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Jozef Stefan Institute

INTRODUCTION

Another year marked by the Covid-19 health crisis is behind us. A period during which our researchers also had fo learn
the skills of crisis management. Above all, we continued lo Iry our best to help society adapt to the new conditions, while we
have had to come to terms with the fact that, even after overcoming all the problems, the ‘new normal” will be different from
the old one, and this includes the role played by science. If, in previous years we only aimed to learn about the new and the
unknown, in the future we will have to use existing knowledge

much moreeffectively. The Covid-19 vaccine is a good example

of humanity mastering a certain technology, but then it has

to face a problem of sufficient magnitude before deciding to

implement it.

At the JSI we quickly adapted to a different way of working.
Home working became routine, and we made greater use of
modern technologies so that we can operate in this way. We
also learned about their strengths and weaknesses. While we
have been as successful in terms of publishing the results of
ourresearch as in the non-crisis years, the experimental work

has suffered considerably. Despite the high level of digitiza-
From lefl: Director Prof- Bostjan Zalar and Dr. Josef Aschbacher, Director

tion, these activities are still based on the work of human
hands. In the future, research has a lot of work to do, but with
the help of robotization and the use of artificial intelligence,

General of the European Space Agency (ESA) signed the loan agreement
Jfor the Human Centrifuge in Planica.

In the second row: Simon Zajc, State Secretary, Ministry for Economic
Development and Technology; Dr. Franci Petek, Director of Institute

it will bring the work in laboratories up o the level that we
already achieve today in the automation of business processes
and manufacturing.

of Sports of the Republic of Slovenia, Planica, and Dr. Simona Kustec,
Minister of Education, Science and Sport

At the end of 2021, Slovenian research finally saw new legislation governing the field of research, development and inno-
vation. This gives public research institutes greater autonomy in their research work. The JSI has become the owner of all
its real estate, and. it can now decide for itself about how to distribute the funds allocated by the state for stable financing
between research programmes and different economic needs. Above all, we are looking forward to the fact that the funds
Jor our activities will increase significantly in the coming years. We are not worried that we will not be able to absorb the
growth, if only the country would come up with some much-needed support, such as improving the conditions for implement-
ing human-resources policy and greater internationalisation by reducing the administrative obstacles to the recruitment
of researchers from abroad.

Lam particularly pleased to note that in 2021, at the JSI we again increased the number of publications in international
Journals. According o the data in the Web of Science database, we were cited almost 53,000 times. JSI researchers were
awarded 22 doclorates, 21 patents, and 14 scientific and professional monographs were published. In addition, we attracted
38 new young researchers. From a total of 1089 projects, 302 were international, including 4 projects from the European
Research Council. Our 1126 employees generated more than €62 M in revenue, of which more than €6 M was earned on
the national and more than €10.5 M on the international market.

Prof. Bostjan Zalar
Director of the JoZef Stefan Institute
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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

~  Thebetatron 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 spectromeler 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
A new 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

~  Firstrobot 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

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

Jozef Stefan Institute ¢

1997

~  3.5-MeV electrostatic accelerator, TANDETRON, installed

1999

~  Joief Stefan Institute celebrates its 50" anniversary

2004

~  Joief Stefan International Postgraduate School established

~  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

2013

~  First ERC Grant awarded to researcher at JSI

2015

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

2020

~  International Research Centre for Artificial Intelligence was established under
the auspices of UNESCO

~  Center for Technology Transfer and Innovation spearheaded Innovation Fund
initiative resulting in funding for six successful JSI research projects to increase
the technology TRL

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., 1959—1963

Prof. Milan Osredkar, 1963—1975

Prof. Boris Frlec, 1975—1984

Prof. Tomaz Kalin, 1984—1992

Prof. Danilo Zavrtanik, 1992—1996

Prof. Vito Turk, 1996—2005

Prof. Jadran Lenarcic, 2005-2020

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)
Prof. Jernej Fesel Kamenik
Low and Medium Energy Physics (F-2)
Prof: Primoz Pelicon
Thin Films and Surfaces (F-3)
Prof Miha Cekada
Surface Engineering and Optoelectronics (F-4)
Prof. Miran Mozetic', Prof. Alenka Vesel®
Solid State Physics (F-5)
Prof. Igor Musevic
Gaseous Electronics (F-6)
Prof: Uros§ Cvelbar
Complex Matter (F-7)
Prof. Dragan Dragoljub Mihailovic
Reactor Physics (F-8)
Prof. Luka Snoj
Experimental Particle Physics (F-9)
Prof: Marko Mikuz

Biochemistry, Molecular and Structural Biology (B-1)
Prof: Boris Turk
Molecular and Biomedical Sciences (B-2)

Prof. Igor Krizaj

Biotechnology (B-3)
Prof. Boris Rogelj

Environmental Sciences (0-2)
Prof. Milena Horvat

Electronics and Information Technology

Chemistry and Biochemistry

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

Physical and Organic Chemistry (K-3)
Prof. Ingrid Milosev
Electronic Ceramics (K-5)

Prof: Barbara Mali¢
Nanostructured Materials (K-7)
Prof: Saso Sturm
Synthesis of Materials (K-8)
Prof. Darko Makovec

Advanced Materials (K-9)
Prof: Matjaz Spreitzer

Automation, Biocybernetics and Robotics (E-1)
Prof: Ales Ude
Systems and Control (E-2)
Dr. Gregor Dolanc
Artificial Intelligence (E-3)
Prof. Dunja Mladenic
Open Systems and Networks (E-5)
Asst. Prof. Tomag Klobucar
Communication Systems (E-6)
Prof: Mihael Mohorcic
Computer Systems Department (E-7)
Prof. Gregor Papa
Knowledge Technologies (E-8)
Prof. Saso Dzeroski
Intelligent Systems (E-9)
Prof: Matjaz Gams

Reactor Techniques and Energetics

Reactor Engineering (R-4)
Prof. Leon Cizelj

"until 30 November 2021 ?since 1 December 2021
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CENTRES

Reactor Centre (RIC) Combined Atomic Microscope (UHV-AFM/STM)
Prof: Borut Smodis Prof. Maja Remskar
Networking Infrastructure Centre (NIC) Helium Liquifier with Superconducting Magnet and
Dr: Jan Jona Javorsek Helium Regeneration System
Science Information Centre (SIC) Prof. Janez Dolinsek
Dr: Luka Susltersic Mass Spectrometry Centre
Energy Efficiency Centre (EEC) Dr. Dusan Zigon
Stane Merse, M. Sc. National Centre for Microstructure and Surface Analysis
Centre for Knowledge Transfer in Information Prof- Miran Ceh
Technologies (CT-3) National Centre for High-Resolution NMR Spectroscopy
Mitja Jermol, M. Sc. Prof. Janez Dolinsek
Milan Copié Nuclear Training Centre (ICJT) Centre for Protein Structure
Dr: Igor Jencic Prof. Dusan Turk
Centre for Electron Microscopy and Microanalysis (CEMM) Nanolithography and Nanoscopy
Prof- Miran Ceh Prof: Dragan Dragoljub Mihailovic
Centre for Technology Transfer and Innovation (CTT) For Experimental Particle Physicis in International
Dr: Spela Stres, MBA, LLM Laboratories
Smart Cities and Communities Centre (CSC & C) Prof. Marko Mikuz
Dr. Nevenka Cukjati Hot Cells Facility
Center Factory of the Future (CFoF) Prof- Borut Smodis
Rudi Panjtar, B. Sc. Video-Conferencing Centre
Microanalytical Instrumental Centre (MIC) Dr. Dusan Gabrijelcic
Prof. Primoz Pelicon

ADMINISTRATION, SERVICES AND SUPPORT UNITS

PARTICIPATION IN THE REGIONAL DEVELOPMENT OF RESEARCH

Ljubljana Technology Park Ltd
Nanotesla Institute Ljubljana

Technology Centre for Production

Jozef Stefan International
Postgraduate School

University of Nova Gorica Development Centre for Hydrogen = Automation, Robotics and Informatics
= - Technologies (ARD)

CEBIC Centre of Excellence for Biosensors,
Nanocen.ter - Center of Excellence in Centre of Excellence NAMASTE Instrumentation and Process Control
Nanoscience and Nanotechnology

Centre of Excellence for Polymer CO NOT: Centre of Excellence for Low-
Centre of Excellence for Integrated Materials and Technologies (PoliMaT) Carbon Technologies

Approaches in Chemistry and Biology

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

and Technologies SPACE-SI
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MANAGEMENT

DIRECTORATE

Director JSI

Prof. Bostjan Zalar

Assistant Director for EU Affairs
Dr. Romana Jordan

BOARD OF GOVERNORS

Dr. Mark Plesko, Chair, Cosylab, d. d., Ljubljana
Mr. Ivo Boscarol, Pipistrel, d.o.o.

Prof. Saso DZeroski, /S7

Prof. PrimoZ Pelicon, /ST

Stojan Petri¢, Kolektor, Idrija

SCIENTIFIC COUNCIL

Prof. Boris Turk, President

Prof. Leon Cizelj

Prof. Miran Ceh

Prof. Saso DZeroski, Deputy President since 20. 05. 2021
Prof. Svjetlana Fajfer

Prof. Matjaz Gams, until 02. 12. 2021

Prof. Milena Horvat

Prof. Nada Lavrac, until 20. 05. 2021

Prof. Matej Lipoglavsek

Adviser
Marta Slokan, LL. B.

Prof. Joze Pungercar, /ST

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

Peter Sterle, Ministry of Education, Science and Sport

Urska Zupin, Ministry for Economic Development and Technology

Dr. Mitja Lustrek, since 02. 12. 2021

Prof. Barbara Mali¢

Prof. Dragan Dragoljub Mihailovic, Deputy President until 20. 05. 2021
Prof. Marko Mikuz, until 20. 05. 2021

Prof. Mihael Mohorcic, Deputy President until 20. 05. 2021

Prof. Igor Musevic, Deputy President since 20. 05. 2021

Asst. Prof. Gasper Tavcar

Prof. Ales Ude, since 20. 05. 2021

Prof. Bostjan Zalar

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 Universitét, Wuppertal, Germany
Prof. Egon Matijevic, Clarkson University, Potsdam, New York, USA
Prof. Federico Mayor, Madrid, Spain

Prof. Dietrich Munz, Universitit Karlsruhe, Karlsruhe, Germany

Prof. 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 QUALIFICATION

Jozef Stefan Institute

1949-2021

400

600 800

1000

1200

1955 — 174

1956 [~ 17215

1957 _ 273
1958 _ 291

[ Ph.D. Degree

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
1936
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

] 335

9

1350

%

] 367

121

1 375

120

] 400

] 444

1 457

] 443

1 412

1 403

1 420

] 452

] 480

1 515

] 534

[l M Sc. B.Sc. Degree

[ Total Staff

] 558

1593

] 634

206

1 632

] 687

200

] 630

25

] 652

1675

1 667

] 702

1 732

316

] 749

317

] 813

] 852

1 895

385

1 909

] 895

ET

] 858

] 809

] 744

BT

1 707

35

] 703

25

707

1997 — 705
1998 — 731
1999 — 733
2000 — 743
— 739
— 742

2001
2002
2003

2

. ] /68

B2

2004 — 770
— 799

2006 — 818
2007 — 854

2005

3%

008 ______________________— ] g
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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 fir 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 Gottingen, 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. Gorazd Kandus
Prof. Gabrijel Kernel
Prof. Borut Mavko

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

Prof. Bo$tjan Zek$

Prof. Boris Zemva

EXTERNAL ADVISERS

Prof. Savo Brato$, Université Pierre et Marie Curie, Paris, France
Marko Bulc?, B. Sc., Ljubljana, Slovenia
Prof. Davorin Dolar?, Slovenian Academy of Sciences and Arts,
Ljubljana, Slovenia
Zdravko Gabrovsek, B. Sc., Slovenia
Prof. Dusan Hadzi®, National Institute of Chemistry, Ljubljana, Slovenia
Prof. Karl A. Miiller, Nobel Prize Winner, IBM Research Laboratory,
Zurich, Switzerland
Prof. Bogdan Povh, Max-Planck-Institut fir Kernphysik, Heidelberg, Germany
Dr. Lev Premru®, Lek, d. d., Ljubljana, Slovenia
Prof. Momcilo M. Risti¢®, Academy of Science of Serbia, Belgrade, Serbia
Milan Slokan®, M. Sc., Ljubljana, Slovenia
Prof. dr. Petar Strohal®, Zagreb, Croatia
Dr. Novak Zuber?, Nuclear Regulatory Commission, Washington D. C., USA
Prof. Crt Zupanci¢?, Ludwig-Maximillians-Universitt, Munich, Germany
Prof. Andrej Zupancic?, Slovenian Academy of Sciences and Arts, Ljubljana, Slovenia
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Multilateral international cooperation No. of projects
HORIZON EUROPE (OE, EDF, EIT) and HORIZON EUROPE - EURATOM 2

ESRR (INTERREG, MED, CEP, KC, SRIP, SPS, KKP, RZ, RI-SL, RR...) 19

OTHER PROJECTS (CERN, KEK, CEA, EURAC, WHO...) 106
TOTAL 351
Bilateral cooperation No. of prolects Bilateral cooperation No. of projects
Austria Latvia

Denmark Norway

France Serbia

Italy

1

ERC PROJECTS

1. H2020 - Cell-Lasers; Intracellular Lasers: Coupling of Optical Resonances with Biological Processes
Asst. Prof. Matjaz Humar (F-5)

2. 12020 - LOGOS; Light-Operated Logic Circuits from Photonic Soft-Matter
Prof. Igor Musevic (F-5)

3. H2020 - FAIME; Flavour Anomalies with advanced particle Identification MEthods
Prof. Peter Krizan (F-9)

4. H2020 - HiPeR-F; Challenging the Oxidation-State Limitations of the Periodic Table via High-Pressure Fluorine Chemistry European Research Council
Asst. Prof. Matic Lozinsek (K-1) Established by the European Commission

Annual Report 2021 13
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COOPERATION WITH HIGHER-
EDUCATION ESTABLISHMENTS

FULL-TIME FACULTY MEMBERS

Professors

L
2.
3.

wn

o ® o

10.

20.
21.
22.
23.
24.

25.
26.
27.
28.

29.
30.

3L

32.
33.

34.
35.

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 Bon¢a, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Marko Bracko, University of Ljubljana, Faculty of Mathematics and
Physics; 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

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

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

Prof. Ke Guan, Beijing Jiaotong University, Befjing, China

Prof. TomaZ Gyergyek, University of Ljubljana, Faculty of Electrical Engineering
Prof. Polona Jaki Mekjavic, University of Ljubljana, Medical Faculty

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

Prof. Borut Paul Ker3evan, University of Ljubljana, Faculty of Mathematics and Physics
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

Asst. Prof. Petra Kralj Novak, Central European University, Vienna, Austria
Prof. Peter Krizan, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Brigita Lenarcic, University of Ljubljana, Faculty of Chemistry and
Chemical Technology

Prof. Zoran Levnajic, Faculty of Information Studies, Novo mesto

Prof. Andrej Lipej, University of Novo mesto, Faculty of Mechanical Engineering
Prof. Marko MikuZ, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Matija Milanic, 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

Asst. Prof. Veljko Pejovi¢, University of Ljubljana, Faculty of Computer and
Information Science

Prof. Uros Petrovic, University of Ljubljana, Biotechnical Faculty

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

Asst. Prof. Paula Pongrac, University of Ljubljana, Biotechnical Faculty

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

36.

37.

38.

39.

40.
41,

42.
43.
44,

45.
46.

47.

48.
49.
50.

Prof. Sasa Preloviek 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, Centre for Computational
Statistics and Machine Learning, London, UK

Asst. Prof. Urban Simon¢ic, University of Ljubljana, Faculty of Mathematics and
Physics

Asst. Prof. Lea Spindler, University of Maribor, Faculty of Mechanical Engineering
Asst. Prof. Andrej Studen, University of Ljubljana, Faculty of Mathematics and
Physics

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

Prof. Tanja Urbanci¢, University of Nova Gorica

Prof. Natasa Vaupoti¢, University of Maribor, Faculty of natural sciences and
mathematics

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

Prof. Danilo Zavrtanik, University of Nova Gorica

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

Asst. Prof. Dejan Zontar, University of Ljubljana, Faculty of Health Sciences

Assistants and researchers

L.
2.

3.

Dr. Jurij Leskovec, Stanford University, Palo Alto, California, USA

Dr. Jure Praznikar, University of Primorska, Faculty of Mathematics, Natural
Sciences and Information Technologies, Koper

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

PART-TIME FACULTY MEMBERS

Professors

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

2. 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. Prof. Ales Berlec, University of Ljubljana, Faculty of Pharmacy and University of
Maribor, Faculty of Agriculture and Life Sciences

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. Prof. dr. Biljana Mileva Boshkoska, Faculty of Information Studies, Novo mesto

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

11. Prof. Leon Cizelj, University of Ljubljana, Faculty of Mathematics and Physics
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12.
13.

14.

15.

16.

17.

18.
19.
20.

21
22.
23.

24.
25.

26.
27.
28.

29.
30.
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32.

33.

34.
35.
36.

37.
38.

39.
40.
41.
42.

43.
44,

45.

46.

47.

48.
49.

Prof. Uros Cvelbar, IPS, Ljubljana

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

Prof. Miha Cekada, IPS, Ljubljana

Asst. Prof. Nina Daneu, IPS, Ljubljana

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

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

Asst. Prof. Goran Drazic, IPS, Ljubljana

Prof. Jean-Marie Dubois, IPS, Ljubljana

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

Prof. Borka DZonova Jerman Blazi¢, IPS, Ljubljana

Prof. Tomaz Erjavec, IPS, Ljubljana

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

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

Prof. Marko Fonovic, IPS, Ljubljana

Asst. Prof. Andrej Gams, IPS, Ljubljana

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

Prof. Marko Gerbec, IPS, Ljubljana

Asst. Prof. Evgeny Goreshnik, IPS, Ljubljana

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

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

Asst. Prof. Andrej Hrovat, Beijing Jiaotong University, Beijing, China; IPS, Ljubljana
Prof. Tomaz Javornik, IPS, Ljubljana

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

Asst. Prof. Ita Junkar, IPS, Ljubljana

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

Prof. Viktor Kabanov, IPS, Ljubljana

Asst. Prof. Matjaz Kavcic, IPS, Ljubljana

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, Faculty of Commercial and Business Sciences, Celje
Prof. Spomenka Kobe, 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
Prof. Anton Kokalj, IPS, Ljubljana

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

50.

51

52.

53.

54.
55.

56.
57.

58.
59.
60.
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66.
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74.
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83.
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Jozef Stefan Institute

Asst. Prof. Bostjan Koncar, University of Ljubljana, Faculty of Mathematics and
Physics

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

Prof. Barbara Korousic Seljak, Jozef Stefan International Postgraduate School and
University of Nova Gorica, School of Engineering and Management

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 Nova Gorica, School of Environmental Sciences and IPS,
Ljubljana

Asst. Prof. Igor Kovac, Fachhochschule Joaneum, Graz, Austria

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

Asst. Prof. Slavko Kralj, University of Ljubljana, Faculty of Pharmacy

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
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, IPS, Ljubljana

Asst. Prof. Adrijana Leonardi, University of Ljubljana, Biotechnical Faculty

Dr. David Lindemann, Universidad del Pais Vasco, Spain

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

Prof. Darja Lisjak, University of Nova Gorica, School of Science and IPS, Ljubljana
Prof. Sonja Lojen, University of Nova Gorica, School of Environmental Sciences,
IPS, Ljubljana

Prof. Boris Majaron, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Darko Makovec, University of Maribor, Faculty of Chemistry and Chemical
Engineering and Faculty of Medicine, IPS, Ljubljana

Prof. Barbara Mali¢, IPS, Ljubljana

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 and IPS, Ljubljana

Asst. Prof. Tomaz Mertelj, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Dragan Dragoljub Mihailovi, University of Ljubljana, Faculty of Mathematics
and Physics and IPS, Ljubljana

Asst. Prof. Andrej Mihelic, 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

Asst. Prof. Helena Motaln, University of Ljubljana, Biotechnical Faculty

Prof. Miran Mozetic, IPS, Ljubljana

Asst. Prof. Bojan Nemec, IPS, Ljubljana

Asst. Prof. Roman Novak, IPS, Ljubljana
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86. Prof. Sasa Novak Krmpotic, IPS, Ljubljana

87. Prof. Nives Ogrinc, IPS, Ljubljana

88. Asst. Prof. Mojca Otonicar, IPS, Ljubljana

89. Asst. Prof. Pance Panov, Faculty of Information Studies, Novo mesto; IPS, Ljubljana

90. Prof. Gregor Papa, IPS, Ljubljana

91. Prof. Primoz Pelicon, University of Ljubljana, Faculty of
Mathematics and Physics

92. Prof. Rok Pestotnik, University of Ljubljana, Faculty of Mathematics and Physics

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

94. Prof. Maja Ponikvar-Svet, IPS, Ljubljana

95. Asst. Prof. Gregor Primc, IPS, Ljubljana

96. Prof. Joze Pungercar, University of Ljubljana, Faculty of Medicine, IPS, Ljubljana

97. Prof. Matthew Purver, Queen Mary University of London, School of Electronic
Engineering & Computer Science

98. Prof. Aleksander Recnik, IPS, Ljubljana

99. Prof. Maja Remskar, IPS, Ljubljana

100. Asst. Prof. Peter Rodic, IPS, Ljubljana

101. Prof. Boris Rogelj, University of Ljubljana, Faculty of Chemistry and
Chemical Technology, Faculty of Pharmacy, Faculty of Medicine, Biotechnical Faculty

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

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

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

105. Prof. Borut Smodis, IPS, Ljubljana

106. Prof. Luka Snoj, University of Ljubljana, Faculty of Mathematics and Physics and
Virginia University of Technology, USA

107. Prof. Matjaz Spreitzer, University of Ljubljana, Faculty of Chemistry and
Chemical Technology; IPS, Ljubljana

108. Prof. Veronika Stoka, IPS, Ljubljana

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

110. Prof. Janez Stancar, IPS, Ljubljana

111. Asst. Prof. Sreco Davor Skapin, IPS, Ljubljana

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

113. Asst. Prof. Primoz Skraba, Queen Mary University of London, London, UK

114, Asst. Prof. Zdenka Slejkovec, IPS, Ljubljana

115. Prof. Janez Strancar, University of Ljubljana, Faculty of Pharmacy, University of
Maribor, Faculty of natural sciences and mathematics and IPS, Ljubljana

116. Prof. Saso Sturm, IPS, Ljubljana

117. Prof. Ale§ Svigelj, IPS, Ljubljana

118. Asst. Prof. Gasper Tavcar, IPS, Ljubljana

119. Prof. Iztok Tiselj, University of Ljubljana, Faculty of Mathematics and Physics

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

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

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

123. Asst. Prof. Livija Tusar, University of Maribor, Faculty of Agriculture and Life Sciences

124. Asst. Prof. Tea Tusar, IPS, Ljubljana, University of Trieste, Trieste

125. Prof. Ales Ude, University of Ljubljana, Faculty of Electrical Engineering; IPS,
Ljubljana

126. Asst. Prof. Hana Ur$ic Nemevsek, IPS, Ljubljana

127. Prof. Janja Vaupoti¢, University of Nova Gorica and IPS, Ljubljana

128. Asst. Prof. Matjaz Vencelj, University of Ljubljana, Faculty of Mathematics and
Physics and IPS, Ljubljana

129. Prof. Alenka Vesel, IPS, Ljubljana

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

131. Prof. Bostjan Zalar, IPS, Ljubljana

132. Asst. Prof. Rok Zaplotnik, IPS, Ljubljana

133. Prof. Marko Zavrtanik, University of Nova Gorica

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

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

136. Asst. Prof. Bernard Zenko, Faculty of Information studies Novo mesto, Faculty
of Industrial Engineering Novo mesto, IPS, Ljubljana

137. Prof. Eva Zerovnik, IPS, Ljubljana

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

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

140. Asst. Prof. Martin Znidarsic, Faculty of Industrial Engineering, Novo mesto; IPS,
Ljubljana

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

142. Prof. Kristina ZuZek Rozman, IPS, Ljubljana

Assistants and researchers

1. Dr.Tilen Brecelj, University of Ljubljana, Faculty of Mathematics and Physics

2. Dr. Martin Draksler, University of Ljubljana, Faculty of Mathematics and Physics

3. Dr. Tome Eftimov, University of Ljubljana, Faculty of Computer and Information
Science
Dr. Samir El Shawish, University of Ljubljana, Faculty of Mathematics and Physics
Dr. Blaz Fortuna, IPS, Ljubljana

4

5

6.  Dr. Carolina Fortuna, IPS, Ljubljana

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

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

9.  Dr.Radojko Jacimovic, IPS, Ljubljana

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

11.  Dr. Petra Jenus, IPS, Ljubljana

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

13. Dr. Dragi Kocev, 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. Aljaz Osojnik, University of Ljubljana, Faculty of Mathematics and Physics

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

19. Dr. Matej Petkovic, University of Ljubljana, Faculty of Mathematics and Physics

20. Dr. Senja Pollak, IPS, Ljubljana

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

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

23. Dr. Adam Rambousek, Faculty of Informatics, Masaryk University, Brno, Czech
Republic

24. Dr. Jure Slak, University of Ljubljana, Faculty of Mathematics and Physics

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

26. Dr. Mitja Ursi¢, University of Ljubljana, Faculty of Mathematics and Physics

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

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

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

30. Dr. Kristina Zagar SoderZnik, IPS, Ljubljana

IPS: Jozef Stefan International Postgraduate School, Ljubljana
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Jozef Stefan Institute

FINANCING

REVENUES JSI (€) AND NUMBER OF PROJECTS

Contribution Contribution No. of Projects
2021 y 2020 Index 2021/2020 in 2021

National Agencies and Ministries 44,596,210 71.4% 41,157,432 72.7% 108.4 472
National Market 6,896,083 11.0 % 6,081,337 10.7 % 113.4 315
International Market 10,648,758 171 % 9,235,685 16.3 % 115.3 302
Other Revenues 309,334 0.5% 124,806 0.2% 247.9

62,450,385 100.0 % 56,599,260 100.0 %

Revenues 2020/2021 (€M))

W 2020
32021

National Agencies and National Market International Market Other Revenues
Ministries

POSTGRADUATES FINANCED 1985-2021

by Slovenian Research Agency by Industry

120 4

105
105
100 N

Number enrolled
Number enrolled

00 0 0 0 0 0 0

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Year Year
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JSI UNDERGRADUATE
SCHOLARSHIPS i

Year FMF FKKT | FKKT FDV | FA FEand | Other | FGand | UNG | IPS Total
Physics Mathematics UNI I‘I UNIMB UNI I‘] FERI

... 1989 242 75 144 181 21 671
_--------------
1991 23 2 2 24 2
_--------------
1993 21 1 3 13 1
_--------------
1995 2
_--------------
1997 2
_--------------
1999 2
_--------------
2001 3 3 10
_--------------
2003 3 2 12 1
_--------------
2005 3 ) 19 1
_--------------
2007 3 2 18 1
_--------------
2009 2 1 17 4 5 16
_--------------
2011 2 4 1 1 4
_--------------
2013 3 2
_--------------
2015 21 6 52
_--------------
2017 11 2 12 38
_--------------
2019 16 1 12 42
_--------------
2021
S T O e A i e T B
FMF 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 1PS Joief 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

18 Annual Report 2021



PATENTS GRANTED

o0
Jozef Stefan Institute 3:.

1. Stephen James Moore, Margaret Thy Luu Hyugen, Daniel Robert Hostetter, Olga
Vasiljeva, Jason Gary Sagert, Jonathan Alexander Terrett, James William West,
Matrix metalloprotease-cleavable and serine protease-cleavable substrates and
methods of use thereof, US11046759 (B2), US Patent Office, 29. 06. 2021.

2. Igor Kovag, Cardan joint, EP3615823 (B1), European Patent Office, 02. 06. 2021.

3. Anton Umek, Boris Jerman, Mitja Gliha, Anton Kos, Iztok Span, Link member for
connection of a gripping assembly to a hydraulic crane arm with integrated dy-
namic weighing assembly, EP3649071 (B1), European Patent Office, 24. 02. 2021.

4. TtaJunkar, Rok Zaplotnik, Metka Bencina, Miran Mozeti¢, Method for treatment
medical devices made from nickel-titanium (NiTi) alloys, EP3636294 (B1),
European Patent Office, 17. 11. 2021.

5. Janez Strancar, Rok Podlipec, Iztok Urbanci¢, Zoran Arsov, Andrej Vrecko, Image-
processing apparatus and image-processing method for detection of irregularities
in tissue, EP3755994 (B1), European Patent Office, 26. 05. 2021.

6. Nejc Lukac, Matjaz Lukac, Matija Jezersek, Peter Gregor¢ic, Cleaning system,
EP3510961 (B1), European Patent Office, 09. 06. 2021.

7. Simon Reinhard, Ja¢im Jacimovi¢, Lorenz Herrmann, Tomaz Tomse, Method
of producing a permanent magnet with inter-grain heavy-rare-earth element,
EP3649659 (B1), European Patent Office, 07. 04. 2021.

10.

1L

12.

13.

14.

Sasa Novak, Natasa Drnovsek, Gregor Murn, Implant having a multilayered
coating and a process for preparing thereof, EP2595669 (B1), European Patent
Office, 13. 10. 2021.

Xuan Xu, Saso Sturm, Kristina ZuZek Rozman, A method for recovery of
Nd,Fe B grains from bulk sintered Nd-Fe-B magnets and/or magnet scraps by
electrochemical etching, EP3660174 (B1), European Patent Office, 27. 10. 2021.
Gregor Filipic, Kristina Elersic, Darij Kreuh, Janez Kovac, Uro§ Cvelbar, Miran
Mozetic¢, A method of colouring titanium and titanium alloys, GB2530805 (B),
Intellectual Property Office, 24. 11. 2021.

Saso Gyergyek, AndraZ Kocjan, Darko Makovec, Method for synthesis of coated
magnetic particles, GB2582272 (B), Intellectual Property Office, 14. 07. 2021.
Nejc Sarabon, Monika Pavlovic, Andrej Trost, Jan Babi¢, Multi-accelerometer
system and method for evaluating mechanical stress during walking and
running, 125959 (A), Slovenian Intellectual Property Office, 30. 07. 2021.
Jaka Sodnik, Bostjan KaluZa, Mojca Komavec, Kristina Stojmenova, A driver
evaluation procedure and the device for carrying out the procedure, SI25874 (A),
Slovenian Intellectual Property Office, 29. 01. 2021.

Vid Bobnar, Barbara Mali¢, Aleksander Matavz, A method for producing
polymeric surface modification layers, SI25887 (A), Slovenian Intellectual
Property Office, 31. 03. 2021.

ART EXHIBITIONS AT THE JSI

Barbara Kastelec, 18. January-15. Februar
Ivo Mr$nik, 15. Februar-15. March

Tone in France Kralj, 15. March-12. April
Milena Gregorcic, 12. April-10. May
Arjan Pregl, 10. May-7. June

Melita Vovk, 7. June -5. July

Vojko Gasperut - Gasper, 5. July-2. August
Jean Duncan, 2. August-6. September
Polona Petek, 6. September-4. October
Marta Bartolj, 4. October-8. November
Darko Slavec, 8. November-6. December

Sasa Bezjak, 6. December-10. January 2022

Barbara Kastelec at the opening of her exhibition
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REVIEW OF PUBLICATIONS

FOR 2021

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

Department of Theoretical Physics (F-1) 85

1 2
Department of Thin Films and Surfaces (F-3)

Department of Solid State Physics (F-5)

Department for Complex Matter (F-7)

Department of Experimental Particle Physics (F-9)

Department of Physical and Organic Chemistry (K-3)

Department for Nanostructured Materials (K-7)

Department for Advanced Materials (K-9)

Department of Molecular and Biomedical sciences (B-2)

Department of Environmental Sciences (0-2)

Department of Systems and Control (E-2)

Laboratory for Open Systems and Networks (E-5)

Computer Systems Department (E-7)

Department of Intelligent Systems (E-9)

Reactor Infrastructure Centre (RIC)

Energy Efficiency Centre (EEC)

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

Centre for Technology Transfer and Innovation (CTT)

Jozef Stefan Institute

* Articles in Journals and Conference Proceedings, and Chapters in Books
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COMPLETED THESES UNTIL 2021

Year Ph. D. Year Ph.D.
Theses Theses 60+ 56

...2000 560 2011 31 5

2001 31 2012 47 44

2002 29 2013 56 401

2003 41 2014 51 o

IR S e I[P
2005 22 2016 42 204

we o am HLLELERLELELELLEL LT
SR ]| ]]1]]]]]]]11]]]]
2008 29 2019 26 i

2000 2001 2002 2003 2004 2005 206 2007 208 2009 2010 2011 012 2013 2014 2015 2016 2017 2018 2019 2020 201

2009 30 2020 39

2010 33 2021 2

TOTAL 1273

AWARDS AND APPOINTMENTS

AWARDS MADE TO JSI RESEARCHERS BY THE REPUBLIC OF SLOVENIA

Zois and Puh Awards and Zois Certificate of Recognition Award in the Field of Education

Goran Drazi¢ Samo Kralj

Presented with the Zois Award for for top achievements in the field of transmission Award for outstanding achievements in higher education, Committee for awarding
electron microscopy of materials prizes for education in the Republic of Slovenia

Matej Kandu¢

Presented with the Zois Certificate of Recognition for significant scientific
achievements in hydration and thermoresponsive hydrogel research

Nata$a Vaupotic

Presented with the Zois Certificate of Recognition for research in the field of
modelling of structures and resonant response of multidimensional thermotropic
phases

Borka Jerman Blazi¢
Presented with the Puh Award for achievements in the field of information and
communication technologies

Luka Drinovec, Grisa Mocnik, R&D departments of Aerosol, d. 0.0.and Robomed, d.0.0. - The winners of Zois anf Puh Awards and Zois Certificate of Recognition:
Presented with the Puh Award for outstanding achievements in the development of Prof. Goran Drazic, Prof. Grisa Mo¢nik, Dr. Luka Drinovec, Prof. Borka
methods for measuring aerosol absorption Jerman Blazic, Prof. NataSa Vaupotic and Dr. Matej Kandu¢
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JSTAWARDS AND APPOINTMENTS

Blinc Award

Martin Copi¢

Blinc Award for lifetime achievement in physics
Uro$ Tkalec

Blinc Award for a research in the field of imbalanced complex fluids that was
published in Nature Communications

Miha Ravnik
Blinc Award for physicist at the beginning of their career

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

Sara Drvaric Talian

Study of selected processes and parameters influencing the internal resistance in
lithium-sulfur batteries

Spela Zupanci¢

Development of core-shell nanofibers for innovative periodontal disease treatment
Martin Gjoreski

Afusion of classical and deep machine learning for mobile health and behavior
monitoring with wearable sensors

The Blinc award is conferred by the JozZef Stefan Institute and the
Faculty of Mathematics and Physics, University of Ljubljana.

The winners of the Blinc awards (from left): Prof. Miha Ravnik, Prof.
Martin Copic and Asst. Prof. Uro§ Tkalec.

OTHER SELECTED AWARDS TO JSI RESEARCHERS

Danfoss Trata and Department of Systems and Control at the JSI are the recipients
of the TARAS award for 2021 for the development of intelligent motor drives, which

is presented by the IRT Industrial Forum, the organiser of the main professional

event for Slovenian industry, to recognise the most successtul cooperation between
business and the research and development environment in the field of innovation,
development and technology, Portoroz, Slovenija

Members of the Department of Reactor Physics, Award of the Slovenian Research
Agency (ARRS) for Research Activity of the Republic of Slovenia ‘Excellent in Science
2021 in the category Technology, subcategory Energy for the work “Sterilization of
polypropylene membranes of facepiece respirators by ionizing radiation”

Members of the Department of Intelligent Systems: Award for current work in
the area of the information society; Ljubljana, Slovenia; Programme and Organising
Committee of the Information Society 2021 multiconference; second place at the
XPrize Pandemic Response Challenge

Team JSI vs COVID: Matej Cigale, Carlo De Masi, Erik Dovgan, MatjaZ Gams,
Anton Gradisek, Vito Janko, Mitja Lustrek, Matej Marinko, Nina Rescic, David
Susic, Tea Tusar, Aljosa Vodopija, Second place at the XPrize Pandemic Response
Challenge; virtual; XPrize Foundation, Culver City, California, USA; methods for
predicting COVID-19 infections and recommending countermeasures

Andreja Bencan Golob, Goran Drazic, Barbara Mali¢, Mojca Otonicar, Tadej
Rojac, Hana Ursi¢ Nemev3ek, Achievement for the paper “Connecting the Multiscale
Structure with Macroscopic Response of Relaxor Ferroelectrics” was included in the
selection Excellent in Science ARRS 2021

Monika Biasizzo, Young Investigator Award Nomination: Best Speaker at 38th Winter
School on proteinases and their inhibitors, ASBMB virtual conference, Impaired
autophagy and increased susceptibility to LPS-induced sepsis in cystatin C-deficient
mice.

Tilen Brecelj and Tadej Petric, Best Research Paper Award, Futuroscope-Poitiers,
France, RAAD 2021, Angular Dependency of the Zero Moment Point

Oana-Andreea Condurache, Winner of the 3 place at Virtual Workshop Contest:
YCN Pitch me your Idea!, Young Ceramicist Network Pitch Contest

Oana-Andreea Condurache, Winner of the 3" place at the Student Paper Contest,
27th Annual Meeting the Slovenian Chemical Society (SKD 2021)

Uro§ Cvelbar, Martina Modic, et al., Golden Award for Innovation of the Chamber of
Commerce of Dolenjska and Bela Krajina 2021.

Alja Contala, 13 Jozef Stefan IPSS Conference and 15" CMBE Day, Greenest Research
Award

Matjaz Dlouhy, First prize in the category best student lecture entitled “The effect

of corrosion relevant species on the adsorption of imidazole on copper”, at the 27
annual meeting of the Slovenian Chemical Society entitled “Slovenian Chemical Days
2020", September 22-24, 2021.

Carola Doerr, Tome Eftimov and Anja Jankovi¢, Best Paper Award at EvoApps 2021
as part of EvoStar: EvoApplications: Towards Feature-Based Performance Regression/
Using Trajectory Data

Sabina Drofenik, Krka recognition 2021, Novo mesto, Krka, pharmaceutical
company. Research project: Description of the mechanism and interdependence of
the action of two nosehorned viper venom proteins, secretory phospholipase A, and
chymotrypsin inhibitor (co-mentor Prof. Igor Krizaj).

Tome Eftimov, Dragi Kocev, Gorjan Popovski, Matej Petkovi¢ in Barbara Korousi¢
Seljak, ARRS Award Excellent in Science 2021. They received the award in the field

of interdisciplinary research with the title of the article: The impact of the COVID-19
pandemic on eating habits.

Tomaz Erjavec, Steven Krauwer Award of the CLARIN research infrastructure for

his work on the compilation of the multilingual ParlaMint corpus of parliamentary
debates

Matjaz Gams, UrSa Klun, PrimoZ Kocuvan, Tine Kolenik, Best paper award of the
Insieme project Workshop, Programme and organization committee of the Insieme
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project Workshop, International multiconference Information Society, 152021,
“Intelligent cognitive assistant technology for (mental) health in the ISE-EMH project”

Matjaz Gams, David Susi¢, Janez Tomsi¢, Award for best workshop paper of the
project Insieme, Ljubljana, Programme and Organizing Committee of the Project
Insieme Workshop, International Multiconference Information Society, [S2021,
Effectiveness of non-pharmaceutical interventions in handling the COVID-19
pandemic: Review of related studies”

Timotej Gaspar, Vodovnik award for doctoral studies, Ljubljana, Faculty of Electrical
Engineering, University of Ljubljana, Technologies for fast reconfiguration of adaptive
robotic workeells

Anton Gradisek, Award for the best oral presentation at Ecobalt 2021 with the title
“Particle Removal Efficiency of Face Masks During the Covid-19 Pandemic”, Riga,
Latvia (virtual)

Ester Heath and David Skufca, Recognition for the best research achievement of the
University of Ljubljana in 2021. University of Ljubljana, Ljubljana, Slovenia. Modern
organic pollutants - how can we control them with algae?

Natasa Hojnik, Award of Slovenian Research Agency - Excellent in Science 2021,
Unravelling the pathways of air plasma induced aflatoxin B1 degradation and
detoxification.

Adrijan Tvanusec, Jernej Sribar, Peter Veranic, Maja Zorovi¢, Marko Zivin and
Igor KriZaj, Best Poster Award: 8th Oxford Venoms and Toxins Meeting (virtual),
Work title: Mammalian secreted phospholipase A2 group IIA binds to the same
mitochondrial receptor as its B-neurotoxic orthologue from snake venom

Ita Junkar, Metka Bencina, Matic Resnik, Rok Zaplotnik, Best innovation with
commercial potential award, Center for Technology Transfer and Innovation at
the Jozef Stefan Institute, Novel surface finishing procedures for medical devices,
especially vascular stents.

Aljaz Kavcic, The Preseren Award for his master’s thesis “Microscopy and sensing
through scattering tissues using optical microresonators” (mentor Asst. Prof. MatjaZ
Humar), Ljubljana, University of Ljubljana

Adem Kikaj and Mako Bohanec, best student paper award at the conference
ICDSST 2021 (7" International Conference on Decision Support System Technology,
Loughborough, UK) for their paper titled “DEX2Web - a web-based software
implementing the multiple-criteria decision-making method DEX”.

Dragi Kocev, Article “COVID-19 pandemic changes the food consumption patterns”
was among 21 selected achievements in the field of interdisciplinary research by the
Slovenian Research Agency.

Janez Kokalj, Matjaz Leskovar, Mitja Ursic, Best Technical Track Paper (ENYGF
Conference, Tarragona, Spain) Jovenes Nucleares, Sociedad Nuclear Espafiola and ENS
YGN, “Model for premixed layer formation in stratified fuel-coolant configuration and
its application”

Bosko Koloski in Bojan Evkoski, Prize for winning the GreenHack Hecaton

Mihael Bostjan Koncar, Matej Tekav¢ic, Mitja Ursi¢, Young Author Award
(International Conference Nuclear Energy for New Europe 2021, Portoroz, Slovenia)
Nuclear Society of Slovenia, “Film boiling simulation around cylinder with ANSYS
Fluent”

Tina Kosjek, Excellent Reviewer Award 2021, Journal of Hazardous Materials, Elsevier

Jan Kren, Best Paper by a Young Researcher Award (Symposium on Advances in
Computational Heat Transfer-21, virtual) International Centre for Heat and Mass
Transfer, “Numerical analysis of turbulent heat transfer in rectangular duct”

Danjela Kuscer, Silver Award for Innovation: “Manufacture of transparent electrodes
from solutions of affordable conductive oxides using screen printing” awarded by
Chamber of Comerce Zasavje

Jozef Stefan Institute

Matic Lozin$ek, achievement “The first compounds that simultaneously contain
krypton and xenon” was included in the Excellent in Science selection 2021, ARRS

Carlo De Masi, Simon Stankoski, Vincent Cergolj, Mitja Lustrek, Best paper
award at Slovenian Conference on Artificial Intelligence 2021; Ljubljana, Slovenia;
Programme committee of the Slovenian Conference on Artificial Intelligence 2021;
paper Intent recognition and drinking detection for assisting kitchen-based activities

Anze Mraz, Winner of the “Fernando Tommasini” award for the most comprehensible
talk at the COROSSANO 2021 workshop

Ales Mrzel and Damjan Vengust, Winners of bronze medal of ARCA 2021 award:
Method for the synthesis of metal molybdates and tungstates from molybdenum and
tungsten carbides and nitrides; National and University Library in Zagreb, Croatia,
14-16 October 2021

Sebastjan Nemec was awarded the 2nd place in the Best student presentation
competition on the SCS Annual Meeting 2021 conference in Portoroz (22.-24.9.2021)

Helena Plesnik, Krka's recognition for a master’s thesis. Novo mesto, Krka d. d.
Determination of bacterial lignin degradation products by liquid chromatography
coupled to mass spectrometry

Kity Pozek, Adrijana Leonardi, Milan Koji¢ and Igor KriZaj, Best Poster Award:
8th Oxford Venoms and Toxins Meeting (virtual), Work title: Production and
characterization of recombinant VaaMPIII-3, a disintegrin like/cysteine rich protein
from Vipera a. ammodytes venom.

Kity Pozek, Besst essay competition: Hamish Ogston Foundation, London, United
Kingdom, Work title: The impact of the Covid-19 pandemic on snakebite research and
treatment.

Nina Rescic, Vito Janko, David Susi¢, Carlo De Masi, Aljosa Vodopija, Matej
Marinko, Tea TuSar, Erik Dovgan, Matej Cigale, Anton Gradisek, Matjaz Gams,
Mitja Lustrek, Best paper award at the ETAI 2021 conference; virtual / Skopje, North
Macedonia; paper Finding efficient intervention plans against COVID-19

Jerica Sabotic, 3" place in the University of Ljubljana Rector’s Award for the best
innovation in 2021, Ljubljana, University of Ljubljana Rector Prof. Gregor Majdic,
SIMBA - Simultaneous detection of antimicrobial and antibiofilm activities.

Andrej Seljak, Rok Dolenec, Rok Pestotnik, Peter KriZzan, Samo Korpar, Best
innovative projects within public research organizations for the economy in 2021
prize Title: Real-time fluorescence lifetime acquisition system - RfLAS, Center for
Technology Transfer and Innovation, Jozef Stefan Institute, Ljubljana, Slovenia
Emanuela Senjor, Dean’s Award, Ljubljana, Slovenia, University of Ljubljana, Faculty
of Pharmacy, for the paper Cystatin F acts as a mediator of immune suppression in
glioblastoma published in Cellular oncology.

Matjaz Spreitzer, Sreco Skapin, Silver award of the CCIS for the innovation Green
Energy from aluminium waste, Maribor, Chamber of Commerce and Industry of
Slovenia.

Matej Sadl, “Alessandro de Vita” award for curiosity and multidisciplinary approach
at Crossnano Crossborder Workshop in Nanoscience and Nanotechnology 2021

Matej Sadl, Winner of the 2" place at student competition “2021 Joint ISAF ISTF-PMF
virtual conference”

Saso Sturm, Kristina Zuzek, Xuan Xu, Silver Medal for Innovation at the ARCA
International Exhibition “Environmentally friendly and energy efficient method for
recovery of rare earth elements”, awarded by the Croatian Association of Innovators,
Zagreb, Croatia.

Ziga Tkalec, Award for the best poster at the JoZef Stefan International Postgraduate
School Conference and KMBO Conference, Ljubljana, Jozef Stefan International
Postgraduate School. Unexpected exposure of children: novel non-targeted screening
workflow
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Tomaz Tomse, a scholarship recipient for research and for a new approach towards
the manufacture of advanced multicomponent Nd-Fe-B permanent magnets

for electromotors and generators. The award is given by the Slovenian Science
Foundation (SSF) in cooperation with the World Federation of Scientists (WFS).

Eva Vidak, Young Investigator Award Nomination: Best Speaker at 38" Winter School

on proteinases and their inhibitors, ASBMB virtual conference, Identification of
extracellular substrates of caspases 3, 7, and 1.

Abida Zahirovi, Krka Prize with special recognition for PhD thesis, Novo mesto,
Krka, Identification and characterization of major bee venom allergen Apim 1
mimotopes for development of specific immunotherapy.

Andrej Zohar, Best Poster Award, Bled, “30 International Conference Nuclear

Energy for New Europe - NENE 2021”, September 2021, poster “Silicon carbide
neutron detector development computational support with MCNP”

INSTITUTE COLLOQUIA

March 22, 2021: Nives Ogrinc (virtual)
Jozef Stefan Institute and JoZef Stefan International Postgraduate School
Stable isotopes in interdisciplinary research

March 23, 2021: Barbara Mali¢ (virtual)

Jozef Stefan Institute and Jozef Stefan International Postgraduate School
Ferroelectric ceramics: an overview of a century of research from the
discovery of the ferroelectric effect to the present day

March 23, 2021: David S. Weiss (virtual)
Pennsylvania State University, University Park, USA
Quantum computing with atoms trapped by light

March 25, 2021: Janko Petrov¢ic (virtual)

Jozef Stefan Institute

Challenges of the development of electronics as a companion of
modern research and applications

March 25, 2021: Andrej Filip¢ic and Marko Zavrtanik (virtual)

Jozef Stefan Institute and University of Nova Gorica

Measurements of cosmic particles of extreme energies at the Pierre
Auger Observatory

March 26, 2021: Denis Arcon (virtual)
Jozef Stefan Institute and Faculty of Mathematics and Physics, University of Ljubljana
Fullerenes: superconductivity, magnetism and qubits

April 14, 2021: Mitja Lustrek (virtual)
Jozef Stefan Institute
Optimization of measures to contain the COVID-19 epidemic

24

April 16, 2021: Du$an Turk (virtual)

Jozef Stefan Institute

X-ray diffraction screening of major protease crystals reveals SARS-
CoV-2 inhibitors

April 21, 2021: Claudio Masciovecchio (virtual)
Elettra Sincrotrone Trieste, Italy
New research opportunities with free electron lasers

May 12, 2021: Matjaz Leskovar (virtual)
Jozef Stefan Institute
Modelling of the COVID-19 epidemic in Slovenia

October 27, 2021: Sasa Svetina (virtual)

Institute of Biophysics, Faculty of Medicine, University of Ljubljana and Jozef Stefan
Institute

Why the Nobel Prize for the discovery of the Piezo1 and Piezo2
proteins was awarded

November 24, 2021: Matej Praprotnik

National Institute of Chemistry and Faculty of Mathematics and Physics, University of
Ljubljana

Multiscale simulations of open molecular systems

December 15, 2021: Matevz Dular (virtual)

Faculty of Mechanical Engineering, University of Ljubljana

Cavitation - the path from its prevention to ils use for destroying
viruses and bacleria
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KNOWLEDGE TRANSFER

Jozef Stefan Institute

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 JST introduced a new method of cooperation, showing industry and the public

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

R & D PROJECT PARTNERS

L.

R

10.

Administration of the Republic of Slovenia for Food Safety, Veterinary Sector and ~ 32.
33.
34.
35.
36.

Plant Protection, Ljubljana

Agency for Radwaste Management, Kr$ko
AMZS d.d., Ljubljana

A-ROSSO Saso Cuder s.p., Ljubljana
AUDAX d.0.0., Ljubljana

BORZEN, Slovenian Power Market Operator, Ljubljana

BTT Tekstil d.0.0., Zgornja Kungota
Cankarjev dom, Ljubljana

Casnik Finance, d.0.0., Ljubljana

Cestel d.o.0., Ljubljana

Comland d.o.0., Ljubljana

Cosylab d.d., Ljubljana

Deos, d.0.0., Notranje Gorice

Digital Innovation Hub Slovenia, Ljubljana

. Elektro Celje, d.d., Celje

Eles, d.0.0., Ljubljana

Elrad International, d.0.0., Gornja Radgona
Eurofins ERICo Slovenija d.o.0., Velenje
GEN energija, d.0.0., Krsko

. Geoloski zavod Slovenije, Ljubljana

. Grid Instruments, d.0.0., Ljubljana-Crnuce
. Hidex Novo mesto, d.0.0., Novo Mesto

. Infinite, d.0.0., Limbu§

. Institute for Water of the Republic of Slovenia, Ljubljana
. Iskra ISD Technofusion, Kranj
. Iskra P10, d.0.0., Sentjernej

Izoelektro, d.0.0., Limbu§

. JP CCN Domzale-Kamnik, d.0.0., DomZale
. KMAG, KIA Motors Adria Group, Ljubljana
. Kolektor Mobility, d.o.0., Idrija

. Komunala Kranj, d.o.0., Kranj

37.

38.
39.
40.
41.
42.
43.
44,
45.
46.

47.

48.
49.
50.
5L
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
03.

Komunala Novo Mesto, d.0.0., Novo Mesto
Kr$ko Nuclear Power Plant, Krsko

LEK, d.d., Ljubljana

LTH Castings, d.0.0., Skofja Loka

MAHLE Electric Drives Slovenija d.0.0., Sempeter pri Gorici

Milan Vidmar Electric Power Research Institute, Ljubljana

Ministry of Defence, Ljubljana

Ministry of Education, Science and Sport, Ljubljana

Ministry of Finance, Ljubljana
Ministry of Infrastructure, Ljubljana
Ministry of Public Administration, Ljubljana

Ministry of the Environment and Spatial Planning, Ljubljana

Murexin, d.0.0., Puconci

National Education Institute Slovenia, Ljubljana

National Institute of Biology, Ljubljana
National Institute of Chemistry, Ljubljana
Nutrition Institute, Ljubljana

Operato, d.0.0., Ljubljana

Plinovodi, d.o.0., Ljubljana

Proventus, d.0.0., Sempeter Pri Gorici
Quintelligence, d.o.0., Ljubljana

RLS Merilna tehnika, d.o0.0., Komenda
Senso4s, d.0.0., Trzin

Slovenian Bekeepers Association, Lukovica

Slovenian Radiation Protection Administration, Ljubljana

Slovensko drustvo ljubiteljev kemije, Ljubljana

Statistical Office of the Republic of Slovenia, Ljubljana

TIK, d.0.0., Kobarid

University Medical Centre Ljubljana, Ljubljana
University of Ljubljana, Ljubljana

University of Maribor, Maribor

Zarja elektronika, d.0.0., Kamnik
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INSTITUTE IN NUMBERS 2020-2021

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

PHYSIGS

F-1

In 2021 members of the programme group THEORY OF NUCLEI, ELEMENTARY PARTICLES AND
FIELDS continued with researchin the area of hadronic physics, quantum chromodynamics, effective
field theory of electroweak decays of mesons, unified theory and precise calculation in three-body
systems

Using quantum field theory on the lattice, we extracted the coupled-channel scattering matrix in the charmonium
system for the first time. This reproduced the measured properties of the conventional charmonia and rendered
predictions for two exotic molecular-like hadrons near the DD and D D, thresholds, that received support also from
experiments. We extracted a resonance in composite Higgs models by simulating the scattering for the first time.
The static potentials for the system bbdu relevant for Z, resonances have been extracted in all quantum channels.

We proposed a novel method to probe the persistent hints of lepton-flavour universality violation observed
in semileptonic B decays. Relying on the specific properties of the Belle II experiment, it consists of comparing
the inclusive rates of Y'(4S) into final states with oppositely charged leptons of different flavors. In models with
scalar leptoquarks that explain the R anomaly and possess the maximum CP-odd coupling we have presented
additional constraints from B meson mixing. We found that there are asymmetric contributions in the production

Head:
Prof. Jernej Fesel Kamenik

of leptoquarks at the LHC.

We reconsiderd the decays of pseudoscalar mesons (P) to neutrino
pairs and possibly additional photons in the presence of (light) Majo-
rana neutrinos. For this purpose we derived a model-independent general
parametrization of the neutrino mass matrices with a physically interpret-
able and irreducible set of parameters. We updated the SM predictions
for the branching ratios of B decays to neutrinos (and photons) and
discussed the sensitivity of these decays to the neutrino mass and mixing
parameters. With international collaborators, we concluded our analysis
of the heavy neutral leptons signature at the Belle Il experiment and we
are performing an extensive study of the phenomenology of neutrino
polarizability. We investigated right-handed fermionic massive dark mat-
ter in the processes of neutron decay into dark fermion and photon and
decay of D-mesons into dark-fermion pairs. The interaction mediator is
the colored scalar.

We explored the interplay of New Physics (NP) effects in leptonic (g-2)
Higgs boson decays to leptons within the Standard Model Effective Field
Theory (SMEFT) framework, including one-loop Renormalization Group
(RG) evolution of the Wilson coefficients as well as matching to the ob-
servables below the electroweak symmetry breaking scale.

We used machine-learning (ML) and non-ML techniques to study op-
timized CP -odd observables, directly and maximally sensitive to the CP
-odd top quark - Higgs boson interaction at the LHC and prospective future
hadron colliders using the final state with a Higgs boson and a top quark
pair, followed by semileptonic t decays. We contributed to the review of the
LHC Olympics 2020 challenge, including an overview of the competition,
adescription of the methods deployed in the competition, lessons learned
from the experience, and implications for data analyses with future datasets
as well as future colliders.

We embarked on an ambitious project to calculate the quantum fluctua-
tions, which constitute a one-loop correction to the false vacuum decay rate
atoneloop. We managed to find an analytic expression for the semi-classical
action in arbitrary dimension, together with higher-order corrections. We
investigated the high temperature fate of four-dimensional gauge-Yukawa
theories featuring short-distance conformality of either an interacting or

¢ The lattice simulations reproduce the
measured properties of the conventional
charmonia and rendered predictions for two
exotic molecular-like hadrons near thresholds.

¢ We derived a model-independent
general parametrization of neutrino-mass
matrices with a physically interpretable and
irreducible set of parameters.

¢ We demonstrated the power of the SMEFT
framework for New Physics phenomenology.

* We explicitly constructed UV-free theories with
high-temperature symmetry non-restoration of
a global symmetry.

Figure 1: Allowed region of masses of scalar leptoquark and scalar
dark matter S for the model to explain the dark-matter abundance in the
universe.
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non-interacting nature. We discovered a class of complete asymptotically
free theories for which the symmetry breaks at arbitrarily high tempera-
tures. In its minimal form this class is constituted by a theory with two
fundamental gauged scalars each gauged under an independent group.

Some outstanding publications in the past year

1. Kasieczka, Gregor, Bortolato, BlaZ, Dillon, Barry M., Kamenik, Jernej,
Matevc, Andrej, Seljak, Uros, Smolkovic, Aleks, et al. The LHC Olympics
2020 : a community challenge for anomaly detection in high energy
physics. Reports on Progress in Physics, ISSN 0034-4885, 2021, vol.
84,10.12, 124201-1-124201-64, graf. prikazi, tabele, doi: 10.1088/1361-
6633/ac36b9. [ COBISS.SI-ID 83654915

2. Fajfer, Svjetlana, Kamenik, Jernej, Tammaro, Michele. Interplay of New

Figure 2: The lattice simulations roughly reproduce the measured Physics effects in (g-2)l and h—I+1—lesons from SMEFT. 7he journal
masses of the conventional charmonia and render the predictions for of high energy physics, 1SSN 1029-8479, 2021, vol. 2021, no. 6, str.

two exotic hadrons near the DDand D D thresholds.
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099-1-099-29, doi: 10.1007/JHEP06(2021)099. [ COBISS.SID 67644419 ]

3. D’Eramo, Francesco, Ko$nik, Nejc, Pobbe, Federico, Smolkovic, Aleks, Sumensari, Olcyr. Leptoquarks and
real singlets: a richer scalar sector behind the origin of dark matter. Physical review. D, 1SSN 2470-0010,
2021, vol. 104, iss. 1, str. 015035-1-015035-23, ilustr., doi: 10.1103/PhysRevD.104.015035. [ COBISS.SI-ID
72243971

4. Bajc, Borut, Lugo, Adridn, Sannino, Francesco. Asymptotically free and safe fate of symmetry nonrestora-
tion. Physical review. D, ISSN 2470-0010, 2021, vol. 103, no. 9, str. 096014-1-096014-20, doi: 10.1103/
PhysRevD.103.096014. [COBISS.SIID 94731011 ]

5. Prelovsek, Sasa, Collins, Sara, Mohler, Daniel, Padmanath, M., Piemonte, Stefano. Charmonium-like
resonances with JPC=0++2++ in coupled D-D,Ds Ds scattering on the lattice. e journal of high energy
physics, 1SSN 1029-8479, Jun. 2021, vol. 2021, art. no. 35, 39 str., ilustr,, doi: 10.1007/JHEP06(2021)035.
[COBISS.SHD 66913795]

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 investigations of transport for disordered quuatum systems. With our numerical method, we
upgraded existing results for the Anderson model’s conductivity, particularly in the vicinity of localization transi-
tion in higher dimensions. Using the rate equations of many-body states we found an analogy of the phenomenon
of many-body localization to the percolation problem. Within the theory of integrable quantum lattice models we
showed that the macroscopic degeneracy in the noninteracting model leads to a jump in the transport stiffness
when the interaction is introduced. We found that the dynamical response of such spin models exhibits an anoma-
lous behaviour in the vicinity of specific values of interaction. We continued studies of frustrated spin systems by
evaluating the dynamical correlations in the Kagome lattice, in relation to experiments on real materials.

Within the framework of electron-phonon coupling, we have computed the electron spectral function in
disperzive optical phonons. At large optical phonon dispersion, multi phonon states appear at smaller energies
then single phonon excitations.

We studied the origin of anomalous dynamics and slow thermalization in quantum spin chains with disorder.
We introduced a new approach that describes their properties due to the proximity to conserved quantities of the

Figure 3: Dynamical spin conductivity within Figure 4: Behaviour of the spectral function in the
the Heisenberg spin chain for different values of case of simple diffusion (left) and anomalous
anisotropy. dynamics (right).
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Anderson insulator. This approach allows for a quantitative description of
spectral functions of experimentally relevant observables.

We studied the spin Seebeck effect in the Hubbard model on a square
lattice. We determined that in the Mott insulator at finite magnetization the
spin Seebeck coefficient is anomalously large and by far exceeds thermo-
dynamic estimates, e.g., Heike’s and Kelvin’s. We explained that the origin
for this is in the gap in one particle spectra and the different scattering
rates of spins up compared to spins down. We also showed that despite
being anomalous, the Seebeck coefficient does not explain the discrepancy
between recent cold-atom experiments and theoretical calculations.

Department of Theoretical Physics F-1

We introduced a new approach that describes
anomalous dynamics and slow thermalization
in quantum spin chains with disorder due to
the proximity to conserved quantities of the
Anderson insulator.

The Spin Seebeck coefficient in the Hubbard
model with finite magnetization exceeds the
thermodynamic estimates.

We propose a higher-order Josephson effect in
a stack of thin semiconductors.

In collaboration with an ETH Zurich group we have investigated how
the exotic states, such as the generalized Gibbs ensembles can be realized
with trapped ions experiments. We obtained two QuantERA projects involv-
ing international consortia, which will start with a collaboration in 2022.

Within the framework of excitonic insulators we have discovered a
series of new phenomena, including a higher-order Josephson junction,
ballistic transport and a photovoltaic effect in the bulk. We developed a
new generation of theoretical methods for quantum many-body systems
out-of-equilibrium, which will allow a direct comparison with experiments.

We proposed a new model for describing hybrid superconductor-
semiconductor devices, where the active components are a superconduct-
ing island and a quantum dot. We have devised a method for solving this
problem and in collaboration with an experimental group demonstrated

* We developed a methodology for theoretical
studies of hybrid devices composed of
superconducting islands and quantum dots.

* We found an asymptotic solution for the
decoherence of a harmonic oscillator in the
presence of a spin-orbit interaction.

¢ High-temporal resolution and individual actor’s
features capture the role of asymptomatic virus
carries in the epidemic spreading.

* Emerging collective dynamic behaviours in
complex systems are based on a geometry
that provides contacts of different orders.

that the model is an adequate description of real devices. We have extended

the theory of non-trivial Fermi liquids to the multi-orbital case in the presence of an external
field, which has allowed us to show that iron phthalocyanine on the surface of gold exhibits a
topological transition into a Fermi liquid that is of the non-Landau type. We have shown that
the correlated electrons systems exhibit high-temperature universal transport oscillations as a
function of magnetic field, which indicates the type of interactions between charge carriers.

Using the Lindblad master equation, we studied a quantum harmonic oscillator coupled to
a thermal bath in the presence of a spin-orbit interaction. We found an analytical expression
for the asymptotic dynamics of the spin observables. We studied the topological properties of
Josephson'’s junctions in the presence of the Rashba interaction. When the superconducting phase
difference equals pi, the band structure of the Andreev bound states may host Dirac points. Such
ajunction thus behaves as a one-dimensional topological insulator.

We have investigated collective dynamic behaviour in the presence of higher-order interac-
tions enabled by network geometry with simplicial complexes of different dimensions. These
structures were generated using the cooperative self-assembly model developed in the previous
period. We have shown that triple interactions embedded in triangles lead to the opening of
the hysteresis loop and a significantly changed course of the synchronization process between
phases caused by the leading pairwise couplings. In the magnetization reversal processes with an
external field, the presence of tri-spin interactions on embedded triangles causes hysteresis-loop
asymmetry, while the characteristics of magnetization fluctuations remain stable. We have shown,
among other results, that collective fluctuations of magnetization on simplicial complexes have
the characteristics of self-organized criticality. This behaviour originates in antiferromagnetic

Figure 5: Formation of Dirac points in the
band structure of the Andreev bound states in a
Josephson junction with Rashba interaction.

interactions that cause spin frustrations on triangular sub-simplexes. Within the microscopic model introduced in
2020, we continued research into the stochastic processes behind the spread of the SARS-Cov_2 epidemic. Based on
the high temporal resolution in this model, we were able to determine the impact of asymptomatic virus carriers

on the course of the epidemic.

Some outstanding publications in the past year

1. Vidmar, Lev, Krajewski, Bartosz, Bonca, Janez, Mierzejewski, Marcin. Phenomenology of spectral func-
tions in disordered spin chains at infinite temperature. Physical review letters. | Printed.]. 2021, vol. 127,
iss. 23, str. 230603-1-230603-7, ilustr. ISSN 0031-9007. DOI: 10.1103/PhysRevLett.127.230603. [COBISS.

SHD 92221699]
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2. Ulaga, Martin, Mravlje, Jernej, Kokalj, Jure. Spin diffusion and spin
conductivity in the two-dimensional Hubbard model. Physical review.
B, ISSN 2469-9950, 2021, vol. 103, no. 15, str. 155123-1-155123-8, doi:
10.1103/PhysRevB.103.155123. [COBISS.SI-ID 95086851]

3. Reiter, Florentin, Lange, Florian, Shreyans, Jain, Grau, Matt, Home,
Jonathan, Lenarci¢, Zala. Engineering generalized Gibbs ensembles with
trapped ions. Physical review research, ISSN 2643-1564, 2021, vol. 3,
n0. 3, str. 033142-1-033142-18, doi: 10.1103/PhysRevResearch.3.033142.
[COBISS.SI-ID 94027011 ]

4. Pavesic, Luka, Bauernfeind, Daniel, Zitko, Rok. Subgap states in super-
conducting islands. Physical review. B,1SSN 2469-9950, 2021, vol. 104,
1n0. 24, str. L241409-1-1.241409-7, doi: 10.1103/PhysRevB.104.1.241409.
[COBISS.SIID 91146243

5. Tadic, Bosiljka, Melnik, Roderick. Self-organised critical dynamics as a
key to fundamental features of complexity in physical, biological, and
social networks. Dynamics, 2021, vol. 1,no. 2, str. 181-197, doi: 10.3390/

Figure 6: Four-dimensional simplicial complex of self-assembled dynamics1020011. [COBISS.SHD 82533123]

S-cliques used in the study of phase synchronization

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

The work of the group for THEORETICAL BIOPHYSICS AND SOFT MATTER PHYSICS investigated various
question at the molecular and cellular level.

Atthe molecular level we studied the spontaneous curvature of two-component lipid systems that form inverted
hexagonal phases, and we showed experimentally and theoretically that it does not depend only on concentration
but also on the physical dimensions of the molecules. We also used classical molecular dynamics simulations with
apolarizable core-shell model for the gold atoms to demonstrate significant effects of explicit metal polarizability
on gold nanoparticle solvation and electrostatic properties in aqueous electrolytes. Combining X-ray scattering
and molecular simulations, we also showed that glyco-surfactants, which

* We showed that the better absorbed the form stable foams, are stabilized by hydrogen bonds. Furthermore, us-
molecules in a given gel, the slower they ing computer simulations, we studied how the size of the molecule, its
diffuse, which means that the permeability only  shape, and its chemical character affect the sorption and diffusion of the
weakly depends on the type of molecule. molecule through dense polymer structures. These findings are helpful in

* We proposed a theoretical description of cell- developing soft functional materials for biomedical, pharmaceutical, and
junctions mechanics in epithelial tissues. nano-catalysis applications.

* We discovered a photonic band gap in double- At the level of cells, we analysed the morphologies of compressed model
twisted structures of liquid crystals formed by epithelial tissues and we found that the characteristic villus morpholo-
achiral molecules. gies form only if the cell-level activity is strong enough. We also studied

nonlinear dynamics of cell-cell junctions and characterized various types
of behaviours, which may significantly contribute to large scale processes
such as morphogenesis, tissue repair, and disease. We proposed a theoreti-
cal description in which the cell- and tissue-scale mechanics are described
within the well-established vertex-model framework, whereas the kinetics
of force producing molecules are captured by a set of rate equations. This
system describes a mechano-chemical feedback loop, which gives rise to a

rich set of junctional behaviours.
A large part of the work over the previous year was dedicated to re-
Figure 7. Cell rearrangements in epithelial tissues are driven by active  search related to SARS-CoV-2: We published an extensive review article on
Jorces at cellcell junctions the physical mechanisms behind the aerosol transmission of pathogens,
with a particular focus on relative humidity. We furthermore investigated
in detail the nature of electrostatic interactions between the novel coronavirus and a charged electret layer, taking
into account as well the effects of charge regulation. We also studied the role of RNA structure in its interaction with
a substrate, which is crucial not only for the assembly and disassembly of RNA viruses but also in nanoparticles

used for RNA-based drug delivery.

We studied systems of liquid crystals, where we examined layered structures of bent-core-shaped achiral mol-
ecules. We showed that they form a structure in which the long molecular axes rotate from layer to layer, forming
a helical structure with a period of four smectic layers. On top of this, another helix is superimposed, the pitch of
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which depends on the temperature. We have furthermore investigated the
effects of chiral dopands on dynamics of achiral polar smectics. Because of
chiral interactions, gaps in relaxation modes appear. Relaxation modes are
oppositely chiral in pairs and couple with a chiral field of dopant different
for opposite chiralities.

Some outstanding publications in the past year

1. Kanduc¢, Matej, Kim, Won Kyu, Roa, Rafael, Dzubiella, Joachim.
How the shape and chemistry of molecular penetrants control
responsive hydrogel permeability. ACS nano, ISSN 1936-0851,
2021, vol. 15, no. 1, str. 614-624, doi: 10.1021/acsnano.0c06319.
[COBISS.SI-ID 48676867 |

2. Alsous, Jasmin Imran, Rozman, Jan, Marmion, Robert A., Kosmrlj,
Andrej, Shvartsman, Stanislav Y. Clonal dominance in excitable
cell networks. Nature physics. [Online ed.]. 2022, vol. 17, str. 1391-1395. ISSN 1745-2481. doi: 10.1038/
$41567-021-01383-0. [ COBISS.SI-ID 951267871

3. Krajnc, Matej, Stern, Tomer, Zankoc, Clément. Active instability and nonlinear dynamics of cell-cell junc-
tions. Physical review letters, ISSN 0031-9007. [Print ed.], 2021, vol. 127, no. 19, str. 198103-1-198103-6,
doi: 10.1103/PhysRevLett.127.198103. [COBISS.SI-ID 84201731]

4. Pociecha, Damian, Vaupoti¢, Natasa, Majewska, Magdalena, Cruickshank, Ewan, Walker, Rebecca, Storey,
John M. D., Imrie, Corrie T., Wang, Cheng, Gérecka, Ewa. Photonic bandgap in achiral liquid crystals - a
twist on a twist. Advanced materials, ISSN 1521-4095. [Online ed.], 2021, vol. 33, no. 39, str. 2103288-
1-2103288-7, doi: 10.1002/adma.202103288. [ COBISS.SI-ID 80061955]

on their sorption and diffusion.

Awards and appointments

1. DrMatej Kanduc: Zois Award for significant scientific achievements in hydration and thermoresponsive
hydrogel research, Slovenia.

2. Prof. Dr Natasa Vaupotic: Zois distinction for research in the field of modelling of structures and resonant
response of multidimensional thermotropic phases, Slovenia.

Organization of conferences, congresses and meetings

International workshop: Quantum many-body dynamics: Thermalization and its violations

Institute for basic science (PCS-IBS), Daejeon, South Korea, 24.-28. 5. 2021 (virtual)

New generation in strongly correlated systems - NGSCES2021, 7-10. 6. 2021 (virtual)

International workshop: Quantum many-body dynamics: Thermalization and its violations (virtual)
Izbrana poglavia v visoko energetski fiziki, astrofiziki in kozmologiji, Medana, Slovenia, 31.5.-2.6.2021
Physics of the Flavourful Universe, PortoroZ, Slovenia, 21.-24.9.2021

4th Trilateral meeting, Ljubljana, 16. 12. 2021

Nonequilibrium Quantum Workshop, Krvavec, Slovenia, 12.-16. 12. 2021

S e A i

Figure 8: Permeation of molecules through a polymer hydrogel depends

INTERNATIONAL PROJECTS

Organization of Meeting on , Physics of the flavourful Universe*
Asst. Prof. Miha Nemevsek
Cost Association Aisbl
2. COST CA16201; Unraveling New Physics at the LHC through the Precision Frontier
Asst. Prof. Miha Nemevsek
Cost Association Aisbl
3. COST CA17139; European Topology Interdisciplinary Action
Dr. AnZe Rapo§ Bozi¢
Cost Association Aisbl
4. International Scientific Workshop: Physics of the Flavourful Universe, PortoroZ,
Slovenia, from 21 September 2021 to 24 September 2021
Prof. Jernej Fesel Kamenik
Cost Association Aisbl
5. The Flavor of the Invisible Universe
Asst. Prof. Nejc Kosnik
Slovenian Research Agency

. New Searches for Physics Beyond the Standard Model

Prof. Jernej Fesel Kamenik
Slovenian Research Agency

. Manifestation of Quantum Chaos in Quantum Many-Body Lattice Systems

Asst. Prof. Lev Vidmar
Slovenian Research Agency

. The Flavor of Elementary Particles Beyond the Standard Model

Asst. Prof. Nejc Kosnik
Slovenian Research Agency

RESEARCH PROGRAMMES

. Theory of the condensed matter and statistical physics

Prof. Janez Bonca
Theoretical physics of nuclei, particles and fields
Prof. Jernej Fesel Kamenik
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3. Biophysics of polymers, membranes, gels, colloids and cells
Prof. PrimoZ Ziher!

R & D GRANTS AND CONTRACTS

Orientational Interactions in a Generalized Thomson Problem: Dipole-Stabilized
Spherical Nanocontainers
Dr. AnZe Rapo$ BoZi¢
2. Slow thermalization in quantum many-body systems
Prof. Peter Prelovsek
3. Diagnosing nonequilibrium quantum matter
Asst. Prof. Lev Vidmar
4. The influence of additives on nanoscopic wetting
Dr. Matej Kandu¢
5. Multi-scale modeling of non-equilibrium quantum materials
Dr. Denis Golez

6. Three advances towards realistic description of strongly correlated electron transport

Asst. Prof. Jernej Mravlje
7. Symmetries and quantum pumping
Dr. Zala Lenarcic

Diamond-assisted quantum processing of fullerene qubits
Prof. Rok Zitko

Coulombic subgap states in superconducting quantum devices
Prof. Rok Zitko

. Nonlinear mechanics of biological tissues and their tumors

Dr. Matej Krajnc

. Advancing precision flavour studies with machine learning

Prof. Jernej Fesel Kamenik

. Lattice QCD study of electroweak transitions between heavy mesons and light hadronic

resonances (raziskovalni projekt - Program AD)
Dr. Luka Leskovec

. Cryptographically secure random number generator

Prof. Rok Zitko

. Financing of projects visits at the Slovenian higher education institutions

Nevenka Hauschild
Public Scholarship, Development, Disability and Maintenance Fund of the Republic of
Slovenia

. Cryptographically secure random number generator

Prof. Rok Zitko
Government Office for the Protection of Classified Information

VISITORS FROM ABROAD

Dr Lorenzo Ubaldi, SISSA, Trieste, Italy, 11. 1.-11. 4. 2021, 7-17. 6. 2021, 26. 7-1. 8. 2021

and 6.9. - 21.9.2021

2. Prof. Dr1lja Dorsner, University of Split, Faculty of Electrical Engineering, Mechanical
Engineering and Naval Architecture, Split, Croatia, 27-28. 2. 2021, 13. 6.4. 7. 2021 and

15-17.12. 2021
Prof. Dr Jure Zupan, University of Cincinnati, Cincinnati, USA, 8. 7-8. 8. 2021

Lo

29.9.2021

5. Maksymilian Kliczkowski, University of Science and Technology, Wroclaw, Poland,

27.7-29.9.2021

Rafal Swietek, Wroclaw University of Science and Technology, Wroclaw, Poland, 27. 7.-

11.
12.

Dr Jacek Herbrych, Wroclaw University of Science and Technology, Wroclaw, Poland,
13.- 24.9.2021

Dr Patrycja Lydzba, Wroclaw University of Science and Technology, Wroclaw, Poland,
13.- 24.9.2021

Dr Richard Ruiz, Institute of Nuclear Physics Academy of Science, Krakow, Poland,
25.-29.9. 2021

Dr Toshikaze Chiba, Tohoku University, Sendai, Japan, 17. 10. 2021 - 10. 1. 2022

. Prof. Dr Damir Becirevic, CNRS/IN2P3 et Université Paris-Saclay, Paris, France, 12.-

19.10. 2021 in 24.10.9. 11. 2021
Prof. Dr Jure Zupan, University of Cincinnati, USA, 6.-11. 12. 2021
Dr Elena Venturini, Technische Universitat, Munich Germany, 15.-16. 12. 2021

STAFF

Researchers

1. Dr. Lamprini Athanasopoulou
Prof. Borut Bajc

3. Dr. German Gabriel Blesio

4. Prof. Janez Bonéa*

5. Dr. Banhi Chatterjee

6. Dr. Luis Cort Barrada

7. Prof. Mojca Cepic*

8. Dr.llja Dorsner

9. Prof. Svjetlana Fajfer

10. Prof. Jernej Fesel Kamenik, Head

11. Dr. Szczepan Glodzik

12. Dr. Denis Golez

13. Dr. Miroslav Hopjan

14. Dr. Matej Kanduc

15. Asst. Prof. Jure Kokalj*

16. Asst. Prof. Nejc Kosnik

17. Dr. Matej Krajnc

18. Dr: Rajmund Krivec, retired 01.10.21

19. Dr. Zala Lenarcic

20. Dr. Luka Leskovec

21. Asst. Prof. Jernej Mravlje

22. Dr. Sourav Nandy

23. Asst. Prof. Miha Nemevsek

24. Prof. Peter Preloviek

25. Prof. Sasa Prelovsek Komelj

26. Prof. Anton Ram3ak*

27. Dr. AnZe Rapos§ Bozi¢

28. Asst. Prof. Tomaz Rejec*

29. Prof. Bosiljka Tadic

30.
3L
32.
33
34.
35.

Dr. Michele Tammaro

Horacio Andres Vargas Guzman, B. Sc.
Prof. Natasa Vaupotic*

Asst. Prof. Lev Vidmar

Prof. Primoz Ziherl*

Prof. Rok Zitko

Postdoctoral associates

36.
37.

Dr. Fabio Staniscia
Dr. Clement Adrien Zankoc

Postgraduates

38.
39.
40.
41.
42.
4.

Blaz Bortolato, B. Sc.

Victor Francisco Guada Escalona, B. Sc., left 01.04.21
Arman Korajac, M. Sc.

Marco Matteini, M. Sc.

Luka Medic, B. Sc.

Luka Pavesic, B. Sc.

44. Jan Rozman, B. Sc.

45.
46.

47.

Dr. Aleks Smolkovic, left 01.10.21
Rafal Piotr Swietek, M. Sc.
Marin Sako, M. Sc.

48. Jan Suntajs, B. Sc.

49.
50.

Martin Ulaga, B. Sc.
Iris Ulcakar, B. Sc.

Technical and administrative staff

5L

Nevenka Hauschild

Note:

* part-time JSI member
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DEPARTMENT OF LOW AND
MEDIUM ENERGY PHYSIGS F-2

The members of the Department of Low and Intermediate Energy Physics are engaged in the
research in the field of atomic, molecular, optical and nuclear physics. A deep understanding
of atomic and nuclear processes is paramount in interdisciplinary research conducted at our
department, andincludes activities in the fields of environmental radiological monitoring, material
research, fusion, biology, energy storage, medicine, pharmacology, environmental sciences and
archaeometry. Our research is conducted using our own experimental equipment, consisting of
an ion-beam accelerator and beamlines, dedicated detectors of ionizing radiation, experimental
setups for atomic and molecular physics and calibrated radiation fields.

Researchers from our department are regular users of large experimental research facilities worldwide,

such as particle accelerators, synchrotrons and free-electron lasers. These facilities are accessed either through
international collaborations, research networks or through self-initiated research proposals. To counterweight the
process of engagement of national human resources at research facilities abroad, we are providing transnational Head:
access (TNA) to the tandem ion accelerator at the JoZef Stefan Institute and the instrumentation at the beamlines Prof. Primoz Pelicon
for international users within the EU H2020 RADIATE project.

We were engaged at the three-spectrometer facility of the Mainz Microtron (MAMI), with the focus on analys-
ing the data acquired during recent production runs. The final analysis of our measurements of virtual Compton
scattering performed over more than a decade at the A1 Collaboration at MAMI has now yielded the Q2-dependence
of generalized proton polarizabilities (Fonwvieille et al., Phys. Rev. C 2021). We have re-analysed elastic electron
scattering on protons at very-low-momentum transfer from the data acquired in the ISR experiment and studied
the role of specific models in the extraction of the proton radius, a persistently elusive quantity constituting the
so-called “proton radius puzzle”; the final results were published (Mikovilovic et al., Eur. Phys. J. A. 2021). Our
work in the MAGIX Collaboration at the MESA accelerator under construc-
tion encompassed the study of the operation and characterization of a
windowless gas jet target in high-intensity electron beams to be used in
conjunction with the MAGIX spectrometers (Schlimme et al., NIM A 2021)
and electron-beam studies of light collection in a scintillating counter with
embedded wavelength-shifting fibres (Lauf et al., NIM A 2021).

Ourwork at the Thomas Jefferson National Accelerator Facility (Jefferson
Lab) has been focused on an analysis of the data from several experiments
performed during the 6-GeV CEBAF era, but we have also new results on
data taken with the new 12-GeV beam. We have published our analysis of the
generalized spin polarizabilities of the neutron in the low-Q2 region (Su/ko-
sky et al., Nature Physics 2021). These observables quantify the neutron’s
spin precession under electromagnetic fields at very low energy-momentum
transfer squared, and in this regime, chiral effective field theory calculations
are expected to be applicable. Our data, however, show a strong discrepancy
with these predictions, presenting a challenge to the current description of
the neutron’s spin properties. We also published new results of our measure-
ments of the proton spin structure at long distances (at low Q2) (Zheng et Figure 1: Profon charge radius extracted from electron-scattering
al., Nature Physics 2021). Our results show that a complete description of experiments. The red circles show the resulls of the initial-state radiation
the nucleon spin remains elusive, and calls for further theoretical work, for %@%ZZ’? at Mainz Microtron (Mihovilovic et al, Europ. Phys. . A57,
example, in lattice QCD. We have also shown that our data, when extrapolated ~ ‘
to the photon point, agree with the Gerasimov Drell-Hearn sum rule, a fundamental prediction of quantum field
theory that relates the anomalous magnetic moment of the proton to its integrated spin-dependent cross-sections.
The analyses of our measurements of cross-sections in the Ar(e,e’p) and Ti(e,e’p) processes were also published
(Guetal., Phys. Rev. C. 2021).

In parallel with the construction of the FAIR (Facility for Antiproton and Ion Research) accelerator centre,
which is one of the largest projects for basic research in the world, the FAIR Phase-0 research programme is already
taking place at the GSI premises in Darmstadt. Our primary focus here is the NUSTAR physics programme, devoted
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Figure 2: Three BGO scintillation detectors shown the way they will

to nuclear structure, reactions and astrophysics, crucial for understanding
the creation of all the matter in the universe. We are strongly engaged in
the research at the in High-Resolution In-Flight Spectroscopy/ Decay Spec-
troscopy (HISPEC/DESPEC) and Super Fragment Separator (Super-FRS)
sub-collaborations. HISPEC/DESPEC experiments aim to address the key
issues in nuclear structure, reactions and nuclear astrophysics at the limits
of nuclear existence. We have actively participated in the experiments of
the DESPEC collaboration studying the Prolate-Oblate Shape Transition
around A~190, 220<A<230 Po-Fr nuclei lying in the south-east frontier of
the A~225 island of octupole deformation as well as core-breaking in the
most neutron-deficient Sn isotopes.

The new state-of-the-art gamma spectrometer DEGAS (DEspec Germa-

be mounted in the DEGAS spectrometer at FAIR. The detectors were nium Array Spectrometer) is being constructed at GSI/FAIR. When completed,

developed at JSI.

Figure 3: Spatially and temporally resolving
detector for implantations and decays of exotic ions
at FAIR, where the JSI collaborators contribute their
research efforts.

it will incorporate the new BGO scintillation detectors (Figure 2) that we
developed as part of the DESPEC collaboration. These detectors are key to en-
suring the active shielding of DEGAS against the background noise and Compton scattered photons.

We started the cooperation in the construction of the implantation detector which consists
of scintillating fibres. It will be used in experiments of the DESPEC collaboration at GSI/FAIR. We
took part in the Super-FRS experiment aiming at fission isomer studies where a superdeformed
second minimum in potential energy surface appears in actinides. This is an ideal testing ground
for strongly deformed low-spin nuclei and shell corrections in very heavy systems. Our respon-
sibility was the analysis of the FastCom TDC dataset and the modelling of the detection process
in the ion implanter (Figure 3). Furthermore, we collaborated in the experiment aimed at direct
mass measurements of heavy N=7 and N=Z-1 nuclides to better understand the isospin-symmetry
breaking forces for heavier nuclei. We extended the physics model for the ion dynamics simulation
framework ITSIM that supports the mass spectrometer optimization and tuning.

In 2021 we were busy with the analysis of the results from the FERMI free electron laser
(FEL) experiment, with which we have studied the interference between the ®,+®, and @, -,
two-photon pathways, accessible by combining the fundamental (e,) with the third harmonic
(o,) light. We measured the variation of the electron yield in the energy region of the helium 2s*
doubly excited state by varying a phase difference between the o, and o, carrier waves. We have
performed a detailed first-principles simulation of the process, which has been observed for the first
time using only short-wavelength XUV light (a similar technique called RABBITT combines XUV
light with IR laser light), and we have submitted a paper to a high-ranking open-access journal.
In cooperation with French colleagues from the LCPMR Lab in Paris and based on the analysis of
these FERMI results, we ensured a continuation of such coherent control measurements, which
have been proposed to verify the operation of the so-called atomic w/3w interferometer. The lat-

ter is expected to provide the unknown phase difference of two-colour light
based on a known atomic response to two-photon absorption/emission.
In collaboration with colleagues from XFEL in Hamburg (Germany), we
have upgraded the paraxial treatment of self-triggered stimulated emission
in the X-ray and XUV energy ranges by introducing a new method for the

Figure 4 Generalized partial two-photon ionization cross-sections of generation of the spontaneous emission signal via correlation functions.
the helium atom calculated with our novel approach based on exterior — This significantly improves the credibility of modelling the passage of intense
complex scaling (A. Mihelic and M. Horvat, PRA 103, 043108, 2021).  light through matter when the duration of the light pulses is not much
The total orbital angular momentum of the final state has been denoted oty than the lifetime of an excited state. Based on simulations with an

by L.

improved accuracy, we proposed new measurements of stimulated emission
in helium, intending to use a specially designed gas cell. An oblong glass cell

was designed, which will allow the controlled setting of high gas pressure in a limited volume passed by the intense
light without any windows present. The cell will be produced by the Laser Laboratory group of the Polytechnic in
Milan, with which we have started a collaboration in 2021.

In 2021 we were actively collaborating with the group from the LCLS FEL (A. Halavanau from Stanford, USA),
where together with the group from XFEL we participate in the XLO project. We help with the realization of the
idea, according to which the self-triggered stimulated emission would be brought back to the target with a delay and
via reflection on the crystals, where, together with the next burst of light, the FEL would generate an even stronger
burst of stimulated light. Light amplification works similarly for lasers in the visible region, but with the important
difference that the lifetime of the excited (upper) state is now much shorter and, therefore, the population inversion
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must be generated at each transition in time with a new burst of FEL light.
In this project, we collaborate with simulations of the passage of (strong)
two-color light through matter (FEL light + return amplified spontaneous
emission of the target) performed by our PhD student Spela Krusic.

In collaboration with another XFEL group (L. Mercadier), we participated
in one of the first experiments at the new SCS beamline, which is equipped
with a spectrometer for measurements in the direction of the incident
beam (design by J. Nordgren, J. E. Rubensson, Uppsala University). In this
experiment, short pulses of intense XUV light with a photon energy just above
the L, edge in copper at 933 eV were shot through a 500- and a 100-nm-thick
copper foil. A pair of spectrometers measured the spectrum of individual
pulses of light in front of and behind the target, and, from this data, the
absorption spectrum could be reconstructed for each pulse. Surprisingly, we
found that, in a solid target, the generation of photoelectrons and secondary
(Auger) electrons is so efficient that it can modify the absorption spectrum
of an intense pump light pulse, even though the pulse only lasts a few tens
of femtoseconds. Photoelectrons from the nearby copper atoms form holes
in the 3d outer shell of the neighbouring atoms and thus open an effective
new absorption channel at the characteristic energy of the Lot line transition.
The quantitative interpretation of the results of the experiment, which
represents the first case of transient absorption with the soft X-ray light,
is already underway. To mimic the target environment, it is necessary to
simulate plasma development on a short time scale, but under demanding
conditions of high target density and high light intensity.

. We hgve .dev.lsed a thgoretlcal method for the calculgnon of partial mul- Figure 5- Experimental study on the dependence of spuftering yields wih
tiphoton ionization amplitudes and cross-sections applicable to atoms and 7.2, deuterium ions under physical conditions in fusion tokamaks. The
simple molecules (Mihelic and Horvat, Phys. Rev. A 103, 043108, 2021). yole of surface roughness is elaborated (Kelemen et al, J. Nucl. Mat. 2021)
The method, which is based on exterior complex scaling (ECS), can be used
to calculate the partial ionization amplitudes for both resonant and non-resonant multiphoton ionization in an
efficient way, by analysing the scattered part of the solution of the driven Schrodinger equation in the non-scaled
region of space (Figure 4).

Atthe end of 2021 we took part in two experiments at the Trieste FEL facility, FERMI. In the first experiment we
characterized short-lived dipole-allowed 'P doubly excited resonances in helium using intense, circularly polarized
light. Under such experimental conditions, it is likely that an electron from the doubly excited state is knocked out
of the atom by the absorption of an additional photon, even before the resonance decays by autoionization with a
typical lifetime of a few fs. Thus, transitions to the final excited states of the
helium ion He+ with n=2,3,4 were observed, whereby the ratios between the
corresponding photoelectron yields reveal the strength of electron-electron
correlations in the selected intermediate doubly excited state.

The second experiment was proposed by A. Mihelic, with the goal to

investigate to what extent the presence of light resonant with a transition
from the ground state to an excited state of the atomic core of a continuum
state is able to modify the primary ionization from the atomic ground state.
Is the probability that an electron from the primary ionization event would
absorb such an additional photon increased? The analysis of the measure-
ments is expected to show whether the process can be distinguished from
an analogous process in ionic species.

In the research with twisted light (light that carries orbital angular
momentum), led by G. De Ninno of the University of Nova Gorica, we helped
to prepare a manuscript in which we demonstrate the possibility to gener-
ate and control magnetization in irradiated matter on the nanoscale. The
analysis of dichroism observed in the previous experiment at the FERMI FEL, Figure 6: Elemental distribution maps of elements in wheat grain,
where He atoms were excited to singly excited states with short and highly 7?easured alan upgraded in-air microbeam. The elemental

. « o concentrations are presented in ppm.
focused XUV light pulses, and from there to the “rotating” Rydberg states
by a pulse of twisted IR light, showed the formation of a localized (on the axis of both light beams) and persistent
(having the lifetime of the Rydberg states) magnetic fields generated by the electron current loops of rotating
Rydberg wave packets.
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Figure 7: Sulphur average charge in individual battery cathodes
stopped at different points during the discharge, as determined from
the measured energy shift of the Kocemission line and, from the changes

In September 2021 we concluded a series of X-ray Raman spectroscopy (XRS) measurements to study the redox
reaction mechanism of novel redox-active organic materials. The experiment -20210340 EC took place at the P01
beamline of the PETRA III synchrotron at DESY, Hamburg in collaboration with the Group for Modern Battery
Systems from the National Institute for Chemistry. Within the experiment, XRS measurements on batteries based
on various organic polymers (PAQS and TB97) in combination with Al anode were performed. The electrochemical
mechanism in all studied batteries was confirmed to be a reduction of double carbonyl bond, regardless of the type
of organic polymer used in the cathode. Relative amounts of carbonyl bond during battery cycle were quantitatively
determined in good agreement with electrochemical values, calculated from the measured capacity.

We have published the results of laboratory characterization of the electrochemical conversion of sulphur in
Li-S batteries by measuring X-ray emission spectra (XES). XES measurements were performed at the Microanalyti-
cal Centre using MeV proton excitation. The average sulphur charge in the battery cathode was determined from
the energy shift of the Kot emission line and from the spectral shape of the K emission spectrum (Kavcic et al.
ACS Appl. Energy Mater. 2021, 4, 2357-2304). An extensive theoretical modelling of the measured XES spectra
was used to identify different sulfur compounds and quantitatively determine their relative amounts (Petric et al.
Chem. Commun., 2021, 57, 7573-7570).

The JSI tandem accelerator provided 4000 beam hours to the users in
2021

In October and November 2021, we performed a major upgrade of the
accelerator and successfully installed a new control system (new commu-
nication hardware, new control software).

Anextensive upgrade of the external beamline was performed to expand
the capabilities of our setup towards in-air measurements of elemental
distributions in the sample across a relatively large surface area (~ 1 cm?)
with the lateral resolution of a few tens of um. We have completed the beam
characterization after the upgrade and performed the first quantitative
analysis of the distribution of mineral nutrients in plant samples (Figure 6).
We constructed and acquired the key components for the new nanobeam
beamline, which is to be assembled and tuned by the end of 2022.

We conducted extensive research with the micro-PIXE and MeV-SIMS
methods in the field of medicine and biology. With collaborators from the
Max Planck Institute for Human Cognitive and Brain Sciences in Leipzig,
we showed that the dominant contribution to the transverse relaxation rate
in nigrosome 1 originates from iron accumulated in the neuromelanin of
dopaminergic neurons. Based on our research, we provided the directions for
the development of biomarkers for early detection of dopaminergic neuron
depletion in Parkinson’s disease. At the JSI we contributed elemental maps
of brain tissue measured by micro-PIXE, which revealed quantified distribu-
tion of iron in neurons (Brammerloh et al, Neuroimage 2021). With a
multimodal microscopy approach, combining STED, electron, helium and
ion microscopies, we studied the nature of hip prosthesis wear particles and
their origin in the periprosthetical tissue (Podlipec et al, Materials 2021).

The members of the Infrastructure Group for Ionizing Radiation Meas-

m l‘he S/lﬂ[)e Qfl‘hg Kﬁ emission Specﬂﬂﬂ (From Kavcic el ﬂl., ACS APPL. urements COHduCted the EIlVerIlmeIltal I”aleZlCthlty mOHltorlng Of the

Energy Mat. 2021).
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living environment in Slovenia, regular Kr$ko Nuclear Power Plant (NPP)

off-site environmental radioactivity monitoring, independent verification of
the regular environmental radioactivity monitoring around KNPP, monitoring of radioactivity in fodder, central
radioactive-waste repository radiological monitoring, monitoring of the radioactivity in drinking water, material
characterizations, calibrations of the radiation gauges and the measurements of the personal and environmental
doses by thermos-luminescent dosimeters. These activities are accredited according to the SIST EN ISO/IEG 17025
standard. Our results at international round-robin measurements regularly rank as one of the most accurate among
the participating institutions. Based on this score, we are often invited to collaborate in groups for characterization
and the development of the reference materials.

