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Pedagogical University of Cracow (PUC), in the new building of PUC, the main entrance at Chmiela 
street ((behind the main building of PUC), close to the lecture hall 110N on the first floor. 
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12.30-14.00 Lunch break 

from 14.00 

 
 
Free time in Krakow 
 
 

 
 
  



Cracow Colloquium on f-electron systems, 24-27 June 2015, Cracow, Poland 
CCFES2015 

 

I -invited talk;  O-oral talk;  O-y oral talk in the session for young scientists;  P-posters 
 

 
LIST OF POSTERS 

 

No. Presenting author Title 

P-01 Alexander V. Andreev High-field study of a TbFe5Al7 single crystal 

P-02 Ozkendir Osman Murat 
Influence of Er-substitution on the Crystal and Magnetic Properties of Ferric Borate 
Sample 

P-03 Agnieszka Kozub Screening of magnetic moment at Co impurity in Cu host 

P-04 José-Luiz Ferreira Valence fluctuations and magnetism in lanthanide systems 

P-05 Rafał Kurleto Electronic properties of CeNi9In2 compound 

P-06 Aleksandra K. Jasek Magnetic spiral order in iron pnictides FeAs and FeSb 
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P-18 Zbigniew Tarnawski 
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P-20 Ryszard Radwański 
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Superconductivity  

in weakly-correlated non-centrosymmetric compounds 
 

Dariusz Kaczorowski 
Institute of Low Temperature and Structure Research, Polish Academy of Sciences, 

P.O. Box 1410, 50-950 Wrocław, Poland 
 

Superconductivity in materials lacking an inversion center, like CePt3Si, CeRhSi3 or 
UIr, exhibits an unconventional character that can be attributed to lifting the spin degeneracy 
of conduction bands due to the Rashba-type anti-symmetric spin-orbit coupling. This may 
lead to mixed singlet-triplet parity of the superconducting state with line nodes in the energy 
gap and helical vortex phases. However, all these unconventional superconductors 
simultaneously show strong electronic correlations, which strongly influence their 
superconducting characteristics. In order to discriminate between the roles played by the lack 
of inversion center and the strong correlations among electrons on the appearance of triplet 
pairing, complementary studies of various weakly-correlated non-centrosymmetric systems 
are indispensable. Here, we present our results recently obtained for a few Th-based ternaries, 
eg., ThIrSi, ThIrSi3 and ThIr2Si2, which crystallize with different non-centrosymmetric 
structures. Each compound was characterized as a moderately- or strongly-coupled type II 
BCS-like superconductor, with the upper critical field being close to the Pauli-Clogston limit. 
Though no unconventional features were detected in the superconducting characteristics, 
some hints at substantial contribution of spin fluctuations into to the thermodynamic 
properties were found in both normal and superconducting states.                  
 
 
This research was supported by the National Science Centre (Poland) under grant no. 2014/13/B/ST3/04544. 
 
 
Email of presenting author: D.Kaczorowski@int.pan.wroc.pl 
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Substitution and pressure driven magnetic instabilities  

of non-Fermi liquid Ce3Pd4Si4 
 

N. Robisch1, K. Sirhan1, I. Messner1, R. Kurinjimala1, B. Raab1, F. Kneidinger1, H. Michor1, J. 
Sereni2, A. Gribanov3, P. Rogl4, E. Bauer1 

1Institute of Solid State Physics,Vienna University of Technology, A-1040 Wien, Austria 
2CAB Bariloche, San Carlos de Bariloche, Argentina 

3Department of Chemistry, Moscow State University, GSP-1, 119991 Moscow, Russia 
4Institute of Physical Chemistry, University of Vienna, A-1090 Wien, Austria 

 
An experimental investigation of ternary Ce3Pd4Si4 evidenced non-Fermi liquid 

properties due to the proximity of this paramagnetic compound to a quantum critical point. 
The ground state observed for this Ce system appears to be a result of mutual interactions of 
the crystalline electric field, of the Kondo effect and of RKKY interactions. A subtle change 
of the balance of these interactions e.g., by pressure or by substitutions is expected to trigger 
some instability, presumably of magnetic origin. The aim of the present investigation is to 
reveal the response of the system when certain atoms in Ce3Pd4Si4 are exchanged by different 
other appropriate elements. Here we will show, how long range magnetic order in the 
substituted materials develops on a substitution of Ce/La, of Pd/Ni and of Si/Ge from a study 
of temperature, pressure and magnetic field dependent transport properties, of magnetization 
and of specific heat. 

 
 
Work supported by the Austrian FWF, P22295. 
 
 
Email of the presenting author: bauer@ifp.tuwien.ac.at     
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The beauty and complexity in the U-Fe-Ge system 

 
A.P. Gonçalves1, M.S. Henriques1,2, L. Havela3 

1C2TN, Instituto Superior Técnico, Universidade de Lisboa, Campus Tecnológico e Nuclear, 
Estrada Nacional 10, 2695-066 Bobadela LRS, Portugal 

2 Institute of Physics, AVCR, Na Slovance 2, 182 21 Prague, Czech Republic 
3Faculty of Mathematics and Physics, Charles University, Ke Karlovu 5,  

12116 Prague, Czech Republic 
 

U-M-X (M = transition metal, X = p element) systems have been extensively studied 
due to their importance for basic science, reflected in the discovery of some of the most exotic 
ground states of matter, and significance for nuclear technologies. However, investigations in 
the full compostion ranges are still lacking in many of them. 

Following our previous works on U-Fe-T (T = p-element) systems, we decided to 
explore the complete U-Fe-Ge system and characterize the existing compounds. This system 
was observed to be very rich, with fourteen ternary stable phases present in the isothermal 
section at 900ºC (four homogeneity ranges and ten intermetallic compounds), nine of them 
discovered for the first time. Moreover, three original structure types, U34Fe4-xGe33, 
U9Fe7Ge24 (both tetragonal, space group I4/mmm) and U6Fe22Ge13 (orthorhombic, space 
group Pbam) were identified, and unusual physical properties were observed. Therefore, the 
structure and physical properties of selected ternary compounds were also studied in detail 
and relations between both were established. 
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Study of skutterudite-related Ce3M4Sn13 and La3M4Sn13 (M = Co, Ru, Rh); 

A pathway from  f- and d-electron correlations to superconductivity 
 

Andrzej Ślebarski 
Institute of Physics, University of Silesia, 40-007 Katowice, Poland 

 
Strongly correlated f- and d-electron systems are presently among the most intriguing 

and versatile materials. A wide variety of interesting phenomena can be attributed to 
electronic correlations, among them metal-insulator transitions, heavy fermion and non-Fermi 
liquid behaviors, quantum criticality, and unconventional superconductivity. 

A key parameter in the strongly correlated electron systems (SCES) is the exchange 
between local magnetic moments of the f-electron states and the conduction carriers, Jsf. As Jsf 
is changed, the system can be tuned from a magnetically ordered metal to a heavy Fermi 
liquid under change in temperature, alloy composition, magnetic field, or pressure. Recently 
[1,2], it was shown that the skutterudite-related Ce3M4Sn13 (M = Co, Ru, Rh) heavy fermions 
exhibit a behavior characteristic of the Ce-based systems with comparable Kondo and 
magnetic energy scales, and can be near a magnetic QCP. Within the system of Ce3M4Sn13, 
Ce3Rh4Sn13 has also generated much interest due to  positive magnetoresistivity (MR) effect, 
which can be suggested as a result of possible strong correlations originating from d-
electrons. Moreover, the superconductivity in La3M4Sn13  has attracted considerable attention 
and provided an avenue by which to better understand the relationship between 
superconductivity and magnetism in the presence of strong electron correlations. The main 
goal of this review is to compare the physical low-temperature properties of selected 
Ce3M4Sn13 and La3M4Sn13 compounds. In order to study the quantum criticality, we 
investigated the low-temperature thermodynamic and electric transport properties.  We show 
evidence of nanoscale inhomogeneity as a bulk property of La3Rh4Sn13 and La3Ru4Sn13 in the 
sense that the samples exhibit electronic disorder over length scale similar to the coherence 
length which cannot be removed by any standard annealing procedure. Such a substantial 
nanoscale electronic inhomogeneity is characteristic of the bulk Bi2Sr2CaCu2O8+x high-Tc 
materials and some heavy fermions with unconventional superconductivity. 
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Hydrogen in RMn2 Laves Phases 

 
Henryk Figiel1, Andrzej Budziak2 

1Faculty of Physics and Applied Computer Science, AGH University of Science and 
Technology, al. Mickiewicza 30, 30-059 Kraków, Poland, 

2 Institute of Nuclear Physics PAN, ul Radzikowskiego 152, 31 -342 Kraków, Poland 
 

Hydrogen is seen as one of the important energy carriers of this century and is 
indicated as a fuel of future. Research problem of physical properties of metal hydrides is 
strongly connected with very actual topical issues of the hydrogen storage. Especially 
interesting and promising are hydrides of intermetallic compounds.  Among widely studied 
RT2Hx systems (R a rare earth or alkaline metal, T – transition metal like Fe, Co, Ni and Mn), 
the hydrides RMn2Hx present very interesting physical properties. It comes from the fact that 
already alone RT2 compounds exhibit a complex interaction of two sublattices: the R- and 3d-
metal sublattice. The first one can be described with the localized 4f magnetic moments, 
while the other is regarded as essentially an itinerant  electron system. 

The RMn2 compounds can absorb very easily large amount of hydrogen, which locates 
inside of characteristic tetrahedrons build of R and Mn atoms. The systematic investigation 
(XRD, ND, NMR and magnetic measurements) of the RMn2Hx hydrides with R = Y, Nd, Sm, 
Gd, Tb, Dy, Ho and Er allowed to observe the role of rare earth metal in hydrogen induced 
structural and magnetic transformations. Hydrogen absorption in RMn2 compounds  leads to 
magnetic and structural changes: an increase of the magnetic ordering temperature - from 
below 100 K up to (200 - 400) K depending on the hydrogen concentration, structure 
transformations and an increase of the cell volume (even up to 30 %).  

The role of the host structures (Laves phases of the C14 and C15 type) in formation of 
hydrides and their magnetic properties is presented – on the base of obtained results the 
universal structural phase diagram model of RMn2Hx is proposed. The influence of f-electron 
elements on the physical properties of RMn2Hx hydrides is presented and discussed. It is 
shown that all the RMn2Hx hydrides in magnetic ordering state are ferrimagnetic, and their 
total magnetization strongly depends on hydrogen concentration. A modified model 
describing the changes of unit-cell volume as a function of the hydrogen concentration is 
proposed as well. 
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Correlation-induced d-wave superconductivity within the Anderson-Kondo 

lattice model: A fully microscopic approach 
 

Józef Spałek1,2 and Olga Howczak1 
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2Academic Centre for Materials and Nanotechnology, AGH University of Science and 
Technology, Aleja Mickiewicza 30, PL 30-059 Kraków, Poland 

 
We discuss the appearance of the d-wave superconductivity and its coexistence with 

magnetism within a fully microscopic Anderson-Kondo lattice model derived from Periodic 
Anderson model [1]. The pairing originates from a competition between the Kondo 
interaction and the f-f superexchange. We use the so-called statistically consistent Gutzwiller 
approximation [2].  The coexistence regimes of antiferromagnetism with superconductivity 
are determined and appear in the vicinity of the Kondo-insulating quantum critical point.  We 
compare our results with those obtained in the Kondo-lattice limit, where the startling f-
electrons are localized [3], as well as discuss the valence change [4] accompanying the onset 
of superconductivity. 

 
 
The work was partly supported by Grant TEAM from the Foundation for Polish Science (FNP) and by Grant 
MAESTRO, No. DEC-2012/04/A/ST3/00342 from the National Science Centre (NCN). 
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Incomplete Protection of the Surface Weyl Cones  

of the Kondo Insulator SmB6: Spin Exciton Scattering 
 

Peter S Riseborough1, G.A. Kapilevich1, A.X. Gray1, Miklos Gulacsi2,  
Tomasz Durakiewicz3, J.L. Smith3 

1Temple University, Philadelphia. Pa 19122 USA 
2Max Planck Institute for Complex Systsems, Dresden, Germany 

3Los Alamos National laboratory, Los Alamos, New Mexico 87545, USA 
 

The compound SmB6 is a Kondo Insulator, where the lowest-energy bulk electronic 
excitations are spin-excitons. It also has surface states that are subjected to strong spin-orbit 
coupling. It has been suggested that SmB6 is also a topological insulator. Here we show that, 
despite the absence of time-reversal symmetry breaking and the presence of strong spin-orbit 
coupling, the chiral spin texture of the Weyl cone is not completely protected. In particular, 
we show that the spin-exciton mediated scattering produces features in the surface electronic 
spectrum at energies separated from the surface Fermi energy by the spin-exciton energy. 
Despite the features being far removed from the surface Fermi energy, they are extremely 
temperature dependent. The temperature variation occurs over a characteristic scale 
determined by the dispersion of the spin-exciton. The structures may be observed by electron 
spectroscopy at low temperatures. 
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Spin-Phonon Interactions in Uranium Dioxide 

 
K. Gofryk1, J.C. Lashley2, M. Jaime2, C.R. Stanek2, D.A. Andersson2,  

T. Durakiewicz2, J.L. Smith2 
1Idaho National Laboratory, USA 

2Los Alamos National Laboratory, USA 
 

Despite more than sixty years of intense research of uranium dioxide, a thorough 
understanding is lacking for the microscopic processes that control its transport and 
thermodynamic properties. It is by far the most studied actinide material as it is a primary fuel 
used in light water nuclear reactors.  

Although UO2 is best known as an engineering material, its properties indicate rare 
interactions between charge, spin and lattice, reminiscent of emergent phenomena. Despite 
large experimental and theoretical efforts it is unclear how different degrees of freedom and 
quasiparticle excitations interact and what is the relationship to the thermal behavior. Here we 
report our new experimental and theoretical studies on oriented and well-characterized 
uranium dioxide single crystals.  

Our preliminary results on thermal behavior of uranium dioxide revealed a few 
important aspects of its collective quasiparticle couplings and interactions. We found that the 
overall shape and magnitude of the thermal conductivity of UO2 is atypical for insulating 
crystals (see Fig. 1a). The thermal conductivity exhibits a pronounced double-peak structure 
with maxima occurring at ~10 and ~220 K and a minimum at the Neel temperature. Typically, 
as exemplified in κ(T) of ThO2 (see Fig. 1a), the phonon thermal conductivity rises quickly 
and reaches its maximum well below 100 K, after which phonon–phonon scattering leads to 
rapid decrease. Our extensive magnetostriction and thermal transport studies indicate that 
strong spin-lattice coupling and resonant scattering are important for understanding the 
general thermal behavior in this material. The unusual behavior of κ(T) in UO2 is due to 
resonant scattering of phonons through excitations of the spins (in the paramagnetic phase) 
and absence of this scattering mechanism below TN = 30.8 K due to spin ordering. Our initial 
thermal conductivity analysis gives ~3.5 meV for the resonance energy (see Figure 1b). 

Interestingly, inelastic neutron scattering studies have identified a dynamic Jahn–
Teller distortion in <100> lattice directions that splits the ground state into three singlets with 
dispersive peaks of magnetic character between 3 and 10 meV [1].  

