role, not only in research but also in the transfer of knowledge into practice.

R & D PROJECT PARTNERS

1. ARAO-Agency for Radwaste Management, Ljubljana 19.
2. Cinkarna Celje, d. d., celje 20.
3. Casnik Finance, d. 0. 0., Ljubljana 2L
4. Danfoss Trata, d. 0. 0., Ljubljana

5. Dentas, Maribor 22.
6. Development Centre Novo mesto, d. 0. 0, Novo mesto 23.
7. Domel, d.o. 0., Zelezniki

8. Energetika Ljubljana, d. 0. 0., Ljubljana 24.
9. Gen Energija, d. 0. 0., Kr$ko

10.  Geoplin Plinovodi d. 0. 0., Ljubljana 25.
11.  Gorenje Household Appliances, Velenje 26.
12. Inea,d.o. 0. Ljubljana 27.
13.  Intech-Les, d. 0. 0., Unec 28.
14.  Kekon, d. 0. 0., Zuzemberk 29.
15.  Knauf Insulation, d. 0. 0., Skofja Loka 30.
16.  Kolektor Group, d. 0. 0., Idrija 31.
17 Lek,d.d, Ljubljana 32.
18.  Port of Koper, d. d., Koper

Magneti, Ljubljana, d. d., Ljubljana

Ministry of Defence of the Republic of Slovenia, Ljubljana

Ministry of Economic Development and Technology of the Republic of Slovenia,
Ljubljana

Ministry of Health of the Republic of Slovenia, Ljubljana

Ministry of Higher Education, Science and Technology of the Republic of
Slovenia, Ljubljana

Ministry of the Environment and Spatial Planning of the Republic of Slovenia,
Ljubljana

Nuclear Power Plant Krsko, d. 0. 0., Krsko

RC eNeM Nano varistor, d. 0. 0., Ljubljana

RZV, d. 0. 0., Gorenja vas

Siemens, d. 0. 0., Ljubljana

Telekom Slovenije, d. d., Ljubljana

Termoelektrarna Toplarna Ljubljana, d. o. 0., Ljubljana

Thermal Power Plant Brestanica, d. 0. 0., Brestanica

Varsi, d. 0. 0., Ljubljana
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INSTITUTE IN NUMBERS 2010-2011
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DEPARTMENT OF THEORETICAL

PHYSICS

F-1

The research program of the Department of Theoretical Physics is focused on the theory of
condensed-matter physics, statistical physics, the physics of nuclei, particles and fields, as well
as biophysics and soft condensed-maitter physics. The department also maintains its own high-
performance computing facility, for which it develops the necessary software. These studies are
carried out in close collaboration with several experimental groups at the JoZef Stefan Institute as
well as with local and foreign universities and institutes. The department is also involved in various
international projects.

The group of THEORETICAL PHYSICS OF NUCLEIL, PARTICLES AND FIELDS has investigated the
structure of hadrons, the effective theories of weak and electromagnetic mesonic decays, the unified
theory of elementary interactions, the relativistic theory of membranes and precise calculations of
the properties of three-body systems in atomic physics.

In a coupled-channel approach that incorporates quasi-bound quark-model states from the Cloudy Bag Model,
we have obtained a good overall agreement with the available experimental results for the partial widths of the
S11 resonances, as well as for the pion, eta and kaon electro-production amplitudes. The results indicate that the
N(1535) resonance is dominantly a genuine three-quark state rather than a quasi-bound state of mesons and baryons.

We simulated the scattering of two pions in chromodynamics on the lattice and determined the phase shift for

Head:
Prof. Svjetlana Fajfer

elastic scattering in the channel with 1=1. The phase shift has a resonance

shape and we determined the mass and the width of the rho meson reso- ~ We have suggested that the top quark

nance, which agrees with the experiment. This presents the most accurate ~ Production and the decays at the LHC can offer
lattice QCD determination of mass and width among all hadronic resonances @ possibility to study new physics effects. We

up to now. We calculated the observables related to the polarisation of the ~ also used the first LHC data to set the limit on
top quark in the process e’ e —stbar tin the future linear collider. the scale of the left-right symmetry models of

The anomalous tW dj interactions, being a possible source of neweffects  nN€w physics.

in neutral B mesons oscillations, are investigated within a model indepen-
dent approach based on the assumptions of Minimal Flavor Violation. After that we extract preferred ranges of
the anomalous tWdj couplings at the weak scale. These values are then compared to the previously considered
constraints coming from the rare radiative B — Xsy decay and the ones in
the t — bW decays. We find that the W helicity fractions can deviate by as
much as 15% or 30% from their standard model values.
A model with scalar leptoquarks that couples to down quarks and
charged leptons in neutral current processes, have been studied. We have
overconstrained the couplings and found this model is able to explain the
muon anomalous magnetic moment, whereas, at the same time, the tension
between Vub and sin(2beta) CKM elements cannot be resolved. This model is
atypical low-energy approximation of grand unified theories. In this context
we have embarked on a study of proton stability when these and other lep-
toquarks are present. We have also studied an impact of meson mixing and
electroweak precision data on the standard model with fourth generation.
Asimple SM extension with only two new light fields - a scalar partner
of the top (stop) (with a mass above m, ) and alight neutral fermion " (with
amass of a few GeV) - was analysed and coupled to the SM quarks via a
Yukawa interaction. We showed that such a model can lead to a significant
enhancement of the forward-backward asymmetry in t thar production at
the Tevatron via the additional t thar pairs produced from (stop anti-stop)
decays. Then it was suggested that top physics could be studied at the LHCb
experiment, and that the top production could be observed. Furthermore,

we demonstrated that LHCb may be able to measure atbar t productionrate - Figure 1: Three possible regimes of leptoquark couplings to muon that
asymmetry, and thus indirectly probe an anomalous forward backward tbar - resolve the muon anomalous magnetic puzzle
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tasymmetry in the forward region. Finally, we showed that the discovery channel for dark matter (DM) production
at colliders could be through flavor violating interactions resulting in a novel signature of a single top and the large
missing transverse energy. Several examples of the production of DM are dominated by the flavor violating couplings.

In our study we have derived bounds on the annual modulation of the dark matter signal in direct detection.
It has been shown that it is possible to have a large enough direct CP violation in the SM to explain the latest data
on charm decays. Flavor symmetric extensions of the standard model can explain the anomaly in the top-antitop
production.

New data from the LHC was used to set an experimental limit on the scale of the left-right symmetry, i.e., on the
masses of heavy right-handed gauge bosons and neutrinos, as well as on the scalar triplets that enter the seesaw
mechanism. A potential discovery of a lepton number violating the signal at the LHC is directly connected to the
neutrinoless double beta decay and other, lepton flavor violating, decays and therefore constitutes an interesting
interplay between the high and low energy processes.

We studied the equations of gravity in the presence of a source, approximated as a point particle.
We have shown that the dynamical variables of this system satisfy the constraints that, after a quantization, become
asystem of equations containing the Klein-Gordon, Wheeler-DeWitt and Schrodinger equations. We also explored
a generalization of such a system to the 6-dimensional space, interpreted as a subspace of the 16-dimensional
Clifford space.

Some outstanding publications in the past year

1. Drobnak Jure, Fajfer Svietlana, Kamenik Jernej. Interplay of t[to] bW decay and B[sub](d,s)- B[bar] [sub](d,s)
mixing in minimal flavor violating models. Pys. lett., Sect. B. [Print ed.], 2011, vol. 701, no. 2, pp. 234-239.

2. Tello Vladimir, Nemevsek Miha, Nesti Fabrizio, Senjanovi¢ Goran, Vissani Francesco. Left-right symmetry:
from the LHC to neutrinoless double beta decay. Phys. rev. lett., 2011, vol. 106, no. 15, pp. 151801-1-151801-4.

The group of SOLID STATE THEORY AND STATISTICAL PHYSICS has been investigating the
properties of novel materials with strongly correlated electrons, superconductors, nanosystems,
Jerroelectrics, as well as the properties of complex networks.

Within the theory of nonequilibrium phenomena in the systems with correlated electrons, we continued with
the studies of different model systems driven by an electric field. Using recently developed numerical methods, we
investigated the motion of a single-charge carrier, doped into the Mott insulator. We followed the time develop-
ment of the system until reaching a stationary state. In this way we established several regimes, in particular the

adiabatic regime with Bloch oscillations and the dissipative regime with
a steady current. In an analogous way we investigated the dynamics of a
Holstein polaron in one dimension and a single hole in the two-dimensional
t-J-Holstein model driven by a constant electric field. We also studied the
anomalous behaviour of the driven integrable Mott insulator. It was shown
that, athigh temperatures, the field leads to a finite conductivity, whereby the
weak-field limit indicates the existence of an ideal insulator, not conducting
at any temperature. An analogous effect was found in the case of a weakly
perturbed integrable system. With the method of exact diagonalisation we
also calculated the variation of the spin stiffnes within the whole phase
diagram of the anisotropic Heisenberg model.

In the framework of the theory of novel superconductors we have
studied the behaviour of impurities (both nonmagnetic and magnetic)

Figure 2: Part of the studied social n?tworle MySpace: Users are in contact with the Majorana edge states of chiral and helical topological
represented by the nodes, while the links are the dialogs among them superconductors. We have determined the spectral functions of anisotropic

that are registered in a given time window. Colour and size of each node
represent its topological 'importance’ on the network.

34

magnetic impurities on the surfaces of conventional superconductors. We
have explored how the spin-orbit coupling affects the Kondo screening of a
magnetic moment. We used a particular model self-energy to describe the metallic phase of the overdoped cuprate
superconductors and, with it, we successfully described several experiments, including angular dependent magneto-
resistance, angular resolved photoemission and specific heat. We presented the results of our investigation of the
correlated behaviour in transition-metal oxides. We demonstrated an agreement of our theoretical results on the
correlated behaviour in Sr,Ru0, with the experiment. We continued the investigation of transport properties of novel
npictide superconductotrs using several-band phenomenological models. In collaboration with the experimental
group we studied relaxor ferroelectrics in the framework of the Landau model. The temperature dependence of
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the first Landau coefficient was derived from the spherical random bond—
random field model of relaxors.

Continuing the research of quantum nanosytems we analysed two
electrons with entangled spins. It was shown that such a case can be
studied in ordinary 3D space, where the angles play the role of angular
momenta. Similarly, one can represent the quantum entanglement within
the framework of hidden variables. We worked on various problems related
to transport properties of nanoscopic systems. We showed that, by utilizing
the spin-Seebeck effect in quantum dots, one can effectively generate spin
currents for spintronics applications.

Using the theory of complex systems and networks, we analyzed large datasets of user activity at Blogs and
similar Web portals, where the interaction among the users is mediated by a text of messages. In combination
with the machine learning methods of a text analysis, we determined the emotion contents of each message and
studied how the emotion affects the collective behaviours of the users. Using numerical methods, we have studied
the processes of colloidal aggregation in the presence of competing forces.

With the application of a previously developed
numerical method, we followed the motion of

a charge carrier, doped into the Mott insulator,
and driven by a constant electric field. We
established several regimes in the system,

in particular the adiabatic regime with Bloch
oscillations, and the dissipative one revealing a
steady current.

Some outstanding publications in the past year

1. Zitko Rok, Lee Minchul, Lopez Rosa, Aguado Ramén, Choi Mahn-Soo. Josephson current in strongly correlated
double quantum dots. Phys. rev. lett, 105 (2010) 116803.

2. Mierzejewski Marcin, Vidmar Lev, Bonca Janez, Preloviek Peter. Nonequilibrium quantum dynamics of a charge
carrier doped into Mott insulator, coupled to phonons. Phys. rev. lett., 106 (2011) 196401.

The group of THEORETICAL BIOPHYSICS AND SOFT MATTER PHYSICS investigated polyelectrolytes,
liquid crystals, colloids, and phospholipid and biological membranes.

We studied the effects of the (quenched) disorder on the interactions between charged macromolecules. We
generalized the Poisson-Boltzmann theory of macromolecular interactions to the case of polarizable ions and
complex media. We also proposed a theory of strong electrostatic coupling
in multicomponent electrolyte solutions. In addition, we started working on
the theory of ionic liquids. We investigated the ion distribution and overcharg-
ing on charged interfaces with dielectric inhomogeneities in the presence
of asymmetric electrolytes containing polyvalent and monovalent ions. We
formulated an effective “dressed counterion” approach and showed that it
agrees with the results of the explicit Monte Carlo simulations.

Liquid crystalline phases made from bent-core molecules were studied
both experimentally and theoretically. We focused on the orthogonal fer-
roelectric smectic phase, the ferroelectric phase with the highest symmetry
observed so far. Using a discrete model, we analyzed the conditions needed
for the formation and stabilization of the phases of the periods larger than
4 layers. We showed that the longest possible period has 6 layers, which has
been confirmed experimentally. We developed a collection of demonstration
liquid-crystal experiments that can be used at the introductory university and
high-school levels. We also investigated optical properties of the nanocompos-
ite materials made of cobalt nanoparticles dispersed in organic liquid host.

We proposed a continuum theory for the cluster formation in hard-core/
soft-shoulder colloids and we have shown that it reproduces the correct
sequence of cluster morphologies. Using this theory, we also rederived the
clustering criterion; this real-space derivation is more transparent than the existing inverse-space theories. We studied
orientational ordering of the colloidal ionic molecules on periodic substrates, observing stable “supermolecules”.
We explored their structural properties and the response to the external
fields. Ordering and entropy-driven transport of colloids on soft substrates
in gravitational field was also investigated.

We analyzed the problem of DNA condensation and electrostatic interac-
tions in viruses. We also studied periodic bulk aggregates of lipid vesicles. We
showed that the equilibrium shapes minimize the total edge length at a fixed
volume and area, and that, at small reduced volumes, the stable shapes are

Figure 3: Computer rendering of the cucumber mosaic virus capsid
(strain FNY)

We investigated the ion distribution and
overcharging on charged interfaces with
dielectric inhomogeneities in the presence of
asymmetric electrolytes containing polyvalent
and monovalent ions.
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oblate. We proposed a model of bacterial surface motility, which reproduces some of the experimentally observed
properties. Using the maximum-entropy production principle, we studied the enzyme kinetics and we showed that
inany internal enzyme transition, there is an extreme of entropy production with respect to the appropriate kinetic
constant. With our theoretical studies of an aspirin-inducing asthmatic attack, we established a gene expression
of enzymes in arachidonic acid metabolism as a reasonable explanation of the phenomenon, and it can be used to
distinguish between different populations of asthmatics.

Some outstanding publications in the past year

1. Matthdus Franziska, Mommer Mario S., Curk Tine, Dobnikar Jure. On the origin and characteristics of noise-
induced Lévy Walks of E. Coli. PLoS one, 2011, vol. 6, no. 4, pp. e18623-1-18623-8.

2. Ben-Yaakov Dan, Andelman David, Podgornik Rudolf. Dielectric decrement as a source of ion-specific effects.
J. chem. phys., 2011, vol. 134, str.074705-1-074705-12.

Organization of conferences, congress and meetings

1. The role of heavy fermions in fundamental physics, Portoroz, Slovenia, 11.-14. 4. 2011
2. Understanding hadronic spectra, Bled, Slovenia, 4.-11. 7. 2011
3. Selected challenges in flavor physics, Medana, Slovenia, 15.-16. 9. 2011

36

INTERNATIONAL PROJECTS

Physics of Complex Colloids: Equlibrium and Driven

COMPLOIDS

7. FP, 234810

EC; Dr. Helmut Schaschl, University of Vienna, Research Services & International
Relations, Vienna, Austria

Asst. Prof. Primoz Ziherl, Dr. Jure Dobnikar

Low Dimensional Quantum Magnets for Thermal Management

LOTHERM

7. FP, 238475

EC; Dr. Laura Hemker, Leibniz Institute for Solid State and Materials Research Dresden,
Dresden, Germany

Prof. Peter Prelovsek

Collective Emotions in Cyberspace

CYBEREMOTIONS

7.FP, 231323

EC; Prof. Janusz Holyst, Warsaw University of Technology, Warsaw, Poland

Prof. Bosiljka Tadic

Physics of Competition and Conflicts

COST MP0801

EC; COST Office, Brussels, Belgium

Prof. Bosiljka Tadi¢

Training in the Frame of the Leonardo da Vinci Mobility at the Foreign Institute - ISIT
LDV-MOB-74/11, 2011-7933

EC; CMEPIUS, Ljubljana, Slovenia

Dr. Miha Nemevsek

Aspects of Physics beyond the Standard Model and the Holographic Quantum Field
Theory Gravity Correspodence

BI-AR/09-11-006

Prof. Adridn René Lugo, Instituto de Fisica de La Plata, Departamento de Fisica,
Universidad Nacional de La Plata, La Plata, Argentine

Prof. Borut Bajc

Flavor of Physics at LHC and Super Flavor Factory

PROTEUS 2010 - 2011

BI-FR/10-11-PROTEUS-006

Dr. Emi Kou, Linear Accelerator Laboratory, Universite Paris-Sud 11, UMR 8607, Paris,
France

Dr. Jure Dobnikar

Physics from the Grand Unification Scale to LHC Energies

PROTEUS 2010 - 2011

BI-FR/10-11-PROTEUS-014

Dr. Stephane Lavignac, Institute of Theoretical Physics, CEA/Saclay, Gif-sur-Yvette,
France

Prof. Borut Bajc

. Adhesion of Liposomes at Electrode

BI-HR/10-11-010
Dr. Nadica Ivosevic DeNardis, Ruder Boskovic Institute, Zagreb, Croatia
Asst. Prof. PrimoZ Ziherl

. Theoretical Studies of Dynamical Properties in Correlated Electron Systems Coupled to

External

13.

Degrees of Freedom

BL-JP/11-13-003

Prof. Takami Tohyama, Yukawa Institute for Theoretical Physics, Kyoto University,
Kyoto, Japan

Prof. Janez Bonca

. Theory of Materials for Spin Electronics and Dynamics of Magnetic Nanostructures

Joint Research Arrangement

Dr. Michiyasu Mori, Japan Atomic Energy Agency (JAEA), Ibaraki, Japan

Prof. Janez Bonca

Hadron Structure in Chiral Quark Models vs. Lattice QCD

BI-PL/10-11-018

Prof. Wojciech Broniowaski, H. Niewodniczanski, Institute of Nuclear Physics, Polish
Academy of Science, Krakow, Poland

Prof. Bojan Golli, Prof. Simon Sirca

. Self-Assembly in Ionic Liquids

Research Sub-Contract

Dr. Sue Cooper, University College London, Research Finance Administrator, Research
Administration, London, Great Britain

Prof. Rudi Podgornik

. Correlated Electron Systems Coupled to Lattice Degrees of Freedom

BI-US/11-12-015
Dr. Daniel Batista, Los Alamos National Laboratory, Los Alamos, NM, USA
Prof. Janez Bonca

. Interplay Between Precision Measurements and LHC Discoveries

BI-US/11-12-018

Prof. Alexander Kagan, University of Cincinnati, Geology - Physics 400, Cincinnati, OH,
USA

Dr. Jernej Fesel Kamenik

. Supersymmetry and Grand Unification

BI-US/09-12-036

Dr. Stephen Barr, University of Delaware, Department of Physics and Astronomy,
Newark, DE, USA

Prof. Borut Bajc

R &D GRANTS AND CONTRACTS

Carbon nanotube-based spin qubits

Prof. Anton Ramsak

Active devices - dispersion force based nanoactuators

Prof. dr. Rudolf Podgornik

Theory of thermal and spin transport in novel materials with correlated electrons
Prof. Peter Preloviek

Superconductivity and magnetism in new iron-based superconductors

Dr. Peter Jegli¢

Non-equilibrium dynamics of interacting electron systems

Prof. Peter Prelovsek
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6. Theoretical Aspects and Empirical Analysis of Labour Market Impact of Flexicurit
Dr. TomaZ Rejcpc ! i ’ ! RESEARCH PRO GRAMS
7. Is)li,l%lg]iwz%]?jm Atoms and Magnetic Nanostructures on Metal Surfaces Theory of condensed matter and statistical physics
8. Synergies between precision measurements and LHC discoveries Prof. Jar}e7 Boncg . . )
Dr. Jernej Fesel Kamenik 2. Theoret}cal phymgs of nuclei, particles and fields
Prof. Svjetlana Fajfer
3. Biophysics of polymers, membranes, gels, colloids and cells
Prof. Rudolf Podgornik
ME NTO RI N G 22. dr. Takanori Sugimoto, Yukawa Institute of Theoretical Physics, University of Kyoto,
Kyoto, Japan, 1. 6.-15. 7. 2011
23. prof. dr. Stefan Thurner, Complex Systems Research Group, Medical University of
: Vienna, Vienna, Austria, 20.-23. 1. 2011
Ph D. ThGSIS 24. dr. Gerhard Kahl, Technical University Vienna, Austria, 9.-10. 8. 2011
o ) ) - - 25. dr. Nadica Ivosevic DeNardis, dr. Amela Hozi¢ Zimmerman, Ruder Boskovic Institute,
1. Katarina Susman, Pojem faznega prehoda pri pouku fizike (mentor Mojca Cepic). Zagreb, Croatia, 13.-19. 11. 2011
26. prof. dr. Alejandra Melfo, Los Andes University, Merida, Venezuela, 28. 7. 2011
27. prof. dr. Antun Balaz, Institute of Physics Belgrade, Serbia, 30. 9. 2011
VISITORS FROM AB RO AD 28. prof. dr. Aharon Davison, Physics Department, Ben Gurion University, Beer Sheva,
Israel, 5.-9.9. 2011
1. AiSakashita, Ochanomizu University, ’l‘okyo,]apan, 10.-19. 1. 2011 29. pI‘Of. dr. Tomonarli Dotgra, Kinki Upiversiﬁy, Ogaka, Japan, 7.-11.10. 2011
2. prof.J. H. Jefferson, Oxford University and technology company QinetiQ, Great Malvern, ~ 30. prof. dr. Masayuki Imai, Ochanomizu University, Tokyo, Japan, 18-21.10. 2011
Great Britain, 11.-25. 1. 2011 31. Sahib Babaee Tooski, Division of Theory of Solid State Physics, Institute of Molecular
3. dr. Robin Steinigeweg, Institut fiir Theoretische Physik, Technische Universitat Physics, Polish Academy of Sciences, Poznan, Poland, 5. 10.-31.12. 2011
Braunschweig, Germany, 9.-15. 1. 2011 32. prof. dr. Bogdan R. Bulka, Institute of Molecular Physics, Polish Academy of Sciences,
4. dr. Michael Fearn, Oxford University and QinetiQ, Great Malvern, Great Britain, 23.1.- Poznan, Poland, 23.-26. 10. 2011
27.22011 33. dr. Oscar Cata, Departament de Fisica Tedrica, IFIC, Universitat de Valéncia - CSIC,
5. prof. dr. Marcin Mierzejewski, University of Katowice, Katowice, Poland, 10.-25. 2. 2011 Valéncia, Spain, 14.-21. 9. 2011
and 11 5.-4. 6. 2011 34. dr. Marco Nardecchia, Centre for Particle Physics Phenomenology, CP3-Origins,
6. prof. dr. Takami Tohyama, Yukawa Institute of Theoretical Physics, Kyoto University, University of Southern Denmark, Odense, Denmark, 20.-21. 10. 2011
Kyoto, Japan, 15.-19. 2. 2011 and 11.-15.9. 2011 35. prof. dr. Leszek Roszkowski, Sheffield University, Sheffield, Great Britain, 29.9.-9. 10.
7. dr. Giuseppe Policastro, Ecole Normale Superieure, Paris, France, 24. 3. 2011 2011 )
8. Vincent Demery, Laboratoire de Physique Théorique, IRSAMC, Université Paul Sabatier, 36. dr. Marco Serone, SISSA, Trieste, Italy, 27. 10. 2011
Toulouse Cedex 4, France, 4. 4.-14. 6. 2011 37. prof. dr. Blazenka Melic, Ruder Boskovic Institute, Zagreb, Croatia 2.11.-30.11. 2011
9. prof. dr. Qaisar Shafi, University of Delaware, Delaware, USA, 9.-15. 4. 2011 38. prof'dr. Giorgio Pastore, Universita di Trieste, Trieste, Italy, l24A—25.' 10.2011 .
10. prof. dr. Gustavo Castelo Branco, Centro de Fisica Tedrica de Particulas, Lishona, 39. dr. Diego Aristizabal Sierra, IFPA, Department AGO, Universite de Liege, Liege, Belgium,
Portugal, 15.-18. 4. 2011 1.-16.10. 2011 o .
11. dr. Fabrizio Nesti, Ferrara University, Ferrara, Italy, 7. 4. 2011 40. Soham Biswas, Calcuta University, Calcuta, India, 25.-30.10. 2011
12. prof. dr. Tlja Dorsner, University of Sarajevo, Institute of Natural Sciences and 41. prof. dr. Branko Dragovic, Institute of Physics Belgrade, Serbia, 20.-22. 11. 2011
Mathematics, Sarajevo, Bosnia and Herzegovina, 10.-13. 4. 2011 and 17.-24. 12. 2011 42. dr. Frederica Lo Verso, Johannes Guttenberg University, Mainz, Germany, 18.-23. 5.
13. dr. Stephane Lavignac, Saclay University, Paris, France, 10.-22. 4. 2011 2011 o )
14, dr. Indu Satija, Department of Physics and Astronomy, George Mason University, 43. dr. Michele Della Morte, Johannes Guttenberg University, Mainz, Germany, 18.-23. 5.
Fairfax, VA and National Institute of Standard and Technology, Gaithersburg, MD, USA, 2011
31.5.2011 44. dr. Ali Naji, School of Physics, Institute for Research in Fundamental Sciences
15. prof. dr. Alex Kagan, University of Cincinnati, USA, 8.-15. 4. 2011 (IPM?, Tehran, Iran, 2~’2'1~ 112011 : )
16. dr. Stefan Recksiegel, Technischen Universitat Minchen, Germany 45. dr. Milovan Suvakov, Institute of Physics Belgrade, Serbia, 15.-25. 11. 2011
17. dr. Paride Paradisi, Technische Universitit Miinchen, Germany, 1.-15. 5. 2011 46. dr. Natasa Przulj, Department of Computing, Imperial College London, Great Britain,
18. dr. Mauricio Sturla, Universidad Nacional La Plata, Argentina, 4.-13. 5. 2011 8.11.2011 o ) .
19. prof. dr. Giniyat Khaliullin, Max Planck Institute for Solid State Physics, Stuttgart, 47. prof. dr. Veljko Zlatic, Institute of Physics, Zagreb, Croatia, 3. 10.-30. 12. 2011
Germany, 9.-14. 6. 2011 48. dr. Luca Merlo, Technische Universitit, Miinchen, Germany, 6.-7. 12. 2011
20. dr. Giannis Georgiou, Technical University Vienna, Austria, 1.-10. 8. 2011 49. dr. Alvise Varagnolo, Universitat Autonoma de Barcelona, Spain, 29. 11.-3. 12. 2011
21. dr. Christopher Smith, Universite Lyon, Villeurbanne Cedex, France, 11.-15. 7. 2011
Researchers 19. Prof. Saga Svetina*
1. Prof. Borut Bajc 20. Dr. Milovan Suvakov
2. Prof. Janez Bon¢a* 21. Prof. Bosiljka Tadic
3. Prof. Milan Brumen* 22. Prof. Natasa Vaupotic*
4. Prof. Mojca Cepic* 23. Asst. Prof. Darko Veberic*
5. Prof. Jure Dobnikar 24. Asst. Prof. Primoz Ziherl*
6. Prof. Svjetlana Fajfer*, Head 25. Asst. Prof. Jure Zupan
7. Dr. Jernej Fesel Kamenik 206. Asst. Prof. Jure Zupan, left 01.10.11
8. Prof. Bojan Golli* 27. Dr. Rok Zitko
9. Dr. Rajmund Krivec Postdoctorial associates
10. Dr. Matej Pavsic 28. Dr. Artem Badasyan
11. Prof. Rasa Matija Pirc 29. Dr. Matej Kandu¢
12. Prof. Rudolf Podgornik* 30. Dr. Jure Kokalj
13. Prof. Peter Prelovsek* 31. Dr. Nejc Kosnik
14. Asst. Prof. Sasa Prelovsek Komelj* 32. Dr.Jernej Mravlje
15. Prof. Anton Ramsak* 33. Dr. Miha Nemevsek
16. Dr. Toma?, Rejec* 34. Dr. Mihael-Matjaz Zemljic*
17. Dr.Igor Sega Postgraduates
18. Dr. Robin Steinigeweg 35. Lamprini Athanasopoulou, B. Sc.
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36. Jure Drobnak, B. Sc.

Denis GoleZ, B. Sc.

38. Jacek Wojciech Herbrych, M. Sc.
. Ana Hocevar, B. Sc.

. Tilen Huljev CadeZ, B. Sc.

. UrSkaJelercic, B. Sc.

. AmbroZ Kregar, B. Sc.

. Zala Lenarcic, B. Sc.

. Luka Leskovec, B. Sc.

. AnZe Losdorfer BoZi¢, B. Sc.

. Timon Mede, B. Sc.

BIBLIOGRAPHY

47. Marija Mitrovic, M. Sc.

48. Ivan NisandZic, B. Sc.

49. Ai Sakashita, B. Sc., left 09.11.11
50. Vasja Susic, B. Sc.

51. Lev Vidmar, B. Sc.

Technical and administrative staff
52. Nevenka Hauschild

Note:

* part-time JSI member
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. AUGER Collaboration: P. Abreu et al. (503 authors), "The effect of the
geomagnetic field on cosmic ray energy estimates and large scale
anisotropy searches on data from the Pierre Auger Observatory”,
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12268-12278, 2011.

Rok Zitko, Pascal Simon, "Quantum impurity coupled to Majorana edge
fermions”, Phys. rev., B, Condens. matter mater. phys., vol. 84, no. 19, pp.
195310-1-195310-12, 2011.
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DEPARTMENT OF LOW AND
MEDIUM ENERGY PHYSICS

Work in the low-energy physics of the F-2 department was mainly driven by the research
programme “Study of atoms, molecules and structures with photons and particles” (P1-0112), the two
projects that are running within the frame of the Slovenian Fusion Association (EUROATOM-MHEST)
and international projects assigned to us as a member of the European network of ion-accelerator
Jacilities SPIRIT. The basic and applied research was executed at home, mainly at the Microanalytical
Infrastructure Center (MIC), and abroad, most frequently at the synchrotron laboratories around
Europe (Elettra, ESRF, Soleil, Hasylab), where we have conducted research on the projects proposed
by ourselves or in the frame of our collaborations.

F-2

We have continued with our studies of quantum interference of the indistinguishable electron pairs emitted by

atoms in the course of photoabsorption or inelastic electron scattering. At GasPhase beamline at Elettra we have
measured the angular distribution of (y,2e) reaction on the Ar 2p subshell and in collaboration with a group from
the Miskolc University (Hungary) we continued to study the interference effects in the electron impact induced
resonant Auger decay. We have, experimentally and theoretically, studied the decay of the He singly excited state in
a nonzero external DC electric field. Due to a large asymmetry of the probability for creating a singlet or a triplet
metastable state, it turned out that the measurement of the metastable atomic yield as a function of the electric
field strength represents a sensitive tool for studying the evolution of the Stark diagrams that becomes particularly
complicated when large angular momentum states with non-negligible spin-orbit interactions are involved. In
the field selected avoided crossing points we have stimulated an emission into the selected low lying final state
using the Ti-Sapphire laser to gather more information about the nature of critical points. In collaboration with
the research group from the LOPMR Laboratory at Universite P&M Curie in Paris, we detected a magnetic bottle
signal of the double inner shell ionization in simple organic molecules. Since the synchrotron light has too small
an intensity for the multiphoton absorption to be important, these events
occur solely due to electron correlations. It turns out that the probability to
form an additional hole at the same C atom in a C,H, molecule is about one
thousand times lower (Phys. Rev. Lett., 106, 063003), and if the hole is on
the other C atom of the molecule, it is a hundred thousand times lower than
the probability to form a single K hole by photoabsorption (Pys. Rev. Lett.,
107, 193004). The model calculations predict that the chemical sensitivity
of a double photoionization, especially when two different atomic sites are
involved, is larger than the sensitivity based on the single photoionization
spectral shifts (ESCA).

In 2011, the JSI high-resolution X-ray spectrometer was employed in
two experimental projects on the ID26 beamline at the ESRF synchrotron
in Grenoble. The first, performed in collaboration with British researchers
from the University of Sheffield, involved high resolution XES measurements
to study the local chemical environment of S and Cl in a series of glasses
used for the vitrification of the high-level radioactive waste. Vitrification
is a technology for the immobilisation of the high-level radioactive waste,
preventing a release of radionuclides to the environment during a deep
geological repository. The ionizing radiation, emitted by the radioactive
wastes, interacts with the vitreous material leading, potentially, to long-term
changes of the physical and chemical properties of the material. From our
measurements we could determine the oxidation state and the environment

Head:
Asst. Prof. Matej Lipoglavsek

of sulphur within the glasses and also the relative amount of the reduced
sulfur in the y-irradiated samples as a function of the absorbed dose. The
second experimental project at the ESRF was dedicated to the study of
structural and dynamical properties of chlorinated hydrocarbons (HCC) in
the gaseous state. The high resolution X-ray absorption (XAS) and resonant
inelastic X-ray scattering (RIXS) spectra at the Cl K edge were collected for
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Figure 1: (a) Histogram of the sum of the energies of 2 photoelectrons
associated with the core DI in C,H , at the photon energy of 770.5 eV when
detected in coincidence with the two released Auger electrons of 200-270
and 270-320 eV. (b) Ab-initio model result. (¢) Same as in (a) but the
coincidence is with only one Auger electron of 230-250 eV. Vertical bars
atthe bottom correspond to our theoretical calculations for the position of
the DCH main lines (Phys. Rev. Lett., 107, 193004, 2011 ).
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eleven HCC gaseous targets (3 chloromethanes, 4 chloroethanes, 3 chloroethenes, and a chlorobenzene). The
overall energy resolution of our resonant measurements (~ 0.5 eV) was below the lifetime broadening of the Cl 1s
hole yielding the possibility for a very detailed structural analysis of the studied HCC molecules. Using the core-hole
clock method, the fast nuclear dynamics, induced by the Cl 1s excitation, can also be studied on the ~ 1 fs timescale
given by the Cl 1s core-hole lifetime. In collaboration with the group from the
University of Fribourg we published, in 2011, the first experimental evidence
for the correlated two-electron one-photon (TEOP) transitions following a
single-photon K-shell double ionization (Phys. Rev. Lett. 107,053001). The
measurements on solid Mg, Al, and Si targets were performed and the TEOP
transition energies and the branching ratios relative to the radiative one-
electron hypersatellite transitions were determined. In collaboration with
Fribourg, the high resolution KM radiative Auger X-ray spectra of solid Ca
induced by monochromatic synchrotron radiation (P/ys. Rev. A83,042513),
and the electron-induced L.} two-step double ionization cross-sections of
metallic Pd (Phys. Rev. A 83, 022708) were published, respectively. In col-
laboration with the French colleagues from the UPMG in Paris we published
our measurements of the resonant inelastic X-ray scattering (RIXS) spectra

, ) of the CH,I molecule near the iodine L, and L, absorption edges (/. Chem.
Figure 2: Experimental spectrum of a two-electron-one-photon (TEOP) } 2 S .
(159)'S, — (25'2p") P, transition in doubly ionized Mg (Phys. Rev. Left Phys. 134, 144308). The measured spectra reveal fingerprints of ultrashort
0 1 ~ : ‘ "

107, 053001, 2011). dissociation of the molecule on the timescale of ~ 200 attoseconds given by
the iodine L-shell core-hole lifetime. The high-resolution X-ray spectroscopy
was successfully applied also in the proton-induced X-ray measurements (HR-PIXE) at the IJS Microanalytical center.
Within 2011, the measurements of crossover (KB") and valence (Kp,.) transition in the proton-induced X-ray
spectra of chromium oxides were published (Spectrochimica Acta B66, 461-469). The parametrization of these
contributions as a function of chemical and structural properties was performed for 3d metal compounds yielding
a possibility for their chemical and structural speciation (/. Anal. At. Spectrom. 26, 2467). The high-resolution
X-ray spectroscopy was also applied to improve detection limits of the X-ray analysis (PIXE and XRF methods) in
the case of trace elements with the atomic number in the close vicinity to the atomic number of the target matrix
element (X-Ray Spectrom. 40, 2).

In collaboration with the Centre of excellence CO NOT a series of izz-situ experiments for XANES and EXAFS on
Li-ion and Na-ion batteries were performed, with several nanostructured cathode materials (NaVPO F, NaV,(PO,),,
LiSVZ(PO 4)3, LiMn, Fe PO, LiMn Fe PO ) and Li-sulfides. The XAS spectra were recorded during the reduction

and oxidation of the materials with the /15 dynamics and during heating
in air up to 400°C. We registered the change of valence of V, Mn and Fe dur-
ing the processes, providing the key information on the battery dynamics
and opening the way to optimization of the synthesis of the material with
the maximum capacity. Another long-term project, in collaboration with
the National Institute of Chemistry, involves the XAS measurements on the
catalytic mesoporous molecular sieves doped with Ca, Cr, Mn, Fe, Ni and Cu,
containing also organic building units. The valence of dopants and their
atomic neighbourhood is determined, to elucidate their catalytic properties.
The materials are aimed at commercial applications such as molecular sieves
and separators, adsorbents and ion traps, as well as solid heterogeneous
catalysts sensitive to the molecular shape (N. Novak Tusar et al, Adw. funct.
mater:,online). In collaboration with the Biotechnical Faculty of the Univer-
sity of Ljubljana, we performed two series of XAS experiments to determine
the distribution of Cd in the cells of Cd-hyperaccumulating plants (7//aspi

Figure 3 Comparison of the Cd L edges in vapour and metal (Phys, praecox) ;.md to determine thg Cd binding at the cellular and tisspe levels.
Rev. 484, 052508, 2011). The vapour altenuation is renormalized fo The submicron monochromatic X-ray beam of the lateral resolution of 0.2
the value Qf[he metal at both extreme ends ()f[hg measured interval. A, micrometers was used. The distribution of sulphur, chlorine and zinc was
continuum threshold in metal; B, edge resonance in vapour; C, atomic  scanned simultaneously, to reveal correlations between the elements. At
threshold derived from the experiment (see the text), and D, NIST atomic  goyerq] points, the XANES spectra of Cd L,and $ K edges were measured to
threshold value. establish the binding of Cd and the role of the sulphur in it. The transport
of the metal from the roots to the stems, leaves and other tissues should be

elucidated, together with the molecular and cellular mechanisms that induce the tolerance to the noxious Cd cations.

