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Jozef Stefan Institute §

INTRODUCTION

With the end of 2018, the “Jozef Stefan” Institute records

70 years of research activity. Since it was established in

1949, the Institute has evolved and expanded because of the

courage and vision of its members and the natural need for

high-quality university education based on research. In the

1970s and especially in the 1980s, the Institute began fo be

influenced by the economy and this led to ils rapid growth.

After Slovenia gained its independence, this cooperation

declined slightly, due mainly to the post-independence crisis

of the 1990s and the global economic crisis that occurred in

2008. This most recent event also revealed itself as a crisis of

vision in governmental development policies, as Slovenian

researchers bore the brunt of tough, uncompromising savings — Nobel laureate Prof. Duncan Haldane (left) during his visit at the Jozef

in public expenditure, despite their activities being vitally ~Stefan Institute with director Prof. Jadran Lenarcic

important for the country’s social and economic development.

While we in Slovenia were asking ourselves what to do with science and technological development, the smarter countries

in Europe maintained a very clear vision. However, let me emphasize, the situation in the country has begun to improve

since 2017. Based on the commitments of almost all the political parties in the government and in opposition, it looks like
the increasing investments in research and development will continue into the future.

During the crisis the Institute became intensively international and sought out opportunities in

European exchanges and financial instruments. If anything, itis this international involvement
that has shaped our modern Institute. By operating internationally, the institute has excelled in
maintaining the number of employees, while strengthening its many international connections,
which are the key to success for the future and the drive for quality. In 2018, the Institute ended
the year with 991 employees, and it is expected that this number will soon exceed 1000 for the first
time in the Institute’s history. Lastly, let me repeat that what is most important is that the Institute
continues lo develop its humane and noble mission, and that it is able to attract and inspire
generations of the most talented and creative young people to devole their lives lo science and
research. These are the historical and cultural dimensions that our Institute has for Slovenia

Prof. Oussama Khatib with and beyond. In conclusion, I particularly want to thank all those who have left their mark on

director Prof, Jadran Lenarcic  the Institute.

s

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 establish 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 723, 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]
Jozef Stefan Institute 3:.

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: Gregor Dolanc

Chemistry and Biochemistry

Inorganic Chemistry and Technology (K-1)

Artificial Intelligence Laboratory (E-3)
Prof. Dunja Mladenic
Open Systems and Networks (E-5)
Prof: Borka Jerman Blazic", Asst. Prof. Tomaz Klobucar®
Communication Systems (E-6)

Asst. Prof.Gasper Tavcar Prof: Mihael Mohorcic
Physical and Organic Chemistry (K-3) Computer Systems Department (E-7)
Prof. Ingrid MiloSev Prof. Gregor Papa

. . Knowledge Technologies (E-8)
Electronic Ceramics (K-5) Prof. Nada Lavra¢
Prof. Barbara Malic Intelligent Systems (E-9)
Nanostructured Materials (K-7) Prof. Matjaz Gams

Prof- Spomenka Kobe', Prof. Saso Sturm?

Synthesis of Materials (K-8)
Prof: Darko Makovec

Advanced Materials (K-9)
Prof. Danilo Suvorov’, Asst. Prof. Matjaz Spreitzer’

Reactor Techniques and Energetics

Reactor Engineering (R-4)
Prof Leon Cizelj

Yuntil 31 March 2018 Zsince 1 April 2018
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CENTRES

Reactor Centre (RIC)
Prof: Borut Smodis
Networking Infrastructure Centre (NIC)
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)
Maljaz Steblaj, B. Sc.
Center Factory of the Future (CFoF)
Rudi Panjtar, 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

DMINIS ON, SERVICES AND SUPPORT UNI

ICIPATION IN THE REGIONAL DEVELOPMENT OF RESEARCH

Ljubljana Technology Park Ltd.

Nanotesla Institute Ljubljana

Development Centre for Hydrogen
Technologies

University of Nova Gorica

Jozef Stefan International
Postgraduate School
Nanocenter - Center of Excellence in
Nanoscience and Nanotechnology

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

* Sales and Purchase Department (until 28 February 2018)
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Centre of Excellence NAMASTE

Centre of Excellence for Polymer
Materials and Technologies (PoliMaT)

EN-FIST Centre of Excellence

Technology Centre for Production
Automation, Robotics and Informatics
(ARD)

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

Suntil 28 February 2018 * 1 March-31 May 2018  °since 1 June 2018  ¢since 1 March 2018
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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

Mr. Ivo Boscarol, Pipistrel, d.o.o.

Prof. Saso Dzeroski, /S/

Mrs. Martina Gasperlin, Ministry for Economic Development and Technology
Prof. Primoz Pelicon, /S/

SCIENTIFIC COUNCIL

Prof. Dragan Dragoljub Mihailovic, President
Prof. Leon Cizelj

Prof. Miran Ceh

Prof. Svjetlana Fajfer

Prof. Milena Horvat

Prof. Dani JuriCic, Deputy President

Prof. Nada Lavra¢

Prof. Jadran Lenarci¢

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

Prof. Joze Pungercar, /S/

Dr. Tomaz Savsek, 7PV Group, d. o. 0., Novo mesto

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

Dr. Peter Vrtacnik, Ministry for Economic Development and Technology

Asst. Prof. Matej Lipoglavsek

Prof. Barbara Mali¢

Prof. Marko MikuZ

Prof. Ingrid MiloSev, Deputy President
Prof. Gregor Papa

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, Universitit 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 Universitéit, 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-Universitat, Heidelberg, Germany
Prof. H. Eugene Stanley, Boston University, Boston, Massachusetts, USA
Prof. Thomas Walcher, Universitit Mainz, Mainz, Germany
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STAFF QUALIFICATIO

[
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1949-2018

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
2018

400 500 600 700

800 900 1000

H Ph. D. Degree

B M. Sc,, B. Sc. Degree

O Total Staff

B5

152

159

349

] 813

] 852

372

] 895

] 909

403

1 895

] 858

295

278

] 809
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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 Bremsak®
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. Du$an 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 Zupanic®, Ludwig-Maximillians-Universitdt, 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 105
CHALLENGES, SPREADING EXCELLENCE AND WIDENING PARTICIPATION, SCIENCE WITH AND FOR SOCIETY)
7. FP (COOPERATION: HEALTH, FOOD, AGRICULTURE/FISHERIES, BIOTECHNOLOGY, INFORMATION COMMUNICATION TECHNOLOGIES, 7

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 30
OTHERS (COST, IAEA, JRC, ESA, NATO, CIP, CEF, EMPIR, LIFE+...) 188
TOTAL 330
Austria 3 Japan 4
China 5 Macedonia 3
Germany 6 Montenegro 1
France 11 Russia 5
Croatia 7 Serbia 10
Hungary 2 Turkey 4
India 3 USA 39
TOTAL 103

INTERNATIONAL COOPERATION
AGREEMENTS

In 2018, international cooperation agreements were signed between the JoZef Stefan Institute and:

1. University of Rijeka (UNIRI), Rijeka, Croatia (U-1) 5. Nankai University (NKU), Tianjin, China (F-7)
2. Ss. Cyril and Methodius University in Skopje, Skopje, The Former Yugoslav 6. Brazilian Commission for Nuclear Energy, Nuclear Technology
Republic of Macedonia (E-7, E-9) Development Center, CDTN/CNEN, Belo Horizonte, Minas Gerais, Brazil
3. Slovak Academy of Sciences, Bratislava, Slovakia (U-1) and JoZef Stefan International Postgraduate School, Ljubljana (0-2)
4. Tkerlan S. Coop., Arrasate Mondragon (Gipuzkoa), Spain (CEU)

Annual Report 2018 13
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COOPERATION WITH HIGHER-
EDUCATION ESTABLISHMENTS

FULL-TIME FACULTY MEMBERS

Professors

14

L
2.
3

21.
22.
23.

24.
25.
26.

27.
28.

29.
30.

3L
32.
33.
34.

Prof. Denis Arcon, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Iztok Arcon, University of Nova Gorica

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

Prof. Janez Bonca, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Marko Bracko, University of Maribor, Faculty of Chemistry and
Chemical Engineering

Prof. Dean Cvetko, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Mojca Cepic, University of Ljubljana, Faculty of Education

Prof. Martin Copi, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Janez Dolinsek, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Irena Drevensek Olenik, University of Ljubljana, Faculty of Mathematics
and Physics

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

Asst. Prof. Darja FiSer, University of Ljubljana, Faculty of Arts

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

Prof. TomaZ Gyergyek, University of Ljubljana, Faculty of Electrical Engineering
Asst. Prof. Branko Kavsek, University of Primorska, Faculty of Mathematics,
Natural Sciences and Information Technologies

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

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

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

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

Prof. Marko Mikuz, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Igor Musevi¢, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Natan Osterman, University of Ljubljana, Faculty of Mathematics and
Physics

Prof. Uros Petrovic, University of Ljubljana, Biotechnical Faculty

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

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

Prof. Anton Ramsak, University of Ljubljana, Faculty of Mathematics and Physics
Prof. John Shawe-Taylor, University College London, Gentre 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

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

Prof. Tanja Urbanci¢, University of Nova Gorica

Prof. Natasa Vaupoti¢, 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

1.
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 and IPS, Ljubljana

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

17. Prof. Jean-Marie Dubois, IPS, Ljubljana

18. Prof. SaSo DZeroski, IPS, Ljubljana, University of Ljubljana, Faculty of Computer
and Information Science

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

20. Prof. Tomaz Erjavec, IPS, Ljubljana

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

22. Prof. Andrej Filipcic, University of Nova Gorica, School of Applied Sciences
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23.

24.
25.
26.
27.
28.
29.

30.

31.

32.

33.
34.

35.

36.
37.

38.
39.
40.
41.
42.
43.
44,

45.
46.

47.

48.

49.
50.

5L

52.
53.

54.

Prof. Bogdan Filipic, 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, Beijing Jiaotong University, Beijing, China and 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

Prof. Dani Jurici¢, 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 Kerevan, 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 Konti¢, University of Ljubljana, Biotechnical Faculty

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

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

55.

56.

57.
58.
59.

60.

6l.

62.
03.

04.
65.
66.

67.

68.
69.

70.
71
72.
73.

74.

75.

76.

7.
78.

79.

80.
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82.
83.

84.
85.
86.

87.

88.

89.

90.
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Prof. Janez Kovac, 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

Asst. Prof. Adrijana Leonardi, University of Ljubljana, Biotechnical Faculty
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 Mali¢, 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 Mihailovic, University of Ljubljana, Faculty of Mathematics
and Physics and IPS, Ljubljana

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

Asst. Prof. Miha Mihovilovi¢, University of Ljubljana, Faculty of Mathematics
and Physics, Johannes Gutenberg Universitit, Mainz, Germany

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 Mohorti¢, IPS, Ljubljana

Prof. Miran Mozetic, 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

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
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Prof. Joze Pungercar, University of Ljubljana, Biotechnical Faculty, Faculty of
Medicine, 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. Boris Rogelj, University of Ljubljana, Faculty of Chemistry and

Chemical Technology and Faculty of Pharmacy, Faculty of Medicine

Prof. Igor Ser3a, University of Ljubljana, Faculty of Natural Sciences and
Engineering, IPS, Ljubljana

Asst. Prof. TomaZ Skapin, JoZef Stefan International Postgraduate School
Prof. Borut Smodi$, 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. Danilo Suvorov, University of Ljubljana, Faculty of Chemistry and
Chemical Technology, Faculty of Mathematics and Physics

. Prof. Janez S¢ancar, IPS, Ljubljana

Asst. Prof. Jurij Silc, IPS, Ljubljana

Asst. Prof. Sreco 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 and IPS, Ljubljana

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

. Prof. Ales Ude, IPS, Ljubljana

1. Asst. Prof. Hana Ursi¢ 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 and IPS, Ljubljana

. Prof. Alenka Vesel, IPS, Ljubljana

. Asst. Prof. Damir Vrancic, Faculty of Industrial Engineering, Novo mesto, IPS,
Ljubljana

. Prof. Bostjan Zalar, IPS, Ljubljana
Asst. Prof. Rok Zaplotnik, IPS, Ljubljana

. Prof. Marko Zavrtanik, University of Nova Gorica

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

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

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

132. Asst. Prof. Bernard Zenko, Faculty of Information studies Novo mesto, Faculty
of Industrial Engineering Novo mesto

133. Prof. Eva Zerovnik, IPS, Ljubljana

134. Prof. Matja Zitnik, University of Ljubljana, Faculty of Mathematics and Physics

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

136. Asst. Prof. Martin Znidarsic, Faculty of Information Studies, Novo mesto; Faculty
of Industrial Engineering, Novo mesto; IPS, Ljubljana

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

138. Prof. Kristina Zuzek RoZman, IPS, Ljubljana

Assistants and researchers

Dr. Zoran Arsov, University of Ljubljana, Faculty of Mathematics and Physics
Dr. Samir El Shawish, University of Ljubljana, Faculty of Mathematics and Physics
Dr. Blaz Fortuna, IPS, Ljubljana

Dr. Carolina Fortuna, IPS, Ljubljana

Dr. Dejan Gradisar, University of Ljubljana, Faculty of Electrical Engineering

Dr. Anton GradiSek, University of Ljubljana, Faculty of Mathematics and Physics
Dr. Radojko Jacimovic, IPS, Ljubljana

Dr. Peter Jeglic, University of Ljubljana, Faculty of Mathematics and Physics

Dr. Petra Jenu$ Brdnik, IPS, Ljubljana

10. Dr. Martin KlanjSek, University of Ljubljana, Faculty of Mathematics and Physics
11.  Dr. Dragi Kocev, IPS, Ljubljana

12. Dr. Bostjan Koncar, University of Ljubljana, Faculty of Mathematics and Physics
13. Dr. Petra Kralj Novak, IPS, Ljubljana

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

15. Dr. Matjaz Leskovar, University of Ljubljana, Faculty of Mathematics and Physics
16. Dr. Mitja Lustrek, IPS, Ljubljana

17.  Dr. Matija Milani¢, University of Ljubljana, Faculty of Mathematics and Physics
18. Dr. Aljaz Osojnik, University of Ljubljana, Faculty of Mathematics and Physics
19. Dr. Rok Pestotnik, University of Ljubljana, Faculty of Mathematics and Physics

D AT T i o

20. Dr. Andrej Petelin, University of Ljubljana, Faculty of Mathematics and Physics

21. Dr. Vladimir Radulovi¢, University of Ljubljana, Faculty of Mathematics and
Physics

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

23. Dr. Urban Simoncic, University of Ljubljana, Faculty of Mathematics and Physics

24. Jure Slak, 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, University of Trieste, Trieste

30. Dr. Mitja Ursi¢, 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 17, 2018: Masaki Saito
Tokyo Institute of Technology, Tokyo, Japan
Protected Plutonium Production by Transmutation of Minor Actinides

January 31, 2018: Denis Arcon

Jozef Stefan Institute and Faculty of Mathematics and Physics, University of Ljubljana
Frustration in Antiferromagnetic Systems - A Laboratory for New
States of Matter

February 7, 2018: Stéphane P. A. Bordas

University of Luxembourg, Luxembourg, Cardiff University, Cardiff, United Kingdom
Predicting Failure in Aircraft Structures - Simulating Fracture across
Scales and Times

February 14, 2018: Miha Krofel
Biotechnical Faculty, University of Ljubljana, Ljubljana
Role of Science in Management of Large Beasts

March 19, 2018: Philippe Marcus

CNRS - Chimie ParisTech - PSL University, France

Metal Surfaces and Thin Oxide Films: From Nanostructures to
Corrosion Protection

March 20, 2018: Dragan Zivadinov
Avgust Cernigoj and Teater-Masse

March 21, 2018: Duncan Haldane
Princeton University, USA
Entanglement: Einstein’s Gift to Quantum Mechanics

March 21, 2018: Oussama Khatib
Stanford University, USA
Ocean One - A Robotic Avatar for Deep-Sea Exploration

March 22, 2018: Slobodan Zumer

Jozef Stefan Institute and University of Ljubljana

Frustrated Liquid-Crystalline Ordering as a Key to Topological Soft
Matter

March 23, 2018: Tony Veale
University College Dublin, Ireland
What will it Take to Give Machines a Real Sense of Humour

May 8, 2018: Nicolae Victor Zamfir

Extreme Light Infrastructure - Nuclear Physics, Bucharest, Romania
High-Intensity Laser Infrastructure Center for Nuclear Physics
Research

May 9, 2018: Edouard Hannezo
Institute of Science and Technology Austria, Vienna, Austria
A Quantitative Self-Organized Model of Branching Morphogenesis

May 16, 2018: Kenji Uchino
The Pennsylvania State University, State College, USA
Piezoelectric Energy Harvesting Systems

May 30, 2018: Roman Jerala

National Institute of Chemistry, Ljubljana, Slovenia

Design of Molecular Origami for New Molecular Machines and for
Control of Cell Function

June 1, 2018: Ivan I. Smalyukh

University of Colorado, Boulder, USA

A Journey with Bacteria: From Waste to Nematic Colloids and Gels and
to Smart Windows

June 27 2018: Robert Jeraj
University of Wisconsin, Madison, USA, University of Ljubljana
Role of Medical Physics in the Era of Precision Medicine

November 7, 2018: Ute Resch-Genger

Federal Institute for Materials Research and Testing, Berlin, Germany
Biophotonics and Analytics - Photoluminescence Properties of
Nanocrystals and Surface Group Analysis

November 22, 2018: Rafal E. Dunin-Borkowski

Ernst Ruska-Centre for Microscopy and Spectroscopy with Electrons,
Forschungszentrum Jilich, Germany

Electromagnetic Field Mapping at the Nanoscale in the Transmission

Electron Microscope

December 6, 2018: Qi-Huo Wei

Advanced Materials and Liquid Crystal Institute in Department of Physics, Kent State
University, Kent, USA

Orient Molecules as You Wish

December 12, 2018: Peter Jeglic
Jozef Stefan Institute
Quantum Technologies with Cold Atoms

December 19, 2018: Stephane Mangin
Institut Jean Lamour, UMR CNRS 7198 - Universite de Lorraine, Nancy, France
Engineering Materials for All Optical Magnetic Recording
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FINANCING

REVENUES JSI (€) AND NUMBER OF PROJECTS

Contribution Contribution No. of Projects

2018 2017 2017 Index 2018/2017 in 2018

National Agencies and Ministries 35,471,296 724 % 32,265,588 67.9 % 109.9

International Market 7,533,096 15.4% 9,183,505 193 % 820

48,987,299 100.0 % 47,534,492 0% 3.

POSTGRADUATES FINANCED 1985-2018

by Slovenian Research Agency by Industry

33 31
2625 2830

| IH‘W
DA R 1 1
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JSI UNDERGRADUATE
SCHOLARSHIPS i

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

... 1983 125 39 105 341

1985 18 1 19

1987 20

1989 26 6 1 19 3

1991 23 2 2 24 2

1993 21 1 3 13 1

1995 2

1997 2

1999 2

2001 3 3 10

2003 3

2005 3 2 19

2007 3 2 18 1

2009 2 1 17 4 5

2011 2 4 1 1 4

2013 3 2

2015 21 6 52

2017 11 2 12 38

_--------------
---------

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 Faculty 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 2018
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PATENTS GRANTED

Sergey Grigorievich Psakhie, Izraillevich Marat Lerner, Elena Alekseevna
Glazkova, Olga Vladimirovna Bakina, Olga Vasiljeva, Georgy Mikhaylov, Boris

alignment method and system thereof based on laser direct writing, EP2977815
(B1), European Patent Office, 05. 09. 2018.

Turk, Low-dimensional structures of organic and/or inorganic substances and 8. Irena Ramsak, Marija Razpotnik, Katja Makovsek, Danjela Kuscer, Silvo

use thereof, US10105318 (B2), US Patent and Trademark Office, 23. 10. 2018. Drnovsek, Janez Holc, Production method of steatite ceramics with improved
Branko Jenko, Gregor Kosec, Hrvoje Petkovic, Ajda Podgorsek Berke, Jerca electrical properties, EP3230232 (B1), European Patent Office, 15. 08. 2018.
Pahor, Alen Cusak, Oda Cornelia Maria Sibon, Balaji Srinivasan, Stable 9. Irena Ramsak, Marija Razpotnik, Janez Holc, Danjela Kuscer, Method for
pantetheine derivatives for the treatment of pantothenate kinase associated producing non-alkaline steatite ceramics with improved electrical properties,
neurodegeneration (PKAN) and methods for the synthesis of such compounds, EP3233755 (B1), European Patent Office, 10. 10. 2018.

US9963472 (B2), US Patent and Trademark Office, 08. 05. 2018. 10.  Marija Vukomanovic, Sreco D. Skapin, Danilo Suvorov, Functionalized

AndraZ Regetic, Jerneja Milavec, Blaz Zupancic, Bostjan Zalar, Polymer dispersed hydroxyapatite/gold composites as ,green* materials with antibacterial activity
liquid crystal elastomers (PDLCE), US9969847 (B2), US Patent and Trademark and the process for preparing and use thereof, EP2863751 (B1), European Patent
Office, 15. 05. 2018. Office, 25. 07. 2018.

Barbara Mali¢, Hana Ursic, Marija Kosec, Silvo Drnovsek, Jena Cilensek, Zdravko 11. Jakob Koenig, Rasmus R. Petersen, Yuanzheng Yue, A method to produce foam
Kutnjak, Brigita RoZi¢, Uros Flisar, Andrej Kitanovski, Marko OZzbolt, Uro§ glasses, EP2966044 (B1), European Patent Office, 26. 09. 2018.

Plaznik, Alojz Poredos, Urban Tome, Jaka Tusek, Method for electrocaloric energy 12, Ana Mladenovic, Primoz Oprckal, Nina KrZi$nik, Radmila Milacic, Janez Stancar,
conversion, US9915446 (B2), US Patent and Trademark Office, 13. 03. 2018. Andrijana Sever Skapin, Process for obtaining health - and environment acceptable
Norbert Schaschke, Olga Vasiljeva, Georgy Mikhaylov, Boris Turk, Cathepsin- construction materials from the soil containing water soluble compounds of heavy
binding compound bound to a liposome and its diagnostic and therapeutic use, metals, EP3131688 (B1), European Patent Office, 24. 01. 2018.

EP2723387 (B1), European Patent Office, 18. 04. 2018. 13, AnaMladenovi¢, Primoz Oprckal, Radmila Milagi, Janez Séancar, Janja Vidmar,
Maridn Lehocky, Petr Stloukal, Vladimir Sedlarik, Petr Humpolicek, Alenka Vesel, Andrijana Sever Skapin, Peter Nadrah, Alenka Mauko Pranji¢, Mirko Sprinzer,
Miran Mozeti¢, Rok Zaplotnik, Gregor Prime, Device and method for producing Method and system for the potabilization of effluents from biological WWTPS,
UV radiation, EP3168860 (B1), European Patent Office, 19. 12. 2018. S125327 (A), Urad RS za intelektualno lastnino, 29. 06. 2018.

Xinzheng Zhang, Jingjun Xu, Wei Li, Irena Drevensek Olenik, Wei Cui, Bin Shi, 14. Matej Holc, Ita Junkar, Gregor Primc, Miran Mozetic, Jernej Iskra, Primoz Titan,

Zhenhua Wang, Qiang Wu, Yongfa Kong, Micro/nano region liquid crystal

Method of treating garlic cloves, SI25440 (A), Urad RS za intelektualno lastnino,
31.12.2018.

ART EXHIBITIONS AT THE JSI

Polona Lovsin, 15 January-22 February

Jernej Forbici, 26 February-15 March

Avgust Cernigoj, 19 March-19 April

Marija Flegar, 23 April-10 May

Mirsad Begic, 14 May-7 June
Tajda Lekse, 11 June-22 June
Miro Stari€, 26 June-18 July

Alenka Stante, 23 July-5 September

Mateja Kavcic, 10 September-11 October

Andrej Pavlic, 15 October-7 November

Eva Lucija Kozak, 12 November-5 December

Marjana Pahor, 10 December-9 January 2019
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Mirsad Begic at the opening of his exhibition
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Jozef Stefan Institute

REVIEW OF PUBLICATIONS

FOR 2018

Department Original Articles* Books PatentAppl.and | Ph.D. Theses

Grants

84 2
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) 15

Department of Biotechnology (B-3)

Department of Automation, Biocybernetics and Robotics (E-1) 47

Artificial Intelligence Laboratory (E-3)

Department of Communication Systems (E-6)

Department of Knowledge Technologies (E-8)

Department of Reactor Engineering (R-4)

Energy Efficiency Centre (EEC)

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

Centre for Technology Transfer and Innovation (CTT)

Center Factory of the Future (CFoF)

Jojel Stefan Insttute

Department of Theoretical Physics (F-1)

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

Annual Report 2018
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COMPLETED THESES

UNTIL 2018

Year Ph.D. Year Ph.D.

2000 560 2010 33

2001 31 2011 31

2002 29 2012 4 I I I I
2003 41 2013 56 z ;
o ST [T BETTLLLELELT]
w1 [[1111111111111
2006 22 2016 42

o o LLLELERERREETELLNN
2008 29 2018 32 s s s s s 2 2 s s s
2009 30

AWARDS AND APPOINTMENTS

AWARDS MADE TO JSIT RESEARCHERS BY THE REPUBLIC OF SLOVENIA

Zois Certificate of Recognition

Sasa Prelovsek Komelj

Presented with the Zois Certificate of Recognition for important achievements in
theoretical particle physics

Tadej Rojac

Presented with the Zois Certificate of Recognition for significant achievements in
researching the synthesis and characterization of high-temperature piezoelectric
ceramics based on bismuth ferrite

JSTAWARDS AND APPOINTMENTS

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

Dr. Boris Brus
Structure-based design and evaluation of potential immunomodulatory and
neuroprotective agents

Dr. Tina Lebar
Design of genetic regulatory networks based on DNA binding proteins

Dr. Zala Lenarcic
Nonequilibrium properties of Mott insulators

JSI Director’s fund

Tadej Petri¢ and Dragi Kocev

for the project entitled “CoBoTaT - Laboratory for Advancing Collaborative Robot
Behaviors in Physical Human-Robot Interaction Scenarios”
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OTHER SELECTED AWARDS TO JSI RESEARCHERS

Department for Nanostructured Materials, The European project REProMag,
German Prize for Efficient Use of Raw Materials 2017 (Deutscher Rohstoffeffizienz-
Preis 2017, awarded in January 2018

Ales Berlec, Lapanje plaque, Ljubljana. Awarded by the Slovenian Biochemical Society
for expert and organizational work in society.

The winners of the JozZef Stefan Golden Emblem Prize: Dr. Tina Lebar
and Dr. Zala Lenarcic¢ with Dr. Miro Cerar, Prime Minister and
Prof. Jadran Lenarcic, Director of JSI

Jani Bizjak, Anton GradiSek, Matjaz Gams, Award for the best innovation for
public research organization, Ljubljana, The 11th International Technology Transfer
Conference, The ultimate European assistant for the elderly

Jani Bizjak, Matjaz Gams, Anton Gradisek, Best innovation from public research
organizations, TEE-The ultimate European assistant for the elderly, at IS 2018

Jani Bizjak, Vid Drobnic, Matjaz Gams, Martin Gjoreski, Vito Janko, Mitja Lustrek,
Matej Marinko, Miha Mlakar, Nina Re$¢i¢, Gasper Slapnicar, SHL Challange -
Sussex-Huawei Locomotion and Transportation Recognition Challenge, 1% Place
Award; Singapore; Dr. Hristijan Gjoreski, University of Sussex (UK) & Ss. Cyril and
Methodius University (MK), Dr. Lin Wang, University of Sussex (UK), Dr. Daniel
Roggen, University of Sussex (UK), Dr. Kazuya Murao, Ritsumeikan University (JP),
Dr. Tsuyoshi Okita, Kyushu Institute of Technology (JP); method for the recognition of
locomotion activity from smartphone sensors

Marko Bracko, Recognition award from the University of Maribor for a scientific
research project, art and educational work for higher professors, science teachers
and other college associates for special successes, achievements and credits, Maribor,
Faculty of Chemistry and Chemical Engineering.

Miha Dezman, Best overall conference contribution for the ICT study programme,
Piran, Slovenia, IPSS conference expert commission - 10th International Postgraduate
School Students Conference, Elbow assistance exoskeleton to facilitate high-level
control design.

Vid Drobni¢, Matjaz Gams, Martin Gjoreski, Vito Janko, Mitja Lustrek, Matej
Marinko, Nina Res¢i¢, Gasper Slapnicar, SHL Challange - Sussex-Huawei
Locomotion and Transportation Recognition Challenge, 2 Place Award; Singapore;
Dr. Hristijan Gjoreski, University of Sussex (UK) & Ss. Cyril and Methodius University
(MK), Dr. Lin Wang, University of Sussex (UK), Dr. Daniel Roggen, University of
Sussex (UK), Dr. Kazuya Murao, Ritsumeikan University (JP), Dr. Tsuyoshi Okita,
Kyushu Institute of Technology (JP); method for recognition of locomotion activity

from smartphone sensors

Damir Hamuli¢, Ingrid Milo$ev, Peter Rodic, Dolores Zimerl, Award for best
invention/innovation with the commercial potential at 11. ITTC in 2018.

James Alexander Hodson, Best paper on long-term investments - Trading on Talent:
Human Capital and Firm Performance, Northern Finance Association 2018 (NFA
2018), 21-23 Sept. 2018 Charlevoix, Canada

Tadej Holler, Romain Grosseuvres, Alexandre Bleyer, Ludovic Maas, Mantas
Povilaitis, “ETSON Award 2018” for collaborative paper of junior experts (ETSON
Award, Brussels, Belgium), European Technical Safety Organisations Network, for
the paper “Temperature conditions effect on hydrogen-air flame propagation in the
ENACCEF2 experimental facility”

Tadej Holler, Ed M.J. Komen, Ivo Kljenak, Young author award (NENE 2018
conference, Portoroz, Slovenia), Nuclear Society of Slovenia, for the paper “Weighted
laminar flame speed approach to simulating large-scale hydrogen deflagration
experiment”

Borka Jerman BlaZic, Recognition from The Program Committee of the
Multiconference Information Society 2018 for the life work: “The First Lady of the
Slovenian Internet”, Ljubljana, October 12, 2018

Borka Jerman Blazi¢, Recognition award, “Hack Istanbul 2018” conference, Istanbul,
Turkey, September 21 - 23, 2018.

The winners of Zois Certificates of Recognition:
Prof. Sasa PrelovSek Komelj and Asst. Prof. Tadej Rojac
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Sonja Jovanovic, Best oral presentation of the 20 Conference YUCOMAT
2018, Herceg Novi, Montenegro: “Synthesis of antimicrobial cobalt ferrite/gold
nanocomposites”.

Matej Kocen, Award for the best poster and oral presentation at the 26" International
Conference on Materials and Technology, 26 ICM&T, PortoroZ, Slovenia, 3-5 October
2018. Title of the awarded contribution: “Capturing the Sun in a tungsten ‘box™” (co-
authors: Petra Jenus, Sasa Novak Krmpoti¢, Andreja Sestan)

Janez Kokalj, Matjaz Leskovar, Mitja Ursic, Best poster award (NENE2018
conference, Portoroz, Slovenia), Nuclear Society of Slovenia, for the paper “Model for
premixed layer formation in stratified melt-coolant configuration”

Ales Lapanje, OECD Innovation Award: Biocatalytic Aggregates for the Conversion of
Biomass Invasive Plants into Useful Products. Paris, 19-20 November, 2018

Jasmina Masten, PreSeren’s Award for a Master’s thesis, entitled: Parameters of
quality of salads, tomatoes and peppers from shops

Ingrid MiloSev, Peter Rodic, Krka Prize for secondary-school research papers - award
for mentorship.

Ingrid Milosev, Peter Rodic, Silver Award at the 52 Meeting of young researchers
Slovenia - award for mentorship.

Mimoza Naseska, Best poster award, International Workshop Quantum Complex
Matter (QCM 2018) and Frontiers Condensed Matter Physics (FCMP), 11-15 June 2018,
Rome, Italy, poster “Optical quench and recovery of SDW state SeFe As, and EuFe As,”

Mimoza Naseska, Best poster award, 2018 Low Energy Electrodynamics of Solids
(LEES) conference, 24-29 June 2018, Portonovo, Italy, poster “Optical quench and
recovery of SDW state SeFe As, and EuFe As,”

Mimoza Naseska, Faculty PreSeren Award for her work titled “Ultrafast Spin Density
Wave dynamics at intense optical pulse excitation”, supervisor Asst. Prof. TomaZ Mertelj

Nives Ogrinc, Vrzel, J., Ludwig, R., Award for the best presentation at the conference:
Understanding of groundwater and surface water as a single system in the Ljubljansko
polje, Slovenia. GLOBAQUA final conference: water river management under water
scarcity and multiple stressors, 17-19 December 2018, Barcelona, Spain.

Nives Ogrinc, Tea Zuliani, Stasa Hamzi¢ Gregorcic, Best Poster Award: Award
1SO-FOOD: Optimisation of the method for Sr isolation from the matrix for reliable
determination of 878r/86Sr isotope ratio by MC-ICP-MS in milk. 10™ JoZef Stefan
International Postgraduate School Students’ Conference and 12 Young Researchers’
Day, 10-11 May 2018, Piran, Slovenia. Ljubljana.

Nives Ogrinc, Plestenjak, Gregor, Vodnik, Dominik, Krajnc, Bor, Ferlan,
Mitja, Miheli¢, Rok, Eler, Klemen, Award for poster: Could the additional air
supply enhance the decomposition processes in sludge drying reeds beds? 16"
WA International Conference on Wetland Systems for Water Pollution Control,
30 September - 4 October 2018, Valencia, Spain. Valencia: International Water
Association.

Tadej Petri¢, Leon Zlajpah, Best regular paper award, The 27" International
Conference on robotics in Alpe-Adria-Danube Region, Virtual Guides for Redundant
Robots Using Admittance Control for Path Tracking Tasks, Patras, Greece.

The winners of the JSI Director’s fund award: Asst. Prof. Tadej Petri¢
and Dr. Dragi Kocev

Rudolf Podgornik, Publons Peer Review Award for the year 2018 for reviewing
manuscripts submitted to scientific journals. His reviewing work was also recognized
by the American Chemical Society (Washington, DC, USA) as Marsha I. Lester, the
editor of The Journal of Chemical Physics (Melville, NY, USA), mentioned him as one
of the best reviewers of the journal.

Benjamin PodmiljSak, Award for the best poster at the 2 IEEE Conference on
Advances in Magnetics; AIM2018, La Thuile, Italy, 3-10 February 2018. Title of the
awarded contribution: “Tailored metal injection moulding of isotropic NdFeB hard
magnets based on recycled powders with and without Nd additions”.

Sasa Prelovsek Komelj, Excellent in science 2018 awarded by Slovenian Research
Agency ARRS for most important achievements (10 achievements in a given year are
chosen for natural sciences) awarded achievement: Pion-nucleon scattering in the
Roper channel from lattice QCD, Physical Review D 95 (2017) 014510, C.B. Lang, L.
Leskovec, M. Padmanath in S. Prelovsek

Tadej Rojac, Young investigator award for his pioneering work in processing of
chemically complex ferroelectric ceramics, IEEE Ultrasonics Ferroelectrics and
Frequency Control Society

Ursa Tiringer, Gavrilo Sekularac, Young Author’s EFC Poster Prize EUROCORR 2018

Aneta Trajanov, Best Poster Presentation Award, 19th Open Conference of the IFIP
WG 8.3. on Decision Support Systems, 13-15 June 2018, Ljubljana, Slovenia.

Marija Vukomanovi¢, Danilo Suvorov, Sreco Davor Skapin, Silver medal for the
invention of “Functionalized hydroxyapatite/gold composites as “green” materials
with antibacterial activity and the process for preparing and use thereof”, 16"
International Exhibition of Innovations (ARCA 2018), Zagreb, Croatia.

Primoz Ziherl, Advisor of the Year award for 2018 awarded by the Young Academy
(Ljubljana).
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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.
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Aerosol, d.0.0., Ljubljana

Amebis, d.0.0., Kamnik

Ames, d.0.0., Brezovica pri Ljubljani

Agency for Radwaste Management, Ljubljana

Bioiks, d.0.0., Ljubljana

Borzen, d.0.0., Ljubljana

BTG, d.d., ljubljana

Calcit, d.o.0., Stahovica

Cankarjev dom, Ljubljana

Cinkarna Celje, d.d., Celje

Danfoss Trata, d.o.0., Ljubljana

Diamat, d.0.0., Prevalje

Domel, d.0.0., Zelezniki

Milan Vidmar Electric Power Research Institute, Ljubljana
Eles, d.o.0., Electricity Transmission System Operator, Ljubljana
Elgoline, d.o.0., Cerknica

Elvez, d.o.0., ViSnja Gora

Energetika Maribor, d. 0. 0., Maribor

Fotona, d.0.0., Ljubljana

GEN energija, d.0.0., Krsko

GKN Driveline Slovenija, d.o.0., Zrece

The Chamber of Commerce and Industry of Slovenia, Ljubljana
Ljubljana Exhibition and Convention Centre, Ljubljana
Hidria Holding, d.o.0., Ljubljana

Hidroelektrarne na Spodnji Savi, d.o.0., Brezice

Hyla, d.o.0., Ljubljana

IBE, d.d., Ljubljana

Inea, d.0.0., Ljubljana

Ecological Engineering Institute, Maribor
Instrumentation Technologies, d.d., Solkan

Iskra, d.d., Ljubljana

Iskratel, d.0.0., Kranj

JP CCN Domzale-Kamnik, d.o.0., Domzale

JP Vodovod Kanalizacija, d.o.0., Ljubljana

Keko Equipment, d.0.0., ZuZemberk

Kekon, d.0.0., Zuzemberk

National Institute of Chemistry, Ljubljana

KMZ - Zalar Miran, s.p., Ljubljana

Knauf Insulation, d.0.0., Skofja Loka

Kolektor Group, d.0.0., Idrija

Kolektor Sikom, d.o.0., Idrija

Kovinos, d.0.0., Horjul

Krka, tovarna zdravil, d.d., Novo mesto

Lek, d.d., Ljubljana

Luka Koper, d.d., Koper

Magneti, d.d., Ljubljana

Mahle Electric Drives Slovenija, d.0.0., Sempeter pri Gorici
Marjetica, d.0.0., Koper

Ministry of Economic Development and Technology - Metrology Institute of the

Republic of Slovenia, Ljubljana, Celje

50.
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52.
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54.
55.
56.
57.
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59.
60.
61.
62.
03.
64.
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69.
70.
71.
72.
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74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.

Ministry of Economic Development and Technology, Ljubljana

Ministry of Infrastructure, Ljubljana

Ministry of Education, Science and Sport, Ljubljana

Ministry of Agriculture, Forestry and Food, Administration of the Republic of
Slovenia for Food Safety, Veterinary Sector and Plant Protection, Ljuljana
Ministry of the Interior, Ljuljana

Ministry of Defence, Ljuljana

Ministry of the Environment and Spatial Planning, Ljuljana

Ministry of the Environment and Spatial Planning, Slovenian Environment
Agency, Ljuljana

Ministry of the Environment and Spatial Planning, Slovenian Nuclear Safety
Administration, Ljubljana

Ministry of Health, Slovenian Radiation Protection Administration, Ljubljana
Ministry of Health, Chemicals Office of the Republic of Slovenia, Ljubljana
National institute of Public Health, Ljubljana

NELA razvojni center, d.0.0., Zelezniki

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

Institute of Oncology, Ljubljana

Optotek, d.0.0., Ljubljana

Petrol, d.d., Ljubljana

Phos, d.0.0., Secovlje

Podkriznik, d.0.0., Ljubno ob Savinji

Q Techna, d.0.0., Ljubljana

Reodom, d.0.0., Grosuplje

RLS Merilna tehnika, d.o.0., Komenda

RZV, d.0.0., Gorenja vas

SIiEVA, d.0.0., Sempeter pri Gorici

SIJ ZIP center, d.0.0., Ravne na Koroskem

Government Office for Development and European Cohesion Policy, Ljubljana
Splosna bolniSnica “Dr. Franca Derganca”, Sempeter pri Gorici

Splosna bolnisnica, Novo mesto

Syntech, d.0.0., Ljubljana

Tecos, Celje

Telekom Slovenije, d.d., Ljubljana

Tosama, d.0.0., DomZale

Tosla, d.0.0., Ljubljana

University of Ljubljana, Ljubljana

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

University of Maribor, Faculty of Mechanical Engineering, Maribor
University Rehabilitation Institute, Republic of Slovenia - So¢a, Ljubljana
Vacutech, d.o.0., Ljubljana

XLAB, d.o.0., Ljubljana

Zavod Tehnoloska mreza ICT, Ljubljana

Slovenian National Building and Civil Engineering Institute, Ljubljana
Institute of Occupational Safety, Ljubljana

Zito, d.0.0., Ljubljana
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INSTITUTE IN NUMBERS 2017-2018

COMPARISON OF REVENUES (€M) EMPLOYEES (FTE)
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DEPARTMENT OF THEORETICAL

PHYSIGS

F-1

In 2018, members of the program group THEORY OF NUCLEUS, ELEMENTARY PARTICLES AND
FIELDS continued with reserach in the areas of hadronic physics, quantum chromodynamics,
effective field theory of electroweak decays of mrsons, unified theory and precise calculations in
the three-body systems.

We determined the energies and spin-parities of the low-lying and excited charmonia within lattice QCD. Charmonia
withvarious momentaandall spins /<3 were considered, neglecting the strong decays of resonances. We performed the
first lattice QCD simulation of the proton-]/\y scattering in the channels and the energy range, where LHCb discovered
exotic pentquarks Pc'uudcc™ in 2015. Our lattice results indicate that the coupling of the proton-//y channel with the
other two-hadron channels might be responsible for Pc resonances in experiments.

We investigated the effects of new physics in B semi-leptonic decays and K decays to pi and two neutrinos. First
we considered the impact of leptoquarks, which might explain either RK(*) or RD(*) anomalies on K -> pi nu bar
nu decays. We found that contributions of leptoquark-driven new physics might reduce the observed branching
ratio up to 20%. Hypothetical spin-2 particles might contribute to B-> K(*) mu + mu- decay due to the dimension
8 effective operators and can be observed only in forward-backward asymmetries. We succeeded in constructing
a grand unified model containing the weak triplet and doublet of leptoquarks explaining B meson anomalies and

Head:
Prof. Svjetlana Fajfer

not being in a conflict with any flavour physics low-energy observables,
as well as any LHC results.

We introduced a set of clockwork models of flavour that can naturally
explain the large hierarchies of the Standard Model quark masses and mix-
ing angles. We investigated the bounds on light pseudoscalars that arise

Our lattice QCD results indicate that the exotic
charmed pentaquark resonances in experiments
might arise due to the coupling of the proton-//y
channel with the other two-hadron channels.

from a variety of collider searches. We proposed a direct measurementof ~ We proposed the minimal supersymmetric
the CKM element V_{td} at the LHC. S0O(10) unified theory and found some examples
In the context of left-right symmetry, we revisited the Keung-Senjanovic ~ of supersymmetric asymptotic safety.

production of right-handed W, bosons and heavy neutrinos  at high-

energy colliders. We developed a multibinned analysis to estimate the
sensitivity for the range of N’ masses from the standard and merged prompt
to displaced vertices and the invisible NV region. The sensitivity of the LHC
with 300/fb luminosity ranges from 5 to beyond 7 TeV, while the future
33(100) TeV reach with 3/ab extends to 12(26) TeV.

By adding a 54-dimensional representation in the SO(10) unified
theory with bosonic supersymmertric partners above 100 TeV we described
the Yukawa sector with only two symmetric matrices. We showed some
explicit examples of non-perturbative supersymmetric asymptotically
safe theories in accord with the a-theorem, among others SQCD with two
adjoints and some theories with a large number of flavours.

Some outstanding publications in the past three years

1. Haisch, Ulrich, Kamenik, Jernej, Malinauskas, Augustinas,
Spira, Michael. Collider constraints on light pseudoscalars. The
journal of high energy physics, ISSN 1029-8479, 2018, vol. 2018,
$t. 3, str. 178-1-178-19, doi: 10.1007/JHEP03(2018)178. [COBISS.
SI-ID 31412519]

2. Babu, K. S, Bajc, Borut, Saad, Shaikh. Resurrecting minimal
Yukawa sector of SUSY SO(10). The journal of high energy phys-
ics, ISSN 1029-8479, 2018, vol. 2018, no. 10, str. 135-1-135-24, doi:

10.1007/JHEP10(2018)135. [ COBISS.SI-ID 32040487] Figure 1: Schematic representation of the spectrum and decay patterns of
fermionic states in an example model of clockwork flavour for quarks.
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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.

We continued the research of disordered quantum models, which exhibit the phenomenon of many-body
localization and a non-ergodic behaviour of physical quantities. In relation to experiments on cold atoms the most
relevant model is the disordered Hubbard chain, where we confirmed the absence of full localization via the local
integrals of motion. With the derivation of an effective squeezed spin model we explained the sub-diffusive spin
dynamics, being the consequence of a singular distribution of exchange couplings. Similar sub-diffusive dynamics
has been found for a particle moving in a disordered chain and coupled to hard-core bosons.

In relation with local experiment we continued the investigation of frustrated spin models, which are candidates
for the existence of spin-liquid phases. By calculating numerically, the temperature dependence of several physical

quantities, we confirmed the possibility of such a regime.

With the use of numerical simulations we described
measurements of a cold atom experiment and
by calculating the charge susceptibility and the
diffusion constant explained the behavior of
resistivity in bad metals at high temperature.

We consider the propagation of a quantum particle in a random chain,
assisted by the coupling to dispersive bosons. Time evolution treated with
rate equations for hopping between localized states reveals a qualitative
difference between the dynamics due to non-interacting bosons and
hard-core bosons. In the first case the transient dynamics is sub-diffusive,
but multi-boson processes allow for long-time normal diffusion, while

hard-core effects suppress multi-boson processes leading to persistent
sub-diffusive transport, consistent with numerical results for a full many-body evolution.

By using the Finite-Temperature Lanczos Method (FTLM) we studied the behaviour of charge susceptibility,
diffusion and resistivity in a model of strongly correlated electrons and successfully described the cold atom experi-
ment. We realized that the charge susceptibility shows strong temperature dependence down to surprisingly low
temperatures and that it is responsible for the resistivity being larger than the Mott-loffe-Regel limit.

We explored phenomena in complex hybrid semiconductor-superconductor devices, such as a double quantum
dot in InAs quantum wire. We explored the case where one of the leads is superconducting and the other is normal-
state, as well as the case of two superconducting leads. In the first case we determined the phase diagram of ground
states delineated by the crossing of Yu-Shuba-Rusinov states across the Fermi level. In the second case we studied
the Josephson current through the device and we have showed that it is possible to distinguish the singlet state of
two antiferromagnetically coupled spins from the singlet state of two separate Kondo clouds.

We investigated the impact of topological constraints on the collective
dynamics in driven physical, biological and social systems. The underly-
ing structures represented by networks are suitably parameterized by
simplexes (triangles, tetrahedrons, etc.) that merge into larger complexes
and possess an emergent hyperbolic geometry. In the particular system,
the exact structure embodies the processes of self-assembly of preformatted
nanoparticle groups, or details of the brain-to-brain coordination recorded
by EEG signals and self-organized dynamics in social knowledge-creation
processes. In the compact 2-dimensional geometry of ferromagnetic films,
the actual sample shape affects the motion of the extended domain wall
and changes the hysteresis-loop criticality.

We studied the entanglement entropy in eigenstates of the paradig-
matic model of quantum phase transitions, i.e., the one-dimensional
Ising model in a transverse magnetic field. We showed that the average
entanglement entropy (over all eigenstates) carries information about the

Figure 2: Hybrid quantum device for measuring the Josephson current critical value of the magnetic field.
across trapped electrons, model system and computed critical current. We investigated the influence of the spin-orbit coupling in correlated
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transition-metal oxides. We investigated under which circumstances the
spin-orbit coupling importantly influences the electronic correlations. We also investigated the influence of electronic
correlations on spectroscopical manifestations of the influence of the spin-orbit coupling, such as the liftings of
the degeneracies.

Apromising method of qubit manipulation in quantum information processing applications is the manipulation
where the Rashba effect in non-adiabatic systems induces quantum phases, including the spin rotation. By the virtue
of exact unitary transformations we analysed stability properties of qubit transformations and the corresponding
fidelity as influenced by the Ornstein-Uhlenbeck coloured noise of driving fields and coupled to thermal baths.
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We studied the electron transport in the Bernevig-Hughes-Zhang model undergoing a slow quench between
different topological regimes. We showed that the deviations from the ground-state spin Hall conductivity as a
function of the quench time follow the Kibble-Zurek scaling. We improved the Luttinger field approach to calculat-
ing the time-dependent currents through a nanoscopic device as a result of switching on a temperature gradient
across the device. Using density functional theory and kinetic Monte Carlo simulations we studied the morphology
evolution of different surface orientations of the magnesium crystal.

Some outstanding publications in the past three years

1. Peter T. Brown, Debayan Mitra, Elmer Guardado-Sanchez, Reza Nourafkan, Alexis Reymbaut, Charles-
David Hébert, Simon Bergeron, A-M. S. Tremblay, Jure Kokalj, David A. Huse, Peter Schauss, Waseem S.
Bakr, Bad metallic transport in a cold atom Fermi-Hubbard system, Science, 6. Dec 2018 DOI:10.1126/
science.aat4134

2. Grove-Rasmussen, K., Steffensen, G., Jellinggaard, A., Madsen, M. H,, Zitko, Rok, Paaske, J., Nygird, J. Yu-
Shiba-Rusinov screening of spins in double quantum dots. Nature communications, ISSN 2041-1723,
2018, vol. 9, str. 2376-1-2376-6, doi: 10.1038/s41467-018-04683-x. [ COBISS.SI-ID 31479335 ]

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

We have been involved in the elucidation of charge regulation in colloid and biophysical systems. We have
formulated a new theory of charge regulation in complex colloid solutions, composed of macroions with dissocia-
ble moieties (e.g., proteins), which generalizes all the previous attempts at understanding the colloidal solutions
of macroions. We have analysed the statistical properties of active charged particles in the correlation effects in
electrostatic interactions of anisotropic macromolecules. We have also studied the role of electrostatic interactions
in the elasticity and shape of viral capsids.

We started studying configurations of particles on the surface of a
sphere, interacting through along-ranged dipolar interaction. In the scope
of this work, we managed to generalize the classification of hyperuniform
configurations of particles to the distributions of particles on the sphere.

We formulated a new statistical description of polymer nematics, which
generalizes and consistently describes the Mayer-de Gennes conservation
law. Also studied were the effects of chiral doping on phase transitions
in achiral smectics. In the systems where interlayer interactions favour
antichiral structures, the chiral structure is still stable at high enough
temperatures. We investigated the properties of liquid-crystalline phases
formed by bent dimers. A confined twist-bent nematic phase was shown
to spontaneously form a polarization diffraction grating. By using the soft
X-ray resonant scattering at the carbon K-edge we studied smectic phases
formed by achiral bent dimers.

With atomistic modelling approaches we studied the thermodynamics
of small solutes in thermos-responsive hydrogels, which are important for
many applications of soft functional materials. We examined the phase
diagram of soft colloidal particles described by the liquid-drop model,
showing that it is very rich and that it includes several non-close-packed
crystal lattices.

We developed a vertex model of an epithelial tissue characterized by
so-called active topological transformations that fluidize the tissue. Using
this model, we studied the viscoelastic response of the tissue. We also
derived a continuum theory of the response, which nicely agrees with the
numerical results.

We studied the absorption of molecules in
thermos-responsive hydrogels

Figure 3: Schematic self-assembly of monomucleotide triphosphates into
a DNA analogue with an absent phosphate backbone. Image courtesy of
Some outstanding publication in the past three years  Tommaso P. Fraccia and Marco Todisco (University of Milan, Milan.).

1. Siber, Antonio, Ziherl, Primoz. Cellular patterns. Boca Raton: CRC Press, Taylor & Francis, cop. 2018.
XIII, 263 str., ilustr. ISBN 978-1-4822-5961-2. [COBISS.SI-ID 31043111]
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2. Vaupotic, Natasa, Ali, Muhammad, Majewski, Pawel W., Gorecka, Ewa, Pociecha, Damian, Polarization
Gratings Spontaneously Formed from a Helical Twist-Bend Nematic Phase, ChemPhysChem : a Euro-
pean journal of chemical physics and physical chemistry, ISSN 1439-4235 2018 (2018) 19, 2566-2571,
doi: 10.1002/cphc.201800360. [ COBISS.SI-ID 31667751 ].

Organization of conferences, congresses and meetings

1. Correlated Electron systems in, near, and far from equilibrium, Ljubljana, Slovenia, 6.-8. 6. 2018
2. Nonequilibrium Quantum Dynamics and Relaxation Phenomena in Many Body Systems, Krvavec,
Slovenia, 16.-19. 12. 2018

Awards and appointments

1. Prof. Sasa PrelovSek Komelj: Zois certificate of recognition awarded by Republic of Slovenia
for important achievements in theoretical particle physics

2. Prof. Sasa Prelovsek Komelj: Excellent in science 2018 awarded by Slovenian Research Agency ARRS for
most important achievements (10 achievements in a given year are chosen for natural sciences) awarded
achievement: Pion-nucleon scattering in the Roper channel from lattice QCD, Physical Review D 95
(2017) 014510, C.B. Lang, L. Leskovec, M. Padmanath in S. Prelovsek

3. Prof. Rudolf Podgornik, Publons Peer Review Award for the year 2018 for reviewing manuscripts submitted
to scientific journals. His reviewing work was also recognized by the American Chemical Society (Wash-
ington, DG, USA) as Marsha I. Lester, the editor of The Journal of Chemical Physics (Melville, NY, USA),
mentioned him as one of the best reviewers of the journal.