During the talk I will discuss implications of these results. 
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Different routes of UH3 alloying and impact onto the 5f magnetism 

 
L. Havela1, M. Paukov1, I. Tkach1, Z. Matěj1, D. Kriegner1, I. Turek1, M. Diviš1,  

M. Cieslar1, D. Drozdenko1, N.-T. H. Kim-Ngan2, A.V. Andreev3
 

1Charles University, Faculty of Mathematics and Physics, Ke Karlovu 5,  
12116 Prague 2, Czech Republic 

2Institute of Physics, Pedagogical University, Podchorazych 2, 30 084 Cracow, Poland 

3Institute of Physics, Academy of Sciences of the Czech Republic, Prague, Czech Republic 
 

UH3 belongs to the first known 5f materials with magnetic ordering [1]. However, we 
cannot conclude that we understand it well. One of persisting issues are the properties of -
UH3, which remains, besides the stable -UH3 phase, as a metastable species never existing in 
a pure form. The other issue is (in)adequacy of description by conventional ab-initio 
calculations (see e.g. [2]), which does not seem to reproduce well e.g. photoelectron spectra 
[3].  

Tuning of properties by alloying is one of common probes into a system investigated. 
In fact several routes of preparation of alloyed U trihydrides, UH3, were discovered. Starting 
from the U6T compounds, hydrogenation leads to T atoms embedded in the β-UH3 structure, 
with transition-metal atoms T occupying one of the U sites. The most thoroughly investigated 
is the hydride, obtained from U6Fe, denoted as U6FeH17 [4]. 57Fe Mössbauer spectroscopy 
indicated Fe occupying the UII positions in the -UH3 structure. Analogous process leads to 
U6CoH18 [5] from U6Co. U6Mn and U6Ni are likely to provide the same type of hydride [6].  

We have been hydrogenating γ-U alloys, using various transition metals helping 
(together with ultrafast cooling) to retain the bcc U structure down to low temperatures. As 
such alloys are essentially weak Pauli paramagnets and conventional superconductors [7]. We 
found that they are much more resistant to hydrogen attack, and high pressures of H2 gas had 
to be applied [8,9]. The H absorption corresponds to approx. 3H/atoms per 1 U atom. In none 
of the cases the alloying metals segregate and two different structures were obtained. The 
hydrides (UH3)1-xZrx form the α-UH3 structure, i.e. the bcc structure expands and fills by H 
[9]. Hence basic electronic properties of α-UH3 could be established. Starting from U1-xMox, 
we obtained (UH3)1-xMox, which tends to be β-UH3 like, but has the grain size of 1 nm only, 
i.e. is practically amorphous. This amorphous phase also easily accepts additional dopants, as 
Zr, Fe, Ti, V..., however magnetic properties remain only weakly affected. It is quite 
remarkable that all such materials are ferromagnets with the Curie temperature in the range 
160-205 K, even if the active U sublattice is diluted by more than 30% of other metals. Fig.1 
demonstrates that even the TC variation with the concentration of alloying element is similar 
despite different structure. In this respect the hydrides are different than conventional band 
ferromagnets, sensitive to inter-atomic spacings and alloying. Albeit all are metallic, the U-H 
interaction, which can have partly ionic character, plays clearly important role. Electronic 
structure calculations (performed for the α-UH3 structure and in ferromagnetic or Disordered 
Local Moment state, with possible random Zr occupancy [9]) suggest a transfer of U-6d and 
7s electrons into H-1s states, reducing the hybridization of 5f and non-f states, supporting thus 
magnetism even if the U-U spacing is below the Hill limit. Using the LDA+U technique, the 
ionicity should come out even more pronounced [2] 

Speciation of the hydrides into three different groups does not mean we understand all 
structure details, namely the sites occupied by alloying atoms and arrangement of H atoms 
around. The weak dependence of properties on structure and composition hints to importance 
of U-H interaction, leaving the traditional major tuning parameter, U-U spacing, as secondary. 
The type of alloying metal has also almost no effect on the lattice parameters, which could be 
understood in case of Zr (atomic radius 160 pm, i.e. slightly higher than U, 156 pm), but not 
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for Fe (126 pm) or Mo (140 pm). We cannot, for example, exclude that Mo is effectively 
wrapping nanograins of UH3…but can such nanograins have even higher TC than UH3 in 
bulk? To get better insight into the structure, HR-TEM and PDF (pair distribution function) 
experiments are planned.  
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Figure 1. Concentration dependence of the Curie temperatures for the hydrides (UH3)1-xMox 
and (UH3)1-xZrx . 
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Classical and quantum criticalities in the itinerant ferromagnet UGe2: 

A microscopic interpretation 
 

Marcin M. Wysokiński, Marcin Abram, Józef Spałek 
Marian Smoluchowski Institute of Physics, Jagiellonian University, Łojasiewicza 11,  

PL-30-348 Kraków, Poland 
 

We present [1,2] a microscopic interpretation of the complete magnetic phase diagram 
of the ferromagnetic superconductor UGe2 as a function of applied magnetic field, pressure, 
and temperature, including its classical and quantum critical points. Our predictions are based 
on the Anderson Lattice Model tackled by the modified Gutzwiller approximation (SGA [3]). 
Appearance of two distinct ferromagnetic phases in our approach is associated with change of 
Fermi surface topology. Our predictions at temperature T=0 of magnetic and electronic 
properties compare favourably with the experimental findings of UGe2 as seen in the neutron 
scattering, the magnetization data, and in the de Haas - van Alphen oscillations. For T>0, we 
provide a quantitative description of the all critical points observed in this compound [4], 
namely the critical ending point, the tricritical point, and the quantum critical ending point. 
Moreover, we propose that a new quantum critical point appears in close vicinity to the spin-
triplet superconducting dome. We characterize it as a Lifshitz quantum critical point and 
suggest that it can be related to the appearance of quantum critical fluctuations near the 
Fermi-surface-topology instability, and hence is related to the onset of the spin-triplet 
superconductivity.  
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Ce2Rh3Ge: an extraordinary example of the sensitive balance 

between magnetic order, single-ion Kondo and mixed-valence behaviour 
 

M. Falkowski1, A.M. Strydom2,3 
1Institute of Molecular Physics, Polish Academy of Sciences, Smoluchowskiego 17,  

60‒179 Poznań, Poland 
2Highly Correlated Matter Research Group, Physics Department, University of Johannesburg 

PO Box 524, Auckland Park 2006, South Africa 
3Institute of Solid State Physics, Vienna University of Technology, Wiedner Hauptstr. 8‒10 

Vienna, Austria 
 

Among the large variety of Ce-compounds containing cerium ions in a mixed-valent 
Ce3+/4+ state, only very few cases have been reported in which the unstable valence ions 
actually condense into robust and long-range magnetic order at low temperature. This is an 
enigmatic ground state because the higher-temperature mixed-valent state is known to wash 
local moment magnetism away into the highly degenerate conduction electron sea of a metal 
[1‒3].  Our physical investigations are placing Ce2Rh3Ge sensitively balanced between single-
ion Kondo and mixed-valence behaviour, combined with the surprising onset of long-range 
magnetic order at low temperature. The compound Ce2Rh3Ge possesses only a single site for 
the Ce ions, and crystallizes in the rhombohedral, ternary, ordered variant of the cubic Laves 

MgCu2-type of structure with space group mR3  and lattice parameters a = 5.5816(6) Å; 
c = 11.9392(9) Å. The experimental results from χ(T), M(B), Cp(T,B) and ρ(T,B) confirm 
magnetic ordering below TC = 4 K, most probably of ferromagnetic origin. The χ–1(T) data 
show the existence of a broad high-temperature minimum at 450 K as is frequently observed 
for cerium compounds suffering from an instable 4f shell and mixed or intermediate valent 
Ce3+/4+. To facilitate a study of the mixed-valent behaviour in Ce2Rh3Ge the χ–1(T) data were 
analyzed in the frame of the inter-configurational fluctuation (ICF) model, confirming the 
valence fluctuation of Ce ions. The high-field moment of magnetization M(B) per Ce ion 
obtained at T = 2 K is strongly reduced in comparison to the theoretical value expected for the 
free Ce+3 ion which is consistent with a presence a strong hybridization between localized 4f 
electron and conduction electrons, which produces an intermediate valence on the Ce ion. 
Estimated from Cp(T) data, the Sommerfeld coefficient γ = 10.8 mJ/Ce-mol·K2 reflects only a 
very weakly enhanced effective mass. The 4f electron resistivity at low temperatures contracts 
into a local minimum followed by an increase in logarithmic manner ρ4f (T)   –lnT towards 
TC. In combination with the negative magnetic field dependence of the electrical resistivity in 
the paramagnetic phase, this confirm the Kondo interaction in Ce2Rh3Ge. Moreover, we have 
found a good scaling of A/γ 2 ratio of Ce2Rh3Ge with the theoretical value of the Kadowaki–
Woods scheme, which firmly classifies Ce2Rh3Ge as a mixed-valence compound. The 
estimated value of Wilson ratio χ(T→0)/γ is close to the value expected for Fermi liquid 
systems. 
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1Marian Smoluchowski Institute of Physics, Jagiellonian University, ulica Łojasiewicza 11, 
PL 30-348 Kraków, Poland 
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We provide [1,2] the microscopic model which provides a fairly complete description 

of the electronic and magnetic properties of UGe2. It is based on the Anderson-lattice model 
treated in the modified Gutzwiller approximation (SGA) [3]. We explain the appearance of 
the experimentally observed magnetic phases, namely strong-ferromagnetism, weak-
ferromagnetism, as well as the transition to paramagnetism. We show that the sequence and 
evolution of those phases in the applied magnetic field can be explained in a natural manner 
as an effect of the competition between the Coulomb repulsion of the uranium 5f electrons 
and the hybridization of f-electrons with the conduction elections [1]. We track the evolution 
of classical and quantum critical points in applied field, as a function of pressure, and of the 
total electron concentration [2]. We simulate the effect of the pressure applied to the real 
system. We argue, that the main effect of pressure is to change the hybridization strength. We 
discuss also the effect of the f-level position with the increasing pressure, as well as the 
possibility of crossing the Hill limit when the overlap between f-orbitals turns out to be 
nonzero. Our approach explains in a semiquantitative manner the recent experimental results 
[4]. 
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The modification of the electronic structure induced by correlations is at the heart of 
condensed matter physics. In rare-earth systems one of the most relevant interactions is the 
antiferromagnetic coupling between local f-orbitals and conduction c-electrons: the Kondo 
interaction.  

In dilute systems the Kondo interaction is well described by the single impurity Kondo 
model. At very low temperature this model has a universal behavior, that Nozieres in the 70’s 
described as a local Fermi liquid. On the other hand the concentrated regime is quite complex, 
since RKKY interaction may compete with Kondo effect. However, if magnetic ordering is 
neglected, the system forms a heavy Fermi liquid and coherence effects among f-orbitals 
“promote" them to form a large Fermi-surface (FS) together with c-electrons. 

Recently it was proposed by two of us[1] that a topological 'Lifshitz-like' transition 
would separate the local (dilute) and coherent (dense) Fermi liquid regimes, since it is 
impossible to connect them analytically at zero temperature. This study was conducted in the 
limit of infinite Kondo coupling. In this limit the transition occurs when the number of 
electrons in the conduction band is equal to the number of impurities, i.e. of rare-earth atoms.  
In order to go beyond the infinite coupling limit, and to get in touch with real systems, we 
carried out a numerical study of the Kondo Alloy Model in a Bethe Lattice. This model is an 
interpolation of the single impurity and the lattice hamiltonian using the concentration of 
magnetic sites and the band filling as control parameters. Moreover in the Bethe lattice, we 
can vary the coordination number of the lattice.  

We used an algorithm inspired by the self-consistent treatment of disorder by Abou-
Chacra et al [2] and later adapted to strongly correlated systems by Dobrosavljevic and 
Kotliar [3]. It implements exactly the effects of disorder and gives access to full distributions 
of the local quantities.  

Our results may shed a light in the low temperature physics of rare-earth alloys such as 
La1-xCex[…] or Lu1-xYbx[…], in which it is possible to achieve both diluted and coherent 
regimes. These systems are well-known for the appearance of large Non-Fermi Liquid 
regimes for intermediate concentrations.   
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AFe2As2-based systems (so called 1:2:2 systems, where A = Ba, Ca, Eu, Sr) draw 

considerable attention, because of some resemblance to the CuO-based superconductors, 
multiple phase transitions, but mostly because of possible coexistence of superconductivity 
(SC) and magnetica lly ordered phase  and relatively easy tuning of the temperature regions 
of individual phase transitions (e.g. by chemical substitutions). [1, 2] 

These compounds crystallize in the tetragonal ThCr2Si2-type structure (I4/mmm space 
group). With lowering the temperature, at TSDW, they undergo a structural transition to an 
orthorhombic phase (Fmmm space group), which coincides with a spin density wave (SDW) 
transition of Fe2+ magnetic moments. 

In this respect, investigated by us EuFe2As2-based single crystals are no different from 
the other 1:2:2 systems. However, due to the Eu, with further cooling, it is possible to observe 
an antiferromagnetic (AF) order of Eu2+ magnetic moments. While Eu or Fe content is diluted 
by e.g. Ca or Co doping it is possible to reach the superconducting (SC) region. 

In this contribution we show that there is some influence of the Eu2+ magnetic 
moments on the superconductivity of the FeAs-layers. As examples we present electron 
transport, magnetization and magnetic susceptibility measurements of 
Eu0.73Ca0.27(Fe0.87Co0.13)2As2 and Eu(Fe0.81Co0.19)2As2. Both of these compounds show not 
only typical for the EuFe2As2 attributes, but also some unusual features such as re-entrant 
behaviour in case of Eu0.73Ca0.27(Fe0.87Co0.13)2As2 (Fig. 1) and a rare phenomenon of Field-
Induced SC (FI-SC)  observed in Eu(Fe0.81Co0.19)2As2 (Fig. 2). [3, 4] Moreover observed 
features strongly depend on the direction of the applied magnetic field, and so the FI-SC 
feature is observed only for fields applied perpendicular to the c-axis (Fig. 2). 

From our analysis based both on bulk (electron transport, magnetic susceptibility, 
magnetization) and microscopic (Mössbauer spectroscopy, neutron scattering) measurements, 
we prove an important influence of the magnetic structure (especially Eu2+ magnetic 
moments) on observed behaviour. Moreover, we propose lowering of orbital pair breaking 
effect as responsible for observation of FI-SC if taking into account a possible triplet pairing 
of superconducting pairs. 
 
 
We acknowledge the partial financial support by the National Science Center of Poland under projects DEC-
2011/03/B/ST3/00446, 2011/01/B/ST3/04553, 2011/01/B/ST5/06397 and the 7th Framework Program: NMI3-
II/FP7 – Contract No. 283883. 
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Using a modified Microemulsion technique, weakly agglomerated nanoparticles of 
pure La(1-x)SrxMnO3 particles were prepared. Taking into account the large changes in crystal 
lattice with respect to bulk single crystal samples, the variation in Curie temperature and 
magnetization is assessed and discussed. 
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Recently we have developed a general synthetic approach to diverse symmetrical and 
unsymmetrical -diketones bearing pyrazole moiety. Three main structural types of these 
compounds were investigated: heterocyclic analogs of dibenzoylmethane (Hdbm, I), 
benzoylacetone (Hbzac, II) and benzoyltrifluoroacetone (Hbtfac, III). -Diketone fragment 
was introduced into different positions of pyrazole ring and other positions were partially 
substituted by  alkyl or fluorinated alkyl groups. 
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Figure 1. Structural types of  ligands. 

 
Some of these compounds were transformed into higly luminescent complexes of 

Sm3+, Eu3+ and Tb3+ with different ancillary ligands. Peculiarities of synthesis and 
luminescent properties of  above-mentioned complexes will be discussed in details. 
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We address the long-standing mystery of the insulating state of  the intermediate 
valence SmB6. Within a combination of the  local density approximation (LDA) and an exact 
diagonalization (ED) of an effective discrete Anderson impurity model, the intermediate 
valence ground state with the f-shell occupation n4f =5.6 is found for the Sm atom in SmB6. 
This  ground state is a singlet, and the first excited triplet state  ~3 meV higher in the energy. 
SmB6 is a narrow band insulator already in LDA, with the direct band gap of  ~10 meV. The 
electron correlations increase the band gap  which now becomes indirect. Thus, the many-
body effects are relevant to form the indirect band gap, and support the idea of "topological 
Kondo insulator"  in SmB6. 

