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16:00 Bus to Trzebnica
17:00 Registration
18:00 Supper
20:00 Get together
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TUESDAY, 25 JUNE
Breakfast

Workshop Opening

Francess M. Ross &5 E12
PATTERNING NANOSTRUCTURES ON 2D MATERIALS VIA IN SITU TEM
GROWTH EXPERIMENTS

Adam Busiakiewicz & E19
TiO,: FROM REVERSIBLE SEGREGATION OF TRANSITION METAL
NANOSTRUCTURES FOR PHOTOCATALYSIS TO MODIFICATION OF
GRAPHENE FOR OLED TECHNOLOGY

Marcin Pisarek == E33
APPLICATION OF IN-SITU XPS SPECTROSCOPY FOR ANALYSIS THE
CHEMISTRY OF PLASMA NITRIDED TiO, NANOTUBES

Coffee Break

Takashi Kumagai < E7
PLASMON-INDUCED PHOTOPHYSICS AND PHOTOCHEMISTRY IN
NANOCAVITY

Mikotaj Lewandowski E25
TUNING THE STRUCTURE OF ULTRATHIN FeO ISLANDS ON Ru(0001) BY
OXIDATION/REDUCTION

Ying Wang &= E38
ON THE STRUCTURE OF ULTRATHIN FeO FILMS ON Ag(111)

Lunch
Gareth Parkinson == E10
“SINGLE ATOM” CATALYSIS: AN ATOMIC-SCALE VIEW
Nika Spiridis == E35

REDUCTION OF Fe304 FILMS ON Pt(111) - SURFACE STRUCTURE VS.
COMPOSITION

Coffee Break

Nian Lin E8
METAL-ORGANIC ti-CONJUGATED COORDINATION FRAMEWORKS
SYNTHESIZED ON SURFACE

Anna Mandziak == E26
STRUCTURAL AND MAGNETIC PROPERTIES OF TRANSITION METAL OXIDE
THIN FILMS GROWN ON Ru(0001)

Supper

Poster Session
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WEDNESDAY, 26 JUNE

Breakfast

Alessandro Fortunelli == Ea
COMPUTATIONAL MODELING OF NANOSTRUCTURED METAL SURFACES
AND THEIR ELECTRONIC AND CATALYTIC PROPERTIES

Leszek Jurczyszyn == 22
MODIFICATION OF THE RELATIVISTIC SURFACE BAND STRUCTURE OF
TI/Si(111) SYSTEM BY ADSORPTION OF O AND Cl

Tomasz Ossowski == E31
DFT STUDY ON THE STRUCTURE OF ULTRATHIN FeO FILMS ON Ru(0001)

Coffee Break

Talat S. Rahman = E11
TUNING PROPERTIES OF 2D MATERIALS: FROM CATALYTIC ACTIVITY TO
SINGLE PHOTON EMISSION

Elwira Wachowicz &= E37
HYDROGEN INFLUENCE ON SURFACE MORPHOLOGY OF 4H-SiC{0001}
SURFACES

Damian Nieckarz = E30
2D SELF-ASSEMBLED NANOMATERIALS — COMPUTER SIMULATIONS AND
EXPERIMENT

Lunch

Christian Tusche E15
NONLOCAL ELECTRON CORRELATIONS IN AN ITINERANT FERROMAGNET
MAPPED BY SPIN-RESOLVED MOMENTUM MICROSCOPY

Jacek Kotodziej = E23
ELECTRONIC STRUCTURE AND STM IMAGING OF THE KBr/InSb INTERFACE

Coffee break

Martin Sterrer = E14
CONTROL OF CHARGE TRANSFER INTO ORGANIC MOLECULES ON
ULTRATHIN MgO(001) FILMS

Szymon Godlewski == E20
HIGHER ACENES GENERATED BY ON-SURFACE DEHYDROGENATION
Tomasz Rerek == E34

FORMATION AND OPTICAL PROPERTIES OF THIN TIN AND GOLD FILMS
PRODUCED BY PVD METHOD

Workshop dinner
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THURSDAY, 27 JUNE

Breakfast

Moritz Sokolowski & E13
ORGANIC MOLECULES OBSERVED ON SURFACES BY FLUORESCENE
SPECTROSCOPY

Christine Brilke = E18
INVESTIGATION OF THE VERTICAL STRUCTURE OF hBN ON Cu(111) VIA
NIXSW AND SPA-LEED

Krisztian Palotas == E32
HEXAGONAL BORON NITRIDE NANOMESH STRUCTURE TUNED BY GOLD-
RHODIUM SURFACE ALLOY

Coffee break

Mieczystaw Jatochowski == E6
ANTIMONENE ELECTRON BAND STRUCTURE ENGINEERING

Lucyna Zurawek & E39
Pb NANOCHAINS ON THE Si(113) SURFACE

Shiva L. Udachan = E36

IMPACT OF SUBSTRATE TEMPERATURE ON OPTICAL CONSTANS OF
CHROMIUM NANO-FILMS

Lunch
Olaf Magnussen 5= E9
ADSORBATE DYNAMICS AT ELECTROCHEMICAL INTERFACES
Bartosz Madry = B27

MOLECULAR SELF-ASSEMBLY OF PORPHYRINS ON Au(111) PRECOVERED
BY COPPER AND SULPHATE

Coffee break

Peter Broekmann == E3
POWER-TO-VALUE: NOVEL CATALYSTS FOR THE ELECTROCHEMICAL
CONVERSION OF CO,

Andrzej Miszczuk = E28
PROPERTIES OF ULTRATHIN Pt LAYERS ON Cu(111) REVEALED BY AES,
LEED AND DEPES

Rafat Lewandkéw == E24
THERMALLY INDUCED REACTIONS BETWEEN A GaN(0001) SUBSTRATE
AND HAFNIUM LAYER

Barbeque supper
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FRIDAY, 28 JUNE

Breakfast

Grazyna Antczak E2
GOLD (100) SURFACE: RECONSTRUCTION, DEFECTS AND SURFACE
DIFFUSION

Karolina Idczak == E21
PHYSICOCHEMICAL PROPERTIES OF THIN Gd FILMS ON 4H-
SiC(0001)—GRAPHENE

Ireneusz Morawski & E29
Pb INTERCALATION OF GRAPHENE ON Ru(0001) — AES, LEED AND DEPES
STUDY

Coffee break

Lunch

Bus to Wroctaw
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POSTER SESSION OVERVIEW

Abhijit Bera & E42
FORMATION OF SODIUM BROMIDE LAYERS ON Ag(111) TO
CHARACTERIZE CARBENE MOLECULES

tukasz Bodek = E43
MICROSCOPIC VIEW OF TIN PHTHALOCYANINE ADSORPTION ON THE
RUTILE TiO2 (011) SURFACE

Robert Bryl == E44
OXYGEN ADSORPTION, SUBSURFACE OXYGEN LAYER FORMATION AND
REACTION WITH HYDROGEN AND CARBON OXIDE ON SURFACES OF A Pt-
Rh ALLOY NANOSIZED CRYSTAL

Grazyna Balcerowska-Czerniak = E45
INVESTIGATION OF INTERFACE FORMATION OF INDIUM ON AN ORGANIC
THIN FILMS DEPOSITED ON DIFFERENT SUBSTRATES USING
PHOTOELECTRON SPECTROSCOPY COMBINED WITH CHEMOMETRIC
METHODOLOGY

Marek Dachniewicz = Ea6
STRUCTURAL AND ELECTRONIC PROPERTIES OF Sb ATOMIC CHAINS ON
Si(553) WITH Pb NANORIBBONS

Adam Dittmar-Wituski = Ea7
In/Alqs/HOPG STUDIED BY UPS AND XPS

Pavlo V. Galiy == E48
USE OF NANOSTRUCTURED InsSes CRYSTAL (100) SURFACE AS A
TEMPLATE FOR OBTAINING AN ARRAY OF NANOWIRES

Niklas Humberg < E49
ONE-DIMENSIONAL MOLECULAR CHAINS OF QUINACRIDONE ON Ag(100):
STM AND SPA-LEED INVESTIGATIONS

Wojciech Kaminski E50
THE MOLECULAR SWITCH ON METALLIC SURFACE

Marek Kopciuszynski = Es51
SILICENE ON ULTRATHIN GOLD LAYERS

Krzysztof Kopyscinski = E52
INVESTIGATION OF Pt AND Mn THIN FILMS ON Si(111) SURFACE
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Serhii Kovalchuk = Es53
SURFACE TERMINATION REVEALED BY DIRECTIONAL ELASTIC PEAK
ELECTRON SPECTROSCOPY

Monika Krawczyk < Es54
UNUSUAL STRUCTURAL PHASE TRANSITIONS IN THE CRYSTAL OF
{IN2Hs]5CdCls}y

Karolina Kruk == E55
APPLICATION OF THE MULTIPLE SCATTERING FORMALISM TO THE
QUANTITATIVE ANALYSIS OF DEPES RESULTS FOR Ru(0001) AND Pt(111)

Marcin Kurzyna = E56
DYNAMIC PROPERTIES OF TOPOLOGICAL ATOMIC CHAINS

Katarzyna Lament == E57
EC-STM AND CV INVESTIGATIONS OF Au(110) IN ACID SOLUTIONS

Anna Mandziak = E58
A NEW CUSTOM-MADE SAMPLE HOLDER FOR HIGH-TEMPERATURE AND
IN SITU APPLICATION OF MAGNETIC FIELDS IN A PHOTOEMISSION
ELECTRON MICROSCOPE

Katarzyna Pabianek == E59
TITANIUM AND ITS OXIDES ON SELECTED SURFACES: SILICON(100),
GRAPHITE(0001) AND GRAPHENE/4H-SiC(0001) FOR APPLICATIONS IN
OLED TECHNOLOGY

Marcin Pisarek & E60
SURFACE CHARACTERIZATION OF THIN MoS; FLAKES
ON Si SUBSTRATES

Agnieszka Puchalska & E61
ELECTRONICS OF Ba ADSORBED ON Ge(001)

Agata Sabik & E62
THE Au(100) SURFACE AS A TEMPLATE FOR PENTACENE ADSORPTION

Kamil Skorupski = E63
EC-STM AND CV INVESTIGATIONS OF Au(111) IN SULPHURIC ACID
SOLUTION

tukasz Skowronski = Ee4
MICROSTRUCTURE AND OPTICAL PROPERTIES OF THIN COPPER FILMS
PRODUCED BY THE PVD METHOD
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Piotr Staniorowski == E65
SURFACE CHARACTERISATION BY THE X-RAY PHOTOELECTRON
SPECTROSCOPY COMBINED WITH THE DIELECTRIC AND SPECIFIC HEAT
STUDY IN DMAGAS CRYSTAL

Artur Trembutowicz = Ee6
MOLECULAR INSTABILITY OF CoPc IN ORDERED LAYER ON Ag(100)
DURING STM MEASUREMENTS

Marek Trzcinski & Ee67
STRUCTURE SENSITIVITY OF THE INITIAL OXIDATION OF RHODIUM: XPS
AND PEEM STUDIES

Ying Wang = Ee68
DETERMINING THE WORK FUNCTION OF ULTRATHIN FeO(111) FILMS ON
Ag(111)

Marcin Wiejak == E69
THE GROWTH OF MANGANESE SULFIDE THIN FILM ON Ru(0001)
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GOLD (100) SURFACE: RECONSTRUCTION, DEFECTS AND
SURFACE DIFFUSION

A. Trembutowicz, B. Pieczyrak, L. Jurczyszyn, G. Aiicz
Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

The modifications of the surface due to e.g. ion bombard has been
widely studied due to technological importance. Stage oftiface (e.qg.
roughness, corrugation or presence of step benahfagdnces the adsorbate
surface interaction what can alter the performance ofléuotrenic devices.
Using scanning tunneling microscopy and density functidhabry we
explored structure developed after ion bombardmentuasi-hexagonal
Au(100) surface. Coexistence of hex structure of tjped width in accord
with (6n+ 1) formula, with (%1) arrangement of atoms is observed. We sh

that both structures are part of the same topmost lalgercifanges in relative

proportions and shapes of phases as well as the amang of atoms within
nano-wire-like structures will be discussed [1]. Whenftte of incoming
ions is small we are able to create the monovacancydidfects on the
surface [2]. Additionally, based on the nucleation’s thieave explored
surface diffusion on gold quasi-hexagonal surface. $ilow that surface
reconstruction induces preferential direction for surfaiffusion. The
characteristic parameters of surface diffusion will be prtesk[3].

[1] A. Trembutowicz et al., Nanotechnology 30 (2019) 045704.
[2] B. Pieczyrak et al., Appl. Surf. Sci. 407 (2017) 345.
[3] A. Trembulowicz, G. Ehrlich, G. Antczak, Phys. Rev. B 84 (2011) 245445.

ow
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POWER-TO-VALUE: NOVEL CATALYSTS FOR THE
ELECTROCHEMICAL CONVERSION OF CO »

A. Duttd, M. Rahamah C. Morstein, Y. Hou', A. Cedefio Lop€z
P. Morend, K. Kiran', V. Grozovski, N. Kovac$? S. Vesztergonr,
P. Broekmanh

1 Department of Chemistry and Biochemistry, University of Bern, Bern, Switzerland
2 Department of Physical Chemistry, E6tvés Lordnd University, Budapest, Hungary

The electrochemical conversion of £€@enoted as CRR) has attained
significant interest in the catalysis research worldvader the recent years
as it provides means of transforming an environmentetynful molecule
back into products of higher value (e.g. high enatgysity fuels, chemical
feedstock and useful commodity chemicals such as camomoxide). This
process becomes particularly sustainable when usingutplis of electric
power produced from renewable hydro, wind or solarses (power-to-
value concept). Substantial progresses have alreadyrisnduring the last
decade in the tailored design of novel catalyst materialsede®dincrease
the energy efficiency of the G@vater co-electrolysis and to guide the
product distribution reaction into the desired direction. Tha®gresses
remained, however, restricted to the fundamental relseathereas no
technologically and economically feasible process coukeshablished on an
industrial scale so far. One key challenge left is relatethaoparticular
stability of the catalyst materials, a crucial pre-requigiteany industrial
application of catalytic processes.
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In this contribution, various concepts for the desig€®fRR catalysts will
be discussed that are based either on colloidal syntbEsiano-materials
(shape- and size-selective particles, nanowires etc.) oth@nadditive-
assisted electroplating of high-surface area metal fdsliais. target products
of the CORR discussed herein are syngas (CQ/at valuable chemical
feedstock for a subsequent non-electrochemical conwapsicess (Fischer-
Tropsch, Rheticus process/Siemens-Evonik) and higlgerdansity fuels
(e.g. ethanol, propanol). Advanced operando teclasigtilizing synchrotron
facilities (x-ray absorption spectroscopy, and x-ray diffom) will be
demonstrated to be useful for the identification of activialygst species
under electrolysis conditions.
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COMPUTATIONAL MODELING OF NANOSTRUCTURED
METAL SURFACES AND THEIR ELECTRONIC AND
CATALYTIC PROPERTIES

A. Fortunellt®, L. Sementy F. R. Negreirocs W. A. Goddaréd, Q. Ar?*

1 CNR-ICCOM & IPCF, Consiglio Nazionale delle Ricerche, Pisa, Italy
2 Universidad Nacional de Cérdoba, Cérdoba, Argentina

3 California Institute of Technology, Pasadena, CA, USA

4 University of Nevada-Reno, Reno, NV, USA

I will present results of our work in two different topicsdaomputational
catalysis, whose underlying theme lies in the possibifigr@ating catalysts
with rationally designed nanoscale surface features.

