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Monday, 04.09., 101°- 1055 | in our ability to observe nonlinear-day signals. This
S enormousncreasen peak power (pulse energyipea
National Synchrotron Radiation Centre duration) has been a douk#dgedsword, with new and
SOLARIS - current status and future exciting techniques being developed but at the same
development time well-established techniques proving unreliable]1

This requires dundamental change in our approach to

Marek Stankiewic X-ray science at FELs, since dhionlinear regime is a
ISOLARIS o . largely unexplored area, making it hard to predict
- Narodowe Centrum Promieniowania Synchrotronowego,  notonly when to expect nonlinear contributions to a

Uni wersytet Jagiell oGski,
ul. Czerwone Maki 98, 3892 Krakéw
www.synchrotron.pl

measurement, but also wnderstand the very nature of
this response [4].

e-mail: m.j.stankiewicz@uj.edu.pl [1] K. Tamasaktet al.: Nature Photon8 (2014) 313.

National Synchrotron Radiation Centre SOLARIS in Kra- [2] N- Rohringeret al.: Nature481 (2012) 488.
kéw is the most modern and largest multidisciplinary re-[2] M- Beyeet d.. Nature501(2013)191.
e . [4] S. M. Vinkoet al: Nature482(2012)59.
search facility in Pola_nd. The Centre was built between[5] T. E. Gloveret al.: Nature488(2012) 603.
2010 and 2015. The investment wasfiomnced by the  [6] j. Szlachetket al.: ScientificReports6 (2016) 33292
Eurgpean Union with funds from the European Regional
Development Fund, as part of the Innovative Econom
Operational Programme for 20@D13. m Monday, 04.09., 12 - 12 |
SOLARIS has been built using the groundbreaking de-Ponsh involvement in X_ra_y Free Electron
sign of magnetic double bend achromats developed & ggerg
MAX -lab facility in Lund, Sweden, resulting in outstand-
ing properties of generated synchrotron light which p|ace§?yszard SobierajsKi
SOLARIS firmly at the cutting edge of devices of this
type. SOLARIS synchrotron operates at 1.5GeV energy/nstytut Fizyki PAN,
with up to 500mA stored electron beam. It is poweargd ~ Al- Lotnikéw 32/46, 0568 Warszawa, Poland
600MeV Sband linac.
SOLARIS can provide synchrotron radiation for up to
18 beamlines from bending magnets and insertion devicesrom the birth of a new type of light source, the short
Within the scope of the project budget already two beamwavelength free electron lasers, Polish scientists were
lines have been constructed. involved both in work at its technical development and its
As a strategic investment for tikevelopment of sci- use for scientific research. Shavavelength FELs
ence, SOLARIS has been included on the Polish Roadmagrovide lasetike pulses of radiation (including high
for Research Infrastructures. intensity, femtosecond pulse duration, high spatial and
The presentation will provide a brief history of the project partial temporary coherence, polarization) but in the
and describe configuration and key parameters of thegpectral range of extreme ultraviolet andray,
SOLARIS facility. However the presentati will focus on  unavailable for laser sources. In my eastudies at the
the current status and plans for the future development dfrst shortwavelength FEL- TTF1 FEL - | investigated

*e-mail: ryszard.sobierajski@ifpan.edu.pl

SOLARIS and its offer for researchers. the structural phase transitions in thin films that are crucial
for the construction of optics for the intense XUV and X
Monday, 04.09., 1#5i 125]  ray sources. Over time, the FEL scientific community in
Poland las grown and currently it consists of several
Nonlinear interaction of X-rays with matter research groups gathered in the XFBlska consortium.
Jakub Szlachetktd One of the main aims of this initiative is to share the

expertise of how to prepare and perform the experiments,
and spread the knowledge in experimewigbortunities

and challenges at FELs by training the new generation of
*e-mail: jszlachetko@uijk.edu.pl Polish FEL users. In particular we plan to cooperate at

X-rays have long been usedexplore the electronic and 0int research projects at the newest source, the European
structural properties of all forms of matter, usmyrces  XFEL, in a broad range of scientific discipliriephysical

as varied as Xay tubes to acceleratbased storage rings. chemlstry,mqterlal sciences, structural blol_ogy and high
X-raymethods have evolved over decades to becom&nergy density physics. During my talk I will present my
specialized tools for a brdaangeof investigations, with ~ Personal perspective on the history of sheatelength
techniques ranging from -Xay scattering through X  FEL sources and dlsc_uss some of the research plans of the
ray spectroscopy to Xaytomography. In general these XFEL-Polska consortium.

methods all rely on aymeasurements that depend
linearly on the number of incident -bay photons.
With the advent bX-ray free electron lasers (XFELS), the
ability to reachextremely high photon numbers in
ultrashort pulse durations has resulted paeadigm shift

instituteof Physics, Jan Kochanowski University,
Kielce, Poland

Acknowledgenents: This work was supported by the
international project cfinanced by Polish Ministry of Science
and Higher Education, Grant Agreement 2819/7.PR/2013/2.
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Tuesday,05.09., 9°i 9¥ |  resolved photoemission spectroscopy (ARPES) in the
o ] wide ranges of both chemical compositions and
Photoemission spectroscopy of topological temperatures. This allows us to buiiTxtopological phase
crystalline insulators (Pb,Sn,Mn)Se diagram. The (001) and (111)ghi symmetry topological
] ) surfaces of the RRSnSe were realized by cleaved bulk
Piotr Dziawd* monocrystals [3] and isitu deposition of the layered

structures [6], respectively. Spiasolved photoemission
spectroscopy (SRPES) revealed spin texture in a full
agreementvith the tightbinding calculations.

From previous investigations a new approach arose,
i.e. possibility of controlling the TCI transition by the band
In recent years a new very hot topic in solid state physicgap engineering. In order to corroborate this concept as
emerged, i.e. the discovery of topological insulators (TIs)Well as to verify topological protection in TChe
i new quantum materials [1]. It has beenedicted = Manganese ions were introduced into the host matrix. The
theoretically, that in topologically nontrivial phase TlIs are Mn partially substituting the host cation sites in these
band insulators with opposite parity in the band structurecompounds changes both the energy gap and lattice
and they host surface states (SS) with metiikie parameter and constitutes a magnetic impurity. The
conductivity (Dirac SS). The topological protection of SS increase of Mn content in Pb,SnMn,Se lowers the
comes from tire-reversal symmetry and strong relativistic temperature of TCI transition compared to the analogue
(spinorbit) effects. Experimental findings validated the ternary nommagnetic PbSnSe. Density functional
unique features of these materials, i.e. linear energytheory calculations qualitatively reproduce  the
momentum dispersion of the SS with odd number of DiraceXperimental  findings. RR,SnMn,Se exhibit a
cones and specific helical spin texture whiveans that Paramagnetic ordering, and Mn is2m charge state and
they are robust against baskattering on nomagnetic ~ carries spironly S=5/2 local magnetic moment. The first
ions. observations lead to conclusion that magnetic ions do not

In 2011 Liang Fu proposed a new class of topo|ogica|de_str0y Diradike su_rfa_ce sta_tes. The inspection Of the
materials sealled topological crystalline insulators SPin texture shows similar helical pattern for TCls without
(TCIs) where topological protection is due to a (110)magietic impurities.
mirror-planesymmetry of the roclsalt crystal structure, _ _
and exhibits an even number of Dirac cones [2]. TinAcknowledgements This work has been partially supported

: ; ; : Py the researchrpjects 2014/15/B/ST3/03833
tl—?gwg/iyvsisbgtrifjggﬁgltsgljig 20"%1{5:5n;ig\éea;%&nsaéenalénd2016/21/B/ST5/03411 financed through the National
. .. : > Sci Centre (Poland).
also belong to this class. Transitiam the topologically cience Centre (Poland)
nontrivial state in TCIs can be controlled by changes of
the temperature [3], chemical composition of an alloy [3],[1] M. Z. Hasan, C.L. KarRev. Mod. Phys82(2010)3045

by applying hydrostatic pressure [4] or by crystal lattice [2] L- Fu: Phys. Rev. Letl06(2011)106802
A [g] y ic pressure [4] or by cry ' 3] B. M. Wojeket al.: Phys. Rev. BO(2014)161202(R)

. . . [4] P. Baroneet al.: Phys. Rev. B8 (2013)045207
The experimental studies of the electrotiacture of 5] B. M. Wojeket al.: Nat. Communé (2015) 8463

the TCls presented here have been performed usinganglg c. m. Polleyet al.: Phys. Rev. B9 (2014) 075317

lnstytutFizyki PAN,
Al. Lotnikéw 32/46, 02668 Warszawa, Poland

*e-mail: dziawa@ifpan.edu.pl
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Tuesday,05.09., 10¥i 11% |  crystallographic techniques. In the current presentation we
] ] ] shall focus on the latter method which takes advantage