In accordance with the authorisation, granted by the Slovenian Radiation Protection Administration, 2200
personal dose measurements of exposed workers with thermos-luminescence dosimeters (TLDs) were carried out
in 2021. We also carried out ambient dose equivalent measurements with TLDs at 130 different locations. In 2021,
246 calibrations were performed at the NDS (including 159 calibrations of dose rate meters, 50 calibrations of elec-
tronic personal dosimeters and 37 calibrations of contamination meters). In addition, 120 dosimeter irradiations
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of TL and OSL dosimeters were performed. In total, 744 measurements were made in the LMR laboratory as part
of regular programmes for the monitoring of radioactivity in the environment, and 28 measurements were made
for sporadic customers. Of these, two were analyses of food imports under the new authorisation of the Ministry of
Agriculture and Rural Development (UVHVVR). In 2021, 168 measurements of tritium in water samples were carried

out in the framework of radioactivity monitoring in the vicinity of the Kr$ko nuclear power plant
(NPP) and in the Republic of Slovenia. For sporadic customers, tritium activity concentrations
were determined in 4 samples.

In 2021 we continued 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 EU-funded EMRP projects. The members
of ISMIS carried out research and development in the field of measurement and analysis methods
in gamma spectrometry, thermoluminescence dosimetry and liquid-scintillation spectrometry in
the following projects:

—  EMPIR 2017 17RPTO1 DOSEtrace - Research Capabilities for Radiation Prolection

Dosimelers

—  EMPIR 2019, /NT-w08 supportBSS - Support to the European Metrology Network for

reliable legislation in the field of radiation protection

—  PR02570-1 - Preparation of reference and intercomparison materials, in coopera-

tion with IARMA

In 2020 we started sampling and analysing groundwater, thermal waters, precipitation and
surface water in the area of influence of hydroelectric power plant (HPP) Mokrice in the framework
of the project “Qualitative and quantitative monitoring of groundwater in the impact area of
the dam for HPP Mokrice”. The project is led by IRGO, d.o.0., coordinated by the 02 department
at the JSI. NLZOH also participates in the project. The purpose of the project is to determine the
state of the environment before the start of construction of HPP Mokrice. Our group participates
in the task of determining the concentration activities of H-3 and the total content of alpha and
beta emitters in water from boreholes in the construction area of the HPP Mokrice. In 2021, we
carried out the planned sampling and analysis of 164 samples.

We continued our studies of the occurrence of organically bound tritium (OBT), tissue free
water tritium (TFWT), and C-14 in various terrestrial and aquatic organisms in the vicinity of the
NPP and at the reference sites. In 2021, TFWT and OBT were determined in 78 samples. In the
research study on the alpha and beta radiant content of drinking water samples in Slovenia, 160
samples were sampled and analysed, and 61 samples were analysed in the study in the influence
area of the Mokrice HPP. A total of 84 measurements of C-14 content in water, biota, semi-finished
furniture and fuels, and ethanol in its original form and as CO, were carried out. In 2021, we did
not detect tritium in urine and Ra-226/Ra-228 in water.

In 2021 we purchased a new 320-kV Comet iXRS-320 X-ray machine, which will increase the
scope of our activities in the field of X-ray calibrations. We have also purchased
the following equipment with the financial support of the Administration of
the Republic of Slovenia for Civil Protection and Disaster Relief (ACPDR): a Flir
IdentiFINDER portable spectrometer, an Automess dose rate meter, a Berthold
neutron dose rate display and a Nuvia WIMP swab meter.

0n 26 and 27 October 2021, the Ecological Laboratory with Mobile Unit
(ELME) participated, as a part of the Slovenian Protection and Rescue Force,
in one of the largest IAEA international exercises in the field of nuclear and

Figure 8: Schematics of the measurement and

the identification of nuclear reaction products

in the ’He induced nuclear reaction on tritium,
in the efforts to apply nuclear reaction analysis
with the accelerated 3He ion beam for tritium
quantification in materials. The experiments
were made in collaboration with CEA, Cadarache
(From Markelj et al., Nuclear Materials and
Energy 2021).

radiological emergencies, ConvEx-3b. The exercise was based on an accidentat  Figure 9: Quantitative iron histology of post mortem human-brain

the Barakah nuclear power plant in the United Arab Emirates (UAE). Together
with the RS Protection and Rescue Administration and the RS Nuclear Safety

tissue with micro-PIXE. The research indicated a path to early markers
Jor Parkinson’s disease (From Brammerloh et al., Neuroimage 2021).

Administration, we practiced the use of different communication channels for information exchange and provided
international assistance to the affected country through the Response and Assistance Network (RANET) system.
ELME members participated in the 8th International Defence, Security, Safety and Rescue Fair SOBRA 2021 in

Gornja Radgona from 23 to 25 September 2021.

In 2021 we started the implementation of the project 7e Third NPP Krsko Periodic Safety Review Programme,

Safety Factor 15 - Radiological Impact on the Environment, in the Technical Specifications, No SP-ES1388. The
purpose of the project is to review the adequacy of the documentation in Safety Factor 15. Based on the findings of
the review, we are making a substantial contribution to the authorisation of the NPP for operation in the next period.
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We carried out the project fmpact of the Brezice Hydroelectric Power Plant on the NPP Krsko and the En-
vironmental Impact Report for the extension of the NPP’s operating life. After the construction of the BreZice
Hydroelectric Power Plant (HPP), new hydraulic conditions in the Sava River have emerged, which are not well
known to us. The changes in the flow regime of the Sava River after the construction of the BreZice HPP are indicated
by visual observations of the local population and by the evaluation of measured tritium activity concentrations at
sampling stations in the flow storage of the Brezice HPP, above the dam of the BreZice HPP and in BreZice. It is noted
that the dilution ratio has changed in BreZice, but is unknown at the other locations. According to the technical
specification Dose calculation and dilution modelling of run-of-river BreZice hydro plant accumulation No.
T0. R7Z-5/2020, a numerical program will be developed to assess the population effects based on the evaluation
of the dilution in the flow-through storage of the BreZice HPP using the tested PCFLOW3D model. An experimental
study for the tracking of tritium levels in the Sava River downstream of the NPP was also proposed as one of the
tasks of the project, and will be used for comparison between theoretical predictions of tritium activity concentra-
tions in the Sava River and the measured values.

We undertook activities as a part of the project Implementation of a programme for systematic surveillance of
the working environment in activities with materials containing naturally occurring radionuclides for 2021. The
purpose of the project was to define and specify a programme to ensure the protection of workers and members of
the public from an increased radiation exposure due to natural sources of radiation in areas and during activities
with an increased risk of radiation from these sources. Handling and working with materials after thermal treat-
ment (resulting from the processing of naturally occurring radioactive material) must not result in an excessive
exposure of workers, considering external and internal irradiation (inhalation of dust particles). Due to the natural
radioactivity of the materials, it should be borne in mind that the total effective dose to the worker is determined by
the dose contributed by the gamma emitters Ra-226, Th-232 and K-40 and the effective dose absorbed in the lung
tissue due to the uptake of the alpha emitting radon decay products Rn-222. When materials contain elevated specific
activities of naturally occurring radionuclides, the ambient dose equivalent rate in the air inside the monitored facil-
ity is consequently increased. If the risk to workers health from ionising radiation is to be reduced, it is necessary
to control and place certain restrictions on the use of raw materials that might contain elevated concentrations of
radionuclides. In addition, it is necessary to monitor these materials at all times and in good quality, and to prevent
them from exceeding the limit values.

In this project we have focused on the working environment in activities producing thermal insulation and
waterproofing end products (FRAGMAT TIM, d.0.0, Lasko, ISOMAT, d.o.0 MeZica) and in companies producing
or using geothermal energy (Mavrica kindergarten, Brezice, and Ocean Orchids d.o.0, Dobrovnik). The level of
radioactivity was estimated from the measurements of the ambient dose rate equivalent, spectrometric analyses
of incoming raw materials, finished products and air by high-resolution gamma spectrometry, and measurements
of indoor radon concentrations.

INTERNATIONAL PROJECTS 9 Cot oAt

EMPIR; Preparedness - Metrology for Mobile Detection of lonising Radiation Following a

Nuclear or Radiological Incident
Dr. Toni Petrovic
Euramet E.v.

2. EMPIR - 17RPT01 DOSEtrace; Research Capabilities for Radiation Protection Dosimeters

Denis Glavi¢ Cindro, M. Sc.
Euramet E.v.

3. EMPIR - supportBSS; Support for a European Metrology Network on Reliable Radiation

Protection Regulation
Denis Glavic Cindro, M. Sc.
Euramet E.v.

4. EMPIR; AEROMET II; Advanced Aerosol Metrology for Atmospheric Science and Air 1

Quality
Asst. Prof. Klemen Bucar
Euramet E.v.

5. Enhancing Nuclear Analytical Techniques to Meet the Needs of Forensic Sciences;

COST CA16117; Chemical Elements as Tracers of the Evolution of the Cosmos
Prof. Matej Lipoglavsek
Cost Association Aisbl
10. TC Regional Project RER/7/014: Improving Environmental Monitoring and Assessment
for Radiation Protection in the Region
Asst. Prof. Benjamin Zorko
[AEA - International Atomic Energy Agency
11. Experiments and Modelling of In Situ Uptake, Transport and Release Studies of
Hydrogen Isotopes in Irradiated Tungsten; Hydrogen Permeation in Fusion-Relevant
Materials
Asst. Prof. Sabina Markelj
[AEA - International Atomic Energy Agency
. Detection of Hydrogen Isotopes by NRA, Cross Sections and Best Practices; Development
and Application of lon Beam Techniques for Materials Irradiation and Characterization
Relevant to Fusion Technology
Asst. Prof. Sabina Markelj
[AEA - International Atomic Energy Agency

Forensics with Nuclear Methods: Art and Food Forgery, Drugs in Hair 13. H2020- TRANSAT: TRANSversal Actions for Tritium

Prof. PrimoZ Pelicon

[AEA - International Atomic Energy Agency
6. COST CA18130; European Network for Chemical Elemental Analysis by Total Reflection 14

X-Ray Fluorescence
Dr. Marijan Necemer
Cost Association Aisbl

7. COST CA18222; Attosecond Chemistry

Asst. Prof. Andrej Miheli¢
Cost Association Aisbl

8. COST CA18212; Molecular Dynamics in the GAS Phase

Asst. Prof. Sabina Markelj
European Commission
. H2020 - RADIATE; Research and Development with Ion beams - Advancing Technology
in Europe
Prof. MatjaZ Kavcic
European Commission
15. H2020 - CleanHME; Clean Energy from Hydrogen-Metal Systems
Prof. Matej Lipoglavsek
European Commission
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16. H2020 - HITRIplus; Heavy lon Therapy Research Integration
Asst. Prof. Matjaz Vencelj
European Commission
17. H2020 - EUROfusion; Plasma Facing Components-1-IPH-FU, EUROfusion
Asst. Prof. Sabina Markelj
European Commission
18. Study of Weak Charge Distributions with Precision Parity-Violating Measurements
Asst. Prof. Miha Mihovilovi¢
Slovenian Research Agency
19. Electrochemical Reactions in Organic-Metal Batteries Studied by X-Ray Raman
Spectroscopy
Prof. MatjaZz Kavic
Slovenian Research Agency
20. Investigation of Helium Retention in Plasma Facing Materials Using Advanced
Analytical Methods
Asst. Prof. Sabina Markelj
Slovenian Research Agency
21. HE-EUROfusion; WP07: ENR-DeHydroc-1,2,3_HE-FU
Asst. Prof. Sabina Markelj
European Commission
22. HE-EUROfusion; WP21: PRD-1,2_HE-FU
Asst. Prof. Sabina Markelj
European Commission
23. HE-EUROfusion; WP05: PWIE-1,2,3_HE-FU
Asst. Prof. Sabina Markel;
European Commission
24. HE - EUROfusion; WP24: TRED_HE-FU, EDU_HE-FU
Prof. Primoz Pelicon
European Commission

RESEARCH PROGRAMMES

Archaeological and Archaeometric Research of Portable Archaeological Heritage
Dr. Eva Menart

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

Dr. Marijan Necemer
3. Parallel and Distributed Systems
Prof. Roman Trobec
4. Structure of hadronic systems
Prof. Simon Sirca
5. Studies of atoms, molecules and structures by photons and particles
Prof. Matjaz Zitnik

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

Department of Low and Medium Energy Physics F-2

Molecular imaging inside the cell

Prof. Primoz Pelicon

Catalysis of Nuclear Reactions by Electrons

Prof. Matej Lipoglaviek

Molecular Imaging Inside the Cell

Prof. Primo? Pelicon

Spatial localization of elements and metabolits in plants

Prof. Katarina Vogel-Mikus

Novel proxies of the Holocene climate variability in stalagmites in Slovenia
Prof. Primo? Pelicon

Developing tender X - ray spectroscopy probes to tackle problems in materials science
and ultrafast science

Prof. Matjaz Kav¢ic

Detection of defects and hydrogen by ion beam analysis in channelling mode for fusion
Asst. Prof. Sabina Markelj

Localy grown buckwheat grain for production of high quality food products
Prof. Primoz Pelicon

Innovative ECO plasma seed treatment (for sowing and for human and animal diet/
nutrition

Prof. Primof Pelicon

Ministry of Education, Science and Sport

Ecology laboratory with mobile unit

Prof. Matej Lipoglavsek

Ministry of Defence

Monitoring of radioactivity in drinking water for years 2020 and 2021 (lot 2)
Asst. Prof. Benjamin Zorko

Ministry of Health

Calibrations

Bostjan Crnic

Different Analyses; Reference Materials

Dr. Jasmina KoZar Logar

CROSSING - Crossing Borders and Scales - An Interdisciplinary Approach
Prof. Primo? Pelicon

Helmholtz-Zentrum Dresden-Rossendorf E.v.

(-14 Measurements

Dr. Romana Kristof

N EW CONTRACTS

Measurements of gaseous effluents, specific analysis of H-3 and C-14 in year 2021
Asst. Prof. Benjamin Zorko
Krsko Nuclear Power Plant

6. Fusion technologies 2. Maintaining emergency preparedness and response by ELME (2020-2023)
Asst. Prof. Sabina Markelj Asst. Prof. Benjamin Zorko
Krsko Nuclear Power Plant
3. Environmental radioactivity monitoring in the vicinity of the Krsko Nuclear Power
R & D GRANTS AND C O NTRACTS Plant (drinking water, air, food, Sava River, precipitation, soil and external radiation in
the environment with the dose assessment)
Asst. Prof. Benjamin Zorko
Tonom of crop plants for safe and quality food production Krsko Nuclear Power Plant
Prof. Katarina Vogel Mikus , 4. Environmental radioactivity monitoring in the vicinity of the Krsko Nuclear Power
2. Structured light as a tool for triggering and probing new states of matter Plant in connection with Hydro Power Plant BreZice for the years 2020 and 2021
Prof. Matjaz Zitnik , ) ) , Asst. Prof. Benjamin Zorko
3. Alternative approaches to assuring guality and security of buckwheat grain Krsko Nuclear Power Plant
mictobiome 5. Report on the environmental impact assessment of the Brezice hydroelectric power
Prof. Primoz Pelicon . o o plant and the impact on the operational lifetime extension of the Krsko NPP
4. Lessonslfrorvn nqtrlent—use—effment plants to benefit dietary mineral intake Asst. Prof. Benjamin Zorko
Prof. Primoz Pelicon Krsko Nuclear Power Plant
1. Bo Hu, Czech University of Life Sciences Prague, Prague, Czech Republic, 1 November 2. Despina Daniella Magueranu in dr Roxana Nicoleta Bugoi, Institute of Archaeology
- 31 December 2021 “Vasile Parvan”, Bucharest, Romania, 13-17 December 2021
Researchers 10. Asst. Prof. Sabina Markelj
1. Prof. Iztok Arcon* 11. Asst. Prof. Andrej Miheli¢
2. Asst. Prof. Klemen Bucar 12. Asst. Prof. Miha Mihovilovi¢
3. Prof. Dean Cvetko* 13. Dr. Marijan Necemer
4. Denis Glavic Cindro, M. Sc. 14. Prof. Primoz Pelicon, Head
5. Dr. Darko HanZel 15. Dr. Toni Petrovic
6. Prof. MatjaZ Kavdic 16. Dr. Paula Pongrac*
7. Dr.Jasmina KoZar Logar 17. Prof. Simon Sirca*
8. Dr. Romana Kristof* 18. Dr. PrimoZ Vavpeti¢
9. Prof. Matej Lipoglavsek 19. Asst. Prof. Matjaz Vencelj
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20.
21.
22.
23.
24.

®
o Jozef Stefan Institute

Dr. Jelena Vesi¢

Branko Vodenik, M. Sc.
Prof. Katarina Vogel-Mikus*
Asst. Prof. Benjamin Zorko
Prof. Matja Zitnik

Postdoctoral associates

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

Dr. Ziga Barba

Dr. Aleksandra Cvetinovic
Dr. Bostjan Jencic

Dr. Eva Menart®

Dr. Marko Petric

Dr. Esther Punzon Quijorna

Postgraduates

3L,
32.
33.
34.
35.
36.

Ziga Brenci¢, B. Sc.

Mateja Hrast, B. Sc.

Gregor Kogir, B. Sc.

Spela Krusic, B. Sc.

Dr. Matic Pecovnik, left 01.04.21
Ava Rajh, B. Sc.
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37.
38.

Eva Seme, B. Sc.
Dr. Isabela Tisma, left 01.10.21

Technical officers

39.
40.
41.
42.
43
44.
45.
46.

Bostjan Crnid, B. Sc.

Polona Gerjol, B. Sc.

Mitja Kelemen, B. Sc.

Matjaz Mihelic, M. Sc.

Klara Poiskruh, B. Sc.

Petra Prem, B. Sc.

Matevz Skobe, B. Sc.
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Rok Podlipec, Esther Punzén Quijorna, Luka Pirker, Mitja Kelemen,
Primoz Vavpeti¢, Rajko Kavalar, Gregor Hlawacek, Janez Strancar,
Primoz Pelicon, Samo K. Fokter, "Revealing inflammatory indications
induced by titanium alloy wear debris in periprosthetic tby label-free
correlative high-resolution ion, electron and optical
microspectroscopy”, Materials, 2021, 14, 11, 3048.

Giorgia Olivieri, Gregor Kladnik, Dean Cvetko, Matthew A. Brown,
"Determination of the valence band edge of Fe oxide nanoparticles
dispersed in aqueous solution through resonant photoelectron
spectroscopy from a liquid microjet", Nanoscale advances, 2021, 3, 15,
4513-4518.

Vincent A. Sulkosky et al (109 authors), "Measurement of the
generalized spin polarizabilities of the neutron in the low-Q? region”,
Nature physics, 2021, 17, 6, 687-692.

Xiaochao Zheng et al. (152 authors), "Measurement of the proton spin
structure at long distances", Nature physics, 2021, 17, 6, 736-741.
Malte Brammerloh et al. (18 authors), "Measuring the iron content of
dopaminergic neurons in substantia nigra with MRI relaxometry”,
Neurolmage, 2021, 239, 118255.

Antti Hakola et al. (25 authors), ASDEX Upgrade Team, the EUROfusion
MST1 Team and the EUROfusion WP PFC Contributors, "Gross and net
erosion balance of plasma-facing materials in full-W tokamaks",
Nuclear fusion, 2021, 61,11, 116006.

E. A. Hodille et al. (13 authors), "Modelling of hydrogen isotopes
trapping, diffusion and permeation in divertor monoblocks under ITER-
like conditions", Nuclear fusion, 2021, 61, 12, 126003.

M. Lauf et al. (31 authors), for the MAGIX Collaboration, "Electron beam
studies of light collection in a scintillating counter with embedded
fibers", Nuclear instruments and methods in physics research. Section A,
2021,1012,165617.

B. S. Schlimme et al. (57 authors), for the A1 and MAGIX Collaborations,
"Operation and characterization of a windowless gas jet target in high-
intensity electron beams", Nuclear instruments and methods in physics
research. Section A, 2021, 1013, 165668.

Matjaz Korun, Toni Petrovi¢, Branko Vodenik, Benjamin Zorko,
"Calculation of the decision threshold and detection limit in high-
resolution gamma-ray spectrometry”, Nuclear instruments and methods
in physics research. Section A, 2021, 1014, 165684.

Sabina Markelj, M. Payet, E. Bernard, Matej Lipoglavsek, Mitja Kelemen,
Aleksandra Cvetinovié¢, Cristian Grisolia, PrimoZz Pelicon, "Tritium
measurements by nuclear reaction analysis using *He beam in the
energy range between 0.7 MeV and 5.1 MeV", Nuclear materials and
energy, 2021, 28,101057.

M. Polettini et al. (73 authors), On behalf of the HISPEC-DESPEC
Collaboration, "DESPEC phase-0 campaign at GSI", Il Nuovo cimento C,
2021,44,2/3,67.

Mirela Dragomir, Iztok Arcon, Paul A. Dube, Jeremiah C. Beam, Andrew
P. Grosvenor, Graham King, John E. Greedan, "Family of anisotropic spin
glasses Ba,_,La,,,MnO,,s", Physical review materials, 2021, 5, 7,
074403.

Andrej Miheli¢, Martin Horvat, "Calculation of multiphoton ionization
amplitudes and cross sections of few-electron atoms", Physical review.
A,2021,103,4,043108.

A1l Collaboration, Helene Fonvieille et al, "Measurement of the
generalized polarizabilities of the proton at intermediate Q?", Physical
review. C, 2021, 103, 2, 025205.

I. Mardor et al. (56 authors), "Mass measurements of As, Se, and Br
nuclei, and their implication on the proton-neutron interaction strength
toward the N = Z line", Physical review. C, 2021, 103, 3, 034319.

The Jefferson Lab Hall A Collaboration, L. Gu et al., "Measurement of the
Ar(e, e'p) and Ti(e, e'p) cross sections in Jefferson Lab Hall A", Physical
review. C, 2021, 103, 3, 034604.

Thomas D. Alcock et al. (20 authors), "Magnesium and calcium over-
accumulate in the leaves of a schengen3 mutant of Brassica rapa", Plant
physiology, 2021, 186, 3, 1616-1631.

Jure Mravlje, Marjana Regvar, Pia Stari¢, Miran Mozeti¢, Katarina Vogel-
Miku$, "Cold plasma affects germination and fungal community
structure of buckwheat seeds", Plants, 2021, 10, 5, 851.

Nina Kacjan-Marsi¢, Ksenija Sinkovi¢ Moze, Rok Miheli¢, Marijan
Necemer, Metka Hudina, Jerneja Jakopi¢, "Nitrogen and sulphur
fertilisation for marketable yields of cabbage (Brassica oleracea L. var.
capitata), leaf nitrate and glucosinolates and nitrogen losses studied in
a field experiment in central Slovenia", Plants, 2021, 10, 7, 1304.
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46. Elcio Ferreira Santos, Paula Pongrac, André Rodrigues Reis, Flavio

Henrique Silveira Rabélo, Ricardo Antunes Azevedo, Philip ]. White, José
Lavres, "Unravelling homeostasis effects of phosphorus and zinc
nutrition by leaf photochemistry and metabolic adjustment in cotton
plants", Scientific reports, 11,2021, 13746.

47. Mateja Grasi¢, Mateja Germ, Katarina Vogel-Mikus, Nik Ojdani¢, Alenka

Gaberscik, Aleksandra Golob, "Fertilisation with potassium silicate
exerted little effect on production parameters of cucumbers exposed to
UV and drought”, Stresses, 2021, 1, 3, 142-161.

48. Aleksandra Golob, Katarina Vogel-Mikus, Nina Brudar, Mateja Germ,

"Duckweed (Lemna minor L.) successfully accumulates selenium from
selenium-impacted water", Sustainability, 2021, 13, 23, 13423.

49. Eyakifama Hazou, Benjamin Zorko, Marijan Necemer, Essolakina

Manakriheéa Haliba, Etse Aziable, Shouop Cebastien Joel Guembou, Komi
Paalamwé Tchakpele, "Heavy metal pollution assessment using energy-
dispersive x-ray fluorescence and multivariate statistical approach of
soil from phosphate ore sites, southern region of Togo", Water, air and
soil pollution, 2021, 232, 12, 489.

REVIEW ARTICLE

1. Jure Mravlje, Marjana Regvar, Katarina Vogel-Mikus, "Development of
cold plasma technologies for surface decontamination of seed fungal
pathogens: present status and perspectives”, Journal of fungi, 2021, 7,
8, 650.

PUBLISHED CONFERENCE CONTRIBUTION

1. Jure Mravlje, Pia Stari¢, Miran Mozeti¢, Katarina Vogel-Mikus, "U¢inek
hladne plinske plazme na kalitev in dekontaminacijo semen navadne
ajde (Fagopyrum esculentum Moench)", In: Drugi doktorski dan
Bi(o)znanosti, 27. maj 2021, zbornik prispevkov, Biotehniska fakulteta,
2021, 88-94.

. Pia Stari¢, Jure Mravlje, Katarina Vogel-Miku$, Miran Mozeti¢, Ita
Junkar, "Oxygen and nitrogen cold plasma treatment of Fagopyrum
esculentum seeds affects seed germination rate", In: Drugi doktorski dan
Bi(o)znanosti, 27. maj 2021, zbornik prispevkov, Biotehniska fakulteta,
2021, 95-100.

no

INDEPENDENT COMPONENT PART OR A
CHAPTER IN A MONOGRAPH

1. Katarina Vogel-Miku$, Paula Pongrac, Ivan Kreft, Primoz Pelicon,
Primoz Vavpeti¢, Bostjan Jenci¢, Johannes Teun van Elteren, Peter
Kump, Sudhir P. Singh, Marjana Regvar, "Distribution of nutritional and
mineral components in important crop plants”, In: Genome engineering
for crop improvement, Wiley, 2021, 22-42.

2. Alojz Kodre, Iztok Arcon, Jana Padeznik Gomil$ek, "Photoexcitation
processes in atoms", In: International tables for crystallography. Volume
I, X-ray absorption spectroscopy and related techniques, Wiley, 2021,
1-5.

. Jasmina KoZar Logar, "Radioaktivnost v pitni in podzemni vodi", In:
Ovrednotenje meritev radioaktivnosti v reki Savi, pitni vodi, padavinah,
zraku, zemlji in hrani v okolici NEK in po Sloveniji, Institut "JoZef Stefan”,
2021,106-1-106-19.

4. Toni Petrovi¢, "Radioaktivnost v usedih”, In: Ovrednotenje meritev
radioaktivnosti v reki Savi, pitni vodi, padavinah, zraku, zemlji in hrani v
okolici NEK in po Sloveniji, Institut "Jozef Stefan", 2021, 106-37-106-48.

. Katarina Vogel-Mikus, "Radionuklidi v hrani", In: Ovrednotenje meritev
radioaktivnosti v reki Savi, pitni vodi, padavinah, zraku, zemlji in hrani v
okolici NEK in po Sloveniji, Institut "Jozef Stefan", 2021, 106-87-106-
101.
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PROFESSIONAL MONOGRAPH

1. Matjaz StepiSnik, Jasmina KoZar Logar, Toni Petrovi¢, Marko Giacomelli,
Matjaz Korun, Katarina Vogel-Miku$, Ovrednotenje  meritev
radioaktivnosti v reki Savi, pitni vodi, padavinah, zraku, zemlji in hrani v
okolici NEK in po Sloveniji, Institut "JoZef Stefan", 2021.
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UNIVERSITY, HIGHER EDUCATION OR
HIGHER VOCATIONAL EDUCATION
TEXTBOOK

1. Simon Sirca, Verjetnost v fiziki, Fakulteta za matematiko in fiziko, 2021.

THESES AND MENTORING

1. Eyakifama Hazou, Etude par spectrométrie gamma de l'impact
radiologique des échantillons environnementaux provenant des sites

N

d'exploitation du phosphate des localités de Hahotoé Kpogamé Kpémé
(Sud Togo) sur le public: doctoral dissertation, Ljubljana, 2021 (mentors
Komi Paalamwé Tchakpele, Benjamin Zorko).

. Ksenija Maver, Sn-modified TiO: thin film photocatalysts prepared by

low-temperature sol-gel processing: doctoral dissertation, Nova Gorica,
2021 (mentors Iztok Ar¢on, Ur$ka Lavrenti¢ Stangar).

Matic Pecovnik, The influence of hydrogen isotopes on the behaviour of
crystal lattice defects in tungsten: doctoral dissertation, Ljubljana, 2021
(mentor Sabina Markelj).

Isabela TiSma, Nuclear reactions relevant to Big-Bang nucleosynthesis:
doctoral dissertation, Ljubljana, 2021 (mentor Matej Lipoglavsek; co-
mentor Miha Mihovilovic).
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DEPARTMENT OF THIN FILMS

AND SURFACES

F-3

The mainresearchfield of the departmentis the development, deposition and characterization of
hard protective PVD coatings, while researchis also conductedin other fields of thin films and surface
Dphysics. The basic research is concentrated on the study of the physical and chemical properties of
various multicomponent, multilayer and nanostructured coatings. Among the applied research,
different coatings are developed for the protection of tools for various production processes in

industry.

For several years we have been working on the topic of growth defects in hard coatings. Being interesting
from the application side, yet relatively poorly explained in the literature, these activities have a high impact. The
appearance of growth defects in coatings prepared by physical vapor deposition (PVD) has been known for a long
time, but knowledge is limited about their influence on the coating behavior in real working conditions.
In one of our research projects we concentrated on the question of the initial stages of hard coating oxidation.
We selected the standard TIAIN coating and exposed it to 600-850 °C, which is in the range of temperature peaks at  Head:
the cutting edge during machining processes. We analyzed the surface after oxidation and performed micrometer- Prof. Miha Cekada
scale cross-sections of selected areas using the focused-ion-beam technique (FIB). A thin Al 0, oxide layer formed on
the surface, which generally protects against further oxidation, thus one could tentatively consider that the sample
has not experienced any meaningful damage. Nevertheless, at the local level the conditions are much different.

We proved this at the positions of pinholes; they are no wider than a few
hundred nanometres, but extending down to the substrate, they act as
shortcuts for oxygen diffusion. Nodular defects play a similar role as they
start to grow at the substrate, and they border the undamaged part of the
coating by a heavily porous surface. We analyzed several growth defects
and characterized to what extend they act as starting points for oxidation.

A typical topography analysis is often limited to surface roughness
as a consequence of the substrate roughness and thin-film growth. In
order to obtain a concise overview of the mechanisms contributing to the
surface topography we performed a systematic analysis of all the factors
that contribute to the final result. We evaluated the contributions of the
substrate material, surface mechanical treatment, ion etching and thin-film
growth. This was performed for several different methods of ion etching
and deposition, and we published the results in a review paper.

In our department we have been studying plasma processes in
magnetron discharges for several years. We analyze the processes using
different plasma diagnostics techniques, such as mass spectrometer,
optical emission spectroscopy, high-speed camera, electrical probes and
others. Using these techniques in the previous year, we studied plasma
inhomogeneities (so-called ionization zones) that appear in magnetron
discharges. We concentrated specifically on plasma studies of high-power
impulse magnetron sputtering (HiPIMS) and DC regimes. A comparison
of the plasma in these two regimes showed several differences in plasma
inhomogeneity properties. In the DC regime plasma forms predominantly
periodic patterns while the ionization zones have an arrow-like form. In
the pulse regime, on the other hand, the plasma patterns are less periodic,
the zones are shorter and in triangular forms. The dynamics of ionization
zones is different too. In the DC regime the zones move in the direction

Figure 1: A pinhole in the TIAIN coating afler exposure to 800 °C. At the
image of the surface (a) the pinhole opening is barely visible, while in
a cross-section (b) there are two clear channels, extending across the
whole coating towards the substrate. Maps of individual elements are
shown in figures (c-e) where a high oxygen concentration is visible in
the substrate, just below both channels.

opposite to the electron movement, while in the HiPIMS regime they move in the same direction as the electrons.

We have been active in fusion research within the EUROfusion consortium, where we study the surfaces of
materials at the reactor first wall, which is in direct contact with the hot plasma. Last year we utilized the focused-
ion-beam technique to analyze the changes in morphology and composition in tungsten tiles that had been induced
by strong discharge arcing between the plasma and the wall of the ASDEX Upgrade fusion reactor (Garching,
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Germany). Using X-ray photoelectron spectroscopy (XPS) we also analyzed several beryllium thin films with dif-
ferent deuterium concentrations.

In the scope of an informal collaboration with Montanuniversitit Leoben (Austria) and the University of
California, Berkeley (USA), we measured the trend of fracture toughness of the CrAIN and CrAISiN coatings up to
a temperature of 700 °C in 100 °C steps. Using an in-situ nanomechanical tester we loaded each microlever up to

Figure 2: Microlevers prepared from a CrAIN coating afler a loading test

fo determine the fracture toughness

Figure 3: Case of a fest batch construction in
the industrial deposition chamber; we applied

vertical evaluation of the coating properties.

the point of breaking. By applying the finite-element method we evaluated
the geometrical constraints and determined the dimensionless parameter
necessary for a fracture-toughness calculation. The high-temperature
fracture toughness was linked to the acquired results for high-temperature
hardness of the material, and high-temperature measurements of the fric-
tion coefficient and wear.

Our research is often directed towards applications of the coatings
for specific machining processes. We put a lot of effort in evaluating the
coatings deposited in industrial deposition systems, where our primary
interest is the influence of process parameters on coating properties. In
the previous year we concentrated on precise measurements of property
dependence on vertical position for typical shank tools. We have been collaborating with the
Mechanical Engineering Faculty, University of Ljubljana, in the field of hard-coating lifetime in
applications using liquid CO, as the cooling medium in semi-industrial conditions. We evalu-
ated the wear resistance of several different coatings, with an emphasis on TiAISiN and TiAIN.
In addition to testing in semi-industrial conditions we also constructed a set-up in a laboratory
environment at a tribometer, which will be a topic of research in the coming year. We had an
additional project with the Mechanical Engineering Faculty in the topic of developing TiO_op-
toacoustic lenses; we confirmed comparable tribological properties as the fullerene-like MoS,,
synthesized using a new, faster method.

We evaluate the applicability of our coatings for specific applications with foreign partners
t00. We need to stress the collaboration with the University of Novi Sad (Serbia) where we evalu-
ated the influence of nanolayer coatings on the reduction of melt adhesion on tools for aluminum
die casting. The paper was published in SVC Bulletin, which is the key technologically oriented
journal in the topic of protective coatings and well known in industrial circles. We should also
mention the research with Warsaw Technical University on the topic of protecting cutting inserts
for wood machining using nanolayer AITiN coatings and amorphous carbon-based coatings.
At the level of basic research, we study the magnetic properties of nanoparticles with different
shapes, prepared by hydrothermal analysis; this is performed in collaboration with the Vinca
Institute of Nuclear Sciences from Serbia. We are also interested in the magnetic properties of
nanoparticles in connection with therapeutic applications for drug delivery.

The department intensively collaborates with Slovenian industry. The companies ask for
support in the case of issues related to surfaces and thin films. This can include R&D projects,
advanced analytics or failure analysis. In the previous year we performed such tasks for the fol-
lowing companies: Cetis, Difa, Domel, Hella, Iskra mehanizmi, Jordan, Kern, Kolektor, Kovinos,
Le-tehnika and Phos. We also offer the companies the service of depositing hard coatings on their
tools, which we perform within the Hard Coatings Center, which operates within the department.
There are more than a hundred partners annually, which includes both large companies (e.g.,
Kolektor, Mahle, Hidria) as well as numerous small workshops.

Some outstanding publications in the past year

1. P.Panjan, A. Drnovsek, N. Mahne, M. Cekada, M. Panjan, Surface topography of PVD hard coatings. Coat-
ings, ISSN 2079-6412, 2021, vol. 11, no. 11, pp. 1-31

2. M. Cekada, P. Panjan, A. Drnovsek, M. Drobni¢, Increase of coating thickness on sharp edges, deposited
by cathodic arc evaporation. Surface & coatings technology, 1SSN 0257-8972, 2021, vol. 405, pp. 126691-
1-126691-8

3. A.Drnovsek, H.T. Vo, M. R. de Figueiredo, S. Kolozsvari, P. Hosemann, R. Franz, High temperature fracture
toughness of single-layer CrAIN and CrAlSiN hard coatings, Surface & coatings technology, ISSN 0257-
8972, 2021, vol. 409, pp. 126909-1-126909-7
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INTERNATIONAL PROJECTS

1. HE-EUROfusion; WP05: PWIE-1,2,3_HE-FU
Dr. MatjaZ Panjan
European Commission

RESEARCH PROGRAMME

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

R & D GRANTS AND CONTRACTS

1. Initial stages in surface functionalization of polymers by plasma radicals
Uros Stele

Department of Thin Films and Surfaces F-3

2. Self-organization of plasma in magnetron sputtering discharges
Dr. Matjaz Panjan
3. Controllable broadband electromagnetic-radiation shielding
Dr. MatjaZ Panjan
4. Carbon nanowalls for future supercapacitors
Prof. Miha Cekada
5. Selected area functionalization of polymeric components by gaseous plasma
Prof. Miha Cekada
6. Waterborne virus inactivation efficiency of a prototype device combining non-
equilibrium plasma and hydrodynamic cavitation
Prof. Miha Cekada
7. Innovative ECO plasma seed treatment (for sowing and for human and animal diet/
nutrition
Prof. Miha Cekada
Ministry of Education, Science and Sport
8. Deposition of hard coatings
Prof. Miha Cekada

VISITORS FROM ABROAD

1. Dubravka Milovanovic, Biljana Gakovic, Institute of General and Physical Chemistry,
Belgrade, Serbia, 12.-16. 7. 2021
2. Marco Beltrami, University of Trieste, Trieste, Italy, 20. 7. 2021

Marco Beltrami, University of Trieste, Trieste, Italy, 28.-29. 7. 2021
Marin Tadic, Vinca nuclear institute, Belgrade, Serbia, 20.9.-1. 10. 2021
5. Pal Terek, Vladimir Terek, University of Novi Sad, Novi Sad, Serbia, 30. 9.-12. 10. 2021

bl

STAFF

Researchers

1. Prof. Miha Cekada, Head

2. Dr. Aljaz Drnovsek

3. Dr. Matjaz Panjan

4. Dr. Peter Panjan, retired 5. 10. 2021
Postgraduates

5. Matej Drobnic, B. Sc.

6. Zan Gostencnik, B. Sc.

7. Nastja Mahne, B. Sc.

BIBLIOGRAPHY

Technical officer

8. Uros Stele, B. Sc.

Technical and administrative staff
9. Jozko Fiser

10. Damjan Matelic

11. Andrej Mohar

12. Tomaz Sirnik

13. Tadej Stele

ORIGINAL ARTICLE
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Biljana Gakovi¢, Sergey I. Kudryashov, Pavel A. Danilov, Dragan
Milovanovi¢, Peter Panjan, S. G. Bezhanov, S. A. Uryupin, Andrey A.
Ionin, "Controllable ablative machining of Al/Ti and Ti/Al nano-layers
on a Si substrate by single-pulse femtosecond laser irradiation", Applied
optics, 2021, 60, 31, H12-H19.

Aleksandar Mileti¢, Peter Panjan, Miha Cekada, Lazar Kovacevi¢, Pal
Terek, Janez Kova¢, Goran Drazi¢, Branko Skorié, "Nanolayer
CrAIN/TiSiN coating designed for tribological applications”, Ceramics
international, 2021, 47, 2, 2022-2033.

. Peter Panjan, Aljaz Drnovsek, Goran Drazi¢, "Influence of growth

defects on the oxidation resistance of sputter-deposited TiAIN hard
coatings", Coatings, 2021, 11, 2, 123.

Peter Panjan, Aljaz Drnovsek, Nastja Mahne, Miha Cekada, Matjaz
Panjan, "Surface topography of PVD hard coatings", Coatings, 2021, 11,
11,1387.

Biljana Gakovi¢, Pavel A. Danilov, Sergey I. Kudryashov, Dragan
Milovanovi¢, Aleksandra Radulovi¢, Peter Panjan, Andrey A. Ionin, "The
morphological and compositional changes of bimetallic Ti/Al thin film
induced by ultra-short laser pulses", The European physical journal. D.,
Atomic, molecular, optical and plasma physics., 2021, 75, 11, 288.
Marin Tadi¢, Lazar Kopanja, Matjaz Panjan, Jelena Lazovi¢, Biljana
Vuceti¢ Tadi¢, Boban Stanojevi¢, Laurence Motte, "Rhombohedron and
plate-like hematite (a« — Fe,0;) nanoparticles: synthesis, structure,
morphology, magnetic properties and potential biomedical
applications for MRI", Materials research bulletin, 2021, 133, 111055.

.Beata Kucharska, Jerzy Robert Sobiecki, Pawel Czarniak, Karol

Szymanowski, Konrad Cymerman, Dorota Moszczynska, Peter Panjan,
"Influence of different types of cemented carbide blades and coating

thickness on structure and properties of TiN/AITiN and TiAIN/a-C:N
coatings deposited by PVD techniques for machining of wood-based

materials", Materials, 2021, 14, 11, 2740.

©

Miha Cekada, Peter Panjan, Aljaz Drnovsek, Matej Drobni¢, "Increase of

coating thickness on sharp edges, deposited by cathodic arc

evaporation”, Surface & coatings technology, 2021, 405, 126691.

Ne)

. Aljaz Drnovsek, Hi. T. Vo, Marisa Rebelo de Figueiredo, Szilard

Kolozsvari, Peter Hosemann, Robert Franz, "High temperature fracture
toughness of single-layer CrAIN and CrAlSiN hard coatings", Surface &

coatings technology, 2021, 409, 126909.
10.

Dragan Kukuruzovi¢, Pal Terek, Lazar Kovacevi¢, Branko Skorié,

Aleksandar Mileti¢, Peter Panjan, Miha Cekada, "Investigation of CrAIN
coatings soldering resistance for high pressure die casting tools", In:

SVC Bulletin, Fall/Winter 2021, 90-96.
11.

Nastja Mahne, Matjaz Panjan, "Obstreljevanje trdnih snovi z ioni. II,,

Simulacije razprSevanja atomov", Vakuumist: glasilo Drustva za

vakuumsko tehniko Slovenije, 2021, 41, 1/2, 4-11.

PUBLISHED CONFERENCE CONTRIBUTION

1. Matej Drobni¢, Franci Pu$avec, Miha Cekada, "Liquid LCO, assisted
machining of martensitic stainless steel with TiAISiN PVD coated tools",
In: ESAFORM 2021, 24th International Conference on Material Forming,

14-16 April 2021, Liége, Belgium, Proceedings, AIM, 2021.

[3S]

. Daniele Vella, Blaz Tasi¢ Muc, Nejc Luka¢, Matjaz Kos, Aljaz Drnovsek,

Matija Jezersek, "Microstructured optoacoustic lens of black-TiO, for
focused ultrasound and confined cavitation bubbles", In: European
Conference on Biomedical Optics 2021 (ECBO), 20-24 June 2021, Munich,

Germany, Proceedings, OSA, 2021, EM1A.32.
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DEPARTMENT OF SURFACE ENGINEERING

AND OPTOELECTRONICS

F-4

The Department of Surface Engineering conducts interdisciplinary research on designing the
surface properties of various materials. We use advanced techniques for surface and thin-film
characterization, inparticular with our XPS, AES, SIMS and AFM instruments. The scientific activities
are focused on surfaces and coatings, gaseous discharges, thermodynamically non-equilibrium
plasma and the interaction of reactive plasma species with organic and inorganic materials. Patent
applications protect innovative solutions for industry, medicine, biotechnology and agriculture.

JSlis aproject partner in the H2020-CSA Athena project (https://www.athenaequality.eu/), which aims to remove
barriers to the recruitment, retention and career progression of female researchers, lowering gender imbalances
in decision-making processes and generating a cultural change needed to avoid gender bias and discriminatory
practices through the implementation of Gender Equality Plans (GEPs). To ensure systemic institutional change,
the project plans to conduct an assessment of procedures and practices already in place in partner organizations,
together with an analysis of the national legislation and policy frameworks. In parallel, it will put in place a par-
ticipatory process aimed, on one hand, to understand the needs and the preferences of the stakeholders and, on
the other, to train them about selected topics related to gender. As a final result, each partner organization will
draft and implement its specific GEP.

At the JoZef Stefan Institute, the Athena activities are carried out by 9 research departments and the Director’s
office. The Department of Surface Engineering participated in the identification of existing gender bias at the
organisational level as well as in the assessment of existing national provisions. We were involved in gathering
information on gender bias at the JSI by conducting story-telling interviews and discussions in different focus
groups (managers, researchers, administration, young researchers and members of the Gender Equality Plan
Implementation (GEPI)). Our representative is also a member of the GEPI committee, which is the leading body
at the organisation for the preparation and implementation of the GEP. In this role, all the GEPI members have
to pass the compulsory education courses given by the coordinator, which will be further disseminated at the JSI.
In addition, our department is active in dissemination and communication activities. The news about the project
can be found at JSI website (https://www.ijs.si/ijsw/EnakeMoznosti) as well as at Athena website (https://www.
athenaequality.eu/).

The major activities of the Department F4 remain scientific research and the development of technological Head (until 30. 11. 2021):

Head (since 1. 12. 2021):
Prof. Alenka Vesel

solutions useful for applications in mass production. The surface functionalization of organic materials remains Prof. Miran Mozetic

a hot topic of interdisciplinary science, where plasma physics meets surface chemistry, biology, and agriculture.
Despite a tremendous commercial potential, the exact mechanisms of

surface functionalization upon treatment with molecular fragments on the
atomic scale remain unexploited due to the complexity of the interaction.
Alack of reliable theories is partially compensated by precisely designed

We confirmed the recent theory of the
functionalization of aromatic polyolefins.

experiments. Gaseous plasma is a source of various radicals and charged

particles as well as radiation across a broad range from infrared to vacuum
ultraviolet, so it is far too complex for a detailed scientific investigation. The
surface functionalization is often accomplished by neutral species such as
atoms. We designed an experimental setup useful for the adjustment of the
density of neutral oxygen atoms in the ground electronic state in the range
from approximately 107to 102 m?. The system powered by a radio-frequency
(RF) electrodeless discharge is optimized for studying the surface kinetics
versus the doses of O atoms. We used polystyrene as a model polymer of
a well-defined structure. This polymer has recently been tackled also by
theoreticians who identified over ten binding sites of different binding ener-
gies even for pristine polystyrene, more for partially oxidized material. We
studied the evolution of surface functional groups versus the dose of atoms
starting at the dose as small as 10 m*? and found an excellent agreement

with the theoretical predictions. The evolution of the functional groups is Figure 1: The concentration of surface-functional groups versus the dose

shown in Figure 1. Considering the peculiarities of XPS, we can conclude that ¢/ O aloms. Reproduced from [1].

Annual Report 2021

51


https://www.ijs.si/ijsw/EnakeMoznosti
https://www.athenaequality.eu/
https://www.athenaequality.eu/

52

®
o Jozef Stefan Institute

Figure 2. The surface wettability of corn seeds versus the doses of oxygen

atoms. Reproduced, from [2].

the formation of hydroxyl groups on the pristine polystyrene is a highly probable reaction. The surface saturation
with hydroxyl groups is accomplished already at the dose of approximately 10 m?. Once the surface is saturated
with hydroxyl groups, the further treatment causes gradual destruction of the phenyl ring and thus the formation
of the surface sites capable of the irreversible binding of oxygen in other functional groups. The concentration of
hydroxyl groups starts increasing above the saturation level after receiving the dose of 3x10* m? which is explained
by the etching of the polymer and thus assuming a rich morphology on the scale measured in nanometres. Such
arich morphology causes the virtual surface concentration of oxygen as probed by XPS well above the theoretical
limit. Details about the surface kinetics were published in the journal ranked #1 in the scientific niche of “material
science, coatings & films” [1].

The functionalization of polymers with polar, oxygen-containing functional groups is beneficial for increasing
the surface wettability of all materials. While polystyrene is perhaps the most useful material for studying the evolu-
tion of the surface functional groups, the largest technological challenge
is the functionalization of biological materials. The kinetics has not been
tackled by any group worldwide, probably because of the complexity of
the surface interactions. We treated corn seeds in oxygen plasma sustained
by inductively coupled RF discharge at various pressures. The absorption
of RF power by charged particles in gaseous plasma depends enormously
on the gas pressure and forward discharge power because the plasma is
sustained in either the E or H mode. The fluxes of some reactive plasma
species change by several orders of magnitude at the transition between the
modes, so the surface wettability obtained at a certain plasma treatment
time depends enormously on the discharge mode. Still, according to the
discussion in the previous paragraph, the decisive parameter governing the
surface wettability should be the dose of O atoms. We plotted the surface
wettability as determined by the sessile drop method versus the doses
and actually observed the curve shown in Figure 2. Therefore, we clearly
showed that irrespective of the treatment time, gas pressure, or discharge
power, the surface wettability follows the general curve. Such an observa-

The team developed methods for the rapid
inactivation of viruses on respiratory masks.

tion has not been reported in scientific literature, so our paper, published
in the prominent journal in the niche of agriculture, can be regarded as a
pioneering work in the niche of plasma agriculture.

Figure 3: Low-pressure plasma is useful for the
decontamination and hydrophilization of seeds

An appropriate wettability of seeds is useful for immediate water up-
take and thus germination of the seeds, even in harsh conditions. The beneficial effect of plasma
treatment has been reported by all partners of the COST action CA19110 “Plasma Applications for
Smart and Sustainable Agriculture” https://plagri.eu/, where the member of our team, dr. Gregor
Primc, serves as the Science Communications Manager. We performed a comprehensive literature
survey [3] and found that very few groups worldwide reported on the mass application of the
plasma technology and field experiments, so the plasma treatments are still at low technological
readiness levels (TRLs). Our group successfully accomplished a large project on upscaling the
TRL from 3 to 6. The project entitled “Plasma seed treatment” gathered research groups from 6
partners to develop a prototype of an industrial line for the treatment of about 1 ton of seeds per
hour. The coordinator of this project, which was co-funded by European structural funds and the
Slovenian Ministry of Agriculture, was the largest Slovenian company for trading seeds, Interkorn
Ltd, whose Director is dr. Peter Gselman, and the scientific coordinator was dr. Nina Recek from
Department F4. In fact, our department was the only public research organization involved in this
project. Other partners were responsible for the construction, automatization, and verification of
the prototype lines. We constructed several plasma reactors for the treatment of seeds, and one is
shown in Figure 3. The consortium filed several patent applications, which will be published in
the future, so we cannot disclose the methods of the invention. This was one of the largest projects
involving both industrial research and experimental development in the history of the Jozef Stefan
Institute. The research on plasma agriculture was performed by members of several research de-
partments of our institute and the group at the Biotechnical Faculty, University of Ljubljana. The
group of Dr. Katarina Vogel-Mikus revealed the biological aspects of the plasma techniques and
supervised Ph.D. students ]. Mravlje and P. Stari¢ [4], who will enlighten complex mechanisms
of the biological response to non-equilibrium gaseous plasma.

The major income of the Department F4 comes from applied research projects that are co-

before sowing. Reproduced from [2]. funded by the Slovenian Research Agency (ARRS) and a company that is interested in the com-
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mercialization of scientific knowledge. A fruitful collaboration has been established with the company Elvez Ltd.,

which uses several large plasma reactors in mass production. The typical volume of a plasma reactor is several

cubic meters. Currently, it is believed that uniform plasma cannot be sustained with useful parameters in such

large industrial reactors for numerous reasons, including the final penetration depth of electromagnetic radia-

tion from the RF-powered electrodes, surface loss of radicals and charged

particles, gas-phase oligomerization of the molecular fragments and the

formation of dusty plasma. There has been a lack of appropriate methods

for measuring the deposition rate of coatings prepared by plasma-enhanced

chemical vapor deposition (PECVD). In collaboration with experts from the

Laboratory for Electro-Optics and Sensor Systems, University of Maribor, we

developed miniature sensors for real-time measurements of the deposition in

PECVD systems. The group led by dr. Denis Donlagic verified the laboratory

prototypes of these sensors, and we performed systematic measurements

at the premises of Elvez Ltd. company. We used a cylindrical plasma reactor

with a diameter and height over 2 m and distributed the sensors at various

positions, as shown in the inset of Figure 4. We measured the thickness of

the protective coating deposited by the plasma polymerization technique.

The lines in Figure 4 exhibit almost optimal linearity due to the careful

selection of the adjustable discharge parameters. The slopes of the lines in  Figure 4: Schematic of the positions of miniature sensors (inset) and the
Figure 4 indicate deposition rates that can vary by an order of magnitude, thickness of the deposited films versus deposition time. Reproduced from [5].
depending on the position in the industrial reactor for PECVD of polymer-like
hydrophobic coatings. Optimization of such industrial reactors is among our
key technological challenges for the future [5].

The spread of the SARS-CoV-2 virus influenced our scientific and tech-
nological activities significantly. We summarized the results on the virus
infectivity of various materials and found insignificant differences in survival
rates on different materials. Our research group proposed several methods
for treating respiratory masks and prepared a patent application on the most
promising and feasible technique based on plasma technology (Figure 5 and
6). Meanwhile, we also studied a process for the recycling of single-use per-
sonal protective masks. We developed an efficient sterilization procedure. In
collaboration with other departments at the Jozef Stefan Institute, we studied
the sterilization options using gamma rays and high-energy electrons as well
as the relationship between the irradiation, particle removal efficiency, and
surface potential on the respirators [6]. The principal investigator in our
group was dr. Janez Kovac. He characterized the chemical composition and
the changes in static charge for polypropylene fibers from the filter piece of
typical FFP3 masks after different types of ionizing sterilization. With our
sensitive, non-contact measurements of the surface potential, we found that
sterilization with X-rays and e-beam leads to complete removal of the surface
charge, which is needed for electrostatic interaction for filtering particles of
the virus size. In the next step after sterilization, we successfully recharged
the sterilized filter surface to its initial potential. Sterilization and recharg-
ing resulted in a complete regeneration of filtering facepiece respirators for
protection against Covid-19.

The F4 department performs basic research within two core-funding
research programmes. The activities reported in the text above were per-
formed within the core funding “Thin Film Structures and Plasma Surface
Engineering,” which is led by dr. Miran Mozeti¢. Another core funding is for
“Fusion Technologies,” and the principal investigator in our department is dr.
Rok Zaplotnik. Our fusion-oriented scientific activities were focused on the
scientific and technological challenges for fusion reactors beyond ITER. The
divertor, which is positioned at the bottom of the vacuum vessel of a fusion reactor, controls the exhaust of waste
gases (in particular helium) and impurities from the reactor and is subjected to the highest surface heat loads of the
tokamak. In ITER, the diverter will be coated with tungsten, but this material has several drawbacks, so tungsten
might be omitted in fusion reactors beyond ITER. For example, the next-generation machine is the demonstration
power plant DEMO. The final design of the divertor in DEMO is not yet determined. For DEMO and beyond, liquid

Figure 5: Our plasma lechnologies make it possible to alter the surface
energy of materials for masks against virus infections.

Figure 6: Image shows the dosing of the water drop to the surface of the
untreated mask. If the mask is treated the water drop is absorbed.
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metal plasma-facing components are also being considered. Liquid tin is believed to be one of the candidates for a
liquid metal divertor. Our study focused on hydrogen solubility and deuterium-atom retention in the liquid Sn. An
immeasurably low concentration of deuterium was detected in pure tin, but we observed significant retension in
the tin-oxide layer, which might be due to the formation of hydroxides. We reported the results of our systematic
research in [7]. Apart from the conclusion that the retention of hydrogen isotopes in the liquid-tin divertor free
from oxide is unlikely, we also provided a recipe for effectively reducing the tin-oxide layer.

[1] Vesel, Alenka, Zaplotnik, Rok, Mozeti¢, Miran, Primc, Gregor. Surface modification of PS polymer by oxygen-
atom treatment from remote plasma: initial kinetics of functional groups formation. Applied Surface Science,
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Awards and Appointments

1. Tta Junkar, Metka Bencina, Matic Resnik, Rok Zaplotnik: Best innovation with commercial potential
award, Center for Technology Transfer and Innovation at the Jozef Stefan Institute, Novel surface finishing
procedures for medical devices, especially vascular stents.

Patents granted

1. Tta Junkar, Rok Zaplotnik, Metka Bencina, Miran Mozeti¢, Method for treatment medical devices made
from nickel-titanium (NiTi) alloys, EP3636294 (B1), European Patent Office, 17. 11. 2021.

2. Gregor Filipi¢, Kristina Elersi¢, Darij Kreuh, Janez Kovac, Uro§ Cvelbar, Miran Mozeti¢, A method of colour-
ing titanium and titanium alloys, GB2530805 (B), Intellectual Property Office, 24. 11. 2021.

INTE RN ATI O N AL PROJE CTS 5. gggi(l nﬁTRl-][«‘E)lj?n I]IirLll;;Le;relcming Gender Equality Plans to Unlock Research Potential of

COST CA18113; Understanding and Exploiting the Impact of Low pH on

Microorganisms
Dr. Martina Modic
Cost Association Aisbl

Asst. Prof. Ita Junkar
European Commission
6. H2020 - EUROfusion; Plasma Facing Components-1-IPH-FU, EUROfusion
Asst. Prof. Rok Zaplotnik
European Commission

2. COST CA19110; Plasma Applications for Smart and Sustainable Agriculture 7. H2020- EUROfusion; JET CampaignsJET1-FU

Asst. Prof. Gregor Primc

Cost Association Aisbl

Dr. Aleksander Drenik
European Commission

3. COST CA20114 - PlasTHER; Therapeutical Action of Cold Atmospheric Plasmas 8. H2020 - EUROfusion: WPPFC-PEX-FU. WPPFC-PEX-FU. EUROfusion
Asst. Prof. Ita Junkar Asst. Prof. Rok Zaplotnik
Cost Association Aisbl European Commission

4. léIergiE?ur ZEGASUS; Plasma Enabled and Graphene Allowed Synthesis of Unique nano 9. Catalytic Probes for Characterization of Hydrogen Plasma

Prof. Uro$ Cvelbar
European Commission

Asst. Prof. Gregor Primc
Slovenian Research Agency
10. Control of Chemical Composition of Thin Films by High Resolution Mass Spectrometry
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16.

of Secondary lons

Prof. Janez Kovac

Slovenian Research Agency

Advanced Catalysts based on Multilayered Vertically Oriented Graphene Nanostructures
Prof. Alenka Vesel

Slovenian Research Agency

. Investigation of Helium Retention in Plasma Facing Materials Using Advanced

Analytical Methods
Dr. Gregor Filipic
Slovenian Research Agency

. Characterization of Oxygen Plasma Sustained with Powerful Gaseous Discharges

Prof. Miran Mozeti¢
Slovenian Research Agency

. Low Temperature Plasma Diagnostics and its Applications for Seed Treatment

Prof. Miran Mozetic
Slovenian Research Agency

. Functionalization of Ti-Based Surfaces Using Energy Beams and Plasma for Biomedical

Applications

Asst. Prof. Gregor Primc

Slovenian Research Agency

Promising Eco-Sterilization of Pathogenic Fungi on Seeds Using Reactive Species in
Gaseous Plasma

Prof. Miran Mozeti¢

Slovenian Research Agency

RESEARCH PROGRAMMES

Vacuum technique and materials for electronics

Dr. Vincenc Nemani¢

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

Fusion technologies

Asst. Prof. Rok Zaplotnik

R & D GRANTS AND CONTRACTS

13.

14.

15.
16.

17.

18.

19.

20.

21

22.

23.

24,

25.

Department of Surface Engineering and Optoelectronics F-4

melting for tooling industry

Prof. Miran Mozeti¢

A Novel High-strength Aluminium Alloy developed for Selective Laser Melting and
Lightweight Applications

Prof. Miran Mozeti¢

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

Prof. Miran Mozeti¢

Carbon nanowalls for future supercapacitors

Prof. Alenka Vesel

Selected area functionalization of polymeric components by gaseous plasma

Prof. Miran Mozeti¢

Innovative method for purification of wastewater

Asst. Prof. Gregor Primc

Development of safe multifunctional surfaces for catheters to combat biofilms
(DemoCat)

Prof. Alenka Vesel

Waterborne virus inactivation efficiency of a prototype device combining non-
equilibrium plasma and hydrodynamic cavitation

Asst. Prof. Rok Zaplotnik

Use of gaseous plasma for higher yields and lower use of antifungal agents in
agriculture

Asst. Prof. Ita Junkar

Innovative ECO plasma seed treatment (for sowing and for human and animal diet/
nutrition

Dr. Nina Recek

Ministry of Education, Science and Sport

Method for preparation of bacteriostatic surfaces on 3D printed medical implants
Dr. Matic Resnik

Ministry of Education, Science and Sport

Use of gaseous plasma for higher yields and lower use of antifungal agents in
agriculture

Asst. Prof. Ita Junkar

Ministry of Agriculture, Forestry and Food

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

EVT770_Mozetic_CNW2_Reimbursement of the Costs for Patent; Income from
Coowners of Invention for Reimbursement of Costs for IP Protection in the Case of

1. Structural and surface properties of fibrous membranes for purification and o
chromatographic separation of biomacromolecules EVTfWOfMOZQUCﬁgNwz
Asst. Prof. Ita Junkar P1’ro - Miran Mozeti¢
2. Ecologically friendly in-situ synthesis of ZnO nanoparticles for the development of Nagoya University
protective textiles
Asst. Prof. Gregor Primc
3. Initial stages in surface functionalization of polymers by plasma radicals W /
Prof. Janez Kovac N E CON TRACTS
4. AlFerna'tlve approaches to assuring guality and security of buckwheat grain Innovative configuration of inductively coupled gaseous plasma sources for up-scaling
microbiome » to industrial-size reactors
Prof. Miran Mozetic Prof. Miran Mozetic
5. Advanced surface finishing technologies for antibacterial properties of patient specific Vacutech vakuumske zehnologiie in sistemi d. o. o.
3D printed implantable materials 2. Regulation of mutual relations between the Company and JSI in joint research and
Asst. ,me‘ Ita Junkar o development (,KET4CleanProduction®)
6. Hybrid and Reengineered Nanocatalysts for New Purification Routes Asst. Prof. Ita Junkar
Prof. Janez Kovac : o Brinox InZeniring d. 0. 0.
7. Selforganization Of plasma in magnetron sputtering discharges 3. Co-finanicing of L-project L2-1834 Carbon nanowalls for future supercapacitors
Prof. Miran Mozeti¢ Prof. Alenka Vesel
8. New startegies for fabrication of biomimetic vascular implants Iskra. d. 0. o.
Asst. Prof. Ita Junkar ) ] ) 4. Innovative sensors for real-time monitoring of deposition rates in plasma-enhanced
9. Innovative procedures for advanced surface properties of medical stainless steel chemical vapour deposition (PECVD) systems
Dr. Metka Bencina ) ) ) Asst. Prof. Rok Zaplotnik
10. Development of new, environment-friendly approaches for plant and human virus Iskra. d. 0. o.
inactivation in waters 5. Leproject co-financing: Innovative method for purification of wastewater
Asst. Prof. Gregor Prime Asst. Prof. Gregor Primc
11. Innovative sensors for real-time monitoring of deposition rates in plasma-enhnced Induktio d. 0. o.
chemical vapour deposition (PECVD) systems 6. L-project co-financing: Selected area functionalization of polymeric components by
Asst. Prof. Rok Zaplotnik gaseous plasma
12. Nanoparticle-reinforced new metal matrix composites manufactured by selective laser Prof. Miran Mozetic
Elvez, d. 0. 0.
Researchers 6. Prof. Alenka Vesel, Head, since 1. 12. 2021
1. Dr. Aleksander Drenik, on leave since 01.03.16 7. Asst. Prof. Rok Zaplotnik
2. Asst. Prof. Ita Junkar Postdoctoral associates
3. Prof. Janez Kovac 8. Dr. Metka Bencina
4. Prof. Miran Mozeti¢, Head, until 30. 11. 2021 9. Dr. Matej Holc
5. Asst. Prof. Gregor Primc 10. Dr. Marian Lehocky
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11. Dr. Dean Popovic, left 01.11.21
12. Dr. Nina Recek

13. Dr. Matic Resnik
Postgraduates

14. Jernej Ekar, B. Sc.

15. Dane Lojen, B. Sc.

16. Domen Paul, B. Sc.

17. Pia Staric, B. Sc.

BIBLIOGRAPHY

18. Mark Zver, M. Sc.

Technical officers

19. Tatjana Filipic, B. Sc.

20. Maja Sukarov, B. Sc.

Technical and administrative staff
21. Janez Trtnik
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Our research programme focuses on studying 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 novel multifunctional
malterials, nanomaterials and biomaterials for new applications. An important part of the research
programme is devoted to the development of new experimental methods and techniques in the field
of magnetic resonance and magnetic resonance imaging, optical microscopy and imaging, scanning
tunnelling, electronic and atomic force microscopy, as well as cold atoms and quantum technologies.

The research programme of the Department of Solid State Physics at the Jozef Stefan Institute is performed
in close collaboration with the Department of Physics at the Faculty of Mathematics and Physics of the University
of Ljubljana, the Institute of Mathematics, Physics and Mechanics and the JoZef Stefan International Postgraduate
School. In 2021 the research was performed within three research programmes:

- Magnetic resonance and the dielectric spectroscopy of smart new materials

- Physics of Soft Matter, Surfaces and Nanostructures

- Experimental Biophysics of Complex Systems

L Research Programme: Magnetic Resonance and Dielectric Spectroscopy of Smart New Materials

The research of the programme group Magnetic Resonance and Dielectric Spectroscopy of Smart New Ma-
terials in 2021 was focused on the study of physical phenomena in condensed matter at the atomic and molecular
levels. The main goal of our investigations was to discover the basic laws of physics governing the behavior of the
investigated systems, from the atomic to the macroscopic levels. The attained knowledge provides a key to the
understanding of the microscopic and macroscopic properties of various types of solids and is an important condi-
tion for the discovery and development of new multifunctional materials

Head:
Prof. Igor Musevic

and nanomaterials for novel technological applications.

We studied enigmatic excitations in quantum

In our research we used the following complementary experimental  spin liquids, peculiar spin dynamics in bulk

techniques: topological skyrmion lattices, investigated the
- Nuclear magnetic resonance (NMR), electron paramagnetic ~ electrical, magnetic and thermal properties of
resonance (EPR) and nuclear quadrupole resonance (NQR), high-entropy alloys, used shear flow to control

- Nuclear double resonance 70-H and “N-H,
- Fastfield cycling NMR relaxometry,

the shape memory of polymer-resin-dispersed
liquid-crystal elastomer microparticles, and

- Linearand non-linear dielectric spectroscopy in therange 10°Hz ~ topological and caloric effects in multiferroics

to 10 Hz, and soft-matter for green-energy applications
- Frequency-dependent ac calorimetry, and finally fullerene radical spins as qubits.
- Measurement of electrical and thermal transport coefficients, Moreover, we continued to develop novel
- Magnetic measurements, methods based on experiments with cold atoms.

- Methods involving 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, the Institute
of Mathematics, Physics and Mechanics, and the JoZef Stefan International Postgraduate School, as well as many
recognized research groups from world-leading institutions.

In 2021 the members of the programme group published 65 original scientific papers in international peer-
reviewed scientific journals and one review article. Among these, we single out an article published in Nature
Physics (IF = 20), an article published in Angewandte Chemie, Intl. Ed. (IF = 15.3), an article in Nanoscale (IF =
7.8) and several articles in Physical Review B (IF = 4).
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Our reasearh was directed to the following topics: quantum and topological magnetism, high-entropy alloys,
functional materials, and cold atoms. Our main results are as follows:

1. Quantum and topological magnetism

Tina Arh, MatjaZ Gomil3ek, Primoz KoZelj, Stane Vrtnik, and Andrej Zorko, together with collaborators from
China and Croatia, discovered magnetic ordering in the compound Y,Cu,(OH) ([ CI(OH)]. This compound is an
antiferromagnet on the distorted kagome spin lattice, which was previously believed to be magnetically disordered.
However, complementary measurements of the bulk magnetization, specific heat, and magnetic torque revealed a
Néel transition at 11 K. The study of high-quality crystals using optimized hydrothermal synthesis was crucial for
the discovery. This suggests that the absence of the magnetic ordering in lower-quality samples is of extrinsic origin.
The work was published in a paper by W. Sun et al., “Magnetic ordering of the distorted kagome antiferromagnet
Y,Cu,(OH),[CL(OH)] prepared via optimal synthesis”, Phys. Rev. Maer. 5, 064401 (2021).

Matjaz GomilSek, Tina Arh, and Andrej Zorko, together with a colleague from the Department of Theoretical
Physics, studied the temperature dependence of dynamic spin correlations of a kagome lattice antiferromagnet.
They found that even in the purely isotropic case of Heisenberg exchange interactions between nearest neighbours,
chiral spin fluctuations dominate at low energies, which leads to an enhanced low-frequency response at the M
point of the extended Brillouin zone. The inclusion of Dzyaloshinskii-Moriya (DM) type magnetic anisotropy leads
to an anisotropic dynamic response and magnetic ordering. These theoretical predictions agree very well with
measurements of inelastic neutron scattering and nuclear spin-lattice relaxation on the paradigmatic kagome
antiferromagnet herbertsmithite, where the effect of DM anisotropy is small, as well as with the results of nuclear
spin-lattice relaxation on the new representative of the kagome antiferromagnet YCu,(OH),Cl,, where, however,
the effect of magnetic anisotropy is much stronger. They presented their findings in the article by P. Prelovsek ez
al., “Dynamical spin correlations of the kagome antiferromagnet”, Phys. Rev. B 103, 014431 (2021).

Tina Arh and Andrej Zorko, together with colleagues from India and Switzerland, studied the magnetic prop-
erties of the two-dimensional spin lattice Ba,MnTeO,. Using complementary measurements of muon spectroscopy,
magnetization and specific heat, they showed that the substance orders magnetically at a temperature of 7, = 20 K.
They found that strong spin correlations are established well above the temperature of magnetic ordering, while spin
dynamics remain present even in the magnetically ordered phase. Theoretical calculations have shown that this is
due to the strong frustration of exchange interactions in and between the planes. They presented their findings in
anarticle by J. Khatua et al., “Development of short and long-range magnetic order in the double perovskite based
frustrated triangular lattice antiferromagnet Ba,MnTeO,”, Sci. Rep. 11,6959 (2021).

Andrej Zorko, together with colleagues from India, the USA, France, and Germany, studied the magnetic or-
dering of the triangular Heisenberg antiferromagnet o-HCrO, with a wide range of experimental and theoretical
techniques. Despite the magnetic ordering at a Néel temperature of 7, = 22.5 K, a wide temperature range with very
slow spin fluctuations was detected in the magnetically controlled phase. Since similar behaviour has previously
been observed in the structurally related compounds NaCr0O, and a-KCrO,, such an unusual response is apparently a
general characteristic of triangular antiferromagnets with ABC stacking. The results of this research were published
in the article by K. Somesh e a/., “Universal fluctuating regime in triangular chromate antiferromagnets”, P/ys.
Rev. B 104, 104422 (2021).

Matej Pregelj, Andrej Zorko, and Denis Arcon, together with colleagues from Croatia and Switzerland, studied
the dielectric response of the compound b-TeVO,. They discovered a ferroelectric response of the vector-chiral mag-
netic ground state, where the magnitude of electrical polarization is proportional to the intensity of the magnetic
reflections in neutron scattering. This suggests that the inverse Dzyaloshinskii-Moriya mechanism is responsible
for the coupling between electrical polarization and magnetic order. Linear magnetoelectric coupling was not
detected, but a very strong dependence of the electric coercive field on an external magnetic field was discovered,
which opens the possibility of controlling recorded magnetoelectric information. They presented their findings in
the article M. Dragicevic ef al., “Control of a polar order via magnetic field in a vector-chiral magnet”, Phys. Rev.
B 104, 1121107 (2021).

Matjaz Gomil3ek, in collaboration with partners from the United Kingdom and the USA, studied staggered
molecular spin chains [pym-Cu(NO,),(H,0),] (Cu-PM; pym = C,H,N,) and [ Cu(pym)(H,0),ISiF, - H,0 (Cu-SiF).
Cu-PM is one of only a few systems with a field-induced gapped phase described by sine-Gordon (SG) quantum
field theory with soliton, anti-soliton, and bound-state excitations. Using muon spectroscopy (uSR), supported by
density functional theory (DFT) calculations, they discovered a transition from the SG regime to long-range order
in Cu-PM at temperatures below 7', = 0.23(1) K and studied the resulting magnetic moments. No such transition
was found in the chiral Cu-SiF. At temperatures above the SG spin gap both systems enter a perturbative regime
with fractional spinon excitations. Using uSR the authors demonstrate that spin transport in this regime is ballistic
in Cu-PM and diffusive in Cu-SiF, demonstrating the crucial impact of anisotropic perturbations on spin transport

Annual Report 2021



Department of Solid State Physics F-5

in quantum spin chains. The work was published in the paper B. M. Huddart ez a/., “Magnetic order and ballistic
spin transport in a sine-Gordon spin chain”, Phys. Rev. B 103, L060405 (2021).
Matjaz GomilSek, in collaboration with partners from the United Kingdom, studied peculiar
spin dynamics in the bulk topological skyrmion lattice (SkL) systems Cu,08¢0, and CoZnMn,, .
Using muon spectroscopy (uSR) they found that Cu, 0S¢0, exhibits emergent dynamic behaviour
at MHZ frequencies, likely due? to col.lectlve SKL gxcnatlons. Complementing uSR with density Figure 1- Lou-energy muon sites in Cu-PM
functional theory (DFT) and dipolar field calculations they further demonstrated that a separate, dentified via DFT calculations.
metastable SkL phase in Cu,08e0, is unlikely to be abulk phase and may instead be found at sample |
boundaries and surfaces. In Co,Zn Mn, the authors observe ~2 GHz excitations that reduce in frequency near the
T of the SKL phase under various applied fields (contrasting this with thin plate results implies strong confinement
effects in the latter), while in Co,ZnMn, similar behaviour is observed over a much wider range of temperatures,
implying that this kind of spin dynamics persists beyond the SkL phase, raising the question of
its ultimate origin. The work was published in the paper T. J. Hicken et a/., “Megahertz dynam-
ics in skyrmion systems probed with muon-spin relaxation”, Phys. Rev. B 103, 024428 (2021).
Matjaz GomilSek, in collaboration with partners from the United Kingdom, studied the spin
dynamics in the exotic topological spin texture materials MnNiGa and Mn, Pt Pd; Sn. Namely,
in thin lamellae, MnNiGa was reported to host biskyrmions (topological charge N =2 excitations,
which form as bound pairs of same-chirality NV = 1 Bloch skyrmions), while Mn Pt Pd; Sn was
found to host antiskyrmions (&=-1 excitations with complex winding around the circumference).
Using muon spectroscopy and magnetometry they revealed two spin-reorientation transitions as
a function of temperature, with dynamics that slowly reduce in frequency as the upper critical
temperature is approached from below. Below the lower transition, persistent spin dynamics over a broad range of
frequencies are found to arise continuously in MnNiGa and more abruptly and inhomogeneously inMn, Pt Pd, Sn.
Unexpectedly, no conclusive dynamical evidence for biskyrmions or antiskyrmions is found in bulk samples, hint-
ing at a possible decisive stabilizing role of confinement effects in thin lamellae samples or exotic
dynamics. The work was published in the paper B. N. Wilson ez a/., “Spin dynamics in bulk MnNiGa
and Mn, Pt Pd, Sn investigated by muon spin relaxation”, Phys. Rev. B 104, 134414 (2021).
Martin Klanj$ek was invited by the editor of the journal Nature Physics to write a review article
in the News & Views section about the progress in elucidating the ground state of the quantum
magnet with the kagome lattice. This is an archetypal magnet hosting the exotic quantum spin
liquid state, whose exact nature is not yet clarified. The suggested candidate states are all based on
spin singlets, but it is not clear whether those are gapped or gapless. Both the recent theoretical
works as well as the very recent experiments are divided between the two possibilities. The theories
treating structural disorder also predict the possible coexistence of free orphan spins and spin singlets with a vary-
ing energy gap. Martin KlanjSek describes his view on the recent surprising discovery of the gradual formation of
spin singlets in two quantum magnets with a kagome lattice, which is consistent with theories treating structural
disorder. The article was published in M. Klanjsek, “Singlets singled out”, Nature Physics 17, 1081 (2021).

Figure 2: (a) Phase diagram of bulk skyrmion
malerials. (b,c) Muon sites in Cu,05e0, identified
via DFT! ’

Figure 3: Phase diagram of bulk MnNiGa via
(a) DC magnetization and (b) real part of AC
susceptibility.

2. High-entropy alloys
In 2021 the research group of the Laboratory for Electrical, Magnetic and Thermal Measurements of Materials
(Darja Gacnik, Andreja Jelen, Magdalena Wencka, JoZe Luzar, Primoz KoZelj, Mitja Krnel, Stanislav Vrtnik and Janez
Dolinsek) investigated the electrical, magnetic and thermal properties of high-entropy alloys (HEAs), i.e., crystalline
solid solutions composed of five or more chemical elements in equi-atomic concentrations.
In the article Spin-glass magnetism of the non-equiatomic CoCrFeMnNi high-entropy alloy, P. KoZelj, S. Vrtnik,
M. Krnel, A. Jelen, D. Gacnik, M. Wencka, Z. Jaglicic, A. Meden, G. Drazic, F. Danoix, J. Ledieu, M. Feuerbacher,
J. Dolinsek, /. Magn. Magn. Mater. 523, 167579 (2021) we investigated the magnetism of the
CoCrFeMnNi HEA with random mixing of the elements on a cubic crystal lattice. We found that the
material shows frustrated magnetism of a spin-glass type. We detected the memory effect, where
the spin system remembers its cooling history inside the non-ergodic phase. The continuous is
stopped for 2 macroscopic time at a certain temperature, so that the system is isothermally aged.
After aging, cooling is resumed to the lowest temperature, where the temperature sweep is reversed
and the zero-field-cooled (zfc) magnetization is measured upon heating in a tiny magnetic field. Figure 4: (a) Zfc magnetization M_ for different
The zfc magnetization then shows a dip at the aging temperature and the magnitude of the dip aging timest,= 10 min, 30 min, 1h, 4 hand 8 h
depends on the aging time. The spin system can remember several consecutive stops atincreasingly 9/ 7¢ aging temperature T = 10 K. (b) Expanded
lower temperatures. The observation of the memory effect in CoCrFeMnNi HEA suggests the use of portion of M., in the vicinily of T,, (c) Normalized
' : : ) S i difference between the reference (unaged)
this material as a thermal memory cell for thermal storing of digital information by pure thermal cype i1 _ofc (+ w=0) and the aged curves,
manipulation, in the absence of a magnetic, electric or electromagnetic field. Figure 4 shows the AM=[M,, (1,20)-M_,(1,)]/M,. (1,0 ).
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Figure 5: HAADF STEM micrograph and EDS
elemental maps of the spinodally decomposed
FeCoCrMnAl HEA.

Figure 6: HAADF image of the interface region in
the direct space (left panel), showing how the two
phases are spatially related. The two insets in the
middle show atomic-resolution projection of the
cep precipitate along the [011 ] zone axis and the
hep matrix along the [100] zone axis. The inset at
the botlom shows the atomic structure projection
of the interface. Right panel shows schematic
representation of the atomic arrangement at

the interface. The crystal planes of type (001)

of the hexagonal matrix and (111) of the cubic
precipitate are parallel o each other and one such
plane represents the interface.

Figure 7: SEM BSE image of the HfTiZrSn HEA
(upper-left panel) and EDS elemental maps.

Figure 8: Graphs of microstructure, electrical
resistivity at the superconducting transition,
Meissner effect, superconducting gap in the
electronic density of states at the Fermi energy and
the upper critical field as a function of temperature
Jfor selected HEAS from the system HfTiZrSnM (M =
Cu, Fe, Nb, Ni).
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zfc magnetization during heating run, where a dip is observed at 10 K, where isothermal aging
upon preceding cooling was performed for times from 10 min to 8 h.

In the paper Collective magnetism of a single-crystalline nanocomposite FeCoCrMnAl high-
entropy alloy, A. Jelen, P. KoZelj, D. Gacnik, S. Vrtnik, M. Krnel, G. Drazi¢, M. Wencka, Z. Jaglicic,
M. Feuerbacher, J. Dolinek, /. Alloys Compd. 864, 158115 (2021) the group investigated the
collective magnetism of the FeCoCrMnAl HEA, which is spinodally decomposed into a two-phase
nanocomposite structure of a bce matrix and B2 (partially ordered bee) nano-platelets, where
each phase has a different chemical composition. Both phases contain 34 magnetic transition
elements Fe, Co, Cr and Mn, where Fe and Co promote ferromagnetic ordering, while Cr and Mn
prefer antiferromagnetic ordering. The resulting magnetism is frustrated, similar to a spin glass.
EDS elemental maps of the spinodally decomposed HEA are shown in Figure 5.

In the article Nanostructure and local polymorphism in “ideal-like” rare-earths-based high-
entropy alloys, A.Jelen, ].H. Jang, J. Oh, HJ. Kim, A. Meden, S. Vrtnik, M. Feuerbacher, J. Dolinsek,
Mater. Charact. 172, 110837 (2021) we reported the polymorphism of rare-earth-based HEAS,
which were so far considered as a prototype of an “ideal” single-phase HEA with completely random
mixing of the elements on a hexagonal close-packed (hcp) lattice. We have shown that despite the
vanishing binary mixing enthalpies of any pair of the employed rare-earth elements (which is a
condition for a completely random mixing of the elements in a solid solution), small differences in
the atomic radii cause local polymorphism, where the majority matrix is hcp, whereas the elliptical
precipitates with a length of several 100 nm have a cubic close-packed (ccp) structure with the
same chemical composition. Figure 3 shows the hcp-ccp polymorphism in Y-Gd-Th-Dy-Ho HEA.

In the paper Structure and Superconductivity of Tin-Containing HfTiZrSnM (M = Cu, Fe,
Nb, Ni) Medium-Entropy and High-Entropy Alloys, D. Gacnik, A. Jelen, M. Krnel, S. Vrtnik, J.
Luzar, P. KoZelj, M. van Midden, E. Zupani¢, M. Wencka, A. Meden, Q. Hu, S. Guo, J. DolinSek,
Materials 14, 3953 (2021) investigated the structure, microstructure, chemical composition
and superconductivity in the HEA system HfTiZrSn (M = Cu, Fe, Nb, Ni), which contains tin, a
so far unexplored element in the context of HEAs. The materials show complicated multi-phase
structures. Microstructure and EDS elemental maps of the HfTiZrSn HEA are shown in Figure 7.

Superconductivity was detected in all the HEAs of the HfTiZrSnM (M = Cu, Fe, Nb, Ni) family,
except the one that contains iron (Fe). Figure 8 shows the graphs of microstructure, electrical
resistivity at the superconducting transition, Meissner effect, superconducting gap in the electronic
density of states at the Fermi energy and the upper critical field as a function of temperature.

3. Functional materials

3.1 Shape memory in polymer dispersed liquid-crystal elastomer microparticles

Saide Umerova, Matej Bobnar, Nikita Derets, BoStjan Zalar and AndraZ ReSetic in
cooperation with Danjela Kuscer (K5) used shear flow to control the shape memory of polymer-
resin-dispersed liquid-crystal elastomer microparticles (ULCEs). By taking advantage of the soft
elastic nature of polydomain pLCEs, shear stress as a conjugate external field was successfully
employed to induce the deformation and mesomorphic ordering of uLCE particles suspended in
polydimethylsiloxane (PDMS), rendering them monodomain. Upon cooling from the isotropic
phase down to room temperature at a high enough shear, the uLCEs have been shown to assume
elongated, long-term stable geometry, exhibiting something resembling shape-memory behaviour.
The elongated particles have been found to be aligned along the flow. If this alignment is lost,
typically due to mixing, it can be restored using shearing in moderate flows without thermal
cycling. If required, the uLCE shape memory can be erased by heating the material to the isotropic
phase and then reprogrammed. This could prove to be invaluable in the additive manufacturing
of elastic artefacts with a pre-programmed thermomechanical response. The work was published
ina paper by S. Umerova, ef al., Shear flow-controlled shape memory of polymer-resin-dispersed
liquid-crystal elastomer microparticles, Materials & Design 207 109836 (2021).

3.2 Topological and caloric effects in multiferroics and soft-matter

We continue studies of the ferroelectric properties, electromechanical and caloric effects,
and energy-storage properties in novel multiferroic lead-free materials and soft matter. It was
shown that these materials could be utilized in novel technologies of supercapacitors and heat-
management devices. We have investigated the Halperin-Lubensky-Ma effect on nematic ordering
in liquid crystals and the asymmetric lipid transfer between lipid vesicles. It was demonstrated
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how nanoparticles of different shapes assemble in the defect lattices of chiral liquid-crystalline
phases. B. RoZi¢ was also professionally active in the popularization of science, B. RoZi¢ Zenske,
ki spreminjajo obraz znanosti, Slovenska nacionalna komisija za UNESCO. 2021, p. 50-51
(Women who are changing the face of science, Slovenian National Commission for UNESCO).
Research has been disseminated in 18 scientific articles in international scientific journals, two
chapters, and three invited lectures presented at international scientific meetings. Publications on
multiferroics, multicalorics and soft-matter phenomena have recorded more than 600 citations

in 2021 (without self-citations). Figure 9: Schematics of shear-driven deformation
and lemperature ‘shape resetting’ of uLCEs dis-
3.3. Functional nanostructures persed in PDMS. The shape relaxation of the uLCEs
Ti0, nanostructures doped with Eu* in Nd3* for temperature sensing was observed directly using polarized microscopy.

We continued with the investigation of TiO, nanostructures doped with lanthanide ions (Eu*
and Nd*) for temperature measurements at the nanoscale. Lanthanide-based optical nanother-
mometers are suitable for use in biological applications as they are operating in the physiological
temperature range (15 to 50 °C). Ti0, was used as a support for its low toxicity and biocompatibility.
Ti0, nanoparticles doped with Eu* and Nd* ions were prepared using a sol-gel method. XRD, SEM,
TEM, XPS and NEXFS techniques were used to determine their physiochemical characteristics. In
the case of Eu* doping, the successful internalization of TiO, nanoparticles doped with Eu’ ions
in different cells was observed. By measuring the luminescence intensity variation of internalized Figure 10 Assembly of spherical nanoparticles in the
doped particles, information about the cells temperature variation with a sensitivity of 0.5 K per - gisclination lines of blue phase Il (Ieft panel) and
1% change of luminosity was obtained. Results were published in P. Umek et al., Nano select 2, of anisotropic ones in blue phase I (vight panel).
1208 (2021) and P. Umek et al., Senzsors 21 5306 (2021).

Development of a new class of polymer nanocomposites exhibiting more than ten times the enhance-
ment of dipolar response

Dielectric polymers are pervasive in modern electrical systems due to their easy fabrication, high pliability,
low dielectric loss, and high dielectric breakdown strength. However, for many electrical applications, their di-
electric constant is too low. In collaboration with researchers from Pennsylvania State University we developed a
new class of dielectric polymer nanocomposites, where various nanoparticles (0-D fillers) or Fe,0, nanorods and
ALO, nanowires (1-D fillers) are dispersed in polyetherimide (PEI). We showed that 1-D fillers at ultra-low volume
loading markedly enhance the dipolar response of PEI. While nanoparticles generate a spherical shell interface
nanotopology, the cylindrical shell nanostructures generated by 1-D fillers are much more efficient at raising the
dipolar response in terms of extending the high dielectric response of the interfacial region and reducing the influ-
ence of low-dielectric-constant polymer regions. Consequently, PEI nanocomposites with 0.75 vol.% of nanorods
exhibit more than ten times enhanced dipolar response while maintaining a low dielectric loss. These results pave
the way for engineering high-performance dielectric polymers for applications over a broad temperature range.

The work was published in X. Chen, T. Yang, Q. Zhang, L. Q. Chen, V. Bobnar, C. Rahn, Q. M. Zhang, Topological
structure enhanced nanostructure of high temperature polymer exhibiting more than ten times enhancement of
dipolar response, Nano Energy 88, 106226 (2021).

Development of eco-friendly cellulose-graphene oxide thin-film composites for flexible energy-storage
devices

Nanocomposite films were fabricated by incorporating graphene oxide (GO) into the TEMPO-oxidized cellulose
nanofibrils (TCNF), and further subjected to the UV irradiation in a nitrogen atmosphere for GO reduction. The
reduction of GO and its interactions with TCNF have been proven by ATR-FTIR, FESEM, UV-Vis, Raman, and XRD
spectroscopy measurements. The resulting films with an increased mechanical storage modulus are mechanically
stable up to 160 °C, while due to the Maxwell-Wagner polarization the dielectric constant strongly increases even
at alow GO content. Thus, these mechanically strong, flexible, and thermally stable composites are suitable, cost-
effective, alternative green materials for flexible energy-storage devices. Moreover, an environmentally benign
method of GO reduction by UV irradiation is a substitute for harmful chemical processes that can be extendable to
other nanocomposite biomaterials.

The work was published in Y. B. Pottathara, V. Bobnar, Y. Grohens, S. Thomas, R. Kargl, V. Kokol, High dielectric
thin films based on UV-reduced graphene oxide and TEMPO-oxidized cellulose nanofibres, Cellulose 28,3069 (2021).

Nanostructured multiferroic Pb(Zr,Ti)0,-NiFe,0, thin-film composites

Multiferroic thin-film composites were developed by embedding ferromagnetic NiFe, 0, into self-assembled po-
rous ferroelectric Pb(Zr,Ti)O, thin films. Although bi-or multi-layers of spinel ferrites and Pb(Zr,Ti)0, were already
fabricated, or, alternatively, their composites were prepared by sol-gel or RF sputtering techniques, the morphology
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of our system provides a very extensive connectivity between the magnetostrictive and piezoelectric
constituents. Detailed structural investigations revealed a pure two-phase system, without any
chemical reaction or solid solubility between the constituents. The multiferroicity of composites
was evidenced by detecting both ferroelectric and ferromagnetic hysteresis loops. A measurable
magnetic field-induced changes of the dielectric constant, not only at low frequencies but also
above the characteristic frequencies of the Maxwell-Wagner behaviour, indicating a direct stress
coupling between the magnetostrictive NiFe,0, and piezoelectric Pb(Zr,Ti)O, grains and implies
the potential utility of the developed material in magnetocapacitive applications.

The work was published in A. Matavz, P. KoZelj, M. Winkler, K. Geirhos, P. Lunkenheimer,
V. Bobnar, Nanostructured multiferroic Ph(Zr,Ti)0,-NiFe,0, thin-film composites, 7hin Solid
Films 732, 138740 (2021).

Figure 11: Structures of porous Pb(Zr; Ti )0, thin

.4 Functional quantum materials
[ilms that exhibit an extremely high piezoelectric 5 o 1 . . .
response, and Pb(Z: Ti )0 -NiFe 0 thin-film Denis Arcon and his colleagues from France, Germany and Greece continued their research on
© ¢l pl 3 274

composites with an extensive contact area between  Cx,N fullerene radicals trapped in cycloparaphenylene (CPP) rings. In the article by Y. Tanama et al.,
the magneltostrictive and piezoelectric components. “Robust coherent spin centers from stable azafullerene radicals entrapped in cycloparaphenylene
Scanning electron microscope images of film rings”, Nanoscale 13,19946-19955 (2021) they investigated the mechanism of formation of stable
surfaces (top) and their crosssection (bottom). radicals in a solid. The method of electron paramagnetic resonance showed that the formation
of extremely long-lived C, N radicals takes place in two stages and that monomeric radicals are
formed only at temperatures above 150°C. The most important part of this study, however, concerned the potential
use of C,,N radicals as qubits. Namely, with the method of pulsed electron paramagnetic resonance, they showed
that the coherence times of such centres are extremely long and that they enable, for example, the observation of
Rabi oscillations over extended time periods. The article also suggested the possible directions for the development

of such materials, where complex networks of interconnected fullerene qubits could be created.

Denis Arcon and his colleagues from Tohoku University in Japan continued their research on the BaMn,Pn,
system (where Pn = pniktid element). These systems form the same structures as the well-known BaFe As, super-
conductors and are therefore also interesting from the point of view of understanding superconductivity. In two
publications, T. Ogasawara et al. Phys. Rev. B 103, 125108 (2021) and N. Jansa et al., Phys. Rev. B 103, 064422
(2021) they reported the discovery of an extremely complex temperature-dependent giant magnetoresistance.

Through a combination of different experimental techniques, they have shown that a multi-orbital
electronic structure is crucial for the emergence of such giant magnetoresistance. Four of the Mn
3d orbitals are important for magnetic order, while the narrow band derived from the fifth Mn
3d orbital is responsible for the transport properties themselves. It turns out that the holes in this
last orbital localize below a temperature of 50 K and then form a short-range order and appear
essential for the occurrence of a magnetoresisitve response.

4. Cold atoms

, ) ) , Katja Gosar, Tina Arh, Tadej MeZnarsic, Ivan Kvasic, Dusan Ponikvar, Tomaz Apih, Erik

Fzgurfz 12: Hlustration ()fl“he magnetic gradiometer Zupani¢, and Peter Jeglic d trated | method for detecting the eradient of "
showing a Stern-Gerlach image of an elongated Lupani, glic demonstrated a novel method for detecting the gradient of a magnetic
caesium cold-atom cloud expanding along the field using an elongated cloud of caesium atoms cooled to near absolute zero. Since the rotation of
laser beam. the atomic spins depends on the magnetic field, an image of the spin states can be used to measure
how the magnetic field changes along the cloud. The gradient is determined from a single image,
which is an advantage over standard methods where multiple images are needed. The method was published in
K. Gosar ef al., “Single-shot Stern-Gerlach magnetic gradiometer with an expanding cloud of cold cesium atoms”,

Phys. Rev. A 103, 022611 (2021).

II. Research Programme: Physics of Soft Matter, Surfaces, and Nanostructures

The investigations of the research programme Physics of Soft Matter,
Surfaces, and Nanostructures focuses on novel complex soft-matter
systems and surfaces with specific functional properties. The aim of the
programme 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 models. To
provide a comprehensive approach to the problem, the program combines

We demonstrated the tuneable emission

of structured light from liquid-crystal (LC)
microlasers and the reversible transformation of
liquid-crystal droplets into fibres and objects of
other shapes. We have shown that topological
defects in LCs can separate the electric charge
and that even spherical particles exhibit
anisotropic electrostatic interactions in LCs.
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both experimental and theoretical investigations, supported by modelling and simulations. Special emphasis is

given to possible electro-optic and medical applications.

Topological liquid-crystal superstructures as structured light lasers

Liquid crystals form an extremely rich range of self-assembled topological structures with
artificially or naturally created topological defects. Liquid crystals have been used before inside laser
cavities; however, until now only relatively simple liquid-crystal structures have been employed. Our
study provides experimental and simulation insights into the coupling of light with the complex
liquid-crystal topological superstructures inside a laser cavity. This results in non-trivial intensity
and polarization of the generated structured light. The proposed soft-matter-microlaser approach
opens a new direction in soft-matter photonics research. The work performed in a collaboration
with the Faculty of Mathematics and Physics at the University of Ljubljana was published in the
Proceedings of the National Academy of Sciences of the United States of America (PNAS 2021,
DOIL: 10.1073/pnas.2110839118).