4. Prof. Primoz Ziherl, Advisor of the Year award for the year 2018 awarded by the Young Academy (Ljubljana).

INTERNATIONAL PROJECTS

COST CA15108; Connecting Insights in Fundamental Physics
(FUNDAMENTALCONNECTIONS)

Prof. Jernej Fesel Kamenik

Cost Office

RESEARCH PROGRAMS

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

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

2. COST CA16201; Unraveling New Physics at the LHC through the Precision Frontier 3. Biophysics of polymers, membranes, gels, colloids and cells
Asst. Prof. Miha Nemevsek Prof. Primoz Ziherl
Cost Office
3. COST CA17139; European Topology Interdisciplinary Action
Dr. AnZe Losdorfer Bozic
Cost Association Aisbl R & D GRAN TS AN D C ON TRACTS
4. H2020-ITN - COLLDENSE; Hybrid Colloidal Systems with Designed Response
Prof. Primoz Ziherl Thermodynamics of dissipative nanosystems
European Commission Dr. Jure Kokalj L i R
5. Relaxation Dynamics in Correlated Systems With Multiple Degrees of Freedom 2. Orientational Interactions in a Generalized Thomson Problem: Dipole-Stabilized
Prof. Janez Bonca Spherical Nanocontainers
Slovenian Research Agency Dr. Anze Losdorfer Bozic
6. Tools for Studying Systems with Extreme Correlations 3. The many-impurity problem
Asst. Prof. Rok Zitko Asst. Prof. Rok Zitko
Slovenian Research Agency 4. New physics implications of scalar resonances at the LHC
7. The Flavor of the Invisible Universe Prof. Jernej Fesel Kamenik . .
Asst. Prof. Nejc Kosnik 5. High-resolution thlcal magnetometry with cold cesium atoms
Slovenian Research Agency A?“' Prpf. Rok Zl}k‘) N o o
8. New Searches for Physics Beyond the Standard Model 6. Financing of projects visits at the Slovenian higher education institutions

Prof. Jernej Fesel Kamenik
Slovenian Research Agency

Asst. Prof. Jure Zupan
Javni $tipendijski, razvojni, invalidski in preZivninski sklad Republike Slovenije

7. Financing of projects visits at the Slovenian higher education institutions

Dr. Timon Mede
Javni stipendijski, razvojni, invalidski in preZivninski sklad Republike Slovenije

VISITORS FROM ABROAD

1. Dr. Kazuhiro Seki, SISSA, Trieste, Italy, 15.-17. 1. 2018 7. Prof. Dr. Duncan Haldane, Princeton University, Princeton, New Jersey, USA, 19.-
2. Dr. Alessio Maiezza, Institute Ruder Boskovic, Zagreb, Croatia, 15.-17. 1. 2018 23.3.2018
3. Dr. Diptimoy Ghosh, ICTP, Trieste, Italy, 25.-26. 1. 2018 8. Dr. Barry Dillon
4. Prof. Dr. Ilja Dorsner, University of Split, Faculty of Electrical Engineering, Mechanical 9. Prof. Dr. Mikhail Kiselev,ICTP, Trieste, Italy, 9.-10. 4. 2018

Engineering and Naval Architecture, Split, Croatia, 2.-14. 2., 20.-30. 4., 17.-23. 6., 25.- 10. Dr. Zhang Yicheng, Pennsylvania State University, USA, 26. 5.-10. 8. 2018

27.7.2018 11. Dr. Slaven Barisic, Institut za fiziko, Zagreb, Croatia, 22. 5. 2018
5. Dr. Olcyr Sumensari, University of Padova, Padova, Italy, 5.-10. 2. 2018 12. Dr. Huseyin Bahtiyar, Yildiz Technical University, Istanbul, Turkey, 1. 10.-31. 12. 2018
6. Juan Carlos Vasquez Carmona, Federico Santa Marfa Technical University, Valparaiso, 13. Dr. Minjae Kim, Ecole Polytechnique, Paris, France, 3.-5. 7. 2018

Chile, 16. 2.-1. 3. 2018 14. Dr. Kfir Blum, Weizmann Institute, Rehovot, Israel, 8.-11. 7. 2018

15. Prof. Dr. Geoff Rodgers, University of Brunel, London, Great Britain, 17-22. 7. 2018
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16. Dr. Fagner Correia, Technical University of Dortmund, Dortmund, Germany, 20.-27. 8. 23. Dr. Huseyin Bahtiyar, Yildiz Technical University, Istanbul, Turkey, 1. 10.-31. 12. 2018
2018 24. Prof. Dr. Adrian Feiguin, Northeastern University, Boston, USA, 15.-17. 10. 2018
17. Dr.]Julio Leite, Universidade Federal do ABC, Sao Paulo, Brazil, 24. 8. 2018 25. Dr. Joichiro Nakakura, University of Tokyo, Japan, 4.-10. 11. 2018
18. Dr. Darko Tanaskovic, Institut za fiziko, Belgrade, Serbia, 29. 8.--1.9. 2018 26. Prof. Dr. Damir Becirevi¢, Laboratoire de Physique Theorique d’Orsay, Univ. Paris-Sud,
19. Dr. Jaksa Vucicevic, Institut za fiziko, Belgrade, Serbia, 29. 8-1.9. 2018 France, 12.-23. 11. 2018
20. Prof. Dr. Anibar Karan, Institute of Mathematical Sciences, Chennai, India, 9.- 27. Prof. Dr. Masayuki Imai, Ochanomizu University, Tokyo, Japan, 25.-28. 11. 2018
14.9. 2018 28. Prof. Dr. Gia Dvali, Arnold Sommerfeld Center, Ludwig-Maximilians-Universitit,
21. Prof. Dr. Deepak Dhar, Indian Institute of Science, Education and Research, Pune, India, Max-Planck-Institut fiir Physik, Miinchen, Germany, Center for Cosmology and Particle
4-6.9.2018 Physics, Department of Physics, New York University, New York, USA, 9.-11. 12. 2018
22. Dr. Gerardo Aldazabal, ICTP, Trieste, Italy, 27.-28.9. 2018 29. Dr. Lucas Hackl, Max-Planck Institute, Garching, Germany, 10.-13. 12. 2018
Researchers 26. Prof. Primoz Ziherl*
1. Asst. Prof. Milan Ambrozic 27. Asst. Prof. Jure Zupan
Prof. Borut Bajc 28. Asst. Prof. Rok Zitko

2
3. Dr. Damir Becirevic

4. Prof. Janez Bonéa*

5. Prof. Mojca Cepic*

6. Dr. Barry Michael Dillon

7. Dr.1lja Dorsner

8. Prof. Svjetlana Fajfer, Head
9. Prof. Jernej Fesel Kamenik
10. Dr. Matej Kandu¢

11. Asst. Prof. Jure Kokalj*

12. Asst. Prof. Nejc Kosnik

13. Dr. Rajmund Krivec

14. Dr. AnZe Lodorfer Bozi¢

15. Asst. Prof. Jernej Mravlje

16. Asst. Prof. Miha Nemevsek
17. Prof. Rudolf Podgornik*

18. Prof. Peter Prelovsek

19. Prof. Sasa Prelovsek Komelj
20. Prof. Anton Ramsak*

21. Asst. Prof. TomaZ Rejec*

22. Dr. Antonio Siber

23. Prof. Bosiljka Tadic

24. Prof. Natasa Vaupotic*

25. Asst. Prof- Lev Vidmar, 01.10.18, transferred to Department F7
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Postdoctoral associates

29.
30.
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32.
33.

Dr. Monalisa Patra
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spherical surface charge distributions”, Soft matter, 2018, 14, 7, 1149-
1161.

Arghya Majee, Markus Bier, Rudolf Podgornik, "Spontaneous symmetry
breaking of charge-regulated surfaces", Soft matter, 2018, 14, 6, 985-
991.

Andreas-Kyriakos Doukas, Christos N. Likos, Primoz Ziherl, "Structure
formation in soft nanocolloids: liquid-drop model", Soft matter, 2018,
14, 16,3063-3072.

Bendix Petersen, Rafael Roa, Joachim Dzubiella, Matej Kandu¢, "lonic
structure around polarizable metal nanoparticles in aqueous
electrolytes”, Soft matter, 2018, 14, 20, 4053-4063.

Rohit Nikam, Xiao Xu, Matthias Ballauff, Matej Kandu¢, Joachim
Dzubiella, "Charge and hydration structure of dendritic
polyelectrolytes: molecular simulations of polyglycerol sulphate”, Soft
matter, 2018, 14, 21, 4300-4310.

Aleksandar Popadi¢, Daniel Svensek, Rudolf Podgornik, Kostas Ch.
Daoulas, Matej Praprotnik, "Splay-density coupling in semiflexible
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main-chain nematic polymers with hairpins”, Soft matter, 2018, 14, 28,
5898-5905.

68. Yael Avni, Tomer Markovich, Rudolf Podgornik, David Andelman,
"Charge regulating macro-ions in salt solutions: screening properties
and electrostatic interactions”, Soft matter, 2018, 14, 29, 6058-6069.

REVIEW ARTICLE

1. Rudolf Podgornik, Julija Zavadlav, Matej Praprotnik, "Molecular
dynamics simulation of high density DNA arrays”, Computation, 2018,
6,1,3.

PUBLISHED CONFERENCE CONTRIBUTION

1. Sasa Prelovs$ek, Gunnar Bali, Sara Collins, Daniel Mohler, M. Padmanath,
Stefano Piemonte, Simon Weishaupl, "Charmonia in moving frames", In:
Michele Della Morte (ed.), 35th International Symposium on Lattice Field
Theory, Lattice 2017, Granada, Spain, June 18-24, 2017, (EP] web of
conferences 175) 2018, 14006.

. Gunnar Bali, Sara Collins, Daniel Mohler, M. Padmanath, Stefano
Piemonte, Sasa Prelovsek, Simon Weishdupl, "Charmonium resonances
on the lattice”, In: Michele Della Morte (ed.), 35th International
Symposium on Lattice Field Theory, Lattice 2017, Granada, Spain, June
18-24, 2017, (EPJ web of conferences 175) 2018, 05020.

. Christian Rohrhofer, Yasumichi Aoki, Guido Cossu, Hidenori Fukaya,
Leonid Ya. Glozman, Shoji Hashimoto, Christian B. Lang, Sasa Prelovsek,
"Degeneracy of vector-channel spatial correlators in high temperature
QCD", In: Michele Della Morte (ed.), 35th International Symposium on
Lattice Field Theory, Lattice 2017, Granada, Spain, June 18-24, 2017, (EP]
web of conferences 175) 2018, 07029.

4. M. Padmanath, Christian B. Lang, Luka Leskovec, Sasa Prelovsek, "Nm
scattering in the Roper channel”, In: Michele Della Morte (ed.), 35th
International Symposium on Lattice Field Theory, Lattice 2017, Granada,
Spain, June 18-24, 2017, (EP] web of conferences 175) 2018, 05004.

. Rok Zitko, "Quantum impurity models for magnetic adsorbates on
superconductor surfaces", In: Proceesings of the SCES’17, International
Conference on Strongly Correlated Electron Systems, July 17 - July 21,
2017, Prague, CZ, (Physica, B, Condensed matter 536) 2018, 230-234.

6. Svjetlana Fajfer, "Scalar leptoquarks: from GUT to B anomalies”, In: G.

E. Bruno (ed.), QCD@Work 2018, International Workshop on Quantum
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Chromodynamics, Theory and Experiment, Matera, Italy, June 25-28,
2018, (EP] web of conferences 192) 2018, 9.

INDEPENDENT COMPONENT PART OR A CHAPTER IN A
MONOGRAPH

1. Mojca Cepi¢, "Inquiry based learning of contemporary physics topics
and gifted students”, In: Dagmara Sokolowska (ed.), Marisa Michelini
(ed.), The role of laboratory work in improving physics teaching and
learning, Cham: Springer, 2018, 203-215.

2. Bosiljka Tadi¢, "Myspace”, In: Barney Warf (ed.), The Sage encyclopedia
of the internet., London: Sage Publications Ltd., 2018.

ENCYCLOPAEDIA, LEXICON, DICTIONARY ENTRY

1. Peter Prelovsek, "Bonéa, Janez", In: Barbara Sterbenc Svetina (ed.), Novi
Slovenski biografski leksikon, 1. izd., Ljubljana: Zalozba ZRC, 2018, zv. 3:
ble-but, 123-124.

SCIENTIFIC MONOGRAPH

1. Antonio Siber, Primo% Ziherl, Cellular patterns, Boca Raton: CRC Press,
Taylor & Francis, cop. 2018.

UNIVERSITY, HIGHER EDUCATION OR HIGHER
VOCATIONAL EDUCATION TEXTBOOK

1. Andrej Zorko, Miha Nemevsek, Nejc Ko$nik, Matic Lubej, Zbirka resenih
nalog iz moderne fizike, Ljubljana: DMFA - zaloZni$tvo, (Zbirka izbranih
poglavij iz fizike 55) 2018.

MENTORING

1. Labrini Athanasopoulou, Phase diagram of elastic colloids: doctoral
dissertation, Ljubljana, 2018 (mentor Primoz Ziherl).
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DEPARTMENT OF LOW AND
MEDIUM ENERGY PHYSICS

F-2

The Department of Low and Medium Energy Physics is engagedin research in the field of atomic
and nuclear physics. Knowledge acquired in basic research is exploited for numerous applications,
including radiological monitoring of the environment, in material research, fusion, biology, energy
storage, medicine, pharmacology, environment and archaeometry. Research is executed using our
own experimental equipment, consisting of an 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 2018 we have continued our work at the three-spectrometer facility of the Mainz Microtron (MAMI) with
measurements of electron scattering using transversely polarized electrons, with production running on *Zr
nuclei. These studies represent an attempt to understand the fundamental symmetries of hadronic physics, ex-
ploiting observables sensitive to transverse polarization instead of the usual longitudinal polarization that probes
the strangeness content of the nucleon. Our previous study of the Q2-dependence of the beam-normal single spin
asymmetry for elastic scattering off 1°C has been published (Esser ef al,
Phys. Rev. Lett. 2018). We have also concluded the analysis of components
of polarization transfer to a proton bound in a deuteron, measured by
quasi-elastic electron scattering, as well as the analysis of the equivalent
process on carbon in terms of virtuality (Izraeli et al., Phys. Lett. B 2018).
Further effort was invested in commissioning the gas-jet target intended for
background-free measurements of nucleon form-factors both by means of
the standard technique and by exploiting the method based on initial-state
radiation (ISR): the latter depends on virtually perfect knowledge of the
radiative tail of the elastic peak to access the proton charge form factor at
extremely small momentum transfers, and offers a distinct approach to
addressing the famed “proton radius puzzle”. We have also worked on the
commissioning of the new, multi-purpose neutron polarimeter.

Our work at the Thomas Jefferson National Accelerator Facility (Jef-
ferson Lab) has been focused on running a comprehensive group of experi-
ments using a tritium target. This effort has given us aunique opportunity
to explore *H and its mirror nucleus of *He, and thereby impose severe

Head:
Prof. Primoz Pelicon

Figure 1. Measurements of gamma radioactivity in situ with a high-

constraints on state-of-the-art theories of nuclear many-body systems, sy germanium spectrometer within the environmental monitoring of

in particular relating to the aspect of isospin symmetry. The experiment  /ie radioactivily in the enevironment
group consisted of:

—  investigating the deep inelastic scattering off *H and *He to measure the EMC effect for both nuclei and to
determine the ratio of the neutron-to-proton inelastic structure functions, as well as probing the ratio of
the down to up quark distributions in the nucleon;

—  aprecision test of the isospin dependence of two-nucleon short-range correlations in *H and 3He;

—  quasi-elastic scattering to measure the proton and neutron momentum distributions in *H and *He, trying
to demonstrate that the minority (protons in *H) have an average kinetic energy higher than the majority
(protons in *He); exclusive kaon electroproduction on *H.

The beam-time was successful, and all the above data analyses are now underway. We have published papers
on our previous work on proton elastic form factors during high-momentum transfers (Puckett et al, Nucl. Instr.
Meth. A 2018), on three-nucleon short-range correlations (¥e et al, Phys. Rev. € 2018) and inclusive cross-section
measurements on Ti nuclei (Dai et al, Phys. Rev. € 2018).

With the Tandetron accelerator at the Microanalytical Center in 2018 we studied the nuclear reaction between
protons and deuterons in the energy range between 70 and 320 keV. This energy range is important for the Big-
Bang nucleosynthesis, which created the lightest elements. We found that the gamma rays produced in the reaction
possess a large angular anisotropy, which was not taken into account by previous authors and is the most likely
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Figure 2: Number of photons (up) and the phase
of the electric field (bottom ), emmiled at the
excitation with a 100 fs light pulse with intensity
of 410" W/cm? as a function of the helium target
thickness at a pressure of 30 Pa (Krusic et al, Phys.

Rev. A 2018).

reason for the discrepancy in their measurements with the latest ab-initio theory of nuclear
reactions. Our measurements agree with the aforementioned theory. The work has been sub-
mitted for publication in European Physical Journal A and will be included in the PhD thesis of
young researcher Isabela Tisma.

We engaged in collaborative activities at the international nuclear research centre FAIR.
The first 12 segments of the CALIFA detector have been acquired and their assembly started.
Computer simulations of the BGO veto detectors for the DEGAS system were completed and
yielded the geometrical configurations for the SiPM sensor positions. The voltage stabilization
and precision timing for the electrostatic lenses of the time-of-flight ion mass spectrometer
Super-FRS has been designed and its assembly started.

Members of the Infrastructure Group for Ionizing Radiation Measurements were involved in
research fields related to ionising radiation and nuclear physics. In addition, they were conducting
activities in the environmental radioactivity monitoring of the living environment in Slovenia,
regular Krsko Nuclear Power Plant (KNPP) off-site environmental radioactivity monitoring,
independent verification of the regular environmental radioactivity monitoring around KNPP,
monitoring of the radioactivity in fodder, central radioactive waste repository radiological
monitoring, monitoring of the radioactivity in drinking water, material characterizations,
calibrations of the radiation gauges and the measurements of the personal and environmental
doses by thermo-luminescent dosimeters. All the listed activities are accredited according the
standard SIST EN ISO/IEC 17025.

In 2018 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 the project within the European Metrology Research
Programme (EMRP) “Preparedness - Metrology for mobile detection of ionising radiation following a nuclear or
radiological incident”. Within this project, we are developing and upgrading the novel gamma-radiation hotspot
locator available at the JSI and based on CsI detectors with an angular sensitivity based on the AlSense Gamma
monitor, to be mountable on an unmanned helicopter, in collaboration with UPC, Barcelona, Spain,.

In 2018, the members of the department started to work on a new
project ENRAS (ENsuring RAdiation Safety) in the framework of the
Cooperation Programme Interreg V-A Slovenia-Croatia 2014-2020. The
project involves IJS (leading partner), Institute for Medical Research and
Occupational Health - IMI (project partner 1), Zagreb, Croatia and Fire-
fighter Association of Slovenia - GZS (project partner 2). The aim of the
project is to develop cross-border cooperation in the field of safety (civil
protection) in the event of a nuclear or radiological emergency. Members
of the Infrastructure Group also took part in regular drills and special tasks
with the radiological mobile unit ELME.

In 2018 we have published three papers from the field of theoretical
atomic physics in Physical Review A, where we have considered for the
first time the interaction of atoms with intense XUV light. The first paper
deals with the phenomenon of superfluorescence suggesting to measure
time dependence of 2 'P — 2 1S radiation emitted in the decay of the 2 'P

Figure 3: Evolution of the temporal (a) and spectral intensity profile of the
emitted field (b), the temporal profile of the phase of the emitledfield (¢),
population inversion (d), and autocorrelation function of the emitted field
(e) in the target after a single extreme ultraviolet light pump pulse from a
[reeelectron laser (Krusic in sod., accepted for publication in Phys. Rev. A).

state in helium, which is prepared by the intense XVU laser pulse (Figure
2). This is a prototypical system, where the phenomenon appears in the
simplest three-level scheme. We published a detailed simulation showing
the time dependence of the fluorescence developing from spontaneous
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emission, superfluorescence towards the self-amplified spontaneous emis-

sion (Krusic et al, Phys. Rev A 2018). The second paper studies the form
of the Beer-Lambert law in the time domain (Zitnik e# al, Phys. Rev A 2018). 1t turns out that the time dependence
of the light pulse at the target exit can be expanded into the sum of the weighted characteristic contributions.
These can be calculated in advance and depend on the temporal dependence of the entrance pulse and the nature
of the resonant states. The third paper presents the calculated two-photon absorption cross-section of helium in
the broad range of photon energies showing an enormous enhancement of the cross-section in the region of the
core resonances, i.e., when the energy of the incoming photons matches a dipole allowed transition in the helium
ion, for example, He' n=2—n=1 (Mihelic et al, Phys. Rev. A 2018). An open question remains as to how to exper-
mentally isolate this effect, because it is difficult to separate the fluorescence signal from the one originating in the
sequential photo-absorption. In 2018 we analysed and published the results of experiments that were performed at
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MaxLab in Lund, Sweden, together with researchers from Oulu University in Finland. We have
measured for the first time the two-dimensional maps of the resonant Auger decay in coincidence
with the selected ionic species that appear in the final state of molecular dissociation, triggered
by photoexcitation (Kokkonen et al, Jour. Chem. Phys. 2018). It turned out that the (C)L-VV
Auger spectra significantly differ in chloromethanes, although in all these cases the chlorine
atom is bound to the carbon (Figure). This means that the spectrum does not depend solely on
the initial dissociation dynamics, butalso on differences in the charge redistribution in different
molecules, triggered by dissociation.

We participated in synchrotron experiments at Soleil, Paris, where we aimed to observe
an atomic signal from thin layers deposited on thin wires, placed in the field of detection of
the magnetic bottle spectrometer. Another experimental attempt was concerned with electron
retardation to improve the spectral resolution of the magnetic bottle. We took part in the experi-
ment with high-harmonic generation in the Laboratory for Quantum Optics at the University of
Nova Gorica, where AC Stark maps of the ion yield were measured upon the coupling of a pair
short-lived states with an IR laser light pulse. We prepared an experimental project at the free
electron laser FERML, involving collaborators from France and dealing with a coherent control of
Auger emission. In the frame of the EMRP “Aeromet” project we were concerned with the charac-
terization of the simple optical dust detectors and their comparison with the results of the more
sophisticated instruments. For this we attended the measurement campaign in Cassino, Italy.
The ongoing comparative analysis shows that a good knowledge of the operational parameters
of the simple optical counters in conjunction with the data acquired by the sophisticated device
can significantly broaden the temporal and spatial range coverages of dust monitoring without
significant additional costs.

In the field of high-energy-resolution x-ray spectroscopy we have successfully performed iz-
operando sulphur EXAFS measurements from a cathode of a magnesium sulphur (Mg-S) battery
during discharge. The experiment took place at the ID26 beamline of the ESRF synchrotron in
collaboration with the group from the National Institute of Chemistry in Ljubljana. In order to remove the sulphate
signal from the electrolyte, a sulphur-free electrolyte was used in the battery to record a long enough energy range
above the sulphur K edge required for EXAFS analysis. This experiment will provide precise quantitative structural
information, including the local coordination of S, on each of the charac-
teristic magnesium sulphur compounds build up electrochemically during
the battery’s operation and will complement our previous characterization
of sulphur within a Mg-S battery using RIXS/XAS measurements. Besides
synchrotron measurements, we have also recorded in our home laboratory
proton-induced high-energy-resolution sulphur Ko and K3 x-ray emission
spectra from several cathodes of Li-S batteries stopped at different points
during discharge. These measurements will demonstrate the feasibility
to characterize sulphur compounds build electrochemically within the
battery cathode, which is currently restricted to synchrotron studies, also
in a smaller laboratory using a laboratory excitation source. In the field
of high-energy-resolution PIXE spectroscopy we have continued our col-
laboration with the group from University of Guelph, Ontario, Canada,
and recorded KL multiple ionization satellites in the K X-ray spectra of
pure Ti and several titanium binary oxides induced in collisions with MeV
alpha particles. These results will expand further the existing He-induced
multiple fonization satellites database, which will be used to improve the
accuracy of the PIXE analysis using alpha particle beams, including the
PIXE mode of the alpha particle X-ray spectrometers (APXS) installed in
the Mars rover Curiosity.

Figure 4: Resonant Auger spectra CI2p-VV,
measured in coincidence with CI' ions at the decay
of photoexcited resonance (Cl)2p 1c* for all four
molecules of chlorometanes (Kokkonen et al, Jour.
Chem. Phys. 2018).

Figure 5. Retention of deuterium in the structurally damaged tungsten
layer as a function of exposure time for four studied samples as derived
Jfrom nuclear reaction analysis by 3He ions. Images obtained on the
surface of the samples using a scanning electron microscope are also

During 2018, the results of the L-M,; resonant inelastic x-ray scat-
tering (RIXS) measurements on Ag within Ag Mo,Se,| (x=3.4 and 3.9)
polycrystalline samples were published (Butorin et al, ACSAppl. Ener. Mat.
2018). The experimental data were used to study the effect of Ag doping

inserted in the graph. The colour line around the image also denotes
the data points in the graph. (Pecovnik et al., accepted for publ. in Jour.
Nucl. Mat. ).

on the electronic structure of Ag Mo,Se,, as a potential material for thermoelectric applications. K X-ray spectra
of Si induced in collisions with 3-5 MeV He ions, performed at the Microanalytical center, were used to extract the
data on KL" multiple ionization satellites (Heirwegh et al, Nucl. Instr. Meth. B 2018). High-energy-resolution
PIXE spectroscopy has been used successfully to perform the chemical speciation of sulphur in a biological tissue
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Figure 6. Delector CALIFA of the NUSTAR collaboration at FAIR is
concepted as a scintillation calorimeter for gamma rays and charged

(Kavcic et al, Nucl. Instr. Meth. B 2018). Measurements of the Ko emission line were used to determine the ratio
of $%/S* species within the tissue and the KB emission spectrum confirmed the transformation of sulphur from the
uptake sulphate form, to fully reduced sulphur within large sulphur-containing organic molecules. In collaboration
with the University of Fribourg, Switzerland, we have published the results on the hypersatellite x-ray decay of 34
hollow K-shell atoms produced in collisions with heavy ions (Maillard et al, Phys. Rev. A 2018).

In 2018, we continued with research in fusion, coordinated by the EUROfusion Consortium and carried out
within the work package on “Preparation of efficient Plasma-Facing Component (PFC) operation for ITER and
DEMO”. Hydrogen-isotope interactions with materials play a crucial role in
fusion research as the tritium inventory needs to be controlled inside a fu-
ture reactor and maintained below specific limits for safe and fuel-efficient
operation. Within the expected operational duty cycles the displacement
damage from irradiation by energetic 14.1 MeV neutrons produced by the
deuterium-tritium fusion reaction (D + T — He (3.5 MeV) + neutron (14.1
MeV)) is anticipated to be a few displacements per atom per year, adding
challenges to the material choice. Tungsten and tungsten alloys are con-
sidered to be the most suitable materials for plasma-facing components in
future fusion reactors such as DEMO. For this reason, a major focus of our
research is the study of hydrogen-isotope retention in tungsten material.
Lattice defects, produced due to irradiation by 14 MeV neutrons and ions
from the plasma, act as trapping sites for hydrogen isotopes with a high
de-trapping energy, as compared to the energy of the diffusion of hydrogen
in tungsten. In order to study the influence of the neutron irradiation of
materials on fuel retention, high-energy W ions produced by MV accelera-
tors are used to produce displacement damage, which mimics the damage

particles. In 2018 we started to build 12 segments for the detector system. created by neutrons very well

We have focused on two subjects in this year. The first was to study the
influence of grain size on deuterium transport and retention in tungsten. For this purpose, an experiment was car-
ried out on three polycrystalline tungsten samples with different grain sizes and a single-crystal sample with surface
orientation <100> that were first damaged by 20-MeV energy W ions. After damaging, the samples were exposed
to 4 4x10% ms* flux of deuterium atoms at 600 K for 70 h. The increase of D retention is shown as a function of
exposure time in Figure 1 for the studied samples. We have observed different D uptakes for the different samples,
depending on the grain size, with it being faster for a small-grained sample. The influence of different grain sizes
was modelled by changing the effective height of the potential barrier for deuterium atoms to enter into the bulk.
We managed to successfully describe the transport of deuterium into the bulk of tungsten, showing that a larger
surface density of grain boundaries provides more access for the diffusion of D into the material (Pecovnik et al,
accepted for publ. in Jour. Nucl. Mat.).

The second subject was continuing the study of the influence of D’s presence on the defect production by
simultaneous W-ion damaging and D-atom exposure. The first experimental results were published in Markelj et
al. Nucl. Mater. Energy 12 (2017) 169. This year we performed modelling

of the experimental data in collaboration with CEA, France (Hodlille et al.

Nucl. Fusion 2019). Modelling of the measured deuterium depth profiles

and thermal-desorption spectra for different irradiation temperatures was

performed by the MHIMS (migration of hydrogen isotopes in materials)

code. A model of trap creation due to tungsten-ion irradiation during

the deuterium-atom exposures was implemented. The experiments give

an unambiguous proof that the presence of deuterium increases the

overall trap density. The modelling reveals that there are two traps with

de-trapping energies of 1.83 eV and 2.10 eV that are affected differently by

Figure 7: Optimization of the detection system DEGAS in the FAIR/ the temperature and the presence of deuterium. The concentration of the
NUSTAR with simulation tools. The simulation provided the low-energy trap is significantly higher in the case of simultaneous exposure

positioning for optimal light collection of a limited number of silicon

photomultipliers.
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as compared to the sequential exposure, especially at high temperature
(2.2 times higher at 1000 K). The concentration of the high-energy trap
is only weakly affected by the presence of hydrogen. In this year we have
also upgraded the experiment by studying the influence of D presence on defect production by simultaneous W-ion
damaging and D-ion exposure, where the even larger effect of defect stabilization is observed.

The tandem accelerator at the Jozef Stefan Institute operated successfully in 2018 and provided over 3500 hours
to users from the fields of fusion, biology, medicine, nuclear astrophysics, materials and energy research. Further
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instrumental developments were dedicated to the MeV-SIMS technique, where we achieve sub-micrometre lateral
resolution on the thin biological tissue slices. Within a new research project of the Slovenian Research Agency titled
“Molecular imaging inside the cell” we started an upgrade of the linear Time-Of-Flight mass spectrometer into the

reflectron configuration.

Intense applied research was undergoing at the high-energy focused
ion beam, where micro-PIXE and MeV-SIMS techniques were used for
studies in biology, medicine and related research fields. Research in biology
was undergoing in close collaboration with the Biotechnical Faculty of the
University of Ljubljana. We continued the collaboration with Jagiellonian
University in Krakow, where we determined the metal stoichiometry in syn-
thetic proteins (Malay et al, accepted for publ. in Nature). The interaction
of nano zero-valent iron with roots of maize was studied in collaboration
with the Czech University of Life Sciences Prague (Wi et al, Env. Sci. Tech.
2018). Elemental profiles of Scots pine needles were studied in collabora-
tion with Vilnius Gediminas Technical University, Lithuania (Pongrac
et al, Trees, 2018). We started to work on several new research projects,
including the EU MC postdoctoral project of dr. Esther Punzon Quijorna,
titled “TissueMaps”, dedicated to the elemental imaging of human tissue,
providing clinical therapy support and the development of new diagnostics.
Clinical cases of hip-prosthesis failures were studied in collaboration with
University Clinical Centre Maribor by complementing the standard tissue
pathology procedures with elemental-sensitive microscopy micro-PIXE

Figure 8: Cross-section of a buckwheat grain under optical microscope
(upper left) and the distribution of the molecular ions with the masses
0f 104, 398 and 786, measured with MeV-SIMS. All three molecular ions
are mostly present in the kotyledon (Jencic et al., unpublished ).

and several other modalities of advanced microscopies. We started to work on the physiology studies of buckwheat
within a new research project of the Slovenian research agency “Locally grown buckwheat grain for the produc-
tion of high-quality food products”. Here, we applied molecular imaging with MeV-SIMS to resolve the molecular
distributions in buckwheat seeds, with a focus on the distribution of the anti-oxidant molecules rutin and quercitrin.

We continued with the instrumental improvements at the beamline with the in-air proton beam. In parallel,
intense research work was executed with the in-air PIXE at the field of archaeometry, as well as the study of the
ancient counterfeit coins and the elemental fingerprints of coffee within the Coordinated research project of the
TAEA titled ‘Enhancing Nuclear Analytical Techniques to Meet the Needs of Forensic Science’.

Organization of conferences, congresses and meetings

1. WG 3 MODARIA, 7-10 May 2018, Ljubljana
2. 1S0/TC 201/8C10, 24 June 2018, Ljubljana
3. EXRS 2018, 25-29 June 2018, Ljubljana

INTERNATIONAL PROJECTS

H2020 - TRANSAT; TRANSversal Actions for Tritium
Asst. Prof. Sabina Markelj
European Commission
2. Services
Branko Vodenik, M. Sc.
3. Calibrations
Matjaz Mihelic, M. Sc.
4. TLD Dosimetria
Bostjan Crni¢
5. FAIR Detectors
Prof. Matej Lipoglavsek
Gsi Helmholtzzentrum
6. EMPIR; Preparedness - Metrology for Mobile Detection of Tonising Radiation Following a
Nuclear or Radiological Incident
Dr. Toni Petrovic
Euramet E.v.
7. EMPIR; AEROMET - Aerosol Metrology for Atmospheric Science and Air Quality
Prof. Matjaz Zitnik
Euramet E.v.
8. Training Fees for Mr. Eyakifama Hazou
Asst. Prof. Benjamin Zorko
IAEA - International Atomic Energy Agency
9. RC 18353/R2; Dual Imaging of Biological Samples with MeV SIMS and PIXE Analysis;
Development of Molecular Concentration Mapping Techniques using MeV Focussed lon
Beams

Asst. Prof. Klemen Bucar
[AEA - International Atomic Energy Agency

10. RC 18186/R2; Application of Synchrotron Radiation in Studies of Environmental
Impact on Biological Organisms; Experiments with Synchrotron Radiation for Modern
Environmental and Industrial Applications
Prof. Katarina Vogel-mikus
[AEA - International Atomic Energy Agency

11. COST CA16117 - ChETEC; Chemical Elements as Tracers of the Evolution of the Cosmos
Prof. Matej Lipoglavsek
Cost Office

12. Training Fees for Mr. Andrii Kholodyuk, STEP
Asst. Prof. Benjamin Zorko
Ictp - Centro Internazionale Di Fisica Teorica

13. Enhancing Nuclear Analytical Techniques to Meet the Needs of Forensic Sciences;
Forensics with Nuclear Methods: Art and Food Forgery, Drugs in Hair
Prof. Primo? Pelicon
[AEA - International Atomic Energy Agency

14. Training Fees for IAEA“s Fellow Mrs. Margarita Ginovska (SV/MAK2007-1702343),
28.1.2018-3.2.2018
Asst. Prof. Benjamin Zorko
IAEA - International Atomic Energy Agency

15. COST CA18130; European Network for Chemical Elemental Analysis by Total Reflection
X-Ray Fluorescence
Dr. Marijan Necemer
Cost Office

16. H2020 - CONCERT: European Joint Programme for the Integration of Radiation
Protection Research
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20.

21,

22.

23.

24,

25.

3:0 Jozef Stefan Institute

Asst. Prof. Benjamin Zorko
European Commission

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

Asst. Prof. Sabina Markelj
European Commission

. H2020 EUROfusion - Education-ED-FU

Prof. PrimoZ Pelicon
European Commission

. H2020 EUROfusion - Medium Size Tokamak Campaigns-MST1-FU

Mitja Kelemen

European Commission

H2020 - TissueMaps - Elemental Imaging of Human Tissue: Clinical Therapy Support
and Development of New Diagnostics

Prof. Primo? Pelicon

European Commission

Electron Scattering Studies of 3H/3He Mirror Nuclei

Prof. Simon Sirca

Slovenian Research Agency

Gamma Spectrometric Determination of Low Level Activity of Low-Energetic
Radionuclides in Complexs Samples

Asst. Prof. Benjamin Zorko

Slovenian Research Agency

WG3 MODARIA 11, Third Technical Meeting of MODARIA I1

Asst. Prof. Benjamin Zorko

Slovenian Research Agency

Study of Weak Charge Distributions with Precision Parity-Violating Measurements
Dr. Miha Mihovilovi¢

Slovenian Research Agency

Electrochemical Reactions in Organic-Metal Batteries Studied by X-Ray Raman
Spectroscopy

Asst. Prof. Matjaz Kavcic

Slovenian Research Agency

RESEARCH PROGRAMS

Archaeological and Archaeometric Research of Portable Archaeological Heritage

Dr. Eva Menart

Object and Prestige; taste, status, power (Researches of the material culture in Slovenia)
Dr. Marijan Necemer

Structure of hadronic systems

Prof. Simon Sirca

Studies of atoms, molecules and structures by photons and particles

Prof. Matjaz Zitnik

R & D GRANTS AND CONTRACTS

Triggering forbidden phenomena with twisted light and particles beams
Prof. MatjaZ Zitnik

Redox active organic materials for electrical energy storage

Asst. Prof. Matjaz Kavcic

Tonom of crop plants for safe and quality food production

Prof. Katarina Vogel-miku§

Stable isotopes in the study of the impact of increasing CO2 levels on C and Hg cycling
in coastal waters

Prof. Katarina Vogel-miku§

Three-dimensional distribution of mineral elements in plant leaves

Asst. Prof. Paula Pongrac

Molecular imaging inside the cell

Prof. Primoz Pelicon

Localy grown buckwheat grain for production of high quality food products

Prof. Primoz Pelicon

ENRAS: Ensuring Radiation S afety for First Responder Teams in Case of Radiological or
Nuclear Accidents

Bostjan Crnic

Government Office for Development and European Cohesion Policy

BEST: Barley stress tolerance

Prof. Primo? Pelicon

Ministry of Education, Science and Sport

. Different Analyses

Dr. Jasmina KoZar Logar

. Irradiation and Analysis of Nano SiC Samples in the Year 2017

Asst. Prof. Benjamin Zorko
National Nuclear Research Center

. Support to the Quality Infrastructure in Serbia

Denis Glavi¢ Cindro, M. Sc.
Physikalisch-technische Bundesanstalt (ptb)

. EURAMET TC-lonising Radiation (TC-IR) Annual Meeting 2019 and Working Meetings

within EMPIR Projects Preparedness and DOSEtrace
Denis Glavi¢ Cindro, M. Sc.

N EW CONTRACTS

Determination of blocking temperature on two frozen liquid iron containing samples
using Mossbauer spectroscopy

Dr. Darko Hanzel

Lekd. d.

Analyses of atmospheric releases in 2018

Asst. Prof. Benjamin Zorko

Nuklearna Elektrarna Krsko d. 0. 0.

Off-site radiological monitoring of the Krsko Nuclear Power Plant in 2018 and 2019
Asst. Prof. Benjamin Zorko

Nuklearna Elektrarna Krsko d. 0. 0.

Monitoring of radiaoactivity in drinking water in Republic of Slovenia in 2018 and 2019
Asst. Prof. Benjamin Zorko

Ministry of Health

Testing of the geographical origin of fruits and vegetables using elemental composition
and stable isotopes

Dr. Marijan Necemer

Ministry of Agriculture, Forestry and Food

Maintenance of radiological emergency preparedness 2018

Asst. Prof. Benjamin Zorko

Nuklearna Elektrarna Krsko d. 0. o.

VISITORS FROM ABROAD

Margarita Ginovska, Ss. Cyril and Methodius University, Skopje, Macedonia, 28 January
- 3 February 2018

Andrii Kholodiuk, Institute for Safety Problems of NPP, Kiev, Ukraine, 12 February - 12
May 2018

Prof. Dr. Jechiel Lichtenstadt, Tel Aviv University, Tel Aviv, Israel, 12-13 March 2018

Dr. Tim Vidmar, SCK-CEN, Mol, Belgium, 7-20 May 2018

Dr. Venkata Dasireddy, UKZN, Durban, South Africa, 3 April - 28 May 2018

Dr. Sebastijan Brezinsek, Institut fiir Plasmaphysik, Forschungszentrum, Jiilich,
Germany, 16-19 April 2018

—_
ja

Dr. Katja Magdic Kosicek and Dr. Ivana Tucakovic, IRB, Zagreb, Croatia, 7 September
2018

Eyakifima Hazou, University of Lome, Lome, Togo, 10 September - 8 December 2018
Laura Péres Orosa, USC, Santiago de Compostela, Galicia, Spain, 2 September - 2
December 2018

. Dr. Thomas Schwartz-Selinger, Max Planck Institute for Plasma Physics, Garching,

Germany, 1-5 October 2018

. Dr. Jelena Ajti¢, University of Belgrade, Belgrade, Serbia, 18-19 December 2018

STAFF

Researchers

Prof. Iztok Ar¢on*

Asst. Prof. Klemen Bucar
Prof. Dean Cvetko*

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

Asst. Prof. Matjaz Kavcic

10.
11.
. Dr. Marijan Necemer
13.

Dr. Jasmina KoZar Logar
Prof. Matej Lipoglavsek
Asst. Prof. Sabina Markelj
Asst. Prof. Andrej Mihelic
Dr. Miha Mihovilovi¢

Prof. PrimozZ Pelicon, Head
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. Dr. Toni Petrovi¢

. Asst. Prof. Paula Pongrac

. Prof. Simon Sirca*
Prof. Ziga Smit*, left 01.11.18
. Asst. Prof. Matjaz Vencelj
. Branko Vodenik, M. Sc.
. Prof. Katarina Vogel-Mikus*

. Asst. Prof. Benjamin Zorko

. Prof. Matjaz Zitnik

Postdoctoral associates

23.
24.
25.
26.
27.
28.
29.

Dr. Tilen Brecelj

Dr. Bostjan Jencic

Dr. Romana Kristof

Dr. Eva Menart*

Esther Punzon Quijorna, B. Sc.
Dr. Jelena Vesic

Dr: Anze Zaloznik, left 01.09.18

Postgraduates

30.

. ZigaBarba, B. Sc.

BIBLIOGRAPHY

Department of Low and Medium Energy Physics F-2

31. Mateja Hrast, B. Sc.
32. Tim Kolar, B. Sc.

33. Spela Krusic, B. Sc.
34. Matic Pecovnik, B. Sc.
35. Isabela Tisma
Technical officers

36. Bostjan Crnic, B. Sc.
37. Mitja Kelemen, B. Sc.
38. Matjaz Miheli¢, M. Sc.
39. Dr. PrimoZ Vavpetic
Technical and administrative staff
40. Drago Brodnik

41. Mojca Gantar

42. Sandi Gobec

43. Mirko Ribi¢, B. Sc.

Note:
* part-time JSI member
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RIGINAL ARTICLE

1. S. M. Butorin, K. 0. Kvashnina, M. Klintenberg, Matjaz Kav¢i¢, Matjaz
Zitnik, Klemen Buar, P. Gougeon, P. Gall, C. Candolfi, B. Lenoir, "Effect
of Ag doping on electronic structure of cluster compounds Ag,Mo,Se;,
(x = 3.4, 3.9)", ACS applied energy materials, 2018, 1, 8, 4032-4039.

2. Aleksandra Golob, Vekoslava Stibilj, Ivan Kreft, Katarina Vogel-Mikus,
Alenka Gaberscik, Mateja Germ, "Selenium treatment alters the effects
of UV radiation on chemical and production parameters in hybrid
buckwheat", Acta agriculturee Scandinavica. Section B, Soil and plant
science, 2018, 68, 1, 5-15.

3. Matevz Likar, Natasa Dolinar, Katarina Vogel-Mikus, Alenka Gaberscik,

Marjana Regvar, "Elemental composition and fungal colonisation of

decomposing Phragmites australis (Cav.) Trin. ex Steud. litter at

different water regimes", Acta biologica slovenica: ABS, 2018, 61, 2, 71-

84.

Philip J. White, Paula Pongrac, Claire C. Sneddon, Jacqueline Thompson,

Gladys Wright, "Limits to the biofortification of leafy brassicas with

zinc", Agriculture, 2018, 8, 3, 1-14.

5.Janvit TerZan, Petar Djinovi¢, Janez Zavas$nik, Iztok Arcon, Gregor
Zerjav, MatjaZ Spreitzer, Albin Pintar, "Alkali and earth alkali modified
Cu0,/SiO, catalysts for propylene partial oxidation: what determines
the selectivity?", Applied catalysis. B, Environmental, 2018, 237, 214-
227.

6. Matjaz Korun, Branko Vodenik, Benjamin Zorko, "Calculation of the
detection limits for radionuclides identified in gamma-ray spectra
based on post-processing peak analysis results", Applied Radiation and
Isotopes, 2018, 133, 22-30.

7. Denis Glavi¢-Cindro, "Comparison of intercomparison results of gamma
ray spectrometry of spiked and real samples”, Applied Radiation and
Isotopes, 2018, 134, 59-63.

8. Denis Glavi¢-Cindro, Drago Brodnik, Francesco Cardellini, Pierino De
Felice, Dusan Ponikvar, Matjaz Vencelj, Toni Petrovi¢, "Evaluation of the
radon interference on the performance of the portable monitoring air
pump for radioactive aerosols (MARE)", Applied Radiation and Isotopes,
2018, 134, 439-445.

9. Tina Milavec, Ziga Smit, "Analyses of late antique glass from Tonovcov
grad near Kobarid in archaeological context", Arheoloski vestnik, 2018,
69, 351-368.

0. Timotej Knific, Ziga Smit, "Early Medieval glass in Slovenia: analytical
study and beads of plant-ash glass", Arheoloski vestnik, 2018, 69, 369-
436.

1. Tihana Cizmar, Urka Lavrenéi¢ Stangar, Mattia Fanetti, Iztok Arcon,
"Effects of different copper loadings on the photocatalytic activity of
TiO, — SiO, prepared at a low temperature for the oxidation of organic
pollutants in water", ChemCatChem, 2018, 10, 14, 2982-2993.

2. Marta Debeljak, Johannes Teun van Elteren, Ana §pruk, Andrei Izmer,
Frank Vanhaecke, Katarina Vogel-Miku§, "The role of arbuscular

mycorrhiza in mercury and mineral nutrient uptake in maize"

Chemosphere, 2018,212,1076-1084.
1

w

copper”, Environmental and experimental botany, 2018, 149, 27-33.
14.

technology, 2018, 52, 14, 7640-7651.
15.

January/February 2017 in Europe",
technology, 2018, 52, 15, 8488-8500.
16.

2018, 89,133-141.
17.

physiology, 2018, 9, 198.
18.

ligand activation?", Inorganic chemistry, 2018, 57, 4, 1935-1949.
19.

neuroanatomy, 2018, 90, 49-56.
20.

physics, 2018, 148,17, 174301.
21.

. Francine Ilunga Kabeya, Paula Pongrac, Bastien Lange, Michel-Pierre
Faucon, Johannes Teun van Elteren, Martin Sala, Vid Simon Selih, Emilie
Vanden Eeckhoudt, Nathalie Verbruggen, "Tolerance and accumulation
of cobalt in three species of Haumaniastrum and the influence of

Songlin Wu, Miroslav Vosatka, Katarina Vogel-Miku$, Anja Kav¢ic, Mitja
Kelemen, Luka §epec, Primoz Pelicon, Roman Skala, Antonio Roberto
Valero Powter, Manuel Teodoro, Zuzana Michalkov4, Michael Komarek,
"Nano zero-valent iron mediated metal(loid) uptake and translocation
by arbuscular mycorrhizal symbioses”, Environmental science &

Oliver Masson et al. (38 authors), "Potential source apportionment and
meteorological conditions involved in airborne 3!l detections in
Environmental science &

Anja Mahne Opati¢, Marijan Necemer, Sonja Lojen, Jasmina Masten,
Emil Zlati¢, Helena Sircelj, David Stopar, Rajko Vidrih, "Determination
of geographical origin of commercial tomato through analysis of stable
isotopes, elemental composition and chemical markers", Food control,

Robert Sket, Tadej Debevec, Susanne Kublik, Michael Schloter, Anne
Schoeller, BoStjan Murovec, Katarina Vogel-Miku$, Vladimir Makuc,
Klemen Pecnik, Janez Plavec, Igor B. Mekjavi¢, Ola Eiken, Zala
Prevorsek, BlaZ Stres, "Intestinal metagenomes and metabolomes in
healthy young males: inactivity and hypoxia generated negative
physiological symptoms precede microbial dysbiosis", Frontiers in

Benjamin K. Leipzig, Julian A. Rees, Joanna K. Kowalska, Roslyn M.
Theisen, Matjaz Kavci¢, Penny Chaau Yan Poon, Werner Kaminsky,
Serena DeBeer, Eckhard Bill, Julie A. Kovacs, " How do ring size and m-
donating thiolate ligands affect redox-active, a-imino-n-heterocycle

Paulo Fernandes Costa Jobim, Carla Eliete Iochims dos Santos, Luka
Jeromel, PrimoZ Pelicon, Livio Amaral, Johnny Ferraz Dias, "Changes in
the element concentration of the dorsal hippocampus CA1l region
during memory consolidation and reconsolidation”, Journal of chemical

E. Kokkonen, K. Jankald, M. Patanen, W. Cao, Mateja Hrast, Klemen
Bucar, Matjaz Zitnik, M. Huttula, "Role of ultrafast dissociation in the

fragmentation of chlorinated methanes”, The Journal of chemical

R. Costantini et al. (14 authors), "ANCHOR-SUNDYN: a novel endstation

for time resolved spectroscopy at the ALOISA beamline", Journal of

electron spectroscopy and related phenomena, 2018, 229, 7-12.
2
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. Sabina Kolbl Repinc, Robert Sket, Domen Zavec, Katarina Vogel-Mikus,
Fernando G. Fermoso, BlaZ Stres, "Full-scale agricultural biogas plant
metal content and process parameters in relation to bacterial and

43
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

archaeal microbial communities over 2.5 year span”, journal of
environmental management, 2018, 213, 566-574.

Anja Mahne Opati¢, Marijan Nec¢emer, Bojan Budi¢, Sonja Lojen, "Stable
isotope analysis of major bioelements, multi-element profiling, and
discriminant analysis for geographical origins of organically grown
potato”, Journal of food composition and analysis, 2018, 71, 17-24.
Andraz §ulig0j, Iztok Arcon, Matjaz Mazaj, Goran Drazi¢, Denis Arcon,
Pegie Cool, Urska Lavrenci¢ §tangar, NataSa Novak Tusar, "Surface
modified titanium dioxide using transition metals: nickel as a winning
transition metal for solar light photocatalysis”, Journal of materials
chemistry. A, Materials for energy and sustainability, 2018, 6, 21, 9882-
9892.

Aleksandra Golob, Vekoslava Stibilj, Marijan Ne¢emer, Peter Kump, Ivan
Kreft, Anja HoCevar, Alenka Gaberscik, Mateja Germ, "Calcium oxalate
druses affect leaf optical properties in selenium-treated Fagopyrum
tataricum", Journal of photochemistry and photobiology. B, Biology,
2018, 180, 51-55.

Roman Balvanovi¢, Milica Mari¢ Stojanovic, Ziga Smit, "Exploring the
unknown Balkans: early Byzantine glass from Jelica Mt. in Serbia and its
contemporary neighbours”, Journal of radioanalytical and nuclear
chemistry, 2018,317, 2,1175-1189.

Andreas-Germanos Karydas, Matevsz Czyzycki, Juan José Leani,
Alessandro Migliori, Janos Osan, Mladen Bogovac, Pawel Wrobel, Nikita
Vakula, Roman Padilla-Alvarez, Ralf H. Menk, Maryam Ghahremani Gol,
Matias Antonelli, Manoj K. Tiwari, Claudia Caliri, Katarina Vogel-Mikus,
[ain Darby, Ralf Bernd Kaiser, "An IAEA multi-technique X-ray
spectrometry endstation at Elettra Sincrotrone Trieste: benchmarking
results and interdisciplinary applications”, Journal of synchrotron
radiation, 2018, 25, 189-203.

Robert Dominko, Alen Vizintin, Giuliana Aquilanti, Lorenzo Stievano,
Maria Joseph Helen, Anji Reddy Munnangi, Maximilian Fichtner, Iztok
Arcon, "Polysulfides formation in different electrolytes from the
perspective of X-ray absorption spectroscopy”, Journal of the
Electrochemical Society, 2018, 165, 1, a5014-a5019.

Paula Pongrac, Tania Sofia Serra, Hiram Castillo Michel, Katarina Vogel-
Mikus, Iztok Arcon, Mitja Kelemen, BoStjan Jenci¢, Anja Kav¢i¢, Mina T.
Villafort Carvalho, Mark G. M. Aarts, "Cadmium associates with oxalate
in calcium oxalate crystals and competes with calcium for translocation
to stems in the cadmium bioindicator Gomphrena claussenii”,
Metallomics, 2018, 10, 11, 1576-1584.

Abhilash Ravikumar et al. (12 authors), "Tuning ultrafast electron
injection dynamics at organic-graphene/metal interfaces", Nanoscale,
2018,10,17,8014-8022.

E. A. Hodille, Sabina Markelj, Thomas Schwarz-Selinger, AnZe ZaloZnik,
Matic Pecovnik, Mitja Kelemen, Cristian Grisolia, "Stabilization of
defects by the presence of hydrogen in tungsten: simultaneous W-ion
damaging and D-atom exposure", Nuclear fusion, 2018,59,1,016011.
Matjaz Kavci¢, Marko Petric, Katarina Vogel-Mikus, "Chemical
speciation using high energy resolution PIXE spectroscopy in the tender
X-ray range", Nuclear instruments & methods in physics research. Section
B, Beam interactions with materials and atoms, 2018, 417, 65-69.
Christopher M. Heirwegh, Marko Petric, Stjepko Fazini¢, Matjaz Kav¢ic,
Iva BoziCevi¢ Mihali¢, Jordan Schneider, Ivana Zamboni, John L.
Campbell, "Multiple ionization X-ray satellites of magnesium, aluminum
and silicon in alpha particle PIXE", Nuclear instruments & methods in
physics research. Section B, Beam interactions with materials and atoms,
2018, 428, 9-16.

M. L. Cortés et al. (11 authors), "Silicon photomultipliers as readout for
a segmented Time-of-Flight plastic detector”, Nuclear instruments and
methods in physics research. Section A, Accelerators, spectrometers,
detectors and associated equipment, 2018, 899, 101-105.

A. J. R. Puckett et al. (106 authors), "Technical supplement to
"Polarization transfer observables in elastic electron-proton scattering
at Q?=2.5, 5.2, 6.8, and 8.5 GeV 2"", Nuclear instruments and methods in
physics research. Section A, Accelerators, spectrometers, detectors and
associated equipment, 2018, 910, 54-78.

Thomas Schwarz-Selinger, J. Bauer, S. Elgeti, Sabina Markelj, "Influence
of the presence of deuterium on displacement damage in tungsten”,
Nuclear materials and energy, 2018, 17, 228-234.

Istvan Csete et al. (13 authors), "IAEA-SSDL bilateral comparisons for
diagnostic level air kerma measurement standards", Physica medica,
2018,47,9-15.

A. Esser et al. (39 authors), "First measurement of the Q% dependence
of the beam-normal single spin asymmetry for elastic scattering off
carbon", Physical review letters, 2018, 121, 2, 022503.

MatjaZ Zitnik, Spela Krusi¢, Klemen Butar, Andrej Mihelié, "Beer-
Lambert law in the time domain", Physical review. A, 2018, 97, 6,
063424.

40.

41.

42.

43.

44.

45.

46.

47.

Y.-P. Maillard, J.-Cl. Dousse, J. Hoszowska, M. Berset, 0. Mauron, P.-A.
Raboud, Matjaz Kav¢i¢, ]. Rzadkiewicz, D. Bana$, Karoly Tokési,
"Hypersatellite x-ray decay of 3d hollow-K-shell atoms produced by
heavy-ion impact”, Physical review. A, 2018, 98, 1, 012705.

Spela Krusi¢, Klemen Buéar, Andrej Miheli¢, MatjaZ Zitnik, "Collective
effects in the radiative decay of the 2 'P state in helium", Physical
review. 4,2018, 98, 1, 013416.

Andrej Miheli¢, "Role of intermediate continuum states in exterior
complex scaling calculations of two-photon ionization cross sections”,
Physical review. A, 2018, 98, 2, 023409.

Bojan Golli, H. Osmanovi¢, Simon Sirca, Alfred Svarc, "Genuine quark
state versus dynamically generated structure for the Roper resonance”,
Physical review. C,2018, 97, 3,035204.

Jefferson Lab Hall A Collaboration, Z. Ye et al, "Search for three-nucleon
short-range correlations in light nuclei", Physical review. C, 2018, 97, 6,
065204.

Jefferson Lab Hall A Collaboration, H. Dai et al, "First measurement of
the Ti(e, e')X cross section at Jefferson Lab", Physical review. C, 2018, 98,
1,014617.

A1 Collaboration, D. Izraeli et al,, "Measurement of polarization-transfer
to bound protons in carbon and its virtuality dependence”, Physics
letters. Section B, 2018, 781, 95-98.

A1 Collaboration, D. Izraeli et al, "Components of polarization-transfer
to a bound proton in a deuteron measured by quasi-elastic electron
scattering", Physics letters. Section B, 2018, 781, 107-111.

PUBLISHED CONFERENCE CONTRIBUTION (INVITED
LECTURE)

1. Katarina Vogel-Mikus, Iztok Arcon, Peter Kump, Alojz Kodre, "Metal
concentration and speciation in soil and plants by X-ray fluorescence
and absorption spectrometry", In: NeZa Finzgar (ed.), Demonstration of
innovative soil washing technology for removal of toxic metals from
highly contaminated garden soil: proceedings of the conference, 2018,
27-29.

PUBLISHED CONFERENCE CONTRIBUTION

1. Peter Kump, Katarina Vogel-Miku$, "Quantification of 2D elemental
distribution maps of intermediate-thick biological sections by low
energy synchrotron p-X-ray fluorescence spectrometry”, In: 24th
International Congress on X-Ray Optics and Microanalysis, 24-29
September 2017, Trieste, Italy, (Journal of instrumentation 13) 2018, 5,
C05014.

. Olena Pliekhova, Oleksii Pliekhov, Mattia Fanetti, Iztok Arcon, Natasa
Novak Tusar, Ur$ka Lavrenti¢ Stangar, "The effect of Zr loading on
photocatalytic activity of Cu modified TiO,", In: Sixto Malato Rodriguez
(ed.), Proceedings of the 10th European Meeting on Solar Chemistry and
Photocatalysis: Environmental Applications [also] (SPEA10), Palacio de
Exposiciones y Congresos, Cabo de Gata, Ciudad de Almeria, Almeria
(SPAIN), June, 4th-8th 2018,2018, 242-243.

. Tilen Brecelj, "Measurement of in-medium modifications of proton
form-factors”, In: Or Hen (ed.), Simon Sirca (ed.), Proceedings of the
International Workshop on (e, e’p) Processes, EEP17, Bled, Slovenia, July
2-6, 2017, (Blejske delavnice iz fizike 18) 2018, 3, 19-26.

4. Miha Mihovilovi¢, Simon Sirca, "New insights into the structure of 3He",
In: Or Hen (ed.), Simon Sirca (ed.), Proceedings of the International
Workshop on (e, e’p) Processes, EEP17, Bled, Slovenia, July 2-6, 2017,
(Blejske delavnice iz fizike 18) 2018, 3, 111-120.

5. Emma Fourati, Katarina Vogel-Mikus, Mitja Kelemen, Primoz Vavpetic,
Primoz Pelicon, Chedly Abdelly, Tahar Ghnaya, "Cellular
compartmentalization and chemical forms of cell accumulation of
nickel in the halophyte of Sesuvium portulacastrum”, In: Amjad Kallel
(ed.), et al., Recent advances in environmental science from the Euro-
Mediterranean and surrounding regions: proceedings of Euro-
Mediterranean conference for environmental integration (EMCEI-1),
Tunisia 2017, 2018.

6. Matjaz Korun, Branko Vodenik, Benjamin Zorko, "An alternative
approach to the decision threshold”, In: Special issue of the I1st
International Conference on Radionuclide Metrology and its Applications,
(ICRM 2017), 15-19 May 2017, Buenos Aires, Argentina, (Applied
radiation and isotopes 134) 2018, 56-58.

7. M. Bruggeman et al. (24 authors), "Systematic influences on the areas
of peaks in gamma-ray spectra that have a large statistical uncertainty”,
In: Special issue of the 1st International Conference on Radionuclide
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Metrology and its Applications, (ICRM 2017), 15-19 May 2017, Buenos
Aires, Argentina, (Applied radiation and isotopes 134) 2018, 51-55.

