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It is my privilege to present the information booklet of the Institute 
of Physics of the Polish Academy of Sciences for the years 2014-2015.  
It includes information about the Institute, our research expertise, and laboratory 
potential. A considerable part of the booklet presents recent research highlights, 
published in prestigious journals over the last two years. In the last section, 
“Institute of Physics in Numbers” we also provide statistical information about 
the staff, the awarded scientific degrees, publications and patents activities.  

The mission of the Institute is to advance the knowledge in physics and 
to educate PhD students in the areas that will best serve society, our country 
and the world. We also disseminate knowledge at all levels of education. 

In the years 2014-2015 the Institute sucessfully continued research in all 
of the main fields of our expertise including semiconductor physics, molecular 
and atomic physics, quantum optics, magnetism, superconductivity and 
biophysics. Also our research facilities, training capabilities, and international 
collaboration have been considerably expanded, in particular, owing to the 
EAgLE Project - European Action towards Leading Centre for Innovative 
Materials located at the Institute.

We managed to increase our international outreach. The continuously growing 
group of international PhD students and foreign visiting Professors demonstrates 
an increasing impact of the Institute abroad, complementing our publications and 
our active and successful participation in European grant competitions. 

Although the Institute was already established in 1953, and two years 
ago we celebrated its 60th anniversary under the Honorary Patronage 
of the President of Poland, the Institute seems to be eternally young. It is 
currently being shaped by its fourth generation of physicists, aiming to meet 
the challenges of spintronics, topological insulators, quantum computers and 
high temperature superconductors. Our Institute has every reason to face the 
future of Polish physics and of our civilization with confidence.

We are proud of our achievements, of our potential and of our contribution 
to the global repository of knowledge. We believe that our activities and results 
demonstrate our full commitment to fulfill our mission.

I wish you a pleasant reading!

Leszek Sirko
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mAnAgement of the institute of Physics PAs 

director of the Institute: Full Professor Leszek Sirko - director@ifpan.edu.pl

Deputy Director for Scientific Affairs: Full Professor Roman Puźniak - puzni@ifpan.edu.pl

Deputy Director for Scientific Projects: Associate Professor Ewa Jędryka - projects@ifpan.edu.pl

deputy director for technical affairs: Paweł Głód, PhD - tech@ifpan.edu.pl

deputy director for economic and financial affairs: Joanna Borowiecka - finance@ifpan.edu.pl

scientific council 2015-2018

chairman: 
Full Professor Jacek Kossut

vice chairmen: 
Full Professor Marta Z. Cieplak, Full Professor Tomasz Story

secretaries: 
Full Professor Ryszard Buczko,  
Associate Professor Grzegorz Grabecki 

members:
Full Professor Piotr Bogusławski
Full Professor Ryszard Buczko
Full Professor Stanisław Chwirot
Full Professor Marek Cieplak
Full Professor Marta Z. Cieplak
Łukasz Cywiński, DSc
Full Professor Tomasz Dietl
Full Professor Witold Dobrowolski
Marek Dudyński, PhD
Full Professor Danek Elbaum
Full Professor Mariusz Gajda
Marta Galicka, PhD
Full Professor Robert R. Gałązka
Full Professor Marek Godlewski
Associate Professor Grzegorz Grabecki
Full Professor Wiesław Gruszecki
Full Professor Robert Hołyst
Full Professor Bogdan Idzikowski
Full Professor Krystyna Jabłońska
Full Professor Włodzimierz Jastrzębski
Full Professor Grzegorz Karczewski

Full Professor Mirosław Karpierz
Full Professor Zbigniew Kisiel
Full Professor Jacek Kossut
Full Professor Bogdan Kowalski
Full Professor Adrian Kozanecki
Full Professor Bolesław Kozankiewicz
Full Professor Marek Kuś
MSc Agata Marynowska
Full Professor Andrzej Maziewski
Full Professor Jan Misiewicz
Full Professor Jan Mostowski
Full Professor Maciej Nowak
Full Professor Wojciech Paszkowicz
Full Professor Anna Piotrowska
Full Professor Roman Puźniak
Full Professor Leszek Sirko
Full Professor Andrzej Sobolewski
Full Professor Roman Stępniewski
Full Professor Tomasz Story
Full Professor Andrzej Suchocki
Full Professor Tadeusz Suski
Full Professor Andrzej Szewczyk
Michał Szot, PhD
Full Professor Henryk Szymczak
Full Professor Andrzej Wiśniewski
Full Professor Tomasz Wojtowicz
Full Professor Jakub Zakrzewski
Full Professor Piotr Zielenkiewicz
Full Professor Zbigniew Żytkiewicz

scientific Divisions - organization, staff, anD facilities*ManageMent anD scientific council*

  
informAtion About the institute of Physics 

* As at December 31, 2015 * As at December 31, 2015

Physics of  
seMiconductoRs 
head: full Professor tomasz story - story@ifpan.edu.pl
secretary: Katarzyna Duszyńska - kduszyn@ifpan.edu.pl
Phone: (+48) 22 843 56 26; (+48) 22 843 70 01 or  
(+48) 22 843 66 01 ext. 2601; 

orgAnizAtion 

Physics of AiibVi semiconductors

Head: Full Professor Andrzej Mycielski - mycie@ifpan.edu.pl
Associate Professor Krzysztof Grasza - grasza@ifpan.edu.pl
Wojciech Kaliszek 
Le Van Khoi, PhD - lkhoi@ifpan.edu.pl
Dominika Kochanowska, PhD - dmkoch@ifpan.edu.pl
Adam Marciniak  
Anna Marciniak - marciniak@ifpan.edu.pl
Paweł Skupiński, PhD - skupin@ifpan.edu.pl
Joanna Wiśniewska 
Eng. Barbara Witkowska - witkow@ifpan.edu.pl
Marta Witkowska-Baran, PhD - mwitkow@ifpan.edu.pl
Eng. Marek Zubrzycki

Physics And technology 
of ePitAxiAl lAyers

head: full Professor tomasz story - story@ifpan.edu.pl
MSc, Eng. Artur Boratyński - borat@ifpan.edu.pl
Krzysztof Dybko, PhD - dybko@ifpan.edu.pl
MSc Piotr Dziawa - dziawa@ifpan.edu.pl
Eng. Wojciech Knoff, PhD - knoff@ifpan.edu.pl
Leszek Kowalczyk, PhD - kowal@ifpan.edu.pl
MSc, Eng. Elżbieta Łusakowska - lusake@ifpan.edu.pl
Janusz Sadowski, DSc - sadow@ifpan.edu.pl
MSc Aloyzas Siusys - siusys@ifpan.edu.pl
Eng. Andrzej Szczerbakow, DSc - szczer@ifpan.edu.pl
Michał Szot, PhD - szot@ifpan.edu.pl
MSc Badri Taliashvili - badrital@ifpan.edu.pl
MSc, Eng. Wojciech Zagórski - zagor@ifpan.edu.pl
MSc Monika Zięba - ziemba@ifpan.edu.pl

Physics of semimAgnetic semiconductors 

Head: Full Professor Witold Dobrowolski - dobro@ifpan.edu.pl
Monika Arciszewska, PhD - arcis@ifpan.edu.pl
Andrei Avdonin, PhD - avdonin@ifpan.edu.pl
Beata Brodowska, PhD - brodo@ifpan.edu.pl
Full Professor Robert R. Gałązka - galaz@ifpan.edu.pl
Associate Professor Małgorzata Górska - gorska@ifpan.edu.pl
Łukasz Kilański, PhD - kilan@ifpan.edu.pl
Izabela Kuryliszyn-Kudelska, PhD - kuryl@ifpan.edu.pl
Associate Professor Andrzej Łusakowski - lusak@ifpan.edu.pl
Paweł Pfeffer, DSc - pfeff@ifpan.edu.pl
MSc, Eng. Arkadiusz Podgórni - podgorni@ifpan.edu.pl
Full Professor Włodzimierz Zawadzki - zawad@ifpan.edu.pl

Physics of structure defects 
in semiconductors

Head: Full Professor Tadeusz Wosiński - wosin@ifpan.edu.pl
Tomasz Andrearczyk, PhD - andrea@ifpan.edu.pl
Full Professor Tadeusz Figielski - figiel@ifpan.edu.pl
Katarzyna Gas, PhD - kgas@ifpan.edu.pl
MSc Rafał Kuna - kuna@ifpan.edu.pl
MSc Khrystyna Levchenko - levchenko@ifpan.edu.pl
Full Professor Wojciech Szuszkiewicz - szusz@ifpan.edu.pl
Zdzisław Śliwiński - sliwin@ifpan.edu.pl
Zbigniew Tkaczyk, PhD - tkaczyk@ifpan.edu.pl
Karolina Wichrowska, PhD - olender@ifpan.edu.pl

reseArch
 ▪ Experimental and theoretical studies of magnetic, thermal, 

optical, transport and magnetotransport properties  
of bulk crystals and thin layers of II-VI, IV-VI and III-V 
semimagnetic (diluted magnetic) semiconductors.

 ▪ Experimental studies of magnetic, optical and electron 
transport phenomena in semiconductor multilayer 
quantum structures based on Eu (or Mn) chalcogenides 
and IV-VI (or II-VI) semiconductors.

 ▪ Crystal growth of II-VI and IV-VI semimagnetic 
semiconductors with Mn, Eu and Gd (standard Bridgman 
and high pressure Bridgman techniques) e.g. CdMnTe, 
ZnMnTe (also heavily p-type doped with P).

 ▪ Growth of monocrystals of substrate quality IV-VI (PbS, PbSe, 
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Full Professor Włodzimierz Jastrzębski - jastr@ifpan.edu.pl
Full Professor Maciej Kolwas - kolwas@ifpan.edu.pl
Krzysztof Kowalski, PhD - krkowal@ifpan.edu.pl
Michał Ławniczak, PhD - lawni@ifpan.edu.pl
Sławomir Palesa - palesa@ifpan.edu.pl
Zdzisław Pawlicki - pawlicki@ifpan.edu.pl
MSc Jerzy Szonert - szonj@ifpan.edu.pl
Jacek Szczepkowski, PhD - jszczep@ifpan.edu.pl
Mariusz Woźniak, PhD - mwozniak@ifpan.edu.pl
MSc Vitalii Yunko - yunko@ifpan.edu.pl

millimetre And submillimetre 
sPectroscoPy

Head: Full Professor Zbigniew Kisiel - kisiel@ifpan.edu.pl
Ewa Białkowska-Jaworska, PhD - biale@ifpan.edu.pl
Jerzy Kosarzewski - jkosarz@ifpan.edu.pl 
MSc Lech Pszczółkowski - lbee@ifpan.edu.pl

Physics of strongly correlAted 
mAteriAls

Head: Full Professor Marta Cieplak - marta@ifpan.edu.pl
Oleksandr Abaloshev, PhD - abala@ifpan.edu.pl
Iryna Abalosheva, PhD - abali@ifpan.edu.pl
MSc Valeriy Bezusyy - bezusy@ifpan.edu.pl
Piotr Gierłowski, PhD - gierl@ifpan.edu.pl
Associate Professor Marek Jaworski - jawor@ifpan.edu.pl
Artur Malinowski, PhD - malart@ifpan.edu.pl
Iryna Zaytseva, PhD - zaytseva@ifpan.edu.pl

structure And moleculAr interActions

Head: Full Professor Maciej J. Nowak - mjnowak@ifpan.edu.pl
Hubert Cybulski, PhD - cybulski@ifpan.edu.pl
Associate Professor Jan Fulara - fulara@ifpan.edu.pl
MSc Anna Hałasa - halasa@ifpan.edu.pl
Leszek Łapiński, DSc - lapin@ifpan.edu.pl
Andrzej Orłowski 
Hanna Rostkowska-Kowalczyk, PhD - rostk@ifpan.edu.pl

QuAntum oPtics

Head: Full Professor Jan Mostowski - mosto@ifpan.edu.pl
Full Professor Zofia Białynicka-Birula 

Associate Professor Piotr Deuar- deuar@ifpan.edu.pl
Full Professor Mariusz Gajda - gajda@ifpan.edu.pl
MSc Dariusz Kajtoch - kajtoch@ifpan.edu.pl
MSc, Eng. Michał Kulczykowski - mkulcz@ifpan.edu.pl
Filip Krzyżewski, PhD - fkrzy@ifpan.edu.pl
MSc, Eng. Marcin Mińkowski - minkowski@ifpan.edu.pl
Associate Professor Michał Matuszewski - mmatu@ifpan.edu.pl
Arkadiusz Orłowski, DSc - orlow@ifpan.edu.pl
MSc Daniel Pęcak - pecak@ifpan.edu.pl
Joanna Pietraszewicz, PhD - pietras@ifpan.edu.pl
Tomasz Sowiński, DSc - tomsow@ifpan.edu.pl
Tomasz Świsłocki, PhD - swistak@ifpan.edu.pl
Emilia Witkowska, PhD - ewitk@ifpan.edu.pl
Full Professor Magdalena Załuska-Kotur - zalum@ifpan.edu.pl

reseArch

atomIc and molecular PhysIcs
 ▪ Clusters and nanoparticles.
 ▪ Kinetics and dynamics of photophysical processes in 

organic molecules and molecular complexes.
 ▪ Laser spectroscopy of alkali metal atoms and alkali metal 

diatomic molecules.
 ▪ Investigation of single micro-objects by means of laser 

light scattering.
 ▪ Rotational spectroscopy (2-500 GHz) of molecules and 

weakly bound intermolecular complexes.
 ▪ Infrared spectroscopy and photochemistry of nucleobase 

analogues isolated in low-temperature matrices.
 ▪ Spectroscopy of diatomic molecules.
 ▪ Recording and analysis of pure rotational spectra of 

molecules and of weakly bound intermolecular complexes.

chemIcal PhysIcs
 ▪ Propagation of chemical pulses. Oscillation in penetration 

distance in a train of chemical pulses propagating in an 
optically constrained narrowing channel.

 ▪ Investigations of charge-transfer (CT) interactions in organic 
electron-donor-acceptor (EDA) systems. Investigations 
of unimolecular photochemical transformations of nucleic 
acid bases, their derivatives and analogues.

PbTe) and II-VI (ZnTe, CdMnTe, CdZnTe) semiconductors 
employing physical vapor transport method.

 ▪ Growth of topological crystalline insulator monocrystals 
PbSnSe and PbSnTe by self-selecting vapor growth method.

 ▪ Growth of ZnO and ZnO:Mn monocrystals employing 
chemical vapor transport method.

 ▪ MBE growth of IV-VI semimagnetic semiconductors with 
Mn, Eu and Gd, e.g. PbMnTe, SnGdTe, SnMnTe and 
(Eu,Gd)Te-PbTe heterostructures.

mAjor exPerimentAl  
And technologicAl fAcilities
 ▪ Lake-Shore susceptometer-magnetometer system 

(temperature range 1.3-300 K, magnetic field up to 9 T).
 ▪ Superconducting magnetometer (SQUID) for 1.5-300 K 

temperature range.
 ▪ Magnetotransport set-ups (temperature range 1.5-300 K, 

magnetic field up to 13 T).
 ▪ Thermoelectric measurements set-ups for temperature 

range 1.5-700 K.
 ▪ Specific heat measurements set-up (temperature range 

0.4-50 K, magnetic field up to 6 T).
 ▪ Photoluminescence set-up for visible and middle infrared 

range with YAG laser.
 ▪ Magnetooptical Kerr magnetometer (temperature range 

1.5-300 K, magnetic field up to 0.2 T).
 ▪ Energy dispersive X-ray fluorescence analyzer for 

chemical analysis.
 ▪ Various technological facilities for the growth of bulk 

crystals of II-VI and IV-VI semiconductors by Bridgman 
method and by physical vapor transport method.

 ▪ Technological facilities for the purification of Mn, 
Mg, Te, Cd and other metals and nonmetals relevant  
to semiconductor technology.

 ▪ Home-built MBE facility for the growth of layers of IV-VI 
semiconductors with Mn, and Eu. 

Radiation Physics 
and sPectRoscoPy
Head: Full Professor Bolesław Kozankiewicz -  
kozank@ifpan.edu.pl
secretary: Grażyna Świderek - swiderek@ifpan.edu.pl
Phone: (+48) 22 843 67 04; (+48) 22 843 70 01  
or (+48) 22 843 66 01 ext. 3249;

orgAnizAtion

moleculAr PhotoPhysics

Head: Full Professor Bolesław Kozankiewicz -  
kozank@ifpan.edu.pl
Marzena Banasiewicz, PhD - mbanas@ifpan.edu.pl
MSc Magda Białkowska - bialkow@ifpan.edu.pl
Associate Professor Irena Deperasińska - deper@ifpan.edu.pl
Józef Dresner, PhD - dresne@ifpan.edu.pl
Elena Karpiuk, PhD - karpiuk@ifpan.edu.pl
Jerzy Karpiuk, DSc - jkarpiuk@ifpan.edu.pl
MSc Łukasz Kielesiński - kielesinski@ifpan.edu.pl
Associate Professor Krystyna Kolwas - kolwak@ifpan.edu.pl
MSc Edyta Majsterek - majsterek@ifpan.edu.pl
Artur Makarewicz, PhD - makarew@ifpan.edu.pl
Olaf Morawski, PhD - morawo@ifpan.edu.pl
Michał Rode, PhD - mrode@ifpan.edu.pl
Full Professor Andrzej L. Sobolewski - sobola@ifpan.edu.pl
Małgorzata Wierzbowska, DSc - wierzbowska@ifpan.edu.pl

lAser sPectroscoPy

Head: Full Professor Leszek Sirko - sirko@ifpan.edu.pl
MSc Justice Archer - archer@ifpan.edu.pl
Małgorzata Białous, PhD - bialous@ifpan.edu.pl
MSc Agata Borkowska - borkowska@ifpan.edu.pl
Lech Cyruliński - cyrul@ifpan.edu.pl
Gennadiy Derkachov, PhD - derkaczg@ifpan.edu.pl
Anastasiya Derkachova, PhD - derkacz@ifpan.edu.pl
MSc Tho Do Duc - thododuc@ifpan.edu.pl
Associate Professor Małgorzata Głódź - glodz@ifpan.edu.pl
Eng. Daniel Jakubczyk, DSc - jakub@ifpan.edu.pl
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Physics of 
MaGnetisM
Head: Full Professor Andrzej Wiśniewski - wisni@ifpan.edu.pl
secretary: Jolanta Umięcka - umiec@ifpan.edu.pl
Phone:(+48) 22 843 52 12; (+48) 22 843 70 01  
or (+48) 22 843 66 01 ext. 2800, 2801; 

orgAnizAtion

oxide crystAls growth

Head: Full Professor Andrzej Wiśniewski - wisni@ifpan.edu.pl
Witold Adamczuk 
Full Professor Marek Berkowski - berko@ifpan.edu.pl
MSc Marcin Czech - mczech@ifpan.edu.pl
Ryszard Diduszko, PhD 
Jan Fink-Finowicki, PhD - finow@ifpan.edu.pl
Dariusz Gawryluk, PhD - gawryluk@ifpan.edu.pl
Michał Głowacki, PhD - glowacki@ifpan.edu.pl
Przemysław Iwanowski, PhD - iwanowskip@ifpan.edu.pl

sPectroscoPy And thermAl ProPerties 
of mAgnetic mAteriAls

Head: Full Professor Andrzej Szewczyk - szewc@ifpan.edu.pl
Marek Barański - mbara@ifpan.edu.pl
Mieczysław Borowiec, PhD - borow@ifpan.edu.pl
MSc, Eng. Michał Chojnacki - mchojnacki@ifpan.edu.pl
MSc Oleksandr Chumak - chumak@ifpan.edu.pl
Full Professor Vladymir Dyakonov - dyakon@ifpan.edu.pl
Maria U. Gutowska, PhD - mugut@ifpan.edu.pl
Marek Gutowski, DSc - gutow@ifpan.edu.pl
Associate Professor Ewa Jędryka - jedry@ifpan.edu.pl
MSc Roger Kalvig - kalvig@ifpan.edu.pl 
Karol Karczmarek - karczmarek@ifpan.edu.pl
MSc Yaroslaw Konopelnyk - konopelnyk@ifpan.edu.pl
Ewa Mosiniewicz-Szablewska, PhD - mosin@ifpan.edu.pl
Eng. Adam Nabiałek, DSc - nabia@ifpan.edu.pl
MSc Przemysław Nawrocki - pnawrocki@ifpan.edu.pl
Piotr Oziębło - ozieblo@ifpan.edu.pl
Full Professor Henryk Szymczak - szymh@ifpan.edu.pl

Jarosław Więckowski, PhD - wieckow@ifpan.edu.pl
Associate Professor Marek Wójcik - wojci@ifpan.edu.pl
Tatiana Zayarnyuk, PhD - zayar@ifpan.edu.pl
Ryszard Żuberek, PhD - zuber@ifpan.edu.pl

low dimensionAl mAgnetics

Head: Full Professor Anna Ślawska-Waniewska -  
slaws@ifpan.edu.pl
Andrzej Krzyżewski - krzyz@ifpan.edu.pl
Marek Kuźmiński, PhD - kuzmi@ifpan.edu.pl
MSc Sabina Lewińska - lewinska@ifpan.edu.pl
Natalia Nedelko, PhD - natal@ifpan.edu.pl

mAgnetic heterostructures

Head: Full Professor Lech Tomasz Baczewski -  
bacze@ifpan.edu.pl
MSc, Eng. Paweł Aleszkiewicz - alesh@ifpan.edu.pl
Leszek Gładczuk, PhD - gladl@ifpan.edu.pl
MSc, Eng. Marcin Jakubowski - mjakub@ifpan.edu.pl 
MSc, Eng. Kinga Lasek - klasek@ifpan.edu.pl
MSc Agata Marynowska - maryno@ifpan.edu.pl
MSc Paweł Misiuna - misiuna@ifpan.edu.pl
Aleksiej Pietruczik, PhD - petruc@ifpan.edu.pl
Full Professor Piotr Przysłupski - przys@ifpan.edu.pl
Ewelina Milińska, PhD - esieczko@ifpan.edu.pl
Associate Professor Andrzej Wawro - wawro@ifpan.edu.pl

PhAse trAnsitions

Head: Full Professor Roman Puźniak - puzni@ifpan.edu.pl
Pavlo Aleshkevych, PhD - pavloa@ifpan.edu.pl
Jan Barański, PhD - jbaranski@ifpan.edu.pl
Anna Ciechan, PhD - ciechan@ifpan.edu.pl
Ivan Fita, PhD - ifita@ifpan.edu.pl
Dariusz Getner 
Konrad Kapcia, PhD - kapcia@ifpan.edu.pl
Jarosław Piętosa, PhD - pietosa@ifpan.edu.pl
Kazimierz Piotrowski, PhD - piotr@ifpan.edu.pl
MSc Igor Radelytskyi - radel@ifpan.edu.pl

econoPhysIcs
 ▪ Quantitative economics.
 ▪ Gain-loss asymmetry in stock markets.
 ▪ Quantitative aspects of Central-European economies.
 ▪ Income distribution analysis.

