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INTRODUCTION

Prof. Jadran Lenarcic,
Director of the Jozef Stefan Institute

This year, like every other year, I look at the annual report of the JoZef Stefan Institute with great pleasure and pride. I am
delighted by the achievements of our researchers who, in spite of the worsening conditions, achieved the highest rankings
in certain fields.

Unfortunately, the socio-political climate in our country is not in favour of incorporating scientific research into economic
and social development on a scale and in a_form needed for Slovenia to go from ‘fire fighting” lo planned, systematic
development in all key areas.

Furthermore, development issues connected to scientific research do not become the focus of socio-political debate, even in
a pre-election period. For this reason, Slovenia is not so successful at profiting from research achievements in practice and
developing its economic position. It is paradoxical that the state is not giving any attention fo crucial development issues.
The main focus is still on even greater regulation of society, which is a counterproductive measure because it suffocates the
creativity and initiative of individuals and institutions.

The result is that in Slovenia the role of scientific research is even less important and there is even greater ignorance of the

processes that lead to scientific discoveries as well as the processes involved in transforming a scientific achievement, a new
product, a new technology, a new creation, into something with commercial and economic value. Research is seen by the
authorities as just an item in the budget that needs to be cu.

In the past two years the Jozef Stefan Institute has reacted to the culs in government funding by increasing its income from
the EU and from external partners. This is the main reason why we have managed fo keep our doors open for young people.
Lam aware of the risks of this strategy, but it is worthy of the name of our Institute.

s

Prof. Jadran Lenarcic
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 build a Physics
Institute

1949

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

1952

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

1954

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

1956

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

1958

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

1959

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

Mass spectrometer at the JSI (about 1960)
1962

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

1966

~ Nuclear research reactor TRIGA starts operation

1968

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

1969

~  Institute is renamed as the Jozef Stefan Institute

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

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

Institute buildings after the opening in 1953

1972

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

1974

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

~  SEPO group for evaluating environmental interventions is established

1976

~  First Yugoslav 8-bit processor computer DARTA 80

1979

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

~  First robot in Slovenia is constructed

1982

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

1983

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

The Reactor Centre, Podgorica, built in 1966
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1985

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

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

1987

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

Nuclear magnetic resonance spectrometer

1989

~  Milan Copi¢ Nuclear Training Centre established

1990

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

1992

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

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

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

[ 1]
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1995

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

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

1997

~  3.5-MeV electrostatic accelerator, TANDETRON, installed

1999

~  Jozef Stefan Institute celebrates its 50™ anniversary

2003

~  Jozef Stefan International Postgraduate School established

2004

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

2007

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

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

The beginnings of robotics at the JSI, in 1985

FORMER DIRECTORS

Prof. Anton Peterlin,

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

Lucijan Sinkovec, B. Sc., 1959-1963

Prof. Milan Osredkar, 1963—1975

Prof. Boris Frlec, 1975—1984

Prof. Tomaz Kalin, 1984—1992

Prof. Danilo Zavrtanik, 1992—1996

Prof. Vito Turk, 1996—2005

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

BOARD OF GOVERNORS

DIRECTOR

SCIENTIFIC COUNCIL

RESEARCH DEPARTMENTS

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

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¢
Engineering Ceramics (K-6)

Prof. Tomaz Kosmac
Nanostructured Materials (K-7)
Prof: Spomenika Kobe
Synthesis of Materials (K-8)

Prof: Darko Makovec
Advanced Materials (K-9)

Prof: Danilo Suvorov

Artificial Intelligence Laboratory (E-3)
Prof. Dunja Mladenic
Open Systems and Networks (E-5)
Prof. Borka Jerman Blazi¢
Communication Systems (E-6)
Asst. Prof. Mihael Mohorci¢
Computer Systems Department (E-7)
Prof. Franc Novak
Knowledge Technologies (E-8)
Prof. Nada Lavrac
Intelligent Systems (E-9)
Prof. Matjaz Gams

Reactor Techniques and Energetics

Reactor Engineering (R-4)
Prof Leon Cizelj
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CENTRES

Reactor Centre (RIC)
Prof: Borut Smodis
Networking Infrastructure Centre (NIC)
Viadimir Alkalaj, M. Sc.
Science Information Centre (SIC)
Dr: Luka Sustersic
Energy Efficiency Centre (EEC)
Stane Merse, M. Sc.
Centre for Knowledge Transfer in Information
Technologies (CT-3)
Mitja Jermol, M. Sc.
Milan Copi¢ Nuclear Training Centre (IGJT)
Prof. Igor Jencic
Centre for Electron Microscopy (CEM)
Prof Miran Ceh
Centre for Technology Transfer and Innovation (CTT)
Dr. Spela Stres
Microanalytical Instrumental Centre (MIC)
Asst. Prof. Primoz Pelicon
Combined Atomic Microscope (UHV-AFM/STM)
Prof: Maja Remskar

Helium Liquifier with Superconducting Magnet and
Helium Regeneration System
Milan Rozmarin, B. Sc.
Mass Spectrometry Centre
Dr. Dusan Zigon
National Centre for Microstructure and Surface Analysis
Prof: Miran Ceh
National Centre for High Resolution NMR Spectroscopy
Prof- Janez Dolinsek
Centre for Protein Structure
Prof: Dusan Turk
Nanolitography and Nanoscopy
Prof. Dragan Dragoljub Mihailovic
Centre for Experimental Particle Physicis
in International Laboratories

Prof: Marko Mikuz

Hot Cells Facility

Prof. Borut Smodis

Video-conferencing Centre
Prof: Borka Jerman Blazic

ADMINISTRATION, SERVICES AND SUPPORT UNITS

Administration and Services

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

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

Public Relations
Polona Strnad, B. Sc.
Technical Services (TS)

Ales Cesar, B. Sc.

Support Units

Radiation Protection Unit (SVPIS)
Matjaz Stepisnik, M. Sc.
Quality Assurance (QA)
Ljubo Fabjan, M. Sc.
Centre for Business Applications (CPO)
Mato Nowak, B. Sc.
Workshops

Franc Setnikar, B. Sc.

PARTICIPATION IN THE REGIONAL DEVELOPMENT OF RESEARCH

Ljubljana Technology Park Ltd.

I
University of Nova Gorica

Jozef Stefan International
Postgraduate School

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

Nanotesla Institute Ljubljana

Development Centre for Hydrogen
Technologies

Technology Centres

Technology Centre for Production

Security Technology
Competence Centre (SETTCE)

Centres of Excellence
C____________________________________________________________________________________________________________________________________________________________ ‘!

Nanocenter - Center of Excellence in
Nanoscience and Nanotechnology

Centre of Excellence for Polymer
Materials and Technologies (PoliMaT)

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

Centre of Excellence NAMASTE

EN-FIST Centre of Excellence

CEBIC Centre of Excellence for Biosensors,
Instrumentation and Process Control

CO NOT: Centre of Excellence for Low-
Carbon Technologies

Centre of Excellence for Space Sciences

and Technologies SPACE-SI
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MANAGEMENT

DIRECTORATE

Director JSI

Prof. Jadran Lenarcic

Advisers

JoZe KaSman, B. Sc.
Dr. Boris Pukl
Marta Slokan, LL. B.

BOARD OF GOVERNORS

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

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

Dr. Tomaz Boh, Ministry of Education, Science and Sport

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

Prof. Marko Mikuz, /57

Peter Ribari¢, M.Sc., Ministry for Economic Development and Technology

Prof. Franc Solina, Ministry of Education, Science and Sport
Prof. Stanko Strmc¢nik, /57

SCIENTIFIC COUNCIL

until 15 May 2013

Prof. Dragan Dragoljub Mihailovic, President
Prof. Denis Arcon

Prof. Leon Cizelj

Prof. Milena Horvat

Prof. Spomenka Kobe

Prof. Borka DZonova Jerman Blazi¢

Prof. Jadran Lenarci¢

Prof. Andrej Likar

Prof. Marko MikuZ

Prof. Ingrid MiloSev, Deputy President

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

Prof. Danilo Suvorov

Prof. Vito Turk

Asst. Prof. Leon Zlajpah

10

since 16 May 2013

Prof. Dragan Dragoljub Mihailovic, President
Prof. Denis Arcon

Prof. Leon Cizelj

Prof. Miran Ceh

Prof. Borka Dzonova Jerman Blazi¢

Prof. Milena Horvat

Prof. Spomenka Kobe

Prof. Jadran Lenarci¢

Prof. Marko Mikuz

Prof. Ingrid MiloSev, Deputy President
Asst. Prof. Dunja Mladenic¢

Prof. Peter Prelovsek

Prof. Ziga Smit

Prof. Vito Turk

Asst. Prof. Leon Zlajpah, Deputy President
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1949-2013

1949
1950
1951
1952
1953
1954

400 500

600

700 800 900 1000

114

138

1955 174

1956 215

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

L/34

1273

9

1291

90

1335

93

1 350

96

1367

1 375

20

1 400

B3

1444

] 457

1443

1 412

1403

1 420

1452

M5

1 480

52

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

515

1 534

59

1558

200

1593

D6

1 634

B3

1 632

1687

1630

225

1 652

255

1 675

256

1667

280

1702

293

1732

1 749

347

1813

349

1 852

1 895

1 909

1 895

403

1 858

295

1 809
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RECIPIENTS OF THE JSI AWARDS

AND TITLES

HONORARY MEMBERS

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

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

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

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

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

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

1949 to 1955 (1908 - 1993)
ASSOCIATE MEMBERS

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

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

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

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

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

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

Prof. Henrik Buchowsky, Politechnika Warszawska, Warszawa, Poland

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

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

Prof. Hans Fritz, Universitit Miinchen, Munich, Germany

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

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

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

Prof. Rudolf Hoppe, Universitit Giessen, Giessen, Germany

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

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

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

Prof. Raymond Kind, ETH, Zurich, Switzerland

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

Prof. Ridiger Mews, Universitit Bremen, Bremen, Germany

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

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

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

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

Prof. Herbert W. Roesky, Universitit Gottingen, Gttingen, Germany

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

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

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

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

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

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

Prof. Vlado Valkovic, Zagreb, Croatia

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

EMERITUS SCIENTISTS

Prof. France Brem$ak®
Prof. Peter Gosar

Prof. Darko Jamnik

Prof. Gabrijel Kernel

Prof. Borut Mavko

Prof. Miodrag V. Mihailovi¢
Prof. Rasa Matija Pirc

Prof. Marjan Senegacnik®
Prof. Boris Zemva

EXTERNAL ADVISERS

Prof. Savo Bratos, Université Pierre et Marie Curie, Paris, France
Marko Bulc, B. Sc., Ljubljana, Slovenia
Prof. Davorin Dolar?, Slovenian Academy of Sciences and Arts,
Ljubljana, Slovenia
Zdravko Gabrovsek, B. Sc., Slovenia
Prof. Dusan Hadzi, National Institute of Chemistry, Ljubljana, Slovenia
Prof. Karl A. Miiller, Nobel Prize Winner, IBM Research Laboratory,
Zurich, Switzerland
Prof. Bogdan Povh, Max-Planck-Institut 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-Universitit, Munich, Germany
Prof. Andrej Zupancic?, Slovenian Academy of Sciences and Arts, Ljubljana, Slovenia
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INTERNATIONAL ADVISORY BOARD

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

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

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

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

Prof. Ernst Giinther Afting, GSF, Neuherberg, Germany

Prof. Akito Arima, Riken, Tokyo, Japan

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

Prof. Richard Brook, EPSRC, Swindon, United Kingdom

Prof. Julio Celis, Aarhus University, Aarhus, Denmark

Prof. Brian Clark, Aarhus University, Aarhus, Denmark

Prof. Barge Diderichsen, Novo Nordisk, Bagsvaerd, Denmark

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

Prof. Reinosuke Hara, Seiko Instruments, Tokyo, Japan

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

Prof. Dietrich Munz, Universitit Karlsruhe, Karlsruhe, Germany

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

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

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

Annual Report 2013 13
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INTERNATIONAL COOPERATION

Multilateral international cooperation No. of projects

14

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

117

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

7.FP - EURATOM
ESRR

OTHERS (COST, IAEA, EIE, IRMM, ESA, NATO, CIP, CE, SEE, EMRP, WHO, LIFE+, ARTEMIS ...)
TOTAL

35

16

178
346

Bilateral cooperation No. of projects Bilateral cooperation No. of projects

Argentine 3
Belgium 1
Brazil 1
China 5
Montenegro 3
Cyprus 1
France 19
Croatia 7
Italy 2

Japan 7
Korea 1
Macedonia 1
Romania 4
Russia 2
Serbia 5
Turkey 1
Ukraine 4
USA 18
TOTAL 85

INTERNATIONAL COOPERATION
AGREEMENTS

In 2013, cooperation agreements were signed between the JoZef Stefan Institute and:

L

o ~

o

Los Alamos National Laboratory (LANL), Los Alamos; Sandia National
Laboratories (SNL), USA (F1)

Stichting INCAS, Assen, The Netherlands (F2)

Harder Ditial Sova a.d., Ni§, Serbia (F4)

Institute of Electronic Materials Technology, Warsaw, Poland (F5)
Kimberly-Clark Europe Limited, Surrey, Great Britain (F5)

Westinghouse Electric Sweden AB, Vasteras, Sweden; Westinghouse Electric
Company LLC, Pennsylvania, USA (F8)

The United Kingdom Atomic Energy Authority (CCFE) of Culham Science Centre,
Abingdon, Oxfordshire, United Kingdom, (F8)

Los Alamos National Security, LLC, Los Alamos National Laboratory, Technology
Transfer Division, Los Alamos, NM, USA (F8)

The Centre National de la Recherche Scientifique, Paris, France (B2)

VIB vzw, Zwijnaarde, Belgium (B2)

. University of Milan, Milan, Italy (B2)

Institute of Metrology of Bosnia and Herzegovina, Sarajevo, Bosnia and
Herzegovina (02)

Al-Farabi Kazakh National University, Almaty, Kazakhstan (02)

State Ecological Academy of Postgraduate Education and Management, Kiev,
Ukraine (02)

. The Foundation INCAS3, Assen, The Netherlands (E6, E9)

GainSpan Corporation, San Jose, CA, USA (E7)

Johannes Gutenberg University Mainz, Mainz, Germany (RIC)
Knowledge 4 All Foundation Ltd., London, United Kingdom (CT3)
Fish & Richardson P. C., Minneapolis, Minnesota, USA (CTT)

. Bastille LLC, Memphis, TN, USA (CTT)
. Goodyear S.A., Colmar-Berg, Luxembourg (CTT)
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COOPERATION WITH
UNIVERSITIES

FULL-TIME FACULTY MEMBERS

Professors

L

21.
22.

23
24.
25.

26.
27.

28.
29.
30.

3L

32.

33.
34.

35.

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

Prof. Janez Bonca, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Ivan Bratko, Academician, University of Ljubljana, Faculty of Computer
and Information Science

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

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

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

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

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

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

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

Prof. Jus Kocijan, University of Nova Gorica

Prof. Gregor Cigler, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Samo Korpar, University of Maribor, Faculty of Chemistry and
Chemical Engineering

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

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

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

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

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

Prof. Andrej Likar, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Marko Mikuz, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Igor Musevic, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Rudolf Podgornik, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. TomaZz Podobnik, University of Ljubljana, Faculty of Mathematics
and Physics

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

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

36.

37.
38.

39.
40.
41.
42.
43.
44.

45.
46.

47.

48.
49.
50.

Asst. Prof. Iztok Savnik, University of Primorska, Faculty of Mathematics,
Natural Sciences and Information Technologies

Prof. Janez Seliger, University of Ljubljana, Faculty of Mathematics and Physics
Prof. John Shawe-Taylor, University College London, Centre for Computational
Statistics and Machine Learning

Prof. Janez StepiSnik, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Sasa Svetina, Academician, University of Ljubljana, Faculty of Medicine
Prof. Simon Sirca, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Ziga Smit, University of Ljubljana, Faculty of Mathematics and Physics
Prof. Borut Strukelj, University of Ljubljana, Faculty of Pharmacy

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

Asst. Prof. Tanja Urbancic, University of Nova Gorica

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

Prof. Danilo Zavrtanik, University of Nova Gorica

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

Assistants and researchers

1.

2.
3.
4.

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

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

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

PART-TIME FACULTY MEMBERS

Professors

1.

11

12.

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

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

Asst. Prof. Ale$ Berlec, University of Ljubljana, Faculty of Pharmacy

Asst. Prof. Slavko Bernik, JoZef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Anton Biasizzo, Jozef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Vid Bobnar, JoZef Stefan International Postgraduate School, Ljubljana
Prof. Marko Bohanec, University of Nova Gorica, School of Enginnering and
Management and Jozef Stefan International Postgraduate School, Ljubljana
Prof. Vladimir Cindro, University of Ljubljana, Faculty of Natural Sciences and
Technology

Prof. Leon Cizelj, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Uros Cvelbar, Jozef Stefan International Postgraduate School, Ljubljana
Prof. Miran Ceh, University of Ljubljana, Faculty of Chemistry and Chemical
Technology and JoZef Stefan International Postgraduate School, Ljubljana

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

14.
15.

16.

17.

18.

19.
20.

21.

22.
23
24.
25.

26.

27.

28.
29.

30.

3L

32.

33.

34.

35.

30.
37.

38.

39.

40.
41.

42,

43.
44.

45.

o Jozef Stefan Institute

Prof. Marko Debeljak, JoZef Stefan International Postgraduate School,
Ljubljana, University of Ljubljana, University of Primorska, University of Nova
Gorica, University of Tennessee, USA, University of Lorain, France

Asst. Prof. Goran Drazic, JoZef Stefan International Postgraduate School, Ljubljana
Prof. Saso DZeroski, University of Maastricht, The Netherlands and Jozef Stefan
International Postgraduate School, Ljubljana

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

Asst. Prof. Tomaz Erjavec, Jozef Stefan International Postgraduate School,
Ljubljana

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

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

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

Asst. Prof. Marko Fonovic, Jozef Stefan International Postgraduate School, Ljubljana
Prof. MatjaZ Gams, University of Ljubljana, Faculty of Computer and
Information Science, Jozef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Marko Gerbec, JoZef Stefan International Postgraduate School, Ljubljana
Prof. Ester Heath, JoZef Stefan International Postgraduate School, Ljubljana
Prof. Milena Horvat, Jozef Stefan International Postgraduate School, Ljubljana,
University of Maribor, Faculty of Mechanical Engineering

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

Asst. Prof. Bostjan Jancar, JoZef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Tomaz Javornik, JoZef Stefan International Postgraduate School,
Ljubljana

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

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

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

Asst. Prof. Ivo Kljenak, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Tomaz Klobucar, JoZef Stefan International Postgraduate School,
Ljubljana, DOBA Faculty of Applied Business and Social Studies, Maribor

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

Prof. Jus Kocijan, University of Nova Gorica, School of Engineering and
Management and JoZef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Robert Kocjancic, Jozef Stefan International Postgraduate School, Ljubljana
Prof. Ivan Aleksander Kodeli, University of Maribor, Faculty of Energy
Technology

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

Prof. Branko Konti¢, University of Nova Gorica

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

46.

47.

48.
49.

50.
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52.

53.
54.
55.
56.
57.
58.
59.
60.

61.

02.
03.

04.

65.
00.

67.

08.
09.

70.

71
72.

73.

74.

5.
76.

Asst. Prof. Barbara Korousic Seljak, JoZef Stefan International Postgraduate School
Prof. Tomaz Kosmac, University of Ljubljana, Faculty of Natural Sciences and
Technology, Medical Faculty and JoZef Stefan International Postgraduate School,
Ljubljana

Dr. Igor Kovac, Fachhochschule Joaneum, Graz, Austria

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

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

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

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

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

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

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

Asst. Prof. Darja Lisjak, Jozef Stefan International Postgraduate School, Ljubljana
Prof. Sonja Lojen, University of Nova Gorica, School of Environmental Sciences
Prof. Boris Majaron, University of Ljubljana, Faculty of Mathematics and
Physics

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

Prof. Barbara Malic, JoZef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Igor Mandic, University of Ljubljana, Faculty of Natural Sciences and
Technology

Prof. Borut Mavko, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Paul McGuiness, Jozef Stefan International Postgraduate School,
Ljubljana

Prof. Igor Mekjavic, University of Portsmouth, Institute of Biomedical and
Biomolecular Sciences, Portsmouth, United Kingdom

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

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

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

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

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

78. Asst. Prof. Gregor Papa, Jozef Stefan International Postgraduate School, Ljubljana

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

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

81.  Asst. Prof. Uro§ Petrovic, University of Nova Gorica, School of Environmental
Sciences, School for Viticulture and Enology

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

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

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

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

86. Prof. Boris Rogelj, University of Ljubljana, Faculty of Chemistry and
Chemical Technology

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

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

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

90. Prof. Marko Stari¢, University of Ljubljana, Faculty of Mathematics and Physics

91. Prof. Stojan Stavber, Jozef Stefan International Postgraduate School, Ljubljana

92. Prof. Vekoslava Stibilj, Jozef Stefan International Postgraduate School,
Ljubljana

93.  Prof. Veronika Stoka, JoZef Stefan International Postgraduate School, Ljubljana

94. Prof. Stanislav Strm¢nik, University of Nova Gorica, School of Engineering and
Management

95. Prof. Danilo Suvorov, University of Ljubljana, Faculty of Chemistry and
Chemical Technology and Faculty of Mathematics and Physics, Jozef Stefan
International Postgraduate School, Ljubljana

96. Prof. Janez S¢ancar, JoZef Stefan International Postgraduate School, Ljubljana

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

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

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

100.

101. Asst. Prof. Saso Sturm, Jozef Stefan International Postgraduate School, Ljubljana

102.

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

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

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

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

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

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

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

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

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

111.
112.

113.

114.
115.

116.

117.

118.
119.
120.

[
Jozef Stefan Institute 3:

Nova Gorica and Jozef Stefan International Postgraduate School, Ljubljana

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

Asst. Prof. Damir Vrancic, JoZef Stefan International Postgraduate School and
University of Maribor, Faculty of Logistics

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

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

Prof. Eva Zerovnik, JoZef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Matjaz Zitnik, University of Ljubljana, Faculty of Mathematics and Physics
Asst. Prof. Leon Zlajpah, JoZef Stefan International Postgraduate School, Ljubljana
Asst. Prof. Bernard Zenko, Faculty of Information Studies, Novo Mesto

Asst. Prof. Martin Znidar$i¢, Faculty of Information Studies, Novo Mesto

Assistants and researchers

1.

30.

31
32.
33.
34.
35.
36.
37.

38.
39.

Dr. Tanja Arh, JoZef Stefan International Postgraduate School, Ljubljana, DOBA
Faculty of Applied Business and Social Studies, Maribor

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

Dr. Klemen Bucar, University of Ljubljana, Faculty of Mathematics and Physics
Blaz Fortuna, B. Sc., Jozef Stefan International Postgraduate School, Ljubljana
Matej Gasperin, B. Sc., University of Nova Gorica

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

Dr. Bostjan Kaluza, JoZef Stefan International Postgraduate School, Ljubljana

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

Dr. Bostjan Koncar, University of Ljubljana, Faculty of Mathematics and Physics
Jurij Koruza, B. Sc., University of Ljubljana, Faculty of Natural Sciences and
Technology

Dr. Petra Kralj, JoZef Stefan International Postgraduate School, Ljubljana

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

Dr. Matjaz Leskovar, University of Ljubljana, Faculty of Mathematics and Physics
Dr. Mitja Lustrek, Jozef Stefan International Postgraduate School, Ljubljana

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

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

. Dr. Vid Podpecan, University of Ljubljana, Faculty of Mathematics and Physics

. Vladimir Radulovi¢, University of Nova Gorica, School of Applied Sciences

Eva Ribe?l, B. Sc., University of Ljubljana, Faculty of Mathematics and Physics

. Dr. Andrej Proek, University of Ljubljana, Faculty of Mathematics and Physics
. Dr.Igor Sega, University of Ljubljana, Faculty of Mathematics and Physics

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

. Tina Sfiligoj, B. Sc., University of Ljubljana, Faculty of Mathematics and Physics
. Dr. Miha Skarabot, University of Ljubljana, Faculty of Chemistry and Chemical

Technology and Faculty of Mathematics and Physics

Dr. Primo7 Skraba, University of Ljubljana, Faculty of computer and
information science

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

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

Dr. Matjaz Vencelj, University of Ljubljana, Faculty of Mathematics and Physics
Dr. Vedrana Vidulin, Jozef Stefan International Postgraduate School, Ljubljana
Dr. Mojca Vilfan, University of Ljubljana, Faculty of Mathematics and Physics
Dr. Darko Vrecko, University of Nova Gorica, School of Environmental Sciences
Dr. Andrej Zorko, University of Ljubljana, Faculty of Natural Sciences and
Technology and Faculty of Chemistry and Chemical Technology

Zerovnik Gasper, University of Maribor, Faculty of Energy Technology

Dr. Dusan Zigon, Joef Stefan International Postgraduate School, Ljubljana
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DELEGATIONS AND VISITORS

Members of the National Assembly of the Republic of Slovenia, 17 January 2013
Ms Alenka Bratusek, Prime Minister of the Republic of Slovenia 17 April 2013

Ms Sunita Williams, Astronaut, 20 May 2013

Delegation of Kimberly-Clark Corporation, 22 April 2013

Delegation of Filc, d. d., Skofja Loka, 17 June 2013

Prof. Hiroshi Ishiguro, Hiroshi Ishiguro Laboratories, ATR, Japan, 11 October 2013
Delegation of Yaskawe, Japan, 12 November 2013

Delegation of UNIDO-ICPE, 18 November 2013

Delegation of National Center for Scientific Research (Centre National de la
Recherche Scientifique - CNRS ), France, 18 November 2013
Ms Francesca Grassia, Deputy Director of European Research Area-East

Ms Florence Noble, Deputy Scientific Director, Institute of Biological Sciences (INSB . L
Depuy A & (INSB) Sunita Williams and Prof. Jadran Lenarcic

ART EXHIBITIONS AT THE JSI

Riko Debenjak, 21 January-14 February

Borut Peterlin, 18 February-14 March

Sreco Dragan, Lujo vodopivec, Tugo Susnik, 18 March-11 April
Zvonko Coh, 15 April-9 May

Joie Slak-Doka, 13 May-6 June

Barbara Demsar, 10 June-4 July

Ljubljana Fine Artists Society, 8 July-29 August
Masa Gala, 2 September-26 September

Adolf Mlja¢, 30 September-24 October

Saso Vrabic, 11 November-5 December

Gregor Pratneker, 9 December- 16 January 2014

Prof. Jadran Lenarcic, Direclor of the JSI, and Sreco Dragan at the
opening of the exhibition
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INSTITUTE COLLOQUIA

16 January: Marko Bohanec

Jozef Stefan Institute

Qualitative multiparametric modeling and DEX method: Yesterday,
today, and tomorrow

30 January: Gregor Anderluh
National Institute of Chemistry, Ljubljana
Biol. oical pores

r

20 February: Sadamichi Maekawa
Tohoku University, Sendai, Japan
Spin-motive force as a new energy conversion mechanism

6 March: Antonio Siber
Institute of Physics, Zagreb, Croatia
Some physics of viruses and the grand questions still unanswered

19 March: Peter Suhadolc
University of Trieste, Trieste, Italy
Achievements and challenges of modern seismology

21 March: Janez Bonca
University of Ljubljana and Jozef Stefan Institute
Nonequilibrium dynamics of correlated systems

22 March: Luka Snoj
Jozef Stefan Institute
Will we generate energy from water?

28 March: Luiz A. DaSilva
Trinity College, Dublin, Ireland
Orchestrating virtual wireless networks from shared resource pools

3 April: Cristian Micheletti
Scuola Internazionale Superiore di Studi Avanzati, Trieste, Italy
The knotted strands of life

9 April: Luigi Colombo
Texas Instruments Incorporated, Dallas, USA
Graphene and graphene device integration: A materials perspective

24 April: Bostjan Zalar
Jozef Stefan Institute
Liquid-crystalline elastomers: In search of morphing plastics

8 May: Juergen Kurths

Potsdam Institute for Climate Impact Research and Humboldt University Berlin,
Berlin, Germany, and University of Aberdeen, Aberdeen, Great Britain
Synchronization in dynamical systems and complex networks and its
applications

22 May: Maja Cemazar

Institute of Oncology, Ljubljana

Application of electroporation in medicine: Electrochemotherapy and
electrogene therapy

5 June: Hrvoje Buljan
University of Zagreb, Zagreb, Croatia
Ultracold atomic gases as quantum abacus beads

28 August: Milovan Suvakov

Institute of Physics, Belgrade, Serbia

The Newtonian three-body problem: 13 new periodic solutions and
topological classification

13 September: Grzegorz Wrochna
National Centre for Nuclear Research at Swierk, Otwock-Swierk, Poland
Nuclear power today and tomorrow

17 September: Yosef Nir
Weizmann Institute of Science, Rehovot, Israel
Flavor physics: past, present, future

11 October: Hiroshi Ishiguro

Osaka University, Osaka and Advanced Telecommunications Research Institute
International, Kyoto, Japan

Robots, humans, and media

27 November: Miran Ceh

Jozef Stefan Institute

Scanning transmission electron microscopy: Applications in
malerials science

4 December: Slobodan Zumer
University of Ljubljana, Jozef Stefan Institute, and NAMASTE Center of Excellence
Topological soft matter

11 December: Sasa Novak Krmpoti¢
Jozef Stefan Institute
Materials for bone replacement and regeneration
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FINANCING

REVENUES JSI (€) AND NUMBER OF PROJECTS

Contribution Contribution No. of Projects

2013 2012 Index 2013/2012 in 2013
National Agencies and Ministries 31,811,691 68.5 % 33,267,535 71.1% 95.5 464

International Market 8,526,897 184 % 7,924,955 169% 1076 326

46,463,389 100.0 % 46,790,307 100.0 %

POSTGRADUATES FINANCED 1985-2013

by Slovenian Research Agency by Industry
105 9
71
64 68
5% 5 3
I Ly
T . 373841 139 ¢
I 2795 235 22 Bk 3 o . .
1
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Jozef Stefan Institute

JSI UNDERGRADUATE
SCHOLARSHIPS -

FMF FKKT | FKKT ' ) 3 FEand | Other | FGand

UNILJ | UNIMB FRI UNILJ | FERI

Physics Mathematics

... 1982 115 100 50 12 315

1984 11 3

1986 16 8 22 2

1988 26 7 1 27 2

1990 26 5 2 25

1992 22 17 1

1994 7 1

1996 2

1998 1

2000 1

2002 4 3 10

2004 4 1 15 1 2

2006 2 1 17

2008 2 1 13 3 2 15 1

2010 2 2 1 1 3 10 2 5 43

2012 2 6 3 5 36

e

FMF . Taculty 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 PS 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
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COMPLETED THESES

UNTIL 2013

Ph. D. M. Sc.
Theses Theses
1962 15 6 21
oo T
1964 7 2 9
Cooms 6
1966 2 2
%y 88
1968 4 8 12
B
1970 2 12 14
oo 76 B
1972 11 24 35
w3 8 4 onm
1974 21 10 31
R 7R (R -
1976 6 31 37
B /A A
1978 10 20 30
B/ A | .
1980 13 10 23
o8 o2 5T
1982 13 18 31
B A
1984 14 17 31
Coows 6 M 0
1986 8 15 23

Ph.D.
Theses
1988 12 26 38
ooy s B 8
1990 16 41 57
D A A
1992 19 42 61
- -
1994 27 37 64
A
1996 38 25 63
ooy B
1998 21 20 41
R T R A
2000 36 27 63
o3 sy
2002 29 19 48
B
2004 31 20 51
Coows o2 7y
2006 22 2 24
oo 2% 7B
2008 29 5 34
oo 307
2010 33 5 38
| | <
2012 47 4 51
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PATENTS GRANTED

Jozef Stefan Institute §

1. S.G. Psakhie, Volia Isaevich Itin, D. A. Magajeva, O. G. Terehova, E. P. Najden,
Olga Vasiljeva, Georgij Mihajlov Andrejevi¢, UrSka Mikac, Boris Turk
Contrast agent for T1 and/or T2 magnetic resonant scanning and method for
preparing it
Patent No. RU2471502 (C1), Federal Service for Intellectual Property, 10.1.2013.

1. Bojan Likar, Robert Posel, Andreas Kalagasidis, Tomaz Javornik, Gorazd Kandus,
Janez Sterle, Urban Sedlar, Janez Bester, Andrej Kos, Luka Mali
Method for self organizing network operation
Patent No. US8472334 (B2), US Patent Office, 25.6.2013.

2. Maja Remskar, Marko Virsek, Miha Kocmur, Adolf Jesih
Procedure for synthesis of threadlike tungsten oxide W5014
Patent No. US8496907 (B2), US Patent Office, 30.7.2013.

3. Luca Gregoratti, Marco Peloi, Marija Kosec, Danjela Kuscer, Giuseppina Palma
A material in the form of lithium fluoride powder containing colour centres,
method for preparation and use thereof
Patent No. US8535434 (B2), US Patent Office, 17.9.2013.

4. Janez Pir§, Matej Bazec, Silvija Pir$, Bojaan Marin, Bernarda Urankar, Dusan
Ponikvar
Variable contrast, wide viewing angle LCD light-switching filter
Patent No. US8542334 (B2), US Patent Office, 24.9.2013.

5. Bojan Likar, Robert Posel, Andreas Kalagasidis, Tomaz Javornik, Gorazd Kandus,
Mihael Mohoric, Ales Svigel, Janez Bester, Andrej Kos, Miha Smolnikar
Iterative localization techniques
Patent No. US8565106 (B2), US Patent Office, 22.10.2013.

6. Idalstinic, Meti Buh Gaspari¢; Jerica Saboti¢;, Kristina Gruden, JoZe Brzin, Jana Zel
Use of macrocipines as pesticidal agents
Patent No. 123835 (A), Slovenian Intellectual Property Office of Russia,
28.2.2013.

7. Matjaz Gams, Rok Piltaver, Erik Dovgan, Andrej Planina, Gasper Pintari¢, Bogdan
Pogorelc
Intelligent surveillance system and procedure for detection of unusual behaviour
Patent No. SI23855 (A), Slovenian Intellectual Property Office, 28.2.2013.

8. Borut Strukelj, Samo Kreft, Damjan Janes, Nina Kocevar Glavac, Eva Tavcar,
Marko Slokar, Ante Zaloker, Viktor Grilc, Ivan Mirt, Zeljko Cerovecki
Complex antioxidant extract from the bark of fir tree with cyclodextrins
Patent No. S123862 (A), Slovenian Intellectual Property Office, 29.3.2013.

10.

1L

12.

13.

14.

15.

16.

17.

Borut Strukelj, Samo Kreft, Damjan Janes, Nina Kocevar Glavag, Eva Tavéar,
Marko Slokar, Ante Zaloker

Refined liquid antioxidant extract from the bark of fir tree and process for its
production

Patent No. S123867 (A), Slovenian Intellectual Property Office, 29.3.2013.
Silvan Bucik, Borut Baricevi¢, Borut Repic, Matjaz Vencelj

Amethod of analog and digital signal processing of information contained in
pulses, and a device for achieving the same.

Patent No. $123959 (A), Slovenian Intellectual Property Office, 28.6.2013.
Andrej Kovi¢, Adolf Jesih, Ale§ Mrzel

The procedure for the synthesis of 4d and 5d (Nb, Mo Ta, W) nitrites of transition
metals in the form of quasi-one-dimensional structures

Patent No. 8123988 (A), Slovenian Intellectual Property Office, 30.8.2013.
Kostja Makarovic, Janez Holc, Darko Belavi¢, Marko Hrovat, Marija Kosec
Multilayer ceramic structures for non-contact dielectric heating of liquids
Patent No. 8124008 (A), Slovenian Intellectual Property Office, 30.8.2013.
Primoz Titan, Jernej Iskra, Vladimir Megli¢

Chemical hybridization of hermaphrodite plant species with easily soluble
derivatives of oxanilic acid

Patent No. 8124033 (A), Slovenian Intellectual Property Office, 30.10.2013.
Gregor Cerne, Mitja Bizjak, Bogdan Filipi¢, Tea Tusar, Erik Dovgan

Asystem for offer selection and request formation in demand response and
distributed production of electrical energy

Patent No. S124057 (A), Slovenian Intellectual Property Office, 30.10.2013.
Marina Santo-Zarnik, Darko Belavi¢, Marjan Hodnik, Sandi Kocjan

A pressure-sensor module with a ceramic cantilever sensing structure
Patent No. S124085 (A), Slovenian Intellectual Property Office, 29.11.2013.
Marija Vukomanovic, Sreco D. Skapin, Danilo Suvorov

Composites materials based on ceramic phase and metal with functionalized
surface as environmentally-friendly materials with antibacterial activity, a
process for preparing and use thereof

Patent No. 124094 (A), Slovenian Intellectual Property Office, 31.12.2013.
Igor Kovac, Borut Lenart, Bojan Nemec, Marko Scortegagna, Leon Zlajpah
Humanoid torso mechanism

Patent No. S124099 (A), Slovenian Intellectual Property Office, 31.12.2013.
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AWARDS AND APPOINTMENTS

AWARDS MADE TO JSI RESEARCHERS
BY THE REPUBLIC OF SLOVENIA

Zois Award and Zois Certificate of Recognition

Janko Kos
Presented with the Zois Award for the highest scientific achievements in the field of
proteolytic enzymes and their regulation

Nada Lavrac
Presented with the Zois Certificate of Recognition for her work in intelligent data
analysis

Sasa Novak Krmpoti¢
Presented with the Zois Certificate of Recognition in the field of materials

JSTAWARDS AND APPOINTMENTS

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

Lev Vidmar
Influence of phonons on physics of strongly correlated electron systems

Jernej Jorgacevski
Fusion pore properties of cultured rat lactotrophs

Marko Sedlacek
Influence of surface topography on tribological behavior of contact surfaces

SELECTED OTHER AWARDS TO JSI
RESEARCHERS

Nemanja Anici¢, Award of the Henkel Slovenia Foundation for B. Sc. Thesis, Faculty
of Chemistry and Chemical Engineering, University of Maribor, Maribor, »Application
of the population balance model for the prediction of concentrated emulsion droplet
size distributionc.

Leon Bedrac, Krka Awards for PhD Thesis, Novo mesto, Slovenia, 2013

Marko Bohanec, Best paper reward on International Conference 26th Bled eConference
- elnnovation: Challenges and Impacts for Individuals, Organizations and Society

Sandra Drev, Aleksander Recnik, Nina Daneu, ,Twinning and inclusions in
chrysoberyl from Pratinhas, Brazil‘, MC2013 Best poster award in Materials scince at
the MC2013 Microscopy Conference, Regensburg, Germany, 25 - 30 August 2013

Saso DZeroski, Nikola Simidjievski, Ljupco Todorovski, Best ICT paper on 5th Jozef
Stefan International Postgraduate School Students Conference

Jernej Fesel Kamenik, “Svecana listina” award for exceptional scientific and
educational achievements, University of Ljubljana

The winners of Zois Award and Zois Certificates of Recognition. Prof. Nada Lavrac, Prof. Janko Kos and Asst. Prof.

Sasa Novak Krmpotic
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Matjaz Gams, Hristijan Gjoreski, Simon Kozina, Mitja Lustrek, 1st place at

the international activity-recognition competition, EVAAL 2013 (Evaluating AAL
Systems through Competitive Benchmarking), Norrkoping, Sweden, The AAL Open
Association, RAReFall

Medeja Gec, Matic Krivec, Kristina Zagar, Luka Suhadolnik, Darja Jenko, Goran
Drazi¢, Miran Ceh, ,Comparison of TEM lamella preparation techniques on titania
nanotube-arrays/metal Ti interface*, MC2013 Best poster award in Instrumentation
and Methods, at the MC2013 Microscopy Conference, Regensburg, Germany, 25 - 30
August 2013

Matjaz GomilSek, Preseren Award of the Faculty of Mathematics and Physics for
Diploma thesis, University of Ljubljana, Ljubljana, Time irreversible billiards

Nadja Hvala, The article “Modelling, simulation and control of an industrial, semi-
batch, emulsion-polymerization reactor” in Computers and Chemical Engineering
Journal has according to Elsevier more than 500 downloads. It has been identified
as one of the most downloaded articles in this journal in the period from Sept. 2012 -
Aug. 2013 and has received a certificate for this contribution.

Marja Jeri¢, Miran Ceh, ,Molten salt synthesis of Nb-doped Sr3Ti207 platelet seeds,
The best poster among young researchers in the research field Nanomaterials and
Nanotechnology, 21st Conference on Materials and Technology, PortoroZ, Slovenia,
13 - 15 November 2013

Nina Kostevsek, Kristina Zuzek Rozman, Saso Sturm, Spomenka Kobe, ,Hybrid
FePt/Au Nanoparticles With a Combined Magneto-Photothermal Effect*, The best
presentation among young researchers in the research field Nanomaterials and
Nanotechnology, 21st Conference on Materials and Technology, PortoroZ, Slovenia,
13 - 15 November 2013

Primoz KoZelj, Best paper award, Ljubljana, The European Integrated Center for the
Development of New Metallic Alloys and Compounds, C-MAC days 2013, Ljubljana
Marjeta Kramar FijavZ, Best University Teacher Award at Department of Civil
Engineering, University of Ljubljana, Faculty of Civil and Geodetic Engineering,
awarded by the Student Council of the Faculty, Ljubljana, December 2013

[
Jozef Stefan Institute 3:

Igor Krizaj, Adrijana Leonardi, Dusan Kordis, Award of the Slovenian Research
Agency for an exceptional scientific achievement in 2012 in Slovenia in the field of
Biochemistry and Molecular Biology (Conus consors snail venom proteomics unveils
functions, pathways and novel families involved in its venomic system)

Zdravko Kutnjak, Mentor awards in 2013, the Society of Young Researchers Slovenia

Sebastjan Peljhan, Maks Samec Awards for PhD Thesis in the field of Chemistry,
Ljubljana, Slovenia, 2013

Vid Podpecan, The outstanding scientific achievement: Environment Orange4Ws for
service-oriented data mining, Applicant: Public Research Agency of the Republic of
Slovenia (SRA), the Scientific Council for Engineering

Aleksandra Rashkovska, Special prize for innovations for economy at the 6th
International Transfer Conference and Innovation Day 2013, Brdo pri Kranju, Smart
Thermo Therapy

Peter Rodi¢, Ingrid Milosev, Jernej Iskra, Barbara Kapun, 1st prize at the 6th
International Conference for technology transfer together with Innovation Day of
the Chamber of Commerce of Slovenia for innovation with largest market potential
after the selection of local and foreign experts in the field of technology transfer and
representatives of domestic and foreign venture capital, 2013

Luca Tubiana, Best PhD Thesis in Physics Award, Trieste, Italy, SISSA-ISAS.

Alenka Vesel, Award for the most cited article in the Journal Dyes and Pigments
in years 2010 and 2011. Title of the article: “Colorimetric properties of reversible
thermochromic printing inks”

Tea Zuliani, Radmila Milacic, Janez S¢ancar, the Poster Prize at the <2013 Winter
Conference on Plasma Spectrochemistry» taking place in Krakow, Poland, 10—15
February 2013, for her presentation entitled “Cr(VI) determination in soil solution by
speciated isotope dilution [CP-MS*

In 2013 United Nations and UNESCO award Videolectures.Net portal for best
educational product of the decade. The VideoLectures.Net was selected as the winner
in the “e- Science & Technology” category

The winners of the Jozef Stefan Golden Emblem Prize: Dr: Lev Vidmar, Dr. Jernej Jorgacevski and Dr. Marko Sedlacek
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REVIEW OF PUBLICATIONS

FOR 2013

Department Original Articles* Books Patent Appl. and

Grants

95 4
Department of Thin Films and Surfaces (F-3)

Department of Solid State Physics (F-5)

Department of Reactor Physics (F-8)

Department of Inorganic Chemistry and Technology (K-1)

Electronic Ceramics Department (K-5)

Department for Nanostructured Materials (K-7)

Department for Advanced Materials (K-9)

Department of Molecular and Biomedical sciences (B-2)

Department of Environmental Sciences (0-2)

Department of Systems and Control (E-2)

Laboratory for Open Systems and Networks (E-5)

Computer Systems Department (E-7)

Department of Intelligent Systems (E-9)

Reactor Infrastructure Centre (RIC)

Science Information Centre (SIC)

Milan Copi¢ Nuclear Training Centre (IC]T)

Centre for Technology Transfer and Innovation (CTT)

(e _

* Articles mJournals and Conference Proceedmgs, and Chapters in Books

Department of Theoretical Physics (F-1)
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KNOWLEDGE TRANSFER

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

R & D PROJECT PARTNERS

Abak.net, d.0.0., Murska Sobota

Acies Bio, d.0.0., Ljubljana

Adria Mobil, d.0.0. Novo mesto

Akripol, d.0.0., Trebnje

Amebis, d.0.0., Kamnik

Ames, d.0.0., Brezovica pri Ljubljani

ARAO-Slovenian Agency for Radioactive Waste Management,, Ljubljana
Arctur, d.0.0., Nova Gorica

YO 00 N O R D

B2, d.0.0., Ljubljana

10.  Balder, d.o.0., Ljubljana

11. Beyond Devices, d.0.0., Brezovica pri Ljubljani

12. BIA Separations, d.0.0., Ajdovscina

13. CDT skupina, d.0.0., Kropa

14. Central Technological Library at the University of Ljubljana, Ljubljana
15. Chemicals Office of the Republic of Slovenia, Ljubljana
16. Cosylab, d.d., Ljubljana

17. Creatim RZi$nik Perc, d.o.0., Sencur

18. Development Centre RC eNeM, d.o.0., Ljubljana

19. Domel, d.0.0., Zelezniki

20. Ecological Engineering Institute, d.0.0., Maribor

21. Ekliptik, d.o.0., Ljubljana

22. Elgoline, d.0.0., Cerknica

23. Ema, d.o.0., Celje

24. Entia, d.0.0., Ljubljana

25. Gama System, d.0.0., Ljubljana

26. Gen energija, d.0.0., Krsko

27. Gorenje, d.d., Velenje

28. Inea, d.0.0., Ljubljana

29. Informa Echo, d.0.0., Ljubljana

30. Institute of Microbial Sciences and Technologies, d.0.0., Domzale
31. IntecTiv, d.o.0., Kranj

32. Intech - Les, d.0.0., Rakek

33. JP CCN DomzZale-Kamnik, d.0.0., DomZale

34. JPVodovod-Kanalizacija, d.o.0, Ljubljana

35. Keko - Oprema, d.0.0., Zuzemberk

36. Knauf Insulation, d.0.0., Skofja Loka

industry. In this way the JSI introduced a new method of cooperation, showing
industry and the public that it is aware of its leading role, not only in research but also
in the transfer of knowledge into practice.

37. Kolektor Group, d.0.0., Idrija

38. Kolektor KFH, d.o.0., Idrija

39. Kolektor Sikom, d.o.0., Idrija

40. Kovinos, d.0.0., Horjul

41. Krsko Nuclear Power Plant, Krsko

42. Labena, d.o.0., Ljubljana

43. Lek, d.d., Ljubljana

44. Lotri¢ Metrology, d.0.0., Selca

45. Magneti Ljubljana, d.d., Ljubljana

46. MEIS storitve za okolje, d.0.0., Smarje Sap

47. Melamin kemicna tovarna d.d., Kocevje

48. Metrology Institute of the Republic of Slovenia, Celje

49. Milan Vidmar Electric Power Research Institute, Ljubljana

50. Ministry of Education, Science and Sport of the Republic of Slovenia, Ljubljana

51. Ministry of Infrastructure and Spatial Planning of the Republic of Slovenia,
Ljubljana

52. Ministry of Defence of the Republic of Slovenia, Ljubljana

53. Optacore, d.0.0., Ljubljana

54. Research Centre Energy, d.o.0., Velenje

55. Result, d.0.0., Ljubljana

56. Robotina, d.0.0., Kozina

57. Slovenian Environment Agency, Ljubljana

58. Solvera Lynx, d.d., Ljubljana

59. Stelem, d.0.0. Zuzemberk,

60. Stirolab, d.0.0., Sezana

61. Spica International, d.o.0., Ljubljana

62. Store Steel, d.0.0., Store

63. Technology Park Ljubljana, d.o.o0., Ljubljana

64. UCS, d.0.0., Vrhnika

65. Unior, d.d., Zrece

66. Vacutech, d.o.0., Ljubljana

67. Varsi, d.0.0., Ljubljana

68. Velenje Coal Mine, d.d., Velenje

69. Xenya, d.o.0., Ljubljana

70. Xlab, d.o.0., Ljubljana
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INSTITUTE IN NUMBERS

2012-2013

COMPARISON OF REVENUES (€M)

EMPLOYEES (FTE)

46.79  46.46

T T
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RESEARCH DEPARTMENTS







DEPARTMENT OF THEORETICAL

PHYSICS

F-1

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

Meson scattering and electroproduction in the D13, D33 and D15 partial waves are calculated in a coupled-
channel approach incorporating quasi-bound quark-model states. In contrast to our previous results in the P11, P33
and S11 partial waves, the meson and photon couplings turn out to be underestimated, but otherwise our results
exhibit a consistent behaviour in all channels.

The unambiguous evidence for the interesting state X(3872) was found using an ab-initio lattice QCD simulation
for the first time. This charmonium-like state is particularly interesting since it is most likely a mesonic molecule.
The exciting state Zc(3900), which was experimentally discovered in the spring of 2013 and is composed of two

quarks and two anti-quarks, was simulated on the lattice for the first time. We studied the meson decay widths Head:

using the extended method we proposed last year and demonstrated how it works in practice by determining the Prof. Svjetlana Fajfer

K*(892), D0*(2400) and D1(2430) strong decay widths.
In the past year we implemented a new state-of-the-art method called

stochastic distillation, which allowed us to calculate correlation functionson  \We found the first evidence for the interesting

a3fmlattice. We used this method to study the controversial meson Ds(2317),  state X(3872) using ab-initio lattice QCD
where we confirmed experimentally observed properties and settled along-  simulations. We performed an exhaustive

theoretical analysis of the Higgs’ portal models
We performed an analysis of Higgs portal models of dark matter (DM),  of cosmological dark matter.

standing issue between theory and experiment.

where DM is light enough to contribute to invisible Higgs decays. Using ef-

fective field theory we showed that DM can be a thermal relic only if there
are additional light particles present with masses below a few 100 GeV. We also gave three concrete examples of
viable Higgs portal models of light DM. We systematically investigated the implications of the leading dimension five
operators on Higgs phenomenology in the presence of dynamical vector-like
quarks. After taking into account the constraints from precision electroweak
and flavour observables we showed that contrary to the renormalizable
models, significant modifications of the Higgs properties are still possible.
We reconsidered the recent observation by the DO experiment of a sizable
like-sign dimuon charge asymmetry, highlighting that it could be affected
by CP-violating contributions not only in Bd-and Bs-meson mixings, but also
in semi-leptonic decays of b and ¢ quarks. We also showed that such effects
would be clear indications of new physics. We showed that warped extra-
dimensional models that explain the quark spectrum can naturally give rise
to contributions of the size required to explain the recent LHCb result for a CP
violation in D meson decays. We also explained important subtleties in the
calculations of certain one-loop processes within warped extra-dimensional
models. We furthermore discussed the interpretation of this result within
the framework of partial compositeness in four dimensions.
Anexplanation for the too large measured branching fraction of decays
B-> D tau nu in B-> D* tau nu has still not been provided and the result of
the BaBar collaboration is still valid. We have studied a scenario with the
addition of a single scalar particle that couples to quarks and leptons. We
have endowed this leptoquark with the quantum number (3,2,7/6) and a
minimal set of flavour coupling that suffices to explain the B-> D(*) tau nu
anomaly and is consistent with constraints from other processes. These are

Figure 1: Constraints on the couplings of leptoquark to (bt) and to (cu)
coming from the 16 region of Br(B->D(*) tau nu) (thin hyperbolic

decay Z -> b anti-b, lepton flavour violating decays (e.g., mu -> e gamma), region), and from 90% CL upper bounds on i — ey, T — ity and

and magnetic and electric dipole moments. In the framework of a Grand 1 — ¢y,
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Unified Theory we have predicted correlations between the various decay channels of the proton, as well as rare
decays of the t-quark and D meson.

We solved the equation for perturbations of a scalar field in AdS with no back-reaction. Through the holographic
prescription we showed in this way the existence of a massless pole in the propagator of the boundary theory in
the case of vev deformation, in contrast with an earlier claim in the literature.

In the framework of the minimal left-right symmetric model, an original connection between the Dirac and
Majorana masses was established. This link removes the indeterminacy of the Dirac mass of neutrinos and allows
for a direct correlation between potential measurements of heavy neutrinos and a number of other experiments.
We investigated the signals of the Dirac mass at the LHC collider, neutrino-less double beta decay and the electric
dipole moment of the electron.

We investigated the problem of positive and negative energies occurring in the quantum field theories in ultra-
hyperbolic spaces, and in the theories with higher derivatives. We found that under certain conditions such theories
can be stable, for instance, if the interaction potential is bound from below and from above.

Some outstanding publications in the past year

1. Prelovsek, S., Leskovec, L.: Evidence for X(3872) from DD* scattering on the lattice, Phys.Rev.Lett. 111 (2013)
2. Fajfer, S., Greljo, A., Kamenik, J., Mustac, 1.: Light Higgs and vector-like quarks without prejudice. The Journal
of high energy physics, ISSN 1126-6708, 2013, vol. 2013, no. 7, 155 (2013)

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.

In the theory of non-equilibrium properties of correlated electrons we continued our research of various
prototype models with the emphasis on a numerical simulation of undoped and weakly doped Mott insulators. We
have investigated the ultra-fast optical response of the one-dimensional Hubbard model that was exposed to two
consecutive laser pulses. Using the time-dependent Lanczos method we have discovered that through the selec-
tion of the pulse sequence one can excite and de-excite excitons in these systems. In fermion and boson systems
we investigated the basic properties of the out-of-equilibrium dynamics in

We have investigated the phenomenon of the  near-integrable models, also in relation to experiments on ultra-cold atoms
ultrafast recombination of photo-excited charged ©n optical lattices. We studied the ultra-fast relaxation and recombination
particles in undoped insulating cuprates and  °f charged particles that are photo-induced in undoped insulating cuprates
developed a theory that is based on multiple and proposed a theory that is based on the emission of multiple magnons

magnon emission. andsupported it by numerical calculations within the single-band effective
model, reaching a good agreement with the measured recombination

Figure 2: Graph of emotional communications in online chats (the red and

times. We have introduced the reduced density matrix method to problems
of thermal properties of the isolated out-of-equilibrium correlated systems
and discovered a deviation from the standard level statistics in the presence
of an external field.

On the subject of the equilibrium properties of correlated electrons we
have calculated several thermodynamic properties of the Hubbard model
on the anisotropic triangular lattice that describes well the organic super-
conductors and observed numerically the metal-insulator transition. We
have investigated the transport in the doped Mott insulators and discovered
well-defined, quasi-particle-like excitations well beyond the Fermi liquid
regime. Using the dynamical mean-field theory we have established the
ferromagnetic phases of the Kondo-lattice and investigated the topological
transitions between them. We have investigated the optical response of Fermi
liquids. We published a review article on the influence of Hund’s rule coupling
in multi-orbital metals. Within a model of the disordered Heisenberg spin
chain we explained the anomalously broad distribution of the NMR relaxation
times in the mixed system BaCuSiGeO. In relation to the new measurements
we have investigated the heat transport for a model of weakly coupled an-
tiferromagnetic spin chains. In collaboration with the calorimetry group at

black colours indicate messages carrying positive and negative emotions, the JSIwe have modelled the ferroelectric barium titanite and calculated its
respectively, while the blue colour shows emotionally neutral messages.) phase diagram, the specific heat and the electro-calorical effect.
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Department of Theoretical Physics F-1

Within the theory of nanoscale systems we studied the coherent manipulation of the electronic spin in the
quantum dot using the time-dependent driving of the harmonic potential and the spin-orbit coupling. We have
calculated the spin-Seebeck coefficient for the two-channel Kondo model in the magnetic field and observed the
thermal transition between the Fermi-liquid and the non-Fermi-liquid regimes. We have analysed the thermal en-
tanglement in a system of three-spins in the triagonal geometry and have shown that the external electric field can
induce a maximally entangled state. Using the density functional theory we have investigated the time dependence
of the electronic transport through a quantum dot in the Coulomb blockade regime.

In the research on the statistical physics of complex systems and networks we analysed the empirical data from
the world wide web and theoretically modelled it. We also simulated nano-systems using mathematical graphs of
the nano-network. Within the CYBEREMOTIONS project we investigated the dynamics of the emotional interactions
on the web. Theoretical models were devised for certain web-portals. We introduced nano-networks as a concept
to determine the complexity at the nano-scale.

Some outstanding publications in the past year

1. Deng,X., Mravlie, ]., Zitko, R., Ferrero, M., Kotliar, G., Georges, A.: How bad metals turn good : how bad metals
turn good. Physical review /etters, ISSN 0031-9007, 2013, vol. 110, no. 8, 086401

2. Lenarcic, Z., Prelovsek, P.: Ultrafast charge recombination in a photoexcited Mott-Hubbard insulator. Physical
review leffers, ISSN 0031-9007, 2013, vol. 111, iss. 1, 016401

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

We worked on several problems in the electrostatics of macromolecular solutions. Within the linearized
Debye-Hiickel approximation, we analysed the effect of the patchiness of charged macroions on the interactions
between them, deriving the conditions for this interaction to be dominant.
Also discussed was the interaction between an anisotropic dielectric semi-  We have studied the optical properties of
infinite slab and a moving charge on top of it. We reviewed the recent  ferrofluids and have experimentally verified the
advances in the field of Coulomb fluids. We showed to what extent they are ~ flexible chain model, i.e., that nanoparticles in
able to capture effects known to elude the meanfield level of description.  colloid suspensions form flexible chains.

We studied the dielectric spectra of DNA in Mg ionic solutions. Various dif-
ferences are observed when compared to the previously obtained dielectric
spectra in monovalent salt solutions and an effort has been made to explain these novel features.

Using molecular dynamics simulations, we investigated the properties of biological membranes,

focusing on the hydration repulsion between them.

We introduced a model of the helix-coil transition that allows for a straightforward gener-
alization of the effects of solvent structure. In an extensive computational study, we explored the
statics and the dynamics of long flexible linear polymers that spontaneously knot and unknot. Also
investigated theoretically was the structure of nematic polymers, where we discussed a novel feature
in terms of a differential tensorial constraint, which is expected to be important in a macroscopic
description of, e.g., DNA ordering in a confined space. With our studies of optical properties of
ferrofluids prepared by dispersing ferromagnetic cobalt nanoparticles in cyclohexane, we provided
experimental verification of the flexible-chain model for nanoparticles in ferrofluids. We explored
the ways of integrating topics on the physics of liquid crystals into undergraduate curricula.

We studied colloidal and nanoparticle ordering in polymer layers. Hard-core colloids form
characteristic patterns with a well-defined length scale that can be externally controlled. Our
theoretical results suggest several possible applications in miniature sensors, energy production
and storage, as well as surface and particle characterization. We analysed the elastic interaction
between model 2D colloidal particles and we showed that the non-pairwise aspect of the repulsion
between them increases as the particles become more incompressible.

We explored a model of epithelial tissues based on the surface energy of cells, finding that
the periodic equilibrium states of the epithelium can be either flat or corrugated. We reviewed
the mechanical models of ventral furrow formation in a Drosophila embryo. Also investigated Figure 3: Cover of the Journal of Chemical Physics
was the composite contact of two-component lipid membranes, which includes inverted micelles. //8/#/ighting our review paper on electrostatic
Our determination of the positioning of integrin 1 and caveolin-1 on the membrane of adhered interactions 4. Naji, M. Kanduc, |. Forsman, and

) ! R. Podgornik, »Perspective. Coulomb fluids -
spreading cells showed that the presence of one of them spatially excludes the occurrence of the e coupling, sirong coupling, in between and
other. Recent experimental results on the aggregation of red blood cells and the corresponding  beyond, /. Chem. Phys. 139, 150901 (2013).
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theoretical analyses of the depletion mechanism and of the influence of the cell shape on the adhesion strength
were reviewed. The partitioning of fatty acids into phospholipid membranes was studied on giant unilamellar
vesicles, utilizing phase-contrast microscopy, and the observed, enhanced partitioning under conditions of increased
membrane strain was interpreted on the basis of a tension-dependent intercalation of oleic acid into the membrane.
Finally, we analysed some pertinent questions of physical virology, dealing mostly with charge distribution and the
effect of electrostatic interactions on proteinaceous viral shells.