. Karine Liger, Cristian Grisolia, Ion Cristescu, Carlos Moreno, Véronique

Malard, Dave Coombs, Sabina Markelj, "Overview of the TRANSAT
(TRANSversal Actions for Tritium) project”, In: Cho Seungyon (ed.),
Special issue proceedings of the 13th International Symposium on Fusion
Nuclear Technology (ISFNT-13), September 25-29, 2017, Kyoto, Japan,
(Fusion Engineering and Design 136) 2018, A, 168-172.

. Matic PeCovnik, Sabina Markelj, AnZe ZaloZnik, Thomas Schwarz-

Selinger, "Vpliv defektov na transport in zadrZevanje vodikovih
izotopov v volframu”, In: Klemen Ambrozi¢(ed.), et al, Zbornik 5.
konference mladih jedrskih strokovnjakov: povzetki prispevkov,
predstavljenih na konferenci v Reaktorskem centru Podgorica, 26. 2.
2018,2018, 31.

INDEPENDENT COMPONENT PART OR A CHAPTER IN A
MONOGRAPH

1.

w

“u

Natasa Nemecek, Eva Menart, "Copper, bronze or brass - that is the
question: history of scientific research in the National Museum of
Slovenia", In: Gasper Oitzl (ed.), et al., The past under the microscope:
scientific analyses in museums, Ljubljana: National Museum of Slovenia,
2018, 29-49.

Mateja Kos, Ziga Smit, "Tableware in the English fashion”, In: Gasper
Oitzl (ed.), et al., The past under the microscope: scientific analyses in
museums, Ljubljana: National Museum of Slovenia, 2018, 83-88.

. UrSa Pajk, Eva Menart, "The magic and the singularity of the most

reliable record carrier”, In: Gasper Oitzl (ed.), et al., The past under the
microscope: scientific analyses in museums, Ljubljana: National Museum
of Slovenia, 2018, 109-114.

Peter Turk, Ziga Smit, "From bronze to brass", In: Ga$per Oitzl (ed.), et
al,, The past under the microscope: scientific analyses in museums,
Ljubljana: National Museum of Slovenia, 2018, 115-120.

Mateja Kos, Ziga Smit, "Prestigious Venetian glass or a domestic
product?”, In: Gasper Oitzl (ed.), et al., The past under the microscope:
scientific analyses in museums, Ljubljana: National Museum of Slovenia,
2018, 121-126.

Jasmina KoZar Logar, "Radioaktivnost v pitni in podzemni vodi”, In:
Benjamin Zorko (ed.), et al., Ugotavijanje radioaktivnosti v okolju v
okolici NEK po zagonu HE BreZice, Ljubljana: Institut JoZef Stefan, 2018,
21-36.
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~

. Toni Petrovi¢, "Radioaktivnost v padavinah in suhem usedu", In:
Benjamin Zorko (ed.), et al, Ugotavljanje radioaktivnosti v okolju v
okolici NEK po zagonu HE BreZice, Ljubljana: Institut Jozef Stefan, 2018,
37-49.

. Toni Petrovi¢, "Radioaktivnost v zarku", In: Benjamin Zorko (ed.), et al.,
Ugotavljanje radioaktivnosti v okolju v okolici NEK po zagonu HE BreZice,
Ljubljana: Institut Jozef Stefan, 2018, 51-69.

. Branko Vodenik, "Zunanje sevanje”, In: Benjamin Zorko (ed.), et al,,
Ugotavljanje radioaktivnosti v okolju v okolici NEK po zagonu HE BreZice,
Ljubljana: Institut Jozef Stefan, 2018, 71-86.
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10. Katarina Vogel-Mikus, Marijan Necemer, "Radioaktivnost v hrani", In:

Benjamin Zorko (ed.), et al., Ugotavijanje radioaktivnosti v okolju v
okolici NEK po zagonu HE BreZice, Ljubljana: Institut JoZef Stefan, 2018,
87-103.

11. Ziga Smit, Bo$tjan Laharnar, "Analysis of raw bronze from the Iron Age

settlement Most na Soc¢i and of grave finds from Most na Soc¢i and
Bohinj", In: Janez Dular (ed.), Sneza Tecco Hvala (ed.), The Iron Age
settlement at Most na Soci. Treatises, Ljubljana: ZRC SAZU, Institut za
arheologijo: Zalozba ZRC, 2018, 321-332.

UNIVERSITY, HIGHER EDUCATION OR HIGHER
VOCATIONAL EDUCATION TEXTBOOK

1. Simon Sirca, Martin Horvat, Computational methods in physics:
compendium for students, 2nd ed., Cham: Springer, (Graduate texts in
physics), 2018.

MENTORING

1. Tilen Brecelj, Measurement of in-medium modifications of proton form-
factors: doctoral dissertation, Ljubljana, 2018 (mentor Simon Sirca).
2.Tihana Cizmar, Correlations between photocatalytic activity and
chemical structure of Cu-modified Ti0z-Si0z nanoparticle composites:
doctoral dissertation, Nova Gorica, 2018 (mentor Iztok Arc¢on; co-

mentor Ur$ka Lavrenci¢ Stangar).

3. Bostjan Jenci¢, Imaging mass spectroscopy MeV-SIMS with continuous
primary beam: doctoral dissertation, Ljubljana, 2018 (mentor Primoz
Pelicon).

4. PrimoZ Vavpeti¢, Micro-PIXE analysis of biological tissue in frozen
hydrated state: doctoral dissertation, Ljubljana, 2018 (mentor Primoz
Pelicon).
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The mainresearch field of the department is the development, deposition and characterization of
havrd protective PVD coatings, while research is also conducted in other fields of thin films and surface
Dhysics. The basic research is concentrated on the study of the physical and chemical properties of
various multicomponent, multilayer and nanostructured coatings. In the applied research, different
coatings are developed for the protection of tools for various production processes in industry.

For many years, the department has predominantly conducted research on coatings deposited by magnetron
sputtering. This research has been conducted on a basic level, which includes the study of magnetron plasma, as
well as in an applied manner; in this respect there is our important recent work on growth defects in thin films.
Namely, these defects are a significant obstacle in the application of coatings. Indeed, one of the important subjects of
the department’s activities is dedicated to industrial applications, as we offer our coatings to the industrial partners
within the Hard Coating Center. Our deposition of coatings on industrial tools has been predominantly performed

using magnetron sputtering, accompanied to a minor extent using the older technique of thermionic arc evaporation. Head:

Atthe end of 2017 we installed a new coating-deposition unit that applies cathodic arc evaporation. Inindustry Asst. Prof. Miha Cekada

this technique is well known as it uses a simple, reliable principle of coating deposition, but it has the
drawback of a high density of the emitted microdroplets, which in turn increases the roughness of the
deposited coatings. However, this phenomenon is interesting from the research point of view, especially
from the perspective of our previous research on growth defects. Thus, we acquired a good tool for an
additional, extended study of growth defects, and simultaneously also an additional piece of equipment
for the implementation of new coatings for our industrial partners. Using different deposition techniques
we are now able to deposit the following coatings: TiN, CrN, AICrN, TiAIN (several Ti:Al stoichiometries),
AlTiN-based nanolayer coatings and TiAlSiN-based nanocomposite coatings.

In the current year we made a systematic characterization of all the above-listed coatings prepared by
different deposition procedures, and this will serve us as a reference for future work. Another step forward
is the deposition of these coatings on standard endmills, which are being tested on a machine tool in col-
laboration with the Mechanical Engineering Faculty at the University of Ljubljana. In collaboration with
some other partners we deposited perspective coatings on selected tools, and these were consequently
tested by the partners in a semi-industrial environment. Within a well-established cooperation with the
University of Novi Sad (Serbia) we conducted several advanced tribological experiments; afterwards these
coatings were tested for the protection of aluminium die casting tools. Due to the complex conditions,
these tools (punches) were previously nitrided and additionally polished. Using the TiAIN coating the
lifetime of the tools improved by a factor of four. The protection of aluminium die-casting tools is one
of the topics within the GOSTOP project (smart specialization strategy) where we test the coatings for
the partner Hidria.

Partners at the University of Bartin (Turkey) evaluated our TiAISiN coating for the protection of cut-
ting inserts for the milling of the Inconel 718 superalloy. In combination with the cryogenic treatment
the tool lifetime was double its initial value. From a more basic point of view, our partners from the Vinca
nuclear sciences institute (Serbia) studied the oxidation mechanisms of CrVN-based multilayer coatings;
the oxidation was induced by the irradiation of nanosecond laser pulses. In the scope of the collaboration
with the Institute of Metals and Technologies (Ljubljana) and the Faculty of Mechanical Engineering of the
University of Ljubljana we published our results of wetting studies and friction control on nanostrucuted

samples covered by super-hydrophobic silica nanoparticles. Figure 1: Cross-section of three TiN coatings

In addition to the above-mentioned collaboration with foreign research institutions, the department's  deposited by different techniques: (a)
researchers work as guest scientists abroad. Our coworker Dr AljaZ Drnovsek spent two years as a post- ~ evaporation by thermionic arc, (b)
doc at the Montanuniversitit Leoben (Austria), and additionally worked as a guest at the University of ~ 724gnefron spultering, (¢) cathodic arc

Southampton (Great Britain) and the University of California, Berkley (USA). In the scope of that project

evaporation. Presented in the figures:
substrate (1), undisturbed coating (2),

he measured the high-temperature mechanical properties of CrAIN and CrAISiN coatings, which among  groush defect (3) and protective layer for
others includes measurements of nanohardness and toughness in the range from room temperature up  imaging (4). The images were acquired
to 700 °C. Despite the formal conclusion of the project, the collaboration is being continued. with the focused-ion-beam (FIB) technique.
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Figure 2: Magnetron plasma recorded with a high-
speed camera at different exposure times

In order to deposit high-quality thin films it is important to have a good understanding
of the plasma, such as ion density and ion energy. In this year we installed two important
pieces of equipment, dedicated to plasma characterization: a high-speed camera and a mass
spectrometer. The high-speed camera is predominantly used for studying the plasma dynam-
ics, the inhomogeneities in plasma and for the observation of discharges and microparticles
that appear in the plasma. The mass spectrometer with the ability to measure the ion energy is
dedicated to the characterization of several types of low-pressure plasma that are used for the
deposition of thin films.

Chemically speaking, our main research topic is transition-metal nitrides, both from the
aspect of coating deposition as well as analyses of their properties. In addition, we are also ac-
tive in the deposition and analytics of other materials, in most cases following the initiative of
other research groups who do not have appropriate equipment for a particular segment of their
research. In this way we collaborate with several other departments in our institute, and also
with other institutions such as the Faculty of Electrical Engineering at the University of Ljubljana,
Faculty of Mechanical Engineering of the University of Maribor and Vin¢a nuclear sciences insti-
tute. With the latter group we have continued the research of hematite nanoparticle magnetic
properties. The department is also active in fusion research, being part of the Eurofusion project.
In collaboration with the Max-Planck-Institut fiir Plasmaphysik from Garching (Germany) we
investigate the damage to the tungsten plates that encircle the tokamak divertor; this damage
is a consequence of plasma discharges during the reactor’s operation.

Many companies get in touch with our department when there are some issues in produc-
tion, if related to surfaces or thin films. It may be a question requiring advanced analytics or
consulting related to solving a problem. In this year these analyses were made for the following
Slovenian companies: Cetis, Hella Saturnus, Iskra mehanizmi, Kovinos, Marovt, Mines IB, Phos,
SIQ Slovenia and Teroxal.

Some outstanding publications in the past year

1. P Panjan, A. Drnovsek, J. Kovac, Tribological aspects related to the morphology of PVD
hard coatings, Surface & coatings technology, 343 (2018), 138-147

Figure 3: A microcantilever was constructed
using a microscope with a focused ion beam,
then it was broken in controlled conditions at
elevated temperatures. Using sample geomelry
and braking forces we were able to delermine the
coating fracture toughness in dependence of the
temperature.

INTERNATIONAL PROJECTS

1. H2020-EUROfusion-Plasma Facing Components-1-IPH-FU, EUROFUSION
Dr. MatjaZ Panjan
European Commission
2. H2020 EUROfusion - Medium Size Tokamak Campaigns-MST1-FU
Dr. MatjaZ Panjan
European Commission

RESEARCH PROGRAM

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

R & D GRANTS AND CONTRACTS

3. High-Temperature Tribological Behavior of Novel Hard Nanocomposite Nitride Coatings

Dr. Peter Panjan
Slovenian Research Agency

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. Building blocks, tools and systems for the Factories of the Future - GOSTOP
Asst. Prof. Miha Cekada
Ministry of Education, Science and Sport
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VISITORS FROM ABROAD

1. Jelena Petrusa, University of Zagreb, Zagreb, Croatia, 1. 1. - 20. 7. 2018
2. Aleksandar Mileti¢, Dragan Kukuruzovi¢, University of Novi Sad, Novi Sad, Serbia,

3.

13.-15.6. 2018
Marin Tadi¢, Vinca nuclear institute, Belgrade, Serbia, 1.-8. 8. 2018

Department of Thin Films and Surfaces F-3

4. Aleksandar Miletic, Pal Terek, University of Novi Sad, Novi Sad, Serbia, 4.-14. 9. 2018
5. Dragan Kukuruzovi¢, University of Novi Sad, Novi Sad, Serbia, 24.-28. 9. 2018
6. Marin Tadic, Vinta nuclear institute, Belgrade, Serbia, 17.-21. 12. 2018

STAFF

Researchers

L.

Asst. Prof. Miha Cekada, Head

2. Dr. Peter Panjan

3.

Dr. MatjaZ Panjan

Postdoctoral associates
4. Dr. Aljaz Drnovsek
Postgraduates

5.

Nastja Mahne, B. Sc.

BIBLIOGRAPHY

Technical officers

6. Uros Stele, B. Sc.

Technical and administrative staff
7. Jozko Fiser

8. Damjan Mateli¢

9. Andrej Mohar

10. Tomaz Sirnik

ORIGINAL ARTICLE

Jun

[\S]

w

w1

. Aleksandar Mileti¢, Peter Panjan, Miha Cekada, Pal Terek, Lazar

Kovacevi¢, Branko Skori¢, "TiAIN tribological coatings prepared in
industrial deposition system with different rotations", Advanced
materials technologies, 2018, 43, 2, [45]-49.

. Aleksander MatavZ, Janez Kova¢, Miha Cekada, Barbara Mali¢, Vid

Bobnar, "Enhanced electrical response in ferroelectric thin film
capacitors with inkjet-printed LaNiO; electrodes"”, Applied physics
letters, 2018, 113, 1, 012904.

Djordje Trpkov, Matjaz Panjan, Lazar Kopanja, Marin Tadi¢,
"Hydrothermal synthesis, morphology, magnetic properties and self-
assembly of hierarchical a — Fe,0; (hematite) mushroom-, cube- and
sphere-like superstructures”, Applied Surface Science, 2018, 457, 427-
438.

Bilal Kursuncu, Halil Caliskan, Sevki Yilmaz Guven, Peter Panjan,
"Improvement of cutting performance of carbide cutting tools in milling
of the Inconel 718 superalloy using multilayer nanocomposite hard
coating and cryogenic heat treatment”, The international journal of
advanced manufacturing technology, 2018, 97, 1-4, 467-479.

. Lazar Kovacevi¢, Pal Terek, Aleksandar Mileti¢, Dragan Kukuruzovi¢,

Branko Skori¢, Peter Panjan, "Industrial evaluation of duplex PVD hard

coatings for HPDC", Journal of the Brazilian Society of Mechanical
Sciences and Engineering, 2018, 40, 5, 271.

6. Suzana Petrovi¢, Biljana Gakovi¢, Peter Panjan, Janez Kovac¢, Vladimir

Lazovi¢, C. Ristoscu, I. Negut, Ion N. Mihailescu, "Oxidation behaviour of
composite CrN/(Cr,V)N coatings with different contents of vanadium
induced by UV nanosecond laser pulses”, Optical and quantum
electronics, 2018, 50, 5, 208.

7. Marjetka Conradi, Aljaz Drnovsek, Peter Gregor¢i¢, "Wettability and

friction control of a stainless steel surface by combining nanosecond
laser texturing and adsorption of superhydrophobic nanosilica
particles", Scientific reports, 2018, 8, 7457.

8. Peter Panjan, Aljaz Drnovsek, Janez Kova¢, "Tribological aspects related

to the morphology of PVD hard coatings", Surface & coatings technology,
2018, 343, 138-147.

PUBLISHED CONFERENCE CONTRIBUTION

1. Marjetka Conradi, Aljaz Drnovsek, Peter Gregorci¢, "Wettability and
friction control of stainless steel surface by combining nanosecond-
laser texturing and adsorption of superhydrophobic nanosilica
particles”, In: Book of abstracts 2018, 6th World Congress and Expo on
Nanotechnology and Materials Science, April 16-18, 2018, Valencia,
Spain, 2018, 103.
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Theresearch programis 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 surface engineering of solid materials is often accomplished by the treatment of materials and products
with non-equilibrium gaseous plasma. Such plasma is sustained by various electrical discharges in a range of
powers up to about 10 kW. Suitable chambers of different dimensions have been developed and thoroughly veri-
fied by members of our research team. The plasma parameters depend on the applied power and coupling of the
power supplies, pressure, gas flow through the discharge chamber and the properties of the materials facing
plasma. Although plasma parameters can be roughly estimated using our expertize, the exact values cannot
be predicted; therefore, they should be measured. Numerous techniques for plasma characterization have been
introduced worldwide, but none is capable of providing all the parameters; therefore, a combination of different
techniques is necessary for thorough plasma characterization. A comprehensive description of available tech-
niques for plasma diagnostics has been published as a monograph chapter [1].

Gaseous plasma is a source of charged particles, neutral reactive species and radiation. The radiaton appears
in a broad range of wavelengths. Particularly important is radiation in the ultraviolet (UV) range, from about
200 to 350 nm. This radiation is often absorbed in the surface film of solid materials, where it causes modifica-
tions of the material’s structure. The penetration depth of UV photons depends on the wavelength and the type
of material. For organic materials it is roughly of the order of a micrometre. Radiation is particularly suitable for
crosslinking the surface film of polymers. UV radiation appears during the relaxation of highly excited states
of both charged and neutral gaseous species, but in weakly ionized plasma suitable for surface engineering
radiation from neutral species prevails. Radiation arising from the relaxation of atoms is usually discrete, so the
integral intensity is not very large. More efficient sources are excited molecules, which radiate either in bands
or continua. Although the integral UV radiation from molecules is often much stronger than from atoms, it is
rarely used due to a natural obstacle: molecules tend to dissociate to parent atoms more extensively than they
are excited because the excitation energy of UV-radiating states is usually larger than the dissociation energy. As
aresult, the majority of available discharge power is used for dissociation rather than UV radiation. This effect
suppresses the efficiency of plasma UV sources. Our research team, however, managed to develop a powerful
source of the UV radiation based on the excitation of molecular states of SO_radicals. Energy efficacy of such UV
sources is superior to other types of large-volume UV sources and is thus particularly suitable for the cross-linking
of polymers that cannot withstand elevated temperatures. An appropriate
patent application has been filed in 2016 and the patent was granted by
the EU office in Munich in December 2018 [2]. The superior property of
our innovative device is revealed by a comparison of plasma spectra with
a commonly used commercial low-pressure mercury lamp. The spectra
shown in Figure 1 were measured with the same spectrometer using the
same integration time. Not only is our innovative plasma source much
more efficient, but it also lacks radiation in the visible range, which causes
extensive heating of the treated materials.

The research team also invented other plasma solutions of commer-
cialinterest and filled the appropriate patent applications. The application
“Carbon nanostructured materials and methods for forming carbon
nanostructured materials” discloses an original method for depositing
carbon nanowalls using carbon dioxide as the precursor. The method is

Head:
Prof. Miran Mozetic

scalable to industrial-size substrates and enables a deposition rate of about Figure 1: Spectra from a commercial Hg lamp (blue curve) and our

100 nm/s, which is one of the largest rates ever reported for the deposition  patented source (red curve).
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of carbon nanostructures using non-equilibrium gaseous plasma. The patent application “Method for treatment
medical devices made from nickel - titanium (NiTi) alloys” discloses a plasma technique that provides excellent
biocompatibility. Not only is the activation of blood platelets supressed significantly, as compared to the known
techniques for surface finishing of this alloy, but the methods of invention enable rapid edothellization as well.
The technique is therefore suitable for the modification of commercial
vascular stents made from this alloy. The third patent application filed in
2018 reveals a technique for the purification of biologically contaminated
water. The application “Method for deactivation of a virus in water”
protects our innovative technology, which takes advantage of the differ-
ences in the surface free-energy between water and organic materials,
such as avirus. Viruses accumulate on the surface of bubbles containing
water vapour, and the vapour is preferentially heated by gaseous plasma

to high temperatures to produce a sterilization effect.
Low-pressure ammonia plasma is used for the surface modification
of various materials. Reactive gaseous species produced in ammonia
Figure 2: Ammonia plasma in E-mode (lower photo) and H-mode plasma can be used for surface etching and thus removing undesired
(upper photo). oxides or deposits, functionalization of surfaces with N-containing
functional groups or for synthesizing various nitrides. Even though
ammonia plasma is often used for the surface treatment and despite evident usefulness, the characteristics of
ammonia plasma have not been studied thoroughly yet and no systematic measurements of the properties of
low-pressure ammonia inductively coupled plasma (ICP) have been reported in the scientific literature. Low-
pressure ammonia ICP plasma operates in two regimes: the so-called E and H modes. Images of both modes are
shown in Figure 2. In the E-mode, plasma is partially dissociated and the main reactive species are NH and NH,
radicals. Such plasma is particularly suitable for the treatment of delicate materials, for example, functionaliza-
tion of polymer materials with nitrogen-containing groups including amino (-NH,) groups. In H-mode, ammonia
molecules are almost fully dissociated. In this case, the optical spectrum reveals only Hand N atoms and some
radiation arising from NH radicals, as well as N, molecular bands indicating partial association of N atoms to
nitrogen molecules. Plasma in H-mode is therefore more suitable for etching or nitriding than functionalization
with amino groups. Our detailed characterization of ammonia ICP plasma at different pressures and discharge
powers showed hysteresis during transitions between E and H modes. Figure 3 shows the hysteresis in intensity
arising from the excited NH radical. We systematically measured the behaviour of different nitrogen-containing
reactive gaseous species in relation to discharge power and pressure. We have also found that the etching rate
of the PET polymer in E-mode ammonia plasma is approximately a hundred times lower than in the H-mode
under otherwise comparable discharge parameters. A detailed description of this phenomenon was published

in an extensive article [3].

Neutral gaseous radicals are not stable, but are lost by different gas-phase and surface reactions. The loss
rates influence plasma properties significantly. Therefore, the knowledge of how extensively atoms are lost
on the surfaces of materials facing plasma is equally important as the knowledge of how they are produced in
gaseous discharge. In order to estimate the atom density, one should know the atom-loss coefficient for different
atoms and for various materials. Surface-loss rate is often expressed in terms of the recombination coefficient.

Coefficients for some materials, such as metals, metal oxides, ceramics
and glasses, have been measured by different authors using different tech-
niques for decades and are easily found in the literature. The coefficients
for polymers, however, have been measured rarely and results obtained
by different authors vary significantly. Using our original technique, we
systematically measured loss rates of hydrogen and oxygen atoms on the
surface of three technologically important polymers: polyethylene tere-
phthalate (PET), polystyrene (PS) and polytretrafluoroethylene (PTFE,
often known as Teflon) at different fluxes of either type of atoms onto the
polymer samples. We confirmed the hypothesis that the coefficient does
not depend much on the atom flux since the surface quickly saturates
with adsorbed atoms. The largest coefficient for hydrogen atoms was
determined for PET and was approximately 0.0023 and the lowest was
0.0008 for PTFE (Teflon). The PTFE also exhibited the lowest coefficient
for the heterogeneous surface recombination of oxygen atoms, which

Figure 3: Hysteresis of the NH optical emission peak intensity at
transitions between the E and H modes.
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was approximately 0.001. The results are useful for numerous users of plasma technologies for tailoring surface
properties of polymer materials. The corresponding paper was published as [4].

Although gaseous plasma has been used for surface functionalization of polymers on an industrial scale
for decades, the scientific background on the initial stages of polymer functionalisation upon interaction with
neutral oxygen atoms remained unknown, due to the lack of appropriate experimental setups. We managed to
reveal the interaction kinetics by dosing O atoms in a highly precise manner. The preparation chamber of our
XPS instrument was equipped with a source of O atoms that enabled an
adjustable density of atoms in the ground state in a broad range from  The formation of different functional groups on

3x10"t0 3x10* m?. Such a huge range enabled the exposure of apolysty— a polymer surface upon treatment with O atoms
rene sample to O atoms of almost arbitrary fluences. Vacuum conditions ~ has been revealed.

were not broken between the exposure in the XPS pre-chamber and the
characterization in the XPS main chamber; therefore, measurements
were very reliable. We found that the initial reaction was breakage of
the phenyl ring, because the intensity of the characteristic XPS shakeup
peak dropped by more than a factor of two, even for a fluence as low as
2x10* m™. Simultaneously, the hydroxyl functional group appeared on the
sample surface. Other functional groups appeared at larger fluences. For
example, the highly polar 0-C=0 functional group became measurable at
fluences above 10% m®. While the surface concentration of the hydroxyl
group saturated ata fluence of about 10% m?, other groups keptincreasing
with the increasing fluence of oxygen atoms. The characteristic shake-
up peak was not influenced much after the sample received a fluence of
approximately 2x10* m? indicating that functionalization was limited
to avery thin surface film, definitely thinner than the mean free path of
the photoelectrons [5]. The behaviour of all the functional groups versus  Figure 4: Formation of various functional groups on a polystyrene
the 0-atom fluence is shown in Figure 4. surface versus fluence of O atoms in the ground state.

Weaklyionized plasma, richin neutral radicals, is suitable for surface
functionalization, but almost useless when charged particles are the key reactants. This is the case when plasma
isused for sputtering solid materials and thus the transfer of material from a target to a substrate. In collaboration
with the Institute of Solid State Physics from Vienna University of Technology, Austria, we employed a moderately
ionized gaseous plasma for the deposition of thin metal films. The films were then oxidized in our labs by treat-
ing them with a rather mild oxygen plasma. The original hypothesis was that the oxygen plasma treatment of
zirconiaalloys leads to the preferential formation of tetragonal zirconium dioxide (Zr0, ), which exhibits very good
photocatalytic activity. We investigated the range of parameters where the stabilization of tetragonal zirconium
dioxide was possible with alternative dopants, like aluminum or copper. Thin metallic films were produced with
adual-cathode magnetron-sputtering device using energetic argon ions. The deposited films resembled ZrAl and
ZrCu alloys. After synthesizing they were further treated with oxygen plasma and then thoroughly character-
ized. Depth profiles were recorded by Auger electron spectroscopy (AES) to follow the film'’s composition and the
progress of the oxidation. For the crystallographic analysis, X-ray diffraction (XRD) was employed, while the
evolution of the surface morphology was determined by atomic force microscopy (AFM). Within a limited range
of deposition and oxidation parameters, we managed to obtain tetragonal zirconia when copper was used for
the stabilization. In the case of aluminum, no formation of the tetragonal ZrO, phase was observed over a broad
range of parameters. The doping of Zr with Cu and subsequent treatment with oxygen plasma was therefore
found to be a promising method for the stabilization of tetragonal zirconia. We managed to obtain the desired
properties with a brief oxygen-plasma treatment of the order of seconds, and the method could also be scaled up
using larger samples and treatment chambers [6]. This work can be considered as a proof of concept, and further
work will be done with respect to the optimization of the dopant content and plasma treatment parameters.

Using surface-sensitive techniques such as time-of-flight secondary-ion mass spectroscopy (ToF-SIMS), X-ray
photoelectron spectroscopy (XPS) and AFM we studied the adsorption of two corrosion inhibitors, propargyl
alcohol (PA) and cinnamaldehyde (CIN) on a steel surface. These com-
pounds are known to be effective corrosion inhibitors for lower-grade
steel materials in acidising oilfield applications. We managed to confirm
the adsorption of cinnamaldehyde and propargyl alcohol molecules on a
steel surface due to the low detection limit and selectivity of the ToF-SIMS
method, even for very thin layers of thickness in the nm range. In the
ToF-SIMS analysis of the CIN corrosion inhibitor, a signal related to the CIN molecule was identified at 131.04
Da, corresponding to G;H,0" ions. The adsorption of PA molecules was also confirmed by a signal at 55.02 Da

The desorption kinetics of selected corrosion
inhibitors has been revealed for the first time
anywhere in the world.
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(C,H,0") related to the PA molecule in the positive part of the ion spectrum. The possibility of spatially resolved

ToF-SIMS analyses with a high mass resolution allowed us to follow the lateral distribution of the adsorbed cor-

rosion inhibitors. We managed to identify the non-homogenous distribution of CIN molecules on a steel surface,

as revealed by Figure 5. A more homogenous distribution was observed for PA molecules on the steel surface, but
some PA agglomerates were detected. For the first time anywhere in the
world we showed that by using the SIMS method it was possible to study
the temperature stability of corrosion inhibitors by annealing the sam-
ples and performing an #7-situ ToF-SIMS analysis [7]. We estimated the
desorption temperature for the GIN corrosion inhibitor to be 150 + 10 °C,
from which the desorption energy for the CIN layer on the C15 steel was
calculated to be 122 + 5 kJ/mol. For the PA corrosion inhibitor, desorption
from C15 steel occurs over a wider temperature range between 100 °C
and 300 °C, which allowed us to estimate the desorption energy for the
PA corrosion inhibitor to be in the range of 107-167 kJ/mol.

Figure 5: Optical (a) and ToF-SIMS molecular specific image (b) of In collaboration with the Department of Nanostructured Materials we
the spatial distribution of the corrosion inhibitor cinnﬂmﬂldehydé invented a novel approach to synthesize electrically conductive ceramics
adsorbed on the C15 steel over an area of 500 * 500 um?. reinforced by cellulose nanofibers. This material exhibits a rather high

electrical conductivity and dielectric permittivity. Some rather hydropho-
bic nano-cellulose was introduced into alumina and yttria-stabilized zirconia at concentrations between 0.5 and
3 wt.%. A sintering procedure was performed using the spark-plasma technique. XPS characterization revealed
the transformation of the cellulose fibrils into two-dimensional graphitic sheets upon heating during sintering.
The sheets represented the key to remarkable electronic and dielectric properties. Thermal conductivity was
actually decoupled from electron conductivity. We envisage that our results can pave the way to better composite
materials for telecommunication and energy applications. The results of our research on these composite ceram-
ics were published as [8].

Our research team has been involved in fusion-oriented research since 2005. A major contribution of our team
is studying details about the interaction of hot hydrogen plasma with solid materials. The results of our research
are useful for a better understanding of the plasma behaviour in current large and medium-sized fusion plasma
reactors, as well as for giving directions about the construction details of future fusion reactors, including the
largest international experimental thermofusion reactor (ITER), which is built in France. The vacuum chamber
of the ITER plasma reactor weights 8000 tonnes and is made of special grade stainless steel. Tritium retention
may represent a serious safety threat. Among the activities which could contribute to a more accurate prediction
of the tritium retention was also our study of hydrogen permeation through the austenitic steel membranes AISI
316 LNITER grade. Our measurements were carried out at different temperatures between 100 and 400 °C and in
the pressure range between 50 and 1000 mbar. All membranes were only covered by native oxides, which were
evidently modified by baking in vacuum conditions at 160 °C. This fact may be assumed relevant for the ITER
operation, as similar conditions regarding the residual atmosphere could be readily met during every vacuum
bake-out cycle [9].

Another important technological challenge is the long-term maintenance of low pressure in thermal insulat-
ing vacuum devices. Even in completely tight metal envelopes, gas accumulation, due to the
outgassing of applied materials, represents the main problem. Among the gases that are not
desorbed completely during pre-processing and which are dissolved in constructional metals,
hydrogen is the most harmful. Fortunately, it is also the only gas that might permeate through
the metallic envelopes. If we could effectively pump hydrogen the problem would be solved. So
far, the selective pumping of hydrogen has not been realized. A heated metal membrane made
of martensitic steel Eurofer was fixed to an extended part of a tight ultra-high vacuum (UHV)
chamber. The initial hydrogen pressure was setin a broad range from 1.5 bar to 110 mbar at
temperatures from 100 to 400 °C. The observed hydrogen permeation flow was expressed in the
terms of the specific pumping speed, which is defined as the volume flow of hydrogen per unit
surface area. At a pressure of 1 mbar and a temperature of 400 °C the permeation was about
1.6x10° L s'em?. This is about the value needed in numerous applications so the membrane
may be used as an innovative pump in specific applications. At lower pressures, this attractive
pump performance was overwhelmed by the background outgassing of carbon dioxide and
monoxide. At temperatures lower than 200 °C, the outgassing rate of carbon oxides was not
detectable and the pumping continued into the 10 mbar pressure range.

Figure 6. Prof Janez Kovac opened the meeting Researchers have been active in the preparation of the Slovenian Smart Specialisation
organized by Strategic Partnership ‘Factories of Strategy (S4), which is the key strategic document for the modernization of the Slovenian
Future”.
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economy and the development of specific sectors that have been indicated as comparative advantages of our
country. Smart specialisation is a platform for concentrating development investments in areas where Slovenia
has the critical mass of knowledge, capacities and competences and where there is innovation potential for
placing Slovenia within global markets and thus enhancing its recognisability. Plasma technologies have been
recognized as one of six key emerging technologies and a member of our research team has been assigned the
leader of this horizontal activity. Furthermore, the head of our research team has been assigned as Board Member
of the Strategic Research and Innovation Partnership “Factories of Future”. The action plan has been prepared and
it includes R&D projects that will enable the introduction of plasma technologies into various sectors from the
electronics industry to agriculture. Several meetings have been organized, with the aim of networking between
the academic sector and industry. Numerous scientists and business people, renowned worldwide in the niche of
plasma technologies, attended the meetings. Among the meetings, we organized a conference on vacuum science
and technology, which was chaired by a group member, Prof. Janez Kovac (Figure 6).

Some outstanding publications in the past three years

[1] Mozeti¢, Miran, Vesel, Alenka, Primc, Gregor, Zaplotnik, Rok. Introduction to plasma and plasma diagnostics
in Non-thermal plasma technology for polymeric materials: applications in composites, nanostructured
materials, and biomedical fields. Amsterdam: Elsevier, 2019, 23-65.

[2] Lehocky, Maridn, Stloukal, Petr, Sedlarik, Vladimir, Humpolicek, Petr, Vesel, Alenka, Mozetic, Miran, Zaplot-
nik, Rok, Primc, Gregor. Device and method for producing UV radiation: patent EP3168860 (B1). Miinchen:
European Patent Office, granted on 19* Dec. 2018.

[3] Draskovic-Bracun, Aljaz, Mozeti¢, Miran, Zaplotnik, Rok. E- and H-mode transition in a low pressure induc-
tively coupled ammonia plasma. Plasma processes and polymers, 2018, 15, 1-10.

[4] Zaplotnik, Rok, Vesel, Alenka, Mozeti¢, Miran. Atomic oxygen and hydrogen loss coefficient on functional-
ized polyethylene terephthalate, polystyrene, and polytetrafluoroethylene polymers. Plasma processes and
polymers, 2018, 15, €1800021-1-e1800021-8.

[5] Vesel, Alenka, Zaplotnik, Rok, Kovac, Janez, Mozeti¢, Miran. Initial stages in functionalization of polystyrene
upon treatment with oxygen plasma late flowing afterglow. Plasma sources science & technology, 2018, 27,
094005-1-094005-9.

[6] Eisenmenger-Sittner, Christoph, Nobauer, C., Mozeti¢, Miran, Kovac, Janez, Zaplotnik, Rok. Stabilization
of tetragonal Zr0, by oxygen plasma treatment of sputtered ZrCu and ZrAl thin films. Surface & coatings
technology, 2018, 347, 270-277.

[7] Kovac,Janez, Finsgar, MatjaZ. Analysis of the thermal stability of very thin surface layers of corrosion inhibitors

by time-of-flight secondary ion mass spectrometry. Journal of the American Society for Mass Spectrometry,

2018, 29, 2305-2316.

Kocjan, AndraZ, Schmidt, Rainer, Lazar, Ana, Prado-Gonjal, Jesus, Kovac, Janez, Logar, Manca, Mompean,

Francisco ., Garcia-Hernandez, Mar, Ruiz-Hitzky, Eduardo, Wicklein, Bernd. In situ generation of 3D graphene-

like networks from cellulose nanofibres in sintered ceramics. Nanoscale, 2018, 10, 10488-1049728.

[9] Nemani¢, Vincenc, Zumer, Marko. Hydrogen pumping with a hot martensitic steel membrane. Vacuum, 2018,
151, 1-17.

Patents granted

=
A=)

1. Matej Hole, Ita Junkar, Gregor Primc, Miran Mozetic, Jernej Iskra, PrimoZ Titan, Method of treating
garlic cloves, SI25440 (A), Urad RS za intelektualno lastnino, 31. 12. 2018.

2. Maridn Lehocky, Petr Stloukal, Vladimir Sedlarik, Petr Humpolicek, Alenka Vesel, Miran Mozetic, Rok
Zaplotnik, Gregor Primc, Device and method for producing UV radiation, EP3168860 (B1), European
Patent Office, 19. 12. 2018.

INTERNATIONAL PROJECTS

COST CA15114; Anti-Microbal Coating Innovations to prevent Infectious Diseases Asst. Prof. Rok Zaplotnik
(AMICI) European Commission
Prof. Uro§ Cvelbar 5. H2020 EUROfusion - Education-ED-FU
Cost Office Prof. Miran Mozeti¢
2. COST TD1305; Improved Protection of Medical Devices Against Infection (IPROMEDAI) European Commission
Dr. Martina Modic 6. H2020 EUROfusion - Medium Size Tokamak Campaigns-MST1-FU
Cost Office Asst. Prof. Rok Zaplotnik
3. H2020 - PEGASUS; Plasma Enabled and Graphene Allowed Synthesis of Unique nano European Commission
Structures 7. Making Luminescent C-dots and GQDs Based on Atmospheric Pressure Microplasma-
Prof. Uro$ Cvelbar Liquid Interaction
European Commission Prof. Uro§ Cvelbar
4. H2020-EUROfusion-Plasma Facing Components-1-IPH-FU, EUROFUSION Slovenian Research Agency
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Quantitative Depth Profiling of Ultra-Thin Films

Prof. Janez Kova¢

Slovenian Research Agency

Catalytic Activity of Nanomaterials for Elimination of Sulfur
Prof. Uros Cvelbar

Slovenian Research Agency

. Determination of Neutral-Atom Densities in Large Plasma Reactors

Prof. Miran Mozeti¢
Slovenian Research Agency

. Plasma Assisted-Deposition of Antibacterial Coatings and their Testing

Dr. Martina Modic
Slovenian Research Agency

. Plasma-Assisted Design of Multifunctional Carbon Nanowalls Bio-Sensor

Prof. Uro§ Cvelbar
Slovenian Research Agency

. Innovative Coatings for Bare Metallic Vascular Stents for Reduction of Restenosis and

Acceleration of Natural Endothelization
Prof. Miran Mozetic
Slovenian Research Agency

. Transport and Field Emission Properties of Low-Dimensional Molybdenum and

Tungsten Based Nanomaterials
Dr. Vincenc Nemani¢
Slovenian Research Agency

. DST Treasurer of ECS - Division Dielectric Science and Technology DST, eElection ECS

Prof. Uros Cvelbar
Slovenian Research Agency

. Catalytic Probes for Characterization of Hydrogen Plasma

Asst. Prof. Gregor Primc
Slovenian Research Agency

. Control of Chemical Composition of Thin Films by High Resolution Mass Spectrometry

of Secondary lons
Prof. Janez Kova¢
Slovenian Research Agency

. Advanced Catalysts based on Multilayered Vertically Oriented Graphene Nanostructures

Prof. Alenka Vesel
Slovenian Research Agency

. Consequences of electron emission from hot plasma-facing components in nuclear

fusion reactors
Prof. Miran Mozetic
Slovenian Research Agency

RESEARCH PROGRAMS

Vacuum technique and materials for electronics

Dr. Vincenc Nemani¢

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

R & D GRANTS AND CONTRACTS

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

Multifunctional electrospunned nanofibers development and dynamic interaction
studies with pathogen bacteria

Prof. Miran Mozeti¢

Understanding plasma processes and thin film growth in High Power Impulse
Magnetron Sputtering

Prof. Uro§ Cvelbar

Plasma-assisted wound treatment and topical introduction of molecules

Prof. Uro$ Cvelbar

Novel higly sensitive and fast water qulity monitoring sensors

Prof. Uro§ Cvelbar

20.

21.

Advanced surface finishing technologies for antibacterial properties of patient specific
3D printed implantable materials

Asst. Prof. Ita Junkar

New generation of superior creep resistant steels with nanoparticles modified
microstructure

Prof. Uro$ Cvelbar

Development of new, environment-friendly approaches for plant and human virus
inactivation in waters

Asst. Prof. Gregor Primc

Advanced hydrodesulphurisation with catalyst nanomaterials

Prof. Uro$ Cvelbar

. Advanced hemocompatible surfaces of vascular stents

Asst. Prof. Ita Junkar

. Evaluation of the range of plasma parameters suitable for nanostructuring of polymers

on industrial scale
Prof. Miran Mozeti¢

. Selective plasma oxidation of FeCrAl alloys for extended-lifetime of glow plugs for diesel

engines
Prof. Janez Kova¢

. Innovative configuration of inductively coupled gaseous plasma sources for up-scaling

to industrial-size reactors
Prof. Miran Mozeti¢

. Food for future - F4F

Prof. Alenka Vesel
Ministry of Education, Science and Sport

. Potential of biomass for development of advanced materials and bio-based products

Asst. Prof. Ita Junkar
Ministry of Education, Science and Sport

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

Prof. Miran Mozeti¢
Ministry of Education, Science and Sport

. Development of nanostructured biosensors for diagnosis/treatment of cancer and

surfaces with antibacterial

Dr. Metka Bencina

Ministry of Education, Science and Sport

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

Ministry of Economic Development and Technology

. Novel type of antibacterial coatings on textile materials and plastics with controllable

release of antibacterial agent

Prof. Uro$ Cvelbar

Ministry of Education, Science and Sport

Preparation and Analysis of Samples for Customer

Prof. Uro§ Cvelbar

Tomas Bata University in Zlin

Income from Coowners of Invention for Reimbursement of Costs for IP Protection in
the Case of EVT140_Mozeti¢_Carbon Nanowall

Prof. Miran Mozeti¢

Nagoya University

N EW CONTRACTS

Ecologically benign technology for joining polymeric products

Asst. Prof. Gregor Primc

Simtrona d. 0. 0.

Innovative configuration of inductively coupled gaseous plasma sources for up-scaling
to industrial-size reactors

Prof. Miran Mozeti¢

Vacutech Vakuumske Tehnologije in Sistemi d. 0. o.

Regulation of mutual relations between the Company and JSI in joint research and
development ("KET4CleanProduction")

Asst. Prof. Ita Junkar

Brinox InZeniring d. 0. o.

VISITORS FROM ABROAD
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Dr. Marian Lehocky, Tomas Bata University, Zlin, Czech Republic, 16-17 January 2018
Dr. Danijela Vujosevic, Institute for Public Health of Montenegro, Podgorica,
Montenegro, 18-21 January 2018

Prof. Hiroki Kondo, Nagoya University, Nagoya, Japan, 16-20 January 2018

Prof. Jiang Yong Wang, Shantou University, Shantou, China, 30 January-5 February 2018
Dr. Johannes Gruenwald, Gruenwald Laboratories GmbH, Taxenbach, Austria, 21-23
March 2018

Dr. Endre Szili, University of South Australia, Adelaide, Australia, 22-27 March 2018

Dr. James Walsh, University of Liverpool, Liverpool, United Kingdom, 16-27 April 2018
Dr. Davor Perusko, Vinca Institute of Nuclear Science, Belgrade, Serbia, 13-19 May 2018
Dr. Suzana Petrovic, Vinca Institute of Nuclear Science, Belgrade, Serbia, 13-19 May 2018

. Dr. Robert Olejnik, Tomas Bata University, Zlin, Czech Republic 13-19 May 2018
. Dr. Robert Olejnik, Tomas Bata University, Zlin, Czech Republic, 21-26 May 2018
. Prof. Dr. Nandakumar Kalarikkal, Mahatma Gandhi University, Kottayam, India,

3-7 June 201

. Prof. Paul Paulsen, University of Vienna, Vienna, Austria, 5 July 2018

. Dr. James Walsh, University of Liverpool, Liverpool, United Kingdom, 5 July 2018
. Prof. Hiroki Kondo, Nagoya University, Nagoya, Japan, 4-7 July 2018

. Prof. Zdenko Machala, Comenius University, Bratislava, Slovakia, 5-6 July 2018

. Dr. Petr Slobodian, Tomas Bata University, Zlin, Czech Republic, 4-6 July 2018

. Prof. Masaru Hori, Nagoya University, Nagoya, Japan, 4-7 July 2018
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19. Prof. Kursat Kazmanli, Prof. Dr. Mustafa Kamil Urgen, Dr. Cagatay Yelkarasi, Istanbul 21. Dr. Cagatay Yelkarasi, Istanbul Technical University, Istanbul, Turkey,

Technical University, Istanbul, Turkey, 3-7 July 2018 6-17 December 2018
20. Dr. Danijela Vujosevic, Institute for Public Health of Montenegro, Podgorica,

Montenegro, 13-16 September 2018
Researchers Postgraduates
1. Prof. Uro§ Cvelbar 15. Natasa Hojnik, B. Sc.
2. Dr. Aleksander Drenik, on leave 01.03.16 16. Matej Holc, B. Sc.
3. Asst. Prof. Ita Junkar 17. Martin Kosicek, B. Sc.
4. Prof. Janez Kovac 18. Dane Lojen, B. Sc.
5. Prof. Miran Mozeti¢, Head 19. Dr. Matic Resnik, left 01.07.18
6. Dr.Vincenc Nemanic 20. Petra Strazar, B. Sc.
7. Prof. Alenka Vesel 21. Marko Zumer, B. Sc.
8. Asst. Prof. Rok Zaplotnik Technical officers
Postdoctoral associates 22. Tatjana Filipi¢, B. Sc.
9. Dr. Metka Bencina 23. Damjan Vengust, B. Sc.
10. Dr. Gregor Filipi¢ Technical and administrative staff
11. Dr. Martina Modic 24. Urska Kisovec, B. Sc.
12. Asst. Prof. Gregor Primc 25. Maja Sukarov, B. Sc.
13. Dr. Nina Recek 26. Janez Trtnik
14. Dr.Janez Zavasnik

12. Nikola Skoro, Nevena Pua¢, Suzana Zivkovi¢, Dijana Krsti¢-MiloSevi¢,

ORIGINAL ARTICLE Uro$ Cvelbar, Gordana Malovi¢, Zoran Lj. Petrovi¢, "Destruction of

1. Oleg B. Baranov, Igor Levchenko, S. F. Xu, J. W. M. Lim, Uro% Cvelbar, chemical warfare surrogates using a portable atmospheric pressure
Kateryna Bazaka, "Formation of vertically oriented graphenes: what are plas'ma JEt"[ The European physical journal. D, Atomic, molecular and
the key drivers of growth?", 2D materials, 2018, 5, 4, 044002. Optlﬁal phyflcs, 2018' 72,2. . -

2. Elizabeta Stojcheva, Metka Benina, Ita Junkar, Toma¥ Lampe, Matja? 13. Mar.lja Gorjanc, Miran Mozetlc, Alenka Vesel, Rok Zaelotnlk, Natural
Valant, Veronika Kralj-Igli¢, Ale§ Igli¢, "Visible light responsive TiO2 dyelr'lg apd u protectlgn of plasma treatgd COttOl’.l » The European
nanotubes synthesized by electrochemical anodization method”, physical journal. D, Atomic, molecular and optical physics, 8 March 2018,
Advanced materials letters, 2018, 9, 10, 708-714. 72_' 3,41 o . N .

3. Vincenc Nemani¢, Marko Zumer, "Argon impact on the quantification 14. Mu:oslav HUSle’NS.llV.eSter BOVlka' Al'('enka Vesel, Miran MOZ.e.tIC,.Alo]Z
accuracy of a QMS in gas mixtures with nitrogen or carbon monoxide at Anzlovar, Al‘?n Vlzmt_m’ Ema Zaggr, One_'Step_ surface mOdlﬁcatllon of
very low partial pressures", AIP advances, 2018, 8, 1, 0151281. graphene 0x1<.ie and 1nﬂuen(;e of its partlcle'sm: on the properties of

4. Mariola Brycht, Andrzej Leniar, Janez Zava$nik, Agnieszka Nosal- graphene oxide/epoxy resin nanocomposites, European Polymer
Wiercinska, Krzysztof Wasinski, Paulina Pétrolniczak, Stawomira ]ourn.al, 2018,101, 211'21_7' . .
Skrzypek, Kurt Kalcher, "Synthesis and characterization of the 15. Aravinthan Gopanna, Selvin P. Thomas Thomas,vl(rlshna Prasad Rajan,
thermally reduced graphene oxide in argon atmosphere, and its 'I‘Rathish. Re.ljan, Egidija R?inosalo, ]arllez Zavasr.lik, Murthy .Chavali,
application to construct graphene paste electrode as a naptalam Investlgatl.on of mec}.lanlcal, dynamic mechanical, rheological and
electrochemical sensor”, Analytica chimica acta, 2018, 1035, 22-31. morphologlcal properties of b}ends based on polypropylene (PP) and

5.Janvit TerZan, Petar Djinovi¢, Janez Zavas$nik, Iztok Aréon, Gregor cyclic olefin copolymer (COC)", European Polymer Journal, 2018, 108,
Zer]’av, Matjaz Spreitzer, Albin Pintar, "Alkali and earth alkali modified 439'45_1'

CuO0,/Si0, catalysts for propylene partial oxidation: what determines 16. Katherine E. Roystor}, Seth R. ]0},}“50“{ T}}omas M. Evans, SC,Ott w.
the selectivity?", Applied catalysis. B, Environmental, 2018, 237, 214~ Mosher, Jonathan Naish, Bor Kos, "Application of the Denovo Discrete
227. Ordinates Radiation Transport Code to Large-Scale Fusion Neutronics”,

6. Aleksander Matav?, Janez Kova¢, Miha Cekada, Barbara Mali¢, Vid Fusion Science and Technology, 2918' 74,4,303-314. . .
Bobnar, "Enhanced electrical response in ferroelectric thin film 17 Oleg B. Baranov, Shuyan Xu, Luxiang Xu, S. Hua"ngf J. W. M. Lim, Uros
capacitors with inkjet-printed LaNiO; electrodes”, Applied physics Cvelbar, Igor Levchen.ko, Kateryna Bazaka, .Mml.aturlzed pl.asma
letters, 2018, 113, 1, 012904 sources: can technological solutions help electric micropropulsion?”,

7. NikSa Krstulovi¢, KreSimir Salamon, Ognjen Budimlija, Janez Kovac, IEEE transactions on plavsma science, 2018, 46, 2, 230'23"8'

Jasna Dasovi¢, Polona Umek, Ivana Capan, "Parameters optimization for 18. Oleg B'_ Baranov, Uro$ Cvelbar, Kateryna Bazaka, .Concept of a
synthesis of Al-doped ZnO nanoparticles by laser ablation in water", rr}agr_letlclally _enhancc'e'd vacuum - arc thruster w¥th controlled
Applied Surface Science, 2018, 440, 916-925. distribution of ion flux", IEEE transactions on plasma science, 2018, 46,

8. Emanuel Alonso, Marisa Faria, Faranak Mohammadkazemi, Matic 2, 30%'310' . . .

Resnik, Artur Ferreira, Nereida Cordeiro, "Conductive bacterial 19. Matej Holc, Rok Zaplotnik, Miran Mozeti¢, Alenka Vesel, "Surface
cellulose-polyaniline blends: influence of the matrix and synthesis modification and aging (_)f polyacrylonitrile but"adiene styrene p.olymer
conditions”, Carbohydrate polymers, 2018, 183, 254-262. induced t?y treatment in RF oxygen plasma", IEEE transactions on

9. Ana D. Kramar, Bratislav M. Obradovi¢, Alenka Vesel, Milorad Kuraica, plasma science, 2018, 46310' 3669-3676. ., . Lo
Mirjana M. Kostié, "Surface cleaning of raw cotton fibers with 20. Bran%(o Pivac, Pavo Dubcek, Jasna Désovw, Jasminka Popov1,c, Nikola
atmospheric pressure air plasma”, Cellulose, 2018, 25, 7, 4199-4209. Radi¢, Sigrid Bernstorff, Janez Zava$nik, Branislav Vlahovi¢, "Stress

10. B. B. Wang, X. L. Qu, X. X. Zhong, Y. A. Chen, Kaifeng Zheng, Uro§ Cvelbar, evolution during Ge nanoparticles growth in a SiO, matrix", Inorganic

Kostya Ostrikov, "Nanocarbon phase transformations controlled by chemistry, 2018, 57, 23, 14939-14952. .
solubility of carbon species in gold nanoparticles”, Diamond and related 21+ B- B Wang, X. L. Qu, M. K. Zhu, Y. A. Chen, Kaifeng Zheng, X. X. Zhong,
materials, 2018, 88, 282-289. Uro$ Cvelbar, Kostya Ostrikov, "Plasma produced photoluminescent
11. Mariola Brycht, Andrzej Leniar, Janez Zavasnik, Agnieszka Nosal- molybdenum sub-oxide nanophase materials”, Journal of alloys and
Wiercinska, Krzysztof Wasinski, Paulina Pétrolniczak, Stawomira compounds, 2018, 765, 1167'117?' . .
22. Magdalena Wencka, Janez Kova¢, Venkata D. B. C. Dasireddy, Blaz

Skrzypek, Kurt Kalcher, "Paste electrode based on the thermally
reduced graphene oxide in ambient air: its characterization and
analytical application for analysis of 4-chloro-3,5-dimethylphenol”,
Electrochimica Acta, 2018, 282, 233-241.

Likozar, Andreja Jelen, Stanislav Vrtnik, Peter Gille, Hae Jin Kim, Janez
Dolinsek, "The effect of surface oxidation on the catalytic properties of
GasNiz intermetallic compound for carbon dioxide reduction”, Journal
of analytical science & technology, 2018, 9, 12.
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41.

Rathish Rajan, Egidija Rainosalo, Sunil Kumar Ramamoorthy, Selvin P.
Thomas Thomas, Janez Zava$nik, Jyrki Vuorinen, Mikael Skrifvars,
"Mechanical, thermal, and burning properties of viscose fabric
composites: influence of epoxy resin modification", Journal of applied
polymer science, 2018, 135, 36, 46673.

Kadir Ozaltin, Marian Lehocky, Petr Humpoli¢ek, Daniela Vesela, Miran
Mozeti¢, Igor Novak, Petr Saha, "Preparation of active antibacterial
biomaterials based on sparfloxacin, enrofloxacin, and lomefloxacin
deposited on polyethylene”, Journal of applied polymer science, 2018,
135, 15,46174.

Suzanne S. Dunne, Merja Ahonen, Martina Modic, Francy R. L. Crijns,
Minna M. Keindnen-Toivola, Ruth Meinke, C. William Keevil, Jim Gray,
Nuala H. O’Connell, Colum P. Dunne, "Specialised cleaning associated
with antimicrobial coatings for reduction of hospital acquired infection.
Opinion of the COST Action Network AMiCI (CA15114)", The Journal of
hospital infection, 2018, 99, 3, 250-255.

Tomas Plachy, Erika Kutalkova, Michal Sedlacik, Alenka Vesel, Ivo
Masar, Ivo Kuritka, "Impact of corrosion process of carbonyl iron
particles on magnetorheological behavior of their suspensions”, Journal
of industrial and engineering chemistry, 2018, 66, 362-369.

Branko Pivac, Pavo Dubcek, Jasna Dasovi¢, H. Zorc, Sigrid Bernstorff,
Janez Zava$nik, B. Vlahovi¢, "Self-ordered voids Formation in SiO,
matrix by Ge outdiffusion”, Journal of nanomaterials, 2018, 2018,
9326408.

Luka Kelhar, Jana Bezjak, Marjeta Macek, Janez Zavas$nik, Saso Sturm,
Primoz Kozelj, Spomenka Kobe, Jean-Marie Dubois, "The role of Fe and
Cu additions on the structural, thermal and magnetic properties of
amorphous Al-Ce-Fe-Cu alloys", Journal of non-crystalline solids, 2018,
483, 70-78.

Maja Antanasova, Andraz Kocjan, Janez Kova¢, Borut Zuzek, Peter
Jevnikar, "Influence of thermo-mechanical cycling on porcelain bonding
to cobalt-chromium and titanium dental alloys fabricated by casting,
milling, and selective laser melting", Journal of prosthodontic research,
2018, 62, 2, 184-194.