Quantum chaos
 ▪ Quantum and classical chaos, nonlinear physics, quantum 

and microwave billiards.
 ▪ Manifestations of classical chaos in properties of the 

corresponding quantum systems manifestation of periodic 
orbits in quantum spectra, quantum chaotic scattering and 
iso-scattering networks and graphs.

Quantum oPtIcs
 ▪ Ultra-cold quantum gases and Bose-Einstein 

condensates.
 ▪ Quantum information theory.
 ▪ Quantum statistical properties of radiation.
 ▪ Spectroscopy of active media.
 ▪ Theoretical studies of photon-matter interactions  

and studies of Bose-Einstein condensates.

thIn fIlms GroWth and sPectroscoPy
 ▪ Pulsed laser deposition of various metal-oxide layers and 

structures:
 ▪ Superconducting (high-Tc) films.
 ▪ Colossal magnetoresistance (CMR) films.
 ▪ Superconducting/ferromagnetic heterostructures. 
 ▪ Studies of the physical properties of oxide films and 

structures.
 ▪ Growth of oxide heterostructures by pulsed laser 

deposition and studies of their physical properties.
 ▪ Interaction of the electromagnetic radiation with oxide 

films and structures.

surface PhysIcs
 ▪ Collective diffusion on surface layers.
 ▪ Adsorbed atoms.

mAteriAls studied
 ▪ Organic molecules (policyclic hydrocarbons and their 

various derivatives). 
 ▪ Alkali metal atoms and molecules, water, soot.
 ▪ Monomers of heterocyclic compounds isolated in inert 

gas low-temperature matrices.
 ▪ Molecules and intermolecular complexes in gas-phase.
 ▪ Thin film oxide materials - high temperature 

superconductors and compounds with colossal 
magnetorestance. 

mAjor exPerimentAl  
And technologicAl fAcilities
 ▪ Ultrafast, picosecond laser system equipped with rapid 

scanning autocorrelator (Coherent).
 ▪ Spectrofluorimeter and spectrophosphorimeter for 

emission studies within 1.7-400 K temperature range with 
10-9-10 s time resolution range.

 ▪ Confocal microscope for single molecule defection and 
spectroscopy in 1.5-300 K temperature range.

 ▪ McPherson 0.67 m spectrograph equipped with InstaSpec 
V gated intensified CCD-system.

 ▪ Polarization labelling dual laser spectrometer (660-340 nm).
 ▪ Paul traps with set-up for investigation of laser light 

scattering on micro droplets.
 ▪ Miscellaneous lasers: Argon ion lasers, Nd:YAG pulsed 

laser, XeCl- and KrF-excimer lasers and pulsed dye lasers 
(Lumonics, Lambda Physics), single-mode visible diode 
laser (Toptica), single mode ring dye laser (Coherent).

 ▪ FTIR spectrometer NICOLET 670, continuous-flow and 
pour-in helium cryostats.

 ▪ Supersonic expansion, cavity Fourier-transform 
microwave spectrometer, 2-18.5 GHz.

 ▪ Millimeter wave rotational spectrometer, 120-500 GHz.
 ▪ Equipment for pulsed laser deposition of thin films.
 ▪ Clean room for deposition and patterning of thin films.
 ▪ Shielded room for electromagnetic measurements  

(10-100 GHz).

  
informAtion About the institute of Physics 

  
informAtion About the institute of Physics 

scientific Divisions - organization, staff, anD facilitiesscientific Divisions - organization, staff, anD facilities



131212 13

 ▪ Vibrating sample magnetometer (Princeton Applied 
Research model 4500); temperature range: 2.0-250 K; 
field range: 1.7 T; angular excursion in horizontal plane: 
continuous 370 deg; equipped with additional high-
pressure miniature container of a piston-cylinder type 
which enables measurements of magnetization under 
hydrostatic pressure up to 1.2 GPa. 

 ▪ Three broadband spin echo spectrometers: fully automated, 
highly sensitive, designed to study nanometric magnetic 
materials; frequency range of operation: 30-320 MHz, 
300-1000 MHz, 20-600 MHz (under construction); 
temperature of operation: 4.2 K, 77 K, RT; advanced 
software for NMR data analysis. 

 ▪ EPR spectrometer at the X band and temperature range 
from 4.2 K to RT.

 ▪ FMR spectrometer with strain modulated system 
(SMFMR).

 ▪ Set-up for observation of magnetic domain structure (using 
Faraday effect for transparent samples, and using Kerr 
effect for nontransparent samples, measurements can be 
performed over temperature range from 1.8 K to 700 K in 
different configuration of external magnetic field up to 5 T).

 ▪ Three terminal capacitance technique for magnetostriction 
and thermal expansion measurements; temperature 
range 4-250 K; magnetic field range ± 12 T; estimated 
sensitivity 0,5*10-10 m; AH2550A Ultra-Precession 1kHz 
Capacitance Bridge, which allows measuring changes in 
capacitance as small as 0.5 attofarad. 

 ▪ Instrumentation for optical investigations (absorption, 
luminescence, Raman scattering, thermoabsorption, 
thermoluminescence) in broad spectral and temperature 
range (7-0.2 μm, 1.1-500 K); cryogenics bases on CF1104  
3.5-500 K and two home made cryostats 1.1-4.2 K; excitation: 
high intensity Xenon short Arc lamp and lasers.

 ▪ Instrumentation for optical absorption and luminescence 
investigations in uniaxial stress up to 1000 Atm (1.5-4.2 K).

 ▪ Instrumentation for optical absorption investigations 
in magnetic field for Voigt and Faraday configuration 
(superconducting magnet up to 9 T with optical contr-
cryostat 10-300 K).

 ▪ Instrumentation for electron transport investigations 

(photoconductivity, TSC-thermostimulated current, photo-
Hall (up to 0.7 T)); cryogenics bases on two stage Closed 
Cycle Cryogenic refrigerator (10-300 K).

 ▪ Specialized instrumentation for investigations of photoactive 
materials (dark camera with open photomultiplier).

 ▪ X-ray powder diffraction and single crystal orientation.

technologicAl fAcilities
 ▪ Facilities for high pressure sputtering and MBE (Riber).
 ▪ Crystal growth of oxide materials by the Czochralski and 

floating zone method.
 ▪ Cutting and polishing of oriented substrates and samples 

for optical investigation.
 ▪ Solid state synthesis at high temperatures.

Physics  
and technoloGy 
of Wide-band-GaP 
seMiconductoR 
nanostRuctuRes
Head: Full Professor Andrzej Suchocki -  
suchy@ifpan.edu.pl
secretary: MSc Natalia Szypulska - szypulska@ifpan.edu.pl
Phone: (+48) 22 843 70 01 or (+48) 22 843 66 01 ext. 2911, 3380; 

orgAnizAtion

high-Pressure sPectroscoPy

Head: Full Professor Andrzej Suchocki - suchy@ifpan.edu.pl
Visiting Professor Mikhail Brik - mbrik@ifpan.edu.pl
MSc Aneta Grochot - grochot@ifpan.edu.pl
Dawid Jankowski, PhD - djankowski@ifpan.edu.pl
Associate Professor Agata Kamińska - kaminska@ifpan.edu.pl
Serhiy Kobyakov, PhD - kobya@ifpan.edu.pl
MSc Kamil Koroński - koronski@ifpan.edu.p

reseArch
 ▪ Mechanisms of magnetocrystalline anisotropy and 

magnetoelastic interactions in amorphous and crystalline 
magnetic materials.

 ▪ Magnetic and transport properties of high-TC 

superconductors.
 ▪ Domain structure and phase-transitions.
 ▪ Influence of disorder on magnetic properties.
 ▪ Coupling mechanism and finite-size effects in metallic and 

oxide heterostructures.
 ▪ Metallic thin films, spin valves and multilayers for 

magnetoelectronics (GMR).
 ▪ Piezomagnetic properties of metallic glasses.
 ▪ Surface and tunelling effects.
 ▪ Technology of ceramic and single crystal growth of 

magnetic and high-Tc superconductors.
 ▪ Structural phase transitions of cooperative Jahn-Teller 

type.
 ▪ Photochromism and influence of light on transport and 

optical properties of photoactive materials.
 ▪ Properties of systems for spintronic applications: half and 

full Heusler alloys (thin films), half metallic oxides, e.g.: 
manganites (thin film and bulk), A2Fe(Mo, Re)O6 double 
perovskites (bulk), transition metal doped oxides (thin film 
of (La0.5Sr0.5)TiO3:Co).

 ▪ Properties of nanocomposite materials: nanocrystalline 
soft magnets, metallic granular systems.

 ▪ Ferromagnet/antiferromagnet interface and exchange 
interaction.

 ▪ Selected aspects of biomagnetism, biotechnology and 
medical applications. 

mAteriAls studied
 ▪ Single crystals of magnetic and magnetoelastic materials.
 ▪ Ceramics, single crystals, and thin films of high-TC 

superconductors.
 ▪ Single crystal substrates for high-TC superconducting thin films.
 ▪ Magnetic/non-magnetic and magnetic/superconducting 

superlattices (heterostructures).
 ▪ Magnetic thin films and multilayers (with transition metals 

and rare earth elements).

 ▪ Amorphous and nanocrystalline materials (thin films and 
ribbons).

 ▪ Ferrofluids, and surface modified nanoparticles.
 ▪ Molecular magnets.
 ▪ Magnetic metalo-organic and supramolecular complexes.
 ▪ Magnetic entities in the tissues of living organisms.
 ▪ Sillenites, double tungstates, cobaltites and manganites. 

mAjor exPerimentAl  
And technologicAl fAcilities
 ▪ SQUID magnetometer MPMS-5 (Quantum Design); 

temperature range 2-360 K, magnetic field range up to 5.5 T; 
possibility of measurements of two components of magnetic 
moment: longitudinal (along the magnetic field direction), and 
transverse (perpendicular to the magnetic field direction, with 
possibility of estimation of magnetic anisotropy in the plane 
perpendicular to H); the sample holder with the Option of 
Horizontal Rotator. It allows to determine an anisotropy in 
a plane including the field direction; the optional holder for 
measurements under illumination. 

 ▪ Physical Property Measurement System (PPMS) 
Quantum Design, which enables measurements of basic 
physical properties in the temperature range 2-350 K in 
magnetic fields up to 9 T for various orientations of the 
magnetic field. The system is equipped with: dc and ac 
magnetization measurements, transport measurements, 
torque measurements (in high magnetic fields sensitivity 
higher than sensitivity of SQUID), and heat capacity 
measurements. 

 ▪ Vibrating sample magnetometer (Oxford Instruments 
Ltd); temperature range: 4-1000 K at high accuracy of 
temperature measurements (additional low and high 
temperature calibration probes for reducing the ΔT offset); 
field range: ±1.1 T (electromagnet system with the de-
gaussing procedures); angular excursion in horizontal 
plane: continuous 720 (±360) deg; pick-up coils for normal 
and orthogonal components of magnetization; additional 
probe for the magnetoresistivity measurements.

 ▪ AC- susceptometer (Oxford Instruments Ltd); field range: 
0-30 mT; frequency range: 10-10000 Hz; temperature 
range: 4-300 K. 
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two dimensional heterostructures and nanowires of 
diluted magnetic semiconductors, two dimensional 
heterostructures of IV-VI semiconductors, topological 
crystalline insulators.

 ▪ Optical recombination processes in wide band gap 
materials doped with rare earth.

 ▪ UV- sensor and biosensor structures.
 ▪ Electronic properties of topological crystalline insulators 

with special emphasis on chiral spin textures of Dirac like 
surface and interface states.

 ▪ High-temperature superconductivity.
 ▪ Theory of disordered systems.
 ▪ Mechanical properties of biomolecule fibrils: mechanical 

folding and unfolding of proteins, fibril formation of 
proteins and peptides.

mAteriAls studied
 ▪ AIIIBV compounds (epitaxial GaAlAs/GaAs, bulk InP, 

GaSb, InAsP - pure and doped).
 ▪ Thin layers of AIIBIV compounds (including semimagnetic 

semiconductors, mostly doped).
 ▪ Czochralski grown Si-RE implanted.
 ▪ High temperature superconductors.
 ▪ Topological crystalline insulators.

mAjor exPerimentAl And technologicAl 
fAcilities
 ▪ Dual chamber molecular beam epitaxy (MBE) Compact-21 

system from Riber, for growth of (InAlGa)N and ZnO, each 
equipped with up to 11 source cells. Both chambers are 
interconnected enabling sample transfer under ultra high 
vaccum.

 ▪ Three ALD reactors: F-120 from Microchemistry, TSF200 
from BENEQ and Savannah-100 from Cambridge 
NanoTech for growth of thin II-VI films. The latter enables 
ultra-low temperature growth (substrate temperature 
below 200oC).

 ▪ Liquid phase epitaxy and electroepitaxy of III-V 
compounds.

 ▪ Ultra-high resolution (1 nm) scanning electron microscope 
equipped with an X-ray microanalysis system for 

composition mapping and a cathodoluminescence 
system for high resolution imaging and spectroscopy in 
the wavelength range of 200-1000 nm.

 ▪ Ultra-high vacuum set-up equipped with an Auger 
spectrometer and low energy electron diffraction (LEED) 
system for surface atomic structure studies.

 ▪ High resolution Fourier Transform Infrared Spectrometer 
from BOMEM.

 ▪ Photoluminescence and photoluminescence excitation 
set-up covering the wavelength range from ultraviolet to 
infrared (pulsed OPO system in the range of 210-2300 
nm, Ti:sapphire cw laser in the range of 700-1100 nm).

 ▪ Photoluminescence under high hydrostatic pressure in 
a diamond anvil cell.

 ▪ Holographic set-up for four wave mixing.
 ▪ Set-up for magnetooptics up to 7 T.
 ▪ Electron spin resonance X-band spectrometer.
 ▪ Optically detected magnetic resonance at 40 and 60 GHz.
 ▪ Laplace/conventional deep level transient spectroscopic 

(DLTS) systems, enabling Minority Carrier Transient 
Spectroscopy (MCTS), Photo Induced Current 
Spectroscopy (PICS), application of uniaxial stress, and 
VIS-NIR illumination continuous and pulsed.

 ▪ Panalytical X’Pert Pro MRD X-Ray Difractometer.
 ▪ Atomic Force Microscope VECO-Dimension ICON-PT.

Hanka Przybylińska, DSc - przyby@ifpan.edu.pl
Renata Ratajczak, PhD - ratajczak@ifpan.edu.pl
MSc Piotr Sybilski - psybil@ifpan.edu.pl
MSc Yongjie Wang - wang@ifpan.edu.pl
Aleksander Wittlin, DSc - wittlin@ifpan.edu.pl
Agnieszka Wołoś, PhD - wolos@ifpan.edu.pl
Yaroslav Zhydachevskyy, PhD - zhydach@ifpan.edu.pl

technology of oxide nAnostuctures

Head: Full Professor Marek Godlewski - godlew@ifpan.edu.pl
MSc, Eng. Piotr Caban - caban@ifpan.edu.pl
Sylwia Gierałtowska, PhD - sgieral@ifpan.edu.pl
MSc, Eng. Krzysztof Gościński - kgosc@ifpan.edu.pl
Full Professor Elżbieta Guziewicz - guzel@ifpan.edu.pl
Vitalii Ivanov, PhD - ivanov@ifpan.edu.pl
Jarosław Kaszewski, PhD - kaszewski@ifpan.edu.pl
MSc Krzysztof Kopalko - kopal@ifpan.edu.pl
Tomasz Krajewski, PhD - krajew@ifpan.edu.pl
Grzegorz Łuka, PhD - gluka@ifpan.edu.pl
Ryszard Niegocki 
MSc, Eng. Agnieszka Palarczyk-Słomska - palarczyk@ifpan.edu.pl
MSc Rafał Pietruszka - pietruszka@ifpan.edu.pl
MSc Julita Rosowska - rosowska@ifpan.edu.pl
Ramon Schifano, PhD - schifano@ifpan.edu.pl
MSc Dmytro Snigurenko - snigurenko@ifpan.edu.pl
Łukasz Wachnicki, PhD - lwachn@ifpan.edu.pl
Bartłomiej Witkowski, PhD - bwitkow@ifpan.edu.pl
MSc Ewelina Wolska - ewolska@ifpan.edu.pl

electron microscoPy 
And electron sPectroscoPy

Head: Full Professor Bogdan Kowalski - kowab@ifpan.edu.pl
Iwona Kowalik, PhD - ikowalik@ifpan.edu.pl
Full Professor Bronisław Orłowski - orbro@ifpan.edu.pl
MSc Agnieszka Pieniążek - pieniazek@ifpan.edu.pl
MSc Anna Reszka - reszka@ifpan.edu.pl

mbe growth of nitride nAnostructures

Head: Full Professor Zbigniew Żytkiewicz - zytkie@ifpan.edu.pl
Jolanta Borysiuk, PhD - borysiuk@ifpan.edu.pl
MSc, Eng. Kamil Kłosek - klosekk@ifpan.edu.pl

MSc Marta Sobańska - sobanska@ifpan.edu.pl
MSc Giorgi Tchutchulashvili - tchutchul@ifpan.edu.pl
Aleksandra Wierzbicka, PhD - wierzbicka@ifpan.edu.pl

nAnostructures modeling

Head: Full Professor Ryszard Buczko - buczko@ifpan.edu.pl
Marta Galicka, PhD - galicka@ifpan.edu.pl
Full Professor Perła Kacman - kacman@ifpan.edu.pl
Full Professor Mai Suan Li - masli@ifpan.edu.pl
MSc Dinh Quoc Huy Pham - quochuy@ifpan.edu.pl
MSc Shiva Safai - safai@ifpan.edu.pl
MSc Ngo Son Tung - nstung@ifpan.edu.pl
Włodzimierz Ungier, PhD - ungier@ifpan.edu.pl

mbe growth of oxide nAnostructures

Head: Full Professor Adrian Kozanecki - kozana@ifpan.edu.pl
Eng. Danuta Dobosz, PhD - dobosz@ifpan.edu.pl
MSc Mandakranta Ghosh - ghosh@ifpan.edu.pl
MSc Dawid Jarosz - jarosz@ifpan.edu.pl
Mieczysław Pietrzyk, PhD - pietrzyk@ifpan.edu.pl
Ewa Przeździecka, PhD - eilczuk@ifpan.edu.pl
MSc, Eng. Jacek Sajkowski - sajko@ifpan.edu.pl
MSc Marcin Stachowicz - stachow@ifpan.edu.pl
Associate Professor Henryk Teisseyre - teiss@ifpan.edu.pl

reseArch
 ▪ Energy transfer, radiative and nonradiative recombination 

processes in bulk and thin films materials.
 ▪ Physics of spin interactions in semimagnetic 

semiconductors and layers.
 ▪ Energy structure and recombination processes of deep-

level defects in semiconductors and insulators.
 ▪ Growth and characterization of bulk and epitaxial II-VI and 

III-V compounds.
 ▪ Band structure and surface studies by photoemission 

spectroscopy.
 ▪ Structural, electronic, spin and optical properties of 

semiconductor nanostructures, in particular properties 
of: III-V and IV-VI quantum nanowires, II-VI/IV-VI 
nanostructures and mixed crystals, GaAs/GaAlAs 
two dimensional heterostructures and quantum dots, 
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mAteriAls studied
 ▪ AIIIBV compounds, bulk and nanostructures (pure and doped).
 ▪ Nanostructures of AIIBVI compounds (including 

semimagnetic semiconductors, pure and doped).
 ▪ Czochralski grown Si-implanted.
 ▪ High temperature superconductors - thin films and bulk 

crystals.
 ▪ GeSi alloys and quantum dots.
 ▪ Composites (e.g. BN based with Ti compounds).
 ▪ Ceramics (e.g. based on NaNbO3).
 ▪ Protoporphyrin derivatives.
 ▪ Proteins.

mAjor fAcilities
 ▪ FEG monochromated Cs image corrected Transmission 

Electron Microscope Titan CUBED 80-300.
 ▪ High resolution transmission electron microscope JEM 

2000 EX (JEOL).
 ▪ High-resolution Philips MRD difractometer (supplied 

by Philips, now PANalytical) equipped with: Cu X-ray 
tube, germanium symmetrical Bartels monochromator 
giving monochromatic beam with divergence 5” or 12”, 
germanium analyzer.

