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Dear Colleagues,

We would like to welcome you to the ECMetAC Days 2023 conference, taking place in Hotel
Kompas in Kranjska Gora, Slovenia from 27™ to 30" November 2023. The conference is a
continuation of the series ECMetAC Days, organized annually by a member institution of
the European Integrated Center for the Development of Metallic Alloys & Compounds
(ECMetAC, https://www.ecmetac.eu/). This year’s ECMetAC Days is organized by the Jozef
Stefan Institute (JSI, Ljubljana, Slovenia) and the Faculty of Mathematics and Physics of the
University of Ljubljana (Ljubljana, Slovenia). JSI is the organizer of a conference from this
series for the second time, after C-MAC Days 2013 (taking place before the name change
from C-MAC to ECMetAC).

The topics of the conference series include formation, stability, synthesis, structural and
chemical characterization, physical, chemical and mechanical properties, surfaces and thin
films, catalysis, theory, applications and new frontiers in metallic materials. The topics are
approached in a highly interdisciplinary manner and include mathematics, physics,
chemistry, metallurgy and materials science.

Based on the submitted contributions, we can say that ECMetAC Days 2023 will provide an
excellent opportunity to present and get acquainted with the latest results in the field of newly
discovered metallic alloys and compounds. A broad range of materials will be discussed
during the eight sessions of talks and one poster session — conventional crystalline
intermetallics, complex metallic alloys, quasicrystals and their approximants, metallic
glasses, high-entropy alloys, intermetallics for catalysis, correlated-electron systems,
thermoelectrics, magnetocalorics and related materials.

We wish you a productive ECMetAC Days 2023 and a pleasant stay in the beautiful Alpine
resort of Kranjska Gora!

Prof. Dr. Janez Dolinsek and the local organizing committee

Ljubljana, November 2023
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Monday, 27" November

12:00 — 18:00 Registration
13:30 — 14:30 Lunch

Workshop (Magdalena Wencka):
Innovative Researcher: End-User Approach for Scientific Project Designing

14:30 — 16:30 Workshop p. 23
16:30 — 17:00 Coffee break
17:00 - 18:30 Workshop p. 23

19:00 — 20:30 Get together party
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Tuesday, 28" November

8:50 — 9:00
Session 1

9:00 — 9:30
9:30 — 9:50
9:50 - 10:10
10:10 - 10:30
10:30 - 11:00
Session 2
11:00 - 11:20
11:20 - 11:40
11:40 - 12:00
12:00 - 12:20
12:20 - 12:40
12:40 - 14:30

Opening (Magdalena Wencka, Julian Ledieu)

Chairperson: Magdalena Wencka

Peter Gille (LMU Minchen) p. 27
Single crystal growth of In7Pds: A case study

Ireneusz Buganski (AGH Krakow) p. 28
The structural similarity between Tsai- and Bergman-type phases

Zbigniew Sniadecki (IMP PAS Poznan) p. 29

The thermodynamic stability of the ThMn1,-type phase in new hard
magnetic (Ce,Zr,Nd)Fe10Si> alloys

Nazar Zaremba (MPI CPfS Dresden) p. 30
Searching for new uranium-based arsenides

Coffee break

Chairperson: Thomas Seyller

Oksana Karychort (MPI CPfS Dresden) p. 32
New Samarium Iron Arsenide SmFesAs;

Andrzej Krzysztof Musiat (IMP PAS Poznan) p. 33

Prussian Blue Analog as a precursor for synthesizing of
Ni(Fe, Co)-based nanopatrticles

Woiciech Sas (IP Zagreb) p. 34

Strategies of synthesizing Prussian blue analogs of mixed
composition into reduced dimensionality systems

Andreja Jelen (JSI Ljubljana) p. 35
Diverse microstructures of the magnetic high-entropy alloys

Ahowd Yousef Alfahad (Uni-Liverpool) p. 36
Surface structure of InsNi, intermetallic compound

Lunch

ECMetAC Days 2023, Kranjska Gora, Slovenia



Session 3
14:30 - 15:00
15:00 - 15:20
15:20 - 15:40
15:40 - 16:00
16:00 - 16:30
Session 4
16:30 — 16:50
16:50 - 17:10
17:10 - 17:30
17:30 - 19:00
19:00

20:00 - 22:00

Chairperson: Pascal Boulet

Silke Buehler-Paschen (VUT Vienna) p. 39
Topological semimetals in strongly correlated systems

Julia Petrovié¢ (JSI Ljubljana) p. 40
Kondo effect in CexLaLuScY (x =0.05-1.0) high-entropy alloys

Anton Kabasi (US Split) p. 41
Anisotropic thermal conductivity of hydrogen fuel cell catalyst films

Monika Kuster (JSI Ljubljana) p. 42

Effect of Al-Cu-Fe quasicrystal particles on the reinforcement of a
polymer-matrix composite: from mechanical to surface properties

Coffee break

Chairperson: Hem Raj Sharma

Weiliang Ma (IJL Nancy) p. 44

Stability and electronic properties of two-dimensional oxide
guasicrystal approximants

Vipin Kumar Singh (IJL Nancy) p. 45

Transformation of two-dimensional quasicrystalline approximants
into partially filled honeycomb lattices in reduced SrTiOs3 thin films
supported on Pt(111)/Al,03(0001)

Thomas Seyller (CUT Chemnitz) p. 46
Epitaxial CoCrFeNi films for surface investigations

Poster session
Dinner

EB meeting
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Wednesday, 29" November

Session 5
9:00 — 9:30
9:30 — 9:50
9:50 - 10:10
10:10 - 10:30
10:30 - 11:00
Session 6
11:00 - 11:20
11:20 - 11:40
11:40 - 12:00
12:00 - 12:20
12:20 - 12:40
12:40 - 14:30

Chairperson: Roland Widmer

Julian Ledieu (IJL Nancy) p. 51
Rare-earth high entropy alloy thin films

Wilfried Bajoun Mbajoun (I1JL Nancy) p. 52

Ceo adsorption on the (100) surface of Au-Si-Ho Tsai-type
approximant

Emilie Gaudry (1JL Nancy) p. 53

Structural, ordering, and magnetic properties of PtNi hanoalloys
explored by density functional theory and stability descriptors

Pavol Priputen (SUT Trnava) p. 55

Characterization of Co-Fe-Ni-Cu-based multi-principal
element alloys

Coffee break

Chairperson: Marek Mihalkovié¢

Janusz Tobota (AGH Krakdéw) p. 56

Interplay of electronic structure and electrochemical efficiency in
cathode materials for Li- and Na-ion batteries

Emil Babi¢ (FS UZ Zagreb) p. 57

Compositionally complex alloys: some insight from photoemission
and magnetism

Federico Mazza (VUT Vienna) p. 58
Scrutinizing the phonon Kondo effect in intermetallic clathrates

Marko Kuvezdi¢ (FS UZ Zagreb) p. 59

Two parallel conducting channels in compositionally complex
amorphous alloys of early and late transition metals

Primoz Kozelj (JSI Ljubljana) p. 60

Magnetism in a nanostructured single-crystalline
AlC020Cr11FessNize high-entropy alloy

Lunch

ECMetAC Days 2023, Kranjska Gora, Slovenia



Session 7
14:30 - 15:00
15:00 - 15:20
15:20 - 15:40
15:40 - 16:00
16:00 - 16:30
Session 8
16:30 - 16:50
16:50 - 17:10
17:10 - 17:30
17:30 - 17:50
17:50 - 18:00
19:00

Chairperson: Tomasz Tolinski

Mario Novak (FS UZ Zagreb) p. 63

Temperature-dependent frequency in the quantum oscillations of
the Bi1.1ShogTeS topological insulator

Yuki Utsumi Boucher (IP Zagreb) p. 64

Electronic structure of (Co,Ni)13NbS; studied by angle-resolved
photoelectron spectroscopy

Stanislav Vrtnik (JSI Ljubljana) p. 65

Quantum phase transition in CesAl studied by muon spin
rotation experiment

Kacper Jakub Pryga (AGH Krakéw) p. 66

Electronic structure and thermoelectric performance of NixAuix
metallic binary alloy

Coffee break

Chairperson: Vincent Fournée

Johannes Roth (US Stuttgart) p. 67
Atomistic simulations of laser-based powder bed fusion

Joze Luzar (JSI Ljubljana) p. 68
AICoFeNiCuy (x = 0.6—-3.0) and (GaNi)xCoCrFe (x = 0.4-1.6)
zero-magnetostriction magnetically soft high-entropy alloys for
supersilent AC magnetic applications

Liam Chandler (UL Liverpool) p. 69
Magnetic properties of quasiperiodic artificial spin-ice tilings
fabricated with nanolithography

Pavol Noga (SUT Trnava) p. 70

New ToF ERDA experimental setup at the Slovak University of
Technology in Bratislava for the characterisation of hydrogen
storage and battery materials

Closing (Janez Dolinsek, Julian Ledieu)

Gala dinner
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Thursday, 30" November

8:30 — 10:15 Science Board meeting
10:15 - 10:45 Coffee break
10:45 — 12:30 Governing Board meeting and General Assembly

12:30 Lunch

ECMetAC Days 2023, Kranjska Gora, Slovenia
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Poster session: Tuesday, 28" November, 17:30 — 19:00

P1

P2

P3

P4

PS5

P6

P7

P8

P9

P10

P11

Pascal Boulet
The Ce-Au-X (X = Al, Si, Ga, Ge, Sn) ternary phase equilibrium
around the quasicrystalline compaosition

Diana FabuSova

Novel open-framework PdO; structures predicted from
first-principle calculations

Radovan Bujdak
Study of novel Ni-O phase Ni>Os from first principles

Emil Tafra

Superconductivity in gold nanostructures with niobium thin film
percolating patterns

Josipa Séurla
Magnetotransport of a single crystal rutile TiO2

Matej Kubis
Experimental simulation of the effect of transmutation helium on
structural steels for nuclear applications

Aleksandra Ludwik

Neutron diffraction study of plastic deformation mechanisms
in AZ31 magnesium alloy

Roland Widmer
Asymmetric adsorption and bond selectivity on chiral PdGa surfaces

Vincent Fournée

Martensitic phase transition in epitaxial Ni-Mn—Ga magnetic
shape memory thin films: a surface science perspective

Filip Ferenéik
Influence of RF sputtering parameters on hydrogen content in
thin PdO films by ToF-ERDA

Holger Schwarz

Growth of crystalline CoCrFeNi high-entropy alloy thin films on
LaAlO3 by magnetron sputtering

p.
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P12

P13

P14

P15

P16

P17

P18

P19

P20

P21

P22

P23

Karol Synoradzki
Magnetocaloric properties of single-crystalline EusIn,Sbe

Tomasz Tolinski

Short-range order effects in paramagnetic states of
single-crystalline Euln,P2 and Euln,As;

Petar Sacer

The appearance of anomalous Hall effect in EuCd»As;
above ordering temperature

Gaurav Pransu

Investigation of transport and magnetic properties of
intercalated TMDs

Naveen Singh Dhami

Crystal structure study of hon-centrosymmetric
EuTGe;s (T=Co, Rh, and Ir) under hydrostatic pressure

Petar Popcevié

Electronic transport in intercalated 2H-NbS,; modulated
by magnetic 3d orbitals

Seyed Ashkan Moghadam Ziabari
Synthesis, characterization, and magnetic studies of Mn;P

Zoltan Széaraz

Phase separation and recovery in ferritic oxide dispersion
strengthened steels

Kaartick Sivakumar

Investigating Ga-Sh-Pd intermetallic compounds as catalysts
for the semi-hydrogenation of acetylene

Priyanka Reddy
Surprising magnetism of murunskite

Buesra Mete
V-Ni intermetallic compounds in oxygen evolution reaction

Michael Sannemo Targama

Crystal growth and thermal characterization of intermetallic
compounds in the Yb-Au-Sn system
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Monday afternoon Workshop '*'

Innovative Researcher: End-User Approach
for Scientific Project Designing

M. Wencka

Jozef Stefan Institute, Ljubljana, Slovenia
Institute of Molecular Physics, Polish Academy of Sciences, Poznan, Poland
e-mail: magdalena.wencka@ijs.si

Design Sprint (DS) is a methodology for quickly and effectively solving design
problems. It draws on design thinking, i.e. creative design of solutions to problems, products
and services, as well as other practical methods used in business. It is our wish to apply the
DS approach also in science to make researchers more sensitive to end-users needs at the
earliest stages of materials and products design and production. The DS process consists of
five following stages that use design thinking to reduce risk and negative consequences when
bringing a new project/product: understand (definition of the project goal), sketch (sketching
of new ideas), decide (selecting the best solution), prototype (raw version of the project) and
test (collecting opinions, further works on the product). The DS allows for a fast and cheap
prototyping of ideas and their subsequent implementation. This workshop is dedicated to
scientists whose research covers all levels of the Technology Readiness Levels (TRLS)
starting from observations of basing principles (basic research levels TRL1 - TRL3) by
technology validation in relevant environments (development levels TRL4 — TRL6) to
demonstrators of prototypes (deployment levels TRL7 — TRL9). During our Workshop, to
address such challenges of binding basic scientists with researchers who work at higher TRLs
levels under real products we will build multidisciplinary teams. An end-user approach will
allow us to study real needs and visualize particular solution and final product that we all use
every day. An example of our project may be finding an environmentally friendly heating
system to heat up a flat in a tenement house located in an Old Town. For that, participants of
our workshop will collect an interview with a flat inhabitant including her/his preferences,
financial status, etc. To support our participants in real world solutions, we will focus also on
studies of real cases.

You are cordially welcome to join us!
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Tuesday morning Sessions 1 -2 '*’

Single crystal growth of In7Pds: A case study
P. Gille*, M. Hahne

Department of Earth and Environmental Sciences, Crystallography Section,
Ludwig-Maximilians-Universitat Miinchen, Germany
*e-mail: gille@Imu.de

Single crystalline surfaces of cubic In;Pds (Pearson symbol cl140) with various crystallo-
graphic orientations are regarded an interesting object for surface science studies with respect
to their catalytic properties and would allow a comparison with the properties of the isostruc-
tural compound GasPds grown in an earlier project [1]. The preparation of surfaces being
large enough for a couple of analytical methods needs single crystals in the size of a few cm?®
which were never grown before.

Starting with the known phase diagram data (Fig. 1) [2] and some experience with
Czochralski growth of single crystals in similar intermetallic systems, the crystal grower can
sometimes learn a lot when doing the experiments and getting some unexpected findings. In
this presentation, the originally scheduled strategy based on thermodynamic data will be
discussed as well as the surprising results of a couple of experiments that failed. Finally,
single crystal growth has been achieved (Fig. 2). It is the aim of this talk to present the
preparation of single crystals as a scientific subject of its own rather than a production process
that can be just ordered on demand.

Weight Percent Palladium

3 » 30 w 0 o ™ # 0 o
T T 1885°C

In Atomic Percent Palladium Pd
Fig. 1: In-Pd phase diagram according to [2]. Fig. 2: In7Pdssingle crystal grown from
an In-rich solution of InssPdi4
composition. (mm grid)

Acknowledgment

This study has been supported by palladium supply by the Université Lorraine, CNRS, 1JL
in common projects within the ECMetAC network.

[1] J. Schwerin, D. Miller, S. Kiese, P. Gille, J. Crystal Growth 401, 613 (2014).
[2] H. Okamoto, J. Phase Equilib. 24, 481 (2003);
H. Flandorfer, J. Alloys Compd. 336, 176 (2002).

27



28

'*' Sessions 1 -2 Tuesday morning

The structural similarity between Tsai- and Bergman-type
phases

I. Buganski'*, R. Strzalka?, J. Wolny?

L AGH University of Krakow, Faculty of Physics and Applied Computer Science, Krakow,
Poland
*e-mail: ireneusz.buganski@fis.agh.edu.pl

Tsai-type quasicrystals were discovered upon isovalant substitution of Zn in Bergman-
type Zn-Mg-Rare Earth system with Cd atoms [1]. It was speculated that Hume-Rothery
mechanism is responsible for the stabilization of quasicrystals therefore the change between
elements with the same number of valance electrons should also form a stable phase. It was
revealed that the newly discovered Cd-Mg-Rare Earth quasicrystal have 10 at. % lower
concentration of Mg and 5 at. % higher content of Rare Earth element. The basic structural
motif is Tsai instead of the Bergman cluster.

In 2008 the structural solution of Ag-In-Yb 2/1 periodic approximant crystal of Tsai-type
quasicrystal was published where pseudo-Bergman clusters were used as structure building
blocks [2]. Recently, it was revealed that not only 2/1 periodic approximant structure of Tsai-
type phase can be solved with Bergman clusters but the same can be done even for 1/1
approximants [3]. Additionally, Bergman phases can be solved with Tsai clusters
characterized by deformations.