Metka Bencina, Matjaz Valant, "Bi,Ti,0,-based pyrochlore
nanoparticles and their superior photocatalytic activity under visible
light", Journal of the American Ceramic Society, 2018, 101, 1, 82-90.
Janez Kova¢, Matjaz Finsgar, "Analysis of the thermal stability of very
thin surface layers of corrosion inhibitors by time-of-flight secondary
ion mass spectrometry”, Journal of the American Society for Mass
Spectrometry, 2018, 29,12, 2305-2316.

Anderson A. Felix, Matjaz Spreitzer, Damjan Vengust, Danilo Suvorov,
Marcelo 0. Orlandji, "Probing the effects of oxygen-related defects on the
optical and luminescence properties in CaCu;Ti,0,, ceramics”, Journal
of the European ceramic society, 2018, 38, 15, 5002-5006.

Alenka Vesel, Rok Zaplotnik, Nicolas Gaillard, "Synthesis of MoS2 by
treating molybdenum in H2S plasma", Materiali in tehnologije, 2018,
52,4,417-421.

Andreja Sestan, Petra Jenus, Sa$a Novak, Janez Zava$nik, Miran Ceh,
"The role of tungsten phases formation during tungsten metal powder
consolidation by FAST: implications for high-temperature
applications"”, Materials characterization, 2018, 138, 308-314.

Matej Prijatelj, Nata$a Celan Koro$in, TomaZ Skapin, Victor Vega
Mayoral, Daniele Vella, Janez Kova¢, Dragan Mihailovi¢, Christoph
Gadermaier, "Preparation of air-stable expandable MoS, and rapid
expansion by low temperature heating and electron beam irradiation”,
Materials letters, 2018, 218, 229-232.

Tomislava Vukusi¢, Alenka Vesel, Matej Holc, Mario Stetar, Anet Rezek
Jambrak, Miran Mozeti¢, "Modification of physico-chemical properties
of acryl-coated polypropylene foils for food packaging by reactive
particles from oxygen plasma", Materials, 2018, 11, 3, 372.

Hana Sourkova, Gregor Primc, Petr Spatenka, "Surface functionalization
of polyethylene granules by treatment with low-pressure air plasma”,
Materials, 2018, 11, 6, 885.

Werner Schlemmer et al (11 authors), "Green procedure to
manufacture nanoparticle-decorated paper substrates”, Materials,
2018, 11, 12, 2412.

Matic Resnik, Rok Zaplotnik, Miran Mozeti¢, Alenka Vesel, "Comparison
of SF¢ and CF, plasma treatment for surface hydrophobization of PET
polymer", Materials, 2018, 11, 311.

Kateryna Bazaka, Oleg B. Baranov, Uro$ Cvelbar, Bojan Podgornik, Y.
Wang, S. Huang, L. Xu, J. W. M. Lim, Igor Levchenko, S. Xu, "Oxygen
plasmas: a sharp chisel and handy trowel for nanofabrication”,
Nanoscale, 2018, 10, 37, 17494-17511.

Andraz Kocjan, Rainer Schmidt, Ana Lazar, Jesus Prado-Gonjal, Janez
Kova¢, Manca Logar, Francisco J. Mompean, Mar Garcia-Hernandez,
Eduardo Ruiz-Hitzky, Bernd Wicklein, "In situ generation of 3D
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graphene-like networks from cellulose nanofibres in sintered
ceramics", Nanoscale, 2018, 10, 22, 10488-10497.

Indu Raj, Miran Mozeti¢, V. P. Jayachandran, Jose Jiya, Sabu Thomas,
Nandakumar Kalarikkal, "Fracture resistant, antibiofilm adherent, self-
assembled PMMA/ZnO nanoformulations for biomedical applications:
physico-chemical and biological perspectives of nano reinforcement”,
Nanotechnology, 2018, 29, 30, 305704.

Sanghoo Park, Uro$ Cvelbar, Wonho Choe, Se Youn Moon, "The creation
of electric wind due to the electrohydrodynamic force", Nature
communications, 2018, 9, 371.

A. Huber, D. Kinna, V. Huber, G. Arnoux, G. Sergienko, 1. Balboa, C.
Balorin, P. Carman, P. Carvalho, S. Collins, N. Conway, P. McCullen,
Aleksander Drenik, S. Jachmich, M. Jouve, Ch. Linsmeier, B.
Lomanowski, P.J. Lomas, C.G. Lowry, C.F. Maggi, G.F. Matthews, A. Meigs,
Ph. Mertens, 1. Nunes, M. Price, P. Puglia, V. Riccardo, F.G. Rimini, A.
Widdowson, K.-D. Zastrow, and JET contributors, "Real-time protection
of the JET ITER-like wall based on near infrared imaging diagnostic
systems", Nuclear fusion, 2018, 58, 10, 106021.

Suzana Petrovi¢, Biljana Gakovi¢, Peter Panjan, Janez Kovac, Vladimir
Lazovi¢, C. Ristoscu, I. Negut, Ion N. Mihailescu, "Oxidation behaviour of
composite CrN/(Cr,V)N coatings with different contents of vanadium
induced by UV nanosecond laser pulses”, Optical and quantum
electronics, 2018, 50, 5, 208.

Marko Obradovi¢, Janez Koval, Suzana Petrovi¢, Vladimir Lazovi¢,
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Department of Surface Engineering and Optoelectronics F-4
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. Inaki Gomez Alonso, Tomaz Gyergyek, Jernej Kovacic¢, James Paul Gunn,
Miran Mozeti¢, "Potential formation in front of electron emitting
electrode studied by PIC simulation”, In: Igor Jenci¢ (ed.), Proceedings,
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Our research programme 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 the one hand, and amorphous matter, soft condensed matter and living systems, on the
other. Such knowledge provides the key to our understanding of the macroscopic properties of these
systems and is an important condition for the discovery and development of new, multifunctional
materials, nanomaterials and biomaterials for new applications. 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 microspectroscopy, scanning-
tunnelling, electronic and atomic force microscopy, as well as dielectric relaxation spectroscopy
and dynamic specific-heat measurements.

Head:
The experimental techniques used are: Prof. Igor Musevi¢
e One (1D) and two (2D) dimensional nuclear magnetic resonance (NMR) and relaxation, as well as
quadrupole (NQR) resonance and relaxation,
e Multi-frequency NMR in superconducting magnets of 2T, 6T and 9T, as well as the dispersion of the
spin-lattice relaxation time t, via field cycling,

*  Nuclear double resonance and quadrupole double resonance such as "0-H and “N-H,

e Fastfield cycling NMR relaxometry,

»  TFrequency-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,

TFluorescence confocal microscopy and microspectroscopy,

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

»  Electron microscopy and scanning-tunnelling microscopy,

Atomic force microscopy and force spectroscopy,

Dynamic specific-heat measurements,

e Low-temperature scanning-tunnelling microscopy and single-atom manipulation,

e Atomic Force Microscopy,

e Manipulation of particles with laser tweezers,

e Super-resolution STED microscopy,

Laser cooling and manipulation of Cs atoms.

The research program of the Department of Solid State Physics at the JoZef Stefan Institute is performed in close
collaboration with Department of Physics at the Faculty of Mathematics and Physics of the University of Ljubljana,
Institute of Mathematics, Physics and Mechanics and the Jozef Stefan International Postgraduate School. In 2018,
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

Experimental Biophysics of Complex Systems

I Research program “Magnetic resonance and dielectric spectroscopy of smart new materials”
The research of the programme group Magnetic Resonance and Dielectric Spectroscopy of Smart New
Materials was focused on the study of physical phenomena in condensed matter at the atomic and molecular

levels. The purpose of these investigations was to discover the basic laws of physics governing the behaviour of
the investigated systems. The acquired knowledge provides the key to the understanding of the microscopic and
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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),

e Nuclear double resonance 70-H and “N-H,

*  Fastfield cycling NMR relaxometry,

Linear and non-linear dielectric spectroscopy in the range 102 Hz to 10° Hz,

»  Frequency-dependent ac calorimetry,

*  Measurement of electrical and thermal transport coefficients,

e Magnetic measurements,

e Methods of ultra-cold atoms.

The research programme 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 JoZef Stefan International Postgraduate School.

In 2018, members of the programme group published 38 original scientific papers in international peer-reviewed
scientific journals, two book chapters and obtained two US patents. Among these, one paper was published in Nature
Physics (IF = 22.7), one in Adv. Mater. (IF = 22), one in Nano Letters (IF = 12.1), one in Sci. Adv. (IF = 11.5), one in .
Mater. Chem. (IF =9.9), two in Phys. Rev. Lett. (IF = 8.8) and 15 papers in the journals with an IF between 3.0 and 5.0.

The investigations were focused to the following research fields:

1. Quantum magnetism

Andrej Zorko, Peter Jeglic, Matej Pregelj, and Denis Arcon, in collaboration with partners from Switzerland,
Germany, and Russia, studied the magnetic properties of the layered compound CuNCN with several experimental
techniques, including NMR, NQR, and mu-SR. The investigation revealed a magnetically frozen and disordered
magnetic ground state. The authors showed that regions of magnetically frozen and paramagnetic phases coexist
on amicroscopic level in this compound below the freezing temperature in a broad temperature range. The results
were published in the paper A. Zorko ef a/. “Magnetic inhomogeneity in the copper pseudochalcogenide CuNCN”,

Phys. Rev. B97, 214432 (2018).

The research group has presented the first Andrej Zorko and Denis Arcon, in collaboration with partners from
experimental proof of the existence of “anyone”  he United Kingdom, Greece and Germany, employed a combination of
particles (the particles that are simultaneously  ¢omplementary experimental techniques, including heat-capacity meas-
fermions and bozons) and discovered new quan-  yrements, NMR and elastic and inelastic neutron scattering to investigate
tum magnetic states in solid-state materials. It {he structural and magnetic properties of the geometrically frustrated
has found new multiferroic materials, revealed  ptiferromagnet B-NaMnO . The measurements disclosed the existence
complex magnetism of high-entropy alloys, de-  of novel structural degrees of freedom, which are incompatible with any
veloped fully printed thin-film capacitors and de-  ;mmensurate order and are instead explained by an incommensurate
termined the physical-mechanical properties of  conpositionally modulated crystal structure. Such a structure leads to an
liquid crystals and liquid-crystalline elastomers.  jncommensurate, that is, inhomogeneous, cooperative magnetism. The

Figure 1: Incommensurate, compositionally

discovery was published in the paper F. Orlandi ef a/. “Incommensurate
atomic and magnetic modulations in the spin-frustrated B-NaMnO, triangular lattice”, Phys.
Rev. Materials 2, 074407 (2018).

Andrej Zorko, in collaboration with partners from Croatia, France and the USA, discovered the
first crystal structures of oxo-bridged [ Cr'"Ta" ] dinuclear complexes. The new structure complies
with theoretical predictions based on DFT calculations. The compound was also magnetically
characterized by the use of bulk SQUID magnetometry and a local-probe ESR technique. Also,
these experimental results agree well with DFT-based expectations. The discovery was published
in the paper L. Andro$ Dubraja ef a/. “First crystal structures of oxo-bridged [ Cr'"Ta"] dinuclear
complexes: spectroscopic, magnetic and theoretical investigations of the Cr-0-Ta core”, New /.
Chem. 42, 10912 (2018).

Matej Pregelj, Andrej Zorko and Denis Arcon, in collaboration with partners from Swit-
zerland and Austria, discovered the coexistence of spinon and magnon excitations in the beta-
TeVO, system. Their work is a rare demonstration of the coexistence of fractional and collective

modulated crystal structure of B-NaMnO, excitations in a system of weakly coupled, frustrated, zigzag spin chains. The team reproduced
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the experimental dispersion relations, derived from inelastic neutron scattering, using the
linear-spin-wave-theory calculations and pre-calculated spinon dispersion. This allowed them to
quantitatively determine the main exchange interactions and their anisotropies. The discovery
was published in the paper M. Pregelj ef a/. “Coexisting spinons and magnons in the frustrated
zigzag spin-1/2 chain compound B-TeV0,”, Phys. Rev. B 98, 094405 (2018).

Matej Pregelj, Nejc Jan$a and Denis Arcon, in collaboration with partners from Italy and
Brazil, investigated spin fluctuations in a high-spin state of cobalt valence tautomer. A reversible
transition from a low- to a high-spin state can be induced by temperature, pressure and light
irradiation. The team investigated spin dynamics by nuclear-magnetic-resonance, muon-spin-
relaxation and magnetization measurements. They found that at low temperatures (30 K) the
high-spin state can be induced by light irradiation, which has a lifetime of several hours and
occurs in the MHz frequency range. The discovery was published in the paper F. Caracciolo ef
al. “Spin fluctuations in the lightinduced high-spin state of cobalt valence tautomers”, Phys.
Rev. B 98, 054416 (2018).

Nejc Jan$a, Andrej Zorko, Matjaz GomilSek, Matej Pregelj and Martin KlanjSek, together with
partners from Switzerland, experimentally demonstrated that a spin flip in the most promising
Kitaev honeycomb magnet, in ruthenium trichloride, fractionalizes into a Majorana fermion
and a pair of gauge fluxes, in line with the famous Kitaev prediction. Both types of fractional
quasiparticles behave as neither pure fermions nor pure bosons, but rather as anyons. As they
are both found to survive in a broad range of temperatures and magnetic fields, this discovery
establishes ruthenium trichloride as a unique platform for future investigations of anyons. The
work was published in the article N. Jansa et a/., “Observation of two types of fractional excita-
tion in the Kitaev honeycomb magnet”, Nature Physics 14, 786 (2018).

Denis Arcon, Peter Jegli¢ and Tilen Knafli¢ discovered a Verwey-type charge ordering and
electron localization transition in a compound that is composed of negatively charged dioxygen
molecules. One of the very first attempts to understand the charge dynamics in mixed-valence
systems dates back to 1939 when Evert Verwey, a Dutch chemist, observed a sudden jump in
resistivity near -150°C in magnetite. A research team of scientists from Germany and Slovenia
reported a Verwey-type transition in a completely different class of mixed-valence compounds,
which is composed of negatively charged dioxygen molecules. The compound Cs,0, undergoes
aphase transition from a state with indistinguishable molecular O,* entities to a state with well-
defined superoxide O, and peroxide 0,* anions. The breakthrough of this study is the observation
of such a charge ordering in a simple crystal structure where novel physical phenomena are
expected to emerge from intertwining of the degrees of freedom pertinent to electronically active
oxygen molecular units. The work was published in P. Adler ef al., “Verwey-type charge order-
ing transition in an open-shell p-electron compound”, Science advances 4, eaap7581 (2018).

2. Magnetism of CeGdTbDyHo high-entropy alloy

We have investigated the magnetism of the CeGdTbDyHo high-entropy alloy, composed of
rare-earth elements that mix ideally in a solid solution. This high-entropy alloy forms an almost
undistorted hexagonal crystal lattice (Figure 5), which possesses an enormous chemical disorder.
The structure is stabilized entropically by the mixing entropy term 7AS  in the Gibbs free energy.

By measuring the magnetic susceptibility, the magnetoresistance and the specific heat, we
have determined the (7, 7)) magnetic phase diagram, which contains a helical antiferromag-
netic state at elevated temperatures and a disordered ferromagnetic state at low temperatures
(Figure 6).

Published in: S. Vrtnik, J. Luznik, P. KoZelj, A. Jelen, J. Luzar, Z. Jaglici¢, A. Meden, M. Feuer-
bacher, ]. Dolinsek. Disordered ferromagnetic state in the Ce-Gd-Th-Dy-Ho hexagonal high-entropy
alloy. Journal of Alloys and Compounds 742 (2018), 877-886.

Department of Solid State Physics F-5

Figure 2: Resulls of inelastic neutron scattering:
(a) measurement and (b) theoretical model.

Figure 3: In a Kitaev honeycomb magnet, a
spin flip fractionalizes into three fractional
quasiparticles: a Majorana fermion (red trace)
and two excited gauge fluxes (blue hexagons).

Figure 4: Charge ordering in Cs 0 is lemperature
dependent and is responsible for the change in the
crystal structure and the electrical conductivity.

Figure 5. Schematic presentation of the crystal
structure of a hexagonal high-entropy alloy,
composed of five chemical elements that mix
randomly on the lattice.

3. Study of nanostructured materials and materials with large caloric effects for solid-state cooling

applications

Ferroelectric relaxors are an important class of materials that exhibit extraordinary ferroelectric, dielectric,
piezoelectric, and electrocaloric properties. The physical reason behind these extraordinary properties of relaxors
are the so-called polar nanoregions (PNRs). In this study we investigate the impact of PNRs on the polarization and
electrocaloric properties by utilizing the dynamic pair distribution function (DPDF) technique. The DPDF indicates
the distance between a specific atomic pair, while the peak height corresponds to the probability of finding such an
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atomic pair at this distance. Hence, we obtained direct information about the specific atomic off
centring corresponding to polar vectors in real space, which was correlated with the dielectric,
polarization and electrocaloric response of the lead-free relaxor system Ba(Ti,Zr)O,. The study
was published in Pramanick, A., Dmowski, W., Egami, T.I, Setiadi Budisuharto, A., Weyland, F.,
Novak, N., Christianson, A., Borreguero, J. M., Abernathy, D., J rgensen, M. R. V. Stabilization
of Polar Nanoregions in Pb-free Ferroelectrics. Physical Review Letters 120 (2018), 207603.
We showed by direct measurements the existence of the large electrocaloric effect in novel
bulk lead-free materials. In addition, we demonstrated that these materials can replace materials
based on lead due to their large electrocaloric responsivity and large breakdown electric field. A
patent application, which was bought by the company Gorenje d.d. in 2016, has been awarded
2 USA patent in 2018: patent Malic, B., Ursic, H., Kosec, M., Drnovsek, S., Gilensek, J., Kutnjak, Z.,
Rozi¢, B., Flisar, U., Kitanovski, A., Ozbolt, M., Plaznik, U., Poredos, A., Tomc, U., Tuek, J.. Method
Jorelectrocaloric energy conversion: United States Patent US9915446 (B2), 2018-03-13.

4. Enhanced electrical response in ferroelectric thin-film capacitors with inkjet-printed
LaNiO, electrodes

Figure 6: Schematic presentation of (a) helical We have developed an inkjet-printing process for lanthanum nickelate (LaNiO,, LNO) top
antiferromagnetic structure and (b) ferromagnetic  electrodes onto ferroelectric Pb(Zr,Ti)0, (PZT) thin films on platinized silicon substrates. The

structure.

Figure 7: Elastocaloric cooling cycle.
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evolved ink formulation enabled the deposition of well-defined, smooth, and flat layers with
minimal inter-diffusion at the LNO-PZT interface. The capacitors exhibit better polarization-
switching characteristics, improved fatigue properties, and an about 40 % larger dielectric
constant than those with sputtered gold top electrodes. The Rayleigh analysis of the dielectric
response revealed the strongly enhanced mobility of the ferroelectric domain walls as the main
contribution to improved characteristics of the LNO-PZT capacitors. Published in: A. Matav, J.
Kovag, M. Cekada, B. Malic, V. Bobnar, Applied Physics Letters 122, 214102 (2018).

5. Cellulose nanofibrils-reduced graphene oxide xerogels and cryogels for dielectric and
electrochemical storage applications

Composites with reduced graphene oxide incorporated into the cellulose nanofibrils
matrixes were fabricated as a dense film-like xerogel and well-aligned micro-to-nano porous
cryogels and evaluated related to their dielectric properties and electrochemical storage capac-
ity. An outstanding dielectric performance and high flexibility of the xerogel sample makes it a
promising candidate as a highly-performing dielectric material for energy-storage applications
in engineering and electronic fields. On the other hand, the high specific capacitance and
electrochemical resistance indicate the suitability of porous cryogel as an electrode material in
electrochemical storage devices. Published in: Y. Beeran, V. Bobnar, M. Finsgar, Y. Grohens, S.
Thomas, V. Kokol, Polymer 147, 260 (2018).

6. Direct patterning of piezoelectric thin films by inkjet printing

We have developed a novel process for the patterning of lead zirconate titanate (PZT) films on pristine
platinized silicon through the use of inkjet-printed alkanethiolate-based templates. The technique requires neither
lithography nor etching, respectively, before and after PZT printing. The described process allows for feature sizes
in the sub-100-um range with control over the thickness of the final film. Inkjet-printed PZT displays the typical
ferroelectric and piezoelectric properties of solution-derived thin films. Since substrate templating and functional
material deposition are performed via additive manufacturing and using the same technology, we argue that our
process could be an economically viable alternative to conventional deposition processes of patterned metal oxide
films on high-surface-energy metal substrates. Published in: N. Godard, S. GlinSek, A. Matavz, V. Bobnar, E. Defay,
Advanced Materials Technologies (2018), doi: 10.1002/admt.201800168.

7. Parameter optimizations for the synthesis of Al-doped ZnO nanodiscs by laser ablation in water
Al-doped ZnO crystalline colloidal nanodiscs were synthesized by the laser ablation of Zn0:Al0, in MilliQ water.
Experiments were performed systematically by changing the number of applied laser pulses and laser output energy
with the aim to affect the nanoparticle size, composition (Al/Zn ratio) and characteristics (band-gap, crystallinity).
Distinctly, a set of nanoparticle syntheses was performed in deionized water for comparison. An SEM investigation
of colloidal nanoparticles revealed that the formed nanoparticles are 30-nm-thick nanodiscs with average diameters
ranging from 450 to 510 nm. It was found that craters in the target formed during the laser ablation influence the
size of the synthesized colloidal nanoparticles. This is explained by the efficient nanoparticle growth through a
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diffusion process, which takes place in the spatially restricted volume of the target crater. When
laser ablation takes place in deionized water, the synthesized nanoparticles have a mesh-like
structure with a sparse concentration of disc-like nanoparticles. The Al/Zn ratio and band-gap
energy of the nanoparticles are highly influenced by the number and output energy of applied
laser pulses (N. Krstulovi¢, K. Salamon, 0. Budimilja, J. Kovac, J. Dasovi¢, P. Umek, . Capan:
Applied Surface Science 440 (2018) 916-925).

8. Re-Orientational Motions and Ionic Conductivity in (NH,),B, H,, and (NH,),B H,,

Closo-boranes are promising materials for use in solid-electrolyte fuel cells due to their high
ionic conductivity. We investigated two ammonium borane systems, containing 10 or 12 boron
atoms in a boron cage (Figure 9). Molecular motions were studied by means of ‘Hand B NMR
spectra and spin-lattice relaxation. We identified activation energies for rotations of the boron
cages around different axes. These rotations assist the long-range diffusion of NH, units. Inde-
pendent ionic conductivity measurements uncovered that these two systems are bad conductors
and that the conductivity cannot be explained solely by the rotations of boron cages. Published
in: Anton Gradisek, Mitja Krnel, Mark Paskevicius, Bjarne R. S. Hansen, Torben R. Jensen, Janez
Dolinsek, /. Phys. Chem. C, 2018, 122, 17073-17079.

9. NMR investigations of liquid-crystalline elastomers

We investigated the orientational ordering of molecular building blocks in liquid single-crystal
elastomers, using deuteron quadrupole perturbed nuclear magnetic resonance. By analysing the
temperature dependencies of spin-spin and spin-lattice magnetization relaxation rates, we have
resolved differences in the re-orientational dynamics of network-bound and free mesogen mol-
ecules, as well as of crosslinker molecules in selectively deuterated networks. We have found the
dynamics of crosslinker to be substantially slower than the dynamics of mesogen, leading in the
first case to strong homogeneous broadening of the resonance lines. This supports the scenario of
substantial local disorder in the nematic director for real liquid single-crystal elastomer networks.

Research activities in the field of the physics of liquid crystal elastomers have been extended
to binary systems, consisting of two mesogen species, typically of a nematogen and of a smec-
togen, with controlled composition. In such systems, the temperature profiles of elastic and
thermomechanical response can be altered by changing the composition. We have shown that
arelatively low external mechanical stress induces a transition from the smectic to the nematic
state in the networks of composition close to 1:1, as observed through a decrease in the elastic
constant by at least one order of magnitude (Figure 10).

Published in: Dynamic investigation of liquid crystalline elastomers and their constituentas by
“H NMR spectroscopy, J. Milavec, A. Resetic, A. Bubnov, B. Zalar, and V. Domenici, Liquid Crystals
45,2158-2173 (2018); Stress-strain and thermomechanical characterization of nematic to smectic
Atransition in a strongly-crosslinked bimesogenic liquid crystal elastomer, A. Reetic, J. Milavec,
V. Domenici, B. Zupanci¢, A. Bubnov, and B. Zalar, Polymer 158, 96-102 (2018).

II. 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. The aim of the program is to understand the structural and dynamical properties
of these systems, their interactions, their function at the molecular level, and self-assembly
mechanisms in soft matter. The underlying idea is that it is possible to understand complex
mechanisms, such as self-assembly, on a macroscopic level, using a simplified physical picture and
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Figure 8: Representative SEM (a) and TEM ()
images of Al-doped ZnO nanodiscs. The particles
were formed by irradiation of the ZnO:ALQ  target
with 10,000 laser pulses and 300 m] of laser output
energy (\,.,=1064 nm).

Figure 9: Structural details of (NH ) B, H, in
(NH,) B H,, containing 10 or 12 boron atoms in
a boron cage.

Figure 10: Temperature-composition-siress phase
diagram of a binary smectic-nematic liquid-
crystal elastomer.

models. In order to provide a comprehensive approach to the problem, the program combines both experimental
and theoretical investigations, supported by modelling and simulations. Special emphasis is given to the possible

electro-optic and medical applications.

Topological defects stabilized by fibres in a nematic liquid crystal

We demonstrate the stabilization of a large number of oppositely charged topological defects around helical
colloids or grooved rods (Sof? Matter, 14, (2018), 9819). In the case of straight fibres such defects are annihilated,
but in this case the curved shape of the helical colloids or the grooved surface of a straight rod create energy barriers
between neighbouring defects and prevent their annihilation. We also demonstrate a new type of topological loops
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Using numerical modelling we have identified a
novel coupling mechanism that is responsible
for driven passive defects in active nematic.

on a homeotropic fibre aligned perpendicular to the nematic director in a
planar nematic cell. These stable loops can carry either positive or nega-
tive charge, or can be charge neutral and are always accompanied by two
topological solitons, which emanate from the loop and propagate to the

We sucl:ceeded in genera.lting a Ia!‘ge number. of  leftand right-hand sides of the fibre (Ziquid Crystals, 45, (2018) 2294).
topological defects on spiral and ribbed colloids

in the nematic liquid crystal and explain the
mechanism of their stabilisation. We observed
strong resonances in the photo-luminiscent

Observation of a Skyrmions lattice in an ultra-thin liquid-crystal layer
We identified the hexagonal lattice of half-Skyrmions in a thin film
of a chiral liquid crystal by optical observation using the Kossel technique

spectra emitted by MoS, microtubes. (Scientific Reports, 8, (2018) 17234). In the presented case Kossel lines

Figure 11: Topological soliton stabilized by fibre in
a nematic liquid crystal.

Figure 12: Experimental and numerically
calculated Kosselov diagram of light reflected from
a thin layer of a chiral liquid crystal forming a
Skyrmion lattice.

Figure 13: Periodically patterned molecular
anchoring on confining surfaces stabilizes square
lattices of half-Skyrmions and disclinations with
winding number-1.
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appear as hexagonally arranged circular arcs and can be regarded as the

manifestation of the dispersion eigenmodes of the medium. Our study
demonstrates that the Kossel technique could be used to investigate the dispersion properties
of thin systems that exhibit non-trivial band structures such as topologically protected exotic
surface states in the optical regime.

Modelling thin layers of blue phases: stabilization of Skyrmion lattices and near-field
optical microscopy

Solving Maxwell equations, we modelled optical images of Skyrmion lattices in thin layers
of cholesteric blue phases that can be obtained by near-field optical microscopy. (Optics Express
26, (2018)1174). With Q-tensor-based phenomenological modelling we demonstrated how in
thin layers of cholesteric blue phases of the second kind we can, with periodically patterned mo-
lecular anchoring on confining surfaces, stabilize square and trigonal lattices of half-Skyrmions
(Liquid Crystals, 45, (2018) 2329-2340).

Topology of chiral nematic liquid crystals

Springer published the doctorate of Gregor Posnjak as a book in the Springer Theses series
(Topological formations in chiral nematic droplets) in which they publish exceptional doctoral
theses. The book presents a newly developed fluorescent confocal polarized microscopy method
that enables an experimental determination of the director structures in liquid crystals. This
method is used to study the complex structures of chiral nematic liquid crystals in droplets in
detail. These structures range from highly symmetric layered structures and structures with
line defects to newly observed point defects with topological charges -2 and -3, which enable
the formation of complex topological molecules.

Localised opto-thermal response of nematic liquid crystal to laser light

We studied the non-equilibrium dynamics of the isotropic-to-nematic phase transition by
observing the thermal response of a thin nematic liquid-crystal layer to a strong laser pulse, which
is partially absorbed by the Indium Tin Oxide electrodes of the measuring LC cell. During the ultra-
fast cooling the temperature profile of the heated region and the time response of the nematic
layer birefringence were measured. (Liquid Crystals, DOI: 10.1080,/02678292.2018.1557270).

Active nematic emulsions

Active nematic emulsions were demonstrated based on the encapsulation of an active liquid
crystal, based on microtubules and kinesin molecular motors, into a thermotropic liquid crystal.
These active nematic emulsions exhibit a variety of dynamic behaviours that arise from the cross-
talk between the topological defects, separately residing in the active and passive components.
Using numerical simulations, we show a feedback mechanism by which active flows continuously
drive the passive defects. Such a hybrid active-passive system provides new perspectives for the
dynamic self-assembly driven by an active material but regulated by the equilibrium properties
of the passive component. The research was a combination of numerical modelling, performed
at the Faculty of Mathematics and Physics at the University of Ljubljana and the Department of
Condensed Matter Physics at the Jozef Stefan Institute, and experiments, which were performed
at University of Barcelona. (Science Advances 4, (2018) eaao1470).
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Read-on-demand microstructures in nematic cells
The generation of read-on-demand images and identification codes in a liquid-crystal (LC)
device was demonstrated. Experimentally, these micrometre-sized polymer features are encoded
directly into LC devices using direct laser writing, which locks in the local molecular orienta-
tion at the moment of fabrication. By reading the devices with the same voltage amplitude
that is used to write the polymer structures, features can be made to disappear as the director
profile becomes homogeneous with the surrounding regions, effectively cloaking the structure
for bgth p9larized .anq unpolarizgd light The potential use of this \.VOI'k.iS in authenticity and Figure 14-A layered structure in a chiral nematic
identification applications. Experiments were performed at the University of Oxford, whereas droplet with cylindrical symmery and a single
theory and numerical modelling were conducted at the Faculty of Mathematics and Physics point defect.
at the University of Ljubljana and the Department of Condensed Matter Physics at the Jozef
Stefan Institute (Advanced Optical Mater 6 (2018) 18005159). The work was also presented by
the editors of Nature Photonics (Nat. Photon. 12, (2018) 504).

Electro-caloric effect in nematics and its applications

Using Landau-type mesoscopic modelling, we demonstrated that the materials exhibiting
continuous symmetry-breaking phase transitions could be efficiently exploited for thermal
stabilisation and thermal transport. In particular, we developed a pioneering model describing
the electrocaloric (EC) response in nematic liquid crystals. Using it we determined the conditions
enabling anomalously strong EC responses (Energy 162, (2018) 554-563).

Nematic droplets in water solutions of different electrolytes
We demonstrated experimentally and theoretically the strong impact of the electrostatic
properties on structural transitions in nematic liquid-crystal (NLC) droplets dispersed in dif-
ferent aqueous environments. Among others we developed a phenomenological model of an
electric double layer in the presence of different ionic impurities. The results reveal that one ~ Figure 15: Ultrafast cooling of the nematic liquid
could sensitively control the NLC structural transitions by tuning the electrostatic properties 7S/
(Soft Matter 14, (2018) 9619-9630).

Nanosafety

We measured the release of nanoparticles during the burning of incenses, which are still
in use as air fresheners, for insect repelling or for meditative purposes, although it is known
that they significantly deteriorate the quality of indoor air (Air Quality, Atmosphere & Health
11, (2018) 649-663). In the case of two types of incense, we found that the burning of a single
incense causes a 30-fold increase in the number of nanoparticles in a room of 30 m?® volume.
The chemical analysis of the released nanoparticles showed the presence of CaCo,, Si0,, and
traces of Mg, K, Al, Fe and Cl. At the end of the burning period, the nanoparticles are 60 to 100
nm in size, which puts them in a size group with a high health risk. The concentration exceeds
200,000 nanoparticles/cm?®. Their concentration only slowly decreases with time on account
of the agglomeration into larger particles. In order to reduce the exposure to nanoparticles, we
recommended shortening the burning time and ventilation of the room.

MoS, micro- and nanotubes
In collaboration with coworkers from Russia, USA and France, we studied the optical proper-
ties of MoS, micro- and nanotubes prepared by chemical transport reaction, which enables the
growth of nanotubes with a very small concentration of structural defects. Strong peaks in the Figure 16: Coupling of the active defects to the
micro-photoluminescence (u-PL) spectra were revealed, when detecting the light polarized along  passive nematic liquid crystal.
the nanotube axis. (4ppl. Phys. Leit. 113,(2018) 101106). A model describing the optical proper-
ties of the nanotubes acting as optical resonators was developed, which supports the quantization of whispering
gallery modes inside the nanotube wall. Our findings open a way to use such nanotubes as the polarization-sensitive
components of nanophotonic devices.

Self-assembly of organic corrosion inhibitors on metal surfaces

We studied (sub-)monolayers of the organic corrosion inhibitor 2-mercaptobenzimidazol on copper surfaces
using scanning tunnelling microscopy and spectroscopy. By varying the substrate temperature during the deposition
and using different heat treatments afterwards, we were able to study molecule-molecule and molecule-substrate
interactions. The studied structures were compared and solved with the help of extensive DFT calculations. The
results will help us to understand the reasons for the high effectiveness of these molecules as corrosion inhibitors.
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Figure 17: Direct laser writing of birefringent
polymer objects that can be cloaked with
birefringence.

Figure 18: Key stages of the EC-based cooling cycle.

Structure of quasi one-dimensional charge density wave material

Thebasic and the charge density wave (CDW) structures of the monoclinic NbS 1T polymorph
were studied by synchrotron X-ray diffraction, ab-initio calculations, simulation of the electron dif
fraction patterns, and by atomic-resolution transmission electron and low-temperature scanning
tunnelling microscopies. By solving the structure we were able to propose a mechanism for COW
sliding that is observed in this and some related materials (Physical Review B 98, (2018) 174113).

Atom laser and Bose fireworks

Two interesting phenomena in Bose-Einstein condensates have been observed. Firstly, if
the dipole trap potential is slowly opened on the bottom, a coherent downwards flow of atoms
appears - a continuous atom laser. Secondly, by periodically modulating the interatomic interac-
tion the condensate inside a quasi-one-dimensional confinement emits jets of atoms. The simple
one-dimensional geometry offers a new, simpler environment to study these so-called Bose
fireworks that have previously only been observed in a two-dimensional geometry.

Smeared d-wave anisotropy in a monolayer organic superconductor

The smeared anisotropy of low-lying quasiparticles in a single-layer d-wave organic super-
conductor is observed when the anti-nodal states are inextricably mixed. The weak momentum
dependence is only manifested for low-lying states, while higher-energy states preserve their
momentum anisotropy (Advanced Electronic Materials, DOL: 10.1002/aelm.201800247)

III. Research program “Experimental biophysics of complex systems and imaging
in biomedicine”

The programme group “Experimental biophysics of complex systems and imaging in bio-
medicine” combines research of the processes and structures of biological systems by developing
new, advanced experimental techniques of super-resolution microscopies, micro-spectroscopies
and nano-scopies as well as new imaging techniques. Our research is mainly focused on the
response of molecular and supramolecular structures to interactions between materials and
living cells as well as between light and living cells. We are interested in molecular events and
the physical mechanisms with which these events are causally connected, time scales, condi-
tions and the applied value of the investigated mechanisms, especially for use in medicine and
in the field of health care in general. With the development of new, coupled super-resolution and
spectroscopic techniques we want to open up new possibilities to investigate biological systems

and from there onwards to open up new possibilities for designing medical

A new molecular event has been described in
our article in Nano letters, which is triggered by
lipid wrapping that can drive the relocation of
membranes and membrane proteins across the
living pulmonary epithelium.

materials and devices, for diagnostics, therapy and tissue regeneration,
representing key challenges due to the aging population. The investment
into the new super-resolution STED system opened a variety of fluores-
cence microscopy approaches: STED microscopy and two-photon (2PE)
microscopy, multichannel spectrally resolved fluorescence lifetime imaging

Figure 19: Schematic figure on an electric double
layer near a negatively charged surface.

68

(SpFLIM), fluorescence micro-spectroscopy (FMS). These, coupled with
optical tweezers, can be used to examine 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
amethod that enables the monitoring of the electric field in tumours in the treatment of cancer
with electroporation, and further developed a method of multiparametric 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 diffusion in confined geometries with
the use of modulated gradients.

Because of the introduction of nonlinear super-resolution live microscopy in 2017 to monitor
the changes in supramolecular structures in living systems and deep involvement in the H2020
SmartNanoTox project, in 2018 the team of the Laboratory of Biophysics successfully published
its first high-impact paper after many years. In this publication (Nano Lett., 2018, 18 (8), pp
5294-5305) we directly observed the molecular event of lipid wrapping in the lung epithelium
by STED microscopy, which we could previously observe only indirectly, using many other
methods. This observation has triggered many other studies, including proteomics analysis,
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which has been done within the SmartNanoTox consortia, in particular with David Gomez’s
group at UCD (Dublin, Ireland) and which indicated many possible interferences between vari-
ous proteins, their relocation and the known signalling cascades. The paper published in Nano
letters has discussed one of those interferences, the one that potentially leads to coagulation.
However, the proteomics results led us to lysosome disruption, mitochondrial network changes,
and cytoskeleton degradation as well, which have been studied by live STED microscopy in 2018.
Several interesting phenomena have been observed, driven by the physical affinity between the
surface of the nanomaterials and the supramolecular structures, such as fibrous structures of
actin and tubulin and membranes of mitochondria, endosomes and lysosomes. The team mem-
bers have a focus on the dynamics, the driving forces and correlation by the known processes
such as endocytosis, linear transportation within the cell and uptake into lysosomes, where the
cell would try to degrade the nanoparticles, of course unsuccessfully. As a result of such physi-
cal interactions, new structures have been observed, making the complex of remnants of cell
organelles and nanomaterial. More evidences are collected to prove that these structures are
growing within the cells, before the cells go into the apoptotic phase.

To understand the first contact between nanomaterials and the lung’s epithelial surface, the
Laboratory of Biophysics team has started the development of a living copy of a lung together
with asystem that mimics the breathing, including the nanomaterial exposure. Here, the problem
addressed in our laboratory is the rupture of the surfactant layers that separate the air in the
lung and the epithelial cell layer. The nebulization of nanomaterials has been implemented on a
special incubator that allows monitoring of the cell layer by STED super-resolved microscopy live
during exposure. Since nanomaterial exists as individual particles as well as various aggregates,
high dynamic range vertical-section microscopy has to be applied free of PSF contamination.
For that purpose, the other modality of new equipment two-photon STED microscopy has been
applied (at the time of purchase this was the only commercial machine of its kind in the world)
and allow us to see “nano rain” in the vertical cross-section. To colocalize with surfactant proteins
SP-B and SP-C the team contacted the group of Jesus Perez Gil from Univ. Madrid (Spain), which
will provide us with specific labelling of the aforementioned proteins.

To track the nanoparticles in a living organism, the NPs must have a fluorescence signal.
In the past year the Laboratory of Biophysics team has designed and optimized a NP labelling
protocol that is suitable for metal oxides, in general, exemplified on TiO, NPs. This protocol
contains an important step, for which the basic knowhow has been transferred into our labora-
tory from the group of Christian Eggeling from the University of Oxford (UK). This step relies  Figure 21: Micro-photoluminescence spectra (1-PL)
on Fluorescence Correlation Spectroscopy (FCS), which can be performed also on our STED ~ taken at 80 K with detecting laser light polarized
microscope. FCS s used to validate the labelling efficiency and the desorption of the probe after /0728 (red line) and perpendicular (blue line) fo
labelling. In addition to the labelling protocol, our team has discovered that (at least some of) the Mo$, nanolube axis. The caleulated spectrum

) i o ) ) ) 7 for PL is shown by the black line.

the Ti0, nanostructures can be imaged without labelling by gated microscopy. The trick origi-
nates in the fact that some of the TiO, structures weakly fluoresce. Usually, this fluorescence
is so fast that normal detectors do not acquire enough light. In our case, the APD detectors
are fast enough, providing an opportunity to catch those photons and distinguish them from
other fluorescence such as autofluorescence or the one from specific labelling. This result has
been recognized by the European Commission and the SmartNanoTox project officer at the
SmartNanoTox midterm evaluation in September 2018 as one of the most important results in
nanotoxicology-related EU projects, since it allows the tracking of TiO, nanomaterials in vitro,
in vivo and ex vivo without labelling.

For efficient labelling we have designed, synthesized and tested a series of new STEDable
fluorophores where we specifically aim at molecules that rearrange slowly from plasma to
internal cell membranes. Two candidates have been selected for further improvements based
on the stability/possible resolution and slow rate of relocation in the lipid phase. In addition,
we designed new par-fluorophores for nano-temperature mapping, which aim at detecting the
temperature profiles within cells, in particular within mitochondria, where higher temperatures
are expected based on the evolution adaptation of mitochondria-located enzymes.

In collaboration with the Biological Physics Group at Carnegie Mellon University, Pennsyl-
vania, USA, we have studied the phase behaviour and structure of lipid sphingomyelin (SM)
model membranes. using X—lray diffraction. Despite the biological significance o‘f .SMS’ there is Figure 22: Ordered structures of
far less structural information available for SMs compared to glycerophospholipids. We have 2 yercaptobenzimidazol molecules on a copper
observed clear evidence of a ripple phase for egg SM as well as palmitoyl SM for a relatively  surface.

Figure 20: Number concentration of nanoparticles
that are released during the burning of a single
incense.
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Figure 23: Charge density wave and atomic
structure of NbS ;11 polymorph.

Figure 24. (Left) Atom laser from Bose-Einstein
condensate of caesium atoms. (Right) Bose
Sireworks in a quasi-one-dimensional geometry.

Figure 25: (a) Topographic STM image of mixed
molecular orientation in a monolayer island of
(BETS),GaCl,,on a Ag(111) surface. (b) Schematic
representation of convoluted symmetry of supercon-
ducting gap. (c) Tunnelling spectroscopy across the
line in (a) showing flat low-lying quasi particles.

broad temperature range below the main phase transition temperature. This contradicts the
usual assumption that SM membranes are in the gel phase below the main phase transition.
Therefore, these findings suggest the necessity to re-evaluate the interpretations of structural
results obtained on physiologically relevant model lipid rafts, which contain SM as one of the
lipid components. In addition, the obtained electron density profiles in the fluid phase will allow
the development of improved force fields for molecular dynamics simulations.

In collaboration with the University of Oxford (UK) we showed that the activation of T cells
during microscopy can only be prevented by suspending them in a hydrogel. The findings of
the study involving super-resolution STED microscopy were published in Nature Immunology.
Using super-resolution fluorescence correlation spectroscopy (STED-FCS) we showed that the
slow diffusion of proteins in the lipid envelopes of proteins is mainly due to their composition,
and not their curvature.

Use of magnetic resonance in wood science

Magnetic resonance imaging is a very efficient method for water detection in biological
systems, including wood. Water has a major influence on wood properties, especially dynamics
moisture cycles, which affect wood in outdoor applications. It is therefore important to under-
stand the penetration and distribution of water in the wood. In collaboration with colleagues
from the Department of Biotechnical Faculty, University of Ljubljana, we conducted a study in
which rainfall events were simulated to correspond to water-immersion periods of one hour.
For the study the most important wood species in Central Europe with different water-repellent
properties were used. After the immersion, the samples were imaged by MRL. Measurements
were used to determine the water distribution in the wood and to elucidate the changes during
the drying of the specimens. From these measurements a scientific article was published: Mojca
Zlahti¢ Zupanc, Ur$a Mikac, Igor Ser§a, Maks Merela, Miha Humar. Water distribution in wood
after short term wetting. Cellulose, ISSN 0969-0239, First Online 09 November 2018, https://
doi.org/10.1007/510570-018-2102-y.

Use of magnetic resonance in battery research

Due to the increasing number of mobile devices, the development of more powerful bat-
teries is necessary. Magnetic resonance imaging (MRI) can be used to monitor the growth of
dendrites in batteries, and by using a special MRI technique, CD-MRI, also to monitor the electric
current during battery operation. However, batteries contain metal parts (electrodes) that cause
distortion of the MR image. Therefore, the influence of metal electrodes on the MRI signal in
different orientations with respect to static and radio-frequency magnetic fields was tested on a

model battery, and the optimal orientation of the electrodes in which the distortions are practically negligible was
determined. The results were published in the article: Igor Igor, Mikac Urka. A study of MR signal reception from a
model for a battery cell. Journal of magnetic resonance, ISSN 1090-7807, 2018, 294, p. 7-15.

Deformation tensor imaging by magnetic resonance

Magnetic resonance imaging enables the precise detection of phase changes. This, among other effects, also
enables the measurement of very small displacements in the direction of the applied magnetic field gradient. In
the magnetic resonance imaging laboratory we have shown that by the use of the spin-echo imaging method with
a superimposed bipolar gradient pair (the PGSE method) displacements can be measured with accuracy of up to

Figure 26: Causal connection has been identified
between the inhalation of nanoparticles (red),
lipid (green) wrapping and triggering of the
coagulation signal cascade in lung epithelium,
where the key experiments have been done using a
super-resolution STED microscope and with TEM
microscopy (1S, Ljubljana, Slovenia) and new
proteomics techniques at UCD (Dublin, Ireland).
The work was published in Nano Letters.
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0.7 um. With experiments of the test sample, we showed that this method also enables imag-
ing of the deformation tensor. These results were published in the article Sersa Igor. Magnetic
resonance imaging of strain in elastic gels. Journal of Applied Physics, ISSN 0021-8979, 2019,
125(8), p. 0825211-082521-9.

Simulations of translational dynamics of chain-like particles through mucosal scaffolds
Mucus scaffolds represent one of the most common barriers in targeted drug delivery and
can remarkably reduce the outcome of pharmacological therapies. Understanding the transport
mechanism is particularly important for the treatment of disorders such as cystic fibrosis. In the
study, we employed the bond fluctuation model (BFM) to analyse the effect of steric interactions
on slowing the translational dynamics of compound chain-like particles, traversing through
scaffolds of different configurations. The developed mathematical model accounted for the
geometry-imposed steric interactions as well as for the intra-chain steric interactions between
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the chain subunits. The presented model is generic and could also be applied for studying the
translational dynamics of other particles with more complex architecture, such as dendrites or
chain-decorated nanoparticles. The results of the study were published in Bajd Franci, Sersa
Igor. A bond-fluctuation model of translational dynamics of chain-like particles through mucosal
scaffolds. Biophysical journal, 1SSN 0006-3495, 2018, 114(11), p. 2732-2742.

The research at our department has been supported by a number of international projects
financed by the European Union. It was also supported within the bilateral Slovenian-USA, Slo-

venian-German and Slovenian-Greek and other scientific cooperations. In 2018, the department
had cooperations with 108 partners from Slovenia and abroad. Among them:
e Thehigh magnetic field centres in Grenoble, France, and Nijmegen, The Netherlands
e The high magnetic field centre at the University Florida, Tallahassee, Florida, USA

e The ETH, Ziirich, Switzerland
o The loffe Institute in St. Petersburg, Russia

The University of Duisburg, the University of Mainz and the University of Saarbrucken

in Germany

*  The University of California, the University of Utah and the Liquid Crystal Institute,

Kent, Ohio, USA

National Institute for Research in Inorganic Materials, Tsukuba, Japan

e NCSR Demokritos, Greece

Figure 27: Effect of the model battery orientation
with respect to the B, and B, fields on the signal
suppression. As shown by the inset above the MR
images, the model sample was rotated in steps on
15° around the axis parallel to the B, field from 6 =
0°10 0 = 165°. In the initial orientation (0 = 0°) the
electrodes are parallel to the B, field so that there

is no RF-induced eddy currents. As © is increased
RF-induced eddy currents start fo appear. These
lead to a more extensive signal suppression that is
the strongest at © = 90° (the B, field perpendicular
fo the electrodes ) and diminishes again when ©
approaches 180°.

 Institut fiir Biophysik und Nanosystemforschung OAW, Graz, Austria

Bioénergétique et Ingénierie des Protéines, CNRS Marseille, France

Architecture et Fonction des Macromolécules Biologiques, CNRS Marseille, France
The Max Delbruck Center for Molecular Medicine in Berlin

The Dartmouth Medical School, Hanover, NH, USA

The Mayo Clinic, Rochester, USA

Kyung Hee University, Suwon, Korea

Technische Universitit [lmenau, [lmenau, Germany

Elettra Sincrotrone Trieste, Trieste, Italy

University of North Carolina at Chapel Hill

Max-Delbriick-Centrum fiir Molekulare Medizin (MDC)

made the above studies possible.

Some outstanding publications in 2018

1. N.Jansa, A. Zorko, M. Gomil$ek, M. Pregelj, K.W. Kramer, D. Biner, A. Biffin, C. Riiegg,
M. Klanjsek. Observation of two types of fractional excitation in the Kitaev honeycomb

magnet. Nature Physics 14, (2018), 786-790.

Figure 28: Maps of the three components of the
strain tensor, €, €_, and e . The sirain lensor
components were calculated from maps of
displacements u_and u , which were obtained
from images of the signal phase change induced

2. P.Adler, P Jegli¢, T. Knaflic, M. Komelj, D. Arcon, et al. Verwey-type charge ordering tran-

sition in an open-shell p-electron compound. Science Advances 4, (2018), eaap7581.
S. Gao, S. Vrtnik, J. Luzar, et al. Dipolar spin ice states with a fast monopole hopping
rate in CdEr X, (X=Se, S). Physical Review Letters 120 (2018), 137201.
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(2018), 014401.
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Eds. P. Gille, Yu. Grin (Berlin: De Gruyter, 2018), 260-278.
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A., Borreguero, J. M., Abernathy, D., Jorgensen, M. R. V.. Stabilization of Polar Nanoregions in Pb-free
Ferroelectrics. Physical Review Letters 120 (2018), 207603.

Guillamat, Pau, Kos, Ziga, Hardoiiin, Jérome, Ignés-Mullol, Jordi, Ravnik, Miha, Sagués, Francesc. Active
nematic emulsions. Science Advances 4 (2018), 2375-2548.

Urbandic, Iztok, Garvas, Maja, Kokot, Bostjan, Majaron, Hana, Umek, Polona, Skarabot, Miha, Arsov,
Zoran, Kokli¢, Tilen, Ceh, Miran, Musevic, Igor, Strancar, Janez, et al. Nanoparticles can wrap epithelial
cell membranes and relocate them across the epithelial cell laye. Nazno Letters 18 (2018), 5294-5305.
Ani¢i¢, Nemanja, Vukomanovi¢, Marija, Kokli¢, Tilen, Suvorov, Danilo. Fewer defects in the surface slows
the hydrolysis rate, decreases the ROS generation potential, and improves the Non-ROS antimicrobial
activity of Mg0. Small 14 (2018), 1800205.

Annual Report 2018

by the sample displacemens.

71



o0
3:. Jozef Stefan Institute

10.  Santos, Ana Mafalda, Urbandic, Iztok, et al. Capturing resting T cells: the perils of PLL. Nature Immunol-
0gy 19 (2018), 203-205.

Some outstanding publications in 2017

1. M. Klanjsek, A. Zorko, R. Zitko, J. Mravlje, Z. Jaglicic, PX. Biswas, P. Prelovsek, D. Mihailovic, D. ArSon. 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. ArCon, MJ. Rosseinsky, K. Prassides. w-electron §=1/2 quantum spin-liquid state
in an ionic polyaromatic hydrocarbon. Nature Chemistry 9 (2017), 635-643.

3. B.Rozic,]. Fresnais, C. Molinaro, J. Calixte, S. Umadevi, S. Lau-Truong, N. Felidj, T. Kraus, F. Charra, V. Du-
puis, 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.

4. A.Zorko, M. Herak, M. Gomil3ek, J. van Tol, M. Veldzquez, P. Khuntia, F. Bert, P. Mendels. Symmetry reduc-
tion in the quantum Kagome antiferromagnet Herbertsmithite. Physical 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), E5771-E5777.

7. S. M. Hasheimi, U. Jagodi¢, M. R. Mozaffari, M. R. Ejtehadi, I. 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, I. 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. Ursic, V. Bobnar, B. Malic, 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. Arcon. 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.
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Awards and appointments

Department of Solid State Physics F-5

1. Bizjak Jani, GradiSek Anton, Gams MatjaZ: the award for the best innovation for a public research or-
ganization, Ljubljana, The 11th International Technology Transfer Conference, The ultimate European

assistant for the elderly

Organization of conferences, congresses and meetings

1. The 8™ Regional Biophysics Conference 2018, Zrece, 16-20 May 2018
2. 11" conference on fundamental physical research, Terme Dobrna, 23 November 2018

3. Expert meeting F-5, Orehov gaj, 10 December 2018

Patents granted

1. AndrazReSetic, Jerneja Milavec, Blaz Zupancic, Bostjan Zalar, Polymer dispersed liquid crystal elastomers
(PDLCE), US9969847 (B2), US Patent and Trademark Office, 15. 05. 2018.

2. Barbara Mali¢, Hana Ursi¢, 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, US9915446 (B2), US Patent and Trademark Office, 13. 03. 2018.

INTERNATIONAL PROJECTS

MERCK - AFM Investigations
Prof. Miha Skarabot
Merck Kgaa
2. Kimberly-Clark - Development of LCD Shutter in the Year 2018
Prof. Igor Musevic
Kimberly-clark
3. 7FP- SIMDALEE2; Sources, Interaction with Matter Detection and Analysis of Low
Energy Electrons 2
Prof. Maja Remskar
European Commission
4. 7FP; ERA CHAIR ISO-FOOD - Era Chairs for Isotope Techniques in Food Quality, Safety
and Traceability
Prof. Maja Remskar
European Commission
5. COST MP1308; Towards Oxide Based Electronics (TO-BE)
Aleksander Matavz
Cost Office
6. COST CA15107; Multi-Functional Nano-Carbon Composite Materials Network
Dr. Polona Umek
Cost Office
7. COST CA15209; European Network on NMR Relaxometry
Prof. Tomaz Apih
Institut Jozef Stefan
8. COST CA16109; Chemical On-Line Composition and Source Apportionment of Fine
Aerosol
Asst. Prof. Grisa Mocnik
Cost Office
9. COST CA16218; Nanoscale Coherent Hybrid Devices for Superconducting Quantum
Technologies
Dr. Abdelrahim Ibrahim Hassanien
Cost Office
10. COST CA16221; Quantum Technologies with Ultra-Cold Atoms
Dr. Peter Jeglic
Cost Association Aisbl
11. Training School on Black and Brown Carbon - Organisation of the Workshop of Project
COST - COLOSSAL, COST CA16109, Ljubljana, Slovenia, 15.01.-17.01.2018
Asst. Prof. Grisa Mocnik
Cost Office
12. COST CA17121; Correlated Multimodal Imaging in Life Sciences
Prof. Janez Strancar
Cost Association Aisbl
13. COST CA17139; European Topology Interdisciplinary Action
Prof. Slobodan Zumer
Cost Association Aisbl
14. COST CA16202; International Network to Encourage the Use of Monitoring and
Forecasting Dust Products
Asst. Prof. Grisa Mo¢nik
Cost Association Aisb!
15. H2020 - SmartNanoTox; Smart Tools for Gauging Nano Hazards
Prof. Janez Strancar
European Commission

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

H2020 - ENGIMA; Engineering of Nanostructures with Giant Magneto-Piezoelectric and
Multicaloric Functionalities

Prof. Zdravko Kutnjak

European Commission

Crystal and Electronic Structure of NbS3 Phases

Dr. Erik Zupanic

Slovenian Research Agency

Lead-Free (Ba0.8Ca0.2)1-xLa2x/3Ti03 Based Electrocaloric Materials for New Dielectric
Cooling Technologies

Prof. Zdravko Kutnjak

Slovenian Research Agency

Stabilisation of Networks of Topological Defects

Prof. Samo Kralj

Slovenian Research Agency

Superconductivity and Magnetism: Two Faces of Electron Correlations in Carbon- and
Fe-Based Superconductors

Prof. Denis Arcon

Slovenian Research Agency

Transport and Field Emission Properties of Low-Dimensional Molybdenum and
Tungsten Based Nanomaterials

Prof. Maja Remskar

Slovenian Research Agency

Testing Biocompatibility of Molybdenum and Tungsten based Nanoparticles: Measuring
Cytotoxicity and Inflammatory Response in Human Cell Lines

Prof. Maja Remskar

Slovenian Research Agency

The Lipid-Peroxidation Inhibition Governed by Interactions between Nanocarried
Flavonoids and Model Lipid Membranes

Prof. Janez Strancar

Slovenian Research Agency

Dynamic Hysteresis in the Study of Magnetic Nanoparticle Efficacy for Hyperthermia
Therapy

Prof. Janez Dolinsek

Slovenian Research Agency

Conservation of Cultural Heritage Indoors - The Case of Leonardo da Vinci's ,Last
Supper*

Asst. Prof. Grisa Mocnik

Slovenian Research Agency

Lipid Wrapped Nanoparticles and Activity of Factor Xa

Dr. Tilen Koklic

Slovenian Research Agency

Studies of Nanoporous Materials for Hydrogen Storage

Prof. Janez Dolinsek

Slovenian Research Agency

Magnetoresonance Study of Spin-Liquid Candidates

Asst. Prof. Andrej Zorko

Slovenian Research Agency

Advanced Organic and Inorganic Thin-Film Composites with Enhanced Dielectric and
Electromechanical Response

Prof. Zdravko Kutnjak

Slovenian Research Agency
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RESEARCH PROGRAMS

Magnetic resonance and dielectric spectroscopy of ,smart new materials
Prof. Janez Dolinsek

Physics of Soft Matter, Surfaces and Nanostructures

Prof. Slobodan Zumer

Experimental Biophysics of Complex Systems

Prof. Janez Strancar

R & D GRANTS AND CONTRACTS

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

Electroporation-based treatments with new high-frequency electroporation pulses
Prof. Igor Sersa

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¢

Photonic devices made entirely out of edible materials

Asst. Prof. Matjaz Humar

. Probing spin states near the surface of quantum spin materials

Prof. Denis Arcon

. Advanced soft nematocaloric materials

Dr. Brigita Rozi¢

. Multicaloric cooling

Prof. Zdravko Kutnjak

=

22.