The former direction deals with nanoporous platinum strastabtained by
electrochemical leaching Ni-Pt alloy and their extraordiretyvity in the
oxygen reduction reaction (ORR). We focus on nanopardictenanowires
and show how it is possible to achieve insight into éh&tionships betweer
nanoscale atomistic surface features and ORR perfoemare first-
principles-based theory and simulations [1-3]. Enhar@BdR activity by a
factor of 50 with respect to commercial platinum catalystsaahieved in the
nanowire case. Comparison/validation with experimentrihiér pursued via
operando vibrational frequencies and XPS shifts at thérediscelectrolyte
interface (EEI).

Second, | will switch to regular metal nanoparticle catalysisll report an
extensive study of ammonia synthesis via the HaberB@d48) process over
Fe bcc(111) and bcc(211). Our computational protocol caesbidensity-
Functional Theory plus dispersion to unveil the mechanstbps at the
atomic level with kinetic Monte Carlo (kMC) modeling to prtdteady-state
catalytic reaction rates under realistic conditions, thusvailp us to validate
our predictions against experimental kinetic data from classface science
literature [4]. We then use the detailed knowledge deffioethis system to
consider modifications of the catalyst such as alloyingfiteefew surface
layers. In order to span the largest possible set taflysa modifications
simultaneously minimizing computational effort, we derivéliararchical
High-Throughput Screening (HHTS) approach to catalysgjde$ihe HHTS
approach singles out the most promising alloying elementd

configurations as a function of catalyst structure andialdpsite. In the case
of HB over top-layer substitutional 0.25 ML alloyed Fe{idd), HHTS
indicates Rh as the most promising dopant. The apprzavalidated by
reconstructing the complete free-energy diagram for theldped system
conducting a full kinetic analysis, and comparing the redutisi those

4 » 2 D DD
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estimated on the basis of HHTS, finding very good agreefd&nOther
doping sites and strategies are discussed, enablingtizataiyvity enhanced
by up to 2 orders of magnitude with respect to the pwecd&se. This
represents a new strategy that can be used to optiaialyst performance
for complex reactions involving 10 to 20 potential ratéedwining steps,
where the simple Sabatier-principle-based volcano reldtipsin terms of a
single controlling parameter no longer apply.

[1] A. Fortunelli, W. A. Goddard et al., Chem. Sci. 6 (2015) 3915-3925.
[2] M. Li et al., Science 354 (2016) 1414-1419.

[3] T. Cheng, A. Fortunelli, W. A. Goddard, PNAS (2019) 201821709.
[4] ). Qian et al., J. Am. Chem. Soc. 140 (2018) 6288—6297.

[5]1 Q. An et al., J. Am. Chem. Soc. 140 (2018) 17702-17710.
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ANTIMONENE ELECTRON BAND STRUCTURE ENGINEERING
M. Jatochowski, M. Krawiec

Institute of Physics, Maria Curie-Sktodowska University, Lublin, Poland

Whereas bulk antimony is a semimetal with topological sttesened by
valence bands, the antimonene is ultimately thin, novel graghke buckled
honeycomb-lattice two-dimensional material with trivial statexofding to
density functional theory (DFT) calculations Sb(111) film upeduction of
its thickness opens a gap and becomes a topologicaltorstiteen converts
into quantum spin Hall phase and finally becomes an argisemiconductor.
Several theoretical studies attempted to find a methochothe gap while
preserving the topological states by applying stredsy atomic adsorption.
It is obvious, that also interaction with certain type ofssttte can modify
electronic structure of antimonene. In this study we pmpasew method of
engineering of antimonene electronic band structure égns of quantum
size effect (QSE) of the substrate. Two-dimensional shefdtexagonalf(-
form) antimonene have been epitaxially prepared on Rpfrathin films
grown on Si(111)(86)Au. Scanning tunneling microscopy and spectrosc
of atimonene-covered Pb surface were analyzed wihiimitio density
functional theory predictions. We found that the quanstiates extend fa
away from the Pb surface, penetrate the antimonenearatale electronig
states within adlayer energy gap. This result points tomeely electronic
method of engineering electronic band structure of antimandhe
presented work reports on first experimental realizatigh-aintimonene on
metallic ultrathin films.

This work was supported by National Science Centre, Poland, under Grant
No0.2014/13/B/ST5/04442.
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PLASMON-INDUCED PHOTOPHYSICS AND PHOTOCHEMISTRY
IN NANOCAVITY

T. Kumagat?

1 Fritz-Haber Institute of the Max-Planck Society, Berlin, Germany
2 JST-PRESTO, 4-1-8 Honcho, Kawaguchi, Saitama 332-0012, Japan

Nanostructures made of coinage metals strongly inteveltvisible light
through excitation of localized surface plasmon resonamadling efficient
light-harvesting and concentrating light on the nanosc&ksmonic
nanocavities are of particular interest due to the capahifitgxtreme
confinement and enhancement of electromagnetic fieldshwdain largely
promote near-field-driven processes by optical excitatioowé¥yer, the
direct observation of local field enhancement and near-figletn processes
in plasmonic nanocavities remains a significant experimehgdlenge. | will
talk about our recent progress on the direct observafiptasmon-induced
photophysics and photochemistry in nanocavities usingtéomperature
photon scannig tunneling microscopy. First topic is plasmoistads
resonant electron tunneling in the STM junction consistint@g/Au tip
and the Ag(111) surface [1]. Second topic is the direcedation of
plasmonic photochemical reactions at the single-moldewie [2]. | will
also discuss our latest results of vibrational ,nano” spscopy using tip-
enhanced Raman spectroscopy.

[1] S. Liu, M. Wolf, T. Kumagai, Phys. Rev. Lett. 121 (2018) 226802.
[2] H. Bockmann et al., Nano Lett. 18 (2018) 152.
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METAL-ORGANIC #-CONJUGATED COORDINATION
FRAMEWORKS SYNTHESIZED ON SURFACE

N. Lin

Department of Physics, The Hong Kong University of Science and Technology, Hong
Kong, China

Recently, two-dimensional metal-organic frameworks witlsonjugated
backbone (2D:MOFs) have been proposed to exhibit interesting electr¢
and magnetic properties, including metallic, semi-metallic, ltapcal

insulating, quantum anomalous Hall, and even supercandudn this
presentation, | will discuss our efforts of employing orfesze coordination
self-assembly to fabricate monolayer of ZBMOFs stabilized by dihydroxy
and diimine ligands coordinated with Ni, Fe or Cu. Since sochdination
provides effective pi-conjugation, the 2[DAOFs feature strongly dispersiv
electronic bands. We investigate the electronic and magmepenies of the
2D-tMOFs using low-temperature scanning tunneling spectroseoay
density-functional theory calculations.

DNiC
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ADSORBATE DYNAMICS AT ELECTROCHEMICAL
INTERFACES

0. M. Magnhussen

Institute of Experimental and Applied Physics, Kiel University, Kiel, Germany

Electrochemical interfaces are the key to many current emérging
technologies, for example in energy storage or microfaanication. All of
these applications involve atomic-scale processes on tbeeoele surface,
such as the surface diffusion and mutual interactionthefatomic and
molecular species, participating in the reactions. Howeawmecontrast to
adsorbate dynamics at solid surfaces under vacuunitioorsg understanding
of the surface dynamics at these complex interfacédl rsidimentary. Many
aspects of the elementary dynamic events at electrochlemierface are
unclear, for example: How is the motion of atoms actossurface affected
by the presence of the electrolyte, in particular by sodied species? Which
role does the strong electric field at electro-chemicalfaxtes play? What
kinds of interactions between adsorbed species on ttiecgle surface exist,
how strong are they, and what is their distance deperlen
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A direct and powerful way to clarify such phenomenadaect observations
of the atomic motion at the interface, provided the engadgchnique has a
sufficient high spatial and temporal resolution for suchistudn the talk, |
will discussin situ studies of surface transport at electrochemical interfaces
by high-speed scanning tunneling microscopy (VideMyjTwhich allows
direct observations of the atomic-scale dynamics. By detaietistical
analysis, quantitative data on the diffusion barriersiatedaction energies is
obtained from these video data, providing insight intadheof the electrode
potential and coadsorbed species. As examples, ligdlds the diffusion of
isolated anionic, cationic, and organic adsorbates on noffi@ eiectrodes
as well as the interactions between identical and differ@sorbate species.
These studies reveal a very strong dependence oftlex tiffusion of these
adsorbates on the electrode potential, leading to changesbility over
several orders of magnitude. Furthermore, coadsorbedsacan have a huge
influence, leading to fundamentally different behavior evesyistems, in
which the adsorbate layers have identical structure.
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“SINGLE ATOM” CATALYSIS: AN ATOMIC-SCALE VIEW

G. S. Parkinson
Institute of Applied Physics, TU Wien, Vienna, Austria
The field of ,single-atom” catalysis (SAC) [1-2] emergesithe ultimate limit

of attempts to minimise the amount of precious metal irs@eterogeneous

catalysis. Over time, it has become clear that metal adatmwhave
differently to supported nanoparticles [3-4], primarilychese they form
chemical bonds with the support and become chargethidrsense, SAC
systems resemble the mononuclear coordination compleses in
homogeneous catalysis, and there is much excitementARat@ild achieve
similar levels of selectivity, and even heterogenize prokiemaactions
currently performed in solution. It is important to note, hesve that
homogeneous catalysts are designed for purpose basedlleunderstood
structure-function relationships, but the complexity of reACSsystems
means that the structure of the active site is difficult to deter, never mind
design. In this talk, | will describe how we are using@€01) as a
precisely-defined model support [5] to unravel the funglatals of SAC. |
will show scanning probe microscopy, x-ray photoelectspectroscopy
(XPS) and temperature programmed desorption (TPD)tdatiaow how the
local structure of WFes04(001) and RHFe;04(001) single atom catalyst
changes based on preparation and adsorption of reactamtsthat CO
oxidation activity in the RtFe;04(001) system results from Rlimers, not
single atoms.

[1] B. Qiao et al., Nature Chemistry 3 (2011) 634-41.

[2]J. Liu, ACS Catalysis 7 (2016) 34-59.

[3] B.C. Gates et al., Catalysis Science & Technology 7 (2017) 4259-4275.
[4] G.S. Parkinson, Catalysis Letters 149 (2019) 1137-1146.

[5] R. Bliem et al., Science 346 (2014) 1215-8.
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TUNING PROPERTIES OF 2D MATERIALS: FROM CATALYTIC
ACTIVITY TO SINGLE PHOTON EMISSION

T. S. Rahman
Department of Physics, University of Central Florida, Orlando, USA

Single-layer of molybdenum disulfide (M@Sand other transition metal
dichalcogenides (TMDC) appear to be promising materials rfext
generation optoelectronic applications, because of their im@rsionality
and intrinsic direct band-gap which typically lies in the blisispectrum.
MoS; is also known to be a leading hydrodesulphurizationlystafor
reasons that remain elusive. Another 2D material disgayavel chemical
and optical properties is good old hexagonal boron eitfieBN). Efforts
are underway to further tune these properties througlyiradjp defects,
doping, coupling to a substrate, and formation of bilayacks (homo- and
hetero-structures). In this talk, | will present some reswtiich provide a
framework for manipulating the functionality of these iesting van der
Waals materials. With regard to optical properties, | will presear analysis
of the quasiparticle energetics (excitons, trions, etud) @trafast charge
dynamics in both single- and bi-layer TMDCs obtainedough the
application of combined time-dependent density functionairthand many-
body theory. With emphasis on chemical properties of tideden single
layer MoS and h-BN, | will examine modulations the local atomic
environment under which these inert materials could sergecasalyst for
several technologically important reactions.
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PATTERNING NANOSTRUCTURES ON 2D MATERIALS VIA IN
SITU TEM GROWTH EXPERIMENTS

Department of Materials Science and Engineering, Massachusetts Institute of
Technology, Cambridge, Massachusetts, USA

Building functional nanostructures with atomic level pregisrequires a

detailed understanding of self-assembly and crystal grawthe nanoscale.

In situ imaging in the transmission electron microscope (TEM)pranide
unique information about crystal growth by measuringlividual
nanostructures while they grow. Here we will descrilgeue ofn situ TEM
to explore growth mechanisms and suggest strategies tonmvildypes of
structure. We will focus on the epitaxial growth of 3D nagsial arrays on
2D materials, since controlled integration of 2D and 3D raseis helpful
for applications involving quantum computation and eledtr@amd opto-
electronic device concepts.

The experiments involve deposition of metals and semicdoduanto free-
standing 2D membranes during observation in the TERIWeIl known that
Au evaporated onto graphene or hexagonal boron nitratensf flat,
triangular, epitaxial nanocrystals. However, chemical vdpposition of Ge
or Si, using digermane or disilane, does not lead to gpitdsing concepts
borrowed from the growth of semiconductor nanowiresskav that Au can
act as a catalyst to nucleate epitaxial Ge. The solitysatas interacted with
both the 2D material and the growing 3D crystal, resultiradignment of all
three latticesln situ TEM helps to establish the relationship between
crystals, explore the reaction pathways and optimizedtedyst and growth
conditions.

We suggest that a strategy involving solid catalysts, thattogether the
benefits of catalytic growth and van der Waals epitaay, loe extended t¢
other materials and we discuss the prospects for patte8Bedn-2D
nanostructure arrays and single crystal thin films. Waclude with a
perspective on the exciting recent advances in electromsaopy and how
these developments will impact futuresitu growth experiments.

12 I I I I I I B R

the

)




Nanostructured Surfaces IWSP-2019

« « ¢ (¢ Invited Lectures q €  «

ORGANIC MOLECULES OBSERVED ON SURFACES BY
FLUORESCENE SPECTROSCOPY

M. Sokolowski, A. Paulheim, C. Marquardt, C. Brilke

Institut fiir Physikalische und Theoretische Chemie der Universitdt Bonn, Bonn,
Germany

The adsorption of large-conjugated organic molecules on well-defined
surfaces has been a topic of large interest during shedars, because the
surface has significant impact on their structural orderinigtlagir electronic
excitations. Here, fluorescence spectroscopy is a valyakle method,
although it is not very commonly used in surface scierete We will report

on two topics related to the optical transitions of molecutesusfaces that
were investigated by high resolution laser spectrosgbjpyl he first topic,

concerns the self-organization of molecules on surfatdesh can lead to
well-definedtwo-dimensional ordered molecular aggregates that are differe
to those known for the respective bulk materials. Thus,intermolecular
delocalization of the excitation can lead to new interestntigal phenomena
not present in 3D structures [2]. Further, we repottherdetection of single
molecules on surfaces by fluorescence excitation specpypstlere, it is

possible to separate the excitations of single molecules fingjuency range
using the high resolution of laser spectroscopy. Vhekls insight into the
interactions of the molecules with their individual local envirenton the

surface.