Also, an actinide analog PuB6 is considered, and the intermediate valence singlet 
ground state is found for the Pu atom. We propose that [Sm,Pu]B6 belong to the new class of 
the intermediate valence materials with the multi-orbital "Kondo-like" singlet ground-state. 
Crucial role of complex spin-orbital f[n]-f[n+1] multiplet structure differently hybridized with 
ligand states in such Racah materials is discussed. Connection between the electronic 
structure of  PuB6, -Pu and Pu115 is established. 
 
 
 
Email of the presenting author: shick@fzu.cz 
  
  

O-10 O-10



Cracow Colloquium on f-electron systems, 24-27 June 2015, Cracow, Poland 
CCFES2015 

 
Influence of defects on the dynamical properties  

of d- and f-electron systems 
 

Urszula D. Wdowik1, Przemysław Piekarz
2
, Krzysztof Parlinski

2
, Dominik Legut

3
 

1Institute of Technology, Pedagogical University Cracow, Podchorążych 2,  
30-084 Cracow, Poland 

2Institute of Nuclear Physics, Polish Academy of Sciences, Radzikowskiego 152,  
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3
Nanotechnology Centre & IT4Innovations, VSB-Technical University of Ostrava,  

17. listopadu 15, 708 33 Ostrava, Czech Republic  
 

This contribution presents the recent density functional theory (DFT) studies of the 
lattice dynamics in the strongly correlated electron system FeO containing Fe-vacancies as 
major defects. Results of the DFT investigations of the defect-free UC, UC with C-vacancies, 
and UC with O-impurities are to be presented as well. The current theoretical research 
highlights the importance of explicit inclusion of strong electron correlation effects and spin-
orbit interactions in ab initio simulations to predict properly the electronic structure and the 
vibrational properties of the d- and f-electron systems. It also uncovers  qualitative difference 
between the lattice dynamics of stoichiometric and defected systems. The Fe-vacancies in 
FeO are shown to be responsible for significant broadening of the phonon spectra [1] 
observed in the nuclear resonant inelastic x-ray scattering experiments [2].  On the other hand, 
the C-vacancies and O-impurities introduce additional vibrational states (localized modes) 
into the phonon bands of UC. This finding conforms to the experimental results obtained for 
UC1-xOx (x = 0.02) compound by the neutron time-of-flight technique [3]. 
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Vardan Apinyan, Tadeusz Kopeć 
Institute of Low Temperature and Structure Research (ILTSR), 

Polish Academy of Sciences, PO. Box 1410, 50-950 Wroclaw 2, Poland 
 

At ambient conditions, TmSe0.45Te0.55 is  an indirect semiconductor with weak f-d 
hybridization and with a gap 130E meV, formed between the top of the 4f valence band at 
Γ-point and the bottom of the 5d conduction band at X-point of the first Brillouin zone. With 
pressure and at 300 K, this gap can be linearly closed, and an intermediate valent semimetal 
results. At the low temperatures, pressure leads to an intercepting excitonic insulating phase, 
as proposed by Mott and Kohn years ago. This fact has been verified with many experimental 
works.  

The excitonic insulator phase is obtained for a given pressure and temperature region, 
and it exists without any external excitation on the system (light, for example), also, for T → 
0. Thus, the excitonic insulator phase is a ground state of matter. Very often, a condensed 
excitonic phase at low temperatures and high pressure has been realized in the intermediate 
valent TmSe0.45Te0.55, where the excitons with a heavy effective mass strongly bind to 
phonons. The result is quite surprising, because of the indications of a roton or vortex 
spectrum (being typical bosonic excitations, related directly to the Bogoliubov-Landau 
phonon-roton spectrum) with a gap of about 5 K. The principal embarrassment at this point, is 
that the extension of these measurements under pressure to the region of much lower 
temperatures are still absent. 

In the present work we have answered to the question "what happens at the lower 
temperatures".  Employing the extended Falicov-Kimball model, we have proved that the 
spontaneous hybridization between the quasilocalized f electrons  and  itinerant c band is 
present in the solid state material, which is responsible for the excitonic insulator phase. We 
have found the critical temperature of the excitonic insulator phase transition. The important 
result of our theory concerning the excitonic insulator phase is that this state is present even in 
the case of the totally localized f-band electrons, i.e. when the f-band electron hopping 
amplitude is vanishing.  

At the low temperature region the situation is quite different. Especially, we have 
examined the breaking of the exciton hybridization state, mediated by the strong bosonic 
phase fluctuations that appears after introducing the electronic phases in both solid state 
bands. 

In the case of the uniform distribution of the phase variables across the solid state 
bands, we have found the strong evidence of the phase stiffness in the system. Then, by 
evaluating the phase stiffness parameter we have found numerically that it is very small: for  
considered TmSe0.45Te0.55 compound it is of order 0.00176 meV. Furthermore, considering the 
hybridization-symmetry breaking, we have calculated the excitonic condensate transition 
probability function, the condensate transition critical temperature, and condensate density of 
states for the realistic system. Comparing with the excitonic pair formation critical 
temperature, which is of order 186.6 K for TmSe0.45Te0.55, the maximum of the exciton BEC 
transition temperature for TmSe0.45Te0.55 is found to be smaller of about two orders of 
magnitude at Tc=0.44 K. 

In addition, the excitonic DOS spectra are found gapless, which is the effect of the 
strong bosonic fluctuations, and the strong phase coherence between different bands in the 
material. 
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 Ce2Co0.8Si3.2 is a hexagonal system and its crystal structure can be classified as a 
derivative of the AlB2 type [1]. It shows the properties of a Kondo lattice with characteristic 
Kondo and coherence temperatures equal to 50 K and 80 K, respectively. Moreover, the 
system is nonmagnetic down to 0.4 K and exhibits an enhanced electronic specific heat equal 
C/T=200 mJ/(moleCeK

2) at 0.4 K. Finally, below 10 K an evidence of Griffiths phases was 
found, which should be related to a disorder in Co-Si sublattices [1]. 
 The Ce2Co0.8Si3.2 system was investigated by means of angle resolved photoemission 
spectroscopy (ARPES) at APE beamline installed at Elettra synchrotron [2]. ARPES data 
were collected at the temperature of 25 K with photon energies of hν = 25 eV and 40 eV. The 
latter photon energy yields an increased photoionization cross section for Ce 4f electrons. For 
hν = 40 eV we observed a Kondo peak (KP) (f5/2

1 final state) and its spin-orbit partner (f7/2
1 

final state) and a few dispersing bands. One can distinguish a band with parabolic-like 
dispersion, which should be a surface state and an electron pocket near the  point. The latter 
is interpreted to be of bulk character.  
 KP does not reveal any dispersion but its intensity varies considerably with 
momentum. Maximum of the intensity is found where no band is visible in the experiment 
while there is a Fermi surface crossing in the theoretical calculations performed with FPLO 
method. On the other hand KP has a moderate or low intensity for the experimental Fermi 
vectors. The variation of KP intensity along the FS is interpreted as the evidence of a strong 
k-vector dependence of the hybridization Vcf between conduction band and f electrons. Such a 
strong Vcf variation was predicted theoretically [3-5].  
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Hydrides of the intermetallic compounds with the stoichiometry R2T2M crystallizing 

with the tetragonal Mo2FeB2-type structure (Pearson symbol tP10, space group P4/mbm 
(#127)), where R is a lanthanide or actinide metal, T is a d-element, and M is a main-group 
element, have been intensively studied so far. It has been shown that the compounds with the 
rare-earth metals absorb up to 8 H atoms per formula unit, whereas the uranium-containing 
compounds remain below the limit of 2 H atoms per formula unit, but their physical 
properties are extremely sensitive to the concomitant lattice expansion. This group of 
compounds proved that the compounds of rare-earth metals absorb hydrogen more willingly 
already at ambient pressure and room temperature, contrary to their uranium counterparts 
which require elevated temperature and hydrogen pressure. R2T2M compounds crystallizing 
with the orthorhombic W2CoB2-type structure (oI10, Immm (#71)) form another large group 
of intermetallics including primarly aluminides and stannides of rare-earth and d-metals.  
 The hydrides of R2Ni2Al (R = Gd, Er, Lu) and R2Ni2Sn (R = Gd, Tb) compounds were 
synthesized by exposing the activated material to H2 under the pressure of 0.8 bar at room 
temperature. In the case of Al-containing compounds, the hydrogen absorption proceeded 
very rapidly. It started in less then 1 min, and 5 min was sufficient to complete the reaction. 
The Sn counterparts, on the contrary, exhibit only sluggish hydrogenation kinetics under 
similar conditions. The process starts only after several hours incubation period and the 
reaction rate is noticeably lower. The composition of the synthesized hydrides, refined unit-
cell parameters, and concomitant lattice expansion due to hydrogenation are given in the 
Table. The X-ray diffraction peaks for the hydrides were indexed in the space group Immm 
using the W2CoB2 structure as a prototype. Hydrogenation results in strongly anisotropic 
lattice expansion reaching up to 21% and prevailing in b-direction. 
 
Table 1. Unit-cell parameters a, b, c, volume V, and relative lattice expansion upon hydrogenation for the studied 
hydrides of the R2Ni2M compounds. 
 

Compound a (Å) b (Å) c (Å) V (Å3) 
Δa/a 
(%) 

Δb/b 
(%) 

Δc/c 
(%) 

ΔV/V 
(%) 

Gd2Ni2Al 4.1969(4) 5.4382(5) 8.4484(7) 192.83(3) – – – – 
Gd2Ni2AlH5.5 3.902(1) 6.331(2) 9.317(3) 230.1(1) -7.0 16.4 10.3 19.3 
Er2Ni2Al 4.1499(2) 5.3654(3) 8.2487(3) 183.66(1) – – – – 
Er2Ni2AlHx 3.908(1) 5.887(2) 8.875(3) 204.2(1) -5.8 9.7 7.6 11.2 
Er2Ni2AlH5.3 3.841(1) 6.383(2) 9.106(2) 223.3(1) -7.4 18.9 10.5 21.6 
Lu2Ni2Al 4.1158(3) 5.3282(3) 8.1701(4) 179.17(2) – – – – 
Lu2Ni2AlH4.8 3.726(1) 6.321(1) 8.972(2) 211.3(1) -9.5 18.6 9.8 17.9 
Gd2Ni2Sn 4.2822(6) 5.6195(8) 8.3831(10) 201.73(4) – – – – 
Gd2Ni2SnH4.2 4.034(2) 6.238(3) 9.148(4) 230.2(2) -5.8 11.0 9.1 14.1 
Tb2Ni2Sn 4.2712(3) 5.6055(4) 8.3231(5) 199.27(2) – – – – 
Tb2Ni2SnH3.8 4.022(1) 6.215(1) 9.106(3) 227.6(1) -5.8 10.9 9.4 14.2 
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P. O. Box 1410, 50-950 Wroclaw, Poland 
3 European Commission, Joint Research Centre,  Institute for Transuranium  Elements, 

Postfach 2340, Karlsruhe, D-76125 Germany 
 

The CeCr2Al20-type group, discovered in the late 60's of the XX century [1], is a wide 
and diverse family of Al, Zn and Cd-based intermetallics, exhibiting a large versatility 
towards the composition. In the aluminide group early transition metals can occupy the Cr 
position and Ce may be replaced by lanthanides, actinides, Sc, Y, Al, Ga, and Ca, and a 
variety of physical properties and phenomena can be observed depending on the composition. 

The work summarizes the results obtained by the presenting author covering the 
synthesis crystal structure studies, and physical property measurements of various CeCr2Al20 
compounds including (La, Ce, Gd, Ho, Lu)T2Al20 (T = Ti-Cr, Nb), (Sc, Y)V2Al20, and (Th, 
Np, Pu)1-xV2Al20. Some general trends and dependcies between composition and properties 
are shown, based both on own and literature data. 

In the group of (Sc, Y, Lu)V2Al20 superconductivity with Tc ranging from 0.6 to 1 K 
was observed. The three Gd(Ti, V, Cr)2Al20 compounds exhibit antiferromagnetic transition 
with Neel temperatures in the range of 2-3.5 K occurs. 
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[1] P.  I.  Kripyakevich  and  O.S.  Zarechnyuk,  Dopovidi Akademii Nauk  Ukrainskoi RSR  Seria  A  30,  364  
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In the course of investigation of U alloys and their hydrides, microstructure and 

texture analysis has become important. It is necessary to define grain size, grain boundaries, 
inclusions, impurity segregation and twinning, but it can give mainly a direct information on 
phases and their spatial distribution. Here various methods of preparing the U alloys splats for 
microstructural analysis are discussed, in particular in the context of Ux-1Mox alloys. The aim 
of the present study is to optimize the preparation technique for surfaces of U alloys (with 
various alloying elements). 

Uranium metal exists in three allotropic phases (orthorhombic α, tetragonal β, and 
body-centred cubic γ-phase) [1]. In earlier works it was shown that it is possible to retain the 
γ-phase down to at room temperature (RT) ultrafast cooling [2]. To reveal presence of small 
areas of different phases, precise microstructural analysis by Scanning Electron Microscope 
(SEM) is needed. Moreover, the electron back scatter diffraction (EBSD) provides 
information about the texture by determining and mapping the crystallographic orientation of 
grains. For such techniques a high surface quality is a prerequisite and special procedures 
have to be applied because of the tendency to oxidize rapidly in air [3-6]. An oxide layer on 
the surface often makes the EBSD mapping unsuccessful and it should be removed. We have 
attempted several techniques treating the surface for such analyses. The information depth for 
EBSD is 50-100 nm, so we do not need surface clean in atomic sense, as required e.g. for 
photoelectron spectroscopy.  

In general, the first step of sample preparation for all methods is mechanical polishing. 
The specimens are sequentially ground on SiC grinding papers (800, 1200, 2000, 4000) using 
water. Then coarse polishing is performed using 3-μm and 1-μm (and 0.1-μm) diamond 
abrasive on a nylon lap with a diamond suspension (for 3-μm, 1-μm and 0.1-μm, 
respectively). In [7], using 1-μm suspension is recommended to minimize the oxidation effect 
during mechanical preparation. To reveal the microstructure and to remove a surface oxide 
(the last step of preparation), different methods could be used. Focused Ion Beam (FIB) 
milling, as part of the SEM Cross Beam, is the one of the possible ion beam milling system. 
However, sometimes area for investigation prepared by FIB is limited due to formation of 
uneven “wavy surface”. Moreover, this technique is very time consuming. Another method is 
Ar ion milling in the Precision Ion Polishing System (PIPS). As PIPS is a separate device not 
attached to SEM, it is necessary to move the specimen from one vacuum chamber to another 
through air. Therefore oxide formation cannot be avoided. Nevertheless, for different 
compositions of U alloys the produced surface of a specimen after such preparation procedure 
could still be different. In Fig. 1 the surfaces of splats of UMo15% and UMo4% (at.%) after 
mechanical polishing and ion milling in PIPS for 6h are represented. As we can see, for 
different Mo concentrations the interaction of Ar ions with the surface is different. More 
importantly, back scattered electrons compose Kikuchi map, from which phases and 
orientation of grains are revealed, could be observed only in the case of UMo15%. The 
treatment visualizes grain boundaries, which are more sensitive to ion bombarding and are 
faster evaporated.  