21.

. Optimization of MRI techniques for assessment of thrombolytic treatment outcome

Prof. Igor Sersa

. Performance of wood and lignocelolosic composites in outdoor applications

Prof. Igor Sersa

. Advanced electrocaloric energj conversion

Prof. Zdravko Kutnjak

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

Prof. Miha Ravnik

. Spatial and temporal shaping of laser light for minimally invasive ophthalmic

procedures
Prof. Janez Strancar

. 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

Ministry of Education, Science and Sport

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

N EW CONTRACTS

Instrumentation for measurement of aerosol light absoption
Prof. Igor Musevic

Amesd.o.o0.

Detecion of Non-Anthropogenic Air Pollution project (DNAAP)
Asst. Prof. Grisa Mocnik

Aerosol d. 0. 0.

VISITORS FROM ABROAD

20.

21
22.
23.
24.

Dr Hashemi Masoomeh, Sharif University of Technology, Tehran, Iran, 1 November
2017 to 31 January 2018, 4 February to 30 March 2018 and 1-28 Aprll 2018

Patrycja Boguslawa Zawilska, Faculty of Biotechnology, University of Wroclaw,
Wroclaw, Poland, 7-28 January 2018 and 16 April to 16 June 2018

Prof. Katsumi Tanigaki, Materials Physics and Nano Solid-State Physics, Tohoku
University, Sendai, Japan, 28-30 January 2018

Dr Nych Andriy, Institute of Physics, Kiev, Ukraine, 22 January to 2 February 2018
Takuma Ogasawara, Materials Physics and Nano Solid-State Physics, Tohoku University,
Sendai, Japan, 28 January to 23 February 2018

Prof. Stoeger Tobias and Dr Mendes Carola, Helmholtz Center Munich, Institute of Lung
Biology and Disease, Munich, Germany, 18-22 March 2018

Prof. Makan Wallin, National Institute of Occupational Health, Oslo, Norway,

18-23 March 2018

Dr Mendels Philippe, Laboratoire de Physique des Solides, Universite Paris-Sud, Orsay,
France, 28-29 March 2018

Prof. Dr Hoet Peter, KU Leuven, Department of Public Health and Primary Care, Centre
Environment and Health, Leuven, Belgium, 9-10 April 2018

. Prof. Dr Guo Sheng, Chalmers University of Technology, Gothenburg, Sweden,

15-18 April 2018

. Dr Segota Suzana and Dr Baranovic Goran, Ruder Boskovic Institute, Zagreb, Croatia,

28 May to 1 June 2018

. Prof. Dr Smalyukh Ivan, University of Colorado, Boulder, Colorado, USA, 1 June 2018
. DrKimouche Amina, School of Science, Aalto University, Helsinki, Finland, 14-21 June 2018
. Dr Dhara Surajit, School of Physics, University of Hyderabad, Hyderabad, India, 16 June

to 7 July 2018

. Dr Ryzhkova V. Anna, ASML, Eindhoven, the Netherlands, 9-15 July 2018 and 21

October to 10 November 2018

. Prof. Dr Kotur Bogdan, Ivan Franko National University of Lviv, Lviv, Ukraine, 14- 17

July 2018

. Dr Ositi Agnese, Faculty of Chemistry, University of Latvia, Riga, Latvia, 2-7 July 2018
. Dr Majhen Dragomira and Nestic Davor, Ruder Boskovi¢ Institute, Zagreb, Croatia, 13

July 2018

. Dmitry Richter, Ruprecht-Karls-Universitit Heidelberg, Heidelberg, Germany, 15 July-15

August 2018 and 8 September to 31 October 2018

Dr Asbani Bouchra, Université de Picardie Jules Verne, Laboratoire de Physique de la
Matiere Condensée, Amiens, France, 29 July to 7 August 2018

Hajar Zaitouni, University Cadi Ayyad, Marrakesh, Morocco, 29 July to 4 September 2018
Dr Abdelhadi Alimousa, University Cadi Ayyad, Marrakesh, Morocco 3-18 August 2018
Prof. Mezzane Daoud, University Cadi Ayyad, Marrakesh, Morocco, 13-31 August 2018
Prof. Schreiner Rupert, Lawrowski Robert, Assist. Prof. Huettel Andreas and Reinhardt

26.

27.

28.
29.
30.

32.
33

37.

38.
39.
40.
41.
42.
4.
44,

45.
46.

Simon, Institute for Experimental and Applied Physics, Regensburg, Germany,
15-18 August 2018

. Dr Wencka Magdalena, Institute of Molecular Physics, Polish Academy of Sciences,

Poznan, Poland, 19-31 August 2018

Dr Savi¢ Aleksandar, Institute for Multidisciplinary Research, Beograd, Serbia,

20-31 August 2018

Igarashi Mutsuo, Gunma National College of Technology, Maebashi, Japan, 29 August to
7 September 2018 and 29 October to 8 November 2018

Dr Cade? Vida in Dr Segota Suzana, Ruder Boskovi¢ Institute, Zagreb, Croatia, 1-8
September 2018

Dr Kimouche Amina, Catalan Institute of Nanoscience and Nanotechnology, Barcelona,
Spain, 24 September to 6 October 2018

Dr Ghosh Sharmistha, DST-INSPIRE, University of Calcutta, Calcutta, India, 9
September to 10 November 2018

. DrKasahara Yuichi, Department of Physics, Kyoto University, Kyoto, Japan, 16-18

September 2018

Dr Umerova Saide and Kovalenko Olga, Nanotechcenter Llc. Kiev, Ukraine, 28
September to 21 December 2018

Dr Yoshiko Kitahata (Takenaka), Research Institute for Sustainable Chemistry, Ibaraki,
Japan, 1 October 2018 to 30 September 2019

. Matteo Polello, Stelar, Pavia, Italia, 2-4 October 2018
35.

36.

Prof. Dr Xiangwei Zhao, State Key University of Bioelectronics, Southeast University,
Nanjing, China, 5 October 2018

Prof. Dr Jiang Liyong, Nanjing University of Science and Technology, Nanjing, China,

5 October 2018

Dr Majhen Dragomira, Dekani¢ Ana and Nesti¢ Davor, Ruder Boskovi¢ Institute, Zagreb,
Croatia, 26 October 2018

Coutinho T. Joana, Center for Nuclear Sciences and Technologies, Instituto Superior
Técnico, Lisbon, Portugal, 21 October to 18 November 2018

Dr Anastasios Stergiou, Theoretical and Physical Chemistry Institute, Athens, Greece, 29
October to 10 November 2018

Berndt Dominik M.Sc., Lawrowski Robert and Langer Christoph, Ostbayerische
Technische Hochschule Regensburg, Regensburg, Germany, 19-21 November 2018

Dr Bittencourt Carla, University of Mons, Mons, Belgium, 20 November to

2 December 2018

Dr Barudzija Tanja and Boskovi¢ Marko, Institute of Nuclear Sciences, Beograd, Serbia,
26 November to 1 December 2018

Dr Thoen Jan, KU Leuven, Leuven, Belgium, 9-12 December 2018

Dr Gagou Yaovi, Université de Picardie Jules Verne, Amiens, France, 11-14 December 2018
Said Ben Moumen, Université de Picardie Jules Verne, Amiens, France, 13-24 December 2018
Dr Deliss Jean-Luc, Université de Picardie Jules Verne, Amiens, France, 19-27 December 2018
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STAFF

Department of Solid State Physics F-5

Researchers 48. Dr. Bojana Visi¢

1. Prof. Tomaz Apih Postgraduates

2. Prof. Denis Arcon* 49. Dejvid Cresnar, B. Sc.

3. Asst. Prof. Zoran Arsov 50. Nikita Derets

4. Prof. Vid Bobnar 51. Darja Gacnik, B. Sc.

5. Prof. Janez Dolinsek* 52. Dr. Matjaz Gomilsek, left 14.04.18
6. Dr. Anton Gradisek 53. Urska Gradisar Centa, B. Sc.

7. Dr. Alan Gregorovic 54. Sasa Harkai, B. Sc.

8. Abdelrahim Ibrahim Hassanien, B. Sc. 55. Asst. Prof. MatjaZ Humar

9. Dr. Peter Jegli¢ 56. Uro§ Jagodic, B. Sc.

10. Dr. Martin Klanjsek 57. NejcJansa, B. Sc.

11. Dr. Tilen Kokli¢ 58. Tilen Knaflic, B. Sc.

12. Prof. Samo Kralj* 59. Dr. Marta Lavri¢

13. Prof. Zdravko Kutnjak 60. Dr.Janez Luznik

14. Dr. Mojca Urska Mikac 61. Hana Majaron, B. Sc.

15. Asst. Prof. Grisa Mocnik* 62. Bojan Marin*, M. Sc.

16. Asst. Prof. Ales Mohori¢* 63. Matevz Marincic, B. Sc.

17. Prof. Igor Musevic*, Head 64. Aleksander Matavz, B. Sc.

18. Dr. Andriy Nych 65. Tadej Meznarsic, B. Sc.

19. Asst. Prof. Stane Pajk* 66. Marusa Mur, B. Sc.

20. Dr. Matej Pregelj 67. Luka Pirker, B. Sc.

21. Prof. Miha Ravnik* 68. Gregor Pirnat, B. Sc.

22. Prof. Maja Remskar 69. Jaka Pisljar, B. Sc.

23. Prof. Igor Sersa 70. Muhammad Saqib, B. Sc., left 08.05.18
24. Prof. Miha Skarabot 71. Aleksandar Sebastijanovic, B. Sc.
25. Prof. Janez Strancar 72. Marion Antonia Van Midden, B. Sc.
26. Asst. Prof. Uro§ Tkalec* Technical officers

73. Dr. Luka Drinovec*

74. Dr. Maja Garvas

75. Dr. Andreja Jelen

76. Bostjan Kokot, B. Sc.

77. Ivan Kvasic, B. Sc.

78. Jaka Mocivnik, B. Sc.

Technical and administrative staff
79. Sabina Gruden, B. Sc.

27. Dr. Polona Umek

28. Dr. Herman Josef Petrus Van Midden
29. Asst. Prof. Andrej Vilfan

30. Dr. Stanislav Vrtnik

31. Prof. Bostjan Zalar

32. Prof. Aleksander Zidansek

33. Asst. Prof. Andrej Zorko

34. Dr. Erik Zupani¢

35. Prof. Slobodan Zumer 80. DraZen Ivanov
Postdoctoral associates 81. JanezJelenc, B. Sc.
36. Dr. PrimoZ KoZelj 82. Masa Kavci, B. Sc.
37. Dr. Mitja Krnel 83. Davorin Kotnik
38. Dr. Nikola Novak 84. Joze Luzar, B. Sc.
39. Dr. Rok Podlipec 85. Silvano Mendizza
40. Dr. Gregor Posnjak 86. Janja Milivojevic
41. Dr. Andraz Resetic 87. Ana Sepe, B. Sc.
42. Dr. Brigita RoZi¢ 88. Marjetka Trsinar

43. Dr. Anna Ryzhkova

44. Dr. Melita Sluban, left 01.06.18
45. Dr. Maja Trcek*

46. Dr. Iztok Urbanci¢

47. Dr.Jernej Vidmar*

89. Patrycja Boguslawa Zawilska, B. Sc.

Note:
* part-time JSI member

BIBLIOGRAPHY

ORIGINAL ARTICLE

1. Janez Grad, Anton Gradisek, "Bumblebee brood temperature and colony
development: a field study”, Acta entomologica slovenica, 2018, 26, 2,
219-232.

2. Peter Keil, Maximilian Trapp, Nikola Novak, Till Frémling, Hans-
Joachim Kleebe, Jiirgen Rédel, "Piezotronic tuning of potential barriers
in ZnO bicrystals”, Advanced materials, 2018, 30, 10, 1705573.

3. Chloe C. Tartan, John J. Sandford O’Neill, Patrick S. Salter, Jure Aplinc,
Martin J. Booth, Miha Ravnik, Stephen Morris, Steve Elston, "Read on
demand images in laser-written polymerizable liquid crystal devices",
Advanced optical materials, 2018, 6, 1800515.

4. Bojana Visi¢, Eva Kranjc, Luka Pirker, UrSka Bacnik, Gasper Tavcar,
Sre¢o D. Skapin, Maja Remskar, "Incense powder and particle emission
characteristics during and after burning incense in an unventilated
room setting", Air quality, atmosphere & health, 2018, 11, 6, 649-663.
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Bobnar, "Enhanced electrical response in ferroelectric thin film
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letters, 2018, 113, 1, 012904.

6. D. R. Kazanov et al. (12 authors), "Multiwall MoS, tubes as optical
resonators", Applied physics letters, 2018,113, 10, 101106.

7. Nik$a Krstulovi¢, KreSimir Salamon, Ognjen Budimlija, Janez Kovac,
Jasna Dasovi¢, Polona Umek, Ivana Capan, "Parameters optimization for
synthesis of Al-doped ZnO nanoparticles by laser ablation in water”,
Applied Surface Science, 2018, 440, 916-925.

8. Borut Jereb, Tanja Batkovi¢, Luka Herman, Gregor Sipek, Spela Kovse,
Asta Gregori¢, GriSa Moc¢nik, "Exposure to black carbon during bicycle
commuting - alternative route selection", Atmosphere, 2018, 9, 1, 21.

9. Samuel Weber, Gaélle Uzu, Aude Calas, Florie Chevrier, Jean-Luc
Besombes Besombes, Aurélie Charron, Dalia Salameh, Irena Jezek, Grisa
Mocnik, Jean-Luc Jaffrezo, "An apportionment method for the oxidative
potential of atmospheric particulate matter sources: application to a
one-year study in Chamonix, France", Atmospheric chemistry and
physics, 2018, 18, 13, 9617-9629.
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10.

11.

12.

13.

14.

15

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Nivedita K. Kumar et al. (13 authors), "Production of particulate brown
carbon during atmospheric aging of residential wood-burning
emissions", Atmospheric chemistry and physics, 2018, 24,17843-17861.
Irena Jezek, Nadége Blond, Grzegorz Skupinski, GriSa Mocnik, "The
traffic emission-dispersion model for a Central-European city agrees
with measured black carbon apportioned to traffic", Atmospheric
environment, 2018, 184, 177-190.

Pavlo Kurioz, Marko Kralj, Bryce S. Murray, Charles Rosenblatt, Samo
Kralj, "Nematic topological defects positionally controlled by geometry
and external fields", Beilstein journal of nanotechnology, 2018, 9, 109-
118.

Franci Bajd, Igor Ser$a, "A bond-fluctuation model of translational
dynamics of chain-like particles through mucosal scaffolds", Biophysical
journal, 2018, 114, 11, 2732-2742.

Rita R. Ferreira, Guillaume Pakula, Lhéanna Klaeyle, Hajime Fukui,
Andrej Vilfan, Willy Supatto, Julien Vermot, "Chiral cilia orientation in
the left-right organizer”, Cell reports, 2018, 25, 8, 2008-2016.e4.

. Zoran Arsov, Emilio J. Gonzalez-Ramirez, Felix M. Goii, S. Tristram-

Nagle, John F. Nagle, "Phase behavior of palmitoyl and egg
sphingomyelin”, Chemistry and physics of lipids, 2018, 213, 102-110.
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[being] Poklukar’s Days, in Ljubljana, 4th-5th October 2018, 2018, 64-
69.

14. Anton Gradisek, Nicolas Cheron, David Heise, Candace Galen, Janez

Grad, "Monitoring daily foraging activity of bumblebees using a
microphone”, In: Maja Ivana Smodi$ Skerl (ed.), Ajda Mogkri¢ (ed.),
Book of proceedings, 3rd Scientific Symposium on Bees and Beekeeping
[being] Poklukar’s Days, in Ljubljana, 4th-5th October 2018, 70-74.

INDEPENDENT COMPONENT PART OR A CHAPTER IN A
MONOGRAPH

1. Andrej Ferlez, Boris Petri¢, Maja Ovsenik, Luka Prodnik, Jernej Vidmar,
Ksenija Cankar, Lidija Nemeth, "Magnetno resonancno slikanje odziva
zobne pulpe na ortodontske premike zob: prikaz primera”, In: Maja
Ovsenik (ed.), Jasmina Primozi¢ (ed.), 20 let raziskovalnega in
strokovnega dela: zbornik: Zavod Orthos, 2018, 308-315.

.Janez Dolinsek, "Electronic transport properties of complex
intermetallics”, In: Peter Gille (ed.), Yuri Grin (ed.), Crystal growth of
intermetallics, 2018, 260-278.

. Denis Arcon, I. Heinmaa, R. Stern, "Low-temperature NMR: techniques
and applications”, In: Paul Hodgkinson (ed.), Modern methods in solid-
state NMR: a practioner’s guide, (New developments in NMR 15) 2018,
231-261.

4. Ivan Sedmak, Iztok Urbanci¢, Janez Strancar, Michel Mortier, Iztok
Golobic, "High-Resolution thermal imaging based on the fluorescence of
Erbium/Ytterbium co-doped ceramic”, V: Sergey Y. Yurish (ed.),
Physical sensors, sensor networks and remote sensing, (Advances in
sensors: Reviews 5) 2018, 325-338.
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SCIENTIFIC MONOGRAPH

1. Matej Ogrin (avtor, fotograf), Katja Vintar Mally (avtor, fotograf), Anton
PlaninSek, GriSa Mocnik, Luka Drinovec, Asta Gregori¢, Ivan Iskra,
OnesnaZenost zraka v Ljubljani: koncentracije dusikovih oksidov, ozona,
benzena in ¢rnega ogljika v letih 2013 in 2014, Ljubljana: Znanstvena
zalozba Filozofske fakultete, 2018.

2. Gregor Posnjak, Topological formations in chiral nematic droplets,
Cham: Springer, (Springer Theses), 2018.

UNIVERSITY, HIGHER EDUCATION OR HIGHER
VOCATIONAL EDUCATION TEXTBOOK

1. Andrej Zorko, Miha Nemevsek, Nejc Ko$nik, Matic Lubej, Zbirka resenih
nalog iz moderne fizike, Ljubljana: DMFA - zaloZni$tvo, (Zbirka izbranih
poglavij iz fizike 55) 2018.

SECONDARY AND PRIMARY SCHOOL TEXTBOOK OR OTHER
TEXTBOOK

1. Ale$ Mohori¢, Vito Babi¢, Fizika 1: u¢benik za fiziko v 1. letniku gimnazij
in Stiriletnih strokovnih Sol, Ljubljana: Mladinska knjiga, 2018.
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2. Vito Babi¢, Ruben Belina, Peter Gabrovec, Marko Jagodic, Ales Mohoric,
Mirijam Pirc, Gorazd Planinsi¢, Mitja Slavinec, Ivica Tomi¢, Fizika.
Zbirka maturitetnih nalog z resitvami 2012-2017, Ljubljana: DrZavni
izpitni center, 2018.

PATENT

1. Andraz Reseti¢, Jerneja Milavec, Blaz Zupanci¢, Bostjan Zalar, Polymer
dispersed liquid crystal elastomers (PDLCE), US9969847 (B2), US Patent
and Trademark Office, 15. 05. 2018.

2. Barbara Mali¢, Hana Ursi¢, Marija Kosec, Silvo Drnovsek, Jena Cilensek,
Zdravko Kutnjak, Brigita Rozi¢, Uros Flisar, Andrej Kitanovski, Marko
0zbolt, Uros Plaznik, Alojz Poredo$, Urban Tomc, Jaka Tusek, Method for
electrocaloric energy conversion, US9915446 (B2), US Patent and
Trademark Office, 13. 03.2018.

MENTORING

1. Jure Apling, Field structures in active and passive liquid crystals: doctoral
dissertation, Ljubljana, 2018 (mentor Miha Ravnik).
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. Lovro

Department of Solid State Physics F-5

Fulanovi¢, Relaxor-ferroelectric-based ceramic multilayer
elements for viable electrocaloric cooling: doctoral dissertation,
Ljubljana, 2018 (mentor Barbara Mali¢; co-mentor Vid Bobnar).

. Matjaz GomilSek, Quantum spin liquids on geometrically frustrated

kagome lattices: doctoral dissertation, Ljubljana, 2018 (mentor Andrej
Zorko).

. Marta Lavri¢, Stabilization of cholesteric blue phases by nanoparticles

and nematic caloric effects induced by external fields: doctoral
dissertation, Ljubljana, 2018 (mentor Zdravko Kutnjak).

.Janez LuZnik, Physical properties of hexagonal high-entropy alloys:

doctoral dissertation, Ljubljana, 2018 (mentor Janez Dolinsek).

. Luka Mesarec, Impact of curvature on nematic topological defects:

doctoral dissertation, Maribor, 2018 (mentor Samo Kralj; co-mentor
Ales Iglic).

. Melita Sluban, One-dimensional Ti,0-based nanostructures: synthesis and

application: doctoral dissertation, Ljubljana, 2018 (mentor Polona
Umek).
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The research within the Department of Complex Matter encompasses a variety of research fields,
ranging from the synthesis of new materials to fundamental investigations of elementary excitations
in complex systems: from nano-biosystems to exotic magnetic systems and superconductors. The
experimental methods used are suitably diverse, from synthetic chemistry to femtosecond laser
spectroscopy. The research achievements are thus quite diverse, but we are able to report on
important discoveries in a number of areas.

The activities in the department can be grouped into a number of thematically inter-related research areas.
Nanomaterials science research is focused on investigations into the fundamental properties and applications of
semiconducting transition-metal dichalcogenides and molecular nanowires, crossing into the physics and nanosci-
ence of macromolecular biological systems, venturing also into the fields of quantum molecular electronics and
nanoelectronics. These and other materials, such as strongly correlated systems, electronically ordered systems and
superconductors were investigated using advanced femtosecond spectroscopy techniques. In a number of areas we Head:
have introduced new materials, technologies and techniques. Prof. Dragan D. Mihailovi¢

Ultrafast studies of electron and lattice dynamics in complex systems

In the past two decades non-equilibrium spectroscopies have evolved from avant-garde studies to crucial tools for
expanding our understanding of the physics of strongly correlated materials. The possibility of obtaining simultane-
ously spectroscopic and temporal information has led to insights that are complementary to (and in several cases
beyond) those attainable by studying the matter at equilibrium. From this perspective, multiple phase transitions
and new orders arising from competing interactions are benchmark examples where the interplay among electrons,
lattice and spin dynamics can be disentangled because of the different timescales that characterize the recovery of
the initial ground state. For example, the nature of the broken-symmetry phases and of the bosonic excitations that
mediate the electronic interactions, eventually leading to superconductivity or other exotic states, can be revealed
by observing the sub-picosecond dynamics of impulsively excited states. Furthermore, recent experimental and
theoretical developments have made it possible to monitor the time-evolution of both the single-particle and collec- European Research Council
tive excitations under extreme conditions, such as those arising from strong and selective photo-stimulation. These Established by the European Commission
developments are opening the way for new, non-equilibrium phenomena that can eventually be
induced and manipulated by short laser pulses.

The optical control of states exhibiting macroscopic phase coherence in condensed-matter
systems opens intriguing possibilities for materials and device engineering, including optically
controlled qubits and photo-induced superconductivity. Metastable states, which in bulk materi-
als are often associated with the formation of topological defects, are of more practical interest.
Scaling to nanosize leads to reduced dimensionality, fundamentally changing the system’s
properties. In one-dimensional superconducting nanowires, vortices that are present in three-
dimensional systems are replaced by fluctuating topological defects of the phase. These drasti-
cally change the dynamical behaviour of the superconductor and introduce dynamical, periodic
long-range ordered states when the current is driven through the wire. We report on the control
and manipulation of transitions between different dynamically stable states in superconducting
8, MoN nanowire circuits by ultrashort laser pulses. Not only can the transitions between differ-
ent dynamically stable states be precisely controlled by light, but we also discovered new photo-
induced hidden states that cannot be reached under near-equilibrium conditions, created while
laser photoexcited quasi-particles are outside the equilibrium condition. The observed switching
behaviour can be understood in terms of the dynamical stabilization of various spatiotemporal
periodic trajectories of the order parameter in the superconductor nanowire, providing means
for the optical control of the superconducting phase with sub-picosecond control of the timing.
The results were published in Sci. Adv. 4, eaa00043 (2018).

The properties of strongly correlated materials originate from intertwined microscopic ,
interactions that are hard to disentangle at equilibrium. Employing nonequilibrium, time- Figure I: The appearance of sup erconducting

o i : ) " . . phase slips of the order parameter in -MoN

resolved photoemission spectroscopy in the two-dimensional transition-metal dichalcogenide g0 ires afier excitation by a laser puise.
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In a combined experimental-theoretical tour-de-
force described in the publication by Madan et
al. (Sci. Adv. 2018), the superconducting phase
slips along a 6—~MoN nanowire were controlled by
short laser pulses, giving rise to quantized changes
in resistance along the wire. Not only can the
transitions between different dynamically stable
states be precisely controlled by light, but we
also discovered new photo-induced hidden states
that cannot be reached under near-equilibrium
conditions, created while laser photoexcited quasi-
particles are outside the equilibrium condition. The
observed switching behavior can be understood
in terms of the dynamical stabilization of various
spatiotemporal periodic trajectories of the order
parameter in the superconductor nanowire,
providing means for the optical control of the
superconducting phase with sub-picosecond
control of the timing.

Figure 2: Optical switching to the stable and quasi-stable
superconducting states in a superconducting 8-MoN nanowire.

17Ta8,, we identified a signature of doubly occupied sites (doublons)
that reflects fundamental Mott physics. Doublon-hole recombination is
estimated to occur on timescales of electronic hopping A/J ~ 14 fs. Despite
strong electron-phonon coupling, the dynamics can be explained by purely
electronic effects captured by the single-band Hubbard model, as reported
in Phys. Rev. Lett. 120, 166401 (2018).

The transition to a hidden metastable state in 17-Ta$, is investigated
in real time using coherent time-resolved femtosecond spectroscopy. Rely-
ing on spectral differences between the phonon modes in the equilibrium
states and in the metastable state, and temperature-tuning the metastable
state lifetime, we perform stroboscopic measurements of the electronic
response and switching of the coherent oscillation frequency through the
transition. Very fast coherent switching of the collective-mode frequency
is observed (~400 fs), comparable to the electronic time scale of ~300 fs.
The observations are described well by a fast electronic band-structure
transformation into the metastable state, consistent with a topological
transition. The results were published in Phys. Rev. B97,075304 (2018).

Femtosecond transient optical spectroscopy was also employed to
study the relaxation dynamics of the equilibrium and hidden metastable
charge-density-wave states in single crystals of 17°TaS, Se_asa function
of the Se doping . Similar to pristine 17-Ta$, the transition to a hidden
phase is observed at low temperature after a quench with a single 50 fs laser
pulse, in the commensurate Mott phase up to x = 0.6. The photo-induced
hidden-phase formation is accompanied by a notable change in the coher-
ent phonon spectra, and particularly the collective amplitude mode. While
the temperature stability of the hidden phase is only slightly dependent
on the Se content, the creation-threshold fluence strongly increases with
Se content from 1 to ~4 mJ/cm? which is attributed predominantly to the
change in optical absorption coefficient at the laser excitation wavelength,
and not an increased barrier of the hidden state with increasing This was
reported in Phy. Rev. B 98, 195121 (2018).

New emergent states of matter in quantum systems can be created
under non-equilibrium conditions if - through many-body interactions - its
constituents order on a timescale that is shorter than the time required for
the system to reach thermal equilibrium. Conventionally non-equilibrium
ordering is discussed in terms of symmetry breaking, nonthermal order-
disorder, and more recently quenched topological transitions. Here we
report a fundamentally new and unusual metastable form of amorphous

correlation-localized fermionic matter, which is formed in a new type of quantum transition at low temperature
either by short pulse photoexcitation or by electrical charge injection in the transition-metal dichalcogenide 17-
Ta$,. Scanning tunnelling microscopy (STM) reveals a pseudo-amorphous packing of localized electrons within
the crystal lattice that is significantly denser than its hexagonally ordered, low-temperature ground state, or any
other ordered states of the system. Remarkably, the arrangement is not random, but displays a hyperuniform
spatial density distribution commonly encountered in classic jammed systems, showing no signs of aggregation
or phase separation. Unexpectedly for a localized electron system, tunnelling spectroscopy and multi-STM-tip sur-
face resistance measurements reveal that the overall state is gapless and conducting, which implies that localized
and itinerant carriers are resonantly entangled. The amorphous localized electron subsystem can be understood
theoretically to arise from strong correlations between polarons sparsely dispersed on a 2D hexagonal atomic lat-
tice, while itinerant carriers act as a resonantly coupled reservoir distinct in momentum space. The manuscript is
currently under review, and the latest preprint can be found at arXiv:1803.00255.

The search for a metastable state switched by
ultrafast laser pulses or electrical pulses has led
to several patent applications and international
projects and collaborations.

Ultrafast memory materials

An important new area of research is related to the search for new
metastable states that have both fundamental and practical importance.
The functionality of computer memory elements is currently based on
multi-stability, driven either by locally manipulating the density of electrons
in transistors or by switching magnetic or ferroelectric order. Another
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possibility is switching between metallic and insulating phases by the motion of ions, but their speed is limited
by slow nucleation and inhomogeneous percolative growth. Here we demonstrate fast resistance switching in a

charge-density wave system caused by pulsed currentinjection. As a charge
pulse travels through the material, it converts a commensurately ordered
polaronic Mott insulating state in 17-Ta$S, to a metastable electronic state
with textured domain walls, accompanied by the conversion of polarons

F-7

We have discovered the possibility of hyper-
uniform ordering in electronic systems.

to band states, and concurrent rapid switching from an insulator to a metal. The large resistance change, high
switching speed (30 ps) and ultra-low energy per bit opens the way to new concepts in non-volatile memory devices

manipulating all-electronic states.

Quantum jamming transition to a correlated electron glass in 1T-TaS,

Different many body states can be created under non-equilibrium conditions through different ordering paths,
even when their constituents are subject to the same fundamental interactions. In spite of significant recent interest,
only very few truly exotic emergent states have been discovered to date, and even fewer have been satisfactorily
elucidated. So the phase transition mechanisms to such emergent states are still poorly understood. Here we show
that controlled optical or electromagnetic perturbations can lead to an unusual amorphous metastable state of

strongly correlated electrons in a quasi-two-dimensional dichalcogenide
1T-Ta$,. Scanning tunnelling microscopy reveals a “hyper-uniform” pat-
tern of localized charges arranged in a mosaic of differently charged tiles.
Unexpectedly for localized charges, multi-tip surface nanoscale conductivity
measurements and tunnelling spectroscopy show an electronically gapless
conducting state that is different from conventional Coulomb glasses and
many-body localized systems. Relaxation measurements show that the
state is stable up to room temperature and shows no signs of either local
charge order or phase separation. The mechanism for its formation is
attributed to a dynamical localization of electrons through mutual interac-
tions. Theoretical calculations confirm the correlations between localized
charges to be crucial for the state’s unusual stability. Preprint can be found
at arXiv: 1803.00255.

Mottness collapse without metallization in the domain wall of the
triangular-lattice Mott insulator 1T-Ta$,

1T-TaS2 is a charge-density-wave (CDW) compound with a Mott-
insulating ground state. The metallic state obtained by doping, substitution,
or pulsed charge injection is characterized by an emergent CDW domain-
wall network, while single-domain walls can be found in the pristine Mott
state. Here we study whether and how the single walls become metallic.
Tunnelling spectroscopy reveals the partial suppression of the Mott gap and
the presence of in-gap states strongly localized at the domain-wall sites. Us-
ing the real-space dynamical mean-field-theory description of the strongly
correlated quantum-paramagnet ground state, we show that the local gap
suppression follows from the increased hopping along the connected zigzag
chain of lattice sites forming the domain wall. Furthermore, we show that
full metallization is preempted by the splitting of the quasiparticle band into
bonding and antibonding subbands due to the structural dimerization of
the wall, explaining the presence of the in-gap states and the low density
of the states at the Fermi level. Sumbitted to Phys. Rev. Lett.

Spectroscopic equilibrium and time-resolved studies of the elec-
tronic structure of the CDOW molybdenum oxide Mo,0,,

Recently, we have demonstrated the switching ofaMo,0,, single crystal
into a new, long-lived metastable state that persists up to 350 K by a single ul-
trashort optical pulse. Only two compounds have been previously reported
to demonstrate such long-lived metastable phases obtained by a single
optical pulse: 1T-TaS, and strained manganite films and the underlying
physics appears to be quite different: interplay of electron-lattice coupling
with Mott gap collapse in the first case and with magnetic-attice coupling

Figure 3: left - experiment schematic shown on top of pseudo-colour SEM
image; center - STM image of the ground state (C) at 5K; right - STM
image of the photo-induced amorphous jammed state (4) at 5K obtained
with a single laser pulse of ~4mj/cm? fluence, 30 fs duration and 400
nm central wavelength.

We have observed that strong electron-electron
interactions can lead to the counterintuitive
behaviour of nanoscale objects like domain walls,
thus paving the way to tailoring material properties
in complex systems via nanomodification with the
help of electrical or optical pulses.

Figure 4: a, b - schematic representation and real-space lopography of
the domain wall in 1T7aS2; ¢ - averaged tunnelling spectra evolution
across the wall in (b); d - difference between tunnelling spectra inside
and outside the domain wall (blue and orange curves correspond to the
left and right sides of the domain wall in (b)), emphsizing the existence
of the in-gap states; e - DMFT spectral function inside the domain wall
showing the collapse of the Mott gap and the formation of two dimerized
in-gap levels, consistent with the observed experimental picture in (d ).
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in the second. To understand the nature of the switching in Mo 0, itis important to characterize the phase diagram
of the equilibrium state of this less extensively studied compound. Besides two structural transitions close to room
temperature it demonstrated that there are apparently uncoupled enigmatic increases in resistivity around ~150 K
and below ~30 K, hundreds of degrees below structural transitions. We studied single-particle relaxation dynamics
by means of polarized transient reflection spectroscopy and found that besides a small temperature-independent
gap present already below first structural transition, additional temperature-dependent depletion of the density of
states occurs below ~150 K. The coherent response dynamics as well is very unusual for a CDW compound, with
anomalous mode softening at ~200 K, indicating possible competing orders or incipient transitions, as discussed

in Physical Review B, 99, 8, 085101 (2019).

Theoretical studies on the nanoscale

We developed the theory of magnetoresistance in organic semiconductors, which is based on Pauli blocking
principles. The kinetic equations for polaron hopping in organics were derived. At low applied voltages these
equations are equivalent to the generalized Miller-Abrahams resistor network and include the effect of spin relaxa-
tion on the system’s resistivity. The magnetoresistance increases with the applied voltage in agreement with the
experiment. (Phys. Rev. B 97, 094201 (2018).)

We developed the model of the phase transition of the second order for the Coulomb frustrated 2D charged
system. We found that in such a system, the appearance of the phase-separated state is possible and the transition
becomes efficiently first order. As a result, the system undergoes a series of phase transitions when the temperature
decreases.First, the system moves from the homogeneous state with a zero order parameter to the phase-separated
state with two phases in one of which the order parameter is zero and, in the other, it is non-zero. Then a first-order
transition occurs to another phase-separated state, in which both phases have different and non-zero values of the
order parameter. Only a further decrease of the temperature leads to a transition to a homogeneous ordered state.
(Phys. Rev. B 97, 094415 (2018).)

Based on first-principles calculations and theoretical considerations we show that all-oxide heterostructures
incorporating a ferroelectric constituent, such as BaTi0,/La,Cu0,, allow the creation of 2DEG. We predict the
possibility of a high-temperature quasi-two-dimensional superconducting state in such 2DEG. The 2DEG could be
switchable between superconducting and conducting states by ferroelectric polarization reversal. We also demon-
strate that such structures are simple to prepare. The proposed concept of a ferroelectrically controlled interface
superconductivity offers the possibility to design novel electronic devices. (Phys. Rev. B 98, 094522 (2018).)

We propose a new and universally applicable viewpoint on charge ordering in triangular lattices based on the
sparse ordering of polarons subject to (only) screened Coulomb interactions. Using a charged lattice gas model, our
parallel tempering Monte Carlo simulations find stable, regularly ordered polaronic crystals at certain magic filling
fractions fm=1/ 3,1/4,1/9,1/13,1/16 which are observed as commensurate charge density waves in different materials.

In large regions of doping between f  an apparently infinite number of configurationally near-degenerate
states result in an amorphous state, which is stable down to very low temperatures. The effective degeneracy of
configurational states subject to quantum fluctuations can lead to a quantum charge liquid at low temperatures,
analogous to the canonical quantum spin liquid. (arXiv:1901.02232)

Nanomaterials

Molybdenum nitrides and carbides that are used as hard coatings or corrosion and abrasion resistant layers, are
in general considered as having good chemical resistance. We find, however, that molybdenum nitrides and carbides
promptly react with lead nitrate in water at room temperature, resulting in the formation of lead molybdates. The
performed one-step reaction, which is very fast and requires no additional reagents, clearly shows the chemical
reactivity of molybdenum nitrides and opens a new use for molybdenum nitrides as starting materials in a variety
of chemical reactions. At the same time, the demonstrated reaction presents a new method for the synthesis of
lead molybdate nanoparticles or hybrid materials using molybdenum nitride or carbide nanowires nanowires.
We have protected the disclosure with a Slovenian patent application P-201700312 and continue to protect the
invention with the procedure of an international patent application. We discovered a straightforward technique to
synthesize molybdenum quasi-one-dimensional structures (microwires, nanowires, nanobelts) from bundles of
MoSI NWs as precursor templates. The structural transformations occur when MoSINWs are annealed in an Ar/
H, mixture, leading to the formation of pure metal with similar structures as initial morphologies. The obtained
large-diameter (>15 nm) molybdenum nanowires are highly porous, while small diameters (<7 nm) are made of
solid nanocrystalline grains. The method also enables the formation of a foil composed of oriented molybdenum
nanowires using a MoSI nanowire foil as the starting material. We have protected the disclosure with European
patent EP 2723524 (2018).
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Soft Matter

We investigated the mechanical tunability of the optical diffraction
properties of holographic gratings recorded in a monodomain side-chain
liquid-crystalline elastomer (LCE). At temperatures, far below the nematic-
paranematic phase transition, straining affects mainly the diffraction pat-
tern, while the diffraction efficiency remains almost constant. In contrast,
at temperatures close to the nematic-paranematic phase transition, the
diffraction efficiency is also significantly affected. The observations were
analysed in the framework of the phenomenological model that takes
into account strong coupling between the nematic orientational order of
the mesogenic groups and the internal strain, which is a characteristic
property of LCEs. The results were published in Appl. Sci. 8, 1330 (2018).

In cooperation with Nankai University in China we continued investi-
gations of liquid-crystal alignment at the interface with thin polymeric walls

Department for Complex Matter F-7

thatare oriented in the direction perpendicular to #he glass substrates. The  Figure 5. Polarization optical microscopy image of a nematic liquid
walls are fabricated by direct laserwriting process based on twophoton ~ ¢1ystal trapped in a periodic assembly of polymeric square wells with a

polymerization. This method provides micro-structured liquid-crystal  %2¢ /10> 10 m”

alignment in practically oblique configurations, which opens up several
possibilities for applications in liquid crystalline optical modulators and spatial light filters, microfluidic units based
on liquid crystals, etc. The EU patent on this alignment method was granted in 2018 EP2977815 (B1). The results
of our investigation of optical-mode coupling in cholesteric liquid crystals separated by periodic polymeric layers
were published in Polymers 10, 805-1-9 (2018). Part of the collaborative research is also focused on investiga-
tions of multi-stable liquid-crystal configurations in periodic assemblies of

square wells prepared by the above-described direct-laser-writing method.  \ye developed a new method for the detection
We investigated the electric-and magnetic-field-induced switchingbetween ¢ DNA base pairing in nucleoside thin films. The

different configurations. method is based on the use of photosensitive

Another part of the cooperative research with Nankai University in guanosine derivatives.
China was focused on the investigation of calcium-waves-based communi-

cation processes between microglial cells. In this study the cells were grown

on special platforms with pre-determined spatial patterns and intercellular signal transmission was analysed as
a function of the stimulation site on the central cell and as a function of the distance between the central cell and
the neighbouring cells. The results of this work were reported in ACS Appl. Mater. Interfaces 10,2937 (2018).
In 2018 we extended our cooperation to investigations of the mechanical properties of biological cells exposed to
aliquid flow in patterned microfluidic assemblies. The first results of those investigations were recently submitted
for publication in a journal covering the field of microfluidics.

We investigated the mechanisms of molecular recognition of lipophilic derivatives of guanosine in Langmuir
films at the air-water interface. The research was based on measurements of modifications in the surface pressure
of the film depending on its irradiation with light of two different wave-
lengths. In this analysis, photosensitive guanosine derivatives were used
as sensors for the formation of base pairs. We also developed a theoreti-
cal model for describing the influence of illumination on the molecular
organization in the film. At the end of the year, we prepared an article on
the above results, which was sent for publication in a journal covering the
field of interfaces and thin films.

In collaboration with the Department of Biotechnology (B3), we
have recently started working on plasmid DNA containing extended G4C2
repeats. An increased number of G4C2 repeats within the C9orf72 gene
is the most common mutation associated with neurological disorders
amyotrophic lateral sclerosis and frontotemporal dementia. We used atomic
force microscopy to locate and visualize the G4C2 repeat regions based on
the formation of G-quadruplex structures inside the plasmid DNA.

In cooperation with University of Vienna we continued investiga-
tions of synthetic magneto-active periodic media that might be suitable
for application in magnetically tuneable neutron-optical devices. With

Monte-Carlo simulations we analysed the neutron transmission through ey 6: Plasmid DNA molecules adsorbed onto atomically flat mica

nanocomposite materials. The results were published in Nulc. Instrum. — substrates.
Methods Phys. Res. A 916, 154 (2019).
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We continued investigations of the surface properties of magneto-active elastomers. The samples were prepared at
the East-Bavarian Technical High School (OTH) in Regensburg. Modifications of the surface roughness as a function
of applied external magnetic field were determined. We also investigated the effect of magnetic field on the contact
angle of sessile water droplets deposited on the material surface. We found that the observed phenomenon of the
magnetic-field-dependent contact angle originates predominantly from the field-induced protrusion of carbonyl
iron microparticles from the surface layer, while field-induced roughness modifications are practically unimportant.
The work was reported in J. App. Polym. Sci. 135, 46221 (2018).

In cooperation with the University of Maribor we concluded investigations of the kinetics of water sorption
into textile fibers designed for the fabrication of medical textiles. We found that in the case of polyester fibers the
sorption speed obtained from optical video-microscopy-based analysis focused on single fibers and the sorption
speed obtained from the standard measurement method involving macroscale samples are very similar. The results
were published in Mater. Res. Express 5, 01531 (2018).

Successful realization of ferromagnetic nematic liquid crystals has opened up the possibility to experimentally
study a completely new set of fundamental physical phenomena. The hydrodynamics of such a complex fluid with
multiple order parameters is governed by a set of dynamic equations with many material constants, of which only

some are easily measurable. In collaboration with theoretical physicists

We studied the transition from a uniaxial to a
novel nematic phase characterized by a periodic
splay modulation of the director and named the
new phase a splay nematic phase.

from the Department of Mathematics and Physics, University in Ljubljana,
University of Bayreuth and MPI for Polymer Research, Mainz, Germany, we
investigated the dynamics of the magneto-optic response experimentally
and theoretically and found that it is significantly affected by the dissipa-
tive dynamic cross-coupling between the nematic and magnetic order

parameters (Phys. Rev. E97,012701 (2018)).We also conducted a detailed
investigation of some aspects of the static response and the complex dynamics of ferromagnetic liquid crystals un-
der the application of an external magnetic field. The dynamics of the director were measured by optical methods
and analyzed in terms of a theoretical macroscopic model. We examined the dependency of dissipative dynamic
cross-coupling coefficient on material parameters and the saturation magnetization and the liquid-crystal host.
Despite the complexity of the system, the theoretical description allows for a proper interpretation of the results
and is connected to several microscopic aspects of the colloidal suspension (Soft Matter 14, 7180-7189 (2018)).
In collaboration with researchers from University of York, UK, we studied a recently designed nematic phase,
which appears in materials made of polar wedge-shaped molecules. We discovered that the average molecular orien-
tation in the new phase organizes in a manner that resembles a modulated array of Japanese fans. The modulated
structure is biaxial and antiferroelectric. The described splay nematic phase is a major step forward towards the
realization of an often-speculated polar nematic phase, which could lead to materials with optical and electrical
behaviors desired for a wide range of applications. (Phys. Rev. X 8, 041025 (2018)).

Nonlinear optics

In the Nonlinear Optics Laboratory we study new materials and their interaction with laser light. In coopera-
tion with North Carolina State University, Raleigh, USA, we study new concepts of compact light sources on the
basis of the nonlinear optical conversion of existing lasers into short-wavelength spectral regions where lasers are
not yet available.

We study AlGaN waveguides in various geometries that allow for phase

AN is a wide-bandgap semiconductor with  15t¢hed second harmonic generation and therefore give high efficiency.
emerging applications also in nonlinear and sy dy phase matching in multimode waveguides and specially prepared
quantum optics. Quasi phase matching allows  yyeguides with an alternating sign of the nonlinear coefficient that
us to use the largest nonlinear optic coefficient  jjows quasi phase matching. The results were reported in Appl. Sci. 8,
in the UV and promises a high conversion 118 (2018). AlGaN grown by metalorganic chemical vapor deposition
efficiency for second harmonic generation.  (\ocyD) has great potential for optoelectronic devices emitting and
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detecting light in the ultraviolet spectrum. It is also transparent for THz
frequencies making it interesting for new THz applications. New applications in quantum optics are envisioned by
writing qubits in nitrogen vacancies.

In collaboration with company Rainbow Photonics and Zurich University of Applied Sciences (Institute of
Computational Physics) from Switzerland we study the use of organic electro-optic crystals for the detection of
broadband THz radiation (1 to 20 THz).

Biomedical optics

We have continued with development of novel biomedical applications based on photo-thermal radiometry
(i.e., time-resolved measurements of laser-induced infrared emission) and diffuse reflectance spectroscopy (DRS).
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By combining these experimental techniques with a dedicated numerical
model of light transport in strongly scattering biological tissues, we have
developed a unique approach for noninvasive characterization of human
skin in vivo in terms of several physiologically relevant parameters (e.g.,
the contents and oxygen saturation levels of dermal blood). The assessed
epidermal thickness values were confirmed by co-registration with multi-
photon microscopy, which provides a vertical sectioning capability based on
two-photon excited fluorescence (TPEF) and second-harmonic generation
(SHG) in different constituents of the skin. (Collaboration with Beckman
Laser Institute and Medical Clinic, University of California at Irvine) (App!.
Opt. vol. 57, D117, 2018)

The described methodology was tested in several experiments, e.g.,
involving manipulation of perypheral blood circulation by a pressure cuff.
The same approach was also applied to the characterization of hemody-
namics in volunteers with incidentally obtained bruises (hematomas).
An improved understanding of bruise healing dynamics and derived
methodology could enable more accurate determination of the time of
injury in forensic investigations.

Our three-dimensional model of light transport in spatially heterogene-
ous optically scattering structures (Monte Carlo) was used in the analysis
of interactions between intense laser pulses and blood vessels with and
without the addition of innovative nanostructures, engineered from animal
erythrocytes and containing indocyanine green, an FDA approved infrared
absorbing dye. The model geometry was based on ablood vessel plexus in a
volunteer with a port-wine-stain lesion, characterized using optical coher-
ence tomography. (Collaboration with University of California at Riverside
and Beckman Laser Institute and Medical Clinic, University of California
atIrvine, USA). (J. Biomed. Opt., vol. 23, 121616, 2018)

We have participated in the research of inorganic nanoparticles that
exhibit up-conversion fluorescence (UCF; e.g., Yb* Tm*:NaYF, ). Such nano-
particles have great potential for diagnostic imaging in medicine and new
approaches for cell-specific therapy. We have investigated nanocomposites
with an anisotropic magneto-optic response, based on the nanoparticle UCF
and the anisotropic magnetic properties of barium hexaferrite platelets.
(Collaboration with Department for Materials Synthesis, IJS).

We have performed an experimental study of hyperthermic lipolysis

Department for Complex Matter F-7

Figure 7: DRS spectrum as measured in the forearm of a volunteer
with healthy skin (orange line, left) and bestfitting prediction of our
numerical model (dashed). Cross-sectional image of the same skin site
obtained by multi-photon microscopy (right).

Figure 8: Three-dimensional rendering of a human portwine-stain (PWS)
lesion obtained by optical coherence tomography (left), and calculated
damage profiles to the same blood vessel plexus with laser irradiation at
577 nm and 6 J/cm? in moderately pigmented skin (right).

We have participated in the research of two
types of nanostructures with great potential for
applications in biomedical imaging and therapy:
lanthanide-doped fluoride nanocrystals featuring
up-conversion fluorescence, and nanostructures
derived from animal erythrocytes containing the
infrared-absorbing dye ICG.

using an Nd:YAG laser (wavelength 1064 nm) and forced-air cooling in a porcine model ex vivo. The results show
that varying the irradiation power density and duration, as well as the cooling power, enables versatile control over
the amplitude and shape of the subsurface temperature distribution. The developed numerical model and improved
understanding provide a good basis for a further improvement of laser lipolysis treatment. (Collaboration with Fo-
tona, d.0.0., and Faculty of Mechanical Engineering, University of Ljubljana) (Lasers Surg. Med., vol. 50,125, 2018)

Microfluidics

In close collaboration with the Laboratory for Experimental Soft Matter at the Faculty of Mathematics and Phys-
ics and Condensed Matter Physics Department, we created artificial microfluidic swimmers. The micro-swimmers,
which swim in the low Reynolds number regime, must perform non-reciprocal movements in order to propel through
the fluid. Although there are several ways to achieve this in the laboratory, we discovered a new mechanism for

swimming. The swimmers were composed of superparamagnetic micro-
spheres. By using alternating external magnetic field, the force between
the individual swimmer components changed, and consequently the
hydrodynamic drag within the swimming cycle. This enabled the introduc-
tion of asymmetry into the otherwise periodic movement and resulted in
the required non-reciprocity. We created two types of swimmers and have

We created two new types of artificial magnetic
microswimmers that can move through complex
microfluidic channels.

shown that such swimmers can move in all directions in the sample plane, even through complex microfluidic
channels. We studied their motion as a function of the actuation parameters and compared the obtained results
with a numerical model. Simulations were the key to understanding the swimming mechanism and gave important
additional information that we were not able to obtain from the experiment (Soft Matter, vol. 14, 3415-3422, 2018).
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Another field of research was the study of particle motion in the side chambers of microfluidic channels. We
experimentally confirmed the appearance of secondary flow in side chambers and numerically simulated the
possible use as sensors. We analyzed in detail the motion of the particles in the stream and confirmed the correla-
tion between the particle motion and the flow velocity in the main channel. The work was carried out as a final
master’s thesis entitled Microfluidic flow sensor based on the observation of particle motion in side chambers.

We also developed a new method for measuring the Soret coefficient, which is defined as the ratio between
the thermodiffusion and the diffusion coefficients of a particle. The method is based on observations of a single
particle in an aqueous environment. Once a constant temperature gradient in the sample is established, the Soret
coefficient is determined from the velocity of the moving particles. The work was done as a master’s thesis entitled
Measurement of the Soret coefficient on individual microparticles.

Microfluidic research was expanded to studying liquid crystals in microfluidic circuits. In cooperation with the
Institute for Solid State Physics and Optics of the Hungarian Academy of Sciences, we studied the appearance of
electroconvective vortices in microfluidics using nematic liquid crystals. By combining microfluidics with laser light
pulses that locally heat and reorient the liquid crystal, we observed the nucleation, manipulation and stabilization
of orientational states and domains. This work was carried out in cooperation with the Institute of Biophysics at
the Faculty of Medicine. We started investigating the dynamic behaviour of ferrofluids in microfluidic circuits and
the research is still ongoing.

Some outstanding publications in the past year

1. Ravnik, Jan, Vaskivskyi, Igor, Mertelj, TomaZ, Mihailovi¢, Dragan. Real-time observation of the coherent
transition to a metastable emergent state in 1T-TaS[subg2. Physical review. B, 1SSN 2469-9950, 2018, vol.
97, no. 7, str. 075304-1-075304-7, doi: 10.1103/PhysRevB.97.075304. [COBISS.SI-ID 31265831]

2. Naseska, Mimoza, Pogrebna, Anna, Cao, G., Xu, Z. A., Mihailovi¢, Dragan, Mertelj, TomaZ. Ultrafast
destruction and recovery of the spin density wave order in iron-based pnictides : a multipulse optical
study. Physical review. B, 1SSN 2469-9950, 2018, vol. 98, no. 3, str. 035148-1-035148-13, doi: 10.1103/
PhysRevB.98.035148. [ COBISS.SI-ID 32118055]

3. Stojchevska, Ljupka, Sutar, Petra, Goreshnik, Evgeny A., Mihailovi¢, Dragan, Mertelj, Tomaz. Stability of
the light-induced hidden charge density wave state within the phase diagram of 1T-TaS,_ Sex. Physical
review. B,1SSN 2469-9950, 2018, vol. 98, no. 19, str. 195121-1-195121-6, doi: 10.1103/PhysRevB.98.195121.
[COBISS.SI-ID 31991591

4. Madan, Ivan, Buh, JoZe, Baranov, Vladimir V., Kabanov, Viktor V., Mrzel, Ales, Mihailovi¢, Dragan. Non-
equilibrium optical control of dynamical states in superconducting nanowire circuits. Science advances,
ISSN 2375-2548, [in press] 2018, 7 str., doi: 10.1126/sciadv.aa00043. [COBISS.SI-D 31329831]

5. Shumilin, A. V., Kabanov, Viktor V., Dediu, V. I. Magnetoresistance in organic semiconductors : including
pair correlations in the kinetic equations for hopping transport. Physical review. B, ISSN 24699950,
2018, vol. 97, no. 9, str. 094201-1-094201-9, doi: 10.1103/PhysRevB.97.094201. [ COBISS.SI-ID 31240487

6. Mamin, R.F, Shaposhnikova, T.S., Kabanov, Viktor V. Phase separation and second-order phase transition
in the phenomenological model for a Coulomb-frustrated two-dimensional system. Physical review. B,
ISSN 24699950, 2018, vol. 97, no. 9, str. 094415-1-094415-7, doi: 10.1103/PhysRevB.97.094415. [ COBISS.
SHID 31278631]

7. Kabanov, Viktor V., Piyanzina, L. I, Tayurskii, D. A., Mamin, R. F. Towards high-temperature quasi-two-
dimensional superconductivity. Physical review. B, 1SSN 2469-9950, 2018, no. 98, no. 9, str. 094522-1-
094522-5, doi: 10.1103/PhysRevB.98.094522. [ COBISS.SI-ID 31760167]

8. Joshua M. Burns, Wangcun Jia, J. Stuart Nelson, Boris Majaron, Bahman Anvari. Photothermal treatment
of port-wine stains using erythrocyte-derived particles doped with indocyanine green: a theoretical study.
Journal of biomedical optics, vol. 23, no. 12, str. 121616-1-10, 2018, doi: 10.1117/1.JB0.23.12.121616.
[COBISS.SI-ID 31915559]

9.  Matija Milanic, Blaz Tasi¢ Muc, Matija JezerSek, MatjaZ Luka¢. Experimental and numerical assessment
of hyperthermic laser lipolysis with 1,064 nm Nd: YAG laser on a porcine fatty tissue model. Lasers in
surgery and medicine, vol. 50, iss. 2, str. 125-136, 2018, doi: 10.1002/1sm.22743. [ COBISS.SI-ID 3128420]

10.  Vilfan, Mojca, Osterman, Natan, Vilfan, Andrej. Magnetically driven omnidirectional artificial microswim-
mers. Soft mater, vol. 14, no. 17, str. 3415-3422, 2018, doi: 10.1039/C8SM00230D. [COBISS.SHD 313605511

11.  Xing, Fulin, Zhang, Ping, Jiang, Pengchong, Chen, Ziyuan, Yang, Jianyu, Hu, Fen, Drevensek Olenik, Irena,
Zhang, Xinzheng, Pan, Leiting, Xu, Jingjun. Spatiotemporal characteristics of intercellular calcium wave
communication in micropatterned assemblies of single cells. ACS applied materials & interfaces, vol.
10, iss. 3, str. 2937-2945, 2018, doi: 10.1021/acsami.7b15759. [COBISS.S-ID 3162724
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12.