Some outstanding publications in the past year

1. Siber, A, Ziherl, P: Many-body contact repulsion of deformable disks. Physical review letters, ISSN 0031-9007,

2013, vol. 110, no. 21, 214301

2. Naji, A, Kandug, M., Forsman, J., Podgornik, R.: Perspective: Coulomb fluids - weak coupling, strong coupling,
in between and beyond. 7he fournal of chemical physics, ISSN 00219606, 2013, vol. 139, no. 15, 150901

Organization of conferences, congresses and meetings

MR 9 b

Awards and appointments

Probing the Standard Model and New Physics at Low and High Energies, PortoroZ, 14.-18. 4. 2013
Physics of Complex Colloids, Ljubljana, 14.-18. 5. 2013

Selected Challenges in Particle Phenomelogy, Belica, 18.-20. 9. 2013

8th Christmas Biophysics Workshop, Dobrna, 16.-17. 12. 2013

Non-equilibrium dynamics of Correlated Electron Systems, Krvavec, 18.-20. 12. 2013

1. Jernej Fesel Kamenik: “Svecana listina” award for exceptional scientific and educational achievements,

University of Ljubljana

2. LucaTubiana: Best Ph.D. Thesis in Physics Award, Trieste, Italy, SISSA-ISAS
3. LevVidmar: The JoZef Stefan Golden Emblem Prize for doctoral thesis, JoZef Stefan Institute, Ljubljana

INTERNATIONAL PROJECTS

7FP - Cyberemotions; Collective Emotions in Cyberspace
European Commission

RESEARCH PROGRAMS

Theory of the Condensed Matter and Statistical Physics
Prof. Janez Bonca

Prof. Bosiljka Tadic 2. Theoretical Physics of Nuclei, Particles and Fields
2. 7FP-LOTHERM; Low Dimensional Quantum Magnets for Thermal Management Prof. Svjetlana Fajfer
European Commission 3. Biophysics of Polymers, Membranes, Gels, Colloids and Cells
Prof. Peter Prelovsek Prof. Rudolf Podgornik
3. 7FP- COMPLOIDS; Physics of Complex Colloids: Equlibrium and Driven
European Commission
Prof. PrimoZ Ziher!
4. COST TD1210; Analysing the Dynamics of Information and Knowledge Landscapes R&D GRAN TS AN D C ON TRACTS
COST Office
Prof. Bosilika Tadi¢ Theoretical Aspects and Empirical Analysis of Labour Market Impact of Flexicurity
5. Theoretical Studies of Dynamical Properties in Correlated Electron Systems Coupled to Dr. Jernej Mravlje ) o
External Degrees of Freedom 2. Integrability and Ergodic Theory of Non-equilibrium Quantum Many-body Systems
Slovenian Research Agency Dr. Jernej Mravlje ) )
Prof. Janez Bonca 3. Non-equilibrium Dynamics of Interacting Electron Systems
6. Flavor Violation at the Large Hadron Collider Prof. Peter Pr eloviek . - )
Slovenian Research Agency 4. Synergies between precision measurements and LHC discoveries
Asst. Prof. Jernej Fesel Kamenik Asst. lfrof.ljerne] Fesel Kamenik o
7. Aspects of the AdS-CFT Correspondence in Particle Physics and Cosmology 5. Investigation of Strongly Interacting Electron Systems by a Computational Study of a
Slovenian Research Agency Model for Organic Superconductors
Prof. Borut Bajc Dr. Jure Kokalj
8. Relaxation Dynamics of Correlated Electron Systems
Slovenian Research Agency
Prof. Janez Bonca
1. Dr. Christoph Bobet, Technische Universitdt, Miinchen, Germany, 9.-11. 1. 2013 6. Dr. Pieralberto Marchetti, University of Padova, Padova, Italy, 20.-23. 2. 2013
2. Dr. Robin Steinigeweg, Institut fiir theoretische Physik, Technische Universitat 7. Prof. Sadamichi Maekawa, Dr. Kenji Tsutsui, Prof. Takami Tohyama, Dr. Hantao Lu,
Braunschweig, Braunschweig, Germany, 22.-27. 1., 26.-30. 11. 2013 8. Dr. Wataru Koshibae, Koudai Sugimoto, Kazuya Shinjo, Shigetoshi Sota, Yukawa
3. Prof. Marcin Mierzejewski, University of Katowice, Poland, 6.-16. 2. 2013 Institute of Theoretical Physics, Kyoto University, Kyoto, Japan, 19.-21.2. 2013
4. Prof. David Sherrington, University of Oxford, Oxford, Great Britain, 13.-14. 2. 2013 9. Dr. Kresimir Kumericki, Prirodnoslovno matematicki fakultet, Sveuciliste u Zagrebu,
5. Prof. Adrian Lugo, Departamento de Fisica and IFLP-CONICET, Facultad de Ciencias Zagreb, Croatia, 21. 2. 2013
Exactas, Universidad Nacional de La Plata, La Plata, Argentina, 14. 2.-14. 3. 2014 10. Prof. Jan O. Eeg, Physics Department, Oslo University, Oslo, Norway, 25. 2.-1. 3. 2013
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11. Dr. Marco Berrita, University of Lancaster, Lancaster, Great Britain, 28. 2.-28. 3., 28. Prof. Josef Nir, Weizmann Institute, Rehovot, Israel, 15.-18. 9. 2013
25.11.-8.12. 2013 29. Dr. Pablo Vazquez-Monteo, Departamento de Matematicas Aplicadas y Sistemas,

12. Dr. Marco Budinich, ICTP and University of Trieste, Trieste, Italy, 18.-19. 3. 2013 Universidad Auténoma Metropolitana-Cuajimalpa, Mexico, 22.-28. 9. 2013

13. Dr. Valentina Verduci, University of Graz, Graz, Austria, 20.-21. 3. 2013 30. Prof. Ross McKenzie, University of Queensland, Brisbane, Australia, 27.9.-13. 10. 2013

14. Prof. Christian Wagner, Experimentalphysik Universitat des Saarlandes, Saarbriicken, 31. Dr. Stephane Lavignac, Saclay University, Paris, France, 29. 9.-4. 10. 2013
Germany, 20.-22. 3. 2013 32. Sahib Babaee Tooski, Division of Theory of Solid State Physics, Institute of Molecular

15. Prof. Giinther Meissner, Universitit des Saarlandes, Saarbriicken and Technische Physics, Polish Academy of Sciences, Poznan, Poland, 2.-24. 10. 2013
Universitat Minchen, Germany, 25.-27.3.2013 33. Dr. Giannis Georgoiu, Technische Universitit Wien, Vienna, Austria, 6.-12. 10. 2013

16. Dr. Joachim Kopp, Max Planck Institute Heidelberg, Germany, 28.-29. 3. 2013 34. Prof. Kaladi Babu, Oklahoma State University, Stillwater, USA, 7.-8. 10. 2013

17. Prof. Frank Marsiglio, Department of Physics, University of Alberta and Physics 35. Prof. Qaisar Shafi, Bartol Research Institute, University of Delaware, Delaware, USA,
Division, School of Science and Technology, University of Camerino, Italy, 2.-3. 4. 2013 15.10. 2013

18. Dr. Benoit Schmauch, University of Saclay, Paris, France, 21.-25. 4. 2013 36. Dr. Takehiro Jimbo, Tohoku University, Sendai, Japan, 20. 10.-20. 11. 2013

19. Denis Parganlija, Vienna University of Technology, Vienna, Austria, 24.-26. 4. 2013 37. Dr. Osor Slaven Barisi¢, Institut za fiziku, Zagreb, Croatia, 23.-24. 10. 2013

20. Prof. Oleg Shushkov, University of South Wales, Sydney, Australia, 8.-13. 6. 2013 38. Prof. Masayuki Imai, Ochanomizu University, Tokyo, Japan, 13.-17. 11. 2013

21. Prof. Rodolfo Jalabert, I'nstitut de Physique et Chimie des Matériaux de Strasbourg and IPCMS, 39. Dr. Gabrijela Zaharijas, ICTP, Trieste, Italy, 14. 11. 2013
Département Magnétisme des Objets NanoStructurés, Strasbourgu, France, 1.-5.7. 2013 40. Dr. Markus Aichhorn, Technische Universitit, Graz, Austria, 14.-16. 11. 2013

22. Prof. Ilja Dor$ner, Univerza v Sarajevu, Institut za naravoslovje in matematiko, 41. Antione Gerardine, Laboratoire de Physique Theorique d'Orsay, Orsay, France,
Sarajevo, BOSNIA, 6. 7.-18. 8., 13.-16. 10., 27.-30. 11., 15.-21. 12. 2013 20.-22.11. 2013

23. Dr. Luca Di Luzio, Institut fir Theoretische Teilchenphysik, Karlsruhe Institute of 42. Prof. J. H. Jefferson, University of Oxford and Qineti(Q, Great Malvern, Great Britain,
Technology (KIT), Karlsruhe, Germany, 31. 7.-4. 8. 2013 24.11.-1.12. 2013

24. Prof. Tomonari Dotera, Kinki University, Osaka, Japan, 26.-31. 8. 2013 43. Dr. Matteo Rauzi, European Molecular Biology Laboratory, Heidelberg, Germany,

25. Dr. Berin Belma Sirvanli, Gazi University, Arts and Sciences Faculty, Department of 25.-26.11. 2013
Physics, Ankara, Turkey, 2. 9.-30. 11. 2013 44. Prof. Xenophon Zotos, University of Crete, Heraklion, Greece, 27.-30. 11. 2013

26. Michael Park, Rutgers University, New Jersey, USA, 3.-6.9. 2013

27. Dr. Dilip Ghosh, IACS, Kolkata, India, 12. 9. 2013

Researchers 29. Dr. Ana Hocevar Brezavscek, left 02.07.13

1. Prof. Borut Bajc 30. Dr: Julio Julio, left 01.10.13

2. Prof. Janez Bonca* 31. Dr. Matej Kandu¢

3. Prof. Milan Brumen* 32. Dr. Anze Losdorfer Bozic, left 01.11.13

4. Prof. Mojca Cepic* 33. Dr. Uros Tkalec

5. Prof. Jure Dobnikar 34. Dr. Luca Tubiana

6. Prof. Svjetlana Fajfer*, Head 35. Dr. Lev Vidmar

7. Asst. Prof. Jernej Fesel Kamenik 36. Dr. Mihael-MatjaZ Zemljic*

8. Prof. Bojan Golli* Postgraduates

9. Dr. Jure Kokalj 37. Nata$a Ad7i¢

10. Dr. Nejc Kosnik* 38. Lamprini Athanasopoulou, B. Sc., left 01.11.13

11. Dr. Rajmund Krivec 39. Denis Golez, B. Sc.

12. Dr. Jernej Mravlje 40. Admir Greljo, B. Sc.

13. Dr. Miha Nemevsek 41. Jacek Wojciech Herbrych, M. Sc., left 01.09.13

14. Prof. Rudolf Podgornik* 42. Dr: Tilen Huljev Cadez, left 01.06.13

15. Prof. Peter Prelovsek™ 43, Urska Jelercic, B. Sc.

16. Asst. Prof. Sasa Prelovsek Komelj* 44. Jan Kogoj, B. Sc.

17. Prof. Anton Ramgak* 45. Matej Krajnc, B. Sc.

18. Dr. TomaZ Rejec* 46. AmbroZ Kregar, B. Sc.

19. Dr.Igor Sega 47. Zala Lenarcic, B. Sc.

20. Prof. Sasa Svetina, left 01.10.13 48. Luka Leskovec, B. Sc.

21. Dr. Milovan Suvakou, left 01.03.13 49. Dr. Timon Mede, left 01.04.13

22. Prof. Bosiljka Tadic 50. Ivan NiSandZic, B. Sc.

23. Prof. Natasa Vaupotic* 51. Ziga Osolin, B. Sc.

24. Prof. Primoz Ziherl* 52. Vasja Susic, B. Sc.

25. Asst. Prof. Jure Zupan Technical and administrative staff

26. Dr. Rok Zitko 53. Nevenka Hauschild

Postdoctoral associates

27. Dr. Tilen Cadez* Note:

28. Dr.Jure Drobnak * parttime JSI member
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DEPARTMENT OF LOW AND
MEDIUM ENERGY PHYSICS

F-2

The Department of Low and Medium Energy Physics is active in research in the field of atomic
physics (low-energy physics) and nuclear physics (medium-energy physics). The acquired knowledge
is applied for monitoring the ionizing radiation in the environment, as well as for interdisciplinary
research with particle and photon beams. The Tandem Ion Accelerator at the department is one of
the largest research facilities in the country. The department invested considerable efforts in the
development of its own research instrumentation to enable a two-direction experimental research
process: researchers from the department are performing research on large accelerator facilities
abroad, and researchers from the European research area are accessing the instrumentation at
the JSI'ion accelerator in the frame of Transnational Access Program within the EU's 7FP.

Within the A1 Collaboration of the MAMI facility (Mainz, Germany) we have completed the first set of measure-
ments on the elastic scattering of electrons on protons, in which the initial-state radiation (ISR) method is used to
access the range of momentum transfers otherwise unreachable in a standard spectrometer configuration. The
main goal of the experiment is a determination of the elastic (electric and magnetic) form factors of the proton at
momentum transfers below approximately 0.01 GeV2, thereby opening a way to the determination of the mean
value of the proton radius, where the discrepancy between the values extracted from electron scattering and those
determined in Lamb-shift measurements in muonic atoms remains unresolved. We have also continued to perform
test measurements to search for dark photons, i.e., the hypothetical particle that couples ordinary and dark matter;
we have developed several versions of target cells and tested them in beam environments in order to find the optimal
model to be used in production measurements. We have finished the data-acquisition period for the virtual Compton
scattering by measuring the only remaining kinematic setting with 0.5 GeV2. At present we are in possession of
all three planned data sets at momentum transfers of 0.1, 0.2 and 0.5 GeV2 that will enable us to determine the
generalized polarizabilities of the proton. The preliminary results of the analysis at 0.1 GeV2 are already available.
The analysis of the data acquired in the recoil-polarization experiment (measurement of proton recoil polarization
in neutral-pion electroproduction off protons in the region of the Roper resonance) is still on going.

In the Thomas Jefferson National Accelerator Facility (Jefferson Lab)
we collaborated during the preparations for the real Compton scattering
experiment at high momentum transfers, implying also large values of all
the Mandelstam variables s, t and u. The main goal of the experiment is
to measure the unpolarized cross-sections as functions of s and t to an ac-
curacy of better than 10%. With such high-quality data we would be able to
determine the actual power law that governs the scaling of cross-sections and
thereby confirm or exclude the three proposed competing mechanisms of
high-momentum scaling (perturbative QCD, approach based on generalized
parton distributions and soft collinear effective theory).

In 2013 we studied electron screening in the nuclear reactions
58Ni(p,y)59Cu, 60Ni(p,y)61Cu, 50V(p,n)50Cr, 51V(p,y)52Cr, 55Mn(p,y)56Fe,
55Mn(p,n)55Fe, 113Cd(p,n)113In, 115In(p,n)115Sn and 27Al(p,y)28Si. For
these reactions we compared reaction cross-sections in metallic and insu-
lating targets. Most insulating targets consisted of metallic oxides, only in
the case of aluminium we additionally used a nitride target. In none of the

Head:
Asst. Prof. Primoz Pelicon

Figure 1: Widths of Ko.emission lines as a function of incoming
Dhoton energy for the 1st (lighter symbols) and 2nd (darker symbols)

above reactions did we observe any difference in the reaction rates between 5. yasonances together with the dispersions and the widihs for CH (I
metallic and insulating targets. This contradicts the published results of a  generated by the fit (black lines). (R. Bohinc et al. ]. Chem. Phys. 12397

group from Bochum, Germany, which reported significant differences from  134302).
measurements using two targets.

Within the Centre of Competency in Biomedical Engineering and its TOF-PET subproject, the final stages of
development were performed and a provisional patent application filed to protect one of the key results for com-
mercial exploitation. Furthermore, two different concepts for an angular-sensitive gamma camera were developed
and successfully tested. Within the research on the analysis of signals from photon and particle detectors, a new
approach for solid-state detector gamma-ray spectrometry at very high count rates was proposed and tested, with
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a patent granted on the subject. The first stage of the industrial project
“Extending the MPPC operation into the saturation regime” was completed.

Tritium and C-14 were the main topics in the Laboratory for Liquid
Scintillation Spectrometry. The determination of tritium in different types
of environmental waters for the purposes of dating and hydrological stud-
ies was upgraded with a metrological approach in a bilateral cooperation
with Romanian colleagues. A comparison study of methods and scintillation
cocktails for a determination of tritium in urine was performed and different
approaches to handling spectra with a high level of quench were tested. A
direct method for the determination of the bio components’ content in fuels
was improved and its range was broaden up to 100%.

The laboratory for radiological measurement systems and radioactivity
measurements conducted an extensive program of radiological monitoring,
including the radiological monitoring of the living environment in Slovenia,
radiological monitoring of fodder in Slovenia, regular offsite radiological
monitoring around Krsko Nuclear Power Plant (NPP), independent radiolog-

Figure 2: The HEROS L3 absorption spectrum reconstructed from the cal monitoring of the NPP, environmental monitoring around the central
2py,;3d.,, RIXS spectrum recorded at 4758.9 eV excitation energy radioactive waste repository in Brinje, monitoring of the radioactivity in

compared with the 2. -3d

2

HERFD spectrum taken at 4110.09 eV
emission energy. The total fluorescence yield (TFY) spectrum is also

drinking water. In addition, work at the department included certified cali-

presented for comparison (M. Kaveic efal,, Phys. Rev. BS7, 075106, brations of the radiation gauges and TLD measurements of the personal and

2013.)

Figure 3: Relative changes in CO oxidation over Pt on Co in the presence
and absence of a magnetic field at 120°C. The gas flow composition is

environmental doses. The laboratories active in the radiological monitoring
are certified according to the IS0 17025 standard.

In the frame of the project FP7-Fission-2012 “Innovative integrative tools and platforms to be prepared for radio-
logical emergencies and post-accident response in Europe”, the task “Table-top exercise on monitoring a large-scale
cross-border contamination”, was organised in the period Dec. 11-12, with participants from 15 EU member states.
In 2013, the department continued the collaboration with Metrology Institute of the Republic of Slovenia (MIRS) as
the holders of radiological ethalon in the frame of European Metrology Research Programme (EMRP). The depart-
ment is actively involved in the projects “MetroMetal: lonising radiation metrology for the metallurgical industry”,
“MetroRWM: Metrology for Radioactive Waste Management” and “MetroNORM: Metrology for processing materials
with high natural radioactivity”. The department runs a radiological mobile unit, which performed its regular and
infield prepardeness trainings around the Nuclear Power Plant Krsko. In addition, it executed a demonstration of
in-field action in collaboration with Administration of the Republic of Slovenia for Civil Protection and Disaster Relief.

In the beginning of 2013 we performed one of the first measurements at the new free-electron laser Fermi
(Trieste). Through an analysis of the experimental results we demonstrated for the first time the two-photon reso-
nant excitation processes for doubly excited states of helium by the detection of metastable atom decay products.
Due to its seeded mode of operation, Fermi is momentarily the only (quasi)monochromatic source of extremely
intense light in the VUV energy region. After we submitted the results of our analysis of the avoided crossing experi-
ments for singly excited states of helium in a homogeneous electric field, noting the effects in the metastable yield
due to the unwanted presence of the magnetic field we have proposed and conducted another experiment at the
Gasphase@Elettra beamline under the controlled presence of both the electric and magnetic field. For this purpose
we built a compact “Helmholtz capacitor” that allows the setting of specific field configuration with respect to the
polarization of the incoming light as well as the attenuation of unwanted field components in the target region.
We achieved a better resolution with respect to the variation of the field
magnitude and the results represent the first accurate systematic study of
the helium LS coupled manifold of states interacting with a homogeneous
electric and magnetic field. In 2013 we collaborated strongly with French
researchers from the LCPMR institute (Paris). We published a comparative
study of the two core-hole decay of carbon in the molecular series C2H2,
(C2H4 in C2H6 to confirm the old thesis about the larger chemical sensitiv-
ity of the near-edge measurements for two core-holes situated at different
atoms in the molecule (Phys. Rev. Lett. 110, 163001). In autumn 2013 we
participated in first magnetic bottle experiments involving a combination
of CKand CI L hole in CCl4. We also participated at the experiment at Soleil
to measure Auger spectra upon the resonant excitation of the Cl K orbital
in chloromethane. In the field of molecular physics we published our first,

1%C0 and 2% 02 in Ar (total flow 30 mL, / min). (]. Sa et al, Nanoscale theoretically rooted study about the dissociation of chloromethanes upon

5, 8462, 2013).
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the excitation of the s* resonance from the Cl K shell observed with high-
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resolution x-ray spectroscopy (J. Chem. Phys. 139, 134302). At the end of 2013 we entered the
COST action CM1204: XUV/X-ray light and fast ions for fast chemistry (XLIC).
In 2013, we performed three experimental projects at the [D26 beamline of the ESRF syn-
chrotron employing high-resolution x-ray spectroscopy. In collaboration with the University of
Leuven we performed in-situ time-resolved RIXS measurements of cationic Ag clusters in zeolites
during their x-ray induced formation. Using a wavelength-dispersive spectrometer and combining
separate points on the homogeneous target we were able to record full L3M5 Ag RIXS maps with
a 1-sec time resolution. These measurements will enable us to analyse the formation process and
understand the electronic properties of the emissive Ag clusters. In the second project, which was
performed in collaboration with the University of Helsinki, we have used RIXS spectroscopy at the
sulphur K edge to study the local electronic structure and properties of solutions of sulphuric acid
in water. These measurements will yield valuable information on the hydration of sulphuric acid
on the molecular level, which plays a key role in atmospheric aerosol formation. Within the third
pro!‘ect we performeq pfeliminary S K edge RIXS measurements on §everal polysulfide samplles, wusad o measure charge ransfer through non-
which are present within LiS batteries, and also three samples of LiS battery cathode material 701 interactions. For model system of
during different stages of the discharging cycle. The samples were prepared by our colleagues from 7 4 Benzenediamine molecules on a gold surface
the Institute of Chemistry. The measurements confirmed the high potential of RIXS spectroscopy e electron transfer across the Au-donor-acceplor
to perform the chemical speciation of S in Li batteries and probe the $ redox chemistry during the 0072 occurs in less than 500 as (G. Kladnik et al.,
battery-charging cycle. In the field of gas-phase RIXS studies we have published in 2013 the results J- Phys. Chem. € 2013, 117, 16477).
of the L3M5 RIXS measurements on Xe recorded at a fixed off-resonant excitation energy (Phys.
Rev. B87,075106). The Xe example is used to present a novel method suitable for the measurement of a high-energy
resolved absorption spectrum upon target excitation with an intense monochromatic pulse of x-ray light. Using a
dispersive-type emission spectrometer, the scanning is completely avoided. Such an approach enables shot-by-shot
measurements and in principle allows the acquisition of a full spectrum by a single intense monochromatic x-ray
pulse. We presented our work in a talk at the large biennial conference ICPEACXXVIII in Langzhou, China. Together
with research colleagues from the Paul Scherrer Institute we have published the results of in-situ L3M5 RIXS experi-
ments on non-magnetic Pt catalysts, supported on carbon-coated magnetic Co nanoparticles. The measurements
revealed the change of the Pt electronic structure induced by an external magnetic field. Consequently, this changed
the Pt catalytic performance and enabled the catalytic control by means of an external magnetic field (Nanoscale
5, 8462). In the field of high-resolution PIXE spectroscopy employing proton beam we have published the results
of KB spectra of chlorine standards and several fine fraction aerosol samples. The measured K@ spectra exhibited
pronounced chemical effects, which were used to identify the chemical state of Cl in aerosol samples, demonstrat-
ing the feasibility of the high-resolution PIXE method for the chemical speciation of Cl in aerosols (Spectrochimica
Acta Part B 79-80, 58).
The material properties were studied with measurements of magnetic
and electric hiperfine fields using Mossbauer spectroscopy. The research
was focused on cathode materials for lithium batteries, which were studied
at the synchrotron facilities Petra in Hamburg and APS in Chicago. The
sample structure was revealed by X-ray diffraction techniques, neutron dif-
fraction, Mossbauer spectroscopy using 57Fe isotope and NMR spectroscopy
on 6Li. Based on this results we presented a model “1Fe 2Li” on the kation
distribution in LiFeBO,.
The x-ray absorption spectroscopy research group has gained access to
three beamlines (ID21, BM23 and XAFS) at ESRF (Grenoble) and Elettra (Trst)
synchrotron where six experiments were performed in 2013. In collaboration
with the Centre of excellence CO NOT a series of in-situ experiments were per-
formed with XANES and EXAFS on Li-sulphur (Li2Sx) cathode materials for
batteries with a high energy density. The XAS spectra were recorded during
the reduction and oxidation of materials with C/15 dynamics. They register
the change of valence of Mn and Fe, and the formation of Li2Sx compounds
during the processes, providing the key information on the battery dynam-
ics and opening the way to optimization of the synthesis of the material Figure 5. Thermo-adsorption of deuterium on polycrystalline tungsten
with maximum capacity. The results are presented in a paper, accepted for sample. (a) The experimental sutface deuterium areal density is

the publication end of 2013 and in talks on international conferences and $/0% 48 dols during sample cooling and exposure lo the atomic

forei versities. We continued 2 lone-term proiect. in collaboration deuterium beam. The modelled D areal density is shown as a line. (b)
OTCIgM UNIVETSILICS. X along project, Experimental H areal density variation during D atom exposure. (c)
with the Institute of Chemistry, which involves XAS measurements on the - emperature decrease and its polynomial fit. (Markelj et al., Appl. Surf.

catalytic mesoporous molecular sieves doped with Ca, Cr, Mn, Fe, Ni and Sci. 282, 478, 2013).

Figure 4: Core-hole clock spectroscopy can be
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Figure 6. Sulphur K-edge XANES spectra of the Li-S battery operated
in operando mode: a) in intermediate state at nominal composition

Cu, containing also organic building units on CuPd catalysts. The valence
of dopants and their atomic neighbourhood is determined, to elucidate their
catalytic properties. The materials aim at commercial applications such as
molecular sieves and separators, adsorbents and ion traps, as well as solid
heterogeneous catalysts sensitive to the molecular shape. One paper from
this research topic was accepted for publication in 2013. In collaboration
with Biotechnical Faculty of University of Ljubljana we performed four series
of XAS experiments to determine the distribution of pollutant elements (Se,
Hg, Cd, Zn. Ni, Cr) and essential elements (Zn. Cr, Fe) in the cells of hyper-
accumulating plants (Plant, cell and environment 60, 2013). We published
the analysis of Cd binding at the cellular and tissue levels (Plant and soil
370, 125) and the analysis of the pattern of iron distribution in maternal
and filial tissues in wheat grains (Journal of Experimental Botany 64, 3249).
A submicron monochromatic x-ray beam with a lateral resolution of 0.3
micrometre was used. The distribution of sulphur, chlorine and zinc was
scanned simultaneously, to reveal correlations between the elements. The
transport of the metal from the roots to stems, leaves and other tissues was

Li, 8. Solid squares, experiment; magenta line, best fit with linear elucidated, together with the molecular and cellular mechanisms which
combination of reference XANES profiles. (Patel et al., accepted for publ.  induce the tolerance to the noxious metal cations. About this research we

Chem. Phys. Chem.)

Figure 7: Interface of PDZ-01 XRF analyser, developed at the department

(P Kump and 7. Rupnik).
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published a book chapter (Phytotechnologies: remediation of the environ-

mental contaminants. Boca Raton (FL): Taylor & Francis, cop. 2013, 443).
In collaboration with the Laboratory for material research of the University of Nova Gorica we published a paper
with high impact in Chemistry of Materials about cation order-disorder transition in Fe-doped 6H-BaTi0, for dilute
room-temperature ferromagnetism (Chemistry of Materials, 25, 3544).

Work within the EU’s fusion development program in 2013 was focused on the three priority supported EFDA
tasks in collaboration with INFLPR, Bucharest, Romania, IPP, Garching, Germany, and PIIM, Univ. Aix-Marseille,
France. For all these studies the Nuclear Reaction Analysis (NRA) method was used for deuterium depth profiling
in materials by using a high-energy 3He ion beam produced by a 2MV tandem accelerator at MIC. For this purpose
protons from the nuclear reaction D(3He,p)4He are detected. In-situ NRA studies were performed during the thermal
desorption of D from samples with D co-deposited or implanted or during D uptake on samples initially D-free but
subjected to a D-atom beam (Applied Surface Science 282, 478). The studied materials were thin layers of various
combinations of W, C and Al, as well as tungsten damaged by high-energy ions to simulate neutron damage (Journal
of Nuclear Materials, 438, $1027). Due to the importance of this issue, IAEA has initiated in 2013 a CRP on this subject
and invited us to participate. The upgrading of our vibrational spectrometer
for hydrogen molecules continued. In the field of the low-energy electron-
molecule collisions we worked in collaboration with The Open University,
Milton Keynes, UK, on an experimental determination of anion production
from acetylene (C2H2) using 0-90 eV electrons. By evaluating the case of
a Titan atmosphere we have shown the importance of the contribution of
dipolar dissociation to the total anion production in planetary ionospheres
(paper in press in Physical Chemistry and Chemical Physics).

Within our collaboration at the ALOISA beamline of Elettra synchrotron
(Lab. IOM/CNR), we investigated the electronic properties of organic-inor-
ganic and hetero-organic interfaces. Within our studies of carrier transport
over empty molecular orbitals in adsorbed aromatic molecules we succeeded
to map the preferred pathways of ultra-fast carrier transport from organic
molecules to the underlying substrate and to relate them to a specific type
of molecular bonding. With the use of X-ray resonant spectroscopy we
studied a model aromatic system, 1,4-benzenediamine molecules bound on
a Au surface through an Au-N donor-acceptor bond, as these are known to
provide a pathway for electronic conduction in molecular devices. We show
that charge delocalization across the donor-acceptor bond occurs in less than 500 as. Furthermore, the Au-N bond
also enhances delocalization to the substrate from the neighbouring carbon sites, demonstrating that fast charge
transfer across a metal-organic interface does not require a covalently bonded system (J. Phys. Chem. C 117, 16477).
Shape-complementarity of donor (D) and acceptor (A) molecules drives the hetero-organic self-assembly of photo-
voltaic elements into an extended interface with a ball-and-socket structural motif, which increases both the active
volume and exciton dissociation rates to improve the efficiency of organic solar cells. Using core hole clock (CHC)
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X-ray spectroscopy and density functional theory (DFT), we compare the electronic coupling, and charge-transfer
rates at the interface between the C60 acceptors and the flat- or contorted-hexabenzocorone (HBC) donors. This
work provides fundamental mechanistic insights on the improved efficiency of organic photovoltaic devices that
incorporate these concave/convex D/A materials (Advanced Energy Materials, 3, 894)

In the tandem accelerator laboratory of JSI, efforts were invested into the successful operation of a new, multi-
cusp ion source, acquired in the frame of Large Scientific Equipment Package No. 14. After its installation, work
was dedicated to the tuning of the ion source to the requirements of the
accelerator. Work was successfully accomplished. We measured the normal-
ized brightness of the high-energy proton beam with a two-slit system and
achieved the value of 14, by far the highest value ever reported on tandem
accelerators. Earlier reported values did not exceed values of 4 (Pelicon et
al., submitted to NIM B). With such proton beam characteristics, we are able
to lower the object slit size and the acceptance angle of the quadrupole lens
and correspondingly achieve a much better lateral resolution in applications
with high-energy focused proton beams. The micro-PIXE method is now
operating with the available lateral resolution of 800 nm. In combination
with the frozen hydrated tissue-handling technology, developed in the last
three years, we are able to provide top experimental conditions for the
quantitative elemental mapping of biological tissue. Together with external
users, several papers were published, including work on wheat (Singh et

21’ ];{)urﬁ fixp 'PBOL 201.3 ’ Po;g;ac (;etRal, JIOUY'§ g)ly.SOE.Int. 2013)k21.nd }tlarftg r]ﬁ Figure 8: In 2013, we achieved a significant progress in development of
uckwheat (Pongrac in sod., Food Res. Int. 2013). Recent work in the field .0,/ imaging by MeV SIMS. Home-built Time-Of Flight spectrometer

of nanotoxicology resulted in a paper on the fate of cobalt after the insertion fo eV SIMS was calibrated and imaging implemented. Graph shows
of CoFe204 nanoparticles in organisms (Novak et al, Env. Sci. Tech, 2013). In - mass calibration spectrum measured on arginine by excitation of 5.8

2013, several researchers expressed their interest to apply micro-PIXE to study MeV chlorine ions (Jeromel el al., accepled for publication in NIM B).
processes in brains. In collaboration with Carla Iochims and Paulo Jobim
from “Universidade Federal do Rio Grande do Sul”, Porto Alegre, Brazil, we measured elemental distributions in
rat brain tissue. Aleksandra Wandzilak from AGH University of Science and Technology, Krakow, Poland, measured
the elemental distributions in human brain-tumour tissue. Important progress was achieved in the development of
the MeV SIMS spectrometry, where the desorption of large unfragmented molecular ions is induced by high-energy
heavy ion impact. The acquisition was developed at the field-programmable gate array (FPGA) platform, which
enables multi-hit acquisition and molecular mapping. A mass resolution of 300 was achieved using a home-built
Time-Of-Flight (TOF) telescope and the required steps toward the mass resolution of 1000 were indicated. We
continue to provide beamtime to the researchers from the European research area in the frame of Transnational
access (TNA) programme of the 7th FP EU project SPIRIT (www.spirit-ion.eu). Magali Schnell-Ramos from the
University of Udine, Italy, studied iron-enrichment effects in the wheat species durum using micro-PIXE. We meas-
ured quantitative elemental maps on the cross-sections of the wheat grains with micro-PIXE. Camille Larue from
Ruhr-Universitit Bochum and Hiram Castillo-Mitchell from ESRF, Grenoble, applied micro-PIXE for studies of zinc
and iron homeostasis in the plant Arabidopsis thaliana. With the tissue-preparation assistance by the colleagues
from Biotechnical Faculty, University of Ljubljana, they measured elemental maps with micro-PIXE on frozen
hydrated plant tissue. This is the first TNA project at JSI tandem accelerator done by recently developed frozen
hydrated tissue technology. Within archaeometric research we studied glass and precious stones using in-air PIXE
spectroscopy and complementary techniques. The emeralds from the Slovenian archaeological sites were analysed.
This measurement together with mineralogical investigation showed emerald provenance in Egypt, though a small
fraction of emeralds may originate from Afghanistan or some other sites in Egypt as well. In the same way we
analysed the garnets, which are compositional part of the jewellery from the Migration Period. We confirmed the
garnet provenance in South India and Sri Lanka, but we did not find any garnets from the European sites, which
are typically applied on objects from the 7th c. AD. The explanation may be sought in the political changes in the
territory of the present Slovenia, induced by Avaric and Slavic incursions in the 7th c. The glass analysis involved
samples from Albania and the site Tonovcov grad in Slovenia. The glass from Albania showed several groups that
could be related with different sources of raw materials. This finding supports the recent thesis that the glass from
the Imperial period was produced in different places within Europe, but the production concentrated in the area
of the present Palestine in Late Antiquity. Two types of late Roman glass were recognized in the inventory from
Tonovcov grad, similar to the glass composition in Italy and eastern Mediterranean, but not in Western Europe.
Laboratory for x-ray fluorescence analysis applied the X-ray Florescence (EDXRF) method to analyse soil, plant
samples and thin film-covered pharmaceutical pellets. EDXRF analysis was used to determine the mineral contents of
P, S, Mn, Fe, and Zn for 150 sorts of Slovenian wheat. The concentration values accessed will be used for the further
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XANES analysis with the synchrotron micro-beam for the purpose of studying the bioavailability of these essential
nutrients. The EDXRF analysis was used to study museum artefacts, mainly weapons and armour. A method for fast
identification of plastic materials was developed based on measurements of the coherent and incoherent scattering
of X-rays in an EDXRF experiment. In collaboration with members of the Biotechnical Faculty we participated in
experiments on the TwinMic beamline of the synchrotron Elettra in Trieste and the beamline ID 21 of synchrotron
ESFR in Grenoble, where the in-house procedures and software for the quantification of XRF results was developed
and used. Dr. Peter Kump constructed a prototype of the portable EDXRF analyzer.

Organization of conferences, congresses and meetings

1. Monitoring a large scale cross border contamination in the aftermath of a nuclear accident, Ljubljana, 11.-12.
12. 2013

Patent granted

1. Silvan Bucik, Borut Baricevi¢, Borut Repic, Matjaz Vencelj, A method of analog and digital signal processing of
information contained in pulses, and a device for achieving the same, S123959 (A), Urad RS za intelektualno

lastnino, 28.6.2013.
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NTERNATIONAL PROJECTS

Services
Foreign buyers

Euramete.V.
Branko Vodenik, M. Sc.

Branko Vodenik, M. Sc. 15. MetroNORM; Metrology for Processing Materials with High Natural Radioactivity
2. Calibrations Euramet e.V.
Foreign buyers Branko Vodenik, M. Sc.
Matjaz Miheli¢, M. Sc. 16. Convention de mise a disposition; Letter N/REF: NS/MD/CONV/04FRE2681]S/2004 dtd.
3. TLD dosimetry 8.9.2004
Foreign buyers Ecole Normale Superieure
Bostjan Crnic Dr. Iztok Cade?,
4. Provision of Testing Services for Filter Media used in IMS Radionuclide Stations 17. Determination of Trace Elements in Lu Foil by k0-INAA and XRF
CTBTO Preparatory Commission Institute for Reference Materials and Measurements
Dr. Benjamin Zorko Dr. Peter Kump
5. 7FP-SPIRIT; Support of Public and Industrial Research Using Ion Beam Technology 18. COST CM1204: XUV/X-ray Light and Fast Ions for Ultrafast Chemistry (XLIC)
European Commission COST Office
Asst. Prof. Primoz Pelicon Asst. Prof. Matjaz Zitnik
6. 7FP - SPRITE; Supporting Postgraduate Research with Internships in Industry and 19. TAEA Fellowship for Ms Aleksandra Wandzilak, POL/13005
Training Excellence [AEA - International Atomic Energy Agency
European Commission Asst. Prof. Primoz Pelicon
Asst. Prof. Matjaz Kavcic 20. Hydrogen Retention in Self-damaged and He Irradiated Tungsten Alloys in Fusion
7. 7FP- PREPARE; Innovative Integrative Tools and Platforms to be Prepared for Devices; Plasma-Wall Interaction for Irradiated Tungsten and Tungsten Alloys in Fusion
Radiological Emergencies and Post-accident Response in Europe Devices
European Commission [AEA - International Atomic Energy Agency
Dr. Benjamin Zorko Dr. Sabina Markelj
8. 7FP-EURATOM; Application of lon Beam Analytical Methods to the Studies of Plasma 21. Preparation and Analysis of Reference Materials
Wall Interaction Studies - 1.4.3.-FU; 3211-08-000102, FU07-CT-2007-00065 Tarma Limited
Location Dr. Jasmina KoZar Logar
Ministry of Education, Science and Sport 22. Different Analyses
Asst. Prof. Primoz Pelicon Foreign buyers
9. 7FP-EURATOM-MHEST; 1.4.1.-FU, Processes with Neutral Hydrogen Atoms and Dr. Jasmina KoZar Logar
Molecules 23. Dynamics at Nanoscale
Ministry of Education, Science and Sport Slovenian Research Agency
Dr. Sabina Markelj Asst. Prof. Matjaz Zitnik
10. 7FP - EURATOM-MHEST, WP13-IPH-A03-P1-01/MESCS/PS, Atomic and Low-Energy 24. 1.SC Methods for Determination of H-3 and C-14 in Environmental Samples
Hydrogenic Plasma Interaction with Damaged Tungsten Slovenian Research Agency
Ministry of Education, Science and Sport Dr. Jasmina KoZar Logar
Dr. Sabina Markelj 25. Study of Deeply Virtual Compton Scattering
11. 7FP - EURATOM-MHEST, WP13-IPH-A03-P2-01/MESCS/PS, D Re-Adsorption/Re- Slovenian Research Agency
Saturation of W Surfaces Subject to Helium RF - Discharge as a Fuel Removal Technique Prof. Simon Sirca
Ministry of Education, Science and Sport 26. Virtual Compton Scattering on the Nucleon
Dr. Sabina Markelj Slovenian Research Agency
12. 7FP - EURATOM-MHEST; WP13-IPH-A01-P3-01/MESCS/PS, Analyses of the Deuterium Prof. Simon Sirca
Trapping in Mixed Materials and Analyzes of Mixed Materials Films Relevent to ITER by~ 27. Measurements and Control of Deuterium in Fusion Material
lon Beam Analytical Methods Slovenian Research Agency
Jozef Stefan Institute Asst. Prof. PrimozZ Pelicon
Asst. Prof. Primo? Pelicon 28. Co-financing of the Promotion of Science
13. MetroRWM; Metrology for Radioactive Waste Management European Commission
Euramete.V. Asst. Prof. Primoz Pelicon
Branko Vodenik, M. Sc.
14. MetroMetal - Ionising Radiation Metrology for the Metallurgical Industry
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Archaeological and Archaeometric Research of Portable Archaeological Heritage
Prof. Ziga Smit
2. Object and Prestige; taste, status, power (Researches of the material culture in Slovenia)
Dr. Marijan Necemer
3. Structure of Hadronic Systems
Prof. Simon Sirca
4. Studies of Atoms, Molecules and Structures by Photons and Particles
Asst. Prof. Matja Zitnik

R&D GRANTS AND CONTRACTS

Investigation of Plant Ion Homeostasis Using Elemental Imaging by Laser Ablation -
Inductively Coupled Plasma Mass Spectrometry (Basic Research Project)
Asst. Prof. Primo? Pelicon

2. Research of the Ionome of Selected Mycorrhizal Plants
Asst. Prof. Primoz Pelicon

3. Sustainable Land Use in Relation to Soil and Crop Quality
Asst. Prof. Primo? Pelicon

4. Archaeologies of Hunter-Gatherers, Farmers and Metallurgists: Cultures, Populations,
Palaeoeconomies and Climate
Dr. Marijan Necemer

5. Nanostructured Cathodes for Lithium Sulphur Batteries
Dr. Darko Hanzel

6. Groundwater Age Determination in Deep Aquifers of Slovenia
Dr. Jasmina KoZar Logar

7. Complex Hyperspectral System for Automatic Analysis and Control of Pharmaceutical
Pellet Coating Processes
Dr. Peter Kump

8. The Use of Speciific Methods for Determination and Prevention of Adulteration of Milk
and Dairy Products
Dr. Marijan Necemer

Department of Low and Medium Energy Physics F-2

9. Center of Competence BioMedical Engineering: CC BME
Dr. Matjaz Vencelj

10. EMRP - MetroRWM; Metrology for Radioactive Waste Management
Branko Vodenik, M. Sc.

11. EMRP - MetroMetal; Ionising Radiation Metrology for the Metallurgical Industry
Branko Vodenik, M. Sc.

N EW CONTRACTS

Monitoring of Radioactivity in the Living Environment in Slovenia 2013-2014
Ministry of Agriculture and the Environment
Dr. Benjamin Zorko
2. Extension of MPPC Performance into the Saturation Regime
Beyond Devices, d. 0. o.
Dr. Matjaz Vencelj
3. Support to Research Work of Industrial Young Researcher Romana Kristof in 2013
Ames, d. 0. 0.
Dr. Jasmina KoZar Logar
4. Offsite Radiological Monitoring of NPP Krsko 2011-2013
Krsko Nuclear Power Plant
Doc. dr. Matej Lipoglavsek
5. Annex No. 7 to the contract on performing activities and fulfillment of obligations of
holder of national standard in the field of jonising radiation
Ministry of Economic Development and Technology
Mag. Denis Glavi¢ Cindro
6. Ecology laboratory with mobile unit 2013
Ministry of Defence
Asst. Prof. Matej Lipoglavsek

VISITORS FROM ABROAD

1. Dr. Margarita Herranz Soler and Dr. Raquel lodeta, ETSI, Bilbao, Spain, 13.-17. 1. 2013

2. Antti Kettunen, Oulu University, Oulu, Finland, 6. 5.-17. 6. 2013

Assoc. Prof. Osman $ahin, Asst. Prof. Biinyamin, Asst. Prof. Sinan Yasar, Mustafa Kemal

University, Hatay, Turkey, 3.-8. 6. 2013

Martine Schulte-Borchers, ETH, Zirich, Switzerland, 4.-6. 6. 2013

Dr. Camille Larue, Ruhr-University Bochum, Bochum, Germany, 8.-12. 7. 2013

Dr. Hiram Castillo-Michel, ESRF, Grenoble, France, 8.-12. 7. 2013

Dr. Carmen Varlam, Dr. lonut Faurescu, INC-DTCI-CSI, Ramnicu Valcea, Romania,

25.8.-7.9.2013

Dr. Dimosthenis Sokaras, SSRL, Menlo Park, USA, 8.-12.9. 2013

9. Dr. Helene Fonvieille, Loup Correa, CNRS, LPC Clermont-Ferrand, Clermont-Ferrand,
France, 15.-20.9. 2013
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10. Aleksandra Wandzilak, Faculty of Physics and Applied Computer Science - AGH,
Krakow, Poland, 23.9.-22. 12. 2013

11. Dr. Dolors Company, University of Girona, Girona, Spain, 29. 9.-6. 10. 2013

12. Dr. Carla Tochims , UFGRS, Porto Alegre, Brazil, 4.-14. 10. 2013

13. Dr. Paulo Jobim, UFGRS, Porto Alegre, Brazil, 4.-25. 10. 2013

14. Abdulghani Shakhashiro, IARMA Limited, Thurso, UK, 24.-30. 10. 2013

15. Marlina Harnisch, Katrin Tanzer, IPP, Innsbruck, Austria, 4.-15. 11. 2013

16. Prof. Claudio Spitaleri, INFN and LNS, Catania, Italy, 5.-7. 11. 2013

17. Giuliano Mini, Giovanni Burgada, CAEN SpA, Viareggio Lucca, Italy, 12.-13. 11. 2013

18. Lukas Skala, ENVINET as, Trebic, Czech Republic, 12.-13. 11. 2013

19. Giscard Honore Sonkwa Monthe, University of Yaoundé, Yaoundé, Cameroon, 1.-23. 12. 2013

20. Dr. Régis Bisson, Aix Marseille University, Marseille, France, 17.-20. 12. 2013

STAFF

Researchers

Prof. Iztok Arcon*

Dr. Klemen Bucar

Prof. Dean Cvetko*

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

Asst. Prof. Matjaz Kavci¢

Dr. Jasmina KoZar Logar

Dr. Peter Kump

9. Prof. Andrej Likar*, retired 01.10.13
10. Asst. Prof. Matej Lipoglavsek
11. Dr. Andrej Miheli¢

12. Dr. Marijan Necemer

13. Asst. Prof. Primoz Pelicon, Head
14. Zdravko Rupnik, M. Sc.

15. Prof. Simon Sirca*

16. Prof. Ziga Smit*

17. Dr. Matjaz Vencelj

18. Branko Vodenik, M. Sc.

19. Dr. Benjamin Zorko

20. Asst. Prof. Matja Zitnik
Postdoctoral associate

21. Dr. Sabina Markelj
Postgraduates

22. Jure Bericic, B. Sc.

0 N AW BN o =

23. Rok Bohinc, B. Sc.

24. LukaJeromel, B. Sc.

25. Mykhailo Kaverin, B. Sc., left 16.09.13
26. Katarina Kovacic, B. Sc.

27. Mojca Miklavec, B. Sc., left 01.04.13
28. Marko Petric

29. Samo Stajner, B. Sc.

30. Dr.Jelena Vesi¢

31. Anze Zaloznik, B. Sc.

Technical officers

32. Bostjan Crnic, B. Sc.

33. Matjaz Mihelic, M. Sc.

34. Primoz Vavpetic, B. Sc.

Technical and administrative staff
35. Drago Brodnik

36. Mojca Gantar

37. Sandi Gobec

38. Zvonimir Grabnar

39. Mirko Ribi¢, B. Sc.

Note:
* part-time JSI member
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DEPARTMENT OF THIN FILMS

AND SURFACES

F-3

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

In the past few years the trendline of hard coating research has been concentrated into nanostructured coatings, i.e.
nanolayer and nanocomposite coatings. The (Ti,ALSi)N-based coatings are distinguished by the possibility to form
10-nm-sized TiN or TiAIN grains in a matrix of amorphous 8i,N,, provided the proper deposition conditions are met.
Avyear ago we implemented this coating in industrial production; today it is in regular use by about 20 companies
in Slovenia. Nevertheless, we are still engaged in its characterization and interpretation. Using transmission
electron microscopy we analysed the coatings at the nanolevel (nanograin size and orientation), we explained the
growth mechanisms and specific features of nanograin formation in nanolayer and nanocomposite coatings. This
contribution was made by Aleksandar Miletic (University of Novi Sad, Serbia), which is the topic of his Ph.D thesis;
he made most of the experimental work in our department.
We analysed the (Ti,ALSi)N coating in semi-industrial experiments, where wear mechanisms
in hard milling were studied in controlled conditions. The tools were either coated by a nanocom-
posite, or by one of the standard coatings for reference. A part of these tests was performed in the
scope of the Nano-tool project (ERA-SME, partners Vienna Technical University and company EMO
Orodjarna, d. 0. 0.). A series of experiments with a systematic evaluation and special emphasis on
wear was performed by Dr. Halil Galiskan from the University of Bartin, Turkey. He worked on
this topic in the scope of his one-year stay in our department as part of his Ph.D thesis.
The appearance of micrometre-size growth defects is one of the major problems in the ap-
plication of hard coatings. In this year we paid specific attention to those defects that originate in
errors in the base material. We found that a lot of defects form on non-metal inclusions, which are
found in all steels; this mainly applies to oxides (e.g. Si0,) and sulphides (MnS). Their sputtering
rate during etching is very different; therefore, in the phase of ion etching topographic changes
on the surface appear. In the scope of the ESTEEM-2 project we were awarded session time in a
high-resolution transmission electron microscope at the University of Graz, Austria. The samples
were prepared by focused ion beam. Using this instrumentation we were able to analyse the
contact between a non-metal inclusion and the coating grown above the inclusion. We evaluated
the size of the micropores, which are the origin of poor adhesion on defects. With a systematic
evaluation of the surface topography after cleaning, after etching and after coating deposition,
we performed a statistical estimation of the defect appearance in different phases of depositing a
hard coating. This work is performed in collaboration with the Faculty of Mechanical Engineer-
ing of the University of Maribor; it is the topic of the Ph.D thesis of Peter Gselman, our young
researcher. Because our research group is one of the world’s leading in the topic of growth-defect
diagnostics, our co-worker Dr. Peter Panjan had an invited lecture at the International Conference
of Metallurgical Coatings and Thin Films in San Diego, USA.
Research is performed on several applied projects, which are cofinanced by various com-
panies. We started the development of multicomponent coatings for the protection of tools for
hot forging, produced by the company Unior, d. d. The basic idea is in the addition of vanadium,
which acts as a lubricant in high-temperature conditions. We performed several experiments
using the so-called triangular targets made of two elements, which enables the deposition of
a vertical composition gradient. So far we analysed the systems Cr Al_Nand Cr V| N. Going
the classic way (using monolithic targets), 20 individual depositions would be needed, while by
applying the triangular targets only one deposition was necessary. The use of this method is the

Ph.D topic of our young researcher Aljaz Drnovsek. He thoroughly analysed the thus prepared Figure 1:Si0, inclusion in stainless steel at various

Head (since 1. 3. 2013):
Asst. Prof. Miha Cekada

samples from the tribological point of view and systematically analysed the influence of differ- sleps of coating preparation
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We investigated the influence of various non-
metallic inclusions in steel substrates on the
mechanism of growth defect evolution.

Figure 2: Cross-section through a TiAIN/CrN multilayer structure at
the position of MnS inclusion, obtained using transmission electron
microscopy

50

Figure 3: A partly delaminated defect on a TIAIN coating

We showed that during magnetron sputtering
the ionisation zones play a major role in the
transport of ions and electrons.

ent parameters on friction and wear. The ambient atmosphere choice (air,
oxygen, nitrogen) was shown to have a major influence on the tribological
properties of selected coatings.

In the previous years our tribological efforts were mainly limited to hard,
self-lubricating coatings of diamond-like carbon. However, in collaboration
with the company Nanotul, d. o. 0., we initiated a project for testing the
lubricating properties of standard coatings in combination with lubricants
based on MoS, nanotubes. Other project-based collaborations are on-going
with the companies Impol, d. d. (low-temperature coatings for aluminium
alloys), Phos, d. 0. 0. (coatings on tools for pharmaceutical industry) and
Kovinos, d. 0. 0. (coatings on cutting tools for hard machining).

There are several cases of collaboration, where the choice of a proper
coating is only one aspect in a broad goal of the optimization of a certain
technological process. One case deals with applying the TIAIN coating on high-
speed steel after a cryogenic treatment (in collaboration with the University
of Zagreb, Croatia), and another one with the protection of aluminium hot-
extrusion tools by CrN coating (in collaboration with the Faculty of Natural
Sciences and Technologies, University of Ljubljana).

The collaboration with the companies often continues after the expiry
of a project. The work is usually done as an investigation, where we solve
specific advanced technological problems. For the company Kolektor, d. d.,
we are developing a coating with a purpose to improve the tribological
properties of saw blades that are used to cut commutator bodies. There is
an intensive collaboration with the company Cetis, d. d., where our young
researcher from the industry Vladan Mladenovi¢ is employed. The topic of
his research is surface structuring with various surface-treatment techniques
(scratching, laser ablation, micromilling, electroerosion), and the the analysis
of these processes at microlevel. So far he has systematically analysed the
topics of scratching and partly laser treatment, using the Taguchi method
of experiment design.

In evaluating the degradation of functional materials, there are two
well-established groups of tests. The first is the tribological testing where we
evaluate the mechanical wear of two materials in sliding contact. The other
is the corrosion testing where we are following the chemical destruction of
the material in (mechanically speaking) static conditions. A synthesis of both
concepts is the tribo-corrosion test, where we simultaneously measure the
parameters of sliding wear (e.g,, friction coefficient) and electrochemical
parameters (corrosion potential, corrosion current). In this way we can
in-situ evaluate the coating’s degradation. The applicability of this principle
was shown on two coatings (TiAgN and TiSiN).

In the scope of basic and industrial research we have been investigating
for several years the influence of rotation on thin-film growth. Using a simula-
tion that we developed for the industrial sputtering apparatus CC800/9 we
studied the influence of rotation and target configuration on the structure
of multilayer coatings and on the homogeneity of thin films. The simula-
tion results showed that very periodic rotation modes, which depend on the
turntable gear ratio, cause large variations both in thickness and in chemi-
cal composition of the coatings. Fewer periodic modes of rotation improve
the film homogeneity, even though in certain rotating parameters large
fluctuations may appear. Such simulations are a useful tool for the design
of new PVD coatings. Our simulation attracted considerable attention from
research and industry and led to the signing of a contract with one of the
largest producers of PVD systems from Germany. This was also a topic of an
invited lecture that our co-worker Dr. MatjaZ Panjan had at the Society of
Vacuum Coaters annual meeting in Providence, USA.

In collaboration with co-workers from Lawrence Berkeley National
Laboratory (USA), Dr. MatjaZ Panjan published a paper in Applied Physics
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Letters, where they proposed a model for the transport of ions in high-power
impulse magnetron sputtering. The model is based on the discovery of plasma
structures called ionisation zones, which rotate in the magnetron plasma
in the direction £xB. In this model they proposed that inside the ionization
zones the electron and ion densities are spatially separated; therefore, the
electric field forms in an azimutal direction. Thus, the electric field rotates
in line with the zones. The ions primarily form within the ionization zones;
therefore, they acquire the kinetic energy of the rotating electric field that
accelerates them in the azimutal direction up to an energy of 100 eV or more.
This model is supported by experiments, conducted using mass and energy
spectrometry in the scope of his post-doctoral stay in Berkley.

In this year Dr. Matjaz Panjan was a visiting researcher at the Montreal
Polytechnic, Canada. He continued the work on nanocomposite hard coatings
prepared by high-power impulse magnetron sputtering, already started in the
scope of the post-doctoral stay in Montreal. The nanocomposite TiSiN coatings
were tested for the protection of turbine blades against water erosion. These
tests were conducted in collaboration with Rolls-Royce Canada. The coatings Figure 4: Surface of a CrVN coating after oxidation (750 °C, 2 min)
reduced the wear of blades by a factor of four. Within the COST action (topic:
high power impulse magnetron sputtering) our young researcher Aljaz
Drnovsek visited the same lab.

Within the Euratom project our task is the synthesis of hydrogenated
carbon deposits, which should be as similar as possible to real impurity de-
posits in a fusion reactor. We keep informal collaboration with the Institute
Vinca (Belgrade, Serbia) where we prepare various multilayer coatings (Ni/
Ti, Al/Ti) to be laser-treated by our partners. Specially interesting results were
obtained by the CrVN coating where we were able to synthesise 2 macroscopic
wavy structure on the irradiation spots.

Some outstanding publications in the past year

1. Kek-Merl, D.; Panjan, P., Kovac, J.: Corrosion and surface study of
sputtered AIW coatings with a range of tungsten contents, Corrosion
science, 69 (2013), 359-368
2. Panjan, P, Gselman, P., Kek-Merl, D., Cekada, M., Drazic, G., Boncina, Figure 5: Image of ionization zones in high-power impulse magneiron
T., Zupanid, F: Growth defect density in PVD hard coatings prepared $P#ftering, obtained with a high-speed camera
by different deposition techniques, Surface & coatings technology,
237 (2013), 349-356
3. Panjan, M.: Influence of substrate rotation and target arrangement on the periodicity and uniformity of layered
coatings, Surface & coatings technology, 235 (2013), 32-44
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3. Protected Permanent Magnets for Advanced High-Temperature Applications
Simulation of Coating Deposition in Industrial PVD Systems Asst. Prof. Miha Cekada
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Dr. MatjaZ Panjan
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. Multifunctional Nanostructured Films for Artificial Implants - Corrosion and Tribo-
corrosion Processes
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FU07’CT’2007’000.65 . 5. Colour, Absorption and Protective Nanolayer Coatings for Aluminium Alloy
Ministry of Education, Science and Sport Dr. Peter Panjan ’
Dr. Peter Panjan 6. Functionalization of Biomedical Samples by Thermodynamic Non-equilibrium Gaseous

Plasma
Dr. Peter Panjan

RE SE ARCH PRO GRAM 7. Toward Ecologically Benign Alternative for Cleaning of Delicate Biomedical

Instruments
1. Thin Film Structures and Plasma Surface Engineering Dr. Peter Panjan ‘ A .
Asst. Prof. Miha Cekada 8. Self-lubricating and Wear Resistant PVD Hard Coatings Based on (V, Cr, Al, T)N for
Hot-working Processes

Dr. Peter Panjan
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1. Organic-Inorganic Thin Film Structures for Electronics Components
Dr. Peter Panjan
2. Research and Development of Rapid Production and Repair in Modern 3D Cutting Tools
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NEW CONTRACTS

1. Study of functional properties of PVD-hard coatings in the system (Cr,ADN
Kovinos d. 0. 0.
Dr. Peter Panjan

2. Self-lubricating and wear resistant PVD hard coatings based on (V,Cr,ALT)N for hot-
working processes
UNIOR Blacksmith Industry, d.d.
Dr. Peter Panjan

VISITORS FROM ABROAD

1. Dr. Christoph Schiffers, CemeCon AG, Wiirselen, Germany, 6. 11. 2013
2. Dr. Robert Franz, Dr. Marisa Figueiredo, Montanuniversitit Leoben, Leoben, Austria,
21.-22.11. 2013

Aleksandar Mileti¢, University of Novi Sad, Novi Sad, Serbia, 22. 7.-2. 8. 2013
Dr. Corneliu Porosnicu, National Institute for Laser, Plasma and Radiation Physics,
Bucharest, Romania, 9.-10. 10. 2013
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The research program is associated with vacuum science, technology and
applications. The main activities are focused on plasma science, the modification
of advanced biomedical materials and products for improved biocompatibility,
the characterization of inorganic, polymer and composite materials with different
thin films on the surface, the modification and characterization of fusion-relevant
materials, the thermodynamics of trapped gases and methods for sustaining a ultra-
high-vacuum environment, vacuum opto-electronics, and basic research in the field
of surface and thin-film characterization by electron spectroscopy techniques.

Non-equilibrium gaseous plasma is a suitable medium for tailoring the surface properties of hydrocarbons.
These materials, especially when fibrous, may interact strongly with reactive gaseous particles, causing localized
heating and thus a loss of treatment uniformity. A method for diminishing such effects is the application of a uni-
form gaseous plasma with a very low power density. Such a plasma is created at low pressure, which allows for the
minimization of three-body collisions. The collision frequency depends slightly on the type of gas and the kinetic
temperature, but with a major dependence is on the gas pressure. The frequency often increases as the square of
the gas pressure and in a rough approximation the value of 1 s* is achieved at a pressure of several 10 Pa. Plasma
of low power density cannot be sustained in small chambers due to the rapid diffusion of reactive particles towards
the walls where they tend to be lost by neutralization, recombination and relaxation.

The characteristics of gaseous plasma were studied in an industrial scale reactor of volume 3 m?. Ata pressure of
13 Pathe plasma was sustained at a discharge power as low as 50 W. The discharge power density was therefore less
than 20 W m?. Just for comparison, the minimal power density for sustaining

Head:
Prof. Miran Mozetic

plasma created by our surfatron discharge at the same vacuum level is over
10" W m?. Plasma in the large reactor was created by asymmetric capacitive
coupled radio-frequency discharge. The powered electrode was immersed
into the centre of the reactor, while the chamber walls made from stainless

Excellent functional properties for fibrous
cellulose materials were achieved by the proper
selection of plasma parameters.

steel were grounded. Since the surface of the powered electrode was well
over two orders of magnitude smaller than the surface of the grounded chamber, practically all the applied voltage
appeared next to the powered electrode. The gas therefore remained at room temperature although the ionization
and dissociation fractions of the gaseous molecules were reasonably high, of the order of 10° and 103, respectively,
corresponding to densities of 10" and 10 m. Such a plasma is suitable for the treatment of fibrous polymer materials,
such as textiles and allows for rapid functionalization with polar functional
groups as well as the removal of surface impurities. A mild plasma created
in oxygen or air, however, does not allow for a dramatic increase of surface
morphology, so other reactive gaseous media should be used to obtain an
extremely nanostructured surface of cellulose fibres.
The textile industry in developed countries is confronting the world’s
marketing conditions and competitive challenges that are driving it towards
the development of advanced, highly functional textiles and textiles with
higher added value. The conventional textile finishing techniques are wet
chemical modifications where water and rather hazardous chemicals are
used in large quantities and waste waters need to be processed before dis-
charging the effluent, whereas the most problematic factors are ecological
impacts to the environment and effects on human health. The increasing
environmental concerns and demands for an environmentally friendly
processing of textiles leads to the development of new technologies based on
the modification of functional properties with nanoparticles. Such textiles
exhibit improved radiation protection, bacteriostatic effects or improved
flame-retardation. A major scientific concern about the application of na-

noparticles is poor adsorption onto polymer fibres, which is due to a poor  Figure 1: The ionization and dissociation fractions of oxygen molecules
surface morphology. Although plasma created in air, oxygen, water vapour i plasma created in 3 m3 large reactor versus distance from the wall.
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Figure 2: SEM image of cellulose fibres treated in moist CF  plasma.

Figure 3: Optical spectra of plasma created in unloaded reactor in pure

CF, (ved curve) and reactor loaded with cellulose fabrics.

or carbon dioxide allows for a stripped, cleaned and more distinct macro-
fibril structure, it does not ensure the optimal adsorption of nanoparticles.

A method for the treatment of cellulose fibres that allows for almost
optimal nano-structuring has been invented. The textiles were treated with
a plasma created in tetraflourmethane (CF,) with an admixture of water
vapour (H,0) in order to obtain an extremely rich surface morphology. The
right treatment parameters allowed for etching resulting in a nanostructured
surface with grain dimensions of roughly between 150 and 500 nm. The
surface texture was uniform on a large area allowing for excellent absorp-
tion properties. The CF4 plasma is otherwise applied to obtain the opposite
effect (hydrophobicity) but the right admixture of water vapour allowed for
the creation of reactive particles that lead to extremely selective etching of
cellulose fibres. Since the dissociation energy of a water molecule is several
times lower than of CF, the O and OH radicals abound in plasma created in
such a gas mixture and readily interact with fluorinated cellulose materials,
causing etching of fluorine-rich segments. The etching was monitored us-
ing optical emission spectroscopy. The optical spectrum of plasma created
in rather pure CF, is rich in CF_bands as well as continua especially in the
near-ultraviolet range of wavelengths. In the case the plasma reactor is loaded
with wet cellulose fabrics the optical spectrum is completely different. Instead
of the CF, spectral features the spectrum revels an extremely strong emission
that originates from the transitions of CO radicals. These radicals are formed
upon the etching of cellulose material with gaseous plasma created in CF,
gas with admixture of water vapour.