[1] A. Paulheim et al., The Journal of Physical Chemistry C 120 (2016) 11926.
[2] A. Eisfeld et al., Physical Review Letters 119 (2017) 097402.
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CONTROL OF CHARGE TRANSFER INTO ORGANIC
MOLECULES ON ULTRATHIN MgO(001) FILMS

Institute of Physics, University of Graz, Graz, Austria

Charge transfer processes on ultrathin, supported @kite have received
increasing attention in recent years because of the gibgdil control the
charge state of adsorbates or the direction of catalydtions. The main
driving forces for the occurrence of charge transfethgse systems is th
reduction of the substrate work function induced by dijom of the oxide
film in combination with an adsorbate with high electron #ffinwWhile

previous studies have focused on the charging of metaisa(e.g. Au) or
small molecules (e.g. © NO;), we have recently extended these
investigations into charge transfer processes to larganimrgnolecules. In
this contribution, we present results on the adsorptiah eharging of
pentacene (5A) and tetraphenylporphyrin (2H-TPP) on uitraftgO(001)
films supported on Ag(001). By combing scanning tdingamicroscopy and
photoemission spectroscopy and tomography, we aretabientify and
qguantify charge transfer into the organic monolayer filmaddition, we
show that by variation of the work function and the Mdtirkness it is
possible to drive the system into a state where nayehaansfer occurs. In
the case of 2H-TPP charge transfer also appears to stinfigénce the self-
metalation of 2H-TPP to Mg-TPP. Thus, our investigations lay#sss for
the ultimate control of charge transfer, and the relatechiiry, on ultrathin
oxide film systems.
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NONLOCAL ELECTRON CORRELATIONS IN AN ITINERANT
FERROMAGNET MAPPED BY SPIN-RESOLVED MOMENTUM
MICROSCOPY

C. Tusché?

1 peter Griinberg Institute (PGI-6), Forschungszentrum liilich, Jiilich, Germany
2 Fakultdt fiir Physik, Universitdt Duisburg-Essen, Duisburg, Germany

A fundamental concept in solid state physics describegeiipees of freedom
of electrons in a solid by the relation of the eneEjws. the crystal
momentum k in a band structure of independent quasticies. In a real
electron system, exchange- and correlation interaction catkective
phenomena that lead, for instance, to effects like feagomatism.
Consequently, for the 3d ferromagnets Fe, Ni, and Qmsaription of the
band structure in the widely used local density apprakimgLDA) is of
limited use, as seen by the fact that predicted well défelectronic bands
are not observed experimentally. Only recently, experialeaccess to the
spin resolved band structure at every point in the Biilczone became
feasible by spin-resolved momentum microscopy [1]. Thigeh concept
combines high resolution imaging of photoelectrons in twoedsional (k,
ky) maps with a highly efficient imaging spin filter [2].
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Our comprehensive measurements of the spectral-funisticspin-resolved
momentum microscopy give evidence that in itinerant fergimats like
cobalt electron correlations are of nonlocal origin. Thianifests in a
complex self-energy that disperses as function of spimergy, and
momentum. Together with one-step photoemission calculatimnguantify
the dispersion of the self-energy over the whole &rith zone [3]. The
observation of nonlocal electron correlations in cobalt sohatly affects
our understanding of electron interactions, and makesrént ferromagnets
a paradigmatic test case for the interplay between baradsumagnetism,
and correlations.

Despite a pronounced lifetime broadening, direct optigakriband

excitations can be highly spin selective. This leads tatbation of nearly
100% polarized hot carriers in ferromagnetic cobalt, mnght serve as a
source of spin-polarized electron currents in spintromedications [4].

[1] C. Tusche, A. Krasyuk, J. Kirschner, Ultramicroscopy 159 (2015) 520.
[2] C. Tusche, et al., Appl. Phys. Lett. 99 (2011) 032505.

[3] C. Tusche et al., Nat. Commun. 9 (2018) 3727.

[4] M. Ellguth, C. Tusche, J. Kirschner, Phys. Rev. Lett. 115 (2015) 266801.
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INVESTIGATION OF THE VERTICAL STRUCTURE OF hBN ON
Cu(111) VIA NIXSW AND SPA-LEED

C. Briilké", T. Heepenstrick N. Humberg, |. Krieget, M. Sokolowskt,
S. Weil$, F. S. TautZ, S. Soubatch

1 Institut fiir Physikalische und Theoretische Chemie der Universitdt Bonn, Bonn,
Germany

2 peter Griinberg Institut (PGI-3), Jiilich, Germany

In the recent emergence of two-dimensional materials, goged boron
nitride (hBN) has been investigated in great detail both tasnplate for the
growth of organic layers as well as the subject of inteitsslf since it
displays a wide variety of different structures dependimghe supporting
metal substrate. The interaction strength between hBN thedmetal
determines both the lateral structure (lattice matching) and entcal
structure (adsorption height and corrugation) of therlgje

Here, we are presenting a study of the structure diB layer weakly
bonded to the Cu(111) surface including the determinaifoits vertical
structure. The x-ray standing waves technique (XSW)sginsight into the
average height of the different atoms in the layemiile an analysis of the
intensities of satellite reflexes around the (00)-spot asnatibn of the
electron energy observed via SPA-LEED allows conclusiomearning a
possible buckling of the layer [2].

[1] C. Brilke et al., J. Phys. Chem. C 121 (2017) 23964.
[2] M. Horn-von Hoegen et al., Surf. Sci. 298 (1993) 29.
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TiO2: FROM REVERSIBLE SEGREGATION OF TRANSITION
METAL NANOSTRUCTURES FOR PHOTOCATALYSIS TO
MODIFICATION OF GRAPHENE FOR OLED TECHNOLOGY

A. BusiakiewicZ, K. Pabianek A. Kisielewska, I. Piwaaski?,
W. Koztowskt, Z. Klusek

1 University of tédz, Faculty of Physics and Applied Informatics, Department of
Solid State Physics, Poland

2 University of téd?Z, Faculty of Chemistry, Department of Materials Technology and
Chemistry, Poland

Nowadays TiQ@ is often considered as a base material for advanced
functionalities. For example, it is photocatalytically active itbelf can be
also improved by deposition of metal nanostructures osuitiace. In the
present work a method based on thin film depositionthednally-induced
formation of transition metal nanostructures is shown. B and
concentration of nanostructures on (001) surface ©f Tan be reversibly
controlled simply by annealing at selected temperaturescaauva. A few
transition metals are compared in the context of namzisties’ morphology
and reversible segregation [1-3]. The FeAl@D1) system is also tested to
find out the influence of Fe nanostructures on photogital growth of Ag
nanopatrticles [4].

In the second part Ti/TiDis applied to modify electronic properties o
graphene on SiC. Ti layers are deposited by ion sputterigihpatt and
vacuum thermal evaporation method and then oxidized inTaio. model
substrates, i.e. Si(100) and graphite (HOPG), are at firdttassompare the
interaction of Ti/TiQ layers with various substrates. Morphology an
chemical composition of the interfaces are monitored usilgl and XPS
techniques. The work function of interfaces is determumdg UPS to find
out their usefulness as OLED cathode.

[1] A. Busiakiewicz, Thin Solid Films 550 (2014) 347.

[2] A. Busiakiewicz et al., Mater. Res. Express 3 (2016) 085004.
[3] A. Busiakiewicz et al., Vacuum 163 (2019) 248.

[4] A. Busiakiewicz et al., Appl. Surf. Sci. 401 (2017) 378.

Oral Presentations
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HIGHER ACENES GENERATED BY ON-SURFACE
DEHYDROGENATION

R. Zuzak, R. Doret, M. Krawie@, B. Such, M. Kolmer, M. Szymaskit,
A. M. Echavarrefi*, S. GodlewsKi

1 Centre for Nanometer-Scale Science and Advanced Materials, NANOSAM, Faculty
of Physics, Astronomy and Applied Computer Science, Jagiellonian University,
Krakow, Poland

2 Institute of Chemical Research of Catalonia (ICIQ), Barcelona Institute of Science
and Technology, Tarragona, Spain

3 Institute of Physics, Maria Curie-Skfodowska University, Lublin, Poland

4 Departament de Quimica Organica i Analitica, Universitat Rovira i Virgili,
Tarragona, Spain

In recent years we observe rapid development ohicgdectronics. This has

prompted the researcher attention toward detailed cheratien of single
molecules, which are the building blocks of novel desidanong different
families of organic species, the members of the acene fdimiarly fused
benzene rings, hold the special position being one aitist often studied
families in the context of the organic semiconductor apptinat[1-5].

Herein we present the on-surface generation of longeacas well as the

detailed study of their electronic structure on Au(11ljesa: Our method is
based on the two-step dehydrogenation of a stable anly easdled

tetrahydroacene precursors, assisted by the tip of aigechiSTM/AFM

instrument. High-resolution NC-AFM imaging was applied tfeg detailed
visualization of the internal structure of the generatad lcenes. Details o
the electronic structure of final molecules, as well as therrrediate
dihydroacenes, were revealed using high resolution didyping, which
allowed the spatial visualization of the electron density dlo@ur

measurements showed that not only frontier molecular tgljita., HOMO

and LUMO) but also deeper lying ones could be imagitia submolecular
resolution.

[1]J. E. Anthony, Chem. Rev. 106 (2006) 5028-5048.

[2] H. F. Bettinger, C. Tonshoff, Chem. Rec. 15 (2015) 364-369.
[3] R. Zuzak, et al., ACS Nano 11 (2017) 9321-9329.

[4] J. Kriger, et al., Angew.Chem. Int.Ed. 56 (2017) 11945-11948.
[5] R. Zuzak, et al., Angew.Chem. Int.Ed. 57 (2018) 10500-10505.
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PHYSICOCHEMICAL PROPERTIES OF THIN Gd FILMS ON
4H-SiC(0001)}-GRAPHENE

K. Idczak, L. Markowski
Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

Graphene is the most promising electronic material disedvia the past
decade. This material exhibits a number of interestingepties such as high
electron mobility at room temperature, remarkable opticaparency, high
thermal conductivity and exceptional mechanical propertitseover, the
peculiar band structure of graphene makes it differenn femy other
compounds. A crucial goal in ongoing research is toaterise various
graphene growth techniques along with their potential apjolicae.g.
flexible electronics, optoelectronics, energy storaggads). One of the most
well known technique to obtain graphene is high temperatbermal
decomposition of silicon carbide - semiconductor charsetrby a wide
band gap (more than 3 eV), high electric breakdowld, fieigh-saturation
electron velocity and tolerance to high temperature. Amathgortant issue
is to find the way to control graphene physical propert@se of the
possibility is the intercalation - process, in which atomerjett between the
graphene and the substrate.

In this work, the growth of gadolinium (Gd) on 4H-SiCQa¢-graphene have
been investigated. The properties of as deposited filmdsafter annealing
system at various temperatures were studied usingy XPtetoelectron
Spectroscopy and Low Energy Electron Diffraction. Anadysé chemical
composition and obtained surface structures for Gd/4H-8(0graphene
system allow to characterise parameters for gadolinierdalation, which
in this case is initial coverage and temperature of annealing
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MODIFICATION OF THE RELATIVISTIC SURFACE BAND
STRUCTURE OF TI/Si(111) SYSTEM BY ADSORPTION
OF O AND CI

L. Jurczyszyn

Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

The influence of the adsorption of chemically active @&@s oxygen and
chlorine on surface band structure of TI/Si(111) syste lbeen studied
theoretically with the use of fully relativistic DFT calculatsoifhe obtained
results indicate the incorporation of oxygen atoms intoTthlayer. It was
found that the adsorption of oxygen adatoms leads téotheation of the
band composed almost solely of the electronic statesiatstwith topmost
silicon atoms — this band is located inside the bulk bancagaynd 0.4 eV
below the Fermi level. The s-orbitals of Tl atoms are ina@titke bonding
with silicon substrate in TI/Si(111), however, in the presesicexygen
adatoms these states are involved in the strong bgprditween Tl and O
atoms - the band with these states lies deeply below tha Festel (around
6 eV). On the other hand, 0.7 eV abowvetle calculated band structur
indicates the presence of band with anti-bonding stategebe Tl and O
atoms. The obtained band structure indicates the lattleddpin splitting of
the electronic bands inside the energy gap. The correisgosgstem with
chlorine adatoms also shows the lack of spin splittingheibands inside thé
gap. However, contrary to adsorption system with oxyapgatoms, chlorine
adatoms are not incorporated into Tl atomic layer.
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ELECTRONIC STRUCTURE AND STM IMAGING OF THE
KBr/InSb INTERFACE

P. Ciocha, N. Olszowska, J. Kotodziej

Faculty of Physics, Astronomy, and Applied Computer Science, Jagiellonian
University, Poland

Using scanning tunneling microscopy (STM) and anglelvesl
photoelectron spectroscopy (ARPES) we study the KBr/IrBbH(Bpitaxial
system, for ultrathin KBr films of a thickness 1-4 MLidtfound that KBr
overlayer formation does not perturb the crystallographiacttre of the
InSb surface and its electronic structure is mostly fentdd as well. Thus
the film-substrate binding is concluded to be almost pumic and the
electronic systems of the substrate and the overlayeleamipled.

A simple model of the studied system is proposed foelthetron tunneling,
in which the ultrathin KBr film is treated as a dielectricdgymodifying the
tunneling potential barrier. Apparent step heights onkiBe film surface,
measured using STM, agree well with predictions of suaiodel.