In collaboration with the Laboratory for Material Research of the University of Nova Gorica we analysed the doping

site of Mn in the crystal structure of Sr titanate and of Fe in Ba titanate, to explain the anomalous magnetic proper-
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ties of the materials. The data of high-resolution L-region absorption spectra of monoatomic vapour of Cd and of Ba
ion in an aqueous solution were analysed and published (Phys. Rev. A 84, 052508). New details of multielectron
excitations in the elements, and of the L-shell collective excitations in general were established. Summarily, our
XAS-based research led to the publication of 8 scientific articles in high-IF
international journals in 2011
The work was continued on the project no. 1.4.1 "Processes with neutral
hydrogen atoms and molecules" of the Slovenian Fusion Association (SFA -
Association EURATOM-MHEST). The study of the influence of the radiation
damage in tungsten on hydrogen retention has been initiated. Tungsten is
the material of choice for key components in fusion reactor due to its thermal
properties and low hydrogen retention under normal conditions. The later
property is particularly important due to the safety restrictions on the total
amount of retained tritium, a heavy and radioactive hydrogen isotope, which
is the fusion fuel in the reactor. Radiative damage in the materials will nor-
mally occur during the operation of a fusion reactor due to the exposure to the
high-energy neutrons (14.1 MeV) which are the product of the main fusion
reaction (D+T— 4He+n). We are studying hydrogen retention in tungsten

exposed to the neutral lighter hydrogen isotopes (H and D atoms) by using Figure 4: Measured distribution of yz’bml‘z’onﬂ/ states of deuterium
molecules created by atom recombination on tungsten and copper ((.

) Markelj and I. Cadez, |. Chem. Phys. 134, 124707, 2011). For the H,
are performed with the reference undamaged, ITER grade, samples and ,o/ecp/e the corresponding vibrational temperatures are: T=2700 K

the methods with fast ion beams (ERDA, RBS and NRA). The experiments

damaged samples, generated by the exposure to high-energy tungstenions (Cu) and T=3700 K (W).

of the appropriate total flux. The damage generated in this way has similar

properties as the damage induced by an exposure to high-energy neutrons. Work on this subject is performed in
tight collaboration with the Max-Planck Institute for Plasma Physics (IPP) in Garching, Germany, and is included
in the work program of the EFDA (European Fusion Development Agreement) as a project of the EU Task Force
for Plasma-Wall Interaction (TF PWI), “Hydrogen recycling on irradiated tungsten” (WP11-PWI-01-02-03/MHEST/
BS). Within the same project of the SFA we have finalised the evaluation of the vibrational excitation of hydrogen
molecules (H, and D,) produced by an atom recombination on tungsten and copper in a special cell with partially
dissociated gas (/. Chem. Phys. 134, 124707). Dissociative electron attachment (e+AB—A+B-, B being H or D)
has also been studied in H,, D,, CH,, C,H,, C,H,, C,H in C,H, and new data on cross-sections have been obtained.
This is important not only for the edge plasma in fusion reactors but also for astrophysics (Phys. Rev. Lett., 106,
243201). With these measurements we have actively participated in the COST action CM0805 - “Chemical cosmos:
Understanding the Chemistry in Astronomical environments”.

Within our collaboration with the ALOISA beamline group at the Elettra synchrotron (Laboratorio TASC IOM-
CNR, Trieste, Italy) we studied the ordering and electronic properties of the nanostructured and hybrid organic
interfaces. In our study of the hetero-organic self-assemblies of Benzoic acid (BA) on the vacuum deposited cy-
steammine (CA) monolayer on the Au substrate we showed that the intermolecular NH -COOH recognition scheme
and the specific coupling via the hydrogen bond formation produces an ordered self-assembled hybrid structure
(SAM-on-SAM). Based on its chemical recognition and molecular ordering nature, the BA-CA hybrid assembly is a
promising candidate for a parallel fabrication of the hierarchically assembled nanodevices out of the functionalized
building blocks (/. Phys. Chem. Lett., 2, 3124.) In our study of the amine terminated organic molecules on an Au
substrate (Tetramethyl-Benzenediammine, TMBDA) we evidenced the role of molecular coupling on its preferential
adsorption and electronic structure at the hybrid interface. We found that the TMBDA molecules preferentially
bind to the low coordinated Au sites through a nitrogen lone pair, which leads to an energy shift of the highest
occupied molecular orbitals (HOMO). Our results show that, even though weak, the N-Au coupling can affect the
electronic and transport properties across the hybrid molecular junction (/. Phys. Chem. C, Nanomaterials and
interfaces 115,12625.)

We studied the properties of different materials by measuring their hyperfine magnetic and electric fields with
Mdssbauer spectroscopy. Our research was focused on the properties of magnetic nanoparticles and cathode materi-
als for lithium batteries. The Mossbauer spectroscopy studies of superparamagnetic Ba-hexaferrite nanoparticles
prepared by a modified hydrothermal synthesis showed a decrease in the nanoparticle magnetization with respect
to the bulk magnetization, a consequence of different distributions of iron atoms over the 4f , 4f,, 2a, and 4b sub-
lattices in nanoparticles. The broadened spectrum and the lower internal magnetic fields are therefore explained by
arelatively large contribution of the near-surface Fe atoms in the nanoparticles compared to the contribution of the
Fe atoms inside a particle (Mater: Chem. Phys. 127,415). Several samples of pure Li,FeSiO, polymorphs, prepared
by a hydrothermal synthesis and then quenched from either 400°C (PmnZ2,), 700°C (P2 /n), or 900°C (Pmnb),
were thoroughly investigated by Mossbauer spectroscopy. *’Fe Mossbauer experiments showed that (i) iron in all
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the polymorphs existed in the divalent oxidation state, and (ii) the chemical shifts and quadrupolar splittings are
well correlated with the Fe-0 bond lengths. An analysis of the isotropic NMR shifts of °Li nuclei revealed that they
comprise two contributions of a comparable magnitude, a hyperfine (contact) shift and a pseudo-contact shift.
Based on the structural models of Li FeSiO,, both contributions could be successfully predicted by the first-principles
calculations. The contact shift was obtained from the hyperfine-coupling constant on the °Li nuclei, which was
calculated within a DFT/PAW approach, and the pseudo-contact shift was derived from the electron-nucleus dipolar
matrix and the g-tensor, which was computed within the DFT/GIPAW frame (Chem. Mater. 23, 2735).

Intensive research with ion beams was carried out in 2011 at the ion accelerator Tandetron. Part of the efforts
was devoted to the development of spectroscopic techniques, where we merged the existing knowledge on the
interaction of fast ions with matter and the technical skills in the construction of detector systems based on our
own design and production in the Institute’s workshop. In 2011, we completed the construction of a cryostat and
the accompanying equipment for the micro-PIXE spectroscopy on slices of biological tissue in a frozen hydrated
state. With this step, we became the world’s only laboratory that enables users to perform the element quantita-
tive micro-PIXE analysis on thin slices of tissue in frozen hydrated state. In the frame of the EU 7FP project SPIRIT
we carried out the construction of a spectrometer for MeV SIMS based on Time-Of-Flight principle. This will be
installed at the ion microprobe and will allow measurements of the distribution of heavy molecules in biological
tissue. Intense research work was devoted to the upgrade of two-dimensionally sensitive micro-PIXE method in a
full three-dimensional tomography technique with a use of the X-ray lenses (Nucl. Instr. Meth. B 269, 2237). We
developed a calculation algorithm, which allows a reconstruction of surface topography with a pair of simultaneously

acquired PIXE spectra by two spatially dislocated X-ray detectors. We assigned
the name stereo-PIXE to the method based on its analogue in the optics with
visible light. Within the fusion project in the EU 70P EURATOM programme
we upgraded the micro-NRA method with the application of a thick-silicon
detector for a total collection of fast protons from the reaction (*He,p) on
light elements for the analytical work on the wall materials from the fusion
reactors. Micro-PIXE was applied in a series of projects in the fields of biology,
nanotoxicology and ecology, where we measured elemental distributions
in the tissue sections prepared with shock-freezing and freeze-drying. The
tissue preparation was carried out at the Biotechnical Faculty, University of
Ljubljana. In collaboration with Université Catholique de Louvain, Belgium,
we investigated the uptake of Zn in Cd in the plant Zygophyllum fabago,
which exhibits promising potentials in the phytoremediation of the sites
polluted with heavy metals. In collaboration with the Biotechnical Faculty,
the University of Ljubljana, we investigated the effects of the biofortification
on the iron uptake in wheat. We determined the distribution of iron in the

Figure 5: Archetypal SAM-on-SAM via the NH .COOH molecular anchoring: 8rains and demonstrated the correlation between the iron concentration in
benzoic acidy/ cysteammine/Au (J. Phys. Chem. Lett., 2, 3124, 2011 ). the soil, wheat genotype and the concentration of iron in the wheat grain.
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The micro-PIXE method was effectively used in the field of nanotoxicology
for the research of the uptake of titanium oxide in the nanoform (S. Novak, D. Drobne et al., accepted for publica-
tion in Environmental Toxicology and Chemistry), silver and cobalt nanoparticles in the organism of Porcellio
Scaber. We investigated the properties of thin films with the combined RBS/ERDA method in collaboration with
the Department for Thin Films and Surfaces at the JSI, with the Ruder Boskovi¢ Institute, Zagreb, Croatia and with
the University of Leoben, Austria. Work was devoted to the hydrogen concentrations in the diamond-like carbon
thin films (Cekada et al., accept. for publ. in Surf. Coat. Technol.). The ion accelerator laboratory is a Transnational
Access (TNA) provider in the frame of the EU 70P SPIRIT. The programme enables access to the researchers from the
European research area, based on a peer-reviewed project application. In 2011 we carried out six projects involving
researchers from Belgium, Serbia, Spain, Hungary and Portugal.

In the frame of the collaboration between our XRF laboratory and the Biotechnical Faculty of the University of
Ljubljana an analysis of the bulk plant materials have been performed in order to determine the average concen-
trations of elements, especially metals. The same material was then used to determine the concentrations of the
elements at the organ and cellular levels by employing the microPIXE technique at the [JS’s Tandetron accelerator
(the SPIRIT programme) and also during a few experimental cycles at the synchrotron Elettra in Trieste and the
ESFR in Grenoble. The work on the synchrotron facilities was also devoted to the development of the quantification
of the intensity maps measured for different elements. Using the additional measurements of the absorption of the
primary excitation beam in each measured point or pixel by a CCD camera or a photodiode, an evaluation of elemen-
tal concentrations in each pixel as well as the respective area weight and the absorption parameter of the residual
matrix was possible. In 2011 the measurements at the IR spectromicroscopy beamline (SISSI) at the synchrotron
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Elettra (Trieste) were devoted to studying the profile changes in the organic molecules in the plants treated with the
nanoparticles of Cu0. The measurements of the distribution of Na in the tissues of different genotypes of the tomato
plants, resistant to salinity, were carried out at the TwinMic beamline in collaboration with »Groupe de Reserche
en Physiologie végétale (GRPV) from Université Catholique de Louvain, Belgium. The measurements at the ID-21
beamline (XRF spectroscopy) at the ESFR in Grenoble were carried out within
the framework of the project »Sub-cellular localisation of Cd in plant tissues«
in collaboration with the Biotechnical Faculty, the University of Ljubljana. The
objective of both projects was also the testing of the quantification software
for elemental distribution in biological tissues, developed by Peter Kump. On
the basis of the measured coherent and incoherent scattered radiation of the
primary excitation beam in the XRF experiment, a methodology to determine
the sort of plastic material was developed. The measurements of different
food products with the objective to determine the mineral composition was
carried out within the CRP project V4-1047, again in collaboration with the
Biotechnical Faculty, the University of Ljubljana.
In the field of application of the ion beam analysis in archaeometry we
mainly analysed glass. Using the methods of PIXE-PIGE we analysed a series
of Roman glasses from Serbia and a series of Roman glasses from Albania.
As a collaboration project with the IAEA we studied prehistoric, Roman and
early medieval glass from Bulgaria, though the measurements have not been
completed yet, as the light elements still have to be measured with the PIGE
method. Tentatively, we measured the light elements with the microbeam Figure 6: Quantitative elemental distribution in wheat grain, obtained
in vacuum and with the external beam in helium atmosphere. The quanti- by #he micro-PIXE atthe JSI tandem accelerator using a proton beam

) 2 . 1 )
fication of these measurements is presently tedious, as we do not know well @ 2 MeVenergy and a 1.2 1.2 i cross-section. Upper rou:

L elemental distributions of K and Zn across the whole grain (2400 x
the spectral background and the detector efficiency in this region. As a new 2400 m?). Below: elemental distributions of Mg and Fe in the aleurone

theme we started an analysis of the glass from the end of the 19"/beginning layer (130 x 130 um?) over the area indicated in the elemental map
of the 20" centuries, which was pigmented by an addition of uranium. Atthe of K (upper left) with a white square. Measurements were done in

synchrotron Elettra we studied the degradation of textiles using the method of - collaboration with Katarina Vogel-Mikus from the Biotechnical Facully,

FTIR. In the field of experimental archaeology we made ballistic experiments 72¢ University of Ljubljana, and Sudhir Singh from the National Agri
s o . L s Food Biotechnology Institute New Delhi Mohali, Punjab, India.

with sling projectiles and applied statistical methods for classification of the

lead acorns from the Slovenian sites.

Inthe A1 Collaboration at MAMI (Mainz, Germany) we have continued with a series of measurements with the
new KAOS spectrometer, which allows the detection of positively and negatively charged reaction products up to the
momenta of 1.5 GeV/c. We have constructed the aerogel Cherenkov counter employing an aerogel radiator with a
refraction index of 1.055. The KAOS spectrometer is now fully instrumented on both the electron and the hadron
arm. We have performed several calibration measurements of the electroproduction of the charged kaons and of
the formation of hyperons in nuclei, as well as kaon electroproduction on proton targets: in these measurements,
the electron spectrometer was raised out of the scattering plane, allowing for the extraction of the previously un-
determined fifth-structure function. We have continued the data analysis of the high-precision double-polarization
measurement of the electroproduction of the neutral pions on protons in the region of the Roper resonance. The
final goals of the analysis are the recoil proton polarization components. We have published the results of a preci-
sion experiment, in which we searched for hypothetical light bosons mediating the interactions of the dark matter.
There is also an ongoing effort of studying the virtual Compton scattering, aiming at determining the generalized
polarizabilities as functions of the momentum transfer.

In the framework of the Hall A Collaboration at the Jefferson Laboratory we have performed two sets of meas-
urements. We have collaborated in the run group of the E08-008, E08-010 and E07-006 experiments devoted to the
studies of short-range correlations (SRC). We have also collaborated on the preparation of the experiments E08-007
and £08-027 in which we will investigate the elastic form-factors of a proton and the polarized structure function g2p.

In collaboration with the Department of Theoretical Physics at the JSI and the University of Coimbra, we
continued our investigations of dynamical (electromagnetic and weak) processes on protons and neutrons in the
energy region of the Roper resonance and of the negative-parity resonances. After having obtained excellent results
for the electroproduction amplitudes, we are now extending our work to the corresponding weak amplitudes.

Members of the Infrastructure Group for lonizing Radiation Measurements conducted a scientific research in
connection with the Programmes P1-0102 and P1-0112, on the projects “Quality and genuineness of honey on the
Slovenian market”, and “Natural and anthropogenic gamma and beta emitters in geological waters in Slovenia”,
“Dating of the geological waters from deep aquifers” and “Validation of the method for rapid determination of the
Ra-226 and Ra-228”. The researchers were also involved in the other research fields related to ionising radiation and
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nuclear physics. From the bibliography, it follows that the achievements of the researchers in 2011 were solid. In
addition to the basic science activities, the Group was active in conducting the radiological monitoring of the living
environment in Slovenia, radiological monitoring of the fodder in Slovenia, regular off-site radiological monitor-
ing around the Kr$ko NPP, independent verification of the regular radiological monitoring around the Kr$ko NPP,
central radioactive waste repository radiological monitoring, monitoring of the radioactivity in drinking water,
intercomparisons, proficiency tests, material characterizations, calibrations of the radiation gauges and the TLD
measurements of the personal and environmental doses.

In the Laboratory for Dosimetric Standards the scope of the accreditation was expanded to the calibration
measurements for the RQR and RQA photon beam qualities. The Group thrived in winning new projects from the
EU funding — the EMRP projects: Metrology of lonising Radiation in Metallurgical Industry (MetroMetal) and Metrol-
ogy for Radioactive Waste Management (MetroRWM). In collaboration with the SCK-CEN, Belgium, the “Training
course on environmental risk assessment, the ERICA tool and atmospheric dispersion modelling” was organized.

The members of the Infrastructure Group also took part in regular drills and special tasks with the radiological
mobile unit. The members of the mobile unit participated in: international dose rate intercomparison measurements
in Ronneburg, Germany, international intercomparison exercise of the in-situ gamma-ray spectrometry, dose rate
and contamination measurements “ISI Gamma 2011” in Davos, Switzerland, special presentation day “Days of
Protection and Rescue” in Koper and radiological emergency exercise ‘INEX-4“ in Slovenske Konjice.

Some outstanding publications in 2011

1. P.Lablanquie, F. Penent, J. Palaudoux, L. Andric, P. Selles, S. Carniato, K. Bucar, M. Zitnik, M. Huttula, J. H. D.
Eland, E. Shigemasa, K. Soejima, Y. Hikosaka, I H. Suzuki, M. Nakano, in K. Ito, “Properties of Hollow Molecules
Probed by Single-Photon Double lonization”. Phys. Rev. Lett., 106, 063003 (2011).

2. P.Lablanquie, T. P. Grozdanov, M. Zitnik, S. Carniato, P. Selles, L. Andri¢, J. Palaudoux, F. Penent, H. Iwayama,
E. Shigemasa, Y. Hikosaka, K. Soejima, M. Nakano, I. H. Suzuki, in K. Ito, “Evidence of Single-Photon Two-Site
Core Double Tonization of C,H, Molecules”. Phys. Rev. Lett., 107, 193004 (2011).

3. J. Hoszowska, J.-Cl. Dousse, J. Szlachetko, Y. Kayser, W. Cao, P. Jagodzinski, M. Kavcic, S.H. Nowak, “First
Observation of Two-Electron One-Photon Transitions in Single-Photon K-Shell Double lonization”. Phys. Rev.
Lett. 107,053001 (2011).

4. E.Krishnakumar, S. Denifl, . CadeZ, S. Markelj, N. Mason, “Dissociative electron attachment cross sections for
H, and DZ”APhys‘ Rev. Lett 106, 243201 (2011).

5. H.Merkel et al. (A1 Collaboration), Phys. Rev. Lett. 106 (2011) 251802.

Awards and appointments

1. Prof. Dr. Alojzij Franc Kodre: Gold Medal of the University of Ljubljana for scientific, educational and organi-
zational work at the Faculty of Physics

2. Dr. Matjaz Vencelj: Fruitful collaboration and business partnership award, Ljubljana, Fotona d.d.

Organization of conferences, congress and meetings

1. Training course on environmental risk assessment: ERICA tool and atmospheric dispersion modelling, Lju-
bljana, 24-26 October 2011
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INTERNATIONAL PROJECTS

L

Support of Public and Industrial Research Using lon Beam Technology

SPIRIT

7.FP, 227012, FP7-INFRASTRUCTURES-2008-1

EC; Prof. Wolfhard Moller, Forschungszentrum Dresden-Rossendorf e.V., Dresden,
Germany

Asst. Prof. Primoz Pelicon

Application of lon Beam Analytical Method to the Studies of Plasma Wall Interaction in
Tokamaks - 1.4.3.-FU; Post Mortem Analysis of Fuel Retention with Micro-NRA for Gas
Balance and ITER Prediction; WP11-PWI-01-01-01/PS

EURATOM - MHEST

7. FP - EURATOM, Slovenian Fusion Association - SFA

Annex 2, 3211-08-000102, FU07-CT-2007-00065

EC; RS, Ministry of Higher Education, Science and Technology, Ljubljana, Slovenia
Asst. Prof. Primo? Pelicon

3.

5.

Hydrogen/Deuterium Molecule Wall Interaction; Processes with Neutral Hydrogen
Atoms and Molecules - 1.4.1-FU

EURATOM - MHEST

7. FP - EURATOM, Slovenian Fusion Association - SFA

3211-08-000102, FU07-CT-2007-00065

EC; RS, Ministry of Higher Education, Science and Technology, Ljubljana, Slovenia
Dr. Iztok Cadez

Tonising Radiation Metrology for the Metallurgical Industry

MetroMetal

EMRP, INDO4

EURAMET e.V., Braunschweig, Germany; Centro de investigaciones energeticas,
medioambientales y technologicas (CIEMAT), Madrid, Spain

Branko Vodenik, M. Sc.

Metrology for Radioactive Waste Management
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MetroRWM

EMRP

EURAMET e.V., Braunschweig, Germany; Cesky Metrologicky Institut Brno, Brno, Czech
Republic

Branko Vodenik, M. Sc.

Complementing the X-ray Spectrometry Activities with Micro-Beam Facility for
Different Applications; Micro-analytical Techniques Based on Nuclear Spectrometry for
Environmental Monitoring and Material Studies

15955/R0

IAEA, Vienna, Austria

Dr. Peter Kump

TAEA - Fellowship for Ms Valentina Veselinova Lyubomirova

BUL/11011

TAEA, Vienna, Austria

Prof. Ziga Smit

Archaeometric Investigations of Archaelogical Artifacts from Albania and Slovenia
BI-AL/10-11-003

Prof. Aferdita Vevecka-Priftaj, Polytechnic University of Tirana, Tirana, Albania
Prof. Ziga Smit

Convention de mise a disposition

Contract between CNRS and JSI dtd. 27.5.2004

Letter N/REF: NS/MD/CONV/04FRE2681]S/2004 dtd. 8.9.2004

Dr. Paul Indelicato, Laboratoire Kastler-Brossel (LKB - UMR 8552), Ecole Normale
Superieure, Paris, France

Dr. Iztok Cade?

. Measurement of 3H Activity in Natural Waters with Electrolytic Enrichment

BI-HR/10-11-009
Dr. Jadranka Baresic, Ruder Boskovic Institute, Zagreb, Croatia
Dr. Jasmina KoZar Logar

. Dynamics at Nanoscale

Dinamiche su scala nanometrica

BI-IT/11-13-011

Dr. Lorenzo Avaldi, Istituto di Metodologie Inorganiche e dei Plasmi (IMIP),
Monterotondo Scalo (Rome), Italy

Asst. Prof. Matja Zitnik

. Target Manuipulator

PO 2011-0247

Dr. Javier Flores Maldonado, Instituto Nacional de Investigaciones Nucleares (ININ),
Carretera México-Toluca S/N, Ocoyoacac, Estado de México, Mexico

Asst. Prof. PrimoZ Pelicon

. Development and Support of Java Applications for Use in DESY Accelerator Control

Attachment #8, 9, 10

Dr. M. Clausen, DESY (Deutsches Elektronen Synchrotron), Hamburg, Germany
Asst. Prof. Matej Lipoglavsek, Dr. Mark Plesko

Hadron Structure in Chiral Quark Models vs. Lattice QCD

BI-PL/10-11-018

Prof. Wojciech Broniowaski, H. Niewodniczanski, Institute of Nuclear Physics, Polish
Academy of Science, Krakow, Poland

Prof. Simon Sirca, Prof. Bojan Golli

. The Chemical Cosmos: Understanding Chemistry in Astronomical Environments

COST CM0805
EC; COST Office, Brussels, Belgium
Dr. Iztok Cadez

. Studies of Short-Range Correlations

BI-US/11-12-033

Dr. Shalev Gilad, Massachusetts Institute of Technology (MIT), Laboratory for Nuclear
Science, Cambridge, MA, USA

Prof. Simon Sirca

R &D GRANTS AND CONTRACTS

1.

Development of Cherenkov radiation detector
Prof. Simon Sirca

10.

11

Department of Low and Medium Energy Physics F-2

Investigation of plant ion homeostasis using elemental imaging by laser ablation -
inductively coupled plasma mass spectrometry (basic research project)

Asst. Prof. PrimoZ Pelicon

Research of the ionome of selected mycorrhizal plants

Asst. Prof. Primo? Pelicon

Sustainable land use in relation to soil and crop quality

Prof. Nives Ogrinc

Archaeologies of hunter-gatherers, farmers and metallurgists: Cultures, populations,
palaeoeconomies and climate

Prof. Nives Ogrinc

Mapping in tokamak walls and inside biological cells

Asst. Prof. Primo? Pelicon

Natural and man-made gamma- and beta ray- emiters in underground waters in
Slovenia

Dr. Matjaz Ales Korun

Natural hydrochemical background and dynamics of groundwater in Slovenia

Dr. Jasmina KoZar Logar

Groundwater age determination in deep aquifers of Slovenia

Dr. Jasmina KoZar Logar

Complex hyperspectral system for automatic analysis and control of pharmaceutical
pellet coating processes

Dr. Peter Kump

The use of speciific methods for determination and prevention of adulteration of milk
and dairy products

Dr. Marijan Necemer

RESEARCH PROGRAMS

L.

2.

Mobile archaeological heritage: archaeological and archaeometric investigations
Prof. Ziga Smit

Subject as representation: taste, respect, strenght (Investigation of Slovenian material
culture)

Dr. Marijan Necemer

Structure of hadronic systems

Prof. Simon Sirca

Studies of atoms, molecules and structures with photons and particles

Asst. Prof. Matjaz Zitnik

NEW CONTRACTS

L.

Offssite radiological monitoring of NPP Krsko 2011-2013

Nuclear Power Plant Krsko

Asst. Prof. Matej Lipoglaviek

Monitoring of radioactivity in the living environment in Slovenia 2011-2012
Ministry of the Environment and Spatial Planning

Dr. Benjamin Zorko

Ecology laboratory with mobile unit

Ministry of Defence

Asst. Prof. Matej Lipoglavsek

Monitoring of central LILW storage facility at Brinje 2011

ARAO Agency for Radwaste Management

Dr. Marijan Necemer

Annex No. 4: Professional activities and fulfilment of obligations of the holder of the
national measurement standard in the field of ionizing radiation 2011
Ministry of Higher Education, Science and Technology

Denis Glavi¢ Cindro, M. Sc.

Calibration of dosemeters for environmental dose rate measurements
Ministry of the Environment and Spatial Planning

Matjaz Miheli¢, M. Sc.

MENTORING

Ph. D. Thesis

1.

David JezerSek, lon beam analysis of geometrically structured samples (mentor Ziga
Smit).

VISITORS FROM ABROAD

L

2.

Dr. Davor Peruska and Dr. Suzana Petrovic, Vinca Institute of Nuclear Sciences,
Belgrade, Serbia, 28 March tol April 2011

Prof. Dr. Aferdita Vevecka Priftaj, Polytechnic University, and Assoc. Prof. Frederik
Stamati, Albanian Archaeological Institute and Museum, Tirana, Albania, 26 June to 1
July 2011

Dr. David Dominguez-Villar, University of Alcald de Henares, Alcald de Henares, Spain,
18-25 June 2011

Ebrahim Gholami Hatam, Vaan de Graaf Generator Laboratory, Teheran, Iran, 22 June
to 25 December 2011

Annual Report 2011

49



3:. Jozef Stefan Institute

50

Wojciech Lubarski, Poznan University of Technology, Poznan, Poland, 4 July to 26
August 2011

Dr. Olga Ogorodnikova, IPP, Garching, Germany, 8-19 August 2011

Dr. Paula Chavez and Ana Taborda, Instituto Tecnoldgico e Nuclear, Sacavém, Portugal,
19-24 September 2011

8. Dr. Zsofia Kertész and Eniko Furu, Institute of Nuclear Research of the Hungarian

Academy of Sciences (ATOMKI), Debrecen, Hungary, 25 September to 1 October 2011
9. Dr. Ines Krajcar Broni¢, Ruder Boskovic Institute, Zagreb, Croatia, 6-12 November 2011
10. Dr. Jadranka Baresic, Ruder Boskovi¢ Institute, Zagreb, Croatia, 10-12 November 2011
11. Dr. Peter O “Keeffe, CNR-IMIP, Rome, Italy, 15-19 November 2011

STAFF

Researchers

S A

9.
10.

11.

12.
13.
14.
15.
16.
17.
18.
19.

Prof. Iztok Arcon*

Dr. Klemen Bucar

Prof. Dean Cvetko*

Dr. Iztok Cadez

Denis Glavic Cindro, M. Sc.
Dr. Darko HanZel

Asst. Prof. Matjaz Kav¢ic
Prof. Alojzij Franc Kodre*
Dr. Peter Kump

Prof. Andrej Likar*

Asst. Prof. Matej Lipoglavsek, Head
Dr. Andrej Miheli¢

Dr. Marijan Necemer

Asst. Prof. Primoz Pelicon
Zdravko Rupnik, M. Sc.
Prof. Simon Sirca*

Prof. Ziga Smit*

Branko Vodenik, M. Sc.
Asst. Prof. Matjaz Zitnik

Postdoctorial associates

20. Dr. Jasmina KoZar Logar

21. Dr. Sabina Markelj

22. Dr. Paula Pongrac

23. Dr. Zdravko Siketic, left 01.09.11
24. Dr. Matjaz Vencelj

25. Dr. Benjamin Zorko

BIBLIOGRAPHY

Postgraduates

26. Jure Beriic, B. Sc.

27. Rok Bohin, B. Sc.

28. Luka Debenjak**

29. Helena Fajfar**

30. Jelena Gajevic, B. Sc.

31. Natasa Grlj, B. Sc.

32. LukaJeromel, B. Sc.
33. Dr. David Jezersek, left 01.11.11
34. Katarina Kovacic, B. Sc.
35. Miha Mihovilovic, B. Sc.
36. Mojca Miklavec, B. Sc.
Technical officers

37. Bostjan Crnic, B. Sc.

38. Matjaz Miheli¢, M. Sc.
39. Primoz Vavpetic, B. Sc.
Technical and administrative staff
40. Drago Brodnik

41. Mojca Gantar

42. Sandi Gobec

43, Zvonimir Grabnar

44. Mirko Ribic, B. Sc.

Note:
* part-time JSI member
** postgraduate financed by industry
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Iztok Cadez, Milan Certek, Zvone Grabnar, Sabina Markelj, Primoz

Pelicon, Zdravko Rupnik, Vida Zigman, "Processes with neutral

hydrogen atoms and molecules", Annual report ..., pp. 17-22,2011.
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Kiizma, Iztok Arc¢on, Miran Gaberscéek, "Electrochemical characteristics
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Power Sources, vol. 196, no. 16, pp. 6856-6862, 2011.
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Jaglic¢i¢, Darko HanzZel, Darja Lisjak, "The hydrothermal synthesis of
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REVIEW ARTICLES AND CHAPTERS IN BOOKS

1. Marijan NeCemer, Peter Kump, Katarina Vogel-Mikus, "Use x-ray
fluorescence-based analytical techniques in phytoremediation”, In:
Handbook of phytoremediation, (Environmental science, engineering
and technology), Ivan A. Golubev, ed.,, New York, Nova Science
Publishers, cop. 2011, pp. 331-358.
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2011, pp. 69-76.

. Benjamin Zorko, "Zunanje sevanje", In: Ocena vplivov radioaktivnosti v
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. Jefferson Lab Hall A and Eo6-010 Collaboration: Jin Huang et al. (80
authors), "A measurement of double spin asymmetry 4, T in semi-
inclusive pion electroproduction on a transversely polarized 3He
target”, In: 12th International Conference on Meson-Nucleon Physics
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Department of Biology, 2011, pp. 153-154.
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optics, vol. 105; no. 3 (Nov. 2011)), Frans J. M. Harren, ed., Vitali L.
Konov, ed., Springer, Berlin, 2011, vol. 105, no. 3, pp. 593-597, 2011.
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Williamsburg, Virginia, USA, 31 May - 4 June 2010, (AIP conference
proceedings, Vol. 1374, issue 1), David Armstrong, ed., Melville,
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fizike, vol. 12, no. 1), Bojan Golli, ed., Mitja Rosina, ed., Simon Sirca, ed.,
Ljubljana, DMFA - zaloZnistvo, 2011, pp. 89-91.

5. Simon Sirca, Bojan Golli, Manuel Fiolhais, P. Alberto, "Pion scattering
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quark models", In: Hadron2011: proceedings of the XIV. International
Conference on Hadron Spectroscopy, 13-17 June 2011, Munich, Germany,
B. Grube, ed., S. Paul, ed., N. Brambilla, ed., Miinchen, Technische
Universitat, 2011, pp. 520-524.

6. Simon Sirca et al. (80 authors), "Asymmetries in electron-induced
breakup of polarized 2He", In: 12th International Conference on Meson-
Nucleon Physics and the Structure of the Nucleon: MENU 2010:
Williamsburg, Virginia, USA, 31 May - 4 June 2010, (AIP conference
proceedings, Vol. 1374, issue 1), David Armstrong, ed., Melville,
American Institute of Physics, 2011, pp. 459-462.

. Katarina Vogel-Mikus, Iztok Arc¢on, Alojz Kodre, Peter Kump,
"Complexation of Cd in seeds of Cd-Hyperaccumulating Thlaspi
praecox and metabolism of Cd ligands during seed germination”, In:
ICOBTE 2011, 11th International conference on the biogeochemistry of
trace elements, Florence, Italy, July 3-7, 2011, Giancarlo Renella, ed.,
Roberto Gabbrielli, ed., [Florence, Italy, University of Florence, 2011],
2 pp.

8. X. Zhan et al. (80 authors), "Measurement of the proton elastic form
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Nucleon Physics and the Structure of the Nucleon: MENU 2010:
Williamsburg, Virginia, USA, 31 May - 4 June 2010, (AIP conference
proceedings, Vol. 1374, issue 1), David Armstrong, ed., Melville,
American Institute of Physics, 2011, pp. 511-514.
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TEXTBOOKS AND LECTURE NOTES

1. Marjan Hribar, Slavko Kocijanci¢, Andrej Likar, Seta Oblak, Bojan Pajk,
Vincenc Petruna, Nada Razpet, Branko Roblek, Fedor Tomazi¢, Miro
Trampus, Mehanika in toplota: fizika za 1. in 2. vol. srednjih Sol: fizika a
kézépiskoldk I. és I1. osztdlya szdmdra, 1. izd., Ljubljana, Modrijan,
2010-2011.

2. Andrej Likar, Osnove fizikalnih merjenj in merilnih sistemov, (Zbirka
izbranih poglavij iz fizike, 26), 3. izd., Ljubljana, DMFA - zaloZnis$tvo,
2011.

3. Andrej Likar, Dean Cvetko, Gorazd Planinsic, Zgledi iz fizikalnih
merjenj, (Zbirka izbranih poglavij iz fizike, 43), 2. izd., Ljubljana, DMFA
- zalozni$tvo, 2011.
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THESES
Ph. D. Thesis

1. David JezersSek, Ion beam analysis of geometrically structured samples:

doctoral dissertation, Ljubljana, [D. Jezersek], 2011.

B. Sc. Theses

1. Jure BeriCi¢, Analysis of elastic electron scattering on He3 nuclei:
undergraduate thesis, Ljubljana, []. Beri¢ic], 2011.

2. Luka Jeromel, Scattering of identical nuclei at kinetic energies of few
MeV: undergraduate thesis, Ljubljana, [L. Jeromel], 2011.

Department of Low and Medium Energy Physics F-2

3. Primoz Vavpeti¢, Quantification of micro-PIXE at the energies below
silicon absorption edge: undergraduate thesis, Ljubljana, [P. Vavpetic],
2011.

PATENT APPLICATION

1. Silvan Bucik, Borut Baricevi¢, Borut Repi¢, Matjaz Vencelj, A method of
analog and digital signal processing of information contained in pulses,
and a device for achieving the same, P-201100451, Urad RS za
intelektualno lastnino, 1.12.2011.

Annual Report 2011

53






DEPARTMENT OF THIN FILMS

AND SURFACES

F-3

The main field of research in the department is the development, deposition and characterization
of hard protective PVD coatings, while research is also conducted in other fields of thin films and
surface physics. The basic research is concentrated on the study of the physical and chemical
properties of various multicomponent, multilayer and nanostructured coatings. Among the applied
researchdifferent coatings are developed for the protection of tools for various production processes
in industry.

Asin previous years, the main emphasis of the R&D work has remained in the field of hard protective coatings.
The work has mainly been application-oriented, both in the implementation of coatings into industrial production
and in advanced analysis after using these coatings.

Alot of work has been dedicated to nanocomposite and nanolayer coatings based on (Ti, Al Si)N. The nanolayer
structure is achieved by the simultaneous deposition from two different targets. In practice this is done by rotation

of the samples (i.e., substrates) in the deposition chamber. At a given moment the material from the target facing Head:
the sample enables the growth of a particular layer. The formation of a nanocomposite coating is possible only if Dr. Peter Panjan

the kinetic conditions of spontaneous phase separation are met. In our case these are the TiN or TiAIN grains of
about 10 nm size in a matrix of amorphous 8i,N,. We analysed the influence
of the deposition parameters (target power, gas flow) on the microstructure
and on the mechanical properties (hardness, adhesion). Nanolayer and
nanocomposite coatings were analysed by transmission electron microscopy,
while the chemical state of the individual elements was evaluated using X-ray
photoelectron spectra (XPS).

The lifetimes of cemented-carbide cutting inserts coated with the
(Ti,ALSDN coating were evaluated in the Faculty for Mechanical Engineering
at the University of Ljubljana. During the milling of a workpiece with a hard-
ness of 57 HRC and without cooling liquids we changed both the cutting speed
and the feed. We measured the cutting force and the workpiece roughness,
and analyzed the wear. The optimal machining parameters were determined
using the Taguchi method. Identical tests were made by the cutting inserts,
protected by the nanolayer AITiN/TiN-based coating (“blue coating”).

The preparation and characterization of nanostructured coatings is the
topic of two PhD theses by two foreign young researchers: Halil Caliskan
(Bartin University, Turkey) and Aleksandar Miletic (University of Novi Sad,
Serbia). Both performed most of their experimental work in our lab.

In some niche applications (hard and dry machining) the (Ti,ALSi)N
coating was successfully implemented into industrial production.

For several years we have studied the growth defects that arise during
the deposition of hard coatings and have a detrimental influence on the cor-
rosion resistance and the tribological properties (increased wear, sticking of
workpiece material). Last year we systematically analysed the role of this type
of defects in crevice corrosion. For this research, we used 3D profilometry
and SEM microscopy in combination with a focused ion beam (FIB). Using

individual defects in order to better understand their formation mecha-

Figure 1. Cross-section HRTEM image of the nanocomposite coating

TiSiN, which is composed of TiN nanograins and Si N, amorphous
the appropriate software we were able to conduct a 3D reconstruction of phase (author: A sz Prof Gj(rmm ij‘%) s 2

nism. This work was done in collaboration with the Faculty of Mechanical
Engineering from Maribor, and this work is the topic for one of our young
researcher’s PhD thesis.