One of the most popular methods for preparing samples for the EBSD analysis is 
electrochemical etching/polishing [7-9]. Different electrolyte solutions are used. In [9], 
importance of two electropolishing steps is explained. The first electrolyte used is the solution 
of 45% ethanol, 27% ethylene glycol, and 27% phosphoric acid [10]. The parameters of 
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dopant atoms and we indeed obtained the amorphous structure (Fig. 2.) for the hydrides with 
Ti, Fe, or Zr doping together with Mo, as (UH3)0.851Fe0.142Mo0.007, (UH3)0.78Mo0.12Zr0.10, 
(UH3)0.78Mo0.12Ti0.10. 
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Figure 2. X-ray diffraction pattern of the amorphous 
hydrides ( =0.1540562 nm). 

Our investigation of magnetic properties of such double doped hydrides shows 
ferromagnetic ordering with parameters only weakly depending on the dopants. The addition 
of Zr enhances TC more than addition of Ti, addition of Fe broadens the transition and 
enhances magnetization per U atom (Fig. 3). 

The work will continue to establish limits of stability of the amorphous phase. 
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Figure 3. Temperature dependence of magnetization: left - detail in for low magnetic fields illustrating the Curie 

temperatures, right - in 0H = 4 T, illustrating the total magnetization. 
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1 Faculty of Applied Physics and Mathematics, Gdansk University of Technology, 
Narutowicza 11/12, 80-233 Gdansk, Poland 

2 Department of Physics, Sungkyunkwan University, Suwon 440-746, South Korea 
 

A series of Sm1-xLnxNiC2, where Ln=La and Lu, were synthesized by arc-melting 
method and annealed for 2 weeks at 850oC. Powder x-ray diffraction was used to analyze 
sample purity and the lattice parameters were calculated using LeBail refinement method. 
Physical properties were measured by means of magnetic susceptibility, electrical resistivity 
and heat capacity. 

SmNiC2 is a ferromagnet with relatively high Curie temperature (TC = 17 K). Since 
Sm is located almost in the middle of the lanthanides, it gives unique opportunity of chemical 
doping by large La as well as small Lu metal. This way increase (La doping) or decrease  
(Lu doping) in the unit cell volume is expected, which might be seen as negative or positive 
“chemical” pressure.  

The phase diagram reveals a sudden decrease of the charge density wave formation 
temperature (TCDW) from 150K for SmNiC2 to 55K for Sm0.75La0.25NiC2. The Curie 
temperature decreases with both La and Lu substitution in Sm1-xLnxNiC2. Interestingly 
ferromagnetism is observed for Sm0.13Lu0.87NiC2 and Curie temperature TC = 3.5 K was 
estimated from the Arrot plot. Further increase of La reveals superconductivity and  
the highest Tsc ~3 K is obtained for pure LaNiC2.   
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XMCD study of ferromagnetism in YbCu2Si2 under pressure 

 
F. Wilhelm1, D. Braithwaite2, S. M. Ramos2, E. N. Hering2, G. Lapertot2, A. Rogalev1 
1 ESRF-The European Synchrotron, 71 Avenue des Martyrs, 38000 Grenoble, France 

2 CEA/INAC, 17 Avenue des Martyrs, 38000 Grenoble, France 
 

In rare-earth intermediate-valence (IV) compounds, the interplay between the 
magnetic and valence instability represents one of the most studied subjects, with the 
possibility of tuning the system to a magnetic quantum critical point (QCP), where strong spin 
and/or valence fluctuations are present. The Ce and Yb Kondo lattices are often considered to 
be electron/hole equivalents, however Yb compounds also offer a favorable opportunity for 
studying the role of the valence fluctuations in the quantum criticality, since applying pressure 
is expected to induce larger changes of the valence. YbCu2Si2 is an ideal prototype Yb 
system, obeying Doniach’s phase diagram. By applying pressure, the system evolves from a 
paramagnetic state to an ordered one [1], reached at the critical pressure Pc=7-8GPa. Recent 
a.c. susceptibility measurements under high pressure strongly suggested that the induced 
magnetic order is ferromagnetic (FM) [2]. Determining the nature of an ordered phase that 
occurs only above 8 GPa although, is not trivial. A direct confirmation of ferromagnetism in 
this compound is highly desirable, especially because systems presenting a FM QCP are quite 
rare. In this work, we report x-ray magnetic circular dichroism (XMCD) measurements at the 
L3-edge of Yb in YbCu2Si2 single crystal at 2K and under pressure up to 15GPa that have 
been performed at the ESRF ID12 beamline. The amplitude of the XMCD signal is 
proportional magnetization of the absorbing atom. For pressures higher than 7.5GPa, the field 
dependence of the XMCD signal shows a typical FM behavior with a tendency to saturate 
above H=0.5T. Moreover, it was found to be small and almost constant at low pressure, 
followed by a strong increase above Pc, confirming the FM nature of the ordered phase.  
 
 
References 
[1] K. Alami-Yadria, H. Wilhelm, and D. Jaccard, Eur. Phys. J. B 6, 5–11 (1998). 
[2] A. Fernandez-Pañella, D. Braithwaite, B. Salce, G. Lapertot and J. Flouquet, Physical Review B 84, 134416 

(2011). 
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Efficient calculations of f-materials relevant for nuclear waste management 

using DFT+U 
 

George Beridze1, Yan Li1, Ariadna Blanca-Romero1,2, Piotr M. Kowalski1 
1Institute of Nuclear Waste Management and Reactor Safety (IEK-6), Forschungszentrum 

Jülich, Jülich, Germany 

2Imperial College London, London, United Kingdom 
 

Safe management of nuclear waste is a serious problem faced by the countries that 
utilize nuclear technology [1]. Due to activity of the investigated materials, the experimental 
work is usually problematic and limited to the conditions that not always resemble the ones 
expected in a repository. On the other hand, with the modern computational resources and 
state-of-the-art ab initio methods of computational quantum chemistry one can complement 
the experimental research by providing a valuable atomic-scale insight into the processes that 
determine the properties of different actinide-bearing materials. However, since properties of 
f-materials are often determined by strongly correlated f-electrons, the straightforward 
application of the existing and widely used quantum chemical methods, such as DFT, can lead 
to wrong results. For this reason, more accurate, but computationally unfeasible methods such 
as hybrid functionals, MP2 and CCSD(T) are often proposed for relibale simulations of f-
materials [2,3]. The high computational cost of these methods limits their applicability to the 
simples crystalline materials, which prevents investigation of more realistic but chemically 
complex nuclear materials. In this contribution we will show an assessment of the 
performance of DFT+U method with the hubbard U parameter derived ab initio [4],  for 
prediction of the structural and thermodynamic properties of actinide- and lanthanide- bearing 
materials such as simple uranium-bearing molecules and solids [5] and novel nuclear waste 
forms such as monazite-type orthophosphates (LnPO4) [6] and pyrochlores (Ln2(Zr,Hf)2O7) 
[7]. Our results indicate that an exceptionally good description of materials structures and 
energetics can be obtained [4, 5] only when the Hubbard U parameter is derived ab initio for 
each f-element and structure, using for instance the linear response method (cLDA) [4]. 
Furthermore, we will show that with the carefull choice of the computational approach it is 
possible to accuratelly reproduce the available experimental data on the heat capacities and 
the standard entropies of lanthanide monazites (LnPO4) and thus predict these thermodynamic 
parameters for unmeasured systems, which is of great value for the assesment of stability of 
novel waste forms [8].  
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Ion beam techniques (included Ion Beam Analysis (IBA) and Ion Beam Modification 
of Materials (IBMM)) can be used to investigate as well as modify the surface and interface 
properties of the materials in a nanometer scale. These methods have been widely used in 
materials science for improvement material properties, such as adhesion, hardness, interface 
engineering and fabricationof semiconductor devices by implantation. 

We are interested in characterization and modification of magnetite thin films. Due to 
its interesting electronic and magnetic properties, magnetite has a high potential for 
technological applications. Moreover, it is viewed as a promising material for the spintronic 
application at room temperature. 

We have prepared a series of single and bilayer thin films of magnetite on MgO(001) 
substrates by MBE growth. In this work, we focus on investigations of two bilayer films, 
Fe3O4/Fe/MgO(001), with a nominal layer thickness of nx25 nm for each layer (n=1,2,4). For 
underlying the interdiffusion during the film growth, one film was undergone a post-annealing 
(sample S5), while another (S9) was without annealing (non-ann.). We have investigated the 
film structure and properties in the as-deposited state as well as after being modified by 1MeV 
Ar+ and Kr+ ion beam (with different ion influences in the range of 1015-1017 ions/cm2) by 
means of Rutherford backscattering spectrometry (2 MeV He+ ion beam, scattering angle of 
171o) and X-ray reflectometry (XRR). For the data interpretation, the computer code 
SIMNRA was employed. By analysing and making a comparison the data obtained before and 
after modification, we could be able to underline the ion beam mixing effect in those thin 
films. The as-grown films is found to consist of a thicker Fe3O4 layer (60 nm) and a much 
thinner Fe layer (29 nm), indicating that the top and bottom part of the Fe layer was oxidized, 
rather during the growth than due to post-annealing. However, using such a bilayer geometry, 
on the film surface is always a pure Fe3O4 layer.  

As example, we show in Fig. 1 the RBS spectra of irradiated Fe3O4/Fe/MgO(001) film 
(S9)  by 1MeV Kr+ ion beam with different ion fluences. The Kr+ ion irradiation implies such 
a strong Fe-Mg mixing, revealed by a large non-zero background between the Fe peak and 
Mg edge as well as a large change in the slope of the Mg-edge. A large change was also 
observed for the Fe peak. Since the film layers are very thin, we illustrate the ion mixing 
effect (i.e. the change of the layer thickness and layer concentration) in this film in a enlarged 
scale, where the layer thicknesses are drawn (in cm) proportionally with respect to the values 
estimated from the RBS (in nm), shown in Fig. 2. The solid line indicates the original 
separation between the film and the MgO substrate. Different colours indicate different Mg, 
Fe and O composition in each layer. Our analysis indicated that the pure Fe3O4 layer on the 
surface was still well preserved under Kr+ irradiation with φ<3,84×1016 ions/cm2 although the 
layer thickness decreased (d < 13nm). During the talk, the results for sample S5 will be also 
shown. Some concluding remarks on the film stability will be presented. 

 
The support of the European Regional Development Fund under the Infrastructure and Environment Programme  
is highly acknowledged.  
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La3Co – superconductivity on the edge of ferromagnetism 

 
Judyta Strychalska1, Marta Roman1, Bartlomiej Wiendlocha2, Agnieszka Kozub1, 

Tomasz Klimczuk1 
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A polycrystalline sample of La3Co was synthesized by arc-melting of stoichiometric 
amount of lanthanum (purity 99.9 %) and cobalt (purity 99.95 %) and annealed at 500º C 
for three weeks.  

Physical properties were studied by measuring susceptibility, specific heat and 
resistivity. The temperature dependence of resistivity above transition temperature (Tc = 6 K)  
discloses a metallic-like character (dρ/dT > 0).  The residual resistivity ratio is ρ300K/ρ8K = 6. 
Traces of unreacted lanthanum metal is detected by a sudden drop of resistivity below Tc = 6 
K. The second, sharp drop of ρ(T) at 4.65 K is associated with the transition of La3Co 
to the superconducting state. 

By plotting Hc2 versus T and using the WHH expression we obtained upper critical 
field µ0Hc2(0) = 3.5 T, that implies the superconducting coherence length ξ(0) = 10 nm. 

A clear heat capacity anomaly is observed below a transition temperature Tc = 4.44 K 
and confirms bulk superconductivity of La3Co.  

The results of measuring the specific heat in magnetic field 3 T determined 
Sommerfeld coefficient γ = 31.1 mJ mol-1 K-2 and Debye temperature ΘD = 133 K. 
The electron-phonon coupling constant estimated from the inverted McMillan formula 
(where µ* = 0.13) was λep = 0.82. Using γ and the specific-heat-jump value ΔC/Tc 

at the superconducting transition temperature, we estimated ΔC/γTc = 1.83, suggesting 
intermediate-coupling superconductivity. 

Estimated value of zero-temperature lower critical field, complying the 
demagnetization factor µ0Hc1(0) = 17.6 mT. Using obtained values we calculated a Ginzburg-
Landau superconducting penetration depth λGL(0) = 162 nm. The Ginzburg-Landau parameter 
is κ = 16.7, indicating that La3Co is a II-type superconductor. We estimated 
the thermodynamic critical field µ0Hc = 148 mT. 
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Influence of Ba doping of Na0.5Bi0.5TiO3  ceramics  

on their structural, dielectric and ferroelectric properties 
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3 Institute of Nuclear Physics PAN, ul. Radzikowskiego 152, 31-342 Krakow, Poland 
 

Lead oxide based ferroelectrics are most widely used as an element of actuators, 
sensors and transducers. Among them, PbTiO3-PbZrO3 (PZT) has the best piezoelectric 
properties, but considering lead toxicity, the lead-free piezoelectric materials have attracted 
attention from the viewpoint of environmental protection. Furthermore, the RoHS 
Directive (2002/95/EC) restricts the use of, inter alia, lead. Among the available materials, 
Na0.5Bi0.5TiO3 (NBT) and NBT-based solid solutions are considered the most promising 
candidates for replacing lead containing materials.  

(Na0.5Bi0.5)1-xBaxTiO3 (x=0, 0.04 and 0.06) ceramics were prepared by conventional 
solid state method. The structural, ferroelectric and piezoelectric properties were investigated. 
The obtained results will be discussed in terms of ions/lattice imperfections, which create 
local electromechanical fields. 
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Properties of barium titanate modified by Co doping 

 
Renata Bujakiewicz-Korońska 
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Ceramic compositions in the (1-x)Ba0.95Pb0.05TiO3 - xCo2O3 system (BPTC) with 
compositions x < 0.10 were  prepared by conventional ceramic processing technique. They 
have been characterised by  X-ray diffraction, scanning electron microscope, differential 
scanning calorimetry, dielectric measurements and magnetic studies.  

Crystal structure refinement was performed in space group No 99 - P4mm. In the 
BPTC ceramics, Co+3 ions partially occupy the positions of Ti+4 ions. The Co-doping causes a 
small decreasing of the tetragonality of the perovskite lattice and is responsible for a gradual 
shift of ferroelectric Curie transition towards lower temperatures. Moreover, the diffusive 
character of the transition between the tetragonal phase to the orthorhombic one was 
observed. The activation energies for the samples are about 0.9 eV. The temperature 
conductivity in the range of 400 – 600 K can be ascribed by the migration of oxygen 
vacancies introduced to compensate the charge deficiency due to Co3+ valence at the B-site of 
the perovskite lattice. Magnetic measurements showed that in the BPTC ceramics with higher 
Co amounts there are observed an agglomerate of the BT nanopowder matrix and  a few 
cobalt oxide component. Some contribution from weak paramagnetic impurities is visible at 
temperatures below 10 K.  

Additionally, ab initio calculations were performed within DFT using GGA and 
LCAO with localized basis set in the form of spherical functions as implemented in SIESTA 
3.2 code together with the spin polarization. The results of the simulations confirmed 
ferroelectric and magnetic properties of the BPTC.  

