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Dear Readers,

On behalf of the Editorial Team, it is my pleasure to deliver the second issue of
“Synchrotron Radiation in Natural Science” this year. The current release follows the
Joint Meeting of Polish Synchrotron Radiation Society and SOLARIS Users. Due to the
COVID-19 pandemic, the conference was prepared and executed online on 9-11
September. The conference was a great success, with over 200 participants from 66
Institutes and Universities all over the world. Within the present issue of
“Synchrotron Radiation in Natural Science”, we publish abstracts of the Joint Meeting
of the Polish Synchrotron Radiation Society and SOLARIS Users conference. It is
important to note that abstracts cover very broad aspects of synchrotron radiation and X-ray Free Electron Lasers,
including recent achievements in fundamental and applied research and novel applications in various research
fields. The present Bulletin issue is further supplemented with a broad, and very didactic review on synchrotron-
based X-ray absorption spectroscopy prepared by professor Andrzej Kisiel from the Jagiellonian University. We
hope that each reader will find interesting and inspiring materials and research results with the present issue.
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Ladies and Gentlemen,

We would like to thank all the people and institutions who contributed to the success of the first Joint
Meeting of the Polish Synchrotron Radiation Society (PTPS) and Users of The National SOLARIS
Synchrotron Radiation Center (NCPS). The conference was held on September 9-11, 2020. Due to the
situation related to the COVID-19 pandemic, we decided to organize the "Joint Meeting of the Polish
Synchrotron Radiation Society and SOLARIS Users" as an online conference.

The Polish Synchrotron Radiation Society has been organizing the National Symposium of Synchrotron
Radiation Users (KSUPS) every two years since 1991. Thanks to the fine efforts of the scientific
community associated with the Polish Synchrotron Consortium and members of the Polish Synchrotron
Radiation Society the construction of the National Synchrotron Radiation Center - the SOLARIS
synchrotron in Krakow began in 2010. Since 2018, research groups from various centers, not only from
Poland, have been conducting-experiments on beamlines at the SOLARIS synchrotron, which has
become a unique research center in Poland. SOLARIS is continuously expanding its research offer, and
recently, apart from the synchrotron, the most advanced cryo-electron microscope in Poland is available
to scientists.

The program of this year's 1st edition of the joint conference included an overview of research
performed at synchrotron and alternative radiation sources as well as at X-ray free electron lasers. The
scientific presentations were focused on current scientific and technological achievements and
development trends in the field of research using synchrotron radiation. We hope that the 1st edition of
the Joint Meeting of the Polish Synchrotron Radiation Society (PTPS) and SOLARIS Users contributed
significantly to the integration of the community of synchrotron radiation users in Poland. We would
like to mention that a relatively large number of 240 participants from 66 universities/institutes took
part in the virtual meeting, while over 100 listeners attended each oral presentation. The online poll
completed during the conference registration showed that the general scientific interest of participants
was focused mostly on synchrotron and X-ray free electron laser research, as well as on Cryo-EM
technique (distribution is presented in Figure 1). We would also like to note the relatively large
contribution of participants affiliated with foreign Institute/University (Figure 2). Among Polish
Institutes/Universities, the most participants were from SOLARIS National Synchrotron Radiation
Centre (36), AGH University of Science and Technology (28), Institute of Physics Polish Academy of
Sciences (20), Institute of Nuclear Physics Polish Academy of Science (16), Jagiellonian University (15)
and Gdansk University of Technology (14).

1 © 2020 Polish Synchrotron Radiation Society
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Figure 1: Poll results of the scientific interest among the conference participants.
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Figure 2: Distribution of affiliations for conference participants.

We would like to thank all the speakers, invited guests, and participants for active participation in the
first Joint Meeting of the Polish Synchrotron Radiation Society (PTPS) and SOLARIS Users. We would
like to thank the Polish Synchrotron Radiation Society, the National Radiation Synchrotron Centre
SOLARIS, the Jagiellonian University, the Institute of Nuclear Physics Polish Academy of Science, and the
National Centre For Nuclear Research for active support, participation, and help in organizing this event.
Our warm thanks also go to the Scientific Committee for active participation in preparing the
conference’s scientific program.

We are hoping that the second Joint Meeting of the Polish Synchrotron Radiation Society (PTPS) and
Users of The National SOLARIS Synchrotron Radiation Center (NCPS) can be conducted in a classical,
face-to-face form.

With kind regards,

Chairs of the organizing committee:

dr hab. Jakub Szlachetko and prof. Marek Stankiewicz

On behalf of the Organizing Committee:

dr Katarzyna Bester-Ostrowska, the SOLARIS National Synchrotron Radiation Centre

dr Wojciech Btachucki, the Institute of Physical Chemistry of the Polish Academy of Sciences
dr Agata Chrzes$cijanek, the SOLARIS National Synchrotron Radiation Centre

dr Joanna Czapla-Masztafiak, the Institute of Nuclear Physics of the Polish Academy of Sciences
dr Sebastian Glatt, the Malopolska Centre of Biotechnology

mgr Alicja Gérkiewicz, the SOLARIS National Synchrotron Radiation Centre

dr Marcin Klepka, the Institute of Physics of the Polish Academy of Sciences

mgr Emilia Krol, the SOLARIS National Synchrotron Radiation Centre

dr Anna Wach, the Institute of Nuclear Physics of the Polish Academy of Sciences.
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CONFERENCE PROGRAMME
: : . Wojciech M.
9:15-9:30  Conference Opening Kwiatek
Session: Research with synchrotrons and free electron lasers
9:30-10:00 SOLARIS - Present Status and Development Plans Marel_< )
Stankiewicz
The European XFEL - A new x-ray source offering Thomas
10:00 - 10:30 "
new research opportunities Tschentscher
10:30 - 10:50 Band structure of Pb/NbP interface - an ARPES Bogdan Kowalski
study
10:50 - 11:10  Coffee break
) ) The Evolution of Electronic Complexity in Biology:
11:10 - 11:40 2p3d and 1s3p RIXS of Iron Sulfur Clusters Serena DeBeer
11:40 - 12:00 Serial Crystallography Reveals Cap Methylation in Mateusz
' ’ SARS-CoV-2 Wilamowski
12:00 - 12:20 Scatterl_ng_rates and superconductivity in Rafat Kurleto
ferropnictides
12:20-12:40 Remote access to Research Infrastructure and Data  Roberto Pugliese
12:40 - 13:40 Lunch break
Session: Research with synchrotrons and free electron lasers
13:40 - 14:10 Spln cross-over dynamics and charge transfer in Majed Chergui
biology
14:10 - 1430 Deve'lopr'nent of Fast HPC Detectors for Synchrotron Sare] s
Applications
X-ray spectroscopy with polychromatic sources for =~ Wojciech
14:30 - 14:50 .
laboratory and synchrotron research Btachucki
RIXS-MCD as selective probe to characterize e
14:50 - 15:10  structure and magnetization of nanoparticles in : .
. Kuciakowski
solution
15:10 - 15:30  Electronic structure of LaAgSb2 Marcin Rosmus
15:30 - 15:40 Coffee Break
15:40 - 16:10  Virtual Tour SOLARIS
16:10 - 18:10 PTPS: General Assembly
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Session: SOLARIS - current status and new opportunities
9:00-9:30 New beamlines at SOLARIS Jacek Szade

Recent progress in the construction of SOLCRYS
9:30-10:00 beamline at SOLARIS National Synchrotron Maciej Kozak
Radiation Centre

Seeing is Believing - How single particle Cryo-EM is

changing structural biology Sebastian Glatt

10:00 - 10:30

10:30 - 10:50 Coffee Break
Session: SOLARIS beamlines

Adriana

10:50 - 11:10  Performance of SOLARIS synchrotron .
Wawrzyniak

Marcin Zajac

11:10- 11:40 Research potential of PEEM/XAS beamline &Tomasz Giela

11:40 - 12:00 Research potential of UARPES beamline Natalia
Olszowska
12:00 - 12:20  First scientific highlight from SOLARIS Michat Slezak

12:20-12:30 News from User Office Alicja Goérkiewicz

12:30-13:15 Lunch Break
Session: SOLARIS beamlines under development

Synchrotron infrared spectroscopy and imaging:

13:15-13:4 g
3:15-13:45 Opportunities, and new challenges

Paul Dumas

13:45-14:00 SOLAIR beamline Tomasz Wrobel

14:00 - 14:15 PHELIX beamline Magdalena
Szczepanik-Ciba

14:15-14:30 POLYX beamline Pawel Korecki

14:30 - 14:45 SOLABS beamline fenning
Lichtenberg
Tolek Tyliszczak

14:45 - 15:00 XMCD beamline & Krzysztof
Matlak

15:00 - 15:20 Coffee Break

15:20 - 16:30 Poster Session
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Session: Research with synchrotrons and free electron lasers
SOLARIS and MAX IV: A unique example of

9:00 -9:30 international collaboration Nils Martensson
9:30 - 10:00 X-ray photoelectron study of polymers surface after Krystyna

' ' modification by extreme ultraviolet radiation Jablonska
10:00 - 10:20 The status and scope of SOLARIS within the Carlo Rizzuto

European landscape of CERIC-ERIC
10:20 - 10:40 Coffee break

Session: Research with synchrotrons and free electron lasers

10:40 - 11:00  Polish Free Electron Laser- User Facility Krzysztof Kurek
11:00 - 11:30 Observation of the reduction of Ce4+ to Ce3+ in Edyta Piskorska-
' ’ Ce0.7Yb0.2Pd0.102-8 catalyst Hommel
Scanning photoelectron microscopy study of local Elsbieta
11:30 - 11:50 electronic structure of p-type ZnO films doped with L
. Guziewicz
nitrogen
11:50 - 12:10 Spectroscopic insight into properties of Tl Pl

nanostructured magnetic oxides

12:10 - 12:20 Closing Remarks
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SOLARIS - present status and development plans

M. Stankiewicz*
Keynote Lecture

Wednesday 09.09.2020

09:30-10-00 SOLARIS National Synchrotron Radiation Centre, Jagiellonian University

ul. Czerwone Maki 98, 30-392 Krakéw

*e-mail:

National Synchrotron Radiation Centre SOLARIS in Krakéw is the most modern and largest
multidisciplinary research facility in Poland. The Centre was built between 2010 and 2015. The
investment was co-financed by the European Union with funds from the European Regional Development
Fund, as part of the Innovative Economy Operational Program for 2007-2013. As a strategic investment
for the development of science, SOLARIS has been included on the Polish Roadmap for Research
Infrastructures. Since 2016 SOLARIS joined Central European Research Infrastructure Consortium -
CERIC-ERIC where it has become one of the key research facilities.

SOLARIS has been built using the groundbreaking design of magnetic double bend achromats developed
at MAX-lab facility in Lund, Sweden, resulting in outstanding properties of generated synchrotron light
which places SOLARIS firmly at the cutting edge of devices of this type. SOLARIS synchrotron operates at
1.5GeV energy with up to 500mA stored electron beam. It is powered by 600MeV S-band linac.

SOLARIS can provide synchrotron radiation for up to 18 beamlines from bending magnets and insertion
devices. Within the scope of the project budget two state of the art beamlines (PEEM/XAS and UARPES)
have been constructed.

In April 2018 SOLARIS opened the first call for measurements at these beamlines. Since then the number
of applications from all over the world exceeds the available time and International Evaluation Committee
is providing advice and ranking of the applications on the scientific merit basis. Today SOLARIS is
undergoing very intense development constructing 6 new beamlines which will significantly broaden
available research options.

The presentation will focus on the current status of the Center, its National and International position as
well as on the plans for the future development.

Acknowledgements: Author would like to acknowledge the privilege of working with all members of SOLARIS
Team whose deep and persisting involvement during construction and development of the center have put
SOLARIS on the world map of research facilities. Support of numerous Polish and International researchers and
experts has to be acknowledged. The project would not be possible without their involvement.

References

1. Reich, E. S. Ultimate upgrade for US synchrotron. Nature 501, 148-149 (2013).
2. All countries, great and small, Nature 535, S56-S61 (2016).
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The European XFEL - A new x-ray source offering new

Keynote Lecture research opportunities
Wednesday 09.09.2020
10:00-10:30 T. Tschentscher*

European XFEL, Holzkoppel 4, 22869 Schenefeld, Germany

*e-mail:

European XFEL is an international large-scale user facility for research using x-ray FEL radiation. It offers
opportunities for x-ray FEL research in the range from 0.25 to 25 keV at initially six science instruments,
each dedicated to a specific area of application. European XFEL offers the unique possibility to deliver up
to 27.000 x-ray pulses per second and User operation started in 2017 after about 8 yrs of construction.

In the focus of scientific applications of the European XFEL are those of the ultrafast time and high-field
domain. Applications target many different types of samples - from highly excited ions via complex solids
to huge bio-machines - in a huge variety of environments - from vacuum via natural solvents to extreme
pressures and field strength - by also applying ultrashort lasers of variable wavelength to study non-
equilibrium dynamics. Experiments support fundamental research applications to e.g. solve the structure
of complex bio-matter, study ultrafast chemical processes, disentangle electronic state dynamics of
complex materials, or reveal the properties of matter under extreme conditions.

In the presentation a brief overview of the facility and available instrumentation, exemplary results from
first experiments, and some general findings are shown.

7 © 2020 Polish Synchrotron Radiation Society
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Band structure of Pb/NbP interface - an ARPES study

] B. J. Kowalskil*, P. Iwanowskil2, A. Wadge?, A. Wisniewskil2, N. Olszowska,3
Oral Presentation

Wednesday 09..09.2020 J. Kotodziejs

10:30-10:50
1Institute of Physics, Polish Academy of Sciences, Aleja Lotnikow 32/46, PL-02668 Warsaw, Poland
2International Research Centere MagTop, Institute of Physics, Polish Academy of Sciences, Aleja
Lotnikow 32/46, PL-02668 Warsaw, Poland
3National Synchrotron Radiation Centre SOLARIS, Jagiellonian University, Czerwone Maki 98, PL-
30392 Krakoéw, Poland

*e-mail:

In Weyl semimetals (WSMs), the bulk quasiparticle excitations manifest themselves as Weyl fermions,
massless particles theoretically predicted and never before observed experimentally. So, these materials,
e. g. NbP, appear to be a playground for testing some concepts of quantum field theory but also may find
applications in very fast electronics and quantum computing. Their crucial feature is existence (or not)
time-reversal and inversion symmetries. Breaking one of them leads to a Weyl semimetal. If both
symmetries are broken, the system may convert into a Weyl superconductor. Recently, an idea of
introducing superconductivity in WSMs by the proximity effect at the superconductor/WSM interface has
been developed!. It was predicted that such system can support the zero-energy modes that are
equivalent to Majorana fermions, which have potential for realization of fault-tolerant topological
quantum computation?.

We used the ARPES technique to study the early stage of Pb/NbP interface formation and to follow the
surface states modifications due to appearance of Pb atoms on both P- and Nb-terminated NbP(001) faces.
The data were collected for surfaces covered by approx. 0.5 ML of Pb and gave us an experimental
evidence that Pb deposition quantitatively changed surface band structure on both faces. In particular the
Fermi surface pockets marked out by Fermi arcs on P-terminated face, the fingerprints of Weyl semimetal
character of the investigated system, were changed. Surprisingly, the contours appearing close to the X
and Y points of the Brillouin zone for the Pb-covered P-terminated surface were similar to the Fermi arcs
(between the Weyl points which still exist) obtained by calculations for the P-terminated TaP surface
covered with 1 ML of potassium3. The conservation of the Weyl points during the Pb deposition supports
the idea of inducing superconductivity in WSMs by the proximity effect at the Pb/NbP interface, as
independently confirmed by our detailed magneto-transport studies of (Nb, Pb, In) /NbP systems*.

References

1. Bachmann, M. D., Nair, N,, Flicker, F., Ilan, R.,, Meng, T., Ghimire, N. ]., Bauer, E .D., Ronning, F., Analytis, ]. G. & Moll P. ]. W.
Inducing superconductivity in Weyl semimetal microstructures by selective ion sputtering. Sci. Adv. 3, e1602983 (2017).

2. Lian, B, Sun, X.-Q,, Vaezi, A, Qi, X.-L. & Zhang, S.-C. Topological quantum computation based on chiral Majorana fermions.
Proc. Natl Acad. Sci. USA 115,10938-10942 (2018).

3. Sun, Y, Wuy, S.-C. & Yan, B. Topological surface states and Fermi arcs of the noncentrosymmetric Weyl semimetals TaAs,
TaP, NbAs, and NbP. Phys. Rev. B 92, 115428 (2015).

4. Grabecki, G., Dgbrowski, A., Iwanowski, P., Hruban, A., Kowalski, B. ]., Olszowska, N., Kotodziej, ]., Chojnacki, M., Dybko, K.,

Lusakowski, A., Wojtowicz, T., WojciechowskKi, T., Jakieta, R. & Wisniewski A. Conductance spectra of (Nb, Pb, In)/NbP
superconductor/Weyl semimetal junctions. Phys. Rev. B 101, 085113 (2020).
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The Evolution of Electronic Complexity in Biology: 2p3d and

Keynote Lecture 1s3p RIXS of Iron Sulfur Clusters
Wednesday 09.09.2020
11:10-11:40 S. DeBeer*

Max Planck Institute for Chemical Energy Conversion, Stiftstr. 34-36, Miilheim an der Ruhr, D-
45470, Germany

*e-mail:

Iron sulfur proteins are ubiquitous in nature, performing essential roles in electron transfer processes,
redox chemistry, regulatory sensing and catalysis. The metal active sites of these proteins range from
simple single iron sites to complex eight iron clusters. Perhaps the most complex iron sulfur cluster that
has been identified to date is the iron molybdenum cofactor (or FeMoco) of nitrogenase, which is capable
of cleaving the strong triple bond of dinitrogen. The fundamental question that arises is how does nature
evolve complexity in order to enable challenging transformations? In our view, a deeper understanding
of the complex geometric and electronic structure of iron sulfur clusters requires the pursuit of novel
experimental approaches for integrating their electronic structure in a detailed and quantitative fashion.
To this end, we are applying both 2p3d and 1s3p resonant inelastic X-ray scattering (2p3d RIXS), in order
to obtain deeper insights into the electronic structure of these important clusters. These data provide an
experimental measure of the d-d transitions and allow for more detailed insights into the nature of the
multiplet structure. The utility of these methods for understanding the electronic structure of nitrogenase
will be highlighted. The challenges that RIXS spectroscopy presents for theoretical modeling will also be
discussed.

9 © 2020 Polish Synchrotron Radiation Society
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Serial Crystallography Reveals Cap Methylation in SARS-CoV-2

) M. Wilamowskil2*, D. A. Sherrell3, G. Minasov4, Y. Kim®3, L. Shuvalova?,
Oral Presentation

Wednesday 09..09.2020 A. Lavens3, R. Chard5, K. Michalskal3, K.J.F. Satchell4, A. Joachimiak!23
11:40-12:00
1Center for Structural Genomics of Infectious Diseases, University of Chicago, USA
2Department of Biochemistry and Molecular Biology, University of Chicago, USA
3Structural Biology Center, X-ray Science Division, Argonne National Laboratory, USA
4Center for Structural Genomics of Infectious Diseases, Northwestern University, USA
5SMatematics and Computer Science Division, Argonne National Laboratory, USA

*e-mail: mwilamowski@anl.gov

The genome of the SARS-CoV-2 coronavirus contains 29 proteins, including 15 nonstructural proteins
(Nsp). The complex of Nsp10 and Nsp16 is a 2’-0 methyltransferase required for the capping of viral RNA
at the 5’ end. The methylation reaction is dependent on the S-adenosyl-L-methionine which is the donor
of the methyl group that is moved to Cap-0 to produce Cap-1. The occurrence of the Cap-1 allows viral
RNAs mimic eukaryotic transcripts and avoids initiation of innate immune response. Therefore,
molecules that affect activity of Nsp10/Nsp16 and inhibits viral RNA maturation are potential drug
targets for COVID-19. To investigate 2'-0 methyltransferase mechanism of SARS-CoV-2 Nsp10/Nsp16, we
used fixed-target serial synchrotron crystallography (SSX). SSX allows to collect data from thousands of
crystals at room-temperature and reduce the dose of X-ray required to solve a crystal structure2.
Therefore, SSX decreases impact of radiation damage on crystal structure. Using SSX system developed at
Structural Biology Center 19-ID beamline at APS we determined 295K temperature structures of
Nsp10/Nsp16 (Fig. A). Our data shows the structure before and after the methylation of RNA Cap (Fig. B).
We solved the first structure of Nsp10/Nsp16 in a complex with Cap-1. These structures can help with
rational drug designs that inhibit viral RNA maturation, making SARS-CoV-2 sensitive to human innate
response.

Fig. 1 A) Crystal structure of the SARS-CoV-2 Nsp10/Nsp16 heterodimer B) Active site of the Nsp10/Nsp16 2'-0
MTase in a complex with Cap-1 and S-adenosyl-L-homocysteine (SAH)

References

1. Bouvet, M. et al. In Vitro Reconstitution of SARS-Coronavirus mRNA Cap Methylation. PLoS Pathog. 6, 1000863 (2010).

2. Sherrell, D. A. et al. A modular and compact portable mini-endstation for high-precision, high-speed fixed target serial
crystallography at FEL and synchrotron sources. ]. Synchrotron Radiat. 22, 1372-1378 (2015).
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Scattering rates and superconductivity in ferropnictides

R. Kurletol2*, E. D. L. Rienks3, M. Yao4, ]. Bannies#, ]. Fink145

Oral Presentation
Wednesday 09..09.2020

12:00-12:20 1Leibniz Institute for Solid State and Materials Research Dresden, Helmholtzstr. 20,

D-01069 Dresden, Germany
2M. Smoluchowski Institute of Physics, Jagiellonian University, t.ojasiewicza 11, 30-348, Krakéw,

Poland

3Helmholtz-Zentrum Berlin, Albert-Einstein-Strasse 15, 12489 Berlin, Germany

+Max Planck Institute for Chemical Physics of Solids, D-01187 Dresden, Germany

SInstitut fiir Festkérperphysik, Technische Universitdt Dresden, D-01062 Dresden, Germany

*e-mail:

In this contribution I describe our recent results on iron-based superconductors obtained by means of
angle-resolved photoelectron spectroscopy (ARPES). Electronic structure of hole doped ferropnictides
(Bal-xKxFe2As2, Eul-xKxFe2As2, Bal-xNaxFe2As2, Ba(Fel-xCox)2As2, NaFel-xCoxAs, BaCr2As2,
BaFe2As2) has been measured at the 12 and 13-ARPES end stations at BESSY synchrotron. All data have
been collected in the normal state (5-50 K). The scattering rates of the inner hole pocket have been
analyzed using novel, recently developed all-at-once (aao) method. They exhibit marginal Fermi liquid
behavior. We have observed that the slope of scattering rate I'/E scales with the critical temperature,
what is in line with spin fluctuation model of superconductivity. Large value of I'/E (c.a. 3), which is well
above Planckian limit (i.e, [/E=1), was observed in case of optimally doped compound. This points to
highly incoherent charge carriers in the normal state.
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Fig. 1 T'/E derived from ARPES as a function of 3d count. The ARPES data are compared with the range of the
superconducting phase (blue), the spin density wave phase (magenta), and the range where both phases overlap
(vellow)™.

Acknowledgements: This work has been supported by the Deutsche Forschungsgemeinschaft (DFG) through
the Priority Programme SPP1458.
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Covid-19 represents a challenge for research infrastructure. We will present a set of IT solutions that help
to address the operational challenges during Covid-19. We will see how these technologies developed
with the help of European Commission funded projects like PaNOSC?, ExPaNDs2 and CalipsoPlus3 can
permit our users to remotely access data, acquisition computers, computing resources. We will also have
a look to new technologies like distributed logbooks, wearable cameras, telepresence robots, voice user
interfaces that even not essential can help giving the user a better experience. We will also cover the
important advantages offered by a better quality of data management following the FAIR data principles.

All this will allow us to do science during lockdowns but also to improve the scientific workflow after
lockdown providing us the freedom to choose if carrying on the experiment in presence or remotely via
sample mailing.

Fig. 1 A Telepresence Robot operating at TwinMic beamline.

Acknowledgements: Authors would like to thank G. Kourousias, R.Borghes, F.Bille, R.Passuello, .Gregori, M.Del
Bianco, [.Andrian, M.Lonza from Synchrotron Elettra4, Trieste and M. De Simone, A.Olivo, E.Coghetto, A.Hafner, A.
Lorenzon, from CERIC-ERICS for their huge effort in developing all the infrastructure.
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The past decades have witnessed a revolution in sources of ultrashort pulses, from the optical to the X-
ray spectral domain. This has given rise to novel approaches to track the evolution of chemical systems,
with element-, spin- and structural sensitivity. In this talk, [ will show the capabilities and the new insights
that can be obtained from such approaches in the study of biological and molecular systems, and of
materials.

We have recently investigated the initial events of the respiratory function in heme proteins. The change
of the low-spin (LS) hexacoordinated heme to the high spin (HS) pentacoordinated domed form upon
ligand detachment and the reverse upon ligand binding, represents the “transition state” that ultimately
drives the respiratory function. The mechanism of the ligand dissociation-recombination process has
been hotly debated in the past 30 years, without reaching a unified picture. We have monitored the
evolution of Myoglobin-NO (MbNO) from LS to the HS state and the reverse process upon ligand rebinding
to the heme, after impulsive photodissociation of the NO ligand. We monitored the evolution of the system
using femtosecond (fs) Fe Ka and Kf non-resonant X-ray emission spectroscopy (XES), which is a
powerful marker of the spin state. We show that the entire ligand dissociation-recombination cycle in
MDbNO is a spin cross-over followed by a reverse spin cross-over process.! The transition from planar LS
to domed HS is is not limited to ferrous ones, as thought till now, but a general behavior of all hemes as
our fs X-ray absorption and fs-XES studies of Ferric Cytochrome c show.2 The latter is the most important
electron transfer (ET) protein in humans, and the biological significance of doming is still to be established
in the case of ferric hemes.

References
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4145 (2020).
2. Bacellar, C. et al. Proceedings of the National Academy of Science (in press).
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There is a growing interest in pixel Hybrid Photon Counting (HPC) X-ray detectors for biology, medicine,
chemistry, and solid-state physics applications. Hybrid pixel detectors usually consist of a pixelated
sensor and readout front-end electronics of pixel architecture connected by the bump-bonding technique
(Fig. 1). Hybrid detectors allow the use of different sensor materials, depending on the X-ray energy
needed for the application, while Readout Integrated Circuit (ROIC) can be designed in one of the very
advanced technologies offered by the microelectronics industry?.

Readout integrated circuits (ROIC) for hybrid pixel detectors working in single photon counting mode are
going in the direction of using deep submicron technologies or 3D technologies, to place more complex
functionality in a single pixel cell to improve detector parameters like speed, energy, and spatial
resolution. Some such examples of fast HPC detectors developed recently by AGH-UST, Krakéw (Poland)
in collaboration with Rigaku Corporation (Japan) are presented together with their synchrotron
applications at Argonne National Laboratory (ANL)2? and Synchrotron SOLEIL3.

pixel sensor
(Si, GaAs, CZT),

single pixel sensor

5/ ] 5/ 5 )
pi_xel readout
circuits COUNTER
|Mndmg pads single pixel readout
a)

Fig. 1 a) SPC hybrid pixel detector - each detector’s pixel is connected to an independent readout channel on the
IC, b) pulse processing in an SPC pixel, c) XSPA-500k HPC detector developed by Rigaku and AGH-UST with 500Kk,
76 um x 76 um pixels over a 77.8 x 38.9 mm? detection area3.

Acknowledgments: Authors would like to thank our collaborators from Rigaku Corporation Japan for common
detector design, and Argonne National Laboratory and Synchrotron SOLEIL for beamline tests.
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With the advent of new technological solutions in the field of X-ray sources, optics and detectors, the
development of efficient and compact X-ray spectroscopy systems is possible. We report an X-ray setup
allowing X-ray emission and X-ray absorption spectroscopy (XES, XAS) measurements using
polychromatic X-ray source equipped with focusing optics. Setup was developed at the Department of
Applied Spectroscopy (NZ53) of the Institute of Nuclear Physics of the Polish Academy of Sciences!. The
available X-ray instrumentation and the supporting well-equipped chemistry and biology laboratories are
routinely employed in fundamental research as well as in in situ time-resolved studies on electron
dynamics and in particular in investigation of the role of metals in biological complexes, photo-chemical
systems and materials important for renewable energy.

The X-ray equipment allows setting up two in-air crystal X-ray spectrometers in the von Hamos geometry?
and gives large flexibility in the preparation of experiments. The spectrometers can be arranged not only
independently, as two separate setups, but for instance they can share the X-ray source, enabling
simultaneous measurement of XAS and XES spectra3 or two XES spectra in different energy regions (the
so called two-color mode). The different experimental arrangements possible allow application of
complex sample handling methods, such as, e. g, the liquid jet sample delivery. Our X-ray setups’
capabilities will be further explored during user operation at the POLYX beamline of the SOLARIS
synchrotron using the polychromatic beam from a bending magnet in combination with a focusing
polycapillary X-ray optics. With the great X-ray flux available at the 3rd and 4th generation X-ray sources,
the setups may be employed for time-resolved chemistry and biology research.

