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INTRODUCTION

Jozef Stefan Institute o:

European research and technological development policy
is set out to build Europe as a leading, knowledge-based
society. Particularly during the last economic crisis, however,
there were significant differences among the EU Member
States. The more developed countries, being aware of the
importance of this area, increased their investments, while
some others, generally the poorer countries, decided to reduce
their spending, despite the recommendations of the European
Commission. This has contributed to a widening of the gap
between the technologically more-and less-developed regions
of Europe.

Unfortunately, Slovenia is among those countries that, due to
negative financial flows, decided to shrink their innovation
potential, particularly with respect to public research and
the research infrastructure. What is unusual about this, is
that European institutions are pointing out the importance
of public investments in research, in particular in relation

Direclor of the Jozef Stefan Institute, Prof- Jadran Lenarcic (left), Director
of the National Institute of Chemistry, Prof. Gregor Anderluh, and Director
of Arnes, Marko Bonac, M. Sc., signed a letter of intent to cooperate in the
Slovenian supercompuler network SLING on the 26th of April 2017 at the
National Institute of Chemistry. (Photo: Jernej Stare)

to the productivity of the economy, which is one of the negative features of Slovenian development. Last year, for the first time
in many years, the Slovenian government proposed raising funds for research in 2018. Although additional funding would
be very welcome, mamny years of cutbacks cannot be easily repaired.

The fundamental development issue for Slovenian research organizations is how to remain internationally comparable and
competitive. The JoZef Stefan Institute builds its research excellence on a long-standing tradition of international cooperation
and exchanges, and the involvement of young researchers, who have a lot of inspiration and commitment. Therefore, in
spite of the modest conditions for work, this year we can again boast of excellent research results, which are demonstrated
by high-level scientific publications or in development achievements in cooperation with the economyy. On this occasion, I
would like to thank all my colleagues for their efforts and their valuable contributions.

[

Prof. Jadran Lenarcic
Director of the Jozef Stefan Institute
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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

The beginnings of robotics at the JSI, in 1985

1987

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

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

2015

~  New research infrastructure, including new and renovated laboratory and office
space with high-tech instrumentation for environmental research

High-tech instrumentation for environmental research at the JSI in 2015

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., 19591963

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)
Prof: Primoz Pelicon Prof. Igor Krizaj
Thin Films and Surfaces (F-3) Biotechnology (B-3)
Asst. Prof. Miha Cekada 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. Luka Snoj Prof: Ales Ude
Experimental Particle Physics (F-9) Systems and Control (E-2)
Prof: Marko Mikuz Dr: Vladimir Jovan

Chemistry and Biochemistry
L./

Inorganic Chemistry and Technology (K-1)

Artificial Intelligence Laboratory (E-3)
Prof. Dunja Mladenic
Open Systems and Networks (E-5)
Prof. Borka Jerman Blazi¢
Communication Systems (E-6)

Asst. Prof.Gasper Tavcar Prof: Mihael Mohorcic
Physical and Organic Chemistry (K-3) et E&7)
Prof. Ingrid Milosev Kith Lk G 1A
f. 5 . Knowledge Technologies (E-8)
Electronic Ceramics (K-5) Prof. Nada Lavrac
Prof: Barbara Malic Intelligent Systems (E-9)
Nanostructured Materials (K-7) Prof: Matjaz Gams
Prof: Spomenka Kobe
Synthesis of Materials (K-8) . .
Prof Darko Makovec Reactor Techniques and Energetics
Advanced Materials (K-9) Reactor Engineering (R-4)
Prof. Danilo Suvorov Prof. Leon Cizelj
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CENTRES

_______________________________________________________________|
Reactor Centre (RIC)
Prof. Borut Smodis
Networking Infrastructure Centre (NIC)
Viadimir Alkalaj, M. Sc., dr. Jan Jona Javorsek
Science Information Centre (SIC)
Dr. Luka Sustersic
Energy Efficiency Centre (EEC)
Stane Merse, M. Sc.
Centre for Knowledge Transfer in Information
Technologies (CT-3)
Mitja Jermol, M. Sc.
Milan Copi¢ Nuclear Training Centre (IGJT)
Dr: Igor Jencic
Centre for Electron Microscopy and Microanalysis (CEMM)
Prof Miran Ceh
Centre for Technology Transfer and Innovation (CTT)
Dr. Spela Stres, MBA, LLM
Smart Cities and Communities Centre (CSC & C)
Martin Pecar, B. Sc.
Center Factory of the Future (CFoF)
Rudi Panjlar, B. Sc.
Microanalytical Instrumental Centre (MIC)

Prof. Primoz Pelicon

.../
Combined Atomic Microscope (UHV-AFM/STM)
Prof. Maja Remskar
Helium Liquifier with Superconducting Magnet and
Helium Regeneration System
Prof. Janez Dolinsek
Mass Spectrometry Centre
Dr. Dusan Zigon
National Centre for Microstructure and Surface Analysis
Prof: Miran Ceh
National Centre for High Resolution NMR Spectroscopy
Prof. Janez Dolinsek
Centre for Protein Structure
Prof: Dusan Turk
Nanolitography and Nanoscopy
Prof. Dragan Dragoljub Mihailovic
For Experimental Particle Physicis in International
Laboratories
Prof. Marko Mikuz
Hot Cells Facility
Prof: Borut Smodis
Video-conferencing Centre
Dr. Dusan Gabrijelcic

ADMINISTRATION, SERVICES AND SUPPORT UNITS

Administration and Services

Legal and Personnel (U-2)
Katja Novak, LL. B.

Sales and Purchase Department (U-3)
Darko Korbar, M. Sc., MBA
Finance and Accounting (U-4)
Regina Gruden, M. Sc.

Service for Business Informatics (U-5)
Joze Kasman, B. Sc.

Technical Services (TS)

Ales Cesar, B. Sc.

Support Units

Radiation Protection Unit (SVPIS)
Matjaz Stepisnik, M. Sc.
Quality Assurance (QA)

Dr. Andrej Prosek
Workshops
Franc Setnikar, B. Sc.

PARTICIPATION IN THE REGIONAL DEVELOPMENT OF RESEARCH

Ljubljana Technology Park Ltd.

I
University of Nova Gorica

Jozef Stefan International
Postgraduate School

Nanotesla Institute Ljubljana

Development Centre for Hydrogen (ARI)
Technologies

Technology Centres

Technology Centre for Production
Automation, Robotics and Informatics

Security Technology
Competence Centre (SETTCE)

Centres of Excellence
C____________________________________________________________________________________________________________________________________________________________ ‘!

Centre of Excellence NAMASTE

Nanocenter - Center of Excellence in
Nanoscience and Nanotechnology

Centre of Excellence for Polymer
Materials and Technologies (PoliMaT)

Centre of Excellence for Integrated
Approaches in Chemistry and Biology
of Proteins (CIPKeBiP)

EN-FIST Centre of Excellence

CEBIC Centre of Excellence for Biosensors,
Instrumentation and Process Control

CO NOT: Centre of Excellence for Low-
Carbon Technologies

Centre of Excellence for Space Sciences
and Technologies SPACE-SI
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MANAGEMENT

DIRECTORATE

Director JSI
Prof. Jadran Lenarci¢

Assistant to the Director
Dr. Romana Jordan

Adviser
Marta Slokan, LL. B.

BOARD OF GOVERNORS

Dr. Mark Plesko, Chair, Cosylab, d. d., Ljubljana
Franjo Bobinac, MBA, Gorenje, d. d., Velenje
Prof. Marko Mikuz, /57

Stojan Petri€, Kolektor, d. o. o., Idrija

Prof. Joze Pungercar, /ST

SCIENTIFIC COUNCIL

until May 2017

Prof. Dragan Dragoljub Mihailovic, President
Prof. Leon Cizelj

Prof. Miran Ceh

Prof. Milena Horvat

Prof. Dani Juricic

Prof. Spomenka Kobe

Prof. Jadran Lenarci¢

Prof. Marko Mikuz

Prof. Ingrid Milosev, Deputy President
Prof. Dunja Mladenic, Deputy President
Prof. Franc Novak

Prof. Peter Prelovsek

Prof. Maja Remskar

Prof. Ziga Smit

Prof. Boris Turk

Dr. Iztok Seljak, Hidria, d. o. 0., Ljubljana

Prof. Stanko Strm¢nik, /57

Mrs. Kim Turk, Ministry of Education, Science and Sport

Dr. Peter Vrtacnik, Ministry for Economic Development and Technology

since May 2017

Prof. Dragan Dragoljub Mihailovi¢, President
Prof. Leon Cizelj

Prof. Miran Ceh

Prof. Milena Horvat

Prof. Dani Jurici¢

Prof. Jadran Lenarci¢

Asst. Prof. Matej Lipoglavsek

Prof. Barbara Mali¢

Prof. Marko Mikuz

Prof. Ingrid MiloSev, Deputy President
Prof. Nada Lavra¢

Prof. Franc Novak, Deputy President
Prof. Peter Prelovsek

Prof. Maja Remskar

Prof. Boris Turk

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. Miller, 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. Borge Diderichsen, Novo Nordisk, Bagsvaerd, Denmark

Prof. Jean Etourneau, Institut de Chimie de la Matiere Condensée de Bordeaus,
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 Universitit, Wuppertal, Germany
Prof. Egon Matijevic, Clarkson University, Potsdam, New York, USA
Prof. Federico Mayor, Madrid, Spain

Prof. Dietrich Munz, Universitit Karlsruhe, Karlsruhe, Germany

Prof. Ginther 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
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1949-2017

1949
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
2012
2013
2014
2015
2016
2017

300 400

500

600 700

800 900 1000

1273

1291

1335

1350

1367

21

1375
1400

B0

133

] 444

I 443

] 412
1403
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B5

W5

] 457

] 452

1 480

152

B Ph. D. Degree

B M. Sc,, B. Sc. Degree

O Total Staff

] 515

19

] 534

159

1558

1593

] 634

1632

1687

1 630

] 652

1 675

] 667

] 702

1 732

] 749

1813

349

] 852

] 895

] 909

] 895

403

] 858

] 744

1707

] 703

1707

1705

] 731
1733
] 743
1739
742
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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 t0 1955 (1908 - 1993)

Prof. Vito Turk, Director of the Jozef Stefan Institute from 1996 to 2005

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, University of Ljubljana, Faculty of Chemistry and Chemical
Technology, 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, Universitit Gottingen, Gottingen, 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. Mihael Drofenik
Prof. Peter Gosar

Prof. Darko Jamnik

Prof. Gabrijel Kernel
Prof. Borut Mavko

Prof. Miodrag V. Mihailovi¢®
Prof. Rasa Matija Pirc
Prof. Marjan Senegacnik®
Prof. Sasa Svetina

Prof. Bostjan Zeks

Prof. Boris Zemva

EXTERNAL ADVISERS

Prof. Savo Bratos, 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 COOPERATION

Multilateral international cooperation No. of projects

H2020 (EUROPEAN INSTITUTE OF INNOVATION AND TECHNOLOGY, EXCELLENT SCIENCE, EURATOM, INDUSTRIAL LEADERSHIP, SOCIETAL 133
CHALLENGES, SPREADING EXCELLENCE AND WIDENING PARTICIPATION, SCIENCE WITH AND FOR SOCIETY)
7. FP (COOPERATION: HEALTH, FOOD, AGRICULTURE/FISHERIES, BIOTECHNOLOGY, INFORMATION COMMUNICATION TECHNOLOGIES, 28

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, SMEs, REGIONS OF
KNOWLEDGE, RESEARCH POTENTIAL, SCIENCE AND SOCIETY, INCO (HORIZONTAL), DEVELOPMENT OF POLICIES) AND 7. FP - EURATOM

ESI 26
OTHERS (COST, IAEA, IEE, JRC, ESA, NATO, CIP, CEF, MED, EMPIR, LIFE+, SCOPES...) 183
TOTAL 370
Argentina 1 Japan 6
Austria 2 Macedonia 3
Bosnia and Herzegovina 2 Montenegro 2
China 5 Russia 5
Germany 3 Serbia 10
France 16 Turkey 3
Croatia 8 USA 27
Hungary 2 TOTAL 98
India 3

INTERNATIONAL COOPERATION
AGREEMENTS

In 2017, international cooperation agreements were signed between the JoZef Stefan Institute and:

1. Agenzia Regionale per la Protezione dell<Ambiente del Friuli Venezia Giulia Science, Kuala Lumpur, Malaysia; Zoological Institute of the Russian Academy
(ARPA FVG), Palmanova (UD), Italy (F2) of Sciences, St. Petersburg, Russia; Institute of Fish Resources, Varna, Bulgaria;

2. Kazan Scientific Center of the Russian Academy, The Kazan E. K. Zavoisky National Institute of Oceanography and Experimental Geophysics, Sgonico
Physical-Technical Institute (KPhTI), Kazan, Russia (F7) (Trieste), Italy; CNR, Institute for Coastal Marine Environment, Napoli, Italy (02)

3. SCK e CEN - Studiecentrum voor Kernenergie/ Centre d<Etude de l<Energie 6. Masaryk University, Brno, Czech Republic; National Research Council
Nucleaire, Brussels, Belgium (F8) (CNR), Rome, Italy; Aristotle University, Thessaloniki, Greece; Slovak Medical

4. ICTP - Centro Internazionale di Fisica Teorica Abdus Salam, Trieste, Italy (02) Universityin Bratislava, Bratislava, Slovak Republic; Lancaster University,

5. The Chinese Academy of Sciences, Institute of Hydrobiology, Wuhan, Hubei Lancaster Environmental Centre, Lancaster, Great Britain (02)
Province, P. R. China, Fujian Normal University, Fujian, P. R. China; National 7. Al-Farabi Kazakh National University, Almaty, Republic of Kazakhstan (02)
Cheng Kung University, Tainan City, Taiwan; Third Institute of Oceanography, 8. Scientific and Production Center for Preventive Medicine of the Ministry of
State Ocean Administration, P. R. China; University of Malaya, Institute of Earth Health of the Kyrgyz Republic, Bishkek, Kyrgyz Republic (02)

Annual Report 2017 13
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COOPERATION WITH HIGHER-
EDUCATION ESTABLISHMENTS

FULL-TIME FACULTY MEMBERS

14

Professors

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

2. Prof. Iztok Arcon, University of Nova Gorica

3. Asst. Prof. Rok Bojanc, University of Primorska, Faculty of Mathematics,
Natural Sciences and Information Technologies

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

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

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

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

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

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

6. Prof. Martin Copic, University of Ljubljana, Faculty of Mathematics and Physics

7. Prof. Janez DolinSek, University of Ljubljana, Faculty of Mathematics and Physics

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

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

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

11. Prof. Bo3tjan Golob, University of Ljubljana, Faculty of Mathematics and Physics

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

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

14. Prof. Igor Klep, University of Ljubljana, Faculty of Mathematics and Physics

15. Prof. Samo Korpar, University of Maribor, Faculty of Chemistry and Chemical
Engineering

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

17. Prof. Stanislav Kovacic, University of Ljubljana, Faculty of Electrical
Engineering

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

19. Prof. Peter KriZan, University of Ljubljana, Faculty of Mathematics and Physics

20. Prof. Brigita Lenarcic, University of Ljubljana, Faculty of Chemistry and
Chemical Technology

21. Prof. Marko MikuZ, University of Ljubljana, Faculty of Mathematics and Physics

22. Prof. Igor MuSevic, University of Ljubljana, Faculty of Mathematics and Physics

23. Prof. Uro§ Petrovic, University of Ljubljana, Biotechnical Faculty, University of
Nova Gorica, School of Environmental Sciences, School for Viticulture and Enology

24. Prof. Rudolf Podgornik, University of Ljubljana, Faculty of Mathematics and Physics

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

26. Prof. Peter Prelovsek, University of Ljubljana, Faculty of Mathematics and Physics

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

28. Prof. Anton Ramsak, University of Ljubljana, Faculty of Mathematics and Physics

29.

30.

31
32.
33.
34.

35.
36.
37.
38.
39.
40.

Prof. Boris Rogelj, University of Ljubljana, Faculty of Chemistry and

Chemical Technology and Faculty of Pharmacy, University of Maribor, Faculty of
Medicine, Faculty of Health Sciences

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

Asst. Prof. Lea Spindler, University of Maribor, Faculty of Mechanical Engineering
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, Biotechnical Faculty and Faculty of
Pharmacy, University of Maribor, Faculty of Medicine

Prof. Tanja Urbancic, University of Nova Gorica

Prof. Natasa Vaupotic, University of Maribor, Faculty of Education

Prof. Katarina Vogel-Mikus, University of Ljubljana, Biotechnical Faculty

Prof. Danilo Zavrtanik, University of Nova Gorica

Prof. Marko Zgonik, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Primoz Ziherl, University of Ljubljana, Faculty of Mathematics and Physics

Assistants and researchers

L.
2.

Dr. Jure Leskovec, Stanford University, Palo Alto, California, USA
Dr. Tomaz Rejec, University of Ljubljana, Faculty of Mathematics and Physics

PART-TIME FACULTY MEMBERS

Professors

1. Prof. Jan Babi¢, University of Ljubljana, Faculty of Electrical Engineering and
IPS, Ljubljana

2. Asst. Prof. Andreja Bencan Golob, IPS, Ljubljana

3. Prof. Ljudmila Benedik, University of Ljubljana, Faculty of Chemistry and
Chemical Technology, Faculty of Mathematics and Physics and IPS, Ljubljana

4. Asst. Prof. Ales Berlec, University of Ljubljana, Faculty of Pharmacy

5. Prof. Slavko Bernik, IPS, Ljubljana

6. Asst. Prof. Anton Biasizzo, IPS, Ljubljana

7. Prof. Vid Bobnar, IPS, Ljubljana

8. Prof. Marko Bohanec, University of Nova Gorica, School of Enginnering and
Management and IPS, Ljubljana

9. Asst. Prof. Klemen Bucar, University of Ljubljana, Faculty of Mathematics and
Physics

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

11. Prof. Uros Cvelbar, IPS, Ljubljana

12. Prof. Miran Ceh, University of Ljubljana, Faculty of Chemistry and Chemical
Technology and IPS, Ljubljana

13.  Asst. Prof. Nina Daneu, IPS, Ljubljana

14. Prof. Marko Debeljak, IPS, Ljubljana, University of Ljubljana, University of
Primorska, University of Nova Gorica

15. Asst. Prof. Tadej Debevec, University of Ljubljana, Faculty of Sport

16 Asst. Prof. Goran Drazic, IPS, Ljubljana

Annual Report 2017



17.

18.
19.

20.
21

22.
23.

24.
25.
26.

27.
28.
29.

30.

3l

32.
33.
34.
35.

36.
37.

38.
39.

40.

41,

42,
43.

44.

45.

46.

47.

48.
49.
50.
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52.

Prof. Jean-Marie Dubois, IPS, Ljubljana

Prof. SaSo DZeroski, IPS, Ljubljana

Prof. Borka DZonova Jerman Blazi¢, University of Ljubljana, Faculty of
Economics and IPS, Ljubljana

Prof. Tomaz Erjavec, IPS, Ljubljana

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

Prof. Andrej Filipcic, University of Nova Gorica, School of Applied Sciences
Prof. Bogdan Filipi¢, University of Ljubljana, Faculty of Computer and
Information Science, University of Nova Gorica, Faculty of Engineering and
Management, IPS, Ljubljana

Prof. Marko Fonovic, IPS, Ljubljana

Asst. Prof. Andrej Gams, IPS, Ljubljana

Prof. Matjaz Gams, University of Ljubljana, Faculty of Computer and
Information Science, IPS, Ljubljana

Prof. Marko Gerbec, IPS, Ljubljana

Asst. Prof. Evgeny Goreshnik, IPS, Ljubljana

Asst. Prof. Saso Gyergyek, University of Maribor, Faculty of Chemistry and
Chemical Engineering

Prof. Ester Heath, University of Ljubljana, Faculty of Pharmacy, Faculty of
Chemistry and Chemical Engineering, Faculty of Mechanical Engineering, Faculty
of Civil and Geodetic Engineering, Biotechnical Faculty, Faculty of Health Sciences;
University of Nova Gorica, School of Environmental Sciences and IPS, Ljubljana
Prof. Milena Horvat, IPS, Ljubljana, University of Maribor, Faculty of
Mechanical Engineering

Asst. Prof. Andrej Hrovat, IPS, Ljubljana

Asst. Prof. Bostjan Jancar, IPS, Ljubljana

Prof. Tomaz Javornik, IPS, Ljubljana

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

Asst. Prof. Zvonka Jeran, IPS, Ljubljana

Prof. Dani Juri¢i¢, University of Nova Gorica, School of Environmental Sciences,
University of Maribor, Faculty of Logistics and IPS, Ljubljana

Prof. Viktor Kabanov, IPS, Ljubljana

Prof. Monika Kapus Kolar, University of Maribor, Faculty of Electrical
Engineering and Computer Science

Asst. Prof. Matjaz Kavcic, IPS, Ljubljana

Prof. Borut Paul KerSevan, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Ivo Kljenak, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Tomaz Klobucar, IPS, Ljubljana, DOBA Faculty of Applied Business
and Social Studies, Maribor

Prof. Spomenka Kobe, University of Ljubljana, Faculty of Natural Sciences and
Engineering, IPS, Ljubljana

Prof. Jus Kocijan, University of Nova Gorica, School of Engineering and
Management and IPS, Ljubljana

Asst. Prof. Andraz Kocjan, University of Ljubljana, Faculty of Natural Sciences
and Engineering, Faculty of Medicine, IPS, Ljubljana

Asst. Prof. Robert Kocjancic, IPS, Ljubljana

Prof. Ivan Aleksander Kodeli, University of Maribor, Faculty of Energy Technology
Asst. Prof. Anton Kokalj, IPS, Ljubljana

Asst. Prof. Matej Andrej Komelj, University of Ljubljana, Faculty of Mathematics
and Physics

Asst. Prof. Branko Kontic, University of Ljubljana, Biotechnical Faculty

Prof. Dusan Kordi$, University of Ljubljana, Biotechnical Faculty, Faculty of
Chemistry and Chemical Technology, Medical Faculty, IPS, Ljubljana

53.

54.
55.

56.
57.

58.
59.
60.
61,
62.
03.

64.

65.
66.

67.

68.

09.
70.
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72.
73.
74.
75.

76.
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Prof. Peter Koro$ec, University of Primorska, Koper, Faculty of Mathematics,
Sciences and Information Technologies

Prof. Barbara Korousic Seljak, JoZef Stefan International Postgraduate School
Asst. Prof. Tina Kosjek, University of Ljubljana, Faculty of Pharmacy, Faculty

of Chemistry and Chemical Engineering, Faculty of Mechanical Engineering,
Faculty of Civil and Geodetic Engineering, Biotechnical Faculty, Faculty of Health
Sciences; University of Maribor, Faculty of Chemistry and Chemical Engineering;
University of Nova Gorica, School of Environmental Sciences and IPS, Ljubljana
Dr. Igor Kovac, Fachhochschule Joaneum, Graz, Austria

Asst. Prof. Janez Kovag, University of Ljubljana, Faculty of Natural Sciences and
Engineering and IPS, Ljubljana

Prof. Igor Krizaj, University of Ljubljana, Faculty of Chemistry and Chemical
Technology, Biotechnical Faculty, Medical Faculty, IPS, Ljubljana

Asst. Prof. Marjan Kromar, University of Maribor, Faculty of Energy Technology
Asst. Prof. Danjela KuScer Hrovatin, IPS, Ljubljana

Prof. Zdravko Kutnjak, University of Ljubljana, Faculty of Mathematics and
Physics and Faculty of Mechanical Engineering, IPS, Ljubljana

Prof. Nada Lavrac, University of Nova Gorica, IPS, Ljubljana, University of
Ljubljana

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

Prof. Matej Lipoglavsek, University of Ljubljana, Faculty of Mathematics and
Physics

Prof. Darja Lisjak, IPS, Ljubljana

Prof. Sonja Lojen, University of Nova Gorica, School of Environmental Sciences
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, IPS, Ljubljana

Prof. Barbara Malic, IPS, Ljubljana

Asst. Prof. Igor Mandic, University of Ljubljana, Faculty of Natural Sciences and
Engineering

Asst. Prof. Sabina Markelj, IPS, Ljubljana

Prof. Igor Mekjavic, Simon Fraser University, British Columbia, Canada

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 Mihailovi¢, University of Ljubljana, Faculty of Mathematics
and Physics and IPS, Ljubljana

Asst. Prof. Andrej Miheli¢, University of Ljubljana, Faculty of Mathematics and
Physics

Prof. Radmila Milacic, IPS, Ljubljana

Prof. Ingrid Milosev, University of Zagreb, Croatia, Faculty of Chemical
Engineering and Technology and IPS, Ljubljana

Prof. Dunja Mladenic, IPS, Ljubljana and University of Zagreb, Croatia,
University of Ljubljana, Faculty of Education, University of Nova Gorica,
University of Primorska, Koper

Prof. Mihael Mohorcic, IPS, Ljubljana

Prof. Miran Mozeti¢, University of Nova Gorica, IPS, Ljubljana, University of
Ljubljana, Faculty of Natural Sciences and Engineering

Asst. Prof. Bojan Nemec, IPS, Ljubljana

Prof. Franc Novak, University of Maribor, Faculty of Electrical Engineering and
Computer Science and IPS, Ljubljana

Asst. Prof. Roman Novak, IPS, Ljubljana

Prof. Sasa Novak Krmpotic, IPS, Ljubljana

Prof. Nives Ogrinc, IPS, Ljubljana

Prof. Gregor Papa, IPS, Ljubljana
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106.
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110.
111
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113.
114.
115.
116.

117.

118.

119.

ozef Stefan Institute

Prof. PrimoZ Pelicon, University of Ljubljana, Faculty of

Mathematics and Physics

Asst. Prof. Toni Petan, University of Ljubljana, Biotechnical Faculty, Faculty of
Chemistry and Chemical Technology, IPS, Ljubljana

Prof. Maja Ponikvar-Svet, IPS, Ljubljana

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

Prof. Aleksander Recnik, IPS, Ljubljana

Prof. Maja Remskar, IPS, Ljubljana

Asst. Prof. Tadej Rojac, University of Ljubljana, Faculty of Natural Sciences and
Engineering, IPS, Ljubljana

Prof. Igor Sersa, University of Ljubljana, Faculty of Natural Sciences and
Engineering, IPS, Ljubljana

Asst. Prof. TomaZ Skapin, JoZef Stefan International Postgraduate School
Prof. Borut Smodis, IPS, Ljubljana

Asst. Prof. Luka Snoj, University of Ljubljana, Faculty of Mathematics and
Physics

Asst. Prof. Matjaz Spreitzer, University of Ljubljana, Faculty of Chemistry and
Chemical Technology

Prof. Marko Stari¢, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Stojan Stavber, IPS, Ljubljana

Prof. Veronika Stoka, IPS, Ljubljana

Prof. Stanislav Strménik, University of Nova Gorica, School of Engineering and
Management

Prof. Danilo Suvorov, University of Ljubljana, Faculty of Chemistry and
Chemical Technology, Faculty of Mathematics and Physics

. Prof. Janez S¢ancar, IPS, Tjubljana

Asst. Prof. Jurij Silc, IPS, Ljubljana

Asst. Prof. Sre¢o Davor Skapin, IPS, Ljubljana

Prof. Miha Skarabot, University of Ljubljana, Faculty of Chemistry and Chemical
Technology and Faculty of Mathematics and Physics

Asst. Prof. Primoz Skraba, University of Nova Gorica, Center for Atmospheric
Research and University of Primorska, Faculty of Mathematics, Natural Sciences
and Information Technologies

Asst. Prof. Zdenka Slejkovec, IPS, Ljubljana

Prof. Janez Strancar, IPS, Ljubljana

Prof. Sa$o Sturm, IPS, Ljubljana

Prof. Ales Svigelj, IPS, Ljubljana

Asst. Prof. Gasper Tavcar, IPS, Ljubljana

Prof. Iztok Tiselj, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Andrej Trkov, University of Ljubljana, Faculty of Mathematics and Physics
and University of Maribor, Faculty of Energy Technology

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

Prof. Boris Turk, University of Ljubljana, Biotechnical Faculty, Faculty of
Chemistry and Chemical Technology, IPS, Ljubljana

Prof. Dusan Turk, University of Ljubljana, Faculty of Chemistry and Chemical
Technology and Faculty of Medicine, IPS, Ljubljana

120. Prof. Ales Ude, IPS, Ljubljana

121
122
123

124
125

16

. Asst. Prof. Hana Ursic Nemevsek, IPS, Ljubljana

. Prof. Janja Vaupotic, University of Nova Gorica and IPS, Ljubljana

. Asst. Prof. MatjaZ Vencelj, University of Ljubljana, Faculty of Mathematics and
Physics

. Asst. Prof. Alenka Vesel, IPS, Ljubljana

. Asst. Prof. Damir Vrandic, IPS, Ljubljana

126. Prof. Bostjan Zalar, IPS, Ljubljana

127. Prof. Marko Zavrtanik, University of Nova Gorica

128. Prof. Aleksander Zidansek, University of Maribor, Faculty of Education, IPS,
Ljubljana

129. Asst. Prof. Benjamin Zorko, IPS, Ljubljana

130. Asst. Prof AnZe Zupanc, University of Ljubljana, Faculty of Mathematics and
Physics, Faculty of Natural Sciences and Engineering, Faculty of Chemistry and
Chemical Technology

131. Prof. Eva Zerovnik, IPS, Ljubljana

132. Prof. Matjaz Zitnik, University of Ljubljana, Faculty of Mathematics and Physics

133. Asst. Prof. Leon Zlajpah, IPS, Ljubljana

134. Asst. Prof. Bernard Zenko, Faculty of Information Studies, Novo Mesto

135. Asst. Prof. Martin Znidarsi¢, Faculty of Information Studies, Novo Mesto; IPS,
Ljubljana

136. Prof. Slobodan Zumer, University of Ljubljana, Faculty of Mathematics and Physics

137. Asst. Prof. Kristina ZuZek RoZman, IPS, Ljubljana

Assistants and researchers

1. Dr.Tanja Arh, IPS, Ljubljana, DOBA Faculty of Applied Business and Social
Studies, Maribor

2. Dr.Zoran Arsov, University of Ljubljana, Faculty of Mathematics and Physics

3. Dr. Samir El Shawish, University of Ljubljana, Faculty of Mathematics and Physics

4. Dr. Cedric Cyril Henri Flageul, University of Ljubljana, Faculty of Mathematics
and Physics

5. Dr.Blaz Fortuna, IPS, Ljubljana

6. Dr. Carolina Fortuna, IPS, Ljubljana

7. Dr. Dejan Gradiar, University of Ljubljana, Faculty of Electrical Engineering

8. Dr. Anton GradiSek, University of Ljubljana, Faculty of Mathematics and Physics

9.  Dr.Radojko Jacimovic, IPS, Ljubljana

10. Dr. Peter Jegli¢, University of Ljubljana, Faculty of Mathematics and Physics

11.  Dr. Petra Jenu$ Brdnik, IPS, Ljubljana

12. Dr. Bostjan Kaluza, IPS, Ljubljana

13.  Dr. Martin KlanjSek, University of Ljubljana, Faculty of Mathematics and Physics

14. Dr. Bostjan Koncar, University of Ljubljana, Faculty of Mathematics and Physics

15. Dr. Petra Kralj Novak, IPS, Ljubljana

16. Dr. Igor Lengar, University of Maribor, Faculty of Energy Technology

17. Dr. Matjaz Leskovar, University of Ljubljana, Faculty of Mathematics and Physics

18. Dr. Mitja Lustrek, IPS, Ljubljana

19. Dr. Matija Milani¢, University of Ljubljana, Faculty of Mathematics and Physics

20. Dr. Natan Osterman, University of Ljubljana, Faculty of Mathematics and Physics

21. Dr. Rok Pestotnik, University of Ljubljana, Faculty of Mathematics and Physics

22. Dr. Vladimir Radulovic, University of Ljubljana, Faculty of Mathematics and
Physics

23. Dr. Andrej Prosek, University of Ljubljana, Faculty of Mathematics and Physics

24. Dr. Urban Simongic, University of Ljubljana, Faculty of Mathematics and Physics

25. Dr. Marko Soderznik, IPS, Ljubljana

26. Dr. Spela Stres, University of Ljubljana, Faculty of Electrical Engineering

27. Dr. Andrej Studen, University of Ljubljana, Faculty of Mathematics and Physics

28. Tina Sfiligoj, B. Sc., University of Ljubljana, Faculty of Mathematics and Physics

29. Dr. Tea TuSar, IPS, Ljubljana

30. Dr. Mitja Ursic, University of Ljubljana, Faculty of Mathematics and Physics

31. Dr. Mojca Vilfan, University of Ljubljana, Faculty of Mathematics and Physics

32. Dr. Andrej Vilhar, IPS, Ljubljana

33. Dr. Andrija Volkanovski, University of Ljubljana, Faculty of Mathematics and Physics

34. Dr. Darko Vrecko, University of Nova Gorica, School of Environmental Sciences

35. Dr. Andrej Zorko, University of Ljubljana, Faculty of Chemistry and Chemical
Technology and Faculty of Mathematics and Physics

36. Dr. Kristina Zagar SoderZnik, IPS, Ljubljana

37. Dr. Gasper Zerovnik, University of Ljubljana, Faculty of Mathematics and Physics

IPS: Jozef Stefan International Postgraduate School, Ljubljana
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INSTITUTE COLLOQUIA

January 04, 2017: Andrej Ko3mrlj
Princeton University, Princeton, USA
Elasticity, geometry and buckling

January 12, 2017: Tadej Rojac and Goran Drazi¢
Jozef Stefan Institute and National Institute of Chemistry
Domain wall conduction in bismuth ferrite

January 18, 2017: Marko Gerbec

Jozef Stefan Institute

40 years of process safety - where does the prevention of major
accidents in industry stand today?

March 08, 2017: Ales Ude
Jozef Stefan Institute
Robotic learning of sensorimotor skills

March 20, 2017: Maurizio Fermeglia

University of Trieste, Trieste, Italy

Materials design: Multilevel molecular modelling of nanostructured
materials

March 21, 2017: Erio Tosatti
SISSA, ICTP, and CNR-IOM Democritos, Trieste, Italy
Nanofriction: Mechanics of non-equilibrium

March 22, 2017: Igor Mekjavic

Jozef Stefan Institute

Diving and high-altitude physiology advance planning of living in
space

March 29, 2017: Ju$ Kocijan

Jozef Stefan Institute and University of Nova Gorica

Identification of dynamic systems using the probabilistic kernel
method

April 19, 2017: MatjaZ Perc
University of Maribor
Statistical physics of social systems

May 10, 2017: Tony Raven

University of Cambridge, Cambridge, United Kingdom

Proof of concept funds at the University of Cambridge: History,
operation, management and benefits. Evaluation of the research
system in the UK

May 11, 2017: Mirjam Cveti¢
University of Pennsylvania, Philadelphia, USA
Modern string theory confronts particle physics and black holes

June 06, 2017: Igor Kova¢
JoZef Stefan Institute
Strategic research and innovation parinership Factories of the future

July 24, 2017: Dario Corradini

American Physical Society, Ridge, USA

Physical Review: A family of journals serving the physics community.
The role of PRX

August 30, 2017: Jernej Ule

The Francis Crick Institute and University College London, London, United Kingdom
Tricks used by cells to express their genes in the brain, and how this
expression is affected by ageing

September 11, 2017: Anna-Elina Lehesjoki
University of Helsinki, Finland
Progressive myoclonus epilepsies - on the way to precision medicine?

October 18, 2017: Serge Pérez

CNRS-Université Grenoble Alpes, Grenoble, France

Popular glycoscience: building, seeing and playing with complex
carbohydrates

December 06, 2017: Egon ZakrajSek
Division of Monetary Affairs, Federal Reserve Board, Washington, USA
Inflation dynamics and customer markels: evidence and theory
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FINANCING

REVENUES JSI (€) AND NUMBER OF PROJECTS

Contribution Contribution No. of Projects

2017 2016 2016 Index 2017/2016 in 2017

National Agencies and Ministries 32,265,588 67.9 % 29,844,964 63.4% 108.1

International Market 9,183,505 19.3 % 11,645,413 24.7% 78.9

47,534,492 100.0 % 47,075,677 100.0 %

POSTGRADUATES FINANCED 1985-2017

by Slovenian Research Agency by Industry

9

105

71
4 8
5 5 5

] 54

55 3635 7 272041 {139 7
1 31
Ty %5 5, 2830523 3090229
1
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JSI UNDERGRADUATE
SCHOLARSHIPS -

Year FMF FKKT | FKKT FEand | Other | FGand | UNG Total
Physics Mathematics UNI Ll UNIMB UNI L FERI

... 1982 115 38 100 315

1984 11 3

1986 16 8

1988 26 7 1 27 2

1990 26 5 2 25

1992 22 3 3 17 1

1994 7 1

1996 2

1998 1

2000 1

2002 3

2004 4 1 15 1 2

2006 2 1 17 2

2008 2 1 13 3 2 15 1

2010 2 2 1 1 3 10 2 5 43

2012 2 10 6 3 1 5 36

2014 14 6 1 32

2016 16 2 15 46

_--------------
I R A N T A N T T R

Faculty of Mathematics and Physics, University of Ljubljana Faculty of Electrical Engineering, University of Ljubljana

FKKT (Uni-Lj)  Faculty of Chemistry and Chemical Technology, University of Ljubljana FRI Faculty of Computer and Information Science, University of Ljubljana

FKKT (Uni-Mb)  Faculty of Chemistry and Chemical Technology, University of Maribor FG Faculty of Civil Engineering, University of Maribor

NTF Faulty of Natural Sciences and Engineering, University of Ljubljana FERI Faculty of Electrical Engineering and Computer Science, University of Maribor
FDV Faculty of Social Sciences, University of Ljubljana UNG University of Nova Gorica

FA 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

Economics, Faculty of Medicine, University of Ljubljana

Annual Report 2017
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PATENTS GRANTED

Maridn Lehocky, Petr Stloukal, Vladimir Sedlarik, Petr Humpolicek, Alenka Vesel,  10. Marko Kazic, Matjaz Luka¢
Miran Mozetic, Rok Zaplotnik, Gregor Primc, Dana Kreizlovd Alaser system for the treatment of body tissue
Zaiizeni pro generovani UV zdfeni a zplisob generovani tohoto zafeni EP2818131 (B1), European Patent Office, 09. 08. 2017.
(7306584 (B6), Urad Priimyslového Vlastnictvi, 15. 03. 2017. 11. Mojca Lunder, MatjaZ Ravnikar, Borut Strukelj, Ales Berlec, Boris Ceh
Henry Berbard Lowman, Luc R. Desnoyers, Shouchun Liu, James William West, Modified food grade microorganism for treatment of inflammatory bowel
Jason Sagert, Olga Vasiljeva, Elizabeth Menendez disease
Activatable antibodies that bind epidermal growth factor receptor and methods EP2521737 (B1), European Patent Office, 30. 08. 2017.
of use thereof 12. Barbara Mali¢, Hana Ursic, Marija Kosec, Silvo Drnovsek, Jena Cilensek, Zdravko
US9545442 (B2), US Patent and Trademark Office, 17. 01. 2017. Kutnjak, Brigita Rozi¢, Uros Flisar, Andrej Kitanovski, Marko Ozbolt, Uro§
3. Matjaz Lukac, Marko Kazi¢ Plaznik, Alojz Poredos, Urban Tomc, Jaka Tusek
Laser system and method for operating the laser system Method for electrocaloric energy conversion
US9572632 (B2), US Patent and Trademark Office, 21. 02. 2017. EP3027980 (B1), European Patent Office, 18. 10. 2017.
4. Ljupka Stojchevska, Tomaz Mertelj, Igor Vaskivskyi, Dragan Mihailovi¢ 13. Ines Bantan, Danjela Kuscer, Janez Holc
Ultrafast nonvolatile memory Process for manufacturing cordierite ceramics having controlled and
US9589631 (B2), US Patent and Trademark Office, 07. 03. 2017. reproducible mechanical and thermal properties
5. Marko Kazi¢, Matjaz Lukac EP3115347 (B1), European Patent Office, 01. 11. 2017.
Laser system and method for the treatment of body tissue 14.  Adolf Jesih, Andrej Kovic, Ales Mrzel
US9610125 (B2), US Patent and Trademark Office, 04. 04. 2017. Method for a synthesis of quasi one-dimensional structures of 4D and 5D (Nb,
6. Luka Drinovec, Grisa Mocnik, Anthony D. A. Hansen Mo, Ta, W) transition metals
Method and apparatus for the analysis of materials EP2723524 (B1), European Patent Office, 27. 12. 2017.
089671324 (B2), US Patent and Trademark Office, 06. 06. 2017. 15. Katja Zmitek, Nata$a Tavcar, Tina Pogacnik, Janko Zmitek, Petra Ker§manc,
7. Grisa Mocnik, Anthony D. A. Hansen, Jeffrey R. Blair Tadej Rejc, Uros Petric, Borut Strukelj, Samo Kreft
Method for automatic performance diagnosis and calibration of a photometric Extract from the wood of trees of the genus fir to prevent, alleviate or treat
particle analyzer unwanted skin changes and preparations
089804082 (B2), US Patent and Trademark Office, 31. 10. 2017. S125053 (A), Slovenian Intellectual Property Office, 31. 03. 2017.
8. Igor Vaskivskyi, Dragan Mihailovi¢, Ian Mihailovic 16. Milena Horvat, Ermira Begu, Yaroslav Shlyapnikov, Andrej Stergarsek, Peter
Switchable macroscopic quantum state devices and methods for their operation Frkal, JoZe Kotnik
US9818479 (B2), US Patent and Trademark Office, 14. 11. 2017. Flow device
9.  Olga Vasiljeva, Georgy Mikhaylov, Boris Turk, Norbert Schaschke S125182 (A), Slovenian Intellectual Property Office, 30. 10. 2017.