Wounds are considered as the major cause of morbidity and impaired
quality of life, especially by patients suffering from diabetes. It has been
estimated that over 1% of the world’s population suffer from serious complica-
tions causing chronic ulcer wounds. The average cost of a treatment cycle is
estimated to about €6600 for leg ulcers and €10,000 for foot ulcers. Wound
dressings are regarded as the medical means of cleaning and protecting
wounds in order to facilitate and accelerate the healing process. Although the
healing process of wounds is a natural process, the speed of healing and fluid
loss is still one of the major challenges. Significant improvements in develop-
ing wound-dressing products have been recorded since earliest times, but the
properties of those materials currently used are still far from challenging the
characteristics that chronic wounds exhibit. In order to improve the sorption
kinetics of non-woven viscose materials, nowadays widely used as absorption
material, we optimized the plasma parameters for the deep functionalization
of such fibrous materials. Since charged particles are lost by neutralization
on the fibres’ surface we rather treated these materials with an extremely
non-equilibrium plasma created in moist oxygen. The density of the charged
particles was of the order of 10® m~3, while the neutral atom density was
as high as 2 x 10" m~3. The neutral atoms do not interact aggressively with
viscose materials, so they can diffuse deep into non-woven materials where
they cause rather uniform functionalization with polar functional groups as
well as the removal of any hydrophobic impurities that might be present on
the fibre surfaces. The result of such a deep functionalization is a dramatic
improvement of the sorption kinetics. Water and saline solution is soaked
by plasma-treated materials about 100 x faster than by untreated materials,
and the improvement for exudate and blood is up to an order of magnitude.

Plasma nano-science remains a priority of our research due to promising
results and the broad range of future application from photovoltaics to bio-
medicine. We reported on the chemical synthesis of the arrays of silicon oxide
nano-dots and their self-organization on the surface via physical processes
triggered by surface charges. The method based on chemically active oxygen
plasma leads to the rearrangement of nanostructures and eventually to the

Figure 4: Average welling rise curves for non-lreated and plasmatrealed  formation of groups of nano-dots. This behaviour is explained in terms of

non-woven viscose for three different liquids.
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the effect of electric field on the kinetics of surface processes. The direct
measurements of the electric charges on the surface demonstrate that the
charge correlates with the density and arrangement of nano-dots within the
array. Extensive numerical simulations support the proposed mechanism
and prove the critical role of the electric charges in the self-organization.
This simple and environment-friendly self-guided process could be used
in the chemical synthesis of large arrays of nano-dots on semiconducting
surfaces for a variety of applications in catalysis, energy conversion and
storage, photochemistry, environmental, bio-sensing, and several others.

The characterization of surfaces and interfaces, layered structures and
nanomaterials requires the application of advanced surface-sensitive analyti-
cal techniques. In our department X-ray photoelectron spectroscopy (XPS),
secondary-ion mass spectroscopy (ToF-SIMS), Auger electron spectroscopy
(AES) and atomic force microscopy (AFM) have been used successfully, both
for basic research and the characterization of technological samples. Our
research group is recognized worldwide as a leading group in the research
field of the depth profiling of thin films and multilayers with a high depth
resolution. In this field we continued studying the influences of different
distortion effects on depth resolution upon measurements of the elements
distribution in thin films and multi-layered structures. We succeeded to im-
prove the existing mixing-roughness-information (MRI) model describing the
influence of atomic mixing by ion bombardment, information depth of the
analysed species, and the surface and interface roughness of the specimen.
We introduced a new description for interface roughness with an asym-
metrical function that differs from the Gaussian function used conventionally
in analytical work. A comparison between the model and the experimental
determination of the depth profiles shows that a realistic non-Gaussian func-
tion has to be taken into account if high accuracy in quantification of sputter
depth profiles is required. This is of particular importance for analyses of
ultra-thin multilayer structures (up to 10 nm), which are frequently involved
in advanced applications.

Aminopropylsilanes bonded on silicon substrates promote adhesion
between the inorganic material and organic compounds. Aminosilanes are
self-assembled molecules since they form a multi-layer structure on a surface
over a certain time span after deposition. Such a modified surface can be used
in many applications from biological studies to attaching metal nanoparti-
cles, and sensor applications. We performed a systematic characterization
of asilicon surface modified by different self-assembled aminopropylsilanes
(APS) with the purpose of using them in sensor applications. Single-crystal
silicon wafers were modified with aminosilanes having different numbers
of bonding sites: 3-aminopropyl-trimethoxysilane (APTMS), 3-aminopropyl-
diethoxymethylsilane (APRDMS) and 3-aminopropyl-ethoxydimethylsilane
(APREMS). We deposited the self-assembled layers from asolution of aminosi-
lanes in toluene under various reaction conditions. The surface composition,
the chemical bonding and the surface morphology were determined using
XPS, ToF-SIMS, AFM and SEM. Our results show that the reactivity with the
Si-oxide layer and the polymerization of aminosilanes depend on the num-
ber of possible bonding sites. The APTMS reacted most intensively with the
Si-oxide layer; a less intensive reaction was observed for the APRDMS; and
the least intensive reaction was observed for the APREMS. For aminosilane
molecules with more bonding sites the effect of the polymerization is more
intensive, resulting in island formation and a rougher surface. At 25 °C the
polymerization is more intensive than at elevated temperatures, which we
attribute to a faster deposition of the molecules at higher temperatures.

In collaboration with the company Melamin from Kocevie, Slovenia, we
have studied novel materials for thermal insulation panels. Extensive work
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The recently granted EU project “IP4Plasma”
also involves a Slovenian industrial partner
Tosama and the major goal is the development
of functional textiles.

Figure 5: Simulated ad-atom density patterns defining QD movements
upon the exposure of Si wafers to oxygen plasma and corresponding AFM
images.

Figure 6: ToF-SIMS characterization of Fe-Sm alloy after annealing at
1250 °C allows for the identification of phases as well as the distribution
of minor elements, thanks to a high sensitivity and lateral resolution.
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performed on rigid melamine-formaldehyde (MF) foams clearly showed it
is a suitable material, which may substitute currently used organic foams.
All foams used in a standard way in industrial practise contain addi-
tives like bromine, which are added due to the required self-extinguishing
properties of insulating materials. Such additives have to be abandoned by
2015. Besides the fact that the MF foams are already self-extinguishable since
they contain appreciable amounts of nitrogen, they are also distinguished
by a higher application temperature (180°C) comparing to the currently
applied foams made on the basis of polystyrene or polypropylene. We tested
the MF samples as potential candidates for core materials used in vacuum
insulation panels. We developed a unique procedure for the evaluation of
the thermal conductivity as a function of pressure in the foam, which also
allows for long-term monitoring of the outgassing rate. The evacuated MF
foams have a low thermal conductivity of about 6 W/K, which is equivalent
to organic foams, but due to the extremely low outgassing rates they are

Figure 7: A melamine-formaldehyde foam sample that is to be even more suitable for vacuum panels.

encapsulated in vacuum insulation panels.
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Our fusion-related EURATOM project is focused on hydrogen-metal
interaction, in particular with fusion relevant metals such as beryllium and
tungsten. These two metals will represent the “first wall” (plasma-facing components) of international fusion reactor
ITER. Thermal load and ion impact will induce tritium retention in mixed deposits of tungsten and beryllium. Since
only little general data about such films exist, the knowledge should be improved so possible mechanisms involved
at interaction between these materials and hydrogen were investigated. We studied properties of films containing
various amounts of Be and W. Research on the outgassing rate was performed and subsequent hydrogen/deute-
rium gas permeation technique at temperatures up to 400 °C was elaborated. The same method has been applied
for characterization of duplex membranes (a low-permeable film on a high-permeable substrate) and has been
proved as a reliable technique, so a few papers have been published in last years on pure Be and W films. The most
outstanding finding was an extremely high capability of nano-structured W film to retain hydrogen, reaching values
as high as about 0.1H/W, which had not been expected since bulk tungsten is renowned for its very low hydrogen
solubility. Films with various Be/W ratios were deposited at C. Lungu’s laboratory at NILPRP, Bucharest, Romania,
by the TVA method and thoroughly characterized by SEM and XPS$ in order to confirm the range of set values for
Be/W ratio. A series of precise hydrogen-permeability measurements combined with long-term outgassing-rate
measurements were realized. In addition, various experimental techniques were applied for the evaluation of film
properties, like SEM, XRD, XPS and AFM.

Some outstanding publications in the past year

1. Lazovi¢, S., Puac, N., Spasic, K., Malovic, G., Cvelbar, U., Mozetic, M., Petrovic, Z.: Plasma properties in a large-
volume, cylindrical and asymmetric radio-frequency capacitively coupled industrial-prototype reactor. Journal
of Physics D, Applied physics, 2013, vol. 46, no. 7, 075201-1-075201-8

2. Persin, Z., Devetak, M., Drevensek Olenik, I., Vesel, A., Mozetic, M., Stana-Kleinschek, K. The study of plasma’s
modification effects in viscose used as an absorbent for wound-relevant fluids. Carbohydrate polymers, 2013,
vol. 97, issue. 1, 143-151

3. Levichenko, I, Cvelbar, U., Modic, M., Filipi¢, G., Zhong, X., Mozeti¢, M., Ostrikov, K.: Nanoherding: plasma-
chemical synthesis and electric-charge-driven self-organization of 8i0, nanodots. The journal of physical
chemistry letters, 2013, vol. 4, issue 4, 681-686

4. Liu, Y, Jian, W., Wang, J. Y., Hofmann, S., Kovac, J.: Influence of non-Gaussian roughness on sputter depth
profiles, Applied Surface Science, 2013, vol. 276, 447-453

5. Zajec, B, Nemanic, V., Zumer, M., Porosnicu Corneliu Lungu, C.: Hydrogen permeability through beryllium
films and the impact of surface oxides. Journal of Nuclear Materials, 2013, vol. 443, 185-194

Awards and appointments

1. Asst. Prof. Alenka Vesel; Award for the most cited article in the Journal Dyes and Pigments in years 2010 and
2011; title of the article: “Colorimetric properties of reversible thermochromic printing inks”

Organization of conferences, congresses and meetings

1. 20th International scientific meeting of Vacuum Science and Technology, Jeruzalem, Ljutomersko-Ormoske
gorice, 9.-10. 5. 2013

Annual Report 2013



INTERNATIONAL PROJECTS

10.

15.

16.

20.

Development of a Vacuum Measurement Method with Respect to Vacuum Glazing
AGC Glass Europe

Dr. Vincenc Nemani¢

7FP - EURATOM; Removal of Deposits by Neutral Oxygen and Nitrogen Atoms - 1.4.2.-
FU; 3211-08-000102, FUO7-CT-2007-00065

Ministry of Higher Education, Science and Technology

Prof. Miran Mozeti¢

7FP - EURATOM-MHEST, 1.4.4-FU; Deuterium Interaction Kinetics with BE, W and
Mixtures Relevant to ITER and DEMO

Ministry of Education, Science and Sport

Dr. Vincenc Nemanic

EFDA-JET 2013 Experimental Campaigns

Ministry of Education, Science and Sport

Dr. Aleksander Drenik

7FP - EURATOM-MHEST, WP13-IPH-A01-P3-02/MESCS/PS, Permeation Measurements
of Mixed Be/W Layers

Ministry of Education, Science and Sport

Dr. Vincenc Nemanic

EFDA-JET 2013 Analysis of Mixed Materials on ITER-like Wall Samples Using XPS/AES
Ministry of Education, Science and Sport

Dr. Vincenc Nemanic

COST MP1101; Biomedical Applications of Atmospheric Pressure Plasma Technology
COST Office

Prof. Uro§ Cvelbar

NATO Planning Grant; SfP 984555; Atmospheric Pressure Plasma Jet for Neutralisation
of CBW (Chemical Biological Weapons)

NATO - North Atlantic Treaty Organisation

Prof. Uro§ Cvelbar

COST TD1208; Electrical Discharges with Liquids for Future Applications; COST
Training School on Liquid Discharges

COST Office

Prof. Uros Cvelbar

Plasma Synthesis and Application of Nanowalls

Slovenian Research Agency

Prof. Uro§ Cvelbar

. Plasma Synthesis and Deposition of Quantum Dots

Slovenian Research Agency
Prof. Uro§ Cvelbar

. Determination of Interdiffusion Coefficients in Nano-layered Structures by High

Resolution Depth Profiling
Slovenian Research Agency
Asst. Prof. Janez Kova¢

. Plasma Treatment of Titanium Stents

Slovenian Research Agency
Prof. Uro§ Cvelbar

. Plasma-assisted Synthesis of Nano-objects

Slovenian Research Agency

Prof. Uro§ Cvelbar

Formation of Nanocomposite Thin Films in Dusty Magnetized Plasma
Slovenian Research Agency

Asst. Prof. Alenka Vesel

Hydrogen Interaction With W/Be Films Relevant for Fusion Reactors
Slovenian Research Agency

Dr. Vincenc Nemanic

. Characterization of Non-equilibrium Plasma for Modification of Nano and

Biocompatible Materials
Slovenian Research Agency
Prof. Miran Mozeti¢

. Ultra Nanoporous Nanowires of Metal Oxides

Slovenian Research Agency
Prof. Uros Cvelbar

. Development and Investigation of Optimal Regimes of RF Conditioning of Uragan-2M

Vacuum Chamber Walls using Optical and Probe Methods of Plasma Diagnostics
Slovenian Research Agency

Prof. Miran Mozeti¢

Characterization of Processing Plasma with Catalytic and Cutoff Probes
Slovenian Research Agency

Prof. Miran Mozeti¢

RESEARCH PROGRAMS

Vacuum Technique and Materials for Electronics

Dr. Vincenc Nemani¢

Thin Film Structures and Plasma Surface Engineering
Prof. Miran Mozeti¢

Department of Surface Engineering and Optoelectronics F-4

R&D GRANTS AND CONTRACTS

10.

11

12.

13.

Near-Net Shape Nanoparticle-Reinforced Polymer-Composites for Highly-Loaded
Advanced Mechanical Components with Superior Tribological Performance

Asst. Prof. Janez Kovac

Organic-Inorganic Thin Film Structures for Electronics Components

Asst. Prof. Janez Kova¢

Research and Development of Integrated Overvoltage Protection Devices Based on
Gaseous Discharger Toward a Reliable Miniature Technical Solution

Dr. Vincenc Nemani¢

Development of Advanced Processes for Attending High Efficient Nano Modified Textile
Materials

Prof. Miran Mozeti¢

Development of the Functional Textiles Used fot the Treatment of Diabetic Foot (Malum
perforans)

Prof. Miran Mozeti¢

New Materials for Printed Sensors and Indicators and their Integration in Smart
Printed Matter

Asst. Prof. Alenka Vesel

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

Asst. Prof. Janez Kovac

Synthesis of Nanowires for Regenerative Energy Cells

Prof. Uro§ Cvelbar

Colour, Absorption and Protective Nanolayer Coatings for Aluminium Alloy

Asst. Prof. Janez Kovac

Functionalization of Biomedical Samples by Thermodynamic Non-equilibrium Gaseous
Plasma

Prof. Miran Mozeti¢

Toward Ecologically Benign Alternative for Cleaning of Delicate Biomedical
Instruments

Asst. Prof. Alenka Vesel

Self-lubricating and Wear Resistant PVD Hard Coatings Based on (V,Cr,AL TN for Hot-
working Processes

Dr. Peter Panjan

Preparation of Hemocompatible Polymeric Surfaces for Biomedical Applications

Dr. Ita Junkar

NEW CONTRACTS

Investigation of Melamine Foams as the Core Material in Vacuum Thermal Insulation
Melamin Chemical Factory, d. d.

Dr. Vincenc Nemani¢

Investigation of Evaluation Methods for Vacuum Insulation Panel Performance Testing
in Accordance with Draft of ISO Standard

Stirolab, d. 0. .

Dr. Vincenc Nemanic

Environmentally Friendly Cleaning of Components for Large Vacuum Systems
Vacutech Vacuum Technologies and Systems, d. o. o.

Prof. Miran Mozeti¢

Characteristics of Gaseous Plasma in Gaps

Kolektor Sikom d. 0. 0.

Prof. Uro§ Cvelbar

Advanced Functional Implant

Ekliptik, d. 0. 0.

Dr. Ita Junkar

Nanowire Synthesis for Regenerative Energy Cells

Kolektor Group, d. 0. 0.

Prof. Uro§ Cvelbar

Functionalization of biomedical samples with thermodynamically non-equilibrium
gaseous plasma

Bia Separations

Prof. Miran Mozeti¢

Toward Ecologically Benign Alternative for Cleaning of Delicate Biomedical
Instruments

Eliptik, d.o.0.

Asst. Prof. Alenka Vesel
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VISITORS FROM ABROAD
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10.
11.

Branislav Brindi¢, Marko Goci, Ivan Tasic, Rade Nikolov, Harder Digital Sova, Nis,
Republic of Serbia, 14.-15. 2. 2013

Dr. Davide Mariotti, Ulster University, Great Britain, 19.-24. 2. 2013

Dr. Niksa Krstulovi¢, Institute for Physics, Zagreb, Croatia, 26. 4. 2013

Agelos Mourkas, Univerza v loannini, loannina, Greece, 12. 4. -12.7. 2013

Yi Liu, Shantou University, Shantou, China, 21. 5.-3. 6. 2013

Prof. Jiang Wang, Shantou University, Shantou, China, 21. 5.-3. 6. 2013

Dr. Vladimir Sedlarik, Dr. Marian Lehockey, Dr. Frantisek Bilek, Tomas Bata University,
Zlin, Czech Republic, 1.-3. 7. 2013

Dr. Petr Slobodian, Tomas Bata University, Zlin, Czech Republic, 17. 6. -14. 7. 2013
Dr. Xiao Xia Zhong, Shanghai University, Shanghai, China, 15.-18. 7. 2013

Dr. Ale§ Mracek, Tomas Bata University, Zlin, Czech Republic, 19.-22. 8. 2013
Robert Olejnik, Tomas Bata University, Zlin, Czech Republic 27. 7.-5. 9. 2013

13.
14.

15.
16.

17.

18.

19.
20.
. Dr. Niksa Krstulovic, Institute for Physics, Zagreb, Croatia, 30. 12. 2013

. Dr. Cristian P. Lungu, Dr. Corneliu Porosnicu, National Institute for Laser, Plasma and

Radiation Physics, Bucharest, Romania, 2.-6. 9. 2013

Dr. Ognjen Milat, Institute for Physics, Zagreb, Croatia, 19.-20. 9. 2013

Dr. Richard Clergereaux, Dr. Antoine Belinger, LAPLACE CNRS, Toulouse, France,
11.-14. 11. 2013

Dr. Niksa Krstulovic, Institute for Physics, Zagreb, Croatia, 29. 11. 2013

Dr. Igor Levchenko, CSIRO Institute, Sydney, Australia, 10. 11.-2. 12. 2013
Dr. Niksa Krstulovic, Institute for Physics, Zagreb, Croatia, 5. 12. 2013

Dr. Danijela Vujosevic, Institute for public health of Montenegro, Podgorica,
Montenegro, 15.-24. 12. 2013

Dr. Niksa Krstulovic, Institute for Physics, Zagreb, Croatia, 23. 12. 2013

P. Eiselt, P. Zieger, F. Heinz, Plasmalt GmbH, Lebring, Austria, 23. 12. 2013
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Researchers
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Asst. Prof. Uro§ Cvelbar

Dr. Aleksander Drenik

Dr. Ita Junkar

Asst. Prof. Janez Kovac

Prof. Miran Mozeti¢, Head
Dr. Vincenc Nemanic

Asst. Prof. Alenka Vesel

Postdoctoral associates

8.
9.

10.

Dr. Kristina Elersic
Dr. Martina Modic
Dr. Rok Zaplotnik

BIBLIOGRAPHY

Postgraduates

. Gregor Filipic, B. Sc.

. Gregor Jaksa, B. Sc.

. Borut Pracek, B. Sc., retired 01.09.13
. Gregor Primc, B. Sc.

. Nina Recek, B. Sc.

. Marko Zumer, B. Sc.

Technical officers

17.

18.

Gregor Avbelj, B. Sc., left 01.10.13
Tatjana Filipic, B. Sc.

Technical and administrative staff

19.
20.

Urska Kisovec, B. Sc.
Janez Trtnik

ORIGINAL ARTICLE

1. FrantiSek Bilek, Katefina Sulovskd, Marian Lehocky, Petr Saha, Petr
Humpoli¢ek, Miran Mozeti¢, Ita Junkar, "Preparation of active
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approach II: graft type effect on antibacterial properties”, Colloids surf.,
B Biointerfaces, vol. 102, pp. 842-848, 2013.
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33-36,2013.
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Phys. plasmas, vol. 20, no. 10, pp. 100701-1-100701-4, 2013.
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celicami”, Mater. tehnol., vol. 47, no. 4, pp. 467-471, 2013.
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10.

11.

12.

13.

14.

8. Gorazd Golob, Marta KlanjSek Gunde, Marie Kaplanov4, Mladen
Lovrecek, Miran Mozeti¢, "Surface free energy modification of crude
rubber using oxygen plasma and UV laser-treatment”, Polym. polym.
compos., vol. 21, no. 1, pp. 51-53, 2013.

Gregor Jaksa, Bogdan Stefane, Janez Kova¢, "XPS and AFM
characterization of aminosilanes with different numbers of
bondingsites on a silicon wafer", Surf. interface anal., vol. 45, no. 11/12,
pp. 1709-1713,2013.

Ita Junkar, "Plasma treatment of amorphous and semicrystalline
polymers for improved biocompatibility”, In: Proceeding of the JVC-14,
14th Joint Vacuum Conference, EVC-12, 12th European Vacuum
Conference, AMDVG-11, 11th Annual Meeting of the German Vacuum
Society, CroSloVM-19, 19th Croatian-Slovenian Vacuum Meeting, [4-8
June 2012, Dubrovnik, Croatia], Vacuum, vol. 98, pp. 111-115, 2013.
Darja Kek-Merl, Peter Panjan, Janez Kovac¢, "Corrosion and surface
study of sputtered AIW coatings with a range of tungsten contents”,
Corros. sci., vol. 69, pp. 359-368, 2013.

U. La¢njevac, B. M. Jovi¢, Lj. Gaji¢-Krstaji¢, Janez Kovac, V. D. Jovi¢, N. V.
Krstaji¢, "Ti substrate coated with composite CrMoO, coatings as highly
selective cathode materials in hypochlorite production”, Electrochim.
acta, vol. 96, pp. 34-42, 2013.

Sasa Lazovi¢, Nevena Puac, Kosta Spasi¢, Gordana Malovié, Uro$
Cvelbar, Miran Mozeti¢, Zoran Lj. Petrovi¢, "Plasma properties in a
large-volume, cylindrical and asymmetric radio-frequency capacitively
coupled industrial-prototype reactor”, J. phys., D, Appl. phys., vol. 46, no.
7, pp. 075201-1-075201-8, 2013.

Igor Levchenko, Uro$ Cvelbar, Martina Modic, Gregor Filipi¢, Xiaoxia
Zhong, Miran Mozeti¢, Kostya Ostrikov, "Nanoherding: plasma-
chemical synthesis and electric-charge-driven self organization of SiO,
nanodots", J. phys. chem. lett., vol. 4, issue 4, pp. 681-686, 2013.

0o

15.Y. Liu, J. Y. Wang, Siegfried Hofmann, Janez Kova¢, "Influence of non-

Gaussian roughness on sputter depth profiles”, Appl. surf. sci., vol. 276,
pp. 447-453,2013.

16.Y. Ly, S. F. Xu, X. X. Zhong, Kostya Ostrikov, Uro$ Cvelbar, D. Mariotti,

"Characterization of a DC-driven microplasma between a capillary tube
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25.

26.

27.
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30.
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32.

and water surface", Europhys. lett., vol. 102, no. 1, pp. 15002-1-15002-
6,2013.

Martha Merchan, Jana Sedlarikova, Alenka Vesel, Michal Machovsky,
Vladimir Sedlarik, Petr Saha, "Antimicrobial silver nitrate-doped
polyvinyl chloride cast flms: influence of solvent on morphology and
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2013.
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Advances of Thin Films & Surface Coatings, July 14-17, 2012, Singapore,
Thin Solid Films, vol. 544, pp. 562-566, 2013.

Momir Milosavljevi¢, Dragan Toprek, Marko Obradovi¢, Ana Grce,
Davor Perusko, Goran Drazi¢, Janez Kovac, Kevin P. Homewood, "lon
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multilayers", Appl. surf. sci., vol. 268, 8 pp.ustr. 516-523, 2013.

Miran Mozeti¢, Alenka Vesel, "Thermal defunctionalization of an
oxygen-plasma-treated polyethersulfone", Mater. tehnol., vol. 47, no. 1,
pp. 89-92, jan.-feb. 2013.

. Robert Olejnik, Petr Slobodian, Uro$ Cvelbar, Pavel Riha, Petr Saha,
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Island, Greece, Key Eng. Mater., vol. 543, pp. 410-413, 2013.
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PuBLISHED CONFERENCE CONTRIBUTION (INVITED
LECTURE)

1. Miran Mozeti¢, "Application of non-equilibrium gases in industry and
medicine", In: Zbornik radova: usmena predavanja, predavanja po
sekcijama, usmena i poster saopstenja, XII kongres fizicara Srbije, 28.
april - 2. maj 2013, Vrnjacka Banja, Srbija, Jaroslav Labat, ed., Nikola
Cvetanovi¢, ed., Ivan Dojéinovi¢, ed., Beograd, Drustvo fizi¢ara Srbije,
2013, pp. 103-112.
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Our research program is focused 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 behavior of these systems, which represent the link between perfectly ordered crystals,
on one side, and amorphous matter, soft condensed matter and living systems, on the other. Such
knowledge provides the key to our understanding of the macroscopic properties of these systems
andis an important condition for the discovery and development of new multifunctional materials,
nanomaterials and biomaterials for new applications. An important part of the research program
is devoted to the development of new experimental methods and techniques in the field of magnetic
resonance, magnetic resonance imaging, fluorescence microspectroscopy, scanning tunneling,
electronic and atomic force microscopy, as well as dielectric relaxation spectroscopy and dynamic
specific heat measurements.

The experimental techniques used are:

e One (1D) and two (2D) dimensional nuclear magnetic resonance (NMR) and relaxation, as well as
quadrupole (NQR) resonance and relaxation,

e Multi-frequency NMR in superconducting magnets of 2T, 6T and 9T, as well as the dispersion of the
spin-lattice relaxation time T, via field cycling,

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

o Fastfield cycling NMR relaxometry,

e Frequency-dependent electron paramagnetic resonance (EPR) and 1D and 2D pulsed EPR and relaxation

e MRimaging and micro-imaging

e Measurement of the electronic transport properties

e Magnetic measurements.

e TFluorescence microscopy and microspectroscopy

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

e Electron microscopy and scanning tunnelling microscopy,

Atomic force microscopy and force spectroscopy,

*  Dynamic specific-heat measurements.

The research program of the Department of Solid State Physics at the JoZef Stefan Institute is performed in
close collaboration with the Department of Physics at the Faculty of Mathematics and Physics of the University of
Ljubljana, Institute of Mathematics, Physics and Mechanics and the Jozef Stefan International Postgraduate School.
In 2013, the research was performed within three research programs:

Head:
Prof. Igor Musevic

e Magnetic Resonance and Dielectric Spectroscopy of Smart New
Materials

Physics of Soft Matter, Surfaces and Nanostructures

e Experimental Biophysics of Complex Systems

L. Research programme “Magnetic resonance and dielectric
spectroscopy of smart new materials”

The research of the programme group has focused on a study of the
physical phenomena in condensed matter at the atomic and molecular
levels. The purpose of the investigations was to discover the basic laws of
physics governing the behaviour of the investigated systems. The attained
knowledge provides the key to the understanding of microscopic and mac-
roscopic properties of various types of solids and is an important condition

The group has investigated important

open issues in the electronic properties of
quasicrystals and complex metallic alloys,
quantum magnetism in low-dimensional

spin systems, the physical properties of
nanostructures, materials with a giant
electrocaloric and thermomechanical effect,
and multiferroic and relaxor phases. The
research included pharmaceutical and biological
substances, where a nuclear quadrupole
resonance-based technique for the detection
of nitrogen complexes (as found in explosives,
drugs and narcotics) was developed.
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Figure 1: Structure of the TGBA phase and
trapping of nanoparticles within the cores
of defect lines, thus helping to stabilize the
screw dislocations.

Figure 2: Motif from the crystal structure of the
cubic metallic phase V-AI.Cu Mg,

64

Figure 3: Delermination of the magnetic-
anisotropy parameters of the quantum kagome
antiferromagnet BaCu3V208(0H)2 in the
case of (a) crystal-field anisotropy and (b)
Dzyaloshinsky-Moriya anisotropy.

for the discovery and development of new multifunctional materials and nanomaterials for novel
technological applications.

Study of the critical properties of nanostructured materials and materials with
large electrocaloric and thermomechanical effects

Using direct measurements it was shown that the maximum electrocaloric response is achieved
at the ferroelectric phase-transition temperature. Field-dependent piezoelectric measurements
have demonstrated in BaTiO, that the field-induced critical point influences the strength of the
electromechanical response and the electrocaloric responsivity, both of which exhibit a maximum
in the vicinity of the critical point. Using calorimetric and optical experiments we showed that the
anisotropic graphene and MoS, nanoparticles stabilize the first blue phase in contrast to spherical
nanoparticles, which mainly stabilize the third blue phase. Moreover, CdSe spherical quantum dots
stabilize the TGB, phase (see Figure 1), which is an analogue of the Shubnikov phase of type-II
superconductors. The above results have been published in 14 articles in international scientific
journals. Recently published works on electrocalorics and the stabilization of blue phases have
been cited more than 100 times in 2013 alone.

Complex metallic alloys

Combining the measurements of bulk transport properties, specific heat and nuclear magnetic
resonance, the group of Janez Dolinsek studied the influence of structural complexity on the physical
properties of the cubic intermetallic phase V-AL Cu Mg, With 39 atoms in a unit cell, V-AL Cu Mg, is
an intermetallic phase with an intermediate structural complexity (Figure 2). We found that the
free-electron approximation provides a good description of the V-Al.Cu Mg, behaviour, despite the
presence of the quenched structural disorder at low temperatures, which is very likely intrinsic to
the structure of V-Al.CuMg,. The work was published in M. KlanjSek, S. Jazbec, M. Feuerbacher,
J. Dolin3ek, “Physical properties of the V-AL Cu Mg, complex intermetallic phase”, Intermetallics
39,50 (2013).

Quantum magnetism

By means of neutron scattering and specific heat measurements, Martin Klanj$ek, with
French colleagues, studied the magnetic ordering of the quasi-one-dimensional antiferromagnet
BaCo,V,0, at low temperatures in magnetic fields up to 12 T. They confirmed the theoretically
predicted incommensurate magnetic ordering in fields above 3.9 T and showed that two types of
magnetic domains with equal populations develop in the material. They determined the critical
exponents for the transitions into the Neél and incommensurate magnetic ordered state. The
work was published in E. Canévet, B. Grenier, M. Klanjsek et al., “Field-induced magnetic behavior
in quasi-one-dimensional Ising-like antiferromagnet BaCo,V,0,: a detailed single-crystal neutron
diffraction study”, Phys. Rev. B 87, 054408 (2013).

By means of %Cs nuclear magnetic resonance and electron paramagnetic resonance, Denis
Arcon, Kristijan Anderle and Martin Klanj$ek, with German colleagues, studied the coupling
between the electron, lattice, orbital and spin degrees of freedom in the p-electron compound
Cs,0,. They realized that the temperature evolution of the measured spectra depends dramatically
on the thermal history of the sample. The compound exhibits two competing low-temperature
phases, the quenched cubic phase and the low-symmetry phase, where the portion of each phase
depends on the cooling protocol. This interesting result is a consequence of the slow reorientation
of the p orbitals on cooling. The work was published in D. Arcon, K. Anderle, M. Klanjsek et al.,
“Influence of 0, molecular orientations on p-orbital ordering and exchange pathways in Cs,0,”,
Phys. Rev. B 88, 224409 (2013).

Matej Pregelj, Andrej Zorko and coworkers studied the origin of the magnetic anisotropy in the
{Cu,(tetrenH)[W(CN),],7.2H,0)}, system. Their results revealed that two-dimensional magnetic
correlations start to develop already at 70X, i.e., well above the magnetic ordering transition. Their
modelling of the experimental results shows that the key to the anisotropic response lies within
the combination of the dipolar interaction and the axial local anisotropy of the W and Cu ions.
Their results were published in 0. Zaharko ef al., “Source of magnetic anisotropy in quasi-two-
dimensional XY {Cu,(tetrenH,)[W(CN),],7.2H,0)} ", Phys. Rev. B 87,024406 (2013).

Andrej Zorko, Matej Pregelj, Anton Potocnik, Denis Ar¢on and collaborators determined the
magnetic structure in the ground state of the spin-chain system CuSe,0.. This is characterized by
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staggered moments with significantly reduced size, as a consequence of quantum fluctuations.
By employing various complementary experimental techniques we also determined the magnetic
anisotropy of the system, which is responsible for the staggering of the moment as well as for a
relatively small critical field, leading to a spin-flop magnetic transition. Their results were pub-
lished in M. Herak et al., “Magnetic order and low-energy excitations in the quasi-one-dimensional
antiferromagnet CuSe,0, with staggered fields”, Phys. Rev. B 87, 104413 (2013).

Utilizing electron spin resonance, Andrej Zorko and collaborators determined the magnetic
anisotropy of the quantum kagome antiferromagnet BaCu,V,0,(OH), and showed that this is of
the Dzyaloshinsky-Moriya type (Figure 3). They demonstrated that its dominant component is
perpendicular to the kagome planes, which significantly suppressed the quantum fluctuations
in this system. Freezing of the fluctuations is responsible for the unexpected long-range magnetic  pigyre 4: The Br NOR spectra for (a) Br1 and
ordering of this system at relatively high temperatures, comparable to the exchange interactions. (b) for both isotopes of Br, in the high-temperature
Their results were published in A. Zorko et al., “Dzyaloshinsky-Moriya interaction in vesignieite: (7-IC) and the low-temperature (LT-IC) phases.

a route to freezing in a quantum kagome antiferromagnet”, Phys. Rev. B 88, 144419 (2013).  Thick black lines are simulations considering
the magnetic structures determined by neutron

X . diffraction and the derived hyperfine coupling
Multiferroics tensors. For a comparison we show simulations
Matej Pregelj, Peter Jeglic, Andrej Zorko, Tomaz Apih, Anton GradiSek, Denis Arcon and of the HTIC spectra based on the LTIC structure

coworkers studied magnetically ordered states and the accompanying structural changes in the with an appropriately reduced size of the magnetic
multiferroic FeTe,0,Br (Figure 4). Employing a combination of neutron diffraction and nuclear moments (thick magenta line).

quadrupolar resonance (NQR) they managed to determine the incommensurate magnetic ordering
in the paraelectric state (HT-IC), which exists in a narrow temperature range - just a few Kelvins
before the multiferroic state (LT-IC) with finite electric polarization. In addition, they confirmed
that electric polarization stems from the magnetostriction of Fe-O-Te-O-Fe exchange pathways,
which is related to the phase shifts of the neighbouring magnetic modulation waves. Their results
were published in M. Pregelj ez a/., “Evolution of magnetic and crystal structures in the multiferroic
FeTe,0.Br", Phys. Rev. B 87, 144408 (2013).

As a continuation of the work on the FeTe,0.X, X = Br, Cl system, Matej Pregelj, Andrej Zorko,
Peter Jegli¢, Zdravko Kutnjak, Simon Jazbec and Denis Ar¢on with coworkers studied the magnetic,
structural and dielectric properties of the FeTe, 0.Cl compound. They have discovered that its ground
state is multiferroic and that the corresponding magnetic ordering is very similar to the one in
the isostructural FeTe,0,Br system (Figure 5). They also learned that the main difference between
the two isostructural compounds is in the structural effects, accompanying the establishment of
the multiferroic phase, which are much more pronounced in FeTe,0,Cl. Moreover, they assigned
these structural changes to the shift of the O, ion and correlated them with the polarization of
the Te* lone-pair electrons. In this way they confirmed that the lone-pair electrons are indeed the
carriers of the electric polarization in these systems. Their results were published in M. Pregelj ez

al., “Multiferroicity in the geometrically frustrated FeTe,0,Cl", Phys. Rev. B 88, 224421 (2013). Figure 5. Magnelic siructure models for Fele,0,X

(X =Br,Cl), compared at Fe,, and Fe,, sites for he
low-temperature phase in the (a) ab and (b) ac
Clathrates projections, and for the high-temperature phase

In collaboration with Prof. Tanigaki from Japan, Denis Arcon, Andrej Zorko and Peter Jeglic 2 the (¢) ab and (d) ac projections. For clarity,
studied type I germanium clathrates - cage structures with promising thermoelectric properties. /¢ 7 agzet ic unit cell along b is,ﬂﬂﬂgne‘éﬂzd the
Their NMR results are in agreement with claims that the conventional picture of purely ionic Zz;gﬂo%g;g}ﬂg;?;%;?ents in (¢) and (d) are
interactions between the rattling guest atoms and the cage is only approximate and that covalent | '
effects should be taken into account in the clathrates or similar thermoelectric cage materials. Their results were
published in A. Arcon ef a/., “Rattler site selectivity and covalency effects in type-I clathrates”, /. Phys. Soc. Jpn. 82,

014703 (2013).

Studies of crystal structures

Matej Pregelj and coworkers studied copper and zinc complexes with the condensation derivative of 2-acetylpyri-
dine and hydrolyzed ethyl hydrazinoacetate. They determined the crystal structure and discovered that the fifth
coordination site of the ligand (Zn/Cu) is occupied by a chloride, causing a distortion of the zinc surrounding. In
addition, they studied thermal behaviour employing thermogravimetric analysis. Their results were published in
N. Filipovic ef al., “Synthesis, characterization, and thermal behavior of Cu(Il) and Zn(Il) complexes with (E)-
2-[N-(1-pyridin-2-yl-ethylidene)hydrazino Jacetic acid (aphaOH), Crystal structure of [Zn,(apha0),Cl,]", /. Coord.
Chem. 66,1549 (2013).
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Figure 6: Contributions of various dynamic
processes to the total proton relaxation as a
Sfunction of temperature and magnetic field.

Figure 7: A) Sensor responses and error bars to
100 ppm of CO and 100 ppm of H, as a function
of the operating temperature; B) TEM image

of WO, nanostructure functionalized with Au
nanoparticles. Inset on the bottom lefi side shows
the size distribution of the Au nanoparticles. Label
L stands for WO, nanosiructures, while labels

PL/W, Au/W in Pt/Au/W denote nanostructures
decorated with Pl, Au and P/ Au nanoparticles.
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Zeolites

In collaboration with Prof. Igarashi and Prof. Nakano from Japan, Peter Jegli¢ and Denis
Arcon studied alkali-doped zeolites. Zeolites are nanoporous materials with periodic nanospaces
(known as cages), which can accommodate a large amount of alkali atoms. For low-doping
levels with sodium atoms the low-silica X zeolites are insulating, whereas they become metallic
for high-doping levels. The confined geometry of the alkali-metal nanoclusters imposed by the
framework cages make enhanced coupling between the electronic and lattice degrees of freedom
leading to the formation of polaron states. The *Na and “Al nuclear magnetic resonance (NMR)
investigation of low-silica X zeolites suggests strong electron-phonon coupling in support of the
proposed polaron model. This work is described in the paper M. Igarashi, T. Nakano, P. T. Thi,
Y. Nozue, A. Goto, K. Hashi, S. Ohki, T. Shimizu, A. Krajnc, P. Jegli¢ and D. Arcon, “NMR study of
thermally activated paramagnetism in metallic low-silica X zeolite filled with sodium atoms”,
Phys. Rev. B 87, 075138 (2013).

Molecular dynamics in a blue phase liquid crystal: a 1H fast field-cycling NMR
relaxometry study

Liquid crystals exhibiting blue phases are attractive systems to study due to their highly in-
teresting properties in the fields of optics and photonics. We investigated molecular dynamics in
a chiral system, called 10BBL, that exhibits blue phase (BP), two twisted grain-boundary phases
(TGB), and a smectic C (SmC*) phase. All these phases are stable over large temperature ranges. By
means of fast field-cycling NMR relaxometry, we measured the temperature and field dependencies
of proton spin-lattice relaxation times. Using theoretical models for different dynamic processes,
we determined correlation times, activation energies, etc. for these processes, which include
molecular rotations/reorientations, order director fluctuations, layer undulations, self-diffusion,
and rotations mediated by translational diffusion along the helical axis (Figure 6). This is the
first relaxometric study of a blue phase liquid crystal, published by Anton GradiSek, TomaZ Apih,
Valentina Domenici, Vladimira Novotna, Pedro J. Sebastido, in Soft Matter, 2013,9, 10746-10753.

NMR study of molecular dynamics in complex metal borohydride LiZn2(BH4)5

Lithium zinc borohydride LiZn,(BH,), (LZBH) was investigated as a potentially interesting
hydrogen-storage material due to its high hydrogen content and low decomposition temperature.
LZBH shows a structure of two identical interpenetrated three-dimensional frameworks with no
bonds between them, which is a unique feature in complex metal hydrides. To better understand
the relations between the structure and the thermodynamics of the system, we studied molecular
dynamics in LZBH by means of 'H and ’Li NMR spectra and spin-lattice relaxation measurements.
Different thermally activated re-orientational processes of BH, tetrahedra about their 2-fold and
3-fold symmetry axes were identified from the temperature-dependent proton and lithium spin-lat-
tice relaxation rates and were quantified by their activation energies. Due to the structure, there are
two different types of BH, tetrahedra; one type is located between two Zn atoms and the other type
between one Li and one Zn atom. Our study presents a physical insight into the dynamic properties
of LZBH on the microscopic level of atomic groups, providing a link between the microscopic and
the bulk properties of this phase. Published by Anton Gradisek, Dorthe B. Ravnsbzek, Stanislav
Vrtnik, AndraZ Kocjan, Janez LuZnik, Tomaz Apih, Torben R. Jensen, Alexander V. Skripov, Janez
Dolinek, in . Phys. Chem. C, 2013, 117, 21139-2147.

Nanomaterials

Tungsten oxide nanostructures functionalized with gold or platinum NPs were synthesized
and integrated, using a single-step method via aerosol-assisted chemical vapour deposition, onto
micro-electromechanical system (MEMS )-based gas-sensor platforms. This co-deposition method
is demonstrated to be an effective route to incorporate metal NPs or combinations of metal
NPs into nanostructured materials, resulting in an attractive way of tuning the functionality in
metal oxides. The results show variations in the electronic and sensing properties of tungsten
oxide according to the metal NPs introduced, which are used to discriminate effectively analytes
(C,H.OH, H,, and CO) that are present in proton-exchange fuel cells. Improved sensing charac-
teristics, in particular to H,, are observed at 250 °C with Pt-functionalized tungsten oxide films,
whereas non-functionalized tungsten oxide films show responses to low concentrations of CO at
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low temperatures. This work was published in several articles by Polona Umek et al., among others in Advanced
Functional Materials 23, 1313-1322 (2013).

Substituted imidazole and benzimidazole often form polar hydrogen-bonded chains in the solid state. 2-Meth-
ylbenzimidazole is known to be a high-temperature organic ferroelectric. We have measured the temperature
dependences of N nuclear quadrupole resonance (NQR) frequencies and proton T, in 2-methylbenzimidazole and
5,6-dimethylbenzimidazole. The NQR frequencies are assigned to amino and imino nitrogen positions. The NQR
data exclude the possibility of proton two-site exchange in an N-H--N hydrogen bond. The activation energies for
the methyl group hindered rotation are determined in both compounds. The present N NQR data are compared
to the published “N NQR data in solid-substituted and coordinated imidazoles, in substituted benzimidazoles and
in imidazole in the gas phase. A linear correlation between the two in-plane principal values of the quadrupole
coupling tensor and the out-of-plane principal value of the quadrupole coupling tensor is observed in imidazole,
ranging from the amino nitrogen position to the imino nitrogen position. The transition from the amino to the
imino nitrogen position is determined on the correlation diagram. The correlation diagram can be used to quan-
titatively observe the asymmetry of the N-H--N hydrogen bond. A similar correlation diagram is also proposed
for substituted benzimidazoles. The magnitudes of the principal values of the N quadrupole coupling tensor in
ferroelectric 2-methylbenzimidazole show that the macroscopic ferroelectric ordering has, in this compound, a
minor effect on the asymmetry of the N-H--N hydrogen bonds.

Pharmaceutical and biological substances

N nuclear quadrupole resonance frequencies have been measured in solid 2-pyridone, 3-hydroxypyridine,
and 4-pyridone by 'H-"N nuclear quadrupole double resonance. Two slightly non-equivalent nitrogen positions
are observed in solid 3-hydroxypyridine, whereas only one nitrogen position has been observed in 2-pyridone and
4-pyridone within the experimental resolution. The rather low “N quadrupole coupling constants in pyridones are
the consequence of the delocalization of the nitrogen lone-pair electrons in the aromatic rings. Two different com-
pounds have been obtained by the crystallization of 4-pyridone from ethanol in a normal and in a dry atmosphere.
The compound obtained in the dry atmosphere is identical to the commercial sample. The compound obtained in
the normal atmosphere cannot be converted to the commercial polymorph by melting. It is thus not a polymorph
of anhydrous 4-pyridone. The temperature coefficient of the "N quadrupole coupling constant is negative in 3-hy-
droxypyridine and positive in 2- and 4-pyridone. Therefore, in 3-hydroxypyridine, molecular librations dominate
the temperature variation of the quadrupole coupling constant, whereas in 2- and 4-pyridone, the changes in the
hydrogen bonding interactions with temperature seem to give the dominant effect.

Co-crystals and crystal polymorphs

The “N and 70 nuclear quadrupole resonance frequencies have been measured in 1:1 co-crystals and salts of
2-amino-4,6-dimethylpyrimidine and several carboxylic acids. A systematic decrease in the "0 quadrupole coupling
constant with the increasing strength of the hydrogen bond is observed in co-crystals bound by O-H---N hydrogen
bonds. The O-H distances deduced from the line widths of the "0 NQR lines show that the hydrogen atom is in
a hydrogen bond formed by a carboxylic groups for about 0.01 nm displaced from the oxygen atom toward the
centre of the hydrogen bond. In the O-H---N hydrogen bond formed by the hydroxyl group, which is only slightly
longer than the hydrogen bonds formed by the carboxyl group, the hydrogen atom is much less displaced. A linear
relation between the “N quadrupole coupling constant and the sum of the inverse third powers of the H--A (A=0
or N) distances is deduced for the amino group. A linear correlation of the principal values of the N quadrupole
coupling tensor in NH,, as observed in the solid phase and in the gas phase, is analysed in a simple model assuming
a displacement of the electron charge in the N-H o bond and simultaneous deformation of the nitrogen lone-pair
electron orbital. At the ring nitrogen position, hydrogen bonding and proton transfer produce a large decrease in
the “N quadrupole coupling constant. A linear correlation of the principal values of the “N quadrupole coupling
tensor is observed in co-crystals and salts of 2-amino-4,6-dimethylpyrimidine. This correlation differs from the cor-
relation observed in substituted pyrimidine, where the hydrogen atoms are replaced by other atoms or functional
groups. The difference is analysed in 2 model, which assumes that the hydrogen bonding and substituents affect
the nitrogen lone pair and @ electron orbitals. The analysis shows that the two effects are nearly independent. The
application of “N NQR to the study of co-crystals and crystal polymorphs is reviewed. In ferroelectric and antifer-
roelectric organic co-crystals “N NQR is used to determine the proton position in an N-H. . . 0 hydrogen bond and
the proton displacement below T,. In co-crystal isonicitinamide - oxalic acid (2:1) N NQR is used to distinguish
between the two polymorphs and to determine the type of the hydrogen bond (N-... H-0). The difference in the “N
NQR spectra of the co-crystal formers and the co-crystal is investigated in the case of carbamazepine, saccharin and
carbamazepine-saccharin (1:1). The experimental resolution allows an unambiguous distinction between the “N
NQR spectrum of the co-crystal and the “N NQRspectra of the co-crystal formers. The possibility of the application
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Figure 8: The nonlinear dielectric response
revealed the coexistence of ferroelectric and relaxor

of NQR and the double resonance for the determination of the inhomogeneity of the sample and for the study of
the lifetime of an unstable polymorph is discussed.

Amorphous solids

Nuclear quadrupole double resonance (NQDR) is proposed as a method for the quantitative observation of
crystallization of amorphous solids. NQDR signals from amorphous and crystalline parts of a sample may be
separated. The intensity I of the NQDR signal from the crystalline part of the sample is proportional to its mass.
With increasing time the amorphous phase in the sample transforms to the crystal phase and the intensity I ap-
proaches its limiting value I, corresponding to a complete transformation to the crystal phase. The ratio I/1, is
equal to the mass fraction of the crystalline part of the sample. The same experimental method can be used to
determine the mass fraction of a given crystal polymorph in a mixture of crystal polymorphs. As an example we
studied the crystallization of amorphous nifedipine at 100 °C. The results of the NQDR study are compared to the
published results of other studies.

Impact of structure modifications on electrically induced properties of relaxor polymers

In collaboration with researchers from Pennsylvania State University, USA, we have investigated how the di-
electric, electromechanical, and electrocaloric properties of ferroelectric and relaxor polymers (systems that exhibit
fast response speeds, giant electrostriction, high electric energy density, and large electrocaloric
effect) are affected by various processing procedures and,/or modifications, such as (i) stretching
the relaxor polymer, (ii) irradiating the ferroelectric polymer with high-energy electrons, and (iii)
blending a relaxor polymer with the ferroelectric system. We have recently focused on the P(VDF-
TrFE) copolymer that is irradiated with low and moderate doses of high-energy electrons - up to
now most of investigations have focused either on ferroelectric PCVDF-TrFE) copolymer or P(VDF-
TrFE) that is irradiated with high doses and is thus completely transformed into a relaxor system.
Using various experimental techniques we found clear evidence that in such a case ferroelectric and
relaxor states coexist in the system, which was a key point for the explanation of their enhanced
electrocaloric response. Particularly for the nonlinear dielectric spectroscopy (Figure 8) - we
have in fact conducted the first measurements of the real and imaginary parts of the nonlinear
dielectric response in ferroelectric and relaxor polymers - was found as an extremely powerful
tool for investigating the correlation between the structure and the property evolution in relaxor

states in P(VDF-T'FE) copolymer, irradiated with — polymer systems. Published in: G. Casar, X. Li, ]. Koruza, Q. M. Zhang, V. Bobnar. Electrical and
low doses of high-energy electrons, which was a thermal properties of vinylidene fluoride-trifluoroethylene-based polymer system with coexisting
key point for the explanation of their enhanced ferroelectric and relaxor states. J. Mater. Sci. 48, 7920 (2013).

electrocaloric response.

High-temperature dielectric investigations of a novel inorganic relaxor system
We have continued high-temperature dielectric investigations of classical inorganic relaxors, which revealed
astonishing results - they contradict widely the accepted dogmas on relaxor properties. Also the results obtained
inanovel Pb(Sc, N, )0, ceramic system, prepared from mechanochemically activated powder, clearly reveal that
the polar nanoregions do not form at the so-called Burns temperature (approx. 600 K), but are
continuously formed over a broad temperature range, starting well above 800 K. We have in fact
successfully recognized various distinctive dielectric contributions in a broad temperature range
of 150-750 K. Moreover, a detailed analysis of the intrinsic high-temperature dielectric response
revealed a critical behaviour associated with universality classes typically found in spin glasses
and, particularly, that the low-temperature fingerprint behaviour can be observed at much higher

temperatures, well above the dispersive relaxor dielectric maximum.
Published in: V. Bobnar, H. Ursic, G. Casar, S. Drnovsek. Distinctive contributions to dielectric
response of relaxor ferroelectric lead scandium niobate ceramic system. Phys. Status Solidi B 250,

2232 (2013).

“WURST-QCPMG sequence and “spin-lock” in 14-N Nuclear Quadrupole Reso-

Figure 9: The decay of echo amplitudes during nance”
the SLSE experiment with rectangular pulses The excitation of magnetization in Nuclear Quadrupole Resonance (NQR) is most often

and QCPMG experiment with WURST pulses. accomplished with the use of rectangular RF pulses, where the pulse amplitude and phase are

For comparison also the T2 decay is shown. The
sensitivity of each experiment is here roughly
proportional to the area below the curves.

constant during the pulse. These pulses are technically easy to implement. Also, they are easy to
include in various theoretical predictions and analysis. However, rectangular pulses also have some

Published in: A. Gregorovic. T Apih, J. Mag. Res. disadvantages. When these disadvantages become severe, shaped pulses are often used instead.

233,96 (2013).
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Here, the amplitude and phase during the pulse follow a prescribed function. WURST pulses are

Annual Report 2013



Department of Solid State Physics F-5

just one of the many shaped pulses and are in use in NMR for a decade. Their principal advantage is a large excita-
tion bandwidth at low RF powers. In the publication we demonstrate that WURST pulses are suitable for 14-N NQR
as well. In particular, we demonstrate, that the “spin-lock” effect is completely preserved compared to rectangular
pulses. This is very important, as the spin-lock effect is essential for the 14-N NQR detection. It allows us to increase
the otherwise poor sensitivity by 10-100 times (Figure 9). The theoretical prediction/analysis of the spin-lock ef-
fect is already challenging for the rectangular pulses. For shaped pulses it would be even more difficult. Thus the
existence of the spin-lock effect for WURST pulses is not at all obvious. In the publication we have shown how the
WURST pulses combined with the QCPMG sequence can significantly reduce the time required for the acquisition
of avery broad 14-N spectrum, usually a very time-consuming task. In addition, WURST pulses require limited RF
power, and are as such appropriate for small desktop applications of 14-N NQR.

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

The investigations of the research program “Physics of Soft Matter, Surfaces, and Nanostructures” are focused
on novel complex soft matter systems and surfaces with specific functional properties. We investigated in particu-
lar liquid crystalline elastomers and dendrimers as novel multifunctional materials, nematic colloids, molecular
motors, soft-matter photonic crystals and novel synthetic or self-assembled micro- and nanostructures. The aim
of the program is to understand 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. In order
to provide a comprehensive approach to the problem, the program combines
both experimental and theoretical investigations, supported by modelling
and simulations. Special emphasis is given to the possible electro-optic and
medical applications.

We have investigated the topology and photonics
of liquid-crystal colloids and dispersions, and
studied the motion of molecular motors. New
nanocomposite materials have been developed,
the structure of matter has been studied on the
atomic level and a new infrastructure for cold
atom physics experiments was set up.

Highly constrained topological defects in nematics
Topological defects in uniaxial nematics can be compared to the defects in biaxial media. The
defects are not equivalent, but similarities can be exploited to better understand the topological
rules that govern the disclinations in uniaxial nematics. Disclination lines with variable profiles
are systematically described with quaternions, which allow the simple characterization of discli-
nations by counting geometrically recognizable features (Copar and Zumer, PRSA 469, 2013). In
a similar fashion, the bulk director, away from the defects, can be studied as a biaxial phase by
using its derivatives. This formulation finds “quasi-disclinations” that carry additional topological  Figure 10: 3D image of a nematic colloidal crystal,
information, potentially useful for a description of the blue phases and general chiral nematics reconstructed from fluorescent confocal imaging.
(Copar et al, PRE 87, 2013).

3D nematic colloidal crystals

Significant advancements have been made in our understanding of assembling 3D nematic colloidal crystals.
We have published in Nature Communications (Nych et al, Nature Commun. 4, 2013]) an article about the
laser-tweezers-assisted assembly of 3D nematic colloidal crystals from dipolar nematic colloids. Using fluorescent
confocal microscopy we have found that the unit cell of this 3D crystal is tetragonal with a basis (Figure 10). This
crystal shows unusual response to external electric fields; for positive dielectric anisotropy of the nematic liquid
crystal, the crystal shrinks up to 30%. If the dielectric anisotropy of the carrier nematic liquid
crystal is negative, then the colloidal crystal rotates as a solid unit. The angle of rotation is up to
several tens of degrees.

Nematic colloids
In nematic colloids, advances have been seen in a systematic numerical and theoretical study of
disclination networks in the interstitial space of a close-packed lattice of homeotropic particles has
revealed a model (Figure 11) that explains the reconfigurable interconnected defects in simplest
geometric terms. Local description using tetrahedra and cubes is used to construct all the possible
arrangements of defects in this highly frustrated environment (Copar et al, Soft Matter 9, 2013).
Further pair interactions between colloidal particles in confined cholesteric cells have been
measured. The interaction profile contains energy minima and thus allows metastable states, the Figure 11: Modelling of the disclination network in
number of which increases with chirality. A description for this phenomenon has been postulated  nematic permeating opal structure.

Annual Report 2013 69



°
:o Jozef Stefan Institute

Figure 12: Colloidal pair in an unwound
chiral nematic in a bubble-gum structure. a-e
visualization of the director fields and ordering
tensor derivatives. f simulated polarization
microscopy

and probed with computer simulations (Jampani et al, PRL 110, 2013). Related studies of colloidal
systems with morphologically and topologically different parameters, performed in collaboration
with foreign groups, yielded publications in co-authorship (Gharbi et al, Soft Matter 9, 2013; Geng
et al, Soft Matter 9, 2013; Cavallaro et al, Soft Matter 9, 2013; Cavallaro et al, PNAS 110, 2013).

Visualization of nematic defects

Analysis of the data produced by numerical simulations and advanced experimental methods
requires a host of visualization methods to highlight the parameters of interest (Figure 12). An
expansive review over the most common methods has been published, together with examples
based on well-known models (Copar, Porenta, Zumer, Liq. Cryst. 2013).

Nanoparticles dispersed in mesophases
We have demonstrated experimentally and theoretically that the interaction between nano-

particles and topological defects induces a twist-grain boundary phase in a chiral liquid crystal. The occurrence
of this phase, the analogue of the Shubnikov phase in type-Il superconductors, is driven by the direct interaction

Figure 13: Impact of curvature on the number and
position of topological defects.

between surface-functionalized CdSe quantum dots and screw dislocations. It is shown that, within
auniversal adaptive-defect-core-targeting mechanism, nanoparticles of the appropriate size and
functionalization adapt to qualitatively different cores of topological defects such as disclination
lines and screw dislocations. The findings suggest new pathways towards the controlled assem-
bly of superstructures in diverse, symmetry-broken, condensed-matter systems, ranging from
nanoparticle-decorated liquid crystals to superconductors (G. Cordoyiannis ez al., Soft matter 9,
3956 (2013)). Furthermore, we have studied the impact of surface-functionalized graphene na-
nosheets on the blue-phase range of a chiral liquid crystal. Calorimetric and optical measurements
demonstrate that the resulting soft nanocomposite exhibits an increased blue phase temperature
stability range for a minute concentration of dispersed graphene. The impact is stronger on the
more ordered, cubic structured blue phase 1. Experimental results were discussed in the frame
of Landau-de Gennes mesoscopic model in terms of the tensor order parameter. These findings
suggest that anisotropic nanoparticles may be of great usefulness for stabilizing the blue phases
(M. Lavric ef al., Appl. Phys. Lett. 103, 143116 (2013)).

Membrane budding and formation and release of microvesicles

The latter might play an important role in long distance cell-cell communication owing to their ability to
move with body fluids. Several mechanisms exist that might trigger pinching off of globular buds from the parent
membrane (vesiculation). We have considered theoretically the impact of topological defects (TDs) on this process
in the membranes exhibiting global in-plane orientational order. Landau-de Gennes type theoretical approach is
used in terms of the tensor orientational order parameter. We show on membrane structures exhibiting spherical
topology that the coexistence of regions with positive and negative Gaussian curvature might trigger pairs defect-
antidefect for strong enough local membrane curvatures. Critical conditions for this event are determined for several
demonstrative cases (Figure 13). We claim that concentration of TDs at narrow necks might trigger membrane
fission neck rupture, enabling a membrane fission process and the release of membrane daughter microvesicles
(D. Jesenek et al., International journal of nanomedicine 8, 677 (2013)).

Photonic properties of smectic fibres
In 2013, a lot of attention was paid to our studies of the photonic properties of liquid crystal dispersions. We

Figure 14: Smectic-A liquid crystal spontaneously
Jorms optical fibres that are excellent waveguides
and laser emitters.
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have studied the resonant transport of light between a planar polymer waveguide and a nematic
droplet-optical microresonator in close proximity to the waveguide. White light from a supercon-
tinuum laser that was guided along the planar waveguide, it was seen to be resonantly transferred
via photon tunnelling into the Whispering Gallery Modes of the microresonators. A theoretical
analysis was also performed within the coupled-mode approach, the article was published in Jam-
pani et al. Optics Express 2013. In the same journal we published in December 2013 in cooperation
with partners from Max Planck Institute, Goettingen, an article on the lasing and waveguiding in
smectic-A optical fibres (Peddireddy et al, Optics Express 2013). We observed that in contact with
water and CTAB, a smectic liquid crystal spontaneously forms micrometre-diameter fibres. Using
confocal microscopy, we reconstructed the layered structure of these fibres. The smectic layers
are wrapped-up into a series of closed and concentric molecular layers, forming a +1 topological
defect in the core of the fibre. These fibres are excellent waveguides and it is possible to induce
laser emission from fibres doped with fluorescent molecules (Figure 14). The article has attracted
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considerable attention, because it was selected by the editors of all the Optical Society of America journals as the
highlight article of December 2013. We have also published a review article on the photonics and topology of nematic
colloids and dispersions (LMusevic, Phil. Trans. Royal Soc. A 2013).

Molecular motors

We developed a model for the dynamics of cytoplasmic dynein, which is one of the largest and
most complex motor proteins. We used an elastomechanical model for each individual dynein head
and combined it with a minimal model of the chemical cycle of ATP hydrolysis. We showed that
a dimeric molecule, consisting of two heads, can synchronize their cycles and step with regular
8-nm steps if the coupling is sufficiently strong (Figure 15). This is the stepping pattern observed
in mammalian dynein. With weaker coupling the heads lose synchrony and move with a much
broader distribution of step sizes, but it is still capable of pulling a load. The mode of stepping then corresponds
to that observed in yeast dyneins. This shows that the walking mechanism of dynein is robust in itself, but its ef-
ficiency and processivity are improved significantly by the coupling between the heads (4. Sarlah and A. Vilfan,
The winch model can explain both coordinated and uncoordinated stepping of cytoplasmic dynei; submitted).

Figure 15: Stepping of a model cytoplasmic dynein
molecule.