Elasticity-driven self-shaping liquid-crystal emulsions

We present a universal concept for the shape transformation of liquid-crystal (LC) droplets
suspended in aqueous surfactant solutions. The key novelty is dynamically tuning the interfacial
tension to the minimum with temperature using an anionic surfactant dispersed in a LC medium
and a cationic surfactant dispersed in an aqueous continuous medium. The successful reduction
of the tension coupled to the tuning of the bulk LC elastic constants with the temperature drives
the LC droplet into controllable self-shaping fibre structures with branches and back reversibly. We
hypothesize the reversible self-shaping phenomenon is caused by the surfactant migration to the
LC/water interface and forming a surfactant layer that is sensitive to temperature. The growth is
induced by negative interfacial tension, which promotes a spontaneous increase of the interfacial
area. Moreover, the nematic-to-SmA LC phase transition drives the fibre structures into monodis-
persed micro-droplets with a tuneable diameter dictated by the cooling rate. The extension of the
self-shaping phenomenon in the SmC phase opens the route to generate helical fibres. Moreover,
the SmA* phase shows life-like self-shaping LC shell structures analogous to the bio-membranes
in living systems. A theoretical model for transforming LC emulsions into uniform fibres and vice
versais also presented. The research, performed in collaboration with researches from Gottingen,
San Diego, Tokyo, and Luxembourg, was published in the PNAS, DOI: 10.1073/pnas.2011174118.

Tonically charged topological defects in nematic fluids

The ability to spatially control the electric charge is important in different fields, ranging from
charged polymers, biological and active substances to colloidal materials, complex liquids and
microelectronics. We showed with theoretical-simulation approaches that topological defects in
nematic electrolytes can act as areas for the local separation of electric charge, forming electrically
charged defective nuclei and, in selected geometries, electrical multi-layers, which is a generaliza-
tion of electrical double layers in isotropic electrolytes. In particular, they showed that ions couple
very efficiently with defect cores via ionic solubility, and with the surrounding orientation field
through the flexoelectricity mechanism. The achievement contributes to the understanding of
electrostatic mechanisms in topologically soft matter, and at the same time is a step towards un-
derstanding similar phenomena in biological systems that have a much more complex structure
and composition. The research was conducted in collaboration with the Faculty of Mathematics
and Physics at the University of Ljubljana and was recognized as one of the most prominent re-
search achievements of 2021 by the Public Research Agency of the Republic of Slovenia within the
program “Excellent in Science 2021” (Physical Review X 2021, DOL:10.1103/PhysRevX.11.011054).

Anisotropic electrostatic screening of charged colloids in nematic solvents

Figure 13: Optical setup used in the experiments (fop)

and a few examples of the experimentally generated

and simulated vector laser beams (bottom.).

Figure 14: Self-shaping nematic fibres and droplets.

Figure 15: Ionically charged fopological defects in
nematic fluids.

The physical behaviour of anisotropic charged colloids in nematic solvents is determined by their material
dielectric anisotropy demonstrated anisotropic electrostatic screening for charged colloidal particles in a nematic
electrolyte. The electrostatic potential and pair interactions decay with an anisotropic Debye screening length, con-
trasting the constant screening length for isotropic electrolytes. Charged dumpling-shaped near-spherical colloidal
particles in a nematic medium are used as an experimental model system, demonstrating competing anisotropic
elastic and electrostatic effective pair interactions for colloidal surface charges tuneable from neutral to high,
yielding particle-separated metastable states. Generally, the work contributes to an understanding of electrostatic
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Figure 16: Anisotropic electrostatic screening of
charged colloids in nematic solvents.

Figure 17: Principle of operation of an optical
microresonator and sensing based on the binding
of various molecules.

Figure 18: Microscopic texture of a DENLC confined
to microporous PET membranes.

Figure 19: Dielectric response as a function of
temperature.

screening in nematic anisotropic media. The research, done in collaboration with researchers
from Physics at Universities of Ljubljana and Boulder, was published in Science Advances 2021,
DOI: 10.1126/sciadv.abd0662.

Whispering-gallery-mode sensors for biological and physical sensing

Inareview paper published in Nature Reviews Methods Primers we, in the collaboration with
researchers from the Universities of Exeter, Michigan, and Okinawa, introduce whispering-gallery-
mode microcavities in different geometries, such as microspheres, microtoroids, microcapillaries
and microrings. Whispering-gallery-mode microcavities are miniature micro-interferometers
that use the multiple-cavity passes of light for very sensitive measurements at the microscale and
nanoscale, including single-molecule and ion measurements. We describe sensing mechanisms,
including mode splitting and resonance shift, and optomechanical and optoplasmonic signal
transductions. Applications and experimental results cover in-vivo and single-molecule sensing,
gyroscopes and microcavity quantum electrodynamics (Nat Rev Methods Primers 2021, DOL:
10.1038/543586-021-00079-2).

Dual-frequency electrically driven nematic microstructures confined to biaxial porous
polymer membranes

We report a study of internal ordering and the electro-optical response of dual-frequency
nematic liquid crystals (DFNLGCs) confined to microporous polyethylene terephthalate (PET) mem-
branes. The DFNLGs are characterized by positive/negative signs of dielectric anisotropy in low/
high-frequency electric fields. Low/high-frequency electric fields were applied to the PET-DFNLC
membrane to manipulate the internal nematic configuration. We found that the low/high-frequency
electric fields drive a structural transformation resulting in the suppressed/increased propagation
of near-infrared electromagnetic radiation through a composite material. The results are discussed
for photonic applications. The study has been performed in collaboration with researchers from
Moscow and published in Applied Physics Letters 2021, DOI: 10.1063/5.0069056.)

Pretransitional Effects of the Isotropic Liquid-Plastic Crystal Transition

We report on strong pretransitional effects across the isotropic liquid-plastic crystal melting
temperature in linear and nonlinear dielectric response. Studies were carried out for cyclooctanol in
the unprecedented range of temperatures 120 K < T < 345 K. Such pretransitional effects have not
yet been reported in any plastic crystals. We compare the observed pretransitional behaviour with
the one observed in 80CB (a typical liquid-crystal representative), displaying a reversed sequence
of phase transitions in orientational and translational degrees of order on varying the temperature.
Furthermore, in its nematic phase, we demonstrate the first-ever-observed temperature-driven
crossover between regions dominated by an isotropic liquid and smectic A pretransitional fluctua-
tions. We propose a pioneering minimal model describing plastic crystal phase behaviour where
we mimic the derivation of classical Landau-de Gennes-Ginzburg modelling of Isotropic-Nematic-
Smectic A LG phase behaviour. The study has been performed in collaboration with researchers
from Warsaw and published in Molecules 2021, DOI: 10.3390/molecules26020429.

Co-revolving topological defects in a nematic liquid crystal

Apatterned surface defect of strength m = 1 and its associated disclination lines can decompose
into a pair of surface defects and disclination lines of strength m = 1/2. For a negative dielectric
anisotropy liquid crystal subjected to an applied ac electric field £, these half-integer defects are
observed to wobble azimuthally for £ less than some threshold field and, for sufficiently large fields,
to co-revolve antipodally around a central point approximately midway between the two defects.
This behaviour is elucidated experimentally as a function of the applied field strength and frequency.
Acomplete field vs. frequency “phase diagram” compellingly suggests that the induced fluctuations
and eventual co-revolutions of the defects are driven by the hydrodynamic instability. The observed
behaviour suggests a Lehmann-like mechanism that drives the co-revolution. The study was made
in collaboration with researchers from Cleveland (Soft Matter 2021, DOI: 10.1039/D1SM01124C).

Minimum dissipation theorem for microswimmers

Biological or artificial microswimmers propel themselves through a fluid in the low-Reynolds-number regime
either by periodically changing their shape or by inducing an effective slip velocity along their surface. We have
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derived a minimum dissipation theorem for microswimmers. It provides a lower bound on the
power needed by an active swimmer, expressed with the drag coefficients of two passive bodies
of the same shape: one with a no-slip and one with a perfect-slip boundary. The theorem holds
for swimmers of any shape, moving with any translational and/or rotational velocity. The proof
involves a generalization of the Helmholtz minimum dissipation theorem, the principle of linear
superposition and the Lorentz reciprocal theorem. We also show that the optimal swimmer has the
velocity profile of the perfect-slip body (e.g., a gas bubble) and the tangential traction of the no-slip
body. We have thus reduced a seemingly complex optimization problem to the calculation of two
passive drag coefficients. The study was mostly performed at the Max Planck Institute for Dynamics
and Self-Organization in Gottingen (Phys. Rev. Lett. 2021, DOI: 10.1103/PhysRevLett.126.034503).

Ciliary chemosensitivity is enhanced by cilium geometry and motility,

Primary cilia, which are usually immotile, have primarily sensory functions as receptors for
chemical or mechanical signals. However, there is mounting evidence that the sensory functions
are not limited to immotile cilia and that beating cilia can also contain chemical receptors. This
raises the question as to whether there is a physical advantage in placing chemical receptors on
acilium in terms of sensitivity. To answer this question, we studied the capture rates of signalling
particles on a model cilium embedded in a flat surface. We showed that, even in a quiescent fluid
with no advection, the cilium already achieves the same capture rate as a surface patch with 4
times the surface area. When the cilium is placed in an external shear flow, the equivalent surface
ratio rises to 6 times. A motile cilium can achieve a significant enhancement of the capture rate
at high Péclet numbers, but only if it beats in a non-reciprocal way and thus induces a long-range
net flow in the surrounding fluid. When many immotile cilia are placed in proximity, the capture
rate per cilium is reduced because of the depletion of the concentration field. However, when
the same .cilia.b.eat asymmetrically, their capture rate is enhanced by the.flow generated.by the yepresented as a superposition of the flow around a
surrounding cilia. The study was mostly performed at the Max Planck Institute for Dynamics and perfect slip body and that around a no-slip body
Self-Organization in Gottingen (eLife 2021, DOI: 10.7554/eLife.66322). (shown for a spherical swimmer).

Figure 20: Surface topology nucleated
disclinations.

Figure 21: The optimal active microswimmer can be

New W 0, , stoichiometric phase

We synthesized and characterized tungsten suboxide crystals, which grow in the form of
nanotiles. Three new stoichiometric phases were determined from high-resolution TEM images:
W0 3 (¥O0,,,.), le_o s (WO,,.) in W, 0,, (WO, ). The experimeqtal upit—cell parameters
were in agreement with the calculated ones. The nanotiles have a distinct zig-zag morphology, (longth of red bars) for: (a) an isolated immotile
with corrugation that are several 10 nm deep. The valence band spectrum showed some density ¢/, () a group of 7 immotile cilia, (c) an
of states at the Fermi energy, making the material slightly metallic (Nanomaterials 2021, DO isolated beating cilium and (d) agroup of 7 beating
10.3390/nan011081985). cilia. While the capture rate in a group of immotile

cilia is reduced due to depletion, motile cilia benefit
Jfrom mutual enhancement by the generated flow.

Figure 22: The particle capture rate per cilium

Filtration efficiency of respiratory masks used during the COVID-19 pandemic

We performed size- and time-dependent filtration-efficiency measurements of face masks and
improvised respiratory protection equipment used during the COVID-19 pandemic. The results
showed the high filtration efficiency of FFP2, FFP3, and certified surgical masks for all sizes of
tested particles, while the filtration efficiency of washable masks depended on their constituent
fabrics. The filtration efficiency for the FFP2 fabric was above 98.6%, while for the FFP3 fabric
it was above 99.9%. Similar or slightly lower filtration-efficiency values were observed for tested
materials obtained from different surgical masks. Different cotton materials that are usually used in
cotton masks had the filtration efficiency between 26% and 82%, mainly due to the large diameter
of the cotton fibres, which also lack any static charge. The study was done in collaboration with
researchers from the Department of Physics at the University of Ljubljana and industry (Sensors Figure 23: The WO, plates in a form of nanotiles.
2021, DOI: 10.3390/521051567). '

Tuning graphene doping by carbon monoxide intercalation at the Ni(111) interface

Under near-ambient pressure conditions, carbon monoxide molecules intercalate underneath
an epitaxial graphene monolayer grown on Ni(111), getting trapped into the confined region
at the interface. On the basis of ab-initio density functional theory calculations, we provided a
full investigation of the intercalated CO pattern, highlighting the modifications induced on the Figure 24: Schematic representation of the
graphene electronic structure. The most relevant signature of the CO intercalation is a clear yeasurement of filtration efficiency for respiratory
switching of the graphene doping state, which changes from n-type, when strongly interacting masks during the COVID-19 pandemic.
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Figure 25: Carbon monoxide intercalated at

a graphene/Ni(111) interface forms periodic
patterns, decouples the graphene from the Ni(111)
and shifis the Dirac cone up to about 1 V.

Figure 26: Topographic STM image of the HTZS-
Nb sample surface and the corresponding dl/dV
curves showing a varying superconducting gap.

Figure 27: (a) Absorption images of position-
dependent mF-state populations for a range
of interrogation times and (e) the extracted
component of the magnetic-field gradient.

Figure 28: (a) TEM image of a memtip indicating
a radius of curvature of 46.5 nm. (b) Schematics
of SET and RESET operations. The current in the
low resistive state (LRS) is limited by the 1-GS2
serial resistor incorporaled inlo the experimental
setup. The high resistance state (HRS) is given

by the detection limit of the setup. (¢) and (d)
Representation of a single and 100 sequential
cycles showing a consistent switching window. A
threshold level of 20 pA, as indicated, is chosen for
a reliable detection of SET and RESET.

with the metal surface, to p-type. The shift of the Dirac cone linearly depends on the CO coverage,
reaching about 0.9 eV for the saturation value of 0.57 ML. Theoretical predictions are compared
with the results of STM, LEED and XPS experiments, which confirm the proposed scenario for the
nearly saturated intercalated CO system. The paper was published in collaboration with groups
from Italy (Carbon 2021, DOL: 10.1016/j.carbon.2021.01.120).

Structure and Superconductivity of Tin-Containing HfTiZrSnM (M = Cu, Fe, Nb, Ni)
Medium-Entropy and High-Entropy Alloys

Inan attempt to incorporate tin into high-entropy alloys composed of the refractory metals Hf,
Nb, Tiand Zr with the addition of the 3d transition metals Cu, Fe, and Ni, we synthesized a series of
alloys in the system HfTiZrSnM (M = Cu, Fe, Nb, Ni). The alloys were characterized crystallographi-
cally, microstructurally, and compositionally, and their physical properties were determined, with
the emphasis on superconductivity. A common feature of the alloys is a microstructure of large
crystalline grains of a hexagonal (HF, Ti, Zr)5Sn3 partially ordered phase embedded in a matrix
that also contains many small inclusions. Based on the electrical resistivity, specific heat, and
magnetization measurements, a superconducting (SC) state was observed in the HfTiZr, HfTiZrSn,
HfTiZrSnNi, and HfTiZrSnNb alloys. The HfTiZrSnFe alloy shows a partial SC transition, whereas
the HfTiZrSnCu alloy is non-superconducting. A paper was published in collaboration with groups
from Poland, China and Sweden (Materials, 2021, DOI: 10.3390/ma14143953).

Single-shot Stern-Gerlach magnetic gradiometer with an expanding cloud of cold
caesium atoms

We combined the Ramsey interferometry protocol, the Stern-Gerlach detection scheme, and
the use of the elongated geometry of a cloud of fully polarized cold caesium atoms to measure
the selected component of the magnetic-field gradient along the atomic cloud in a single shot. In
contrast to the standard method where the precession of two spatially separated atomic clouds is
simultaneously measured to extract their phase difference, which is proportional to the magnetic-
field gradient, we show a gradiometer using a single image of an expanding atomic cloud with
the phase difference imprinted along the cloud. Using resonant radio-frequency pulses and Stern-
Gerlach imaging, we first demonstrate nutation and Larmor precession of atomic magnetization in
an applied magnetic field. Next, we let the cold atom cloud expand in one dimension and apply the
protocol for measuring the magnetic-field gradient. The resolution of our single-shot gradiometer
is not limited by the thermal motion of atoms and has an estimated absolute accuracy of better
than 0.2 mG/cm (£20 n'T/cm). (Phys. Rev. 4, 2021, 10.1103/PhysRevA.103.022611)

Correlations and filamentary dynamics in nanoscale memristor

To emulate the neural dynamics of excitatory and inhibitory processes, memristors offer a
practical hardware approach to implement such functionalities for possible utilization in efficient
probabilistic computation. In an attempt to unravel the intrinsic long-range dynamics at room
temperature, while mitigating the unwanted thermal drift, we focus on nanoscale memristor built
at the apex of a scanning probe tip. With the design of such functionalized cantilevers (entitled
here as “memtips”) we captured the long-term intrinsic current response, identified temporal
correlations between switching events and observed emerging spiking dynamics directly at the
nanoscale. Utilization of an identical memtip for measurements on different counter electrodes
made it possible to directly compare the impact of different device configurations on the switching
behaviour of the same filament. Such an analytical approach in ambient conditions will pave the
way towards a deeper understanding of filamentary switching phenomena on the nanoscale. The
study was conducted in collaboration with researchers from the University of Kiel and published
in Nanomaterials 2021, DOL: 10.3390/nan011020265.

III. Research programme: Experimental biophysics of complex systems and imaging in biomedicine

The programme group Experimental biophysics of complex systems and imaging in biomedicine combines
research of the processes and structures of biological systems by developing new, advanced experimental techniques
of super-resolution microscopies, microspectroscopies and nanoscopies 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 physical
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mechanisms with which these events are causally connected, time scales, conditions and applied value of the inves-
tigated mechanisms, especially for use in medicine and in the field of healthcare in general. With the development
of new, coupled, super-resolution and spectroscopic techniques we want to open new possibilities to investigate
biological systems and from there onwards to open new possibilities for

designing medical materials and devices, for diagnostics, therapyandtissue ~ After founding the spin-off company Infinite
regeneration, representing key challenges due to the population aging. The  d.0.0. on the basis of our own breakthrough
investment into the new super-resolution STED system opened avarietyof ~ ideas, the company acquired its first start-
fluorescence microscopy approaches: STED microscopy and two-photon  up investment in 2021, and with it already

(2PE) microscopy, multichannel spectrally resolved fluorescence lifetime ~ supported further basic and applied research in
imaging (spFLIM), fluorescence microspectroscopy (FMS). These, coupled  the field of disease-triggering mechanisms.

with optical tweezers, can be used to examine the interactions between
materials, nanomaterials and cell lines and the phenomena involved such as lipid wrapping and nanomaterial
passivation, membrane disintegration, and cellular membrane translocation bypassing conventional signalling
pathways. We also introduced a method that makes possible 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.

In 2018, in Nano Letters, we proposed a causal link between the inhalation of nanoparticles and cardiovascular
disease based on the presence of coagulation enzymes tissue factor, factor X, and plasma membrane lipids in the
corona of Ti0, nanoparticles after exposure to lung epithelial cells. To further elucidate the role of lipids in the
activation of factor X, we used soluble forms of PS and PE (1,2-dicaproyl-sn-glycero-3-phospho-l-serine (C6PS),
and 1,2-dicaproyl-sn-glycero-3-phospho-ethanolamine (C6PE). We found that two molecules of each lipid bind in-
dependently to factor VIIa, with a dissociation constant of around 150 uM, increasing the rate of activation of factor
X by about 100-fold in the presence of a soluble tissue factor. The work was published in Podlipec, Rok, Mur, Jaka,
Petelin, Jaka, Strancar, Janez, Petkovsek, Rok. Method for controlled tissue theranostics using a single tunable laser
source. Biomedical optics express, ISSN 2156-7085, 2021, vol. 12, no. 9, pp. 5881-5893, doi: 10.1364/BOE.428467.

To prevent experimental artefacts by poorly fluorescently labelled metal oxide nanoparticles - the largest
subpopulation of nanoparticles by industrial production and applications - in live-cell imaging, we introduced a set
of experimental methods to enable artefact-free fluorescent labelling and demonstrated its application in the
case of Ti0, nanotubes. We characterized potential changes of the nanoparticles’ surface charge and morphology
that might occur during labelling by using zeta-potential measurements and transmission electron microscopy and
assessed the stable binding of the fluorescent dye to the nanoparticles with either fluorescence intensity measure-
ments or fluorescence correlation spectroscopy, which ensures reliable nanoparticle localization within living
cells. The work was published in Kokot, Bostjan, Kokot, Hana, Umek, Polona, Van Midden, Katarina Petra, Pajk,
Stane, Garvas, Maja, Eggeling, Christian, Kokli¢, Tilen, Urbancic, Iztok, Strancar, Janez. How to control fluorescent
labeling of metal oxide nanoparticles for artefact-free live cell microscopy. Nanotoxicology, ISSN 1743-5404, 2021,
vol. 15, no. 8, pp. 1102-1123, doi: 10.1080,/17435390.2021.1973607.

Within the industrial cooperation with our spin-out company Infinite d.0.0.we have enabled the live observa-
tion of new, early molecular events followed by exposure of our in-vitro lung barrier. We have identified some
events that appear earlier than the quarantine of nanomaterials and could become the key events for the even
faster prediction of long-term health complications. Among them, we discovered the surfing nanomaterials and
gap formation, for which we are still looking for the causal connections with other known events. In addition, we
have upgraded the back-scattered microscope detection of particulate matter on the fluorescence microscopes
to enable label-free tracking of particles.

As a part of two PhD research projects, we have firstly developed the novel concept of dose, which advances
the concept of local dose including the information on local interactions. Secondly, we have observed nanomaterial-
triggered changes in neurons’, where the importance of immune cells was even greater than in the case of lung
barrier exposure. The latter seem to be crucial for the survival of neurons. These two doctoral dissertations will
be defended in 2022.

Successful research work conducted within the framework of the ARRS project Spatial and temporal design of
laser light for minimally invasive ophthalmic procedures (L2-9254), was rewarded with the publication in the first-
quartile journal Biomedical Optics Express [ 1]. The study reports on a new teranostic method for detecting the
effect of laser therapy on ocular tissues in real-time based on measurements and the analysis of fluorescence
lifetime and the use of a powerful adaptive 2-photon laser system developed in the Laboratory of Photonics and
Laser Systems (FOLAS), Faculty of Mechanical Engineering, University of Ljubljana. For the research work within
the ARRS project L7-7561, an official publication was rewarded to the granted European patent (EP3755994B1)
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Strancar, Janez, Podlipec, Rok, Urbancic, Iztok, Arsov, Zoran, Vrecko, Andrej. Image-processing apparatus and
image-processing method for detection of irregularities in tissue: European patent specification EP 3 755 994 BI,
2021-05-26. Munich: European Patent Office, 2021. 23 pp.,

In cooperation with the Laboratory of Thermal Engineering (LTT), Faculty of Mechanical Engineering and
the Department of Pharmaceutical Chemistry, Faculty of Pharmacy, we conducted new studies for the detection
and analysis of temperature dynamics in the micro-boiling processes with new preparation methods and new
combinations of the developed temperature-sensitive organic and inorganic molecules. Based on the results of the
research, we are preparing a scientific publication planned for 2022.

Within the Crossing Borders and Scales (CROSSING) project, we continued to study new approaches and opti-
mize protocols for correlative microscopy on relevant biological systems using new high-resolution microscopes
and spectroscopes (synchrotron soft XRF, cryo micro-PIXE, etc.) with the ongoing ones. To study the mechanisms
that lead to chronic inflammation of the lung epithelium due to nanoparticle exposure, we added time-dynamics
measurements with high-resolution HIM microscopy in addition to the temporal dynamics of the interaction meas-
ured on living systems. The results of the study will be published in 2022 in a journal with a high impact factor. In
collaboration with the Department of Low and Medium Energy Physics (F2) and the Department of Orthopedics,
University Medical Center Maribor, we conducted a study to understand the negative impact of the metal wear debris
from hip prosthesis on the surrounding tissue, potentially leading to an immune response. Using some of the most
advanced high-resolution and sensitive microscopes and spectroscopes available at the JSI and HZDR, we directly
identified, among other things, wear-debris-induced oxidative stress, which can cause chronic inflammation. All the
findings were published in Podlipec, Rok, Punzon Quijorna, Esther, Pirker, Luka, Kelemen, Mitja, Vavpetic, PrimoZ,
Kavalar, Rajko, Hlawacek, Gregor, Strancar, Janez, Pelicon, Primoz, Fokter, Samo K. Revealing inéammatory indi-
cations induced by titanium alloy wear debris in periprosthetic tissue by label-free correlative high-resolution ion,
electron and optical microspectroscopy. Materials, ISSN 1996-1944, 2021, vol. 14, issue 11, pp. [1-16], doi: 10.3390/
mal4113048.]. Using complementary imaging methods, we also participated in a published study focused on the
effects of toxic nanoparticles on freshwater organisms in Schymura, Stefan, Drev, Sandra, Podlipec, Rok, Rijavec,
Tomaz, Lapanie, Ales, Strok, Marko, et al. Dissolutionbased uptake of nanoparticles by freshwater shrimp: a dual-
radiolabelling study of the fate of anthropogenic cerium in water organisms. Environmental science, Nano, ISSN
2051-8161, 11 pp., doi: 10.1039/d1en00264c.

We kept developing advanced microscopy and microspectroscopy techniques and applied them to elucidate
diverse molecular and cellular mechanisms. We used Eu-doped TiO, nanoparticles as intracellular temperature

sensors, as described in Urbancic, Iztok et al. Aggregation and mobility of membrane proteins
interplay with local lipid order in the plasma membrane of T cells. FEBS Letters. [Online ed.].
[in press]2021, 20 pp. ISSN1873-3468. DOL: 10.1002/1873-3468.14153. In collaboration with the
University of Oxford (UK), we unravelled how membrane lipids and proteins interplay to sup-
port the activation of T cells; the contribution was featured as the cover story of the renowned
journal FEBS Letters Havrdovd, Markéta, Urbancic, Iztok, Bartoti Tomankovd, Katefina, Malina,
Lukds, Strancar, Janez, Bourlinos, Athanasios B. Self-targeting of carbon dots into the cell nucleus:
diverse mechanisms of toxicity in NIH/3T3 and 1929 cells. International journal of molecular sci-
ences. 2021, vol. 22, no. 11, pp. 5608-1-5608-16. ISSN 1661-6596. DOI: 10.3390/ijms22115608. With
partners from the University of Olomouc (CZ), we investigated the uptake of carbon nanodots
as potential cancer therapeutics Biagiotti, Giacomo, Puric, Edvin, Urbancic, Iztok, KriSelj, Ana,
Weiss, Matjaz, Mravljak, Janez, Gellini, Cristina, Lay, Luigi, Chiodo, Fabrizio, Anderluh, Marko,

Figure 29: Examples of five early molecular events in €t al. Combining cross-coupling reaction and Knoevenagel condensation in the synthesis of
living epithelial cells following exposureto nanoma- - glyco-BODIPY probes for DC-SIGN super-resolution bioimaging. Bioorganic chemistry. 2021, vol.
terial (150, nanotubes labelled, red), detected with 109, pp 1-10, ilustr. ISSN 0045-2068, DOI: 10.1016/j.bioorg.2021.104730. We participated in the

confocal or STED fluorescence microscopy. Other
channels are context-related (green).
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development of a new fluorescent probe to stain immune cells that is capable of super-resolution
STED microscopy, published in Kokot, Bostjan, Kokot, Hana, Umek, Polona, Van Midden, Katarina
Petra, Pajk, Stane, Garvas, Maja, Eggeling, Christian, Kokli¢, Tilen, Urbandic; Iztok, Strancar, Janez. How to control
the fluorescent labelling of metal oxide nanoparticles for artefact-free live cell microscopy. Nanotoxicology, ISSN
1743-5404, 2021, vol. 15, no. 8, pp. 1102-1123, doi: 10.1080/17435390.2021.1973607.

Study of magnetoliposomes as MRI contrast agents and drug-delivery systems

The Laboratory of Magnetic Resonance Imaging with our partners from the Department of Nanostructured
Materials (K7, JSI) and international partners conducted a larger study on the effect of PD1 blockade on the thera-
peutic efficacy of novel doxorubicin-loaded temperature-sensitive liposomes. Studied were low temperature-sensitive
magnetoliposomes for efficient drug delivery that can be photothermally activated. These magnetoliposomes also
actas contrast agents for magnetic resonance imaging. The magnetoliposomes were prepared by embedding coated
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iron oxide nanoparticles (10 NPs) in the lipid bilayer of liposomes and loading the liposimes with
the drug Doxorubicin. Our role in the study was to characterize the NMR relaxation properties of
the magnetoliposomes and to image their accumulation in tumours of mice. It turned out that
these magnetoliposomes are efficient 7, NMR relaxation contrast agents with high transverse 7,
relaxivity of 333 mM* s, Excellent contrast agent properties of the magnetoliposomes enables
efficient MRI guidance of the drug delivery and therefore better and more efficient tumour
therapy. The results of this study were published in a well-renowned journal in an article Ma
Guanglong, Kostevsek Nina, Markelc Bostjan, Hudoklin Samo, Erdani-Kreft Mateja, Sersa Igor,
Cemazar Maja, Markovic Katarina, Scancar Janez et al. PD1 blockade potentiates the therapeutic
efficacy of photothermally-activated and MRI-guided low temperature-sensitive magnetoliposomes.
Journal of controlled release, 1SSN 0168-3659, 2021, vol. 332, 45 pp., pp. 419-433, doi: 10.1016/j.
jeconrel.2021.03.002. We were also included in a similar study where instead liposomes erythro-
cyte membranes with embedded iron oxide nanoparticles were used. This study was published
in an article: Kosteviek Nina, Miklavc Patricija, Kisovec Matic, Podobnik Marjetka, Al-Jamal Wafa,
SerSa Igor. Magneto-erythrocyte membrane vesicles’ superior 7/, MRI contrast agents to magneto-
liposomes. Magnetochemistry, ISSN 2312-7481, 2021, vol. 7, no. 4, pp. 51-1-51-14, doi: 10.3390/
magnetochemistry7040051.

Magnetic resonance imaging of wood. Changes of the water state and its distribution in a
beech sample while drying from the green (fresh cut) to the absolutely dry state were monitored
by one-dimensional and two-dimensional 'H NMR relaxometry as well as by spatial mapping of the
NMR relaxation times 7' and 7. We found that the relaxometry results were consistent with the
model of homogeneously emptying pores in a bioporous system with connected pores. This was
also confirmed by the relaxation-time mapping results, which revealed the moisture transport in
the course of drying from an axially oriented early- and latewood system to radial rays through
which it evaporates from the branch. The results of this study confirmed that MRI is an efficient
tool to study the pathways of water transport in wood while drying and is capable of determining
the state of water and its distribution in wood. This study was published in an article: Mikac Urska,
Merela Maks, Oven Primoz, Sepe Ana, Sersa Igor. MR study of water distribution in a beech (Fagus
sylvatica) branch using relaxometry methods. Molecules, ISSN 1420-3049, 2021, vol. 26, no. 14,
pp. 4305-1-4305-10, doi: 10.3390/molecules26144305. In addition to this study, we participated
in another study on wood where we investigated the efficiency of the suppression of non-native
tree species by stem wounding using incomplete girdling. This type of injury causes the plant to
lose its vitality, become weaker after the first year and then die within a few years. Our task was
to image the moisture distribution in the mechanically wounded stem. This study was published
in an article: Plavcak Denis, Mikac Urska, Merela Maks. Influence of mechanical wounding and
compartmentalization mechanism on the suppression of invasive plant species using the example
of Cherry Laurel (Prunus laurocerasus). Forests, ISSN 1999-4907, 2021, vol. 12, iss. 2, 1-15 pp.,
ISSN 1999-4907, DOI: doi.org/10.3390/f12121646.

Correlations between the treatment outcome of ischemic stroke patients with X-ray
properties of their thrombi. All the patients with a suspected stroke are directed to a whole-
brain CT scan, which is used to look for early features of ischemia to locate the occlusion and
its size, while the Hounsfield Units (HUs) values of the thrombus causing the stroke are usually
overlooked. In this study we demonstrated that the HUs value is relevant and can help in better
treatment planning for a stroke. The study included patients diagnosed with ischemic stroke in
the middle cerebral artery (MCA). In all patients, systemic thrombolysis was not successful, and
mechanical recanalization was needed. The retrieved thrombi were also analysed histologically for
the determination of the red blood cells (RBCs) proportion. The CT scan of the proximal MCA seg-
mentwas analysed for the average HU value and its variability both in the occluded section and the
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Figure 30: Low-temperature-sensitive magnetolipo-
somes as efficient T, NMR conlrast agents in vivo.
CT26 tumour-bearing mice were intravenously
injected with coated iron oxide nanoparticles
(HCA-IO NPs) or with low-temperature-sensitive
magneloliposomes with embedded coated iron ox-
ide nanoparticles (mLTSL) at a Fe dose of 50 ug per
mouse. After injection, one tumour was immediate-
Iy taped with a magnet for 50 min and irradiated
with the laser (808 nm, 0.3 W/cm2) for 10 min
(+M, +L). The second tumour was not exposed to a
magnel and was not irradiated (M, -L). T qweight-
ed images were taken 1 h and 24 h post-injection.
Red and yellow arrows indicate darker contrast in
treated tumours (+M, +L) injected with mLTSL and
HCA-I0 NPs, respectively. Green arrows indicate
non-treated tumours (-M, -L). T -weighted MR im-
ages were recorded using the spin-echo sequences
with paramelers TE/TR = 40,3000 ms.

Figure 31: Injured stems of cherry laurel (Prunus
laurocerasus) at day 8, 76 and 151 afier
mechanical wounding: (a,e,i) situation on the
day of sampling, (b,fj) bisected samples on the
bottom (BOT) and top (TOP) part; (d,h,1) radial

profile of moisture content calculated from MRI

symmetrical normal site. Relevant positive correlations were found between the average HUvalue jxef intensity values, (¢.g k) Magnetic Resonance

of thrombus and the treatment outcome evaluated by modified Rankin Scale (mRS), initial mRS,
number of passes with thrombectomy device as well as RBC proportion. This study was published

Image (MRI) of injured stems.

inan article: Viltuznik Rebeka, Vidmar Jernej, Fabjan Andrej, Jeromel Miran, Milosevi¢ Zoran, Kocijancic Igor, Sersa
Igor. Study of correlations between CT properties of retrieved cerebral thrombi with treatment outcome of stroke
patients. Radiology and oncology, ISSN 1318-2099. 2021, vol. 55, iss. 4, 409-417 pp., doi: 10.2478/raon-2021-0037.
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MRI as a tool for monitoring the response of tissues to a pulsed electric field treatment. The aim of this
study was to investigate the permeabilization of cell membranes in plant and animal foods (potatoes, apples,
chicken) resulting from a treatment with a pulsed electric field. The study was performed at different amplitudes
of electric pulses, and the results were expressed by changes in the electrical properties of tissues evaluated by
electrical impedance spectroscopy, current-voltage measurements, and by magnetic resonance imaging. Imaged
were changes in water distribution and in the 7, NMR relaxation times. The findings of our research provide use-
ful insights and could be in support of an appropriate choice of electroporation assessment methods in relation to
the food-matrix characteristics. This study was published in an article: Genovese Jessica, Kranjc Matej, Sersa Igor,
Petracci Massimiliano, Rocculi Pietro, Miklav¢i¢ Damijan, Mahni¢-Kalamiza Samo. PEF-treated plant and animal
tissues: insights by approaching with different electroporation assessment methods. Znnovative food science &
emerging technologies, ISSN 1466-8564, 2021, vol. 74, 102872, pp. 19, doi: 10.1016/j.ifset.2021.102872.

The research of our department has been supported by a number of international projects financed by the
European Union. It was also supported within many bilateral projects and other scientific cooperations. In 2021,
the department had cooperations with 131 partners from Slovenia and abroad. Among them were the following
institutions that made the reported studies possible:

1. AF Ioffe Physico-Technical Institute, Saint Petersburg, Russia
AEROSOL razvoj in proizvodnja znanstvenih instrumentov d.o.0., Ljubljana, Slovenia
AMES d.0.0., Brezovica pri Ljubljani, Slovenia
ART REBEL 9 d.0.0., Ljubljana, Slovenia
Balder, d. 0. 0., Ljubljana, Slovenia
BASF, Heidelberg, Germany
Ben Gurion University, Beersheba, Israel
BIA SEPARATIONS d.o.0., Ajdovscina, Slovenia
BTT TEKSTIL d.o.0., Zgornja Kungota, Slovenia
Centre national de la recherché scientifique, Laboratoire de Spectrochimie Infrarouge et Raman, Thiais,
France
11.  Centre national de la recherché scientifique, Laboratory de Marseille, Marseille, France
12. Chalmers University of Technology, Physics Department, Gothenburg, Sweden
13. Clarendon Laboratory, Oxford, Great Britain
14.  CosyLab d.d., Ljubljana, Slovenia
15.  Department of Chemistry, College of Humanities and Sciences, Nihon University, Tokyo, Japan
16.  Deutsches Elektronen-Synchrotron, Hamburg, Germany
17. Deutsches Krebsforschungszentrum, Heidelberg, Germany
18.  Ecole Polytechnique Fédérale de Lausanne, Lausanne, Switzerland
19.  Eidgendssische Technische Hochschule - ETH, Ziirich, Switzerland
20. Elettra (Synchroton Light Laboratory), Basovizza, Italy
21. European Synchrotron Radiation Facility, Grenoble, France
22. Facultad de Ciencia y Technologia, Universidad del Pais Vasco UPV/EHU, Leioa, Spain
23. Faculty of Physics, Addam Mickiewicz University, Poznan, Poland
24.  Florida State University, Florida, USA
25. Forschungszentrum Dresden Rossendorf, Dresden, Germany
26.  Gunma National College of Technology, Maebashi, Japan
27.  Helmholtz-Zentrum Dresden-Rossendorf e.V., Dresden, Germany
28.  High Magnetic Field Laboratory, Nijmegen, the Netherlands
29. High Magnetic Field Laboratory, Tallahassee, Florida, USA
30. High-Magnetic-Field Laboratory, Grenoble, France
31.  Humboldt Universitit Berlin, Institut fiir Biologie/Biophysik, Berlin, Germany
32. Tllie Murguescu Institute of Physical Chemistry of the Romanian Academy, Bucharest, Romania
33. Infineon Technologies Austria AG, Vienna, Austria
34. Infinite d.0.0., Limbus, Slovenia
35. Institut fir Biophysik und nanosystemforschung OAW, Graz, Austria
36. Institut fir Experimentalphysik der Universitit Wien, Vienna, Austria
37.  Institut Ruder Boskovic, Zagreb, Croatia
38. Institute of Biophysics at the Faculty of Medicine, University of Ljubljana, Ljubljana, Slovenia
39. Institute of Crystallography, Moscow, Russia
40. Institute of Theoretical Physics, Gottingen, Germany
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Institute of Electronic Materials Technology, Warsaw, Poland
Institute of Molecular Physics, Polish Academy of Sciences,
Poznan, Poland

Instituto Superior Tecnico, Departamento de Fisica, Lisbon,
Portugal

Instrumentation Technologies, d. d., Solkan, Slovenia
International Center for Theoretical Physics, Trieste, Italy
International Human Frontier Science Program Organisation,
Strasbourg, France

ISIS, Rutherford Appleton Laboratory, Didcot, Great Britain
Kavli Institute for Theoretical Physics, Santa Barbara, USA
Kimberly Clark, Atlanta, USA

King's College, London, Great Britain

University Medical Center Ljubljana, Ljubljana, Slovenia

KMZ Zalar Miran s.p., CNC obdelava kovin in drugih materialov,
Ljubljana, Slovenia

Korea Basic Science Institute, Daejeon, South Korea

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

KTH Royal Institute of Technology, Stockholm, Sweden

Kyung Hee University of Suwon, Impedance Imaging Research
Center, Seoul, South Korea

L'Oreal, Paris, France

Lek farmacevtska druzba d.d., Ljubljana, Slovenia

Liquid Crystal Institute, Kent, Ohio, USA

Lotri¢ Certificiranje d.0.0., Zelezniki, Slovenia

LPKF LASER & ELECTRONICS d.0.0., Naklo, Slovenia

LVL livarstvo in orodjarstvo d.o.0., Kranj, Slovenia

Max Planck Institut, Dresden, Germany

Mayo Clinic, Rochester, Minnesota, USA

Melamin kemiéna tovarna d.d., Kocevje, Slovenia

Merck KGaA, Darmstadt, Germany

Metalursko-kemicna industrija Celje, d.d., Celje, Slovenia

MH Hannover, Hannover, Germany

Ministry of Defense of the Republic of Slovenia, Ljubljana,
Slovenia

Nanotul d.o.0., Ljubljana, Slovenia

National Academy of Sciences of Ukraine, Institute of Physics,
Kyiv, Ukraine

National Center for Scientific Research “Demokritos”, Aghia
Paraskevi Attikis, Greece

National Institute for Research in Inorganic materials, Tsukuba,
Japan

Vinc¢a Nuclear Research Institute, Belgrade, Serbia

Optotek d. 0. 0., Ljubljana, Tsukuba

Oxford University, Department of Physics, Department of Materi-
als, Oxford, Great Britain

PAB Akrapovic, Buzet, Croatia

Paul Scherrer Institut, Villigen, Switzerland

Politecnico di Torino, Dipartimento di Fisica, Torino, Italy
Radbound University Nijmegen, Research Institute for Materials,
Nijmegen, the Netherlands

RLS Merilna tehnika d. 0. 0., Zeja pri Komendi, Slovenia

Rwth Aachen University, Aachen, Germany

School of Physics, Hyderabad, Andhra Prades, India

SISSA, Trieste, Italy
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SRC sistemske integracije d.o.o., Ljubljana, Slovenia

State College, Pennsylvania, USA

Stelar, Mede, Italy

The Faculty of Medicine of the University of Rijeka, Rijeka, Croatia
Institute of Physics, Zagreb, Croatia

TDK Electronics GmbH & Co OG, Deutschlandsberg, Austria
Technical University of Catalonia, Barcelona, Spain

TU Wien, Vienna, Austria

TELA merilni sistemi d.o.0., Ljubljana, Slovenia

The Geisel School of Medicine at Dartmouth, Hanover, USA
The Max Delbriick Center for Molecular Medicine in Berlin,
Berlin, Germany

Tohoku University, Sendai, Japan

Tokyo University, Bunkjo, Tokyo, Japan

UNCOSS, Brussels, Belgium

Universita di Pisa, Dipartimento di Chimica e Chimica Industriale,
Pisa, Italy

Universitat Freiburg, Institut fir Makromolekulare Chemie,
Freiburg, Germany

Universitat Mainz, Geowissenschaften, Mainz, Germany
Universitit Regensburg, Regensburg, Germany

Université de la Méditerranée, Marseille, France

Université de Nice, Nice, France

Université de Picardie Jules Verne, Amiens, France

Université Paris Sud, Paris, France

University of Aveiro, Aveiro, Portugal

University of Bristol, Bristol, Great Britain

University of California at Irvine, Beckman Laster Institute and
Medical Clinic, Irvine, California, USA

University of Duisburg, Duisburg, Germany

University of Durham, Durham, Great Britain

University of Innsbruck, Innsbruck, Austria

University of Leeds, Leeds, Great Britain

University of Linz, Institute of Chemistry, Department of Physical
Chemistry & Linz Institute of Organic Solar Cells, Linz, Austria
University of Loughborough, Loughborough, Great Britain
University of Provence, Marseille, France

University of Tsukuba, Tsukuba, Ibaraki, Japan

University of Utah, Department of Physics, Salt Lake City, Utah,
USA

University of Waterloo, Department of Physics, Waterloo, Ontario,
Canada

University of Ziirich, Ziirich, Switzerland

University of Maribor, Maribor, Slovenia

University of Mons, Mons, Belgium

University of Munich and MPQ, Munich, Germany

University of Pavia, Pavia, Italy

University of North Carolina, Chapel Hill, USA

University of Wisconsin, Madison, USA

Wagenigen University, Laboratory of Biophysics, Wageningen,
the Netherlands

Weizman Institute, Rehovot, Israel

Yonsei University, Seoul, South Korea

Blood Transfusion Centre of Slovenia, Ljubljana, Slovenia
Zelezarna Ravne, Ravne na Koroskem, Slovenia
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ERC projects

1. H2020- Cell-Lasers; Intracellular Lasers: Coupling of Optical Resonances with Biological Processes
Asst. Prof. MatjaZ Humar
European Commission
2. H2020-LOGOS; Light-Operated Logic Circuits from Photonic Soft-Matter
Prof. Igor Musevic
European Commission

Some outstanding publications in 2021

1. Schymura, Stefan, Drev, Sandra, Podlipec, Rok, Rijavec, Tomaz, Lapanie, Ales, Strok, Marko, et al. Dis-
solutionbased uptake of nanoparticles by freshwater shrimp: a dual-radiolabelling study of the fate of
anthropogenic cerium in water organisms. Environmental science, Nano, ISSN 2051-8161, 11 pp., doi:
10.1039/d1en00264c.

2. Everts,]. C., Ravnik, M., Tonically charged topological defects in nematic fluids. Phys. Rev. X, 2021, 11,
011054

3. Papi¢, M., Mur, U., Zuhail, K. P, Ravnik, M., Musevic, L., Humar, M., Topological liquid crystal superstructures
as structured light lasers. Proc. Natl. Acad. Sci. U.S.A., 2021, 118, e2110839118

4. Peddireddy, K., Copar, S., Le, VK., Musevi¢, I, Bahr, C., Jampani, V.S R., Self-shaping liquid crystal droplets
by balancing bulk elasticity and interfacial tension. Proc. Natl. Acad. Sci. US.A., 2021, 118,e2011174118,7

5. Pirker, L., Pogacnik Krajnc, A., Malec, J., Radulovic, V., Gradisek, A., Jelen, A., Remskar, M., Mekjavic, L.
B., Kovac, J., Mozetic, M., Snoj, L. Sterilization of polypropylene membranes of facepiece respirators by
ionizing radiation. /. Membr. Sci. 2021, 619, 118756

6. Del Pupo, S., Zupanic, E., et al. Tuning graphene doping by carbon monoxide intercalation at the Ni(111)
interface. Carbon, 2021, 176, 253.

7. Nasour, B., Vilfan, A., Golestanian, R., Minimum dissipation theorem for microswimmers. Phys. Rev.
Lett., 2021, 126, 034503

8. Hickey, D., Vilfan, A., Golestanian, R., Giliary chemosensitivity is enhanced by cilium geometry and motil-
ity. eLife, 2021, 10, €66322

9. M.Klanjsek, ,Singlets singled out*, Nature Physics 17,1081 (2021).

10.  X.Chen, T. Yang, Q. Zhang, L. Q. Chen, V. Bobnar, C. Rahn, Q. M. Zhang, Topological structure enhanced
nanostructure of high temperature polymer exhibiting more than ten times enhancement of dipolar
response, Nano Energy 88, 106226 (2021).

11. Y. Tanamaet al., “Robust coherent spin centers from stable azafullerene radicals entrapped in cyclopara-
phenylene rings”, Nanoscale 13, 19946-19955 (2021).

Some outstanding publications in 2020

1. T. Arh, M. GomilSek, P. Preloviek, M. Pregelj, M. Klanjsek, A. Ozarowski, S. J. Clark, T. Lancaster, W. Sun,
J-X. Mi, A. Zorko. Origin of magnetic ordering in a structurally perfect quantum kagome antifer-
romagnel. Phys. Rev. Lett. 125 (2020) 027203.

2. P.Khuntia, M. Velazquez, Q. Barthélemy, F. Bert, E. Kermarrec, A. Legros, B. Bernu, L. Messio, A. Zorko,
P. Mendels“Gapless ground state in the archetypal quantum kagome antiferromagnet ZnCu3(OH)6C12”,
Nat. Phys. 16, 469 (2020).

3. A.J.Hess, G. Poy, Jung-Shen B. Tai, S. Zumer, L. I. Smalyukh. Control of light by topological solitons in
soft chiral birefringent media. Phys. Rev. X 10 (2020) 031042.

4. G.Poy,A.]. Hess, 1. 1. Smalyukh, S. Zumer. Chirality-Enhanced Periodic Self-Focusing of Light in Soft
Birefringent Media. Phys. Rev. Lett. 125 (2020) 077801.

5. T.Stribing, A. Khosravanizadeh, A. Vilfan, E. Bodenschatz, R. Golestanian, 1. Guido. Wrinkling Instability
in 3D Active Nematics. Nano Lett. 20 (2020) 6281-6288.

6. J. Binysh, Z. Kos, S. Copar, M. Ravnik, G. P. Alexander. T/ree-Dimensional Active Defect Loops. Phys.
Rev. Lett. 124 (2020) 088001.

7. K. Pal, A Si, G. S. E-Sayyad, M. A. Elkodous, R. Kumar, A. I. El-Batal, S. Kralj, S. Thomas. Cuiting edge
development on graphene derivatives modified by liquid crystal and CdS/TiO, hybrid matrix: opto-
electronics and biotechnological aspects. Critical Reviews in Solid State and Materials Sciences (2020).
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8. H.Massana-Cid, A. Ortiz-Ambriz, A.Vilfan, P. Tierno. Emergent collective colloidal currents generated
via exchange dynamics in a broken dimer state, Sci. Adv. 6 (2020) eaaz2257.

9. D. Richter, M. Marinci¢, M. Humar. Optical-resonance-assisted generation of super monodisperse
microdroplets and microbeads with nanometer precision. Lab Chip 20 (2020) 734-74.

10.  P. Campinho, P. Lamperti, F. Boselli, A. Vilfan, J. Vermot. Blood Flow Limits Endothelial Cell Extrusion
in the Zebrafish Dorsal Aorta. Cell Reports 31 (2020) 107505.

11. L. Pirker, B. Visic, S. D. Skapin, G. Drazic, J. Kovaca, M. Remskar. Multi-stoichiometric quasi-two-dimen-
sional W0, tungsten oxides. Nanoscale 12 (2020) 15102-15114.

12. A. Hassanien, B. Zhou, A. Kobayashi. Spontaneous Antiferromagnetic Ordering in a Single Layer of
(BETS) GacCl, Organic Superconductor. Advanced Electronic Materials 6 (2020).

13.  H.Kokot, B. Kokot, A. Sebastijanovic, R. Podlipec, A. Krielj, P. Cotar, M. Pusnik, P. Umek, S. Pajk, I. Urban¢ic,
T. Kokli¢, J. Strancar, et al. Prediction of chronic inflammation for inhaled particles: the impact of
material cycling and quarantining in the lung epithelium. Adv. Mater. 32 (2020) 2003913.

14.  A. Barbotin, I. Urbandic, S. Galiani, C. Eggeling, M. J. Booth. Background reduction in sted-fcs using a
bivortex phase mask. ACS Photonics 7 (2020) 1742-1753.

15.  A.Frawley, V. Wycisk, Y. Xiong, S. Galiani, E. Sezgin, I. Urbancic, A. Vargas Jentzsch, K. G. Leslie, C. Eggeling,
H. L. Anderson. Super-resolution resolft microscopy of lipid bilayers using a fluorophore-switch dyad.
Chem. Sci. 11 (2020) 8955-8960.

Awards and Appointments

1. DrLukaDrinovecand Prof Grisa Mocnik, PhD: The Puh Award for outstanding achievements in the develop-
ment of methods for measuring aerosol absorption, Ljubljana, The Government of the Republic of Slovenia

2. Asst. Prof. Anton GradiSek: Award for the best oral presentation at Ecobalt 2021 with the title “Particle
Removal Efficiency of Face Masks During the Covid-19 Pandemic”, Riga, Latvia (virtual)

3. Asst. Prof. Anton GradiSek: Team JSI vs COVID won 2™ place at XPRIZE Pandemic Response Challenge for
finding best strategies against covid, Culver City, California, USA, XPRIZE Foundation (virtual)

4. ProfMiha Ravnik, PhD: The Blinc Award for physicists at the beginning of their career, Ljubljana, Faculty
of Mathematics and Physics and Jozef Stefan Institute

5. Aljaz Kavcic, M.Sc.Phys.: The PreSeren Award for his master‘s thesis “Microscopy and sensing through
scattering tissues using optical microresonators” (mentor Asst. Prof. Matjaz Humar), Ljubljana, University
of Ljubljana

6. Prof Samo Kralj, PhD: Award for outstanding achievements in higher education, Ljubljana, The Council
for Higher Education of the Republic of Slovenia

7. Asst. Prof. Uros Tkalec: The Blinc Award for extraordinary one-time achievement in physics for a research
in the field of imbalanced complex fluids that was published in Nature Communications, Ljubljana,
Faculty of mathematics and physics and JoZef Stefan Institute

Organization of conferences, congresses and meetings
1. Alpine NMR Workshop, Bled, 16-20 September 2021

Patents granted

1. Janez Strancar, Rok Podlipec, Tztok Urbancic, Zoran Arsov, Andrej Vrecko, Image-processing apparatus
and image-processing method for detection of irregularities in tissue, EP3755994 (B1), European Patent
Office, 26. 05. 2021.

2. Gregor Filipi¢, Kristina Elersi¢, Darij Kreuh, Janez Kovac, Uro§ Cvelbar, Miran Mozeti¢, A method of colour-
ing titanium and titanium alloys, GB2530805 (B), Intellectual Property Office, 24. 11. 2021.

3. Vid Bobnar, Barbara Malic, Aleksander Matavz, A method for producing polymeric surface modification
layers, S125887 (A), Slovenian Intellectual Property Office, 31. 03. 2021.

¢ I
INTERNATIONAL PROJECTS D e -
ERC H2020 - Cell-Lasers; Intracellular Lasers: Coupling of Optical Resonances with & &ﬁﬁfﬁ%ﬁ;&iﬁe Thickness of Chromium Deposis on a Glass Surface

Blologlcal Processes Pab Akrapovic d. 0. o.
Asst. Prof. Mat]az'Hgmar 4. COST CA16109; Chemical On-Line Composition and Source Apportionment of Fine
European Commission Aerosol

2. ERCH2020 - LOGOS; Light-Operated Logic Circuits from Photonic Soft-Matter
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20.

21

22.

23.

24,

25.

26.

27.

o0
.:. Jozef Stefan Institute

Prof. Grisa Mo¢nik

Cost Office

COST CA16218; Nanoscale Coherent Hybrid Devices for Superconducting Quantum
Technologies

Dr. Abdelrahim Ibrahim Hassanien

Cost Association Aisbl

COST CA16221; Quantum Technologies with Ultra-Cold Atoms

Dr. Peter Jeglic

Cost Association Aisbl

COST CA17121; Correlated Multimodal Imaging in Life Sciences

Prof. Janez Strancar

Cost Association Aisbl

COST CA17139; European Topology Interdisciplinary Action

Prof. Slobodan Zumer

Cost Association Aisbl

COST CA16202; International Network to Encourage the Use of Monitoring and
Forecasting Dust Products

Prof. Grisa Mo¢nik

Cost Association Aisbl

. COST CA9108 - HiSCALE; High-Temperature SuperConductivity for AcceLerating the

Energy Transition
Dr. Abdelrahim Ibrahim Hassanien
Cost Association Aisbl

. BIO-OPT-COMM,; A Living Optically-Communicating Neural Network

Asst. Prof. Matjaz Humar
Hfspo- International Human Frontier

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

Multicaloric Functionalities
Prof. Zdravko Kutnjak
European Commission

. H2020 - ATHENA; Implementing Gender Equality Plans to Unlock Research Potential of

RPOs and RFOs in Europe
Prof. Maja Remskar
European Commission

. H2020 - FoodTraNet; Advanced Research and Training Network in Food Quality, Safety

and Security
Asst. Prof. Matjaz Humar
European Commission

. H2020 - QMatCh; Towards Quantum States of Matter via Chemistry under Extreme

Conditions
Prof. Denis Arcon
European Commission

. Conservation of Cultural Heritage Indoors - The Case of Leonardo da Vinci‘s "Last

Supper"
Prof. Grisa Mocnik
Slovenian Research Agency

. Lipid Wrapped Nanoparticles and Activity of Factor Xa

Dr. Tilen Kokli¢
Slovenian Research Agency

. Studies of Nanoporous Materials for Hydrogen Storage

Prof. Janez Dolinsek
Slovenian Research Agency

. Magnetoresonance Study of Spin-Liquid Candidates

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

New Electronic States Emergent via Cross-Coupling between Magnetism and Electrical
Conduction in Itinerant Antiferromagnetic Systems

Prof. Denis Arcon

Slovenian Research Agency

Hemoglobin-Based Nano-Spectral Non-Linear Imaging for Future Label-Free Medical
Diagnostics

Dr. Rok Podlipec

Slovenian Research Agency

Impact of Fireworks on Air Pollution in Urban Environments

Asst. Prof. Anton Gradisek

Slovenian Research Agency

Investigation of Air Pollution with Nanoparticles Caused by Fireworks

Prof. Maja Remskar

Slovenian Research Agency

Positioning and Spatial Control of Magnetic Fullerides

Prof. Denis Arcon

Slovenian Research Agency

Tunable Memristive Switching in Carbon Nanotube Network for Neuromorphic
Computing

Dr. Abdelrahim Ibrahim Hassanien

Slovenian Research Agency

Plasmon-Coupled Microcavities for Real-Time Molecular Sensing Inside Live Cells

28.

Asst. Prof. Matjaz Humar

Slovenian Research Agency

Criticality Concept in Antiferroelectric Materials (CAMat)
Dr. Nikola Novak

Slovenian Research Agency

RESEARCH PROGRAMMES

Magnetic resonance and dielectric spectroscopy of ,smart new materials
Prof. Denis Arcon

Physics of Soft Matter, Surfaces and Nanostructures

Prof. Miha Ravnik

Experimental Biophysics of Complex Systems

Prof. Janez Strancar

R & D GRANTS AND CONTRACTS

21.

—

22.

23.
24.
25.

26.

27.

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

Reconstruction of electrical conductivity of tissues by means of magnetic resonance
techniques

Prof. Igor Sersa

Phase transitions towards coordination in multilayer networks

Dr. Uro§ Jagodic

Development of building blocks for new European quantum communication network
Dr. Peter Jeglic

Development of high-performance piezoelectric coatings for self-powering of
nonwovens used in e-mobility

Prof. Vid Bobnar

Probing spin states near the surface of quantum spin materials

Prof. Denis Arcon

Advanced soft nematocaloric materials

Asst. Prof. Brigita Rozi¢

Multicaloric cooling

Prof. Zdravko Kutnjak

Optimization of MRI techniques for assessment of thrombolytic treatment outcome
Prof. Igor Sersa

. Intracellular lasers: Coupling of optical resonances with biological processes

Asst. Prof. Matjaz Humar

. Study of intracellular forces by deformable photonic droplets

Asst. Prof. Matjaz Humar

. Electrocaloric elements for active cooling of electronic circuits

Prof. Vid Bobnar

. Advanced inorganic and organic thin films with enhanced electrically-induced response

Prof. Vid Bobnar

. Adverse outcome pathway leading to atherosclerosis

Dr. Tilen Kokli¢

. Liquid-crystal microdroplet lasers for sensing inside live cells

Zuhail Kottoli Poyil

. Stabilization and destabilisation of spin liquids by perturbations

Prof. Andrej Zorko

. Physics of Majorana fermions in Kitaev magnets

Dr. Martin Klanjsek

. Novel experimental approach for determination of quantum spin liquids

Prof. Andrej Zorko

. Topological turbulence in confined chiral nematic fields

Prof. Miha Ravnik

. Controllable broadband electromagnetic-radiation shielding

Dr. Matej Pregelj

Intelligent Content-Aware Nanospectroscopy (iCAN) of molecular events in
nanoparticles-induced neurodegeneration

Asst. Prof. Iztok Urbancic

Self-assembly of Photon-Enabled Circuits using Topologically Reconfigurable
Anisotropic Liquids

Venkata Subba Rao Jampani

Advanced optical magnetometry of vortices in unconventional superconductors
Prof. Denis Ar¢on

Diamond-assisted quantum processing of fullerene qubits

Prof. Denis Arcon

Coulombic subgap states in superconducting quantum devices

Prof. Denis Arcon

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

Prof. Janez Strancar

Magnetic, electric and stress - field programming of shape response in polymer-
dispersed liquid crystal elastomers - based actuators

Dr. Andraz ReSetic
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28.

29.

30.

31.

Cryptographically secure random number generator

Dr. Peter Jeglic

Cryptographically secure random number generator

Dr. Peter Jeglic

Urad Vlade Republike Slovenije za varovanje tajnih podatkov

CROSSING - Crossing Borders and Scales - An Interdisciplinary Approach
Prof. Janez Strancar

Helmholtz-Zentrum Dresden-rossendorf E.v.

International Alpine NMR Workshop

Prof. Igor Sersa

Department of Solid State Physics F-5

NEW CONTRACTS

Detecion of Non-Anthropogenic Air Pollution project (DNAAP)
Prof. Grisa Mo¢nik
Aerosol d. 0. 0.
2. Magnetic, electric and stress - field programming of shape response in polymer-
dispersed liquid crystal elastomers - based actuators
Dr. Andraz Regetic
Kmz- Zalar Miran s.p.
3. Research and analysis of new molecular events and their causal connections in vitro
Prof. Janez Strancar
Infinite d. 0. 0.

VISITORS FROM ABROAD

Dr Nych Andriy, National Academy of Sciences of Ukraine, Kyiv, Ukraine, 28
February-13 March 2021

Ivanovic Arso, University of Montenegro, Podgorica, Montenegro, 1 March-20 April
2021

Dr Ryzhkova Anna, ASML B.V. Nederland, Amsterdam, The Netherlands, 30 May-19
June 2021

Dr Visi¢ Bojana, Institute of Physics, Belgrade, Serbia, 31 May-1 August2021

Dr Nych Andriy and Dr Ognysta Uliana, National Academy of Sciences of Ukraine, Kyiv,
Ukraine, 18 June-1 August 2021

Dr Kimouche Amina, University of Potsdam, Potsdam, Germany, 25 June-27 August
2021

Senjug Pavla, Faculty of Science, Zagreb, Croatia, 30 August-3 September 2021

Dr Sebastiao Pedro, Instituto Superior Tecnico, Lisbon, Portugal, 11-18 September 2021
Dr Buganski Ireneusz, AGH Krakow, Krakow, Poland, 15 September-15 November 2021

10. Tanuma Yuri, CRNS, Nantes, France, 5-13 October 2021

11. Dr Lukyanchuk Igor and Dr Razumnaya Anna, Université de Picardie Jules Verne,
LPMC, Amiens, France, 15 October-7 November 2021

12. Wojciechowski Adam, University of Krakow, Krakow, Poland, 16-20 October 2021

13. Dr Vinokour Valerii, Consortium for Advanced Science and Engineering, Chicago, USA,
29 October-3 November 2021

14. Dragojevic Rajko and Scepanovic Stefan, University of Montenegro, Podgorica,
Montenegro, 1 November-1 December 2021

15. Volkmann Jannis, Justus-Liebig University, Giessen, Germany, 14-20 November 2021

16. Dr Anyfantakis Emmanouil, University of Luxembourg, Luxembourg, Luxembourg,
14-20 November 2021

17. Dr Visic Bojana, Institute of Physics, Beograd, Serbia, 6-18 December 2021

18. Prof. El Marssi Mimoun, Université de Picardie Jules Verne, LPMC, Amiens, France,
10-12 December 2021

STAFF

Researchers

1.

N N

11

12.
13.
14.
15.
. Dr. Georgios Kordogiannis

17.

18.
19.
20.
. Asst. Prof. Ales Mohoric*
22.
23.
24.
25.
. Dr. Matej Pregelj
27.
28.
29.
30.
3L
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
. Prof. Andrej Zorko
43

Prof. Tomaz Apih

Prof. Denis Ar¢on*

Prof. Vid Bobnar

Prof. Janez Dolinsek*

Dr. Gregor Filipic

Asst. Prof. Anton GradiSek

Dr. Alan Gregorovi¢

Abdelrahim Ibrahim Hassanien, B. Sc.
Asst. Prof. Matjaz Humar

. Dr. Venkata Subba Rao Jampani

Dr. Peter Jeglic

Dr. Andreja Jelen
Dr. Marjan Jeselnik*
Dr. Martin KlanjSek
Dr. Tilen Koklic

Prof. Samo Kralj*
Prof. Zdravko Kutnjak
Dr. Mojca UrSka Mikac
Prof. Grisa Mocnik*

Prof. Igor Musevic*, Head
Dr. Nikola Novak

Dr. Andriy Nych

Asst. Prof. Dusan Ponikvar*

Dr. Amid Ranjkesh Siahkal
Prof. Miha Ravnik*

Prof. Maja Remskar

Asst. Prof. Brigita Rozi¢
Prof. Igor Sersa

Prof. Miha Skarabot

Prof. Janez Strancar

Asst. Prof. Uros Tkalec*

Dr. Polona Umek

Dr. Iztok Urbancic

Dr. Herman Josef Petrus Van Midden
Dr. Mahendran Vellaichamy
Asst. Prof. Andrej Vilfan

Dr. Stanislav Vrtnik

Prof. Aleksander Zidansek

Dr. Erik Zupani¢

44. Prof. Slobodan Zumer
Postdoctoral associates

45. Dr. Matej Bobnar

46. Dr. Maja Garvas

47. Dr. Matjaz Gomilsek

48. Dr. Urska Gradisar Centa, lefl 15.10.21
49. Dr. Uros Jagodic*

50. Dr. Zuhail Kottoli Poyil, on leave since 01.04.21
51. Dr. Primoz KoZelj

52. Dr. Mitja Krnel, on leave 07.04.21
53. Dr. Marta Lavri¢

54. Dr.Joze Luzar

55. Dr. Deepshika Malkar

56. Dr. Maru$a Mur

57. Dr. Luka Pirker

58. Dr. Rok Podlipec

59. Dr. Gregor Posnjak, on leave since 01.08.19
60. Dr. AndraZ Reseti¢

61. Dr. Anna Ryzhkova

62. Dr: Saide Umerova, left 28.08.21
63. Dr.Jernej Vidmar*

64. Dr. Bojana Visic

Postgraduates

65. Tina Arh, B. Sc.

66. Dejvid Cresnar, B. Sc.

67. Nikita Derets, B. Sc.

68. Darja Gacnik, B. Sc.

69. Ziga Gosar, B. Sc.

70. Katja Gosar, B. Sc.

1. Dr. Sasa Harkai, left 01.12.21

72. Anton Hromov, M. Sc.

73. Nejc Jansa, M. Sc., left 01.11.21
74. Vida Jurecic, B. Sc.

75. Aljaz Kavcic, B. Sc.

76. Hana Kokot, B. Sc.

77. Bostjan Kokot, B. Sc.

78. Matjaz Malok, B. Sc.

79. Bojan Marin*, M. Sc.

80. Matevz Marincic, B. Sc.

81. Dr. Aleksander Matavz, on leave since 19.01.20
82. Tadej Meznarsic, B. Sc.

83. Matic Morgan, B. Sc.

84. Arkalekha Neogi, M. Sc.

85. Rok Peklar, B. Sc.
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86.
87.
88.
89.
90.
91.

92

®
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Gregor Pirnat, B. Sc.

Jaka Pisljar, B. Sc.

Anja Pogacnik Krajnc, B. Sc.

Aleksandar Sebastijanovic, B. Sc.

Linsy Jane Selvin Robert, M. Sc.

Dr: Marion Antonia Van Midden, on leave since 01.09.21
Rebeka Viltuznik, B. Sc.

Technical officers

93.
94.
95.
96.
97.
98.
99.

Petra Cotar, B. Sc.

Dr. Luka Drinovec*
Masa Kavcic, B. Sc.
Ana Kriselj, B. Sc.
Ivan Kvasic, B. Sc.
Blaz Mencinger, M. Sc.
Jaka Mocivnik, B. Sc.

BIBLIOGRAPHY

Technical and administrative staff
100.DraZen Ivanov

101. Janez Jelenc, B. Sc.

102.Davorin Kotnik

103.Vesna Lopatic, B. Sc.
104.Silvano Mendizza

105.Peter Mihor

106.Janja Milivojevic

107. Ana Sepe, B. Sc.

108.Marjetka Trsinar

Note:

* part-time JSI member

ORIGINAL ARTICLE

10.

11.

12.

13.

78

1. Neelakandan Marath Santhosh, Kush K. Updhyay, Petra Strazar, Gregor
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LABORATORY OF GASEOUS
ELECTRONIGS F-

The research activities within the Department of Gaseous Electronics cover various research
areas, ranging from the science of gases and gaseous discharges, plasma nanoscience, plasma
biology and biomedicine, advanced sensors, surface electronics and crystals to advanced vacuum
science and technology. Within this scope, we are exploring different gaseous and plasma systems
and their use in various fields important for the progress of humanity. The research activities are,
therefore, quite diverse. The most important achievements and progress beyond the existing state
of the art are communicated in the paragraphs below.

The major activities of the department encompass interconnected fields of research such as the science of
gases and gaseous discharges, plasma nanoscience, processing and synthesis of nanomaterials, plasma chemistry,
plasma electrochemistry and catalysis, plasma biomedicine and biotechnology, gas sensors, research on field emis-
sion from nanostructured materials, optoelectronics, vacuum science, design of vacuum systems, vacuum thermal
insulation and other emerging topics relevant to the manipulation of atoms and electrons. These topics of research - Head:
are brought together to solve different problems and tackle grand challenges in science and technology as well as  Prof. Uros Cvelbar
to support new emerging fields of research.
New partner cooperation with the Max Planck Institute. In July 2021 the Max Planck Society began to fund
a Slovenian-German partner research group involving the JSI and Max Planck Institute for Iron Research (MPIE),
Diisseldorf, Germany. The partner research on the topic of high-performance materials aims to advance the resist-
ance of the materials exposed simultaneously to gas loading and high temperatures and to unravel the role of the
microstructure evolution and its influence on the gas-solid interaction. The partner group funded for the next
five years is led by doc. dr. Zava$nik from F6 and established at the MPIE, at the department Structure and Nano-/
Micromechanics of Materials (https://www.mpie.de/4580830/ new-partner-group-on-high-performance-materials).
Atmospheric pressure plasma research and a breakthrough in the stabilisation of liquid instabilities.
In physics, liquid instabilities such as vortices, oscillatory motions, turbulent flows, etc., also known under names
such as the Kelvin-Helmholtz instability, Plateau-Rayleigh instability, Rayleigh-Taylor instability, etc., have been
the paramount problem of fluid dynamics for decades. Surprisingly, little effort has been taken to address these
instabilities, especially at the gas-liquid interphases, beyond mere redesigns of the geometric gas-blowing systems
to reduce or mitigate these instabilities, especially during the relevant processes of manufacturing. Now, an interna-
tional team composed of KFE, KAIST and our department from the Jozef Stefan Institute made a significant
breakthrough in the field by finding that a simple use of ionised gas generated by plasma discharge at
atmospheric pressure can stabilise such liquids without the standard redesign of the gas-blowing system.
Therefore, we managed to alternate the blown-gas jet properties by simply changing the properties of the
jet by discharging the blown gas, which resulted in completely new properties and new jet behaviour of
the interacting liquid surfaces.
Such gas discharges have been known for decades. They are known as cold atmospheric pressure
plasmas, characteristically generated by gas jets or at discharging surfaces. Different gas mixtures including
some inert gases (like argon or helium) are used or, simply, ambient air can be used in these discharges.
It is characteristic of these plasmas that the temperature is rather low so that the gas is reasonably cold,
almost at room temperature or not significantly hotter than tens of degrees Celsius. However, such plasmas
also contain a host of other species, including particles like electrons, ions, etc., which can have a much
higher temperature, creating a thermodynamically non-equilibrium system.
When these particles interact with other outside particles or, better, molecules, an interesting phenom-
enon arises, known as an electric wind. This wind is induced by the momentum transfer from accelerated
charged species to the neutral gas under an electric field, also resulting in the generation of an electrohy-
drodynamic force. We already reported on this phenomenon in Nature Communications (9 (2018) 371).
We applied this phenomenon to the gas-liquid interphase to successfully solve the overarching problem
of fluid dynamic instabilities, as described above. The most important cornerstone of our concept was the
exploitation of the generated electrohydrodynamic force exerted towards the liquid surface, which resulted Figure 1: Cavity (or dimple) formation at the water
in the stabilisation of the unstable liquid structures, as shown in gas cavities. This stabilisation was done surfaces subjected to a neutral helium-gas jet (lef?)
with a weakly ionised gas jet consisting of pulsed ionisation waves, a gas discharge type often called plasma  and a weakly ionized helium-gas jet (right)
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Figure 2: Water surface deformation by neutral (a) and ionized (b)

helium-gas jets

Figure 3: Theoretically estimated plasma characteristics; the space
charge density (a) and electrohydrodynamic force (b)

Figure 4: Procedure for the generation of plasma activated water and

viral inactivation

80

bullets where the force was exerted via the electrohydrodynamic flow on the
water surface. As aresult, a dimpled cavity was expended without destabilisa-
tion. Furthermore, both the bidirectional electrohydrodynamic gas flow and
electric field parallel to the gas-water interface and interacting within the
cavity, created a more stable liquid surface. We experimentally and numeri-
cally demonstrated that the electrohydrodynamic force generated inside the
formed cavity causes a cavity extension while maintaining stability, despite
the critical gas-flow rate being on the verge of unstable oscillatory motion.
These results were a crucial breakthrough step towards understanding the
interaction of plasma with liquid surfaces and its stabilisation. The results
were published in Nature (592 (2021) 49-53).

Awarded 2021 results for atmospheric pressure plasmas used in
decontamination processes. The members of department F6 uncovered
new insights into the areas of global significance, including water security
and airborne virus control, generating high-impact scientific results with
the potential to stimulate enormous socioeconomic benefit in Slovenia and
beyond. The team won a national accolade for their work on mycotoxin
contamination presented in the Journal of Hazardous Materials (Hojnik
et al. JHM, 2021), received the award for scientific excellence in the field
of biotechnology, while their paper published in Plasma Processes and
Polymers (Hojnik et al., 2021) was recognised as one of the most cited
papers of the year.

Aerosolised plasma activated water for large-area viral decon-
tamination. Novel and efficient surface-disinfection techniques are urgently
needed to minimize the spread of infectious viral agents such as SARS-CoV-2.
The members of F6 studied the effect of nebulized plasma activated water
(nPAW) on MS2 bacteriophages, used as a surrogate for pathogenic viruses
such as SARS-CoV-2. Bacteriophages were deposited on four different test
materials that are commonly found in a healthcare setting and the efficiency of nPAW was assessed and compared
against hydrogen peroxide (Figure 4). It was demonstrated that nPAW successfully inactivated MS2 on non-porous
surfaces (glass, polypropylene and stainless steel), while being ineffective against MS2 deposited on fabric. The
efficacy of nPAW was impacted by the distance of the test material from the
nebulizer output, test material coverage and the influence of interfering
organic substances, such as saliva. For non-porous materials, the surface
finish played the key role in providing the inactivation efficacy of the ap-
proach. Ultimately, it was demonstrated that nebulization of plasma activated
water was sufficient to successfully eliminate >99.999% of the viral load
deposited on all non-porous tested surfaces, an efficiency that compares
well against common chemical disinfectants such as hydrogen peroxide.
The study highlights the potential of nPAW as an efficient and convenient
surface decontamination technology and was submitted for publication in
the high-impact journal ACS Environmental Science & Technology.

Low-temperature plasma for the degradation of micropollutants. Developing novel, fast and efficient,
ecologically benign processes for removing organic contaminants is crucial for sustainable water treatment. For
this reason, the members of F6, in collaboration with the colleagues from department 02, explored the implemen-
tation of Cold Atmospheric pressure Plasma (CAP) generated in ambient air as an efficient agent for the removal
of bisphenol A (BPA) and bisphenol S (BPS), known as endocrine disrupting compounds in water and wastewater
(Figure 3), by monitoring degradation kinetics and its transformation products.

Using advanced LC-MS/MS it was determined that the highest removal efficiencies of BPA (>98%) and BPS
(>70%) were obtained after 480 s of CAP exposure. Pseudo-first-order kinetics revealed that BPA (k = 0.0044-
0.0090 ) degrades faster than BPS (-k =0.0004-0.0023 s*) and that the degradation is also time- and CAP power-
dependent, while the initial concentration or matrix type had a negligible effect. This study also tentatively identified
three previously reported products and one novel transformation product of BPA and four novel transformation
products of BPS. Their postulated structures suggested similar breakdown mechanisms, i.e., hydroxylation followed
by ring cleavage. The results demonstrate that the CAP technology is an effective process for the degradation of
both BPA and BPS without the need for additional chemicals, indicating it is a highly promising method for water
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and wastewater remediation and has been submitted for publication in the
high-impact journal Science of the Total Environment.

Plasma design of nanoplasmonic sensors for bio-chemical sensing
applications. In the frame of this research, the members of F6 designed
highly efficient nanocarbon-based optical sensors via plasma nanosyn-
thesis for biohazard detection. Mycotoxins are widespread toxic entities
in the agriculture and food industries that can induce cancer growth and
immune deficiency, posing a serious health threat for humankind. These
hazardous compounds are produced naturally by various moulds (fungi)
that contaminate different food products and can be detected in cereals,
nuts, spices and other food products. However, their detection, especially at
minimally harmful concentrations, remains a serious analytical challenge.

This research shows that high-performing plasmonic substrates (analyti-

cal enhancement factor = 5 x 107) based on plasma-grown vertical hollow

carbon nanotubes can be applied for immediate detection of the most toxic

mycotoxins. Due to excellent sensitivity, allowing the operation at ppb con-

centrations, it is possible to collect vibrational fingerprints of aflatoxin B1, Figure 5: Concept for the plasma mediated degradation of BPA and BPS
zearalenone, alternariol and fumonisin B1, and highlight the key spectral 77 Tea! waslewaler samples

differences between them using the principal component analysis. Compared
to the time-consuming conventional methods, including thin-layer chroma-
tography, gas chromatography, high-performance liquid chromatography
and enzyme-linked immunosorbent assay, the designed surface-enhanced
Raman spectroscopy substrates provide a clear roadmap to reducing the
detection time-scale of mycotoxins down to seconds.

Photonic techniques based on evanescent wave sensing, such as the
method using plasmonic and nanostructured metallic/semiconductor ma-
terials, hold significant potential in biosensing and the associated analysis
of biomolecular interactions. Our research of nanoplasmonic sensors led to
advances in the optical response of the surface plasmon resonance (SPR)
based sensor by improving the electric-field penetration depth. However, the
conventional SPR suffers from low penetration depths (<300 nm), limiting
the applications for surface interactions and the analysis of larger biomol-
ecules, such as bacterial cells with a typical size of ~1 um. These cases result
in the measured signal being non-monotonic with the concentration, making
the technique unreliable for high concentrations. Infrared wavelengths can
be used, but then the signal contrast suffers, and the instruments required for mid-infrared or longer wavelengths
are prohibitively expensive. Based on this, we developed a “nearly” guided SPR (NGWSPR) structure to enhance
the performance of these sensors by increasing the penetration depth and figure of merit using the wavelengths in
the optical telecommunication window where off-the-shelf instruments are available at low costs. The use of this
technique for monotonic detection of cultured live Escherichia coli bacte-
rial cells was demonstrated, thus opening a pathway to the utilization and
promottion of biosensing, biomedical research and industrial applications.

Lastly, we prepared a comprehensive overview of plasmonic-based sen-
sors used in viral diagnostics. Early diagnosis of viral infection and disease
control have always been critical. Virus detection can be achieved based on
various plasmonic phenomena, including propagating surface plasmon
resonance (SPR), localized SPR, surface-enhanced Raman scattering,
surface-enhanced fluorescence and surface-enhanced infrared absorption
spectroscopy. The present review covers all available information on the
plasmonic-based virus detection and collected data on these sensors, based
on several parameters. This data will assist us in advancing the research
and development of a new generation of versatile virus biosensors and it
was presented in a high-profile article in Nature Communication Biology.

Plasma for sustainable packaging with cellulose. Cellulose-based
products are gaining increased interest, especially as a top-choice material for
replacing plastics in packaging-related fields. Nevertheless, a high inherent  Figure 7: Plasma-induced hydrophilic to hydrophobic conversion of
wettability often hinders its advancement in becoming an efficient substitute - ce/lulose nanofibrils

Figure 6: Plasma-made gold-decorated multiwall nanotubes designed
Jor the Raman sensing of cancerogenic mycotoxins, presented in Small
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in the packaging industry. To overcome this challenge, fluorocarbon plasma processing was implemented for the
improvement of cellulose surface hydrophobicity. This was done on nanofibril films exposed to CF, plasma in order
to achieve a hydrophilic-to-hydrophobic conversion in less than 10s. The saturation of the water contact angle (ap-
proximately 130+5°) was obtained after only 30s of plasma processing. The surface fluorination was the result of
newly formed C-F,, C-F, and C-F bonds, confirmed by high-resolution C 1s XPS spectra. A prolonged continuous
plasma functionalization resulted in structural vibrational alterations associated mostly with the intense IR and
Raman active stretching C-F, mode. Simultaneously, ATR-FTIR revealed the formation of a surface-linked IR active
H-F functional group. Our findings successfully demonstrate that CF, plasma processing can be an effective way
for an ultrafast cellulose conversion from a hydrophilic to hydrophobic surface, achieved within seconds due to
plasma-created water-repellent surface functional groups.

Fusion research and understanding the interactions of hydrogen isotopes with fusion-related materials.
The members of F6 are part of the EUROfusion consortium, which works in the fields of fusion-related research,
following the current plan to confirm the operational principle of nuclear fusion. Currently, the main research is
triggered by the ITER project, which is being built in Cadarache in France. The accelerated phases of the construc-
tion of the rector and the associated subassemblies are being finalised after a standstill. It will be the biggest fusion
reactor with the main purpose to demonstrate the feasibility of the concept of tokamak with the gain of the input
energy by a factor of 10. Its last version will be created before the first fusion power plant will be built. Our current
research program focuses on the interactions of hydrogen isotopes with the structural materials used for fusion
purposes. When it comes to physical nuclear reactions in fission processes, care must be taken when handling
unused fuel and reaction products. When exploiting fusion energy, the amount of radioactive materials is very
small but not negligible. The retention of radioactive tritium in the materials is difficult to control because it easily
penetrates the reactor’s metal walls from where it could leak into the environment through the cooling system.

Tritium retention can be predicted fairly accurately based on the research and experiments that can be performed
with hydrogen and deuterium, as they are all chemically similar. Much of the research in the group was the evalu-
ation of retained deuterium in various samples received from several labs within the EUROfusion consortium. Our
main technique is thermal desorption spectroscopy (TDS) with an 772 sifu calibrated quadrupole mass spectrometer.
For improving its reliability we made an innovative study of the interference effect.

The quantification of the data recorded by quadrupole mass spectrometers requires a careful analysis of all
contributions influencing the proportionality of the ion current conversion to the gas flow rate. We proposed a novel
calibration protocol with a subsequent mathematical analysis that increases the quantification accuracy when one
of the two gases in a mixture substantially influences the other gas’s detection sensitivity. The phenomenon known
as the interference effect depends on the magnitude of the gas flow rates and their ratio. Deuterium and argon were
selected to demonstrate the efficiency of the proposed schedule for reducing the error below ~10%. The error of
deuterium evaluation at particular flow rate ratios would be ~2.5 times higher when ignoring the argon impact.

The divertor is likely to operate on a different basis in the next generation of reactors than in ITER. Among the
possible concepts, an attractive divertor has been used for many years. The liquid metal trapped in the tungsten
porous support structure continuously dissipates the heat flow into the cooling system so that the surface itself is not
damaged even in the event of plasma instability. In the research, we studied tin, an extremely interesting candidate
for the described concept due to its low melting point of around 220 ° C. When exposing tin to atomic deuterium,
we found that most deuterium was bound to tin oxide. Tin itself is completely inert to deuterium, although we
observed an extremely low concentration, ~1 ppb D/Sn.

Plasma-enabled design of hybrid carbon nanostructures for energy-related applications. Carbon nano-
structures have significant potential in energy storage and conversion applications, considering their easy func-
tionalization and tailoring features. The members of F6 devoted significant efforts to designing hybrid graphene
and carbon-based nanostructures for energy-related applications in the last year. We established a fast and facile,
two-step method for fabricating an advanced hybrid electrode consisting of trinickel disulphide (Ni,S,) formed on
metallic Ni nanoparticles supported by a vertical carbon nanotube (VCN) backbone in the form of Ni,S /Ni@VCN.
This was achieved with the plasma deposition of VCNs, followed by low-temperature annealing in the presence of
H,S. The active material had direct contact with the current collector due to direct plasma deposition, enabling a good
electrical contact. Also, the resulted active material possesses a hierarchical morphology with a broccoli structure
(Figure 6). The designed Ni,S /Ni@VCN electrode was tested as the anode material for lithium-ion batteries. The
electrode featured outstanding lithium-storage capabilities with a high reversible capacity (1113 mAh g after 100
cycles at 100 mA g™), excellent long-term cycling stability (770 mAh g after 500 cycles at 200 mA g') and good
rate capability. The obtained performance is one of the best Li-ion storage capabilities of the Ni,S -type anode materi-
als. The electrode fabrication technique employed is one of the fastest methods for fabricating high-performance
Ni,S -based binder-free electrodes. Also, the unique “broccoli-like” structure of polycrystalline Ni,S, capped on a
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conductive VON backbone helps the interface storage process and boosts the
lithium storage performance, providing a path toward the next-generation
energy storage devices of the future.

The collaboration with the researchers from Instituto Superior Técnico,
Lisbon, Portugal, enabled also the development of a ground-breaking plasma-
enabled green approach for engineering graphene-related structures to
design energy storage materials for sustainable energy storage systems. The
research demonstrates one of the fastest methods for synthesizing nitrogen-
doped graphene and incorporating metal oxide (sulphide) nanoparticles into
graphene layers, simultaneously using a microwave plasma system. Hybrid
N-graphene (nitrogen-doped graphene) metal-based nanostructures were
produced at a rate of ~ 19 mg/min, one of the fastest production rates

in an environment-friendly way. In addition, nano-sized (~10-30 nm)
Figure 8: Schematic of the charge pathways in the plasma-designed

MnO, particles and oxidized melal sulphide particles were intercalated broccolilike Ni S,/ Ni@VCN electrode material: structural defects of the
between the N-graphene sheets at atmospheric conditions by spraying the S,/ Ni@VCN maierial are in the inset. ’

precursors in plasma. The hybrid nanostructures exhibited promising energy
storage capabilities and stability when acting as a supercapacitor electrode. The chemically engineered process is
expected to significantly impact the design of advanced electrode materials for sustainable energy storage systems.
The collaboration with the researchers from GREMI (Groupe de Recherches sur I'Energétique des Milieux
Tonisés), Orléans, France, continued, including the research of designing carbon nitride nanostructures with high
thermal stabilities. The team established a green approach for designing hy-
drogenated nitrogen-rich carbon nitride nanoparticles using a low-pressure,
low-power, plasma-deposition technique from a methane/nitrogen gas
mixture. Advanced near-edge X-ray absorption fine-structure spectroscopy
(NEXAFS, in-situ) was used to evaluate the thermal stabilities of the designed
nanostructures at high temperatures. Thermal studies revealed an excel-
lent stability of the material and nitrogen-rich characteristics (N/C ratio of
0.5-0.2 + 0.01). The obtained results indicate a transformation of sp*rich
as-deposited carbon nitride into an sp>carbon phase with more graphitic
features upon thermal annealing, and the designed material exhibits stability
even at a temperature of above 1100 K. Additionally, the team showed that
these thermally stable structures transform a hydrophilic surface into a
hydrophobic one upon annealing and revealed that this type of surface can
be appropriate for hydrophobic surface coatings, used in harsh conditions.
The development of hybrid carbon nanostructures is important for high performing device applications and
it is one of our major tasks within the H2020 FET-Open project PEGASUS. All the developed methods and achieved/
measured performances were presented in high-impact journals.

Figure 9: Schematic representation of a plasma system for the production
of metal derivatives intercalated between N-graphene sheets

Some outstanding publications in the past year

1. Neelakandan Marath Santhosh, Kush K. Updhyay, Petra Strazar, Gregor Filipic, Janez Zavasnik, Andre Mdo
de Ferro, Rui Pedro Silva, Elena Tatarova, Maria de Fatima Montemor, Uro$ Cvelbar, Advanced carbon-nickel
sulfide hybrid nanostructures: extending the limits of battery-type electrodes for redox-based supercapaci-
tor applications, ACS Applied Materials & Interfaces, 2021, vol. 13, iss. 7, 20559-20572, illustr., ISSN
1944-8244, DOI: 10.1021/acsami.1¢03053.

2. Ivana Sremacki, Spela Kos, Masa Bosnjak, Andrea Jurov, Gregor Ser$a, Martina Modic, Christophe Leys,
Uros Cvelbar, Anton Nikiforov, Plasma damage control: from biomolecules to cells and skin, ACS Applied
Materials & Interfaces, 2021, vol. 13, no. 39, 46303-46316, ISSN 1944-8244, DOI: 10.1021/acsami.1 ¢12232.

3. Constantinos M. Damaskinos, Janez Zavasnik, Petar Djinovi¢, Angelos M. Efstathiou, Dry reforming of
methane over Ni/Ce0.8Ti0.202-8Ni/Ce0.8Ti0.202-8: the effect of Ni particle size on the carbon pathways
studied by transient and isotopic techniques, Applied Catalysis B, Environmental, | Print ed.], 2021, vol.
296, 1-20, ISSN 0926-3373, DOL: 10.1016/j.apcatb.2021.120321.

4. Anand Mohan Shrivastav, Uro$ Cvelbar, Ibrahim Abdulhalim, A comprehensive review on plasmonic-based
biosensors used in viral diagnostics, Communications Biology, 2021, vol. 4, 70-1-70-12, ISSN 2399-3642,
DOI: 10.1038/542003-020-01615-8.

5. Neelakandan Marath Santhosh, Nitheesha Shaji, Petra Strazar, Gregor Filipic, Janez Zavasnik, Chang Won
Ho, Nurugan Nanthagopal, Chang Woo Lee, Uros Cvelbar, Advancing Li-ion storage performance with
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hybrid vertical carbon/Ni3S2Ni3S2-based electrodes, fournal of Energy Chemistry, 2022, vol. 67, 8-18,
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6. NatasaHojnik, Martina Modic, James L. Walsh, Dusan Zigon, Uros Javornik, Janez Plavec, Bojana Zegura,
Metka Filipi¢, Uro$ Cvelbar, Unravelling the pathways of air plasma induced aflatoxin B1B1 degradation
and detoxification, Journal of Hazardous Materials, |Print ed.], 2021, vol. 403, 1-29, illustr., ISSN
0304-3894, https://www.sciencedirect.com/science/article/pii/S030438942031579X, DOI: 10.1016/j.
jhazmat.2020.123593.

7. Vincenc Nemanic, Janez Zavasnik, Vasyl Shvalya, Marko Zumer, Hydrogen permeability of non-stoichi-
ometric tungsten oxides, fournal of Nuclear Materials, [Print ed.], 2021, vol. 548, 152860-1-152860-8,
illustr., ISSN 0022-3115, DOI: 10.1016/j.jnucmat.2021.152860.

8. Sanghoo Park, Wonho Choe, Hyungyu Lee, Joo Young Park, Jinwoo Kim, Se Youn Moon, Uros Cvelbar,
Stabilization of liquid instabilities with ionized gas jets, Nature, [ Print ed.], 2021, vol. 592, 49-53, ISSN
0028-0836, DOI: 10.1038/541586-021-03359-9.

9.  InesHamouda, Cédric Labay, Uro§ Cvelbar, Maria-Pau Ginebra, Cristina Canal, Selectivity of direct plasma
treatment and plasma-conditioned media in bone cancer cell lines, Scientific Reports, 2021, vol. 11,
17521-1-17521-12, ISSN 2045-2322, DOI: 10.1038/541598-021-96857-9.

10.  Neelakandan Marath Santhosh, Vasyl Shvalya, Martina Modic, Nata$a Hojnik, Janez Zavasnik, Jaka
Olenik, Martin Kogicek, Gregor Filipi¢, Ibrahim Abdulhalim, Uros Cvelbar, Label-free mycotoxin raman
identification by high-performing plasmonic vertical carbon nanostructures, Small, 2021, vol. 17, iss. 49,
2103677-1-2103677-11, ilustr., ISSN 1613-6829, DOL: 10.1002/sml1.202103677.

Awards and Appointments

1. Uros Gvelbar, Martina Modic, et al. Golden Award for Innovation of the Chamber of Commerce of Dolenjska
and Bela Krajina 2021.

2. NatasaHojnik, Award of Slovenian Research Agency - Excellent in Science 2021, Unravelling the pathways
of air plasma induced aflatoxin B1 degradation and detoxification.

Patent granted

1. Gregor Filipic, Kristina Elersic, Darij Kreuh, Janez Kova¢, Uros Cvelbar, Miran Mozetic, A method of colour-
ing titanium and titanium alloys, GB2530805 (B), Intellectual Property Office, 24. 11. 2021.
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DEPARTMENT FOR COMPLEX

MATTER

F-7

The research within the Department of Complex Matter encompasses a variety of research
Sfields, ranging from fundamental investigations of elementary excitations in quantum materials,
nonequilibrium quantum maltter, self-organizing behaviour adaptive functionality in complex
systems and soft matter as well as nano-biosystems, biomolecules and various nanomaterials. The
department’s experimental activities are strongly complemented by theory on different levels and
supported by diverse materials synthesis. Our research into ultrafast non-equilibrium transitions,
investigations of new emergent hidden orders and ferromagnetic liquids are of significant interest
worldwide.

The experimental methods used at the department are suitably diverse, from different femtosecond laser
spectroscopies from THz to XUV, a variety of optical techniques, ultrafast transport and superconducting devices
studies as well as synthetic chemistry and thin-film deposition methods such as MBE, ALD and EBE, laser biomedical
studies, femtosecond STM and magnetometry.

The experimental research within the department is strongly supported by theory, ranging from analytical
approaches to modelling with Monte-Carlo simulations. Quantum annealing on a D-wave quantum computer
has become a useful technique for modelling non-equilibrium phenomena.

A number of spin-out research projects have recently gained importance, most recently ultrafast, low-energy
cryo-memory devices based on our studies of ultrafast electronic transitions.

The research achievements are thus quite diverse, and we are able to report on important discoveries
in a number of areas.

Quantum billiards
Forcing systems through fast non-equilibrium phase transitions offers the opportunity to study new states of
quantum matter that self-assemble in their wake. In 2021 we reported a study of the quantum-interference effects
of correlated electrons confined in monolayer quantum nanostructures, created by a femtosecond, laser-induced
quench through a first-order polytype structural transition in a layered transition-metal dichalcogenide material.
Scanning tunnelling microscopy of the electrons confined within equilateral
triangles, whose dimensions are a few crystal unit cells on the side, reveals
that the trajectories are strongly modified from free-electron states both by
electronic correlations and confinement. A comparison of experiments with
theoretical predictions of strongly correlated electron behaviour reveals that
the confining geometry destabilizes the Wigner/Mott crystal ground state,
resulting in mixed itinerant and correlation-localized states intertwined on
a length scale of 1 nm. The work opens the path towards understanding
the quantum transport of electrons confined in atomic-scale monolayer
structures based on correlated-electron materials. The paper was published
in Nature Communications, (2021) 12,3793 (2021). Avideo presentation
of the work was recorded by the Slovenian media (STA) and is available on
YouTube channel (https://youtu.be/yqorfqrGrMk)

A time-domain phase diagram of 1T-TaS,

Metastable self-organized electronic states in quantum materials are of
fundamental importance, displaying emergent dynamical properties that can
be used in new generations of sensors and memory devices. Such states are
typically formed through phase transitions under non-equilibrium conditions
and the final state is reached through processes that span a large range of
timescales. Conventionally, phase diagrams of materials are thought of as

Head:
Prof. Dragan D. Mihailovic

European Research Council

Established by the European Commission

static, Withoyt temporal evolution. However, many fupctional properties of Figure 1: Quantum billiards inside equilateral triangles formed in a
materials arise because of complex temporal changes in the material occur- 77/7H TaS, heterostructure/nanostructure. The electron-density maps
ring on different timescales. Hitherto, such properties were not considered show localized, itinerant and edge states.
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within the context of a temporally evolving phase diagram, even though, under non-equilibrium conditions, different
phases typically evolve on different timescales. Here, by using time-resolved optical techniques and femtosecond-
pulse-excited scanning tunnelling microscopy (STM), we track the evolution of the metastable states in a material
that has been of wide recent interest, the quasi-two-dimensional dichalcogenide 1T-TaS . We map out its temporal
phase diagram using the photon density and temperature as control parameters on timescales ranging from 10
to 10%s. The introduction of a time-domain axis in the phase diagram enables us to follow the evolution of meta-
stable emergent states created by different phase-transition mechanisms on different timescales, thus enabling a
comparison with theoretical predictions of the phase diagram, and opening a way to understanding the complex
ordering processes in metastable materials. The work was published in Nature Communications, 12,2323 (2021).