Acknowledgements: This work was supported by the National Science Centre (Poland) under the grants of
numbers 2017/27/B/ST2/01890, 2016/21/D/ST4/00378, 2019/03/X/ST3/00035 and 2019/03/X/ST2/
00949.
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Characterization of magnetic nanoparticles (MNP) in a solution is crucial in terms of the technologies
development, since it is a natural state after synthesis and typical condition of use. Extraction of MNPs
from solutions leads to changes in chemical state and structure, aggregation and strong dipole-dipole
interactions and disregards the liquid-solid interaction. Capabilities of experimental techniques
successfully applied to probe magnetic properties of nanoparticle films and nanopowders are strongly
limited in case of liquid environment, e.g. due to lack of penetration or selectivity between solvent and
nanoparticles. Recently, it was shown that X-ray Magnetic Circular Dichroism in Resonant Inelastic X-ray
Scattering (RIXS-MCD) can be applied as sensitive, element selective probe of transition metal magnetic
moment in bulk systems, nanopowders and frozen solutions of MNP!2, In 1s2p RIXS-MCD sample is
probed element-selectively at K edge of transition metal, upon collection of Ka relaxation using high
energy resolving spectrometer. It results in well-defined spectral features providing information about
valence state and local environment of metal ions and strong MCD signal3. Weak self-absorption and
significant penetration depth of hard x-rays allow for volume study through hard x-ray transparent
window, while non-resonant signal is filtered out.

Presented are the results of in-situ magnetic characterization of iron oxide nanoparticles synthesized in
especially designed cell for in-situ synthesis experiment*. Magnetite and cobalt ferrites were synthesized
and measured on-the-fly to determine structural development, both on iron and cobalt edges. Evolution
of magnetization of iron/cobalt ions were examined site-selectively during the reaction time. RIXS-MCD
proves to be a good candidate for in-situ determination of structure and magnetization of nanoparticles
in solutions. Supported by ex-situ characterization (size, zeta potential, etc.) it provides a comprehensive
platform of description of magnetic nanoparticles in solution.
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LaAgSh; is an intermetallic compound that crystallizes in a tetragonal structure with characteristic atomic
layers that indicate quasi-two-dimensional character of the electronic structure. It shows anisotropic
transport properties.! It is has been reported that LaAgSb; is a charge density wave (CDW) system with
two transition temperature of T;cpw =207 K and T,cpw =186 K and their corresponding lattice
modulation vectors equal t;~ 0.026(2m/a) and t,~0.16(21/c).2 Moreover, when the theoretical reports
suggested the occurrence of states with non-trivial topology, this compound became particularly
interesting.3

We have performed systematic investigations of electronic structure of LaAgSb, by means of angle-
resolved photoemission spectroscopy (ARPES) at UARPES beamline of the Solaris synchrotron and at in-
house laboratory. Measurements carried out with the use of a beam with different photon energies
allowed to map a three-dimensional electronic structure and to find directions of high symmetry.
Comparison of the measurements made for the series of values k,, vertical and horizontal polarization of
the excitation light and in different measurement geometries allowed to identify surface states, which are
absent in the calculations based on the tight-binding model. The high-resolution measurements
performed at in-house laboratory with helium lamp (photon energy of 21.2 eV) did not provide the clear
evidence of the occurrence of a CDW energy gap in the investigated compound, however parts of Fermi
surface show the characteristic features of the nesting compatible with the lattice modulation vector ;.

References

1. Kefeng Wang and C. Petrovic, Multiband effects and possible Dirac states in LaAgSb2 PHY. REV. B 86, 155213 (2012).

2. C. Song, Jaehyun Park, Japil Koo, K.-B. Lee, J. Y. Rhee, S. L. Bud’ko, P. C. Canfield, B. N. Harmon, and A. I. Goldman, Charge-
density-wave orderings in LaAgSb2: An x-ray scattering study, Phys. Rev. B 68, 035113 (2003).

3. Ruszata P, Winiarski ]. Samsel-Czekata M., Dirac-like band structure of LaTESb2 (TE = Ni, Cu, and Pd) superconductors by
DFT calculations, Comput. Mater. Sci. 154, 106-110 (2018).

17 © 2020 Polish Synchrotron Radiation Society



polish synchrotron

radiation society Synchrotron Radiation in Natural Science
The Joint Meeting of the Polish Synchrotron Radiation Society and SOLARIS Users
SOLARIS

Krakéw, 9-11 September 2020
NATIONAL SYNCHROTRON
RADIATION CENTRE

Synchrotron Radiation in Natural Science 20 (2020)

New beamlines at SOLARIS

Keynote Lecture ]J. Szadel2
Thursday 10.09.2020
09:00-09:30 INCPS SOLARIS

2A. Chetkowski Institute of Physics, University of Silesia

*e-mail: jacek.szade@uj.edu.pl

Synchrotron SOLARIS entered the new phase of its development. This phase can be characterized by a
simultaneous work on several new beamlines which are at various stage of their formation.

PHELIX entered the commissioning stage. The beamline with the working name XMCD has changed its
original shape and structure and will be completed in 2021. In the present shape it will comprise two
microscopes - STXM and PEEM. The SOLABS beamline is being constructed. POLYX and SOLAIR are in
the final design stage and first procurements have started. The same situation is with the SOLCRYS
beamline which be placed in the extended experimental hall of SOLARIS.

SOLARIS
IN KRAKOW preovnelrnsirain

X JAGIELLONIAN UNIVERSITY
.9

L

SOLARIS today & tomorrow

Operating since 2018

Under construction till 2020/2021

International, under construction 2020 - ‘
12023 ‘
'National sources, under construction

1 2020-2022

Unoccupied - SOLARIS is open to

domestic/international initiatives resulting in
building new beamlines and end stations.

Fig. 1 Solaris today & tomorrow.

The planned timetable of the new beamlines realization and their basic parameters will be presented.
The plan of the future development of our synchrotron will be given as well.

SOLARIS is still open for new ideas and cooperation. There is still place for new beamlines.

Good ideas are welcome!
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Macromolecular crystallography (MX) and bioSAXS beamlines are probably the most intensively utilised
research systems in synchrotrons. Currently, there are over 100 such beamlines operating in
synchrotrons worldwide!.

The SOLCRYS beamline will be the first beamline, operating only in hard X-ray range from insertion
device, installed at SOLARIS National Synchrotron Radiation Centre and will be dedicated to X-ray
diffraction (especially macromolecular crystallography) and small angle X-ray scattering studies (SAXS).
Its construction was planned already at the initial stages of NSRC construction. The X-ray source for
SOLCRYS will be a superconducting wiggler (Bo = 4 Tesla), which is currently being constructed by the
Budker institute of Nuclear Physics RAS (Novosibirsk, Russia).

The synchrotron radiation beam, obtained from the wiggler, will be split by fixed mask into two
independent beams for end stations (macromolecular crystallography, E = 4-25 keV and small angle X-
ray scattering E = 6-15 keV). Both end stations will be fully equipped for experiments in ultra-low
temperatures and for high pressure experiments. The diffraction experiments performed in helium
atmosphere and at ultra-low temperature will reduce the radiation damages and improve the diffraction
data quality3+. Therefore during the lecture the problem of radiation damages induced in macromolecular
systems will be also discussed.

Recent situation caused by Covid-19 pandemic motivated us also to planning the remote access to
SOLCRYS infrastructure. Therefore both end stations will be properly equipped for data collection via
Internet on samples shipped by users directly to SOLARIS NSRC.

Acknowledgements: The SOLCRYS beamline is constructed in collaboration with Joint Institute for Nuclear
Research (Dubna, Russia). The construction of extended experimental hall in NCPS SOLARIS is supported in part
by Ministry of Science and Higher Education (Poland).
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SOLARIS synchrotron delivers the beam for users since October 2018. The storage ring is operating at an
energy of 1.5 GeV in a decay mode with maximum current of 400 mA and total lifetime of 15 hl. The
injection to the storage ring is done twice per day and 22h/day of beam time is declared. Since 2018 high
beam availability above 90 % was reached. Currently, 2912 h is dedicated to user operation and about
876 h is devoted to the accelerators’ optimization as Solaris synchrotron is under permanent
development. In the near future the new insertion device (superconducting wiggler) for hard X-ray
beamline is planned to be installed and operational. Therefore the effort on linear and nonlinear optics
optimisation with new devices is being done. The new diagnostic beamline (LUMOS) based on the visible
light was installed in 2019 and is under commissioning now2. It gives the possibility to measure the
transversal as well as the longitudinal electron beam parameters. Recently, the longitudinal bunch profile
was observed by using streak camera. There are also ongoing work on linear accelerator (linac)
development and optimisation. Recently, the effort was put into bunch length measurements and linac
optics optimisations, which results in better injection efficiency. During the presentation the current
operational status and main parameters of Solaris synchrotron will be given.
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The PEEM/XAS beamline has been optimized for the soft X-ray photon energy range (200-2000 eV) with
the bending magnet as a synchrotron radiation source. It is equipped with two end stations: the Elmitec
GmBH Photoemission Electron Microscope (SPE PEEM III) and exchangeable separate chamber for X-ray
absorption spectroscopy measurements. Both end stations are composed of several vacuum chambers
including dedicated chamber for sample preparation and characterization under UHV conditions. During
our beamline presentation we will offer description of techniques available at each end stations. Among
others the magnetic characterization may be used to study chemical and electronic, structural and
magnetic properties by means of X-ray absorption spectroscopy (XAS), X-ray natural linear dichroism
(XNLD), X-ray magnetic circular dichroism (XMCD), and X-ray magnetic linear dichroism (XMLD). These
methods are suitable for probing element specific properties of surfaces, interfaces, thin films,
nanomaterials and examining phenomena in catalysis and magnetism.

Synchrotron based PEEM microscope offers several advantages of contrast creation by utilizing XAS, X-
ray Photoemission Spectroscopy (XPS) and XMCD. Both XAS and XPS modes of operation provide
exquisite chemical contrast and XMCD is a direct and effective way for the characterization and
measurement of magnetic materials.

The XAS end station was successfully used for XMCD and XMLD experiments on multilayers!? and
superconductors.

The presentation will include description of experimental techniques available at both end stations, each
illustrated with selected examples from recent measurements. The near future plans of the beamline
development will be briefly discussed.
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Understanding the collective behavior of electrons in solids (many-body interactions) is increasingly
important as it give rise to many phenomena studied today in condensed matter physics.

Single electron in space is described by three quantum numbers: energy (E), momentum (k) and spin (S).
With many-body interactions at play it is often still possible to retain this description within a so called
quasiparticle theory.

Owing to its unique capability to probe the energy and momentum of electrons, angle-resolved
photoemission spectroscopy (ARPES) has a leading role in achieving a comprehensive understanding of
the electronic properties of solid state materials today. The knowledge about the band structures, i.e. E(k)
relations in solids, accessible with ARPES, is nowadays extensively employed for tailoring of functional
materials and heterostructures for quantum-, opto-, spin- and magneto- electronic devices. UARPES
beamline has been designed for studying fine effects in band structures of solids including topological
insulators, superconductors and other strongly correlated systems, Dirac-type systems, Rashba-type
systems, graphene and similar 2D materials, semiconductor and metal surfaces, Weyl metals, thin films
and quantum well systems, solids containing charge and spin density waves and others. The beamline
provides to users efficient ultra-high resolution angle-resolved photoelectron spectroscopy with the 8-
150 eV photon energy and soft x-ray photoelectron spectroscopy with up to 600 eV photon energy. A
source of photons for the beamline is quasiperiodic elliptically polarizing undulator (EPU) Apple II type,
allowing for a full control over the photon beam polarization. The undulator radiation is
monochromatized with Plane Grating Monochromator (PGM) or Normal Incidence Monochromator
(NIM) which are available in range 12-600 eV and 8-20 eV, respectively. The heart of the end station is a
hemispherical electron spectrometer VG SCIENTA DA-30L which can natively measure the 3D
photocurrent map [(¢,0,E) which is then converted to E(K) relation. Its angular resolution is 0.1° and the
energy resolution is 1.8meV. Sample temperature can be stabilized in the range 7-500 K. Attached
preparation chamber allows for samples preparation in situ and diagnostics of samples surface structure
(available techniques: LEED, AES, RGA, QCM). The preparation chamber is also prepared for quick and
easy installation of user devices such as effusion cells or vacuum suitcases.
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Fig. 1. The Fermi step at 8 K on polycrystalline gold and fitted a convolutlon of the Fermi dlstrlbutlon and the
Gaussian (a); Rashba spin split Au(111) surface band (b); illustration of the photoemission circular dichroism effect
on BezTes - data for: horizontal (c), left (d) and right (e) circular polarization of the photon beam.
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While engineering of magnetic anisotropy (MA) in ferromagnets (FM) has been so far intensively studied,
the control of antiferromagnets (AFM) is only nowadays in the focus of attention of the magnetism
community. The aim of AFM spintronics is to complement or replace ferromagnets as the active
components of spintronic devices. Magnetic control of AFM spins orientation includes either the
application of a strong external magnetic field or, when AFM is exchange-coupled to a neighboring FM, its
magnetic state can be controlled by relatively small external magnetic field.

Our X-ray magnetic linear and circular dichroism (XMLD and XMCD) measurements performed at the XAS
end-station in Polish synchrotron SOLARIS enabled us to follow the magnetic properties of epitaxial
Co0(111)/Fe(110)1 and NiO(111)/Fe(110)2 bilayers. In case of NiO/Fe bilayers our results were
additionally complemented by micro-spectroscopic and spectro-microscopic studies performed in the
spectroscopic photoemission and low energy electron microscope (SPELEEM) which is the end-station of
the Nanospectroscopy beamline in Elettra synchrotron (Trieste, Italy).

We find that in both studied cases FM sublayer plays a dominant role and determines the magnetic state
of the neighboring AFM, however completely different interaction mechanisms are involved. In CoO/Fe
bilayers the AFM spins are totally frozen although their orientation is imprinted by magnetization of Fe
layer when the system passes the Neel temperature of CoO. Once the Fe layer grafts the particular MA
into the CoO overlayer, it later remains frozen and insensitive to external factors like external magnetic
field or Fe magnetization direction1. In contrast, for NiO/Fe bilayers we find that due to the weak intrinsic
MA of NiO, the NiO spins are rotatable and always follow the reorientation of Fe magnetization that can
be controlled by external magnetic field or via the temperature and thickness driven spin reorientation
of Fe(110). In the case of the temperature induced spin reorientation transition in Fe(110), it allowed us
to implement all-temperature, field-free switching of AFM moments in NiO/Fe bilayers2.
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The infrared emission from synchrotron radiation was long regarded with little interest until one realizes
that the brightness of such source has enormous potential for application in spectroscopy and
microscopy. Over the last twenty years, the exploitation of the emission of infrared photons has led to the
implementation of dedicated beamlines in the majority of synchrotron facilities worldwide. The most
recent example is SOLARIS and will be introduced during this meeting. The conditions for collecting the
largest possible number of photons will be briefly introduced during my talk : sources of infrared
emission in bending magnets, adapted optics for large source sizes..

The superior brightness of the synchrotron source has been exploited in the far- and mid- infrared region,
more specifically in microscopy, with spatial resolution at the diffraction limitl. Works in Biology, earth
and space science, chemistry, archaeology/cultural heritage and solid state physics have provided a large
number of publications, and few of them will be presented. Nevertheless, the demand for sub wavelength
spatial resolution has markedly increased during the recent years. The first step forward was achieved
using focal plane array detectors : the resolution could reach sub- micron range, using Point Spread
Function deconvolution with a synchrotron infrared beam filling the area of the FPA detector. Infrared
tomography is becoming an attractive add-on to beamline and this will be discussed within the context of
the new infrared beamline at SOLARIS.

Nanometers resolution is, presently, the most exciting development of synchrotron IR. By combining the
synchrotron beam with AFM detection, spectra and chemical images can be obtained with less than 20 to
40 nm of resolution.

The future of infrared synchrotron is bright with these recent developments, especially with the advent
of complementary laser sources.
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The Solaris Advanced InfraRed beamline (SOLAIR) is currently under construction. The large radiation
extraction from a bending magnet will allow to collect a very wide wavelength range (0.4 - 500 pm),
covering from the near (NIR) to the far (FIR) infrared spectral range. The extraction of infrared radiation
from synchrotron radiation will be done using, first, a flat and slotted mirror (M1), which will be located
inside the dipole chamber located at the bending magnet in storage ring. Figure 1 shows the distribution
of infrared radiation intensity for two wavelengths: 10 um (1000 cm-1) and 200 pum (50 cm1) after M1.
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Fig. 1 Diagram of the optical system of M1 to M6 mirrors for the extraction of infrared radiation in the Solaris
synchrotron with beam cross-sections behind the M1 mirror and after the M6 mirror.

The presentation will showcase the current status of the project along with the expected IR beam
parameters. It will also highlight microscopic techniques planned to be used at the beamline with
potential applications.
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A recently constructed PHELIX beamline! at SOLARIS synchrotron? covers a soft X-ray energy range of
radiation. It is designed to perform many kinds of complementary spectroscopic measurements under
ultra-high vacuum conditions not only ex situ but also in situ, offering variety of preparation possibilities.
All beamline and end-station components were customized and built from the ground up for those
particular purposes. The source of the radiation is the elliptically polarizing undulator (EPU) giving
variable polarization and exceptionally bright light in comparison to conventional X-ray sources. The
available photon energy range is 50-1500 eV which is suitable for research on vast majority of materials
used in state of the art electronic devices3, modern catalysts* or fuel cells’. The design of the beamline and
high quality optical elements ensure high radiation intensity transmission to the analysis chamber. The
end-station provides not only the opportunity to measure resonant photoemission, circular-dichroic
spectra or X-ray absorption spectra with total fluorescence and total electron yield modes but, most of all,
to map band structures in three dimensional k-space with angle-resolved photoelectron spectra and to
obtain direct 3D spin texture information. Performing measurements of this sort for one sample prepared
in the same UHV system is very beneficial in terms of the high quality of the surface being a requirement
for obtaining valuable results.

Acknowledgements: The PHELIX beamline was constructed grace to the funds of the Polish Ministry of Science
and Higher Education under the decision no. 6582 /1A/SP/2016. Authors are grateful the companies involved in
the PHELIX beamline project (PREVAC, FMB, KYMA) for very good co-operation. The commitment of the
SOLARIS staff in the construction of the beamline is highly appreciated.
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PolyX will be a bending magnet beamline for multimodal X-ray microimaging, microspectroscopy and
general/test purposes in the hard X-ray energy range of 4 keV - 16 keV. Commissioning of PolyX is
planned in mid-2022. The name PolyX comes from structured polycapillary optics that will be used as
focusing devices and from polychromatic X-rays that will be used to increase the X-ray flux.

PolyX is designed as a relatively short beamline with length <20 m and will be operated in three different
modes: (i) white/pink beam, (ii) high flux mode using a double multilayer monochromator with
bandwidth of 2—3 % and (iii) high energy mode with a Si(111) double crystal monochromator.
Depending on the operation mode, PolyX, will deliver a collimated beam with a flux from 109 to 1012
photons/s/mmZ. Polycapillary optical elements with transmissions from 2-20% will enable to produce
focused beams with sizes from 5 um to 50 um. In future, a compact KB mirror system is planned for
generation of a sub-micron beam.

Main experimental techniques will be pXRF, pXAFS, uXRD and uCT. Setups for angle resolved
spectroscopy with TXRF, TXRF-XANES, GI-XRF, GI-XANES are also planned. A special experimental area
will be designed for non-standard user experiments. Experiments at PolyX will take benefit from recently
developed X-ray imaging! and spectroscopic? setups. PolyX will be equipped with quad-SDD energy
resolving detectors, hybrid-pixel detector(s), scintillator based X-ray camera, ionization chambers and
photodiodes.

In this talk, we will describe the parameters, layout and present status of PolyX construction, as well as
describe potential applications of PolyX in physics, chemistry, biology, material science, geoscience and
cultural heritage.

Acknowledgements: Authors would like to thank the whole SOLARIS team for work on PolyX. Jakub Szlachetko
is acknowledged for many consultations on the beamline project.
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SOLABS (XAS-HN), a new EXAFS/XANES beamline at NSRC SOLARIS, results from an international
collaboration of Niederrhein University of Applied Sciences (Germany), the Synchrotron Light Research
Institute (Thailand), Bonn University (Germany) and SOLARIS (Poland). The front end section was
installed and commissioned in April-May 2020. Beamline commissioning will take place in spring 2021.

The desired energy range (~ 1 - 13 keV) will be covered by a high vacuum double crystal monochromator
(DCM) with 3 sets of crystals (KAP[100] + multilayer, InSb[111] and Ge[220]) which can be changed in
less than an hour. In order to minimize absorption of low energy photons the beamline is windowless
down to the DCM. A differential ion pump maintains the pressure difference between the storage ring and
the DCM, and a thin foil window separates the DCM vacuum from ionization chambers downstream. The
straight-forward design of the beamline without additional optical elements and radiation safety hutches,
its compact overall dimensions and the easy to handle DCM make SOLABS especially user friendly and
attractive for challenging measurements in the low energy X-ray range, i.e. at the K-edges of elements
such as P, S, Si, Al and Mg, which are highly relevant for both functional materials and e.g. biological
systems, while also covering absorption edges of heavier elements (up to Se K-, Bi L3-, U M-edges). The
SOLABS beamline opens tremendous opportunities for both basic and industrial research at SOLARIS.

XAS (FIM) | [DCM |

Fig. 1 SOLABS beamline: bending magnet (BM), heat absorber (HA), gate valves (GV), safety shutters (SS), rachet
wall (RW), fast closing valve (FCV) with trigger unit (TU), diagnostic module (DM), differential ion pump (DIP),
double crystal monochromator (DCM), ionization chambers and fluorescence detector (XAS (FIM)).

Acknowledgements: The authors would like to thank the Bundesministerium fiir Bildung und Forschung
(031HS084) and the EU Horizon2020 program (952148-Sylinda) for supporting this project.
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The new BL04ID beamline designed at SOLARIS is a classic Plane Grating Monochromator (PGM) design
with an Elliptically Polarizing Undulator (EPU) as a high photon flux source (>10”12 ph/s/0.01%bw). It
works in a 100-2000 eV photon energy range, with fully controllable polarization. The beamline can
achieve high energy resolution (E/AE =3000-15000) and therefore it is suitable to perform advanced soft
X-ray microscopy for materials science, environmental, biological research, etc.

The beamline is made up of two branches and three end stations. The first branch consists of a refurbished
Octupole end station and X-ray Photoemission Electron Microscope (X-PEEM) with spatial resolution
below 20 nm. This branch is dedicated especially to study of magnetic, chemical, and structural surface
and near surface properties under UHV conditions.

The third end station, Scanning Transmission X-ray Microscope (STXM), is placed at the end of the second
branch of the beamline. It is a modern microscope designed and built at SOLARIS and allows for chemical
analysis with a resolution about 20 nm, limited by available zone plates. A ptychography option with
sophisticated cameras will improve a spatial resolution to below 5 nm. This branch is intended to research
on chemical and structural properties, in samples which can transmit soft X-ray radiation. The microscope
will be equipped with an environmental cell, where samples can be measured in different atmospheres
under the pressure from 107 mbar up to 1100 mbar, variable temperature, or in liquids with full
electrochemical control.

The availability of two microscopic methods within the same beamline will allow users to choose the
appropriate approach to study their specific case in terms of sample environment, spectroscopy methods,
probing depth, etc.

In this presentation, we show the characteristics and features of the beamline and its experimental
stations. The current status of their commissioning is reported. Additionally, an overview of the STXM
microscope operation modes is briefly presented. Finally, possible research applications are
demonstrated, based on results obtained so far by similar facilities.
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The Swedish synchrotron radiation laboratory MAX-lab was established in 1986. The first storage ring
was a 0.55 GeV facility (MAX I) which a decade later was followed by the 1.5 GeV MAX II facility, one of
the first 3rd generation storage rings in the world. The success of MAX-lab was based on innovative
accelerator design and the presence of a very strong, national and international, user community.

Already at the end of the 1990s, planning started for a possible next step in the development of the
laboratory. This turned into the very ambitious MAX IV project!. A small 0.7 GeV storage ring (MAX III)
was built, which could host a few low energy beamlines. However, MAX III was also built as a test facility
for some of the novel design concepts which were the basis for MAX IV. The final MAX IV proposal
consisted of two storage rings, a 3 GeV storage ring for harder X-rays and a 1.5 GeV ring for soft X-rays.
The 3 GeV ring was the first multibend achromat storage ring to be built?, taking an important step
towards the construction of a diffraction limited storage ring2. The reason for building also a 1.5 GeV ring
was the very strong spectroscopy community at MAX-lab.

A very interesting opportunity opened up in connection with the MAX 1V project. The European Union
had provided funding for a storage ring in Krakow, Poland. Due to the limited experience in the field of
accelerator physics in Krakow, MAX-lab was contacted in order to find out if MAX-lab could assist in this
process. This developed into a very fruitful collaboration between MAX-lab and the Jagiellonian
University. A solution developed where the SOLARIS facility in Krakow, should be built as an identical
twin to the MAX IV 1.5 GeV storage ring3. Personnel from SOLARIS directly joined the accelerator team at
MAX-lab and took part in the design of the new accelerators. SOLARIS team members were also
participating in the early commissioning of the MAX IV facility with focus on the LINAC and the 3 GeV ring.
Meanwhile, the SOLARIS 1.5 GeV ring was starting up in Krakow. The SOLARIS ring started up in a
successful way and the experience from this commissioning was very beneficial for the following start-up
of the MAX IV 1.5 GeV ring.
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Processes occurring at the interface between the living organism and the lifeless synthetic product
determine the success of the medical procedure performed for implants or other medical devices.
Controlling and enhancing the biocompatibility of biomaterials remains a challenge in medicine and
biomedical engineering. Therefore, scientific effort is focused on effective techniques to modify surface of
biomaterials to increase biocompatibility. Preferably, these techniques should change the properties of
the surface without affecting the mechanical properties of the bulk material. Conventional techniques,
based on photochemical and photophysical processes induced by UV radiation may have undesired
effects related to deep penetration of this radiation in polymers?.

Extreme ultraviolet (EUV) radiation is of particular interest to the modification of biomaterials due to
extremely short absorption lengths that limits the modification of their physical and chemical properties
to the top layer only. An efficient source of EUV radiation is laser plasma produced as a result of the
interaction of nanosecond laser pulses with matter23. The ideal tool to analyse the chemical composition
of the surface after EUV- modification is X-ray photoelectron spectroscopy (XPS) as well using laboratory
as synchrotron source of radiation. The results of XPS investigations of the modified with EUV radiation
three polymers: poly (tetrafluoroethylene) (PTFE), poly(vinylidene fluoride) (PVDF) and poly-L-(lactic
acid) (PLLA) will be presented as an example of biomaterials study. These polymers were selected due to
their wide application in biomedical engineering*. Each of three polymers was modified in five variants:
gas-free modification, modification in the presence of oxygen, in two time variants (200 and 400 ms) and
modification in the presence of nitrogen, with the same time variants. The control sample without
modification was also studied. The goal of the performed investigation was to determine the change of
chemical composition and other physicochemical properties (morphology, wettability) of the modified
polymer surfaces and to correlate the effect of EUV modification with the number and morphology of
surface-adhered endothelial cells.

The C, O and where relevant F 1s orbitals were measured for each variant of modification. The content
and the chemical binding of elements was estimated and analysed. In Figure 1 the example of C 1s line for
control PVDF polymer and after 50 pulses of EUV is presented. PVDF is made from -[CH»-CF;]- monomers
and two peaks related to C 1s binding with H and F are well separated in control polymer (Fig. 1a).
Analysis of the C 1s spectra shows the degradation of the carbon-fluorine bonds (decrease in the number
of -CF2- bonds) and formation of C-C bonds after heating with 50 pulses of EUV (Fig. b).

The influence of different variants of modification process on the elemental and chemical state of
polymers surface will be presented and discussed and finally correlated with process of endothelial cells
adhesion. The benefits of using the X-ray spectroscopy to understand the biocompatibility of materials
will be highlighted.
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Fig. 1 C 1s orbital in unmodified PVDF polymer (a) and after 50 pulses of EUV irradiation (b).
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We will briefly present the European approach to build an integrated Research Area capable to compete
at world level with all major federal Nations (e.g. China and USA) and, within this, to build an integrated
and effective capability of Research Infrastructures (RIs) supporting the whole research community.

CERIC-ERIC is an important player in this context, with its specific scope to close the gap between East
and West (as well as between south and North) of the European Area.

A very basic approach is that of Open Access, allowing the use of RIs by all European researchers on an
equal footing based solely on quality of the proposed projects. This approach recognizes the reciprocal
contributions of users and facilities towards an ever-growing quality and success of research.

CERIC-ERIC has been set-up in the field of RIs dedicated to analysis and synthesis of materials and
biomaterials with the aim of overcoming a number of gaps: the gap between different techniques and
probes used in material sciences (e.g. photons, neutrons, electrons...), and the gap in the availability of
these facilities in smaller Countries and in some parts of Europe.

The basic principle is that of putting together the investments and availability of different Rls, developing
joint research projects and allowing, through a single access and international evaluation, the use of
complementary techniques to solve the problem of integrated study of materials.

Each Country participating in CERIC has provided a set of techniques and participates in joint projects,
while CERIC provides the international independent peer review to stimulate each Government to invest
according to the best possible results and to attract the best researchers at world level to stimulate the
best exchange of ideas and training.

The participating Countries, and the techniques and fields of research available through CERIC will be
briefly presented outlining the role of Poland and Solaris (with its more recent Cryo-EM development),
and the opportunities for the Polish Research community to have a free access to a world leading set of
facilities.
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The presence of Pd and Yb dopants in the CeO lattice strongly inhibits the crystal growth of the mixed
oxide in elevated temperatures in the reducing ambiencel. The effect of Pd/Yb doping on the CeO
properties has been extensively studied in mixed oxide catalystsz3. The addition of the noble metal to the
CeO; structure can strongly change its activity and selectivity. Moreover, cerium can be present in a
different reduced state in the catalysts. The oxidation state of cerium in such catalysts during the redox
reaction has been not studied in detail. Therefore, to study of the cerium ions reduction process in the
doubly doped ceria Ceo.7Ybo2Pdo.102-s lattice in situ X-ray absorption near edge structure (XANES) method
was applied.