 ▪ High-resolution X’Pert MPD diffractometer (supplied by 
Philips, now PANalytical): Cu X-ray tube, parabolic X-ray 
mirror, germanium asymmetrical Bartels monochromator 
giving monochromatic beam with divergence 20”, 
germanium analyzer.

 ▪ X’Pert MRD diffractometer/reflectometer (supplied by 
Philips, now PANalytical): Cu X-ray tube, germanium 
Johansson monochromator giving divergent 
monochromatic beam, semiconductor linear position-
sensitive detector.

 ▪ Secondary ion mass spektrometer Cameca IMS 6f. 
Electron probe microanalyser JXA-50A (JEOL), with 
scanning electron microscope and X-ray energy 
dispersive spectrometer LINK.

 ▪ Automated diffractometer for powders and flat single 
crystals (selfmade).

 ▪ Automated diffractometer for powders (selfmade).
 ▪ Electron Diffractometer (RHEED, TED) ENR-102.

 ▪ Facilities for the growth of bulk crystals of semiconductors 
by Bridgman method and by chemical transport method.

 ▪ Accelerator: 3SDH-2 Pelletron.

cRyoGenic and 
sPintRonic ReseaRch
head: full Professor tomasz dietl - dietl@ifpan.edu.pl
Secretary: Beata Imińska - lowtem@ifpan.edu.pl
Phone: (+48) 22 843 53 24; (+48) 22 843 66 01  
or (+48) 22 843 70 01 ext. 2401; Fax: (+48) 22 847 52 24;

orgAnizAtion

sPin PhenomenA Physics

head: full Professor tomasz dietl - dietl@ifpan.edu.pl
MSc Igor Bragar - bragar@ifpan.edu.pl
Bartłomiej Chojnacki - chojnacki@ifpan.edu.pl
Łukasz Cywiński, DSc - lcyw@ifpan.edu.pl
Eng. Marek Foltyn, PhD - foltyn@ifpan.edu.pl
Associate Professor Grzegorz Grabecki - grabec@ifpan.edu.pl
MSc Michał Grzybowski - grzybowski@ifpan.edu.pl
MSc Damian Kwiatkowski - kwiatkowski@ifpan.edu.pl
MSc, Eng. Magdalena Majewicz - majewicz@ifpan.edu.pl
MSc, Eng. Piotr Nowicki - pino@ifpan.edu.pl
MSc, Eng. Łukasz Pawliszak - lupa@ifpan.edu.pl
Cezary Śliwa, DSc - sliwa@ifpan.edu.pl
Sergiy Truszkin, PhD - truszkin@ifpan.edu.pl
Full Professor Jerzy Wróbel - wrobel@ifpan.edu.pl
Eng. Maciej Zgirski, PhD - zgirski@ifpan.edu.pl

mAgnetism of sPintronic mAteriAls

Head: Full Professor Maciej Sawicki - mikes@ifpan.edu.pl
MSc Karolina Kalbarczyk - kalbarczyk@ifpan.edu.pl
MSc Grzegorz Mazur - gmazur@ifpan.edu.pl
Dariusz Sztenkiel, PhD - sztenkiel@ifpan.edu.pl

X-Ray and electRon 
MicRoscoPy  
ReseaRch
Head: Full Professor Krystyna Jabłońska - jablo@ifpan.edu.pl
secretary: Zofia Liberadzka - liberz@ifpan.edu.pl
Phone: (+48) 22 843 60 34; (+48) 22 843 70 01  
or (+48) 22 843 66 01 ext. 2301;

orgAnizAtion

x-rAy oPtics And Atomic 
scructure reseArch

Head: Associate Professor Jerzy Pełka - pelkay@ifpan.edu.pl
MSc, Eng. Marek Jurek - mjurek@ifpan.edu.pl
Dorota Klinger, PhD - kling@ifpan.edu.pl
Ryszard Sobierajski, PhD - sobieraj@ifpan.edu.pl
MSc Ivanna Yatsyna - yatsyna@ifpan.edu.pl
Danuta Żymierska, PhD - zymier@ifpan.edu.pl

x-rAy sPectroscoPy And microAnAlysis

Head: Full Professor Krystyna Jabłońska - jablo@ifpan.edu.pl
Associate Professor Adam Barcz - barcz@ifpan.edu.pl
Iraida Demchenko, PhD - demch@ifpan.edu.pl
Aleksandra Drzewiecka-Antonik, PhD - adrzew@ifpan.edu.pl
MSc Jan Dyczewski - dyczew@ifpan.edu.pl
Rafał Jakieła, PhD - jakiela@ifpan.edu.pl
Marcin Klepka, PhD - mklepka@ifpan.edu.pl
MSc Pavlo Konstantynov - pkonst@ifpan.edu.pl
MSc Joanna Libera - jlibera@ifpan.edu.pl
Yevgen Melikhov, PhD - melikhov@ifpan.edu.pl
Laurent Nittler, PhD - nittler@ifpan.edu.pl
Paweł Jan Rejmak, PhD - rejmak@ifpan.edu.pl
MSc Yevgen Syryanyy - syryany@ifpan.edu.p
Eng. Anna Wolska, DSc - wolska@ifpan.edu.pl

APPlied crystAllogrAPhy

Head: Full Professor Wojciech Paszkowicz -  
paszk@ifpan.edu.pl
Jarosław Domagała, PhD - domag@ifpan.edu.pl
Elżbieta Dynowska, PhD - dynow@ifpan.edu.pl
Roman Minikayev, PhD - minik@ifpan.edu.pl
MSc Adrian Sulich - sulich@ifpan.edu.pl

electron microscoPy

Head: Associate Professor Piotr Dłużewski -  
dluzew@ifpan.edu.pl
MSc Marta Bilska - mbilska@ifpan.edu.pl
Jerzy Dąbrowski - dabrow@ifpan.edu.pl
Joanna Górecka, PhD - gorec@ifpan.edu.pl
MSc Anna Kaleta - kaleta@ifpan.edu.pl
Mirosław Kozłowski, PhD - kozlow@ifpan.edu.pl
Associate Professor Sławomir Kret - kret@ifpan.edu.pl
MSc, Eng. Bogusława Kurowska - kurowska@ifpan.edu.pl
MSc, Eng. Krzysztof Morawiec - morawk@ifpan.edu.pl
Tian Li, PhD - tianli@ifpan.edu.pl
MSc Kamil Sobczak - ksobczak@ifpan.edu.pl
MSc Alicja Szczepańska - szczep@ifpan.edu.pl

reseArch
 ▪ Determination of real crystal structural parameters of bulk 

materials and nanostructures by X-ray and electron diffraction.
 ▪ Investigation of crystal defects by X-ray high resolution 

diffractometry and electron microscopy.
 ▪ EPMA investigations of element content and bonding 

effects in materials.
 ▪ X-ray absorption and photoelectron studies of the 

electronic structure of materials.
 ▪ XANES and EXAFS investigation of local structure in solids.
 ▪ SIMS investigation of content and distribution of trace 

elements and kinetics of dopants.
 ▪ New methods for atomic and electronic structure studies of low 

dimensional materials used in technology of electronic devices.
 ▪ Rutherford backscattering spectrometry (analysis of 

sample composition) and ion channeling (measure  
of crystal structure).

 ▪ Ion implantation, energy 250 keV - 3 MeV.
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reseArch
 ▪ Properties of ferromagnetic semiconductors.
 ▪ Characterization and development of new ferromagnetic 

semiconductors.
 ▪ Spin-dependent localization phenomena in semi-

conductors.
 ▪ Mesoscopic effects in semiconductor structures.
 ▪ Low temperature phase-transitions (magnetic and super-

conducting).
 ▪ Fabrication and physics of nanostructures.
 ▪ Development of cryogenic techniques.

mAteriAls studied
 ▪ Nanostructures of AIIBVI, AIVBIV, AIIIBV compounds.
 ▪ Ferromagnetic and semimagnetic AIIBVI, AIVBIV, AIIIBV 

semiconductors and their nanostructures.
 ▪ Hybrid metal/semiconductor nanostructures.

fAcilities
 ▪ 100 microW Oxford dilution refrigerator with measuring 

apparatus for charge transport, magnetic (SQUID and mutual 
inductance), and optical properties (fiber glass) down to 25 
mK, up to 9 T and under hydrostatic pressure of 6 kbar.

 ▪ Cryogenic system (made by Cryoengineering Group  
SL2.1 IP PAN Warsaw) equipped with 9 T superconducting 
magnet. It is designed for two different inserts: A) plastic 
dilution refrigerator 3He/4He (PDU-40 Nanoway, University 
of Jyvaskyla, Finland) with base temperature 30 mK and 
useful sample space diameter 20 mm, B) standard variable 
temperature insert for the range from 1.5 K to 300 K. Both 
inserts are used for transport measurements.

 ▪ Two SQUID magnetometers Quantum Design MPMS XL, 
1.9-400 K (800 K with added apparatus), up to 5 T in AC, 
DC, RSO modes.

 ▪  3He cryogenic system, made by Cryo Industries of America 
designed for electrical measurements in the temperature 
range from 0.25 to 300 K and in magnetic fields up to 
6 T. Measured sample is placed in vacuum, on the cold 
finger. 3He hold time at base temperature is about 24 h. 
3He insert external diameter 3’’, useful sample space up 
to 4x4x4 cm3. The whole system is placed in e-m shielded 

room A1 class (shielding effectiveness 100 dB in the 
range 100 kHz - 5 GHz) made by Military Institute of 
Communication, Zegrze, Poland.

 ▪ Scanning electron microscope ZEISS Auriga-CrossBeam 
Workstation (ion imaging resolution of 2.5 nm at 30 kV, 
electron imaging resolution 1 nm at 15 kV).

 ▪ A reactive Gas Injection System for reactive ion etching 
(XeF2) and Pt/SiO2/W deposition. Nano-manipulators 
dedicated to electrical measurements and TEM sample 
preparation (Kleindiek, 0.5 nm resolution).

 ▪ Electron/Ion beam lithography (Raith Elphy Plus, 
Nanopatterning Engine).

 ▪ Piezoelectric stage-high precision substage (Kleindiek, 
0.5 nm resolution).

 ▪ EDX-XFlash Silicon Drift Detector 5030 (Bruker) for low 
beam current applications, energy resolution of 127 eV.

 ▪ Scanning electron microscope ZEISS EVO HD15 SEM: 
Emitter - LaB6, resolution - 2.0 nm at 30 kV.

 ▪ HORIBA Jobin Yvon CL.
 ▪ Kammrath & Weiss cryostat.
 ▪ Peltier cryostat.
 ▪ Scanning electron microscope JEOL 6400 (40 keV, 3.5 nm 

spot size).
 ▪ Raith Elphy + e-beam lithography system in a clean room 

(16 bit DAC, vector scan writing mode, mark recognition 
and alignment, laser interferometer controlled stage with 
resolution 5 nm and overlay accuracy < 100 nm).

 ▪ Proximity corrections software.
 ▪ X-ray microprobe L200D Link ISIS.
 ▪ Related processing infrastructure (hot plate/spinner, 

bonder, vacuum evaporator).

nAnostructure lAborAtory

Nanostructure Laboratory, operated jointly by Laboratory of 
Cryogenic and Spintronic Resarch and Group of Technology 
of Low Dimensional Structures, provides capabilities for 
the fabrication of advanced submicrometer-size electronic 
devices. Research activities are focused on design and 
fabrication of semiconductor, metallic, and superconductor 
nanostructures by electron beam lithography, and 
investigations of quantum effects at subkelvin temperatures.

cryoengineering grouP serVices  
And commerciAl offers

Our group has many years of experience in designing and 
making cryostats and high-vacuum equipment. We produce 
the following types of cryostats on individual orders:
 ▪ helium continuous-flow (CF) cryostats (optical and 

windowless)
 ▪ helium CF cryostats top loaded with high-pressure 

chambers
 ▪ helium bath cryostats for bolometers
 ▪ cryogenic systems including superconducting magnets 

and variable temperature inserts (VTI)
 ▪ helium bath optical cryostats for measurements within 

a wide temperature range using high power laser beams
 ▪ inexpensive liquid nitrogen bath cryostats for 77 K (300 K 

range)
 ▪ LN2 installation (including phase separators) for MBE 

system

Cryospares:
 ▪ liquid helium transfer tubes
 ▪ optical tails for bath and CF cryostats
 ▪ vacuum shrouds with optical windows for closed-cycle 

refrigerating systems

Repair, installation, tests and repair of specialized custom 
made cryostats and installations.

GRoWth and Physics 
of loW diMensional 
cRystal
head: Full Professor Jacek Kossut - kossut@ifpan.edu.pl
secretary: MSc Sylwia Nowicka snowicka@ifpan.edu.pl
Phone: (+48) 22 843 13 31; (+48) 22 843 70 01  
or (+48) 22 843 66 01 ext. 2551;

orgAnizAtion

technology of low dimensionAl 
structures

Head: Full Professor Tomasz Wojtowicz - wojto@ifpan.edu.pl
Zbigniew Adamus, PhD - adamus@ifpan.edu.pl
MSc, Eng. Paweł Czerwiński - czerw@ifpan.edu.pl
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The biophysical laboratory at the Institute functions since 
2004. The research in the Laboratory is interdisciplinary 
in character and is funded by European and Polish grants. 
The methods used are experimental, computational, 
and theoretical. The goal is to understand life process 
at the molecular level and to convert this knowledge into 
applications. 

reseArch

biophysics of molecular interactions
 ▪ Biomass conversion into biofuel by multiprotein bacterial 

cellulosome complexes (research within the European 
consortium CellulosomePlus).

 ▪ Conformational dynamics and mechanical stability  
of proteins in the context of intermolecular recognition and 
biotechnological applications.

 ▪ Biological membranes interactions with nanoparticles, 
viral biomolecules and prodrugs, in particular the influenza 
fusion peptide properties in artificial membrane systems.

 ▪ Protein-RNA complexes engaged in regulation of 
eukaryotic gene expression.

 ▪ Native and pathological protein folding.
 ▪ Protein toxicity mechanisms related to neurodegenerative 

disorders, in particular inhibited degradation by proteasome 
due to unstructured and knotted protein conformations.

 ▪ Molecular dynamics modelling of proteins, protein 
complexes, virus capsids.

nanotechnology
 ▪ Design, synthesis, optimalization and characteristics of 

luminescence and magnetic up-converting nanoconstructs 
for medical theranostics. Biofunctionalized hybrid protein-
quantum dot conjugates for fluorescent red-ox sensors.

 ▪ Protein properties at solid interfaces.
 ▪ Design and characteristics of biocompatible functional 

nanocomposites inspired by biominerals.

fAcilities

laboratory of biological Physics
 ▪ Atomic Force Microscope N9410S - Series 5500 AFM/

SPM System (Agilent)
 ▪ Spectrofluorimeter Fluorolog 3.11, UV/Vis/NIR (Jobin-

Yvon-Horiba)
 ▪ Spectrofluorimeter Cary Eclipse (Agilent)
 ▪ Spectrophotometer Cary 50 (Agilent)
 ▪ Langmuir-Blodgett trough (NIMA)
 ▪ Freezer (-80oC)
 ▪ Microspectroscopy Laboratory
 ▪ Axio Observer Z1 microscope, LSM 780, ConfoCor 3 (Zeiss)
 ▪ Axio Observer Z1 microscope, LSM 710 VIS/NLO, 

NDD (Zeiss), XL multi S1 (Pecon), Chameleon Ultra II 
(Coherent), PicoHarp 300 (PicoQuant)

 ▪ New Brunswick Galaxy 48 S CO2 Incubator (Eppendorf)
 ▪ Back Rooms of Microspectroscopy Laboratory
 ▪ HPLC/FPLC chromatographic system with three modes of 

detection: absorption, fluorescence and multi-angle light 
scattering: AKTApurifier 10, UV-900, pH/C-900, FRAC-
950 (GE Healthcare Life Sciences), RF20A (Shimadzu), 
miniDAWN TREOS (Wyatt)

 ▪ Protein expression and purification facilities, including High-
Speed Refrigerated Centrifuge CR22N with rotors (Hitachi)

 ▪ Glovebox for work in anaerobic conditions
 ▪ Small equipment for liposome preparation (AC generators, 

extruder, heating blocks, incubator)

nanotechnology
 ▪ Fluorescence Microscopy-Leica
 ▪ Cell culture facility (incubator, Heraeus laminar hood)
 ▪ Electrophoresis (System-Protean II, Sub-Cell GT, Trans-Blot)
 ▪ Mini-Protean Biorad
 ▪ Microfiltration Bio-Dot
 ▪ Centrifuges
 ▪ Lasers (980 nm, 808 nm), CCD
 ▪ Computational facilities
 ▪ Computer cluster of about 500 cores
 ▪ Desktop servers

reseArch
 ▪ Optical properties of quantum wells, quantum wires, self 

organized quantum dots, colloidal quantum dots, SiN 
quantum dots.

 ▪ Theory of electronic states in low dimensional quantum 
nanostructures (self-organized quantum dots, quantum 
wires, and quantum wells).

 ▪ Semimagnetic semiconductors.
 ▪ P-type and n-type doping.
 ▪ Semimagnetic p-i-n junctions and diodes.
 ▪ Trion states and charged excitons.
 ▪ Ferroelectricity of II-VI compounds.
 ▪ Electron/ion beam lithography.
 ▪ Cathodoluminescence.
 ▪ Thin film II-VI photovoltaic solar cell structures, novel 

quantum solar cell structures and sustainable materials 
for photovoltaic applications.

 ▪ Ab-initio calculations of electronic and magnetic 
properties of solids: dopants, defects, and magnetism 
based on p-electrons.

mAteriAls studied
 ▪ II-IV compounds, including ZnO and diluted magnetic 

semiconductors.
 ▪ Multilayers of Fe/Si, Fe/Ge, Fe/FeN, and Si/SiN.
 ▪ New kind of magnetic materials: half- metals of II-V compounds.

fAcilities

laboratory of growth and physics of low-dimensional crystals
 ▪ Two MBE chambers connected via UHV transfer chambers.
 ▪ EPI 620 Molecular Beam Epitaxy for II-VI compounds and 

PREVAC MBE system.

laboratory of microscopy and nanolithography
 ▪ ZEISS Auriga - CrossBeam Workstation.

optics laboratory 
 ▪ IR-VIS-UV optical detection system (monochromators 

(Jobin-Yvon), CCD cameras). 
 ▪ microluminescence set-up - resolution 2 microns, 

temperature range 5-300 K. 
 ▪ Raman spectrometer (Jobin-Yvon U1000). 

 ▪ HeCd laser; Coherent Innova 90 Argon ion laser; 
 ▪ Coherent CR599 dye laser; 
 ▪ White light sources

laboratory of microscopy and low-t cathodoluminescence
 ▪ SEM - ZEISS EVO HD15, HORIBA Jobin Yvon CL, 

Kammrath & Weiss cryostat 3.5 K, Peltier cryostat.

laboratory of Photovoltaics 
 ▪ PEQUEST: Characterisation of Solar Cells; 
 ▪ Electric transport set-up allowing measurements of the 

Hall effect, C-V, I-V characteristics; 
 ▪ Facilities for theoretical researches: Cluster: 2 servers 

with 24 Intel cores. 
 ▪ LAB of growth and physics of low-dimensional crystals.
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Established at the very beginning of Institute’s history, 
over 60 years the Division of Physics of Semiconductors 
has been at the heart of several very important discoveries 
in condensed matter physics. The pioneering theoretical, 
experimental, and technological research has been 
carried out on electron band structure and electronic 
transport phenomena in narrow-gap II-VI and IV-VI 
semiconductors (NGS) that exhibit non-parabolic energy 
dispersion relation for charge carriers. The importance of 
this early work is fully appreciated today in the world-wide 
activities in the field of topological insulators with surface 
conduction by Dirac electrons. Building on systematically 
developed in the Division various technological facilities for 
crystal growth the extensive research program has been 
initiated for new materials - semimagnetic semiconductors, 
also known as diluted magnetic semiconductors (DMS). 
In these materials 3d transition metals incorporated 
in semiconductor crystals are exchange-coupled to 
conducting carriers. It results in giant exchange splitting of 
valence and conduction bands as observed by very strong 

magneto-transport and magneto-optical effects. The 
discovery of carrier concentration induced ferromagnetism 
in IV-VI DMS materials with Mn has paved the way for 
new direction in semiconductor spintronics. Currently, 
the Division is involved in world-wide active research 
in the field of magnetic semiconductor nanostructures 
and new topological materials (topological crystalline 
insulators). The application motivated work concerns 
II-VI and IV-VI semiconductor materials for radiation 
detectors and thermoelectricity as well as ultra-pure 
metals (Mg, Mn) for electron technology.   The Division is 
the leading European center for the growth of high quality 
semiconductor monocrystals using both growth from the 
melt and vapor phase growth, and for epitaxial deposition 
of thin layers. The experimental and theoretical activities 
are mainly devoted to magneto-transport, thermoelectric, 
and magnetic properties of new semiconductor crystals  
and nanostructures. 