Tracing structure-property relationships the powerful Xray beam produced at synchrotron

in crystals of selected photoactiveapper(l) sources.

coordination complexes We will describe the timeesolved lasepump / Xray

probe Laue experiments and show our latest results
Katarzyna Jarzembska Rad o s § a'w Ka mi @lstdined using this technique at APS (Argonne, USA) and

ESRF (Grenoble, France) for selatt€u coordination
‘Department of Chemistry, University of Warsaw complexes:?The choice of such systems has been
twirki i W08 Warsaw, Pdlahd 0 2 dictated by the fact that coordination complexes dfEel
often characterised by rich electronic and luminescent
properties and are cheaper and usually less toxic than

ini 1l i
One of the most important current areas in chemistry isheavymetalcontamlng compoundg(gRu or IrY). The

developing new materials that are able to respond rapidlphotocrystallographic and spectroscopic analyses will be

and reliably to changes in local environment, and send Oéupplemented by theoretical modelling.

signals that let us know what is happening. ThereforeAcknowledgements KNJ thanks the SONATA grant
chemical compounds exhibiting specific photoactive (2014/15/D/ST4/02856) of the National Science Centre in
properties, either in solution agven more importantly, in Poland for financial support. The.authors gratefully ackpowledge
the solid state, are among the most desired material§® Wroclaw Centre for Networking and Supercomputing (grant
nowadays. Especially interesting here are luminescenio- 285) for providing computational facilities. Some part of this
coordination complexes of transition metals, which haveresearch used resources of the Advanced Photon Source, a U.S.

il licati . lan . doth Department of Energy (DOE) Office of Science User Facility
versatile applications in sor@nergy conversion and other operated for the DOE Office of Science by Argonne National

fields ranging from molecular electronics and | ahoratory under Contract No. EAC02-06CH11357. Use of
photocatalysts to lighemitting devices (LEDs) and BioCARS was also supported by the National Institute of
biolabels. It is, thus, of high importance to sensibly controlGeneral Medical Sciences tife National Institutes of Health
optical properties of such materials at the molecular levelunder grant number R24GM111072. The content is solely the
so as to apply this knowledge to geatermaterials with respon_si_bility_ of the authors end does_not necessarily represent
particular properties across all the size scales fronthe official views of the National Institutes of Health. Time

molecules to bulk materials, relevant for specific "ésolved setp at Sector 14 was fded in part through a
L . N . collaboration with Philip Anfinrud (NIH/NIDDK). This research

aﬁpllcatlonsa IT] this resp(fact, (|:n_[1format|or_1 on strluctural_has been realised within the G4B291 proposal number. Some

changes and charge transfer (CT) occurring on electronig, ;e riments were performed on beamline 1D09 at the European

excitation is essial for rational design of new materials. synchrotron Radiation Facility (ESRF) (Grenoble,arfée)

Such information is now becoming available through (beamtime proposal numbers: @1336,4935,4934,4744).
time-resolved (TR) Xray absorption and photo

*e-mail: katarzyna.jarzembska@gmail.com

LL ./+0.29eA* | 3

Figure 1. Example photodifference maps.

[ 1] K. N. Jarzembska, R. Kami Eski , B. Four ni &org. ChEm53(R014)0 p ,
10594.

[2] E. Trzop, B. Fournier, K. Jarzembska, J. Sokolow, R. Kaminski, J. Ben¥diChen, RHenning, P. Coppengéicta Cryst. Sect.
A70(2014) C776.
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Tuesday, 05.09., 17 11° |  computational facilities (gra no.: 285). K.N.J. would like to
. . . . thank SONATA grant (2014/15/D/ST4/02856) from the
ngh_-pressure S!n_g'eCWSt_a' X-ray diffraction National Science Centre in Poland for financial support. The in
studies of organiecinorganic compounds house Xray diffraction experiments were carried out at the
at ID15B beamline at ESRF Department of Physics, University of Warsaw,tla¢ Rigaku
. ) ) Oxford Diffraction SuperNova diffractometer, which was co
Rados § aw™KatarzygBNkJarzembska financed by the European Union within the European Regional

Damian Paliwodd V&cl a¥ meat 2ldek PdevBldhmeht Sund (POIG.02.01:08-122/09).
Krzysztof Durkd, Carla Pretorius Andreas Roodt

[ L-07 | Tuesday, 05.09., 137 120
1Department of Chemistry, University of Warsaw ) ) Y l
twirki i 08§ Warsaw, Pddahd, 0 2 Synchrotron X-ray diffraction methods
2Department of Chemistry, Lehigimiversity for surface characterization

Bethlehem, Pennsylvania 18015, United States
3Institute of Physics,

Cukrovarnicka 10, 16253 Praha, Czech Republic IESRFThe European Synchrotron, 71 Avenue des Martyrs,
“Department of Chemistry, Warsaw University of Technology 38000 Grenoble, France

Noakowskiego 3, 0664 Warsaw, Poland

5Department of Chemistry, Univétisof the Free State *e-mail: jankowski@esrf.fr

P.O. Box 339, Bloemfontein 9300, South Africa

Maciej Jankowski

Surface Xray diffraction (SXRD) allows the exact
*g-mail: rkaminski85@gmail.com structure determination of surfaces, interfaces, and thin

. . . . . films. In mparison with other diffraction rf
High pressure studies of materials constitute an importan S companso th other diffraction surface

field of r rch. The hiahbr ] h ften §ensitive methods, like electron or helium atom
elia of research. € gpressure p ases, ofe diffraction, the main advantage of SXRD is tlapability
exhibiting unique properties, are formed ieotpgical

] new  mineral harm i Lo penetrate deeply into matter allowing the investigation
processes  (e.g. N erals), pharmaceutica ot only of the surface structure, but also the structure of

formu!at|ons (e.g. while preparing pills), or when various the subsurface region. The high-ray penetration depth
materials are exposed to extreme conditions on pUrposg; o e o perform operando study of materials at

(e.g. shock waves). Hence, the detailed knowledge of th%on itions ranai . .
. ~ . ging from ultrigh vacuum (UHV) to high
materialso sensable o urrderstamdsanddp eéjsbr or in a liquid environment. The high brilliance

later to potentially sensibly control, their behaviour an synchrotron source of-says is a necessity for such kind

function. In this respect higpressure singlerystal X-ray of experiments, as the diffraction al from the surface

. i h X ign
difiraction experiments piof}didb of ighilde RbeF thal o e buik, B
sructuret\)/v: _aorrr:lc resoglont. IS, In W mows e:‘)s the refii rocal spage_resolution, corresponding to the
esta IS a 0st an epmssare phase Qri!)d i%/ oftefis of nArdometers in'the & space, can be

tra:tsr:gogsh (\a/\tlc.,wﬁlr ed corrlicgernedr. rConr?teqtuz?tly, Inn t\x” chieved thanks to the spatial coherence of-ttag/oeam.
co ution we escribe our recent studies o 0 SXRD, together with grazingncidence small angle

types of organiénorganic materials exhibiting interesting scattering and wide angle scattering (GISAXS and

spectroscopi@roperties. In both cases the higtessure GIWAXS. respectively), is frequently used in the

data collection has been done at the (partially new) IDlSBoperando characterization of single crystal surfaces and

surface supported nanoparticles at catalytic -a@atvient
onditions. This allars to obtain information about their
rystallographic structure, morphology, and monitoring of
eir structural changes in a reéahe. SXRD is widely
sed for resolving the structure and the growth dynamics
of thin layers of metals, oxides, semiconductors
molecular films, nanocrystals superlattices, and
hananetersized nanoparticles.

The ID03 beamline is dedicated to SXRD at the ESRF,

beamline at the ESRF facility.

A boron containing compound, which undergoes
some phase transition in the solid state at elevate
pressure, constitutes the first presented case. Out of man
solvatomophic structures it forms, the structure containinqJ
tetrahydrofuran (THF) undergoes thghrpressure phase
transition. In the new phase the THF molecules are rotated.