Cathepsin-binding compounds bound to a carrier and their diagnostic use
US9827337 (B2), US Patent and Trademark Office, 28. 11. 2017.

ART EXHIBITIONS AT THE JSI

Matej Rukavina, 16 January-10 February
Teja Tegelj, 13 February-16 March

Riko Debenjak, 20 March-20 April

Vida Slivniker, 24 April-18 May

Brane Sirca, 22 May-15 June

Irena Majcen, 19 June-14 July

Vinko Prislan, 17 July-8 September

Jost Snoj, 11 September-12 October
Mojca Zlokarnik, 16 October-8 November
Rajko Bizjak, 13 November-7 December

Iskra Belicanska and Bostjan Plesnicar, 11 December-11 January 2018
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Jost Snoj at the opening
of his exhibition

Annual Report 2017



Jozef Stefan Institute

REVIEW OF PUBLICATIONS

FOR 2017

Department Original Articles* Books Patent Appl.and |  Ph. D. Theses

Grants

67 1 1
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 Synthesis of Materials (K-8)

Department of Biochemistry, Molecular and Structural Biology (B-1) 24

Department of Biotechnology (B-3)

Department of Automation, Biocybernetics and Robotics (E-1) 68

Artificial Intelligence Laboratory (E-3)

Department of Communication Systems (E-6)

Department of Knowledge Technologies (E-8)

Department of Reactor Engineering (R-4)

Networking Infrastructure Centre (NIC)

Centre for Electron Microscopy and Microanalysis (CEMM)

Radiation Protection Unit (SVPIS)

Center for Smart Cities and Communities (CSC&C)

Joief Stefan Insitte [T T R TR

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

Department of Theoretical Physics (F-1)

Annual Report 2017
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COMPLETED THESES

UNTIL 2017

Year Ph.D. Year
Theses Theses

..1999 524 2009

2000 36 2010 33
2001 31 2011 31
2002 29 2012 47
2003 41 2013 56
2004 31 2014 51
2005 22 2015 44
2006 22 2016 42
2007 26 2017 29
2

2000 2001 2002 2005 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

B Ph. D). Theses

AWARDS AND APPOINTMENTS

AWARDS MADE TO JSI RESEARCHERS BY THE REPUBLIC OF SLOVENIA

Medal of Merit

Borka DZonova Jerman Blazi¢

Borut Pahor, President of the Republic of Slovenia, awarded Borka DZonova Jerman
Blazi¢ with the Medal for Services, for her contribution to the development of the
Internet and computer communications.

Prof. Borka DzZonova Jerman Blazic is awarded by Borut Pahor,
President of Republic of Slovenia, with the Medal of Merit

Zois Award and Zois Certificate of Recognition

Slobodan Zumer

Presented with the Zois Award for lifetime achievements for his research in soft-
matter physics

Anton Kokalj
Presented with the Zois Certificate of Recognition for significant achievements in the
molecular modelling of chemical processes on metal surfaces

Puh Certificate of Recognition

Pavle Boskoski, Bojan Musizza, Andrej Debenjak and the Domel company (Damjan
Demsar, Jernej TomaZin, Janez Urh, Miha KrZiSnik in Marjan Kavcic)

Presented with the Puh Certificate of Recognition for an adaptive system for the
quality control of blowers and production tracking

Roman Trobec, Viktor Avbelj, Matjaz Depolli, Aleksandra Rashkovska Koceva,
Gregor Kosec, Tomaz Kristofelc, Klemen Bregar, Ivan Tomasi¢

Presented with the Puh Certificate of Recognition for a miniature personal device
with an on-board ECG sensor for the long-term measurement of heart rhythm called
Savvy ECG
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JSTAWARDS AND APPOINTMENTS

Honorary Member of the JoZef Stefan Institute
Vito Turk

Honorary Member of the JozZef Stefan Institute: academician Prof Vito Turk

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

Luka Leskovec
Hadronic resonances from lattice QCD

Petra Galer
Synthesis, transformation and behaviour of phenyl substituted derivatives of
1,3-diketones

Marinka Zitnik
Learning by Fusing Heterogeneous Data

The winners of the JoZef Stefan Golden Emblem Prize: Dr. Pelra Galer,
Dr: Marinka Zitnik and Dr: Luka Leskovec

The Jozef Stefan Roll of Honour

was awarded for their successful contribution for developing new high-tech products
based on scientific and technological achievements of the JoZef Stefan Institute:
Boris Simoncic and Saving, d.o.o., Ljubljana

Anton Konda and Joze Stupar, Keko Oprema, d.0.0., Zuzemberk

JSI Director’s fund

Mojca Otonicar, Hana Ursic, Marko Vrabelj

for the project entitled Laboratory for the ultracool preparation of complex oxides -
ULTRACOOL

[
Jozef Stefan Institute 3:

OTHER SELECTED AWARDS TO JSI
RESEARCHERS

Viktor Avbelj, co-mentor, received a PreSeren award with the students Ada Lazar and
Spela Likar, Ljubljana, University of Ljubljana, for research work on “Application of
wireless electrocardiogram in hospitalised patients”

Matic Bergant, Krka Prize, Novo mesto, Slovenia, 47" Krka Prizes, “Determination

of meglumine by derivatization with sodium naphthoquinone sulfonate and high
performance liquid chromatography”

Jani Bizjak, Matjaz Gams, Hristijan Gjoreski, Anton GradiSek, Luka Stepancic, best
paper, Melbourne, Australia, 2" International Workshop on Biomedical Informatics with
Optimization and Machine Learning in Conjunction with the 26" International Joint
Conference on Artificial Intelligence, Smartwatch for Active Ageing as Part of an Open
EU Framework

Marko Bohanec, was made a “Fellow and Distinguished Scholar” by the International
Institute for Applied Knowledge Management.

Andraz Bradesko, ranked among the best posters at the 2017 IEEE International
Symposium on Applications of Ferroelectrics (ISAF), Atlanta, USA, Institute of Electrical
and Electronics Engineers (IEEE)

Martin Breskvar, Matej Petkovi¢ and Blaz Skrlj were in the winning team of the
HackElect 2017 hackathon. With methods such as predictive classification trees and
deep neural networks they were the only team that managed to predict electricity
consumption for each household appliance in various time frames.

Misel Cevzar, The Satena award for the best presentation selected by a committee of
journalists, Ljubljana, Slovenia, Fitts' Law for Human-Human Collaborative Reaching
Task; Best presentation award chosen by the scientific committee, Ljubljana, Fitts’ Law
for Human-Human Collaborative Reaching Task; Award for the best poster selected by
the audience, Ljubljana, Fitts’ Law for Human-Human Collaborative Reaching Task

Mojca Cepic, Award for outstanding achievements in higher education of Republic
Slovenia

Urska Gabor, Award for best oral presentation in the young researchers’ section at the
15" Conference & Exhibition of the European Ceramic Society (ECerS 2017), Budapest,
Hungary, European Ceramic Society, “Mechanism of the formation of Pb (Mg, .Nb, .)
0,PbTiO, thin layers using the PLD technique”

Lojze Gacnik, Best Student Presentation Award, Montreal, Canada, 7" International
k0-Users’ Workshop, “Effect of control rod insertion on the TRIGA neutron spectrum and
the determination of elemental concentrations with k0-INAA”

James Alexander Hodson, Jack Treynor Prize from the Institute for Quantitative
Research in Finance, New York, USA, Q Group, Trading on Talent: Human Capital and
Firm Performance; Second place in the 2017 PanAgora Asset Management, Boston, USA
PanAgora Asset Management, Trading on Talent: Human Capital and Firm Performance

Uro§ Jagodic, M. R. Ejtahadi, S. M. Hashemi, M. R. Mozaffari, Igor Musevic, and Miha
Ravnikar, EPS Poster Prize for the best PhD student poster, Ljubljana, LIQUIDS 2017,
Fractal Nematic Colloids

Eva Jarc, Best poster Award (Second place), 12th Meeting of the Slovenian Biochemical
Society, Bled, 23 September 2017

Matej Kocen, Best Oral Presentation Award at the 25th International Conference on
Materials and Technology, 25 ICM&T, PortoroZ, Slovenia, 16-19 October 2017 for the
contribution “Inhibition of W grain growth in W-based material for fusion application
(CM)” (co-authors: Petra Jenus, Sasa Novak, Andreja Sestan).

Rok Kocen, Best Scientific Presentation Award at the Joint Students’ Conference of the
Jozef Stefan International Postgraduate School and Young Researchers Day in the field
of Chemistry, Materials, Biochemistry and Environment at the JoZef Stefan Institute for
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the contribution “3D printing biomaterials for regenerative medicine”, Ljubljana, 19-20
April 2017; “Science in front of the Microphone” Award given by SATENA - Slovenian
Academic Society for Science and Engineering for the Best short presentation of PhD
Thesis at the Joint Students’ Conference of the Jozef Stefan International Postgraduate
School and Jozef Stefan Institute, Ljubljana, 19 April 2017

The winners from JSI of Zois Award and Zois Certificate of Recognition
and Puh Certificate of Recognition

Tomaz Kos was awarded with the PCT technology network award (Process Control
Technology) for his Master’s thesis entitled “Measurement system for automated low-
frequency and high-temperature characterization of dielectric materials”.

Nejc Kosnik, Slovenian research agency award “Excellency in science” awarded for the
publication of a review article Physics of leptoquarks in precision experiments and at
particle colliders, Phys.Rept. 641 (2016) 1-68;

Marko Kovac, Competition FLL-First Lego League Slovenia - 2nd award for the project
of Growing Engineers (coach of the team Marko Kovac); overall 4th place in the
competition.

PrimoZ KoZelj, The Young Scientist Best Oral Presentation, Athens, Greece, C-MAC
Days 2017, Eutectic CoCrFeNiZrx High-Entropy Alloys: Magnetism Complicated by the
Microstructure of a “Real” Multiphase HEA

Gregor Kramberger, Erik Margan, award for technical improvements, Multi-channel
small ionization flow meter and MOSFET and PIN dosimeter sensor, Ljubljana, Jozef
Stefan Institute, Department of Environmental Science, Ljubljana, Slovenia

Rok Krpan, Best young author paper award (NENE2017 conference, Bled, Slovenia),
Nuclear Society of Slovenia, Simulation of a low-momentum steam jet interaction with a
light gas layer in a containment facility

Ales Lapanje, Jaz Zrimec, Best Poster Award in the Early Stage Scientist Category,
Valencia, Spain, Federation of European Microbiological Societies FEMS 2017, “DNA
Structural Alignment Algorithm Can Predict Plasmid Mobility and Host Range by
Locating DNA Substrates for Plasmid Transfer”

Zorica Latinovic, Best poster Award (First place), 12th Meeting of the Slovenian
Biochemical Society, Bled, 23 September 2017

Jure Leskovec, Best paper award, Portland, USA, CSCW 2017, Anyone Can Become a
Troll: Causes of Trolling Behaviour in Online Discussions; Best paper award honourable
mention, Perth, Australia, WWW 2017, An Army of Me: Sockpuppets in Online Discussion
Communities; Best paper runner-up, Portland, USA, CSCW 2017, Toeplitz Inverse
Covariance-Based Clustering of Multivariate Time Series Data

Nikola Ljubesic, Yves Scherrer (University of Geneva) won the CLIN2017 Shared Task

on Normalising Historical Text with their CSMtiser tool, which was developed within the
national basic research project JANES and the national research infrastructure CLARIN.SL.
Anja Mahne Opati¢, Best Poster Award, Bologna, Italy, 5th MS Food Day, “A preliminary
traceability model for tomato using analysis of stable isotopes, elemental content and
chemical markers”

24

Matej Martinc, Iza Skrjanec, Katja Zupan, and Senja Pollak, The approach for author
profiling has been ranked second among 22 groups in the PAN2017 competition, which
this year focused on Gender and Language Variety Identification on Twitter.

Aleksander Matavz, award for presentation and poster, Ljubljana, 9. IPSSC Conference,
Inkjet Printing Thin-Film Electronic Devices from Solution-Based Inks; 1+ place award
for contribution in an individual section, Portoroz, 25. ICM&T, Inkiet Printing of Metal-
Oxide-Based Electronic Devices

Polona Megusar, Biotechnical Faculty Preseren Prize 2017, Biotechnical Faculty,
University of Ljubljana, Ljubljana, Characterisation of antimicrobial and anti-adhesive
activity of mushrooms aqueous extracts, 21 December 2017

Ana Mitrovi, Krka Prize, Novo mesto, Slovenia, Role of cysteine cathepsins B and X and
their inhibitors in epithelial-mesenchymal transition of tumour cells, 13 October 2017

Bojan Nemec, Leon Zlajpah, Ales Ude, Best paper in Intelligent Robotics, Hong Kong,
China, International Conference on Advanced Robotics (ICAR), Door Opening by Joining
Reinforcement Learning and Intelligent Control

Jerca Pahor, Krka Awards 2017 for under- and post-graduate research works

Tjasa Parkelj, 2" place Award for oral presentation in young researchers section at
the 25® International Conference on Materials and Technology, PortoroZ, Metals and
Technology (IMT): “Different approaches to the preparation of Sr buffered Si (001)
surfaces using pulsed laser deposition”

Jan Ravnik, Best poster award at the conference PIPT6, Sendai, Japan, Conference
Scientific Committee, Time evolution of a phase transition to a stable photoinduced state
in 1T-TaS2; Best poster award at the International School and Workshop on Electronic
Crystals ECRYS-2017, Cargese, France, Conference Scientific Committee, Reaching a
Hidden State in Half a Picosecond.

Boris Rogelj, Lapanje Award, Bled, Slovenian Biochemical Society, for exceptional
achievements in biochemical science, 21 September 2017

Ljupka Stojcevska Malbasic, Best poster award at the conference ICFSI 2017, Hannover,
Germany, Conference Scientific Committee, Study of the photoinduced hidden state in
1T-TaS2 single crystals doped with selenium by means of time-resolved photoemission
spectroscopy.

Luka Suhadolnik, Miran Ceh, Best Innovation Award at the 10th International
Conference on Technology Transfer, IS, Ljubljana, Slovenia, 9-13 October 2017

Tomaz Sef, Gold recognition for product innovation, Slovenia, Chamber of Crafts
Gorenjska, “Text-to-Speech Synthesizer eBralec”, 14 June, 2017

Matej Tekavcic, Bostjan Koncar, Ivo Kljenak, Best poster award (ICONE25 conference,
Shanghai, China), American Society of Mechanical Engineers, Liquid inlet boundary
effect on the simulation of liquid waves in vertical air-water churn flow

Roman Trobec, Viktor Avbelj, Matjaz Depolli, Aleksandra Rashkovska Koceva,
Gregor Kosec, Tomaz Kristofelc, Klemen Bregar, Ivan Tomasic, A golden award of
Celjski sejem, Celje, Celjski sejem; FOR: a miniature personal device with an on-board
ECG sensor for long-term measurement of heart rhythm Savvy ECG - an important
achievement in the field of mobile health

Eva Vidak, Preseren Award at the University of Ljubljana, Ljubljana, Slovenia, 6
December 2017, Preparation of recombinant human caspase-1 and identification of its
extracellular substrates

Primoz Ziherl, an outstanding research result at the University of Ljubljana in 2017;
University of Ljubljana, article Dotera, T., Bekku, S., Ziherl, P. Bronze-mean hexagonal
quasicrystals. Nature Materials 16 (2017), 987-993.

Slobodan Zumer, elected Fellow of the American Physical Society, USA, American
Physical Society (APS), for theoretical contributions to the soft condensed matter physics
of liquid-crystal systems

Kristina Zuzek Rozman, Finalist for the Best Mentor 2016 Award, given by Young

Academy Association in cooperation with the Slovenian Research Agency (ARRS),
Ljubljana, Slovenia, 22 March 2017
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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

Dl AN AN T S e

T T e N N N Y Y Y S RS R S R S S R S R S S I N B B N N R N R N R R N T e

. Ljubljanske mlekarne, d.d., Ljubljana
. Luka Koper, d. d., Koper
. Medical Dentistry, Ljubljana

Administration of the Republic of Slovenia for Food Safety,Ljubljana 50.
Administration of the RS for Civil Protection and Disaster Relief, Ljubljana 51.
Agency for Radwaste Management, Ljubljana 52.
Alpineon, Ltd., Ljubljana 53.
Amebis, Ltd., Kamnik 54.
Balder, optoelectronic elements and measuring systems, Ltd., Ljubljana 55.
Bioiks, Ltd., Ljubljana 56.
BIC, d.d., Ljubljana 57,
Cankarjev dom, Ljubljana 58.
Cinkarna Celje, Celje 59.
. Comtrade, Ltd., Ljubljana 60
Casnik Finance, Ltd., Ljubljana 61.
Danfoss Trata, Ltd., Ljubljana 62.
DOMEL, Ltd., Zelezniki 63.
. Ecological Engineering Institute, Maribor 64.
ELES, Ltd., Electricity Transmission System Operator, Ljubljana 05.
Elgoline Ltd, Cerknica 66.
Elvez, Ltd., Vinja Gora 67.
Energetika Ljubljana, Ltd., Ljubljana 68.
. Energetika Maribor Ltd., Maribor 69.
. Energy Agency, Maribor 70.
. Eti, Ltd., Izlake 71.
. GEN energfja, Krsko 72.
. Generali zavarovalnica, d.d. Ljubljana, Ljubljana 73.
. Geopolis, Ltd., Ljubljana 74.
. Gorenje gospodinjski aparati, d.d., Velenje 75.
Gorenje surovina, Ltd., Maribor 76.
. Hidria AET, Ltd., Tolmin 7.
. Inea, Ltd., Ljubljana 78.
. Institute of Occupational Safety, Ljubljana 79.
. Institute of Oncology Ljubljana, Ljubljana 80.
. Instrumentation Technologies, d.d., Solkan 8l.
. lolar, Ltd., Ljubljana 82.
. Iskratel, Ltd., Kranj, Kranj 83.
. J.P.Vodovod kanalizacija, Ltd., Ljubljana 84.
. Jozef Stefan International Postgraduate School (IPS), Ljubljana 85.
JP CCN Domzale-Kamnik, Ltd., DomZale 86.
. Keko Equipment Ltd., Zuzemberk 87.
. KMZ- Zalar Miran s.p., Ljubljana 88.
. Knauf Insulation, Ltd., Skofja Loka, Skofja Loka 89.
. Kolektor Group, Ltd., Idrija 90.
. Komunala Novo mesto, Ltd., Novo mesto 1.
. KOTO, Ltd., Ljubljana 92.
. Krka, tovarna zdravil, d.d., Novo mesto 93.
. Krsko Nuclear Power Plant, Krsko 94,
. Lek, d.d, Ljubljana 95.

96.
97.

Melamin, Kocevie

Metrology Institute of the Republic of Slovenia, Ljubljana

Milan Vidmar Electric Power Research Institute, Ljubljana
Ministry of Education, Science and Sport, Ljubljana

Ministry of Higher Education, Science and Technology, Ljubljana
Ministry of Infrastructure, Ljubljana

Ministry of Public Administration, Ljubljana

Ministry of the Environment and Spatial Planning, Ljubljana
Nanocut, Ltd., Hrastnik

National Institute of Biology (NIB), Ljubljana

. National Institute of Chemistry, Ljubljana

Nela razvojni center, Ltd., Zelezniki

Obcina Idrija, Idrija

Obcina Zagorje ob Savi, Zagorje ob Savi

Optotek, Ltd., Ljubljana

Petrol, d.d., Ljubljana

Petrol energetika, Ltd., Ravne na Koroskem

Pharmahemp, Ltd., Ljubljana

Pivovarna Lasko Union, Ltd., Ljubljana

Plinovodi, Ltd., Ljubljana

Podkriznik, Ltd., Ljubno ob Savinji

Razvojni center eNeM Novi Materiali, Ltd., Zagorje ob Savi

Reodom, Ltd., Grosuplje

Saving trgovina in storitve, Ltd., Ljubljana

Sberbank banka, d.d., Ljubljana

Slovenian Biochemical Society, Ljubljana

Slovenian Environment Agency, Ljubljana

Slovenian Nuclear Safety Administration, Ljubljana

Slovenian Radiation Protection Administration, Ljubljana

Slovensko drustvo ljubiteljev kemije, Ljubljana

Statistical Office of the Republic of Slovenia, Ljubljana

Swatycomet, Ltd., Maribor

Sostanj Thermal Power Plant, Ltd, Sostanj

Store Steel, Ltd., Store

Technology Park Ljubljana, Ljubljana

The Academic and Research Network of Slovenia (ARNES), Ljubljana
The Agricultural Institute of Slovenia, Ljubljana

Tosama, Ltd., DomZale

UniCredit Banka Slovenija, d.d., Ljubljana

University of Ljubljana, Biotechnical Faculty, Ljubljana

University of Ljubljana, Faculty of Maritime Studies and Transport, PortoroZ
University of Ljubljana, Faculty of mathematics and physics, Ljubljana
University of Ljubljana, Faculty of Natural Sciences and Engineering, Ljubljana
University of Maribor, Faculty of Chemistry and Chemical Engineering, Maribor
University of Maribor, Faculty of Energy Technology, Maribor

VOC Celje, d.d., Celje

XLAB, Ltd., Ljubljana

ZEL-EN, Ltd., Krsko
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INSTITUTE IN NUMBERS

2016-2017

COMPARISON OF REVENUES (€M) EMPLOYEES (FTE)

REVENUES FROM OTHER ACTIVITIES (€M)
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DEPARTMENT OF THEORETICAL

PHYSIGS

F-1

In 2017 members of the program group THEORY OF NUCLEUS, ELEMENTARY PARTICLES AND
FIELDS have continued with research in the area of hadronic physics, quantum chromodynamics,
effective field theory of electroweak decays of mrsons, unified theory and precise calculation in the
three-body systems.

We found an indication for a new symmetry (SU(4)) of quantum chromodynamics at high temperatures, which
is larger than the well-known chiral symmetry (SU(2)L x SU(2)R). This was established through observation of
unexpected degeneracies of the correlatoration functions computed using lattice QCD. We established for the first
time the multi-hadron states in the channel with the proton quantum numbers using lattice QCD. We constructed
operators for simulating the scattering of two hadrons with arbitrary spin on the lattice.

We examined the methodology currently employed by the experimental analyses in estimating the dominant
Standard Model backgrounds in di-photon searches at the LHC. We showed that close to the high-energy tails of the
distributions, estimates of the jet faking backgrounds relying on functional extrapolations or Monte Carlo estimates
of the challenging photon-jet contributions introduce a large uncertainty. We confronted the indications of lepton
flavour universality violation observed in semi-tauonic B meson decays with new physics searches using high-pT
tau leptons at the LHC. We also considered measurements of exclusive rare semi-tauonic b-hadron decays at a future
high-energy circular electron-positron collider (FCC-ee). We designed a search strategy for the Standard Model four
top production at the LHG in the same-sign dilepton and trilepton channels.

Head:
Prof. Svjetlana Fajfer

Within a Grand Unified Theory we proposed a mechanism for the
generation of neutrino masses via a one-loop Feynman diagram involving
quarks and two species of leptoquarks. We have shown that the same two
leptoquarks can explain the measured values of lepton universality viola-
tion in decays of B mesons, B-> K11, and partly also in B-> D 1 nu. We have
demonstrated that the most important is the S, leptoquark contribution
toR_in B> K11 decays, while the contribution of R , leptoquark to B ->
D I nu is strongly bounded.

We considered the minimal unified theory with the SO(10) gauge
group. We showed that the Yukawa sector has 3 Higgs fields, the real 10
and 120 dimensional and the complex 126 dimensional. We checked that it
correctly describes all the masses and mixing angles of the Standard Model
light fermions. The model predicts a Pati-Salam intermediate scale and
the dominant proton decay to charged pion and antineutrino or neutral
pion and positron.

Collider signals of Higgs bosons related to the spontaneous origin of
heavy Majorana neutrino mass were studied in detail. Production through
the Higgs portal in the gluon fusion channel allows for a number of events
in gg — A — NN as well as h — AA — 4N, signalling the breaking of
lepton number by two or even four units. In both cases the displaced ver-
tices can be present and serve as a discriminating variable; the resulting
sensitivity New Physics scale extends well beyond 10 TeV.

Some outstanding publications in the past three years

We found an indication for a new symmetry

of quantum chromodynamics at high
temperatures, which is larger than the well-
known chiral symmetry.

We confronted the indications of lepton flavour
universality violation observed in semi-tauonic
B meson decays with new physics searches
using high pT tau leptons at the LHC.

We have proposed a Grand Unified Theory
realization that contains a suitable leptoquark
state to accommodate the R_K anomaly.

We proposed the minimal SO(10) unified
theory and predicted the consequences for
low-energy physics.

We proposed new searches for heavy
Majorana neutrinos at colliders in Higgs-
mediated channels, where it is possible to
discover the breaking of lepton nhumber by two
or even four units.

1. Faroughy, Darius A., Greljo, Admir, Kamenik, Jernej. Confronting lepton flavor universality violation in B
decays with high-pT tau lepton searches at LHC. Physics letters. Section B, 1SSN 0370-2693. [Print ed. ],
2017, vol. 764, str. 126-134, doi: 10.1016/j.physletb.2016.11.011. [COBISS.SI-ID 29977127

2. Dorsner, Tlja, Fajfer, Svjetlana, Faroughy, Darius A., Ko$nik, Nejc. The role of the $3 GUT leptoquark in
flavor universality and collider searches. The journal of high energy physics, ISSN 1029-8479, 2017, vol.
2017, no. 10, str. 188-1-188-31, doi: 10.1007/JHEP10(2017)188. [COBISS.SI-D 30917159]
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Figure 3: Branching ratios of Ato a pair

of Majorana neutrinos (green.) with mnN =
45 GeV, pairs of Higgs (red) and other SM
particles in grey, Yy in pink and Zvy in purple.

Figure 1: Constraints on the S3 Yukawa Figure 2: The figure shows that the ratio of two
couplings due to RD (green), RK (blue). correlation functions approaches to one as the
Regions above the hached horizontal lines are ~ temperature is increased. These two correlators
excluded due to measurements of RD in light ~ @re nol relaled by the chiral transformations,
leptons and measurements of pp -> mu mu 80 their degeneracy indicates the presence of

scattering at LHC.

a larger symmetry (SU(4)) of QCD at T 380
MeV. Correlators are calculated with lattice
OCD, where nz denotes the distance between
the source and sink in z-direction.

3. Babu,K.S., Bajc, Borut, Saad, Shaikh. Yukawa sector of minimal SO(10) unification. 7he journal of high
energy physics, ISSN 1029-8479, 2017, vol. 2017, no. 2, str. 136-1-136-24, doi: 10.1007/JHEP02(2017)136.
[COBISS.SI-ID 31027751 ]

4. Rohrhofer, C., Aoki, Y., Cossu, G., Fukaya, H., Glozman, Leonid Ya., Hashimoto, Shoji, Lang, Christian B.,
Prelovsek, Sasa. Approximate degeneracy of ] = 1 spatial correlators in high temperature QCD. Physical
review. D, ISSN 2470-0010, 2017, vol. 96, iss. 9, str. 094501-1-094501-6, graf. prikazi, doi: 10.1103/Phys-
RevD.96.094501. [ COBISS.SI-ID 3147876]

5. Rohrhofer, C., Aoki, Y., Cossu, G., Fukaya, H., Glozman, Leonid Ya., Hashimoto, Shoji, Lang, Christian B.,
Prelovsek, Sasa. Approximate degeneracy of ] = 1 spatial correlators in high temperature QCD. Physical
review. D, ISSN 2470-0010, 2017, vol. 96, iss. 9, str. 094501-1-094501-6, graf. prikazi, doi: 10.1103/Phys-
RevD.96.094501. [COBISS.SI-ID 3147876]

The group of SOLID STATE THEORY AND STATISTICAL PHYSICS has been investigating the
equilibrium and non-equilibrium properties of materials with strongly correlated electrons,
nanosystems, as well as the properties of complex networks.

For localization in disordered many-body interacting systems we introduced an analytical theory, based on a
self-consistent treatment of density fluctuations. With increasing disorder it reveals the transition to localization, but
also the sub-diffusion in the ergodic regime. We also published an invited overview on correlations and transport in
models of many-body localization. In collaboration with the experimentalists we analysed the muon-spin resonance
and nuclear-relaxation results in the low-temperature phase of 1T-TaS_2 and proposed their interpretation in terms

of a novel quantum spin-liquid state, with results published in Nature Phys-

In collaboration with the experimentalists we ics. Based on the analysis obtained for a single hole in the one-dimensional
analysed the muon-spin resonance and nuclear-  t]Jmodel we have shown that electron-magnon interaction delocalizes the
relaxation results in the low-temperature phase  particle in asystem with strong charge disorder. In contrast, when disorder
of 1T-TaS_2 and proposed their interpretation in  couples to spin degrees of freedom, the systems undergoes a complete
terms of a novel quantum spin-liquid state, with  many-body localization. There can even exist two distinct localization

results published in Nature Physics.  transitions whereby with increasing disorder localization first occurs in

30

the spin sector while a further increase of disorder localizes also charges.
The article was published in Physical Review Letters.

By studying the model of doped Mott insulators we showed that the anomalous behaviour of the electrical
resistivity at high temperatures can be understood by much more basic quantity called charge susceptibility, while
the diffusion plays a minor role. This will improve our understanding of the normal phase of the high-temperature
superconductors by measurements of this susceptibility.

We studied the physics of long-lived excitations in hybrid semiconductor-superconductor devices. In collaboration
with experimental groups from France and Denmark we determined the phase diagrams of devices consisting of one
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and two quantum dots. We also investigated the super-current in spin-split
quasi-ballistic point contact in an InAs nanowire, where we also observed a
0.7 anomaly. We devised methods to study defects in Mott insulators using
real-space dynamical mean-field theory. We applied this technique to study
simplified models of a domain wall in 1T-TaS2.
Within the research of statistical physics of complex systems and
networks we have studied dynamic critical phenomena in two classes of
interacting systems. In models of magnetic memory devices, we have stud-
ied the domain-wall motion through the sample during the magnetization
reversal by the applied magnetic field. We have mapped the accompanying
Barkhausen noise into series of mathematical graphs. By applying the con-
cepts of self-organized criticality of physical systems, we have analysed the
empirical data of social interactions designed to create collective knowledge.
Our analysis revealed the dynamical signatures of self-organized criticality
in these empirical data, due to specific knowledge-sharing constraints in
the meaningful interactions among the participants.
We investigated the role of electronic interactions on the transport
properties of iron under Earth-core conditions. These results are of seminal
importance to understand the physical mechanism of the Earth’s magnetic
field. We initiated the investigation of the role of spin-orbit coupling in
transition-metal oxides where we obtained the first results within a model Figure 4: The network of connections between the sysiem's states in the
investigation of the three-orbital quantum impurity problem with the Kan- 2hase space corresponding to fluctuations in the initial segment of the
amori interaction and spin-orbit coupling. In order to obtain accurate hysteresis loop during magnelization reversal with an external fleld
) ) T ( Barkhausen noise).
enough solutions we employed a numerical renormalization group method
that we adapted for the problems with spin-orbit coupling

Some outstanding publications in the past three years

1. KlanjSek, Martin, Zorko, Andrej, Zitko, Rok, Mravlje, Jernej, Jaglicic,
Zvonko, Kumar Biswas, Pabitra, Prelovsek, Peter, Mihailovic, Dra-
gan, Arcon, Denis. A high-temperature quantum spin liquid with
polaron spins. Nature physics, ISSN 1745-2473, [in press] 2017, 7
str., doi: 10.1038/nphys4212. [COBISS.SI-ID 30689319 ]
2. Lemut, Gal, Mierzejewski, Marcin, Bonca, Janez. Complete many-
body localization in the t-] model caused by a random magnetic
field. Physical review letters, ISSN 0031-9007. [Print ed.], 2017, Figure 5: Represenis the difference between charge disorder and spin
vol. 119, iss. 24, str. 246601-1-246601-6, graf. prikazi, doi: 10,1103/ d@isorder. Figure is reproduced from the reference: Phys. Rev. Lelt. 119,
PhysRevLett.119.246601. [COBISS.SHID 3160676] 246601 (2018).
3. Pourovskii, Leonid, Mravlje, Jernej, Georges, Antoine, Simak, S. 1.,
Abrikosov, I. A. Electron-electron scattering and thermal conductivity of iron at Barthos core conditions. New
journal of physics, ISSN 1367-2630. [Online ed. ], 2017, vol. 19, str. 073022-1-073022-9, doi: 10.1088/1367-
2630/aa76c9/meta. [ COBISS.SI-ID 30731303 ]

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

In the past year we were involved in the analysis of intermolecular interactions and structural order in high-
density DNA mesophases by the application of advanced molecular dynamics techniques, generalizations of the
mean field theory of electrostatic interactions in colloids, and analysis of the
distribution and properties of the electrostatic charge residing on proteins
and their complexes such as virus capsids. We developed an electrostatic
model of proteins, which includes the pH dependence of their charges.
Using this model, we studied both the pH dependence of the electrostatic
multipole moments in proteins and the pH dependence of charges on viral capsid proteins, where the charge is
concentrated on the tail ends of the proteins. We also continued with studies of the genome folding of RNA viruses
and the effect of mutations on them, where we designed experiments that will check the predictions of our studies.

We proposed a new structural model for the
twist-bend nematic phase.
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We proposed a new type of two-dimensional quasicrystal, which has a
hexagonal rotational symmetry and is based on the so-called bronze mean.
The existence of a disordered version of this quasicrystal was numerically
confirmed in an ensemble of particles with a hard-core/square-shoulder
interaction. We also studied the detailed structure of a quasicrystal with an
eighteen-fold symmetry formed by such particles. We computed the phase dia-
gram of elastic spheres and we showed that it contains several types of non-
close-packed lattices at large densities, which is somewhat counterintuitive.

We used resonant soft x-ray scattering at the carbon K-edge to study
periodic structures of phases with orientational order of the molecules but a
homogenous distribution of the electron density. We modelled the scattering
pattern, assuming a structure of each phase. By comparing theoretical and
experimental results, we proposed a new structural model for the twist-bend
nematic phase and we showed that the type of the blue phase can be deter-
mined if polarization effects are taken into account. We analysed relaxation
modes in ferroelectric liquid crystals with an emphasis on polar relaxation

) ) ) ) ) ) o modes. We also studied the anti-chiroclinic effect, that is, consequences of
Figure 6: Schematic cross-section of a simulation box with cylindrical . . .
resolution regions: atomistic (AT), hybrid (HY), and coarsegrained added chiral dopants to polar smectics formed of bent core molecules, which

(CG). The Na’ and CI atoms are shown in green and blue, respectively. demonstrate a phase transition to a tilted anti-chiral smectic phase upon
lowering the temperature.

Also studied were the controlled reversible shape transformations of
lipid vesicles in a microfluidic diffusion chamber driven by the intercala-
tion of suitable shape-modifying molecules from solution into the vesicle
membrane. We showed that the observed shapes can be interpreted using
the area-difference-elasticity theory. We interpreted the cell-to-cell variability
inisogenic cell populations using an analogy between the processes of vesicle
self-reproduction and cell self-replication. We propose that during cell self-
replication, the balance between processes of cell growth and division also
relies on causal relations between the corresponding cellular variables. In
addition, we explored the effect of the deformability of red blood cells on
blood flow around the bifurcation in a human carotid artery. We developed
a protocol for the maximization of the density of entropy production in
stationary two-step enzyme reactions and we tested it using data for glucose
isomerase.