Our understanding of electronic and electric properties 
of many most important crystalline materials is based on 
long established band structure theory. It distinguishes 
two main classes of electronic materials: insulators (with 
semiconductors) and metals (with semimetals). The key 
physical factor is the energy gap for electronic excitations: 
present in insulators but absent in metals. Experimentally, 
at very low temperatures insulators and semiconductors 
possess zero electrical conductivity whereas metals and 
semimetals remain very good conductors. In recent world-wide 
theoretical and experimental activities a new general principle 

of classification of materials has been proposed based on 
specific topological invariants in electronic band structure. 
In these new materials, so called topological insulators, 
insulating properties of the bulk crystal are accompanied by 
topological metallic surface states. Nowadays, several new 
groups of topological materials are actively studied or search 
for both theoretically and experimentally. 

Topological crystalline insulators (TCI) constitute  
a new class of quantum materials with the Dirac-like metallic 
surface states crossing the semiconductor band gap and 
exhibiting a characteristic helical spin polarization. In contrast 
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In the search for new concepts and materials for post-
silicon electronics semiconductor spintronics is one of most 
actively studied directions. One of the main tasks is to develop 
new magnetic semiconductors that, being compatible with 
existing semiconductor technological platforms, could in 
a single thin-layer device realize both electronic processing 
and magnetic memory functions, nowadays assigned to 
different materials. Additionally, by exploiting new spin-
dependent electric and optical effects one expects to lower 
energy required to power these new devices, therefore 
solving one of the main obstacles for further miniaturization 
of electronic processors down to nanometer scale.

(Ga,Mn)As is currently the most studied diluted 
ferromagnetic semiconductor exhibiting ferromagnetism 
induced by conducting holes with the record, for this class 
of materials, ferromagnetic transition temperature of 190 K. 
Magnetic properties of (Ga,Mn)As are strongly influenced by 
magnetic anisotropy effects with the in-plane or out-of-plane 
easy magnetization axis direction controlled by crystal lattice 
strain and anisotropic valence band structure. Due to very 
low thermodynamic solubility limit of Mn ions in GaAs zinc-
blende crystal matrix the ferromagnetic (Ga,Mn)As crystals 
are typically available as thin layers deposited epitaxially on 
GaAs or (In,Ga)As substrate. The homogeneous (Ga,Mn)As 
layers of high crystal and magnetic quality can be grown 
only under non-equilibrium conditions by low-temperature 
molecular beam epitaxy (LT-MBE) method. Additionally, the 
thermal annealing procedure if frequently required in order 
to reduce the concentration of unwanted native point defects 

(As antisites and Mn interstitials) that compensate the hole 
conductivity and ferromagnetic exchange interactions. The 
recently discovered qualitatively new route towards (Ga,Mn)As 
nanostructures exploits the vapor-liquid-solid (VLS) method 
for the growth of 1-dimensional heterostructures in the form 
of core-shell nanowires.  

The MBE grown (In,Ga)As-(Ga,Mn)As nanowires were 
obtained in high crystal quality all-wurtzite structure. The 
NWs were grown in two stages, first (In,Ga)As NW cores with 
13 at. % of In were grown at 500oC on GaAs(111)B substrate 
with Au catalyst; then the (Ga,Mn)As shell with Mn content 
of 5 at. % was deposited at low temperature (about 220oC). 
The NWs up to 1.6 μm in length and 70-100 nm in diameter 
were grown. The 12 nm thick (Ga,Mn)As shells of perfect 
wurtzite crystalline structure, sharp interface with (In,Ga)As 
cores and smooth surfaces were obtained. It was confirmed 
by detailed high resolution TEM microscopy investigations 
as well as by Raman scattering measurements. Thorough 
investigations of magnetic properties of NWs separated 
from the growth substrate indicate that the (Ga,Mn)As NW 
shells consist of superparamagnetic regions of dimensions 
in the range of 15-30 nm, blocking temperatures close to 
20 K and easy magnetization axis located perpendicular 
to the NW axes [1]. The uniform, ferromagnetic (Ga,Mn)As 
NWs shells could be obtained for higher shell thicknesses 
and higher concentration of substitutional Mn in the shells. 
To this end the additional wide-gap (Al,Ga)As shells serving 
as electronic barriers for conducting holes were also 
successfully grown by the same MBE technique.

fig. 1: Scanning (SEM, left panel) and 
transmission (TEM, right panel) electron 
microscopy images of wurtzite structure nanowires 
composed of nonmagnetic (In,Ga)As core and 
magnetic (Ga,Mn)As shell. The inset presents 
the temperature dependence of magnetization 
under field cooled and zero field cooled regimes 
revealing a mesoscopic-scale low temperature 
ferromagnetism [1].  

[1] A. Siusys, J. Sadowski, M. Sawicki, S. Kret, T. Wojciechowski, K. Gas, W. Szuszkiewicz, A. Kamińska, and T. Story, Nano Letters 14, 4263 (2014).

seMiconductoR (in,Ga)as-(Ga,Mn)as 
core-shell mAgnetic nAnowires

a. siusys, j. saDoWski, M. saWicki, s. kret, t. WojciechoWski, k. gas,  
W. szuszkieWicz, a. kaMinska anD t. story

to canonical topological insulators, like Bi2Se3, the surface 
states in the TCI materials are topologically protected not by 
time-reversal symmetry but by crystalline (110) mirror plane 
symmetry. The TCI states have been recently experimentally 
discovered at the (001) surface of Pb1-xSnxSe, SnTe, and 
Pb1-xSnxTe monocrystals, with the pioneering work on 
Pb1-xSnxSe carried out by IP PAS group (Nature Materials 
11, 1023 (2012)). These IV-VI semiconductor materials 
undergo, at a specific composition x and temperature T, 
a band structure inversion driven by very strong relativistic 
effects. The extensive investigations of the surface electronic 
states by angle-resolved photoemission spectroscopy 
(ARPES) were performed for bulk (Pb,Sn)Se monocrystals 
with tin content up to x=37 at. %, i.e., close to the solubility 
limit of SnSe in the rock-salt crystal phase of PbSe [1]. In 
the inverted band structure regime the Dirac-like topological 
in-gap states were found in the vicinity of four X-points of 
the (001) surface Brillouin zone. The temperature-driven 
topological phase transition from the trivial insulator to the 
TCI state was observed at the band inversion point. Based 
on ARPES spectroscopic observations the composition - 
temperature x-T topological phase diagram of (Pb,Sn)Se 
was constructed and compared with tight-binding band 
structure calculations for both (001) and (111) crystal planes 
[1,2]. The ARPES experiments performed on (111) oriented 
monocrystalline (Pb,Sn)Se layer deposited epitaxially 
on BaF2 (111) substrate fully confirmed the theoretically 
predicted location of the surface Dirac cones in the center 
of the surface Brilloiun zone (one cone) and at the Brillouin 
zone’s boundary at the M points (three cones) [2]. As in 
the TCI materials the topological protection of surface 
Dirac states is warranted by crystal symmetry, breaking 

the relevant symmetry is expected to open an energy gap 
in the Dirac states thus providing the important method of 
controlling the topological states. After the first experimental 
evidence from the scanning tunneling spectroscopy 
(STM) measurements, the modification of the topological 
phase diagram brought about by crystal distortion was 
experimentally found in wave-vector resolved ARPES 
studies [3]. It was shown that in the topological region of 
the phase diagram one can observe either all four Dirac 
cones expected from theoretical symmetry analysis (full 
cubic symmetry) or just two cones if symmetry is lowered by 
a specific crystal distortion [3].

fig. 1: Topological phase diagram of Pb1-xSnxSe (001) 
surface as determined by ARPES photoemission study of 
electronic band structure E(k). Depending on temperature 
T and Sn content x either topologically trivial band insulator 
(for hight T/low x region) or topological crystalline insulator 
(for low T/high x region) state is ovserved [1].  

[1] B.M. Wojek, P. Dziawa, B.J. Kowalski, A. Szczerbakow, A.M. Black-Schaffer, M.H. Berntsen, T. Balasubramanian, T. Story, and O. Tjernberg, 
Phys. Rev. B 90, 161202 (R) (2014).
[2] C.M. Polley, P. Dziawa, A. Reszka, A. Szczerbakow, R. Minikayev, J.Z. Domagała, S. Safaei, P. Kacman, R. Buczko, J. Adell, M.H. Berntsen, 
B.M. Wojek, O. Tjernberg, B.J. Kowalski, T. Story, and T. Balasubramanian, Phys. Rev. B 89, 075317 (2014).
[3] B.M. Wojek, M.H. Berntsen, V. Jonsson, A. Szczerbakow, P. Dziawa, B.J. Kowalski, T. Story, and O. Tjernberg, Nat. Commun. 6, 8463 (2015).
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with the development of numerical techniques it has become 
possible to study the evaporation of droplets with molecular 
dynamics methods (MD). Due to the fundamental nature of 
the equations used in the method the difficulties encountered 
in the continuous descriptions are avoided. Groups from  
IP PAS and IPC PAS also partook in the scientific discussion 
on the fundamental aspects of the process of evaporation 
with a series of papers and their co-operation resulted in 
important publications, including [1] (IF=14.937).

Unique equipment was built at IP PAS to study 
evaporation of freely suspended micron and sub-micron 
sized droplets [7,8] (Figure 1). The measurement method 
involves a detailed analysis of the evolution of radius of 
freely evaporating liquid droplets. It is possible to test 
liquids of different volatility and molecular mass and 
various suspensions, evolving from very dilute towards 
dry particles-aggregates. By means of an appropriately 
selected configuration of AC and DC electric fields a particle 
of specific range of mass to charge ratio can be indefinitely 
kept in a pseudo-potential minimum of (time-averaged) 
resultant field. It can also be perceived that the weight of 
a droplet is balanced via the interaction of the droplet charge 
with the DC field of the trap. Since the trap control system 
keeps the droplet at constant vertical position by adjusting 
DC voltage of the trap, the evolution of the droplet weight can 
be followed. Simultaneously, the evolution of droplet radius 
can be measured with even greater accuracy with methods 
based on the analysis of (static) light scattering. The IP PAS 
group has proposed highly effective combination of the 
mentioned methods [7] (compare Figure 2). 

Using several variations of our set-up and methods, we 
measured, inter alia, the kinetic coefficient of evaporation 
αC and its dependence on temperature. We reanalysed 
the existing experimental data and proposed a correction 
circumventing the simplification so far overlooked by other 
authors. Using this result we extended the measurements of 
the Boston group [6] in the direction of higher temperatures 
and obtained an excellent agreement with them. This 
particular result (Figure 3) lent substantial credibility to our 
method and instigated further applications. As a result, 
the saturation vapour pressure of very slowly evaporating 
liquids was studied at standard (room) temperature [9] 
providing solid data for such applications as environmentally 
conscious chemical waste management. Further on, we 
studied surface (interface) thermodynamics for evaporating 
suspensions [10, 11]. Part of the dispersed phase (i.e. 
nanospheres) binds to the surface and forms a separate 
entity exhibiting its own thermodynamics. This class of 
phenomena is known as the surface thermodynamics. 
In work [10] we presented a method of observing surface 

fig. 1: Schematic diagram of the experimental set-up and 
measurement concept.  

eVAPorAtion of single droPlets: exPeriment, theory And modelling
Daniel jakuBczyk

fig. 2: An example evolution of the radius of a droplet of 
suspension (main panel), shown in a form of a2(t) (compare “D2” 
law). Samples of associated scattering images are shown in 
insets. Left inset: low concentration of inclusions - interference 
fringes partly visible, right inset: high concentration of 
inclusions - interference fringes invisible. The optical method 
(circles) is accurate but requires the visibility of interference 
fringes. Weighing of a droplet gives a less accurate result (blue 
line), but enables measurement of even dry particles.

The research performed in the Division concentrates 
on different aspects of interaction of radiation with atoms, 
molecules and their aggregates. 

An important field of investigations (led by A. Sobolewski) 
are theoretical studies of functional molecules, which can be 
applied in molecular electronics. One example of such studies 
are mechanisms of electronic excitation and relaxation in 
aromatic compounds and splitting of water molecules.  

Electronically excited states are also studied via emission 
from the lowest such states in aromatic dyes (in the visible 
range), at the level of single molecules and in bulk samples, 
and down to liquid helium temperatures (laboratory of B. 
Kozankiewicz). Vibronic spectra of small molecules and alkali 
metal dimers are investigated in the group led by W. Jastrzębski. 

Vibrational (IR) spectra of molecules isolated in noble 
gas matrices are studied in the group of M. Nowak. These 
investigations, supported by ab initio calculations, allow 
identification of conformational landscapes of molecules of 

chemical and biological relevance with different conformers 
generated as a result of UV or NIR irradiation. 

The laboratory of microwave and THz spectroscopy, 
led by Z. Kisiel, concentrates on molecules of astrophysical 
relevance and molecular aggregates of basic chemical 
importance studied in supersonic expansion.

Theoretical investigations of Bose-Einstein condensates 
of cold atoms and small molecules are actively pursued in 
the group led by J. Mostowski and M. Gajda.

Last but not least, experimental investigations of chaotic 
systems by means of their microwave analogues have been 
developed in the group led by L. Sirko, scattering studies 
of light by nano-droplets are studied by M. Kolwas and 
his collaborators, and high temperature superconductivity 
in oxides, pnictides and chalkogenides, and colossal 
magnetoresistance in manganites, are among exotic 
phenomena, studied in the group of M.Z. Cieplak.

Mass and energy transport phenomena at the liquid-gas 
interface (e.g. evaporation/condensation) has been beyond 
correct analytical description for more than a century 
(compare e.g. [1]). Theoretical descriptions of evaporation 
of droplets were developed in the late nineteenth and early 
twentieth century [2, 3]. However, the phenomena of mass 
and energy transport taking place in the nano and micro 
scale at the very gas/liquid interface were eluding the sound 
analytical description. This indicates that the fundamental 
principle governing the phenomenon has not been identified 
yet. For example, Fang and Ward in an elegant experiment 
in [4] showed that the temperature profile across the liquid/

gas interface is different than predicted by theory. Further 
on, the results of measurements of evaporation coefficient 
αC (introduced empirically by Knudsen), associated with the 
ballistic transport in close proximity to the surface, made by 
various authors over the century extend over three orders of 
magnitude. A striking example can be given out of two recent 
works. The results of precise experiments using Raman 
thermometry, pertaining to droplet evaporation in vacuum, 
performed by the Berkeley group [5], seem to disagree with 
equally precise experiments, measuring mass exchange 
between droplets and vapour in equilibrium by means of 
isotopic labelling, performed by the Boston group [6]. Along 
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phase transitions: from surface gas, through various types of 
surface liquids to surface solid (see Figure 4). Subsequently, 
we observed a collapse of the surface shell (surface solid) 
and transition towards dry nanoparticles aggregate. The 
acquired knowledge of evolution of the surface of a droplet 
of suspension was utilised in the development of a method 
of probing the surface with nanoprobes (nanospheres 
of suspension) [12]. The nanoprobes are monitored via 
the interaction with the whispering gallery modes of the 
droplet acting as a spherical cavity resonator. We were also 
interested in extending the continuous medium description, 
normally used in the micro scale, to the nano scale. We 
explored this possibility in work [13] proposing, inter alia, an 
empirical generalisation of the solution of Tolman equation, 
which describes the dependence of surface tension on the 
radius of curvature of the interface. Our generalisation of the 
solution allows extending its applicability to radii of the order 
of few nanometers.

In 2008 IPC PAS group [14] simulated the evaporation 
of the LJ liquid droplet into its own vapour, all enclosed in 
the spherical vessel, whose boundaries were kept at the 
constant temperature. They confirmed the experimental 
result of Fang and Ward [4], which showed the discontinuity 

of the temperature profile at the interface. More detailed 
analysis of the simulation data was done together by IP 
& IPC PAS groups in work [1]. We found that treating αC 

as an adjustable parameter, the simulation data shows  
a significant jump in 1/αC as a function of the vapour density, 
which is exactly correlated with the temperature jump. The 
nature of the temperature jump and the influence of ΔT on 
the evaporation rate were finally explained with the help 
of the computer simulations for two component system, 
presented in work [15], in which the droplet consisting of the 
less volatile component evaporated into the more volatile 
gas. The simulation clearly showed that the temperature 
jump manifests in the decrease in the energy transfer due to 
too large value of the mean free path when compared to the 
droplet size. We found the temporal evolution of ΔT and the 
formula that excellently fitted evaporation rate obtained from 
the simulation data.

[1] R. Hołyst, M. Litniewski, D. Jakubczyk, K. Kolwas, M. Kolwas, K. Kowalski, S. Migacz, S. Palesa, and M. Zientara, Rep. Prog. Phys. 76, 034601 (2013).
[2] J.C. Maxwell, Collected Sci. Papers, 11, 625 (1890).
[3] I.J. Langmuir, The dissociation of hydrogen into atoms: II. Calculation of the degree of dissociation and the heat of formation, J. Am. Chem. 
Soc. 37, 417 (1915).
[4] G. Fang and C.A. Ward, Temperature measured close to the interface of an evaporating liquid, Phys. Rev. E 59, 417 (1999).
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fig. 4: An example of the surface pressure isotherm (in 
semilogarithmic scale, red line) together with snapshots from 
the visualisation of our simulation (see [11]) of the evolution of 
a droplet of suspension (droplet size scaled freely for clarity). 
Surface states are: surface gas of inclusions (G), coexistence 
of gas and liquid (G/L), two liquid states (L1, L2) and surface 
solid (S). The collapse of the shell of inclusions can be seen to 
the left of the S state.
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fig. 3: Values of αC as a function of droplet surface temperature. 
Solid circles pertain to the corrected evaporation coefficient, 
obtained from our measurements; hollow circles pertain to 
condensation coefficient measured by the Boston group. The 
dashed line represents the fit of Arrhenius’ equation to the 
results of the Boston group and our data together.
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Superconductivity is the main focus of the research 
conducted by Group of Strongly Correlated Materials (ON2.4) 
headed by prof. Marta Z. Cieplak. The subject of the studies 
are both conventional superconductors, in which pairing of 
electrons into Cooper pairs originates from electron-electron 
interactions mediated by phonon exchange, and unconventional 
superconductors, in which the electron-electron interactions 
are most likely related to magnetic fluctuations. 

Recent study of conventional superconductor addresses 
the problem of the suppression of superconductivity with the 
decrease of the thickness of ultrathin films of niobium (Nb). 
Niobium, which has the highest superconducting transition 
temperature (Tc=9 K) among elemental superconductors, 
is widely used in many investigations and applications. The 
films, in the form of Si/Nb/Si trilayers with silicon layers for 
protection and the Nb thickness as low as 1 nm, are prepared 
in collaboration with the Johns Hopkins University in Baltimore. 
The measurements of the Hall coefficient, conducted by a 
PhD student Iryna Zaytseva, unexpectedly uncovered the 
change of sign of the conduction carriers in ultrathin films, 
most likely caused by the influence of boundary scattering 
on the relaxation rate of carriers [1]. This discovery, never 
reported before, is important for the understanding of the 
disappearance of superconductivity in the ultrathin film limit. 

An example of unconventional superconductor studied 
recently is iron chalcogenide (FeTeSe), which belongs 
to the family of iron-based superconductors (IBS), with 
superconducting mechanism presumably related to the 
spin fluctuations. These are multiband materials, in which 
elemental substitutions induce various modifications to the 
energy band structure. This leads to shrinking or expansion 
of hole or electron pockets, what strongly influences 
superconductivity. The IBS come in two classes, pnictides 
and chalcogenides, with majority of studies devoted so far 
to pnictides. The study conducted at IP PAS focuses on the 
effects of transition metal substitutions (Co and Ni) into Fe-site 

in FeTe0.65Se0.35 single crystals, and it is the first comprehensive 
investigation of iron chalcogenide doped up to high impurity 
contents [2]. The crystals, which in the undoped state are 
superconducting, have been grown at IP PAS by D. Gawryluk 
and M. Berkowski (ON3.1). The transport experiments reveal 
the change of sign of Hall coefficient to negative at low 
temperature, consistent with the electron doping induced by 
both impurities. However, the Hall coefficient remains positive 
at high temperatures, suggesting that remnant hole pockets 
survive the doping, and holes get localized upon the lowering 
of T. The superconductivity is suppressed by doping, with 
the suppression related to electron doping in the case of Co 
impurity, while the Ni impurity most likely induces, in addition, 
strong electron localization. 

Solar water splitting, that is, the simultaneous oxidation 
and reduction of water with sunlight to yield molecular 
oxygen and molecular hydrogen, respectively, is the dream 
reaction for the future generation of clean and renewable 
chemical energy carriers. While enormous research efforts 
are undertaken worldwide towards the realization of solar 
water splitting in the laboratory, these efforts are based on 
just two strategies, the photoelectrochemical approach1 and 
the bioinspired artificial photosynthesis2, respectively. Both 
strategies rely on the spontaneous ionic self-dissociation of 
liquid water in thermal equilibrium. The absorbed photons 
generate mobile electrons and holes in semiconductors or 
in extended molecular systems which migrate apart and 
eventually neutralize protons and OH- anions, respectively, 
thus generating H• and OH• radicals, from which H2 and O2 

are respectively formed with suitable catalysers. Since it is 
still unclear whether molecular hydrogen can be generated 
from sunlight and water along either of these established 
paths on a large scale and with competitive costs, it is of 
utmost importance to explore also alternative ideas.