BPTC seems to be a promising new multiferroic material with a weak coupling 
between magnetic and ferroelectric properties. Details about possible ways of coupling 
between them require further experimental investigations and theoretical considerations. 
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The TbFe5Al7 compound with a tetragonal crystal structure of the ThMn12 type is a 
highly anisotropic ferrimagnet with Curie temperature TC = 242 K and compensation point 
Tcomp = 84 K [1]. Spontaneous and field-induced phase transitions have been studied on single 
crystals (grown by Czochralski method in tri-arc furnace) by magnetization and ultrasound 
measurements in static (up to 14 T) and pulsed (up to 60 T) magnetic fields. TbFe5Al7 
displays the easy-plane anisotropy. In the vicinity of T = Tcomp the compound exhibits a 
spontaneous spin-reorientation transition within the basal plane, the easy magnetization 
direction (EMD) changes from [100] (below Tcomp) to [110] (above Tcomp). Along the EMD, 
the field-induced phase transitions have been observed. The magnetization jump reflects step-
wise rotation of the Tb and Fe magnetic moments from one easy axis to another within the 
basal plane. All the transitions, spontaneous and field-induced, are accompanied by 
pronounced anomalies in sound velocity and sound attenuation. At low temperatures, 
TbFe5Al7 does not reach the forced ferromagnetic state with magnetic moment of 17 B/f.u. 
even at 60 T field applied along the EMD, only 12.5 B/f.u. is reached along the [110] axis. 
Therefore, additional magnetization step(s) can be found above 60 T. From the obtained high-
field data the Tb-Fe inter-sublattice exchange constant has been determined,  = 6.7 T f.u./B, 
in good agreement with  = 6.9 T f.u./B which is deduced from molecular-field theory. 

 

Figure 1. Magnetization curves along the principal 
crystallographic directions of the TbFe5Al7 single 
crystal at several selected temperatures. 

Figure 2. Temperature dependence of Ms along the 
[100] and [110] axes (top) and temperature 
dependence of the specific heat (bottom). 
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Figure 3. Magnetization curves along the main 
axes in pulsed fields at 1.5 K. The inset shows 
details along the [100] axis in the vicinity of the 
field-induced transition. 

Figure 4. T–H magnetic phase diagram for fields 
along the [100] and [110] axes. 

Figure 5. Magnetization (a and b), relative change 
of the sound velocity (c and d), and sound 
attenuation (e and f) in fields along the [100] axis 
at 50 and 60 K. 

Figure 6. Magnetization (a and b), relative change 
of the sound velocity (c and d) and sound 
attenuation (e and f) in fields along the [110] axis 
at 110 and 130 K. 
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Influence of Er-substitution on the Crystal and Magnetic Properties  

of Ferric Borate Samples 
 

Osman Murat Ozkendir 
Mersin University, Faculty of Technology, Energy Systems Engineering, Tarsus, Turkey 

 
The effects of Erbium substitution on the crystal, electric, electronic and magnetic 

properties of Ferric Borate samples were investigated. The collected data were studied 
according to the influence of the change in the crystal structure by increasing Er substitutions. 
The samples were determined as semiconductors showing weak Antiferromagnetic ordering 
at room the temperature. The magnetic properties were studied by the collected data from the 
XMCD measurements for the samples. The probes on the electronic structure properties were 
studied by the collected XANES data. According to the increasing substitution amount of the 
Er atoms, prominent  changes,  structural  distortions  and  phase  transitions  in the  crystal 
structure were observed. In the substituted Ferric Borate samples, iron atoms were defined as 
the chief role player in the whole crystallographic phenomena.  
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Cobalt impurity located in the bulk copper is described within the multi-orbital 
Anderson impurity model (IAM) that is parametrized to match the LDA electronic structure. 
The AIM is then solved using the Lanczos method. We concentrate on the many-body 
description of the ground state and excitation spectra. The calculations yield the nonmagnetic 
singlet ground state for the impurity atom, where the Co local moment is screened by the bath 
of conduction electrons. The computed spectral densities (shown in the Figure) are in a good 
agreement with those obtained using the quantum Monte Carlo method [1]. 
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The connection between magnetism and valence fluctuations in Ytterbium- and 
Cerium-based compounds is analyzed using an extended version of Periodic Anderson Model 
[1]. The model includes a repulsive Coulomb interaction (Ufc) among conductions (s, p and d 
orbitals) and localized (f) electrons. We treat this model in a combination of a mean-field 
approximation for the Ufc term and a Hubbard-I scheme for the f orbitals in the limit of large 
f-f repulsion. 

We find that Ufc repulsion induces either a 1st order valence transition or a crossover 
depending on system parameters. We discuss the effects of external and Weiss internal 
magnetic fields and we clarify their relation with valence fluctuations. We compare our 
results with experimental data from x-ray scattering, focusing in particular on YbCu2Si2 [2], 
YbMn6Ge6-xSnx [3] and Eu(Rh1-xIrx)2Si2[4].  
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We would like to portray the electronic properties of CeNi9In2 compound. Previous 

reports [1,2,3] delivered experimental evidence suggesting that a mixed (MV) valence state 
occurs in this system.  

A shape of measured resistivity as a function of temperature resembles that of a 
typical metal except for a small concavity. In order to perform an analysis of the experimental 
data we have fitted a model proposed by Freimuth [4] for systems with unstable f shell. The 
obtained spin fluctuation temperature equals Tsf = 157 K, while the values of f-level mean 
position with respect to the Fermi energy and a parameter related to hybridization strength 
reach the values of T0 = 355 K and  b·Jsf  = 45,2 · 10−5 Ω·m·K, respectively. At low 
temperatures (below 38 K) we have observed that the measured resistivity follows the 
behavior, which is typical of a Fermi liquid (FL). To verify that we have calculated Kadowaki 
– Woods ratio, which is of the same order as in the case of transition metals. 

X-ray Photoelectron Spectroscopy (XPS) combined with an application of 
Gunnarsson-Shönhammer theory [5] allowed us to determine a mean f level occupation and a 
hybridization strength. We have obtained nf = 0.94 and Δ = 104 meV, for occupation and 
hybrydization respectively. 

So as to describe valence band we have used Ultraviolet Photoelectron Spectroscopy 
(UPS). A sharp coherent peak, named a Kondo peak, is absent in the collected spectra, in 
particular at low temperature. Spectral density measured with application of He-II radiation is 
dominated by two broad maxima – one at about -0.6 eV and the second less intense at 
about -1.8 eV. It exhibits slightly higher intensity close to the Fermi energy as compared to 
the spectrum collected with He-I radiation. The difference of He-II and He-I spectra shows 
higher intensity in the range between -0.3 eV and the Fermi energy. Such a difference reflects 
spectral intensity related to Ce 4f electrons. Its shape is compatible with much broadened f5/2

1 
and f7/2

1 peaks, which would correspond to a Kondo peak and its spin-orbit splitting partner, 
respectively. We also present theoretical calculations (FPLO method) of density of states 
(DOS) in order to provide comparison with experimental data. 
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Thermopower, electrical resistivity and thermal conductivity  

of the CeNi2(Si1-yGey)2 alloys 
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3Faculty of Electronics, Ivan Franko National University of L’viv, Ukraine 
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The compounds of the composition MT2X2 (M – Ce, U; T – transition metal; X – Si, 

Ge) are known to exhibit many of the anomalous behaviours resulting from the hybridization 
between the f electrons and the conduction states. It includes heavy fermions (HF), 
superconductivity, fluctuating valence, magnetic ordering, and non-Fermi-liquid (NFL) 
behaviour [1,2].  

We report our studies of the intermediate compositions between CeNi2Si2 and 
CeNi2Ge2, i.e. the alloys CeNi2(Si1-yGey)2. While CeNi2Si2 is a well confirmed fluctuating 
valence system [3] the behaviour of the HF CeNi2Ge2 indicates on exotic behaviours like NFL 
and superconductivity [4,5]. It is due to the proximity of this compound to the 
antiferromagnetic Quantum Critical Point (QCP). The Kondo temperature of CeNi2Ge2 is 
about 30 K and the onset of superconductivity is strongly sample-dependent and still not 
confirmed as a bulk effect [6]. 

Polycrystalline samples of CeNi2(Si1-yGey)2 were prepared by arc-melting of the 
constituent elements in a purified argon atmosphere. The electrical resistivity, thermopower, 
and thermal conductivity were measured using the Physical Property Measurement System 
(PPMS, Quantum Design) in the temperature range 2 – 400 K. To use the four-probe method, 
bar-shaped samples were obtained with the wire saw.  
 

 
 

Figure 1. Normalized electrical resistance measured for various Ge content y. 
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The normalized resistance data of CeNi2(Si1-yGey)2 (Fig. 1) reveals that the change of 

the temperature dependence of the resistivity towards the typical metallic behaviour occurs 
already below y~0.3, i.e. a tendency to saturation persists up to significant substitutions of Ge 
by Si. It is also visible that the transition between CeNi2Si2 and CeNi2Ge2 is not a simple 
monotonic change. A comparison with the behaviour of the thermal conductivity and the 
thermopower will be also addressed in the present report.  

Fig. 2 shows an example of the thermal conductivity of CeNi2(Si1-yGey)2 for y = 0.13 
and y = 0.88. It can be observed that the increase of the Ge amount essentially modifies the 
temperature dependence of the thermal conductivity for T > 50 K. In the case of thermopower 
we mainly observe a shift of the peak present at 100 K towards higher temperatures for 
increasing content of Si. 
 

 
 

Figure 2. Thermal conductivity of CeNi2(Si1-yGey)2 for y = 0.13 and y = 0.88. 
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Magnetic properties of RCo2 compounds has been subject of studies already in the 

second half of last century [1-7]. However, in recent years these materials are becoming 
interesting again because of new magnetic state recently discovered in RCo2 ferrimagnets 
(R={Gd,…, Tm} [8,9]) in paramagnetic range called "parimagnetism". The parimagnetism is 
explained like a short range anti-parallel interaction between magnetization of Co clusters and 
magnetic moments of rare-earth atoms. It could be observed in paramagnetic region of the 
temperature dependence of AC magnetic susceptibility like a small anomaly, which is 
connected with flipping of Co magnetization along rare-earth moment, as it was estimated by 
microscopic methods (XMCD and SANS) [8,10-12]. The characteristic temperature was 
denoted as flipping temperature Tf. The importance of TmCo2 compound comes from its 
position at the end of the series of ferrimagnetic compounds. Firstly it was prepared as a 
polycrystalline sample. In the measured data of magnetization/specific heat/electrical 
resistivity there was observed an anomaly at the temperature 3.6 K which was denoted as 
Curie temperature. Another anomaly appears at 4.6 K with unknown origin. One more 
anomaly was observed around 35 K in the AC-magnetic susceptibility data and since it 
behaves in the same way as for previously known cases of ErCo2 and HoCo2 (especially high 
sensitivity on external magnetic field [8,12]) it is expected that this anomaly is also connected 
with parimagnetic behavior and characterizes the flipping temperature Tf. There were found 
discrepancies between our measured data based on the polycrystalline sample and the results 
presented in literature[1-6,13] namely concerning the different ordering temperatures and 
behavior of Co magnetism. It was also found that TmCo2 is a special case among the family 
of RCo2 compounds with respect to relation of the characteristic temperatures (TC, Tf). Our 
results moreover point to almost no response to the applied hydrostatic pressure of both TC 
and Tf.  

To clarify the discrepancies we have tried to grow the single crystals of this compound 
by using the flux growing method and the Bridgmann method. As a result of several attempts 
of the growing, we got few single crystals. In measurements on the same single crystalline 
sample we observed appearance of parimagnetic behavior similar to the previously measured 
data on polycrystalline sample. One can also observe a sample dependence of ordering 
temperature, which sometimes does not correspond to the ordering temperature of polycrystal. 
There is also an evidence of effect of the annealing process. These features should be 
connected with discrepancies in the literature and with problematic preparation. We will 
present experimental data evidencing the exceptionality of TmCo2 from point of view of the 
measured results. 
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Cerium cobalt silicides attract long ongoing attention due to the richness of different 

ground states and their rather easy tuning by external (field, pressure) and internal (alloying, 
hydrogenation) parameters. The ground states of up-to-date known compounds range from a 
'simple' antiferromagnet (CeCoSi, P4/nmm; however, having a spin-density-wave gap under 
pressure, and indications of a magnetic quantum critical point [1]), intermediate valence/weak 
ferromagnetism in CeCo9+Si4- system (I4/mcm [2]) to Pauli paramagnet behavior (CeCoSi2, 
Cmcm [3]), Kondo paramagnetic behavior (Ce2Co0.8Si3.2, P6/mmm [4]) and an alleged 
superconductor (CeCoSi3, I4mm [5]). In the presentation we report on the preparation and 
characterization of the novel compound CeCo0.715Si2.285 and its magnetic properties.  

The single crystal of CeCo0.715Si2.285 has been grown by a modified Czochralski 
pulling method in a tri-arc furnace under a high-purity argon atmosphere. The obtained ingot 
has been annealed at 900 °C for one week under high vacuum. The single crystal has been 
oriented by Laue method and cut up to samples of a suitable shape with a fine wire saw. 
Specific heat and resistivity measurements were carried out using a commercial physical 
property measurement system (PPMS) while magnetization measurements were performed in 
a magnetic property measurement system (MPMS), both from Quantum Design, Inc.  

The tetragonal structure (space group 121, I-42m) of the studied compound was 
determined from single crystal diffraction measurements. It is noteworthy that the unit cell is 
extremely elongated along [001] direction (a = 4.12Å, c = 32.84Å). The structure 
determination from the single crystal diffraction is in agreement with powder diffraction data 
as well. The quality of the crystal was checked by Laue X-Ray diffraction, the phase purity 
was confirmed by a measurement with a scanning electron microscope equipped with an EDX 
spectroscopy option.  

Temperature dependence of the specific heat of the CeCo0.715Si2.285 reflects a typical 
Debye behavior at high temperatures, at low temperatures the specific heat exhibits two 
anomalies, at TN = 10.5 K and at T* = 9.5 K, respectively (Fig. 1). Similarly to the specific 
heat data, two corresponding anomalies are observed in temperature dependence of the 
electrical resistivity.  

To determine the nature of the ordered state below TN measurements of magnetic field 
dependence of magnetization and electrical resistivity were performed. Below TN the 
compound exhibits a strong hysteresis of magnetization with respect to varying magnetic field 
or temperature as well as a strong anisotropy with easy axis corresponding to the [001] 
direction. The magnetization is saturated above 1 T and stayed unchanged up to 14 T, which 
was the maximum field applied within our study. The saturated value of magnetization, 
however, is considerably reduced (0.26 B/Ce) with respect to the free Ce3+ ion value 
of 2.54 B. Besides, the compound exhibits quite interesting behavior in low magnetic fields 
below 500 mT – it undergoes numerous magnetic field induced phase transitions when 
magnetic field is applied in [001] direction (Fig. 2). Below the temperature of 11 K firstly two 
phase transitions appear at 34 mT and 18 mT, further on, with decreasing temperature the 
transitions shift to higher magnetic fields and new transitions appear. At temperatures below 
2.5 K the number of transitions is again reduced while still being shifted to higher magnetic 
fields.  
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Electronic band structure calculation and physical properties 

of the non-centrosymmetric superconductor Th7Co3 
 

M. Sahakyan, V.H. Tran 
Institute of Low Temperature and Structure Research, Polish Academy of Sciences,  

PO. Box 1410, 50-950 Wroclaw 2, Poland 
 

The non-conventional superconductors are the subject of ongoing theoretical and 
experimental investigations. We should underscore that among of these materials, the high TC 
cuprates, the FeAs-based compounds and heavy fermion superconductors have been studied 
in more detail, during the last years. In the above mentioned superconductors the symmetry of 
the Cooper pairs is related to the spin-singlet or to the spin-triplet configurations of the spins 
of fermionic particle.  