The doubly doped nanocrystalline mixed oxides Ceo7Ybo2Pdo102.s were synthesized with the reversed
microemulsion method!. The nanocrystallites with size 3-5 nm crystallize in fluorite-type. H2-TPR studies
revealed in these catalyst strong hydrogen consumption at low temperatures without significant changes
in their structure.

Ce L3 XANES spectra were collected for the Ceo 7Ybo 2Pdo.102-5 catalyst during the reduction conditions, and
reference CeO, (Ce*+) and CeAlO3 (Ce3*) samples over the energy range 5.60- 5.9 keV in transmission
mode at SAMBA beamline at Soleil synchrotron facility, France.

It was found that the reduction of Ce** to Ce3* starts before the reduction of the noble metal. The redox
activity temperature range of Ce in doubly doped ceria is significantly lower than reported by other
authors. The explanation of this behavior can be the presence of the oxygen vacancies inherent in the
Ceo.7Ybo2Pdo.102.5 sample, which can release the reduction process at the lower temperature.

Acknowledgements: The authors acknowledge the Synchrotron SOLEIL for provision of synchrotron radiation
facilities. We would like to thank dr. Andrea Zittolo for assistance in using beamline SAMBA and dr. Emiliano
Fonda for the providing of the reference Ce L3 XANES spectra of CeOz and CeAlOs. This work was financially
supported by the National Science Center in Poland (grant 2015/19/D/ST5/00722), supported by the
Foundation for Polish Science.
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The problem with p-type doping is the main obstacle in application of ZnO in optoelectronics. Our recent
CL investigations revealed that p-type conductivity might have a complicated microscopic origin, because
we found out that the donor-related and the acceptor-related luminescence are placed in different and
clearly separated regions!. This motivated the present scanning photoelectron microscopy (SPEM) study,
which was conducted at the Elettra synchrotron facility in Trieste, Italy. The SPEM enables to probe the
electronic structure at a submicron scale and thus to obtain the photoemission spectroscopy signal from
a single column of growth (Fig. 1a). This unique experiment revealed two types of columns showing
different PES spectra in the valence band region.
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Fig. 1 (a) The SPEM image of the cross-section of ~2pum thick ZnO:N film, (b)Comparison of PES spectra (at
A,B,C and D points) with calculated density of d(Zn) states x-axis corresponds to the energy relative to the

VBM of pure ZnO0).
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In order to explain differences in the PES spectra, Density Functional Theory calculations using
QUANTUM-ESPRESSO code? have been performed. The Hubbard-like term +U describing the on-site
Coulomb interactions3 was applied on the d(Zn) and p(0) orbitals. It has been confirmed that hydrogen
forms stable complexes with Vz, and Vz,-No which can be the origin of p-conductivity in grains of ZnO:N.
Theoretical calculations indicate that such complex formation might be the origin of differences in the
density of states in the valence band region. These results for the first time demonstrate valence band
electronic band structure in different grains across the ZnO:N film.

Acknowledgements. The work was supported by the research project No. 2018/31/B/ST3/03576 founded by
the National Science Centre (Poland) and by Elettra Sincrotrone Trieste (proposal ID 20180152-Elettra).
Calculations were done in ICM UW (grant G16-11).
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Magnetic nanostructures show a high potential for application in fields of spintronics and biotechnology.
In order to obtain the best performing devices, the understanding and control of the changes induced into
material’s properties are required. Influence on the magnetic properties of nanostructured films is mostly
exerted by changing the size, dimensionality, symmetry and interface effects. However, ion etching
processes involved in preparation of nanostructures may introduce substantial changes into ionic
properties of metal oxide surfacel2. We have employed bulk sensitive spectroscopy to shed more light on
this problem. We explored local structure and electronic configuration of iron in different types of
nanoscale oxides, putting emphasis on how nanostructuration processes affect structural and electronic
properties of magnetic oxide films.

We have studied a set of thin film samples of iron and manganese

14 If ‘\ — pristine film

i [\ P onamen oxides. The epitaxial layers were grown by means of PLD and
E \{f\ <> nanostructured by means of EBL combined with Ar ion etching
g [ N, L and using Ga* FIB. Varied shapes of structures were prepared in

order to disentangle the effects of magnetocrystalline and shape
[ N e anisotropy. Nanocomposites were obtained by magnetron

ormalized absorption coefficien
= .
o

W S T sputtering by adjusting different deposition conditions. Electronic
~/ o ' stability and local structure around metal sites was probed using
e e e e e re e e HERFD-XAS3 (Fig. 1). Site selective magnetic response was

Fig. 1 Fe K'f;(}ge HER(I;D'XAS of pristine  determined using RIXS-MCD#5. Both methods probe K pre-edge

magnetite ilm an nanostructures h h f : f lf l

fabricated using EBL and FIB. structures, which are 1ngerPr1nts of crystal field symmetry a_nd
formal valence of metal ions5. They allow to characterize

selectively the volume of nanostructures with negligible background counts. Results were analyzed in

comparison to soft X-ray XAS and XMCD.
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Metallic liquids are known to crystallize immediately when cooled below their equilibrium melting point.
In particular, the high temperature, sub-melting point crystallization of molten metals remains far too
fast to be probed by conventional experimental methods. Here, we propose an experimental approach
based on ultrashort pulsed laser annealing to study crystallization of thin metallic films. The essential
feature of the approach is ultrafast heating (1014 K/s) by femtosecond optical excitation followed by
extremely rapid cooling (1011 K/s) due to heat dissipation into the film substrate (Fig. 1). We employ X-
ray diffraction using synchrotron light to probe crystallization of binary Pd-Si glass-forming alloy which
can be configurationally frozen in the partially crystalline state and studied ex-situ. To follow an extremely
rapid crystallization kinetics of pure, supercooled liquid Pd in-situ, during the quench, we apply X-ray free
electron laser pulses and pump-probe technique. The proposed technique enables to quantify crystal
growth rates reaching 100 m/s.
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Fig. 1 Schematic concept of an ultrashort pulsed laser annealing approach for resolving crystallization kinetics of
a thin film metallic glass using X-ray diffraction at a synchrotron. The cycle is repeated N times to compare the
initial state (separate probe event, not indicated in the figure) with that probed after the N cycles.
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The form and behavior of sulfur in oxide glasses is of interest to multiple research fields, ranging from
commercial glass manufacture to radioactive waste vitrification and geology!. A special type of materials
are the bioactive materials, which are able to participate in biological processes of living organisms.
Glassy fertilizers from Si0z-P,05-K20-Mg0-SOs3 system belong to this group.

The amorphous state of glasses was followed by an X-Ray Diffraction analysis and their chemical
composition was verified by an X-Ray Fluorescence technique. In order to control changes in their
structure as a result of adding SO3 to their composition, they were examined using the MIR and Raman
spectroscopy techniques.

On this basis, it was shown that obtaining fully amorphous material in the tested system is possible with
a maximum SOz content of 2 mol%.

Spectroscopic examinations revealed high level of similarity between obtained spectra as regards
vibrational modes of silico-oxygen and phospho-oxygen subnetworks. At the same time, presence of all
Raman-active spectra for SO42- (sulfate) anions was demonstrated for glasses with sulfur content higher
than 1 mol% (v1 (Vas) at ~980 cmt, v (8s) at ~ 450 cm?, v3 (vas) at ~ 1080 cm! and v4 (8a) at ~620 cm-
1), with positions of the bands corresponding to those of crystalline sulfate23. Obtained results may
suggest that sulfur is present in vitreous matrix as isolated tetrahedra, charge-compensated by K* ions,
rather than being integrated into silicate-phosphate network.

Acknowledgements: This project was financed by the National Science Centre, Poland, project number
2018/31/D/ST8/03148.
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The scientific problems coming up in this fields have become more and more complex in the recent years
and require an ever increasing number of instrumental and analytical techniques and disciplines. Such
complexity requires the availability of expertise as well as open access to a wide range of probing
techniques and many different complementary instruments. The CERIC-ERIC research infrastructure was
developed to face this challenge and to make a wide variety of instruments available through open access.

CERIC stands for Central European Research Infrastructure Consortium and is a distributed research
infrastructure unifying several national institutions, under one roof?. This multinational facility was set
up as a European Research Infrastructure Consortium (ERIC). It brings together research facilities from
Austria, Croatia, Czech Republic, Hungary, Italy, Poland, Romania, Serbia and Slovenia (Fig 1). Statutory
seat is in Trieste, Italy. All partners offer a set of complementary, cutting-edge instrumentation from
national institutes for free and open access to excellent researchers all over the world.

&¥2. SOLARIS

=
=

Fig. 1 Locations and partners of CERIC-ERIC.

CERIC-ERIC comprises synchrotron radiation, neutron radiation, microscopic techniques, ion-beam
analysis methods and NMR. All instruments are available for open access through one single entry point.
The selection of proposals and experiment time is done in a peer-review process and based on scientific
excellence only. Following the nature of CERIC as a multi-probe facility, the open access operation allows
to ask not only one instrument per proposal but to get experiment time granted for several
complementary instruments with one proposal.
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Calcium zirconium aluminates is important cement material, which has been studied in recent years. But
the use of CasZrAls01s as the luminescent host, up to now, is not reported. Hence, rare earth, Europium
(Eu) doped calcium zirconium aluminate, (CasZrAls01s:Eu) was synthesized by the traditional ceramic
route. The structural and micro-structural properties of luminescent ceramics were characterized by XRD
and SEM-EDS techniques. This work focuses on the comparative study of the luminescence of
CasZrAlO1s:Eu ceramics under excitation by OPO laser and synchrotron radiation (planned research).

The room-temperature emission spectra of the Eu-doped Ca;ZrAls01s under different nm excitation are
shown in Fig. 1.
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The characteristic emissions of trivalent europium ions Eu3* were clearly observed including the
strongest emission peaks at 592 nm for 5Dy — 7F; spin-allowed transition of Eu3+ ion. The emission peak
at 617 is due to “spin-forbidden” electric dipole transition arising from the low symmetry position of the
Eu3* ion with an inversion centre. The emission peak at ca. 625 nm is also due to
the 5D — 7F, transition.

Acknowledgements: This project was financed by the National Science Centre, Poland, project numbers of
2017/26/D/ST8/00012 and 490774.
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The series of Cu(lI) complexes have been synthesized by the reaction of the copper(Il) chloride with 1,3-
disubstituted thioureas (Figure 1). In each case the complexes, Cul-Cu9, have an overall neutral charge
with two monoanionic ligands. The thioureas coordinate to the copper cation in bidentate fashion via
deprotonated N and S atoms according to the ATR-IR and EXAFS spectroscopies. In such four-coordinate
complexes the metal cation is a part of two four-membered rings (Cu-S-C-N) which is quite unusual for
that element.

UV-Vis studies with molecular modelling have shown that both distorted square planar as well as pseudo-
tetrahedral geometries are characteristic for presented complexes. A square planar coordination around
Cu(II) is preferred for centrosymmetric complexes with trans arrangements of chelating atoms (two S
and two deprotonated N atoms) around the cation. The noncentrosymmetric complexes with cis-N252
arrangement adopted the pseudo-tetrahedral geometry.

Two thiourea complexes, Cul and Cu3, with pseudo-tetrahedral geometry have shown significant activity
to cancer cell lines SW480 (primary colon cancer) and PC3 (metastatic prostate cancer), being more
selective than doxorubicin and cisplatin used as references!.
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Fig. 1 Synthesis path of Cul-Cu9 complexes. . cu? Cus o
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Currently, the issues related to the production, storage and growing demand for electricity, drives the search
for new methods of its production. It is a key topic not only for the quality of human life, but also for the further
development of civilization. Fuel cells, especially those using liquid fuels, such as ethanol became a promising
and a more and more popular solution of this problem. Unfortunately, in most cases during electrochemical
reaction many by-products lowering the efficiency of the device are generated!. Therefore, the key challenge
is to design and develop the appropriate type of catalysts, which could reduce the amounts of unwanted
byproducts.

In our work, using intermolecular interactions and electrokinetic potential measurements, we synthesized a
ternary Pt/Re/Sn0;/C catalyst for ethanol oxidation reaction (EOR)2. The electrostatic interactions between
the nanoparticles, building the final ternary nanocatalyst, led to their successful assembly and allowed to
create physical contact places between the individual components (Pt, Re and SnO2 NPs), so important in
increasing the performance of the EOR. In our study using the cyclic voltammetry techniques, we
demonstrated that the Pt/Re/Sn0./C catalyst shows over ten times higher activity in the EOR compared to the
commercially available platinum catalyst3. Moreover, the value of the onset potential of the EOR for ternary
Pt/Re/Sn02/C catalyst is almost 0.3 V lower compared to the commercially available Pt catalyst, indicating
that the reaction starts definitely earlier. Finally, we also showed that the ternary catalyst is characterized by
a high stability - after the performed stability tests the catalyst retained 96 % of its electrochemical surface
areas.

The synthesized catalysts were studied by scanning transmission electron microscopy (STEM) combined with
energy dispersive X-ray spectroscopy (EDS), XPS and cyclic voltammetry (CV) techniques. Investigation of the
three component material, characterized already in detail by other techniques, by X-ray absorption
spectroscopy methods could provide information explaining their good catalytic properties for EOR. Many
catalytic materials change their structures during the electrocatalytic reaction. The restructuring can be
induced by both physical and chemical conditions. According to the literature the structures formed under the
reaction conditions are responsible for the observed catalytic properties. In this regard, X-ray absorption
spectroscopy (XAS) is particularly powerful, as the X-ray absorption near edge structure (XANES) can reveal
the oxidation state of the element of interest, and extended X-ray absorption fine structure (EXAFS) is capable
of probing the influence from the local coordination environment*. Therefore, by utilizing X-ray absorption
spectroscopy we would like to investigate the local structure and oxidation state of metal atoms in the catalyst
before and after electrochemical tests. Also as plans for the future, we would like to develop and provide in-
situ XAS measurements in order to understand the evolution of unique structural motifs in the catalyst under
working conditions.
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Earlier synchrotron radiation powder diffraction (ID-22Z@ESRF) studies1,2 showed that the crystal
structure of a-Fe203 and Cr203 usually described with the corundum-type trigonal crystal structure
(space group R-3c) should be described using the monoclinic space group C2/c. This is connected with
the a-Fe203 and Cr203 magnetic structures which are incompatible with the threefold rotation axis2,
however this deformation in a-Fe203 is present both below and above Néel temperature3.

In this presentation4 a-Fe203 and Cr203 as well as non-magnetic Ti203, V203, Al203 corundum-type
oxides5 are studied by synchrotron radiation powder diffraction (MSPD@ALBA-CELLS). The observed
angular dependence of the integral breadths is described by two models: (i) the distorted corundum-type
structure model described by the space group C2/c and (ii) the Stephens model6 of anisotropic Bragg
peak broadening. These two models are shown to be equivalent4. Examined oxides fall into one of two
categories4. Ti203,V203 and Cr203 show a ‘positive’ distortion4 which is related to the possible metal-
metal bond suggested by Goodenough7,8 (the deformation leads to shorter metal-metal distances)
whereas Al203 and a-Fe203 show a ‘negative’ distortion4 which leads to relatively longer metal-metal
distances.

Acknowledgements: We thank Grzegorz Kapron and Stawomir IInicki (Faculty of Geology, University of Warsaw)
for help with X-ray diffraction measurements. We thank ALBA-CELLS for provision of beamtime and we thank the
Ministry of Science (Poland) for funding.
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This work reports a newly developed sample delivery system for X-ray spectroscopy analysis of materials
in liquid environment. Proposed approach provides also characterization of specimen to be analyzed in its
native conditions without its time-consuming preparation procedure.

The built prototype sample delivery system is capable of forming a liquid jet of thickness ranging from 0.5
mm to 3 mm. Micro gear pump was used to ensure constant flow of the fluid in a closed circuit which
reduces the amount of sample necessary for the measurement and allows long-time operation of the
system. The jet system was tested at the Institute of Nuclear Physics PAN using lab-based X-ray
spectrometer!. A suspension of zinc oxide (Zn0) nanoparticles in distilled water was used as a sample
which was injected to the system. The X-ray absorption spectroscopy (XAS) was used to collect
the Zn K-edge spectra in transmission mode. Zn K-edge XAS spectra were acquired for different
Zn concentrations. The obtained spectra were of high quality, comparable to the ones achieved using
synchrotron source and allowed determination of optimal jet thickness for a given Zn concentration.

The presented setup will be used for in-situ X-ray study on various nanomaterial suspensions by means of
the available laboratory X-ray spectroscopy setups as well as in time-resolved experiments at X-ray free
electron lasers.
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Fig. 1. (A) Schematic representation of the liquid jet formation. (B) Comparison between the acquired Zn K-edge
XAS spectrum with synchrotron-measured and simulated dataZ.
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The Photon and Neutron Open Science Cloud (PaNOSC) is a cluster which proposes to align the efforts of the
existing and new photon and neutron sources to link up to the EOSC (European Open Science Cloud). Photon
and Neutron (PaN) sources produce petabytes of scientific data that in order to be available to everyone, have
to comply with the principles of being Findable, Accessible, Interoperable and Reproducible (FAIR). At the
same time, scientific publishing has been evolving to make scientific data part of publications. The
presentation will introduce the PaNOSC project (https://www.panosc.eu), aimed at providing scientific data
management tools, policies and services for enabling FAIR and Open Science in 6 Photon and Neutron research
facilities: ESRF, ILL, European XFEL, ELI, ESS and CERIC-ERIC, with its partner facility SOLARIS, in
collaboration with the e-infrastructures EGI and GEANT. The outputs
of PaNOSC will benefit the whole community of researchers using
photon and neutron sources.

PaNOSC objectives include:

Foscamsms | Mor e | o
EOSC &i’;ﬁ;ﬂé&‘f&ﬁ; Stﬁf:.ii?:,‘:‘; — o Full FAI.R complianc:? of PaN scientific data;
Erenedn Onen Science Eoud . Innovative data services at Rls and as part of the EOSC;
e N R . Support in shaping EOSC services for users needs;
”””” B A =" g . Sharing best practices for open data policies;
MClouds. h . Increase RIs’ impact by encouraging data reuse;
o Collaboration with EOSC projects to share outcomes.

Fig. 1 EOSC + PaNOSC Clouds

In addition to presenting the benefits that the PaNOSC project will bring for the scientific community, the talk
will give an overview of the updated FAIR Data Policy framework for research data, developed in collaboration
with most of the PaN sources in Europe and its implementation in CERIC. Special emphasis will be put in the
collection of feedback from the community.

Having an open access data policy with data in well-defined formats has many benefits:

e It makes previously measured data available for further analysis without having to repeat the
experiment.

e [t promotes data use, cross-disciplinary research and machine learning.

e Raw data becomes open to scrutiny by other researchers, ensuring scientific integrity and
experiments’ reproducibility.

e Scientists can mine data in previously unknown ways or reapply new methods to existing data.
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Cancer is a significant public health concern worldwide, which results in millions of deaths each year. The
standard cure routine for cancer is surgery, and nowadays, radiotherapy or a hadrontherapy. Depending
on the type of cancer, patients may undergo additional treatment, including targeted therapy. A
combination of radio- or hadron-therapy with proper drug treatment can inhibit the proliferation of
cancer cells and thus can significantly improve survival rates. This is because the interaction of radiation
on those drugs can lead to their fragmentation, which additionally increases the number of reactive
species that interact with the adjacent medium. For example, anthracyclines, a class of drugs build on
tetrahydropyran ring, are broad-spectrum antitumor agents that induce, among other things, indirect
damage to DNA via reactions involving reactive oxygen species.

It is, therefore, vital to understand how different types of ionizing radiation produce damage to the
biologically active compounds. Valuable details on these molecular mechanisms may be obtained by
investigating the mechanisms of the excitation, relaxation, and fragmentation of the structural units of
these substances or their prototypes. The heterocyclic molecules containing oxygen atoms (e.g., 3,4-
dihydro-2H-pyran (CsHgO) and tetrahydro-2H-pyran (CsH100)) are of particular relevance to studies of
the radiation damage due to the fact, that they are the structural units of the biologically active substances
that play a significant role not only in medicine but also in many different fields of chemistry and biology.
CsHgO has a non-aromatic ring with five carbon atoms and one oxygen atom. It contains one double bond.
By removing the double bond by two more hydrogen atoms, we get a saturated six-membered ring of
tetrahydro-2H-pyran. We believe that the small change in the bond rearrangement may provide access to
new chemically reactive entities with potentially interesting properties. Thus, in the present
communication, we present results on the photoionization and fragmentation of CsHsO and CsH100
molecules. The experiments were carried out at the GasPhase beamline at the Elettra-Sincrotrone
radiation facility exploiting the VUV excitation and the ion time-of-flight spectrometry. Numerous well-
resolved cations were identified in the mass spectra of both molecules. Possible ionic fragmentation
channels yielding particular ions will be discussed.

Acknowledgements: We are grateful to the Elettra-Sincrotrone Trieste for providing beamtime no. 20190430.
The research leading to this result has been supported by the project CALIPSOplus under Grant Agreement 730872
from the EU Framework Programme for Research and Innovation HORIZON 2020.
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Calcium-phosphate based glasses and glass-ceramics play a crucial role in the tissue engineering
development. Apart from their high biocompatibility and excellent ability to undergo varying degrees of
resorbability?, they exhibit relatively high bioactivity and due to that they are commonly used as bone
and dental implants. A substantial research effort is devoted to improve calcium-phosphate materials
physico-chemical properties by tuning their degree of crystallinity and doping them with metal ions is
one of the mostly researched strategies. The results found in the literature show that synthesized CaO-
P,05-Nb20s compounds exhibit a good biocompatibility, very low cytotoxicity in respect to calcium-
phosphate doped with other metals and additionally can enhance human osteoblast function23. As of
today structure of these materials is not thoroughly described. Therefore, the detailed structural
investigation by means of spectroscopic studies, i.e. FTIR spectroscopy, Raman spectroscopy, XAFS
spectroscopy, XPS and EDX, together with SEM imaging, XRD and BET surface area measurements, was
realized to shed light on the relationship between materials structure and the presence of dopant.

In this work, we show the results obtained for bioactive glass-ceramics, prepared via simple sol-gel
method, with Ca/(P+Nb) molar ratio equal to 1.5 and with relative Nb contents of 0 mol% and 10 mol%
of P. XRD patterns analysis shows that samples consist of tricalcium phosphate and hydroxyapatite phase.
Raman spectra analysis confirms the incorporation of Nb into the material structure. Moreover, niobium
doping leads to an increase in degree of crystallinity and crystallite size of the sample. Stoichiometry of
the ceramics is as intended. Additionally, there is a greater proportion of carbonate groups in the doped
material than in the undoped one (FTIR, Raman spectroscopy), and all samples exhibit calcium deficiency
on the surface (XPS). XAFS analysis shows presence of octahedral coordination of niobium ions, with
average oxidation state around +4.5 and XPS analysis indicates that on the sample surface the
contribution of Nb+*5 ions is greater than Nb+# ions. Additionally it can be concluded, that Nb accumulates
on materials surface.

Acknowledgements: We gratefully acknowledge the support of the SLL ELETTRA in providing synchrotron
radiation facilities (XASF11.1 station) for 20160241 experiment.
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Magnetic refrigeration which is based on the magnetocaloric effect (MCE) has emerged as a serious
alternative to conventional refrigeration. Recently, the group of compounds (Mn,Fe).P1_yAsx has been

found to exhibit the giant magnetocaloric effect which is related to the first-order phase transition, and is
tunable around room temperaturel. The P/As ratio appeared to be an interesting method to tune the basic
properties for any application such as Curie temperature and thermal hysteresis width2. In order to
understand the effect of substitution we performed the extended studies of the electronic structure,
crystal structure and magnetism for the selected group of solid compounds MniiFeooP{_yAsx

(0.4<x<0.55). The substitution of silicon by arsenic has strong influence on the value of the
magnetocaloric effect and the phase transition temperature. Despite the standard method of
determination of the magnetic entropy changes from the magnetic measurements in conjunction with the
Maxwell relations we measured the direct adiabatic temperature change which reached the high value of
4 K at the field of 1.7 T for x=0.5 and Si substituted by As. Knowledge of a detailed electronic structure
and impact of the silicon on the density of states in the valence band of examined compounds can be
related with their magnetic properties. The impact of the silicon substitution is clearly visible in the shape
of the valence band. The lower intensity of the valence band shape was found at about 5 eV for silicon
substituted sample. The observed exchange splitting of 2p states of manganese indicated on existence of
magnetic moments of d electrons and correlated with changes in the valence band measurements. The
specific magnetic moments of iron and manganese were deduced from splitting of Mn3s and Fe3s levels3. Our
calculation of the total density of states DOS reflects very well the shape of the valence band obtained for
the 1486 eV x-ray beam. To study the evolution of the electronic states and magnetism of the metallic and
metalloid atoms across the first-order ferromagnetic transition of Mnii1Feo9PosAsos and
Mn1.1FeooPo5As0.4Sio1 compounds, we planning to perform of x-ray absorption (XAS) and magnetic circular
dichroism (XMCD) measurements at the L edges of P, Mn, and Fe.
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Superoxide dismutase (SOD, EC 1.15.1.1) belongs to the group of metalloproteins that remove one form
of the so-called reactive oxygen species (ROS), i.e. superoxide anion radical (02™). Superoxide anion
radical is produced via the univalent reduction of molecular oxygen and is a by-product of aerobic
metabolism. 02™ can be transformed into other more toxic for cellular metabolism ROS such as hydrogen
peroxide (H202) and hydroxyl radical (OH*). For this reason, scavenging of 02 by SOD is the first line of
defence against overproduction of harmful ROS. SOD occurs in four different classes depending on the
presence of metal ions in the active site of the enzyme: manganese- (MnSOD), iron- (FeSOD), copper/zinc-
(Cu/ZnSOD), and nickel-containing superoxide dismutase (NiSOD).

MnSOD, FeSOD and Cu/ZnSOD have been identified in plants, algae and cyanobacteria. There is little
knowledge about the occurrence and activity of SOD under different light conditions in various
cyanobacteria. Therefore, three cyanobacteria species Gloeobacter violaceus, Synechocystis PCC 6803 and
Geitlerinema sp. were cultured under white light (WL), blue-red (BR), BR and far-red (BR+FR), BR and
UVA (BR+UVA), and BR and green (BR+G) light emitted by light-emitting diodes (LEDs). We hypothesized
that type of irradiation will modify SOD activity in analyzed cyanobacteria. In all cyanobacterial species,
forms that belong to FeSOD and MnSOD family were identified. The obtained results showed also that
colour of light used for cyanobacteria culture distinctly affect the activity of various SOD forms. However,
methods used for SOD identification were insufficient for the correct detection of potentially new SOD or
SOD-like proteins that were observed in G. violaceus cultured under BR+FR light conditions. Application
of the X-ray fluorescence microscopy (XFM) and X-ray absorption spectroscopy (XANES and EXAFS)
technique would allow to identify new classes of SOD in cyanobacteria and to obtain information about
the oxidation state and local structure of metals (Fe and Mn) in SOD. A complex approach of the
combination of techniques using synchrotron radiation and methods used in biochemistry will enable a
better understanding of the light adaptation process and photoprotection mechanisms of organisms
performing oxygenic photosynthesis.

kDa
95 SOD (?)
72 SOD (?)
Fe/MnSOD
55
FeSOD
43 SOD (?)

26

Fig. 1 The identification of SOD in G. violaceus culture under different light conditions (BR -blue-red, BR+FR - BR
and far-red, BR+UVA - BR and UVA, and BR+G - BR and green LED).
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The present work is devoted to controlled deposition and separation of Mni;-stearate single-molecule
magnets ([Mni2012(CH3(CH2)16C02)11(CH3C02)5(H20)4]-2CH3CO0H) on various surfaces by chemical
immobilization. The Mni;-stearate was prepared in accordance with the procedure described in the
literaturel. This derivative of Mn1,, in contrast to the commonly used Mn1;-acetate, is resistant against
water catalyzed reduction and soluble in most organic solvents. The use of anchoring groups and spacer
units, in this case, provides controlled separation of molecules23. In order to check the effect of separation
and the correctness of deposition procedure, samples containing four different concentrations of M1-st
molecules were prepared and compared with the bulk Mni;-st. All materials have been examined by
means of transmission electron microscopy, vibrational spectroscopy and squid magnetometry. The
obtained results confirmed the successful deposition of Mni2-st molecules on the surface. Additionally, a
correlation between the test results and the concentration of molecules on the surface was observed. A
more detailed analysis of the arrangement of molecules on the surface and their interaction with the
surface and with neighbour molecules would be possible by means of methods offered by the PEEM/XAS
beamline.

Acknowledgements: This work has been supported by the resources of the National Science Centre (Grant-
No:2017/26/E/ST5/00162).
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According to the Eric Drexler’s postulates (Creation Methods, 1984), the essence of the nanotechnology
is to plan the synthesis process in such a way that the atoms connect themselves in the form to create
material with expected properties. This process should be preceded by precise needs analysis which
should define expected physical and chemical properties of the material. Next step is to design a molecular
structure of a compound to meet expected properties. What left is to plan a synthesis to obtain the
assumed molecular structure. It sounds simple, but in most cases, it is difficult but not impossible.

Needs analysis indicated that high-density magnetic memory would be very much desirable by
contemporary computer systems. Working with mesoporous silica, we noticed that its channel regularity
could be considered as possible placement of the magnetic units. Our idea is to fill in these channels with
a permanent magnet material and use them as memory units. The base of this structure will have a form
of the thin film that is made of mesoporous silica with perpendicular regular pores. These pores, also
called channels, will have attached magnetic crystallites with the ability to change its magnetization when
information bits need to be changed (see: Fig. 1). Reading information will, of course, be possible in the
same way.