In this project, we pursue such an alternative and novel 
approach towards solar water splitting which follows the 
theoretical proposition of direct photoinduced homolytic 
decomposition of water molecules into H• and OH• radicals 
with simple organic or organometallic chromophores (A).3,4 

The proposed photocatalysers are organic or organometallic 
chromophores which self-assemble with water molecules as 

hydrogen-bond acceptors. The mechanism comprises of 
two steps: the splitting of the photo-excited A-H2O hydrogen 
bonded complex into biradical pair of AH• and OH•, and the 
subsequent cleavage of photo-excited AH• into A and H•. 
This cycle of reactions requires absorption of two photons 
for excitation of the A-H2O complex and later - the AH• 
radical and results in two products: H• and OH• radicals. 

Experimental verification of the theoretical prediction was 
performed with oxotitanium tetraphenylporphyrin (TiOTPP), 
titanyl phthalocyanine (TiOPc) and methylene blue (MB) 
molecules (Fig. 1) used as photocatalysers. The compounds 
have been selected as they have strong absorption bands in the 
VIS range of solar spectrum while having the same potential to 
form hydrogen bonded complexes with water as the theoretically 
studied TiOP molecule which absorbs in the near UV region.

The first step of the theoretically predicted concept of 
the partial water splitting was experimentally confirmed 
with TiOTPP as photocatalyst. It was demonstrated that 
photoexcitation of TiOTPP immersed in water leads to 
the generation of OH• radicals5. The hydroxyl radicals are 
created in the partial water splitting reaction

TiOTPP + H2O + hν  ->  TiOTPPH• + OH• (1)

and are detected with fluorescence of hydroxyl-terephthalic 
acid (HTA) which is converted from terephthalic acid (TA) 
in the reaction TA + 2OH•  ->  HTA + H2O. The reaction (1) 
occurs in pure (pH=7) and basic water (pH>7). 
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fig. 1: Structures of the molecules used as water photooxidation agents.
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fig. 1: Phase diagram of Fe1-yMyTe0.65Se0.35. Color areas, green 
and blue, indicate superconductivity (SC) range for crystals 
doped with Co and Ni, respectively. Continuous lines and 
points delineate the regions with the positive and negative Hall 
coefficient (RH) in crystals doped with Co (green) and Ni (blue - 
measured at low magnetic fields B, and red - at high magnetic 
fields). According to a 2-band conduction model, the red line 
shows the y, at which concentration of electrons (ne) exceeds 
concentration of holes (nh), while blue line indicates the y, at 
which mobility of electrons (μe) exceeds mobility of holes (μh).
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Wave phenomena are encountered in various physical 
systems, from waves on water to electromagnetic waves to 
quantum physics described by the Schrödinger equation. 
Solitons are a special type of waves that do not decay, thus 
are perfectly suitable, for example, for sending information 
over long distances. The article “Creation and Abrupt Decay 
of a Quasistationary Dark Soliton in a Polariton Condensate”, 
published in Physical Review Letters 112, 216401 (2014), 
describes solitons in a Bose-Einstein condensate in 
a semiconductor material.

Exciton-polaritons are extremely interesting quantum 
quasiparticles which may find many applications in various 
fields, such as ultrasensitive interferometric measurements, 
lasers with very low power threshold or information 
processing with low energy loss. These particles consist 
of electrons and holes, which form an exciton, strongly 
coupled with photons. Polaritons have the structure of the 
“Schrödinger cat”: a quantum state corresponds to two 
alternatives, “cat alive” when there is an exciton and “dead 
cat” when instead of an exciton photon exists in the system.

Imagine a crowd of people in which each person goes 
in a different direction, sometimes colliding with others. 
This situation corresponds to the classical gas of particles.  
However, when the movement is orderly, as in the case of 
army of soldiers marching in unison, we deal with the situation 
similar to that which occurs in Bose-Einstein condensates.  
About 10 years ago it was demonstrated experimentally that 
a similar phenomenon may occur in exciton-polaritons even 
at room temperature. Since then, a number of experiments 
showed that such state has many interesting properties, 
such as superfluidity, strong coherence, and strong inter-
particle interactions.

This study demonstrated that one of the elementary, 
long-lived excitations in a one-dimensional polariton 
condensate is a dark soliton wave, which is characterized by 
locally reduced density of particles and radiation emission. 
This condition is subject to complex dynamics, which is 
reflected in the small oscillations of these objects that, 
depending on the external pumping power, can transform 
into the so called soliton explosions. Moreover, after 
a long time of stable evolution, these solutions suddenly 
disappear. These properties are explained by analogy with 
the analytical solution of the Bekki-Nozaki hole that exist 
in the complex Ginzburg-Landau model. Furthermore, it 
has been demonstrated that the excitation can be obtained 
experimentally by small perturbation or by modulation of the 
external pumping profile.

yan Xue Michał Matuszewski
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fig. 1: Colliding pairs of dark solitons in polariton condensate.
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Phys. Rev. Lett. 112, 216401 (2014)

It has been further shown that the partial water splitting 
process occurs also with TiOPc molecule6 as well as with 
MB molecule7 used as the photocatalysers. Comparison 
of experimental results obtained for these molecules gives 
insight into the mechanism of the water splitting process. The 
efficiency of TA->HTA conversion, which is an experimental 
measure of the hydroxyl radicals generation efficiency, 
is higher for TiOPc than for TiOTPP (0.14 and 4×10-3 
respectively). This can be related to different energy gaps 
between the absorbing Soret band and the reactive LMCT 
state of the TiOTPP−H2O and TiOPc−H2O complexes. The 
larger energetic gap in TiOPc provides more excess energy 
and therefore a higher probability of the H atom transfer 
reaction in the ligand-to-metal charge-transfer (LMCT) 
state. For MB the efficiency of the water splitting process 
is the lowest among the three molecules (2×10-4) and this 
can be related to the efficient population of triplet states 
observed for this molecule. The intersystem crossing is 
then the competitive path to the population process of the 
CT state of MB-H2O complex which is a precursor state for 
the hydrogen transfer process. In result the water splitting 
process and the hydroxyl radicals generation is less efficient.

The partial water photolysis with TiOTPP as well 
as photolysis with TiOPc generates also very small 
photocurrents5-6. For both molecules the photocurrent 
excitation spectra correlate well with the absorption spectra. 
This reveals that the mechanism of ionic channel is different 
from that of radicals channel in which hydroxyl radicals are 
yield upon excitation to Soret band only and not upon excitation 
to Q state5-6. The ionic channel in TiOTPP and TiOPc was 

found to be much less efficient than the radical channel, but 
occurs even in pure water (no electrolyte is required) and 
without external voltage bias. The ionic channel reaction 
efficiency is similar for both compounds and amounts to 10-6 , 
too low to have potential for any practical application. In 
contrast to that the radical channel, which especially for TiOPc 
has high efficiency of hydroxyl radical generation, might in 
principle be useful in a practical application as in result of the 
water photolysis the energy of light is converted into chemical 
energy of hydroxyl radicals. These very reactive and highly 
energetic species can be applied, for example, in waste water 
cleaning or in chemical reactions.

All experiments were carried out in Institute of Physics’ 
labs in Warsaw.
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simulation method. Change in the character of step instability 
is analyzed for different rates of particle jumps towards step.

Diffusion of a Ga adatom at the As-rich, low temperature 
c(4 × 4) reconstructions of a GaAs(001) surface is analyzed 
in [10]. Known energy landscape for the motion of a Ga 
adatom at two different α and β surface phases was used 
to calculate diffusion tensor by means of the variational 
approach. Similar approach was adopted for diffusion of Cu 
adatoms and dimers on Cu(111) and Ag(111) surfaces in [11].

4. strongly correlAted few-body systems

The full many-body model of a few interacting fermions 
confined in one-dimensional trap in the regime of attractive 
forces was studied in [12]. Performing exact diagonalization 
of the Hamiltonian the ground state and the thermal state of 
the system was analyzed in terms of one- and two-particle 
reduced density matrices. It was shown how for strong 
attraction the correlated pairs emerge in the system. The 
analysis was also extended to a situation with unequal 
number of fermions of both flavors in [13]. 

5. QuAntum electrodynAmics

In [14] the changes in the cosmic microwave background 
spectrum seen as an increase of temperature due to  
a strong magnetic field are determined and their influence 
on the polarization of the radiation is exhibited. The effect 
is due to the coupling of the CMB photons to the magnetic 
field in the QED vacuum via the interaction with virtual pairs.
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scientific achieveMents in years 2014-2015

1. Physics of excitons And PolAritons

In [1] the existence of self-localized soliton solutions 
in nonequlibrium condensates of exciton-polaritons was 
predicted. Due to the nonequilibrium nature of such 
condensates, the solution has several interesting properties, 
many of which are related to the properties of Bekki-Nozaki 
holes, the analytical solutions of complex Ginzburg-Landau 
equations. Unlike ordinary dark solitons of conservative 
models, it was shown that the polariton solitons have  
a finite lifetime, which can be as large as several thousands of 
picoseconds. In addition, two experimental methods for the 
creation of these solutions in experiments were proposed.

2. Physics of ultrA-cold gAses

In [2] the thermodynamics of a spin-1 Bose gas with 
fixed magnetization including the quadratic Zeeman 
energy shift was investigated. Calculations are based on 
the grand canonical description for the ideal gas and the 
classical field approximation for atoms with ferromagnetic 
and antiferromagnetic interactions. With this approach the 
occurrence of a double phase transition in the system that 
takes place due to two global constraints was confirmed. 

In [3] a quantitative determination of the accuracy and 
range of validity of the widespread classical field description 
for quantum Bose gases was examined. The optimum high 
energy cutoff is shown to depend strongly on the observable 
in question (e.g. energy, density fluctuations, phase 
coherence length, condensate fraction).

In [4] the experimental realization of an atomic four-wave 
mixing process that bears similarity to superradiance was 
reported and analyzed. The angular distribution of scattered 
atom pairs is not isotropic, despite the collisions being in the 
s-wave regime of isotropic scattering. In contrast to standard 
superradiance that occurs when a single elongated atom cloud 
is illuminated with laser light, here both the target and illuminating 
Bose fields are atomic. Theoretical analysis indicated that the 
anomalous anisotropic behavior can be explained by the non-
isotropic nature of the gain in the medium.

The paper [5] refers to the problem of correspondence 
between exact many-body solutions of a one-dimensional 
model of bosons with repulsive short-range interactions 
(solved analytically by Lieb and Liniger) and properties of  
a single-particle mean-field approximation of Gross-
Pitaevskii (GP) equation. As suggested by some authors, 
one of two branches of elementary excitations might be 
related to dark solitons in GP framework. In [5] it was shown 
that for lower temperatures statistical distributions of dark 
solitons obtained within the classical field approximation 
are well represented by the distributions of quasiparticles of 
the second kind derived from fully quantum description. It 
means that type II excitations in the Lieb-Liniger model are, 
indeed, quantum solitons.

In [6] the authors studied the Einstein-de Haas effect in 
a rubidium atom condensate. They predicted a significant 
transfer of atoms from the initial maximally polarized state to 
the next Zeeman component at magnetic fields of the order 
of tens of milligauss.

In [7] the attractive Bose-Hubbard model with a tunable, 
on-site three-body constraint was studied. As shown, the 
critical behavior of the system undergoing a phase transition 
from pair superfluid to superfluid at unit filling depends on 
the value of the three-body repulsion.

Few-year experience in developing and studying the 
extended Hubbard-like models resulted in the idea of com-
posing a review article on the subject [8]. The review was 
written in a huge international collaboration of coauthors 
with different experience and different interests. Therefore, 
it covers almost all aspects of the issue - from the simplest 
extensions of the standard Bose-Hubbard model, through 
the models taking into account higher orbitals of the periodic 
potentials and internal degrees of freedom, to the models 
with long-range interactions. 

3. crystAl growth

In [9] bunching and meandering instability of steps at the 
4H-SiC(0001) surface was studied by the kinetic Monte Carlo 
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A lot of recent investigations in physics and materials 
research are aimed to find new devices that are competitive 
with semiconductor memory. Very promising are magnetic 
tunnel junctions (MTJ), they consist of two ferromagnets 
separated by a thin insulator. If the insulating layer is 
thin enough (typically a few nanometers), due to strictly 
quantum mechanical effect, electrons can tunnel from one 
ferromagnet into the other one (such process is forbidden 
in classical physics). The large magnetoresistance signal 
(change of the resistance in an applied external magnetic 
field) of this junction enables fast memory-read operations. 
In addition, the memory is nonvolatile (the data remain stored 
when the power is turned off) because the information is 
stored in the magnetic state of the bit. The large signal also 
makes MTJ an attractive candidate for magnetic-media read 
heads and other types of sensor applications. 

Study of ultra-thin magnetic films systems with a strong 
anisotropy and out-of-plane easy axis of magnetization, i.e., 
perpendicular to the plane, is important for designing MTJ 
and applications such as recording devices and magnetic 
field sensors. Typical MTJ devices are composed from 
films with the in-plane magnetization. However, devices 
with perpendicular magnetic anisotropy (PMA) were 
demonstrated to have great advantages over the in-plane 
ones. These structures are known for their high tunnel 
magnetoresistance ratio (TMR), high thermal stability 
and low critical current for current induced magnetization 
switching. It is therefore essential to understand the factors 
responsible for perpendicular magnetic anisotropy in 
multilayers with ultra-thin magnetic layers. In this work, the 
role of Au/Co interface in Au/Co/Au/MgO/Au heterostructures 
using ferromagnetic resonance technique was explored. 
From the out-of-the-film-plane angle-dependent FMR 
measurement, a parameter (KU) describing the “effective” 
uniaxial anisotropy can be achieved.

The value of the fitted KU constant is negative and its 
absolute value decreases with increasing of the Co layer 
thicknesses for all heterostructures studied. The variation of 
KU as a function of d is very well approximated by relation 
combining the volume anisotropy coefficient K2 and the 

surface anisotropy constant KS. The increase of KS, for  
Au/Co/Au/MgO/Au compare to Au/Co/MgO/Au hetero-
structure, points out that the perpendicular magnetic 
anisotropy of the Co/MgO interface is significantly enhanced 
by introduction of Au interlayer. Moreover, the increased 
anisotropy parameter K2, indicating the changes in magnetic 
interaction of Co atoms in the whole volume of the films, is 
directly related to the adjustment of upper Co interface. The 
differences among anisotropy constants in the heterostructures 
studied indicate that the perpendicular magnetic anisotropy 
is mainly determined by bottom Au(111)/Co(0001) interface, 
as a result of strong Au-Co interaction through the orbitals 
hybridization as well as by the stress induced at the interface.

l. glaDczuk, P. aleshkevych, k. lasek anD P. PrzysluPski

role of the gold At the co/mgo interfAce

Research activity of the Division of Physics of Magnetism 
is targeted both at development and basic studies of new 
magnetic materials, useful for some specific applications (e.g. 
refrigerators and air-conditioners based on magnetocaloric 
effect, new generation of fuel cells), superconductors (recently 
pnictides). In fact, in the case of most intensively studied 
materials, complex oxide materials with perovskite structure 
(manganites, cobalties, orthoferrites), both aspects are present. 
The so called half-metals, e.g. some manganites and Heusler 
alloys, that exhibit very high (theoretically 100%) spin polarization 
of carriers are materials promising for spintronic applications. 
The main aspect of these studies is understanding nature of 
magnetic interactions and their impact on various structural 
features. In order to realize this goal, performed experiments 
are usually supplemented with ab initio calculations (performed 
mainly in frames of DFT approximation).

The Division is equipped with technological facilities 
for growing single crystals (mainly of oxide materials and 
chalcogenides) by the Czochralski and floating zone methods, 

as well as for preparing thin films by means of high pressure 
sputtering and MBE. The latter two technological methods 
are used, e.g., for growth of various heterostructures (e.g. 
superconductor/ferromagnet), for tuning magnetic properties 
of ultrathin cobalt films by using a noble metal overlayer and 
for tailoring of the overlayer structure for magnetic patterning 
of ultrathin films. The experimental equipment (including 
SQUID magnetometers, PPMS platforms with variable 
options for dc and ac magnetization, torque, specific heat, 
transport measurements, as well as NMR, FMR, EPR 
spectrometers) enables studies in wide temperature range 
(starting from 50 mK in the case of specific heat studies) in 
magnetic fields up to 9 T. 

Magnetization and transport measurements can be 
also performed under hydrostatic pressure. The Division 
possesses a unique equipment for measurements of 
magnetostriction of thin magnetic films by means of Strain 
Modulated Ferromagnetic Resonance. 

diVision of Physics of MaGnetisM
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fig. 1: The effective uniaxial KU anisotropy constant as a function 
of the Co film thickness.

J. Appl. Phys. 116, 233909 (2014)
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Colossal magnetoresistance (CMR) - very pronounced 
change in electrical resistance at the presence of a magnetic 
field - is observed mostly in manganese- and cobalt-based 
perovskite oxides. Application of CMR effect could lead to 
new devices with increased data density and reduced power 
requirements. The paper reports part of the results obtained 
within the project devoted to the investigations of RBaCo2O5+d 

(R - trivalent lanthanide ion) layered cobaltites. The essence 
of the studied problem is possibility of modification, by 
chemical substitutions (at R- and Ba-site) and suitable level 
of oxygen content, the following phase transition’s order: 
metal-insulator (M-I), paramagnet-ferromagnet (PM-FM), and 
ferromagnet-antiferromagnet (FM-AFM). This investigation 
has a great meaning because of CMR phenomenon occuring 
near mentioned phase transitions in complex perovskite 
oxides (e.g. manganites and cobaltites). The most welcome 
result of the investigations is obtaining of values of phase 
transitions temperatures near room temperature. It has an 
essential importance for the possibility of application of these 
materials. In this paper, the pressure effect on magnetic phase 
transitions for the hole-doped Nd1-xCaxBaCo2O5.5 system over 
the composition range x = 0-0.06, where a strong competition 
between antiferromagnetic and ferrimagnetic phases is 
present, was discussed. 

The dependence of TN, i.e. of the temperature of a first 
order phase transition from the antiferromagnetic to the 
ferrimagnetic state, and of TC, i.e., of the temperature of the 
second order phase transition from the ferrimagnetic to the 
paramagnetic state, on hydrostatic pressure was found to 
be a function of hole doping. The large pressure-induced 
increase of TN becomes enhanced with increasing of the 
hole doping level, while a small pressure-induced increase 
of TC is suppressed by increasing the hole doping level. This 
finding shows that the hydrostatic pressure stabilizes the 
antiferromagnetic phase, whereas the hole doping alone 
suppresses the antiferromagnetic phase. In the work, it have 
been emphasized that it is possible to obtain significant 
pressure effects on magnetic properties despite minor 
changes in structural properties.

j. Pietosa, a. szeWczyk, r. Puzniak, a. WisnieWski, B. DaBroWski, s. kolesnik

  
under hydrostAtic Pressure in lAyered PeroVskite cobAltites nd1- x ca x baco2o5.5 (x = 0-0.06)

3 μm x 3 μm Electric Force Microscopy (EFM) image 
of surface topography (center; z scale 15 nm) and induced 
ferroelectric domains (IF logo) in ferroelectric/multiferroic 
(BaTiO3 / BiFeO3) bilayer. The letters are regions poled with 
defined negative/positive polarization by the conductive.
tip placed in the close proximity of the surface. The width 
of the line is determined by the tip size and can, therefore, 
be as narrow as several tens of nanometers. The “reading”, 
i.e. the electric force imaging, is done with the tip kept at 
a defined distance to the surface and under small biasing 
dc voltage applied between the bottom of the sample 
and the conductive scanning tip. The bright/dark contrast 

depends on the sign of the charge on the surface and bias 
voltage direction. EFM images measured with opposite tip 
polarizations show the contrast reversal.

Barium titanate (BTO) BaTiO3 is one of the most 
important ferroelectric materials of perovskite tetragonal 
form with ferroelectric Curie temperature 390 K.

Bismuth ferrite (BFO) BiFeO3 is a single-phase 
multiferroic which is extensively studied due to its high 
ferroelectric polarization and room temperature ME 
i.e. 1103 K ferroelectric Curie temperature and 643 K 
antiferromagnetic Neel temperature.

Piotr PrzYsłuPski, Marta aLeszkiewicz

loGo bilayeR

fig. 1: BTO/BFO bilayer grown by P. Przyslupski; EFM measured by M. Aleszkiewicz.

fig. 1: The pressure dependences of TN and TC determined from 
M(T,100Oe) curves for Nd1-xCaxBaCo2O5.5 with x = 0 (a), 0.02 (b), 
and 0.06 (c). The solid lines are the results of fitting the linear 
dependence with the least squares method.

J. Appl. Phys. 116, 013903 (2014)
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Division of Physics and Technology of Wide-Band-
Gap Semiconductor Nanostructures combines high-
quality basic research with applied science. A vast variety 
of spectroscopic (optical, electrical, and magnetic) and 
microscopic research techniques employed in the ON4 
Division, including synchrotron radiation, allow precise 
and thorough material characterization. The obtained 
microstructures and devices are used for various applications 
in electronics, opto-electronics, radiation dosimetry, 
photovoltaics, semiconductor laser technology, water 
splitting, etc. The research facilities of the Division include 
ultra-modern material growth and preparation equipment, 
such as molecular beam epitaxy (MBE) and atomic layer 
deposition (ALD) machines. The latter enable preparation 
of complicated semiconducting nanostructures based on 
gallium nitride and zinc oxide (thin layers, quantum wells, 
quantum wires). The techniques of material characterization 
are being continuously developed in the Division. 