Charge Configuration Memory devices

In 2021 major progress was made in the fabrication, testing and modelling of charge-configuration memory
(CCM) devices. CCM devices are an original invention based on the discovery of a hidden charge-ordered state in
the transition-metal dichalcogenide published in Science (2014), with follow up publications in Nature Com-
munications (2016), npjQM (2018), Nat. Comm (2021), Nature Materials (2019), Science Advances (2015)
amongst others.

CCM device operation is based on the controllable reconfiguration of electronic domains in a charge-density
wave material. Since the dominant effect involves the manipulation of electrons rather than atoms, the devices
can display a sub-picosecond switching speed and an ultralow, few-femtojoule switching energy. The mechanisms
involved in switching between the domain states of different electrical resistances are highly non-trivial and involve

trapping non-equilibrium charges within topologically protected domain states. In aletter, prepared
in response to an invitation by the Editors of Applied Physics Letters, we discuss the underlying
physics that is deemed essential for the operation of CCM devices, focusing on the unusual asym-
metry between non-thermal “write” processes and thermal “erase” processes from the point of
view of the mechanism in relation to the thermal dynamics. The results also appeared on the cover
page of Appl. Phys. Lett. 119, 013106 (2021).

In four further publications currently under review, different aspects of the device are dis-
cussed. The first presents Ultra-Efficient Resistance Switching between Charge Ordered Phases in
1T-Ta$, with a Single Picosecond Electrical Pulse (arXiv:2202.13831). In the second publication we
investigate the energy efficiency scaling of such CCM devices as a function of device size and data
write time 7, as well as other parameters, which have a bearing on efficient device operation. We
find that the switching energy efficiency scales approximately linearly with both quantities over
multiple decades, departing from linearity only when 7 approaches the ~0.5 ps intrinsic switching
limit. Compared to the current state-of-the-art memory devices, CCM devices are found to be much
faster and significantly more energy efficient, demonstrated here with two-terminal switching
using 2.2 1], 16 ps electrical pulses. (arXiv:2103.04622). The third publication, using multi-probe
scanning tunnelling microscopy (STM), we investigate microscopically how non-trivial topological
defects in the electronic domain structure reconfigure in response to an applied current within an
operational device. The defects, which are topologically equivalent to conventional crystal disloca-
tions, appear robust at small currents. At higher currents, they show pairwise annihilation that

Figure 2: Cover of Applied Physics Lelters directly correlates with a change of the sample’s electrical resistance. The conspicuous absence of

Figure 3: 3D model of the combined device. nTron is made from NoTiN
thin film (grey), CCM is 1TTaS, crystal (dark yellow-green) and golden
electrodes connect them together in parallel (bright yellow ). Entire

CDW sliding under alateral field, and the clear distinction between thermally
activated domain relaxation processes and T-independent resistivity implies
the presence of an unconventional 2-component charge-transport mecha-
nism that can be modulated by the manipulation of the domain structure.
In a fourth publication (arXiv:2203.14586) we present an implementation
of non-volatile CCM in a cryo-computing environment by combining it in
parallel with a pulse-triggered superconducting nanowire cryotron (nTron).
The combined device is modelled in terms of the dynamical response of the SC
order parameter in a current-controlled nanowire with a CCM shunt. Analysis
of time dynamics and current-voltage characteristics based on measured
device parameters show that single flux quantum (SFQ)-level pulses can
drive a non-volatile CCM on the picosecond timescale, while allowing the
nTron to operate in non-latching mode. The inherent high energy efficiency
and ultra-high speed makes this hybrid device an ideal memory for use in

circuit is on a $i/Si0, substrate (violet). cryo-computing and quantum computing peripheral devices.
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Ultrafast studies of non-equilibrium quantum matter

We continued the study of intense femtosecond optical pulse irradiation effects in Culr S, by means of the all-
optical ultrafast multi-pulse time-resolved spectroscopy. The data suggest that the photoinduced-transition dynamics
to the High-T metallic phase is governed by first-order-transition nucleation kinetics that prevents the complete
ultrafast structural transition even when the absorbed energy significantly exceeds the equilibrium enthalpy differ-
ence to the high-T metallic phase. In contrast, the dynamically decoupled electronic order is transiently suppressed
on a sub-picosecond timescale rather independently due to a photo-induced Mott transition as reported in New
Journal of Physics, 23, 053023 (2021).

The effect of disorder in high-7' superconductors was investigated from the viewpoint of photo-induced
quasiparticle (QP) dynamics, obtained by means of the time-resolved pump-probe spectroscopy. We performed
measurements in an optimally doped Bi,, Sr, CaCu,0, , (Bi2212) with an out-of-plane disorder induced by Bi-Sr
substitution (x), which is present in standard Bi2212 but is not usually con-
trolled. Based on the systematic change of the disorder with controlled.x, we
identified the changes in the dynamics of QP relaxation and gap formation in
superconducting (SC) and pseudo-gap (PG) states. The onset temperature 7"
of the PG response increases with an increase in x, which is more significant
than the slight decrease in 7'. These properties are equivalently reflected
in the destruction fluences of the SC and PG states. Bi-Sr substitution also
accelerates the relaxation times for SC and PG QPs, which can be due to the
increased phonon scattering probability caused by the disorder. In contrast,
the SC gap recovery observed in the strongly excited condition shows an
identical fluence dependence for various x, implying that the disorder does
not significantly contribute to the coherent gap formation as published in
Phys. Rev. B 104, 094507 (2021).

We investigated the quench and real-time formation of the Mott
state and photo-excited carrier relaxation dynamics in the Mott insulator

Department for Complex Matter F-7

K-(BEDT-TTF),Cu[N(CN), ]Cl (ic-Cl) and the superconductor x-(BEDT- Figure 4: A schematic illustration of the time evolution of electronic
2 2

TTF),Cu[N(CN), ]Br (1-Br) using three-pulse femtosecond optical spectros-
copy, where BEDT-TTF is bis(ethylenedithio tetrathiafulvalene. In both salts
we find that transient reflectivity amplitude gradually recovers with time after strong near-infrared pulse quench,
but its relaxation time is nearly constant throughout. This indicates that in k-Cl the energy gap for charge excita-
tions is filled rather than closed by photo-induced carriers of only ~0.5% per dimer. The Mott state is re-formed on
a few-picosecond timescale with disappearance of the in-gap photo-doping-induced states near the Fermi energy.
In 1-Br, a behaviour similar to that in «-Cl is observed and attributed to the disorder-induced phase-separated Mott
insulating regions as published in Phys. Rev. B 104, 115152 (2021).

correlated organic salls w-Cl and x-Br.

Theoretical studies on the nanoscale

Metastable self-organized electronic states in quantum materials are of fundamental importance, displaying
emergent dynamical properties that can be used in new generations of sensors and memory devices. Such states
are typically formed through phase transitions under non-equilibrium conditions and the final state is reached
through processes that span a large range of timescales. By using time-resolved optical techniques and femtosecond-
pulse-excited scanning tunnelling microscopy, the evolution of the metastable states in a material that has been of
wide recent interest, the quasi-two-dimensional dichalcogenide 1T-TaS, was observed. To describe the experimental
observations, we use state-of-the-art Monte Carlo simulations of a charge lattice gas of polarons in order to predict the
experimental phase diagram. Our generic model predicts the structure of the experimental phase diagram almost
entirely, except for the 1/12 phase, which is not found experimentally. This finding elucidates the importance of
other mechanisms in the formation of the equilibrium phases other than only polaronic correlations. The results
of this theory were published in Nature communications, 12, 3793 (2021).

Forcing systems through fast non-equilibrium phase transitions offers the opportunity to study new states of
quantum matter that self-assemble in their wake. The quantum-interference effects of correlated electrons con-
fined in monolayer quantum nanostructures, created by femtosecond laser-induced quench through a first-order
polytype structural transition in a layered transition-metal dichalcogenide material was studied experimentally.
The scanning tunnelling microscopy of the electrons confined within equilateral triangles, whose dimensions are
afew crystal unit cells on the side, reveals that the trajectories are strongly modified from free-electron states both
by electronic correlations and confinement. A comparison of experiments with theoretical predictions of strongly
correlated electron behaviour reveals that the confining geometry destabilizes the Wigner/Mott crystal ground state,
resulting in mixed itinerant and correlation-localized states intertwined on a length scale of 1 nm. Our Monte Carlo
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simulations show that polaronic configurations deform significantly in small tringles, whereas the deformation
is localized more towards the edge, the larger the triangle is. The natural quantum extension of the same model
reveals that electrons delocalize significantly more in the cases where frustration due to confinement is larger and
already apparent in classical simulations. Theoretical simulations therefore conclude that geometrical frustration
due to the confinement of polarons is the main driver of the experimentally observed quantum-interference pat-
terns. The work opens the path towards understanding the quantum transport of electrons confined in atomic-scale
monolayer structures based on correlated-electron materials. The results of this theory were published in Nature
communications, 12, 3793 (2021).

Nanomaterials
Transition-metal carbides and nitrides with large surface areas are in general attractive for various catalytic
reactions. We explored the possibility to produce molybdenum-based nitride and carbide heterostructures from two
nanowires precursors (MoSI and MoOxideAniline nanowires) by heating in NH, and ethane/hydrogen/argon gas
mixtures. This novel synthetic route presents a technologically viable, easily
scalable and controllable method for producing molybdenum carbide/nitride
nanowires composed of around 10-nm grains. The catalysts composed of pure
nitride phases demonstrate higher CO chemisorption for samples prepared
from MoOxideAniline NWs than MoSI NW's with a value of 4.2 umol g'. All
the samples show catalytic activity for CO, reduction and excellent selectivity
to CO production. Despite the small variation in surface composition and
structural rearrangement after the repeated catalytic process the material
exhibits long-term stability at a moderate conversion rate. A high selectivity
towards CO was further investigated. By repeating the experiments with
varying CO,-to-H, ratios, the Mo,C/Mo N nanowires showed a higher CO,
conversion compared to Mo,C. The stability of the Mo,C/Mo,N catalyst tested

Figure 5. The global carbon foolprint can be mitigated by ulilizing at 300 °C showed high stability over a long period of time (>24 h) and had

the renewable nature of CO2, where it could be captured, stored, and
used for the production of various fuels through carbon capture and
utilization technology. A highly promising path is a direct Fischer-

a high selectivity towards CO preserved at around 99%.The comparison of
catalyst characterisation before and after the RWGS reaction shows that

Tropsc//l ltypgprocess in one reactor wﬂ‘h a reverse wﬂl‘g;ﬂgﬂs S}”ﬁ‘ there IS no ma]OI“ dlffel‘eﬂce ln the phySlCa] and Chemlcal CharaCterlSthS Of
reaction (RWGS) using carbon dioxide in combination with hydrogen  the materials further validate the use of the present catalysts. This work was
as a feed mixture. The RWGS reaction is an equilibrium reaction limiled  published in journal Renewable Energy.

fo high temperatures due to the endothermic nature of the reaction
C0,+H,« CO+H,0.CO,is a highly slable and rather inert molecule,
so it is of great importance to developing stable, highly active, and

We have contributed measurements of photoluminescence exhibited
by Ti0, nanotubes immobilized on titanium foils and supported additional

selective catalysts in both reductions. analyses looking into relationships between their synthesis conditions and

Figure 6: Temporal modifications of normalized absorbance at 330 nm

composition, structure, and UV photocatalytic properties. (Collaboration
with Department for Nanostructured Materials and Department of Surface
Engineering, IJS, and National Institute of Chemistry) as published in ACS
Omega 6, 23233, (2021).

Soft Matter

We investigated the mechanisms of G-quadruplex formation in the DNA
sequences (G,C,), associated with neurological disorders ALS and FDT. We
found that the sequences with n=1, 2, and 4 exhibit very different folding
topologies and consequently possess different macromolecular association
properties (International Journal of Molecular Sciences 22,4532 (2021).
We continued with investigations of Langmuir films of DNA nucleoside
derivatives at the air-water interface and Langmuir-Blodgett films on solid
substrates. The emphasis was on the photo-isomerization process in azo-
functionalized guanosine derivatives. We found that such derivatives are
promising candidates for the fabrication of photo-active 2D materials that
can provide all the beneficial functionalities of DNA-based compounds (ACS
Omega 6, 15421 (2021)). The Langmuir-Blodgett method was also used
to fabricate protective monolayer coatings against the high-temperature
corrosion of concentrating solar-power absorber surfaces (Solar Energy
Materials and Solar Cells 223, 110984 (2021).

detected in chloroform solutions of photosensitive guanosine derivative In cooperation with researchers from Nankai University in China we
during alternating irradiations with blue and UV light. Intervals of UV continued to investigate tuneable optical diffraction structures based on liquid

irrvadiation are shaded in violet.

98

Annual Report 2021


https://www.sciencedirect.com/topics/engineering/transition-metal-carbide
https://www.sciencedirect.com/topics/engineering/catalytic-reaction
https://www.sciencedirect.com/topics/engineering/catalytic-reaction
https://www.sciencedirect.com/topics/engineering/heterostructures
https://www.sciencedirect.com/topics/engineering/chemisorption
https://www.sciencedirect.com/topics/engineering/enzymatic-activity
https://www.sciencedirect.com/topics/engineering/water-gas-shift-reaction
https://econpapers.repec.org/article/eeerenene/
https://www.sciencedirect.com/topics/engineering/water-gas-shift-reaction
https://www.sciencedirect.com/topics/engineering/water-gas-shift-reaction
https://www.sciencedirect.com/topics/engineering/water-gas-shift
https://www.sciencedirect.com/topics/engineering/water-gas-shift
https://www.sciencedirect.com/topics/engineering/equilibrium-reaction

crystals that are introduced into laser-written polymeric scaffolds (our patent W02015139353 (A1). A theoretical
work on electrically tuneable optical diffraction gratings fabricated by introducing a conventional nematic liquid
crystal mixture into such scaffolds was reported in Polymers 13, 2292 (2021). We also investigated light propaga-
tion in cholesteric liquid crystals introduced into the periodic assembly of polymeric ribbons with planar surface
anchoring (Physical Review E 104, 064702 (2021)).

In collaboration with researchers from the East Bavarian Technical High School (OTH) in Regensburg and the
Faculty of Mechanical Engineering at University of Ljubljana we investigated various aspects of magnetically regulable
surface properties of magneto-active elastomers (MAEs). MAEs are composite materials comprised from magnetic
microparticles embedded in a soft elastomer matrix. We showed that characteristics of liquid drop splashing on
surface of MAEs can be tuned with a magnetic field (Advanced Materials Interfaces 8, 1 (2021). We demonstrated
that laser micromachining of MAEs can be used to fabricate surface micropatterns of various sizes and shapes (Ad-
vanced Materials Technologies 2021, 2101045). We also demonstrated that reconfigurable micropatterns can be
imprinted into MAE surface based on the magnetic field-induced shape memory effect (Polymers 13,4422 (2021).

We continued the investigations of ferroelectric nematic liquid crystals. We studied the molecular origin of polar
ordering by comparing, both experimentally and by means of molecular dynamic simulations, two materials with
similar chemical structure and demonstrate that a subtle molecular change enables denser packing when they
exhibit polar order. Such a reduction of the excluded volume lies in the origin of the polar nematic phase. This study
also shows how MD simulations can be used for molecular design, by predicting and identifying candidate materials
for the polar or its precursor nematic phases (Nat Commun 12, 4962 (2021)). We also examined the formation
and structure of large polar nematic domains of the ferroelectric nematic material RM734 in planar liquid-crystal
cells with different aligning agents and specifications. We observed that confining surfaces have a strong influence
over the formation of different types of domains, resulting in various twisted structures of the nematic director. For
those cells predominantly showing mm-scale domains, we investigated the
optical and second harmonic generation switching behaviour under applica-
tions of electric fields with a special focus on in-plane fields perpendicular to
the confinement media rubbing direction. To characterize the underlying
structure, the polar optical switching behaviour was reproduced using a
simplified model together with Berreman calculations (Liquid Crystals
48,2055 (2021)).

We studied ferromagnetic ordering in suspensions of magnetic barium-
hexaferrite nanoplatelets in isotropic solvents, which above certain threshold
concentrations of the nanoplatelets exhibit a transition to the ferromagnetic
nematic phase. The key interactions between the platelets are long-range
dipolar magnetic and screened anisotropic electrostatic. We tuned the
isotropic-nematic phase transition in 1-butanol ferrofluids of BHF NPLs by
affecting the interactions in the ferrofluids. We observed that the threshold
concentration (typically around 5%(v/v)) decreased by 0.6 %

Department for Complex Matter F-7

(v/v) with a Figure 7: Polarized microscope images of domain division/ creation by

larger mean diameter of the platelets, up t0 0.6 % (v/v) with increasedionic gppiication of out of plane fields in a 5.4micrometre-thick layer of ferro-
strength of the ferrofluid, and for about 2 % (v/v) with higher saturation electric nematic liquid crystal. Before application of field between crossed

magnetization of the platelets. We showed that by tuning the parameters polarisers (a), and with analyser uncrossed (b,c). (d) Texture observed

affecting the ferrofluid’s interplatelet interactions, we can alter the threshold

during the application of 1 Hz square-wave field of Vp = 1.5 V. (e,f) Final
state of the sample after the field is switched off. (Reproduced from Liquid

concentration for the liquid magnet formation. The results elucidate the Crystals 48, 2055 (2021), published under CC BYNCND 4.0).

importance of a delicate balance between the repulsive screened electro-

static and attractive dipolar magnetic interactions for the liquid magnet formation (Journal of Molecular Liquids
118038 (2021)). We also contributed to the development of barium-hexaferrite/gold Janus nanoplatelets using
the Pickering emulsion method (Nanomaterials 11,2797 (2021).

In the field of macromolecular soft matter, we have continued to study liquid-crystal elastomers. We described
the synthesis of polydomain magnetic liquid-crystal elastomers, which is based on chemically bonding function-
alised magnetic nanoparticles to the elastomer. This significantly enhances the response of the elastomer to the
applied external magnetic field. We measured magnetic hystereses of the resulting polydomain samples in both
low and high fields and identified two underlying mechanisms: particle reorientation and flipping of the magnetic
moment within a single nanoparticle. We observed coupling between the mechanical stretching and magnetisa-
tion of the sample and found that the magnetisation, which occurs as a result of stretching, is almost equal to the
magnetisation, which occurs under the influence of an external magnetic field. The results of our research have
been published in Liquid Crystals, 48, 1815 (2021).
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35: Jozef Stefan Institute
Biomedical optics
We have continued with development of innovative optical techniques for the non-invasive characterization
of biological tissues and organs. By combining diffuse reflectance spectroscopy (DRS) and pulsed photo-thermal
radiometry (PPTR; time-resolved measurements of laser-induced mid-infrared emission) with a dedicated numeri-
cal model of light transport in strongly scattering multi-layer structures, we have enabled an assessment of several
physiologically relevant parameters of human skin /7 vivo (e.g., the contents of melanin and blood, together
with its oxygen saturation level, in different skin layers). The described
Our unique methodology for non-invasive char-  methodology was augmented and applied to the characterization of laser
acterization of human skin in vivo could enable tattoo removal and longitudinal monitoring of traumatic bruises in human
development of a bruise-ageing methodology,  volunteers. Such methodology could enable future development of more
which would benefit forensic investigations.  accurate bruise aging methodology for forensic investigations. (Sensors
21,302, 2021)

In collaboration with Department for Materials Synthesis (IJS), we stud-
ied inorganic nanoparticles which exhibit upconversion fluorescence (e.g.,
NaYF :Yb¥ Er®"). Such nanoparticles have a great potential for diagnostic
imaging in medicine and cell-targeted therapy. Most recently, we have focused
on the development of phosphonate coatings, which improve their chemi-
cal stability under physiological conditions and thus minimize cytotoxicity,
while at the same time preserving or even enhancing the upconversion
fluorescence. (Dalton Trans. 50, 6588, 2021)

In a dedicated numerical simulation, based on the Monte Carlo model-
ling of light transport in multiple scattering regime, we have replicated
measurements of diffuse reflectance using an integrating sphere (IS). The

Figure 8: Top: Pholographs of a bruise in human volunteer al differ- aim of the study was to assess the validity of time reversal symmetry, which
ent times afier the infury. Botlom: (a) Time evolutions ofbru;se@odel is implicitly assumed in functioning of all commercial spectrometers using
paramelers as assessed from measurements in the same bruise: volume ) L . .
Fractions of blood in the papillary and reticular dermis, bilirubin con- the IS, and test the strategies for minimization of the related artifacts in
centration, and (b) the corresponding blood oxygenation levels. analyses of such measurements. (Master thesis, FMF, 2021)
Microfluidics
Microfluidics research has been carried out in close collaboration with the Laboratory for Experimental Soft
Matter at the Faculty of Mathematics and Physics of the University of Ljubljana and, more recently, also with
industrial pharmaceutical partners.
The year started by publishing the results of our research on the analysis of flow in microfluidic channels in
IEEE Sensors Journal, 21,5871 (2021). We described a new type of microfluidic flow sensor, where the velocity
measurements are not done on the fluid sample itself but on a second, immiscible fluid in contact with the sample.
By monitoring the motion of the tracer particles in the side cavities, we have determined the characteristic param-
eters of the flows and shown a linear relationship with the fluid velocity
In collaboration with industrial partners, we over a wide rang’e of mfaasured VelOCI.tles' , , . .
studied the formation of protein films at the Another. broald area of research is carrAled out in colla}ao;atl(?n with
water-air interface and measured the rate of pharmaceutlcal pa.rtne:rs. We focus on studymg particle dyndrplcs, adsorp-
. o - tion and aggregation in liquids and at their phase boundaries. We have
their reconstitution after abrupt rupture and . .
aggregate formation in the solution. ysed Brews.ter gngle microscopy (BAM) to observe the adsor.pnon dynam-
ics of protein films at the water-air interface and to determine the rate of
reconstitution of the films after abrupt rupture as a function of protein
concentration. Additionally, protein films were damaged in a controlled manner and the resulting aggregates were
analysed. We studied the dependence of the reconstitution and aggregation on the concentration of surfactant
molecules. We found that the threshold concentrations for protein-film formation and protein aggregation are
significantly lower than the critical micellar surfactant concentration. The work was included in a successfully
defended master’s thesis at the FMF.
Some outstanding publications in the past year
1. Mihailovi¢, Dragan, Svetin, Damjan, Vaskivskyi, Igor, Lipovsek, Benjamin, Mraz, AnZe. Ultrafast non-
thermal and thermal switching in charge configuration memory devices based on 1T-TaS21T-TaS2.
Applied physics letters, ISSN 0003-6951. [Print ed.], [in press] 2021, 16 str., doi: 10.1063/5.0052311.
[COBISS.SID 69786371]
2. Vaskivskyi, Igor, et al. Element-specific magnetization dynamics in Co-Pt alloys Induced by strong optical
excitation : published as part of The Journal of Physical Chemistry virtual special issue %D. D. Sarma
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10.

11.

Festschrift%. The journal of physical chemistry. C, Nanomaterials and interfaces, ISSN 1932-7447. [ Print
ed.], 2021, vol. 125, no. 21, str. 11714-11721, doi: 10.1021/acs.jpcc.1¢02311. [COBISS.SHD 71606787]
Zhang, Renyun, Hummelgard, Magnus, Ortegren, Jonas, Olsen, Martin, Andersson, Henrik, Yang, Ya,
Wang, Zhong-Lin, Olin, Hikan, Sutar, Petra, Mihailovi¢, Dragan. All-inorganic triboelectric nanogenera-
tors based on M06S316M06S316 and indium tin oxide. Nano energy, ISSN 2211-2855, [in press] 2021, 16
str., doi: 10.1016/j.nanoen.2021.106363. [COBISS.SI-ID 71502595]

Ravnik, Jan, Diego, Michele, Gerasimenko, Yaroslav, Vaskivskyi, Yevhenii, Mertelj, Tomaz, Vodeb, Jaka,
Mihailovic, Dragan. A time-domain phase diagram of metastable states in a charge-ordered quantum
material. Nature communications, ISSN 2041-1723, 2021, vol. 12, str. 2323-1-2323-8, doi: 10.1038/s41467-
021-2264. [COBISS.SI-ID 62665219]

Ravnik, Jan, Vaskivskyi, Yevhenii, Vodeb, Jaka, Aupic, Polona, Vaskivskyi, Igor, GoleZ, Denis, Gerasimenko,
Yaroslav, Kabanov, Viktor V., Mihailovi¢, Dragan. Quantum billiards with correlated electrons confined in
triangular transition metal dichalcogenide monolayer nanostructures. Nature communications, ISSN 2041-
1723, 2021, vol. 12, no. 1, str. 3793-1-3793-8, doi: 10.1038/s41467-021-24073-0. [ COBISS.SI-ID 69789955
Naseska, Mimoza, Sutar, Petra, Vaskivskyi, Yevhenii, Vaskivskyi, Igor, Vengust, Damjan, Svetin, Damjan,
Kabanov, Viktor V., Mihailovi¢, Dragan, Mertelj, Tomaz. First-order kinetics bottleneck during photoinduced
ultrafast insulator-metal transition in 3D orbitally-driven Peierls insulator Culr2S4Culr2S4. New journal
of physics, ISSN 1367-2630. [Online ed.], 2021, vol. 23, str. 053023-1-053023-10, doi: 10.1088/1367-2630/
abf86d. [COBISS.SI-ID 77920003

Pokharel, A. R., Agustsson, S. Y., Kabanov, Viktor V., Iga, F., Takabatake, T., Okamura, H., Demsar, Jure.
Robust hybridization gap in the Kondo insulator YbB12YbB12 probed by femtosecond optical spectros-
copy. Physical review. B, ISSN 2469-9950, 2021, vol. 103, vol. 11, str. 115134-1-115134-7, doi: 10.1103/
PhysRevB.103.115134. [COBISS.SI-ID 56601091]

Toda, Yasnori, Tsuchiya, S., Oda, Migaku, Kurosawa, T., Katsumata, S., Naseska, Mimoza, Mertelj,
Tomaz, Mihailovic, Dragan. Ultrafast transient reflectivity measurements of optimally doped Bi2+xSr2-
XCaCu208+8Bi2+xSr2-xCaCu208+8 with disorder. Physical review. B, ISSN 2469-9950, 2021, vol. 104,
no. 9, str. 094507-1-094507-9, doi: 10.1103/PhysRevB.104.094507. [ COBISS.SI-ID 77929219]

Malik, R. S., Vaskivskyi, Igor, et al. Ultrafast magnetization dynamics in the half-metallic Heusler alloy
Co2FeAlCo2FeAl Physical review. B, ISSN 2469-9950, 2021, vol. 104, no. 10, str. L100408-1-L100408-6,
doi: 10.1103/PhysRevB.104.L100408. [ COBISS.SI-ID 83475971]

Tsuchiya, S., Taniguchi, Hiromi, Yamada, J., Toda, Yasnori, Mihailovi¢, Dragan, Mertelj, TomaZ. Ultrafast
dynamics of Mott-state quench and formation in strongly correlated BEDT-TTF molecular conductors
observed by three-pulse pump-probe spectroscopy. Physical review. B, ISSN 2469-9950, 2021, vol. 104, no.
11, str. 115152-1-115152-6, doi: 10.1103/PhysRevB.104.115152. [COBISS.SHD 77907459]

Dasireddy, Venkata D. B. C., Vengust, Damjan, Likozar, Blaz, Kovac, Janez, Mrzel, Ales. Production of syngas
by C02C02reduction through Reverse Water-Gas Shift (RWGS) over catalytically-active molybdenum-based
carbide, nitride and composite nanowire. Renewable energy, ISSN 0960-1481. [Print ed.], 2021, vol. 176,
str. 251-261, doi: 1().1016/j.renene.2021.05.051. [COBISS.SI-ID 70734595 ]

Awards and Appointments

L.
2.

Prof. Martin Copic: Winner of the “Blinc” award for the year 2021

AnZe Mraz: Winner of the “Fernando Tommasini” award for the most comprehensible talk at the COROS-
SANO 2021 workshop

Ales Mrzel and Damjan Vengust: Winners of bronze medal of ARCA 2021 award: Method for the synthesis
of metal molybdates and tungstates from molybdenum and tungsten carbides and nitrides; National and
University Library in Zagreb, Croatia, 14-16 October 2021

Organization of conferences, congresses and meetings

1. Nonequilibrium Quantum Workshop: Dynamics and Ergodicity of Complex Quantum Systems, Krvavec,
Slovenija, 12-16 December 2021
2. 18" International Conference on Ferroelectric Liquid Crystals, Polarity and Chirality in Soft Matter,
September 6 - 10, 2021, IJS, Slovenia
Patent granted
1. Nejc Lukad, Matjaz Lukac, Matija JezerSek, Peter Gregorci, Cleaning system, EP3510961 (B1), European

Patent Office, 09. 06. 2021.

Annual Report 2021

Department for Complex Matter F-7

101


http://www-f7.ijs.si/18th-international-conference-on-ferroelectric-liquid-crystals-polarity-and-chirality-in-soft-matter-september-6-10-2020-ijs-slovenia/
http://www-f7.ijs.si/18th-international-conference-on-ferroelectric-liquid-crystals-polarity-and-chirality-in-soft-matter-september-6-10-2020-ijs-slovenia/

102

o0
.:. Jozef Stefan Institute

INTERNATIONAL PROJECTS

COST CA16101; MULTI-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 Association Aisbl

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

COST CA20129; Multiscale Irradiation and Chemisty Driven Processes and Related
Technologies

dr. Lea Spindler

Cost Association Aisbl

COST-CA17123;COST-CA17123; Ultrafest opto-magneto-electronics for non-dissipative
information technology - MAGNETOFON

Asst. Prof. TomaZ Mertelj

Cost Association Aisbl

H2020 - INTERFAST; Gated INTERfaces for FAST information processing

Asst. Prof. Tomaz Mertelj

European Commission

H2020 - MAGNELIQ; A Magneto-Electric Liquid - Better Sensing

Asst. Prof. Alenka Mertelj

European Commission

Liquid Crystalline Properties of Guanosine-Rich DNA and RNA Oligonucleotides
Prof. Irena Drevensek Olenik

Slovenian Research Agency

. Microstructuring of Liquid Crystals and Light Wave Manipulation by Photorefractive

Materials
Prof. Irena Drevensek Olenik
Slovenian Research Agency

. Studies of Structure and Dynamics of Liquid Magnets by SAXS and SANS

Asst. Prof. Alenka Mertelj
Slovenian Research Agency

. Tunable Optical Diffractive Structures from Liquid Crystalline Materials

Prof. Irena Drevensek Olenik
Slovenian Research Agency

. Novel Liquid Crystalline Materials for Application in Diffractive Optical Elements

Prof. Irena Drevensek Olenik
Slovenian Research Agency

. Stretchable lasers

dr. Luka Cmok
Slovenian Research Agency

RESEARCH PROGRAMMES

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

Methods and materials for photoalignment templates for chiral liquid crystal lenses
and photonic components

Prof. Irena Drevensek Olenik

Probing spin states near the surface of quantum spin materials

Petra Sutar

Electrically tunable ferromagnetic liquids

Dr. Alenka Mertelj

Phase transitions in systems of nucleotide repeat expansions associated with
neurodegenerative diseases

Prof. Irena Drevensek Olenik

Mesoscopic Quantum Metastability

Prof. Dragan Dragoljub Mihailovi¢

Multi-scale modeling of non-equilibrium quantum materials

Dr. Denis Golez

Liquid Magnets: fundamental studies of ferromagnetic order in liquids

Dr. Nerea Sebastian Ugarteche

Surface-selective hybridization technology for magneto-electric hybrids

Asst. Prof. Alenka Mertelj

Magneto Responsive Surfaces for Manipulation of Light and Liquids

Prof. Irena Drevensek Olenik

. Exploitation of the magneto-mechanical effect in the treatment of neurodegenerative

diseases
Asst. Prof. Alenka Mertelj

. Single-flux-quantum controlled charge configurational memory (CCM) devices

Prof. Dragan Dragoljub Mihailovi¢

. CMEM: Ultrafast all-electronic charge density wave memory for next generation

computing
Dr. Igor Vaskivskyi
Ministry of Education, Science and Sport

. 18th International Conference on Ferroelectric Liquid Crystals (FLC 2021), Ljubljana,

Slovenia, held from 6th to 10th of September 2021
Asst. Prof. Alenka Mertelj

VISITORS FROM ABROAD

Dipl. ing. Inna Belyaeva, Faculty of Electrical Engineering and Information Technology,
OTH Regensburg, Germany, 31st of May to 5th of June 2021

Dr Emil 8.Bozin, Brookhaven National Laboratorium, USA, 21st of June to 23rd of June
2021

Dr Rinat Mamin, Zavoisky Physical-Technical Inst. of FIC KazanSC, Kazan, Russia, 19th
of July to 19th of August 2021

Mag.Dejan Bosnjakovic, Faculty of Electrical Engineering, Computer Science and
Information Technology Osijek, Croatia, 19th of July to 23rd of July 2021

Dr Andrei Shumilin, Ioffe Institute, 26 Politekhnicheskaya, St.Petersburg, Russia, 29th
of July to 29th of August 2021

Dr Mikhail Chamonine, Faculty of Electrical Engineering and Information Technology,
OTH Regensburg, Germany, 30th of August to 6th of September 2021

Prof. Eremin Alexey, 5th of September to 11th of September 2021 (FLC conference)

Prof. Dr Nemanja Trisovi¢, 12th of September to 17th of September 2021
Mag. Luka Matovic. 12th of September to 17th of September 2021

. Ph.D. Marcell Tibor Mdthé, Wigner Research Centre for Physics, Budapest, Hungary,

26th of September to 24th of October 2021 and 8th of November to 4th of December
2021

. DrVirginie Coda-Bouchot, Université de Lorraine et CentraleSupélec, Metz, France, 23rd

of October to 30th of October 2021

. Dr Patrycja Lydzba, Wroclaw University of Science and Technology, 11th of December

to 12th of December 2021 (NQW)

. Dr Giuliano Chiriaco, The Abdus Salam International Centre for Theoretical Physics,

11th of December to 12th of December 2021(NQW)

STAFF

Researchers

1.

RO N AW A

Dr. Steven Daniel Conradson
Prof. Irena Drevensek Olenik*
Dr. Denis Golez

Prof. Viktor Kabanov

Dr. Matjaz Lukac*

Prof. Boris Majaron

Asst. Prof. Alenka Mertelj
Asst. Prof. TomaZ Mertelj

Prof. Dragan Dragoljub Mihailovi¢, Head

. Asst. Prof. Matija Milani¢*

. Dr. Ale§ Mrzel

. Asst. Prof. Natan Osterman*

. Dr. Nerea Sebastian Ugarteche
. Asst. Prof. Lea Spindler*

15.

Dr. Mojca Vilfan

Postdoctoral associates

16.

Dr. Yelyzaveta Chernolevska
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17.

18.
19.

20

Dr. Luka Cmok

Dr. Andrej Petelin
Dr. Igor Vaskivskyi
. Dr. Jaka Vodeb

Postgraduates

21.
22.
23.
24.
25.
26.
27.
28.
29.

Neza Golmajer Zima, B. Sc.

Ziga Gregorin, B. Sc.

Patricija Hribar Bostjancic, B. Sc.
Gregor Jecl, B. Sc.

Andrej Kranjec, B. Sc.

Matija Lovsin, B. Sc.

AnZe Mraz, B. Sc.

Mimoza Naseska, B. Sc.

Ankita Sarkar, M. Sc.

BIBLIOGRAPHY

Department for Complex Matter F-7

30. Yevhenii Vaskivskyi, M. Sc.
31. Rok Venturini, B. Sc.
Technical officers

32. Davor Grabnar, B. Sc.

33. Peter Medle Rupnik, B. Sc.
34. Damjan Svetin, B. Sc.

35. Petra Sutar, B. Sc.

36. Damjan Vengust, B. Sc.
Technical and administrative staff
37. Ula Groznik, B. Sc.

38. Martina Knavs, B. Sc.

39. Barbara Paternoster, B. Sc.

Note:

* part-time JSI member

ORIGINAL ARTICLE

1

1

1

1

1. Matjaz Licen, Stefano Masiero, Silvia Pieraccini, Irena Drevensek-
Olenik, "Reversible photoisomerization in thin surface films from azo-
functionalized guanosine derivatives", ACS omega, 2021, 6, 23, 15421-
15430.

. Ziva Marinko, Luka Suhadolnik, Barbara Setina, Vid Simon Selih, Boris
Majaron, Janez Kovac, Miran Ceh, "Toward a flexible and efficient TiO,
photocatalyst immobilized on a titanium foil", ACS omega, 2021, 6, 36,
23233-23242.

. Gaia Kravanja, Inna A. Belyaeva, Luka Hribar, Irena Drevensek-Olenik,
Matija JezerSek, Mikhail Shamonin, "Tunable drop splashing on
magnetoactive elastomers", Advanced materials interfaces, 2021, 8, 11,
2100235.

4. Dragan Mihailovi¢, Damjan Svetin, Igor Vaskivskyi, Rok Venturini,
Benjamin Lipovsek, Anze Mraz, "Ultrafast non-thermal and thermal
switching in charge configuration memory devices based on 1T —
TaS,", Applied physics letters, 2021, 119, 013106.

.Jure Kosir, Daniele Vella, Matjaz Luka¢, Matija JezerSek, "Towards
personalized and versatile monitoring of temperature fields within
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DEPARTMENT OF REACTOR PHYSICS

During the past year we have been working mainly on:
* theoretical, experimental and applied reactor physics
o plasma physics
o neutron-transport calculations in fusion reactors
 physics of semiconductors
* medical physics

The main objective of the project entitled Stability of nuclear reactors in load-follow mode of operation, which
started in 2020, is to the examine restrictions of the nuclear-power-plant load-follow operation on the nuclear aspects
of the reactor core and nuclear fuel and provide effective solutions for the plant operator regarding how to optimize
the plant’s operation. In 2020 communications with all partners, including the industry partners, were established.
Additionally, the research activities on all the work packages were started and were proceeding according to the
envisioned time schedule. The first research results are expected in 2021.

The objective of the proposed research entitled Sensitivity of nuclear reactor physical parameters to thermal
nuclear data is to generate thermal neutron scattering cross-sections and corresponding covariance data in a rigor-
ous manner that is from first principles, by employing state-of-the-art atomistic simulations, which rely on density
functional theory in combination with lattice or molecular dynamics calculations. As part of the project, activities
regarding atomistic simulations for the needs of producing thermal scattering data have begun. Additionally, com-
munication channels have been established with North Carolina State University, whose experts will contribute
the know-how that will result in a successful start to the project. The work on the project is proceeding according
to the time schedule envisioned in the project’s proposal. The first calculations of the selected benchmark test cases
with the new thermal scattering data were carried out before the end of 2021.

The objective of the proposed research entitled Advances in Thermal Scattering Law Analysis is to generate
thermal neutron scattering cross-sections for materials that have not yet been investigated, such as uranium hydride
fuel, as well as conventional moderators (such as polyethylene, Lucite, Teflon and graphite). In addition to the thermal
neutron scattering cross-sections the corresponding covariance data need to be obtained. A process for generating
thermal neutron scattering cross-sections in a form for use in the Monte Carlo code from a predetermined density
of states was established and tested. The procedure was performed using NJOY modules (LEAPR, RECONR, BROADR,
THERMR and ACER modules). The obtained data are currently in the process of validation with experimental values.
In the next year, activities for the generation of density of states for various materials will begin.

The primary objective of the European TOURR project, which started in 2020, is to develop a strategy for Re-
search Reactors in Europe and to prepare the ground for its implementation. This strategic goal can be divided into
specific objectives: Assessment of the current status of the European RR fleet, including plans for upgrade; evalua-
tion of urgent EU needs; developing tools for the optimal use of the RR fleet and rising awareness among decision
makers on the (future) role of RRs. The JSI is leading the first objective, whereas we are responsible for gathering
information on the status and plans of the fleet of European research reactors. Additionally, we are involved in the
strategy for the dissemination of the results.

Researchers of the Reactor Physics Department provided technical support for the safe operation of the Krsko
nuclear power plant (NPP) in 2021. We have independently performed nuclear-core design calculations for the fuel
cycle 32 and the start-up tests for the new fuel cycle. An independent evaluation of the reload safety evaluation for
the cycle 32 has been performed. In addition, the expertise and calculational support for the future dry storage of
spent nuclear fuel was provided. The focus was on a sensitivity analysis of the main parameters for the spent-fuel
characterization.

In 2021 our team worked on a project to support the NEK power plant in designing and implementing a dry-
storage repository for spent fuel. We conducted studies and made improvements to increase the accuracy of the
spent-fuel source term and reduce uncertainty in future core design calculations. We have established a workflow
for the generation of perturbed WIMS libraries for the purpose of using them in uncertainty propagation and
sensitivity-analysis studies, including a method for simultaneous sampling.

In the framework of the international project E-SiCure2 - Enhancing security at borders and ports, conducted
as an international collaboration and funded by the NATO Science for Peace and Security programme, we initiated
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the development of silicon carbide (SiC) based detectors of multiple radiation types. The research activities are being
carried out on the basis of the results of a previous project - E-SiCure (2016-2019). The goal is the development of
pixelized detectors that will enable the simultaneous detection of thermal and fast neutrons, charged particles as
well as X and gamma radiation. We have carried out an intensive testing campaign of prototype detectors using
alpha particle and neutron sources, and initiated simulations of the detector response for different converter materi-
als, enabling sensitivity to thermal and fast neutrons. The results of the computational search for new converter
materials were presented in a contribution to the NENE 2021 conference, where the work received the reward for
best conference poster.

We continued our collaboration with the Rolls-Royce Civil Nuclear SAS company (Meylan, France) on the topic
of the experimental testing of detectors for nuclear instrumentation at the JSI TRIGA reactor. In 2021 we carried
out a 3-day experimental testing campaign.

In 2021 we continued work in the framework of the European project EURAD, in WP3 CORI - cement-organic
interactions between radionuclides and WP8 SFC - spent fuel characterization. In WP3 of the CORI programme for
radioactive-waste management we investigated interactions between cement, organic molecules and radionuclides

in the context of the safe disposal of low- and intermediate-level radioactive
waste. We performed a study on the radiolysis of superplastificators through
gamma irradiations at the JSI TRIGA reactor. In WP8 we performed several
detailed calculations of the decay heat and photon/neutron source term of
spent fuel assemblies originating from PWR reactors. The focus was on sen-
sitivity and uncertainty analyses with the use of different codes and models.

In 2021 we continued our collaboration efforts in the framework of
the European project ENEEP - European Nuclear Experimental Educational
Platform. The aim of the project is to establish a platform at the European
level, enabling experimental education activities in the field of nuclear
science and engineering for students at all educational levels and young
professionals. The project is being carried out as a collaboration with STU
(Slovakia), CTU (Czech Republic), ATI (Austria) and BME (Hungary). In
2021 we led activities in work package 4 of the project, which will lead to
the establishment of the platform itself.

Figure 1 Energy spectrum of alpha particles coming from a sample In collaboration with colleagues from CEA Cadarache we continued

of americium 241 afler neutron irradiation. The two peaks visible
correspond to the americium 241 and ils activation product curium 242.

106

with research on the feasibility of the use of reactor pulse mode for spe-
cific applications, e.g., for nuclear instrumentation testing at very high
neutron-flux levels, i.e., up to 1016 n cm?s*, achievable only in this operation mode. This requires a capability for
online neutron-flux measurements in challenging conditions, as the neutron flux level changes by 6-7 orders of
magnitude in a few ms. In 2021 a series of test measurements using miniature fission chambers and the MONACO
data-acquisition system developed at the CEA.

In 2021 in collaboration with colleagues from CEA Cadarache we continued activities in the framework of the
project “Experimental Benchmark for validation of the modelling of neutron and gamma instrumentation”. The
aim of the project is to perform an exhaustive experimental campaign at the JSI TRIGA reactor in which the signals
of several detector types will be measured (fission and ionization chambers, self-powered neutron detectors, activa-
tion measurements, thermoluminescent detectors), and the comparison of the experimental data with the results
of simulations performed using the Monte Carlo method.

In collaboration with CEA Cadarache, we continued experimental activities in the framework of the project
on *'Am thermal neutron capture cross-section measurements. Measurements of 22Am/**Cm activation were
performed in the F-19 irradiation channel in the F-ring of the reactor core and the IC-40 irradiation channel in
the graphite reflector of the JSI TRIGA reactor using low-activity *!Am samples, produced at JSI. The activation
measurement in the TRIGA central channel were partially analysed. From the measured activated sample activities,
reaction rates were derived using full uncertainty propagation. A preliminary value of ~720 b was obtained for
the thermal neutron capture cross-section in !Am. A full uncertainty propagation is planned for 2022. In 2022 we
plan the analysis of the measurements in the graphite reflector and F-ring.

In 2021 the project “New inelastic scattering nuclear reactions for epithermal neutron dosimetry” started in
collaboration with CEA Cadarache. The first goal of the project, to search for suitable (n,n’) reactions for irradia-
tion at the JSI TRIGA reactor, was achieved. The second goal, irradiation of standard materials and materials for
activation via (n,n") reactions at the TRIGA reactor, is planned for 2022. The third goal, C/E comparison, is planned
for the end of 2022 or for 2023.
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In 2021 we collaborated within the European SANDA project. The JSI contributes work in several different areas,
including the use of programmes for sensitivity and uncertainty analysis, calculations of benchmark experiments
and their use for the validation and improvement of nuclear data.

We continued an international collaboration led by the Swedish organizations Vattenfall, SKB and SSB in the
field of spent PWR fuel characterization. In connection with the so-called “Blind Test”, where the decay heat from
PWR fuel assemblies was determined, a common publication summarising all the results was being finalised. A
scientific paper is planned for publication in 2022.

In the scope of a collaboration with the International Atomic Energy Agency (TAEA) we participated in the CRP
project “Spent Fuel Characterization”. We contributed a sensitivity analysis of the irradiation parameters and the
influence of different neutron cross-section libraries on the 16x16 spent-fuel characterization.

In collaboration with other departments at the JSI we have demonstrated that both gamma and electron-beam
irradiation can be used for sterilization, provided that the respirators are recharged afterwards. Even though the
FFRs are designed for single use, the pandemic crisis made it necessary to seek for emergency alternatives. This
achievement won the Excellence in Science award from the ARRS.

Non-intermittent, low-carbon energy from nuclear or biofuels is integral to many strategies to achieve Carbon
Budget Reduction targets. However, nuclear plants have high upfront costs and biodiesel manufacture produces
waste glycerol with few secondary uses. Combining these technologies, to precipitate valuable feedstocks from
waste glycerol using ionizing radiation, could diversify nuclear energy use whilst valorising the biodiesel waste.
We demonstrated solketal (2,2-dimethyl-1,3-dioxolane-4-yl) and acetol (1-hydroxypropan-2-one) production is
enhanced in selected aqueous glycerol-acetone mixtures with y radiation.

Last year was important for the Laboratory for Plasma Physics as it represented the beginning of the new FP9
framework programme, where many projects inside the EUROfusion Consortium received new content and were
redressed. We managed to maintain our presence in the MST tokamak experimental campaigns, which are now,
together with the JET tokamak, running under the project name WPTE (Tokamak Exploitation). Due to the Covid-19
epidemics in 2021 we had to limit our contribution to simulations and the development of simulation models of the
filamentary transport within the research task RT15. Our research was directed into divertor and main-chamber
recycling as well as the influence of the filament size. We used computational resources obtained at the super com-
puter HPC Marconi for these simulations and the work will continue in 2022. Because of the Covid-19 situation, our
basic Enabling Research project with an international team titled “Emissive divertor” was extended into 2021. Due
to that extension we were able to develop a coupled model of the emission from a divertor monoblock using a PIC
code and a simple thermal model of the emitting surface. Furthermore, we have completed a successful validation
and verification of our analytical model of the inverted sheath caused by high thermionic emission. The validation
was performed using a PIC kinetic code, which provided us with new insights into the physical properties of such a
sheath, but also revealed some inconsistencies in the code and the model. The latter will be the subject of our work
in 2022. There is a new large project formed in the programmatic scheme of the EUROfusion Consortium called
Theory, Simulation, Verification and Validation (TSVV) project. We became part of two development tasks within
the TSVV, namely the development of kinetic and gyrokinetic codes and the development of divertor models for
the future demonstrational fusion power plant DEMO. In the first task we work on the development of boundary
conditions for gyrokinetic codes and in the second one we are involved in the modelling of the divertor plasma,
the results of which will contribute to an understanding of such plasma and improve the predicative capabilities
of the plasma behaviour in such a low-temperature divertor.

We have started work on the project for the design of the future fusion power plant DEMO in the field of neutronic
calculations, activation, delayed heat and dose-rate calculations. Our task is to calculate the activation and delayed
heat in divertor components for different times after the reactor shutdown. The irradiation scenario consists of
about 5 years of continuous irradiation followed by several reactor pulses, at a fusion power of 2 GW. We are also
involved in the review of the DEMO safety report with the aim of providing as many long-term recommendations
as possible. Our group focuses on conventional hazard analysis and the quantification of radiation sources.

In 2021 we started our work on the project “Machine-learning-based optimization of fusion reactor neutronics
performance”. The work included the parametrisation of simpler models of tokamak that can be used in combination
with optimisation algorithms. We also started to look for suitable optimisation algorithms for use with these models.

In 2021 the F8 team, in collaboration with colleagues from multiple European institutes, laboratories and
universities, analysed results from experimental work on the Joint European Torus - JET tokamak, currently the
largest operational fusion reactor. The majority of our work was dedicated to calculations of neutron field in various
parts of the reactor and comparisons of these values with experimentally obtained values. We simulated detector
responses for various plasma sources (DD, DT, TT) and evaluated the possibility of experimentally determining
the neutron spectrum of the TT plasma source. Our most important results were comparisons of calculations and
measurements for the neutron activation of samples during the C38-DD campaign at JET that were irradiated
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Figure 2: Comparison of calculated absolute fusion gamma-ray spectra and measurements for a detector
position located 20 m from the plasma using a realistic Monte Carlo gamma-ray source. The agreement between
calculations and measurements is excellent and unprecedented for the research field.
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in a long-term irradiation station (O-LTIS). The results showed excellent agreement between the calculated and
experimentally determined activation of samples, which is a good starting point for similar future analyses in sup-
port of the future TT and DT campaigns at JET. Furthermore, in 2021 we also collaborated in development of the
methodology for the simulation of gamma source and transport in tokamak JET. This work is done in support of
the experimental work as gamma-ray measurements could potentially complement fusion-power measurements
performed with neutron detectors.

Within the EUROfusion framework we continued an international collaboration in the field of fusion that stared
more than 20 years ago, specifically on 21-22 March 2000 when Slovenia joined the European fusion program.
In 2021 we contributed with an S/U analysis of 14 MeV neutron-shielding cases, including a new experiment at
FNG in Frascati called WCLL (Water Cooled Lithium Lead). The benchmark experiment was modelled using the
Monte Carlo codes ADVANTG/MCNP for particle transport and SANDY for sensitivity and uncertainty analysis of
nuclear data. In addition, work on
fusion-relevant water activation at
the TRIGA reactor was continued.

We participated in the work of
the Fusion Technology programme
group, which started in January
2019. This programme group in-
cludes leading Slovenian experts in
the field of fusion technologies and
plasma physics from four depart-
ments of the Jozef Stefan Institute
and two faculties of the University
of Ljubljana. Four of the eleven re-
searchers in this group come from
the F8 department.

In 2021 we actively partici-
pated in the JET3-NEXP stream-
ing benchmark experiment. The
project ended in 2021 and is being
continued as part of a new project
entitled Preparation for ITER Op-
eration (Prl0). We continued the
analysis of the experiments to determine neutron streaming performed using thermoluminescent detectors and
activation foils. The simulation of the neutron fluence and reaction rates were conducted using hybrid (determin-
istic/Monte Carlo) transport codes for several experimental locations positioned in the tokamak building, This year
the JSI also contributed a part of the final project report. The record DT experiments performed at JET at the end
of 2021 will be analysed as part of the PrIO project in 2022.

In 2021 we continued our collaboration with the Culham Centre for Fusion Energy in the UK through the ap-
pointment of a post-doctoral researcher to along-term secondment to tokamak JET. In 2021 the researcher continued
in their role of TRANSP responsible officer, offering support to the experimental campaigns at the JET tokamak by
performing plasma-transport analyses and in the roles of diagnostic coordinator and BEAST code inter-shot plasma
expert, both in the control room of JET. We participated in the preparation and analysis of numerous experiments
within the experimental campaigns using tritium and deuterium-tritium plasmas. In the scope of plasma-analysis
support of experiments at JET using a mixture of D-3He fuel, we have measured and modelled the response of
several neutron detectors through the coupling of TRANSP-DRESS-MCNP codes. We have shown that it is possible
to detect the effects of fast ions on neutron spectrum anisotropy in externally heated plasmas using a combination
of indium and aluminium activation foils, which has also been computationally validated. The collaboration ended
in November 2021, as at that time the previous EUROfusion financing ended and a new one began, which does not
include post-doctoral research at JET.

In the field of medical physics, specifically in the biomedical optics, we have continued the research started in
the previous periods. We have based the work around hyperspectral microscopy. We have performed research on
the microscopic structure and optical properties of tissue-mimicking phantoms. The results were compared with
different analytical computations of scattering cross-sections and measurements using other modalities. We have
developed novel contrasts and biomarkers for hyperspectral microscopy based on tissue structure that are able to
classify subjects based on their disease state. These topics presented a significant part of the doctoral thesis of Jost
Stergar while opening new lines of the research for the future. Results were presented on international confer-
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ences from the field. We have continued the close collaboration with the University of Rijeka and the University
of Bologna, where we studied different machine-learning methods for the analysis of medical images and use of
optical methods in the preservation of the cultural heritage. The latter included the development of an imaging
system that enables the two-dimensional acquisition of infrared spectroscopy (FTIR) images and hyperspectral
microscopy of different relevant samples.

In addition we continued our research in the field of positron emission tomography (PET) image analysis. We
focused mainly on the use of PET imaging in neurology, in the differential diagnosis of neurodegenerative diseases.
The use of FDG-PET imaging alone, combined with network analysis, has already been used in research for the
differential diagnosis of parkinsonism and dementia. However, there is still an open question of what FDG-PET
images can be used for network analysis and how many images are needed for a useful model. In our research we
found that a sufficient number of reference images (at least 30 patients and 30 healthy controls) were required
for a successful differential diagnosis. We also found that these images can have relatively poor resolution (in the

Department of Reactor Physics F-8

range 12 to 15 mm FWHM).

As always in recent years, we closely collaborated with the University of Wisconsin - Madison. The groups
continued with the tight organizational integration this year (regular Zoom weekly meetings, internal reviews

of papers, etc.)

Awards and Appointments

1. Andrej Zohar: Best Poster Award, Bled, “30™ International Conference Nuclear Energy for New Europe
- NENE 2021”, September 2021, poster “Silicon carbide neutron detector development computational

support with MCNP”

2. Award of the Slovenian Research Agency (ARRS) for Research Activity of the Republic of Slovenia ‘Excellent
in Science 2021” in the category Technology, subcategory Energy for the work “Sterilization of polypropyl-
ene membranes of facepiece respirators by ionizing radiation” (doi.org/10.1016/j. memsci.2020.118756)

INTERNATIONAL PROJECTS

Irradiation Services for the Rolls-Royce Civil Nuclear SAS Company
Dr. Vladimir Radulovic
Rolls-Royce Civil Nuclear Sas

2. E-SiCure2 - Enhancing Security at Borders and Ports
Prof. Luka Snoj
Nato - North Atlantic Treaty Organisation

3. 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
IAEA - International Atomic Energy Agency

4. TAEA RC 24324 - Spent Fuel Characterization Uncertainties Due to Variations in Fuel
Characteristics and Irradiation History; CRP T13018: Spent Fuel Characterization
Asst. Prof. Marjan Kromar
IAEA - International Atomic Energy Agency

5. H2020 - EURAD; European Joint Programme on Radioactive Waste Management
Dr. Vladimir Radulovi¢
European Commission

6. H2020 - ENEEP; European Nuclear Experimental Educational Platform
Dr. Vladimir Radulovic
European Commission

7. H2020 - SANDA; Supplying Accurate Nuclear Data for Energy and Non-Energy
Applications
Prof. Ivan Aleksander Kodeli
European Commission

8. H2020 - ARIEL; Accelerator and Research Reactor Infrastructures for Education and

12.

13.

14.

15.

16.

17.

18.

19.

H2020 - EUROfusion; Plasma Facing Components-1-IPH-FU, EUROfusion

Dr. Jernej Kovacic

European Commission

H2020 - EUROfusion; Exploitation of DT Operation for ITER-JET3-FU

Prof. Luka Snoj

European Commission

H2020 - EUROfusion; JET Campaigns-JET1-FU

Dr. Ziga Stancar

European Commission

H2020 - EUROfusion; PMI-PPPT-2-FU: Nuclear data

Prof. Ivan Aleksander Kodeli

European Commission

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

Optimization of Neutron Converting Components for Enhanced Performance of Silicon
Carbide Based Neutron Detectors

Prof. Luka Snoj

Slovenian Research Agency

Steady-State and Transient Experimental Benchmark for Validation and Development
of the TRAPID Neutronics Code Using the JSI TRIGA Mark-II Reactor

Prof. Luka Snoj

Slovenian Research Agency

Development of Multiphysics Tools for Plasma and Neutron Transport Calculations in

20.
Learning Modern Fusion Devices
Prof. Ivan éleksapdler Kodeli Dr. Ziga Stancar
European Commission

9. H2020 - TOURR; Towards Optimized Use of Research Reactors in Europe
Prof. Luka Snoj
European Commission

10. H2020 - EUROfusion; Research Unit - Administration and Services RU - FU
Prof. Luka Snoj
European Commission

11. H2020 - EUROfusion; Enabling Research-2-FU

21

22.

Slovenian Research Agency

Steady-State and Transient Experimental Benchmark for Validation and Development
of the TRAPID Neutronics Code Using the JSI TRIGA Mark-II Reactor

Dr. Aljaz Cufar

Slovenian Research Agency

HE - EUROfusion; WP08: DES-1,2_HE-FU

Dr. Aljaz Cufar

D < Kovatic European Commission
r. Jernej Kovadic 23. HE- EUROfusion; WP19: SAE-1_HE-FU
European Commission Domen Kotnik

European Commission
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24,

25.

26.

27.

28.

29.

o0
.:. Jozef Stefan Institute

HE - EUROfusion; WP10: BB_HE-FU

Dr. Gasper Zerovnik

European Commission

HE - EUROfusion; WP06: Prl0-5_HE-FU; WPPrio-ITERneutronics&Safety
Prof. Luka Snoj

European Commission

HE - EUROfusion; WP01: WPTE - Tokamak Exploitation, HE - EUROfusion; WPO1:
WPTEJET

Dr. Jernej Kovacic

European Commission

HE - EUROfusion; WP04: AC- TSVV-4,7_HE-FU

Dr. Jernej Kovacic

European Commission

HE - EUROfusion; WP25: PMU_HE-FU, RU-Mgmt-1_HE-FU

Prof. Luka Snoj

European Commission

HE - EUROfusion; WP24: TRED_HE-FU, EDU_HE-FU

Prof. Luka Snoj

European Commission

RESEARCH PROGRAMMES

Medical physics
Prof. Robert Jeraj
Reactor Physics
Prof. Luka Snoj
Fusion technologies
Prof. Igor Lengar

R&D GRANTS AND CONTRACTS

Contribution to the improvement of nuclear data for higly reliable reactor shielding
calculations

Prof. Ivan Aleksander Kodeli

Absolute radiation measurements at very high neutron flux levels in reactor pulse
mode

Prof. Igor Lengar

Electrocaloric elements for active cooling of electronic circuits

Prof. Luka Snoj

Advances in Thermal Scattering Law Analysis

Prof. Luka Snoj

Experimental Benchmark for validation of the modelling of neutron and gamma
instrumentation

Dr. Vladimir Radulovic

Sensitivity of nuclear reactor physical parameters to thermal nuclear data

Prof. Andrej Trkov

New inelastic scattering nuclear reactions for epithermal neutron dosimetry

Dr. Gasper Zerovnik

Stability of nuclear reactors in load follow mode of operation
Prof. Luka Snoj

Irradiations on the TRIGA Reactor

Prof. Luka Snoj

. Neutron Transport and Criticality Calculations in Reactor Cores

Dr. Vladimir Radulovic
Institut de Radioprotection et de Surete Nucleaire

. Irradiations of FI"TIMS Capsule on the TRIGA Reactor for Years 2020-2022

Prof. Luka Snoj
Cea-commissariat A L' Energie Atomique Et Aux

. Secondment - JET

Dr. Ziga Stancar
United Kingdom Atomic Energy Authority - Ukaea

. SiC Campaign within the Frame of the Contract between CEA/AMU and FRAMATOME

Dr. Vladimir Radulovi¢
Cea Saclay

N EW CONTRACTS

Assessment of ex-core power detector signal dependence on their positions

Prof. Luka Snoj

Krsko Nuclear Power Plant

Independent Evaluation of the NPP Krsko Cycle 32, Reload Safety Evaluation

Asst. Prof. Marjan Kromar

Krsko Nuclear Power Plant

Reload Operational Core Analysis, Post Refuelling Nuclear Design Check Tests, PIS and
KFSS Cycle Specific Data for Future Fuel Cycles (Cycle 31)

Asst. Prof. Marjan Kromar

Krsko Nuclear Power Plant

Activities to support SFDS calculation and implementation

Prof. Luka Snoj

Krsko Nuclear Power Plant

Optimization of storage in dry storage containers - SFDS

Asst. Prof. Marjan Kromar

Krsko Nuclear Power Plant

Support for reviews and calculations in the SFDS project for 2020 and 2021

Prof. Luka Snoj

Krsko Nuclear Power Plant

122612 co-financing of L-project: Stability of nuclear reactors in load follow mode of
operation

Prof. Luka Snoj

Gen Energija, d. 0. 0.

Reload Operational Core Analysis, Post Refuelling Nuclear Design Check Tests, PIS and
KFSS Cycle Specific Data for Future Fuel Cycles (Cycle 32)

Asst. Prof. Marjan Kromar

Krsko Nuclear Power Plant

. NEK PSR3 Project Task ,Safety Analyses

Prof. Luka Snoj
Krsko Nuclear Power Plant

VISITORS FROM ABROAD

110

Dr Loic Barbot, Dr Gregoire de Izarra, Commissariat a I'Energie Atomique - CEA / DER /
SPESI / LDCI, Cadarache, France, 14.-16. 6. 2021

Dr Damien Fourmentel, Dr Hubert Carcreff, Commissariat a 'Energie Atomique - CEA,
Cadarache, France, 19. 7.-23. 7. 2021

Dr Blaz Likozar and Mr. AnZe Prasnikar, National Institute of Chemistry, Ljubljana, 13.
8.2021

Branislav Vrban and Stefan Cerba, Slovak University of Technology in Bratislava,
Bratislava, Slovakia, 6.9.-9.9. 2021

Valentin Valero, IM2NP Laboratory, University Aix-Marseille, France, 20.9.-18. 12. 2021
Prof. Andreas Solders, prof. Dr Zsolt Elter, Uppsala University, Uppsala, Sweden,
27.9.-1.10. 2021

Prof. Piero Ravetto, Politecnico di Torino, Dipartimento Energia, NEMO Group, Torino,
Italy, 18. 10.-21. 10. 2021

Mr. Bret Kugelmass and prof. Adam Zuckerman, Energy Impact Center, Washington
DC, USA, 21. 10. 2021

Zalan Bata, Marcell Kégl, David Korom, Levente Lovas, Budapesti Muszaki es
Gazdasagtudomanyi Egyetem, Budapest, Hungary, 25. 10. 2021

13.
14.

16.
17.

. Prof. Vladimir Demidov, West Virginia University, Morgantown, WV, USA, 29. 10. 2021-

28.10. 2022

. Dr Damien Fourmentel and Dr Gregoire De Izarra, CEA Cadarache, France; Dr Laurent

Ottaviani, University Aix-Marseille, France; Mr Patrick Konrad, Mr Heiko Jasper and Mr
Patrick Weidenauer, Framatome, France, 2. 11.-5. 11. 2021

. Mrs. Christelle Reynards Carette, Mr Adrien Volte and Mr Michel Carette, University

Aix-Marseille, France, 8. 11.-12. 11. 2021

Dr Christophe Destouches, CEA Cadarache, France, 15. 11.-19. 11. 2021

Dr Elchin Huseynov, National Nuclear Research Centre, Baku, Azerbaijan, 19.
11.-27. 11. 2021

. Dr Laurent Ottaviani, Institute Matériaux Microélectronique Nanosciences de Provence,

University Aix-Marseille, France, 22. 11.-27. 11. 2021

Dr Loic Barbot and Dr Gregoire de Izarra, CEA, Cadarache, France, 6. 12.-10. 12. 2021
Mr. Danilo Bisiach, Mr. Jure Trnovec and Mr. Sebastjan Zorzut, [-Tech, Solkan, Slovenia,
7.12.2021
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STAFF

Researchers

i AN

Dr. Dusan Cali¢

Dr. AljaZ Cufar

Prof. Tomaz Gyergyek*

Prof. Robert Jeraj

Prof. Ivan Aleksander Kodeli
Asst. Prof. Marjan Kromar
Prof. Igor Lengar

Asst. Prof. Matija Milanic*
Dr. Vladimir Radulovic

. Dr. Urban Simoncic*

. Prof. Luka Snoj, Head
. Prof. Andrej Trkov

. Dr. Gasper Zerovnik

Postdoctoral associates

Department of Reactor Physics

18. Dr. Jost Stergar

19. Dr. Ziga Stancar, left 01.11.21
Postgraduates

20. Tanja Goricanec, B. Sc.

21. Domen Kotnik, B. Sc.

22. Jan Malec, B. Sc.

23. Stefano Marciano, M. Sc., left 01.07.21
24. AnZe Pungercic, B. Sc.

25. Ingrid Svajger, B. Sc.

26. Andrej Zohar, B. Sc.

Technical officer

27. Sasa Skof, B. Sc.

Technical and administrative staff
28. Slavko Slavic, B. Sc.

29. Bojan Zefran

14. Dr. Klemen Ambrozi¢
15. Stefan Costea, M. Sc. Note:
16. Dr: Bor Kos, left 07.06.21 i
il * 1 I
17. Dr. Jernej Kovacic parttime Sl member
13. Chiara Piron et al. (12 avtorjev), the JET Contributors, "Development of
ORIGINAL ARTICLE the RAPTOR suite of codes towards real-time reconstruction of JET
1. Michal Kostél et al. (12 authors), "Validation of IRDFE-II library in VR-1 discharges", Fusion engineering and design, 2021, 169, 112431,

(=)}

10.

11.

12.

reactor field using thin targets", Annals of Nuclear Energy, 2021, 158,
108268.

. Denise Neudecker, Oscar Cabellos, Alexander R. Clark, Wim Haeck,

Roberto Capote, Andrej Trkov, Morgan C. White, Michael E. Rising,
"Which nuclear data can be validated with LLNL pulsed-sphere
experiments?", Annals of Nuclear Energy, 2021, 159, 108345.

. Luca Fiorito, Pablo Romojaro, Oscar Cabellos, M. Garcia-Hormigos,

Augusto Hernandez Solis, S. Sanchez-Fernandez, Alexey Yu Stankovsky,
Gert Van den Eynde, Ga$per Zerovnik, "On the use of criticality and
depletion benchmarks for verification of nuclear data", Annals of
Nuclear Energy, 2021, 161, 108415.

. Mike Herman et al. (13 authors), "Infrastructure for the new paradigm

of nuclear reaction evaluation”, Annals of Nuclear Energy, 2021, 163,
108494.

.Marco T. Pigni, Roberto Capote, Andrej Trkov, "Progress on the

reevaluation and validation of the n+233U neutron cross sections
Annals of Nuclear Energy, 2021, 163, 108595.

. Vladimir Sobes, Cyrille de Saint-Jean, Dimitri Rochman, Oscar Cabellos,

Andrew Holcomb, Eric Bauge, Roberto Capote, Andrej Trkov, Michael
Fleming, "WPEC Subgroup 44 computational Inter-comparison exercise
on correlations in nuclear data libraries", Annals of Nuclear Energy,
2021, 164, 108605.

Anze Jazbec, Bor Kos, Klemen Ambrozi¢, Luka Snoj, "Dose rate
calculations at beam tube 5 of the JSI TRIGA mark II research reactor
using Monte Carlo method", Applied Radiation and Isotopes, 2021, 168,
109510.

Michal Kostal et al. (13 authors), "Testing of various neutron filters in
reference neutron field in LR-0 reactor for nuclear data validation and
verification", Applied Radiation and Isotopes, 2021, 169, 109566.

. Arran George Plant, Bor Kos, AnZe Jazbec, Luka Snoj, Vesna Najdanovi¢-

Visak, Malcolm John Joyce, "Nuclear-driven production of renewable
fuel additives from waste organics", Communications chemistry, 2021,
4,132.

Ivana Capan, Tomislav Brodar, Takahiro Makino, Vladimir Radulovi¢,
Luka Snoj, "M-Center in Neutron-Irradiated 4H-SiC", Crystals, 2021, 11,
11, 1404.

Andrej Zohar, Igor Lengar, Massimo Nocente, Luka Snoj, Ziga Stancar,
JET Contributors, "Modelling of plasma gamma ray sources in large
tokamaks", Fusion engineering and design, 2021, 163, 112158.

Domen Kotnik, Bor Kos, Igor Lengar, Aljaz Cufar, Christian Bachmann,
Luka Snoj, "Assessment of sky-shine in DEMO during breeding blanket
maintenance", Fusion engineering and design, 2021, 167, 112348.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Vladimir Radulovi¢, Sebastjan Rupnik, Jonathan Naish, Steve Bradnam,
Zamir Ghani, Sergey Popovichev, Vasili Kiptily, Paola Batistoni, Rosaria
Villari, Luka Snoj, JET Contributors, "Preparation of a water activation
experiment at JET to support ITER", Fusion engineering and design,
2021,169,112410.

Jonathan Naish, Paola Batistoni, Bor Kos, Barbara Obryk, Rosaria Villari,
Theodora Vasilopoulou, Ion Stamatelatos, JET Contributors,
"Comparison of neutron flux streaming calculations to the 2019-2020
JET experimental deuterium-deuterium results", Fusion engineering
and design, 2021, 170, 112538.

Igor Lengar, Domen Kotnik, Bor Kos, Aljaz Cufar, Christian Bachmann,
Luka Snoj, "Shutdown dose rate calculations with modified DEMO
single sector model", Fusion engineering and design, 2021,171, 112569.
loannis Tsitsimpelis, Andrew West, Mauro Licata, M. D. Aspinall, AnZe
Jazbec, Luka Snoj, Philippe A. Martin, Barry Lennox, Malcolm John Joyce,
"Simultaneous, robot-compatible gamma-ray spectroscopy and
imaging of an operating nuclear reactor”, IEEE sensors journal, 2021, 21,
4, 5434-5443.

Luka Rogelj, Urban Simonci¢, Tadej Tomanic¢, Matija JezerSek, Urban
Pavlovcic, Jost Stergar, Matija Milanic, "Effect of curvature correction on
parameters extracted from hyperspectral images", Journal of
biomedical optics, 2021, 26,9, 096003.

Luka Pirker et al (11 authors), "Sterilization of polypropylene
membranes of facepiece respirators by ionizing radiation", Journal of
membrane science, 2021, 619, 118756.

Marjan Kromar, Bojan Kurin¢i¢, "Comparison of the ENDF/B-VIILO,
ENDF/B-VII.1, ENDF/B-VIIL.0 and JEFF-3.3 Libraries for the Nuclear
Design Calculations of the NPP Krsko with the CORD-2 System", Journal
of nuclear engineering and radiation science, 2021, 8, 4, 041501.
Robert Bernat, Luka Bakra¢, Vladimir Radulovi¢, Luka Snoj, Takahiro
Makino, Takeshi Ohshima, Zeljko Pastuovi¢, Ivana Capan, "4H-SiC
Schottky barrier diodes for efficient thermal neutron detection”,
Materials, 2021, 14, 17, 5105.

Gustavo P. A. Nobre et al. (12 authors), "Newly evaluated neutron
reaction data on Chromium isotopes”, Nuclear data sheets, 2021, 173,
1-41.

Anze Jazbec, AnZe Pungerci¢, Bor Kos, Klemen Ambrozi¢, Luka Snoj,
"Delayed gamma radiation simulation in case of loss of water event
using Monte Carlo method", Nuclear Engineering and Design, 2021, 378,
111170.

Carolina Introini, Davide Chiesa, Stefano Lorenzi, Massimiliano Nastasi,
Ezio Previtali, Andrea Salvini, Monica Sisti, Luka Snoj, Antonio Cammi,
"Assessment of the integrated mass conservative Kalman filter
algorithm for Computational Thermo-Fluid Dynamics on the TRIGA
Mark Il reactor”, Nuclear Engineering and Design, 2021, 384, 111431.
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25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

®
o Jozef Stefan Institute

Bor Kos, Aljaz Cufar, Ivan Aleksander Kodeli, "ASUSD nuclear data
sensitivity and uncertainty program package: Validation on fusion and
fission benchmark experiments”, Nuclear Engineering and Technology,
2021,53,7,2151-2161.

Tanja Gori¢anec, Ziga Stancar, Domen Kotnik, Luka Snoj, Marjan
Kromar, "Applicability of the Kr$ko nuclear power plant core Monte
Carlo model for the determination of the neutron source term", Nuclear
Engineering and Technology, 2021, 53, 11, 3528-3542.

Vasily Kiptily et al. (14 authors) and JET Contributors, "Evidence for
Alfvén eigenmodes driven by alpha particles in D—3He fusion
experiments on JET", Nuclear fusion, 2021, 61, 11, 114006.

Anna Teplukhina, Mario Podesta, Francesca Poli, G. Szepesi, Yevgen
Kazakov, Phillip Bonofiglo, Marina Gorelenkova, Massimo Nocente,
Jozef Ongena, Ziga Stancar and JET Contributors, "Fast ion transport by
sawtooth instability in the presence of ICRF-NBI synergy in JET
plasmas", Nuclear fusion, 2021, 61, 11, 116056.

L. W. Packer et al. (20 authors) and JET Contributors, "Technological
exploitation of the JET neutron environment: progress in ITER
materials irradiation and nuclear analysis", Nuclear fusion, 2021, 61, 11,
116057.

Davide Laghi, Marco Fabbri, Lorenzo Isolan, Marco Sumini, Georg
Shnabel, Andrej Trkov, "Application of JADE V&V capabilities to the new
FENDL v3.2 beta release”, Nuclear fusion, 2021, 61, 11, 116073.

Emilia R. Solano et al (34 authors) and JET Contributors, "L-H
transition threshold studies in helium plasmas at JET", Nuclear fusion,
2021, 61, 12,124001.

Ziga Stancar et al. (20 authors) and JET Contributors, "Experimental
validation of an integrated modelling approach to neutron emission
studies at JET", Nuclear fusion, 2021, 61, 12, 126030.

Valerio Mascolino, Alireza Haghighat, Luka Snoj, "Verification and
Validation of RAPID Formulations and Algorithms based on Dosimetry
Measurements at the JSI TRIGA Mark-II Reactor"”, Nuclear science and
engineering, 2021, 195,9,937-953.

Melpomeni Fani et al. (13 authors), "Selection of the first **™Tc-labelled
somatostatin receptor subtype 2 antagonist for clinical translation-
preclinical assessment of two optimized candidates", Pharmaceuticals,
2021, 14, 19.

Mihaela Sin, Roberto Capote, M. W. Herman, Andrej Trkov, B.V. Carlson,
"Modeling photon-induced reactions on 2337238U actinide targets ",
Physical review. C,2021,103, 054605.

Steven R. Meikle et al. (32 authors), "Quantitative PET in the 2020s: a
roadmap"”, Physics in Medicine & Biology, 2021, 66, 06rm01.

Yevgen. Kazakov et al. (62 authors), JET Contributors, ASDEX Upgrade
Team, EUROfusion MST1 Team, and Alcator C-Mod Team, "Physics and
applications of three-ion ICRF scenarios for fusion research", Physics of
plasmas, 2021, 28, 2,020501.

Tomaz Gyergyek, Stefan Costea, Kristof Bajt, Anej Vali¢, Jernej Kovacic,
"Formation of an inverted sheath in a one-dimensional bounded plasma
system studied by particle-in-cell simulation", Physics of plasmas, 2021,
28,12,123507.

Stefan Costea, Jernej Kovaci¢, David Tskhakaya, Roman Schrittwieser,
Tomaz Gyergyek, Tsviatko K. Popov and the EUROfusion MST1Team,
"Particle-in-cell simulations of parallel dynamics of a blob in the scrape-
off-layer plasma of a generic medium-size tokamak", Plasma physics and
controlled fusion, 2021, 63, 5, 055016.

Anthony Field et al. (20 authors) and JET Contributors, "The impact of
fuelling and W radiation on the performance of high-power, ITER-
baseline scenario plasmas in JET-ILW", Plasma physics and controlled
fusion, 2021, 63,9, 095013.

Andrew West, loannis Tsitsimpelis, Mauro Licata, AnZe Jazbec, Luka
Snoj, Malcolm J. Joyce, Barry Lennox, "Use of Gaussian process
regression for radiation mapping of a nuclear reactor with a mobile
robot", Scientific reports, 2021, 11, 1, 13975.

Ana Marin, Nina Verdel, Matija Milani¢, Boris Majaron, "Noninvasive
monitoring of dynamical processes in bruised human skin using diffuse
reflectance spectroscopy and pulsed photothermal radiometry”,
Sensors, 2021, 21,1, 302.

ShengLi Tzeng, Jun Zhu, Amy ]J. Weisman, Tyler ]. Bradshaw, Robert
Jeraj, "Spatial process decomposition for quantitative imaging
biomarkers using multiple images of varying shapes”, Statistics in
medicine, 2021, 40, 5, 1243-1261.

REVIEW ARTICLE
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1. José Coutinho et al. (14 authors), "Silicon carbide diodes for neutron
detection”, Nuclear instruments and methods in physics research. Section

A, Accelerators, spectrometers, detectors and associated equipment,
2021,986, 164793.

PUBLISHED CONFERENCE CONTRIBUTION

1

[\S}

w

(%2}

O

10.

11.

12.

13.

. Andrej Zohar et al. (19 authors) and JET Contributors, "Long term

neutron activation in JET DD operation”, In: ANIMMA 2021, 7th
International Conference on Advancements in Nuclear Instrumentation
Measurement Methods and their Applications, 21-25 June 2021, Prague,
Czech Republic, Proceedings, (EP] web of conferences 253), 2021,
03005.

. Valentin Valero, Licia Ottaviani, Abdallah Lyoussi, H. Ghninou, Vladimir

Radulovi¢, Luka Snoj, AnZe Punger¢ic, A. Volte, M. Carette, C. Reynard-
Carette, "3-D thermal and radiation-matter interaction simulations of a
SiC solid-state detector for neutron flux measurements in JSI TRIGA
Mark II research reactor", In: ANIMMA 2021, 7th International
Conference on Advancements in Nuclear Instrumentation Measurement
Methods and their Applications, 21-25 June 2021, Prague, Czech Republic,
Proceedings, (EPJ web of conferences 253), 2021, 04009.

. Vladimir Radulovi¢, Loic Barbot, Grégoire De Izzara, Julijan Peric, Igor

Lengar, "Reactor pulse operation for nuclear instrumentation detector
testing - preparation of a dedicated experimental campaign at the JSI
TRIGA reactor”, In: ANIMMA 2021, 7th International Conference on
Advancements in Nuclear Instrumentation Measurement Methods and
their Applications, 21-25 June 2021, Prague, Czech Republic, Proceedings,
(EPJ web of conferences 253), 2021, 04019.

. Jan Malec, Michael Osterlund, Andreas Solders, Ali Al-Adili, AnZze Jazbec,

Sebastjan Rupnik, Vladimir Radulovi¢, Igor Lengar, Luka Snoj, "On
teaching experimental reactor physics in times of pandemic”, In:
ANIMMA 2021, 7th International Conference on Advancements in
Nuclear Instrumentation Measurement Methods and their Applications,
21-25 June 2021, Prague, Czech Republic, Proceedings, (EP] web of
conferences 253), 2021, 10001.

. Vladimir Radulovi¢ et al. (16 authors), "The European nuclear

experimental educational platform - ENEEP: Progress, prospects and
remote education capabilities”, In: ANIMMA 2021, 7th International
Conference on Advancements in Nuclear Instrumentation Measurement
Methods and their Applications, 21-25 June 2021, Prague, Czech Republic,
Proceedings, (EPJ] web of conferences 253), 2021, 10002.

Jost Stergar, Katja Lakota, Martina PerSe, Matija Tomsi¢, Matija Milanic,
"Vasculature based biomarkers and segmentation from hyperspectral
images of murine peritonitis model", In: European Conferences on
Biomedical Optics 2021, ECBO, 20-24 June 2021, Munich, Germany,
Optica, 2021, ETulA.6.

. Tadej Tomani¢, Luka Rogelj, Matija Milani¢, "GPU-accelerated inverse

adding-doubling algorithm for analysis of skin hyperspectral images”,
In: European Conferences on Biomedical Optics 2021, ECBO, 20-24 June
2021, Munich, Germany, Optica, 2021, EW4A37.

. Ingrid Svajger, Luka Snoj, "Evaluation of reactor pulse experiments”, In:

M&C 2021, The International Conference on Mathematics and
Computational Methods Applied to Nuclear Science and Engineering
2021, 3-7 October 2021, Proceedings, ANS, 2021, 1490-1499.

.Vid Merljak, Marjan Kromar, "Comparing different approaches to

calculating decay heat power of a spent fuel dry storage cask for Krsko
NPP", In: NENE 2021, 30th International Conference Nuclear Energy for
New Europe, September 6-9, Bled, Slovenia, Proceedings, Nuclear Society
of Slovenia, 2021, 304.

Daniel Lopéz Aldama, Andrej Trkov, Roberto Capote Noy, "On the
processing of thermal scattering law data into ACE format for Monte
Carlo transport calculations”, In: NENE 2021, 30th International
Conference Nuclear Energy for New Europe, September 6-9, Bled,
Slovenia, Proceedings, Nuclear Society of Slovenia, 2021, 305.

Anze Pungeré¢i¢, Vladimir Radulovié, Ingrid Svajger, Luka Snoj,
"Upgrades to the Monte Carlo computational model of the JSI TRIGA
research reactor”, In: NENE 2021, 30th International Conference Nuclear
Energy for New Europe, September 6-9, Bled, Slovenia, Proceedings,
Nuclear Society of Slovenia, 2021, 306.

Ingrid gvajger, Nina C. Fleming, Benjamin Laramee, Gilles Noguere,
Ayman I. Hawari, Luka Snoj, Andrej Trkov, "Thermal scattering law data
for zirconium hydride from first-principles”, In: NENE 2021, 30th
International Conference Nuclear Energy for New Europe, September 6-
9, Bled, Slovenia, Proceedings, Nuclear Society of Slovenia, 2021, 307.
Anze Pungercic, Alireza Haghighat, Luka Snoj, "Further development of
RAPID code extension for TRIGA reactor 3D burnup calculations”, In:
NENE 2021, 30th International Conference Nuclear Energy for New
Europe, September 6-9, Bled, Slovenia, Proceedings, Nuclear Society of
Slovenia, 2021, 308.

Annual Report 2021



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Domen Kotnik, Kristina Pahor, Luka Snoj, Igor Lengar, "Parametric
analysis of the closed water activation loop at the JSI TRIGA reactor”, In:
NENE 2021, 30th International Conference Nuclear Energy for New
Europe, September 6-9, Bled, Slovenia, Proceedings, Nuclear Society of
Slovenia, 2021, 309.

Anze Jazbec, Vladimir Radulovi¢, Sebastjan Rupnik, Borut Smodis, Luka
Snoj, "Jozef Stefan Institute TRIGA research reactor activities in the
period from September 2020 - August 2021", In: NENE 2021, 30th
International Conference Nuclear Energy for New Europe, September 6-
9, Bled, Slovenia, Proceedings, Nuclear Society of Slovenia, 2021, 314.
Andrej Zohar, Vladimir Radulovi¢, Luka Snoj, Robert Bernat, Luka
Bakra¢, Ivana Capan, Takahiro Makino, "Silicon carbide neutron
detector development - computational support with MCNP", In: NENE
2021, 30th International Conference Nuclear Energy for New Europe,
September 6-9, Bled, Slovenia, Proceedings, Nuclear Society of Slovenia,
2021, 316.

Dusan Cali¢, "Analyses of the doppler coefficient of reactivity using
Monte Carlo and deterministic codes", In: NENE 2021, 30th
International Conference Nuclear Energy for New Europe, September 6-
9, Bled, Slovenia, Proceedings, Nuclear Society of Slovenia, 2021, 317.
Bor Kos, Roberta Cirillo, AnZe Punger¢ic, Gabriel Lazaro Pavel, Luka
Snoj and TOURR contributors "Gathering of data on the European
research reactor fleet as part of the TOURR project”, In: NENE 2021,
30th International Conference Nuclear Energy for New Europe,
September 6-9, Bled, Slovenia, Proceedings, Nuclear Society of Slovenia,
2021, 318.

Dugan Cali¢, Marjan Kromar, "Impact of the various nuclear data
libraries on the NPP Krsko spent fuel characterization", In: NENE 2021,
30th International Conference Nuclear Energy for New Europe,
September 6-9, Bled, Slovenia, Proceedings, Nuclear Society of Slovenia,
2021, 319.

Jan Malec, Du$an Cali¢, Andrej Trkov, "Burnup-dependent isotopic
compositions of PWR fuel pins using OpenMC and WIMS with ENDF/B-
VIII nuclear data library", In: NENE 2021, 30th International Conference
Nuclear Energy for New Europe, September 6-9, Bled, Slovenia,
Proceedings, Nuclear Society of Slovenia, 2021, 321.

Marjan Kromar, Dusan Cali¢, "Impact of different fuel temperature
models on the nuclear core design predictions of the NPP Krsko", In:
NENE 2021, 30th International Conference Nuclear Energy for New
Europe, September 6-9, Bled, Slovenia, Proceedings, Nuclear Society of
Slovenia, 2021, 322.

Tanja Gori¢anec, Marjan Kromar, Andrej Kav¢i¢, Bor Kos, Rok Bizjak,
Igor Lengar, BoZidar Kranjc, Luka Snoj, "Analysis of the effect of Krsko
NPP ex-core detector position on their response", In: NENE 2021, 30th
International Conference Nuclear Energy for New Europe, September 6-
9, Bled, Slovenia, Proceedings, Nuclear Society of Slovenia, 2021, 503.
Aljaz Cufar, Christian Bachmann, Tom Berry, René Chavan, Tim Eade,
Thomas Franke, Bor Kos, Dieter Leichtle, Peter Spaeh, Minh Quang
Tran, "Neutronics analyses of EU DEMO 2020 EC port configuration”,
In: NENE 2021, 30th International Conference Nuclear Energy for New

Department of Reactor Physics F-8

Europe, September 6-9, Bled, Slovenia, Proceedings, Nuclear Society of
Slovenia, 2021, 804.

24. Ga$per Zerovnik, Vladimir Radulovi¢, Ljudmila Benedik, Bor Kos, TjaZ

Gantar, Gilles Noguere, "Method for analysis of neutron activation
measurements of Am-241 with uncertainty propagation”, In: NENE
2021, 30th International Conference Nuclear Energy for New Europe,
September 6-9, Bled, Slovenia, Proceedings, Nuclear Society of Slovenia,
2021, 1006.

25.Jan Malec, Vladimir Radulovi¢, Igor Lengar, AnZe Jazbec, Sebastjan

Rupnik, Michael Osterlund, Ali Al-Adili, Andreas Solders, Luka Snoj,
"Remote research reactor exercises during pandemic induced
lockdown", In: NENE 2021, 30th International Conference Nuclear
Energy for New Europe, September 6-9, Bled, Slovenia, Proceedings,
Nuclear Society of Slovenia, 2021, 1104.

26. Sandi Cimerman, Bojan Zefran, "Upgrading of HPCC at reactor center JSI

in the last decade", In: NENE 2021, 30th International Conference
Nuclear Energy for New Europe, September 6-9, Bled, Slovenia,
Proceedings, Nuclear Society of Slovenia, 2021, 1108.

27.]Jan Malec, Klemen Ambrozi¢, Marjan Kromar, "Development of fuel

characterization tool based on library interpolation”, In: PHYSOR 2020,
International Conference on Physics of Reactors: Transition to a scalable
nuclear future, 29 March-2 April 2020, Cambridge, Proceedings, (EP]
Web of Conferences 247), 2021, 12004.

28. Augusto Hernandez Solis, Klemen Ambrozi¢, Dusan Cali¢, Luca Fiorito,

Bor Kos, Marjan Kromar, Peter Schillebeeckx, Alexey Stankovskiy,
Gasper Zerovnik, "Boundary condition modeling effect on the spent fuel
characterization and final decay heat prediction from a PWR assembly”,
In: PHYSOR 2020, International Conference on Physics of Reactors:
Transition to a scalable nuclear future, 29 March-2 April 2020,
Cambridge, Proceedings, (EP] Web of Conferences 247), 2021, 12008.

INDEPENDENT COMPONENT PART OR A
CHAPTER IN A MONOGRAPH

1. Damijan Valentinuzzi, Katja Ursi¢ Valentinuzzi, Matea Maruna, Simon
Bucek, Urban Simonci¢, Martina Vrankar, Maja Cemazar, Gregor Sersa,
Robert Jeraj, "Computational modeling and experimental investigations
to enhance the successful response of anti-PD-1 cancer
immunotherapies”, In: The physics of cancer: research advances, World
Scientific, 2021, 145-164.

THESES AND MENTORING

1. Jost Stergar, Combined hyperspectral imaging of macroscopic and
microscopic samples for tissue optical and structural properties
evaluation: doctoral dissertation, Ljubljana, 2021 (mentor Matija
Milanic).

Annual Report 2021

113






DEPARTMENT OF EXPERIMENTAL
PARTICLE PHYSICS F-9

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 atinternational centres for particle physics
at CERN near Geneva and at KEK in Tsukuba. The department is also engaged in developing and
applying technologically advanced particle detectors, which 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.

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 affordable only as joint international enterprises. Thus, future accelerators will be unique facilities of their Head:
kind, an example is the Large Hadron Collider (LHC) at the European Organization for Nuclear Research (CERN) Prof. Marko Mikuz
near Geneva. Researchers 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 at CERN and the Japanese centre KEK
in Tsukuba. We are taking part in two experiments, each conducted as an international collaboration:

e ATLASatthe Large Hadron Collider (LHC) at CERN (3000 researchers, 183 institutions from 38 countries),

e Belle Il at the asymmetric electron-positron collider (KEK-B) at KEK (1679 researchers, 123 institutions

from 26 countries)

In the field of astroparticle physics we are part of the Pierre Auger
collaboration (250 researchers, 94 institutions 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 2021 activities follows, focused on the
contributions of our researchers:

In the analysed data, new limits on dark-matter
searches were set as well as the first results

of spectral correlation analysis of heavy ion
collisions (Xe + Xe)

ATLAS experiment
In the past 3 years an upgrade is taking place at CERN, because the
Large Hadron Collider (LHC), as well as its detectors, are being upgraded
before the next re-start, which gives us much-needed time to analyse the
data collected so far. This year the new data taking period, named “Run 3”,
is starting. The years 2015-2018 mark at CERN the data-taking period of the
Large Hadron Collider (LHC) named “Run 2”. In the year 2015 the upgraded
Large Hadron Collider LHC began its operation at CERN and reached a record
centre-of-mass energy of 13 TeV. The end of the “Run 2” of the LHC's operation
subsequently finished at the end of 2018 with heavy ion collisions (Pb-Pb) at
a centre-of-mass energy of 5.02 TeV. The amount of the ATLAS experiment
proton-proton collision data at 13 TeV in the year 2015-2018 reached the in- gy, 1. Event display associated to search for heavy resonances decaying
tegrated luminosity of 150 fb" of exceptional data, whereby the LHC exceeded  into @ W boson and a Higgs boson in final states with leptons and b-jels in
all expectations and facilitated the recording of the largest quantity of dataat pp collisions at 13 TeV with the ATLAS detector. The W boson candidate is
the ATLAS experiment o far. This set of unique data (Figure 1) led to the most €072prised of the muon and missing transverse energy, where the muon is

. . . indicated by the red line and the missing transverse energy is indicated
precise Run 2 searches for new physics beyond the Standard Model hitherto by the dotted white line. The Higgs boson candidate is comprised of the

achieved. In the analyzed data new limits on dark matter searches were largejet, indicated by the blue cone. The yellow blocks correspond to energy
set as well as the first results of a spectral correlation analysis of heavy ion depositions in the hadronic calorimeler.
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Figure 2: A photo of a 6” silicon wafer with large multi-channel LGAD
(1515 pads) produced at FBK which are suitable for the ATLAS
experiment. These sensors use a carbon-enriched gain layer.

collisions (Xe + Xe); furthermore, rare Higgs boson decays were detected for
the first time (H— pu, H— Zy), for a final confirmation of these measure-
ments, however, more data is needed. In addition, a considerable number
of different theories, which extend the Standard Model, were excluded and
there are some indications for potential new discoveries in particle physics.
However, for confirming or refuting these the full set of recorded data needs
to be analysed. The next year will still be full of challenges and expectations
of pivotal events. In 2021 the ATLAS collaboration published more than 60
scientific papers in the most distinguished scientific journals, bringing the
total number of scientific papers published by the collaboration to 1030,
with more than a hundred further papers in preparation.

ATLAS Ljubljana group plays the leading role in designing, building and
operating several beam- and radiation-monitoring systems: ATLAS Beam
Condition Monitor (BCM), Beam Loss Monitor (BLM), Radiation Monitor
(RADMON) and Diamond Beam Monitor (DBM). BCM was built to monitor
conditions of the LHC beams and issue warnings about unexpected and
potentially dangerous situations. In the first part of the LHC's operation it
served as the main luminosity monitor of ATLAS. BLM, on the other hand,
is solely a safety system and protects ATLAS Inner Detector from potential
damage by LHC beams. BLM operates independently in parallel with BCM.
It fired a few times and successfully extracted LHC beams and prevented
potential damage to the detectors. RADMON records the doses received by
different parts of the ATLAS Inner Detector. In 2021 readout electronics and

control software of the BOM was upgraded and, together with BLM, re-integrated into the ATLAS data-acquisition
system and prepared for taking data in 2022.

Atlas detector upgrade

In 2021 the LHC was preparing for the new data-taking period “Run 3” which will start in 2022 and will go on
until the end of 2025. After “Run 3" a major upgrade of the LHC to the High Luminosity LHC (HL-LHC) will start.
The beginning of the HL-LHC’s operation is scheduled for 2028. To adapt to HL-LHC conditions a major upgrade of
the ATLAS detector will be made during this shutdown period. A large part of the ATLAS collaboration, including the

The operation of LGADs in High Granularity
Timing Detector in ATLAS will be limited to
much lower bias voltages than in the laboratory
because of destructive events - single-event
burnout. This effect will make the use of carbon-
enriched sensors mandatory in ATLAS.