LC applications

The Jozef Stefan Institute (JSI) and its spin-off Company, Balder Ltd that was acquired by the
multinational Kimberly Clark Corporation (KC) in 2012 were in the past years intensively devel-
oping the new concept of LC optical light shutters based on optically compensated birefringence
in Super-twisted LCDs. The innovative technical solutions were upgraded (24.9.2013) with a
Continuation-in-part Patent US 8,542,334. The new LC light shutter technology is finally protected
by 6 granted international patents (USA and EU). The above technology based on the proprietary
IP allows Balder (KC) to become the only producer of the LC welding filters in the world that can
label its products with the prestigious CE 1/1/1/1 quality certificate. On the grounds of the high
performance of Balder’s (KC) products, the International Standard Organization invited JSI to Figure 16: Spatial light filtering glass.
participate in the ISO expert group ISO/TC94/SC6/WG2 and WG4 preparing new ISO standard
on Eye Protection. The new LC light-shutter technology was recently (2013) upgraded by the emerging spatial light
filtering technique (Figure 16). It allows the extension of the application of the LCD optical filters into the field of
light hazard (e.g., glare) eye protection against collimated light sources (e.g. car headlights).

Low-friction nanomaterials

In the paper entitled “Nanoparticles as novel lubricating additives in a green, physically based lubrication tech-
nology for DLC coatings”, M. Kalin, J. Kogovsek, and M. Remskar, Wear 303, 480 (203), we report on a significant
improvement of the friction behaviour of diamond-like carbon (DLC) tribological contacts by addition of MoS,
nanotubes into PAO oil in 2 wt.%. The friction coefficient measured in the most severe conditions was reduced by
up to 50%,compared to using only base PAO oil. In the paper “Influence of surface roughness and running-in on
the lubrication of steel surfaces with oil containing MoS, nanotubes in all lubrication regimes”, by J. Kogovsek,
M. Remskar, A. Mrzel, and M. Kalin, 7ribology International 61, 40 (2013 ), we reported that the friction at the
steel contact drops by 40-65% when 2 wt.% of MoS, nanotubes are added to base oil. Furthermore, using MoS,
nanotubes, the friction is the same for rough and smooth steel surfaces, which indicates a reduced need for fine
surface finishing when surfaces are lubricated by MoS, nanotubes.

Nanoelectronics

In the paper “Comparative study of chemically synthesized and exfoliated multilayer MoS2 field-effect transistors
“ HS Hwang, M. Remskar, et al., Applied Physics Letters, 102, 043116-1 (2013), we report on field-effect transistor
(FET) device based on as-synthesized MoS, nanoflakes in comparison to thin flakes prepared by exfoliation of bulk
MosS,. The transistor characteristics were found to be almost identical; the on/off current ratio is 10° and transistor
behaviour of n-type.

Polymer nanocomposites

In the paper “A novel structure of polyvinylidene fluoride (PVDF) stabilized by MoS, nanotubes”, M. Remskar,
etal. Soft Matter 9, 8647 (2013) we report on the first polyvinylidene fluoride (PVDF)-MoS, nanotube based nano-
composites. The results indicate that the polymer-nanotube interaction stabilizes a novel 2b stacking within the
y-phase, which represents a new PVDF crystal structure. Annealing of the PVDF-MoS2 nanotube films leads to a
completely relaxed «-phase with the nanotubes forming the nucleation centres for crystallization of the dendritic
phase. Tribological properties of these films, which evidence that 1 wt.% of MoS, nanotubes in PVDF reduces fric-
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tion by more than 20% with regard to pure PYDE,while 2 wt.% by more than 70%, were published
in the paper “Friction properties of polyvinylidene fluoride with added MoS2 nanotubes”, M.
Remskar et al., Physica Status Solidi. A, Applications and Materials Science, 210, 2314 (2013).
Raman spectroscopy revealed that sliding in the boundary lubrication regime can trigger the
phase transformation to polar PVDF phase in similar way as the drawing during crystallization.

Nanosafety

We prepared a leaflet entitled “Fireworks and other pyrotechnics for entertainment poison
air” with the goal to raise awareness of hazardous air pollution by nanoparticles released during
fireworks and the combustion of sparklers. The leaflet is available at the public link http://www.
uk.gov.si/fileadmin/uk.gov.si/pageuploads/pdf/Ognjemeti_dokoncna.pdf,

Nanoscale superconductivity
Confined metal nanostructures, such as monolayers or small islands of different thicknesses,
Figure 17: Higl-resolution STM image of a Pb arevery i.ntere.sting for probing the ultimate limits of nanoscale supercquuctivity. We are studying
monolayer on a Cu(111) surface, showing a Moire  the relationship between bulk and nanostructure superconductive critical temperatures (T,). In
pattern. (size 50 x 50 nm2, 1t=91 mV, Ut=0.8 nd, ~ particular, we are trying to control Tc on a nanoscale. High-quality Pb ultra-thin films (from one
1=4.2K). to few monolayers thick) have been deposited in ultra-high vacuum on an atomically flat Cu (111)
surface. For low coverage a monoatomic hexagonal close-packed Pb film is formed, which shows
an inverse corrugation (Figure). For higher coverage, a Stranski-Krastanov growth of 3D Pb islands is observed,
several monolayers thick. Low-temperature STM and STS measurements were performed down to 1K on such

surfaces to study their atomic and electronic structures.

Charge density wave compounds
The real crystal structure of the (NbSe4)(10/3)1 charge density wave (CDW) compound was studied by simula-
tion of the X-ray diffuse scattering. The average structure of the low-temperature twinned phase was determined
and the phase transition was attributed to the formation of a COW. In addition to the experiments,
the electronic properties of the high- and the low-temperature phases were calculated with the
extended Hiickel tight-binding method. The Fermi surfaces of the average structures above and
below the phase transition appear very similar and their shapes support a nesting instability and
a CDW formation.

Ultra-cold atoms

An in-house-built ultra-high vacuum apparatus was constructed and tested for experiments
Figure 18: Schematic representation of an UHV on strongly correlated systems with Cs atoms (Figure). Next, different laser systems are being set
system, built and tested for experiments with ultra- 1P, Which will in combination with magnetic fields be used to slow down, capture, compress and
cold Cs atoms. cool down atoms to nK temperatures.

III. Research programme "Experimental Biophysics of Complex Systems"

Within the program “Experimental Biophysics of Complex Systems” we explore processes and structures of vari-
ous complex systems (from model systems to the structures in living cells, tissues and even small animals) including
the effects of various bioactive molecules like toxins, drugs, etc., as well as of various materials like nanomaterials
and medical materials on these systems. Our research is focused on the investigation of structural properties of
different membrane structures such as membrane domains, membrane proteins and glycosaccharide matrix as
well as their interactions with various materials that enter into their native environment. Novel spectroscopic and
microspectroscopic techniques contribute to the understanding of the organi-
zation of these supramolecular systems, complex cell and tissue responses
as well as opening new possibilities to design new medical materials, like
scaffolds for tissue regeneration as one of the most relevant problems in the
current aging population of the developed countries. In addition, we focus
on medical method optimization, like tumour treatment methods, magnetic
resonance imaging and the mathematical modelling of trombolisis, magnetic
resonance microscopy in forestry, wood science and food processing as well
as to restricted diffusion research.

One of the hottest topics of current biophysics is certainly the study
of the interactions between novel materials and cells, especially from the

By the analysis of the polarization dependence
of fluorescence, we revealed that some widely
used membrane probes undertake several lipid
phase-dependent conformations at distances
below optical spatial resolution. Based on
detailed optical microscopy measurements

of the dissolution of blood clots model in an
artificial perfusion system, we have developed a
mathematical model describing the thrombolysis
as a corrosion-erosion process.
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bioactivity and biocompativility point of view, which we explore by applying novel microspectroscopies. The basic
questions is: do nanoparticles and nanofibres enter cell membranes. The partitioning of the nanoparticles was
studied via FMS-FRET experiments on model membranes, exposed to the diffusing nanoparticles on a micron scale.
The nanoparticles first accumulated on membranes coming into the molecular neighbourhood of the membrane
probes, which enhanced the membrane probe signal due to FRET. After approximately 40 min. the liposomes start
to degrade and the membrane signal was detected everywhere within the micrometre neighbourhood.

Our system for fluorescence microspectroscopy enables us to acquire fluorescence spectra from microscopic
volume elements of the sample and thus to detect physical changes in local molecular environment of fluorescent
probes. By stochastic wavelength sampling and efficient computer simulations we improved spectral resolution
and bleaching correction reliability, as we reported in the published article “Bleaching-corrected fluorescence mi-
crospectroscopy with nanometer peak position resolution. Opt. Express vol. 21, no. 21, p. 25291-25306”. Upgrading
the analysis by polarization dependence of emitted fluorescence, we revealed that some widely used membrane
probes undertake several lipid phase-dependent conformations at distances below optical spatial resolution. We
published our findings in the article “Coexistence of probe conformations in lipid phases: a polarized fluorescence
microspectroscopy study. Biophys. j., vol. 105, no. 4, p. 919-927". As a part of our cell-nanomaterial interaction
research, we used resonance energy transfer imaging to investigate rates and mechanisms of titanate nanoparticles’
penetration through membranes of giant vesicles. The system for optical micromanipulation was used to study
the dynamics and strength of cell attachment to macrostructured biomedical materials that are used as models for
potential artificial tissue scaffolds. The results were correlated by molecular (EPR) and macroscopic (morphology,
rheology, viscoelasticity) properties of the scaffolds.

In the area of the design and synthesis of probes (nitroxide, fluorophore and combination of both in the same
molecule) in 2013 focus was on the synthesis of environment sensitive fluorescent probes (sensitive to polarity
and hydration of the environment). A small series o fluorophores was synthesized by linking of 7-(diethylamino)
coumarin and different aromatic systems with oxazole. Synthesized dyes display red shift of absorption as well as
emission spectra. Fluorescence emission spectra in solvents of increasing polarity exhibit decrease of fluorescence
intensity and red shift of emission maxima. Under our experimental conditions synthesized fluorophores display
excellent photostability compared to NBD type probes. 7-(diethylamino)coumarin represented also the basis of
for a small series of double spin-fluorescent probes. The influence of distance between fluorophore and nitroxide
was examined with these probes. Several pH dependant probes of rhodamine type were also evaluated in regard
to their photophysical properties.

In collaboration with Biotechnical faculty we have investigated how structural properties of several phenolic
substances influence their binding and interaction with liposome membranes. Phenolics are antioxidants with anti-
microbial effect and are therefore interesting as bio-additives for food industry. Results obtained using EPR, fluores-
cence anisotropy and differential scanning calorimetry show that phenolics investigated decrease membrane fluidity
and are bounded to a membrane surface predominately via hydrogen bonds (Food chemistry, 2013,139:804-813).

In collaboration with Hacettepe Universty, from Ankara, Turkey, the influence of tricyclic antidepressant
clomipramine (CLO) on model and biological stratum corneum (SC) membrane was investigated by EPR. The
fluidizing effect of CLO on pig ear SC throughout the whole membrane indicates that CLO penetrates into the
stratum corneum, which is important for its transdermal delivery (J. Pharm. Sci. 2013, DOI 10.1002/jps.23687).

In collaboration with Max Delbriick Center for Molecular medicine in Berlin, Germany, we have investigated
the role of lisophospholipid, perifosine (OPP) as a constituent of liposome membrane on trans-cell barrier trans-
port of liposome encapsulated drugs. We have shown that liposome membrane fluidity decreases with increasing
concentration of perifosine in liposomes. This could be a reason for the increased release of the liposome encap-
sulated hydrophilic substance measured with the increasing concentration of perifosine. Our results indicate that
the efficient transport of liposome-encapsulated hydrophilic drugs across the barrier into a disease-affected tissue
is possible with liposomal formulations, which contain sufficient amounts of perifosine to open the channels in
the barrier and release the liposome content when the cell barrier is compromised. This opens a new possibility of
using lysolipid-containing liposomal formulations as drug delivery systems (submitted for publication).

We have recently shown that the structure of water confined between lipid membranes is perturbed with re-
spect to bulk water. Due to a low light penetration depth the attenuated total reflection Fourier transform infrared
(ATR-FTIR) spectroscopy is specifically suited to study interlamellar water structure in multibilayers. Sequential
modification of interlamellar water perturbation can be followed with a step-by-step dehydration of samples either
by water evaporation or by osmotic pressure. Besides different levels of hydration, the lipid-water interaction can
be studied for lipids with different headgroups and for different lipid phases. Modification of interlamellar water
properties could explain water-mediated effects on biological processes. This can have implications to membranes
adhesion, stacking, and fusion.
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Using molecular dynamics (MD) we calculated partition coefficients between the membrane and water phase
for several commonly used labels (two spin labels and a fluorescent marker). Coefficients were obtained by first
calculating the free energy for the transition from the membrane into water using adaptive biasing force (ABF)
MD. The results allow us to perform experiments with greater precision and more economically. Part of the results
is summarized in the graduation work of Klare Presecnik with the title “Determination of partitioning coefficients
of amphiphilic molecules between membrane and water using molecular dynamics (ABF)”. We have created a
generally applicable software package for determining position-dependent diffusion coefficients (available at
github.com/Ibf-ijs/DiffusiveDynamics). The package is capable of obtaining and visualizing diffusion for one- and
two-dimensional cases. With the obtained diffusion surface and a known free energy surface, diffusive trajectories
can be generated. Thereby the time reach of molecular dynamics, typically a few 100 nanoseconds, can be extended
to several 100 microseconds (for the 1D or 2D subspace of interest). The method for determining the diffusion
is most efficiently used with ABF MD. With this methodology, the motion of spin labels in the membrane can be
studied, thus further improving the empirical approximation used by side-chain conformational space modelling
of proteins (CSM). Such estimates allow us to significantly reduce the computational time needed for determining
the size of the side-chain conformational space. This also enables us to solve inverse problems - for example, the
structural characterization of membrane proteins.

We started experimental work on cysteine mutants of the N-terminal part of the antimicrobial peptide 3-defensin.
The ultimate purpose of the experiments is to determine the 3D structure of peptides in various environments us-
ing CSM . Using circular dichroism (CD) and the EPR we observed two different conformations we have already
observed two conformations. We also discovered conditions under which the transition between conformations
can be controlled by varying the pH.

The use of one-dimensional nanoparticles, such as Ti0, nanotubes, offers a promising low-cost and effective
alternative to current disinfection methods used in food processing industry and in hospital environment. In order
to improve antibacterial properties of surfaces we developed a stable deposition of TiO, nanotubes on polyethylene
terephthalate (PET) surface, a material commonly used in food processing industry and hospital environment.
PET surfaces with this kind of antibacterial nanocoating (ABnC) retard growth of bacteria by up to one order of
magnitude when illuminated by ordinary fluorescent light bulbs.

Thrombolysis is the process in which the addition of specific agents (thrombolytic agents) in the bloodstream
can dissolve the blood clots. The usual way that a thrombolytic agent functions is that it initially activates a molecule
of plasminogen to its active form plasmin and this in turn degrades the fibrin network of which the clot is made.
In a large study, which was started two years ago, we studied the possibility of using a direct thrombolytic agent
in which the conversion of plasminogen to plasmin would no longer be needed. Namely, in the bloodstream was
directly added plasmin. Its effect on thrombolysis was then followed by an optical microscope, by which we moni-
tored the progress of degradation of artificial blood clots in contact with plasmin molecules. The process of blood
clot dissolving was also recorded with a digital camera and images were then analysed so that we could analyse the
dynamics of blood clot dissolution. The obtained results were then analysed by an appropriate mathematical model
ofblood clot dissolution. The findings of this study were published in the journal Blood coagulation and fibrinolysis,
another article with similar content is in the publishing process in the Thrombosis Research.

The magnetic resonance imaging (MRI) can also enable monitoring of the development of caries of the teeth
and dental tissue impairment caused by caries. However, MRI has of course a number of limitations. The first is that
MRI of teeth is currently too demanding that it could be performed iz vivo successfully. Therefore, our study had
to be performed on extracted teeth. Another limitation is that MRI is not capable of imaging of hard dental tissues
such as enamel and dentin, at least not in its standard way. However, we still come up with interesting findings
with regard to caries. Namely, one of the effects of caries is also dentin demineralization. Due to the demineraliza-
tion carious dentin produces much more signal than intact dentin, so that regions of demineralized dentin can be
easily detected with T1-weighted imaging. Another interesting finding is that caries also affects dental pulp tissue.
The changes can be clearly seen in maps of relaxation time T2, as well as in maps of apparent diffusion constants
(ADC). The findings of the study were recently published in the Caries Research.

Magnetic resonance imaging allows monitoring of the distribution of electric current density in the conductive
samples. By using current images in several different arrangements of electrodes, it is possible to determine the
electrical conductivity of the sample and consequently also the electric field for a given electrode arrangement. This is
of paramount importance in electroporation, which is a method in which by the use of high voltage cell membrane
is a tissue are made temporary permeable and therefore absorb more drugs than normally, as for example anti-
cancer drugs. In this area in the past year, we worked with a group of prof. Damian Miklavci¢ from the Faculty of
Electrical Engineering. Within this collaboration, we conducted a number of important 77 vivo MRI experiments of
current distribution during electroporation last year. Until last year these experiments were successfully done only
on model samples, but not on experimental animals. Experiments on animals have greater importance because
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they can be used for determination of the presence and extent of the region of reversible electroporation. In this
region, the tissue cells open for a short time and in this time an anticancer drug can enter the cells, after that the cells
close again. Cancer cells in this process die while most of healthy cells should survive. In our experiments, instead
of the anticancer drug a MRI contrast agent was injected into experimental animals. In the region of reversible
electroporation is the contrast agent remained in the tissue also after several days while it was not present at that
time in other tissues that were not reversibly electroporated. Thus, we were able to detect the region of reversible
electroporation and also to compare its extent with predations for the region that were done based on calculations
of electric field strength on the basis of the measured current density distribution. The findings of this study were
sent to the journal Radiology.

Controlled drug-delivery systems are widely used in pharmaceutical industry because of their numerous
advantages. For hydrophilic polymers, it is generally accepted that, once in contact with body fluids, they hydrate
and swell, forming a gel layer that regulates the penetration of body fluids into the tablet and the dissolution of
the incorporated drug. Therefore the knowledge of the gel layer characteristics is of a crucial importance for the
use of controlled drug delivery systems. Combination of different MRI methods enables accurate determination of
medium penetration into the tablet as well as hydrogel formation i sifu. MR imaging was used to study the impact
of a soluble active substance in the dynamics of the penetration of the medium into the tablet and the formation
of the gel layer. Acquired knowledge in this area was found interesting for our pharmaceutical company Krka, for
which numerous studies were conducted within the last year.

The method of application of the gradient pulses in combination with the spin-echo (PGSE method) enables
measurement of the translational motion. In this method there several free parameters of the PGSE sequence, which
may affect how sensitive this method is for detection of the diffusion spectrum. The same method can be adjusted
for measurement of the fast motion on a short time scale as well as of the slow motion on the longer time scale,
depending on the parameters of the method. These features of the PGSE method were confirmed by measurements
on molten polyethylene. The results confirm a model of constraint release in a system of entangled polymer chains
as asort of tube Rouse motion. The results of this research were published in the Journal of Magnetic Resonance.

Our research has been supported by a number of international projects financed by the European Union within
the 6th and 7th Frameworks. It was also supported within the bilateral Slovenian - USA, Slovenian - German and
Slovenian - Greek and other scientific cooperations. In 2013, the Department had cooperations with 108 partners
from Slovenia and abroad. Among them:

*  The high magnetic field centers in Grenoble, France, and Nijmegen, The Netherlands

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

e The ETH, Ziirich, Switzerland

o The loffe Institute in St. Petersburg, Russia

The University of Duisburg, the University of Mainz and the University of Saarbrucken in Germany
e The University of California, the University of Utah and the Liquid Crystal Institute, Kent, Ohio, USA,
*  National Institute for Research in Inorganic Materials, Tsukuba, Japan

e NCSR Demokritos, Greece

 Institut fiir Biophysik und Nanosystemforschung OAW, Graz, Austria

*  Bioénergétique et Ingénierie des Protéines, CNRS Marseille, France

*  Architecture et Fonction des Macromolécules Biologiques, CNRS Marseille, France

*  The Max Delbruck Center for Molecular medicine in Berlin

e The Dartmouth Medical School, Hanover, NH, USA

e The Mayo Clinic, Rochester, USA

made the above studies possible.
Some outstanding publications in the past year

1. Vallejos,S., Umek, P, Stoycheva, T., Annanouch, F, Llobert, E.,Correig, X., de Marco, P, Bittencourt, C., Blackman,
C.: Single-step deposition of Au- and Pt-nanoparticle-functionalized tungsten oxide nanoneedles synthesized
via aerosol-assisted CVD, and used for fabrication of selective gas microsensor arrays. Advanced Functional
Materials 23, 1313-1322 (2013)

2. GradiSek, A, Bomholdtravnsbaek, D., Vrtnik, S., Kocjan, A., Luznik, J., Apih, T., Jensen, T., Skripov, A. V.,
Dolin3ek, ].: NMR study of molecular dynamics in complex metal borohydride LiZn, BH,.. Journal Phys.
Chem. € 117, 21139-21147 (2013)
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Pregelj, M., Zorko, A., Zaharko, 0., Jegli¢, P, Kutnjak, Z., Jaglicic, Z., Jazbec, S., Luetkens, H., Hillier, A. D., Berger,
H., Ar¢on, D.: Multiferroicity in the geometrically frustrated FeTe, 0.CL. Phys. Rev. B 88, 224421-1-10 (2013)
Nych, A., Ognysta, U., Skarabot, M., Ravnik, M., Zumer, S., Mugevi¢, L.: Assembly and control of 3D nematic
dipolar colloidal crystals. Nature Communications 4, 1489-1-8 (2013), doi: 10.1038/ncomms 2486.2013
Jampani, V. S. R., Skarabot, M., Copar, S., Zumer, S., Mugevi¢, L: Chirality screening and metastable states in
chiral nematic colloids. Phys. Rev. Lett. 110, 177801-1-5 (2013)

Novak, S., Drobne, D., Vaccari, L., Kiskinova, M. P, Ferraris, P, Birarda, G., Remskar, M., HoCevar, M.: Effect of
ingested tungsten oxide (WO, ) nanofibers on digestive gland tissue of Porcellio scaber (Isopoda, Crustacea) :
fourier transform infrared (FTIR) imaging. Env. Sci. & Tech. 47, 11284-11292 (2013)

Bajd, F, SerSa, 1.: Mathematical modeling of blood clot fragmentation during flow-mediated thrombolysis.
Bioph. Journal 104, 1181-1190(2013).

Urbancic, 1., Ljubetic, A., Arsov, Z., Strancar, ].: Coexistence of probe conformations in lipid phases : a polarized
fluorescence microspectroscopy study. Bioph. Journal 105, 919-927 (2013)

Some outstanding publications in 2012

L

Guttmann, P, Rembein, S., Bittencourt, C., Umek, P., Ke, Xi., van Tandeloo, G., Ewels, C. P., Schneider, G.:
Nanoscale spectroscopy with polarized X-rays by NEXAFS-TXM. Nature Photonics 6, 25-29 (2012)
Dolinsek, J.: Electrical and thermal transport properties of icosahedral and decagonal quasicrystals. Chem.
Soc. Rev. 41, 6730-6744 (2012)

Pregelj, M., Zorko, A., Zaharko, 0., Ar¢on, D., Komelj, M., Hillier, A. D., Berger, H.: Persistent spin dynamics
Intrinsic to amplitude-modulated long-range magnetic order. Phys. Rev. Lett. 109, 227202-1-5 (2012)
Novak, N., Pirc, R,, Wencka, M., Kunnjak, Z.: High-resolution calorimetric study of Pb Mg . Nb , . 0, single
crystal. Phys. Rev. Lett. 109, 037601-1-5 (2012)

Zupancic, B., Diez-Berart, S., Finotello, D., Lavrentovich, 0. D., Zalar, B.: Photoisomerization-controlled phase
segregation in a submicron confined azonematic liquid crystal. Phys. Rev. Lett. 108, 257801-1-5 (2012)
Vilfan, A.: Optimal shapes of surface slip driven self-propelled microswimmers. Phys. Rev. Lett. 109, 128105-
1-5(2012)

Hwang, W.S., Remskar, M.: Transistors with chemically synthesized layered semiconductor WS, exhibiting 10°
room temperature modulation and ambipolar behavior. Appl. Phys. Lett. 101, 013107-1-4 (2012)

Essone Mezeme, M., Kranjc, M., Bajd, F,, Ser$a, I, Brosseau, C., Miklav¢ic, D.: Assessing how electroporation
affects the effective conductivity tensor of biological tissues. Appl. Phys. Lett. 101, 1-4 (2012)

Bajd, F, Vidmar, J., Fabjan, A., Blinc, A., Kralj, E., Bizjak, N., SerSa, L.: Impact of altered venous hemodynamic
conditions on the formation of platelet layers in thromboemboli. 7/romb. Res. 129, 158-163 (2012)

Awards and appointments

L

3.

Matjaz GomilSek: Preseren Award of the Faculty of Mathematics and Physics for Diploma thesis, University of
Ljubljana, Ljubljana, Time irreversible billiards

Primoz KoZelj: Best paper award, Ljubljana, The European Integrated Center for the Development of New
Metallic Alloys and Compounds, C-MAC days 2013, Ljubljana

Zdravko Kutnjak: Mentor awards in 2013, the Society of Young Researchers Slovenia

Organization of conferences, congresses and meetings

1. “C-MAC days 2013”, Ljubljana, Slovenia, 9.-12. 12. 2013

Patent granted

1. Janez Pir§, Matej Bazec, Silvija Pir§, Bojan Marin, Bernarda Urankar, Dusan Ponikvar, Variable contrast, wide
viewing angle LCD light-switching filter, US8542334 (B2), US Patent Office, 24.9.2013.

2. S.G. Psakhie, Volia Isaevich Itin, D. A. Magajeva, O. G. Terehova, E. P. Najden, Olga Vasiljeva, Georgij Mihajlov
Andrejevic, Urska Mikac, Boris Turk, Contrast agent for T1 and/or T2 magnetic resonant scanning and method
for preparing it, RU2471502 (C1), Federal'naja sluzba po intellektual'n'noj so'stvennosti, 10.1.2013.

3. Maja Remskar, Marko Virsek, Miha Kocmur, Adolf Jesih, Procedure for synthesis of threadlike tungsten oxide

W5014, US8496907 (B2), US Patent Office, 30.7.2013.
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INTERNATIONAL PROJECTS

12.

14.

15.

17.

18.

19.

MERCK - AFM Investigations

Merck KGaA

Asst. Prof. Miha Skarabot

7FP - DIAGNO-RAIL; Combining Innovative Portable Visual, Accoustic, Magnetic and
NMR Methods with In-situ Chemical Diagnostic Tools for Effective Failure Assessment
and Maintenance Strategy of Rail and Subway Systems

European Commission

Prof. Janez Dolinsek

7FP - LEMSUPER; Light Element Molecular Superconductivity: An Interdisciplinary
Approach

European Commission

Prof. Denis Ar¢on

7FP - ESNSTM; Electron Spin Noise Scanning Tunneling Microscopy

European Commission

Prof. Janez Dolinsek

7FP - NanoMag; Magnetic Nanoparticles and Thin Films for Spintronic Applications and
High Performance Permanent Magnets

European Commission

Prof. Janez Dolinsek

7FP - NEMCODE; Controlled Assembly and Stabilisation of Functionalised Colloids in
Nematic Liquid Crystals

European Commission

Prof. Igor Musevic

COST MP1003; ESNAM - European Scientific Network for Artificial Muscles

COST Office

Prof. Bostjan Zalar

COST; IMC-SRM; Network for Intermetallic Compounds as Catalysts for Steam
Reforming of Methanol

COST Office

Prof. Janez Dolinsek

NATO ARW 984375; Magnetic Resonance Detection of Explosives and Illicit Materials,
2.-79.12, Turkey

NATO - North Atlantic Treaty Organisation

Asst. Prof. Tomaz Apih

. COST MP1201; Rational Design of Hybrid Organic-Inorganic Interfaces: The Next Step

Towards Advanced Functional Materials
COST Office
Dr. Polona Umek

. Factor Xa Dimerization and Its Role in Prothrombinase Complex Formation and

Activity on Membrane Surfaces

Slovenian Research Agency

Dr. Marjeta Sentjurc

Syntesis, Microscopy Characterization and Magneto Resonance Study of New
Functional Nanomaterials

Slovenian Research Agency

Dr. Polona Umek

. Unconventional Ground States of Quantum Matter

Slovenian Research Agency

Dr. Martin Klanjsek

Exotic Electronic Properties arising from Geometrical Symmetry

Slovenian Research Agency

Prof. Denis Arcon

Physiological Role of Factor Xa and Protein S in Coagulation and Inflammation
Slovenian Research Agency

Dr. Tilen Kokli¢

. Novel Polymeric and lonomeric Materials with Giant Dielectric and Electrocaloric

Response

Slovenian Research Agency

Asst. Prof. Vid Bobnar

Liquid Crystals Blue Phases in Confined Geometries: Structure, Optical Properties and
Photonic Applications

Slovenian Research Agency

Prof. Igor Mugevic

Elastically Tuned Soft Nanocomposites

Slovenian Research Agency

Prof. Samo Kralj

Promotion of Science and Cooperation of International Scientific Associations
European Commission

Prof. Igor Musevic

RESEARCH PROGRAMS

L

Magnetic Resonance and Dielectric Spectroscopy of ,Smart* New Materials
Prof. Janez Dolinsek

Department of Solid State Physics F-5

Physics of Soft Matter, Surfaces and Nanostructures
Prof. Slobodan Zumer

Experimental Biophysics of Complex Systems

Prof. Igor Sersa

R&D GRANTS AND CONTRACTS

10.
11
12.

13.

14.

15.

16.

17.

18.
19.
20.

2L

New Metallic Materials for Thermal Storage of Digital Information

Prof. Janez Dolinsek

Design, Formulation and Characterization of Biomimetic Nanocomposite Systems for
Effective Tissue Regeneration

Dr. Mojca Urska Mikac

Theory of the Nematic Nanodroplet and Ordering of DNA, Encapsidated in Simple
viruses

Asst. Prof. Andrej Vilfan

Collective and Molecular Dynamics of Photosensitive Liquid Crystal Elastomers
Prof. Bostjan Zalar

Use of Green Energy Sources: New Functional Nanomaterials on the Base of
Polyoxometalates and Ti02 Nanostrucutres for Production of Hydrogen by Catalytic
Oxidation of Water -NANOleaf

Dr. Polona Umek

Oligomers of Amyloidogenic Proteins from A to Z: Biophysical Properties, Structure,
Function and Mutual Interactions

Asst. Prof. Miha Skarabot

Optimization Strategies in Biological and Artificial Microfluidic Systems

Asst. Prof. Andrej Vilfan

Selective and Hipersensitive Microcapacitive Sensor System for Targetted Molecular
Detection in the Atmosphere

Prof. Igor Musevic

Textured Ceramic Layers for Sensors and Actuators

prof. dr. Zdravko Kutnjak

Optical Microresonators Based on Liquid Crystals

Prof. Igor Musevi¢

Biotechnological Processes of Treatment of Lignocellulosic Materials

Prof. Janez Strancar

Behaviour of Disipative Systems Under Extreme Termo-Mechanical Loading

Dr. Andrej Zorko

Water Exclusion Efficacy, Measure for Prediction of Wood Performance against Wood
Decay Fungi

Prof. Igor Sersa

New Materials for Power Conversion: Oxide Semiconductor Thermoelectrics

Prof. Bostjan Zalar

A Spectrometer for Automatic 14N Nuclear Quadrupole Resonance Characterization of
New Substances

Dr. Alan Gregorovic

Exchange Interactions in Selenides and Tellurides - Key for New Functional Low-
Dimensional Magnetic Systems

Dr. Matej Pregelj

TABANA: Targeting AntimicroBial Activity via micro/Nano-structured sufaces for civil
Applications

Prof. Janez Strancar

Nanomaterials and Scaffolds Preparation and Sharacterization

Prof. Janez Strancar

New Polymer and Ceramic Materials for Potential Use in Capacitors

Dr. Andreja Erste

Influence of Mechanical Field on Electrical Properties of Oxide Semiconductor Materials
Dr. Nikola Novak

Irradiation and Analysis of Si Samples

Prof. Igor Musevi¢

N EW CONTRACTS

Protocol for Validation of the Analytical Method

Lek d. d.

Asst. Prof. Miha Skarabot

A Spectrometer for Automatic 14N Nuclear Quadrupole Resonance Characterization of
New Substances

Gorenje Gospodinjski Aparati d.d.

Dr. Alan Gregorovic

Balder - Technology Development

BALDER d.o.0.

Prof. Igor Musevic

Behaviour of Disipative Systems under Extreme Termo-Mechanical Loading
BALDER d.0.0.

Prof. Igor Musevi¢
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VISITORS FROM ABROAD

1. Dr. Hae Jin Kim, Nano-Energy Materials Team, Korea Basic Science Institute, Daejeon, 19. Dr. Jin Bae Lee, Korea Basic Science Institute, Nano-Energy Materials Team, Daejeon,
South Korea, 1. 3. 2012-28. 2. 2013 South Korea, 19. 6.-28. 8. 2013
2. Dr. Adam Ostrovski, Poland, EUFP7 project “ESR-STM”, 1. 11. 2012-31. 10. 2013 20. Dr. Valentina Domenici, Universita di Pisa, Pisa, Italy, 15. 7.-15. 8. 2013
3. Mag.Venkata Subba Rao Jampani, India, EU Marie-Curie, 1. 11. 2009-15. 7. 2013 21. Donatella Ancora, Universita di Pisa, Pisa, Italy, 15. 6.-15. 10. 2013
4. Maryam Nikkhou, Iran, EU Marie-Curie, 1. 6. 2012-31. 12. 2013 22. Mutsuo Igarashi, Gunma National College of Technology, Maebashi, Japan, 5. 8.-22. 9.,
5. Dr. Anna Ryzhkova, Russia, EU project Marie-Curie, 1. 6.2012-31.1.2013 12.10.-12. 11.,28. 11.-27. 12. 2013
6. Dr. Mirta Herak, Instite of Physics, Zagreb, Croatia, 4.-5. 1. 2013 23. Dr. RamaRao Partibho, Raman Research Institute, Bangalore, India, 7.9.-21. 9. 2013.
7. Silvio Preda, Ilie Murguescu Institute of Physical Chemistry of the Romanian Academy, 24. Dr. Takehito Nakano, University of Osaka, Toyonaka, Osaka, Japan, 8.9.-13.9. 2013.
Bucharest, Romania, 14.-25. 1. 2013 25. Prof. Qiming Zhang, University of Pennsylvania State, Pennsylvania, USA, 18.-21. 9. 2013
8. Prof. Yishay Manassen, Ben Gurion University, Beer Sheva, Israel, 5.-12. 2., 17.9. 2013 26. Dziugas Jablonskas, University of Villnius, Faculty of Physics, Villnius, Lithuania,
9. Prof. David Sherrington, University of Oxford, Oxford, Great Britain, 13.-14. 2. 2013 23.9.-31.12. 2013
10. Dr. Sanjiv Sonkaria, Dr. Varsha Khare, Seoul National University, Kwanak, Seoul, South 27. Dr. Toni Shiroka, ETH Zuerich, Hoenggerberg, Laboratorium fuer Festkoerperphysik,
Korea, 15.-30. 3. 2013 Zurich, Switzerland, 6. 11.-8. 11. 2013.
11. Prof. Horst Beige, Martin-Luther Universitaet, Halle, Germany, 18. 3. 2013-21. 3. 2013 28. Dr. Katarina Ciri¢, dr. Jana Radakovic, Vinca Institute of Nuclear Sciences, University of
12. Dr. Magdalena Wencka, Polish Academy of Sciences, Institute of Molecular Physics, Belgrade, Serbia, 12. 11.-17. 11. 2013.
Poznan, Poland, 3. 4.- 30. 4., 23. 11.-15. 12. 2013 29. Dr. David Wilkes, Merck, Darmstadt, Germany, 14. 11.-15. 11. 2013
13. Prof. Luigi Colombo, Texas Instruments Incorporated, Texas, USA, 9. 4. 2013 30. Dr. Andriy Nych, National Academy of Science of Ukraine, Kiev, Ukraine, 19. 11. 2013-
14. Dr. Shehab Mansour Hassan, University of Menofia, Menofia, Egypt, 14. 4.-27. 4. 2013 31.1.2014
15. Dr. Giorgio Mirri, Italy, EU Marie-Curie project, 6. 5. 2013-6. 5. 2015 31. Dr. Uliana Ognysta, National Academy of Science of Ukraine, Kiev, Ukraine,
16. Nerea Sebastian Ugarteche, Universidad del Pais Vasco UPV/EHU, Leioa, Spain, 19.11. 2013-15. 12. 2013
16.4.-3.6.2013 32. Dr. Ticijana Ban, Institute of Physics, Zagreb, Croatia, 20. 11. 2013
17. Prof. Wilfried Schranz, University of Vienna, Faculty of Physics, Vienna, Austria, 33. Dr. Valentin Laguta, Ukrainian Academy of Sciences, Kiev, Ukraine, 24. 11.-15. 12. 2013
27.5.-30. 5. 2013 34. Dr. Emmanuella Lacaze, Institute des Nano-Sciences de Paris, Paris, France, 10.-13. 12. 2013
18. Dr. Hae Jin Kim, Korea Basic Science Institute, Nano-Energy Materials Team, Daejeon, 35. Dr. Anna Ryzhkova, ASML, Eindhoven, The Netherlands, 11. 12.-16. 12. 2013
South Korea, 22. 6. 29. 6., 30. 11.-15. 12. 2013 36. Dr. Jun-ichi Fukuda, National Institute of Advanced Industrial Science and Technology
(AIST), Tsukuba, Japan, 18. 12. 2013-11. 2. 2014
Researchers 47. Nina Bizjak, B. Sc.
1. Asst. Prof. Tomaz Apih 48. Goran Casar, B. Sc.
2. Prof. Denis Ar¢on* 49. Olga Chambers, B. Sc.
3. Asst. Prof. Vid Bobnar 50. Maja Garvas, B. Sc.
4. Prof. Janez Dolinsek* 51. Matjaz Gomilsek, B. Sc.
5. Dr. Cene Filipic 52. Urska Gradisar, B. Sc.
6. Dr. Alan Gregorovi¢ 53. Simon Jazbec, B. Sc.
7. Dr. Peter Jeglic 54. Primoz KoZelj, B. Sc.
8. Dr. Martin Klanjsek 55. Mitja Krnel, B. Sc.
9. Prof. Samo Kralj* 56. Marta Lavri¢, B. Sc.
10. Prof. Zdravko Kutnjak 57. Ajasja Ljubeti¢, B. Sc.
11. Dr. Mojca Urska Mikac 58. Bojan Marin*, M. Sc.
12. Prof. Igor Musevic*, Head 59. Jerneja Milavec, B. Sc.
13. Dr. Janez Pir§ 60. Jana Milenkovic, B. Sc.
14. Prof. Maja Remskar 61. Dr. Giorgio Mirri
15. Prof. Janez Seliger*, retired 01.10.13 62. Maryam Nikkhou, M. Sc.
16. Prof. Igor Sersa 63. Dr. Adam Ostrowski, lefi 01.11.13
17. Prof. Janez Stepisnik, retired 31.12.13 64. Gregor Posnjak, B. Sc.
18. Asst. Prof. Miha Skarabot 65. Andra Resetic, B. Sc.
19. Prof. Janez Strancar 66. Melita Rutar, B. Sc.
20. Prof. Jurij Franc Tasi¢* 67. Maja Tréek, B. Sc.
21. Dr. Polona Umek 68. Bernarda Urankar, B. Sc.
22. Dr. Herman Josef Petrus Van Midden 69. Dr. Iztok Urbanci¢
23. Asst. Prof. Andrej Vilfan 70. Ana Varlec, B. Sc.
24. Prof. Bostjan Zalar 71. Dr. Bojana Visic, left 26.08.13
25. Prof. Aleksander Zidansek 72. Marusa Vitek, B. Sc.
26. Dr. Andrej Zorko Technical officers
27. Prof. Slobodan Zumer 73. Maja Cesarek, B. Sc.
Postdoctoral associates 74. Marko Doric, B. Sc.
28. Asst. Prof. Zoran Arsov 75. Venkata Subba Rao Jampani, M. Sc., lefl 16.07.13
29. Dr. Franci Bajd 76. Ivan Kvasic, B. Sc.
30. Daniele Biglino, B. Sc., left 12.01.13 77. Joze Luzar
31. Dr. Matej Bobnar 78. Alma Mehle, B. Sc.
32. Dr. Simon Copar 79. Milan RoZmarin, B. Sc.
33. Dr. Andreja Erste 80. Dr. Anna Ryzhkova, left 01.02.13
34. Dr. Anton Gradisek Technical and administrative staff
35. Dr. Matjaz Humar 81. Andreja Berglez, B. Sc.
36. Dr. Tilen Kokli¢ 82. DraZen Ivanov
37. Dr. Nikola Novak 83. Janez Jelenc, B. Sc.
38. Dr. Stane Pajk* 84. Davorin Kotnik
39. Dr. Anton Poto¢nik 85. Silvano Mendizza
40. Dr. Dalija Povse Jesenek 86. Janja Milivojevic
41. Dr. Matej Pregelj 87. Iztok Ograjensek
42. Dr. Jernej Vidmar* 88. Ana Sepe, B. Sc.
43. Dr. Stanislav Vrtnik 89. Marjetka TrSinar
44. Dr. Blaz Zupancic 90. Vanja Usenik, M. Sc.
45. Dr. Erik Zupani¢
Postgraduates i\IoFe: , ,
46. Kristian Anderle, B. Sc., left 01.02.13 part-time JSI member
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dimethylbenzimidazole", The journal of physical chemistry. C,
Nanomaterials and interfaces, vol. 117, iss. 39, pp. 20193-20200, 2013.
Janez Seliger, Veselko Zagar, "Tautomerism and possible polymorphism
in solid hydroxypyridines and pyridones studied by *N NQR", J. phys.
chem., A Mol. spectrosc. kinet. environ. gen. theory, vol. 117, iss. 7, pp.
1651-1658, 2013.

.Janez Seliger, Veselko Zagar, Tetsuo Asaji, "NQR investigation and

characterization of cocrystals and crystal polymorphs”, In: Proceedings
of the 4th Joint International Conference on Hyperfine Interactions and
International Symposium on Nuclear Quadrupole Interactions
(HFI/NQI 2012), Beijing, China, 10-14 September 2012, Hyperfine
Interact., vol. 222, iss. 1/3, pp. 1-13, 2013.

Janez Stepisnik, Gojmir Lahajnar, Ivan Zupancic, Ales Mohori¢, "Study of
translational dynamics in molten polymer by variation of gradient
pulse-width of PGSE", J. magn. reson. (San Diego, Calif,, 1997: Print), vol.
236, pp. 41-46, 2013.

Miha Skarabot, Ziga Lokar, Igor Musevi¢, "Transport of particles by a
thermally induced gradient of the order parameter in nematic liquid
crystals", Phys. rev,, E Stat. nonlinear soft matter phys., vol. 87, no. 6, pp.
062501-1-062501-6, 2013.

Ajda Taler-Ver¢ic et al. (13 authors), "The role of initial oligomers in
amyloid fibril formation by human stefin B", Int. j. mol. sci,, vol. 14, no.
9, pp. 18362-18384, 2013.

Angelos Thanassoulas, Eva Karatairi, George Cordoyiannis, Zdravko
Kutnjak, Vassilios Tzitzios, loannis Lelidis, George Nounesis, "CdSe
nanoparticles dispersed in ferroelectric smectic liquid crystals: Effects
upon the smectic order and the smectic-A to chiral smectic-C phase
transition", Phys. rev., E Stat. nonlinear soft matter phys., vol. 88, no. 3,
pp. 032504-1-032504-8, 2013.

Marko Tkalci¢, Andrej Kosir, Jurij F. Tasi¢, "The LDOS-PerAff-1 corpus
of facial-expression video clips with affective, personality and user-
interaction metadata”, J. Multimodal User Interfaces (Print.), vol. 7, no.
1/2, pp. 143-155, Mar. 2013.

. Marko Tkal¢i¢, Ante Odi¢, Andrej Kosir, Jurij F. Tasi¢, "Affective labeling

in a content-based recommender system for images", IEEE trans.
multimedia, vol. 15, no. 2, pp. 391-400, Feb. 2013.

. Iztok Urbandi¢, Zoran Arsov, Ajasja Ljubeti¢, Daniele Biglino, Janez

Strancar, "Bleaching-corrected fluorescence microspectroscopy with
nanometer peak position resolution”, Opt. express, vol. 21, no. 21, pp.
25291-25306, 2013.

.Iztok Urbanci¢, Ajasja Ljubeti¢, Zoran Arsov, Janez Strancar,

"Coexistence of probe conformations in lipid phases: a polarized
fluorescence microspectroscopy study"”, Biophys. j., vol. 105, no. 4, pp.
919-927,2013.

Stella Vallejos, Polona Umek, Toni Stoycheva, Fatima Annanouch,
Eduard Llobet, Xavier Correig, Patrizia De Marco, Carla Bittencourt,
Christopher Blackman, "Single-step deposition of Au- and Pt-
nanoparticle-functionalized tungsten oxide nanoneedles synthesized
via aerosol-assisted CVD, and used for fabrication of selective gas
microsensor arrays", Adv. funct. mater., vol. 23, issue 10, pp. 1313-1322,
2013.

Ana Varlec, Shehab A. Mansour, Tiziana Di Luccio, Carmela Borriello,
Annalisa Bruno, Janez Jelenc, Bojana Visi¢, Maja Remskar, "Microscopic
and spectroscopic investigation of MoS, nanotubes/P3HT
nanocomposites”, Phys. status solidi, A Appl. mater. sci,, vol. 210, issue
11, pp. 2335-2340, 2013.

Bojana Visi¢, Marta Klanjsek Gunde, Janez Kova¢, Ivan Iskra, Janez
Jelenc, Maja Remskar, "MoS, nanotube exfoliation as new synthesis
pathway to molybdenum blue", Mater. res. bull., vol. 48, issue 2, pp. 802-
806,2013.

. Stanislav Vrtnik, Simon Jazbec, Marko Jagodi¢, AnZe Korelec, Larisa

Hosnar, Zvonko Jagli¢i¢, Peter Jegli¢, Michael Feuerbacher, U. Mizutani,
Janez Dolinsek, "Stabilization mechanism of y — Mg,;,Al;, and 8 —
Mg, Al; complex metallic alloys", J. phys., Condens. matter, vol. 25, no. 42,
pp. 425703-1-425703-14, 2013.

Oksana Zaharko, Matej Pregelj, Andrej Zorko, R. Podgajny, A. Gukasov,
J. van Tol, S. I. Klokishner, S. Ostrovsky, B. Delley, "Source of magnetic
anisotropy in quasi-two-dimensional XY
{Cu,(tetrenH5)W(CN)g],. 7.2H,0)}, bilayer molecular magne", Phys.
rev, B, Condens. matter mater. phys., vol. 87, no. 2, pp. 024406-1-
024406-10, 2013.
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109. Andrej Zorko, Fabris Bert, Andrzej Ozarowski, ]. van Tol, D. Boldrin,
Andrew S. Wills, Philippe Mendels, "Dzyaloshinsky-Moriya interaction
in vesignieite: a route to freezing in a quantum kagome
antiferromagnet”, Phys. rev.,, B, Condens. matter mater. phys., vol. 88, no.
14, pp. 144419-1-144419-7, 2013.

110. Maciej Zubko, Jézef Kusz, Albert Prodan, Saso Sturm, Herman J. P. van
Midden, J. Craig Bennett, Grzegorz Dubin, Erik Zupani¢, Horst Bohm,
"Structural phase transition and related electronic properties in quasi-
one-dimensional (NbSe,),o/31", Acta crystallogr., B Struct. sci., vol. 69,
no. 3, pp. 229-237, 2013.

111. Blaz Zupandi¢, BosStjan Zalar, Maja Rems$kar, Valentina Domenici,
"Actuation of gold-coated liquid crystal elastomers", Appl. phys. express,
vol. 6, no. 2, pp. 021701-1-021701-4, 2013.

REVIEW ARTICLE

1. Uros Tkalec, Igor Musevi¢, "Topology of nematic liquid crystal colloids
confined to two dimensions”, Soft matter, vol. 9, issue 34, pp. 8140-
8150, 2013.

PuBLISHED CONFERENCE CONTRIBUTION (INVITED
LECTURE)

1. Venkata Subba R. Jampani, Matjaz Humar, Igor MuSevi¢, "Resonant
transfer of light from a planar waveguilde into a tunable nematic liquid
crstal microcavity”, In: Emerging liquid crstal technologies VIII: 5-6
February 2013, San Francisco, California, United States, (Proceedings of
SPIE, vol. 8642), Liang-Chy Chien, ed., Bellingham, SPIE, 2013, pp.
86420E-1-86420E-8.

PUBLISHED CONFERENCE CONTRIBUTION

1. Andreja Abina, Uro$ Puc, Pavel Cevc, Anton Jegli¢, Aleksander Zidansek,
"Terrestrial and underwater pollution-source detection using
electromagnetic multisensory robotic system", In: Proceedings of the
7th Conference on Sustainable Development of Energy, Water and
Environmental Systems, July 1-7, 2012, Ohrid, Macedonia, (Chemical
engineering transactions, vol. 34, 2013), Milano, AIDIC, 2013, vol. 34,
pp. 61-66,2013.

. Goran Casar, Jurij Koruza, Vid Bobnar, Xinyu Li, Qiming M. Zhang,
"Nonlinear dielectric response of polymer system with coexisting
ferroelectric and ralaxor states”, In: 2013 jJoint UFFC, EFTF and PFM
Symposium, International Ultrasonics Symposium (IUS), Joint IEEE
International Symposium on the Applications of Ferroelectrics (ISAF)
and Piezoresponse Force Microscopy and Nanoscale Phenomena in
Polar Materials (PMF), Joint International Frequency Control
Symposium (IFCS), and European Frequency and Time Forum (EFTF),
21-25 July 2013, Prague, Czech RepubliclEEE Ultrasonics,
Ferroelectrics, and Frequency Control Society International Ultrasonics
Symposium (IUS), Joint IEEE International Symposium on the
Applications of Ferroelectrics (ISAF) and Piezoresponse Force
Microscopy and Nanoscale Phenomena in Polar Materials (PMF), Joint
International Frequency Control Symposium (IFCS), and European
Frequency and Time Forum (EFTF), 21-25 July 2013, Prague, Czech
Republic, [S. 1], IEEE Ultrasonics, Ferroelectrics, and Frequency Control
Society, 2013, pp. 159-161.

. Goran Casar, Xinyu Li, Jurij Koruza, Qiming M. Zhang, Vid Bobnar,
"Electrical and thermal properties of polymer systems with coexisting
ferroelectric and relaxor states", In: Zbornik, 5. $tudentska konferenca
Mednarodne podiplomske Sole JoZefa Stefana = 5th Jozef Stefan
International Postgraduate School Students Conference, 23. maj 2013,
Ljubljana, Slovenija, Nejc Trdin, ed, et al, Ljubljana, Mednarodna
podiplomska $ola JoZefa Stefana, 2013, pp. 250-256.

4.Miha Canc¢ula, Miha Ravnik, Slobodan Zumer, "Modelling ligth
propagation through optically non-uniform anisotropic materials”, In:
Proceedings, 49th International Conference on Microelectronics,
Devices and Materials & theWorkshop on Digital Electronic Systems,
September 25 - September 27, 2013, Kranjska Gora, Slovenia, Andrej
Zemva, ed., Polona Sorli, ed., Iztok Sorli, ed., Ljubljana, MIDEM - Society
for Microelectronics, Electronic Components and Materials, 2013, pp.
67-70.

. Stefan Dobravec, Jurij F. Tasi¢, "Simulacija pasivnega avtomatskega
ostrenja satelitskega opti¢nega sistema za zajem slik", In: Zbornik
dvaindvajsete mednarodne Elektrotehniske in racunalniske konference
ERK 2013, 16.-18. september 2013, Portoroz Slovenija, (Zbornik ..
Elektrotehniske in ra¢unalni$ke konference ERK ...), Baldomir Zajc, ed.,
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Andrej Trost, ed., Ljubljana, IEEE Region 8, Slovenska sekcija IEEE,
2013, zv. B, pp. 65-68.

. Anton GradiSek, Matjaz Gams, "Uporaba inteligentnih mobilnih naprav

za individualno medicinsko diagnostiko”, In: Zbornik 16. mednarodne
multikonference Informacijska druzba - IS 2013, 7.-11. oktober 2013
[Ljubljana, Slovenija]: zvezek A: volume A, Matjaz Gams, ed., et al,
Ljubljana, Institut JoZef Stefan, 2013, pp. 51-54.

. Mitja Kolenc, Emil Plesnik, Jurij F. Tasi¢, Matej Zajc, "Voltage notch

detection and localization in power quality signals in phase space”, In:
EUROCON 2013: Zagreb, Croatia, 1-4 July 2013, Igor Kuzle, ed., Tomislav
Capuder, ed., Hrvoje Pandzi¢, ed., Piscataway, IEEE, cop. 2013, pp. 1745-
1751.

. Primoz KozZelj, Simon Jazbec, Janez Dolinsek, "Electrical resistivity and

magnetoresistance of the § — FeZn;, complex intermetallic phase", In:
Proceedings of the MRS Fall Meeting Symposim, MRS Fall Meeting, 24-29
November 2012, Boston, USA, (MRS proceedings, vol. 1517),
Warrendale, Materials Research Society, 2013, vol. 1517, 6 pp., 2013.

. Matej Kranjc, Franci Bajd, Igor Ser$a, Damijan Miklav¢i¢, "Magnetic

resonance electrical impedance tomography for determining electric
field distribution during electroporation”, In: XV International
Conference on Electrical Bio-Impedance (ICEBI) & XIV Conference on
Electrical Impedance Tomography (EIT): 22-25 April 2013, Heilbad
Heiligenstadt, Germany, (Journal of physics. Conference series (Online),
vol. 434), Bristol, Institute of Physics Publishing, 2013, pp. 1-4.

Marko Meza, Jurij F. Tasi¢, Urban Burnik, "Telemedical system in the
blood transfusion service: usage analysis", In: ICT innovations 2012:
secure and intelligent systems, (Advances in intelligent systems and
computing, 207), Smile Markovski, ed., Berlin, Heidelberg, Springer-
Verlag, 2013, pp. 173-182.

Urska Mikac, Sasa Baumgartner, Ana Sepe, Julijana Kristl, "MRI study of
hydrophilic xanthan tablets with incorporated model drug”, In:
Proceedings of the 11th International Bologna Conference Magnetic
Resonance in Porous Media (MRPM 11), September 2012, Surrey, UK,
(Diffusion fundamentals, Vol. 18, no. 2, 2013), Leipzig, ]J. Kdrger c/o
Unversity of Leipzig, Faculty of Physics and Earth Science, 2013, vol. 18,
no. 2, pp. 1-5, 2013.

.Jerneja Milavec, "Raziskave tekocekristalnih elastomerov z jedrsko

magnetno resonanco”, In: Zbornik, 5. Studentska konferenca
Mednarodne podiplomske Sole JoZefa Stefana = 5th JoZef Stefan
International Postgraduate School Students Conference, 23. maj 2013,
Ljubljana, Slovenija, Nejc Trdin, ed., et al, Ljubljana, Mednarodna
podiplomska $ola JoZefa Stefana, 2013, pp. 323-330.

Ante 0di¢, Marko Tkalci¢, Jurij F. Tasi¢, Andrej Kosir, "Personality and
social context: impact on emotion induction from movies", In: UMAP
2013 extended proceedings: late-breaking results, project papers and
workshop proceedings of the 21st Conference on User Modeling,
Adaptation, and Personalization, Rome, Italy, June 10-14, 2013, (CEUR
workshop proceedings, vol. 997), UMAP 2013, Shlomo Berkovsky, ed.,
[S.1], CEUR-WS, 2013, pp. [1-7].

Emil Plesnik, Olga Malgina, Jurij F. Tasi¢, Matej Zajc, "Improved removal
of electrocardiogram baseline wandering", In: EUROCON 2013: Zagreb,
Croatia, 1-4 July 2013, Igor Kuzle, ed., Tomislav Capuder, ed., Hrvoje
Pandzi¢, ed., Piscataway, IEEE, cop. 2013, pp. 1764-1769.

Amid Ranjkesh Siahkal, Milan AmbroZi¢, Samo Kralj, "Memory effects in
randomly perturbed nematic liquid crystals”, In: World academy of
science, engineering and technology. Iss. 75, (World Academy of Science,
Engineering and Technology, iss. 75, Mar. 2013), WASET 2013, March
28-29 2013, Madrid, Spain, [S. 1], World Academy of Science,
Engineering and Technology, 2013, pp. 834-839.

Andraz Rihar, Matjaz Mihelj, Jurij F. Tasi¢, Marko Munih, "Zaznavanje
delov telesa na podlagi koZzne barve iz video posnetkov otrok”, In:
Zbornik dvaindvajsete mednarodne Elektrotehniske in racunalniske
konference ERK 2013, 16.-18. september 2013, Portoroz Slovenija,
(Zbornik .. Elektrotehniske in racunalniske konference ERK ..),
Baldomir Zajc, ed., Andrej Trost, ed., Ljubljana, IEEE Region 8, Slovenska
sekcija IEEE, 2013, zv. B, pp. 107-110.

Marko Tkal¢i¢, Urban Burnik, Ante Odi¢, Andrej KoSir, Jurij F. Tasic,
"Emotion-aware recommender systems: a framework and a case
study”, In: ICT innovations 2012: secure and intelligent systems,
(Advances in intelligent systems and computing, 207), Smile Markovski,
ed., Berlin, Heidelberg, Springer-Verlag, 2013, pp. 141-150.

Marko Vrabelj, Hana Ursi¢, Brigita RoZzi¢, Zdravko Kutnjak, Silvo
Drnovsek, Barbara  Mali¢, "Electrocaloric  properties  of
0.7Pb(Mg; /3Nb,,3)0; — 0.3PbTiO; ceramics", In: 2013 Joint UFFC, EFTF
and PFM Symposium, International Ultrasonics Symposium (IUS), Joint
IEEE International Symposium on the Applications of Ferroelectrics
(ISAF) and Piezoresponse Force Microscopy and Nanoscale Phenomena
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in Polar Materials (PMF), Joint International Frequency Control
Symposium (IFCS), and European Frequency and Time Forum (EFTF),
21-25 July 2013, Prague, Czech RepubliclEEE Ultrasonics,
Ferroelectrics, and Frequency Control Society International Ultrasonics
Symposium (IUS), Joint IEEE International Symposium on the
Applications of Ferroelectrics (ISAF) and Piezoresponse Force
Microscopy and Nanoscale Phenomena in Polar Materials (PMF), Joint
International Frequency Control Symposium (IFCS), and European
Frequency and Time Forum (EFTF), 21-25 July 2013, Prague, Czech
Republic, [S. 1], IEEE Ultrasonics, Ferroelectrics, and Frequency Control
Society, 2013, pp. 310-312.

19. Marko Vrabelj, Hana Ursi¢, Brigita RoZi¢, Zdravko Kutnjak, Silvo

Drnovsek, Barbara  Mali¢, "Electrocaloric  properties  of
0.7Pb(Mg, /5Nb,,3)0; — 0.3PbTiO; ceramics prepared from
mechanochemically activated powder"”, In: Proceedings, 49th

International Conference on Microelectronics, Devices and Materials &
theWorkshop on Digital Electronic Systems, September 25 - September
27,2013, Kranjska Gora, Slovenia, Andrej Zemva, ed., Polona Sorli, ed.,
Iztok Sorli, ed., Ljubljana, MIDEM - Society for Microelectronics,
Electronic Components and Materials, 2013, pp. 231-234.

Janez Zaletelj, Urban Burnik, Jurij F. Tasi¢, "Registration of satellite
images based on road network map", In: Proceedings of ISPA 2013, 8th
International Symposium on Image and Signal Processing and Analysis,
September 4-6, 2013, Trieste, Italy, Giovanni Ramponi, ed., Zagreb,
Faculty of Electrical Engineering and Computing, cop. 2013, pp. 49-53.

20.

INDEPENDENT COMPONENT PART OR A CHAPTER IN A
MONOGRAPH

1. Jun-ichi Fukuda, Slobodan Zumer, "Cholesteric blue phases under
confinement: Skyrmion lattices and other exotic defect structures”, In:
Progress in liquid crystal science and technology: in honor of Shunsuke
Kobayashi's 80th birthday, (Series on liquid crystals, vol. 4), Hoi-Sing
Kwok, ed., Shohei Naemura, ed., Hiap Liew Ong, ed., New Jersey ... [et
al.], World Scientific, cop. 2013, pp. 113-131.

2.Maja Remskar, "lzmerjene ovire na karierni poti raziskovalk v
naravoslovju in tehniki", In: Zenske v znanosti, Zenske za znanost:
znanstvene perspektive Zensk v Sloveniji in dejavniki sprememb, (Knjizna
zbirka Psihologija vsakdanjega Zivljenja), Mirjana Ule, ed. Renata
Sribar, ed, Andreja Umek-Venturini, ed., Ljubljana, Fakulteta za
druzbene vede, Zalozba FDV, Komisija za Zenske v znanosti pri
Ministrstvu za izobraZevanje, znanost in $Sport RS, 2013, pp. 77-91.

3. Janez Strancar, Vanja Kokol, "EPR spectroscopy of biopolymers", In:
Handbook of biopolymer-based materials: from blends and composites to
gels and complex networks, Sabu Thomas, ed., et al, Weinheim, Wiley,
cop. 2013, vol. 2, pp. 443-472.

. Andrej Vilfan, Dusan Babic¢, Blaz Kav¢i¢, GaSper Kokot, Natan Osterman,
Igor Poberaj, Mojca Vilfan, "Measurement of fluid flow generated by
artificial cilia", In: Artificial cilia, (RSC nanoscience & nanotechnology),
Jaap M. ]. de Toonder, ed., Patrick R. Onck, ed.,, Cambridge, The Royal
Society of Chemistry, 2013, pp. 244-258.

S

PATENT APPLICATION

1. Urban Tomc, Andrej Kitanovski, Marko Ozbolt, Uro$ Plaznik, Uro$
Flisar, Jaka Tu$ek, Alojz Poredo$, Barbara Mali¢, Hana Ursic, Silvo
Drnovsek, Jena Cilensek, Zdravko Kutnjak, Brigita RoZi¢, Method for
electrocaloric energy conversion, EP13179000.8, European Patent
Office, 1.8.2013.

Department of Solid State Physics

PATENT

1. Janez Pir§, Matej BaZec, Silvija Pir§, Bojan Marin, Bernarda Urankar,
Dusan Ponikvar, Variable contrast, wide viewing angle LCD light-
switching filter, US8542334 (B2), US Patent Office, 24.9.2013.

. S. G. Psakhie, Volia Isaevich Itin, D. A. Magajeva, O. G. Terehova, E. P.
Najden, Olga Vasiljeva, Georgij Mihajlov Andrejevi¢, Urska Mikac, Boris
Turk, Contrast agent for T1 and/or T2 magnetic resonant scanning and
method for preparing it, RU2471502 (C1), Federal’naja sluzba po
intellektual’'n’noj so’stvennosti, 10.1.2013.