Special attention is devoted to solar-blind light detectors, 
high-k materials, solar cells based on organic materials as 
well as ZnO and GaN nanowires, transparent electronics, 

GaN/AlGaN field-effect transistors, LEDs based on nitride 
semiconductor nanowires, luminescence biosensors based 
on rare-earth doped nanomaterials, thermoluminescence 
dosimetry, water splitting with use of semiconducting 
photoelectrodes, and spintronic materials. Properties of 
p-type ZnO, GaN-based nanostructures, multiferroics, and 
materials under extreme conditions are also studied in ON4.

Theoretical research performed in the ON4 Division is 
recently focused on the subject of topological insulators, 
quantum spin Hall effect, and other properties of low-
dimensional structures. Other subjects of theoretical studies 
range from the properties of proteins, which are the source of 
incurable up to now human diseases, to optical properties of 
rare-earth and transition metal dopants in various materials 
for optoelectronic applications. 

We believe that high quality research constitutes the 
basis for successful future application of new materials in 
the industry.

QuantuM sPin hall effect 
in iV-Vi toPologicAl crystAlline insulAtors

r. Buczko

Topological insulators (TIs) are an emerging class of 
materials that could make possible “spintronic” devices and 
practical quantum computers far more powerful than today’s 
technologies. Unlike ordinary materials that are either 
insulators or conductors, TIs are in some sense both at the 
same time - they are insulators inside but always conduct 
electricity via the surface. Moreover, due to the time-reversal 
symmetry, these surface states are topologically protected 
against scattering at 180o. In 2-dimensional (2D) TIs this 
means that the metallic edge states provide dissipationless, 
spin-polarized conduction channels. Thus, TIs contain edge 

states that are spin filtered, i.e., one edge state is made up 
of spin-up carriers and another edge state is made up of 
spin-down carriers - this property, which is called Quantum 
Spin Hall (QSH) effect, makes these structures extremely 
interesting for low-power-consumption electronics and 
spintronics. Thus, the quest for systems with topologically 
non-trivial edge states, which give rise to the QSH effect, 
has become recently one of the most important topics in 
condensed matter physics.

Recently, it has been shown that thin films of so-
called topological crystalline insulators (TCIs) are one of 

In the past few years low-dimensional structures, 
especially self-assembled semiconductor free-standing 
nanowires, have been intensively studied by many research 
groups. Reaching lengths up to several micrometers with 
diameters from several to tens of nanometers and flexibility 
in doping, such structures have a broad range of possible 
applications in photonics and electronics, low-dimensional 
physics, nanoscale electronic and optoelectronic devices, 
self-assembling nanoscale devices or logic gates and 
computing. The nanowire approach regarding magnetic 
structures concerns different kind of applications such as 
cell manipulation, recording media or biological sensors. 
Therefore, investigation of these magnetic structures is 
interesting from the point of view of both fundamental 
research and possible applications. Here, we propose  
a new combined approach, namely the hybrid ferromagnetic 
metal/semiconductor nanowire structures, which embrace 
two possible areas of applications, that of semiconductor 
NWs and that of ferromagnetic nanotubes.

Using a ‘bottom-up’ approach with self-organized 
growth, nanowires can be fabricated considerably faster 
and more efficient than by the ‘top-down’ patterning method. 
In our work we deposited a ferromagnetic material (cobalt) 
directly onto the surface of semiconductor nanowires array. 
Such ferromagnetic metal of a designed shape forms  
a nanomagnet on the semiconductor nanowire. Our work is 
focused on growth of cobalt magnetic “nanotubes” and study 
of their morphology and structural, as well as magnetic, 
properties. Strong ferromagnetism and better oxidation 
resistance comparing to iron was the main reason for 
choosing cobalt.

Magnetic cobalt “nanotubes” (filled with a nonmagnetic 
zinc telluride core) were grown by molecular beam epitaxy 
(MBE) technique, which offers ultra-high vacuum process 
conditions. Transmission electron microscope (TEM) image 
of an upper part of a single nanowire is presented in Fig. 1a, 
where the ZnTe core and the gallium-gold nanoball are 
covered with cobalt shell. Deposited cobalt is polycrystalline 
with a mixture of hexagonal close packed and face cubic 
centered crystal grains. The mean diameter of Co crystal 

grains was found to be 3.6±0.5 nm for 10 nm of deposited 
cobalt at 100°C with their size distribution presented on 
Fig. 1b. It was observed that the dimensions of these 
grains increase with higher growth temperatures as well 
as with higher cobalt deposition thickness. We confirmed 
a hexagonal shape of the nanowires as well as an uniform 
cobalt shell thickness around 35% of the nominal deposition 
value. This was further confirmed by TEM cross-section 
study (Fig. 1c) on a lamella prepared by focused ion beam 
(FIB). By significantly increasing of the Co thickness it was 
also possible to change the surface of the Co shell from 
smooth and uniform to a quasi-dendritic one. Magnetic 
force microscopy (MFM) experiments were conducted on 
(ZnTe)/Co nanowires detached from the substrate. They 
revealed that magnetization easy-axis is perpendicular to 
the nanowires long axis, which is counterintuitive, however 
in agreement with other experimental results and theoretical 
predictions for hollow Co nanotubes.

fig. 1: ZnTe NWs covered with 10 nm of Co deposited at 100°C 

a) TEM image of a single NW upper part;  
b) Size distribution of Co crystal grains;  
c) STEM cross-section image of a (ZnTe)/Co NW.

P.a. Misiuna, P. dłuzewski, t. wojciechowski, e. MiLinska,  
B. kuroWska, M. Wiater, a. WaWro, t. WojtoWicz anD l.t. BaczeWski

J. Cryst. Growth 412, 80 (2015)
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out of the time-reversal symmetry points. In this case the 
QSH phase coexists with a phase that can be called a ‘2D 
effective TCI’ and the topology is protected by both time-
reversal and mirror plane symmetries. For SnTe films with 
an odd number of monolayers this is also the case but only 
for one Dirac point at k = 0. 

Unfortunately, for all but the SnTe films with an even 
number of monolayers an overlapping of bands in Γ and M 
points diminishes the final band gap of the system. Hence, 
the edge states appear either against the background of the 
bands (see Fig. 1b) or within a very small energy gap. As 
illustrated in Fig. 1a, the (111)-oriented SnTe films with an 
even, close to 20, number of monolayers is thus the best 
candidate for observing the QSH effect in the IV-VI TCI. The 

QSH phase produced in this material system is highly robust, 
being even oblivious to the lack of inversion symmetry. The 
latter indicates that a suitable substrate or an overlayer 
will not destroy this 2D TI phase. Quite the contrary, using 
carefully selected substrate or overlayer would allow to 
tune the height of the energy barriers and biaxial strain in 
the structure. The uniaxial or biaxial strain can be used for 
manipulating the energy gaps in the surface states thus for 
solving the mentioned problem of band overlapping, which 
diminishes the resulting energy gap [4]. The result of the 
energy gap tuning by biaxial strain is shown in Fig. 1c.

The results described above may pave the road for the 
experimental realization of QSH in SnTe and SnSe layers 
and their quantum well structures.

uV detectoRs 
 bAsed on zno/gan, zno/sic And zno/i-(Al2o3, hfo2)/gan - p-n And p-i-n heterostructures

UV detectors based on wide bandgap semiconductors 
such as GaN, SiC and ZnO have recently received a lot 
of attention due to their chemical and thermal stability in 
harsh environments, with zinc oxide (ZnO) being among 
the most promising candidates due to its large direct band 
gap and the high absorption coefficient in the UV spectral 
range. UV photodetectors have been widely used in various 
commercial applications, such as detection of the ozone 
hole, pollution monitoring, space-to space communications, 
water sterilization etc. Obviously, for ZnO the p-type doping 
is required for this kind of applications. However, it is known, 

that p-type doping of ZnO is difficult to achieve due to the 
presence of background n-type doping.

We studied p-n and p-i-n structures, which consist of 
acceptor doped ZnO:N or ZnO:As films grown by plasma-
assisted molecular beam epitaxy (MBE) and n-type GaN 
on sapphire templates. In the case of p-i-n heterostructures 
a thin insulating Al2O3 or HfO2 layers has been deposited on 
GaN template by atomic layer deposition before the growth of 
ZnO layer by MBE. The concentrations of nitrogen and arsenic 
in the deposited ZnO, measured with secondary ion mass 
spectroscopy, have been found in the range 1018-1020 at/cm3 

e. PrzezDziecka, r. schifano, e. guzieWicz, s. chusnutDinoW, M. stachoWicz, a. kozanecki

the most promising systems for observation of QSH effect 
[1]. TCIs are non-trivial insulators supporting surface 
Dirac fermions protected not by time reversal, as in the 
case of TIs, but by crystal symmetry. The angle-resolved 
photoemission spectroscopy (ARPES) confirmed that  
IV-VI semiconductors, i.e., SnSe and SnTe, as well as PbTe 
and PbSe and the substitutional solid solutions of Pb and 
Sn-based chalcogenides belong to the TCI class. It has 
been shown that metallic surface states exist on the (001) 
surfaces of SnTe as well as Pb1−xSnxSe and Pb1−xSnxTe. 
These gapless surface states are supported by mirror 
symmetry. The fundamental role of crystalline symmetry in 
this new family of topological materials makes the study of 
different surface orientations attractive. Differing degrees 
of mirror symmetry are retained for different orientations, 
with important consequences for the low-energy electronic 
structure. This concept has been discussed at length in our 
theoretical studies encompassing (001), (110), and (111) 
surfaces of the (Pb,Sn)Te system [2].

 In contrast to the usually studied (001) facets, on 
the (111) facet each bulk L point is projected to a unique, 
time-reversal invariant momentum in the surface Brillouin 
zone. The proposed in Ref. [2] existence of a symmetrical 
surface state with high Fermi velocity and simple spin 
texture is appealing from the perspective of potential device 

applications. There was hence strong motivation for an 
experimental photoemission spectroscopy study of (111) 
oriented materials. The in-situ growth at a synchrotron 
ARPES facility of (111)-oriented Pb1−xSnxSe films enabled 
spectroscopic measurements of the topological crystalline 
insulator states unique to this surface orientation [3]. In 
contrast to the (001) facet, here the Dirac-like surface states 
are located at the time reversal invariant momenta, well 
separated and no interacting. These observations provide 
experimental support for the existing body of theoretical 
work [2], where the role of surface orientations in TCI 
materials was carefully studied. 

Next, in Ref. [1] we have predicted that in very thin films 
of (111)-oriented TCIs the QSH effect can be obtained. 
Using a tight-binding approach we have demonstrated that 
in thin films of SnSe and SnTe the energy gaps depend in an 
oscillatory fashion on the layer thickness. The calculations 
presented in [1] show that in the free-standing (111)-oriented 
SnSe and SnTe films there exists a range of thicknesses for 
which the 2D TI phase appears. The QSH phase is obtained 
for all studied films, both with odd and even numbers of 
monolayers. Dirac points appear in time reversal points of 
the Brillouin zone of the film edge. Moreover, in SnSe films 
with an odd number of monolayers, for thicknesses for which 
the 2D TI phase is predicted, additional Dirac points appear 

Fig. 1: Visualization of the edge states in the (111)-oriented thin films: (a) SnTe relaxed 18-monolayer thick film; (b) relaxed and 
(c) 1.14% deformed 17-monolayer thick anion-terminated SnSe film. Black lines denote local extrema of the 2D bands projected to the 
edge. Red and green colors represent the spin-down and spin-up polarization of the edge states, respectively.

QuAntum sPin hAll effect in iV-Vi toPologicAl crystAlline insulAtors
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fig. 1: Demonstration of ferroelectric domain switching with use of magnetic field. The relevant domain volumes correspond to the 
ferromagnetic resonance signal intensity.

(a) FMR absorption peaks derived for Ge0.8Mn0.2Te from the fit of the FMR spectra for different orientations of the magnetic field. The 
intensity ratios of the A (upward triangle) and B (downward triangle) domains are plotted in (b) and (c) for x=0.2 and 0.5, respectively, as  
a function of Hz (= Hr cosξ) along [111]. Dotted lines are guides for the eye. The insets show the primitive cell of GeMnTe with the two possible 
cation displacements relative to Te: along [111] or [111]. The corresponding opposite direction of the electric dipole Pel is indicated by arrows.

[1] H. Przybylińska, G. Springholz, R.T. Lechner, M. Hassan, M. Wegscheider, W. Jantsch, and G. Bauer, Phys. Rev. Lett. 112, 047202 (2014).

Multiferroics have triggered immense interest because of their 
unique properties and potential device applications, which include 
transducers, magnetic field sensors, tunable filters, and recently aim 
at information storage industry. Single phase materials that show 
simultaneously ferroelectricity and ferromagnetism are, however, 
very rare. This is due to a fundamental contraindication: a cation can 
move off center, which is a prerequisite for ferroelectricity, as long 
as it has an empty d shell, whereas ferromagnetism in transition 
metal compounds requires cations with partly filled d shells. As 
recently demonstrated by us [1] this apparent contradiction is lifted 
in the Ge1-xMnxTe alloy, where the Ge2+ ions (3d0) are responsible 
for ferroelectricity and the Mn2+ ions (3d5) provide the magnetic 
moments for ferromagnetisms. Thus, the GeMnTe system offers 
unique semiconducting and multiferroic properties.

The host material GeTe, a narrow gap semiconductor, 
undergoes a spontaneous paraelectric to ferroelectric phase 
transition at a Curie temperature Tc

FE of 625 K. While the 
ferroelectric Curie temperature decreases with Mn incorporation, 

the ferromagnetic transition temperature, Tc
FM, increases with 

increasing Mn content approaching ~190 K for x=0.5, which is 
amongst the highest of all diluted ferromagnetic semiconductors. 
GeMnTe is naturally conducting with free hole densities in excess 
of 1020 cm-3, which results in strong screening of the spontaneous 
polarization and makes investigation of magneto-electric effects 
with use of standard methods impossible. We have applied 
the ferromagnetic resonance (FMR) technique to explore the 
magnetocrystalline anisotropy and hence used the manganese 
ions for detection of the local electric field in their vicinity. In 
this way we were not only able to identify oppositely oriented 
ferroelectric domains but also demonstrated switching of the 
polarization vector within the domains by reversing the direction 
of the external magnetic field. The demonstration of ferroelectric 
domain switching under application of an external magnetic field, 
shown for the x=0.2 and x=0.5 Mn compositions in Fig. 1, is the 
first evidence on magneto-electrical interactions in the Ge1-xMnxTe 
system ever reported [1].

 
 switching in the multiferroic gemnte system

h. PrzyBylinska

and acceptor related lines in temperature dependent 
photoluminescence have been observed as well. We showed 
that the maximum forward-to-reverse current ratio (IF/IR)  
at ±5 V in the obtained diodes is high (about 107) [1] which 
is 2-5 orders of magnitude higher than previously reported 
values for this type of heterojunctions (Fig. 1a). The very 
low dark current (10-11 A) and the high breakdown voltage 
(<-7 V) are typical for the obtained diodes. Electron Beam 
Induced Current (E-BIC) measurements confirmed the 
junction formation [1,2] at the ZnO/GaN interface. In addition, 
the presence of insulating Al2O3 layer has been visualized in 
the E-BIC scan superimposed with a cross-sectional SEM 
image, which is an unusual result [2]. Other structures based 
on n-ZnO/p-4H-SiC heterojunction which were obtained by 
ALD low temperature epitaxial growth of the ZnO film on 
a 4H-SiC substrate have been tested. In this case the 
resulting n-ZnO/p-4H-SiC diodes exhibited low ideality factor 
~1.17, and the high rectification IF/IR ratio 109 [3] (Fig. 1b). 

The heterostructures exhibit strong and selective 
absorption in the UV range and the possibility to modify 
photocurrent signal by adding an insulating layer at the 
interface has been shown. The difference between the light 
and dark currents is above four orders of magnitude (Fig. 1) 
and it strongly depends on the power of UV light. Finally, the 
rise time, tR, and decay time, tF, defined as the time taken 
to vary between 10% and 90% of the photo current step 
height and vice-versa have been determined for the device 
under 363.8 nm illumination and are fast, and found equal to  
0.15-2 ms and 2-5 ms, respectively, as shown in Fig. 2. 

In conclusion, the presented p-n structures exhibit 
a strong and selective response to UV light illumination, 
even at 0 V, with the maximum occurring at 362-367 nm 
wavelength and a ratio of light to dark current equal to 104-103. 
Hence, the investigated structures are promising for UV 
selective sensor application.
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fig. 2: Detector response as a function of time under UV 
illumination of the monochromatic laser line λ=363.8 nm, 
modulated and controlled by a shutter. Measurement was 
performed at 0 V bias. Photocurrent increases from 10-8 A in 
dark to 10-5 A under UV light exposition. The response time for 
UV light is about 2 ms.

fig. 1: Comparison between the current-voltage characteristics 
in dark (black lines) and under UV illumination, λ = 363.8 nm 
(violet lines). In the insets, cross-sectional views of the device 
structures are also displayed.
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properties than (2). The compound containing the acetyl 
group at C8 position (2) is additionally active against selected 
fungal strains but has weaker antitumour properties. 
Moreover, antifungal activity of the Cu(II) complex with 
8-acetyl-7-hydroxy-4-methylcoumarin (2) is similar to 
commercially available fluconazole.

synthesis, structurAl studies And biologicAl ActiVity of new cu(ii) comPlexes  
with Acetyl deriVAtiVes of 7-hydroxy-4-methylcoumArin
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fig. 2: DFT optimized molecular structures of complexes  
1 (a) and 2 (b).

New materials and nanomaterials important for modern 
technologies or bio-technologies are the subject of interest 
of researchers in the Laboratory. Materials are characterized 
by applying electron, ion and X-ray techniques. The real 
crystal structure parameters and crystallographic defects 
are investigated by the high resolution X-ray diffractometry 
(averaged) and high resolution electron microscopy (locally).
The chemical composition of new materials and character 
of chemical bonding are studied by X-ray emission and 
absorption spectroscopy, and X-ray and UV photoelectron 
spectroscopy (XPS and UPS). In depth dopants and elements 
distribution are estimated by ion mass spectroscopy and 

XPS depth profiling. Moreover, Rutherford backscattering 
spectrometry (RBS) is supplementary used for analysis of 
single crystals composition and ion channeling for defects 
location. The materials can be implanted by ions with energy 
from 250 keV up to 3 MeV. UV-Vis and FTIR spectroscopy is 
routinely used for the quantitative determination of different 
components, such as transition metal ions, highly conjugated 
organic compounds, and biological macromolecules in 
solid and liquid state. The experimental methods are 
supplemented by theoretical modeling of the measured 
spectra using advanced up initio calculations

laboRatoRy of X-Ray and electRon  
MicRoscoPy ReseaRch
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Development of civilization brings new technologies 
but also new threats. New mechanisms of bacterial and 
viruses resistance are being constantly discovered. In order 
to overcome this, new and inexpensive drugs are being 
looked for. The biggest attention is focused on synthesis 
of potential medicines with analogical structure to naturally 
occurring bioactive compounds. An example are coumarin 
and its derivatives that possess wide spectrum of biological 
properties. Coumarins with therapeutic effect are present in 
plants and have been successfully used in natural medicine. 
Moreover, discovery that their complexes with metal ions 
can be more effective than the parent ligands, opened 
a new field of drug research. Recent studies showed that 
such complexes can be successfully used in a treatment of 
bacterial infections or even cancer. 

Described studies were concentrated on new Cu(II) 
complexes with 6-acetyl-7-hydroxy-4-methylcoumarin (HL1) 

and 8-acetyl-7-hydroxy-4-methylcoumarin (HL2) which have 
been obtained by the electrochemical method. We were 
interested in the coordination mode of the hydroxyl ligands 
to the metallic center. In order to gain such information 
X-ray absorption spectroscopy (see Figure 1), together 
with elemental and thermal analyses, FTIR studies and the 
density functional theory calculations were applied. 

The analysis revealed that the complexes, Cu(HL1)2 (1) 
and Cu(HL2)2∙0.5H2O (2), have flat square geometry 
with oxygen atoms in the first coordination sphere. Two 
bidentate anionic coumarins are bonded to the metal cation 
via the acetyl and deprotonated hydroxyl O atoms (see 
Figure 2). Biological activity, including microbiological and 
cytotoxic, have been evaluated and found to be enhanced 
in comparison with the parent ligands. Complex with acetyl 
group at C6 position (1) shows activity against selected Gram-
positive, Gram-negative bacteria and has better antitumor  

fig. 1: Fourier transformed experimental EXAFS oscillations 
and extracted oscillations of complexes 1 (a) and 2 (b) together 
with the fit.

J. Inorg. Biochem. 145, 94-100 (2015)
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Since its foundation, the Laboratory of Cryogenic 
and Spintronic Research has remained at the forefront of 
experimental and theoretical research of spin-dependent 
phenomena in semiconductors at nanoscale, at ultralow 
temperatures, and in high magnetic fields. The Laboratory 
has gained particular international recognition by elucidating 
the nature of dimensionality-dependent interplay of spin 
and quantum localization phenomena and the origin of 
ferromagnetism in semiconductors containing transition 
metals. Current interests, pursued together with a number of 
European and overseas research partners, are focused on 
the development of material systems and device concepts 
for nanospintronics of ferromagnetic and antiferromagnetic 
semiconductors, topological insulators, hybrid ferromagnetic 

metal/semiconductor nanostructures, and quantum dots 
containing single spins. 