The second study is dedicated to a rhodium complex
namely LRh(CO) (L = 3-benzoylacecate), which exhibits

c?aln StliJnb Str?crtur;SY E)(?Sil?r Ct’inn Ffrh}ﬁth Ln'[rergctlon%e European Synchrotron, which offers ideal conditions
propagating along ey-axis direction. Temperatureé does .. ha taqt characterization of surfaces and interfaces in

?(S;cheap\;efo? fﬁgenllgggrgg\??g::tuaﬂ g:jl it;l;(i:égri";l fhaerir;féeg iffgrent environments. This is possible thanks to thg_high

the high temperature structure). In turn, the application o riliance synchrotron Xay beam, the use of sensitive

high pressure leads to a phaée trMitin which the argearea 2D detectors, and the recently developed
software for the fast analysis of collected data. Its access

Rh...Rh chains differentiate noticeably. As a result thejS open to the European community

structure becomes modulated and has to be treated within The aim of this contribution is to present the 1D03

a sudpe;rspbaC(ta art)péoafiﬂ'trlln addtliuon, th% Vl\lzmetc%Stalbeamline, its experimental opportunities, and provide
heeds 1o be treated wi & mytiase model due to the some examples focused on the structural determination of

incompletephase change. single crystal (bi)metallic surfaces under catalytic
Acknowledgements  High-pressure  experiments ~ were operando conditions, reatime characterization of

conducted at the ID15B beamline of the ESRF facility topologically insulating thin films growth, and their selid
(Grenoble, France) (proposal no.: @H03). We thank the liquid phase fransition
ing ' an dI Sup

Wrocgaw Centre for Net wor ki n upercomputing for
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Wednesday,06.09., 907 9% | The effectiveness of the analysis of extendeayfine
] o structure (EXAFS) will be shown with regard to the
X-ray absorption for characterisation of new problem of doped elements loiwat in the crystalline
materials T the overview of the accessible uniqgue  matrix. The case of the classical GaMnAs semiconductor
information will be considered. The fraction of Mn atoms located in
interstitial and substitutional position will be assessed in
Krystyna -GCawhtd Eskak the case of as grown samples, together with distribution of
Mn atoms amid the cubic and the hexagonal inclusions
Hnstytut Fizyki PAN, after post growth annealing [4]. Moreover, calculated
Al. Lotnikéw 32/46, 0668 Warszawa, Poland XAS spectra for different location of atoms in a given

crystal structure show significant differences. The
quantitative comparison of the calculateddal spectra

- . with measured spectra can thus be a quick homogeneity
The characteristic features of theay absorption spectra checking procedure. The-ray transitions, preserve the
(XAS) are .e'eme”ta* el ec _t Vit Yo and elrtec%rc?n S ir{ tRr8f&rd ard l’mélgﬂertico serffsitive. This
local atomic order and chemical bounding. Therefore,feature is named Xay magnetic circular dichroism
XAS can be applied to study elemental, chemical and th MCD). This kind of xray alsorption study also
phase heterogeneity in materials. These information are %r(ovided unique information. Although, the best mode of

great interest in characterization of new materl®ing  v\icp detection is the transmission for majority of

nowadays mostly  composite or/and _hano g.ranU|arreported in the literature experiments the total electron
materials. Several examples of XAS investigation of

het terials will b ted yield_ (TEY) and total qu_orescence yi_eld (TFY)_ were
eterogeneous materials will be presented. applied. These twaletection modes differ also in the

The appllcatlor) of the analysis of near ed_ge Structure,y amined depth and can provide different result in the case
(XANES) for solving the phas_e hetero_genelty p_roh)le of inhomogeneous samples: e.g. for sample containing the
will be presented for composite material used in tools

duct d artworks I1. 21. Th ¢ I th dcubic GaMnAs and hexagonal MnAs natlasters the
production and artwor S.[ + 2]. The most popu ar metho signal significantly differs (Fig.1). Several nagmnular
for quantitative analysis of the content of different

) . . materials studies will illustrate usefulness of XMCD.
chemical compounds of a given element is the least

squares linear combination (LC). Theetinod is simple 15 2,0

and easy to implement. It uses the lesgtares algorithm «=0.063

to fit the sum of a given number of reference spectra to al 10+ . 115

experimental spectrum. The LC method and the moder 5. 600 'C

detection allowed e. g. to estimate the nature anc TFY ika

distribution of seondary Cr compounds and 0+

quantitatively determining their abundance in two paint 5| TEY —»

micro-samples taken from artworks by Vincent van Gogh 10.0

[2]. 10
The use of XAS to address the problem of chemical P

heterogeneity will be demonstrated in the cases of naturz N P17

minerak [3]. The alternative method to check if all 630 635 640 645 650 655 660 665

considered references are necessary needed or & photon energy (eV)

sufficient to fit the spectrum under consideration is theFigure 1. XMCD signal for TEY and TFY modes of detection.

principal component analysis (PCA). This method will be

briefly introduced. It has become n_owadaystumu to [1] Piskorska, E.et al.: Spectrochim. Acta, B2 (2007) 461

collec;t hundreds of spectra on a single sample e.g. D] Monico, L., et al.: J. Anal. At. Spectron0 (2015) 613.

funct_lon of time. For analysis of such a data the I_-C[B] Klepka, M.T.,et al.: J. Electron. Spectros¢82(2010) 85

requires reference spectra and PCA often provides mlxetj4] K.Lawniczak] abl onska: fMagni&tic | ons

components that are hard to interpret. In such a case th€e mi ¢ o n &RaytAbsorption Spectroscopy of

multivariate curve resolign with alternating least squares Semiconductors, Spring&ferlag Berlin Heidelberg 2015,

fitting (MCR-ALS) can be used as a method to separatec.S. Schnohr and M.C. Ridgway (e®i3.

constituents from XAS data.

*e-mail: jablo@ifpan.edu.pl

XMCD

40,5
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Wednesday,06.09., 10°°7 11° |  ions and atoms or molecules-41. To achieve this goal
] we merge the statef-the-art quantum chemical and
Structural biology dynamical techniques and apply them to a series of
) collision systems. Especially, we use and develop modern
Marcin Nowotny* numerical tools, allowing for an investigation of both

processes in the ultrafast femtosecondis¢l10%s) time
scale. Such studies are of high relevance in the
understanding of the action of ionizingdiation, namely
*e-mail: mnowotny@iimcb.gov.pl radiation damage in DNA, cell killing and repairing. lon
beam cancer therapy and, in general, cancer research, may
Structural biology provides information on the benefit from these capabilities. As an example of the
architecture of biological molecules, in particular proteinsapplication of our methodology we selected neutral and
andnucleic acids, at the level of individual atoms. This ionized furarmolecule, which belong to the family of ring
allows us to understand not only their chemical structuregstructures that are analogous to the deoxyribose building
but also the details of their mechanism of action inblock of the DNA helix. Therefore, this molecule can
physiological and pathological processes. For most of theéerve as a model system for track simulations in biological
history of structural biology iwas dominated by one medium [3,4].
method - protein crystallography. In this method, As a first step, to deteiime the structure of the
microcrystals of the studied molecule are obtained and théwolecule, the results of the electronic properties and
X-ray diffraction experiment is carried out on these lowest excited states obtained dly initio (HF, MP2,
crystals. At this stage it is crucial to use a synchrotron X CASSCF, EOMCCSD), propagator (P3, OVGF) and
ray source.From the diffraction pattern, the spatial density functional theory (with B3LYP functional)
distribution of electrons in the crystal can be calculatedmethods will be presente@he accuracy of the methods
and hence the position of the at® of the molecule can be is estimated with experimental and theoretical results
detemined. given in literature. To interpret the fragmentation
In the last few years a revolution in structural biology mechanisms and to determine accessible products of
has taken place due toetldevelopment of modern high dissociation we performed calculations of minima and
resolution electron microscopy methods at cryogenictransition stateson the potential energy surfaces using
temperatures (cry&M). Traditional cryeEM has  Density Functional Theory. We applied AteGentered
routinely been able to achieve a resolution of about 10 APensity Matrix Propagation method to study dynamics of
too low to determine the atomic model of the molecule.the process. We present the results obtained for the cases
Thanks to theconstruction of very fast and sensitive of 530 eV internal energy being applied to theteyn and
cameras,sg al | ed fddirect det ec tdiscuss gdhe adiffarent mechagigms earising rfiemn the
of appropriate software, it has become possible to obtaifragmentation. The general fragmentation dynamics of the
structures with a resolution comparable to crystallographysystem is dominated by the opening of the furan ring and
- in the range of B A. The use of moda cryoEM has  H migration and its transfer. The most frequent channel
led to the identification of groundbreaking and previously involves production of acgtene by direct & bond
inaccessible structures such as eukaryotic ribosomesleavage. For singhionized furan, the most abundant
spliceosomes or membrane proteins. channels include production of formyl radical (CHO?),
As examples of research conducted using bothcyclopropenyl (GHs") and GH4O" cations with H atom
crystallography and electron microscopy, ouuatiral ~ out of dehydrogenation process. A comparison of
studies of proteins involved in the repair of géo  experimental data, i.e photoelectron photoion

linternational Institute of Molecular and Cell Biology
Trojdena 4, 02L09 Warszawa, Poland

material will be presented. coincidence spectroscopy vs. theoretical results will also
be given.
L-10 Wednesday, 06.09 147 1430| Acknowledgements We gratefully acknowledge financial

support from COST Action CM1204 "XUVAXay light and fast
ions for ultrafast chemistry" and Erasmus Plusgpamme

Fragmentation of molecules using quantum (M. G). Calculations were perfor.
chemistry methods Networking and Supercomputing, Centro de Computacion

_ Cientifica in Madrid, Universitatsrechenzentrum at Friedrich
Marta Gabuda Schiller University in Jena.