Figure 3: The photograph shows the robot testing a flexible circuit. Tiwo mov-
able test stations equipped with cameras can be seen. Stations electrically
contact the circuit and measure its properties and detect irregularities.
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group from the F9 department, is intensively working on the development
and the building of detector systems for the upgrade.

The group from the F9 department has taken the leading role in the
development of a new system, based on pCVD diamond sensors, named
BCM'. It will replace the current beam abort and luminosity monitors. A
dedicated rad-hard ASIC readout chip Calypso, which will be used to amplify
and discriminate the signals coming from the segmented pCVD diamond
sensor, has been developed. In 2021 the radiation hardness of the chip
was verified in several irradiation experiments. The performance of the

diamond sensor read out by the new chip was successfully tested in the test
beam. Various components of the system were designed and manufactured,
and their functionality verified. BOM” is placed near the interaction point and
is a subsystem of the pixel detector. Support structure and electrical and data
connections must be harmonized with that of the pixel detector system and
comply with very strict engineering and radiation-hardness constraints.
The High Granularity Timing Detector has officially become part of an
ATLAS upgrade for the High-Luminosity LHC upgrade in 2020. The JSI group
has taken a large part in the development and testing of suitable Low Gain
Avalanche Detectors (LGADs) for the HGTD (Figure 2) as documented in
several publications. We tested sensors from different producers and showed
their suitability for use in the ATLAS experiment. The dependence of charge
collection and timing properties of the sensors on neutron fluence were sys-
tematically measured. We contributed to the development of different LGAD
gain layer designs and showed the beneficial effect of carbon co-implantation
on the radiation hardness of the LGADs, particularly the reduced acceptor
removal. Measurements in the beam of highly energetic particles showed
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that the use of LGADs is limited to much lower voltages than in the laboratory, due to destructive events (single
event burnout), which make the use of carbon-enriched sensors mandatory in ATLAS. We demonstrated the stable
operation of large LGAD arrays, irradiated and non-irradiated, over prolonged periods of time in similar conditions,
as expected in the ATLAS experiment.

In 2021 the ATLAS collaboration continued assembling components to upgrade the inner part of the detector
(Inner tracker - ITk). Silicon microstrip sensors will be used for tracking charged particles. By the end of 2021
ATLAS assembled about 5% of the components, which represents pre-series production. Our group participates
in the process of ensuring the quality of the sensors (QA). At the reactor centre in Podgorica we irradiated test
structures made on silicon wafers with neutrons. Regular irradiations

are planned every month for a period of 4 years. In a specially designed ~ More than 1000 large flexible circuits for silicon
measurement setup, we measure the response of the sensors to electrons  strip detector modules will be produced. Each
from a?Sr source with the ALIBAVA multi-channel readout system. Allthe  circuit will be tested three times in different
sensors from the pre-series showed the expected degradation of thesignals, ~ stages of detector assembly process.

the signal is reduced to about a third after irradiation with 1.6 10° n, e,
this corresponds to about 7500 electrons. Measurements on pre-series sensors showed the expected results, in the
second half of 2021 we began with an evaluation of sensors produced in serial production.

In addition to sensors’ development we took part in the development of special multilayer flexible circuits
together with the company Elgoline d.o.0. These radiation hard circuits connect sensors with peripheral read-out
electronics. The preproduction (5% of the whole production) was completed in 2021. Together with Oxford Uni-
versity a robot for testing these circuits was developed (Figure 3). Elgoline will produce more than 1000 of such
large flexible circuits in 2021/2022 for the assembly of two endcaps of ITk. Each circuit will be tested three times
at different stages of the assembly process.

An upgraded system for online measurements of integrated doses (RadMon) will be installed in the ITk. In
2021 our group designed and manufactured the first prototypes of a radiation sensor module hosting RadFETs and
diodes. The response of the sensor to the radiation was tested in the reactor in Podgorica. A prototype of readout
system was designed and the first components have been built.

Belle detector at the asymmetric electron positron collider KEKB at K
Collaborators at the department continued activities at the Belle and Belle IT experiments at the electron positron
collider KEKB (SuperKEKB) in Tsukuba, Japan. The main motivation for the two experiments, belonging to the
so-called Intensity Frontier Experiments, is searching for so-far-unknown
processes and particles beyond the theory of the Standard Model (SM) and
is commonly addressed as the New Physics (NP). Intensity Frontier Experi-
ments perform measurements of ultra-high precision to compare the results
to equally precise predictions of the SM. The latter is nowadays considered
as the most successful and experimentally verified theory of elementary
particles’ interactions at the currently achievable energies and precision.
NP processes must be responsible - among other aspects - for the observed
dominance of matter over anti-matter in the Universe.
While the Belle experiment finished data-taking in 2010, numerous
analyses of the data are still in progress. Among the results published in 2021
are the first measurements of differential branching fractions of inclusive
semi-leptonic B — X /" v, decays. The measured distributions are sensitive
to the shape function governing the nonperturbative dynamics of the b—u

transition and provide the necessary experimental input for future model- F7gure 4 Measured value of R,.= Br(B—K*e'e ) / Br(B—K'\'w) as
a function square of lepton pair momentum (q*) along with the SM

) i prediction. Results are consistent with expectations; however, the shift in
|V, These measurements will hopefully help to resolve the persistent ‘e first bin towards lower value points in the same direction as LHCh

independent approaches of the determination of the CKM matrix element

tension observed in the value of |V, | as determined from exclusive and observed anomaly.
inclusive studies.

Another high-impact result of the Belle collaboration in 2021 was a new test of lepton-flavour universality
through the measurement of B— K*/*/. Due to several anomalies observed in recent years in the B decays mediated
by the b—s /[ transition (mainly by the LHCb experiment), this measurement is of great interest to the community.
For the first time, this measurement included decays with K**in the final state in addition to £*’. The result (Figure
4) is consistent with the SM prediction as well as with the LHCb results. Larger data sets, which will be provided
in the next years by the Belle IT and LHCb experiments, are needed to resolve the presently observed anomalies.

The Belle 1T experiment has so far collected 270 fb* of data, with the SuperKEKB breaking the instantaneous
luminosity world record several times in 2021. Among the important results of the Belle IT collaboration in 2021
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Figure 5. Decay-time distributions of (top) D°— K " and (bottom) D"—>
Km' .

is the world’s most precise measurement of 2 and D" lifetimes (figure 5).
This measurement demonstrates the excellent vertexing capabilities of the
Belle IT detector and confirms a good understanding of systematic effects that
will impact future analyses of neutral-meson mixing and mixing-induced
CP-violation. Another prominent result comes from the search for the B*—
K*vvdecay [4]. Within the SM this decay is too rare to be observed with the
present amount of data, but in several NP models its branching fraction is
enhanced. Because the measurable decay signature involves only a single
charged kaon, a novel experimental approach is used that exploits not only
the properties of the B*— K*vv, but also the inclusive properties of the other
B meson in the Y(4S) — BB event (so-called inclusive tagging). In this
study, no significant signal is observed, and an upper limit on the branching
fraction is set. Despite the small data sample used for the measurement (~ 70
fb) the limit is competitive with other measurements. This demonstrates
the capability of the inclusive tagging approach, which is widely applicable,
and will expand the future physics reach of the Belle IT experiment.

Pierre Auger observatory

The Pierre Auger Observatory is an international cosmic ray obser-
vatory 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 Earth’s atmosphere such particles interact with air nuclei and produce various other
particles. 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 par-
ticle 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

The world’s most precise measurement of the D
meson lifetime and the measurement of the 5°'—
K'vv branching fraction at the Belle Il experiment
are pointing towards numerous new results

that will follow in the upcoming years from this
experiment.

significant number of these events. It is located in the western Mendoza
Province, Argentina, near the Andes.

The Pierre Auger Observatory combines two complementary tech-
niques to measure the air showers. On their way through the atmosphere
the secondary particles stimulate nitrogen molecules in the air to emit
fluorescent 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 passing through a water tank.

The Pierre Auger Collaboration had shown that the energy spectrum of cosmic rays exhibits a sharp drop around
10% V. This drop is compatible with the Greisen-Zatsepin-Kuzmin (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
2.7K background radiation. Past measurements by the Pierre Auger Collaboration have already cast some doubt

Figure 6. The equipment of SIGNET computing centre is at Teslova 30
(photo) and Jamova cesta 39 in Liubljana. The centre is connected to
Academic and research network of Slovenia (ARNES) with a 100 Gb/s
link.
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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 LHC 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 that reach the Earth’s surface are produced 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 is 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 (SSDs) are being deployed over the full 3,000-km? area of the overall
surface detector (SD). To enhance the capabilities of the surface detector,
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especially for composition measurements, it is being equipped with upgraded electronics that have a larger sampling
rate and a larger dynamic range.

Commissioning of the AERA system (Auger Engineering Radio Array) is also under way. AERA is a new antenna
system to measure short radio pulses emitted by cosmic-ray air showers of the highest energies. It consists of an
array of antennas sensitive in the frequency range of 30 to 80 MHz with signal processing and electronics developed
specifically for this purpose.

Distributed computing
In 2021 the SiGNET Tier-2 computing centre, with over 7000 cores and around 5 PB of storage capacity (Figure
6), continued its collaboration on international projects and the organisations WLCG, EGIL, EG/InSPIRE, Nordugrid.
Furthermore, we worked together with other computing centres such as the Institute’s own NSC and Arnes centre.
As a part of the European initiative EuroHPG and the Slovenian national supercomputing network SLING, we par-
ticipated in the setting up and maintenance of the Vega supercomputer at

IZUM in Maribor. The resources of the SIGNET centre were, in 2021, used In 2021 we participated in setting up and
mainly for the data analysis of international experiments ATLAS and Belle  maintenance of the Vega supercomputer at

11, as well as for other department’s projects. Some of the resources were ~ IZUM in Maribor.

also available for other Institute departments and for external collabora-
tors. We have also continued with cooperation in the Leonardo project, in setting up one of the three pre-exascale
HPC systems in Cineca, Bologna. Apart from maintenance and administration, the department also collaborates
in numerous projects related to the support, maintenance and planning of the computing infrastructure as well as
to the development, distribution and deployment of the distributed computing infrastructure.

Detector development

Silicon and diamond detectors

Most of the work on silicon detector development was performed in the framework of the ATLAS and CERN-
RD50 collaborations. Our group is also active in the development of diamond tracking detectors within the RD42
collaboration.

Work on an upgrade of the ATLAS detector for the HL-LHC was the main activity related to the development of
silicon detectors. This includes measurements of silicon strip detectors and the development of LGAD for HGTD, as

described above. In addition to work for ATLAS extensive measurements

with depleted CMOS detectors were made in 2021. Depleted CMOS isa ~ For the development of the innovative fluorescence
suitable technology for monolithic tracking detectors for high radiation ~ lifetime measurement method, we received the
environments as well as for applications where the amount of material ~ award for the best innovative project at the Inter-
in the tracking volume must be minimized. Depleted CMOS ensures also ~ national Technology Transfer Conference.

fast charge collection enabling good time resolution, which is becoming
increasingly important in all types of applications. In 2021 we measured the time properties of active pixels in an
RD50-MPW?2 chip. First we made a study of the position-dependent timing response using E-TCT. The study showed
that the timing properties of the amplifier significantly affect detector efficiency.

Our group is active in detector development for next-generation hadron colliders such as Future Circular Col-
lider - FCC, . Work includes measurements of the detector response after irradiation to extreme hadron fluences
of 10" n/cm? and beyond. In 2021 several measurements with detectors irradiated to extreme fluence were made.

The work with diamond detectors was, in 2021, focused on the development of sensors for BOM’. Measurements
in the test beam were made with 1 cm = 1 cm, 500-um-thick, diamond sensor. The diamond surface was covered
with collection electrodes with several sizes. They were connected to the
Calypso readout chip, which is an ASIC developed for BCM'.

In the framework of a bilateral project with the NtirDAM institute, Bolu,

Turkey, FET dosimeters with different dielectrics were investigated with the
aim of increasing their sensitivity. MOSFET structures with a thin layer of
HfO, replacing Si0, were manufactured and their response to radiation tested.
It turned out that the charge accumulation in HfO, is slower than in $i0,,

which means a lower sensitivity of HfO, devices. Figure 7: Prototype of a Ring Imaging Cherenkov (RICH) detector with
an aerogel radiator. Left: Cherenkov photons emitted by charged particles

Photon detectors in an aerogel layer are detected by a matrix of photosensors, capable of

In 2020, we continued with the research of photon sensors for the new
generation of Cherenkov ring detectors (RICH). For the upgrade of the Belle
I detector in the forward direction and the upgrade of the Cherenkov ring detectors of the LHCb spectrometer, we
are developing a single photon sensor that will be very fast, will have fine granulation, will be sensitive to light of

detector plane.
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long wavelengths and withstand radiation load, mainly due to neutron flux. We studied various detector candidates
and radiators. In the high-energy charged particle test beam at CERN (Figure 7), we tested prototype detectors
equipped with silicon photomultipliers, photomultipliers with microchannel plates and the latest aerogel samples

with different refractive indices

Detectors for medical applications

Experimental particle physics strives to develop and master state-of-the-art technology. Innovations from our
laboratories can be usefully transferred to other areas. Medical physics is a successful example where we are in-
troducing advances in photodetectors and reading electronics to improve detector technology in nuclear medicine
and imaging methods in biomedical optics.

Based on our in-depth understanding of detector
response and data analysis methods we
contributed to the development and evaluation
of the performance of novel biomarkers for PET
used in cancer studies and for the prediction of
COVID-19 disease severity.

Figure 8: The use of ultra-fast detectors enables affordable positron tomog-
raphy of the entire human body with the same image quality as current
commercial state-of the-art. The figure shows the results of simulations with

[flatpanel detectors covering almost the entire human bod.
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Irradiations in reactor TRIGA

We have designed a positron-emission tomography (PET) device with
flat-panel detectors, which, based on ultra-fast detection, enables PET imag-
ing with a significantly smaller amount of detection crystal, thus enabling
alower cost and greater flexibility. Through precise simulations, we have
shown that such an approach achieves image quality comparable to the
best current commercial devices, while also enabling more affordable
simultaneous imaging of the whole body (Figure 8). We are involved in an
international cooperation to develop such a PET device, which includes the
University of Barcelona, Fondazione Bruno Kessler, University of Davies
in California and Harvard University.

We have developed a system for fluorescence lifetime measurements
that uses the latest light detectors to enable faster acquisition than exist-
ing methods. For the development of the innovative fluorescence lifetime
measurement method, we have received the Best innovative projects within
public research organizations for the economy in 2021 prize, at the 14th
International Technology Transfer Conference 2021 organized by the
Jozef Stefan Institute Centre for Technology Transfer and Innovation. With
experience in advanced light-detection methods, we also participated in
the construction and first preclinical measurements with a hyperspectral
imaging system.

Based on our in-depth understanding of detector-response and data-
analysis methods, we also contributed to the development and evaluation
of the performance of novel biomarkers for PET, used in cancer studies and
the prediction of COVID-19 disease severity.

Asignificant number of irradiations with neutrons, as well as with ionizing radiation of the reactor core when
fission is stopped, was made for various institutions from around the world. Reactor at IJS is the reference neutron
irradiation site for development of silicon detectors and electronics for LHC and other particle-physics experiments.

ERC project

1. H2020 - FAIME; Flavour Anomalies with advanced particle Identification Methods

Prof. Peter KriZan
European Commission

Some outstanding publications in the past year

(1]

G. Aad et al (ATLAS Collaboration), “Search for Dark Matter produced in association with a dark Higgs

boson decaying into WEWF or ZZ in_fully hadronic final states from ~ s=13 TeV pp collisions recorded
with the ATLAS detector’. Phys. Rev. Lett., 126, 121802, (2021).

(2]

G. Aad etal (ATLAS Collaboration), “Longitudinal flow decorrelations in Xe+Xe Collisions at's ., =5.44 TeV

with the ATLAS Detector”. Phys. Rev. Lett., 126, 122301 (2021).

(3]

G. Aad et al (ATLAS Collaboration), “Search_for lepton-flavor violation in Z-boson decays with T leptons

with the ATLAS delector”, Phys. Rev. Lett, 127, 271801, (2021).

[4]

G. Aad et al (ATLAS Collaboration), “Search for displaced leptons in~'s=13 TeV pp collisions with the ATLAS

detector”, Phys. Rev. Lett., 127, 051802 (2021).
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[10]

G. Aad et al (ATLAS Collaboration), “Test of the universality of t and
U lepton couplings in W-boson decays with the ATLAS delector’.
Nature physics, 2021, vol. 17, no. 7, str. 813-818.

L. Cao et al. (Belle Collaboration), “Measurement of Differential
Branching Fractions of Inclusive B—X ['v, Decays”, Phys. Rev.
Lett. 127, 261801 (2021).

S. Wehle ez al. (Belle Collaboration), “Test of Lepton-Flavor Univer-
sality in B—>K*I'l" Decays at Belle’, Phys. Rev. Lett. 126, 161801
(2021).

F. Abudinén et al. (Belle II Collaboration), “Precise Measurement
of the D° and D" Lifetimes at Belle IT", Phys. Rev. Lett. 127, 211801
(2021).

F. Abudinén et al. (Belle II Collaboration), “Search_for B*—K*vv
Decays Using an Inclusive Tagging Method at Belle II”, Phys. Rev.
Lett. 127, 181802 (2021).

A. Aab et al. (Pierre Auger Collaboration), “Measurement of the
Fluctuations in the Number of Muons in Extensive Air Showers
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with the Pierre Auger Observatory”, Phys. Rev. Lett. 126, 152002
(2021).

Awards and Appointments

1. Dr Andrej Seljak, Dr Rok Dolenec, Dr Rok Pestotnik, Prof. Peter
KriZan, Prof. Samo Korpar: Best innovative projects within public
research organizations for the economy in 2021 prize Title: Real-
time fluorescence lifetime acquisition system - RfLAS, Center
for Technology Transfer and Innovation, Jozef Stefan Institute,
Ljubljana, Slovenia

Organization of Conferences, Congresses and
Meetings

1. Researchers’ Night, Jozef Stefan Institute, Ljubljana, Slovenia,
24 September 2021

INTERNATIONAL PROJECTS

1. ERC H2020 - FAIME; Flavour Anomalies with advanced particle Identification

R & D GRANTS AND CONTRACTS

New atmospheric monitoring devices and techniques for Imaging Atmospheric

Methods Cherenkov Telescopes
Prof. Peter Krizan Prof. Marko Zavrtanik
European Commission 2. Advanced detector for Time-of-Flight PET based on Cherenkov radiation
2. COST CA16108 - VBSCan; Vector Boson Scattering Coordination and Action Framework Prof. Samo Korpar
Prof. Borut Paul KerSevan 3. Application of Machine Learning Methods in the Data Analysis at the Large Hadron
Cost Office Collider (LHC)
3. COST VBSCan; Vector Boson Scattering Coordination and Action Framework Dr. Andrej Gorisek
Prof. Borut Paul KerSevan 4. Atmospheric remote sensing for Cherenkov Telescope Array and its impact on science
Cost Association Aisbl from large sky survey observations
4. H2020 - JENNIFERZ; Japan and Europe Network for Neutrino and Intensity Frontier Prof. Marko Zavrtanik
Experimental Research 2 5. Depleted CMOS Sensors for the ATLAS Tracker Upgrade and Future Collider Experiments
Prof. Rok Pestotnik Prof. Marko Mikuz
European Commission 6. Advanced hadron identification methods for Belle IT
5. H2020 - EUROCG; National Competence Centres in the Framework of EuroHPC Prof. Peter Krizan
Prof. Marko MikuZz 7. Development of High Granularity Timing Detector for ATLAS experiment
European Commission Dr. Gregor Kramberger
6. H2020 - AIDAinnova; Advancement and Innovation for Detectors at Accelerators 8. ITk- Upgrade of the ATLAS Tracker for High-Luminosity LHC
Dr. Gregor Kramberger Prof. Marko Mikuz
European Commission 9. Collaboration CERN RD-39
7. H2020 - HITRIplus; Heavy lon Therapy Research Integration Prof. Marko MikuZ
Asst. Prof. Andrej Studen Cern
European Commission 10. Collaboration CERN RD-50
8. TFabrication and Qualification of NiirFETs Dosimeters for use at Nuclear Reactors Prof. Marko MikuZz
Dr. Gregor Kramberger Cern
Slovenian Research Agency 11. Collaboration DELPHI
9. Development of Segmented Silicon and Diamond Radiation Sensors and Readout Prof. Borut Paul Kersevan
Electronics for Particle Physics and Medical Diagnostics Cern
Asst. Prof. Igor Mandic 12. Collaboration ATLAS
Slovenian Research Agency Prof. Marko Mikuz
10. Study of Portion and Spatial Resolution of High-Resolution Events on Image Quality in Cern
Hybrid Resolution PET Systems 13. Collaboration CERN RD-42
Prof. Vladimir Cindro Prof. Marko Mikuz
Slovenian Research Agency Cern
14. Collaborations Belle in Belle II
Prof. Peter Krizan
RE S EARC H PRO GRAMME S Kek - High Energy Accelerator Research
15. Design, Procurement and QA of Flex-rigid Hybrids
Prof. Marko Mikuz
Astroparticle Physics European Organization For Nuclear Research
Prof. Marko Zavrtanik 16. Irradiations in TRIGA Nuclear Reactor
2. Experimental Particle Physics Prof. Vladimir Cindro
Prof. Borut Paul Kersevan
Dr Karol Adamczyk, Henryk Niewodniczariski Institute of Nuclear Physics, Krakov, 3. Andrea Crnjac, Dr Milo§ Manojlovic, Ruder Boskovic Institut, Zagreb, Croatia, 14

Poland, 31 August - 1 September 2021
Dr Rafaelle Giordano, University of Naples Federico II, Naples, Italy, 19 September -
25 September 2021

December - 16 December 2021
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. Prof. Marko Mikuz*, Head
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. Dr. Andrej Seljak
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. Asst. Prof. Andrej Studen*
. Prof. Marko Zavrtanik

. Prof. Danilo Zavrtanik*
21.
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DEPARTMENT OF INORGANIC
CHEMISTRY AND TECHNOLOGY K-1

The Department of Inorganic Chemistry and Technology is one of the world’s leading groups
Jor the synthesis of new inorganic compounds containing fluorine. The main research areas are:
the synthesis of new coordination compounds with various ligands, the chemistry of noble gases,
the chemistry of the main-group elements, the synthesis of new hybrid materials and inorganic
malterials with special properties. A large part of the group’s activities is devoted to technological,
environmental and process safety issues in Slovenia. The group has been working closely with
Slovenian industry for more than thirty years. It is also active in the field of education and the
promotion of science.

In 2021 we renovated the laboratory space and equipped the Extreme Conditions Chemistry Laboratory, which is
being built by the researchers from departments K1 and K5, the winners of the Director’s Fund project. The installed
equipment includes a system of two gloveboxes with a built-in stereomicroscope and ATR-FTIR spectrometer, as well
as anew state-of-the-art Rigaku Oxford Diffraction XtaLAB Synergy-S single-crystal X-ray diffractometer funded by the - tead:

ERC StG project. This instrument is equipped with a modern Dectris Eiger2 R CdTe detector and a short-wavelength  Asst. Prof. Gasper Tavéar
silver microfocus tube in addition to a copper microfocus X-ray tube, making it particularly suitable for crystal

structure determinations at high pressure in diamond-anvil cells. This will be used in the HiPeR-F project, focused

on the study of chemical reactions with fluorine under extremely high pressure - from 10,000 bar to over 100,000

bar. The fluorine element, which can be called the tiger of the periodic table due to its extraordinary reactivity, will

make it possible to test the limits of chemistry under extreme conditions.
This research is thus a combination of two specialized experimental as well
as extreme research areas - the study of substances under extremely high
pressures and the study of extreme chemical reactivity.

Research in coordination chemistry was carried out with different

ligands. Noble-gas chemistry continues to be an important part of the
research activities. Removal of volatiles at 243 K from solutions of LnF, (Ln = La- Dy and Y) and XeF, (molar ratio
1:3) in anhydrous HF acidified with an excess of BF , gave [Ln(XeF,), |(BF,), salts. Reactions carried outin the same
way but with a molar ratio of LnF, : XeF, = 1:1 gave [Ln(XeF )](BF ) salts (La Nd). The crystal structures of the La
and Nd salts are isotypic. Using a molar ratio of LnF, : XeF, = 1:2and the same synthetic approach,
only the La-compound was prepared as the [ La(XeF,), ](BF ), salt. Prolonged pumping of [Ln(XeF,)
JBF), (n=3,2,1) at 298 K or experiments with 1solat10n at 298 K led to products with a lower
XeF, co‘ntent or to mixtures of different products. In addition to the [Ln(XeF ) |(BF,), and LnF./
BF, products, the [Ln(XeF,) JF(BF,), salts (Ln = La, Nd, Sm, Eu, Tb, Dy and Y) were also formed.
The crystal structures of LaF(HF)(BF, ), and LaF(BF ), by-products were determined.

Coordination chemistry connected with imidazolium compounds including N-heterocyclic
carbenes resulted in the synthesis, characterization and detailed analysis of the bonds using DFT
calculations of compounds [ (LDipp)H][VOF,(THF)] and [(LDipp)H][VOF (Py)]. We focused on
studying the nature of bonding between the VOF,” anion and various ligands such as THF, pyri-
dine (Py), ABCO, methane, ethylene, water, acetonitrile and ammonia. The nature of the bonds
between the units in the compounds is often inferred from single-crystal analysis data. With the
DFT calculations, we can study the interactions in more detail and get a different view of individual
interactions between the units. With this study, we have shown that relying solely on the structural
aspects of solved crystal structures, such as ligand orientation and bond distances, can lead to a
misinterpretation of the chemical bonds. The research was carried out in collaboration with the
Department of Physical and Organic Chemistry of the Jozef Stefan Institute. Furthermore, we
studied N-heterocyclic carbenes coordinated to alane, where we introduced a new method for
the selective functionalization of alanes. Aldiminium-based triflate or chloride salts were used as
the group transfer reagent for Cl'and CF,SO, units. This reaction proceeds quantitatively ina 1:1 Figure 1: Modern state-ofthe-art single-crystal X-ray
molar ratio resulting in the isolation of [(IPr)AlH OTf], [(IPr)AIH,CI] and [ (IPr)AIHCL, ] compounds,  diffractometer Rigaku OD XtalAB Synergy-S
which were also structurally characterized.

Chemical properties of substances can also be in-
vestigated under extreme conditions in a renovat-
ed laboratory equipped with modern equipment.
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Figure 2: Glovebox system in the Extreme Conditions Chemistry
Laboratory

We need a comprehensive and critical view of
the effects of fluoride ions and organofluorine
compounds on human health and the
environment.

Figure 3: Crystal structures of [(L"* )H][VOF (THF)] (a) and [ (1""")H]
[VOE (Py)](b), published in Inorganic Chemistry, 2021, 60, 11932-11947

Figure 4: Effects of fluoride ions and organofluorine compounds on
human health and environment, published in Chemical Reviews, 2021,
121, 4678-4742

ERC project

The studies included ambisaline ions of nitrogen, oxygen and fluorine,
where the adjective “ambisaline” is used to describe an X species so that X'
and X can occur as both cations and anions in isolable salts, although very
often not with common counterions.

The department is intensely focused on fluorine chemistry, i.e., on fluo-
rine; therefore, we conducted a literature review on the effects of fluoride
on human health in collaboration with researchers from China, Hungary,
Spain and Japan. It was confirmed that the only well-defined beneficial effect
of fluoride is its protection against dental caries. Excessive intake of fluoride
can cause a number of health problems, including dysregulation of G-protein
coupled receptors. The effects of increasingly present organofluorine com-
pounds on the health and environment are also poorly understood. The
article Chemical Aspects of Human and Environmental Overload was
published in the prestigious journal Chemical Reviews.

Within the topic of process safety, in 2021 we researched and published
work on the introduction of a safe use of liquefied natural gas (LNG) for
ship propulsion (European project SUPER-LNG), the relationship between
leadership styles and safety management systems in industrial organiza-
tions, and resilience and protection of sensitive industrial sites and plants
(critical infrastructure) against physical, cybernetic or technology hazards
and extreme natural phenomena (European project InfraStress). In addition,
we were researching safety challenges in industrial organizations related to
the outbreak of the COVID-19 pandemic. We started work on the EU Interreg
project TRANSCPEARLYWARNING (TRANSnational Civil Protection EARLY
WARNING System) to improve the resilience of ADRION territories to natural
and man-made risks.

As always, our department was heavily involved in the field of education
and the promotion of science. Members of the department actively partici-
pated in the operation of the JoZef Stefan International Postgraduate School,
as lecturers or mentors for master’s and doctoral students. In addition, the
School of Experimental Chemistry maintained its very important relations
with primary and secondary schools through experimental lessons con-
ducted at a special laboratory or through direct demonstrations at schools.
With the demonstrations of chemical experiments, we participated at the
Igraj se z mano/Play with me festival, Znanstival and the Slovenian Science
Festival. Some of the activities of the School of Experimental Chemistry were
carried out within the framework of the project funded by the JSI and City
of Ljubljana. The promotion of science, research and non-formal educa-
tion was also connected with the European Researchers’ Night within the
Horizon 2020 programme. At the end of September 2021, we organised and
carried out a series of activities within this H2020 project. The workshops
of the School of Experimental Chemistry were presented at primary and
secondary schools, senior citizens’ homes, the library and in the centre of
Ljubljana. In the evening, in cooperation with the research departments and
centres of the Jozef Stefan Institute, we opened the doors of the Institute in
Ljubljana and Podgorica to the public. The visitors were able to see some of
the departments and centres, visit the TRIGA nuclear reactor and participate
in various workshops.

1. H2020 - HiPeR-F; Challenging the Oxidation-State Limitations of the Periodic Table via High-Pressure

Fluorine Chemistry
Asst. Prof. Matic LozinSek
European Commission
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Department of Inorganic Chemistry and Technology K-1

Some outstanding publications in the past year

1. ].Han, L.Kiss, H. Mei, A. M. Remete, M. Ponikvar-Svet, D. M. Sedwick, R. Roman, S. Fustero, H. Morowaki,
V. A. Soloshonok, Chemical aspects of human and environmental overload with fluorine, Chemical
Reviews, 2021, 121, 4678-4742.

2. M.Lozinsek, H.P. A. Mercier, G.]. Schrobilgen, Mixed noble-gas compounds of Krypton(ITl) and Xenon(V1);
[F5Xe(FKrF)ASFO ][ F5SXe(FKrF)AsFO | and [F5Xe(FKrF)2AsFO [ F5Xe(FKiF)2AsF6 |, Angewandte Chemie:
International edition, 2021, 60, 8149-8156.

3. A.Kokalj, Z. Zupanek, M. Tramsek, G. Tav¢ar, Coordination of a neutral ligand to a metal center of oxo-
halido anions: fact or fiction?, fnorganic Chemistry, 2021, 60, 11932-11947.

4. E.A. Goreshnik, Influence of the synthetic conditions on a formation of 1-D, 2-D and 3-D copper-chloride
coordination polymers, CrystEngComm, 2021, 23, 7171-7178.

5. Z.Mazej, E. A. Goreshnik, XeF2 coordination to La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy and Y in rare-earth
metal(1ll) tetrafluoridoborates, European Journal of Inorganic Chemistry, 2021, 2669-2681.

6. M. Gerbec, P. Vidmar, G. Pio, E. Salzano, A comparison of dispersion models for the LNG dispersion at port

of Koper, Slovenia, Safety Science, 2021, 144, 105467-1-105467-16.

Organization of conferences, congresses and meetings

L

Matic Lozinsek, Member of the Organizing Mommiittee, Slovenski kemijski dnevi 2021, 22.-24. 9. 2021,

Maribor, Slovenia

Awards and Appointments

1. Matic Lozinsek, achievement "The first compounds that simultaneously contain krypton and xenon" was

included in the Excellent in Science selection 2021, ARRS

INTERNATIONAL PROJECTS

new methodological approaches
Dr. Robert Kocjanci¢

2. The quest for high-t ature superconductvity and exotic magnetism i
1. ERC H2020 - HiPeR-F; Challenging the Oxidation-State Limitations of the Periodic fluf)r(ycjlg:lrgoe;t:l%es(?gl perature supercon@uctyity anc exotic iaghetism in
Table via High- Pressure Fluorine Chemistry Asst. Prof. Matic Loziniek
‘ESSI' Prof. é\}/lane ITOZ.mSEk 3. Advanced reagents for (asymmetric) nucleophilic fluorination
, Hl;{)(;l())e?nf ’osmm1§5110n ing Resil  Sensitive Industrial Plants & Asst. Prof. Gasper Tavcar
: - Infrastress; Improving Resilience of Sensitive Industrial Plants 4. Structures of elusive noble-gas compounds elucidated by 3D electron diffraction
Infrastructures Exposed to Cyber-Physical Threats, by Means of an Open Testbed Stress- Asst. Prof. Matic Lozinsek ’
"lgcstfm]\;g[’Sy]'(stcmb . 5. High-pressure stabilization and phase transitions of elusive transition-metal fluorides
Fm‘ ar gGer e Asst. Prof. Matic Lozinsek
N I:[l;roozpoeft; ogﬁ(r)né;ss}ilg?opean Researchers Night (NIGHT) 6. }ggzaﬁon of secondary lead slag as a secondary raw material for the production of
EDIEI“ ?;gﬁg;gﬁ;ion Asst. Prof. Gasper Tavcar
. Innovative ECO plasma seed treatment (f ing and for human and animal diet
4 12020~ ATHENA; Implementing Gender Equality Plans to Unlock Research Potential of | 1o e PO Plasma secd treatmen (for sowing and for human and animal diet/
EP?VS[ alﬁd ?{05 inkhurope Asst. Prof. Gasper Tavcar
EJr O;eﬁ Cgi;nr;eission Ministry of Education, Science and Sport
‘ 8. National Air Pollution Control P OP-NEC
5. H2020 - NOCMOC; The Night has its Might, European Researchers‘ Night (NIGHT) D? ;&inl}gocﬁaﬁéﬁn ontrol Programime ( )
glrlr ?;ellttr? ’(gf)z:r?r;i(sion Ministry of the Environment and Spatial Planning
. Consultati d Analyses for Foreign Cust
6. High-Pressure Structural Study of Hydrated Metal Salts of Superweak (B12F12)2- Anion 5 P?(;}SI;A;;(;&?EVMES&%S ortoretgn Lustomers
Asst. Prof. Matic Lozinsek 10. P.439148; Method of Oligomerization of Unsaturated Hydrocarbons

Slovenian Research Agency

RESEARCH PROGRAMME

1. Inorganic Chemistry and Technology
Asst. Prof. Gasper Tavcar

R & D GRANTS AND CONTRACTS

1. Holistic sustainability evaluation of critical raw materials - closing gaps and developing

Dr. Zoran Mazej
University of Warsaw

NEW CONTRACT

L.

Utilization of secondary lead slag as a secondary raw resource for the production of
lead

Asst. Prof. Gasper Tavcar

Th Re-mining d. d.

VISITOR FROM ABROAD

1. Juan D. Forero-Saboya; training and laboratory work, ICMAB-CSIC, Barcelona, Spain,
12.7.2021 - 12.10.2021
2. Dr. Kshitij Gurung and Dr. Peter Brazda; visit Czech-Slovenian cooperation GA

CR-ARRS, Department of Structural Analysis, Institute for Physics, Prague, 8.11.2021 -
18.11.2021
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STAFF

Researchers
1. Prof. Marko Gerbec

Asst. Prof. Evgeny Goreshnik

Dr. Robert Kocjanci¢

Asst. Prof. Matic Lozin3ek

Dr. Zoran Mazej

Prof. Maja Ponikvar-Svet

Asst. Prof. Tomaz Skapin

Asst. Prof. Gasper Tavcar, Head

9. Dr. Melita Tramsek
Postdoctoral associate
10. Dr. Kristian Radan
Postgraduates

11. Jan Gnidovec, B. Sc.
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The departmment is focused on investigating physicochemical processes on the surfaces of solids,
such as corrosion and heterogeneous catalysis, and the synthesis of new compounds. The synergy
of thesefields is created in studies of the corrosion protection and functionalisation of materials by
introducing an integrative experimental-modelling approach with a combination of experimental
electrochemical and surface-analysis techniques and modelling and simulation based on first

principles using methods of density functional theory (DFT).

Corrosion is a widespread phenomenon with enormous economic and environmental impacts. The cost of
corrosion damage is estimated at €2.5 trillion annually. Due to the enormous costs, protecting metals and alloys
is essential. Corrosion protection, with the primary goal being to prolong the lifetime of metallic materials, is
one of the ways to reduce the need for steeply increasing production and thus preserve resources for the future.
Traditional ways of corrosion protection, such as conversion chromate coatings, can no longer be used due to
ecological restrictions. The needs of industry, in particular transportation, construction, machine, and electronics, Head:
postulate the requirements for developing efficient, sustainable, and environmentally friendly coatings, which at Prof. Ingrid Milosev

the same time exhibit additional functional characteristics. Our research
work in the field of corrosion protection is devoted to all major surface treat-
ments, such as corrosion inhibitors, conversion coatings, organic coatings,
and inorganic coatings (Figure 1), for major metals and alloys, which are
indispensable today, such as major lightweight (Al), energy efficient (Cu),
and infrastructure (Fe and Zn) materials. Lightweight aluminium alloys and
contemporary high-strength steels 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. Steels
and alloys based on copper are indispensable materials in infrastructure,
construction and other industries.

In our laboratory we investigate the alternatives mentioned above
(Figure 1) and even combine them, e.g., sol-gel coatings and inhibitors, to
achieve barrier and active protection, where the coating after the corrosion
damage can self-heal. We also introduce modern methodologies in corrosion
protection, such as atomic layer deposition (ALD).

We have achieved a major breakthrough in understanding the mecha-
nism of corrosion inhibition with organic compounds by introducing an
integrative experimental-modelling approach with the combination of ex-
perimental electrochemical and surface-analysis techniques, and modelling
and simulations based on first principles using methods of density functional
theory (DFT). This approach results in 2 more rational and ecologically ori-
ented use of chemicals, which is in line with the European Union’s directives
on sustainable development and the circular economy.

2.1. The integrative experimental-modelling approach of novel
corrosion inhibitors

In-depth fundamental knowledge of surface processes is needed to design
effective corrosion protection because our understanding of the mechanism
of corrosion inhibition at the atomic level is still very limited. To overcome
this we introduced a synergistic iterative approach that consists of the fol-
lowing three research directions: (1) inorganic and organic synthesis, (2)
electrochemical and surface-analysis techniques, and (3) modelling and
simulations based on DFT.

Figure 1: Types of corrosion protection and functionalisation of
materials.

Prof. Ingrid MiloSev has joined the Editorial Board
of the CORROSION journal as an Associate Editor.
CORROSION was started in 1945 by the Asso-
ciation of Materials Protection and Performance
(AMPP, former NACE). AMPP is a global community
of professionals dedicated to materials protection
through the advancement of corrosion control
and protective coatings with more than 40,000
members. The CORROSION journal, led by Tech-
nical Editor in Chief Prof. John Scully, provides a
permanent record of progress in the science and
technology of corrosion prevention and control,
featuring peer-reviewed technical articles from the
world’s top researchers.
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Figure 2: Schematic summary of integrative investigations of selected
organic compounds as possible corrosion inhibitors for aluminium.

2.1.1. Organic molecules as corrosion inhibitors

We investigated alkyl-based and perfluoroalkyl-based organic compounds as surfactant corrosion inhibitors,
whose molecular structures consist of a reactive anchor group and alkyl or perfluoro backbone. The archetypal
structure of the investigated organic compounds is presented in Figure 2. We addressed the effect of anchor group
and backbone chain on the performance of organic compounds as corrosion inhibitors for aluminium. Different
aspects of such systems were investigated: the length of the alkyl chain for a particular anchor group, the effect
of the anchor group at a particular length of the alkyl and perfluoroalkyl chains, and the CI- penetration into the
organic self-assembled monolayer.

The stability of the corresponding organic layer on hydroxylated Al surfaces is given by the strength of the
anchor-group adhesion to the surface and lateral cohesion between the backbones (Figure 2a). Among the investi-
gated inhibitors, phosphonic acids are efficient corrosion inhibitors for Al, irrespective of the length of the backbone,
which can be attributed to the strong adsorption affinity of the phosphonate anchor group (Figure 2b). Carboxylic
acids are also promising inhibitors, but the adsorption affinity of the carboxylate anchor group is considerably
lower, and the corresponding organic layer is sufficiently stabilised only with the aid of sufficiently long backbones.
Other investigated anchor groups do not show noticeable adsorption affinity, and the corresponding compounds
are inefficient for inhibiting the corrosion of Al (Figure 2b). Longer backbones are beneficial for enhancing the
corrosion-inhibition efficiency of the investigated organic compounds; however, it can be reasonably anticipated
that the size of the backbone should not be too large, or else the solubility of the compound would become too low
and the tendency to form micelles too high. According to our experimental
and modelling results, for a specific type of chain, longer backbones are
generally superior to shorter ones (Figure 2¢). However, the efficiency
of protection depends on the type of backbone: shorter perfluoroalkyl
chains (i.e., Cf8) are superior to shorter alkyl chains (i.e., C8), whereas,
for long backbones, the alkyl chains become superior to perfluoroalkyl
chains (i.e., C17 > Cf17). This “trend inversion” can be attributed to the
interplay between the effective surface coverage and the lateral intermo-
lecular interactions between backbones. For shorter chains, the coverage
is greater for perfluoroalkyl chains, whereas for longer chains, the lateral
cohesive interactions are superior for alkyl chains. The efficiency of shorter
perfluoroalkyl chains can be substantially improved by adding either
an alkylene spacer (i.e., Cf8-C3), a benzene spacer (i.e., Cf8-Bn), or an
additional perfluoroalkyl chain with a benzene spacer (i.e., (Cf8),Bn).

(a) archetypal structure of investigated organic compounds, (b) Back backbone tilting makes the lateral cohesive interactions stronger,
anchor groups, (¢) backbone types ordered according to efficiency resulting in greater effective coverage for longer backbones (Figure 2d).
when anchored with carboxylic group, (d) lateral cohesive interactions | ong hackbones are also more effective at hindering the access of reactive

and effective coverage for short and long backbone chains, and (e)
activation barrier for penetration of CI through adsorbed organic
monolayer as a function of organic monolayer thickness.
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species (i.e., chlorides) to the Al surface (Figure 2e). Notice that the activa-
tion barrier for the penetration of Cl- increases with the thickness of the
organic layer up to about 10 A (here, a full monolayer coverage is assumed,
which, according to experiments, for carboxylic acids forms only for long alkyl chains) and then it becomes almost
independent of the layer thickness. The role of longer backbones is therefore two-fold, i.e., to stabilise the organic
layer and effectively hinder access to the surface of the Al

The studies were conducted in collaboration with researchers from the CNRS, Chimie ParisTech, France, and
E6tvos Lorand University, Institute of Chemistry, Hungary.

2.1.2. Synergistic effect of two corrosion inhibitors

2-mercaptobenzimidazole (MBI or S) and octylphosphonic acid (OPA or P) and their binary mixtures (xS+yP,
where x and y are the molar ratios in %) were tested as corrosion inhibitors for Cu and Al in a 3 wt.% NaCl solution
using the electrochemical polarisation experiments, whereas the adsorption of the inhibitors was characterised with
X-ray photoelectron spectroscopy (XPS) and Fourier transform infrared spectroscopy (FTIR) surface analyses, DFT
calculations, and wettability measurements. 90S+10P was found to be superior to 1008 (and other mixtures) on Cu,
which reveals the synergy between MBI and OPA. XPS data showed that in NaCl without inhibitors, the surface is
covered by a Cu(I) oxide layer, whereas in the presence of MBI, a thin protective inhibitor-based layer is formed, and
the formation of the Cu(I) oxide is either suppressed or buried beneath the inhibitor layer. DFT calculations reveal
that, depending on surface details, MBI can bind to copper surfaces in the thiolate and thione forms, whereas the
thiol form can be discarded. XPS nitrogen spectra indeed confirmed that MBI bonds to copper in the thiolate form
(pyridine and pyrrole nitrogen present); however, when OPA is also present, XPS analysis reveals that the bonding
mechanism changes: in addition to thiolate, also thione forms with pyrrole nitrogen were observed for 90S+10P.
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Furthermore, for 90S+10P, a much thicker inhibitor film forms com-
pared to 1008, which exhibits a strong hydrophobic character. Within the
film, the MBI molecules are chemisorbed in the first monolayer, followed
by multilayers of metallorganic Cu(T)MBI complexes. Stacking layers leads
to highly compact structures, which act as an efficient barrier to copper
dissolution. Within a narrow pH range of 1 unit (i.e., between pH 3 and 4),
the thickness, compactness, and corrosion inhibitive performance of the
grown films varies with xS+yP solutions.

On this basis, a tentative mechanism of synergy between dissolution,
the formation of soluble species, and adsorption was proposed (Figure
3) depending on the limiting pH (pH, ). It is hypothesised that a low pH,
pH < pH, (note that OPA makes the solution acidic), and the presence of
chloride ions strongly favour the formation of soluble Cu(II)OPA complexes
over adsorption, resulting in the change of activity of the surface that for
90S+10P becomes more prone to adsorption of MBI. Furthermore, in the
acidic environment of the MBI+OPA mixture, the activation of the Cu surface
is stronger than at the near-neutral pH of the 1008 solution. Cu(T) species,
formed by Cu dissolution at lower pH (pH, = 3.5 - 4), thus react with MBI,
resulting in the formation of a thick and compact layer. At pH > pH, , a thin
layer is formed due to the stable Cu,0 and a much lower availability of Cu(I)
species to form a complex with MBI at the surface.

In contrast to Cu, binary inhibitor S+P combinations do not act syner-
gistically on Al Nevertheless, the S+P/Al system is stable in the sense that
the presence of the S inhibitor in the S+P mixture does not obstruct the
inhibitory ability of P. In addition to 100P, the combination 10S+90P also
performs well. Both 100P and 10S+90P form layers with strong hydrophobic
characters.

We provided strong evidence that chloride ions play a dual role in
forming a micrometre-thick film of polymerised [ Cu-Cl-MBI] . This occurs
when the copper is exposed to a 3 wt.% NaCl solution containing 1 mM of
the mixture of MBI and OPA, in the molar ratio MBI:OPA 0f 9:1. The chloride

Department of Physical and Organic Chemistry K-3

The third edition of the book Joint Replacement
Technology was published in 2021 by Woodhead
Publishing (Cambridge, England). It was edited by
Prof. Peter A. Revell. The book contains the latest
knowledge, achievements, and developments in
the field of joint replacement technology. Prof.
Ingrid MiloSev and co-authors from the Valdoltra
Orthopaedic Hospital, the University of Helsinki,
the ORTON Orthopaedic Hospital of the Invalid
Foundation in Helsinki, and the Friedrich-Alexander
University of Erlangen-Nuremberg in Germany
contributed a chapter entitled Metals for joint
replacements.

Figure 3: Proposed tentative polymeric structures of Cu-MBI: (a)

the non-compact voluminous gelatinous film forms at pH < pH, (for
105+90P and 505+50P at pH 3 and 3.3, respectively), (b) the thick
protective film forms at pH 4 for 90S+10F, and (¢) for 1008 the thin film
Jorms at pH 5.5 (pH> pH ).

fons act simultaneously as a promoter of polymerised [ Cu-MBI]| /[ Cu-CI-MBI] film formation and a reactant that is
incorporated into the film, as confirmed by the time-of-flight secondary-ion mass spectrometry (ToF-SIMS). Also,
the formation of a Cu,0 film under the Cu-inhibitor film was proven with focused ion beam microscopy (FIB-SEM),
with chemical analysis employed at the cross-section of the thick polymerised film using energy-dispersive X-ray
spectroscopy (EDS). The Cu(I) oxide underlayer, together with the porous straw-like morphology of the [Cu-Cl-
MBI], overlayer, is believed to be responsible for the excellent corrosion protection of copper, even in a chloride
environment without the reservoir of MBI+OPA. We also reported a new insight into the mechanism of degradation
for the Cu-MBI/Cu-Cl-MBI film that results in forming (MBI), dimers. The inhibitor layer, formed in a NaCl solution
and containing the synergistic combination of MBI and OPA, showed an outstanding resistance to degradation.

2.1.3. Molecular electronic properties and corrosion inhibition

A widespread belief in the literature is that corrosion inhibitors’ performance depends on the molecular elec-
tronic properties of the inhibitor compounds. Among the popular inferences of this kind is that a good inhibitor
should have a low HOMO-LUMO gap, where HOMO stands for the highest occupied molecular orbital and LUMO
for the lowest unoccupied molecular orbital. In this context, we critically evaluated the often-used simplistic cor-
relations between the molecular electronic parameters of corrosion inhibitors and their experimentally determined
corrosion-inhibition efficiencies for a set of 24 heterocyclic organic compounds tested as corrosion inhibitors for
copper in a 3 wt.% NaCl aqueous solution. Twelve different molecular electronic descriptors such as the ionisation
potential, electron affinity, HOMO-LUMO gap, and dipole moment were tested, and we showed that none had any
noticeable correlation with the inhibition efficiency. Therefore, our results cast serious doubt on the assumption
above that such parameters correlate with corrosion-inhibition efficiency. Instead, the focus should be given to more
appropriate approaches. Among them, machine-learning (ML) techniques currently have the highest potential to
generate reasonably robust and predictive models for screening new corrosion inhibitors. However, the challenge
is to provide adequate descriptors because descriptors affect the quality of the ML models much more than the ML
algorithm itself. In a subsequent study we indeed showed that, in some cases, it is possible to build more predictive
models using a ML approach, where molecular electronic parameters are used among the descriptors.
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We also analysed some of the pros and cons of inhibition efficiency as a metric for evaluating the performance
of corrosion inhibitors, particularly its nonlinearity issue, and introduced a new metric termed inhibition power
that uses the universal logarithmic scale and dimensionless decibel units. This new metric is not susceptible to the
nonlinearity problem.

2.2 Corrosion protection using the atomic-layer deposition method

2.2.1. The effect of surface pre-treatment and ALD films composition

Atomic layer deposition (ALD) is a thin-film deposition technique based on the sequential use of a gas-phase
chemical process; it is a subclass of chemical vapour deposition. The ALD technique allows the formation of nanoscale
coatings, commonly referred to as thin films. However, although they have

On June 9, 2021, Prof. Anton Kokalj presented the  the potential to be applied as protective thin films on metallic biomaterials,
webinar within the CorroZoom series organised theyhave, hitherto, seldom been investigated for biomedical purposes. For
by Prof. G.S. Frankel of The Ohio State University, this reason, the protective properties of alumina and hafnia ALD thin films
Columbus, USA. This series hosted six top research  deposited on ¢p-Ti as a substrate have been compared in this study.

scientists from all over the world. Prof. Kokalj’s Before deposition, cp-Ti specimens have been prepared in two ways:
lecture entitled “Molecular modeling of corrosion  grinding, and grinding followed by polishing (Figure 4). Such surfaces
inhibitors” is currently a hot topic of corrosion have been denoted as rough and smooth, respectively. The thickness,
research and was devoted to the DFT modelling  composition, morphology, and topography of alumina and hafnia films

of the mechanism of adsorption and bonding of have been determined using ellipsometry, FIB-SEM/EDS, ToF-SIMS, and
organic molecules on metal surfaces. 3D profilometry. A homogeneous, stoichiometric composition of alumina

and hafnia was obtained with a layer thickness of aprox. 150 nm. The anti-

corrosive properties of ALD thin hafnia (Hf0,) and alumina (AL0,) films
were measured in a simulated body fluid solution using electrochemical
impedance spectroscopy (EIS) and potentiodynamic polarisation curves.
The roughness of the cp-Ti surface plays an essential role in the protective
properties of these films, especially those of hafnia. ALD films with better
anti-corrosive properties were obtained when deposited on a smooth sur-
face, as evidenced by EIS long-term, 40-day tests. ALD films showed a very
low porosity, calculated from the electrochemical parameters, and signifi-
cantly lower corrosion current densities than bare cp-Ti specimens. Films of

Figure 4 From leftto right: 3D surface profiles of differently prepared  hafnia provided lower porosity and slightly better protective properties. On

bare cp-Ti specimens (ground and polished); SEM images of the cross
sections of cp-Ti specimens coated with 150-nm-thick ALO, and HfO,
thin films; Potentiodynamic polarisation curves and electrochemical

the other hand, according to EIS long-term tests, alumina retained slightly
greater impedance values than hafnia. Since both alumina and hafnia are

impedance spectra of bare and ALD coated ground and polished, Ti-500  biocompatible materials, this study confirms the possibility of using them to
and Ti-OPS, specimens recorded in simulated physiological solution. reduce the risk of failure for medical implants made of ¢p-Ti in 2 human body.
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2.2.2. Multilayer ALD films

For a thickness of 60 nm, the alumina films were prepared in two configurations (single and multilayer) with
hafnia to explore whether adding hafnia is beneficial. ALD films deposited on chemically etched cp-Ti and SS316L
are homogenous and compact, as both single and multilayers. The presence of hafnia as an interlayer seems to
affect the structure of the multilayers minimally. Some surface dents were noted, as well as agglomerates. Alumina
ALD films exhibit good adhesion to polished cp-Ti and SS316L substrates in both single and multilayer combina-
tions with hafnia. AFM combined with SKPFM showed that more positive Volta potential difference values were
obtained on the ALD films due to their higher work function and highly insulating properties that strongly inhibit
the electron transfer and, in turn, electrochemical interaction at solid/solution interfaces. After 1 hour of immer-
sion in a simulated physiological solution, all three types of ALD films provide significant barrier protection of the
underlying substrates, showing reduced current densities by two or three orders of magnitude. However, after 30
days of immersion, it was found that a 20-nm-thick alumina film failed, especially in the case of the cp-Ti substrate.

On the other hand, 60-nm-thick films, either pure alumina or multilayer, retained good barrier properties over
the immersion period. Electrochemical behaviour is mainly governed by pores, pinholes, and/or other tiny defects in
the coating since the shape of the potentiodynamic curves with and without coatings is more or less the same. The
dissolution through the pinholes would be overcome by the repassivation abilities of the substrates. This is especially
evident for stainless steel: due to its susceptibility to localised corrosion in chloride-containing solution, the long-term
protection becomes an interplay between film porosity and its ability to repassivate through the pores and defects.

Multilayer combination, 60 nm thick, and in configuration 20-nm alumina/20-nm hafnia/20-nm alumina, did
not significantly improve the protective properties compared to a single alumina layer of the same thickness, as
would be expected considering the much better protective ability of hafnia. Although remaining highly protective,

Annual Report 2021



Department of Physical and Organic Chemistry K-3

the hafnia interlayer may destabilise the multilayer film due to some internal stress or incompatibility, possibly
due to the tendency to form agglomerates, leading to the mechanical detachment and dissolution of the ALD film
resulting in a defect. ALD thin films of alumina or in combination with hafnia, therefore, possess good barrier
properties and are proper candidates for use on specific medical implants, but on the condition of ensuring a
sufficient film thickness and not being under a mechanical load. The study was conducted in collaboration with

researchers from the University of Udine, Italy.

2.3. Hybrid sol-gel coatings used for corrosion protection
2.3.1 Silane-siloxane coatings

The sol-gel synthesis process is a versatile method used to produce a wide variety of materials and is increas-
ingly used as a surface modification method to alter porosity, wettability, catalytic activity, biocompatibility, and
the corrosion performance of underlying substrates. Sol-gel coatings remain one of the important fields of our re-

search work. New hybrid silica-acrylic coatings were synthesised by mixing
two sols leading to polycondensation: Sol 1 obtained by copolymerisation
between MAPTMS (3-(trimethoxysilyl)propyl methacrylate) and acrylate
monomers, and Sol 2 of hydrolysed TEOS (tetraethyl orthosilicate). Six
monomers with different lengths of the alkyl chain were used (Figure 5).
Depending on the acrylate ester derivative used for the reaction, the sols
were denoted as siloxane-PXMA, where X stands for the derivative of the
acrylate monomer (E ethyl, M methyl, B butyl, H hexyl, O octyl, and D do-
decyl). Two triads can be distinguished: short-chain coatings (M1, E2, and
B4) with up to four carbon atoms and long-chain coatings (H6, 08, and
D12) with up to twelve carbon atoms. The water contact angles increased
almost linearly from the coating with a methyl group (60°) to the coating

Prof. Anton Kokalj was among the organisers of
the MaX e-School on Advanced Materials and
Molecular Modelling with Quantum ESPRESSO,
which took place online from 17 to 28 May 2021,
and was also streamed on YouTube. The e-School
introduced students to density-functional theory,
the Quantum ESPRESSO program package, and
high-performance computing. It received arecord
number of applications among the ICTP schools:
almost 1300 requests arrived from 92 countries
for the approximately 120 places available.

withabutyl group (80°). The contact angles remained unchanged for chain
lengths with more than four carbon atoms. The M1, E2, and B4 coatings exhibited a smooth, nodular morphology.
However, the second triad coatings showed silica-rich islands or domains resulting from the inhomogeneous mixing
of the two sols due to greater differences between the polar and nonpolar parts. This led to a significantly reduced
degree of heterocondensation and preferred cross-linking of the silica species. Due to the inhomogeneous coating
structure and composition, the coatings of the second triad exhibited poor corrosion protection. All three coatings
were corroded after 1 week of exposure to 3.5 wt.% NaCl.

Inthe first triad of short-chain coatings, six months of immersion in the saline environment was the least harm-
ful to the coating with ethyl (E2) and butyl (B4) groups, which remained intact. The coating with a methyl group
(M1), better known as siloxane-PMMA, exhibited the lowest resistance within the first triad, with the impedance
value and the phase angle dropping to half their magnitude in the first 3 months, and then remaining constant
for the 3 three months. The superior corrosion resistance of siloxane-PEMA
(E2) and -PBMA (B4) coatings was explained by the extremely high values
of the pore resistance, which were in the range of 10 W cm?after 6 months
in 3.5 wt. % NaCl.

A detailed study using »Si MAS NMR showed that the total degree of
condensation and the degree of condensation of the organic part (T spe-
cies) were reduced for monomers with longer alkyl chains in the structure
as a consequence of the steric effect. The highest value for the total degree
of condensation of the T species was observed for the E2 and B4 coatings.

The study demonstrated that the siloxane-PMMA (M1) coating, already
known to be corrosion resistant, can be further upgraded with different
acrylates to improve its corrosion protection (E2, B4).

Siloxane-polyacrylic sol-gel coatings differing in the length of alkyl or
perfluoroalkyl chains bonded to the acrylate group were synthesised and
deposited on a 7075-T6 aluminium alloy (Figure 6). The degree of copoly-

merisation between the MAPTMS and the acrylate derivative (i.e., of the
organic part) depends on the type of derivative: it increases from methyl
to butyl and then reaches a plateau. For derivatives with a longer chain,
the steric effect prevents a further increase in copolymerisation kinetics

Figure 5: Proposed mechanism for electrolyte uptake/ penetration by M1,
E2, and B4 coatings. Impedance values at low frequencies are presented
as a function of immersion time and the structural formula of six
monomers.

and leads to an uneven polycondensation. The same trend was observed for the hydrophobicity of the coatings: it
increases for derivatives with alkyl chains up to four carbon atoms, but longer chains showed no further change in
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hydrophobicity. The replacement of hydrogen with fluorine atoms in the chain enhances the sol’s copolymerisation
kinetics and increases the coating’s hydrophobicity.

The surface and in-depth chemical composition were investigated by XPS, ToF-SIMS, and glow discharge optical
emission spectroscopy (GDOES). The coatings are comprised predominantly of an organic part, but an inorganic
part with siloxane bonds is essential for achieving good adhesion with the substrate. Positive and negative TOF-SIMS

fragments characteristic for alkyl chains at acrylate derivatives were identi-
fied, and their intensity depends on the type of derivative. GDOES in-depth
profiles confirmed a homogeneous in-depth composition of the coatings
with a sharp coating/substrate interface.

The photothermal beam-deflection spectrometry results showed that
the coatings with alkyl chains between hexyl and dodecyl exhibited higher
porosity than those with shorter chains. Indeed, the corrosion resistance of
the coatings with a short chain, specifically ethyl and butyl, shows superior
performance in 5 wt.% NaCl solution up to 18 months. Replacing the hydro-
genwith fluorine atoms does not significantly affect the corrosion resistance.

Figure 6: Effect of acrylate monomers in siloxane-silica sokgel coating Another significant result refers to the thermal conductivity and diffusiv-
g g;‘; iMfz”‘;Z(ﬁ%‘;x’y polymerisation kinetics, impedance values, and i ot thege coatings. Compared to PMMA organic coatings, the inorganic-
g ' organic hybrid Si-PXMA sol-gel coatings achieve a ca. 50 % higher thermal
conductivity and diffusivity. This was explained by the beneficial effect of the siloxane phase in the coating. The
sol-gel hybrid methodology, therefore, offers an important route for the modification of thermal properties by a
combination of inorganic to organic contents where the former, as an integral part of the coating network, affects
the thermal properties without the need for introducing fillers or nanoparticles. Excellent thermal properties
combined with strong corrosion protection in a chloride solution are the basis for various applications of these
siloxane-polyacrylic coatings. The study was conducted in collaboration with researchers from the CNRS, Chimie

ParisTech, France, and the University of Nova Gorica.

2.3.2. Silane-based coatings with zirconia

Two types of acrylic hybrid coatings were synthesised, one containing only Si and the other both Si and Zr.
Real-time FTIR data showed the essential differences in the formation of acrylic coatings based on Si (TM coating),
and Si and Zr (TMZ coating). These differences are associated with the intensity of the bands ascribed to Si-0-Si
in Si-based T™M coating and Si-0-Si, Zr-0-Zr, and Si-0-Zr bonding in Si/
Zr-based TMZ coating (Figure 7). The SEM images of the top view confirmed
that both sol-gel coatings formed a continuous, smooth surface without
any cracks. The coatings were 2-3 micrometres thick without any visible
pores or defects. The EIS analyses showed that both coatings provided bar-
rier properties at the beginning of the immersion in 0.1-M NaCl solution.
However, after prolonged immersion, the Si/Zr-based coating still provided
barrier protection, whereas the Si-based coating lost barrier properties after
a few days of immersion. The degradation of the coatings was additionally
confirmed by XPS analysis. Comparing the high-resolution XPS spectra of the
Si/Zr-based coating before and after immersion confirmed the unchanged
spectra of Si, 0, C, and Zr. On the other hand, XPS spectra of the Si-based
coatings show the presence of aluminium corrosion products (peaks for Al
and Cl detected), which diffused through the coating. The difference in the
corrosion resistance of both coatings was also confirmed in the salt-spray
chamber, where the Si/Zr-based coating remained stable for more than 500

hours (Figure 8).
The results provide a valuable demonstration of the correlation between
EIS and XPS data and are crucial to showing evidence for the distribution of
the aluminium corrosion products and coating degradation. Better barrier
corrosion protection and lower coating degradation on the aluminium sur-
face were achieved with a Si/Zr-based hybrid coating. Therefore, Si/Zr-based
hybrid coatings prepared under optimised conditions can be considered
important candidates for the replacement of chromate-based treatments for
Figure 7: Schematic presentation of the sol-gel network in (a) TM and ~ Al-based materials. The study was conducted in collaboration with research-

(b) TMZ coatings deposited on the aluminium surface. ers from the CNRS, Chimie ParisTech, France.
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2.3.3. Hybrid sol-gel coatings with active corrosion ability

Department of Physical and Organic Chemistry K-3

In collaboration with researchers from the Technical University of Delft, The Netherlands, Vrije University of
Brussels, Belgium, and Complutense University of Madrid, Spain, we worked on the effect of the pre-treatment on
the sol-gel application. Silane sol-gel films deposited on aluminium and aluminium alloys have been widely studied

as chemical conversion coatings and coupling agents between the substrate
and organic layers. This study sought to investigate the effect of the surface
chemical treatment before sol-gel application on the interfacial adhesion
properties of a hybrid sol-gel film. Different surface pre-treatments, including
two abrasive treatments and three chemical surface pre-treatments, were
used, and their effects on surface chemistry and surface roughness were as-
sessed. Surfaces were characterised by SEM, XPS, roughness measurements,
and static contact-angle measurements. Cerium nitrate-loaded hybrid sol-gel
films were deposited, and adhesion on commercially pure aluminium was
evaluated using pull-off testing. Statistical analysis revealed that, although
the highest adhesion values were obtained on rougher surfaces, the strongest
correlation exists between the surface hydroxyl fraction and the adhesion
strength.

The presence of an anodic film and hybrid sol-gel coating loaded with
corrosion inhibitors was evaluated as a strategy for the enhanced barrier
and active corrosion protection of aluminium alloy 2024-T3. AA2024-T3
specimens were anodised in a modified sulfuric-citric acid bath (SCA) as
the first layer of a corrosion-protective multilayer system and subsequently
protected by the application of silica-based hybrid sol-gel coatings. These
coatings were doped with LiNO, and Ce(NO,), as corrosion inhibitors and
studied in comparison with the inhibitor-free sol-gel coating in terms of
morphology, composition, and the corrosion protection of intact and scribed
specimens. The anodised AA2024-T3 with an overlaying inhibitor-free sol-gel
coating showed the highest impedance modulus during long-term immer-
sionina 0.1 M NaCl aqueous solution. Adding Li- and Ce-based salts into the
hybrid sol-gel formulation showed active corrosion protection compared to

Figure 8: Surface appearance of ground aluminium and coated with TM
and TMZ coatings at various exposure times in the saltspray chamber.
The arrows mark the spots where corrosion starts on the aluminium and
aluminium coated with TM. The X-cross scribe was made before exposure
To salt spray to simulate the coating defect. Testing was performed in 5

wt. % NaCl at 37 °C according lo the standard ASTM B117.

the inhibitor-free scribed hybrid sol-gel coating. The Ce-doped sol-gel coating showed less visible corrosion and
higher active corrosion protection than the Li-containing one during the long-term immersion test in 0.5 M NaCl.
The present findings reveal that the combination of the anodic/hybrid sol-gel layers on AA2024-T3 enhances the
corrosion-protection barrier properties of both stand-alone systems, and the incorporation of Li- and Ce-based

inhibitors provide active corrosion.

Some outstanding publications in the past year

L.

Kokalj A, Lozinsek M, Kapun K, Taheri P, Neupane Sh, Losada-Pérez P, Xie G, Stavber S, Crespo D, Renner
FU, Mol A, MiloSev I, Simplistic correlations between molecular electronic properties and inhibition ef-
ficiencies: Do they really exist? Corros. Sci., 2021, 179, 108856

MiloSev I, Kokalj A, PoberZnik M, Carriérre Ch, Zimerl D, Iskra J, Nemes A, Szabd D, Zanna S, Seyeux A,
Costa D, Rdbai J, Marcus P, The effects of perfluoroalkyl and alkyl backbone chains, spacers, and anchor
groups on the performance of organic compounds as corrosion inhibitors for aluminum investigated
using an integrative experimental-modeling approach, /. Electrochem. Soc., 2021, 168, 071506

Spaji¢ I, Rodi¢ P, Sekularac G, Lekka M, Fedrizzi L, Milosev I, The effect of surface preparation on the
protective properties of Al,0, and HfO, thin films deposited on cp-titanium by atomic layer deposition,
Electrochim. Acta, 2021, 366, 137431

Kozlica D7 K, Kokalj A, Milosev I, Synergistic effect of 2-mercaptobenzimidazole and octlyphosphonic
acid as corrosion inhibitors for copper and aluminium - An electrochemical, XPS FTIR and DFT study,
corros. Sci., 2021, 182, 109082

Rodi¢ P, Zanna S, MiloSev I, Marcus P, Degradation of sol-gel acrylic coatings based on Si and Zr investi-
gated using electrochemical impedance, infrared and X-ray photoelectron spectroscopies, Front. Mater:,
2021, 8, 756447

Kokalj A, Costa D, Model study of penetration of Cl- ions from solution into organic self-assembled-
monolayer on metal substrate. /. Electrochem. Soc., 2021, 168, 071508
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Organization of conferences, congresses and meetings

1. MaXe-School on Advanced Materials and Molecular Modelling with Quantum ESPRESSO (live streamed
on YouTube) took place from 17 to 28 May 2021. The e-School was organised by SISSA and ICTP in
collaboration with various international institutions, including CINECA, CECAM, Jozef Stefan Institute,
Arnes, and University of Shanghai, all under the auspices of MaX CoE and Quantum ESPRESSO Founda-
tion. The school introduced students and young researchers to materials and molecular modelling with
Quantum ESPRESSO, covering basic concepts, recent advances and developments, with an emphasis on
density functional theory (DFT) and high-performance computing (HPC). The e-School received a record
number of applications among the ICTP schools: almost 1300 requests arrived from 92 countries for
the 120 places available.

Awards and Appointments

1. Matjaz Dlouhy, first prize in the category best student lecture entitled “T/e effect of corrosion relevant
species onthe adsorption of imidazole on copper”, at the 27" annual meeting of the Slovenian Chemical
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Society entitled “Slovenian Chemical Days 2021”, September 22-24, 2021.

INTERNATIONAL PROJECTS

COST CA17126: Towards Understanding and Modelling Intense Electronic Excitation
Prof. Anton Kokalj
Cost Association

2. H2020 - mCBEES; Advanced Integrative Solutions to Corrosion Problems Beyond

Micro-Scale: Towards Long-Term Durability of Miniaturized Biomedical, Electronic and

Energy Systems
Prof. Ingrid Milosev
European Commission
3. H2020 - MAMI; Magnetics and Microhydrodynamics - From Guided Transport to
Delivery
Prof. Ingrid Milosev
European Commission

4. H2020 - ATHENA; Implementing Gender Equality Plans to Unlock Research Potential of

2. Advanced materials for low-carbon and sustainable society
Prof. Ingrid Milosev

R & D GRANTS AND CONTRACTS

Multidisciplinary approach towards development of a novel multifunctional
heterogeneous catalyst for efficient conversion of H, and CO, gas mixtures into fuel
additives and surrogates
Prof. Anton Kokalj

2. Development of advanced nanostructured catalysts for hydrogenation of carbon
dioxide to methanol
Prof. Anton Kokalj

3. Structures of elusive noble-gas compounds elucidated by 3D electron diffraction
Prof. Anton Kokalj

4. Photocatalytic water treatment - development of immobilized catalysts and compact

RPOs and RFOs in Europe reactor systems
Prof. Ingrid MiloSev Asst. Prof. Peter Rodi¢
European Commission 5. Ecology laboratory with mobile unit

5. DCOIN: Disentagling COrrosion and its INhibition
Dr. Matic Poberznik
Slovenian Research Agency

RESEARCH PROGRAMMES

1. Chemistry for sustainable development
Asst. Prof. Peter Rodi¢

Asst. Prof. Peter Rodi¢
Ministry of Defence

VISITORS FROM ABROAD

1. Dr Emilie Gaudry, Institut Jean Lamour, University of Lorraine, Nancy, France, 2. 8. -
6.8.2021

2. Thiago Trevizam Dorini, Institut Jean Lamour, University of Lorraine, Nancy, France, 2.

8.-12.8.2021

3. DrFlorian Brix, Institut Jean Lamour, University of Lorraine, Nancy, France, 2. 8. -
6.8.2021

STAFF

Researchers

1. Prof. Anton Kokalj

2. Prof. Ingrid Milosev, Head

3. Asst. Prof. Peter Rodi¢

Postdoctoral associates

4. Dr. Matic Poberznik, on leave since 01.01.21
5. Dr. Gavrilo Sekularac, on leave since 01.01.21
Postgraduates

6. MatjaZ Dlouhy, B. Sc.

7. Lea GaSparic, B. Sc.
8. Erik Gregori, B. Sc.

9. Dzevad Kozlica, M. Sc.
10. Ana Kras, M. Sc.

11. Nikolina Lesic, M. Sc.
12. Ivan Spajic, M. Sc.
Technical officer

13. Barbara Kapun, B. Sc.
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ELECTRONIC CERAMICS
DEPARTMENT

The Electronic Ceramics Departmment is active in the research of the synthesis, properties and
applications of ceramic materials for electronics and energetics, mainly complex multifunctional
materials and structures that can perform multiple functions (multifunctional materials). The
materials of interest include piezoelectrics, ferroelectrics, relaxors, multiferroics, conductive
oxides, low-dimensional magnets and cuprate superconductors. The emphasis is on the creation
of properties by the synthesis and structure on the nano-, micro- and macro-levels. The group also
works on the principles of basic technologies for ceramic pressure sensors, ceramic MEMS and
[lexible electronics.

We continued with the work on lead-free piezoelectrics. In collaboration with colleagues from the Technical
University of Darmstadt, Germany, we studied the uniaxial deformation of the ferroelectric KNbO, single crystal in
[010] and [ 101] orientations at room temperature. The mechanical dislocation and ferroelectric domain structure
were investigated using piezo-response force microscopy (PFM). The results suggest that the dislocations act as
nucleation and pinning sites for the ferroelectric domains, leading to a local increase in the density of the fer-
roelectric domain walls.

We continued with the work on polycrystalline BiFeO,. We performed a comparative study of uncharged

and charged domain walls (DWs) in BiFeO, ceramics from the point of view of the atomically resolved strain and
structure using scanning-transmission electron microscopy. We showed that the uncharged { 100 }pseudo cubic (pc)-
type DWs have a larger associated lattice strain than the charged-“tail-to-tail”
{100}pc-type DWs, and we were able to explain the result as a pure intrinsic
lattice mismatch. As the { 100 }pc-type DWs have been experimentally shown
to be intrinsically different in strain distribution and structure, we assume
that their role in the switching mechanism will be different, depending on
their particular strain and charged state.

Together with colleagues from the Norwegian University of Science
and Technology, Trondheim, Norway, we published a review paper on the
alternating-current (AC) properties of domain walls, which includes our
work on BiFeO, ceramics, in particular the implications of the domain-wall
conductivity in the emergent macroscopic piezoelectric response.

In collaboration with colleagues at the National Institute of Chemistry,

EPFL, Lausanne, Switzerland, Materials Center Leoben, Austria, and the
Tokyo Institute of Technology, Japan we conducted an atomic resolution
study using aberration-corrected scanning transmission electron microscopy
complemented by Raman spectroscopy and directly revealed, visualized, and
quantitatively described static 2-4-nm polar nanoclusters in the nominally
nonpolar cubic phases of barium titanate-based ceramics. These results
helped us understand the atomic-scale structure of disordered materials
and may help clarify ambiguities about the dynamic-versus static nature of
nano-sized clusters [Figure 1].

Head:
Prof. Barbara Mali¢

(‘Nal/,zBiL,z)TiQ 5—BaTiO? (N BTiBT ) lead-free piezoceramic§ are of interest Figure 1: High-angle annular dark-field (HAADF) and annular
for high-power piezoelectric applications where the hardening of the elec- brightfield (ABF) STEM image of Ba, Sr, 0, in [110] zone axis with
tromechanical response is of paramount importance. In collaboration with corresponding Tivs (Ba, Sr), O vs (Ba, SU, ﬂ(%i OuvsTi displﬂceme@ts
colleagues from Technical University Darmstadt, Germany, we conducted presented in the form of polar plots. The inset in b shows the perovskite

a study on NBT-BT ceramics aimed at identifying the hardening efficiency
of the so-called composite approach. The approach consists of dispersing

unit cell viewed along [110] axis. Dashed rectangles mark areas
where displacements were determined. Dashed circles mark areas
where majority of the individual types of displacements are present.

second-phase inclusions, in this case ZnO0, in the ceramics to provide pinning - Displacements of cations and anions do not coincide, indicating non-

effects and thus reduce the domain-wall displacements and the associated cubic structure.

losses. With the support of higher harmonic polarization measurements,

performed in our lab, we were able to explain the superior thermal stability of the mechanical quality factor in
NBT-BT/ZnO composites as a consequence of robust mechanical pinning effects provided by the inclusions.
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In collaboration with colleagues from Friedrich-Alexander-University Erlangen-Niirnberg, Germany, we used
piezoforce microscopy (PFM) and transmission electron microscopy to investigate the domain structure of (Na, ,Bi, ,)
Ti0, ceramics. Ferroelectric domain switching was observed by applying a sufficiently large electric field, no change
in domain configuration was observed in the samples subjected to uniaxial compressive stresses up to 750 MPa.

Inferroelectrics, the mechanisms of hardening by acceptor doping are commonly associated with domain-wall
pinning effects provided by oxygen vacancies. In lead-based relaxor ferroelectrics, these mechanisms are com-
plicated by the nano-polar structure of these materials and their dynamic

PhD students Oana-Andreea Condurache and  contribution to the electromechanical properties. To shed light on this is-
Matej Sadl won four prizes for presenting their  sue, we systematically investigated the hardening effects by Mn doping in
dissertation results at international conferences. Pb(Mg,Nb)OS-PbTiO%(PMN—PT).We found that the oxygen-vacancies-related

pinning manifests similarly both in the ergodic and non-ergodic relaxor
phases of the PMN-PT. By reducing the freezing temperature, Mn doping was found to be an efficient approach to
improving the thermal stability of the electrocaloric response.

Poling-field-induced changes in the PMN-PT relaxor ferroelectric ceramics around the morphotropic phase
boundary (MPB) were investigated, with a detailed examination of the effects of the poling procedure on the
piezoelectric and dielectric response, as well as the response of the crystal lattice and the ferroelectric domains.
We found that AC poling on the monoclinic (M) side of the phase diagram is more effective than DC poling from
the point of 2 much lower AG field being needed to obtain a similar d33 response as with DC poling. This result
was supported by in-situ XRD measurements of the 30 PT M composition, which show a large-strain response at
significantly lower AC than the DC field. Furthermore, the Cm M phase possesses low-angle nanodomain walls
and exhibits a gradual “cascade-like” motion of the domain walls that starts
immediately at low fields (~2 kV/cm) and saturates roughly at 15 kV/cm,
contributing to large strains in the material. The tetragonal-like M phase,
however, shows sudden domain switching roughly at the coercive field, with
no obvious lattice strain up to 30 kV/cm.

In collaboration with colleagues from the Condensed Matter Depart-
ment, JSI, and from the Technical University Darmstadt, Germany, we
investigated the electrocaloric (EC) properties of 0.9Pb(Mg, .Nb, )0,
0.IPbTiO, (PMN-10PT) ceramics prepared by the conventional columbite

Figure 2: Mullifunctional cantilevers as working elements in solid- route and mechanochemical synthesis. The samples were able to withstand

state cooling devices: microstructures of the sandwich-like structure of
cantilevers in cross-section, consisting of two Pb(Mg,Nb)O . ceramic

DC electric fields up to 115 kV/cm, resulting in very high EC temperature

layers and platinum, sintered at different temperatures. When an changes (AT, ) of 2.37 K at 107 °C. In contrast, the ceramics prepared by the
e[ecfm’cﬁeld (E)is applied to the upper ceramic layer, the cantilever columbite route could OHIY withstand ~60 kV/cm and therefore exhibited a
bends, as shown schematically in the boltom insel. Experimental selup — much lower AT} . A detailed examination of the microstructure revealed that
Jor testing the proofof-concept device with cantilevers arranged in a the respective samples contained a semi-crystalline secondary phase at the

cascade structure is shown on the right.

triple junctions of the grains, which presumably provided an easy pathway
for current propagation. In contrast, in the PMN-10PT obtained by mecha-
nochemical synthesis, the grain boundaries were clean and MgO inclusions were identified. These microstructural
features contributed to a higher electrical breakdown field of the ceramics.

Despite the challenges of practical implementation, EC cooling remains a promising technology because of its
good scalability and high efficiency. To provide a further step in this application area, we fabricated multifunctional
cantilever structures made of relaxor ferroelectric PMN-PT, which were

Prof. dr. Goran Drazi¢ received a Zois Award for  stacked in a cascade, forming a proof-of-concept device. Functional testing
top achievements in the field of the transmission  of the structure revealed that the key element of the device’s performance
electron microscopy of materials. s the poor heat transfer through the cantilever contacts. The study thus
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clearly showed that further engineering will have to be focused on lowering
the thermal contact resistance for an efficient EC operation of the cantilever cascade [Figure 2].

Together with collaborators from McMaster University, Canada, Oakridge National Laboratory in the US, and
ANSTO’s Australian Synchrotron, we continued the research on cuprate superconductors, La, , Nd, Sr CuO,
(Nd-LSCO). We first used resonant X-ray scattering to measure the evolution of electronic nematicity and charge
density wave order with hole doping. We found that electronic nematicity - a rotational symmetry breaking of the
electronic structure - is associated with the onset of the pseudo-gap phase. Nd-LSCO exhibits a substantial decrease
in electronic nematicity, either by increasing the temperature to the onset of the pseudo-gap phase or by increasing
the doping through the pseudo-gap quantum critical point.

Moreover, using elastic and inelastic neutron scattering measurements on single crystals ofx = 0.125,0.19, 0.24,
and 0.26 we showed that two-dimensional, quasistatic, parallel spin stripes have an onset at temperatures such that
the parallel spin stripe phase extends beyond p= and envelops the entirety of the superconducting ground states
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in this system. Our measurements of 2D TN and the onset of 2D parallel stripes at optimal and high hole-doping
levels in Nd-LSCO, allowed us to complete the phase diagram for 2D parallel stripes and examine their relation to

superconductivity.

In the framework of our studies on low-dimensional magnetism, we
continued our investigations of manganates. We performed the synthesis,
structural and magnetic characterisation of the Ba, La _MnO, ;(0<x<0.5)
series. We found that each member of the Ba_La  MnO,_ series exhibits

1+x 4+8
the same spin-glass behaviour previously found in the & = 0.2. Moreover,
Tg varies with x reaching a maximum of 26.4(4) K for x = 0.20 [Figure 3].

Furthermore, using X-ray absorption near-edge structure (XANES)
studies we found out that the oxidation state of Mn in the Ba,_La, _MnO,
samples varies with : for x < 0.2 Mn is in +3.0(1) oxidation state only,
whereas a mixed +2/+3 oxidation state was found for & > 0.2. The origin
of the spin-glass state in the Ba,_La  MnO, ; series shows two regimes
depending on the oxidation state of the Mn.

In collaboration with the Department of Advanced Materials, JSI, we
investigated the relaxor ferroelectric domain structure in the epitaxial
O.67Pb(Mg1’,3Nb2’,,3)05—0.33PbTiOS (PMN-33PT) films on different substrates.
PFM analysis was used to show that the domain structure of PMN-33PT
films is sensitive to the compressive strain induced in the films. A relaxor-
like behaviour was observed at a strain state below 1.1%, while irregularly
shaped ferroelectric domains were observed at a higher compressive strain
(> 1.9%). The results suggest that epitaxial strain engineering could be an
effective approach to tailor and improve the functional properties of relaxor
ferroelectric thin films.

Patterning of nanostructures of functional-oxide materials by inkjet
printing of solution-based inks was studied with colleagues from the Con-
densed Matter Physics Department, JSI, Faculty of Mathematics and Physics,
University of Ljubljana, and CENN Nanocenter. The importance of contact
line mobility- either pinned or mobile - on the deposit morphology, either
dome-like, flat or ring-like, was addressed. By adjusting the ink solvent
composition and controlling the substrate wetting behaviour, deposits with
auniform thickness in the nanometre range could be printed.

Within the field of chemical solution deposition of lead-free ferroelectric
thin films our focus was on barium-titanate-based solid solutions with an
enhanced ferro- and piezoelectric response.

We continued the research of thick films of environmentally benign
piezoelectrics based on K [Na, NbO, on ceramic substrates for energy
harvesting and ultrasound transducer applications. The research was con-
ducted within the Proteus project in collaboration with researchers from
the University of Tours, France.

We studied how sintering in different atmospheres affects the struc-
tural, microstructural, and functional properties of ~30-um-thick films of
K ;Na, [NbO, (KNN) modified with 0.38 mol% K, ,Cu, ,Ta, 0,  and 1 mol%
CuO. The films were screen printed on platinized alumina substrates and
sintered at 1100 °C in oxygen or in the air with or without the packing pow-
der. Thick films sintered in oxygen exhibit a piezoelectric d, coefficient of
64 pm/V and an effective thickness coupling coefficient k of 43%, as well
as very low mechanical losses of less than 0.5%, making them promising
candidates for lead-free piezoelectric energy-harvesting applications. The
study was conducted in collaboration with researchers from the University
of Tours, France.

We continued with the preparation of thick films using an aerosol dep-
osition method. The aerosol deposition system is a part of the Laboratory
for the Ultracool Preparation of Complex Oxides, for which the financial sup-
port was granted by the Director’s fund ULTRACOOL project. We focused

4+8

Figure 3: Ba, La, MnO,  (0<x<0.4)series exhibils a rare
anisotropic spin-glass behaviour. The freezing temperature, T, varies
with x, reaching a maximum of 26.4(4) K for x = 0.20. The oxidation

state of Mn is also dependent on x.

Prof. dr. Mojca Otoni¢ar and Prof. dr. Tadej
Rojac were awarded ‘Excellent in science’

by the Slovenian research agency in the field

of electronic components and materials, for
disclosing the influence of polar disorder on the
response dynamics of ferroelectric materials.
The results of this study were published in the
prestigious international journal Advanced
Functional Materials.

Figure 4: Room temperature energy storage properties of PMN-10PT
thick films deposited on siainless sieel; recoverable energy density (U, )
and efficiency (1) as a function of electric field (E). Inset (bottom.):
microstructure of the sample in cross-section taken with a scanning
electron microscope. Inset (top): Measurement of polarization (P) as a

on optimization of processing parameters of functional 0.9Pb(Mg1/5Nb2’,5) Jfunction of E.
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0,-0.1PbTiO, (PMN-10PT) thick films deposited on stainless steel. The as-deposited films withstand electric fields
of 900 kV/cm and exhibit promising room-temperature energy-storage properties: the recoverable energy density
reached 7.0 J/cm? with an energy-storage efficiency of ~70%. A post-deposition stress relaxation by annealing at
500 °C further improved the recoverable energy density, leading to 9.8 J/cm? with an efficiency of ~80% [Figure
4]. The energy-storage performance exhibited excellent temperature stability up to 200 °C and electric-field cycling
stability up to 16 million cycles.

In collaboration with the Laboratory for Refrigeration and District Energy, the Faculty of Mechanical Engineer-
ing, University of Ljubljana we prepared multilayer composites using the aerosol-deposition method. The composite
was made of AL0,/Al/ALO, layers on a magnetocaloric gadolinium substrate. Such ceramic-metal multilayers
represent a simple, reliable, and cost-effective approach to functionalizing and protecting existing magnetocaloric
substrates and provide an excellent starting point for the development of future electrowetting-on-dielectric devices.

We progressed the research on the cold sintering of functional oxides in our ULTRACOOL laboratory, expanding
the sintering from BiFeO, ceramics to (K,Na)NbO, perovskites and composites with piezoelectric polymers (PVDF).
While the optimization of all parameters for the successful cold sintering of the ceramic compounds is still an ongo-
ing process, the first measured electromechanical properties of the sintered ceramics are very promising and show
a great perspective of cold-sintered oxides for actuator and energy-storage applications. Preliminary studies show
that the main benefits of the cold sintering of ceramics are, besides the energy savings due to the low-temperature
processing, their dielectric breakdown strength that allows high voltages applied to the materials without their
disintegration, as well as high dielectric permittivity and low dielectric losses.

Aminiature ozone generator in the form of a monolithic three-dimensional ceramic structure was fabricated
by low-temperature co-fired ceramic (LTCC) technology utilising the principle of electric discharge. A multilayered
ceramic structure with dimensions of 63.6 mm x 41.8 mm = 1.3 mm included integrated electrodes, buried channels
and cavities in micro and millimetre scales. The highest ozone concentration in the LTCC-based ceramic device
was around 1.1 vol. % at a voltage of about 7 kV and an oxygen flow rate of 10 ml/min. Its yield is comparable to
much larger ozone generators available on the market. The LTCC technology was also implemented to fabricate
a 3D structure with a buried cavity for the radio-frequency dielectric heating of polar liquids. The power used to
heat water in the cavity with the volume of 0.3 mL ranges from 5 to 40 W. This novel application of dielectric heat-
ing could enable the miniaturisation of microfluidic systems. Furthermore, LTCC and high-temperature cofired
ceramic (HTCC) materials were tested to fabricate three-dimensional power modules. A dual-pulse electrical test
of the power modules confirmed, the quality of metallization, wire bonding, and assembly in combination with
selected materials. The research was conducted in collaboration with the company KEKO Equipment and Centre
of Excellence NAMASTE.

As partof the KET4CP project “Manufacturing of invisible interconnections from solutions of low-cost transpar-
ent conduction oxides by screen printing”, with project partners RC eNeM and the Institute of Solid State Physics from
Latvia, we developed a novel method for fabricating transparent zinc oxide-based thin films on glass from low-cost
precursor solutions by chemical solution deposition and screen-printing processes. A high optical transmittance
of over 90 % and electrical conductivity of 0.002 S/cm were obtained for 150-nm-thick films processed by screen
printing. The solution-derived screen-printing process was successfully demonstrated in the large-scale production
line of the company RC eNeM. The Slovenian project partners were awarded the Silver Recognition of the Zasavije
Regional Chamber of Commerce in 2021 for the invention.

In collaboration with the Condensed Matter Physics Department, JSI, we studied the memory effect in polydo-
main liquid-crystal elastomer particles dispersed in a polymer. We confirmed the applicability of flow-induced shear
stress in the alignment and deformation of liquid crystal elastomer microparticles in a viscous resin by analysing
the rheological behaviour of the composite in terms of temperature and shear-rate-induced changes.

In collaboration with the Condensed Matter Department, JSI, and colleagues from Morocco and France, we
investigated lead-free piezoelectric composites for energy harvesting. The composites consist of Ba . .Ca, .Zr, T, O,
nanoparticles embedded in a biodegradable polymer. The piezoelectricity and ferroelectricity of the nanoparticles
before and after embedding in the polymer matrix were determined by PFM. The maximum power density achieved
in the prepared samples was 7.5 mW/cm?,

In collaboration with the Slovenian company Lotri¢ Metrology d.o.0., we developed an economical process for
producing a non-biological fluid for testing protective medical equipment according to EN 14683 in accordance
with 180 22609: 2004. The technical improvement “Process of preparing a fluid for testing medical protective
equipment” was registered.
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Some outstanding publications in the past year

L

Kuscer, Danjela, Drnovsek, Silvo, Levassort, Franck. Inkjet-printing-derived lead-zirconate-titanate-based
thick films for printed electronics. Materials & design. 2021, vol. 198, str. 109324-1-109324-9. ISSN 0264-
1275. DOL: 10.1016/j.matdes.2020.109324. [ COBISS.SI-ID 36937475]

Bencan, Andreja, Oveisi, Emad, Hashemizadeh, Sina, Veerapandiyan, Vignaswaran K., Hoshina, Takuya,
Rojac, Tadej, Deluca, Marco, Drazi¢, Goran, Damjanovic, Dragan. Atomic scale symmetry and polar na-
noclusters in the paraelectric phase of ferroelectric materials. Nature communications. 2021, vol. 12,
no. 1, str. 3509-1-3509-9, ilustr. ISSN 2041-1723. https://www.nature.com/articles/s41467-021-23600-3,
DOI: 10.1038/s41467-021-23600-3. [COBISS.SI-ID 65810179

Bradesko, Andraz, Fulanovic, Lovro, Vrabelj, Marko, Matavz, Aleksander, Otonicar, Mojca, Koruza, Jurij,
Mali¢, Barbara, Rojac, Tadej. Multifunctional cantilevers as working elements in solid-state cooling
devices. Actuators. [Online ed.]. 2021, vol. 10, no. 3, str. 58-1-58-13. ISSN 2076-0825. DOI: 10.3390/
act10030058. [COBISS.SI-ID 55105027]

Sadl, Matej, Condurache, Oana, Bencan, Andreja, Dragomir, Mirela, Prah, Uro§, Mali¢, Barbara, Deluca,
Marco, Eckstein, Udo, Hausmann, Daniel, Khansur, Neamul Hayet, Webber, Kyle Grant, UrSi¢, Hana. Energy-
storage-efficient 0.9Pb(Mg, ,Nb, .)0,-0.1PbTiO, thick films integrated directly onto stainless steel. Acta
materialia, ISSN 1359-6454. [Prmted] Dec. 2021 vol. 221, str. 117403-1-117403-11, ilustr., doi: 10.1016/j.
actamat.2021.117403. [ COBISS.SI-ID 81773059]

Otonicar, Mojca, Bradesko, Andraz, Salmanov, Samir, Chung, C. C., Jones, Jacob L., Rojac, Tadej. Effects of
poling on the electrical and electromechanical response of PMN-PT relaxor ferroelectric ceramics. Open
ceramics. 2021, vol. 7, 100140-1-100140-14, ilustr. ISSN 2666-5395. DOL: 10.1016/j.0ceram.2021.100140.
[COBISS.SI-ID 67640323]

Awards and Appointments

1. Oana-Andreea Condurache: Awarded 3™ place at the Virtual Workshop Contest: YON Pitch me your Idea!,
Young Ceramicst Network Pitch Contest

2. Oana-Andreea Condurache: Awarded 3™ place at the Student Paper Contest, 27" Annual Meeting the
Slovenian Chemical Society (SKD 2021)

3. Danjela Kuscer: Silver Award for Innovation: “Manufacture of transparent electrodes from solutions of
affordable conductive oxides using screen printing” awarded by Chamber of Comerce Zasavje

4. Andreja Bencan Golob, Goran Drazic, Barbara Malic, Mojca Otonicar, Tadej Rojac, Hana Ur$i¢ Nemevsek,
Achievement for the paper “Connecting the Multiscale Structure with Macroscopic Response of Relaxor
Ferroelectrics” was included in the selection Excellent in science ARRS 2021

5. Matej Sadl: “Alessandro de Vita” award for curiosity and multidisciplinary approach at Crossnano Cross-
border Workshop in Nanoscience and Nanotecnology 2021

6. Matej Sadl: Awarded 2" place at student competition “2021 Joint ISAF ISIF-PMF virtual conference”

Patent granted
1. Vid Bobnar, Barbara Mali¢, Aleksander Matavz, A method for producing polymeric surface modification

layers, S125887 (A), Slovenian Intellectual Property Office, 31. 03. 2021.