2D ordered mesoporous silica layer
N .

A

substrate |
permanent magnets

Fig. 1 The structure of the proposed thin-film layout of permanent magnetic units (left) and the structure of porous
silica thin film (right).

In this work, we present the attempt to the fabrication of such a structure. The applied procedure assume
treating the silica channels as nanoreactors, where nanocrystals are created as a result of thermal
decomposition of internal functional units. The method was demonstrated by the example of a few metals
pyrophosphates. In the next step, we assume fabrication of the magnetite nanocrystals in an ordered
matrix. When ready, we plan to investigate our structure by means of X-ray Magnetic Circular Dichroism
(XMCD).

Acknowledgements: This work has been supported by the resources of the National Science Centre (Grant-
No0:2017/26/E/ST5/00162).
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SOLAIR beamline which is now under construction at SOLARIS will enable extraction of wide spectral
range (from near to far) of infrared radiation (IR). Banding magnet will be the source of synchrotron
radiation and the extraction of infrared radiation will be ensured by the first flat mirror placed in the
dipole chamber of the magnet. IR beam reflected from the first mirror will be extracted outside from the
storage ring, simultaneously correcting chromatic aberrations, with a specially designed system of five
mirrors with different shapes and sizes. One of the end stations which will be available for the
synchrotron users will be equipped with an FT-IR microscope with a Focal Plane Array detector. This
equipment configuration will allow for sample imaging with IR radiation and therefore recognition of
sample chemical composition distribution. An example of the research which can be performed with the
FT-IR imaging system is an esophagus tissue biopsies histopathological classification done with the aim
of improving of histopathologist work!. Properly preprocessed data acquired with the FT-IR imaging
system for 80 esophagus biopsies with application of machine learning algorithm allowed creating a
model which classified patients as cancer or healthy with very high AUC metric in the range of 0.96 to 1.
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Lithium manganese oxide LiMn;04 (LMO) with spinel structure is one of the most promising materials for
a positive electrode in lithium-ion batteries. Inexpensive, non-toxic and environmentally friendly LMO is
a candidate to replace lithium cobalt oxide, which is currently the most widely used material in
commercial batteries 1-5.

The present work is a preliminary investigation on modification of a method of synthesis of undoped and
Fe-doped LMO electrode materials for lithium-ion cells. The LMO powders were synthesized by the sol-
gel technique with a use of various chelating compounds. Then the powder were annealed under different
conditions.

Structural studies were performed using ex situ and in situ high-temperature X-ray powder diffraction
(XRD) as well as transmission Méssbauer spectroscopy.

The effect of annealing temperature (25-700°C) and annealing atmosphere (air vs. nitrogen) on the
structure, morphology and phase composition of the powder samples was studied in detail. Additionally,
the structure of the powders obtained by annealing in a furnace during a standard technological
procedure was compared with the powders prepared during in-situ high temperature XRD
measurements performed in air. A good correlation was observed as concerns phase composition of the
samples prepared by the two thermal procedures applied. Analysis of the results allowed the
determination of structural and phase transformations related to LMO synthesis, occurring during
annealing. Furthermore, a presence of iron dopant in the LMO structure was revealed. Depending on the
annealing atmosphere and Fe content in the sample, a single Fe-doped LMO or two spinel phases of Fe-
doped LMO and Li(Fe,Mn)s0s were observed.
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Nowadays SOLARIS operates two beamlines (PEEM/XAS) and UARPES, however, next two beamlines will
be commissioned soon (PHELIX and XMCD) and four lines more (SOLCRYS, SOLABS, SOLAIR and POLYX)
are under construction and will be commissioned in 2021-2023. Each of the above-described SOLARIS
synchrotron beamlines, except the POLYX beamline, uses or will use liquid helium (LHe) during
experiments in a wide temperature range, especially for ultra-low (around 10 K) measurements, which
are of great interest to scientists all over the world and are necessary to provide some of the
measurements. LHe is used as a cryogenic liquid for samples cooling, which allows to increase the
resolution of the measurements, protect samples (especially biological) against strong synchrotron
radiation, and investigate change of the physical properties in the samples (e.g. by inducing a phase
transition). Also, helium is used to cool down radiation detectors (e.g. infrared Mercury-Cadmium-
Telluride detectors) and insertion devices (e.g. superconducting wigglers) for their proper operation. The
evaporated helium gas, that results from the thermal exchange between LHe and cooled samples or
components of the beamline, may either be released to the atmosphere or be collected and liquified for
reuse. Helium is a non-renewable resource and cannot be replaced with another gas for many of the
above-mentioned applications. Therefore, its recovery is part of the sustainable development policy of
Poland. Moreover, for academic research centers, in particular, for synchrotrons, where LHe
consumption is high, its recovery is the only way to reduce the costs and mitigate the scarcity and risk of
uncertain LHe delivery.

The preliminary analysis of the SOLARIS liquid helium consumption shows that the total demand, when
all the mentioned beamlines are commissioned, can reach around 410 liters/day (in the case of maximum
loading of the beamlines with the measurements at ultra-low temperatures) and the average annual
consumption will be around 130 liters/day. Based on the evaluated average demand for LHe, the price of
LHe and assuming that SOLARIS beamlines will operate for 8 months (34 weeks) it was decided to install
helium recovery and liquefaction system (HRLS) in SOLARIS, which will reduce cost up to 80-85%. The
HRLS will collect evaporated helium gas, purify it and return it to a liquid state for reuse. Thus, the
working process of the HRLS will include three stages: recovery, purification and condensation.

In 2021 the SOLARIS experimental hall will be extended and enlarged. A dedicated room for HRLS will be
built as a part of the investment. The parameters of the room will allow to install the parts of HRLS in a
functional manner considering the dimensions and the service space of the parts. Thereby, infrastructure
in SOLARIS is prepared for the installation of the HRLS. The installation will be financed partly from the
SOLARIS own funds, but the main part of financing will be obtained from external sources. For this
purpose SOLARIS prepared and sent an application for financing of a large research infrastructure to the
Polish Ministry of Science and Higher Education.
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The Cd1xMnxTe crystals belong to the II-VI based dilute magnetic semiconductors. These materials arouse
the investigators interest due to their pronounced magnetic and magneto-optical properties and because
of new possible application in spintronic devices! and X and gamma ray detectors23.

Despite the fact that at ambient conditions CdixMn,Te have a well-known crystallographic structure# the
knowledge of some of its crystallographic characteristics are limited.

The CdixMnyTe crystal with Mn concentration 0<x<0.4 were obtained by using the low pressure
Bridgman method. Carefully performed powder x-ray diffraction measurements were analyzed by
Rietveld method>. Based on these results the lattice parameters variations as well as the Mn -
concentration dependence of Debye-Waller factor data, B(x), will be presented and discussed on the
background of existing data.

Acknowledgements: This work was in part supported by National Science Centre, Poland [Grant No. UMO-
2014/13/B/ST3/04393]. Growth of crystals was partially supported by the National Centre for Research and
Development, Poland [Grant No. TECHMATSTRATEG1/346720 /8/NCBR/2017].
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We proposed the universalized model of the emitter evaporation at the cathode arc deposition of metals
and their compounds where the emitter shape as an ellipsoid of rotation considered. The numerical
simulation and calculation were carried out by the finite element method for the thermal distribution
determination by the emitter at various current densities. The model contains the equation of thermal
conductivity with initial and boundary conditions, the final solution of which is given in dimensionless

coordinates.

Using the model, we calculate the temperature near the tip of the cathode emitter in established processes

and fast-flowing processes (Fig. 1) at the beginning of the arc. By the simple mathematical
transformations, the model can be used for the different shape of the emitter.

Fig. 1 The temperature near the emitter tip for fast-moving processes (in dimensionless coordinates).

The model can be used to optimize cathodic-arc processes in case of deposition the refractory and
superconducting films on the surface of parts of synchrotrons, free-electron lasers and other

accelerators!.
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The pulse duration at X-Ray Free-Electron Laser (XFEL) ranges from a few fs up to picosecond values!.
This enables us to study for example charge and spin dynamics in excited states with fs time resolution2.
The NHC-carbenes are promising candidates to develop cheap, base metal light-harvesting systems for
energy conversion purposes. The Fe(II)-NHC light-harvesting system is designed to prolong the lifetime
of electron-donating MLCT upon excitation by the UV-VIS light. The excited electron can be further
transported to a catalyst system in ps timescale within the photosensitizer-catalyst assembly.

We conducted a “two-color” Fe and Co Ka X-Ray emission spectroscopy pump-probe experiment with the
use of the FXE instrument at the XFEL, Schenefeld, Germany. The X-Ray beam energy was set to 9.3 keV
while the optical pump laser was set to a wavelength of ~400 nm. Data was collected using a dispersive
von Hamos setup with a 2D Jungfrau detector. We present the first results of electron kinetics of the
excited Fe(II)-NHC photosensitizer. In the first 15 ps after excitation, the dynamics can be described by a
three-component decay process dominated by the MLCT -> MC transition. Additionally, a relative
temporal relation between Fe Ka and Co Ka is presented in Fe-Co dyad, which sets up the upper limit on
the electron transfer speed.

Understanding the first ~15 ps of the deexcitation cascade in photosystem is crucial in electron and
charge transfer systems. Obtained data shows a catalytic potential of Fe-Co systems for future uses.

APMLCT*,

0.11 ps
L 1BMLCT

0.03 ps 104 ps

’,'/1.7 ps

ground state

Fig. 1 Electron decay dynamics in the Fe-Co dyad.
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The presented results concern contribution of Rare Earth (RE) impurity 4f electrons to the valence band
of selected semiconductor compounds with different valence of anions!2. Application of synchrotron
radiation with continuous spectrum allows us to acquire Fano type resonant photoemission spectra in
the energy range of hv = 130-170 eV corresponding to RE 4d—4f optical transition.

o 6 Sm?* resonance Sm3+4f5 Sm®* resonance
Sm 4f hv = 136 eV

3+ 5
Sm 4f

hv =141 eV

2+ 6

Intensity [arb. units]

Pb10d

0 10 20 30 40 50 0O 10 20 30 40 50
Binding Energy [eV] Binding Energy [eV]

Fig 1. A comparison of resonant photoemission spectra of Pbo.97Geo.o3sTe with a deposited Sm layer of 7ML
taken for hv=136 eV (resonant energy for Sm?*) and hv=141eV (resonant for Sm3+) after annealing of the
sample during the time of 0.5, 1.5 and 6.5 h.

RE atoms deposited on the surface of CdTe, ZnO, GaN or PbGeTe occur as a mixture of RE2* and RE3+ions.
The resonant photoemission spectra acquired after subsequent stages of the substrate/RE layer system
annealing (Fig. 1) enable us to follow formation of a solid solution subsurface layer, due to diffusion of RE
atoms into the substrate. We observe conversion between RE3* and RE2* ions when the ion environment
changes from that of RE metal layer to the environment of the solid solution formed in the substrate
subsurface layer.
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Cadmium-zinc arsenide, (CdixZny)3Asz, is an alloy system of inverted gap semiconductor, CdsAs; and
direct-gap semiconductor, ZnzAs,. Its basic electronic and optical properties have been determined in!.
The interest in (Cd1.xZny)3As; has been renewed after discovery of Dirac semimetal character of CdzAs;2
and expected topological phase transition to the open-gap semiconductor for some x3. The (Cd1..Zny)3As>
system includes a number of phases of relatively complex structure. The Cd-rich o phase crystallizes in a
tetragonal structure (/41/acd space group) with 160 atoms in the unit cell. It changes into a P4,/nmc (")
structure for higher x. In the range between x=0.45 and x=0.80, another tetragonal structure, [41/amd
(o) is reported. From x=0.85 to x=0.97, there is again a P4,/nmc structure, and for x>0.97 the solid
solution crystallizes in [41/acd space group.

Crystals (Cdi-«Zny)3As, were grown by horizontal Bridgman method. The X-ray powder diffraction
measurements were performed using the X'pert MPD diffractometer equipped with a Johansson
monochromator and a strip detector. The structures of the crystals was refined by the Rietveld method,
employing the Fullprof2k,v.5.30% software). Single crystal diffraction measurements were performed on
an Oxford Diffraction Xcalibur diffractometer, employing the graphite-monochromated MoKa (A =
0.71073 A) radiation. Data collection and reduction were performed using CrysAlis CCD and CrysAlis RED
programs (Rigaku Oxford Diffraction, 2015)5. The crystal structures were refined by full-matrix least-
squares methods on F2 using the SHELX-2014 crystallographic software packageé. Phase analysis
confirmed the expected structure (/141/amd space group) as well as the phase purity of the material. The
obtained results are in line with those of ref.” for a crystal of a much higher Zn content, x=0.74.

Acknowledgements: This work was in part supported by National Science Centre (Poland) through Grant No.
UMO0-2014/13/B/ST3/04393.
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Mechanochemical synthesis is a valuable way to producing various materials?, in particular it has been
successfully applied for elaboration of various chalcogenides, as reviewed in2. For chalcogenides and
other semiconductors, a number of synthesis pathways have been applied. The elements, binary oxides
and other inorganic compounds, organic compounds and chalcogen hydrates have been used as reactants
leading to mechanochemically synthesized nanocrystalline semiconductors such as binary PbTe, PbSe,
PbS, SnSe, CdS, and ZnTe, pseudobinary (Pb,Cr)Te, (Pb,Cd)S, (Cd,Zn)S, ternary CulnSe; CulnS,, and
CuzSnS3, as well as many others. For each reaction, the reaction parameters are determined
experimentally; a continuous analysis of the progress is now possible thanks to opportunity of use of hard
X-rays at dedicated synchrotron radiation facilities (for an example of experimental setting suitable for
the in situ studies of mechanochemical reaction see3.

PbTe is a well known thermoelectric material. Its properties can be improved by alloying with CdTe. As
CdTe is insoluble in PbTe, sitable methods must be used to achieve a (metastable) solid solution. For
example, single crystals of such solution, with size of about 1 cm3, can be produced by the physical vapor
transport method+. The present study is devoted to mechanochemical synthesis of (Pb,Cd)Te from PbTe
and CdTe reactants. Synthesis of semiconductor materials requires a high energy reaction option. Fritsch
Pulverisette-5 and Retsch PM-100 planetary ball mills were alternatively used. The X-ray diffraction
served for characterization of the synthesized materials. The measurements were performed using an
X'pert MPD diffractometer equipped with a Johansson monochromator and a strip detector. The
structures of the crystals was refined by the Rietveld method (Fullprof2k,v.5.30)4 software. In this study,
we show that the reaction between PbTe and CdTe, monitored by the lattice parameter of the product,
takes place, and that it is possible to produce a (Pb,Cd)Te material with up to about 3 at% of CdTe, the
composition depending on the mechanochemical process parameters.

Acknowledgements: This work was in part supported by National Science Centre (Poland) through Grant No.
UMO0-2014/13/B/ST3/04393.

References

1. James, S. L., Adams, C. ], Bolm, C,, Braga, D., Collier, P., Fris¢i¢, T., Grepioni, F., Harris, K. D. M., Hyett, G., Jones, W., Krebs, A.,
Mack Maini, ].L., Orpen, A. G., Parkin, I. P., Shearouse, W. C,, Steed, ]. W. & Waddell, D. G. Mechanochemistry: Opportunities
for new and cleaner synthesis. Chem. Soc. Rev. 41, 413-447 (2012).

2. Balaz, P, Balaz, M., Achimovicova, M., Bujiiakov4, Z. & Dutkovj, E. Chalcogenide mechanochemistry in materials science:
Insight into synthesis and applications (a review). J. Mater. Sci. 52, 11851-11890 (2017).

3. Ban,V, Sadikin, Y, Lange, M., Tumanov, N,, Filinchuk, Y., Cern}'f, R. & Casati, N. Innovative in situ ball mill for X-ray diffraction.
Anal. Chem. 89, 13176-13181 (2017).

4. Szot, M., Szczerbakow, A., Dybko, K., Kowalczyk, L., Smajek, Domukhovski, V., Lusakowska, E., Dziawa, P., Mycielski, A., Story,
T., Bukata, M., Galicka, M., Sankowski, P., Buczko, R. & Kacman. P. Experimental and theoretical analysis of PbTe-CdTe solid
solution grown by physical vapour transport method. Acta Phys. Polon. A 116, 959-961 (2009).

63 © 2020 Polish Synchrotron Radiation Society



&
A~

polish synchrotron

radiation society Synchrotron Radiation in Natural Science

The Joint Meeting of the Polish Synchrotron Radiation Society and SOLARIS Users
ETSA!_SﬁCHRROTlRi Krakéw, 9-11 September 2020
Synchrotron Radiation in Natural Science 20 (2020)
Dependence of the degree of tetragonal deformation of the
lithium-manganese spinel structure on nonhydrostatic
Poster Presentation . .
Thursday 10,09.2020 pressure component: Synchrotron powder diffraction study
15:20-16:30

P. Piszora*, ]. Darul

Department of Materials Chemistry, Faculty of Chemistry, Adam Mickiewicz University,
Uniwersytetu Poznariskiego 8, 61-614 Poznan, Poland

*e-mail:

A strong relationship can be observed between the non-hydrostatic pressure component and the degree
of tetragonal deformation of the spinel structure. Phase transitions considered to be pressure induced are
often in fact strain induced phase transitions.

Structural properties of Lio9sMn20504 under pressure and at elevated temperature were examined up to
12 GPa by powder X-ray diffraction using DAC on the MSPD-BL04 beam line of the ALBA synchrotron.!
Synchrotron X-ray diffraction experiments were performed using polydimethylsiloxane oil as the
pressure transmitting medium (PTM). Increase in the ¢/a’ distortion parameter (Figure 1) in the pressure
range up to about 5 GPa is in good agreement with the known from literature decreasing of hydrostaticity
in the applied PTM. This effect is not observed for isothermal compression at 380 K. Sensitivity to the
hydrostaticity of the pressure transmitting medium allows the design of spinel materials with new
interesting properties.
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Fig. 1 Axial ratio in the high pressure tetragonal phase at 300 K and 380 K.
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Calcium orthovanadate and orthophosphate Caz(X04)2, X = P or V, is known to crystallize in R3c space
group. By substitution of alkali or rare earth at Ca sites, synthetic materials related to those of whitlockite
group minerals are obtained. In particular, europium and copper doped calcium vanadates are competitor
for the application as inorganic yellow pigments!. Pure and Nd-doped Ca1oLi(VO4)7 single crystal are
supposed to be suitable as non-linear optics material2. Yb3+:CasGd(VO4)7 crystal can be regarded as a
potential candidate for ultrashort pulse laser material3.

In this study, we investigate the structural properties of Cai10Mos(V04)7, where M are cobalt and copper,
at room temperature and high temperature. The insight of the structural properties of these materials,
not available until now, is important for their understanding and characterization.

Solid solution of above named new materials, were synthesized by solid state reaction. Copper (Cobalt)
and vanadium oxide with calcium carbonate mixed in stoichiometric proportion and formed into pellets.
Powder diffraction measurements were performed at Philips X'Pert Pro Alphal diffractometer with
Bragg-Brentano geometry. Scanning electron microscopy (SEM) was performed for morphological
analysis.

Phase analysis of Ca10Mos(V04)7 has shown that samples crystalize in R3¢ group. Diffraction peaks are
assigned to those of other whitlockite-type materials. Due to a difference of the ionic radii, the lattice
parameters decrease by substitution of M [M=Cu, Co]. The starting model for refinement of these material
is Ca15Sr1.5(V04)7%. At the final step, we refined 80 parameters. Rietveld analysis allows for analysis of the
site occupancy preferences of the transition metal atoms.

High temperature measurements were performed for both samples. The diffraction patterns indicate that
the structure is stable within the investigated temperature range. Thermal expansion coefficient is
determined for samples as function of temperature.
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ExPaNDS is the European Open Science Cloud (EOSC) Photon and Neutron Data Service. Our ambitious
ExPaNDS project is a collaboration between 10 national Photon and Neutron Research Infrastructures
(PaN RIs) as well as EGI. The project aims to deliver standardised, interoperable, and integrated data
sources and data analysis services for Photon and Neutron facilities. ExPaNDS, alongside the Photon and
Neutron Open Science Cloud (PaNOSC) are European H2020 projects who are working towards the
development of the European Open Science Cloud (EOSC). The Photon and Neutron Research
Infrastructures (PaN RIs) containing free electron laser, synchrotron light and neutron sources are
generating petabytes of research data each year and such vast amounts of data can be hard to share.
Researchers around the globe use the data to advance knowledge across a variety of societal challenges.
These challenges can be found in energy, transport, healthcare, food safety, and sustainable living to list
only a few.
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Fig. 1 The benefits of Open Data.
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The goal of our projects and the EOSC
is to make data from publicly funded

research in  Europe Findable,

Accessible, Interoperable and Reusable (FAIR). Fostering FAIR Data Practices will allow other facilities
and their users to benefit from the valuable data produced thanks to our light and neutron sources to help
combat 21st century global problems. By reusing data, it is possible to plan experiments and simulations
that will produce more than was originally imagined.
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The origin of nematicity and its relation to superconductivity in iron pnictide high-temperature
superconductors remains unclear. One of its possible sources is the uneven occupation of Fe dy,
and d,, orbitals. Here, by using X-ray linear dichroism technique we show that such an imbalance is
present in Eu(FeixCox)2As: single crystals deep in the tetragonal phase and also in the
superconducting state, where we find that dy, orbital has a higher occupation as indicated by XLD
magnitude of 1.5%. Our result shows the importance of orbital polarization in the theoretical description
of nematicity and superconductivity, particularly for determination of the superconducting
gap symmetry, which is affected by orbital fluctuations.
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With given time and temperature, every glass crystallizes eventually. A heat treated glass that formed
crystals under controlled conditions, can be a glass ceramic (Fig. 1). Such glass ceramics combine
properties of glasses and ceramics and are for example used as cooktops (e.g. CERAN®). For full
controlment, it is needed to fully understand the crystallization processes. These processes are, amongst
other things, highly dependent on the mobility of elements within the glass during heat treatment and the
reorganization of atomic bonds during crystallization. This reorganization, which is often accompanied
by a change in coordination number of certain elements, is easily observable in bulk glass samples during
heat treatment with XAS. Our plan was to monitor these reorganization processes in situ at the imminent
surface during heat treatment with PEEM to get time- and spatial-resolved data. However, it was not that
simple. Here we would like to discuss the difficulties that appeared, how we overcome some of them and
which are still problematic.

First of all, we had to face the problem that the samples were outgassing extensively, which was
unexpected for the observed glass systems. The second was the coating. We chose a thin C-coating that
worked fine with XAS, but with PEEM the layer was too thin to conduct enough electrons and too thick
to get sufficient signal. Another issue was that heat treated glass becomes viscous, so the surface became
uneven (Fig. 2). During crystallization, topography is created due to crystal growth. Initially we thought
that this might be the biggest issue to overcome, but compared to the others this was neglectable.

As a result, in-situ monitoring of glass crystallization during heat-treatment with PEEM is challenging.
Already crystallized samples (different time steps, spatially-resolved) seem manageable. The important
points here are, that the samples need to be outgasses prior to the measurement and that no coating
woks best, because at elevated temperatures the glasses become conductive themselves.

Fig. 1 This is a 2Ba0-TiOz-
2.75S8i02-Fresnoite glass
ceramic. The matrix is the
residual glass and the
crystals are made of
Ba:TiSiz0s. Note the
topography that is created
during crystallization.

Fig. 2 This glass slide was completely even. It go
a wavy surface during heat treatment.
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Vanadium oxides are used in many technological applications, including electrical and optical switching
devices, light detectors, thermal and chemical sensors, write-erase media, and in heterogeneous
catalysis!2. Among them, V,0s is the most popular one. This is a wide-band-gap, n-type semiconductor
material that exhibits particularly useful properties stemming from the fact that the electricar charge is
transported via polarons, as reported for bulk single-crystals and amorphous V,0s layers. The surface
properties of V,0s in ceramic and thin film forms make it an attractive candidate for many practical
applications, including catalyst materials and gas sensors. The most typical application of V,05 as a
heterogenic catalyst is the fabrication of sulfuric acid, where it calalyses the oxidation of sulfur dioxide to
sulfur trioxide by air.

In this study thin films of 200 nm of VOx RF magnetron sputtered on the SiO; glass and Si substrates were
studied with X-ray Absorption Spectroscopy in the XANES range of the Oxygen K and Vanadium L3 edges.
The measurements were carried out at the PEEM/XAS beamline of Solaris National Synchrotron
Radiation Centre, Poland. The total electron yield (TEY) detection mode was used. The spectra were
collected at several temperatures between room temperature and 300°C. Selected spectra of the VO films
on the SiO; glass are shown in Fig. 1, together with those of reference Vanadium oxides taken at room
temperature. The room temperature Vanadium L,z white lines (peaks at 525 eV and 518 eV, respectively)
of the VOx thin film show the closest similarity to those of V,0s powder, whereas the spectrum at 300°C is
the closest to that of V.03 powder reference. Cooling the sample down to room temperature and its
exposure to air does not modify it noticeably. A similar behavior can be seen at the Oxygen K-edge
spectrum (530 - 545 eV), Fig. 1 and reflects occurrence of deoxygenation and the corresponding change
of the oxide stoichiometry from close to V,0s, towards V;0s.

The linear dichroism in the XAS spectra of the samples studied was also measured. In the presentation its
results will be shown along with a detailed interpretation of the XAS spectral features and their relation
to the tempera-ture driven surface modification of the films studied. The results obtained will be
discussed in terms of their relation to the sensor performance of the VOx thin films and a possibility of
the occurrence of the metal - insula-tor transition in them.
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Fig. 1 The O0:K and V:L23 XANES
spectra of the VOx thin film on the
Si0z  substrate at  selected
temperatures together with room
temperature spectra of reference
oxides.
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Bismuth layer-structured oxide compounds, with perovskite blocks sandwiched between (Bi»02)2+ layers
known as Aurivillius phases?!, belong to one of the few groups of single phase multiferroics. Some
compounds in the BisTiz012-BiFeO3 system with the general formula Bin.1Fen-3Ti303m:3 are considered as
the most interesting electroceramic materials due to their possible applications, that include electrically
controlled microwave devices, ferromagnetic resonance devices, magnetically controlled electro-optic
broadband magnetic field sensors, and ME memory devices2. In our previous studies some series of
compounds of the Bim+1Fem-3Ti303m+3 family were studied3+.

In the present study four compounds of the m=7 sub-group: BigFesTi3024 (BFT7), Bi;SmFe4Ti3024 (BSFT7),
Bi;GdFe4Tiz024 (BGFT7) and BisDyFe.Tiz024 (BDFT7) were synthesized and characterized. In order to
determine the influence of Rare Earth elements doping on their electronic properties the X-ray
Absorption Spectroscopy study in the XANES range of the Oxygen K, Titanium L, 3 and Iron L;3 edges was
performed. The measurements were carried out at the PEEM/XAS beamline of Solaris National
Synchrotron Radiation Centre, Poland. The total electron yield (TEY) detection mode was used and the
spectra were collected at room temperature. The spectra are shown in Figs 1, 2and 3 for O:K, Ti:L,3 and
Fe:L.3 edges, respectively. At the 0:K edge spectra a noticeable difference between the BSFT7 and the
other materials is visible as additional peaks at 540 and 552 eV. It is woth noting that the Ti spectra show
a much higher overall intensity for the pristine BFT7 material. A similar, although weaker, effect is
observed for the Fe spectra.

In the presentation these results will be analysed
in details, in particular with respect to the XAS
spectral features and the corresponding electronic
properties of the materials. Their relation to the
multiferroic properties will be discussed.

Fig. 1 The 0:K edge XANES spectra.
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Fig. 2 The Ti:L23 edge XANES spectra. Fig. 3 The Fe:Lz3 edge XANES spectra.
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Properties of magnetic nanoparticles (MNP) in solutions are routinely determined using volume
magnetometry. Quantitative analysis of such measurements is often questioned by uncertainty in
diameter (mean and distribution), concentration and chemical composition.

Here we discuss the possibility of application of 1s2p RIXS-MCD (magnetic circular dichroism in resonant
inelastic x-ray scattering) for selective characterization of magnetic properties of iron oxide MNP in
solution. RIXS-MCD is a photon-in photon-out out spectroscopy probe. When probed with circularly
polarized light at 1s excitation (K edge) and collecting 2p emission, it reaches the same final states as L-
edge XMCD and similar magnetic contrast, but using hard X-ray photons. As such it is well suited for
element and site selective volume magnetic measurements. In addition, (i) it simultaneously probe the K
pre-edge structures sensitive to local coordination and charge, (ii) it is free from non-resonant
background, which makes it well suited for selective probing of magnetic properties of nanoparticles.

We have applied RIXS-MCD to determine selective magnetization profiles of iron oxide nanoparticles
dispersed in water solution. Measurements were performed at room temperature on spinel iron oxide,
cobalt ferrite and zinc ferrite MNP with mean diameter of 5-10nm. Analysis of the spectral shape and
magnetic contrast produced by this experiment enables an assessment of the site distribution and
magnetic state of metal ions in the spinel phase. The dependence of the strongest feature of 1s2p RIXS-
MCD, which is ascribed to tetrahedral Fe(IlI), was probed versus external magnetic field in the full
magnetization loop. Comparison of the RIXS-MCD derived magnetization profiles with that of volume
magnetization collected from the same solutions by means of VSM method shows a significant difference.
Selective profiles are free from the negative slope component observed in volume magnetization at large
field, which is associated with a strong diamagnetic contribution of the solvent. However, upon separation
of superparamagnetic signal of particles from the diamagnetic signal of carrier liquid a good agreement
is achieved.