The Laboratory is equipped with three dilution 
refrigerators, including the newly purchase fully automatized 
system capable of 10 mK (see photo) for electrical and 
magnetic measurements in vector magnetic fields, high 
pressures, and in a broad range of microwave frequencies. 
Furthermore, electron beam lithography set-ups together 
with advanced systems for metal and oxide deposition 
allow to prepare functional nanostructures with critical 
dimensions below 30 nm. Currently there are no fewer than 
ten PhD stationary students in the Lab at various stages of 
their studies, and all of them are exposed to international 
collaboration. 

  
 interActing with nucleAr sPin bAths in QuAntum dots

Entanglement is probably the most fascinating feature of 
quantum mechanics: when two quantum systems are in an 
entangled state, the correlations between measurements done 
on them cannot be described classically. These purely quantum 
correlations not only violate the so-called Bell inequalities 
(showing that quantum mechanics cannot be interpreted using 
local hidden variable models), but they can then be used for 
tasks such as quantum cryptography, quantum teleportation, 
and quantum computation. Unfortunately, pure quantum states 
(and especially the entangled states) are often very fragile to 
interactions between the quantum system of interest and its 
environment (i.e. the rest of the world). In the resulting process 
of decoherence the truly quantum features are gradually erased. 
Entanglement can in fact completely disappear after a finite 
time of interaction between the system and the environment.

Coherent control of quantum systems is currently actively 
pursued around the world using semiconductor nanostructures. 

We are most interested in spins of single electrons confined 
in quantum dots, or bound to impurities in semiconductors. In 
our latest work we have theoretically considered the dynamics 
of an entangled state of two electron spins, each confined in  
a quantum dot, and each interacting with about a million of 
nuclear spins of the atoms from which the quantum dot is built. 
Using a variety of both analytical and numerical techniques 
we have analyzed the decohering effect of the nuclei on an 
entangled state. A particularly interesting effect that we predict 
is that of an “entanglement echo”: when the two spins are 
subjected to an appropriate rotation after entanglement had 
disappeared, the quantum correlations will experience a revival 
at a later time. This is a two-spin analogue of the spin-echo 
effect used in magnetic resonance imaging.

iGor BraGar, łukasz cYwinski

W. PaszkoWicza, j. lóPez-solanobc, P. Piszorad, B. BojanoWskie, a. Mujicab, a. Muñozb,  
y. cereniusf, s. carlsonf, h. DaBkoWskag

EuVO4 is a member of the RVO4 orthovanadate family  
(R = Sc, Y, La-Lu). It is considered as a material for 
application as a red phosphor, as a monitor of the living 
cells, as an ionic conductor and as a material for detection 
of H2O2. It is known to change its structural and physical 
properties under applied pressure. 

The structural, elastic and electronic properties of RVO4 
compounds under pressure exhibit a considerable scatter. In 
particular, for several zircon-type RVO4 orthovanadates, the 
band-gap energy is known to increase with pressure. 

In the present work, both, experimental and computational 
methods are used in order to complete and clarify the data on 
structure, compressibility and electronic properties available 
for the zircon- and scheelite-type polymorphs of EuVO4.

Structural, elastic and electronic properties of zircon-type 
and scheelite-type EuVO4 are investigated experimentally, by 
X-ray diffraction using synchrotron radiation, and theoretically 
within the framework of the density functional theory (DFT). 
The in-situ diffraction experiments were performed using 
a powdered crystal encapsulated in a diamond anvil cell at 
pressures up to 11.7 GPa. The electronic structure pressure 
variation was characterized for the first time for this material.

The experiments show that the studied EuVO4 sample 
undergoes an irreversible zircon-scheelite phase transition at a 
pressure of 7.4 GPa. The equation of state calculations provided 
experimental and theoretical values of the bulk moduli of the 
zircon-type polymorph (119(3) GPa and 119.1 GPa, respectively) 
and the scheelite-type polymorph (135(7) GPa and 137.4 GPa). 
The excellent agreement of the experimental and theoretical 
values is noteworthy. Moreover, we find a close resemblance 
to previously reported bulk moduli for TbVO4 and YVO4, two 
compounds featuring R ions with radii very close to that of Eu.

The calculated band structure confirms that zircon-
type EuVO4 is a direct-gap semiconductor, with a bandgap 
energy at zero pressure of 2.88 eV. Under compression, the 
bandgap of the zircon phase increases with a coefficient of 
10.3 meV/GPa up to the transition pressure, at which point 
the present calculations show a small drop of the bandgap 
energy. Above the transition pressure, the bandgap energy 
of the scheelite phase becomes almost constant, with  
a small pressure coefficient of just 1.5 meV/GPa.

a Institute of Physics, Polish Academy of Sciences, al. Lotników 32/46, 02-668 Warsaw, Poland
b Departamento de Física, MALTA Consolider Team, and Instituto de Materiales y Nanotecnología, Universidad de La Laguna, Tenerife 38205, Spain
c Izaña Atmospheric Research Center, Agencia Estatal de Meteorología (AEMET), Tenerife 38071, Spain
d Department of Materials Chemistry, Faculty of Chemistry, Adam Mickiewicz University, Umultowska 89b, 61-614 Poznań, Poland
e Institute of Physics, Szczecin University of Technology, Aleja Piastow 48, 70-310 Szczecin, Poland
f MAX IV Laboratory, Lund University, P.O. Box 118, SE-221 00 Lund, Sweden
g Brockhouse Institute for Materials Research, McMaster University, Hamilton, Ontario L8S 4M1, Canada

fig. 1: Phase transition from zircon to scheelite type EuVO4, 
registered during uploading, illustrated by the increasing 
content of scheelite in the sample (squares and a solid line 
shown as a guide to eye). The dashed and dotted lines refer to 
the phase transition point and to the limit of hydrostaticity (“HL”), 
respectively. The inset shows the variation of the diffraction 
patterns around the transition point, with the strongest 
characteristic peaks indicated by their Miller indices.

J. Alloys Compd. 648, 1005-1016 (2015)
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Nanospintronic and related research often requires the 
application of quickly rising magnetic field pulses in the 
plane of the studied planar structure. We have designed 
and fabricated sub-millimeter sized coils capable of 
delivering pulses of the magnetic field up to ~500 Oe in 
the plane of the sample with the rise time of the order of 
10 ns. The placement of the sample above the coil allows 
for easy access to its surface with manipulators or light 
beams for, e.g., Kerr microscopy. A pulsed magnetic field at 
nanosecond time scale is used to study field-driven domain 
wall propagation or to trigger magnetization reversal in 
magnetic nanoparticles. Both phenomena are important for 
magnetic data storage. Pulsed magnetic fields are also useful 
for optical studies of magnetization or single spin relaxation 
in quantum semiconductor structures. Furthermore, pulsed 
magnetic field is of great importance for switching “on” 
and “off” resonance processes in quantum systems that 
exhibit magnetic field-dependent separation of energy 
levels. For example, two qubits, when properly tuned by 
a magnetic field, may exchange a single photon, which leads 

to creation of entangled states. The same methodology can 
be also employed for qubit/resonator or qubit/spin ensemble 
systems. We have used the fabricated coil to drive magnetic 
domain walls in 1 μm wide permalloy wires and measure   
magnetic domain wall velocity as a function of the applied 
magnetic field.

fig. 2: Magnetic field coil - conception showing magnetic field 
lines (top) and its practical realization (bottom): a) exploded view 
of the coil assembly, b) coil assembled in a board, c) silicon chip 
placed over the coil.

fig. 1: Domain-walls observed with Kerr microscopy in 5 
nominally identical 1 μm wide 20 nm thick permalloy nanowires 
after application of 1, 2, 3, and 4 identical 450 ns long magnetic 
field pulses.
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fig. 2: left: Schematic picture of the experiment, in which 
the magnetic field is applied along and perpendicular to the 
nanowire axis; right: Experimental data showing a significantly 
larger spin splitting (Zeeman splitting) in parallel magnetic field 
then in perpendicular magnetic field.   

sPin sPlitting AnisotroPy in single diluted mAgnetic nAnowire heterostructures
szYMura, wojnar, kłoPotowski, suFFczYnski, GorYca, sMoLenski, kossacki,  

zaleszczyk, WojciechoWski, karczeWski, WojtoWicz, kossut

describing the intrinsic angular momentum of electrons. 
In order to enhance the spin-related properties in our 
structures, a small amount of magnetic Mn-atoms, of the 
order of a few percent, is added into (Zn,Mn)Te nanowires 
and (Cd,Mn)Te axial insertions. 

Most importantly, a distinct effect resulting directly from 
the nanowire shape anisotropy is observed. In an external 
magnetic field the emission line from an individual nanowire 
exhibits a splitting depending on the spin state of charge 
carriers which are involved in the optical transition, well 
known as the Zeeman effect. We have demonstrated that 
the value of this splitting strongly depends on the orientation 
of the magnetic field with respect to the nanowire axis. When 
the magnetic field is applied along the nanowire axis the 
splitting is several times larger than for magnetic field applied 
perpendicular to the nanowire. The idea of the experiment 
and observed values of the spin splitting (Zeeman splitting) 
are presented in Figure 2.

Thanks to this effect, an important information about the 
electronic band structure inside individual nanowires can 
be obtained, which helps to understand the electron motion 
inside nanowires. Moreover, the observed spin splitting 
anisotropy originates most probably from the strain exerted 
by the shell onto the nanowire core, or, in the case of the 
(Cd,Mn)Te insertions, from the quantum confinement effect. 
This open a path to control the spin properties of carriers 
inside the nanowires by variation of the shell composition, or 
the length of the axial insertion.

fig. 1: Typical ZnTe nanowires grown on (110) oriented GaAs 
substrate by molecular beam epitaxy in the Institute of Physics 
PAS. Ga-Au eutectic droplets are visible at the top of each wire.

Laboratory SL3 was created in 2002 as a specialized 
lab where by using ultra high vacuum epitaxial technique 
low dimensional material were to be prepare for use by 
researchers from the entire Institute. Since then the members 
of the groups have developed also a scientific program of 
their own. Initially the equipment consisted of a molecular 
beam epitaxy laboratory aiming at fabrication of epilayers, 
quantum wells and superlattices made of II-VI wide band 
gap semiconductors, often containing addition of magnetic 
Mn ions. Photoluminescence was employed as a main 
characterization method. Nowadays we aim at growth of 
diverse low dimensional semiconductor structures including, 
apart from two dimensional structures already mentioned, 
also nanowires and quantum dots obtained in several 

ways. Emission of light from those structures is studied in 
the context of, e.g., single photon emission, application in 
spintronic devices, photovoltaics to mention only a few topics.

The equipment consists now of two chamber MBE 
system, a chemical lab where quantum dots by co-
precipitation are grown, we have measurement systems 
enabling single photon counting, microluminescence studies 
of single nano-objects, photon correlation measurements.

We share the electron beam lithography system with 
colleagues from SL2. At this moment there are 8 young 
researcher working for their PhD. There exist also a small 
subgroup of theoreticians specializing in numerical ab initio 
methods supporting the experimental efforts.

laboRatoRy of GRoWth and Physics  
of loW diMensional cRystals

sPin sPlittinG anisotRoPy  
in single diluted mAgnetic nAnowire heterostructures 

M. szYMura, P. wojnar, L. kłoPotowski, j. suFFczYnski, M. GorYca, t. sMoLenski, P. kossacki,  
W. zaleszczyk, t. WojciechoWski, g. karczeWski, t. WojtoWicz, j. kossut 

Nanowires are in a focus of recent studies carried out 
in SL3. They are obtained from various materials in the 
molecular beam epitaxy apparatus by means of vapor-
liquid-solid method using gold droplets as a catalyst. There 
are many propositions of use of nanowires in fabrication of 
many nanodevices: transistors, sensors and light sources, 
to mention just a few. Nanowires are characterized by  
a relatively small diameters, of the order of tens of nanometers 
and the length exceeding 1 μm.

This high aspect ratio and the resulting extreme shape 
anisotropy makes the nanowires exceptionally well suited for 
a number of applications such as nano-sensors, polarization-
sensitive photodetectors and nano-lasers. Moreover, the 
shape anisotropy also facilitates accumulation of elastic 
energy in nanowires without formation of dislocations. This 
allows for combining of several different semiconductors in 

the same nanowire, which results in fabrication of a wider 
range of heterostructures than in better known planar 
geometries such as quantum wells or superlattices. In 
particular, the semiconductors may be combined either  
in the axial or in the radial direction of the nanowire.

In recent work, quoted above, two different types 
nanowire based heterostructures were investigated: 
(Zn,Mn)Te nanowires coated with a (Zn,Mg)Te radial shell 
and small axial (Cd,Mn)Te insertions embedded in ZnTe 
nanowires. Individual structures are addressed using micro-
photoluminescence. In this technique, the optical emission 
is excited with an excitation laser spot with the diameter of 
3 μm, and, therefore, the insight into properties of individual 
nanowire heterostructures is obtained. 

Our study concerns the spin of electrons inside the 
nanowires, which is a quantum mechanical property 

Nano Lett. 15, 1972 (2015)
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fig. 1: 

a) Diagram of CdTe quantum well with CdMgTe barriers containing a two-dimensional electron gas immediately after resonant optical 
excitation creating trions inside it (indicated by circles containing two red dots - electrons and one hole - marked with a plus sign); 

b) position of conduction bands (CB) and valence bands (VB) in the structure of this well with quantum levels and a single trion T marked; 

c) scheme of the recording and optical information reading system in the quantum well with the direction of the magnetic field B marked as 
well as the directions of optical pulse beams: memorised (1), writing (2), reading (3), photon echo (PE) and stimulated photon echo (SPE); 

d) temporal sequence of pulses and example of experimentally observed photon echo and short-term stimulated photon echo before 
switching on the magnetic field permitting to record an information in the spin system (Figure adapted from arXiv:1401.3377).

access to lonG-teRM oPtical MeMoRies  
using Photon echoes retrieVed from semiconductor sPins

l. langer, s.v. Poltavtsev, i.a. yugova, M. saleWski, D.r. yakovlev, g. karczeWski, t. WojtoWicz,  
i.a. akiMov anD M. Bayer

A possibility of storing information coded as a light 
pulse is very attractive from a point of view of development 
of ultrafast computers and quantum telecommunication. 
Information storage devices available presently do not allow 
as fast operation and nanometer-scale of integration which  
would be possible in the case of optical coding. However, 
fast writing, long term and unperturbed storage and fast 
optical read-out are difficult to realize in practice. The reason 
for those difficulties have their roots in quantum mechanical 
properties of light and of the matter interacting with light that 
is used as a potential memory cell.

 So far, one of the fundamental limitations in the 
quantum optoelectronic devices was an extremely short life 
time (duration of information storage) of electronic states in 
semiconductor quantum structures used as a medium for 
fast and energy efficient system for information storage. 
Professors Grzegorz Karczewski and Tomasz Wojtowicz 
were a part of an international team that was responsible for  
a groundbreaking achievement - they have developed  
a new method for storing optical information using electron 
spins which lead to considerable longer times over which 
the information remained preserved. The results of their 
research are presented in the above listed paper published 
in Nature Photonics. 

Previously, one of the main problems of quantum 
optoelectronics had been the very short lifetime (information 
storage time) of quantum states in semiconductor quantum 
structures used as a very fast and energy-efficient information 
recording system. The work of the team including the Polish 
physicists from SL3 has allowed this time to be extended by 
over 1000 times. 

This international research team, consisting of scientists 
from Dortmund and St. Petersburg as well as from our 
Institute, presented a new and unique information storage 
method. It uses a stimulated photon echo, a physical 
phenomenon in which the information contained in an 
optical field (light pulse) is transferred to the electron spin 
system of a very special semiconductor structure - the 
so-called quantum well containing electrons in a form of 

highly mobile quasi-two dimensional electron gas - and 
after a while again radiated in the form of a light pulse that 
is a copy (in terms of the intensity, optical coherence and, 
what is particularly important, the phase) of the original light 
pulse - and, therefore, may be called its “echo”. In this state, 
information in the form of the quantum excitation of the spin 
system, isolated from the optical field of the vacuum, can last 
considerably longer than the optical excitation itself.

The system that stores information using this method 
is an electron gas spin system in a quantum well. Such 
special, ultra-high quality quantum wells were grown in 
the Laboratory of Growth and Physics of Low Dimensional 
Crystals (SL3) of the Institute of Physics in Warsaw from  
a cadmium telluride semiconductor using the molecular 
beam epitaxy method. 

 Utilising the subtle phenomenon of photon echo 
with trion transitions (trions are charged three-particle 
complexes, in this case comprising of two electrons residing 
in the conduction band and one hole, i.e., an unoccupied 
state in the valence band located at a lower energy than the 
conduction band of the semiconductor) in quantum wells in 
the presence of an external magnetic field, the authors of the 
publication demonstrated that the time of information storage 
in this new type of spintronic memory can be extended by 
more than three orders of magnitude, from the picosecond 
range up to tens of nanoseconds.

This represents a significant step towards achieving 
efficient and long-term storage of optical information, 
thereby constituting a model of a new type of spintronic 
optical memory. The same international group of scientists 
is currently working on further extension of the storage 
time of optical information using electron spins. This time 
not in two-dimensional objects, but in zero-dimensional 
objects containing electrons, CdTe and CdSe quantum dots, 
produced in the SL3 lab of the Institute of Physics using the 
molecular beam epitaxy method.

Nat. Photon. 8, 851 (2014)
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cluster ([Fe-S]) or heme as their prosthetic group. As model 
proteins, she used ferredoxin from spinach, containing [2Fe2S] 
cluster, and cytochrome c from horse heart, with covalently 
bound heme moiety. The photoreduction efficiency was found 
to depend on the QD diameter; smaller QDs (e.g. QD with 
the emission maximum at 550 nm, with the diameter of about 
2.6 nm) efficiently reduced both [Fe-S] and heme proteins, 
while bigger QDs (e.g. QD with the emission maximum at 
750 nm) did not reduce [Fe-S] but did reduce heme (Fig. 2). 
As [Fe-S] and heme containing proteins are ubiquitous and 
involved in such processes as mitochondrial respiration or 
light-dependent reactions of photosynthesis, the finding may 
help to selectively tune the redox balance in cells and in vitro.

AnnA niedzwieckA, Phd and her collaborators 
have been focusing on understanding the issue of how 
physical features of molecules can determine their biological 
activities. This problem is particularly important for potential 
medical applications. The molecule she has studied recently 
is snurportin 1, and the specific question asked is: how to 
find the optimal ligand that mimics or enhances its natural 
interactions. Snurportin 1 is a crucial adaptor protein that 

mediates the active import of uridine-rich small nuclear 
RNAs to the nucleus. Its cellular activity influences the 
overall transport yield of small ribonucleoprotein complexes 
containing N2,N2,7-trimethylguanosine (TMG) capped 
U snRNA. The interactions of snurportin with the TMG-
capped U snRNAs seem to be promissing in the treatment 
of some genetic disorders. To gain a deeper insight into how 
the TMG-cap is adapted into the snurportin cap-binding 
pocket, the study employed binding assays using UV 
emission spectroscopy. Surprisingly, the results revealed 
the existence of a strict selectivity of snurportin towards 
the TMG-cap structure that relied mainly on the protein 
structural stiffness and compactness. The TMG-cap 
analogues with larger substituents at the N2 group cannot 
be accommodated at the binding site (e.g. but2m2

2,7GpppG), 
while protons do not provide efficient screening from water 
(e.g. m2

2,7GpppG). The structural optimum is thus required 
in the form of the natural m3

2,2,7GpppG cap analogue that 
possesses the methyl substituent at the N2-position (Fig. 3).

Professor dAnek elbAum’s group has studied 
multifunctional up-converting nanoparticles based on 
NaYF4:Er3+,Yb3+,Gd3+. These systems may help to develop 
theranostic anticancer agents. The multifunctionality of 
the proposed nanocomposites include their capacity to up-
convert near infrared (NIR) to visible or ultraviolet light and 
their strong paramagnetic or superparamagnetic properties. 
The process of up-conversion can be applied towards the 
imaging of pathological tissues (Fig. 4, left panel) and used for 
the generation of reactive oxygen species (ROS), which are 
produced via energy transfer from the excited nanoparticles 
to photosensitizers attached to their surface; these 
photodynamic features could lead to both new diagnostic 
methods and therapies). Additionally, paramagnetic and 
superparamagnetic properties of the nanocomposites can 
offer other functionalities, including: nanoparticles tracking 
by an external magnetic field, enhanced contrast in magnetic 
resonance imaging (MRI), as well as pathological tissue 
eradication via local heating (hyperthermia) with alternating 
magnetic field (Fig. 4, right panel). In collaboration with the 
Military University of Technology, the group synthesized 
β-NaYF4 nanoparticles with a diameter smaller than 20 nm, 

Since its inception in 2004, the laboratory has been 
involved in many interdisciplinary undertakings, which 
were experimental and theoretical, as well as basic and 
applied, in character. In 2015, one of the projects was led by  
remigiusz worch, Phd and it pertained to 
understanding the flu. Specifically, he studied the interactions 
and behavior of the influenza fusion peptide in artificial 
lipid bilayers. In nature, the fusion peptide acts as a free 
N-terminal part from HA2 hemagglutinin and is responsible 
for membrane fusion during the early steps of influenza virus 
replication. The study was focused on the role played by 
the length of the peptide. Previous studies have shown that  
a 20 amino acid fragment (abbreviated as HAfp1-20) forms  

a distinct (boomerang) structure whereas HAfp1-23, extended 
by 3 conservative residues, forms a hairpin. By means 
of fluorescence confocal microscopy, the study showed 
preferable liquid-disordered (Ld) phase partitioning of  
HAfp1-23 and its unique ability to form a new, macroscopic 
phase in cholesterol-containing lipid mixtures (Fig. 1). It 
seems that the second phenomenon is related to its fusion 
properties, since the shorter peptide (HAfp1-20) does not 
cause such an effect and has a smaller influence on fusion.

joAnnA grzyb, Phd with her collaborators has 
demonstrated that quantum dots (QD) may photoreduce 
natural redox-active proteins that contain either an iron-sulfur 

fig. 1: Peculiar behavior of HAfp1-23 showing its ability to induce macroscopic phase separation in POPC/chol GUVs. Scale bar 10 μm.

fig. 2: Photoreduction of heme and iron-sulfur clusters depends on the QDs size (modified from Grzyb et al., RSC Advances 5, 61973-61982).

laboRatoRy of bioloGical Physics

fig. 3: Binding of TMG-cap analogues to snurportin. The 
protein is shown as the solvent accessible surface with its 
electrostatic potential (red to dark blue) in the complex with the 
TMG-cap analogues: m22,7GpppG (purple), m32,2,7GpppG 
(purple + green), but2m22,7GpppG (purple + green + yellow).
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nanometer can generate large spontaneous curvatures up 
to 1/(25 nm). This approach can be applied to any molecular 
model of bilayer membranes and other mechanisms of the 
spontaneous curvature generation.