Some outstanding publications in the past three years

1. Dotera, Tomonari, Bekku, Shinichi, Ziherl, Primoz. Bronze-mean hex-
agonal quasicrystal. Nature materials, ISSN 1476-1122, 2017, vol. 16,
1n0. 16, str. 987-992, doi: 10.1038/NMAT4963. [ COBISS.SI-ID 30811175
Figure 7: Surface structure of human serum albumin, superimposed 2. Zavadlav, Julija, Podgornik, Rudolf, Praprotnik, Matej. Order and in-
?Z};%ec_’c ’Z;;”Zizls l;%i%ff with projected multipole expansion of the teractions in DNA arrays : multiscale molecular dynamics simulation.
g ' Scientific reports, ISSN 2045-2322, 6 Jul. 2017, vol. 7, art. no. 4775, str.

1-11, ilustr. doi: 10.1038/s41598-017-05109-2. [ COBISS.SI-ID 3105124]
3. Salamonczyk, Miroslaw, Vaupotic, Natasa, Pociecha, Damian, Wang, Cheng, Zhu, Chenhui, Gorecka, Ewa.
Structure of nanoscale-pitch helical phases : blue phase and twist-bend nematic phase resolved by reso-
nant soft X-ray scattering. Soff matter, ISSN 1744-683X, [in press] 2017, 6 str., doi: 10.1039/c7sm00967d.

[COBISS.SI-ID 30804519

Awards and appointments

1. Dr Nejc Ko$nik: Nejc Kosnik: Slovenian research agency award “Excellency in science” awarded for the
publication of a review article Physics of leptoquarks in precision experiments and at particle colliders,
Phys.Rept. 641 (2016) 1-68;

2. Dr Luka Leskovec: Zlati znak JoZefa Stefana za leto 2017 za doktorsko disertacijo: Hadronske resonance
v kromodinamiki na mreZi;
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3. Prof. Mojca Cepi€, Award for outstanding achievements in higher education of Republic Slovenia;
4. Prof. PrimoZ Ziherl, an outstanding research result at the University of Ljubljana in 2017; University of
Ljubljana, article Dotera, T., Bekku, S., Ziherl, P. Bronze-mean hexagonal quasicrystals. Nature Materials

16 (2017), 987-993.

Organization of conferences, congresses and meetings

SN e o

New physics at the junction of flavor and collider phenomenology, Portoroz, Slovenia, 18-21 April 2017
Trans-European School of High Energy Physics, Cerklje na Gorenjskem, Slovenia, 13-20 July 2017

10th Liquid Matter Conference, Ljubljana, Slovenia, 17-21 July 2017

Selected topics in high energy physics, Belica, Slovenia, 11-13 October 2017

Nonequilibrium Phenomena in Quantum Systems, Krvavec, Slovenia, 17-20 December 2017

12th Christmas Biophysics Workshop, Golte, Slovenia, 11-12 December 2017

INTERNATIONAL PROJECTS

COST CA15108; Connecting Insights in Fundamental Physics
(FUNDAMENTALCONNECTIONS)
Prof. Jernej Fesel Kamenik
Cost Office
2. COST CA16201; Unraveling New Physics at the LHC through the Precision Frontier
Asst. Prof. Miha Nemevsek
Cost Office
3. H2020 - ITN - COLLDENSE; Hybrid Colloidal Systems with Designed Response
Prof. Primoz Ziher!
European Commission
4. Search for Composite Higgs Models at the LHC
Prof. Jernej Fesel Kamenik
Slovenian Research Agency
5. Strong Electronic Correlations and Superconductivity
Asst. Prof. Rok Zitko
Slovenian Research Agency
6. From Flavor Anomalies to Signals in High-pT Searches
Prof. Jernej Fesel Kamenik
Slovenian Research Agency
7. Dark Side of the Higgs Boson
Prof. Jernej Fesel Kamenik
Slovenian Research Agency
8. Relaxation Dynamics in Correlated Systems With Multiple Degrees of Freedom
Prof. Janez Bonca
Slovenian Research Agency

9. Tools for Studying Systems with Extreme Correlations
Asst. Prof. Rok Zitko
Slovenian Research Agency

RESEARCH PROGRAMS

Theory of the condensed matter and statistical physics
Prof. Janez Bonca

2. Theoretical physics of nuclei, particles and fields
Prof. Svjetlana Fajfer

3. Biophysics of polymers, membranes, gels, colloids and cells
Prof. Rudolf Podgornik

R & D GRANTS AND CONTRACTS

Thermodynamics of dissipative nanosystems
Dr. Jure Kokalj
2. The many-impurity problem
Asst. Prof. Rok Zitko
3. New physics implications of scalar resonances at the LHC
Prof. Jernej Fesel Kamenik
4. High-resolution optical magnetometry with cold cesium atoms
Asst. Prof. Rok Zitko

STAFF

Researchers

1. Prof. Borut Bajc

2. Prof. Janez Bon¢a*

3. Prof Milan Brumen®, retired 01.10.17
4. Prof. Mojca Cepic*

5. Dr Ilja Dorsner, left 01.10.17
6. Prof. Svjetlana Fajfer*, Head
7. Prof. Jernej Fesel Kamenik

8. Prof. Bojan Golli

9. Jorn Andreas Kersten, B. Sc.
10. Dr. Jure Kokalj*

11. Asst. Prof. Nejc Kosnik

12. Dr. Rajmund Krivec

13. Asst. Prof. Jernej Mravlje

14. Asst. Prof. Miha Nemevsek

15. Prof. Rudolf Podgornik*

16. Prof. Peter Preloviek

17. Prof. Sasa Preloviek Komelj
18. Prof. Anton Ramsak*

19. Asst. Prof. TomaZ Rejec*

20. Prof. Bosiljka Tadic

21. Prof. Natasa Vaupotic*

22. Prof. Primoz Ziherl*

23. Asst. Prof. Rok Zitko

Postdoctoral associates

24. Dr: Jan Kogoj*, left 24.12.17

25. Dr. Matej Krajn, left 01.10.17

26. Dr. AnZe Losdorfer BoZi¢

27. Dr. TjaSa Svelc Kebe

Postgraduates

28. Andreas Kyriakos Doukas, B. Sc.

29. Darius Alexander Faroughy Carias, B. Sc.
30. Jakob Frontini, B. Sc., left 01.09.17

31. Victor Francisco Guada Escalona, B. Sc.
32. Alen Horvat, B. Sc.

33. Ursa Skerbis Stok, B. Sc.

34. Aleks Smolkovic, B. Sc.

35. Lara Ulcakar, B. Sc.

36. Luiz Henrique Vale Silva, B. Sc., left 01.09.17
Technical officers

37. Jan Skolimowski, B. Sc.

Technical and administrative staff

38. Nevenka Hauschild

Note:

* part-time JSI member
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1. Maja Poklinek Canéula, Mojca Cepi¢, "A spreading shadow in color”,
Phys. teach., 55,9, 586, 2017.

PUBLISHED CONFERENCE CONTRIBUTION (INVITED
LECTURE)

1.S. Bekku, Primoz Ziherl, Tomonari Dotera, "Origin of 18-fold
quasicrystal”, In: Proceedings of the 13th International Conference on
Quasicrystals, 18-23 September 2016, Kathmandu, Nepal, (Journal of
physics, Conference series, 809), 1, 012003, 2017.

2. Mojca Cepi¢, "Introduction of current scientific results to education:
experiences from the case of liquid crystals", In: Key competences in
physics teaching and learning: selected contributions from the
International Conference GIREP EPEC 2015, Wroctaw Poland, 6-10 July
2015, (Springer Proceedings in Physics, 190), Tomasz Greczyto, ed.,
Ewa Debowska, ed., 2017, 41-54.

3. Jernej Kamenik, "Interplay between LHC and flavor physics”, In: The 3rd
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Universe", KMI 2017, 5-7 January 2017, Nagoya, (Proceedings of science,
294), 032, 2017.
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Unification, Near Detector Physics and Dark Matter, 6 June-15 July 2016,
Lead/Deadwood, South Dakota, USA, (AIP Conference Proceedings,
1900), Barbara Szczerbinska, ed., 020002, 2017.

2. Borut Bajc, "Residual symmetries of SO(10) GUTs", In: CETUP* 2016:
Workshop on Neutrino Physics and Unification, Near Detector Physics
and Dark Matter, 6 June-15 July 2016, Lead/Deadwood, South Dakota,
USA, (AIP Conference Proceedings, 1900), Barbara Szczerbinska, ed,,
020003, 2017.

3. Mojca Cepi¢, "Inquiry based learning of new research findings in science
and identification of gifted students”, ESERA conference, 1518, 2017.
4.Luca Di Luzio, Jernej Kamenik, Marco Nardecchia, "Perturbative
unitarity bounds on di-boson scalar resonances”, In: 5th International
Conference on New Frontiers in Physics, July 6-14, 2016, Crete, Greece, A.

Wronska, ed., EP] Web conf., 164, 07026, 2017.

5. Svjetlana Fajfer, "Scalar (or vector) leptoquarks in B meson anomalies”,
In: Capri 2016 - Interplay of flavour physics with electroweak symmetry
breaking: proceedings of the Sixth Workshop on Theory, Phenomenology
and Experiments in Flavour Physics, Anacapri, Italy, 11-13 June 2016,
(Nuclear and particle physics proceedings, 285/286), Giulia Ricciardi,
ed., 81-86, 2017.

6. Bojan Golli, "The Roper resoannce - a genuine three quark or
dynamically generated resonance?”, In: Proceedings of the Mini-
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2017, Bojan Golli, ed., Mitja Rosina, ed., Simon Sirca, ed., Blej. del. fiz., 18,
1,76-81,2017.

.Jerneja Pavlin, Mojca Cepi¢, "Hydrogels in the classroom”, In: Key
competences in physics teaching and learning: selected contributions
from the International Conference GIREP EPEC 2015, Wroctaw Poland, 6-
10 July 2015, (Springer Proceedings in Physics, 190), Tomasz Greczyto,
ed., Ewa Debowska, ed., 2017, 191-201.

. Peter Prelovsek, "The finite temperature Lanczos method and its
applications”, In: The physics of correlated insulators, metals and
superconductors: lecture notes of the Autumn School on Correlated
Electrons 2017, Forschungszentrum Jiilich, 25-29 September 2017,
(Schriften des Forschungszentrums Jilich, Reihe Modeling and
Simulation, 7), Eva Pavarini, ed,, Jiilich, Forschungszentrum, 2017, 7.1-
7.23.

. Bosiljka Tadi¢, Miroslav Andjelkovi¢, "Algebraic topology of multi-brain
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INDEPENDENT COMPONENT PART OR A CHAPTER IN A
MONOGRAPH

1. Bosiljka Tadi¢, Milovan Suvakov, David Garcia, Frank Schweitzer,
"Agent-based simulations of emotional dialogs in the online social
network MySpace", In: Cyberremotions: collective emotions in
cyberspace, (Understanding complex systems), Janusy A. Hotyst, ed., [S.
1], Springer, 207-229.

UNIVERSITY, HIGHER EDUCATION OR HIGHER
VOCATIONAL EDUCATION TEXTBOOK

1. Rok Zitko, Kvantne in racunalniske tehnologije, (Zbirka izbranih poglavij
iz fizike, 51), Ljubljana, DMFA - zaloZni$tvo, 2017.

MENTORING

1. Matej Krajnc, Mechanics of epithelial tissues: doctoral dissertation,
Ljubljana, 2017 (mentor Primoz Ziherl).
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The Department of Low and Medium Energy Physics conducts research in the field of atomic and
nuclear physics. The knowledge acquired in basic research is exploited for numerous applications,
including radiological monitoring of the environment, in materials research, fusion, biology, energy
storage, medicine, pharmacology, environment and archaeometry. The research is executed with our
own experimental equipment, consisting of ion accelerator and beamlines, dedicated detectors of
ionizing radiation, experimental setups for atomic physics and calibrated radiation fields. In addition,
researchers from the department are granted access to large scientific installations worldwide,
including accelerators, synchrotrons, free-electron lasers, fusion reactors and plasma guns.

In 2017 we have continued our intense engagement at the three-spectrometer facility of the Mainz Microtron
(MAMI) with measurements of parity-violating electron scattering with transversely polarized electrons (Sc/ilimme
et al. Nucl. Inst. Meth. A 2017). These studies represent an attempt to understand the fundamental symmetries
of hadronic physics, exploiting observables sensitive to transverse polarization instead of the usual longitudinal
polarization that probes the strangeness content of the nucleon. We have completed our analysis of the data ob-
tained using a new experimental method based on initial-state radiation (ISR) in elastic e-p scattering that relies
on the virtually perfect knowledge of the radiative tail of the elastic peak to access the proton charge form factor
at extremely small momentum transfers. These results contribute to the resolution of the famed “proton radius
puzzle”, and although we were not able to ascertain the correct radius to a desired precision yet, we managed to
validate the radiative corrections far away from the elastic line and provide the first measurements of the proton
electric form factor during momentum transfers as low as 0.001 (GeV/c)* (Mihovilovic et al. Phys. Lett. B 2017).
We completed a study of the proton polarization components in neutral-pion electroproduction of the Roper reso-
nance (Stajner ef al. Phys. Rev. Lett. 2017), as well as the analysis of charged-pion electroproduction close to the

Our work at the Thomas Jefferson National Accelerator Facility (Jef-
ferson Lab) has been focused on the preparations for running a compre-
hensive group of experiments using a tritium target. This effort will be a
unique opportunity to explore *H, the mirror nucleus of *He, and thereby
impose severe constraints on state-of-the-art theories of nuclear many-body
systems, in particular relating to the aspect of isospin symmetry. One of
our major collaborative achievements at Jefferson Lab was the finalization
of the analysis of a deeply virtual Compton scattering (DVCS) process on
the proton (Defurne et al. Nature Comm. 2017). Our recent analyses on
the electric and magnetic form factor of the proton at high momentum
transfers have been updated with additional data sets (Puckett et al.
Phys. Rev. € 2017), and the results published on the first measurement of
nonpolarized, semi-inclusive, deep-inelastic scattering cross-sections from
a’He target (Yan et al. Phys. Rev. C 2017).

In 2017 we studied the nuclear reaction between protons and deuterons
at the JSI ion accelerator. The proton energy was in the range relevant

Head:
Prof. Primoz Pelicon

for Big-Bang nucleosynthesis, i.e., between 50 and 300 keV. The reaction  Figure 1: Optical ballistic chronometer designed and constructed by
between the protons and deuterons produces *He and its rate determines — Ajda Tusevski as part of her diploma project under the supervision of

the abundance ratio between deuterium and *He in the Universe. This ratio ~ 45818t prof- dr. Matjaz Vencelj.
is today determined accurately and could be a good test of conditions after
the Big Bang, if only its cross-section was known as accurately as the ratio. As deuterium targets we used implanted
graphite and titanium. In graphite targets we observed a small number of electrons emitted instead of gamma rays
(Lipoglavsek et al, Phys. Lett. B 2017 ).

We have started with the development of several detection systems for the international research centre FAIR
in Darmstadt, Germany. We engaged in the stabilization of an electrostatic lens system for the multiple reflection
time-of-flight mass spectrometer of the Super-FRS experiment. The other activity is dedicated to the design and
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Figure 2: The most important nuclear reaction network during Big-Bang
nucleosynthesis. The reaction between protons and deuterons, studied at
the JSI tandem accelerator, is coloured red.

Figure 3: Measured melastable atom yield and modelled PMY trends as
a function of a DC electric field strength F when 1s7s manifold of states
is populated by a radiative decay of 7+ 1P1 and 7d 3D1 doubly excited

optimization of an optical readout for the BGO scintillation detectors for
the high-resolution DEGAS spectrometer of the DESPEC experiment.

We continued the innovation work at the field of instrumentation in
medical physics. A US patent No. 9,881,708 titled “Radiation area monitor
device and method” was granted for our work done in collaboration with
colleagues from Oak Ridge and the AiSense company. We continue the
tradition of popular final-year projects for students of physics, designed to
arm the students with a rich spectrum of technical competences, such as
optical ballistic chronometer (Figure 1).

The Division of Ionizing Radiation Measurements was conducting
the environmental radioactivity monitoring of the living environment
in Slovenia, regular Krsko Nuclear Power Plant (KNPP) off-site environ-
mental radioactivity monitoring, independent verification of the regular
environmental radioactivity monitoring around KNPP, monitoring of
radioactivity in fodder, central radioactive waste repository radiological
monitoring, monitoring of the radioactivity in drinking water, material
characterizations, calibrations of the radiation gauges and measurements
of the personal and environmental doses by thermoluminescent dosim-
eters. The listed laboratories active in the dosimetry of ionizing radiation are
accredited according the standard SIST EN ISO/IEC 17025 and successfully
performed during international intercomparisons in 2017.

In 2017 we continued our intensive collaboration with the Metrology Institute of the Republic of Slovenia
(MIRS). As a designated institution and as the holder of the national standard for the field of ionizing radiation,
we continued the activities on projects from EU funding EMRP projects: “Metrology for radiological early warning
networks in Europe” (ENV57 MetroERM) and “Preparedness - Metrology for mobile detection of ionising radiation
following a nuclear or radiological incident”. In the MetroERM project the main deliverable was the design and
construction of a high-volume flow-rate air-pump with an embedded spectrometric system for identification of the
radionuclides in the case of an incidental release. The device was successfully completed, and successfully tested
at NPL, UK, and ENEA, Italy.

In 2017 we developed a dedicated method for the analysis of the
melamine resins and input raw materials to determine the fraction of raw
materials bio-origin. The work was carried out for the Melamin company in
Kocevije. In November 2017 we organized a two-day specialized workshop
with the title “Calibrations and provision of metrological traceability in
SSDL for the staff of Krsko Nuclear Power Plant. Members of the Infra-
structure Group also took part in regular drills and special tasks with the
radiological mobile unit ELME.

In the field of basic atomic physics we have published a map of avoided
crossings of 7s7/ energy levels in helium, pointing out their coordinates in
terms of a DC electric field and magnetic field amplitude (Zitnik e/ al. PRA
2017). In this so-called anticrossing spectrometry, the mapping resolution
is limited only by a field definition in the target volume. In our experiment
the resolution was better than 103, allowing us to detect very weak multi-
level interactions by observing the yield of metastable helium atoms upon
broadband excitation of the states with the synchrotron light. We have also
performed extensive calculations that show very good agreement with the
experimental “spectra” of singly and even doubly excited states. We have
also published theoretical work about a two-colour photo-excitation scheme
of even parity auto-ionizing resonances in helium where we are interested

states when helium gas is in the homogeneous magnetic field of 7 mT mainly in the dependence of electrons and ions on the wavelength of the IR

(Zitnik et al, Phys. Rev. 4 2017).

laser when an odd resonance in the vicinity is simultaneously photo-excited

by XUV light, obtained by high harmonic generation on the gaseous target
(Mihelic et al. Jour. Phys. B 2017). With group from the Laboratory of Quantum Optics of the University of Nova
Gorica we have already performed the pilot measurements for such an experiment with the HHG source CITIUS. At
the GALAXIES beamline of SOLEIL synchrotron we have observed TEOE Auger decay in choromethanes and in HCl,
thus confirming the existence of his rare relaxation channel in simple molecules. We have further developed codes
for simulating the passage of strong light pulses through the gas. In particular, we were studying the superfluo-
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rescence phenomena in the 1s2p-1s2s transition and the SASE process for
the resonant photoexcitation of doubly excited states in helium. We were
developing an in-house magnetic bottle experiment with electron impact
excitation where we are now able to generate 1 ns long electron pulses
and pass them to the target region.

In the field of high-energy resolution x-ray spectroscopy, an experiment
has been performed at [D26 beamline at ESRF synchrotron (Grenoble) in
collaboration with the group from the National Institute of Chemistry in
Ljubljana. [n-operando RIXS measurements at the sulphur 1s edge col-
lected from the cathode of the magnesium-sulphur (Mg-S) battery have
been used to characterize sulphur compounds build up electrochemically
during the discharge process. Mg-S represents one of the most promising
electrochemical couples for the sulphur-based high-energy-density batter-
ies. Mg-S batteries are still in the very early stage of research and develop-
ment, our experiment is one of the first i7z-situ characterizations and will
contribute significantly towards a detailed understanding of the electro-
chemical processes within the battery and the mechanism of operation.
We have expanded methods for studying electrochemical processes within
sulphur-based batteries towards proton-induced high-energy-resolution
x-ray emission spectroscopy (HR-PIXE), which is performed in our home
laboratory using a proton beam from the JSI accelerator. The Ko and K3
x-ray emission spectra on reference polysulfide standards Li,S (n=2, 4,
6, 8) were measured, the latter being synthesized by colleagues from the
National Institute of Chemistry. In combination with modelling, based
on density functional theory, the recorded emission spectra will form a
reference dataset that can be later employed for the analysis of sulphur
compounds produced in battery during charge/discharge. A detailed
analysis of measured in-operando RIXS and XANES spectra on Mg-S
battery during discharge has been performed, yielding relative amounts
of separate sulphur compounds produced electrochemically within the
cathode during the discharge. The electrochemical conversion of sulphur
with magnesium proceeds through the formation of polysulphides dis-
solved in the electrolyte. This is followed by the precipitation towards the
end of the discharge leading to the formation of the MgS final sulphur
compound. We have also shown that the electrochemically precipitated
MgS has a different local structure from the Mg$S synthesized in the lab.
The results of this work, explaining the operation of Mg-S batteries, were
published in late 2017 (Robba et al. Chem. Mater. 2107).

In collaboration with the group from UPMC in Paris we have also pub-
lished the reconstruction of the potential energy surface of the dissociative
13d"* double-core-hole state in CH,I molecule and determined its lifetime
(Marchenko et al., Phys. Rev. Lett. 2017). The reconstruction is based
on the combination of resonant inelastic x-ray scattering and resonant
Auger spectroscopy. Such a combination of two spectroscopic techniques
providing complementary information is a novel experimental method
to obtain information on the lifetime and potential energy surface of dis-
sociative core-hole states in molecules excited with hard x-ray radiation.
In the field of high-energy-resolution x-ray spectroscopy combined with
proton target excitation (HR-PIXE) at the Microanalytical center IJS, we
have published the main operational parameters and the characterization
of the new emission spectrometer combining polycapillary X-ray optics and
aflat crystal diffraction (Kavcic et al., NIM B 2017 ).

In 2017, the group for x-ray absorption spectroscopy gained 7-week-
long beamtimes at four synchrotrons: ESRF (beamlines BM30b, 1D26),
PETRA I1I DESY (beamlines P64 and P65), ALBA (beamline CLAESS) and
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Figure 4: Total electron yield in the region of the 2a and 2b 1Se
resonance states. The photon energy of the 35fs-long probe pulse is
resonant with the transition to the 2a 1Po resonance at 60.14 eV, At high
intensities, the contributions of the 2b (1.9 eV) and 2a 1Se (2.3 eV)
resonance states overlap due to the laser-induced broadening (Mihelic et
al. Jour. Phys. B 2017).

Figure 5: Scheme showing deuterium accumulation around helium
implantation zone (up) and deuterium depth profiles on helium
implanted sample and on the reference sample afler annealing at 450 K
(down) (Markelj et al. Nucl. Fus. 2017 ).

ELETTRA (beamline XAFS). In collaboration with the Institute for chemistry, Ljubljana we performed in-operando
XANES experiments on high-energy-density Mg-sulphur. In collaboration with Biotechnical Faculty of University
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of Ljubljana, we performed XAS experiments at PETRA III, ALBA and at
ESRF to determine the distribution of pollutant elements (Se, Hg, Cd, Pb),
Ag nanoparticles and essential elements (Zn. Cu, Ni, Mn, Fe) in the cells of
edible mushrooms and liver tissue of snails, feeding on the mushrooms, to
elucidate the molecular and cellular mechanisms inducing the tolerance
to the noxious metal cations and their transport to a food chain, or the
mechanism of accumulation of essential elements in edible parts of the
plants (Baldi et al. Chemosphere 2017, Kovacec et al. Chemosphere
2017, Kodre et al. Environ. Exp. Bot. 2017). In collaboration with the
University of Nova Gorica and the Institute of Chemistry Ljubljana, we
continued long-term projects, which involve XANES and EXAFS measure-
ments on catalytic materials $i0, and Ce0, doped with Cu in operando
during a catalytic reaction at 400°C, and on TiO, and Si0, photocatalytic
materials doped with Cuand/or Zr, Sn, Mn, or Zn at room temperature. The
valence of the dopants and their atomic neighbourhood are determined,
to elucidate their catalytic properties. The materials aim to commercial
applications such as photo catalysis for water cleaning, adsorbents and
ion traps, as well as solid heterogeneous catalysts (Cizmar et al. Catalysis Today 2017, Jovanovic et al. Jour. Am.
Chem. Soc. 2017). In collaboration with the University of Maribor we published a final analysis of edge profiles
and multi-electron photo-excitations in the K shell photo-absorption spectra of gaseous hydrides of 3p elements
and their homologues (Hauko et al. Rad. Phys. Chem. 2017).

Within our collaboration at the ALOISA and ANCHOR/HASPES beamlines (Laboratorio [OM CNR) operating
at the Elettra synchrotron facility in Trieste, Italy, we studied the electronic structure and transport properties at
hybrid organic interfaces and nanostructured materials. In particular, model organic-inorganic interfaces from
well-defined perylenediimide stacks (PTCDI) were prepared and
studied with resonant photoemission spectroscopy, revealing an un-
expected length dependence of excited-state charge-transfer dynamics
for surface-confined PTCDI ensembles (Mazaheripour et al. Mater:
Horiz. 2017). Using resonant Auger spectroscopy we further examined
the coupling of Boroxine-based molecules, which may be adopted as
building blocks in the synthesis of covalent organic frameworks (COFs),
to the Au substrate. We evidenced the crucial role of oxygen endgroups
inestablishing efficient pathways for ultrafast electron transport at the
hybrid interface (7offoli et al. Chem. Sci. 2107).

The material properties were studied with measurements of the
magnetic and electric hyperfine fields using Mossbauer spectroscopy.
We studied FePO, catalysts for the synthesis of methanol from methane
with the addition of 0, N,0 and H,0 oxidants. We determined the phase
changes in fresh, reduced and spent catalysts. The Mossbauer spectra
revealed the change of the initial ferric orthophosphate, FePO, (tdm),
to divalent metal form, iron(II) pyrophosphate (Fe,P,0.); thereafter,
the reactivity was governed by the interaction (strength) with the in-
dividual oxidizing agents. The Mdsshauer data showed that the Fe,P 0.
phase is a dominating phase in the reduced catalyst, while its amount
decreases five times after oxidation with 0,, due to the formation of the
catalytically active a-phase. The characterization of the used catalysts

Figure 6: 2 MV tandem accelerator of the Jozef Stefan Institute with four
beamlines (Foto M. Verc).

Figure 7: elemental maps of the periprosthetical tissue, removed during

the failed hip-prosthesis replacement surgery. Wear particles containing under different oxidant atmospheres provided a new understanding
titanium and vanadium were identified in titanium and vanadium of phase isolation relative to specific oxidants, to form methanol from
elemental maps (Fokler et al., Jour. Mech. Beh. Biom. Mat. 2017). methane. The use of N,0 and H,0 as oxidants allowed the formation

of the a-phase, while reducing the formation of the Fe,P,0. phase. The
reaction using only 0, showed the formation of the less-active B-phase, which was strongly suppressed in N,0 and
H,0 atmosphere (Dasireddy et al. Hyperfine Inter. 2017). Cu-Fe oxide catalysts for partial CO oxidation (POX)
in H,-rich process streams have been studied. The Mossbauer data of the Cu and Fe loaded catalyst showed three
well-defined sextets belonging to the tetrahedral and octahedral sites of Fe?* ions. In cooperation with industrial
partners we have investigated the properties of frozen solutions of magnetic materials. We have developed a method
that allows Mossbauer measurements on frozen solutions. We have characterised the superparamagnetic mater-
als in solutions and determined their blocking temperature. We have improved the sensitivity of our Mossbauer
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spectrometer to be able to measure spectra on glassy samples with only 0.1% Fe. In cooperation with the National
Institute of Chemistry we started to investigate the properties of metal organic frameworks with different Al/Fe
ratios. We have performed in-operando measurements of high current charge/discharge cycles in LiFePO, batteries.
In 2017 we continued with fusion-related research, coordinated by EUROfusion Consortium within the Work
Package on “Preparation of efficient Plasma-Facing Component (PFC) operation for ITER and DEMO”. Our research
focuses on the study of hydrogen-isotope retention in tungsten material, which is considered to be the most suitable
material for plasma-facing components in future fusion reactors. On the way to understanding the recycling and
hydrogen isotope (HI) retention in plasma facing materials at particle fluxes up to 10%s'm? we need to understand
the basic processes such as transport in a non-perfect material with lattice defects, the effect of interstitial impurity
atoms on defect evolution and the role of surface on Hluptake and release. Lattice defects, produced by the neutrons
from fusion DT reaction with the energy of 14 MeV and by the ions from the fusion plasma, act as trapping sites
for HIs with high de-trapping energy as compared to the energy of diffusion between solute interstitial sites. For
this purpose benchmark experiments are needed. Here, D atoms are only a tool to detect and pin down the nature
of defects: their de-trapping energy for HI and the evolution with sample temperature with and without presence
of HI. For this purpose we used the specific installation at JSI where samples are exposed to low-energy HI atoms
with typical fluxes in the range of 10¥ at. m?s™. The atoms populate the
traps induced by 20 MeV W ion irradiation, which is one of the possible
ways of simulating irradiation by 14 MeV neutrons. In 2017 we published
two papers with results of the rate equation models (Markelj et al. J.
Nucl. Mater. 2017, Zaloznik et al. Phys. Scr. 2017) that enabled us to
pin down the nature of traps and detrapping energies (Hod/ille et al. Nucl.
Fus. 2017), parameters for the surface processes and energy barrier for
inward diffusion (Zaloznik et al. Jour. Nucl. Mat. 2017 ). This helped us
to explain the differences between low-energy atom loading versus few
(ten) eV ion/plasma exposure and set the basis to predict the influence of
neutrals on HI retention at orders of magnitude higher fluxes as well as in
remote areas in future fusion applications (Hodille et al. Phys. Scr. 2017).
The influence of He on D transport and retention in W was studied in
a joint experiment with the group from Max-Planck Institut fir Plasma-
physik, Garching (Markelj et al. Nucl. Fus. 2017). Recent experiments
investigating the plasma-surface interaction of He-seeded deuterium
(D) plasmas with tungsten (W) have resulted in a reduced D retention
compared with pure D plasmas. A possible explanation for the reduced
retention is that implanted He might create a diffusion barrier for D
transport, thus reducing D uptake in the W bulk during plasma exposure.
In this paper we for the first time unambiguously confirmed that helium
does not act as a diffusion barrier in tungsten, but attracts deuterium and
locally increases deuterium trapping. After the sample heating at 450 K
the deuterium accumulated around helium implantation zone whereas
no such effect was observed on the reference sample without implanted
helium. Using rate-equation modelling we have quantitatively explained
the measured deuterium depth profiles. These results bolster confidence
in theoretical calculations, predicting that more hydrogen isotopes can be
stored around a He-cluster zone.
We have also performed mass spectrometry measurements with pure
ammonia and deuterium. We have provided new data for the thermal
decomposition of these molecules on a hot tungsten surface. The interac-
tion of ammonia and hydrogen (H, and D,) was studied by flowing pure
gas or a gas mixture through a hot tungsten capillary. The composition of
the gas after passing the capillary was analysed by mass spectrometry as
afunction of capillary temperature. Specific temperatures were identified
where changes in mass spectra took place, indicating thermal decomposi-

tion and isotope exchange channels (Markelf et al, JVST 2107). ‘ ‘ .
) , . . . Figure 8: Shematics of the JSI Parallel Beam Wavelength Dispersive X-ray
The tandem accelerator at the JoZef Stefan Institute delivered over < o X /
) S O spectrometer (PW-WDS) combining polycapillary X-ray optics and a flat
3500 hours to the users from the field of fusion, biology, medicine, nuclear  cyyszat diffaction (up). A comparison of the Sn L PIXE spectra recorded
astrophysics, materials and energy research. In 2017, we completed the  with the PB-WDS specirometer and the high-purity Ge solid state detector
upgrade of the in-air beamline. A quadrupole magnetic doublet was inte- ~ (down ). (Kavcic et al, Nucl. Instr: Meth. B 2017).
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grated along with the micrometre-driven slits to form in-air proton beam with a size below 50 micrometres. In this
way, it enables high lateral resolution for applications where elemental profiles at the scale of tens of micrometres
are sought for, and the analysed objects are too sensitive to be inserted into the vacuum. By micro-PIXE technique,
we executed a number of projects for the users from biology, where slices of biological tissue were analysed and
quantitative elemental images obtained. The application of micro-PIXE in medical research in collaboration with
University Clinical Centre Maribor revealed the presence of wear metallic particles in the surrounding tissue after
the hip prosthesis replacements ( Fokter et al., Jour. Mech. Beh. Biom. Mat. 2017 ). In addition, we engaged for the
first time with the quantitative analysis of the protein samples, where we determined the number of metallic centres
in the protein molecules. The work has been carried out in collaboration with Jagiellonian University in Krakow.
Additional progress has been achieved for the nuclear microprobe in the development of the MeV-SIMS method.
In collaboration with Ithemba Labs we identified several pharmaceutical substances accumulated in human-hair
samples, including lithium (Cloefe et al., Anal. Meth. 2017). Besides the conventional approach with the pulsed
primary beam, we successfully implemented the detection of each individual primary ion, and managed to imple-
ment MeV-SIMS with continuous primary beam. Successful scans of plant and human tissue samples demonstrated
subcellular resolution of this novel technique of Mass Spectroscopy Imaging, with lateral resolution of 800 nano-
metres. Additional efforts were invested to also improve the mass resolution of the associated mass spectrometer.

In the field of archaeometry with in-air proton beam we continued our research of archaeologic glass. This
year we analysed a series of prehistoric glass beads from the Slovenian sites, selected systematically from the entire
first millennium BC. We found that only the most ancient were made of glass that contained mixed alkalis, while
all the others used flux made of Egyptian natron. This suggests a widespread commerce with raw glass already in
prehistory. We further analysed examples of classic Greek small coinage and confirmed the findings obtained by
isotopic analyses that the Athens minted coins exclusively from silver obtained from the mines of Laurion. Using
the discriminant analysis, we identified the counterfeits. Numismatic research was extended to the Celtic coins from
Slovenia. Since these coins are known to be made of rather inhomogeneous metals, we combined PIXE results with
the measurements of prompt neutron activation analysis in Budapest. Among our international collaborations, we
continued studies of glass from medieval Bosnia and Dalmatia and glass from the post-Roman settlement Jelica in
Serbia. In Prague, we used XRF to analyse pigments in the book of Sigmund Herberstein held in Czech Republic, and
compared them to the book held in Slovenia. We further contributed to the exhibition Past under the Microscope
in the National Museum of Slovenia.

Organization of conferences, congresses and meetings

1. EEP'17,3-6July 2017, Bled
2. NUSTAR week 2017, 25-29 September 2017, Ljubljana
3. Joint Annual Meeting of WP JET2 and WP PFC, Ljubljana, 20-23 November 2017, Ljubljana

I

NTERNATIONAL PROJECTS

Asst. Prof. Sabina Markelj
TAEA - International Atomic Energy Agency
10. RC 18353/R2; Dual Imaging of Biological Samples with MeV SIMS and PIXE Analysis;

Calibrations

Matjaz Miheli¢, M. Sc.