The selective magnetization profile of particles as derived from the field dependence of dichroism
empowers an estimation of particle size distribution. Furthermore, the new proposed methodology
discriminates sizes that are below the detection limits of X-ray and light scattering probes and that are
difficult to spot in TEM.
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Peroxidomolybdate are a subgroup of polyoxometalates(POMs). Such compounds with transition metals
(Mo, W, V ect.) are important in the processes of catalytic oxidation of alcohols and sulfides, epoxidation,
effluent treatment, pyrotechnics, hydrometallurgy and medicine!. Hitherto, our group obtained a new
compounds with pyridinocarboxylic acid (nicotinic acid N-oxide?, picolinic acid N-oxideZ? and isonicotinic
acid N-oxide3. Currently, we are working on obtaining a new organic-inorganic hybrid
peroxidomolybdtates with dicarboxylicpyridine acid.

This study presents crystal structure and selected physico-chemical properties of the newest two
oxidoperoxidocompounds with isonicotinic acid N-oxide. The first compound is potassium salt:
K.CsHsMoNOsg.H20 (denoted as K-iso0) and the second ammonium salt: (NH4)2(CsH4sMoNOg)2-2H,0 (NH4-
is00). The structural study of compounds were investigated using powder X-ray diffraction (K-isoO) or
single crystal (NH4-isoO) techniques. To characterize compounds were examined with the use of XRPD
versus temperature method, IR spectroscopy and catalytic activity studies3.

Fig. 1 Building blocks of K-isoO(A) and PMA-isoO(B).
Acknowledgements: AS acknowledges the fellowship with the project POWR.03.02.00-00-1013/16.
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The o-, m- and p-cresol isomers, also known as methylphenols or hydroxytoluenes, are toxic compounds
widely used throughout industry as raw materials or in their chlorinated and nitrated forms to yield
compounds with herbicidal and insecticidal properties. In other fields of application, o-cresol is used in
the synthesis of epoxy resins, precursors of dye intermediates, pharmaceuticals and adducts for various
synthetic purposes. They are also the basis of fragrance and flavour substances as well as disinfectants,
preservatives, explosives and light-resistant antioxidants and dyes. Mixtures of cresols are used as
lubricant additives, fire-resistant hydraulic fluids, and plastic additives. They are also formed by biotic
and abiotic transformation of pesticides in agriculture. From there they readily contribute to the pollution
of ground waters and the atmosphere. In the atmosphere in the presence of NOx radicals, the degradation
of these compounds in the troposphere contributes substantially to the ozone and photooxidant burden
and also the formation of secondary organic aerosol. Cresol isomers have been reported to account for
15-42% of the products from the OH+toluene reaction with the level of about 20%. Thus obtaining a
detailed information on the electronic structure throughout the photoabsorption measurements of these
compounds is desired.

We support our experimental results with theoretical calculations thus obtaining a full description of the
target molecule as in many previous studies of such targets. In the measured spectra it was also possible
to detect the influence of the respective positions of the methyl and hydroxyl groups on the aromatic ring,
making the spectra either resembling the ones of phenol or of toluene.

Here we present a comparison between the previously obtained data of phenol and toluene and the newly
measured spectra of all three isomers supported by theoretical calculations.
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Modification of metal, semiconductor and insulator surfaces by ion irradiation is of great importance for
developing new technologies for manufacturing a small functional electronics system with nanometer
dimensions. Due to the exhausting potential of currently used technologies, extensive research is carried
out around the world to develop a new, repeatable and effective technologies for modifications of various
material properties. One from such promising future technologies, which gives possibility for obtaining
novel physico-chemical properties of materials, not achievable by any other material processing methods,
is modification of materials surfaces by irradiation with low-energy (slow) highly charged ions (HCI)12.

The main aim of this study is to determine the changes in morphology and physico-chemical properties
of nanolayers caused by irradiation by low-energy Xe ions in highly charged states. In order to investigate
the changes of nanolayer properties, as a result of the HCI irradiation, in dependence of their thicknesses
and energies, surface sensitive X-ray spectroscopy methods can be applied. Before the irradiation process,
the properties of nanolayers were measured by classical and grazing incidence X-ray diffraction (XRD and
GIXRD) and classical X-ray reflectometry (XRR) carried out on the X'Pert Pro MPD [2]. The nanolayers
were implanted with low-energy highly ionized Xed* ions at the Kielce EBIS facility (Jan Kochanowski
University, Kielce, Poland). The SR-XRR measurements were performed at Elettra Synchrotron X-ray
fluorescence beamline, using synchrotron X-ray beam with energy 6.0 keV34,

In the presented studies X-ray reflectometry was used for characterization of morphology (density,
thickness and roughness) of TiO2 nanolayers, deposited on the substrate Si not implanted and implanted
with Xed* ions. The first experimental results for TiO, nanolayers implanted with different charge states
of the Xed* ions showed that thicknesses fitted from XRR curves by Direct and Fourier methods agree
within the experimental uncertainty with declared values. As expected, it was found that the measured
density of TiO2 nanolayers (3.2 = 0.3 g / cm3) is much lower than the bulk density of TiO; (3.78 g / cm3 -
anatase, 4.23 g / cm3 - rutile).

Finally, the results obtained for irradiated samples suggest possible amorphization and smoothening of
the TiO; nanolayers surface as a function of HCI potential energy*.
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Platinum compounds, like cisplatin, are still widely used in a cancer treatment, despite the fact that some
tumors do not respond to the treatment with their application. This led scientists to look for alternatives,
including compounds with other metals. Copper complexes are one of those who are in the centre of
interest, because they exhibit cytotoxic properties by inducing the cleavage of DNA and an apoptosis of
cells!. They could also overcome problems with which platinum drugs cannot deal.

Within this report, we demonstrate applicability of synchrotron and laboratory X-ray Absorption
Spectroscopy (XAS) experiments? to study Cu-based materials. Unoccupied electronic structure of
Cu(1,10-phenanthroline)Cl; compound is examined and the obtained results are supported with density
of states calculations to determine the atomic contributions of ligands to Cu electronic states. Because of
specific molecular geometry, the Cu(1,10-phenanthroline)Cl, complex is regarded as a potential
candidate to coordinate to nitrogenous bases and in a consequence to break DNA at specific sites. The
fundamental understanding of the electronic properties of this compound is thus crucial for any future
application studies.

Acknowledgements: Authors acknowledge National Science Centre, Poland (NCN) for partial support under
grant no. 2016/21/D/ST4/00378.
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NagsBiosTiO3 (NBT) is a complex A’o5A”05Ti03 perovskite exhibiting a random occupation of the A-site by
the Nal* and Bi3* ions. Therefore, its properties, e.g. dielectric and phase transitions process, present
diffuse character. On the other hand this structural disorder is responsible for excellent applied
properties of this compounds. It may also be a reason of difficulties in definitive determination of
symmetry of the low-temperature ferroelectric phase. Most of earlier studies pointed to the
rhombohedral (R), rhombohedral with regions of tetragonal (T) symmetry, while some, more sensitive
to local nanoscale order investigations, to the monoclinic (M) or monoclinic-rhombohedral coexistence
(M-R) ones. Remembering these doubts, many researchers denote symmetry of the ferroelectric phase as
rhombohedral R, similarly to that in.

Single crystals of NBT were grown by the Czochralski method, as described in2. Powder reagents Na,CO3
(99.95%), Bi203 (99.95%) and TiO2 (99.95%) were weighed in stoichiometric ratio and homogenized in
agate mortar for 24 h with using of ethanol. Then the milled powders were dried and calcined at 800°C
for 2h and at 1000°C for 4h. The calcined material was placed in a Pt crucible. The crystal growth was
carried out at 1300°C. Slightly yellowish transparent cube shaped single crystals of 1.5 cm in size and
resistivity of order of 1012 Qcm were obtained.

In the present work, the X-ray Absorption Spectroscopy study in the XANES range of the Oxygen K, and
Titanium L;3 edges was performed at room temperature and 242°C. The latter is above the transition to
the low temperature rhombohedral ferroelectric phase, which occurs at 220°C2. The aim of the study was
to determine possible changes in the electronic structure occurring at the transition. The measurements
were carried out at the PEEM/XAS beamline of Solaris National Synchrotron Radiation Centre, Poland.
The total electron yield (TEY) detection mode was used and the measurements were made with linearly
polarized light in two geometries, providing the direction of the electric field vector of the exciting X-rays
in the plane perpendicular to the c-axis of the crystal or at 60 degrees to this plane. The examples of the
spectra obtained are shown in Figs 1, 2 for the Ti:L,3 XANES range at room temperature and 242°C.
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Fig. 1 The Ti:L23 edge XANES spectra of the NBT
sample at room temperature along with their
difference.

Fig. 1 The Ti:L23 edge XANES spectra of the NBT
sample at 242°C along with their difference.

The spectra show double-peak structures of the L3 and L. edges at 458-460 eV and 463-466 eV,
respectively. The difference of the spectra taken at 60 deg and 0 deg. reveals a significant dichroic effect
in the rhombohedral ferroelectric phase (room temperature), whereas it is an order of magnitude smaller
at 242°C, above the transition. A similar tendency is observed in the O:K XANES spectra. In the
presentation the results obtained will be analysed in details, with respect to the XAS spectral features, in
connection with local atomic environments and their modifications upon phase transition. Their relation
to the ferroelectric properties of the material will be discussed.

Acknowledgements: Experiment was performed owing to the collaboration of SOLARIS Staff.
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Sulfur is one of the elements having the most important biochemical and physiological functions in the
plant. Sulfur, apart from playing the role of essential component for growth and development of plants,
has also an impact on increasing their resistance to various kinds of pathogens. However, proecological
activities leading to sulfur emission reductions in the industry, conducted in recent years, as well as the
increasing use of high-grade fertilizers led to the situation that in many soils sulfur is running out. The
applied fertilizers that introduce sulfur to the soil are characterized by a large solubility in water, causing
an easy leaching of this element from the upper layers of soil, which results in a low concentration of
sulfate sulfur that can be absorbed by plants.

Thus, was conceived the idea of design of glassy materials containing sulfur as potential mineral
fertilizers. But it's not that straightforward. First, because sulfur in oxide glasses may be present at
different states of oxidation (Sé+, S4+, S°, and S2-)! and, from the viewpoint of the agricultural practice the
sulfur is absorbed by plant roots from the soil solution as the SO42- anion mainly, therefore, it is essential
that the structure of the designed glassy fertilizers would contain oxysulfur species as much as possible.
Second, the developed glasses have a silicate-phosphate matrix, which has a limited capacity to receive
sulfur.

X-Ray Absorption Spectroscopy especially is the best way to characterize the sulfur oxidation states and
its environments in the structure of glasses!2. Sulfur K-absorption edges are especially sensitive to
different sulfur valences, where edge energies increase with increasing valence23. Because of difficult
access to this method during the Meeting we would like to focus on discussing the results of spectroscopic
studies on sulfur speciation in the silicate-phosphate glasses with a particular emphasis on Raman
Spectroscopy and Magic Angle Spinning Nuclear Magnetic Resonance results on the basis of which certain
but not all degree of sulfur oxidation present in the structure of the glasses can be determined.

Acknowledgements: This project was financed by the National Science Centre, Poland, project number
2018/31/D/ST8/03148.
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The electronic structure of ZnO:Yb epitaxial layers grown on GaN/sapphire substrates was studied using
X-ray absorption spectroscopy at the Zn L3, O Kand Yb Ms edges at Solaris light source. Knowing that the
ZnO crystallizes in an anisotropic wurtzite structure, the linear polarization of synchrotron radiation was
exploited to estimate the influence of the crystal structure anisotropy on the distribution of the local
density of states at the site of Zn and 0. The calculated partial density of states describes the observed
anisotropy in the measured spectra. Influence of the core-hole effect on the analyzed absorption spectra
was verified.

Acknowledgements: These research took place at the National Synchrotron Radiation Centre SOLARIS, at the
PEEM/XAS beamline. The experiment was performed thanks to collaboration of the SOLARIS Team. The work
was partially supported by the Interdisciplinary Centre for Mathematical and Computational Modelling (ICM) at
University of Warsaw, Poland, grant ID G59-20. The samples growth was co-financed by international project
supported by the Polish Ministry of Science and Higher Education (3846/HZDR/2018/0) and Helmholtz-
Zentrum Dresden-Rossendorf (17000941-ST).
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Thin films of hematite are recently widely investigated materials due to their peculiar optical properties
which are attractive for applications e.g. in photoelectrochemical cells? or lithium-ion batteries?. In order
to use the material as an anode in solar energy conversion the thin films made of it should have the
thickness of the order of tens of nm. Such films can be fabricated using Atomic Layer Deposition (ALD). In
this method the precursor gases are injected simultanously into the reaction chamber and chemisorbed
onto the surface. By alternating the gases, the thin films are grown layer by layer. Among various physical
and chemical deposition techniques, it is a unique one, which allows to coat conformally 3D
nanostuctured surfaces. Whereas the protocole is well established for other materials such as ZnO, TiO.,
Al>03, only few studies exist for Fe;0s.
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Fig. 1 .The O:K edge XANES spectra of the S200  Fig, 2 The Fe:L23 XANES spectra of the S200 and
and S600 samples. S600 samples.

In this work we have been depositing the films using ferrocene and oxygen as precursor gases.
The two investigated samples, deposited with different number of cycles (200 and 600) were
characterized with X-ray diffraction and Moessbauer spectroscopy, which show a mixture of magnetite
and maghemite phases for the thicker sample, S600 (600 deposition cycles). For the thinner sample, S200
(200 deposition cycles) which exhibit very weak and broadened diffraction lines possible coexistence of
maghemite and hematite is found. In order to get a deeper insight into the nature of the Fe oxides in these
thin films the X-ray Absorption Spectroscopy study in the XANES range of the Oxygen K and Iron L3 edges
has been carried out. The measurements were performed at the PEEM/XAS beamline of Solaris National
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Synchrotron Radiation Centre, Poland. The total electron yield (TEY) detection mode was used and the
spectra were collected at room temperature. The spectra are shown in Fig. 1 for the O:K edge and Fig. 2
for the Fe:L,3 edges. In the poster the analysis of the spectral details will be presented in relation to those
of the spectra of reference Fe oxides: magnetite, maghemite and hematite. The results obtained and the
differences observed between the thinner and the thicker sample will be discussed in terms of their
relation to the substrate impact. Conclusions on the possible way of tuning of the ALD fabrication
procedure to obtain hematite films will be drawn.

Acknowledgements: This work was supported by the Polish National Science Centre NCN
(2015/17/D/ST3/00968) Experiment was performed owing to the collaboration of SOLARIS Staff.
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The Department of Applied Spectroscopy (NZ53) at the Institute of Nuclear Physics of the Polish Academy
of Sciences aims at exploring diverse X-ray methods to study material’s electronic structure. The research
is performed with laboratory setups, synchrotrons and X-ray free electron lasers, and is oriented in three
main research activities. First, we are studying changes taking place in biological systems at the cellular
and molecular level and specifically looking towards DNA damage-repair mechanisms and interactions of
metal-centered molecules with DNA. Secondly, we are looking on changes in the electronic structure of
atoms during chemical transformations of molecules and disordered systems with main focus on
performing research on chemical processes in real time. Finally, we are also investigating fundamental
interactions of X-rays with matter, such as non-linear processes and mechanisms leading to sequential
and multiple ionizations of atoms. Research with X-ray free electron lasers includes also developments of
new methods and experimental schemes for femto-second X-ray research. In the poster, we will present
our recent activities and developments in laboratory as well as results obtained at synchrotrons and
XFELs. Several examples will be shown, where application of X-rays was crucial to specifically approach
the project and to answer important scientific questions.

Acknowledgements: This work was supported by the National Science Centre (Poland) under the grants of
numbers 2017/27/B/ST2/01890, 2016/21/D/ST4/00378, 2019/03/X/ST3/00035, 2015/18/E/ST3/00444,
2019/03/X/ST3/00035 and 2019/03/X/ST2/00949.
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Double perovskite cobaltites, with general formula BaLnCo206.s (Ln = lanthanide), have gained much
attraction due to their varied magnetic and electrical properties and many potential applications. In this
group ferromagnets, antiferromagnets or even spin glasses may be found!. A large variety of properties
results from the variable nature of cobalt, which can be on +2, +3, and +4 oxidation state. What is more,
cobalt can be differently coordinated in the structure and exhibit different spin states.
The multitude of variable cobalt parameters makes it difficult to analyze and tailor the properties of these
materials.

This work aims at the detailed description of the fundamental physical properties of
BaAl;ALCo206-6 (A = La, Pr, Nd, Gd). X-ray absorption spectroscopy (XAS) was used to determine the
the spin state of cobalt and lanthanide (Fig. 1). This study was supported by structural characterization
by the means of Synchrotron Radiation Powder X-ray Diffraction (SR-PXD). The average cobalt oxidation
state was determined by the means of iodometric titration. The combination of those techniques enabled
the determination of all cobalt features.
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Fig. 1 X-ray absorption spectra of oxygen K-edge in the Co 3d bands region. For comparison low spin (LaCo0O3)
reference sample is included.
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access to the XAS/PEEM beamline (proposal no 181MS001). The research has been supported by the National
Science Centre Poland (2016/22/Z/ST5/00691) through the M-ERA.NET Joint Call 2016.
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In a public space! there are several reports of materials with general stoichiometry CaCoSi,Ozn+2. For n=2
it is a known pyroxene CaCoSi20¢%3. However, not much is known about materials with n=3 and n=4,
which seem to be analogous to known pigments CaCuSinOzns+2.

In this study several attempts were carried out to synthesize those phantom materials and it was found
that they do not exist as a single phase. A quantitative XRD analysis revealed that their stoichiometry is
correct but the formula should be written as CaCoSi»0s + (n-2)SiO>. Similar qualitative conclusions were
drawn from investigation of magnetic (DC magnetometry) and electronic properties including XPS and Si
K edge XANES. Additionally we have carried out DFT ab initio calculations to obtain electronic signature
from band structure of CaCoSi:Os.

The apparent influence of the excess of SiO, on magnetic properties of this "series" can be understood in
terms of presence of secondary phases like Ca;CoSi,07, which form when the starting materials are not
homogenized properly. Addition of surplus SiO suppresses their formation leaving clear signature from
CaCoSi206, which also can be synthesized from stoichiometric mixture using proper techniques.

Acknowledgements: The research leading to these results received funding from the European Community
Horizon 2020 research and innovation program under the grant agreement N. 730872 project CALIPSOPlus
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Topological insulator / magnetic material heterostructures are considered to be efficient materials for
charge-spin interconversion!. However, the important question how an adjacent material with
uncompensated magnetic moments affects topological surface states (TSS) remains relatively
unexplored. In this work, we studied band structure on transition metal (TM) / topological crystalline
insulator (TCI) interface by angular resolved photoemission spectroscopy (ARPES).

TCI Pb1.4Sn,Se epilayers were prepared by MBE on (111) BaF; and (001) KCl substrates. The evolution of
ARPES spectra was investigated as a function of thickness of deposited Mn and Fe TMs (Fig. 1,2).
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Fig. 1 Evolution of ARPES spectra of (111) Fig. 2 Evolution of ARPES spectra of (001)
Pbo.7sSno2sSe epilayer as a function of submonolayer Fe  PbozeSnoz6Se epilayer as a function of submonolayer Mn
deposition. deposition.

Despite theoretical predictions, no band gap opening was observed2. However, formation of Rashba
splitted surface states (RSS) was detected in conduction band for (111) oriented samples. Estimated
Rashba parameter az can be tuned over a wide range from 0 to 1.5 eV-A as a function of deposited TM.
For (001) oriented films, decrease of separation in k-space between Dirac points of the double Dirac cone
was observed. The reasons of band structure modification with TM deposition will be discussed.

Acknowledgements: The work is supported by the Foundation for Polish Science through the IRA Programme
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Below threshold one-photon scattering is an inelastic process that involves core-shell electron excitation
with incident photon energy lower than the ionization threshold of given element. This effect was
observed for the first time in 1974 and explained shortly afterl2. The mechanism of this phenomenon is
mediated by the intermediate virtual state, making possible the electron excitation above Fermi level with
the expense of the X-ray fluorescence photon energy. The physical properties of the virtual state are
important due to the connection with sequential two-photon absorption process (TPA) that exploits the
same intermediate state. Taking this into consideration, the relations between the cross-sections for both
processes can be investigate which make possible to estimate the TPA cross-sections based on the one-
photon data3.

For many years the off-resonant excitations at below threshold energies were observed by use of
monochromatized radiation from X-ray tubes45 or synchrotronsé-10. Yet, the cross-sections values were
determined so far only for a few elements, usually by means of low energy resolution measurements.
Herein we report the comprehensive studies on the cross-section values for below edge ionization
energies of various elements. Based on the obtained results, we will discuss cross-sections dependences
on energy and atomic number for both, one and two-photon absorption mechanisms.

Acknowledgments: This work was partially supported by National Science Centre, Poland (NCN) under grant no.
2017/27/B/ST2/01890
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Calcium doped praseodymium orthoaluminate ProoCa1Al0z95 was prepared from stoichiometric
amounts of constituent oxides Pr¢0i1, Al:03, and calcium carbonate CaCOz by solid-state reaction
technique. According to in situ low-temperature X-ray synchrotron powder diffraction examinations
(HASYLAB/DESY, B2 beamline), ProoCao1Al0295 undergoes reversible discontinuous structural phase
transitions from rhombohedral R-3c to the orthorhombic Imma structure at 210 K and from
orthorhombic to monoclinic I12/m structure at 130 K. Analysis of high-temperature behavior of
Pro9Cap1AlO295 revealed that rhombohedral R-3c structure persists at least up to 1173 K. From
extrapolation of ¢/a parameter ratio of the rhombohedral phase a second-order phase transition to the
cubic perovskite structure is predicted in Pry9Caop1AlOz95 at around 1490 K, which is ca 280 K lower
comparing with the “pure” PrAlOs!. Evolution of unit cell dimensions of Pro9Cag1Al02.95 in the temperature
range of 10—-1173 K is shown in Fig. 1.
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Fig. 1 Temperature dependencies of normalized lattice parameters of ProsCao1AlO295. The monoclinic (M),
orthorhombic (0) and rhombohedral (Rh) lattice parameters are normalized to the perovskite cell (P) as follow:
ap:am/\/z, bp:bm/z, Cp:(:m/\/z; ap:ao/\/z, bp:bo/z, Cp:Co/\/Z; ap:ar/\/z, Cp:Cr/\/lz.ap:ar/\/z, Cp:Cr/\/].Z.
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The tungsten-based materials due to their large variety of compositions, crystal structures, physical and
chemical properties are relevant for many technological applications such as optoelectronics, catalysis,
sensors, energy conversion and storagel.2. Their functional properties originate from the outer d-valence
electrons and thereby are very sensitive to the electronic band structure of central transition metal. Thus,
knowledge about the electronic structure of tungsten element, especially orbital contribution and relative
energy position of the highest occupied (valence band) and the lowest unoccupied states (conduction
band) is crucial for design of innovative and efficient tungsten-based materials.

In the present study, we demonstrate the capability of the high-energy resolution X-ray spectroscopy to
investigate electronic structure of metallic tungsten and tungsten (VI) oxide. The occupied (valence band)
and the unoccupied (conduction band) electronic states were probed by a combination of valence-to-core
X-ray emission (v2c-XES) and high-resolution X-ray absorption (HR-XAS) techniques, respectivelys3.
Moreover, the process of unoccupied electronic states reconfiguration during the transition from metallic
W to semiconductor W03 was studied under in situ conditions by time-resolved RXES spectroscopy*.
Application of the high energy resolution schemes allowed us to follow splitting of the tungsten 5d states
into the t;g and eg orbitals by the crystal field of the surrounding oxygen atoms. Based on the time-resolved
studies, it was possible to determine the charge transfer between the metallic centre and bonding oxygen
atoms during thermal oxidation of metal.
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Fig. 1 Comparison of X-ray emission and X-ray absorption spectra collected for W and W03 samples.
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This contribution will discuss the NEXAFS and EXAFS spectroscopy systems developed recently at the
Institute of Optoelectronics of the Military University of Technology, which are based on laser-plasma
compact sources of soft X-ray radiation (SXR, wavelength of 0.1-10nm) with a double stream gas puff
target. The characterization of these systems and their applications for the examination of exemplary
organic and inorganic samples will be presented, as well as the combination of spectroscopic technique
with scanning microscopy, i.e. spectromicroscopy.

In particular, we will discuss the experiment concerning the influence of the annealing temperature of
graphene oxide (GO) on its physicochemical changes, measured by a combination of NEXAFS and the
analysis of data from the XPS?. The fact, that there are still serious discrepancies concerning dependency
of the GO electronic structure on the production technique and the used precursor material, is the main
reasons for undertaking such investigation, and will be presented in this paper. The striking similarity of
some of the GO NEXAFS spectrum features to those present in the spectrum of the crystalline graphite is
surprising and in contradictions to other features typical for GO suggesting some sort of the sample
"graphitization”.
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Conducting materials with extremely large magnetoresistance are interesting from the point of view of
applications in various magneto-electronic devices. Recently, it was found that non-magnetic semimetal,
TaAs,, exhibits non-saturated magnetoresistance as large as 105, in the magnetic field range up to 9 T.
This is a result of nearly compensated electron-hole character of the conductance of this system!. We have
confirmed this by using mobility spectrum analysis (Fig. 1 a) which is very useful tool for studies of
various multi-carrier conducting systems2. Additionally, we observe multi-carrier Shubnikov-De Haas
(SdH) oscillations whose periods shows pronounced band anisotropy (Fig. 1 b). The band anisotropy is
reflected in the preliminary results of ARPES studies of our TaAs; crystals (Fig. 1 c), and the more detailed
studies are underway.
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Fig. 1 A) Mobility spectra of TaAs: for different temperatures showing
up to 6 types of conducting carriers in the material. Positive mobility values indicate electrons, negative-holes. B)
Polar plot showing anisotropy of the four different SdH oscillation periods C) ARPES image obtained on (1 0 -1)
TaAs: surface, freshly cleaved in ultra-high vacuum.
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The five-membered heterocyclic rings are incorporated into a wide variety of structures that play a vital
role in many biochemical processes. In particular, the isoxazole molecule appears in many bioactive
compounds due to its unique ring structure that consists of one oxygen atom and one nitrogen atom at
adjacent positions. The unique atomic composition and bond arrangement of isoxazole imply its specific
electronic properties that may be probed by diverse spectroscopic techniques, including those utilizing
synchrotron radiation. In particular, the photoelectron-photoion coincidence (PEPICO) technique
provides detailed information about the presence of specific bonds, the reactivity of these molecules, as
well as their electronic structure and decomposition mechanisms.

Therefore in the present communication, we present results on the photo-double-ionization and
fragmentation of isoxazole molecule. The experiments were carried out at the CiPo beamline at the
Elettra-Sincrotrone radiation facility exploiting the VUV excitation and the ion time-of-flight spectrometry
combined with the PEPICO technique. The dissociative processes where only one electron is emitted are
quite well known!l. However, double ionization is a more complex mechanism producing the doubly
charged parent ion after the emission of two correlated electrons. These doubly charged ions are usually
very reactive objects that can dissociate into the ionic fragments. PEPICO method gives the coincidence
maps plotted as the arrival time of the first ion and that of the second one, with respect to the instance of
detection of one of the photoelectrons (see Fig. 1a). As a result, the pairs of correlated ions show up as
areas with a higher density of points. The calculation of the coincidence events in these “islands” gives
information about the particular fragmentation channel (see Fig. 1b).
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Fig. 1 a) The coincidence map of isoxazole. b) Coincidence yield of the major fragmentation channel.
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Thanks to the unique possibility to probe the highest occupied and the lowest unoccupied states in matter
X-ray emission spectroscopy (XES) and X-ray absorption spectroscopy (XAS) are becoming increasingly
used methods to study the formation of band structures in semiconductor and photocatalytic materials.

In particular, rapid chemical processes that occur during the process of photocatalyst formation, can be
studied using synchrotron radiation sources.

In the present study, a combination of valence-to-core XES and XAS spectra was used to determine
changes in the electronic structure during temperature-induced oxidation of titanium at ambient
atmosphere and range of temperatures (30°C - 800°C)L. In situ measurements for Ti K edge were
performed at the SuperXAS beamline at the Swiss Light Source Synchrotron (Villigen, Switzerland) using
custom-made cell designed for thermal studies under different atmospheres2. Analysis of the obtained
data allowed to track formation of the band gap, determine oxidation state of titanium at various stages
and observe the mechanism of crystalline form formation. The experimental data were compared with
theoretical calculations of the DOS performed with the FEFF9.0 program. Finally, our studies were aimed

atunderstanding the kinetics of the anatase-to-rutile transformation which is of great importance for TiO-
applications.
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Fig. 1 XAS signal evolution during temperature-induced oxidation of metallic titanium from 30°C to 800°C.
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Human prion protein (PrP¢) is a glycosylated membrane protein, occurring physiologically in nervous
system. This protein, in its pathologically misfolded form, also known as scrapie-form (PrPs¢), is involved
in the development of “prion-like” neurodegenerative diseases (transmissible encephalopathies)!.
Previous studies show that divalent cations, like Cu?+, Zn2+, cause significant structural changes of PrP¢
molecule, and induce its aggregation?3. A specific octarepeat sequence, containing four histidine residues
and located in N-terminal domain of PrP, exhibits a strong ability to coordinate some divalent ions 2.

The aim of our study was to examine the ability of the prion protein fragment (PrP58-93), containing
native octarepeat sequence or its subsequent point mutants with histidine residues substituted by
alanine, to form complexes with zinc ions. The structure of these systems was analysed using small angle
X-ray scattering (SAXS) and circular dichroism spectroscopy (CD). Experimental structural parameters
were compered witch theoretical models obtained by the molecular dynamics simulation and the
modelling. Moreover, the influence of zinc ions on the conformation of studied prion peptide (PrP58-93)
and its mutants was examined by using CD spectroscopy.