Recently, there are many works in which it is suggested that the lack of the inversion 
symmetry could lead to the mixed state of the spin-singlet and spin-triplet configurations of 
the superconducting pairs, and as a consequence, an assymetric spin-orbit coupling (ASOC) is 
enhanced, which removes the degeneracy related to the spin, and the parity conservation will 
be violated by the Pauli principle. As non-centrosymmetric superconductor, e.g. CePt3Si, UIr 
and CeRuSi3, have been examined so far and the ASOC effect was also considered. However, 
in these materials the superconductivity, and also the magnetic properties are related with the 
strong correlation effects, between d and f orbital electrons, and the spin fluctuations could  
also be responsible for the non-conventional pairing. On the other hand, some non-
centrosymmetric materials, in which the strong electron correlations are absent, as in the case 
of Li2Pt3B and Re6Zr, have been reported. Non BCS-type  superconductivity and the role of 
the spin-orbit coupling would be very important in these superconductors. Therefore, the 
effect of ASOC would be examined in different non-centrosymmetric superconductors 
exhibiting weak correlations. 

In the present work we examine the superconductor Th7Co3 with the critical 
temperature of order 1.9 K. This superconductor crystallizes in a hexagonal structure (space 
group P63mc). Due to the absence of the inversion symmetry center and the electronic 
correlations are presumably weak, it is highly desired to explore physical properties both, 
theoretically and experimentally, and furthermore to compare the obtained results. 

To the best of our knowledge, the superconducting properties of this superconductor 
were not well examined. The influence of lack of inversion center on the physical properties 
of the superconductor Th7Co3 was not studied as well. In this paper the results of 
magnetization, electrical resistivity, and specific heat measurements of Th7Co3 are presented. 
The thermodynamic characteristics of the superconducting state are evaluated. 

We have performed also the electronic band structure calculations for the  Th7Co3 
compound using the FP-LMTO method. We get the electronic density of states (DOS), from 
which it is suggested that the contribution, coming from the Th-6d orbital is twice higher than 
the contribution from Co-3d orbital. Thus, we can suppose that the superconducting state is 
related deeply with the electronic state 6d27s2, which is coinciding with the experimental 
result. By using the total value of the DOS at the Fermi level, we have calculated the 
Sommerfeld coefficient, which is in well accordance with the experimental value. The self-
consistent  band structure calculations for the compound Th7Co3 were performed too, in 
which the effect of the ASOC is pronounced, i.e., the degeneracy of the spin-up and spin-
down bands is removed.         
 
 
Email of the presenting author: m.sahakyan@int.pan.wroc.pl  
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57Fe and 151Eu Mössbauer spectroscopy of (Eu0.72Ca0.28)(Fe1.64Co0.36)As2  

iron-based superconductor 
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The compound EuFe2As2 is one of the parent compunds of the iron-based 

superconductors belonging to the most stable chemically ‘122’ family. The parent compound 
exhibits development of the iron-based longitudinal incommensurate spin density wave 
(SDW) at about 192 K with almost simultaneous tetragonal distortion from the rhombohedral 
symmetry. The SDW propagates along the a-axis. Europium orders anti-ferromagnetically at 
about 19 K with moments aligned with the a-axis. There is no transfer field on iron due to the 
divalent europium ordering [1]. Upon doping with cobalt in the iron planes one observes 
gradual suppression of SDW with the emergent superconducting state (SC). Eventually one 
reaches overdoped region with neither SDW nor SC. Traces of SDW could survive to the 
overdoped region. The mixed state has some filamentary character with non-magnetic 
superconducting filaments and normal metal with SDW. Europium partially transforms to 
trivalent non-magnetic state due to the chemical pressure, while magnetic moments of the 
remaining divalent Eu tilt in the a-c plane preserving anti-ferromagnetic order. One observes 
some transfer field on iron due to the Eu order. Eu orders in the SC state as well. Eu3+ 
experiences some transfer field from Eu2+, too. A tetragonal distortion is suppressed by 
doping [2]. In order to suprees SDW and create SC one can apply hydrostatic pressure and/or 
doping of any involved element. 

We have studied doubly doped compound in order to look upon europium dilution. 
The compound CaFe2As2 is a parent compound as well with the SDW onset at about 175 K 
[1]. Mössbauer spectra of 57Fe contain two electric quadrupole split components at high 
temperature. The minor component has very broad lines. The major component has slightly 
larger spectral shift (isomer shift) and much larger quadrupole splitting at room temperature 
than the parent compound EuFe2As2 [1]. Hence, the electron density on iron nuclei is lowered 
due to doping, while the increase in the quadrupole splitting is likely to be caused by the 
chemical disorder induced by dopants. Traces of SDW order appear in the spectrum collected 
at 80 K. About 44 % of the sample volume contains SDW, while remainder is free of the iron 
induced 3d magnetism at 80 K. Spectrum obtained close to the ground state, i.e., at 4.2 K 
consists of two components as well. About 73 % of the sample volume exhibits SDW and 
some hyperfine field transferred from the ordered Eu2+ magnetic moments. Remainder of the 
iron nuclei experiences a transferred hyperfine field of about 1.1 T due to the divalent 
europium magnetic order. The latter minor component does not exhibit 3d magnetic order and 
it is responsible for filamentary superconductivity typical for ‘Eu-122’ iron-based 
superconductors [2]. 

151Eu Mössbauer spectra were obtained at three temperatures. Dominant contribution 
to the spectrum is due to Eu2+ ions – about 92 %. Remainder is due to non-magnetic Eu3+ 
ions. Spectral shifts (isomer shifts) are typical for above ionic configurations and comparable 
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Probably none of the naturally occurring minerals was utilized by the mankind more in 

its pristine form than magnetite. But its profound role in civilization notwithstanding, 
magnetite displays yet another fascinating face: the Verwey transition, the first order phase 
transformation at TV of ca 125 K signaled by the huge peak in heat capacity, the resistivity 
drop of two orders of magnitude on heating across TV and the anomalies in most of physical 
characteristics. Owing to these spectacular properties and entangled interactions participating 
in the transition, magnetite became a test ground for many experimental and theoretical 
techniques in solid state physics, not necessarily connected with 3d metal oxides. But despite 
this unieversal and continuous interest and despite the fact that the long standing puzzle - the 
low temperature structure- has been recently resolved („trimeron lattice“) [Senn], many 
aspects of physics of this material are still not understood and are still the challange for solid 
state physics. These still unsolved, or unclear,  problems are, e.g.: 
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- the reason for the drastic change of the Verwey transition character from first-order („first-
order magnetite“) for stoichiometric magnetite and with low doping/nonstoichiometry level in 
Fe3-xMxO4 (M is primarily Zn or Ti, or just iron vacancy; first-order Verwey transition occurs 
when x<0.012, see Fig. 1) to the continuous character („second-order magnetite“, 0.012 <x< 
0.036), and its connection with the trimeron lattice, 
- the problem linked to the one above: the reason for the low temperature (T<TV) heat capacity 
excess in second-order order magnetite on top of that in the first-order samples [Kozl, 
Kolodz], 
- the three components of the transition: charge and orbital orderings and the lattice distorsion, 
all, possibly decoupled [Lorenzo] and surviving, in the form of short range order, up to high 
temperatures [Bosak].  

We have recenty suggested [Kakol] that all the above problems may be intimately 
linked and connected with yet another interesting phenomenon: a magnetic field induced 
changing of monoclinic c axis in low T phase of magnetite („axis switching“). Namely, 
trimeron lattice may be unstable against small reorganization of atomic structure caused by 
doping/ nonstoichiometry in the 2-nd order regime resulting in many electronic states of 

Figure 1. The composition of the measured  
Fe3-xZnxO4 on top of the universal TV vs. x 
curve. Note the characteristic break signalling 
the change of the verwey transition from first 
(lower x) to the second order. 
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comparable energy, i.e. of high entropy and leading to a substantial specific heat.  To check 
this conjecture, the technique that can see both the individual atom surroundings (electric field 
gradient), charge (isomer shift) and the individual atom magnetic field was applied: 
Mössbauer spectroscopy. 

The samples, single crystalline Fe3-xZnxO4 (x=0, 0.005, 0.03, see Fig. 1) were skull 
melter grown and subsequently annealed for stoichiometry. Oriented samples were thinned 
out to the form of 100 m thick platelet ((001) plane) perpendicular to gamma quanta 
beam.The 57Fe measurements were performed in the transmission geometry using a constant 
acceleration type spectrometer with a 57Co in Rh source kept at room temperature and the 
absorber placed in a closed cycle refrigeration system at several temperatures both above and 
below TV. 

The representative results are shown in Fig. 2. While the spectra at T>TV are very 
similar, the change of symmetry to low T monoclinic has a profound effect on the spectra. In 
particular, those for the second order ample (x=.03) do not show subtle line splitting 
suggesting some considerable lattice disorder. 

The spectra were analyzed within the transmission integral approximation assuming 
two components at T>TV and five components at T<TV,  in accord with the simplified P2c 
symmetry. The tetrahedrally coordinated Fe is very well visible both at T>TV and T<TV, with 
only minor change of parameters at TV. It is thus, obvious that the tetrahedral iron cations can 
not change their valance at TV as found a few years ago in [Rozenberg]. It was suggested 
there, based on Mössbauer studies under pressure, that apart from the Verwey transition there 
is also a crossover to normal spinel lattice that proceeds at the same temperature TCC = TV as 
the Verwey transition under ambient pressure, but where TCC grows when pressure is 
increased (contrary to TV, which lowers with pressure). Normal to the inverse spinel 
transition, that would naturally explain the Verwey transition, would result in Fe+3 to Fe+2 
change, rejected by our data.  

  
Figure 2. Mossbauer effect spectra of Zn doped single crystalline magnetite. The spectra in the first panel are 
characteristic for high temperature cubic symmetry and clearly different than in right panel, in monoclinic phase. 
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Electrochemical properties of cathode-electrolyte gradient system 

for use in proton-conducting fuel cells PCFC 
 

Andrzej Kruk, Ewa Durda, Kazimierz Przybylski 
AGH University of Science and Technology, Faculty of Materials Science and Ceramics, 

al. Mickiewicza 30, 30-059 Krakow, Poland 
 

Proton-conducting solid oxide fuel cells (PCFC) are very promising energy generators 
distinguished by high efficiency and very low emission of toxic gas. An important aspect is to 
select a suitable cathode material working with high temperature proton conductor electrolyte. 
The most desirable cathode material for protonic fuel cell should present both electronic and 
protonic conductivity which allows for the expansion of the triple phase boundary from the 
electrode/electrolyte/gas interface to the cathode bulk. Conductivity is realized by small 
pollaron hopping mechanism. One way of achieving such type of conductivity is to produce 
composite cathode consisting of both protonic and electronic conducting phases. In addition, 
use of a composite cathode reduces problems with the thermal expansion coefficient 
mismatch between the electrode and the electrolyte materials. 

A potential solution to these problems is the use of suitable materials of the gradient 
structure. In this study, a cathode-electrolyte gradient system was obtained by using 
Ba0.99Ce0.95Dy0.05O3-δ  (BCDy) and La0.6Sr0.4Co0.2Fe0.8O3-δ (LSCF48) as the electrolyte and 
cathode material respectively. The system was composed of ceramic layers with linearly 
differing content of electrolyte and cathode powders with weight ratios: 100:0, 80:20, 60:40, 
40:60, 20:80 and 0:100, respectively. The sinters were compressed into a pellet under 250 
MPa pressure and sintered in 1373 K for 5 hrs in air. To verify the chemical stability and 
phase of BCDy and LSCF48, XRD analysis was carried out. The results indicated that no 
secondary phases were formed. Measurement of electrical properties of the sample were 
carried out by electrochemical impedance spectroscopy method which indicated improvement 
of electrical properties compared to the conventional cathode-electrolyte system.  
  
 
Email of the presenting author: a.kruk@poczta.fm    
  

P-15 P-15 



 

 
F

that in t
transitio
ferroma
we hav
magneti

F
the hexa
and c= 4
relaxatio
300 K in

F
field of 
FC dc m
30 K in
depende
typical 
suggests
ferroma
Ce(Cu0.

phases. 
 
 

Figure

 

P-16 Cracow

Ree

1Institute o

From our p
the middle 

ons. From m
agnetic tran
ve carried o
ic anomaly 
For these st
agonal crys
4.114(6) Å.
on, heat cap
n a Quantum
Fig. 1 show

f 1 kOe, two
magnetic su
n the ZFC 
ence occurs
of spin glas
s that the SG

agnetic ph
.625Ni0.375)4M

e 1. Temperatu

w Colloquium

entrant sp
in 

K
of Molecula

previous stu
range of N

magnetizatio
sition and t
out detailed
and to verif

tudies we ch
tal structure
. Frequency
pacity, and
m Design P

ws the mag
o consecutiv
usceptibility
magnetizat

s in both the
ss behaviou
G state doe

hase below
Mn exhibits

ure dependenc

m on f-electro

pin-glass s
the Ce(C

Karol Synora
ar Physics P

udy on the i
Ni concentra
on data, we 
the lower on
d magnetic 
fy the propo
hoose the C
e (space gro

y-dependent
electrical r

hysical Pro
netic behav
ve magnetic

y. A sharp i
ion. Additi
e real ’ and
ur. However
s not show 
w the SG
s features ch

ce of FC and Z
(li

on systems, 2
CCFES2015

state and 
Cu0.675Ni0.3

 
adzki1, Tom
Polish Acad

isostructural
ation the sa
identify the
ne as a spin

measurem
osed reentra

Ce(Cu0.625Ni
oup P6/mm
t ac suscept
resistivity m

operty Meas
viour of the
c transition
increase at 
ionally, dou
d  imaginary
r, almost st
a true reent
G transiti
haracteristic

 
ZFC dc magne
ines, right axi

24-27 June 20
5 

magneto
75)4Mn al

masz Tolińsk
demy of Scie

l Ce(Cu1-xN
amples exh
e higher tem
n glass tran

ments to un
ant spin glas
i0.375)4Mn sa
m) with latt
ibility, dc s
measuremen
surement Sy
e Ce(Cu0.62

ns can be cl
TC ~ 120 K
uble peak s
y ” part of
table in tim
try with the 
ion. There
c for both th

etization (poin
is). 

015, Cracow, 

caloric ef
loy 

ki1 
ences, Pozna

Nix)4Mn sys
ibit two co

mperature tra
sition [1]. I
derstand th
ss (RSG) sta
ample. This
tice parame
usceptibility
nts were ca
ystem (PPM

5Ni0.375)4Mn
early resolv

K is followe
structure wi
f the ac susc
e dc magne
complete d

efore, in 
he spin-glass

nts, left axis) a

Poland 

ffect  

ań, Poland 

stem we hav
onsecutive m
ransition as 
In the prese
he low tem
ate. 
s alloy cryst
eters a = 5.1
y, dc magn

arried out fr
MS). 

n alloy. In 
ved in the Z
ed by a peak
ith clear fr
ceptibility, 
etization at 
disappearanc

low tem
s and ferrom

 

and ac magne

ve found 
magnetic 
a cluster 

ent study 
mperature 

talizes in 
118(1) Å 
etization 
rom 2 to 

probing 
ZFC and 
k at Tf ~ 
requency 
which is 
T = 2 K 
ce of the 

mperature 
magnetic 

tization 

P-16 



 
  

O
magneto
change 
The mag
for the M
freezing
correspo
(RCP = 
 
 

Fig

 
 
Reference
[1] K. Sy
 
 
 
Email o
 

P-16 Cracow

On the bas
ocaloric (M

|-S| has 
gnetocalori
MC applica

g temperatu
onding to th
|-SMAX|×

gure 2. Magne

e 
ynoradzki, T. T

of the presen

w Colloquium

se of the m
MC) effect. 

reached th
c effect in t
ation. Howe
ure. Therefo
he sum of th
TFWHM) va

etic entropy ch

Toliński, Acta

nting author
 

m on f-electro

magnetizatio
It was foun
he highest 
the studied a
ever, a peak
fore, the ov
hose two tra
alue. 

hange -S of

a Phys. Pol. A 

r: karol.syno

on systems, 2
CCFES2015

on curves M
nd that the 

value of 
alloy is wea
k of |-S| is
verall effec
ansitions, w

f Ce(Cu0.625Ni
 

 126, 300 (20

oradzki@ifm

24-27 June 20
5 

M(H) data i
maximum v
0.8 J/(kg K

ak, which m
s around 90
t on the g

which impro

i0.375)4Mn sam

14). 

fmpan.pozna

015, Cracow, 

t is possibl
value of the

K) at H =
makes this m
0 K, i.e. betw
raph (Fig.2

oves the rela

mple at various

an.pl   

Poland 

le to determ
he magnetic
= 50 kOe 

material una
ween the C
2) is a bro
ative coolin

 
s magnetic fiel

mine the 
entropy 
(Fig. 2). 

attractive 
Curie and 
oad peak 
ng power 

lds. 