Politechni ka GdaGska, = . .

Wydziag Fizyki Technicznej i E:h%e/lr]% IBhMSB?Zgl% %ﬁsg/gzgugzg Lc') (\Blvdgzra%l%z?qiﬁs](:bem
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Chem.Phys400(2012) 165.

*e-mail: marta.labuda@pg.gda.pl [3] M. C. BacchusMontabonelM . Gabuda, Y. Tergi
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d Phys.Chem.Chem.Phycepted(2017)
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fragmentation processes occurring in collisions betwee
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Calculation of resonance Raman ESRF: Overview, EBS project, new beamlines
and photoelectron spectra of molecules and research opportunities

using quantum chemistry methods
Harald Reicheft

Julien Guthmulley

1IESRFThe European Synchrotron, 71 Avenue des Martyrs,

PolitechniWa zGhaajESFKa ,MS 38000 Grenoble, France
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Electronic and vibrational spectroscopies, like UV/Vis Thursday, 07.09., 9%°i 10 |
absorption, photoelectron and resonance Raman (RR), are

useful techniques to provide information on structures and®P€ctroscopy at the ESRF

properties of molecules in their ground and excited states.

Moreover, quantum chemistry methods are able to-ieter Glatzer

accurately predict the energies, the geometries, th

vibrational modes and frequencies, as well as th%%(s)gggzzn%l;)ﬁgpiégnignchrotron, 71 Avenue des Martyrs,
electronic properties of the molecular states. Therefore, '
the simulation of spectra, using quantum clstmi *e-mail: glatzel@estt.fr
methods, can help in the interpretation of experimental

data as well as in the design of new compounds fOfrhe experimental requirements forrdy spectroscopy
specific applications, as for example, in eéy@nsitized  (itically depend on the problem that the researcher wishes
solar cells or as photocatalysts for hydrogen generationy, gydy. The ESRBffers a large number of experimental
Additionally, the calculatiorf absorption, photoelectron  giations each optimized for specific applications and thus
or RR intensities and their comparison with preciséyaets the needs in most fields of natural sciences. Bending

experimental data offers an opportunity to assess thg,qnet (BM) beamlines provide ideal conditions for high
ability of standard quantum chemistry methods to prEd'thuality X-ray absorption experiments in hmission or

moleculgr prope_rties. _ . fluorescence detection mode while insertion device (ID)
In this contribution, theoretical absoipt and RR  peamiines push the limits with respect to beam size, total
spectra are presented for the organic mole_cule %hoton flux, time and energyesolution. Xray
Rhodamine 6G and for a Ruthenifalladium  5psorption spectroscopy with beamsize down to a few
supramolecular photocatalyst [1,2]. The calculations arg, ndred nanometers can berfpemed on ID21. An
performed with density functional theory (DFT) and with energy dispersive Xay optics layout on ID24 allows
time-dependent DFT (TDDFT). The obtatheesults are  yocording of a transmission absorption spectrum with an
compared to experimental data and their accuracy i _ray pulse from only one electron bunch providing ime
discussed. In particular, the importance of Fra@okdon  egoytion in the naneecond range. Detection of-rdy
(FC) and Herzbergeller (HT) vibronic couplings is apsorption  dicloism  requires  highest  possible
considered. Additionally, the first ionization energy and ,aasurement accuracy and full control of thera)t
associated photoeleotr spectrum are calculated for a polarization as provided on 1D12. Photioviphotorout
series of small esters [3,4]. These calculations are realizeébectroscopies such as Resonant InelastieayX

with the wavefunctiorb_ased methods, secoeodder Scattering (RIXS), Xay Emission Spectroscopy (XES)
Mgller-Plesset perturbation theory (MP2) and coupled 4.4 Xray Raman Bectroscopy (XRS) are available on

cluster. In particular, the effects of Duschinsky couming |p2o ID26. ID32. FAMEUHD and ROBL coverig the
are investigated on the photoelectron intensities. soft to hard Xr'ay range 1i3). In a very recent

Acknowledgements The author is grateful to the Narodowe : :
Centrum Nauki (Project No. 2014/14/M/ST4/00083) for die"e")p”:%”tti’ the EIS't-‘;Fn”Or‘]"’Igggrs XES combined with
g coseco mgesolution o .

financial support. The calculations have been performed at th
Universitatrechenzentrum of theiedrich-Schiller University of

Jena. [1] S. Huotari,et al.: J. Synchrotron Radia®4 (2017)521.

[2] P.Glatzel,et al.: J. Electron Spectras Relat. Phenori88
[1] J. Guthmullerd. Chem. Phys.44 (2016) 064106. (2013)17. _
[2] J. Guthmuller, L. Gonzale®Bhys. Chem. Chem. Phys. [3] I. Llorens,et al.: Rev. Sci. Instrun83(2012)63104.

12(2010) 14812.

[BIM. Gabuda, Hu.Phgul Speciall | er :

Topics222(2013) 2257.

[ 4] M. A. $mi agek, M. Gabuda, J. Gut hmul |l er , M. J . Hubi n
Franskin, J. Delwiche, S. V. Hoffmann, N. C. Jones,

N. J. Mason, P. Lim&¥ieira: Eur. Phys. J. ¥0(2016) 138.
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Figure 1. X-ray spectroscopy beamlines at the ESRF.

Thursday, 07.09., 10°7 10°°|  less of a priority, including data for paiistribution

] ] ] function (PDF) analysis. A wide range of sample
X-ray diffraction and scattering environments is available, allowing measurements from 4
opportunities at ESRF K to 1600C for capillary pecimens.

. ID31, HighEnergy Beamline for Buried Interface
Andy Fitchi* Structure and Materials Processing, is one of the new,

long, microfocus, beamlines constructed during the ESRF
Phase | upgrade program. The beamline also has a CdTe
Pilatus detector, and offers a mher of hard Xray
*e-mail: fitch@esrf.fr characterisation techniques including reflectivity, wide
and small angle diffraction, imaging methods, and

The ESRF has several beamlines, particularly in theauxiliary techniques, coupled with vers_atility in choosing
Structure of Materials group, that between them allow X 0€am sizes, energy and energy bandwith. »
ray diffraction and scattering experiments over a wide Between them, these beamlindgepopportunities to
energy range, from the relatively soft, 6 keV, through tos'gudy _the cryst_al structures of materials via _classm
the distinctly hard, in excess ddG keV at the upper limit.  difffaction techniques, and to study the evolution of
ID11, the Materials Science Beamline, was one of thgnaterials as they are heated or cooled, undergo chemical
first to operate at the ESRF, and, following several’®action, adsorb or desorb gasses, or generally are
upgrades, is dedicated to moderate to high energy powd&Perated upon oprocessed under realistic operating
or singlecrystal diffraction and/or imaging studies of a conditions. Where appropriate, by tuning theA photon
variety of systems of interest for their physical, €N€rgy to an elemento6s absol
mechanical, or chemical properties. Very high Spa,[i‘.juscattermg can be exploited to en_hance cont_ras_t between
(<100 nm) and time (1 ms) resolution are available. elements close to each other in the Periodic Table.
IDI5A, Materials Chemistry and Materials Defective poorly-crystalline materials, glasses and liquids
Engineering, newly refurbished as part of phase | of the?@n e investigated structurally via the PDF technique,
ESRF ugrade, is a highly versatile instrument that allows €XPloiting measurements to highvalues accessible via
a wide range of isitu measurements in the areas of the hard energies available to weldapu_:ture o_fstarrge
materials chemistry, catalysis, and metallurgy, among?rder and  longerange interatmic  distances.
other areas. It is equipped with a harnergy, CdTebased omographic and other imaging techniques can yield

Pilatus 2M photorcounting pixel detetor providing rapid ~ detailed 3d information of the grakstructure and phase
counting and outstanding data quality. distribution in polycrystalline and composite materials,

ID22 is the high resolution powder diffraction yielding microstructural information on the length scales
beamline. As well as providing high resolution data of UPtomm. _
high accuracy, the beamline was recently equipped witha 1ne tdk will give an overview of some of the
large 2d medical imaging detector foomplementary ~Possibilities available at ESRF.
measurements, for samples where angular resolution is

8
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Thursday, 07.09., 117 12°|  reaching excellent beam parameters with théurah

] i ] emittance of 5.98 nmrad [1]. The commissioning of
Solaris Synchrotroni from the start up to first Solaris storage ring started in May 2015 and required a big
experiments effort in machine parameters optimization [2, 3]. After 2

years of operation very good performance has been

Adriana Wawrzyniak* Arkadiusz Kisiet, achieved. The optics was corredtclose to the design
Andrzej Marendziak P awe § *, Bauima wi e ¢ yalues. Up to now over 400 Ah of the integrated current
Klimczyk?, Magdalena JaglatzSzymon Pielg was accumulated in the storage ring and the average
Mac i e ]!, MaelpStankiewicz pressure with 250 mA of a stored current isI2mbar.