Acknowledgements: This work was supported in part by the research grant (2014/15/B/ST4/04839) from the
National Science Centre (Poland).
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Metal complexes with organic ligands are widely studied due to their potential bioactive properties.
Among them there are the copper complexes containing thiourea moiety. They are studied to be used as
anticancer chemotherapeutics, antimicrobial drugs and neuroprotective agents for curing Alzheimer
disease. In this communication the structural study of the Cu(Il) complex with 1,3-disubstituted thiourea
derivative is presented. In order to get structural information on the studied compound the X-ray
absorption fine structure (XAFS) spectroscopy was used. XAFS is an ideal tool to investigate compounds
regardless on their form or state. It can be used to powders, as well as to solutions. The XAFS
measurements were performed at Elettra (XAFS beamline). The powder sample was measured in the
transmission mode, the solutions in the fluorescence one. Common organic solvents such as dimethyl
sulfoxide (DMSO) and dimethylformamide (DMF) were used. The analysis of the XAFS of the powder
complex revealed two S and two N atoms in the first coordination spherel. Subsequently the solutions
were examined. The aim was to investigate whether the presence of the solvent molecules modifies the
structure. It was already observed that DMSO as well as DMF molecules can modify the coordination
sphere of metal cation and change the structure of a bioactive compound?. The investigations revealed
that the complex in the DMSO solution didn't undergo major structural changes. However, in case of the
DMF solution, changes in the shape of the XANES spectrum indicate that the solvent interacts with part
of the complexes and the reduction of Cu(II) to Cu(I) is observed.
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Fig. 1 XANES spectra of the powder complexes and the solutions. Peak A is characteristic for Cu(I) compounds.
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The competition and coexistence of charge density wave (CDW) and superconductivity (SC) are one of
the most important topics in the recent years!. Multiple CDW forms are predicted to exist well above the
Tsc although they are typically limited to a static CDW. Dynamic or gliding CDWs are very difficult to
observelZ and their signatures are weak and hard to interpret.
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Fig. 1 Precursor effect in Cao.2Laz28RhsSn1z seen in (a) XRD (SNBL) and (b) reflectivity (DAFNE-Light) compared to
(c) no CDW in Ca3Rh4Sni3

In our recent studies23, new precursor effects were observed in several SC stannides as multiple weak
perturbations of diffraction patterns (Fig. 1a). In order to obtain corroborating evidence, a Mid-IR
measurements were also carried out correlating well with existence (b) or lack (c) of anomalies in other
properties. The use of synchrotron sources is here of paramount importance due to limited mass of
samples and weak character of the phenomena.

Acknowledgements: The research leading to these results received funding from the European Community
Horizon 2020 research and innovation program under the grant agreement N. 730872 project CALIPSOPlus. We
thank the Kosciuszko Foundation (New York) for the partial support of the research. We. would like to thank the
SNBL(ESRF) staff for their help in collecting the data.

References

1. Arpaia, R, Caprara, S.,, Fumagalli, R, De Vecchi, G., Peng, Y. Y., Andersson, E,, Betto, D., De Luca, G. M., Brookes, N. B,,
Lombardji, F., Salluzzo, M., Braicovich, L., Di Castro, C., Grilli, M. & Ghiringhelli, G. Dynamical charge density fluctuations
pervading the phase diagram of a Cu-based high-Tc superconductor, Science 365, 906-910 (2019).

2. Slebarski, A., Zajdel, P., Fijatkowski, M., Maska, M. M., Witas, P., Goraus, ]., Fang, Y., Arnold, D. C. & Maple, M. B. The effective
increase in atomic scale disorder by doping and superconductivity in CazRh4Sn13, New J. Phys. 20, 103020 (2018).

3. Slebarski, A., Zajdel, P., Maska, M.M., Deniszczyk, ]. & Fijatkowski, M. Superconductivity of YsRheSnis Coexistence of the
high temperature thermal lattice relaxation process and superconductivity Journal of Alloys and Compounds 819, 152959
(2020).

97 © 2020 Polish Synchrotron Radiation Society



o e Polish synchrotron o ) )
\ radiation society Synchrotron Radiation in Natural Science
(]
The Joint Meeting of the Polish Synchrotron Radiation Society and SOLARIS Users
&%Z SOLARIS
>

Krakéw, 9-11 September 2020
NATIONAL SYNCHROTRON

RADIATION CENTRE

Synchrotron Radiation in Natural Science 20 (2020)

Interactions between amyloid-beta peptides,human serum
albumin and human cystatin C studied by the use of X-ray and
Poster Presentation

Thursday 10.09.2020 light scattering, NMR spectroscopy and bioinformatics
15:20-16:30 _
A. Zytal?, A. Szymanska3, ]. Wolak?, M. Taubel, D. Grobysl, E. Banachowiczl,

[. Zhokov#4, M. Kozak!>

1 Department of. Macromolecular, Physics. Faculty of Physics,

Adam Mickiewicz University, Poznan, Poland

2 NanoBioMedical Centre, Adam Mickiewicz University, Poznan Poland

3 Department of Biomedical Chemistry, Faculty of Chemistry, Gdansk University, Gdarsk, Poland
4 Institute of Biochemistry and Biophysics Polish Academy of Sciences, Warszawa, Poland

5 SOLARIS National Synchrotron Radiation Centre, Jagiellonian University, Krakéw, Poland

*e-mail:

Neurodegeneration process observed during the development of Alzheimer disease is associated with
the formation of amyloid deposits, containing A3 peptides, in human brain. However, in last years it
was observed that human serum albumin (HSA) and, probably, human cystatin C (HCC) could inhibit
or slow down the aggregation process of A3 peptides and formation of amyloid?-3.

The goal of our studies was to characterize the the interactions in a binary system involving HCC and
HSA and a ternary system HSA/HCC with selected A peptides. Therefore we used a combination of
dynamic light scattering, nuclear magnetic resonance spectroscopy, NMR diffusometry, small angle X-
ray scattering and molecular dynamics studies for estimation of the model of interactions between
these proteins. Among others the SAXS profiles obtained for HSA/HCC monomer (V58G variant) were
used for parametrization of NMR modelling. Moreover, we characterized also long-term dimerization
process of HCC in solution.

Based on docking studies, molecular dynamics and experimental structural parameters a theoretical
models of interactions between A peptides and HCC molecule and also between HCC and HSA
molecules were proposed.
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Przedstawiono przyktady zastosowania promieniowania synchrotronowego w rentgenowskiej
spektroskopii absorpcyjnej (SXAS). Szczegélng uwage poswiecono wynikom badan struktury
subtelnej rentgenowskiej krawedzi absorpcji (XANES) niektérych zwigzkéw poétprzewo-
dnikowych grupy II-VI, zwigzkéw chemicznych pierwiastkéw na réznym stopniu utlenienia oraz
wybranym zwigzkom miedzymetalicznym. Zaprezentowano réwniez zastosowanie analizy
struktury subtelnej powyzej krawedzi absorpcji rentgenowskiej (analiza EXAFS) do badania
struktury lokalnej tetraedrycznie uporzadkowanych potréjnych zwigzkéw pétprzewodnikowych.

Selected topics of the Synchrotron X-ray Absorption Spectroscopy (SXAS)

Abstract: The applications of the synchrotron radiation to the X-ray Absorption Spectroscopy
(XAS) has been presented. The attention has been devoted to the X-Ray Absorption Near Edge
Structure (XANES) analysis of the II-VI semiconductor compounds, chemical compounds with
elements at various oxidation states and the selected class of the intermetallic compounds.
Moreover, the application of the Extended X-ray Absorption Fine Structure (EXAFS) analysis to
study the local structure of the ternary compound has been presented.

compounds

Wstep

Promieniowanie synchrotronowe uzyte do badan
naukowych ponad 70 lat temu, znalazto szerokie
zastosowanie w badaniach spektroskopowych we
wielu dziedzinach nauk przyrodniczych. Udziat
ten wida¢ w fizyce i chemii ciala statego, biologii
molekularnej i niektérych dziedzinach nauk
medycznych. Zostaty uzyskane nadzwyczaj
warto$ciowe wyniki badawcze w fizyce i chemii
uktadéw uporzadkowanych (krysztaty, ciekte
krysztaty) oraz nieuporzadkowanych (materiaty
amorficzne, polimery) z uwzglednieniem dyfra-
kcyjnych metod rentgenowskiej analizy struktury
krystalicznej i dynamiki przemian fazowych
w funkcji temperatury i ci$nienia. Po zastoso-
waniu promieniowania synchrotronowego do
badan nastapit istotny postep w fizyce i chemii
polimeréw, koloidéw, membran biologicznych,
jak réwniez w analizie powierzchni i miedzy-
powierzchni (ang. interfaces) oraz w uktadach
niskowymiarowych takich jak nanostruktury,
studnie i kropki kwantowe. Cenne rezultaty
zostaty uzyskane w biologii molekularnej
(struktura przestrzenna atoméw w duzych
molekutach) oraz w analitycznych dziatach
medycyny (diagnostyka czynnikow kancero-
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gennych w komorkach organizmu ludzkiego,
mammografia itp.). Wsrod metod badawczych

stosowanych z  uzyciem promieniowania
synchrotronowego  wazng role odgrywa
synchrotronowa absorpcyjna  spektroskopia

rentgenowska (Synchrotron X-ray Absorption
Spectroscopy (SXAS)) dostarczajgca waznych
informacji o strukturze elektronowej pasma
przewodnictwa w ciele stalym, a takze o tzw.
strukturze lokalnej struktury krystalicznej
mieszanych roztworéw statych. Ten artykut jest
znacznie zmodyfikowang i rozszerzong wersja
fragmentu publikacjil, poSwieconej zastosowaniu
promieniowania synchrotronowego w spektro-
skopii ciata statego.

Absorpcja promieniowania
rentgenowskiego w ciele statym

W ciele staltym zlozonym 2z odpowiednio
uporzgdkowanych atomdéw, elektrony z atomo-
wych powtok elektronowych (stanéw rdzenio-
wych), w wyniku pochtaniania promieniowania
synchrotronowego, sa wzbudzane rezonansowo
do odpowiednich stanéw pasma przewo-
dnictwa, tworzac KkrawedZz rentgenowska
i natozong na nig strukture przy-krawedziowa
XANES (X-ray Absorption Near Edge Structure)

© 2020 Polish Synchrotron Radiation Society



Synchrotron Radiation in Natural Science 20 (2020)

oraz ponad krawedzig absorpcji rentgenowskiej
zazwyczaj oscylacyjng strukture nazywana
potocznie strukturg EXAFS (Extended X-ray
Absorption Fine Stucture).

Elektryczne dipolowe przejsScia elektronowe
z powtok elektronowych do pasma przewo-
dnictwa, podlegaja znanym ze spektroskopii
atomowej dipolowym regutom wyboru, AL = 1
i 4] = 0, +1. Zatem elektrony wzbudzane ze
stanow rdzeniowych o okres$lonych liczbach
kwantowych do zhybrydyzowanej gestosci
stan6w pasma przewodnictwa moga zapetniac
tylko te stany kwantowe, ktdére spetniaja
przytoczone powyzej spektroskopowe reguty
wyboru. Przejscia wyzszych polowosci np.
elektryczne kwadrupolowe 1 magnetyczne
dipolowe, s3 rzadzone innymi regutami wyboru,
jednakze jako przejscia dwa lub trzy rzedy
wielko$ci mniej prawdopodobne, nie beda
rozpatrywane w dalszym ciggu rozwazan. W
mys$l regut dipolowych, elektrony rdzeniowe
wybierajg w pasmie przewodnictwa jedynie
stany opisane funkcjami falowymi o okreslonej
parzysto$ci to znaczy, Ze wybierajg tzw.
rzutowane  gesto$ci  stanow. Krawedzie
absorpcyjne K, lezgce w obszarze energii
rentgenowskich, odpowiadajg przejSciom z
najnizszego stanu rdzeniowego 1s? do stanow
rzutowanych gestosci stanow w pasmie
przewodnictwa, opisanych antysymetrycznymi
funkcjami falowymi typu p (reguta Laporte).
Krawedzie absorpcji L, dla ktérych konfiguracja
podstawowa s3 stany rdzeniowe 2s22p$ opisuja
liczby kwantowe: moment orbitalny L = 0, £ 1,
spin elektronu § = *1/2 i moment catkowity
J=L+5=0,%1/2 1 +3/2. Krawedz absorpcji L;
jest wynikiem przejScia, podobnie jak
w przypadku krawedzi K, ze stanu rdzeniowego
s+1/2 do rzutowanych gestosci stanow piz i ps/2
pasma przewodnictwa. tatwo zauwazy¢
wynikajace z tego podobienstwo struktury przy-
krawedziowej krawedzi Ki L;. Krawedzie L;i L3
sg odpowiednio rezultatem przej$¢ ze stanu
rdzeniowego pi,2 do rzutowanych gestosSci
stanéw s1/2 ids/z, oraz stanu pz,, do rzutowanych
gesto$ci stanow s1/2 1ds,2. Elementy macierzowe
przejsc s.1/2 = pi1j2 i S+1,2 = p3jz 53 rozne wskutek
réznych oddziatywan spinéw z momentem
orbitalnym (pochtanianie $wiatla prowadzi do
polaryzacji spinu elektrondw i koniecznosci
uwzglednienia tej polaryzacji w opisie krawedzi
absorpcji.

W wyniku oddziatywania synchrotronowej fali
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elektromagnetycznej z elektronem w powtoce
elektronowej atomu, wspoétczynnik absorpcji
u(w) i urojona cze$¢ statej dielektrycznej e2(w)

S3 opisane wzorami zaczerpnietymi z
publikacjilz.
4m%e? 5
.u-(w) zncmzw |eM(c,v)| ](c,v)(hw)
=A ](c,v) (hw) (1)
5 4m%e? 5
ew) =7 leMc)| 2 Jico (hew)
A
== Jiew (hw) (2)
gdzie

e () = [ (25) 6(Ee — By = ho) (3)
Jo(hw) jest nazywana funkcja iacznej gestosci
stanéw JDOS (Joint Density of States), ktora
opisuje zmieszane cechy gestos$ci stanéw pasma
walencyjnego  wzglednie atomowego stanu
rdzeniowego oraz pasma przewodnictwa. Wzory
(1), (2) i (3) s3 stosowane w analizie przej$¢
elektronowych z pasma walencyjnego wzglednie
atomowych stanéw rdzeniowych do pasma
przewodnictwa a takze do analizy dozwolonych
przejs¢ elektronowych w niektorych Kklasach
materiatéw amorficznych. Rozszerzenie stosowa-
Inosci tych wzoréw mozna uzyskac zastepujac ¥,
przez funkcje falowa dowolnego stanu
poczatkowego W¥; (réwniez np. stanu rdzenio-
wego), ¥. przez funkcja falowa stanu koncowego
Y¥r a elementy macierzowe przejscia IM,,| przez
elementy macierzowe |IMsl=<¥; elkr e=pl ¥; >.
Analizujgc wzér (3) na funkcje acznej gestosci
stanéw J,. dochodzimy do konkluzji, ze w
przypadku, gdy energia stanu poczatkowego jest
funkcja stabo zalezng od wektora falowego k, lub
jest stata czyli niezalezna od k, wtedy pochodna
(gradient) funkcji Eij(k) jest rowna 0. W takim
przypadku funkcja J,. zalezy tylko od gestoSci
stanoéw koncowych Efk) DOS (Density of States,)
to znaczy od DOS pasma przewodnictwa. Z tego
wynika, Ze wspotczynnik absorpcji promienio-
wania rentgenowskiego py(E) opisuje tzw. ztota
reguta

uE) = M| p(E) “
gdzie IMsl2 jest powyzej zdefiniowanym
elementem macierzowym oddziatywania stanu
poczatkowego i koncowego, a p(E) gestoscig
stanéw pasma przewodnictwa. Rdwnanie (4) ma

szerokie  zastosowanie @ w  absorpcyjnej
spektroskopii rentgenowskiej, w ktdérej sg
analizowane przejscia z lezacych gtebiej

atomowych stanéw rdzeniowych do potozonych
wyzej stanéw rdzeniowych (przej$cia oznaczone
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Ko Kp Lo Lg itp. ) wzglednie do odpowiednich
stan6w pasma przewodnictwa (przejScia
oznaczone K, L, M itp.).

Jak wspomniano wczesniej w obszarze XANES
wspoétczynnik absorpcji gwattownie wzrasta,
tworzac ostrg krawedZ absorpcji rentgeno-
wskiej, bedaca wynikiem rezonansowego
wzbudzenia elektronéw z powtok rdzeniowych
K, L, M itp. do standéw powyzZej energii poziomu
Fermiego tzn. do jego wyZszych pasm powyzej
dna pasma przewodnictwa. W zwigzku z tym na
krawed?Z absorpcji i obszar przy-krawedziowy
naklada sie bogata struktura subtelna.
Wzbudzenie elektronéw do stanéw niezajetych
pasma przewodnictwa jest opisane, zgodnie z
réwnaniem (4) przez rozkiad gestosci stanéw
energetycznych pasma przewodnictwa p(E).
Rozklad ten, obliczany teoretycznie, mozna
potwierdzi¢ do$wiadczalnie przez pomiar
wspotczynnika absorpcji krawedzi rentgeno-
wskiej i obszaru przy-krawedziowego. Atomowe
stany rdzeniowe3 posiadajg okreslong szerokos¢
energetyczng a rozktad energetyczny stanéw
opisuje funkcja rozktadu Lorentza. Kazdy
elektronowy stan rdzeniowy posiada okreslong
pot-szerokos$¢ energetyczng I, czyli szeroko$¢
w potowie  wysokosci rozktadu Lorentza.
Energetyczna szeroko$¢ lorentzowska jest
zwigzana z czasem Zzycia wzbudzonego stanu
elektronowego At zasada nieoznaczonoSci
Heisenberga AE-At < h. Z tej relacji wynika, Ze im
krotszy jest czas zycia stanu elektronowego
w stanie wzbudzenia, tym wieksza jest jego pot-
szeroko$¢ energetyczna. Powyzsze cechy stanow
rdzeniowych wptywajg na stromos$¢ rentge-
nowskiej krawedzi absorpcji. Jezeli zatozy¢, ze
elektron zostaje wzbudzony ze stanu
rdzeniowego opisanego rozkladem Lorentza do
pasma przewodnictwa o gestoSci standéw statej
iniezaleznej od energii, oznacza ze w takim
pasmie przewodnictwa zachowuje sie jak
elektron swobodny. W takim przypadku
catkowita  absorpcja u(E) bedaca sumg
wspotczynnikow  absorpcji  lorenzowskich
oscylatoréw elementarnych opisuje formuta

__ roo| B(E") ’
u(E) = fo [1_4[5—1};/] dE] (5)
gdzie B(E’) jest stabo zmienng funkcjg energii.
Wobec tego mozna przyjac, ze B(E’) = const. Po

scatkowaniu wzoér (5) przyjmie postaé

u(E) = % + %arctan (%) (6)
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Stad wynika, Ze teoretycznie przewidywana
krawedZ  rentgenowska dla  elektronéw
swobodnych jest opisana przez gtadka funkcje
arctg*. Przytoczone rozwazania teoretyczne
Richtmyer i wspotpracownicy® potwierdzili
doswiadczalnie analizujgc krawedzie rentge-
nowskie Li, Ly i Lz metalicznego ztota. W zlocie
rozktad gestosci stanéw elektronowych w pasmie
przewodnictwa praktycznie nie zalezy od energii i
wobec tego elektrony wzbudzone z pozioméw
rdzeniowych do  pasma  przewodnictwa
odtwarzaja z niewielkim btedem zachowanie
elektronéw swobodnych. Punkt przegiecia na
krzywej arctg jest zwigzany z potozeniem energii
poziomu Fermiego osrodka pochtaniajgcego i
wobec tego okresla potoZenie krawedzi absorpcji
wzgledem poziomu prézni. Punkt przegiecia
fatwo wyznaczy¢ poniewaz w tym punkcie
pierwsza pochodna krzywej absorpcji ma
najwiekszg warto$¢ (maksimum). Struktura
subtelna widma XANES, ktéra pojawia sie zwykle
wokot rzeczywistej krawedzi absorpcji
rentgenowskiej, jest rezultatem natozenia sie
rozktadu gestosci stanéw charakterystycznych dla
pasma przewodnictwa analizowanego materiatu
na rozkltad gestoSci standéw  elektronow
swobodnych w pasmie przewodnictwa. Czesto w
praktyce ze wzgledu na wystepowanie réwniez
struktury przy-krawedziowej na stromosci
krawedzi absorpcji, jest wygodnie poréwnywacé
widma absorpcji odnoszac je, nie do punktu
przegiecia zmodyfikowanego natozong strukturg
subtelng, ale do pierwszego maksimum powyzej
stromosci krzywej absorpcji. To maksimum jest
nazywane z motywdw historycznych biatg linia.
Badanie struktury subtelnej przy krawedzi
absorpcji rentgenowskiej (XANES) odstania
bogactwo  struktury elektronowej pasma
przewodnictwa izatem stuzy do cennej
charakteryzacji wtasnosci elektronowych fazy
skondensowane;j.

Struktura subtelna natozona na
rentgenowska krawedz absorpcyjna

(struktura XANES)
Analiza struktury subtelnej rentgenowskiej
krawedzi absorpcyjnej (XANES), rdznych

rentgenowskich krawedzi absorpcji, dostarcza
unikatowych informacji o odpowiednich
udziatach rzutowanych gestoSci stanéw w
catkowitej gesto$ci stanéw pasma przewo-
dnictwa badanych materiatéw. Zapewnia to
petniejsza weryfikacje danych eksperymental-
nych z teoretycznie obliczong strukturg elektro-
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nowg pasma przewodnictwa. Potozenie i ksztatt
krawedzi absorpcji w widmie XANES zalezy od
kilku istotnych czynnikow wymagajacych
bardziej szczegétowego omowienia.

Istotnym i nie elementarnym problemem
poprawnych teoretycznych obliczen rozktadu
gestosSci stanéwsb jest uwzglednienie w oblicze-
niach oddzialywania wzbudzanego elektronu
z utworzong dziurg po elektronie. Uwzgle-
dnienie tego oddziatywania istotnie modyfikuje
funkcje falowe i energie wlasne opisujace
strukture elektronowa ciata statego. Oprocz
modyfikacji rozktadu gestosci stanéw w funkcji
energii, ten rozktad doznaje znacznych
przesunie¢ na skali energii siegajacych kilku a
nawet kilkunastu eV. Jednakze ze wzgledu na
powazne trudnos$ci powstajace w trakcie
obliczen z pierwszych zasad z uwzglednieniem
oddziatywania elektron - dziura, rezultaty
teoretyczne s3 czesto porownywane z wynikami
doswiadczalnymi z zaniedbaniem tej waznej
poprawki.

Eksperymentalna krawedZ absorpcji rentge-
nowskiej i przy-krawedziowa struktura subtelna
sg rozmywane nie tylko przez lorentzowska
szeroko$¢ rdzeniowego stanu podstawowego [T,
ale réwniez przez poszerzenie AE. spowodo-
wane skracaniem czasu zycia stanéw elektro-
nowych wzbudzonych powyzej energii poziomu
Fermiego3. Zwykle przyjmuje sie, ze to
poszerzenie wynosi ok. 0,1 eV na kazdy eV
powyzej energii poziomu Fermiego. Réwniez
istotne jest poszerzenie eksperymentalne [
narzucone  przez zdolnos$ci  rozdzielcze
monochromatora oraz uktadu detekcyjnego. Jak
wiadomo, poszerzenie to jest opisane rozktadem
Gaussa. Ostatecznie poszerzenie catkowite
eksperymentalnej krawedzi absorpcji e po
odpowiednim dopasowaniu szerokosci rozkta-
dow lorentzowskiego i gaussowskiego, wyraza
sie przyblizonym wzorem

1
leane = T + EFG + AE, (7)

wspoétczynnik % wynika z dopasowania
szeroko$ci energetycznej rozkltadéw Lorentza
i Gaussa. Otrzymana eksperymentalnie stru-
ktura XANES jest zwykle poréwnywana
z pasmowymi  obliczeniami  teoretycznymi
rzutowanych gestosci stanéw pasma przewo-
dnictwa. Przy poréwnywaniu wynikéw teorety-
cznie obliczonych krawedzi absorpcji z rezulta-
tami eksperymentalnymi zawierajacymi opisane
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poszerzenia jest konieczne uwzglednianie
w obliczeniach  poszerzenia Ekspery-
mentalng strukture XANES mozna wyznaczac
w szerokim zakresie energii, niestety na
obliczenia teoretyczne s3 natozone zwykle
drastyczne ograniczenia, w wyniku ktérych
zakres energetyczny wiarygodnych obliczen,
wynikajacych z natury przyblizen teoretycznych
stosowanych metod, nie przekracza 25 eV
(2 Rydbergow). Wyjatkiem s3g obliczenia teore-
tyczne dla niektorych czystych metali, w ktérych
rozwaza sie przej$cia z atomowo-podobnych
stanéw rdzeniowych do orbitali z potencjatem
miseczkowym (maffin tin orbitals) gazu
elektronowego w pasmie przewodnictwa
metalu. Odpowiednig metodg obliczeniowa dla
tych metali jest zwykle metoda dotgczonych fal
ptaskich APW (Augmented Plane Waves).
Bardzo dobrym przykltadem mozliwosci
teoretycznych obliczen dla metali sg rezultaty
otrzymane dla palladu’. Rzutowane gestosci
stanéw pasma przewodnictwa palladu byly
obliczane w szerokim zakresie energii przy
pomocy zlinearyzowanej wersji metody APW,
ktéra umozliwia bardzo wiarygodne obliczenia
w szerokim zakresie energii. Zgodno$¢ obliczen
teoretycznych z eksperymentem jest bardzo
dobra i siega az do okoto 200 eV. Warto
podkresli¢, ze obliczenia teoretyczne, w tym
przypadku, odtwarzaja powyzej 50 eV
oscylacyjng strukture EXAFS. Niestety, tak
dogodne warunki do wiarygodnych obliczen
teoretycznych z pierwszych zasad sa raczej
rzadkim wyjatkiem.

Iy catk.-

XANES zwiazkéw pétprzewodnikowych
grupy II - VI

Rozktad gestosci standéw pasma przewodnictwa
w krysztatach réznych zwigzkéw chemicznych
jest okre$lany przez rozmieszczenie i rodzaj
atoméw w otoczeniu wzbudzanego atomu.
Dobrg ilustracjg sg zwigzki pélprzewodnikowe
ZnTe, CdTe i HgTes8, ktore krystalizujg w
strukturze regularnej blendy cynkowej i
posiadaja takie same tetraedryczne uporzadko-
wanie bliskiego zasiegu. Jednakze ze wzgledu na
rézne otoczenie atomu Te w tetraedrze (Zn, Cd
lub Hg) majag rézng strukture XANES. Jest to
szczegllnie widoczne na Rys. 1 przy poréwny-
waniu przebiegu pierwszych pochodnych. Za
wyjatkiem raczej nielicznych obliczen teorety-
cznych dla metali, obliczenia struktury elektro-
nowej krysztatéw sg zwykle obtozone powazny-
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mi ograniczeniami. Dotyczy to wspomnianego
juz wczesniej ograniczenia interwatu
energetycznego wiarygodnych obliczen. Wtasci-
we pordwnanie eksperymentalnych wynikéw
XANES mierzonych w szerokim zakresie energii
z obliczeniami teoretycznymi otrzymywanymi
wbardzo ograniczonym zakresie energii,
wymaga albo (1) uzupelnienia obliczonego
rozkladu rzutowanej gestoSci standéw powyzej
zakresu wiarygodnych obliczen przez stalg
gesto$¢ standow (niezalezng od energii) lub (2)
dopasowania eksperymentalnego widma XANES
do zakresu obliczen przez odciecie (zreduko-

wanie) widma doswiadczalnego powyzej
poziomu wiarygodnosci obliczen.
Te L3 Te Ly

| T LI T T

Inle 2ol

CdTe CdTe |

" / —

= HgTe Hgle

T 1 ~t— n +

2 ZnTe ZnTe
©
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ﬁ _____ P P,
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Rys. 1 Struktura subtelna krawedzi rentgenowskiej
L1i L3 Te w ZnTe, CdTe i HgTe.

Reprinted Fig. 1 with permission from A Kisiel, A,, G. Dalba,
P. Fornasini, M.Podgérny, ]J. Oleszkiewicz, F. Rocca &
E. Burattini, . Phys. Rev. B 39, 7895-7904 (1989-1).
Copyright 2020 by the American Physical Society. Licence
Number RNP/20/NOV/032730.