TLD Dosimetria

Bostjan Crnic

Extraction of Tantalum and Niobium from Ores

Development of Molecular Concentration Mapping Techniques using MeV Focussed lon
Beams

Asst. Prof. Klemen Bucar

TAEA - International Atomic Energy Agency

Dr. Mariian Net 11. RC 18186/R2; Application of Synchrotron Radiation in Studies of Environmental
Pr' Ladrl]an ecemer Impact on Biological Organisms; Experiments with Synchrotron Radiation for Modern
FE%R B - Environmental and Industrial Applications
Prof Metec't](j'rs Javiek Prof. Katarina Vogel-Miku$
Gr(')I:[ latﬁ' llpog avse TAEA - International Atomic Energy Agency
i Helmho ftzzentrym o ) ) 12. COST CA16117 - ChETEC; Chemical Elements as Tracers of the Evolution of the Cosmos
MetroERM; Metrology for Radiological Early Warning Networks in Europe Prof. Matej Lipoglaviek
Dr. Toni Petrovi¢ Cost'Offi e
Euramet E.v. o "
13. Tra Fees for Mr. Andrii Kholodyuk, STEP
EMPIR; Preparedness - Metrology for Mobile Detection of lonising Radiation Following a 3 Agjin]l,rrl(%f %anj(;inhg 7 orkf)n o0tV
guc}e ar (}))r Rad}(v)loglcal Incident Ictp - Centro Internazionale Di Fisica Teorica
ESr a?r?ét Ee:/rowc 14. Enhancing Nuclear Analytical Techniques to Meet the Needs of Forensic Sciences;
V. e ) : o R
EMPIR; AEROMET - Aerosol Metrology for Atmospheric Science and Air Quality ;(r)(l;e;n;;?rsn\;%t?elﬁlclg;ar Methods: Art and Food Forgery, Drugs in Hair
E{Eg geatl]Ea\Z' Zitnik IAEA - International Atomic Energy Agency
: 15. H2020 - CONCERT: E int P for the Integration of Radiati
COST CM1204: XUV/X-Ray Light and Fast lons for Ultrafast Chemistry (XLIC) ° Protection Research uropean Joint Programme for the Integration of Radiation
gg(;{ gﬁz{clsz Litnik Asst. Prof. Benjamin Zorko
B a0 Commissi
Hydrogen Retention in Self-damaged and He Irradiated Tungsten Alloys in Fusion Devices; 16 H%%%?J%%ﬂ%i%vm al Actions for Tritium

Plasma-Wall Interaction for Irradiated Tungsten and Tungsten Alloys in Fusion Devices

Asst. Prof. Sabina Markelj
European Commission
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17. H2020-EUROfusion-Plasma Facing Components-1-IPH-FU, EUROFUSION
Asst. Prof. Sabina Markelj N EW C ON TRACTS
18 f{%ozpaz %%gg?&gglsw&u cation-ED-FU Operational monitoring of radioactivity in the surrounding of NEK in RS in 2017
Prof. Primoi Pelicon As.St. Prof. Benjamin Zorko A .
European Commission Ministry of the Env1}rgnm§nl and Spatial Planning
19. Electron Scattering Studies of 3H/3He Mirror Nuclei 2 Mgasurementsl of tritium in VOP-1/06,V-12/77 and V-7/77
Prof. Simon Sirca Asst. Prof. Benjamin ZorkVo
Slovenian Research Agency Nuk]earlna Elektrarpa Krsko d. 0. 0. . . N ‘
20. 2017 Interim Meeting of MODARIA ITWG3; Technical Meeting of MODARIA ITWG3 3. Dteremination gf biocomponents in melamine resines and their input materials
Asst. Prof. Benjamin Zorko Dr. Romana Kristof
j B )
Slovenian Research Agency ] Melamin KegnlcnﬁTgvarndd. d. o s and Rl oblisations of
21. General Meeting of the 21st International Conference on Radionuclide Metrology and - AnnexNo. 1 10 the contract on performing activities z}ngl liment of obligations o
its Applications holdcr: of}nat;(v)nal standard in the field of ionising radiation
Dr. Matjaz Ales Korun M?“W Mlhe}lc' M. .SC‘ ,
Slovenian Research Agency Ministry of hducatlonj Sc1enc§ and §p0rt
5. Ecology laboratory with mobile unit
Prof. Matej Lipoglavsek
Ministry of Defence
RE S E ARC H P RO GRAM S 6. Maintenance of radiological emergency preparedness for a period of 5 years (2012-
2017)
Archaeological and Archaeometric Research of Portable Archaeological Heritage Prof. Matej Lipoglavsek
Prof. Ziga Smit Nuklearna Elektrarna Krsko
2. Object and Prestige; taste, status, power (Researches of the material culture in Slovenia) 7. Sale and transfer of intellectual property rights share over a joint invention
Dr. Marijan Necemer Asst. Prof. Matjaz Vencelj
3. Structure of hadronic systems Instrumentation Technologies, d. d.
Prof. Simon Sirca 8. Analyses of atmospheric releases in 2015, 2016 and 2017
4. Studies of atoms, molecules and structures by photons and particles Asst. Prof. Benjamin Zorko
Prof. Matja Zitnik Nuklearna Elektrarna Krsko
9. Offsite radiological monitoring of the Krsko Nuclear Power Plant in2016 and 2017
Asst. Prof. Benjamin Zorko
Nuklearna Elektrarna Krsko d. 0. 0.
R & D GRANTS AND C ONTRACTS 10. Monitoring of radioactivity in the living environment in Slovenia 2016
Asst. Prof. Benjamin Zorko
Vegetation and hydrology of Ljubljansko barje in the past, present and future a Ministry of the Environment and Spatial Planning
consequence of succession, human impact or climatic fluctuations? 11. Monitoring of radiaoactivity in drinking water in Republic of Slovenia in 2016 and 2017
Dr. Marijan Necemer Asst. Prof. Benjamin Zorko
2. Triggering forbidden phenomena with twisted light and particles beams Ministry of Health
Prof. MatjaZ Zitnik 12. Independent control over regular radiological monitoring of NPP Krsko 2016
3. Redox active organic materials for electrical energy storage Asst. Prof. Benjamin Zorko
Asst. Prof. MatjaZ Kavcic Ministry of the Environment and Spatial Planning
4. Stable isotopes in the study of the impact of increasing C02 levels on C and Hg cycling 13. Services based on the Ionising Radiation Protection and Nuclear Safety Act
in coastal waters Bostjan Crnic
Prof. Katarina Vogel-Miku§ Monitoring of radiaoactivity in drinking water in Republic of Slovenia
5. BEST: Barley stress tolerance Asst. Prof. Benjamin Zorko
Prof. Primoz Pelicon Ministry of Health
6. EMRP, MetroERM - Metrology for Radiological Early Warning Networks in Europe 14. Measurement of gross alpha and beta activities in drinking waters in Republic of
Dr. Toni Petrovic Slovenia
7. Different Analyses; Reference Materials Dr. Jasmina Kozar Logar
Dr. Jasmina KoZar Logar Ministry of Health
8. Trradiation and Analysis of Nano SIC Samples in the Year 2017 15. Central radioactive waste repository radiological monitoring CSRAO 2017
Asst. Prof. Benjamin Zorko Dr. Marijan Ne¢emer
9. Sampling and determination of U-238, Ra-225, Ra-228, Pb-210, Th-228 and K-40 in Arao, Ljubljana
drinking water 16. Independent control over regular radiologocal monitoring of NPP Krsko 2017
Branko Vodenik, M. Sc. Asst. Prof. Benjamin Zorko
10. XRF AH%IY595 . Ministry of the Environment and Spatial Planning
Dr. Marijan Necemer 17. Sampling and analysis of gamma and beta emitters in fodder in the year 2017
11. Vacuum Chamber Asst. Prof. Benjamin Zorko
Dr. Peter Kump Ministry of Agriculture, Forestry and Food
12. Determination of tritium 18. Mdssbauer spectra and blocking temperature determination for formulated iron
Dr. Jasmina KoZar Logar suspension
13. Calibrations Dr. Darko Hanzel
Matjaz Mihelic, M. Sc. Lek d. d.
14. Alfa/Beta and H-3 Analyses 19. Comparison study between different formulated iron powder samples using Mossbauer
Dr. Jasmina KoZar Logar SPeCtroscopy
15. C-14 Analyses Dr. Darko Hanzel
Dr. Romana Kristof Lek d. d.
20. Central radioactive waste repository radiological monitoring CSRAO 2018
Dr. Marijan Necemer
Arao, Ljubljana
1. Giscard Honore Sonkwa Monthe, Yaoundé University, Yaoudé, Cameroon, 8 March-2 5. Dr. Paulo Jobim, UFGRS, Porto Alegre, Brazil, 11 September 2017-10 September 2018
June 2017 6. Dr. Carla Eliete ochims Dos Santos, UFGRS, Porto Alegre, Brazil, 11 September 2017~
2. Nikola Boskovic, Faculty of Technical Sciences, Novi Sad, Serbia, 13 March-25 April 2017 10 September 2018
3. Andrii Kholodiuk, Institute for Safety Problems of NPP, Kiev, Ukraine, 22 May- 7. Prof. Dr. Tahar Ghnaya, Centre de Biotechnologie de Borj Cedria, Hammam-Lif, Tunisia,
20 August 2017 6-13 November 2017
4. Prof. Dr. Stanley Lutts and Marie Lucyx, Université catholique de Louvain, Louvain-la-

Neuve, Belgium, 21 June 2017
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3:. Jozef Stefan Institute

STAFF

Researchers

Prof. Iztok Ar¢on*

Asst. Prof. Klemen Bucar
Prof. Dean Cvetko*

Denis Glavi¢ Cindro, M. Sc.
Dr. Darko HanZel

Asst. Prof. Matjaz Kavcic
Dr. Jasmina KoZar Logar
Prof. Matej Lipoglavsek
Asst. Prof. Sabina Markelj

. Asst. Prof. Andrej Miheli¢

. Dr. Miha Mihovilovi¢

. Dr. Marijan NeCemer

. Prof. Primoz Pelicon, Head

. Prof. Simon Sirca*

. Prof. Ziga Smit* left 01.10.17
. Asst. Prof. MatjaZ Vencelj

. Branko Vodenik, M. Sc.

. Prof. Katarina Vogel-Mikus*

. Asst. Prof. Benjamin Zorko

20.

Prof. Matja Zitnik

Postdoctoral associates

21

Dr. Romana Kristof

BIBLIOGRAPHY

22.
23.
24.

Dr. Toni Petrovi¢
Dr. Jelena Vesic
Dr. AnZe Zaloznik

Postgraduates

25.
26.
27.
28.
29.
30.
31

Ziga Barba, B. Sc.
Tilen Brecelj, B. Sc.
Mateja Hrast, B. Sc.
Bostjan Jencic, B. Sc.
Tim Kolar, B. Sc.
Matic Pecovnik, B. Sc.
Isabela Ti$ma, B. Sc.

Technical officers

32.
33.
34.
35.

Bostjan Crnic, B. Sc.
Mitja Kelemen, B. Sc.
Matjaz Mihelic, M. Sc.
PrimoZ Vavpeti¢, B. Sc.

Technical and administrative staff

30.
37.
38.
39.

Drago Brodnik
Mojca Gantar
Sandi Gobec
Mirko Ribi¢, B. Sc.

Note:
* part-time JSI member

44

ORIGINAL ARTICLE

10.

11.

=

A1 Collaboration, Patrick Achenbach et al. (39 authors), "Beam helicity
asymmetries in K*A electroproduction off the proton at low Q?", The
european physical journal. A, Hadrons and nuclei, 53, 198, 2017.

2. Giuliana Aquilanti, Marco Giorgetti, Robert Dominko, Lorenzo Stievano,
Iztok Arcon, Nicola Novello, Luca Olivi, "Operando characterization of
batteries using x-ray absorption spectroscopy: advances at the
beamline XAFS at synchrotron Elettra", . phys., D, Appl. phys., 50, 7, 1-
12,2017.

3. Franco Baldi, Michele Gallo, Salvatore Daniele, Dario Battistella, Claudia
Faleri, Alojz Kodre, Iztok Arcon, "An extracellular polymeric substance
quickly chelates mercury(II) with N-heterocyclic groups”, Chemosphere
(Oxford), 176, 296-304, Jun. 2017.

4. WP PFC contributors, Sebastijan BrezinSek et al, "Plasma-wall
interaction studies within the EUROfusion Consortium: progress on
plasma-facing components development and qualification", Nucl. fus.,
57,11, 116041, Aug. 2017.

5. Karen Jacqueline Cloete, Bostjan Jentic, Ziga Smit, Mitja Kelemen,
Kwezikazi Mkentane, PrimoZ Pelicon, "Detection of lithium in scalp hair
by time-of-flight secondary ion mass spectrometry with high energy
(MeV) primary ions", Analytical methods, 9, 36, 5249-5253, 2017.

6. Tihana Cizmar, UrSka Lavrenti¢ Stangar, Iztok Arcon, "Correlations
between photocatalytic activity and chemical structure of Cu-modified
TiO, — Si0, nanoparticle composites”, Catal. today, 287, 155-160,
2017.

. Venkata D. B. C. Dasireddy, Faiza B. Khan, Darko HanZel, Krish Bharuth-
ram, Blaz Likozar, "Application of Mossbauer spectroscopy in industrial
heterogeneous catalysis effect of oxidant on FePO, material phase
transformations in direct methanol synthesis from methane", Hyperfine
interact., 238, 1, 29, Nov. 2017.

8. M. Defurne et al, "A glimpse of gluons through deeply virtual compton

scattering on the proton", Nature communications, 8, 1408, 2017.

9. Jefferson Lab Hall A Collaboration, M. Defurne et al, "Rosenbluth

separation of the m° electroproduction cross section", Phys. rev. lett.,

117, 26, 262001, 2017.

BLAST Collaboration, A. DeGrush et al. (44 authors), "Measurement of

the vector and tensor asymmetries at large missing momentum in

quasielastic (€, e'p) electron scattering from deuterium", Phys. rev. lett.,

119,18, 182501, 2017.

David Dominguez-Villar, Kristina Krklec, Primoz Pelicon, Ilan J.

Fairchild, Hai Cheng, Lawrence R. Edwards, "Geochemistry of

speleothems affected by aragonite to calcite recrystallization: potential

~N

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

inheritance from the precursor mineral”, Geochim. cosmochim. acta,
200, 310-329, 2017.

Sara Drvaric Talian, Steffen Jeschke, Alen Vizintin, Klemen Pirnat, Iztok
Arcon, Giuliana Aquilanti, Patrik Johansson, Robert Dominko,
"Fluorinated ether based electrolyte for high-energy lithium-sulfur
batteries: Li* solvation role behind reduced polysulfide solubility",
Chem. mater., 29, 23,10037-10044, Dec. 2017.

Samo K. Fokter, Andrej Moli¢nik, Rajko Kavalar, PrimoZ Pelicon, Rebeka
Rudolf, Nenad Gubeljak, "Why do some titanium-alloy total hip
arthroplasty modular necks fail?", Journal of the mechanical behavior of
biomedical materials, 69, 107-114, May 2017.

1. Fri$¢i¢ et al. (23 authors), "Measurement of the p(e, e'n*)n reaction
close to threshold and at low Q2", Phys. lett,, Sect. B, 766,301-305, 2017.
Yunier Garcia-Basabe, Gregor Kladnik, Cleber F. N. Marchiori, Carlos
Eduardo Vieira de Moura, Luca Floreano, Alexandre Braga Rocha,
Lucimara Stolz Roman, Alberto Morgante, Dean Cvetko, Maria Luiza
Miranda Rocco, "Additive driven increase in donor-acceptor copolymer
coupling studied by X-ray resonant photoemission”, The journal of
physical chemistry. C, Nanomaterials and interfaces, 121, 45, 25187-
25194, 2017.

Denis Glavi¢-Cindro, Matjaz Korun, Branko Vodenik, Benjamin Zorko,
"Calculation of the detection limits by explicit expressions", Appl. radiat.
isotopes, 126, 267-269, 2017.

Aleksandra Golob, Jan Kav¢i¢, Vekoslava Stibilj, Alenka Gaberscik,
Katarina Vogel-Miku$, Mateja Germ, "The effect of selenium and UV
radiation on leaf traits and biomass production in Triticum aestivum
L.", Ecotoxicol. environ. saf., 136, 142-149, 2017.

Robert Hauko, Jana Padeznik Gomil$ek, Alojz Kodre, Iztok Arcon,
Giuliana Aquilanti, "Edge profiles in K shell photoabsorption spectra of
gaseous hydrides of 3p elements and homologues”, Radiat. phys. chem.,
139, 66-73, Oct. 2017.

E. A. Hodille et al. (15 authors), "Retention and release of hydrogen
isotopes in tungsten plasma-facing components:: the role of grain
boundaries and the native oxide layer from a joint experiment-
simulation integrated approach”, Nucl. fus., 57,7,076019, 2017.

E. A. Hodille, AnZe ZaloZnik, Sabina Markelj, Thomas Schwarz-Selingerb,
C. S. Becquart, R. Bisson, A. Grisolia, "Simulations of atomic deuterium
exposure in self-damaged tungsten”, Nucl. fus., 57, 5, 056002, 2017.
Jitka Hrescak, Goran Drazi¢, Marco Deluca, Iztok Arcon, Alojz Kodre,
Monica Dapiaggi, Tadej Rojac, Barbara Mali¢, Andreja Bencan, "Donor
doping of K, sNa, s NbO;ceramics with strontium and its implications to
grain size, phase composition and crystal structure”, J. Eur. Ceram. Soc.,
37,5,2073-2082, 2017.
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38.

39.

40.

BosStjan Jenci¢, Luka Jeromel, Nina Ogrinc Potoc¢nik, Katarina Vogel-
Mikus$, Primoz Vavpeti¢, Zdravko Rupnik, Klemen Bucar, Matjaz Vencelj,
Mitja Kelemen, Jiro Matsuo, Masakazu Kusakari, Zdravko Siketi¢,
Muhammad A. Al-Jalali, Abdallah Shaltout, PrimoZ Pelicon, "Molecular
imaging of alkaloids in khat (Catha edulis) leaves with MeVSIMS", Nucl.
instrum. methods phys. res.,, B Beam interact. mater. atoms, 404, 140-
145, 2017.

Primoz Jovanovi¢, Nejc Hodnik, Francisco Ruiz-Zepeda, 1ztok Arcon,
Barbara Jozinovi¢, Milena Zorko, Marjan Bele, Martin Sala, Vid Simon
Selih, Samo B. Ho&evar, Miran Gaber$cek, "Electrochemical dissolution
of iridium and iridium oxide particles in acidic media: transmission
electron microscopy, electrochemical flow cell coupled to inductively
coupled plasma mass spectrometry, and X-ray absorption spectroscopy
study”, J. Am. Chem. Soc., 139, 36, 12837-12846, Sep. 2017.

Mitja Kelemen et al. (15 authors), "Micro-NRA and micro-3HIXE with
[sup]3He microbeam on samples exposed in ASDEX Upgrade and Pilot-
PSI machines", Nucl. instrum. methods phys. res., B Beam interact. mater.
atoms, 404, 179-184, 2017.

M. A. Khalal et al. (12 authors), "4d-inner-shell ionization of Xe* ions
and subsequent Auger decay”, Phys. rev,, 4, 96, 1,013412, 2017.

Alojz Kodre, Iztok Ar¢on, Marta Debeljak, Mateja Potisek, Matevz Likar,
Katarina Vogel-Miku$, "Arbuscular mycorrhizal fungi alter Hg root
uptake and ligand environment as studied by X-ray absorption fine
structure”, Environ. exp. bot., 133, 12-23, Jan. 2017.

. Matjaz Korun, Branko Vodenik, Benjamin Zorko, "Determination of the

measurement threshold in gamma-ray spectrometry”, Appl. radiat.
isotopes, 121, 126-130, 2017.

Eva Kovacec, Marjana Regvar, Johannes Teun van Elteren, Iztok Arcon,
Tamas Papp, Darko Makovec, Katarina ~ Vogel-Mikus,
"Biotransformation of copper oxide nanoparticles by the pathogenic
fungus Botrytis cinerea", Chemosphere (Oxford), 180, 178-185, 2017.
Romana Kristof, Suzana KoSenina, Benjamin Zorko, Jasmina KoZar
Logar, "Tritium in organic matter around Krsko Nuclear Power Pla", J.
radioanal. nucl. chem., 314, 2, 675-679, 2017.

Romana Kristof, Jasmina KoZar Logar, "Direct LSC method for
determination of bio-origin by C-14 measurement”, J. radioanal. nucl.
chem., 314, 2, 715-719, 2017.

P. Lablanquie et al (12 authors), "Multi-electron coincidence
spectroscopy: triple Auger decay of Ar 2p and 2s holes", J. electron
spectrosc. relat. phenom., 220, 125-132, 2017.

Tomaz Lazar, Marijan Nec¢emer, "Historical methods of sword repair”, J.
Arms Armour Soc., 22, 3,113-129, 2017.

Matej Lipoglavsek, Sabina Markelj, Miha Mihovilovi¢, Toni Petrovic,
Samo §tajner, Matjaz Vencelj, Jelena Vesi¢, "Observation of electron
emission in the nuclear reaction between protons and deuterons”, Phys.
lett, Sect. B, 773, 553-556, 2017.

René Loredo Portales, Hiram Castillo Michel, Giuliana Aquilanti,
Guadalupe de la Rosa, Diana Olivia Rocha Amador, Katarina Vogel-
Mikus, Peter Kump, Gustavo Cruz Jiménez, "Synchrotron based study of
As mobility and speciation in tailings from a mining site in Mexico",
Journal of environmental chemical engineering, 5, 1140-1149, 2017.

. Anja Mahne Opati¢, Marijan Necemer, David Kocman, Sonja Lojen,

"Geographical origin characterization of Slovenian garlic using stable
isotope and elemental composition analyses", Acta chim. slov. (Print
ed.), 64, 4,1048-1055, 2017.

Anja Mahne Opati¢, Marijan NeCemer, Sonja Lojen, Rajko Vidrih, "Stable
isotope ratio and elemental composition parameters in combination
with discriminant analysis classification model to assign country of
origin to commercial vegetables: a preliminary study", Food control, 80,
252-258, Oct. 2017.

. loanna Mantouvalou, Tim Lachmann, Sudhir P. Singh, Katarina Vogel-

Mikus, Birgit Kanngiefler, "Advanced absorption correction for 3D
elemental images applied to the analysis of pearl millet seeds obtained
with a laboratory confocal micro X-ray fluorescence spectrometer”,
Anal. chem. (Wash.), 89, 10, 5453-5460, 2017.

Tatiana Marchenko et al (19 authors), "Potential energy surface
reconstruction and lifetime determination of molecular double-core-
hole states in the hard X-ray regime", Phys. rev. lett., 119, 13, 133001,
2017.

Sabina Markelj, Thomas Schwarz-Selinger, Anze Zaloznik, "Hydrogen
isotope accumulation in the helium implantation zone in tungsten”,
Nucl. fus., 57, 6,064002, 2017.

Sabina Markelj, Thomas Schwarz-Selingerb, Anze ZaloZnik, Mitja
Kelemen, Primoz Vavpeti¢, Primoz Pelicon, E. A. Hodille, C. Grisolia,
"Deuterium retention in tungsten simultaneously damaged by high
energy W ions and loaded by D atoms", Nuclear materials and energy,
12,169-174, 2017.
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Sabina Markelj, AnZe Zaloznik, Iztok Cade?, "Interaction of ammonia
and hydrogen with tungsten at elevated temperature studied by gas
flow through a capillary”, J. vac. sci. technol, A, Vac. surf. films, 35, 6,
061602, 2017.

Amir Mazaheripour et al. (24 authors), "Unexpected length dependence
of excited-state charge transfer dynamics for surface-confined
perylenediimide ensembles"”, Mater. horizons, 4, 3, 437-441, 2017.

. Jefferson Lab Hall A Collaboration, M. Mazouz et al, "Rosenbluth

separation of the m° electroproduction cross section off the neutron”,
Phys. rev. lett., 118, 22, 222002, 2017.

Andrej Miheli¢, Matjaz Zitnik, Mateja Hrast, "Doubly resonant
photoionization of He below the N = 2 ionization threshold", J. phys., B
At. mol. opt. phys., 50, 24, 245602, 2017.

Miha Mihovilovi¢ et al. (39 authors), "First measurement of proton’s
charge form factor at very low Q2 with initial state radiation", Phys. lett,
Sect. B,771,194-198, 2017.

Ana Miklav¢ic Visnjevec, Ajda Ota, Mihaela Skrt, Bojan Butinar, Sonja
Smole Mozina, Nina Gunde-Cimerman, Marijan Ne¢emer, Alenka Baruca
Arbeiter, Matjaz Hladnik, Marin Krapac, Dean Ban, Milena Bucar-
Miklav¢i¢, Natasa Poklar Ulrih, Dunja Bandelj, "Genetic, biochemical,
nutritional and antimicrobial characteristics of pomegranate (Punica
granatum L.) grown in Istria", Food technol. biotechnol., 55, 2, 151-163,
2017.

Ajda Ota, Ana Miklavti¢ Visnjevec, Rajko Vidrih, Zeljko Prgomet,
Marijan Necemer, Janez Hribar, Nina Gunde-Cimerman, Sonja Smole
Mozina, Milena Bucar-Miklav¢i¢, Natasa Poklar Ulrih, "Nutritional,
antioxidative, and antimicrobial analysis of the Mediterranean
hackberry (Celtis australis L.)", Food sci. nutr., 5,1, 160-170, 2017.

K. Piip et al. (14 authors), "LIBS detection of erosion/deposition and
deuterium retention resulting from exposure to Pilot-PSI plasmas”, J.
nucl. mater., 489, 129-136, 2017.

. Olena Pliekhova, Iztok Arcon, Oleksii Pliekhov, Natasa Novak TuSar,

Urska Lavrenci¢ Stangar, "Cu and Zr surface sites in the photocatalytic
activity of TiO, nanoparticles", Environ. sci. pollut. res. int., 24, 14,
12571-12581, 2017.

Stefaan Pommé et al. (40 authors), "On decay constants and orbital
distance to the Sun-pPart I, Alpha decay", Metrologia, 54, 1, 1-18, 2017.
Stefaan Pommé et al. (40 authors), "On decay constants and orbital
distance to the Sun-pPart I, Beta minus decay”, Metrologia, 54, 1, 19-
35,2017.

Stefaan Pommé et al. (40 authors), "On decay constants and orbital
distance to the Sun-pPart III, Beta plus and electron capture decay”,
Metrologia, 54, 1, 36-50, 2017.

A. ]. R. Puckett et al, "Polarization transfer observables in elastic
electron-proton scattering at Q% = 2.5, 5.2, 6.8, and 8.5 GeV 2", Phys.
rev, C,96,5,055203,2017.

Ana Robba et al. (12 authors), "Mechanistic study of magnesium-sulfur
batteries", Chem. mater., 29, 12,9555-9564, 2017.

. B.S. Schlimme et al. (38 authors), "Vertical beam polarization at MAMI",

Nucl. instrum, methods phys res., Sect. A, Accel., 850, 54-60, 2017.
Abdulghani Shakhashiro, Paul Doherty, Jasmina KoZzar Logar, Branko
Vodenik, Leen Verheyen, Mark Taggart, "New certified reference
materials and proficiency test for environmental radioactivity
measurements”, Accredit. qual. assur., 21, 5,351-360, 2017.

Lovro Sinkovi¢, Janez Hribar, Lea Demsar, Rajko Vidrih, Marijan
Netemer, Peter Kump, Dragan Znidar¢i¢, "Bioactive compounds and
macroelements of chicory plants (Cichorium intybus L.) after
hydroponic forcing in different nutrient solutions”, Hortic. environ.
biotechnol, 58, 3, 274-281, 2017.

Lovro Sinkovi¢, Barbara Pipan, Vladimir Megli¢, Natasa Kunstelj,
Marijan Necemer, Emil Zlati¢, Dragan Znidar¢i¢, "Genetic differentiation
of Slovenian sweet potato varieties ( [pomoea batatas ) and effect of
different growing media on their agronomic and nutritional traits", Ital.
j. agron., 12, 4, 350-356, 2017.

Jefferson Lab Hall A Collaboration, Vincent A. Sulkosky et al,
"Extraction of the neutron electric form factor from measurements of
inclusive double spin asymmetries", Phys. rev., C, 96, 6, 065206, 2017.
Al Collaboration, Samo Stajner et al. (32 authors), "Beam-recoil
polarization measurement of ° electroproduction on the proton in the
region of the Roper resonance", Phys. rev. lett., 119, 2, 022001, 2017.

. Daniele Toffoli et al. (15 authors), "Electronic properties of the

boroxine-gold interface: evidence of ultra-fast charge delocalization”,
Chem. sci,, 8, 5,3789-3798, 2017.

Miha Trdin, Marijan Nec¢emer, Ljudmila Benedik, "Fast decomposition
procedure of solid samples by lithium borates fusion employing
salicylic acid", Anal. chem. (Wash.), 89, 5,3169-3176, 2017.

Alen Vizintin, Laurent Chabanne, Elena Tchernychova, Iztok Arcon,
Lorenzo Stievano, Giuliana Aquilanti, Markus Antonietti, Tim-Patrick
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Fellinger, Robert Dominko, "The mechanism of Li,S activation in
lithium-sulfur batteries: can we avoid the polysulfide formation?", J.
power sources, 344, 208-217, 15 Mar. 2017.

Jefferson Lab Hall A Collaboration, X. Yan, Simon Sirca, et al., "First
measurement of unpolarized semi-inclusive deep-inelastic scattering
cross sections from a 3He target", Phys. rev, C, 95, 3,035209, 2017.

A1l Collaboration, I. Yaron et al. (31 authors), "Polarization-transfer
measurement to a large-virtuality bound proton in the deuteron”, Phys.
lett, Sect. B, 769, 21-24, 2017.

Anze Zaloznik, Sabina Markelj, Thomas Schwarz-Selinger, Klaus
Schmid, "Deuterium atom loading of self-damaged tungsten at different
sample temperatures”, . nucl. mater., 496, 1-8, 2017.

Benjamin Zorko, Zeljka KneZevi¢, Botjan Crni¢, Marija Majer, Maria
Ranogajec-Komor, "A transnational intercomparison of environmental
dosemeters in realistic environmental conditions", Radiat. prot. dosim.,
174, 2, 287-290, 2017.

Matjaz Zitnik, Klemen Budar, R. Richter, Marcello Coreno, Matjaz Kav¢ic,
Ziga Barba, Andrej Miheli¢, et al., "Anticrossing spectrometry with
synchrotron light", Phys. rev., 4, 96, 1,013416, 2017.

REVIEW ARTICLE

1. Ivan Kreft, Paula Pongrac, Meiliang Zhou, Katarina Vogel-Mikus, Primoz
Pelicon, Primoz Vavpeti¢, Marijan Ne¢emer, Johannes Teun van Elteren,
Marjana Regvar, Matevz Likar, Mateja Germ, Aleksandra Golob, Alenka
Gaberstik, Igor Pravst, Anita Kugar, Blanka Vombergar, Vida Skrabanja,
Darja Kocjan Ac¢ko, Zlata Luthar, "New insights into structures and
composition of plant food materials”, . microbiol, biotechnol. food sci.,
7,1,57-61,2017.

PUBLISHED CONFERENCE CONTRIBUTION (INVITED
LECTURE)

1. Matej Lipoglav$ek, "Catalysis of Nuclear reactions by electrons”, In:
Nuclear Physics in Astrophysics VIII (NPA8 2017), Catania, Italy, June 18-
23,2017, M. la Cognata, ed., Les Ulis, EDP Sciences, EP] Web conf., 165,
01035, 2017.

PUBLISHED CONFERENCE CONTRIBUTION
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1. Jelena Ajti¢, Darko Sarvan, Dragana Todorovi¢, Milica Rajaci¢, Jelena
Krneta Nikoli¢, Vladimir Djurdjevi¢, Benjamin Zorko, Branko Vodenik,
Denis Glavi¢-Cindro, Jasmina KoZar Logar, "Faktorska analiza
specifickih aktivnosti berilijuma-7 i olova-210 u prizemnom sloju
vazduha, i meteoroloskih parametara", In: XXIX simpozijum DZZSCG, 27-
29 semtembar 2017. godine, Srebrno jezero: zbornik radova: proceedings,
Jelena Stankovi¢ Petrovi¢, ed., Gordana Panteli¢, ed., Beograd, Institut za
nuklearne nauke, 2017, 19-26.

Denis Glavi¢-Cindro, Drago Brodnik, Toni Petrovi¢, Matjaz Vencelj,
Dusan Ponikvar, Steven James Bell, Lynsey Keightley, Selina Woods,
"Compact radioactive aerosol monitoring device for early warning
networks", In: Proceedings of the 7th International Conference on
Radionuclide Metrology- Low-Level Radioactivity ~Measurement
Techniques, September 26-30, 2016, Seattle, Washington, USA, Appl.
radiat. isotopes, 126, 219-224, 2017.

Denis Glavi¢-Cindro, Toni Petrovi¢, Drago Brodnik, Matjaz Vencelj,
Steven James Bell, Lynsey Keightley, Selina Woods, Pierino De Felice,
Lynsey Cardellini, Stefan Neumaier, "MetroERM - Metrology for
radiological early warning networks in Europe", In: Zbornik radova
Jjedanaestog simpozija Hrvatskog drustva za zascitu od zracenja, Osijek,
Hrvatska 5. - 7. travnja 2017: HDZZ - CRPA: Zagreb, 2017, (Zbornik
radova ... simpozija hrvatskog drustva za zascitu od zracenja), Vanja
Radoli¢, ed., Maja Sovilj Poje, ed., Ines Krajcar Broni¢, ed., Zagreb,
Hrvatsko drustvo za zas¢itu od zracenja, 2017, 175-181.

E. A. Hodille, E. Bernard, Sabina Markelj, J. Mougenot, C. S. Becquart, R.
Bisson, C. Grisolia, "Estimation of the tritium retention in ITER tungsten
divertor target using macroscopic rate equations simulations", In: The
16th International conference on plasma-facing materials and
components for fusion applications (PFMC-16), Diisseldorf, May 2017,
Phys. scr., vol 2017, T170, 014033, 2017.

Matjaz Kavci¢, Marko Petric, Franc Gasser, Zdravko Rupnik, Bostjan
Jenci¢, Mitja Kelemen, PrimoZ Pelicon, PrimoZ Vavpeti¢, "New parallel
beam wavelength dispersive X-ray emission spectrometer at Ljubljana
microprobe”, In: Proceedings of the 15th International Conference on
Nuclear Microprobe Technology and Application, Lanzhou, 31 July- 5
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August, 2016, China, Nucl. instrum. methods phys. res., Sect. B Beam
interact. mater. atoms, 404, 81-86, 2017.

. Mitja Kelemen, AnZe Zaloznik, Primoz Vavpeti¢, PrimoZ Pelicon, A.

Hakola, Gerd Meisl, Martin Oberkofler, K. Krieger, Sebastijan Brezinsek,
Sabina Markelj, the ASDEX Upgrade Team4 and EUROfusion MST1
Team®, "Study of lateral distribution of impurities on samples exposed
in the ASDEX Upgrade using microbeam of 3He and 'H", In: The 16th
International conference on plasma-facing materials and components for
fusion applications (PFMC-16), Disseldorf, May 2017, Phys. scr., vol
2017, T170,014067,2017.

Ines Krajcar Broni¢, Borut Breznik, Benjamin Zorko, "How to estimate
the effective dose due to ingestion of 14C", In: XXIX simpozijum DZZSCG,
27-29 semtembar 2017. godine, Srebrno jezero: zbornik radova:
proceedings, Jelena Stankovi¢ Petrovi¢, ed., Gordana Panteli¢, ed.,
Beograd, Institut za nuklearne nauke, 2017, 143-151.

. Gasper Razdevsek, Benjamin Zorko, Simon Sirca, Jasmina KoZar Logar,

"Dispersion of liquid effluents from NPP in Sava River", In: Zbornik
radova jedanaestog simpozija Hrvatskog drustva za zasCitu od zracenja,
Osijek, Hrvatska 5. - 7. travnja 2017: HDZZ - CRPA: Zagreb, 2017, (Zbornik
radova ... simpozija hrvatskog drustva za zascitu od zracenja), Vanja
Radoli¢, ed., Maja Sovilj Poje, ed., Ines Krajcar Broni¢, ed., Zagreb,
Hrvatsko drustvo za zascitu od zracenja, 2017, 327-333.

. Klaus Schmid, J. Bauer, Thomas Schwarz-Selinger, Sabina Markelj, Udo

von Toussaint, A. Manhard, Wolfgang Jacob, "Recent progress in the
understanding of H transport and trapping in W", In: The 16th
International conference on plasma-facing materials and components for
fusion applications (PFMC-16), Diisseldorf, May 2017, Phys. scr., vol
2017, T170, 014037, 2017.

Primoz Vavpeti¢, Mitja Kelemen, BoStjan Jenci¢, PrimoZ Pelicon,
"Nuclear microprobe performance in high-current proton beam mode
for micro-PIXE", In: Proceedings of the 15th International Conference on
Nuclear Microprobe Technology and Application, Lanzhou, 31 July- 5
August, 2016, China, Nucl. instrum. methods phys. res., Sect. B Beam
interact. mater. atoms, 404, 69-73, 2017.

Rajko Vidrih, Anja Mahne Opati¢, Nives Ogrinc, Marijan NeCemer, Janez
Hribar, "Dolocanje geografskega porekla sadja in zelenjave", In: Zbornik
referatov 4. slovenskega sadjarskega kongresa z mednarodno udelezbo,
Krsko, 20.-21. januar 2017, Metka Hudina, ed., Ljubljana, Strokovno
sadjarsko drustvo Slovenije, 2017, 29-35.

INDEPENDENT COMPONENT PART OR A CHAPTER IN A
MONOGRAPH
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Bostjan Crni¢, "Zunanje sevanje", In: Ovrednotenje izpustov iz NEK in
primerjava z meritvami v okolju - stanje pred polnitvijo akumulacijskega
Jjeza za HE BreZice, Matjaz Stepi$nik, et al, 1. izd., Ljubljana, Institut JoZef
Stefan, 2017, 108-71-108-85.

. Mateja Kos, Ziga Smit, "Namizna posoda po angleski modi", In:

Preteklost pod mikroskopom: naravoslovne raziskave v muzeju, Mateja
Kos, et al, Ljubljana, Narodni muzej Slovenije, 2017, 84-88.

. Mateja Kos, Ziga Smit, "PrestiZno benegko steklo ali doma¢ izdelek?", In:

Preteklost pod mikroskopom: naravoslovne raziskave v muzeju, Mateja
Kos, et al, Ljubljana, Narodni muzej Slovenije, 2017, 121-126.

. Jasmina KoZar Logar, "Padavine in suhi used", In: Ovrednotenje izpustov

iz NEK in primerjava z meritvami v okolju - stanje pred polnitvijo
akumulacijskega jeza za HE BreZice, Matjaz Stepi$nik, et al, 1. izd.,
Ljubljana, Institut JoZef Stefan, 2017, 108-39-108-50.

Kristof, Jasmina Kozar Logar, "Liquid Scintillation
Spectrometry as a tool of biofuel quantification”, In: Frontiers in
bioenergy and biofuels, Eduardo Jacob-Lopes, ed., Leila Queiroz Zepka,
ed,, Rijeka, InTech, 2017, 59-70.

. Toni Petrovi¢, "Voda iz ¢rpali$¢ in vrtin", In: Ovrednotenje izpustov iz

NEK in primerjava z meritvami v okolju - stanje pred polnitvijo
akumulacijskega jeza za HE BreZice, Matjaz StepiSnik, et al, 1. izd,,
Ljubljana, Institut JoZef Stefan, 2017, 108-21-108-37.

. Peter Turk, Ziga Smit, "0d brona do medenine", In: Preteklost pod

mikroskopom: naravoslovne raziskave v muzeju, Mateja Kos, et al,
Ljubljana, Narodni muzej Slovenije, 2017, 115-120.

. Benjamin Zorko, "Radionuklidi v hrani", In: Ovrednotenje izpustov iz

NEK in primerjava z meritvami v okolju - stanje pred polnitvijo
akumulacijskega jeza za HE BreZice, Matjaz Stepi$nik, et al, 1. izd.,
Ljubljana, Institut Jozef Stefan, 2017, 108-87-108-103.
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Department of Low and Medium Energy Physics F-2

UNIVERSITY, HIGHER EDUCATION OR HIGHER MENTORING
VOCAT]ONAL EDUCATION TEXTBO()K 1. Marta Debeljak, Investigation of plant mercury and selenium metabolism
5 using various imaging techniques: doctoral dissertation, Ljubljana, 2017
1. Matjaz Zitnik, Resene naloge iz matematicne fizike I, (Zbirka izbranih (mentor Katarina Vogel-Mikus; co-mentor Johannes Teun van Elteren).
poglavij iz fizike, 54), Ljubljana, DMFA - zaloZnistvo, 2017. 2. Helena Fajfar, Analysis of glass, metal and mineral samples of cultural

heritage objects with proton meam in the air: doctoral dissertation,
Ljubljana, 2017 (mentor Ziga Smit).

3.Samo Stajner, Analysis of Roper resonance N(1440) in pion
electroproduction process p(e, e'p)n®: doctoral dissertation, Ljubljana,
2017 (mentor Simon Sirca).
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DEPARTMENT OF THIN FILMS

AND SURFACES

F-3

Themainresearchfield of the departmentisthe 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
appliedresearch, different coatings are developedfortheprotection of tools for variousproduction
processes in industry.

In the previous year we completed a set of research activities on nanostructured hard coatings, which had
lasted for several years. The nanostructured character can be induced in two ways. The first option is to use quick
substrate rotation during the deposition in order to ensure the periodic deposition of two separate layers with a
low layer thickness (of the order of a few tens of nanometers); these structures are called nanolayer coatings. A
case example of our research is the AITiN/TiN coating. The second option is to use certain deposition parameters
that cause a spontaneous phase separation during the coating growth, which in turn promotes the formation of a
nanocomposite structure. These are the nanocomposite coatings with a grain size of a few tens of nanometers. In
our case we worked on the TIAISiN-based coating, which includes nanocrystalline TiAIN grains and amorphous Si,N,.