A novelty in our research work is the so-called triangular targets. The
idea is to substitute a monolithic target with a pair of triangular targets
with different compositions, which enables the deposition of a composition

. _ uasicrystals.
gradient along the chamber’s vertical axis. In this way a set of samples with q v

We developed an AICuFeB quasicrystalline
coating. In combination with a TiAIN interlayer
it enables the protection of tools for the milling
of carbon steel. This achievement overlaps
with last year’s Nobel Prize for the discovery of
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Figure 2: Cutting and, forming tools,
coated by the AlICuFeB quasicrystalline
coating

different compositions is deposited in a single process. We first applied this principle for the pair Cr/Al
which was added to the existing classic TiSi targets. Thus we were able to deposit coatings with a range
of compositions from TiCrSiN to TiAISIN. The last such test was the deposition of the gradient Cr V, N.

Nanolayer and nanocomposite coatings are also a topic of the Nano Tool project (ERA-SME). Within
this project we are developing the coatings for the protection of cutting and forming tools under specific
wear conditions.

We increased our efforts in the tribological characterization of the “black coating “ (TiAIN/a-CN). We
measured the wear resistance and friction coefficient in dependence of the deposition parameters and
measuring conditions.

Last year the AppliCMA project came to a conclusion (7. FP, Development of wear resistant coatings
based on complex metallic alloys for functional applications). Within this project we developed the
quasicrystalline coating AlCuFeB, which was successfully deposited on cutting tools and plastic injection
tools. Sufficient adhesion was achieved by the deposition of the TiAIN interlayer. The tools were tested at
different project partners and we found that the results for the milling of carbon steel are comparable to
those obtained with commercial coatings.

We are engaged in several domestic projects, co-financed by companies. For the company Impol we
are developing colour coatings on wrought aluminium workpieces, and protective coatings for aluminium
extrusion tools. In collaboration with the National Institute of Chemistry and the company Cetis (Celje) we
are developing a process for hologram formation in security printing. The protection of Sm-Co magnets
for high-temperature applications is the topic of a joint project with the company Magneti (Ljubljana).

We also started the development of nanostructured multifunctional coatings for improvement of the
surface properties of metals and alloys, applied as implants in the human body. Coatings based on TiN, (Ti,S)N
and TaN with added silver or copper show an antibacterial behaviour, in addition to good corrosion and

tribological properties. In this applied project we are collaborating with the company Gazela (Krsko). In the broad
area of bioapplications we are studying the corrosion and tribological properties of diamond-like carbon coatings
deposited on stainless-steel substrates. We have continued our work on AW coatings for the corrosion protection

of aluminium alloys. The results showed that the corrosion resistance of
aluminium alloys increases by two to three orders of magnitude if protected
by an AI-W coating with the proper composition and microstructure.

There are many more informal cooperations with different companies,
even after a project has expired. This work is usually carried out as an
investigation, where we solve specific advanced technological problems.

At the level of basic sciences we collaborate with several foreign partners.
We have an on-going bilateral project with the Institute of Physics of the Czech
Academy of Sciences from Prague; the main scope of the project is the deposi-
tion and characterization of colour coatings. Though we have no current
project with the Austrian Joanneum Research any more, the collaboration
goes on, especially in corrosion studies of diamond-like carbon coatings. A
similar informal collaboration has continued with the Vinca Institute from
Belgrade, performing radiation damage crater analysis after a pulsed laser
treatment. We have also continued the work with the Research Institute for
Technical Physics and Materials from Budapest; for them we are depositing
specific structures for sputtering analytics. In the program EURATOM our
task is the synthesis of different hydrogenised carbon deposits, which should
be as similar as possible to the deposited impurities in a fusion reactor.

We are also collaborating with the Ecole Polytechnique from Montreal
were our coworker, Dr MatjaZ Panjan, is currently on a one-year postdoctoral

Figure 3. Cross-section TEM image of the “black coating” (TiAIN/a-CN).  stay. His research work is connected to the various advanced hard coatings
This coating has a high wear resistance and a low friction coefficient.  hat are deposited by high-power pulsed magnetron sputtering. This is also

The tools which we protected by the black coating have been successfully
implemented in industrial production of several companies (Unior,

Silgan, Krka,).

a topic of an on-going national project “Development of a new generation
of hard coatings by pulsed sputtering .

Some outstanding publications in the past year

L
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Corrosion properties of DLC-coated stainless steel in hanks solution for biomedical applications, Darja Kek
Merl, Peter Panjan, Miha Cekada, Markus Kahn, Wolfgang Waldhauser, £CS Transactions 35 (2011) 7,67-73
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2. Tribological properties of diamond-like carbon coatings prepared by anode layer source and magnetron sput-
tering, Srecko Paskvale, Markus Kahn, Miha Cekada, Peter Panjan, Wolfgang Waldhauser, Bojan Podgornik,

Surf. coat. technol. 205 (2011) 2, $99-5102

Hydrogen permeation through TiAIN-coated Eurofer ‘97 steel, Paul]. McGuiness, Miha Cekada, Vincenc Nemanic,
Bojan Zajec, Aleksander Recnik, Surf. coat. technol. 205 (2011) 8/9, 2709-2713

Figure 4: Surface morphology of the TiVN coating after oxidation at 750 °C

Figure 5: Cross-section SEM image of the bilayer coating TiAIN/ALQ  for
the protection of cutting tools, which are exposed to extreme temperatures
at the cutting edge

INTERNATIONAL PROJECTS

L.

Development of Wear Resistant Coatings based on Complex Metallic Alloys for
Functional Applications

appliCMA

7. FP, 214407

EC; Andreas Merstallinger, Aerospace & Advanced Composites GmbH, Wiener Neustadt,
Austria

Asst. Prof. Miha Cekada, Prof. Janez Dolin3ek, Asst. Prof. Kristoffer Krnel, Asst. Prof.
Sreco D. Skapin

Plasma Deposition of H:C-metal Coatings - 1.4.5.-FU

EURATOM - MHEST

7. FP - EURATOM, Slovenian Fusion Association - SFA

Annex 3, 3211-08-000102, FU07-CT-2007-00065

EG; RS, Ministry of Higher Education, Science and Technology, Ljubljana, Slovenia
Dr. Peter Panjan

Hydrogen Impermeable Nano-material Coatings for Steels

Hy-Nano-IM

MNT ERA NET

Asst. Prof. Miha Cekada, Asst. Prof. Paul McGuiness, Dr. Vincenc Nemanic
Aplication of NANO Coatings on the Vital Cutting Edges and Forming Parts of
Progressive and Transfer Tools and Milling Tools for Automotive Production, to increase
Productivity, Persistence and Longer Life Time

NANO-TOOL

ERASME

EMO-Orodjarna d.o.0., Celje, Slovenia

Dr. Peter Panjan

Deposition and Characterization of Nanostructured hard Coatings with Tailored Optical
Properties

BI-CZ/11-12-007

Dr. Michal Novotny, Institute of Physics Academy of Sciences of the Czech Republic,
v.v.i., Prague, Czech Republic

Asst. Prof. Miha Cekada

R &D GRANTS AND CONTRACTS

Organic-inorganic thin film structures for electronic components

Asst. Prof. Janez Kova¢

Development of electronical measuring paltform POWERQ4

Dr. Peter Panjan

Astudy of plasma parameters for conditioning of the inner surfaces of a fusion reactor
Prof. Miran Mozeti¢

Development of new generation of hard coatings with pulsed sputter deposition

Dr. Peter Panjan

Materials and structures for optically variable security devices

Dr. Peter Panjan

Protected Permanent Magnets for Advanced High-Temperature Applications

Asst. Prof. Paul John Mcguiness

Multifunctional Nanostructured Films for Artificial Implants - Corrosion and Tribo-
corrosion Processes

Dr. Darinka Kek Merl

Research and development of rapid production and repair in modern 3D cutting tools
with advanced laser technologies

Dr. Peter Panjan

Colour, absorption and protective nanolayer coatings for aluminium alloy

Dr. Peter Panjan

. Functionalization of biomedical samples by thermodynamic non-equilibrium gaseous

plasma
Prof. Miran Mozeti¢

. Toward ecologically benign alternative for cleaning of delicate biomedical instruments

Asst. Prof. Alenka Vesel

RESEARCH PROGRAM

1.

Thin film structures and plasma surface engineering
Prof. Miran Mozetic
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VISITORS FROM ABROAD

1. Halil Galiskan, MSc, Bartin University, Faculty of Engineering, 74100 Bartin, Turkey, 19.
1.-30.9.2011

2. Dr. Bojan Radak, Vinca Institute of Nuclear Sciences, Belgrade, Serbia, 14.-15. 2. 2011

3. Vladimir Jech, Dana Benesova, Czech Technical University, Prague, Czech Republic,
18.-30. 4. 2011

4. Aleksandar Miletic, Pal Terek, University of Novi Sad, Novi Sad, Serbia, 1. 7. - 31. 8. 2011

5. Dr.Jifi Bulif, Institute of Physics of the Academy of Sciences of the Czech Republic,
Prague, Czech Republic, 12.-17. 7. 2011

6. Dr. Michal Novotny, Dr. Petr Pokorny, Institute of Physics of the Academy of Sciences of
the Czech Republic, Prague, Czech Republic, 8.-12. 8. 2011

7. Georg Geiger, Institute of Production Engineering, Vienna University of Technology,
Vienna, Austria, 29. 9. 2011

8. Aleksandar Miletic, Pal Terek, University of Novi Sad, Novi Sad, Serbia, 3.-14. 10. 2011

9. Dr. Biljana Gakovic, Dr. Suzana Petrovic, Vinca Institute of Nuclear Sciences, Belgrade,
Serbia, 14.-18. 11. 2011

10. Dr. Christoph Schiffers, CemeCon A.G., Wiirselen, Germany, 24. 11. 2011

11. Dr. Michal Novotny, Dr. Jifi Bulif, Dr. PFemysl Fitl, Institute of Physics of the Academy of
Sciences of the Czech Republic, Prague, Czech Republic, 12.-14. 12. 2011

STAFF

Researchers

1. Asst. Prof. Miha Cekada

2. Dr. Darinka Kek Mer!

3. Dr.Peter Panjan, Head
Postdoctorial associates

4. Dr. Matjaz Panjan
Postgraduates

5. Peter Gselman, B. Sc.

6. Vladan Mladenovi¢, M. Sc.**

BIBLIOGRAPHY

7. Srecko Paskvale, B. Sc.

Technical and administrative staff
8. Joizko Fiser

9. Damjan Mateli¢

10. Andrej Mohar

11. Tomaz Sirnik

Note:
** postgraduate financed by industry
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The research program of the department is associated with vacuum science, technology and
applications. The main activities are focused on plasma science, the modification of advanced
biomedical materials and products for improved biocompatibility, the characterization of inorganic,
polymer and composite materials with different thin films on the surface, the modification and
characterization of fusion-relevant materials, the thermodynamics of trapped gases and methods
Jor sustaining an ultra-high-vacuum environment, vacuum optoelectronics, and basic research in
the field of surface and thin-film characterization by electron spectroscopy techniques.

The construction of a large plasma reactor for the modification of large samples as well as for the development
of plasma-based technologies for our industrial partners has been accomplished. The length of the new plasma
reactor is over 2 m. The plasma is excited at moderately low pressure by a high-frequency electrical discharge. The
coupling between the high-frequency generator and the plasma in large volumes is far from being trivial. Both
theoretical simulations and experimental work have been performed in order to optimize the coupling. Extensive
theoretical investigation gave valuable results in terms of coupling efficiency and stability. The most promising
configurations were realized in our workshop and experiments with suitable components of the matching network
allowed for optimization in the real environment. The impedance of the secondary oscillating circuit at such large
dimensions is prohibitively large, so it does not allow for application of a common induction coil due to a very high
voltage amplitude. This problem was solved using a multilayered coil which
turned out to be very useful for the achievement of good plasma uniformity
along the discharge vessel as well as in terms of the coupling efficiency. The
original idea was protected by a patent application filed in 2011 and submitted
to the Slovenian Intellectual Property Office. Such a multilayered coil allows
for a rather low peak voltage and thus a substantial decrease in the stray
effects caused by the capacitive component of the coupling. In comparison
with standard induction coils in use worldwide the innovative approach
resulted not only in a very good homogeneity of the plasma along the 2-m-
long discharge vessel made from a dielectric material but also for an at least
60% better coupling efficiency at powers exceeding 5 kW.

The high-frequency discharge used for the excitation of the gaseous
plasma at moderately low pressures is found either in E or H mode. The
major characteristic of the E mode is the prevalence of the capacitive-coupling
component between the powered electrode and the grounded one. A conse-
quence of such a coupling is the formation of rather narrow sheaths next
to the powered electrode. Free electrons gain energy from the electric field
only in a sheath and are able to transfer a part of the energy to electrons
far from the sheath only by diffusing from the sheath into the central part of the discharge vessel. In cases of par-
ticular interest, i.e., when samples are treated by plasma in order to functionalize their surfaces or remove surface
impurities or etch selectively a particular component of composite materials, such a coupling is not useful since
the plasma is not homogeneous in the entire volume. Reactive particles are lost by surface reactions and could be

vessel.

Head:
Prof. Miran Mozetic

Figure 1: Gaseous plasma in the reactor with a 2-m-long discharge

replaced only if the electron energy close to the samples is favorably large.

In such cases it is better to keep a discharge in the H mode. The transition
from E to Hmode occurs at a sufficiently large density of oscillating magnetic
field in the discharge chamber. The high-frequency magnetic field induces
an appropriate oscillating electric field in the absence of any electrode.
Free electrons oscillate in the electric field and may change their direction
during collisions with molecules or atoms. If the mean free path is similar
to the oscillation amplitude a resonance accumulation of electron energy

Two of our senior researchers, Prof. Miran
Mozeti¢ and Asst. Prof. Uros Cvelbar, received
the highest National Order for Innovations,
Development Achievements and Application of
Scientific Discoveries in Industrial Practice - the
Puh award to the innovator.

will occur so the electrons will be able to gain enough energy for non-elastic collisions that can result in ionization
or dissociation of a molecule. The H mode has therefore a unique advantage over the E mode since electrons are
heated throughout a discharge vessel. Plasma in the H mode is thus rather homogeneous in the entire volume,
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practically independent of the nature of the samples placed inside the vessel. The appearance of each mode depends
on numerous parameters, including the gas pressure and the useful power transferred from the high-frequency
generator to the charged particles in plasma. In general, a low pressure and high magnetic field density will favor
the H mode of an electrical discharge.

The transitions between the Eand H modes were studied in detail for asmaller plasma reactor. Both discharge and
plasma parameters were measured. The transition is far from being gradual. A sudden change in the discharge volt-

age, current and phase shift occurs at the transition. The plasma luminosity

A large plasma reactor, as a powerful source mayincrease by three orders of magnitude and so does the density of the free
of neutral oxygen atoms in the ground state, electrons at the transition from E to H mode. A subject of particular interest
has been developed in close collaboration with s the behavior of the neutral atom density at the transition in cases when

EURATOM partners. the plasma is generated in gases containing two- or multi-atom molecules.

Systematic research of the neutral oxygen atom density at the transition has
been performed and a well-pronounced hysteresis was observed. The hysteresis was largest at moderately high
pressures and the results of our research were published in a respected European physical journal.

Plasma created by high-frequency discharge in a dielectric vessel is thus a rich source of neutral atoms in the
ground state. The atoms are suitable for modification of the surface properties of different materials. The modified
surface characteristics depend on the flux of atoms onto the surface of a sample and a good control of the surface
reactions needs precise adjustment of the neutral atom density in a processing chamber. The density could be
adjusted by tuning discharge parameters, such as gas pressure, discharge voltage, current and the phase shift, but
in applications such tuning is not always practical, especially in cases where the consumption of atoms by surface
reactions changes during processing. It is much better to control and adjust the atom density in a processing
chamber without changing the discharge parameters. To achieve such a configuration an innovative approach
was applied. In a preferred embodiment the atom density is adjusted by mounting a movable active component
into the processing chamber. The feed-back loop allows for active adjustment of the atoms’ density and thus keep-
ing the flux of atoms onto the surface of a sample independent of the surface properties or discharge parameters.
This innovative approach has been also protected by a patent application.

We are partners in the European project “PlasmaNice”: Atmospheric
plasmas for nanoscale industrial surface processing, funded as part of the
EU’s 7th FP. Fifteen European partners from research and industry are
involved in the project. It aims at the improvement of the recyclability of
conventional fossil-fuel-based plastics for packaging and their replacement
by renewable bio-based and biodegradable materials. The main objective of
the PlasmaNice project is the development of technology and equipment for
industrial in-line atmospheric plasma deposition of functional nanocoatings
on various fibre- and polymer-based substrates for packaging. Our group
carried out a precise surface characterization of plasma-deposited sol-gel
coatings using XPS, AFM and SEM methods. We determined the correlation
between the plasma process parameters, the degree of surface fuctionaliza-
tion and the thickness of the deposited coatings. In the frame of the project
we have developed a new method for the fast and in-line monitoring of the
efficiency of air plasma surface activation at very high velocity, which has

Figure 2: A hysteresis is observed at the transition of an electrode-less great potential for industrial applications.

radiofrequency discharge between E and H modes. The hysteresis
depends largely on the pressure in the discharge vessel.

62

Advanced surface analytical methods are indispensable for the charac-
terization of the surfaces and interfaces of bulk materials, layered structures
and nanomaterials. In our department X-ray photoelectron spectroscopy (XPS), Auger electron spectroscopy (AES),
and atomic force microscopy (AFM) have been used successfully, both for basic research and the characterization
of technological samples. A new method, secondary ion mass spectroscopy (TOF-SIMS), has been introduced in
our laboratories. Our research group is world recognized for the depth profiling of thin films and multilayers at a
high depth resolution.

Using surface analytical methods we investigated the formation of laser-induced periodic surface structures
(LIPSS) and structural changes in Ni/Ti multilayers after laser irradiation. These periodic structures have potential
applications in the field of nanolitography for the patterning of gratings with periodicity in the nm range. In col-
laboration with the Institute for Nuclear Sciences from Vinca, Serbia, magnetron sputtering was used to deposit (Ni/
Ti) = 5 multilayers on a Si substrate with the thickness of the individual layer being 18 nm. Laser irradiation was
performed with a Nd:YAG laser, operating at 1064 nm wavelength and with a pulse duration of 150 ps. The samples
were treated with 100 and 200 pulses, the laser pulse energy was of 55 mJ and the total fluence was about 1 J/cm?
The composition and surface morphology were monitored by Auger electron spectroscopy (AES) and by atomic
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force microscopy (AFM). Unexpectedly, we found the formation of a regularly rippled surface topography with a
periodicity of 780 nm and a height of the ripples of 5-15 nm. This periodicity depends on the laser wavelength,
the polarization and the angle of incidence. Depth profile AES analyses revealed that laser annealing also induced
intermixing between the individual Ni and Ti layers with indications of
the possible formation of Ni-Ti intermetallic compounds. An interesting Optimized coupling between the RF generator

outcome is the surface segregation of Ti, although the original topmost ~and the gaseous plasma allows for a dissociation
layer prior to laser irradiation was Ni. fraction of the oxygen molecules exceeding 99%

An innovative permeation technique enabling the resolution of ex- at room gas kinetic temperature.
tremely low hydrogen fluxes with subsequent quantitative analysis has been
invented. The technique has been applied for studying the interaction of hydrogen with fusion-relevant materi-
als. Special attention was devoted to the suppression of a hydrogen background from the heated sample holder.

Permeation measurements through various duplex membranes were realized. The fusion-relevant materials were
deposited as thin films on Eurofer (a special stainless-steel material suitable as a construction material for future
fusion reactors) substrates. The activities were performed within Euratom

and EFDA projects. In cooperation with dr. W. Waldhauser at Joanneum

Research Centre in Leoben (Austria) we found that silicon oxy-nitride and

silicon nitride films could be prepared in a form with a very high permeation

reduction factor (PRF). It was shown that 0.5-micrometer-thick SiN films

have the highest PRF ever reported for such thin materials.

Pure beryllium, tungsten and mixed beryllium/tungsten films depos-

ited onto Eurofer were investigated in this context, too. Both pure metals
are intended to be applied as first-wall materials in future large fusion
reactors, and thin films of mixed deposits are supposed to accumulate on
the cooled walls of reactors during operation with a hot hydrogen plasma.
Several beryllium and Be/W films were deposited in dr. Cristian Lungu’s lab
at "National Institute for Laser, Plasma and Radiation Physics“ (NILPRP),
Bucharest, Romania, using their thermionic vacuum arc method. Relatively
reproducible results have been obtained. So far, no data on the permeation
of such films have been reported. The unexpected kinetics could be well
explained by our improved model and respecting the fact that data on bulk
Be are rather old and inaccurate.

An investigation of the permeability of tungsten films deposited onto Figure 3: Surface topography and depih distribution of elements in the
the Eurofer alloy by pulsed laser deposition (PLD) was realized for the first multilayered (Ni/Ti)x5/Si nanocomposites upon laser irradiation with
time. Tungsten films (1 and 10 um thick) were provided by dr. Matteo Pas- 100 and 200 pulses. Unexpectedly, the laser induced periodical surface

) YR TS A R & structures (LIPSS) were formed with a periodicity of 780 nm.
soni at Politecnico di Milano, Italy. Their main feature was a nanocrystalline
structure, which resulted in an over two orders of magnitude lower permeability compared to the values obtained
for W films deposited by the combined magnetron sputtering and ion implantation (CMSIT). Moreover, the hydrogen
content in W films deposited by the PLD method was as high as ~ 0.1 H/W. Such high ratios have been reported only
for hydrogen storage materials. These unexpected results are in agreement with theoretical models reported recently.

Our studies on thermionic energy conversion within a bilateral project with our partner at Arizona State Univer-
sity revealed that besides the structure of a nanostructured diamond film hydrogen plays the key role in achieving
an extremely low work function. Hydrogen could be incorporated in the topmost layer just after the synthesis and
also at any later time to recover the loss caused by its slow evaporation at
elevated temperatures. Our report on hysteresis in neutral oxygen atom

Our improved set-up for quantitative gas analysis was successfully ~density at the discharge transition from E to H
applied also in an investigation of the breakdown-voltage drift with time mode was published in a respected European
in gas surge arresters. Consequently, with the proper gas mixture and  physical journal: Europhysics letters.
thermal treatment, an extremely stable breakdown voltage was achieved.
Our industrial partner Iskra Zascite has already launched a new generation of reduced-size and stable breakdown
voltage gas surge arresters on the global market.

The new open-pore rigid organic foams, which are stable at temperatures up to 200°C, were synthesized at
the Melamin Company from Kocevje, Slovenia. Using our extremely sensitive techniques it was revealed that they
also have an extremely low outgassing rate. Their low thermal conductivity, equal to 6 mW/(mK), and low cost in
continuous production, make them extremely attractive as the core material in vacuum insulating panels (VIP).
Novel VIP solutions are the most promising approaches towards energy-efficient devices and buildings.
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Some outstanding publications in the past year

Zaplotnik, Rok, Vesel, Alenka, Mozeti¢, Miran. Transition from E to H mode in inductively coupled oxygen
plasma : hysteresis and the behaviour of oxygen atom density. Europhys. lett., 2011, vol. 95, no. 5, str. 55001-
1-55001-5, doi: 10.1209/0295-5075/95/55001.

Jyotishkumar, P., Pionteck, Jiirgen, Ozdilek, Ceren, Moldenaers, P., Cvelbar, Uros, Mozeti¢, Miran, Thomas,
Sabu. Rheology and pressure-volume-temperature behavior of the thermoplastic poly(acrylonitrile-butadiene-
styrene)-modified epoxy-DDS system during reaction induced phase separation. Soff matter, 2011, vol. 7, issue
16, str. 7248-7256, doi: 10.1039/C1SM05718A.

Jerman, Ivan, Mihelcic, Mohor, Verhovsek, Dejan, Kovac, Janez, Orel, Boris. Polyhedral oligomeric silsesquioxane
trisilanols as pigment surface modifiers for fluoropolymer based Thickness Sensitive Spectrally Selective (TSSS)
paintcoatings. Sol. energy mater. sol. cells., 2011,vol. 95, iss. 2, str. 423-431, doi: 10.1016/j.s0lmat.2010.08.005.
Zajec, Bojan, Nemanic, Vincenc, Zumer, Marko, Bryan, Eugene N., Nemanich, Robert]. Ring-shaped field emis-
sion patterns from carbon nanotube films. Carbon (N. Y.). [Print ed.], 2011, vol. 49, issue 10, str. 3332-3339,
doi: 10.1016/j.carbon.2011.04.020.

Patent granted

1. Method for synthesis of magnetic liposomes in electric field
Kristina Elersi¢, Miran Mozetic, Alenka Vesel, Janez Pavlic; Ales Igli¢, Andrej Znidarsic, Aljosa Kosak
S123095 (A), Urad RS za intelektualno lastnino, 31.1.2011.

Awards and Appointments

1. Twosenior researchers received the highest Slovenian prize for innovations and knowledge transfer to industrial

production - the Puh award.

Organization of Conferences, Congresses and Meetings

1. 2nd International Workshop on Plasma Nano-Interfaces and Plasma Diagnostics, Cerklje, Slovenia, 1% - 3%

April 2011

2. 18thInternational Scientific Meeting on Vacuum Science and Techniques, Bohinj, Slovenia, 21 - 3" June 2011
3. 112 TUVSTA executive council meeting, Strunjan, Slovenia, 9 - 11% September 2011
4. 4rd International Conference on Advanced Plasma Technologies (ICAPT-IV), Strunjan, Slovenia, 11* -13%

September 2011
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INTERNATIONAL PROJECTS

1. Atmospheric Plasmas for Nanoscale Industrial Surface Processing
PlasmaNice
7.FP
EC; Dr. Johanna Lahti, Tampere University of Technology, Paper Converting and
Packaging Technology, Tampere, Finland
Asst. Prof. Janez Kovac

2. Removal of Deposits by Neutral Oxygen and Nitrogen Atoms - 1.4.2. - FU
WP10-PWI-02-02/MHEST/PS; Detailed Characterization of Reaction Products from
Removal of A-C:H with Mixed H2/N2 Plasmas
WP11-PWI-02-04-01; Application of Neutral Atoms for Fuel Removal in Gaps
EURATOM - MHEST
7. FP - EURATOM, Slovenian Fusion Association - SFA
Annex 3, 3211-08-000102, FU07-CT-2007-00065
EC; RS, Ministry of Higher Education, Science and Technology, Ljubljana, Slovenia
Prof. Miran Mozeti¢

3. Deuterium Interation Kinetics Metals Relevant to Iter or Demo - 1.4.4. - FU
WP11-PWI-01-02-01/PS; Hydrogen Permeability of W/BE Films
EURATOM - MHEST
7. FP - EURATOM, Slovenian Fusion Association - SFA
Annex 3, 321108000102, FUO7-CT-2007-00065
EC; RS, Ministry of Higher Education, Science and Technology, Ljubljana, Slovenia
Dr. Vincenc Nemanic¢

4. Plasma Sterilization and Decontamination of Water
NATO CLG. REF.983580

Dr. Fausto Pedrazziini, NATO - North Atlantic Treaty Organisation, Brussels, Belgium
Asst. Prof. Uro§ Cvelbar

Development of Bioactive Packaging

BIOPACKAGING

EUREKA

Univerza v Mariboru, Intitut za inZenirske materiale in oblikovanje, Maribor, Slovenia
Prof. Miran Mozeti¢

Hydrogen Impermeable Nano-material Coatings for Steels

Hy - Nano - IM

MNT ERA NET

Dr. Vincenc Nemanic, Asst. Prof. Paul McGuiness, Asst. Prof. Miha Cekada
Biomedical Applications of Atmospheric Pressure Plasma Technology

COST MP1101

EC; COST Office, Brussels, Belgium

Asst. Prof. Uros Cvelbar

Thermal Cycle (1h at 150°C) with Outgassing Data recorded by QMS with Final SRG
Measurements at R.T.

PO 450274913, 2.12.11

Dr. Vincenc Nemanic

Outgassing Measurements of Glass Plates at Elevated Temperatures

PO 450233251, 3.8.2011

Dr. Vincenc Nemani¢

. Characterization of Microorganism Structures by Advanced Analytical Techniques

BI-ME/10-11-1
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14.

15.

17.

18.

19.

20.

21.

22.

Dr. Zoran Vratnica, Institute of Public Health, Podgorica, Montenegro
Prof. Miran Mozeti¢

Sterilization of Medicine Materials with Gaseous Plasma

BI-ME/10-11-3

Dr. Danijela Vujosevic, Institute of Public Health, Podgorica, Montenegro
Asst. Prof. Uro$ Cvelbar

. Interaction of Highly Dissociated CO2 Plasma with Materials Suitable as Outer

Protective Layers of Future Space Vehichles

PROTEUS 2010 - 2011

BI-FR/10-11-PROTEUS-005

Dr. Marianne Balat-Pichelin, Processes, Materials and Solar Energy Laboratory
(PROMES-CNRS), Font-Romeu Odeillo, France

Asst. Prof. Alenka Vesel

. Improvement of Adhesive Properties of Biomedical Materials by Plasma Treatment

BI-HR/10-11-020

Dr. Morana Jaganjac, Ruder Boskovic Institute, Zagreb, Croatia

Asst. Prof. Alenka Vesel

Plasma Synthesis and Application of Nanowalls

BIJP/11-13-001

Prof. Makoto Sakine, Plasma Nanotechnology Research Centre, Graduate School of
Engineering, Nagoya University, Nagoya, Japan

Asst. Prof. Uro§ Cvelbar

Determination of Interdiffusion Coefficients in Nano-layered Structures by High
Resolution Depth Profiling

BI-CN/11-13-006

Prof. Jiang Yong Wang, Shantou University, Department of Physics, Shantou
Guangdong, China

Asst. Prof. Janez Kova¢

. Plasma Synthesis and Deposition of Quantum Dots

BI-CN/11-13-005

Asst. Prof. Xiaoxia Zhong, Shanghai Jiao Tong University, Shanghai, China

Asst. Prof. Uros Cvelbar

Quantum Dots for Solar Cells

BI-CN/09-11-003

Dr. Xiaoxia Zhong, Shanghai Jiao Tong University, Shanghai, China

Asst. Prof. Uros Cvelbar

Plasma Diagnostics for Applied Research of Dusty Plasmas with Nanoparticles
BI-KR11-12-001

Prof. Choe Wonho, Korea Advance Institute of Science and Technology, Dept. of Physics
/ Dept. of Nuclear & Quantum Eng., Daejeon, Korea

Asst. Prof. Uro§ Cvelbar

Investigation of Microwave Discharges Applicable in Biomedicine and Nanotechnology
BI-HU/11-12-001

Dr. Kinga Kutasi, Research Institute for Solid State Physics Optics, Budapest, Hungary
Prof. Miran Mozeti¢

Dissociation Kinetics in Technological Plasmas

BI-SR/10-11-001

Prof. Zoran Petrovi¢, Institute of Physics, Belgrade - Zemun, Serbia

Prof. Miran Mozeti¢

Nanowires for Photoelectrochemical Energy Conversion and Water Splitting
BI-US/11-12-007

Prof. K. Mahendra Sukara, Oddelek za kemijsko inZenirstvo, University of Louisville,
Conn Center for Renewable Energy Research, Louisville, KY, USA

Asst. Prof. Uro§ Cvelbar

Thermoionic Energy Conversion

BI-US/09-12-021

Prof. Robert Nemanich, Arizona State University, (ASU), Tempe, Arizona, USA

Dr. Vincenc Nemani¢

Department of Surface Engineering and Optoelectronics F-4

R &D GRANTS AND CONTRACTS

L

2.

10.

11

12.

13.

14.
15.
16.

17.

18.
19.

20.

Use of Nanoparticles as Additives in Lubricants and in Tribology

Prof. Maja Remskar

Organic-inorganic thin film structures for electronic components

Asst. Prof. Janez Kovac

Development of treatments and procedures for improvement of hemocompatibility of
polyethylenetereftalate surfaces

Prof. Miran Mozeti¢

A study of plasma parameters for conditioning of the inner surfaces of a fusion reactor
Prof. Miran Mozeti¢

Printed passive electronic components for smart packaging

Asst. Prof. Alenka Vesel

Investigation of gaseous diascharges for introduction of new enviromental friendly
technology for functionalization of semiproduct in capacitor production

Prof. Miran Mozeti¢

Synthesis and functionalization of composite nanobeads for early diagnosis of
neurodegenerative diseases

Asst. Prof. Alenka Vesel

Superhydrophilicity of surfaces and its application in technological processes for
industrial application

Asst. Prof. Uros Cvelbar

Ignition and self-extinguishing of arc in a gas surge arrester at high overvoltages

Dr. Vincenc Nemani¢

Multifunctional nanocomposite coatings and paints

Prof. Miran Mozeti¢

Research and development of integrated overvoltage protection devices based on
gaseous discharger toward a reliable miniature technical solution

Dr. Vincenc Nemani¢

Development of advanced processes for attending high efficient nano modified textile
materials

Dr. Igor Mozeti¢

Multifunctional Nanostructured Films for Artificial Implants - Corrosion and Tribo-
corrosion Processes

Dr. Darinka Kek Merl

Synthesis of nanowires for regenerative energy cells

Asst. Prof. Uro§ Cvelbar

Colour, absorption and protective nanolayer coatings for aluminium alloy

Dr. Peter Panjan

Plasma treatment of vascular grafts

Prof. Miran Mozeti¢

Functionalization of biomedical samples by thermodynamic non-equilibrium gaseous
plasma

Prof. Miran Mozeti¢

Toward ecologically benign alternative for cleaning of delicate biomedical instruments
Asst. Prof. Alenka Vesel

Studa of gaseous deuterium retention and release from metals relevant to ITER

Dr. Bojan Zajec

Preparation of hemocompatible polymeric surfaces for biomedical applications

Dr. Ita Junkar

RESEARCH PROGRAMS

L

2.

Vacuum technique and materials for electronics

Dr. Vincenc Nemanic

Thin film structures and plasma surface engineering
Prof. Miran Mozeti¢

MENTORING
Ph. D. Theses

1.

Gorazd Golob, Elastomer surface energy modification applying oxygen and nitrogen
plasma treatment with laser deactivation of the surface (mentors Mladen Lovrecek,
Miran Mozetic).

Tjasa Vrlini¢, Development of new anti-bioadhesive surfaces for specific
neurodegenerative agents (mentor Miran Mozetic; co-mentor Fabienne Poncin-
Epaillard).

VISITORS FROM ABROAD

L

2.

Dr. Slobodan Milosevi¢, Marijan BiScan, dr. NikSa Krstulovi, Zlatko Kregar, KreSimir
Salamon, Institute of Physics, Zagreb, Croatia, several times

Dr. Primoz Eiselt, dr. Peter Ziegler, dr. Heinz Schmidt, Plasmabull, Lebring, Austria,
several times

Dr. Zoran Vratnica, dr. Danijela Vujosevic, dr. Ljubica Teric, dr. Sanja Medenica, prof. dr.
Boban Mugosa, Institute of public health, Podgorica, Montenegro, several times

Ludvik Kumar, Kolektor Group, Idrija, Slovenia, several times

Prof. dr. Karin Stana Kleinschek, prof. dr. Simona Strnad, Institute of textiles University
of v Maribor, Slovenia, several times

Dr. Nevena Puag, dr. Zeljka Nikitovi¢, Institute of Physics, Belgrade, Serbia, several times
Prof. dr. Zoran Petrovic, Institute of Physics, Belgrade, Serbia , 9-12 Jan. 2011

Dr. Lidija Mrakovcic-Milkovic, dr. Ana Cipak Gasparovic, dr. Morana Jaganjac, Rudjer
Boskovi¢ Institute, Zagreb, Croatia, several times
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10.

12.

Dr. Visakh P.M. Puthanpurachkanchira, Univerza Mahatma Gandhi, Indija, 1 May - 1
Jun. 2011
Prof. Francesco Tabares, dr. Jose Fereira, Institut CIEMAT, Madrid, Spain, 11-24 Aug, 2011

. Prof. Robert J. Nemanich, North Carolina State University, Raleigh, USA, 8-13 Sept. 2011

Prof. dr. Xiaoxia Zhong, Yi Lu, prof. Yiada Wu,, prof. Ning Xu, Univerza Jiao Tong,
Shanghai, Shanghai, 10-16 Sept. 2011

. Prof. dr. Masaru Hori, prof. dr. Hiroki Kondo, prof. dr. Mineo Hiramatsu, prof. dr.

Makoto Sekira, University in Nagoya, Nagoya, Japan, 9-13 Sept. 2011

. Prof. Zoran Petrovic, prof. Gordana Malovic, Nikola Skoro, Maria Savic, Institute of

Physics, Belgrade, Serbia 11-15 Sept. 2011

. Dr. Vladimir Savic, Institute of Physics, Belgrade, Serbia, 4-8 Oct. 2011
. Dr. Kil Byoung Chai, dr. Heesoo Jung, prof. dr. Wonho Choe, Korea Advanced Institute of

Science and Technology, Daegeon, Korea, 23-28 Oct. 2011

. Prof. dr. Marian Lehocky, prof. dr. Vladimir Sedlarik, prof. dr. Ale§ Mracek, Pavel

Kucharczy, Univerza Thomas Bata, Zlin, Czech Republic, 15-18 Nov. 2011

. Prof. dr. Fabienne Poncin, Universite du Maine, Le Mans, France, 5-11 Dec. 2011
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STAFF

Researchers

AN A o

Asst. Prof. Uros Cvelbar
Asst. Prof. Janez Kovac

. Prof. Miran Mozeti¢, Head

Dr. Vincenc Nemanic¢
Asst. Prof. Alenka Vesel
Dr. Bojan Zajec

Postdoctorial associates

7. Dr. Aleksander Drenik
8. Dr.ItaJunkar
Postgraduates
9. Kristina Elersic, B. Sc.

. Gregor Filipic, B. Sc.
. Gregor Jaksa, B. Sc.
. Metod Kolar**

. Martina Modic, B. Sc.

BIBLIOGRAPHY

14.
15.
16.
17.
18.
19.

Borut Pracek, B. Sc.

Gregor Primc, B. Sc.

Nina Recek, B. Sc.

Dr. Tjasa Vrlinic, left 01.11.11
Rok Zaplotnik**

Marko Zumer, B. Sc.

Technical officers

20.
21.

Gregor Avbelj, B. Sc.
Tatjana Filipic, B. Sc.