. Maja Remskar, Marko Virsek, Miha Kocmur, Adolf Jesih, Procedure for
synthesis of threadlike tungsten oxide W5014, US8496907 (B2), US
Patent Office, 30.7.2013.
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MENTORING

1. Franci Bajd, The influence of blood flow on formation and dissolution of
blood clots: doctoral dissertation, Ljubljana, 2013 (mentor Igor Sersa).

. Matej Cvetko, Influence of anizotropic nanoparticles on orientational
order of liquid crystals: doctoral dissertation, Maribor, 2013 (mentor
Samo Kralj; co-mentor Milan Ambrozic).

. Venkata Subba R. Jampani, Chiral nematic colloidal interactions and
photonic properties of nematic colloids: doctoral dissertation, Ljubljana,
2013 (mentor Igor Musevic).

4. Dalija Jesenek, Phase and structural behavior of effectively two-
dimensional liquid crystals: doctoral dissertation, Ljubljana, 2013
(mentor Samo Kralj).

. Janez Kogovsek, Tribological effects of nanoparticles in lubricants:
doctoral dissertation, Ljubljana, 2013 (mentor Mitjan Kalin; co-mentor
Maja Remskar).

. Gasper Kokot, Measuring forces with magneto-optical tweezers in
biological and biomimetic systems: doctoral dissertation, Ljubljana,
2013 (mentor Andrej Vilfan).

. David Lukman, Gripper for objects in micro- and nano-scale: doctoral
dissertation, Maribor, 2013 (mentor Riko Safari¢; co-mentor Maja
Remskar).

8. Nikola Novak, Study of polar ordering in ordered and partial disordered
ferroelectric systems: doctoral dissertation, Ljubljana, 2013 (mentor
Zdravko Kutnjak).

. Tine Porenta, Flexo-electric and optic field effects on confined chiral and

achiral nematic ordering: doctoral dissertation, Ljubljana, 2013

(mentor Slobodan Zumer).

Anton Poto¢nik, Magnetic resonance of molecular superconductors

bordering the antiferromagnetic Mott-insulating state: doctoral

dissertation, Ljubljana, 2013 (mentor Denis Arcon).

Iztok Urbanci¢, Response of biomembrane domains to external stimuli:

doctoral dissertation, Maribor, 2013 (mentor Janez Strancar; co-

mentor Miha Skarabot).

Bojana Visi¢, Physical properties of nanoflakes produced by exfoliation

of MoSz nanotubes and their respective polymer nanocomposites:

doctoral dissertation, Ljubljana, 2013 (mentor Maja Remskar)

Miha Cancula, Modeling of light propagation along nematic defect lines:

master's thesis, Ljubljana, 2013 (mentor Slobodan Zumer; co-mentor

Miha Ravnik).

Urska GradiSar, Thermoluminescence analysis of irradiated food:

master's thesis, Ljubljana, 2013 (mentor Ziga Smit; co-mentors

Benjamin Zorko, Katarina Vogel-Miku$ and Marijan Ne¢emer).

Luka Mesarec, Topological defects in nematic shells: master's thesis,

Maribor, 2013 (mentor Samo Kralj; co-mentor Ales Iglic).
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The research within the Department of Complex Matter encompasses a variety of research
Sfields, ranging from the synthesis of new materials to fundamental investigations of elementary
excitations in complex systems. These include anything from nano-biosystems to magnetic systems
and superconductors. The experimental methods used are suitably diverse, from synthetic chemistry
to femtosecond laser spectroscopy. Last year ‘s research achievements are thus quite diverse, but we
are able to report on breakthroughs in a number of areas.

The activities in the department can be grouped together into a number of thematically inter-related research
areas. Nanomaterials science research is focused on investigations into the fundamental properties and applications
of MoSI molecular wires, crossing into the physics and nanoscience of macromolecular biological systems such as
DNA and cilia, and venturing into quantum molecular electronics and nano-electronics. These and other materials,
such as strongly correlated systems, electronically ordered systems and superconductors were investigated using
advanced femtosecond spectroscopy techniques. In many areas we have introduced new materials, technologies
and techniques.

In 2013 we spent a lot of effort on setting up new mid- and long-term research projects, which was started in
the past two years. In particular, new techniques were developed for the study of non-equilibrium phase transitions,
involving both theoretical and experimental work. This already paid dividends in the form of a number of break-
through publications published in 2013, or to appear early in 2014. Most notable of the already published works
is the publication in Nature on the discovery of a ferromagnetic liquid crystal composite by Alenka Mertelj et al.,
described in more detail below. Similarly, our pioneering forays into sample preparation yielded results with the
publication of a paper by Jure Strle and co-workers in Nature Materials on molecular-beam-epitaxy-grown thin
films. Notable publications in 2013 include the first observation of intrinsic and extrinsic topological defect dynam-
ics in Physical Review Letters by T. Mertelj et al. Other notable publications on various subjects are listed below.

Assignificant amount of work was devoted to setting up new equipment made available by the Centre of Excel-
lence in Nanoscience and Nanotechnology - Nanocenter. The department thus acquired a new AFM/Micro-Raman
system with low-temperature vacuum capability, and a significant share and leading role in the running of a FIB
dual-beam microscope, both of which are currently fully operational. In addition, in 2013 we continued the de-
velopment of a new, low-temperature, four-probe STM/AFM system with Omicron, which is a unique instrument
enabling unprecedented 4-contact measurements of surface transport on the nanoscale. A prototype version was
installed in November of 2013 and a final version will be delivered early in 2014. An atomic layer deposition system
was set up and tested, and is giving excellent results with the successful demonstration of 2 MoS2 nanotube field-
effect transistor with comparable performance to the revolutionary MoS2 single-layer transistors reported by Kis
etal. in 2010 from EPFL.

Ultrafast studies of electron dynamics in correlated systems
The field of research of relaxation processes of photo-excited electrons in correlated electron systems is one
of our most advanced research topics. One part of this research includes the development of new methods, instru-
mentation and ultrafast laser systems for spectroscopy. New femtosecond techniques are thus being developed,
such as multipulse spectroscopy and broad-band optical probe spectroscopy.

Head:
Prof. Dragan D. Mihailovic

The research encompasses many differentareas of physicsand materials ~ geveral experimental studies of carrier relaxation
science. The most advanced part of the research takes place in conjunction  phenomena in correlated electron systems
with an ERC Advanced Grant on “Coherent trajectories through symmetry  with various degrees of correlation have been
breaking transitions” which started in the first part of 2103. This work is  performed using femtosecond time-resolved
challenging both conceptually and practically, and is still at an embryonic  techniques. The aim of the ongoing research is
stage. Much of this work s thus still in the exploratory stage and not con-  to gain additional information about the nature
sidered for publication as yet. The general framework is within the scope of  of the low-lying excitations in these materials,
“Cosmology in the lab experiments”, coming from the analogy with the Big  and to explore the nature and strength of the
bang in cosmology or collisions in elementary particle physics inwhich phase  jnteractions of electrons with other low-lying

transitions also take place in time from a highly excited plasma, muchinthe  gxcitations.
same way as phase transitions take place after the excitation of collectively
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ordered states in electronic systems which we investigate here. One of the novelties in these investigations relates
to the study of non-equilibrium transitions in which the single particle and collective excitations are not in thermal
equilibrium with each other and cannot be described in terms of a common temperature. Under such non-ergodic
conditions the system trajectory is expected to be different than under ergodic conditions, and represent an absolute
novelty, opening the way to unexplored new physics.

At the other end of the spectrum, femtosecond laser spectroscopy has developed over the years from an exotic
experimental technique to a mainstream characterisation tool in materials science. The technique is now used to
characterise the band structure of different materials, offering some unique insights that are not available with
other spectroscopy techniques. For example, different excitations can be distinguished by their different lifetimes,
thus allowing pseudogap excitations to be distinguished from a spin or superconducting gap.

Several experimental studies of carrier relaxation phenomena in correlated electron systems with various
degrees of correlation have been performed using femtosecond time-resolved techniques. The aim of the ongoing
research is to gain additional information about the nature of the low-lying excitations in these materials, and to
explore the nature and strength of the interactions of electrons with other low-lying excitations.

We continued our research of the relaxation of quasiparticles in iron-based pnictide superconductors. We
systematically investigate the photo-excited (PE) quasi-particle (QP) relaxation and low-energy electronic structure
inan electron-doped, 1111-structure Sm(Fe, ..Co, . )ASO single crystal. We found that the behaviour is qualitatively
identical to the 122-structure Ba(Fe,Co),As, including the presence of a normal state pseudogap and a marked
twofold symmetry breaking in the tetragonal phase that we relate to the electronic nematicity. The twofold sym-
metry breaking appears to be a general feature of the electron-doped iron pnictides. The results were published in
Phys. Rev. B 87, 174525 (2013).

We continued the analysis of previously measured temperature and
magnetic-field-dependent photo-excited electron and spin relaxation in
EuFe,(As P .), (EFAP) pnictide superconductor and parent non-super-
conducting EuFe As, (EFA) by means of near-infrared optical pump-probe
femtosecond spectroscopy. In both samples we observe at low temperature
the emergence of a slow anisotropic photo-induced relaxation component
concurrent with Bu2+ spin ordering. The slow dynamics of this component
suggests a weak coupling between the Eu2+ spins and the carriers in the
Fe-d derived bands.

The magnetic field dependence of the relaxation in the superconducting
EFAP is different than in the non-superconducting EFA. In EFA we observe
switching of the optical-transients anisotropy with an increasing magnetic
field attributed to a field-induced antiferromagnetic-to-ferromagnetic phase
transition. In the superconducting EFAP a large coherent magnon oscillation
is observed at a similar metamagnetic transition. A short paper on some of

Figure 1: FET transistor; based on MoS2 nanotubes. the above results is in print in Optics and Spectroscopy, while a manuscript

describing the majority of the results is in preparation.

Aremarkable change of the quasiparticle relaxation dynamics at the antiferromagnetic SDW transition tempera-
ture in EFA and related BaFe As, and SrFe As,, observed previously by the near-infrared probe, was systematically
investigated by broad-band visible time-resolved spectroscopy. Two different relaxation processes were identified.
The behaviour of the slower process, which is strongly sensitive to the magneto-structural transition, is consistent
with the relaxation-bottleneck model involving magnons. Manuscripts describing the results are in the final stage
of preparation.

In collaboration with Hokkaido University, Sapporo, Japan we investigated the dynamics of excitations
with different symmetry in the superconducting (SC) and normal state of the high-temperature superconductor
Bi,Sr,CaCu,0, , (Bi2212) using optical pump-probe (Pp) experiments with different light polarizations at different

doping levels. The observation of distinct selection rules for SC excitations,

8+d

The observation of distinct selection rules for SC
excitations, present in A1g and B1g symmetries,
and for the pseudogap excitations, present in
A1g and B2g symmetries, by the probe and
absence of any dependence on the pump beam
polarization leads to the unequivocal conclusion
of the existence of a spontaneous spatial
symmetry breaking in the pseudogap state.

present in Alg and Blg symmetries, and for the pseudogap excitations,
presentin Alg and B2g symmetries, by the probe and absence of any depend-
ence on the pump beam polarization leads to the unequivocal conclusion of
the existence of a spontaneous spatial symmetry breaking in the pseudogap
state. A manuscript describing the work was submitted to Phys. Rev. Lett.
and is in the reviewing process.

Assignificant effort was invested into an investigation of the dynamical
phase transitions in superconducting and CDW systems. The control of
condensed-matter systems out of equilibrium by laser pulses allows us to
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investigate the system trajectories through symmetry-breaking phase transi-
tions. Thus the evolution of both collective modes and single-particle excita-
tions can be followed through diverse phase transitions with femtosecond
resolution. We presented experimental observations of the order parameter
trajectory in the normal — superconductor transition and charge-density
wave-ordering transitions. Of particular interest is the coherent evolution
of topological defects forming during the transition via the Kibble-Zurek
mechanism, which appears to be measurable in optical pump-probe
experiments. Experiments on CDW systems reveal some new phenomena,
such as coherent oscillations of the order parameter, the the creation and
emission of dispersive amplitude modes upon the annihilation of topological
defects, and mixing with weakly coupled finite frequency (massive) bosons
as described in J. Phys.: Condens. Matter 25, 404206 (2013). The paper was
written at the invitation of Tom Kibble, and the entire journal issue was
devoted to Cosmology in the laboratory experiments in his honour. The
paper also reveals some new ideas concerning dark-matter excitations within
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the phase-transition picture and discusses the observation of the annihila- Figure 2: Golden electrodes on the nanowire, made with the laser

tion of domain walls and the ensuing emission of Higgs bosons detected in /ithography technique.
femtosecond optical experiments.

We extended previous investigations of Bi,Sr,CaCu,0,  cuprate superconductors by means of the 3-pulse time-
resolved optical spectroscopy technique to different doping levels. The characteristic footprint of the superconducting
response was also detected at temperatures above Tc, indicating the presence of the superconducting fluctuations
up to 23 K above Tc, and are distinct from the excitations in the pseudogap state, which are observable up to T =
200~250 K. We empirically establish the direct correspondence between the bare superfluid density as measured
by the THz spectroscopy and the optical pump-probe response near Tc. The lifetime of both, the order parameter
recovery associated with the superconducting fluctuations and quasiparticle recombination, is observed to diverge
as T goes to Tc. The critical behaviour of the lifetime significantly differs from the time-dependent Ginzburg-Landau
theory prediction for Gaussian fluctuations and phase correlation time measured by a.c. conductivity. The manuscript
with the results is in the final stage of preparation.

In CDW systems we studied the incoherent recombination of topological defects created during a rapid quench
of a charge-density-wave system through the electronic ordering transition. Using the above mentioned 3-pulse
femtosecond optical spectroscopy technique we follow the evolution of the order parameter over a wide range
of timescales after the quench. By careful consideration of thermal processes we clearly identified the intrinsic
topological defect annihilation processes in ThTe, on a timescale of ~30 ps and found the signature of extrinsic
defect-dominated relaxation dynamics occurring on longer timescales. A similar effect was also observed in blue
bronze and 2H-TaSe,. The results were published in Phys. Rev. Lett. 110, 156401 (2013).

The achievement of optical bistable switching between collective states of matter by non-thermal processes
has great potential applications, but has so far been very elusive. Commonly, the photo-excited states are transient,
and do not show true switching behaviour. After we have shown for the first time complete switching in 1T-TaS2
between the ground state and a new stable hidden state by a single laser pulse, we continued the investigation of
the stability and transport properties of the switched state in thin 1T-TaS2 flakes adhered to various substrates
by Van der Waals forces. A manuscript describing the major results is currently in the review process at Science

A prerequisite to perform femtosecond electron diffraction on modern quantum materials such as 1T-TaS2 is
the availability of laterally large (~100 um) and sufficiently thin (<100 nm) single-crystalline samples. Different
approaches to reach these specifications have been tried out and their effect on sample integrity has been investi-
gated. Finally, using an ultra-microtome, we were able to prepare 30 nm free-standing single-crystalline films of
1T-TaS2 with lateral dimensions of 200 um x 200 um. We have characterized these films with different techniques
for their stoichiometric and crystalline integrity, ensuring no measurable alternation of the sample properties. The
application of this sample-thinning technique is expected to find its use in further structural dynamics studies, as
well as in optical time-resolved studies where homogeneous excitation profile and/or data in transmission geometry
may be required. as reported in Ultramicroscopy 127, 9 (2013)

Atable-top, femtosecond, non-relativistic, electron-diffraction setup is combined with a low-jitter, photo-triggered
streak camera to follow the optically induced structural dynamics in complex solids. A temporal resolution of 550 fs
is experimentally demonstrated, while the route to streaking with sub-250 fs temporal resolution is outlined. The
technique is demonstrated by studying a photo-induced charge-density wave phase transition in 4Hb-TaSe2. Within
the same data-acquisition time a three-fold increase in the signal-to-noise ratio is achieved when compared to the
scanning method, with ways for a further improvement outlined. Appl. Phys. Lett. 102, 121106 (2013)
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Figure 3: Micromeler contacts on a sample of TasS,, made with the laser

Theoretical studies on the nanoscale

We study theoretically how the dynamics of the resistive state in narrow superconducting channels shunted
by an external resistor depends on the channel’s length, the applied current, and parameter u characterizing the
penetration depth of the electric field in non-equilibrium superconductors. We show that changing u dramatically
affects both the behavior of the current-voltage characteristics of the superconducting channels and the dynamics

lithography technique.

Figure 4: MoN nanowire with four Pt measuring contacls, which are

prepared using FIB-assisted deposition.
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Figure 5: FIB fabricated TEM lamella. Thickness is in the range of
60-80nm.

of their order parameter. Depending on the value of the parameter u the
current-voltage characteristic may be step like or hysteretic. Shunting the
superconductor with the resistor leads to the disappearance of the hysteretic
current-voltage characteristic. (Physical Review B 87, 174516 (2013)).

We present a detailed analysis of the time-resolved optical data on blue
bronzes (K, ,MoO, and Rb Mo0,), prototype quasi-one-dimensional charge-
density wave systems. Numerous coherent (Raman active) modes appear
upon the phase transition into the CDW state. We analyze the temperature
dependence of the mode frequencies, their damping times, as well as their
oscillator strengths and phases using the time-dependent Ginzburg-Landau
model. We demonstrate that these low-temperature modes are a result of the
linear coupling between the Fermi surface nesting driven modulation of the
conduction electron density and the normal-state phonons at the CDW wave
vector, and determine their coupling strengths. We were able to identify the
nature of the excitation of these coupled modes, as well as the nature of the
probing mechanisms in this type of experiments. We demonstrate that in
incommensurate CDW systems, femtosecond optical excitation initially sup-
presses the electronic density modulation, while the reflectivity changes at
frequencies far above the CDW-induced gap in the single-particle excitation
spectrum are governed by the modulation of interband transitions caused
by lattice motion. (Physical Review B 89, 045106 (2014)).

Nanomaterials

Nanowires and nanotubes decorated with gold nanoparticles are known
for their excellent sensing and catalytic properties. However, the decoration
of transition-metal dichalcogenide nanotubes can be very complex. We have
found a simple procedure that enables the efficient production and purifica-
tion of thin bundles of MoSi nanowires decorated with gold nanoparticles
and their transformation to gold-decorated MoS, nanotubes. We isolated
several hundred milligrams of nanowire bundles that were several microns
long with average diameters of around 40 nm, and formed a stable disper-
sion in water without added surfactants. Gold nanoparticles were directly
deposited on the nanowire bundles, either in a solution or on a substrate at
room temperature in a single-step reaction without any additional reducing
reagents The described procedure is one of the few examples of redox tem-
plating at room temperature without the use of a reducing agent to produce
metal-decorated nanowires. The number of gold nanoparticles on a nanowire
bundle is controlled by changing the concentration of chloroauric acid
HAuCl, in the solution. Since the nanowires can serve as precursor crystals
for the fabrication of nanotubes, we were able to transform gold-decorated
nanowires and produce gold-decorated MoS, nanotubes. These results are
reported in ] Nanopart Res (2013) 15:1791

Electron dynamics in biological macromolecules

In 2013 we concluded our experimental work on dc electron transport
in DNA and its complex with transition-metal cations - M-DNA. Transport
measurements were performed on micron-sized electric circuits produced
by e-beam lithography with parallel gold electrodes. The electrodes were
separated by a several hundred nanometers wide gap (typically 250-500
nm). The gap was bridged with individual DNA molecules that were cast
from a buffer solution onto the silicone chip surface.. Such single molecule
electric nanocircuits have enabled us to measure the -V characteristics of
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individual DNA/M-DNA molecules under ambient conditions as well as the temperature dependences of their electrical
conductivity in a broad temperature range (20-300 K). The measurements have shown that the conductivity of a
pristine DNA exhibits an activated behavior where the conductivity exponentially decays towards zero as the tem-
perature is lowered from room temperature - a behavior typical for electric insulators. In contrast, the conductivity
of an M-DNA molecule has shown a plateau in the middle temperature range (100-200 K) where the conductivity
is virtually temperature-independent. These results give a firm support to a hypothesis that the electron transport
in M-DNA is strongly correlated and much more efficient at longer (> 10 nm) distances then in the native DNA.

Thin-film synthesis and characterization

In 2013 we gained access to new thin-film synthesis techniques - Molecular Beam Epitaxy (MBE) and Atomic
Layer Deposition (ALD).

One of the intensely studied scenarios of high-temperature superconductivity (HTS) postulates pairing by the
exchange of magnetic excitations. In the heavily overdoped regime, neutron scattering measurements indicate
that magnetic excitations have effectively disappeared, and this has been argued to cause the demise of HTS with
overdoping. We have used resonant inelastic X-ray scattering to measure the evolution of magnetic excitations in
La, Sr Cu0, across the entire phase diagram, from a strongly correlated insulator to a non-superconducting metal
(0 <x <0.40). For x = 0, well-defined magnon excitations were observed. These magnons broaden with doping,
but they persist with a similar dispersion and comparable intensity all the way to the non-superconducting, heavily
overdoped metallic phase. We have concluded that the destruction of HTS by overdoping is caused neither by the
general disappearance nor by the overall softening of magnetic excitations. These results were produced in col-
laboration with Brookhaven National Laboratory where we have performed sample characterization, and were
reported in Nature Materials 12, 1019-1023 (2013).

Soft Matter

Also in 2013 we continued with investigations of optical holographic patterning in light-sensitive liquid-crystal
elastomers (LCEs). These are polymer materials that exhibit a very strong opto-mechanical response, due to which
they are promising for applications in various optically manipulated micromechanical devices. We performed a
comparative study of UV-irradiation-induced refractive-index modulation in two analogous monodomain nematic
side-chain LCE materials. In one of them mesogenic azobenzene derivatives were incorporated as pendant co-
monomers, and in the other as crosslinking units. The results are reported in the paper Macromol. Chem. Phys.
214, p. 2744 (2013). We also completed the investigation of optical-patterning properties in the vicinity of nematic-
paranematic phase transition and reported our results in Phys. Rev. E, 87, p. 022507 (2013).

We completed our investigation of the effect of inorganic nanotubes and nanowires on the electro-optical
properties of standard nematic liquid crystals. The results are reported in the paper Phys. Status Solidi. A 210, p.
2328 (2013 ). We also studied the inclusion of MoS, nanotubes into polymerizable nematic liquid
crystal material RM257 (Merck) and successfully fabricated a polymer-nanotube composite mate-
rial with strongly aligned nanotubes.

In cooperation with TEDA APS at Nankai University (China) we investigated surface structure
modifications of silicon induced by irradiation with a single femtosecond laser pulse and the
possible application of the resulting surface structures for surface-enhanced Raman scattering.
The results were reported in /. Raman Spectrosc. 44, p. 1678 (2013 ) and Optics Letters 39, p.
343 (2014). Another topic of our cooperation was the investigation of intracellular processes
in biological cells. We investigated correlations of the fluctuations of calcium ion concentration
between different cells and temperature-induced modifications of radiative activity of fluoropores
sensitive to calcium ions. The results were published in Biochem. Biophys. Res. Commun. 431,
». 664 (2013 ) and Biochem. Biophys. Res. Commun., in-press, (2014 ).

In cooperation with the Center of Excellence for Polymer Materials and Technologies (PoliMaT)
we performed a systematic analysis of the effect of oxygen plasma on the water-sorption properties
of cellulose fibers. We demonstrated that modifications of optical birefringence of the fibers can
be conveniently used to monitor the kinetics of the sorption process. The results were reported in
Carbohydrate Polymers 97, p. 143 (2013).

A newly started cooperation with Seoul National University (Korea) was focused on investi-
gations of the optical properties of closed-packed arrays of cholesteric liquid-crystal droplets. We
discovered that the color-selective optical reflection of the droplets provides several interesting
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Figure 6: The cover of the magazine

possibilities for interdroplet communication processes. This collaborative work was reported in ;7 o ofecular Chemistry and Physics. Author of
J. Mater. Chem. C 2, p. 806 (2014). the picture: Irena Drevensek Olenik
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We completed a comparative study of the
aggregation properties of four similar guanine
(G)-rich DNA oligonucleotides.

Figure 7: The growth-mechanism of guanine-based nanowires ( G-wires)
is preferably G-quartet stacking while GC-base pairing proved to be
highly limited.

We showed that in an ordered nematic liquid-
crystalline phase of the suspension of BaHF
nanoplatelets doped with Sc in liquid-crystal

5CB ferromagnetic ordering appears.

Figure 8: A schematic presentation of the distortion of the director (blue)
and magnetic field (orange) around disk-like platelets (short, thick
horizontal lines) represented side-on. Blue dots indicate cross-sections of
disclination lines, and red arrows the directions of magnetic moments.

We completed a comparative study of the aggregation properties of four
similar guanine (G)-rich DNA oligonucleotides in a collaboration with the
National Institute of Chemistry, Ljubljana and the University of Ulster, UK.
The results show that all the investigated oligonucleotides assemble into
G-quadruplex structures. But, in contrast to the expected behaviour, oligo-
nucleotides without the “sticky” GC ends form shorter G4-wire structures
than the oligonucleotides without the GC ends. The results were reported in
J Phys. Chem. C 117, p. 23208 (2013). Our research work on G-quadruplex
related molecular self-assembly was also published in two chapters in the
monographic publication: ‘Guanine quartets: structure and application’,
edited by W. Frilzsche and L. Spindler (RSC Publishing, Cambridge,
UK, 2013).

We showed that in the ordered nematic liquid-crystalline phase of the
suspension of BaHF nanoplatelets doped with Sc in liquid-crystal 5CB ferro-
magnetic ordering appears. The magnetization is along the nematic director
and comes from the ferromagnetic ordering of the nanoplatelets. When the
sample is prepared in the absence of an external magnetic field, two types of
magnetic domains appear with magnetizations in the opposite directions.
If during the preparation an external magnetic field along the director is
applied, amonodomain sample is obtained. Magnetization curves show that
a small magnetic field is needed to switch the domains. In samples with a
low concentration of magnetic platelets the memory of the initial magnetic
state of the sample is preserved and after the removal of the external field,
the sample relaxes back to its initial magnetic state, while in samples with
a high enough concentration a complete reversal of magnetization can be
observed. During this complete reversal the travelling of the domain walls
at the sample surface can be observed. The results are reported in Nature
504, 237-241 (2013).

Nonlinear optics

In the Nonlinear Optics Laboratory we study new materials and their
interaction with laser light. Integrated optics is a promising technology;
however, better materials will increase its potential. In cooperation with
North Carolina State University in Raleigh, USA, we study new concepts of
compact light sources on the basis of the nonlinear optical conversion of
existing lasers into the spectral regions where lasers are not yet available.
AlGaN grown by metal-organic chemical vapor deposition (MOCVD) has a
great potential for optoelectronic devices emitting and detecting light in the
ultraviolet (UV) wavelength regime. We study AlGaN waveguides with an
alternating sign of the nonlinear coefficient in regular intervals and allows
quasi phase matching,

The terahertz spectrum offers a broad range of applications in the
chemical sensing and non-destructive testing of materials impenetrable by
infrared or visible light. Broadband THz pulses may be generated by using
femtosecond laser pulses combined with photoconductive switches and
semiconductor surfaces, as well as by optical rectification in nonlinear optical
crystals. The total THz power generated with these techniques is distributed
over a broader spectral range. To obtain reasonable power at a certain THz
frequency, a narrower band pulsed output with a high beam peak power is
preferred. In cooperation with Rainbow Photonics A.G., a spin-off company
of ETH Zurich, we study THz generation with difference frequency mixing.
We developed a compact two-frequency laser where the two frequencies are
generated in Nd:YAG and Yb:YAG branches of a split laser resonator with
a common Q-switch and an output coupler. The emission wavelengths at
1.03 um and 1.06 um are mixed in a stack of thin platelets of organic crystal
OH1 using quasi-phase matching. The generated THz frequency of 9.3 THz
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is sufficiently far away from the water absorption lines and therefore large propagation distances of the THz waves
can be realized in devices, e.g., for remote materials testing,.

Biomedical optics

We have investigated the potential of non-contact measurements of laser-induced temperature profiles in biologi-
cal tissues based on pulsed photo-thermal radiometry (PPTR). Using a laboratory PPTR setup, we have monitored
the laser removal of tattoos in human volunteers. We have demonstrated the relevance of the obtained information
for studies of the interaction process and guidance of therapy on an individual patient basis.

Using the same technique, we have characterized the interaction of a prototype Nd:YAP laser (1342 nm) with
the skin of healthy volunteers, and compared it with two common medical lasers (Nd:YAG and KTP, emitting at 1064
and 532 nm, respectively). The results indicate that the Nd:YAP laser is very suitable for non-ablative rejuvenation
of sun-damaged skin. Both studies were performed in collaboration with Fotona d.d., Ljubljana.

By combining the above experimental approach and a dedicated numerical model, we have developed an
original method for the individual determination of the maximum safe radiant exposure in the irradiation of hu-
man skin with millisecond laser pulses. Our approach has great potential for improving the efficacy and safety of
several dermatologic laser treatments. We have analyzed the influence of the acquisition sampling rate and noise
characteristics of the infrared radiation detector on the procedure.

Asimilar approach was also adopted for a quantitative assessment of hemoglobin mass diffusion, physiological
degradation rate, and depth of blood spill in traumatic bruises (hematomas). The obtained knowledge should enable
the development of more accurate and reliable techniques for a determination of the time of injury in forensic science.

We have developed a three-dimensional (3D) Monte Carlo (MC) model
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of light transport in strongly scattering and heterogeneous human skin ~ Non-invasive measurements of temperature
with a rigorous treatment of analytically defined boundaries between — profiles induced in healthy human skin with
neighbouring tissues. In contrast with the common implementation ofthe ~a prototype Nd:YAP laser have demonstrated
3D MC approach, where tissue boundaries are approximated accordingto ~ the suitability of its 1342-nm emission for non-
the rectangular spatial grid, the results of our model do not depend onthe ~ ablative skin rejuvenation. (collaboration with

positioning or discretization step of the spatial grid. Fotona d.d., Ljubljana)

We have studied the potential of diffuse reflectance spectroscopy (DRS)
for the non-contact characterization of biological tissues. We have developed an original approach for the rigor-
ous elimination of a known artefact in measurements of DRS using an integrating sphere. We have analyzed the
accuracy and robustness of DRS analysis using analytical solutions for the transport of light in strongly scattering
tissues, derived within the so-called diffusion approximation. (Collaboration with NTNU, Trondheim, Norway).

Biological systems

We studied biomimetic systems, especially artificial cilia and artificial swimmers at low Reynolds numbers. The
unique magneto-optical tweezers, which were used in the experiment, were developed at the Laboratory for Experi-
mental Soft Matter, Faculty of Mathematics and Physics, University of Ljubljana. The fabrication of artificial cilia,
the characterisation of generated fluid flows, the coupling between cilia and the fabrication of colloidal scaffold for
cell growth were also the topics included in the thesis by young researcher Gasper Kokot, who successfully defended
his thesis “Measuring forces with magneto-optical tweezers in biological and
biomimetic systems”. Our work on artificial cilia also appeared in the book
Artificial Cilia, published by the Royal Society of Chemistry, Cambridge, UK.

Biomimetic research also included systems of artificial swimmers. We
studied different mechanisms that led to processive motion. The symmetry
in the system was broken with the vicinity of the surface and different hy-
drodynamic drag on the individual components of the swimmer. We created
isotropic swimmers that move in an arbitrary direction, not determined by
the driving external magnetic field. Microswimmers achieved a velocity of
several micrometers per second under optimal conditions. The experimental
partof the research is completed, and in collaboration with the Department
for Condensed Matter Physics (F5), numerical simulations are being done to
explain the observed phenomena. Experimental work was presented at the
International Soft Matter Conference in Rome and a paper is in preparation.

In collaboration with the Department for Condensed Matter Physics (F5)
we also numerically investigated the energy efficiency of different beating
patterns of artificial cilia. We have shown the importance of metachronal

Figure 9: Periodically inverted domains of Al-polar and N-polar AIN
Jforming an optical waveguide. Such a structure is used for nonlinear

coordination for the generation of fluid flow above a densely ciliated surface fiequency conversion by quasi phase matching into the deep UV region.
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and that even time-symmetric reciprocal motion enables pumping. The results were presented at two international
conferences: Biophysical Society Meeting, Philadelphia, USA and at Dynein 2013 in Kobe, Japan.

We also continued our work on thermophoresis, which is carried out in collaboration with the group of Professor
Braun, University of Munich, Germany. Thermal gradients were used to successfully move molecules of DNA and
we have shown that the replication and accumulation of DNA can be implemented in the same micrometer-sized
setting. This opens up a new approach to understanding the dynamic development of a molecular Darwinian
system. The results of the investigations were published in the paper “Could Thermal Gradient Drive Molecular
Evolution?”, Curr. Org. Chem. 17 1732 (2013).
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6. Mertelj, A., Cmok, L., Copic, M., Cook, G., Evans, D. R.: Critical behavior of director fluctuations in suspensions
of ferroelectric nanoparticles in liquid crystals at the nematic to smectic-A phase transition. Phys. rev., E Stat.
nonlinear soft matter phys. (print), 2012, vol. 85, no. 2, 021705-1-021705-7

7. Mast, C. B, Osterman, N., Braun, D.: Thermal solution for molecular evolution. /722, j. mod. phys. B, 2012,
vol. 26, no. 32, 1230017-1-1230017-13
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Some outstanding publications in 2011

1. Strojnik, M., Omerzu, A., Majkic, A., Mihailovic, P. M., Lukan, J., Bavdek, G., Bratina, G., Gvetko, D., Topolovsek,
P, Mihailovic, D.: Tonization energy and energy gap structure of MoSI molecular wires: Kelvin Probe, Ultraviolet
Photoelectron Spectroscopy, and Cyclic Voltammetry Measurements. Lazgmuir, 2011, vol. 27, no. 8,4296-4299

2. Mertelj, A., ReSetiC, A., Gyergyek, S., Makovec, D., Copi¢, M... Anisotropic microrheological properties of chain-
forming magnetic fluids. Soff matter, 2011, vol. 7, issue 1, 118-124

3. Osterman, N, Vilfan, A.: Finding the ciliary beating pattern with optimal efficiency. Proc. Natl. Acad. Sci. U.
S. 4., 2011, vol. 108, no. 38, 15727-15732

4. Kokot, G., Vilfan, M., Osterman, N., Vilfan, A., Kav¢ic, B., Poberaj, 1., Babic, D.: Measurement of fluid flow
generated by artificial cilia. Biomicrofluidics, 2011, vol. 5, no. 3, 034103-1-034103-9

5. Milanic, M., Majaron, B.: Three-dimensional Monte Carlo model of pulsed-laser treatment of cutaneous vascular
lesions. /. biomed. opt., 2011, vol. 16, no. 12, 128002-1-128002-12

6. Alexandrov, A. 8., Kabanov, V. V.: Unconventional high-temperature superconductivity from repulsive interac-
tions: theoretical constraints. Phys. rev. lett., 2011, vol. 106, no. 13, 136403-1-136403-4

7. Beck, M., Klammer, M., Lang, S., Leiderer, P, Kabanov, V. V., Gobtsman, G. N., Demsar, ].: Energy-gap dynamics
of superconducting NbN thin films studied by time-resolved terahertz spectroscopy. Phys. rev. lett., 2011, vol.
107, no. 17, 177007-1-177007-4

8. Toda, Y., Mertelj, T., Mihailovic, D.: Femtosecond carrier relaxation dynamics and photoinduced phase sepa-
ration in k(BEDT-TTF),Cu[N(CN), |X (X=Br,Cl). Phys. rev. left., 2011, vol. 107, no. 22, 227002-1-227002-4

Organization of conferences, congresses and meetings

1. SLONANO 2013, Ljubljana, Slovenia, 23.-25. 10. 2013, coorganizers

Patent granted

1. Andrej Kovic, Adolf Jesih, Ales Mrzel, The procedure for the synthesis of 4d and 5d (Nb, Mo Ta, W) nitrites

of transition metals in the form of quasi-one-dimensional structures, SI23988 (A), Urad RS za intelektualno
lastnino, 30.8.2013.

Slovenian Research Agency

INTERNATIONAL PROJECTS

. Time Resolved Optical Spectroscopy of Collective Electronically Ordered States in Iron

10.

Organization of the International Conference SLONANO 2013, Ljubljana, Slovenia,
23.-25.10. 2013

Foreign Clients

Prof. Dragan Dragoljub Mihailovi¢

7FP - HINTS; Next Generation Hybrid Interfaces for Spintronic Applications
European Commission

Prof. Viktor Kabanov

7FP - COSIT; Compact High Brilliance Single Frenquency Terahertz Source
European Commission

Prof. Marko Zgonik

7FP - MoWSeS; Nanoelectronics based on Two-Dimensional Dichalcogenides
European Commission

Asst. Prof. Christoph Gadermaier

7FP - TRAJECTORY, Coherent Trajectories through Symmetry Breaking Transitions
European Commission

Prof. Dragan Dragoljub Mihailovi¢

COINAPO; Composites of Inorganic Nanotubes and Polymers

COST Office

Prof. Dragan Dragoljub Mihailovi¢

5th International Conference on Photoinduced Phase Transitions and Cooperative
Phenomena - PIPTS5, Bled, Slovenia, 9.-13. 6. 2014

Foreign Clients

Prof. Dragan Dragoljub Mihailovi¢

Electron -phonon Coupling in High-Temperature Superconductors Determined from
Femtosecond Electron Relaxation Rates

Slovenian Research Agency

Prof. Viktor Kabanov

Photonic Structures Based on Polymer-Nanoparticle Composites

Slovenian Research Agency

Prof. Irena Drevensek Olenik

Crystal and Film Growth and Time-domain Optical Spectroscopy Investigations of the
Supeconducting State of the Cuprate Superconductors

Asst. Prof. Tomaz Mertelj

Based Pnictides
Slovenian Research Agency
Prof. Viktor Kabanov

. Spectrum of the Collective Excitations of the Quasi-one-dimensional Conductors with

the Charge Density Wave in the Equilibrium and Nonequilibrium State
Slovenian Research Agency
Prof. Viktor Kabanov

RESEARCH PROGRAMS

Light and Matter

Prof. Martin Copic

Dynamics of Complex Nano-systems
Prof. Dragan Dragoljub Mihailovi¢

R&D GRANTS AND CONTRACTS

Collective and Molecular Dynamics of Photosensitive Liquid Crystal Elastomers
Dr. Matija Milanic

Cosmology in the Lab: Femtosecond Control of Phase Transitions in Real Time
Prof. Dragan Dragoljub Mihailovi¢

Optimization Strategies in Biological and Artificial Microfluidic Systems

Asst. Prof. Andrej Vilfan

Symmetry Breaking in Real Time

Prof. Dragan Dragoljub Mihailovi¢

Center of Competence BioMedical Engineering: CC BME

Prof. Boris Majaron

Development of New Ultrafast Change Memory Devices by Femtosecond Multi-pulse
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Spectroscopy (ULTRA-MEM-DEVICE)
Dr. Ljupka Stojcevska Malbasic

7. COST MP1205; Advances in Optofluidics: Integration of Optical Control and Photonics

with Microfluidics
Dr. Natan Osterman

8. COST MP1302; NanoSpectroscopy
Asst. Prof. Christoph Gadermaier

9. Irradiation and Analysis of Si Samples
Milos Borovsak, B. Sc.

NEW CONTRACTS

1.

Slovenian Tournament of Young Physicists

Ames, d. 0. 0.

Prof. Irena Drevensek Olenik

5th International Conference on Photoinduced Phase Transitions and Cooperative
Phenomena - PIPTS5, Bled, Slovenia, 9.-13. 6. 2014

Lek, d. d.

Prof. Dragan Dragoljub Mihailovi¢

Organization of the International Conference SLONANO 2013

Lek, d. d.

Prof. Dragan Dragoljub Mihailovi¢

VISITORS FROM ABROAD

1. Andrei Shumilin, Toffe Physical-Technical Institute of the Russian Academy of Sciences,

St. Petersburg, Russia, 11. 1.-10. 4. 2013

Prof. David Sherrington, University of Oxford, Oxford, Great Britain, 13.-14. 2. 2013
Nata$a Vujici¢, Institute of Physic, Zagreb, Croatia, 4.-31. 3. 2013

Dr. Sumeet Kumar, Innovation Factory SRL, Trieste, Italy, 5. 3.-31. 5. 2013

Prof. Serge Brazovski, Prof. Nathalie Kirova Brazovski, Université Paris Sud, Paris,
France, 22. 4-20. 5. 2013

Prof. Hans Kuzmany, University of Vienna, Vienna, Austria, 21.-22. 5. 2013

Prof. Xin Yao, Shanghai Jiao Tong University, Shanghai, China, 30. 5.-13. 6. 2013
Prof. Zhuan Xu, Zhejiang University, Zhejiang Province, China, 15.-20. 6. 2013

[N SOS)

RN

10.
11

12.
13.
14.

15.

Katarina Tluckova, Faculty of Science, P.J. Safarik University, Kosice, Slovakia, 11. 7. 2013
Cui Wei, Nakai University, Tianjin, China, 15. 7.-15. 8. 2013

Prof. Aleksander Balanov, Loughborough University, Loughborough, Great Britain,
30.7.-1.8.2013

Daniele Vella, University of Pisa, Pisa, Italy, 28.-30. 8. 2013

Victor Vega, University of Salamanca, Salamanca, Spain, 26.-28. 8. 2013

Prof. Jan Lagerwall, Prof. Guisy Scalia, Seoul National University, Seoul, South Korea,
16.-18.9.2013

Andrei Shumilin, loffe Physical-Technical Institute of the Russian Academy of Sciences,
St. Petersburg, Russia, 15. 10.-15. 12. 2013

STAFF

Researchers

Prof. Martin Copic*

Prof. Irena Drevensek Olenik*
Asst. Prof. Christoph Gadermaier
Prof. Viktor Kabanov

Dr. PrimoZ Ku§ar

Prof. Boris Majaron

Asst. Prof. Alenka Mertelj

Asst. Prof. Tomaz Mertelj

9. Prof. Dragan Dragoljub Mihailovi¢, Head
10. Dr. Ales Mrzel

11. Dr. Ales Omerzu

12. Dr. Natan Osterman

13. Asst. Prof. Bostjan Podobnik*
14. Asst. Prof. Lea Spindler*

15. Dr. Mojca Vilfan

16. Prof. Marko Zgonik*
Postdoctoral associates

17. Dr. Vladimir Baranov

18. Dr. Aleksej Majkic

19. Dr. Matija Milani¢

20. Dr. Andrej Petelin

21. Dr. Ljupka Stojcevska Malbasic
22. Dr. Jure Strle

23. Dr. Martin Strojnik

BIBLIOGRAPHY

i N A

Postgraduates

. Milo$ Borovsak, B. Sc.

. Tetiana Borzda, B. Sc.

. JoZe Buh, B. Sc.

. Dr. Gasper Kokot, lefl 01.04.13
. Andrej Kovic, B. Sc.

. Anna Pogrebna, B. Sc.

. Matej Prijatelj, B. Sc.

. Peter Topolovsek, B. Sc.

. Victor Vega Mayoral, B. Sc.

. Daniele Vella, B. Sc.

34.

Luka Vidovi¢, B. Sc.

i‘echnical officers

35.
36.

Damjan Svetin, B. Sc.
Petra Sutar, B. Sc.

Technical and administrative staff

37.

Martina Knavs, B. Sc.

38. Janja Milivojevic

39.

Natasa Zakrajsek, B. Sc.

Note:
* part-time JSI member
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ORIGINAL ARTICLE

1. K. Adlem, Martin Copi(:, G. R. Luckhurst, Alenka Mertelj, O. Parri, R. M.
Richardson, B. D. Snow, B. A. Timimi, Rachel P. Tuffin, David Wilkes,
"Chemically induced twist-bend nematic liquid crystals, liquid crystal
dimers, and negative elastic constants", Phys. rev,, E Stat. nonlinear soft

matter phys., vol. 88, no. 2, pp. 022503-1-022503-8, 2013.

2.Vid Agrez Ferdinand Bammer, BoStjan Podobnik, Rok Petkovsek,
"Influence of the retardation of the multiplexing element in a dual
channel Q-switched laser”, Appl. phys., B Lasers opt.,vol. 112, issue 1, pp.

73-81, 2013.

3. Vladimir V. Baranov, A. G. Balanov, Viktor V. Kabanov, "Dynamics of
resistive state in thin superconducting channels", Phys. rev., B, Condens.

matter mater. phys., vol. 87, no. 17, pp. 174516-1-174516-7, 2013.

Martin Copi¢, "Nematic phase of achiral dimers spontaneously bends
and twists", Proc. Natl. Acad. Sci. U. S. A., vol. 110, no. 40, pp. 15855-
15856, 2013.

. Martin Copi¢, Mojca Vilfan, Alenka Mertelj, "Flow and anchoring effects
on nematic fluctuations in confined geometry”, In: Proceedings of
Frontiers of Soft Matter Symposium, honoring professor Noel A. Clark
on the occasion of his 70th birthday, Boulder, Colorado, May 16-18,
2012, Lig. Cryst., vol. 40, no. 12, pp. 1646-1654, 2013.

.M. De Luca, Antonio DeSimone, Andrej Petelin, Martin Copié, "Sub-
stripe pattern formation in liquid crystal elastomers: experimental
observations and numerical simulations", J. mech. phys. solids, vol. 61,
no. 11, pp. 2161-2177, 2013.

. M. P.M. Dean et al. (14 authors), "Persistence of magnetic excitations in

La(zxSrxCuOs from the undoped insulator to the heavily overdoped
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26

27.

non-superconducting metal”, Nature materials, vol. 12, issue 11, pp.
1019-1023, 2013.

. Helena Gradisar, Sabina BozZi¢, Tibor Doles, Damjan Vengust, Iva Hafner

Bratkovi¢, Alenka Mertelj, Ben Webb, Andrej Sali, Sandi KlavZar, Roman
Jerala, "Design of a single-chain polypeptide tetrahedron assembled
from coiled-coil segments", Nature chemical biology, vol. 9, issue 6, pp.
362-366,2013.

. Marko Gregorc, Hui Li, Valentina Domenici, Gabriela Ambrozi¢, Martin

Copit¢, Irena Drevensek Olenik, "Optical properties of light-sensitive
liquid-crystal elastomers in the vicinity of the nematic-paranematic
phase transition", Phys. rev,, E Stat. nonlinear soft matter phys., vol. 87,
iss. 2, pp. 022507-1-022507-7, 2013.

Tina Ilc, Primo% Sket, Janez Plavec, Mateus Webba da Silva, Irena
Drevensek Olenik, Lea Spindler, "Formation of G-wires: the role of G:C-
base pairing and G-quartet stacking", The journal of physical chemistry.
C, Nanomaterials and interfaces, vol. 117, iss. 44, pp. 23208-23215,
2013.

Milo$ KnezZevié, Mark Warner, Martin Copié, Antoni Sanchez-Ferrer,
"Photodynamics of stress in clamped nematic elastomers", Phys. rev., E
Stat. nonlinear soft matter phys., vol. 87, iss. 6, pp. 062503-1-062503-7,
2013.

Janez Kogovsek, Maja Remskar, Ale§ Mrzel, Mitjan Kalin, "Influence of
surface roughness and running-in on the lubrication of steel surfaces
with oil containing MoSz nanotubes in all lubrication regimes", Tribol.
int., vol. 61, pp. 40-47, May 2013.

Gasper Kokot, Alexey Snezhko, Igor S. Aranson, "Emergent coherent
states and flow rectification in active magnetic colloidal monolayers”,
Soft matter, vol. 9, no. 29, str. 6757-6760, 2013.

Andrej Kovi¢, Damjan Vengust, Mojca Vilfan, Ale§ Mrzel, "Controlled
self-decoration of MogS,1,(8.2 <y +z<10) nanowires and their
transformation to MoS, nanotubes with gold nanoparticles”, J.
nanopart. res., vol. 15, no. 7, pp. 1791-1-1791-13, 2013.

M. Labardi, J. H. Park, H. K. Nguyen, D. Prevosto, Chae-yong Seong, Ale§
Mrzel, Giusy Scalia, "Local dielectric spectroscopy  of
polyvinylpyrrolidone Mo,S, I3 nanowire composite”, J. non-cryst. solids,
vol. 379, pp. 224-228,2013.

Christof B. Mast, Natan Osterman, Dieter Braun, "Could thermal
gradients drive molecular evolution?", Curr. org. chem., vol. 17, no. 16,
pp. 1732-1737,2013.

Johann G. Meier, Ale§ Mrzel, Margarita Canales, Pilar Gonzalvo, Noelia
Alcala, "Tribological properties of composites of polyamide-6 and
nanotubes of MoS,, and nanowires of MoO3x) and MogS,lg", Phys.
status solidi, A Appl. mater. sci, vol. 210, no. 11, pp. 2307-2313, 2013.
Alenka Mertelj, Darja Lisjak, Mihael Drofenik, Martin Copi¢,
"Ferromagnetism in suspensions of magnetic platelets in liquid crystal”,
Nature (Lond.), vol. 504, no. 7479, pp. 237-241, 2013.

Tomaz Mertelj, PrimoZ Kusar, Viktor V. Kabanov, P. Giraldo-Gallo, Ian R.
Fisher, Dragan Mihailovi¢, "Incoherent topological defect
recombination dynamics in TbTes: T. Mertelj ... [et al.]", Phys. rev. lett.,
vol. 110, no. 15, pp. 156401-1-156401-5, 2013.

Tomaz Mertelj, Ljupka Stojchevska, ]. Karpinski, Dragan Mihailovi¢,
"Normal state bottleneck and nematic fluctuations from femtosecond
quasiparticle relaxation dynamics in Sm(Fe,Co)AsO", Phys. rev., B,
Condens. matter mater. phys., vol. 87, no. 17, pp. 174525-1-174525-6,
2013.

Dragan Mihailovi¢, TomaZz Mertelj, Viktor V. Kabanov, Serguei
Brazovskii, "Coherent topological defect dynamics and collective modes
in superconductors and electronic crystals”, J. phys., Condens. matter,
vol. 25, no. 40, pp. 404206-1-404206-9, 2013.

Matija Milani¢, Boris Majaron, "Characterization of laser tattoo removal
treatment using pulsed photothermal radiometry"”, LAHA, vol. 2013, no.
1, pp. 68-74,2013.

Matija Milani¢, Boris Majaron, "Energy deposition profile in human skin
upon irradiation with a 1,342 nm Nd:YAP laser"”, Lasers surg. med., vol.
45, no. 1, pp. 8-14, 2013.

Vid Novak, Bostjan Podobnik, Janez MoZina, Rok Petkovsek, "Analysis
of the thermal management system for a pump laser", Appl. therm. eng.,
vol. 57, iss. 1/2, pp. 99-106, Aug. 2013.

Zdenka Persin, Miha Devetak, Irena DrevenSek Olenik, Alenka Vesel,
Miran Mozeti¢, Karin Stana-Kleinschek, "The study of plasma's
modification effects in viscose used as an absorbent for wound-relevant
fluids", Carbohydr. polym., vol. 97, iss. 1, pp. 143-151, 14. Aug. 2013.

. Andrej Petelin, Martin Copi¢, "Nematic fluctuations and semisoft

elasticity in liquid-crystal elastomers", Phys. rev., E Stat. nonlinear soft
matter phys., vol. 87, no. 6, pp. 062509-1-062509-19, 2013.

Matejka Podlogar, Damjan Vengust, Jacob J. Richardson, Martin Strojnik,
Matjaz Mazaj, Gregor Trefalt, Nina Daneu, Aleksander Recnik, Slavko
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Bernik, "Parametric study of seed-layer formation for low-temperature
hydrothermal growth of highly oriented ZnO films on glass substrates”,
Phys. status solidi, A Appl. mater. sci,, vol. 210, issue 6, pp. 1083-1092,
2013.

28. Denis Rajh, Sergii Shelestiuk, Alenka Mertelj, Ale§ Mrzel, Polona Umek,

Silvia Irusta, A. Zak, Irena Drevensek Olenik, "Effect of inorganic 1D
nanoparticles on electrooptic properties of 5CB liquid crystal”, Phys.
status solidi, A Appl. mater. sci, vol. 210, no. 11, pp. 2328-2334, 2013.

29. Marius Reinecker, Armin Fuith, Viktor Soprunyuk, Antoni Sanchez-

Ferrer, Ale§ Mrzel, Renato Torre, Wilfried Schranz, "Influence of
inorganic nanoparticles on the glass transitions of polyurea
elastomers”, Phys. status solidi, A Appl. mater. sci,, vol. 210, no. 11, pp.
2320-2327,2013.

30. Martin Rigler, Marko Zgonik, Marc P. Hoffmann, Ronny Kirste, Milena

Bobea, R. Collazo, Zlatko Sitar, Seiji Mita, Michael Gerhold, "Refractive
index of III-metal-polar and N-polar AlGaN waveguides grown by metal
organic chemical vapor deposition", Appl. phys. lett.,, vol. 102, iss. 22, pp.
221106-1-221106-5,2013.

31. Ljupka Stojchevska, Tomaz Mertelj, Jiun-Haw Chu, Ian R. Fisher, Dragan

Mihailovi¢, "Dynamics of photoexcited carriers in Ba(Fe;,Co,),As,
single crystals with spin-density-wave ordering”, J. supercond. nov.
magn., vol. 26, issue 8, pp. 2593-2596, 2013.

32.Blaz Ta$i¢, Wei Li, Antoni Sanchez-Ferrer, Martin Copié, Irena

Drevensek Olenik, "Light-induced refractive index modulation in
photoactive liquid-crystalline elastomers”, Macromol. chem. phys., vol.
214, iss. 23, pp. 2744-2751, 2013.

33.Y. Toda, Tomaz Mertelj, PrimoZz Kusar, T. Kurosawa, Migaku Oda, M. Ido,

Dragan Mihailovi¢, "Impact of pseudogap on photoinduced
superconducting phase transition in underdoped Bi2212", In:
Proceedings of the 9th International Conference on New Theories,
Discoveries and Applications of Superconductors and Related
Materials, New3SC-9, September 16-20, 2012, Frascati, Rome, Italy,
Phys. C,vol. 493, pp. 112-113,2013.

34. Luka Vidovi¢, Matija Milani¢, Boris Majaron, "Influence of the sampling

rate and noise characteristics on prediction of the maximal safe laser
exposure in human skin using pulsed photothermal radiometry”, In:
Selected papers of the 16th International Conference on Photoacoustic
and Photothermal Phenomena, November 27 - December 1, 2011,
Mérida, Yucatan, México, Int. J. Thermophys., vol. 34, no. 8/9, pp. 1549-
1558, 2013.

35. Xian Wu, Leiting Pan, Ying Liu, Pengchong Jiang, Imshik Lee, Irena

Drevensek Olenik, Xinzheng Zhang, Jingjun Xu, "Cell-cell
communication induces random spikes of spontaneous calcium
oscillations in multi-BV-2 microglial cells", Biochem. biophys. res.
commun., vol. 431, iss. 4, pp. 664-669, 2013.

36. Ming Yang, Qiang Wu, Jiwei Qi, Irena Drevensek Olenik, Zhandong Chen,

Yusong Pan, Jingjun Xu, "Microstructured polymer-based substrates
with broadband absorption for surface-enhanced Raman scattering”, J.
Raman spectrosc., vol. 44, iss. 12, pp. 1678-1681, 2013.

37. Klemen Zbontar, Matjaz Mihelj, Bostjan Podobnik, Franc Povse, Marko

Munih, "Dynamic symmetrical pattern projection based laser
triangulation sensor for precise surface position measurement of
various material types”, Appl. opt., vol. 52, no. 12, pp. 2750-2760, 2013.

PUBLISHED CONFERENGE CONTRIBUTION (INVITED
LECTURE)

1. Luka Vidovi¢, Matija Milani¢, Lise L. Randeberg, Boris Majaron,
"Characterization of the bruise healing process using pulsed
photothermal radiometry”, In: Novel biophotonic techniques and
applications II: 12-14 May 2013 Munich, Germany, (Progress in
biomedical optics and imaging, vol. 14, no. 51), (Proceedings of SPIE,
vol. 8801), Alex Vitkin, ed., Arjen Amelik, ed., Bellingham, SPIE, 2013,
pp. 880104-1-880104-10.

PUBLISHED CONFERENCE CONTRIBUTION

1.Raluca C. Frunza, Martin Strojnik, Marko Jankovec, Marko Topi¢,
Barbara Mali¢, "Investigation of the structural, optical and electrical
properties of Ta,0Os-rich thin films from solution", In: Zbornik, 5.
Studentska konferenca Mednarodne podiplomske $ole JoZefa Stefana =
5th Jozef Stefan International Postgraduate School Students
Conference, 23. maj 2013, Ljubljana, Slovenija, Nejc Trdin, ed., et al,
Ljubljana, Mednarodna podiplomska Sola JoZefa Stefana, 2013, pp. 268-
277.
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. Marko Gregorc, Valentina Domenici, Gabriela Ambrozi¢, Martin Copié,

Irena Drevensek Olenik, "Hidden holograms in light-sensitive liquid
crystal elastomers”, In: The proceedings of the Austrian - Slovenian
Polymer Meeting 2013, Austrian - Slovenian Polymer Meeting - ASPM
2013, 3-5 April 2013, Bled, Slovenia, Majda Zigon, ed., Teja Rajsp, ed.,
Ljubljana, Centre of Excellence PoliMaT, 2013, pp. 89-90.

. Andrej Kovi¢, Sumeet Kumar, Ale§ Mrzel, Mojca Vilfan, "Single-step

decoration of MoSI based nanowires with platinum nanoparticles”, In:
Zbornik, 5. studentska konferenca Mednarodne podiplomske Sole JoZefa
Stefana = 5th JoZef Stefan International Postgraduate School Students
Conference, 23. maj 2013, Ljubljana, Slovenija, Nejc Trdin, ed., et al,
Ljubljana, Mednarodna podiplomska $ola JoZefa Stefana, 2013, pp. 304-
312.

. Ale$ Mrzel, Andrej Kovi¢, Adolf Jesih, Mojca Vilfan, "Decoration of MoSI

nanowires with platinum nanoparticles and transformation into
molybdenum-nanowire nased networks", In: 3rd International
Conference Nanomaterials: Applications & Properties, 2013, NAP-2013,
September 16-21, 2013, Alushta, the Crimea, Ukraine, (Proceedings of the
international conference nanomaterials, vol. 2, no. 2, 2013), Sumy,
Sumy State University, 2013, vol. 2, no. 2, pp. 02PCN19-1-02PCN19-4,
2013.

. Peter Nagli¢, Luka Vidovi¢, Matija Milani¢, Lise L. Randeberg, Boris

Majaron, "Applicability of diffusion approximation in analysis of diffuse
reflectance spectra from healthy human skin", In: Biophotonics - Riga
2013: 26-31 August 2013, Riga, Latvia, (Progress in biomedical optics
and imaging, vol. 15, no. 43), (Proceedings of SPIE, vol. 9032), Janis
Spigulis, ed., Ilona Kuzmina, ed., Bellingham, SPIE, 2013, pp. 90320N-1-
90320N-12.

. Jan Premru, Matija Milani¢, Boris Majaron, "Monte Carlo simulation of

radiation transfer in human skin with geometrically correct treatment
of boundaries between different tissues", In: Optical interactions with
tissue and cells XXIV: 15 February 2013, San Francisco, California, United
States, (Proceedings of SPIE, vol. 8579), E. Duco Jansen, ed., Robert J.
Thomas, ed., Bellingham, SPIE, 2013, pp. 85790Z-1-85790Z-13.

. Lise L. Randeberg, Martin Denstedt, Lukasz Paluchowski, Matija

Milani¢, Brita S. Pukstadt, "Combined hyperspectral and 3D
characterization of non-healing skin ulcers", In: The Colour and Visual
Computing Symposium 2013, CVCS 2013, [S.1, s.n.], 2013, 6 pp..

. Luka Vidovi¢, Boris Majaron, "Elimination of single-beam substitution

error in diffuse reflectance measurements using an integrating sphere”,
In: Photonic therapeutics and diagnostics IX: 21 March 2013, San
Francisco, California, United States, (Proceedings of SPIE, vol. 8565),
Andreas Mandelis, ed., Bellingham, SPIE, 2013, pp. 856501-1-1-856501-
8

.Luka Vidovi¢, Matija Milani¢, Boris Majaron, "Assessment of

hemoglobin dynamics in traumatic bruises usingtemperature depth
profiling", In: Biophotonics - Riga 2013: 26-31 August 2013, Riga, Latvia,
(Progress in biomedical optics and imaging, vol. 15, no. 43),
(Proceedings of SPIE, vol. 9032), Janis Spigulis, ed., [lona Kuzmina, ed.,
Bellingham, SPIE, 2013, pp. 903202-1-903202-12.

INDEPENDENT COMPONENT PART OR A CHAPTER IN A
MONOGRAPH

1. Lucija Coga, Miha Devetak, Stefano Masiero, Gian Piero Spada, Irena
Drevensek Olenik, "Specific behaviour of guanosine in liponucleoside
thin films", In: Guanine quartets: structure and application, Wolfgang
Fritzsche, ed., Lea Spindler, ed., Cambridge, RSC Publishing, cop. 2013,
pp. 154-163.

2. Lea Spindler, "Solution dynamics and structure of G-quadruplexes
studied by dynamic light scattering”, In: Guanine quartets: structure and
application, Wolfgang Fritzsche, ed., Lea Spindler, ed., Cambridge, RSC
Publishing, cop. 2013, pp. [121]-134.

3. Andrej Vilfan, DusSan Babi¢, Blaz Kav¢i¢, GaSper Kokot, Natan Osterman,
Igor Poberaj, Mojca Vilfan, "Measurement of fluid flow generated by
artificial cilia", In: Artificial cilia, (RSC nanoscience & nanotechnology),
Jaap M. ]. de Toonder, ed., Patrick R. Onck, ed., Cambridge, The Royal
Society of Chemistry, 2013, pp. 244-258.

PATENT APPLICATION

1. Adolf Jesih, Andrej Kovic, Ale§ Mrzel, Method for a synthesis of quasi
one-dimensional structures of 4D and 5 D (Nb, Mo, Ta, W) transition
metals, W02012177224 (A3), World Intellectual property
organization, 21.2.2013.

PATENT

1. Andrej Kovi¢, Adolf Jesih, Ale$ Mrzel, The procedure for the synthesis of
4d and 5d (Nb, Mo Ta, W) nitrites of transition metals in the form of
quasi-one-dimensional structures, SI23988 (A), Urad RS za
intelektualno lastnino, 30.8.2013.

MENTORING

Jun

. Vladimir V. Baranov, Dynamics of the resistive state in the
nonequilibrium superconductors and relaxation of the hot electrons in
metals: doctoral dissertation, Ljubljana, 2013 (mentor Viktor
Kabanov).