While in the previous years these coatings were investigated from a more basic-science point of view, in the last
year the emphasis was on application. We successfully completed an applied research project
in collaboration with the Faculty of Mechanical Engineering (University of Ljubljana) and an
industrial partner (EMO Orodjarna), where the applicability of these coatings was tested in
practice. We found that by far the best performance in hard milling was when using the TiAISiN
nanocomposite coating; however, the nanolayer coating AITiN/TiN contributed only a negligible
improvement compared to the standard single-layer TiAIN coating. Part of research was made in
collaboration with foreign partners from Turkey (University of Bartin) and Serbia (University of
Novi Sad), which were oriented towards studies of the tribological properties and tests of using
these coatings for milling of nickel alloys (Inconel).

In the previous year we were also substantially engaged in the protection of tools for die
casting. With the previously mentioned partners from the University of Novi Sad we investigated
the tribological properties of CrN and TiAIN coatings for the protection of die casting components
in comparison with uncoated tools. The experiment was envisaged based on the dynamics of tool
extraction after sinking into the aluminium alloy melt. We found that the surface topography
has afar more important influence than its chemical composition; the best results were obtained
on polished coatings. In a more applied character, these results are partly implemented in the
project Gostop, which is conducted in the scope of the “Smart specialization strategy” (priority
area “Factories of the future”). Our role in this project is to develop coatings for the protection
of die casting tools. There are 6 research and 13 industrial partners in the project. Yet another
M.Sc. work is connected to die casting; in this case we analysed the wear of trimming tools for
components, produced by aluminium die casting.

The tribological analyses were also conducted at a more basic level. The friction coefficient
and related tribological properties do not depend only on the chemical composition of the
components in contact; the surface topography, surrounding atmosphere and experiment
duration also play a role. We put an emphasis on the running-in phase, i.e., the initial part of
the experiment where we evaluated the influence of the initial condition on the tribological
test performance. The coating's surface topography contains the growth defects, protrusions

Head:
Asst. Prof. Miha Cekada

Figure 1: Energy distribution of Ar and Ar* ions
in magnetron plasma (above). Time-resolved

on the spots of carbide inclusions and eventual mechanical surface post-treatment. We tested  yoq5urements of the Jloating potential (V,) and

several different combinations and found that the last-stage coating polishing step has the most  mass spectrometer signals of individual ion énergies
(below). The period of the floating potential changes
We use different vacuum techniques for the deposition of thin films. Magnetron sputtering 4% the mass spectrometer signals is the same,

however, the phase shift depends on the ion energy.

) ) . o Using these measurements we conclude that argon
used to transform the solid material (target) into the vapour phase, which in turn condenses oy ure accelerated by the electric field, which is

pronounced influence on the tribological properties.

is among the more widespread in industry and laboratories. With this technique plasma is

on the substrate surface in the form of a thin film. In the magnetron plasma there are complex  caused by the ionization zones.
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Figure 2: Cover of the book “Comprehensive Materials
Finishing’, Vol. 3 (Surface Coating Progresses),
published by Elsevier in 2017. Our co-worker Dr Peter
Panjan is the co-author of the chapter “Hard Coatings
on Cutting Tools and Surface Finish’.

magnetic and electric fields; they cause a complicated movement of the charged particles. The
consequence of such a movement is a spatially inhomogeneous plasma, which in magnetron
systems forms the so-called ionization zones. In the last few years several research groups have
tried to understand the formation mechanism and properties of these inhomogeneities. The
ionization zone shape, their number and dynamics depend a lot on the pressure, discharge
parameters and type of cathode power supply (i.e., DC or pulsed).

In the previous year our co-worker Dr Matjaz Panjan investigated the transport of ions in
magnetron plasma, which is not a fully understood process. Mass spectrometry was used; it is a
method enabling the measurement of the energy distribution of individual ions. He performed
these measurements at the Lawrence Berkeley National Laboratory in USA. The time depend-
ence of ions, coming from the plasma into the spectrometer was observed and compared to the
movement of ionization zones. The dynamics of ionization zones was evaluated by measuring
the floating potential and using a high-speed camera. The measurements showed that the
high-energy ions get their energy (several 10 V) from the electric field, which is formed by
the ionization zones. This is an important result as the high energy of sputtered atoms/ions is
crucial for the growth of dense thin films. Such films generally have superb mechanical, optical,
electrical, and other physical and chemical properties.

Looking from a broader perspective, the department was until recently using several types of
PVD processes: triode sputtering, magnetron sputtering and electron-beam evaporation. For the
deposition of coatings for our industrial partners, magnetron sputtering was predominantly used;
this process type was also used to deposit the majority of samples upon which various research
was made. However, nowadays the hard protective coating segment is dominated by the cathodic

arc evaporation technique; we came across this technique only indirectly,
via common projects with foreign partners. To overcome this drawback,
and also needed to renew our hardware used for servicing the industrial
partners, we purchased a new unit for deposition of coatings using cathodic
arc. It was constructed by the German company KCS Europe, and is based
on the technology of the Japanese company Kobe steel.

The above presented activities belong to the core activities of the depart-
ment, i.e., the research and development of hard protective coatings. To a
minor extent we are also active in other fields of the physics and chemistry
of thin films and surfaces. For the previous year we would like to emphasize
the surface topography analytics of tungsten nitride thin films, which had
been previously deposited on test tiles. They were later subjected to a plasma
in a fusion reactor. Based on a comparison of the same sample (before/
after plasma treatment) we found which places on the surface are more
prone to arcing and what kind of consequences there are on the material

Figure 3. Surface topography of tungsten test tiles afier plasma treatment - surface. This work was done within the Eurofusion project in collabora-
in a tokamak. The damage on the bare tungsten surface (left) is much tion primarily with the Max Planck Institute of Plasma Physics, Garching,

more pronounced than on the WN coating (right)

Germany. There are several other department activities worth mentioning;

 topographic evaluation of the damage during the laser ablation of surfaces, with a special emphasis on
multilayer structures (Al/Ti, AITiN/TiN)

*  deposition of multilayer Si/C structures for the study of diffusion processes

study of morphological and magnetic properties of hematite

deposition of thin films of transparent conductive materials (GITO)

This work was made in collaboration with the following research partners: Vinca Institute of Nuclear Sciences,
Belgrade, Serbia; Hungarian Academy of Sciences, Budapest, Hungary; Faculty of Electrical Engineering, Ljubljana,
Slovenia, and in a minor extent with several other institutions.

Inaddition to the above-mentioned research projects we performed several analyses for various Slovenian com-
panies: Getis, EMO Orodjarna, Hella Saturnus, Iskra mehanizmi, Kolektor Sikom, Kovinos, LTH Castings and Phos.

Some outstanding publications in the past year
1. M.Panjan, A. Anders, Plasma potential of a moving ionization zone in DC magnetron sputtering. fournal
of applied physics, 121 (2017) 6, 063302-1-063302-17
2. P.Panjan, A. Drnovsek, J. Kova¢, M. Cekada, M. Panjan, Oxidation processes in vanadium-based single-layer
and nanolayer hard coatings. Vacuum, 138 (2017), 230-237
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INTERNATIONAL PROJECTS

H2020-EUROfusion-Plasma Facing Components-1-IPH-FU, EUROFUSION
Dr. MatjaZ Panjan

European Commission

H2020 EUROfusion - Medium Size Tokamak Campaigns-MST1-FU

Dr. MatjaZ Panjan

European Commission

Microstructure, Morphology and Magnetism of Natural Hematite Crystallites and its
Geological Significance

Dr. MatjaZ Panjan

Slovenian Research Agency

Studies of Fundamental Processes in Magnetron Sputtering

Dr. MatjaZ Panjan

Slovenian Research Agency

Department of Thin Films and Surfaces F-3

RESEARCH PROGRAM

1. Thin film structures and plasma surface engineering
Asst. Prof. Miha Cekada

R & D GRANTS AND CONTRACTS

Antibacterial Nanostructured Surfaces for Biological Applications
Asst. Prof. Miha Cekada
2. Understanding plasma processes and thin film growth in High Power Impulse
Magnetron Sputtering
Dr. MatjaZ Panjan
3. Development and production of taylor made milling tools, coatings and corresponding
manufacturing technologies in individual tooling industry
Asst. Prof. Miha Cekada
4. Building blocks, tools and systems for the Factories of the Future - GOSTOP
Asst. Prof. Miha Cekada

VISITORS FROM ABROAD

1.
2.

Carsten Uder, Dirk Prinz, CemeCon AG, Wiirselen, Germany, 18.-26. 4. 2017
Marin Tadic, Vinca Institute of Nuclear Sciences, Belgrade, Serbia, 7.-18. 8. 2017

3. Jelena Petrusa, University of Zagreb, Zagreb, Croatia, 2. 10. - 31. 12. 2017

4. Dr. Rainer Cremer, Taha Hamoudi, KCS Europe GmbH, Monschau, Germany,
27.-30. 11. 2017
5. Marin Tadi¢, Vinca Institute of Nuclear Sciences, Belgrade, Serbia, 18.-22. 12. 2017

STAFF

Researchers

1. Asst. Prof. Miha Cekada, Head

2. Dr. Darinka Kek Merl, left 27.01.17

3. Dr. Peter Panjan

4. Dr. Matjaz Panjan

Postgraduates

5. Dr Aljaz Drnovsek, on leave 02.02.17
6. Nastja Mahne, B. Sc.

BIBLIOGRAPHY

Technical officers

7. Uros Stele, B. Sc.

Technical and administrative staff
8. Joizko Fiser

9. Damjan Mateli¢

10. Andrej Mohar

11. Tomaz Sirnik
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115302, 2017.
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silicon carbide-rich composite coatings produced by noble gas ion
mixing", ACS appl. mater. interfaces, 51, 9, 44892-44899, 2017.

17. Gavrilo Sekularac, Milica Kogevi¢ G., Aleksandar Dekanski, Veljko boki¢,
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2017.
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of Kragujevac, Faculty of engineering, Serbian Tribology Society, 2017,

275-280.

4. Aleksandar Mileti¢, Peter Panjan, Pal Terek, Lazar Kovacevi¢, Dragan
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1. Aljaz Drnovsek, The influence of atmosphere and surface topography of
PVD hard coatings on their tribological properties: doctoral dissertation,
Ljubljana, 2017 (mentor Miha Cekada).
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Theresearchprogramis 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 for sustaining an ultra-
high-vacuum environment, vacuum optoelectronics, and basic research in the field of surface and
thin-film characterization by electron and ion spectroscopy techniques.

The advanced plasma reactors available in our labs as well as at our partners in Slovenia and abroad were
used for tailoring the surface properties of solid and liquid materials. The surfaces and thin films were character-
ized by various complementary techniques, which allow us to understand the complex mechanisms involved
in plasma-surface interactions. The analytical equipment for the surface and thin-film analyses was upgraded
with two important innovations. First, there was an Auger electron spectrometer, model JAMP 7830F, produced
by Jeol company. This instrument replaced a 40 years old Auger electron spectrometer, model SAM 545A, which
remained operable until the new instrument was commissioned. The recently installed Auger JAMP 7830F
instrument is a combination of a field-emission electron microscope with a high lateral resolution and an Auger
electron spectrometer. The instrument operates in ultra-high vacuum and allows us to analyse accurately the
composition of surfaces, thin films and nanostructures within a region of a few nm. Sputtering with an argon-ion
gun allows for the removal of the surface layer and thus depth profiling

Head:
Prof. Miran Mozetic

up to a depth of around 1 micrometre.

Another important improvement in our analytical equipment was
the upgrade of the ToF SIMS ION-TOF5 instrument, an advanced mass
spectrometer for the precise surface characterization or organic and
inorganic materials. This instrument was upgraded with a new sputter

The analytical equipment for surface and thin-
film analyses was upgraded with two important
additions, an Auger electron spectrometer and
an ion gun for the ToF-SIMS spectrometer.

ion gun, model DCS, produced by the ION TOF company, which allows
for high-precision analyses of thin films of thicknesses between a few
nanometres and a few micrometres. A new ion gun performs the bom-
bardment of the sample surface with either Ar’, 0, or Cs* ion beams at
low kinetic energies (from 0.5 to 2 keV) and high sputtering rates up to 1
nm/s. Such performances are the consequence of highly focused beams.
In this way a controlled removal of the surface layers can be obtained.
The simultaneous mass analysis of emitted secondary ions from asample
surface allows us to measure the depth distribution of the elements in
thin films and multilayer structures. Such depth profiles can be measured
with a very high depth resolution (a few nm) and high sensitivity for the
detection of elements, even in the ppm region. Both new instruments
in our laboratory will also make possible advanced studies of diffusion
phenomena in thin solid films, atomic transport through internal inter-
faces of multilayer structures and analyses of the depth distribution of
elements, dopants and impurities. Thanks to these two recent upgrades of
our analytical equipment we will continue and extend our decades-long
tradition in high-quality surface and thin-film analyses.
Photo-catalysts offer several promising applications, such as hy-
drogen evolution via water splitting, CO, reduction and the removal of
organic pollutants from water. Due to its high photocatalytic activity
and chemical stability, low cost, water insolubility and nontoxicity, TiO,
has been widely applied, studied and identified as the best photocatalyst
for the decomposition of pollutants present in an aqueous medium. The

Figure 1: Auger electron spectrometer installed in 2017 enables the

drawbacks of TiO, are a wide band-gap energy and fast electron-hole precise analyses of surfaces, thin films and nanostructures with depth
recombination. Many different attempts have been tested to overcome  and lateral resolutions of a few nm and about 20 nm, respectively.
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Figure 2: High-quality SIMS analysis can be recognized by sharp

54

interfaces between layers in a multilayer structure of 30 layers of Ti(15
nm )/ Zv( 15 nm.) on Si substrate.

the drawbacks of TiO,, such as doping Ti0, with other metal or non-metal
elements or coupling with different semiconductors. Modifying Ti0, with
carbon materials, like carbon nanotubes and graphene, has attracted a
lot of attention due to an exceptionally high electron mobility in carbon.
In collaboration with National Institute of Chemistry from Ljubljana we
performed a study on photo-catalysis from composite materials of Ti0,
nanorods and reduced graphene oxide (rGO) with nominal loadings of
GO from 4 to 20 wt. %. The composites were prepared by hydrothermal
synthesis. We investigated in detail how the increasing amount of rGO
influences the structural and electrical properties, and how this manifests
itself in the photocatalytic activity. Our group performed precise XPS
analyses of the chemical composition, chemical bonding and electronic
structure of the composite materials. In this way we found that the charge
separation in Ti0,+1GO composites is related to a perfect matching of
Ti0,and rGO valence band maxima. As a consequence, the electron-hole
recombination in composites was slower, resulting in more electrons and
holes being able to participate in the photocatalytic reaction. Degradation
rates of pollutants in water in photocatalytic experiments correlated well
with the XPS and other results.

The graphene decorated with catalytic nanoparticles represents an
attractive material for electro-catalysis, providing it is oriented vertically
onasubstrate so that the effective surface area becomes enormous. With
our colleagues from the National Institute of Chemistry we investigated
the possibility of using carbon nanowalls (CNWs) for increasing the stabil-

ity of electrodeposited nanocatalysts, which is a major task for future industrial applications. The most common
degradation mechanism is the loss of active surface area due to nanoparticle growth via coalescence/agglomera-
tion. We proposed a particle confinement strategy via carbon nanowall deposition to overcome the degradation of
the catalyst’s nanoparticles. With a CNW-modified electrode a much better stability was obtained compared to the
non-modified electrode. IL-SEM images before and after 15,000 ageing cycles confirmed the superior stability of
the CNW-protected Ag nanocatalyst exhibiting no agglomeration or coalescence. The graphene structure acts as
abarrier for particle migration and cluster formation. This strategy can be considered as a general way to prevent
coalescence/agglomeration of metallic nanoparticles for any electrochemical reaction and other applications
beside electro-catalysis and thus increase the long-term stability of nanoparticles.

Since one of the greatest challenges in the commercialization of graphene and its derivatives is the production

Figure 3: SEM images of Ag nanoparticles on a CNW electrode obtained with
different detectors before degradation cycles (A-E). (F)- after 15,000 cycles.

of high-quality material in bulk quantities at low price and in a repro-
ducible manner, we were also closely collaborating with the University
of Lisbon on this topic. The main focus area was the synthesis of pure
graphene and carbon nanowalls. Our results demonstrated that a micro-
wave plasma-enabled synthesis exhibits a great potential for a scalable
route that would enable the continuous, large-scale fabrication of free-
standing graphene and nitrogen-doped graphene sheets. The method’s
crucial advantage relies on harnessing unique plasma mechanisms to
control the material and energy fluxes of the main building units on the
atomic scale. By tailoring the high-energy density plasma environment,
a controllable selective synthesis of high-quality graphene sheets at 2
mg/min yield with prescribed structural qualities was achieved. The
method demonstrated the great promise for the large-scale fabrication
of graphene and its derivatives, and is a cost-effective alternative to the
presently used chemical methods. A fruitful collaboration on this topic
resulted in a successful EU Horizon 2020 FET-Open project “Pegasus”.
Titanium is commonly used for body implants, and can be coated
with a nanostructured oxide film to improve its properties. A novel ap-
proach for the modification of titanium alloys used for vascular implants
(stents) was studied. It is well known that the biological response of a
stent is still far from optimal, mainly due to restenosis. Currently, the
restenosis presents the main drawback on all metal stents, as it occurs
in more than 33% of the cases. Stents can be divided on bare metal stents
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(BMS) and drug-eluting stents (DES). With DES the problems of allergenic
reactions as well as the risks of restenosis are lowered, as DES release
anti cell-proliferative, immunosuppressive or anti-thrombogenic drugs,
which inhibit the proliferation of smooth muscle cells and reduce throm-
bus formation. However, it was shown that DES also inhibits normal
endothelium growth, which potentially leads to thrombosis. Thus the
aim of our work was to alter the surface properties of stents in order to
reduce platelet adhesion and at the same time improve the endothelial
cell proliferation without the need to use drug-eluting coatings. The stents
were coated with titanium oxide nanotubes. By altering the conditions of
electrochemical anodization, nanotubes of different diameter and length
were fabricated. The as-deposited coating was further treated with an
oxygen plasma in order to obtain super-hydrophilic surface finish, which
significantly influenced the proliferation of endothelial cells (HCAEC).
Furthermore, a significant decrease in the activation and adhesion of
platelets was observed on these surfaces, which reduces the possibilities Figure 4 Titanium oxide nanotubes of diameter 100 nm, as observed by
for undesired thrombotic reactions. Due to the applicability of our results,  atomic force microscopy (AFM).
the innovative approach was protected by filing a patent application. A
contract for collaboration with the Swiss company Rontis, one of the
leading producers of vascular stents, was signed.

Low-pressure gaseous plasma can also be used for modifying the
surfaces of biomedical materials made from polymers. While the best anti-
thrombogenic material is a coating made from heparin, such coatings are

d1ff1cu1.t toapply pecagse they are quickly removed in a real env1ronmept, Figure 5: Fluorescent images of endofhelial cells (HCAEC) on a T foil
so we just functionalized the polyethylene terephthalate surface with (left), as synihesized Ti0, nanotubes (middle) and plasma treated Ti0,
sulfonate groups in order to mimic heparin. We used inductively coupled  nanotubes.

plasma in mixtures of SO, and 0,. X-ray photoelectron spectroscopy and
atomic force microscopy showed weak functionalization of the samples’
surfaces with sulphur-containing groups and revealed the highly altered
morphology of plasma-treated samples. The samples were then incubated
with human umbilical vein endothelial cells (HUVECs) and various
biological tests were performed. The biocompatibility demonstrated a
well-pronounced maximum versus gas composition, which correlated
well with the development of the surface morphology. The best prolif-
eration was observed in the case of nearly the same amounts of both
mentioned gasses what was explained by the formation of -30 radicals
on the surface of the polyethylene terephthalate - similar to the groups
in heparin. Such a surface finish seems to be stable so the innovative
treatment with SO,/0, plasma represents an interesting alternative to
classic heparin coatings.

Atmospheric pressure plasmas, especially atmospheric pressure

plasma jets (APPJs), offer new possibilities in medical applications, such
as the treatment of cancer cells and wound treatment. Furthermore, Figure 6: SEM images of cells on PET surfuces treated in various SO, +
APPJs also proved to be useful in various fields of dentistry, including the 0, mixtures after 24 hours of incubation: (a) 100% SO,; (b) 90% SO, +
surface modifications of dental implants, adhesion of protective materials ~ 70% 0,, (¢) 60% SO, +40% 0,, (d) 10% SO, + 90% O,.
to teeth, caries treatment, endodontic treatment and tooth bleaching.
Our study was focused on the stability of the chemical surface modification of the human dental enamel and
dentine by using helium single-electrode multiple-harmonic APPJs. Modification of the enamel and dentine sur-
face was observed using contact-angle measurements and X-ray photoelectron spectroscopy. The results of this
study showed increased wettability of the enamel and dentine, increased Ca/P ratio, which was close to an ideal
ratio for the highest volume of re-mineralization, and an increased 0/C ratio, which confirmed the oxidation of
transparent organic matrix in the enamel - one of the major processes in tooth bleaching,

Use of atmospheric pressure plasmas was also extended to other areas of biomedical research. We explored
atmospheric pressure plasma depositions of antibacterial coatings, the treatment of model wounds, decontami-
nation of natural toxins and the selective deactivation of cancer cells. Biomedical applications of plasma require
its efficacy for specific purposes, whereas its safety is equally important. These safety aspects of cold plasma
with simple atmospheric pressure plasma jet produced with helium gas were evaluated in skin damage on a

Annual Report 2017 55



o0
3:. Jozef Stefan Institute

mouse, for different durations of exposure and gas-flow rates. The extent of skin damage was
systematically evaluated using a stereomicroscope, labelling with fluorescent dyes, histology,
infrared imaging and optical emission spectroscopy. The analyses revealed early and late
skin damages as a consequence of plasma treatment, and were attributed to the direct and
indirect effects of plasma. The results indicate that direct skin damage progresses with longer
treatment times and increasing gas flow rates. With increasing flow rates, the temperature
of the treated skin increases and so do the reactive oxygen and nitrogen species (RONSs). The
direct effects depended on plasma parameters, whereas the secondary effects were rather
independent of the discharge parameters and related to the diffusion of RONS. Thermal effects
and skin heating were related to plasma coupling and were separated from the effects of RONS.
It was demonstrated that a cumulative treatment with a helium plasma jet could lead to the
skin damage. Our results provide guidance for researchers working on atmospheric pressure
plasma jets for skin treatments worldwide.

Atmospheric pressure plasma was also used as a tool for the removal of mycotoxins,
which are secondary metabolites produced by several filamentous fungi. These toxins fre-
quently contaminate our food, and can result in human diseases affecting vital systems such
as the nervous and immune systems. Intensive food production is contributing to the incor-
rect handling, transport and storage of the food, resulting in increased levels of mycotoxin
contamination. Mycotoxins are structurally very diverse molecules necessitating versatile

Figure 7: Cover image of Applied Physics Reviews food-decontamination approaches, which are grouped into physical, chemical and biological
with our illustration. techniques. Our new and promising approach demonstrated a high mycotoxin destruction
efficiency as compared to classic techniques.

Similarly, we used plasma treatment as an alternative therapy for bone cancer, either primary or metastatic.
The classic treatments are difficult to implement and not always effective. An alternative therapy could be cold
plasma generated at atmospheric pressure, which has already demonstrated selective anti-tumour action in a
number of carcinomas and in rather rare brain tumours. An atmospheric pressure plasma jet was employed to
validate its selectivity towards osteosarcoma cells versus human mesenchymal stem cells. Effects on cells dur-
ing the direct interaction of plasma jet with cells were compared with indirect interaction when only the liquid
medium was treated and subsequently added to the cells. The delayed effects led to 100% bone cancer cell death
through apoptosis stages, while healthy cells remained almost fully viable and unaffected by the treatment. The

high efficiency of the indirect treatment indicates that an important role
is played by the RONS in the gaseous plasma, which are transmitted into
the liquid phase, which in turn led to lethal and selective action towards
osteosarcoma cells. These initial findings might open another pathway
for the treatment of metastatic bone disease with a minimal invasive
approach.

In recent years we occasionally participated in fusion experiments
in the two European tokamaks: JET and ASDEX-U. JET (Joint European
Torus) is currently the biggest operating fusion reactor in the world,
located in the Culham Centre for Fusion Energy in Oxfordshire, UK.
ASDEX-U is a divertor tokamak located in the Max-Planck-Institut fiir
Plasmaphysik, Garching, and itis Germany’s second largest fusion device
after the newly-built stellarator Wendelstein 7X in Greifswald. Our main
interest was the investigation of ammonia production in nitrogen-seeded
fusion-plasma discharges. The detection of ammonia with Residual
Gas Analysers (RGA), mounted either in the tokamak divertor or the

Figure 8 Average values of H/(H*+D) ratios from the sub-divertor mid-plane, was impeded by the presence of water and methane, which,
Penning gauge, H-alpha divertor spectroscopy and RGA hydrogen as well  in a mixed hydrogen-deuterium system, leave signatures in the same
as methane signals in JET discharges. range of the mass spectra. We suggested a new statistical model and

fitting procedure, and applied it successfully to experimental data from
nitrogen-seeded campaigns at ASDEX-U and JET. Our novel method of RGA spectra analysis was also used for the
evaluation of the hydrogen isotope content at both tokamaks.

Tritium retention studies in future nuclear fusion reactors represent an important activity as maximum
tolerated absorbed tritium dose determines the reactor’s lifetime. To avoid risky experiments with radioactive
tritium, many experiments are performed using hydrogen or deuterium instead. To compensate for the lower
detection capability of these two hydrogen isotopes, all contributions which influence the accuracy of the results
should be well recognized. In our very precise measurements of hydrogen permeation through impermeable
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membranes or in Thermal Desorption Spectroscopy (TDS) experiments, we determined hydrogen/deuterium
absorption within oxide layers of an ultra-high-vacuum system. Pressure measurements were performed by
non-ionizing gauges as we had to eliminate unacceptably high influence of positively charged gaseous ions.
We performed hydrogen exposures at conditions that simulated true conditions in fusion reactors. Results were
applied in fusion-related studies of mixed Be/W layers with oxygen and carbon. Namely, the formation of Be/W
layers during plasma operation is evident from JET experiments and the retention of tritium in these layers should
be predictable. Unfortunately, mixed Be/W layers in a real device will also contain oxygen and carbon, which
further increases the number of chemical states for hydrogen retention. Several samples of mixed layers on pure
tungsten substrates were investigated by TDS cycles performed up to 700°C.

Some outstanding publications in the past three years

1. Zerjav, G., et al., Improved electron-hole separation and migration in anatase Ti0, nanorod/reduced
graphene oxide composites and their influence on photocatalytic performance. Nanoscale, 2017, 9(13):
p. 4578-4592.

2. Vanrenterghem, B., et al., Increase of electrodeposited catalyst stability via plasma grown vertically
oriented graphene nanoparticle movement restriction. Chemical Communications, 2017, 53(67): p.
9340-9343.

3. Tatarova, E., et al. Towards large-scale in free-standing graphene and N-graphene sheets. Scientific
reports, 2017, 7: p. 10175-1-10175-15.

4. Recek, N, et al., Cell Proliferation on Polyethylene Terephthalate Treated in Plasma Created in S0,/0,
Mixtures. Polymers, 2017.9(3): p. 82.

5. Santak, V. etal., Surface Treatment of Human Hard Dental Tissues with Atmospheric Pressure Plasma
Jet. Plasma Chemistry and Plasma Processing, 2017. 37(2): p. 401-413.

6. Hojnik, N, etal., Mycotoxin decontamination of food: cold atmospheric pressure plasma versus “classic”
decontamination. Toxins 2017, 9(5): p. 151-1-151-19,

7. Canal,C. etal, Plasma-induced selectivity in bone cancer cells death. Free Radical Biology & Medicine,
2017, 110: p. 72-80

8. Baranov, 0., etal, Plasmaunder control: advanced solutions and perspectives for plasma flux manage-
ment in material treatment and nano-synthesis. Applied physics reviews, 2017, 4. p. 041302-1-041302-33

9. Drenik, A, etal,, Detection of ammonia by residual gas analysis in AUG and JET. Fusion Engineering
and Design, 2017, 124: p. 239-243.

10.  Nemanic, V., et al., Hydrogen interactions with oxidized austenitic stainless steel. Journal of vacuum
science & technology. A, 2017, 35(2): p. 2017/35-1-2017/35-6.

Patent granted

1. Maridn Lehocky, Petr Stloukal, Vladimir Sedlarik, Petr Humpolicek, Alenka Vesel, Miran Mozeti¢, Rok
Zaplotnik, Gregor Primc, Dana Kreizlovd, Zafizeni pro generovan{ UV zdfeni a zplisob generovan{
tohoto zdfeni, CZ306584 (B6), Uad Primyslového Vlastnictvi, 15. 03. 2017.

INTERNATIONAL PROJECTS

COST TD1208; Electrical Discharges with Liquids for Future Applications; COST Prof. Miran Mozeti¢
Training School on Liquid Discharges European Commission
Prof. Uro§ Cvelbar 8. H2020 EUROfusion - Medium Size Tokamak Campaigns-MST1-FU
Cost Office Asst. Prof. Rok Zaplotnik
2. NATO Grant; SPS 984555; Atmospheric Pressure Plasma Jet for Neutralisation of CBW European Commission
Prof. Uro§ Cvelbar 9. Sniffing for Carcinogenic Substances - Research for Toxic Gas Molecule Sensing with
Nato - North Atlantic Treaty Organisation Networks of Carbon Nanowalls
3. COST CA15114; Anti-Microbal Coating Innovations to prevent Infectious Diseases Prof. Uro§ Cvelbar
(AMICI) Slovenian Research Agency
Prof. Uro§ Cvelbar 10. Biocompatible Nanostructured Tetragonal Zirconium Oxide Thin Films with Alternative
Cost Office Stabilization Dopants
4. COST TD1305; Improved Protection of Medical Devices Against Infection (IPROMEDAI) Prof. Miran Mozeti¢
Dr. Martina Modic Slovenian Research Agency
Cost Office 11. Innovative Method for Synthesis of Thin Absorption Films for Photovoltaics
5. H2020 - PEGASUS; Plasma Enabled and Graphene Allowed Synthesis of Unique nano Asst. Prof. Alenka Vesel
Structures Slovenian Research Agency
Prof. Uro§ Cvelbar 12. Sterilization of Heat-sensitive Materials with Innovative Plasma Source of UV Radiation
European Commission Prof. Miran Mozeti¢
6. H2020-EUROfusion-Plasma Facing Components-1-IPH-FU, EUROFUSION Slovenian Research Agency
Asst. Prof. Rok Zaplotnik 13. Dust in Plasmas (DIP)
European Commission Prof. Miran Mozeti¢
7. H2020 EUROfusion - Education-ED-FU Slovenian Research Agency
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14. Making Luminescent C-dots and GQDs Based on Atmospheric Pressure Microplasma-
Liquid Interaction
Prof. Uro§ Cvelbar
Slovenian Research Agency
15. Quantitative Depth Profiling of Ultra-Thin Films
Asst. Prof. Janez Kovac
Slovenian Research Agency
16. Catalytic Activity of Nanomaterials for Elimination of Sulfur
Prof. Uro§ Cvelbar
Slovenian Research Agency
17. Determination of Neutral-Atom Densities in Large Plasma Reactors
Prof. Miran Mozeti¢
Slovenian Research Agency
18. Plasma Assisted-Deposition of Antibacterial Coatings and their Testing
Dr. Martina Modic
Slovenian Research Agency
19. Plasma-Assisted Design of Multifunctional Carbon Nanowalls Bio-Sensor
Prof. Uro§ Cvelbar
Slovenian Research Agency
20. Membership Chair of ECS - Division Dielectric Science and Technology Electrochemical
Society
Prof. Uro§ Cvelbar
Slovenian Research Agency
. Innovative Coatings for Bare Metallic Vascular Stents for Reduction of Restenosis and
Acceleration of Natural Endothelization
Prof. Miran Mozeti¢
Slovenian Research Agency
22. Consequences of electron emission from hot plasma-facing components in nuclear
fusion reactors
Prof. Miran Mozeti¢
Slovenian Research Agency

2

—

RESEARCH PROGRAMS

Vacuum technique and materials for electronics
Dr. Vincenc Nemani¢

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

R & D GRANTS AND CONTRACTS

1. Nanoscale engineering of the contract interfaces for green lubrication technology
Asst. Prof. Janez Kovac

2. Multifunctional electrospunned nanofibers development and dynamic interaction
studies with pathogen bacteria
Prof. Miran Mozeti¢

3. Understanding plasma processes and thin film growth in High Power Impulse
Magnetron Sputtering
Prof. Uro§ Cvelbar

4. Plasma-assisted wound treatment and topical introduction of molecules
Prof. Uro§ Cvelbar

5. New generation of superior creep resistant steels with nanoparticles modified
microstructure
Prof. Uro§ Cvelbar

6. Interaction between fully dissociated moderately ionized ammonia plasma and glass-
fiber reinforced polymers
Prof. Miran Mozeti¢

7. Nanostructures and related composites for detection of hazardous gaseous molecules
Prof. Uro§ Cvelbar

8. Functionalization of polymer cardiovascular implants for optimal hemocompatibility
Asst. Prof. Alenka Vesel

9. Advanced hydrodesulphurisation with catalyst nanomaterials
Prof. Uro§ Cvelbar

10. Advanced hemocompatible surfaces of vascular stents
Dr. Ita Junkar

11. Evaluation of the range of plasma parameters suitable for nanostructuring of polymers
on industrial scale
Prof. Miran Mozeti¢

12. Selective plasma oxidation of FeCrAl alloys for extended-lifetime of glow plugs for diesel
engines
Asst. Prof. Janez Kova¢

13. Food for future - F4F
Asst. Prof. Alenka Vesel

14. Potential of biomass for development of advanced materials and bio-based products
Dr. Ita Junkar

15. Building blocks, tools and systems for the Factories of the Future - GOSTOP
Prof. Miran Mozeti¢

16. Strategic Research & Innovation Partnership Factories of the Future (SRIP FoF)
Prof. Miran Mozeti¢

17. Development of nanostructured biosensors for diagnosis/treatment of cancer and
surfaces with antibacterial
Prof. Miran Mozeti¢

18. Novel type of antibacterial coatings on textile materials and plastics with controllable
release of antibacterial agent
Prof. Uro§ Cvelbar

19. Hydrogen Permeation Measurements on PVD-Coated Eurofer
Dr. Vincenc Nemani¢

20. Tof-SIMS surface spectrometry
Asst. Prof. Janez Kova¢

VISITORS FROM ABROAD

Prof Dr Reinhard H. Schwarz, Institut Superior Tecnico, Lisbon, Portugal,
12-13 January 2017

2. Dr Danijela Vujosevic, Institute for Public Health of Montenegro, Podgorica,
Montenegro, 19-22 January 2017

3. Dr Tomislava Vukusic, Faculty of food technology and biotechnology, Zagreb, Croatia,
23-28 January 2017

4. Dr Marian Lehocky, Tomas Bata University, Zlin, Czech Republic, 3-4 March 2017

5. Dr Christian Nobauer, Technical University of Vienna, Vienna, Austria, 3-5 May 2017

6. Prof Dr Christoph Eisenmenger-Sitter, Technical University of Vienna, Vienna, Austria,
14-17 May 2017

7. Dr Christian Nobauer, Technical University of Wien, Wien, Austria, 14-17 May 2017

8. Prof Dr Masaru Hori, University of Nagoya, Nagoya, Japan, 5-9 July 2017

9. DrKenji Ishikawa, University of Nagoya, Nagoya, Japan, 6-8 July 2017

10. Dr Petr Humpolicek, Tomas Bata University, Zlin, Czech Republic, 14-18 August 2017

11. Dr James Walsh, University of Liverpool, Liverpool, UK, 31 August-13 September 2017

12. Dr Danijela Vujosevic, Institute for Public Health of Montenegro, Podgorica,
Montenegro, 13-15 October 2017

13. Andreas Pelster, ION-TOF, Miinster, Germany, 16-20 October 2017

14. Dr Oleg Baranov, National Aerospace University, Kharkiv, Ukraine, 4-31 December 2017

STAFF

Researchers

Prof. Uro§ Cvelbar

Dr. Aleksander Drenik, on leave 01.03.16
Dr. Ita Junkar

Asst. Prof. Janez Kovac
Prof. Miran Mozetic, Head
Dr. Vincenc Nemanic¢

Asst. Prof. Alenka Vesel
Asst. Prof. Rok Zaplotnik
Postdoctoral associates

9. Dr. Metka Bencina

10. Dr. Gregor Filipi¢

11. Dr. Martina Modic

R N

12. Dr. Gregor Primc

13. Dr. Nina Recek
Postgraduates

14. Natasa Hojnik, B. Sc.

15. Matej Holc, B. Sc.

16. Matic Resnik, B. Sc.

17. Marko Zumer, B. Sc.
Technical officer

18. Tatjana Filipic, B. Sc.
Technical and administrative staff
19. Tinkara Bezovsek, B. Sc.
20. Ur$ka Kisovec, B. Sc.

21. Janez Trtnik
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DEPARTMENT OF SOLID STATE
PHYSIGS

F-5

Our research program focuses 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
on one side 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
andis animportant condition for the discovery and development of new multifunctional materials,
nanomaterials and biomaterials for new applications. An important 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 micro-spectroscopy, 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 Musevic

e One-(1d) and two-dimensional (2d) nuclear magnetic resonance (nmr) and relaxation, as well as quad-
rupole (nqr) resonance and relaxation,

e Multi-frequency nmr in superconducting magnets of 2t, 6t and 9t, as well as the dispersion of the spin-lat-
tice relaxation time t, via field cycling,

e Nuclear double resonance and quadrupole double resonance such as 7o-h and "n-h,

o Fastfield cycling NMR relaxometry,

e Frequency-dependent electron paramagnetic resonance (epr) and 1d and 2d pulsed epr and relaxation,

e MRimaging and micro-imaging,

e Measurement of the electronic transport properties,

e Magnetic measurements,

e Fluorescence microscopy and micro-spectroscopy,

*  Linear and non-linear dielectric spectroscopy in the range 10 Hz to 10° Hz,

»  Electron microscopy and scanning tunnelling microscopy,

e 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 the 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
2017, the research was performed within three research programs:

e Magnetic resonance and dielectric spectroscopy of smart new materials

Physics of Soft Matter, Surfaces and Nanostructures

e Experimental Biophysics of Complex Systems

I Program group “Magnetic resonance and dielectric spectroscopy of smart new materials”

The research of the program group “Magnetic resonance and dielectric spectroscopy of smart new materials”
focused on the study of physical phenomena in condensed matter at the atomic and molecular levels. The purpose
of the investigations was to discover the basic laws of physics governing the behaviour of the investigated systems.
The attained knowledge provides the key to understanding the microscopic and macroscopic properties of various
types of solids and is an important condition for the discovery and development of new multifunctional materials
and nanomaterials for novel technological applications.