Electronic Ceramics Department K-5

INTERNATIONAL PROJECTS

H2020 - ATHENA; Implementing Gender Equality Plans to Unlock Research Potential of Prof. Hana Ursi¢ Nemevsek
RPOs and RFOs in Europe Slovenian Research Agency
Prof. Barbara Mali¢ 5. Interface Stability of Piezoelectric Ceramic Oxides
European Commission Prof. Tadej Rojac

2. H2020 - QMatCh; Towards Quantum States of Matter via Chemistry under Extreme Slovenian Research Agency
Conditions 6. Environmental Benign Sodium Potassium Niobate-based Thick Films for Piezoelectric
Asst. Prof. Mirela Dragomir Energy Harvesting Applications
European Commission Prof. Danjela Kuscer Hrovatin

3. Cold Sintering of Complex Oxide Materials Slovenian Research Agency
Dr. Mojca Otonicar 7. Multiferroics for Solid-State Cooling Applications
Slovenian Research Agency Prof. Hana Ursi¢ Nemevsek

4. Low Bandgap Ferroelectric Solar Cell Absorbers: Synthesis and Characterization Slovenian Research Agency
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8. Processing - Structure - Properties Study of Environmentally Friendly Piezoelectric
Nanoparticles of Tailored Surface Morphology
Prof. Andreja Bencan Golob
Slovenian Research Agency
9. High-Pressure Synthesis and Characterization of Selected Ferroics
Dr. Kristian Radan
Slovenian Research Agency
10. Crystal Growth and Magnetic Properties of Double Perovskites
Asst. Prof. Mirela Dragomir
Slovenian Research Agency
11. Porous Lead-Free Relaxor Ferroelectric Films for Energy Storage
Prof. Hana Ursi¢ Nemevsek
Slovenian Research Agency
12. Environment-Friendly Ferroelectric Oxide Thin Films for Energy Harvesting and Energy
Storage Applications
Prof. Barbara Mali¢
Slovenian Research Agency
13. Realizing In-Situ Studies of Dynamic Mechanisms in Ceramic Oxides in the Reducing
Environment in a Transmission Electron Microscope
Prof. Andreja Bencan Golob
Slovenian Research Agency
14. Engineering the Microstructure and Performance of Lead-Free Piezoelectrics for Energy
Harvesting
Prof. Barbara Mali¢
Slovenian Research Agency
15. Environment-Friendly Processing of Lead-Free Functional-Oxide Thin Films for Micro-
Electro-Mechanical Systems (MEMS) Applications
Prof. Barbara Mali¢
Slovenian Research Agency
16. Smart Design of New Multifunctional Composites with Optimized Energy Transfer
Across Interfaces between the Components (SoMwOT)
Prof. Barbara Mali¢
Slovenian Research Agency

RESEARCH PROGRAMME

1. Electronic Ceramics, Nano-, 2D and 3D Structures
Prof. Barbara Mali¢

R & D GRANTS AND CONTRACTS

In situ atomic level Quantitative Scanning Transmission Electron Microscopy of
Functional Materials
Prof. Andreja Bencan Golob

2. TCCbuilder: An open-source simulation tool for thermal control circuits
Prof. Barbara Mali¢

3. Multicaloric cooling
Prof. Hana Ursi¢ Nemevsek

4. Electrocaloric elements for active cooling of electronic circuits
Prof. Barbara Mali¢

5. Advanced inorganic and organic thin films with enhanced electrically-induced response
Prof. Barbara Mali¢

6. The quest for high-temperature superconductvity and exotic magnetism in
fluoridoargentates(1l)
Asst. Prof. Mirela Dragomir

7. Designing functionality of lead-free ferroelectrics through domain wall engineering
Prof. Andreja Bencan Golob

8. The cool way to polarize
Dr. Mojca Otonicar

9. Engineering of relaxor ferroelectric thin films for piezoelectric and energy storage
applications
Prof. Tadej Rojac

10. Structures of elusive noble-gas compounds elucidated by 3D electron diffraction
Asst. Prof. Mirela Dragomir

11. Allin One: Multi-caloric and Multi-scavenging Elements for Green Future
Prof. Hana Ursic Nemevsek

12. Enhanced piezoelectricity via structural disorder in polycrystalline relaxor ferroelectrics
Prof. Tadej Rojac

13. Microfluidic Sensor System for PESticides detection (MISS PES)
Prof. Danjela Kuscer Hrovatin

14. Flexible elements with multi-physical properties
Prof. Hana Ursi¢ Nemevsek

15. Process intensification for the continuous synthesis of high purity hydrogen peroxide
using a micro-scale electrocatalytic reactor
Prof. Barbara Mali¢

VISITORS FROM ABROAD

Maria Karypidou, Aristotle University of Thessaloniki, Thessaloniki, Greece, July 2-
August 29, 2021

2. Maximilian Gehringer, Technische Universitit Darmstadt, Darmstadt, Germany,
September 1 - October 29, 2021

3. Reham Elsurhafa, University of Ankara, Ankara, Turkey, September 13-
November 24, 2021

4. Matthieu Fricaudet, Universite Paris-Saclay, Paris, France, October 22 - 29, 2021

5. Maxime Vallet, Universite Paris-Saclay, Paris, France, November 25 - December 4, 2021

6. Prof. Brahim Dkhil, Centrale Supélec, Université Paris-Saclay, Paris, France, December
19 - 21, 2019

STAFF

Researchers

1. Prof. Andreja Bencan Golob

Dr. Mirela Dragomir

Prof. Goran Drazic*

Prof. Danjela Kuscer Hrovatin

Dr. Kostja Makarovic*

Prof. Barbara Malic, Head

Dr. Mojca Otonicar

Prof. Tadej Rojac

9. Prof. Hana Ursi¢ Nemevsek
Postdoctoral associates

10. Dr: Uros Prah, on leave since 15.06.21
11. Dr: Kristian Radan, 01.02.21, transferred to Department K1
Postgraduates

12. Matic Belak Vivod, B. Sc.

13. Oana Andreea Condurache, M. Sc.
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14. Sabi William Konsago, M. Sc.
15. Barbara Repic, B. Sc.

16. Samir Salmanov, M. Sc.

17. Matej Sadl, B. Sc.

18. Lia Sibav, B. Sc.

19. Katarina Ziberna, B. Sc.
Technical officers

20. Silvo Drnovsek, B. Sc.

21. Brigita Kmet, B. Sc.

22. Maja Koblar, B. Sc.
Technical and administrative staff
23. Andrej Debevec

24. Tina Rucigaj Korosec, B. Sc.

Note:
* part-time JSI member
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The research and development at the Department for Nanostructured Materials are focused on
the leading-edge areas of nanotechnology and advanced materials, addressing the most difficult
societal challenges that Europe and the world are currently facing. This includes clean and efficient
energy, health, environmentremediation and critical-raw-materials resource efficiency. A versatile
team with synergies across a variety of complementary basic and applied expertise in combination
with state-of-the-art research methods enables us to respond promptly to various emerging societal
challenges. The basic and applied research of the Department for Nanostructured Materials includes
permanent magnets and intermetallic alloys, engineering and functional ceramics, minerals,
sensors, materials for a sustainable and ecologically built environment, biomimetic materials and
biomaterials.

Magnetic materials
We address one of the Europe’s Grand Societal Challenges, aligned with the European Green Deal: to make Head:
mobility and energy production climate neutral, resource efficient and environmentally friendly, while better Prof. Saso Sturm
closing material loops and avoiding critical-raw-materials dependency. The rare-earth-element-based permanent
magnets, like Nd-Fe-B, have the highest maximum energy product (BH)__ . As such, they are in very high demand
for critical applications in electric mobility (e-vehicles), traction and energy-conversion motors, and wind turbines.
Through research, we bring new knowledge to the areas of design and production of new, resource-efficient Nd-Fe-B
magnets with improved magnetic properties.
Nd-Fe-B permanent magnets typically contain 28-35 wt.% of rare-earth elements (REEs, e.g., Pr, Nd, Tb and
Dy). This means that end-of-life (EoL) magnets are an important secondary resource for REEs that the EU consid-
ers as the most critical. Upon that, developing efficient recycling methods is one of the EU’s top priorities. We have
developed a process for recycling Nd-Fe-B PMs via extracting magnetic grains. The method was developed in the
frame of an ITN-MSCA project and an EU patent was granted for “A method for recovery of Nd,Fe, B grains from
bulk sintered Nd-Fe-B magnets and/or magnet scraps by electrochemical etching”, EP3660174B1 (Figure 1). Cur-
rently, the pilot for an upscaled version is set up, being tested and, in parallel, methods based on solely chemical
treatments of Nd-Fe-B PMs are being studied to compare the recycling output efficiencies, contribute new findings
and advance the Green Deal.
Furthermore, we were awarded a silver medal at the ARCA International
Exhibition of Inventions in Zagreb, Croatia, for the innovation “Environ-
mentally friendly and energy efficient method for recovery of rare-earth
elements”, which provides the complete electrochemical recycling of the
rare earths from Nd-Fe-B permanent magnets and contributes to a more
sustainable and greener EU future with regards to the recycling of critical
raw materials.
We developed a new type of a high-coercivity, nanostructured, Nd-Fe-B-
type sintered magnet with graded magnetic properties. A modern technique
called Pulsed Electric Current Sintering (PECS) was used to co-sinter powders
with different magnetic properties, while simultaneously avoiding diffusion
of the elements across the interface between the powders. The results were
published in the Journal of Magnetism and Magnetic Materials (doi.
0rg/10.1016/},jmmm.2021.168011).
A new processing strategy for reusing heavily oxidized scrap Nd-Fe-B
magnets was developed. The reprocessing route is based on the PECS of Figure 1: EU PATENT, A method for recovering Nd Fe, B grains from bulk
oxidized powders with an addition of Nd-Cu eutectic alloys. With this ap- sintered Nd-Fe-B magnels and/or magnet scraps by electrochemical
proach, new permanent magnets with an intrinsic coercivity exceeding 1000 elching EP3660174B1 (left); silver medal from the ARCA International

kA/m can be manufactured without using expensive and environmentally ZVibition in Zagreb, Croatia for innovation “Environmentally friendly

. ) . " and energy efficient method for the recovery of rare earth elements’,
hazardous pyro- and hydrometallurgical approaches, and it was officially ., ..o+ 1o a more sustainable and greener EU future with

presented in a master’s thesis. regards to the recycling of critical raw materials, i.e., rare earths from
permanent magnets (right)
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The melt-spun Nd-Fe-B powders were also used for the production of hot-deformed magnets using PECS. The
processing conditions were optimized in order to consume a minimal amount of energy and consequently allow
cost-effective processing. The results were published in International Journal of Material Science and Applica-
tion (doi.org/10.11648/.ijmsa.20211005.12). Last but not least, the magnetic properties of the hot-deformed Nd-
Fe-B magnets were improved by a recently developed two-step grain-boundary-diffusion method using a minimal
amount of heavy rare-earth elements. The corresponding paper was published in Scripta Materialia (IF = 5.6,
doi.org/10.1016/j.scriptamat.2021.114207).

In 2021 we continued with the European project SUSMAGPRO, which stands for Sustainable Recovery, Repro-
cessing and Reuse of Rare Earth Magnets in a European Circular Economy.

The project aims to develop a recycling supply chain for rare-earth magnets in the European Union and
demonstrate the effective reuse of recycled rare-earth materials within several industries. The multidisciplinary
SUSMAGPRO consortium is composed of 20 of Europe’s industry and academic leaders dealing with REES, focus-
ing on sustainable processing, reuse, recycling, recovery schemes, and covering the whole value chain from the
collectors of magnet-containing scrap to the producers of high-tech products.

Another project strongly linked to SUSMAGPRO is INSPIRES (INtelligent and Sustainable Processing of Innova-
tive Rare-Earth magnetS) under the frame of EIT RawMaterials, which started in 2021 and aims to recover and
supply rare earths within the EU through radical innovations in the recycling of permanent magnets, focusing on
one of the most readily available sources: home appliances. The whole chain of industrial partners in INSPIRES is
based in Slovenia and focuses on home appliances that are not involved in SUSMAGPRO. INSPIRES will optimize
methods on an industrial scale for the sustainable extraction, recycling and use of recycled magnets in new motors
produced in Slovenia. This project will be a proof of concept for a broader European recycling chain of EoL magnets
from home appliances.

We successfully coordinated the European project MaXycle (a novel circular economy for sustainable REE-based
magnets), a transnational collaborative research and innovation project funded by the ERA-NET Cofund on Raw
Materials (ERA-MIN 2) instrument under Horizon 2020. The two most important outcomes from MaXycle are: a)
the definition of standardized quality criteria for end-of-life magnets (EOLM) and a classification system for con-
tamination levels, categorizing products by pre-processing requirements, and b) development of a labelling system
for newly produced REE magnets to identify different magnet types and qualities, including the provision of reliable
and durable marking methods. The project results were published in the journal Materials Proceedings, 2021 (doi.
org/10.3390/materproc2021005087 ), and within the “EU Green Week 2021 - ZERO POLUTION.”

Since 2021 we have been a member of the H2020-PILOTS PASSENGER project: Pilot Action for Securing a
Sustainable European Next Generation of Efficient RE-free magnets; the project proposes improved strontium ferrite
(Sr-ferrite) and a manganese-aluminum-carbon (MnAIC) alloys as a substitute to guarantee a sustainable production
of permanent magnets in Europe, and we contribute to the Sr-ferrite magnets improvement and characterization.

In 2021 we received funds from the EIT RAW materials network, for the RECO2MAG project, which focuses
on the optimization of manufactured permanent magnet microstructures via novel grain-boundary processing
to produce resource-efficient sintered NdFeB PMs with a lowered Dy content and improved energy products to be
applied in novel e-motors. The LCA/LCC analysis coupled with the latest geological information about critical raw

materials will create an independent and efficient EU industry ecosystem.

Within the research project with Kolektor d.d., Slovenian producer of
bonded magnets based on Nd-Fe-B, we have improved the coercivity of melt-
spun powders used for bonded magnets via the grain-boundary-diffusion
process using Nd, Cu, eutectic alloy to process polymer-bonded magnets.

From these results, a patent application entitled “A process for improv-
ing the magnetic properties of MQP-B + Nd-Fe-B magnetic powders with a
low intergranular phase content and a process for making polymer-bonded
magnets from these magnetic powders” has been filed at the Slovenian
Intellectual Property Office.

We finished work within the ARRS national project Effective recycling
of abrasive sludge in the production of Sm.Co ., magnels for a wastefree
economy in collaboration with the company Magneti Ljubljana where we
are investigating novel recycling of magnetic swarf based on Sm-Co alloys
including SmCo, and Sm,Co, . We found that magnetic swarf can be recycled
with chemical and pyrolytic methods. Afterwards the cleaned swarf can be
recycled by applying induction and arc re-melting technologies.

Figure 2: Calculated magnetization profile (red) for a Halbach cylinder,  Additive-manufacturing technologies make it possible to produce mag-

with a homogenous magnetic field inside. A comparison between the nets of arbitrary shapes and magnetization distributions. In order to design a
prescribed (blue) and calculated (green) pattern.
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magnet as the source of a given magnetic-flux field, expressed in terms of the line-of-force pattern, it is necessary to
solve the so-called magnetostatic inverse problem. For this purpose, we applied the adjoint-state and finite-element
methods. In addition, we proposed the optimum geometry of a permanent magnet as the source of an oscillating
magnetic field in a so-called magnetic harvester - a magnetic-induction-based device for charging batteries of port-
able electronic equipment, for example, smartphones, without applying any external energy sources (Figure 2).
In the frame of the ARRS project Development of complex-shape mul-

ticomponent permanent magnets with the use of advanced 3D printing ~ This increased the achieved remanence by more
technology, we are continuing our work in developing complex-shape, ~than 65%, compared to the 3D print without
multicomponent, permanent magnets using additive manufacturing for the  exposure to an external magnetic field. This will
company Kolektor d.d. We reached the next goal of the project by produc-  jncrease the power output of an electric motor

ing 3D printed parts with orientated Sr-ferrite magnetic particles inside the  using new magnet designs and multi-material
print. This was reached by exposing the liquefied filament to an external ysage in a single magnet.

magnetic field that stayed orientated after solidification. The difference in
the orientation can be seen in Figure 3.

In 2021 the research activities in the field of mechanical strengthening
of ferrite-based ceramic magnets were continued. Here, our research path
is following the successful method of strengthening engineering ceramics
using cellulose nanofibers (CNFs) developed in collaboration with the col-
leagues from Materials Science Institute (CSIC) of Madrid. As the integral
part of this research, we are exploring the possibilities of a novel fast sinter-

ing technique called sintering by intense thermal radiation (SITR). This Figure 3: SEM image of the 3D-printed part filled with 60% Srferrite
innovative fabrication of sintered ferrites could replace some of the costly p0ut magnelic alignment (a); with magneic alignment (b)
REE-based magnets of lower grades.

Complex intermetallic alloys
In the frame of a collaboration within IRP PAC2, in the field of push-pull
alloys based on the Al-Cr-Sc system, we focused on the crystal and electronic
structures of a newly discovered ternary phase (Figure 4). The results were
published in journal Crystals (doi.org/10.3390/cryst11121535).
Our main research is focused on the polymer matrix polyphthalamide
(PPA) reinforced with Al-Cu-Fe-B quasicrystalline powder. The main objective
is the development of low-adhesive high-strength composite materials. PPA
belongs to high-temperature engineering plastics and is chemically resistant
and ductile. As quasicrystals (QCs) have exciting properties, including low
surface energy, low coefficient of friction, high wear resistance, non-stick )
properties and reduced wetting, the focus of our research was on the surface 17847 4: (a) Ternary Laves phase viewed in [1010] zone axis; (b)
; . . density of states; (c) single crystal x-ray diffraction, and (d) Rietveld
energy of bulk QCs. The experiments were conducted under ambient condi- . .
i o i : ) i refinement of newly discovered phase in the Al-Cr-Sc system
tions mimicking an industrially relevant environment. With X-ray spectros-
copy (XPS), we perceived an oxide layer thickness of around 5 nm on the QCs. Oxide can have a unique effect on
the bonding of QCs and polymer matrix and, with that, on the composites’ surface and mechanical properties, such
as high-friction, fretting and cold welding.

Catalysis

Persistent organic pollutants show long-term chemical stability when dispersed in the environment. Examples
of such contaminants are pharmaceuticals that can be degraded with the so-called advanced oxidation process (AOP)
into their primary constituents, such as carbon dioxide, water and inorganic ions. Within the ongoing study for an
ARRS project on the degradation of pharmaceuticals, we successfully evaluated TiO,, TiON and BDD (boron-doped
diamond) materials to degrade antibiotic tetracycline. Within the scope of the research, a review article regarding
the photocatalytic, electrocatalytic and photoelectrocatalytic degradation of pharmaceuticals in aqueous media was
accepted by the Journal of Cleaner Production (IF=9.297, doi.org/10.1016/.jclepro.2022.131061 ). Moreover, an
advanced 3D cell made with additive manufacturing was prepared to reach the final goal: designing efficient flow
photoelectrocatalytic reactors for degrading pharmaceuticals in wastewater.

The acquired knowledge on the catalysis of catalytic materials has been successfully implemented within the new
framework of researching high-entropy alloys (HEAs). The final goal of the ongoing study is to widen the research
of novel materials that could be used for the wastewater treatment of organic pollutants (e.g., pharmaceuticals).

We continued our previous collaboration with the National Institute of Chemistry, where TiO, nanotubes were
prepared with anodic oxidation and treated in ammonia at elevated temperatures. After TiOxNy was formed, Ir
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Figure 5: Front cover presenting the manuscript

nanoparticles were applied to the surface to investigate the effectiveness of the energy-related
catalytic reactions.

Next, our successful collaboration with the National Institute of Chemistry also resulted in
a patent application at the European Patent Office, Application EP 21163572.7. The topic of the
patent is the anodic oxidation of very small metal grids (e.g,, @ TEM grid) and an anodization
apparatus that could be applied in a variety of industrial applications.

As part of last year’s study research on the anodization of flexible titanium foils in the
field of photocatalysis, an article was published in ACS Omega (IF = 3.512, doi:10.1021/
acsomega.1c02862 ). The research was featured as the front cover of the ACS journal (Figure 5).

Sensors

We develop receptor elements for detecting various toxic organic components (TOC) and
biomolecules such as the SARS-CoV-2 virus. In the field of SARS-CoV-2 detection, we have developed
anew type of testing strategy based on electrochemical biosensing for rapid and specific detection
of viral variants in saliva samples. The detection system, i.e., a SARS-CoV-2 detection platform, is
based on modified screen-printed electrodes (SPEs), enabling the immobilization of various viral
receptor elements (antibodies) that are specific to viral variants. Special emphasis has been given
to the preparation of modified SPEs, which were constructed of a highly conductive material
based on a polystyrene/polyaniline-Au (PS/PANI-Au) nanocomposite. Such a construction is able
to translate the specific covalent interaction between antibodies and the corresponding binding

Toward a Flexible and Eficient Ti0, Pholocalalyst  viral target into 2 measurable, concentration-dependent electrochemical signal. After the creation

(doi:10.1021/acsomega.1c02862), published in
ACS Omega

of electrochemical readouts, these data enable a qualitative and quantitative analysis. Also, the
fabricated PS/PANI-Au NP composite can exploit its outstanding conductivity and biocompatibility,

thus resulting in high analytical sensitivity, specificity and low detection limits (i.e., at attomolar concentration
levels). The proposed feasible design of the biosensor platform represents an excellent starting point for the practical
and low-cost testing of asymptomatic patients or individuals before symptom onset.

We continued to study the PANT behavior due to the presence of ammonia (NH,). NH, is a part of the natural
nitrogen cycle and a toxic, neurotoxic compound indicating a disease state in the human body. Therefore, detect-
ing and monitoring NH, concentrations in physiological fluids represent a field of high scientific interest. Electro-
chemically synthesized PANT is studied for aqueous NH, detection at a neutral pH. The sensing system is based on

Figure 6. Delection points and working principle of sensor platforms
and integration for detection of; e.g., TOCs or PMCs in water

chrono-amperometric measurements and droplet addition of NH, aliquot to
the background electrolyte (i.e., PBS). The developed sensing mechanism is
based on the experimental set-up conditions and results.

The calculated detection limit for the NH, detection in phosphate-
buffered saline on the PANT electrode (25 uM) was lowered three times by
introducing Au nanoparticles on the PANI surface (8 uM). The recovery
of PANI after each aliquot addition and the reversibility of measurements
indicate further potential application in a flow injection system.

Volatile toxic organic compounds, namely catechol, resorcinol and
hydroquinone, are isomers of benzenediols, which gained notoriety of
late due to the acute and chronic problems they pose to living beings.
These are electrochemically active molecules, meaning they are subject to
redox processes. Detection can be performed using a simple three-electrode
electrochemical sensor element, wherein the working electrode is made of
a material with high conductivity and a large active surface area. This is
achieved using a standard SPE, modifying the working electrode by apply-
ing a thin layer of carbon-supported catalyst such as Pt/C or Au/C. These
modified SPEs were then subjected to cyclic voltammetry for the qualitative

We are developing receptor elements for the  detectionof single isomers, differential pulse voltammetry for the qualitative
detection of toxic organic compounds such as  detectionof multiple isomers in the same analyte, and chronoamperometry
acrylamide (AA) (national project J2-1739), for the quantitative detection of single isomers, all in acidic media to boost
persistent and mobile chemicals (PMCs)  the electrical conductance of the electrolyte.
(national project J2-3051) and benzenediols. The modified SPEs detected three isomers selectively, reaching a detec-
We also developed the receptor element for  tionlimitof 1 pMfor catechol and hydroquinone, and 100 nM for resorcinol

electrochemical detection of SARS-CoV-2  With good reproducibility in laboratory conditions. Our future goals are to
(national project Z2-3206).  improve the detection limits even further, lower the rise times and modify

the system for detecting gaseous analytes.

152

Annual Report 2021


https://doi.org/10.1021/acsomega.1c02862
https://doi.org/10.1021/acsomega.1c02862
https://doi.org/10.1021/acsomega.1c02862

Department for Nanostructured Materials K-7

Anew area of research is focused on the development of receptor elements for a selective and sensitive detection
of persistent and mobile chemicals (PMCs), namely melamine, benzotriazole and BPS (bisphenol S). The sensor
development paves the way to a portable and miniaturized sensor able to detect an analyte in water and, in the
future, also in air (Figure 6).

Materials for health and a clean environment

We are developing nanocarriers for innovative cancer treatments and diagnostics. In collaboration with
Queen’s University Belfast, United Kingdom, and the Medical Faculty of the University of Ljubljana, we developed
temperature-sensitive liposomes for prostate-cancer treatment containing a prodrug consisting of doxorubicin (Dox)
conjugated to a peptide substrate for a prostate-specific antigen (PSA), which can be cleaved by enzymatically active
PSA at the tumor site. As-prepared liposomes combined with hyperthermia
significantly inhibited tumor growth and metastasis in mice.

The study was published in Acta Biomaterialia (IF = 8.947, doi.
0rg/10.1016/j.actbio.2021.12.019). We also developed temperature-sensitive
liposomes for immuno-and chemotherapy and magnetic resonance imaging
(MRI). Doxorubicin therapeutic efficacy was potentiated in combination with
anti-PD1 monoclonal antibodies, resulting in a significant reduction in CT26
tumor growth via immune-cell activation. Our study highlights the potential
of combining the PD1 blockade with drug-loaded temperature-sensitive
magneto-liposomes, where the latter could facilitate chemo/photothermal
therapy and MRI-guided drug delivery (Figure 7). This study was performed
in collaboration with the researchers from Queen’s University Belfast and the
Oncology Institute in Ljubljana and published in the Journal of Controlled
Release (IF = 9.776, doi.org/10.1016/j.jconrel.2021.03.002 ).

In the field of nanocarriers, we have taken a step forward and moved
from synthetic liposomes towards cell-based nanocarriers to reduce the pos-
sibility of side effects. Erythrocyte membranes have been used as carriers for
MRI contrast agents. In the journal Magnetochemistry (doi.org/10.3390/
magnetochemistry7040051 ), we described the improvement in the contrast
efficiency of iron oxide nanoparticles after encapsulation in erythrocyte
membranes in comparison with encapsulation in liposomes or free nanopar-
ticles. Fluorescence imaging can be used as a complementary MRI method.
Therefore, we encapsulated two different fluorescent dyes (indocyanine
green and IR820) in erythrocyte membranes and liposomes, and compared their photothermal efficacy, stability
and chemotoxicity with free dyes (published in the /nternational Journal of Molecular Sciences, IF = 5,924, doi.
org/10.3390/ijms22136914). Finally, we also published a review article on nucleic acid delivery with erythrocyte
membrane-based carriers (International Journal of Molecular Sciences, doi.org/10.3390/ijms22105264).

Figure 7: PD1 blockade potentiates the therapeutic efficacy of
photothermally activated and MRI-guided low-temperature-sensitive
magneto-liposomes

Engineering Ceramics
We systematically investigated the dispersion, rheological behavior and freeze casting of aqueous suspensions
containing mesoporous alumina (MA) powder. The aim was to prepare stable suspensions containing AIN-hydrol-
ysis-derived, micron-sized particles of y-Al0; suitable for consolidation. The addition of divalent cations (Mg* in
Ca®) or cellulose nanofibers triggered the formation of weak interparticle associations contributing to suspension
stabilization. The suspensions were then freeze cast into highly porous MA ceramic monoliths with high hierarchi-
cal porosity (93.1-99.2 %) (Figure 8), exhibiting high permeability (k1 =
2.39-4.31x10"? m? and k2 = 2.23-9.15x107 m?) and low anisotropic thermal
conductivity, ranging from 0.039 W/m-K to 0.071 W/m-K that depended on
the pore orientation. Despite their high porosity, monoliths displayed remark-
ably high compressive strengths (up to 52.0 kPa). The work on monoliths was
published in Open Ceramics (doi.org/10.1016/j.jeurceramsoc.2020.09.014 ).
We focused on the resource effectiveness in ceramics manufacturing to
optimize the consumption of commercial alumina during industrial manu- Figure 8: u-CT imaging of highly porous MA ceramic monoliths viewed
facturing of alumina ceramics or different kinds of process losses in terms of 2 tarious directions, showing h"em’?/mf’lb’ columnar meso / macro
generated scraps. We explore the prospects of applying Box-Behnken design porosity: ) radial direction, b) 3D view, ¢) axial direction
by varying the amount of waste alumina scraps and sintering conditions, i.e., comparing the conventional sinter-
ing in air and spark-plasma sintering (SPS). The SPS technique enabled rapid densification of alumina compacts
in short times, resulting in fine microstructures reflected in higher hardness. The studies were published in the
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Journal of Materials Research and Technology (1F=5.039, doi.org/10.1016/j.jmrt.2021.01.064) and Open
Ceramics (doi.org/10.1016/j.0ceram.2021.100076)).
In the field of dental ceramics, we have been traditionally involved in the interdisciplinary research on zir-
conia (3Y-TZP) ceramics in collaboration with Department for Prosthetic Dentistry, Medical Faculty, University
of Ljubljana (MF-UL). In 2021, at the event Excellent scientists 2021, a
clinical study of the ageing of 3Y-TZP dental ceramics in the oral environ-
mentwas selected in the field of Biotechnology and Medicine (Stomatology
subfield) among other most prominent research achievements of the
past year, chosen by the Slovenian Research Agency (ARRS). The work
was published in the leading scientific journal from the field Dental Ma-
ferials (doi.org/10.1016/j.dental.2020.11.023). The study represents an
important milestone in the field of research of dental ceramic materials
and translational dental medicine (Figure 9).

Figure 9: In-vivo aging of zirconia dental ceramics Building upon a fruitful collaboration with the Faculty of Health Sci-

ences at the University of Ljubljana, we evaluated the extent of bacterial
adhesion (8. mutans) on four dental materials: two glass-ionomer cements and two ceramic composites. We
showed that the highest bacterial adhesion was on the nano-hybrid composite surface, which, in this study, was
associated with the lowest contact angle, highest roughness and the most negative zeta potential. The results
were published in Coatings (doi.org/10.3390/coatings11020235 ). S. mutas has also been evaluated against a
broader range of dental materials, from amalgam, Chromasit, YSZ and a removed tooth. The adhesion was the
highest (by a significant amount) on the tooth, followed by YSZ ceramics. The lowest adhesion was observed on
amalgam. The study was published in Molecules (doi.org/10.3390/molecules26041152).

Moreover, bacterial adhesion on prosthetic and orthotic parts was investigated. The adhesion of §. aureus
and §. epidermis (causing severe infection at the material-skin junction) was evaluated against natural and
artificial cork, leather, foams, PMMA and PVA.

The highest adhesion was observed on synthetic leather and thermo cork - both materials exhibit diverse
and complex surface morphologies that protect against lateral forces and increase biofilm formations. The
results were published in two studies: in Coatings (doi.org/10.3390/coatings11121469 ) and Materials (doi.
0rg/10.3390/ma14226877 ).

Finally, we studied the effect of polyelectrolyte multilayer coatings (positively and negatively terminated
layers) on urinary catheter surfaces against the £. coli adhesion. An analysis of the properties of the uncoated
and coated surfaces revealed that the most significant difference is related to the charge (i.e., zeta potential) of
the examined surfaces, while the roughness and hydrophobicity of the examined surfaces are similar. The study
was published in Coatings (doi.org/10.3390/coatings11060630).

As part of the structural materials research, K7 researchers were
awarded with a new project under the European fusion program EU-
ROfusion for the period 2021-2025. During this period, we will have
continued our research in the field of W-W,C composites with various
compositions, also using additive manufacturing of functionally graded
materials (such as Cu-W).

The composition and preparation process of W-W C composite mate-
rials were optimized based on the study of interdependent relationships

Figure 10: W-11WC monoblock joint with a CuCrZr tube (left); the same . perween the initial and final compositions of the material, which directly

mock-up exposed to a thermal shock of 15 MW,/ m? while being cooled
with a cooling liquid (at a temperature of 18 °C (right)
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affect its temperature-dependent (up to 1000 °C) mechanical and thermal
properties. The main criterion for selecting the optimal composition was
the resistance of the material to thermal shocks during a high-heat-flux test (HHFT). Based on the promising
thermomechanical properties and HHFT, determined in the previous period, the W-11WC composition (Figure
10) was selected for the production of test monoblocks for the divertor. The composite monoblocks were joined
with a CuCrZr cooling tube and subjected to HHFTS in an actively cooled divertor model.

By changing the W-W C ratio of the composites, we also prepared a W-W,C composite whose brittle-ductile
transition temperature is as much as 200 °C lower than that of the currently most promising and investigated
material - rolled tungsten.

Biomaterials

In 2021 the biomaterials research on titanium implants conducted in previous years was granted a European
patent “Implant having a multilayered coating and a process for preparing thereof” (EP2595669A1). The patent
describes the invention related to the creation of a hydrothermally prepared titania coating and a particulate
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sol-gel bioactive glass coating on a porous titanium-based implant to improve
the implant integration with bone. As a partner in an ARRS-funded project,
being carried out in collaboration with the Faculty of Veterinary Medicine,
University of Ljubljana, in 2021 we completed our research on the silk fibroin
carrier for hormone release. This study was published in the leading scientific
journal in the field of drug-delivery science and pharmaceutical technology
(Journal of Drug Delivery Science and Technology, doi.org/10.1016/].
jddst.2021.102701). Preparing biopolymer xerogels is an important step in
developing advanced pharmaceutical delivery systems for hormone therapy

the preparation of fibroin films with a low degree of crystallinity to increase
the degradation rate of the hormone-releasing implant. The remaining in
vivo animal tests were performed.

Functional ceramics: semiconducting ZnO-based ceramics (varistors, thermoelectrics)

Thermoelectric ZnO ceramics are relevant for harvesting electricity from waste heat at high temperatures above
650 °C. Zn0 is an n-type semiconductor with a high Seebeck coefficient (S) of-400 mV/K. Unfortunately, its electrical
conductivity (s) is too low for a good thermoelectric material due to the low concentration of charge carriers where
n <10-17cm?, while its thermal conductivity is too high as it has a simple structure consisting of light elements.

Understanding the influence of dopants on the concentration of charge carriers, and structural and microstruc-
tural elements on the transport of charge carriers and phonons is thus crucial for improving electrical conductivity
(s) while maintaining a high Seebeck coefficient (S) and reducing thermal conductivity. Our research is thus focused
on studying the influence of boundary surfaces such as grain boundaries and specific inverse boundaries (IBs) in
grains on the charge and heat transport. In particular, multiple IBs caused by dopants such as In** and Ga* play an
important role as they can act as an energy filter where phonon and electron pathways split. With its width limited
to one layer of atoms and practically infinite in the other two dimensions, an IB can behave like a quantum well,
where only electrons of a certain energy are allowed to pass it, while the others remain confined to the layer. At the
same time, donor dopants (M**) can cause a multitude of available states to transport electrons that switch to the
ballistic transport mode (s, ) along a planar defect. On the other hand, 2D structural and chemical anisotropy causes
the scattering of phonons that transversely pass planar defects, which lowers k across the layer. Accordingly, we
analyzed the effects of additions of small amounts of up to a few at. % of dopants such as In*, A’ and Co*** on the
structure, microstructure and thermoelectric properties of ZnO ceramics in the Zn0-In,0,-Co,0,, Zn0-AL,0,-Co,0,
and Zn0-In,0,-A1,0,-Co,0, systems. In this research we are collaborating with the National Institute for Materials
Science (NIMS, Tsukuba, Japan) and the CRISMAT Laboratory (Caen, France).

In collaboration with the Shanghai Institute of Ceramics and Chinese Academy of Science - SICCAS, we studied
the influence of selected dopants and process parameters (temperature and sintering atmosphere) on the formation
of electrostatic Schottky barriers at grain boundaries and electrical conductivity of ZnO ceramics.

We found that sintering in a reductive atmosphere effectively prevents the formation of intrinsic acceptor states,
i.e., zinc vacancies (V, ) and oxygen interstitials (0,), and thus Schottky barriers, while also greatly increasing the
solid solubility of Al,_ in ZnO, which significantly improves electrical conductivity and thermoelectric properties
of Zn0 ceramics.

These studies also led to the discovery of a completely new type of ZnO-
based varistor ceramic, in which the formation of electrostatic Schottky
barriers responsible for the current-voltage (I-U) nonlinearity is caused by
Cr,0,, while additions of small amounts of Ca, Co and Sb oxides furtherly en-
hance it (published in ACS Applied Materials & Interfaces, doi.org/10.1021/
acsami.1c07735).

In comparison with the currently known standard varistor ceramics

based on ZnO, the new type of the ZnO-Cr, 0, varistor ceramics do not contain Figure 12: Exceptional currentvoltage (IU) nonlinearity of the novel
volatile (Bi,0,), expensive (Pr,0, ) and toxic (V,0,) dopants, while their ad- Zn0-Cr 0 basevaristor ceramic is related o the band structure and added
vantage is also a simple and significantly cheaper chemical composition. We  performance enhancers (i.e., oxides of Ca, Co and Sb), f, - Scholtky barrier

explained the mechanism of the formation of electrostatic Schottky barriers ﬁez;ght, £, ‘,C"”d”m"” ,b””d: - Wlmce band, EFB'ﬂnd Lo~ Fermi levels
in the grain boundaries and grains (left); nonlinear coefficient (a),
i o leakage current (1) and breakdown voltage (E,) of the novel ( Ca,Co,Sb)-
on the Zn0 grain growth and breakdown voltage, which is important for - z,04 ZﬂO-Cf'203-blﬂS€d varistor ceramics compared to the literature data
the possibility of using the new type of varistor ceramics for overvoltage ofthe standard lypes of ZnO-based varisior ceramics (right).

with the addition of Cr,0, and investigated the influence of a Ca0 addition

protection in a broad range of voltages (Figure 12).
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Figure 13: Overlaid DFT relaxed model of Sn-rich IBs (stripe variant of
the cation distribution) with a siacking sequence of the IB, translation

We collaborated with companies Bourns and KEKON in the develop-
ment of multilayer varistors (MLVs) with improved temperature stability
and components based on MLVs and multilayer capacitors. In collaboration
with the Faculty of Mechanical Engineering of the University of Ljubljana and
company VARSI, we studied the characteristics of surfaces and processing
of the surfaces of varistor ceramics to optimize the finalization of varistors
and their properties.

A high-resolution ABF-STEM image of Sn-rich IBs in ZnO viewed in the
[21-1-0] projection (Figure 13) shows the positions of O-columns (weak dark
dots). These help us identify coordination of cations and the type of polarity
inversion. Below is an overlaid DFT relaxed model of the Sn-rich IBs (stripe
variant of the cation distribution) with a stacking sequence of the IB, transla-
tion (published in Science of Sintering, doi.org/10.2298/S082102237R).

Inversion boundaries in ZnO were further studied in a Sn0 -doped
system where the Sn* dopant forms disordered arrangements with Zn*" in
a 1:1 ratio in the octahedral IB layer. The in-plane composition is driven by
the local charge balance, following Pauling’s principle of electroneutrality
for ionic crystals, according to which the average oxidation state of cations
in an IB layer is **. Atomic-scale HRTEM and ABF-STEM analyses of the Sn-
rich IBs confirmed two short-range in-plane distributions of cations that
were first identified by density functional theory (DFT) calculations as the
lowest energy cation arrangements. As a result, the cation ordering intermit-

(Science of Sintering, doi.org/10.2298/S082102237R ). tently changes its type and direction to maximize the intrinsic entropy of

Figure 14: Quantitative HRTEM study of Sn-rich inversion boundaries
in Zn0 showing two different short-range arrangements of cations in
the IB-plane. Cation arrangements (stripes and zigzag) are controlled

the IB layer driven by the in-plane electroneutrality and six-fold symmetry
restrictions. A long-range in-plane disorder, as shown by our work, would enhance the quantum well effect on
phonon scattering, while Zn* located at the IB sites modify the bandgap, and enhance the in-plane conductivity
and concentration of carriers.

Mineralogy

The collaboration with the Department for Litospheric Research of the Vienna University in the frame of
FWF-ARRS bilateral project N1-0115: “Mineral inclusions in garnets from macroscopic to atomic scale - opening
the petrogenetic archive (GInA)” and FWF-RFBR international joint project: “Fe-Ti oxide inclusions and magnet-
ism of oceanic gabbro (MiMa)” resulted in a joint publication of Formation pathways of oriented magnetite
micro-inclusions in plagioclase from the oceanic gabbro that was published in Contributions to Mineralogy
and Petrology (doi.org/10.1007/500410-021-01864-8 ). It presents a comprehensive investigation of the magnetite
inclusions in plagioclase. Garnets from two Austrian localities were further studied in terms of syngenetic inclusions
to explain their growth conditions. A bilateral NKFIH-ARRS project with the University of Pannonia in Veszprém,
N1-0230: “Aragonite: Structure and formation” was approved for funding,

The University of Novosibirsk was included as an external partner. The application was based on long-standing
expertise of the groups in the field of aragonite formation. Linked to this subject, a study on metastable structures
of CaC0, and their relation to aragonite was jointly published with the Novosibirsk group in Crysial Growih &
Design (doi/10.1021/acs.cgd.0c00589 ).

Advanced electron microscopy

For the microstructural characterization of materials, we use scanning
electron microscopy (SEM), transmission electron microscopy (TEM), light
optical microscopy (LOM) and atomic force microscopy (AFM). Among
SEM techniques we use high-resolution FEGSEM imaging, qualitative
and quantitative electron-probe microanalysis (EPMA: EDXS, WDXS) and
electron-backscatter diffraction (EBSD). Among TEM techniques high-res-
olution scanning transmission electron microscopy (STEM, HAADF-STEM),
electron-energy-loss spectroscopy (EELS) and EDXS are used for structural
and chemical analysis of materials at the atom scale (Figure 14). Recently,
in-situ liquid-cell TEM has been employed to observe dynamical processes
during electrochemical processes of metal deposition from liquid media.

by the IB chemistry and six-fold in-plane symmetry limitations, Acta
Materialia, doi.org/10.1016/].actamat.2020.08.035).
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The ESTEEM consortium (Enabling Science and Technology through European Electron Microscopy) continued
its activities within the ESTEEM3 project in the field of materials characterization using state-of-the-art transmission
electron microscopy techniques.

The research group of the Department for Nanostructured Materials is strongly connected with the activities
within the Center for Electron Microscopy and Microanalysis (CEMM), mainly through the implementation of
various electron microscopy analytical techniques and the possibility for the researchers to access the research
infrastructure for electron microscopy.

Industrial partners

Our industrial cooperation includes the following companies: Arhel d.o.0. Zeje pri Komendi, Gorenje d.0.0.
Velenje, Institute for Water of the Republic of Slovenia, Kekon d.o.0. ZuZzemberk, Kolektor Group d.o.0. Idrija, Mag-
neti d. d. Ljubljana, RLS Merilna tehnika d.o.0. Zeje pri Komendi, University of Ljubljana - Faculty of Mechanical
Engineering, Weiler Abrasives d.o.0. Maribor.

Education and outreach activities

For the ninth year, the members of the department participated in the science-promotion activities within the
framework of the Science on the Street project. We organized 16 live and/or virtual popular-science lectures. On the
ZnG website, we published 5 blogs by researchers and 2 contests. At the invitation of the EIT “Raw Materials” and
JA Slovenia (Institute for the Promotion of Youth Entrepreneurship), we co-organized the Innovation Camp 2021.
Atotal of 137 students from 17 high schools from all over Slovenia participated at the Innovation Camp.

SRIP ToP activities, vertical value chain (VVV) new materials
Within the SRIP ToP VVV New Materials activities, we prepared additions to the accepted Action Plan for the 3rd
phase of SRIP ToP for the period 2020-2023, following the successful conclusion of the 2nd phase.

Awards and Appointments

1. DrTomaZTomse is a scholarship recipient for research and for a new approach towards the manufacture
of advanced multicomponent Nd-Fe-B permanent magnets for electromotors and and generators. The
award is given by the Slovenian Science Foundation (SSF) in cooperation with the World Federation of
Scientists (WFS).

2. Prof. Saso Sturm, Prof. Kristina ZuZek, Xuan Xu are recipients of the Silver Medal for Innovation at the
ARCA International Exhibition “Enviromentally friendly and energy effecient method for recovery of rare
earth elements”, awarded by the Croatian Association of Innovators, Zagreb, Croatia.

Organization of conferences, congresses and meetings

1. Closing meeting of the international project MaXycle: A novel circular economy for sustainable RE-based
magnets (ERA.MIN2), Goriska Brda, 20-22 June 2021

2. Annual meeting within the international laboratory LTA PACS2: Push-Pull AlloyS and Complex Compounds
(PACS2): from bulk properties to surface functions, Goriska Brda, 8-10 November 2021

3. Annual meeting within the international project EIT Raw Materials INSPIRES: Intelligent and Sustainable
Processing of Innovative Rare-Earth Magnets, Ribno at Bled, 14-16 December 2021

Patents granted

1. Simon Reinhard, Jacim Jacimovi¢, Lorenz Herrmann, TomaZ Tomse, Method of producing a permanent
magnet with inter-grain heavy-rare-earth element, EP3649659 (B1), European Patent Office, 07. 04. 2021.

2. Sa$a Novak, Natasa Drnovsek, Gregor Murn, Implant having a multilayered coating and a process for
preparing thereof, EP2595669 (B1), European Patent Office, 13. 10. 2021.

3. Xuan Xu, SaSo Sturm, Kristina Zuzek Rozman, A method for recovery of Nd Fe B grains from bulk
sintered Nd-Fe-B magnets and/or magnet scraps by electrochemical etching, EP3660174 (B1), European
Patent Office, 27. 10. 2021.

4. Saso Gyergyek, AndraZ Kocjan, Darko Makovec, Method for synthesis of coated magnetic particles
(B2582272 (B), Intellectual Property Office, 14. 07. 2021.

INTERNATIONAL PROJECTS oy

1. K7,CTT-ID Creations; Rights and Obligations regarding the Development, Use and
Commercialization of Hydrothermally Synthetized TiO2 Coatings in Metal Orthopaedic
and Dental Implants

Dr. Nina Kostevsek
Cost Association Aisbl
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2. COST CA17140 - Nano2Clinic; Cancer Nanomedicine - From the Bench to the Bedside
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Stay of Ipeknaz Ozden at IKTS, Fraunhofer Institute for Ceramic Technologies and
Systems IKTS, Dresden, Germany on Project: Integration of Fused Filament Fabrication
with Thermoplastic 3D Printing for Improving Mechanical Performance

Ipeknaz Ozden

Jecs Trust

H2020 - ESTEEM3; Enabling Science and Technology through European Electron
Microscopy

Prof. Miran Ceh

European Commission

H2020 - SUSMAGPRO; Sustainable Recovery, Reprocessing and Reuse of Rare-Earth
Magnets in a Circular Economy

Prof. Spomenka Kobe

European Commission

H2020 - ATHENA; Implementing Gender Equality Plans to Unlock Research Potential of
RPOs and RFOs in Europe

Prof. Spomenka Kobe

European Commission

H2020 - ORACLE; Novel Routes and Catalysts for Synthesis of Ammonia as Alternative
Renewable Fuel

Prof. Andraz Kocjan

European Commission

H2020 - PASSENGER,; Pilot Action for Securing a Sustainable European Next Generation
of Efficient RE-Free Magnets

Prof. Kristina Zuzek

European Commission

H2020 - EUROfusion; Plasma Facing Components-1-IPH-FU, EUROfusion

Prof. Sasa Novak Krmpoti¢

European Commission

. Tailoring Thermoelectric Properties through Defects Engineering in ZnO Bulk Ceramics

Prof. Slavko Bernik
Slovenian Research Agency

. Nanostructured Metal Oxide-Based Materials for Applications in Photocatalytic

Processes
Dr. Matejka Podlogar
Slovenian Research Agency

. INSPIRES - Intelligent and Sustainable Processing of Innovative Rare-Earth Magnets

Prof. Spomenka Kobe
Eit Rawmaterials E.v.

. HE - EUROfusion; WP18: MAT HE-FU, IREMEV-MAT-1_HE-FU, IREMEV-MAT-2_HE-FU,

IREMEV-MAT-3_HE-FU
Dr. Petra Jenus§
European Commission

. HE- EUROfusion; WP21: PRD-1,2_HE-FU

Dr. Aljaz Ivekovic
European Commission

. HE- EUROfusion; WP24: TRED_HE-FU, EDU_HE-FU

Prof. Sasa Novak Krmpoti¢
European Commission

RESEARCH PROGRAMMES

Nanostructured Materials

Prof. Sa3o Sturm

Ceramics and complementary materials for advanced engineering and biomedical
applications

Prof. AndraZ Kocjan

Fusion technologies

Prof. Sasa Novak Krmpotic

R & D GRANTS AND CONTRACTS

Role of estrogens in active brain feminisation? and development of a novel hormone
implant, mimicking estrous cycle

Prof. Sasa Novak Krmpoti¢

Characterization of fractal structures and scale-up parameters in their synthesis

Dr. Matejka Podlogar

Development of a new reactor concept for microkinetic studies and its use for selective
oxidative dehydrogenation of alkanes and methane coupling

Dr. Luka Suhadolnik

Selective extraction of high value molecules from forest products processing residues in
the speciality chemicals sector

Dr. Petra Jenus

Molybdenum geobiochemical Cycle in modern environments

Prof. Saso Sturm

Advanced 3D cell models: Bridging the gap between in vitro and vivo experimental
systems (hep3DGenTox)

Prof. Sasa Novak Krmpoti¢

Post-radiation caries in head and neck cancer patients: Understanding and prevention
Prof. AndraZ Kocjan

20.

—

22.

23.

24.

25.

26.

27.

21.

Degradation of plastics with polyextremotolerant fungi

Dr. Matejka Podlogar

Modulation of fruit polyphenolic profile by sustainable postharvest physical treatments
Dr. AnZe Abram

. Preclinical and Clinical Investigations of Zirconia Dental Ceramics Fabricated by

Additive Manufacturing Technologies (ZIRAMDENT)
Prof. AndraZ Kocjan

. Nanoscale investigations of diffusion controlled topotaxial phase transformations in

rutile-corundum host systems
Prof. Aleksander Re¢nik

. Towards reliable implementation of monolithic zirconia dental restorations

Dr. Andraz Kocjan

. Mineral inclusions in garnet from macroscopic to atomic scale: Opening the

petrogenetic archive
Prof. Aleksander Re¢nik

. High performance nanostructured acrylamide sensors

Asst. Prof. Kristina Zagar Soderznik

. Designing functionality of lead-free ferroelectrics through domain wall engineering

Asst. Prof. Matej Andrej Komelj

. Prediction of the initial stages of electrochemical phase formation by multi-scale

modelling and insitu transmission electron microscopy
Prof. $aso Sturm

. Extended defects in natural and synthesized perovskite oxides: nanogeochemcial

indicators and functional interfaces
Prof. Aleksander Recnik

. Development of High Performance Sensors for Detection of Persistent and Mobile

Chemicals in the Environment (SENSE-PMC)
Asst. Prof. Kristina Zagar SoderZnik

. Effective recycling of abrasive sludge in the production of Sm2Co17 magnets for a

waste-free economy

Prof. Kristina Zuzek

Development of complex shape multicomponent permanent magnets with the use of
advanced 3D printing technology

Prof. Spomenka Kobe

Degradation of textile microplastic for domestic wastewater treatment

Dr. Matejka Podlogar

Novel Flow Photoelectrocatalytic Reactors for Degradation of Pharmaceuticals in Waste
Water

Prof. Miran Ceh

RECEMENT:Re-generating (raw) materials and end-of-life products for re-use in
Cement/Concrete

Prof. Saso Sturm

Ministry of Education, Science and Sport

Anovel ciruclar economy for sustainable RE-based magnets

Prof. Spomenka Kobe

Ministry of Education, Science and Sport

Financing of projects visits at the Slovenian higher education institutions

Prof. $aso Sturm

Public Scholarship, Development, Disability and Maintenance Fund of the Republic of
Slovenia

Services for the Exports

Dr. Zoran Samardzija

External Services

Prof. AndraZ Kocjan

N EW CONTRACTS

Effective recycling of abrasive sludge in the production of Sm2Co17 magnets for a
waste-free economy

Prof. Kristina Zuzek

Magneti Ljubljana, d. d.

NexGenHVEC: Advanced materials, technologies and prototypes for cost effective hybrid
varistor electronic components with improved thermal stability

Prof. $aso Sturm

Kekon d. 0. 0.

Degradation of textile microplastic for domestic wastewater treatment

Dr. Matejka Podlogar

Gorenje gospodinjski aparati, d.d.

Development of complex shape multicomponent permanent magnets with the use of
advanced 3D printing technology

Prof. Spomenka Kobe

Kolektor group d. 0. 0.

Measurements on the vibrating sample magnetometer, x-ray diffractometer and
transmission electron microscope on the CoNiP system

Prof. $aso Sturm

Rls merilna tehnika d. 0. o.

Novel Flow Photoelectrocatalytic Reactors for Degradation of Pharmaceuticals in
WasteWater

Prof. Miran Ceh

Arhel projektiranje in inZeniring d. o. 0.
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VISITORS FROM ABROAD
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1. Milan Vuksic, University of Zagreb, Faculty of Mechanical Engineering and Naval 13. Dr Richard Wheeler, Edinburgh Scientific, Edinburgh, United Kingdom,
Architecture (FSB), Zagreb, Croatia, 15-31 January 2021 16 September 2021

2. Martina Kocijan, University of Zagreb, Croatia, 1 February-31 March 2021 14. Darya Farrokhnemou and SeyyedehShahrzad Sajjadivand, Faculty of

3. Milan Vuksic, University of Zagreb, Faculty of Mechanical Engineering and Naval Engineering and Natural Sciences, Sabanci University, Istanbul, Turkey, 16

4. Architecture (FSB), Zagreb, Croatia, 1 February-31 March 2021 September-13 December 2021

5. Assoc. Prof. Ale§ Omerzu in Asst. Dr Robert Peter, University of Rijeka, Rijeka, Croatia, 15. Assoc. Prof. Ales Omerzu, University of Rijeka, Rijeka, Croatia, 27
2 June 2021 September-27 December 2021

6. Dr Pascal Boulet, Thiago Trevizam Dorini, dr Emilie Gaudry, dr Julian Ledieu in 16. Krzysztof Kubacki, Innovation Center for the Eastern Region of the Republic of Slovenia
Marie-Cécile de Weerd, Jean Lamour Institute - University of Lorraine, Nancy, France, and Tina Zajc Benda, EIT RawMaterials Innovation Hub CLC East Sp. z 0. o, Wroclaw,
7-11 June 2021 Poland, 14 October 2021

7. DrVincent Fournee, Jean Lamour Institute - University of Lorraine, Nancy, France, 17. Dr Gabin Guélou, prof. dr Emmanuel Guilmeau in Krishnendu Maji, CRISMAT
22-25 June 2021 laboratory, Caen, France, 26-29 October 2021

8. Anna Katharina Hofer, Chair for Structure and Functional Ceramics, Montanuniversitit ~ 18. Anna Katharina Hofer, Chair for Structure and Functional Ceramics, Montanuniversitat
Leoben, Austria 6-9 July 2021 Leoben, Austria, 8-12 November 2021

9. DariaJardas, University of Rijeka, Rijeka, Croatia, 13-24 July 2021 19. Anna Katharina Hofer, Chair for Structure and Functional Ceramics, Montanuniversitit

10. Dr Florian Brix in dr Emilie Gaudry, Jean Lamour Institute - University of Lorraine, Leoben, Austria, 13-15 December 2021
Nancy, France 2-6 August 2021 20. Dr Goran Brankovic in Jelena Vukasinovi, Institute for Multidisciplinary Research

11. Thiago Trevizam Dorini, Jean Lamour Institute - University of Lorraine, Nancy, France, (IMSI), Belgrade, Serbia, 13-16 December 2021
2-12 August 2021 21. Prof. Carlo Burkhardt, Pforzheim University - University of Applied Sciences with

12. Sandra Gonzalez Arceo, Autonomous University of Madrid International Relations and the faculties of design, technology and economics and law, Pforzheim, Germany,
Mobility Service, Madrid, Spain, 13 September 2021-31 January 2022 16-18 December 2021

Researchers Postgraduates

1. Prof. Slavko Bernik 29. Giulia Della Pelle, M. Sc.

2. Prof. Miran Ceh 30. Hermina Hudelja, B. Sc., left 15.03.21

3. Prof. Jean Marie Dubois 31. Diana Knyzhnykova, M. Sc.

4. Dr. Aljaz Ivekovi¢ 32. Matej Kocen, B. Sc.

5. Dr. PetraJenu§ 33. Dr. Matic Korent

6. Prof. Spomenka Kobe 34. Anja Korent, B. Sc.

7. Prof. Andraz Kocjan 35. Abhilash Krishnamurthy, M. Sc.

8. Asst. Prof. Matej Andrej Komelj 36. Monika Kuster, B. Sc.

9. Prof. Sasa Novak Krmpotic 37. Barbara Ljubec, B. Sc.

10. Dr. Matejka Podlogar 38. Ziva Marinko, B. Sc.

11. Dr. Benjamin Podmiljsak 39. Ipeknaz Ozden, M. Sc.

12. Prof. Aleksander Recnik 40. Patrick Seles, M. Sc.

13. Dr. Zoran Samardzija 41. Vinko Srsan, M. Sc.

14. Prof. Saso Sturm, Head 42. Sara Tominc, B. Sc., left 01.07.21

15. Dr. Kristina Zagar SoderZnik 43. Aleksander Ucakar, B. Sc.

16. Prof. Kristina Zuzek 44. Anubhav Vishwakarma, M. Sc.

Postdoctoral associates Technical officers

17. Dr. Anze Abram 45. Sanja Fidler, B. Sc.

18. Dr. Belisa Alcantara Marinho 46. Kaja Krizman, B. Sc.

19. Dr. Maja Antanasova*® 47. Tina Radosevic, B. Sc.

20. Dr. Natasa Drnovsek* 48. Dr. Boris Saje*

21. Dr: Andrea Impagnatiello, left 01.09.21 Technical and administrative staff

22. Dr. Fevzi Kafexhiu, left 01.09.21 49. Sabina Cintauer, B. Sc.

23. Dr. Sina Khoshsima 50. Darko Eterovic

24. Dr. Nina Kostevsek 51. Tomislav Pustotnik

25. Sorour Semsari Parapari, M. Sc. 52. Marija Sebjan Pusenjak, B. Sc.

26. Dr. Luka Suhadolnik, on leave since 01.10.21

27. Dr. Tomaz Tomse Note:

G ote:
28. Dr. Spela Trafela * parttime JSI member
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1. Hermina Hudelja, Freeze casting of hierarchically structured highly
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DEPARTMENT FOR MATERIALS

SYNTHESIS

K-3

The research of the Department for Materials Synthesis is mainly related to the synthesis of
advanced materials, especially magnetic materials. Special attention is given to nanostructured
materials, such as ferrofluids, functionalized nanoparticles for use in biomedicine, multifunctional
nanocomposites, catalysts, and fluorescent nanoparticles.

Alarge part of research at the Department for Materials Synthesis is devoted to the synthesis of nanoparticles.
In 2021 we continued our research devoted to the hydrothermal synthesis and structural characterization of bis-
muth titanate (Bi,Ti,0,, BIT) nanoparticles. Depending on the experimental conditions (e.g., the concentration of
NaOH) BIT can be synthesized in the form of either nanoplatelets or nanowires. The structure of BIT nanoparticles
was thoroughly characterized using atomic-resolution imaging with a C-probe-corrected scanning-transmission
electron microscope (cooperation with Prof. Goran Drazi¢, National Institute of Chemistry) in combination with
Xeray diffractometry (cooperation with Prof. Anton Meden, Faculty of Chemistry and Chemical Technology, Uni-
versity of Ljubljana) and Raman spectroscopy. We found that the nanoplatelets (10 nm thick and 50-200 nm wide)
exhibit the Aurivillius-type layered-perovskite crystal structure that is characteristic of BIT, whereas the nanowires
(15-35 nm wide and from several hundreds of nm to several um long) exhibit an entirely new structure with an
orthorhombic unit cell. A tentative structural model was proposed (Figure 1). The nanowire structure is composed
of two structural layers alternating along the orthorhombic c-direction: a structural layer composed of two parallel
layers of Bi atoms that resemble the (Bi,0,)* layer of the Aurivillius structure, and a structural layer composed of
two parallel layers of Ti atoms, where every sixth Ti is replaced with Bi. Observations of the ferroelectric domains
with transmission electron and piezo-response force microscopy (cooperation with Hana Ursic, Department for
Electronic Ceramics) indicated the ferroelectric nature of both nanostruc-

Head:
Prof. Darko Makovec

tures. In 2021 we focused on processes leading to the formation of two
distinct morphologies of BIT nanoparticles. The hydrothermal treatment
for 38 hours at 200 °C led to the formation of the nanowires with a meta-
stable orthorhombic structure and the nanoplatelets with an equilibrium

Discovery of a new crystal structure, a
metastable polymorph of Bi,Ti O, stabilized at
the nanoscale in the form of nanowires.

Aurivillius layered-perovskite structure at lower ( 1 mol/L) and higher (>1
mol/L) NaOH concentrations, respectively. At the initial stage of hydrothermal synthesis a mixture of two metastable
polymorphs was formed: the nanowires and the highly defected perovskite phase. The perovskite phase in the form
of globular aggregates of nanocrystallites only contained Bi** and Ti* cations (Na' or Ti** were not detected). In
the continuation of the hydrothermal treatment, the aggregates of perovskite nanocrystals dissolved in the lower
NaOH concentrations, whereas in the higher NaOH concentrations the nanowires dissolved, while the Aurivillius
nanoplatelets grew from the surfaces of the perovskite aggregates (Figure 3).

In 2021 we started a cooperation with researchers from Faculty of Electri-
cal Engineering, University of Ljubljana (group of Prof. Damijan Miklav¢ic)
in the framework of a national project devoted to selective electroporation
by distributed nanoelectrodes. We developed methods for the synthesis of
gold nanoparticles with controllable size and shape (Figure 3). The gold
nanoparticles were then coated with a layer of silica with different mor-
phologies. The coating process was based on our dynamic soft-templating
method that allows the simple design of applicable silica shells containing

tuneable pore geometries with pore sizes ranging from below 5 nmtoabove Figure 1: Ferroelectric Bi Ti,0,, nanoparticles can be hydrothermally

473712

40 nm. The method was published in ACS Applied Materials & Interfaces (IF= synthesized in two distinct morphologies, i.e., nanoplatelels and

9.229) in 2021. Moreover, a dynamic soft-templating strategy was developed
to controllably synthesize hierarchical, dual-mesoporous silica shells on
various magnetic nanoparticles, in terms of nanoparticle dimension (i.e., from 3 nm to a micrometre), shape (i.e.,
spherical, chain-like, and disc-like), and magnetic properties (i.e., permanently magnetic and superparamagnetic).
This method can serve as a general approach to the fabrication of well-designed mesoporous silica coatings on a
wide variety of core nanoparticles, as demonstrated using the gold nanoparticles.

Apart from the silica coating, the functionalization molecules can be grafted onto the nanoparticles’ surfaces
to control their surface properties. The layer of molecules has to be bonded by forming stable covalent bonds, not

has not been described before.
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Development of new, magnetically guidable
drug-delivery systems.

Figure 2: A mixture of two metastable polymorphs of bismuth titanate
Jorms in the initial stages of the hydrothermal treatment of precipitated
B and Ti* ions in NaOH: nanowires with an orthorhombic structure
and globular aggregates of perovskite crystallites. In the next stage, the
perovskite aggregates dissolve at lower NaOH concentrations, whereas
at the higher NaOH concentrations the nanowires dissolve, while the
nanoplatelets with an equilibrium Aurivillius structure start fo grow
Jrom the surfaces of the perovskite aggregates.

Synthesis of magneto-optic Janus nanoplatelets
prepared from barium hexaferrite nanoplatelets
and gold nanoparticles with Pickering emulsions.

to be desorbed or exchanged with other ligands from the medium. Since
irreversible covalent bonding is not possible between ionic inorganic sur-
faces and organics an alternative coordinative bonding is often exploited
for the surface functionalisation. Very strong coordinative bonding can
be achieved between surface metal ions and some organic moieties (e.g.,
carboxylates, catechols, phosphonates). Our results showed that by coating
superparamagnetic maghemite nanoparticles with some catechols the
saturation magnetization of the nanoparticles increased. This was opposite
to the expected decrease because of the nonmagnetic coating. On the other
hand, a much larger decrease in the saturation magnetization of barium
hexaferrite nanoplatelets was measured than expected from the fraction
of a tetraphosphonate coating. Among all the studied phosphonate ligands
(mono-, di- and bisphosphonates) only the tetraphosphonate ligand
showed such an effect. To elucidate such unexpected behaviour, a detailed
spectroscopic study in collaboration with Prof. Iztok Arcon (University of
Nova Gorica) and theoretical calculations by Dr Layla Martin Samos, Dr
Matic Poberznik and Gabriela Herrero (CNR, Trieste) have been considered.
We continued the research related to the ferromagnetic suspensions of
barium hexaferrite nanoplatelets (in cooperation with the Department of
Complex Matter). We focused on understanding the colloidal interactions
in suspensions of the hexaferrite nanoplatelets in isotropic solvents using
different surface ligands, including various phosphonates and nonpolar
ligands for making nonpolar ferrofluids based on the nanoplatelets. We
determined conditions for the formation of ferromagnetic ferrofluids in
isotropic solvents and the stability range of ferromagnetic liquid crystals.
A new research direction evolved from our background on the hexa-
ferrite nanoplatelets and ferrofluids. Our aim is to add to the magnetic
and shape anisotropy of those special materials by introducing additional

functionality only on one basal surface of the nanoplatelets, thus making

Figure 3: TEM images of gold nanoparticles: spherical nanoparticles
(leftside image) and gold nanorods (vight-side image).
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Janus nanoplatelets. One of the studies is related to the development of
magneto-photonic barium-hexaferrite - gold Janus nanoplatelets in the frame of a Seal of Excellence project “Mul-
tifunctional Janus Nanoplatelets” (led by Dr Jelena Papan). The first barium hexaferrite - gold Janus nanoplatelets
were obtained via a Pickering emulsion system.

A national project with the Faculty of Chemistry and Chemical Technology, University of Ljubljana is focused
on the development of the hybridization technology for making magneto-electric Janus nanoplatelets based on
the immobilization of the barium-hexaferrite nanoplatelets on a solid substrate. The immobilized monolayer of
nanoplatelets will allow for their hybridization with electrically polar ligands only on one basal surface of the nano-
platelets. A major focus in 2021 was on the optimization of glass-substrate functionalization. We identified vapour-
phase deposition as the most efficient method for the amino-functionalized
glass-substrates. In parallel, optical absorption and fluorescence methods
were adopted to assess the density of active amine groups at glass surfaces.

We were also very active within the FET-OPEN MAGNELIQ project where
we cooperate with University of Maribor, CNR Trieste, Czech Academy of
Sciences and a SME Prensilia from Pisa. In the project we aim to develop a
magneto-electric liquid based on magneto-electric Janus nanoplatelets. We
studied the coordinative interaction of complexing ligands with barium-
hexaferrite nanoplatelets. Our aim was to identify conditions ensuring
stable magneto-electric hybrids. Experimental studies run in parallel with
theoretical calculations of basic interaction potentials. In addition, a variety of ferromagnetic liquids with a strong
magneto-optic response was prepared and characterized.

We continued the research on the preparation of new drug-delivery systems based on clusters of superpara-
magnetic nanoparticle (i.e., nanoclusters). Their magnetic guidance enables a broad spectrum of applications, not
only for magnetic drug delivery, but also for magnetic separation, magnetic particle imaging, magnetic resonance
imaging, etc. In 2021 we demonstrated the platform for drug delivery based on magnetic nanoparticles. We have
developed partially hollow magnetic nanostructures that have nanoscale voids available for drug loading, while
they preserve sufficient magnetic responsiveness. This interdisciplinary collaborative work was performed with
researchers from the Faculty of Pharmacy, University of Ljubljana (Prof. Petra Kocbek). As an alternative, we also
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developed delivery particles with a space for drug loading available in the compartments of radially aligned pores
within the silica shell on the magnetic particles. The nanoclusters were coated with silica with the large and radi-
ally aligned pores, which enable loading of an active pharmaceutical substance, while the particle core provides
magnetic guidance of the loaded drug to a targeted tissue. The research on this topic is in progress.

In 2021 we also continued a close collaboration with researchers from the Department of Chemical and Phar-
maceutical Sciences, University of Trieste, Italy (Prof. Silvia Marchesan). We successfully demonstrated the forma-
tion of hybrid nanomaterials made of self-assembled di- and tripeptides. The composite material forms different
nanostructures with diverse properties. Our future efforts will focus upon the extension of this chemical platform
to biocompatible materials able to perform time-controlled drug release. Furthermore, our intense collaboration
with this group was continued on the development of magnetic nanostructures conjugated with short peptides and
self-assembled fibrillar peptide nanostructures. Controlling the magneto-mechanical effect of anisotropic magnetic
particles on soft and fragile peptide fibrils was our central research interest.

We continued our research on the application of the magnetic heating of carbon- or alumina-coated magnetic
nanoparticle clusters in catalysis. For the synthesis of the nanostructured carbon-coated nanoclusters the magnetic
nanoparticles were coated with a precursor using the hydrothermal carbonization of carbohydrates followed by
thermal treatment. The synthesis procedure for the nanostructured alumina-
coated clusters was developed in cooperation with the Department for
Nanostructured Materials based on the deposition of a precursor material
with the hydrolysis of AIN in a colloidal suspension of superparamagnetic
iron-oxide nanoparticles, followed by a thermal treatment.

In cooperation with the Department of Catalysis and Chemical Reaction
Engineering, National Institute of Chemistry (Dr Blaz Likozar and Dr Miha
Grilc) we studied the AC-field-mediated catalysis using Ru-bearing carbon-
coated magnetic nanoclusters. The catalyst exhibited a large surface area and
was homogenously decorated with small Ru nanoparticles, approximately
2 nm in size. The catalyst was used in the hydrotreatment of levulinic acid.
The yield of y-valerolactone reached 100 % under mild conditions (total pres-
sure of 1 MPa maintained with H,) within 1 hour of magnetic heating. The
in-depth analysis and modelling of the hydrogenation and deoxygenation
processes showed that the surface of the catalyst rapidly heats to 137 °C,
while the bulk of the medium remains at the significantly lower temperature
of 85 °C. Such a thermal imbalance increased the rate of conversion of the
isopropyl levulinate (formed by the competing reaction) to y-valerolactone
and thus increasing the yield. Such an analysis rationalizes experimental
observations and provides a solid background for further optimization of the
process. In addition, the catalyst showed remarkable stability, since after four

In collaboration with the same group from National Institute of Chem-
istry we studied the influence of the size and size distribution of catalytic Ru nanoparticles on their activity for the
hydrogenation of hydroxymethyl furfural (HMF) and in the decomposition of NH,. A series of Ru-bearing carbon-
coated magnetic nanoclusters was prepared while the size of the Ru nanoparticles was varied from 0.9 to approx. 5
nm. The in-depth analysis and modelling of the hydrogenation of HMF showed that the smallest Ru nanoparticles
exhibit the highest activity and selectivity for 2,5-bishydroxymethalfuran (BHMF). Their small size most likely facili-
tates the preferential adsorption of the HMF molecule through the aldehyde group. In such a configuration the ring
saturation is inhibited, thereby improving selectivity. In stark contrast, the same catalyst was only poorly active in
the decomposition of NH,. Here, the highest activity was observed when the Ru nanoparticles were approximately
2 nm in diameter. Our best catalyst demonstrated remarkable activity in

i ) - i ) Figure 4: BF STEM image of magnetic Co Ni, nanoparticles embedded
recyclings the conversion and selectivity remained practically unchanged. ;251 4 nanostructured aluming matriz.

temperature-ramping experiments. The decomposition onset temperature  Actuation of magnetic nanoclusters with an AC
was found to be 330 °C, while the full conversion of NH, was achieved at  magnetic field was applied to selectively heat

only marginally higher temperatures. Such a low temperature shows high ~ the surface of a catalyst.

potential for the applications of the developed catalysts in on-demand H,
production through the decomposition of NH,.

We have also been very active in the H2020 project Oracle, which aims to develop the scalable and flexible
electrified production of NH, for fuel applications. Here we collaborate with several European institutions focus-
ing on catalysts’ development and their integration within reactor units utilizing the magnetic heating of coated
magnetic nanoclusters for flexible and on-demand production. We have developed a scalable aqueous method for
the preparation of Co Ni, _precursor particles based on co-precipitation and subsequent hydrothermal treatment
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to improve the homogeneity of their composition. Such nanoparticles were successfully embedded within the alu-
mina matrix using our method based on the hydrolysis of AIN (Figure 4). During high-temperature reduction the
precursor nanoparticles reduce to Co Ni, nanoparticles. The developed method enables control of the composition
and thus control over the magnetic properties of the nanoparticles. They showed only a marginal decrease in the
magnetization as a consequence of surface oxidation after prolonged time under an air atmosphere. Under reduc-
ing conditions, the properties are fully restored. What is more important is that they show good heating under an
ACield even under technologically relevant conditions, i.e., in a H, flow.

We also continued with the research of fluorescent optical materials. Fluorescent nanoparticles with up-
conversion emission can be applied in various optical elements and are also proposed as alternative bio-markers
in imaging diagnostic techniques for medicine. After our previous discovery of the significant dissolution of
fluoride-based up-converting nanoparticles (UCNPs; e.g,, Ln-doped LnF, and NaYF, ) we focused on the prevention/
minimization of their dissolution. We studied the efficiency of some phosphonate coatings to prevent the dissolution
of the UCNPs. We showed that the phosphonate structure and coating-synthesis conditions are very important in
the definition of the density of phosphonic coatings. The dissolution studies were made in cooperation with the
Department of Inorganic Chemistry and Technology (Dr Maja Ponikvar-Svet) and the Czech Academy of Sciences
(Dr Uliana Kostiv). All the studies were supported with optical characterization in cooperation with the Depart-
ment of Complex Matter (Prof. Boris Majaron) and with cell-viability studies at the Faculty of Medicine, University
of Ljubljana (Dr Lovro Ziberna). Some of the results formed part of the MSc thesis of Masa Vozli¢, who received
Presern’s award from the University of Ljubljana and Krka's award from Krka company.

We also continued our research of materials displaying a positive temperature coefficient of resistivity (PTCR).
The focus was on composite materials containing a mixture of a conducting phase (metal) and a non-conducting
phase (BaTiO, ceramics). Due to dimensional changes during a phase transformation in the non-conducting phase,
disconnections occur in the conductive phase that led to the PTCR anomaly.

Some outstanding publications in the past year

1. Nemec, Sebastjan, Kralj, Slavko. A versatile interfacial coassembly method for fabrication of tunable silica
shells with radially aligned dual mesopores on diverse magnetic core nanoparticles. ACS applied materials
&interfaces, ISSN 1944-8244, 2021, vol. 13, iss. 1, str. 1883-1894, ilustr., doi: 10.1021/acsami.0c17863.

2. Papan, Jelena, Hribar, Patricija, Mertelj, Alenka, Lisjak, Darja. Preparation of barium-hexaferrite/gold
Janus nanoplatelets using the pickering emulsion method. Nanomaterials, ISSN 2079-4991. [ Online ed. ],
2021, vol. 11, no. 11, str. 2797-1-2797-18, doi: 10.3390/nano11112797.

3. Masdeu, Gerard, Findrik, Zvjezdana, Kralj, Slavko, Makovec, Darko, Lopez-Santin, Josep, Alvaro Gregorio,
G. Multi-reaction kinetic modeling for the peroxidase-aldolase cascade synthesis of a D-fagomine precur-
sor. Chemical Engineering Science, ISSN 0009-2509. [Print ed.], 2021, vol. 239, str. 116602-1-116602-11.

Awards and Appointments

1. Sebastjan Nemec was awarded 2™ place in the Best student presentation competition at the SCS Annual
Meeting 2021 conference in PortoroZ (22. - 24.9.2021)

Organization of conferences, congresses and meetings
1. Project Consortium Meeting H2020-FETOPEN-2018-2019-2020: MAGNELIQ, Ljubljana, 14. -15.10.2021

Patent granted

1. Saso Gyergyek, AndraZ Kocjan, Darko Makovec, Method for synthesis of coated magnetic particles,
(B2582272 (B), Intellectual Property Office, 14. 07. 2021.

INTERNATIONAL PROJECTS

1. COST CA18132; Functional Glyconanamaterials for the Development of Diagnosticsand 3. H2020 - ORACLE; Novel Routes and Catalysts for Synthesis of Ammonia as Alternative

Targeted Therapeutic Probes Renewable Fuel
Asst. Prof. Slavko Kralj Asst. Prof. Saso Gyergyek
Cost Association Aisbl European Commission
2. H2020 - BeMAGIC; Magnetoelectrics Beyond 2020: A Training Programme on Energy- 4. H2020 - PASSENGER; Pilot Action for Securing a Sustainable European Next Generation
Efficient Magnetoelectric Nanomaterials for Advanced Information and Healthcare of Efficient RE-Free Magnets
Technologies Prof. Darko Makovec
Prof. Darja Lisjak European Commission
European Commission 5. H2020 - MAGNELIQ; A Magneto-Electric Liquid - Better Sensing
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Prof. Darja Lisjak 2. Selective electroporation by distributed nanoelectrodes
European Commission Asst. Prof. Slavko Kralj
3. Multifunctional Janus Nanoplatelets
Jelena Papan
RE S E ARC H PRO GRAM ME 4. Liquid Magnets: fundamental studies of ferromagnetic order in liquids
Prof. Darja Lisjak
. . . . ) . 5. Surface-selective hybridization technology for magneto-electric hybrids
1. Advanced inorganic magnetic and semiconducting materials Prof. Darja Lisjak
Prof. Darko Makovee 6. Magneto Responsive Surfaces for Manipulation of Light and Liquids
Prof. Darko Makovec
7. Magnetically-controllable nanocarriers mimicking endogenous lipid particles for
R &D GRANTS AND C ONTRACTS improved drug/nanoparticle delivery
Prof. Darko Makovec
1. Bactericidal nanoblades: a proof-of-concept approach for bimodal chemo- 8. Egploitation of the magneto-mechanical effect in the treatment of neurodegenerative
mechanicaleradication of persistent biofilms diseases )
Asst. Prof. Slavko Kralj Asst. Prof. Slavko Kralj
Dr Vladimira Novotna, Institute of Physics of the Czech Academy of Sciences, Prague, 6. Dr Gabriela Herrero, Consiglio Nazionale delle Ricerche, Istituto Officina dei Materiali,
Czech Republic, 14.-15. 10. 2021 Trieste, Italy, 14.-15. 10. 2021
2. Tomas Landovsky, Institute of Physics of the Czech Academy of Sciences, Prague, Czech 7. Miha Gunde, Consiglio Nazionale delle Ricerche, Istituto Officina dei Materiali, Trieste,
Republic, 14.-15. 10. 2021 Italy, 14.-15. 10. 2021
3. Dr Layla Martin Samos, Consiglio Nazionale delle Ricerche, Istituto Officina dei 8. Francesco Clemente, Prensilia S.r.1, Pontedera, Italy, 14.-15. 10. 2021
Materiali, Trieste, Italy, 14.-15. 10. 2021 9. Giulia Lippi, Prensilia S.r.1, Pontedera, Italy, 14.-15. 10. 2021
4. Dr Nicolas Salles, Consiglio Nazionale delle Ricerche, Istituto Officina dei Materiali, 10. Nicola Motzo, Prensilia S.r.1, Pontedera, Italy, 14.-15. 10. 2021
Trieste, Italy, 14.-15. 10. 2021 11. Amadeo Morandi, Prensilia S.r.l, Pontedera, Italy, 14.-15. 10. 2021
5. Dr Matic Pobreznik, Consiglio Nazionale delle Ricerche, Istituto Officina dei Materiali,
Trieste, Italy, 14.-15. 10. 2021
Researchers Postgraduates
1. Asst. Prof. Saso Gyergyek 9. NinaKriZaj, B. Sc.

2.
3.
4.
5.

Asst. Prof. Slavko Kralj

Prof. Darja Lisjak

Prof. Darko Makovec, Head
Dr. Igor Zajc

Postdoctoral associates

6.
7.
8.

Dr. Stanislav Campelj
Dr. Jelena Papan
Dr. Ali Tufani
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Atthe Advanced Materials Departiment we investigate novel materials through an understanding
of the mutual dependence of their structural, microstructural and functional characteristics. Modern
technologies that enable the synthesis of materials with atomic and microscale precision are used
to prepare pre-designed structural 3D materials, thin films and nanoparticles with the desired
crystal structure, chemical composition, microstructure and morphology. Among our important
objectives is the development of i) novel functional oxides for electronic applications and energy
conversion, ii) antibacterial and piezoelectrical biocompatible materials and iii) heat-insulation
malterials with improved properties and sustainability.

Novel functional oxides

Two-dimensional (2D) materials are very important in the field of catalysis, as they present large surface areas
with an ample number of active sites to boost the catalytic processes. However, the systematic design of 2D materials
with the desired epitaxial properties remains a major scientific challenge. In this regard, understanding the nuclea-
tion and crystal-growth mechanisms becomes increasingly important and there is still a great lack of knowledge
in this field. 2D materials also present a unique opportunity to create heterostructures with maximum face
contact, which can play crucial roles in reactions such as photocatalytic hydrogen evolution. In heterostructure
photocatalysts with a well-ordered epitaxial interface, the interfacial electric field can contribute to the efficient
separation of the photo-generated charge carriers and the preservation of a high redox ability. We addressed some
of the challenges related to 2D photocatalysts by designing StTi0,/Bi,Ti,0, heterostructure platelets through the
hydrothermal topochemical conversion of Bi,Ti,0,, template particles. These platelets were reported for enhanced
hydrogen-evolution rates under simulated solar irradiation. Building up on this work, we have now obtained new
insights into the growth mechanism of these heterostructure platelets, which will be used to propose the general
design principles for the fabrication of similar 2D heterostructures. To be specific, we investigate how the reaction
mechanism and morphology evolution can be controlled by balancing the lattice mismatch and supersaturation
(8r*"and NaOH concentrations). Depending on the supersaturation, the conversion of Bi,Ti,0,, platelets to STiO,,
under hydrothermal conditions, can yield three different morphologies: platelets, frames and cubes. We observed
that the quality of the template platelets (such as particle dispersion, size distribution, etc.) greatly influences
the morphology evolution and thus the growth mechanism. Bi,Ti,0,, has a layered structure with alternatingly
stacked pseudo-perovskite [Bi L0, 1 blocks and bismuth-oxide [Bi,0,*" layers. By means of STEM-HAADF we
determined that the growth of StTiO, perovskite occurs on the pseudo perovsklte part of the Bi,Ti,0,, templates,
while originally the Bi,Ti,0,, templates are[Bi,0,]* terminated. This implies that during the dissolution of Bi,Ti,0 ,
in highly alkaline NdOH solution and heating to 200 °C, the [Bi,0,]*" layer dissolves, so the pseudo- perovsklte
layer is exposed as a substrate for the following growth. The optimized heterostructures were evaluated for noble-
metal-free hydrogen evolution. Moreover, new approaches were developed to achieve a higher surface area
of as-prepared photocatalytic particles, consequently leading to an improvement in the hydrogen-evolution
rate by a factor of 100.

In collaboration with the Chemical Engineering Department from the National Taiwan University, the studies
of iso-propanol conversion over the SrTi0, and 8rTi0,/Bi,Ti, 0, heterostructural platelets were performed to gain
more understanding of the active-sites distribution dnd assess the application potential of these new platelets in
heterogeneous catalysis. Depending of the acid-base properties of the catalysts’ surface, the conversion of iso-propanol
can proceed as dehydration on acid sites (formation of propene and water) or dehydrogenation on acid-base pairs
(formation of acetone and hydrogen). Temperature programmed surface reactions revealed that SrTiO,-based
platelets are more active and selective for the dehydrogenation reaction compared to SrTiO, cubes and StTiO,
commercial powder, which non-selectively catalyze both reactions.

Other than these platelets, we have also developed 2D graphitic carbon nitride (g-C,N,) nanosheets for pho-
tocatalytic water-splitting. Being a narrow-bandgap semiconductor (2.7 €V), g-C,N, is one of the most promising
low-cost photocatalysts discovered in the last decade. These nanosheets were deve oped and decorated with metal
boride nanoparticles to improve their redox capability for the hydrogen-evolution reaction. In our preliminary results,
at least 20-times-higher catalytic rates are obtained for this novel composite. Likewise, we have also achieved
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Figure 1: SEM micrographs of SrTiO, particles
obtained from Bi,Ti, Izplﬂteletsaﬁerhydro[hermal
reaction in 6 mol/L NaOH at 200 °C for 12 hours
with various initial Sr/Ti molar ratios (a: Sr/Ti=1

b: Sr/Ti=3, ¢ and d: Sr/Ti=12) and with dszerem
starting temperatures of NaOH solution (a-c: 25 °C
and d: 50 °C). (e) Low-magnification of HAADF-
STEM image of edge-on-oriented SrTi0,/Bi Ti.0,,
heterostructural platelets at low stage of topochemical
conversion () Atomic resolution Z-contrast image
ofSrTsz/Bz 11,0, heteroepitaxial contact, marked
in Figure (e).

Figure 2: (a) Fully strained DSO/SRO/PMN-33PT heterostructure as
confirmed by RSM analysis (upper right corner) and geometric phase
analysis (GPA) of STEM image in the in-plane (€ ) and outofplane
directions. (b) Atomic-scale analysis of the SRO/PMN-33PT

inle erface showing continuous perovskite lattice. (¢) PFM out-of-plane
amplitude and local PFM phase hysteresis loops measured in the two

(E

points marked on the image.

success in developing 2D structures of MoB,, which is another promising multifunctional catalyst
with applications in hydrogen generation (water electrolysis) and energy storage (batteries and
supercapacitors).

A novelty in the field of integration of functional oxides with the help of pulsed laser deposi-
tion (PLD) technique is related to the preparation of robust materials for the hydrogen (H,)
evolution in the photoelectrochemical water splitting system. We achieved the simultaneous
realization of the protection of the semiconductor substrate and the ease of charge transfers
under the solar light illumination in the solution environment. The results showed that the pho-
togenerated current densities were greatly improved compared to that measured under the
dark condition, indicating the rapid photo response of our samples resulting from facile charge
transportations between each junction. From an application point of view, such materials can
be used for the fabrication of perovskite-reduced graphene oxide-silicon heterojunction devices.

Several research projects at our department are dedicated to tailoring the properties of thin
films based on functional oxides. Controlling the growth of complex relaxor ferroelectric
thin films and understanding the relationship between biaxial strain-structural domain
characteristics are desirable for designing materials with a large electromechanical response. In
this research field, we continued our studies of the effect of strain on the domain structure and
functional response of thin films based on the relaxor ferroelectric (1-x) Pb(Mg, ,Nb, )0, - xPbTiO,
(PMN-PT) solid solution. After optimization of the growth parameters and target compositions we
succeeded to grow fully strained 40-45-nm thin epitaxial 0.67Pb(Mg, ,Nb, .)0,-0.33PbTi0, and
20-nm SrRuO, (PMN-33PT/SRO) heterostructures on singly terminated SrTlO (ST) and ReScO
substrates (RSO) with Re=Dy, Tb, Gd, Sm, and Nd. All films were single phase with smooth ZD
surfaces, as confirmed by i situ reflection high-energy electron diffraction (RHEED) and high-
resolution X-ray diffraction (HR-XRD). Reciprocal space mapping (RSM) has revealed coherently
strained films on all substrates, except on ST and NSO, where the films were partially relaxed. An
example of a fully strained PMN-33PT/SRO heterostructure on a DyScO, (DSO) substrate with
the largest compressive strain (-1.9%) induced in the films is shown in Figure 2. The analysis by
high-resolution scanning transmission electron microscopy (HR-STEM) confirmed homogeneous
strain distribution in the film and atomically sharp interfaces without
the presence of planar defects proving an epitaxial cube-on-cube
growth mode of the PMN-33PT/SRO heterostructure. The combined
XRD RSMs and piezoresponse force microscopy (PFM) analysis revealed that
the domain structure of the PMN-33PT heterostructures is sensitive to the
applied compressive strain. Stabilization of relaxor domains is characteristic
for mildly strained PMN-33PT layers, whereas a highly distorted tetragonal
structure is present in films under high compressive strains. The results of
this research work show that epitaxial strain engineering can serve as an
effective approach for tailoring and enhancing the functional properties
in relaxor ferroelectrics. More details can be found in the scientific paper
by J. Belhadi et al. published in RSC Advances (doi: 10.1039/d0ra10107a).

InJune 2021 we acquired an additional system for pulsed laser deposition
(PLD). Two PLD systems are now available at our department and enable
the preparation of thin films of different materials. The main components
of the first PLD system are a simple vacuum system, a sample stage with a
resistive heater that allows heating to 900 °C, and a target carrier with an
option for scanning the targets during pulsed-laser ablation. In addition to
the basic components already listed, the second PLD system is also equipped
with an ion-getter pump, titanium sublimation pump and valves that help to

achieve an ultra-high-vacuum environment (5 x 10" mbar), which is a special feature, compared to usual PLD
systems. Apart from the resistive heater, a system for IR laser heating is also available, enabling substrate heating
up to 1200 °C. The UHV PLD system is vacuum-connected to a glove box that allows the storage of reactive targets,
a storage chamber for storing up to 12 samples, and an analytical system for temperature-programmed desorp-
tion (TPD). This PLD system can also be connected to a vacuum suitcase, which enables the transfer of samples to
devices for structural and chemical analysis (XPS, JT-STM) located within other departments of the Institute. Both
PLD systems are equipped with high-energy electron diffraction (RHEED) systems, which enable monitoring of thin
layer growth and the structural analysis of the surfaces of prepared samples. We can use the existing KrF pulsed
laser for the ablation of targets on both PLD systems by using additional optical elements for guiding the laser light.
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The main advantage of using two separate PLD systems is the possibility to simultaneously work on projects,
where targets containing volatile materials, such as lead for the growth of various piezoelectric thin films, are
used, as well as on projects where maintaining an ultra-high vacuum is crucial as in the case of the integration
of oxide films with semiconductor materials.

Figure 3: Lefl: UHV PLD, right: HV PLD system, in the back: UV laser with the optical cabinet.

Our research was also extended to the field of a new type of lithium-ion batteries with a solid electrolyte that
are safer, more stable, and have better energy density and capacity in comparison to batteries with a liquid elec-
trolyte. In the scope of our study, we prepared a ceramic electrolyte based on a double perovskite Li; La, . TiO, with
A-site deficiency that is characterized by high ionic conductivity (103 Scm™). In samples prepared by the conventional
solid-state sintering method, we determined the influence of synthesis conditions, La/Li ratio, and doping on the
microstructure and functional properties. The results will help to understand the mechanism of ionic conductivity
inLi, La,, TiO, which is very important for the application of this material in batteries.

Our research in the field of materials for electronic devices also includes “upside-down” ceramic composites
based on a high ratio of strontium titanate filler (SrTiO,, ST), coupled with the corresponding binder, lithium
molybdate (Li,MoO,, LMO). Composites are prepared by the room-temperature fabrication (RTF) as a sustainable
alternative to time- and energy-consuming high-temperature sintering of ceramics. Various physical parameters,
wettability and contact between LMO and ST, as well as mechanical properties have been stud-
ied, depending on the different content of LMO binder. The obtained experimental results in
the radio-frequency range (1MHz) showed a relative permittivity (e ) between 65 and 120 with
dielectric losses (tan &) from 0.002 to 0.05. Using the RTF method, between 20 and 40% of the
dielectric constant of conventionally sintered ST ceramics was achieved. Furthermore, the
compatibility of ST functional ceramic with an organotitanate precursor, which acts as a binder
was also studied. After the impregnation process, the dielectric and mechanical properties
were further improved. The relative permittivity (e ) values of the untreated and impregnated
ST/TiOx composites ranged from 80 to 120 with dielectric losses (tan &) of 0.0035 to 0.0151. The
particular properties can attract considerable attention for the utilization of LMO-ST composites
in the industry of electroceramics.

Zinc is an essential micronutrient to human health, so massive food additives and medicines
based on zinc gluconate are produced every year. Unfortunately, once expired, waste zinc gluco-
nates are generally disposed with other garbage, causing an excessive influx of zinc ions into the
environment which could deactivate the soil, affect the plant growth and cause the great damage
to humans and animals. In order to reduce environmental pollution and the waste of zinc re-
sources, we investigated recycling of expired waste zinc gluconate as source for preparation of
Zn0 structures. We used hydrothermal synthesis for their preparation and studied the influence
of the synthesis parameters on their morphology. We found that depending on the temperature
and time, different ZnO structures are obtained, ranging from hollow spheres to lace-like plates
(Figure 4). All the obtained ZnO structures were micrometer sized, but composed of nanoparticles.

The photocatalytic activities of ZnO structures were followed by the degradation of the methylene - Figure 4: SEM image of Zn0 (A) hollow spheres
blue dye under the influence of UV light in aqueous solution. Lace ZnO plates showed better and (B) lace-like plates afier firing.

photocatalytic activity than hollow ZnO spheres.

Antibacterial and piezoelectric biocompatible materials

In collaboration with the Slovak Academy of Sciences we studied the antibacterial activity of silver nano-
particles (AgNPs), synthesized via an environmentally friendly route, i.e., by the reduction of silver nitrate
(AgNO,) in aqueous solutions that contained extracts of five different medicinal plants: Berberis vulgaris, Brassica
nigra, Capsella bursa-pastoris, Lavandula angustifolia and Origanum vulgare. The synthesis procedure is
rapid and simple and can be easily monitored via color changes and ultraviolet and visible (UV-Vis) spectroscopy.
X-ray diffraction analysis (XRD) and transmission electron analysis (TEM) were used to confirm the formation
of elemental silver nanoparticles (Figure 5). We showed that the composition of the organic matrix in terms of
the anti-oxidant and total phenolic content influences the size and morphology of the produced AgNPs. Anti-
microbial activity of the AgNPs was tested against five bacterial strains and it confirmed that all the synthesized
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nanoparticles exhibit enhanced antimicrobial activity in comparison to
control, the best properties were observed for AgNPs prepared with B. 7igra
and L. angustifolia extracts. A paper by Salyova et al. was published in April
2021 in Nanomaterials (doi: 10.3390/nan011041005).

In the area of materials for biomedical applications, our work is focused
on designing innovative tools for healing and tissue regeneration. For this
purpose we are developing organic piezoelectric biomaterials and novel,
more efficient antimicrobials. Within the project “Environmentally friendly
antimicrobial material for textiles with improved properties”, together with
Centre for Technology Transfer (CTT) and in collaboration with Hungarian
company Innowear-tex and Portugal industrial textile research institute
(CITEVE), we developed a novel textile material formed of cotton and
functionalized with gold/arginine nanoparticles (Au(arg)NPs). The test-
ing confirmed the high stability of the AuNP-functionalized textile, which
exhibited antibacterial activity (with a 6log10 reduction in £. coli) and

Figure 5: TEM images of the silver nanoparticles synthesized with differ- - antiviral activity (with 3log10 reduction in bacteriophages), even after 20
ent plant extracts from 5-mM AgNO . TEM/EDXS spectra taken across the  washing and drying cycles (Figure 6a). We used a similar approach for the

AgNPs and the surrounding capping agents.

functionalization of poly-I-actide (PLLA) films with antimicrobial gallium.
We have prepared composites of gallium nanoparticles with PLLA, which
showed strong contact antibacterial activity against 2 aeruginosa (with
6log10 reduction) (Figure 6b). When PLLA is processed as a piezoelectric
film, it enables the non-specific targeting of bacterial cells with physical
stimuli, which might be of great importance, particularly in the context of
avoiding resistant bacterial strains. We have determined that such piezo-
PLLA films, when fabricated as self-standing nanotubes, possess a high
hydrogen peroxide degradation capacity. Moreover, they can damage
bacterial membrane (Figure 6¢). This effect was selective for bacterial
membrane and no such damage was observed in human red blood cells,
which is promising for the therapeutic use of such films. In this context,
the synergy between the antimicrobial activity of the Ga nanoparticles and
the piezoelectric matrix will be further explored to provide more effective
antimicrobial activity against a wider range of bacterial strains.

Materials for heat-insulation applications

Improving the energy efficiency and sustainability are the core ideas of
the circular economy and using obsolete materials to obtain products with
added value presents a promising strategy. One such waste material is glass
waste, which can be used for the production of foamed glass, a high-

Figure 6:(a) Colton functionalized with gold/ arginine nanoparticles  added-value product. A major disadvantage of the production of foamed glass

(AuNPs) and its bactericidal activity against E. coli; (b) poly-Hactide
(PLLA) films with gallium nanoparticles and their contact antimicro-
bial activity against P. aeruginosa, (c) damaging of membranes of

is the high cost related to the step of adjusting the chemical composition of
waste glass, which is necessary to obtain a product with superior properties.

bacteria (E. coli) after piezostimulation with nanolextured PLIA films.  Additionally, the foaming mechanism is heavily influenced by the crystal-
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lization process, detrimentally affecting the quality of the final product.