Interestingly the atomically-resolved STM images show pattstrongly
resembling In and Sb sublattices at the KBr-InSb interfaeethivik that this
is a result of the fact that, at the considered scalesttmic scale structure
of the tunneling barrier can not be neglected. The barriespaially
modulated (in the sample plane) in register with the KBr fitadelung
potential. We observe tunneling current maxima (elestfioving out of the
sample) when the STM tip is over'Bons. These ions are located over |
atoms for the odd number of KBr layers, and over ®matfor the even
number of KBr layers. Thus the ultrathin KBr film actsaasatomic scale
"sieve" facilitating, depending on the film thickness, tdimgeto the one or
the other sublattice at the interface. The “sieve” effeay bre introduced as
a correction to the “dielectric model” explained above bsedhe atomically
resolved modulation observed in the STM constant heigitte is less than
10% as compared to the apparent step height.
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THERMALLY INDUCED REACTIONS BETWEEN A GaN(0001)
SUBSTRATE AND HAFNIUM LAYER

R. Lewandkdéw, R. Wasielewslg. Mazur
Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

The growth of hafnium films on n-GaN(0001) surfadgthvmative oxide was
investigated using surface-sensitive techniques. The ateaffinity of the
cleaned n-GaN(0001) surface amounts to 3.4 eV. ltagvstthat hafnium
creates a continuous and stable layer on GaN sub&thetamal treatment of
Hf/GaN system causes decomposition of GaN and reagtibafnium with
atomic nitrogen from the substrate. XPS spectra demonstratesitteon by
a strong shift of the N 1s and Hf 4f lines. An attempt fardging on the same
reaction with molecular nitrogen under pressure ofx11®® mbar was not
successful. UPS spectra show a metallic character of theutmaédlayer in
such instances. The experiment confirms that thethosphere does ng
react efficiently with hafnium despite a relatively high parpaessure.
Formation of hafnium and nitrogen compounds at hafnium @hming
annealing follows the reaction with atomic nitrogen derivedmfr
decomposition of the GaN substrate.
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TUNING THE STRUCTURE OF ULTRATHIN FeO ISLANDS ON
Ru(0001) BY OXIDATION/REDUCTION

N. Michalak, Y. Wand, Z. MitosZ, M. Prietd, G. Carrarg H. Dawczak-
Debicki!, V. Bab&i¢?, A.-E. Bocirnea F. Genuzié, Th. Schmidf,
M. LewandowsKi

1 NanoBioMedical Centre, Adam Mickiewicz University, Poznan, Poland
2 Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany
3 Elettra-Sincrotrone Trieste S.C.p.A., Basovizza, Trieste, Italy

Ultrathin iron oxide (FeO) films epitaxially grown on Pt(11khibit unique

electronic [1], magnetic [1,2] and catalytic [3] propertied observed for
bulk iron oxides. The catalytic activity is mainly relatedtie presence of
undercoordinated iron atoms at the edge and defect siteis Wit and,
therefore, is particularly high for well-dispersed FeO isldatls

We studied ultrathin FeO islands grown on another clas&gnl metal
substrate — Ru(0001) — by room temperature iron deposéial post-
oxidation in molecular oxygen. Such preparation proaeduais shown to
lead to the formation of well-dispersed and well-ordere@ i5lands [5]. The
performed scanning tunneling microscopy (STM), low rgpeelectron
microscopy (LEEM), local low energy electron diffraction (roit. EED)

and X-ray photoelectron spectroscopy (XPS) experimeateal that the
structure of the islands can be additionally tuned byatiid and reducing
treatments. Regarding potential catalytic activity, UHV alingavas found
to increase the number of undercoordinated iron site=¢C[#] at the
perimeter of FeO islands and within the islands, which ma&€8Ru(0001)
an interesting model system for further catalytic studies.

[1] L. Giordano et al., Phys. Rev. B 76 (2007) 075416.

[2] N. Spiridis et al., Phys. Rev. B 85 (2012) 075436.

[3] Y.-N. Sun et al., Angew. Chem. Int. Ed. 49 (2010) 4418.
[4] Q. Fu et al., Science 328 (2010) 1141.

[5] G. Ketteler et al., J. Phys. Chem. B 107 (2003) 4320.
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STRUCTURAL AND MAGNETIC PROPERTIES OF TRANSITION
METAL OXIDE THIN FILMS GROWN ON Ru(0001)

A. Mandziak* J. de la FiguetaG. Delgadg M. SancheZz P. Prietd,
J. E. Prietg A. Quesadi M. Foerstef, L. Aballe!

1 Instituto de Qumica Fisica Rocasolano, Madrid, Spain

2 Dpto. de Fisica Aplicada, Universidad Auténoma de Madrid, Madrid, Spain
3 Instituto de Cerdmica y Vidrio (CSIC), Madrid, Spain

4 Alba Synchrotron Light Facility, CELLS, Barcelona, Spain

Transition metal oxides (TMO) are promising candidate maseioa future
spintronic devices. Their properties arise from the intenacbetween
transition metal and oxygen ions in a given structurehvare very sensitive
to different bond length and angles, as well as to theticpkar cationic
distribution. However, their properties in thin film form, regjuired for the
use in microelectronic devices, are often disappointingesinterface and
surface effects, as well as defects can play strores.rdlhus, a detailec
understanding of magnetic and transport properties othilirlms at such
scale are needed, which enables us to optimize the fadwnicaethods.
Here we demonstrate a route for preparing high qualigthin ternary
transition metal oxide films on a metallic substrate. Mirexkel, iron and
cobalt oxides have been grown on Ru(0001) by high ¢eatpre oxygen-
assisted molecular beam epitaxy. The nucleation andtigrpvocess are
observed in real time by means of Low Energy Electramrddcopy (LEEM),
which enables to optimize of the growth parameters. Amehensive
characterization is performed combining LEEM and LEED $tructural
characterization and PEEM (PhotoEmission Electron Microgcaeyth
synchrotron radiation for chemical and magnetic analysis Xdeay
Absorption Spectroscopy, X-ray Magnetic Circular Dichroiand X-ray
Magnetic Linear Dichroism (XAS-PEEM, XMCD-PEEM and XMLD
PEEM, respectively).

Depending on the chosen stoichiometry and conditiotiserespinel ferrites
or monoxides of rocksalt structure can be prepareéd.spinel ferrites show
ferromagnetic contrast. While the monoxide one present l@armge
antiferromagnetic ordering with the Néel temperature abitne room
temperature. The high crystalline and morphological qudlipyepared films
result in optimized properties with respect to films growrother methods,
such as magnetic domains which are larger by sevemsoodl magnitude.
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MOLECULAR SELF-ASSEMBLY OF PORPHYRINS ON Au(111)
PRECOVERED BY COPPER AND SULPHATE

B. Madrny, K. Wandelt? M. Nowickit

1 Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

2 Institute of Physical and Theoretical Chemistry, University of Bonn, Bonn,
Germany

The selforganization of porphyrin molecules TMPyP and sufplon the
copper precovered Au(111) surface was investigatedlinian with the use
of electrochemical scanning tunneling microscopy andlacyoltammetry.
The experiments were carried out at different copperreges [1-4]. The
first stages of the underpotential deposition lead to the tmmaf a
(V3xV3)R30° sulphate structure on 2/3 ML and 5/3 ML of Cu an
(V3x\7)R19° sulphate structure on pseudomorphic 1 ML of i@uthe
overpotential deposition region the formation of coppetftitayers with
characteristic sulphate induced Moiré structure was obseA€dharge
inversion" effect within the interface layers serves asemplate for
adsorption of organic TMPyP cations. An ordered moledaiger exhibiting
domain structure was imaged by STM after the formatiothefcomplete
pseudomorphic Cu monolayer. At multilayer Cu coveragesgtowing order
of porphyrin molecules with hexagonal (hex) and sguésqr) local
arrangement was observed (Fig. 1). An imbalance betwiee copper
deposition and desorption current suggests the formatioGudMPyP-
metalloporphyrins. The comparison of EC-STM and CViltsbtained for
porphyrins deposited on Cu/Au(111) and Cu(111) is mtesd5].

[1] B. Madry, K. Wandelt, M. Nowicki, Surface Science 637-638 (2015) 77.

[2] B. Madry, K. Wandelt, M. Nowicki, Electrochimica Acta 217 (2016) 249.

[3] B. Madry, K. Wandelt, M. Nowicki, Applied Surface Science 388 (2016) 678.
[4] B. Madry et al., Encycl. Inter. Chem., Surf. Sci. Electrochem. 5 (2018) 281.
[5] B. Madry et al., Topics in Catalysis 61 (2018) 1335.
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PROPERTIES OF ULTRATHIN Pt LAYERS ON Cu(111)
REVEALED BY AES, LEED AND DEPES

A. Miszczuk, I. Morawski, M. Jurczyszyn, M. Nowicki
Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

The investigations of Pt on Cu(111) [1] were carried oueteal the growth
mode and crystalline structure of the adsorbate with thefusuger electron
spectroscopy (AES), low energy electron diffraction (LEEAD) directional
elastic peak electron spectroscopy (DEPES) [2-4]. Augemakigrtorded
during the continuous Pt adsorption on Cu(111) at 330rirens the layer
by layer growth mode. LEED patterns observed at 1 MIPioEhow the
formation of the compressed adlayer. At higher coveragels as 3 ML and
6 ML the increase of the lattice constant of the tognRislayer, which
approaches the bulk value of Pt(111), is observed.H3EIvestigations

performed for 1 ML of platinum indicate the nucleatidmadsorbate domains

characterized by A/CBA and B/CBA stacking sequences atRtiCu
interface, which at higher coverages lead to the nucleafiowtually rotated
by 180° Pt islands. Experimental DEPES data were comparbeoretical
results obtained with the use of the multiple scattering)(d&lculations [4,5]
for different adsorption geometries including the Pt andih@mixing at the
interface in a form of the GBt alloy [6,7]. The quantitative analysis of th
data made by R-factor calculations enabled the determinati®t domain
populations already at 1 ML and 6 ML.

[1] A. Miszczuk et al., J. Elect. Spec. Rel. Phen. 223 (2018) 29.

[2] S. Mréz, M. Nowicki, Surface Science 297 (1993) 66.

[3] M. Nowicki, Vacuum 54 (1999) 73.

[4] 1. Morawski et al., Surf. Sci. Rep. (2019), doi.org/10/1016/j.surfrep.2019.05.002
[5] I. Morawski, M. Nowicki, Physical Review B 75 (2007) 155412.

[6] P.C. Dastoor et al., Surface Science 588 (2005) 101.

[7]1 R. Belkhou et al., Surface Science 297 (1993) 40.
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Pb INTERCALATION OF GRAPHENE ON Ru(0001) — AES, LEED
AND DEPES STUDY

l. Morawskt, M. Lewandowsld, M. Nowickit

1 Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland
2 NanoBioMedical Centre, Adam Mickiewicz University of Poznari, Poznan, Poland

Auger electron spectroscopy (AES), low energy electrdradiion (LEED)
and directional elastic peak electron spectroscopy (DEPER)Vi&re used
to investigate graphene (Gr) on Ru(0001) before atet #fe intercalation
by Pb. AES recorded during the continuous Pb adsorptiodlean and Gr
precovered Ru(0001) shows early stages of the Pb ay@rohucleation, as
well as the decrease of the sticking coefficient of Pér dlfte graphene layer
formation. The intercalation is proved by the recorddghe Auger signal
from Pb at such high temperature as 1100°C, far abelttngpoint of Pb.
The LEED pattern recorded for Gr/Ru(0001) shows thgelgi212) unit
cell of graphene overlayer, which corresponds to th&1(1) substrate unit
cell [3]. The intercalation of the graphene layer by Pb sianmtly weakens
the intensity of the superstructure reflexes. Howeseme low intensity
satellite spots suggest the presence of a quasi-fredirggagraphene layer.
The DEPES anisotropies for Gr/Ru(0001) reflect the six-fchmetry
pattern without any distinct maxima, which confirms the fdromeof a large
adsorbate unit cell. After the intercalation the DEPES anisesapveal the
six-fold rotational and reflection symmetry pattern, whickeasy similar to
the (/7xV7) of the Pb-Ru(0001) structure [4].

[1] S. Mréz, M. Nowicki, Surface Science 297 (1993) 66.

[2] I. Morawski et al., Surf. Sci. Rep. 74 (2019) 178.

[3]1 S. Marchini, S. Gunther, J. Wintterlin, Physical Review B 76 (2007) 075429.

[4] M. Jurczyszyn et al., Encycl. Inter. Chem., Surf. Sci. Electrochem. 1 (2018) 496.
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2D SELF-ASSEMBLED NANOMATERIALS — COMPUTER
SIMULATIONS AND EXPERIMENT

D. Nieckarz, P. Szabelski

Department of Theoretical Chemistry, Maria Curie-Sktodowska University, Lublin,
Poland

The fabrication of 2D nanomaterials with a precisely defisgucture and
interesting physicochemical properties is currently oneeofribst important
challenges for modern materials chemistry. The usettdrneup techniques
which are based on the spontaneous self-assemblymgdlesiorganic
molecules on flat surfaces, seems to be particularly pragnifin this
purpose. This is related to the large variety of moledhigscan be used as
elementary building blocks of advanced supramolecular ctshes.
Nowadays, however, the construction of new 2D nanemnads is based
mainly on the trial and error methods, which are timesaaring and requires
numerous test experiments. This is especially true for omattonally
flexible molecules with several functional groups, whictlansurfaces can
exist as racemates or mixtures of different conformkersorder to better
understand the main factors that have a decisive influen¢he morphology
of above-mentioned supramolecular structures, it sestignal to use
computer simulations. Particularly suitable for this purpase coarse-
grained Monte Carlo simulations, in which molecules rmdelled in a
simplified way but their most important parameters likepshasize and
distribution of functional groups are preserved. Hevegrpresent our recent
theoretical investigations in the field of on-surface supraoutde chemistry
and compare them with corresponding experimental dat@nettavith the
use of Scanning Tunneling Microscopy.

[1] D. Nieckarz, P. Szabelski, Chem. Commun. 54 (2018) 8749.

30 » 2 DD DD




Nanostructured Surfaces IWSP-2019

« ¢ ¢ Oral Presentation

DFT STUDY ON THE STRUCTURE OF ULTRATHIN FeO FILMS
ON Ru(0001)

T. OssowskKi, A. Kiejna, M. LewandowsKi

1 Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland
2 NanoBioMedical Centre, Adam Mickiewicz University, Poznari, Poland

Ultrathin iron oxide (FeO) films on Pt(111) exhibit unique eledtoand
catalytic properties originating from a strong film-substnateraction [1,2].
Similar films can be also grown on Ru(0001) [3], howethase are way less
studied. Here, we present the results of DFT calculatiorntbe structure of
FeO/Ru(0001). The experimentally observed films exhibitl@mge Moiré
superstructure with characteristic high-symmetry regidrigerefore, the
calculations were performed not only for different oxidéackings
(arrangement of Fe and O layers), but also for differeittearegistries with
respect to the substrate. It was found, that the systétmg-e atoms at the
FeO-Ru interface and antiferromagnetic arrangement dayers are the
energetically most favorable ones — independently onilthaHickness and
Moiré high-symmetry region. These findings are in agrent with
experimental STM and XPS results.

[1] E. D. L. Rienks et al., Physical Review B 71 (2005) 241404(R).
[2] L. Giordano et al., The Journal of Physical Chemistry C 114 (2010) 21504.
[3] G. Ketteler and W. Ranke, The Journal of Physical Chemistry B 107 (2003) 4320.