2. Gasper Kokot, Measuring forces with magneto-optical tweezers in
biological and biomimetic systems: doctoral dissertation, Ljubljana,
2013 (mentor Andrej Vilfan).

3. Ljupka Stojchevska, Femtosecond relaxation dynamics in collective-

electronic-state materials: cuprate and iron-pnictide superconductors

and charge-density wave systems: doctoral dissertation, Ljubljana,

2013 (mentor Tomaz Mertelj; co-mentor Dragan D. Mihailovi¢).

4. Martin Strojnik, Charge transport in MosSsls nanowires and related

systems: doctoral dissertation, Ljubljana, 2013 (mentor Dragan D.
Mihailovi¢).

5. Tadeja Forjani¢, Reconstruction of tomographic images based on pulsed
photothermal radiometry: master's thesis, Ljubljana, 2013 (mentor
Boris Majaron).

6. Peter Nagli¢, Determination of human skin structure using diffuse
reflectance spectroscopy: master's thesis, Ljubljana, 2013 (mentor
Boris Majaron).
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During the past year we have been working mainly on:
* theoretical, experimental and applied reactor physics
o plasma physics
* neutron transport calculations
o semiconductor physics
» medical physics

In the field of reactor physics we continued our research on the development of new methods for the analysis
of research and power reactors.

In collaboration with CEA Cadarache a series of experiments was carried out at the TRIGA reactor for the deter-
mination of the kinetic parameters of the reactor. At the JSI TRIGA a simultaneous measurement with four fission
cells was first performed and in parallel a new SPECTRON device, developed by the CEA, was also tested. Within
the same project we improved the method of measuring the control rod worth using the rod-insertion method. ~ Head:

Within the scope of another project in collaboration with the CEA we tested the IRDFF neutron dosimetry Asst. Prof. Andrej Trkov
library, to which we contributed previously. We compared the computational results with activation measurements
on the TRIGA reactor in the process of neutron spectrum unfolding for different irradiation channels in the reactor.

In the framework of the environmental monitoring control for non-proliferation in nuclear Safeguards, the
Department Analyse, Surveillance, Environment (DASE) of the Commissariat 2 I'Energie Atomique et aux Energies
Alternatives (CEA) has developed analytical techniques to detect traces of uranium and plutonium in micrometric
particles. The method is called The Fission Track-Thermoionization Mass Spectrometry (FI-TIMS) and among
others requires the irradiation of the sample under a well-thermalized neutron flux. The aim of the collaboration
between CEA and the JoZef Stefan Institute in Slovenia is to develop an irradiation channel/device in the TRIGA
reactor with the required neutronic characteristics, which will then be used for irradiation of CEA - DASE samples
for the FT-TIMS method under well-defined conditions.

Our involvement in international projects included the evaluation of nuclear data and their covariance informa-
tion. We completed the evaluation of the nuclear data file for *Mn and offered it to the OECD/NEA Data Bank for
inclusion in the European JEFF-3.2 library, which will be released in 2015. We completed the selection of integral
benchmarks for the validation of nuclear data for *U and the isotopes of Fe and performed sensitivity/uncertainty
calculations for selected test cases within the OECD/NEA Working Group WPEC SG-33.

The participation continued in the scope of the international projects of OECD/NEA UAM, WPEC-SG33, WPEC
$G38, WPEC SG39 as well as the EC projects ANDES in F4E. The methodologies for nuclear data sensitivity and
uncertainty analysis were further improved and applied to fission reactors (criticality safety studies, delayed
neutrons, uncertainty in the effective delayed neutron fraction, in prompt and delayed fission neutron fraction)
and the future fusion reactor ITER. In the area of benchmark experiments we started the cooperation on the new
copper benchmark to be performed at the FNG DT facility in ENEA Frascati and continued the participation in the
international shielding benchmark database SINBAD under development at OECD/NEA, covering the neutron/
gamma shielding experiment for fission, fusion and accelerator applications. In cooperation with the OECD/NEA
and F4E we developed a computer environment facilitating the use of transport, sensitivity and uncertainty codes
and the graphical package for the visualisation of sensitivity analysis results. In the scope of the UAM project of the
OECD/NEA we organised an intercomparison study for the sensitivity codes based on the SNEAK critical experiments
and proposed a similar intercomparison for the effective delayed neutron fraction.

Reactor Physics Department researchers also provided technical support in 2013 for the safe operation of the
Krsko nuclear power plant (NPP). We have independently confirmed nuclear design calculations for the fuel cycle
27 and performed start-up tests after the fuel reloading. As an authorised expert organization in the field of radia-
tion and nuclear safety we performed an independent expertise on a NPP Krsko reload safety evaluation for the
cycle 27 and provided an expert review of the analysis and testing report for capsule T from the NPP Krsko reactor
vessel irradiation surveillance program.

In the field of plasma physics we have strengthened our collaboration with the University of Sofia in the
development of a modern plasma characterization method with a Langmuir probe in magnetized plasma. This ap-
proach has been successfully implemented in measurements on the Compass tokamak. This work is also important
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for plasma diagnostics in larger fusion devices and it complements well our work on the ball-pen type of probe

and emissive probe for use in tokamaks. We collaborate in these two areas with IPP Prague and the University of

Innsbruck. We have helped the latter to design an emissive probe for use in tokamaks and provided theoretical sup-

port. Therefore, our more fundamental research was still focused on the development of computational models of

plasma in front of an electron-emitting electrode, but we also worked on gas-filled diode breakdown. A lot of work
was done using computer simulations; we have successfully carried out a
comparison between kinetic plasma simulations of our experimental device
(a linear magnetized plasma device) with Langmuir probe measurements.
We have also conducted simulations of plasma in front of an electrode for
small potential drops, i.e., close to the plasma potential using a specially
adapted particle-in-cell code.

In the field of neutron transport calculations for fusion reactors,
we continued and expanded our work for JET - Joint European Torus, the
largest fusion reactor. Co-workers of the Reactor Physics Division have, in
collaboration with the JET stuff, performed calculations of the neutron field
inside the torus for various past torus configurations (1986-2013) and thereby
determined the differences in the historical response of the detectors. In
doing so, we discovered a significant error in most of the past calculations
of the detector response, arising from the limited computing capabilities of
the 20th century, which could be eliminated with the use of the most recent
techniques. The JSI researchers are co-responsible for the maintenance of a
model of JET, to be used for transport calculations by the Monte Carlo method.

The calibration of detectors with a neutron source was one of the most
important projects in JET in 2013, in which co-workers of F8 were responsible

Figure 1. Example of a resonance parameler correlation matrix. In for the supporting calculations for the evaluation of the uncertainty of the
Jigure: correlations between ywidths of > Mn resolved resonances from  calibration and the calculation of the corrections due to circumstances that

ENDE/B-VIL1 library (N=1 corresponds to lowest energy ).

98

are different during operation, e.g., additional structures inside and outside
the Tokamak, neutron spectra, shape of the neutron source, etc.

The long-term work on the JET gamma ray camera was concluded with calculations of the attenuation of
neutrons in the neutron attenuator of the horizontal camera and of the contribution due to the scattered neutrons
within the attenuator.

The analysis of the Grenoble-led slowing-down experiment has been performed. One of the noticeable achieve-
ments was to optimize the limit between the resolved and unresolved resonance regions for the ’Au cross-section.

Our research in the field of medical physics was focused in the analysis of Positron Emission Tomography (PET)
images, image-guided cancer therapy and modelling. One significant part of our research work was dedicated to
the research of fluorothymidine (FLT) tissue uptake stabilization during the PET imaging. We experimentally and
theoretically demonstrated that the stabilization time for PET images is inversely proportional to the FLT tissue
uptake parameters (SUV, the kinetic influx parameters), which could help in determining the optimal time interval
for static PET imaging. Another part of our research work was dedicated to the comparison of two radiopharma-
ceuticals (sodium fluoride (NaF) and fluorodeoxyglucose (FDG)) for the PET-based evaluation of bone metastases
treatment response. The basic finding was that the late NaF and FDG responses are consistently correlated, while
earlier responses may be different. The third part of our research work (connected with the successful completion
of a master’s thesis) covered a modelling of tumour response to treatment with the anti-angiogenic targeted drug
Axitinib. With our model we reproduced the reduction of cell proliferation during the therapy and proliferative flare
after the therapy discontinuation, which was also experimentally verified. Clinical data for those three projects were
obtained from the University of Wisconsin. We also worked on the development of an algorithm for a non-invasive
determination of the input function (time dependence of radiopharmaceutical activity in the blood plasma) for
kinetic modelling. We developed a novel algorithm, based on factor analysis, which was tested on experimental data
obtained from The National Institute of Mental Health, USA. We have reliably determined the input function from
the PET images even when the diameter of the largest artery in the field of view was comparable to the resolution
of the PET scanner.

Some outstanding publications in the past year
1. Zerovnik, G., Capote, R., Trkov, A.: On random sampling of correlated resonance parameters with large

uncertainties. Nuclear instruments and methods in physics research. Section A, Accelerators, spectrometers,
detectors and associated equipment, ISSN 0168-9002. [Print ed.], 2013, vol. 723, 89-98
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2. Zerovnik, G., Trkov, A., Smith, Donald L., Capote, R.: Transformation of correlation coefficients between
normal and lognormal distribution and implications for nuclear applications. Nuclear instruments and
methods in physics research. Section A, Accelerators, spectrometers, detectors and associated equipment,

ISSN 0168-9002. [Print ed.], 2013, vol. 727, 33-39

3. Kodeli, Ivan A.: Sensitivity and Uncertainty in the Effective Delayed Neutron Fraction (Beff), Nuclear Instru-

ments and Methods in Physics Research A 715(2013)70-78

4. Chadwick, M. B., Trkov, A., et al.: ENDF/B-VIL1 nuclear data for science and technology : cross sections,
covariances, fission product yields and decay data. Nuclear data sheets, ISSN 0090-3752, 2011, no. 12, vol.

112, 2887-2996

5. Gruenwald, J., Tskhakaya, D., Kovacic, ., Cercek, M., Gyergyek, T, Ionita, C., Schrittwieser, R.: Comparison
of measured and simulated electron energy distribution functions in low-pressure helium plasmas. Plasma
sources science & technology, ISSN 0963-0252, Feb. 2013, vol. 22, no. 1, 015023

IN TERNATIONAL PROJECTS

Reports on Thermal Neutron Induced SEU Susceptibility of PXIe and cRIO Fast
Controller Components
ITER Organization
Dr. Luka Snoj

2. JFP-EURATOM - ANDES; Accurate Nuclear Data for Nuclear Energy Sustainability
European Commission
Asst. Prof. Andrej Trkov

3. F4E-FPA-168-01; Nuclear Data Improvements and Development of Tools - Nuclear Data
Evaluation
European Commission
Prof. Ivan Aleksander Kodeli

4. Specific Grant Agreement; Cu Experiment and TBM Nuclear Instrumentation
European Commission
Prof. Ivan Aleksander Kodeli

5. 7FP- CHANDA; solving CHAllenges in Nuclear Data
European Commission
Prof. Ivan Aleksander Kodeli

6. 7FP - EURATOM; Public Information; Research Unit - Administration and Services - RU-
FU; 3211-08-000102, FUO7-CT-2007-00065
Ministry of Education, Science and Sport
Asst. Prof. Andrej Trkov

7. 7FP- EURATOM; Improvement of Diagnostic in Edge Plasmas of Fusion Devices - 1.2.1-
FU; Annex 2 to Contract 3211-08-000102, FUO7-CT-2007-00065
Ministry of Higher Education, Science and Technology
Prof. Tomaz Gyergyek

8. 7FP - EURATOM; Neutronic Studies for DEMO - 4.10.2. FU
Ministry of Higher Education, Science and Technology
Dr. Igor Lengar

9. 7FP-EURATOM, MHEST Association; Neutron Calculation for Fusion Reactor, JET MCNP
Model - 3.4.1-FU, TA JW12-FTJET, JW12-NFT-MHST
Ministry of Education, Science and Sport
Dr. Igor Lengar

10. EURATOM-MHEST, WP2013/3.4.3., 3.4.4., 3.4.5 Neutron Calculations for Fusion Reactor
Ministry of Education, Science and Sport
Dr. Igor Lengar

11. 3.4.2-FU, EURATOM-MHEST, Neutron Calculations for Fusion Reactor-JET Neutron
Source Calibration
Ministry of Education, Science and Sport
Dr. Luka Snoj

12. 3.4.1-FU13, EURATOM-MHEST, JET MCNP Model Neutron Calculations for Fusion
Reactor

13. Ministry of Education, Science and Sport
Dr. Igor Lengar

14. 7FP - EURATOM-MHEST, WP12-SYS-02-T06-01/MESCS/PS, Tritium Breeding Ratio
Assesment
Ministry of Education, Science and Sport
Dr. Igor Lengar

15. 7FP - EURATOM-MHEST, Pref. Supp. WP13-IPH-A06-P1 -02/MESCS/PS, SOL Transport
and Divertor Heath Loads in Steady State and Unmitigated ELMs
Ministry of Education, Science and Sport
Prof. Tomaz Gyergyek

16. Feasibility Study and Installation of Thermal Neutron Driven 14 MeV Neutron Converter
into the TRIGA Research Reactor
[AEA - International Atomic Energy Agency
Dr. Luka Snoj

17. Training and Tutoring for Experts of the NRAs and their TSOs for Developing and
Strengthening their Regulatory and Technical Capabilities - INSC Project MC.03/10 -
LOT 1: Training and Tutoring for Nuclear Regulatory Authorities and their TSO’s
ITER-consult Srl
Dr. Luka Snoj

18.

20.

—

22.

23.

21.

Integral Measurements for the Validation of the Dosimetry Cross Sections; F41031
Testing and Improving the IAEA International Dosimetry Library for Fission and Fusion
(IRDFF)

[AEA - International Atomic Energy Agency

Asst. Prof. Andrej Trkov

. TAEA Fellowship for Ms Widad Kouidri Titouche, ALG/10055, C6/ALG/10055, 15.04.-

14.07.13

IAEA - International Atomic Energy Agency

Asst. Prof. Andrej Trkov

Evaluation and Validation of the Resonance Parameters for Structural Materials
Slovenian Research Agency

Asst. Prof. Andrej Trkov

Experimental Verification of Kinetic Parameters of the TRIGA Reactor and Upgrade of
the Digital Meter of Reactivity

Slovenian Research Agency

Dr. Igor Lengar

Experimental Verification of Neutron Flux Form Factors and Qualification of a New
Wide Range Multichannel Neutron Instrumentation

Slovenian Research Agency

Dr. Gasper Zerovnik

Design of Irradiation Device for FI-TIMS Method at the JSI TRIGA Mark II Reactor
Slovenian Research Agency

Dr. Luka Snoj

RESEARCH PROGRAM

L.

Reactor Physics
Asst. Prof. Andrej Trkov

R&D GRANTS AND CONTRACTS

Neutron Calculations for Use with Neutron Diagnostics - Application to the JET Fusion
Reactor

Dr. Igor Lengar

Functionalization of Biomedical Samples by Thermodynamic Non-equilibrium Gaseous
Plasma

Prof. Milan Cercek

Calculations to Support Neutron Monitor Calibration - JET Fusion Reactor Example Case
Dr. Luka Snoj

Determination of Computational Framework for Treating Gas Discharges in Case of
Surge Protection Gas Discharge Tubes

Dr. Jernej Kovacic

Irradiation and Analysis of Si Samples

Asst. Prof. Andrej Trkov

NEW CONTRACTS

L.

Reload Operational Core Analysis, Post Refueling Nuclear Design Check Tests, PIS and
KFSS Cycle Specific Data for Future Fuel Cycles

Krsko Nuclear Power Plant

Dr. Marjan Kromar

Expert Review of the Analysis and Testing Report for Capsule T for the Krsko Reactor
Vessel Irradiation Surveillance Program

Krsko Nuclear Power Plant

Dr. Marjan Kromar

Development of Advanced Methods for the Description of Dynamic Processes in a
Nuclear Reactor

Krsko Nuclear Power Plant

Asst. Prof. Andrej Trkov
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VISITORS FROM ABROAD

Dr. Roberto Capote Noy, International Atomic Energy Agency, Vienna, Austria,
31.3.-8.4.2013

Widad Kouidri Titouche, Commissariat a I'énergie atomique (COMENA), Centre de
recherche nucléaire de Birine, Birine, Algeria, 14. 4.-13. 7. 2013

Dr. Patrick Sauvan, dr. Francisco Ogando, Dipartamento de Ingenieria, Universidad
National de Education a Distancia (UNED), Madrid, Spain, 8. 4.-12. 4. 2013

Dr. Loic Barbot, dr. Damien Fourmentel, dr. Christian Jammes, CEA, Cadarache, France,
13.5.-17.5.2013

A

Dr. Andreas Fristedt Ablad, Westinghouse, Sweden, 18. 6. 2013

Dr. Angelgiorgio lorizzo, Mark Cosyns, European Commission, Brussels, Belgium, 21. 6. 2013
Dr. Igor Remec, Oak Ridge National Laboratory, Reactor and Nuclear Systems Division,
Radiation Transport Group, Oak Ridge, TN, USA, 18. 11.-22. 11. 2013

Elchin Huseynov, Institute of Radiation Problems of ANAS, Republican Nuclear and
Radiation Safety Centre, Baku, Azerbaijan, 1. 12.-22. 12. 2013

STAFF

Researchers

SOV RN o

Prof. Tomaz Gyergyek*

Prof. Robert Jeraj

Prof. Ivan Aleksander Kodeli

Dr. Marjan Kromar

Dr. Igor Lengar

Dr. Luka Snoj

Asst. Prof. Andrej Trkov, Head

Postdoctoral associates

8.
9.

Dr. Jernej Kovacic
Dr. Urban Simonci¢

10. Dr. Gaper Zerovnik
Postgraduates
11. Aljaz Cufar, B. Sc.

BIBLIOGRAPHY

12.
13.
14.

Dusan Calic*, M. Sc.
Vid Merljak, B. Sc.
Dr. Vladimir Radulovic

Technical and administrative staff

15.
16.
17.
18.

Dus$an Rudman
Slavko Slavic*, B. Sc.
UrSula Tursic, B. Sc.
Bojan Zefran

Note:
* part-time JSI member

ORIGINAL ARTICLE

10.

1. Jiti Adamek, M. Peterka, Tomaz Gyergyek, Pavel Kudrna, M. Ramisch, U.
Stroth, ]. Cavalier, Milan Tichy, "Application of the ball-pen probe in two
low-temperature magnetised plasma devices and in torsatron TJ-K", In:
9th International Workshop on Electric Probes in Magnetized Plasmas,
September 21-23, 2011, lasi, Romania, Contrib. Plasma Phys., vol. 53,
no. 1, pp. 39-44, 2013.

2. JET EFDA Contributors, M. P. Albuquerque et al,, "A 10000-image-per-
second parallel algorithm for real-time detection of MARFEs on JET",
IEEE trans. plasma sci,, iss. 2, vol. 41, pp. 341-349, 2013.

3.JET EFDA Contributors, B. Baiocchi et al, "Discriminating the role of
rotation and its gradient in determining ion stiffness mitigation in JET",
Plasma phys. control. fusion, iss. 2, vol. 55, pp. 025010-1-025010-7,
2013.

4. Tyler J. Bradshaw, Stephen R. Bowen, Ngoneh Jallow, Lisa ]. Forrest,
Robert Jeraj, "Heterogeneity in intratumor correlations of ®F — FDG,
18F — FLT, and °'Cu — ATSMPET in canine sinonasal tumor", J Nucl
Med (1978), vol. 54, vo. 11, str- 1931-1937, 2013.

5. JET EFDA Contributors, B. Cannas et al., "Manifold learning to interpret
JET high-dimensional operational space"”, Plasma phys. control. fusion,
no. 4, vol. 55, pp. 045006-1-045006-11, 2013.

6. C.]. Diez, A. Stankovsky, E. Malambu, Ga$per Zerovnik, P. Schillebeeckx,
G. Van den Eynde, ]. Heyse, C. Cabellos, "Review of the "C(n,y) cross
section and criticality calculations of the graphite moderated reactor
BR1", Ann. nucl. energy, vol. 60, pp. 210-217, 2013.

7.]JET EFDA Contributors, D. Dodt et al, "Improved framework for the
maintenance of the JET intershot analysis chain", Fusion eng. des., vol.
88, no. 2, pp. 79-84, 2013.

8. JET EFDA Contributors, J. Eriksson et al., "Finite Larmor radii effects in
fast ion measurements with neutron emission spectrometry", Plasma
phys. control. fusion, iss. 1, vol. 55, pp. 015008-1-015008-9, 2013.

9.Johannes Gruenwald, D. Tskhakaya, Jernej Kovati¢, Milan Cercek,

Tomaz Gyergyek, C. Ionita, Roman Schrittwieser, "Comparison of

measured and simulated electron energy distribution functions in low-

pressure helium plasmas", Plasma sources sci. technol., vol. 22, no. 1, pp.

1-7,Feb. 2013.

Tomaz Gyergyek, Jernej Kovaci¢, "Potential formation in a bounded

plasma system which is terminated by an electron emitting floating

collector studied by a particle-in-cell computer simulation”, Contrib.

Plasma Phys. (1988), vol. 53, no. 3, pp. 189-201, 2013.

11.

12.

13.

14.

15.

16.

17.

18

19.

20.

JET EFDA Contributors, G. Hommen et al, "A fast, magnetics-free flux
surface estimation and g-profile reconstruction algorithm for feedback
control of plasma profiles", Plasma phys. control. fusion, iss. 2, vol. 55,
pp.- 025007-1-025007-11, 2013.

Anze Jazbec, GaSper Zerovnik, Luka Snoj, Andrej Trkov, "Analysis of
tritium production in TRIGA Mark Il reactor at JSI for the needs of fusion
research reactors”, Atw, Int. Z. Kernenerg., iss. 12, vol. 58, pp. 701-705,
2013.

Ivan Aleksander Kodeli, "Sensitivity and uncertainty in the effective
delayed neutron fraction (Betr)", Nucl. instrum, methods phys res., Sect. A,
Accel, vol. 715, pp. 70-78, 2013.
Marjan Kromar, Bojan Kurin¢i¢, "Impact of stainless steel guide tubes
on the reactivity parameters of the NPP Krsko core", Journal of energy
technology, iss. 4, vol. 6, str. 75-82, 2013.

JET EFDA Contributors, K.D. Lawson et al., "The effect of ionization on
the populations of excited levels of C IV and C V in tokamak edge
plasmas", J. phys, B At. mol. opt. phys., vol. 46, no. 3, pp. 035701-1-
035701-18, 2013.

Igor Lengar, Luka Snoj, "Benchmark evaluation of interacting aluminum
cylinders containing uranyl fluoride solution", In: Special section NENE
2011, 20th international conference "Nuclear Energy for New Europe”
(NENE 2011), Bovec, Slovenija, Sept.12. - 15. 2011, Nucl. Eng. Des., vol.
261, pp. 232-237,2013.

JET EFDA Contributors, M. J. Lopez et al., "Integration and validation of
a disruption predictor simulator in JET", Fusion science and technology,
iss. 1, vol. 63, pp. 26-33, 2013.

. C. Morrison, Robert Jeraj, G. Liu, "Imaging of castration-resistant
prostrate cancer: development of imaging response biomarkers", Curr
Opin Urol, vol. 23, 3, pp. 230-236, 2013.

M. T. Munley, G. C. Kagadis, Kiaran P. McGee, Asen S. Kirov, Sunyoung
Jang, Sasa Muti¢, Robert Jeraj, Lei Xing, J. D. Bourland, "An introduction
to molecular imaging in radiation oncology: a report by the AAPM
Working Group on Molecular Imaging in Radiation Oncology (WGMIR)",
Med. phys. (Lanc.), vol. 40, no. 10, str- 1188-1194, 2013.

Tsviatko K. Popov, Mladen Mitov, Ana Bankova, Pavlina Ivanova,
Miglena Dimitrova, Sebastijan Rupnik, Jernej Kovaci¢, Tomaz Gyergyek,
Milan Cer¢ek, F. M. Dias, "Langmuir probe method for precise
evaluation of the negative-ion density in electronegative gas discharge
magnetized plasma”, In: Proceedings of contributed papers, 9th
International Workshop on Electric Probes in Magnetized Plasmas,
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23.

24.

25.

26.

27.

September 21-23, 2011, Contrib. Plasma Phys., vol. 53, no. 1, pp. 51-56,
2013.

. Vladimir Radulovi¢, Andrej Trkov, Radojko Ja¢imovi¢, Robert Jeraj,

"Measurement of the neutron activation constants Qo and ko for the
27Al(n, y) 28Al reaction at the JSI TRIGA Mark II reactor", J. radioanal.
nucl. chem., no. 3, vol. 298, pp. 1791-1800, 2013.

. D.De Ruysscher et al. (11 authors), "Quantification of radiation-induced

lung damage with CT scans: the possible benefit for radiogenomics”,
Acta oncol. (Stockh.), vol. 52, no. 7, pp. 1405-1410, 2013.

JET EFDA Contributors, C. Silva et al., "Observation of geodesic acoustic
modes in the JET edge plasma", Plasma phys. control. fusion, iss. 2, vol.
55, pp. 025001-1-025001-6, 2013.

JET EFDA Contributors, Luka Snoj et al., "Calculations to support JET
neutron yield calibration: Modelling of the JET remote handling
system", Nucl. Eng. Des., vol. 261, pp. 244-250, 2013.

M. Vanderhoek, S. B. Perlman, Robert Jeraj, "Impact of different
standardized uptake value measures on PET-based quantification of
treatment response”, ] Nucl Med (1978), vol. 54, no. 8, pp. 1188-1194,
2013.

Gasper Zerovnik, R. Capote, Andrej Trkov, "On random sampling of
correlated resonance parameters with large uncertainties”, Nucl
instrum, methods phys res., Sect. A, Accel., vol. 723, pp. 89-98, 2013.
Gasper Zerovnik, Andrej Trkov, Donald L. Smith, R. Capote,
"Transformation of correlation coefcients between normal and
lognormal distribution and implications for nuclear applications", Nucl.
instrum, methods phys res., Sect. A, Accel., vol. 727, pp. 33-39, 2013.

PUBLISHED CONFERENCE CONTRIBUTION

1

N

w

wvi

.Tomaz Gyergyek,

Jernej Kovaci¢, Nikola Jeli¢, "Particle-in-cell
simulation of the potential formation in a bounded plasma system at
small potential difference between the plasma and the bounding
electrode”, In: Zbornik dvaindvajsete mednarodne Elektrotehniske in
racunalniske konference ERK 2013, 16.-18. september 2013, Portoroz,
Slovenija, (Zbornik ... ElektrotehniSke in racunalniske konference ERK
..), Baldomir Zajc, ed., Andrej Trost, ed., Ljubljana, IEEE Region 8,
Slovenska sekcija IEEE, 2013, zv. A, pp. 149-152.

.Tomaz Gyergyek, Jernej Kovaci¢, Nikola Jeli¢, Leon Kos, "Sheath

formation in front of a negative electrode close to plasma potential
studied by PIC simulations”, In: Proceedings, 49th International
Conference on Microelectronics, Devices and Materials & theWorkshop
on Digital Electronic Systems, September 25 - September 27, 2013,
Kranjska Gora, Slovenia, Andrej Zemva, ed., Polona Sorli, ed., Iztok Sorli,
ed., Ljubljana, MIDEM - Society for Microelectronics, Electronic
Components and Materials, 2013, pp. 115-120.

. AnZe Jazbec, Luka Snoj, Borut Smodis$, Andrej LeSnjak, "Periodic safety

review of JSI TRIGA Mark II and inspection of the reactor”, In:
Proceedings, Joint IGORR 2013 & IAEA technical meeting, October 13-
18, 2013, Daejeon, Daejeon, 2013, 6 pp.

. Nikola Jeli¢, Leon Kos, Janez Krek, Jernej Kovaci¢, Tomaz Gyergyek, A. J.

Christlieb, John P. Verboncoeur, "lonization front in a gas-filled diode
during electrical breakdown", In: Proceedings, 49th International
Conference on Microelectronics, Devices and Materials & theWorkshop
on Digital Electronic Systems, September 25 - September 27, 2013,
Kranjska Gora, Slovenia, Andrej Zemva, ed., Polona Sorli, ed., Iztok Sorli,
ed., Ljubljana, MIDEM - Society for Microelectronics, Electronic
Components and Materials, 2013, pp. 109-114.

. Jernej Kovacic, Tsviatko K. Popov, Miglena Dimitrova, Tomaz Gyergyek,

Milan Certek, Renaud Dejarnac, Jan Stockel, Radomir Panek, "Kinetic
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simulations in support of probe measurements of COMPASS scrape-off-
layer"”, In: Proceedings, 22nd International Conference Nuclear Energy
for New Europe - NENE 2013, Bled, September 9-12, Leon Cizelj, ed.,
Matjaz Leskovar, ed. Mitja Ursi¢, ed., Ljubljana, Nuclear Society of
Slovenia, 2013, pp. 1-6.

6. D.B. Syme, Sergei Popovichev, S. Conroy, Igor Lengar, Luka Snoj,
Benjamin Choyce Sowden, L. Giacomelli, G. Hermon, D. Plummer, J.
Stephens, P. Batistoni, R. Prokopowitz, S. Jednorog, R. Abhangi, R.
Makwana, "JET neutron calibration 2013", In: Proceedings, 8th
Workshop on Fusion Data Processing, Validation and Analysis
November 4-6, 2013, Ghent, Ghent, Universiteit Gent, 2013.

7.Andrej Trkov, Luka Snoj, GaSper Zerovnik, "Feasibility study and
installation of thermal neutron driven 14 Mev neutron converter into
the TRIGA research reactor”, In: Application of research reactors
towards research on materials for nuclear fusion technology, (IAEA
TECDOC, 1724), Vienna, IAEA, 2013, pp. 109-114.

PROFESSIONAL MONOGRAPH

1. John D. Bess, Barbara Dolphin, James W. Sterbentz, Luka Snoj, Igor
Lengar, O. Koberl, Jordan Kelly, HTR-Proteus pebble bed experimental
program Cores 1, 1A, 2, and 3: Hexagonal close packing with a 1:2
moderator-to-fuel pebble ratio, (INL/EXT, 11-23219), Idaho Falls, Idaho
National Laboratory, 2013.

2. John D. Bess, James W. Sterbentz, Luka Snoj, Igor Lengar, 0. Kéberl, HTR-
Proteus pebble bed experimental program Cores 5, 6, 7 & 8: Columnar
hexagonal point-on-point packing with a 1:2 moderator-to-fuel pebble
ratio, (INL/EXT, 12-26585), Idaho Falls, Idaho National Laboratory,
2013.

3. John D. Bess, James W. Sterbentz, Luka Snoj, Igor Lengar, 0. Koberl, HTR-
Proteus pebble bed experimental program Cores 9 & 10: Columnar
hexagonal point-on-point packing with a 1:1 moderator-to-fuel pebble
ratio, (INL/EXT, 12-26334), Idaho Falls, Idaho National Laboratory,
2013.

4. AJ. Koning et al, Validation of the JEFF-3.1 Nuclear Data Library, (JEFF

Report, 23), Paris, OECD Nuclear Energy Agency, 2013.

MENTORING

1. Jernej Kovacic, Studying potential formation in front of a negative
electrode in fusion relevant plasmas: doctoral dissertation, Ljubljana,
2013 (mentor Tomaz Gyergyek).

2. Maria Pusa, Numerical methods for nuclear fuel burnup calculations:
doctoral dissertation, Aalto, 2013 (mentor Olavi Nevanlinna; co-
mentors Jaakko Leppanen, Ivan Aleksander Kodeli in Jukka Tuomela).

3. Vladimir Radulovi¢, Validacija jedrskih presekov z uporabo aktivacijske
metode moduliranih nevtronskih spektrov na reaktorju TRIGA: doctoral
dissertation, Ljubljana, 2013 (mentor Robert Jeraj; co-mentor Andrej
Trkov).

4. Pouya Sabouri, Application of perturbation theory metods to nuclear

data uncertainty propagation using the collision probability method:
doctoral dissertation, Grenoble, 2013 (mentor Ivan Aleksander
Kodeli).

5. Damijan Valentinuzzi, Modeling tumor response to targeted therapy
with anti-angiogenic drugs: master's thesis, Ljubljana, 2013 (mentor
Robert Jeraj; co-mentor Urban Simoncic).
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Departmental research is devoted to experimental studies of elementary particles in order
to reveal the ultimate building blocks of matter and the nature of the interactions between them.
Experiments are carried out within large collaborative programmes at international centres for
particle physics at CERN near Geneva and at KEK in Tsukuba. The department is also engaged in
developing and applying the technologically advanced particle detectors that are demanded by such
measurements. Astroparticle physics is an emerging field, applying the experimental techniques
of particle physics to solve astrophysical problems. Slovenian researchers are participating in
measurements of ultra-high-energy cosmic rays with the Pierre Auger observatory spread over a
surface of 3000 km’ near Malargue in Argentina.

In order to reveal the ultimate secrets of nature in the world of elementary particles, accelerators with higher
and higher energies are needed. Their cost, both in terms of money and human resources, has grown to the level
where they are affordable only as joint international enterprises. Thus, future accelerators will be unique facilities Head:
of their kind, the first being the Large Hadron Collider (LHC), just completed at the European Organization for Prof. Marko Mikuz
Nuclear Research (CERN) near Geneva. Researchers will exploit this facility to perform experiments in presently
inaccessible regions of energy, which, though pushed higher and higher, still remains 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 1€ discovery of the Higgs boson by the ATLAS
University of Ljubljana, and from the Faculty of Chemistry and Chemical @nd CMS collaborations is the reason for the
Technology of the University of Maribor, we are performing measurements NOPel Prize given for Physics in 2013.
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, 174 institutions from 38 countries),

Belle at the asymmetric electron-positron collider (KEK-B) at KEK (409 researchers, 62 institutions from

15 countries)

In the field of astroparticle physics we are part of the Pierre Auger collaboration (250 researchers, 94 institu-
tions from 17 countries), which uses a giant scale (3000 km?) observatory near Malargue in Argentina for the
detection of ultra-high-energy cosmic rays. This endeavour is carried out in collaboration with colleagues from the
University of Nova Gorica.

A more detailed report on our 2012 activities follows, focused on the
contributions of our researchers:

ATLAS experiment
The amout of data delivered by the Large Hadron Collider (LHC) at
CERN in 2011 and 2012 exceeded the most optimistic expectations and the
analysis of the data is occupying the scientists of the ATLAS collaboration
throughout 2013 as well as 2014. In addition to the analysis of the existing
data the collaboration is preparing for the re-start of the Large Hadron Col-
lider LHC in the year 2015, when it will begin to operate at the unprecedented
centre-of-mass energy of 13 TeV.
A Slovenian group of ten scientists worked together with around 3000
colleagues in the ATLAS collaboration. A vast number of physical data analy-
ses were made using global network Grid technology, in which the Slovenian
capacities contributed a few percent of the data processing,
The new particle, the discovery of which was announced at the seminar Figure 1.: The 2013 European Physical Society's High Energy and
held on 4" of July 2012, was in 2013 confirmed to be the long-sought Higgs Particle Physics Prize, for an outstanding contribution to high-energy

boson by measuring the particle properties (e.g., spin and parity). As a con- 2Aysics was awarded to the ATLAS and CMS collaborations "For the

i : . discovery of a Higgs boson, as predicted by the Brout-Engler-Higgs
sequence of this discovery (Fig. 1) by the collaborations ATLAS and CMS the mechanism". (From left) Joe Incandela, Peler Higgs, Francois Englert

Nobel prize for Physics was in 2013 given for the theoretical prediction of the Tejinder Virdee, Dave Charlton (ATLAS), and Peter Jenni (ATIAS).
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Figure 2.: Assembly of the new diamond detector DBM ( Diamond Beam
Monitor) of ATLAS. It will provide precise online measurements of the
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bunch luminosities at the LHC.

Higgs boson to P. Higgs and F. Englert and the prize itself cites the discovery
of the Higgs boson by the ATLAS and CMS collaborations. The news about
the discovery of the Higgs boson was published in practically all the world’s
media. This result is an important advance in our understanding of the basic
forces holding the Universe together. In particular this new boson provides
support for the existence of the proposed Higgs field, which explains how
some particles come to have a mass and others do not. Without mass, all
particles would fly around freely and matter as we know it would not exist.
Physicists work to a theory of fundamental particles and their interactions
called the Standard Model, which was first proposed in the 1970s. So far
experiments have been able to confirm the existence of nearly all its elements
with a high degree of precision. The Higgs boson, however, had eluded detec-
tion until now, prompting speculation that the theory could be incomplete.
The findings so far suggest a Higgs boson compatible with the Standard
Model, but further studies are needed to confirm this. We are looking for
more Higgs particles, which according to almost all the high-energy exten-
sions of the Standard Model, should exist. Some of the most popular new
models of physics are the so-called Super-symmetry theories, which could potentially solve a number of problems in
theoretical physics. The most minimalist Super-symmetry theory predicts at least five (1) Higgs bosons: three neutral
and two charged. So in the future, if we detect more than one, we will know that we are looking at a new physics.
Searches for beyond-Standard-Model physics continued throughout 2013 and while a plethora of possible theories
were statistically excluded, no discoveries of New Physics were as yet made. There are however good indications
that such discoveries could be made when the LHC restarts in 2015 at the even higher energies.

A group of researchers from our department had one of the leading roles in the development, implementation
and operation of two charged particle detector systems in the centre of the ATLAS spectrometer. Both systems, the
Beam Conditions Monitor (BCM) and Beam Loss Monitor (BLM), are based on pCVD diamond sensors. The BCM
is much more complex and has several functionalities. One task is monitoring the conditions of the LHC (Large
Hadron Collider) proton beams at the interaction point in the centre of ATLAS spectrometer and issuing warnings
at potential dangers. The BOM was the main luminosity monitor of the ATLAS experiment throughout most of the
data-taking period of 2011 and 2012, when ATLAS was delivered about 30 fb-1 of data. In the second half of 2012
the BCM was enabled and was active in the Beam Interlock System and could have triggered a beam abort if the
thresholds were reached.

The BLM is a much simpler system, the aim of which is the protection of the Inner Detector of ATLAS against
potentially dangerous beam conditions. In summer 2011 the BLM twice triggered a LHC beam dump and prevented
potential damage in the delicate silicon detectors of the Inner Detector.

Our group also developed and maintained the RADMON system that is used for recording the radiation doses
due to charged particles and neutrons that different parts of the Inner Detector receive.

In 2013 the upgrade of the Large Hadron Collider started that will last for two years. During this period the LHC
is being consolidated to be ready to operate at higher proton energy and higher luminosity. The ATLAS spectrometer
is also being upgraded to be able to cope with a higher collision pileup. One of the most important upgrades is the

installation of an additional layer of silicon detectors for improved tracking

The Belle collaboration performed a series of
measurements of rare processes that constrain
the parameter space of several new physics
models. Specifically, we measured parameters
describing the difference between particles
and antiparticles in processes with a significant
quantum loops’ contribution

and vertexing. A set of telescopes built on the basis of the same readout chip
as used for the additional silicon layer and mostly using pCVD diamonds for
the sensor material (Diamond Beam Monitor, DBM) is being installed and
commissioned with a strong participation of the Ljubljana group. In 2013
the detectors were assembled, tested and installed into the final position in
the centre of ATLAS. Currently, the works continue with a final connection
and the development of firmware and software for the readout of data and
the data acquisition.

Belle detector at the asymmetric electron-positron collider KEKB at KEK

The Belle detector at the electron-positron collider KEKB in Tsukuba, Japan, stopped taking data in 2010 in
order to make room for an upgraded version of the detector. The new detector, Belle IT, will begin operation in 2015.
Meanwhile, the data collected by the Belle detector are still being used for a series of very interesting measurements.
The main purpose of these measurements is a search for previously unknown particles and processes that are known
as the New Physics. Among other things, such processes are responsible for the fact that we live in a Universe in
which matter (particles) completely dominates over antimatter (antiparticles).
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One of the most interesting ways to find signals of the New Physics are
decays in which a b quark from a B meson transforms into an s quark (as
for example in the decay B—n'K)) . This type of decay proceeds through
the so-called “quantum fluctuations”, where the b quark turns for very short
period of time into a much heavier t quark and W boson, and then ends up
as an s quark, together with a pair of a quark and an anti-quark. Instead of
the t quark and the W boson new types of particles could show up in such a
process that are not part of the Standard Model, and have not been discov-
ered up to now. Such a hidden presence of new particles could change the
values of the two parameters S and A of CP violation in the process under
study, so that they would differ significantly from the values as determined
in the decay B — J/y K, which cannot be influenced by quantum fluctua-
tions. The experimental study of B— n'K_ (a topic of the PhD Thesis of
Luka Santelj) has shown (Figure 3) that the parameters of CP violation are
consistent with the value of these two parameters in the decay B — J/y
K. This means that while the effects of New Physics in this decay channel

Department of Experimental Particle Physics F-9

Figure 3: CP violation measurement in B— 1'K_decays. Lefl: measured
time evolution for B meson (blue) and antimeson (red) decays; the
lower plot shows the time evolution of the asymmetry between the fwo
decays. Right: measured value of the two CP violation parameters A and
C (green) as compared to the world average in B — n'Ks decays (oval
with a red boundary ), previous Belle measurement (oval with a blue
boudary) and with the value of both parameters as determined in the B

cannot be excluded, they must be quite small; this conclusion represents one ./ WKS decays (chess board).
of the most important results of the Belle Collaboration in 2013. Slovenian
physicists have also led a study where a new method was developed and applied to measure for the first time the
absolute probability of a decay of a charmed baryon A_ to a proton, a kaon and a pion. A precise value of this
probability is required as an input in the interpretation of several other measurements, such as the exclusive and
inclusive decay-rate measurements of b-flavored mesons and baryons or the measurements of fragmentation frac-
tions of charm and bottom quarks. Another important result is a measurement of mixing in the system of neutral
D mesons, as observed in the D meson decays into a kaon-pion pair .

In 2013, we continued with the preparation of the Belle II detector system. In this project, which includes
almost 500 physicists from around the world, Slovenian colleagues play a key role, both in the management of the
research group, as well as in developing new detection methods and methods for the analysis of the collected data.

Pierre Auger observatory

The Earth is exposed to a permanent rain of cosmic particles from outer space. Most of the particles are fully
ionized atomic nuclei, moving with relativistic energies. The bulk of them with energies up to 10" eV originate
within our Milky Way. They are most likely accelerated in supernova remnants. Some particles have a thousand times
higher energies, 7.e., around 10* eV. To clarify the origin of the highest-energy particles, their properties, like energy,
arrival direction and the particle type (photons, protons, atomic nuclei), have to be measured. The highest-energy
cosmic rays are extremely rare. On Earth one particle is registered in an area of 100 square kilometres in 2 hundred
years. The measurement of such particles requires a huge measurement device that is operated for a long time.

The Pierre Auger Observatory combines two complementary techniques to measure air showers. On their
way through the atmosphere the secondary particles stimulate nitrogen molecules in the air to emit fluorescence
light. This light is measured with large telescopes. In addition, secondary particles reaching ground level are reg-
istered 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 Observatory is the largest-aperture cosmic-ray
observatory at present, built to reach large statistics for the low flux of Ultra High Energy Cosmic Rays (UHECR).
Constructed in the province of Mendoza, Argentina, the observatory is the first hybrid air-shower experiment
combining two independent observation techniques. It consists of 1660 water Cherenkov stations with a 1.5-km
spacing on a triangular grid (the surface detector, SD), overlooked by 24 fluorescence telescopes housed in four
buildings (fluorescence detector, FD). It covers an area of 3000 square kilometres of Pampa and has a hexagonal
footprint with a diameter of about 60 kilometres.

Above 10° eV, the cosmic ray flux falls with energy E roughly as E* where the spectral index y~3. Several breaks
in the spectral index have been observed, reflecting cosmic ray properties like the interaction between particles
and the photons of the 3K microwave background at 4x10'* eV and a fall-off at energies exceeding 10" eV due to
cosmic acceleration processes being proportional to the magnetic field in the astrophysical sources. Due to growing
statistics every year an updated measurement of the energy spectrum is published. At an exposure of 5400 km? x
sr > year a suppression with y, = 2.59£0.02, v, = 4.3£0.02 and y, = 4.3+0.02 was observed.

The identification of the type of the impinging cosmic-ray particle is experimentally the biggest challenge.
Incoming particles such as atomic nuclei (of different masses), photons, and neutrinos induce cascades in the
atmosphere. The longitudinal development of the showers depends on the particle type. Heavy nuclei interact
early in the atmosphere, while light particles penetrate much deeper. This implies that for heavy nuclei the whole
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shower development takes place higher up in the atmosphere as compared to light particles. Thus, a measurement
of the height of the shower above the ground is a good estimate for the mass of the primary particle. Technically,
we measure the distance between the detector and the position at which the shower contains its maximum num-
ber of particles. The investigations indicate that cosmic rays are composed of light particles (such as protons and
helium nuclei) at energies around 10* eV. The data exhibit a trend towards heavier nuclei with increasing energy.
At energies around 4x10 eV, shower properties consistent with a heavy elemental composition (e.g, silicon or
iron nuclei) are observed. At higher energies, at present, no mass measurement is available due to the small flux
of particles at such energies. These mass measurements do assume that we can correctly extrapolate hadronic
physics from accelerator experiments.

Searches for evidence of photons in the Auger event sets have resulted in no candidates. On the basis of this it
is estimated that no more than a few percent of all incident UHE messengers can be photons up to 30 EeV, with a
weaker constraint at higher energies.

Given that the highest energy cosmic rays observed should exhibit trajectories that are relatively unperturbed
by galactic and intergalactic magnetic fields, it is natural to wonder whether isotropy begins to emerge at these
high energies. Furthermore, if the observed flux suppression is the GZK effect, there is necessarily some distance,
(100 Mpc), beyond which cosmic rays with energies near 10 eV would not be seen. Since the matter density within
about 100 Mpc is not isotropic, this compounds the potential for anisotropy to emerge in the UHECR sample. The
Auger Observatory provides two complementary approaches to determine the direction of an incoming cosmic
ray. Stereo observations of the showers with multiple fluorescence telescopes provide a three-dimensional picture
of the shower in the atmosphere and, thus, the orientation of the shower axis, pointing back into the direction
of the incoming particle. Secondly, the measurement of the arrival times of the individual particles at the surface
detectors allows us to measure the shower disc, with the arrival direction being perpendicular to it. Based on the
Auger data set, 28 out of 84 events with energies higher than 5.6 x 10¥ eV were found to be correlated with objects
in the Veron-Cetty catalogue of active galactic nuclei. The overall correlation strength thus decreased from 62 + 10%
previously published to 33 + 5%. However, the chance probability of observing such a correlation from a random
distribution remains below 1%. Correlations on such a small angular scale as those reported (3.1°) would seem to
be at odds with the apparent trend for a heavy composition at high energy, since heavier nuclei would be more
deflected by intergalactic and galactic magnetic fields.

Distributed computing
SiGNET Tier-2 distributed computing site has increased its capacity to 2800 cores and 1200TB of data stor-
age space in the year 2013. As a constitutive member of the Slovenian National Grid Initiative SLING/NGI the site
had supported and maintained the Slovenian grid infrastructure together with Arnes. The Slovenian distributed
infrastructure incorporates seven clusters from Jozef Stefan Institute, Arnes, Acrtur, University of Nova Gorica, and
several others are in the process of joining, with a vision to create a powerful distributed computing infrastructure
in Slovenia. The SiGNET is a full member of international organizations EGl/InSPIRE, wLCG and Nordugrid and
had participated in several joint projects related to the support, maintenance and planning of the computing in-
frastructure as well as the development, distribution and deployment of the distributed computing infrastructure.
It participated in education at several distributed computing workshops organized at Arnes and the JoZef Stefan
Institute. The main objective of SIGNET Tier-2 is to support the data process-
ing and storage for the international experiments ATLAS, Belle, Belle 2, and
Pierre Auger. In addition, the site provides support to Slovenian research and
educational organizations.

Detector development

In 2013, we continued with the development of new methods for the
detection of annihilation gamma rays in positron emission tomography
(PET), one of the most important medical imaging methods. If a Cherenkov
radiator is used as a gamma-ray converter instead of a scintillator, the dif-
ference in the time of flight of the two gamma rays can be measured with
a very high precision of 80ps (FWHM). In this way we can directly obtain
three-dimensional information on the emission point of the two gamma
rays, which substantially reduces the time needed to determine the activity
distribution in the patient [4]. We have also developed a new method for

Figure 4: Silicon module assembled with direct bonding of the sensor to the detection of garpma .ray.s with 2 SClIl.tlﬂﬂ.tOI“ H,l which the depth O,f .
the circuil gamma-ray conversion within the crystal is determined from a ratio of signal
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intensities in the neighbouring detector pixels. In 2013, a review article on photon detection was published Annual
Review of Nuclear and Particle Science.

We developed a rigid flex circuit bound with a compact silicon sensor (by Hamamatsu Photonics) and readout
electronics (by IDEAS, Oslo). The design of the circuit and the binding procedure were developed at our department
within the Research Voucher program on behalf of the Elgoline, d.0.0. company from Cerknica (Fig. 4). Measure-
ments with a calibration 241-Am radioactive source showed that the innovative binding scheme had no effect on
the system performance. Such a scheme can be critical in applications where the dense packing of detectors is
required as in a setup to measure the interactions of gamma rays in nuclear medicine

In 2011 and 2012 we collected a substantial collection of PET probe data, which offers the possibility to study
the effects of the spatial resolution of the sensors on the image quality. For a precise analysis a physical model of the
image generation procedure had to be developed along with a model-based reconstruction method of the collected
data. With data from the collection we were able to confirm the model validity and the model will be used in the
planning of new imaging methods and their impact on diagnostic procedures and treatment.

Development of radiation hard silicon detectors is very important for future high-energy experiments. We used
an innovative edge-TCT method, developed at our laboratory, to measure the electric field in silicon detectors. The
detectors were irradiated at nuclear reactor in Podgorica near Ljubljana with neutrons up to fluences of 5 = 101
cm2 Sensors with slim edges allow dense packing with a small loss of efficiency. The efficiencies of sensors with
SCP (Scribe Cleave Passivate) edges were measured with laser light

We performed more than 100 irradiations at Nuclear Reactor Podgorica in the framework of AIDA (Advanced
European Infrastructures or Detectors at Accelerators) for 15 interested institutions. In the second year of this project
the emphasis was on upgrades for the ATLAS, CMS and BELLE detectors.

Organization of conferences, congresses and meetings

L

Meeting of users and administrators and network computing of Slovenian network for national GRID infra-
structure, JoZef Stefan Institute, Reactor Center in Podgorica, Podgorica, Slovenia, 13. 11. 2013

INTERNATIONAL PROJECTS

Design, Procurement and QA of Flex-rigid Hybrids

European Organization for Nuclear Research

Prof. Marko Mikuz

7FP - EGIInSPIRE; European Grid Initiative: Integrated Sustainable Pan-European
Infrastructure for Researchers in Europe

European Commission

Prof. Marko MikuZ

7FP - AIDA; Advanced European Infrastructures for Detectors at Accelerators
European Commission

Prof. Marko Mikuz

7FP - HadronPhysics3; Study of Strongly Interacting Matter

RESEARCH PROGRAMS

Astroparticle Physics

Prof. Marko Zavrtanik
Experimental Particle Physics
Prof. Marko Mikuz

R&D GRANTS AND CONTRACTS

ATLAS Diamond Beam Monitor
Prof. Marko Mikuz

European Commission 2. Search for Microscopic Black Hole Signatures with Ultra-high Energy Cosmic Rays
Prof. Samo Korpar Prof. Marko Zavrtanik ‘

5. FERRO-PATCH; Frequency and Polarisation Agile Microstrip Patch Antenna based on 3. Development of Solid State Detectors for Particle Physics Experiments
Ferrelectric Varactors 4. Prof. Vladimir Cindro .

ESA/ESTEC. 5. Novel Detecthp Methods based on Cherenkov Radiation
Prof. Vladimir Cindro Prof. Peter KriZan . ) Lo .

6. Development of Silicon and Diamond Semiconductor Detectors for Particle Physics 6. Development of In-vivo Dosimetry for Applications in Radiotherapy
Experiments and Medical Imaging Dr. Gregor Kramberger ‘ . .
Slovenian Research Agency 7. Measurement of the Absolute Branching Fractions of Leptonic D(s) Decays and the
Dr. Andrej Gorisek ’ ExtracEion of the Decay Constant f_D(s)

7. Doping of Semiconductor Nanocrystals by Neutron Transmutation Method (NTD) Dr. Anze Zupanc
Slovenian Research Agency 8. Collaboration CERN RD-39
Asst. Prof. Igor Mandic Prof. Marko Mikuz

8. Evaluation of the Prototype of a Double-ring PET Device 9. Collaboration CERN RD-50
Slovenian Research Agency Prof. Marko Mikuz
Prof. Marko Mikuz 10. Collaboration DELPHI

9. Development and Tests of a Method for Particle Identification with a TOP Counter P‘rof. Bor ut Paul Ker sevan
Slovenian Research Agency 11 Collaboration ATLAS
Prof. Marko Stari¢ Prof. Marko Mikuz

10. Methods and Accuracies of the Mixing and CP Violation Measurements of the Charmed 12. Collaboration EERN RD-42
Hadrons at the Belle II Experiment Prof. Marko Mikuz
Slovenian Research Agency 13. Collaborations Belle in Belle IT
Prof. Bostjan Golob Prof. Peter Krizan

14. Collaboration CIMA; Cameras for Imaging in Medical Applications

Prof. Marko Mikuz
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N EW CONTRACTS

Reliabilty Investigation of High Density Interconnect Gircuits
INTECTIV, d. 0. 0.

Prof. Vladimir Cindro

Data-Storage System

Xenya, d. 0. 0.

Prof. Andrej Filipcic

HPC Puppet
Arctur, d. 0. 0.
Prof. Andrej Filipcic

VISITORS FROM ABROAD

1.
2.

Dr. Christian Joran, CERN, Genéve, Switzerland, 1. 1.-10. 1. 2013
Dr. Ivana Capan, Institut Ruder Boskovic, Zagreb, Croatia, 4. 4.-6. 4. 2013

B

Prof. Dr. Neal C. Clinthorne, University of Michigan, USA, 19. 5.-23. 5. 2013
Luka Kanjir, BSc in Physics., University of Zagreb, Zagreb, Croatia, 23. 8. 2013

STAFF

Researchers

Asst. Prof. Marko Bracko*
Prof. Vladimir Cindro

Prof. Andrej Filipcic

Prof. Bostjan Golob*

Dr. Andrej Gorisek

Prof. Borut Paul Kersevan*
Prof. Samo Korpar*

Dr. Gregor Kramberger
Prof. Peter Krizan*

. Asst. Prof. Igor Mandi¢

. Prof. Marko MikuZz*, Head
. Dr. Rok Pestotnik

. Asst. Prof. TomaZ Podobnik*

. Prof. Marko Staric

. Prof. Marko Zavrtanik

. Prof. Danilo Zavrtanik*

. Asst. Prof. Dejan Zontar*

Postdoctoral associates

18.
19.

Dr. Matej Batic, lefl 01.03.13
Dr. Andrej Studen

20. Dr. AnZe Zupanc

BIBLIOGRAPHY

Postgraduates

21.

22.
23.
24.
25.
26.

27.

28.
29.
30.

31

32.
34.

Jyoti Prakash Biswal, B. Sc.
Maksym Deliyergiyev, B. Sc.

Dr. Milan Grkovski, left 01.09.13
Luka Kanjir, B. Sc.

Jure Klucar, B. Sc.

Tara Nanut, B. Sc.

Marko Petric, B. Sc.

Eva Ribezl, B. Sc.

Grygorii Sokhrannyi, B. Sc.

Ales Svetek, M. Sc.

Dr. Luka Santelj

Tina Sfiligoj, B. Sc.

Elvedin Tahirovic, B. Sc.

Dr. Andrii Tykhonou, left 01.10.13

Technical and administrative staff

35.
36.

37.

38.
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DEPARTMENT OF INORGANIC

CHEMISTRY AND TECHNOLOGY K-1

The Department of Inorganic Chemistry and Technology is one of the leading groups in the
world for the synthesis of new inorganic compounds containing fluorine. The main research fields
are: the synthesis of new coordination compounds with different ligands, the chemistry of noble
gases, the chemistry of elements of the main groups and the synthesis of new inorganic materials
with special properties. A great deal of the activity of the group has been devoted to technological,
ecological and safety problems in Slovenia. The group has already been cooperating closely with
Slovenian industry for more than thirty years. It is also active in the field of education and in the
field of the promotion of natural sciences among students at colleges and elementary schools.

In the research field of new inorganic compounds the study of the VOF, reactivity towards different fluoride
Lewis bases was continued. The reaction of VOF, with SeF, yields SeFﬁ[V202F7]‘ Xenon fluorides reacted with VOF,
according to their basicity. The Lewis acid-base adduct XeF, VOF, was isolated in the XeF, system, while the reaction
with XeF, led to the formation of XeF,[VOF, ] salt. XeF, as a weaker base does not form any kind of product with
VOF,. XeF, as a ligand to a metal centre was studied over the past decade and a whole series of compounds was
prepared. One of the latest examples is [CaS(XeF2)7] [NDF, ], in which the are three different calcium centres with
completely different coordination spheres. The numbers of XeF, molecules connected to calcium atoms are four,
three and even one. Fluorine atoms from NbF, units complete the coordination sphere.

During the investigation of reactions between alkaline metal fluorides and titanium tetrafluoride in an
anhydrous hydrogen fluoride solvent, single crystals of K, Ti.F, -8HF and Rb,Ti F, -6HF were prepared and their

4778 36 4778736
crystal structures determined. Both structures contain previously unknown
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discrete octameric [ Ti.F

8736 8 36

]* anions. Each of them is constructed from eight ~ Anion [Ti_F__]1* represents the largest known

TiF, octahedral units sharing joint vertices and connected in that way into ~ example of discrete oligomeric species found
a cube. The herein reported [Ti,F, ]*" anion represents the largest known in fluoride compounds with a metal in oxidation

example of discrete oligomeric species found in fluoride compounds with ~ state four.

the metal in the oxidation state four.
The compounds HSO[TiZF[)], HSO[SnFS], (H30)2[SnF6] and Na(HF)[SnZF()] were successfully synthetized and
characterized. The structure of Na(HF)[Sn,F,] reveals a rare example of HF acting as a ligand towards sodium
centres and simultaneously interacting through hydrogen bonding with the double chain of the polymeric anion
([Sn2F9]*)w. Until now, the description of the aforementioned anion was
based only on data obtained from spectroscopic measurements.
In cooperation with the University of Warsaw (Poland), IMCN (Uni-
versité Catholique de Louvain) and the University in Ljubljana (FCGE)
we have investigated the magnetic and structural properties of potassium
trifluoridoargentate(Il). The results of the magnetic studies show strong
super-exchange antiferromagnetic interactions between neighbouring
silver(IT) ions within the chains. The strength of the interactions is reminis-
cent of that found in superconductors based on copper(Il) oxides.
The syntheses of copper(I) salts p-complexes with functional derivatives
of selected organic compounds were performed, and the obtained products
were characterized. Crystalline copper(I) w-complexes with fluorine contain-
ing anions [ Cu(L)CF,S0,] and [Cu,(L),(H,0),1(SiF,),2.5H,0 (L - 2-(allyl)-
amino-5-methyl-1,3 4-thiadiazole) have been obtained by an electrochemical
technique and investigated. The organic molecule L acts as a chelate-bridging
tridentate ligand, connected to copper(I) by two N atoms of a thiadiazole
ringand a C=C bond from the allyl group resulting in the formation of stable
cationic dimers [{Cu(L)},]*". The direct synthesis of coordination compounds
from a mixture Cu-DMSO-CCI,-ligand has been explored. A unique bridging

mode of the DMSO molecule in the compound 2CuCN-DMSO was observed. Figure 1: Coordination sphere of sodium atoms and bonding of HF
DMSO is bonded to two Cu~ centres via oxygen and sulphur atoms. molecules in the structure of Na(HF)[Sn2F9]
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New catalytically active transition-metal
sulphides-based nanomaterials are especially
effective in the hydrodeoxygenation of liquefied

lons containing solely fluorine atoms, I, F,” and F,” and their corre-
sponding cationic and/or multiply charged counterparts were investigated.
The emphasis has been put on gas-phase species. A linear relationship
between the entropy of formation of aqueous anions and the independent

biomass. simple parameters derived from the ionic stoichiometry of the species has

been derived. In comparison with previous equations, newly derived equa-

tions are based on a smaller set of parameters and enable the calculations of entropies of formation of unknown
anions with a precision and accuracy comparable to earlier equations.

Possibilities for the direct preparation of fluoride aerogels were further investigated. Work in this field was
focused on the determination of the main solvothermal conditions that lead to the formation of aerogels based on

aluminium(II) fluoride, AIF,. It was found that very open and voluminous
aerogel structures are obtained only when methanol is one of the applied
non-aqueous solvents, and when the drying of the precursor sols or gels
is performed at supercritical conditions. Products from such preparations
consisted of elongated and partially crystallised fluoride nanoparticles with
remarkably uniform shapes and dimensions. The crystal structure perfectly
corresponded to B-AlF,, although the determined composition, AIF, (OH)
YH,0 (0<x<0,2), indicated a partial F- for HO- ion exchange, which can
be associated with partial hydrolysis. In systems containing methanol, the
formation of thermally and chemically very stable surface methoxide groups
was observed. These groups apparently favour the formation of elongated
particles and prevent their agglomeration, and, simultaneously, block the
surface Lewis acid sites, which is reflected in the strongly reduced catalytic
activity. The importance of these investigations is not solely in the addition
of a new class of materials to the group of so-called “exotic” aerogels, but

Figure 2: Comparison of the structure of KAGF  with structures of also in the established capability of the method for the preparation of fluo-

oxocuprates(1l) and iron(1ll) based superconductors (back cover of the

Journal Chem. Comm. 49 (2013), 6262-6264)
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ride nanoparticles with well-defined sizes and shapes. Fluorides with such
characteristics cannot be obtained by conventional synthetic approaches.

The economic utilization of liquefied wood as a fuel is inhibited by its high oxygen content. However, with
the catalytic hydrodeoxygenation (HDO) process the oxygen content in liquefied wood can be lowered to such an
extent that processed liquefied wood becomes a competitive fuel. New catalytically active transition-metal sulphides
based nanomaterials were prepared and are especially effective in fuel production HDO reactions and represent a

Figure 3: Acta Chimica Slovenica, Issue No. 3,

2013, was dedicated to prof. Boris Zemva on the
occasion of his receiving the Zois Award for lifetime
achievements in the field of inorganic fluorine
chemistry (Design cover: KULT, oblikovalski studio,
Simon Kajina s.p.)

low-cost alternative to noble-metal-based catalysts. The research work was done in cooperation
with the National Institute of Chemistry, Slovenia.