In our research we studied the possibility to control undesired crystallization during the foaming of waste glass.
We report on foamed glass production based on container glass cullet, foaming couple (carbon/Mn,0,) and crystal-
lization inhibitors (fluxing agent, aluminium oxide and phosphates). We observed that the amounts of fluxing
agents needed to inhibit the crystallization prevent effective foaming and were thus decreased. Decreasing
the content of the fluxing agent resulted in samples with a lower density. We found that adding phosphates to
the foaming mixtures decreases the crystalline content, open porosity and thermal conductivity of the
foamed glass, samples became less crystalline with the presence of the devitrite phase only. Obtained foamed glass
samples had a thermal conductivity ranging from 57 to 66 mW m'K". Additionally, crystallization can be inhibited
with the addition of water glass, obtaining samples with thermal conductivity ranging from 57 to 59 mW m'K".
In the second part of our research, we investigated the possibility to use flat-glass waste in foamed glass produc-
tion. Preliminary results are promising due to the higher glass stability towards crystallization. The obtained
foamed glass samples are less crystalline, with one dominant crystalline phase, devitrite phase. Interestingly, flat
glass-based foamed glass exhibits a very closed porous structure (closed porosity up to 96%).
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The use of water glass affects the environmental impact of foamed
glass production while maintaining high-quality products characterized by
a low thermal conductivity. To further explain this effect and understand
the role of the water, we investigated the foaming ability of hydrothermally
treated glass powder. For this purpose, we used three types of waste glass
(cathode-ray-tube glass - CRT, flat glass and mixed color bottle glass) and
hydrothermally treated them with different water contents. The susceptibility
of glass to bond water molecules within its structure affected the decrease of
foaming temperature and increased expansion. CRT glass hydrothermally
treated with 30 wt.% of water resulted in a foamed glass sample with the
lowest density (~ 320 kg m~). Similarly, as with water glass, the expansion
mechanism is likely related to the formation of carbonates which decompose

temperature.
later during the heating of the hydrothermally treated powder. Interestingly,
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Figure 7: Expansion of the samples (in area %) as a function of

an XRD analysis of hydrothermally treated glass powders suggests the presence of zeolites that disappear after
the heat treatment. Additionally, hydrothermally treated glass powder can be used in combination with a
carbonaceous foaming agent, where the inhibition of the reaction between the atmosphere and carbon, allows
the implementation of such a process in the air. Future research will be focused on the practical use of hydrated
glass (water glass and/or hydrothermally treated glass powders) and newly revealed crystallization mechanisms,
for the sustainable production of foamed glass.

Some outstanding publications in the past year

L.

Macek, Marjeta, Daneu, Nina, Contala, Alja, Santra, Saswati, Mohaideen, Kamal Khaja, Likozar, Blaz, Spre-
itzer, Matjaz. SrTi03/Bi4Ti3012 nanoheterostructural platelets synthesized by topotactic epitaxy as effective
noble-metal-free photocatalysts for pH-neutral hydrogen evolution. ACS applied materials & interfaces,
ISSN 1944-8244, 2021, vol. 13, no. 1, str. 370-381, doi: 10.1021/acsami.0c16253. [ COBISS.SI-D 45083139 |
Hribar, Uro§, Spreitzer, Matjaz, Koenig, Jakob. Applicability of water glass for the transfer of the glass-
foaming process from controlled to air atmosphere. Journal of cleaner production, 1SSN 0959-6526. [ Print
ed.], 2021, vol. 282, str. 125428-1-125428-12, doi: 10.1016/j.jclepro.2020.125428. [ COBISS.SI-ID 45373443]
Golobi¢, Amalija, Meden, Anton, Spreitzer, MatjaZ, Skapin, Sreco D.. Phase equilibria and microwave di-
electric properties in the ternary La203-Ti02-Nb205 system. Journal of the European ceramic society,
ISSN 0955-2219. [Printed. ], 2021, vol. 41, no. 14, str. 7035-7043, doi: 10.1016/j.jeurceramsoc.2021.07.046.
[COBISS.SIID 79493379

Smiljanic, Sonja V., Hribar, Uros, Spreitzer, MatjaZ, Koenig, Jakob. Influence of additives on the crystal-
lization and thermal conductivity of container glass cullet for foamed glass preparation. Ceramics
international, ISSN 0272-8842. [Print ed.], 2021, vol. 47, iss. 23, str. 32867-32873, tabele, graf. prikazi,
doi: 10.1016/j.ceramint.2021.08.183. [ COBISS.SI-ID 79486723]

Vukomanovi¢, Marija, Mar Cendra, Maria Del, Baelo, Aida, Torrents, Eduard. Nano-engineering stable
contact-based antimicrobials : chemistry at the interface between nano-gold and bacteria. Colloids
and surfaces. B, Biointerfaces, ISSN 0927-7765. [Print ed.], 2021, vol. 208, str. 112083-1-112083-11,
doi: 10.1016/j.colsurth.2021.112083. [COBISS.SI-ID 75597571]

Awards and Appointments

L.
2.

Alja Contala, 13" JoZef Stefan IPSS Conference and 15" CMBE Day, Greenest Research Award.
MatjaZ Spreitzer, Sreco Skapin: Silver award of the CCIS for the innovation Green Energy from aluminium
waste, Maribor, Chamber of Commerce and Industry of Slovenia.

Organization of conferences, congresses and meetings

1. Workshop on international project M.ERA-NET “SunToChem: Engineering of perovskite photocatalysts for
sunlight-driven hydrogen evolution from water splitting”, 15. 6. 2021 in 3. 12. 2021 (virtual).

2. Symposium co-organization: Advances in Dielectric Materials and Electronic Devices, MS & T21- Materials
Science and Technology, Columbus, Ohio, USA, 17.-20. 10. 2021 (virtual).

3. Kickoff meeting of the international project H2020 INNOSUP-01-2020: “Advanced Materials & manufac-
turing technologies United for LightwEighT - AMULET”, 6. 9. 2021 (virtual).

4. Symposium co-organization S5: Mesoscale Phenomena in Ferroic Nanostructures: From Patterns to
Functionalities, EMA 2021 - Meeting on electronic materials and applications, 19.-21. 1. 2021 (virtual).

5. Workshop on international project ERAMIN2 “ANTISOLVO: Antisolvent precipitation to extract the value

from end-of-life Nd-Fe-B magnets”, 14. 1. 2021 (virtual).
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INTERNATIONAL PROJECTS

Investigation of NdDyCoCuFe Rare Earth Alloys Alloys and Related Compounds
Prof. MatjaZ Spreitzer

Urban Mining Company

KET4CLEAN-INNOWEAR-TEX; Costs of Work of K9 on the Case KET4CLEAN
PRODUCTION-INNOWEAR-TEX

Prof. MatjaZ Spreitzer

Innowear-tex Kft.

COST CA 17140; Cancer Nanomedicine - From the Bench to the Bedside (NANO2CL)
Marija Vukomanovic

Cost Association Aisbl

Stay of Nina Kuzmic in Oulu, Finland - Low Temperature Densification of Strontium
Titanate Ceramics, May - June 2020

Nina Kuzmic¢

Jecs Trust

COST CA20116; OPERA - European Network for Innovative and Advanced Epitaxy
Prof. MatjaZ Spreitzer

Cost Association Aisbl

H2020 - AMULET; Advanced Materials and Manufacturing Technologies united for
LightwEight

Dr. Jakob Konig

European Commission

Stoichiometry Engineering of Epitaxial PMN-PT Thin Films

Prof. Matjaz Spreitzer

Slovenian Research Agency

RESEARCH PROGRAMMES

Advanced inorganic magnetic and semiconducting materials
Prof. Mihael Drofenik

Contemporary Inorganic Materials and Nanotechnologies
Prof. Matjaz Spreitzer

R & D GRANTS AND CONTRACTS

Non-traditional isotopes as identifiers of authigenic carbonates

Prof. Sreco Davor Skapin

Synthesis and characterization of alkali activated foams based on different waste
Prof. Sreco Davor Skapin

Model system based interface design for enhancement of the electrochemical
performance of Ni-rich NMC for Li-ion batteries

Prof. Matjaz Spreitzer

Subglacial carbonate deposits - a new source for studying the presence of glaciers in a
glaciokarstic environment

Prof. Sreco Davor Skapin

Nanoscale investigations of diffusion controlled topotaxial phase transformations in
rutile-corundum host systems

Asst. Prof. Nina Daneu

Engineering of oxides on silicon for future electronics

Prof. MatjaZ Spreitzer

20.

21

Mineral inclusions in garnet from macroscopic to atomic scale: Opening the
petrogenetic archive

Asst. Prof. Nina Daneu

Strain and domain structure engineering in epitaxial relaxor ferroelectric thin films
Prof. Matjaz Spreitzer

Mechano-chromic, voltage-sensitive electrostimulators: innovative piezoelectric
biomaterials for electro-stimulated cellular growth

Marija Vukomanovic

. Engineering of relaxor ferroelectric thin films for piezoelectric and energy storage

applications
Prof. Matjaz Spreitzer

. Photoelektrochemical Hydrogen Evolution from Graphene Oxide Enabled Epitaxial

Silicon-Oxide Heterostructures
Prof. Matjaz Spreitzer

. Semiconductor - dielectric heterostructures for photoelectrochemical hydrogen

evolution, SeDiHe
Prof. Matjaz Spreitzer

. Extended defects in natural and synthesized perovskite oxides: nanogeochemcial

indicators and functional interfaces
Asst. Prof. Nina Daneu

. Applicability of the cold sintering process to clay minerals

Prof. Sreco Davor Skapin

. Multiscale modeling of photocatalytic CO2 reduction with computer intensive

simulations
Dr. Marjeta Macek Krzmanc

. Innovative procedures for advanced surface properties of medical stainless steel

Marija Vukomanovic

. Mineral wool composite with improved insulation properties

Dr. Jakob Kénig

. Innovative ECO plasma seed treatment (for sowing and for human and animal diet/

nutrition
Marija Vukomanovic
Ministry of Education, Science and Sport

. Control of crystallization in glass materials for thermal insulation

Dr. Sonja Smiljanic

Ministry of Education, Science and Sport

ANTISOLVO - Antisolvent precipitation to extract the value from end-of-life Nd-Fe-B
magnets

Prof. Sreco Davor Skapin

Ministry of Education, Science and Sport

XRD Analysis

Prof. MatjaZ Spreitzer

N EW CONTRACTS

Mineral wool composite with improved insulation properties

Dr. Jakob Kdnig

Knauf Insulation, d. 0. 0., Skofja Loka

Determination of potential structural changes of proteins using the following analytical
techniques: UV-Vis-NIR spectrometry, fluorescence spectrometry, X-ray diffraction and
circular dichroism

Prof. Matjaz Spreitzer

Lek d. d.

VISITORS FROM ABROAD

S

Dr Taisia Alifirova, Department of Lithospheric Research, University of Vienna, Vienna,
Austria, 30. 8.-5.9. 2021.

Dr Arjen Steiner, Schaumglas Global Consulting GmbH (SGGC), Gelsenkirchen,
Germany, 30. 9. 2021.

Dr Sonja Jovanovi¢, Dr Zoran Jovanovic, Vinca Nuclear Research Institute, Belgrade,
Serbia, 12.-18. 5. 2021.

Dr Federico Baiutti, Catalonia Institute for Energy Research, Barcelona, Spain, 27.-30.
9.2021.

Prof. dr. Gertjan Koster, University of Twente, Enshede, Netherlands, 14.-20. 11. 2021.
Dr Manal Benyoussef, Laboratoire de Physique de la Matiére Condensée (LPMC),
Amiens, France, 19. 12. 2021-21. 1. 2022.

Dr Jamal Belhadi, Laboratoire de Physique de la Matiére Condensée (LPMC), Amiens,
France, 19. 12. 2021-21. 1. 2022.

Visiting Researchers

L

b s

Dr Mihaela Apetrei, Department of Chemistry, Akdeniz University, Antalya, Turkey, 4. 1.
2021-3.1.2022.

Dr Suraj Gupta, School of Engineering, University of Liverpool, United Kingdom, 21. 6.
2021-20. 6. 2023.

Dr Hsin-Chia Ho, National Taiwan University, Taipei City, Taiwan, 7. 6. 2021-6. 6. 2023.
Dr Sonja Smiljanic, Univerzitet u Beogradu, Tehnolosko-metalurski fakultet, Belgrade,
Serbia, 1. 6. 2019-31.3. 2022.

STAFF

Researchers

1. Asst. Prof. Nina Daneu
2. Dr. Suraj Gupta

3. Dr. Heli Maarit Jantunen
4. Dr. Jakob Konig

5. Dr. Gertjan Koster
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Dr. Spela Kunej

Dr. Marjeta Macek Krzmanc
Prof. Matjaz Spreitzer, Head
Prof. Sreco Davor Skapin

. Dr. Marija Vukomanovi¢
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Postdoctoral associates

11
12.
13.
14.
15.
16.
17.

Dr. Roxana-Mihaela Apetrei

Dr. Jamal Belhadi, left 01.06.21
Dr. Hsin-Chia Ho

Dr. Mario Kurtjak

Dr. Tjasa Parkelj Potocnik

Dr. Sonja Smiljani¢

Dr. Urska Trstenjak

Postgraduates

18.
19.

Petru}‘a Borstnar, B. Sc.
Alja Contala, B. Sc.

20. Lea Gazvoda, B. Sc.
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foams", Ceramics international, 2021, 47,17, 25105-25120.
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2021, 274, 122000.
15.

Zouhair Hanani et al. (14 authors), "Morphogenesis mechanisms in the
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Petra S. Palvolgyi et al. (12 authors), "Lightweight porous silica foams
with extreme-low dielectric permittivity and loss for future 6G wireless
communication technologies", Nano research, 2021, 14, 1450-1456.
Erika Dutkova et al (12 authors), "SDS-stabilized CulnSe,/ZnS
multinanocomposites prepared by mechanochemical synthesis for
advanced biomedical application”, Nanomaterials, 2021, 11, 1, 69.
Aneta Salayova, Zdenka Bedlovicova, Nina Daneu, Matej Balaz, Zdenka
Lukacova Bujnakova, L'udmila Balazova, L'udmila Tkacikova, "Green
synthesis of silver nanoparticles with antibacterial activity using
various medicinal plant extracts: morphology and antibacterial
efficacy”, Nanomaterials, 2021, 11, 4, 1005.

Matej Balaz et al. (11 authors), "Mechanochemistry as an alternative
method of green synthesis of silver nanoparticles with antibacterial
activity", Nanomaterials, 2021, 11, 5, 1139.
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43. Chao-Ting Chen, Lin Shun-Chiu, Urska Trstenjak, Matjaz Spreitzer, Wen

Jong Wu, "Comparison of metal-based PZT and PMN-PT energy
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47. Tjasa Parkelj Potoc¢nik, Erik Zupani¢, Janez Kova¢, Matjaz Spreitzer,
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kovcka", Vakuumist, 2021, 41, 1/2, 14-18.

REVIEW ARTICLE

1. Matjaz Spreitzer et al. (17 authors), "Epitaxial ferroelectric oxides on
silicon with perspectives for future device applications", APL materials,
2021,9,4,040701.

2. Mladenika Malenica et al. (17 authors), "Perspectives of microscopy
methods for morphology characterisation of extracellular vesicles from
human biofluids", Biomedicines, 2021, 9, 6, 603.

3. Jiandong Liu et al. (51 authors), "2021 Roadmap: electrocatalysts for
green catalytic processes”, JPhys materials, 2021, 4, 2, 022004.

PUBLISHED CONFERENCE CONTRIBUTION

1. Tomaz Lutman, Marija Vukomanovié, "Towards the market: novel
antimicrobial material”, In: IS 2021, 14th International Technology
Transfer Conference, 7. October 2021, Ljubljana, Slovenia, Proceedings of
the 24th International Multiconference Information Society, volume E,
Institut "JoZef Stefan", 2021, 57-61.

. Patrick Seles, Ziga Lipovsek, Martina Kocijan, Tina Radosevi¢, Damjan
Vengust, Matejka Podlogar, "Synthesis of ZnO powders with different
morphologies for photocatalytic degradation”, In: 56th International
Conference on Microelectronics, Devices and Materials & the Workshop
on Personal Sensors for Remote Health Care Monitoring, 22-24
September 2021, Ljubljana, Slovenia, Proceedings, MIDEM, 2021, 35-42.

N

THESES AND MENTORING

1. TjaSa Parkelj Poto¢nik, Surfaces and interfaces in the growth of SrTiO,
on Si by pulsed laser deposition: doctoral dissertation, Ljubljana, 2021
(mentor Matjaz Spreitzer).

2. Sara Tominc, Charge compensation mechanisms and twinning in doped
Sn0,-based ceramics: doctoral dissertation, Ljubljana, 2021 (mentor
Aleksander Re¢nik; co-mentor Nina Daneu).
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DEPARTMENT OF BIOCHEMISTRY, MOLECULAR

AND STRUCTURAL BIOLOGY

B-1

Theresearch activities of the members of the B1 department are largely focused on studies of the
Dphysiologicalrole of proteases and their endogenous protein inhibitors in normal and pathological
states. The studies involve the mechanisms of protease action and the structural and functional
properties of proteases and their inhibitors, as well as some other enzymes. Molecular mechanisms
of protease action and regulation are only partially understood; therefore, alot of work, especially
to find more physiological substrates and the signalling pathways they regulate, remains to be done.

Protease research has undergone a major expansion in the past decade, largely due to the extremely rapid
development of new technologies, such as quantitative proteomics and iz vivo imaging, as well as the extensive
use of /72 vivo models. These have led to the identification of physiological substrates and resulted in a paradigm
shift from the concept of proteases as protein-degrading enzymes to proteases as key signalling molecules. Their
catalytic activities are precisely regulated, the most important ways being zymogen activation and inhibition by
their endogenous protein inhibitors. Any imbalance in the regulation of proteases can lead to pathologies, such
as autoimmune, cardiovascular, neurologic and neurodegenerative disorders, as well as cancer. Thus, proteases
represent an extremely important group of targets for therapeutic intervention.

In the continuation of our research on the physiological roles of proteases, we investigated the role of the high-
temperature requirement A (HtrA) protease secreted by the group 1 carcinogen Helicobacter pylori. Since the intact
gastric epithelium is the primary target for H. pylori in the stomach, we aimed to identify the HtrA substrates on
the cell surface of gastric cells. In this study we treated human gastric epithelial cells with recombinant HtrA and
used LC-MS/MS to identify the membrane proteins released from the cell surface. We identified several extracellular
membrane targets including desmoglein-2 (Dsg2), since Dsg2 is a component of desmosomal junctions and highly
expressed in epithelial cells and cardiomyocytes. We therefore propose that Dsg2 cleavage by HtrA contributes to
the disintegration of the gastric epithelial barrier in response to 4. pylori infections (Bernegger et al., 2021). This
research is part of a collaboration with prof. Silja Wessler (UNI Salzburg).

In collaboration with prof. Peter Hamar (Semmelweis University, Hun-
gary) we have investigated the molecular changes elicited by modulated
electro-hyperthermia (mEHT) using multiplex methods in an aggressive,
therapy-resistant triple-negative breast-cancer model. In mEHT, a focused
electromagnetic field is generated within the tumour, inducing cell death
by thermal and nonthermal effects. With next-generation sequencing,
nanostring and mass spectrometry we identified that mEHT induced the
upregulation of the stress-related Hsp70 and cleaved caspase-3 proteins,

Head:
Prof. Boris Turk

Figure 1: X-ray screening of drug-repurposing libraries reveals
compound binding sites distributed across the complete M surface.

resulting in the effective inhibition of tumour growth and proliferation.In s ) Schematic dratwing of M dimer structure. Profomer A in white,
addition, several acute stress-response proteins, including protease inhibi-  protomer B in red. For clarity, the 29 binding compounds (yellow

tors, coagulation and heat-shock factors, and complement family members ~ sticks) are only depicted on one of the two protomers. Catalytic residues
were among the most upregulated treatment-related genes/proteins. We H41 and Cys145, active site and two allosteric drug binding sites are

also confirmed that the heat-shock factor inhibitor KRIBB11 reduced

highlighted. (B) Close-up view of active site with peptide substrate bound
(blue sticks ), modelled after SARS-CoV MP™ (PDB 206G ). The scissile

mEHT-induced complement factor 4 mRNA increase, indicating that the  py.4 js indicated in yeliow and with a green arrow. Substrate binding
inhibition of this stress response is likely to enhance the effectiveness of  pockets S1; S1, §2 and 4 are indicated by colours.

mEHT and other cancer treatments (Schvarcz et al., 2021).

Our research on the endogenous inhibitors of proteases was primarily focused on inhibitors of cathepsins, stefins
and cystatins. We thus explored the role of cystatin C, the major extracellular cathepsin inhibitor, in inflammation
and sepsis (Biasizzo et al., 2021, Cells). We demonstrated that cystatin C-deficient mice (CstC KO) were significantly
more sensitive to the lethal LPS-induced sepsis. We further showed increased caspase-11 gene expression and the
enhanced processing of pro-inflammatory cytokines IL-13 and IL-18 in CstC KO bone-marrow-derived macrophages
(BMDM) upon LPS and ATP stimulation. The pre-treatment of BMDMs with the cysteine cathepsin inhibitor E-64d
did not reverse the effect of CstC deficiency on IL-1B processing and secretion, suggesting that the increased cysteine
cathepsin activity determined in CstC KO BMDMs is not essential for NLRP3 inflammasome activation. The CstC
deficiency had no effect on (mitochondrial) reactive oxygen species (ROS) generation, the MAPK signalling path-
way or the secretion of anti-inflammatory cytokine IL-10. However, CstC-deficient BMDMs showed dysfunctional
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autophagy, as autophagy induction viamTOR and AMPK signalling pathways was suppressed and the accumulation of
SQSTM1/p62 indicated a reduced autophagic flux. Our study demonstrates that the excessive inflammatory response
to the LPS-induced sepsis in CstC KO mice is dependent on increased caspase-11 expression and impaired autophagy.
Stefin B (cystatin B) is the major intracellular inhibitor of cathepsins, and the loss-of-function mutations in the
stefin B gene were reported in patients with Unverricht-Lundborg disease (EPM1), a form of progressive myoclonus
epilepsy. Stefin B-deficient mice, a mouse model of the disease, display key features of EPM1. Although the underlying
mechanism is not yet completely clear, it was reported that the impaired redox homeostasis and inflammation in the
brain contribute to the progression of the disease. In a study (Trstenjak et al., 2021, Antioxidants) we investigated
whether lipopolysaccharide (LPS)-triggered neuroinflammation affected

the protein levels of redox-sensitive proteins: thioredoxin (Trx1), thioredoxin

reductase (TrxR), peroxiredoxins (Prxs) in brain and cerebella of stefin B-

deficient mice. LPS challenge was found to result in a marked elevation of

Trx1 and TrxR in the brain and cerebella of stefin B deficient mice, while

Prx1 was upregulated only in cerebella after LPS challenge. Mitochondrial

peroxiredoxin 3 (Prx3), was upregulated also in the cerebellar tissue lysates

prepared from unchallenged stefin B-deficient mice, while after LPS chal-

lenge Prx3 was upregulated in stefin B-deficient brain and cerebella. Our

results indicate the important role of oxidative stress in the progression of

the disease. In addition, we also performed studies on the structure and

folding of stefin B, which has been used as a model protein. In the last year

we have continued to study the role of polyphenolic anti-oxidants on protein

aggregation and have observed the synergy of the inhibitory action of some

Figure 2: Covalent and non-covalent binders in the active site of M™. polyphenols including curcumin and quercetin and vitamin C (vitC) (Jahic

Bound compounds are depicted as coloured sticks while the surface of
M ds shown in grey with selected interacting residues as sticks. Sub-
strate binding pockets are coloured as in Figure 1. Hydrogen bonds are
depicted by dashed lines. (A) tolperisone, (B) HEAT, (C) isofloxythepin,
(D) triglycidyl isocyanurate, (E) calpeptin, (F) MUT056399.

Mujkic et al., 2021, Antioxidants). In an overview, E. Zerovnik (Zerovnik E,
2021, Front. Chem. ) discussed the common traits between amyloid-forming
proteins and known pore-forming proteins, including viroporins. Further
along these lines together with collaborators from NIC (prof. Novi¢’s group)

we have searched machine-learning methods to predict the transmembrane
regions and ganglioside binding sites in amyloid-forming proteins (Venko et al., 2021, Front. Mol. Neurosci). A set
of 30 amyloid-forming proteins was used as the database. A range of amino-acid sequence tools were then applied,
in order to predict AP domains and provide context on future experiments that are needed to contribute towards a
deeper understanding of amyloid toxicity, which fitted well with the known experimental data.

The crucial work of our department was undoubtedly a huge collaboration on understanding the molecular
features of the SARS-CoV-2 main protease, a key drug target of the virus as one of the two viral proteases essential
to yield functional viral proteins (Glnther et al., Turk D., 2021) published in Science. Screening of more than 5000
compounds that are either approved drugs or drugs in clinical trials resulted in several crystal structures of the
active site and allosteric inhibitors of the SARS-CoV-2 main protease. The most potent inhibitor, calpeptin, binds
covalently in the active site, whereas the second-most potent, pelitinib, binds at an allosteric site. Calpeptin dual
targeting of cathepsins and Mpro is also explored as an important path for the therapeutical inhibition of SARS-
CoV-2. This was also the very first work published on SARS-CoV-2 virus from Slovenia.

Tusar et al. (2021, Int ] Mol Sci) wrote a review analysing the mechanisms of inhibition of cysteine proteases
on the basis of structural information and compiled kinetic data. It reveals that the protein fold is not a major ob-
stacle to the evolution of a protease inhibitor and that there appears to be no general rule governing the inhibitory
mechanism. However, the analysis suggests that the shape of the active site cleft of proteases imposes some restraints,
mainly based on the shape and solvent exposure of the S1 binding site. While the pocket-shaped S1 binding site
buried in the structure of the protease enables substrate-like binding mechanisms of inhibitors, with the S1 binding
site in part exposed to a solvent, the substrate-like inhibition cannot be employed. Except for papain-like proteases,
all proteases appear to belong to the first group of proteases.

The novel finding that cathepsin X is a dimeric protein (Dolenc et al., 2021, BBA Proteins Proteom.) opens new
horizons in the understanding of its function and the underlying pathophysiological mechanisms of various diseases,
including neurodegenerative disorders in humans. Namely, human cathepsin X is an exopeptidase belonging to
the cathepsin family of 11 lysosomal cysteine proteases. We expressed recombinant procathepsin X in Pichia pas-
loris and in vitro cleaved it into its active, mature form using aspartic cathepsin E. We found, using size-exclusion
chromatography, X-ray crystallography, and small-angle X-ray scattering, that cathepsin X is biologically active as
a homodimer with a molecular weight of ~53 kDa.

Inaddition, we collaborated with other research groups from Slovenia and several foreign countries (Germany,
Austria, Hungary, Switzerland, Croatia, Poland, United Kingdom, Netherlands, Japan and USA).
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Some outstanding publications in the past year

Biasizzo M, Trstenjak-Prebanda M, Dolinar K, Pirkmajer S, Zavr$nik J, Turk B, Kopitar-Jerala N. Cystatin
C Deficiency Increases LPS-Induced Sepsis and NLRP3 Inflammasome Activation in Mice. Cells. 2021. doi:

Jahic¢ Mujkic A, Tusek Znidari¢ M, Berbic S, Zerovnik E. Synergy of the Inhibitory Action of Polyphenols
Plus Vitamin C on Amyloid Fibril Formation: Case Study of Human Stefin B. Antioxidants (Basel). 2021.

Bernegger S, Vidmar R, Fonovic M, Posselt G, Turk B, Wessler S. Identification of Desmoglein-2 as a novel
target of Helicobacter pylori HtrA in epithelial cells. Cell Commun Signal. 2021. doi: 10.1186/512964-021-

Gunther et al., X-ray screening identifies active site and allosteric inhibitors of SARS-CoV-2 main protease.

1.
10.3390/cells10082071.
2.
doi: 10.3390/antiox10091471.
3.
00788-x.
4,
Science. 2021. doi: 10.1126/science.abf7945.
5.

Dolenc I, Stefe I, Turk D, Taler-Vercic A, Turk B, Turk V, Stoka V. Human cathepsin X/Z is a biologically
active homodimer. Biochim Biophys Acta Proteins Proteom. 2021. doi: 10.1016/j.bbapap.2020.140567.

Awards and Appointments

L

Monika Biasizzo: Young Investigator Award Nomination: Best Speaker at 38" Winter School on protein-
ases and their inhibitors, ASBMB virtual conference, Impaired autophagy and increased susceptibility to
LPS-induced sepsis in cystatin C-deficient mice.

Eva Vidak: Young Investigator Award Nomination: Best Speaker at 38" Winter School on proteinases and
their inhibitors, ASBMB virtual conference, Identification of extracellular substrates of caspases 3, 7, and 1.

Organization of conferences, congresses and meetings

1. 38"Winter School on proteinases and their inhibitors, ASBMB virtual conference, 24- 26 February 2021
(virtual), co-organiser.
Patent granted
1. Stephen James Moore, Margaret Thy Luu Hyugen, Daniel Robert Hostetter, Olga Vasiljeva, Jason Gary

Sagert, Jonathan Alexander Terrett, James William West, Matrix metalloprotease-cleavable and serine
protease-cleavable substrates and methods of use thereof, US11046759 (B2), US Patent Office, 29. 06. 2021.

I NTERN ATI O N AL P RO E CT S 3. Cathepsins B and X in breast cancer stem cells - molecular targets and relevance for
J antitumor therapy
Prof. Marko Fonovic
;FSkAA EU-FORA; Implementation of Matrix ffects into Chemical Food Contaminant 4. Aptamers and hydrodynamic cavitation, an accessible tool for the analysis of organic
ISk Assessment residuals in archaeological pottery
Asst. Prof. Livija Tusar Prof. Marko Fonovié ’
European Food SafetyAuthor ity- EFSA ) 5. Role of legumain in infection and inflammation
2. The Role of Cystatins in Neuroinflamamtion Prof. Marko Fonovic
Prof. Natasa Kopitar - Jerala 6. Role of cysteine cathepsins in complement activation in cancer
Slovenian Research Agency Prof. Boris Turk
3. lllnqw'?,tive ECO plasma seed treatment (for sowing and for human and animal diet/ 7. Mineral inclusions in garnet from macroscopic to atomic scale: Opening the
gut?téon' Turk petrogenetic archive
Mr.o - OYF 1sf FL(‘; o Sci is Prof. Boris Turk
inistry of Education, Science and Sport 8. Cathepsin-based non-invasive diagnostics and theranostics of cancer
Prof. Boris Turk
9. Human cathepsin F: An unusual cysteine protease involved in neurodegeneration
RESEARCH PROGRAMMES
10. Dissecting cancer activome to develop new generation of antibody-drug conjugates
1. Structural biology Prof. Boris Turk ) o
Prof. Dusan Turk 11. Systemic determination of legumain physiological roles

2. Proteolysis and its regulation
Prof. Boris Turk

R & D GRANTS AND CONTRACTS

Molecular genetic biomarkers and mechanisms of unresponsiveness to biological
therapyanti-TNF in patients with chronic immune diseases
Prof. Boris Turk

2. Structural insight into the mechanism of Clostridium difficle surface formation
Prof. Dusan Turk

Prof. Marko Fonovic

NEW CONTRACTS

L.

Determination of protein concentration by Bradford methodology
Prof. Marko Fonovic

Lek d. d.

Proteomic analysis

Prof. Marko Fonovic
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BIOMEDICAL SCIENCES

B-2

Theresearchprogramme of the Department of Molecular and Biomedical Sciences is focused mainly
on basicresearchinprotein biochemistry, molecular and cellular biology, and genetics. The primary
goal of ourinvestigations is the acquisition of a new understanding of mammalian pathophysiology,
with the aim of improving human and animal health.

Toxinology

One of our traditional research topics in the field of toxinology is the study of molecular mechanisms of toxic
action of secreted phospholipases A, (sPLA,s) from animal venoms. In particular we are focused on those endowed
with presynaptic neurotoxicity (B-neurotoxins). The knowledge that we are gaining by studying toxic sPLA s is
helping us to discover the pathophysiological roles of orthologous mammalian sPLA s, for example, their role in
the development of neurodegenerative diseases such as Alzheimer’s (AD).

In this year we continued with the characterization of the interaction of ammodytoxin (Atx), a neurotoxic
snake venom sPLA,, with its mitochondrial receptor, cytochrome ¢ oxidase (CCOX), to deepen our understanding
of motoneuron poisoning by Atx and to shed light on the pathophysiological role of a mammalian group ITA sPLA,
(GITA), an orthologue of Atx, in this organelle. With this aim, we monitored the intracellular trafficking of deriva-
tives of recombinant Atx, rat GIIA and their enzymatically inactive (D49S) mutants in PC12 cells by transmission
electron and fluorescence confocal microscopy. From the results, we concluded that sPLA, molecules do not require
enzymatic activity to enter and traffic within the cell, including entering the mitochondria. A draft article has
been prepared to report on this observation. We also continued to investigate the effect of both SPLA s, Atx and rat
GIIA, on mitochondria in PC12 cells. By flow cytometry, we found that GIIA(D49S) slightly reduced mitochondrial
potential, whereas GIIA had no significant effect on it. Using ”I-GIIA, we determined the binding affinity of GIIA
to a mitochondrial protein with an apparent molecular mass of 20 kDa (R20). Given that GIIA, like Atx, inhibits
CCOX activity, we hypothesize that R20 is a subunit of CCOX IV (CCOX-IV). As we were not able to confirm this
with the help of anti-CCOX-IV antibodies, we attempted to identify R20

Head:
Prof. Igor Krizaj

following its isolation from porcine mitochondria. We have synthesized ~ Animal venoms are a rich source of new

a GIIA-affinity gel, but the conditions for reversible receptor binding to  substances and molecular tools to improve

it have not yet been found. A precise description of the action of GIIAon ~ human and animal health.

CCOX is crucial for our findings to be used in medicine, both for the early
diagnosis of AD as well as for the subsequent treatment of this severe neurodegenerative disease. Namely, it has
been shown that GIIA in AD is overexpressed and becomes toxic to mitochondria, which is similar to the effects
observed in Atx-poisoned nerve endings.

It has been demonstrated that certain SPLA s specifically bind to nicotinic acetylcholine receptors (nAChRs).
Therefore, we have become involved in the research of a specific lung cancer where cancer cells overexpress o7
nAChR, and where natural selective o7 nAChR antagonists are being intensively studied for the development of
new target drugs. Using recombinant DNA technology, we have prepared an array of sPLA,s, such as human GV and
GX, Atx and rat GIIA, and their enzymatically inactive mutants, GV(H48Q), GX(H48Q), Atx(D49S) and GITA(D49S).
In collaboration with pharmacologists from the University of Leuven, Belgium, we determined the effect of these
proteins on o7 and muscle-type nAChRs. Measurements are still ongoing, but the most interesting result was that
GV(H48Q) selectively binds only to the 0.7 form of nAChR, but not to the muscle form. In parallel, we also developed
aresearch model of lung cancer, an A549 lung adenocarcinoma cell line with the overexpression of o7 nAChR, to test
the effects of GV(H48Q) and other 0.7 nAChR antagonists on cell viability, cytotoxicity, proliferation, and apoptosis.

We have prepared two review articles on the topic of sPLA s. The first, which presents the antiviral activity of
both endogenous mammalian and exogenous sPLA s, i.e., those found in animal toxins, has already been published
(J. Pungercar et al., Biochimie, 189 (2021), 40-50). The second one, on the action of sPLA s as a consequence of
their protein receptor binding, has been accepted for publication (A. Ivanusec et al., /£, J. Biol. Sci., in press). A
monograph was also published by the renowned publishing house CRC Press, where I. KriZaj participated in the
preparation of a chapter on sPLA, toxins from snake venoms (B. Lomonte and I. KriZaj, 2021).

In 2021 we continued with an extensive study of snake-venom proteins that affect the process of blood coagula-
tion - haemostasis. As part of research project J1-2475, we are investigating a unique anticoagulant homologue of
serine protease from the venom of the nose-horned viper (Vipera ammodytes ammodytes, Vaa), VaaSPH-1, in the
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Figure 1: Three-dimensional homologous model of VaaMPIII-3 protein.
The structural model of the VaaMPIII-3 protein was prepared by
homologous modelling according to the crystal structure of the most

direction of developing completely new and safe drugs with anticoagulant
action. We searched for the best possible conditions for the expression of
VaaSPH-1 in HEK293 suspension cells. In parallel, in collaboration with a
US partner from the University of North Carolina (NCATSU), USA, we opti-
mized a three-dimensional iz silico model of the complex between activated
coagulation factor VIIT (FVIIIa) and VaaSPH-1, to design low-molecular-mass
FIX antagonists for their testing 7 vitro. We have also prepared an invited
review article on the topic of serine pseudoproteases (N. Zupanic et al.,
FEBS]., in press).

After the publication of a detailed description of the VaaSP-VX serine
protease, which promotes blood clotting by activating both FV and FX, we
began to isolate and characterize a very similar molecule in Vaa venom,
VaaSP-6. In contrast to VaaSP-VX, we know the entire cDNA sequence of
VaaSP-6, which makes it possible to obtain protein in recombinant form.
If the recombinant VaaSP-6 exhibits the same unique procoagulant activity
as VaaSP-VX| it could replace the dilute Russell’s viper venom (dRVV) that
is currently used for the clinical determination of lupus anticoagulants (LA
test), but is quite unreliable.

We concluded with the extensive genetic, biochemical and physiologi-
cal characterization of the VaaMPIII-3 protein from the nose-horned viper
venom (Figure 1). By analysing its gene structure, we have unequivocally
proved that the protein belongs to a special subclass of metalloproteinases
from snake venoms, subclass P-Ille, whose introduction we proposed. We
have written an article that is ready to be sent for publication (K. PoZek et

similar AaHIV protein from the venom of the crotalid snake Agkistrodon al, in preparation).
acutus (PDB code: 3HDB). The truncated disintegrin-like part of the Together with colleagues from the Centre for Clinical Toxicology and

molecule (D) is dark orange and the Cys-rich part (C) is green. Cys6,  Pharmacology, University Medical Centre Ljubljana (UMCL), we investigated

integrin-binding motif (SECD ), N-glycosylation site and hypervariable
region (HVR) are shown in black, blue, orange and purple. Ca** ions
are represented by yellow beads and disulphide bonds by yellow rods.

an interesting clinical effect in patients envenomed by the nose-horned vi-
per, namely, deep, transient and reversible thrombocytopenia of functional
thrombocytopenia, as part of research project J3-2534. In thromboembolic
diseases, such as myocardial infarction and ischemic stroke, platelets play a central role. Existing antiplatelet drugs
have one common side effect - a reduced number of platelets whose activity is inhibited. This condition poses a high
risk of life-threatening bleeding (haemorrhage), especially in interventional cardiology and angiology that use an
antithrombotic approach. Our findings may pave the way for the development of a new group of antiplatelet agents
that would reduce the risk of dangerous bleeding in such an approach in interventional cardiology and angiology,
and increase the effectiveness of vasodilation and clot removal. As shown, reversible thrombocytopenia in patients
envenomed by the Vaa can be caused by snake proteins similar to type-C lectins (PLTCs, named also snaclecs).
Several PLTCs were isolated from Vaa venom, and two of them, PLTC3/2 and PLTC1/7, in homogeneous form and
in sufficient quantity for detailed characterization. Among other things, we measured their effect on blood clotting
and characterized their binding to platelet receptors. High-affinity PLTC3/2 was found to bind to the GPIb receptor
(CD42b). The better-labelled PLTC3/2 is ready for an iz vivo study in mice that will be carried out in cooperation
with partners from the Faculty of Veterinary Medicine, University of Ljubljana (VF/UL).

Within the research network, with experts from UMCL, University Hospital and University of Split, University
of Zagreb (UZ) and from our group, we analysed samples of patients who were envenomed by the Vaa and treated
with different antidotes. In the publication, we propose new guidelines for effective immunotherapy in the treat-
ment of Vaa envenomation (T. Kurtovic et al., Toxins, 13 (2021), 279).

Lipid metabolism and signalling
Our research in the field of lipid metabolism and signalling is focused on the role of lipid droplets in cellular
stress. These organelles are essential for fat storage and energy production in various tissues, but emerging evidence

has shown that lipid droplets are also crucial for the cellular response to

Targeting lipid droplets is_ a promising strategy  imbalancesin energy and redox status. We are particularly interested in the
for the suppression of tumour growth.  ¢opections between fat storage, inflammatory signalling, autophagy and
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ferroptosis. This work is of general interest for the wide field of molecular
and cell biology, but is particularly applicable to the expanding range of pathophysiological conditions associated
with dysregulated lipid metabolism, including cancer, metabolic diseases and neurodegeneration.
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In 2021, our experimental work in the scope of the postdoctoral research
project Z3-2650 was focused on the study of the roles of lipid droplets in the
production of inflammatory lipid mediators (E. Jarc Jovicic et al., bioRxiv,
doi.org/10.1101/2021.11.25.470010). The results show that lipid droplets not
only store polyunsaturated fatty acids (PUFAs) in the form of neutral lipids,
but also control their entry into lipid mediator production pathways, thereby
implicating lipid droplets in inflammation, immunity and tumourigenesis.
We demonstrate that adipose triglyceride lipase (ATGL) promotes the in-
corporation of lipid droplet-derived PUFAs into phospholipids, which are
then targeted by cytosolic PLA,. This work is important because it identifies Figure 2: Lipid droplels are anti-oxidant organelles that protect lipids
a central role of fat storage for the supply of PUFAs into oxygenation path-  from oxidation. Lipid droplets in MDA-MB-231 breast-cancer cells with
ways. Namely, the control of the availability of PUFAs has been traditionally compromised redox defences (via glutathione peroxidase 4 (GPX4)
attributed to PLA -dependent membrane phospholipid hydrolysis. Our data ZZZZZ’/ZZ ?gﬂ’c Z?ié'g) Z’S@)’Z %;ZZZ uézhbm; Z/Z’j/hc‘i %ig?%?g}ggg;ﬂdo
suggests that targeting l1.p1d droplet turnover - mstea@ Of PLAS, Whlc,h The level of lipid pefom‘datz‘on wasg estz‘njzjﬂted by staining cells with thJ:z
have been proven as unsuitable targets for pharmacological interventionin -,y 7:si0m-sensitive lipophilic probe BODIPY C11 581/591 ( Thermo
several clinical trial - could be a valid strategy for reducing inflammation Fischer Scz’en[zﬂ'c), Lipid droplets predominantly contain the reduced
and inflammation-related tumorigenesis. Jorm of the dye (red, magenta ), suggesting that they provide an
We continued our work on the research project J7-1818, focused on @tioxidant environment that prolects the dye from oxidation (A. Kump
targeting lipid droplets to reduce cancer-cell resistance to stress. We tackled etal, in preparation,)
the question of the cooperation between autophagy and lipid droplets in cancer. Promising preliminary results on
ferroptosis (Figure 2) supported the acquisition of another postdoctoral research grant Z3-3211 devoted to the study
of the interplay between lipolysis and lipophagy in the modulation of ferroptosis in cancer.
We have contributed to the study of the accumulation of lipid droplets in astrocytes under stress, led by colleagues
from the Medical Faculty, University of Ljubljana (MF/UL). We investigated the dynamics of astrocytic lipid-droplet
accumulation during nutrient and oxidative stress or noradrenaline exposure, and suggested a neuroprotective role
of lipid droplets that accumulated during stress conditions (T. Smoli¢ et al., Glia, 69 (2021), 1540-1562).
The scientific community accepted our work on lipid droplets very well, as evident from the rapid increase in
the number of citations and lecture invitations, including a presentation at the joint workshop of the EpiLipidNET
COST Action and the German Research Council Priority Program on Ferroptosis. We received several awards for
our work. The most prestigious, the FEBS Letters Best Poster Award, was obtained by our PhD student Spela Koren
at the 45" FEBS Congress.

High-throughput genetics and functional genomics in yeast Saccharomyces cerevisiae
Most traits, including those important for microbial biotechnologically, are polygenic. Therefore, for the
past several years our research has been focused on the polygenic traits in the yeast S, cerevisiae. In this model

organism, we have been studying fundamental aspects of genetics that are

also important from a biomedical point of view, as well as developingnew, ~ Yeast genetics and genomics for the

biotechnologically interesting yeast strains. development of biotechnology and in biomedical
In the field of the biotechnological application of yeast, we completed ~ research. Integrative genomics for the

and published a study in which we identified and characterized three new ~ understanding of covid-19 pathogenesis.

causal genes for lipid storage content in common yeast (K. Pacnik et al.,, BMC
Genomics, 22 (2021), 110). We also modified this trait of the yeast as a biotechnologically established organism,
which in the future will be able to largely replace the use of other sources of lipids or similar molecules (e.g., oil
for energy needs or palm oil for the food industry), in another study published this year (S. Arhar et. al., Microb.
Cell Fact., 20 (2021), 147). Here, we made six changes to the yeast genome
for the purpose of metabolic engineering. We showed that with only such
a relatively small change in the genome a strain capable of accumulating
lipids up to 65% of the dry weight could be obtained (Figure 3).
We continued to investigate the molecular mechanisms of the patho-
genicity of the SARS-CoV-2 virus. In collaboration with colleagues from
the Institute of Microbiology and Immunology (IMI) of the Medical Faculty
in Ljubljana, we followed the emergence of virus variants. Specifically, we
focused on the variants of the ORF8 protein encoded by viral genomes in
Slovenia. Binary protein-protein interactions between variants of the ORFS
viral protein and human proteins were analysed by the two-hybrid yeast Figure 3: Yeast microscopy under storage lipid accumulation conditions.
system method. We showed that ORF8 specifically interacts with the extracel- Lefi- wild-type strain; right: genetically modified strain. Storage lipids in
lular domains of three proteins important for the human immune response: /ipid droplets were stained with the BODIPY 493/503 dye.
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TGFBI, ITGB1, and ADAM9. We found that a truncated version of the ORF8 protein encoded by the genomes of
a strain of the virus that was prevalent in Slovenia and the world in the middle of 2021 (i.e., the alpha variant)
loses the ability to form these interactions. In collaboration with colleagues from IMI and the Clinic for Infectious
Diseases of UMCL, we proved that this change does not lead to the loss of pathogenicity of the virus. This has called
into question previously published hypotheses that mutations in the ORF8 protein gene lead to the attenuation of
SARS-CoV-2 and some other B-coronaviruses.

Evolutionary genomics
The cave salamander or proteus (Proteus anguinus) is an animal with exceptional morphological and physi-
ological adaptations to the subterranean environment, with a regenerative ability, a high resistance to prolonged
starvation, and a lifespan that may exceed 100 years. To explain the very interesting features of this organism we
initiated an analysis of its genome. The genome sequence, estimated to
almost 50 Gb, is still unknown. The international Proteus Genome Research
Consortium (http://proteusgenome.com) has been established to tackle the
challenge of sequencing the proteus genome and its transcriptomes, and
funds to initiate the work raised. In the J1-2469 project, led by our colleagues
at the Biotechnical faculty UL (BF/UL), we participate with the analysis
of genomic and transcriptomic data. Until now, we have obtained initial
genomic and transcriptomic data from multiple tissues. DNA sequencing is
entering the next phase, the phase of a real-time single molecule sequenc-
ing (SMRT), and also sequencing of short DNA transcripts (Figure 4). The
genomes of salamanders are exceptionally large (more than 15-fold larger
than the human genome) and possess high degrees of repetitive sequences,
which makes both sequencing and assembly challenging. Repetitive DNA,
made mostly of diverse transposable elements (TEs), is estimated at 90%
of the proteus genome size (~40,5 Gb). Assembly of the genome sequence

Fl'gurg 4 Schematic illustration O‘fﬂzgprofeus.ggnome.sequgnc{ng is thus an eXtremely dlfﬁcult task. In 2021 we analysed TEs in the prOteUS
Dlan. Both genomic DNA and RNA are isolated from Proteus anguinus  transcriptome and assembled a large collection of TEs (species-specific

tissue, and sequenced. The proteus-genome structure will provide repetitive library). The ultimate ambition of the proteus project is that we

genetic insights into its evolution and adaptation to the sublerranean
environment, longevity, metabolism and regeneration, and will aid
preservation of this unique animal. The figure is adapted from R.

foster, by insight into the proteus genome, medical advancements in the
area of aging, tissue regeneration, and therapy of metabolic disorders. The

Kostanjsek et al. (Ann. NY Acad. Sci, (2021), in press). first paper on this subject has been accepted for publication (R. Kostanjsek

etal., Ann. NY Acad. Sci., in press).
Further, we analysed the origin, diversity and domain architecture of the aerolysin superfamily of protein
toxins in basal metazoans (sponges, ctenophores and cnidarians). These toxins that form pores in cell membranes
represent one of the most fundamental defence systems of organisms. Proteins of the aerolysin superfamily contain

apore-forming aerolysin domain and a receptor-binding domain (RBD). In

Evolutionary, genomic and structure-function  contrast to the highly conserved pore-forming domains, RBDs are highly
analysis of viruses, receptors and satellite DNA.  variable, and their structural variations lead to differences in target recogni-
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tion and, consequently, of the way of action. In numerous genomes and
transcriptomes of basal metazoans we discovered unexpectedly large diversity and many novel domain architectures
of aerolysin superfamily (D. Kordis, manuscript in preparation).

Other subjects

In 2021 we also participated in different projects that are outside the thematic framework of our department.

We are partners in several research projects funded by the Slovenian Research Agency (ARRS). In the project
J1-2482 (the leading institution is BF/UL), we determined the impact of environmentally relevant nano- and mi-
croplastics on terrestrial vertebrates by mass spectroscopy, and started preparing an article based on the obtained
results. As part of the application project L4-1839 (leading institution: BF/UL), we developed a procedure for the
isolation and identification of antimicrobial defensins in chestnut honey for medical use.

We also informally collaborated with several groups at home and abroad. Colleagues from the Ruder Boskovic
Institute and UZ were assisted in researching the mechanism of formation and morphogenesis of biomineral
nanostructures of the Archa noae shell. We performed structural identification of protein components of the shell
that are potentially involved in the biomineralization process. The publication is in the process of being reviewed by
the journal Colloid Surf. A: Physicochem. Eng. Asp. (1. Sondi et al., submitted). In a study led by colleagues from
the Faculty of Electrical Engineering UL (FE/ UL), we analysed the protein crown composition of nanoparticles in a
proteomic approach to explain their impact on the human immune system. The results were described in an article
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under review in the journal /zt. /. Biol. Sci. (K. Strojan et al., submitted),
and another article is in preparation. At the invitation of our colleagues
from the same faculty, we also prepared and published a review article on
the electroporation of cell membranes (K. Balantic et al., Acta Chim. Slov.,
68 (2021), 753-764). We participated in a study of colleagues from VF/UL
who were interested in the usefulness of insect proteins for food purposes.
Using mass spectroscopy, we searched for potential human allergens in
protein preparations. We have already managed to publish this analysis (B.
Premrov Bajuk et al., Animals, 11 (2021), 1942). To a group from the MF/
UL, we came to the aid of research into glioblastoma multiforme (GBM), the
most common and deadly form of brain tumour. We collaborated with the
confocal microscopic analysis of NB3F18 nanobody as a candidate for selec-
tive targeting of glioblastoma cells (Figure 5). A publication on this topic is
in the final stages of preparation. We also participated in the preparation of
two publications in the field of analysis of trans fatty acids in nutrition (N.
Zupanic et al., Nutrients, 13 (2021), 207 and A. Kusar et al, Public Health
Nutr., 24 (2021), 12-21).

Following the outbreak of the covid-19 pandemic in 2020, we began
a two-year expanded programme activity aimed at researching various
aspects of the functioning and evolution of SARS-CoV-2. We are completing
the planned research and preparing publications.

Some outstanding publications in the past year

1. Lomonte, B. and Krizaj, . (2021): Snake venom phospholipase

Department of Molecular and Biomedical Sciences B-2

Figure 5: Confocal microscopy of glioblastoma cells. The NB3F18
nanobody (red) recognizes the target antigen on USTMG glioblastoma
cells. The membranes are coloured green (BioTracker Green) and nuclei
blue (DAPI).

A, toxins. In: Handbook of Venoms and Toxins of Reptiles, 2°¢ Edn. (Stephen P. Mackessy; Ed.). ISBN
9780367149741. CRC Press; Taylor & Francis Group, Boca Raton, Florida, USA; pp. 389-411

Kurtovic, T., Karabuva, S., Grenc, D., Dobaja Borak, M, KriZaj, I., Luksic, B., Halassy, B. and Brvar, M.:
Intravenous Vipera berus Fab fragments and intramuscular Vipera ammodytes F(ab"), fragments in
Vipera ammodyles envenomed patients. Toxins, 13 (2021), 279

Pungercar, J., Bihl, F.,, Lambeau, G. and KriZaj, I.: What do secreted phospholipases A, have to offer in
combat against different viruses up to SARS-CoV-2? Biochimie, 189 (2021), 40-50

Pacnik, K., Ogrizovic, 0., Diepold, M., Eisenberg, T, Zganjar, M., Zun, G., Kuznik, K., Gostincar, C., Curk, T.,
Petrovic, U. and Natter, K. Identification of novel genes involved in neutral lipid storage by quantitative
trait loci analysis of Saccharomyces cerevisiae. BMC Genomics, (22) 2021, 110

Arhar, S., Gogg-Fassolter, G., Ogrizovi¢, M., Pacnik, K., Schwaiger, K., Zganjar, M., Petrovic, U. and Natter,
K. Engineering of Saccharomyces cerevisiae for the accumulation of high amounts of triacylglycerol.
Microb. Cell Fact., (20) 2021, 147

Awards and Appointments

L.

Sabina Drofenik: Krka recognition 2021, Novo mesto, Krka, pharmaceutical company. Research project:
Description of the mechanism and interdependence of the action of two nose-horned viper venom proteins,
secretory phospholipase A, and chymotrypsin inhibitor (co-mentor prof. Igor KriZaj).

Adrijan Ivanusec, Jernej Sribar, Peter Verani¢, Maja Zorovi, Marko Zivin and Igor KriZaj: Best Poster
Award: 8th Oxford Venoms and Toxins Meeting (virtual), Work title: Mammalian secreted phospholipase
A, group IIA binds to the same mitochondrial receptor as its B-neurotoxic orthologue from snake venom.
Kity Pozek, Adrijana Leonardi, Milan Koji¢ and Igor Krizaj: Best Poster Award: 8th Oxford Venoms and
Toxins Meeting (virtual), Work title: Production and characterization of recombinant VaaMPIII-3, a
disintegrin like/cysteine rich protein from Vipera a. ammodytes venom.

Kity PoZek: Best essay competition: Hamish Ogston Foundation, London, United Kingdom, Work title: The
impact of the Covid-19 pandemic on snakebite research and treatment.

Organization of conferences, congresses and meetings

L.

Igor KriZaj, Member of the International Scientific Committee, 45" FEBS Congress (virtual), 3.-8. 7. 2021,
Ljubljana.
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INTERNATIONAL PROJECTS

COST CA19144 - EUVEN; European Venom Network
Prof. Igor Krizaj
COST Association AISBL
2. COST CA19105 - LipidNET- Pan-European Network in Lipidomics and Epilipidomics
Prof. Toni Petan
COST Association AISBL
3. Do Endogenous Secreted Phospholipases A, Modulate Nicotinic Acetylcholine Receptor
Functions?
Prof. Igor KriZaj
Slovenian Research Agency

RESEARCH PROGRAMME

1. Toxins and biomembranes
Prof. Igor Krizaj

R&D GRANTS AND CONTRACTS

Neurotoxicity or neuroprotection of nanomaterials: the rele of biocorona
Prof. Igor KriZaj

2. Protein complexes from the fungal genus Pleurotus, new biopesicides for controlling
Colorado potato beetle and western corn rootworm
Prof. Igor KriZaj

3. Exploitation of a virus-borne small protein to combat antibiotic resistance in
Staphylococcus aureus
Prof. Igor Krizaj

4. Genomic and transcriptomic insights into the exceptional biology of proteus (Proteus
anguinus)
Prof. Dusan Kordi§

5. Impact of environmentally relevant nano- and micro-plastics on soil invertebrates
Prof. Igor Krizaj

6. Inflammatory process in interstitial cystitis and evaluation of the influence of
cannabinoid receptor agonists in urinary bladder - from cells to patients
Prof. Igor Krizaj

7. Reversibility of transient thrombocytopenia induced by a snake venom component
offers asafe antithrombotic prevention in interventional angiology and cardiology*
Prof. Igor KriZaj

8. Neuropsychological dysfunctions caused by low level exposure to selected
environmental pollutants in susceptible population - NEURODYS
Prof. Igor KriZaj

9. Targeting lipid droplets to reduce cancer cell resistance to stress
Prof. Toni Petan

10. Development of an innovative drug to treat venous thromboembolism based on a
unique viper venom anticoagulant
Prof. Igor Krizaj

11. Magnetically-controllable nanocarriers mimicking endogenous lipid particles for
improved drug/nanoparticle delivery
Prof. Igor Krizaj

12. Development of medical chestnut honey quality control and technology
Prof. Igor Krizaj

13. Hierarchical DNA assembly for advanced applications in biopharmaceuticals
production and cell therapy
Prof. Uros Petrovi¢

14. OLEOFERM - Sustainable oleochemicals biopreoduction from carboxylates via
oleaginous fermentation
Prof. Uros Petrovi¢
Ministry of Education, Science and Sport

STAFF

Researchers

Prof. Dusan Kordi§

Prof. Igor Krizaj, Head
Asst. Prof. Adrijana Leonardi
Prof. Toni Petan

Prof. Uros Petrovic*

Prof. JoZe Pungercar

Dr. Jernej Sribar
Postdoctoral associates

8. Dr. Mauro Danielli

9. Dr. EvaJarc Jovicic

10. Dr: Mojea Ogrizovic; left 01.12.21
11. Dr. Nina Zupanic¢
Postgraduates

12. Tadeja Bele, M. Sc.

AWV N o

BIBLIOGRAPHY

13. Adrijan Ivanusec, B. Sc.

14. Spela Koren, B. Sc.

15. Ana Kump, B. Sc.

16. Mia Zganjar, B. Sc.

17. Gasper Zun, B. Sc.

Technical officer

18. Kity Pozek, B. Sc.

Technical and administrative staff
19. Igor Koprivec

20. Maja Simaga, M. Sc.

Note:

* part-time JSI member
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ORIGINAL ARTICLE

1. Katja Balanti¢, Damijan Miklav¢ic, Igor KriZaj, Peter Kramar, "The good
and the bad of cell membrane electroporation”, Acta chimica slovenica,
2021, 68, 4,753-764.

2. Blanka Premrov Bajuk, Petra Zrims$ek, Tina Kotnik, Adrijana Leonardi,
Igor Krizaj, Breda Jakovac-Strajn, "Insect protein-based diet as potential
risk of allergy in dogs", Animals, 2021, 11, 7, 1942.

3. Julieta Marrone, Mauro Danielli, César I. Gaspari, Alejo M. Capiglioni,
Radl Marinelli, "Aquaporin gene transfer for hepatocellular
cholestasis", Biochimie, 2021, 188, 12-15.

4. Mauro Danielli, Alejo M. Capiglioni, Julieta Marrone, Radl Marinelli,
"Further evidence for the involvement of mitochondrial aquaporin-8 in
hepatocyte lipid synthesis", Biochimie, 2021, 188, 16-19.

. Klavdija Pa¢nik et al. (11 authors), "Identification of novel genes
involved inneutral lipid storage by quantitative traitloci analysis of
Saccharomyces cerevisiae", BMC genomics, 2021, 22, 110.

ol

[}

. Tina Smoli¢ et al. (12 authors), "Astrocytes in stress accumulate lipid
droplets”, Glia, 2021, 69, 6, 1540-1562.

. Simon Arhar, Gabriela Gogg-Fassolter, Mojca Brloznik, Klavdija Pa¢nik,
Katharina Schwaiger, Mia Zganjar, Uro$ Petrovi¢, Klaus Natter,
"Engineering of Saccharomyces cerevisiae for the accumulation of high
amounts of triacylglycerol”, Microbial cell factories, 2021, 20, 1, 147.

. Nina Zupanic et al. (12 authors), "Dietary intake of trans fatty acids in
the Slovenian population”, Nutrients, 2021, 13, 1, 207.

. Anita Kusar et al. (16 authors), "Assessment of trans-fatty acid content

in a sample of foods from the Slovenian food supply using a sales-

weighting approach", Public health nutrition, 2021, 24, 1, 12-21.

Tihana Kurtovi¢, Svjetlana Karabuva, Damjan Grenc, Mojca Dobaja, Igor

Krizaj, Boris Luksi¢, Beata Halassy, Miran Brvar, "Intravenous Vipera

berus Venom-specific Fab fragments and intramuscular Vipera

ammodytes venom-specific F(ab')2 fragments in Vipera ammodytes-

Envenomed patients”, Toxins, 2021, 13, 4, 279.
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REVIEW ARTICLE

1. JoZe Pungercar, Franck Bihl, Gérard Lambeau, Igor Krizaj, "What do
secreted phospholipases A, have to offer in combat against different
viruses up to SARS-CoV-2?", Biochimie, 2021, 189, 40-50.

. Anita Kusar, Katja 7mitek, Liisa Lihteenmaki, Monique Raats, Igor
Pravst, "Comparison of requirements for using health claims on foods
in the European Union, the USA, Canada, and Australia/New Zealand",
Comprehensive reviews in food science and food safety, 2021, 20, 2, 1307-
1332.

[sS]

PUBLISHED CONFERENCE CONTRIBUTION

1. Tadej Markus, Mladen Soldat, Gregor Kosec, Uro$§ Petrovi¢, Martin
Kavscek, "Development of platform technology for biotechnological
production of carotenoids”, In: Mikrobioloske ideje na prepihu, zbornik
prispevkov, Biotehniska fakulteta, Oddelek za Zivilstvo, 2021, 101-112.

Department of Molecular and Biomedical Sciences B-2

INDEPENDENT COMPONENT PART OR A
CHAPTER IN A MONOGRAPH

1. Bruno Lomonte, Igor Krizaj, "Snake venom phospholipase A, toxins",

In: Handbook of venoms and toxins of reptiles, 2nd ed., CRC Press, 2021,
385-407.

ENCYCLOPAEDIA, DICTIONARY, LEXICON,
MANUAL, ATLAS, MAP

1. Jernej Sribar, Jerica Saboti¢, Navodilo za delo z ultracentrifugo Beckman
Coulter Optima XPN-90: poslovna tajnost, Institut Jozef Stefan, 2021.

THESES AND MENTORING

1. Sabina Ott Rutar, Phylogenomic analysis of RNA viruses in invertebrates:
doctoral dissertation, Ljubljana, 2021 (mentor Dusan Kordis).
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DEPARTMENT OF BIOTECHNOLOGY

B-3

At the Department of Biotechnology we investigate biological molecules of animal, plant
microbiological and fungal origin using modern biotechnological methods. We would like to
apply them for diagnostic and therapeutic purposes in human and veterinary medicine, for
plant protection, the preparation of high-quality and safe food and for the protection of the
environment, contributing to an improvement in people's health and the environment in which
we live. Our research work is focused on processes of cancer progression and immune response,
neurodegenerative processes, the biology of fungi and in the search for new biotechnological
approaches and products.

Regulation of anti-tumour immune response

We continued our studies of the role of cysteine peptidases and their inhibitors in the regulation of anti-tumor
immune response. We focused our work on the endogenous inhibitor cystatin F. It is an important modulator of
the cell cytotoxicity of natural killer cells and cytotoxic T cells. Its role in the regulation of anti-tumor immune
response we evaluated in patients with glioblastoma. In a tumour micro-environment various cells express and
secrete inactive dimeric cystatin F, which can be internalized to cytotoxic cells, activated within endo/lysosomal
vesicles, impairing cytotoxic action against tumour cells and cancer stem cells. Consequently, patients with higher
levels of cystatin F experience worse disease outcomes than those with low levels. In addition, in natural killer cells
and cytotoxic lymphocytes, we also demonstrated the regulatory role of
cystatin F in helper T cells (CD4+) and found the association between its
expression and the clonal expansion of CD4+ cells. Cystatin F is, therefore,
an important mediator employed by tumour cells to impair the killing
efficiency of cytotoxic cells. It represents a possible target for cancer im-
munotherapy. For this purpose, we investigated the action of inhibitors of
the peptidase, which activates an intact dimeric cystatin F into an active
one as well as various regulators of glycosylation, which can prevent the
access of cystatin F to its targets within endo/lysosomal pathway.

Molecular neurodegeneration

With an aging population and the lack of a useful therapy, neurode-
generative diseases are increasing and becoming one of the leading causes
of death worldwide. In this field our main focus is on selected genes and
their protein products (TDP-43, FUS, C9orf72, SFPQ, MATRS3, etc.) associ-
ated with amyotrophic lateral sclerosis (ALS), frontotemporal dementia
(FTD) and Alzheimer’s disease (AD). The majority of them are in some way
associated with RNA biogenesis, processing, transport and turnover. We
study their nuclear transport, cellular stress response and macromolecular
interactions leading to mislocalization and aggregation.

Because the protein interactors of FUS causative of its cytoplasmic toxic-
ity are still unknown, we used BiolD2 proximity labelling to identify the interactomes of FUS and FUSANLS (without
NLS) proteins overexpressed in the HEK293T cells. Our bio-informatic analyses identified interactors involved in RNA
processing and degradation, protein translation and pro-survival (FGF) or inhibitory (TGF) signalling pathways.

Head:
Prof. Boris Rogelj

Figure 1: Regulation of T lymphocyte survival by cysteine cathepsins

In-vitro analyses showed that FUS interacts with NUDT21 (Nudix hydrolase

21, cleavage factor subunit) and decreases its nuclear expression, whereas ~ Cystatin F in a tumour micro-environment

the interaction with NUDT21 is abolished by FUSANLS, possibly having ~ impairs the cytotoxic function of T cells and

downstream effects on 3'RNA cleavage and polyadenylation, leading to  natural killer cells.

the toxic disruption of neuronal homeostasis. We generated the stable cell
lines Flp-In HEK293 and Flp-In SH-SY5Y, expressing KO2-wtTDP-43-HA, KO2-dNLS-TDP-43-HA or KO2-only. We have
also obtained mouse-brain samples with a TDP-43 ALS pathology that will be used to detect interactors identified in
BioID-TDP-43 experiments. To determine changes in the interactome of TDP-43 during stress-granules formulation
and dissolution, we generated four stable cell lines expressing APEX-myc-wtTDP-43, APEX-myc-dNLS-TDP-43, APEX-
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myc-CT-TDP-43 and APEX-myc. In addition, we determined the timecourse
of the stress granules’ dissolution.

In our study published in Brain, we focused on poly-dipeptide repeats
resulting from the translation of mutant repeat expansions in the C9orf72
gene that accumulate in cells as aggregates and cause cell death in neuro-
degenerative diseases. We also used BioID2 proximity labelling to identify
the interactomes of all five dipeptides repeat proteins (polyGA, polyGR,
pOlyPR, polyPA and polyGP), each consisting of 125 repeats. We identified
their interaction partners and, using autopsy brain tissue from patients with
(9orf72 expansion complemented with cell culture analysis, examined the
interactions between polyGA and valosin-containing protein (VCP). Our
unique functional analysis of this interaction revealed the sequestration
of VCP with polyGA aggregates, which alters the concentration of soluble
VCP protein and inhibits autophagy. We also determined the effect of C4G2
repeat on phenylalanine-tRNA synthetase. We have shown that there is a
lower level of charged tRNAphe in the presence of repeats and that C4G2 in-
hibits the function of FARS protein in in-vitro studies. Additionally, we have
shown that the interaction between C4G2 and FARS reduces the expression
level of phenylalanine-rich proteins in lymphoblasts with C9orf72 mutation
compared to controls. We have developed a Click-chemistry protocol with
mutated FARSA protein, which enables the incorporation of azido-phenylalanine into proteins, for observing the
changes in the global effect of C4G2 repeats on protein synthesis.

Figure 2: Identifying NUDT21 as a FUS interactor. A) Western blots of
BiolD2-labelled interactors isolates, showing NUDT21 interaction with
FUS as confirmed by NUDT21 25kDa band (left) and signal quantified
(right) B) Cells transfected with GFP-FUS and GFP-FUSANLS showing
decrease in nuclear NUDT21 expression as compared to non-transfected
cells (left) and signal quantified (right).

Prader Willi syndrome and RNA biology

In 2021 we also optimised the protocol for COMRADES, which is used to obtain SNORD116 interactors. We
prepared a PARIS and COMRADES library of interactors from the SHSY5Y cell line. Since the obtained library did
not show the expected results during the validation steps we focused on optimising the protocol even further in
order to obtain better libraries for sequencing,

Probiotics

We continued our work on the targeting of colorectal cancer cells by recombinant Zactococcus lactis, a safe,
food-grade bacterium from the group of lactic acid bacteria. The binding of engineered bacteria to cancer cells
would enable the selective delivery of biopharmaceuticals by the bacteria

We engineered Lactococcus lactis bacteria that
display tumour-antigen binders and selectively
attach to cancer cells.

Figure 3: Representative microscopy images of nanofibers containing
different species of lactobacilli (Lactobacillus crispatus ATCC 33820,
Lactobacillus gasseri ATCC 33323 in Lactobacillus jensenii ATCC
25258) expressing fluorescent proteins IRFE, mCherry, GFP and
mTagBFP2 with different spectral properties. Bar: 20 um.

Fungi contain substances that inhibit the
formation of bacterial biofilms.

and avoid side effects. Targeting was achieved by displaying on the bacte-
rial surface two small protein binders of tumour-specific antigens, namely
EpCAM and HER2, that are present on cancer cells. The functionality of
the bacteria was further increased by the co-expression of an infrared
fluorescent protein that enabled the imaging of bacteria. We confirmed
the binding of engineered L. Jactis to soluble forms of EpCAM and HER2
using flow cytometry and western blot, and demonstrated the proof-of-
principle of targeting on human cell lines HEK293, HT-29 and Caco-2. The
engineered L. /actis was selective and no binding was observed to HEK293
cells without tumour antigens. Apart from cell targeting in static condi-
tions, we also demonstrated the targeting ability of engineered L. Jactis in
the conditions of constant flow of bacterial suspension over the HEK293
cells in an advanced fluidic system, thereby emulating the conditions in
the gastrointestinal tract.

The above research revealed the need for a simple and modular
construction of multigene plasmids and the controlled simultaneous
expression of multiple proteins in L. Jactis. For that purpose, we have
introduced in L. /actis a modified BglBrick system, originally developed
in Escherichia coli that the enables straightforward assembly of multiple
gene cassettes. Six different expression cassettes, encoding model proteins,

were assembled in different order as parts of a modified BglBrick system in a novel plasmid pNBBX. We expressed
model proteins either alone or concomitantly, and demonstrated the first controlled expression of three model
proteins in L. Jactis, with considerable biotechnological potential in the synthetic biology of lactic acid bacteria.
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Lactic acid bacteria, particularly lactobacilli, are part of healthy vaginal microbiota and could be used to bal-
ance vaginal dysbiosis. We have incorporated model vaginal lactobacilli Lactobacillus crispatus ATCG 33820,
Lactobacillus gasseri ATCC 33323, and Lactobacillus jensenii ATCC 25258 in poly(ethylene oxide) nanofibers,
apotential novel vaginal delivery system for probiotics. To facilitate the study of their distribution and mechanism
of action, we have engineered them to express fluorescent proteins with different spectral properties. This enabled
quantification and discrimination between lactobacilli cells in nanofibers by using fluorescent microscopy, as well
as in suspension after nanofiber dissolution, by measuring the fluorescence. The approach will allow the tracking
of probiotics in future delivery studies.

Glycobiology

In the field of glycobiology, we continued to explore the molecular mechanisms of bacterial biofilm development,
using the pathogenic bacterium Listeria as a model. Based on an analysis of the results of whole genome random
mutagenesis studies and a review of the literature, we reviewed the current understanding of the role of the individual
structures that make up the cell wall in the development of Listeria biofilms on abiotic surfaces. Understanding
the relationships between surface structures involved in biofilm formation and virulence factors is very important
because biofilms allow bacteria to survive long term in different environments. Understanding the role of these
structures will help to develop new strategies to combat microorganisms that pose the greatest threat to human
and animal health. In addition, in collaboration with Prof. Paola Cescutti
from the University of Trieste and others, we determined the structure of
teichoic acid from the cell wall of Listeria innocua ZM39. It turned out to
be a new type of structure of teichoic acid in Listeria, and similar to the
structure characteristic of serovar 6a. Sequencing and annotation of the
genome of this strain also allowed the identification of predicted genes for
the biosynthesis of teichoic acid.

In the field of fungal bioactive proteins we continued research on
antimicrobial activities in 2021. It is important to distinguish between an-

Department of Biotechnology B-3

timicrobial (affecting growth) and antibiofilm (affecting biofilm) activities  Figure 4 Listeria innocua ZM39 cellwall teichoic acid.

because antimicrobial drugs that affect bacterial growth cause selection

pressure that leads to the rapid development of antimicrobial resistance. Therefore, the further development of
alternatives to antibiotics focuses, among other things, on agents that do not affect bacterial growth and act on
the biofilm to prevent the persistence of infection in a given environment. In collaboration with the Biotechnical
Faculty of the University of Ljubljana, we developed a new method to distinguish between antimicrobial activity
and antibiofilm activity on a model of the pathogenic bacterium Salmonella. The approach of using the growth
curve for the simultaneous analysis of antimicrobial and antibiofilm activity is a methodological novelty, which
is why we filed a patent application for it. This simple approach was named Simba and was awarded 3™ place in
the University of Ljubljana Rector’s Award for the best innovation in 2021. The Simba approach was also tested
by studying extracts from 38 wild and 4 cultivated mushroom species. It was found that the toothed jelly fungus
(Pseudohydnum gelatinosum) had antimicrobial activity, the oyster mushroom (Pleurotus ostreatus) had antibi-
ofilm activity, and the trooping funnel mushroom (Infundibulicybe geotropa) had both activities.

COVID-19 associated research

We continued our research on the role of cysteine peptidases in the replication and infection of the SARS-CoV-2
virus. For compounds from our peptidase inhibitor library we found the most promising antiviral effect for cath-
epsin B inhibitors, including antibiotic nitroxoline. The virus uptake to host cells explores two main mechanisms,
membrane fusion and endocytosis. They differ regarding peptidases involved in the cleavage of the S protein, in
endocytosis the crucial peptidases are cathepsins B and L. It is now known that different variants of SARS-CoV-2
virus prefer one or another mechanism, Omicron, for example, utilizes an endocytic pathway for cell entry. In this
case the inhibitors of cathepsins B and L represent a first line in antiviral therapy. At the transition of the Govid-19
from pandemic to endemic phase, besides vaccines antiviral drugs will be the most important to control the disease.
For the application of cysteine peptidase inhibitors in antiviral therapy, a PCT patent application was filed.

The results of the research work at the Department of Biotechnology in 2021 were published in 20 scientific
papers in journals with an impact factor. We also published eight reviews. We received two new research grants
from the Slovenian Research Agency. Ursa Cercek received Krka and Presern awards, while dr. Jerica Sabotic and dr.
Ana Mitrovi¢ were mentors for two Krka awards. Members of the department were very also active in pedagogical
work as lecturers and mentors to students preparing diploma and doctoral theses at universities in Slovenia and
abroad. In 2021 two doctoral theses were completed at the department.
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Some outstanding publications in the past year

1. Rheenen, Wouter Van, Van Der Spek, Rick A. A., Bakker, Mark K., Van Vugt, Joke J. F. A., Hop, Paul J., ...,
Rogelj, Boris, Koritnik, Blaz, Zidar, Janez, Ravnik-Glavac, Metka, Glavac, Damjan, et al. Common and rare
variant association analyses in amyotrophic lateral sclerosis identify 15 risk loci with distinct genetic
architectures and neuron-specific biology. Nature genetics, ISSN 1061-4036, Dec. 2021, vol. 53, no. 12, str.
1636-1648, ilustr. https://www.nature.com/articles/s41588-021-00973-1, doi: 10.1038/s41588-021-00973-1.
[COBISS.SI-ID 88131075] IF 38,3.

2. Pasha, Terouz, Zatorska, Anna, Sharipov, Daulet, Rogelj, Boris, Hortobagyi, Tibor, Hirth, Frank. Karyopherin
abnormalities in neurodegenerative proteinopathies. Brain . journal of neurology, 1SSN 0006-8950,
2021, vol. 144, no. 10, str. 2915%2932, doi: 10.1093/brain/awab201. [ COBISS.SI-ID 87473667] IF 13,5.

3. DPerisic, Milica, Pecar Fonovic, Ur$a, Jakos, Tanja, Kos, Janko. The role of cysteine peptidases in hemat-
opoietic stem cell differentiation and modulation of immune system function. Frontiers in immunology,
ISSN 1664-3224, 2021, vol. 12, str. 680279-1-680279-19, doi: 10.3389/fimmu.2021.680279. [ COBISS.SIID
71732995] IF 7,6.

4. Senjor, Emanuela, Perisic, Milica, Breznik, Barbara, Mitrovi¢, Ana, Mlakar, Jernej, Rotter, Ana, Porcnik,
Andrej, Lah Turnsek, Tamara, Kos, Janko. Cystatin F acts as a mediator of immune suppression in glio-
blastoma. Cellular oncology, ISSN 2211-3436, 2021, vol. 44, no. 5, str.1051-1063, doi: 10.1007/513402-
021-00618-9. [COBISS.SID 69253379] IF 6,7.

5. Stojanov, Spase, Plavec, Tina Vida, Kristl, Julijana, Zupancic, Spela, Berlec, Ales. Engineering of vaginal
lactobacilli to express fluorescent proteins enables the analysis of their mixture in nanofibers. fnterna-
tional journal of molecular sciences. 2021, vol. 22, no. 24, str. 13631-1-13631-18, ilustr. ISSN 1422-0067.
DOI: 10.3390/ijms222413631. [ COBISS.SI-ID 90159363 ] IF 5,9.

6. Plavec, Tina Vida, Mitrovic, Ana, PeriSi¢, Milica, Strukelj, Borut, Kos, Janko, Berlec, Ales. Targeting of
fluorescent Lactococcus lactis to colorectal cancer cells through surface display of tumour-antigen binding
proteins. Microbial biotechnology. |Online ed.]. 2021, vol. 14, iss. 5, str. 2227-2240, graf. prikazi. ISSN
1751-7915. DOI: 10.1111/1751-7915.13907. [COBISS.SID 73046275] IF 5,8.

7. Janez, Nikolaja, Skrlj, BlaZ, Sternisa, Meta, Klancnik, Anja, Saboti¢, Jerica. The role of the Listeria mono-
cytogenes surfactome in biofilm formation. Microbial biotechnology, ISSN 1751-7915. [ Online ed. ], Jul.
2021, vol. 14, iss. 4, str. 1269-1281, ilustr. https://sfamjournals.onlinelibrary.wiley.com/doi/10.1111/1751-
7915.13847, doi: 10.1111/1751-7915.13847. [ COBISS.SI-ID 67146499] IF 5,8.

Awards and Appointments

1. Jerica Saboti¢: 3™ place in the University of Ljubljana Rector’s Award for the best innovation in 2021,
Ljubljana, University of Ljubljana Rector prof. dr Gregor Majdi¢, SIMBA - Simultaneous detection of
antimicrobial and antibiofilm activities.

2. Emanuela Senjor: Dean’s Award, Ljubljana, Slovenia, University of Ljubljana, Faculty of Pharmacy, for the
paper Cystatin F acts as a mediator of immune suppression in glioblastoma published in Cellular oncology.

3. Abida Zahirovi¢: Krka Prize with special recognition for PhD thesis, Novo mesto, Krka, Identification
and characterization of major bee venom allergen Api m 1 mimotopes for development of specific im-
munotherapy.

Organization of conferences, congresses and meetings

1. Ales Berlec: 45" FEBS Congress, Ljubljana (virtual), 3. 7. - 8. 7. 2021
2. AnaMitrovi¢, Minisymposium, Data from the field on biomolecular interactions (virtual), 25. 11. 2021
3. Jerica Saboti: 20" FEBS Young Scientist’s Forum, Lovran, Croatia (virtual), 15. 6. -18. 6. 2021

I NTERN ATI O N AL PRO J E CT S 3. i}e;{l(gﬁlziosg;;{é ];Z%uation of the In Vivo Interactomes of TDP-43, FUS and MATR3

Prof. Boris Rogelj
1. COST CA18238; Ocean4Biotech - European Transdisciplinary Networking Platform for Slr(?venioarrllsRezgzr]ch Agency

Mar iﬂ? Bi(‘)techlnvology 4. Crosstalk of Proteinopathy and Inflammation in Amyotrophic Lateral Sclerosis
Dr. Jerica Sabotic Prof. Boris Rogelj

Cost Association Aisbl )
2. COST CA19123 - PHOENIX; Protection, Resilience, Rehabilitation of Damaged Slovenian Research Agency

Environment
Prof. Ales Berlec
Cost Association Aisbl
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Pharmaceutical Biotechnology: Knowledge for Health
Prof. Janko Kos

& D GRANTS AND CONTRACTS

Pathogenic role of paraspeckle-like nuclear bodies in neurodegenerative diseases ALS
and FTD

Prof. Boris Rogelj

Inhibition of cathepsin X activity as a novel strategy for the treatment of Parkinson‘s
disease

Prof. Janko Kos

Targeting Campylobacter adhesion in the fight against antimicrobial resistance

Dr. Jerica Saboti¢

Bactericidal nanoblades: a proof-of-concept approach for bimodal chemo-
mechanicaleradication of persistent biofilms

Dr. Jerica Saboti¢

Cathepsins B and X in breast cancer stem cells - molecular targets and relevance for
antitumor therapy

Dr. Ana Mitrovi¢

Intra-biofilm dynamics of Campylobacter with other bacteria: effects on biofilm
formation and composition with a view to the design of innovative control strategies
Dr. Jerica Sabotic

Recombinant probiotics as bio-alternative antimicrobial approach against
Clostridioides difficile

Prof. Ales Berlec

Molecular mechanisms of specificity in regulation of secretion and action of muscle-
derived cytokines

Prof. Boris Rogelj

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

Department of Biotechnology B-3

Targeting, imaging and treating of colorectal cancer with safe theranostic bacteria
Prof. Ales Berlec

Phase transitions in systems of nucleotide repeat expansions associated with
neurodegenerative diseases

Prof. Boris Rogelj

New antimicrobial strategies in prevention of biofilm formation by using lectins that
inhibit bacterial adhesion

Dr. Jerica Sabotic

Improvement of immunotherapeutic potential of NK cells through modulation of
cystatin F

Prof. Janko Kos

Nuclear transport defects in frontotemporal dementia

Prof. Boris Rogelj

Cystatin f as a mediator of immunosuppression in glioblastoma microenvironment
Dr. Milica Perisic Nanut

FunContrAPest: Novel Fungal Proteins as Biopesticides for Control of Challenging
Invasive Alien Agricultural Pests

Dr. Jerica Sabotic

Small protein blockers of IL-23/IL-17 axis as intestinal inflammation inhibitors secreted
by probiotic bacteria

Prof. Ales Berlec

Targeting protein phase separation and aggregation in neurodegenerative TDP-43
proteinopathies

Prof. Boris Rogelj

Innovative ECO plasma seed treatment (for sowing and for human and animal diet/
nutrition

Prof. Boris Rogelj

Ministry of Education, Science and Sport

Cell4Chem: Engineering microbal communities for the conversion of lignocellulose
into medium-chain carboxylates

Prof. Ales Berlec

Ministry of Education, Science and Sport

STAFF

Researchers

1. Prof. Ale§ Berlec

2. Prof. Janko Kos*

3. Asst. Prof. Helena Motaln
4. Dr. Milica Peri$i¢ Nanut
5. Prof. Boris Rogelj, Head
6. Dr. Jerica Saboti¢

7. Prof. Borut Strukelj*

Postdoctoral associates

8.
9.
10.
11
12.

Dr. Nikolaja JaneZ

Dr: Mirjana Malnar, left 01.09.21
Dr. Ana Mitrovic

Dr: Eva Ogoreuc, lefi 01.05.21

Dr. Tina Vida Plavec

BIBLIOGRAPHY

13. Dr: Mateja Prunk, left 01.07.21
14. Dr. Abida Zahirovic
Postgraduates

15. Ursa Cercek, B. Sc.

16. Emanuela Senjor, B. Sc.

17. Petra Stravs, B. Sc.

Technical officers

18. Tadeja Tumpej, B. Sc.

19. Tanja Zupan, B. Sc.

Technical and administrative staff
20. Maja Simaga, M. Sc.

Note:

* part-time JSI member
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Tomaz Mar$ et al. (11 authors), "Innervation and electrical pulse
stimulation - in vitro effects on human skeletal muscle cells", Applied
physiology, nutrition and metabolism, 2021, 46, 4, 299-308.

. Terouz Pasha, Anna Zatorska, Daulet Sharipov, Boris Rogelj, Tibor
Hortoba’gyi, Frank Hirth, "Karyopherin abnormalities in
neurodegenerative proteinopathies”, Brain: journal of neurology, 2021,
144, 10, 2915-2932.

. Anja Pislar, Janko Kos, "y-enolase enhances Trk endosomal trafficking
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communication and signaling, 2021, 18, 118.

Emanuela Senjor, Milica Perisi¢, Barbara Breznik, Ana Mitrovi¢, Jernej

Mlakar, Ana Rotter, Andrej Por¢nik, Tamara Lah Turnsek, Janko Kos,

"Cystatin F acts as a mediator of immune suppression in glioblastoma”,

Cellular oncology, 2021, 44, 5,1051-1063.
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blindazole derivatives: selective inhibitors of human monoamine
oxidase B with neuroprotective activity", European journal of medicinal
chemistry, 2021,209, 112911.

. Tina Vida Plavec, Tim Kljucevsek, Ales Berlec, "Introduction of modified
bglbrick system in Lactococcus lactis for straightforward assembly of
multiple gene cassettes", Frontiers in bioengineering and biotechnology,
2021,9,797521.

. Ale$ Berlec, Nikolaja Janez, Meta Sterni$a, Anja Klan¢nik, Jerica Sabotic,
"Expression of NanoLuc luciferase in Listeria innocua for development
of biofilm assay", Frontiers in microbiology, 2021, 12, 636421.

. Milica Peri$i¢, Graham Pawelec, Janko Kos, "Human CD4+ T-cell clone
expansion leads to the expression of the cysteine peptidase inhibitor
cystatin F", International journal of molecular sciences, 2021, 22, 16,
8408.

. Tanja Jako$, Mateja Prunk, Anja Pislar, Janko Kos, "Cathepsin X activity
does not affect NK-target cell synapse but is rather distributed to
cytotoxic granules”, International journal of molecular sciences, 2021,
22,24,13495.

Annual Report 2021

195



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

®
o Jozef Stefan Institute

Spase Stojanov, Tina Vida Plavec, Julijana Kristl, Spela Zupandéi¢, Ale$
Berlec, "Engineering of vaginal lactobacilli to express fluorescent
proteins enables the analysis of their mixture in nanofibers”,
International journal of molecular sciences, 2021, 22, 24, 13631.
Mirjana Malnar, Boris Rogelj, "SFPQ regulates the accumulation of RNA
foci and dipeptide repeat proteins from the expanded repeat mutation
in C90rf72", Journal of cell science, 2021, 134, 4, jcs256602.

Janko Ignjatovic, Nevena Daji¢, Jovana Krmar, Ana Proti¢, Borut
Strukelj, Biljana Ota$evi¢, "Molecular docking study on biomolecules
isolated from endophytic fungi”, Journal of the Serbian Chemical Society,
2021, 86, 2,125-137.

Tina Vida Plavec, Ana Mitrovi¢, Milica Perisi¢, Borut Strukelj, Janko Kos,
Ales Berlec, "Targeting of fluorescent Lactococcus lactis to colorectal
cancer cells through surface display of tumour-antigen binding
proteins", Microbial biotechnology, 2021, 14, 5, 2227-2240.

Tina Vida Plavec, Abida Zahirovi¢, Petra Zadravec, Jerica Saboti¢, Ales
Berlec, "Lectin-mediated binding of engineered Lactococcus lactis to
cancer cells", Microorganisms, 2021, 9, 2, 223.

Wouter van Rheenen et al. (247 authors), "Common and rare variant
association analyses in amyotrophic lateral sclerosis identify 15 risk
loci with distinct genetic architectures and neuron-specific biology",
Nature genetics, 2021, 53, 12, 1636-1648.

Ana Dolsak, Tomaz Bratkovi¢, Larisa Mlinari¢, Eva Ogorevc, Urban
§vajger, Stanislav Gobec, Matej Sova, "Novel selective IDO1 inhibitors
with isoxazolo[5,4-d]pyrimidin-4(5H)-one scaffold”, Pharmaceuticals,
2021, 14, 3, 265.

Ilona Bereczki et al. (21 authors), "Natural apocarotenoids and their
synthetic glycopeptide conjugates inhibit SARS-CoV-2 replication”,
Pharmaceuticals, 2021, 14, 11, 1111.

Spase Stojanov, Matjaz Ravnikar, Ale$ Berlec, Samo Kreft, "Interaction
between silver fir (Abies alba) wood water extract and lactobacilli",
Pharmazie, 2021, 76,12, 614-617.

Samo Kreft, Borut Strukelj, "Influence of magnesium sulphate on
cholecystokinin, hunger, and obesity", Progress in nutrition, 2021, 23, 3,
9081.
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Valentina Novak, Boris Rogelj, Vera Zupunski, "Therapeutic potential of
polyphenols in amyotrophic lateral sclerosis and frontotemporal
dementia", Antioxidants, 2021, 10, 8, 1328.

. Anja Pislar, Lara Bol¢ina, Janko Kos, "New insights into the role of

cysteine cathepsins in neuroinflammation", Biomolecules, 2021, 11, 12,
1796.

. Kawaljit Kaur, Meng-Wei Ko, Anahid Jewett, Po-Chun Chen, Barbara

Breznik, Emanuela Senjor, Paul Wong, Yuhao Wang, Nishant Chovatiya,
"Probiotics in health and disease: distinct roles of different strains in
natural Killer cell activation and regulation”, Critical reviews in
immunology, 2021, 41, 2, 1-19.

. Tanja Jako$, Anja PiSlar, Anahid Jewett, Janko Kos, "Myeloid-derived

suppressor cells hamper natural killer cell activity in cancer: role of
peptidases”, Critical reviews in immunology, 2021, 41, 2, 77-99.
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. Milica Perisi¢, Ursa Pecar Fonovi¢, Tanja Jako$, Janko Kos, "The role of
cysteine peptidases in hematopoietic stem cell differentiation and
modulation of immune system function", Frontiers in immunology,
2021, 12, 680279.

6. Ana Rotter et al. (61 authors), "The essentials of marine biotechnology”,
Frontiers in marine science, 2021, 8, 629629.

. Nikolaja Janez, Blaz Skrlj, Meta SterniSa, Anja Klan¢nik, Jerica Sabotic,
"The role of the Listeria monocytogenes surfactome in biofilm
formation", Microbial biotechnology, 2021, 14, 4, 1269-1281.

8. Helena Motaln, Nina Recek, Boris Rogelj, "Intracellular responses

triggered by cold atmospheric plasma and plasma-activated media in

cancer cells", Molecules, 2021, 26, 5, 1336.
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INDEPENDENT COMPONENT PART OR A
CHAPTER IN A MONOGRAPH

1. Borut Strukelj, "From gene engineering to modern biologicals", In:
Course notes. 4, Drug design, advanced therapy medicinal products and
microbiology, Ljubljana Faculty of Pharmacy, 2021, 95-123.

2. Janko Kos, Anahid Jewett, Anja Pislar, Tanja Jako$, Emanuela Senjor,
Milica Perisi¢, "The role of peptidases and their endogenous inhibitors
in the regulation of NK cell cytotoxicity", In: Successes and challenges of
NK Immunotherapy: breaking tolerance to cancer resistance, Academic
Press, 2021, 83-100.

3. Anahid Jewett, Janko Kos, Tamara Lah Turnsek, Po-Chun Chen, Barbara
Breznik, Emanuela Senjor, Nishant Chovatiya, Kawaljit Kaur, Meng-Wei
Ko, "Novel strategies to expand supercharged NK cells with augmented
capacity to withstand inactivation by tumors”, In: Successes and
challenges of NK Immunotherapy: breaking tolerance to cancer
resistance, Academic Press, 2021, 101-119.

ENCYCLOPAEDIA, DICTIONARY, LEXICON,
MANUAL, ATLAS, MAP

1. Jernej Sribar, Jerica Saboti¢, Navodilo za delo z ultracentrifugo Beckman
Coulter Optima XPN-90: poslovna tajnost, Institut Jozef Stefan, 2021.

PATENT APPLICATION

1. Mojca Lunder, Borut §trukelj, Peter Korosec, Ana Koren, IgE epitope-like
peptides and uses thereof, US2021115097 (A1), US Patent Office, 22. 04.
2021.

THESES AND MENTORING

1. Tina Vida Plavec, Surface display of tumor antigen binders on
Lactococcus lactis NZ9000 and evaluation of their binding to selected
human tumor cell lines: doctoral dissertation, Ljubljana, 2021 (mentor
Ales Berlec; co-mentor Borut Strukelj).
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The Department of Environmental Sciences focuses on the interweaving of the physical,
chemical and biological processes that shape our environment, the human and its activities.
Our research is interdisciplinary and multidisciplinary and takes place in several areas, such
as environmental analytical chemistry, biogeochemical cycles, microbial ecology, environment
and health, environmental technologies, risk and environmental assessment, and environmental
monitoring. We also work on the development of technical solutions for environmental problems
and environmental management. The department hosts the “ISO-FOOD” ERA Chair for isotope
techniques in food safety, quality and traceability, the infrastructure Centre of Mass Spectrometry
(CMS) and the Mobile Ecological Laboratory Unit (ELME).

Analytical chemistry of the environment and biological systems

Inorganic

The role of trace elements and their impact on the environment and living organisms depend on both their
total concentration and the chemical forms in which they are present. Our research is focused on the development
of new analytical procedures for the speciation of elements like Al, As, Cr, Se, Sn, Br, Pt, Ru, Ni, V, Zn, etc., in envi-
ronmental, food and biological samples.

In the field of elemental speciation, conjoint liquid chromatography (CLC) was used for the separation of
Cu bound to ceruloplasmin (Cp) and albumin (HSA) in human serum. Two immunoaffinity CIMac albumin deple-
tion (anti-HSA) disks and one CIMac weak anion-exchange diethylamine (DEAE) disk were assembled in a single
housing forming a CLC monolithic column. HSA was retained by the anti-HSA disk, enabling a
subsequent separation of Cu bound to low-molecular-mass (LMM) ligands, from Cu bound to Cp.
Finally, the Cu associated with HSA was eluted from the column. The separated Cu species were
quantified by post-column ID-ICP-MS. The developed method will be applied in the analysis of Cp
in real human-serum samples.

A new analytical method for the speciation of Cr-LMM complexes and Cr(VI) in plants using
anion-exchange HPLG-ICP-MS was developed. Cr-binding ligands were identified by HR-MS. The
developed method was applied in the Cr speciation of dandelions growing in soil with a high Cr
content and in a study of the uptake and transformation of Cr species in dandelion plants exposed
to Cr(VI) or Cr-nitrate. Localization of Cr in a dandelion leaf was performed with laser ablation
(LA)ICP-MS. Our research makes an important contribution to understanding the transport,
metabolism and detoxification processes of Cr in plants and the knowledge that can be used in
planning effective remediation strategies using plants.