The studies were financially supported by the Foundation for Polish Science
though the First TEAM/2016-2/14 (POIR.04.04.00-00-28CE/16-00) project co-
financed by the European Union under the European Regional Development Fund.
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HEXAGONAL BORON NITRIDE NANOMESH STRUCTURE
TUNED BY GOLD-RHODIUM SURFACE ALLOY

K. Palotd$23 L. Ovarp, G. Vare, R. Gubé, A. P. Farkas J. Kiss,
A. Berk@, Z. Konya

1 Wigner Research Center for Physics, Hungarian Academy of Sciences, Budapest,
Hungary

2 Department of Theoretical Physics, Budapest University of Technology and
Economics, Budapest, Hungary

3 MTA-SZTE Reaction Kinetics and Surface Chemistry Research Group, University of
Szeged, Szeged, Hungary

Hexagonal boron nitride (h-BN) monolayer on the Rh(Iskihstrate has a
periodically corrugated "nanomesh" structure. On therchand, h-BN layer
on a clean Au(111) substrate is atomically flat. By fornsngace alloys of
Au-Rh in different compositions on a Rh(111) substrate rep®rt on the
gradual tunability of the nanomesh morphology of h-BN \hich can be
useful for various nanopatterning applications. Increptiie Au amount in
the surface alloy results in reduced pore diameter amdgadion of the h-
BN layer [1]. The experimental findings are confirmgddensity functional
theory calculations: The energetically preferred orde2etl)(Au-Rh surface
alloy [2,3] is reconstructed, and Rh is accummulated b#levpore of h-BN.

[1] R. giubc') et al., Phys. Chem. Chem. Phys. 20 (2018) 15473.
[2] L. Ovari et al., Phys. Chem. Chem. Phys. 18 (2016) 25230.
[3] K. Palotas et al., J. Phys. Chem. C 122 (2018) 22435.
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APPLICATION OF IN-SITU XPS SPECTROSCOPY FOR
ANALYSIS THE CHEMISTRY OF PLASMA NITRIDED TiO
NANOTUBES

M. Pisarek, M. Krawczyk, M. Hotdyski, W. Lisowski

Institute of Physical Chemistry, Polish Academy of Sciences, Laboratory of Surface
Analysis, Poland

Highly ordered nitrogen-doped titanium dioxide nanotubesTi®b NTS)
were fabricated by anodic oxidation of Ti foil at constasitage (25 V) in
glycerol based electrolyte containing ammonium fluoriide The following
step-wise procedure consisting of 4 steps was appliegtadna nitriding of
TiO2 NT (in as-received sate), (2) heat treatment at@5@h in vacuum, (3)
plasma nitriding of annealed TiQIT at 450C, (4) heat treatment at 4%D/
2 hin vacuum. All steps of this procedure were monitdre XPS methoth
situ. As a result chemical shifts of the N 1s XPS peak wererobd after
each step. Usually, after plasma treatment the BE pesikgn of nitrogen
was close to 400.0 eV (Nidpecies), but after heat treatment the negative BE
shifts were recorded. The negative shift in the nitride toe¢397.0 eV) is
crucial as an effective way of incorporating nitrogen itite TiQ lattice
[2,3]. This phenomenon also influenced on the changeeaiodified Auger
parameterd’) to a lower value in comparison to undoped FNDOT's, which
suggests the formation of certain chemical bonds bettita@ium, nitrogen
and oxygen atoms. Present experimental procedure leadbgtitutional N
doping. The XPS results provide an unambiguous chaizatien of the
electronic states associated with N-impurities in;TNO’'s and a realistic
picture of the processes occurring in the solid undesnmda nitriding
treatment.

[1] P. Roy et al., Angew. Chem. Int. Ed. 50 (2011) 2904.
[2] C. Di Valentin et al., Chem. Phys. 339 (2007) 44.
[3] R. Asahi et al., Chem. Review 114 (2014) 9824.
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FORMATION AND OPTICAL PROPERTIES OF THIN TIN AND
GOLD FILMS PRODUCED BY PVD METHOD

T. RereR, L. Skowronsk, M. K. Naparty, B. Derkowska-Zielinska

1 Institute of Physics, Faculty of Physics, Astronomy and Informatics, Nicolaus
Copernicus University in Torun, Torun, Poland

2 Institute of Mathematics and Physics, UTP University of Science and Technology,
Bydgoszcz, Poland

The aim of the research was to study the kinetics mfir of gold and tin
thin layers. For this purpose, the Au and Sn layers witkilesses of 2.5 nm
5 nm and 10 nm were deposited on the silicon substratagyrassure below
2-10° mbar, using the thermal vapor deposition method.

It was noticed that the microstructure and growth mechmanisthin films
strongly depend on the deposition conditions (e.g. depositatn,
temperature) [1]. Therefore, the studied layers weregpeelpat two different
deposition rates (0.05 A/s and 2.50 A/s).

It was found that the change of the microstructure ofrlage asignificant
impact on the change of its optical properties [1,2]. &loee, the produced
layers have been tested in terms of microstructure archbproperties using
Atomic Force Microscopy (AFM) and Spectroscopic EllipstmegSE),
respectively.

Research of growth mechanism and morphology of legersiecessary fo
the production of nanostructured materials under contratedlitions to
obtain systems with specific optical, mechanical and otemroperties [3].

[1] T. Rerek, et al., Thin Solid Films 670 (2019) 86.
[2] T. Rerek, et al., Appl. Surf. Sci. 451 (2018) 32.
[3] F. Ruffinio et al., J. Appl. Phys. 107 (2010) 104321.
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REDUCTION OF Fez04 FILMS ON Pt(111) - SURFACE
STRUCTURE VS. COMPOSITION

N. Spiridig, K. Freindt, E. Made}, N. KwiateK, J. Wojas, P. Dré.dz?,
D. WilgockaSlezak!, J. Korecki

1 Jerzy Haber Institute of Catalysis and Surface Chemistry PAS, Krakéw, Poland
2 AGH University of Science and Technology, Krakéw, Poland

The (111) surfaces of magnetite become very heterogeneden the
condition of their formation are far from the equilibrium,2[L The
inhomogeneities, termed as “biphase”, have a strongnepde order in a
quasi-hexagonal structure with a periodicity 3-6 nmbe&ter recognize the
atomic structure and depth composition associated withotberwed biphase
superstructures we have systematically studied thet effsarface reduction
of magnetite F#4(111) films [3]. The stoichiometry of the magnetite films
was modified by deposition of metallic Fe, followed by UHivhealing.

The films were grown on a Pt(111) single crystal. The &ilnface structure
was analyzed using LEED and STM, whereas the compositias

determined byn situ conversion electron Mdssbauer spectroscopy (CEMS).
The stoichiometric F©4(111)/Pt(111) 5-nm films displayed electronic ang
magnetic properties characteristic for bulk magnetite.

The addition of iron resulted in a modification of the aoef structure from
the regular F#4(111) termination to the bi-phase reconstruction. Where
the LEED pattern weakly depended on the amount of iraleddSTM
showed successive biphase structures, identified withiat@solution and
explained within a coherent model. CEMS revealed thatah®osition of a
5 nm film, initially only weakly dependent on the amountFef, abruptly
changed above 2 ML of ad-Fe.

[1] M. Paul et al., Phys. Rev. B 76 (2007) 075412.
[2] N. Condon et al., Phys. Rev. B 55 (1997) 15885.
[3] N. Spiridis et al., J. Phys. Chem. C 123 (2019) 4204.
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IMPACT OF SUBSTRATE TEMPERATURE ON OPTICAL
CONSTANS OF CHROMIUM NANO-FILMS

S. L. Udachah N. H. Ayachit, L. A. Udachaf S. S. Kolkund,
S. S. Bhairamadabi

1 Department of Physics, Rani Channamma University, Belagavi-591 156,
Karnataka, India

2 Channabasaveshwar Post Graduate Studies & Research Centre, Bhalki-585 328,
Dist: Bidar, Karnataka, India

3 Government First Grade College, Shahapur-585 223, Dist: Yadgir, Karnataka, India
4Government Degree College, Kalburagi-585 105, Karnataka, India

The present investigation focuses on the process pamgon of chromium
nanofilms by resistive heating method in vacuum. Chromiamo-films
were prepared, onto ultrasonically cleaned glass substriayeshermal
evaporation in vacuum, under a pressure ot 10° Torr at substrate
temperatures F22°C and 180C. The chromium nanofiims wer
characterized by Ratio Recording Spectrophotometer, iliing, fat lower
thicknesses, were transparent compared to those at Higiloknesses, in the
range (5 - 30) nm, for the visible wave-length regidnincident radiation,
(300-700) nm. The optical measurement that was matteediims included
transmittance for different film thicknesses at different vewgth of
incident radiation, in the range for the films depositedath Ts. With this
data, we have estimated the optical constants like refeetdR%),
transmittance (T%), refractive index (n), extinction cioefht (k), absorption
coefficient @), real part of permittivity€') and imaginary part of permittivity
(e") for chromium nano-films. The optical constants werentbto be very
sensitive to the film thickness as well as wave-lengihadent photon. It
is found that the reflectivity of chromium films depositedTet180°C is
found to be about 10% more than that deposited=2ZC. A comparison
and conclusion will be drawn between the optical patars films deposited
at both the substrate temperatures.

[1] A. H. A. Mohamed, Int. J. Phys. Sci. 7 (2012) 2102.
[2] A. J. M. Siqueiros et al., Revista Mexicana De Fisica 45 (1999) 593 PACS: 78.66.-
w; 78.66.Bz; 81.15.Ef
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HYDROGEN INFLUENCE ON SURFACE MORPHOLOGY OF 4H-
SiC{0001} SURFACES

E. Wachowicz
Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

The wide band-gap semiconductor silicon carbide has attractgokat

interest during the past decades because of numbespErties which make
it very attractive for many applications in electronic desicFor electronic
applications purposes hexagonal 4H-SiC is the preferrégtype. The

(0001) surfaces of the hexagonal polytype 4H-SiGateturally equivalent
to the Si(111) surface for which hydrogenation has préodse the method
to produce unreconstructed, extremely flat, H-terminatedaces. The

hydrogen atoms attach to semiconductor dangling btngsproviding the
surface chemically and electronically passivated. Morgosasrthe SiC
crystal is grown in hydrogen atmosphere its preseriteeimces the reaction
of Si and C atoms with surfaces influencing the qualityrolvp crystal. In

previousdensity functional theoryOFT) studies of the changes in the surface
atomic and electronic structure resulting from hydrogen remee ranging
from a submonolayer to one monolayer [1] it was shtivat an adsorbed
monolayer of H almost completely suppresses relaxatidhe SiC surface
atomic layers.

The growth of hexagonal crystals of the 4H-SiC and3%€& polytypes occurs
in the(0007) direction. The exposed crystal surface is composéeriaces
of the {0001} oriented crystal planes separated by at@teips of half-unit-
cell or single-unit-cell height. DFT studies of the atomiudure and
morphology of the atomic steps formed in the [10-10][44€20] directions
on the Si- and the C-terminated surfaces [2] identifiethat structure of the
most favourable energetically steps. In presented résé&aecadsorption of
hydrogen on those steps was studied. Various adsogptemon the lower
and upper terrace as well as at the step edge wer@emts The most
favourable energetically sites were found depending orieitiace width.
Then, the influence of adsorbate on the atomic antreiec structure of both
the step edges and the terraces was examined.

[1] E. Wachowicz, A Kiejna, J. Phys.: Condens. Matter 24 (2012) 385801.
[2] E. Wachowicz, T. Ossowski, and A. Kiejna, Appl. Surf. Sci. 420 (2017) 129.
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ON THE STRUCTURE OF ULTRATHIN FeO FILMS ON Ag(111)

Y. Wand, T. Pabisiak N. Michalak, Z. MitosZ, V. Bab&i¢!, A. Kiejn&,
M. Lewandowsld

1 NanoBioMedical Centre, Adam Mickiewicz University, Poznar, Poland
2 Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland
3 Institute of Molecular Physics, Polish Academy of Sciences, Poznari, Poland

Ultrathin transition metal oxide films grown on single crystgdports exhibit
unique properties not observed for the corresponditigdxides [1]. These
properties, originating mainly from the low-dimensionality arie
interaction with the substrate, make those films similar teratbpported 2D
materials with bulk counterparts. Ultrathin iron oxide (FeO) dilnfior
example, were shown to exhibit unique electronic, gitahnd magnetic
properties that depend on the metal single crystal suppedt Ag(111) has
always been considered a promising candidate for Fe®tlg, as it has the
same surface symmetry as FeO(111), only ~5% lattice amidm is
considered a weakly-interacting and is relatively resistanbxidation.
However, the reports on the growth and structureedd IBn Ag(111) are
scarce and often contradictory to each other.

We used scanning tunneling microscopy (STM), low eneepctron

diffraction (LEED) and X-ray photoelectron spectrosc@iyS) to study
ultrathin FeO films grown on Ag(111) using different pneg@n procedures
We observed the formation of a previously unreported d&siperstructure
with a 45 A periodicity, as well as other reconstructed andnstruction-free
surface species. The experimental results obtained bgdusther authors
indicate that the structure of FeO/Ag(111) may depend omriygaration
conditions. We also performed density functional the®yT) calculations
on the structure and properties of a conceptual réemtion-free FeO film
on Ag(111). The results indicate that such a film, if sgetully grown,

should exhibit tunable thickness-dependent properties,g bsirbstrate-
influenced in the monolayer regime and free-standing-HeOwhen in the
bilayer form.

[1] G. Pacchioni, Chem. Eur. J. 18 (2012) 10144.

This work was financially supported by the Foundation for Polish Science (First
TEAM/2016-2/14 (POIR.04.04.00-00-28CE/16-00) project co-financed by the
European Union under the European Regional Development Fund). T.P. and A.K.
acknowledge computer time granted by the ICM of the Warsaw University (Project
G44-23).
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Pb NANOCHAINS ON THE Si(113) SURFACE

L. Zurawek, M. Kopciuszfski, M. Dachniewicz, M. Jatochowski,
M. Krawiec, R. Zdyb

Institute of Physics, Maria Curie-Sktodowska University, Lublin, Poland

Surface morphology plays an important role in predictaimd controlling

growth of low-dimensional systems. Arrays of strucsutteat are uniform and
oriented in only one direction throughout a large areasfpauticular interest.
They are used to search and study new phenomenasubb Fermi liquid
theory or the Peierls distortion.

Vicinal substrates are promising templates for the growlitmadimensional

nanostructures since they are able to form long-raamjeotropic one-
dimensional order [1]. Among many, the Si(113) surfaseals pronounced
structural anisotropy and reconstructs to form stablerstipictures.

In this contribution we investigate crystallographic andtedmic structure
of the Si(113) surface covered with Pb. Reflection higargyn electron
diffraction (RHEED) and scanning tunneling microscopy (SEk& used for
a study of morphology and crystallographic structurethef surface. Its
electronic properties are investigated with angle resolveatoplectron
spectroscopy (ARPES). Deposition of 1.5 ML Pb with subssicarenealing
at 300°C leads to distinct well-ordered areas and foomaof one-
dimensional atomic Pb chains. The Pb nanostructures simiswotropic
metallic bands with parabolic dispersion along direction partdlthe step
edges. The observed close proximity between electronidsharakes this
ensemble a good candidate for the investigation of theRasffect. The
experimental results are supported by density functidnebry (DFT)
calculations.