In our research, we used the following experimental techniques:

*  Nuclear magnetic resonance (NMR), electron paramagnetic resonance (EPR) and nuclear quadrupole
resonance (NQR),
*  Nuclear double resonance "0-H and “N-H,
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o Fastfield cycling NMR relaxometry,

Linear and non-linear dielectric spectroscopy in the range 10? Hz to 10° Hz,

*  Frequency-dependent ac calorimetry,

e Measurement of electrical and thermal transport coefficients,

e Magnetic measurements.

The research program was performed in close collaboration with the 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 2017, members of the program group published 42 original scientific papers in international peer-reviewed

scientific journals. Among these, one paper was published in Nazure

The research group has discovered new 05ty IF = 25.9, one in Nature Physics IF = 22.1, one in ACS Nano IF

quantum spin order in quantum spin liquids and = 13.9, and two in Physical. Review Leter. IF = 8.5.
the first magnetic superconductor for potential The investigations were focused on the following research fields:
use in spintronics and quantum computing.
It has developed new electronic elements for Quantum magnetism
printed electronics, discovered a new material Martin KlanjSek, Andrej Zorko and Denis Arcon, in collaboration with

with a giant electrocaloric effect for the  ogerchers from Slovenia and the UK, experimentally studied the spin
development of refrigerators of a new generation jynamics of the layered material 1T-TaS . As each layer of the material in
and found a new catalyst material based on ¢ charge-density wave state below 210 K exhibits a frustrated, triangular
titanate nanotubes for aldol condensation. |yice of magnetic spins, it has been descibed as a possible platform for

Figure 1: Low-lemperature spin state of 1T-Tas, with
the arrangement of the ‘Star-of-David” spin singlets
(red shaded areas) in a spatially random manner.
This state still exhibits a gapless behaviour for the
low-energy spin excitations (blue arrows ).

Figure 2: lllustration of the spinon-pairing instability
observed in the kagome antiferromagnet Zn-
brochantite. The process is a magnetic analoque of
Cooper pairing in superconductors.

the realization of the enigmatic quantum spin-liquid (QSL) state for the
past 40 years. To confirm this prediction, the authors conducted nuclear quadrupole resonance
and muon-spin-relaxation experiments, which indeed revealed that the spins show gapless QSL
dynamics and no long-range magnetic order, at least down to 70 mK. Canonical 7* power-law
temperature dependence of the spin relaxation dynamics characteristic of a QSLis observed down
to 55 K. Below this temperature, a new gapless state is observed, signifying a new quantum spin
order emerging from the QSL. The discovery was published in M. Klanjsek, A. Zorko, R. Zitko, ].
Mravlje, Z. Jaglici¢, P. Kumar Biswas, P. Prelovsek, D, Mihailovic, D. Arcon. A high-temperature
quantum spin liquid with polaron spins. Nature Physics 13 (2017), 1130.

Matjaz Gomilek, Martin KlanjSek, Matej Pregelj and Andrej Zorko, in collaboration with
partners from China and France, discovered instability in an enigmatic quantum spin liquid
with a spinon Fermi surface. They showed that its magnetic excitation (spinons), which are
equivalents of electrons with spin but no charge, form pairs in a magnetic field. This process is
analogous to the formation of Cooper pairs in superconductors. The discovery of a “magnetic
superconductor” could be important in the fields of spintronics and quantum computing and
was published in M. Gomilsek, M. Klanjsek, R. Zitko, M. Pregelj, F. Bert, P. Mendels, Y. Li, Q. M.
Zhang, A. Zorko. Field-induced instability of a gapless spin liquid with a spinon fermi surface.
Physical Review Letters 119 (2017), 137205.

Matej Pregelj, Andrej Zorko, and Denis Arcon, in collaboration with partners from Germany,
Russia and Switzerland, explored the thermodynamic properties of the layered compound
CuNCN using heat-capacity measurements and investigated the corresponding thermal atomic
motions by means of neutron scattering. They complemented the experiments using a combi-
nation of density-functional calculations, phonon analysis and analytic theory. In this way they
established the existence of a soft flexural mode - bending of the layers, characteristic for the
material structure - that reflects in the phonon spectrum of CuNCN by giving characteristic
temperature-dependent contributions to the heat capacity and atomic displacement parameters.
The agreement with the neutron data allowed them to extract a residual - on top of the lattice
- presumably spinon contribution to the heat capacity, speaking in favour of the spin-liquid
picture of the electronic phases of CuNCN. Their discovery was published in A. L. Tchougréeff1,

R. P. Stoffel, A. Houben, P. Jacobs, R. Dronskowski, M. Pregelj, A. Zorko, D. Arcon, 0. Zaharko. Atomic motions in
the layered copper pseudo-chalcogenide CuNCN indicative of a quantum spin-liquid scenario. Journal of Physics:
Condensed Matter 29 (2017), 235701.

Andrej Zorko and MatjaZ Gomilsek, in collaboration with partners from Croatia, USA and France, employed a
combination of complementary torque magnetometry and electron spin resonance techniques to investigate single
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crystals of herbertsmithite, the closest realization to date of a quantum kagome antiferromagnet featuring a spin-
liquid ground state. Their discovery of a magnetic response that contradicts the threefold symmetry of the ideal
kagome lattice was shown to originate from a global structural distortion that might be related
to the establishment of a spin-liquid ground state. These results were published in A. Zorko, M.
Herak, M. Gomilsek, J. van Tol, M. Velazquez, P. Khuntia, F. Bert, P. Mendels. Symmetry reduction
in the quantum kagome antiferromagnet herbertsmithite. Piysical Review Letters 118 (2017),
017202. Andrej Zorko collaborated with researchers from Croatia, France and USA on a synthesis
and characterization of a novel hetero-tetranuclear compound [ Cr,(bpy),(u-0),Nb,(C,0,),]-3H,0
(bpy=2,2"bipyridine). It was found that it consists of a square-shaped macrocyclic {Cr,(1-0) Nb, }
core in which Cr' and Nb" ions are alternately bridged by oxo ions and three uncoordinated
water molecules. The resulting magnetic structure corresponds to weakly interacting chromium
dimers. The results were published in M. Juri¢, L. Andro$ Dubraja, D. Pajic, F. Tori¢, A. Zorko,
A. Ozarowski, V. Despoja, W. Lafargue-Dit-Hauret, X. Rocquefelte. Experimental and Theoretical
Investigation of the Anti-Ferromagnetic Coupling of Cr,, Tons through Diamagnetic —0-Nb*—0—
Bridges. Inorganic Chemistry 56 (2017), 6879.
Figure 3: The crystal structure of CuNCN with Cu
Magnetism of the CoCrFeNiZr_eutectic high-entropy alloys in dark-orange, C in black and N in green. The
We have investigated the magnetism of CoCrFeNiZr_(x = 0.4-0.5) eutectic high-entropy ZW/{W”SP arent sutface is a guide for the aye o
. ! L2 N - I ighlight the layered structure of the material. T
alloys (HEAs) in relation to their microstructure by XRD, SEM, magnetization, specific heat and pointeigenvectors of the flexural vibration mode are
electrical resistivity measurements. Two structural phases develop in the CoCrFeNiZr HEAS, a  depicted using arrows. These eigenvectors are clearly
Zr-free fec solid solution and a Zr-containing C15 Laves-phase intermetallic compound (Fig. 4), ~ dominated by the rotations of the NCN*~ moieties
where in both phases the magnetic transition elements Co, Cr, Fe and Ni substitute each other ~ @7ound the a axis, accompanied by the parallel
in a random-like manner. Two magnetic structures coexist in the CoCrFeNiZr HEAs. The first is Zotum s of the Cu aloms. C_O”m butions in the ¢
. ) . L o ivection are small and no a components are present.
adisordered ferromagnetic (FM) phase that develops in the interior of large dendrites of the fcc
solid solution and in some larger lamellas of this phase. The second phase is superparamagnetic-
like and originates from the remaining spins of the fcc solid-solution fraction, located at the
surfaces and in the interfaces, and from all spins of the C15 Laves-phase fraction. The magnet-
ism of multi-phase HEAs containing magnetic elements cannot be described as a compositional
average of the magnetic properties of the constituent phases.
The results of the study were published in S. Vrtnik, S. Guo, S. Sheikh, A. Jelen, P. KoZelj, J.
Luzar, A. Kocjan, Z. Jaglicic, A. Meden, H. Guim, H.J. Kim, J. Dolinsek. Magnetism of CoCrFeNiZrx
eutectic high-entropy alloys. Intermetallics 93 (2017), 122.

Study of nanostructured materials and materials with a large electrocaloric effect for
solid-state cooling applications:

We showed by direct measurements the existence of a large electrocaloric effect in thick-film
multilayers of PMN-10PT, as well as in bulk lead-free materials. In addition, we demonstrated
that these materials can survive many fields. The patent application, which was bought by the
company Gorenje d.d. in 2016, has been awarded an EU patent in 2017 (EP 3027980 Bl): B.
Mali¢, H. Ursi¢, M. Kosec, S. Drnovsek, J. Cilensek, Z. Kutnjak, B. Rozic, U. Flisar, A. Kitanovski,
M. O7bolt, U. Plaznik, A. Poredos, U. Tomc, J. Tusek. Method for electrocaloric energy conversion:
patent application US 2016/0187034 A17700. [S. L]: United States Patent Office, 30. 6. 2016.
The results of the study were published in Z. Kutnjak, R. Pirc. Specific heat anomaly in relaxor
ferroelectrics and dipolar glasses. Journal of Applied Physics 121 (2017), 105107. B. Asbani, Y.
Gagou, J -L. Dellis, M. Trcek, Z. Kutnjak, M. Amjoud, A. Lahmar, D. Mezzane, M. El Marssi. Lead-

free Ba Ca, ,Te Ti, 0, ferroelectric ceramics exhibiting high electrocaloric properties. fournal Figure 4 Microstructure of the CoCrFeNiZr eutectic

of Applied Physics 121 (2017), 064103. ligh-entropy alloy obtained by SEM backscattered
We also demonstrated that the gold nanoparticles can stabilize periodic defect structures,  efectrons.

studies of which were published in M. Tréek, G. Cordoyiannis, B. Rozic, V. Tzitzios, G. Nounesis,

S. Kralj, I Lelidis, E. Lacaze, H. Amenitsch, Z. Kutnjak. Twist-grain boundary phase induced by

Au nanoparticles in a chiral liquid-crystal host. Liguid Crystals 44 (2017), 1575. B. RoZi€, J. Fresnais, C. Molinaro,
J. Calixte, S. Umadevi, S. Lau-Truong, N. Felidj, T. Kraus, F. Charra, V. Dupuis, T. Hegmann, C. Fiorini-Debuisschert,
B. Gallas, E. Lacaze. Oriented gold nanorods and gold nanorod chains within smectic liquid-crystal topological
defects. ACS Nano 11 (2017), 6728.
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Figure 5: Texture of stabilized TGBA phase by gold
particles. Front schematics show nanoparticle
agglomeration in defect dislocation lines.

Figure 6: Surface -OH groups that are in a bridging
configuration are crucial for high catalytic activity.

Figure 7: The impact of the ink-substrate interactions
on the morphology and definition of the printed
pattern. The indium-zinc oxide (120) ink (prepared
by dissolving In(NO, )3 and Zn(. NO, ), in a solvent
mixture of 2-methoxyethanol and 1,3-propanediol
in a 45:55 volume ratio) spreads completely on
the bare glass due to strong interactions (left). By
implementing a PMMA layer, the interactions become
weak and the pattern breaks into individual droplets
(right). A precise adjustment of the interactions
between the ink and the substrate by a partial
decomposition of the polymeric layer enables
printingwith a high resolution (middle). The resulls
of the study were published in A. Matavz, V. Bobnar,
B. Malic. Tailoring ink-substrate interactions via
thin polymeric layers for high-resolution printing.
Langmuir 33, (2017 ), 11893.

Research of the catalytic properties of 1D titanate nanostructures

In research of the applicative properties of nanostructured materials in the field of catalysis,
Melita Sluban and Polona Umek with colleagues from the universities of Ljubljana and Bucharest
successfully catalysed aldol condensation with protonated titanate nanotubes. This is a ‘green’
alternative to the present reaction performance at the industrial level, where stoichiometric
amounts of homogeneous catalyst are used and the catalyst cannot be recycled. With proto-
nated titanate nanotubes, catalytic amounts of the material sufficed for the reaction progress,
the catalyst was reused several times and was efficient in a large-scale experiment. The study
Protonated titanate nanotubes as solid acid catalyst for aldol condensation was published
in the Journal of Catalysis 346 (2017), 161169.

Robust preparation procedure for the production of thermomechanically active
composite soft materials

The group of B. Zalar and A. ReSeti¢ has developed a robust preparation procedure for the
production of thermomechanically active composite soft materials on the basis of main-chain
liquid-crystal elastomers. By employing cryogenic planetary ball milling as well as by determining
the degree of orientational order of thermomechanically active microparticles in the polymer
matrix via deuteron quadrupole-perturbed nuclear magnetic resonance, they have achieved a
thermomechanical response of approximately 100%, an elastic modulus of the order of 1 MPa,
and a high structural homogeneity of both the prepolymerization resin and of the cross-linked
composite. This is an important step towards the application of polymer dispersed liquid-crystal
elastomers in additive manufacturing technologies.

Tailoring ink-substrate interactions via thin polymeric layers for high-resolution
printing

The surface properties of a substrate are among the most important parameters in the print-
ing technology of functional materials, determining not only the printing resolution but also the
stability of the printed features. We showed that the wetting of a substrate and, consequently,
the quality of the printed pattern can be mediated through the deposition of polymeric layers
that are a few nanometres thick. In particular, we introduced a thermal decomposition of the
poly(methyl-methacrylate) (PMMA) layer on glass substrates as a method for precisely adjust-
ing the surface properties, which is used to optimize the print quality and the resolution. The
practical applicability of this procedure was exemplified by three ink-substrate systems, which
originally exhibited poor printing performance: (i) a tantalum oxide based ink on indium tin
oxide coated glass, (ii) a ferroelectric Pb(Z1,Ti)0, ink on a platinized silicon substrate, and (iif)
asilver nanoparticle ink on an alumina substrate.

Inkjet printing of metal-oxide-based transparent thin-film capacitors

We have fabricated transparent thin-film capacitors by inkjet printing solution-based inks
onto glass substrates. The all-printed capacitors, composed of indium-zinc oxide electrodes and
tantalum oxide-based dielectric, were ~100 nm thick and showed a uniform thickness. Electrical
measurements revealed the stable performance of the capacitors at frequencies up to ~1 kHz,
while at higher frequencies the dielectric response is governed by a non-negligible resistivity of
the printed electrodes. Good dielectric performance as well as the low leakage current density
of our capacitors indicate that inkjet printing can be used to produce all-printed, high-quality
electronic elements. The results of the study were published in A. Matavz, B. Malic, V. Bobnar.
Inkjet printing of metal-oxide-based transparent thin-film capacitors. Journal of Applied Phys-
ics 122 (2017), 214102.

Development of multilayer ceramic elements for electrocaloric cooling
Electrocaloric (EC) cooling elements, composed of five 60-um-thick layers of the relaxor-

ferroelectric 0.9Pb(Mg, ,Nb, ,)0,-0.1PbTiO, ceramics with internal platinum electrodes, were

synthesized. We have shown that with careful processing of these multilayer (ML) elements, including the mecha-
nochemical synthesis of the powder, slurry formulation, tape casting, and ML fabrication, a similar EC response
(AT, values above 2 K over a broad temperature range) of the ML elements can be achieved as for state-of-the-art
bulk ceramic elements. Moreover, a study of their EC stability revealed a fatigue-less behaviour, which justifies the
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choice of relaxor multilayers as working bodies in EC cooling devices, where the material should
withstand numerous electric field cycles with high amplitudes.

Molecular dynamics of 1-ethyl-3-methylimidazolium triflate ionic liquid studied by *H
and F nuclear magnetic resonance
The molecular dynamics of an ionic liquid (IL) composed of 1-ethyl-3-methylimidazolium
cation and triflate (trifluoromethanesulfonate) anion, abbreviated as [Emim][TfO] (Fig. 5),
was studied by NMR spectroscopy. By measuring the temperature-dependent high-field ‘H
and “F spin-lattice relaxation (SLR) rates, the frequency-dependent 'H and “F SLR dispersion
curves using fast-field-cycling relaxometry and the temperature-dependent 'H and “F diffusion Figure 8: Schematic presentation of the ionic liquid
constants, and utilizing the fact that the primary NMR-active nucleus on the Emim cationis ', /Emim j/ Tf0] molecule. ’
whereas on the TfO anion it is “F, the cationic and anionic dynamics were studied separately.
A single theoretical relaxation model has successfully reproduced all the experimental data of
both types of resonant nuclei. Upon cooling, [Emim][TfO] exhibits a super-cooled liquid phase between 256 K and
the crystallization temperature 227-222 K, as also confirmed by differential scanning calorimetry (DSC) experi-
ments. The existence of the supercooled liquid region in the [Emim][TfO] IL should be taken into account when
using this IL for a specific application.
The results of the study were published in M. Wencka, T. Apih, R. Cerc Korosec, ]. Jenczyk, M. Jarek, K. Szutkowski,
S.Jurga, J. Dolinsek. Molecular dynamics of 1-ethyl-3-methylimidazolium triflate ionic liquid studied by 1H and 19F
nuclear magnetic resonance. Physical Chemistry Chemical Physics 19 (2017), 15368.

“N NQR lineshape in nanocrystals: An ab-initio investigation of urea
One of the “N NQR uses is also the identification and quantification of nitrogen-containing
molecular crystals in heterogeneous compounds, e.g., discriminating between crystalline and
amorphous structures, between polymorphs, hydrates and anhydrates, co-crystals, and others.
In the bulk, the “N NQR resonances are very narrow, less than 1 kHz wide, so the parameter of
interestis only the frequency, which is compound-and crystal structure specific. In nanocrystals
we still expect to observe the N NQR resonances, although some size effects, which would
prevent this observation, cannot be excluded. Namely, nitrogen nuclei close to the surface
experience a different environment than those in the bulk. As a result, their individual NQR
frequency will be shifted from the bulk frequency, which will eventually result in broadening or
perhaps a shift of the whole resonance. This would then limit the detection of the nanocrystals
when non-accounted for. The failure to detect some nanocrystals, e.g., smaller ones, but not the
larger ones, can have serious consequences for the interpretation of otherwise simple N NQR Figure 9: Two representative "N NOR spectra and
spectra and could undermine the reputation of NQR as being non-sensitive to the physical form ¢ corresponding size-linewidth dependence for
of the sample. This problem has become relevant for N NQR spectroscopy only recently, when  fwo nanocrystal geometries: (i) spheres (open
pharmaceutical substances, which are often nitrogen-containing molecular crystals, became ~ 0/ue circles) and (ii) cubes (open red squares).
increasingly more often prepared as nanocrystals embedded in some sort of matrix. In order to The representative spectra are cal culated for a
i o . o . o .. nanocrystal size of 100 unit cells.
provide some insight into the subject, we theoretically investigated the size-lineshape relationship
of the N NQR resonance in urea nanocrystals with ab-initio techniques. We have considered
nanocrystals with two geometries: (i) a sphere and (ii) a cube, with characteristic sizes between
5and 100 nm. Our calculations suggest that there is a dramatic difference between the linewidths
for the two geometries. For spheres, we find a steep drop in linewidths at ~10 nm; at 5 nm the
linewidth is ~11 kHz, whereas for sizes above 20 nm the linewidth is practically negligible (<100
Hz). For cubes, on the other hand, we find a steady 1/size decrease, from 12 kHz at 10 nm to 1.2
kHz at 100 nm. The study was published in A. Gregorovi€. “N NQR lineshape in nanocrystals: An
ab-initio investigation of urea. The Journal of Chemical Physics 146 (2017), 194306.

Mesoporous Gadollinium-Doped TiO, Nanobeads: Theragnostic Potential for Cancer
Diagnosis and Tratment
The current study presents the synthesis, characterization, and performance of novel
biocompatible and multifunctional Gd-doped Ti0, in the sub-micrometre range, intended with
a potential for cancer-cells tracking and killing. Our results, obtained by a collaboration of five
University of Ljubljana faculties, the J. Stefan Institute”, and universities of Hannover, Upsaala,
and St. Petersburg, demonstrated high reactive oxygen species photogeneration capacity and Figure 10: Ti0, nanobeads doped with a low
photocatalytic activity of the TiO, nanobeads doped with a low concentration of Gd. At the same  copcentration of Gd.
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time, the material functions as an optical imaging and magnetic resonance imaging (MRI) contrast agent, making
it very interesting for future theragnostic applications. The study was published in

R. Imani, R. Dillert, D. W. Bahnemann, M. Pazoki, T. Apih, V. Kononenko, N. Repar, V. Kralj-Igli¢, G. Boschloo,
D. Drobne, T. Edvinsson, A. Igli¢. Multifunctional Gadolinium-Doped Mesoporous TiO, Nanobeads: Photolumines-
cence, Enhanced Spin Relaxation, and Reactive Oxygen Species Photogeneration, Beneficial for Cancer Diagnosis
and Treatment. Small 13 (2017), 1700349.

1II. Research programme “Physics of Soft Matter, Surfaces, and Nanostructures”

The investigations of the research program “Physics of Soft Matter, Surfaces, and Nano-
structures” focus on novel complex soft-matter systems and surfaces with specific functional
properties. We investigated in particular liquid-crystalline elastomers and dendrimers as novel
multifunctional materials, 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 under-
stand 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
itis possible to understand complex mechanisms, such as self-assembly, on a macroscopic level,
using a simplified physical picture and models. In order to provide a comprehensive approach
to the problem, the programme combines both experimental and theoretical investigations,

Figure 11: Optical image of the half skyrmion supporteq by mo@ellipg and simulations. Special emphasis is given to the possible electro-optic
lattice and simulation of the direclor field of the and medical applications.

halfskyrmion lattice and individual defects.
Skyrmions in a thin layer of a highly chiral nematic

Using a high-precision optical microscope we have shown that swirl-like structures known as half-Skyrmions
are spontaneously formed in thin chiral liquid crystalline films that in bulk form blue phases. At a certain tem-
perature they assemble into a two-dimensional hexagonal lattice that
exhibits strong fluctuations (A. Nych, J. Fukuda, U. Ognysta, S. Zumer,
I. Musevic. Spontaneous formation and dynamics of half-skyrmions in a
chiralliquid-crystal film, Nature Physics 13 (2017), 1215). With numerical
modelling of the structures and optical images, we confirmed a sponta-
neous formation of the skyrmion lattice in thin layers of blue phase II,
predicted several years ago (Nature Communications (2011)), but until
now observed only in chiral magnets and Bose-Einstein condensates. We
also showed that the swirl-like single skyrmion structure in the cholesteric
environment is always accompanied by two singular defects to neutralize
the skyrmion topological charge. The study gives direct insights into the
nature of topological condensed matter, which is one of the hot topics of
current material physics research.

Spontaneous formation of half skyrmions in very
thin layers of blue phases and the existence of
defects with topological charges equal multiples
of the unit charge in chiral nematic drops have
been demonstrated. Fractal topological states in
nematic colloids and coupling orientational and
velocity fields in nematic microfluidics have been
realized. We have succeeded in tagging living
cells with microlasers. A system that allows for
the simultaneous creation of two Bose-Einstein
condensates was developed.

Topology of droplets with chiral nematic liquid crystals

We used the extended fluorescent confocal polarizing microscopy (FCPM) method, which
was developed at the JSI, to characterise temperature quench-induced metastable director
structures in chiral nematic droplets with homeotropic anchoring. In this way metastable states
with multiple unit charge topological defects with a total topological charge of +1 are accessible.
These defects are stabilized by chiral structures called cholesteric bubbles, which are related to
skyrmions in chiral magnets. Some of the metastable structures include the newly discovered
topological defects with a higher than unity topological charge. These defects form complex
topological structures akin to molecules, and are interesting as building blocks for self-assembly
with different symmetries (G. Posnjak, S. Copar and I. Musevi¢. Hidden topological constellations
and polyvalent charges in chiral nematic droplets. Nature Communications 8 (2017), 14594).

Fractal nematic colloids
The generation of fractal topological states in nematic fluids was demonstrated (S. M.
Hasheimi, U.Jagodic, M. R. Mozaffari, M. R. Ejtehadi, I. MuSevi¢, and M. Ravnik, Fractal nematic
colloids, Nature Community 8 (2017), 12106). For fractal colloidal particles in nematic liquid
Figure 12 Point defects with higher topological crystals numerical modelling based on mesoscopic phenomenological free-energy minimization
charge in chiral nematic droplets. with finite elements was used. On the experimental side two-photon laser polymerization was
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used to produce colloidal particles in the shape of fractal Koch snowflakes, which were then
observed with optical microscopy techniques. The research was a combinations of numerical
modelling and performed at the Faculty of Mathematics and Physics at the University of Ljubljana,
with support from the group at Sharif University of Technology, and experiments, which were
performed at the Department of Condensed Matter Physics at the JoZef Stefan Institute.

Topological defects in thin nematic films:

We studied experimentally and theoretically the structures of strongly charged topological
defects in nematic liquid crystals confined to thin films. We determined the conditions for which
defects decay into their elementary units. The defects were enforced experimentally using an AFM
inscribed nematic patterns into confining plates. In theoretical modelling we used Landau-de
Gennes mesoscopic modelling. The obtained results are interesting from the fundamental per-
spective. Namely, topological defects might represent “particles” of nature if fields are viewed as
elementary entities of nature. The results were published in B. S. Murray, S. Kralj, C. Rosenblatt.
Decomposition vs. escape of topological defects in a nematic liquid crystal. Soft Matter 13 (2017),
8442.S.Kralj, B. S. Murray, C. Rosenblatt. Decomposition of strongly charged topological defects.
Physical Review E 95 (2017), 04702.

Nematic microfluidics: Cross-talk between topological defects in orientational and
velocity fields

Mutual interaction between the topological defects in the velocity field and the topological
defects in the nematic orientational field in the microfluid junctions was demonstrated using a
combination of experiments, numerical simulations and analytical model, the result of which
was published in L. Giomi, Z. Kos, M. Ravnik, A. Sengupta. Cross-talk between topological defects
in different fields revealed by nematic microfluidics. Proceedings of the National Academy of
Sciences of the United States of America 114 (2017), E5777.

This result is one of the first contributions in the direction of understanding multi-field
topology. The work was presented also at the 14" European Liquid Crystals Conference in Mos-
cow, where Ziga Kos was awarded the best poster prize. The work is a result of a collaboration
between IJS, FMF UL, Leiden University (Netherlands) and ETH (Switzerland). In details we also
studied defects in a junction of three orthogonal cylindrical pores for different flow regimes: Z.
Kos, M. Ravnik, S. Zumer. Nematodynamics and structures in junctions of cylindrical micropores,
Liquid Crystals 44 (2017), 2161.

Improved method of simulating the polarized images

We developed a simple method of simulating polarized micrographs of director fields in
optically anisotropic materials. Jones matrix formulation allows the variation of different param-
eters, such as the focusing depth and numerical aperture of the microscope objective. We tested
the method by comparing experimental polarized micrographs of chiral nematic droplets with
simulated images, calculated from director fields that were reconstructed from FCPM experimen-
tal data (Liquid Crystals 44 (2017 ), 679-687). We also used FCPM to characterize the localized
chiral structures that are formed in homeotropic films of chiral nematic under the influence of
an alternating electric field. The localized chiral structures behave as quasiparticles and form
hexagonal arrays, and because of their bistability they can be used as switchable difractive opti-
cal devices (A. Varanytsia, G. Posnjak, U. Mur, V. Joshi, D. Kelsey, I. Musevi¢, S. Copar, LC Chien.
Topology-commanded optical properties of bi-stable electric-field-induced torons in cholesteric
bubble domains, Scientific Reports 7 (2017), 16149).

Optothermally driven colloidal transport in a confined nematic liquid crystal

We demonstrate the transport of microparticles by the rapid movement of a laser spot in
a thin layer of a nematic liquid crystal. The transport is achieved by fluid flow, caused by two
different mechanisms. The thermo-viscous expansion effect induces colloidal transport in the
direction opposite to the laser movement, whereas thermally induced local melting of the liquid
crystal pulls the particles in the direction of the laser movement. We demonstrate control of
the colloidal transport by changing the speed of the laser trap movement and the laser power
(M. Skarabot, N. Osterman, I. MuSevi¢. Optothermally driven colloidal transport in a confined
nematic liquid crystal. Soff Matter 13 (2017), 2448-2452).
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Figure 13: Nematic fopological stales stabilized by
[fractal Koch-star colloidal particles.

Figure 14: An enforced topological defect of charge 6
decays into 12 elementarydefects, which are assembled
at the confining boundary. This phenomenon is
analogous to a Faraday cavity effect in electrostatics.

Figure 15: Emergence of nematic topological defects
and hydrodynamic singularities at a microfluidic
Junction
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Figure 16: FCPM method allows the reconstruction
of director fields from experimental data. The
images show localized chiral structures in thin
homeotropic layers.

Figure 17: Circulation of the laser spot induces
hydrodynamic flow in liquid crystal.

Figure 18: Elastic distortions in a ferromagnetic
nematic droplet due to magnetic field.

Figure 19: Cells containing small lasers inside
a microfluidic channel. The lasers are used as
barcodes to tag the cells.
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Magnetic-field tuning of whispering-gallery-mode lasing from ferromagnetic nematic
liquid-crystal microdroplets.

We show that microdroplets made of fluorescently dyed ferromagnetic nematic liquid crystals
can act as whispering-gallery-mode lasers that can be tuned by an external magnetic field. It
causes elastic distortions in the otherwise radial droplet director field. The laser wavelengths
can be shifted towards red or blue, depending on the experimental geometry, the shift amounts
to approximately 1 nm per 100 mT (M. Mur, J. Sofi, I. Kvasic, A. Mertelj, D. Lisjak, V. Niranjan, L.
Musevic, S. Dhara. Magnetic-field tuning of whispering gallery mode lasing from ferromagnetic
nematic liquid crystal microdroplets. Optics Express 25 (2017), 1073-1083).

Bio-lasers

We have implanted photonic devices such as lasers and optical waveguides into biological
systems. The integration of optical devices with biological systems enables a more accurate
study of biological processes, diagnostics and targeted medical treatments. We have implanted
the lasers into various tissues, including skin, eye and blood (M. Humar et al., Optica 4 (2017),
1080-1085). Lasers were also made of materials that are already approved for medical use, which
will expedite their use for medical purposes. We have employed lasers inside cells for cell tagging
(M. Humar et al., Lab Chip 17 (2017), 2777-2784). Each laser within a cell emits light with a
slightly different fingerprint that can be easily detected and used as a bar code to tag the cell.
With careful laser design, up to a trillion cells (1,000,000,000,000) could be uniquely tagged,
enabling unique tagging of every single cell in the human body. Tagging will facilitate the study
of cell migration, including cancer metastasis.

Molecular motors

We investigated the breaking of mirror symmetry in the embryonic development of the model
organism zebrafish. For some time it has been known that the transfer of molecular chirality
to the macroscale is mediated by cilia, whose beating induces a circular fluid flow. However,
the question of how the cells detect this flow has remained unanswered. In collaboration with
experimental groups from Strasbourg and Paris we precisely mapped the cilia in a number of
embryos and used the data to test the possible hypotheses. We showed that the flows are too
weak and too inhomogeneous for mechanical detection. On the other hand, the flow-mediated
transport of signalling particles allows robust side determination, consistent with the reliability
found in nature (R.R. Ferreira, A. Vilfan, F. Jillicher, W. Suppato, J. Vermot. Physical limits of flow
sensing in the left-right organizer. eLife 6 (2017), €25078).

Tungsten oxide nanowires as electron field emitters

We investigated the field-emission characteristics of randomly oriented W.0,, nanowires
(U. Gallo, C. Ciceroni, A. D. Carlo, F. Brunetti, ]. Jelenc, M. Saqib, A, Varlec, M. Remskar. Synthesis
and field emission characteristics of W5014 nanowires film. Microelectronic Engineering 170
(2017), 44-48). The work function of single W.0,, nanowires was determined by Kelvin micros-
copy in UHV and ranges from 4.23 to 4.36 eV. Due to the relatively low electrical resistance and
specific surface structure, these single-crystal nanowires enabled a good current density at a low
electric field. The low turn on electric field can be justified from the combined effect of the high
enhancement factor and the nanowires work function that is lower than the typical values of
the carbon nanotubes. The long-term stability test showed that the nanowires can continuously

emit electrons for more than 100 h, showing characteristics comparable with carbon nanotubes.

Low-friction nanomaterials

We used transition-metal dichalcogenide nanoparticles to improve the tribological properties
of lubricants. The results shown synergetic interactions between the MoS, nanotubes with anti-
wear and detergents additives, a slight synergy with extreme-pressure additives and antagonistic
interactions with dispersants (A. Tomala, M. Rodriguez Ripol, C. Gabler, M. Remskar, M. Kalin.
Interactions between MoS2 nanotubes and conventional additives in model oils. 7ribology
International, 110 (2017) 140-150). Under extreme pressure conditions all the selected addi-
tives provide synergistic effects with MoS, nanotubes. Under reciprocating sliding, the MoS,
nanotubes show superb anti-wear properties in combination with any of the selected additives.
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Nano safety

We have reported on the results of the uptake of platinum nanoparticles by two plants:
arugula and escarole (E. Kranjc, D. Mazej, M. Regvar, D. Drobne, M. Remskar. Foliar surface
free energy affects platinum nanoparticle adhesion, uptake, and translocation from leaves to
roots in arugula and escarole. Environmental Science: Nano 5 (2017), 520-532). Our results
showed that arugula and escarole internalized and translocated the Pt NPs from leaves to roots
and from roots to leaves. The leaves of both plants accumulated higher concentrations of Pt due
to the lack of a physical barrier between the leaves and NPs deposited on the leaves in a form of
adispersion. These findings suggest the need to include air quality as a factor in discussions of
food safety and urban gardening,

Growth and characterization of thin layers of transitional metal oxides
In collaboration with the PLD group of the Advanced Materials Department we grew ordered
4-t0-100-nm thin films of SrRu0, on STO. Strontium ruthenates display a variety of electronic
properties due to the interplay between electronic correlations and structure related degrees
of freedom. Growing thin layers on various substrates allows us to fine-tune the strain in these
layers and thus control the properties. We characterized the samples using Scanning Tunnelling Figure 20: Schematic presentation of cilia motion
Microscopy and Spectroscopy at temperatures as low as 1K. The surfaces appear partially ordered  jz; pesicle.
and the electronic properties of the films resemble those of bulk samples.

Quasicrystals

We have shown that icosahedral quasicrystal structures can also be properly described by
cyclic twinning at the unit-cell level (A. Prodan, R. Dusic Hren, M. Van Midden, H. Van Midden,
E. Zupanic. The equivalence between unit-cell twinning and tiling in icosahedral quasicrystals.
Scientific Reports 7 (2017), 12474). Simulated diffraction patterns of the multiply twinned
rhombohedra are in full accord with the experimental diffraction patterns and can be indexed
by means of classical three-dimensional crystallography. Our alternative approach is fully com-
patible with the rather complicated descriptions in hyper-space.

Ultra-cold atoms ) o )
Wi nult | e tw arate Bose-Einstei densates of caesi g Figure 21: Emission current of nanowire and
¢ can simultaneously create two separate Bose-Einstein condensates of caesium atoms.  oyyeenonding current density as a function of

By confining them to a narrow, quasi one-dimensional channel and fine-tuning the interaction  efecric field.
between the atoms, they can be turned into solitons, i.e., stationary states that maintain their

shape during propagation. With a sudden change of interaction between the atoms in an elon-

gated Bose-Einstein condensate, multiple solitons can be created at once, forming a so-called

soliton train. We set the solitons in motion and observed their propagation and interactions

with neighbouring solitons.

HI Research program “Experimental biophysics of complex systems and imaging in
biomedicine«

The programme group “Experimental biophysics of complex systems and imaging
in biomedicine” combines the research of processes and structures of biological systems by
developing new advanced experimental techniques of super-resolution microscopies, micro-
spectroscopies and nanoscopies as well as new imaging techniques. Our research is mainly — Figure 22: Adding nanoparticles decreases the
focused on the response of molecular and supramolecular structures to interactions between friction cogfficients of lubricants.
materials and living cells as well as between light and living cells. We are
interested in molecular events and physical mechanisms with which these
events are causally connected, time scales, conditions and the applied
value of the investigated mechanisms, especially for use in medicine and
in the field of healthcare in general. With the development of new coupled
super-resolution and spectroscopic techniques we want to open new pos-
sibilities to investigate biological systems and from there open up new
possibilities for designing medical materials and devices, for diagnostics,
therapy and tissue regeneration, representing key challenges due to the
population aging. The investment into the new super-resolution STED
system opened up a variety of fluorescence microscopy approaches: STED

STED microscopy allowed us to directly observe
a molecular event of lipid wrapping in the living
pulmonary epithelium for the first time together
with the subsequent uncontrolled relocation of
the epithelial membranes across a lung’s air-
blood barrier. Using a special spectral analysis
we developed a method and filed a patent for the
identification of porous vessels in the retina on the
basis of the analysis of retinal auto-fluorescence.
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Figure 23: Platinum concentrations of arugula
and escarole leaves affer Pt NP foliar exposure
(FE) or root exposure (RE).

Figure 24: STM image of partially ordered surface
of 10-unit-cell thick film of SrRu0,

Figure 25: Slacking of two rhombic
hexecontahedra, each composed of 20 twinned
prolate vhombohedra, and 2 oblate rhombohedra.

Figure 26: Colliding matterwave solitons made
of two independent Bose-Einstein condensates of
caesium atoms.

70

microscopy and two-photon (2PE) microscopy, multichannel spectrally resolved fluorescence
lifetime imaging (spFLIM), fluorescence microspectroscopy (FMS). These, coupled with optical
tweezers, can be used to examine the interactions between materials, nanomaterials and cell
lines and the phenomena involved such as lipid wrapping, membrane disintegration, and cel-
lular membrane translocation bypassing conventional signalling pathways. We also introduced
a method that enables monitoring of the electric field in tumours in the treatment of cancer
with electroporation, and further developed a method of multi-parametric magnetic resonance
imaging for the characterization of food and medicines and various industrial processes. High-
resolution magnetic resonance imaging can monitor the effectiveness of surface treatments, the
formation and dissolution of gels as well as measure the diffusion in confined geometries with
the use of modulated gradients.