L ) The maximum st_ored current at th_e f_uII energy is 400 mA
NCPS SOLARIS, Uniwersytet Jagd b fFikné of 8 h. The lifetime of the beam is
Czerwone Maki 98, 3892 Krakéw, Poland L . . -
still increasing with the accumulated beam dose showing
significant improvement since last year (Fig. 1) [4]. Apart
from the vacuum conditioning, some minor adjustments
The Solaris synchrotron installed in Krakow representsare still needed in order to redude tdisparity between
a novel approach to the design of the third generation lightnodel and measured results what is the scope of current
sources. The 1.5 GeV storage ring consists on 1activities [5]. Moreover, during daily operation the main
integrated Double Bend Achromat (DBA) magnets task is to maintain lonterm stability of the circulating
designed in MAXIV Laboratory in Sweden [1]. electron beam allowing for UARPES and PEEM/XAS
Integrating the DBA cell in one magnet block assures thebheamlines comrssioning. Within this presentation the
alignment within tens of micrometres tolerances. overview of commissioning results and current Solaris
Moreover, using strong focusing and multifunction facility status will be reported.
magnets makes the storage ring lattice ultra compact

*e-mail: adriana.wawrzyiak@uj.edu.pl
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Figure 1.1* Uproduct vs. integrated current.
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Angle-resolved Photoelectron Spectroscopy Status andfirst results of the PEEM/XAS
at National Center for Synchrotron Radiation beamline commissioning process
SOLARIS i

MarcinZ a j**NTomasz Giela Jozef Koreck®, Marcin
Jacek Kobgodziej Sikord, Marek J. StankiewidzAdriana |. Wawrzyniak
IUniwersytetl agi el | o Es ki , INational Synchrotron Radiation Centr©BARIS,
Wydziag Fizyki Astronomi.i i Jagidllaniemimiveysikyju CZtwons Wlaki®d®, e |
ul Goj a s BOSS#8iKmkda, Pdlahd 30-392 Krakéw, Poland

2Faculty of Physics and Applied Computer Science,
*e-mail: jj.kolodziej@uj.edu.pl AGH Univasity of Science and Technology

Al. Mickiewicza 3030-059 Krakdw, Poland
The research technique of AndResolved Photelectron 3Jerzy Haber Institute of Catalysis and Surface Chemistry,
Spectroscopy ~ (ARPES)  enables  experimentalPolish Academy of Sciences
determination of the allowed quantum states space fo!!- Niezapominajek 8, 3239 Krakow, Poland
electrons, in solid state. The results provided by theAAéﬁdSm\’/‘;gﬁ;tg?gg/i':;iga;gr}iyhinsgzzhn°'°gy’
techniqgue are interpreted in general -ehectron Al Mickiewicza 30, 3@59 Krakéw, Poland
framework, however, at the second look mdnagdy
effects are revealed as well. Many recent scientific keyse-mail: mar.zaja@uij.edu.pl
results, concerning for example: high temperature
superconductors, topological matter, graphene, have beenhe PEEMKAS beamline has been optimized for the soft
obtained using ARPES. With reference to that theX-ray photn energy range (2@D00 eV) with the bending
meaning of ARPES for advances in contengpy physics  magnet as a synchrotron radiation source. The chosen
and technology is widely recognized. In SOLARIS an optical design based dhe plane grating monochromator
undulator based experimental line for the ArBlesolved  working in the collimated light (cPGM) has been adjusted
Photoelectron Spectroscopy has been constructed as ohg the Optical Group from Elettra. The cPGM is equipped
of the first. The line is called UARPES (after Ultra with two gratings to obtain energy resolutiefe(E) in the

ARPES). . _ order of 2.5x10 or better in the accessible engmange
In this presentadin the construction of the UARPES and available linear horizontal and elliptical polarization.
beamline as well as the available researghodpnities Within  the framework between Jagiellonian

will be presented and discussed. Also, there will beuniversity and Jerzy Haber Institute of Catalysis and

discussed the fundamentals of generation of synchrotroSurface Chemistry PAS, the Photoemission Electron

radiation beams in undulators and benefits of using suclicroscope will be the main end statiohtbe beamline.

beams as an excitation for ARPES. Exchangeable with microscope we use separate chamber
for X-ray absorption spectroscopy measurements. It will
be dedicated to experiments in the field of biology,
chemistry, catalysis, material science and physics. Both
stations are composedf several vacuum chambers
including dedicated chamber for sample preparation and
characterization under UHV conditions. The dimensions
of the focused photon beam at the sample place aes100
(H) x 5Cem (V).

We summarize the commissioning phase of tbatf
end components. The spatial stability of the source was
characterized using the-bay beam position monitors.
Some small beam instabilities were discovered and
preliminary feedback was implemented. This presentation
reports on the PEEM/XAS beamlinetaal time schedule
and the results of the first phase of the commissioning
process.

Acknowledgements Authors would like to thank A. Bianco,

E. Busetto and I. Cudin from Synchrotron Elettra, Trieste for
beamline optical desigoptimization and support during design
period and also J. Raabe from Swiss Light Source at Paul
Scherrer Institute for help in solving of many technical aspects.
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Future beamlines at SOLARIS Quantum X-ray lasers pumped by XFEL
radiation
Jacek Szadeé*

Karol AdamJanulewic*

INational Synchrotron Radiation Centre SOLARIS,

Jagiellonian University lnstitute of Optoelectronics, Military University of Technology
Ul. Czerwone Maki 98, 3892 Krakéw, Poland gen.S. Kaliski 2, 06908 Warsaw, Poland

2University of Silesia

Uniwersytecka 4, 4007 Katowice, Poland *e-mail: karol.janulewicz@wat.edu.pl

*e-mail: jacek.szade@uj.edu.pl Success of the Linac Coherent Light Source (LCLS)

proved that advent of the -My free electronlasers

The plans of the development of Polish synchrotronchanged in some way the paradigm of the important
SOLARIS in the incoming years are presented. Besidesesearch directions. Plasma-r&y lasers dominated
two existing beamlines, two next ones have been financedunchallenged the field of shenavelength generation
One of them is PHELIX which will be based on radiation until the FLASH facility began deliver the first photons.
from the EPU type undulator in the energy rangdd500  What is the relation between the baypes of the short
eV and with variable polarization. The collimated PGM wavelength sources? Is any chance for cohabitation? To
monochromatization will be based on three gratingsanswer these questions the output beam quality of both
giving the resolving power better thaét and flux density  types of sources will be analysed in detail. The output
at the sample of fphotons/s/0.1BW. The techniques parameters such as coherence and polarisation will be
available at the endstation will be photoelectronrelated to themechanisms underlying the emission
spectroscopy in the angle integrated, angle resolvegrocess. Finally, it will be shown the possible solution
modes and in the spin resolved mode. Additionalhax  joining both system in a one where XFEL would be used
absorption measuremerih the TEY and TFY modes will as unprecedented pumping source initiating quantum
be possible. Research opportunities available at PHELIXexcitation of the electronic system and forcing it to
will be presented. geneate as a quantum-My laser conserving the best

The XMCD beamline which is based on the former features of the pump and improving its biggest deficits,
11011 transferred from Maxlab. Their reinstallation at e.g. poor longitudinal coherence. The fundamental
SOLARIS will require a necessary upgrade. Tharbline  processes of such an interaction between haralyX and
is using radiation from the EPU undulator in the energymatter will be discussed in categories bé tnonlinear
range 102000 eV. It will provide radiation for one of spectroscopy, stimulated emission, saturation and medium
three endstations devoted to studies of materials with th&inetics. The first such a system has been realised at LCLS

use of xray magnetic dichroism. in 2011 using neon as the active medium and the result
The plans for the development of next baass will was reported in [1]. This innehell X-ray laser was
be also presented. realisation of tk old proposal from 1967 [2], that has not

be demonstrated in plasma in spite of major efforts.
Further development of this pumping method will be
surveyed and the potential research direction will be

Monday, 04.09., 101 1115 |  sketched. Here, solid targets are considered as the mos
promising while the hitherto attempts were focused on
A test linear accelerator for FEL development gases and solutions. A sketch of the proposed experiment

is shown in Fig.1.
Robert MNietubyl

INarodowe Centrum Bada@® JNdr owy
Soltana 7, 05400 Otwock, Poland

*e-mail: robert.nietubyc@ncbj.gov.pl
Metal

A concept of electron linac has been developed at NCBJ mge(, /
consisted of albuperconducting electron injector, Tesla XFEL

like accelerating section and plane, tunable gap undulator. 10%6- 107 W/em?