In the EU FP7 project Integ-Risk we continued our work on methods and tools for the man-
agement of new and emerging risks in industry. In that respect we tested in the industrial zone
of Luka Koper (Port of Koper), Slovenia and in the Industrial Zone Pancevo, Serbia, methods for:
i.) analysing the risks between the client and contractors, ii.) an approach to the selection of the
key performance indicators (applied to the process safety), iii.) an approach to the analysis of
energy-supply security, iv.) an approach to the assessment of the health effects due to exposure
to hazardous substances, v.) the domino accident potential among two industrial establishments,
vi.) a tool for the spatial integration of the risk information (process safety aspect) and vii.) an
approach to consider the risk information within the process of land use planning/plan elabora-
tion (at the local community level). In 2013 we mainly reported about the work done on the final
project meetings and submitted reports.

We continued work within EU COST action ES 1006 - Evaluation, improvement and guidance
for the use of local-scale emergency prediction and response tools for airborne hazards in built
environments. Within the action we participate in the assessment of the accuracy of the existing
hazardous substances atmospheric dispersion models into the ambient air in a complex/urban
environment, as well as in the preparation of the best-practice guideline for the selection, model-
ling, use and interpretation of the results, including real-time support to the emergency response
team managers.

In 2013 we started a new EU 7FP project TOSCA (Total Operations Management for Safety
Critical Activities) in which we participate as a partner. The project deals with the integration of
the individual management aspects industrial operations as a total safety, quality and productivity
management system (at the company level), covering the whole life cycle of the product. In the
project we participate during the definition of industrial needs (with a special emphasis on the SME
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companies), the development and integration of the TOSCA methods and
tools, the demonstration and validation of the proposed methods and tools
for the industrial partners (also from Slovenia) and during the evaluation,
standardization and dissemination of the project results.

In this year we were invited to join the end-user platform of the EU 7FP
project EDEN (End User Driven Demo for CBRNe), which started in September
2013. In the project, which deals with the assessment and preparedness for
terrorist risks (aspect of security), we participate on the basis of our previ-
ous experiences in the assessment of such threats to industrial operations.

The IPA project Adriacold “Diffusion of cooling and refreshing technolo-
gies using the solar energy resource in the Adriatic regions”, started in Octo-
ber 2012, was continued in 2013 with partners from Italy, Slovenia, Croatia,
Bosnia & Herzegovina and Albania. The JSI leads the Work Task “Monitoring
and data mining”, which comprises the planning and systematic collection
of performance data for six pilot and testing cooling plants (in the cities of
Dubrovnik and Rijeka (Croatia), Piran (Slovenia), Bazovica, Rimini and Bari

(Italy)), and data analysis. Within the Work Task 4 “Installation of pilot and Figure 4: SEM image of a MoS, catalyst (foto: Gleb Veryasov)

demonstration plants” we developed, along with Slovenian industry, which

designs and markets such equipment, basic and minimal requirements for the monitoring equipment, needed
for an effective evaluation of the cooling equipment efficiency. These requirements are one of the inputs for the
tenders for the installation and operation of sustainable cooling devices. The requirements include sensor quality
specifications and requirements for the safe storage and communication of the operational data.

Byjoining in the EMILIE project (Enhancing Mediterranean Initiatives Leading Innovation and SMEs to building
Energy Efficiency Technologies) in 2013, carried out as part of the transnational cooperation program in the Medi-
terranean region, we became one of the members of the group of six research institutions to test and disseminate
knowledge on innovative and competing technologies, products and solutions in the field of energy efficiency in
buildings. The purpose of the 30-month project is to provide support to small and medium-sized enterprises in the

development, deployment and use of energy efficient technologies, thus

contributing to strengthening the competitiveness and innovation of their ~ We successfully concluded our work within the
products and processes. Within the project, the Institute is preparingalarger EU 7FP project iNTeg-Risk. One of the important
demonstration pilot facility, with several built-in innovative solar thermal ~ goals of the project was the development,
technologies and systems for the use of waste heat. It will serve for the ~integration and demonstration of the proposed
assessment, display and promotion of the concept of a new infrastructural ~ Solutions for analysing and the management of
economic model, which would allow greater use of solar energy and cost €merging risks to society and industry.

reduction for end-users in the tertiary sector.

The work within the project “Methodology of fixation of CO, on fly ash” was continued along with the partners
from the Razvojni center Energija d.o.0. (RCE) (Development Centre Energy d.o.0.), where the department research-
ers provide consulting and support work for technology development on the pilot and semi-industrial scale based on
laboratory-test findings. The process scheme was developed and the laboratory plant constructed, which was used
for optimisation of the self-designed gas injection nozzles and a successful 48-hour test was performed, followed
by a 48-hour semi-industrial test at the premises of the partner company Esotech in Velenje.

The activity in the field of education and the promotion of sciences
should be mentioned. Five co-workers were actively engaged in the work
of the JoZef Stefan International Postgraduate School as lecturers and as
mentors to M.Sc. and Ph.D. students. In addition, the School of Experimental
Chemistry maintained its very important relations with elementary, second-
ary schools and even kindergartens through experimental courses performed
in a specialised laboratory or through direct demonstrations at the schools.
With demonstrations of chemical experiments we participated at the 19th
Slovenian Science Festival, organized by the Slovenian Science Foundation
and at the Researchers night in Ljubljana.

In the past year, we successfully completed the European project
KidsINNscience, in which we have systematically gathered innovative
practices in science education from each of the partner countries. We have
a collection of 80 teaching practices for different levels of education. A total
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of 28 innovative practices were selected for transfer to educational institu- Spain. Students tried to build improvised devices, appropriate for
tions. Good innovative teaching practice helps to increase motivation and cooking in a small bowl (foto: Matevs Kramer). A
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reduce disparities among students (boys/girls, children with special needs, etc.). It should be described clearly
enough, but be flexible enough so that it can be used in different environments. Eight European countries: Austria
(coordinator), Italy, Germany, the Netherlands, Spain, Switzerland, Great Britain and Slovenia, and two others,
Brazil and Mexico, participated in the project.

Some outstanding publications in 2013
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Raman spectrum and crystal structure of [Li(XeF,),](AsF), Inorg. Chem., 52 (2013), 4319-4323
Kurzydtowski, D., Mazej, Z., Jaglici¢, Z., Filinchuk, Y., Grochala, W.: Structural transition and unusually strong
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oxidation with air - A contribution to the development of a process chemical model, Fuel, 107 (2013), 183-191

Patent granted

Andrej Kovi¢, Adolf Jesih, Ale§ Mrzel, The procedure for the synthesis of 4d and 5d (Nb, Mo Ta, W) nitrites
of transition metals in the form of quasi-one-dimensional structures, SI23988 (A), Urad RS za intelektualno
lastnino, 30.8.2013.

Maja Remskar, Marko Virsek, Miha Kocmur, Adolf Jesih, Procedure for synthesis of threadlike tungsten oxide

W5014, US8496907 (B2), US Patent Office, 30.7.2013.
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Emergency Prediction and Response Tools for Airborne Hazards in Built Environments
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IPA ADRIATIC; ADRIACOLD - Diffusion of Cooling and Refresing Technologies Using the
Solar Energy Resources in the Adriatic Regions

Ministry of Economic Development and Technology
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Preparation of Agro-based Active Carbons by Phosphoric Acid Activation and their
Application for Heavy Metal Removal and Improvement of Transition Metal Catalysts
Slovenian Research Agency

Dr. Adolf Jesih

RESEARCH PROGRAM

L

Inorganic Chemistry and Technology
Asst. Prof. GaSper Tavcar

R&D GRANTS AND CONTRACTS

L

Speciation and Interactions of Chemical Contaminants at Trace Level in Aqueous Media
to Support the Developement of Cost-effective Removal Technologies
Dr. Andrej Stergarsek

NEW CONTRACT

L.

Fly ash CO2 Fixation Methodology
RCE - Research Centre Energy, d. 0. 0.
Dr. Robert Kocjanci¢

VISITOR FROM ABROAD

L.

Prof. Natalia Sikh, Valentyna Volynets, Institute for Sorption and Problems of
Endoecology, NAS Ukraine, Kiev, Ukraine, 7. 10.-14. 10. 2013
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The basic research of the department is focused on the experimental and theoretical study of
various physico-chemical processes at surfaces and in atmospheric chemistry. The main attention
in the field of organic chemistry is directed to the halogenated, in particular fluorinated, organic
molecules.

Experimental research in the field of electrochemistry is oriented to various types of corrosion protection -
from surface layers to functional modifications of the surface and corrosion inhibitors. The materials of interest are
used in technological and biomedical applications. Within the project Surfuncti financed by the European Research
Area (ERA) we have investigated a novel alloy for the biomedical applications, Ti-20Nb-10Zr-5Ta. This alloy exhibits
better mechanical properties, i.e., a lower elastic modulus and higher hardness, than commercial titanium alloys.
At the same time it is more corrosion protective under simulated physiological conditions. The composition of the
layer changes depending on the potential and contains sub-oxides and oxides of all the alloy components. At more
negative potentials the layer contains a mixture of sub-oxides (Ti,0,, NbO/NbO,, Ta0/Ta0,) and oxides (Ti0,,
Nb,0,, Zr0,, Ta,0,), with titanium oxide being the predominant oxide. With the increasing electrode potential the
content of sub-oxides decreases and the highest valence oxide prevails. Compared to other elements, the oxidation
of tantalum is inhibited. While other alloying elements are almost completely transformed to the highest valence

oxide, i.e., Ti0,, Nb,0, and Zr0,, tantalum remains mainly in the metal and

Head:
Prof. Ingrid Milosev

sub-oxide, Ta0/Ta0,, forms. Thus, the formation of the pentoxide Ta,0; as
the highest valence oxide is suppressed compared to the oxides of other al-
loying elements. Metal cations of alloying components in the form of oxides
are enriched in the layer relative to the metal content in the bulk alloy. It is
hypothesized that this is the main reason for the exceptional protectiveness
of the passive layer formed on the Ti-20Nb-10Zr-5Ta alloy. The long-term
effects of an alloy implanted in the recipient’s body were investigated in a
minimum essential medium (MEM), using two types of human cells — an Bastille LCC and resulted
osteoblast-like cell line (HOS) and immortalized pulmonary fibroblasts filed in the USA in 2013.

(Wi-38). In terms of biocompatibility, the novel alloy performs similar to

A new hybrid coating for the corrosion protection
of metals in various corrosive media was
developed. This coating is an alternative to the
traditionally most successfully used chromate
coatings; their use is today restricted due to
toxicity and carcinogenicity. This achievement
was included in the international programme

in a patent application

titanium. The project was performed in collaboration with the Institute
of Physical Chemistry "Ilie Murgulescu" from Bucharest and the Faculty of
Health Sciences University of Primorska.

The research also continued on commercial biomedical alloys. The for-
mation of the oxide layer on Ti-based materials — Ti metal and Ti-6Al-7Nb
and NiTi alloys - in acetic acid was studied at two potentials of interest,
0.7 V and 3.0 V. Regardless of the substrate, the main oxide component
formed was titanium(IV) oxide, TiO,. The layer formed on the Ti-6Al-7Nb
alloy contained oxides of minor elements, AL, and Nb,0;, while the layer
formed on Nitinol contained a small amount of nickel. The composition
of the oxide layer is similar on all three substrates, but its thickness differs
according to the oxidation potential and type of substrate. The thickness
increases in the following order as a function of substrate: NiTi < Ti-6Al-7Nb
<'Ti. Anodization in acetic acid, and the resulting formation of Ti0, at the
substrate, beneficially affects the corrosion behavior of all three materials in
asimulated physiological solution. Similar treatment, i.e., anodic oxidation
in sodium hydroxide, was used for the corrosion protection of biodegrad-
able magnesium alloys. The corrosion rate of this material is so high that

its degradation may occur before the end of the healing process. An oxide Figure 1: Various types of corrosion protection developed in our

film formed by anodic oxidation reduced the corrosion rate and slowed
down the dissolution of magnesium, as proved by complexometric titration.

laboratory: (a) formation of a protection anodic layer on a magnesium
alloy by anodic oxidation in NaOH, (b) synthesis of hybrid sol-gel
coating on an aluminium alloy, (¢) formation of conversion coating

Metallic materials used for the manufacture of dental implants have pgged on lanthanum nitrate on the intermetallics on aluminium alloy,
to exhibit a high corrosion resistance in order to prevent metal release. and (d) formation of selfassembled layer of stearic acid on copper.
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Figure 2: Adsorption configuration (a) and normalized histograms of

The oral cavity is aggressive towards metals as it represents a multivariate
environment with a wide range of conditions, including temperature, pH,
the presence of bacteria and the effect of abrasion. An increasing use of vari-
ous Ti-based materials for dental implants and orthodontic brackets poses
the question of their corrosion resistance in the presence of fluoride ions,
which are added to toothpaste and mouth rinse. The corrosion behaviour of
Ti metal, Ti-6Al-7Nb and Ti-6Al-4V alloys investigated in artificial saliva was
significantly affected by the presence of fluoride ions. The layer formed was
less protective than that formed in a fluoride-free solution. At the surface,
calcium fluoride and/or sodium and potassium hexafluorotitanate and

atomic positions relative to Cu( 111 ) surface (b) for cysteine molecule hexafluoroaluminate were formed.
in an acid medium. In insets the medium is excluded to present more Among materials important for use in industry we have studied the

clearly the adsorption configurations of the molecules atthe Cu(111) —  corrosion protection of alloys based on aluminium, copper and zinc. The

surface (turquoise). Legend: amino acid: O (ved), N (blue), S (yellow), C
(green), H (grey); medium: H,0 (white), H 0 (red), Cl(green).

formation of various coatings on the surface of metals and alloys is one way
of corrosion protection for technologically important materials. Due to their

beneficial properties aluminium and its alloys are used in numerous applications in civil engineering, automotive
and aerospace industry, food and electronic industry. These materials exhibit low density, high tensile strength,
excellent thermal and electrical conductivity and high strength-to-weight ratio. For many decades the chromate
coatings represented the most effective corrosion protection of aluminium alloys. Since their production implies

the use of toxic compounds, the use of chromate coatings was banned or

Our co-worker dr. A. Kokalj is ranked as the most
cited scientist in the field of Chemistry (source:
SICRIS). Among the top twenty most cited
authors, there are three co-workers from our

restricted in 2002 by European regulations. Today, new alternatives for
chromate coatings are investigated, which would achieve comparable cor-
rosion protection while being environmentally acceptable. In that context
the development of sol-gel coatings is important. In our laboratory we are
devoted to the development of hybrid sol-gel coatings that enable effective

department.
P corrosion protection of aluminium and its alloys (AA2024 and AA7075).

Hybrid coatings developed in the laboratory were awarded as best innovative

project at the Sixth International Technology Transfer Conference & Innovation Day 2013. This innovation was
included in programme Bastille LCC and the patent application was filed in the USA.

Lanthanoid salts are also considered as a potential replacement for toxic and carcinogenic chromate coatings.
The effectiveness of inhibition increases in the following order: CeCl,, La(NO,),, LaCl,, Ce(NO,), in Nd(NO,),.
CeCl, acts as a cathodic inhibitor, while other salts act as mixed cathodlc/ anodm 1nh1b1t0rs An important result

Figure 3: Electronic structure of benzimidazole
molecule interacting with Cu(111) surface. charge
density difference (1op) and molecule and Cu
projected density of states (bottom.).
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was that a mixture of salt has a synergetic effect. Conversion coatings were prepared at different
times of immersion and different temperatures. At room temperature the most effective protection
was achieved by Ce(NO,), coatings. At higher temperature, 60 °C, conversion coatings based on
La(NO,), and Ce(NO,), exh1b1ted better protection. The mechanism of inhibitions was dependent
onthe: type of 1nh1b1tor The Ce(NO,), coating is formed at the whole surface, while La(NO,), and
Nd(NO,), coatings are formed at the 1ntermetalhc sites of copper and zinc.

Investlgdtlons of natural compounds as potentials inhibitors of the corrosion of metals open
new possibilities for the elimination of toxic and hazardous organic inhibitors. Among these so-
called green inhibitors we have investigated phytic acid or inositol hexakisphosphate (IP,). It is
found in natural plants, especially seeds and bran. Self-assembled monolayers are liable to form
dense and stable films on the surface, which can protect the metal against the corrosion process.
The corrosion resistance in a 3% NaCl solution was studied by electrochemical measurements
as a function of the preparation method, including surface roughening, time of immersion and
inhibitor concentration. The results indicate that the most effective pretreatment was the oxidation-
reduction cycle in 2-M H,30, which increased the roughness of the copper surface and its contact
angles. The best corrosion effectiveness was achieved at a concentration of phytic acid of 0.1 mM
and an optimum immersion time of 6 hours. Self-assembled layers of phytic acid can be used as a
cheap, non-toxic inhibitor against the corrosion of copper in chloride solution reaching inhibitor
effectiveness around 80 % under optimal conditions. X-ray photoelectron analysis proved that IP,
chemically bonds to the metal surface. Within the search of environmental friendly inhibitors the
carboxylic acids were also tested for the corrosion of copper, zinc and brasses in artificial rain.
The carboxylic acids form by self-assembling a hydrophobic layer on the surface which improves
the corrosion resistance of underlying metals. The surface of metals was modified by immersing
the samples in ethanol solution of different carboxylic acids: hexanoic, decanoic, myristic and
stearic. The corrosion resistance increases with the length of the aliphatic tail of carboxylic acid.
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We investigated the influence of surface roughness on the formation of
hydrophobic layer and corrosion resistance. For a given carboxylic acid,
samples with higher surface roughness have better corrosion resistance. The
process of self-assembling is fast, as corrosion protection was achieved after
only one minute of immersion in an inhibitor solution. Myristic and stearic
acids exhibited over 95 % inhibition effectiveness on copper and brass. For
zinc these acids were less effective (about 60 %).

Experimental electrochemical methods combined with quantum
chemical calculations and molecular dynamics simulations were used to
investigate the possibility of exploring various amino acids as “green” cor-
rosion inhibitors for copper in hydrochloric acid. Among eleven amino acids
studied, cysteine achieved the highest inhibitor effectiveness reaching 52%
at 10-mM concentration. Other amino acids reached an effectiveness less
than 25%, some of them even acted as corrosion accelerators. Based on the
experimental results, theoretical calculations and simulations were focused

on cysteine and alanine. The electronic and reactivity parameters of their gigure 4: NO -assisted nitrite-nitrate isomerisation transition state.

protonated forms in an electrical double layer were evaluated by density
functional calculations. In addition, molecular dynamic simulations were introduced to follow the adsorption
behaviour of these two amino acids at the Cu(111) surface in the electrolyte solution. The results indicate that the
orientation of both molecules is nearly parallel to the surface, except that of the ammonium group, which is directed
away from the surface. Therefore, as the orientation of the cysteine and alanine molecules at the surface is similar,
the thiol functional group is responsible for the superior inhibition efficiency of cysteine.

We continued with the study of organic corrosion inhibitors (i.e., molecules that have the ability to inhibit the
corrosion). Our principal aim is to better understand how organic corrosion inhibitors act against corrosion at the

molecular level and to discern the fundamental principles that govern their

corrosion inhibition characteristics. In the past few years we have studied By means of first-principle density-functional-

by means of first-principle density-functional-theory (DFT) based computer ~ theory-based computer simulations we have
simulations the interaction of several azole type corrosion inhibitors with ~ ascertained many details about the interaction
surfaces of copper, iron, and aluminium. Our findings indicate that the ~of azole corrosion inhibitor molecules with the
inhibitor-surface bonding strongly depends on the type of metal. Due to  surfaces of various types of metals, which is now
obvious modelling reasons the majority of DFT calculations were performed  much better understood at the atomic level.

at the solid/vacuum interface. Nevertheless, we have recently extended these
calculations and also considered the solid/liquid interface, because corrosion takes place at this phase boundary. In
this context, we examined the interaction of imidazole, triazole, and tetrazole inhibitors with surfaces of copper.
Molecules in protonated, neutral, and deprotonated forms were considered so as to ascertain how the molecule-
surface interaction depends on the »acid-base« molecular form. We have shown that chemisorptive bonding is the
strongest for deprotonated inhibitors. This preference is particularly strong for triazole and tetrazole, while for
imidazole the aqueous-phase adsorption free energy of the neutral form is comparable to that of deprotonated
form. This suggests that for imidazole - because of its more basic nature - the neutral form and for triazole and
tetrazole their deprotonated forms are the active species for inhibiting corrosion.

With respect to a long-term goal of developing more predictive models for screening new corrosion inhibitors
with potentially superior corrosion inhibition characteristics, we were able - on the basis of the ascertained atomic
scale details of the inhibitor-surface interactions - to pinpoint some inconsistencies in the usual application of a few
electronic parameters that are frequently used in this context and are based on the so-called HSAB (/iard and soft
acids and bases) concept. Theoretical formalization of the HSAB concept has been derived for molecular systems,
yet in the context of corrosion inhibitors one deals with surfaces that are extended systems. This leads to some
ambiguities, which are the source of the above-mentioned inconsistencies. We have shown how these HSAB-based
electronic parameters can be consistently applied in the case molecular-surface systems.

Our theoretical investigations of atmospherically relevant radical
reactions were based on quantum chemical methods and in this year were
focused on the examination of the mechanism of the singlet radical-radical
reaction of the CH,Cl0, with NO. The chlorine-containing peroxy radical
CH,CIO, appears in the atmosphere as an intermediate in the oxidation of
methyl chloride originating from oceans, volcano eruptions and vegetation
burning. In general, the mechanism can be summarized as the initial as-
sociation of radicals, followed by isomerization and/or the dissociation of

intermediates. The association by forming the N-O bond is an energetically Figure 5: Green, efficient and selective aerobic oxidation of alcohols
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favorable process occurring without barrier. The CH,CIOONO intermediate possesses two conformational forms, the
very low rotational barrier makes their interconversion likely. While the only pathway for the cis-perp CH,CIOONO
is homolytic dissociation to form the CH,CIO + NO, products, the trans-perp CH,CIOONO is also open for the rear-
rangement to nitrate. The barrier for rearrangement that must be surmounted is very high, but it has been shown
that one NO, molecule stabilizes the transition state for nitrite-nitrate transformation. NO -assisted isomerization
reduces the activation energy significantly, being below the free reactants energy level, implying that the nitrite-
nitrate isomerization process would be possible. The subsequent decomposition of CH,CIONO, results in three
reaction channels. The lower energy channel is the elimination of nitrous acid with the simultaneous production
of CHCIO, while the elimination of formaldehyde accompanying with the formation of either c-CIONO or CINO,
products is somewhat less favorable.

In the framework of the Laboratory for Organic and Bio-organic Chemistry we continued the investigation on
the application of the principles of green chemistry to the transformations of organic compounds. We developed

a green, efficient and selective method for the oxidation of alcohols to cor-

We have demonstrated that the nitrite-nitrate  responding carbonyl derivatives using air oxygen under the catalytic support
isomerization in the CH,CIO, radical reaction  of a three-component system: ammonium nitrate / nitroxyl radical /
with NO is significantly facilitated by the  strong acid. The method was verified on the broad selection of different
assistance of a single NO, molecule compared structural types of alcohols, including those bearing heteroatoms. The
to the unimolecular isomerization.  scale-up experiment was performed, revealing the potential convenience also

for industrial application. On the basis of this knowledge we invented and
developed a new method for the aerobic chlorination of organic compounds using the reaction system: air / am-
monium nitrate (cat) / moleculare iodine (cat) / 36% aqueous HCl and established its efficiency and selectivity
in the case of the transformation of methyl ketone derivatives in their chloromethyl analogues. Each component
of the reaction system was found to be essential for its efficiency. We proved that the first step of the reaction is
aerobiciodination, catalysed by the redox cycle of nitrogen oxides, followed by a halogen-exchange process and the
oxidative regeneration of released iodide so continuing the process. We further investigated the use of polyvalent
iodine compounds as iodinating reagents and invented a new method for the catalytically supported oxidation of
iodine in iodine(I) compounds using hydrogen peroxide or oxygen and the application of these compounds for
the iodination of organic compounds, thus overcoming the low reactivity of molecular iodine and increasing the
green profile of the iodination process.

We investigated the transformations of alcohols with N-halosuccinimides in aqueous media or under solvent-free
reaction conditions. Tertiary benzyl alcohols could be directly transformed to vicinal halohydrines in aqueous media
or invicinal halo-methoxy derivatives in methanol solvent. We discovered that

We have developed a green, efficient and  N-halo compounds could be efficient catalysts for transformations of primary,
selective method for the oxidation of alcohols to  secondary and tertiary benzyl alcohols into the corresponding derivatives,
the corresponding carbonyl derivatives using air  where the hydroxyl group is directly substituted with a different nucleophile.

oxygen under the catalytic support of a three- In the framework of the syntheses of organic peroxides as potential
component system: ammonium nitrate / nitroxyl bioactive compounds we were continuing the investigation of an efficient

radical/ strong acid. transformation of different substrates to structurally varied model organic
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peroxides and tested antibacterial bioactivity.

In the framework of the Centre of Excellence CIPKeBiP and the collaboration of the high-tech company ACIES
BIO we were continuing investigations of the directed synthesis of potential bioactive compounds from the family
of pantothenic acid and derivatives of maleic acid as precursors in polyketide biosynthesis. We have continued
the collaboration with the company Semenarna on the synthesis of gamethocydic active compounds used in the
processes of the production of plant hybrids and with the company ECOT in the development of new products
used in non-human cosmetics. At the Jozef Stefan International Postgraduate School we teach two organic green-
chemistry courses.

Some outstanding publications in the past year

1. Milosev, I, Zerjav, G., Calderon Moreno, ]. M., Popa, M.: Electrochemical properties, chemical composition
and thickness of passive film formed on novel Ti-20Nb-10Zr-5Ta alloy, Electrochim. Acta, 99 (2013), 176-189

2. Milosev, I, Blejan, D., Varvara, S., Muresan, L. M.: Effect of anodic oxidation on the corrosion behaviour of
Ti-based materials in simulated physiological solution, J. Appl. Electrochem., 43 (2013), 645-658

3. Kovacevi¢, N., Kokalj, A.: Chemistry of the interaction between azole type corrosion inhibitor molecules and
metal surfaces, Mater. Chem. Phys., 137 (2012), 331-339

4. Lesar, A.:: Mechanistic study on the reaction of the CH,ClO, radical with NO, Chem. Phys. Lett., 579 (2013), 28-34
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5. R Prebil, Laali, K. K., S. Stavber, Metal and H,0, free aerobic oxidative aromatic halogenation with [RNH,']
[NO ‘J/HX and [BMIM(SO H)][NO ), (X) ] (X Br (1) as multifunctional ionic liquids. Org. Lett., 15 (2013)

2108 2111

6. Bedrac, L., Iskra, . odine(I) reagents in hydrochloric acid-catalyzed oxidative iodination of aromatic com-
pounds by hydrogen peroxide and iodine, Advanced Synthesis & Catalysis, 355 (2013), 1243-1248

Awards and appointments

Leon Bedrac¢: Krka Awards for PhD Thesis, Novo mesto, Slovenia, 2013

2. Sebastjan Peljhan: Maks Samec Awards for PhD Thesis in the field of Chemistry, Ljubljana, Slovenia, 2013

3. Peter Rodi¢, Ingrid Milosev, Jernej Iskra, Barbara Kapun: 1st prize at the 6th International Conference for
technology transfer together with Innovation Day of the Chamber of Commerce of Slovenia for innovation
with largest market potential after the selection of local and foreign experts in the field of technology transfer

and representatives of domestic and foreign venture capital, 2013

Organization of conferences, congresses and meetings

1. Fourth Regional Symposium on Electrochemistry, South-East Europe - RSE-SEE, Ljubljana, Slovenia, 26.5.-30. 5.

2013

Patent granted

1. PrimozTitan, Jernej Iskra, Vladimir Meglic, Chemical hybridization of hermaphrodite plant species with easily
soluble derivatives of oxanilic acid, SI24033 (A), Urad RS za intelektualno lastnino, 30.10.2013.

INTERNATIONAL PROJECTS

CARISMA; Catalytic Routines for Small Molecule Activation
COST Office
Asst. Prof. Jernej Iskra
2. Transformations of Organic Compounds under Green Reaction Conditions
Slovenian Research Agency
Prof. Stojan Stavber
3. Improvement of Functionality of Biomedical and Engineering Materials
Slovenian Research Agency
Prof. Ingrid Milosev

RESEARCH PROGRAMS

Multiphase Nanoarchitectures: Development, Physical-Chemical Characterization and
Simulation of Processes
Prof. Ingrid Milosev
2. Bioanorganic and Bioorganic Chemistry
Prof. Stojan Stavber

R&D GRANTS AND CONTRACTS

1. Modifications of Surface of Metallic Biomaterials and Their Interaction with Bio-
Environment
Prof. Ingrid Milosev

2. Use of Green Energy Sources: New Functional Nanomaterials on the Base of
Polyoxometalates and TiO2 Nanostrucutres for Production of Hydrogen by Catalytic
Oxidation of Water -NANOleaf
Asst. Prof. Jernej Iskra

3. New Technology for Design of Novel Polyketide Drug-Leads with Chemically Ameanable
Moieties
Prof. Stojan Stavber

4. SURFUNCTL: Controlled Surface Structuring and Surface Functionalisation of Advanced
Biomedical Titanium Alloys for Ortopaedic Implants
Prof. Ingrid Milosev

NEW CONTRACTS

1. Development of New Synthetic Protocols
Acies Bio, d. 0. 0.
Prof. Stojan Stavber
2. New Technology for Design of Novel Polyketide Drug-Leads with Chemically Amenable
Moieties
Acies Bio, d. 0. 0.
Prof. Stojan Stavber

VISITORS FROM ABROAD

1. Selma Ozarslan, Ph. D. Student, Mustafa Kemal University, Science and Art Faculty,
Department of Physics, Antaky - Hatay, Turkey, 18. 3.-23. 9. 2013

2. Prof. Osman Sahin, Mustafa Kemal University, Science and Art Faculty, Department of
Physics, Antaky - Hatay, Turkey, 5. 6. 2013

3. Prof. Silvia Cere, INTEMA, Division of Electrochemistry and Corrosion, Universidada
Nacional de Mar del Plata, Argentina, 24. 6.-6. 7. 2013
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STAFF

Researchers

Asst. Prof. Jernej Iskra

Dr. Anton Kokalj

Dr. Antonija Lesar

Prof. Ingrid MiloSev, Head

. Prof. Stojan Stavber
Postgraduates

6. Dr. Leon Bedrac, left 01.09.13

7. Dr. Natasa Kovacevic, left 01.07.13
8. Jerca Pahor, B. Sc.

N S

BIBLIOGRAPHY

9. Dunja Peca, B. Sc.

10. Rok Prebil, B. Sc.

11. Peter Rodic, B. Sc.

12. Katarina Starkl, B. Sc.

13. Simona Tusar, B. Sc.

14. Barbara Volaric, B. Sc.

15. Dr: Dejan Vrazic, left 01.04.13
16. Gregor Zerjav, B. Sc.
Technical officer

17. Barbara Kapun, B. Sc.

ORIGINAL ARTICLE
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12. Ingrid MiloSev, Barbara Kapun, Vid Simon Selih, "The effect of fluoride

ions on the corrosion behaviour of Ti metal, and Ti6Al7Nb and
Ti6Al4V alloys in artificial saliva", Acta chim. slov., vol. 60, no. 3, pp.
543-555,2013.

13. Ingrid MiloSev, Jasminka Pavlinac, Milan Hodo$¢ek, Antonija Lesar,
"Amino acids as corrosion inhibitors for copper in acidicmedium:

experimental and theoretical study”, J. Serb. Chem. Soc., vol. 78, no. 12,

pp. 2069-2086, 2013.

14. Ingrid Milo$ev, Gregor Zerjav, Jose Maria Calderon Moreno, Monica
Popa, "Electrochemical properties, chemical composition and
thickness of passive film formed on novel Ti20Nb10Zr5Ta alloy”,
Electrochim. acta, vol. 99, pp. 176-189, 2013.

15. Igor Pravst, Stojan Stavber, "Fluorination of 4-alkyl - substituted

phenols and aromatic ethers with fluoroxy and N-F reagents: caesium

fluoroxysulfate and N-fluoro-1,4-diazonia-bicyclo[2.2.2]octane

dication salts case", J. fluorine chem., vol. 156, pp. 276-282, 2013.
16. Rok Prebil, Kenneth K. Laali, Stojan Stavber, "Metal and H,0, free

aerobic oxidative aromatic halogenation with [RNHZ][NO3]/HX and
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[BMIM(SO3H)][NO3),(X),] (X = Br, CI) as multifunctional lonic
liquids", Org. lett.,, vol. 15, no. 9, pp. 2108-2111, 2013.

17. Peter Rodi¢, Marsel Bratusa, Miha Luksi¢, Vojko Vlachy, Barbara
Hribar, "Influence of the hydrophobic groups and the nature of
counterions on ion-binding in aliphatic ionene solutions", Colloids surf.,
A Physicochem. eng. asp., vol. 424, no. 1, pp. 18-25, 2013.

18. Matevz Topolovec, Ingrid MiloSev, Andrej Cor, Roy D. Bloebaum,
"Wear debris from hip prostheses characterized by electron imaging”,
Cent. Eur. J. Med., vol. 8, no. 4, pp. 476-484, 2013.

19. Dejan Vrazi¢, Marjan Jereb, Kenneth K. Laali, Stojan Stavber, "Brgnsted
acidic ionic liquid accelerated halogenation of organic compounds
with N-halosuccinimides (NXS)", Molecules (Basel), vol. 18, no. 1, pp.
74-96,2013.

REVIEW ARTICLE

1. Katarina Starkl, Janez Mravljak, "Zdravljenje in preprecevanje
malarije", Farm. vestn., vol. 64, no. 5, pp. 371-379, dec. 2013.

PUBLISHED CONFERENCE CONTRIBUTION

1. Njomza Ajvazi, Stojan Stavber, "Transformations of alcohols mediated
by N-halosuccinimides: reactions in solution or under solvent-free
conditions", In: Zbornik, 5. S$tudentska konferenca Mednarodne
podiplomske Sole Jozefa Stefana = 5th JoZef Stefan International
Postgraduate School Students Conference, 23. maj 2013, Ljubljana,
Slovenija, Nejc Trdin, ed., et al, Ljubljana, Mednarodna podiplomska
Sola Jozefa Stefana, 2013, pp. 239-249.

. Tatsuo Matsushima, Hideo Orita, Anton Kokalj, "An experimental
approach to transition states of surface reactions: energy partitioning
in repulsive desorption", In: Proceedings of the SSS] 32, 32th Symposium
of Surface Science of Japan, 2012, (E-Journal of surface science and
nanotechnology, vol. 11, 2013), Tokyo, Surface Science Society of Japan,
2013, vol. 11, pp. 65-71, 2013.

. Joze Pezdi¢, Ana R. Medved, Edi Buri¢, Antonija Lesar, Janja Zula, Lucija
Petrinjak, Tine Pezdi¢, Robert Moravec, Gasper Tavcar, Simon Zavsek,
"Improvements in high pressure sorption investigations of coal: case
study of the Velenje lignite", In: eProceedings, 5th Jubilee Balkan Mining
Congress, Ohrid, Macedonia, 18th-21st September 2013, Milan Medved,
ed., Milivoj Vuli¢, ed., Jakob Likar, ed., Skopje, Association of mining and
geological engineers of Macedonia, 2013, pp. 1-8.

N

w

INDEPENDENT COMPONENT PART OR A CHAPTER IN A
MONOGRAPH

1. Andrej Cér, Julija Hmeljak, Mitja Rak, Maja Cemazar, Ingrid Milogev,
"Pathophysiological mechanisms of joint impant loosening”, In: The
Partners and the Objectives of the Trans2Care, and Italy-Slovenia cross-
border network of science and healthcare institutions, Sabina
Passamonti, ed., Trieste, Edizioni Universita di Trieste, 2013, pp. 99-
102.

. Ingrid Milo$ev, Vesna Levasi¢, Andrej Cor, Venceslav PiSot, "Mechanical,
biological, material and clinical aspects of performance of joint

N

Annual Report 2013



prostheses", In: The Partners and the Objectives of the Trans2Care, and
Italy-Slovenia cross-border network of science and healthcare
institutions, Sabina Passamonti, ed. Trieste, Edizioni Universita di
Trieste, 2013, pp. 105-108.

. A. Somasekar Rao, H. Rama Mohan, Jernej Iskra, "Hydrogen peroxide”,
In: Handbook of reagents for organic synthesis, Catalytic oxidation
reagents, (Handbook for reagents for organic synthesis series), Philip L.
Fuchs, ed,, Chichester, New York, Wiley, cop. 2013, pp. 284-295.

4.Y. Takakubo, Ale$ Berce, Rihard Trebse, Y. Tamaki, Ingrid Milosev, A. Al-
Samadi, Veli-Matti Tiainen, Y.T. Konttinen, "Wear and corrosion in the
loosening of total joint replacements (TJRs)", In: Bio-tribocorrosion in
biomaterials and medical implants, (Woodhead publishing series in
biomaterial, 60), Yan Yu, ed., Cambridge, Woodhead Publishing Limited,
2013, pp. 74-110.

w

PATENT APPLICATION

1. Peter Rodi¢, Ingrid MiloSev, Hybrid sol-gel compositions and corrosion-
resistant coatings based upon same, US61/842.025, US Patent Office,
2.7.2013.

2. Primoz Titan, Jernej Iskra, Vladimir Megli¢, Chemical hybridization of
hermaphrodite plant species with easily soluble derivatives of oxanilic
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acid, W02013162479 (A1), World Intellectual property organization,
31.10.2013.

PATENT

1. Primoz Titan, Jernej Iskra, Vladimir Megli¢, Chemical hybridization of
hermaphrodite plant species with easily soluble derivatives of oxanilic
acid, S124033 (A), Urad RS za intelektualno lastnino, 30.10.2013.

MENTORING

1. Leon Bedrac, lodine(I) compounds: catalysts for iodination of organic

molecules: doctoral dissertation, Ljubljana, 2013 (mentor Jernej Iskra).

2. Nata$a Kovacevi¢, Interactions of azole corrosion inhibitors with
transition metal surfaces: doctoral dissertation, Ljubljana, 2013
(mentor Anton Kokalj; co-mentor Ksenija Kogej).

3. Dejan Vrazi¢, The Role of lodine and N-Halo Compounds in

Transformations of Organic Molecules: doctoral dissertation, Ljubljana,

2013 (mentor Marjan Jereb; co-mentor Stojan Stavber).
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ELECTRONIC CERAMICS
DEPARTMENT

The Electronic Ceramics Department is active in the research of the synthesis, properties and
applications of materials for electronics and energetics, mainly complex multifunctional materials
and structures. The materials of interest include ceramic piezoelectrics, ferroelectrics, relaxors,
multiferroics and conductive oxides. The emphasis is on creating the properties by the synthesis
and structure on the nano-, micro- and macro-levels. The group also works on the principles of the
basic technologies of ceramic pressure sensors, ceramic MEMS and flexible electronics.

In the framework of lead-free piezoelectric materials we were particularly interested in alkali-niobate-based
ceramics, which are still considered as one of the most important candidates for the replacement of lead-based
perovskites in piezoelectric applications. In collaboration with Keio University from Japan we developed a new
synthesis method for the preparation of fine and single-phase potassium sodium niobate (K, ;Na, ;NbO,)
powders. The method consists of the attrition milling of fine Nb,0; particles suspended in an ethanol solution of
sodium and potassium acetates. We obtained a single-phase KNN powder by calcining the milled powder twice at
temperatures as low as 450-650°C, which are 100-200°C lower than those typically used during the conventional
solid-state synthesis of KNN.

Using optical dilatometry and a detailed microstructural analysis we studied the sintering behaviour of sodium
niobate (NaNb03) powders with particles of nanometre and submicrometre sizes. We found that the initial particle
size did not affect the evolution of the microstructure upon annealing, suggesting a key role of the mechanisms
responsible for the grain growth in the initial stage of the sintering. By measuring the specific surface area of the
specimens, which were annealed at different temperatures, we found that the observed grain growth is due to the
surface diffusion. Owing to the low activation energy (50-60 kJ/mol), in fact,

Head:
Prof. Barbara Malic

this grain-growth mechanism is activated in the initial stage of the sintering
and, thus, decreases the driving force for the sintering and prevents any fur-
ther densification of the powder compact. NaNbO, ceramics with a relative
density of 98% and an average grain size of 0.70.29 um were successfully
prepared by hot pressing at 1150°C. The results significantly contribute to
the general understanding of the sintering of alkali-niobate-based ceramics
and suggest ways to control the microstructure of this important group of

As a co-author, Tadej Rojac published a

review article on mechanochemical synthesis
entitled “Hallmarks of mechanochemistry: from
nanoparticles to technology” in the high-impact
journal Chemical Society reviews, 2013, 42,
7571 (impact factor for 2012: 24.89).

lead-free piezoceramics.

Within the activities on lead-based piezoelectric ceramics, we focused on the solid-state synthesis and
characterization of the Pb(Zr,T1)0, (PZT) ceramics, mechanically toughened by tetragonal-stabilized zirconia
(TZ) particles. In order to achieve a homogeneous distribution of TZ grains within the PZT matrix, we developed a
modified solid-state synthesis procedure, consisting of pre-milling, pH adjustment and a modification of the surface
of the TZ powder. According to the Voronoi-diagram analysis of the microstructures of the ceramics, the modified
synthesis route provided a more homogeneous TZ distribution in the PZT matrix, as compared to the composites
processed by conventional means (figure 1). The R-curve measurements, performed at the Technische Universitit
Darmstadt, however, did not show a measureable difference in the fracture behaviour of the two PZT-TZ composites.

Within the 7FP EU project CERAMPOL and in collaboration with the com-
pany HIPOT-RR we continued our work on the integration of piezoelectric
PZT actuators in waste-water cleaning systems. Based on the vibration
measurements of a corundum substrate with integrated piezoelectric actua-
tors, we were able to evaluate the influence of various parameters, such as
the type of the piezoelectric material and the position of the actuators, on the
amplitude and frequency of the substrate vibration resonances. A numeri-
cal analysis of the different substrate/actuator structures showed trends in
the vibration behaviour. A combination of the numerical analysis and the

experimental verification made it possible to identify the main parameters £igure 1- The area size distribution of the Voronoi polygons of PZITZ

of the vibration system, like those mentioned above, which wi
optimized within the project.
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The 0.57Pb(Sc1/2Nb1/2)03-0.43PbTi03 (PSN-PT) is a perovskite
material that can be used in various piezoelectric applications, including
sensors, actuators and ultrasound transducers. The integration of such
functional materials onto substrates in the form of thin or thick films
often results in thermal stresses in the film, which have their origin in the
mismatch between the thermal expansion coefficient of the active layer
and the substrate, and may significantly affect the functional response of
the material. In order to understand and control these stresses, the linear
expansion coefficient of the PSN-PT must be known, in both the unpoled
and poled states. We found that the thermal expansion coefficient of PSN-PT
increases from 30°C up to the Curie temperature of 260 °C, where it reaches
2.08 - 10° K. The phase transition was identified as an anomaly in the ex-
pansion between 260 °C and 280 °C. The coefficient of thermal expansion
then increases with a further increase in the temperature, reaching 9.66 -
10° K" at 400 °C. These data will be essential for the integration of PSN-PT
in thin- or thick-film structures.

In collaboration with the Ecole Polytechnique Fédérale de Lausanne,
Switzerland, we studied the elastic properties of Ph(Mg, /3Nb, )0, (PMN)
ceramics. It was shown that the PMN ceramics exhibit true anelastic relaxor
behavior with the parameters of the Vogel-Fulcher equation similar to those
for dielectric relaxation.

We continued our research on multiferroic BiFeO, ceramics, focusing
on the (Bi,RE)Fe0, (RE=Sm, Gd, Dy) compositions, which exhibit morpho-
tropic phase boundaries. By combining the milling of the starting powders
in ethanol with the addition of polyacrilic acid and subsequent mechano-
chemical activation, we succeeded in preparing homogeneous powders with
the sintering temperatures as low as 800°C. The powders were then used to
prepare homogeneous and dense bulk ceramics. Like in the case of BiFe0,,
the ceramics modified by the RE oxides exhibited large electric-field induced

strains, which exceeded 0.3%. The advantage of these modified ceramics

Figure 2. Xray diffraction paitern (a) and microsiructure (b) of CudlO, ey the ynmoditied BiFeO, is that the strain shows little dependence on

ceramics, sintered at 1100°C for 2 hours in air. The inset shows a photo o e 3 ] P
of the coramic sample. the driving electric-field frequency; as compared to unmodified BiFe0,, the

response of RE-modified ceramics is thus more stable.

In collaboration with the Department for Condensed Matter Physics we studied the electrocaloric (EC) re-
sponse of 0.7Pb(Mg, .Nb, .)0,-0.3PbTiO, bulk ceramics, processed from mechanochemically activated powders.
The highest temperature change of 2.7 K was observed in the vicinity of the critical point, i.e., at 430 K, and under
an applied electric field of 90 kV/cm. In addition, we investigated the EC response of the environmentally friendly
lead-free relaxor K [Na, ;NbO,-SrTiO, (KNN-STO) ceramics. The results confirmed the large EC response in the
vicinity of the dielectric anomaly. The EC temperature change at room temperature is comparable to that measured
in lead-based ceramics.

In the framework of lead-free ferroelectric thin films prepared by
Chemical Solution Deposition, we collaborated with the Ecole Centrale Paris,
France, and investigated the phase transitions of KNN thin films deposited
onto (111)Pt/Ti0,/Si0,/Sisubstrates. The purpose was to compare the phase-
transition behaviour of the KNN films with two different microstructures, i.e.,
columnar and granular. Raman spectroscopy and X-ray diffraction analysis
confirmed the presence of both phase transitions as observed in the KNN
powder, i.e., the monoclinic-to-tetragonal (T, ) and the tetragonal-to-cubic
(T,)- Whereas the T, _, transition of the film with the columnar microstruc-
ture was similar to that observed in the KNN powder, the Curie temperature (T,_) was slightly lower. We attribute
this lowering of the T, to the presence of tensile stresses, which develop as a consequence of the thermal expansion
coefficient mismatch between the film and the substrate.

Within the project FERROPATCH in the frame of the program JP PECS of the European Space Agency (ESA)
we prepared Ba, Sr, [Ti0, (BST) thin-film varactors on alumina substrates. Single-phase and dense films with
homogenous microstructures and thicknesses between 70 nm and 600 nm were prepared by annealing the as-
deposited films at temperatures up to 900°C. The highest dielectric permittivity was measured in the 170-nm-thick

sample and was 1310 at 100 kHz and 1210 at 10 GHz. In addition, we also studied the synthesis of BST nanoparticles,

Using the inkjet printing of water-based
dispersions of submicron lead zirconate

titanate (PZT) particles we prepared films with
thicknesses of a few micrometres. We confirmed
the local piezoelectric response of such PZT films
by means of piezo-response force microscopy.
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which were prepared via the thermal degradation of acetylacetone precur-
sors in oleylamine under the presence of stearic acid, used as surfactant.
The particles were amorphous and crystallized into the perovskite phase
after annealing at 700 °C.

The work within the 7FP EU ORAMA project was concentrated on the
synthesis of oxide semiconductors and dielectrics for transparent electron-
ics. CuAlO,, which s a p-type semiconductor, was synthesized by annealing a
stoichiometric mixture of nano-boehmite (AIOOH) and Cu,0 at 1100°Cin an
argon atmosphere. In contrast to the conventional synthesis from a mixture
of oxide powders, this synthesis method represents an efficient way toward
the phase-pure delafossite. By sintering the as-prepared powder compacts
at 1100°C for 2 hours in air, we succeeded in preparing X-ray-diffraction
phase-pure ceramics with 86% of relative density, which can be used as
sputtering targets (figure 2).

Our studies related to thin dielectric films with a high permittivity for
transparent electronic components were focused on thin films based on Ta,0,
and Ta,0.-A1,0,-5i0,, which were prepared by Chemical Solution Deposition.
The films, deposited onto glass substrates and processed at temperatures up
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Figure 3: PZT thick film on the Pt/AI203 substrate prepared by inkjet

t0 400°C, showed an optical transmittance of ~80 %, a dielectric permittivity printing. a)scanning electron microscopy (SEM) image of the cross-
of ~20 and a low leakage current. These films are thus suitable for use in section b) atomicforce miscoscopy (AFM) image and c) out-of plane
thin-film capacitors or transistors. In addition, we adopted inkjet printing a@mplitude PEM image of the surface of the PZT thick film; d) local
for the deposition of thin films of n-type conducting oxides based on Zn0 433(V) hysteresis loop oblained from a selected area on the film.

and SnO, onto various substrates.

Within the research on the processing of piezoelectric thick films by the electrophoretic deposition (EPD)
process, we systematically studied the influence of the polyacrylic acid / organic base ratio on the electrical con-
ductivity of the dispersion and on the thickness uniformity of the as-deposited layers. At the optimal polyacrylic acid
/ organic base ratio we obtained a stable dispersion of donor-doped PZT particles in ethanol with a low electrical
conductivity. The deposited layer had a thickness of 30 um and was uniform and homogeneous. The dispersions were
used for the processing of thick films on curved porous PZT substrates. In the next step and in collaboration with
researchers from Francois-Rabelais University from Tours, France, we fabri-

cated geometrically-focused high-frequency ultrasound transducers (US) for
medical diagnoses. With the colleagues from Tours we also investigated the
functional properties of 0.65Pb(Mg, ,Nb, ,)0,-0.35PbTiO, (PMN-PT)
thick films for US transducers. The results suggest that the PMN-PT thick-

films transducers are superior to those made from the standard Pb(Zr,Ti) LTCC technology.

We fabricated a ceramic micro reactor with
large cavities for the catalytical production of
hydrogen from methanol and water by using

0, (PZT) piezoelectric material.

We studied the preparation of PZT ceramics with a controlled amount, size and distribution of pores,
which could be used as substrates for high-frequency ultrasound transducers. The method consists of the hetero-
coagulation of PZT and polymethyl methacrylate (PMMA) particles.

We developed a procedure for the processing of aqueous dispersions of ceramic particles, suitable for the pat-
terning of thick films by piezoelectric inkjet printing. We reduced the average particle size of a micron-sized PZT
powder to a few tens of nanometres by milling and provided an effective dispersion of PZT particles in water by
controlling the pH of the dispersion, and the type and amount of dispersant. The ink with an optimized average
PZT particle size, surface tension and viscosity was inkjet printed onto platinised corundum substrates. The inkjet
printed structures, dried and fired at 1100°C, were dense and ~5 um thick. The local piezoelectric response of the
PZT film was confirmed using ab atomic force microscope equipped with a piezoresponse-force module (figure 3).

By optimizing the rheological properties of the ink we improved the procedure for the processing of KNN
thick films using screen-printing technology. The films were deposited onto substrates with different thermal
expansion coefficients, so that different degrees of in-plane biaxial stresses were induced in the films. The influence
of these stresses was reflected in the structural and functional properties of the films. The most important is the
phenomenon of ‘self-poling’ of the KNN thick films, the extent of which depended on the mechanical stresses, i.e.,
on the type of the substrate.

We continued the investigations on LTCC (Low Temperature Co-fired Ceramics), used for the fabrication of 3D
structures for different electromechanical (MEMS - Micro Electro Mechanical Systems) and chemical microsystems.
In collaboration with the partners from Montanuniversitit Leoben, Austria, we studied the influence of the firing
conditions on the microstructure and mechanical properties of Du Pont LTCC. We concluded that the porosity has
a major influence on the elastic modulus, the fracture toughness, the hardness and the biaxial flexural strength
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of the LTCC. If the LTCC materials are fired at elevated temperatures for
prolonged periods, so that the porosity is reduced, their properties remained
unchanged, regardless of the firing temperature and/or firing time. This find-
ing is important for the design and production of ceramic pressure sensors
and other MEMS devices, which require relatively long firing procedures at
higher temperatures, as compared to the conditions usually required for
the processing of LTCC. In 2013 we reinforced the collaboration with KEKO
Oprema d.0.0. in the field of materials and technologies based on LTCC.
Traditional co-operation with the research partners from HIPOT-RR
and Centre of Excellence NAMASTE continued in all the research projects
related to thick-film and LTCC technology. With the group from the company
KEKON d.0.0. we continued our research in the field of functional thick-film
materials, in particular, we investigated new thick-film lead-free resistors
as possible sensor elements. We found that the temperature dependence of
resistivity of these materials satisfies the needs for the application, however,
the “gauge” factors, i.e., the dependence of the resistivity on the deformation,
are three times lower than required, so that these materials are not suitable as
pressure sensors. We also tested a commercial ESL 3411-1 thick-film resistor
with a high and linear dependence of resistivity versus temperature and
alow sheet resistivity. The results suggested that this material is compatible
with LTCC tapes and that it could be used for temperature measurements over
large surfaces. This material was successfully used as a sensor for temperature
control and regulation in large LTCC chemical reactors.
Figure 4: LTCC reactor for high-temperature catalytic production of Within the programme JE PECS of the European Space Agency (ESA),
hydrogen from methanol and water. The external dimensions of the we continued our work on the CERACON project, together with the partners
siruciire are 30 mm * 90 mm * 5.2 mm and ihe wiyme ofthe buried from the Department of Systems and Control, and the National Institute of
cavities is 18.7 cm?. The figure shows the bottom part of the reactor with ) P i ySten . L
nine supports. Chemistry. The topic of the project was the design and fabrication of LTCC-
based micro reactors and the necessary periphery for the high-temperature
catalytic transformation of methanol and water into hydrogen. It is worth mentioning that we succeeded in design-
ing and constructing two reactors, i.e., one for the steam reforming and the other for the removal of the residual
carbon monoxide from gas products. Both reactors had large buried cavities where the chemical reactions take
place; the volume of the reformer and the reactor for CO removal was 18.7 cm? and 5.4 cm?, respectively. These,
rather extreme dimensions for LTCC technology, were fabricated in order to satisfy the required production of 85
litres of hydrogen per hour. The realisation of these particularly large cavities required special LTCC lamination
procedures and a controlled firing process. The final dimensions of the reformer and the reactor for CO-removal
were, respectively, 90 mm x 90 mm x 9.2 mm and 90 mm x 36 mm x 9.2 mm (figure 4).

In collaboration with the company ETI d.d. Izlake we investigated various silicate materials, i.e., steatite and
cordierite, which are used in electrical engineering as heat or electrical insulators. We systematically studied the
influence of raw materials on the microstructure, mechanical and electrical properties of the ceramics. At the optimal
amount of selected raw materials and at the optimal milling conditions we prepared a new type of dense, alkaline
steatite with a high flexural strength (~185 MPa) and a high specific electrical resistivity (~0.8 MQ m). The resulting
material was prepared on a production scale in the company and is now used for the fabrication of electrical fuses.

Some outstanding publications in the past year

1. Baldz, P, Rojac, T, et al.: Hallmarks of mechanochemistry: from nanoparticles to technology. Chemical Society
reviews, vol. 42, 7571-7637, 2013, doi: 10.1039/C3CS35468G [ COBISS.SI-D 26654759]

2. Hrescak, J., Bencan, A., Rojac, T., Malic, B: The influence of different niobium pentoxide precursors on the
solid-statesynthesis of potassium sodium niobate, J. Eur. Ceram. Soc., vol. 33, 3065-3075, 2013, doi: 10.1016/j.
jeurceramsoc.2013.07.006

3. Vojisavljevi¢, K., Malic, B., Mamoru, S., Drnovsek, S., Kosec, M.: Solid state synthesis of nano-boehmite-derived
CuAlO2 powder and processing of the ceramics, J. Eur. Ceram. Soc., vol. 33, 3231-3241, 2013, doi: 10.1016/j.
jeurceramsoc.2013.05.025

4. Kuscer, D., Noshchenko, 0., Ursic, H., Mali¢, B.: Piezoelectric properties of ink-jet printed lead zirconate titan-
ate thick films confirmed by piezoresponse force microscopy, J. Am. Ceram. Soc., vol. 96, 2714-2717, 2013,
doi: 10.1111/jace.12532
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5. Kupec, A., Gemeiner, P, Dkhil, B., Mali¢, B.: Phase transitional behavior of potassium sodium niobate thin
films, Thin solid films, vol. 539, 317-322, 2013, doi: 10A1016/j.tsf.2013.05.098

Organization of conferences, congresses and meetings

1. COST Training school on characterization of materials, Ljubljana, Slovenia, 28.-29. 1. 2013

Patent granted

1. Luca Gregoratti, Marco Peloi, Marija Kosec, Danjela Kuscer, Giuseppina Palma, A material in the form of
lithium fluoride powder containing colour centres, method for preparation and use thereof, US8535434

(B2), US Patent Office, 17.9.2013.

2. Kostja Makarovic, Janez Holc, Darko Belavi¢, Marko Hrovat, Marija Kosec, Multilayer ceramic structures for
non-contact dielectric heating of liquids, S124008 (A), Urad RS za intelektualno lastnino, 30.8.2013.

3. Marina Santo-Zarnik, Darko Belavi¢, Marjan Hodnik, Sandi Kocjan, A pressure-sensor module with a ceramic
cantilever sensing structure, SI124085 (A), Urad RS za intelektualno lastnino, 29.11.2013.

INTERNATIONAL PROJECTS

7FP - ORAMA; Oxide Materials Towards a Matured Post-silicon Electronics Era
European Commission
Prof. Barbara Mali¢

2. 7FP- CERAMPOL; Ceramic and Polymeric Membrane for Water Purification of Heavy
Metal and Hazardous Organic Compound
European Commission
Asst. Prof. Danjela Kuscer Hrovatin

3. TFP-PI; The Piezo Institute - European Expertise Centre for Multifunctiona and
Integrated Piezoelectric Devices
European Commission
Prof. Barbara Mali¢

4. CERACON; Integration and Control of Liquid Fuel processor based on Ceramic Micro-
Systems
ESA/ESTEC
Asst. Prof. Marko Hrovat

5. COST MP0904; SIMUFER: Single- and Multiphase Ferroics and Multiferroics with
Restricted Geometries
COST Office
Prof. Barbara Mali¢

6. FERRO-PATCH; Frequency and Polarisation Agile Microstrip Patch Antenna based on
Ferrelectric Varactors
ESA/ESTEC
Prof. Barbara Mali¢

7. Solution Processing of Thin Films for Transparent Electronics (TRANS)
Slovenian Research Agency
Prof. Barbara Mali¢

8. Dielectric Spectroscopy and Tunability of Low-Temperature Rocessed Complex
Perovskites
Slovenian Research Agency
Prof. Barbara Mali¢

RESEARCH PROGRAM

1. Electronic Ceramics, Nano-, 2D and 3D Structures
Prof. Barbara Mali¢

R&D GRANTS AND CONTRACTS

Nanostructures for High-Efficiency Solar Cells and Photovoltaic

Prof. Barbara Mali¢

Oxide-Based Components for Transparent Electronics

Prof. Barbara Mali¢

Tunable Ferroelectric Thin Film Capacitors for Agile Microwave Antennas
Prof. Barbara Mali¢

High-performance Piezoelectric Materials for Sensors and Actuators in High-
temperature Applications

Asst. Prof. Tadej Rojac

Textured Ceramic Films for Sensors and Actuators

Asst. Prof. Tadej Rojac

Materials and Technologies for Chemical Microsystems

Asst. Prof. Andreja Bencan Golob

Pb(Sc0.5Nb0.5)03-PbTi03 Thick Films for Sensor and Actuator Applications
Dr. Hana Ursi¢ Nemevsek

N EW CONTRACTS

Evolution of Microstructure in Non-porous Bulk Ceramics with Selected Properties for
Applications in Low Temperature Cofired Ceramic (LTCC) structures

Keko - Oprema, d. 0. 0., ZuZemberk

Prof. Barbara Mali¢

Materials and Technologies for Chemical Microsystems

Keko - Oprema, d. 0. 0., ZuZemberk

Asst. Prof. Andreja Bencan Golob

Nanomaterials in Ceramics-Feasibility Study

RC eNeM

Prof. Barbara Mali¢

VISITORS FROM ABROAD

. Julian Walker, School of Materials Science & Engineering, University of New South

Wales, Sydney, Australia, 1. 1.-31. 7. 2013

2. Prof. Liliana Mitoseriu, University “Al I. Cuza”, Faculty of Physics, lasi, Romania, 23.-
30. 1. 2013

3. Dr. Denis Schiitz, CD-Lab for Advanced Ferroic Materials, Graz, Austria, 27. 1.-14. 4.
2013

4. Dr. Nadejda Horchidan, University “Al. I. Cuza”, Faculty of Physics, lasi, Romania, 27.
1.-22.2.2013

5. Andre-Pierre Abellard, Université Francois Rabelais, Tours, France, 2.-29. 3. 2013

10.

12.
13.

Pierrick Chevreux, Ecole Nationale Supérieure Céramique Industrielle, Limoges, France,
3.3.-7.6.2013

Prof. Dragan Damjanovic, Swiss Federal Institute of Technology-EPFL, Lausanne,
Switzerland, 6.-9. 3. 2013

Dr. Marco Deluca, Institut fir Struktur- und Funktionskeramik, Montanuniversitit
Leoben, Materials Center Leoben Forschung GmbH, Leoben, Austria, 15. 3. 2013

Naima Benyagoub, Magali Leger, Prof. Marc Lethiecq, Prof. Franck Levassort, Université
Francois Rabelais, Tours, France, 24.-29. 3. 2013

Dr. Marko Budimir, Institute for Nuclear Technology-INETEC, Zagreb, Croatia, 13. 5.
2013

. Prof. Jiirgen Rodel, Technische Universitdt Darmstadt, Darmstadt, Germany, 16.-17. 5.

2013
Prof. Klaus Reichmann, Graz University of Technology, Graz, Austria, 17. 5. 2013
Prof. Angus I. Kingon, Brown University, Rhode Island, USA, 9.-17. 6. 2013
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14. Goran Miskovic, Vienna University of Technology, Institute of Sensor and Actuator
Systems, Wienna, Austria, 13. 6. 2013

15. Dr. Vassilios Binas, Foundation for Research & Technology Hellas (FORTH), Institute for
Electronic Structure and Laser (IESL), Crete, Greece, 8.-25. 9. 2013

16. Dr. Gregor Trefalt, University of Geneva, Geneva, Switzerland, 9.-13. 9. 2013

17. Prof. Raul Bermejo, Institut fiir Struktur-und Funktionskeramik, Montanuniversitit
Leoben, Leoben, Austria, 22.-23.9. 2013

18. Prof. Mariuca Gartner, Prof. dr. Maria Zaharescu, “Ilie Murgulescu” Institute of Physical
Chemistry of Romanian Academy, Bucharest, Romania, 4.-8. 11. 2013

STAFF

Researchers

Asst. Prof. Andreja Bencan Golob
Dr. Elena Chernyshova*, left 12.09.13
Asst. Prof. Marko Hrovat

Asst. Prof. Danjela Kuscer Hrovatin
Prof. Barbara Mali¢, Head

Dr. Tadej Rojac

Dr. Marina Santo Zarnik*

. Dr. Hana Ur$i¢ Nemevsek
Postdoctoral associates

9. Dr. Georgia Basina

10. Dr. Mara Bernardo Sacristan

11. Dr. Kostja Makarovic*

12. Dr. Brigita RoZi¢

13. Dr. Katarina Vojisavljevic
Postgraduates

14. Tina Bakaric, B. Sc.

15. Raluca-Camelia Frunza, B. Sc.

16. Jitka Hrescak, B. Sc.

17. Evgeniya Khomyakova, B. Sc.

BIBLIOGRAPHY

18. Dr: Jurij Kovuza, left 01.08.13

19. Alja Kupec, B. Sc.

20. Oleksandr Noshchenko, B. Sc.

21. Jernej Pavli¢, B. Sc.
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Technical officers
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Note:
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applications prepared by electrophoretic deposition”, In: Processing
and properties of advanced ceramics and composites V, (Ceramic
transactions, vol. 240), Narottam P. Bansal, ed,, [S. 1.], Wiley, 2013, pp.
131-141.