In this presentation the molecular orbital theory is employed to understand the
similarities between Tsai-type and Bergman-type phases. By forcefully shifting atoms from
their positions in the Tsai-type structure to their locations in the Bergman-like structure the
modifications of the electronic structure of the subset of the ZnMgSc 1/1 periodic
approximant crystal are investigated (Fig. 1). Upon performing electronic structure
calculations, we conclude the structure is stabilized by hybridization of Zn4p and Sc3d
orbitals. The sp band of Zn density of states is altered by the shift, increasing the occupancy
of p states. The growth of the p orbitals occupancy leads to antibonding p orbitals interactions
elevating the HOMO energy. HOMO/LUMO energy gap decreases. The decrease of the
HOMO energy can be achieved by substituting Zn or Sc with Mg that do not contribute
neither p nor d states to the highest energy orbitals.

Fig. 1. HOMO (left) and LUMO (right) for the ZnMgSc 1/1 approximant crystal
[1] J. Q. Guo, E. Abe, A. P. Tsai, Philos. Mag. Lett. 82, 27, (2002).

[2] M. R. Li, S. Hovmoller, J. L. Sun, X. D. Zou, K. H. Kuo, J. Alloy. Compd. 465, 132, (2008)
[3] I. Buganski, J. Wolny, J. Alloy. Compd. 939, 168823, (2023)

ECMetAC Days 2023, Kranjska Gora, Slovenia



Tuesday morning Sessions 1 -2 '*'

The thermodynamic stability of the ThMni2-type phase
in new hard magnetic (Ce,Zr,Nd)Fe10Siz alloys

Z. Sniadeckil*, M. Kotodziej!, A. Musiat', B. ldzikowskil, J. Snarski-Adamski?,
M. Werwinski?, J.-M. Grenéche?, S. Auguste?, M. Zubko3#

! Institute of Molecular Physics, Polish Academy of Sciences, Poznan, Poland
2] e Mans Université, Institut des Molécules et Matériaux du Mans IMMM,
UMR CNRS 6283, Le Mans, France
3 Institute of Materials Engineering, University of Silesia, Chorzéw, Poland
4 Department of Physics, University of Hradec Kralové, Hradec Kralové, Czech Republic
*e-mail: sniadecki@ifmpan.poznan.pl

The contribution of hard magnetic materials to energy applications is essential today. On
the other hand, the continuous growth of the global market of permanent magnets is subject
to possible supply chain disruption. Although it is always possible to manufacture new
systems with improved properties, there is a group of metastable phases that are difficult to
synthesize, and the ThMny,-type phase is a good example. Several methods are used to
determine the optimum compositions, with the aim of improving the structural stability and
magnetic performance of new alloys.

Semi-empirical Miedema’s model is used by us and the results will be discussed along
with those obtained by a more sophisticated method (ab initio calculations). The approach is
useful for mimicking the synthesis process, where different phases compete. The results of
calculations will be presented together with experimental evidence for (Ce,Zr,Nd)Fe10Si;
alloys consisting of a hard magnetic phase of the ThMni,-type (tetragonal structure, space
group I4/mmm). This phase could close the performance gap between ferrite and Nd-Fe-B
magnets. Further progress is mainly hindered by the low structural stability of the phase
mentioned compared with other phases competing in the synthesis process, particularly those
with a 2:17 stoichiometry. The results confirm the possibility of stabilizing the ThMn1,-type
phase even with a relatively high content of Nd, which normally tends to destabilize the
desired structure.

We acknowledge the financial support of the National Science Centre Poland under the
decision DEC-2021/41/B/ST5/02894 (OPUS-21).

[1] K. Koepernik, H. Eschrig, Phys. Rev. B, 59 (1999) 1743.

29



30

'*' Sessions 1 -2 Tuesday morning

Searching for new uranium-based arsenides

N. Zaremba*, M. Krnel, Yu. Prots, A. Leithe-Jasper, L. Akselrud, Yu. Grin,
and E. Svanidze

Max-Planck-Institut fiir Chemische Physik fester Stoffe,
Nothnitzer StraRe 40, 01187 Dresden, Germany
*e-mail: Nazar.Zaremba@cpfs.mpg.de

Iron-based high-temperature
superconductors still pose
many open questions even
after nearly two decades of
intense research. While small
energy scales of analogous
actinide- and lanthanide-
based  materials  likely
prohibit existence of
similarly  high-temperature
super-conductivity, it is
certainly fruitful to
investigate what happens
when 4f and 5f orbitals are
introduced into these
structures [2]. Our previous
work, [3, 4] indicated that much can be from searching for new materials among arsenic-
based systems. In this talk, | will showcase some of our recent work on the cobalt-based
arsenides. We will revisit the U-Co-As ternary, in which two compounds has been reported
to exist so far — UCoAs; (P4/nmm space group) [5] and U2Co12As7 (P-6 space group) [6]. By
implementing flux synthesis, we were able to grow large single crystals of UCosAs; and
UCo3As, compounds, which adopts own and HoCosP, [7] structure types respectively.
UCosAs; (P63/m, hP74) with lattice parameters a = 17.7460(5) A, ¢ = 3.8120(1) A and
UCo3As, (Pmmn, oP38) with lattice parameters a = 3.8623(2) A, b = 10.8416(6), ¢ =
12.7265(7) A [8]. The refined compositions agrees well with the elemental ratio established
by the EDX analysis — U14,2(3)CO57_3(3)A523_5(3) and U15,3(2)C052_2(2)AS32(2). The physical
properties of UCosAs; and UCozAs; were studied by magnetic susceptibility measurements
which revealed an antiferromagnetic ordering in both compounds below Ty = 25 and 65 K,
respectively. With more in-depth investigations of this and other U-Co-As ternary
compounds being currently underway.

Figure 1: Crystal structure of UCosAss compound, represented by
stacking of U polyhedral, which are connected by common vertices
and edges.

[1] S. Khim, J.F. Landaeta, J. Banda, N. Bannor, M. Brando, P.M.R. Brydon, D. Hafner, R, Kiichler,
R. Cardoso-Gil, U. Stockert, A. Mackenzie, D.F. Agterberg, C. Geibel. E. Hassinger, Science 373,
1012-1016 (2021).

[2] Q. Si, N.E. Hussey, Physics Today 76, 34 (2023)

[3] N.Zaremba, M. Krnel, Yu. Prots, A. Leithe-Jasper, Yu. Grin, E. Svanidze, in preparation (2023)
[4] N.Zaremba, M. Krnel, Yu. Prots, A. Leithe-Jasper, Yu. Grin, E. Svanidze, in preparation (2023)
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Tuesday morning Sessions 1 -2 '*'

[5] D. Kaczorowski, J. Alloys. Compd. 186, 333-338 (1992).

[6] W. Jeitschko, U. Meisen, and J.H. Albering, Dalton Trans. 39, 6067-6073 (2010).

[7] W. Jeitschko, U. Jakubowski, J. Less-Common Met. 110, 339-348 (1985).

[8] N.Zaremba, M. Krnel, Yu. Prots, A. Leithe-Jasper, L. Akselrud, Yu. Grin, E. Svanidze, in
preparation (2023)
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'*' Sessions 1 -2 Tuesday morning

New Samarium Iron Arsenide SmFesAs3
O. Karychort*2*, M. Krnel?, Yu. Prots?, N. Zaremba'?, Yu. Grin?, O. Zhak?, E. Svanidze?
Ylvan Franko National University of Lviv, Lviv, Ukraine
2Max Planck Institute for Chemical Physics of Solids, Dresden, Germany

*e-mail: Oksana.Karychort@cpfs.mpg.de

Iron-based arsenides are a promising class

b2 Y
of materials for discovering new high T. super- | pr %
conductors due to the 'pluripotency’ of arsenic C.Sm ;"jw
[1]. In particular, several iron-based gz LA
superconductors with various stoichiometries Wi
have been reported, such as LiFeAs (18 K) [2], e A
KoesBaosFe:As, (38 K) [3], SrFe:As, and " b
BaFe,As,, in which superconductivity is induced !;‘.'oi'v'\t\"y \ o et
by pressure with T¢ = 27 and 29 K, respectively YUANY N
[4]. Surprisingly, very few rare earth-based !!'!! 2 .
analogs of iron arsenides have been reported so T 'E'} r l’i‘ :
far. The search for new iron arsenides has ?"':"‘r‘-é ~_-; D e
recently led to the discovery of EuFe,Asy, in g X \‘:%;
which superconductivity can be induced by o ‘; ® ey
alkali metal doping or pnictogen substitution [5]. L L 4 ‘E _l

Very little work has been carried out in the i
ig. Crystal structure of SmFesAs3

ter_nary Sm-Fe-As system._ So far, only t_he compound represented by a 3D Fe-As
existence of the skutterudite SmFesAs;z With  framework.
ferrimagnetic transition at 29 K has been
reported [6]. In this work, we revisit the Sm-Fe-As ternary. We were able to obtain the new
SmFesAss arsenide, which adopts the UCrsP; [7, 8] structure type by implementing Bi-flux
method. SmFesAss crystalizes in P21/m space group, with the refined lattice parameters a=
3.8531(4) A, b =7.1848(8) A, ¢ =9.7103(12) A, and = 100.5(5)°. The refined composition
is in good agreement with the elemental ratio obtained from the EDX analysis. The study of
physical properties of SmFesAss revealed magnetic ordering below T¢ = 84 K, with more in-
depth investigations currently underway.

[1] M. Nohara, K. Kudo, Advances in Physics: X 2(2), 450-461 (2017).

[2] J.H. Tapp, Zh. Tang, B. Lv, K. Sasmal, B. Lorenz, P.C.W. Chu, A.M. Guloy, Phys. Rev. B 78,
060505(R) (2008).

[3] M. Rotter, M. Tegel, D. Johrendt, Phys. Rev. Lett. 101, 107006, 1-4 (2008).

[4] P.L Alireza, Y.T.C. Ko, J. Gillett, Ch.M. Petrone, Ja.M. Cole, G.G. Lonzarich, S.E. Sebastian,
J. Phys.: Condens. Matter 21, 012208 (2009).

[5] Zh. Ren, Z. Zhu, Sh. Jiang, X. Xu, Q. Tao, C. Wang, Ch. Feng, G. Cao, Zh. Xu, Physical Review
B 78, 052501 (2008).

[6] T. Namiki, C. Sekine, K. Matsuhira, M. Wakeshima, I. Shirotani, J. Phys. Soc. Jpn. 79, 074714,
1-4 (2010).

[7]1 R. Brink, W. Jeitschko, Z. Kristallogr. 186, 58-59 (1989).

[8] N.Zaremba, M. Krnel, Yu. Prots, A. Leithe-Jasper, Yu. Grin, E. Svanidze, in preparation (2023)
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Prussian Blue Analog as a precursor for synthesizing of
Ni(Fe, Co)-based nanoparticles

A. Musiatt?*, T. Chudziak?, M. Matczak!

LInstitute of Molecular Physics, Polish Academy of Sciences, Poznan, Poland
2 Center for Advanced Technologies, Adam Mickiewicz University, Poznan, Poland
*e-mail: musial@ifmpan.poznan.pl

Magnetic materials are nowadays broadly investigated also aiming novel green energy
sources. One of the materials, which is considered as magnetically hard and destined for
future applications, is NiFe-based alloy crystallizing in the L1, structure which was found
firstly at meteorite. There were various attempts to obtain L1, structure, with physical and
chemical methods among them, for example chemical precipitation method and reduction or
rapid quenching and isothermal annealing.

NiFe-based and CoFe-based core-shell nanoparticles with carbon were prepared by use
of precipitation method followed by isothermal annealing of prussian blue analogue (PBA)
at 320°C. The XRD analysis of the annealed NiFe, indicated the presence of oxides and
carbon. For prolonged annealing, NiFe nanoparticles with possible presence of tetrataenite
(L1 structure) and Fe3O4 (due to high amounts of oxygen) were reported. In the case of
CoFe-based nanoparticles, mostly a-Fe crystallites are visible. One broad exothermic peak
was Vvisible on calorimetric curves for both analyzed alloys and is connected with the release
of residual water and decomposition for both compounds. The Verwey transition around 113
K confirmed presence of magnetite. Crystallization of the a-Fe phase results in high
saturation magnetization of above 160 emu/g for CoFe nanoparticles.

AM work was supported by the National Science Centre Poland, within the project
No. 2019/35/B/ST5/01568. TM acknowledge the financial support of the National Science
Centre Poland, within the projects No. 2019/35/B/ST5/01568 and 2021/41/N/ST5/01112.
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Strategies of synthesizing Prussian blue analogs of mixed
composition into reduced dimensionality systems

W. Sas'2*, A. Pacanowska?, M. Fitta2

YInstitute of Physics, Zagreb, Croatia
2 Institute of Nuclear Physics Polish Academy of Sciences, Krakdw, Poland
*e-mail: wjsas@ifs.hr

The idea of creating molecular magnets relies on merging different building blocks
consisting of magnetic ions and organic or inorganic ligands. Such molecular magnetic
nanomaterials often combine multiple attractive properties, e.g. low density, high magnetic
moment per unit of volume, or sensitivity to external stimuli (temperature, pressure, etc.).
Although the size reduction of a final product is usually beneficial from the application point
of view, synthesizing samples into a desired shape, size, and composition is often
challenging.

The results for two Prussian blue analogs’ families will be presented: binary systems of
Fes[Fe(CN)s]s and Fes[Cr(CN)g]2, and a series of compounds with mixed composition,
Nis[Fe(CN)s]x[Cr(CN)s]2-x. We obtained the samples from the first group in the form of films
and nanotubes by electrochemical deposition using different substrates [1]. For the second
family, we chose sequential adsorption and ion-exchange techniques to grow two different
film types, and slow precipitation to create nanoparticles.

We analyze the morphology of final products and present their structural, spectroscopic,
and magnetic properties. Additionally, we fit the magnetization curves of binary systems to
the mathematical model, which enables a decomposition into separate hysteresis loops
(Fig. 1b). This approach helps estimate the final composition of these samples.

1
—2

1+2
-0 1 2 3 4 5
H (kOe)

Figure 1 Double-shell nanotubes of Fes[Fe(CN)e]s and Fes[Cr(CN)e]2: morphology (a) and magnetic
hysteresis loop decomposed into base phases (b)

Acknowledgments: This work was supported by the Croatian Science Foundation
(project no. HrZZ 1P-2020-02-9666) and National Science Centre Poland (project no. UMO-
2018/31/N/ST5/03300).

[1] W. Sas, P. Czaja, M. Fitta, J. Magn. Magn. Mater., 577, 170805 (2023)
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Diverse microstructures of the magnetic
high-entropy alloys

A. Jelen'* S. Vrtnik'2, P. Kozelj*?, J. Luzart

1], Stefan Institute, Ljubljana, Slovenia
2 Faculty of Mathematics and Physics, University of Ljubljana, Slovenia
*e-mail: andreja.jelen@ijs.si

High-entropy alloys (HEAS) represent novel metals-based materials with complicated
microstructures, where at least five different chemical elements, all in majority
concentrations, are mixed on a simple crystal lattice. Likewise, the materials are usually
comprised of more than one phase on different microscopic levels, ranging from a few nm to
1 mm.

With the poster, | will present the microstructures of 3 different HEAs (Fig. 1), each of
them presenting a special magnetic phenomena. They all possess specific two-phase
nanostructure, which influences the magnetic behavior of the bulk HEA material accordingly.
FeCoCrMnAl [1] is a single crystal with a two-phase structure that leads to two successive
magnetic phase transitions above room temperature. This makes the material promising
candidate for the application in magnetocaloric refrigeration. FeCoNiPdCu [2] is the first
magnetically soft high-entropy alloy, which performs comparably to the best commercial soft
magnets for static and low-frequency applications. AICoFeNiCu [3] is a material that possess
a combination of excellent magnetic softness and vanishing magnetostriction. This is
beneficial for the applications that need supersilent (inaudible to a human ear) materials, like
transformers, magnetocaloric coolers, and other “humming” electromagnetic machinery.

image of the FeCoNiPdCu HEA material [2], b) BS SEM image of the AICoFeNiCu HEA material [3]
and c) BS FIB image of the FeCoCrMnAl HEA material [1].

[1] A. Jelen, et al., J. Alloys Compd. 864, 158115 (2021).

[2] P. Kozelj, S. Vrtnik, A. Jelen et al. Adv. Eng. Mater. 21, 1801055 (2019).