13.

14.

Mertelj, Alenka, Cmok, Luka, Sebastidn Ugarteche, Nerea, Mandle, Richard]., Parker, Rachel R., Whitwood,
Adrian C., Goodby, J. W., Copi¢, Martin. Splay nematic phase. Physical review. X, vol. 8, no. 4, str. 041025-
1-041025-12, 2018, doi: 10.1103/PhysRevX.8.041025. [COBISS.SI-ID 31856167]

Lisjak, Darja, Mertelj, Alenka. Anisotropic magnetic nanoparticles : a review of their properties, syntheses
and potential applications. Progress in Materials Science, vol. 95, str. 286-328, 2018, doi: 10.1016/j.
pmatsci.2018.03.003. [COBISS.SID31275559]

Sebastidn Ugarteche, Nerea, Osterman, Natan, Lisjak, Darja, Copi¢, Martin, Mertelj, Alenka. Director
reorientation dynamics of ferromagnetic nematic liquid crystals. Soff matter, vol. 14, no. 35, str. 7180-
7189, 2018, doi: 10.1039/C8SM01377B. [COBISS.SI-ID 31669287]

Awards and Appointments

L

Mimoza Naseska: Best poster award, International Workshop Quantum Complex Matter (QCM 2018) and
Frontiers Condensed Matter Physics (FCMP), 11-15 June 2018, Rome, Italy, poster “Optical quench and
recovery of SDW state SeFe As, and EuFe As,”

Mimoza Naseska: Best poster award, 2018 Low Energy Electrodynamics of Solids (LEES) conference, 24-29
June 2018, Portonovo, Italy, poster “Optical quench and recovery of SDW state SeFe As, and EuFe As,”
Mimoza Naseska: Faculty PreSeren Award for her work titled “Ultrafast Spin Density Wave dynamics at
intense optical pulse excitation”, supervisor Assist. Prof. Dr Tomaz Mertelj

Organization of conferences, congresses and meetings

1. Information day for the vertical value chain Advanced sensors and Horizontal Nanotechnology Network,
Velenje, Slovenija, 29 November 2018
2. Nonequilibrium Quantum Dynamics and Relaxation Phenomena in Many Body Systems, Krvavec, Slo-
venia, 16-19 December 2018
Patent granted
1. Xinzheng Zhang, Jingjun Xu, Wei Li, Irena Drevensek Olenik, Wei Cui, Bin Shi, Zhenhua Wang, Qiang

Wu, Yongfa Kong, Micro/nano region liquid crystal alignment method and system thereof based on laser
direct writing, EP2977815 (B1, European Patent Office, 05. 09. 2018.
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IN TERNATIONAL PROJECTS

Kimberly-Clark - Development of LCD Shutter in the Year 2018

Dr. Andrej Petelin

Kimberly-Clark

7FP - TRAJECTORY, Coherent Trajectories through Symmetry Breaking Transitions
Prof. Dragan Dragoljub Mihailovi¢

European Commission

COST CM1403: The European Upconversion Network - From the Design of Photon-
Upconverting Nanomaterials to Biomedical Applications

Prof. Boris Majaron

COST Office

COST CA16101; MULT-modal Imaging of FOREnsic SciEnce Evidence - tools for Forensic
Science

Prof. Boris Majaron

COST Office

COST CA16218; Nanoscale Coherent Hybrid Devices for Superconducting Quantum
Technologies

Prof. Viktor Kabanov

COST Office

COST MP1305; Flowing Matter

Dr. Mojca Vilfan

COST Office

COST CA17123; MAGNETOFON; Ultrafast Opto-Magneto-Electronics for Non-Dissipative
Information Technology

Prof. Dragan Dragoljub Mihailovi¢

COST Association AISBL

COST CA17140 - Nano2Clinic; Cancer Nanomedicine - From the Bench to the Bedside
Prof. Boris Majaron

Cost Association Aisbl

H2020 - MagNem; Hydrodynamics of Ferromagnetic Nematic Liquid Crystals

Asst. Prof. Alenka Mertelj

European Commission

. H2020 - Umem4QG; Ultrafast Charge Density Wave Memory or Quantum Computing

Prof. Dragan Dragoljub Mihailovi¢
European Reasearch Council Executive Agency

. Micro-Patterned Liquid Crystalline Structures for Application in Microfluidic Devices

Prof. Boris Majaron
Slovenian Research Agency

. Liquid Crystalline Properties of Guanosine-Rich DNA and RNA Oligonucleotides

Prof. Irena Drevensek Olenik
Slovenian Research Agency

. Photo-Stimulated Phenomena and Dynamical States in the Vicinity of the Phase

Transition
Prof. Viktor Kabanov
Slovenian Research Agency

RESEARCH PROGRAMS

Medical physics

Dr. Matija Milani¢

Light and Matter

Prof. Irena Drevensek Olenik
Dynamics of complex nano-systems
Prof. Dragan Dragoljub Mihailovi¢

R & D GRANTS AND CONTRACTS

Femtosecond time-resolved scanning tunneling electron microscopy of complex
materials

Prof. Dragan Dragoljub Mihailovi¢

Electrically tunable ferromagnetic liquids

Asst. Prof. Alenka Mertelj

Probing spin states near the surface of quantum spin materials

Petra Sutar

Phase transitions in systems of nucleotide repeat expansions associated with
neurodegenerative diseases

Prof. Irena Drevensek Olenik

Strategic Research & Innovation Partnership Factories of the Future (SRIP FoF)
Prof. Dragan Dragoljub Mihailovi¢

Ministry of Economic Development and Technology

Prof. Irena Drevensek Olenik 6. Development of gradual optical shutter - OPTIGRAD
Slovenian Research Agency Dr. Luka Cmok )
12. Magnetically Reconfigurable Elastomeric Optical Surfaces Ministry of Education, Science and Sport : i
Prof. Dragan Dragoljub Mihailovié 7. Strategic Research & Innovation Partnership Factories of the Future (SRIP FoF)
Slovenian Research Agency Prof. Dragan Dragoljub Mihailovi¢
13. The Development of a Nondestructive Analytical Method for the Screening of Ministry of Economic Development and Technology
Upconverting Nanoparticles Surface Properties Based on Optical Characterization 8. Microfluidic Systems Based on Anisotropic Soft Matter
Prof. Boris Majaron Prof. Irena Drevensek Olenik
Slovenian Research Agency ZRC SAZU ) o
14. Design and Synthesis of Chemically Stable Luminescent Core-Shell Upconverting 9. Advancing Charge Density Wave Memory Device Science and Technology
Nanoparticles for Bioimaging Prof. Dragan Dragoljub Mihailovi¢
NFFA.eu
Dr Yelyzaveta Chernolevska, Faculty of Physics of Taras Shevchenko National University  15. Yevhenii Vaskivskyi, Taras Shevchenko National University Kyiv, Kyiv, Ukraine, 4-30
of Kyiv, Kyiv, Ukraine, 12-15 March 2018 August 2018
2. Prof. Roman Sobolewski, University of Rochester, Rochester, New York, US, 16. Dr Luca Sapienza, Department of Physics & Astronomy, University of Southampton,
15-18 March 2018 Southampton, UK, 29 July to 3 August 2018
3. Prof. Duncan Haldane, Princeton University, Princeton, New Jersey, US, 18- 17. Camila Honorato Rios, University of Luxembourg, Luxembourg, Luxembourg,
24 March 2018 15-20 July 2018
4. Dr Andrei Leontev, Zavoisky Physical-Technical Inst. of FIC Kazan SC RAS, Kazan, 18. Dr Yelyzaveta Chernolevska, Taras Shevchenko National University Kyiv, Kyiv, Ukraine,
Russia, 9-14 Aril 2018 31. August to 3 October 2018
5. Dr Rinat F. Mamin, Zavoisky Physical-Technical Inst. of FIC Kazan SC RAS, Kazan, 19. Dr Jon Wulff Petersen, Plougmann Vingtoft tto, Copenhagen, Denmark, 28-
Russia, 11-22 April 2018 29 August 2018
6. Prof. Yasunori Toda, Hokkaido University, Hokkaido, Japan, 31 May to 2 June 2018 20. Prof. Michele Fabrizio, International School for Advanced Studies SISSA, Trieste, Italy,
7. Prof. Migaku Oda, Hokkaido University, Hokkaido, Japan, 31 May to 2 June 2018 4 October 2018
8. Dr Hiroyoshi Nobukane, Hokkaido University, Hokkaido, Japan, 31 May to 2 June 2018 21. Song Xiao, TEDA Applied Physics Institute, Nankai University, Tianjin, China,
9. Koichi Nakagawa, Hokkaido University, Hokkaido, Japan, 31 May to 2 June 2018 15-27 October 2018
10. Vitomir Sever, Institut National des Sciences Appliquées (INSA), Lyon, France, 1 June to 22. Prof. Milena Marinovié-Cincovic, Nuklearni Institut Vinca, Univerza v Beogradu, Vinca,
31 August 2018 Serbia, 15-18 October 2018
11. Wolfgang Kettl, Ostbayerische Technische Hochschule Regensburg, Regensburg, 23. Aleksandr Kuntsevich, Laboratory For Condensed Matter Physics Superconductivity
Germany, 13-29 June 2018 and Quantum Materials, National Research University Higher School of Economics of
12. Alexander Brunhuber, Ostbayerische Technische Hochschule Regensburg, Regensburg, the Russian Academy of Sciences, Moscow, Russia, 18-24 November 2018
Germany, 13-29 June 2018 24. Valerii Prudkogliad, P. N. Lebedev Physical Institute of the Russian Academy of Sciences,
13. Maria D'Antuono, Department of Physics of the University of Naples and CNR-SPIN, Moscow, Russia, 20 November to 2 December 2018
Naples, Italy, 27 June-20 July 2018 25. Dr Ivan Stajduhar, Faculty of Engineering University of Rijeka, Rijeka, Croatia,
14. DrRinat F. Mamin, Zavoisky Physical-Technical Inst. of FIC Kazan SC RAS, Kazan, 3-7 December 2018
Russia, 4 July-4 August 2018 26. Teo Manojlovic, Faculty of Engineering University of Rijeka, Rijeka, Croatia,

3-12 December 2018
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STAFF

Researchers

10.
1L
12.
13.
14.
15.
16.
17.

Dr. Steven Daniel Conradson

Prof- Martin Copic*, left 01.11.18

Prof. Irena Drevensek Olenik*

Prof: Christoph Gadermaier, left 01.08.18
Prof. Viktor Kabanov

Dr. Matjaz Lukac*

Prof. Boris Majaron

Asst. Prof. Alenka Mertelj

Asst. Prof. Tomaz Mertelj

Prof. Dragan Dragoljub Mihailovic, Head
Dr. Matija Milani¢*

Dr. Ales Mrzel

Asst. Prof. Natan Osterman*

Asst. Prof. Lea Spindler*

Asst. Prof. Lev Vidmar

Dr. Mojca Vilfan

Prof. Marko Zgonik*

Postdoctoral associates

18.
19.

Dr. Yelyzaveta Chernolevska
Dr. Luka Cmok

20. Dr. Andrej Petelin

21.

22

Dr. Nerea Sebastidn Ugarteche

. Dr: Jure Strle, left 01.04.18

BIBLIOGRAPHY
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Postgraduates

23. Ziga Gregorin, B. Sc.

24. Patricija Hribar Bostjancic, B. Sc.
25. Andrej Kranjec, B. Sc.

26. MatjaZ Licen, B. Sc.

27. AnZe Mraz, B. Sc.

28. Mimoza Naseska

29. Jan Ravnik, B. Sc.

30. Yevhenii Vaskivskyi, B. Sc.

31. Nina Verdel, B. Sc.

32. Jaka Vodeb, B. Sc.

Technical officers

33. Izidor Benedicic, B. Sc.

34. Michele Diego, B. Sc.

35. Spela Kriz, B. Sc.

36. Damjan Svetin, B. Sc.

37. Petra Sutar, B. Sc.

38. Damjan Vengust, B. Sc.
Technical and administrative staff
39. Martina Knavs, B. Sc.

40. Laura Petan, B. Sc., left 01.10.18

Note:
* part-time JSI member
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Journal of biomedical optics, 2018, 23,12, 121616.
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Buchnev, Alenka Mertelj, "Comparison of dynamic behavior of
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Marcelo O. Orlandi, "Probing the effects of oxygen-related defects on the
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11. Matjaz Luka¢, Adrian Gaspar, Franci Bajd, "Dual tissue regeneration:
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Er:YAG laser", LAHA: journal of the Laser and Health Academy, 2018, 1-
15.
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"TightSculpting©: a complete minimally invasive body contouring
solution. Part I, sculpting with PIANO®© technology", LAHA: journal of
the Laser and Health Academy, 2018, 16-25.
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minimally invasive body contouring solution. Part II, Tightening with
fotonaSmooth© technology", LAHA: journal of the Laser and Health
Academy, 2018, 26-35.

14. Harvey S. Shiffman, Matjaz Luka¢, "NightLase© minimally invasive
laser-assisted uvulopalatoplasty"”, LAHA: journal of the Laser and Health
Academy, 2018, 39-44.

15. Matija Milani¢, Blaz Tasi¢ Muc, Matija JezerSek, Matjaz Lukac,
"Experimental and numerical assessment of hyperthermic laser
lipolysis with 1,064 nm Nd: YAG laser on a porcine fatty tissue model",
Lasers in surgery and medicine, 2018, 50, 2, 125-136.

16. Matej Prijatelj, Natasa Celan Koro$in, TomaZ Skapin, Victor Vega
Mayoral, Daniele Vella, Janez Kova¢, Dragan Mihailovi¢, Christoph
Gadermaier, "Preparation of air-stable expandable MoS, and rapid
expansion by low temperature heating and electron beam irradiation”,
Materials letters, 2018, 218, 229-232.

17. Gasper Glavan, Manja Kureci¢, Uro§ Maver, Karin Stana-Kleinschek,
Irena Drevensek Olenik, "Capillary wetting of profiled polyester fibres -
a comparison between macroscopic and microscopic analysis"”,
Materials research express, 2018, 5,015310..

18. Jan Ravnik, Igor Vaskivskyi, Tomaz Mertelj, Dragan Mihailovi¢, "Real-
time observation of the coherent transition to a metastable emergent
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During the past year we have been working mainly on:
*  theoretical, experimental and applied reactor physics
*  plasma physics
*  neutron transport calculations
* medical physics

In the field of reactor physics our activities have been focused on the development of novel methods for
research and power reactor analyses.

In the framework of the international collaboration project E-SiCure - Engineering Silicon Carbide for Improved
Border and Port Security, which is being carried out under the NATO Science for Peace and Security programme,
we have begun the development of neutron detectors based on SiC aimed at the detection of fissile material. We
produced several SiC detector prototypes with different converter layers made of 10B and 6Li that convert neutrons
into ions (4He and 3H). The detectors' performance was tested in a dry chamber of the JSI TRIGA reactor and the
responses of the individual detectors were clearly measurable. This is encouraging for future applications.

After several years of research, we updated the Rod Insertion Method for Control Rod Worth Measurement.
This was achieved through the simulation of reactor kinetics and analysing the influence on measurement results.
The proposed corrections in the post-processing of the neutron flux signal include compensation of the reactivity
overshoot, which occurs after the control rods reach the bottom-most position. Overall, a true equivalence has been
established between the results of the Rod Insertion Method and those of the reference, time-consuming Boron Dilu-
tion Method. Furthermore, we can even distinguish the influence of axial grid straps on the differential worth curve.

In the field of neutron dosimetry, in collaboration with colleagues
from CEA - Cadarache and CEA - Saclay, we are studying radiative neutron
capture reactions, in themselves predominantly sensitive to the thermal
and resonance neutron energy ranges, which would exhibit a sensitivity
shift to epithermal neutron energies in conjunction with the appropriate
boron-based thermal neutron filters. In neutron dosimetry the epithermal
energy range is very poorly covered on account of the small number of
radiative capture reactions that have strong resonances at epithermal
energies, or threshold reactions with a low energy threshold.

In 2018, we carried out three demanding experimental campaigns on
the JSITRIGA reactor at the IJS during which we tested self-powered neutron
detectors, thermocouples and fission chambers under well-characterised
conditions. The work was carried out in collaboration with the French
institutions CEA in Thermocoax

In this year we have continued to actively participate in the two OCED/

NEA workgroups, namely the International Criticality Safety Benchmark  Figure 1: Neutron distribution inside the JET tokamak including a single
Evaluation Project (ICSBEP) and International Reactor Physics Experiment  frack outof billions. Calculations are performed on large computer clusters.

Evaluation Project (IRPhEP), where we have contributed a new evaluation

of abenchmark experiment with a UO2F2 solution in a spherical geometry. The experiment is crucial for the analysis
of reprocessed-fuel criticality measurements. We have taken part in the workgroup meetings and helped with the
independent review of foreign benchmark experiment evaluations.

Within the framework of the European CHANDA project, we were involved in the process of improving nuclear
data for the fourth-generation reactor concept MYRRHA. For materials and reactions, which significantly influence
the uncertainty of integral parameters and have the most room for improvement, a comparison between experi-
mental and evaluated nuclear data was performed.

We continued an international collaboration led by the Swedish organizations Vattenfall, SKB and SSB in the
field of spent PWR fuel characterization. In close collaboration with EC-JRC and SCK ¢ CEN we have finished the
phase-1 calculations, where the decay heat from PWR fuel assemblies was determined. In the future detailed valida-
tion of the decay heat from different fuel assemblies originating from Swedish PWR and BWR reactors will follow.
We will focus on sensitivity and uncertainty analyses with the use of different codes and models.
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Figure 2: Neutron-emissivity profile
computed with the TRANSP code for JET
plasma discharge 924306, where both
NBI and ICRH systems were used for
the plasma heating. The white dolfed
line denotes the second ion cyclotron
resonance layer, while the magnetic
awxis is denoted with a red cross. The
profile is enclosed by the last closed
Slux surface (red) and JET limiter
(black).

Researchers of the Reactor Physics Department provided technical support for the safe operation of the
Krsko nuclear power plant (NPP) also in 2018. We have independently performed nuclear core design calcula-
tions for the fuel cycle 30 and the start-up tests for the new fuel cycle. In addition, the expertise and calculational
support for future dry storage of spent nuclear fuel was provided. In the framework of the project financed
by the Slovenian Research Agency (sofinanced by the NPP Krsko) the McCord code has been developed. The
interface will enable the automatic transfer of the fuel characteristics from the CORD-2 system to the MCNP
code for an arbitrary operational state. The calibration and verification process of the parameters has been
performed. For the Slovenian Nuclear Safety Administration an analysis of the influence of the most important
parameters on isotopic composition of the NPP Krsko spent fuel and their influence on the intended dry storage
of spent fuel has been accomplished.

In the field on neutron-transport simulations for fusion reactors we continued our collaboration with
several institutes/laboratories/universities on the analyses of experimental data obtained during the calibration
of JET’s neutron detectors to 14 MeV neutrons. For this purpose we simulated detector responses to a calibration
neutron source (DT neutron generator) and plasma as a source of neutrons inside the reactor. The calibration
factors for fission chambers (for time-dependent neutron-yield measurements) and the activation system (for
time-integrated neutron-yield measurements) were determined through a combination of measurements and
simulations. Computational support was crucial for achieving detector calibration uncertainties lower than
the target uncertainty of 10 %. By the end of 2018 most of the calibration procedure was completed. However,
the final confirmation will be performed during the DT plasma campaign when the neutron yield measure-
ments from different detectors will be compared. Some additional analyses are still in progress to increase
our understanding of the calibration procedure and the reliability of the calculated correction parameters.

Inthe scope of the European fusion programme (Fusion for Energy-F4E and EUROfusion) we continued our
international collaboration in the field of fusion neutronics that started more than 20 years ago. This research
includes both experimental and theoretical work. We prepared an evaluation of the benchmark experiment
FNG-copper, which was experimentally conducted in 2016-2017. This work is important for the validation of

neutron and gamma cross-sections for copper.

Within the EUROfusion project we prepared sensitivity and uncertainty studies of the ASPIS IRON88 benchmark

experiment and investigated the use of covariance matrices for angular distributions of scattered neutrons on the
uncertainties of integral parameters.

During the international conferences NENE 2018 in Portoroz and at the RPSD (Radiation protection and shielding

division of the American Nuclear Society) 2018 conference in Santa Fe, USA a workshop was organized on the use of
theJSI-developed program package XSUN-2017/SUSD3D, which was attended by asignificant number of participants.

Researchers from the F8 division performed simulations of the neutron field in various positions inside the JET

tokamak. We collaborated in analyses in support of both future and past experiments. Additionally, we investigated

the cause for discrepancies in predicted neutron fluxes at lower energies,
which were found during calculations with two different models. We
prepared a detailed model of the O-LTIS irradiation position, which is
located behind the first wall of the JET tokamak. Using the special vari-
ance reduction methods for optimisation over the whole neutron energy
range we significantly increased the quality of the thermal neutron flux
determination and consequently improved preliminary calculations of
the reaction rates in materials that will be used in upcoming experiments.

Researchers from the F8 division and RIC collaborated in preparations
for the measurements of water activation in the JET tokamak caused by the
threshold reaction 160(n,p)16N. This experiment is important for ITER as
it will be a water-cooled machine and the presence of large quantities of
the 16N isotope will represent a significant radiological hazard, imposing
restrictions on the space near the cooling system outside of the tokamak.
At the JET tokamak we performed tests and calibration of the efficiencies
of the two scintillator detectors for gamma rays in 2018. They are planned
to be used in experiments.

In 2018 we continued with neutronic analyses in support of the
DEMO (demonstrational fusion power plant) development process. This
work is part of the EUROfusion Engineering Grant and in 2018 included

Figure 3: Visualization of the full 3D model of the JET tokamak used for
calculations of streaming experiments. The contour plot shows the neutron
Slux originating from DT plasma contained in the vacuum vessel simulated
using a discrete ordinates deterministic neutron transport code.
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work on different DEMO reactor configurations with the emphasis on the
nuclear heating of superconducting magnets due to increased neutron
and gamma fields caused by the integration of various systems. Analyses
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showed some suitable configurations and useful shielding strategies that will be used in subsequent DEMO designs.
These analyses were an important part of the preparation for the DEMO design review conducted by an external

panel of experts in May 2019.

In 2018 we continued with an active collaboration within the JET3-NEXP streaming benchmark experiment. We
contributed calculations of neutron fluences using Monte Carlo, deterministic and hybrid (Monte Carlo/determin-
istic) transport codes at several experimental locations inside the JET tokamak building. Calculation results from
different transport codes and nuclear data libraries were compared with the experimental results. Experiments were
performed using a thermo-luminescent detector and activation foils. This work is being performed in a consortium

of international institutions including national laboratories from Slovenia,
Great Britain, Poland, Greece, Italy and the USA.

In 2018 the code package PLANET for detailed calculations of plasma
neutron sources has been developed in collaboration with the JET tokamak
and PPPL (USA), Uppsala University (Sweden) and UNED (Spain). The
code is based on a subroutine written in the programming language
Fortran, which is coupled to the advanced Monte Carlo neutron transport
code MCNP. The information on the plasma state is computed with the
TRANSP plasma transport code, developed at the Princeton Plasma Physics
Laboratory. Based on the plasma state description the neutron spectra are
computed with the Swedish DRESS code. Obtaining data on the neutron-
emissivity profile in the JET tokamak, neutron emission vector and energy
we can commence the source random sampling procedure and the calcula-
tion of a plasma neutron source description. The PLANET code package has
been verified and validated using a simplified and detailed JET tokamak
computational model. It was found that the neutron yield monitors that
are positioned on the outside of the vacuum vessel are relatively insensitive
to changes in the neutron source, while activation measurements can be
used to record differences in the plasma state and the effects of plasma
heating. (ZIGA)

In the field of medical physics, we continued our research in our main

Figure 4: Comparison of differential reactivity worth curves for a control
rod bank at Krsko NPP. The updated Rod Insertion Method yields practically
identical resulls to the reference, time-consuming Boron Dilution Method.
We can also distinguish the influence of axial grid straps.

areas of interest: modelling, image analysis of positron emission tomography (PET), image-guided cancer treatment
and proton therapy. Additionally, we also started with the field of biomedical optics.

We have developed a computational model for simulating the response of pre-clinical tumours to treatment with
anti-PD-1 immunotherapy. The model was verified on experimental data from the literature, giving good agreement
between the simulations and experimental results. An original scientific article on this model was published in
the journal Physics in Medicine and Biology (Valentinuzzi et al 2019 Phys. Med. Biol. 64 025017). In cooperation
with the Department of Experimental Oncology at the Institute of Oncology Ljubljana, we have performed a series
of experiments to test the computational model on other types of tumours (besides melanoma). Additionally, the
model was extended to simulate a combined treatment with anti-PD-1 immunotherapy and radiotherapy.

In cooperation with the Institute of Oncology Ljubljana, a prospective study with immunotherapy is still
underway. Patients with metastatic lung cancer are treated with anti-PD-1 immunotherapy (pembrolizumab) and
scanned with diagnostic CT and FDG PET/CT at baseline (before treatment), as well as 1, 4, 10, 16 and 20 months
after the treatment’s initiation. Currently, we have completed patient accrual with 30 patients being enrolled in
the study. By using radiomics analysis of PET/CT images, we will determine if a long-term response of patients can
be predicted based on an early metabolic response (after 1 month), which would be significantly faster compared

to the current standards (iRECIST).

In the field of proton therapy, a master’s thesis entitled “Simulation of the delivered dose in proton therapy in
dynamic geometry” was made. In the master’s thesis, the process of simulation of the predicted dose distribution
was presented for the case of lung-tumour irradiation. Two breathing phases were considered - the inhalation and
exhalation phase. The delivered dose distribution was simulated using the Monte Carlo method integrated into

the MCNP program.

In the field of biomedical optics, the development of the system for hyperspectral microscopy has been under-
way. The system’s capabilities achieved by now include imaging of samples in a transmission mode in the spectral
range between 430 and 730 nm with a spectral resolution of about 2 nm. A conference article about the developed

system was presented at the Photonics West 2018 conference.

As always in the recent years, we has a close collaboration with the University of Wisconsin - Madison.
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7FP - CHANDA; solving CHAllenges in Nuclear Data

Prof. Ivan Aleksander Kodeli

European Commission

F4E-FPA-395-02; Gas Production Experiment and TBM Nuclear Instrumentation
Prof. Ivan Aleksander Kodeli

The European Joint Undertaking For The Development

Benchmarks of Computational Tools against Experimental Data on Fuel Burnup and
Material Activation for Utilization, Operation and Safety Analysis of Research Reactors;
Activation Rate Benchmark at the JSI TRIGA Mark-Il Reactor

Dr. Vladimir Radulovi¢

[AEA - International Atomic Energy Agency

E-SiCure - Engineering Silicon Carbide for Enhanced Border and Ports Security
Prof. Luka Snoj

Nato - North Atlantic Treaty Organisation

Kinetic Approach to Modelling and Measurements in SOL of Tokamak; Network of
Small and Medium Size Magnetic Confinement Fusion Devices for Fusion Research
Dr. Jernej Kovacic

[AEA - International Atomic Energy Agency

H2020 EUROfusion - Research Unit - Administration and Services RU - FU

Prof. Luka Snoj

European Commission

H2020-EUROfusion-Plasma Facing Components-1-IPH-FU, EUROFUSION

Dr. Jernej Kovacic

European Commission

H2020-EUROfusion; Exploatation of DT Operation for ITERJET3-FU

Prof. Luka Snoj

European Commission

H2020 EUROfusion - Education-ED-FU

Prof. Luka Snoj

European Commission

. H2020 EUROfusion - JET Campaigns-JET1-FU

Dr. Ziga Stancar

European Commission

H2020 EUROfusion - Medium Size Tokamak Campaigns-MST1-FU
Dr. Jernej Kovacic

European Commission

H2020 EUROfusion - JET Enhancements-JET4-FU, EUROFUSION
Prof. Igor Lengar

European Commission

. H2020 EUROfusion - PMI-PPPT-2-FU: Nuclear data

Prof. Ivan Aleksander Kodeli
European Commission

. H2020 EUROfusion - Engineering Grants: Fusion Plant Nuclear Analyst - The modelling

of the proposed DEMO component designs, testing their performance under reactor
conditions and development of new design solutions

Dr. Aljaz Cufar

European Commission

Impact of Neutron Irradiation in the Fusion Environment on Tritium Production,
Tritium Retention and Nuclear Damage in Plasma Facing Materials

Prof. Ivan Aleksander Kodeli

Slovenian Research Agency

. Combined Use of Monte Carlo and Deterministic Particle Transport Tools for Fusion

Shielding Benchmark Neutronics Studies

Prof. Ivan Aleksander Kodeli

Slovenian Research Agency

Multiphysics Validation of High Fidelity Modelling and Simulation for Nuclear

18.

19.

20.

21

22.

23.

24.

25.

26.

Applications

Prof. Luka Snoj

Slovenian Research Agency

Accelerating Neutronics Analyses for Fusion and Fission Applications Using the
ADVANTG Code

Prof. Luka Snoj

Slovenian Research Agency

Generation of a Plasma Neutron Source through the Coupling of Plasma Simulation
Programs and Monte Carlo Neutron Transport Codes

Prof. Igor Lengar

Slovenian Research Agency

Experimental and Numerical Research in Support of Development of Plasma Potential
Probes

Dr. Jernej Kovacic

Slovenian Research Agency

Multiphysics Validation of High Fidelity Modelling and Simulation for Nuclear
Applications

Dr. Vladimir Radulovic

Slovenian Research Agency

Use of Shielding Benchmarks for Nuclear Data Validation and Improvement

Prof. Ivan Aleksander Kodeli

Slovenian Research Agency

Eksperimental validation of the gamma flux simulation scheme and measurment
techniques by TLD, OSLD and ionization chamber in the mixed neutron-photon high
dose rate environment of the JSI TRIGA reactor

Prof. Luka Snoj

Slovenian Research Agency

Mathematical methods for the nuclear data and code validation applied to improved
safety of new nuclear reactor core design

Prof. Ivan Aleksander Kodeli

Slovenian Research Agency

Consequences of electron emission from hot plasma-facing components in nuclear
fusion reactors

Dr. Jernej Kovacic

Slovenian Research Agency

Epithermal neutron flux determination and validation of nuclear cross-sections and
through activation measurements employing neutron spectrum filters

Prof. Andrej Trkov

Slovenian Research Agency

RESEARCH PROGRAMS

Medical physics
Prof. Robert Jeraj
Reactor Physics
Prof. Luka Snoj

R & D GRANTS AND CONTRACTS

Analysis of nuclear heating in a reactor

Prof. Luka Snoj

Determination of the Am-241 thermal neutron capture cross section by activation
measurements at the JSI TRIGA reactor

Dr. Gasper Zerovnik

Development of Computational Tools for the Determination of the Neutron Field in the
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Containment of a Pressurized Water Reactor

Prof. Andrej Trkov

ICERR Agreement for Receiving Affiliate Staff to CEA as a Designated International
Center based on Research Reactors, through its Research Centres of Saclay and
Cadarache

Prof. Luka Snoj

Cea - Commissariat A L“energie Atomique Et Aux

Experimental Testing of Self-Powered Neutron Detector Assembly for CEA DISCOMS
Project

Dr. Vladimir Radulovic

Cea List Institute, Dept. Of Metrology,

Experimental Testing of Self-Powered Neutron Detector Assemblies for CEA - INFINI
Project

Dr. Vladimir Radulovic

Cea List Institute, Dept. Of Metrology,

Experimental Testing of Self-Powered Neutron Detectors for the Thermocoax Company
Dr. Vladimir Radulovic

Thermocoax Sas

N EW CONTRACT

Characterization of the NPP Krsko spent fuel for the purpose of storage in dry
containers

Asst. Prof. Marjan Kromar

Ministry of the Environment and Spatial Planning

VISITORS FROM ABROAD

Loic Barbot, Stephane Fourrez, Alternative Energies and Atomic Energy Commission
- CEA, DEN / DER / SPEX / LPE, Cadarache, France and Hamid Makil, Thermocoax,
Suresnes, France, 15.-19. 1. 2018

Kamada So, Kato Michio, Nishimura Kazuyo, National Institute of Maritime Port

and Aviation Technology, Tokyo, Japan; Ashley Jones and Malcolm Joyce, Lancaster
University, Lancaster, United Kingdom; Mathew J. Nancekievill and Watson Simon,
University of Manchester, Manchester, United Kingdom; Okumura Keisuke, Japan
Atomic Energy Agency (JAEA), Fukushima-ken, Japan; Katakura Junichi, Nagaoka
University of Technology, Nagaoka, Japan, 6.-8. 2. 2018

Prof. Patrick Blaise, Alternative Energies and Atomic Energy Commission - CEA, DEN /
DER / SPEX / LPE, Cadarache, France, 20.-22. 2. 2018

Alexandru-Mihai Bumbac, Robert-Mihai Solomon, “Ovidius” University, Constanta,
Romania, 2.-31. 3. 2018

Chen Linhao, Zhou Yu, Ning Bolun, Gu Min, Sun Xueping, He Xiuping, delegates of
the China - Slovenia scientific and technological cooperation committee, Ministry of
Science and Technology of the People’s Republic of China, Beijing, China, 27. 3. 2018
Prof. Kord Smith, prof. Benoit Forget, Massachusetts Institute of Technology - MIT,
Department of Nuclear Science and Engineering, Cambridge, MA, USA, 24.-31. 3. 2018
Dr. Ivana Capan, leader of the international project E-SiCure, Tomislav Brodar,

Zoran Eres, Institut “Rudjer Boskovic”, Zagreb, Croatia; dr. Zeljko Pastuovic, Adam
Sarbut, ANSTO (Australian Nuclear Science and Technology Organization), Lucas
Heights, NSW, Australia; dr. Takeshi Ohshima, Yuichi Yamazaki, National Institute for
Quantum and Radiological Science and Technology, Chiba, Japan; dr. Jose Courtinho,
Universidade de Aveiro, Portugal, 28.-30. 5. 2018

Dr. Paola Batistoni, ENEA, Frascati, Italy and CCFE, Abingdon, United Kingdom,
20.-23.7. 2018

Thibault Cordier, Ecole National Supérieure d'Informatique pour IIndustrie et
T'enterprise (ENSIIE), University of Evry Val d’Essonne, Evry, France, 10. 6.-2. 9. 2018

. Dr. Pierre Dossantos, International relations, ENSIIE, University of Evry Val d’Essonne,

Evry, France, 7. 8. 2018

11
12.

20.

21

Aljaz Kolsek, UNED, Madrid, Spain, 10. 8. 2018

Dr. Christophe Destouches, Gerald Rimpault, CEA, Cadarache, France; Arran Plant,
Lancaster University, Lancaster, United Kingdom; Jakub Liley, Branislav Vrban, Stefan
Cerba, Filip Osusky, Slovak University of Technology (STUBA) in Bratislava, Slovakia,
10.-13.9. 2018

. Thibault Cordier, Ecole National Supérieure d'Informatique pour I'Industrie et

I'enterprise (ENSIIE), University of Evry Val d’Essonne, Evry, France, 10.-13. 9. 2018

. Dr. Xiaolei Zheng, dr. Leiming Shang, Institute of Nuclear Energy Safety Technology,

Hefei, Anhui, China, 10.-13. 9. 2018

. Tetiana Vorontsova, State Nuclear Regulatory Inspectorate of Ukraine, Kiev, Ukraine;

Firdavs Salomov, Nuclear and Radiation Safety Agency of Tajikistan, Dushanbe,
Tajikistan, 8. 10.-1. 12. 2018

. Dr. Loic Barbot, Damien Fourmentel, Alternative Energies and Atomic Energy

Commission - CEA / DER / SPESO / LDCI, Cadarache, France, 8.-19. 10. 2018

. Dr. Elchin Huseynov, National Nuclear Research Centre, Baku, Azerbaijan, 17.-

19.10. 2018

. Valerio Mascolino, Virginia Tech, Blacksburgh, Virginia, USA, 13.11. 2018 -31. 12. 2018

(till 22.5.2019)

. LiDongsheng, Lv Yunfeng, Cai Li, China Nuclear Power Technology Research Institute

Co., Ltd., Shenzehen, Guangdong, PR China; Loic Barbot, Alternative Energies and
Atomic Energy Commission - CEA, DEN / DER / SPEX / LPE, Cadarache, France;
Georges Helleux, Vincent Salou, Laurent Pichon, Thermocoax, Suresnes, France,
19.-30. 11. 2018

Nicolas Campet, Fargues Stephane Serge, Gaél De Cargouet, Rolls Royce Civil Nuclear
Company, Grenoble, France; Hassen Hamrina, Mathieu Trocme, Loic Barbot, Alternative
Energies and Atomic Energy Commission - CEA, Cadarache, France, 4.-6. 12. 2018
Hubert Carcreff, CEA, Saclay and Nicolas Thiollay, CEA, Cadarache, France, 10.-
21.12.2018

STAFF

Researchers

L.

9.
10.

Prof. TomaZ Gyergyek™
Prof. Robert Jeraj

Prof. Ivan Aleksander Kodeli
Asst. Prof. Marjan Kromar
Prof. Igor Lengar

Dr. Matija Milanic*

Dr. Urban Simoncic*

Prof. Luka Snoj, Head
Prof. Andrej Trkov

Dr. Gasper Zerovnik

Postdoctoral associates

1L
12.
13.
14.
15.

98

Dr. Dusan Calic*

Dr. AljaZ Cufar

Dr. Jernej Kovacic

Dr. Vid Merljak

Dr. Vladimir Radulovic

Postgraduates

16.

17.

18.
19.
20.
21
22.

Klemen AmbrozZic, B. Sc.
Tanja GoriCanec, B. Sc.

Bor Kos, B. Sc.

AnZe Pungercic, B. Sc.

Ziga Stancar, B. Sc.
Damijan Valentinuzzi, B. Sc.
Andrej Zohar, B. Sc.

Technical and administrative staff

23.

24.
25.
26.

Slavko Slavic, B. Sc.
Sasa Skof, B. Sc.
Ursula Tursic, B. Sc.
Bojan Zefran

Note:
* part-time JSI member
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Departmental research is devoted to experimental studies of elementary particles, to reveal the
ultimate building blocks of matter and the nature of the interactions between them. Experiments
are carried out within large collaborative programmes at international centres for particle physics,
i.e., CERN near Geneva and at KEK in Tsukuba. The department is also engaged in developing and
applying the technologically advanced particle detectors that are demanded by such measurements.
Astroparticle physics is an emerging field, applying the experimental techniques of particle physics
to solve astrophysical problems. Slovenian researchers are participating in measurements of ultra-
high-energy cosmic rays with the Pierre Auger observatory spread over a surface of 3000 km’ near
Malargue in Argentina.

In order to reveal the ultimate secrets of nature in the world of elementary particles, accelerators with higher
and higher energies are needed. Their cost, both in terms of money and human resources, has grown to the level
where they are only affordable as joint international enterprises. Thus, future accelerators will be unique facilities
of their kind, the first being the Large Hadron Collider (LHC), just completed at the European Organization for
Nuclear Research (CERN), near Geneva. Researchers will exploit this facility to perform experiments in presently
inaccessible regions of energy, which, though pushed higher and higher, still remain minute compared to that of
the vast blast of the Big Bang that led to the creation of the Universe.

Together with colleagues from the Physics Department of the Faculty of Mathematics and Physics and the
Faculty of Electrical Engineering of the University of Ljubljana, and from the Faculty of Chemistry and Chemical
Technology of the University of Maribor, we are performing measurements

Head:
Prof. Marko Mikuz

at CERN and the Japanese centre KEK in Tsukuba. We are taking part in two
experiments, each conducted as an international collaboration:
e ATLAS at the Large Hadron Collider (LHC) at CERN (3000 re-
searchers, 175 institutions from 38 countries),
e Belle I at the asymmetric electron-positron collider (KEK-B) at

In the next two years the detectors and colliders
will be upgraded before the next re-start, which
also gives us the much-needed time to analyze
the data collected so far.

KEK (750 researchers, 101 institutions from 22 countries)

In the field of astroparticle physics we are part of the Pierre Auger collaboration (250 researchers, 94 institu-
tions from 17 countries), which uses a giant scale (3000 km?) observatory near Malargue in Argentina for the
detection of ultra-high-energy cosmic rays. This endeavour is carried out in collaboration with colleagues from
the University of Nova Gorica.

A more detailed report on the 2018 activities follows, focused on the
contributions of our researchers:

ATLAS experiment

In 2015 the upgraded Large Hadron Collider LHC began its operation
at CERN and reached a record center-of-mass energy of 13 TeV, which
marks the beginning of the “Run 2” of the LHC's operation, which then
finished at the end of 2018 with heavy-ion collisions (Pb-Pb) at a center-
of-mass energy of 5.02 TeV (Fig.1). In the next two years the detectors and
colliders will be upgraded before the next re-start, which also gives us the
much-needed time to analyze the data collected so far. In 2015-2018 the
LHC exceeded all expectations and facilitated the recording of the largest
quantity of data at the ATLAS experiment so far. The amount of the ATLAS
experiment proton-proton collision data at 13 TeV in 2015-2018 reached
an integrated luminosity of 150 fb of exceptional data, which led to the
most precise Run 2 searches of New Physics beyond the Standard model

hitherto achieved. In the analyzed data a considerable number of different Figure 1: The event display of a PP collision ai the contre-of mass

theories was excluded and there are some indications for potential new
discoveries in the particle physics - however, for confirming or refuting
these the full set of recorded data needs to be analyzed. Subsequently, the

energy of 5.02 TeViaken in 2018, showing an event with a highly
unbalanced photon-jet pair, which is a possible signature of a new
Dphysics process.
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next two years will be full of challenges and expectations of pivotal events. In 2018 the ATLAS collaboration published
more than 100 scientific papers in the most distinguished scientific journals [1,2], bringing the total number of
scientific papers published by the collaboration to 800, with more than a hundred further papers in preparation.

Belle detector at the asymmetric electron positron collider KEKB at K
Activities at the Belle and Belle IT experiments, operating at the electron positron collider KEKB / SuperKEKB
in Tsukuba, Japan, continued. The aim of the experiments, belonging to the group of intensity frontier efforts, is

In 2018 the Belle Il detector successfully
underwent commissioning and recorded the first
data in e*e collisions.

Figure 2: Existing upper limits on B— hvv decays, for several species
of light hadron h. Results marked with triangle are from a recent Belle
measurement,

Figure 3: One of the first e+e- collisions recorded by the Belle II delector in

March 2018.

the search for processes and particles, not included in the Standard Model
(SM), commonly addressed as New Physics (NP); to do so, extremely pre-
cise measurement results are confronted to predictions of the SM. While
the latter is considered as a very successful effective theory, it is believed
that NP must exist and is responsible - among others - for the observed
matter-antimatter asymmetry in the universe.

The Belle detector finished taking data in 2010, but analyses of several
processes are still ongoing. Among the most noticeable results of the Belle
collaboration (537 researchers from 91 institutions and 20 countries) in
2018 are the search for B— /vv decays (where /2 denotes a light hadron)
[3], measurement of semi-tauonic B—D*Tv decays [4], and the search
for B— pv decays [5].

Semi-leptonic decay B— Avv is only possible as a higher-order process
in the framework of the SM, its branching fraction s predicted to be around
107. As such it is sensitive to possible NP contributions, specifically to right-
handed couplings of neutrinos. The mentioned analysis resulted in so far
the most stringent upper limits on the rate of the decay, as presented in
Figure 2. The measurement method consists of a reconstruction of one of
the B mesons from a pair produced inan e*e collision, enabling reconstruc-
tion of the other Bmeson’s final state neutrinos. The latter do not interact
in the detector and are thus undetectable directly.

A similar method is employed in measurements of B—D*tv decays,
which can be used to test the hypothesis of lepton flavor universality, a
building block of the SM. The hypothesis predicts identical weak interac-
tion couplings of all the charged leptons (t, 1 and ). Measurements of
semi-tauonic decays can be compared to decays into lighter leptons (u, ¢)
to test the prediction. While hints of discrepancies exist, the significance
of the deviations of theoretical predictions from the experimental results
is not yet statistically significant.

The leptonic decay is theoretically well described, although rare
(branching fraction approximately 4 - 107). A measurement can be used
to determine the V , element of the Cabibbo-Kobayashi-Maskawa matrix,
and to search for possible contributions of the hypothetical charged
Higgs boson. The result of the measurement is a 2.4 standard deviation
significant signal with a branching fraction of approximately 6 - 107. The
significance of the result will be improved in the future by measurements
with the Bele II detector.

In 2018 the Belle II detector successfully underwent commissioning
and recorded the first data in e*e collisions. Analysis of the recorded data
in the data-taking period from April to July proves a good operation of
the renewed detector, designed to operate at higher luminosity and con-

sequently a harsher background environment. In 2018, also the result of the long-term efforts to build a detailed
physics program of the experiment were published [6]. The activities were a joint theory-experiment effort in
the framework of Belle [I-Theory Interface Platform. An almost 700-page document details the current status and
measurement methods for the future Belle IT operations and analyses, with the aim f searches for NP.

Pierre Auger observatory

The Pierre Auger Observatory is an international cosmic-ray observatory in Argentina designed to detect
ultra-high-energy cosmic rays: sub-atomic particles traveling nearly at the speed of light and each with energies
beyond 10 eV. In the Earth’s atmosphere such particles interact with air nuclei and produce various other parti-
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cles. Secondary particles forming the so-called “air shower” can be detected and measured in order to clarify the
origin of the highest-energy primary particles and their properties like energy, arrival direction and the particle
type (photons, protons, atomic nuclei). But since these high-energy particles have an estimated arrival rate of just
1 per km? per century, the Auger Observatory has created a detection area of 3000 km? to be able to record a large
number of these events. It is located in the western Mendoza Province, Argentina, near the Andes.

The Pierre Auger Observatory combines two complementary techniques to measure air showers. On their
way through the atmosphere the secondary particles stimulate nitrogen

molecules in the air to emit fluorescence light. This light is measured
with large telescopes. In addition, secondary particles reaching ground
level are registered in an array of particle detectors. The latter are water
Cherenkov detectors, measuring the light emitted by relativistic particles

showers

The Pierre Auger Observatory combines two
complementary techniques to measure air

passing through a water tank.

The Pierre Auger Collaboration has shown that the energy spectrum of cosmic rays exhibits a sharp drop around
10% V. This drop is compatible with the Greisen-ZatsepinKuz min (GZK) cut-off caused by the universe becoming
opaque due to resonant collisions between ultra-high-energy protons and the photons of the cosmic microwave
2.7 K background radiation. Past measurements by the Pierre Auger Collaboration have already cast some doubt
on this explanation, and this year’s results further established that the GZK cut-off cannot be the entire story and
even the extent of its contribution to the cut-off remains unclear.

Collisions of ultra-high-energy cosmic rays on atmospheric molecules provide hadronic interactions at an energy
that exceeds the LHC centre-of-mass energy by one to two orders of magnitude. Although progress was made in
incorporating LHG results, some mysteries were not solved. The number of muons in Monte Carlo simulations is
very significantly smaller than the number measured in experimental data. Also the depth at which most muons
are produced that reach the Earth’s surface cannot be described by a Monte Carlo simulation for any reasonable
composition mix of cosmic rays.

The Pierre Auger observatory is currently upgrading its detection capabilities. The key element of the upgrade
will be the installation of a plastic scintillator on top of each existing surface detector station. It will provide a
complementary measurement of the showers allowing the reconstruction of muons and electromagnetic particles.
The surface scintillator detector stations (SSD) will be deployed over the full 3000-km? area of the overall surface
detector (SD). To enhance the capabilities of the surface detector, especially for composition measurements, it will
be equipped with upgraded electronics with a larger sampling rate and a larger dynamic range.

Distributed computing

The computing resources of SIGNET Tier-2 in 2018, 6500 CPU cores and 4 PB of storage space, stayed at the
same level as in 2017. The usage of CPU resources was 94% and the disk storage at 98%. The computing resources
are dedicated to simulation and data deconstruction of data produced with the ATLAS detector and for Monte-Carlo
simulation of the Belle IT detector; however, a smaller fraction was used by other departments at the JoZef Stefan

Institute and external users in Slovenia. The general purpose NSC cluster

at the JoZef Stefan Institute and the computing centre of ARNES are trans- ~ The JoZef Stefan Institute is a constitutive
parently included in distributed computing infrastructure within WLCG ~ member of the Slovenian National Grid Initiative

collaboration and EGI infrastructure. The arcControlTower system which ~ SLING.

manages the job execution at ATLAS experiment computing centres was
further developed in collaboration with the Faculty of Computing and Information Science, and was integrated
into the new ATLAS job management system called Harvester. A presentation and publication of the system was
given at the CHEP 2018 conference in Sofia, Bulgaria.

The Jozef Stefan Institute is a constitutive member of the Slovenian National Grid Initiative SLING. The SLING
consortium was legally established in April 2018 in order to support and leverage the new supercomputing centre
HPC-RIVR in Maribor, a nationally funded cohesion-fund project to be fully operational by end of 2020. SIGNET-T2
participated in the design and architecture of HPC-RIVR and will further collaborate in the procurement and develop-
ment of the system. Slovenia became a member of the EuroHPC project in 2018 to collaborate in the development
of a supercomputing infrastructure, where the Jozef Stefan actively participates in the procurement and design of
future pre-exascale and peta-scale computing centres. SIGNET-T2 is a full member of international organizations
EGI/InSPIRE, wLCG and Nordugrid and has participated in several joint projects related to the support, maintenance
and planning of the computing infrastructure, as well as the development, distribution and deployment of the
distributed computing infrastructure.
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Detector development

Most of the work on detector development was performed in the framework of the ATLAS and CERN-RD50
collaboration.

We continued the studies of depleted CMOS sensors in 2018, which have been officially accepted by the ATLAS
collaboration as the technological option for one layer of pixel detectors of the charged particle tracker after the
upgrade of LHC to HL-LHC. Our work concentrated to the measurements of radiation damage effects on the charge
collection properties of the CMOS detectors [7] produced by different producers. We established the universal rela-
tion between the irradiation fluence and effective doping concentration and made comprehensive studies of the
initial dopant removal both with reactor neutron and 24 GeV protons. Most of the studies were done with Edge
Transient Current Technique that we pioneered. Furthermore, our measurements clearly showed the necessity of
backplane metallization as it affects significantly the charge-collection mechanism. We also took part in several
test-beam activities and contributed significantly to the evaluation of these sensors and their assessment of being
suitable for the Large Hadron Collider upgrade.

In the past year we continued the work on development of High Granularity Timing Detector for ATLAS. We
took the leading role in radiation studies [8] of Low Gain Avalanche Detectors (LGAD), which are the choice for
the sensor technology. We have evaluated thin LGADs from several producers and showed that the performance is
similar for all. The dependence of gain on fluence was precisely measured in the entire range of HL-LHC fluences and
the measured time resolution (50-60 ps per sensor) was also sufficient at the highest fluences, providing <50-mm-
thick sensors are used. At high fluences the multiplication takes place in silicon bulk as a consequence of the large
space charge originating from the irradiation. First measurements of Ga-doped LGADs were performed this year
in an attempt to mitigate initial acceptor removal. The radiation tolerance of LGAD is limited to fluences around
~1.5e15 cm?, while at higher fluences the operation requires operation very close to the break down voltage. In
order to avoid this, an alternative for LGADs was sought in small cell size 3D detectors, which were shown to be
radiation hard in the whole HL-LHC range. We showed that these detectors when used with dedicated electronics
can reach a time resolution similar to that of the LGADs.

A multichannel system for simultaneous readout of different dosimetric sensors, developed at JSI, was used in
the first tests of the dosimetric sensors for online radiation monitoring for ATLAS ITk after the upgrade to HL-LHC.

Our group also took part in an investigation of silicon detectors for the next generation of hadron colliders
(e.g., FCC - Future Circular Collider). Work in this field includes measurements of the silicon detector response
after exposure to neutron fluences beyond 107 ncm? and research of methods for dosimetry in extreme radiation
environment of future hadron colliders.

In the area of medical detectors, development of PET detector with high spatial resolution was continued within
the frame of the CIMA collaboration, a cooperation of researchers from F-9 department with Ohio State University,
University of Michigan and IFIC from Valencia. This year images of point sources with different combinations of
detectors were recorded.

The accuracy of different detector systems, particularly a collimated gamma camera and a Compton camera
in determination of proton range in proton radiotherapy, was determined through simulation. Similar tools were
used to evaluate dose distribution in patients in proton radiotherapy with particular stress given to inclusion of
involuntary motion during therapy.

Within the framework of the European project AIDA 2020 (Advanced European Infrastructures for Detectors
at Accelerators) more than 220 irradiations by neutrons were performed at the reactor centre at the request of 20
different institutions. The focus was on the development of components for planned upgrades of ATLAS, CMS and
Belle detectors.

Some outstanding publications in the past year

1. Aaboud, M. et al., ATLAS Collaboration: The journal of high energy physics, 2018, vol. 2018, no. 1, pp.
126-1-126-52

2. Aaboud, M. etal., ATLAS Collaboration: Physics letters. Section B, 1SSN 0370-2693. [ Print ed. ], 2019, vol.

788, pp. 316-335

J. Grygier et al. (Belle Coll.), Phys.Rev. D96, 091101 (2017), Addendum: Phys.Rev. D97, 099902 (2018).

S. Hirose et al. (Belle Coll.), Phys.Rev. D97, 012004 (2018).

A. Sibidanov et al. (Belle Coll.), Phys.Rev.Lett. 121, 031801 (2018).

Belle4. E. Kou (ed.) et al., KEK Preprint 2018-27, BELLE2-PUB-PH-2018-001, FERMILAB-PUB-18-398T,

JLAB-THY-18-2780, INT-PUB-18-047, UWThPh 2018-26 (2018).

7. 1 Mandic et al., “Charge-collection properties of irradiated depleted CMOS pixel test structures”, Nucl.
Instr. and Meth. A 903 (2018) 126.

8. G.Kramberger et al., “Radiation hardness of thin Low Gain Avalanche Detectors”, Nucl. Instr. and Meth.
A 891 (2018) 68.
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Awards and Appointments

Organization of Conferences, Congresses and Meetings

Department of Experimental Particle Physics F-9

1. Marko Bracko, Recognition award of the University of Maribor for scientific research project, art and
educational work for higher professors, science teachers and other college associates for special successes,
achievements and credits, Maribor, Faculty of Chemistry and Chemical Engineering.

1. RD42 Workshop, Jozef Stefan Institute, Ljubljana, Slovenia, 12 - 13 November 2018
2. 4th FAST WG3/4/5 Meeting, JoZef Stefan Institute, Ljubljana, Slovenia, 8 - 9 January 2018

INTERNATIONAL PROJECTS

COST TD1401; Fast Advanced Scintillator Timing (FAST)

Prof. Peter anan

Cost Office

COST CA16108 - VBSCan; Vector Boson Scattering Coordination and Action Framework
Prof. Borut Paul KerSevan

Cost Office

H2020 - JENNIFER; Japan and Europe Network for Neutrino and Intensity Frontier
Experimental Research

Prof. Peter Krizan

European Commission

H2020 - AIDA-2020; Advanced European Infrastructures for Detectors at Accelerators
Prof. Marko Mikuz

European Commission

Development of Solid State Detectors and Readout Electronics for Experimental Particle
Physics and Medical Diagnostics

Dr. Andrej Gorisek

Slovenian Research Agency

Development of Silicon Detectors for Medical Applications

Prof. Marko Mikuz

Slovenian Research Agency

Fabrication and Qualification of NarFETs Dosimeters for use at Nuclear Reactors

Dr. Gregor Kramberger

Slovenian Research Agency

Slovenian Member in Collaboration Board IPPOG - Meeting of Collaboration Board
Dr. Andrej Gorisek

Slovenian Research Agency

Development of Segmented Silicon and Diamond Radiation Sensors and Readout
Electronics for Particle Physics and Medical Diagnostics

Asst. Prof. Igor Mandi¢

Slovenian Research Agency

. Study of Portion and Spatial Resolution of High-Resolution Events on Image Quality in

Hybrid Resolution PET Systems
Prof. Vladimir Cindro
Slovenian Research Agency

RESEARCH PROGRAMS

L.