The primary scientific case are the injector optimization, o g

RF field and beam characization while continues wave

operation, dedicated for FEL development. fIRz  Figure 1.Arrangement of the quantum-bay laser.

ranged electromagnetic radiation will be delaeito the

EXpe”mental station. [1] N. Rohringer, D. Ryan, R. A. London, M. Purvis, F. Albert,
J. Dunn, J. D. Bozek, C. Bostedt, A. Graf, R. Hill, S. P.4Ré&ge,

J. J. RoccalNature481(2012) 488.
[2] M. A. Duguay, G. P. Rentzepiéppl. Phys. Lettl0 (1967) 350.
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Monday, 04.09., 13%i 13|  resolution, our group designed similar spectrometer (in
cooperation with PREVAC) but instead of primary
Micro - X-Ray fluorescence spectrometer with polycapillary optics we applied single bounce metallic
X-ray single bounce gold capillary optics for capillaries optics, designednanufactured. For single
light element analysis bounce capillaries the second capillary normally mounted

in the front of detector is not needed. As a sourcegyX

Robert Mroczkit Gr z e g or z 't uR @ & §Es @tgb \(Jwt(p icrospot (40um) was applied, similar as it was
I used 'in” other spectrometer [1]. Our spectrometer was

IKatolicki Uniwersytet. ubel ski Jana Pawg aln.sﬁal ed on December 2.015 In OF” Lal?oratpry.
Interdyscyplinarne Centrum Bgadedoueegoldcapilages with elliptic internal shape
Laboratorium Optyki Rentgenowskiej have recently been redesigned and developed in our
Konstantynéw 1, 2008 Lublin, Poland Laboratory. Surface roughness internal reflectivity layer
was reduced up to 0.3 nm and slope error @05 mrad.
*e-mail: mroczka@ul.pl Because capillaries are produced by electroforming

] ] method, Xray reflectivity internal layer is not only limited
In the last 20 years rapid development efe¥ optics was  to gold but other metals and multilayers are also possible.
found application in micro Xay fluorescence The spectrometer equipped with gold capillaries offers the
spectrometry (micrXRF) and has become a powerful possibility of elemental analysis with better lateral and
tool to determine the spatial distribution of major, minor gepth resolution than is offered by glass polycapillaries at
and trace elements within a sample. Midtaay energies 9 keV (Cu, Kalpha) and 1keV (Mo, K,alpha).
puorescence (mickXRF) spectrometers for light element T further extend analytical capabilities of single bounce
analysis (6 O Z O 14) usi mdalicGhpdiss, we Vil YrésénPal desigRdf ¥ mi@P t i € s
usually designed and applied to confocal geometry. ThexRF spectrometer using synchrotron radiation (SR).
first capillary focuses the primary beam on the sample; thezapillaries with parabolic shape will be applied in order to
second restricts ¢hfield of view of the detector. In order focus SR and can be considered asrayoptics element
to be able to analyze a wider range of elements especiallyr micro-XRF line of our Synchrotn SOLARIS .
with (6 O Z O 14), both spayeinsre, ave dwill dcBrip8ré the rcapabllits Qe r at
under vacuum. Depth resolution varies betweeneM@t  |imijtations of this spectrometer with others, that use

1 keV puorescence energy (N&) and 30em for 17.5  |aporatory and/or synchrotron sources.
keV (Mo-KU) [1,2]. In order to improve lateral and depth

beam
stopper

Focusing
point

capillary \

Focal X-ray source —

S —— > .

Far field image d~|stance. F capillary distance,

on X-ray camera B 20 mm A >
S~120 mm

Beam at focusing
point

Figure 1. X-ray capillary optics setup

Acknowledgements This work was supported ancb-funded by the European Union as part of the Operational Programme
Development of Eastern Poland for 200@13, Priority | Innovative Economy, Measure 1.3. Support for Innovations and The National
Centre for Research and Development, Project no. TANGJ1(®2/NCBR/2015.

[1] S. Smolek, B.Pemmer, M. Folser, C. Streli, P. WobrausdRekiew of Scientific Instrumer&8 (2012) 083703.
[2] S. Smolek , T. Nakazawa, A. Tabe, K. Nakano, K. Tsuji, C. Streli , P. Wobrausthek:spectrometry3 (2014) 93.
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0-04 Monday, 04.09., 1507 15%° | removal of such molecules from the atmosphere. To date
there is remarkably little data on the electronic states of
Electronic statespectroscopy of small ether these compounds.

molecules in the gas phase

’ Ethylene oxide
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We would like to present our findings on electronic
structure of cyclic ethers: ethylene oxide,-@liBxane and
1,3-dioxolane, which are important components of
industrial production of solvents, stabérs, plastics and g
larger organic molecules, like glycols, for household use. %% % %
For example, ethylene oxide, the simplest one, can also be e
used as disinfectant in hospitals. Thus, throughout humaffigure 2. Photoabsorption speetiof chosen ethers
actions they may play a role in the greenhouse effect. _

We measured high resolution photoelectron Spectr(,j@cknowledgements The authors wish to acknowledge the

: : : : eam time at the ASTRID synchrotron at Aarhus University,
(FIQ' 1) of_the gboyementlongd Cycllp ethers in order tODenmark, supported by the European Union (EU) I3 programme
derive thelr |Qn|sat|on potentlals_, which in turn may be ELISA, Grant Agreement No. 22671Research described in
used to identify Rydberg states in VUV photoabsorptionis paper was performed at the Canadian Light Source, which is

spectra that were also obtained (Fig.\®)th assistance of  supported by the Canada Foundation for Innovation, Natural
the stateof-the-artab initio calculations we were also able Sciences and Engineering Research Council of Canada, the
to determine the valence transitions observed in theJniversity of Saskatchewan, the Government of Saskatah,
spectra. From the photoabsorption spectrum, thaNestern Economic Diversification Canada, the National
photolysis rates were determined in order to assess th@esearch Council Canada, and the Canadian Institutes of Health
probability of his mechanism being a key one for the Research.

1.3-dioxolane
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Monday, 04.09., 1597 15% | shell excitations/ionization and fragmentation of isoxazole
was studied.

Inner-shell photoexcitation and fragmentation ; ‘
of isoxazole molecules at the K edges 600 (Colis) s LLMO)

\

Isoxazole C1s edge

—e— Experiment
=== SRC2-BLYP
C4(1s)-n*(C-C)

Tomas z WNAsth Kivinéiki2, Robert Richtéek

[2]
| van “ MatubziZibek T w0 PRSP,
o
Department of Physics of Elegwo_
University of Technology k2
ul. G. Narutowicza 11/12,82 33 Gda Es k, Pol a £ 200
2CNRIOM, Laboratorio TASC, -
34149 Trieste, Italy 100 A
SElettrai Sincrotrone Trieste, Area Science Park Basovizza,
34149, Trieste, Italy 0 4 , . ; . :
4Department of Physical Chemistry, Rudjer Boskovic Institute, 284 286 288 290 292 294
Bijenicka cesta 54 P.O. Box 180 HR002 Zagreb Croatia Photon energy (eV)

°Department of Control and Power Engineering, Faculty of  Figure 1. Experimental and theoretical C 1s NEXAFS spectra.
Ocean Engineering and Ship Technology,

Gda®sk University of Technol g@ys 2 compares the total ion yield spectrum of
ul. G. Narutowicza11/12,893 3  Gda @s k, Pol agdl ;o6 measured near the Cls edge without field
ionization with the total yield of HR fragments (and
energetic photons) obtained after applying field

Synchrotron radiation being the mosftfective light Ionization.
source gives rise to significant developments in 2000 , .
spectroscopic techniques, which probe the electronic Isoxazole C1s edge

structure and decomposition mechanisms of molecules. | —e— lon yield C1sIPs /l

—— HR fragments +

particular the near edgeray absorption fine structure 1500 - energetic photons \\

*e-mail: twasowiczZ@mif.pg.gda.pl

spectroscopy (NEXAFS) prvides detailed information
about presence of specific bonds and interactions it
molecules.

In the present work we have used the softayk
excitation combined with techniques of pulsed field
ionization and ion timef-flight (TOF) spectrometry to 204
investigde the gagphase Cls, N1s and O1s excitation
spectra of isoxazole molecules as well as a new class ¢
mechanism of the photenduced fragmentation, namely . e . S8 o 559 S5
photoelectron recapture into the hiBlydberg (HR)
states. The experiments were carried out at te Fhase
Photoemission beamline at the Elettra synchrotron

radiation facility exploiting the TOF mass spectrometer tpe HR spectrum resemblésat of the TIY up to about

that was modified for pulsed field ionization 397 ev. However, near the Cls ionization thresholds a
measurements [1, 2]. This experimental-sgtallows  grong band arises, not observed in the TIY spectrum. The
measurements of the total ion yield (Tlafd neutral HR  panqis attributed to the production of neutral fragments in
fragments yield (HRY) without mass resolution. The sameyhe HR states, that may be formed by recapture presess
experimental setup can also be used for identification of pere photoelectrons are pushed back to be bound on the

the fragmentation products, by measuring the mass Spectgr orhjtals of the parent molecular ions after Auger decay
of the HR fragments as well as the photoeleepbatoion 1 2] | order to identify particular neutral fragments in

coincidencemaps (PEPICO). All of these spectra areé {he HR states, a pulsed electric field was used to ionize

necessary to elucidate the processes underlying thgem and resultingpns were masanalyzed with an ion
production of the neutral fragments being in the high time-of-flight spectrometer.