Technical and administrative staff

22.

RuZica Bolte

23. Janez Trtnik

Note:

w0

ostgraduate financed by industry

ORIGINAL ARTICLES

1. Andrew Das Arulsamy, Zlatko Kregar, Kristina Elersi¢, Martina Modic,

N

w

(%2}

>

~

10.

11.

Uma Shankar Subramani, "Polarization induced water molecule
dissociation below the first-order electronic-phase transition
temperature”, PCCP. Phys. chem. chem. phys. (Print), vol. 13, no. 33, pp.
15175-15181, 2011.

. Marianne Balat-Pichelin, Alenka Vesel, Miran Mozeti¢, "Microwave
discharge as an effective tool for surface treatment of small samples”,
IEEE trans. plasma sci., vol. 39, no. 11, part 1, pp. 2064-2065, 2011.

. Maria Calafat, Pavel Yuryev, Aleksander Drenik, Aref Slim, Richard

Clergereaux, "Carbon nanoparticle/hydrogenated amorphous carbon

composite thin films formed in ECR plasma", Plasma processes polym.

(Print), vol. 8, no. 5, pp. 401-408, 2011.

Uros Cvelbar, "Removal of a thin hydrogenated carbon film by oxygen

plasma treatment", Mater. tehnol., vol. 45, no. 3, pp. 179-183, 2011.

. Uro$ Cvelbar, "Towards large-scale plasma-assisted synthesis of

nanowires", J. phys., D, Appl. phys., vol. 44, pp. 174014-1-174014-9,

2011.

Uros Cvelbar, Ita Junkar, Martina Modic, "Hemocompatible

poly(ethylene terephthalate) polymer modified via reactive plasma

treatment”, In: Proceedings of the 7th International Conference on

Reactive Plasmas, 28th Symposium on Plasma Processing, 63rd

Gaseous Electronics Conference, Paris, Jpn. J. Appl. Phys., vol. 50, no. 8,

pp. 08JF02-1-08]JF02-5, 2011.

. Aleksander Drenik, Kristina Elersi¢, Martina Modic, Peter Panjan,
"Probability of recombination and oxidation of O atoms on a-C:H",
Mater. tehnol,, vol. 45, no. 3, pp. 281-285, 2011.

. Aleksander Drenik, Alenka Vesel, Arkadi Kreter, Miran Mozetic,
"Recombination of hydrogen atoms on fine-grain graphite", Appl. surf.
sci., vol. 257, no. 13, pp. 5820-5825, 2011.

. Aleksander Drenik, Pavel Yuryev, Richard Clergereaux, "Trajectories of

dust particles in low-pressure magnetized plasma", IEEE trans. plasma

sci., vol. 39, no. 11, part 1, pp. 2734-2735, 2011.

Kristina Elersi¢, Ita Junkar, Martina Modic, Rok Zaplotnik, Alenka

Vesel, Uro$ Cvelbar, "Modification of surface morphology of graphite

by oxygen plasma treatment”, Mater. tehnol., vol. 45, no. 3, pp. 232-

239,2011.

Kristina Eler3i¢, Ita Junkar, Ale$ Spes, Danijela Vujosevié, Zoran

Vratnica, Uro$ Cvelbar, "Etching of bacterial capsule and cell wall by

oxygen plasma afterflow”, IEEE trans. plasma sci., vol. 39, no. 11, part

1, pp. 2972-2973,2011.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kristina Elersi¢, MatevZ Pi¢man, Nina Hauptman, Uro$ Cvelbar, Miran
Mozetic, "Interaction of oxygen species With graphene and pyrolytic-
graphite surfaces", IEEE trans. plasma sci., vol. 39, no. 11, part 1, pp.
2812-2813, 2011.

Mojca Friskovec, Rahela Kul¢ar, Nina Hauptman, Alenka Vesel, Marta
Klanjsek Gunde, "Svetolobna obstojnost termokromnih odtisov",
Vakuumist, vol. 31, no. 2, pp. 9-13, 2011.

C. Ionita et al. (15 authors), "The use of emissive probes in laboratory
and tokamak plasmas”, In: PLASMA diagnostics 2010, Pont-a-
Mousson, France, Contrib. Plasma Phys., vol. 51, no. 2/3, pp. 264-270,
2011.

Ivan Jerman, Mohor Mihel¢i¢, Dejan Verhovsek, Janez Kovac, Boris
Orel, "Polyhedral oligomeric silsesquioxane trisilanols as pigment
surface modifiers for fluoropolymer based Thickness Sensitive
Spectrally Selective (TSSS) paint coatings”, Sol. energy mater. sol. cells,
vol. 95, iss. 2, pp. 423-431, 2011.

Ita Junkar, Uro$ Cvelbar, Marian Lehocky, "Plasma treatment of
biomedical materials”, Mater. tehnol., vol. 45, no. 3, pp. 221-226, 2011.
P. Jyotishkumar, Jiirgen Pionteck, Rudiger Hassler, Martin George
Sajeev, Uro$ Cvelbar, Thomas Sabu, "Studies on stress relaxation and
thermomechanical properties of poly(acrylonitrile-butadiene-styrene)
modified epoxy-amine systems", Ind. eng. chem. res., vol. 50, no. 8, pp.
4432-4440, 2011.

P. Jyotishkumar, Jiirgen Pionteck, Ceren Ozdilek, P. Moldenaers, Uro$
Cvelbar, Miran Mozeti¢, Sabu Thomas, "Rheology and pressure-
volume-temperature behavior of the thermoplastic poly(acrylonitrile-
butadiene-styrene)-modified epoxy-DDS system during reaction
induced phase separation”, Soft matter, vol. 7, issue 16, pp. 7248-7256,
2011.

Andraz Kocjan, Simon Kovaci¢, Anton Gradi$ek, Janez Kovac¢, Paul J.
McGuiness, Tomaz Apih, Janez Dolin$ek, Spomenka Kobe, "Selective
hydrogenation of Ti-Zr-Ni alloys", Int. j. hydrogen energy, vol. 36, issue
4, pp. 3056-3061, 2011.

Janez Kovac, "Surface characterization of polymers by XPS and SIMS
techniques", Mater. tehnol., vol. 45, no. 3, pp. 191-197, 2011.

Zlatko Kregar, Marijan Bi$¢an, Slobodan Milosevi¢, Alenka Vesel,
"Monitoring oxygen plasma treatment of polypropylene with optical
emission spectroscopy", IEEE trans. plasma sci., vol. 39, n. 5, pp. 1239-
1246,2011.

Zlatko Kregar, Alenka Vesel, Slobodan Milosevi¢, "Optical emission
from oxygen plasma in E and H modes", IEEE trans. plasma sci., vol. 39,
no. 11, part 1, pp. 2502-2503, 2011.
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24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
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36.

37.

38.

39.

40.

41.

Pavel Kucharczyk, Ida Poljansek, Vladimir Sedlarik, Vera Kasparkova,
Alexandra Salakova, Jan Drbohlav, Uros Cvelbar, Petr Saha,
"Functionalization of polylactic acid through direct melt
polycondensation in the presence of tricarboxylic acid", J. appl. polym.
sci.,, vol. 12, no. 2, pp. 1275-1285, 2011.

Roman Kuni¢, Mohor Mihelci¢, Boris Orel, Lidija Slemenik Perse, Ales
Bizjak, Janez Kovac, Stefan Brunold, "Life expectancy prediction and
application properties of novel polyurethane based thickness sensitive
and thickness insensitive spectrally selective paintcoatings for solar
absorbers", Sol. energy mater. sol. cells, vol. 95, no.11, pp. 2965-2975,
2011.

Paul J. McGuiness, Miha Cekada, Vincenc Nemani¢, Bojan Zajec,
Aleksander Re¢nik, "Hydrogen permeation through TiAIN-coated
Eurofer '97 steel", Surf. coat. technol., vol. 205, no. 8/9, pp. 2709-2713,
2011.

Momir Milosavljevi¢, Velimir Milinovi¢, Dalibor Perusko, A. Gree,
Milica Stojanovi¢, D. Pjevi¢, Miodrag Mitri¢, Janez Kovac, K. P.
Homewood, "Stability of nano-scaled Ta/Ti multilayers upon argon ion
irradiation", Nucl. instrum. methods phys. res., B Beam interact. mater.
atoms, vol. 269, no. 19, pp. 2090-2097, 2011.

Tamilselvan Mohan, Rupert Kargl, Ale$ Doliska, Alenka Vesel, Stefan
Kostler, Volker Ribitsch, Karin Stana-Kleinschek, "Wettability and
surface composition of partly and fully regenerated cellulose thin films
from trimethylsilyl cellulose", J. colloid interface sci., vol. 358, iss. 2, pp.
604-610, 2011.

Miran Mozeti¢, "Characterization of extremely weakly ionized
hydrogen plasma with a double langmuir probe", Mater. tehnol., vol.
45, no. 5, pp. 457-462, 2011.

Miran Mozeti¢, "Extremely non-equilibrium oxygen plasma for direct
synthesis of metal oxide nanowires on metallic substrates", J. phys., D,
Appl. phys., vol. 44, no. 17, pp. 174028-1-174028-9, 2011.

Miran Mozeti¢, Alenka Vesel, Daniel Alegre, Francisco L. Tabarés,
"Destruction of methane in low-pressure, electrodeless radio
frequency plasma on quartz walls", J. appl. phys., vol. 110, no. 5, pp.
053302-1-053302-10, 2011.

Miran Mozeti¢, Zoran Vratnica, "Destruction of Bacillus
stearothermophilus bacteria by weakly ionized low pressure cold
oxygen plasma”, In: Proceedings of the Salamanca-2010, 11th
European Vacuum Conference, EVC-11, 8th Iberian Vacuum Meeting,
IVM-8, 6th European Topical Conference on Hard Coatings, Salamanca,
Spain, Vacuum, vol. 85, no. 12, pp. 1080-1082, 2011.

Vincenc Nemani¢, Bojan Zajec, Marko Zumer, Corneliu Porosnicu,
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121-124, 2011.

Alenka Vesel, "Hydrophobization of polymer polystyrene in fluorine
plasma", Mater. tehnol., vol. 45, no. 3, pp. 217-220, 2011.
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1. Tja$a Vrlini¢, Development of new anti-bioadhesive surfaces for specific
neurodegenerative agents: doctoral dissertation, Ljubljana, [T. Vrlinic],
2011.

PATENT

1. Kristina Elersi¢, Miran Mozetic, Alenka Vesel, Janez Pavli¢, Ales Iglic,
Andrej Znidarsi¢, Aljo$a Koak, Method for synthesis of magnetic
liposomes in electric field, S123095 (A), Urad RS za intelektualno
lastnino, 31.1.2011.

PATENT APPLICATIONS

1. Gregor Primc, Miran Mozeti¢, Method for dynamic control of neutral
atoms in a plasma chamber and a device for working hard materials
using this method, P-201100023, Urad RS za intelektualno lastnino,
19.1.2011.

2. Rok Zaplotnik, Alenka Vesel, Miran Mozeti¢, Method and device for
excitation of high-frequency gas plasma, P-201100025, Urad RS za
intelektualno lastnino, 20.1.2011.
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DEPARTMENT OF SOLID STATE
PHYSIGS

F-5

Our research program is focused on the study of the structure and dynamics of disordered and
partially ordered condensed matter at the atomic and molecular levels, with a special emphasis
on phase transitions. The purpose of these investigations is to discover the basic laws of physics
governing the behaviour of these systems, which represent the link between perfectly ordered
crystals, onthe one hand, and amorphous matter, soft condensed matter and living systems, on the
other. Such knowledge provides the key to our understanding of the macroscopic properties of these
systems and is an important condition for the discovery and development of new, multifunctional
materials, nanomaterials and biomaterials for new applications. Animportant part of the research
program is devoted to the development of new experimental methods and techniques in the field
of magnetic resonance, magnetic resonance imaging, fluorescence microspectroscopy, scanning
tunnelling, electronic and atomic force microscopy, as well as dielectric relaxation spectroscopy
and dynamic specific heat measurements.
Head:
The experimental techniques used are: Prof. Igor Musevi¢
— One(1D)and two (2D) dimensional nuclear magnetic resonance (NMR) and relaxation, as well as quadrupole
(NQR) resonance and relaxation,
—  Multifrequency NMR in superconducting magnets of 2T, 6T and 9T, as well as the dispersion of the spin-lattice
relaxation time T, via field cycling,
— Nuclear double resonance and quadrupole double resonance such as 70-H and “N-H,
— TFast field cycling NMR relaxometry,
—  Frequency-dependent electron paramagnetic resonance (EPR) and 1D and 2D pulsed EPR and relaxation
— MR imaging and micro-imaging
— Measurement of the electronic transport properties
— Magnetic measurements.
—  Fluorescence microscopy and microspectroscopy
— Linear and non-linear dielectric spectroscopy in the range 102 Hz to 10° Hz,
—  Electron microscopy and scanning tunnelling microscopy,
—  Atomic force microscopy and force spectroscopy,
—  Dynamic specific heat measurements.

The research program of the Department of Solid State Physics at the “JoZef Stefan Institute” is performed
in close collaboration with Department of Physics at the Faculty of Mathematics and Physics of the University of
Ljubljana, Institute of Mathematics, Physics and Mechanics and the J. Stefan International Postgraduate School.
In 2011, the research was performed within three research programs:

— Magnetic resonance and dielectric spectroscopy of smart new materials
—  Physics of Soft Matter, Surfaces and Nanostructures
— Experimental Biophysics of Complex Systems

L Research programme “Magnetic resonance and dielectric spectroscopy of smart new materials”

The research of the program group Magnetic Resonance and Dielectric Spectroscopy of Smart New Materi-
als has focused on the study of the structure and dynamics of disordered and partially ordered condensed matter
at the atomic and molecular levels with a special emphasis on phase transitions. The purpose of the investigations
was to discover basic laws of physics governing the behaviour of these systems, which represent a link between
perfectly ordered crystals, on the one hand, and amorphous matter, soft condensed matter and living systems, on
the other. The knowledge provides the key to the understanding of the macroscopic properties of these systems and
is an important condition for the discovery and development of new, multifunctional materials and nanomaterials
for new applications.
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In 2011, the investigations were directed to the following research fields:

Quasicrystals and complex metallic alloys

The tetragonal o phase and the hexagonal (%ex) phase in the Mn-Si-V(Cr) transition-metal alloy systems
are stable approximant phases of a dodecagonal (12-fold) quasicrystal that can be prepared in bulk quantities. We
have synthesized samples of the o and /zex phases of the composmon Mn,Si, Cre and determined their magnetic

The group has investigated important open
issues in the physics of unconventional
superconductivity in strongly correlated electron
systems, the physics of magnetically frustrated
systems, the magnetism of dodecagonal
approximant phases and transport phenomena
in heavy-fermion conductors. The group has
also discovered novel multiferroic-, relaxor-
and liquid-crystalline materials and developed
and optimized techniques for the detection

of explosives, drugs and pharmaceutical
substances by magnetic resonance methods.

properties. In o-Mn., i, a spin- freezmg transition to a canonical spin
glass phase was detecteé3 be?ow T~ 8 K, characterized by a maximum in
the zero-field-cooled susceptibility, a frequency-dependent cusp in the ac
susceptibility, M (H) hysteresis and ultraslow time decay of the thermore-
manent magnetization. In contrast, no spin glass transition was observed in
the Zex-Mn. SiyoCr phase down to the lowest investigated temperature of 2
K. The analysis of the susceptibility has shown that the coupling of spins in
both phases is antiferromagnetic (AFM), but the coupling strength is consid-
erably stronger in the o phase. Since both phases are structurally described
by the triangle-square tiling scheme related to that of the dodecagonal
quasicrystal, which imposes geometric frustration of the AFRM-coupled spins
on triangles, the absence of a spin-glass transition in the hex—Mn76Sils(1r6
could be due to the shifting of this transition below the lowest temperature
of our experimental setup, as a consequence of weaker spin coupling and the
smaller moment sizes in the /zex phase. In both investigated samples, tiny

Mn,0, inclusions that undergo a transition to a ferrimagnetic phase at 7', ~ 42 K were detected
in tlgqe magnetic signal. Geometric frustration of the interactions between the AFM-coupled spins

placed at the vertices of the triangle-square tiling should be a general feature of dodecagonal
quasicrystals and their approximants, so that spin-glass-type ordering is expected to occur quite
commonly in the dodecagonal phases. The work was published in Kashimoto et al., Pys. Rev.

B 84,224201(2011).

Geometrical frustration on triangular lattices

The geometrical frustration of spin lattices leads to exotic collective magnetic ground states. A.
Zorko and collaborators from Institut Néel, CNRS and Université Joseph Fourier, Grenoble, France
investigated the ground state and magnetic excitations of a triangular lattice of triangles, realized
inBa,NbFe,Si,0,. This spin-5/2 iron system features a unique single-domain, double-chiral ground
state (trmngular chirality of the order on each triangle and helicity of the order between planes).
Employing inelastic neutron scattering they have discovered an unprecedented dynamical signature
of the chiral ground state - a magnetic excitation branch that is completely chiral in the whole

Figure 1: Traingular distribution of Mn and Cr
spins in the dodecagonal approximant phase in
Mn-SiCr.

energy range. The paper was published in M. Loire et al., Phys. Rev. Lett. 106, 207201 (2011).
Using electron spin resonance they have also unveiled the microscopic mechanism responsible
for the selection of the ground state in this system. The discovery was published in A. Zorko et

al,, Phys. Rev. Lett. 107, 257203 (2011). A. Zorko and coworkers from IJS in collaboration with
Institute of Inorganic Chemistry, RWTH Aachen University, Aachen, Germany also investigated
the ground state of the spatially anisotropic triangular lattice CuNCN. In this novel quantum
spin system, the magnetism is surprisingly suppressed. Local-probe studies including muon spin
relaxation, electron spin resonance and nuclear magnetic resonance have shown that magnetic
ordering is missing in this system down to the lowest experimentally accessible temperatures and
that the magnetism is inhomogeneous. These findings were published in A. Zorko et al., Phys.
Reu. Lett. 107, 047208 (2011).

Superconductivity in iron-based systems
We studied the family of high-temperature, iron-based superconductors Na FeAs character-
ized by different sodium contents. We found that below 45 K all members of the famﬂy undergo

Figure 2: (a) Disappearance of the muon
polarization att = 0 resulls from a graduate spin
Jreezing in CuNCN below 80 K. (b) Temperature
dependence of the frozen-spin fraction reveals an
unusually broad region of the inhomogeneous
phase.

a transition into the spin-density-wave magnetic ordered state, where the portion of the Fermi
surface remains gapless. This portion is directly related to the superconducting fraction, as de-
duced from the bulk susceptibility under 12 K. Our findings are consistent with the theories of
coexisting magnetic order and superconductivity. The work was published in M. KlanjSek et al.,
Phys. Rev. B 84, 054528 (2011).
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Spin ladders and chains

M. KlanjSek with colleagues from the international collaboration of groups (IJS, University of Geneva, PSI
Villingen etc.) continued to study the material (C.H,N),CuBr, containing spin ladders and thus belonging to
the family of one-dimensional antiferromagnets. They developed a theory that successfully captures the whole
phase diagram of the material obtained from measurements of nuclear magnetic resonance, neutron diffraction
and specific heat. The work was published in P. Bouillot et al., P/ys. rev. B 83, 054407 (2011). M. Klanjsek with
colleagues from LNCMI Grenoble studied the magnetic order in the natural mineral azurite containing diamond
chains of spins and thus belonging to the family of one-dimensional antiferromagnets. They focused on the region
of low temperatures and high magnetic fields, between the one-third magnetization plateau and full magnetization.
They found that the magnetic order is not determined by the incommensurate longitudinal correlation function
as predicted by some theories. Instead, the spins order antiferromagnetically in a direction perpendicular to the
magnetic field. The work was published in F. Aimo et al., P/zys. Rev. B 84, 012401 (2011).

Investigations of dielectric response of relaxors in dc bias electric fields

Changes in the dynamic processes of relaxors due to a dc bias electric field have been studied in the reduced
P(VDF-TrFE), a copolymer system where relaxor-like behaviour in the crystalline part can be separated from the
glassy processes in the amorphous matrix, and which is very interesting as its melting point is at about 200°C
(100 degrees higher than in any previously known relaxor polymer). Strong electric field dependence of the Vogel-
Fulcher temperature and the activation energy has been detected. A comparison of the results with those obtained
in a classical inorganic relaxor, PLZT ceramics, revealed that the nonlinear dielectric susceptibility dominantly
influences the dielectric dynamics of relaxors in dc bias electric fields. We have additionally found that even a low
bias voltage effectively blocks the ac electrical conductivity of the studied copolymer. Published in V. Bobnar et al.,
Phys. Rev. B 83, 132105 (2011).

Investigations of the influence of preparation conditions on the dielectric behaviour
of CCTO thin films

Theinfluence of the preparation conditions on the dielectric properties of CaCu,Ti,0,, (CCTO)
thin films was studied by detailed dielectric investigations in broad temperature and frequency
ranges. Experimental results, obtained in various CCTO thin films prepared by chemical solution
deposition, and analyses in terms of the equivalent circuit reveal that the preparation conditions
govern the distinctive contributions of insulating grain boundaries and semiconducting grains
in different temperature and frequency ranges. With a proper post-annealing process, a dielectric
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Figure 3: Dielectric constant of CCTO thin films

constant over 3000 was obtained in films with a thickness below 500 nm. In addition, the electrical ¢, function of the temperature and frequency:
conductivity results reveal that one-dimensional variable range hopping is the dominating transport - experimental results (left) and response modelled
mechanism in CCTO thin films. Published in A. Erste et al, /. Am. Ceram. Soc. 94,3900 (2011).  in terms of the equivalent electrical circuit (right).

High-temperature dielectric investigations of inorganic relaxor systems

We have continued high-temperature dielectric investigations of classical inorganic relaxors,
which revealed astonishing results, i.e., they contradict widely accepted dogmas on relaxor
properties. The results clearly reveal that polar nanoregions do not form at the so-called Burns
temperature (approx. 600 K), but are continuously formed in a broad temperature range, starting
well above 800 K. Furthermore, a detailed analysis of the critical behaviour undoubtedly shows
that the mean-field description, used up to now, can be rejected with a high level of confidence.

Figure 4: Electric-field and temperature
dependence of the electrocaloric responsivity in the

Published in (invited paper) V. Bobnar et al., IEEE Trans. Ultrason. Ferroelectr. Freq. Control yicinity of the critical point.

58, 2270 (2011).

Study of nanostructural materials and materials with large electrocaloric and thermomechanical effects

By using high-resolution calorimetry we show, via direct measurements, that the electrocaloric responsivity is
maximal in the vicinity of the critical point in bulk perovskite relaxors (Figure 4) and that a secondary pyroelectric
effect significantly enhances the electrocaloric response. These findings are important for the future engineer-
ing of enhanced electrocaloric materials. In a book chapter we show how to influence the thermomechanical
response of the liquid crystal elastomers by changing the crosslinker density and the crosslinking temperature.
We continue with the experimental and theoretical research of the liquid crystal third blue phase stabilization in
a broad temperature range by the addition of the functionalized nanoparticles. Results have been published in 17
articles in international scientific journals.
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Figure 5: Structure of CsH(PO,),

74

Hydrogen-storage materials

As a part of the investigations of hydrogen-storage materials, we have studied the Ti-Zr-Ni
system, where it was discovered, that the atomic ratios influence the hydrogen-absorption proper-
ties. Although these systems typically absorb around 1.5 mass % of hydrogen, we found a so-called
“zero zone” area in the phase diagram, where the absorption is essentially zero. An analysis
revealed that the surface oxide layer in the samples from the zero zone is significantly thicker in
comparison to the samples outside the zone. By means of nuclear magnetic resonance, we have
demonstrated that the electron density of state does not differ between both types of samples,
therefore the differences in the electronic structure cannot account for the different oxide layer
formation. The work was published in A. Kocjan et al., Innt. J. Hydrogen Energy. 36, 3056 (2011).

Superionic conductors

We have studied hydrogen dymamics in caesium pentahydrogen diphosphate, CsH,(PO,),.
Our goal was to find out why this particular system does not enter the superprotonic phase upon
heating, in contrast to many related compounds that exhibit such a phase. The analysis of spin-
lattice relaxation time revealed activatione energies for different dynamic processes in the crystal
(hydrogen hopping between hydrogen bonds and hydrogen hopping, assisted by PO, tetrahedra
rotations). Because of the peculiar structure, the crystal melts upon heating even before the super-
protonic phase appears. Published in A. GradiSek etal., /. Phys. Condens. Matter: 23,085901 (2011).

NMR studies of liquid crystals

We have investigated the effects of chiral molecules on molecular dynamics to the model 5CB
liquid crystal. We have measured the temperature and frequency dependence of the spin-lattice
relaxation time using a superconducting and fast field-cycling magnet. Three systems were studied:
pure 5CB, pure chiral 5CB*, and a mixture of 12% 5CB* in 5CB. The analysis revealed the changes
in the molecular dynamics after the addition of chiral molecules (Figure 6). In the isotropic phase,
there are two mechanisms contributing to the relaxation - molecular rotations and self-diffusion.
In the nematic phase, these two processes are joined by fluctuations of the order parameter. After
the addition of chiral molecules, another mechanism takes effect, namely rotations mediated by
translational displacements along the helical axis. The correlation time for this motional process
can be connected to the helical pitch of the system that can be independently determined using
polarizing optical microscopy. Published in P. . Sebastiao, /. Phys. Chem. B 115, 14348 (2011).

NMR double-resonance studies of organic compounds
In 2011 we studied organic ferroelectrics and antiferroelectrics, hydrogen bonds and pharma-
ceutical substances. We published two papers related to organic ferroelectrics and antiferroelectrics.

Figure 6: Temperature dependencies of the spin- 1 e paper entitled 70 NQR and *C NMR study of hydrogen bonded ferroelectric croconic acid”

lattice relaxation times of all three samples at a

Larmor frequency 100 MHz.

(J. Seliger, ]. Plavec, P. Sket, V. Zagar, R. Blinc, Phys. Status Solidi B 248, 2091-2096 (2011)) we
report on the results of an NQR study of proton order in hydrogen bonds 0-H...0 in croconic acid,
an organic ferroelectric with the largest spontaneous polarization known till now. In the second paper entitled
“A 14N nuclear quadrupole resonance study of phase transitions and molecular dynamics in hydrogen-bonded
organic antiferroelectrics 55DMBP-H2ca and 1,5-NPD-H2ca” (J. Seliger et al. Phys. Chem. Chem. Phys., 2011, 13,
9165-9172), prepared together with prof. Tetsuo Asaji from Tokyo and his coworkers, we investigated antiferro-
electric phase transitions in two binary hydrogen-bonded organic antiferroelectrics where chloranilic acid is the
hydrogen bond donor whereas bipyridine and naphthyridine are the hydrogen-bond acceptors. We measured the
proton order parameter in the bifurcated hydrogen bonds and studied a conformational exchange in bipyridine. In
3,5-pyridine dicarboxylic acid we have by “N 70 in H NQR investigated the short N...H...0 hydrogen bond where
a phonon-driven proton transfer occurs. We determined the proton position in the hydrogen bond as a function of
the temperature. The results are published in the paper entitled “Phonon-Driven Proton Transfer in 3,5-Pyridine
Dicarboxylic Acid Studied by *H, “N, and 70 Nuclear Quadrupole Resonance” (J. Seliger, V. Zagar, J. Phys. Chem. A
2011, 115, 11652-11656). In a review paper entitled “Nuclear Quadrupole Resonance Study of Hydrogen Bonded
Solid Materials” (J. Seliger, Acta Chim. Slov. 2011, 58, 471-477)) we report on the 170 and 14N NQR studies of
hydrogen bonds and on the correlations observed between the structural and NQR parameters. We investigated two
pharmaceutical substances by clioquinol and cloxiquine NQR. In the paper entitled “Supramolecular synthon pattern
in solid clioquinol and cloxiquine (APIs of antibacterial, antifungal, antiaging and antituberculosis drugs) studied
by 3CI NQR, 'H-"0 and 'H-“N NQDR and DFT/QTAIM” (J. N. Latosifiska et al. J. Mol. Model 2011, 17, 1781-1800)
we together with dr. Jolanta Latosinska and her coworkers from Poznan report on the study of these compounds
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by NQR and quantum chemical calculations in relation to the differentiation between crystal polymorphs and to
the study of intermolecular hydrogen bonds.

NQR excitation sequences for portable devices
Nuclear quadrupole resonance has a great potential for applied use. Its main advantages are: the
technique is non-invasive, has a big specificity for the identification of various solid materials and
requires relatively simple equipment, especially when compared to nuclear magnetic resonance.
The biggest element which is required for standard NQR operation is the RF amplifier, with typical
powers of 500 W for small coils and up to 10 kW for very large coils. To reduce the size and power
requirements of this element, and thus increase portability, we have been developing several
techniques of non-standard excitation. The most effective method found so far is excitation with
WURST pulses, which require up to 100 times less power than conventional rectangular pulses.
We have experimentally demonstrated the efficiency of the sequence by using only 2.5 W for a Figure 7: N NOR spectra of the explosive TNT when

successful detection of the explosive TNT with N NQR. Published in A. GregoroviC et al., /. Mag. detected with 2.5 W of RF power: The full spectrum
Res. 209, 79 (2011). is excited with WURST pulses (dashed line),
whereas only a partial excitation is achieved with

New method for synthesizing Au nanoparticles standard, rectangular pulses (solid line).

A new method of synthesizing nanoparticle-functionalized nanostructured materials via
Aerosol-Assisted Chemical Vapour Deposition has been developed. The co-deposition of Au nano-
particles with WO, nanoneedles has been used to deposit a sensing layer directly onto gas sensor
substrates prowdmg devices with a six-fold increase in the response to low concentrations of
ethanol (1.5 ppm at °C). Published in S. Vallejos et al., Chemical Communications 47, 565(2011).

Nanoscale spectroscopy with polarized X-rays by NEXAFSTXM Figure 8: HRTEM images of (a) WO, nanoneedle
Near-edge X-ray absorption spectroscopy (NEXAFS) is an essential analytical tool in material %i#hAu nanoparlicles on the surface and (b) close

science. Combining NEXAFS with scanning transmission X-ray microscopy (STXM) adds spatial up of Au nanoparticies

resolution and the possibility to study individual nanostructures. In this work, we described a full-field transmission

X-ray microscope (TXM) that generates high resolution, large-area NEXAFS data with a collection rate that is two

orders of magnitude faster than is possible with STXM. The TXM optical design combines a spectral resolution of

E/DE5 13104 with a spatial resolution of 25 nm in a field of view of 15-20 mm and a data acquisition time of ~1 s

(Figure 9). As an example, we present image stacks and polarization-dependent NEXAFS spectra from individual

anisotropic sodium and protonated titanate nanoribbons ((Na,H)TiNRs, HTiNRs)). The combined NEXAFS-TXM

technique has the advantage that one image stack visualizes a large number of nanostructures and therefore already

contains statistical information. This new high-resolution NEXAFS-TXM technique opens the way to advanced

nanoscale science studies. This was recognized by the editors of Nature Photonics, who accepted the paper entitled

“Nanoscale spectroscopy with polarized X-rays by NEXAFS-TXM” for publication.

Liquid-crystalline elastomers

A new type of liquid single-crystal elastomer forming a chiral smectic A* phase has been
prepared using chiral lactic acid derivative as a comonomer. This elastomer possess orthogonal
paraelectric SmA* and ferroelctric SmC* phases over a broad temperature interval. We also syn-
thesized and characterized composites of liquid single-crystal elastomers and MoO,  nanowires,
homogeneously distributed across the surface of the soft matrix. We have demonstrated that, using
a conventional two-step polymerization approach, the nanowires are preferentially aligned along
the nematic director. Published in V. Domenici et al., /. Mater. Sci. 46,3639 (2011).

Polymer dynamics studied by NMR
The velocity autocorrelation spectrum of the polybutadiene polymer segmental motion has
been worked out according to the Rouse and the tube/reptation model to compare it to the experi-
mental results obtained by the new NMR modulated gradient spin-echo method. The analysis of Figure 9: Workflow for NEXAFS-TXM
polybutadiene shows the segmental autocorrelation spectrum typical for the reptation-like motion  #easurements.
of a polymer in a “tube”. Published in Macromol. Symp. 305, 55(2011).
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II. Research programme “Physics of Soft Matter, Surfaces, and Nanostructures”

The investigations of the research program “Physics of Soft Matter, Surfaces, and Nanostructures” are focused
on novel complex soft-matter systems and surfaces with specific functional properties. We investigated in particular

In 2011, an important achievement was the
discovery of knots and links in chiral nematic
colloids. The group has investigated skyrmion
defects in liquid-crystal blue phases, studied
the stabilization of blue phases by colloidal
dispersion, and has investigated the topological
properties of nematic braids. Members of the
group have also investigated a ciliary beating
pattern, analysed the optical properties of
exfoliated MoS, nanotubes and developed liquid-
crystal technology.

liquid-crystalline elastomers and dendrimers as novel multifunctional ma-
terials, nematic colloids, molecular motors, soft-matter photonic crystals
and novel synthetic or self-assembled micro-and nano-structures. The aim
of the program is to understand the structural and dynamical properties
of these systems, their interactions, their function at the molecular level,
and self-assembly mechanisms in soft matter. The underlying idea is that
it is possible to understand complex mechanisms, such as self-assembly,
onamacroscopic level, using a simplified physical picture and models. In
order to provide a comprehensive approach to the problem, the program
combines both experimental and theoretical investigations, supported
by modelling and simulations. Special emphasis is given to the possible
electro-optic and medical applications.

Knots and links in chiral nematic liquid crystals

In a paper entitled “Reconfigurable Knots and Links in Chiral Nematic Colloids”, U. Tkalec et al, Sciernce 333,
62(2011), we report on an experimental observation and theoretical interpretation of knots and links in a colloidal
mixture of glass microspheres in a chiral nematic liquid crystal. We have found that defect loops can spontane-
ously form a variety of knotted and linked structures. We have used laser tweezers to analyse the structure of these
microscopic knots and links, and we could change their configuration by applying a strong and localized laser
light. A theoretical approach, combing a phenomenological theory and topology has been used to explain and

Figure 10: President of the Republic of Slovenia, Dr
Danilo Tiirk, visited . Stefan Institute and the Soft
Matter Physics Laboratory of the Solid State Physics
Department on October 17, 2011. The President
met and congratulated the authors of the Science

analyse the structure of the observed knots and links. We have observed that knots and links of
arbitrary complexity could be formed in the chiral nematic colloids. Knots and links are objects
studied within the mathematical discipline of mathematics, topology, and have always played an
important role in human history. They were used in building, sailing, handcraft and art. The work
of Tkalec et al. is not only a rare example of the realization of an abstract mathematical theory in
Nature, but also has a potential practical impact. The authors are considering liquid-crystal knots
and links to be used for the binding and fabrication of photonic microstructures that could control
the flow of light in soft matter.

Stabilization of blue phases with dispersed colloidal particles: Modelling and simulations
show that the dispersion of colloidal particles in blue phases (BPI & BP IT) leads in principle to 3D
colloidal crystals exhibiting the same symmetry as the underlying orientational ordering lattice.
Using particles with weak surface anchoring the blue phase stability range substantially increases
(Fig.SZ1). Such colloidal arrays are in fact photonic crystals that would have an advantage over
pure blue phases because particles with specific optical, electric, and magnetic properties introduce

paper on knots and links in liquid crystals for their possibilities for additional manipulation. Published in Ravnik et al., Proc. Nat. Acad. Sci. U. S.

Success.

4. 108, 5188(2011).

Skyrmion lattices in confined blue phases: We showed theoretically, with the aid of numerical methods, that
a highly chiral nematic liquid crystal can accommodate a quasi-two-dimensional Skyrmion lattice as a thermo-
dynamically stable state, when it is confined to a thin film between two parallel surfaces imposing normal align-

Figure 11: Increase of the stability range of
colloidal BPI & BPII phases (red lines and circles)
in comparison to pure BPI & BPII phases (black
lines and circles ).
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ment (Fig.SZ2). A chiral nematic liquid-crystal film can thus serve as a model Skyrmion system,
allowing a direct investigation of their structural properties by a variety of optical techniques at
room temperatures that are far less demanding than for Skyrmion systems discussed previously
in two-dimensional electron gases exhibiting the quantum Hall effect, chiral ferromagnets, and
Bose-Einstein condensates. Published in J. Ichi Fukuda, S. Zumer, Nature Communications 2,
art. no. 246(2011). We expect these soft-matter structures to be relevant for photonic applications.

Topological invariants of nematic braids: Coupling geometrical and topological aspects of
disclination loops that are in fact ribbons with the three fold symmetry led to the introduction of
anew topological invariant - self-linking number as the sum of writhe and twist. We also unveil a
simple rewiring scheme for the orthogonal crossing of two 3-fold ribbon disclinations, based on
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a tetrahedral rotation of two relevant disclination segments, which allows us to predict possible
nematic braids and calculate their self-linking numbers. Complex nematic braids with knots and
links of disclinations with three-fold symmetry that can entangle homeotropic colloidal particles
in nematic and chiral nematic phases can be with this formalism completely classified. Published
in'S. Copar and S. Zumer, Phys. Rev. Lett.106, 177801(2011).

Early-stage domain coarsening of the isotropic-nematic phase transition: We performed
a Brownian molecular dynamics simulation of the early-stage domain-coarsening dynamics of
the temperature-driven isotropic-nematic liquid-crystal phase transition. We show that soon after
the transition a bimodal distribution of domains appears, where the shorter branch gradually Figure 12: Blue:phase skyrmion defect lattice. In
vanishes. The behaviour of the system is in accordance with the predictions of the Kibble-Zurek re;i;lre ! Ze dey%zt are;zs ()j;dep ressiq 2Vdekt wh z/e; ¥
mechanism, which was originally introduced to model conditions in the early universe. Published white and grey bars denole nematic director field.
in Z. Bradac etal., /. Chem. Phys. 135, 024506(2011).

Finding the ciliary beating pattern with optimal efficiency: Many biological processes
work with an extremely high energetic efficiency, but at first glance this does not hold for ciliary
propulsion, reaching about 1%. We have re-examined the problem at the level of a single cilium
and an infinite ciliated surface. We numerically determined the optimal shape of the ciliary beat-
ing pattern and showed that the optimal collective stroke is remarkably similar to that observed
in microorganisms (Fig. AV1). For Paramecium we showed that the experimentally measured
hydrodynamic efficiency reaches about 50% of the theoretically possible optimum. Published in
N. Osterman, 1. Vilfan, Proc. Natl. Acad. Sci. U. S. A. 108, 15727(2011).