[3]J. Luzar, P. Priputen, M. Drienovsky, S. Vrtnik, P. Kozelj, A. Jelen, et al., Adv. Mater. Interfaces
9, 2201535 (2022).
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Surface structure of InsNiz intermetallic compound

Ahowd Alfahad'*, Julian Ledieu?, Vincent Fournée?, Vipin Kumar?, Peter Gille?,
Ronan McGrath?!, and Hem Raj Sharmat

1 The University of Liverpool, United Kingdom,
2 Institut Jean Lamour, Université de Lorraine, France
% Ludwig-Maximilians-University of Munich, Germany
*e-mail: psaalfa8@liverpool.ac.uk

Intermetallic compounds can be used as catalysts as they show better selectivity and
superior long-term stability for specific catalytic reactions compared to their elemental
counterparts [1]. InsNi; acts as catalyst for hydrogenation of carbon dioxide into methanol
[2]. Understanding of surface structure and electronic properties of In3Ni> would help to learn
and optimise the catalytical activities.

In this work InsNi; intermetallic compound with (100), (001) and (2 10) orientations
were investigated by X-Ray photoelectron spectroscopy (XPS), low-energy electron
diffraction (LEED), and scanning tunneling microscopy (STM) to investigate the surface
geometry in ultrahigh vacuum (UHV) at room temperature.

The surface behaviour of In3Ni2 intermetallic has not been investigated using XPS,
LEED or STM, nor have UHV studies been reported on single crystals. The only article
published recently focuses on anisotropic electrical, magnetic, and thermal properties [3].

All high symmetry surfaces (100), (001) and (2" 10) prepared by sputtering (Ar+ for 30
minutes, drain current 5-6 HA) and annealing at 310-560 °C were studied. We found that
surface ordering and high-quality LEED patterns starts at annealing temperature of 340 °C.
LEED patterns for two surfaces (100) and (2 10) reveal bulk truncated surface, (1x1)
structure. However, the (001) surface has two different types of surface reconstructions C-
(3x \3) and c-(2V3 x 4) rectangular with three different domains.

Atomic resolution is obtained in STM images, which can be explained using the model
atomic structure. There is (1x1) surface structure confirmed by STM for In3Ni(100) and
InsNiz(2-10). Furthermore, the (001) surface shows a c-(2V3 x 4) rectangular superstructure
with three domains and (3x V3) reconstruction that formed from deposit H2-deposition,
which is confirmed by both LEED and STM.

After evaluation of XPS data measured from InsNi, with three different orientations, we
found that In is preferentially sputtered leaving more Ni on the On- the other hand, annealing
the surface at 310 °C to 560 °C promotes segregation of In onto the surface.

[1] M. Ivanov, V. Berezutskii, M. Shevchenko, V. Kudin, and V. Sudavtsova, Powder Metallurgy and
Metal Ceramics, vol. 54, no. 7,2015, 465-470.

[2] C. Li, Y. Chen, S. Zhang, S. Xu, J. Zhou, F. Wang, M. Wei, D. G. Evans, and X. Duan, Chemistry
of Materials, vol. 25, no. 19, 2013, 3888-3896.

[3] M. Armbrster, R. Schlogl, and Y. Grin, “Intermetallic compounds in heterogeneous catalysis—a
quickly developing field,” Science and Technology of Advanced Materials, 2014.
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Topological semimetals in strongly correlated systems
S. Paschen

Institute of Solid State Physics—Quantum Materials, TU Wien, Austria
e-mail: paschen@ifp.tuwien.ac.at

Gapless electronic topology driven by strong correlations is an emerging field of great
interest, with heavy fermion compounds at its forefront. | will introduce the first such
materials class, Weyl-Kondo semimetals [1-3], and report on the giant signatures of topology
observed in CesBisPds [1,3] and the genuine topology control that can be achieved by
magnetic field tuning [4,5]. | will also discuss design strategies for further correlation-driven
topological phases, and discuss several realizations [6,7].

This work was supported by the Austrian Science Fund (FWF-14047, 15868-FOR5249-
QUAST, SFB F 86, Q-M&S), the European Union’s Horizon 2020 Research and Innovation
Programme (824109, EMP), and the European Research Council (ERC Advanced Grant
101055088, CorMeTop).

[1] S. Dzsaber et al., Phys. Rev. Lett. 118, 246601 (2017).
[2] H.-H. Lai et al., PNAS 115/1, 93 (2018).

[3] S. Dzsaber et al., PNAS 118, e2013386118 (2021).
[4] S. Dzsaber et al., Nat. Commun. 13, 5729 (2022).

[5] S. E. Grefe et al., arXiv:2012.15841.

[6] L. Chen et al., Nat. Phys. 18, 1341 (2022).

[71H. Huetal., arXiv:2110.06182.

[8] D. M. Kirschbaum et al., in preparation (2023).
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Kondo effect in CexLaLuScY (x = 0.05-1.0) high-entropy alloys

I Petrovié'*, S. Vrtnik?, A. Jelen, P. Kozelj'?, J. Luzar?, P. Mihor?, Q. HU?,
M. Wencka'*, A. Meden®, J. Dolingek!?

! Jozef Stefan Institute, Jamova 39, SI-1000 Ljubljana, Slovenia

2 University of Ljubljana, Faculty of Mathematics and Physics,
Jadranska 19, SI-1000 Ljubljana, Slovenia

3 Institute of Applied Physics, Jiangxi Academy of Sciences,
Changdong Road 7777, Nanchang 330096, PR China
4 Institute of Molecular Physics, Polish Academy of Sciences,
Smoluchowskiego 17,PL-60-179 Pozna#n, Poland
S University of Ljubljana, Faculty of Chemistry and Chemical Technology,
Vecna pot 113, SI-1000 Ljubljana, Slovenia
*e-mail: julia.petrovic@ijs.si

The original definition proposed by Yeh et al. in 2004 describes high-entropy alloys
(HEAS) as alloys with multiple principal elements in equimolar or near-equimolar ratios,
whose high entropy of mixing enhances stabilization of single-phase random solid solution
on simple crystal lattices. Almost two decades later, research and understanding of physical
phenomena appearing in HEAs until today remains relatively scarce.

Our motivation was to try and expand the area of HEAS to correlated-electron systems,
where we designed and synthesized a series of hexagonal rare earths based HEAs with
nominal formula CesLaLuScY (x = 0.05, 0.1, 0.2, 0.5 and 1.0), with Ce being the only
element that possesses a magnetic moment, while the rest four elements are nonmagnetic.

This presentation will mainly cover the measurements and analysis of electrical
resistivity, magnetic susceptibility and specific heat, which revealed that CexLalLuScY HEAs
show the Kondo effect. While alloys can be classified as dense Kondo systems, the results
support the presence of a single-impurity Kondo effect across the entire range of Ce
concentrations.

In addition, main results will be preceded with short insights on materials’
characterization, i.e., motivation for synthesis and determination of crystal structure, lattice
parameters and chemical composition for all samples.

Acknowledgments: This research has been financially supported by the Slovenian Research
and Innovation Agency (research core funding No. P1-0125).

[1] B.S. Murthy, J.-W. Yeh, S. Ranganathan. High-Entropy Alloys (Elsevier, Amsterdam,

The Netherlands, 2014).

[2] A.C. Hewson, The Kondo Problem to Heavy Fermions (Cambridge University Press,
Cambridge, 1993).

[3] D.R. Hamann. New solution for exchange scattering in dilute alloys. Phys. Rev. 158 (1967),
570-580.
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Anisotropic thermal conductivity of hydrogen fuel cell
catalyst films

A. Kabagi*?>*, A. Bilugi¢'3, K. Dzelalija’

L Center of Excellence STIM-REI, University of Split, Croatia
2 Doctoral study of Biophysics, Faculty of Science, University of Split, Croatia
3Faculty of Science, University of Split, Croatia
*e-mail: akabasi@pmfst.hr

Goal of our research is development of a proton exchange membrane (PEM) with
increased lateral thermal conductivity to improve hydrogen fuel cell efficiency and longevity.
PEMs in polymer electrolyte fuel cells belong to a class of materials known as ionomers.
These materials exhibit anisotropic thermal conductivity which depends highly on chemical
composition, degree of hydration, size of water domains surrounded by polymer chains
whose geometry is influenced by the stress and strain induced in the membrane during
operation by local overheating.

Frequency domain measurement techniques (3@ method [1]) with arbitrary sensor
geometries enable measurement of the general thermal conductivity tensor. Finite element
simulations are used to model arbitrary heater geometries to interpret experimental results.

Thermal conductivity of the sensor substrate was measured and results are consistent
with literature. Thin ionomer film was applied on top of the sensor and the ionomer + sensor
substrate system thermal conductivity was measured in the operating temperature range of
the hydrogen fuel cell under vacuum.

[1] David G. Cahill, Review of Scientific Instruments 61, 802 (1990)
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Effect of Al-Cu-Fe Quasicrystal particles on the
reinforcement of a polymer-matrix composite:
from mechanical to surface properties

Monika Kuster °, Zoran SamardZija 2, Matej Komelj 2, Miroslav Huski¢ ¢, Marko Bek ¢
Gaél Pierson ¢, Richard Kouitat ¢, Jean-Marie Dubois ®, Sago Sturm 2 f

aJozef Stefan Institute, Department for Nanostructured Materials,
Jamova cesta 39,1000 Ljubljana, Slovenia
b International Postgraduate School Jozef Stefan, Jamova cesta 39, 1000 Ljubljana, Slovenia
¢ Faculty of Polymer Technology, University of Slovenj Gradec, Ozare 19,
2380 Slovenj Gradec, Slovenia
4 Chalmers University of Technology, Rannvégen 2A, SE-412 96 Gothenburg, Sweden
¢ Institut Jean Lamour, Université de Lorraine, 2 allée André Guinier, 54011 Nancy, France.
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Quasicrystals (QCs) combine high hardness with low adhesion energy, making them
ideal for applications that require non-stick properties [1]. Our expectation was that novel
composites based on quasicrystals would maintain their functionality and resist fatigue
failure and wear, even when subjected to long-term use under normal or extreme conditions.

Fig. 1: SEM/BSE images of the fracture surface after
tensile testing for the composite material with different
volumes of filling particles: (a) PPA with 20 vol.% of
QC and (b) PPA with 35 vol.% of QC, (c) characteristic
higher-magnification micrograph of the PPA with 5
vol.% of QC and (d) high-magnification micrograph of
the PPA with 20 vol.% of QC.
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We explored the feasibility of
creating a unique combination of the
best attributes of Polyphthalamide
(PPA), a technical polymer, and a
quasicrystalline material to enhance
such a composite’s surface and
mechanical properties.  Scanning
electron microscopy (SEM) was used
to specify the microstructure of the
composite materials with different
fillings of AlsgCuzsFe1sBs (at.%) QC
into the polymer matrix (Fig. 1). The
surface energy deduced from the
contact angle measurements was
found between 36 — 39 mJ/m? for the
composites, which shows a good
match to both the naked polymer (39
mJ/m?) and the QC equipped with
his native oxide layer in the air
(average around 37 mJ/m?). A clear
minimum of the surface energy was
found for the composite material
with 20 vol.% of QC filling, in
association with a net drop of the
polar component of the surface
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energy. The investigated materials exhibit a percolation threshold at about 13 vol.% QC
contents, reflected in the observed behaviour of the impact strength and friction coefficient.
This research shows that by combining the favourable properties of QCs and polymers, the
studied materials have potential value for technological applications.

Acknowledgement

This work was performed within the frame of the International Research Project (IRP)
PACS2. The research was financially supported by the Slovenian Research Agency
(P2-0084), CNRS and Université de Lorraine, France, and the European Union Horizon 2020
research and innovation programme under grant agreement No. 823717 — ESTEEMS3.

[1]. Dubois, J.-M, Useful Quasicrystals. World Scientific, Singapore, 2005, pp. 482.
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Stability and electronic properties of two-dimensional oxide
guasicrystal approximants

Weiliang Ma', Thiago Trevizam Dorini', Florian Brix2, Emilie Gaudry?

YInstitut Jean Lamour UMR 7198, Université de Lorraine, Nancy, France.
2 International Associated Laboratory PACS2, CNRS Université de Lorraine, Nancy,
France and JozZef Stefan Institute, Ljubljana, Slovenia.

Ultra-thin films of oxide quasicrystals supported on metallic surfaces represent
promising materials from both the basic science and technological application. Due to the
absence of periodic boundary conditions, oxide quasicrystals adopt various forms on the
substrate surfaces. Nevertheless, only a few oxide quasicrystalline approximants (OQAS)
such as the sigma phase, giant approximant, and hexagonal approximanti have been
observed in experiments, raising questions about the stability of quasiperiodic order in these
systems. Several key factors governing the formation of new oxide structures have been
reported, including the effects of size mismatch and the dipole between the two separate
systems. We demonstrate that the density of transition metal elements in proximity to the
support substrate can also play a crucial role. In this study, we have developed a new
modeling method to generate the approximants flexibly and automatically. To investigate the
stability of OQAs, we have generated 30 different approximants belonging to three different
alkaline-earth metals group within the Niizeki-Géhler tiling. The structural, thermodynamic,
electronic, and work functions of two-dimensional OQAs supported on metallic substrates
have been systematically investigated to uncover the structure-stability-property
relationships. This study offers well-founded insights into the factors of electronic effects on
the stability of this system, providing a guideline for identifying suitable candidates for future
experiments.

[1] Merchan, C. Ruano, et al. Two-dimensional square and hexagonal oxide quasicrystal approximants
in SrTiOs films grown on Pt (111)/Al203 (0001). Physical Chemistry Chemical Physics 24.12 (2022):
7253-7263.
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Transformation of two-dimensional quasicrystalline
approximants into partially filled honeycomb lattices in reduced
SrTiOz thin films supported on Pt(111)/Al203(0001)

Vipin Kumar Singh*3*, C. Ruano Merchan?, T. T. Dorini?, F. Brix'3, L. Pasquier?,
M. Jullien?, D. Pierrel, S. Andrieu, K. Dumesnil, S. S. Parapari2®, S.Sturm?3, J. Ledieu®?,
M. Sicot®®, O. Copie?, E. Gaudry*®, and V. Fournée®

LInstitut Jean Lamour UMR 7198, Université de Lorraine — CNRS, Nancy, France
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Two-dimensional oxide quasicrystals have been observed for Ba-Ti-O [1] and Sr-Ti-O
[2] ultra-thin films supported on hexagonally closed-packed metal substrates. In a recent
work, a new square approximant with a giant unit cell as well as an hexagonal phase have
been reported using an all-thin-film approach where the metal single crystal is replaced by a
10 nm thick Pt-(111) buffer layer grown on an Al;O3(0001) substrate by molecular beam
epitaxy, whereas the oxide film is grown by pulsed laser deposition [3]. Here, we report the
transformation of these quasicrystalline approximants into Sr decorated Ti>O3 honeycomb
lattices upon annealing in ultra-high vacuum, a reduction process that shifts the composition
of these ultra-thin oxide films away from the initial perovskite composition.

A 'labyrinthic' phase as well as a partially ordered (2Y3x2V3)R30° phase will be reported.
These results are consistent with a recent proposal based on density functional theory (DFT)
calculations that quasicrystals/approximants can be transformed into Sr decorated Ti,O3
honeycomb lattices through low-energy defects identified as Stone—Wales transformations,
typical of hexagonal 2D materials [4]. We also present some preliminary studies on the
SrRuO3/Pt(111)/Al,05(0001) oxide films which have not been explored so far using a similar
approach.

Acknowledgement: The authors thank “Agence Nationale de la Recherche” for the financial
support under the project NOUS (AAPG2021).

[1] S. Forster, K. Meinel, R. Hammer, M. Trautmann, W. Widdra, Nature 502, 215-218 (2013).

[2] S. Schenk, S. Forster, K. Meinel, R. Hammer, B. Leibundgut, M. Paleschke, J. Pantzer, C. Dresler,
F. O Schumann, W. Widdra, J. Phys. Condens. Matter 29, 134002 (2017).

[3] C. Ruano Merchan, T. T. Dorini, F. Brix, L. Pasquier, M. Jullien, D. Pierre, S. Andrieu, K.
Dumesnil, S. S. Parapari, S. Sturm, J. Ledieu, M. Sicot, O. Copie, E. Gaudry, V. Fournée, Phys.
Chem. Chem. Phys. 24, 7253-7263 (2022).