In the field of bioimaging of metal ions we continued with the optimization of the parameters
for the LA and quantification of an ablated sample with ICP-MS in tumour spheroids and plant
tissue, with the aim to achieve high spatial resolution and low limits of detection.

Organic
We synthesised a molecularly imprinted polymer (MIP) with the aim to extract an active
pharmaceutical substance bupivacaine from blood-derived samples. While at higher concentra-

tions this material showed promising results, the leaching of the template from the material makes Figure 1: High spatial resolution imaging of cispla-

Head:
Prof. Milena Horvat

the method ill-suited at lower levels. This was solved by replacing the template with a structurally 772 and Texas Red cisplatin in tumour spheroids

similar analogue as a part of the MIP synthesis procedure.

Areference solid-phase extraction method was developed and validated for the local anaesthetic
drugbupivacaine and sedative dexdemetomidine in plasma samples. The method was then used for
pharmacokintetics studies of anaesthetized dogs after a single intravenous or perineural administration of the drugs.
Such studies are important in the context of improving the pain management for dogs following a tooth extraction.

The analytical method for the determination of bleomycin in blood-derived and tumour samples was optimized,
simplified and revalidated. In this frame, novel extraction materials were included and the extraction was transferred
to a positive-pressure 96-well-plate extraction system. In the context of validation, the stability of the analyte in
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Figure 2: Analysis of complex environmental
processes via cross-institute, cross WP
complimentary facility use

different matrices was examined and a quality-control system was established. The method was
further adapted for the determination of bleomycin at trace-level concentrations in in vitro systems.

Anon-target screening approach was used to investigate the biodegradation of two bisphenols,
i.e., BPFand BPS, during biological wastewater treatment with activated sludge. Both compounds
followed first-order kinetics. In addition, four biotransformation products (one novel one) of BPF
and eleven (ten new) BPS transformation products were identified. The data also support pos-
sible new biodegradation pathways, namely sulphation, methylation, cleavage and the coupling
of smaller bisphenol moieties.

We also examined the toxicity of BPA, BPF and their binary mixture towards primary produc-
ers. The results demonstrated that prokaryotic cyanobacterium Synechococcus leopoliensisis is
more sensitive than eukaryotic green alga Pseudokirchneriella subcapitata, whereas the toxic
potentials of the two BPs are comparable, indicating a comparable hazard for phytoplankton.
When the mixtures were tested, an additive effect was observed in 2 subcapitata over the
whole concentration-range effect, whereas for S. Jeopoliensis, no pronounced combined effect
was observed. However, more data on the toxicity to aquatic species, including their combined
effect, and the data on their occurrence in the aquatic environment are needed to enable a full
environmental risk assessment.

Metrology

Metrology - the science of measurement - is crucial for the department as most research is
related to measurement or the use of measurement results. The department is the institute desig-
nated to develop the national metrology system identifying the amounts of substances, particularly
of trace elements in organic and inorganic materials.

Metrology in a traditional stable isotope analysis of light elements covers: (i) development of
new reference materials for the environment including greenhouse gasses such as €O, and CH,

as a part of the EMPIR STELLAR project, and evaluation of the measurement uncertainties in these materials; and
(ii) participation in the interlaboratory comparisons at the highest metrology level. In 2021 we participated in the
evaluation of results in the CCQM-167 interlaboratory comparative scheme Carbon Isotope Delta Measurements
of Vanillin and in the implementation of analyses under CCQM-204: Pilot Study on CO,. We prepared minimum
criteria for reporting HCNOS isotopic delta values as a result of a virtual technical meeting organized by the TAEA
entitled Development of reference materials for stable isotopes and related products.

The departmentis also actively involved in two metrology-related networks: ESFRI Infrastructure for the Promo-
tion of Metrology in Food and Nutrition (METROFOOD-RI) where the JST acts as the coordinator of the Slovenian Joint

Figure 3: Occurrence, treatment, removal and transformation of

contaminants of emerging concern (CEC)

Research Unit and in the preparation of a new network within the EMPIR
program (European Metrology Program for Innovation and Research) called
FoodMetNet, started in June 2020, supporting the joint European research
in the field of food safety and sustainability.

Within projects MercOx, SI-Hg and GMOS-train we focused on the me-
trology of atmospheric Hg species. The existing metrological infrastructure
for atmospheric Hg speciation was evaluated and the focus was on the most
problematic parts of the analytical procedure: sampling, preconcentration
methods and calibration. Sampling/preconcentration using sorbent traps,
sorbent membranes, impinging solutions and denuders were tested and
according to the validation experiments, they were found either as suitable
or unsuitable for atmospheric Hg speciation. Similar validation experi-
ments were also performed for the calibration methods such as evapora-
tive calibrators, belljar calibrators and batch-type calibrators. In addition
to well established Hg analytical procedures (such as cold vapour atomic
fluorescence/absorbance - CV AFS/AAS), validation was also performed
with ¥"Hg radiotracer, enabling ambient level concentration experiments
due to its specificity and selectivity. To complement the evaluation of the
existing calibration methods, we developed our own calibration for gase-
ous oxidized mercury (Hg") species. The newly developed calibration was

based on non-thermal plasma oxidation of elemental mercury (Hg") to Hg" species (HgO, HgCl, and HgBr,) in the
presence of a reaction gas. Due to the quantitative oxidation and traceable amount of Hg’ we generated the first SI-
traceable amounts of Hg" species at ambient concentration levels. Our work done on the metrology of atmospheric
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Hg species greatly contributed to the potential achievement of comparability and could provide much needed trust
in the worldwide measurement data.

Biogeochemistry and climate change

In collaboration with Velenje Coal Mine d.o.0., we investigated the degassing mechanisms and the genesis of
the coal gas trapped in lignite at the active excavation fields in the Velenje Coal Basin. Based on carbon-isotope
compositions of CO, and methane, a predominantly biogenic origin of both gases was confirmed, where the propor-
tions of biogenic and geogenic fractions showed some spatial variability.

In the study of the terrestrial CO, cycle, river carbonates as a potential CO, sink were inves-
tigated using the isotope ratios of uranium (3*U/2%U activity ratio) and strontium (&*Sr value)
in river sediments as the identifiers of authigenic carbonate. We were able to show that not only
identification, but also quantification of the CO, fixation rate is possible, provided that the local
end-members (water, soil, bedrock) and the spatial variability of their U and Sr isotope composi-
tions are known.

The susceptibility and symptoms of eutrophication in the Chesapeake Bay (CB) and Northern
Adriatic Sea (NAS) were compared. The study also discusses recent reversals of eutrophication
(oligotrophication) and future considerations. The differences in the residence time of water (CB
> NAS), volume relative to the riverine transport of nutrient-rich water (CB <<NAS), bathymetry,
freshwater-driven seasonal stratification, and density-driven estuarine circulation make the CB
more susceptible to eutrophication than the NAS. It is also important to note that NAS has a high
buffer capacity due to the riverine input of the carbonates dissolved from Alpine and Karstic
watersheds, and its waters should have a higher resilience to acidification. In shallow eutrophic
areas, the combined effect of the rising atmospheric CO,, warming and river-induced anthropo-
genic CO, with the associated decrease in the buffer capacity can lead to an acidification process.
Asignificant effect on calcifying organisms is expected in the future.

Within the CRP project Identification of Pb sources in the Upper MeZica Valley, we deter-
mined the sources of Pb in the environment on the basis of its isotopic composition. Environmental
samples, such as the water and sediments of the MeZa River and its tributaries, and most soil samples
from the valley have an isotopic composition of Pb that matches that of the local Pb ores (galena
and wulfenite). It is different with dust (PM, ) particles. The isotopic composition of Pb in them
coincides with that found in the battery produced at the local battery factory.

We started new research - monitoring the occurrence and transformations of microplastics and
nanoplastics in natural systems. For this purpose we are developing sensitive analytical methods
for determining the concentration and sizes of microplastics and nanoplastics in environmental
matrices and at environmentally relevant (low) concentrations. Using the method based on
inductively coupled plasma mass spectrometry in the single-particle mode (SP-ICP-MS), we are also studying the
type and concentration of potentially toxic elements present in microplastics, either in the form of additives or in
the form of contaminants adsorbed on the surface.

Within the Danube Hazard m3c project, selected elements from the river water, wastewaters and atmospheric
deposition samples were collected at 20 sampling sites alongside the Danube River Basin and measured. Different
types of inorganic nanoparticles (NPs containing Ti, Ce, P, Cr, Mn, Fe, Cu, Zn, etc.) were also identified and their
concentration as well as particle-size distribution in the river water samples were quantified.

In the framework of the CROSSING project and in collaboration with the HZDR we developed an innovative
dual-radiolabelling strategy for CeO, nanoparticles using neutron activation and in-diffusion labelling to radiolabel
Ce0, nanoparticles with both Ce-141 and Ce-139. Varied distribution of radiolabels in the particles does not only
allow an easy dose determination in the uptake studies but also enables us to track the uptake pathways of the
anthropogenic cerium as shown with an example of a freshwater shrimp. The results suggest a dissolution-based
translocation of cerium over the gut wall and a consequent exposure of the internal organs of the crustaceans to
potentially toxic, dissolved cerium species. This has further implications for the fate of anthropogenic cerium in
the environment and its potential accumulation in the food chain.

Hgll species

Water cycle

In the framework of a Slovenian-Hungarian bilateral collaboration and long-term cooperation with the IAEA, a
detailed geostatistical assessment of the spatial representativity of stations in two national monitoring networks of
isotopes in precipitation was performed. The under- and over-represented areas were identified and the importance
of data exchange with the neighbouring countries was emphasised. In the field of urban hydrology, the mixing of
water from different pumping stations in the Ljubljana water supply system was traced using stable water isotopes.
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Monthly monitoring, sampling and measurements of Hg and different water parameters on
the Idrijca and Soca Rivers continued on six locations on both rivers. Pilot sampling in the Gulf
of Trieste was also performed and it will be the subject of further research. Even 25 years after
the closure of the Hg Mine in Idrija, the Soca River brings considerable amounts of Hg into the
Gulf; however, the species of Hg depends on the location, environmental conditions and biogeo-
chemical processes that occur in the river and gulf. Work is done within the project Znnovative
isotopic techniques for identification of sources and biogeochemical cycling of mercury in
contaminated sites - IsoCont.

The research on Hg in air continued at different locations in Slovenia. In Deskle, a town that
is in the influence area of the Anhovo cement plant, a whole-year monitoring of Hg in air was
performed for the Slovenian Environmental Agency. Monitoring for the same agency was also
performed at the Iskrba meteorological measurement station that is considered as a pristine area.
At Iskrba, precipitation samples are also collected.

In cooperation with Aerosol d.0.0., the measurement of Hg speciation in Ljubljana air was
performed.

Air

Our research on the ambient-air quality in Ljubljana was continued, using continuous radon
monitoring in outdoor air to classify the atmospheric stability and determine the atmospheric
boundary layer. The study was conducted in cooperation with the Aerosol company within the
STRAP project (Sources, transport and fate of persistent air pollutants in the environment of
Slovenia).

In the indoor air quality research, our attention was focused on the ventilation efficiency in
buildings with increased airtightness after the energy renovation where the indoor/outdoor air
exchange rate is often insufficient. The ventilation efficiency was tested by simulating the radon
concentration in the air of a classroom at a primary school, in which, after the energy renovation,
the measured radon concentration exceeds the limit of 300 Bq m by a factor of two or three.

Figure 5. Optimisation of monitoring networks of O In the simulation, we considered 25 ventilation cases (taking into account 15 scenarios with the
and H isotopes in precipitation in Slovenia design ventilation rates (DVRs), covered by international and national regulations and recommen-
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dations) and found that in 6 cases (24 %) DVRs were insufficient according to the EU guidelines
and in 14 cases (56 %), they were insufficient according to the WHO guidelines. In collaboration with the Faculty
of Mechanical Engineering and the Faculty of Civil and Geodetic Engineering, we carried out the research project
Expert opinion on the adequacy of ventilation of the Faculty of Law, the Universily of Ljubljana, to prevent
the spread of coronavirus (SARS-CoV-2).
As part of the RI-SIFEPOS infrastructure project we obtained several up-to-date portable monitors to detect the
activity concentration of radon and thoron and their products in various media.

Colloid biology

In 2021 the main research activities were carried out under two European research projects:

- EC program H2020 funded SURFBIO project (Innovation hub for surface and colloid biology research)

- ECprogram H2020 funded GREENER project (InteGRated Systems for Effective ENvironmEntal Remedia-

tion)

Within the SURFBIO project (Twinning funding scheme) we built up a consortium of research partners, from

which theJSTis transferring the knowledge to boost its expertise in surface and colloid biology research. Together

with the partners, we have started to build a research hub, which will address the basic scientific questions and
provide the solutions for applicative problems in different industries.

Within the GREENER project we implemented the methods for combining cells into artificial multi-cellular
structures, i.e., aggregates and biofilms, by “gluing” them together and to the surfaces of particles or onto larger
surfaces of different materials. The constructed 2D and 3D structures were of different compositions, sizes and
thicknesses. Based on these methods, we were able to show in vitro the importance of the proximity between two
bacterial cells exchanging nutrients between each other. A patent application of this innovative approach filed in
2020 was approved in 2021 and the technology received a Bronze Medal and ARCA 2021.

By combining different bacteria into artificial structures, metabolic coupling can be performed for different
solutions applicative to medicine, biotechnology and environmental bioremediation sciences. This study was car-
ried out as part of the international project ARRS N1-0100 BE MERMAID - Bioavailable mercury methylation in
the Adriatic Sea where several experiments with constructed artificial biofilms on surfaces have shown promising
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results for the reduction and precipitation of toxic metals. The artificial structures and their characteristics were
published in the journal Frontiers in Materials.

Within the CROSSING international project (a collaborative research
project between the JSI and Helholz-Zentrum Dresden-Rosendorf - HZDR,
Germany, funded by HZDR) we further analysed the interactions between
bacteria and nanoparticles, as well as bacteria and metal surfaces with
different physical characteristics obtained by nanoprinting and etching,
Our collaboration activities also resulted in a publication in the journal
Environmental Science: Nano.

Together with the group for radiochemistry, we continued our work in
the frame of the national project Costefficient separation of tritium from
water with bio-based systems - BIOTRISEP (ARRS J7-2597). We carried out

preliminary experiments for the tritium separation using cyanobacteria to Figure 6: Wastewater remediation approaches and artificial biofilms on

show a preliminary proof of concept of the bio-based approach. In two other material sutfaces

national projects (ARRS J1-9194, ARRS J3-1762) we were collecting and characterizing bacterial isolates from the
oral cavity and the skin surface of babies and started characterizing their antimicrobial activities. We also started
sequencing and annotating the genomes of the selected bacterial isolates.

In collaboration with the Chemical Institute we prepared a system for the purification of different organic
pollutants used in paper making, which was based on a bacterial immobilization system, and demonstrated the
proof-of-concept for such a purification system. The work was published in Frontiers in Microbiology.

Environment and health

In collaboration with the Faculty of Health Sciences, University of Ljubljana we investigated the causation of
oxidative stress and defence response of a yeast-cell model after a treatment with orthodontic alloys consisting of
metal ions. In collaboration with the Faculty of Electrical Engineering, University of Ljubljana we investigated the
metal release from the electrodes used in electroporation with nanosecond pulses and cisplatin.

We continued with arsenic speciation in human biomonitoring samples and found that urine samples from
children from the Upper MeZica Valley contained slightly more dimethylarsenic acid than is usual for the samples
from other areas. Concentrations of total arsenic were still below the limit (<15 pg / L). In the HBM4EU project, we
performed a risk assessment for inorganic arsenic in the general European population. Due to the low concentration
of arsenic in drinking water in most of Europe, the exposure is low and, taking into account the latest studies on the
mechanism of the actions of inorganic arsenic at low concentrations, the risk to the general population is very low.

We continued with the field work within the national HBM program (HBM2018-23), which deals with a chemical-
exposure assessment of children (6-9 years) and teenagers (12-15 years). Due to the Covid-related restrictions, we
had to modify the sampling campaign, which took place at the Reactor Centre and not at the primary schools in
the selected study areas as in the pre-Covid period. Consequentially, the number of recruited children and teenag-
ers was smaller than expected, but we successfully completed the collection of human samples and questionnaire
data relating to the selected groups of children and teenagers in Vrhnika. The samples collected in 2020 in other
study areas were analysed for elements, bisphenols, parabens, triclosan, polycyclic aromatic hydrocarbons (PAH)
and phosphorous flame retardants.

We also continued with the recruitment of pregnant women and sample collection during their pregnancy, at
birth and postnatally from the Gelje Region in collaboration with the Celje Maternity Hospital. By the end of 2021,
68 pregnant women were recruited.

The data analysis and interpretation of the results from the previous HBM studies, mostly from the first national
HBM programme, resulted in three publications covering the exposure of men and lactating women to environmental
phenols, phthalates and DINCH (Chemosphere), and a further assessment of susceptibility to phthalate, DINCH
exposure through CYP and UGT single nucleotide polymorphisms (Environment International), and exposure to
PAHs in men and lactating women in Slovenia (International Journal of Hygiene and Environmental Health). The
overall work identified important sources of exposure to relevant chemicals (consumer products, different envi-
ronmental sources), behaviour-related exposure and geographic variability across Slovenia as well as the genetic
factors that have a role in the biotransformation of specific substances, therefore influencing the exposure and
susceptibility to these substances.

At the European level and within the HBM4EU project we performed a risk assessment of arsenic and initiated a
risk assessment of inorganic mercury. We also continued with the assessment of geographic variability of cadmium
across Europe, exploring the dietary-related differences between different countries and regions of Europe. In 2021,
new data on the exposure to priority substances was generated within the project (aligned studies data), part of
which was also the Slovenian study of children and adolescents from Prekmurje, conducted as a pilot study within
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the national HBM programme. For the Slovenian population, phosphorous
and brominated flame retardants, and perfluorinated compounds were ad-
ditionally determined using the co-funding from the project. A data analysis
of these substance groups was initiated at the European and national level
in order to assess the exposure levels, identify determinants of exposure and
explore geographic variability.

We developed and validated the workflow for suspect and non-targeted
screening of exposure biomarkers in human urine. This workflow included

Figure 7- Human biomonitoring in the context of environmental and ~ the sample preparation, instrumental analysis and data processing proce-

human-health interactions

dures. It was then applied as a proof-of-concept to identify the biomarkers of

exposure in urine of a cohort of 200 children from Slovenia, aged 6-9 years.
The analysis revealed 76 biomarkers of exposure from several classes of pharmaceuticals, personal care products,
plasticizers, pesticides, etc. The results shed light on simultaneous exposures of Slovenian children, opening up
questions on a potential adverse effect of such mixtures on this vulnerable population.

Wastewater-based epidemiology can provide objective and reliable data on spatio-temporal licit and illicit drug-
use patterns. In our study, we used a wastewater analysis to investigate drug prevalence in Slovenian educational
institutions regarding the level of education (primary, secondary and higher education), geographic location (inter-
municipality comparison) and degree of urbanization (urban vs non-urban areas). The results showed that the
residues of drug abuse were present in all samples, while residues of nicotine, alcohol and cannabis were detected
most frequently. The study confirmed that drugs are present in young people’s lives already in the early stages of
their education, and that the educational level of an institute influenced consumption patterns the most. In addi-
tion, we were also involved in an international study regarding the identification of new psychoactive substances
in several European populations assessed by wastewater-based epidemiology. The results showed that this approach
is valuable, following rapidly the changing profiles of use.

Nanomaterials and biosensors

In collaboration with the National Chemical Institute, Ljubljana, Slovenia, and the Hebrew University of Jeru-
salem, Israel, we reported on the deposition, testing and antioxidation properties of ultra-thin (1-3 nm) mono-,
di-and tri-layer hybrid organic-inorganic polyhedral oligomeric silsesquioxanes (POSS) on Inconel 617. We envision
that such coatings will have significant potential as primers for spectrally selective absorber coatings used for the
concentrated solar power (CSP) hybrid absorber technology. Our collaboration activities also resulted in a publica-
tion in Solar Energy Materials and Solar Cells.

The production, synthesis, characterization, scaling-up and properties of 2D nanomaterials were also studied
under different international and mational projects: MercOx (Metrology for oxidized mercury; 16ENVO1) funded un-
der EMPIR (The European Metrology Programme for Innovation and Research), H2020 ERA-NET Cofund, GA689443
ERA-PLANET/IGOSP, ARRS N1-0100, P1-0143 and J1-1716. The findings were been published in Nanoselect.

We also collaborated with the Electronic Ceramics Department (K5) to develop nanomaterial thin and thick
films using screen-printed methods on two different substrates (Al,0, and LTCC) and utilize them as transducer-
based biosensor platforms for the detection of different targeted analytes.

The head of the department is also involved with the group for radiochemistry and colloid biology through
the national project Cost-efficient separation of tritium from water with bio-based systems - BIOTRISEP (ARRS
J7-2597).

We collaborated with the National Institute of Animal Biotechnology (NIAB), India, to work on electrochemical-
based biosensors for SARS-CoV-2 and cancer research. Within this work, we prepared peptides and bioconjugates
to target cancer cells and develop strategies to immobilise biomolecules on nanomaterials. The above activities
resulted in publications in journals Frontiers in Inmunology and Cancers.

Food/nutrition including ERA Chair Isofood

In samples of milk, cheese, feed and water from Greece we determined the multi-element composition and
isotopic ratio of ¥"Sr/*Sr in order to characterize local products from different parts of Greece. We also determined
which parameter (milk, water or feed) influences the most the isotopic composition of cheese. In order to determine
the geographical origin of hemp, we determined the isotopic composition of St in hemp tops, roots and soil for the
samples from different parts of Italy.

The use of stable isotopes of light and heavier elements were used for:

Identification of the geographical origin of Slovenian milk. The study shows that the ¥Sr/**Sr ratios can be a
powerful tool for determining the geographical origin of food originating from the countries with more homogenous
geology, while any interpretation based on the 7Sr/*Sr ratios can be challenging for the countries with heterogene-
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ous geology, such as Slovenia and many other EU countries. On the other hand, as a tool for investigating a broader
geographical origin, the strontium method is very useful, but it does require detailed knowledge of the geology
and the land use. Further, the ’Sr/*Sr ratios can become more useful for the geographical origin discrimination
if combined with the stable isotopes of light elements and elemental composition.

Differentiation between natural and synthetic aroma compounds. The IsoVoc database was constructed and
used for the authentication of natural flavours. In total, 25 aroma compounds were identified and used to test 33
flavoured commercial products to evaluate the usefulness of the IsoVoc database for the fruit flavour authenticity
studies. The results revealed a possible falsification for several fruit aroma compounds.

Identification of the type of production (organic vs. conventional). We examined the difference in the content
of prenylflavonoids in hops and beer produced under organic and conventional production regimes and combined
them with the "N/“N and '*C/"C isotope ratio analysis. The results show no statistical difference in the content of the
selected prenylflavonoids between the organically and conventionally produced hopes and beer. The stable-isotope
analysis indicated that only the §“N values are statistically higher in organically produced hops and beer. However,
the differentiation according to the type of production could not be made solely based on the 8"N signature, but it
could be used to provide supporting evidence.

The characterization of new alternative food sources focusing on algae
was performed. The studies included: (i) identification of the types of extre-
mophiles in the moderate climate of Central Europe, in particular in Slovenia,
and their potential use in biotechnology and bioremediation applications; (ii)
characterization of the algae dietary supplements obtained on the Slovenian
market using antioxidative potential, elemental composition and stable iso-
tope approach; and (iii) investigation of the antioxidant effect of fermented
and non-fermented Spirulina extracts on the proteome level, using the yeast
Saccharomyces cerevisiae as the model organism. We began to investigate
the farmed insects for food and feed under the INPROFF: Quality, Safety and
Authenticity of Insect-Protein Based Food and Feed project.

The obtained data on the investigated food commodities are also included
in the e-components of different EU projects such as METROFOOD-RI and
FNS-Cloud. In 2021 the expert task of checking the origin of apples and
olive oil and establishment of the database of Slovenian honey samples was
performed for the Administration of the Republic of Slovenia for Food Safety,
Veterinary and Plant Protection. In 2021 the new MSCA ITN FoodTraNet:
Advanced Research and Training Network in Food quality, safety and security
(FoodTraNet) project, coordinated by Nives Ogrinc, was started. The goal is to train and mobilize 15 early-stage
researchers to develop advanced methods for maintaining food quality, authenticity and traceability, and create
radical food production and safety solutions, using advanced materials and technologies. Information is available
at https://www.foodtranet.org.

Environmental technologies

We continued research on cement-organic-radionuclide interactions for a safe disposal of low- and intermediate-
level radioactive waste within the framework of work package CORI of the EURAD H2020 European Joint Programme
on Radioactive Waste Management. We studied radiolytic and hydrolytic degradation of a commercial polycarboxylate
superplasticizer intended to be used as an additive to concrete for radioactive-waste disposal purposes. The results
show that after prolonged irradiation to 3.2 MGy and/or hydrolysis, samples are degraded to polyethylene glycol,
which is cleaved off the backbone.

The influence of artificial aeration on the sludge decomposition process in mesocosm sludge treatment reed beds
(STRBs) was investigated. In addition to the typical STRB design, where ventilation is mainly provided by a drain-
age pipe, passive aeration via a “chimney” and active aeration via a blower were introduced. The results indicated
an accelerated sludge degradation process in both active and passive beds. However, this effect was limited to part
of the season and could not be demonstrated by episodic measurements of CO, efflux. Isotopic analyses revealed
changes in decomposition dynamics for certain parts of the season, differences in the contributions of sludge and
plant derived CO, to the total CO, emissions from differently aerated beds. Overall, passive aeration proved to be
similarly efficient as active aeration and could therefore be considered for application in a full-scale system.

Environmental management, environmental impact assessment and risk assessment

In 2021 we continued the activities within the TransCPEarlyWarning project, which aims to improve the level
of coherence of the existing civil protection early warning, in order to increase the capacity to anticipate, warn and
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respond to threats and improve information exchange and coordination with the EU civil-protection mechanism
and risk management. Specifically, this refers to increasing uniformity and homogeneity through the integration
of the existing early-warning approaches, thus improving the exchange of information within the European Givil
Protection Mechanism. The work consisted of the finalisation of the preparatory work for the modelling phase for
floods and wildfires to be used in the development of the common early-warning platform, to help harmonise and
improve the detection of risks and related emergency response. Data collection, management and analyses were
performed for the partner countries with the aim of generating a clear picture about the current state-of-the-art
regarding the civil protection and early-warning systems.

We participated in the HERA project (Health and Environment Research Agenda, HERA Integrating Environment
and Health Research: a Vision for the EU 2019-2022). The purpose of the HERA project was to set research priorities
in the field of environment, climate and health in the EU. This research intended to guide decision-making and help
achieve the ultimate goals of protecting and improving the quality of the environment and human health. Through
aholistic, systematic and inclusive approach, project partners and stakeholders identified opportunities to improve
health and highlight important environmental issues that urgently need to be addressed. People are increasingly
concerned about the deteriorating state of the environment and the associated health effects. Biodiversity loss,
environmental pollution and exposure to harmful substances can be detrimental to health and reduction of quality
of life. The impact on the socially disadvantaged and vulnerable is also of particular concern.

The aim of the project was to identify the key orientations for future research, strategies and tools to address
environmental, climate and health issues, taking into account identified societal needs, related sectoral policy ob-
jectives and knowledge gaps in the field. This was achieved by establishing effective communication between the
stakeholders at the national and European levels, i.e., by involving stakeholders, developing additional guidelines
for the health impact assessment and health risk assessment, increasing coordination and enrichment of ideas,
and contributing to the European policy and practice.

Within the NEUROSOME project, we were focused on addressing the alerts about the unclear role of health risk
assessment (HRA) in informing about public health decisions; we explored the understanding of HRA and its results
in the decision-making context. A survey was conducted among different stakeholders showing various understand-
ings of HRA, which seem to be the reason for the inconsistency within the HRA realm, ultimately resulting in a loss
of its effectiveness and primary purpose: to inform about public health decisions. As a result of this, an updated HRA
framework was recommended, emphasising the enhancement of the fitness for purpose of HRA, consolidation of
the praxis of HRA and improvement of its potential of informed decision-making,

In collaboration with the Slovenian National Building and Civil Engineering Institute (ZAG), we investigated
environmental impacts and immobilization mechanisms of cadmium, lead and zinc in geotechnical composites
made from contaminated soil and paper ash.

Environmental monitoring

In collaboration with the Environmental Agency from Croatia, we continued with the monitoring of organotin
compounds in sea and surface waters.

In the framework of water treatment and environment, we investigated two treatments alternative to the
conventional wastewater (WW) treatment, i.e., algal biomass and photochemical treatment. In the case of algal
treatment, an alternative treatment that could contribute to the circular economy by valorising reclaimed water and
algal biomass, we investigated the fate of selected contaminants of emerging concern (CEC) in lab-scale bioreactors
and pilot-scale high-rate algal ponds. The results of these nature-based solutions are encouraging regarding the CEC
removal, but we need further research to understand the risks and requirements of safe wastewater and biomass
reuse. On the other hand, the developed photocatalytic reactor effectively removed organic dye and bisphenols from
the aqueous medium using a combination of adsorption and photocatalysis. Since the photocatalyst deposition
method and the reactor are scalable, the removal rates could be further improved.

We continued with the monitoring of the isotope composition of precipitation in Slovenia in the frame of the
Slovenian Network of Isotopes in Precipitation (SLONIP) and updated the website https://slonip.ijs.si/.

The monitoring of natural radionuclides within the influential area of the former uranium mine and mill
at Zirovski vrh was performed. We also participated in the off-site monitoring of the Krsko Nuclear Power Plant
(NPP), determining strontium and tritium in environmental samples, as well as tritium and radiocarbon in the
gas effluents from the NPP. With the analyses of strontium and tritium, we also participated in the monitoring
of radioactivity of drinking water in Slovenia, as well as in the monitoring of the living environment in Slovenia.
The methods used for the determination of strontium, tritium and radiocarbon for the monitoring purposes were
accredited by the Slovenian Accreditation Board (SA LP-090).
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Citizen science and other participatory approaches in the environmental health monitoring

Within the EU Horizon 2020 project CitieS-Health (citieshealth.eu), based on the so-called co-created Citizen
Science (CS) approach, aiming at putting citizens’ concerns at the heart of the research agenda on environmental
epidemiology, 50 citizens were engaged in a study on how the quality of living environment (with the emphasis on
noise) and living habits affect the (mental) health and well-being of individuals. In the course of the project, over
350 children also participated in tailored group events organized (e.g., outdoor education and technical days) and
four school research assignments were conducted.

URBANOME, a new EU Horizon 2020 project (urbanome.eu) was launched, aimed at promoting urban health,
wellbeing and liveability, through systematically integrating health concerns in urban policies and the activities of
urban citizens. To this end, within the Ljubljana pilot, intervention is being designed, dealing with the assessment
of exposure of individuals to urban stressors using alternative cycling routes.

Education

Within the EU H2020 project A-CINCH and in collaboration with the JSI Centre for Knowledge Transfer in
Information Technology, we expanded the production of educational videos for presenting the basics of analytical
radiochemistry including analysis of radionuclides in fish and sediment samples.

Infrastructural Centre for Mass Spectrometry (CMS)

The CMS is organized within the Department of Environmental Sciences and connects various mass spectrom-
eters, with which we support research and chemical analysis in research programs and projects in the fields of
environmental pollutants, food and feed control and authenticity, the effects of various substances and chemicals
on health, etc. The CMS operation is carried out in research areas including analytical chemistry, biochemistry,
pharmaceutical and synthetic chemistry, health, food and environment, chemical specifications of elements,
quantitative determination of nanoparticle size distribution, spatial distribution of trace elements, determination
of bioavailability of essential elements, toxicity products, study of geochemical cycles, identification and structure
of biological molecules, active substances and chemotherapeutics in various biological materials, including blood
serum, non-target undefined organic compounds and metabolites, quality control and origin of food based on
isotope measurements and monitoring transport and source of pollutants in environmental samples and surveil-
lance measurements that will contribute to the protection of human health and air. In collaboration with the other
infrastructural centres in the field of structures and properties of substances, the CMS determines qualitative and
quantitative analyses of macro components and elements or micro components of trace elements or compounds
in complex composite materials and in various matrices: drinking, surface or waste water, waste, foods, medicines,
tissues and biological fluids, air, soils, sediments and similar. For this purpose, 12 different mass spectrometers,
mostly coupled with chromatographic instruments, are available for research and analysis within the CMS.

Despite the limited scope of work last year due to Covid-19, alot of quality research, application and development
work was carried out in cooperation with industrial and European partners. The results of these measurements are
presented in the reports of individual groups of the Department of Environmental Sciences.

Ecological Laboratory with a Mobile Unit

The Mobile Chemical Laboratory of the Ecological Laboratory with a
Mobile Unit (ELME) also operates within the Department of Environmental
Sciences. The mobile laboratory intervenes within the Civil Protection and
Rescue System of Slovenia in the event of environmental pollution and
ecological accidents with hazardous substances. In 2021 the ELME Chemical
Mobile Laboratory Unit intervened thirteen times in the field as the health
of the population was endangered due to hazardous substances, especially
polluted air during fires at workplaces or residential areas, spills of hazard-
ous substances into water streams, indirectly endangered drinking water
sources and, last year especially, due to an illegal sludge deposition in the

drills, receive additional training in using new equipment and improve @ccidents with hazardous substances
the knowledge, procedures and analytical methods of the Mobile Ecologi-

cal Laboratory. Last year, we supplemented the analytical equipment of the mobile chemical laboratory with an
X-pid 9500 portable gas chromatograph and an X-act 7000 gaseous and volatile chemical detector of hazardous
substances in the air.
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Figure 9: Mobile Chemical Laboratory of the Ecological Laboratory with
natural environment. In addition to emergency interventions, members of 4 Mobile Unit (ELME) within the Civil Protection and Rescue System
the ELME Mobile Chemical Laboratory Unit test their skills at regular ELME  #ntervenes in the event of environmental pollution and ecological
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Some outstanding achievements in the past year

Coordination of the new MSCA ITN FoodTraNet project

Within the Comprehensive Analytical Chemistry series, volume 93, Elsevier published the book Analysis
and Characterization of Metal-Based Nanomaterials, edited by Radmila Milaci¢, Janez Scancar, Heidi
Goenaga-Infante and Janja Vidmar.

Award for 2 most outstanding achievement for “Modern organic pollutants - how can we manage them
with algae?” This was one of the most excellent research achievements of the University of Ljubljana in
2021 (D. Skufca and E. Heath).

European Public Sector Award for the European project APPLAUSE. The EPSA is given by the European
Institute of Public Administration (EIPA), promoting the efforts of organizations that develop an innova-
tive, digital and green public sector. “Transformation of invasive alien plants into useful products and raw
materials for industry” won the 3rd place in the category Green Public Sector (A. Lapanje and T. Rijavec).
Helena Plesnik’s master’s thesis entitled “Determination of degradation products of bacterial lignin by
liquid chromatography combined with mass spectrometry” was part of the Applause project.

Johanna Robinson, a young researcher, received an award for the best presentation of a case study entitled
“When technology fails: a case study of premature CS tool” at Citizen Science with Application to Nuclear,
Seismic and Air Quality Monitoring: APPLICATIONS and Air Quality Monitoring organized by the Abdus
Salam International Center for Theoretical Physics (ICTP), 15-19 March 2021.

Some outstanding publications in the past year

L
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https://doi.org/10.1016/j.scitotenv.2021.149103
https://dx.doi.org/10.1016/j.chemosphere.2021.131858

12.

13.

14.
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fate of anthropogenic cerium in water organisms. Environmental Science. Nano. 1SSN 2051-8161. doi:
10.1039/d1en00264c.

Strojnik, L., Hladnik, J., Gvelbar Weber, N., Koron, D., Stopar, M., Zlatic, E., Kokalj, D., Strojnik, M., Ogrinc,
N. Construction of IsoVoc database for the authentication of natural flavours. Foods. 2021, 10, 7, 1550-1-
1550-18. doi: 10.3390/foods10071550.

Tkalec, Ziga, Kosjek, Tina, Snoj Tratnik, Janja, Stajnko, Anja, Runkel, Agneta Annika, Sykiotou, Marianthi,
Mazej, Darja, Horvat, Milena. Exposure of Slovenian children and adolescents to bisphenols, parabens and
triclosan: Unirary levels, exposure patterns, determinants of exposure and susceptibility. Environment
International. 2021, 146, 106172-1-106172-11. doi: 10.1016/j.envint.2020.106172.

Verdel, Nada, Rijavec, Tomaz, Rybkin, Taroslav, Erzin, Anja, Veliscek, Ziga, Pintar, Albin, Lapanie, Ales.
Isolation, identification, and selection of bacteria with proof-of-concept for bioaugmentation of white-
water from wood-free paper mills. Frontiers in Microbiology. 2021, 12, 758702, 1-15. doi: 10.3389/
fmicbh.2021.758702.

Awards and Appointments

Ester Heath and David Skufca: Recognition for the best research achievement of the University of Ljubljana
in 2021. University of Ljubljana, Ljubljana, Slovenia. Modern organic pollutants - how can we control
them with algae?

Ziga Tkalec: Award for the best poster at the JoZef Stefan International Postgraduate School Conference
and KMBO Conference, Ljubljana, JoZef Stefan International Postgraduate School. Unexpected exposure
of children: novel non-targeted screening workflow

Helena Plesnik: Krka’s recognition for a master’s thesis. Novo mesto, Krka d. d. Determination of bacterial

lignin degradation products by liquid chromatography coupled to mass spectrometry
4. TinaKosjek: Excellent Reviewer Award 2021, Journal of Hazardous Materials, Elsevier

Organization of conferences, congresses and meetings

1. GMOS Train Project meeting, Reactor Centre JSI, Ljubljana, 6-10 October 2021
2. Organization of the student conference of the JoZef Stefan International Postgraduate School and the 15"

day of young researchers, 27-28 May 2021 (virtual)

3. Organization of the first hybrid meeting within the COST Action project ‘WATer isotopeS in the critical
7ONe’ (WATSON), Faculty of Natural Sciences and Engineering, Ljubljana, 28-29 September 2021

4. Organization of the professional meeting of the Slovenian Association of Geodesy and Geophysics “Research
in the field of geodesy and geophysics - 2020”, Ljubljana, 28 January 2021 (virtual)

INTERNATIONAL PROJECTS

Multielemental Analysis of Moss Samples
Asst. Prof. Marko Strok
Fub AG - Forschungsstelle Fuer
2. EMPIR - EDC-WFD; Metrology for Monitoring Endocrine Disrupting Compounds Under
the Water Framework Directive
Prof. Ester Heath
Euramet E.v.
3. LIFE18 ENV/SI; LIFE HIDAQUA
Prof. Radmila Milacic
European Commission
4. EMPIR; STELLAR; Stable Isotope Metrology to enable Climate Action and Regulation
Prof. Nives Ogrinc
Euramet E.v.
5. EMPIR; Si-Hg; Metrology for Traceable Protocols for Elemental and Oxidised Mercury
Concentrations
Prof. Milena Horvat
Euramet E.v.
6. EMPIR - Food-MetNet; Support for a European Metrology Network on Food Safety
Prof. Nives Ogrinc
Euramet E.v.
7. EMPIR - MetroCycleEU; Metrology for the Recycling of Technology Critical Elements to
support Europe‘s Circular Economy Agenda
Prof. Radojko Jacimovic
Euramet E.v.
8. Enhancing Nuclear Analytical Techniques to Meet the Needs of Forensic Sciences;

10.

11

12.

13.

14.

Forensics with Nuclear Methods: Art and Food Forgery, Drugs in Hair

Prof. Radojko Jacimovic

[AEA - International Atomic Energy Agency

EMPIR - MercOx; Metrology for Oxidised Mercury

Prof. Milena Horvat

Euramet E.v.

Use of Isotope Techniques for the Evaluation of Water Sources for Domestic Supply in
Urban Areas; Multi-isotope characterization of water resources for domestic supply in
Ljubljana, Slovenia

Dr. Polona Vreca

[AEA - International Atomic Energy Agency

Authenticity of High-Quality Slovenian Food Products Using Advanced Analytical
Techniques; Implementation of Nuclear Techniques for Authentication of Foods with
High-Value Labelling Claims (INTACT Food) (D52042)

Prof. Nives Ogrinc

[AEA - International Atomic Energy Agency

Isotope Variability of Rain for Assessing Climate Change Impacts; Trends in Isotopic
Composition of Precipitation in Slovenia under Climate Change

Prof. Sonja Lojen

[AEA - International Atomic Energy Agency

TC Regional Project RER/7/014: Improving Environmental Monitoring and Assessment
for Radiation Protection in the Region

Asst. Prof. Marko Strok

[AEA - International Atomic Energy Agency

COST CA19120 - WATSON; WATer isotopes in the critical zONe: from groundwater
recharge to plant transpiration

Dr. Polona Vreca

Cost Association Aisbl
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20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

o0
.:. Jozef Stefan Institute

. COST CA19123 - PHOENIX; Protection, Resilience, Rehabilitation of Damaged

Environment
Asst. Prof. Ale§ Lapanje
Cost Association Aisbl

. Measurements and Reporting on Certified Reference Materials BCR-462, BCR-646,

ERM-CE477
Asst. Prof. Tea Zuliani
European Commission

. Stability Testing BCR-679, ERM-CD281 in ERM-CE278k

Asst. Prof. Tea Zuliani
European Commission

. Training Fees for Hosting Ms. Nurgul Nursapino, Kazakhstan, 04.07.2021 - 30.09.2021,

ICTP/IAEA STEP Programme
Asst. Prof. Marko Strok
Ictp - Centro Internazionale Di Fisica Teorica

. Training Fees for Fellow Mr. Kylychbek Apiev, 30.08.2021 - 27.11.2021

Prof. Ljudmila Benedik

Ictp - Centro Internazionale Di Fisica Teorica

H2020 - ERA-PLANET; The European Network for Observing Our Changing Planet
Prof. Milena Horvat

European Commission

H2020 - HBM4EU; European Human Biomonitoring Initiative

Prof. Milena Horvat

European Commission

H2020 - NEUROSOME; Exploring the Neurological Exposome

Prof. Milena Horvat

European Commission

H2020 - CitieS-Health; Citizen Science for Urban Environment and Health

Dr. David Kocman

European Commission

H2020 - HERA; Integrating Environment and Health Research: A Vision for the EU
Prof. Milena Horvat

European Commission

H2020 - GREENER; InteGRated systems for Effective ENvironmEntal Remediation
Asst. Prof. Ales Lapanje

European Commission

H2020 - EURAD; European Joint Programme on Radioactive Waste Management
Prof. Milena Horvat

European Commission

H2020 - FNS-Cloud; Food Nutrition Security Cloud

Prof. Nives Ogrinc

European Commission

H2020 - METROFOOD-PP; METROFOOD-RI Preparatory Phase Project

Prof. Nives Ogrinc

European Commission

H2020 - A-CINCH; Augmented Cooperation in Education and Training in Nuclear and
Radiochemistry

Asst. Prof. Marko Strok

European Commission

H2020 - TUNTWIN; TWINING Towards Advanced Analytical Strategies for Capacity
Building and Innovation for the Tunisian Economy: Application to Three Industrial Key
Sectors in Tunisia

Prof. Nives Ogrinc

European Commission

H2020 - MERFISH; Health-Benefit Understanding of Mercury-Selenium Interactions
from Fish to Human

Prof. Milena Horvat

European Commission

H2020 - URBANOME; Urban Observatory for Multi-participatory Enhancement of
Health and Wellbeing

Prof. Milena Horvat

European Commission

H2020 - GMOS-Train; Global Mercury Observation and Training Network in Support to
the Minamata Convention

Prof. Milena Horvat

European Commission

H2020 - SurfBio; Innovation Hub for Surface and Colloid Biology Research

Asst. Prof. Ales Lapanje

European Commission

H2020 - FoodTraNet; Advanced Research and Training Network in Food Quality, Safety
and Security

Prof. Nives Ogrinc

European Commission

H2020 - STROMASS; Rapid 90Sr Determination Using Laser Ablation ICP-QQQ-MS
Asst. Prof. Marko Strok

European Commission

Photochemical Fate and Treatment of Pharmaceutical Contaminants in Drinking Water
Asst. Prof. Tina Kosjek

Slovenian Research Agency

Mass Balance of Mercury in the Mediterranean Sea

Prof. Milena Horvat

Slovenian Research Agency

40.

=

42.

43.

41.

New Analytical Reference Materials and Techniques for Stable Isotope-Ratio
Measurements

Prof. Nives Ogrinc

Slovenian Research Agency

Spatial Distribution of d2H, d180 and 87Sr/86Sr in Tap Water and Groundwater from
Slovenia

Asst. Prof. Tea Zuliani

Slovenian Research Agency

Non-Traditional Isotopes as Novel Tools for Elucidation of Terrestrial Sinks of CO2
Prof. Sonja Lojen

Slovenian Research Agency

OrgPlant - Authentication of Organically Grown Plant Products by Novel Stable Isotope
Approaches

Prof. Nives Ogrinc

Slovenian Research Agency

RESEARCH PROGRAMMES

Modelling and environmental impact assessment of processes and energy technologies
Prof. Borut Smodi§

Cycling of substances in the environment, mass balances, modelling of environmental
processes and risk assessment

Prof. Milena Horvat

R&D GRANTS AND CONTRACTS

Redefinition and revival of copper-free Sonogashira cross-coupling reaction

Prof. Ester Heath

Non-traditional isotopes as identifiers of authigenic carbonates

Prof. Sonja Lojen

Nanomedicines with antibiotics and probiotics for local treatment of periodontal
disease

Asst. Prof. Ale§ Lapanje

Clinico-pharmacological approach to optimize the therapeutic bleomycin concentration
in patients undergoing electrochemotherapy

Asst. Prof. Tina Kosjek

Tonom of crop plants for safe and quality food production

Prof. Nives Ogrinc

Record of environmental change and human impact in Holocene sediments, Gulf in
Trieste

Prof. Sonja Lojen

Novel innovative solutions for diaper rash treatment using diapers with probiotic
bacteria

Asst. Prof. Ale§ Lapanje

Methodology approaches in genome-based deversity and ecological plasticity study of
truffles from their natural distribution

Prof. Nives Ogrinc

Lactic acid fermentation for enrichment of microalgae biomass with new nutrients
Prof. Nives Ogrinc

. Molybdenum geobiochemical Cycle in modern environments

Prof. Sonja Lojen

. Impact of endocrine disruptors (bisphenols, parabens, triclosan) and potentially

toxic and essential chemical elements on childbirth, infertility and ovarian cancer in
Slovenia
Prof. Milena Horvat

. Monitoring of the clinical and immune response to improve the outcome of combined

electrochemotherapy and IL-12 gene therapy in dogs with spontaneous peripheral
tumours
Asst. Prof. Tina Kosjek

. Indentifying the genetic determinants of chemical toxicity in the green alga

Chlamydomonas reinhardtii
Prof. Milena Horvat

. CRIME - CRemation or Inhumation of ancientpopulations? A Multidisciplinary question

at the European level
Dr. Doris Poto¢nik

. The unrevegled information on soil biodiversity in leached waters

Prof. Nives Ogrinc

. Subglacial carbonate deposits - a new source for studying the presence of glaciers in a

glaciokarstic environment
Prof. Sonja Lojen

. Neuropsychological dysfunctions caused by low level exposure to selected

environmental pollutants in susceptible population - NEURODYS
Prof. Milena Horvat

. BE MERMAID - Bioavailable mercury methylation in the Adriatic sea

Prof. Milena Horvat

. STRAP - Sources, TRansport and fate of persistent Air Pollutants in the environment of

Slovenia
Prof. Nives Ogrinc
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20. Novel approaches for the estimation of the use of psychoactive pharmaceuticals and
illicit drugs by wastewater analysis
Prof. Ester Heath

21. Novel proxies of the Holocene climate variability in stalagmites in Slovenia
Prof. Sonja Lojen

22. Cost-efficient separation of tritium from water with bio-based systems - BIOTRISEP
Asst. Prof. Marko Strok

23. Innovative isotopic techniques for identification of sources and biogeochemical cycling
of mercury in contaminated sites - IsoCont
Prof. Milena Horvat

24. Quality, Safety and Authenticity of INsect PROtein-Based Food and Feed Products
Dr. David John Heath

25. Influence of geotechnical fills from recycled materials on groundwater
Prof. Radmila Milacic

26. EcoFAR: Food security and climate change mitigation by means of ecological farming
development - conservation tillage, bioeffectors and sustainable weed management
Prof. Nives Ogrinc

27. Photocatalytic water treatment - development of immobilized catalysts and compact
reactor systems
Prof. Ester Heath

28. Illict drugs, alcohol and tobacco: wastewater based epidemiology, treatment efficiency
and vulnerability assessment of water catchments
Asst. Prof. Tina Kosjek

29. Identification of Pb sources in the upper Meziska valley based on Pb isotope
composition
Asst. Prof. Tea Zuliani

30. Innovative ECO plasma seed treatment (for sowing and for human and animal diet/
nutrition
Prof. Nives Ogrinc
Ministry of Education, Science and Sport

31. RISSIEPOS: Development of research Infrastructure for the international
competitiveness of Slovenian RRI space-RI-SI
Prof. Janja Vaupoti¢
Ministry of Education, Science and Sport

32. Circular 4.0: Digital technologies as enabler to foster the transition to the circular
economy bythe SME in the Alpine Space area
Asst. Prof. Davor Konti¢
Government Office of the Land of Salzburg

33. Danube Hazard m3: Tackling hazardous substances pollution in Danube River Basin by
Measuring, Modelling-based Mangement and Capacity building
Prof. Radmila Milacic
Ministry of Finance

41.
42.
43.
44,
45.
46.

47.

48.

49.

50.

5L

52.
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Services; Determination of the Isotopic Composition of Carbon in Sugar Samples
Prof. Nives Ogrinc

Different Analyses

Prof. Sonja Lojen

Small Services

Dr. Tjasa Kandu¢

Small Services in the Year 2021

Prof. Milena Horvat

Analyses of Metals, TBT and DBT in Sediments, Mussels and Fish

Prof. Janez Scancar

HGKYR - Measurements of Elements in Environmental and Biological Samples from
Kyrgyzstan

Prof. Milena Horvat

Médecins Sans Frontieres

CROSSING - Crossing Borders and Scales - An Interdisciplinary Approach

Asst. Prof. Ales Lapanje

Helmholtz-Zentrum Dresden-Rossendorf E.v.

Monitoring of the Environmental Fingerprint in Graviera Naxou PDO Product for
Certification of Authenticity and Geographical Origin - Sr Isotopes and H, 0, C, N Stable
Isotopes

Asst. Prof. Tea Zuliani

Agricultural Cooperatives Union

Dual (Oxygen and Strontioum) Stable Isotope-Based Wood Provenancing

Asst. Prof. Tea Zuliani

Stefan Cel Mare University of Suceava

Radon Mapping and Radon Risk Assessment in Georgia

Prof. Janja Vaupoti¢

Ivane Javakhishvili Thilisi State University

Influence of Application of Mineral Fertilizers on Accumulation Ability of Radionuclides
and Heavy Metals in Root Vegetables

Asst. Prof. Marko Strok

Al-farabi Kazakh National University

Development of Training/Education Modules on Human Monitoring

Prof. Milena Horvat

World Health Organization

NEW CONTRACTS

Measurements of gaseous effluents, specific analysis of H-3 and C-14 in year 2021
Asst. Prof. Marko Strok
Krsko Nuclear Power Plant

34. Cofinancing of LIFE18 ENV/SI; LIFE HIDAQUA: Sustainable Water Management in High 2. illicit drugs, alcohol and tobacco: wastewater based epidemiology, treatment efficiency
Water Demanding Industries and vulnerability assessment of water catchments
Prof. Radmila Milacic Asst. Prof. Tina Kosjek
Ministry of the Environment and Spatial Planning Mariborski Vodovod d. d.
35. Ecology laboratory with mobile unit 3. illicit drugs, alcohol and tobacco: wastewater based epidemiology, treatment efficiency
Dr. Dusan Zigon and vulnerability assessment of water catchments
Ministry of Defence Asst. Prof. Tina Kosjek
36. Analyses of tributyl and dibutyltin compounds in water and biota in 2020 JP CCN Domzale-kamnik d. 0. o.
Asst. Prof. Tea Zuliani 4. illicit drugs, alcohol and tobacco: wastewater based epidemiology, treatment efficiency
Ministry of the Environment and Spatial Planning and vulnerability assessment of water catchments
37. Monitoring of radioactivity in drinking water for years 2020 and 2021 (lot 2) Asst. Prof. Tina Kosjek
Asst. Prof. Marko Strok JP Vodovod-kanalizacija D.o.o
Ministry of Health 5. Environmental radioactivity monitoring in the vicinity of the Krsko Nuclear Power
38. Analysis of honey Plant (drinking water, air, food, Sava River, precipitation, soil and external radiation in
Prof. Nives Ogrinc the environment with the dose assessment)
Slovenian Beekeepers* Association Asst. Prof. Marko Strok
39. Identification of Pb sources in the upper Meziska valley based on Pb isotope Krsko Nuclear Power Plant
composition 6. Environmental radioactivity monitoring in the vicinity of the Krsko Nuclear Power
Asst. Prof. Tea Zuliani Plant in connection with Hydro Power Plant BreZice for the years 2020 and 2021
Ministry of the Environment and Spatial Planning Asst. Prof. Marko Strok
40. Identification of Pb sources in the upper MeZiska valley based on Pb isotope Krsko Nuclear Power Plant
composition
Asst. Prof. Tea Zuliani
Ministry of Health
1. Klaudia Block-Laszewska, University of Gdansk, Gdarsk, Poland, 10 June-31 August 2021 5. dr. Elvira Bura Nakic, Institut Ruder Boskovic, Zagreb, Croatia,
2. prof. dr. Alexander Osmolovskiy, Lomonosov Moscow State University, Moscow, Russia, 22 August-4 September 2021
11-13 June 2021 6. dr. Tamara Markovic, Hrvatski geoloski institut, Zagreb, Croatia, 1-8 September 2021
3. prof. dr. Alexander Gusev, Derzhavin Tambov State University, Tambov, Russia, 7. Igor Karlovic, Hrvatski geoloski institut, Zagreb, Croatia, 1-8 September 2021
30 June-7 July 2021 8. Kylychbek Apiev, Agency for Tailings Management, Ministry of Emergency Situations of
4. Nurgul Nursapina, Al-Farabi Kazakh National University, Almaty, Kazakhstan, the Kyrgyz Republic, Bishkek, Kirgizstan, 1 September-27 November 2021
4 July-30 September 2021 9. dr. Daniele Penna, University of Florence, Firenze, Italy, 30 September 2021
10. dr. Iljavan Meerveld University of Zurlch Sw1t7erland 30 September 2021
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Jozef Stefan Institute

1. dr. Jana von Freyberg, Ecole polytechnique fédérale de Lausanne, Switzerland,
30 September 2021

12. dr. Francesca Scandellari, U-Series stl, Bologna, Italy, 30 September 2021

13. Giulia Zuecco, University of Padova, Italy, 30 September 2021

14. dr. Petra Zvab RoZi¢, University of Ljubljana, 30 September 2021

15. dr. Aurelien Dommergue, UGA, Grenoble, France, 6-7 October 2021

16. dr. Lars Eric Heimbirger-Boavida, Mediterranean Institute of Oceanography, Marseille,
France, 6-10 October 2021

17. dr. David Amouroux, UPPA, Pau Cedex, France, 6-10 October 2021

18. dr. Joel Knoery, Ifremer, Nantes, France, 6-10 October 2021

19. dr. Sofi Jonsson, Stockholm University, Stockholm, Sweden, 6-10 October 2021

20. dr. Ralph Ebinghaus, Helmholtz-Zentrum Hereon, Geesthacht, Germany,
6-10 October 2021

21. dr.Tan Hedgecock, Institute of Atmospheric Pollution Research of the Italian National
Research Council, Monterotondo, Italy, 6-10 October 2021

22. dr. Jeoren Sonke, CNRS, Paris, France, 6-10 October 2021

23. dr. Volker Matthias, Helmholtz-Zentrum Hereon, Geesthacht, Germany,
6-10 October 2021

. dr. Johannes Bieser, Helmholtz-Zentrum Hereon, Geesthacht, Germany,
6-10 October 2021
25. dr. Andreja Gutmaher, 10S, Maribor, 6-10 October 2021
. dr. Aljosa Kosak, 10S, Maribor, 6-10 October 2021
27. Alquin Maximillian Koenig, UGA, Grenoble, France, 6-10 October 2021
. Alina Kleindienst, UPPA, Pau, France, 6-10 October 2021
. Isabel Garcia Arévalo, Ifremer, Nantes, France, 6-10 October 2021
. Sonja Gindorf, Stockholm University, Stockholm, Sweden, 6-10 October 2021
31. Charlotte Haugk, Stockholm University, Stockholm, Sweden, 6-10 October 2021
32. Prasad Shelke, CNR-IIA, Rome, Italy, 6-10 October 2021
33. David Amptmeijer, Helmholtz-Zentrum Hereon, Geesthacht, Germany,
6-10 October 2021
. Koketso Michelle Molepo, Helmholtz-Zentrum Hereon, Geesthacht, Germany,
6-10 October 2021
35. Charikleia Gournia, CNR-IIA, Rome, Italy, 6-10 October 2021
. Allwin Mabes Raj, 108, Maribor, 6-10 October 2021 and 5 November-31 December 2021

STAFF

Researchers

Prof. Ljudmila Benedik
Raghuraj Singh Chouhan, B. Sc.
Asst. Prof. Ingrid Falnoga
Dr. David John Heath

Prof. Ester Heath

Prof. Milena Horvat, Head
Prof. Radojko Jacimovic

Dr. Tjasa Kandu¢

9. Dr. Norbert Kavasi

10. Dr. David Kocman

11. Asst. Prof. Davor Konti¢

12. Asst. Prof. Tina Kosjek

13. Asst. Prof. Joze Kotnik

14. Asst. Prof. Ales Lapanje

15. Prof. Sonja Lojen

16. Dr. Darja Mazej

17. Prof. Radmila Milaci¢

18. Prof. Nives Ogrinc

19. Asst. Prof. Tomaz Rijavec
20. Prof. Borut Smodi§

21. Prof. Janez S¢ancar

22. Asst. Prof. Zdenka Slejkovec
23. Asst. Prof. Marko Strok

24. Prof. Janja Vaupotic

25. Dr. Janja Vidmar

26. Dr. Polona Vreca

27. Asst. Prof. Tea Zuliani

28. Dr. Dusan Zigon
Postdoctoral associates

29. Dr. Ermira Begu

30. Dr. Marta Jagodic Hudobivnik
31. Dr. Ana Kovacic

32. Dr. Bor Krajnc

i N R

BIBLIOGRAPHY

33. Dr. Doris Potocnik

34. Dr. Leja Rovan

35. Janja Snoj Tratnik, B. Sc.

36. Dr. Anja Stajnko

37. Dr. Igor Zivkovic
Postgraduates

38. Saeed Waqar Ali, M. Sc.

39. Eirini Andreasidou, M. Sc.

40. Teodor-Daniel Andron, M. Sc.
41. Tine Bizjak, M. Sc.

42. Dominik Bozic, B. Sc.

43. Jan Gacnik, B. Sc.

44. Tjasa Goltnik, B. Sc.

45, Pia Leban, B. Sc.

46. Katarina Markovic, B. Sc.

47. Jasmina Masten Rutar, B. Sc.

48. Klara Nagode, B. Sc.

49. Rok Novak, B. Sc.

50. Neza Palir, B. Sc.

51. Johanna Amalia Robinson, B. Sc.
52. Agneta Annika Runkel, B. Sc.
53. Lidija Strojnik, B. Sc.

54. ZigaTkalec, B. Sc.

55. Anja Vehar, B. Sc.

56. Sreekanth Vijayakumaran Nair, M. Sc.
57. Maja Zugan, B. Sc.

Technical officers

58. Karolina Trentelj, B. Sc.

59. Vanja Usenik, B. Sc.

60. Tina Vrabec, B. Sc.

Technical and administrative staff
61. Barbara Svetek, B. Sc.

62. Zdenka Trkov, B. Sc., retired 26.05.21
63. Stojan Zigon
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ORIGINAL ARTICLE

1. Stefan Markovi¢, Katja Ursi¢ Valentinuzzi, Maja Cematzar, Gregor Sersa,
Barbara Stares$ini¢, Radmila Milaci¢, Janez S¢antar, "High spatial
resolution imaging of cisplatin and Texas Red cisplatin in tumour
spheroids using laser ablation isotope dilution inductively coupled
plasma mass spectrometry and confocal fluorescence microscopy”,
Analytica chimica acta, 2021, 1162, 338424.

2. Jasmina Masten, Berta Cillero-Pastor, Ronny Mohren, Natasa Poklar
Ulrih, Nives Ogrinc, Polona Jamnik, "Insight into the antioxidant effect
of fermented and non-fermented Spirulina water and ethanol extracts
at the proteome level using a yeast cell model", Antioxidants, 2021, 10,
9, 1366.

3. Ljudmila Benedik, Anja Marija Pilar, Helena Prosen, Radojko Ja¢imovi¢,
P. Pavel Povinec, "Determination of ultra-trace levels of uranium and
thorium in electrolytic copper using radiochemical neutron activation
analysis", Applied Radiation and Isotopes, 2021, 175, 109801.

4. Marija DPuri¢, Primoz Oprckal, Vesna Zalar Serjun, Alenka Mauko
Pranji¢, Janez S¢anc¢ar, Radmila Mila¢i¢, Ana Mladenovié,
"Environmental impacts and immobilization mechanisms of cadmium,
lead and zinc in geotechnical composites made from contaminated soil
and paper-ash", Applied sciences, 2021, 11, 24, 11822.

.Jan Gaénik, Igor Zivkovié, Sergio Ribeiro Guevara, Radojko Ja¢imovié,
JoZe Kotnik, Gianmarco De Feo, Matthew A. Dexter, Waren T. Corns,
Milena Horvat, "Behavior of KCl sorbent traps and KCl trapping
solutions used for atmospheric mercury speciation: stability and

wu
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specificity”, Atmospheric measurement techniques, 2021, 14, 6619-
6631.

Angelika Vizintin, Stefan Markovi¢, Janez S¢anéar, Damijan Miklav¢ic,
"Electroporation with nanosecond pulses and bleomycin or cisplatin
results in efficient cell kill and low metal release from electrodes”,
Bioelectrochemistry, 2021, 140, 107798.

Agneta Annika Runkel, Darja Mazej, Janja Snoj Tratnik, Ziga Tkalec, Tina
Kosjek, Milena Horvat, "Exposure of men and lactating women to
environmental phenols, phthalates, and DINCH", Chemosphere, 2021,
286, 3,131858.

.David Skufca, Ana Kovatit, Tjasa Griessler Bulc, Ester Heath,

"Determination of 18 bisphenols in aqueous and biomass phase of high
rate algal ponds: development, validation and application”,
Chemosphere, 2021, 271, 129786.

. Taja Verovsek, Ivona Krizman Matasi¢, David John Heath, Ester Heath,

"Data in brief: drug use data for slovenian educational institutions using
wastewater analysis", Data in brief, 39,2021, 107614.

Ziga Tkalec, Tina Kosjek, Janja Snoj Tratnik, Anja Stajnko, Agneta
Annika Runkel, Marianthi Sykiotou, Darja Mazej, Milena Horvat,
"Exposure of Slovenian children and adolescents to bisphenols,
parabens and triclosan: unirary levels, exposure patterns, determinants
of exposure and suspectibility"”, Environment international, 2021, 146,
106172.

Istvan Gabor Hatvani, Gabor Szatmari, Zoltan Kern, Daniel Erdélyi,
Polona Vreca, TjaSa Kandué¢, Gyorgy Czuppon, Sonja Lojen, Balazs
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DEPARTMENT OF AUTOMATION,
BIOCYBERNETICS AND ROBOTICS ~ E-1

The research strategy within our department (http://abr.ijs.si/) supports a variety of multi-
and interdisciplinary research projects. Specifically, our research combines the fields of robotics
(including robot learning, intelligent control, humanoids, cognitive robotics, and robot vision),
industrial robotics and automation, factories of the future, biomechanics, biocybernetics,
ergonomics and environmental physiology. The common theme of our research endeavours to
date has been optimizing “the behaviour of man and machine”, accounting for the interactions
with the environment. By combining engineering and life sciences we have been able to make
breakthrough contributions in the areas of robot learning based on imitation and deep neural
networks, development of a planetary habitat simulation facility, reconfigurable robotic workcells,
humanoid robotic systems, exoskeletons, manikins enabling the evaluation of protective garments

Jor industry and recreation, new strategies for physical human-robot interaction, and a medical
treatment for frostbite.

The department maintains the programme group Automation, Robotics and Biocybernetics in
the field of Production Technologies (led by prof. dr. Igor B. Mekjavic). Members of the department
participate in numerous EU projects in the areas of robotics and artificial intelligence, factories of
the future, health, and space technologies. In 2021 we coordinated the ReconCycle Horizon 2020
project. We are also active in transferring our research results to various applications through
direct collaboration with industry.

Head:
Prof. Ales Ude

Researchin humanoidrobotics androbotlearning isprimarily
conducted within the Humanoid and Cognitive Robotics Lab (led
by dr. Bojan Nemec), which operates within the department. The
aim of this laboratory is to create robots that can acquire new
knowledge through learning and collaborating with people in

rojects.
their natural environments. Another laboratory that operates prol

By maintaining a critical mass of researchers
in the areas of robotics, automation and life
sciences within one department, we have
managed to foster exciting multidisciplinary

within the department is the Laboratory for Neuromechanics and Biorobotics, which is led by prof.
dr. Jan Babic. The focus of this lab is to integrate the results of biomechanics, neurophysiology and
robotics to study human motor control and develop new robot systems that can effectively assist
people with their daily activities.

During the past year our research focused on the development of reconfigurable robotic systems for factories
of the future, automation of production processes in manufacturing, new robot-learning methodologies primarily
based on kinesthetic teaching and deep learning, human-robot collaboration, development of new control methods
for robotic assistive devices such as exoskeletons, studies of human physiology in extreme environments, evaluation
of protective equipment, as well as the development of biomedical methods.

Robotics

In 2021 we continued coordinating another Horizon 2020 project, called ReconCycle (Self-reconfiguration of
arobotic workcell for the recycling of electronic waste, http://www.reconcycle.eu/). The main aim of the project is
to introduce self-reconfigurable hardware and software for the disassembly of electronic devices, based on
a reconfigurable robotic cell developed within the ReconCell project, http://www.reconcell.eu/. The challenge of

this project is to provide methodologies for a re-design of the recycling cell

including the location of robots and other elements in the workcell and the ~ In the H2020 project ReconCycle coordinated
choice of grippers and sensing systems. On the software side, approaches by our department we aim at substantially

to the fast re-programming and adaptation of manipulation actions for soft ~ increasing the degree of automation in recycling
robots and grippers suitable for recycling tasks need to be provided. Soft by introducing new robot-learning technologies.

components make grasping and compliant control easier, but they can
be problematic with regard to assembly tasks that usually rely on high-precision position control. However, high
precision is less important for disassembly where physical constraints can guide compliant robot movements to
successfully accomplish the task.
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Figure 1: Reconfigurable cell for recycling of electronic devices

We also worked on a Horizon 2020 project in the area of collaborative
robotics, CoLLaboratE (Enabling genuine human-robot collaboration for
performing assembly tasks in a co-production cell, https://collaborate-pro-
ject.eu). CoLLaboratE aims to revolutionize the way industrial robots learn
to cooperate with human workers when performing new manufacturing
tasks. In 2021 we developed an approach to efficient human-robot task execu-
tion using visual information processed by recurrent deep neural networks.
We have shown how multimodal visual and force information can be used for
collaborative task learning. Another important result was the implementa-
tion of a new optimization procedure to design collaborative workspaces,
taking into account the capabilities of robots and human workers.

In the area of humanoid robotics we conducted several studies focusing
on humanoid robot sensorimotor skill learning where we exploit the
mobility of a humanoid robot, while taking into account its stability. We
demonstrated that programming by demonstration, which is suitable for
humanoid robots due to their similarities to humans, can be supplemented
by reinforcement learning to improve the newly acquired mobile skills. The

Within the AnDy H2020 project, completed in
2021, we worked on endowing robots with the
ability to control physical collaboration through
intentional interactions.

advantage of the approach is that it can be used effectively in situations where
no accurate models of robot and task dynamics are available.

In the field of exoskeleton robotics we finalized analyses of parabolic
flight experiments where we investigated the possibilities to employ exo-
skeleton devices to assist astronauts during space missions. We demon-

Figure 2: Optimal design of a collaborative robotic
cell

strated that the use of an exoskeleton, compensating for the variance in
gravity affecting the human arm movements, mitigates the effects of altered gravity on motor
control. In a series of three publications we showed that a robotic exoskeleton had a significant
effect on the duration of movements, the accuracy of pointing and muscle activities. Moreover, we
established an evidence-based methodology that can be used to train astronauts before their space
missions. Specifically, we have shown that motor imagery alone cannot be used to adapt to a novel
gravitational environment. On the other hand, a robotic exoskeleton that emulates the gravitational
effects of micro gravity and hyper gravity can efficiently contribute to timely motor adaptations.

We also studied the use of wearable technologies in the prevention of acute and chronic
injuries of athletes due to motion asymmetries. We developed a portable measuring system that
measures the motion of an athlete’s body during sport activities, analyses the motion in real time
and gives the athlete feedback on how to change the motion to avoid the stress and possible injury.
The measuring system was protected with a Slovenian patent application. In 2021 we success-
fully completed the AnDy Horizon 2020 project (https://andy-project.eu), within which we
implemented and evaluated different exoskeleton solutions for industrial settings.

We continued our long-standing line of research in the field of physical human-robot collabo-
ration where we developed an innovative control approach that utilizes probabilistic movement
primitives in combination with flow controllers to generate predictions of user movements in
real-time. We employed our method in three scenarios: in exoskeleton-assisted arm reaching, in
human collaboration with a robot arm and in predicting foot step locations.

Under the Director’s Fund Cobotat project (Laboratory for Advancing Collaborative Robot
Behaviors in Physical Human-Robot Interaction Scenarios, http://cobotat.ijs.si/), led by dr. Tadej
Petric, we successfully completed the PhRoCiety project (Collaborative Capabilities in Physical

Human-Robot Interaction Scenarios, http://cobotat.ijs.si/projects/phrociety-2), which aimed to improve cognitive
understanding and control systems for collaborative physical interactions between multiple agents, where the

agents are either humans or robots. In collaboration with Idiap, we continued

In 2021 we finalized the new experimental
laboratory Cobotat - Laboratory for Advancing
Collaborative Robot Behaviors in Physical
Human-Robot Interaction Scenarios.

the implementation of the SWITCH project (Learning by Switching Roles in
Physical Human-Robot Collaboration, https://switch-project.github.io/), co-
funded by the SNSF in Switzerland. The main contribution of the SWITCH
project in 2021 was the collection of several datasets on forces and motions
in different task modalities. Many laboratory studies were conducted to

investigate the physical interaction between two people in a standing-up task. Based on these data, we developed
models to probabilistically learn the behaviour of the two agents (the assistant and the assisted). We then used these
models to develop control systems for humanoid robots with predictive behaviour. We also used the obtained data
to develop a new quasi-passive mechanism for a knee exoskeleton. The developed mechanism is patent pending.
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The main objective of the TRINITY project (https://trinityrobotics.eu/), another Horizon
2020 project at our department, is to create a network of multidisciplinary and synergistic local
digital innovation hubs (DIHs) including research centers, companies and university groups,
covering a wide range of topics that can contribute to agile production: advanced robotics as
the driving force and digital tools, data privacy and cyber-security technologies, supporting the
introduction of advanced robotic systems in the production processes. In 2021 we focused on the
practical evaluation of demonstrators that showed the industrial potential of programming by
demonstration for the specification of skilled operations in contact with the environment and
of passive reconfiguration using a fixturing system built from Stewart platforms. In the future
the modules from our demonstrators will be offered to manufacturers.

Automation and robotics in industrial production processes

In the QU4LITY H2020 project (https://qulity-project.eu) we aim to demonstrate, in a real-
istic, measurable and replicable way, an open, certifiable and highly standardised, SME-friendly
and transformative shared data-driven ZDM product and service model for Factory 4.0 through 14
pilotlines. We collaborated with the Slovenian company Kolektor and developed a cell at the end of a moulding line
for visual quality inspection. The cell enables new robot-supported approaches to visual quality inspection based
on deep learning and automated workcell reconfiguration technologies. In 2021 we focused on the experimental
evaluation of the developed technologies.

Figure 3: Quasi-passive knee

Avital mission of our department is the transfer of our research results
to industrial applications. In recent yearsour department has been working
towards the implementation of the Smart specialization strategy S4. As part
of the Strategic Research and Innovation Partnership of the Factory of the

In collaboration with two leading Slovenian
manufacturing companies, Gorenje and Unior,
we developed a comprehensive system for

Future (SRIP FoF), we chaired the SRIP FoF Board of Directors, coordinated quality control in the production processes.

the SRIP FoF Horizontal Network (Key Enabling Technology) “Robotics”,

thus providing support for the introduction of advanced robotic technologies into factories of the future, being
developed by the Slovenian industry. In 2021 the SRIP FoF started to implement a new program to foster coopera-
tion of manufacturing companies with the research departments at the universities and institutes and transfer the
latest robotics research results into industrial practice.

In the scope of the Slovenian Smart Specialization Strategy, we have joined the ROBKONCEL project, whose
main goal is to develop a comprehensive system for quality control in the production process and inspection
of finished products. As part of the project, we developed two demonstration robotic cells for the final quality in-
spection of ovens at Gorenje and the control of forgings at Unior. The oven-inspection cell for Gorenje is equipped
with a collaborative robot Frank Emika Panda, while in the forging control cell for Unior, we used the Universal
Robots UR10. We developed an appropriate software environment for programming collaborative robots, which
supports modern robot-learning technologies. We also proposed new approaches that improve the flexibility and
adaptability to product changes and inspection procedures. The proposed procedures were validated on several
samples of products. We evaluated the functionalities that the final cell must provide in the production, especially
from the point of view of productivity.

Environmental physiology and ergonomics

Life-science research in our department focuses on the physiology and
pathophysiology of humans in extreme environments. We contribute to
the development of new strategies and equipment to mitigate the effects of
environmental factors on human health and well-being, and enhance the
safety and productivity of workers in industrial and military environments.

Gravitational physiology: The Jozef Stefan Institute Planetary Habitat
Simulation facility in Planica, maintained by our department, was approved
as a Buropean Space Agency (ESA) ground-based facility in 2020. The Plan-
Hab facility is one of 11 such ESA ground-based facilities in Europe where
scientists can conduct ESA-funded projects.

As a consequence of this development, members of the E1 team are
members of ESA’s Advisory Board focusing on future research programmes
coordinated by the Human and Robotic Exploration division of ESA. The
current programme, in which the E1 team has a significant role, covers

the evaluation of countermeasures that would prevent the adaptation Figure 4: Experimental environment to study the effects of local gravity

of physiological systems to microgravity. Specifically, the focus is on the compensation on motor control
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Figure 5: Testing of ovens for quality control

evaluations of the efficacy of resistance vibration exercise in combination
with artificial gravity. Since the anticipated environment of future space
vehicles and habitats will be hypoxic, the PlanHab facility will coordinate
studies investigating the mitigation of muscle atrophy, loss of bone mass and
cardiovascular deconditioning, among others, in a hypoxic environment.
For this new research endeavour, the European Space Agency installed a
short-arm human centrifuge (valued at €2 m) at the newly established
Gravitational Physiology Laboratory in the PlanHab facility.

Protective clothing: Within the framework of the ReMOS (Regulation
of the microenvironment of clothing systems) project supported by the
Slovenian Ministry of Defence, we established a consortium of companies
with the aim of developing smart clothing for the Slovenian armed forces.
As the project coordinator, we lead the activities of industrial partners in the
consortium. Our partners cover the complete process of clothing development, from yarn and fabric to the final
products, which include embedded sensors and processors to provide regulation of the microenvironment within
cooling vests, and alerting to the potential of cold injury.

Our contribution within ReMOS was the development of a software application that would provide support in
the preparation for missions in extreme environmental conditions. For this purpose, we evaluated the thermal and

evaporative characteristics of all protective clothing combinations available

On 1 October 2021 we inaugurated the (o the Slovenian armed forces. Using these data, together with the soldier’s
Gravitational Physiology Laboratory at the JSI  anthropometry and anticipated activity, and the prevailing or anticipated en-

PlanHab facility in Planica.  vironmental conditions, the software application provides suggestions for

optimal protective clothing ensembles for the environmental conditions.

Global warming: Summer heatwaves are becoming more frequent,
greater in intensity and longer in duration. The HEAT-SHIELD Horizon 2020
project was initiated to assess the effect of heatwaves on the productivity of
workers in five major EU industries (manufacturing, construction, trans-
portation, tourism and agriculture), representing 40% of EU’s GDP and 50%
of its workforce. The aim of the project was to explore and develop the
strategies that would mitigate the heat stress in these industries and the
resultant heat strain on the workers. Successful mitigation strategies will
ensure the health of the workforce, and can also shield our economy from
the negative effects of climate change.

Within HEAT-SHIELD we collaborated with the Slovenian manufactur-
ing company Odelo. Briefly, the company operates 24/7 and manufactures

Figure 6. Inauguration of the Gravitational Physiology Lab in Planica.  automobile rear lights. The heat generated by the machinery can only be
From left 1o right: Josef Aschbacher (director, ESA), Bostjan Zalar partly removed by the existing ventilation systems. This becomes an issue

(director, JSI), Simona Kustec (Slovenian minister of Education, Science
and Sport), Igor Mekjavic (E1), and Adam McDonnell (E1)

during the summer months and especially during heat waves when heat
accumulation becomes too severe. Field studies conducted at the plant
confirmed that such conditions affect productivity also in the periods following the heat waves, suggesting insuf-
ficient recovery of the workers. As a consequence, a longer period of heat exposure may affect work productivity
because of a cumulative effect that results from an inability of the workers to recover properly after leaving work.
Therefore, it was proposed that the company implements several actions to reduce the problem of productivity loss
and improve the well-being of workers.

Individual variability: 1tis well appreciated that there is a great deal of individual variability in the responses
of astronauts to microgravity. This is also evidenced in the magnitude of the loss of muscle and bone mass, and
of cardiovascular deconditioning during space analogues such as bed rest and dry immersions. Our department
initiated the Slovene Bed Rest Programme in 2001. Since then numerous

In 2021 we successfully completed the HEAT-

such studies have been conducted. Under contract with the European Space

SHIELD H2020 project, within which we investi- Agency, we used these data to explore the possibility of determining the

gated how to increase the thermal resilience of
workers in the context of global warming.

individual variability in the responses of physiological systems to hypoxic
and normoxic bed rest conducted within the framework of the Slovene Bed
Rest Programme. The data obtained with the Planica bed-rest studies were
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re-analysed to determine the magnitude, significance and physiological rel-
evance of the variability in the physiological responses to normoxic and hypoxic bed rest. The results demonstrated
asignificant degree of individual variability, particularly in the inactivity / unloading-induced muscle atrophy and
in the psychological status of the participants during bed rest.
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Coretemperature prediction: The need for rapid and accurate monitoring of deep body temperatures in humans
has arisen, in part, as a result of two major global requirements: rising temperature/heatwaves and the COVID-19
pandemic. Indirect measurement of deep-body temperature calculated using algorithms from skin temperature
has become increasingly common; however, its validity and accuracy have been questioned. We conducted the
simulation of a 3-day heatwave bookended by 3 days of normal conditions, during which continuous measurement
of deep-body and skin temperature was conducted. Our results demonstrate
that utilising skin temperature as a predictor of deep-body temperature
is physiologically unsuitable due to a large and inconsistent error.

Haemoglobin mass of athletes participating in aquatic sports:

The overall objective of this project is to investigate the level of hypoxia
present in aquatic athletes during training and how this may influence
their performance. With industrial partners, we are contributing to the

development and evaluation of the technology that will not only assist in Figure 7 Sweating thermal manikins for lesting prolective garments

remotely monitoring athletes in general but, more importantly, provide a

tool for healthcare workers dealing with Covid-19 patients. Specifically, we work on the assessment of the degree
of tissue hypoxia experienced during swimming and examine any long-term hypoxic acclimation, reflected
primarily in the haemoglobin mass.

Some outstanding publications in the past year

1. T Gaspar, I Kovac, A. Ude (2021) Optimal layout and reconfiguration of a fixturing system constructed
from passive Stewart platforms, Journal of Manufacturing Systems, 60:226-238.

2. M.Jamsek, T. Kunavar, U. Bobek, E. Rueckert, ]. Babi¢ (2021) Predictive exoskeleton control for arm-motion
augmentation based on probabilistic movement primitives combined with a flow controller, [EEE Robotics
and Automation Letters, 6(3):4417-4424.

3. ].T.Royal, O. Eiken, M. E. Keramidas, A. Mcdonnell, I. B. Mekjavi¢ (2021) Heterogeneity of hematological
response to hypoxia and short-term or medium-term bed rest, Frontiers in Physiology, 12(777611):1-14.

4. B.Nemec, K. Yasuda, A. Ude (2021) A virtual mechanism approach for exploiting functional redundancy
in finishing operations, IEEE Transactions on Automation Science and Engineering, 18(4):2048-2060.

5. Z.Lonlarevic, A. Gams, S. ReberSek, B. Nemec, J. Skrabar, J. Skvar¢, A. Ude (2021) Specifying and opti-
mizing robotic motion for visual quality inspection, Robotics and Computer-Integrated Manufacturing,
72(102200):1-14.

6. U. Ciuha, A. Sotiridis, T. Mlinar, J. T. Royal, O. Eiken, L. B. Mekjavic (2021) Heat acclimation enhances
the cold-induced vasodilation response, European Journal of Applied Physiology, 121(11):3005-3015.

Organization of conferences, congresses and meetings
1. 20" International Conference on Advanced Robotics (ICAR), Ljubljana, 7-10 December 2021

Awards and Appointments
1. Tilen Brecelj and Tadej Petric: Best Research Paper Award, Futuroscope-Poitiers, France, RAAD 2021,
Angular Dependency of the Zero Moment Point
2. Timotej Gaspar: Vodovnik Award for Doctoral Study, Ljubljana, Faculty of Electrical Engineering, University
of Ljubljana, Technologies for fast reconfiguration of adaptive robotic workcells

Organization of conferences, congresses and meetings

1. H2020 ReconCycle meeting, 26 May 2021 (virtual)
2. ICAR2021-20™ International Conference on Advanced Robotics, Ljubljana, 7-10 December 2021 (hybrid)

Patents granted

1. Igor Kova¢, Cardan joint, EP3615823 (B1), European Patent Office, 02. 06. 2021.

2. Anton Umek, Boris Jerman, Mitja Gliha, Anton Kos, Iztok Span, Link member for connection of a grip-
ping assembly to a hydraulic crane arm with integrated dynamic weighing assembly, EP3649071 (B1),
European Patent Office, 24. 02. 2021.

3. Nejc Sarabon, Monika Pavlovi¢, Andrej Trost, Jan Babic, Multi-accelerometer system and method for
evaluating mechanical stress during walking and running SI125959 (A), Slovenian Intellectual Property
Office, 30. 07. 2021.
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INTERNATIONAL PROJECTS

Manufacture of Finger and Two Hands of the Manikin, and National Instruments
Measuring Software
Prof. Igor Mekjavic
W. L. Gore & Associates GmbH
2. ALITO: Testing of Face Masks
Prof. Igor Mekjavic
Kimberly-Clark
3. COST CA16116 - 20786; Wearable Robots for Augmentation, Assistance or Substitution
of Human Motor Functions
Prof. Jan Babi¢
Cost Office
4. ESA-Individual Variation in Human Response to prolonged Bed Rest in Slovenia Bed
Rest Programme
Prof. Igor Mekjavi¢
ESA/Estec.
5. COST CA16116 Summerschool Wearable Robotics 2021
Prof. Jan Babi¢
Cost Association Aisbl
6. 12020 - HEAT-SHIELD; Integrated Inter-Sector Framework to increase the Thermal
Resilience of European Workers in the Context of Global Warming
Prof. Igor Mekjavic
European Commission
7. H2020 - An.Dy; Advancing Anticipatory Behaviors in Dyadic Human-Robot
Collaboration
Prof. Jan Babic¢
European Commission
8. H2020 - CoLLaboratE: Co-production CeLL performing Human-RobotCollaborative
AssEmbly
Prof. Bojan Nemec
European Commission
9. H2020 - TRINITY; Digital Technologies, Advanced Robotics and increased Cyber-Security
for Agile Production in Future European Manufacturing
Prof. Ales§ Ude
European Commission
10. H2020 - QUALITY; Digital Reality in Zero Defect Manufacturing
Prof. Ale§ Ude
European Commission
11. H2020 - COVR: EXOSAFE; A Mechatronic Leg Replica to Benchmark Human-Exoskeleton
Interaction
Prof. Jan Babi¢
European Commission
12. H2020 - ReconCycle; Self-reconfiguration of a Robotic Workeell for the Recycling of
Electronic Waste

Prof. Ales Ude
European Commission

. Learning Cross-Task Generalization for Model-Predictive Control: Application to

Dynamic Humanoid Behaviors
Prof. Andrej Gams
Slovenian Research Agency

. The Interaction of Regional Thermal and Baroreflex Regulation of the Peripheral

Circulation
Prof. Igor Mekjavic
Slovenian Research Agency

. Generation and Learning of Adaptive Cyclic Movements in Assist-As-Needed

Applications for Human-Robot Interaction
Asst. Prof. Tadej Petri¢
Slovenian Research Agency

. HE- EUROfusion; WP17: RM_HE-FU

Prof. Ales Ude
European Commission

RESEARCH PROGRAMME

1.

Avtomation, robotics and biocybernetics
Prof. Igor Mekjavi¢

R&D GRANTS AND CONTRACTS

Mechanisms of hypoxia (in)tolerance in prematurely born individuals

Prof. Tadej Debevec

X-ADAPT: Cross-adaptation between heat and hypoxia - novel strategy for performance
and work-ability enhancement in various environments

Prof. Tadej Debevec

The effect of hypercapnic exercise on intracranial pressure and the eye

Prof. Igor Mekjavic

Towards Cooperative Robot Behaviors in Physical Human-Robot Interaction Scenarios
Asst. Prof. Tadej Petric

Learning by Switching Roles in Physical Human-Robot Collaboration (SWITCH)

Asst. Prof. Tadej Petri¢

The use of Resistive Vibration Exercise (RVE) to mitigate hypoxic inactivity induced
cartilage degeneration: implications for Covid-19 patients

Dr. Adam Mc Donnell

Body asymmetries as a risk factor in musculoskeletal injury development: studying
etiological mechanisms and designing corrective interventions for primary and tertiary
prevenitve care

Prof. Jan Babi¢

VISITORS FROM ABROAD

1. Gregoire Millet, University of Lausanne, Switzerland, 3 May - 30 June 2021

2. Giorgio Manferdelli, University of Lausanne, Switzerland, 3 May - 30 June 2021
3. Justin Lawley, University of Innsbruck, Austria, 12-16 May 2021

4. Sebastian Ruiz, University of Gottingen, Germany, 21 June - 9 July 2021

A

Nikola Knezevi¢, University of Belgrade, Serbia, 10-25 July 2021

Branko Lukic, University of Belgrade, Serbia, 10-25 July 2021

Kubra Karacan, Technische Universitit Miinchen, Germany, 29 November -
3 December 2021

STAFF

Researchers
1. Prof. Jan Babi¢
Prof. Tadej Debevec*
3. Prof. Andrej Gams
4. Prof. Polonca Jaki Mekjavic*
5. Asst. Prof. Igor Kovac
6. Prof. Jadran Lenarcic
7. Dr. Adam Mc Donnell
8. Prof. Igor Mekjavic
9. Prof. Bojan Nemec
10. Asst. Prof. Tadej Petric
11. Dr. Anton Ruzi¢
12. Prof: Blaz Stres*, left 01.07.21
13. Prof. Ales Ude, Head
14. Asst. Prof. Leon Zlajpah
Postdoctoral associates
15. Dr. Edwin Johnatan Avila Mireles
16. Dr. Tilen Brecelj
17. Dr. Ur$a Ciuha
18. Dr: Jernej Camernik, on leave since 01.02.21

19.
20.
21.
22.
23.
24.

Dr. Miha Denisa

Dr. Miha Dezman, on leave since 01.05.21
Dr. Timotej Gaspar*, left 01.04.21

Dr. Rok Pahi¢*

Dr: Tim Podlogar, left 01.07.21

Dr. Desy Salvadego

Postgraduates

25.
26.
27.
28.
29.
30.
31.
32.
33.
34,
35.
36.
37.

Benjamin Fele, B. Sc.

Jason Thomas Fisher, M. Sc.
Marko Jamsek, B. Sc.

Jaka Jereb, B. Sc.

Tjasa Kunavar, B. Sc.

Boris Kuster, B. Sc.

Zvezdan Loncarevic, B. Sc.
Matija Mavsar, B. Sc.

Luka Miskovic, M. Sc.
Tinkara Mlinar, M. Sc.
Benjamin Jonathan Narang, M. Sc.
Peter Nimac, B. Sc.

Joshua Toby Royal, M. Sc.
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38. Mihael Simonic, M. Sc. 46. Andrej Trost, B. Sc.
39. Riccardo Sorrentino, M. Sc. 47. Bogomir Vrhovec, B. Sc.
Technical officers Technical and administrative staff
40. Mitja Gliha, B. Sc. 48. Tanja Dragojevic, B. Sc.
41. Rebeka Kropivsek Leskovar, B. Sc. 49. Petra Movh, B. Sc.
42. Matevz Majcen Hrovat, B. Sc.
43. PrimoZ Radanovic, B. Sc. Note:
44. Simon Rebersek, B. Sc. T
45. Matej Stefanic, B. Sc., left 01.11.21 part-time Sl member
prematurity on resting ventilatory response to hypercapnia”, High
ORIGINAL ARTICLE altitude medicine & biology, 2021, 22, 4, 420-425.

1. Mikael Gronkvist, Igor B. Mekjavi¢, Ursa Ciuha, Ola Eiken, "Heat strain 16.Lu Zhgnll, Ma Zhlpgng, Marko Pen‘cw, Ma]a- C‘?Vlc’ Bramsl-av Bo‘rov-ac,
with two different ventilation vests during a simulated 3-hour Roumiana Ilieva, Bojan Nemec, Marjan Mernik, "Study on spiral winding
helicopter  desert mission”. Aerospace medicine and human swimming motion control of a slender legless creature model", High

erforlr;ance 209192 4 248956 P Technology Letters, 2021, 27, 4, 415-421.

2 I];esy Salvad(;go B;um; érassi Mic.hail E. Keramidas. Ola Eiken. Adam 17. Rok Pahi¢, Andrej Gams, Ale§ Ude, "Reconstructing spatial aspects of
McDonnell, Igor B. Mekjavi¢, "Heterogeneity of human adaptations to ;not'g;:;;gn1[;:;5;5:3-Opzafhéd;:egsg‘_?;ggl neworks?, [EEE fioboties and
bed rest and hypoxia: a retrospective analysis within the skeletal u . Ly S ) .

o o X . R 18. Marko Jamsek, Tjasa Kunavar, Urban Bobek, ElImar Rueckert, Jan Babic,
muscle oxidative function", American journal of physiology. regulatory, M L . .
integrative and comparative physiology, 2021, 321, 6, r813-r822 Predictive exoskeleton control for arm-motion augmentation based on
3. Chiel Poffe. Ruben Robberechts. Tim F:odlogzar M;lr';ijn Kusters‘ Tadej probabilistic movement primitives combined with a flow controller”,
' i " ’ Lo ’ IEEE Robotics and automation letters, 2021, 6, 3, 4417-4424.
Debevec, Peter Hespel, "Exogenous ketosis increases blood and muscle : o M WA .

. . L o ; 19. Bojan Nemec, Kenichi Yasuda, Ale$ Ude, "A virtual mechanism approach
oxygenation but not performance during exercise in hypoxia", American . ; S R
journal of physiology. regulatory, integrative and comparative for exploiting functional redundancy in finishing operations", IEEE
]physiology 2021321 6 844-r857 ’ transactions on automation science and engineering, 2021, 18, 4, 2048-

4. 7iga Kozinc, Jan Babi¢, Nejc Sarabon, "Human pressure tolerance and gp60' . . — . . —

. . . . PR 20. Ziga Kozinc, Jan Babi¢, Nejc Sarabon, "Comparison of subjective
effects of different padding materials with implications for ; - .
development of exoskeletons and similar devices", Applied Ergonomics, responses of low back pain patients and asymtomatic controls to use of
202193, 103379 ! ’ spinal exoskeleton during simple load lifting tasks: a pilot study",

5 Borut' Fo;'u:la Jan ].3abié Nejc Sarabon, "The Medial-Lateral Pedal Force International journal of environmental research and public health, 2021,
Component Correlates with Q-Angle During Steady-State Cycling at 18, 1'.161' B . L% "

Different Workloads and cadences", Applied sciences, 2021, 11, 3, 1004 21. Jernej Sever, Jan Babi¢, Ziga Kozinc, Nejc Sarabon, "Postural responses

6. Zvezdan Loncarevi¢, Rok Pahic, Ale$ Ude, Andrej Gams, "Generalization- to sudd.en l.mrlzontal pgrturbatlons in Tai Chi 'practltloners ’
based acquisition of training data for motor primitive learning by International journal of environmental research and public health, 2021,
neural networks", Applied sciences, 2021, 11, 3, 1013. 18, 5f 2692. . . . .

. . % . . v ow 22. Leonidas G. Ioannou, Konstantinos Mantzios, Lydia Tsoutsoubi, Zoe

7. Rebeka Kropivsek Leskovar, Jernej Camernik, Tadej Petri¢, "Leader- Panasiotaki. Areti K. Kapnia. Uréa Ciuha, Lars Nvbo, Andreas D. Fluoris
follower role allocation for physical collaboration in human dyads”, 5 I poia, ua ybo, ; o FIuors,
Applied sciences, 2021, 11, 19, 8928 Igor B. Mekjavi¢, "Effect of a simulated heat wave on physiological strain

8. Andrej Trost lV]arko ']am'§ek' Nejc'garabon Jan Babi&, "A system to and labour procliuctivity", International journal of environmental
measure the human body asymmetries using accelerometers”, reSf'arch fmdpubl,u.‘ health,-2021, 18’_6J 3011'. .
Elektrotehniski vestnik. 2021. 88, 5. 267-272 23. Dasa Gorjan, Angélina Bellicha, Jernej Camernik, Wael Bachta, Jan Babic,

9. Urta Ciuha Alexandr(;s Soti;idi; 'i‘inkara Mlinar Joshua T. Royal, Ola "Induced stabilization of center of mass decreases variability of center

.Eiken Igor’B. Mekjavi¢, "Heat a(;climation enhar;ces the C(;ld—indl’lced Of pressure regardless of visual or tactile information”, Journal of
vasodilation response”, European journal of applied physiology, 2021, bu.)mecha.mcs, .2v021' 11.7’ 119}99' M . N .
121, 11, 3005-3015. 24. Mihael Slmor‘uc, Tadej Petrlg, Ales- Ude, Bojan Nemec, - Ana}ysw of

10. Stylianos N. Kounalakis, Michail E. Keramidas, Ola Eiken, Igor B. methods f9r mg‘emental pqllcy refinement by kinesthetic guidance,
Mekjavi¢, "Exercise temperature regulation following a 35-day 25 {Foiz:rfggof(z;natgzllezgenii:obﬁgc;{stﬁzgzogjélo% 1£ifr.1al lavout and
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