Dogodniejsze i bardziej poprawne wydaje sie
stosowanie rozwigzania (2). Redukcje widma
doswiadczalnego® dokonuje sie odcinajgc z tego
widma krawedz arctg dla elektronéw swobo-
dnych przy szacowanej granicy wiarygodnosci
obliczen teoretycznych &. Procedure irezultat
redukcji zaznaczony linig przerywang ilustruje
Rys. 2. Rys. 3 pokazuje zredukowane ekspery-
mentalne widma rentgenowskie dla krawedzi
absorpcji L; Te dla ZnTe, CdTe i HgTe z Rys. 2.
Rezultat redukcji danych eksperymentalnych
zostat poréwnany z teoretyczna absorpcja przy-
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krawedziowa wyliczong na podstawie, pokaza-
nych na Rys. 1, rzutowanych DOS typu p pasma
przewodnictwa dla wymienionych zwigzkow.

absorpcja

{E-E,}{eV)

Rys. 2 Procedura redukcji rezultatow doswiadczal-
nych dla dwu (a) i (b) typéw krawedzi absorpcji
rentgenowskiej. 1 widmo eksperymentalne, 2 udziat
widma elektron6w swobodnych powyzej energii
odciecia. Linia przerywana ilustruje rezultat redukcji.
Reprinted Fig. 5 with permission from A Kisiel, A., G. Dalba,
P.Fornasini, M. Podgérny, ]J. Oleszkiewicz, F. Rocca &
E. Burattini, . Phys. Rev. B 39, 7895-7904, (1989-1). Copyright
2020 by the American Physical Society. Licence Number
RNP/20/NOV/032730.

absorpcja

pochodna

60 50 W0 B0
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Rys. 3 Poréwnanie zredukowanego doswiadczalnego
widma absorpcji (linia ciagta) z wyliczonym teorety-
cznie (linia przerywana) oraz ich pierwszych
pochodnych dla krawedzi rentgenowskiej L1 Te. Pod
krzywymi pokazano teoretycznie wyliczone rzutowane
DOS typu p pasma przewodnictwa.

Reprinted Fig. 8 with permission from A Kisiel, A., G. Dalba, P.
Fornasini, M. Podgérny, ]. Oleszkiewicz, F. Rocca &
E. Burattini, . Phys. Rev. B 39, 7895-7904 (1989-1). Copyright
2020 by the American Physical Society. Licence Number
RNP/20/NOV/032730.

W strukturach krystalicznych przy takim samym
otoczeniu chemicznym i identycznym uporzadko-
waniu bliskiego zasiegu wokdét wzbudzanego
atomu, lecz o ré6znym uporzadkowaniu dalekiego
zasiegu, pasmo przewodnictwa takich réznych faz
krystalicznych, posiada inny rozktad rzutowanych
gestosci stanow. [lustracjg takiego przypadkufjest
Rys. 4 prezentujacy rozkiad gestosci stanéw
pasma przewodnictwa dla CdSe. CdSe posiada
tetraedryczne uporzadkowanie bliskiego zasiegu

© 2020 Polish Synchrotron Radiation Society



Synchrotron Radiation in Natural Science 20 (2020)

ale moze krystalizowa¢ w strukturze regularnej
powierzchniowo centro-wanej fcc. blendy
cynkowej oraz w heksagonalnej strukturze
wurcytu. Rozktad DOS dla tych obydwu faz
krystalicznych CdSe rézni sie® i w konsekwencji
nalezy spodziewac sie réznic w strukturze XANES
dla tych faz. Powyzej wykazano, ze przy
jednakowym sgsiedztwie atomu wzbudzonego
i r6znym uporzadkowaniu dalekiego zasiegu jest
obserwowana odmienna struktura XANES. Warto
zaznaczy(, ze zazwyczaj w takich przypadkach
potozenie energetyczne krawedzi absorpcji
rentgenowskiej r6zni sie tylko nieznacznie.

: |
sof | 14
: :
3
20 ? ; . {2
B -—=§ R 0 5 10

Eneraia leV1

Rys. 4 Rozktad gestosci stanéw w strukturze pasmowej
CdSe krystalizujgcej w strukturze krystalicznej,
kubicznej blendy cynkowej (linia przerywana)
i heksagonalnej wurcytu (linia ciggta).

Reprinted Fig. 1 with permission from J. Konior & S. Kaprzyk
Acta Phys Pol A 87, 269 (1995). Copyright 2020 by Acta
Physica Polonoca A .

XANES zwiazkow chemicznych pierwiastkow
na réZnym stopniu utlenienia

W wielu zwigzkach chemicznych, w ktérych
wystepuje ten sam pierwiastek w otoczeniu
ztozonym z réznej liczby najblizszych sgsiadow,
jego struktura XANES nie tylko rdzni sie
strukturg subtelng lecz takze potozenia
energetyczne krawedzi absorpcji rentge-
nowskiej moga rdézni¢ sie miedzy sobg nawet
okilka elektronowoltow w  pordéwnaniu
z pozycjg energetyczng krawedzi dla czystego
pierwiastka. Jednym z najbardziej istotnych
czynnikow jest w tym przypadku mozliwos¢
wystepowania w zwigzkach chemicznych
analizowanego pierwiastka na réznym stopniu
utlenienia, z ktérym moze sie wigza¢ odmienna
symetria przestrzenna rozmieszczenia najbliz-
szych sasiadow. Problem jest ztozony bo stopien
utlenienia jest definiowany S$cisle jedynie dla
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wigzan jonowych, ktére wystepuja jednakze
rzadko w czystej postaci. Petniejszy obraz mozna
uzyska¢ przez analize funkcji termodyna-
micznych opisujacych wilasnosci tworzenia sie
zwigzkéw chemicznych Warunki réwnowagi
termodynamicznej w zwigzkach chemicznych s3
okre$lane przez potencjat chemiczny, ktory
z kolei definiuje w ciele stalym potozenie
energetyczne poziomu Fermiego w tempera-
turze 0 K. Hormes i wspdtpracownicy!? pokazali,
ze w kilku zwigzkach chromu, ktére mogg
wystepowac na 3, 4, 5 i 6 stopniu utlenienia,
potozenia energetyczne krawedzi absorpcji K Cr
z dobrym przyblizeniem zaleza liniowo od
stopnia utlenienia (Rys. 5). Podobnie jak Cr inne
pierwiastki mogg roéwniez wystepowal w
zwigzkach chemicznych na réznych stopniach
utlenienia. W  szczegbélnosci w analizie
materiatéw biologicznych wazng role odgrywa
stopien utlenienia siarki zawartej w tych
materiatach. Stopienn utlenienia istotnie mody-
fikuje ksztatt krawedzi absorpcji rentgenowskiej
siarki i przesuwa potozenie krawedzi rentge-
nowskiej na skali energii. Pickering i inni!!
pokazali takie zaleznosSci dla kilku zwigzkéw
nieorganicznych biologicznie czynnych. Podo-
bnie Kwiatek i inni’2 pordédwnali obliczone
pakietem FEFF8 teoretyczne krawedzie
rentgenowskie K S kilku referencyjnych zwiaz-
kéw nieorganicznych i organicznych z ekspery-
mentalnymi krawedziami absorpcji rentgeno-
wskiej dla komorek rakowych i wycinkéw
tkanek rakowych prostaty.

wzgledne potozenie energetyczne

|
w

walencyjnosc

Rys. 5 Potozenia energetyczne rentgenowskich
krawedzi K Cr w zalezno$ci od stopnia utlenienia Cr
w zwigzkach chemicznych.

Reprinted Fig. 4 with permission from Hormes, ],
Chauvistré, R., Schmitt, W. & Pantelouris, M. Acta Phys Pol A
82,37 (1992). Copyright 2020 by Acta Physica Polonica A.
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Rys. 6 Poréwnanie obliczonych teoretycznie rentge-
nowskich krawedzi K S dla referencyjnych zwigzkow
organicznych i nieorganicznych z eksperymentalnymi
krawedziami K S wycinkéw i komoérek rakowych
prostaty (gorne krzywe). W dolnej czesci rysunku
teoretycznie obliczone p-DOS dla siarki na -II
(aminokwas metionina) i -II i IV (Na2S203) stopniu
utlenienia.

Reprinted from Radiation Physics and Chemistry, vol. 80,
W.M. Kwiatek, ]. Czapla, M. Podgorczyk, AKisiel, ]. Konior, A.
Balerna, “First approach to studies of sulfur electron DOS in
prostate cancer cell lines and tissues studied by XANES”,
1104-1108 (2011). Copyright 2020 with permission from
Elsevier.

Rozlegte mozliwosci badawcze XANES w
zastosowaniu do analizy struktury elektronowej
materii skondensowanej powodujg, Ze ta metoda
znajduje zastosowanie i jest doskonalona.
Nieustannie rozwija sie technika pomiarowa i
opracowywanie danych doswiadczalnych widm
XANES a takze sa doskonalone skomplikowane
teoretyczne obliczenia struktury elektronowej
badanych materiatbw. Dobrym przykltadem
dokonujgcego sie postepu mogg by¢ komple-
ksowe badania XANES dla miedzymetalicznych

! Ten rozdziat zostat zredagowany wspélnie
z dr hab. Pawlem Zajdlem

105

zwigzkéow krzemu z metalami ziem rzadkich
i metalami przej$sciowymi.

XANES zwigzkow miedzymetalicznychl

Analiza widm XANES zwigzkéw miedzyme-
talicznych pozwala okresli¢ rodzaj tworzonego
wigzania pomiedzy atomami, jak pokazano
ponizej nie zawsze s3 to jedynie wigzania
metaliczne. Miedzymetaliczne zwigzki krzemu
z metalami ziem rzadkich i metalami przejscio-
wymi budzg uzasadnione zainteresowanie ze
wzgledu na zdiagnozowang obecno$¢ w
niektérych z nich ciezkich fermionéw, magnety-
zmu wynikajacego z geometrycznej frustracji
krysztatdbw oraz zauwazalne wspoétistnienie
w strukturze elektronowej elektronéw zlokalizo-
wanych i wedrownych. Obserwowane efekty
moga wskazywa¢ na niepoznane do kofica
interesujgce cechy magnetyczne. Osobliwe
wilasnosci tych materiatow wigze sie przede
wszystkim z modyfikacjami struktury elektro-
nowej, powodowanej zmianami liczby elektronow
w obsadzeniu czeSciowo zapelnionych powtok
zwigzkow typu R,PdSiz (R=Ce, Nd, Tb, Dy, Ho i Er)
oraz oRh2.4Pd,Si: (x= 0,0, 0,5, 075, 1, 1,5, 1,8, 2)13,

R PdSi,
SiK

1835 1840 1845 1850 1855 1860

Energy (eV

Energy (eV)

(a) (b)

Rys. 7 Krawedzie K Si dla rodziny zwigzkéw R2PdSis
(R = Ce, Nd, Tb, Dy, Ho, Er, ) (a) i ich pierwsze
pochodne dla obszaru przy-krawedziowego (b).
Reprinted from Nuclear Instruments and Methods in
Physics Research B, vol. 364, P. Zajdel, A. Kisiel, A. Szytuta J.
Goraus, A. Balerna A. Bana$. P. Starowicz, ]J. Konior,
G. Cinque, A. Grilli, “Studies of valence of selected rare earth
silicides determined using Si K and Pd/Rh Lz3 XANES and
LAPW numerical studies” 76-84 (2015). Copyright 2020
with permission from Elsevier.

Dane doswiadczalne XANES zostaly uzyskane
przy uzyciu promieniowania synchrotronowego
z 510 MeV colidera DA®NE w Frascati?, a naste-
pnie opracowane z uzyciem programu
ATHENA4, Normalizacje przeprowadzono w
oparciu o model CLyorm bazujacy na atomowych
przekrojach  czynnych (C-L) Cromera-
Libermanal!s.  Szczeg6towa analiza widm

2 Colider DA®NE Light w Laboratori Nzazionali di
Frascati, Istituto Nazionale di Fisica Nucleare, Frascati
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Rys. 8 Krawedzie K Si dla rodziny zwigzkow
HoRh2«xPdxSiz (x= 0,0, 0,5, 075, 1, 1,5, 1,8, 2) (a) i ich
pierwsze pochodne wokdt maksimum A (b).
Reprinted from Nuclear Instruments and Methods in
Physics Research B, vol. 364, P. Zajdel, A. Kisiel, A. Szytuta ].
Goraus, A. Balerna A. Banas. P. Starowicz, ]. Konior,
G. Cinque, A. Grilli, “Studies of valence of selected rare earth
silicides determined using Si Kand Pd/Rh L2;3 XANES and
LAPW numerical studies” 76-84 (2015). Copyright 2020
with permission from Elsevier.
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Rys. 9 Krawedzie L3 Pd dla rodziny zwigzkéw R2PdSis
(R = Ce, Nd, Tb, Dy, Ho, Er, ) (a) i krawedzie Lz Pd dla
CezPdSis i ErzPdSis (b).

Reprinted from Nuclear Instruments and Methods in Physics
Research B, vol. 364, P. Zajdel, A. Kisiel, A. Szytuta ]. Goraus,
A.Balerna A. Banas. P. Starowicz, ]. Konior, G. Cinque, A. Grillj,
“Studies of valence of selected rare earth silicides determined
using Si K and Pd/Rh Lz3 XANES and LAPW numerical
studies” 76-84 (2015). Copyright 2020 with permission from
Elsevier.

/

(b) (©)
Rys. 10 Udziat Si w DOS Ho2PdSis (a), poréwnanie
eksperymentalnej zredukowanej krawedzi K Si z
krawedzia obliczong teoretycznie (b) i poréwnanie ich
pierwszych pochodnych (c).

Reprinted from Nuclear Instruments and Methods in Physics
Research B, vol. 364, P. Zajdel, A. Kisiel, A. Szytuta ]. Goraus,
A.Balerna A. Banas. P. Starowicz, J. Konior G. Cinque, A. Grillj,
“Studies of valence of selected rare earth silicides determined
using Si Kand Pd/Rh L23XANES and LAPW numerical studies”
76-84 (2015). Copyright 2020 with permission from Elsevier.
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Rys. 11 Udziat Pd w DOS Ho:PdSis (a), poréwnanie
eksperymentalnej zredukowanej krawedzi L3 Pd z
teoretycznie obliczona krawedzig absorpc;ji (b).

Reprinted from Nuclear Instruments and Methods in Physics
Research B, vol. 364, P. Zajdel, A. Kisiel, A. Szytuta ]. Goraus,
A.Balerna A. Banas. P. Starowicz, ]. Konior, G. Cinque, A. Grilli,
“Studies of valence of selected rare earth silicides determined
using Si Kand Pd/Rh L23XANES and LAPW numerical studies”
76-84 (2015). Copyright 2020 with permission from Elsevier.

zakwestionowata wystepowanie jedynie wigzan
miedzymetalicznych w obydwu analizowanych
rodzinach zwigzkéw. Wigzania krzem - ziemie
rzadkie maja charakter polarny na co wskazuja,
przesuniecia energii krawedzi K Si wraz ze zmiang
ziemi rzadkiej (Rys. 7). Natomiast brak przesunie¢
krawedzi K Si przy stopniowej zamianie Rh przez
Pd potwierdza metaliczny charakter wigzania ich
pasma 4d5s (Rys. 8).

Podobnie metale ziem rzadkich i Pd (Rys. 10) oraz
Rh maja metaliczny charakter wigzania.
Obliczenia teoretyczne gestoSci stan6w pasma
przewodnictwa zostaty przeprowadzone dla
Ho,PdSiz i HoPd:Siz. Do obliczen uzyto pakietu
obliczeniowego Wien2K’0916 z formalizmem LDA
+ U (tzn. z uwzglednieniem oddzialywania
Hubbarda dla Ho)'”. Poréwnania skomplikowa-
nych obliczen teoretycznych gestosci standéw
pasma przewodnictwa ze zredukowanymi
wynikami do§wiadczalnymi dla krawedzi K Sii L3
Pd wykazuja =zadawalajacg zgodno$¢, ktoéra
$Swiadczy o rozleglych mozliwosciach bada-
wczych analizy XANES (Rys. 10 i Rys. 11).

Struktura subtelna powyzZej rentgenowskiej
krawedzi absorpcyjnej (struktura EXAFS)

PowyzZej rentgenowskiej krawedzi absorpcji,
wsp6tczynnik  absorpcji promieniowania
rentgenowskiego posiada staba, subtelng,
strukture zwykle o charakterze oscylacyjnym.
Takiej struktury nie obserwuje sie dla
wzbudzanych atoméw swobodnych np. dla
gazéw szlachetnych, natomiast taka strukture
oscylacyjng obserwuje sie juz w drobinach dwu
atomowych.  Subtelna  struktura  ponad
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rentgenowska krawedzig absorpcji, nazwana
strukturg EXAFS (Extended X-ray Absorption
Fine Structure), dostarcza przede wszystkim
cennych informacji o odlegtosciach i liczbie
najblizszych sasiadéw wokét centrum wybra-
nego przez eksperymentatora. Te informacje,
okreslajace tzw. strukture lokalng materiaty, sg
nadzwyczaj cenne przy bardziej szczegétowym
opisie struktury krysztaléw imateriatléow
amorficznych.

W celu opisania mechanizmu powstawania
oscylacji wspotczynnika absorpcji promie-
niowania rentgenowskiego powyzej krawedzi
absorpcji rentgenowskiej, nalezy przesledzi¢
proces propagacji elektronéw, wzbudzonych
z gtebokich stanéw rdzeniowych, do wysoko
wzbudzonych stanéw pasma przewodni-
ctwal8-20, J[ak wiadomo, elektron poruszajacy sie
w pasSmie moze byC opisany rowniez przez
rozchodzacy sie w o$rodku kulista fale materii
elektronu o energii kinetycznej Ewn = (hw - Ej)
i o wektorze falowym k rownym

k = /Zh—’f(hw — Ey) (8)

Rozchodzenie sie tej fali moze by¢ rozpatrywane
w oparciu o teorie uwzgledniajacg porzadek
dalekiego zasiegu z wykorzystaniem wtasnosci
funkcji Blocha lub o teorie porzadku bliskiego
zasiegu uwzgledniajacg rozproszenia pocho-
dzace tylko od sgsiednich atomow. Jak zostato
udowodnione obydwa podej$cia okazaly sie
réwnowazne i komplementarne. W rozwaza-
niach  uwzgledniajacych  uporzadkowanie
dalekiego zasiegu nalezy mie¢ na uwadze, Ze
przy wzbudzeniu elektronu do pasma
przewodnictwa pojawia sie = dodatkowe
oddziatywanie elektron-dziura, a ponadto
elektron w stanie wzbudzonym posiada
skoniczony czas zycia, odpowiedzialny za
ttumienie amplitudy elektronowej fali materii. Z
tych powodéw elektrony atoméw wzbudzonych
sa opisywane przez inne funkcje Blocha niz
elektrony rdzeniowe i walencyjne atoméw nie
wzbudzonych. W konicu nalezy rdéwniez
pamietaé o drganiach sieci krystalicznej
bedacych Zrédiem rozproszen fali elektronowe;.
Nie wchodzac zatem w kolizje z bez-
rozproszeniowym opisem propagacji elektro-
now Blocha w idealnej sieci krystalicznej, jest
w petni umotywowane rozwazanie rozpraszania
fali materii elektron6w ze wzbudzonego atomu
centralnego na powtokach elektronowych
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Rys. 12 Ilustracja rozproszenia elektronowej fali
materii elektronu wzbudzonego w atomie centralnym
A (krazek zaczerniony) na sasiednich atomach B.
PierScienie oznaczone linig przerywang ilustruja
czota fal rozproszonych wstecznie.

atomoéw sgsiadujacych (Rys. 12). Elektronowe
fale materii rozproszone wstecz, przez atom
rozpraszajacy, interferujg z elektronowg falg
rozpraszang, dajgc w wyniku oscylacje
wspétczynnika absorpcji. Mozna wykazac, ze
oscylacyjny charakter wspotczynnika absorpcji
tkwi w elementach macierzowych oddziaty-
wania My z wzoru (4), a nie w modyfikacji
gestosci stanéw pasma przewodnictwa p wokét
atomu wzbudzonego. W strukturach uporzadko-
wanych (w krysztatach) oscylacje wspotczy-
nnika absorpcji moga by¢ wzmacniane, gdy kilka
jednakowych atomdéw znajduje sie w takich
samych odlegto$ciach wokét analizowanego
centrum. Taki zesp6t atoméw tworzy tzw. strefe
koordynacyjna. Proces interferencji fal materii,
opisany teoretycznie w przybliZzeniu jedno-
elektronowym, mozna wyrazi¢ w przestrzeni
wektorow falowych k funkcjg EXAFS-u

x(0) =T A;(k)sing; (k) (9)

gdzie @(k) jest faza rozproszonej fali
elektronowej, wskaznik j wyraza sumowanie po
kolejnych strefach koordynacyjnych, a Aj(k) —
amplituda funkc;ji x(k), dang wzorem

—2R;

N 2.2
]

w tym wzorze fj(m,k) jest amplitudg rozproszenia
wstecznego od sgsiednich atoméw lezgcych w tej
samej strefie koordynacyjnej, o liczbie
koordynacyjnej N;, oddalonej od wzbudzanego
centrum o odlegtos¢ R, exp(-2072k?) jest
czynnikiem Debye’a-Wallera opisujacym
termiczne drgania wibracyjne sieci o kwadra-
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towym $rednim przesunieciu oj; czynnik
exp(-ZR;/A) jest odpowiedzialny za straty energii
spowodowane niesprezystym rozpraszaniem
elektronéw z czynnikiem ttumienia A. Latwo
zauwazy(, ze amplituda funkcji y(k) jest
proporcjonalna do liczby sasiadow (liczby
koordynacyjnej)  w kolejnych  strefach i
odwrotnie  proporcjonalna do kwadratu
odlegtosci od wzbudzanego centrum. Wskutek
silnego tlumienia amplitudy (wywotanego
ttumieniem fali elektronowej w ciele statym),
istotng role w tej analizie odgrywaja gtoéwnie
pierwsi (NN) i drudzy sasiedzi (NNN), tzn. atomy
z pierwszej i drugiej strefy koordynacyjnej.
Tylko w wyjatkowo dogodnych warunkach
eksperymentalnych moga by¢ analizowane
trzecia i dalsze strefy koordynacyjne.
Fourierowska analiza oscylacji ponad krawedzi-
owego wspoétczynnika absorpcji promienio-
wania rentgenowskiego, przy znajomosci
amplitudy i fazy funkcji y(k), prowadzi do
okreslenia odlegtos$ci R; oraz liczby atomoéw N;
lezgcych w tych samych odleglo$ciach od atomu
centralnego. W rezultacie otrzymuje sie $rednie
odlegtosci atomoéw od wybranego centrum, dla
ktérego jest mierzona krawedZz absorpcji
rentgenowskiej i cigg oscylacji pojawiajacy sie
powyzej krawedzi absorpcji. Rozpatrywanie
tych oscylacji jako superpozycji rozproszen
wielokrotnych od wszystkich sgsiadéw z
kolejnych stref koordynacyjnych tworzy ztoZony
uktad, Kktéry jest opisywany przez siec
rozproszen wielokrotnych. Obecnie w praktyce
do symulacji sieci rozproszen wielokrotnych w
zadanej sieci krystalicznej oraz poréwnania tej
analizy z danymi eksperymentalnymi absorpcji
rentgenowskiej stosuje sie pakiet IFEFFIT14.

Analizowanie metoda EXAFS potozen atoméw
z najblizszych stref koordynacyjnych wzgledem
wybranego atomu centralnego otwiera tej
metodzie rozlegte obszary zastosowania
w badaniach struktur uporzadkowanych
(krystalicznych) a takze nieuporzadkowanych
(amorficznych). Opis struktury lokalnej
materiatu, znalazt zastosowanie w badaniach
proceséw Katalitycznych, w ktérych okreslanie
otoczenia atomowego stosowanych Kkatali-
zator6w ma istotne znaczenie techniczne. EXAFS
jest stosowany w biologii i medycynie przy
okreslaniu bardzo ztozonych sekwencji proce-
séw zachodzacych w organizmach zywych, np.
w analizie proceséw przyswajania wapnia
i strontu przez organizm oraz odktadania ich w
kosSciach wzglednie w uktadzie krazenia. Analiza
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EXAFS stata sie réwniez zrodtem waznych
informacji o strukturze lokalnej potréjnych
i poczwornych roztworéw stalych (stopéw)
zwigzkéw péiprzewodnikowych. Badania te
tacza wraz z waznymi celami poznawczymi
nadzieje na cenne zastosowania w elektronice
roztworow statych, przede wszystkim zwigzkéw
potprzewodnikowych, nalezacych do zwigzkéw
grup III-ViII-VL

EXAFS w analizie struktury lokalnej
potrojnych zwigzkow potprzewodnikowych

Stopy (roztwory state) poétprzewodnikéw
powstaja ze stopienia i krystalizacji dwu lub
wiecej mieszajgcych sie ze soba potprze-
wodnikow np. C, Si i Ge lub zwigzkéw
potprzewodnikowych takich jak np. GaAs i InAs
lub ZnTe i CdTe, itp. Z dowolnych dwu zwigzkéw
binarnych AC i BC lub AC i BD otrzymujemy
odpowiednio potréjny stop (roztwér staty) ABC,
lub poczwoérny roztwoér staty ABCD. Binarne
zwigzki potprzewodnikowe typu AC lub BC,
gdzie A i B sg atomami (kationami) z kolumn II
lubIIl,a C i D odpowiednio atomami (anionami)
z kolumn VI lub V tablicy Mendelejewa,
krystalizujag w strukturze regularnej blendy
cynkowej (struktura sfalerytu) lub rzadziej w
heksagonalnej strukturze wurcytu. Obydwie te
struktury charakteryzuja sie przestrzennym
uporzadkowaniem tetraedrycznym, tzn., Ze atom
(kation) A lub B lezacy w centrum tetraedru jest
otoczony czterema atomami (anionami) C lub D
potozonymi w narozach tetraedru i na odwro6t
kazdy atom C lub D jest otoczony przez 4 atomy
A lub B. Kazdy atom w takiej sieci krystalicznej
ma w pierwszej strefie koordynacyjnej czterech
najblizszych sgsiadéw, a w drugiej i nastepnych
strefach koordynacyjnych po 12 atomoéw.
Wzajemne odlegto$ci atomowe w pierwszej
(NN)idrugiej (NNN) strefie koordynacyjnej oraz
liczby koordynacyjne N; dla tych zwigzkéw
mozna wyznaczy¢ postugujac sie analizg EXAFS.
Jezeli binarne sktadniki AC i BC lub AC i AD
stopu potréjnego wzglednie poczwdrnego,
rozpuszczaja sie w sobie w dowolnych
proporcjach, mozna otrzyma¢ woéwczas nieogra-
niczong liczbe réznych stopéw (roztwordw
statych), réznigcych sie miedzy soba kontrolo-
wanymi zmianami wtasnosci fizycznych. Zwigzki
potrdjne i poczwoérne powstate ze zwigzkéw
binarnych o strukturze blendy cynkowej
zachowujg strukture Kkrystaliczng sktadnikow
binarnych i tetraedryczne uporzadkowanie
atomow. W przypadku, gdy jeden ze sktadnikéw
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binarnych krystalizuje w strukturze blendy
cynkowej lub wurcytu, a drugi w innej strukturze
krystalicznej, wowczas tworzony stop potréjny
zachowuje strukture pierwszego sktadnika
binarnego do okreslonego sktadu, przy ktérym
zachodzi strukturalne przejscie fazowe. Powyzej
tego sktadu stop potrdjny krystalizuje w
strukturze drugiego sktadnika lub tworzy
mieszanine kilku réznych faz. Typowym
przyktadem takiego zachowania sa stopy
zwigzkow grupy II-VI z metalami przej$Sciowymi
(np. Mn, Fe itp.). Zwigzki binarne metali
przejsciowych z S, Se i Te nie krystalizujg w
strukturze regularnej i w zwigzku z tym powyzej
strukturalnego przejscia fazowego uktady takie
moga sie sta¢ mieszaning kilku faz. Przy
tworzeniu sie krysztatu potréjnego typu AxBiC
o strukturze blendy cynkowej lub wurcytuy,
mozna wyrézni¢c w Kkrysztale pie¢ réznych
rodzajow tetraedrow elementarnych: To(4AC),
T1(3A1BC), T2(2A2BC), T3(1A3BC) iT4(4BC),
pokazanych na Rys. 13. Ich obecno$¢ powinna
by¢ uwzgledniana w opisie teoretycznym
wilasnoséci stopéw potréjnych (roztwordw
statych). Dla stopoéw poczwoérnych liczba
mozliwych réznych tetraedréw elementarnych
wynosi 15 lub 18 w zaleznosci czy sktadaja sie
odpowiednio z dwu kationéw i dwu aniondow czy
z trzech kationéw (anion6éw) i jednego anionu
(kationu).

W celu okreslenia wzajemnych potozen atoméw
w stopach potréjnych z uzyciem analizy EXAFS,
opisanej formutami (9) i (10), na poczatku lat
osiemdziesigtych ubiegltego wieku zostaty
przeprowadzone badania przez Mikkelsona i
Boyce?21.22 3, Badania te dotyczyty, krystalizu-
jacych w strukturze blendy cynkowej, pdiprze-
wodnikowych potréjnych roztworéw statych
In1.xGaxAs. Roztwory state Ini«GaxAs otrzymuje
sie z InAs, gdy sukcesywnie atomy In
podstawiane s3 atomami Ga. Stata sieci
wyznaczona dla tego roztworu metodami
dyfrakcji rentgenowskiej zalezy liniowo od
zawartoSci Ga w Kkrysztale. Pomiary EXAFS
wykazaty, Ze atomy Ga nie podstawiajg atoméw
In w odlegto$ciach charakterystycznych dla
zwiazku InAs, lecz w przyblizeniu lokuja sie w
odlegtos$ciach charakterystycznych dla GaAs.
(Rys. 14a). Takie zachowanie par atoméw In-As
i Ga-As nie bylo wtedy w pelni zrozumiate.

3 Przy uzyciu the wiggler site station at the Stanford
Synchrotron Radiation Laboratory (SSRL)
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Rys. 13 Pie¢ mozliwych potozen anionu C w
tetraedrach elementarnych modelu sztywnej sieci
kationow. W tetraedrach otwarte punkty i linie
przerywane pokazuja potozenie anionu C oraz
wigzania w przypadkach bez dystorsji. Zaczernione
punkty i linie ciggte wyznaczajg tetraedry z dystorsja..