[4] S. Schenk, O. Krahn, E. Cockayne, H. L. Meyerheim, M. de Boissieu, S. Forster, W. Widdra, Nat.
Com. 13, 7542 (2022).
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Epitaxial CoCrFeNi films for surface investigations

H. Schwarz?, J. Appell2, R. Wonneberger?,
A. Undisz?, J. Ledieu®, V. Fournée®, T. Seyller®>

L Chemnitz University of Technology, Chemnitz, Germany
2 Friedrich Schiller University Jena, Jena, Germany
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*e-mail: thomas.seyller@physik.tu-chemnitz.de

High-entropy alloys (HEAS) are discussed for applications in the fields of corrosion and
wear protection as well as electrocatalysts. Although the surface properties of HEASs play a
central role in these applications, they are still largely unexplored, which is to a certain extend
caused by a lack of sample availability. In this presentation recent progress is reported on the
growth and subsequent characterization of epitaxial CoCrFeNi films [1]. The films were
grown by DC magnetron stuttering from spark-plasma sintered targets [1] using single-
crystalline oxide substrates. Characterization was performed by a variety of different
techniques including X-ray diffraction (XRD), scanning electron and transmission electron
microscopy (SEM, TEM), energy-dispersive X-ray spectroscopy (EDX), X-ray
photoelectron spectroscopy (XPS), angle-resolved photoelectron spectroscopy (ARPES),
low-energy electron diffraction (LEED)
and, more recently, by scanning tunnelling
microscopy (STM).

As an example, figure 1 shows an
STM image of CoCrFeNi(100). The
surface shows steps with a minimum
height of 1.8 A, which is half the lattice
constant of the alloy, as well as steps with
heights corresponding to integer multiples
thereof. Some examples are marked in
figure 1. Screw dislocations (SDs, marked
by green dots) can be identified by the
appearance of steps with a height of 1.8 A
inside a terrace. Most striking is the
observation of a patch work like
nanostructure. It is recognizable by virtue A
of the vertical and horizontal dark lines in Figure 1: STM image of CoCrFeNi(100)
figure 1. They are due to depressions inthe  (size 90 nm x 900 nm, U=-1.0V, 1=0.08 nA,
apparent height of about 60 pm and partthe  z-scale: 0 - 2.375 nm).
surface in patches of approx. 3 nm by 3 nm
in size. The origin of this interesting feature is currently not understood. The potential of
epitaxial HEA films for surface science and catalysis studies is discussed.

[1] H. Schwarz, J. Apell, H. K. Wong, P. Henning, R. Wonneberger, N. Résch, T. Uhlig, F. Ospald,
G. Wagner, A. Undisz, T. Seyller, Advanced Materials 35 (2023) 2301526
(https://doi.org/10.1002/adma.202301526).
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[2] H. Schwarz, T. Uhlig, N. Résch, T. Lindner, F. Ganss, O. Hellwig, T. Lampke, G. Wagner and
T. Seyller, Coatings 11 (2021) 468 (https://doi.org/10.3390/coatings11040468).
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Rare-Earth High Entropy Alloy Thin Films
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High entropy alloys (HEA) refer to metallic random solid solution made of at least five
elements each of which in an equi- or near-equiatomic concentration. Initially under scrutiny
for their exceptional mechanical properties, the surface properties of the materials have
recently been the focus of interest including their oxidation, corrosion and wear resistance,
and their catalytic activity. With an immense compositional space, it is certain that many
compositions will continue to emerge each with novel bulk or/and surface properties. To this
end, it is crucial to understand the chemical and structure evolutions of HEA under different
environments. Our attention has been attracted to the fundamental study of HEA surface
under ultra-high vacuum conditions aiming to answer key questions related to surface
phenomena at the atomic level [1]. To continue this approach, the growth of HEA in the form
of thin films offers a convenient solution [2] to face the difficulty encountered with the
availability of centimetre-size HEA single crystals, often considered as model systems.

Here, we report the successful epitaxial growth of a quinary HEA thin film using
molecular beam epitaxy (MBE). A 95 nm thick DyGdHoLuTb has been grown on a 30 nm
Nb buffer layer deposited on sapphire. The layer thicknesses are determined by reflectivity
measurements while x-ray diffraction measurements coupled with cross-sectional
transmission electron microscopy analysis reveal the growth of a random solid solution of
hexagonal close packed structure. With sharp interfaces between the deposited layers, energy
dispersive x-ray spectroscopy measurements indicate a homogeneous chemical distribution
among the elements. Once inserted under ultra-high vacuum conditions, the thin film surface
has been prepared by Ar* sputtering and annealing cycles to various temperatures. The
DyGdHoLuTh(0001) surface is unreconstructed and well-ordered as revealed by a sharp six-
fold low energy electron diffraction pattern. Scanning tunnelling microscopy images show a
step and terrace morphology with a single step height equal to c¢/2. Ex situ magnetic
measurements carried out on the thin film replicate the main characteristic of the magnetic
field—temperature (H, T) phase diagram reported on polycrystalline samples apart from a low
temperature spin-glass state [3].

[1] J. Ledieu, M. Feuerbacher, C. Thomas, M.-C. de Weerd, S. Sturm, M. Podlogar, J. Ghanbaja,
S. Migot, M. Sicot, V. Fournée, Acta Materialia 209 (2021) 116790.

[2] H. Schwarz, J. Apell, H.K. Wong, P. Henning, R. Wonneberger, N. Rosch, T. Uhlig, F. Ospald,
G. Wagner, A. Undisz, and T. Seyller, Advanced Materials 35 (2023) 2301526.

[3] S. Vrtnik, J. Luznik, P. Kozelj, A. Jelen, J. Luzar, M. Krnel, Z. Jagli¢i¢, A. Meden,

M. Feuerbacher, J. Dolinsek, Intermetallics 105 (2019) 163.
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Ceo adsorption on the (100) surface of Au-Si-Ho Tsai-type
approximant

W. Bajoun Mbajoun®*, G. H. Gebresenbut?, Y.C. Huang?, E. Gaudry?, C. Pay Gémez?,
V. Fournée! and J. Ledieu?!

LInstitut Jean Lamour, Université de Lorraine, UMR7198-CNRS, Campus ARTEM,
Nancy, France
2Uppsala University, Angstrém Laboratory, SE-751 21 Uppsala, Sweden
*e-mail: wilfried.bajoun-mbajoun@univ-lorraine.fr

Au-Si-Ho Tsai-type 1/1 approximants structures are built from a specific cluster type
where the central disordered tetrahedron can be partially or totally replaced by a Ho atom
leading to alteration of magnetic and thermoelectric properties[1]. Unlike for the bulk, the
surface atomic structure and the reactivity of Au-Si-Ho systems remain unexplored. To this
end, we report the characterization of the (100) surface of the Aua gsSi1 324H01.04 TSai-type 1/1
approximant using both experimental techniques and Density Functional Theory (DFT)-
based methods. Low energy electron diffraction (LEED) and scanning tunneling microscopy
(STM) show a (2x1) surface reconstruction. The patterns present on the surface are
comparable to the patterns present on one of the bulk planes for which DFT calculations were
performed. The reactivity of this surface was studied by Ceo adsorption. Adsorption of Cep 0n
Au-Si-Ho is disordered at room temperature but ordered at 669 K. In the submonolayer
regime with the sample held at 669 K, different superstructures are observed ((1x1), (v2/2 x
v/2/2)R45°) depending on the fullerenes coverage. Upon completion of the first monolayer
of Cso, the thin film of (v/2/2 x v/2/2)R45° superstructure can be regarded as a (100) surface
of the face centered cubic structure of Cg. The highest symmetry matching between the Cego
molecule and the surface is obtained when a pentagonal face of the Cso molecule is facing
the surface at specific surface atomic sites. We will present the potential 5-fold adsorption
sites identified one the Au-Si-Ho(100) surface.
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Figure 1 : LEED pattern recorded at 22 eV for a clean surface (a) and after dosing 1 monolayer of
Ceo (b). (c) STM image recorded at -1.80 V after dosing 0.8 monolayer of Ceo.

[1] G.H. Gebresenbut et al., J. Phys.: Condens. Matter 26, 322202 (2014).
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Structural, Ordering, and Magnetic Properties of
PtNi Nanoalloys Explored by Density Functional Theory and
Stability Descriptors

Juan Esteban Montoya Cardona®®, Antoine Salichon?, Nathalie Tarrat*, Emilie Gaudry?,
David Loffreda?
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Monometallic platinum and nickel nanoparticles and platinum-nickel nanoalloys are
examined in the range 13-976 atoms from density functional theory calculations (a few
examples are given in Fig 1). A large set of competitive symmetries and morphologies are
considered including the usual Mackay icosahedral, Marks decahedral, and truncated
octahedral forms. A comparative analysis of relative stability order is addressed on the basis
of four stability descriptors all predicted at the ab initio level from spin-polarized calculations
including van der Waals interactions. For platinum nanoparticles, they unanimously conclude
on the preference of truncated octahedral morphology in the range of 147-201 atoms. For
nickel and platinum-nickel nanoclusters, three descriptors (cohesion energy, nanoparticle

Figure 1: Families of chemical ordering in PtNi nanoalloys in the case of 201rto nanoclusters:
(a) crystalline Pt57Nil44 (1 example) versus (b—f) noncrystalline nanoalloys (five examples);
(b, ¢) core—shell Pt122Ni79 and Pt79Nil22 (Pt-skin and Ni-skin, respectively), (d) skin—heart
Pt141Ni60 (lexample); (e, f) multishell Pt140Ni61 and Pt61Ni140 (Pt-skin and Ni-skin,
respectively). Pt atoms are depicted in gray and Ni in blue. To show the chemical ordering inside
the clusters, a slice has been systematically canceled laterally. Surface and interior atoms (visible
after being stripped) are drawn with balls while core atoms with solid representation.
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surface energy, and vibrational band center) also support such octahedral symmetry (with a
skin—heart chemical ordering for nanoalloys), whereas the excess energy rather favors the
icosahedral morphology (with multishell and core—shell arrangement). Such discrepancies
feed the debate related to the impact of normalization on the predictive power of these
descriptors and recall the high importance of validating theoretical models from a quantitative
standpoint. This work invites the experimentalists to synthesize, characterize, and measure
surface energetics of PtNi nanolloys in highly controlled operating conditions.
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Characterization of Co-Fe-Ni-Cu-based multi-principal element
alloys

P. Priputen®*, M. Kuzmova!, R. Zoua!

! Faculty of Materials Science and Technology in Trnava, Slovak University of Technology
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*e-mail: pavol.priputen@stuba.sk

Multi-principal element alloys containing Co, Fe, and Ni belong to magnetically soft
materials. Mixing these magnetic elements with non-magnetic counterparts can result in a
combination of properties that do not typically occur in conventional alloys. In this study, the
effect of copper content on the microstructure and properties of CoFeNiCu-based multi-
principal element alloys was investigated. Five alloys, denoted as CoFeNiCuyx (x =0, 0.5,
1.0, 1.5, and 2.0), were prepared using the arc-melting technique. The CoFeNi alloy consisted
of a single FCC phase, designated as FCC — 1. As copper is added to the alloy and its amount
increases relative to the other elements, a Cu-rich secondary FCC phase, referred to as
FCC -2, gradually forms. In this contribution, the microstructure characterization of the
prepared alloys will be presented, along with some preliminary results on their mechanical
properties.

We acknowledge financial support from Slovak grants APVV-20-0124 and VEGA
1/0692/22.
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Interplay of electronic structure and electrochemical efficiency
in cathode materials for Li- and Na-ion batteries

J. Tobola'*, M. Rybskit, J. Molenda?
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It is well-known that crystalline materials exhibiting specific properties may convert
different forms of energy due to thermoelectric, electrochemical or magnetocaloric
phenomena. The efficiency of such effects is partly related to specific electronic properties
that are responsible for transport, magnetic or electrochemical behaviours. Although Li-ion
battery materials are still considered to be the most promising energy converter due to their
excellent electrochemical parameters, many efforts have been recently undertaken to find
alternative cathode materials conducting for instance Na ions. Here, the results of electronic
structure calculations of operating and potential materials for Li- and Na-ion battery systems,
based essentially on AMO; compounds (A=Li, Na and M= Mn, Fe, Co, Ni) and their alloys,
are discussed. Noteworthy, theoretical results obtained using DFT techniques (KKR and
KKR-CPA) allowed to interpret the step-like (undesirable) vs. continuous-like (desirable)
character of discharge curve in terms of correlations between electronic structure and
electrochemical properties in known materials [1]. In next step, ab initio computations of a
novel variant of cathodes LixCo1.y-NiyMn,O; [2], accounting for chemical disorder (Li
vacancy and Co/Ni/Mn alloying), resulted in specific evolution of density of states in
investigated range of Li contents and alloy compositions. It was predicted that electronic
structure might exhibit semiconducting-like, half-metallic-like or metallic-like properties
depending on Li concentration as well as relative stoichiometry of transition metal elements
(Co, Niand Mn). Moreover, the spin-polarised KKR-CPA computations resulted in magnetic
moment onset, which markedly affect the overall DOS shape near Er [3]. Furthermore, the
similar calculations have been successfully employed to study particular behaviours in high-
entropy oxides NaxTiysMnusFe1sCosNiysCusO2 for cathodes with high configuration
entropy. Favourable correlations between the variation of Fermi energy along density of
states with Na content in highly disordered ion-battery materials were found [4, 5].

In summary, specific electronic structure features appearing in ion-battery (step-like vs.
continuous-like character of discharge curve, effect of high configuration entropy, effect of
magnetism) evidently determine their electrochemical performance.

[1]7J. Molenda, A. Milewska, W. Zajac, M. Rybski, J. Tobola, Phys. Chem. Chem. Phys. 19, 25697
(2017).

[2] M. Rybski, J. Tobola, S. Kaprzyk, J. Molenda, Sol. St. lonics 321, 23 (2018).

[3] J. Molenda, A. Plewa, A. Kulka, L. Kondracki, K. Walczak, A. Milewska, M. Rybski, L. Lu,

J. Tobola, J. Power Sources 445, 227471 (2020).

[4] K. Walczak, A. Plewa, C. Ghica, W. Zajac, A. Trenczek-Zajac, M. Zajac, J. Tobola, J. Molenda,
Energy Storage Mater. 47, 500 (2022).

[5]J. Molenda, A. Milewska , W. Zajac, K. Walczak, M. Wolczko, A. Komenda, J. Tobola,

J. Mater. Chem. A 11, 4248 (2023).
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Compositionally complex alloys: some insight from
photoemission and magnetism
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Several years ago, we noted a lack of experimental results for electronic structure of
compositionally complex alloys (CCA) which is detrimental both to their understanding and
potential applications [1,2]. More recently we have shown how photoemission spectroscopy
results can simply explain physical properties of CCAs showing both a split- and common-
band shape of their electronic density of states (DOS) [3,4,5]. Here, in addition to showing
the correlation between the photoemission spectra and the magnetic and some other
properties of selected alloys with both shapes of DOS we also show the correlation between
the calculated DOS and that depicted by corresponding photoemission spectra,
“experimental” DOS. Despite some similarity between the shapes of theoretical and
corresponding “experimental” DOS there is significant quantitative difference between two
DOS in all studied CCAs. The complexity of local atomic configurations in CCAs may
possibly explain this discrepancy [6].

] K. Biljakovi¢ et al, J. Alloys Comp., 695, 2661 (2017)

] E. Babi¢ et al, J. Mat. Res., 33(19), 3170 (2018)

] E. Babic¢ et al, Materials, 14, 5824 (2021)

] E. Babi¢ et al, EC-MetAC Days 2022, Split, Book of abstracts, pp.13

5] P. Pervan et al, Materials, 16(4), 1486 (2023)

[6] B. Cantor, Joint RQ17 & ISMANAMZ27 conference 2023, Warsaw, Book of abstracts, pp.18
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Scrutinizing the phonon Kondo effect in intermetallic clathrates
F. Mazzal*, X. Yan!, M. Boehm?, P. Steffens?, A. Prokofiev!and S. Paschen!

YInstitute of Solid State Physics, Vienna University of Technology, 1040 Vienna, Austria
2 Institute Laue-Langevin, 71 Ave Martyrs, 38042 Grenoble, France
*e-mail: federico.mazza@tuwien.ac.at

Intermetallic clathrates are under active investigation, both for their potential in
thermoelectric applications and for fundamental interest. A key characteristic of these
materials is the special guest-host crystal structure “GgHas”, where the rattling motion of
guest (G) atoms in oversized cages of an essentially covalently bonded host (H) framework
is directly linked to unusual lattice dynamics. It is now well documented that intermetallic
clathrates exhibit energetically low-lying optical phonon modes, so called Einstein modes,
which strongly interact with the acoustic modes [1,2,3]. Recently, a phonon-Kondo effect
was suggested to explain striking deviations between lattice dynamics predictions [4] and
experimental observations for various thermal transport and thermodynamics quantities. It
was proposed that a Kondo-like interaction between the lowest-energy Einstein mode, the
localized entity (the “spin”), and the acoustic mode which represents the extended wave
(“‘conduction electron”), is responsible for this deviation [5].