[1] M. Kopciuszynski et al., Phys. Rev. B 88 (2013) 155431.

(%]
[
hes
)
©
+—
[
()]
(%]
()]
—
(a1
‘©
—
@)




Nanostructured Surfaces IWSP-2019

(%)
C
0
—
©
+—
c
()
(%)
(O}
—
o
‘©
—
@)

40 » ) ] ) D ) ) > 4




9t International Workshop On Surface Physics 2019

« « € ¢ Poster Presentations € € « «

Abstracts listed in alphabetical order
according to the presenting author’s name

(%]
[
Res
o+
©
=
c
[¢D)
(%]
[¢D)
—
(a1
—
[¢D]
=
(%]
O
(a8




Nanostructured Surfaces IWSP-2019

(%}
c
RS,
o+
©
o+
c
()
(%)
(&}
—
(a1
—
()
o+
(%]
O
(T

« ¢ (¢ Poster Presentation { ¢ ¢

FORMATION OF SODIUM BROMIDE LAYERSON Ag(111) TO
CHARACTERIZE CARBENE MOLECULES

A. Berd, S. Henkél, Y. A. Tsegaw, W. Sandet K. Morgensterh

1 Department of Physical Chemistry I, Ruhr University of Bochum, Germany
2 Department of Organic Chemistry I, Ruhr University of Bochum, Germany

During the last few decades notable efforts have besterim exploring the
self-assembly of organic molecules on metal surfaceghich the adsorbed
molecules can significantly influence the electronic propedigbe metals
underneath by forming chemical bonds. On non-metal laysis as aluming

or NaBr films, the molecules exhibit quite different sed§@mbly manner and

electronic properties from those adsorbed directly on matéces. The
insulating layers screen the conduction electrons of thgosting metals and
thereby modify their surface potential. In contrast, kEsidf organic
molecules, imaging and understanding of active radicalsperiant as they
are short-lived intermediates in almost all chemical reactlmrtsbecause of
their limited life time, there is very little fundamental knowleddgmut it.
However, radicals on metal surface tend to lose theiradhter due to the
strong interaction with metal atoms. To avoid this problalissirface might
help to keep their property constant.

We have grown sodium bromide (NaBr) layers on Ag(lafi)room
temperature. By variable temperature (100-350 K) fastrsog-STM, we are
investigating layer formation, atomic resolution, defeat$ @a moiré pattern
The NaBr layers grow on the surface directly as a hilayed then
consequently third and fourth single layers dependingftareht deposition
rates. The atomic resolution of NaBr bilayer has a sarfaientation along
the (100) plane with a lattice constant of 0.41 nm. Theatém are showr
as depression and Br atom as protrusion when imagitingtine metal tip.
But, the metal tip can easily capture a Br atom and ceesitegle vacancy or
the surface. In comparison with bare metal tips, the claimimodified Br
tips yield drastically enhanced spatial resolution as wetbasrast reversa
in STM topographies, implying that Na atom imaged as pratngsiather
than Br atoms. Due to the lattice mismatch with the metahoeytthe layer
creates a properly visible moiré pattern with Ag(111).sEhlayers serve a
support for the organic and inorganic molecules we arestigating. We
want to look at radicals, which cannot be produced anu deposited on
surface. Therefore, we have chosen a diazo (C=N=bdbiepgted precursot
(organic molecule) to produce the radicals by activatingt.ligve have
deposited these diazo protected organic molecules on ametadlso NaBr
surface at 100-110 K and imaged at 120-140 K. Receyress will be
present in the contribution.
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MICROSCOPIC VIEW OF TIN PHTHALOCYANINE
ADSORPTION ON THE RUTILE TiO2(011) SURFACE

L. Bodek, A. Cebrat, P. Piatkowski, B. Such

Faculty of Physics, Astronomy and Applied Computer Science, Jagiellonian
University, Poland

The adsorption and assembling process of organic negcon
semiconductor surface often determine final properfi@sdgvice where the
organic-inorganic interface plays a crucial role (for egknin DSSC — dye
sensitized solar cells). Among the molecules considerapg@®priate dyes,
functionalized porphyrin-like molecules as well as phthadoaye species are
often studied. Particularly interesting is their adsorption behawabroom
temperature for coverage greater than monolayer. T$w@itbn behavior of
tin phthalocyanine (SnPc) on the (011) face of rutile;w@s studied via
scanning probe microscopy at room temperature. Degbsiblecules form
a commensurate structure (A-type phase), which evoinas another
incommensurate structure (B-type phase) as a reswdample annealing.
Both structures exhibit two mirror domains with respectthe [01-1]
direction. Kelvin probe force microscopy indicates thaP& aligned in A-
type phase adsorb in tilted geometry with the tin atom diletciwards the
surface. The molecules in B-type phase hold their moletwlard upright
mimicking the structure of corresponding molecular crystdmparison
with other metalized phthalocyanines could shed a light onafotentral
atom in adsorption process.
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OXYGEN ADSORPTION, SUBSURFACE OXYGEN LAYER
FORMATION AND REACTION WITH HYDROGEN AND CARBON
OXIDE ON SURFACES OF A Pt-Rh ALLOY NANOSIZED
CRYSTAL

S. Owczarek? S. V. Lambeefs C. Barrod?, R. BryF, L. Markowskt,
Th. Visart de Bocarnté

1 Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

2 Chemical Physics of Materials (Catalysis — Tribology), Université Libre de
Bruxelles, Brussels, Belgium

3 Interdisciplinary Center for Nonlinear Phenomena and Complex Systems (CENOLI),
Université Libre de Bruxelles, 1050 Brussels, Belgium

4 Environmental Molecular Sciences Laboratory - Pacific Northwest National
Laboratory, Richland WA, USA

The adsorption of oxygen and its catalytic reactions witrdgyen and
carbon oxide on Pt-17.4 at.% Rh nanosized crystal wediedty Field
Emission Microscopy (FEM) and Field lon Microscopy (Fitdhniques in
the 600-700 K temperature range. Both techniques usples prepared as
sharp tips, apexes of which mimick a single nanopartickatslyst in size
and morphology.

Our observations suggest that oxygen adsorption on RaRiples leads tg
the formation of subsurface oxygen layer. Initially, thkbssirface oxygen
layer is formed beneath the {113} planes fof €xposure of about 3 L
(Langmuirs). For large oxygen doses around 100 &,ciiange of the tip
morphology was observed and subsurface oxygen lagsr believed to

accumulate also beneath the surface of high Miller indeasabetween the

{012} and {011} poles of the hemispherical tip.

The subsurface oxygen could have been effectively vethdrom the
subsurface layers by subsequent exposure of the lsamphH. This
phenomenon was observed as sudden, eruptive chanige BEM pattern
brightness. The reaction resulted in the recovery ointial field emission
pattern, observed before any exposure of the samfle Whis result clearly
indicates that the oxygen accumulation-reduction processompletely
reversible in the case of reaction with hydrogen.

Contrarily, exposure of the sample with subsurface oxyggar to CO
resulted in the recovery of the FEM pattern of the clgamniy for small
amounts of adsorbed oxygen, while for large ddses the initial field
emission pattern did not recover.
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INVESTIGATION OF INTERFACE FORMATION OF INDIUM ON
AN ORGANIC THIN FILMSDEPOSITED ON DIFFERENT
SUBSTRATESUSING PHOTOELECTRON SPECTROSCOPY
COMBINED WITH CHEMOMETRIC METHODOLOGY

G. Balcerowska-Czerniak, A. Dittmar-Wituski, T. Hiller, MtZEinski,
A. Bukaluk

Institute of Mathematics and Physics, University of Science and Technology,
Bydgoszcz, Poland

The application of multivariate chemometric analysis to enheuficenation
available from photoelectron spectra of the indium metal organic
semiconductor layers: phthalocyanine (CuPc) and trigy@eixyquinoline)
aluminum (Alg) interface formation is demonstrated. Indium was exated
gradually on thin organic films by increasing the thicknekshe contact
interface. In previous studies [1] of the In/CuPc fdiorg we presented
evidence of the coexistence of two types of indiumspba"reactive" and
"unreactive”, whose behavior is of particular importandeenv used in
organometal-based devices. The key information abowmidally
meaningful compounds has been gained in graphical byra PCA biplot,
which allows for a visual determination of the characterjstiak positions.
Moreover, the effect of the substrate onto the In/CuRaface formation
was studied by looking at InSb and graphite (HOPG) bstsates for CuPc
deposition. In this communication we present an observaif In/Algs
interface formation on metal single crystal (Mo(100)). Tie®posed
chemometric approach allows us to compare our curesults with the
results for In/CuPc and in this way the degree of iotem between thin
CuPc and Alg layers and embedded indium on this organic medium is
evaluated.

[1] G. Balcerowska-Czerniak et al., J. App. Phys. 124 (2018) 075302.
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STRUCTURAL AND ELECTRONIC PROPERTIESOF Sb ATOMIC
CHAINSON Si(553) WITH Pb NANORIBBONS

M. Dachniewicz, LZurawek, M. Kopciuszfski, M. Jatochowski

Institute of Physics, Maria Curie-Sktodowska University, Lublin, Poland

Topological insulators and their symmetry protected banndtates could
be crucial for future nanoelectronics due to possibiityachieving non-
dissipative transport. In this context low-dimensional Sb stanctures (i.e.
atomic chains or nanoribbons) need a thorough studweMer, fabrication
of quasi-1D Sb structures is challenging due to preflesublimation of Sb
from source in a form of clusters. In order to ovenedhis problem one ca
use Pb as surfactant which enhances surface diffusigthlemd changes

surface energy necessary to dissociate Sb clustersfditeese a template for

Sb atomic chains we used very well ordered anisotropic Si€kB&ace with
Pb nanoribbons [1].

Atomic structure of the Si(553)-Pb surface was studied RHEED and
STM methods, whereas ARPES and STS methods were applie
characterize electronic structure. We observed that afpersdsn of 0.23
ML of Sb at room temperature the atomic chains of Sb \gesa/n. The
chains were aligned parallel to the Si(553) step edgesamatigh to the Pb
chains. Their lattice constant was the same as Si interat@staock if110]

direction of the substrate. The presence of Sb atomiinshezaused
replacement of a set of one-dimensional parabolic bahtsedi(553)-Pb
substrate into a single 1D-band. Results of tunneling speopgs
measurements showed that the Sb atomic chains exhibitiogtaracter.

[1] M. Kopciuszynski, et al., Phys. Rev. B 88 (2013) 55431.

This work was supported by National Science Centre, Poland, under Grant
No.2014/13/B/ST5/04442
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In/Alqs/HOPG STUDIED BY UPS AND XPS

A. Dittmar-Wituski, G. Balcerowska-Czerniak, M. Trzcinski,Hiller,
A. Lewandowska, A. Bukaluk

Institute of Mathematics and Physics, UTP University of Science and Technology,
Bydgoszcz, Poland

The results of investigations of thin layers of indium oris(8-
hydroxyquinolato)aluminum (Alg) are presented in this report. The studies
were carried outn situ in ultrahigh vacuum. Alglayers were formed by
vacuum evaporation on the surface of highly orientecblptic graphite
(HOPG). The HOPG substrate was chosen as an unreactiveoaductive
one to force the amorphous Algrowth. The formation of multilayers was
monitored using a quartz microbalance. The measured)megosition rate
was 0.075-1.0 nm/min. The growth of indium film on Algas examined by
X-ray photoelectron spectroscopy (XPS) (C 1s, N 1ss@rid In 3d core
levels) and ultraviolet photoelectron spectroscopy (UPShHiell regime.
Measurements were taken using Scienta R3000 analyzentendities for
XPS and UPS peaks were calculated using CasaXPS software.

The presence of a thin indium layer on thesAlgrface does not substantially
modify the valence band structure of Aljthough it does peaks broadening
in both, XPS and UPS spectra and the formation of the gdgssis also
observed. During the deposition of indium, energy pasitddferences as
well as the shape changes of the characteristic In 4d feaksther valence
levels) as a function of the indium layer thicknessodnserved which suggest
different metallic phases. The results were compared teiopie ones
obtained on other substrates.

[1] G. Balcerowska-Czerniak et al., J. Appl. Phys. 124 (2018) 075302.
[2] Y. Park, J. Lee, S.K. Lee, D.Y. Kim, Appl. Phys. Lett. 79 (2001) 105.
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USE OF NANOSTRUCTURED InsSe; CRYSTAL (100) SURFACE AS
A TEMPLATE FOR OBTAINING AN ARRAY OF NANOWIRES

P. V. Galiy, T. M. Nenchuk, A. Ciszewski, P. Mazuf, O. R. Dveriy

1 Electronics and Computer Technology Dept., Ivan Franko Lviv National University,
Lviv, Ukraine

2 Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

3 Chair of Electromechanics and Electronics, National Academy of Land Forces, Lviv,
79012, Ukraine

There are a lot of methods for obtaining nanowires (NWAs) other
nanosized structures on flat or textured substrate casfavhich use the
phenomenon of self-assembling. Among them is a classetiods for the
formation of nanostructures referring to the technplofgthe vapor - liquid
- solid phase or vapor - solid - solid phase. Theybased on the propertie
of the rearrangement of thin metal films deposited enstibstrate surface
under the action of elevated temperatures, in nanosizgaets, through a
dewetting process. The disadvantage of most of théme iseed to pre-creat
a topographic pattern on the substrate surface by mieahanfluence, such
as indentation, scribing or by lithographic methods, dsasaestrictions on
the minimum size of nanostructures, which are, in particaae to the
resolution of the methods of a topographic pattern olpigini

Our work aims at the creation of NWs with predicted pataraesuch as
diameter, length and period in the array (i.e., matri¥\¢fs) on (100) surface
of InsSe; layered semiconductor single crystal using its furrostedcture,
which acts as a high resolution template for the formatiodiVds. The NWs
were investigated using data obtained at room temperafith an Omicron
NanoTechnology STM/STS System in UHV better thar®Iorr. Indium

deposition was conducted with application of EFM-3 theewaporator. We
observed self-assembling in the deposited coveragerdsvearay of NWs
directed alongc axis of the surface lattice due to the subsequent the
activation. Besides, the factor affecting the formation of NS\ke presence
of In* atoms in the structure of48e; crystal.
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ONE-DIMENSIONAL MOLECULAR CHAINS OF
QUINACRIDONE ON Ag(100): STM AND SPA-LEED
INVESTIGATIONS

N. Humberg, A. Eslam, M. Sokolowski

Institut fiir Physikalische und Theoretische Chemie der Universitét Bonn, Bonn,
Germany

One-dimensional molecular aggregates are of high sitbezause they often
show specific and pronounced coupling effects for edeatrexcitations, e.g.
in optical spectra. One molecule that is already knoviorto such structures
on the Ag(111) surface is the prochiral quinacreld@A) [1]. Here, we
report on the temperature dependent growth of QA claidsthe structure
of the condensed monolayer of QA on the Ag(100jaser by spot profile
analysis low energy electron diffraction (SPA-LEED) and soan
tunnelling microscopy (STM).