Astroparticle Physics
Prof. Marko Zavrtanik

2. Experimental Particle Physics
Prof. Marko Mikuz

R & D GRANTS AND CONTRACTS

History of Doctoral Dissertations by Slovene Candidates in the Austro Hungarian
Empire (18721918)
Prof. Bostjan Golob
2. New atmospheric monitoring devices and techniques for Imaging Atmospheric
Cherenkov Telescopes
Prof. Marko Zavrtanik
3. Depleted CMOS Sensors for the ATLAS Tracker Upgrade and Future Collider
Experiments
Prof. Marko MikuZ
4. Advanced hadron identification methods for Belle IT
Prof. Peter Krizan
5. Collaboration CERN RD-39
Prof. Marko Mikuz
Cern
6. Collaboration CERN RD-50
Prof. Marko Mikuz
Cern
7. Collaboration DELPHI
Prof. Borut Paul KerSevan
Cern
8. Collaboration ATLAS
Prof. Marko MikuZz
Cern
9. Collaboration CERN RD-42
Prof. Marko Mikuz
Cern
10. Collaborations Belle in Belle IT
Prof. Peter Krizan
Kek - High Energy Accelerator Research
11. Design, Procurement and QA of Flex-rigid Hybrids
Prof. Marko MikuZz
European Organization for Nuclear Research
12. Irradiations in TRIGA Nuclear Reactor
Prof. Vladimir Cindro

VISITORS FROM ABROAD

ekl >

Georgi Gorine, EPFL, Lausanne, Switzerland, 5 - 3 March 2018

Giuseppe Pezzullo, Geneva, Switzerland, 5 - 3 March 2018

Dr Leonid Burmistrov, Laboratoire de I'Accélérateur, Orsay, France, 5 - 9 March 2018
Prof Dr Arie Ruzin, School of Electrical Engineering Faculty of Engineering, Tel Aviv
University, Tel Aviv, Israel, 20 - 21 September 2018

Milo§ Manjalovi¢, University of Montenegro, Montenegro, 24 September - 5 October
2018

Dr Rudy Ferraro, CERN - European Organization for Nuclear Research, Geneva,
Switzerland, 24 - 25 October 2018

7. Gabriele Piscobo, Laboratoire d'Informatique, de Robotique et de Microélé tronique de
Montpellier (LIRMM), Montpellier, France, 24 - 25 October 2018

8. Prof Dr Harris Hagan, Ohio State University, Columbus, Ohio, USA, 10 - 14 November
2018

9. Prof Dr William Trischuk, University of Toronto, Ontario, Canada, 10 - 14 November
2018

10. Dr Tomasz Szumlak, AGH Krakow, Krakow, Poland, 12 - 13 November 2018

11. Prof Dr Agnieszka Oblakowska - Mucha, AGH Krakow, Krakow, Poland, 12 - 13
November 2018
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STAFF

Researchers

Asst. Prof. Marko Bracko*
Prof. Vladimir Cindro
Prof. Andrej Filipcic

Prof. Bostjan Golob*

Dr. Andrej Gorisek

Prof. Borut Paul KerSevan*
Prof. Samo Korpar*

Dr. Gregor Kramberger
Prof. Peter Krizan*

. Dr. Botjan Macek

. Asst. Prof. Igor Mandic

. Prof. Marko Mikuz*, Head
. Asst. Prof. Rok Pestotnik

. Asst. Prof. TomaZ Podobnik*
. Prof. Marko Stari¢

. Prof. Marko Zavrtanik

. Prof. Danilo Zavrtanik*

. Asst. Prof. AnZe Zupanc*

. Asst. Prof. Dejan Zontar*

Postdoctoral associates

20.

Dr. Marko Petri¢

BIBLIOGRAPHY

21. Dr. Andrej Studen
22. Dr. Luka Santelj
Postgraduates

2.
2%.
25.
2.
27.
28.
29. ]
30.

Dania Consuegra Rodriguez, B. Sc.
Bojan Hiti, B. Sc.

Dr. Matic Lubej, left 01.08.18
Manca Mrvar, B. Sc.

Dr. Miha Muskinja, left 15.10.18
Tadej Novak, B. Sc.

akob Novak, B. Sc.

Leonardo Benjamin Rizzuto

31. Tina Sfiligoj, B. Sc., left 01.10.18

Tech

nical and administrative staff

32. Andreja Butina Cali¢

35

urij ErZen

34. Dejan Lesjak
35. Erik Margan
36. Andreja Viasic, B. Sc., 16.05.18, transferred to Department E7

Note:
* par

t-time JSI member
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. The Pierre Auger Collaboration, A. Aab et al, "An indication of
anisotropy in arrival directions of ultra-high-energy cosmic rays
through comparison to the flux pattern of extragalactic gamma-ray
sources", The astrophysical journal. Letters, 2018, 853, 2, 1-10.

. The Pierre Auger Collaboration, A. Aab et al, "Large-scale cosmic-ray
anisotropies above 4 EeV measured by the Pierre Auger Observatory”,
The Astrophysical journal, 2018, 868, 1, 1-12.

.ATLAS Collaboration, M. Aaboud et al, "Search for dark matter

produced in association with bottom or top quarks in v/s = 13 TeV pp

collisions with the ATLAS detector”, The European physical journal. C,

2018,78,1,18.

ATLAS Collaboration, M. Aaboud et al, "Search for heavy resonances

decaying into WW in the evuv final state in pp collisions ats = 13 TeV

with the ATLAS detector”, The European physical journal. C, 2018, 78, 1,

24.

. ATLAS Collaboration, M. Aaboud et al, "Search for new phenomena in

high-mass final states with a photon and a jet from pp collisions at+/s =

13 TeV with the ATLAS detector”, The European physical journal. C,

2018, 78, 2,102.

ATLAS Collaboration, M. Aaboud et al,, "Measurement of the W-boson

mass in pp collisions at \s = 7 TeV with the ATLAS detector”, The

European physical journal. C, 2018, 78, 2, 110.

. ATLAS Collaboration, M. Aaboud et al, "Direct top-quark decay width
measurement in the tt lepton+jets channel at v/s = 8 TeV with the
ATLAS experiment", The European physical journal. C, 2018, 78, 2, 129.

. ATLAS Collaboration, M. Aaboud et al, "Measurement of longitudinal
flow decorrelations in Pb+Pb collisions at y/syy = 2.76 and 5.02 TeV
with the ATLAS detector”, The European physical journal. C,2018, 78, 2,
142.

. ATLAS Collaboration, M. Aaboud et al, "Search for the direct production
of charginos and neutralinos in final states with tau leptons in Vs =13
TeV pp collisions with the ATLAS detector”, The European physical

journal. C,2018, 78, 2, 154.

ATLAS Collaboration, M. Aaboud et al, "Measurement of t polarisation
in Z/y* - 1t decays in proton-proton collisions at+/s = 8 TeV with the
ATLAS detector”, The European physical journal. C, 2018, 78, 2, 163.
ATLAS Collaboration, M. Aaboud et al, "Measurement of quarkonium
production in proton-lead and proton-proton collisions at 5.02 TeV
with the ATLAS detector”, The European physical journal. C, 2018, 78, 3,
171.

ATLAS Collaboration, M. Aaboud et al, "Measurement of differential
cross-sections of a single top quark produced in association with a W
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boson at Vs = 13 TeV with ATLAS", The European physical journal. C,
2018, 78, 3, 186.

ATLAS Collaboration, M. Aaboud et al,, "Search for doubly charged Higgs
boson production in multi-lepton final states with the ATLAS detector
using proton-proton collisions at /s = 13 TeV", The European physical
journal. C, 2018, 78, 3, 199.

ATLAS Collaboration, M. Aaboud et al, "A search for pair-produced
resonances in four-jet final states at Vs = 13 TeV with the ATLAS
detector”, The European physical journal. C, 2018, 78, 3, 250.

ATLAS Collaboration, M. Aaboud et al, "Search for heavy Z resonances
in the [*171*1” and [*["v¥ final states using proton-proton collisions at
+/s = 13 TeV with the ATLAS detector", The European physical journal.
C, 2018, 78, 4,293.

ATLAS Collaboration, M. Aaboud et al, "Search for a new heavy gauge-
boson resonance decaying into a lepton and missing transverse
momentum in 36fb™! of pp collisions at /s = 13 TeV with the ATLAS
experiment", The European physical journal. C, 2018, 78, 5, 401.

ATLAS Collaboration, M. Aaboud et al,, "Measurement of the inclusive
and fiducial tf production cross-sections in the lepton+jets channel in
pp collisions at s = 8 TeV with the ATLAS detector”, The European
physical journal. C, 2018, 78, 6, 487.

ATLAS Collaboration, M. Aaboud et al, "Search for heavy particles
decaying into top-quark pairs using lepton-plus-jets events in proton-
proton collisions at \s =13 TeV with the ATLAS detector”, The
European physical journal. C, 2018, 78, 7, 565.

ATLAS Collaboration, M. Aaboud et al, "Search for new phenomena
using the invariant mass distribution of same-flavour opposite-sign
dilepton pairs in events with missing transverse momentum in+/s = 13
TeV pp collisions with the ATLAS detector”, The European physical
journal. C, 2018, 78, 8, 626.

ATLAS Collaboration, M. Aaboud et al, "Prompt and non-prompt Ji and
1(2S) suppression at high transverse momentum in 5.02 TeV Pb+Pb
collisions with the ATLAS experiment”, The European physical journal.
C, 2018,78,9,762.

ATLAS Collaboration, M. Aaboud et al, "Prompt and non-prompt J /¢
elliptic flow in Pb+Pb collisions at /syy = 5.02 Tev with the ATLAS
detector”, The European physical journal. C, 2018, 78, 9, 784.

ATLAS Collaboration, M. Aaboud et al, "Measurement of colour flow
using jet-pull observables in tf events with the ATLAS experiment at
/s = 13 TeV", The European physical journal. C, 2018, 78, 10, 847.
ATLAS Collaboration, M. Aaboud et al, "Performance of missing
transverse momentum reconstruction with the ATLAS detector using
proton-proton collisions at +/s = 13 TeV", The European physical
journal. C,2018,78,11,903.
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ATLAS Collaboration, M. Aaboud et al, "Operation and performance of
the ATLAS Tile Calorimeter in Run 1", The European physical journal. C,
2018, 78,12,987.

Georgi Gorine, G. Pezzullo, Igor Mandi¢, AnZe Jazbec, Luka Snoj, Mar
Capeans, Michael Moli, Didier Bouvet, F. Ravotti, ]. Sallese, "Ultra high
fluence radiation monitoring technology for the future circular collider
at CERN", IEEE transactions on nuclear science, 2018, 65, 8, 1583 - 1590.
AUGER Collaboration, A. Aab et al, "Observation of inclined EeV air
showers with the radio detector of the Pierre Auger Observatory”,
Journal of cosmology and astroparticle physics, 2018, 10, 026.

ATLAS Collaboration, M. Aaboud et al, "Search for additional heavy
neutral Higgs and gauge bosons in the ditau final state produced in
36fb~! of pp collisions at Vs = 13 TeV with the ATLAS detector", The
Jjournal of high energy physics, 2018, 1, 55.

ATLAS Collaboration, M. Aaboud et al, "Measurement of the cross-
section for producing a W boson in association with a single top quark
in pp collisions at+/s = 13 TeV with ATLAS", The journal of high energy
physics, 2018, 1, 63.

ATLAS Collaboration, M. Aaboud et al, "Search for dark matter and
other new phenomena in events with an energetic jet and large missing
transverse momentum using the ATLAS detector", The journal of high
energy physics, 2018, 1, 126.

ATLAS Collaboration, M. Aaboud et al, "Searches for heavy ZZ and ZW
resonances in the llqq and vvqq final states in pp collisions at /s = 13
TeV with the ATLAS detector”, The journal of high energy physics, 2018,
3,9.

. ATLAS Collaboration, M. Aaboud et al, "Search for WW /WZ resonance

production in lvqq final states in pp collisions at /s = 13 TeV with the
ATLAS detector”, The journal of high energy physics, 2018, 3, 042.

. ATLAS Collaboration, M. Aaboud et al, "Search for heavy resonances

decaying into a W or Z boson and a Higgs boson in final states with
leptons and b-jets in 36fb~! of v/s = 13 TeV pp collisions with the
ATLAS detector”, The journal of high energy physics, 2018, 3, 174.

. ATLAS Collaboration, M. Aaboud et al, "Combination of inclusive and

differential tf charge asymmetry measurements using ATLAS and CMS
data at +/s = 7 and 8 TeV", The journal of high energy physics, 2018, 4,
003.

ATLAS Collaboration, M. Aaboud et al, "Measurement of differential
cross sections and W* /W~ cross-section ratios for W boson production
in association with jets at v/s = 8 TeV with the ATLAS detector", The
journal of high energy physics, 2018, 5, 77.

. ATLAS Collaboration, M. Aaboud et al, "Measurement of inclusive jet

and dijet cross-sections in proton-proton collisions atvs = 13 TeV with
the ATLAS detector”, The journal of high energy physics, 2018, 5, 195.
ATLAS Collaboration, M. Aaboud et al, "Search for long-lived charginos
based on a disappearing-track signature in pp collisions at+/s = 13 TeV
with the ATLAS detector”, The journal of high energy physics, 2018, 6,
022.

ATLAS Collaboration, M. Aaboud et al, "Search for supersymmetry in
final states with missing transverse momentum and multiple b-jets in
proton-proton collisions at+/s = 13 TeV with the ATLAS detector”, The
Jjournal of high energy physics, 2018, 6, 107.

ATLAS Collaboration, M. Aaboud et al, "Search for top-squark pair
production in final states with one lepton, jets, and missing transverse
momentum using 36 fb ~! of Vs = 13 TeV pp collision data with the
ATLAS detector”, The journal of high energy physics, 2018, 6, 108.
ATLAS Collaboration, M. Aaboud et al, "Search for Higgs boson decays
to beyond-the-Standard-Model light bosons in four-lepton events with
the ATLAS detector atv/s = 13 TeV", The journal of high energy physics,
2018, 6, 166.

ATLAS Collaboration, M. Aaboud et al, "Search for pair production of
up-type vector-like quarks and for four-top-quark events in final states
with multiple b-jets with the ATLAS detector”, The journal of high
energy physics, 2018, 7, 89.

ATLAS Collaboration, M. Aaboud et al, "Search for flavour-changing
neutral current top-quark decays t = gZ in proton-proton collisions at
/s =13 TeV with the ATLAS detector”, The journal of high energy
physics, 2018, 7, 176.

ATLAS Collaboration, M. Aaboud et al, "Search for pair production of
heavy vector-like quarks decaying into high-p:W bosons and top
quarks in the lepton-plus-jets final state in pp collisions at+/s = 13 TeV
with the ATLAS detector”, The journal of high energy physics, 2018, 8,
48.

ATLAS Collaboration, M. Aaboud et al, "Search for supersymmetry in
final states with charm jets and missing transverse momentum in 13
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TeV pp collisions with the ATLAS detector”, The journal of high energy
physics, 2018, 9, 50.

ATLAS Collaboration, M. Aaboud et al, "Search for charged Higgs
bosons decaying via H* — t%v, in the T+jets and T+lepton final states
with 36fb~! of pp collision data recorded at v/s = 13 TeV with the
ATLAS experiment", The journal of high energy physics, 2018, 9, 139.
ATLAS Collaboration, M. Aaboud et al, "Search for the Higgs boson
produced in association with a vector boson and decaying into two
spin-zero particles in the H — aa — 4b channel in pp collisions at /s =
13 TeV with the ATLAS detector”, The journal of high energy physics,
2018, 10, 031.

ATLAS Collaboration, M. Aaboud et al, "Angular analysis of B > K*u +
u~ decays in pp collisions at s = 8 TeV with the ATLAS detector”, The
Jjournal of high energy physics, 2018, 10, 47.

ATLAS Collaboration, M. Aaboud et al, "Measurements of differential
cross sections of top quark pair production in association with jets in
pp collisions at v/s = 13 TeV using the ATLAS detector”, The journal of
high energy physics, 2018, 10, 159.

ATLAS Collaboration, M. Aaboud et al,, "Search for dark matter in events
with a hadronically decaying vector boson and missing transverse
momentum in pp collisions at v/s = 13 TeV with the ATLAS detector”,
The journal of high energy physics, 2018, 10, 180.

ATLAS Collaboration, M. Aaboud et al, "Search for Higgs boson pair
production in the yybb final state with 13 TeV pp collision data
collected by the ATLAS experiment", The journal of high energy physics,
2018, 11, 040.

ATLAS Collaboration, M. Aaboud et al, "Search for charged Higgs
bosons decaying into top and bottom quarks at v/s = 13 TeV with the
ATLAS detector”, The journal of high energy physics, 2018, 11, 085.

. ATLAS Collaboration, M. Aaboud et al, "Comparison between simulated

and observed LHC beam backgrounds in the ATLAS experimentat E},.,,
=4 TeV", Journal of instrumentation, 2018, 13, p12006.

S. Kuehn et al. (35 authors), "Prototyping of petalets for the Phase-II
upgrade of the silicon strip tracking detector of the ATLAS experiment”,
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Igor Mandi¢, Vladimir Cindro, Andrej GoriSek, Bojan Hiti, Gregor
Kramberger, Marko Zavrtanik, Marko Mikuz, T. Hemperek, "Charge-
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doped low gain avalanche detectors", Nuclear instruments and methods
in physics research. Section A, Accelerators, spectrometers, detectors and
associated equipment, 2018, 898, 53-99.
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gain avalanche detectors", Nuclear instruments and methods in physics
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ATLAS Collaboration, M. Aaboud et al, "Search for resonant and
nonresonant Higgs boson pair production in the bbt — 7 — decay
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Tomoyuki Konno et al. (22 authors), "The aerogel ring image Cherenkov
counter for particle identification in the Belle II Experimen”, In: Zhen
Liu (ed.), Proceedings of International Conference on Technology and
Instrumentation in Particle Physics 2017, 21 - 26 May 2017, Beijing,
China. Volume 1, (Springer proceedings in physics 212) 2018, 270-274.

. Ichiro Adachi et al. (23 authors), "Behavior of 144ch HAPDs for the Belle

I aerogel RICH in the magnetic field", In: Zhen Liu (ed.), Proceedings of
International Conference on Technology and Instrumentation in Particle
Physics 2017, 21 - 26 May 2017, Beijing, China. Volume 2, (Springer
proceedings in physics 213) 2018, 315-318.

. M. Yonenaga et al. (23 authors), "Development of Slow Control System

for the Belle II ARICH Counter”, In: Zhen Liu (ed.), Proceedings of
International Conference on Technology and Instrumentation in Particle
Physics 2017, 21 - 26 May 2017, Beijing, China. Volume 1, (Springer
proceedings in physics 212) 2018, 46-49.

. The RD42 Collaboration, L. Béni et al, "Diamond detectors for high

energy physics experiments”, In: Proceedings of the 11th International
Conference on Position Sensitive Detectors, 3-8 September 2017, London,
UK, (Journal of instrumentation 13) 2018, c01029.

.I. Berdalovic et al. (24 authors), "Monolithic pixel development in

TowerJazz 180 nm CMOS for the outer pixel layers in the ATLAS
experiment”, In: Proceedings of the 11th International Conference on
Position Sensitive Detectors, 3-8 September 2017, London, UK, (Journal of
instrumentation 13) 2018, c01023.

UNIVERSITY, HIGHER EDUCATION OR HIGHER
VOCATIONAL EDUCATION TEXTBOOK

1.

Andrej Zorko, Miha Nemevsek, Nejc Kosnik, Matic Lubej, Zbirka resenih
nalog iz moderne fizike, Ljubljana: DMFA - zaloZnistvo, (Zbirka izbranih
poglavij iz fizike 55), 2018.

MENTORING

1.

2.

3.

Matic Lubej, Study of B —» KKlv, decays at Belle: doctoral dissertation,
Ljubljana, 2018 (mentor AnZe Zupanc).

Manca Mrvar, Calibration of aerogel ring-imaging Cherenkov detector in
Belle 1I: doctoral dissertation, Ljubljana, 2018 (mentor Rok Pestotnik).
Miha Muskinja, Search for new physics processes with same charge
leptons in the final state with the ATLAS detector: doctoral dissertation,
Ljubljana, 2018 (mentor Borut Paul KerSevan; co-mentor Andrej
Gorisek).
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DEPARTMENT OF INORGANIC
CHEMISTRY AND TECHNOLOGY K-1

The Department of Inorganic Chemistry and Technology is one of the leading groups in the
world for the synthesis of new inorganic compounds containing fluorine. The main research
fields are the synthesis of new coordination compounds with different ligands, the chemistry of
noble gases, the chemistry of elements of the main groups, the synthesis of new hybrid materials
and inorganic materials with special properties. A great deal of the activity of the group has been
devoted to technological, ecological and process safety issues in Slovenia. The group has already
been cooperating closely with Slovenian industry for more than 30 years. It is also active in the field
of education and in the field of the promotion of natural sciences among students at colleges and

elementary schools.

The research of new inorganic compounds containing fluorine was conducted in a study of the reactions between AF
(A=Li,Na, K, Rb, Cs) and TiF, in anhydrous hydrogen fluoride. Single crystals of five new poly[ perfluoridotitanates(IV)]

Cs,Ti F

were grown and their crystal structures determined (KTiF,, Cs,TiF

and [H,0L[Ti,F, ], [KHOL[TiF, ], Head

[Rb,HsO]s[Ti()FN]). The anionic part in the crystal structures of K[TiF.] is composéd of infinite ([TiFs]*)oo chains Asst. Prof. Gasper Tavéar
built of TiF, octahedra sharing joint vertices. The polymeric ([TiF, *"), anion represents the first example of the
three-dimensional network built of TiF, octahedra. The crystal-structure determination of CSS[Ti 4F19] reveals 4 new

type of polymeric fluoridotitanate(TV) anion, i.e., column-like ([ Ti F oo,

In the research field of the synthesis and characterization of hybrid
materials, compounds with fluoridotitanate anions and vanadium oxide
fluoride should be highlighted. We studied chemical reactions between guani-

Structure of Cs,[Ti F ] reveals a new type of
polymeric fluoridotitanate(lV) anion

dinium carbonate or guanidinium chloride and titanium tetrafluoride. Single-crystal growths from saturated HF, SO,
and CH,CN solutions resulted in six new perfluoridotitanate(IV) compounds, which were structurally characterized:

[C(NH,), ][ TiF], [C(NH,),],[Ti,F, I, [C(NH,), ][Ti,F], [C(NH,), L[ TiF, 1-S0,, [C(NH,),],[H,0] [TiF
[HSOZ] 4[TiSF%]. Their crystal structures consist of monomeric [TiF,]*, oligomeric [Ti,F

20][TiFS]4 and
I+ [TiF, I*-and [TigFSG]“*,

4720

as well as polymeric ([TiF,]"), and ([T12F9]*)0c perfluoridotitanate(IV) anions. The hexameric [T16F27]5* anion with
a trigonal prismatic geometry was structurally determined for the first time. The crystal-structure determination of
the [C(NHZ):,)] 4[H30] [T 4on][TiFs] , revealed the first example of a mixed-anion perfluoridotitanate(TV) compound

containing two different perfluoridotitanate(IV) anions, i.e., oligomeric [Ti F

20

|*and 1-D polymeric ([TiFS]*)Oo anions.

The crystal structure of the guanidinium hydrogen difluoride salt [C(NHZ)s][HFZ] was also determined.

Transition-metal oxide fluorides and their anionic analogues are the
subject of numerous research papers. Vanadium is one of the transition
metals that is in the spotlight of research. It gives a variety of oxide fluo-
ride compounds in different oxidation states (IV, V). With the reaction of
vanadium(V) oxide trifluoride (VOF, ) and the relatively new “naked” fluoride
reagent [ (LP")H][F] (L’ =1,3-bis(2,6-diisopropylphenyl)-1,3-dihydro-2H-
imidazol-2-ylidene) we were able to isolate [(L"*)I][VOF,] with the
long-sought discrete [VOF, |- anion. The neutral [(LD‘PP)VOFS] complex was
synthesized by a similar reaction between VOF, and the bulky N-heterocyclic
carbene (NHC) ligand L™, The hydrolysis of [(LPP)VOF, ] led to the [ (L")
H][VO,F, ] salt, which was the most stable product in this system. In coopera-
tion with the Department of Physical and Organic Chemistry we analysed,
by means of DFT calculations, intermolecular interactions between [ (L")
VOF, ] complexes in the crystal structure and realized that these interactions
have a significant effect on the V=F __bond length. We further scrutinized
aligand bonding within the [(L"")VOF, ] and related complexes. We pro-
vided the evidence of a minute w back-bonding into NHC ligands, which is
larger for chloride [(NHC)VOCL] than fluoride [(NHC)VOF, ] complexes,
although the fluoride ions are counterintuitively involved in back-bonding.
The influence of the @ back-bonding onthe V-F __ and V-F_ bond lengths
was also rationalized.

trans

Figure 1: Discrete [VOF ] anion in the structure of [ (L"*" )H][VOF J; H
atoms are omitted for clarity
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Figure 2: Structure of the neutral [ (L")

In cooperation with a research group from the Ivan Franko National University
(Lviv, Ukraine) a number of copper(I) pi-complexes with heterocyclic ligands were obtained
and explored. The structural characterization of the firstknown copper(I) azide pi-complex
should be highlighted. Bi-metallic copper-calcium and copper-barium complexes with iz-situ-
formed ligands were obtained and investigated in collaboration with the Taras Shevchenko
Kyiv National University (Kyiv, Ukraine). Re-crystallisation of the mixture of copper(Il)
chloride and dabco (dabco = 1,4-diazabicyclo [2.2.2] octane) resulted in the formation of
(H,dabco)(CuCl,) CuClL(H,0),and (H,dabco)Cu,Cl salts.

We should also mention activities from the analytical, technological, ecological and
process-safety-issues research areas of the department. We analysed samples and the products
of gasification of diverse solid waste materials and the impact of diverse alkaline additives on the
gasification and concentration of the unwanted substances of the synthesis gas. In addition, we
studied the optimal process conditions for the transformation of a model tar substance (toluene)
via catalytic oxidation and steam reforming to a synthesis gas, as well as the preparation of the
related catalyst.

The thermochemistry of reactions proceeding during the most frequently used decomposi-
tion methods (i.e., pyrohydrolysis, oxygen bomb combustion and alkaline carbonate fusion)
for a subsequent determination of fluorine by fluoride ion selective electrode was investigated.

VOF, ] complex; H atoms are omitted for clarity Within the topic of process safety, in 2018 we researched and published work on the topics

of the evaluation of the quality of the management of changes in industrial

The reaction of the naked fluoride reagent  organizations, as well as on the relations among the safety-management
[(LPPe HI[F] with VOF, leads to the long-sought systems and the leadership styles in the mentioned organizations. We
discrete [VOF,]- anion  continued and successfully completed the technical lead of one of the

Figure 3: Discrete [ VO F, |- anion in the structure of [ (L"" )H][VO,F,};

H atoms are omitted for clarity

L
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phases of the consultation project for an industrial client outside Slovenia
(it was about the implementation of the element of the safety management
of technical and organizational changes in a rather large organization in
the oil and gas industry).

We continued with our activity in the field of education and the promo-
tion of sciences. Members of the department were actively engaged in the
work of the Jozef Stefan International Postgraduate School as lecturers
and as mentors to M.Sc. and Ph.D. students. In addition, the School of
Experimental Chemistry maintained its very important relations with
elementary schools, secondary schools and even kindergartens through
experimental courses performed in a specialized laboratory or through
direct demonstrations at the schools. With demonstrations of chemical
experiments, we participated at the Hokus pokus, Lupa festival, Slovenian
Science Festival, organized by the Slovenian Science Foundation and at the
Researchers' Night. Some of the activities of the School of Experimental
Chemistry were carried out within the project, which is funded by the JSI
and the City of Ljubljana.

Some outstanding publications in the past year

I. Shlyapnikov, E. A. Goreshnik, Z. Mazej, Increasing structural dimensionality of alkali metal
fluoridotitanates(IV), Inorganic chemistry, 57 (2018) 1976-1987.

7. Zupanek, M. Tramsek, A. Kokalj, G. Tavcar, Reactivity of VOF , with N-heterocyclic carbene and imida-
zolium fluoride: analysis of ligand-VOF, bonding with evidence of a minute @ back-donation of fluoride,
Inorganic chemistry, 57 (2018) 13866-13879.

Shlyapnikov, E. A. Goreshnik, Z. Mazej, Guanidinium perfluoridotitanate(IV) compounds : structural
determination of an oligomeric [TiF, >~ anion, and an example of a mixed-anion salt containing two
different fluoridotitanate(IV) anions, European Journal of Inorganic Chemistry, (2018) 5246-5257.
D. Stepec, M. Ponikvar-Svet, J. F. Liebman, Paradoxes and paradigms: observations on pyrohydrolysis,
oxygen bomb combustion, and alkaline carbonate fusion, most frequently used decomposition methods
for subsequent determination of fluorine and accompanying thermochemistry, Structural chemistry,
29 (2018) 1247-1254.

D. Levovnik, M. Gerbec, Operational readiness for the integrated management of changes in the industrial
organizations: assessment approach and results, Safety science, 107 (2018) 119-129.
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Figure 4: Maja Ponikvar-Svet, with co-authors, contributed chapters to
the books “The Chemistry of Metal Enolates” (a) and “The Chemistry of
the Metal Phenolates” (b) published by Wiley in 2018

Department of Inorganic Chemistry and Technology K-1

Figure 5: The School of Experimental Chemistry presented interesting
experiments at the Researchers' Night event (photograph. B. Alic)

INTERNATIONAL PROJECTS

Extraction of Tantalum and Niobium from Ores
Asst. Prof. Gasper Tavcar
Prg Ltd.
2. Implementation of Process Safety Management System (PSMS) into NIS j.s.c.
Prof. Marko Gerbec
European Virtual Institute For Integrated Risk
3. H2020 - NOCMOG; European Researchers' Night (NIGHT)
Dr. Melita Tramsek
European Commission
4. The Development of a Nondestructive Analytical Method for the Screening of
Upconverting Nanoparticles Surface Properties Based on Optical Characterization
Prof. Maja Ponikvar-svet
Slovenian Research Agency

RESEARCH PROGRAM

1. Inorganic Chemistry and Technology
Asst. Prof. Gasper Tavcar

R & D GRANTS AND CONTRACTS

Direct Conversion of Methane to Higher Hydrocarbons Using Superacid Catalysts
Asst. Prof. Gasper Tavcar
2. Evaluation of greenhouse gasses mitigation measures in industry
Dr. Robert Kocjanci¢
3. SUstainability PERformance of LNG-basedmaritime mobility
Prof. Marko Gerbec
Rhe Emillia-romagna Region
4. Evaluation of greenhouse gasses mitigation measures in industry
Dr. Robert Kocjanci¢
Ministry of the Environment and Spatial Planning

NEW CONTRACT

Research and development of the gasification technology services
Prof. Marko Gerbec
Syntech d. 0. 0.

STAFF

Researchers

1. Prof. Marko Gerbec

Asst. Prof. Evgeny Goreshnik

Dr. Adolf Jesih, retired 29.03.18
Dr. Robert Kocjanci¢

Dr. Zoran Mazej

Prof. Maja Ponikvar-Svet

Asst. Prof. TomaZ Skapin

Asst. Prof. Gasper Tav¢ar, Head
9. Dr. Melita Tramsek
Postdoctoral associate

10. Dr. Blaz Ali¢

Postgraduates

11. Evelin Gruden, B. Sc.

RN NVENSS

12. David Levovnik, B. Sc.
13. Yaryna Soyka, B. Sc.
14. Dona Stepec, B. Sc.
15. Ziga Zupanek, B. Sc.
Technical officers

16. Tine Oblak, M. Sc.

17. Tomaz Ogrin, M. Sc.
Technical and administrative staff
18. Peter Frkal, B. Sc.

19. Pero Kolobari¢
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The basic research of the department is focused on the experimental and computational studies
of various physico-chemical processes at surfaces and in atmospheric chemistry. The main attention
in the field of organic chemistry is directed to a green chemistry approach to the transformation of
organic compounds.

Our experimental and theoretical investigations of elementary physico-chemical processes on solid surfaces are
mainly focused in the field of corrosion, corrosion protection and catalysis. Corrosion is a widespread phenomenon
with significant economic and environmental impacts. Because of the enormous costs, the protection of metals
and alloys is therefore essential. In-depth basic knowledge of surface processes is needed to design effective corro-
sion protection since the understanding of the mechanism of inhibition of corrosion at the atomic level is still very
limited. In order to overcome this, we introduced a synergistic iterative research, combining the synthesis of new
compounds, electrochemical and surface analytical techniques, and the modelling and simulation of processes
based on the first principles. Such a newly established research strategy is expected to boost the innovative design
of advanced sustainable solutions in the protection of materials.

We are mainly focused on alloys based on aluminium and copper, as well as steel and other technologically
important materials. Lightweight aluminium alloys are used in various applications, especially in the transport
industry, where there is a great need to reduce the weight of vehicles and consequently reduce emissions into the
environment. Steel and alloys based on copper are indispensable materials in the field of infrastructure, construction,
etc. Traditional ways of corrosion protection such as conversion chromate
coatings can no longer be used due to ecological restrictions. Over the past
decade, various alternatives have been explored, among which the most
important are sol-gel coatings, conversion coatings, superhydrophobic
coatings and various inorganic and organic inhibitors. The needs of
industry, in particular transport, construction, machine and electronics,
postulate the requirements for development of efficient, sustainable and
environmentally friendly coatings, which at the same time exhibit addi-
tional functional characteristics. In our laboratory, we investigate all of the
above-mentioned alternatives and even combine them with each other, e.g.
sol-gel coatings and inhibitors in order to achieve not only barrier protec-
tion, but also active protection, where the coating after corrosion damage
is able to self-heal. We also introduce modern methodologies, such as the
atomic layer deposition, in corrosion protection.

Conversion coatings based on the salts of rare earths, zirconium or tita-
nium are an important research direction in the search for novel corrosion
protection. A prominent article on zirconium and / or titanium conversion
coatings was published in the reputable Journal of the Electrochemical

Head:
Prof. Ingrid Milosev

Society prepared by I. MiloSev and G.S. Frankel (Fontana Corrosion Center,
The Ohio State University, USA). Conversion coatings based on Zr and/or
Ti are alternative to chromate and phosphate coating technologies that
can be associated with environmental problems. In the review article,
scientific achievements in this rapidly evolving field are covered, offering
a description of the composition of the conversion baths, mechanisms
of the coating deposition and coating characterization. The protective
properties of these coatings are also reviewed. In 2018, this review article
was the most downloaded article in the Journal of The Electrochemical
Society, section "Corrosion Science and Technology". We continue our own
research in the field of conversion coatings prepared from the zirconium
hexafluoride bath. The coating formation process involves activating the
surface in an acidic fluoride-containing medium. This step is followed by
precipitation of Zr-based oxide at cathodic regions on the surface where the

Figure 1: Impedance at 0.01 Hz determined from the electrochemical
impedance spectra recorded in 0.1 M NaCl solution during the immersion
of the hybrid sol-gel GTS-Ce coating on aluminium alloy AA7075-T6. The
course of impedance during the course of immersion indicates that the
coating self-heals. Namely, after an initial drop, afier four days, the
impedance increased and remains unchangedfor 500 hours. The diameler
of artificial corrosion damage decreased afier four days. Structure of the
coating and curing scheme are shown in the inset.

Cerium ions added to hybrid sol-gel coatings
increase the coating density and bring the self-
healing ability after corrosion damage resulting in
exceptional anti-corrosion protection of aluminium
alloys in a corrosive medium.
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pHincreases due to the reduction of oxygen. The increase in pH causes the deposition of metal oxide, i.e., conversion
of the hexafluoro zirconic acid to the zirconium hydrated oxide. The effect of the parameters of the conversion bath
on the efficiency of the corrosion protection of zirconium conversion coatings deposited on different aluminium
alloys, from the series 3xxx, 4xxx, 5xxx, 6xxx and 7xxx, are investigated. The purpose of the study is to determine
the influence of the substrate, especially the type of intermetallic particles, on the properties of conversion coatings.
On the basis of this study, we expect to postulate in more detail the mechanism of conversion and formation of a
coating. Further, we explore various commercially available conversion coatings based on trivalent chromium or

CorrTalk Workshop was held in June 2018 at the
Jozef Stefan Institute organized by doc. dr. A.
Kokalj, prof. dr. I. MiloSev and mag. D. Lorber. The
workshop was devoted to integrative approaches
in the investigation of corrosion and inhibition
of corrosion. The workshop was held under the
auspices of M-Era.Net and was attended by eminent
European experts from the field of corrosion,
surface analysis and modelling as invited lecturers.

zirconium, which are available on the market as an alternative to chromate
coatings. As a substrate, aluminium alloy from the series 3xxx important
in the construction industry is used. The deposition procedure of various
commercial coatings is being optimized depending on the pre-treatment
of the surface of the aluminium alloy and then characterized in terms of
corrosion protection, microstructure and composition.

A very important part of our research comprises various hybrid sol-
gel coatings designed to protect aluminium alloys or steel in a chloride
environment. We are currently investigating four types of coatings in
our laboratory, which are designated as GTS and GTS-Ce, TMZ, TMM and
ZG. For the preparation of hybrid, i.e., inorganic-organic, silicon sol-gel
GTS coatings, precursors tetraethyl orthosilicate (TEOS) and organically

modified silane precursor 3-glycidoxypropy! trimethoxysilane (GPTMS) are used. The sol also contains particles
of silicon dioxide to achieve the barrier properties of the coating. To achieve the inhibition properties, cerium(III)
nitrate is added to sol (GTS-Ce label). The optimization of the sol synthesis was based on the results of ATR-FTIR

Figure 2. The densily of the corrosion current in dependence on the

immersion time measured on the samples of AISi7Mg0.3 alloy in artificial
seawaterwith and without Na,S added in the concentration range between

0 and 100 ppm (lop panel). A schematic representation of the formation of
an oxide layer formed on the surface of the alloy AISi7Mg0.3 in seawater
as a function of the immersion time (lower panel).

and UV-vis-NIR spectroscopy. We confirmed the opening of epoxy rings
and the completion of hydrolysis and the condensation reaction during
the synthesis process. During the synthesis of the sol, a high degree of
crosslinking of the Si—0-Si structure and, consequently, a high density
of the coating was achieved. Coatings were deposited on aluminium alloy
AA7075-T6 using a dip coater. Thickness, contact angle of water drops,
roughness and adhesion of coatings to the substrate were determined.
The condensation process and the incorporation of cerium nitrate into
the hybrid sol-gel coating affect the corrosion properties of the coating.
The observed increase in the degree of corrosion protection is attributed to
the combination of the barrier properties of silicon matrix with the active
protection of cerium nitrate.

Amultilayer coating consisting of the first layer of GTS-Ce doped with
Ce(NO,), and other, non-doped GTS layer was also prepared. The addition
of cerium ions increases the lifetime of the hybrid coating and plays a role
in the self-healing only if it is locked in the first layer of a multi-layer coat-
ing. Self-healing is described as the possibility of self-regeneration of the
coating after corrosion damage. On the surface of the coated substrates
we intentionally made artificial corrosion damage and then monitored
the course of self-healing of the coating in a 0.1-M NaCl solution. This
process is based on the transport of cerium(III) ions to the site of damage
and their oxidation and deposition as insoluble Ce(IV) oxide. The course
of self-healing was monitored by electrochemical impedance spectroscopy,
X-ray photoelectron spectroscopy and scanning electron microscopy with
chemical analysis.

The other type of hybrid sol-gel coatings developed in the laboratory
are TMZ coatings prepared from TEOS and an organically modified silane
precursor of 3-methacryloxy propyltrimethoxysilane (MAPTMS), which
was then mixed with different amounts of zirconium(IV) propoxide,
chelated with methacrylic acid. Synthesized coatings are composed of
silicon and zirconium oxides in polymerized organic matrix. Due to their
density and low porosity, they offer a high level of barrier protection. In
these coatings, we also investigated the possibility of self-healing. The
focus was on the synthesis and characterization of TMZ coatings with
and without the addition of cerium(1IT) ions. The coatings were applied

Annual Report 2018



to aluminium. The chemical composition, structure, thermal properties
and porosity of non-doped and Ce-doped coatings containing various con-
centrations of Zr were analysed by Raman spectroscopy and photothermal
beam deflection spectroscopy. The corrosion properties of Al with the TMZ
coating were assessed using AC and DG electrochemical methods in a 0.1
M NaCl solution. Barrier and protective properties of the coatings were
followed during long-term immersion into the chloride solution using
electrochemical impedance spectroscopy. The effect of cerium ions was
twofold: cerium influences the formation of a more condensed structure
Si—0—Zr, Si—0—Si and Si—0—Al, as well as the formation of Ce-oxide de-
posits at the interface coating/substrate. The latter leads to the degree of
cathodic reaction and hence the degree of corrosion. The synergistic effect
of cerium created the coating that acts as an effective barrier and shows
active corrosion protection.

In addition, we studied the study of the mechanism of synthesis of
TMZ coatings using in-situ FTIR spectroscopy and 'H, ¥C and »Si NMR
spectroscopy in dependence on the Zr content of the coating. The following
properties of the coating were analysed: transparency, topography, chemi-
cal composition, morphology and wettability. The corrosion properties
were assessed using electrochemical methods in 0.1-M NaCl solution in a
pH range of 3 to 10. The chemical stability of the coatings was also evalu-
ated in a strong alkaline solution. The prepared coatings are transparent
and increase the wettability of the water drop for both polar and nonpolar
liquids. Electrochemical measurements confirmed the exceptional protec-
tion of TMZ coatings in NaCl solutions of various pH, especially those with
ahigh Zr /Si ratio.

We also continue to work on the development of sol-gel polysiloxane
TMM coatings based on TEOS, MAPTMS and methacrylates with different
lengths of the alkyl chain. The aim is to produce coatings which, in addi-
tion to anti-corrosion properties, will also show increased hydrophobicity,
which is important in the applications of metal materials in the sea. Namely,
once immersed in sea, every artificial surface is subjected to fouling and
the formation of a biofilm. It begins with adsorption of bacteria and in-
creases to the formation of algae, micro- and macro-organisms. Therefore,
anti-fouling protection is a growing area for application of new materials.
Field testing of new coatings for their antifouling ability is carried out in
cooperation with the Marine Biology Station of the National Institute of
Biology in Piran. Sol-gel coatings, which were developed in our laboratory,
were applied to various aluminium alloys and tested in the Adriatic Sea for
8 months. Field test was preceded by an extensive study of the corrosion
mechanism of aluminium alloy in laboratory conditions in the artificial
sea. Aluminium alloy AlSi7Mg0.3 is intended for applications in seawater,
especially parts of motor boats. In particular, we investigated the influence
of the presence of sulphide ions in artificial sea water. Sulphides are one
of the most common pollutants in natural seawater and can reach levels
of 50 ppm or more in heavily contaminated coastal or port waters. In
unpolluted natural seawater, a sulphide concentration of 2-7 ppm was
reported. Laboratory immersion test lasted 42 days and was performed
in artificial sea water with Na,§ added in concentration between 0 and
100 ppm. Samples were taken at different times and then analysed in
terms of electrochemical and microstructural properties. The density of
the corrosion current for samples immersed in all solutions tested was
very low, ranging from 107 to 109 A cm™. The structure, composition and
degree of protection of the resulting oxide layers were dependent on the
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By means of an integrative approach consisting
of electrochemical testing, surface science
experiments, and computational DFT modelling,
we showed that linear carboxylic acids have the
ability to make aluminium superhydrophobic and
to enhance its corrosion resistance, provided that
their alkyl chains are long enough, because they
make the protective organic film stable.

Figure 3: The needs of industry growingly postulate the requirements
Sfor development of efficient, sustainable and environmentaily friendly
corrosion protection. Schematic presentation of a synergistic iterative
approach where organic synthesis, electrochemical and surface-science
techniques as well as atomistic first-principle-based modelling and
simulation are utilized. The modelling and experiments are therefore
combined by an integrative approach to boost research and development
of new protection means.

Figure 4 Cartoon of impermeability of the organic film composed of linear
carboxylic acids on aluminium substrate, illustrating how the effective
molecular coverage increases with the length of the alkyl chain. Top row:
molecules with shorter alkyl chains do not completely cover the surface
(notice uncovered patches of the surface). However, for molecules with
longer alkyl chains the surface is effectively covered due to molecular tilting.
This effect is schematically depicted by side-view sketches in the bottom row.

concentration of Na,$ and the time of immersion. We found that, unlike some other materials, for example steels,
the presence of a low sulphide concentration (<50 ppm) is useful for corrosion protection of the alloy AISi7Mg0.3.
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This was attributed to the formation of a multilayer oxide layer which, in
addition to aluminium hydrated oxide, also contains magnesium oxide.
We continued to work on the on the project COR_ID within M-Era.Net
(European Research Area, an EU funded network). The main aim of the
project ‘Design of corrosion resistant coatings targeted for versatile ap-
plications” (acronym COR_ID)is to design and engineer new coatings for
aluminum alloys with targeted properties of increased corrosion resistance,
specific hydrophobic properties, prolonged service life-time and reduced
ecological impact. Project consortium coordinated by Prof. Ingrid Milosev
comprises researchers from Slovenia, France and Hungary: Department
of Physical and Organic Chemistry of the JoZef Stefan Institute, Talum
d.d. Kidricevo, Chimie ParisTech (CNRS) from Paris and Eétvos Lorand
University from Budapest. The project consortium links scientists from
three partner countries and one technological company Talum Kidricevo

Figure 5. In June 2018 an international workshop Corrlalk was organized
at the Department of Physical and organic chemistry of the Jozef
Stefan Institute. Workshop was devoted to integrative approaches in the
investigation of corrosion and inhibition of corrosion. It was held under
the auspices of M. Era.Net and was attended by top European experts from
the field of corrosion, surface analysis and modelling as invited lecturers.

d.d.) aiming to stimulate advances in basic and applied research and
technology transfer. The current state-of-the-art in this field is represented
by high throughput experimental empirical testing of large sets of organic
compounds. In contrast to such trial and error approach, a rational design
of new corrosion inhibitors would provide a major breakthrough in the

field of corrosion protection. The scientific framework should therefore
postulate the strategy which will contribute to the increased understanding

The superior activity of silver nanoparticles

in the formation of methyl-formate from CO,,
H,, and CH,OH stems from their ability to bind
atomic hydrogen weakly and surface formate
intermediates strong enough.

of corrosion inhibition. One of the possibility s to use the ICME (Integrated
Computational Materials Engineering) principles. The basic relationships
between aluminium surface and corrosion inhibitors are therefore ad-
dressed, i.e. corrosion inhibitors were designed in such a way to allow
the investigation of the effect of anchor group and the effect of backbone

Figure 6: Schematic representation of new aerosol particle formation in
the troposphere from molecular precursors and HOOO * radical.

120

chain on their inhibitive performance on aluminium in chloride solution.
Methodological approach was versatile: (i) synthesis or purchase of organic
inhibitors, (ii) preparation of uncoated and inhibitor-coated aluminium
samples, (iii) electrochemical measurements, (iv) water contact angle
measurements (v) long-term immersion tests, (vi) surface analytical
study by SEM, ToF-SIMS or XPS, and (vii) Density Functional Theory (DFT)
modeling. The surface of aluminium substrates was prepared by alkaline
etching to allow easy self-assembling during immersion in ethanol solution
of selected corrosion inhibitors. The inhibitors differed in the (i) type of
backbone chain, (ii) length of backbone chain, and (iii) type of anchor
group. Based on the obtained experimental (electrochemical parameters
and composition of the surface layers) and computational (adsorption
reaction energies decomposed into inhibitor-surface and lateral inhibitor-
inhibitor interactions, adsorption induced changes of electronic structure,
etc.) parameters we are aiming to build a predictive model for screening
new corrosion inhibitors with targeted properties. The modelling and
experiments are therefore combined by an integrative approach.

DFT calculations were also employed to supplement the systematic
experimental study on the effect of the length of the alkyl chains on the corrosion inhibition performance of
carboxylic acids (CAs) on aluminium in chloride solution. Strong adhesion of the organic film to the surface is
often assumed to be a key factor in achieving good corrosion inhibition and to this end, the adsorption of CAs, with
alkyl chain lengths from 2 to 18 carbon atoms, was considered on a model of the fully hydroxylated aluminium
surface. We found that adsorption of short-chain carboxylic acids is only marginally exothermic, indicating that
an additional stabilization is required for them to form a stable adsorbed monolayer. Such a stabilization can be
achieved by increasing the length of the alkyl chain, because longer chains provide stronger cohesion via lateral
inter-molecular dispersive interactions. Lateral cohesive inter-molecular interactions are further enhanced by the
alkyl chain tilting. Apart from increasing cohesion, such tilting also increases the effective coverage of the surface
thus preventing the solvent molecules and aggressive species from reaching the substrate.

Within the project COR_ID we also develop siloxane coatings for use on aluminium alloys, which are exposed
to aggressive conditions, such as seawater or dirty water. Under these conditions it is important that the surface is
hydro- or superhydrophobic. This may be achieved by the addition of fluorine compounds to the siloxane coating.
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Laboratory testing of coatings is being upgraded in collaboration with the company Talum d.d by constructing the

pilot device for industrial conditions.

In the context of providing atomistic level insight into the mechanism by which siloxane based sol-gel coatings

adhere to Al substrates we studied the adsorption of a model silanol molecule, CH

Si(OH),, and its oligomers (up to

the trimer) on oxidized and fully-hydroxylated aluminium substrates by means of DFT modelling. We found that

the reaction with the hydroxylated surface via the condensation mecha-
nism—where the silanol molecule replaces a surface OH group, forming a
water molecule as a co-product and a strong SiO—Al chemical bond with the
surface (monodentate bonding mode)—is both exothermic and exergonic
irrespective of oligomer size. However, the formation of a second such bond

Quantum-chemical calculations indicate that
secondary aerosol complexes can be identified
by IR spectroscopy, which can aid in faster
atmospheric particles identification.

(bidentate bonding mode) was found thermodynamically unfavourable

for the monomer, athermic for the dimer, and favourable for the trimer.

Our calculations therefore indicate that a silanol unit can form at most one strong SiO—Al bond with the surface
in the siloxane film. Moreover, some silanol units likely act as spacers as to reduce the overall strain induced by
adsorption on the aluminium based substrate.

We continued to work on the M-Era.Net project entitled "COIN DESC: Corrosion inhibition and dealloying
descriptors". The specific objective of the project is to identify physically-sound corrosion inhibition and deal-
loying descriptors, depending on the metallic material and environment to which the material is exposed. Such
descriptors are mandatory for the construction of a new corrosion inhibitor virtual design framework which
will allow a faster and more rational screening of new specifically designed corrosion inhibitors with superior
characteristics. The project consortium consists of four partners from
Slovenia, Belgium, Spain, and Netherlands (Department of Physical and
Organic Chemistry of Jozef Stefan Institute, Institute for Materials Research
of Hasselt University, Department of Physics at Universitat Politecnica de
Catalunya, and Materials Science and Engineering at Delft University of
Technology). To this end, we have tested about two dozen of different
azole molecules as potential corrosion inhibitors for copper and zinc in
NaCl solution by electrochemical methods, such as polarization resistance
and electrochemical impedance spectroscopy. The interfacial bonding of
inhibitors was investigated by FTIR, XPS, and AFM techniques as well as
by explicit DFT inhibitor-surface calculations. We aim at integrating high-

throughput oriented experimental testing of a larger number of corrosion  Scheme 1: Direct esterification and aldol condensation mediated by NBS

inhibitors with insights provided from more detailed mechanisticanalyses ~ or DBDMH
(experimental and computational) with the specific objective to identify
physically-sound corrosion inhibition descriptors. Further scrutiny was devoted to a detailed characterization of
adsorption bonding of imidazole, triazole, and tetrazole inhibitors to oxidized copper surfaces. We showed that
dissociative adsorption bonding of imidazoles differs considerably from that of triazoles and tetrazoles. While for
the latter two dissociative adsorption proceeds via the cleavage of the N-H bond without any significant activation
barrier, such a mode is thermodynamically unfavourable for imidazoles. Instead, imidazoles may adsorb dissocia-
tively via the cleavage of the C-H bond. However, such a dissociation is kinetically hindered, because the respective
activation barrier is about 1.1 eV.

In the field of heterogeneous catalysis, we explained with aid of DFT modelling why silver nanoparticles, sup-
ported on sillica-support, were found significantly more active for the continuous methyl-formate synthesis than
the known gold and copper catalysts. In particular, a careful analysis of

results of DFT simulations allowed us to attribute the high activity of silver
in synthesis of methyl-formate from CO,, H,, and CH,0H to its superior
ability to form surface formates and formic acid intermediates. We found

Direct esterification of carbocyclic acids and aldol
condensation could be achieved by NBS or DBDMH
catalysed reactions under solvent-free conditions.

that the respective activation barrier is given by the interplay between weak
and strong adsorption bonding of atomic hydrogen and formate, respectively. Among the coinage metals, silver
displays the lowest activation barrier for the formation of formates, because it binds atomic hydrogen weakly and
formates strong enough, whereas gold binds formates too weakly and copper binds H too strongly.

We also continued with our research in the field of atmospheric chemistry and studied secondary aerosol clusters,
which are known to represent nucleation centres for the growth of new particles produced by the agglomeration
of various gaseous molecules in the atmosphere. We investigated by quantum-chemical modelling the stability and
reactivity of the hydrotrioxy radical (HOOO*), because its existence in the atmosphere is controversial and only a few
studies have examined its impact on the new aerosol particle formation. In particular, we addressed the formation
of binary and ternary complexes of hydrotrioxy radical under troposphere conditions with known atmospheric
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precursors, such as aqueous vapour, methanoic acid, methylamine and sulfuric(VI) acid. We found that complexes of
HOOO" radical and sulfuric(VI) acid are formed spontaneously. On the basis of calculated anharmonic frequencies
of the relevant complexes, we have shown that they can be identified by IR spectroscopy, which can aid in faster
atmospheric particles identification.

In the framework of Laboratory for Organic and Bioorganic Chemistry we continued the investigation on the
application of principles of green chemistry to the transformations of organic compounds. Our recent discovery,
that organic compounds bearing an active N-halo bond are potential catalysts for several transformations of organic
molecules, was used as an original approach for the aldol condensation of comprehensive type of alkyl aldehydes.
The reactions could be performed under solvent-free reaction conditions using substoichiometric amounts (5-7
mol %) of N-bromosuccinimide (NBS) or 1,3-dibromo-5,5-dimethyl hidantoine (DBDMH) as the catalysts. In the
case of reactions of single aldehyde bearing metylenic functionality near the aldehyde functional group, the self-
condensation took place, resulting in the formation of corresponding E-1,2-dialkyl unsaturated aldehyde derivatives.
We succeeded in considerable selective cross-condensation of benzaldehydes and alkyl aldehydes and by optimal
reaction conditions reduced the self-condensation side reaction to not more than 10%.

The new method of NBS mediated direct esterification of carbocyclic acids was improved by the use of lower
cost DBDMH as the catalyst thus achieving selective and efficient esterification of benzoic, mono-, di-, and tri-alkyl
carboxylic acids and few steroid analogues bearing carboxy or hydroxy functionalization.

In collaboration with University of North Florida and Universidad Nacional de Cordoba we evaluated the
mechanism of molecular iodine catalysed transformation of alcohols using DFT calculation methodology.

In collaboration with Faculty of Biotechnology UL and company Alkemika we have developed compounds
from the family of beta keto esters derivatives as the new type of precursors for biosynthesis of tetracycline. Special
attention was paid to the derivatives bearing at least one fluorine atom into target molecules.

Some outstanding publications in the past year

1. G.Sekularac, I. Milosev, Corrosion of aluminium alloy AISi7Mg0.3 in artificial sea water with added sodium
sulphide, Corros. Sci. 144 (2018), 54-73

2. 1.Milosev, G.S. Frankel, Review—Conversion coatings based on zirconium and/or titanium, J. Electrochem.
Soc. 165 (2018), C127-C144

3. T Matsushima, A. Kokalj, Angle-resolved desorption and removal of surface nitrogen in deNOx, Surf. Sci.
Rep. 73 (2018) 191-212

4. JJ. Corral-Pérez, A. Bansode, C.S. Praveen, A. Kokalj, H. Reymond, A. Comas-Vives, J. VandeVondele, C.
Copéret, PR. von Rohr, A. Urakawa, Decisive Role of Perimeter Sites in Silica-Supported Ag Nanoparticles
in Selective Hydrogenation of CO, to Methyl Formate in the Presence of Methanol, J. Am. Chem. Soc. 140
(2018) 13884-13891

5. K.Cebular, S. Stavber. Molecular iodine as a mild catalyst for cross-coupling of alkenes and alcohols, Pure
Appl. Chem. 90 (2018) 377-38

Awards and Appointments

1. Damir Hamuli¢, Ingrid MiloSev, Peter Rodi¢, Dolores Zimerl: Award for best invention/innovation with
the commercial potential at 11. ITTC in 2018.