Optical properties of exfoliated MoS[sub]2 coaxial nanotubes - analogues of grapheme:
We have exfoliated MoS, nanotubes for the first time. The resulting material in the shape of
sub-nanometre-thick single layers was stable for weeks. The monolayers represent an inorganic
analogue of grapheme. We have evidenced the quantum-confinement effect from a shift of optical
absorption peaks. The results are applicable in optics and nanoelectronics. Published in Visic et Figure 13: (a) represents a threefold disclination

al., Nanoscale Research Letters 6,593(2011). profile visualized using the splay-bend parameter.
(b-e) are the well-known entangled dimers
characterized by the self-linking number, writhe,

EU and US patents for the synthesis of tungsten- and molybdenum-based nanotubes: and freeenergy difforences from the ground state.

A European patent was granted for the synthesis of electrically conductive nanowires of W.0,,
(Remskar et al. 2011). The nanowires show up to eight orders of magnitude higher conductance
than the stoichiometric WO, compound and belong to photochromic materials. They represent a
starting material for the synthesis of WS, nanobuds, where hollow WS, nanospheres are attached
on the surface of the WS, nanotubes. In parallel a US patent was also granted for the synthesis of
MoS§, nanotubes and Mo, 0 , nanowires (Mrzel et al. 2011). The patentalso protects geometry, where
MoS, nanospheres are situated inside the MoS, nanotubes. The MoS, nanotubes are an excellent

lubricant and added to oils and greases they decrease friction by up to 50 % and wear by up to 90 %.

Low-temperature STM microscopy of surfaces in a ultra-high vacuum
In the field of surface physics we are currently performing low-temperature experiments on
and the corresponding calculations of the Bi and Sb (111) surfaces, which we intend to cover
with sub- and mono-atomic layers of Se. Our goal is to construct very thin islands and layers
of the topological insulators Bi,Se, and Sb,Se,. In 2011, we have started the construction of our
first apparatus for experiments with ultra-cold atoms. Cold atoms offer an exciting possibility to
study strongly correlated systems, which can be used as quantum simulators of other complicated
systems, e.g., high-temperature superconductors. The one-dimensional conductor (NbSe,), , Iwas
examined by x-ray diffraction and high-resolution transmission electron microscopy (HRTEM).
By calculating its electronic properties and by simulation of the X-ray and electron diffraction
patterns it was shown that the disorder detected is a result of a mismatch between the infinite
NbSe, chains. The structural phase transition at 285 K was attributed to a Jahn-Teller distortion.
Published in A. Prodan et al. Proc. 22. IUCY, Acta Cryst., 67,C512(2011). The structural relaxation Figure 14: Knots are:formeq in the dispersion of
around individual hydrogen atoms and their binding energies were studied for a few hydrogen- ‘%ﬁfﬂ’?%ngzz;ez;ZJ?O:ZZZ};ZZ”ZZSZZ%%C y
ated TiBx structures by means of density functional theory methods. Starting with the symmetric 55 7he fiquid crystal has reduced order in the
hydrogen sites a random structure searching has revealed all energetically stable adsorptionsites. core of the defect loops and is therefore visible.

Published in R. Zitko et al., /n2¢. J. of Hydrogen Energy 36, 12268 (2011).
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Figure 15: Optimal ciliary beating pattern. The
calculated beating pattern of cilia densely covering
a surface strongly resembles the dynamics of
biological cilia. The stroke is asymmetric. stretched
in one direction and sweeping along the surface

in the other: The phases of cilia form metachronal
waves.

Figure 16: Figure shows differently oriented
MoS, flakes produced by the exfoliation of MoS2
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nanotubes. The flakes are thinner than one
nanometre.

Figure 17: HRTEM image of a (NbSe4 )10/ 31
crystal, recorded with the electron beam parallel fo
the [110] direction; an overlapped corresponding
simulated image and a structural model are
shown in the insel.

Technology of optical shutters based on liquid crystals

The concept of STN LCD light shutters and their angular compensation by means of the nega-
tive c-plate birefringence (EP 1883854) has been developed at the JSI in previous years. During
this year it was upgraded to allow for the simultaneous use of the small positive in-plane birefrin-
gence, the formation of which is inherent to its production process. This upgrade is the subject
of a CIP patent application US 13/208,378. In 2011 USPTO also granted the patent US 8,026,998
describing the continuous variation of the protective shade with automatic LCD protective filters.
The introduction of the above technical solution in the JSI's spin-off company Balder’s produc-
tion process allows the latter to be the only producer in the world capable of producing active
LCD welding filters with the highest optical quality (1/1/1/1), as specified by the international
Standard EN 379. As a result the International Standard Organization (ISO) invited the JSI and
Balder to participate in its expert group (1S0/TC94/SC6/WG2 in WG4) preparing the new world
Standard for Eye and Face protection. The contribution of JSI/Balder within the ISO Expert group
is as follows. Draft of the ISO Standard: “Occupational Eye and Face Protection” (co-authors) has
been prepared. The draft has already been approved on the first level of international verification
and will be accepted in its final form at the occasion of the next ISO meeting (June 2012). A new
standardization measuring process for the light sensitivity determination of automatic welding
filters has been developed. The new method will be published by the German Standardization
Institution “TUV Reinland”. An “artificial plasma light source” simulating TIG welding has been
developed; likewise the draft ISO Standard, it will be accepted at the occasion of the next ISO
meeting (June 2012) as the new ISO standard light source.

Detection of low levels of vapour concentration in explosives

In collaboration with the Faculty of Electrical Engineering and the Faculty of Chemistry and
Chemical Technology of the University of Ljubljana, we have developed a miniature and portable
device for the detection of low concentrations of the vapours of explosives. We have used a differ-
ential pair of chemically functionalized microcapacitors together with ultrasensitive and low-noise
detection electronic circuits to detect I molecule of TNT in 10" molecules of a carrier gas N,. The
work was published in D. Strle et al., JEEE Sens. /., in press 2011, doi: 10.1109/JSEN.2011.2168203.

The group has been awarded two EU patents in the field of liquid-crystal-based materi-
als and devices

In 2011 the members of the programme group have been awarded two patents from the field
of materials and devices, based on liquid crystals. European patent EP 1975656B1 “Metamaterials
and resonant materials based on liquid-crystal dispersions of colloidal particles and nanoparticles”
authored by I. Musevi¢, M. Skarabot, S. Zumer and M. Ravnik is protecting the method of fabrica-
tion of composite materials made of a liquid crystal, colloidal particles and nanoparticles. In this
multicomponent dispersion, the nanoparticles are trapped into the core of the disclination defect
lines. The electric properties of such hierarchical structures are similar to the ring microresonators
and the material exhibits a negative magnetic response, which is the property of metamaterials.
The second EU patent EP 1927885B1 “Multistable liquid crystal device” by Th. Rasing, S. Lazarenko,
I. Musevi¢, M. Skarabot and M. Uplaznik, is from the field of microconfined liquid crystals, where
the nematic liquid crystal is trapped into a geometrically regular confining structure, formed by
optical or electronic lithography. Because of the topological constraints of the ordering field, such
a device exhibits a multitude of stable optical states. These can be addressed either by an electric
field or by a strong laser light.

III. Research programme “Experimental Biophysics of Complex Systems”

Within the program “Experimental Biophysics of Complex Systems” we explore processes and structures
of various complex systems (from model systems to the structures in living cells, tissues and even small animals)
including the effects of various bioactive molecules like toxins, drugs, etc., as well as of various materials like na-
nomaterials and medical materials on these systems. Our research is focused on the investigation of the structural
properties of different membrane structures such as membrane domains, membrane proteins and the glycosac-
charide matrix as well as their interactions with various materials that enter into their native environment. Novel
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spectroscopic and microspectroscopic techniques contribute to the understanding of the organi-
zation of these supramolecular systems, complex cell and tissue responses as well as opening up
new possibilities to design new medical materials, like scaffolds for tissue regeneration as one of
the most relevant problems in the current aging population of developed countries. Besides, we
focus on medical methods of optimization, like tumour treatment methods, magnetic resonance
imaging and mathematical modelling of trombolisis, magnetic resonance microscopy in forestry,
wood science and food processing as well as on restricted diffusion research.

One of the hottest topics in biophysics is the study of the interactions between novel
materials and cells, especially from the bioactivity and biocompativility point of view. The
recent developments in fluorescence microspectroscopy (FMS) enabled the acquisition of
the fluorescent spectra within very small volume elements and the characterization of a local
molecular environment of fluorophore molecules. FMS was applied to localize the response of
the cells to the presence of various materials, especially nanomaterials used for the antimicrobial
protection of the surfaces. In addition, FMS was used to unravel the interaction between the cells
and macrostructured materials like medical materials. The bleaching problem was solved with a
special algorithm developed to neutralize the bleaching effect in spectral analysis. The FMS system
was optimized and upgraded with a system for micromanipulation to enable measurements of
the force between the cells and the scaffolds.

On the segment of the development and synthesis of various molecular probes (nitroxides,
fluoprophors and the probes that combine both groups in the same molecule) our research was

Department of Solid State Physics F-5

Figure 18: Image on the lefl. Eye-protecting helmet
using an active and fast LCD shutter, produced by
the JSI spin-off company Balder d.o.o. The right
image shows the prototype of an artificial plasma
light source, used for measuring the eye-protecting
characteristics of welding filters.

Figure 19: SEM image of a differential pair of
microcapacitors, fabricated in CMOS technology.
The pair serves as a precise molecular detector.

focused on amphiphilic fluorescent probes with NBD (as an environmentally sensitive probe) inside a membrane
environment to enable sensitivity to local environment (polarity). We showed sensitivity to the cholesterol concen-
tration, but only between the gel and liquid-crystalline phases. The structure optimization of the new molecular tool
opens up new opportunities in the combined exploration of the same sample with fluorescence microspectroscopy

and electron paramagnetic resonance spectroscopy at the same time.

Within the research of the interaction between biologically active materials and cells we focused on the inves-
tigation of cancerostatic alkylphospholid (perifosine, OPP) with cell membranes using EPR spectroscopy and

an in-house developed computer program for the simulation of EPR spectra

(EPRSIM). Anticancer agents OPP directly target the cellmembrane butnot ~ Publication of the article “Ferri-liposomes as an
the DNA. It shows a selective apoptotic response in tumour cells, sparing  MRI-visible drug-delivery system for targeting
normal cells and was found to be promising for breast-cancer therapy. An  tumours and their microenvironment” in the
antitumor effect was found for estrogen receptor negative (ER-) tumour ~ Nature Nanotechnology journal. We showed
cells (MT-3 cell line) 772 vivo, while no effect was found for receptor positive ~ that new ferri-liposomes can be used as a very
(ER+) tumour cells (MCF-7). effective T2 MR contrast agent and for the

Spin labelled OPP (SL-OPP) was used to identify that the difference
between MCF7 cells MT-3 cells in the transport of SL-OPP across the plasma

membrane can be assigned to the low accumulation in MCF7 cells. Liposomal field.

targeting of therapeutic agents to a specific
location in the body using an external magnetic

OPP formulations with a low CH concentration quickly release entrapped

spin probe when mixed with breast-cancer cells, while the release is much slower for liposomes with 50 or more
mol% cholesterol. At room temperature the release is the same for MT-3 and MCF7 cells. However, at physiological

temperature the amount of released content increases for the OPP sensitive MT-3 cells, but remain
in the same range for MCF7 cells. In collaboration with the Biotechnical Faculty the membrane
characteristics of a new class of liposomes prepared from dietherarcheal lipids and their
mixtures with standard dipalmitoyl-phosphatidylcholine (DPPC) lipids, we found that these two
types of lipids mix well in different molar ratios and form liposomes upon hydration. Their stabil-
ity decreases with a higher ratio of conventional lipids; however, new characteristics emerge. For
arheosomes prepared from dietherarcheal lipids isolated from Aeropyrum pernix K1 grown in
the medium with different pH (from pH 6 to 8) it was found that the average membrane fluidity
was not influenced by the pH of the growth medium significantly.

One of our main activities is the study of membrane structuring. In this respect it is important
to note that different time and distance scales of the methods can lead to very different conclusions
regarding the stability of the heterogenous structure of the membranes. For an integral view one
has to use an appropriate set of methods. A collaboration with foreign partners allows us to use

different biophysical methods that are complementary to the methods available in our lab. So (left) can resolve membranes and particles due to

besides the method of attenuated total reflection Fourier transform infrared spectroscopy (ATR-
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Figure 20: Application of fluorescence
microspectroscopy (right) enables the spectral
identification of fluorescein-labelled polystyrene
latex nanoparticles (50 nm diameter, violet)
incubated within cancer cells labelled with
lipophilic molecules with NBD dye partitioning in
the membranes (green). Classic intensity image

substantial spectral overlap.
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FTIR) we also used calorimetry and x-ray scattering to study the effect of ceramide on the structure and properties of
membranes. We showed that these complementary methods allow an efficient examination of phase diagrams
of model membranes composed of different lipid mixtures. In this way we were able to classify different types
of membrane heterogeneity as stable or unstable.

To improve the protein structure determination based on the conformational space modelling of the protein
side chains (CSM), we set-up a cluster based on 8000 graphical processor cores. Together with improved sampling
methods this enabled us to confirm that the energy topology of the spin-probe conformational space is environ-
ment insensitive, i.e., not sensitive to the neighbouring amino acids as well as lipids or a water local environment.
On the contrary, those conditions affect the rotational diffusion. This enables us to speed up the calculation of the
restrictions in conformation spaces within the appropriate time window of the EPR spectroscopy and a simple
generalization of the inverse problems in protein-structure determination.

Titanate nanomaterials generate short-lived radicals in the processes of photocatalysis, thus preventing the
growth of bacteria. We synthesised titanate nanomaterials (TiNTs) with a high specific surface area and a significant
antimicrobial activity. Photogeneration of primary hydroxyl radicals by TiNTs was detected in the laboratory with
the electron paramagnetic resonance method with spin trapping in the presence of 30% of ethanol. The stable
deposition of TiNTs on polymer surfaces was achieved even after soaking in different conditions (neutral, acid, and
base) for up to six times. A reduction in the colony-forming units of non-pathogenic Listeria Innocua was observed
independent of the wavelength of the illuminating light. The highest reduction was achieved at lower wavelengths
on TiNTs covered surfaces.

We confirmed our assumption that thrombolysis is not just a biochemical process in which there is a
complete degradation of fibrin, but under the influence of rapid blood flow it leads to the formation of strong
mechanical forces to the surface of a blood clot that result from blood viscosity. These forces cause the breakage
of large parts of the clot formed by the fibrin network and blood cells (primarily erythrocytes). These torn pieces
may range in size from individual cells, to clusters of several hundred cells. With optical microscopy experiments,

we also showed that the size of these clusters largely depends on the blood flow. In a slow stream
of blood only small clusters were formed, while at a higher speed significantly larger pieces of the
clot were torn. These results also explain why the thrombolysis is much faster in a faster flow than
in a slow flow. The promotion of thrombolysis in the rapid blood flow is greater than expected

Figure 21: Histological image of a venous due to better permeation of the clot with the thrombolytic agent and significantly larger forces
blood clot behind a venous valve (left) and of the streaming blood to the surface of the clot. Based on the results of this study a computer

the simulation of the blood flow behind the
valve (right). Simulation of the flow indicates
the possibility of the occurrence of vortex flow,
which may contribute to platelet activation and
consequently to the formation of a blood clot.

Figure 22: Series of dynamically acquired T2-
weighted images (in 11-min intervals) of a carrot
sample undergoing slow freezing and thawing. A

simulation of the microscopic processes of thrombolysis was developed. Its results are in good
agreement with our measurements.

By MR, we monitored the freezing dynamics of different types of vegetables and showed
the differences between rapid and slow freezing. We have shown that MR imaging is an efficient tool
for monitoring the freezing process, because it can clearly distinguish between fresh and frozen food areas. MRI also
reflects the differences in NMR relaxation times and the diffusion characteristics of food before and after freezing.

Controlled drug-delivery systems are widely used in the pharmaceutical industry because of their numerous
advantages. For hydrophilic polymers, it is generally accepted that, once in contact with body fluids, they hydrate
and swell, forming a gel layer that regulates the penetration of body fluids into the tablet and the dissolution of
the incorporated drug. Therefore, a knowledge of the gel layer’s characteristics is of crucial importance for the use
of controlled drug-delivery systems. A combination of different MRI methods enables an accurate determination
of the medium penetration into the tablet as well as hydrogel formation 77 sifu. This approach has been used to
determine the influence of temperature on the kinetics of medium penetration and hydrogel formation in xanthan
tablets. The swelling dynamic is independent of the temperature in the range between 20°C and 40°C.

The+MRI contrast properties of a new contrast agent based on cobalt ferrite nanopar-
ticles were tested. Most of the MR contrast agents based on the ferrite nanoparticles have very
large r2 relaxivities, i.e., the T2 significantly shortens already at low nanoparticle concentra-
tions, while the r1 relaxivity (the contrast agent shortens the spin-lattice (T1) relaxation
time) is much lower and can therefore be only used as a negative (T2) MR contrast agent. The
negative T2 effect is very strong. The MR signal diminishes in the vicinity of the presence of
the contrast agent on the T2-weighted MR images and the dark region on the T2-weighted im-
ages can be confused with the dark region originating from other causes, such as calcification

complete loss of the sample structure affer thawing ~ ° metal deposits. Therefore, the contrast agent that would enable a simultaneous detection

is apparent.

80

of the probe on T1-weighted and T2-weighted MR images would solve the problem. By using

Annual Report 2011



Department of Solid State Physics F-5

T1-weighted images the confusion with the dark regions originating from other causes can be
excluded. The contrast properties were tested using 1% agarose with relaxation times that are
similar to those of some tumour tissues. The results show that the cobalt ferrite nanoparticles can
be used as positive T1 and negative T2 MRI contrast agents and their unique double T1 and T2
contrast properties could provide the possibility for their use in MRI diagnostics, both as positive
and negative contrast agent.

Partof our research was focused to a study of the ability of NMR-modulated gradient spin echo
(MGSE) to provide information about the translational dynamics of polymer segments via the
measurement of segmental velocity autocorrelations. Since the method requires the formulation
of dynamics in the frequency domain, at first we derived the expression for the velocity autocor-
relation spectrum (VAS) of the segmental motion according to Rouse and deGennes the tube/
reptation model. The resulting VAS can be fitted well to the results of the measurement on the samples of molten
polybutadiene and polyethylene. Thus, they represent a first direct experimental verification of the snake-like mo-
tion in a “tube” of entangled polymer chains. It appears that this new understanding of macromolecular motion
makes it possible to also explain the unusual results of our previous MGSE measurement of bulk water as a kind
of Rouse-type motion in a network of hydrogen bonds in water. In the next study we have shown the ability of the
NMR pulsed gradient spin echo to provide information about molecular self-diffusion in nanopores. The method
was successfully tested on the sieve of a polyamide membrane.

Figure 23: T1- and T2-weighted MR images
of different concentrations of cobalt ferrite
nanoparticles in 1% agarose.

The above research has been supported by a number of international projects financed by the European Union
within the Fifth and Sixth Frameworks as well as NATO. It was also supported within the bilateral Slovenian-USA,
Slovenian-German and Slovenian-Greek and other scientific cooperations. International cooperations with
—  The high magnetic field centres in Grenoble, France, and Nijmegen, The Netherlands
—  The high magnetic field centre at the University Florida, Tallahassee, Florida, USA
— The ETH, Ziirich, Switzerland
— The loffe Institute in St. Petersburg, Russia
— The University of Duisburg, the University of Mainz and the University of Saarbrucken in Germany
— The University of California, the University of Utah and the Liquid Crystal Institute, Kent, Ohio, USA,

— National Institute for Research in Inorganic Materials, Tsukuba, Japan
— NCSR Demokritos, Greece
— Institut fiir Biophysik und Nanosystemforschung OAW, Graz, Austria
— Bioénergétique et Ingénierie des Protéines, CNRS Marseille, France
— Architecture et Fonction des Macromolécules Biologiques, CNRS Marseille, France
—  The Max Delbruck Center for Molecular medicine in Berlin
— The Dartmouth Medical School, Hanover, NH, USA
— The Mayo Clinic, Rochester, USA
made the above studies possible.

Some outstanding publications in 2011

1. A Zorko, P. Jeglic, A. Potocnik, D. Arcon, A. BalCytis, Z. Jaglicic, X. Liu, A. L. Tchougreeff, A. L. Dronskowski,
Unconventional magnetism in a nitrogen-containing analog of cupric oxide. Pfzys. Rev. Lett. 107,047208(2011).

2. A. Zorko, M. Pregelj, A. Potocnik, J. van Tol, A. Ozarowski, V. Simonet, P. Lejay, S. Petit, and R. Ballou, Role of
antisymmetric exchange in selecting magnetic chirality in Ba,NbFe,Si20 . Pys. Rev. Lett. 107, 257203 (2011).

3. S. Vallejos, T. Stoycheva, P. Umek, C. Navio, R. Snyders, C. Bittencourt, E. Llobet, C. Blackman, S. Moniz, X.
Corrieg, Au nanoparticle-functionalised WO, nanoneedles and their application in high sensitivity gas sensor
devices. Chem. Commun. (Lond., 1996) 47, 565(2011).

4. S. Kashimoto, A. Kocjan, Z. Jaglicic, S. Jazbec, H. Iga, T. Ishimasa, J. DolinSek, Magnetic properties of ¢ and
hexagonal-Mn, Si, Cr approximant phases of a dodecagonal quasicrystal. P/zys. Rev. B 84, 224201(2011).

5. M. Loire, V. Simonet, S. Petit, K. Marty, P. Bordet, P. Lejay, J. Ollivier, M. Enderle, P. Steffens, E. Ressouche, A.
Zorko, R. Ballou. Parity-broken chiral spin dynamics in Ba,NbFe,Si, . Pys. Rev. Leit.106, 207201(2011).

6. G.Mikhaylov, U. Mikac, A. A. Magneva, L. V. Itin, E. P. Naiden, L. S. Psakhye, L. Babe, T. Reinheckel, C. Peters, R.
Zeiser, M. Bogyo, V. Turk, S. G. Psahkye, B. Turk, O. Vasiljeva. Ferri-liposomes as an MRI-visible drug-delivery
system for targeting tumours and their microenvironment. Nature Nanotechnology 6, 594(2011).

7. ].Fukuda, S. Zumer. Quasi-two-dimensional Skyrmion lattices in a chiral nematic liquid crystal. Nature Com-
munications 2,5(2011)

8. ].Fukuda, S. Zumer. Ring defects in a strong confined chiral liquid crystal. P/ys. Rev. Lett. 106, 097801(2011).
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9.

10.

11.

12.

13.

S. Copar, S. Zumer. Nematic braids: topological invariants and rewiring of disclinations. Phys. Reu. Lett.106,
177801(2011).

M. Ravnik, G. P. Alexander, ]. M. Yeomans, S. Zumer. Three-dimensional colloidal crystals in liquid crystalline
blue phases. Proc. Natl. Acad. Sci. U. S. A. 108, 5188(2011).

U. Tkalec, M. Ravnik, S. Copar, S. Zumer, 1. MuSevi¢, Reconfigurable knots and links in chiral nematic colloids.
Science (Wash. D.C.) 333, 62(2011).

N. Osterman, A. Vilfan, Finding the ciliary beating pattern with optimal efficiency. Proc. Natl. Acad. Sci. U.
S. A. 108, 15727(2011).

1. Mugevi¢, S. Zumer. Liquid crystals : maximizing memory. Nature Materials 10, 266(2011).

Some outstanding publications in 2010

1. A.Y.Ganin, Y. Takabayashi, P. Jeglic, D. Arcon, A. Potocnik, PJ. Baker, Y. Ohishi, M.T. McDonald, M.D. Tzirakis, A.
McLennan, G.R. Darling, M. Takata, M.J. Rosseinsky, K. Prassides. Polymorphism control of superconductivity
and magnetism in Cs,Cy; close to the Mott transition. Nature (London) 466, 221-225(2010).

2. A Zorko, B. Fabris, P. Mendels, K. Marty, P. Bordet. Ground state of the easy-axis rare-earth kagome langasite
Pr,GaSi0 . Phys. Rev. Lett. 104, 057202-1-057202-4(2010).

3. B.Zalar,A.Lebar, D.C. Ailion, R.0. Kuzian, 1. Kondakova, V.V. Laguta. 'Li NMR Investigation of Li-Li pair ordering
in the paraelectric phase of weakly substitutionally disordered K | LixTaO,. Phys. Rev. Leit. 105, 226402-1-
226402(2010).

4. . Zupanic, R. Zitko, H. . P. van Midden, I. Mugevic, A. Prodan. Pinning of adsorbed cobalt atoms by defects
embedded in copper (111) surface. Phys. Rev. Lett. 104, 196102-1-196102-4(2010).

5. A Omerzu, B. AnZelak, 1. Turel, J. Strancar, A. Potocnik, D. Arcon, 1. Arcon, D. Mihailovi¢, H. Matsui. Strong
correlations in highly electron-doped Zn(II)-DNA complexes. Phys. Rev. Lett. 104, 156804-1-156804-4(2010).

6. Jun-ichi Fukuda, S. Zumer. Novel defect structures in a strongly confined liquid-crystalline blue phase. Phys.
Rev. Lett. 104, 017801-1-017801-4(2010).

7. M.Humar, 1. Musevic. 3D microlasers from self-assembled cholesteric liquid-crystal microdroplets. Opt. Express
18, 26995-27003(2010)

8. Vilfan, A. Potocnik, B. Kav¢ic, N. Osterman, I. Poberaj, A. Vilfan, D. Babic. Self-assembled artificial cilia. Proc.
Natl. Acad. Sci. U. 8. A. 107, 1844-1847(2010).

9. A.Kavalenka, I. Urbancic, S. Kure, ]. Strancar. Conformational analysis of the partially disordered measles virus
N XD complex by SDSL EPR spectroscopy. Biophys. /. 98, 1055-1064(2010).

Patents granted

1. Metamaterials and resonant materials based on liquid crystal dispersions of colloidal particles and nano-

particles
Igor MuSevi¢, Miha Skarabot, Slobodan Zumer, Miha Ravnik
EP1975656 (B1), European Patent Office, 8.6.2011.
2. Multistable liquid crystal device
Theo Rasing, Sergiy Lazarenko, Igor Musevic, Miha Skarabot, Marko Uplaznik
EP1927885 (B1), European Patent Office, 27.7.2011.
3. Procedure for synthesis of threadlike tungsten oxide W5014
Maja Remskar, Marko Virsek, Miha Kocmur, Adolf Jesih
EP2114827 (B1), European Patent Office, 16.2.2011.
4. Process for the synthesis of nanotubes and fullerene-like nanostructures of transition metal dichalcoge-

nides, quasi one-dimensional structures of transition metals and oxides of transition metals
Ale$ Mrzel, Maja Remskar, Adolf Jesih, Marko Virsek
US8007756 (B2), United States Patent and Trademark Office, 30.8.2011.

Awards and appointments

L

2.
3

Andreja Jelen, Marica Staresinic: Successful participation in the “OE-A Competition for Multifunctional
Demonstrators based on Organic and Printed Electronics” by submitting the demonstrator “Security Vest”.
Frankfurt, Germany, Organic Electronics Association (OE-A) : a working group within German Engineering
Federation VDMA.

Marta LavriC: Ferbar Prize, Ljubljana, Faculty of Education, Liquid crystal elastomers.

Igor Musevic: Mentor of the year 2011, Ljubljana, Slovenian Society of Young Researchers

Organization of conferences, congress and meetings

L

11th European conference on liquid crystals (ECLC 2011), Maribor, 6. 2.-11. 2. 2011
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INTERNATIONAL PROJECTS

10.

14.

Light Element Molecular Superconductivity: An Interdisciplinary Approach
LEMSUPER

7.FP, 283214

EG; Prof. Kosmas Prassides, University of Durham (UDUR), Durham, Great Britain
Prof. Denis Ar¢on

Combining Innovative Portable Visual, Accoustic, Magnetic and NMR Methods with
In-situ Chemical Diagnostic Tools for Effective Failure Assessment and Maintenance
Strategy of Rail and Subway Systems

DIAGNO-RAIL

7.FP, 262207

EC; Georgios Papavassiliou, Institute of Materials Science, NCSR Demokritos, Aghia
Paraskevi, Attiki, Greece

Prof. Janez Dolinsek

Underwater Coastal Sea Surveyor

UNCOSS

7.FP, 218148

EC; Dominique Vilbois, Patrick Peras, ECA SA, Toulon, France

Prof. Robert Blinc, Prof. Aleksander Zidansek

Development of Wear Resistant Coatings based on Complex Metallic Alloys for
Functional Applications

appliCMA

7.FP 214407

EC; Andreas Merstallinger, Aerospace & Advanced Composites GmbH, Wiener Neustadt,

Austria

Prof. Janez Dolinsek, Asst. Prof. Miha Cekada, Asst. Prof. Kristoffer Krnel, Asst. Prof.
Sreco D. Skapin

Hierarchical Assembly in Controllable Matrices

HIERARCHY

7.FP, 215851, PITN-GA-2008-215851

EC; Paul Kouwer, Harry Rullmann, Radboud University Nijmegen, Faculty of Science,
Nijmegen, The Netherlands

Prof. Igor Musevic

ESNAM - European Scientific Network for Artificial Muscles

COST MP1003

EC; COST Office, Brussels, Belgium

Prof. Bostjan Zalar, Dr. Blaz Zupancic

Network for Intermetallic Compounds as Catalysts for Steam Reforming of Methanol
IMC-SRM

COST

EC; COST Office, Brussels, Belgium

Prof. Janez Dolinsek

Designing Novel Materials for Nanodevices: From Theory to Practise (NanoTP)
COST MP0901

EC; COST Office, Brussels, Belgium

Dr. Polona Umek

Optical Micro-manipulation by Nonlinear Photonics

COST MP0604

EC; COST Office, Brussels, Belgium

Prof. Igor Musevi¢

Structure and Mechanism of Cytoplasmic Dynein

HFSP RGP0009/2008-C

HFSPO - International Human Frontier Science Program Organisation, Strasbourg,
France; University of Leeds, IMSB FBS, Leeds, Great Britain

Asst. Prof. Andrej Vilfan

. Targeting AntimicroBial Activity via micro/Nano-structured surfaces for civil

Applications

TABANA

MNT-ERA-NET II

Univerza v Mariboru, Maribor, Slovenia
Prof. Janez Strancar

. Novel States of Matter Induced by Frustration in Quantum Magnets

PROTEUS

BI-FR/11-12-PROTEUS-008

Prof. Philippe Mendels, Laboratoire de Physique des Solides Universite Paris - Sud,
Orsay, France

Dr. Andrej Zorko

. Supermolecular Organization of Polisaharides in Marine Gel Networks

BI-HR/10-11-011

Dr. Vesna Svetlici¢, Ruder Boskovic Institute, Zagreb, Croatia
Prof. Janez Strancar

Hydrogen Storage in Metal Hydrides and Nanomaterials
BI-KR11-12-002

Dr. Hae Jin Kim, Korea Basic Science Institute, Daejeon, Korea
Asst. Prof. Tomaz Apih

. Multidrug Resistance in Cancer and Membrane Domain Structures

BI-PL/10-11-009

Department of Solid State Physics F-5

Dr. Rochala Wojceich, The University of Warsaw, Warsaw, Poland
Prof. Janez Strancar

. Molecular Dynamics Studies in Chiral Nematic and Smectic Phases by Proton NMR

BI-PT/10-11-011

Prof. Pedro Sebastiao, Cenro de Fisica da Meteria Condensada da Universidade de
Lisboa, Lisbon, Portugal

Asst. Prof. Tomaz Apih

. Dielectric and Electocaloric Properties of Advanced Relaxor Polymer Films and

Nanotubes
BI-US/09-12-039

Prof. Zhang Qiming, Office of Sponsored Programs, The Pennsylvania State University,

PA, USA
Asst. Prof. Vid Bobnar

. Geometrically Frustrated Quantum Magnetism

BI-US/09-12-040

Dr. Johan van Tol, National High Magnetic Field Laboratory, Florida State University,
FL, USA

Dr. Andrej Zorko

R &D GRANTS AND CONTRACTS

20.

21

22.

23.

Patterns, Structural Self-assemly and Multiferroic States in Mixtures of Nanoparticles
and Liquid Crystals

Prof. Samo Kralj

Physicochemical Processes Involved in Formation of Radioactive Nanoaerosols

Prof. Janja Vaupotic

Advanced Ferroelectric Polymeric and Inorganic Materials: Giant Electrocaloric Effect
and Transport Properties

Prof. Zdravko Kutnjak

Hydrogen Storage in Zr-based Metallic Glasses

Prof. Janez Dolinsek

New Methods for the Detection of N-14 Nuclear Quadrupole Resonance

Asst. Prof. Tomaz Apih

Novel Ground States and Quantum Critical Points in Low-dimensional Quantum Spin
Systems

Dr. Andrej Zorko

Molecular Motors

Asst. Prof. Andrej Vilfan

Superconductivity and magnetism in new iron-based superconductors

Dr. Peter Jeglic

Three Dimensional Assembling of Colloidal Structures in Mesophases

Prof. Slobodan Zumer

. Hybrid Nanomaterials for Low-friction Polymer Composites and Energy Conversion

Prof. Maja Remskar

. Optical Microresonators Based on Liquid Crystals

Prof. Igor Musevi¢

. New metallic materials for thermal storage of digital information

Dr. Andraz Kocjan

. Design, formulation and characterization of biomimetic nanocomposite systems for

effective tissue regeneration
Dr. Mojca UrSka Mikac

. Theory of the nematic nanodroplet and ordering of DNA, encapsidated in simple

viruses
Asst. Prof. Andrej Vilfan

. Collective and molecular dynamics of photosensitive liquid crystal elastomers

Prof. Martin Copic

. Use of Nanoparticles as Additives in Lubricants and in Tribology

Prof. Maja Remskar

. Textured Ceramic Films for Sensors and Actuators

Prof. Marija Kosec

. Use of green energy sources: New functional nanomaterials on the base of

polyoxometalates and Ti02 nanostrucutres for production of hydrogen by catalytic
oxidation of water -NANOleaf
Dr. Polona Umek

. Study of the structure and the dynamics of blood clot dissolution: mathematical

modeling supported by magnetic resonance experiments

Prof. Igor Sersa

Dentin Evolution Detected by Spectroscopic Means

Prof. Janez Strancar

Study of Food Processing and Preparation by Magnetic Resonance Imaging and
Spectroscopy Methods

Prof. Igor Sersa

Formulation and Characterization of BF Fuzogenic Nanoparticles for Efficient Drug
Delivery into Cells

Dr. Marjeta Sentjurc

Oligomers of amyloidogenic proteins from a to z: biophysical properties, structure,
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function and mutual interactions
Prof. Eva Zerovnik
24. Applications of Nanoparticle - Macromolecule Complexes for the Formulation of
Biological Drugs
Prof. Igor Musevi¢
25. Wireless Networks with Radio over Optical Fiber
Prof. Jurij Franc Tasi¢
26. Behaviour of disipative systems under extreme termo-mechanical loading
Dr. Matej Pregelj
27. New materials for power conversion: Oxide semiconductor thermoelectrics
Prof. Danilo Suvorov
28. Biotechnological Processes of Treatment of Lignocellulosic Materials
Prof. Janez Strancar
29. Eye Protection
Dr. Janez Pir§
30. A spectrometer for automatic 14N nuclear quadrupole resonance characterization of
new substances
Dr. Alan Gregorovi¢

RESEARCH PROGRAMS

1. NMR and Dielectric Spectroscopy Condensed Matter
Prof. Janez Dolinsek

2. Physics of Soft Matter, Surfaces and Nanostructures
Prof. Slobodan Zumer

3. Experimental Biophysics of Complex Systems
Prof. Janez Strancar

NEW CONTRACT

1. Development of technologies for artificial nose
Ministry of Defence
Prof. Igor Musevi¢

MENTORING
Ph. D. Theses

1. Biljana Govedarica, Evaluation of mechanical and surface properties of pharmaceutical
materials and products on a single particle level by atomic force microscopy (mentor
Stane Sréic; co-mentor Miha Skarabot).

2. Stane Pajk, Influence of some cholesterol oxidation products on the structure of model
membranes (mentor Slavko Pecar; co-mentor Janez Strancar).

3. Igor Perkon, Analysis of whisker dynamics by tracking of non rigid open curves
(mentor Jurij F. Tasi¢; co-mentor Mathew Diamond).

4. Mojca Rangus, The study of structural characteristics and formation of microporous
and mesoporous materials (mentor Gregor Mali; co-mentor Janez Seliger).

M. Sc. Thesis

1. Sweety Karta Ram, Sustainable agriculture in India : need and prospects with particular
reference to the state of Punjab (mentors Ivo Slaus, Peter Stanovnik, Matej Stopar,
Gojmir Lahajnar).

VISITORS FROM ABROAD

1. Dr. Mirta Herak, Institute of physics, Zagreb, Croatia, 1. 1. 2011 - 31. 12. 2011.

2. Prof. Dr. Shiro Kashimoto, Hokkaido University, Faculty of Engineering, Division of
Applied Physics, Sapporo, Hokkaido, Japan, 1. 1. 2011 - 30. 9. 2011.

3. Hyun Wook Kang in Go Woon Lee, Korea Basic Science Institute, Daejeon, South Korea,
3.1.2011 - 4.3.2011.

4. Dr. Marija Raguz, School of medicine, Department of Medical Physics and Biophysics,
Split, Croatia, 25. 1. 2011 - 26. 1. 2011.

5. Dr. Oksana Zaharko, ETHZ & Paul Scherrer Institute, Laboratory for neutron
scattering, Villingen, Switzerland, 27. 1. 2011 - 29. 1. 2011.

6. Prof. Dr. Pedro Sebastiao in prof. dr. Maria Helena Godinho, Instituto Superior Tecnico,
Department of physics, Lizbon, Portugal, 30. 1. 2011 - 6. 2. 2011.

7. Mantas Simenas, University of Villniusu, Faculty of Physics, Villnius, Lithuania, 1. 2.
2011 - 20. 7. 2011.

8. Evangelia Karatairi, NCSR Demokritos, Aghia Paraskevi, Greece, 4. 2. 2011 - 6. 2. 2011.

9. Dr. Valentina Domenici, Department of Chemistry and Industrial Chemistry, University
of Pisa , Pisa, Italy, 11. 2. 2011 - 25. 2. 2011; 31. 7. 2011 - 28. 8. 2011.

10. Dr. Marco Bonora, University of Pavia, Pavia, Italy, 17. 3. 2011 - 18. 3. 2011.

11. Prof. Dr. Horst Beige, University of Martin-Luther, Halle, Germany, 21. 3. 2011 - 24. 3. 2011.

12. Dr. Jong-Hwa Kim, Korea Basic Science Institute, Analysis Research Division, Daegu
Center, Daegu, South Korea, 15. 3. 2011 - 31. 12. 2011.