Wyttumaczeniem tworzenia sie takiej struktury
dwumodutowej, byly rézne promienie jonowe
Ga i In a wiec rézne oddzialywania pomiedzy In-
As i Ga-As. Zaskakujace wyniki badan EXAFS dla
In;.«GaxAs wyjasnit, teoretyczny model sztywnej
sieci kationdw zastosowany do interpretacji
wynikéw EXAFS dla potrojnych zwigzkow
CdixMn,Tez32¢ 4 Model ten réwniez wyjasnit
zadawalajgco podobne zachowanie zwigzkow
Cdi«Zn,Te2324 i HgSe1.xTex 25. Rys. 14 ilustruje
wyniki badan dla struktury lokalnej Inq.xGaxAs 21
(a) oraz Cdi«ZnsTe i CdixMn,Te 26 (b). Model
sztywnej sieci kationdw przyjmowat arbitralnie,
ze, pokazane na Rys. 13 tetraedry elementarne z
kationami A i B w narozach nie sg zdeformo-
wane, natomiast anion C znajdujacy sie
wewnatrz tetraedru lokuje sie w potozeniu
okreslonym przez oddziatywania atomoéw AC i
BC, opisane przez przyblizenie pola sit
walencyjnych Keatinga?? i Martina?8. Wedlug
tego modelu wszystkie 5 rodzajow tetraedréw
elementarnych rozmieszczone sg chaotycznie
w objetosci krysztatu zgodnie z dwumianowym
rozktadem statystycznym Bernoulli’ego, ktory
przewiduje, pokazany na Rys. 15 rozkiad
statystyczny dla tetraedrow elementarnych
To(4AC), Ti(3A1BC), T:(2A2BC), Ts3(1A3BC)

4 Rentgenowska linia pomiarowa DX1+PWA
(Progamma della Luce ADONE), Programa Utilizatione
di Luce Sinchrotrone (PULS) ADONE, Frascati.
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iT4(4BC). Suma jednakowych udziatéw
wszystkich wymienionych tetraedréow elemen-
tarnych opisywata z dobrym przyblizeniem
rezultaty uzyskane z analizy EXAFS. Model
sztywnej sieci kationéw byl pierwszym, ale
jeszcze niedoskonatym opisem  wynikow
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Rys. 14 Analiza EXAFS struktury lokalnej
In1xGaxAs 21 (a) oraz Cd1-xZnxTe i Cd1-xMnxTe 24 (b). Na
rysunku (a) punkty petne oznaczaja doswiadczalnie
wyznaczone odlegto$ci par jonéw In-As i Ga-As,
kwadraty niewypelnione - przewidywania teor-
etyczne modelu sztywnej sieci kationéw. Srednig
odlegto$¢ jonéw w funkcji sktadu wyznaczona
metoda dyfrakcji rentgenowskiej ilustruja punkty
doswiadczalne (mate otwarte koétka) oraz krzywa
przerywana (krzywa Vegarda). Na rysunku (b) petne
punkty oznaczaja wyniki doswiadczalne. Linie ciggte
sg przewidywaniami teoretycznymi modelu sztywnej
sieci kationdw.
Reprinted from Opto-Electronic Review, vol. 25, A. Kisiel,
B.V. Robouch & A. Marcellj, ,Local crystalline structure of
multinary semiconducting alloys: Random vs. ordered
distribution”, 242-250 (2017). Copyright 2020 with
permission from Elsevier.

[vd
é 1.0 1~ V— suma ﬁa)“1
h o= - 4
k3]
S i P, P, T
o (- -
=}
o
2 L 4
T o5 Lo
o
g L P, i
ke i P, P, 8
£ L 1
~
! i
2 1

0.0 - 10

T
0.0 0.5 1.0

koncentracja

Rys. 15 Dwumianowy rozkiad Bernoulliego
chaotycznego rozmieszczenia tetraedréw elementa-
rnych w krysztale potréjnym A1xBxC. Rozklady
prawdopodobienistwa pi w funkcji sktadu dla
tetraedréw elementarnych To4AC (po), T1 3A1BC (p1),
T2 2A2BC (p2), Ts 1A3BC (p3), T+ 4BC (p4).
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doswiadczalnych uzyskiwanych z analizy EXAFS
dla zwigzkéw potréjnych. Niedostatkiem tego
modelu bylo nieuwzglednianie mozliwosci
wystepowania  deformacji  elementarnych
tetraedrow. Ten niedostatek usuwaty cze$ciowo
prace wykorzystujgce symulacje Monte Carlo
i zmodyfikowane przyblizenia quasi-chemi-
czne2629, Startujac z modelu sztywnej sieci
kation6w Wiedmann i inni3? rozwineli elementy
teorii relaksacji naprezen elastycznych dla
zwigzkow  potrojnych Ai«BxC 1  wilaczyli
relaksowanie tetraedréw elementarnych przez
wprowadzenie klasteré6w w schemacie iteracyj-
nym (random iterative cluster model). Znacznie
pehiejszy opis struktury lokalnej zwigzkéw
potréjnych przyniést jednak dopiero statysty-
czny model zdeformowanych tetraedrow
(Strained tetrahedra model)3132, ktéry uwzgle-
dnit mozliwo$¢ wprowadzania w rozwazaniach
udziatu, pokazanych na Rys. 16, zdeformo-
wanych tetraedréw Ty, Tz i Tz z r6znymi wagami
statystycznymi. Wprowadzone w tym modelu
aksjomaty umozliwity jednoczesne rozszerzenie
modelu sztywnej sieci kationéw i modelu
klasterow w schemacie iteracyjnym. Model
zdeformowanych  tetraedréw  uwzglednit
deformacje elementarnych tetraedréw i relaksa-
cyjny wptyw drugiej strefy koordynacyjne;j.
Model wykorzystywal wyznaczane z analizy
EXAFS odlegtosci atoméw w pierwszej (NN) i
drugiej strefie koordynacyjnej (NNN), katy
pomiedzy parami wigzan oraz liczby
koordynacyjne jonéw N;. Umozliwito to analize
statystyczng odlegtosci atoméw w zdeformo-
wanych tetraedrach w pierwszej i drugiej strefie
koordynacyjnej dla badanych zwigzkéw potroj-
nych. Na Rys. 17 pokazano dopasowanie
krzywych teoretycznych modelu zdeformowa-
nych tetraedréw z uwzglednieniem odstepstw
od stochastycznego obsadzania tetraedrami
elementarnymi do do$wiadczalnych odlegtosci
miedzy atomami dla pierwszej i drugiej strefy
koordynacyjnej w GaixIniAs 1 CdixZnyTe 3L
Poréwnujac te wyniki z pokazanymi na Rys. 13
wynikami dopasowania modelem sztywnej sieci
kationéw widaé¢, Ze model zdeformowanych
tetraedrow jest lepszy. Model ten umozliwit
wyznaczenie odstepstw od stochastycznego
obsadzania realnej sieci krystalicznej
tetraedrami elementarnymi dla GaixIniAs oraz
dla wielu innych stopéw potrojnych3i32.

Pierwsze doniesienia o preferencyjnym (niesto-
chastycznym) obsadzaniu miejsc atomdéw (Site
Occupation Preferences (SOP)) w strukturze
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krystalicznej zwigzkéw potréjnych znalazty sie
w pracach Verleura i Barkera3334. Proponowany
przez nich model teoretyczny opisujacy dane
doswiadczalne przejs¢ fononowych w GaAs,P1.yi
CdSe;Siy uwzgledniat w skali mikroskopowej
efekt klasterowania par jonoéw, czyli przyjmo-
wat niestochastyczny rozktad atoméw w
krysztale, wyrazony przez parametr klastero-
wania f3.

: PO T3
i

Rys. 16 Tetraedry elementarne w modelu zdeformo-

wanych tetraedréow. To i T4 to binarne tetraedry

regularne, Ty, T2 i T3 to tetraedry zdeformowane.
Reprinted from J. Alloys Compounds, vol. 339,
B.V. Robouch, A. Kisiel, & ]. Konior, “Statistical model for the
occupation preferences and shapes of elemental
tetrahedral in the zinc-blende type semiconductors GalnAs,
GaAsP, ZnCdTe”, 1-17 (2002). Copyright 2020 with
permission from Elsevier.
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Rys. 17 Dopasowanie $rednich odlegto$ci atoméw w
pierwszej i drugiej strefie koordynacyjnej dla
GaixInxAs i CdixZnxTe modelem zdeformowanych
tetraedréws31.

Reprinted from Opto-Electronics Review, vol. 25, A. Kisiel,
B.V. Robouch & A. Marecelli, ,Local crystalline structure of
multinary semiconducting alloys: Random vs. ordered
distribution”, 242-250 (2017). Copyright 2020 with
permission from Elsevier.

Preferencyjne obsadzenia atoméw Ga wokot As
zaobserwowano w badaniach EXAFS zwigzkéw
poczwornych  GaxlnixAsySbiy 35 (Rys. 18a).
Onabes36, analizujgc termodynamiczne wtasnosci
zwigzkow poczwoérnych grupy I11-V, wykazat, ze
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preferencje zaburzajace chaotyczne rozmie-
szczenie par atomdéw moga by¢ wynikiem
klasterowania bliskiego zasiegu najblizszych par
odznaczajacych sie silnym wigzaniem. Wigzanie
par moze by¢ opisywane przez potencjat
chemiczny p. W przypadku Gaxlni<AsySbi.y
zachodzi relacja Heaas + Minsb > Minas + MGash.
Preferencje obsadzania miejsc atoméw zostaty
zaobserwowane roéwniez w badaniach EXAFS
dla krawedzi rentgenowskich K Mn i K Se w
poczwornych zwigzkach CdiMni4Te,Se1., 37:38.
Badania zostaty przeprowadzone dla sktadow x
< 0,21y < 0,2 gdyz zwigzek ten tylko w tym
zakresie sktadéw krystalizuje w strukturze
blendy cynkowej, a poza tymi granicami jest
uktadem wielofazowym. Stwierdzono
preferencje par atoméw Mn-Se (Rys. 18b) w
poréwnaniu z parami Cd-Se, co wskazuje na
odstepstwo od rozktadu statystycznego dla Mn
wokot Se. Do opisania tego zachowania zostata
zastosowana analiza probabilistyczna uwzgle-
dniajgca najlepsze dopasowanie do punktéw
doswiadczalnych. Podane na Rys. 18 wspél-
czynniki wi, wy, wz i ws w wielomianach
czwartego stopnia, najlepiej dopasowanych do
danych doswiadczalnych, wyrazaja odpowiednie
prawdopodobienistwa obsadzania tetraedrami
elementarnymi3?40, Bunker4! oraz Pong i inni*?
analizujgc dystorsje w krysztale roztworu
statego Zn,xMn,Se, przeprowadzili w
temperaturze pokojowej i ciekltego azotu,
szczegbtowe badania odlegtosci pierwszych
(NN) i drugich (NNN) sgsiadéw oraz katow w
zdeformowanych tetraedrach elementarnych.

a) b)

08 1000 02 04 06 08 10
XGa XMn

00 02 04 08

Rys. 18 (a) Srednia liczba atoméw Ga otaczajaca
kazdy atom As. N(Ga) w poczwérnym roztworze
statym GaxIni-xAsySbi.y dla réznych sktadéw x 35 (b)
Srednia liczba atoméw Mn wokét Se w
Cd1-xMnxTe1ySey 38, Linia przerywana opisuje stocha-
styczne rozmieszczenie atomow.

Reprinted from Opto-Electronics Review, vol. 25, A. Kisiel,
B.V. Robouch & A. Marcelli, ,Local crystalline structure of
multinary semiconducting alloys: Random vs. ordered
distribution”, 242-250 (2017). Copyright 2020 with
permission from Elsevier.
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Przeprowadzili réwniez szczegélowa analize
liczb koordynacyjnych N; (definiowanych w
formule (10)) dla rentgenowskich krawedzi K
Zn, Mn i Se. Stwierdzili oni, Ze pokazane na
Rys. 19, wartosci liczb koordynacyjnych dla par
Zn-Zn s3 nieco nizsze od  wartosci
przewidywanych rozktadem stochastycznym
(linie przerywane na Rys. 19) a wartoSci dla par
Zn-Mn s3 nieco wyzsze. Roznice te zostaty
zwigzane przez nich z niepelna relaksacjg
naprezen w drugiej strefie koordynacyjnej. Aby
rozpatrzy¢ ewentualng mozliwos$¢ prefere-
ncyjnego obsadzania parami jondw, dane
doswiadczalne Ponga i innych#2 zostaty przeana-
lizowane przy uzyciu modelu zdeformowanych
tetraedrow3132, Przeprowadzona analiza wyka-
zala, Ze obserwowane w ZnixMn,Se odchylenia
od rozktadu statystycznego rzeczywiscie mozna
wyttumaczyé preferencyjnym obsadzaniem
struktury krystalicznej zdeformowanymi tetra-
edrami elementarnymi. W modelu zdeformo-
wanych tetraedréw3132 obsadzenie struktury
krystalicznej  tetraedrami  elementarnymi
okresla  prawdopodobieristwo Wy,  ktére
definiuje sie jako

{Wk} = {pkwk} dlak= 1,2,3 (11)
gdzie px jest statystycznym rozkladem prawdo-
podobienstwa Bernoulli’ego.

Dla przypadku tetraedrow zdeformowanych T;,
T, i T3 prawdopodobienistwa obsadzania Wi, W»
i W3 moga by¢ # 1. Na podstawie tej analizy

12
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Rys. 19 Srednie wartosci liczb koordynacyjnych
drugiej strefy koordynacyjnej dla Zn ( kétka otwarte)
i Mn (kotka wypetnione) w ZnMnSe 42. Linie
przerywane ilustruja liczby koordynacyjne w przy-
padku stochastycznego rozmieszczenia Zn i Mn.
Reprinted Fig. 12 with permission from W.-F. Pong,
R. A. Mayanovic, B. A. Bunker, ]. K. Furdyna, & U. Debska,
Phys. Rev. B 41, 8440-8448 (1990). Copyright 2020 by the
American Physical Society. Licence Number
RNP/20/NOV/032732.
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mozna okresli¢ zatem preferencyjne obsadzenia
parami atomoéw (SOP). W tym modelu przyjmuje
sie  arbitralnie, Ze prawdopodobienstwa
obsadzania Wy i W4 niezdeformowanymi tetra-
edrami elementarnymi To i T4 sg réwne 1.
Wartosci prawdopodobienstwa obsadzenia {Wy}
majg sens fizyczny, gdy posiadajg wartos¢
dodatnig, tzn. gdy wspotczynnik wy miesci sie w
granicach 0 < wy < N/k. Oznacza to, Ze przy
uporzadkowaniu tetraedrycznym dla najbli-
zszych sgsiadow (NN)

0SW, <40SW,<20SW; <5 (12)

W zwiazku z tymi ograniczeniami jest wygodne
zdefiniowanie dla najblizszych  sgsiadéw
wspo6tczynnik populacji konfiguracji Cx jako

G = min [ W, 1,959 <1

po—s (13)
Z formuty (13) wynika, zZe rozktad
prawdopodobienstwa dla zdeformowanych
tetraedrow Ty jest obnizony w poréwnaniu do
statystycznego rozktadu Bernoulli'ego px
Wielko$¢ tego obnizenia jest wyrazana za
pomoca wspdtczynnika populacji konfiguracji Cy,
ktéry jest zawsze mniejszy lub co najwyzej
réwny jednosci. Tak wiec dla zdeformowanych
tetraedrow Ty, T, i Tz rozklady prawdopo-
dobienstwa mozna wyrazi¢ w prostszej formie
{P} ={Ckpr}dlak=1,2i3 (14)
Z warunku (14) wynika, ze skoro wspo6tczynnik
populacji konfiguracji Cx jest mniejszy a co
najwyzej réwny jedno$ci, to rozklady
prawdopodobienistwa Py dla tetraedréw
zdeformowanych Ty s3 nizsze lub co najwyzej
réwne chaotycznemu rozktadowi prawdopo-
dobienstwa Bernoulli'ego pr. Dla omawianego
powyzej zwigzku potrojnego Zni.Mn,Se 4142
wyznaczone preferencje obsadzania zdeformo-
wanymi tetraedrami elementarnymi wynosza
odpowiednio {W,W,;W3} ={ 0,67, 1,67, 0}
azwigzane z nimi wspétczynniki {Ci, Cz, Cs},
opisujace populacje konfiguracji tetraedréw
zdeformowanych, sa réwne odpowiednio {0,67,
0,33, 0,0} 26. Przytoczone wartos$ci Cx informuja,
ze W ZnixMn,Se najbardziej preferowanymi sg
tetraedry elementarne T; natomiast brak jest
tetraedrow elementarnych Ts. Podobny brak
tetraedréw T3 zaobserwowano réwniez w kilku
innych zwigzkach potrojnych grupy II-VI z
manganem (patrz Tabela II).

Rys. 204 pokazuje obliczone na podstawie
danych doswiadczalnych rozktady prawdopo-
dobienstwa Py dla tetraedréw zdeformowanych
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Populacja Konfiguracji 4

(T1 T21iT3) oraz niezdeformowanych (ToiT4) dla
roztworow statych ZnCdTe, ZnHgTe, GalnAs
i Niz(Al,Fe). Dla poréwnania zostaly pokazane
dodatkowo na Rys. 20 odpowiednie rozkiady
prawdopodobienstwa dla statystycznego roz-
ktadu Bernoulli’'ego. Latwo zauwazy¢ roéznice
pomiedzy populacjami konfiguracji statysty-
cznego rozktadu Bernoulli'ego i populacjami
konfiguracji tetraedréw zdeformowanych P4, P> i
P; oraz populacjami konfiguracji niezdeformo-
wanych tetraedréw, opisanymi w realnych
krysztatach przez krzywe Py i Pa.
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Rys. 20 Populacja konfiguracji px stochastycznego
rozktadu Bernouliego i wyznaczone z eksperymentu
populacje konfiguracji tetraedréw elementarnych Px
dla ZnCdTe, ZnHgTe, GalnAs i NizAlFe 43.

Reprinted from Opto-Electronics Review, 25, A. Kisiel, B.V.
Robouch & A. Marecelli, ,Local crystalline structure of
multinary semiconducting alloys: Random vs. ordered
distribution”, 242-250 (2017). Copyright 2020 with
permission from Elsevier.

Model zdeformowanych tetraedrows3!32 zostat
uzyty do analizy wynikéw EXAFS szeregu
tetraedrycznie uporzadkowanych potréjnych
stopow péiprzewodnikowych, jak réwniez do
analizy tetraedrycznie uporzadkowanego kubi-
cznego (fcc) miedzymetalicznego zwigzku
Ni3(ALFe) 44, Model ten po odpowiednim
uogolnieniu mogt by¢ zastosowany réwniez do
analizy nadprzewodnika Ceq.xLaxRu; o strukturze
krystalicznej C1545. Niektére wyniki analizy
zaczerpniete z publikacji*¢ zestawia Tabeli I.
Ocene wewnetrznych preferencji dla tetraedrow
zdeformowanych réwniez umozliwity prowa-
dzone w dalekiej podczerwieni (FIR) badania
doswiadczalne czesto$ci drgan i natezen
poprzecznych fononéw optycznych (TO) dla
potrdéjnych roztworéw statych ZnCdTe 4748 oraz
CdHgTe i ZnHgTe*® analizowane przy uzyciu
modelu statystycznegos?. Zastosowanie tego
modelu umozliwito bezposrednie pordéwnanie
preferencji wewnetrznych uzyskanych z badan
czestosci i natezen drgan fononowych z
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odpowiednimi preferencjami uzyskanymi
z analizy wynikéw doswiadczalnych EXAFS przy
uzyciu modelu zdeformowanych tetraedréw.
Takie poréwnanie wynikow jest uprawnione gdyz
czesto$ciinatezenia w widmie drgan fononowych,
podobnie jak potozenie rentgenowskiej krawedzi
absorpcji i struktura EXAFS, sg funkcjami mas
atomowych drgajacych par atoméw, ich
wzajemnych odleglosci i stalych sitowych
oddziatywujacych par. Model zdeformowanych
tetraedrow stosowany do analizy EXAFS i model
statystyczny uzyty do analizy struktury widma
fononowego umozliwiajg liczbowe okreslenie i
poréwnanie preferencyjnego obsadzania elemen-
tarnymi tetraedrami w realnych krysztatach.
Tabeli II zestawia wartosci preferencyjnego
obsadzenia tetraedrami elementarnymi W,
wartosci populacji konfiguracji Cx oraz sume
warto$ci Cx (ZCy) dla kilkunastu stopow
potprzewodnikowych grupy III-V, II-VI oraz 1I-VI
z Mn i zwigzku miedzymetalicznego NizAl;.<Fe..
Preferencje wewnetrzne uzyskane z analizy
EXAFS oraz z analizy drgan fononowych wykazuja
dla obydwu podejs¢ podobne tendencje
zachowania wspotczynnikéw Cy. Stopy zebrane w
Tabeli I zostaty uporzadkowane w zaleznosci od
zestawionej w przedostatniej kolumnie wielko$ci
%Ck. ZCx jest miarg odchodzenia rozktadéw
prawdopodobienstwa struktury lokalnej okreslo-
nego roztworu statego od chaotycznego rozkladu
Bernoulli’ego. Dla maksymalnej warto$ci XCx = 3
struktura lokalna roztworu statego jest opisywana
przez statystyczny rozklad Bernoulli’'ego. Wyniki
zestawione w Tabeli II reprezentuja zwigzki
potrdjne, dla ktérych wartos¢ XCx jest, jak w
przypadku ZnCdTe, dla réznych eksperymentow
rowna lub bliska 3. Oznacza to, ze struktura
lokalna tego zwigzku moze by¢ opisana z dobrym
przyblizeniem przez statystyczny rozktad
Bernoulli’ego. Na koncu Tabeli II sg zestawione
stopy takie jak ZnSeS i ZnSeTe posiadajace bardzo
mate lecz niezerowe wartosci XCx. Na gruncie
modelu zdeformowanych tetraedrow wartos¢ ZCx
= 0 oznacza brak tetraedrow mieszanych
(zdeformowanych) w  badanym  uktadzie
potréjnym ABC. W konsekwencji tego brakuje
drogi oddziatywania wzajemnego pomiedzy
sktadnikami binarnymi AC i BC. W takim
przypadku sktadniki te powinny sie zachowywacé
sie nie jak jednorodny stop lub roztwor staty ABC
a jedynie jako mieszanina sktadnikow binarnych
AC i BC. Tak postawiona hipoteza wymaga
jednakze potwierdzenia doswiadczalnego.
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Tab. I Wspoétczynniki preferencji dla zdeformowanych tetraedréw elementarnych w niektérych zwigzkach

potrdjnych o uporzadkowaniu tetraedrycznym.

Reprinted from Opto-Electronics Review, vol.25, A. Kisiel, B.V. Robouch & A. Marcelli, ,Local crystalline structure of
multinary semiconducting alloys: Random vs. ordered distribution”, 242-250 (2017). Copyright 2020 with permission

from Elsevier.

Alloy Experiment Wi W2 W3 C1 C2 Cs XCk Ref.
ZnCdTe Exafs2324 1.0 1.0 1.0 1.0 1.0 1.0 3.00 31
ZnCdTe FIR4850 1.66 1 1 0.780 1 1 2.78 4851
CdHgTe FIR4850 1.01 1.20 1.01 1.0 0.80 1.0 2.80 4851
ZnCdTe Exafs52 0.93 1.15 1.07 0.930 0.85 0.79 2.57 46
AlFeNi3 Exafs53 1.01 0.86 1.33 0.997 0.86 0.0 1.86 44
GalnAs Exafs21.22 0.58 0.25 1.05 0.58 0.25 0.85 1.68 31
CdMnTe Exafs5455 0.68 1.33 0.003 | 0.68 0.67 0 1.35 32
ZnMnSe Exafs Ry 4142 0.67 1.67 0.04 0.67 0.33 0.04 1.04 32
ZnMnSe Exafs Np 4142 0.62 1.7 0 0.62 0.3 0 0.92 32
HgSeTe Exafs5 0.217 1944 0517 | 0.217 0.056 0.517 0.79

ZnHgTe FIR48 0.76 2.0 1.33 0.76 0.0 0.0 0.76 51,56
ZnMnS Exafs57-59 1.78 0 0.01 0.74 0 0.01 0.75 32
HgMnTe Exafs60 0.33 1.75 0 0.33 0.25 0 0.58 32
ZnHgTe Exafs61 0.37 2.0 1.33 0.37 0.0 0.0 0,37 4851
ZnMnTe Exafs62 0.37 2.0 0 0.37 0.0 0 0.37 32
ZnSeS Exafs63 0.12 0 0.03 0.12 0 0.03 0.15 52

Exafsét &
ZnSeTe N-Scater6s 0037 0 1.299 | 0.037 0 0.103 0.14 51

Tab. Il Wartosci liczbowe catek Apoi Aps dla niektérych stopéw potréjnych.

Zwiazki grupy II - VI Stopy Metody Apo Apa Preferencje
ZnCdTe EXAFS 0.00 0.00 ZnTe = CdTe
ZnCdTe FIR 0.01 0.07 ZnTe < CdTe
ZnCdTe EXAFS 0.01 0.12 ZnTe < CdTe
ZnHgTe EXAFS 0.13 0.66 ZnTe < HgTe
ZnHgTe FIR 0.05 0.67 ZnTe < HgTe
CdHgTe FIR 0.0 0.23 HgTe > CdTe
ZnSeS EXAFS 0.38 0.32 ZnSe > ZnS
ZnSeTe EXAFS 0.35 0.33 ZnSe > ZnTe
HgSeTe EXAFS 0.25 0.31 HgTe > HgSe
Zwiazki grupy Il -V GalnAs EXAFS 011 010  GaAs>InAs
ZwiazKi grupy II-VI z Mn ZnMnS EXAFS 0.40 0.09 ZnS > MnS
ZnMnSe EXAFS (N1) 0.26 0.22 ZnSe > MnSe
ZnMnSe EXAFS (R1) 0.26 0.13 ZnSe > MnSe
ZnMnTe EXAFS 0.35 0.33 ZnTe > MnTe
CdMnTe EXAFS 0.26 0.11 CdTe > MnTe
HgMnTe EXAFS 0.33 0.25 HgTe > MnTe
Zwiazek miedzymetaliczny AlFeNis EXAFS 0.11 0.10 AlNi3 > FeNi3

Dla tetraedrow niezdeformowanych Ty, i Ty
rozktady prawdopodobienstwa*6 mozna wyrazi¢
jako

Py =po +Apo, Py =ps +Apy  (15)
gdzie po i pss3a odpowiednimi rozktadami prawdo-
podobienstwa Bernoulli'ego dla niezdeformo-
wanych tetraedrow, a Apo i Apssa tymi czeSciami
rozkladow  prawdopodobienstwa  niezdefo-
rmowanych tetraedrow AC i BC zwigzku
potrojnego ABC, ktére w wyniku minima-
lizowania energii uktadu w procesie naturalnego
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wzrostu krysztaty,

nie mogly uczestniczy¢

w tworzeniu zdeformowanych tetraedrow Ti, T
lub T3. Na Rys. 20 krzywe Py i P4 przedstawiaja
udzialy niezdeformowanych tetraedréw Ty i Ta
zwigzkow  potrdojnych. Sa one funkcjami
koncentracji sktad-nika BC w roztworze statym
ABC. Zgodnie z formutami funkcje Apoi Aps moga
wnosi¢, widoczny na Rys. 20, istotny wktad w
ksztatt krzywych Po i P4. Pordwnanie rozktadow
prawdopodobienstwa Py i P+ w catym zakresie
sktadow zwigzku potréjnego niesie zatem wazne
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informacje o wewnetrznych preferencjach w
zwigzkach potréjnych. hLatwo wida¢, ze za
wielkos¢ preferencji wewnetrznych pomiedzy Py i
P4 beda odpowiadaty funkcje Apoi Aps catkowane
w calym zakresie koncentracji zwigzkéw
potrdjnych. Tak wiec wartosci tych catek opisuja
preferencje wewnetrzne zwigzane z niezdefo-
rmowanymi tetraedrami To i T4 w strukturze
krystalicznej realnych krysztatow. Tabela 11
zestawia wartosci liczbowe catek Apo i Aps dla
zwigzkow potrojnych zestawionych w Tabeli II.
Warto zauwazy¢, ze dla niektérych zwigzkow
potréjnych wartosci liczbowe catek Apo i Aps
znacznie rdéznig sie miedzy sobg a zatem
preferencje wewnetrzne pomiedzy populacjami
tetraedrow typu To i T4 mogg by¢ znaczne. Trzeba
podkresli¢, ze  preferencje =~ wewnetrzne
obserwowane dla tetraedréw zdeformowanych i
niezdeformowanych wzajemnie sie kompensuja
zgodnie z prawem zachowania masy i nie
naruszajg stechiometrii roztworéw statych.

Model zdeformowanych tetraedréw3132 po
odpowiednich modyfikacjach476¢ byt réwniez
zastosowany do analizy danych doswiadczalnych
EXAFS poczwérnych zwigzkéw poéiprzewodni-
kowych GalnAsSb 35, CdAMnTeSe 3738, ZnCdHgTe 47
i InAsPSb 6768, Analiza wynikéw dla GalnAsSb
i CdMnSeTe przy uzyciu zmodyfikowanego
modelu zdeformowanych tetraedréow potwier-
dzita i wuzupemila rezultaty wczesniejszych
badan3940, Podobnie jak dla zwigzkéw potrojnych,
uzycie modelu statystycznego do badan czestosci
drgan i natezen poprzecznych fonondéw opty-
cznych (TO) do poczwoérnych zwigzkow
CdxMni«TeySeiy 6 i ZnyCdyHgixyTe 4769 istotnie
wzbogacito wiedze o istniejacych preferencjach
wewnetrznych w strukturze lokalnej zwigzkow
poczwornych.
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