QA grows on Ag(100) at low temperatures in short, guneterochiral chains
containing many defects. The bonding motif are intermdéeduydrogen
bonds. Upon warming, the chains transform into longigitt, homochiral
chains showing interesting interactions between the twatiensers. The
condensed monolayer of QA on Ag(100) is very simdahe one on Ag(111)
investigated by Wagner et al. [1]. It consists of domaihsparallel

homochiral chains with the distance between the chaipsndiéng on the
coverage. This structure is metastable. Upon annealB@paK it transforms
into a two-dimensional, heterochiral, commensurate strudtucensists of
homochiral dimers forming periodically indented, heterahand closely
packed chains.

[1] Th. Wagner et al., The Journal of Physical Chemistry C 188 (2014) 10911-10920.
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MOLECULAR SWITCHESON METALLIC SURFACES
W. Kaminski!, G. Antczak, K. Morgensterh

1 Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland
2 Lehrstuhl fiir Physikalische Chemie I, Ruhr-Universitét Bochum, Bochum, Germany

The project relies on the implementation of a molecular BwWite3] in the

form of a phthalocyanine @Rc) molecule adsorbed on the Ag(100) surfa
This molecule changes its conductive state in the procesg/drogen

tautomerization as recorded with the aid of an STM tipe Process of
switching of a molecule is reversible, and the reactiositipn is well

determined. A similar phenomenon of molecular switchingy alking an
STM tip, has already been demonstrated [4] for a similaiecnte

(naphthalocyanine), but on a different substrate, neulathin insulating
layer (NaCl bilayer) on a Cu(111) surface. Howeverfasathe process of
molecular switching has never been explored fopRcHnolecule adsorbe
on the Ag(100) surface.

First-principle calculations are performed based on defgitctional theory
(DFT) using the FIREBALL code [5], whereas calculationghaf transport
properties employ the nonequilibrium Green function (NE®BERNnique [6].

Performed calculations consist in modelling of the proadshydrogen

tautomerization of a ¥#Pc molecule on the Ag(100) surface and analyzing
changes in the spatial distribution of molecular orbitals éinatresponsible
for the difference in the recorded tunneling current.

[1] W. Auwarter et al., Nat. Nanotechnol. 7 (2011) 41.
[2] K.P. Dou et al., Front. Phys. 12 (2017) 127303.

[3] P. Liljeroth et al., Nat. Nanotechnol. 7 (2012) 5.
[4] P. Liljeroth et al., Science 317 (2007) 1203.

[5]1J.P. Lewis et al., Phys. Stat. Sol. B 248 (2011) 1989.
[6] G. Rocha et al., Phys. Rev. B 73 (2006) 085414.
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SILICENE ON ULTRATHIN GOLD LAYERS

M. Kopciuszyiski, A. Stpniak-Dybala, P. Dyniec, M. Stték,
M. Jatochowski, M. Krawiec, R. Zdyb

Institute of Physics, Maria Curie-Sktodowska University, Lublin, Poland

Silicene is a new, two-dimensional material with a honeyctatiize that
may host Dirac fermions [1]. This silicon analogue dpdrene has a big
advantage that is the possibility of band gap openirapplying the external
electric field. Unfortunately, silicene is a metastable matandlits synthesis
has to be done on a supporting material. In many chedgteraction with
the substrate suppresses the existence of Dirac c@nes [

To overcome this limitation several different substrates ifimese growth
were proposed. For example: Ag(111), Au(111) and S)(With V3x\3
reconstructions induced by Ag or Bi atoms. Howevhg experimental
realization of silicene on those substrates is disputadlemaly in the case of
silicene/Au(111) bands with linear dispersion were obskirvéhe electronic
structure [3].

In this contribution we report a new approach far tbrmation of silicene.
Contrary to traditional methods, where silicon is depositet fadSi source
onto a monocrystalline substrate we were able to form &eywwmb
structure on the top of several monolayer thick gold €ititizing the surface
segregation process of silicon atoms in Au/Si system. $mtlethod we only
apply a mild annealing of Au/Si(111) substrate and silicermagmn the top
of gold layer. This is accompanied with the appearafhoew bands in the
electronic structure that reveal linear dispersion.

[1] S. Cahangirov et al., Phys. Rev. Lett. 102 (2009) 1.
[2] R. Quhe et al., Sci. Rep. 4 (2014) 5476.
[3] S. Sadeddine et al., Sci. Rep. 7 (2017) 1.

This work was supported by the National Science Centre under Grant
No.2018/29/B/ST5/01572.
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INVESTIGATION OF Pt AND Mn THIN FILMSON Si(111)
SURFACE

K. Kopyscinski, K. Idczak, L. Markowski
Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

Thin layers of platinum and manganese on semicondubiwve a wide
application in microelectronics. Platinum is known for its chastability,
and is commonly used as catalyst and, moreover, itersiiompounds are
successfully applied in devices based on Schottky batfieThin films of
manganese and manganese oxides on semiconducterdéaw proved ta
have ferromagnetic properties, which is crucial for spmit applications
[2]. However, incorporating these metal/semiconductor Bystanto
microelectronic devices requires in particular knowledgsuatheir growth
mechanism and surface morphology of the manufactystdras.

In this study changes of structural, morphological areribal properties of
Pt and Mn thin films (formeth situ by deposition from handmade effusig
cells heated indirectly by electron bombardment) on Si(sLiface were
investigated in wide range of temperatures (from roemperatures up tg
1200 K) under UHV conditions (with base pressure lowan ttx 10°mbar)
using X-Ray Photoelectron Spectroscopy (XPS) and LowdynElectron
Diffraction (LEED).

[1] M. C. Li et al., Materials Chemistry and Physics 80(3) (2003) 620 — 624.
[2] M. Aouassa et al., Applied Surface Science 428 (2018) 1056 — 1060.

52 » 2 DD DD

A




Nanostructured Surfaces IWSP-2019

« « ¢ (¢ Poster Presentation € ¢« «

SURFACE TERMINATION REVEALED BY DIRECTIONAL
ELASTIC PEAK ELECTRON SPECTROSCOPY

S. Kovalchuk, I. Morawski, M. Nowicki
Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

In this work the results of investigations concerning tdwrmination of the
Ru(0001) surface are presented [1]. All experimentewarried out with the
use of a retarding field analyser. The cleanness cfahmple was monitored
by Auger electron spectroscopy. After the cleaning mhoethe long-range
order of surface atoms was proved by the observatigharp diffraction
spots with the use of low energy electron diffraction. Thatsrange order
of atoms within the surface-near region was investigatitldl thhe use of
directional elastic peak electron spectroscopy [2-5]. Theermental
intensity distributions presented as stereographic projectieere recorded
for different energies of the primary electron begmilBe six-fold symmetry
intensity pattern observed in all intensity plots reflectecttmribution of A
and B terminated terraces of the Ru(0001) surfacequUhatitative analysis
of the experimental data, presented in the form oéstgaphic distributions
and azimuthal profiles, performed by means of contraktes of intensity
maxima, showed the equal population of A and B terminggedces. The
data are discussed in the context of single and dotdge en Ru(0001) and
face centered cubic (111) samples, and the theordiatabution for the A
terminated Ru(0001) surface obtained with the use of thigpheuscattering
theory [6] is presented.

[1] S. Kovalchuk et al., J. Elec. Spec. Rel. Phen. 233 (2019) 77-82.

[2] S. Mréz, M. Nowicki, Surf. Sci. 297 (1993) 66.

[3] M. Nowicki, Phys. Rev. B 69 (2004) 245421.

[4] M. Jurczyszyn et al., Encycl. Inter. Chem., Surf. Sci. Electrochem. 1 (2018) 496.
[5] I. Morawski et al., Surf. Sci. Rep. 74 (2019) 178.

[6] I. Morawski, M. Nowicki, Phys. Rev. B 75 (2007) 155412.
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UNUSUAL STRUCTURAL PHASE TRANSITIONSIN THE
CRYSTAL OF {[N;Hs]sCdCls},

M. K. Krawczyk, Z. Czapla?

1 Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland
2 Department of Physics, Opole University of Technology, Opole, Poland

Our last studies revealed that the reaction of €dGHO with an excess of
hydrazine hydrate and hydrochloric acid leads to the daom of a crystal
{[N 2Hs]sCdCE} of the polymeric structure. Preliminary studies on t{
crystal structure at room temperature were undertakeBrhipanti and
Tiripicchio [1]. On the basis of DSC, single crystal X-rdiffraction

experiments and optical observation, we found thatcitystal exhibits
several structural phase transitions. On heating run atk3#& crystal
undergoes a phase transition of the ferroelastic tyge the monoclinic to
the orthorhombic phase. Afterwards, upon cooling the stwuctural phase
transitions at about 322 K and 319 K are observecaravierystal adopts
orthorhombic symmetry. The presented phase transitienaraque due to
the fact the first heating run results in different sticedtchanges compare
to those observed during subsequent heating.

In the studied crystal [#s]™ ions and 1D chains built up from dimer
{Cd.Clig}® units occur. As a result of phase transitions the giaof
positions of cations and partial disorder of cations as veelClions is
observed.

Figure. The crystal structure of {{[N,Hs]5CdCls}, at 340 K. Hydrogen atoms have
been omitted for clarity due to the disorder of hydrazine ions.
Symmetry codes: (i) 0.5+x, 1.5-y, 0.5-z; (ii) x, 1.5-y, z; (iii) -0.5+x, 1.5-y, 0.5-z.

[1] A. Braibanti, A. Tiripicchio, Gazz. Chim. Ital. 96 (1966) 1580.
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APPLICATION OF THE MULTIPLE SCATTERING FORMAL ISM
TO THE QUANTITATIVE ANALYSISOF DEPESRESULTSFOR
Ru(0001) AND Pt(111)

K. Kruk, I. Morawski, M. Jurczyszyn, M. Nowicki
Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

Directional elastic peak electron spectroscopy (DEPES) [1a4] used to
reveal the short range order within the surface-neaomeof Ru(0001) and
Pt(111). Experiments were performed at primary electromlegeergies from
0.7 keV till 1.8 keV. DEPES signal was recorded for theewahge of polar
0 (from -8C till 80°) and azimuthad (from C till 180°) angles and then
transformed to two-dimensional DEPES maps using stereogauijection.

The three-fold and six-fold symmetry intensity patterneobsd in DEPES
distributions for Pt(111) and Ru(0001), respectively, réflédne crystallinity

of samples. Theoretical DEPES distributions were obtaindadagpplication

of the multiple scattering (MS) theory [5]. In calculationsethparameters
were varied, namely: the inelastic mean free path ofrelex[6], the radius
around the emitter and the radius of smoothing [4,7¢ ddmparison of the
experimental and theoretical DEPES results was perfobyieah R-factor

analysis. The contribution of subsequent layers to theE#ESsignal and the
role of the surface termination in the calculated distrilmstior both samples
is discussed.

[1] S. Mréz, M. Nowicki, Surface Science 297 (1993) 66.

[2] M. Nowicki, Physical Review B 69 (2004) 245421.

[3] M. Jurczyszyn et al., Encycl. Inter. Chem., Surf. Sci. Electrochem. 1 (2018) 496.
[4] I. Morawski et al., Surf. Sci. Rep. 74 (2019) 178.

[5] I. Morawski, M. Nowicki, Physical Review B 75 (2007) 155412.

[6] S. Tanuma et al., Surface and Interface Analysis 17 (1991) 927.

[7] M. Jurczyszyn et al., Materials Characterization 93 (2014) 94.
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DYNAMIC PROPERTIES OF TOPOLOGICAL ATOMIC CHAINS
M. Kurzyna, T. Kwapiski

Institute of Physics, Faculty of Mathematics, Physics and Computer Science, Maria
Curie-Sktodowska University in Lublin, Lublin, Poland

Atomic wires and low-dimensional systems are of greatéstemowadays
and there are many different methods of fabricatinghitahains like for
example MCBJ (Mechanically Controlled Break Junction) asmcinal
surfaces [1]. As the thinnest electric conductors tdaeyfound many possiblé
applications in nanoelectronics and quantum computing.€Tikaalso a big
interest of topological insulators that reveal new interegtirases of matter
different with ones that we are familiar with [2]. Unlikdd 2and bulk
materials, one-dimensional topological insulators reveal gierdestates tha
can be found only on the edges of system and banthgiae [3,4].

Here we discuss dynamic electrical properties of topcdbghains in Su-
Schrieffer-Heeger model with tight binding Hamiltonian andletion
operator formalism. We show transitions between trivial aod-trivial
topological phases. We analyse the formation processpological edge
states and study the influence of external impurities ddetoms or coupled
chains) on the system conductance. We also studyerareffects in normal
and topological chains and show that they reveal the nyeefii@ct after e.g.
breaking the chain or due to different initial occupations.

[1] M. Kopciuszynski et al., Phys. Rev. B 88 (2013) 155431.

[2] S. Sachdev, Quantum Phase Transitions, Cambridge University Press,
Cambridge (2000).

[3]J. K. Asboth et al., A Short Course on Topological Insulators Springer,
Switzerland, (2016).

[4] M. Kurzyna et al., Journal of Applied Physics, doi: 10.1063/1.5080651 (2019).

This work was partially supported by National Science Centre, Poland, under Grant
No. 2018/31/B/ST3/02370.
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EC-STM AND CV INVESTIGATIONS OF Au(110) IN ACID
SOLUTIONS

K. Lament, B. Madry, K. Skorupski, K. Wandelt?, M. Nowickit

1 Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

2 Institute of Physical and Theoretical Chemistry, University of Bonn, Bonn,
Germany

Surface structures formed on the Au(110) electrode ibdise 0.1 M EBOy
solution were studied by electrochemical scanning tunnetilgoscopy
(EC-STM) and cyclic voltammetry (CV). At negative sampldeptials
current peaks observed in cyclic voltammograms refleetformation and
lifting of the well known 2x1 and 3x1 surface reconstrutias reported in
[1]. These surface row structures were monitareditu by STM. With
increasing the sample potential the surface reconstruistititted. At even
higher sample potentials the oxidation process of tH& Q) surface occurs,
which is reflected by a characteristic anisotropic serfalsserved in STM
images.

Knowing that the formation of the surface structuregededs on both the
sample potential and the composition of the solution, whiadsléo the
adsorption of different ions, the EC-STM and CV meanargs were also
conducted in different acid solutions. Cyclic voltammograensl STM

images, the latter recorded at selected sample potentigsemented and
discussed.

[1] K. Yoshida, et al., Electrochim. Act. 139 (2014) 281-288.