In 2017 the group carried out perhaps the most important change in the past two decades
- the introduction of nonlinear super-resolution live microscopy to monitor changes in
supramolecular structures in living systems, based on an investment in new equipment of
high value - two-photon STED microscope with spFLIM detector (€0.9m). The introduc-
tion of the new scientific field has been encouraged by: the first stable STED microscopes with
open hardware and software support becoming commercially available in 2015, the expressed
international need for super-resolution live microscopy as part of the H2020 SmartNanoTox
project to explore interactions between nanomaterials and cells, in particular the identification
of molecular initiating events, and the possibility to build new LBF/FS optical laboratories within
LBF, F5 and IJS, and to renew the LBF preparatory laboratories for the controlled execution of
experiments. With the introduction of the new field we transferred most of the necessary knowl-
edge about STED microscopy as quickly as possible by establishing a lasting cooperation with
prof. Eggeling from the University of Oxford. Prof. Eggeling contributed to the development
of the STED concept along with Prof. Stefan Hell, who later received the Nobel Prize for STED
microscopy. In September 2017 a training workshop for all interested researchers on the subject
of new advanced microscopies with emphasis on the STED microscopy was organized by us
and the Eggeling Group. The introduction of the new field has shown remarkable results only
few months after the launch of the new system. Namely, in the framework of the H2020 project
and the P1-0060 program, we directly observed a molecular event of lipid wrapping in the lung
epithelium by STED microscopy, which we could previously observe only indirectly using many
other methods. The paper is under evaluation in a high-impact-factor journal.

The production of new materials is growing and their impact on health is often unexplored.
For example, the relationship between the inhalation of nanoparticles (NPs) and cardiovascular
disease has long been known, but the molecular mechanisms themselves are not yet known. In
order to explain possible causal relationships, we used various advanced observation techniques,
such as super-resolution STED fluorescence microscopy and microspectroscopy, fluorescence
fluctuation measurement techniques and electron microscopy. We have shown (i) that Ti0, NP
decreases the integrity of the lipid membranes; (ii) that, when exposed to TiO, NP, the membrane
of living lung epithelial cells decays and wraps around the surface of Ti0,, and (iii) the most
important, we have been the first to observe that membrane wrapped NPs easily diffuse and
are therefore able to relocate the epithelial membrane pieces away from non-mobile epithelial
cells. By inhalation, such NPs can reach the lung’s air-blood barrier, a 500-nm-thin layer of the
lung epithelial and capillary endothelial cells. Therefore, the formation of mobile, membrane
enveloped NPs can be responsible for transmission of membrane anchored blood factors that
activate blood coagulation, which can lead to systemic inflammation and the progression of
cardiovascular disease (paper submitted for publication).

To track nanoparticles in a living organism, the NP must be fluorescently labelled. However,
since NP labelling can lead to experimental artefacts, we have designed and tested an NP label-
ling protocol that is suitable for metal oxides in general on TiO, NP. The protocol contains
several steps: 1) initial characterization of input material with morphology measurements (TEM)
and surface-charge measurements (€-potential); 2) confirmation of a linker bound to the NP
surface with the FTIR method and &-potential; 3) validation of the labelling and characterization
of desorption of the probe by measurements of fluorophore concentrations and the use of the
FCS method; 4) final characterization of the sample with TEM, &-potential and optionally with
the STED method (paper in preparation).
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For in-vitro tests, nanoparticles are usually fluorescently labelled with organic fluorophores that can be degraded
by cell enzymes. Thus, the labelling is usually unstable 77 vivo. In order to avoid this, we synthesized TiO, NPs that
contain europium and have the characteristic peak of europium’s emissions at 615 nm. We successfully localized
europium-doped TiO, NPs iz vitro in LA4 mouse epithelium cells and exv7vo in mouse lungs using the FMS method.

In collaboration with the same laboratory, we also upgraded the fluorescence microspectroscopy with en-
vironmentally sensitive probes to determine the local molecular properties of biological membranes. Most
of these probes are relatively photo-unstable, which has until now restricted their use in combination with new
microscopic methods that exceed the diffraction limit of the spatial resolution. In the last year we identified three
compounds that are also useful for STED super-resolution microscopy, the discovery we reported in a reputable sci-
entificjournal Biophysical Journal. The three-fold improvement in local resolution compared to conventional
confocal microscopy has made it possible to unequivocally detect transient heterogeneity in the membrane
structure of cellular vesicles near the critical point of lipid mixing phases and determine the fine differences in
the composition of membranes of endocytic vesicles. We will use the same method to study
the interactions of nanoparticles and biological membranes.

Activities in the field of the interaction of light with biological systems were focused
on two topics. The first was imaging of the vascular structures in retina after using laser
photocoagulation. The experiments have shown that non-coagulated red blood cells can be
spectrally distinguished from the ones located in the emerging blood clots forming on the
surface of damaged vessels. The second topic was a study of the possibility of using membrane
structures as wave guides for targeted light transmission. The tilted focused laser beam was
illuminating one end of the cellular structure of epithelial cells with the intensity of light being
gathered at the other end, the process repeated through full rotation.

Figure 27: STED panorama of TiO,, nanotubes (with

The concepts of molecular imaging based on FMS and the life-time analysis (FLIM)  ;zmefer of 10 nm labelled with Alexa 647, red

of the retina auto-fluorescence to identify local changes in tissue properties have also been  colour) interact with membranes (labelled with

developed. The algorithms in the FMS image-analysis software have been optimized. Based on ~ CellMask, green colour) close to the upper surface of
the developed technology, we have applied for a European patent. The described concepts /¢ /iving L4 lung epithelial cell layer: On the zoom-

can also be transferred to the development of an increased contrast in endoscopic imaging based

of polymer interactions with biological systems. Natural biodegradable fibrin material was

used to fabricate porous scaffolds as substitute tissues for tissue-engineering applications. Meas-

urements of cell adhesion were performed on erythrocytes with confocal and super-resolution STED microscopy,
exploiting the auto-fluorescence signal of erythrocytes and a signal of fluorescently labelled fibrin networks. The
position and density of the cells in the resulting polymeric fibrin network have been identified and we were
able to distinguish individual fibrin threads of 100 nm thickness.

Characterization of nanomaterials by magnetic resonance

Nanoparticles also play an important role in tumour treatments based on tumour hyperthermia. We have been
involved in the development of new hybrid FePt/Si0,/Au nanoparticles for the treatment of tumours with photo-
thermal ablation. For the developed particles, it was shown that they also have similar properties as standard MRI
contrast agents. This property allows us to trace them in the human body by means of MRIL. This is important for
treatment, since in this way it can be confirmed that the concentration of nanoparticles in the targeted tumour is
sufficient so that the photo-thermal ablation treatment can be expected to be successful.

The results of the research were published in the article N. Kostevsek, I. Abramovic, S. Hudoklin M. Erdani-
Kreft, 1. Ser$a, A. Sepe, J. Vidmar, S. Sturm, M. Spreitzer, J. Scancar, S. Kobe, K. ZuZek RoZzman. Hybrid FePt/Si02/Au
nanoparticles as theranostic tool: in vitro photo-thermal treatment and MRI imaging. Nanoscale 10 (2018), 1308.

Electroporation treatment monitoring

Results of our previous studies on electroporation monitoring by MRI, where we developed a method for electric
field measurement in the tumour during the delivery of electroporation pulses, were upgraded with the Peleg-Fermi
model of cell death. With this model, we can predict the cell-death probability in different tumour parts based on
the map of the electric field in the tumour during the electroporation pulse. Consequently, the overall success of
the tumour treatment by electroporation can be predicted as well.

The results of this research were published in the article M. Kranjc, S. Kranjc, F. Bajd, G. Sersa, 1. Sersa, D.
Miklav¢ic. Predicting irreversible electroporation-induced tissue damage by means of magnetic resonance electrical
impedance tomography. Scientific Reports 7 (2017), 1-10.
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Figure 28: NMR relaxation times T1 and T2 of

healthy cells (NPU) and cancer cells (RT4) and
of both types of cells incubated with hybrid FePt/
8i02/Au nanoparticles at a concentration of 100

ugml for 24 h (in Kostevsek et al. Nanoscale, 2017).

Figure 29: MRI pulse sequence for measuring

the electric field in electroporation (a) and the
procedure for calculating the electric field in the
tumour from measurements of the current density
and known geometry of the sample and electrodes
(M. Krangc et al., Scientific reports, 2017 ).

Advanced methods for translational dynamics measurements

In materials with an internal structure, such as porous materials, diffusion is anomalous.
In these cases, the diffusion coefficient can be measured as a function of the time of diffusion,
as the ratio between the mean square displacement and the time of diffusion, or by its frequency
equivalent, which is called the diffusion spectrum. In our past research we have shown that the
diffusion spectra can be measured using the CPMG sequence of RF pulses in a constant magnetic
field gradient, provided that only the signal of the direct coherence path is detected. In the study,
published in the article below, we showed how the restriction to the direct coherent path can be
overcome (I. Sersa, F. Bajd, A. Mohori¢. A study of the effects of different echo processing on the
diffusion spectra measured by the CPMG sequence in a constant gradient. Microporous and
Mesoporous Materials |in press] (2017), 4.)

Use of magnetic resonance in wood science

Magnetic resonance imaging is a very efficient method for water detection in biological
systems, which certainly includes wood. The role of water in wood is multi-layered. In a living
wood tissue, this is associated with its vitality, but in wood as a building material, moisture is an
essential factor in wood decay. In the MRI laboratory we were involved in the doctoral work of
student Mojca Zlahti¢ Zupanc, who studied by MRI the effectiveness of different wood coatings
on prevention of the water penetration into typical Slovenian wood species. She also received
the “Jesenko” award for the best postgraduate student of the Biotechnical Faculty in 2017. From
these measurements a scientific article was published in M. Zlahti¢ Zupanc, U. Mikac, I. Sersa,
M. Merela, M. Humar. Distribution and penetration of tung oil in wood studied by magnetic
resonance microscopy. /ndustrial Crops and Products 96 (2017), 149.

Our research has been supported by a number of international projects financed by the European Union. It was
also supported within the bilateral Slovenian-USA, Slovenian-German and Slovenian-Greek and other scientific
cooperations. In 2017, the Department had cooperation with 108 partners from Slovenia and abroad. Among them:

The high magnetic field centres in Grenoble, France, and Nijmegen, The Netherlands

The high magnetic field centre at the University Florida, Tallahassee, Florida, USA

e The ETH, Ziirich, Switzerland

o The Ioffe 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

e 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

e The Dartmouth Medical School, Hanover, NH, USA

e The Mayo Clinic, Rochester, USA

e Kyung Hee University, Suwon, Korea

e Technische Universitit lmenau, [Imenau, Germany

o Elettra Sincrotrone Trieste, Trieste, Italy

*  University of North Carolina at Chapel Hill

e Max-Delbriick-Centrum fiir Molekulare Medizin (MDC)

made the above studies possible.

Some outstanding publications in 2017

1. M. Klanjsek, A. Zorko, R. Zitko, J. Mravlje, Z. Jaglici¢, PX. Biswas, P. Prelovsek, D. Mihailovic, D. Arcon. A
high-temperature quantum spin liquid with polaron spins. Nature Physics 13 (2017), 1130-1134.

2. Y.Takabayashi, M. Menelaou, H. Tamura, N. Takemori, T. Koretsune, A. Stefancic, G. Klupp, AJ.C. Buurma,
Y. Nomura, R. Arita, D. Ar¢on, M.J. Rosseinsky, K. Prassides. -electron §=1/2 quantum spin-liquid state
in an ionic polyaromatic hydrocarbon. Nature Chemistry 9 (2017), 635-643.

3. B.Roiic, J. Fresnais, C. Molinaro, . Calixte, S. Umadevi, S. Lau-Truong, N. Felidj, T. Kraus, F. Charra, V.
Dupuis, T. Hegmann, C. Fiorini-Debuisschert, B. Gallas, E. Lacaze. Oriented gold nanorods and gold nanorod
chains within smectic liquid crystal topological defects. ACS Nano 11 (2017), 6728-6738.
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4. A.Zorko, M. Herak, M. Gomilsek, J. van Tol, M. Veldzquez, P. Khuntia, F. Bert, P. Mendels. Symmetry reduc-
tion in the quantum Kagome antiferromagnet Herbertsmithite. Plzysical Review Letter 118 (2017), 017202.

5. M.Gomilsek, M. Klanjsek, R. Zitko, M. Pregelj, F. Bert, P. Mendels, Y. Li, Q. M. Zhang, A. Zorko. Field-induced
instability of a gapless spin liquid with a spinon Fermi surface. Physical Review Letter 119 (2017), 137205.

6. L. Giomi, Z. Kos, M. Ravnik, and A. Sengupta. Cross-talk between topological defects in different fields
revealed by nematic microfluidics. Proceedings of the National Academy of Sciences of the United States
of America 114 (2017), BS771-E5777.

7. S. M. Hasheimi, U. Jagodi¢, M. R. Mozaffari, M. R. Ejtehadi, . Musevi¢, and M. Ravnik, Fractal nematic
colloids. Nature Communications 8 (2017), 12106.

8. G. Posnjak, S. Copar and I. Musevic. Hidden topological constellations and polyvalent charges in chiral
nematic droplets. Nature Communications 8 (2017), 14594.

9. A. Nych, Jun-ichi Fukuda, U. Ognysta, S. Zumer, 1. Musevi. Spontaneous formation and dynamics of
half-skyrmions in a chiral liquid-crystal film. Nature Physics 13 (2017), 1215.

10.  E. Sezgin, F. Schneider, V. Zilles, I. Urbancic, E. Garcia, D. Waithe, A.S. Klymchenko, C. Eggeling. Polarity-
Sensitive Probes for Superresolution Stimulated Emission Depletion Microscopy. Biophysical journal
113 (2017), 1321-1330.

11.  M.Kranjc, S. Kranjc,F. Bajd, G. Sersa, L. Ser$a, D. Miklav¢ic. Predicting irreversible electroporation-induced
tissue damage by means of magnetic resonance electrical impedance tomography. Scientific Reports 7
(2017), 1-10.

Some outstanding publications in 2016

1. A ReSeti¢, J. Milavec, B. Zupancic, V. Domenici, B. Zalar. Polymer-dispersed liquid crystal elastomers.
Nature Communications 7 (2016), 13140.

2. M. Jeong, M. Klanjsek et al. Dichotomy between attractive and repulsive tomonaga-luttinger liquids in
spin ladders. Physical Review Letters 117 (2016), 106402.

3. F.E. Annanouch, P. Umek et al. Aerosol-assisted CVD-grown PdO nanoparticle-decorated tungsten oxide
nanoneedles extremely sensitive and selective to hydrogen. ACS Applied Materials & Interfaces 8 (2016),
10413.

4. H. Ursi¢, V. Bobnar, B. Mali¢, C. Filipi¢, M. Vrabelj, S. Drnovsek, Jo Younghun, M. Wencka, Z. Kutnjak.
A multicaloric material as a link between electrocaloric and magnetocaloric refrigeration. Scientific
Reports 6 (2016), 26629.

5. M. Igarashi, P. Jeglic, A. Kranic, R. Zitko, T. Nakano, Y. Nozue, D. Ar¢on. Metal-to-insulator crossover in
alkali doped zeolite. Scientific Reports 6 (2016), 18682.

6. G. Posnjak, S. Copar, I. MuSeviC. Points, skyrmions and torons in chiral nematic droplets. Scientific
Reports 6 (2016), 26361.

7. L.E. Aguirre, A. de Oliveira, D. Se, S. Copar, P. L. Almeida, M. Ravnik, M. H. Godinho, S. Zumer. Sensing
surface morphology of biofibers by decorating spider silk and cellulosic filaments with nematic microdro-
plets. Proceedings of the National Academy of Sciences of the United States of America 113 (2016), 1174.

8. S.Nizamoglu, M. Humar et al. Bioabsorbable polymer optical waveguides for deep-tissue photomedicine.
Nature Communications 7 (2016), 10374.

9. S.Cho, M. Humar, N. Martino, S. H. Yun. Laser Particle Stimulated Emission Microscopy. Physical Review
Letter 117 (2016), 193902.

10.  B. Nitzsche, E. Dudek, L. Hajdo, A. A. Kasprzak, A. Vilfan, S. Diez. Working stroke of the kinesin-14, ncd,
comprises two substeps of different direction. Proceedings of the National Academy of Sciences of the
United States of America 113 (2016), E6582.

Some outstanding publications in 2015

1. M.Sluban, P. Umek, Z. Jagli¢ic, J. Buh, P. Smitek, C. Bittencourt, P. Guttmann, M.-H. Delville, D. Mihailovic,
D. Arcon. Controlling disorder and superconductivity in titanium oxynitride nanoribbons with anion
exchange. ACS Nano 9 (2015), 10133.

2. M.Pregelj, A. Zorko, 0. Zaharko, H. Nojiri, H. Berger, L. Chapon, D. ArCon. Spin-stripe phase in a frustrated
zigzag spin-1/2 chain. Nature Communications 6 (2015), 7255.

3. M. Klanjsek, D. Arcon, A. Sans, P. Adler, M. Jansen, C. Felser. Phonon-modulated magnetic interactions
and spin Tomonaga-Luttinger liquid in the p-orbital antiferromagnet CsO,. Physical Review Letters 115
(2015), 057205.

4. R H. Zadik, A. Potocnik, P. Jegli¢, D. Arcon, et al. Optimized unconventional superconductivity in a mo-
lecular Jahn-Teller metal. Science Advances 1 (2015), €1500059.
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10.

M. Pregelj, A. Zorko, M. GomilSek, et al. Controllable broadband absorption in the mixed phase of meta-
magnets. Advanced Functional Materials 25 (2015), 3634.

M. Nikkhou, M. Skarabot, S. Copar, M. Ravnik, S. Zumer, I. Musevic. Light-controlled topological charge
in a nematic liquid crystal. Nature Physics 11 (2015), 183.

8. Copar, U. Tkalec, I. Musevi¢, S. Zumer. Knot theory realizations in nematic colloids. Proceedings of the
National Academy of Sciences of the United States of America 112 (2015), 1675.

R. Podlipec, J. Strancar. Cell-scaffold adhesion dynamics measured in first seconds predicts cell growth on
days scale - optical tweezers study. ACS Applied Materials & Interfaces 7 (2015), 6782.

T. Kokli¢, R. Chattopadhyay, R. Majumder, B. R. Lenz. Factor Xa dimerization competes with prothrom-
binase complex formation on platelet-like membrane surfaces. Biochemical Journal 467 (2015), 37.

7. Arsov, U. Svajger, J. Mravljak, S. Pajk, A. Kotar, I. Urbandic, J. Strancar, M. Anderluh. Internalization
and accumulation in dendritic cells of a small pH-activatable glycomimetic fluorescent probe as revealed
by spectral detection. ChemBioChem 16 (2015), 2660.

Awards and appointments

L

7.

Jani Bizjak, MatjaZ Gams, Hristijan Gjoreski, Anton Gradisek, Luka Stepancic: best paper, Melbourne, Aus-
tralia, 2" International Workshop on Biomedical Informatics with Optimization and Machine Learning
in Conjunction with 26" International Joint Conference on Artificial Intelligence, Smartwatch for Active
Ageing as Part of an Open EU Framework

Uros Jagodic, M. R. Ejtahadi, S. M. Hashemi, M. R. Mozaffari, Igor MuSevi¢, Miha Ravnikar: EPS Poster
Prize for the best PhD student poster, Ljubljana, LIQUIDS 2017, Fractal Nematic Colloids

Primoz KoZelj: The Young Scientist Best Oral Presentation, Athens, Greece, C-MAC Days 2017, Eutectic Go-
CrFeNiZrx High-Entropy Alloys: Magnetism Complicated by the Microstructure of a “Real” Multiphase HEA
Aleksander Matavz: award for presentation and poster, Ljubljana, 9. IPSSC Conference, Inkjet Printing
Thin-Film Electronic Devices from Solution-Based Inks

Aleksander Matavz: 1% place award for contribution in an individual section, PortoroZ, 25. ICM&T, Inkijet
Printing of Metal-Oxide-Based Electronic Devices

Slobodan Zumer: elected Fellow of the American Physical Society, USA, American Physical Society (APS),
for theoretical contributions to the soft condensed matter physics of liquid crystal systems

Slobodan Zumer: Zois Award for lifetime achievements of the Republic of Slovenia, November 23, 2017

Organization of conferences, congresses and meetings

1. 10" Liquid Matter Conference, LIQUIDS 2017, Ljubljana, 16-21 July 2017

2. Exploring the Molecular World By Advanced Fluorescence Microscopy Approaches, JSI, 12-14 September 2017

3. Alpine NMR Workshop, Recent Advances in NMR Methods and Applications to Materials, Bled, 21-
24 September 2017

Patent granted

1. Barbara Mali¢, Hana Ursic, Marija Kosec, Silvo Drnovsek, Jena Cilensek, Zdravko Kutnjak, Brigita RoZic,
Uros Flisar, Andrej Kitanovski, Marko 0zbolt, Uros Plaznik, Alojz Poredos, Urban Tomc, Jaka Tusek, Method
for electrocaloric energy conversion, EP3027980 (B1), European Patent Office, 18. 10. 2017.

2. LukaDrinovec, Grisa Mocnik, Anthony D. A. Hansen, Method and apparatus for the analysis of materials,
US9671324 (B2), US Patent and Trademark Office, 06. 06. 2017.

3. GriSa Mocnik, Anthony D. A. Hansen, Jeffrey R. Blair, Method for automatic performance diagnosis and

calibration of a photometric particle analyzer, US9804082 (B2), US Patent Office, 06. 06. 2017.
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4. 7FP- LIVINGLASER; A Laser made Entirely of Living Cells and Materials derived from

NTERNATIONAL PROJECTS Living Organisms

MERCK - AFM Investigations

Asst. Prof. Miha Skarabot

Merck Kgaa

Kimberly-Clark - confidential project
Prof. Igor Musevic

Kimberly-clark

7FP - SIMDALEEZ2; Sources, Interaction with Matter Detection and Analysis of Low

Energy Electrons 2
Prof. Maja Remskar
European Commission

Prof. Igor Musevi¢
European Commission
5. 7 FP; ERA CHAIR ISO-FOOD - Era Chairs for Isotope Techniques in Food Quality, Safety
and Traceability
Prof. Maja Remskar
European Commission
6. COST MP1308; Towards Oxide Based Electronics (TO-BE)
Aleksander Matavz
Cost Office
7. COST CA15107; Multi-Functional Nano-Carbon Composite Materials Network
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Dr. Polona Umek
Cost Office
8. COST CA15209; European Network on NMR Relaxometry
Prof. Tomaz Apih
Institut Jozef Stefan
9. COST CA16109; Chemical On-Line Composition and Source Apportionment of Fine
Aerosol
Asst. Prof. Grisa Mocnik
Cost Office
10. COST CA16218; Nanoscale Coherent Hybrid Devices for Superconducting Quantum
Technologies
Dr. Abdelrahim Ibrahim Hassanien
Cost Office
11. COST CA16221; Quantum Technologies with Ultra-Cold Atoms
Dr. Peter Jeglic
Cost Association Aisbl
12. H2020 - SmartNanoTox; Smart Tools for Gauging Nano Hazards
Prof. Janez Strancar
European Commission
13. H2020 - ENGIMA; Engineering of Nanostructures with Giant Magneto-Piezoelectric and
Multicaloric Functionalities
Prof. Zdravko Kutnjak
European Commission
14. Investigating Catalytic and Physical Properties of CuGdCa Alloys
Prof. Tomaz Apih
Slovenian Research Agency
15. Aromatic Polymers with Ultrahigh Breakdown Field Strength, Low Dielectric Loss, and
High Electric Energy Density
Prof. Zdravko Kutnjak
Slovenian Research Agency
16. Investigation of Complex Materials for Hydrogen Storage
Prof. Janez Dolinsek
Slovenian Research Agency
17. Lipid Wrapped Gold Nanoparticles and Activity of Factor Xa
Prof. Janez Strancar
Slovenian Research Agency
18. Crystal and Electronic Structure of NbS3 Phases
Dr. Erik Zupani¢
Slovenian Research Agency
19. Lead-Free (Ba0.8Ca0.2)1-xLa2x/3Ti03 Based Electrocaloric Materials for New Dielectric
Cooling Technologies
Prof. Zdravko Kutnjak
Slovenian Research Agency
20. Stabilisation of Networks of Topological Defects
Prof. Samo Kralj
Slovenian Research Agency
21. Superconductivity and Magnetism: Two Faces of Electron Correlations in Carbon- and
Fe-Based Superconductors
Prof. Denis Arcon
Slovenian Research Agency
22. Radiative forcing of desert mineral dust and PM10 concentrations over Southern
Europe
Prof. Maja Remskar
Slovenian Research Agency

RESEARCH PROGRAMS

Magnetic resonance and dielectric spectroscopy of ,smart* new materials
Prof. Janez Dolinsek
2. Physics of Soft Matter, Surfaces and Nanostructures
Prof. Slobodan Zumer
3. Experimental Biophysics of Complex Systems
Prof. Janez Strancar

10.
11
12.
13.
14.
15.
16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

Department of Solid State Physics

Intra-pocket-targeted nanomedicines for treatment of periodontal disease

Prof. Maja Remskar

The textural analysis of spatiotemporal changes for breast lesions diagnosis on
ultrafastbreast MRIs

Prof. Igor Sersa

High-Entropy Alloys

Dr. Stanislav Vrtnik

Metamaterials from liquid crystal colloids

Prof. Miha Ravnik

Sensor technologies in diagnostics and monitoring of cultural heritage buildings
Prof. Janez Dolinsek

Thermophoretic guidance, accumulation and sorting of biomolecules in microfluidic
devices

Asst. Prof. Andrej Vilfan

New advanced electrocaloric materials for novel environmentally-friendly dielectric
refrigeration technology

Prof. Zdravko Kutnjak

Role of Calcium and lipid membranes in survival of critically ill patients

Dr. Tilen Kokli¢

Multifunctional materials for actuator and cooling devices

Prof. Zdravko Kutnjak

Correlated electrons in cnofined molecular systems

Prof. Denis Arcon

High-resolution optical magnetometry with cold cesium atoms

Dr. Peter Jeglic

Integrated multi-channel artificial nose for vapor trace detection

Prof. Igor Musevi¢

Performance of wood and lignocelolosic composites in outdoor applications

Prof. Igor Sersa

Advanced electrocaloric energij conversion

Prof. Zdravko Kutnjak

Biopharmaceuticals: sensor for aggregation of protein particles based on liquid crystals
Prof. Miha Ravnik

Micro-electromechanical and electrocaloric layer elements

Prof. Zdravko Kutnjak

Microspectroscopy-based optimization of the effects of laser pulses on the retina
Prof. Janez Strancar

Domain engineered ferroelectric ceramic layer elements for efficient energy harvesting
and energy conversion applications

Prof. Zdravko Kutnjak

Building blocks, tools and systems for the Factories of the Future - GOSTOP

Prof. Janez Strancar

Strategic Research & Innovation Partnership Factories of the Future (SRIP FoF)
Prof. Igor Musevi¢

SCOPES; Spin-liquid and Spin-ice States in Frustrated Rare-earth and Transition Metal
Spinels

Dr. Matej Pregelj

Snf- Swiss National Science Foundation

Irradiation and Analysis of Nano SiC Samples in the Year 2017

Prof. Vid Bobnar

National Nuclear Research Center

Inkjet Printing of PZT Test Structures and Piezoelectric Characterization of Thin Films
Double-Beam Laser Interferometer Measurement

Prof. Vid Bobnar

Epcos Ohg

LIQUIDS 2017

Prof. Igor Musevi¢

Cankarjev dom, Ljubljana

N EW CONTRACTS

Release of water soluble substances, conservation of antioxidant capacity and
qualitative evaluation of plant cell damage after blending

Dr. Tilen Kokli¢

Bsh Hisni Aparati d. 0. .

R & D GRANTS AND CONTRACTS Ry
Prof. Igor Sersa
Krka, Tovarna Zdravil, d. d.
1. Topology and Photonics of Liquid Crystal Colloids and Dispersions
Prof. Igor Musevic
Doctoral student Benjamin Daniel, Institute of Scientific Instruments, Brno, the Czech 4. Dr Deepak Venkateshvaran, University of Cambridge, Optoelectronics Group, Cavendish
Republic, 2 January to 21 March 2017 Laboratory, Cambridge, Great Britain, 31 March 2017
2. Prof. Valentina Domenici, University of Pisa, Department of Chemistry and Industrial 5. Dr Lachezar Komitov and his business partner from Tridentic Holding AB, Kimberly-
Chemistry, Pisa, Italy, 29 January to 4 February 2017 Clark, Gothenburg, Sweden, 6-8 April 2017
3. Dr Carla Bittencourt, University of Mons, Mons, Belgium, 9-17 March 2017 6. Prof. Tom Lancaster, University of Durham, Durham, Great Britain, 9-22 April 2017
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7. Filippo Caracciolo, University of Pavia, Pavia, Italy, 2 May to 14 June 2017 17. Prof. John Georg Seland, University of Bergen, Bergen, Norway, 25 September to
8. Dr Stefan Folsch, Paul Drude Institute for Solid State Electronics, Berlin, Germany, 1 October 2017
4-7 May 2017 18. Dr Anna V. Ryzhkova, ASML Holding, Eindhoven, the Netherlands, 16 October to
9. Dr Bouchra Asbani, University of Picardie Jules Verne, Laboratory of Condensed Matter 11 November 2017
Physics, Amiens, France, 7-20 May 2017 19. DrIgor Lukyanchuk, University of Picardie Jules Verne, Laboratory of Condensed
10. Mutsuo Igarashi, Gunma National College of Technology, Department of Applied Matter Physics, Amiens, France, 25-31 October 2017
Physics, Maebashi, Japan, 22-28 May 2017 20. Dr Masoomeh Hashemi, Sharif University of Technology, Department of Physics,
11. Prof. Katsumi Tanigaki, Tohoku University, Department of Physics, Graduate School of Tehran, Iran, 1 November 2017 to 31 January 2018
Science, Sendai, Miyagi, Japan, 1-3 June 2017 21. Dr Sharmisthe Ghosh, DST-INSPIRE Faculty, University of Calcutta, Kolkata, India,
12. doctoral student Milijana Savic, Vinca Nuclear Institute, Belgrade, Serbia, 10- 5-11 November 2017
14 July 2017 22. Dr Jakub Malohlava, Faculty of Medicine and Dentistry, Palacky University in Olomouc,
13. Prof. Jun-Ichi Fukuda, Kyushu University, Fukuoka, Japan, 11-16 July 2017 Department of Medical Biophysics, Olomouc, Czech Republic, 26 November to 8
14. Mutsuo Igarashi, Gunma National College of Technology, Department of Applied December 2017
Physics, Maebashi, Japan, 11-21 August 2017 23. Dr Venkata Subba Rao Jampani, University of Luxembourg, Physics and Materials
15. Dr Magdalena Wencka, Institute of Molecular Physics, Polish Academy of Sciences, Science Research Unit, Luxembourg, Luxembourg, 13 December 2017
Poznan, Poland, 14-18 August 2017 24. Dr Mildred Quintana, The Autonomous University of San Luis Potosi, San Luis Potosi,
16. Nikita Derets, Ioffe Physical-Technical Institute of the Russian Academy of Sciences, Mexico, 19-21 December 2017
Saint Petersburg, Russia, 4-6 September 2017 25. Dr Yaovi Gagou, University of Picardie Jules Verne, Laboratory of Condensed Matter

Physics, Amiens, France, 19-22 December 2017

STAFF

Researchers 47. Dr. Maja Trcek*

1. Prof. TomaZ Apih 48. Dr. Iztok Urbancic

2. Prof. Denis Ar¢on* 49. Dr. Jernej Vidmar*

3. Asst. Prof. Zoran Arsov 50. Dr. Bojana Visi¢

4. Prof. Vid Bobnar 51. Dr. Stanislav Vrtnik

5. Prof. Janez Dolinsek* Postgraduates

6. Dr. Cene Filipic, retired 01.06.17 52. Nikita Derets

7. Dr. Anton GradiSek 53. Matjaz Gomilsek, B. Sc.
8. Dr. Alan Gregorovic 54. Urska GradiSar Centa, B. Sc.
9. Abdelrahim Ibrahim Hassanien, B. Sc. 55. Sa$a Harkai, B. Sc.

10. Dr. Peter Jegli¢ 56. Dr. Matjaz Humar

11. Dr. Martin Klanjsek 57. Uros Jagodic, B. Sc.

12. Dr. Tilen Kokli¢ 58. NejcJansa, B. Sc.

13. Prof. Samo Kralj* 59. Tilen Knaflic, B. Sc.

14. Prof. Zdravko Kutnjak 60. Marta Lavric, B. Sc.

15. Dr. Mojca Urska Mikac 61. Janez Luznik, B. Sc.

16. Asst. Prof. Grisa Mocnik*, left 01.07.17 62. Hana Majaron, B. Sc.

17. Asst. Prof. Ale§ Mohoric* 63. Bojan Marin*, M. Sc.

18. Prof. Igor Musevic*, Head 64. Aleksander Matavz, B. Sc.
19. Dr. Andriy Nych 65. Tadej Meznarsic, B. Sc.
20. Asst. Prof. Stane Pajk* 66. Marusa Mur, B. Sc.

21. Dr. Matej Pregelj 67. Luka Pirker, B. Sc.

22. Prof. Miha Ravnik* 68. Jaka Pisljar, B. Sc.

23. Prof. Maja Remskar 69. Muhammad Saqib, B. Sc.
24. Prof. Igor Sersa 70. Melita Sluban, B. Sc.

25. Prof. Miha Skarabot 71. Marion Antonia Van Midden, B. Sc.
26. Prof. Janez Strancar Technical officers

27. Asst. Prof. Uro§ Tkalec* 72. Dr. Luka Drinovec*, left 01.07.17
28. Dr. Polona Umek 73. Dr. Maja Garvas

29. Dr. Herman Josef Petrus Van Midden 74. Dr. Andreja Jelen

30. Asst. Prof. Andrej Vilfan 75. Bostjan Kokot, B. Sc.

31. Prof. Bostjan Zalar 76. Ivan Kvasic, B. Sc.

32. Prof. Aleksander Zidansek 77. JoZe Luzar, B. Sc.

33. Asst. Prof. Andrej Zorko 78. Jaka Mocivnik, B. Sc.

34. Dr. Erik Zupani¢ Technical and administrative staff
35. Prof. Slobodan Zumer 79. DraZen Ivanov
Postdoctoral associates 80. JanezJelenc, B. Sc.

36. Dr. Franci Bajd, left 13.11.17 81. Masa Kavcic, B. Sc.

37. Dr. Primoz KoZelj 82. Davorin Kotnik

38. Dr. Mitja Krnel 83. Sabina Krhlikar, B. Sc.
39. Dr. Jerneja Milavec 84. Silvano Mendizza

40. Dr. Giorgio Mirri* 85. Janja Milivojevic

41. Dr. Nikola Novak 86. Ana Sepe, B. Sc.

42. Dr. Rok Podlipec 87. Marjetka TrSinar

43. Dr. Gregor Posnjak
44. Dr. AndraZ Resetic
45. Dr. Brigita Rozi¢

46. Dr. Anna Ryzhkova

Note:
* part-time JSI member

76 Annual Report 2017



BIBLIOGRAPHY

Department of Solid State Physics

ORIGINAL ARTICLE

1.

N

w

(%2}

Nel

10.

11.

12.

13.

14.

15.

16.

17.

18.

Alen Ajanovi¢, Jaka Konda, GaSper Fele-Zor%, Anton Gradi$ek, Matjaz
Gams, Ana Peterlin, Karolina Pocivavsek, Mojca Matici¢, "Application
for sexually transmitted infection risk assessment", Informatica (Ljublj.,
Tisk. izd.), 41, 2, 253-254, 2017.

. Cristobal Alessandri, Sara Fathipour, Huamin Li, lljo Kwak, Andrew

Kummel, Maja Remskar, Alan Seabaugh, "Reconfigurable electric
double layer doping in an MoS, nanoribbon transistor”, I[EEE trans.
electron devices, 64,12,5217-5222,2017.

. Fatima Ezahra Annanouch, Sergio Roso, Zouhair Haddi, Stella Vallejos,

Polona Umek, Carla Bittencourt, Christopher Blackman, T. Vilic, Eduard
Llobet, "p-Type PdO nanoparticles supported on n-type WO,
nanoneedles for hydrogen sensing”, Thin solid films, 618, part B, 238-
245,2017.

Bouchra Asbani, Y. Gagou, J. -L. Dellis, Maja Trcek, Zdravko Kutnjak, M.
Amjoud, A. Lahmar, D. Mezzane, Mimoun El Marssi, "Lead free
Ba,gCa,,Te,Ti;_,O;  ferroelectric  ceramics exhibiting  high
electrocaloric properties", . appl. phys., 121, 6,064103, 2017.

. Franci Bajd, Martin §krlep, Marjeta Candek-Potokar, Igor Sersa, "MRI-

aided texture analyses of compressed meat products"”, J. food eng., 27,
108-118, Aug. 2017.

. M. Becerril-Valle, E. Coz, Andre S. H. Prevot, Grisa Moc¢nik, Spyros N.

Pandis, A. M. Sanchez de la Campa, A. Alastuey, E. Diaz, R. M. Pérez, B.
Artifiano, "Characterization of atmospheric black carbon and co-
pollutants in urban and rural areas of Spain", Atmos. environ., 169, 36-
53,2017.

. Jani Bizjak, Anton Gradisek, Luka Stepanci¢, Hristijan Gjoreski, Matjaz

Gams, "Intelligent assistant carer for active aging", EURASIP J. Adv.
Signal Process., 2017, 76, 2017.

JoZe Buh, AleS Mrzel, Andrej Kovi¢, Viktor V. Kabanov, Zvonko Jaglici¢,
Stanislav Vrtnik, PrimoZ KozZelj, Dragan Mihailovi¢, "Phase slip and
telegraph noise in § — MoN nanowires", Phys., C Supercond., 535, 24-29,
2017.

. Romana Cerc KoroSec, Polona Umek, Alexandre Gloter, Jana PadeZnik

GomilSek, Peter Bukovec, "Structural properties and thermal stability
of cobalt- and chromium-doped a —MnO, nanorods", Beilstein j.
nanotechnol., 8,1032-1042, 2017.