In our recent inelastic neutron scattering investigation we shed light on this picture, by
mapping the temperature dependence of the low-energy phonon dispersion of the type-I
clathrate BagCuassGes2Ga in the vicinity of the strongest optic-acoustic mode interaction.
We discover a clear temperature dependence above the characteristic phonon Kondo
temperature of about 40 K for this compound. | will discuss the form of this dependence and
how it changes as function of the wave vector k, as well as the implications of these results.

[1] H. Euchener et al., Phys. Rev. B 86, 224303 (2012).
[2] S. Pailhés et al., Phys. Rev. Lett. 113, 025506 (2014).
[3] P. F. Lory et al., Nat. Commun. 8, 491 (2017).

[4] T. Tadano et al., Phys. Rev Lett. 120, 105901 (2018).
[5] M. S. Ikeda et al., Nat. Commun. 10, 887 (2019).
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Two parallel conducting channels in compositionally complex
amorphous alloys of early and late transition metals

M. Kuvezdié'*, E. Tafral, I. A. Figueroa?, E. Babi¢!, M. Basleti¢?
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We present a comprehensive study on the transport properties of compositionally
complex amorphous alloys of early (TE) and late transition metals (TL). Our research focused
on metallic glass ribbons from three alloy systems: (TiZrNbNi);—«Cuy, (TiZrNbCu);«Nix,
and (TiZrNbCu), <Coy, with a broad composition range, along with three alloy variants with
fixed TL (CU, Ni) content: Tio,zozro,lsNbo_lsNio_zoCUo_zo, Tio,lszrosoNbo,lsNio,zoCUo,zo, and
Tio.15Zr0.15Nbo 30Ni020CU0 20 [1, 2]. We also conducted measurements on an amorphous thin
film of TiZrNbCuNi, deposited on a SrLaAlO, substrate using pulsed laser deposition (PLD).

All the measured samples showed high resistivities (>140 p€ cm) and a small negative
temperature coefficient of resistance (TCR), in agreement with binary TE-TL alloys [3]. For
the temperature variation of resistivity, we propose a novel model featuring two parallel
conducting channels: a metal-like channel and a variable range hopping (VRH) like channel
with a p=1/2 exponent. We found that this model more accurately describes the temperature
variation of resistivity than does the existing model, which attributes the negative TCR to the
temperature variation of the weak localization contribution to resistivity [3].

We propose that these two parallel conducting channels are the result of the formation
of regions of delocalized and localized states. The delocalised states form an infinite cluster
that contributes the metal-like channel. Its temperature dependence at higher temperatures
(= 20K) is dominated by elastic scattering on the disordered lattice, resulting in a constant
resistivity value, and at lower temperatures (< 20K) by weak localization and/or enhanced
electron-electron interactions.

The infinite cluster of delocalised states also contains "dead ends" that do not directly
contribute to the metallic conductance. Hopping between these dead ends and finite clusters
within the sample creates conducting channels parallel to the infinite cluster. It is these
channels that contribute the VRH-like component of the resistivity. We draw parallels
between this VRH-like channel and the VRH observed in granular metals [4].

[1] M. Kuvezdi¢, E. Tafra, M. Basleti¢, R. Risti¢, P. Pervan, V. Miksi¢ Trontl, I. A. Figueroa,

E. Babi¢, J. Non-Cryst. Solids 531, 119865 (2020).

[2] M. Kuvezdi¢, E. Tafra, I. A. Figueroa, and M. Basleti¢, Materials 16, 1711 (2023).

[3] M. A. Howson and B. L. Gallagher, Phys. Rep. 170, 265 (1988).

[4] 1. S. Beloborodov, A. V. Lopatin, V. M. Vinokur, K. B. Efetov, Rev. Mod. Phys. 79, 469 (2007).
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Magnetism in a nanostructured single-crystalline
Al28Co020Cri11FeisNizs high-entropy alloy
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Most high-entropy alloys (HEAS) that are actively researched today are multiphase
systems — sometimes as a side product of the synthesis procedure but even more often
intentionally as a means to optimize their properties. The multiphase nature of these HEAs
even further complicates the analysis and interpretation of the magnetism in these materials,
which are already non-trivial due to the many atomic species and many types of magnetic
interactions (e.g. Fe-Co,Co-Co, etc.) present in them. A recent publication [1] has analysed
the complex magnetism in the AlCoosCrosFeNi HEA, which exhibits hierarchical phase
separation, via electron microscopy, APT and magnetic imaging.

This contribution (based on Ref. [2]) aims to
complement the information about the magnetism in the
Al-Co-Cr-Fe-Ni multiphase alloys via bulk magnetic
studies on a broad temperature range from 2 K to 400 K.
Our sample with composition AlzsC020Cri1Fe1sNizs and
grains of cca 1 mm? volume was synthesized with the
Czochralski method [3]. Instead of a hierarchical phase .
separation, a nanocomposite consisting of a B2 matrix was  Figure: Nanocomposite morphology
obtained with the A2 phase taking the form of spherical (A2 nanoparticles in a B2 matrix) of
nanoparticles of dimension 64 + 10 nm. The matrix does  Al2sCo20CruFeisNize as visible in
not contain anti-ferromagnetic Cr and is thus a disordered ~HAADF-STEM.
ferromagnet, which in the bulk magnetic measurements shows up as a ferromagnetic
transition at cca 390 K. The spherical A2 nanoparticles are Co-Cr-Fe, likely with the outer
shell enriched in Co and Fe. The mixed and frustrated ferro- and antiferromagnetic
interactions in the cores of the A2 result in an asperomagnetic magnetic state. This
asperomagnetic state can be seen as a non-ergodic regime below 15 K visible in the form of
zfc-fe splitting in the temperature-dependent magnetization, in the frequency dependence of
the AC susceptibility and through thermoremanent magnetization measurement. No
collective magnetic state of the B2 matrix and A2 nanoparticles with significant interactions
between them forms, so the magnetism is a simple sum of their independent magnetisms.

[1] [1] Q. Lan et al. iScience 25, 105047 (2022).
[2] P. Kozelj, et al., iScience 26, 106894 (2023).
[3] M. Feuerbacher. Scientific Reports 6, 29700 (2016).
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Temperature-dependent frequency in the quantum oscillations
of the Bi1.1Sbo.eTe2S topological insulator

Mario Novak* Bruno Gudac, Petar Sacer, Ivan Kokanovié¢

Faculty of Science, University of Zagreb, Department of Physics, 10000 Zagreb, Croatia,
*e-mail: mnovak.phy@pmf.hr

We introduce a Sn-doped Bi11ShooTe,S topological insulator, which stands out as a rare
instance displaying temperature-dependent frequency in quantum oscillation. This material
exhibits pronounced oscillations that can be attributed to its surface states. Notably, the
oscillation frequency exhibits significant temperature dependence, with a decrease in value
of approximately 10% within a temperature range spanning from 2 K to 40 K. The magnitude
of this reduction surpasses what would be anticipated based solely on topological and
Sommerfeld corrections for a Dirac band, accounting for only a quarter of the overall
observed change. This suggests a noteworthy contribution from the temperature-driven
dynamics of the chemical potential of the Sn-created impurity band. VVarious measurements,
including electrical resistivity, quantum oscillations, Seebeck, ARPES, and Hall
measurements, consistently place the Fermi energy within the energy gap and approximately
100 meV above the Dirac point.
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Electronic structure of (Co,Ni)13sNbS2 studied by angle-resolved
photoelectron spectroscopy
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! Institute of Physics, Zagreb, Croatia
2 Institute of Solid State Physics, TU Wien, Vienna, Austria
3 AGH University of Science and Technology, Krakow, Poland
4Solaris National synchrotron Radiation Centre, Krakow, Poland
S Faculty of Physics, Jagiellonian University, Krakow, Poland
6 Faculty of Science, University of Zagreb, Zagreb, Croatia
*e-mail: yutsumi@ifs.hr

Latest discoveries of novel magnetic phases and anomalous magneto-transport behaviors
in transition metal intercalated NbS; [1] have been attracting considerable attention to the
systems. The host 2H-NbS; is a superconductor below 6 K [2]. Intercalation of Co/Ni atoms
suppresses the superconductivity, and introduces antiferromagnetic ordering in both
Co1sNbS; and NiysNbS; at Ty~26 and 95 K, respectively [3]. The electronic and magnetic
properties of these systems had been discussed in the frame-work of the rigid-band-model,
though the recent angle-resolved photoelectron spectroscopy (ARPES) on Cry3NbS; casted
a doubt on the validity of the model [4]. In order to study the impact of Co/Ni intercalation
on the electronic structure of the host 2H-NbS;, we performed ARPES on Co13NbS; and
NiwsNbS,. Our experiments revealed clear band dispersions and Fermi surfaces in both
Co13NbS; and NiysNbS,. The band dispersions exhibited similar feature to those of 2H-
NbS,, with an energy shift due to charge transfer from intercalated Co/Ni to NbS; layers.
Additionally, a clear non-rigid band like modification was observed in the vicinity of the
Fermi level, manifesting as a shallow electron pocket originating from the intercalated atoms.
[3]. The character of the bands was further investigated with the help of theoretical
calculations. Our study underscores the significance of strong electron correlations in
elucidating the essential features of Co13NbS; and NiyzNbS.

This work has been partly supported by the Croatian Science Foundation under the project
numbers IP 2020-02-9666 and UIP 2019-04-2154, and by the project Cryogenic Centre at
the Institute of Physics — KaCIF co-financed by the Croatian Government and the European
Union through the European Regional Development Fund-Competitiveness and Cohesion
Operational Programme (Grant No. KK.01.1.1.02.0012).

[1] N. J. Ghimire et al., Nat. Commun. 9, 3280 (2018); H. Takagi et al., Nature Physics 19, 961
(2023); Y. An et al., Phys. Rev. B 108, 054418 (2023).

[2] M. Van Maaren et al., Phys. Lett. 20, 131 (1966).

[3] P. Popcevi¢ et al., Phys. Rev. B 105, 155114 (2022); Phys. Rev. B 107, 235149 (2023); Y. Utsumi
et al., submitted to Phys. Rev. B.

[4] N. Sirica et al., Phys. Rev. B 94, 075141 (2016).
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Quantum phase transition in CesAl studied by muon spin
rotation experiment
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We have experimentally studied the magnetic field-driven quantum phase transition (QPT)
in the monocrystalline CesAl intermetallic compound. The QPT is of the spin-flip type, with
a transition from antiferromagnetic (AFM) ordered to the disordered quantum paramagnetic
spin state. Static aspects were investigated by experiments in a magnetic field up to 9 T and
at temperatures down to 350 mK. It was shown that the external magnetic field in the (a,b)
easy plane drives the AFM transition continuously towards absolute zero, while along the
perpendicular c-direction, the QCP does not occur due to large magnetocrystalline
anisotropy [1]. The Ce moments are not static even at zero temperature but exhibit quantum
fluctuations in their direction due to the Heisenberg uncertainty principle. To investigate
these dynamical aspects, we performed muon spin rotation (USR) experiments in the
temperature range between 1.5 K and 80 mK [2]. The measurements show that the
fluctuations exhibit the largest amplitude at the QCP, manifesting as a maximum of the muon
transverse relaxation rate A; at the critical field Bc. The quantum nature of fluctuations is
reflected in the temperature independence of the average local magnetic field (Fig. 1) and the
muon transverse relaxation rate (Fig. 2). The theoretical model of the relaxation rate showed
that quantum fluctuations are fast in comparison with the muon Larmor frequency,
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Figure 1: Average local magnetic field (Bioc) Figure 2: Muon transverse relaxation rate A1
at the muon stop site vs. B. vs. external magnetic field B.

[1]S. Vrtnik, M. Krnel, P. Kozelj, Z. Jagli¢i¢, L. Kelhar, et al., J. Phys. Commun. 4 (2020) 105016.
[2] M. Pregelj, Z. Guguchia, M.-C. de Weerd, P. Boulet, S. Vrtnik, et al., Sci. Rep. 12 (2022) 13184.
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While historically the thermoelectric effect has been first discovered in metals, for many
years scientific interest was focused on the semiconductors as their performance was superior
to metallic alloys.

Recently, NixAuix binary metallic alloy was discovered to possess extraordinary
thermoelectric performance, with power factor up to 34 mWm™K2 that doubles current
known values for any bulk material above room temperature [1]. The measured zT values
also exceed any known metallic systems, including constantan, the nickel-copper alloy used
for decades in thermocouples.

In this work we present results of ab-initio calculations based on the Density Functional
Theory to investigate the electronic structure and transport properties of NixAuix. Electronic
densities of states and Bloch spectral functions of NixAus.x are obtained using the KKR-CPA
method (Korringa-Kohn-Rostoker with coherent potential approximation). Calculations were
performed in fully-relativistic manner, that is spin-orbit coupling was included. Energy
dependent transport function was obtained with the Kubo-Greenwood formalism and for the
thermopower full Fermi integrals were used. We show that resonant scattering determines
the transport properties in this system and compare them to the case of Cu-Ni alloy.

[1] F. Garmroudi, M. Parzer, A. Riss, C. Bourges, S. Khmelevskyi, T. Mori, E. Bauer, A. Pustogow,
Sci. Adv. 9, eadj1611 (2023)

ECMetAC Days 2023, Kranjska Gora, Slovenia



Wednesday afternoon Sessions 7 — 8 '*'

Atomistic Simulations of Laser-based Powder Bed Fusion
F. Oeschlaeger?, A. Gorgis?, J. Schmid?, K. Vietz?!, D. Klein?, S. Miiller?, J. Roth**
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Laser-based powder bed fusion is a new technique to produce objects by additive
manufacturing, in contrast to ordinary subtractive manufacturing processes like drilling,
milling, cutting. Applications of additive technologies continue to demand an improvement
in quality and reproducibility. Using simulations and physical models we are able to better
understand the root causes for defects and may be able to derivate actions for defect
avoidance. This paper presents a novel approach to the simulation of additive manufacturing
using molecular dynamics simulations. By solving Newtons equations of motion iteratively
we are able to yield the time evolution of the system and can simulate the melting of single
particles or particle clusters. The biggest challenge to the simulations are the scales: although
we use multi-million atom systems and run “long” simulations we have to scale parameters
like particle size, laser power, power density, scanning speed, laser focus diameter and
gravity.

Using parameter studies for scanning speed and laser power while also including the
influence of protective argon gas, different inclusion defects in pure aluminum particles are
shown. The simulation of powder beds formed by spheres of different sizes show holes which
vanish if filled with vacuum but persist if the simulation box is filled with protective gas
allowing insight into the defect formation. Recrystallization in a box filled with a bimodal
distribution of aluminum particles has been observed. Additionally, different configurations
of binary materials made of aluminum and titanium have also been simulated: the study
compares spheres formed by a core of aluminum and an outer shell of titanium or vice versa,
and homogenous spheres of a TiAl alloy.

[1] F. Oelschléger, D. Klein, S. Miller, J. Roth, Molecular Dynamics Simulation of Selective Laser
Melting, in High Performance Computing in Science and Engineering ‘21, eds. W.E. Nagel,
D.B. Kréner, M.M. Resch, Springer (2021) pp 65-79

[2] F. Oelschlager, A. Gorgis, J. Schmid, K. Vietz, D. Klein, S. Muller, J. Roth, Atomistic simulations
of laser powder bed fusion, Proc of the Special Interest Group meeting on Advancing Precision in
Additive Manufacturing, Leuven 2023, eds. L. Blunt, J.S. Taylor, Euspen (2023)
pp 60-63

[3] K. Vietz, J. Schmid, J. Roth, Molecular Dynamics Simulation of Laser-based Powder Bed Fusion,
in High Performance Computing in Science and Engineering '23, eds. W.E. Nagel, D.B. Kroner,
M.M. Resch, Springer (2023) in print
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AlCoFeNiCux (x = 0.6 — 3.0) and (GaNi)xCoCrFe (x =0.4 - 1.6)
zero-magnetostriction magnetically soft high-entropy alloys for
supersilent AC magnetic applications
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AlCoFeNiCux (x=0.6-3.0) and (GaNi)xCoCrFe (x =0.4 - 1.6) high-entropy alloys
(HEAS) are a new class of magnetically soft alloys that demonstrate zero-magnetostriction
and potential for use in supersilent AC magnetic applications. Investigated materials have
desirable mechanical and magnetic properties, making them suitable for use in aerospace,
automotive, and electrical engineering applications.