Professor mArek ciePlAk has participated in 
several projects. One of them, with Grzegorz Nawrocki and 
collaborators in Ireland, investigates the peptide recognition 
capabilities of crystalline cellulose via all-atom molecular 
dynamics simulations. This is a part of an on-going research 
on improving ways to convert industrial biomass into 
fermentable simple sugars and then, through fermentation, 
to biofuels. Amino acid residues with substantial affinities to 
the cellulose were identified. Dipeptides and tripeptides were 
shown to have affinities that are smaller than the sum of the 
affinities of their single-residue components. A related project, 
with Dr. Adolfo Poma, involved construction of a coarse-
grained description of the cellulose and of certain hexaose-
Man5B catalytic complexes. Hexaoses are polysaccharides 
of 7 monomeric units and Man5B is an enzyme. Despite the 
approximate character of the coarse-grained description, 
the fluctuational dynamics of the complexes was shown 
to distinguish between the stereoisomeric hexaoses. Still 
another project relates to certain genetic neurodegenerative 
diseases, such as Huntington’s, in which a protein in 
the brain contains excessively long (> 35 residues) and 
intrinsically disordered continuous segments of glutamine 
(polyglutamines). Together with collaborators in Madrid, 
Prof. Cieplak generated a set of independent structures for 
such segments (of various lengths) and characterised their 
physical (such as mechanical stability) and geometrical 
properties. One interesting finding was that a substantial 
percentage of the longer segments was knotted which may 
jam the degradation processes taking place in proteasome 
and thus lead to toxicity. Knotted proteins alone were 
a subject of research with Mateusz Chwastyk. In particular, 
there are several new results that pertain to the shortest 
knotted protein known, MJ0366, from a methanogenic 
archea. This protein bears a trefoil knot in its native state 
and comprises 87 residues. Uncovered was a folding 
mechanism that has either single loop (illustrated in Fig. 6) 
or two-loop topological pathways. Folding is facilitated if it 

takes place under nascent conditions, i.e. is concurrent with 
protein translation in the ribosome. Many of the knot-related 
simulations make use of Prof. Cieplak’s home-developed 
coarse grained model that represents amino acids as single 
beads on a chain. In this model, a contact map is provided 
that specifies the relevant interactions between beads. Karol 
Wołek has worked out novel ways to derive these essential 
contact maps from physical and chemical considerations.

fig. 6: Single-loop mechanisms of folding. Top to bottom: 
slipknotting, direct threading, and “mousetrapping”.

a relatively efficient up-conversion luminescence and  
a palette of luminescence colours upon NIR excitation. These 
nanoparticles also excited photo-sensitizers (Rose Bengal) 
and produced ROS. Superparamagnetism results from the 
presence of the Fe3O4 nanoparticles, encapsulated in SiO2.

Eukaryotic cells are defined by their compartmentalization 
into membrane-delimited organelles. The shapes and 
composition of the membranes enclosing the organelles and 
cells are actively regulated to sustain the vital functions of the 
cell. These membranes consist of molecular bilayers with 
two leaflets which are typically exposed to different aqueous 
environments and may differ in their molecular density or 
composition. Because of these asymmetries, the membranes 
prefer to curve spontaneously in a certain manner.  
bArtosz rózycki, Phd and his collaborators in Potsdam 
have studied such asymmetric membranes using coarse-
grained molecular dynamics simulations. They consider two 
mechanisms for the generation of spontaneous curvature: (i) 
different lipid densities within the two leaflets, and (ii) leaflets 
exposed to different concentrations of adsorbing particles. 
In the latter case, they introduce a protocol that involves 
two bilayers separated by two aqueous compartments with 
different adsorbate concentrations (Fig. 5). The main finding 
is that the adsorption of small particles with the size below one 

lAborAtory of biologicAl Physics

fig. 4: Left panel: NaYF4: Er3+, Yb3+, Gd3+ nanoparticles inside HeLa cells. Right panel: Uses of upconverting magnetic nanoparticles. NIR, 
UCNPs (upconversion nanophosphors), PDT (photodynamic therapy), and MRI.

fig. 5: Two lipid membranes exposed to different 
concentrations of adsorbing particles.
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the grouP Working on  
Biosensory nanostructures. 
Standing, from left to right:
Jakub Mikulski, Krzysztof Fronc, Danek Elbaum  
and Przemysław Kowalik. Sitting, from left to right: 
Bożena Sikora and Izabela Kamińska.

the grouP of theorists. 
Standing, from left to right: Marek Cieplak, Bartosz Różycki, Panagiotis Theodorakis, Michał Wojciechowski, Adolfo Poma, 
and Karol Wołek. Squatting: Mateusz Chwastyk.

the grouP PerforMing eXPeriMental stuDies of BioMolecules.
From left to right: Katarzyna Kopeć, Marta Pędziwiatr,  
Joanna Grzyb, Remigiusz Worch and Anna Niedźwiecka.

lAborAtory of biologicAl Physics
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a shoRt histoRy of the institute

In 1970 the position of the director of the Institute was 
taken by Professor Jerzy Kołodziejczak, the former vice-
director and head of the Department of Condensed Matter 
Spectroscopy, a student of Leonard Sosnowski. His 12 year 
term in office was characterized by substantial development 
of the Institute’s experimental resources, the fostering of new 
research directions, as well as the introduction of several 
more modern measurement techniques. The Institute had 
become an important national and later also international, 
center of semiconductor research.

In 1973 the internal organization structure of the Institute 
was changed. The previously numerous small departments 
and labs were consolidated into large scientific Divisions. 
Originally there were three Divisions, while the fourth one 
was created after 1978. The labs were consolidated into 
large single Laboratories where the leading measurement 
apparatus were brought together. The organization 
introduced at that time has existed until the present.

One of the most important scientific specialties that 
the Institute entered at the end of the 60’s and in the 70’s 
was research of narrow-band-gap semiconductors, and 
later, diluted magnetic semiconductors. These fields have 
also been the areas of greatest scientific achievements of 
the Institute, when measured by the numbers of citations, 
publications, invited lectures, and scientific awards.

In the 80’s director of the Institute in those times, 
Professor Jerzy Prochorow (1982-1990) made every effort 
to maintain a high scientific level, to secure material facilities, 
and to safeguard the Institute against the consequences of 
political and economic disturbances.

In the period following immediately after the political 
transformation of 1989-1990 the Institute has succeeded 
in maintaining its high scientific standards, as has been 
evidenced by its impressive record of success in winning 
domestic and international competitive research grants, and 
the growing number of foreign postdocs and PhD students.

In 1993 on the initiative of the management, Professor 
Henryk Szymczak (Director from 1991 till 1999, followed by 
Professor Robert R. Gałązka in the years 1999-2003) and 
Professor Henryk Lachowicz organised the purchase of an 
EPI MBE system with six effusion cells. It entered service 
in the group headed by Professor Jacek Kossut. The group 
specializes in structures containing transition metal ions 
displaying magnetic properties. Doped CdTe- and CdMgTe-
based structures grown by the groups of Professor Tomasz 
Wojtowicz and Professor Grzegorz Karczewski achieve 
the highest electron mobility in the world and are highly 
regarded by the many research groups collaborating with 
the Institute world wide - in Japan, Germany, Great Britain, 
France, Russia, United States, and Korea to name a few. 

The Institute of Physics was founded in September 1953. 
This was at the urging of the Polish Academy of Sciences (PAS), 
the national scientific institution established a year earlier. In 
November 1952, PAS had adopted a resolution to create the 
Institute of Physics, with a mission to “conduct scientific research 
in experimental and theoretical physics, in areas especially 
important for the national economy, as well as to educate 
scientific staff”.

The scientific personnel of the Institute of Physics were 
drawn from physics faculty of the leading Polish academic 
institutions: The University of Warsaw, Warsaw University of 
Technology, Jagiellonian University, AGH University of Science 
and Technology, Adam Mickiewicz University in Poznań, as well 
as Wrocław University of Technology and Nicolaus Copernicus 
University in Toruń. 

In the intention of the organizers - Professor Stefan 
Pieńkowski, the first director of the Institute, and Professor 
Leopold Infeld, the first chairman of the scientific council - the 
Institute was to become a leading, nation-wide scientific center 
conducting basic research on the highest level in all current fields 
of modern physics. 

After the death of Stefan Pieńkowski, shortly after his 
appointment to director of the newly established Institute, 
Professor Leonard Sosnowski took over the position and 

in 1954 became the first acting director of the Institute. His 
personality, scientific interests, the broad education and 
experience gained in British laboratories prior to and after the 
war, and his organizational talents left an indelible impression 
on the further development of the Institute both during his 
12 year term in office as director, and afterwards, when he 
chaired the scientific council. 

In 1955, the primary research profile of the Institute 
that continues to this day was established, concentrating on 
condensed matter physics and characterization methods, as 
well as radiation physics with spectroscopy, and atomic and 
molecular physics.

The initial formation period of the Institute was crowned in 
1957 with the opening of its first own, yet still temporary, seat 
in the reconstructed edifice of the prewar telephone exchange 
“PASTA” on Zielna Street, in the Warsaw city center. In the 
six years since the founding of the Institute the number of its 
employees had increased fourfold, to nearly 200 by the end of 
1959. In that same year the Institute became entitled to award 
doctor and habilitation (docent) degrees in physics.

From the beginning of the 60’s, decision-making circles in 
Polish government showed increasing interest in semiconductor 
technologies, owing to the developing diode and transistor 
production sector. This opened a chance to connect basic 
research with the needs of industry, and moreover enabled the 
Institute to obtain additional funding for research, including basic 
research. The physics of semiconductors, the technology of 
their growth and characterization, have since become the main 
research topics in the Institute. 

The decade of the 70’s was a particularly important period 
for the development of the Institute, which for the first time in its 
history moved to a modern abode adequate to its needs - situated 
on Aleja Lotników, in the Służewiec district of Warsaw. The 
Institute also obtained substantial additional financial means for 
the acquisition of modern scientific equipment abroad. Moreover, 
loosening of the passport control politics gave the Institute the 
opportunity to broaden its scientific contacts with the West. 

1953-2015

Professor leonarD sosnoWski,
Director of the institute During 1954-1966.

Professor leszek sirko, Director of the institute, 
congratulates professor Jerzy Kołodziejczak, former director of 
the Institute, and former acting President of the Polish Academy 
of Sciences, on the occasion of his eightieth birthday celebrated 
at the Institute on September 29, 2015.

the Marian sMoluchoWski MeDal of the Polish Physical 
society aWarDeD in 2015 to Professor henryk szyMczak, 

director of the Institute of Physics during 1991-1999,  
for outstanding contributions to the physics of magnetism  

and the development of physics in Poland.
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The first set-up of the electron beam lithography was 
installed in the Institute, in the Laboratory headed by 
Professor Tomasz Dietl in the mid 90’s. The structures 
produced with the use of that system enabled the 
observation of the Stern-Gerlach effect for conduction 
electrons, which was previously considered impossible to 
achieve. Nowadays, two electron beam lithography systems 
are in operation at the Institute (a second was installed in the 
years 2011-2012).

A new era in the Institute’s history began with Polish 
accession to the European Union and the resulting integration of 
the Institute with the European Research Area. At that time, the 
Institute was managed by Jacek Kossut, in the years 2003-2011, 
and Professor Leszek Sirko, in the period from 2011 till 2015. 
Their terms of office were characterized by the most dynamic 
development of our Institute since its establishment. The 
most visible and spectacular element of this process was the 
opening of access to Structural Funds and other EU programs 
directed towards the development of research infrastructure. 
A number of the Institute’s laboratories have been completely 
renovated and equipped with modern facilities. Several MBE 
systems, a modern electron microscope, a dilution micro-
refrigerator, and equipment for surface diagnostics and 
imaging with atomic scale resolution were purchased. The 
Laboratory of Biological Physics was established from scratch.  

The most recent addition to the infrastructure of the Institute 
is the multi-profile research Centre for designing and fabricating 
new materials, their characterization and testing under 
extreme experimental conditions created with support of EU 
Commission during last four years (project EAgLE). A second 
important element of this new era is the uninhibited access 
of the Institute’s employees to the largest European research 
infrastructure, such as synchrotron radiation facilities and high 
magnetic field laboratories. 

A short history of the institute, 1953-2015

Professor jacek 
kossut DecorateD 
By henryk Wujec, 
a Minister in the 
Presidential Office, 
with the Polonia 
Restituta Officer's 
Cross. Over sixty 
other members of 
the Institute received 
State Awards 
at the Institute 
sixtieth anniversary 
ceremony.

ProFessor Michał kLeiBer, President  
of the Polish acaDeMy of sciences  

together with professor Leszek Sirko, director of the Institute 
during the sixtieth anniversary Session organized at the Institute.

the siXtieth anniversary of the institute  
celebrated on October 17, 2013 with a dedicated Scientific 
Session under the honorary patronage of the President of Poland 
Bronisław Komorowski.
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acta Physica Polonica a

Acta Physica Polonica A is an open access peer-
reviewed scientific journal covering research in Physics of 
Condensed Matter, Atomic and Molecular Physics, Optics 
and Quantum Electronics, Biophysics, Applied Physics; 
also some papers from general physics and from cross-
disciplinary physics are published. The mission for Journal is 
to be an international forum for research aiming to increase 
knowledge in experimental and theoretical physics.

Acta Physica Polonica was established by the Polish Physical 
Society in 1920. It is one of the oldest physics periodicals in this 
part of Europe. In 1970 it was split into two journals Acta Physica 
Polonica A and Acta Physica Polonica B. The two journals 
became independent in 1995, with series A published by 
the Institute of Physics of the Polish Academy of Sciences and 
series B published by the Jagiellonian University in cooperation 
with the Polish Academy of Arts and Sciences.

Acta Physica Polonica A, which appears in two 
volumes per year, six issues per volume, is a journal for 
contributions reporting significant and original research 
results. Occasionally, and on invitation of the Editorial 
Committee, Review Articles which describe the present 
state of subjects in the above fields or future prospects and 
perspectives, as well as Reviews of Books delivered by the 
Publishing Houses, are being published. The important 
part of the publication is connected with proceedings of the 
Conferences, Schools, Seminars and Workshops. 

Acta Physica Polonica A is indexed by major scientific 
indices, including Scopus, Science Citation Index Expanded 
(SCIE), Web of Science, Institute for Scientific Information 
(ISI), Chemical Abstracts etc.

editoriAl committee

Witold D. Dobrowolski (Editor-in-Chief)
Marek Cieplak
Tadeusz Figielski
Robert R. Gałązka
Jerzy Kijowski
Maciej Kolwas
Jacek Kossut
Andrzej Sobolewski
Henryk Szymczak

Publishing executive editor: Zbigniew S. Gawryś

associate editors
Łukasz Cywiński
Michał Matuszewski
Maciej Sawicki
Andrzej Wawro
Mikhail G. Brik
Jerzy Pełka
Henryk G. Teisseyre

International editorial council 
V.G. Bar’yakhar (Kiev)
J.K. Furdyna (Notre Dame)
R. Horodecki (Gdańsk)
T. Luty (Wrocław)
R. Micnas (Poznań)
J. Szudy (Toruń)
K.I. Wysokiński (Lublin)
J. Zakrzewski (Kraków) 
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inteRnational Phd studies

more informAtion
http://info.ifpan.edu.pl/msdifpan/studium/index_en.html

AreA of studies
 ▪ Semiconductor physics
 ▪ Physics of magnetic materials
 ▪ Physics of superconductors
 ▪ Quantum optics
 ▪ Physics of radiation and laser spectroscopy
 ▪ Physics of X-rays and electron spectroscopy
 ▪ Molecular physics
 ▪ Low temperature physics
 ▪ Biological physics
 ▪ Theoretical physics

Institute of Physics of the Polish Academy of Sciences, 
jointly with the Center for Theoretical Physics PAS and Institute 
of High Pressure Physics PAS, offer a 4-year PhD study course 
under the scheme of International PhD Studies (MAS). 

The accepted candidates are expected to carry out 
experimental and/or theoretical research with the aim 

of producing a PhD Dissertation. They also take part in 
a study course aimed at obtaining the level of education 
consistent with the Doctor of Physics degree. 

Candidates are accepted on the basis of submitted 
documentation and a successful interview and are offered 
a studentship for the duration of the course.
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Project EAgLE (full name: European Action towards 
Leading Centre for Innovative Materials) has started on  
June 1st, 2013 and lasts until Nov 30th, 2016. It aims 
at establishing a leading multiprofile research Centre 
for designing and fabricating new materials, their 
characterization and testing under extreme experimental 
conditions. The Centre will identify and select novel 
materials, structures, phenomena, and computational 
protocols for functional new-concept nanodevices. 

The Centre benefits from twinning with 16 partnering 
institutions having sound expertise in the field of materials 
fabrication (e.g. MBE, chemical synthesis, lithography, 
FIB), characterization (e.g. XPS, TEM, EELS, synchrotron 
- diffraction and spectroscopy, NMR), nanodevice design 
and testing (e.g. semi- and superconducting electronics, 
cryogenics, computer simulations). 

An important development is the purchase of an X-Ray 
Photoelectron Spectrometer (XPS), making it possible 
to perform element specific and chemical sensitive 

characterization of materials with 3D resolution. Another 
essential acquisition is a cryogen-free dilution refrigerator, 
opening new opportunities to follow properties of the 
materials and devices down to a few millikelvins. 

One of the goals of the Centre is the exploration and 
standardization of user-friendly computational methods 
for materials design and for modelling of functional 
properties and nanodevices, including code validation and 
benchmarking, available also to external users. 

The EAgLE project is also committed to rising the 
awareness of IP PAS researchers to the issues of intellectual 
property, licensing, and patenting, in order to improve the 
transfer of innovations to new spin-offs, SMEs, and industry.

This project is a Support Action financed by the EU 7th 
Framework Programme under the CAPACITIES project 
REGPOT-CT-2013-316014. More information is available at:

http://www.eagle-regpot.eu/

PRoject eagle

BeloW: insertion of the saMPle into the cryogen-free Dilution refrigerator

X-ray Photoelectron sPectroMeter (XPs), acquireD With the Project eagle

This instrument is composed of three ultra-high vacuum chambers, the analysis chamber for XPS, UPS, REELS, and ISS spectroscopy, the 
reparation chamber designed for LEED, high pressure, evaporation, crystals cleaving device, surface scraping, and sputtering, and distribution 
chamber including sample storage and high pressure reactor.

the eagle Project 
funDeD cryogen-free 
Dilution refrigerator

the saMPle Puck  
(outer shield removed)  

mating with the docking 
station prepared for microwave 

 measurements. It can be loaded 
into fridge while the fridge 

remains cold.
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Physics Olympiad is a contest in physics for gifted 
high school students established in 1952 by prominent 
Polish physicists. Polish Physical Society is the official 
organizer of the Olympiad, resources of about 15 physics 
departments and institutes are used. The Institute is one of 
them, our employees actively participate in the organization 
at all levels. This includes problem selection, evaluation of 
students solutions, as well as other activities. In addition, 
the Institute provides equipment for experimental problems, 
lecture halls for theoretical examinations and supports  

the Olympiad in many other forms. An important task in which 
the Institute employees take part every year is preparation 
of the Polish team for the International Physics Olympiad 
(IPhO) where students from over 80 countries compete 
in solving physics problems. Till now Poland hosted three 
of these competitions, the Institute was one of the main 
contributors of scientific staff for Olympiad activities. Over 
the years many Polish participants won medals and for many 
students this medal was the first international success.

Physics olyMPiad

Polish ParticiPants of the international Physics oliMPiaD 2015 in BoMBay (inDia).
From left: Piotr Kubala (Bronze Medal), Adam Kucz (Gold Medal), Stanisław Kurdziałek (Bronze Medal),  

Rafał Ćwiek (Distinction), Jan Marucha (Bronze Medal).
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