2. Marina Santo-Zarnik, Milenko Pavlovié, Darko Belavi¢, Vlasta
Sedlakova, Josef Sikula, Jiri Majzner, "Effect of media on the warm-up
and the offset characteristic of piezoresistive ceramic pressure
sensors”, In: Proceedings, EDS'13, Electronic Devices and Systems
IMAPS CS International Conference 2012, June 26-27,2013, Brno, Czech
Republic, Ondrej Hegr, ed., Brno, Vysoké u¢eni Technické v Brné, 2013,
pp. XXI-XXVI.

PUBLISHED CONFERENCE CONTRIBUTION

1. Andre-Pierre Abellard, Franck Levassort, Jean Marc Grégoire, Marc
Lethiecq, Danjela KusCer, Janez Holc, "PZT thick films obtained by
electrophoretic deposition (EPD) process for high frequency focused
transducers”, In: IUS 2012, 2012 IEEE International Ultrasonic
Symposim, October 7-10, 2012, Dresden, German, [S. L], IEEE, 4 pp..

2. Tina Bakari¢, Danjela Kuscer, Barbara Mali¢, "Keramika svincevega
cirkonata titanata z doloCeno obliko in velikostjo por", In: Slovenski
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kemijski dnevi 2013, Maribor, 10.-12. september 2013, Zdravko Kravanja,
ed.,, Darinka Brodnjak-Vonéina, ed., Milo§ Bogataj, ed. Maribor,
Fakulteta za kemijo in kemijsko tehnologijo, 2013, 7 pp.

. Darko Belavi¢, Marko Hrovat, Kostja Makarovic, Vlasta Sedlakova, Josef

Sikula, Marina Santo-Zarnik, "Investigations of thic K-film
piezoresistors terminated with silver-based thick-film conductors”, In:
Proceedings, EDS'13, Electronic Devices and Systems IMAPS CS
International Conference 2012, June 26-27, 2013, Brno, Czech Republic,
Ondrej Hegr, ed., Brno, Vysoké uceni Technické v Brné, 2013, pp. 218-
223.

Barbara Bertoncelj, Katarina Vojisavljevi¢, Janez Rihtarsi¢, Gregor
Jelenc, Barbara Mali¢, Marko Stusek, Darko Belavi¢, "Characterization of
glass fiber reinforced composites for housing of electrical motors", In:
Proceedings, 49th International Conference on Microelectronics,
Devices and Materials & theWorkshop on Digital Electronic Systems,
September 25 - September 27, 2013, Kranjska Gora, Slovenia, Andrej
Zemva, ed., Polona Sorli, ed., Iztok Sorli, ed., Ljubljana, MIDEM - Society
for Microelectronics, Electronic Components and Materials, 2013, pp.
101-106.

. Goran Casar, Jurij Koruza, Vid Bobnar, Xinyu Li, Qiming M. Zhang,

"Nonlinear dielectric response of polymer system with coexisting
ferroelectric and ralaxor states”, In: 2013 Joint UFFC, EFTF and PFM
Symposium, International Ultrasonics Symposium (IUS), Joint IEEE
International Symposium on the Applications of Ferroelectrics (ISAF)
and Piezoresponse Force Microscopy and Nanoscale Phenomena in
Polar Materials (PMF), Joint International Frequency Control
Symposium (IFCS), and European Frequency and Time Forum (EFTF),
21-25 July 2013, Prague, Czech RepubliclEEE Ultrasonics,
Ferroelectrics, and Frequency Control Society International Ultrasonics
Symposium (IUS), Joint IEEE International Symposium on the
Applications of Ferroelectrics (ISAF) and Piezoresponse Force
Microscopy and Nanoscale Phenomena in Polar Materials (PMF), Joint
International Frequency Control Symposium (IFCS), and European
Frequency and Time Forum (EFTF), 21-25 July 2013, Prague, Czech
Republic, [S. 1], IEEE Ultrasonics, Ferroelectrics, and Frequency Control
Society, 2013, pp. 159-161.

. Goran Casar, Xinyu Li, Jurij Koruza, Qiming M. Zhang, Vid Bobnar,

"Electrical and thermal properties of polymer systems with coexisting
ferroelectric and relaxor states”, In: Zbornik, 5. $tudentska konferenca
Mednarodne podiplomske $ole JoZefa Stefana = 5th Jozef Stefan
International Postgraduate School Students Conference, 23. maj 2013,
Ljubljana, Slovenija, Nejc Trdin, ed, et al, Ljubljana, Mednarodna
podiplomska $ola JoZefa Stefana, 2013, pp. 250-256.

Gregor Dolanc, Marko Hrovat, Primoz Fajdiga, Stanko Hocevar, Andrej
Pohar, Kostja Makarovi¢, Darko Belavi¢, "System with ceramic LTCC
micro-reactor for steam reforming”, In: Proceedings, 49th International
Conference on Microelectronics, Devices and Materials & theWorkshop
on Digital Electronic Systems, September 25 - September 27, 2013,
Kranjska Gora, Slovenia, Andrej Zemva, ed., Polona Sorli, ed., Iztok Sorli,
ed.,, Ljubljana, MIDEM - Society for Microelectronics, Electronic
Components and Materials, 2013, pp. 251-256.

Raluca C. Frunza, Brigita Kmet, Karsten Rachut, Marko Jankovec, Marko
Topi¢, Andreas Klein, Barbara Mali¢, "Solution-derived Ta,0s-based
dielectric thin films for transparent electronic devices", In: Proceedings,
49th International Conference on Microelectronics, Devices and
Materials & theWorkshop on Digital Electronic Systems, September 25
- September 27, 2013, Kranjska Gora, Slovenia, Andrej Zemva, ed.,
Polona Sorli, ed., Iztok Sorli, ed., Ljubljana, MIDEM - Society for
Microelectronics, Electronic Components and Materials, 2013, pp. 239-
244.

Raluca C. Frunza, Martin Strojnik, Marko Jankovec, Marko Topi¢,
Barbara Mali¢, "Investigation of the structural, optical and electrical
properties of Ta,Os-rich thin films from solution”, In: Zbornik, 5.
Studentska konferenca Mednarodne podiplomske Sole JoZefa Stefana =
5th Jozef Stefan International Postgraduate School Students
Conference, 23. maj 2013, Ljubljana, Slovenija, Nejc Trdin, ed., et al,
Ljubljana, Mednarodna podiplomska $ola JoZefa Stefana, 2013, pp. 268-
277.

Marko Hrovat, Darko Belavi¢, Kostja Makarovi¢, ""Green" thick film
resistors on various substrates”, In: Proceedings, 49th International
Conference on Microelectronics, Devices and Materials & theWorkshop
on Digital Electronic Systems, September 25 - September 27, 2013,
Kranjska Gora, Slovenia, Andrej Zemva, ed., Polona Sorli, ed., Iztok Sorli,
ed., Ljubljana, MIDEM - Society for Microelectronics, Electronic
Components and Materials, 2013, pp. 257-261.

Marko Hrovat, Darko Belavi¢, Kostja Makarovi¢, "Lead-free thick-film
resistors on slumina and LTCC substrates", In: Extended abstracts, ISSE
2013, 36th International Spring Seminar on Electronics Technology,
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"Automative electronics”, Alba, Iulia, Romani, Emilian Ceuca, ed.,
Manuela Franz, ed., Johann Nicolics, ed., [S.1, s.n.], 2013, 5 pp.

Petra Jenus, Darja Lisjak, Danjela KuScer, Darko Makovec, Mihael
Drofenik, "Co-sintering of magnetoelectric composites of Co-ferrite and
selected ferroelectrics”, In: Zbornik, 5. S$tudentska Kkonferenca
Mednarodne podiplomske Sole JoZefa Stefana = 5th Jozef Stefan
International Postgraduate School Students Conference, 23. maj 2013,
Ljubljana, Slovenija, Nejc Trdin, ed, et al, Ljubljana, Mednarodna
podiplomska $ola JoZefa Stefana, 2013, pp. 278-287.

Milenko Pavlovi¢, Marina Santo-Zarnik, Sandi Kocjan, Marko Stusek,
Darko Belavi¢, "Prelininary media-compatibility tests for LTCC-based
pressure sensors”, In: Proceedings, 49th International Conference on
Microelectronics, Devices and Materials & theWorkshop on Digital
Electronic Systems, September 25 - September 27, 2013, Kranjska Gora,
Slovenia, Andrej Zemva, ed., Polona Sorli, ed., Iztok Sorli, ed., Ljubljana,
MIDEM - Society for Microelectronics, Electronic Components and
Materials, 2013, pp. 173-179.

Tanja Pecnik, Sebastjan GlinSek, Brigita Kmet, Raluca C. Frunza, Barbara
Mali¢, "Solution derived BaosSrosTiOs thin films on polycrystalline
alumina substrates”, In: Proceedings, 49th International Conference on
Microelectronics, Devices and Materials & theWorkshop on Digital
Electronic Systems, September 25 - September 27, 2013, Kranjska Gora,
Slovenia, Andrej Zemva, ed., Polona Sorli, ed,, Iztok Sorli, ed., Ljubljana,
MIDEM - Society for Microelectronics, Electronic Components and
Materials, 2013, pp. 235-238.

Tanja Pelnik, Sebastjan GlinSek, Brigita Kmet, Barbara Malic,
"Microstructure and kHz- and GHz- range dielectric properties of
polycrystalline Ba, sSr( s TiO5 thin films", In: 2013 Joint UFFC, EFTF and
PFM Symposium, International Ultrasonics Symposium (IUS), Joint IEEE
International Symposium on the Applications of Ferroelectrics (ISAF)
and Piezoresponse Force Microscopy and Nanoscale Phenomena in
Polar Materials (PMF), Joint International Frequency Control
Symposium (IFCS), and European Frequency and Time Forum (EFTF),
21-25 July 2013, Prague, Czech RepubliclEEE Ultrasonics,
Ferroelectrics, and Frequency Control Society International Ultrasonics
Symposium (IUS), Joint IEEE International Symposium on the
Applications of Ferroelectrics (ISAF) and Piezoresponse Force
Microscopy and Nanoscale Phenomena in Polar Materials (PMF), Joint
International Frequency Control Symposium (IFCS), and European
Frequency and Time Forum (EFTF), 21-25 July 2013, Prague, Czech
Republic, [S. 1], IEEE Ultrasonics, Ferroelectrics, and Frequency Control
Society, 2013, pp. 108-110.

Katarina Vojisavljevi¢, Biljana Stojanovi¢, Brigita Kmet, Jena Cilensek,
Barbara Mali¢, "Chemical synthesis of nanocrystalline CuAlO, via
nitrate-citrate combustion route", In: Slovenski kemijski dnevi 2013,
Maribor, 10.-12. september 2013, Zdravko Kravanja, ed., Darinka
Brodnjak-Voncéina, ed., Milo$ Bogataj, ed., Maribor, Fakulteta za kemijo
in kemijsko tehnologijo, 2013, 7 pp.

Marko Vrabelj, Hana Ursi¢, Brigita Rozi¢, Zdravko Kutnjak, Silvo
Drnovsek, Barbara Mali¢, "Electrocaloric  properties  of
0.7Pb(Mg; 5Nb,3)0; — 0.3PbTiO; ceramics", In: 2013 Joint UFFC, EFTF
and PFM Symposium, International Ultrasonics Symposium (IUS), Joint
IEEE International Symposium on the Applications of Ferroelectrics
(ISAF) and Piezoresponse Force Microscopy and Nanoscale Phenomena
in Polar Materials (PMF), Joint International Frequency Control
Symposium (IFCS), and European Frequency and Time Forum (EFTF),
21-25 July 2013, Prague, Czech RepubliclEEE Ultrasonics,
Ferroelectrics, and Frequency Control Society International Ultrasonics
Symposium (IUS), Joint IEEE International Symposium on the
Applications of Ferroelectrics (ISAF) and Piezoresponse Force
Microscopy and Nanoscale Phenomena in Polar Materials (PMF), Joint
International Frequency Control Symposium (IFCS), and European
Frequency and Time Forum (EFTF), 21-25 July 2013, Prague, Czech
Republic, [S. 1], IEEE Ultrasonics, Ferroelectrics, and Frequency Control
Society, 2013, pp. 310-312.

18. Marko Vrabelj, Hana Ursi¢, Brigita RoZzi¢, Zdravko Kutnjak, Silvo

Drnovsek, Barbara  Mali¢, "Electrocaloric  properties  of
0.7Pb(Mg,/3Nb,,3)0; — 0.3PbTiO, ceramics prepared from
mechanochemically activated powder", In: Proceedings, 49th

International Conference on Microelectronics, Devices and Materials &
theWorkshop on Digital Electronic Systems, September 25 - September
27,2013, Kranjska Gora, Slovenia, Andrej Zemva, ed., Polona Sorli, ed.,
Iztok Sorli, ed., Ljubljana, MIDEM - Society for Microelectronics,
Electronic Components and Materials, 2013, pp. 231-234.

INDEPENDENT COMPONENT PART OR A CHAPTER IN A
MONOGRAPH

1. Sebastjan GlinSek, Barbara Mali¢, Marija Kosec, "Low-temperature
processing”, In: Chemical solution deposition of functional oxide thin
films, Theodor Schneller, et al, Dordrecht, Springer, 2013, pp. 431-444.

2. Marko Hrovat, Darko Belavi¢, Jena Cilensek, "Thick-film resistor
material: structural and electrical characteristics”, In: Resistors: theory
of operation, behavior and safety regulations, (Electrical engineering
developments, Physics research and technology), Roy Abi Zeid Daou,
ed., New York, Nova, 2013, pp. 17-36.

. Danjela Kuscer, Zhijian Shen, "Advanced direct forming processes for
the future", In: Advanced ceramics for dentistry, Zhijian Shen, ed., Tomaz
Kosmag, ed., Amsterdam ... [et al.], Elsevier, 2013, pp. 375-390.

4. Barbara Mali¢, Sebastjan Glinsek, Theodor Schneller, Marija Kosec,
"Mixed metallo-organic precursor systems", In: Chemical solution
deposition of functional oxide thin films, Theodor Schneller, et al,
Dordrecht, Springer, 2013, pp. 51-70.

.Barbara Mali¢, Alja Kupec, Marija Kosec, "Thermal analysis", In:
Chemical solution deposition of functional oxide thin films, Theodor
Schneller, et al, Dordrecht, Springer, 2013, pp. 163-180.
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PATENT APPLICATION

1. Urban Tomc, Andrej Kitanovski, Marko Ozbolt, Uro$ Plaznik, Uro$
Flisar, Jaka Tu$ek, Alojz Poredo$, Barbara Mali¢, Hana Ursic, Silvo
Drnovsek, Jena Cilensek, Zdravko Kutnjak, Brigita Rozi¢, Method for
electrocaloric energy conversion, EP13179000.8, European Patent
Office, 1.8.2013.

PATENT

1. Luca Gregoratti, Marco Peloi, Marija Kosec, Danjela Kuscer, Giuseppina
Palma, A material in the form of lithium fluoride powder containing
colour centres, method for preparation and use thereof, US8535434
(B2), US Patent Office, 17.9.2013.

2. Kostja Makarovi¢, Janez Holc, Darko Belavi¢, Marko Hrovat, Marija
Kosec, Multilayer ceramic structures for non-contact dielectric heating
of liquids, S124008 (A), Urad RS za intelektualno lastnino, 30.8.2013.

3. Marina Santo-Zarnik, Darko Belavi¢, Marjan Hodnik, Sandi Kocjan, 4
pressure-sensor module with a ceramic cantilever sensing structure,
S124085 (A), Urad RS za intelektualno lastnino, 29.11.2013.

MENTORING

1. Jurij Koruza, Sintering and phase transition behaviour of sodium
niobate: doctoral dissertation, Ljubljana, 2013 (mentor Barbara Mali¢;
co-mentor Tadej Rojac).

. Kostja Makarovi¢, The effect of processing conditions on the phase
composition, structure and properties of low temperature co-fired
ceramics: doctoral dissertation, Ljubljana, 2013 (mentor Andreja
Bencan Golob; co-mentor Barbara Malic).

[\S]

Annual Report 2013



ENGINEERING CERAMICS
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The Engineering Ceramics Department is the leading group in the field of structural ceramics
and ceramic technologies in Slovenia. The research programme comprises phenomena relevant to
materials synthesis and component fabrication as well as mechanisms leading to the degradation
of engineering and bio-ceramic structures under operating conditions. The applied research work
is focused on new applications of engineering ceramics, the development of novel, high-strength,
wear-, corrosion-and/or heat-resistant materials and the development of alternative, cost-effective
and environmentally friendly ceramic technologies.

Akin to previous years, in 2013 the investigation of AIN powder hydrolysis in diluted aqueous suspensions
was continued. The established mechanistic model for aluminium hydroxide formation during the hydrolysis in a
broad temperature range, i.e., between room temperature and the boiling point of water, which was published in
2012, was implemented with a study at 5 °C. The results revealed that throughout the two-week-long hydrolysis at

this temperature the pH value of the suspensions was below 9, indicating the hydrolysis remained in the induction Head:

period. In parallel, a remarkably high value of dissolved aluminium species in the aqueous part of the suspension Prof. Tomaz Kosmac

was detected, being an order of magnitude higher at a given pH value than the aqueous AICL, solution. The work

was accepted in the Journal of American Ceramic Society. These findings

are also being tested in practice, since such supersaturated aluminate solu- ~ Prof TomaZz Kosma¢ was a co-editior of the book
tions could well serve as a new precursor for the precipitation of aluminium ~ Advanced Ceramics for Dentistry, issued in 2013
hydroxide-based thin films and nano-scaled particles in a procedure that by Elsevier. The authors of many chapters were
could provide an alternative to the well-known sol-gel method. from the Engineering Ceramics department

In the field of electrically conductive ceramic composites we continued ~ and other departments from the JoZef Stefan

the research on the synthesis and properties of composites based on zirco- ~ Institute.

nia (Y-TZP) with dispersed titanium nitride (TiN) particles that could be
machined with electrical-discharge machining. Zr0,/TiN electro-conductive
ceramic composites with various compositions were prepared by two ap-
proaches: the mixing of commercial powders and by in-situ precipitation
(thermal hydrolysis), which under appropriate conditions enables the
homogeneous distribution of TiN particles. The influence of parameters
such as temperature, boiling time and pH on the crystallinity, polymorphic
modification and size of the synthesized particles was investigated. Some
effort was also invested into a study of the sintering behaviour of composites.
A homogeneous powder mixture Zr0O,/TiN was prepared by the controlled
precipitation of titanium oxide followed by calcination of the obtained powder
mixture to titanium nitride by a thermochemical treatment (nitridation). The
obtained powder mixture was densified with spark plasma sintering (SPS)
to produce dense composites. The impact of the quantity and size distribu-
tion of the conducting phase on the concentration, density and electrical
conductivity was further investigated. Moreover, the impact of the content
and size of the conductive particles on the densification process and the final
mechanical and electrical properties of the composites was also studied.
The research on the synthesis of electrically conductive ceramic compos-
ites based on silicon nitride was also re-initiated. Previously prepared Si,N,
powders coated with TiN or ZrN nanoparticles were this time sintered using
the SPS technique. Since this method allows very high heating rates and fast
densification compared to conventional sintering we wanted to show that it is
possible to hinder the nanoparticles’ growth, which was not possible before.
In 2013 the research on self-healing ceramic composites based on silicon

ni'tride./silicon cgrbide comp9sites was started. The s?li'con nitride ceramics Figure 1: Scanning electron micrographs (SEM) showing the
with dispersed SiC nanoparticles was prepared by mixing the Si,N, powder densification of mesoporous Zr0, with hierarchical heterogeneities in

with polycarbosilane polymeric ceramic precursor, which forms SiC after terms of pore packing.
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pyrolysis. The powders were successfully densified using SPS, while the size of the SiC particles remained on the
nanoscale. These materials exhibit better oxidation properties (and possible self-healing ability) compared to
conventionally prepared Si,N,/SiC composites.

In the field of research on dental ceramics we continued by addressing
some of the major problems concerning the production of full-ceramic dental
contours with tetragonal zirconia (Y-TZP) as a core material, their cementa-
tion and their behaviour in clinical conditions. The work was conducted in
close co-operation with the Department of Oral Medicine, Medical Faculty
at the University of Ljubljana. In particular, we were interested in the role
of phase partitioning within the grains, as well as that of stresses caused by
the incorporation of aliovalent impurities on the grain boundaries, in the
nucleation and growth of the monoclinic laths in the initial stage of ageing.
In addition, accelerated ageing experiments with zirconia strips permanently
loaded in bending during autoclaving were conducted in order to evaluate
the influence of external stresses on the kinetics of the transformation
during accelerated ageing. The combined effect of silica and alumina on
the ageing resistance and mechanical properties of 3Y-TZP ceramics was

Figure 2: TEM micrograph of zirconia powder coated with TiN evaluated. Specimens were prepared by the infiltration of a silicasol into the

nanoparticles used for the preparation of electrically conductive

engineering ceramics.

pre-sintered porous 3Y-TZP pellets, produced from commercially available
powders, containing different amounts of alumina (0.05 and 0.25 wt. %). It
was found that the presence of silica in alumina-free 3Y-TZP greatly increases the resistance to ageing. The addition
of small amounts of silica to alumina-containing 3Y-TZP further improves the ageing properties of t-zirconia, due
to a possible distinctive mechanism of suppression, without affecting the flexural strength, Vickers hardness and
indentation toughness. Finally, an in-vivo study aimed at monitoring the propagation of the t-m transformation of
high-translucency 3Y-TZP ceramics directly exposed to the aggressive environment of the oral cavity in the absence
of an externally applied stress has been started. Namely, according to most follow-up studies performed so far,
the main reason for the repair or replacement of all-ceramic fixed partial dentures (FPDs) is porcelain chipping,
which occurs much more frequently than the chipping of porcelain bonded to metal-ceramic FPDs. Since none
of the numerous engineering concepts pursued worldwide in order to overcome the chipping problem proved to
be sufficiently effective, an ever-larger number of frustrated clinicians is gearing towards porcelain-free crowns
and bridges. In our experiment, sintered zirconia discs, differing in their

We have developed a novel method for the
preparation of B-TCP coatings on ceramic

bone implants with tailored physico-chemical
properties, i.e., surface topography, mechanical
strength and dissolution rate.

composition, microstructure and surface treatment, were implanted in the
lingual flange of the lower dentures to be worn by recruited edentulous
patients from the Department of Prosthodontics, Medical faculty, University
of Ljubljana. After every 6 months the discs will be explanted, gently cleaned
by ultrasonication to remove the adhered proteins and subjected to XRD and
FE-SEM surface analyses. In order to evaluate the durability and reliability of

“high translucent” Y-TZP ceramic, a series of full-anatomic four-unit poste-
rior bridges was designed and soft-milled from commercially available zirconia blanks using a conventional CAD/
CAM technique and sintered under different conditions (heating/cooling rate, end temperature, dwell time) to
produce materials differing in the microstructure-related properties (damage tolerance, ageing behaviour). After
glazing, they were subjected to mechanical fatigue testing under simulated clinical conditions. We were interested
in compromise solutions between aesthetic design (thickness of the abutments and their transition to connectors)
and durability for materials differing in sintering conditions and surface treatment. The results will be used in the
material selection and denture design in the Department of Oral Medicine, University of Ljubljana. Yet another clinical
testing has started in 2013 involving the surface functionalization of sintered zirconia by applying nanostructured
adhesive coatings in a non-invasive process that has been recently developed in our group. The following two types
of dentures were deemed most appropriate for the verification of nanostructured adhesive coatings in practice,
because their long-term survival rate to a large extent depends on the adhesive bond strength and a stronger bond-
ing than currently achievable would be very advantageous. These are: three-unit inlay-retained bridges replacing
missing single premolars and molars that have become increasingly popular due to the conservative approach to
prosthetic rehabilitation, and conical primary crowns supporting secondary galvano-crowns of removable partial
dentures. Here again, volunteers were recruited among patients from the Department of Prosthodontics, Medical
faculty, University of Ljubljana.

In 2013 dr. Andraz Kocjan ended his post-doctoral training at Stockholm University, where he was employed as
a guest researcher. He was studying the processing and sintering of mesoporous zirconia (Zr0,) ceramic powder.
In the scope of this investigation his project entitled “/mproved Reliability of Translucent Dental Zirconia and
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Alumina Ceramics” was chosen and financed through a call - Frontiers
of Research 2012 (JECS Trust foundation). The aim of the project was to
prepare reliable and translucent Zr0, dental ceramics for full-contour dental
restorations with no porcelain overlay. The project was successfully finalized
and the results presented with an oral presentation entitled “Processing
of Advanced (Dental) Zirconia Ceramics” at the ECERS XIII conference
(Limoges, France). Parts of these results were published in the Journal of
European Ceramic Sociely.

With the defence of a doctoral dissertation the research on the synthesis
of bioactive calcium phosphate coatings on zirconia Y-TZP ceramics was
successfully completed. The Y-TZP ceramics are frequently used in medicine
as a material for dental implants due to their aesthetical and mechanical
properties. The fixation of an implant can be improved as its surface is
covered by bioactive calcium phosphate coating that forms a strong bond

w1th bone tissue. The coatmgs were prepared using a blomlmetlc method 0 Fioure 3: A general examination of the fracture surface using the optical
which the ceramic substrate is immersed in a solution with the same physi- icroscope and by adjusting the lighting indicated that the fracture

ological temperature and similar composition as human blood plasma. The - progressed as shown by the arrows.
advantages of this bio-mimetic method are its simplicity, low price and good

control of the composition of the coatings. One of the main problems that restrict the use of bio-mimetic coatings
in medicine is the poor adhesion of the coatings to the substrate, so in the research we primarily dealt with ways of
improving the mechanical properties of the coatings. It was found that the thermal treatment improved the adhesion
of the coatings and at the same time it enables us the control of their phase composition. Thus, we have developed
procedures for the synthesis of calcium phosphate coatings with different

phase composition (hydroxyapatite, octacalcium phosphate, g-tricalcium  In 2013 we cooperated with research institutions

phosphate), different morphology and mechanical properties. The procedure ~ and industrial partners.

was described in an article published in the Journal of European Ceramic
Society. Especially important is a new procedure for the synthesis of thin g-tricalcium phosphate coatings with very
good mechanical properties. Mechanical tests showed that the adhesion of such coatings is comparable or even
better than the adhesion of calcium phosphate coatings on commercially available bone grafts.

In the frame of the research on thermoplastic ceramic suspensions the new one-step thermal process for the
removal of the binder from a low-pressure injection-moulded part and subsequent sintering was developed. This
was done using high-purity carbon, since it enables the extraction of the binder from the samples and is afterwards
burned out during the subsequent sintering process, which enables one-step thermal processing of the samples.
The research was published in the Ceramics International journal.

Wit the company Hidria AET d.0.0. from Tolmin we cooperated in the field of maintenance and operational
work in the field of centreless grinding of technical ceramics. We also cooperated with Institute of Ecological
research ERICo in the field of the analysis of the particle size and distribution of materials that are transported to
and from Luka Koper.

Some outstanding publications in the past three years

1. Gorjan, L., Kosmac, T., Dakskobler, A.: Single-step wick-debinding and sintering for powder injection molding,
Ceram. Int. 2014 (available on-line 2013), vol. 40, issue 1, 887-891

2. Kocjan, A., Dakskobler, A., Budic, B., Kosmac, T.: Suppressed reactivity of AIN powder in water at 5°C. Journal
of the American Ceramic Society, ISSN 0002-7820, 2013, vol. 94, issue 4, 1032-1034

3. Kocjan, A., Shen, Z.: Colloidal processing and partial sintering of high-performance porous zirconia nanoce-
ramics with hierarchical heterogeneities. Journal of the European Ceramic Society, ISSN 0955-2219. [Print
ed.], [in press] 2013, 12

4. Stefani¢, M., Krnel, K., Kosmac, T.: Novel method for the synthesis of a -tricalcium phosphate coating on a
zirconia implant, Journal of the European Ceramic Society, 33 (2013) 3455-3465.

5. Kosmac, T., Kocjan, A.: Ageing of dental zirconia ceramics. Journal of the European Ceramic Society, ISSN
0955-2219. . [Print ed.], 2012, vol. 32, issue 11, 2613-2622

6. Stefani¢, M., Krnel, K., Pribosi¢, I, Kosmac, T.: Rapid biomimetic deposition of octacalcium phosphate coat-
ings on zirconia ceramics (Y-TZP) for dental implant applications. Appl. surf. sci.. [Print ed.], 2012, vol. 258,
issue 10, 4649-4656

7. Kocjan, A., Ambrozi¢, M., Kosmac, T.: Stereometric analysis of nanostructured boehmite coatings synthesized
by aluminum nitride powder hydrolysis. Ceram. int.. [Print ed.], 2012, vol. 38, no. 6, 4853-4859
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Kocjan, A., Dakskobler, A., Kosmac, T.: Evolution of aluminum hydroxides in diluted aqueous aluminum nitride
powder suspensions. Cryst. growth des., 2012, vol. 12, issue 3, 1299-1307

Gorjan, L., Dakskobler, A., Kosmac, T.: Strength evolution of injection-molded ceramic parts during wick-
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DEPARTMENT FOR

NANOSTRUCTURED MATERIALS K-/

The basic and applied research in the Department for Nanostructured Materials includes ceramic
materials, metals, intermetallic alloys and minerals. Our research encompasses conventional
processing as well as the development of new technologies and methods for preparing new materials
withnovel properties. It includes experimental and theoretical investigations of structures, analyses
of chemical compositions at the atomic level, and measurements and calculations of physical
properties, all of which help us to improve the properties of micro- and nanostructured materials.

In 2013 we began work on the EU FP7 project “Nanocrystalline permanent magnets based on hybrid metal-
ferrites” (NANOPYME). Our role is as the developer of 100-nanometer-scale Sr-ferrite particles via high-energy ball
milling, with subsequent activities in the project related to the consolidation of two-phase exchange-coupled materials
and the transfer of the process to the industrial partners, including Magneti Ljubljana d.d., during the final year of
the project. The first 6-month meeting was held in Ljubljana during the last week of May 2013.
In the frame of ARRS-funded project “The protection of permanent magnets for advanced applications at high Head:
temperatures” we designed and developed an effective coating for magnets used at temperatures in the range of Prof. Spomenka Kobe

400 °C. Multilayer coatings based on nickel and titanium nitride are proving
to be very effective at these very high temperatures, resisting both corrosion
and evaporation.

In another study, the so-called grain-boundary diffusion process
(GBDP) was introduced. This is a post-sintering process, where the diffusion
of Dy or Th along grain-boundaries and into the outer parts of Nd Fe, B grains
occurs and this contributes to a higher coercivity. The result is a “core-shell”
microstructure where the core is represented by the Dy-free Nd Fe B phase
and the shell is rich in Dy (NdDyFe, ,B). The first step that is needed in such a
process is to coat the commercially available, Dy-free Nd-Fe-B sintered magnet
with Dy-powder, in our case DyF,. The magnets were coated in two differ-
ent ways. The first is by dip-coating and the second is by the more efficient
electrophoretic deposition (EPD). The grain size of the DyF,-powder was in
range of 5 um to 60 um and the suspension was based on ethanol. In the case
of using EPD, the thickness of the DyF -coating was varied from a few to 250
um. After the coating-process, all the magnets were usually exposed to the
same heat treatment at 850 °C for 10 hours and aging at 500 °C for 1 hour in
an argon atmosphere. In this step, the so-called GBDP occurs. The magnetic
measurements of such magnets were made with a permeameter. When rough
calculations were made, to figure out how high is the Dy-concentration after
GBDP, it was determined that in a whole magnet there is less than 1 wt. %
of Dy and magnetic properties are even better or as good as in the case of
magnet produced by the conventional powder metallurgy route that contain
2wt. % of Dy. For this reason, GBDP based on EPD is an extremely attractive
process that leads to a large coercivity improvement (up to 30 %) with only
small drop in remanence. This work is part of the European project ROMEO
(FP7-NMP-2012-SMALL-6) where one of the main goals is to reduce the usage
of expensive heavy rare earths (Dy or Tb) in the NdFeB magnets and at the
same time retain or even enhance the magnetic properties.

The deposition process of the Fe-Pd nanostructured alloys was kineti-
cally evaluated and the parameters for an optimum composition depending
on the system investigated, i.e., Fe, Pd, or Fe, Pd, was given. Magnetic
shape memory Fe, Pd, nanorods, which we are investigating in the frame
of a national project with NIC and an MNT-ERA-NET project, were success-

In October 2013 we began coordinating a new
EU FP7 project called “New permanent magnets
for electric-vehicle drive applications” (MAG-
DRIVE) to develop new processing technologies
for rare-earth transition-metal magnets that will
be incorporated into electric motors with higher
efficiency. The project includes partners from
the UK, Germany, Serbia, France and Slovenia.
At the JSI, as well as coordinating the project
we will be working on innovative compaction
techniques such as spark-plasma sintering in
an attempt to improve the magnetic properties
by reducing as far as possible the grain growth
inherent in high-temperature consolidation
processes.

Figure 1: Agglomerates of mackinawite (FeS) leaves with corresponding
= . experimental and simulated EDP. Individual mackinawite crystal with
fully deposited in a narrow composition range. Low-temperature SQUID 4 mechanism of Cu incorporation between the mackinawite layers (TEM

measurements showed an increased magnetization saturation and coercivity, Jeo/ 2100).
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Fe-Pd nanorods were successfully implemented
in xerogels together with a model drug.

The biocompatibility of the system was

proven with an in-vivo experiment involving
zebra fish. In the Fe, Pd, nanorod system
homogenous nanowires were deposited. A low
magnetocrystalline phase in the as-deposited
state was converted to the highly anisotropic L1
structure, exhibiting high coercivities Hc =128
kA/m.

implying a transformation from a high-temperature austenite cubic phase to
alow-temperature tetragonal martensitic phase. The magnetization distribu-
tion in FePd single nanowires was found in a single domain state with the
preferential easy axis of the magnetization orientated in a parallel direction
to the wires; however, the magnetization easy axis in an FePd nanowire
array was found to be in the perpendicular direction, due to the expressed
dipole-dipole interactions. On the other hand, Co-Pt nanowires of the same
morphology exhibited a unique quasi-periodic magnetization distribution
due to the anisotropy interplay between the shape anisotropy and the two
crystalline anisotropies originating from the Co-Pt fcc and hep phases. Such

nanowires represent suitable candidates for applications such as race-track

memory devices. In the past year we have introduced a new field of multi-
functional FePt-Au core/shell nanostructures suitable for novel magneto-photo medical curing. A suspension of FePt/
§i0,/Au core/shell nanoparticles in water was irradiated with a laser at the wavelength A=810nm (P=1W) suitable
for curing humans. A significant temperature increment of the media surrounding the nanoparticles was detected.
We reported on nitrogen-filled hollow Co-Pt nanospheres produced via pulsed-laser ablation (PLA) in ambient
nitrogen gas. In this study we have demonstrated that by applying PLA in an ambient nitrogen gas the gas-filled
hollow Co-Pt nanospheres can be successfully produced, where the composition of the particles is controlled by the
Co-Pt target composition. By means of various techniques of transmission
electron microscopy we aimed to characterize both the structure and the
composition of synthesised nanospheres as well as to determine the nitrogen
pressure inside the individual voids. The data was further employed for the
reconstruction of the formation mechanism of Co-Pt gas-filled nanospheres
and the suggestions for the general formation mechanism for gas-filled

nanospheres in other metallic systems have been made.

Highly coercive permanent Nd-Fe-B-based magnets were successfully
developed from commercially available MQU-F rapidly quenched ribbons
with optimized composition by wet coating with DyF, in isopropanol and
subsequent spark plasma sintering and heat treatment. The highest H,
enhancement was obtained at 2.2 wt.% Dy-fraction, i.e., from 1580 to 2025
kA/m, which is a 25 % improvement. When more than 3 wt.% of Dy was add-
ed, the coercivity enhancement started to decrease, whereas at 4.8 wt.% the
coercivity of the as-sintered magnet was lower than it was for the non-coated

Figure 2: High-resolution FEGSEM micrograph of the Fe-Pd nanorods ~ oneand it was further decreasing with the annealing time. Based on the SEM

with superimposed diagram showing the variation of the atomic Fe/ results and the thermodynamic data on DyF, and NdF, formation enthalpies

Pd ratio along the nanorod (poinis 1-10). The resulls were oblained it appears that at a certain DyF, content a continuous NdF, layer starts to

[from optimized low-voltage quantitative elemental EDS analysis with
submicrometer analytical spatial resolution.
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form that prevents Dy diffusion from the ribbons’ interfaces. This explains
an optimal addition of DyF,. This innovative approach of manufacturing
fully dense Nd-Fe-B magnets with enhanced coercivity and a gradient microstructure was patented at the European
Patent Office under patent number 1556. The research was performed within the scope of the EU project ROMEO.

We investigated the magnetic exchange interaction on the basis of Wannier orbitals obtained from electronic
structure calculated ab initio. The so-determined parameters may be applied in the density-matrix-renormalization-
group (DMRG) method, which is efficient mainly for one-dimensional systems. Within the framework of the
density-functional theory we explored the possibilities for the presence of non-stabilities and complexities in the
Ca-Ga-Cu phase diagram. We also determined the influence of beryllium on the twin-boundary energy in spinel.

In 2013 we broadened the research work of structural materials within the frame of the European fusion
programme from ceramic composites SiC/SiC to tungsten-containing composites. For samples preparation we
used the same processing technique as for the SiC/SiC and we investigated the influence of the tungsten content on
the properties of the W-Si-C composites in the range of low and high tungsten content. The results have confirmed
that by optimisation of the process, a relatively high strength can be achieved in both regions.

One of the important research topics is the electrophoretic deposition (EPD) of various materials. Among
them, in 2013, the main attention has been paid to silicon carbide, carbon nanotubes and polymer polyether-ether-
ketone (PEEK). The highest green densities were achieved from aqueous suspensions with a high solids loading
(>40 wt. %) and with the optimal addition of surface-active agents, providing that the electrical conductivity is
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limited. Based on a comprehensive study of the deposits and suspensions
before and after the deposition we explained the process for forming bulk
SiC and PEEK parts.

In collaboration with Mechanical Engineer Faculty, UL, we were also
dealing with the preparation of homogeneous PEE composites with nano-
particles (MoS,, WS,, CNT and graphene). The green parts were densified
at various temperatures below and above the melting point and their wear
properties were analysed. The results imply a significant influence of the
processing temperature.

In the frame of the project BioTiNet (FP7-ITN) we continued with
the analysis of the properties of anatase (Ti0,) coatings, grown by hy-
drothermal treatment on titanium alloys for bone-implant applications. In
collaboration with the University of Barcelona, we confirmed the improved
corrosion resistance of the coated alloys; moreover, we also verified the UV
photo-induced properties of nanostructured TiO, coatings. The excellent
photocatalytic activity of the firmly bonded coatings has been confirmed, as
well as the UV photo-induced super-hydrophilicity, which appeared also as
a prolonged effect (up to two weeks of recovery). In collaboration with the

Department for Nanostructured Materials K-7

Figure 3: Development of (111) twin grains in MgAI204 spinel. Until
the twin-boundary-forming dopant is available, the grains grow
exaggeratedly along this boundary and consequently develop plate-like
morphology unusual for the cubic spinel. Subsequently they thicken
according to the normal grain growth Ostwald ripening law.

University in Sienna, the effect of the presence of the coating and its pre-irradiation with UV light on plasma protein
adsorption have been studied, while in collaboration with the University of Giessen we verified the interaction with
human cells. In continuation, the investigation will be completed by the analysis of the proposed bacteriostatic

effect after UV pre-irradiation.

The investigations of materials for biomedical application involved the
preparation and analysis of the scaffolds for hard-tissue engineering that is a
topic of the COST action NAMABIO (From nano to macro biomaterials and
applications to stem cells regenerative orthopaedic and dental medicine).

Within investigations of n-type oxide thermoelectric materials we
synthesized Nb-doped SrTiO,. The basic microstructure of solid-solution
Sr(Ti (Nb, ,)0,  was modified in two ways: with the addition of Sr,Ti,0,
nucleation seeds and/or with the addition of SrO-excess. Sr,Ti,0, seeds were
synthesized by molten salt approach. In the case when excess SrO was added
toaSr(Ti) Nb; ,)0, solid solution we obtained material that was composed
of two phases, namely, Sr(Ti  Nb, ,)0, and polytypic Ruddlesden-popper
phases. More or less ordered single planar faults with the SrO structure were
also observed in the perovskite matrix. Measurements of thermoelectric

We prepared bioactive biodegradable scaffolds
from composites of gellan gum reinforced with
bioactive-glass nanoparticles, which helped

to enhance the microstructure (pore size and
interconnectivity), mechanical properties and
formation of hydroxyapatite in simulated body
fluid. Optimisation of the processing resulted

in further improved mechanical properties by a
better particles distribution in the polymer matrix
and an increased amount of bioactive-glass
reinforcement.

properties of so far synthesized materials showed that the achieved a ZT value of approximately 0.12.

In the field of oxide thermoelectric materials we studied the influence of the sintering method (pulse electric
current sintering - PECS, microwave sintering) and doping with oxides of Al, Mn, Fe, Ce and Nd on the structure,
microstructure development and thermoelectric characteristics of ceramics in the system (Zn0) In,0, (k =5, 11).

Perovskite materials such as StTiO, nanostructures are suitable for
many applications such as oxygen sensing and tunable HTS (high tem-
perature superconducting) microwave filters. The potential advantages of
the nanostructured forms have been, however, scarcely explored compared
to other oxides. The synthesis of perovskite SrTi0, nanostructures via sol-
gel electrophoretic deposition (EPD) into anodic aluminium oxide (AAO)
membranes has proven to be very successful and useful. When measuring
the electrical properties of SrTiO3 nanotubes we obtained interesting sci-
entific findings, which were published in the journal Materials Chemistry
and Physics. In the article titled: “Insight into the structural, electrical and
photoresponse properties of individual Fe:STiO, nanotubes” we reported on
the structural and electrical properties of individual iron-doped strontium
titanate nanotubes (Fe:SrTi0,) grown by electrophoretic deposition (EPD).
The Fe:SrTi0, nanotubes were assessed for the first time, showing high
stability and reproducibility. This result paves the way to the further develop-
ment of more complex titanate-based devices, as for instance nanostructured

Figure 4 Coercivity dependence of spark plasma sintered and
annealed MQU-F42 commercial alloy on addition of DyF, powder from

oxygen Fe:SrTi0; sensors. From the experimental data it was concluded that - jsoprapanol suspension
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Figure 5: Cross-section TEM image of seed-layer and initial stages of film

the polycrystalline form of Fe:StTi0, nanotubes is the major limitation to
attain high photoconductivity gains when exposed to UV-light.

We optimized parameters for the anodization of aluminium alloys. The
obtained oxide layer was coloured by selected ion. In the case of copper
ions we obtained a purple colour of oxide layer. This work was performed
in cooperation with the department of thin films and surfaces (F3) and
Impol industry.

In the field of dye-sensitized solar cells (DSSCs) we focused our re-
search on the fabrication of high-efficient photo-anodes composed of TiO,
nanotubes. A self-ordered, vertically aligned TiO, nanotubes, were grown
on electropolished titanium foil by anodic oxidation in viscous organic
electrolyte. By changing the anodization parameters (temperature, time,

growth with illustrated SCOG mechanism. SCOG mechanism is expressed applied voltage, electrolyte composition) TiO, nanotube arrays with different
through three distinct growth stages: (i) random nucleation, (ii) spatial  morphologies were obtained. Some of the TiO, nanotubes were addition-
confinement, and (iii) oriented growth. ally treated with TiCl, or with TiO, P25. The prepared photo-anodes were
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assembled into flexible and nonflexible DSSCs. Measured current-voltage

The influence of an organic vehicle and the  characteristics showed that the maximum energy conversion efficiency for
amount of added varistor powder filler on the  flexible DSSCs was 2.1% and for nonflexible 5.9%.

rheological characteristics of pastes and their We developed homogeneous coarse-grained low-voltage ZnO-based

screen-printing performance was studied. A varistor ceramics doped with Bi,Ti,0,, or Bi, TiO, and other varistor

477371

paste with high solids load of 70% and good  dopants having breakdown voltage in the range from 20 to 40V/mm and
printing characteristics was developed and  nonlinearity coefficient o above 20. The development was based on the
enables preparation of dense layers of varistor  discovery that rapid decomposition of pre-reacted phases from the Bi,0,-Ti0,
ceramics with good electrical characteristics at  system into TiO,rich Bi,0, liquid phase enhances formation of inversion
low sintering temperature of 900 °C, typical for boundaries in the ZnO grains, which results in homogeneous grain growth
the screen-printing hybrid circuit technology.  and microstructure development.

Figure 6:

Applications involving transparent conducting films (TCFs), such as
flat-panel displays and touch screens technologies, are dominated by indium-tin-oxide (ITO). Increasing prices of
indium makes a strong argument for alternative TCFs with competitive characteristics and lower price. We dem-
onstrate the potential of highly oriented zinc oxide (ZnO) films grown on glass substrates under low-temperature
hydrothermal (HT) conditions at 90 °C from aqueous solutions of Zn-nitrate and Na-citrate. Formation of a
continuous ZnO seed-layer with proper thickness, grain size, connectivity and orientation of seed-grains on glass
is shown to be essential to achieve conditions for the growth of highly oriented (0001), smooth, transparent and
conductive ZnO films according to the spatially confined oriented growth (SCOG) mechanism. The film grown on
ahomogeneous seed-layer with grain size of about 20 nm showed optical transmittance of up to 82% and relatively
low resistivity for undoped ZnO ceramic in order of few 100 © sq. Such characteristics are explained by highly
oriented crystalline texture and high coalescence of ZnO crystals in these films.

In collaboration with the company VARSI we continued the development of special varistors for overvoltage
protection of renewable energy systems (solar panels and wind turbine generators). The result is new types of
varistors with high stability under dc field for operation under harsh climate conditions (temperature, humidity).

In the development of cost-effective and environment friendly photo-
voltaic systems the Cu,Zn3nS -type films (CZTS) showed very promising.
CZTS is p-type semiconductor with preferred optical band gap at 1.5V and
high absorption coefficient made of well abundant and hence cheap ele-
ments, which are also nontoxic. We studied preparation of CZTS films by
sol-gel spin coating and annealing in sulphur-rich atmosphere at 500°C on
flexible metal substrates of Al, Ti, Cu and Mo.

In the field of photocatalysis we designed and fabricated Ti-foil based
microreactor with titania nanotubes and anatase nanoparticles. Basic

Left - meteorite Jezersko (mass 1380 8) photocatalytic properties and design was published in ACS applied mate-

Right - Typical barred olivine chondrule observed in cross-polarized

light

rials & interfaces (IF 5). Using this microreactor we performed series of
experiments where we studied the mechanisms of degradation reactions for
various types of organic substances. It was found that during the decomposition of organics containing chlorine the
efficiency of the microreactor seriously decreased. With EPR measurements we tried to establish the mechanism
of this phenomena, namely the chlorine could adsorb on the surface of nano-anatase particles and due to steric
effects hindered the adsorption of the organic molecules or could produce chlorine radicals which are concurrent
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to hydroxyl radicals. The photocatalysis of zinc oxide as a function of crystallinity and particle size was also studied
and published in Applied Catalysis. B, Environmental (IF 5,8).

Self-assembly of Ge, Niand Co quantum dots in amorphous silica matrix after the high-energy ions irradiation
was investigated using electron microscopy and microanalysis. With co-workers we published series of 4 papers on
self-organization of quantum dots. With the synthesis parameters we were able to prepare different superstructures.
In collaboration with scientists from Portugal the influence of carbon nano-tubes addition to Ti0, and morpholo-
gies if titania on photocatalytical degradation of caffeine were explained in papers published in Catalysis Today.

We synthesized and further investigated Cu-doped Fe-sulphides. With electron microscopy, X-Ray diffraction
and magnetic measurements we showed the influence of copper on the first precipitate and on the subsequent
phase transformations in FeS system. TEM investigation of Cu-doped mackinawite-like FeS showed enhanced crys-
tallinity accompanied with expansion of the unit cell along the c-axis, proportional to the amount of Cu adsorbed
between the (001) layers of the mackinawite structure. The subsequent solvothermal treatment and sulphuriza-
tion of undoped FeS resulted in formation of pyrite, at low doping Cu-rich mackinawite and cubic (Fe,Cu)S with a
sphalerite-type structure were formed, while at higher Cu concentrations the end-products were chalcopyrite and
bornite, corresponding to the initial amount of Cu in the reagents. These mackinawite properties can be also used
for sorption of Cu, Nior Cr from degraded environment. The results of work were published in two scientific articles.

In the frame of the basic research project ‘Twinning, epitaxies and phase transformations in minerals’ we
continued with nanostructural investigations of growth-type transformational defects in different systems. In the
spinel-chrysoberyl system we confirmed our hypothesis that twinning in

MgAl0, spinel is triggered by the addition of BeO. The results of this work
are published in CrystEngComm (IF 3.879). In the rutile-hematite system we
studied the mechanism of topotaxial transformation of ilmenite to rutile and
hematite. These minerals are related through a common close-packed oxygen
sublattice. While ilmenite and hematite have a rhombohedral symmetry,
the rutile lattice is slightly tetragonally distorted. Under certain conditions,
ilmenite transforms (oxidises) to rutile and hematite, where rutile lamellas
precipitate along structurally defined crystal planes of the precursor and
finally form reticulated network also known as sagenite. The products of
ilmenite oxidation are common in nature and the reaction is also of techno-
logical importance for the production of rutile from ilmenite precursor. In the

. . o L based ceramics.
previous year we finished a study of topotaxial rutile-hematite intergowths

We successfully synthesised simple and complex
twins of spinel, which proved that the ccp-hcp
transformation is caused by the presence of
beryllium at the (111) twin boundaries. At higher
BeO additions we observed the formation of
epitaxial overgrowths of spinel with BeMg,Al O,
taaffeite-type compounds. This finding has a
potential applicative value since twinned spinel
grains develop a plate-like morphology that may
improve the mechanical properties of spinel-

from the locality Mwinilunga in Zambia, where we determined the crystal-
lographic relationship between rutile and hematite and suggested a mechanism of their formation based on an
extensive transmission electron microscopy study. A manuscript for the journal ‘Contributions to Mineralogy and
Petrology’ is in preparation. In addition we started a detailed study of the ilmenite to rutile/hematite transforma-
tion mechanism at the atomic level. For this purpose we performed thermal or hydrothermal treatment of natural
single crystals of ilmenite. The results show that different transformation mechanism exists based on the treatment
technique. During hydrothermal treatment, transformation is based on the dissolution-precipitation mechanism,
while during thermal treatment; the recrystallisation is based on the internal rearrangement of atomic within the
rigid oxygen sublattice.

Up to date three meteorites have been found on the territory of Slovenia, one stony and two
iron types. The highly conserved stone meteorite named after the location Jezersko has recently
joined to the collection of Slovenian meteorites. The detailed studies of the meteorite Jezersko,
which were performed jointly at the JoZef Stefan Institute, Geological Survey of Slovenia, Faculty of
Natural Sciences and the Museum for Natural History of Slovenia offers us an unique opportunity
for in-depth understanding of the origin and evolution of our solar system in the last ~ 4.6 billion
years. Meteorite Jezersko was registered into the database of all known meteorites in Lunar and
Planetary Institute (Meteoritical Bulletin Database).

Within the ARRS project J2-4237 we have investigated the innovative materials using advanced
methods of high-resolution scanning electron microscopy (FEGSEM) and quantitative elemental
analyses by energy-dispersive and wavelength-dispersive X-ray spectroscopies (EDS, WDS). These
methods were modified and improved for reliable materials characterization on submicrometer
and nanometre-scale. Using the electron backscatter diffraction (EBSD) analysis we have inves-
tigated the crystallinity and the presence of quasicrystals in complex metallic alloys based on Al
and Gd-Cu-Ca.

For industrial partners and other research institutions we have performed the analyses and Figure 7 Schematic presentation of photocatalytic
expertise related to microstructural characterization of various materials which were included in - microreacior and its design and fabrication
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3:0 Jozef Stefan Institute

Members of the department have also been
active in the promotion of science. In 2013 we
presented some of the achievements in the
TV programme “Bite the Science”. Under the
umbrella of the Slovenian Society for Science
and Engineering (SATENA) we organised the
first two sets of popular lectures on science
for general public (“Science on the street,
knowledge and ideas on the go”.

the research and development of new products. Main collaborations were
realized with SwatyComet Maribor, Cinkarna Celje, Belinka Ljubljana, UL-
NTF Department of Materials and Metallurgy, Ljubljana, RC SIMIT Kidricevo,
Ortopedska Bolnisnica Valdoltra Ankaran.

One of the important research areas of the group is the implementation
of various electron microscopy analytical techniques within the existing EU
project ESTEEM2, such as electron energy-loss spectroscopy (EELS), high-
resolution scanning transmission electron microscopy (STEM, HAADF-STEM)
electron holography and mechanical preparation of the TEM samples. The
research group is additionally strongly involved in managing of the Center for
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Electron Microscopy within the frame of the National Infrastructure Center

for microstructural and surface analysis. Implementation of various electron microscopy analytical techniques and
the possibility for researchers to access research infrastructure for electron microscopy is of utmost importance for
numerous research institutions, industrial partners, as well as for graduate and post-graduate education.

Awards and appointments

L

Sasa Novak Krmpotic, State (Zois) recognition of scientific achievements in the field of materials, Ljubljana,
22.11.2013

Nina Kostevsek, Kristina ZuZek RoZman, Saso Sturm, Spomenka Kobe, “Hybrid FePt/Au Nanoparticles With
a Combined Magneto-Photothermal Effect”, The best presentation among young researchers in the research
field Nanomaterials and Nanotechnology, 21st Conference on Materials and Technology, PortoroZ, Slovenia,
13.-15.11. 2013

Marja Jeri¢, Miran Ceh, “Molten salt synthesis of Nb-doped 8r,T1,0, platelet seeds”, The best poster among
young researchers in the research field Nanomaterials and Nanotechnology, 21st Conference on Materials
and Technology, PortoroZ, Slovenia, 13.-15. 11. 2013

Medeja Gec, Matic Krivec, Kristina Zagar, Luka Suhadolnik, Darja Jenko, Goran Drazic, Miran Ceh, “Com-
parison of TEM lamella preparation techniques on titania nanotube-arrays/metal Ti interface”, MC2013 Best
poster award in Instrumentation and Methods, at the MC2013 Microscopy Conference, Regensburg, Germany,
25.-30.8.2013

Sandra Drev, Aleksander Recnik, Nina Daneu, “Iwinning and inclusions in chrysoberyl from Pratinhas,
Brazil”, MC2013 Best poster award in Materials scince at the MC2013 Microscopy Conference, Regensburg,
Germany, 25.-30. 8. 2013

Organization of conferences, congresses and meetings

10.

1* CalGadX Conference, Ljubljana, Slovenia, 12.-13. 12. 2013

21* International Conference on materials and Technologies, Portoroz, Slovenia, 13.-15. 11. 2013 (co-
organisation)

C-MAC Days 2013, Ljubljana, Slovenia, 9.-12. 12. 2013 (members of Science Board and General Assembly in
European integrated Center for the Development of New Metalic Alloys and Compounds (C-MAC))

EMAS 2013, 13" European Workshop on Modern Developments and Applications in Microbeam Analysis Porto,
Portugal, 14.-18. 5. 2013 (members of Managing Board of European Microbeam Analysis Society)
Microscopy Conference 2013, MCM2013, Regensburg, Germany, 25.-30. 8. 2013 (members of International
Advisory Board)

Fusion Expo: The Big Bang, UK Young Scientists & Engineers Fair, London, United Kingdom, 14.-17. 3. 2013
(co-organisation)

Fusion Hands on experiments at ECSITE Annual Conference, Gothenburg, Sweeden, 6.-8. 6. 2013 (co-
organisation)

Fusion Expo: Science Days 2013, Rust, Germany, 10.-12. 10. 2013 (co-organisation)

Fusion Expo: Scientific Festival Week of Science and Technology 2013, Prague, Czech Republic, 1.-15. 11. 2013
(co-organisation)

Fusion Expo: Campus Drie Eiken, Antwerpen, Belgium, 21.-22. 11., 26.-27. 11. 2013 (co-organisation)
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INTERNATIONAL PROJECTS

10.

11

14.

17.

18.

19.

Services for the Exports

Foreign Clients

Dr. Zoran Samardzija

7FP - MACAN; Merging Atomistic and Continuum Analysis of Nanometer Length-scale
Metal-oxide Systems for Energy and Catalysis Applications

European Commission

Asst. Prof. Aleksander Recnik

7FP - 2020 Interface; Nanoscale of Tribological Interfaces for Clean and Energy-Efficient
Diesel and Gasoline Power Trains

European Commission

Asst. Prof. Matej Andrej Komelj

7FP - BioTiNet; Academic-Industrial Initial Training network on Innovative
Biocompatible Titanium-based Structures for Orthopaedics

European Commission

Prof. Spomenka Kobe

7FP - ESTEEM 2; Enabling Science and Technology through European Electron
Microscopy

European Commission

Prof. Miran Ceh

7FP - NANOPYME; Nanocrystalline Permanent Magnets Based on Hybrid Metal-Ferrites
European Commission

Asst. Prof. Paul John McGuiness

7FP - Fusion Expo; Fusion Expo Support Action under EFDA Work Programme, Task
Agreement WP10-PIN-FUSEX

Ministry of Education, Science and Sport

Asst. Prof. Sasa Novak Krmpoti¢

7FP - EURATOM; Review R&D on Materials - 4.1.1.2., WP11-DAS-MAT-M03-01/MHEST/PS
Ministry of Education, Science and Sport

Asst. Prof. Sasa Novak Krmpotic

7FP - ROMEO, Replacement and Original Magnet Engineering Options

European Commission

Prof. Spomenka Kobe

4.1.1.-FU, EURATOM-MHEST: Development of W-Containing Composites

Ministry of Education, Science and Sport

Asst. Prof. Sasa Novak Krmpotic

4.1.2.-FU, EURATOM-MHEST; Development of W-Containing Composites

Ministry of Education, Science and Sport

Asst. Prof. Sasa Novak Krmpoti¢

. 7FP - MAG-DRIVE; New Permanent Magnets for Electric-Vehicle Drive Application

European Commission
Asst. Prof. Paul John McGuiness

. MODEF - Creazione e Sperimentazione Congiunta di Modelli per I'Ottimizzazione

dell'Utilizzo di Energia Fotovoltaica

Unindustria Rovigo

Dr. Zoran Samardzija

COST MP1005, NAMABIO; From Nano to Macro Biomaterials (Design, Processing,
Characterization, Modelling) and Applications to Stem Cells Regenerative Orthopedic
and Dental Medicine

COST Office

Asst. Prof. Sasa Novak Krmpoti¢

. Minerals as a Precursors for Advanced Technologies

Slovenian Research Agency
Asst. Prof. Nina Daneu

. Microstructural Investigation of Materials for Hydrogen Storage and Correlation with

Desorption Properties

Slovenian Research Agency

Asst. Prof. Sao Sturm

Experimental and Theoretical Investigation of Hydrogen Sorption in Mg-Zr-Fe-Ni and
Ti-Fe-Ni Systems

Slovenian Research Agency

Dr. AndraZ Kocjan

The CALGAD-X Project: New Calcium-Gadolinium-X Complex Metallic Alloys
Slovenian Research Agency

Prof. Spomenka Kobe

Study of Chemical Strain in Perovskites Doped With Aliovalent Cations by Applying
In-Situ X-Ray Diffraction, Dilatometry and Advanced Transmission Electron Microscopy
Techniques

Slovenian Research Agency

Asst. Prof. Sao Sturm

Department for Nanostructured Materials K-7

RESEARCH PROGRAM

L.

Nanostructured Materials
Prof. Spomenka Kobe

R&D GRANTS AND CONTRACTS

L.

2.

10.
11
12.

13.

14.
15.
16.

17.

18.

New Metallic Materials for Thermal Storage of Digital Information

Dr. Andraz Kocjan

Near-net Shape Nanoparticle-Reinforced Polymer-Composites for Highly-Loaded
Advanced Mechanical Components with Superior Tribological Performance

Asst. Prof. Sasa Novak Krmpoti¢

Novel Functionalized Nanomaterials for Applications as Nano- or Biosensors/Actuators/
Bioresponsive (Carrier) Systems

Asst. Prof. Kristina ZuZek Rozman

Twinning, Epitaxy and Phase Transformations in Minerals

Asst. Prof. Nina Daneu

Electron Microscopy and Microanalysis of Materials on Submicrometer scale

Dr. Zoran Samardzija

Hydrothermal Synthesis of Strongly Adhered TiO2 Photocatalytic Coatings on Metallic
Substrates

Asst. Prof. Goran DraZic

Microbial Adhesion Management on Material Surfaces

Asst. Prof. Goran Drazic

Development of the Model of the System for Intelligent Support of the Selection of
Suitable Powder Material when Developing Sintered Products

Asst. Prof. Sasa Novak Krmpoti¢

Modification of TiO2 Nanoparticle Surface: Prevention of Agglomeration and
Preservation of Intrinsic Properties

Asst. Prof. Aleksander Recnik

Innovative Production Systems for Vaccines and Regenerative Medicine

Asst. Prof. Aleksander Re¢nik

High-coercivity Nd-Fe-B Bonded Magnets for Automotive Applications

Prof. Spomenka Kobe

Protected Permanent Magnets for Advanced High-Temperature Applications

Asst. Prof. Paul John McGuiness

Materials and Technologies for Applications of ZnO-based Thick Film Varistors and
Oxide Thermoelectrics

Asst. Prof. Slavko Bernik

Colour, Absorption and Protective Nanolayer Coatings for Aluminium alloy

Prof. Miran Ceh

NSFM: Novel Smart Filtration Media

Ass