A comprehensive analysis of the magnetic properties of AlCoFeNiCuy HEAs was
published in "Advanced Materials Interfaces” [1], while the study of (GaNi)xCoCrFe
(x=0.4 - 1.6) is still work in progress. The study of AlICoFeNiCuy alloys showed that the
addition of Cu to the AlCoFeNi system improves magnetic properties, including increased
magnetic permeability, saturation, and anisotropy. At a specific concentration of Cu, the
material exhibits zero magnetostriction, making it ideal for low-noise applications in motors
and generators. The alloys' high thermal stability and ability to maintain magnetic properties
over a wide temperature range were also demonstrated.

The microstructures of the AICoFeNiCux (x = 0.6 — 3.0) alloys were analyzed and found
to contribute to their superior magnetic properties, with a three-phase structure leading to
zero magnetostriction. The magnetostrictions of individual phases compensate each other,
with some having positive values and other negative values.

In conclusion, our study evaluates the magnetic properties and potential applications of
AlCoFeNiCux HEAs for supersilent devices. The results highlight the alloys' exceptional
magnetic properties, high thermal stability, and unique microstructures, making them suitable
for low-noise industrial applications. Similar properties are expected for the (GaNi)xCoCrFe
(x = 0.4 — 1.6) high-entropy alloys.

[1] J. Luzar, P. Priputen, S. Vrtnik, et al., Adv. Mater. Interfaces 2201535 (2022).
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Thin films deposited on quasicrystal surfaces have revealed intriguing novel
configurations with quasiperiodic order [1,2]. However, investigating fundamental
interactions such as magnetic moment ordering in such systems is limited by defects and the
sensitivity limits of atomic probes in UHV.

In this work, these challenges are overcome by fabricating mesoscopic 2D quasiperiodic
tilings of ferromagnetic metallic alloys with thermal scanning probe lithography.
Ferromagnetic moments energetically arrange into mesoscopic domains with parallel spin
along the long axis, when isolated, long single-domain “islands™ produce a playground of
macroscopic magnetic structure interactions known as artificial spin-ice [3]. Ordered arrays,
including hexagonal, square, and the 5-fold Penrose tiling, have been investigated to probe
emergent ordering in such systems [4]. This work uses micromagnetic simulations and
magnetic microscopy methods to investigate the 8-fold Amman-Beenker tiling, unique for
its evenly divisible rotational order which should aid ground state formation. We aim to better
understand high-energy domain wall formation, how a degenerate ground state nucleates,
and to what extent quasiperiodic order forbids a unique ground state.

Acknowledgements: We acknowledge the Leverhulme Trust and UoL EPSRC DTA scheme
for financial support.

[1] S. Coates, J. Smerdon, R. McGrath, H.R. Sharma. Nat. Comm. 9 (2018) 3435.

[2] V. Fournée, et al. Recent Advances in Thin Films. Ch.2. (Springer, 2020).

[3] S. Skjeervg, C. Marrows, R. Stamps, L. Heyderman. Nat. Rev. Phys. 2 (2020) 13-28.

[4] D. Shi, Z. Budrikis, A. Stein, S. Morley, P. Olmsted, et al. Nat. Phys. 14 (2018) 309-314.
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New ToF ERDA experimental setup at the Slovak University of
Technology in Bratislava for the characterisation of hydrogen
storage and battery materials

P. Nogal*, J. Dobrovodsky?, M. Laitinen?, J. Julin?, Z. Szaraz!, D. Vafa?
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2 Department of Physics, University of Jyvaskyl&, POB 35, 40014, Finland
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Global de-carbonization strategies rely to a great extent on light-element based materials
such as lithium or hydrogen as the energy carrying/storage medium. Battery research pursues
higher energy density and capacity, increased lifespan, faster charging, safety and thermal
management, more abundant resources and less material consumption[1,2]. To achieve these
objectives it is crucial to thoroughly understand and know the location, phase, and
concentration of elements within various components of the battery such as electrodes,
separators, electrolytes, encapsulation etc. In the case of hydrogen, development of effective
storage and transportation as well as hydrogen burning systems hinges on gaining reliable
insights into the interaction of hydrogen and the structural, and functional materials in these
systems. This involves diffusion, hydrogen penetration into the respective material which
could lead to hydrogen cracking on one hand and effectivity of hydrogen capture on the
other [3,4].

Recently a new Time-of-Flight Elastic Recoil Detection Analysis (ToF ERDA)
experimental setup was commissioned at the Slovak University of Technology in Bratislava.
The system expands the capabilities of the 6 MV tandem ion accelerator system by the ability
for quantitative characterisation of light elements, hydrogen or lithium down to ppm levels
including depth profiling of layers up to 1 um. The system is based on the Jyvéaskyla
spectrometer design [5] and is expected to deliver depth resolutions down to nm, which is
expected to contribute to the understanding of the degrading mechanisms in battery electrode
materials, hydrogen storage effectivity and provide supporting data to other methods for
phase identification in the investigated materials.

In-situ and in-operando characterisation is envisaged, where the migration of ions
(e.g. lithium) during charging/discharging cycles and diffusion phenomena can be assessed.
We present the capabilities of the system together with first measurement results on various
metallic compounds.

[1] B. Li et Al. Electrochem. Energy Rev. 6, 7 (2023).

[2] Y. Pang et Al. Electrochem. Energy Rev. 4, 169 (2021).

[3] S. Bellocchi et Al. J. Clean. Prod. 416, 137809 (2023).

[4] J. Andersson, S. Grénkvist, Int. J. Hydrog. Energy 44, 11901 (2019).

[5] M. Laitinen, M. Rossi, J. Julin, T Sajavaara, Nucl. Insturm. Meth. Phys. Res. B 337, 55 (2014).
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The Ce-Au-X (X = Al, Si, Ga, Ge, Sn) ternary phase equilibrium
around the quasicrystalline composition

J. Valentin?, P. Boulet!, G. Lengaigne?, J. Ledieu! and V. Fournée!
LInstitut Jean Lamour, UMR 7198 CNRS- Université de Lorraine, Nancy, France

Since the discovery of the stable binary Cds;Yb [1] and Cds;Ca [2] icosahedral
quasicrystals (QCs), there has been an increasing interest in these quasicrystalline structures
and their approximants. These quasicrystalline phases, known as Tsai-type QCs, and their
related approximants (1/1: CdsYb Type, SG: Im-3, and 2/1: CdzYh1z SG: Pa-3) are built
from similar clusters consisting of concentric shells of disordered tetrahedra, dodecahedra,
icosahedra, icosidodecahedra and defected triacontahedra from the inside out.

Similar approximant structures, called 1/1 QC approximant, crystallizing with the body
centered space group Im-3, have been reported in ternary systems like RE-Au-X [3-5], RE-
Ag-X [6] with RE = Rare earth, Ca [7] or Na [8] and X a metalloid element or in Sc-Mg-Zn
system [9]. All these systems have similar clusters but differ significantly by their respective
composition. For example, gold systems usually crystallize with composition around
RE1sAUgsX20, for silver it is approximately around RE20Agaolna and for the Sc-Mg-Zn the
1/1 composition is Sc144MgosZnsas [9]. The same behavior can be observed for the 2/1
approximant.

In this framework, we will concentrate here on Ce-Au-X systems, with X = Al, Si, Ga,
Ge and Sn. The paper will report the structural characterization of both 1/1 and 2/1
approximants in these ternary systems showing their equilibrium relationship with the
surrounding ternary phases. These investigations have been performed using powder XRD,
microprobe analysis using X-ray energy dispersive analyses (EDAX), and single crystal
analyses.

[1] A.P. Tsai, J. Q. Guo, E. Abe, H. Takakura and T.J. Sato, Nature 408 (2000) 537.

[2] J. Q. Guo, E. Abe and AP Tsai, Phys. Rev. B 62 (2000) R14605.

[3] P. Boulet, D. Mazzone, H. Noel, P. Rogl R. Ferro, J. Alloys Compd. 317-318 (2001), 350.

[4] P. Boulet, M.C. de Weerd, M. Krnel, S. Vrtnik, Z. Jagli¢i¢ and J. Dolinsek, Inorg. Chem. 60
(2021), 2526.

[5] G. Gebresenbut, R. Tamura, D. EKI6f, C.P. Gomez, J. Phys.: Condens. Matter 25 (2013), 135402.
[6] C.P. Gomez, Y Morita, A. Yamamoto, A.P. Tsai, J. Phys. Conf. Ser. 165 (2009), 012045.

[7] Q. Lin and J. D. Corbett, Inorg. Chem. 49 (2010), 10436.

[8] Q. Lin, V. Smetana, G.J. Miller, J.D. Corbett, Inorg. Chem. 21 (2012), 8882.

[9] Q. Lin, J. D. Corbett, J. Am. Chem. Soc. 128 (2006), 13268.
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Palladium is an important catalyst in many catalytic reactions with diversity of
technological applications. Apart from the pure metal, catalytic activity is being increasingly
attributed also to palladium oxides, which however remain poorly characterized. The only
thoroughly studied and technologically exploited palladium oxide phase is PdO, while less
attention has been paid to PdO,. Formation of only one polymorph with rutile structure was
reported for the latter [1]. In our computational study based on Density Functional Theory,
we demonstrate that PdO, exhibits the ability to assume a diverse range of open-framework
structures capable of accommodating a wide variety of intercalated spacies. [2]. Importantly,
their thermodynamical stabilities compete with that of the rutile type. We have thoroughly
examined the energetics, crystal structure, electronic and phonon structure, mechanical
stability and elastic properties of these predicted framework using several exchange-
correlation functionals. Our results reveal similar polymorphism and energetics as is known
for intensively researched MnO, open-framework structures [3-5]. The open frameworks
offer wide possibilities for selective synthesis and modulation of properties by the
intercalates, thus opening new possibilities for technological applications of PdO..
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[1] I. S. Shaplygin, G. L. Aparnikov, V. B.Lazarev, Zhurnal Neorganicheskoi Khimii, 23, 884 (1978)
[2] D. Fabu$ova, K. Tokar, and M. Derzsi, manuscript in preparation; D. Fabusova, Master thesis
2020, available at https://opac.crzp.sk/

[3] D. A. Kitchaev et al., Phys. Rev. B 93, 045132 (2016).

[4] D. A. Kitchaev et al., J. Am. Chem. Soc., 139, 2672—2681 (2017).

[5] T. Hatakeyama, N. L. Okamoto, and T. Ichitsubo, Journal of Solid State Chemistry 305, 122683
(2022).
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Pentoxides of the fifth group elements (V20s, Nb,Os, Ta20s) exhibit a diverse range of
structures, offering various potential applications. However, pentoxides of transition metals
beyond the fifth group, such as our focus Ni2Os, have received limited or none attention.
Ni2Os represents an intriguing, yet undiscovered phase, and our research seeks to predict its
crystal structure and associated properties through the application of Density Functional
Theory (DFT) and evolutionary algorithms (EA). We investigated the possibility of
introducing nickel as the transition metal into well-studied M;Os structures and we have
utilized DFT and EA to explore the most stable structures and their properties. Our study
aims to expand our comprehension of the potential uses of novel nickel oxide materials.

Acknowledgement:

The European Regional Development Fund, Research and Innovation Operational
Programme, for project No. ITMS2014+: 313011W085;

Scientific Grant Agency of the Slovak Republic, grant No. VG 1/0223/19;

The Slovak Research and Development Agency, grant No. APVV-18-0168;
The Slovak Research and Development Agency, grant No. APVV-20-0220;

Aurel supercomputing infrastructure in CC of Slovak Academy of Sciences acquired in
projects ITMS 26230120002 and 26210120002 funded by ERDF;

PRACE FENIX Project fnxp070004 at TGCC high performance computing infrastructure,
France.

75

P3



P4

76

'*' Poster session

Superconductivity in gold nanostructures with niobium thin film
percolating patterns

E. Tafral*, A. Fluksek!, M. Kuvezdi¢!, N. Markovié?, D. Radi¢?
! Department of Physics, Faculty of Science, University of Zagreb, Zagreb, Croatia
2 Department of Physics & Astronomy, Goucher College, Baltimore, MD, USA
*e-mail: etafra@phy.hr

We studied superconductivity in gold nanostructures on which niobium thin film
percolating patterns were deposited, as shown in Fig. 1.

FIG. 1: Gold nanostructure with four Nb samples. Size of Nb samples is 20x20 pm.

We used two nanostructures (one is shown in Fig. 1.), each with four Nb samples.
Samples are characterized by the percolation parameter p. The nanostructures were produced
using UV lithography and gold was deposited by thermal evaporation. Matlab was used to
create percolating patterns, which were written using e-beam lithography and niobium was
deposited using DC sputtering.

We measured the temperature dependence of electrical resistivity, with and without the
applied magnetic field, to investigate the metal-superconductor transition. We also measured
the I-V characteristics. All samples are superconducting with transition temperatures (Tc) in
the range 3 K — 5 K. Metal-superconductor transition curves exhibit anomalies which we
attribute to the proximity effect. Using the change of Tc with the applied field, we
extrapolated the values of upper critical field at 0 K Hc2(0) and of coherence length &(0).
Furthermore, a scaling analysis was carried out, by variation of magnetic field, from which
we obtained the values of products of critical exponents and determined the universality
classes of the samples [1].

In future research, we plan to carry out measurements in a wider p range, so that we can
determine the critical value of p at which the superconducting transition occurs. Then, also a
scaling analysis by variation of the percolation parameter could be performed.

[1] N. Markovié¢, et al. Phys. Rev. B 60, 4320 (1999).
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Polaronic materials are an active topic in multidisciplinary field of physics, chemistry and
materials science. Polarons play an important role in a range of physical properties such as charge
transport, surface reactivity and magnetoresistance. [1]

In this study, we present the magnetic field dependence of the electrical resistivity of a polaronic
material, a single crystal rutile TiOz, which is hardly found in the literature. The electrical resistivity
has a minimum at 30 K and increases by six orders of magnitude when cooled down to 2 K. In the
magnetic field, the electrical resistivity increases especially at low temperatures.

—B3=12T

0 25 50 75 100 125 150 175 200
T [K]
Figure 1. Temperature dependence of the resistivity of rutile TiO2 single crystal for 0 Tand 12 T.

[1] Franchini, C., Reticcioli, M., Setvin, M. et al. Polarons in materials. Nat Rev Mater 6, 560-586
(2021). https://doi.org/10.1038/s41578-021-00289-w
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For materials used in advanced nuclear reactors, both fission and fusion, high levels of
transmutation helium pose a significant challenge. Accumulation of this transmutation
product stabilizes vacancy-type defects and leads to the formation of helium bubbles resulting
in swelling and embrittlement of the material [1]. While most of the research on fundamental
aspects like defect evolution and void swelling is performed at the nanoscale, our research
focuses on the bulk properties of these materials and their practical applications in
engineering.

We irradiated 6 structural steels designed for use in demanding radiation environments,
namely SIMP, Eurofer97, PM2000, ODS Eurofer, SS 310S, and 800H by employing helium
ion irradiation with energies ranging from 17 MeV down to 1 MeV, gradually decrementing
the ion-beam energy to create a uniform "box-profile” of 1000 appm helium concentration
[2]. As a result, we achieved a 65 pum thick quasi-homogeneous irradiated layer, which
enables to perform micromechanical testing and assessment of engineering relevant (bulk)
material properties as well as the application of conventional positron annihilation
spectroscopy utilizing radioisotope sources such as 2Na positron source. This provides
positrons with a continuous spectrum of energies up to 540 keV, which corresponds to ~ 85-
90% positron stopping in 65 um [3]. In this contribution we present first results from positron
annihilation lifetime spectroscopy and nanoindentation analysis.

[1] V. Krsjak et Al. Journal of Materials Science and Technology 105 (2022) 172-181.
[2] P. Noga et Al. Materials 15 (2022) 6443.
[3] M. Saro, V. Krsjak, M. Petriska, V. Slugen, Acta Physica Polonica A 137 (2020) 193-195.
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Measurements of stress distribution in a polycrystalline material provide important
information about the mechanisms of plastic deformation occurring at the scale of
polycrystalline grains. Experimental methodology presented in this work is based on neutron
diffraction experiment and it allows to determine stresses localised in grains during
mechanical tests. The diffraction measurements were done during tensile test performed at
the HK9 strain diffractometer (NPI, Rez, Czech Republic) using 26-dispersion method
(neutron diffraction). The lattice strains in AZ31 Mg-alloy were measured in-situ and the
Crystallite Group Method (CGM) [1,2] was used to determine the evolution of the grain
stresses for specific orientations of crystallites [3]. On the basis of the grain stress evolution
a large difference in work hardening was found for crystallites having different lattice
orientations.

Next, the variation of the Resolved Shear Stresses (RSS) were determined and their
critical (CRSS) values were found for different slip systems. Results showed, that the basal
system does not lead to significant macroscopic plastic deformation (activation of basal
system occurs for non-preferred crystal orientations), important macroscopic plastic
deformation occurs when the non-basal systems are activated (for significantly higher applied
stress).