13. Prof. Dr. Arcady Levanyuk, Department of Condensed Matter Physics, Faculty of
Science, Cantoblanco Campus, Madrid, Spain, 10. 4. 2011 - 10. 5. 2011.

14. Dr. Darija JuraSin, Institute of Ruder Boskovi¢, Zagreb, Croatia, 31. 5. 2011 - 30. 11. 2011.

15. Dr. Magdalena Wencka, Institute of Molecular Physics, Polish Academy of Sciences,
Poznan, Poland, 1. 5. 2011 - 31. 5. 2011, 1. 10. 2011 - 31. 10. 2011.

16. Surajit Dharo, University of Hyderabad, School of Physics, Hyderabad, Andhra Pradesh,
India, 1. 5. 2011 - 3. 6. 2011.

17. Dr. Valentyn Laguta, Physics Institute of the Czech Academy of Sciences, Prague, Czech
Republic, 2. 5. 2011 - 14. 5. 2011.

18. Prof. Dr. Pedro Sebastiao, Instituto Superior Tecnico, Department of Physics, Lisbon,
Portugal, 25. 5. 2011 - 1. 6. 2011.

19. Yuji Sasaki, Tokyo Institute of Technology, Tokyo Kogyo Daigaku, Japan, 12. 6. 2011 -
19.6.2011, 19. 12. 2011 - 31. 8. 2012.

20. Prof. Dr. James Scott, University of Oxford, Clarendon laboratory, FRS, Oxford, United
Kingdom, 12. 6. 2011 - 15. 6. 2011.

21. Dr. Vassilios Tzitzios, NCSR Demokritos, Aghia Paraskevi, Greece, 1. 6. 2011 - 26. 7. 2011.

22. Prof. Dr. Sergio Diez Berart, Technical University of Catalonia, Department of Physics
and Nuclear Engineering, Barcelona, Spain, 15. 6. 2011 - 28. 6. 2011.

23. Prof. Dr. Sergey Lushnikov, IOFFE Physical Technical Institute, Sankt Petersburg,
Russia, 6. 6. 2011 - 26. 6. 2011; 1. 7. 2011 - 8. 7. 2011.

24. Prof. Dr. Yoshihiro Ishibashi, Faculty of Business, Aichi Shokutoku University,
Nagakute, Japan, 2. 7. 2011 - 16. 7. 2011.

25. Dr. Fabrice Bert, Universite Paris Sud 11, Laboratory of Solid State Physics, Paris,
France, 19. 7. 2011 - 22. 7. 2011.

26. Dr. Tihomir Betti, University of Split, Faculty of Electrical Engineering, Mechanical
Engineering and Naval Architecture, Split, Croatia, 15. 8. 2011 - 31. 8. 2011.

27. Doc. Dr. Denis Stanic, University of Osijek, Osijek, Croatia, 1. 9. 2011 - 30. 9. 2011.

28. Dr. Wolfgang Porod, University of Notre Dame, Department of Electrical Engineering,
Indiana, USA, 19. 9. 2011 - 22. 9. 2011.

29. Dr. Michael Averbukh, Ben Gurion University, Beer Sheva, Israel, 1. 9. 2011 - 30. 9. 2011.

30. Prof. Dr. Kalpathy Easwaran, Indian Institute of Technology, Bangalore, India, 3. 9.
2011 - 6.9. 2011.

31. Prof. Dr. Tim Sljuckin, Southampton University, Southampton, United Kingdom, 1. 10.
2011 - 30. 12. 2011.

32. Dr. Sebastian Turczynski, Institute of Electronic Materials Technology, Warsaw, Poland,
20.10. 2011 - 20. 11. 2011.

33. Fabian Vaca Chavez, Instituto Superior Tecnico, Lisbon, Portugal, 20. 11. 2011 - 26. 11. 2011.

34. Dr. Lia Verhoeff, Utrecht University, Van't Hoff Laboratory for Physical and Colloid
Chemistry Debye Institute, Utrecht, Netherlands, 26. 11. 2011 - 17. 12. 2011.

STAFF

Researchers

Asst. Prof. Tomaz Apih

Prof. Denis Ar¢on*

Prof: Robert Blinc, died 26.09.11
Asst. Prof. Vid Bobnar

Asst. Prof: Pavel Cev, retired 28.12.11
Prof. Janez Dolinsek*

Dr. Cene Filipic

Dr. Peter Jeglic

S IS

9. Dr. Martin Klanjsek

10. Prof. Samo Kralj*

11. Prof. Zdravko Kutnjak

12. Prof. Gojmir Lahajnar; retired 31.12.11
13. Prof. Adrijan Levstik

14. Dr. Mojca Urska Mikac

15. Prof. Igor MusSevic*, Head

16. Dr: Andriy Nych, left 27.09.11

17 Prof. Slavko Pecar*, retired 01.11.11
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. Dr. Janez Pir§

. Asst. Prof. Dusan Ponikvar
. Prof. Albert Prodan

. Prof. Maja Remskar

. Prof. Janez Seliger*

. Prof. Igor Sersa

. Prof. Janez Stepisnik

. Asst. Prof. Miha Skarabot
. Prof. Janez Strancar

. Prof. Jurij Franc Tasi¢*

. Dr. Polona Umek

. Dr. Herman Josef Petrus Van Midden
. Asst. Prof. Andrej Vilfan

. Prof. Bostjan Zalar

. Prof. Aleksander Zidansek

. Dr. Andrej Zorko

34.

*

Prof. Slobodan Zumer*

Postdoctorial associates

35.
36.

37.

38.
39.
40.

41.

42.
43.
44.
45.

Asst. Prof. Zoran Arsov
Daniele Biglino, B. Sc.
Dr. Alan Gregorovi¢
Dr. Tilen Koklic

Dr: Uliana Ognysta, left 27.09.11
Dr. Matej Pregelj

Dr. Uros Tkalec

Dr. Jernej Vidmar*

Dr. Stanislav Vrtnik
Dr. Blaz Zupanci¢

Dr. Erik Zupani¢

Postgraduates

46.
. Nina Bizjak, B. Sc.

. Matej Bobnar, B. Sc.

. Goran Casar, B. Sc.

. AnaDergan, B. Sc.

. Andreja Erste, B. Sc.

. Maja Garvas, B. Sc.

. Anton Gradisek, B. Sc.

. MatjaZz Humar, B. Sc.

. Ivan Iskra, B. Sc.

. Venkata Subba Rao Jampani, M. Sc.
. Simon Jazbec, B. Sc.

. Andreja Jelen, B. Sc.

Franci Bajd, B. Sc.
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71.

Department of Solid State Physics F-5

. Dalija Jesenek, B. Sc.

. Andrej Kocan**

. Marta Lavric, B. Sc.

. Ajasja Ljubetic, B. Sc.

. Olga Malgina, B. Sc.

. Bojan Marin*, M. Sc.

. Spela Markic Dakskobler®, B. Sc., left 01.04.11
. Jerneja Milavec, B. Sc.

. Jana Milenkovic, B. Sc.

. Jana Mlakar**

. Maryam Nikkhou, M. Sc.
. Nikola Novak, B. Sc.

. Anton Potoc¢nik, B. Sc.

. Brigita RoZic, B. Sc.

. Dr. Anna Ryzhkova

. Dr. Yuji Sasaki

. Bernarda Urankar, B. Sc.
. Iztok Urbancic, B. Sc.

Bojana Visic, B. Sc.

Technical officers

78.
79.
80.
81.
82.
83.

Maja Cesarek, B. Sc.
Sandra Kure, B. Sc.
Ivan Kvasic, B. Sc.
Bojan LoZar, B. Sc.
Alma Mehle, B. Sc.
Milan RoZmarin, B. Sc.

Technical and administrative staff

4. Andreja Berglez, B. Sc.

. Barbara Hrovatin, B. Sc.
. Drazen Ivanov

. Janez Jelenc, B. Sc.

. Davorin Kotnik

. Silvano Mendizza

90. Janja Milivojevic

91.
92.
93.
94.
95.

Iztok Ograjensek

Silvija Pir§

Ana Sepe, B. Sc.

Marjetka Trinar

Veselko Tihidrag Zagar, B. Sc.

Note:
* part-time JSI member
** postgraduate financed by industry
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Dubrovnik, Croatia, [S. 1, s.n.], 2011, 17 pp.

. Sadik Bekteshi, Aleksander Zidansek, Skender Kabashi, Sehad Kadiri,

Gézim Hodolli, Besim Xhafa, Fisnik Aliaj, "Radon measurements in the
Obiliq thermal power plant and buildings in its vicinity", In: Book of
proceedings, 24th International Conference on Efficiency, Cost,
Optimization, Simulation and Environmental Impact of Energy
Systems, ECOS 2011, 4-7 July2011, Novi Sad, Serbia, Milorad Boji¢, ed.,
Ni$, Faculty of Mechanical Engineering, 2011, pp. 2824-2828.

. Maja Cesarek, Janez Jelenc, Maja Remskar, "Kelvinova tipalna

mikroskopija", In: Zbornik predavanj: delavnica Karakterizacija
materialov, 7. in 8 november 2011, Rogla, Slovenija, Danjela Kuscer, ed.,
Ljubljana, Center odli¢nosti Namaste, 2011, pp. 25-28.

. Martin Dobeic, Stefan Pintari¢, Irena Zdovc, Majda Golob, Tilen KoKkli¢,

Sandra Kure, Janez Strancar, "Titanate nanotubes as antibacterial
coatings for control of Listeria in food plants", In: XV ISAH Congress
2011, Animal hygiene and sustainable livestock production: innovations
in hygiene, nutrition and housing for healthy food from healthy animals,
Proceedings of the 15th International Congress of the International
Society for Animal Hygiene, July 3 - 7, Vienna, Austria, Josef Kofer, ed.,
Hermann Schobesberger, ed., Brno, ISAH, 2011, pp. 1171-1173.

. Andreja Erste, Vid Bobnar, Xian-Zhong Chen, Cheng-Lian Jia, Qun-Dong

Shen, "Dielectric investigations of a new class of relaxor polymer”, In:
Zbornik prispevkov, 3. Studentska konferenca Mednarodne
podiplomske $ole JoZefa Stefana = 3rd JoZef Stefan International
Postgraduate School Students Conference, 25. maj 2011, Ljubljana,
Slovenija, Dejan Petelin, ed., Ale$ Tav¢ar, ed., Brigita Rozi¢, ed., Bogdan
Pogorelc, ed., Ljubljana, Mednarodna podiplomska $ola JoZefa Stefana,
2011, pp. 148-153.

. Maja Garvas, Polona Umek, Janez Strancar, "Single nanoparticle

detection in live cell by fluorescence microspectroscopy", In: Zbornik
prispevkov, 3. Studentska konferenca Mednarodne podiplomske 3ole
JoZefa Stefana = 3rd JoZef Stefan International Postgraduate School
Students Conference, 25. maj 2011, Ljubljana, Slovenija, Dejan Petelin,
ed., Ale$ Tavcar, ed., Brigita RoZi¢, ed., Bogdan Pogorelc, ed., Ljubljana,
Mednarodna podiplomska Sola Jozefa Stefana, 2011, pp. 155-160.

. Sebastjan Glinsek, Barbara Mali¢, Elena Tchernychova, Cene Filipic,

Marija Kosec, "Processing of high-quality KTaO; ceramics”, In: Zbornik
prispevkov, 3. Studentska konferenca Mednarodne podiplomske ole
JoZefa Stefana = 3rd JoZef Stefan International Postgraduate School
Students Conference, 25. maj 2011, Ljubljana, Slovenija, Dejan Petelin,
ed., Ale$ Tav¢ar, ed., Brigita RoZi¢, ed., Bogdan Pogorelc, ed., Ljubljana,
Mednarodna podiplomska Sola JoZefa Stefana, 2011, pp. 162-166.

. Selestina Gorgieva, Janez Strancar, Vanja Kokol, "Spreminjanje

mikrostrukture 3D Zelatinske matrike", In: Slovenski kemijski dnevi
2011, Portoroz, 14-16 september 2011, Zdravko Kravanja, ed., Darinka
Brodnjak-Vonc¢ina, ed., Milo$ Bogataj, ed., Maribor, FKKT, 2011, 8 pp.

. Biljana Govedarica, Miha Skarabot, Ilija Ili¢, Odon Planinsek, Igor

Musevic, Stanko Sréi¢, "Mapping the local elastic properties of
pharmaceutical solids using atomic force microscopy", In: Proceedings
of 11th International Conference On The Mechanical Behavior Of
Materials, Villa Erba, Como, Italy 2011, June 5-9, 2011, (Procedia
Engineering, Vol. 10, 2011), 11th International Conference on the
Mechanical Behavior of Materials, Como, 5-9 june 2011, Mario
Guagliano, ed., Laura Vergani, ed., Amsterdam, Elsevier, 2011, vol. 10,
pp. 2866-2875,2011.

P. Guttmann, Carla Bittencourt, X. Ke, Gustaaf Van Tendeloo, Polona
Umek, Denis Arcon, Christopher Paul Ewels, S. Rehbein, S. Heim, G.
Schneider, S. Rehbein, "TXM-NEXAFS of TiO,-based nanostructures”,
In: Proceedings of the XRM 2010, 10th International Conference on X-
ray Microscopy, August 15-20, 2010, Chicago, Illinois, USA, (AIP
conference proceedings, vol. 1365, 2011), New York, American
Institute of Physics, 2011, vol. 1365, no. 1, pp. 437-440, 2011.
Andreja Jelen, Janez Dolinsek, Vili BukoSek, "Hardening of the coating
with MoS, nanotubes = more compact electronics structures”, In:
LOPE-C: Large-area, organic & printed electronics convention,
International Conference and Exhibition for the Organc and Printed
Electronics Industry, June 28 - June 30, 2011, Messe Frankfurt,
Germany, Frankfurt, OE-A, = Organic and Printed Electronics
Association, 2011, pp. 253-256.

Skender Kabashi, Sadik Bekteshi, Skender Ahmetaj, Gazmed Kabashi,
Robert Blinc, Aleksander Zidansek, Ivo Slaus, "Greenhouse gas and air
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pollution emissions and options for reducing from the Kosovo
transportation sector-dynamic modelling", In: Proceedings of the 5th
Dubrovnik Conference on Sustainable Development of Energy, Water
and Environment Systems, 30 September 2009 to 3 October 2009,
Dubrovnik, Croatia, (Management of environmental quality, vol. 22, no.
1, 2011), Nikola Ruzinski, ed., Bradford, Emerald, 2011, vol.22, no. 1,
spec. iss., pp. 72-88, 2011.

Skender Kabashi, Sadik Bekteshi, Albert Jonuzaj, Aleksander Zidansek,
"Dynamic modeling of air pollution and acid rain from energy system
and transport in Kosovo", In: Book of proceedings, 24th International
Conference on Efficiency, Cost, Optimization, Simulation and
Environmental Impact of Energy Systems, ECOS 2011, 4-7 July2011,
Novi Sad, Serbia, Milorad Boji¢, ed., Ni$, Faculty of Mechanical
Engineering, 2011, pp. 2803-2823.

Skender Kabashi, Sadik Bekteshi, Albert Jonuzaj, Aleksander Zidansek,
"Modelling air quality near some stationary sources in Kosovo", In:
Conference proceedings, 6th Dubrovnik Conference on Sustainable
Development of Energy, Water and Environment Systems, September
25 - October 29, 2011, Dubrovnik, Croatia, [S.1, s.n.], 2011, 7 pp.
Janez Kogovsek, Mitjan Kalin, Maja Remskar, "Tribological behaviour
of MoS2 nanotubes in oil", In: ECOTRIB 2011: proceedings, Friedrich
Franek, ed., JoZe ViZintin, ed., Wien, The Austrian Tribology Society, =
Osterreichische Tribologische Gesellschaft, 2011, pp. 911-916.

Janez Kogovsek, Maja Remskar, Janez Jelenc, Mitjan Kalin, "Nano- and
macro-scale friction of MoS2 nanoparticles”, In: Development and
implementation of enhanced technologies 2011: proceedings of the 3rd
AMES International Conference, Ljubljana, Slovenia, November 29th-
30th, 2011, 1ztok Golobi¢, ed., Franc Cimerman, ed., 1st ed., Ljubljana,
Association of Mechanical Engineers of Slovenia - AMES, 2011, pp.
126-136.

Mitja Kolenc, Nermin Suljanovi¢, Aljo Mujc¢i¢, Jurij F. Tasi¢, Matej Zajc,
"Integracija brezzi¢nih senzorskih omrezij v aktivna omreZja in prenos
podatkov v realnem ¢asu", In: Zbornik dvajsete mednarodne
Elektrotehniske in racunalniske konference ERK 2011, 19.-21. september
2011, Portoroz, Slovenija, (Zbornik ... Elektrotehniske in ra¢unalniske
konference ERK ...), Baldomir Zajc, ed., Andrej Trost, ed., Ljubljana,
IEEE Region 8, Slovenska sekcija IEEE, 2011, zv. A, pp. 200-203.

Matej Kranjc, Franci Bajd, Igor Sersa, Damijan Miklav¢i¢, "Opazovanje
porazdelitve elektri¢nega polja v fantomu z magnetnoresonancno
elektri¢noimpedan¢no tomografijo", In: Zbornik dvajsete mednarodne
Elektrotehniske in racunalniske konference ERK 2011, 19.-21. september
2011, Portoroz, Slovenija, (Zbornik ... Elektrotehniske in rac¢unalniske
konference ERK ...), Baldomir Zajc, ed., Andrej Trost, ed., Ljubljana,
IEEE Region 8, Slovenska sekcija IEEE, 2011, zv. B, pp. 335-338.
Julijana Kristl, Karmen Teskac, Slavko Pecar, Stane Pajk, Mateja
Erdani-Kreft, "Accompanying of nanoparticles' distribution within the
cells: [poster presentation]”, In: 4th BBBB-Bosphorus International
Conference on Pharmaceutical Sciences: New trends in drug discovery,
delivery systems and laboratory diagnostics, Bled, Slovenia, 29
September-01 October 2011: proceedings, (European journal of
Pharmaceutical Sciences, Vol. 44, suppl. 1), Amsterdam ... [etc.],
Elsevier, 2011, pp. 143-144.

Dejan KriZaj, Ivan Iskra, Maja Remskar, "Multiphysics modelling of
nanoparticle detection / current status and collaboration sought", In:
Proceedings CD, Comsol Conference, October 26-28, 2011, Stuttgart, [S.
1.], Comsol, 2011, pp. 1-3.

Dejan Krizaj, Ivan Iskra, Maja Remskar, "Numerical modeling of a
capacitive type detector of airborne nanoparticles”, In: IFMBE
proceedings, (IFMBE proceedings, vol. 37), 5th European Conference of
the International Federation for Medical and Biological Engineering,
14-18 September 2011, Budapest, Hungary, Akos Jobbagy, ed., Berlin,
Heidelberg, New York, Springer, cop. 2011, pp. 1303-1306.

Alja Kupec, Barbara Mali¢, Brigita Kuznik, Marija Kosec, Brigita RozZi¢,
Zdravko Kutnjak, "Lead lanthanum zirconate titanate thin films with a
giant electrocaloric effect prepared by chemical solution deposition”,
In: Proceedings, 47th International Conference on Microelectronics,
Devices and Materials and the Workshop on Organic Semiconductors,
Technologies and Devices, September 28 - September 30, 2011,
Ajdovscina, Slovenia, Gvido Bratina, ed., Iztok Sorli, ed., Ljubljana,
MIDEM - Society for Microelectronics, Electronic Components and
Materials, 2011, pp. 249-253.

Matej Lipoglavsek, Urska Mikac, "Electron screening in metals”, In:
Frontiers in nuclear structure, astrophysics, and reactions: FINUSTAR 3,
Rhodes, Greece, 23-27 August 2010, (AIP conference proceedings,
1377), Paraskevi Demetriou, ed., Rauno Julin, ed., Sotirios V.
Harissopulos, ed., Melville, AIP, = American Institute of Physics, 2011,
pp. 383-385.
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Olga Malgina, Jana Milenkovi¢, Emil Plesnik, Matej Zajc, Andrej Kosir,
Jurij F. Tasi¢, "Methods for ECG signal compression with
reconstruction via cubic spline approximation”, In: MECBME'11, 1st
Middle East Conference on Biomedical Engineering, February 21 - 24,
2011, Sharjah, UAE, [S. 1], IEEE, = Institute of Electrical and Electronics
Engineers, 2011, pp. 1-5.

. Olga Malgina, Jana Milenkovi¢, Emil Plesnik, Matej Zajc, Jurij F. Tasic,

"ECG signal frature extraction and classification based on R peaks
detection in the phase space”, In: For sustainable ubiquitous
technology, 2011 IEEE GCC Conference and Exhibition, 19-22 February
2011, Dubai, United Arab Emirates, [S. L], IEEE, = Institute of Electrical
and Electronics Engineers, 2011, pp. 381-384.

. Jerneja Milavec, Ale$ Mrzel, Irena Drevens$ek Olenik, Mikhail Pevnyi,

Victor Reshetnyak, "Effect of MogS1;,_x nanotubes addition on
electrooptical properties of polymer-dispersed liquid crystals", In:
Proceedings of the 3rd COINAPO Topical Meeting on Composites of
Inorganic Nanotubes & Polymers, 2-3 March 201, Sestriere, Italy,
(Sensors & transducers, vol. 12, spec. issue, 2011), Toronto,
International Frequency Sensor Association, 2011, vol. 12, spec. issue,
pp. 18-25,2011.

. Jana Mlakar, Janez Strancar, "Temperaturni in vlaznostni profili v

razli¢nih gradbenih sklopih pasivnih hi$", In: Zbornik prispevkov, 3.
Studentska konferenca Mednarodne podiplomske $ole JoZefa Stefana =
3rd Jozef Stefan International Postgraduate School Students
Conference, 25. maj 2011, Ljubljana, Slovenija, Dejan Petelin, ed., Ale$
Tavdar, ed., Brigita Rozi¢, ed., Bogdan Pogorelc, ed., Ljubljana,
Mednarodna podiplomska $ola JoZefa Stefana, 2011, pp. 30-35.

Igor Musevi¢, "AFM mikroskop in laserska pinceta", In: Zbornik
predavanj: delavnica Karakterizacija materialov, 7. in 8. november
2011, Rogla, Slovenija, Danjela Kuscer, ed., Ljubljana, Center odli¢nosti
Namaste, 2011, pp. 17-19.

Igor Musevic, Matjaz Humar, "Tunable liquid crystal optical
microcavities", In: Emerging liquid crystal technologies VI: 25-26
January 2011, San Francisco, California, United States, (Proceedings of
SPIE, vol. 7955), Liang-Chy Chien, ed., Hiroshi Yokoyama, ed.,
Bellingham, SPIE, 2011, pp. 795509-1-795509-8.

. Uro$ Nahtigal, Erik Zupani¢, Igor Musevi¢, Drago Strle, "Problems

associated with measurements of small traces of vapor TNT, DNT and
RDX", In: Proceedings, 47th International Conference on
Microelectronics, Devices and Materials and the Workshop on Organic
Semiconductors, Technologies and Devices, September 28 - September
30,2011, Ajdovscina, Slovenia, Gvido Bratina, ed., [ztok Sorli, ed.,
Ljubljana, MIDEM - Society for Microelectronics, Electronic
Components and Materials, 2011, pp. 99-102.

Nikola Novak, Zdravko Kutnjak, "Enhancing the materials for new
generation of piezoelectric devices", In: Zbornik prispevkov, 3.
Studentska konferenca Mednarodne podiplomske $ole JoZefa Stefana =
3rd JozZef Stefan International Postgraduate School Students
Conference, 25. maj 2011, Ljubljana, Slovenija, Dejan Petelin, ed., Ale$
Tavcar, ed., Brigita RoZi¢, ed., Bogdan Pogorelc, ed., Ljubljana,
Mednarodna podiplomska $ola JoZefa Stefana, 2011, pp. 183-189.
Sara Novak, Damjana Drobne, Janez Valant, Ziva Pipan Tkalec, Primoz
Pelicon, Primoz Vavpeti¢, Ingrid Falnoga, Maja Remskar, "Tissue
accumulation and toxic potential of ingested TiO2 nanparticles by a
terrestrial isopod (Porcellio scaber, Isopoda, Crustacea)”, In:
Proceedings of the 8th International Symposium of Terrestrial Isopod
Biology - ISTIB 2011, June 19-23, 2011, Hotel Ribno, Bled, Slovenia,
Primoz Zidar, ed., Jasna Strus, ed., Ljubljana, Biotechnical Faculty,
Department of Biology, 2011, pp. 153-154.

Stane Pajk, Maja Garvas, Janez Strancar, Slavko Peéar, "Design and
synthesis of new fluorophore - nitroxide double probes for membrane
spectroscopy”, In: 4th BBBB-Bosphorus International Conference on
Pharmaceutical Sciences: New trends in drug discovery, delivery systems
and laboratory diagnostics, Bled, Slovenia, 29 September-01 October
2011: proceedings, (European journal of Pharmaceutical Sciences, Vol.
44, suppl. 1), Amsterdam ... [etc.], Elsevier, 2011, pp. 45-46.

Stefan Pintari¢, Martin Dobeic, Irena Zdovc, Majda Golob, Stanka
Grebenc, Janez Strancar, "Use the centrifugal samplers for detection of
microorganisms in the air", In: XV ISAH Congress 2011, Animal hygiene
and sustainable livestock production: innovations in hygiene, nutrition
and housing for healthy food from healthy animals, Proceedings of the
15th International Congress of the International Society for Animal
Hygiene, July 3 - 7, Vienna, Austria, Josef Kofer, ed., Hermann
Schobesberger, ed., Brno, ISAH, 2011, pp. 785-787.

Emil Plesnik, Olga Malgina, Jana Milenkovi¢, Jurij F. Tasi¢, Matej Zajc,
"Odstranjevanje nihanja nicelnega nivoja pri elektrokardiogramih v
faznem prostoru za namen detekcije tock R", In: Zbornik dvajsete
mednarodne Elektrotehniske in racunalniske konference ERK 2011, 19.-
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21. september 2011, PortoroZ, Slovenija, (Zbornik ... Elektrotehniske in
racunalniske konference ERK ...), Baldomir Zajc, ed., Andrej Trost, ed.,
Ljubljana, IEEE Region 8, Slovenska sekcija IEEE, 2011, zv. B, pp. 391-
394.

. Uro$ Puc, Andreja Abina, Anton Jegli¢, Aleksander Zidansek,

"Applications of underwater radar”, In: Book of proceedings, 24th
International Conference on Efficiency, Cost, Optimization, Simulation
and Environmental Impact of Energy Systems, ECOS 2011, 4-7
July2011, Novi Sad, Serbia, Milorad Boji¢, ed., Ni$, Faculty of
Mechanical Engineering, 2011, pp. 3190-3193.

Brigita Rozi¢, Zdravko Kutnjak, George Cordoyiannis, BoStjan Zalar,
Slobodan Zumer, Simon Krause, Heino Finkelmann, Barbara Mali¢, Alja
Kupec, Janez Holc, Marija Kosec, Rasa Pirc, Robert Blinc, Marko
Jagodic¢, Saso Gyergyek, Mihael Drofenik, Samo Kralj, Gojmir Lahajnar,
Zvonko Jaglic¢i¢, "Liquid crystal elastomers, electrocalorics, and new
soft magnetoelectrics: materials for advanced technologies”, In:
Zbornik prispevkov, 3. Studentska konferenca Mednarodne
podiplomske Sole JoZefa Stefana = 3rd Jozef Stefan International
Postgraduate School Students Conference, 25. maj 2011, Ljubljana,
Slovenija, Dejan Petelin, ed., Ale$ Tav¢ar, ed., Brigita Rozi¢, ed., Bogdan
Pogorelc, ed., Ljubljana, Mednarodna podiplomska $ola JoZefa Stefana,
2011, pp. 199-205.

Ivan Sedmak, Iztok Urbancic, Janez Strancar, Lionel Aigouy, Michel
Mortier, Iztok Golobi¢, "Towards high spatial resolution and non-
invasive thermometry", In: Development and implementation of
enhanced technologies 2011: proceedings of the 3rd AMES International
Conference, Ljubljana, Slovenia, November 29th-30th, 2011, 1ztok
Golobi¢, ed., Franc Cimerman, ed., 1st ed., Ljubljana, Association of
Mechanical Engineers of Slovenia - AMES, 2011, pp. 59-66.

Igor Sersa, Franci Bajd, Ana Sepe, "MR microscopy of food freezing and
thawing", In: Magnetic resonance in food science: an exciting future:
[the proceedings of the 10th Internation Conference on the Applications
of Magnetic resonance in Food Science held in Clermont Ferrand,
France, September 13-15, 2010], (Special publication, no. 332), J.-P.
Renou, ed,, P. S. Belton, ed., G. A. Webb, ed., Cambridge, Royal Society
of Chemistry, cop. 2011, pp. 190-197.

Janez Stepisnik, AleS Mohori¢, "Meritev omejene difuzije molekul v
nanoporah z metodo odmeva spinov v nehomogenem magnetnem
polju”, In: Zbornik povzetkov, 10. simpozij fizikov Univerze v Mariboru,
8.,9.1in 10. december 2011, Maribor, Marko Robnik, ed., Dean Korosak,
ed., Maribor, CAMTP, 2011, 1 pp.

Janez Stepisnik, AleS Mohoric, Igor Sersa, "Revealing the polymer
translational dynamics by the method of mof=dulated gradient spin
echo”, In: 52nd ENC Long abstracts, [s.l, s.n.], 2011, 1 pp.

. Drago Strle, Bogdan Stefane, Uro$ Nahtigal, Erik Zupanic, Franc

PoZgan, Ivan Kvasi¢, Marijan Macek, Igor Musevi¢, "Vapour trace
detection of explosives using surface-functionalized MEMS capacitive
sensors and miniature CMOS electronics”, In: RTO-MP-SET-169 - PRE-
RELEASE, [S.1.], NATO RTO, 2011, pp. 1-10.

Janez Strancar, Mojca Bozi¢, Selestina Gorgieva, Alma Mehle, Vanja
Kokol, "Inspecting laccase action for tailoring lignin functionalization",
In: Science & technology of biomasses: advances and challenges: from
forest and agricultural biomasses to high added value products:
processes and materials: proceedings book, Italic 6, September 5-8,
2011, Tuscia University, Viterbo - Italy, Viterbo, Exorma, 2011, pp.
286-289.

. Karmen Teskac, Stane Pajk, Biljana Govedarica, Slavko Pecar, Stanko

Srci¢, Julijana Kristl, "Intra- and intercellular trafficking of solid lipid
nanoparticles”, In: 4th European conference for clinical nanomedicine:
the great strides towards the medicine of the future: May 23-25, 2011 -
Congress Center Basel, Basel, Switzerland: conference proceedings, Beat
Loffler, ed., Patrick Hunziker, ed., Basel, European Foundation for
Clinical Nanomedicine, 2011, pp. 123-125.

Marko Tkal¢i¢, Andrej Kosir, Jurij F. Tasi¢, "Affective recommender
systems: the role of emotions in recommender systems", In:
Proceedings of the RecSys 2011 Workshop on Human Decision Making in
Recommender Systems (Decisions@RecSys'11): affiliated with the 5th
ACM Conference on Recommender Systems, October 27th, 2011, Chicago,
IL, USA, Alexander Felfernig, ed., Li Chen, ed., Monika Mand], ed,, [S. 1,
s.n.], 2011, pp. 24-28.

Marko Tkal¢i¢, Matevz Kunaver, Andrej Kosir, Jurij F. Tasi¢,
"Addressing the new user problem with a personality based user
similarity measure”, In: Proceedings, (CEUR workshop proceedings,
vol. 740), First International Workshop on Decision Making and
Recommendation Acceptance Issues in Recommender Systems
(DEMRA 2011) [and] Second International Workshop on User Models
for Motivational Systems: the affective and the rational routesto
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persuasion (UMMS 2011), July 11, 2011, Girona, Spain, [Aachen],
CEUR-WS, cop. 2011, pp. 106-111.

Marko Tkal¢i¢, Ante Odi¢, Andrej KoSir, Jurij F. Tasi¢, "Impact of
implicit and explicit affective labeling on a recommender system's
performance", In: Proceedings, (CEUR workshop proceedings, vol.
740), First International Workshop on Decision Making and
Recommendation Acceptance Issues in Recommender Systems
(DEMRA 2011) [and] Second International Workshop on User Models
for Motivational Systems: the affective and the rational routesto
persuasion (UMMS 2011), July 11, 2011, Girona, Spain, [Aachen],
CEUR-WS, cop. 2011, pp. 112-122.

Jozef Zadravec, Milan Ambrozi¢, Maja Milfelner, Robert Repnik,
Aleksander Zidansek, "Georadar v 3oli in praksi”, In: VI. mednarodno
znanstveni posvet/konferenca na temo Ekologija za boljsi jutri, od 23. 3.
do 25. 3. 2011, Samo Fos$naric, ed., Rakican, RIS - Raziskovalno
izobrazevalno sredisce Dvorec, 2011, pp. 69-73.

Aleksander Zidansek, "Happiness in nations and governance", In:
Conference proceedings, 6th Dubrovnik Conference on Sustainable
Development of Energy, Water and Environment Systems, September
25 - October 29, 2011, Dubrovnik, Croatia, [S. 1., s.n.], 2011, 12 pp.
Aleksander Zidansek, Milan Ambrozi¢, Maja Milfelner, "Solar power
from orbit or Moon", In: Sustainability and space exploration: report to
the Slovenian Association for the Club of Rome, Aleksander Zidansek,
ed.,, Ivo Slaus, ed., Ljubljana, Slovensko zdruZenje Rimskega kluba,
2011, pp. 15-19.

Aleksander Zidansek, Ivo Slaus, "Energy consumption and happiness
in nation", In: Book of proceedings, 24th International Conference on
Efficiency, Cost, Optimization, Simulation and Environmental Impact
of Energy Systems, ECOS 2011, 4-7 July2011, Novi Sad, Serbia, Milorad
Boji¢, ed,, Nis, Faculty of Mechanical Engineering, 2011, pp. 3183-
3189.
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1. Robert Blinc, Advanced ferroelectricity, (International series of
monographs on physics, vol. 151), Oxford, Oxford University, 2011.

2. Marko Tkal¢i¢, Andrej Kosir, Jurij F. Tasi¢, Emotive and personality
parameters in recommender systems: recognition and usage of user-
centric data for user and item modeling in content retrieval systems,
Saarbriicken, LAP LAMBERT Academic Publishing, cop. 2011.

TEXTBOOKS AND LECTURE NOTES

1. Milan Ambrozi¢, Gorazd Planinsi¢, Erik Kari¢, Samo Kralj, Mitja
Slavinec, Aleksander Zidansek, Fizika, narava, Zivljenje, Ucbenik za
pouk fizike v 8. razredu devetletne osnovne Sole, (Raziskovalec 8), 1.
izd., Ljubljana, DZS, 2000.

2. Marko Anderluh, Janez Mravljak, Matej Sova, Andrej Perdih, Slavko
Pecar, Medicinal chemistry III: laboratory practice and seminars,
Ljubljana, Faculty of Pharmacy, 2011.

3. Vid Bobnar, Dielectric and thermal properties of advanced
nanomaterials, Ljubljana, JoZef Stefan International Postgraduate
School, 2011.

THESES
B. Sc. Theses

1. Kristjan Anderle, Nuclear magnetic resonance in superconducting
NaFeAs under high pressures: undergraduate thesis, Ljubljana, [K.
Anderle], 2011.

2. Maja Cegarek, Kelvinova tipalna mikroskopija: undergraduate thesis,
Ljubljana, [M. Ce$arek], 2011.

3. Ana Dergan, EPR study of interfacial charge transfer in titanium dioxide
nanoparticles: undergraduate thesis, Ljubljana, [A. Dergan], 2011.

4. Andraz Krajnc, High-pressure NMR study of molecular superconductor
Cs3Ceo close to the Mott transition: undergraduate thesis, Ljubljana, [A.
Krajnc], 2011.

PATENTS

1. Ale$ Mrzel, Maja Remskar, Adolf Jesih, Marko Virsek, Process for the
synthesis of nanotubes and fullerene-like nanostructures of transition
metal dichalcogenides, quasi one-dimensional structures of transition
metals and oxides of transition metals, US8007756 (B2), United States
Patent and Trademark Office, 30.8.2011.
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. Igor Musevi¢, Miha Skarabot, Slobodan Zumer, Miha Ravnik, PATENT APPLICATION

Metamaterials and resonant materials based on liquid crystal
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MATTER F-7

The research within the Department for Complex Matter encompasses a variety of research
Sfields, ranging from the synthesis of new materials to fundamental investigations of elementary
excitations in complex systems. These include anything from nano-biosystems and biomolecules
to superconductors and nanowires. The experimental methods used are suitably diverse, from
synthetic chemistry to biomedicine and femtosecond laser spectroscopy and magnetometry. Last
year’s research achievements are thus quite diverse, but we are able to report on breakthroughs in
anumber of areas.

The activities in the department can be grouped together into a number of thematically inter-related research
areas. Nanomaterials science research is focused on investigations into the fundamental properties and applications
of MoSI molecular wires, crossing into the physics and nanoscience of macromolecular biological systems such as
DNA and cilia, and venturing into quantum molecular electronics and nano-electronics. These and other materials,
such as strongly correlated systems, electronically ordered systems and superconductors were investigated using Head:
advanced femtosecond spectroscopy techniques. In many areas we have introduced new materials, technologies Prof. Dragan D. Mihailovi¢
and techniques.

Ultrafast studies of electron dynamics in correlated systems.

The field of the research of relaxation processes of photo-excited electrons in correlated electron systems remains
one of our main research topics. Several experimental studies of carrier relaxation phenomena in correlated electron
systems with various degrees of correlation have been performed using femtosecond time-resolved techniques.
The aim of the on-going research is to gain additional information about
the nature of the low-lying excitations in these materials, and to explorethe  We observed remarkable anharmonic effects,
nature and strength of the interactions of electrons with other low-lying hitherto undetected in the systems exhibiting
excitations. Femtosecond spectroscopy has been instrumental in elucidating ~ collective charge ordering.
the nature of the electronic excitations in superconductors, since it makes it
possible to distinguish different components by their lifetimes. Moreover, the relaxation kinetics can yield valuable
information about the mechanism for superconductivity.