Sarah Marie Denkhaus, Malte Vogler, Nikola Novak, Jirgen Rédel,
"Short crack fracture toughness in (1 —x)(Na,/,Bi,;,)TiO;_,BaTiO;
relaxor ferroelectrics”, J. Am. Ceram. Soc., 100, 10, 4760-4769, 2017.
Mitja Drab, Ekaterina Gongadze, Luka Mesarec, Samo Kralj, Veronika
Kralj-Igli¢, Ales Igli¢, "The internal and external dipole moment of a
water molecule and orientational ordering of water dipoles in an
electric double layer", Elektrotehniski vestnik, 84, 5, 221-234, 2017.
Luka Drinovec, Asta Gregoric, Peter Zotter, Robert Wolf, Emily Anne
Bruns, Andre S. H. Prevot, Jean-Eudes Petit, Olivier Favez, Jean Sciare,
Ian]. Arnold, Rajan K. Chakrabarty, Hans Moosmiiller, Filep Agnes, Grisa
Mocnik, "The filter loading effect by ambient aerosols in filter
absorption photometers depends on the mixing state of the sampled
particles", Atmos. meas. tech., 10, 3, 1043-1059, 2017.

Alexander Dubtsov, Sergey V. Pasechnik, Dina V. Shmeliova, Ales Iglic,
Samo Kralj, "Influence of polar dopant on internal configuration of
azoxybenzene nematic-in-water droplets”, Lig. cryst., 45, 3, 388-400,
2017.

G. K. Elyashevich, D. V. Novikov, 1. S. Kuryndin, Andreja Jelen, Vili
Bukosek, "Ordering effects and percolation in the structure formation
process of the oriented polyolefin porous films", Acta chim. slov. (Print
ed.), 64, 4,980-987, nov. 2017.

Rita R. Ferreira, Andrej Vilfan, Frank Jilicher, Willy Suppato, Julien
Vermot, "Physical limits of flow sensing in the left-right organizer”, eLife
(Cambridge), 6,25078, 2017.

Lovro Fulanovi¢, Silvo Drnovsek, Hana Ursi¢, Marko Vrabelj, Danjela
Kuscer, Kostja Makarovi¢, Vid Bobnar, Zdravko Kutnjak, Barbara Mali¢,
"Multilayer 0.9Pb(Mg, ;5Nb,/3)0; — 0.1PbTiO,4 elements for
electrocaloric cooling", J. Eur. Ceram. Soc., 37, 2, 599-603, 2017.

Lovro Fulanovi¢, Jurij Koruza, Nikola Novak, Florian Weyland, Barbara
Mali¢, Vid Bobnar, "Fatigue-less electrocaloric effect in relaxor
Pb(Mg,5Nb,,30;", J. Eur. Ceram. Soc., 37,15, 5105-5108, 2017.

Ulisse Gallo, C. Ciceroni, A. D. Carlo, F. Brunetti, Janez Jelenc, Muhammad
Saqib, Ana Varlec, Maja Remskar, "Synthesis and field emission
characteristics of W;0,, nanowires film", Microelectron. eng., 170, 44-
48,2017.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Luca Giomi, Ziga Kos, Miha Ravnik, Anupam Sengupta, "Cross-talk
between topological defects in different fields revealed by nematic
microfluidics”, Proc. Natl. Acad. Sci. U. S. A., 114, 29, E5771-E5777,2017.
Matjaz Gomilsek, Martin Klanj$ek, Rok Zitko, Matej Pregelj, Fabrice
Bert, Philippe Mendels, Y. Li, Qiming M. Zhang, Andrej Zorko, "Field-
induced instability of a gapless spin liquid with a spinon fermi surface”,
Phys. rev. lett.,, 119, 13, 137205, 2017.

Anton GradiSek, Gasper Slapnicar, Jure Sorn, Mitja Lustrek, Matjaz
Gams, Janez Grad, "Predicting species identity of bumblebees through
analysis of flight buzzing sounds", Bioacoustics (Berkhamsted), 26, 1,
63-76,2017.

Alan Gregorovi¢, "**N NQR lineshape in nanocrystals: an ab initio
investigation of urea", J. chem. phys., 146, 19, 194306, 2017.

Manabu Hagiwara, Yoshitaka Ehara, Nikola Novak, Neamul H. Khansur,
Azatuhi Ayrikyan, Kyle Webber, Shinobu Fujihara, "Relaxor-
ferroelectric crossover in (Bi,,K;,,)TiO; origin of the spontaneous
phase transition and the effect of an applied external: origin of the
spontaneous phase transition and the effect of an applied external”,
Physical review. B, 96, 1,014103, 2017.

Rana R. Haikal, Ahmed B. Soliman, Muhammad Amin, Stavros G.
Karakalos, Youssef S. Hassan, Ahmed M. Elmansi, Inas H. Hafez,
Mohamed R. Berber, Abdou Hassanien, Mohamed H. Alkordi,
"Synergism of carbon nanotubes and porous-organic polymers (POPs)
in C, fixation: one-pot approach for bottom-up assembly of tunable
heterogeneous catalyst", Appl. catal, B Environ., 207, 347-357, 2017.
Sasa Harkai, Milan Ambrozi¢, Samo Kralj, "Impact of diffusion limited
aggregates of impurities on nematic ordering”, Physica, A, 467, 249-
256,2017.

S. M. Hashemi, Uro$ Jagodi¢, M. R. Mozaffari, M. R. Ejtehadi, Igor
Musevi¢, Miha Ravnik, "Fractal nematic colloids", Nature
communications, 8, 12106, 2017.

Song-Jeng Huang, Wei-Yi Peng, Bojana Visi¢, Alla Zak, "Al alloy metal
matrix composites reinforced by WS, inorganic nanomaterials”, Mater.
sci. eng., A Struct. mater.: prop. microstruct. process., 709, 290-300,
2017.

Matjaz Humar, Anja Dobravec, Xiangwei Zhao, Seok Hyun Andy Yun,
"Biomaterial microlasers implantable in the cornea, skin, and blood",
Optica, 4,9, 1080-1085, 2017.

Matjaz Humar, Avinash Upadhya, Seok Hyun Andy Yun, "Spectral
reading of optical resonance-encoded cells in microfluidics”, Lab chip,
17,16,2777-2784, 2017.

Matjaz Humar, Seok Hyun Andy Yun, "Whispering-gallery-mode
emission from biological luminescent protein microcavity assemblies”,
Optica, 4, 2, 222-228, 2017.

Mutsuo Igarashi, Peter Jegli¢, Tadej MeZnarsi¢, Takehito Nakano, Yasuo
Nozue, Naohiro Watanabe, Denis Arcon, "Thermally activated motion of
sodium cations in insulating parent low-silica X zeolite", J. Phys. Soc. Jpn.,
86,7,075005, 2017.

Roghayeh Imani, Ralph Dillert, Detlef W. Bahnemann, Meysam Pazoki,
Tomaz Apih, Veno Kononenko, NeZa Repar, Veronika Kralj-Igli¢, Gerrit
Boschloo, Damjana Drobne, Tomas Edvinsson, Ale§ Igli¢,
"Multifunctional gadolinium-doped mesoporous TiO, nanobeads
ephotoluminescence, enhanced spin relaxation, and reactive oxygen
species photogeneration, beneficial for cancer diagnosis and
treatment”, Small, 13, 20, 1-11, 2017.

Oleana Ivashchenko, Emerson Coy, Barbara Peplinska, Marcin Jarek,
Mikotaj Lewandowski, Karol Zateski, Alicija Warowicka, Anna Wozniak,
Tatiana Babutina, Justyna Jurga-Stopa, Janez Dolinsek, Stefan Jurga,
"Influence of silver content on rifampicin adsorptivity for
magnetite/Ag/rifampicin nanoparticles”, Nanotechnology (Bristol), 28,
5,055603,2017.

Vito Janko, Bozidara Cvetkovi¢, Anton Gradisek, Mitja Lustrek, Boro
Strumbelj, Tanja Kajtna, "e-Gibalec: mobile application to monitor and
encourage physical activity in schoolchildren”, Journal of ambient
intelligence and smart environments, 9, 5, 595-609, 2017.

Marijana Juri¢, Lidija Andros-Dubraja, Damir Paji¢, Filip Tori¢, Andrej
Zorko, Andrzej Ozarowski, Vito Despoja, William Lafargue-Dit-Hauret,
Xavier Rocquefelte, "Experimental and theoretical investigation of the
anti-ferromagnetic coupling of Cr'''ions through diamagnetic -0-NbV-O-
bridges", Inorg. chem., 56, 12, 6879-6889, 2017.

Maja Kaisersberger Vincek, Janez Strancar, Vanja Kokol, "Antibacterial
activity of chemically versus enzymatic functionalized wool with ¢-
poly-L-lysine", Tex. res. j., 87,13, 1604-1619, 2017.

Annual Report 2017

F-5

77



3:0 Jozef Stefan Institute

78

37.

3

e}

39.

4

(=]

41.

4

N

43.

44.

45.

46.

4

4

49.

5

(=]

5

Juty

5

N

53.

54.

5

(%2}

56

57.

58.

N

©

Peter Keil, Raschid Baraki, Nikola Novak, Jiirgen Rodel, Till Fromling,
"Gauge factors for piezotronic stress sensor in polycrystalline Zn0", J.
phys., D, Appl. phys., 50, 17,175106, 2017.

. Peter Keil, Till Fromling, Andreas Klein, Jirgen Rodel, Nikola Novak,

"Piezotronic effect at Schottky barrier of a metal-ZnO single crystal
interface", J. appl. phys., 121, 15, 155701, 2017.

Martin Klanj$ek, Andrej Zorko, Rok Zitko, Jernej Mravlje, Zvonko
Jagli¢i¢, Pabitra Kumar Biswas, Peter Prelovsek, Dragan Mihailovi¢,
Denis Arcon, "A high-temperature quantum spin liquid with polaron
spins", Nature physics, 13, 1130-1134, 2017.

. Andraz Kocjan, Luka Kelhar, Anton GradiSek, Blaz Likozar, Kristina

Zagar, Jaafar Ghanbaja, Spomenka Kobe, Jean-Marie Dubois, "Solid
solubility in CugGd,_,Ca, system: structure, stability, and
hydrogenation”, Adv. Mater. Sci. Eng., 2017, 9203623, 2017.

Ziga Kos, Miha Ravnik, Slobodan Zumer, "Nematodynamics and
structures in junctions of cylindrical micropores", Liq. cryst., 44,12/13,
2161-2171,2017.

. Samo Kralj, Luka Mesarec, Pavlo Kurioz, Sylwester Rzoska, Ales Iglic,

"Topological defects: from simplicity to complexity", Glob. j. sci. front.
res., 17, 3-A, 23-43, 2017.

Samo Kralj, Bryce S. Murray, Charles Rosenblatt, "Decomposition of
strongly charged topological defects", Phys. rev., E, 95, 4,042702, 2017.
Matej Kranjc, Simona Kranjc, Franci Bajd, Gregor SerSa, Igor Sersa,
Damijan Miklav¢i¢, "Predicting irreversible electroporation-induced
tissue damage by means of magnetic resonance electrical impedance
tomography", Sci. rep., 7, 10323, 2017.

Maunuel Krapf et al. (17 authors), "Wood combustion particles induce
adverse effects to normal and diseased airway epithelia”, Environ. sci.
process. impacts, 19, 538-548, 2017.

Niksa Krstulovi¢, Polona Umek, KreSimir Salamon, Ivana Capan,
"Synthesis of Al-doped ZnO nanoparticles by laser ablation of
ZnO0: Al,0; target in water", Materials research express, 4, 10, 105003,
2017.

Peter Kriiger, Melita Sluban, Polona Umek, Peter Guttmann, Carla
Bittencourt, "Chemical bond modification upon phase transformation
of TiO, nanoribbons revealed by nanoscale X-ray linear dichroism", The
Jjournal of physical chemistry. C, Nanomaterials and interfaces, 121, issue
31,17038-17042, 2017.

Zdravko Kutnjak, RaSa Pirc, "Specific heat anomaly in relaxor
ferroelectrics and dipolar glasses", J. appl. phys., 121, 10, 105107, 2017.
Damjan Kuznar, Rok Piltaver, Anton GradiSek, Matjaz Gams, Mitja
Lustrek, "An intelligent system to monitor refrigeration devices", Expert
syst.,, 34, 5,e12199, 2017.

. Mojca Mally, Bojan Bozi¢, Sasa Vrhovec, Urska Klan¢nik, Marusa Mur,

Sasa Svetina, Jure Derganc, "Controlled shaping of lipid vesicles in a
microfluidic diffusion chamber”, RSC advances, 7, 36506-36515, 2017.

. Aleksander Matavz, Vid Bobnar, Barbara Mali¢, "Tailoring ink-substrate

interactions via thin polymeric layers for high-resolution printing",
Langmuir, 33,43,11893-11900, 2017.

. Aleksander MatavZz, Barbara Mali¢, Vid Bobnar, "Inkjet printing of

metal-oxide-based electronic devices", . appl. phys., 122, 21, 214102,
2017.

Luka Mesarec, Wojciech G6zdz, Samo Kralj, Miha Fo$nari¢, Samo Penic,
Veronika Kralj-Igli¢, Ales Igli¢, "On the role of external force of actin
filaments in the formation of tubular protrusions of closed membrane
shapes with anisotropic membrane components”, Eur. biophys. j., 46, 8,
705-718,2017.

Luka Mesarec, Pavlo Kurioz, Ale§ Igli¢, Wojciech G6zdz, Samo Kralj,
"Curvature-controlled topological defects", Crystals (Basel), 7, 6, 1-11,
2017.

. Christian Molin, Jani Perdntie, Florian Le Goupil, Florian Weyland,

Mehmet Sanlialp, Natalie Stingelin, Nikola Novak, Doru Constantin
Lupascu, Sylvia Gebhardt, "Comparison of direct electrocaloric
characterization methods exemplified by 0.92Pb(Mg;/3Nb,,3)0; —
0.08PbTiO; multilayer ceramics", J. Am. Ceram. Soc., 100, 7, 2885-2892,
2017.

.Jaka Mur, Luka Pirker, Natan Osterman, Rok Petkovsek, "Silicon

crystallinity control during laser direct microstructuring with bursts of
picosecond pulses”, Opt. express, 25, nr. 21, 26356-26364, Oct. 2017.
Marusa Mur, Junaid Sofi, Ivan Kvasi¢, Alenka Mertelj, Darja Lisjak, Vidur
Niranjan, Igor Mus$evi¢, Surajit Dhara, "Magnetic-field tuning of
whispering gallery mode lasing from ferromagnetic nematic liquid
crystal microdroplets"”, Opt. express, 25, 2, 1073-1083, 2017.

Urban Mur, Simon Copar, Gregor Posnjak, Igor Musevi¢, Miha Ravnik,
Slobodan Zumer, "Ray optics simulations of polarised microscopy
textures in chiral nematic droplets", Lig. cryst., 44, 4, 679-687, 2017.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Bryce S. Murray, Samo Kralj, Charles Rosenblatt, "Decomposition vs.
escape of topological defects in a nematic liquid crystal”, Soft matter, 1-
9,2017.

Andriy Nych, Jun-ichi Fukuda, Ulyana Ognysta, Slobodan Zumer, Igor
Musevi¢, "Spontaneous formation and dynamics of half-skyrmions in a
chiral liquid-crystal film", Nature physics, 13, 12,1215-1220, 2017.
Sergey V. Pasechnik, Gennady I. Maksimochkin, Dina V. Shmeliova,
Alexander 0. Zhirkov, Samo Kralj, 0. A. Semina, "Dynamic and static
light scattering at phase transitions in liquid crystal confined into
porous polymer film", Zidk. krist. ih prakt. ispol’z., 17, 4, 67-72,2017.

D. Patrén, H. Lymani, G. Titos, J. A. Casquero-Vera, C. Cardell, GriSa
Moc¢nik, L. Alados-Arboledas, F. ]. Olmo, "Monumental heritage
exposure to urban black carbon pollution", Atmos. environ., 170, 22-32,
2017.

Fedor V. Podgornov, R. Wipf, B. Stiirn, Anna V. Ryzhkova, Wolfang
Haase, "Low-frequency relaxation modes in ferroelectric liquid
crystal/gold nanoparticle dispersion: impact of nanoparticle shape”,
Liq. cryst., 43,11, 1536-1547, 2017.

Gregor Posnjak, Simon Copar, Igor Musevi¢, "Hidden topological
constellations and polyvalent charges in chiral nematic droplets”,
Nature communications, 8, 14594, 2017.

Uro$ Prah, Magdalena Wencka, Zdravko Kutnjak, Marko Vrabelj, Silvo
DrnovSek, Barbara Mali¢, Hana Urs$i¢, "Multicaloric effect in
polycrystalline Pb(Fe, sNb, 5)05", Inf. MIDEM, 47, 3, 165-170, 2017.
Albert Prodan, Ram Dusi¢ Hren, Marion Van Midden, Herman J. P. van
Midden, Erik Zupani¢, "The equivalence between unit-cell twinning and
tiling in icosahedral quasicrystals", Sci. rep., 7, 12474, 2017.

Sanja Prsic, Slavica M. Savi¢, Zorica Brankovi¢, Zvonko Jaglici¢, Stanislav
Vrtnik, Goran Brankovi¢, "Antiferromagnetism and heat capacity of
NaCo,_,Cu,0, ceramics”, Ceram. int., 43, 2, 2022-2026, Febr. 2017.
Brigita Rozi¢ et al. (14 authors), "Oriented gold nanorods and gold
nanorod chains within smectic liquid crystal topological defects", ACS
nano, 11,7, 6728-6738, 2017.

Kyriaki Savva et al (8 authors), "Short pulse laser synthesis of
transition-metal dichalcogenide nanostructures under ambient
conditions", ACS omega, 2, 6, 2649-2656, 2017.

Erdinc Sezgin, Falk Schneider, Victoria Zilles, Iztok Urbancic, Esther
Garcia, Dominic Waithe, Andrey S. Klymchenko, Celia Eggeling,
"Polarity-sensitive probes for superresolution stimulated emission
depletion microscopy”, Biophys. j., 113, 6, 1321-1330, 2017.

Melita Sluban, Bogdan Cojocaru, Vasile I. Parvulescu, Jernej Iskra,
Romana Cerc Korosec, Polona Umek, "Protonated titanate nanotubes as
solid acid catalyst for aldol condensation", J. catal., 346, 161-169, 2017.
Jan Srpéig, Peter Jegli¢, 1. Felner, Lv Bing, C. W. Chu, Denis Arcon, " 8°Y
NMR observation of ferromagnetic and antiferromagnetic spin
fluctuations in the collapsed tetragonal phase of YFe, (Ge, Si),", Physical
review. B, 96, 17, 174430, 2017.

Szymon Starzonek, Sylwester Rzoska, Aleksandra Drozd-Rzoska,
Krzysztof Czuprynski, Samo Kralj, "Impact of ferroelectric and
superparaelectric nanoparticles on phase transitions and dynamics in
nematic liquid crystals”, Phys. rev.,, E, 96, 2, 022705, 2017.

Drago Strle, Bogdan Stefane, Mario Trifkovi¢, Marion Van Midden, Ivan
Kvasi¢, Erik Zupani¢, Igor Musevic, "Chemical selectivity and sensitivity
of a 16-channel electronic nose for trace vapour detection", Sensors, 17,
12,1-24, Dec. 2017.

Andreja Sarlah, Andrej Vilfan, "Minimum requirements for motility of a
processive motor protein", PloS one, 12, e0185948, 2017.

Miha Skarabot, Natan Osterman, Igor Musevi¢, "Optothermally driven
colloidal transport in a confined nematic liquid crystal”, Soft matter, 13,
13,2448-2452,2017.

Ale$ Stefanéi¢, Gyongyi Klupp, Tilen Knafli¢, Dmitry S. Yufit, Gasper
Tavcar, Anton Potocnik, Andrew Beeby, Denis Arcon, "Triphenylide-
based molecular solid: a new candidate for a quantum spin-liquid
compound"”, The journal of physical chemistry. C, Nanomaterials and
interfaces, 121, 27, 14864-14871.

Yasuhiro Takabayashi et al. (13 authors), "r-electron S=1/2 quantum
spin-liquid state in an ionic polyaromatic hydrocarbon", Nat. chem., 9,
635-643,2017.

Andrei L. Tchougréeff, Ralf Stoffel, Andreas Houben, Philipp Jacobs,
Richard Dronskowski, Matej Pregelj, Andrej Zorko, Denis Arcon, Oksana
Zaharko, "Atomic motions in the layered copper pseudochalcogenide
CuNCN indicative of a quantum spin-liquid scenario”, J. phys., Condens.
matter, 29, 23,235701, 2017.

Monique Teich, Dominik van Pintxteren, Michael Wang, Simonas
Kecorius, Zhibin Wang, Thomas Miiller, GriSa Moc¢nik, Hartmut
Herrmann, "Contributions of nitrated aromatic compounds to the light
absorption of water-soluble and particulate brown carbon in different

Annual Report 2017



8

8

8

8

8

8

8

8

8

9

9
9
9

9

9

9

9

9

R

atmospheric environments in Germany and China", Atmos. chem. phys.,
17,3,1653-1672,2017.

1. G. Titos et al (12 authors), "Spatial and temporal variability of
carbonaceous aerosols: assessing the impact of biomass burning in the
urban environment", Sci. total environ., 578, 613-625, 2017.

2. Agniezka Tomala, Manel Rodriguez Ripoll, C. Gabler, Maja Remskar,
Mitjan Kalin, "Interactions between MoS, nanotubes and conventional
additives in model oils", Tribol. int., 110, 140-150, June 2017.

3. Maja Tréek, George Cordoyiannis, Brigita Rozi¢, Vassilios Tzitzios,
George Nounesis, Samo Kralj, loannis Lelidis, Emmanuelle Lacaze,
Heintz Amenitsch, Zdravko Kutnjak, "Twist-grain boundary phase
induced by Au nanoparticles in a chiral liquid crystal host", Lig. cryst.,
44,10,1575-1581, 2017.

4. Andrii Varanytsia, Gregor Posnjak, Urban Mur, Vinay Joshi, Kelsey
Darrah, Igor Mu$evi¢, Simon Copar, Liang-Chy Chien, "Topology-
commanded optical properties of bistable electric-field-induced torons
in cholesteric bubble domains", Sci. rep., 7, 16149, 2017.

5. Bojana Visi¢, Leela Srinivas Panchakarla, Reshef Tenne, "Inorganic
nanotubes and fullerene-like nanoparticles at the crossroad between
solid-state chemistry and nanotechnology”, . Am. Chem. Soc., 139, issue
37,12865-12878, 2017.

6. Malte Vogler, Nikola Novak, Florian H. Schader, Jiirgen Rodel,
"Temperature-dependent volume fraction of polar nanoregions in lead-
free (1 — x)(BiysNay5)TiO;_,BaTiO; ceramics”, Physical review. B, 95,
2,024104, 2017.

7. Stanislav Vrtnik, Primoz KozZelj, Anton Meden, Soummyadipta Maiti,
Walter  Steurer,  Michael  Feuerbacher, Janez  Dolinsek,
"Superconductivity in thermally annealed Ta-Nb-Hf-Zr-Ti high-entropy
alloys", J. alloys compd., 695, 3530-3540, 2017.

8. Marija Vukomanovi¢, Vojka Zuni¢, Spela Kunej, Botjan Jan¢ar, Samo
Jeverica, Rok Podlipec, Danilo Suvorov, "Nano-engineering the
antimicrobial spectrum of lantibiotics: activity of nisin against gram
negative bacteria", Sci. rep., 7, 4324, 2017.

9. Magdalena Wencka, Tomaz Apih, Romana Cerc Korosec, Jacek Jenczyk,
Marcin Jarek, Kosma Szutkowski, Stefan Jurga, Janez Dolinsek,
"Molecular dynamics of 1-ethyl-3-methylimidazolium triflate ionic
liquid studied by *H and °F nuclear magnetic resonances", PCCP. Phys.
chem. chem. phys., 19, 23, 15368-15376, 2017.

0. Magdalena Wencka, Stanislav Vrtnik, PrimoZ KoZelj, Zvonko Jaglici¢,
Peter Gille, Janez DolinSek, "Anisotropic electrical, thermal and
magnetic properties of Al;;Ru, decagonal quasicrystalline
approximant”, Z. Kristallogr., Cryst. mater., 232,7/9, 647-652, 2017.

1. M. Zannen, A. Lahmar, Zdravko Kutnjak, J. Belhadi, H. Khemakhem,
Mimoun El Marssi, "Electrocaloric effect and energy storage in lead free
Gd, o,Nag sBig45TiO5 ceramic”, Solid state sci., 66, 31-37, 2017.

. Chong-Shu Zhu et al. (11 authors), "Spectral dependence of aerosol light
absorption at an urban and a remote site over the Tibetan Plateau”, Sci.
total environ., vols. 590-591, 14-21, 2017.

3. Mitja Zidar, Ana Susteri¢, Miha Ravnik, Drago Kuzman, "High
throughput prediction approach for monoclonal antibody aggregation
at high concentration", Pharm. res., 34,9, 1831-1839, 2017.

4. Andrej Zorko, Mirta Herak, Matjaz Gomil$ek, ]. van Tol, M. Velazquez, P.
Khuntia, Fabrice Bert, Philippe Mendels, "Symmetry reduction in the
quantum kagome antiferromagnet herbertsmithite", Phys. rev. lett.,
118,1,017202, 2017.

5. P. Zotter, Hanna Herich, Martin Gysel, Imad El-Haddad, Yanling Zhang,
Gri$a Moc¢nik, Christoph Hiiglin, Urs Baltensperger, Sonke Szidat, Andre
S. H. Prevot, "Evaluation of the absorption Angstrém exponents for
traffic and wood burning in the Aethalometer based source
apportionment using radiocarbon measurements of ambient aerosol",
Atmos. chem. phys., 17, 6, 4229-4249, 2017.

6. Hongyang Zou, Anton Gradisek, Samuel B. Emery, John ]. Vajo, Mark S.
Conradi, "LiBH, in aerogel: ionic motions by NMR", The journal of
physical chemistry. C, Nanomaterials and interfaces, 121, 28, 15114-
15119, 2017.

7.S.G. Zybtsev et al. (22 authors), "NbS;: a unique quasi-one-dimensional
conductor with three charge density wave transitions", Physical review.
B, 95,3,0351101-035110-14, 2017.

8. Mojca Zlahti¢ Zupanc, UrSka Mikac, Igor SerSa, Maks Merela, Miha
Humar, "Distribution and penetration of tung oil in wood studied by
magnetic resonance microscopy", Ind. crops prod., 96, feb. 2017, 149-
157.

N

EVIEW ARTICLE

1. Matias Acosta, Nikola Novak, Virginia Rojas, Satyanarayan Patel, R.
Vaish, Jurij Koruza, George A. Rossetti, Jirgen Rodel, "BaTiO;-based

Annual Report 2017

Department of Solid State Physics F-5

piezoelectrics: fundamentals, current status, and perspective”, J. appl.
phys., 4, 4, 041305, 2017.

. Anja Bregar, Timothy J. White, Miha Ravnik, "Refraction of light on flat

boundary of liquid crystals or anisotropic metamaterials”, Lig. cryst.

rev., 5,1, 53-68,2017.

Matjaz Humar, Sheldon J. J. Kwok, Myunghwan Choi, Ali K. Yetisen,

Sangyeon Cho, Seok Hyun Andy Yun, "Toward biomaterial-based

implantable photonic devices", Nanophotonics, 6, 2, 414-434, 2017.

4. H. Kaddoussi, A. Lahmar, Y. Gagou, B. Manoun, J. N. Chotard, J. -L. Dellis,
Zdravko Kutnjak, H. Khemakhem, B. Elouadi, Mimoun El Marssi,
"Sequence of structural transitions and electrocaloric properties in
(Ba,_xCay)(Zry,Tige)O5 ceramics”, J. alloys compd., 713, 164-179,
2017.

. Ale$ Mohori¢, Andrej Cade?, "Detekcija gravitacijskih valov", Obz. mat.
fiz., 64, no. 3,91-103, 2017.

[\S]

w

(%2}

SHORT ARTICLE

1. Matjaz Humar, "Lasing cancer biomarkers", Nat. biomed. eng., 1,9, 682-
683,2017.

2. Anna V. Ryzhkova, Fedor V. Podgornov, Wolfang Haase, "Control of two-
dimensional motion of microparticles in nematic liquid crystal”, Bull.
Lebedev Phys. Inst., 36,12, 373-376, 2107.

3. Anton USaj, Ana Sepe, Igor SerSa, "Razlike v trajanju dinamicnega
kréenja misic z uporabo dveh intervalov kréenja in spro$canja”, Sport
(Ljublj.), 65,n0.1/2,170-173, 2017.

PUBLISHED CONFERENCE CONTRIBUTION

1. Alen Ajanovi¢, Karolina Pocivavsek, Matic Podpadec, Andrej Ul¢ar, Ana
Marija Peterlin, Ana Prodan, Sasa Rink, Anton Gradisek, Matjaz Gams,
Gasper Fele-Zorz, Mojca Mati¢i¢, "Application for viral hepatitis
infection risk assessment”, In: Delavnica za elektronsko in mobilno
zdravje ter pametna mesta: zbornik 20. mednarodne multikonference
Informacijska druzba - IS 2017, 9.-13. oktober 2017, [Ljubljana, Slovenia]:
zvezek I: proceedings of the 20th International Multiconference
Information Society - IS 2017, 9th-13th October, 2017, Ljubljana,
Slovenia: volume I, Matjaz Gams, ed., Ale$ Tav¢ar, ed., Ljubljana, Institut
Jozef Stefan, 2017, 46-48.

. Jani Bizjak, Anton Gradisek, Luka Stepanci¢, Hristijan Gjoreski, Matjaz
Gams, Karmen Goljuf, "Intelligent system to assist the independent
living of the elderly”, In: [E’ 2017, The 13th International Conference on
Intelligent Environments, 23-25 August 2017, Seoul, Korea, Jason ]J.
Jung, ed. Danvers, IEEE = Institute of Electrical and Electronics
Engineers, 2017, 180-183.

.Jani Bizjak, Anton GradiSek, Luka Stepanci¢, Primoz Presetnik, "Bat
classification using deep neural network", In: Slovenska konferenca o
umetni inteligenci: ~ zbornik 20. mednarodne multikonference
Informacijska druzba - IS 2017, 9.-13. oktober 2017, [Ljubljana, Slovenia]:
zvezek A: proceedings of the 20th International Multiconference
Information Society - IS 2017, 9th-13th October, 2017, Ljubljana,
Slovenia: volume A, Mitja Lustrek, ed., Rok Piltaver, ed., MatjaZ Gams, ed.,
Ljubljana, Institut Jozef Stefan, 2017, 27-30.

4. Borut Budna, Martin Gjoreski, Anton Gradisek, Matjaz Gams, "JSI Sound

- platforma za enostavno Kklasifikacijo zvo¢nih posnetkov:

demonstracija na zvokih Zivali", In: Slovenska konferenca o umetni

inteligenci: zbornik 20. mednarodne multikonference Informacijska

druzba - IS 2017, 9.-13. oktober 2017, [Ljubljana, Slovenia]: zvezek A:

proceedings of the 20th International Multiconference Information

Society - IS 2017, 9th-13th October, 2017, Ljubljana, Slovenia: volume A,

Mitja Lustrek, ed., Rok Piltaver, ed., Matjaz Gams, ed., Ljubljana, Institut

Jozef Stefan, 2017, 23-25.

Janez Dolinsek, "Magnetic-field dependence of Schottky specific heat in

the 1/1 Zn- Sc-Tm approximant", In: Proceedings of the 37th

International Conference on Quantum Probability and Related Topics

(QP37)22-26, 22-26 August 2016, Kuantan, Malaysia August 2016,

Kuantan, Malaysia, (Journal of physics, Conference series, 819), Bristol,

Institute of Physics, 2017, 1, 012012, 2017.

Martin Gjoreski, Borut Budna, Anton Gradisek, Matjaz Gams, "JSI sound:

a machine-learning tool in Orange for classification of diverse

biosounds", In: BAI 2017: proceedings of the Workshop on Advances in

Bioinformatics and Artificial Intelligence: Bridging the Gap, co-located

with 26th International Joint Conference on Artificial Intelligence (IJCAI

2017), Melbourne, Australia, August 20, 2017, (CEUR workshop

proceedings, 1942), Wajdi Dhiflj, ed,, [S. 1.], CEUR-WS, 2017, 26-29.

. Martin Gjoreski, Monika Simjanoska, Anton GradiSek, Ana Peterlin,
Matjaz Gams, Gregor Poglajen, "Chronic heart failure detection from

A8}

w

v

o

~

79



3:0 Jozef Stefan Institute

heart sounds using a stack of machine-learning classifiers", In: [E’ 2017,
The 13th International Conference on Intelligent Environments, 23-25
August 2017, Seoul, Korea, Jason J. Jung, ed., Danvers, IEEE = Institute
of Electrical and Electronics Engineers, 2017, 14-19.

Eva Klemenci¢, Maja Tréek, Zdravko Kutnjak, Samo Kralj,
"Electrocaloric effect in nematic liquid crystal phase”, In: Energy
efficiency: (conference proceedings), Jurij Krope, ed., et al, Maribor,
University of Maribor Press, Faculty of Chemistry and Chemical
Engineering, 2017, 45-55.

Marjan Krasna, Samo Kralj, "Phase-changing materials for thermal
stabilization of buildings", In: Energy efficiency: (conference
proceedings), Jurij Krope, ed., et al, Maribor, University of Maribor Press,
Faculty of Chemistry and Chemical Engineering, 2017, 37-43.

I

0

10. Luka Mesarec, Wojciech Gdzdz, Ale§ Igli¢, Samo Kralj, "Impact of

curvature on topological defects", In: INERA Workshop 2016, (Journal of
physics, Conf. Ser., 780), Membrane and Liquid Crystal Nanostructures
(MELINA 2016) 3-6 September 2016, Varna, Bulgaria, Bristol, IOP,
2017, 1-9.

11. Drago Strle, Marion Van Miden, Igor Musevi¢, "The selectivity

measurements of multi-channel, high sensitivity vapor trace detection
system", In: Smart systems integration, 10th International Conference
and Exhibition on Integration Issues of Miniaturized Systems, Cork,
Ireland, 8-9 March 2017, Thomas Otto, ed., Stuttgart, Mesago Messe
Frankfurt, cop. 2017, 75-80.

12. Agniezka Tomala, Manel Rodriguez Ripoll, Maja Remskar, Janez

Kogovsek, Mitjan Kalin, "Mechanism of interactions between MoS,
nanotubes and conventional oil additives under various contact
condition”, In: WTC 2017, 6th World Tribology Congress, September 17-
22,2017, Beijing, China, [S.1, s. n., 2017].

13. Aleksander Zidansek, Mitja Gliha, "Electromagnetic sensing of building

materials for circular economy”, In: Book of abstracts, (Book of abstracts
(Dubrovnik Conference on Sustainable Development of Energy, Water
and Environment Systems)), 12th Conference on Sustainable
Development of Energy, Water and Environment Systems, October 4-8,
2017, Dubrovnik, Croatia, Marko Ban, ed., Aleksander Zidansek, ed.,
[Zagreb], SDEWES, 2017.

14. Aleksander Zidan$ek, Ivo Slaus, "Blockchain technology as an

opportunity to increase public trust in circular economy", In: Book of
abstracts, (Book of abstracts (Dubrovnik Conference on Sustainable
Development of Energy, Water and Environment Systems)), 12th
Conference on Sustainable Development of Energy, Water and
Environment Systems, October 4-8, 2017, Dubrovnik, Croatia, Marko
Ban, ed., Aleksander Zidansek, ed., [Zagreb], SDEWES, 2017, 12

INDEPENDENT COMPONENT PART OR A CHAPTER IN A
MONOGRAPH

1. Igor Musevi¢, "Solid microparticles in nematic liquid crystals”, In: Liquid
crystals with nano and microparticles, (Series in soft condensed matter,
7), Jan P. F. Lagerwall, ed., Giusy Scalia, ed., New Jersey [etc.], World
Scientific, cop. 2017, 1, 323-360.

. Miha Skarabot, "Manipulation of inclusions with optical tweezers", In:
Liquid crystals with nano and microparticles, (Series in soft condensed
matter, 7), Jan P. F. Lagerwall, ed., Giusy Scalia, ed., New Jersey [etc.],
World Scientific, cop. 2017, 1, 277-293.

3. Andrej Zorko, Matej Pregelj, Denis Arcon, "Modern electron
paramagnetic resonance techniques and their application to magnetic
systems”, In: Handbook of solid state chemistry. Volume 3,
Characterization, Richard Dronskowski, ed. Shinichi Kikkawa, ed.,
Andreas Stein, ed., Weinheim, Wiley-VCH, 2017, 279-309.

N

SCIENTIFIC MONOGRAPH

80

1. Borut Jereb, Asta Gregoric¢, Ana Vovk Korze, GriSa Mo¢nik, Nina Sterle
Masat, Spela KovSe, Luka Herman, Iris Ceh, Teja Bezgovsek, Nastja

Brezovsek, Tanja Batkovi¢, Black bicycle: kolesarske poti ob vpadnici v
Celje: Studentski projekt Po kreativni poti do znanja 2017, 1. elektronska
izd., Celje, Fakulteta za logistiko, 2017.

2. Igor Musevic, Liquid crystal colloids, (Soft and biological matter), Cham,
Springer, cop. 2017.

UNIVERSITY, HIGHER EDUCATION OR HIGHER
VOCATIONAL EDUCATION TEXTBOOK

1. Andrej Zorko, Miha Skarabot, Zbirka nalog iz fizike z resitvami, 1. izd.,
Ljubljana, Fakulteta za kemijo in kemijsko tehnologijo, 2017.

PATENT APPLICATION

1. Andrej Petelin, Igor MusSevic, Two mode electro-optic filter,
WO02017117570 (A1), WIPO International Bureau, 07. 07. 2017.

PATENT

1. Barbara Mali¢, Hana Ursi¢, Marija Kosec, Silvo Drnovsek, Jena Cilensek,
Zdravko Kutnjak, Brigita Rozi¢, Uro$ Flisar, Andrej Kitanovski, Marko
0zbolt, Uros Plaznik, Alojz Poredos, Urban Tomc, Jaka Tusek, Method for
electrocaloric energy conversion, EP3027980 (B1), European Patent
Office, 18.10.2017.

2. Luka Drinovec, GriSa Mocnik, Anthony D. A. Hansen, Method and
apparatus for the analysis of materials, US9671324 (B2), US Patent and
Trademark Office, 06. 06.2017.

. GriSa Moc¢nik, Anthony D. A. Hansen, Jeffrey R. Blair, Method for
automatic performance diagnosis and calibration of a photometric
particle analyzer, US9804082 (B2), US Patent Office, 06. 06. 2017.

w

MENTORING

1. Slavko Bucek, Hysteretic Behaviour of Lebwohl-Lasher Rotors: doctoral
dissertation, Maribor, 2017 (mentor Samo Kralj).

2. Miha Can¢ula, Mutually coupled flow of light and liquid crystal ordering:
doctoral dissertation, Ljubljana, 2017 (mentor Slobodan Zumer; co-
mentor Miha Ravnik).

. Primoz Kozelj,