The mechanisms of elastic-plastic deformation was also simulated by Elastic-Plastic
Self-Consistent model (EPSC). The value of CRSS for a basal slip system and adjusted set
of CRSS values for non-basal slip systems determined with the help of the modified EPSC
model agree with those obtained from a direct method. The predictions of the model agree
with experiment if significant plastic accommodation is introduced for the plastically
deformed grains [3].

[1] B. Ortner, On the selection of measurement directions in second-rank tensor (e.g. elastic strain)
determination of single crystals , J. Appl. Crystallogr. 22 (1989) 216-221.

[2] R. Dakhlaoui, V. Klosek, M.H. Mathon, B. Marini, Orientation stress field analysis in
polycrystalline bcc steel using neutron diffraction, Acta Mater. 58 (2010) 499-5009.

[3] A. Baczmanski, P. Kot, S. Wronski, M. Wrdbel, M. Wronski, J. Pilch, M. Muzyka,K.
Wierzbanowski, Y. Zhao, L. Le Joncour, M. Francois, B. Panicaud, Direct diffraction measurement of
critical resolved shear stresses and stress localisation in magnesium alloy, Materials Science &
Engineering A 801 (2021) 140400.
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Asymmetric adsorption and bond selectivity on chiral PdGa
surfaces

Nestor Merino-Diez, Samuel Stolz, Ray Amador, Daniele Passerone,Oliver Groning,
Roland Widmer*

1Empa, nanotech@surfaces, Diibendorf, Switzerland
*e-mail: roland.widmer@empa.ch

The unconventional chiral-crystal structure of intermetallic PdGa substrates provide
them with intriguing properties from the point of view of asymmetric heterogeneous
catalysis. They combine a valence electronic structure similar to copper with well-ordered,
chiral local atomic structures at the different possible PdGa bulk truncated surfaces [1]. In
this work, we make use of PdGa(-1-1-1) which features periodically ordered Pd trimers in
the terminating layer. This particular surface structure cannot only transmit its innate chirality
either to different adsorbates and the on-surface reactions which the former may subsequently
undergo [2], but also act as ‘platform' to host fundamental quantum phenomena as highly
direction molecular tunneling motion [3].

Enantioselective adsorption
|enantiomeric excess = 99.9 % (only R)

Regioselective dehalogenation

achiral DBBA

chiral conformers

Ta>95K tip-ind.
+ —_— —_—
S—R debrom.
R S

chiral PdGa(-1-1-1)A-Pd,

Figure 1. a) 3D-modeled scheme illustrating the temperature-dependent enantioselective adsorption.
b,c) STM images (50 mV, 100pA) of DBBA molecules on the Pds-terminated
PdGa(-1-1-1) exclusively featuring the energetically favored conformer R in its three predominant
orientations (b) before and (c) after regioselective tip-induced debromination.

In our presentation, we will discuss the adsorption and debromination characteristics the
well-known achiral di-bromo-bi-anthracene molecule (DBBA) which upon cold-deposition
renders two different adsorption-induced chiral configurations. Given the chiral nature of the
surface, one molecular conformation is energetically favored and, as a result, above 95K, the
system transitions from a racemic mixture to a >99% enantio-pure adsorption state through
a molecular reconfiguration process. Very remarkably, this now unique chiral adsorption
configuration features highly different debromination characteristics between its two
halogenated positions resulting into a robust tip-induced regioselectivity. Furthermore, the
temperature-induced formation of chiral graphene nanoribbons is addressed. Our results
highlight the auspicious role of chiral intermetallic PdGa substrates in the development of
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innovative asymmetric heterogeneous catalytic methods and the production of chiral-
enriched nanostructures by on-surface synthesis strategies.

Support by the Swiss National Science Foundation under the grants 200021-129511 and
200021-159690 is gratefully acknowledged.

[1] J. Prinz.Thesis No 6337, EPFL (2014).
[2] S. Stolz et al. Adv. Mat. 34, 2104481 (2022); S. Stolz et al. Comm. Chem. 4, 51 (2021).
[3] S. Stolz et al. PNAS 117, 14838-14842 (2020).
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Martensitic phase transition in epitaxial Ni-Mn—-Ga magnetic
shape memory thin films: a surface science perspective

V. Fournéel*, V. K. Singh?, J. Ledieu?, M. Takhsha Ghahfarokhi?, F. Casoli?, F. Albertini?
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Ferromagnetic shape memory (FSM) Heusler compounds are a class of “smart
materials”, i.e. materials with multifunctional properties that can be activated through an
external stimulus [1]. The prototype of FSM Heuslers is the Ni.MnGa intermetallic, because
it shows the largest magnetic shape memory effect obtained so far. The key point at the heart
of these externally driven physical changes and multifunctionality is a reversible martensitic
transformation combined with a strong magnetostructural coupling. There is a strong interest
in the basic physics of Ni-Mn—Ga ferromagnetic shape memory alloy because of its potential
as a functional material with large magnetic field induced strain, as an energy material with
giant magnetocaloric effect and as a magnetic sensor with large negative magnetoresistance.

Here we report first results on the surface of an epitaxial Ni-Mn-Ga thin film grown on
MgO(001) by RF sputtering technique at elevated temperature (623 K) [2]. We use scanning
tunnelling microscopy (STM) imaging, low-energy electron diffraction (LEED), x-ray
photoemission spectroscopy (XPS) and scanning electron microscopy (SEM) to study the
structural, chemical and microstructural changes occurring across the phase transition
between the high temperature austenite with L2, structure and the low temperature martensite
with seven-fold modulated monoclinic structure (Fig.1).

(c) (d)

Figure 1: LEED patterns and STM images of the austenite (a,b) and the martensite (c,d) phases.

[1] A.A. Cherechukin et al., Phys. Lett. A, 291 175 (2001).
[2] M. Takhsha Ghahfarokhi et al., Acta Mat., 187, 135 (2020).
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Influence of RF Sputtering Parameters on Hydrogen Content in
Thin PdO Films by ToF-ERDA

Filip Ferencik?, Mikko Laitinen?, Jaakko Julin?, Matej Kubis!, Zoltan Szaraz?, Pavol Noga®

L Slovak University of Technology, Faculty of Materials science and Technology, Advanced
Technologies Research Institute
ZUniversity of Jyvaskyl4, Finland, Department of Physics

In this research, we have systematically deposited thin PdOx films via RF sputtering of
Pd wire in a range of gas environments, including inert and oxidizing atmospheres. Our
investigation delves into the critical factors influencing these thin films, specifically
emphasizing the hydrogen content within the layers. The experimental parameters explored
encompass oxygen-to-argon ratios, discharge power settings and pressure levels varying
between 5x107 to 5x10°2 mbar.

In order to gain a comprehensive understanding of the films, we utilized advanced
analytical methods, X-ray photoelectron spectroscopy, Scanning electron microscopy and
Time of Flight Elastic Recoil Detection Analysis.

These methods not only facilitated the assessment of elemental composition and
detection of impurities but also allowed for the precise determination of thickness of films,
deposition rates, composition and chemical state.

Of particular importance is the inherent propensity of PdO to bond with hydrogen,
aligning with Palladium's well-recognized role as a catalyst in various applications, including
H20; synthesis and hydrogen detection. Thus, the investigation of hydrogen content within
these PdOx layers assumes paramount significance, holding promise for enhancing their
catalytic performance and expanding their utility in catalytic processes and hydrogen-related
technologies.
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Growth of crystalline CoCrFeNi high-entropy alloy thin films on
LaAlOs by magnetron sputtering

H. Schwarz*, P. Richter?, T. Seyllert2
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Chemnitz, Germany
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*e-mail: holger.schwarz@physik.tu-chemnitz.de

Multicomponent alloys of at least four elements with near equimolar percentage were
first reported and investigated by Cantor et al. [1] and Yeh et al. [2] in 2004 and are nowadays
often referred to as High-Entropy Alloys (HEAS) [3]. This composition is expected to support
the formation of single-phase solid solutions, which lead to extensive research on the
mechanical properties of HEAs in the past decades, but surface physics are barely
investigated so far. Recently, we have demonstrated the formation of crystalline thin films of
CoCrFeNi via magnetron sputtering from homemade targets on MgO (100) single crystal
substrates [4]. The single crystal character of the films and its epitaxial relation to the
substrate were confirmed by X-ray diffraction (XRD) and transmission electron microscopy
(TEM). Following a proper UHV surface treatment, the structural and electronic behaviour
is accessible by means of low energy electron diffraction (LEED) and angle resolved
photoelectron spectroscopy (ARPES).

In the present study, the proof of principle for this method of crystal fabrication is
demonstrated by deposition of CoCrFeNi on LaAlO3; (LAOQ) substrates. Access to surface
studies on different CoCrFeNi crystal planes is achieved by the variation of the substrates
surface orientation which determines the HEA growth direction. Since the lattice constants
of LAO and CoCrFeNi are very similar, the occurrence of planar defects, which were
observed more frequently on MgO, could be significantly reduced.

[1] Cantor et al., Mater. Sci. Eng. A, 213, 375-377, (2004)
[2] Yeh et al., Adv. Eng. Mater., 299-303, 6, (2004)

[3] Miracle et al., Acta Mater., 448, 122, (2017)

[4] Schwarz et al. Adv. Mater., 2301526, 35, (2023)
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Magnetocaloric properties of single-crystalline Eusln2Sbe
K. Synoradzki'*, T. Tolinski?, Qurat Ul Ain?, T. Romanova?, D. Kaczorowski?

L Institute of Molecular Physics, Polish Academy of Sciences, Poznan, Poland
2 Institute of Low Temperature and Structure Research, Polish Academy of Sciences,
Wroctaw, Poland
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The Zintl phase Eusln,She crystallizes in the orthorhombic CasGaAss-type structure
(nonsymmorphic space group Pbam, no. 55). It orders antiferromagnetically (AFM) at
Tn1 = 14.0 K and undergoes another AFM phase transition at Tn2 = 7.1 K. The compound
exhibits insulator-like electrical transport. Above Ty, it displays colossal magnetoresistance
(CMR) accompanied by an anomalous Hall component. Due to fairly low thermal
conductivity that is a consequence of complex bonding environment, EusIn,She shows
superior thermoelectric performance.

In this study, we determined the magnetocaloric properties of EusIn,She in a wide range
of temperature and within different magnetic field intervals. Single crystals of the compound
were grown using In-flux technique. The magnetocaloric effect (MCE) was studied in
magnetic fields aligned within the crystallographic ab-plane and along the c-axis. From the
analysis of Arrott plots we concluded that the AFM transitions are of the first-order type. The
compound displayed both normal and inverse MCE, and furthermore, owing to its substantial
anisotropy, a rotational MCE was found. Notably, for conventional MCE, the maximum
value of isothermal entropy change ASy was —4.7(1) J kg K at 15(1) K for a magnetic field
change AB of 5 T, regardless the field orientation. The relative cooling power (RCP) was
found similar for both field directions, equal to 81(1) J kg (AB =5 T). The largest rotational
MCE was observed near 11 K, with maximum ASg value of 2.4(1) J kg* K'* and RCP =
17.5(6) J kg* for AB = 4 T. The practical attractiveness of EusIn,Shs is enhanced by the
coexistence of normal, inverse and rotational MCE.

This study was supported by the National Science Centre (Poland) under research grant
2021/41/B/ST3/01141.
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Short-range order effects in paramagnetic states of
single-crystalline Euln2P2 and Euln2As:2

T. Tolinskil™*, Q. U. Ain?, K. Synoradzki?, T. Romanova?, K. Singh?, O. Pavlosiuk?,
P. Wisniewski?, D. Kaczorowski?
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The compounds EulnzP, and Euln,As; crystalize with hexagonal unit cells (space group
P6s/mmc). The phosphide orders magnetically at Tc = 24 K, with the Eu magnetic moments
aligned ferromagnetically within the ab plane but tilted alternately along the c—axis. Below
Tn = 16.1 K, EulnzAs; exhibits an antiferromagnetic arrangement of the adjacent ab planes,
keeping an in-plane ferromagnetic alignment of the Eu magnetic moments [1-3].

In the paramagnetic state, the thermodynamic and electrical transport properties of both
materials are dominated by short-range magnetic interactions, which manifest themselves as:
(i) strongly anisotropic magnetic susceptibility even far above Tc/Tw, (ii) activation-type
resistivity behaviour that can be well described in terms of variable-range hopping transport,
(iii) negative magnetoresistance that varies quadratically with magnetic field strength as well
as with reduced magnetization [4], (iv) transverse magnetoresistance describable by models
appropriate for localized magnetism.

This study was supported by the National Science Centre (Poland) under grant
2021/41/B/ST3/01141.

[1] S. Regmi, et al., Phys. Rev. B 102, 165153 (2020)
[2] M. Gong, et al., Phys. Rev. B 106, 125156 (2022)
[3] T. Tolinski, D. Kaczorowski, SciPost Phys. Proc. 11, 005 (2023)
[4] Y. Zhang, et al., Phys. Rev. B 101, 205126 (2020)
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The appearance of anomalous Hall effect in EuCd2As:2
above ordering temperature

P. Sager'*, L. Ak§amovié?, B. Gudac?, I. Kokanovié¢!, M. Novak?

L Faculty of Science, University of Zagreb, Zagreb, Croatia
2 Institute of solid state physics , TU Wien, Vienna, Austria
*e-mail: psacer.phy@pmf.hr

Weyl semimetals have garnered significant attention owing to their wide array of exotic
properties predicted by theoretical frameworks. They serve as an elegant illustration of the
profound connection between condensed matter and high-energy physics, primarily due to
their low-energy excitations known as Weyl fermions, which are massless particles obeying
the Weyl equation. These materials exhibit linear dispersion in their energy bands near
specific points called Dirac or Weyl points, akin to the three-dimensional counterpart of
graphene. The remarkable mobility of charged Weyl fermions holds great promise for
applications in electronics and computing.

As for the layered antiferromagnet, EUCd2AS,, it was initially considered a member of
the Weyl semimetal category. However, recent studies conducted by our team with
collaborators do not substantiate this assertion. Our findings reveal that EuCd»As; can display
either insulating or metallic behavior contingent on the specific synthesis method employed.
Within the insulating phase, we have identified a notable anomalous contribution to the Hall
effect, possibly attributable to the formation of magnetic polarons. Currently, we cannot
exclude the possibility of a two-band contribution to the Hall signal.
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Investigation of Transport and Magnetic Properties of
Intercalated TMDs

Gaurav Pransu*, Naveen Singh Dhami?, Wojciech Jerzy Sas?,
Naveen Kumar Chogondahalli Muniraju'?, Bruno Gudac®, Mario Novak?,
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YInstitut za fiziku, Zagreb, Croatia
2The Institute of Nuclear Physics Polish Academy of Sciences, Krakow, Poland
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Transition metal dichalcogenides (TMDs) are layered materials that, due to their reduced
dimensionality, host interesting phases such as charge density waves (CDW) and
superconductivity. Intercalation by first-row transition metals offers the possibility of fine-
tuning magnetic and electronic properties [1]. We synthesized high-quality single crystals of
NixNbS; in a wide intercalation range of 0.01 < x < 0.6, and stoichiometric Co3TaS,. In
NixNbS2, we study the suppression of superconductivity and the development of the
antiferromagnetic (AF) phase. We also investigate the effect of disorder on the magnetic
ground state. It's interesting to notice that although both compounds order
antiferromagnetically, a ferromagnetic component also exists indicating the presence of
Dzyaloshinskii-Moriya interaction. ARPES study and experiments under hydrostatic and
uniaxial pressure are currently underway to get a more comprehensive understanding of the
ground state and its electronic structure [2,3].

ACKNOWLEDGMENTS
This work has been supported in part by the Croatian Science Foundation under project
number 1P-2020-02-9666

[1] R. H. Friend et al., Philos. Mag. 35 (1977) 1269-1287
[2] P. Popcevi¢ et al., Phys. Rev. B 105 (2022) 155114
[3] P. Popcevi¢ et al., Phys Rev. B 107 (2023) 235149
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Intermetallic EuTXs (T : transition metal, X = Si/Ge) forms a non-centrosymmetric
BaNiSns-type structure (space group 14mm). It has been attracting considerable attention due
to complex magnetic structures and unique pressure phase diagram that potentially
accommodates superconductivity under pressure [1,2]. Unlike Eu-compounds with the
ThCr,Sip-type structure, detailed studies of pressure dependent structural changes in those
with the BaNiSns-type structure remain to be scarce. In order to study the pressure evolution
of crystal structure, we performed synchrotron powder x-ray diffraction (XRD) as a function
of pressure on EuTGes (T=Co, Rh, Ir) at 300 K. The obtained lattice volume exhibited a
smooth contraction without any symmetry changes in all compounds. From the equation of
state fitting of the unit cell volume [3], we obtained the bulk modulus and the pressure
derivative of the bulk modulus of all compounds. Our study also revealed an anisotropic
compressibility between a- and c-axis. The axial ratio (c/a) increased by applying pressure
and exhibited a slope change around 21 GPa in EuCoGes[4], 15 GPain EuRhGez and 22 GPa
in EulrGes. The pressure change of the c/a ratio seems to reflect changes in local
environment, e.g. different pressure responses of bond lengths.