P-16 



Cracow Colloquium on f-electron systems, 24-27 June 2015, Cracow, Poland 
CCFES2015 

 
New quaternary iron-rich compounds U-Fe-Ge-Sn 

 
Margarida Henriques1,2, António Pereira Gonçalves2 

1 Institute of Physics, ASCR, Na Slovance 2, 18221 Prague, Czech Republic 
2 C2TN, Instituto Superior Técnico, Universidade de Lisboa, P-2695-066 Bobadela, Portugal 
 

Single crystals of two new iron-rich uranium-based quaternary compounds were 
prepared by the solution growth method, using Sn as flux and starting from the U, Fe and Ge 
elements mixed in a ratio 1:2:4. The resulting crystals were analyzed by scanning electron 
microscopy coupled with energy dispersive X-ray spectroscopy. Single crystal X-ray 
diffraction was undertaken in order to solve their crystal structures. 

UFe6Ge2Sn4 crystallizes in the primitive hexagonal HfFe6Sn6 – type structure  (space 
group P6/mmm) with lattice parameters a = 4.2639(5) Å and c = 8.5969(7) Å. In this 
quaternary structure, the U, Fe and Ge atoms occupy a single atomic position each that is fully 
ordered. The Sn atoms are positioned in two inequivalent crystallographic sites, 2d and 2e, 
showing occupation of 1 and 0.91 respectively.  

U2Fe7Ge3Sn was found to crystallize in a tetragonal lattice (space group I4/mmm) 
having lattice constants a = 4.0163(6) Å and c = 24.3030(4) Å. The asymmetric unit is similar 
to the one of Eu2Pt7P3Al and consists of a unique Wyckoff position for U, three for Fe, two 
for Ge, and one for Sn. This last atom was located within the unit cell by difference Fourier 
analysis, with the final refined occupation being 0.12. For all other atoms, the refinement of 
occupancy rates did not indicate any deviation from 1 in all the atomic positions. 
 
 
Email of the presenting author: henriques@fzu.cz   
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Study of Ti, V and their oxides-based thin films  

in the search for hydrogen storage materials 
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K. Drogowska1, L. Havela4 , A.G. Balogh5 

1AGH University of Science and Technology, Faculty of Physics and Applied 
Computer Science, 30-059 Kraków, Poland 

2AGH University of Science and Technology, Faculty of Computer Science, 
Electronics and Telecommunication, 30-059 Kraków, Poland 

3 Institute of Physics, Pedagogical University, 30-084 Kraków, Poland 
4Faculty of Mathematics and Physics, Charles University, Ke Karlovu 5,  

12116 Prague, Czech Republic 
5Institute of Materials Science, TechnischeUniversität Darmstadt, 64287 Darmstadt, 

Germany. 
 

We are interested in the hydrogen storage ability and the effect of hydrogen sorption 
on the crystal and electronic structure and physical properties of Ti, V and their oxides-based 
thin films. Thin film processing is in fact an alternative method that synthesizes 
nanostructured materials in specific compositions which could provide a size-reduction to the 
nanoscale. Besides, it provides a possibility to investigate the surface or interface 
contributions to the hydrogenation thermodynamics. 

Thin film series consisted of Ti, V, TiO2 and V2O5 layer with different layer 
geometries and thicknesses have been prepared by the sputtering technique. The film 
chemical composition, layer thickness and structure were determined by combined analysis of 
X-ray diffraction, X-ray reflectometry, Rutherford backscattering and optical spectrometry. 
The hydrogen depth profile of selected films upon hydrogen charging at 1bar and/or 
hydrogenation at pressure up to 102 bar was determined by using secondary ion mass 
spectrometry and nuclear reaction analysis using a N-15 beam. The highest hydrogen storage 
with a concentration up to 50 at.% was found in the pure Ti and Ti-contained layer, while it 
amounts to around 30% in the metallic Ti-V-Ni layer. Hydrogen can diffuse through the TiO2 
layer without accumulation, but can be stored in the VO2 layer in some cases. Hydrogen can 
remove the preferential Ti orientation in the films and induce a complete transition of V2O5 
into VO2 in the films.  

We show in Fig. 1 the RBS spectrum of as–deposited Ti-V-Si/Si(111) film. It is 
characterized by a large and wide peak at energy range of 1050 and 1300 keV corresponded 
to Ti-, V- and Ni signals from the film. Hydrogen charging leads to surface oxidation of the 
film revealed by an appearance of a quite sharp O-peak at energy of 620 keV. The film 
structure can be considered to consist of 2 different regions: 1) the oxidized layer with a total 
thickness of 48 nm, 2) the main part of the film is the pure metal layers of a total thickness of 
103 nm. We investigated that the total thickness of the Ti-V-Ni/Si(111) film does not change 
by hydrogen charging. 

Fig. 2 presented hydrogen profile determined from N-15 experiments for Ti-V-
Ni/Si(111). Before hydrogen charging, Ti-V-Ni layer reveals small amount of hydrogen (~4 
at.%) distributed quite homogenously within the whole film up to 100 nm deep from the film 
surface. On the surface (up to the thickness of 10-15 nm) a quite high concentration of 15 
at.% of hydrogen is found. Hydrogen charging causes an enormous increase of hydrogen 
amount up to 32 at.% in the film. However, the hydrogen profile reveals that the hydrogen 
gather mostly in the deepness of the range of 50-100 nm, i.e. in the deep layer consisted of 
pure Ti-V-Ni metal. 
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Magnetic phase transition 

in antiferromagnetic SrMnO3 and K2CoF4 perovskites 
 

D. M. Nalecz, R. J. Radwanski, R. Bujakiewicz-Koronska 

Institute of Physics, Pedagogical University, Podchorazych 2, 30-084 Krakow, Poland 
 

Compounds of the type ABO3 perovskite structure are primarily studied in terms of 
dielectric properties. The popular systems like BaTiO3, CaTiO3, PbTiO3, LiNbO3 contain 
transition metal ion in the B site. These cations which 3d0 electron configuration have empty 
d shell. The same perovskite structure is also formed by compounds containing a magnetically 
active ions such as Mn4+ and Co2+, that have an open 3d shell. These ions have three and 
seven electrons in the incomplete 3d shell, respectively forming strongly correlated 3d3  and 
3d7 electron systems. Stoichiometric SrMnO3 shows, depending of the preparation, three 
polymorphic structures: cubic perovskite (space group Pm-3m, No. 221) containing 1 formula 
units, and two hexagonal polymorphs 4H and 6H containing 4 and 6 formula units, 
respectively. They are antiferromagnetic with Néel temperature between 230-280 K. K2CoF4 
crystalizes in the layered perovskite structure and is antiferromagnet below TN of 107 K. 
 Despite of very different ions and their different valencies, there is interesting fact that 
the electronic structures of these compounds are correlated. The  Mn4+ and Co2+  ions have the 
same atomic-like ground term 4F, but the effect of the octahedral crystal field, associated with 
the octahedral ligand (O2- and F1-) surroundings, is exactly opposite as the Mn4+ ion can be 
regarded as 3-electron system whereas the Co2+ ion as the 3-hole system. In a consequence 
subterm 4A2g (the orbital singlet) is the ground subterm in case of SrMnO3 whereas subterm 
4T2g (orbital triplet) is the ground subterm in case of K2CoF4. Their 4-fold and 12-fold 
degeneracies are partly removed by the spin-orbit interactions and fully removed in the 
magnetic state.  
 We have calculated low-energy electronic structure of SrMnO3 and K2CoF4 [1] both in 
paramagnetic and the antiferromagnetic state. Magnetic properties of SrMnO3 are 
predominantly determined by the low-energy, atomic like electronic structure of Mn4+ ions 
whereas magnetism in K2CoF4 is associated with Co2+ ions. From the calculated low-energy 
electronic structure we have obtained the temperature dependence of the specific heat with a 
-type peak marking the magnetic phase transition.  

We are going to show the calculated temperature dependence of the heat capacity of 
K2CoF4 and SrMnO3. These dependence which contains the 3d contribution ce(T) as a result 
of the temperature evolution of the electronic structure, and the lattice contribution under 
assumptions of Debye temperature values as 400K for K2CoF4 and 600K for SrMnO3. The 
calculated specific heat are in good agreement with experimental points taken from [2-5]. It is 
worth to note that our approach describes magnetic properties of these compounds being in 
agreement with their insulating ground state (it is great problem in band theories) [6].  
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Really first principles calculations - Quantum Atomistic 

Solid State Theory (QUASST) for UPd2Al3, UGa2 and UO2 
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 There is  a long-lasting debate within the magnetic community about  the role played 
by f electrons, in particular after the arisen problem of the extraordinarily large specific heat at 
low temperatures for intermetallic compounds known in last thirty years (CeAl3 1976) as the 
heavy-fermion problem. There are two schools, a smaller localized crystal-field community 
and a dominant itinerant community claiming the dominant role of hybridization of  f  and 
conduction electrons. In the first the number of  f  electrons is integer, in the other - is 
noninteger. This problem can be traced on UPd2Al3, as an example. The uniqueness of 
UPd2Al3, discovered in 1991 in a group of Prof. Steglich, relies in the coexistence of the 
heavy-fermion (h-f) phenomena, the large magnetic moment of about 0.85-1.5 µB in the 
antiferomagnetic state below TN =14.3 K and the superconductivity below 2 K. In band 
calculations all f electrons (Kubler 1991, Fulde/Zwicknagl) are considered as itinerant. Within 
the crystal-field (CEF) approach, which we have extended to the Quantum Atomistic Solid 
State Theory (QUASST),  some f electrons are treated  as localized. Within the localized CEF 
approaches there is a discussion about the tetravalent (U4+ = two localized f electrons) (e.g. 
Steglich group 1992, Divis 1996) or preferred by us [Radwanski 1992] trivalent (U3+ =three 
localized f electrons) uranium state in UPd2Al3. Some authors (Fulde, Zwicknagl) after 
important theoretical works with all delocalized f electrons recently have admitted the 
existence in UPt3 and in UPd2Al3, two famous heavy-fermion compounds, of two localized f 
electrons coming out with a so-called dual model of 5f electrons. In the dual model two f 
electrons are treated as fully localized whereas the third f electron is partially localized and 
partially itinerant.  One of the present authors (RJR) has claimed at the very beginning on the 
existence of the three localized f electrons, i.e. of the U3+ ion in UPd2Al3, in contrary to strong 
opposition of the "itinerant" community or of "two-localized-f-electrons" community. 
However, there is experimental evidence for crystal-field excitations (Krimmel et al. [1] 
which we have fitted with the 5f3 configuration. We claim, that the experimental excitations 
are like fingerprints of the 5f3 configuration in UPd2Al3. 
 Much the same debate goes over description of UGa2. UGa2 is a very unique uranium 
compound being ferromagnet with Tc =125 K. The U3+ description by Radwanski and Kim-
Ngan (JMMM 140-144 (1995) 1373) was covered by a 5f2 claim (Phys. Rev. B 53 (1996) 
9658) and later by a dual f-electron model (2001). Recent studies [2] on the single-crystal 
specimen of UGa2 have revealed a surprised increase of Tc with pressure but confirmed the 
strong ferromagnetic properties with a moment of 3.07 µB, 10% larger than the previous 
experimental value. Magnetization curves have revealed very strong anisotropy with the 
moments lying along the a axis  in the hexagonal plane (like in UPd2Al3). The ferromagnetic 
state allows for the evaluation of the macroscopic anisotropy parameters. We have derived a 
new slightly-modified set of crystal-field (CEF) parameters in order to account for the 
observed larger magnetic moment.  We have calculated the splitting of the lowest CEF state 
in the ferromagnetic state to be 98 K what we claim was seen in the inelastic-neutron 
scattering experiments and interpreted as a magnon gap of 7-8 meV (Ref. 37 in [2]). 
 In these two compounds the ground state is Kramers doublet. In UPd2Al3 and UGa2 
these Kramers doublet are splitted by internal magnetic spin-spin interactions in the 
magnetically-ordered state. These splittings are 2 and 12 meV,  being roughly proportional to 
the magnetic-ordering temperature.  In our view in heavy-fermion compunds is splitting is 
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very small. In our view the heavy-fermion phenomena have a source in crystal-field spin-like 
neutral excitations to the Kramers conjugate state of a strongly-correlated odd-number 
electron system like the Ce3+ (4f1), Yb3+ (4f13) and U3+ (5f3) configuration (all these ions are 
Kramers ions; the U3+ ion itself is a really heavy-fermion system with strongly-correlated 
atomic-like 89 electrons). The formation of the ionic-like configuration 5f3 (U3+) is 
manifestation of the strong electron-correlations at the atomic scale. In metallic UPd2Al3 three 
localized 5f electrons coexist with conduction electrons.  
 We also have studied UO2. It is predominantly ionic compounds with the tetravalent 
uranium state. It orders antiferromagnetically below 30 K. We have derived crystal-field 
interactions and described its temperature dependence of the specific heat in the whole 
temperature range, including λ-type peak at TN=30 K.    
 Within the Quantum Atomistic Solid State theory (QUASST), claiming the 
preservation of the atomic-like states in a solid, we consistently have explained the ground-
state properties and thermodynamics, both in the paramagnetic and magnetic state, together 
with the reproduction of the λ-type peak at the phase transition. In QUASST we look for 
solutions with an integer number of f electrons in contrary to a 5f-ligand hybridization model.  
Of course, we do not claim that CEF explains everything (surely CEF itself cannot explain the 
formation of a magnetic ordering), but surely the atomic-like 4f/5f/3d cation is the source of 
the magnetism of a whole solid. The atomic-scale magnetic moment is determined by local 
effects known as crystal field and spin-orbit interactions as well as very strong electron 
correlations. These strong electron correlations are predominantly of the intra-atomic origin 
and are taking into account, in the first approximation, via on-site Hund's rules. These strong 
correlations lead to many-electron version of the CEF approach. 
 Finally, we use a name "f electrons", as often is used in literature. Of course, f 
electrons are not special electrons but it means electrons in f states. f states have well defined 
characteristics, like the orbital quantum number l. By identifying quantum states in a solid we 
can identified f electrons, in  particular their number. We also can say, that QUASST says that 
any theoretical description of compounds containing a 3d/4f/5f atom is necessary to start from 
evaluation of the conventional interactions.  The solid-state compounds within the QUASST 
are practical laboratory for the atomic physics and quantum mechanics.  