2. UrSaTiringer, Gavrilo Sekularac: “Young Author’s EFC Poster Prize EUROCORR 2018”.

3. Ingrid MiloSev, Peter Rodic: Krka Prize for secondary school research papers - award for mentorship.

Organization of conferences, congresses and meetings

. CorrTalk: Workshop on integrative approaches to corrosion research, Ljubljana, Slovenia, 11.-13. 6. 2018

2. Howto Conduct a Successful PhD: MAMI (Magnetism and Microhydrodynamics, H2020 MSCA-ITN-2017-
766007), Ljubljana, Slovenia, 5. - 7. 12. 2018

3. Ingrid MiloSev, Peter Rodié: Silver Award at the 52th Meeting of young researchers Slovenia - award for

mentorship.
INTERNATIONAL PROJECTS
Cost Association Aisbl
1. COST MP1402 - HERALD; Hooking together European Research in Atomic Layer 3. H2020 - STEMé4youth; Promotion of STEM Education by Key Scientific Challenges and
Deposition their Impact on Our Life and Career Perspectives
Dr. Peter Rodi¢ Dr. Peter Rodi¢
Cost Association Aisbl European Commission '
2. COST CA17126: Towards Understanding and Modelling Intense Electronic Excitation 4. H2020 - mCBEEs; Advanced Integrative Solutions to Corrosion Problems Beyond
Micro-Scale: Towards Long-Term Durability of Miniaturized Biomedical, Electronic and
Energy Systems
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Prof. Ingrid Milosev
European Commission

2.

Department of Physical and Organic Chemistry K-3

Advanced materials for low-carbon and sustainable society
Prof. Ingrid Milosev

5. H2020 - MAMI; Magnetics and Microhydrodynamics - From Guided Transport to
Delivery
Prof. Ingrid Milosev
European Commission
6. INCOR: INterfaces relevant for CORrosion and its inhibition
Prof. Ingrid Milosev
Slovenian Research Agency
7. Fundamental Insights Into Fuel Cell Electrocatalysis - Combination of Modelling and
Experiment
Asst. Prof. Anton Kokalj
Slovenian Research Agency

R & D GRANTS AND CONTRACTS

Modulation of polyketid synthase complex involved in early and late stages of
tetracycline biosynthesis
Prof. Stojan Stavber
2. Multidisciplinary approach towards development of a novel multifunctional
heterogeneous catalyst for efficient conversion of H2 and CO2 gas mixtures into fuel
additives and surrogates
Asst. Prof. Anton Kokalj
3. COR_ID: Design of corrosion resistant coatings targeted for versatile applications
Prof. Ingrid Milosev
Ministry of Education, Science and Sport
COIN DESC: IntegratedComputational Materials Engineering entitled Corrosion
inhibition and dealloying descriptors
Asst. Prof. Anton Kokalj
Ministry of Education, Science and Sport

RESEARCH PROGRAMS ¢

1. Chemistry for sustainable development
Dr. Peter Rodi¢

VISITORS FROM ABROAD

1. prof. dr. Hadi Behzadi, Faculty of Chemistry, Kharazmi University, Tehran, Iran, 24. 3. prof. dr. Igor Pasti, Faculty of physical chemistry, University of Belgrade, Belgrade,
7.-15.9.2018 Serbia, 27. 11.- 3. 12. 2018
2. dr. Fatah Chiter, Chemie ParisTech, PSL University, CNRS, Institut de Recherche de 4. dr. Dominique Costa, Chemie ParisTech, PSL University, CNRS, Institut de Recherche de

Chimie Paris, Paris, France, 22. 10. - 31. 10. 2018 Chimie Paris, Paris, France, 18. 12.-21. 12. 2018

STAFF

Researchers 9. Matjaz Dlouhy, B. Sc.

1. Asst. Prof. Anton Kokalj 10. Dunja Gustincic, B. Sc., left 01.07.18
2. Dr. Antonija Lesar, retired 01.12.18 11. Damir Hamuli¢, B. Sc.

3. Dr. Matic Lozinsek, left 01.07.18 12. Nikolina Lesic, B. Sc.

4. Prof. Ingrid Milosev, Head 13. Matic Poberznik, B. Sc.

5. Prof. Stojan Stavber 14. Ivan Spajic, B. Sc.

Postdoctoral associates 15. Gavrilo Sekularac, B. Sc.

Technical officers
16. Barbara Kapun, B. Sc.
17. Dolores Zimerl, B. Sc.

6. Dr. Peter Rodi¢

7. Dr. Ursa Tiringer
Postgraduates

8. Klara Cebular, B. Sc.

BIBLIOGRAPHY

ORIGINAL ARTICLE

1. Vesna Levasi¢, Ingrid MiloSev, Vesna Zadnik, "Risk of cancer after
primary total hip replacement: the influence of bearings, cementation
and the material of the stem", Acta orthopaedica, 2018, 89, 2, 234-239.

2. Gavrilo Sekularac, Ingrid Miloev, "Corrosion of aluminium alloy
AlSi7Mg0.3 in artificial sea water with added sodium sulphide”,
Corrosion science, 2018, 144, 54-73.

3. Ziga Zupanek, Melita Tram$ek, Anton Kokalj, Gasper Tavc¢ar, "Reactivity
of VOF; with N-heterocyclic carbene and imidazolium fluoride: analysis
of ligand-VOF; bonding with evidence of a minute m back-donation of
fluoride”, Inorganic chemistry, 2018, 57, 21, 13866-13879.

4. Matic Poberznik, Dominique Costa, Anne Hemeryck, Anton Kokalj,
"Insight into the bonding of silanols to oxidized aluminum surfaces”,
The journal of physical chemistry. C, Nanomaterials and interfaces, 2018,
122,17,9417-9431.

5. Ursa Tiringer, Ingrid MiloSev, Alicia Duran, Yolanda Castro, "Hybrid sol-
gel coatings based on GPTMS/TEOS containing colloidal SiO, and
cerium nitrate for increasing corrosion protection of aluminium alloy
7075-T6", Journal of sol-gel science and technology, 2018, 85, 3, 546-
557.

6. Juan José Corral-Pérez et al. (11 authors), "Decisive roles of perimeter
sites in silica-supported Ag nanoparticles in selective hydrogenation of
CO, to methyl formate in the presence of methanol”, Journal of the
American Chemical Society: JACS, 2018, 140, 42, 13884-13891.

7.Ursa Tiringer, Alicia Didran, Yolanda Castro, Ingrid MiloSev, "Self-
healing effect of hybrid sol-gel coatings based on GPTMS, TEOS, SiO,
nanoparticles and Ce(NO;); applied on aluminum alloy 7075-T6",
Journal of the Electrochemical Society, 2018, 165, 5, c213-c225.

8. Peter Rodi¢, Jozefina Kati¢, Dorota Korte, Paula M. Desimone, Mladen
Franko, Silvia Ceré, Mirjana Metikos$-Hukovi¢, Ingrid MiloSev, "The
effect of cerium ions on the structure, porosity and electrochemical
properties of Si/Zr-based hybrid sol-gel coatings deposited on
aluminum", Metals, 2018, 8, 4, 248.

. Dunja Gustin¢i¢, Anton Kokalj, "DFT study of azole corrosion inhibitors
on Cu,0 model of oxidized copper surfaces. I. Molecule-surface and Cl-
surface bonding", Metals, 2018, 8, 5, 310.

10. Dunja Gustin¢i¢, Anton Kokalj, "DFT study of azole corrosion inhibitors
on Cu,0 model of oxidized copper surfaces. II. Lateral interactions and
thermodynamic stability", Metals, 2018, 8, 5, 311.

11.Klara Cebular, Bojan . BoZi¢, Stojan Stavber, "Esterification of
aryl/alkyl acids catalysed by N-bromosuccinimide under mild reaction
conditions", Molecules, 2018, 23,9, 2235.
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12. Peter Rodi¢, Ingrid MiloSev, Maria Lekka, Francesco Andreatta, Lorenzo

Fedrizzi, "Corrosion behaviour and chemical stability of transparent
hybrid sol-gel coatings deposited on aluminium in acidic and alkaline
solutions", Progress in organic coatings, 2018, 124, 286-295.

13. Klara Cebular, Stojan Stavber, "Molecular iodine as a mild catalyst for

cross-coupling of alkenes and alcohols”, Pure and applied chemistry,
2018, 90, 2, 377-386.

14. Damir Hamuli¢, Ingrid MiloSev, Dirk Liitzenkirchen-Hecht, "The effect

of the deposition conditions on the structure, composition and
morphology of electrodeposited cobalt materials", Thin solid films,
2018, 667, 11-20.

15. Gabriela L. Borovsky, Stojan Stavber, Kenneth K. Laali, "lodine

activation of alcohols: a computational study", Topics in catalysis, 2018,
61,7/8, 636-642.

REVIEW ARTICLE

1. Njomza Ajvazi, Stojan Stavber, "Alcohols in direct carbon-carbon and
carbon-heteroatom bond-forming reactions: recent advances",
ARKIVOC, 2018, ii, 288-329.

2. Ingrid MiloSev, Gerald S. Frankel, "Review-conversion coatings based
on zirconium and/or titanium", Journal of the Electrochemical Society,
2018, 165, 3, c127-c144.

3. Tatsuo Matsushima, Anton Kokalj, "Angle-resolved desorption and
removal of surface nitrogen in deNOx", Surface Science Reports, 2018,
73,5,191-212.

PUBLISHED CONFERENCE CONTRIBUTION

124

1. Matic Poberznik, Anton Kokalj, "Lateral interactions between
electronegative adatoms on metallic surfaces”, In: Natalia V.
Skorodumova (ed.), Igor A. Pasti (ed.), Biljana Sljuki¢ Paunkovi¢ (ed.),
Book of abstracts, 3rd International Meeting on Materials Science for
Energy Related Applications, [within] Physical Chemistry 2018, 14th
International Conference on Fundamental and Applied Aspects of

Physical Chemistry, September 25-26, 2018, Belgrade, Serbia, 2018, 80-
81.

. Anton Kokalj, Juan José Corral-Pérez, Atul Bansode, C. S. Praven, Helena
Reymond, Aleix Comas-Vives, ]. Vande Vondele, Christophe Copéret,
Philipp Rudolf von Rohr, Atsushi Urakawa, "Unique reactivity of silver
on silica CO, hydrogenation to formates and subsequent esterification
with methanol to methyl formate"”, In: Natalia V. Skorodumova (ed.),
Igor A. Pasti (ed.), Biljana Sljuki¢ Paunkovi¢ (ed.), Book of abstracts, 3rd
International Meeting on Materials Science for Energy Related
Applications, [within] Physical Chemistry 2018, 14th International
Conference on Fundamental and Applied Aspects of Physical Chemistry,
September 25-26, 2018, Belgrade, Serbia, 2018, 55-56.

[\S]

INDEPENDENT COMPONENT PART OR A CHAPTER IN A
MONOGRAPH

1. Tatsuo Matsushima, Anton Kokalj, "An approach to structure-sensitive
desorption dynamics”, In: Klaus Wandelt (ed.), Encyclopedia of
interfacial chemistry: surface science and electrochemistry, 2018, 31-39.

2. Anton Kokalj, Dominique Costa, "Molecular Modeling of corrosion
inhibitors", In: Klaus Wandelt (ed.), Encyclopedia of interfacial
chemistry: surface science and electrochemistry, 2018, 332-345.

MENTORING

1. Ursa Tiringer, Hybrid sol-gel coatings with barrier and self-healing
properties for corrosion protection of aluminum alloys: doctoral
dissertation, Ljubljana, 2018 (mentor Ingrid Milosev).

2. Barbara Volari¢, Conversion coatings of lanthanoide salts for the
protection of aluminium alloys: doctoral dissertation, Ljubljana, 2018
(mentor Ingrid MiloSev; co-mentor Miran Gaberscek).
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ELECTRONIC CERAMICS
DEPARTMENT

The Electronic Ceramics Departmment is active in the research of the synthesis, properties and
applications of materials for electronics and energetics, mainly complex multifunctional materials
and structures that can perform multiple functions (multifunctional materials). The materials
of interest include ceramic piezoelectrics, ferroelectrics, relaxors, multiferroics and conductive
oxides. The emphasis is on the creation of the properties by the synthesis and structure on the nano-,
micro-and macro-levels. The group also works on the principles of the basic technologies of ceramic
pressure sensors, ceramic MEMS and flexible electronics.

In the framework of lead-free piezoelectric ceramics, we continued our research of sodium potassium niobate
(K,;Na, NbO,, KNN) based materials, which could replace the efficient lead-based piezoelectrics. To reduce or to
avoid chemical heterogeneities, often encountered in the conventional solid-state synthesis of complex perovskites,
the mechanochemical activation of reagent particles was introduced in the processing of the (K,Na,Li)(Nb,Ta)

0,-CaZr0, based ceramic. Partial amorphisation of the reagents contributed to a much lower final temperature of Head:
the solid-state reaction, the ceramic exhibited a higher level of chemical homogeneity and enhanced ferro- and Prof. Barbara Mali¢
piezoelectric properties in comparison to conventionally processed material.

The coupling between antiferromagnetic and ferroelectric/ferroelastic
domain switching in polycrystalline BiFeO, has been studied for the first
time. Using in-situ neutron-diffraction analysis we directly observed the
antiferromagnetic domain switching induced by non-180° ferroelectric/fer-
roelastic domain texturing during electric field application. Along with the
orientation dependence of this coupled switching, these data represent the
first step towards understanding and manipulating the antiferromagnetic
order using the electric field in polycrystalline BiFe0,.

In collaboration with colleagues from the School of Materials Sci-
ence and Engineering, University of New South Wales, Sydney, Australia,
the Swiss Federal Institute of Technology in Lausanne, Switzerland and
ESRF—The European Synchrotron, Grenoble, France, we studied an unu-
sual strain behaviour of individual grains inside a polycrystalline matrix
of bismuth ferrite. In contrast to the frequency behaviour of the strain
arising from domain-wall displacements, the lattice strain showed an
unexpected decreasing magnitude with decreasing field frequency. This
strain decoupling was explained by analytical modelling, confirming the
key role of the anisotropy in the electrical conductivity caused by the dif-
ferent orientation of conductive domain walls in different grains within
the polycrystalline matrix. (Figure 1)

In-situ synchrotron XRD analysis was used to gain an insight into
the mechanisms of an electric-field-induced phase transformation in
samarium-doped BiFeO, ceramics, which are believed to play the key role
in the electromechanical response of this class of multiferroic materials.
The results revealed two transformation pathways related to a reversible
antiferroelectric-to-ferroelectric and irreversible paraelectric-to-ferroelectric
phase transformations with slow dynamics (a time constant of minutes).
The findings point to texturing and the elimination of the paraelectric phase
as the origin of the enhanced electromechanical response.

We studied the influence of cobalt doping on the electrical conductivity
and domain-switching behaviour of rare-earth-modified bismuth ferrite
(Bi,,, Dy, ,,)Fe0, ceramics. Undoped samples showed exceedingly large
leakage currents under switching field conditions that were successfully
suppressed by cobalt doping. We tentatively attributed this effect to the
binding of the Co-dopant into the defect complexes which suppresses the

Projects INTcerSEN and PiezoMEMS have been
awarded the title of “Success story M-ERA.NET”

M-ERA.NET is an EU-funded network with the
mission to support and increase the coordination
of European research and innovation programmes
and related funding in materials science and
engineering. Over the last three years, twenty
M-ERA.NET European projects have been awarded
the title of “Success story M-ERA.NET”. At
the Electronic Ceramics Department we have
participated in two projects that last year received
the “Success story” titles.

Figure 1: Schematic of two representative grains in poled BiFeO. a)
Hustration of 71° domain walls in two grains of different orientations
Jorming different angles with respectio the electricfield axis E,, . b) Charge
redistribution in the two grains upon the application of the electric field E

arising due to the different orientation of the conductive domain walls with
respectto E,, . This charge redistribution and the corresponding change
in internal fields are responsible for the peculiar frequency dependence
and decoupling of strain mechanisms in BiFeO,
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Figure 2: a) Photograph of the pressure sensor with an integrated
bulk BiFeO, piezoelectric actuator. b) Phase angle 0 as a function of
[requency fg)r the sensor measured at three different temperatures. At
each temperature, the measurement was performed by varying the
differential pressures (from 0 kPa to 100 kPa). The arrows indicate
curves for increasing differential pressure. The measurements
confirmed a pressure sensitivity, i.e., resonance frequency shift of the
sensor per unit of pressure, of —8.7 Hz/kPa up to 171 °C.

charge de-trapping at high electric fields, effectively reducing the high-field
leakage current by an order of magnitude with respect to undoped ceramics.

Later, we constructed a ceramic pressure sensor from the low-temper-
ature co-fired ceramic (LTCC) with an integrated bulk BiFeO, piezoelectric
actuator that could operate at elevated temperatures. In order to construct a
sensor with a suitable pressure sensitivity, numerical simulations were used
to define the optimum construction dimensions. The sensor’s functionality
was proven to be sufficient up to 171 °C. (Figure 2)

In collaboration with the Advanced Materials Department we studied
the piezoelectric and ferroelectric properties of micrometre- to nanometre-
sized Ba, Sr Ti0, plates using piezoresponse force microscopy (PFM). We
found that Ba, Sr TiO, plates with 0<x<0.175 exhibited ferroelectric and
piezoelectric characteristics, while the plates with a larger amount of
strontium were non-piezoelectric. The study opens up new possibilities
for the use of such plates in the field of miniature piezoelectric sensors.

Research on lead-based ferroic materials continued with

1-xPb(Mg, ,Nb, )0, -xPbTiO, (PMN-100xPT) ceramics, processed by mechanochemical synthesis and sintering.
The PMN-10PT relaxor ceramic is known for its high electrocaloric properties, yet it is quite challenging to obtain a
phase-pure material. Adding the PbTi0, seeds to remaining oxide constituents prior to mechanochemical activation
reduced the milling time needed to achieve a pure perovskite PMN-10PT by about a half. By following the perovskite
crystallization process by X-ray diffraction (XRD) and transmission electron microscopy (TEM) analyses, we also

demonstrated that a second, metastable, pyrochlore phase is taking part in the perovskite formation.
We further investigated a broad range of PMN-100xPT compositions, from ergodic relaxor to relaxor ferroelec-
tric, their structure and their response to external fields at various length-scales using in-situ XRD, ex-situ TEM and

MIDEM conference - Between the 3™ and 5" of
October 2018, the 54" International Conference
on Microelectronics, Devices and Materials with
the Workshop on Sensors and Transducers was
held at the JozZef Stefan Institute. The conference
was chaired by Dr. Tadej Rojac and Dr. Hana Ursi¢
and organized by the MIDEM society and SRIP
Factories of the Future. Participants from seven
European countries, North America and China con-
tributed to the international scientific discussion.

PFM. From the observed changes in the crystal and domain structures,
combined with macroscopic measurements of the responses to electric
fields, we were able to determine the main contributions to the overall
properties. These were shown to obviously differ in monoclinic composi-
tions with the nanodomain texture (0.2<x<0.33) from the tetragonal
compositions (x>0.35) with the lamellar domains and the more ‘classic’
ferroelectric behaviour. The results point out the significant extrinsic
effects of the monoclinic nanodomains and their movement to the high
electromechanical responses in relaxor ferroelectric ceramics. (Figure 3)

In collaboration with colleagues from North Carolina State University,
USA, electric-field-induced changes in the PMN-30PT composition were
followed by in-situ high-energy XRD and pair-distribution function (PDF)

analyses. These measurements of the long-range and local scale responses, respectively, revealed that a field-induced
polarization rotation occurs, which was shown for the first time in polycrystalline ferroelectrics.

In collaboration with colleagues from the Technical University Darmstadt, Germany, we aimed at exploring
the possibility of optimizing the electrocaloric (EC) response with defect engineering. The impact of defects on
the EC response was studied in Pb(Zr,T1)0, (PZT) ceramics doped with acceptor and donor dopants. The highest

Figure 3: Evolution of the domain structure of PMN-PT ceramics at the
morphotropic phase boundary with ex-situ applied electric field. TEM
micrographs and PFM images (and the corresponding sketch) show the
reorientation and densification of the lamellar domain walls, which
was simultaneous with a phase change from tetragonal and monoclinic
coexisting symmelries to a more tetragonal one.
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EC cooling was observed in acceptor-doped PZT when the electric field was
applied parallel to the aligned defect complexes. The origin of this largest EC
response was attributed to the reduced hysteresis losses and the associated
self-heating effects, which seem to play a key role in the EC response of PZT.
We proceeded with an investigation of the multicaloric effect in
Pb(Fe N, )0 -based ceramics. The ceramics were prepared by the
mechanochemical activation of constituent oxides, followed by a thermal
treatment. We investigated the influence of manganese, lithium and cobalt
doping on the functional properties of polycrystalline Pb(Fe, ,Nb, ))0,.
In collaboration with the Luxembourg Institute of Science and Tech-
nology (LIST) we continued the research of solution-derived tuneable
ferroelectric (Ba,Sr)TiO, thin films. The dielectric permittivity, losses
and voltage tunability in the microwave range (~10 GHz) of the perovskite
films with a columnar microstructure are effectively tailored by changing
the Ba/Sr molar ratio and/or by manganese doping for a given microwave
component. Together with colleagues from LIST and the Faculty of Elec-
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trical Engineering, University of Ljubljana, we designed and fabricated a
frequency-agile planar antennabased on a (Ba,Sr)Ti0, thin-film varactor.

In collaboration with the Advanced Materials Department we studied
the local piezoelectric and ferroelectric properties of 0.66Pb(Mg, /5Nb, )
0,-0.33PbTiO, thin films prepared by pulsed-laser deposition. Using
piezoresponse force microscopy we confirmed the effective poling and fer-
roelectric domain switching in these films. The local piezoelectric response
(d,,>") of the surface structure reached values as high as 140 pm/V, while
the average piezoelectric value was 28 pm/V. The results of this study offer
an excellent starting point for the preparation of functional thin films for
d,,-mode energy harvesters.

We investigated the electrophoretic deposition of thick-films of
environmentally benign piezoelectrics based on K Na, [NbO, on metallized
corundum substrates for energy-harvesting apphcanons in collabomtlon
with researchers from Francois-Rabelais University, Tours, France. After
sintering at 1110 °C the ~ 20-um-thick films with a relative density of 82
% exhibited promising electromechanical properties; a piezoelectric coef-
ficient d, of 80 pC / N and an average thickness coupling factor k of 40 %.

We proceeded with microstructural investigations of a few-um to
several-tens-of-um thick BiFeO, films deposited on platinized AI203. The
thick-films were prepared by the screen printing method.

Using screen printing we prepared test structures for single-chamber
solid-oxide fuel cells. The (La,Sr)MnO, cathode, Ni anodes, and a mesh
of platinum were screen printed on a crystal of Zr0, stabilized with Y,0,
(YSZ). Colleagues from the Synchrotron Elettra, Trieste Italy, mvesngated
the chemical state of the constituents of a fuel cell with X-ray photoelectron
spectroscopy with a sub-micrometre resolution and at a pressure of ~1
bar. Understanding the chemical state of the electrode materials under
operating conditions is of paramount importance for improving the energy
efficiency of single-chamber fuel cells.

We have started with the aerosol deposition of functional-oxide
thick films. The aerosol deposition system is a part of the Laboratory for
the ultracool preparation of complex oxides, in short ULTRACOOL, for
which financial support was granted by the Director’s Fund 2017 project.
Current research is focused on the optimization of processing parameters
for the preparation of functional 0.9Pb(Mg, ,Nb, ,)0,-0.1PbTiO, thick films
on metal and ceramic substrates. (Figure 4)

We deposited conductive oxide LaNiO, (LNO) electrodes on top of
ferroelectric Ph(Zr,Ti)0, (PZT) thin films on platmlzed silicon substrates
using the technology of inkjet printing. We designed an LNO ink based
on 4 combination of solvents with a range of viscosities, surface tensions
and boiling points, which enabled us to reproducibly pattern LNO layers
with lateral dimensions of a few 100 um and a uniform thickness of a few
10 nm. The functional properties of thin-film capacitors with inkjet-printed

Electronic Ceramics Department K-5

Figure 4: a) Laboratory for the ultracool preparation of complex

owides, in short ULTRACOOL (Director’s Council 2017 ). The image
shows a device for the aerosol deposition of thick films that is based on
accelerated particles heating the substrate and forming a dense thick
[ilm at room temperature. b) Photograph of a thick film prepared in the
ULTRACOOL lab.

Our colleague Dr. Tadej Rojac received two awards:
i) The Young Investigator Award of the IEEE
Ultrasonics, Ferroelectrics and Frequency Control
Society for his pioneering work in the processing
of chemically complex ferroelectric ceramics and
ii) the Zois Recognition for significant achievements
inthe research of the synthesis and characterization
of high-temperature piezoelectric ceramics based
on bismuth ferrite.

Figure 5: ToF SIMS analysis cy‘ the chemical composition of a thin-film
capacitor LaNiO /Pb(Zr, . Ti, .)O, (PZT)/ Pton a Si0,/Si substrate in
the direction marked by an arrow. “Inset: scanning electron micrograph

of the cross-section of the capacitor.

LNO top-electrodes outperform those with sputtered gold top-electrodes (~40% higher dielectric permittivity, im-
proved fatigue properties), which is probably related to the effective compensation of oxygen vacancies by the oxide
electrode, thinner depletion regions at the LNO-PZT interface, and a lower concentration of charged defects due to
the processing. The research was performed in collaboration with colleagues from the Departments of Condensed
Matter Physics, Thin Films and Surfaces, and Surface Engineering and Optoelectronics. (Figure 5).

LTCC (Low Temperature Co-Fired Ceramics) and thick-film materials and processes have been investigated for
the design and fabrication of three-dimensional ceramic structures for the packaging of microelectronic components
and systems, so-called System in Package (SiP). An advantage of the LTCC is the heterogeneous integration of various
electronic and other components, and at the same time high-quality protection in demanding environments. In
cooperation with COE NAMASTE, HIPOT-RR and KEKO Equipment, we successfully developed ceramic structures
with integrated sensors and microfluidic elements for the packaging of microelectromechanical systems (MEMS). The
results are useful in the designing and manufacturing of Smart Systems in Package, especially in emerging projects.

Annual Report 2018

127



Jozef Stefan Institute

Some outstanding publications in the past year

L

Liu, Lisha, Rojac, Tadej, Damjanovic, Dragan, Di Michiel, Marco, Daniels, John E.
Frequency-dependent decoupling of domain-wall motion and lattice strain in bismuth ferrite. Nature
communications, ISSN 2041-1723, 2018, vol. 9, pp. 4928-1-4928-10, doi: 10.1038/541467-018-07363-y.
[COBISS.SI-ID 31884583 ]

Otonicar, Mojca, Ursic, Hana, Dragomir, Mirela, Bradesko, AndraZ, Esteves, Giovanni, Jones, Jacob L.,
Bencan, Andreja, Mali¢, Barbara, Rojac, Tadej.

Multiscale field-induced structure of (1-x)Pb(Mg,, 5Nb )0,—xPbTiO, ceramics from combined
techniques. Acta materialia, 1SSN 1359-6454. [Print ed] 2018 vol. 154 pp. 14-24, doi: 10.1016/j.
actamat.2018.05.028. [ COBISS.SI-ID 31410471]

Matav, Aleksander, Kovac, Janez, Cekada, Miha, Mali¢, Barbara, Bobnar, Vid.

Enhanced electrical response in ferroelectric thin film capacitors with inkjet-printed LaNiO, electrodes.
Applied physics letters, ISSN 0003-6951. [Print ed.], 2018, vol. 113, no. 1, pp. 012904-1-012904-4, doi:
10.1063/1.5037027. [ COBISS.SI-ID 31521063]

Walker, Julian, Bayer, Thorsten J. M., Makarovic, Maja, Kos, Tomaz, Trolier-Mckinstry, Susan, Malic,
Barbara, Rojac, Tadej.

Cobalt doping to influence the electrical conductivity of (Bi , Dy, ,,)FeO, ceramics. Materials letters,
ISSN 0167-577X. [Print ed.], 2018, vol. 225, pp. 126-129, doi: 10.1016/j.matlet.2018.04.125. [COBISS.
SHID 313574791

Awards and Appointments

L

Tadej Rojac: Young investigator award for his pioneering work in processing of chemically complex fer-
roelectric ceramics, IEEE Ultrasonics Ferroelectrics and Frequency Control Society

Tadej Rojac: Zois Award for significant achievements in research of the synthesis and characterization of
high-temperature piezoelectric ceramics based on bismuth ferrite, Government of the Republic of Slovenia

Organization of Conferences, Congresses and Meetings

1. MIDEM 2018: 54" International Conference on Microelectronics, Devices and Materials with the Workshop

on Sensors and Transducers, Ljubljana, October 3 - 5, 2018
Patents granted

1. Irena Ramsak, Marija Razpotnik, Katja Makovsek, Danjela Kuscer, Silvo Drnovsek, Janez Holc, Produc-
tion method of steatite ceramics with improved electrical properties, EP3230232 (B1), European Patent
Office, 15. 08. 2018.

2. IrenaRamsak, Marija Razpotnik, Janez Holc, Danjela Kuscer, Method for producing non-alkaline steatite
ceramics with improved electrical properties, EP3233755 (B1), European Patent Office, 10. 10. 2018.

3. Barbara Mali¢, Hana Ursic, Marija Kosec, Silvo Drnovsek, Jena Cilensek, Zdravko Kutnjak, Brigita RoZi¢,

Uros Flisar, Andrej Kitanovski, Marko 0zbolt, Uros Plaznik, Alojz Poredos, Urban Tomc, Jaka Tusek, Method
for electrocaloric energy conversion, US9915446 (B2), US Patent and Trademark Office, 13. 03. 2018.
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INTERNATIONAL PROJECTS

COST MP1308; Towards Oxide Based Electronics (TO-BE) 6. Environment Friendly Ferroelectric Materials in Bulk and Thin-Film Forms and Low-

Asst. Prof. Hana Ur§i¢ Nemevsek
COST Office

2. Minor Services - Foreign Customers
Prof. Barbara Mali¢

Temperature Processing Thereof
Prof. Barbara Mali¢
Slovenian Research Agency
7. Processing of Piezoelectric Thick Films by Aerosol Deposition Technique

3. Advanced Electronic Ceramics for the Sustainable, Efficient and Safe Use of Energy Asst. Prof. Hana Ursi¢ Nemevsek

Prof. Barbara Mali¢
Slovenian Research Agency

4. Domain Structure of Complex Oxides
Asst. Prof. Hana Ursi¢ Nemevsek
Slovenian Research Agency

Slovenian Research Agency

8. Novel Hardening Mechanisms in Lead-Free Piezoceramics
Prof. Tadej Rojac
Slovenian Research Agency

9. Cold Sintering of Complex Oxide Materials

5. Local Structure in Relaxor Ferroelectrics - The Key to Understanding their Functional Dr. Mojca Otonicar

Properties
Prof. Andreja Bencan Golob
Slovenian Research Agency

Slovenian Research Agency
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RESEARCH PROGRAM

1. Electronic Ceramics, Nano-, 2D and 3D Structures
Prof. Barbara Mali¢

R & D GRANTS AND CONTRACTS

Photovoltaic cell and modul inhomogenity analysis and performace monitoring in
power plants through lifetime
Prof. Barbara Mali¢
2. Multifunctional materials for actuator and cooling devices
Prof. Tadej Rojac
3. Multicaloric cooling
Asst. Prof. Hana Ursi¢ Nemevsek
4. Advanced electrocaloric energy conversion
Prof. Barbara Mali¢
5. Domain engineered ferroelectric ceramic layer elements for efficient energy harvesting

Electronic Ceramics Department K-5

and energy conversion applications
Prof. Barbara Mali¢

6. Strategic Research & Innovation Partnership Factories of the Future (SRIP FoF)
Prof. Barbara Mali¢
Ministry of Economic Development and Technology

7. Inkjet Printing of PZT Test Structures and Piezoelectric Characterization of Thin Films
Double-Beam Laser Interferometer Measurement
Prof. Barbara Mali¢

8. Stay of Maja Makarovic in Trondheim - Interactions between Charged Defects and
Domain Walls in Lead-Free BiFe03
Maja Makarovi¢

9. Stay of Mojca Otonicar in Lausanne - Pursuing the Origin of the Large Irreversible
Contribution to Piezoelectric Responsein the Monoclinic Phases of Pb(Mg1/3Nb2/3)
03-xPbTi03 Ceramics
Dr. Mojca Otonicar

10. Laboratory Measurements
Asst. Prof. Hana Ursi¢ Nemevsek

11. Sample Preparations
Prof. Andreja Bencan Golob

VISITORS FROM ABROAD

Hugo Mercier, Francois Rabelais University of Tours, Tours, France, January 22 -
February 17, 2018
2. Marija Lovrekovic, Bjelovar University of Applied Sciences, Bjelovar, Croatia,
February 19 - April 20, 2018
Dr. Julian Walker, Pennsylvania State University, Pennsylvania, USA, March 5 - 9, 2018
Dumitru Rotari, University of Petrosani, Petrosani, Romania, March 5 - May 25, 2018
Mirela Goncear, University of Petrosani, Petrosani, Romania, March 5 - May 25, 2018
Alan Mutka, Bjelovar University of Applied Sciences, Bjelovar, Croatia, March 15, 2018
Ivan Marusic, Bjelovar University of Applied Sciences, Bjelovar, Croatia, March 20 -
23,2018
8. Ivan Sekovanic, Bjelovar University of Applied Sciences, Bjelovar, Croatia, March 20 -
23,2018
9. Ivana Jurkovic, Bjelovar University of Applied Sciences, Bjelovar, Croatia, March 20 -
23,2018
10. Paul Lechesne, Université Francois-Rabelais Tours, Tours, France, April 3 -
June 22,2018
11. Grégorie Levavasseur, Université Francois-Rabelais Tours, Tours, France, April 3 -
June 22,2018
12. Hanae Azeroual, University of Limoges, Limoges, France, April 9 - July 15, 2018
13. Prof. Kenji Uchino, Pennsylvania State University, Pennsylvania, USA, May 10 - 17, 2018
14. Rachel Sherbondy, Colorado School of Mines, Golden, Colorado, USA, May 21 -
July 27,2018
15. Toni Fak, Bjelovar University of Applied Sciences, Bjelovar, Croatia, July 2 -
October 10, 2018
16. Antonio Lisicak, Bjelovar University of Applied Sciences, Bjelovar, Croatia, July 2 -
December 31, 2018
17. Hicran Arslan, Yildiz Technical University Istanbul, Istanbul, Turkey, July 16 -
October 14, 2018
18. Dr. Pedro Braga Groszewicz, Eduard-Zint Institut Darmstadt, Darmstadt, Germany,
September 6, 2018

19. Dr. Marko Vrabelj, EPCOS OHG, Deutschlandsberg, Germany, September 11 - 14, 2018

20. Matija Buljan, Bjelovar University of Applied Sciences, Bjelovar, Croatia, September
24 - December 23, 2018

21. Antun Cordas, Bjelovar University of Applied Sciences, Bjelovar, Croatia, September
24 - December 23, 2018

22. Prof. Dragan Damjanovic, Ecole Polytechnique Fédérale de Lausanne, Lausanne,
Switzerland, September 30 - October 4, 2018

23. Prof. Franck Levassort, Université Francois-Rabelais Tours, Tours, France, October 3 - 5,

2018

24. Dr. Alexander Martin, Friedriech-Alexander Universitit Erlangen-Nuernberg,
Nuernberg, Germany, October 7 - 20, 2018

25. Prof. Angus 1. Kingon, Brown University, Providence, USA, October 5, 2018

26. Nicole Bartek, Universitit Druisburg-Essen, Essen, Germany, October 8 - November 2,
2018

27. Yuji Matshushita, Osaka Prefecture University, Osaka, Japan, October 10 - December
31,2018

28. Kevin Riess, Friedriech-Alexander Universitit Erlangen-Nuernberg, Nuernberg,
Germany, November 5 - 23, 2018

29. Dr. Neamul Hayet, Friedriech-Alexander Universitdt Erlangen-Nuernberg, Nuernberg,
Germany, November 5 - 23, 2018

30. Dr. Denis Orosel, EPCOS OHG, Deutschlandsberg, Germany, November 6, 2018

31. Dr. Marko Vrabelj, EPCOS OHG, Deutschlandsberg, Germany, November 12 - 16, 2018

32. Dr. Jurij Koruza, Technische Universitit Darmstadt, Darmstadt, Germany, November
19 - 30, 2018

33. Marion Héfling, Technische Universitit Darmstadt, Darmstadt, Germany, November
19 - 30, 2018

34. Milan Baricevic, University of Bjelovar, Bjelovar, Croatia, December 17 - 31, 2018

35. Prof. Jirgen Rddel, Technische Universitit Darmstadt, Darmstadt, Germany, December
17 - 19, 2018

STAFF

Researchers

1. Prof. Andreja Bencan Golob

Prof. Goran Drazic*

Asst. Prof. Danjela Kuscer Hrovatin
Prof. Barbara Malic, Head

Dr. Mojca Otonicar

Prof. Tadej Rojac

Asst. Prof. Hana Ursi¢ Nemevsek
Postdoctoral associates

8. Dr. Mirela Dragomir; left 01.05.18
9. Dr. Kostja Makarovic*

10. Dr. Kristian Radan

11. Dr. Tanja Vrabelj

12. Dr: Marko Vrabelj, left 14.05.18
Postgraduates

13. AndraZ Bradesko, B. Sc.

PUR- NIV NS SIS

14. Oana Andreea Condurache, B. Sc.
15. Lovro Fulanovic, B. Sc.

16. Maja Makarovic, B. Sc.

17. Uro§ Prah, B. Sc.

18. Matej Sadl, B. Sc.

Technical officers

19. Darko Belavic, B. Sc.

20. Silvo Drnovsek, B. Sc.

21. Brigita Kmet, B. Sc.

Technical and administrative staff
22. Tamara Matevc, B. Sc., 06.10.18, transferred to Department E6
23. Tina Rucigaj KoroSec, B. Sc.

Note:
* part-time JSI member
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technology, 2018, 87, 1, 1-21.

Ke Wang, Barbara Mali¢, Jiagang Wu, "Shifting the phase boundary:
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PUBLISHED CONFERENCE CONTRIBUTION

1. Kristijan Brecl, Matevz Bokali¢, Chiara Barretta, Gernot Oreski, Barbara
Mali¢, Marko Topi¢, "The influence of the EVA film quality on the
degradation of PV modules under harsh test conditions”, In: P.
Verlinden (ed.), R. Kenny (ed.), P. Helm (ed.), 35th European
Photovoltaic Solar Energy Conference and Exhibition: proceedings of the
international conference held in Brussels, Belgium, 24 September - 28
September 2018, 2018, 1277-1279.

. Franck Levassort, Julien Bustillo, Danjela Kuscer, Tina Bakari¢, Marc
Lethiecq, "Caractérisation acoustique ‘a haute fréquence de ceramiques
poreuses pour les transducteurs ultrasonores"”, In: CFA 18, 14éme’ 18
Congreés Frangais d’ Acoustique, 23-27 avril 2018, Le Havre, France, 2018.

. Claire Bantignies, Thien Hoang, Hugo Mercier, Franck Levassort,
Danjela Kuscer, Barbara Mali¢, "Lead-free sodium potassium niobate
based piezoelectric thick film bimorph structure for energy harvesting”,
In: IEEE International Ultrasonic Symposium, US 2018, October 22-25,
2018, Kobe, Japan, 2018.
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MONOGRAPH

1. Barbara Mali¢, Alja Kupec, Katarina Vojisavljevi¢, Tanja Vrabelj, "Lead-
free ferroelectric thin films", In: Lisa C. Klein (ed.), Mario Aparicio (ed.),
Andrei Jitianu (ed.), Handbook of sol-gel science and technology:
processing, characterization and applications, 2018, 667-694.

. Jurij Koruza, Lalita Kodumudi Venkataraman, Barbara Mali¢, "Lead-free
perovskite ferroelectrics”, In: Biljana Stojanovi¢ (ed.), Magnetic,
ferroelectric, and multiferroic metal oxides, (Metal oxides series) 2018,
51-69.

. Barbara Mali¢, Danjela Ku$cer, Marko Vrabelj, Jurij Koruza, "Review of
methods for powder-based processing”, In: Biljana Stojanovi¢ (ed.),
Magnetic, ferroelectric, and multiferroic metal oxides, (Metal oxides
series) 2018, 95-120.

4. Tadej Rojac, Evgeniya Khomyakova, Julian Walker, Hana Ursi¢, Andreja
Bencan, "BiFeO; ceramics and thick films: eprocessing issues and
electromechanical properties”, In: Biljana Stojanovi¢ (ed.), Magnetic,
ferroelectric, and multiferroic metal oxides, (Metal oxides series) 2018,
515-525.
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PATENT

1. Irena Ramsak, Marija Razpotnik, Janez Holc, Danjela KuScer, Method for
producing non-alkaline steatite ceramics with improved electrical
properties, EP3233755 (B1), European Patent Office, 10. 10. 2018.

. Irena Ramsak, Marija Razpotnik, Katja Makovsek, Danjela Kuscer, Silvo
Drnovs$ek, Janez Holc, Production method of steatite ceramics with
improved electrical properties, EP3230232 (B1), European Patent
Office, 15. 08.2018.

. 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, US9915446 (B2), US Patent and
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One of our biggest advantages is our interdisciplinary team. The basic and applied research of
the Department for Nanostructured Materials includes metals, intermetallic alloys, engineering
and functional ceramics, biomaterials and minerals. Our research encompasses conventional
processing as well as the development of new technologies and methods for preparing new materials
with advanced properties. It includes experimental and theoretical investigations of structures,
analyses of chemical compositions at the atomic level, and measurements and calculations of physical
properties, all of which help us to improve the properties of micro- and nanostructured materials.

Magnetic Materials

We employed a “Spark Plasma Sintering” (SPS) approach to prepare a dense, nanostructured, multicompo-
nent magnet containing a high-coercivity region. For this purpose, a nanostructured powder free of heavy rare
earth (HRE) was used in combination with a Dy-containing powder. We showed that this type of magnet could be
manufactured in a single step by stacking both powders in the desired manner, while avoiding mixing. The short Head (since 1. 4. 2018):
manufacturing time and the low consolidation temperature of the SPS process inhibit the diffusion of the Dy into Prof. Saso Sturm
the Dy-free region of the magnet. SEM and EDX analyses of the interface between both parts of the multicomponent
specimen revealed that the microstructural characteristics and chemical compositions of the respective parts were
comparable with single-component magnets prepared from the individual powders, which corresponded with the
results of the magnetic characterization. In summary, magnets with locally different magnetic properties were
prepared from nanostructured melt-spun ribbons using the SPS approach. The work continues with a focus on the
processing of anisotropic Nd-Fe-B magnets from jet-milled powders by SPS.

As part of the research work for Slovenian industrial partners we focused on: (i) improving the coercivity of
melt-spun powders used for bonded magnets, and (ii) developing a coating procedure and different coating materi-
als to prevent corrosion in aggressive conditions. Already during the first year of the two projects we successfully
increased the coercivity by more than 15% and we established the most effective solution so far to protect sensitive
Nd-Fe-B powders by using alumina as a thin protective layer. We also used an electroless coating and electrochemi-
cal method for coating the basic melt spun powders with a thin Ni layer. The continuation of the work will be in
(i) transferring the technology for the coercivity improvement to larger quantities of basic powder, and (i) 0 o4 (upiil 31. 3. 2018):
perform along-term corrosion test on the protected Nd-Fe-B powders in factory conditions. At the laboratory level,  ppof Spomenka Kobe
we will continue the experimental work by using organic solvents in the electrodeposition of Ni. The following
set of research works for the industrial partner relates to the development of a new magnetic material, which will
enhance the performance of a magnetic encoder measuring system. In the framework of this project, different
magnetic powders will be fabricated and characterized for their magnetic performance.

In 2018, we started with the new European project MaXycle, a
transnational collaborative research and innovation project, funded from ~ For the industrial partner ABB (Switzerland)
the ERA-NET Cofund on Raw Materials (ERA-MIN 2) instrument under ~ We developed a technology for producing Nd-
Horizon 2020. MaXycle is developing and validating a systematic ap- ~ Fe-B magnets with locally different magnetic
proach to overcome the barriers currently hindering a successful circular ~ Properties (multicomponent magnet) that can
economy for Nd-Fe-B-type magnets on an industrial scale. It will provide =~ be used in applications where only certain parts
the tools to identify different quality grades of Nd-Fe-B end-of life magnets ~ of the magnet experience strong demagnetizing
and provide the most suitable methods to upgrade their properties with ~ fields and a significant increase in temperature.
respect to costs and sustainability for large-scale reprocessing. The project
will create a new circular economy around the sustainable supply and (re)use of precious raw materials, with the
aim to recycle 15% of all the magnets produced by 2025 and will create eco-innovations, boosting competitiveness
and job creation in the EU.

In the frame of the Marie Sktodowska-Curie European Training Network (DEMETER) we are focusing on the
recycling of critical raw materials. We successfully produced novel permanent magnets based on recycled end-of-life
Nd-Fe-B and Sm-Co systems. With the implementation of the SPS technique, we produced Nd-Fe-B permanent mag-
nets from recycled powders obtained after HDDR (hydrogenation-disproportionation-decrepitation-recombination)
processing. A 30% increase in the initial coercivity (H = 1190 kA/m), with a remanent magnetization B = 0.82T,
andBH_ =118 k]J/m? were achieved (published in the Journal of Alloys and Compounds). Additionally, the recycling
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Figure 1: The calculated temperature-dependent magnetic susceptibility
Sfor a monatomic nanowire with the help of method the renormalization
group of matrix density matrices (TDMRG). The Ce, Al crystal siructure

scheme of the HDDR route has been established by relating the magnetic properties’ variations with the particle size
and oxygen content to help industry retain control of the microstructure and quality in recycled Nd-Fe-B powders.
Moreover, the SPS method was also successfully used in the compacting of recycled HD (hydrogen-decrepitation)
powders based on SmCo,, where we achieved a RT coercivity > 2200 kA/m and at 180 °C an H > 1200 kA/m, an
improvement over the initial powder properties due to particle size refinement during the HD recycling (reported
in a publication in IEEE Transaction on Magnetics). In the frame of the DEMETER project, chemical recycling, i.e.,
processing of the rare earth, has been investigated. The electrodeposition of the Nd and Fe elements from ionic liquids
based on 1-ethyl-3-methylimidazole dicyamide was evaluated. We found that Nd can only be reduced in the presence
of Fe, which most probably catalyses the further reduction of Nd, and we also proposed an appropriate mechanism.

FRAME- A novel recycling concept for Nd-Fe-B sintered magnets was developed based on anodic etching (Patent
application, European Patent Office, Application EP 18 2018 508.4). By using an organic solvent, the Nd,Fe ,B matrix
phase was recovered by preferential anodizing/etching of the grain-boundary phase (Nd-rich phase). Around 70
% of the magnet was recovered directly in the form of Nd Fe B grains, which are suitable for new magnet produc-
tion. The collected rare-earth oxides and rare-earth-rich leaching solutions can be further treated and used for the
production of rare-earth-based products.

In 2018, we started a national project (L2-9213) in collaboration with the company Magneti Ljubljana, d.d.
where we are investigating novel ways of recycling magnetic swarfs based on Sm-Co. Novel strategies concerning
metallurgical and electrochemical recycling procedures to achieve a circular
economy are currently under investigation. We found that by using an
organic solvent, a Sm Fe_ sintered magnet can be selectively etched for
further Sm and Co extraction.

We continued with research in the framework of the European project
AMPHIBIAN (“AnisoMetric Permanent Hybrld magnets Based on Inex-
pensive And Non-critical materials”). The goal of the project is to prepare
hybrid ferrite-based magnets with an energy product, BH__, higher than 50
kJ/m3. The upper limit so far is 45 kJ/m?. The hybrid anisotropic magnets
with enhanced magnetic performance prepared in the AMPHIBIAN project
will be installed in a flywheel (electric energy storage device). Such an
achievement would open up an entirely new field of possible applications.
Up till now we systematically studied the influence of various processing
methods on the magnetic properties of Sr-hexaferrite and determined the
most suitable densification method. In the past year we were also investigat-
ing possibilities for an increase in the recycling rate of the scrap material
produced during the injection moulding of ferrite magnets.

On the basis of the density-functional theory we investigated the evo-

with chains of Ce atoms (magenta balls) as the source of the quasi one- lution of magnetic Ba-hexaferrite-based nanostructures by predicting the
dimensional magnelism is shown in the insel. most probable termination planes. Ina collaboration with the Department

for Solid State Physics we contributed a theoretical description of the quan-
tum-critical pointin the magnetically quasi-one-dimensional system Ce Al
(Figure 1). We applied the transfer-matrix density-matrix-renormalization
group (TDMRG) method in order to calculate the temperature-dependent
magnetic susceptibility as a function of the external magnetic field H,
which gave us the critical point. In addition, we collaborated with the
Department for Solid State Physics in the investigation of the Verwey-type
charge-ordering transition in a p-shell material, which does not exhibit a
complex interplay between various degrees of freedom. The results were
published in Science Advances (IF = 11.5).

In the frame of the ARRS postdoc project Z2-7215, we have successfully
finalized the study of heavy-rare-earth fluorides’ influence on the coercivity
of Nd-Fe-B melt-spun ribbons. The excellent results were a starting point
for a collaboration with the company Kolektor Group. In this project our
mission is to establish a process that would lead to an improvement of the
coercivity by 15 %, with the costs not allowed to increase by more than 10
%. With Japanese colleagues at NIMS we performed research in which we

Figure 2: Magnelization reversal in the case of (a) magnet with a correlate the domain movement during magnetization reversal with the
ferromagnetic grain-boundary phase and (b) magnet with a non- microstructural analyses (Figure 2). In two different types of hot-deformed
Jerromagnetic grain-boundary phase.
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magnets the regions with misaligned grains were compared and their role in magnetization reversal was considered
and consequently the coercivity difference was explained.

Complex Intermetallic Alloys

In the frame of the International Associated Laboratory (LIA) PACS2, which connects CNRS and JSI, we
are studying the crystal structure and chemistry of so-called push-pull complex metallic alloys in relation to their
processing routes, final physical properties and potential applications.

We continued our studies of the crystallization mechanisms of a glass prepared by melt-spinning in the AI-RE-
Fe-Cu alloys system. Gd, with a much stronger magnetic moment, followed the previous studies when using Ce. The
structure of Gd-based alloys manifests a more reduced vitrification ability than that of the Ce-based counterparts,
which is consistent with a 300 K higher liquidus line in the Al-Gd diagram. TEM observations of the microstructure
at the atomic scale show crystallites within the glassy matrix. The temperatures Tg and Tx are higher compared
to a Ce-based system, which coincides with the higher melting point of Gd. The magnetic behaviour of Gd-based
glasses at RT changes from paramagnetic (PM) to ferromagnetic (FM) and the magnetization increases from 4 to
16 emu/g. Below the blocking temperature, the PM is replaced by an antiferromagnetic (AFM) state. The evidence
of spin-glass behaviour appears as well. The local atomic structure of the glasses imparts a hybridization effect,
which couples the adjacent magnetic moments of the constitutive elements. The ribbons of Ce- and Gd-based metallic
glasses were successfully consolidated into cylinders in the range between Tg (T of glass transformation) and Tx
(T of crystallization), via the SPS technique, while maintaining a glassy structure.

Structural Materials

In the framework of the EUROfusion programme, we carried out research devoted to materials for the diver-
tor of the future Demonstration Power Station (DEMO). Namely, the divertor is expected to be exposed to a very
severe environment. Currently, no material meets the requirements for use in the DEMO reactor under the proposed
operating conditions. Therefore, in the High-Heat-Flux-Materials working group we are working on improving the
properties of metallic tungsten, which is, unfortunately, brittle at moderate temperatures, and above approximately
1000 °C its strength is greatly reduced due to recrystallization and the excessive growth of grains. At the Depart-
ment of Nanostructured Materials we have developed a new W-W,C composite, which is prepared by adding WC
nanoparticles to tungsten powder and by densification using the SPS technique. We examined the material in
detail and, with the help of partners in Spain, Romania and Germany, analyzed its properties across a wide range
of temperatures up to 1000 °C. Improved properties in comparison to other composites have been confirmed.

In the Enabling Research project, we also verified the suitability of low-activation WC-based cemented carbides
as a fusion-relevant material. In cooperation with the Institute for Materials and Technology (IMT) we investigated
high-entropy alloys and iron triads as a binder phase in the WC-cemented carbide. The samples of WC-Ni are being
tested. Both projects were also financially supported by the ARRS.

Sensors

We are developing modified printed electrodes via nanostructuring of the receptor elements based on transition-
metal oxides that serve as the base for an autonomic sensor platform suitable for in-situ HCHO analytical studies.
We have fabricated modified Ni nanowires for the electro-oxidation of formaldehyde (HCHO), which are promising
for use as an effective electrochemical receptor element. An active material (electro-catalyst) for HCHO detection
was generated by the template-assisted electrodeposition of Ni into Al,0, membranes, followed by modification in
analkaline solution (KOH), which produced an active amorphous Ni(OH),

layer on the surface. The proposed electrode shows two wide ranges of
linear response and a low detection limit (0.8 umol L). Furthermore,
it exhibits a fast response time, a high sensitivity, good reproducibility
and selectivity to other similar organic compounds. Furthermore, the Ni
nanowires were successfully integrated on paper-based, screen-printed

electrodes (SPE) that results in the development of new, low-cost devices for and acylamide (AA).

With nanostructuring we are developing sensoric
receptor elements with enhanced sensitivity
for detecting toxic organic compounds, like
formaldehyde (HCHO) (national project L2-8182)

the in-situ analysis of HCHO. Acrylamide is a widely used industrial organic

compound. In nature, it can be found as a contaminant originating from polyacrylamide - a polymer that is used
in wastewater treatment, the paper and textile industries, and as a monomer in cigarette smoke and in heat-treated
food. Due to its neuro and genotoxicity and classification as a potential human carcinogen, it is essential that we
are able to detect its presence, especially in food products. We are developing modified screen-printed electrodes
via nanostructuring of the receptor elements based on conducting polymers for creating molecular imprinting
suitable for acrylamide analytical studies. So far, we have successfully electropolymerized polyaniline onto different
gold-based SPE electrodes by using an electrochemical approach. It was prepared in a conductive emelardine form,
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which enables further usage in studies for designing molecularly imprinted sensing systems. With the addition
of propanamide as a template molecule into the polymerization suspension, polyaniline polymerized around the
template, causing its imprint confirmed with FTIR. The obtained systems, after the template molecule removal,
present the first stage in the assembly of the acrylamide-sensitive receptor element.

Materials for Health and a Clean Environment
The results also showed the high selectivity of the FePt/Si0,/Au hybrid nanoparticles between the normal and
cancerous cell line. Furthermore, the improvement in the contrast and the easier distinction between the healthy
and the cancerous tissues were clearly demonstrated with 77 vitro MRI experiments, proving that hybrid NPs have
anexcellent potential to be used as a contrast agent. The research was pub-

We have prepared an innovative theranostatic

lished in the scientific journal Nanoscale and according to the Slovenian

material based on FePt/SiO,/Au hybrid Research Agency’s projects “Excellent in Science” it was ranked among

nanoparticles. In vitro experiments on normal
and cancerous urothelial cells have proven their
efficiency for both photo-thermal therapy and
magnetic resonance imaging (MRI).

the best scientific achievements of 2018.

In order to develop the most effective contrast agent for MRI based
on superparamagnetic nanoparticles, we have investigated the effect
of the magnetic interactions acting between the nanoparticles on their
magnetic properties, which are crucial for their efficiency. Furthermore, a

Figure 3: A study of the magnetic interactions revealed the optimal size

novel and biocompatible coating on hydrocaffeic acid was used for the first
time. /72 vitro testing showed the non-toxicity of as-prepared nanoparticles
even at high concentrations and for a longer period of time (1 week).
Cellular uptake and the internalization mechanism were studied using
ICP-MS and TEM analyses. Moreover, /7 vitro MRI measurements have
shown that the exposure of the cells to the lowest used concentration of
the HCA-Fe-Pt nanoparticles is already enough to decrease the 7/, signal
by 70%. This proves that HCA-Fe-Pt nanoparticles have great potential to
be used as safe and very efficient MRI contrast agents. The findings of the
study were published in RSC Advances (Figure 3).

and morphology of Fe-Pt nanoparticles with the highest saturation Within the framework of the Isofood project, we organized a workshop
magnetization (M ). A novel biocompatible hydrocaffeic acid coating on nanoparticles in food. We demonstrated the various aspects of nano-
was used to prepare a highly efficient and safe MRI contrast agent, particles entering food, either during production, packaging and cooking,

which was proven by an in vitro study.

Figure 4: Morphology factor, [, . A new criterion for the evaluation of
nanoparticle branching, allowing a comparison of morphologies
regardless of the particle size. It is defined as the ratio of the particle’s

or are added to improve taste, colour and consistency. They are difficult to
detect in food, because they are very small, so they need specific methods
and techniques for their detection and characterization, as well as for analyzing their interactions with cells and
the effects on health. In cooperation with the Faculty of Electrical Engineering, the physico-chemical properties of
silver and Ti0, nanoparticles were analysed within the project “Analysis of potential harmful effects of nanoparti-
cles and accompanying mechanisms, from physicochemical and iz vitro characterization to the activation of the
innate immune system”. The main aim of the research is to understand
the response of the cells to the investigated nanomaterials.

We continued the study of three-dimensional silk fibroin scaffolds for
their potential use in tissue engineering, regenerative medicine and phar-
macy. In the framework of the project “Role of estrogens and active brain
feminisation, and the development of a new hormone implant, mimicking
estrous cycle”, we focused on the preparation and tailoring of the fibroin
scaffolds’ degradability and on the controlled release of the estrogen. The
results are very promising.

In the field of the anodic oxidation of ti