This work has been partly supported by the Croatian Science Foundation under the project
numbers IP 2020-02-9666 and UIP 2019-04-2154, and by the project Cryogenic Centre at
the Institute of Physics — KaCIF co-financed by the Croatian Government and the European
Union through the European Regional Development Fund-Competitiveness and Cohesion
Operational Programme (Grant No. KK.01.1.1.02.0012).

[1] A. Maurya et al., J.M.M.M. 401 (2016) 823-831.

[2] M. Nakashima et al., J. Phys. Soc. Jpn. 86 (2017) 034708.
[3] F. Birch, Phys. Rev. 71 (1947) 8009.

[4] N. S. Dhami et al., Phys. Rev. B. 107 (2023) 155119.
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Electronic transport in intercalated 2H-NbS2 modulated by
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Layered compounds, due to their reduced dimensionality, are susceptible to different
instabilities leading to realization of various, sometimes exotic, electronic phases. Their
layered structure enables exfoliation and often intercalation, rendering them promising
candidates for new electronic devices and applications. Transition-metal dichalcogenides
(TMDs) are prominent members in this class of compounds. They support various charge
density waves, metallic and semi metallic, superconducting and Mott insulating states.
Intercalation with transition metal ions adds magnetic sublayers, which also show various
magnetic ground states. Co1sNbS; and NiysNbS, both order antiferromagnetically below
their respective ordering temperatures Tnco=28 K and Tnni= 95 K. However, while the
complete suppression of magnetic order under pressure has been observed in
Co13NbS; [1, 2], the magnetic ordering in NiysNbS, behaves more robustly under pressure.
The electronic transport anisotropy further demonstrates the differences between the roles
that Co and Ni play upon intercalation. This difference is also shown in the electronic
structure of two compounds, here explored through angle resolved emission spectroscopy
(ARPES), ab initio electronic structure calculations and modeling [3, 4]. It is demonstrated
that intercalated ions dominate the interlayer coupling. In the case of Co1sNbS; we propose
the “spin-valve” mechanism where the intercalated Co ions act as spin-selective electrical
transport bridges between host layers.

@ & G (b) Liteff
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A
%/H %]H
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Figure 1. The figure illustrates electron hopping between two Nb 4d orbitals of neighboring NbS2
layers, facilitated by the Co 3d,- orbitals (depicted as green bars) of the intercalated cobalt atom.

[1]N. Barisi¢, I. Smiljani¢, P. Popcevic, et al., Phys. Rev. B 84, 075157 (2011).
[2] P. Popcevié, 1. Batisti¢, A. Smontara, et al., Phys. Rev. B 107, 235149 (2023).
[3] Petar Popcevi¢, Y. Utsumi, L. Biato, et al., Phys. Rev. B 105, 155114 (2022).
[4] Y. Utsumi Boucher, I. Bialo, M. A. Gala, et al., under review in Phys Rev B.
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Transition metal phosphides are a class of materials with diverse applications in
catalysis, energy storage, and electronic devices [1-3]. This work focuses on
antiferromagnetic Mn,P with Néel temperature (Tn) ~103 K [4]. Mn2P crystallizes in a
non-centrosymmetric hexagonal structure (space group: P62m). Mn atoms occupy two
inequivalent tetrahedral and pyramidal sites which carry small and large moments,
respectively [4, 5]. Although MnyP has been known for decades, the reported magnetic
structure varies depending on the experimental methods [4, 6]. Moreover, inconsistent
temperature behaviors of electrical resistivity and two order of magnitude different residual
resistivity have been reported depending on crystals [7]. In order to investigate the intrinsic
magnetic and electric properties of Mn2P, high quality single crystals are required. Following
that, we have grown single crystals of MnP by Sn-flux method. Chemical composition and
crystal structure were studied by energy dispersive x-ray spectroscopy and powder X-ray
diffraction. The chemical composition of the grown crystal is determined as Mn2P. We also
measured the magnetic susceptibility curve and its field dependence on the grown Mn,P
single crystals. The grown crystals exhibit an antiferromagnetic transition at Ty =104 K
which is in a good agreement with previous studies [7, 8]. A shoulder like feature is seen in
the susceptibility curve around 50 K. With an increase in the external magnetic field, the
shoulder like feature becomes more prominent. The result implies a presence of meta-
magnetic transition.

This work has been partly supported by the Croatian Science Foundation under the
project numbers IP 2020-02-9666 and UIP 2019-04-2154, and by the project Cryogenic
Centre at the Institute of Physics — KaCIF co-financed by the Croatian Government and the
European Union through the European Regional Development Fund-Competitiveness and
Cohesion Operational Programme (Grant No. KK.01.1.1.02.0012).

[1] MC. Alvarez-Galvan et al., Ceramics Int. 47, 4404, (2021).
[2] J. Theerthagiri et al., Catalysts. 9, 293, (2019).

[3] T. Kavinkumar. et al., CEJ. 9, 144214, (2023).

[4] M. Yessik, Phil.Mag.17, 623 (1967).

[5] R. Fruchart et al., J. Appl. Phys. 40, 1250 (1969).

[6] L. Haggstrom, et al., J.Mag.Mag.Mat. 60, 171 (1986).
[7]J. Otaet. al., JPS Conf. Proc. 30, 011087, (2020).

[8] S. Naetal., CPL. 37, 087301, (2020).

P18

91



P19

92

'*' Poster session

Phase separation and recovery in ferritic oxide dispersion
strengthened steels

Z. Széraz*, Gy. Torok?

L Slovak University of Technology in Bratislava, Faculty of Materials Science and
Technology in Trnava, Advanced Technologies Research Institute, Trnava, Slovakia
2Reactor Department, Atomic Energy Research Institute, MTA, KFKI, Konkoly Thege
Miklos Gt 29-33, 1121 Budapest, Hungary
*e-mail: zoltan.szaraz@stuba.sk

Oxide dispersion strengthened (ODS) alloys are promising structural materials for high
temperature application and for next generation fission/fusion reactor applications. They
offer enhanced high temperature creep strength in combination with good irradiation
resistance. High chromium ferritic ODS steels show also improved corrosion resistance and
allow extending the operation temperature beyond 650 °C. However, high chromium steels
may suffer from hardening embrittlement, which is attributed to the phase separation into Fe-
rich o and Cr-rich o' phases forming during thermal ageing of the material at intermediate
temperatures. Presence of o' results in an increase of strength and ductile—brittle transition
temperature, and a concomitant loss of ductility and corrosion resistance.

The a — o' phase separation and the dissolution of the o' phase have been studied with
thermoelectric power (TEP) and small-angle neutron scattering (SANS) measurements in
recrystallized PM2000, MA956 and ODM751 ODS steels. Nanometric precipitation of o'
phase was quantified in terms of its volume fractions and precipitate sizes after 1000 hours
ageing at 475 °C. A good correlation between the micro-hardness, thermoelectric power and
precipitate volume fraction measured by SANS was established. The embrittlement of the
aged material was evident from the tensile and impact tests. The ageing temperature of
650 °C was outside of the miscibility gap for both materials therefore a” phase formation was
not detected. For samples previously aged at 475 °C, further ageing at 650 °C resulted in
complete dissolution of the o’ phase. Both non-destructive techniques applied confirmed the
dissolution. SANS found to be suitable technique for studying the kinetics of the recovery.
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Introduction. The semi-hydrogenation of acetylene is an important industrial process to
remove traces of acetylene from the ethylene feed used to produce polyethylene.[1] Ga-Pd
intermetallic compounds have been studied as catalysts in the semi-hydrogenation of
acetylene and were found to exhibit high selectivities and high stability.[2] Substitution of
gallium with another main-group element having a higher number of valence electrons results
in compounds with different valence electron concentrations, thus the electronic influences
in the semi-hydrogenation of acetylene can be studied. An example of this is the catalytic
investigation on Gai«SnxPd, (0 < x < 1), where the maximum activity was observed at
x = 0.28.[3] In this work, Ga (with three valence electrons) is replaced with Sb (five valence
electrons) to reduce the substitution degree while still improving the activity. Intermetallic
compounds GaixShxPd: (0 < x < 0.2) were synthesised, characterized and catalytically tested
in the semi-hydrogenation of acetylene.

Experimental. Intermetallic compounds Ga;xShxPd2 (x = 0, 0.02, 0.03, 0.035, 0.04,
0.05, 0.1 ,0.15, 0.2) were synthesised in a high-frequency furnace and subsequently enclosed
in evacuated quartz glass ampoules before being annealed at 900 °C for three weeks in a
resistance oven. Samples were then characterized using metallography and powder X-ray
diffraction. This was followed by catalytic tests on crushed samples in a quartz glass tube
reactor (plug-flow type) using a gas phase composed of 0.5% CzHz, 5% Ha, 50% C;Ha,
44.5% He at 200 °C and a total flow of 30 mL/min.

Results and discussion. X-ray diffraction as well as metallography resulted in single-
phase samples for all compositions. Catalytic testing of these samples revealed that the
maximum activity was 16.44 molacetyiene Molpgth™t at x (Sb content) = 0.035. Selectivity
towards ethylene was around 80% for all samples displaying high stability throughout the
catalytic testing. The valence electron concentration (total number of valence electrons
divided by total number of atoms) were calculated for the Sb and Sn containing samples using
each atom’s valence electron count (Ga = three, Sb = five, Pd = zero, and Sn = four). Since
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Fig 1. Selectivity of GaixShxPd:
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Ga1xSnxPd2 & GaixShxPd2 samples
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the change of valence electron concentration has been doubled per atom for Sb compared to
Sn, the highest catalytic activity is expected at half the Sb content (x = 0.14). However, this
is not observed and the highest catalytic activity is seen at x = 0.035 (Figure 1).

[1] M.T. Ravanchi, S. Sahebdelfar, S. Komeili, Rev. Chem. Eng. 2018, 34, 215-237.
[2] J. Osswald et al., J. Catal. 2008, 258, 219-227.
[3] O. Matselko et al., J. Phys. Chem. C. 2018, 122, 21891-21896.
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Surprising Magnetism of Murunskite

D.Toljl, P. Reddyz**, 1. Zivkovié?, J.R. Soh?, K. Kome;dera3, C.M.N. Kumar*, T. Ivgi¢®®,
M. Novak?, W. Tabis?, L. Forré®, H. Ronnow?, D.K. Sunko?, N. Barigi¢?®

! Laboratory for Quantum Magnetism, EPFL, Lausanne, Switzerland
2 Department of Physics, Faculty of Science, Zagreb, Croatia
3 Department of Solid State Physics, AGH University of Krakow, Poland
4 Institute of Nuclear Physics Polish Academy of Sciences, Krakow Poland
5 Laboratory of Physics of Complex Matter, EPFL, Lausanne Switzerland
8 Institute of Solid State Physics, TU Wien, Austria
*e-mail: preddy@pmf.hr, nbarisic@phy.hr, dks@phy.hr

There are only two known families of high-T. superconductors, the cuprates and the iron
pnictides. Murunskite (KoFeCusSs) bridges them structurally and electronically. It is an
insulator like the cuprate parent compounds, however, magnetically it is more similar to
pnictides. Magnetic properties of murunskite single crystals are presented, based on neutron
(fig 1b), Moesshauer, and XPS measurements. They are difficult to reconcile with a
microscopic picture of localized magnetic moments residing on individual atoms. The
ordered phase is antiferromagnetic with a nearly commensurate quarter-zone wave vector.

However, the only chemically identifiable magnetic atoms are iron, which are distributed
at random over one-quarter of available crystallographic sites in 2D planes (Figla). The
remainder are occupied by closed-shell copper.

Furthermore, the measured size of the moments exceeds that of a Fe 3+ ion, even though
the majority of iron atoms are in the 2+ oxidation state. Finally, the material is a 0.8 eV-gap
semiconductor with the same moments visible in a paramagnetic state above the AF transition
temperature, making an interpretation in terms of a spin-density wave also questionable. A
tentative picture of moments delocalized over a magnetic unit cell and mediated by polarized
sulfur ligands is presented.

Temperature (K)

Figl (a) crystal structure of murunskite (b)magnetic susceptibility measurements and (c) Neutron powder diffraction.
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V-Ni intermetallic compounds in oxygen evolution reaction
B. Mete!*, U. Burkhardt?, Y. Grin, I. Antonyshyn??

1 Max-Planck-Institut fiir Chemische Physik fester Stoffe, Dresden, Germany
2 Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany
*e-mail: Buesra.Mete@cpfs.mpg.de

Alkaline water electrolysis is a reassuring method for emerging green hydrogen
production with the aid of electricity obtained from renewable resources. Water oxidation
half-reaction is assessed as the rate-limiting part of the water splitting due to its slow kinetics.
During the last decade, Ni- and Co- containing binary compounds with well-defined crystal
structures have attracted a tremendous attention [1,2]. Therefore, investigation of bulk
well-characterized intermetallic compounds as electrocatalysts for the oxygen evolution
reaction (OER) is a step forward in the future development and understanding of
electrocatalyst for OER.

In the present study, electrochemical behaviour of selected V-Ni intermetallic
compounds was investigated in comparison with elemental Ni. The working electrodes were
prepared by solid-state synthesis followed by cutting into cylindrical shape with fine-polished
surfaces. The prepared electrodes were extensively characterized to check purity and
morphological properties before and after electrochemical experiments. Various
electrochemical techniques were used to evaluate and compare OER behaviour in terms of
their electrochemical activity and its stability over time. Results of recent findings in this
study will be presented and discussed thoroughly.

[1] T. Noor et al., Chem. Electro. Chem. 8, 447 (2021)
[2] L. RoRner, M. Armbruster, ACS Catal. 9, 2018 (2019)
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Crystal Growth and Thermal Characterization of Intermetallic
Compounds in the Yb-Au-Sn System

M. Sannemo Targama®*, U. Haussermann?, S. Ghanta?

L Stockholm University, Dept. of Mat. & Env. Chem., Stockholm, Sweden
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The number of discovered intermetallic Tsai-type (YbCds) icosahedral quasicrystals
(iQC) has been continuously expanding and the substitution of Yb for other rare-earths (RE)
and of Cd for binary mixtures with matching valence electron concentrations (VEC) have
proven to be useful tools when investigating the formation conditions as to why these discrete
structures represent thermodynamically favoured phases over periodic ones like the closely
related approximant crystals (AC). [

We have studied the thermal behaviour of the intermetallic compounds in the Yb-Au-Sn
system with a pseudo-binary approach, using eutectic Au71Shzg as one component and Yb as
the other, mapping out the points of phase equilibria for the low Yb concentration region.
Using a combination differential scanning calorimetry (DSC), solution growth experiments
and bracketing by heat treating quenched melts, key features of the complex phase relations
were unravelled, like the peritectic decomposition temperature of the iQC into the 2/1 AC.
In addition, we detailed the synthesis of the iQC, 2/1 AC and a hexagonal phase of Gd14Ags:
type structure. We discovered that the major phase from solution growth experiments using
4% — 6% at. Yb was AusYb with iQC presenting as the minor phase. The co-existence of
iQC and 2/1 AC also seem to occur for a wider range of Yb concentrations than previously
reported. 2 From energy dispersive x-ray spectroscopy, the compositions of the iQC and 2/1
AC were determined to be YDbi29AUe2.9SN222 and YbizeAusasSN21s respectively. From our
bracketing experiments, the peritectic decomposition of iQC into 2/1 AC was estimated to be
between 420°C-430°C, where a clear step was observed in the Yb content from EDS.

Figure 1- A single crystal x-ray diffractogram along the 5-fold rotational axis of an iQC grown from a
mixture of 4% at. Yb and 96 % eutectic Au71Snas.

[1] P. C. Canfield, ‘New materials physics’, Rep. Prog. Phys., vol. 83, no. 1, p. 016501, Jan. 2020,
doi: 10.1088/1361-6633/ab514b.

[2] T. Yamada et al., ‘Formation of an Intermediate Valence Icosahedral Quasicrystal in the Au—Sn—
Yb System’, Inorg. Chem., vol. 58, no. 14, pp. 9181-9186, Jul. 2019, doi:
10.1021/acs.inorgchem.9b00801
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