Finally, we add that existing controversies are very vital for development of Science 
and Physics provided that everybody, researchers and editors, follow scientific rules. It not 
always is the case, but it is the reality. However, discoveries of mysteries of God is a real 
pleasure and for it we are doing Physics. 
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Dynamical properties of KNi2Se2 lattice are investigated within density functional 

theory and the approximation of harmonic phonons. Partial phonon densities of states indicate 
that Ni and Se vibrations span the entire spectral range extending to 27 meV, whereas K 
vibrations are limited to 11–18 meV. It is shown that inelastic neutron scattering spectra 
reflect the dynamics of Ni atoms within [Ni2Se2] blocks and the high-energy Eg mode is 
hardly observed in the Raman spectra due to its low intensity. The electronic contribution to 
the heat capacity of 47 mJ mol−1 K−2 is estimated at very low temperatures. A comparison 
between the experimental and calculated heat capacities indicates significant enhancement of 
the conduction-band effective mass at low temperatures [1]. 
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Ferroelectric materials are of high interest for a numerous applications, including non-

volatile memories, dynamic random access memories, electro optic switches, pyro electric 
detectors, etc. and considerable attention has recently focused on the development of the 
technology for their growth in thin films.  

Lead titanate (PbTiO3) PT sol–gel derived thin films have been prepared on glace 
substrates using lead acetate trihydrate, and titanium isopropoxide as precursors along with 2-
methoxyethanol as solvent and acetic acid as catalyst by spin coating method. Techniques 
including X-ray diffraction (XRD), scanning electron microscopy (SEM), electrical and 
ferroelectric hysteresis measurements have been performed for layer characterization.  
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The resonance transition in spin-crossover molecular nanomagnets 
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The increasing needs of contemporaneous nanoelectronics require a new class of 
materials being able to provide the high-performance processing of large amounts of data and 
their storage on high-density media. The recent researches of new informational materials 
have shown that the properties of spin-crossover compounds are well suited for designing new 
devices able to satisfy the increasing requirements in information technology. The spin-
crossover compounds are the new class of coordination inorganic complexes with 4d  to 7d  
electronic configuration of metal ion orbitals, situated in the center of the octahedral ligand 
field [1]. The main property, which makes these molecular magnetic materials promising is 
bistability controlled by external physical fields. The bistable properties of spin-crossover 
complexes are related to the existence of low-spin and high-spin configuration of degenerated 
d-orbitals of metal ion, which takes places due to action of crystal field of the surrounded 
ligand. The degeneration of d-level lead to the appearance of gt2  and ge  sublevels where the 

electrons may be distributed with different spin configuration depending on the ratio of their 
energy and energy gap between the gt2  and ge  sublevels. Usually such kind of distribution 

provides the existence of two states that have magnetic nature. If the energy of electron-
electron repulsion is less than energy gap the electrons will by situated on the gt2  sublevels 

with antiparallel spins. In this case the low-spin (LS) state with minimal magnetic moment 
and diamagnetic properties is realized. In the case if value of energy of electron-electron 
repulsion becomes the same as the energy gap the paramagnetic high-spin (HS) state is 
realized, and in according to Hund’s rule the electrons will be redistributed in such a way that 
first will try to occupy all free sublevels and then will be pairing.  

In the most cases the spin-crossover system is fully described by the behavior of 
fraction of high-spin molecules. This behavior depends on the action of physical fields 
(magnetic, light irradiation, temperature, pressure and other). On short time intervals this 
action is non-regulate and initializes the fluctuation of system parameters which may be 
described as noise action. The studying of stochastic behavior of spin-crossover system 
provoked by interaction with environment was developed in the works [2]. The main idea 
consists in describing the interaction with environment as contact with heat bath. The 
mathematical tools used are based on stochastic Langevin dynamics in the connection with a 
set of Fokker-Plank equations. 

In this work we carried out the macroscopic studies of system dynamics, where the 
focus is done on the system with simultaneous action of noise and periodic external signal [2]. 
Such coupling of external periodic and stochastic forces allows providing the studying of 
stochastic resonance phenomenon in spin-crossover system with the transition controlled by 
light irradiation. In this case the theoretical description of system dynamics is based on the 
phenomenological kinetic equations in terms of competing photoexcitation and relaxation 
processes following the equations: 

     tt
T

Atnftnf
dt

dn
HrelHexc

H 







  0

2
cos,, .      (1) 

This equation describes the evolution of HS fraction of spin-crossover molecules Hn  where 
photoexcitation and relaxation is described as: 
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       HHHrelHHexc nntnfntnf   exp,,1,       (2) 

Here,   is the probability per time unit of the transition from LS state to HS one determined 
by the intensity of light irradiation and absorption cross-section of optically active element;   
is self-acceleration factor of relaxation defined by the cooperative effects in the system 
described by intersites interaction, the relative atomic concentration and inverse temperature. 
The periodic signal is characterized by the amplitude A , period T  and initial phase 0  which 

for simplicity is considered as zero. The stochastic term  t  describes the additive noise 
which includes all background irregularities presenting in the system. This stochastic term 
corresponds to the following statistical characteristics  
 
     tttt

t








22

0

,         (3) 
where 2  is intensity of additive noise.  

The characteristic of stochastic resonance phenomenon in spin-crossover system 
described by Eq. (1) with the conditions (2) and (3) is given by spectral power amplification 
(SA) obtained from numerical simulations of system dynamics following the relation: 

 
  2

0

2

0





f

X
SA  .          (4) 

where  0X  is the Fourier transform of simulated stochastic trajectory averaged over 

ensemble of 300 particular trajectories, and  f  is the Fourier transforms of input periodic 

signal. In order to estimate the spectral amplification was taken into account the Fourier 
components at frequency 0  which corresponds to input frequency of input periodic signal. 

The obtained results of spectral amplification for the system initially located in HS state (
1Hn ) were shown in Fig. 1. 

 
Figure 1. The signal amplification as a function of amplitude of periodic signal for indicated values of noise (a) 
and as a function of noise intensity at fixed amplitudes (b). Other system parameters are 081.0 , 14.5 . 

As it may be observed, the resonant transition between LS and HS states, which 
corresponds to the main peak in the SA dependencies, occurs for the certain values of noise 
and amplitude of periodic signal. The fall down of dependencies for small values of amplitude 
and noise shown in Fig.1 (a) and (b) respectively is related to the resonant transition from 
initial HS to LS state. 
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maximum. In this way, isochronal spectra disclose the different after-effect processes in the 
temperature range tested, and the characteristic parameters of the relaxation process, as 
activation energy, can be obtained. 

The isochronal disaccommodation spectra in hexaferrites show the presence of 
different relaxation processes namely A0 process at 500 K, A peak at 380 K, B at 300 K, C at 
240 K, D at 165 K and F at 90 K [3]. A close inspection reveals strong similarities, regarding 
the metallic sites, among cubic and hexagonal close packed structures. For this reason it is 
feasible the assumption that the relaxation processes detected in hexagonal ferrites are caused 
from similar underlying mechanisms responsible for the magnetic after-effects in spinel 
ferrites, and the presence of additional relaxation processes can be due to the existence of 
additional interstitial sites in the crystallographic structure. For Sr1-xLaxFe12-xCoxO19 samples 
we can observe the B and D peaks, whereas A peak has very low amplitude, and A0 process 
can be inferred from inspection of some spectra. The increase in doping rate causes a 
progressive diminution of relaxation processes, especially in B peak, and a shift of D process 
peak temperature to higher values. At the higher substitution rate analyzed the 
disaccommodation processes are small, and further doping will suppress them, in a similar 
way than observed in cobalt doped magnetite. Electronic F process is completely suppressed, 
as observed also in several doped magnetite systems, caused by the destruction of the 
crystalline periodic potential. Mössbauer investigations of La3+-Co2+ substitution M-type 
ferrite samples revealed that most of the Co2+ cations  enter into the structure by substituting 
in the octahedral 2a sites, and then causing the observed diminution of B peak amplitude, and 
making energetically unfavourable the A process. In addition, local neutrality favors the 
presence of the divalent ferrous cation in the vicinity of La3+ thus enhancing the D relaxation 
process which takes place in face-sharing octahedral 4f2 in R blocks. On the other hand, 
substitution of part of Sr2+ with La3+, and Co2+ instead Fe3+ has to be taken into account, as it 
distort the hexaferrite structure. With this in mind, increased doping rate almost suppresses B 
peak, due to the small amount of Fe2+ in 2a sites occupied by cobalt, and also modifies the D 
peak in two ways: increasing its characteristic activation energy due to lattice distortion and 
lowering its amplitude, because the unit cell is smaller and then the presence of localized 
ferrous cations in 4f2 sites is less probable in favour of interstitial diffusion of anisotropic 
cations via lattice vacancies, thus increasing the high temperature A0 process. Concerning Sr1-

xLaxFe12-yCoyO19 samples, the effect observed with doping rate is similar. In this case we can 
see that D peak is prominent, and B peak is strongly diminished, even for the lower 
substitution rate analyzed. In this case, the amount of Co2+ is lower than La3+ substitution, 
thus favouring a higher amount of Fe3+ changing its valence to Fe2+ thus enhancing the D 
process and almost suppressing the B process regarding Sr1-xLaxFe12-xCoxO19 samples. The 
increased amount of ferrous cations can not enter completely in the 4f2 sites due to higher 
ionic radium of Fe2+ (0.61 Å) regarding Fe3+ hence increasing the diffusion of interstitial 
ferrous cations at high temperatures, i.e, the A0 relaxation.  
 
Financial support of Universidad de Valladolid and Junta de Castilla y León is acknowledged. 
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Studies of visual attention and emotion 

in physics problem solving 
 

Paweł Kazubowski, Władysław Błasiak, Małgorzata Godlewska, Roman Rosiek,  
R. Sajka, Dariusz Wcisło 

Institute of Physics, Pedagogical University, Podchorazych 2, 30-084 Krakow, Poland 
 

The authors present methods of measurement of biophysical parameters of university 
students and pupils during the process of problem solving. The aim of the research was to 
monitor such parameters like: blood volume pulse, skin conductance, respiration measured by 
BioGraph Infiniti, and oculography parameters measured by SMI HighSpeed 1250TM 

eyetracker during the process of solving several problems in physics. 
The poster presents different parameters as well as different ways of data visualization 

useful in research on didactics of physics. The oculographical results are presented in the form 
of heat maps, scan paths, key performance indicators and others. 
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Effects of Eu substitution on the physical properties of BaTiO3 ceramics 

 
D. Sitko1, B. Garbarz-Glos2, A. Kalvane3 and W. Śmiga1 

1Institute of  Physics, Pedagogical University, Kraków, Poland 
2Institute of Technology, Pedagogical University, Kraków, Poland 
3Institute of Solid State Physics, University of Latvia, Riga, Latvia 

 
Barium-based perovskite ferroelectrics are widely used as capacitors, actuators, 

sensors and electro-optical applications. Recently, special interest has been focused on the 
development of compounds exhibiting a perovskite crystal structure with a general formula 
ABO3, which have been intentionally doped with trivalent rare-earth ions (4fn shell), such as 
Eu, Ce and La, Interactions between the rare-earth ion states and the electronic states of the 
based material can enhance or inhibit the material properties important in many of the most 
applications to form multifunctional. In this study the influence of Eu2O3 addition on the 
physical properties of BaTiO3 was investigated. The addition of Eu is responsible for the 
changes of the electric permittivity and mechanical properties. The small amount of this 
element contributes to the slightly reduction in the temperature of a phase transition between 
tetragonal and cubic phases. Eu3+ ions substituting the A and/or B sites exhibit a donor 
character. The donor incorporation into the grain boundary shifts compensation from 
electronic to vacancy one, resulting in the formation of highly resistive layers and also, the 
decrease in grain size due to a significant dopant drag to the boundary mobility. The aim of 
this study was to measure and discuss the influence of 0,1 wt.% Eu2O3 addition on the 
physical properties of BT. The results of the research obtained with the use of the following 
techniques: X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Energy-
Dispersive X-ray Spectroscopy (EDS), elastic, and dielectric measurements for BTE ceramics 
were presented  
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1 Institute of Physics, Pedagogical University, ul. Podchorazych 2, 30-084 Krakow, Poland 

2 Institute of Technology, Pedagogical University, ul. Podchorazych 2,  
30-084 Krakow, Poland 

 
Lead titanate (PbTiO3) and lead titanate - based ceramics are one of the most 

investigated ferroelectric materials because of their use for example for transducers, actuators 
and sensors [1]. (1-x)Na0.5Bi0.5TiO3-xPbTiO3 (x = 0.05 and 0.6) ceramics were fabricated by 
conventional solid phase sintering process. X-ray diffraction analysis show that obtained 
specimens possesses the perovskite structure. The microstructure study showed a dense 
structure in good agreement with that of above 95% relative density determined by the 
Archimedes method. Electric permittivity broad anomaly is shifted to low temperature after 
PbTiO3 doping of Na0.5Bi0.5TiO3. The crystal structure, phase transitions behaviour, thermal 
and dielectric properties of these ceramics were investigated. The maximum of electric 
permittivity was observed at about Tm ≈ 292 and 513°C for x = 0.05 and 0.6, respectively (on 
cooling, at 100 kHz). The transitions temperatures observed by means of DSC measurements 
are in good agreement with those obtained from dielectric study. 
 
 
Reference 
[1] Ferroelectric devices, Uchino K. New York (NY): Marcel Dekker; 2000. 
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3 AGH University of Science and Technology, Faculty of Physics and Applied 
Computer Science, 30-059 Kraków, Poland 

 
We present a brief summary of our cooperation, in the framework of formal Polish-

Czech cooperation projects as well as informal cooperation between Krakow and Prague 
group. Despite the difference between our main research topics and interests, for more than 20 
years we have performed many investigations together which led to common publications, 
e.g. our first publications in 1993-1994 [1,2] and/or our fresh publication in Physical Review 
B in 2015 [3]. The outcome of our scientific cooperation is not only common publications, but 
also the Ph.D. education. Four Ph.D. students have finished their Ph.D. study for which their 
research work has been a part of Polish-Czech cooperation [4-7]. Three more Ph.D. students 
are now involved in the Polish-Czech bilateral project for 2014-2015.  

Cracow Colloquium on f-electron systems (CCFES2015) is also a result of Polish-
Czech fruitful cooperation, both in the framework of the bilateral project as well as of the 
informal cooperation and personal contact.  

We would like to express our deep thanks to Prof. Vladimir Sechovsky. He has not 
always been a co-author of our publications nor involved formally in the Polish-Czech  
projects. But without his great support, mentally and financially, our cooperation would not 
gain such a momentum and results.  

We would like to thank all people in the Department of Condensed Matter Physics and 
Magnetism and Low Temperature Laboratories for their great help in the experiments and 
during our stays in Prague.  
  
 
References: 
[1] N.C. Tuan et al., J. Appl.Phys. 73 (1993) 5677.  
[2] E. Bruck et al., Phys. Rev. B 49 (1994) 8852. 
[3] I. Tkach et al., Phys. Rev. B 91 (2015) 115116. 
[4] Bilateral Polish-Czech project (2004-2006): Electronic structure and thermodynamic properties of Rare 

Earth-3d intermetalic compounds and their hydrides. Coordinators: Z. Tarnawski, L. Havela. Ph.D. defense 
in 2008 (L. Kolwicz-Chodak). 

[5] The joint Polish-Czech Ph.D. study program (2007-2011): Structure and electronic properties of metal 
hydrides. Coordinators: N.-T.H. Kim-Ngan, L. Havela. Ph.D. defense in 2011 (A.M. Adamska, 
simultaneously doctoral Czech and Polish diplomas). 

[6] Krakow Interdisciplinary PhD-Project in Nanoscience and Advanced Nanostructures (2009-2013). Polish 
coordinator: Z. Tarnawski. Ph.D. defense in 2013 (K. Drogowska). 

[7] Bilateral Polish-Czech project (2014-2015): Structure, electronic and magnetic properties of f-metal 
hydrides (ID(CZ) 7AMB14PL036. ID(PL) 9004/R14/R15). Coordinators: N.-T.H. Kim-Ngan, L. Havela. 
Ph.D. defense in 2015 (I. Tkach). 
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