Rydberg orbitals.

‘The NEXAFS spectra of isoxazole were measuredacknowledgements This work was performed during the
using the total ion yield method and wereepreted by ~ STSM visit of TIW to Elettra Sincrotrone, Trieste, and the
means of time dependent density functional theoryfinancial support from the COST Action CM1204 (XLIC) is
(TDDFT) calculations. Example patterns of experimentalgratefully acknowledgs:
and theoretical (TDDFT SRGRLYP) C 1s NEXAFS
spectra of isoxazole is shown in Figure 1. The most A Kivimaki, et al: J. Chem. Phys43(2015) 114305.
prominent transitions are indicated. Théme production  [2] A. Kivimaki, et al: J. Phys. Chem. A20(2016) 4360.
of neutral HR fragments after C1s, N1s and O1s inner

1000 -

Intensity (arb. units)

Photon energy (eV)
Figure 2. The TIY in comparison with the HRY at the C1s edge.

14



KSUPS 2017: Abstracts / Extended abstracts / Synchrotron Radiation in Natural Sciend® Mol. 12 (2017)

m Monday, 04.09., 15°i 16" |  vicinity of the laser plasma or the radiation was focused
onto the gas stream using the paralaalbcollector.
Photoionized plasmas induced by extreme Gases to be irradiated, were injected into the

interaction region, perpendicularly to an optical axis of the

ultraviolet or X -ray intense pulses Lo : Y
irradiation system, using an augily gas puff valve.

Andrzej Bartnik*, Wojciech Skrzeczanowski Photoionized plasmas were created in different gases
Przemys §aw Iswal Saber | a k either atomic (noble) omolecular. In all cases photon

Henryk Fiedorowic Tomasz Fok energies of the driving photons exceeded binding energies
Gukasigr zy Es ki of outermost electrons. In case of the LPP EUV sources

photon energies at spectral maximum were at the level of
Military University of Technology, Institute of Optoelectronics 100 eV. Energies of the SXR photons exceeded 1 keV.

Kaliskiego 2, 06008 Warsaw, Poland Taking into account that the highest ionization energy in
case of a neutral gas is 24.6 eV (helium) photoionization
*g-mail: andrzej.bartnik@wat.edu.pl events resulted in releasing of photoelectrons with

energies sufficiently high for further ionization or

Photoionized plasmas are common in Space where eithaxcitation processes. It should kanied out that energies
X-ray or extreme ultraviolet (EUV) radiation is produced of either EUV/SXR photons or photoelectrons were
by different kinds of astrophysical objects and can sufficiently high not only for ionization of atoms or
propagate over long distances. Such plasmas are notolecules but also ions. This way photoionized plasmas
encountered in normal conditions on Earth due to strongontaining multiple charged ions could be created.
absorption of ionizing photons in atmosphere.  Spectra in SXR/EUV rage were measured using a
Photoionized plasmas can be produced in laboratorgrazing incidence, flatield spectrograph equipped with a
conditions using intese EUV or Xray radiation pulses. 450 lines/mm toroidal grating and a home made
They can be utilized for scientific experiments, including spectrograph based on free standing transmission grating
laboratory astrophysics or astrochemistry, or can be5000l/mm. The UV/VIS spectra were measured using an
employed for investigations concerning some Echelle Spectra Balyzer ESA 4000. The spectra were
technological processes. composed of spectral lines corresponding to radiative

In this work investigations of photoionized plasmas transitions in atoms, molecules, atomic or molecular ions.
were performed using lasproduced plasma (LPP) EUV For analysis of the EUV spectra numerical simulations
or soft Xray (SXR) sources with various parameters. Thewere  performed, using a collisioradiative
sources were based on three different laser systems witArismSPET code. Parameters of the photoionized
pulse energies ranging from 0.8 J %600J and pulse plasmas were estimated by fitting the spectrum obtained
duration 0.2 + 10 ns. Laser plasmas were produced bfrom the simulations to the experimental one. For
irradiation of double stream gas puff targets with Xe orcomputer simulations of the molecular spectra measured
Kr/Xe mixture as the working gas. In case of using thein the UV/VIS range a LIFBASE code was employed.
high power laser pulses (PALS, Prague) intense SXRApartfrom that, the electron temperatures were estimated
pulses were produced. loase of using lasers of low by a Boltzmann plot method.
energy, up to 10 J, emission in EUV range dominated the
plasma radiation. The EUV radiation was focused usingAcknowledgements This work was supported by the National
grazing incidence collectors based on multifoil, ellipsoidal Science  Centre,  grant ~ agreement ~ no. ~ UMO
or paraboloidal mirrors optimized for specific wavelength 2016/21/B/ST7/02225 and partially by European dofs
ranges. Photoionized plasmas were produced by th&lorizon 2020 Programme (LASERLABUROPE) grant
focused EUV radiation. Concerning the SXR radiation,aIgreement no. 65414
gases to be ionized were injected and irradiated in the
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0-07 Tuesday,05.09., 9307 950 | distribution of LDOS measured by CITS and ARPES data
together with DFT alculation of band structure for TaS

Towards hybride systems- ARPES and
STMI/STS investigations of graphene, transition
metal dichalcogenides and topological insulators

laroslav Lutsyk, Ewa Lacinsk3 Pawel Dabrowskj
Maciej Rogald Natalia Olszowska

Marek KopciuszynsKj Andrzej Wysmolek Figure 1. Representative data for TaS
Mieczyslaw Jalochowski Jacek Kolodzi€j
Zbigniew Klusek* Acknowledgements: The work was financially supported by

National Sciace Centre projec2015/19/B/ST3/03142.
1Department ofSolid State Physics, University of Lodz

Pomorska 149/153, 9236 Lodz, Poland 0-08 Tuesday,05.09., 9°°7 10% |
2Institute of Experimental Physics, University of Warsaw
Pasteura 5, 0093 Warsaw, Poland

3Marian Smoluchowski Institute of Physics,

Usefulness of photoelectron spectroscopy

Jagiellonian University to study surfaces and interfaces:
S. Lojasiewicza 1130-348 Cracow, Poland selected examples
“Institute of Physics, Maria Curi8kodowska University
M. Curie-Sklodowskiej 1, 9031 Lublin, Poland Iraida N. DemchenléoYevgen Syryany ,;!,
Yevgen Melikho¥, Pavlo Konstantyndy Kinga Lasek

*e-mail: zbklusek i.lodz.pl
e-mail: zbklusek@uni.lodz.p Leszek Gladczuk

e e o Py, Pl Acdertrces
. . - Aleja Lotnikow 32/46, 06B68, Warsaw, Poland
Moreover, _splnl_abeled charge carriers can travel ingchool of Engineering Cardiff University
graphene with distances comparable to those encountergghdiff, CF24 3AA, United Kingdom
in superconductors. This makespghene an interesting
system for applications in spintronics. Unfortunately, the*e-mail: yevgen.syryanyy@ifpan.edu.pl
use of graphene in electronics and spintronics is limited
due to the fact that this material does not have an energ@ne of the main goals of materials science is to design
gap. However, the combination of graphene with materials with desired/requateproperties: mechanical,
transitionmetaldichalcogenide§TMDC) and topological ~ €lectrical, magnetic, optical, thermal and/or chemical.
insulators can create a new class of materials called hybriBesides simply having such properties, these materials
materials in which spin polarized charge carriers can bé@eed to be stable under conditions that they will normally
created and transported without scattering. This types ogncounter. Surfaces/interfaces play an important role in
modern hybrid materials would helip the future to  steility of the materials and, of course, affect the
develop the next generation of computer systems. properties of underlying solid [1]. That is why
We start from the basic physics of graphene, TMDCs surface/interface analysis with the ability to distinguish
topological insulator and foundation of hybrid systems. Inthe findings from the ones from underlying solid, is not
the central part of presentation we will show applicationjust one of the important studies, buaisecessity. Recent
of angle resolved mitoemission spectroscopy (ARPES) advancements on most of the frontiers of material science
with combination of scanning tunnelling microscopy and are noted in surface science as well. Refined instruments,
spectroscopy (STM/STS/CITS) techniques in studies ofdetailed modelling, and deep and correct understanding of
growth of graphene on SiC(0001) and Ge(001) substratesill processes have led to a situation where techniques, such
charge density modulation in Ta@hich is example of as standard Photoelectron Spectroscopy as well as
TMDC and electronic structure of topological insulator. Resonant Photoelectron Spectroscopy, are successfully
We show ARPES resullts collected by standard laboratorysed on extremely complex structures.
source of light and preliminary results collected in  This talk will present the results of -bay
UARPES beamline at SOLARIS facility. Especially, we Photoelectron Spectroscopy (XPS) and Resonant
focus on correlation of E(k) data obtainedARPES with ~ Photoelectron Spectrasgy (RPES) studies used to
local density of states function LDOS(x,y,E) collected by characterize surface/interface in two systems: Co/MgO
STSICITS. The obtained results will be discussed in thewith/without gold interlayer and ZnO:Yb, where both a
frame of DFT calculations performed using QUANTUM laboratory spectrometer and synchrotron radiation facility
ESPRESSO code utilizing plane wave basis set andgvere used.