By means of the three-pulse method we also investigated the excitation region below the CDW destruction
threshold in 17-TaS2 and ThTe3. Upon strong coherent excitation we observed self-modulation of the amplitude
mode intensity. A similar effect was also observed for some other phonons, where the cross-modulation at the
amplitude-mode frequency indicates the anharmonic interaction of those phonons with the amplitude mode. By
analysing the observed phenomena in the framework of time-dependent Ginzburg-Landau theory we attribute the
effects to the anharmonicity of the mode potentials inherent to the broken symmetry state of the CDW systems.
The results were published in Phys. Rev. B 83, 035104 (2011).

We investigate the relaxation dynamics of photo-excited quasiparticles (QPs) in underdoped Bi,Sr,CaCu,0,
(7=78K). By changing the excitation energy and polarization of the probe beam, two different types of relaxation
dynamics, associated with superconducting (SC) and pseudo-gap (PG) QPs,
are quantitatively analysed independently. The pump fluence (F) dependence
of the SC-dominated transients shows a contribution of the PG component
above the saturation condition of the SC component where Cooper pairs
with long-range order are fully destroyed within the photo-excited volume.
Assuming a temperature-independent PG decay time, we successfully isolate
the native SC transient even above the threshold by subtracting the PG
response from the original data. In the saturation regime, the exponential
decay (recovery of SC) is fast (2-3 ps), suggesting an efficient non-equilib-
rium phonon relaxation in this compound. We also find a flat-top response
preceding the exponential decay above the threshold, which appears as a
delay of the SC recovery in the original data. This response is visible over
the whole temperature range below 7' and its duration increases with increasing F. The response is attributable
to a photo-induced SC-to-non-SC phase transition arising from an excitation by the non-thermal QPs and/or

Figure 1. Tracking the melting of charge density waves using a
femtosecond electron-diffraction camera.
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high-frequency phonons. The consistently near-constant magnitude of the PG response at the start of the SC state
recovery from the non-SC phase suggests a correlation between the SC and PG QPs. The results were published in
Phys. Rev. B84, 174516 (2011).

The processes leading to non-thermal condensate vaporization and charge-density-wave (CDW) melting with
femtosecond laser pulses is systematically investigated in different materials. We find that vaporization is relatively
slow (~1 ps) and inefficient in superconductors, exhibiting a strong systematic dependence of the vaporization
energy on the critical temperature. In contrast, melting of the CDW order proceeds rapidly (50-200 fs) and more
efficiently. A quantitative model describing the observed systematic behaviour in superconductors is proposed based
onaphonon-mediated quasiparticle (QP) bottleneck mechanism. In contrast, Fermi-surface disruption by hot QPs is
proposed to be responsible for the CDW state melting. The results were published in Phys. Rev. B 84, 180507 (2011).

The transient photo-induced reflectivity and the transient photo-induced magneto-optical Kerr angle were
measured inaLa, St , MnO, single crystal as functions of temperature. A separate photo-induced transient fer-
romagnetic phase is found to form within the pseudo-cubic low-temperature insulating ferromagnetic phase after
photo-excitation. The characteristic time of the transient phase formation is of the order of 10 ps. The similarity
with Pr; Ca, MnO, indicates that the photo-induced transient ferromagnetic phase is a general property of the
insulating ferromagnetic state in colossal-magnetoresistive manganites. The results were published in Phys. Rev.
B 83, 113103 (2011).

The dynamics for both salts show similar temperature dependences, which is well characterized by the carrier
relaxation across the pseudo-gap (PG) of the magnitude APG~16 meV for Br salt and 7.0 meV for Cl salt. On the

We investigated the relaxation dynamics of
non-equilibrium carriers in organic conductors
K-(BEDT-TTF)2Cu[N(CN)21X (X=Br and CI) using
ultrafast time-resolved optical spectroscopy.

other hand, only the Br salt shows an abrupt increase of the decay time at
low temperature, indicating an additional decay component associated with
the superconducting (SC) gap below the Tc. The fluence-dependent dynam-
ics at low temperature evidence the superposition of the SC component
onto the PG component. These results indicate a metallic-insulating phase

Figure 2: Energy required fo vaporize the superconducting condensate

separation in the Br salt triggered by photo-excited non-equilibrium carriers. The results were published in Phys.
Rev. Lett. 107, 227002 (2011).

We also extended systematic investigations of the electron phonon coupling into several cuprate and iron-
based pnictide superconductors and charge density wave compounds. The manuscript reporting these results is
currently in preparation.

We continued our research of the relaxation of quasiparticles in pnictide superconductors. We systematically
investigate the photo-excited (PE) quasi-particle (QP) relaxation and low-energy electronic structure in electron
doped Ba(Fe, Co ),As, single crystals as a function of Co doping. The evolution of the photo-induced reflectivity
transients with x proceeds with no abrupt changes. In the orthorhombic
spin-density-wave (SDW) state a bottleneck associated with a partial
charge-gap opening is detected, similar to previous results in different SDW
iron-pnictides. The relative charge gap magnitude decreases with increasing
x. In the superconducting (SC) state an additional relaxational component
appears due to a partial (or complete) destruction of the SC state proceeding
on asub-0.5-picosecond timescale. From the SC component saturation behav-
iour the optical SC-state destruction energy is determined near the optimal
doping. The subsequent relatively slow recovery of the SC state indicates
clean SC gaps. The 7-dependence of the transient reflectivity amplitude in
the normal state is consistent with the presence of a pseudo-gap in the QP
density of states. The polarization anisotropy of the transients suggests that
the pseudo-gap-like behaviour might be associated with a broken point sym-
metry resulting from nematic electronic fluctuations persisting up to ~200
K at any x. The second moment of the Eliashberg function, obtained from
the relaxation rate in the metallic state at higher temperatures, indicates a
moderate electron phonon coupling, ~0.3, that decreases with increasing
doping. The manuscript was submitted to Physical Review.

Uy, expressed in K per planar Cu as a_function of Tc2 for cuprates. The . .
data for NbN, SmFeAs,, F, ,and a(Fe, ,,Co, ) As, are included for Theoretical studies on the nanoscale

comparison. The solid line is a plot of Ulost where Uv=Uc+Ulost (Uc is Unconventional symmetries of the order parameter allowed some

condensation energy).

Dashed line is a square law Up=nT1¢2, where n=1.5x10°K? atonr’.
The inset shows the phonons with ho>2A which can break the pairs.

researchers to maintain that a purely repulsive interaction between
electrons provides superconductivity without phonons in a number of

The measured phonon density of states for YBCO is approximated by a high-temperature superconductors. We have analysed the problem of

parabola.
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unconventional superconductivity with the repulsive interaction and have
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shown that the Cooper pairing with small orbital moments is strongly
suppressed by the realistic Coulomb repulsion between fermions at relevant
temperatures in any dimension (Physical Review Letters, 106, 136403
(2011)).

Our results show that these bifurcations can substantially complicate
the dynamics of the order parameter and eventually lead to the appearance
of such phenomena as multi-stability and chaos. The discussed bifurcation
phenomena shed a light on some recent experimental findings (Physical

Review B, 84, 094527 (2011)). oscillatory solution.

The current-voltage characteristics of long

and narrow superconducting channels

are investigated using the time-dependent
Ginzburg-Landau equations for the complex
order parameter. We found that the steps in the
current-voltage characteristic can be associated
with bifurcations of either a steady-state or

Nanomaterials

Inorganic molecular wires - particularly molybdenum halide or chalcogenide cluster polymers - have emerged
as anew type of one-dimensional materials with remarkable molecular-scale functionality. Their one-dimensional
polymer structure gives rise to some very unusual physical properties. Anionic bridges which bind Mo clusters
together into one-dimensional chains are extraordinarily strong, yet highly deformable, giving rise to exception-
ally high Young’s moduli and nonlinear mechanical properties, respectively. The very weak interaction between
individual polymer chains within crystalline bundles leads to the observation of an extreme one-dimensional
electronic and magnetic character, on the one hand, and also to easy dispersion in common polar solvents and
ultra-low shear moduli, on the other. The sulphur atoms within the structure facilitate diverse functionalization
chemistry to thiol-containing molecules, such as proteins.

We have demonstrated the use of a novel electrochemical sensing platform based on aptamer conjugated Mo,S,
I nanowires (MoSINWs) for the highly sensitive detection of the blood-clotting enzyme thrombin. MoSINWs were
self-assembled on a gold electrode to which thrombin binding aptamers were covalently attached. The modification
and immobilization steps of the electrodes were characterised by cyclic voltammetry along with high-resolution
transmission electron microscopy and X-ray photoelectron spectroscopy. The platform was based on the creation
of a self-assembled MoSI NW layer via the sulphur-gold affinity followed by the creation of MoSI-thiolated aptamer

conjugates via the sulphur-sulphur affinity. Using this system, the sensitive

quantitative detection of thrombin was realized by monitoring the differences ~ The sensitivity limit for the detection of thrombin
of the differential pulse voltammetric responses of electrostatically trapped ~ was 10 pM. This value is 10-fold better than
[Ru(NH,),]** cations to the aptamer before and after thrombin binding. ~ all the currently reported one-step, label-free
Given the direct label-free nature of the approach and the simplicity of the ~€lectrochemical strategies.

electronic detection, the aptamer conjugated MoSI NWs biosensor appears
well suited for implementation in portable point of care microdevices directed at the rapid and sensitive detection
of proteins and pathogens. These results are reported in Biosensors & Bioelectronics, 26, 1853-1859 (2011).
We have determined the work function W of Mo 8,1, molecular nanowires using Kelvin probe (KP) measure-
ments, UV photoelectron spectroscopy (UPS), and cyclic voltammetry (CV). The values obtained by all three methods
agree well, giving the value W=4.8 +/- 0.1 eV. CV measurements also indicated a gap between the highest occupied
molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) of £g = 1.2 +/- 0.1 €V, in agreement
with recent optical measurements, but in disagreement with theoretical calculations, which have predicted the
materials to be metals. The electronic structure of Mo,S, I suggests the use of the material in applications such as
bulk heterostructure photovoltaics and transparent electrodes and for molecular electronics devices. This work was

presented in Langmuir, 27, 4296-4299 (2011).

Electron dynamics in biological macromolecules
Firstly, we have determined the optimal concentration conditions for the M-DNA complex formation, trying
to avoid an unwanted aggregation of DNA, which could happen in the presence of an overcritical concentration

of divalent cations. In the next step we were looking for the most reliable

methods for the deposition, stretching and aligning of long (~ 10um) DNA ~ In 2011 we started to develop methods for
molecules on appropriate substrates (Si/Si0, wafers, mica). We found that ~ electronic transport measurements on individual
by slow (3 cm/min) extraction of the substrate from a DNA solution with macromolecules of DNA complexes with

a computer-controlled step motor we could obtain stretched, long, DNA ~ transition-metal cations, i.e., M-DNA.

double helices on the surface of the substrate. The final step in the sample
preparation for electronic transport measurements on individual M-DNA macromolecules is the positioning of the
macromolecules on or between micron- or submicron-sized electrical contacts. By the positioning of the individual
M-DNA molecules between the electrical contacts at distances of ~ 1 um for two-probe measurements of electrical
conductivity we could achieve a method of dielectrophoresis. This method requires a determination of the optimal
values for the relevant parameters - frequency and amplitude of an AC electrical field, DNA and ion concentrations
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and the duration of each dilectrophoresis run. In a relatively short time we have succeeded in determining the
optimal dielectrophoresis parameters for our system and now we are able to position individual M-DNA molecules
or bundles of them in the submicron spaces between electrical contacts with
In 2011 we continued with investigations of  great reproducibility. The development of a method for the deposition of
optical holographic patterning in light-sensitive  stretched M-DNA molecules on a grid of four or more electrodes is currently
liquid-crystal elastomers (LCEs). in progress. The method will be based on forcing a flux of DNA solution
through a microfluidic channel which will be mounted directly over the
electrodes. Such prepared samples will enable us to conduct four-probe measurements of the electric conductivity
and to manufacture simple electronic devices, which is indeed the final goal of our research on M-DNA complexes
as building blocks in molecular nanoelectronics.

Soft Matter
These are polymer materials that exhibit a very strong opto-mechanical response, due to which they are promis-
ing for applications in various optically manipulated micromechanical devices. An important factor for the optical
manipulation is the absorption depth of the material. In relation to this we investigated the
unusual phenomenon of a strong increase in the depth of recorded holographic patterns with
recording time. We showed that this effect is related to a decrease of the absorption coefficient
due to the photo-isomerization process. The results are reported in the paper Phys. Rev. E
84,031707-1-5 (2011).

We restarted our investigations of the effect of inorganic nanotubes and nanowires on
the electro-optical properties of nematic liquid crystals and their composites with polymer
materials. We found that the addition of only 0.1 wt% of MoSI nanowires to the commercial
liquid-crystal mixture (TL203, Merck) causes a significant reduction of the switching volt-
age and a profound increase of the switching speed. These findings suggest that the doping
of liquid crystals with suitable nanoparticles is one of the promising strategies for further
improvements in the technology of liquid-crystal displays (LCDs) and other optical devices
based on liquid crystals. The results are described in the paper Sensors & Transducers
Journal 12, 18-25 (2011).

In cooperation with the Faculty of Physics at the University of Vienna we continued with
investigations of holographically structured materials that can be used as diffractive elements
for the manipulation of cold neutron beams. The main goal of these investigations is the fab-
rication of a new type of polarizers and analysers for cold neutrons. The preliminary results
are reported in the paper, which is accepted for publication in J. Phys.: Conference Series.

Our investigations of the self-assembling properties of DNA-related molecules were in 2011
focused onto two problems: (i) analysis of the interaction properties of lipophilic derivatives of
all four DNA bases (A, G, C, T) in monomolecular thin films on the water surface (Langmuir
films) and (ii) a comparative study of the aggregation properties of four very similar G-rich

Figure 3: Characterization of optical diffraction DNA oligonucleotides in an aqueous solution. The investigations of the latter showed that all
grating in light-sensitive liquid-crystal elastomer - four oligonucleotides formed G-quadruplex structures. However, in contrast to the expectations
angular dependence of diffracted intensity in the from some other experiments, our results suggest that the formation of tertiary structures

vicinity of the Bragg peak for different recording times:

(@) experiment, ) theoreticai prediction (G4-wires) is less profound in the derivatives containing the so-called “sticky CG ends” than

in the derivative without the GC ends.

Using dynamic light scattering we studied the temperature dependence of the scattered
intensities and relaxation rates for pure twist and pure bend modes in a colloidal system of BaTi0, single-domain
ferroelectric nanoparticles and liquid crystal 8CB close to the nematic-to-smectic A phase transition. From the
experiments we obtained the critical exponents for the smectic correlation lengths, which in suspensions differ
from the values for the pure 8CB and are close to the predicted values of the mean field theory. The phase-transition
temperatures from the isotropic to nematic phase T, and from nematic to smectic A phase T,, are both affected
by the presence of the particles in two ways. The electric field around the ferroelectric particles increases the
transition temperatures, while the disorder and probably also the excess
Different methods for the holographic patterning  of the surfactant cause a decrease of the transition temperatures compared
of composite materials made from photopolymer to pure 8CB. Both effects result in lower T\, and almost unchanged T, in

and superparamagnetic nanoparticles were suspensions. After prolonged exposure to the external field the ferroelectric
analysed. particles irreversibly aggregate, which results in a decrease of the internal
electricfield and, consequently, in a decrease of both transition temperatures.

Using passive micro-rheology we measured the micro-rheological properties of a magnetic fluid as a function
of the direction and magnitude of the external magnetic field. The effective microviscosity strongly depends on the
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magnitude of the external field, while it is almost independent of its direction.
Itvanishes in zero field, while in nonzero field it is larger by a factor of 2 to 4
in the direction along the field than perpendicular to it. The non-zero value
of the storage modulus, which indicates the formation of a viscoelastic fluid,
appears at magnetic fields at which the dynamic light scattering experiments
reveal the formation of elongated structures. The results are reported in Soft
Matter, 7, 125-131 (2011).

Nonlinear optics

In the Nonlinear Optics Laboratory we study new materials and their
interaction with laser light. Integrated optics is a promising technology;
however, better materials will increase its potential. In cooperation with
the National Institute for Materials Science in Tsukuba, Japan, (LiTa03)
and North Carolina State University in Raleigh, USA, (GaAIN) we study
new concepts of compact light sources on the basis of the nonlinear optical
conversion of existing lasers into the spectral regions where lasers are not yet
available. In cooperation with Rainbow Photonics A.G., a spin-off company
of ETH Zurich, we collaborate on THz generation with difference frequency
mixing. One way is using a two-frequency optical parametric oscillator to
produce pulses with two frequency components of a prescribed frequency
difference. We also develop a more compact two-frequency laser source. It
will operate at a fixed frequency difference of 9.3 THz.

The main part of the work was devoted to an investigation of the different
types of lensing effects in Ruby and Nd:YAG lasers. The obtained results are
reported in the paper Applied Physics B 105, 793-800 (2011).

Biomedical optics

Using such PPTR profiling and a dedicated numerical model, we have
developed a unique method for a determination of the maximum safe laser
radiant exposure of human skin. The current, purely subjective, approach
to a determination of this value for each patient and treatment site, namely,
significantly affects the efficacy and safety of many dermatologic laser treat-
ments. We have demonstrated that our technique provides more accurate and
reliable values than earlier attempts using the same clinical input.

Using our laboratory PPTR setup, we have measured laser-induced
temperature profiles over the course of the removal of unwanted tattoos
in human volunteers (in collaboration with Fotona d.d., Ljubljana). Our
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Figure 4: Traces and corresponding mean square displacements of a
probe particle show highly anisotropic micro-rheological properties of
magnetic colloid in external magnetic field.

The measured effective storage modulus in
magnetic colloid varies significantly within the
sample and depends on both the direction and
the magnitude of the external magnetic field.

Figure 5: BAM ( Brewster-angle microscopy ) image of heptadecanoic
acid film at the air/water interface.

technique has shown a unique potential for the characterization of pulsed-laser interaction with tattooed skin,
objective monitoring of therapeutic efficacy, and adjustment of the treatment on an individual patient basis. For

future clinical trials, we have developed a portable PPTR profiling device and
tested its performance using laboratory tissue models.

We have upgraded a Monte Carlo model of optical transport in skin with
anovel approach to the treatment of the volume of interest’s side boundaries.
Our approach allows high-resolution modelling of skin inclusions with
complex geometries and arbitrary irradiation patterns at significantly lower
computational demands as compared to earlier documented methods. Using
this model, we have performed a parametric study of blood vessel photoco-
agulation and collateral tissue damage in a novel treatment of port-wine stain
(PWS) lesions using sequential laser irradiation and intermittent cryogen
spray cooling (collaboration with Beckman Laser Institute and Medical Clinic,
University of California at Irvine).

Biological systems

¢ In cooperation with the laser company Fotona
d.d. from Ljubljana we continued with the
development of computer-simulation methods
for a determination of the optical field in
unstable laser resonators.

¢ We have investigated the potential of pulsed
photo-thermal radiometry (PPTR) for non-
contact measurements of laser-induced
temperature profiles in strongly scattering
biological tissues.

In collaboration with the Laboratory for Experimental Soft Matter at Faculty of Mathematics and Physics,
University of Ljubljana, we continued research of biomimetic systems with an emphasis on artificial cilia.

We used magneto-optical tweezers to assemble micrometre-sized superparamagnetic spheres into long chains
that were attached to a glass surface on one end. This created an array of artificial cilia and we investigated the
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Figure 6: Magnetically driven artificial cilia mimic the motion of

biological cilia.

hydrodynamics around them. We focused on the research of hydrodynamic
coupling between individual cilia, which presumably leads to the generation
of metachronal waves on a cell surface. Such waves more efficiently pump
the liquid or propel a swimming unicellular microorganism. Our findings
were published in Biomicrofluidics 5, 034103 (2011).

In collaboration with the Department of Condensed Matter Physics (F5)
we developed a theoretical model for the optimization of ciliary beating
patterns based on energetic efficiency. Using the model we found the most
efficient beating pattern both of a single cilium and of a densely ciliated
surface, where metachronal coordination was shown to have a strong ef-
fect on the pumping efficiency. We proved that microorganisms swim with
high energetic efficiency, which is contrary to previous beliefs. The work

By using an external magnetic field, we rotated Wwas published in Proceedings of National Academy of Sciences (PNAS),
the cilia and the asymmetry of rotation resulted 108, 15727 (2011).

in a fluid flow.
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charge transport in organic semiconductors. Phys. rev. lett., 2009, vol. 102, no. 1, str. 017401-1-017401-4.
Mertelj, Tomaz, Oslak, Andrej, Dolinsek, Janez, Fisher, I. R., Kabanov, Viktor V., Mihailovic, Dragan. Fine struc-
ture in the electronic density of states near the Fermi energy of Al-Ni-Co decagonal quasicrystal from ultrafast
time-resolved optical reflectivity. Phys. rev. lett., 2009, vol. 102, no. 8, str. 086405-1-086405-4.

Mertelj, TomaZ, Kabanov, Viktor V., Gadermaier, Christoph, Zhigadlo, N. D., Katrych, S., Karpinski, J., Mihailovic,
Dragan. Distinct pseudogap and quasiparticle relaxation dynamics in the superconducting state of nearly
optimally doped SmFeAsO[sub](0.8)F[sub](0.2) single crystals. Phys. rev. lett., 2009, vol. 102, no. 11, str.
117002-1-117002-4.

Petelin, Andrej, Copic, Martin. Observation of a soft mode of elastic instability in liquid crystal elastomers. Phys.
rev. lett., 2009, vol. 103, no. 7, str. 077801-1-077801-4.

Osterman, Natan, Poberaj, Igor, Dobnikar, Jure, Frenkel, Daan, Ziherl, PrimoZ, Babi¢, Dusan. Field-induced
self-assembly of suspended colloidal membranes. Phys. rev. lett., 2009, vol. 103, str. 228301-1-228301-4, doi:
10.1103/PhysRevLett.103.228301.

Mihailovié, Dragan. Inorganic molecular wires: physical and functional properties of transition metal chalco-
halide polymers. Prog. Mater. Sci.. [Print ed. ], 2009, vol. 54, no. 3, str. 309-350.

Patents granted

L

Process for the synthesis of nanotubes and fullerene-like nanostructures of transition metal dichalcoge-
nides, quasi one-dimensional structures of transition metals and oxides of transition metals
Ales Mrzel, Maja Remskar, Adolf Jesih, Marko Virsek

US8007756 (B2), United States Patent and Trademark Office, 30.8.2011.

Multistable liquid crystal device

Theo Rasing, Sergiy Lazarenko, Igor Musevic, Miha Skarabot, Marko Uplaznik

EP1927885 (B1), European Patent Office, 27.7.2011.

Laser system for medical and cosmetic applications

Karolj Nemes, Matjaz Lukac

EP2030586 (B1), European Patent Office, 11.5.2011.

Laser system for medical removal of body tissue

Matjaz Lukac, Marko Marincek, Marko Kazic, Karolj Nemes

US7867224 (B2), United States Patent and Trademark Office, 11.1.2011.

Method for operating a laser system for bleaching teeth

Matjaz Lukac, Boris Cencic

US8011923 (B2), United States Patent and Trademark Office, 6.9.2011.

Organization of conferences, congress and meetings

1.

SLONANO 2011, Ljubljana, Slovenia, co-organizers, 26-28 October 2011.
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INTERNATIONAL PROJECTS

L.

Next Generation Hybrid Interfaces for Spintronic Applications

HINTS

7.FP, 263104

EC; CNR, Consiglio Nazionale delle Ricerche, Rome, Italy

Prof. Viktor Kabanov

Electronic Response of Single Inorganic Nanowires

ERESIN

7.FP, 230975, PERG03-GA-2008-230975a

EC

Prof. Dragan Mihailovic

Composites of [norganic Nanotubes and Polymers

COINAPO

COST MP0902

EC; COST Office, Brussels, Belgium

Prof. Dragan Mihailovic

Self-assembled Guanosine Structures for Molecular Electronic Devices

COST MP0802

COST-Workshop-MP0802-01830

CGA-MP0802-1

EC; Dr. Caroline Whelan, Kent Hung, COST Office, Brussels, Belgium

Prof. Martin Copic, Asst. Prof. Lea Spindler

Electron-phonon Coupling in High-Temperature Superconductors Determined from
Femtosecond Electron Relaxation Rates

BIT/11-13-001

Prof. Giulio Cerullo, ULTRAS-INFM-CNR, Dipartmento di Fisica Politecnico di Milano,
Milano, Italy

Prof. Viktor Kabanov

Photonic Structures Based on Polymer-nanoparticle Composites

BI-CN/11-13-012

Prof. Xinzheng Zhang, Ultrafast Photonics Lab. Teda Applied Physics School, Nankai
University, Tianjin, China

Prof. Irena Drevensek Olenik

Time Resolved Optical Spectroscopy of Collective Electronically Ordered States in Iron
Based Pnictides

BI-CN/11-13-003

Prof. Zhuan Xu, Department of Physics, Zhejiang University, Hang Zhou, China
Prof. Viktor Kabanov

Crystal and Film Growth and Time-domain Optical Spectroscopy Investigations of the
Supeconducting State of the Cuprate Superconductors

BI-CN/11-13-014

Prof. Xin Yao, Department of Physics, Shanghai Jiao Tong University, Shanghai, China
Asst. Prof. Tomaz Mertelj

. Light-Sensitive Nanocomposite Media for Tunable Photonic Devices

BI-CN/09-11-016
Prof. Xinzheng Zhang, Teda Applied Physics School, Nankai University, Tianjin, China
Prof. Irena Drevensek Olenik

. Age Determination of Traumatic Bruises by Combined Diffuse Reflectance Spectroscopy

and Pulsed Photothermal Radiometry

BI-NO/11-12-015

Asst. Prof. Lise Lyngsnes Randeberg, Norwegian University of Science and Technology,
Department of Electronics and Telecommunications, Trondheim, Norway

Prof. Boris Majaron

. Experimental Search for Collective Excitations in the Peierls Conductors by Optical

Methods
BI-RU/10-11-003
Dr. Sergei Zaitsev-Zotov, Kotelnikov Institute of Radioengineering and Electronics of

RAS, Moscow, Russia
Prof. Viktor Kabanov

. Ultrafast Pump-probe Spectroscopy of Complex Matter

e-GAP

Royal Society International Joint Projects 2009/R2

Prof. Sasha Alexandrov, Loughborough University, Physics Department,
Loughborough, Great Britain

Prof. Dragan Mihailovic

. Laser Therapy of Cutaneous Vascular Lesions using Repetitive Irradiation and

Intermittent

Cryogen Cooling

BI-US/09-12-044

Dr. John Stuart Nelson, Beckman Laser Institute and Medical Clinic, University of
California at Irvine, Irvine, USA

Prof. Boris Majaron

. Laser Therapy of Cutaneous Vascular Lesions using Repetitive Irradiation and

Intermittent Cryogen Cooling

BI-US/09-12-044

Dr. John Stuart Nelson, Beckman Laser Institute and Medical Clinic, University of
California at Irvine, Irvine CA, USA

Asst. Prof. Boris Majaron

. Structure and Dynamics of Confined Bent-core Liquid Crystals

BI-US/08-10-029
Noel A. Clark, Department of Physics, University of Colorado, CO, USA
Prof. Martin Copi¢

R &D GRANTS AND CONTRACTS

L

Dynamics of Complex Functional States

Prof. Dragan Dragoljub Mihailovi¢

Sinthesis and characterization of novel nanostructures on the basis of transition metal
Dr. Ale§ Mrzel

Molecular elecronics with MoSI nanowires

Prof. Dragan Dragoljub Mihailovi¢

Biomimetic sistems in microfluidic

Dr. Mojca Vilfan

Molecular Motors

Asst. Prof. Andrej Vilfan

Ultrafast electron dynamics in metals and determination of electron-phonon coupling
constant in metals and superconductors

Prof. Viktor Kabanov

Cosmology in the lab - femtosecond control of phase transitions in real time

Prof. Dragan Dragoljub Mihailovi¢

Collective and molecular dynamics of photosensitive liquid crystal elastomers

Prof. Martin Copic

RESEARCH PROGRAMS

1.

2.

Light and Matter

Prof. Martin Copic

Dynamics of complex nano-systems
Prof. Dragan Dragoljub Mihailovi¢

100

MENTORING
Ph. D. Theses

L.

Miha Devetak, Self-assembly of guanosine derivates on surfaces (mentor Irena
Drevensek Olenik).

Martin Gorjan, Mid-infrared erbium doped fiber laser (mentor Martin Copi¢; co-mentor
Marko Marincek).

Mathieu Lu-Dac, Phase slip phenomena and vortex dynamics in mesoscopic
superconductors (mentor Viktor V. Kabanov).

Jure Strle, Self-assembled MoSI nanowire networks and their properties (mentor
Dragan Mihailovic).

M. Sc. Thesis

L

Luka Cmok, Dynamic light scattering in suspensions of ferroelectric nanoparticles in
liquid crystals close to nematic to smetic A phase transition (mentor Alenka Mertelj).

VISITORS FROM ABROAD

1.

2.

dr Venera Nasretdinova, Kotel'nikov Istitute of Radioengineering and Electronics of RAS,
Moscov, Rusia, 29-25 February 2011.

Marina Davydova, Institute of Physics of the Academy of Sciences of the Czech Republic,
Prague, Czech Republik, 1 February to 1 May 2011.
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3. dr Gary Cook , Air Force Research Laborathory, Ohio, USA, 07-11 March 2011. 15. dr Yasunori Toda, Department of Applied Physics, Hokkaido University, Sapporo, Japan,

4. drDean R. Evans, Air Force Research Laborathory, Ohio, USA, 07- 11 March 2011. 26- 29 July 2011.

5. Maria Filkusovd, Dept. of Physical Chemistry, University of PJ.Safarik in Kosice, Kosice, 16. Michael Treber, Omicron NanoTechnology GmbH, Taunusstein, Germany, 14-15
Slovakia, 02 April to 31 July 2011. September 2011.

6. Anna Pogrebna, Taras Shevchenko National University of Kyiv, Kyiv, Ukraine, 30 May 17. dr Claudio Giannetti, Universitr Cattolica del Sacro Cuore, Dipartimento di Matematica
to 06 June 2011. e Fisica, Brescia, Italy, 28-29 September 2011.

7. Samuel Ainsley Varley, Heriot Watt University, Edinburgh, Great Britain, 1 June to 31 18. Sergii Shelestiuk, Physics Faculty, National Taras Shevchenko University of Kyiv, Kyiv
July 2011. Ukraine, 30 September to 13 November 2011.

8. prof. Feodor Kusmartsev, Department of Physics, Loughborough University, 19. prof. Srdanov Vojislav, Institute of Physics, Belgrade and the Institute for Terahertz
Loughborough, Great Britain, 13-16 June 2011. Science and Technology, University of California at Santa Barbara, Santa Barbara,

9. dr Owain Parri, Merck Chemicals, Great Britain, 27-28 June 2011. California, 17 October 2011.

10. dr Rachel Tuffin, Merck Chemicals, Great Britain, 27-28 June 2011. 20. dr Wei Li, TEDA Applied Physics School, Tianjin, China, 03-10 December 2011.

11. prof. Geoffrey Luckhurst, Merck Chemicals, Great Britain, 27-28 June 2011. 21. asst. prof. Giusy Scalia, Graduate School of Convergence Science and Technology Seoul,

12. Ivan Madan, Taras Shevchenko National University of Kyiv, Kyiv, Ukraine, 05-11 July 2011. Seoul, Korea, 04-11 December 2011.

13. prof. Mikael Hedenqvist Department of Fibre and Polymer technology, KTH - School of 22. prof. Andras Kis, Ecole Polytechnique Federale de Lausanne, Lausanne, Switzerland,
Chemical Science and Engineering, Stockholm, Sweden, 03-17 July 2011 19-20 December 2011.

14. Igor Vaskivskyi, Taras Shevchenko National University of Kyiv, Kyiv, Ukraine, 24-27 July 2011.

Researchers 24. Dr. Miha Devetak, left 01.07.11

1. Prof. Alexandre Sergeevitch Alexandrov 25. Gasper Kokot, B. Sc.

2. Prof. Martin Copic* 26. Andrej Kovic, B. Sc.

3. Prof. Jure Demsar 27. Dr: Mathieu Lu-Dac, left 01.10.11

4. Prof. Irena Drevensek Olenik* 28. Andrej Petelin, B. Sc.

5. Asst. Prof. Christoph Gadermaier 29. Anna Pogrebna, B. Sc.

6. Dr. Mojca Jazbinsek, left 15.10.11 30. Ljupka Stojcevska, B. Sc.

7. Prof. Viktor Kabanov 31. Dr.Jure Strle

8. Dr. Matjaz Lukac* 32. Martin Strojnik, B. Sc.

9. Prof. Boris Majaron 33. Luka Vidovic, B. Sc.

10. Dr. Marko Marincek* Technical officers

11. Asst. Prof. Alenka Mertelj 34. Alessandro Lukan, B. Sc.
12. Asst. Prof. Tomaz Mertelj 35. Petra Sutar, B. Sc.
13. Prof. Dragan Dragoljub Mihailovi¢, Head Technical and administrative staff
14. Dr. Ale§ Mrzel 36. Martina Knavs, B. Sc.
15. Dr. Ales Omerzu 37. Janja Milivojevic
16. Asst. Prof. Bostjan Podobnik* 38. Damjan Svetin
17. Dr. Mojca Vilfan 39. Natasa Zupancic, B. Sc.
18. Prof. Marko Zgonik*
Postdoctorial associates Note:
19. Dr. Primoz Kusar * part-time JSI member
20. Dr. Matija Milanic
21. Dr. Natan Osterman
Postgraduates
22. Vladimir Baranov, B. Sc.
23. Joze Buh, B. Sc.
spectroscopy”, Phys. rev. lett., vol. 107, no. 17, pp. 177007-1-177007-4,
ORIGINAL ARTICLES 1L

1. Alexandre Sasha Alexandrov, "Key pairing interaction in cuprate 7. Markus Beyer, David S.t,adter, M. Beck, H, Sd}afef' Vlktqr V. Kabanovz G.
superconductors”, J. supercond. nov. magn., vol. 24, no. 1/2, pp. 13-17, Logvenov, Ivan Bozovi¢, G. Koren, Jure Demsar, "Photoinduced melting
2011. of superconductivity in the high-T, superconductor La,_,Sr,CuO,

2. Alexandre Sasha Alexandrov, "Theory of high-temperature probed by time-resolved optical and terahertz techniques”, Phys. rev.,
superconductivity in doped polar insulators”, Europhys. lett., vol. 95, B, Condens. matter mater. phys., vol. 83, no. 21, pp. 214515-1-214515-
no. 2, pp. 27004-1-27004-5, 2011. 8,2011. o _ _ . _

3. Alexandre Sasha Alexandrov, Viktor V. Kabanov, "Unconventional 8. Eun-Young Ch01,"P11-] 0o Kim, Mojca ]azb}nsek, J ong-Taek Klm"' Yoon-
high-temperature superconductivity from repulsive interactions: Sl,lp Lee, Peter Ginter, Soon W. Le.e, 0-Pil Kwon, O'_Pll ngn, 4- .
theoretical constraints”, Phys. rev. lett. vol. 106, no. 13, pp. 136403-1- Nltrophenylhydrazone crystals w1th.large quadratic nonlinear optical
136403-4, 2011. response by optimal molecular packing", Cryst. growth des., vol. 11, no.

4. Alexandre Sasha Alexandrov, S. E. Savel'ev, "Free superflow of excitons 7, pp- 3049'3055{ 2_011' . . . . .
in a dark state and luminescence rings in quantum well structures”, ' Vals}ntma Df?{nem‘;"' Marjetka Cpnradl, Maja Rervns-kar, Mar]ﬁo Virsek,
Europhys. lett., vol. 94, no. 1, pp. 17006-1-17006-6, 2011. Blaz Zu;?an(_jlc, Ale$ Mrzel, Martin Chambers,.Bost]z.m Zalz%r, N-ew_

5. Vladimir V. Baranov, A. G. Balanov, Viktor V. Kabanov, "Current- c.omp051te films based on rmM'z'703,x nanowires aligned in a liquid
voltage characteristic of narrow superconducting wires: bifurcation single crystal elastomer matrix", J. Mater. Sci,, vol. 46, no. 10, pp. 3639-
phenomena", Phys. rev., B, Condens. matter mater. phys., vol. 84, no. 9, 3645, 2_011' i .

10. D. Dominko et al. (18 authors), "Detection of charge density wave

pp. 094527-1-094527-6, 2011.

6. M. Beck, Maximilian Klammer, Stephanie Lang, Paul Leiderer, Viktor V.
Kabanov, G. N. Gol'tsman, Jure Demsar, "Energy-gap dynamics of
superconducting NbN thin films studied by time-resolved terahertz
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ground state in granular thin films of blue bronze K, ;Mo00; by
femtosecond spectroscopy”, J. appl. phys., vol. 110, 1, pp. 014907-1-
014907-10, 2011.
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11.

12.

13.

14.

15.

16.

17.

18

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Martin Gorjan, Marko Marincek, Martin Copié, "Role of interionic
processes in the efficiency and operation of erbium-doped fluoride
fiber lasers", IEEE j. quantum electron., vol. 47, no. 2, pp. 262-273,
2011.

Martin Gorjan, Rok Petkov$ek, Marko Marincek, Martin Copié, "High-
power pulsed diode-pumped Er:ZBLAN fiber laser", Opt. lett., vol. 36,
issue 5, pp. 1923-1925, 2011.

Marko Gregorc, Bostjan Zalar, Valentina Domenici, Gabriela Ambrozic,
Irena Drevensek Olenik, Martin Fally, Martin Copi¢, "Depth profile of
optically recorded patterns in light-sensitive liquid-crystal
elastomers", Phys. rev., E Stat. nonlinear soft matter phys. (Print), vol.
84, 3, pp. 031707-1-031707-5, 2011.

Norbert Gutknecht, Rene Franzen, Jorg Meister, Matjaz Lukac, Samo
Pirnat, Janez Zabkar, Boris Cen&i¢, Jugoslav Jovanovié, "A novel Er:YAG
laser-assisted tooth whitening method", LAHA, vol. 2011, no. 1, pp. 1-
10,2011.

Norbert Gutknecht, Matjaz Luka¢, Marko Marincek, Tadej Perhavec,
Marko Kazi¢, "A novel quantum square pulse (QSP) mode erbium
dental laser”, LAHA, vol. 2011, no. 1, pp. 15-21, 2011.

Urska Jelerci¢, Irena Drevens$ek Olenik, "Ultrakratki laserski sunki”,
Obz. mat. fiz., vol. 58, no. 1, pp. 12-24, 2011.