Projector Augmented Wave methothe representative  Acknowledgements This work was partially supported by the
set of data collected for Ta% presented in Fig.1. They EAgLE international project (FRREGPOTF20131, Project
show (from left to right) 50 nm x 50 nm STM topography No. 316014) and the international projectfc@nced by Polish

of TaS, LDOS profile measured by STS, spatial Ministry of Science and Higher Education, Grant Agreement
2819/7.PR/2013/2.
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Extended Abstract

CLD - atomic Column Length Distribution

and Crystal Lattice Dynamics of supported gold
catalysts. The key to undestand their catalytic
activity
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The question that our research aims to answer is the source
of activity of heterogeneous catalysts sbd on
nanocrystalline gold (Au). If appropriately synthesised, -0,05
they exhibit particularly interesting chemical properties
under milder reaction conditions than other comparable
catalytic systems. In order to explain the extraordinary
catalytic propertiesrad to study the mechanism of how
gold catalysts work, several techniques are employed, all
of which were adopted fan-situmeasurements:

1) NPD (Nanocrystalline Powder Diffraction),

a customised technique based on PXRD (PowdBa)( ;
Diffraction) coupledwith MS (Mass Spectrometry) or 0
both MS and XAS (XRay Absorption Spectroscopy),

2) EM (Electron Microscopy, particularlg-situ TEM Figure 1. The set of graphs presenting the most recent results of
i Transmission EM and ESEMEnvironmental investigation of the 10% Au/CeO[sufffub] catalyst. The
Scanning EM) catalyst was exposed subsequently to helium, mixture of carbon

g . monoxide and oxygen (reagents for stoichiometric CO oxidation
3) atomistic simulations. . . reaction; volumeratio = 2 : 1), mixture of carbon monoxide,
We suggest that the experimentally abeel catalytic  oxygen and hydrogen (reagents for PROX reaction, volume ratio
properties of gold result from cyclic changes of the=2:1:4)and helium again (for reference purposes). All of the
nanocrystal sb sur face S t rdata are plotted as a function of measurement time normalisel to
interactions of the surface with adsorbing speciesthe time requiredor one diffraction pattern acquisition. The
Examination of this process and precise description of thepper graph presents the changes of Half Width at Half
conditions, in which it Bppens, are crucial for Maximum (HWHM) of the gold (111) and (220) diffraction

fundamental understanding of the real source of catalyti®&@ks. The middie graph presents the change of the positions of
activity of nanocrystalline gold. selected diffraction peaks(111) eflection of ceria, (111) and

| be clearl fter th vsis of th . (220) reflections of gold. The bottom graph shows the results of
tcan _e c e_ary seen aiter the ana ySIS_ of the _Se”es Che mass spectrometry analysis of the gas outlet stream leaving
powder diffraction patterns, correlated with the-lo® e reaction chamber

monitored reactiowield, that the crystal structures of both

; ; Following the evolution of CLD allows to track the
old and the support (ceria, C§Q@hange dynamicall _ _ : S
g pport ( 9 ge ¢y yl anisotropic shape chaagof the crystals while taking into

with the varying reaction environment (see Fig. 1). g . . I . .
Structure modifications are represented by the shift 01f:onS|derat|onthe crystal size distribution (see Fig. 3). This

reflectionsd positi cenAfirsa n dsaB”PeéeﬁsP?‘Et%f%iﬁom&‘???‘ qbeugthe pehavigur of
these phenomena are rather difficult to be interpreted® catalyst under reaction conditions.

properly. Here come the new interpretation methods . Furth_ermore, the _NPD technique is capable of
developed along with the NPD technique. First, it js discovering the formation of new crystal phases and

possible to fit the experimental data with a predicted.s'[ruc'[ure reconst.rl_Jction that the gold catalyst may undergo
pattern calculated via Debyeramation formula [1] on I operandoconditions (see Fig. 4). Such an important

the basis of an optimised atomic model of the nanocrystaFVidence helps to resolve the possible active or inactive
Next newly discovered option is to express the diffractionStates of the gold catalyst.

1
m— (111) CeO2 ~28.6°
(111) Au ~38.3°

1 Ly
T T

&
%

Scattering angle [*

Partial pressure [a.u.]

I
10 20 30 Exp. No.

pattern changes in terms in?elthm@blag?(@i LN surgrqe%tsmprgvidec %antﬂu}nn s 0

ormation about the studied system, it is always an
averaged view over the whole sample, all crystals and
atoms building them. As it is the surface which is the most
interesting part of the active gold catdlythe additional
epility to distinguish the surface from the interior of the
gold crystals is considered to be vital. The incorporation
of XAS arises a new opportunity to differentiate between
the atoms | ocated inside t

length distributions (CLD, [2]). We propose in [2] a
completemethod for CLD calculation based on a single
reflection coming from a nanocrystalline strfiiee metal.

Its most valuable advantages are:

a) the assessment of the real background level with respe
to a physical criterion, which is the positivity of t6&D,

b) the full procedure describing how to fit the peak profile
with Voigt functions (see Fig. 2) and how to use them for
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Figure 2. 220 diffraction peaks for the 20%Au/C catalyst
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Figure 4. Diffraction patterns collected in the atmosphere of
helium and after the PROX reaction showing new diffraction
peaks corresponding to formation of a possibly new
crystallographic phase during the PROX reaction which slowly
feads towards deactivation of the catalyst

The structure evolution is recorded in a series of high

profiles as function of mean crystals size according to Scherrefesolution images which show the projection of the crystal

formula.
L I IR A A AR
Au/C TEM recalc. to CLD

lattice along a chosen crystallographic direction.
It becomes possible to see directly the distortion of the

"lsur face

- A /C TEM CSD H A 0 H 1
1 AN o A Fw s 45M catalystos and tblesALFa(AppalsentlL;ttlt:a ices
M;EJME] \"‘\ AU/C in O, FW(1/5-4/5)M Parameter, [ 31) distribution
| ﬁ\‘\_& Y L AU e FW/S-4AM volume. Such a deep insight into the catalyst structure
" |ee AuCO, enable even the assessment of the thermodynamics of the
5 Au/C in He

reaction taking place on the gold surface, which was not
possible before.

To conclude, the research introduced here combines
uniquely the iAlaboratory studies with synchrotron
measurements and electromicroscopy investigation
creating possibly the most complete image of the working
catalyst explaining its crucigiroperties on fundamental
level.

e
7
I

Normalized frequency

| L
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Figure 3. The Column Length Distribution (CLD) calculated
with our new method [2] in case of the 20% Au/C catalyst
exposed to helium, hydrogen and oxygen atmosphere (solid
lines), compared with the Pielaszek method (FW&EBHM,
dashed lines, [4]) and TEM crystatize distribution (CSD)
analysis results recalculated to CLD (red and black solid lines.
For details, please refer to [2].

The atoms | ying closest to t

dynamically their energy and electron state according to

adsorption and desption of reagents and reaction

product. The differences of states are then reflected in the

XAS spectrum. In addition, the smaller are the gold

crystals, the bigger is the surface to volume ratio and the

more visible are the differences between the sylmat ~ Figure 5. Raw XAS spectra acquired for the 10%Au/GeO

XAS spectra. Thus, XAS coupled with PXRD and MS catalystin different gaseous atmospheres.

serves its powerful capabilities for thorough investigationAcknowledgements This work was supported by National

of heterogeneous gold catalysts offering simultaneouslyscience Cenérof Poland, research grant no.

nev complementary structural data undeperando  2014/13/B/ST4/04619.

reactionconditions.
Combining theresults obtained with PXRD, MS and [1] P. J. W. DebyeAnn.Phys.351(1915) 809.

XAS it is possible to develop the catalyst model and to[2] Z. Kaszkur, M. Zielinski, W. Juszczyld: Appl. Cryst.

deduce the way how the catalyst works. With the aid 0f50(2017)585

EM the model can be verified throughsitustructure [ 31 B .etaP A Kusliogr. 217(2002) 497
studies with atomic resolution. [4] R. Pielaszekd. AlloysCompd.382(2004) 128
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