Pil-Joo Kim et al. (11 authors), "Acentric nonlinear optical N-benzyl
stilbazolium crystals with high environmental stability and enhanced
molecular nonlinearity in solid state", CrystEngComm (Camb., Online),
vol. 13, no. 2, pp. 444-451, 2011.

. Pil-Joo Kim, Mojca Jazbinsek, O-Pil Kwon, "Selective growth of highly

efficient electrooptic stilbazolium crystals by sequential crystal
growth in different solvents", Cryst. growth des., vol. 11, no. 7, pp.
3060-3064, 2011.

Gasper Kokot, Mojca Vilfan, Natan Osterman, Andrej Vilfan, Blaz
Kav¢i¢, Igor Poberaj, Dusan Babi¢, "Measurement of fluid flow
generated by artificial cilia", Biomicrofluidics, vol. 5, no. 3, pp. 034103-
1-034103-9, 2011.

Primoz Kusar, Viktor V. Kabanov, Sunji Sugai, Jure Demsar, Tomaz
Mertelj, Dragan Mihailovi¢, "Dynamical structural instabilities in

La, ¢Sry,Cu0, under intense laser photoexcitation", J. supercond. nov.
magn., vol. 24, issue 1-2, pp. 421-425,2011.

Primoz Kusar, Tomaz Mertelj, Viktor V. Kabanov, Jiun-Haw Chu, [an R.
Fisher, Helmuth Berger, Laszl6 Forré, Dragan Mihailovi¢, "Anharmonic
order-parameter oscillations and lattice coupling in strongly driven 1
T-TaS, and TbTe; charge-density-wave compounds”, Phys. rev.,, B,
Condens. matter mater. phys., vol. 83, no. 3, pp. 035104-1-035104-5,
2011.

0-Pil Kwon, Seong-Ji Kwon, Mojca Jazbinsek, Ji-Youn Seo, Jong-Taek
Kim, Jung-In Seo, Yoon Sup, "Phenolic polyene crystals with tailored
physical properties and very large nonlinear optical response”, Chem.
mater., vol. 23, no. 2, pp. 239-246, 2011.

Hong Lin, Huiming Cheng, Lu Liu, Zhiwei Zhu, Yuanhua Shao, Pagona
Papakonstantinou, Dragan Mihailovi¢, Meixian Li, "Thionin attached to
a gold electrode modified with self-assembly of MogS,_x Iy nanowires
for amplified electrochemicaldetection of natural DNA", Biosens.
bioelectron., vol. 26, no. 5, pp. 1866-1870, 2011.

Mathieu Lu-Dac, Viktor V. Kabanov, "Relaxation processes in
mesoscopic superconductors”, In: Proceedings of the SNS 2010, 9th
International Conference on Spectroscopies in Novel Superconductors,
Shanghai, China, J. Phys. Chem. Solids, vol. 72, no. 5, pp. 403-406, 2011.
Matjaz Lukac¢, Zdenko Vizintin, Samo Pirnat, Karolj Nemes, "New skin
treatment possibilities with PIANO mode on an Nd:YAG laser", LAHA,
vol. 2011, no. 1, pp. 22-32, 2011.

Alenka Mertelj, Andraz ReSeti¢, SaSo Gyergyek, Darko Makovec, Martin
Copi¢, "Anisotropic microrheological properties of chain-forming
magnetic fluids”, Soft matter, vol. 7, issue 1, pp. 118-124, 2011.

Tomaz Mertelj, Primoz Kusar, Ljupka Stojchevska, Viktor V. Kabanov,
N. D. Zhigadlo, S. Katrych, J. Karpinski, Dragan Mihailovi¢, "Doping
dependent quasiparticle relaxation dynamics in SmFeAsO,_,F, single
crystals: Comparison of spin-density wave and superconducting
states", J. supercond. nov. magn., vol. 24, issue 1-2, pp. 489-493, 2011.
Tomaz Mertelj, R. F. Mamin, Roman V. Yusupov, Dragan Mihailovié,
"Ultrafast phase separation dynamics in La0.875Sr, ;,5sMnO; single
crystals", Phys. rev., B, Condens. matter mater. phys., vol. 83, no. 11, pp.
113103-1-113103-4, 2011.

Matija Milani¢, Wangcun Jia, J. Stuart Nelson, Boris Majaron,
"Numerical optimization of sequential cryogen spray cooling and laser
irradiation for improved therapy of port wine stain", Lasers surg. med.,
vol. 43, no. 2, pp. 164-175, 2011.

Matija Milani¢, Boris Majaron, "Three-dimensional Monte Carlo model
of pulsed-laser treatment of cutaneous vascular lesions", J. biomed.
opt., vol. 16, no. 12, pp. 128002-1-128002-12,2011.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Joaquin Gabriel Miranda Mena, Tomaz Mertelj, Viktor V. Kabanov,
Dragan Mihailovi¢, "Polaron and bipolaron transport in a charge
segregated state of a doped strongly correlated two-dimensional
semiconductor”, Phys. rev., B, Condens. matter mater. phys., vol. 83, no.
12, pp. 125308-1-125308-6, 2011.

E. Mohr-Vorobeva, S. L. Johnson, P. Beaud, U. Staub, R. De Souza, C.
Milne, G. Ingold, Jure Demsar, H. Schaefer, A. Titov, "Nonthermal
melting of a charge density wave in TiSe,", Phys. rev. lett., vol. 107, no.
3, pp. 036403-1-036403-4, 2011.

Vid Novak, Rok Petkovsek, Bostjan Podobnik, Janez MoZina, "CW fiber
laser for second harmonic generation", Stroj. vestn., vol. 57, no. 11, pp.
789-798, 2011.

Natan Osterman, Andrej Vilfan, "Finding the ciliary beating pattern
with optimal efficiency"”, Proc. Natl. Acad. Sci. U. S. A., vol. 108, no. 38,
pp. 15727-15732,2011.

Rok Petkovsek, Vid Novak, Ferdinand Bammer, Janez Mozina, BoStjan
Podobnik, "Power scaling of AOM-switched lasers with SCPEM-based
time-multiplexing"”, Opt. express, vol. 19, iss. 21, pp. 19855-19860, Sep.
2011.

Samo Pirnat, Matjaz Lukac, Alojz Than, "Study of the direct bactericidal
effect of Nd: YAG and diode laser parameters used in endodontics on
pigmented and nonpigmented bacteria", Lasers med. sci., vol. 26, no. 6,
pp. 755-761, 2011.

Samo Pirnat, Matjaz Lukac, Alojz Than, "Thermal tolerance of E. faecalis
to pulsed heating in the millisecond range", Lasers med. sci., vol. 26,
issue 2, pp. 229-237, 2011.

Iztok Prislan, Jurij Lah, Matija Milani¢, Gorazd Vesnaver, "Kinetically
governed polymorphism of d(G,T,G;) quadruplexes in K* solutions”,
Nucleic acids res., vol. 39, no. 5, pp. 1933-1942, 2011.

Maja Remskar, Ales Mrzel, Marko Virsek, Matjaz Godec, Matthias
Krause, Andreas Kolitsch, Amol Singh, Alan Seabaugh, "The MoS,
Nanotubes with defect-controlled electric properties”, Nanoscale
research letters, vol. 6, article number 26, 7 pp., 2011.

S. E. Savel'ev, Alexandre Sasha Alexandrov, A. M. Bratkovsky, R.
Stanley Williams, "Molecular dynamics simulations of oxide memory
resistors (memristors): [special issue on non-volatile memory based
on nanostructures]", Nanotechnology (Bristol), vol. 22, no. 25, pp.
254011-1-254011-7,2011.

S. E. Savel'ev, Alexandre Sasha Alexandrov, A. M. Bratkovsky, R.
Stanley Williams, "Molecular dynamics simulations of oxide
memristors: thermal effects: [Special Issue: "Memristive and resistive
devices and systems"]", Appl. phys., A, Mater. sci. process. (Print), vol.
102, no. 4, pp. 891-895, 2011.

Ljupka Stojchevska, Primoz Kus$ar, Tomaz Mertelj, Viktor V. Kabanov,
Y. Toda, Xin Yao, Dragan Mihailovi¢, "Mechanisms of nonthermal
destruction of the superconducting state and melting of the charge-
density-wave state by femtosecond laser pulses", Phys. rev., B, Condens.
matter mater. phys., vol. 84, no. 18, pp. 180507-1-180507-5, 2011.
Martin Strojnik, AleS Omerzu, Aleksej Majki¢, Peter M. Mihailovic,
Junos Lukan, Gregor Bavdek, Gvido Bratina, Dean Cvetko, Peter
Topolovsek, Dragan Mihailovi¢, "lonization energy and energy gap
structure of MoSI molecular wires: Kelvin probe, ultraviolet
photoelectron spectroscopy, and cyclic voltammetry measurements”,
Langmuir, vol. 27, issue 8, pp. 4296-4299, 2011.

Dejan §krabelj, Martin Gorjan, Irena Drevensek Olenik, Marko
Marincek, "Lensing effects in Q-switched unstable laser cavities with
side-pumped Nd:YAG and ruby crystal rods", Appl. phys., B Lasers opt.,
vol. 105, no. 4, pp. 793-800, 2011.

Y. Toda, Tomaz Mertelj, PrimoZ Kusar, T. Kurosawa, M. Oda, M. Ido,
Dragan Mihailovi¢, "Quasiparticle relaxation dynamics in underdoped
Bi,Sr,CaCu,0g, 5 by two-color pump-probe spectroscopy”, Phys. rev.,
B, Condens. matter mater. phys., vol. 84, no. 17, pp. 174516-1-174516-
8,2011.

Y. Toda, Tomaz Mertelj, Dragan Mihailovi¢, "Femtosecond carrier
relaxation dynamics and photoinduced phase separation in

k — (BEDT — TTF),Cu[N(CN),]X (X=Br,Cl)", Phys. rev. lett., vol. 107, no.
22, pp. 227002-1-227002-4, 2011.

Roman V. Yusupov, Tomaz Mertelj, Viktor V. Kabanov, PrimoZz Kusar,
Dragan Mihailovi¢, Jiun-Haw Chu, Ian R. Fisher, Serguei Brazovskii,
"Femtosecond coherent non-equilibrium electronic ordering and
dynamics of topological defect in charge density waves”, In:
Proceedings of the SUPERSTRIPES 2010, International Conference on
Quantum Phenomena in Complex, Erice, Italy, J. Supercond. Nov. Magn.,
vol. 24, no. 3, pp. 1191-1193, 2011.
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REVIEW ARTICLES AND CHAPTERS IN BOOKS

. Alexandre Sasha Alexandrov, "High-temperature superconductivity:
the explanation”, Phys. scr., vol. 83, no. 3, pp. 038301-1-038301-8,
2011.

. Alexandre Sasha Alexandrov, Viktor V. Kabanov, lorwerth O. Thomas,

"Quantum magnetic oscillations in nanowires", In: Handbook of

nanophysics, Nanotubes and nanowires, Klaus Sattler, ed., Boca Raton,

London, New York, CRC Press, cop. 2011, pp. 29-1-29-22.

Tomaz Bevec, Matjaz Lukac, "Clinical results in thermolytic and sub-

thermolytic Q-switched Nd:YAG skin rejuvenation: review", LAHA, vol.

2011, no. 1, pp. 50-53, 2011.

4. Tomaz Bevec, MatjaZ Luka¢, "Fractional FRAC3® and twinlight™
laser skin treatments”, LAHA, vol. 2011, no. 1, pp. 44-49, 2011.

. Christoph Gadermaier, Jure Strle, "Kvantna elektrodinamika v sledi

svin¢nika", Obz. mat. fiz., vol. 58, no. 3, pp. 109-120, 2011.

Boris Majaron, ]. Stuart Nelson, "Laser treatment of Port wine stains",

In: Optical-thermal response of laser-irradiated tissue, Ashley J. Welch,

ed., Martin J. C. van Gemert, ed., 2nd ed., Dordrecht ... [etc.], Springer,

cop. 2011, pp. 859-914.
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PUBLISHED CONFERENCE PAPERS
Regular papers

1. Miha Devetak, Martin Rigler, Irena Drevensek Olenik, Zdenka Persin,
Miran Mozetic, Karin Stana-Kleinschek, "Spremembe opti¢nih lastnosti
celuloznih vlaken zaradi vpijanja vode", In: Slovenski kemijski dnevi
2011, Portoroz, 14-16 september 2011, Zdravko Kravanja, ed., Darinka
Brodnjak-Voncina, ed., Milo$ Bogataj, ed., Maribor, FKKT, 2011, 5 pp.

. Miha Devetak, Nejc Skoporc, Martin Rigler, Zdenka Persin, Irena
Drevensek Olenik, Miran Mozeti¢, Karin Stana-Kleinschek,
"Modification of optical birefringence of regenerated cellulose fibres
due to the absorbed water", In: Conference proceedings, 4th
International Conference on Advanced Plasma Technologies (iCAPT-
IV) with Workshop on Plasma Synthesis and Applications of
Nanomaterials & 112th [UVSTA Executive Council Meeting, September
9th [i. e.] 11th - September 13th 2011, Strunjan, Slovenia, Miran
Mozeti¢, ed., Uro$ Cvelbar, ed., Ljubljana, Slovenian Society for Vacuum
Technique, = DVTS - Drustvo za vakuumsko tehniko Slovenije, 2011,
pp. 139-142.

. Armin Fuith, Marius Reinecker, Antoni Sdnchez-Ferrer, Raffaele
Mezzenga, Ale$ Mrzel, Maris Knite, Ilze Aulika, Marija Dunce, Wilfried
Schranz, Ale§ Mrzel, "Dynamic- and thermo- mechanical analysis of
inorganic nanotubes/elastomer composites”, In: Proceedings of the 3rd
COINAPO Topical Meeting on Composites of Inorganic Nanotubes &
Polymers, 2-3 March 201, Sestriere, Italy, (Sensors & transducers, vol.
12, spec. issue, 2011), Toronto, International Frequency Sensor
Association, 2011, vol. 12, spec. issue, pp. 71-79, 2011.

4. Mathieu Lu-Dac, Viktor V. Kabanov, "Phase slip phenomena one and
two dimensional superconducting ring", In: Physical properties of
nanosystems: [proceedings of the NATO Advanced Research Workshop
on Physical Properties of Nanosystems, Yalta, Ukraine, 28 September-2
October 2009], (NATO science for peace security series, B, Physics and
biophysics), Janez Bonca, ed., Sergej Krucinin, ed., Dordrecht, Springer,
NATO Public Diplomacy Division, cop. 2011, pp. 187-195.

. Alessandro Lukan, "Planetary climate", In: Sustainability and space
exploration: report to the Slovenian Association for the Club of Rome,
Aleksander Zidangek, ed., Ivo Slaus, ed., Ljubljana, Slovensko zdruZenje
Rimskega kluba, 2011, pp. 42-58.

6. Jerneja Milavec, Ale§ Mrzel, Irena Drevensek Olenik, Mikhail Pevnyi,
Victor Reshetnyak, "Effect of MogS,I; (- nanotubes addition on
electrooptical properties of polymer-dispersed liquid crystals”, In:
Proceedings of the 3rd COINAPO Topical Meeting on Composites of
Inorganic Nanotubes & Polymers, 2-3 March 201, Sestriere, Italy,
(Sensors & transducers, vol. 12, spec. issue, 2011), Toronto,
International Frequency Sensor Association, 2011, vol. 12, spec. issue,
pp. 18-25,2011.

. Matejka Podlogar, Jacob J. Richardson, Nina Daneu, Martin Strojnik,
Aleksander Rec¢nik, Slavko Bernik, "Preparation and characterization
of undoped and Al-doped ZnO films on glass from aqueous solution at
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9023C", In: Proceedings, 47th International Conference on
Microelectronics, Devices and Materials and the Workshop on Organic
Semiconductors, Technologies and Devices, September 28 - September
30, 2011, Ajdovstina, Slovenia, Gvido Bratina, ed., Iztok Sorli, ed.,
Ljubljana, MIDEM - Society for Microelectronics, Electronic
Components and Materials, 2011, pp. 259-264.

8. Andrea Taschin, Paolo Bartolini, Antoni Sinchez-Ferrer, Raffaele
Mezzenga, AleS Mrzel, Renato Torre, Ale§ Mrzel, "Transient grating
experiments on inorganic-elastomer nanocomposites”, In: Proceedings
of the 3rd COINAPO Topical Meeting on Composites of Inorganic
Nanotubes & Polymers, 2-3 March 201, Sestriere, Italy, (Sensors &
transducers, vol. 12, spec. issue, 2011), Toronto, International
Frequency Sensor Association, 2011, vol. 12, spec. issue, pp. 46-52,
2011.

TEXTBOOKS AND LECTURE NOTES

1. Tinka Baci¢, Mojca Vilfan, Simona Strgulc-Krajsek, Jasna Dolenc Koce,
Vane Krajsek, Spoznavamo naravo 6: ucbenik za naravoslovje v 6.
razredu osnovne sole, 1. natis, Preddvor, Narava, 2011.

2. Martin Copié, Fizika II, Ljubljana, Fakulteta za matematiko in fiziko,
Oddelek za fiziko, 2007-.

3. Marko Zgonik, Martin Horvat, Praktikum I, Ljubljana, Fakulteta za
matematiko in fiziko, Oddelek za fiziko, 2008-.

THESES
Ph. D. Theses

1. Miha Devetak, Self-assembly of guanosine derivates on surfaces:
doctoral dissertation, Ljubljana, [M. Devetak], 2011.

2. Mathieu Lu-Dac, Phase slip phenomena and vortex dynamics in
mesoscopic superconductors: doctoral dissertation, Ljubljana, [M. Lu-
Dac], 2011.

3. Jure Strle, Self-assembled MoSI nanowire networks and their properties:
doctoral dissertation, Ljubljana, []. Strle], 2011.

B. Sc. Theses

1. Joze Buh, Effect of Hydrogen on magnetic properties of amorphous
hard-magnetic Nd-Fe-Al alloys: undergraduate thesis, Ljubljana, [J.
Buh], 2011.

2. Luka Vidovi¢, Prediction of the maximal safe laser radiant exposure on
an individual patient basis based on photothermal temperature profiling
in human skin: undergraduate thesis, Ljubljana, [L. Vidovi¢], 2011.

PATENTS

1. Matjaz Lukac, Boris Cenci¢, Method for operating a laser system for
bleaching teeth, US8011923 (B2), United States Patent and Trademark
Office, 6.9.2011.
. Matjaz Luka¢, Marko Marinc¢ek, Marko Kazi¢, Karolj Nemes, Laser
system for medical removal of body tissue, US7867224 (B2), United
States Patent and Trademark Office, 11.1.2011.
. Ale$ Mrzel, Maja Remskar, Adolf Jesih, Marko Virsek, Process for the
synthesis of nanotubes and fullerene-like nanostructures of transition
metal dichalcogenides, quasi one-dimensional structures of transition
metals and oxides of transition metals, USB007756 (B2), United States
Patent and Trademark Office, 30.8.2011.
4. Karolj Nemes, Matjaz Lukac, Laser system for medical and cosmetic
applications, EP2030586 (B1), European Patent Office, 11.5.2011.

5. Theo Rasing, Sergiy Lazarenko, Igor Musevi¢, Miha Skarabot, Marko
Uplaznik, Multistable liquid crystal device, EP1927885 (B1), European
Patent Office, 27.7.2011.

[\S}

w

PATENT APPLICATION

1. Adolf Jesih, Andrej Kovi¢, Ale$ Mrzel, Procedure for the synthesis of
quasi one-dimensional structures of 4d and 5d (Nb, Mo, Ta, W)
transition metals, P-201100223, Urad RS za intelektualno lastnino,
24.6.2011.
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DEPARTMENT OF REACTOR PHYSICS
F-3

During the past year we have been working mainly on:
— theoretical, experimental and applied reactor physics
— plasma physics
— neutron-transport calculations
— semiconductor physics
— medical physics

Our research in the field of reactor physics was continued on the development of new methods for analysing
research and power reactors. With the colleagues from CEA-Cadarache a series of measurements was performed
on the TRIGA reactor. The spatial distribution of the fission-reaction rate in the core was accurately measured. New
neutron dosimeters and self-powered detectors were tested. The results will serve for a validation and improvement
of computational models and an improvement of the accuracy of the absolute power calibration in the TRIGA reactor.

We also studied the resonance self-shielding effects and came across an interesting observation, according to
which the propagation of uncertainties from the basic data to the integral observables can sometimes increase
significantly when strong self-shielding is present, but to obtain accurate results it is necessary to start from the
covariances of the resonance parameters, rather than from the derived covariances of the cross-sections.

Through international collaboration we continued the work on the nuclear-data evaluation. Evaluations for
six materials were accepted into the latest US-evaluated nuclear-data library ENDF/B-VIL1, which was released in
December 2011.

In the field of plasma physics further knowledge was acquired in the theory of electron-emitting floating

electrodes immersed in a complex plasma. The research area corresponds well with the development of plasma
diagnostics inside fusion devices. To improve the analytical and numerical models, particle-in-cell (PIC) codes have
been successfully used in the research of the saturation of the floating potential for an emissive probe in the cases
when the temperature of the emitted electrons is close to the temperature
of the bulk electrons. The transitions between the temperature-limited
and space-charge-limited emissions were studied carefully. We have also
finished the first round of the planar emissive probe simulations in a mid-
sized tokamak. Two articles discussing the above issues were published.
A new field of research was opened by studying the Townsend discharge
via the PIC simulations intending to support the gas discharge tubes as
the surge protection devices. In collaboration with Bulgarian INRNE.BG a
series of experiments was started on our linear plasma device to measure
the distribution functions of the negative ions in a magnetized plasma with
aLangmuir probe. In addition, the first use of the so-called “ball-pen” probe
in our linear plasma device was made in collaboration with Czech IPP.CZ.
The results obtained were used for a calibration of this type of probe before
its installation in the tokamak ASDEX-UPGRADE.

In the field of neutron transport calculations we continued and ex- Figure I: Calculated gffect of the JET remote handling system on the
¢ neutronflux distribution in the JET tokamak. The green colour denoles

the area where the effect is insignificant, i.e, less than 3 %, blue denotes
the area where the neutron flux is decreased by 20-30 %, mainly due to

panded our collaboration with the Joint European Torus (JET), the larges
fusion reactor in the world. Researchers of the Reactor Physics Department
have made longer visits to JET in order to make calculations of the response shielding and absorption.
of the in-vessel neutron detector and, in this way, improve its calibration.
The work was necessary after the change of the torus first wall to beryllium in view of the change in the neutron
field. The IJS staff is co-responsible for the maintenance of the JET model for transporting the calculations with the
Monte Carlo method and, in 2011, our model was expanded in order to cover the whole torus. The existing model
covers only one quarter of the torus, making use of the reflecting boundary conditions. The new model can also
be used for point sources and is applicable for calibration purposes.

We also collaborate on the project of neutron-detector calibration. Our tasks are transport calculations for the
determination of calibration uncertainties and determination of corrections arising from the operating conditions,
which differ from the conditions during a calibration, e.g., in-vessel structures, neutron spectra, neutron source
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Figure 2: Response assessment for a targeled therapy. Response is
assessed using the FLT PET/CT imaging before the start of the therapy

shape, etc. In 2011 our work was especially devoted to the remote-handling system and the analyses of its influence
on the calibration of neutron detectors.

The work on the JET gamma camera was continued by calculating the neutron cross-talk between the collima-
tor channels of the KN3 neutron camera. It turned out that the required correction arising from the cross-talk is
small, as experimentally predicted in the 1980s. However; the calculations provided a much better insight into the
origin and the locations of the scattered neturons and a better understanding of the phenomenon of the cross-talk
through the KN3 concrete shield.

In the course of investigating organic semiconductors as possible radiation detectors for low-energy neu-
trons an analytical proof has been given that the electric field at the metal/organic semiconductor, the crucial
a-priori assumption of the mathematical description of the current-voltage relationship through such structures,
cannot vanish. Using a set of published current-voltage data as obtained on
the electron-only ITO/OC C, -PPV(220 nm)/Yb, and electron-only Al/MEH-
PPV(270 nm)/Ba organic structures, it is shown that the Mark-Helfrisch
model of the charge transport in the presence of the traps exponentially
distributed within the organic is, for the above reason, incomplete and thus
inaccurate. Our study has confirmed that: (a) the metal/organic interfacial
charge density is indeed non-zero and from the current-voltage data it is
currently possible to deduce only an interval of the trap charge densities
that is compatible with the data specific to each organic structure, (b) the
internal electric field at the midpoint of the organic layer turns out to be
unique in the sense that it is equal to the externally applied electric field, (c)
this location is being characterized by the minimum trap charge density,
and (d) the bias dependence of the corresponding free charge density at this

(Scan #1), after two weeks of the therapy (Scan #2) and at the end of ~ Particular position is well approximated in terms of an exponential function
the first cycle of the therapy - two weeks on therapy, one week off therapy  of the external bias voltage.
(Scan #3). The upper row shows quantification with an optimized Our research in the field of medical physics is directed towards the

kinetic analysis and the K. parameler (a radiopharmaceutical tissue
uptake). The lower row shows the Standardized Uptake Value (SUV). It
is obvious from the figure that the image quantification seriously affects

the response assessment.
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image-guided cancer therapy. Within this general area, we are focused mainly
on the quantitative PET imaging. The quantification is based on the kinetic
analysis of the radiopharmaceutical tissue uptake. The kinetic analysis is
done at the voxel level, which allows a parametric image generation and
the following spatial distribution of a disease progress and a response to therapy. The topics of our research are the
optimization of the kinetic-analysis method, an assessment of the kinetic-analysis results uncertainty, and the usage
of the kinetic-analysis methods in clinical studies. The usage of the PET-image kinetic analysis allows us to quantify
the basic processes traced by the radiopharmaceutical used, and to quantify the vasculature status and the amount.
In addition, our research in the quantitative PET imaging is focused on the assessment of the other uncertainties
related to PET imaging, e.g., an impact of a patient set-up and motion on the quantification of PET images. As part
of the image-guided cancer therapy we do some research in imaging for biological target definition, imaging for the
treatment assessment, modelling of tumour growth and response to therapies, and open-source medical devices.

Some outstanding publications in the past year

1. Chadwick M.B., Trkov Andrej. ENDF/B-VIL1 nuclear data for science and technology: cross sections, covariances,
fission product yields and decay data. Nucl. data sheets (N.Y. N.Y.), 2011, no. 12, vol. 112, pp. 2887-2996.

2. Trkov Andrej, Capote R., Soukhovitskii E., Leal L.C., Sin M., Kodeli Ivan Aleksander, Muir D.W. Covariances of
evaluated nuclear cross section data for 2Th, 180182 185,184,136\ and SMn. Nucl. data sheets (N.Y. N.Y.), 2011,
iss. 12, vol. 112, pp. 3098-3119.

3. Zerovnik GaSper, Trkov Andrej, Capote R., Rochman D. Influence of resonance parameters correlations on the
resonance integral uncertainty, *Mn case. Nucl. instrum, methods phys res., Sect. A, Accel.. [Print ed.], 2011,
vol. 632, issue 1, pp. 137-141, doi: 10.1016/j.nima.2010.12.210.

4. Snoj Luka, Syme B., Popovichev Sergei, Lengar Igor, Conroy S., Trkov Andrej, JET EFDA Contributors. Calcula-
tions to support JET neutron yield calibration: Contributions to the external neutron monitor responses. Nucl.
Eng. Des.. [Print ed.], [in press] 2012, doi: 10.1016/j.nucengdes.2011.07.011.

5. Bortfeld T., Jeraj Robert. The physicsl basis and future of radiation therapy. Br. /. Radiol., 2011, iss. 1002, vol.
84, pp. 485-498.

6. Liu G., Jeraj Robert, Vanderhoek M., Perlman S., Kolesar Jill M., Harrison M.R., Simongi¢ Urban, Eickhoff].C.,
Carmichael L., Chao B., Marnocha R., Ivy P, Wilding G. Pharmacodynamic Study Using FLT PET/CT in Patients
with Renal Cell Cancer and Other Solid Malignancies Treated with Sunitinib Malate. Clin Cancer Res, 17(24),
2011, 7 pp., doi: 10.1158/1078-0432.CCR-11-1677.
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Organization of conferences, congresses and meetings

Department of Reactor Physics F-8

1. Nuclear Society of Slovenia: Young Generation Network Internal Conference, Milan Copi¢ Nuclear Training
Centre, Jozef Stefan Institute, Brinje, Slovenia, 23.11.2011 (organizer/chair of the first section: Gasper Zerovnik,
chair of the second section: Luka Snoj, 13 participants, 10 contributions)

INTERNATIONAL PROJECTS

1. Fusion Expo Support Action under EFDA Work Programme, Task Agreement WP10-PIN
FUSEX
EURATOM - MHEST
7. FP - EURATOM, Slovenian Fusion Association - SFA
3211-08-000102, FUO7-CT-2007-00065
EC; RS, Ministry of Higher Education, Science and Technology, Ljubljana, Slovenia
Asst. Prof. Igor Lengar, Melita Lenosek Kav¢ic, B. Sc., Tomaz Skobe, B. Sc., Asst. Prof.
Sasa Novak Krmpotic

2. Accurate Nuclear Data for Nuclear Energy Sustainability
ANDES,
7. FP - EURATOM, 249671
EC; Dr. Enrique Miguel Gonzalez Romero, Centro de Investigaciones Energeticas,
Medioambientales y Tecnologicas-CIEMAT, Madrid, Spain
Asst. Prof. Andrej Trkov

3. Improvement of Diagnostics in Edge Plasmas of Fusion Devices - 1.2.1.-FU
EURATOM - MHEST
7. FP - EURATOM, Slovenian Fusion Association - SFA
3211-08-000102, FUO7-CT-2007-00065
EC; RS, Ministry of Higher Education, Science and Technology, Ljubljana, Slovenia
Asst. Prof. TomaZ Gyergyek

4. Upgrade of Gamma-Ray Cameras: Neutron Attenuators - 2.2.1. FU
7. FP - EURATOM, Slovenian Fusion Association - SFA
3211-08-000102, FUO7-CT-2007-00065, JW6-TA-EP2-GRC-02, JW8-NEP-MHST-02
EC; RS, Ministry of Higher Education, Science and Technology, Ljubljana, Slovenia
Asst. Prof. Igor Lengar

5. Neutron Calculation for Fusion Reactor - Neutron Source - 3.4.2.-FU
JW11-FT-5.35/JW11-NFT-MHEST, EURATOM - MHEST
7. FP - EURATOM, Slovenian Fusion Association - SFA
3211-08-000102, FUO7-CT-2007-00065
EC; RS, Ministry of Higher Education, Science and Technology, Ljubljana, Slovenia
Dr. Luka Snoj

6. Neutron Calculations for Fusion Reactor - JET MCNP Model - 3.4.1.-FU10
Agreement TA JW11-FTJET-5.34/JW 10-NFT-MHST-04
EURATOM - MHEST
7. FP - EURATOM, Slovenian Fusion Association - SFA
3211-08-000102, FUO7-CT-2007-00065
EC; RS, Ministry of Higher Education, Science and Technology, Ljubljana, Slovenia
Asst. Prof. Igor Lengar

7. Neutron Calculations for Fusion Reactor - JET MCNP Model - 3.4.1.-FU11
Agreement TA JW11-FTJET-5.36/JW11-NFT-MHST, EURATOM - MHEST
7. FP - EURATOM, Slovenian Fusion Association - SFA
3211-08-000102, FUO7-CT-2007-00065
EC; RS, Ministry of Higher Education, Science and Technology, Ljubljana, Slovenia
Asst. Prof. Igor Lengar

8. Research Unit - Administration and Services - RU-FU
EURATOM - MHEST
7. FP - EURATOM, Slovenian Fusion Association - SFA
Annex 3, 3211-08-000102, FU07-CT-2007-00065
EC; RS, Ministry of Higher Education, Science and Technology, Ljubljana, Slovenia
Prof. Milan Cercek, Asst. Prof. Sasa Novak Krmpotic

9. F4E- Action 2 - Nuclear Data Experiments and Techniques ACTION F4E-GRT-056 (ES-
AC)
ACTION 2
Dr. Paola Batistoni, ENEA - Agenzia nazionale per le nuove tecnologie | “energia e lo
sviluppo economico sostenibile, Frascati (Rome), Italy
Dr. Ivan Aleksander Kodeli

10.

11

12.

13.

Working Group 6 - Conrad: Computational Dosimetry, Task on Standard Monte
Carlo Modelling of a Medical Linac (Priority 2), Subtask: Uncertainty Assessment for
Radiation Dosimetry (Priority 3)

EURADOS

G. Gualdrini, ENEA - Italian National Agency for New Technologies, Energy and
Sustainable Economic Development, Montecuccolino Laboratories, Bologna, Italy
Dr. Ivan Aleksander Kodeli

Evaluation and Validation of Promt Fission Neutron Spectra and the Corresponding
Covariance Matrices

15794/R0

Teresa Ann Benson, IAEA - International Atomic Energy Agency, Vienna, Austria

Dr. Ivan Aleksander Kodeli

Improvement of Evaluated Nuclear Data Files with Emphasis on Activation and
Dosimetry Reactions ; Nuclear Data Libraries for Advanced Systems: Fusion Devices
(FENDL-3)

14914/R0, R1, R2

Nathalie Colinet, IAEA - International Atomic Energy Agency, Vienna, Austria

Asst. Prof. Andrej Trkov

Research and Development of Plasma Diagnostic Techniques with Emissive Probe
Untersuchungen und Entwicklung diagnostischer Methoden mit Emissiven Sonden
BI-AT/11-12-023

Dr. Cordina lonita-Schrittwieser, Institute for lon Physics and Applied Physics, Leopold-
Franzens-University of Innsbruck, Innsbruck, Austria

Prof. Milan Cercek

R & D GRANTS AND CONTRACTS

L

2.

A study of plasma parameters for conditioning of the inner surfaces of a fusion reactor
Prof. Miran Mozeti¢

Functionalization of biomedical samples by thermodynamic non-equilibrium gaseous

plasma

Prof. Miran Mozeti¢

Calculations to support neutron monitor calibration - JET fusion reactor example case

Dr. Luka Snoj

RESEARCH PROGRAM

L

Reactor Physics
Asst. Prof. Dr. Andrej Trkov

NEW CONTRACTS

L

Criticality safety analysis of the NPP Kr$ko spent fuel in the disposal facility at nominal
conditions

ARAO Agency for Radwaste Management

Dr. Marjan Kromar

Reload Operational Core Analysis, Post Refueling Nuclear Design Check Test..

Nuclear Power Plant Krsko

Dr. Marjan Kromar

MENTORING
Ph. D. Thesis

1. Urban Simoncic, Modeling of radiopharmaceuticals uptake into the tumor : optimization
of the method and its applicatiom in the clinical studies (mentor Robert Jeraj).
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VISITORS FROM ABROAD

1.

2.

Dr. Codrina lonita Schrittwieser and prof. dr. Roman Schrittwieser, Institute for lon
Physics, University of [nnsbruck, Austria, 17.7. - 30.7.2011

Hannes Gruenwald, Institute for lon Physics, University of Innsbruck, Austria, 31.7. -
12.8.2011

Prof. Tsviatko Popov, Faculty for Physics, University "St. Kliment Ohridski', Sofia,
Bulgaria, 3.5. - 13.5.2011
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4. Ana Bankova and Mladen Mitov, Faculty for Physics, University »St. Kliment Ohridski,
Sofia, Bulgaria, 3.5. - 27.5.2011

5. Prof. Sean Fain, University of Wisconsin, Wisconsin, Madison, USA, 25.10. - 3.11.2011

6. Dr. Christophe Domergue, dr. Loic Barbot and dr. Gilles Gregoire, CEA, Cadarache,
France, 3.10. - 14.10.2011

7. Andreas Fristedt Ablad, Westinghouse, Stockholm, Sweden, 24.11.2011
8. Dr. Roberto Capote Noy, International Atomic Energy Agency, Vienna, Austria,
18.12.-24.12.2011

STAFF

Researchers
Prof. Bruno Cvikl*, left 01.10.11
Prof: Milan Cercek, retired 30.12.11
Prof. Tomaz Gyergyek*
Prof. Robert Jeraj
Dr. Ivan Aleksander Kodeli
Dr. Marjan Kromar
Dr. Igor Lengar
. Asst. Prof. Andrej Trkov, Head
9. Asst. Prof. Tomaz Zagar*, left 10.10.11
Postdoctorial associates
10. Dr. Luka Snoj
Postgraduates
11. Dusan Calic, B. Sc.
12. Vladimir Radulovic, B. Sc.

BIBLIOGRAPHY

13. Dr. Urban Simonci¢

14. Gasper Zerovnik, B. Sc.

Technical officers

15. Alberto Milocco, M. Sc.

Technical and administrative staff
16. Dusan Rudman

17. Slavko Slavic, B. Sc.

18. Darinka Stich

19. UrSula Tursic, B. Sc.

20. Bojan Zefran

Note:
* part-time JSI member

ORIGINAL ARTICLES

1. ].M. Balter, B.G. Haffty, N. Reed Dunnick, Eliot L. Siegel, Robert Jeraj,
"Imaging opportunities in radiation oncology", Int. j. radiat. oncol. biol.
phys., vol. 79, issue 2, pp. 342-347,2011.

. JET EFDA contributors: K.V. Beausang et al. (1159 authors), "Detecting
non-Maxwellian electron velocity distributions at JET by high
resolution Thomson scattering”, Rev. sci. instrum., iss. 3, vol. 82,
033514-1-033514-8, 2011.

.JET EFDA Contributors: T. Bellizio et al. (1159 authors), "Control of
Elongated Plasma in Presence of ELMs in the JET Tokamak", In: 17th
Real-time conference, Lisboa, 2011, IEEE Trans. Nucl. Sci, iss. 4, vol.
58, pp. 1497-1502, 2011.

. T. Bortfeld, Robert Jeraj, "The physicsl basis and future of radiation
therapy", Br. J. Radiol, iss. 1002, vol. 84, pp. 485-498, 2011.

. S. Bowen, A.J. van der Kogel, M. Nordsmark, S. Bentzen, Robert Jeraj,
"Characterization of positron emission tomography hypoxia tracer
uptake and tissue oxygenation via electrochemical modeling", Nucl.
med. biol, iss. 6, vol. 38, pp. 771-780, 2011.

6. JET EFDA contributors: C. Brault et al. (1159 authors), "Evaluation of
the Faraday angle by numerical methods and comparison with the
Tore Supra and JET polarimeter electronics”, Rev. sci. instrum., iss. 4,
vol. 82, 043502-1-043502-8, 2011.

7.]ET EFDA Contributors: Sebastijan Brezinsek et al. (1159 authors), "
Fuel retention in impurity seeded discharges in JET after Be
evaporation", Nucl. fus., iss. 7, vol. 51,073007-1-073007-10, 2011.
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