This work was supported by National Science Centre, Poland, under Grant
No0.2018/02/X/ST3/00666.
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A NEW CUSTOM-MADE SAMPLE HOLDER FOR HIGH-
TEMPERATURE AND IN SITU APPLICATION OF MAGNETIC
FIELDSIN A PHOTOEMISSION ELECTRON MICROSCOPE

A. Mandziak? J. Prat, J. de la Figuetal. E. Prieth M. Foerstet,
L. Aballe?

1 Instituto de Quimica Fisica Rocasolano, Madrid E-28006, Spain
2 Alba Synchrotron Light Facility, CELLS, Barcelona E-08290, Spain

We present a new custom-made sample holder systeits ftse in Elmitec
Low Energy and PhotoEmission Electron Microscopes. Itpr@®as two

different sample holder bodies: one with a filament fecteon bombardment
heating up to more than 1500 K and another one withgrated

electromagnets for thia situ application of small magnetic fields either in
plane or out-of-plane. The sample itself is placed ontalptavith a central
top hat shape which is transferred between both hajges. Thus it is
possible to prepare or grow samples at elevated ternpesaand then
investigate their behavior under magnetic fields without éaving the

ultra-high vacuum system.

This design opens up new possibilities for the study oh@iggproperties of
surfaces, thin films and nanostructures which cannekpesed to air. As arn
example of the performance of the setup we presemgfrdveth of magnetite
on Ru(0001) by high temperature oxygen-assisted mialebeam epitaxy.
The nucleation and growth process are observedlitimeaby means of Low,
Energy Electron Microscopy (LEEM), which enables to ofgérthe growth
parameters. Imaging of the magnetic domain distributiothefresulting
magnetite microstructures is done via XMCD-PEEM (X-ray Msign
Circular Dichroism Photoemission Electron Microscopy). Finaliie

switching characteristics of individual magnetite microstresguunder
applied field was investigated. Our results illustrateféiasibility to change
the magnetic state of thm-situ grown materials at tens of nm scale
resolution.

Figure 1. 3D model of the design of high-
temperature part of exchangeable sample
holder.
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TITANIUM AND ITSOXIDESON SELECTED SURFACES:
SILICON(100), GRAPHITE(0001) AND GRAPHENE/4H-SiC(0001)
FOR APPLICATIONSIN OLED TECHNOLOGY

K. Pabianek A. Busiakiewicz, P. CiepielewsKj P. Krukowski,
M. Piskorskt, E. Z. Fgtczak, P. Dybrowski, P. J. Kowalczyk
W. Koztowsktt, M. Rogald, Z. Klusek

1 Department of Solid State Physics, University of Lodz, Lodz, Poland
2 Institute of Electronic Materials Technology, Warsaw, Poland

In the first step of the experiment Ti was deposited bgmaef ion sputtering
technique in high vacuum coating system on givenased: Si(100),
HOPG(0001) and graphene/4H-SiC(0001). We were focusatlidying the
interactions of titanium and its oxides with the used substratesn the
interfaces were studied through atomic force microsc@fyM), X-ray
photoelectron spectroscopy (XPS), ultraviolet photoelecspectroscopy
(UPS), scanning tunneling microscope (STM) and Raman sgeofry. The
research was aimed at modification of electron propertigeaphene, which
we plan to use as transparent cathode in OLED tectppole proved that
deposition by means of ion sputtering technique is not tdaitevay of
deposition for graphene substrate — introduction ofatefin graphene was
observed by Raman spectroscopy. Interesting compauagsalso detected
(e.g. TiSg, TiSIOy).

Aforementioned results were the reason for the chamgbe deposition
method of titanium — in the second step Ti was therntajyosited in UHV
system (without contact with air atmosphere) on grapHeh&C(0001)

However, the research on this interface should be emdirbecause the most
important in the context of OLED applications is the maripoih the work
function (WF) on interface. The obtained WF values famodified

graphene/4H-SiC(0001) were lower than 3 eV which iy yeomising for
OLED cathode but the origin for so low WF must be clarified

The work was co-financed by the Polish National Science Centre under the grant
No. UMO- 2016/21/B/ST5/00 984.
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SURFACE CHARACTERIZATION OF THIN MoS; FLAKES
ON S SUBSTRATES

M. Pisarek, M. KrawczyK, R. SzoszkiewicZ®, A. Jablonski

1 Institute of Physical Chemistry, Polish Academy of Sciences, Warsaw, Poland
2 Faculty of Chemistry, University of Warsaw, Warsaw, Poland
3 Biological and Chemical Research Centre, University of Warsaw, Warsaw, Poland

Thin Mo crystals with several atomic layers deposited on Si substiaie
synthesized through mechanical exfoliation [1]. The resulto sulfide
flakes were then analyzeek situ using combination of Auger electro
spectroscopy (AES), elastic-peak electron spectroscopyJERte scanning
electron microscopy (SEM) in order to characterize theifasarchemical
composition, electron transport phenomena and surfagehwiogy. Prior to
EPES measurements, the Mo sulfide surface spstter-cleaned ang
amorphizedy 3 kV argon ions, and the resulting S/Mo atomic ragived
in the range 1.80-1.88, as derived from AES. The SEMy@saevealed
single crystalline small-area (up to fifn in lateral size) Mo sulfide flakes
having polygonal or near-triangular shapes. Such irregulged flakes
exhibited high crystal quality and thickness uniformityeTihelastic mean
free path (IMFP), characterizing electron transport, waduated from the
relative EPES using Au reference material for electron eeseEg= 0.5-2
keV. Experimental IMFPsJ, determined for the AES-measured sulfi
surface compositions were approximated by the simpletiitmd = kEP,
where k and p were fitted parameters. Additionally, these values w
compared with IMFPs resulting from the TPP-2M predictigeation for all
the measured surface compositions, and also for stoictiomdoS,
composition. Excellent agreement was found between theriengntal and
predicted IMFPs.

[1] W. L. Spychalski et al., J. Phys. Chem. C 121 (2017) 26027.
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ELECTRONICS OF Ba ADSORBED ON Ge(001)

A. Puchalskj L. Jurczyszyh W. Koczorowsk, R. Czajk3,
M. W. Radny?

I Institute of Experimental Physics, University of Wroctaw, Poland
2 Institute of Physics, Poznan University of Technology, Poznan, Poland
3 School of Mathematical and Physical Sciences, University of Newcastle, Australia

An ordered alkaline earth sub-monolayer on a clean Bj@@face provides
a template for growth of the atomically sharp, crystallinex&®interface
that is ubiquitous in the semiconductor device industtyastbeen suggested
that submonolayers of Sr or Ba on Ge(001) could playdas role as on
structurally identical Si(001), overcoming known limitations of Ge{001)
substrate such as amorphization of its oxidation layers.

We have performedb-initio density functional theory (DFT), plane-waves,
pseudopotential computational studies on the electronic pieperf the
Ba/Ge(001) adsorption system [1]. Previously we havemied the
adsorption and organization of Ba atoms on the Ge(0®fHcsuas a function
of temperature and coverage using ultrahigh vacuum\{Uktanning
tunneling microscopy (STM) measurements and total endbdym
calculations [2,3]. In this work we supplement thesdisgiby analyzing the
corresponding electronic structures. We demonstratarticplar that the key
role in the formation of the extended on-top and incotpdrphases is played
by predominantly ionic Ba-Ge interaction and not by thectli®a-Ba
interaction. This, along with the calculated electronic stines, explains the
ordered aggregation of the Ba adatoms in the forthevkig-zag chain-like
structures observed in STM measurements.

[1] A. Puchalska et al., Appl. Surf. Sci. 481 (2019) 1474.
[2] W. Koczorowski et al., Phys. Rev. B 91 (2015) 235319.
[3] W. Koczorowski et al., Phys. Rev. B 93 (2016) 195304.
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THE Au(100) SURFACE ASA TEMPLATE FOR PENTACENE
ADSORPTION

A. Sabik, A. Trembutowicz
Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

The unreconstructed Au(100)<1) surface has squared lattice with latti
constant 2.88 A. However the topmost layer of the aserfusually
reconstructs into quazi-hexagonal (hex) structure. ¢ cell is huge,
complicated and close to c(28). The distance of gold atom in topmag
layer to its nearest neighbors vary with the position oatbe in the atomic
row. Recently it was shown that the coexistence ®1)hnd hex phases i
the same first layer is possible [1].

Pentacene (PEN) belongs to polycyclic aromatic hydrocarbod consists

of five benzene rings. The adsorption of PEN on noblainsarfaces attracts

a lot of attention due to, on the one hand, the capacitigsobf systems inta
organic electronic devices. On the other hand metaricginterfaces are
model systems in fundamental investigations [2].

By utilizing scanning tunneling microscope (STM) we stutle self-
organization of PEN on Au(100). Our results reveal thaeied domains

creation of PEN molecules onto two coexisted phasearBlegs the surface

phase, the molecular axis is aligned along [011] surfagstatiographic
directions. The molecules vertical arrangement dependsrface phase. Or
the reconstructed surface area PENs appear with vappasamt heights. On
the unreconstructed surface the apparent height of nibkecules is
homogenous. The presence of domains on both gold phexgeal that the
adsorption of PEN might not lift the surface reconstruction

[1] A. Trembulowicz et al., Nanotechnology 30 (2019) 045704.
[2] L. Bartels, Nat. Chem. 2 (2010) 87-95.
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EC-STM AND CV INVESTIGATIONS OF Au(111) IN SULPHURIC
ACID SOLUTION

K. Skorupski, K. Lament, B. Madry, K. Wandelt?, M. Nowickit

1 Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

2 Institute of Physical and Theoretical Chemistry, University of Bonn, Bonn,
Germany

Electrochemical scanning tunneling microscopy (EC-STM) awdlic
voltammetry (CV) were applied to investigate an Au(111¢ctebde
immersed in 0.1 M BBQy in a wide potential window from the hydrogen
evolution reaction (HER) till the surface oxidation (dissolu). Different
preparation protocols of the solution including degassinip vr and
applying different potentials to the sample were used. STNéseecorded
in-situ at negative sample potentials with respect to the Pt/PtOeneker
electrode reveal the well-known sulphate free reconsuciu(111)-
(23xV/3) surface with the characteristic herringbone pattern. éteased
potentials sulphate adsorption leads to the lifting of thfiasa reconstruction
and first the formation of a disordered sulphate lafeisample potentials
above E=200 mV the well resolved long range ordew3*\(7) sulphate
structure is observed [1,2], until at even more positveemial values the
surface oxidation leads to the formation of empty islands$wo dimensional
Au islands, the later originating from the redepositbpreviously dissolved
Au. The investigations were performed with and withoupAessure in the
STM chamber. The decrease of an ion current at negséimple potentials
was observed with each potential cycle under smallr@sgure, while the
lack of Ar resulted in the gradual current increase thiémumber of potential
scans. The influence of the solution preparation praeedan the various
current maxima and the overall shape of the cyclic vattagrams, as well
as the associated electrochemical reactions are discussed

[1] B. Madry, K. Wandelt, M. Nowicki, Applied Surface Science 388 (2016) 678.
[2] B. Madry, K. Wandelt, M. Nowicki, Electrochimica Acta 217 (2016) 249.
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MICROSTRUCTURE AND OPTICAL PROPERTIESOF THIN
COPPER FILMSPRODUCED BY THE PVD METHOD

L. Skowronskt, M. Trzcinskt, T. Rerek, R. Szczesny M. K. Naparty

1 Institute of Mathematics and Physics, UTP University of Science and Technology,
Bydgoszcz, Poland

2 Institute of Physics, Faculty of Physics, Astronomy and Informatics, Nicolaus
Copernicus University in Torun, Torun, Poland

3 Faculty of Chemistry, Nicolaus Copernicus University in Torun, Toruri, Poland

The Cu thin films (12 nm, 25 nm and 35 nm) were dipodon Si(100)
crystals by a thermal evaporation at a pressure 6fiiBar. The metal films
were grown with a rate of 0.05, 0.50 and 5.00 A/s. a@tiective complex
dielectric function of the produced layeks,é >=< g > +i < &, >, was
determined using the spectroscopic ellipsometry (SE) technifinese
measurements were carried out in a photon energy Haoge0.6 eV to
6.5 eV for three angles of incidence {630, 75°) using the V-VASE (J. A.
Woollam Co., Inc.) device. The surface topographycapper films was
investigated using the atomic force microscope Innowa Bruker. The X-
Ray Diffraction (XRD) measurements were performechagighe Phillips
X'Pert system with Cu & radiation {=1.5418 A) and the X'Celerato
Scientific detector. The chemical composition of the depmbdagers was
estimated using the X-ray photoelectron spectroscopy (¥#8hique. The
photoelectrons were detected by a VG Scienta R300@repester.

The optical and microstructural properties of the producefili@s strongly
depend on the conditions of growth. The higher valugdasima energy anc
the mean time between collisions of electrons as well asrlealues of
optical resistivity were obtained for the thickest metallim$ deposited at
the highest deposition rate. All the synthesized filmskeixihanogranular
structure. The XPS measurements revealed no preseocstaminations in
the copper layer.
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SURFACE CHARACTERISATION BY THE X-RAY
PHOTOELECTRON SPECTROSCOPY COMBINED WITH THE
DIELECTRIC AND SPECIFIC HEAT STUDY IN DMAGaS
CRYSTAL

P. Staniorowskj K. Idczak, A. Cizman?

1 Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland
2 Institute of Physics, University of Technology, Wroctaw, Poland

Dimethylammoniumgalium sulfate hexahydrate ENH.Ga(SQ),2-6H.0
— DMAGaS is an organic-inorganic compound from a bigilfaof crystals
which are extensively studied because of their intergstructural phase
transitions, afc; = 136 Kand at & = 118 K.

The phase transition atilis of the first-order type, close to tricritical one.
The crystal belongs to monoclinic system with point greymmetry 2/m
aboveTq and m belowl¢1. The phase transition &t; is the first-order type.
At T para-ferroelectric phase transition of the order-disorgpe tis
connected to an ordering of the dimethylammonium patiét T, , due to
rearrangement of dimethylammonium cations, ferroelectriopgaties
disappear.

In this work the results of a dielectric and calorimetric ytalDMAGaS
crystal combined with the surface characterisatiombytray Photoelectron
Spectroscopy (XPS) are presented. The chemical compositiba surface
region and the ferroelectric properties as well as spdwft¢ characterisation
are described.
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MOLECULAR INSTABILITY OF CoPc N ORDERED LAYER ON
Ag(100) DURING STM MEASUREMENTS

A. Trembutowicz, A. Sabik

Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

Cobalt-phthalocyanines (CoPcs) are macrocyclic coordmatompounds
which exhibit, as another transition metal phthalocyaniribBcs),

remarkable thermal and chemical stability [1]. Nowadaygams of MPcs
with metal substrates are widely studied. On the one hardrsetal-organic
interfaces are model systems for experimental and thearmvestigations,
on the other hand, they are prototypes of organic elgctdevices. Scanning
tunneling microscope (STM) is useful tool for structusad electronic
property investigations of MPc-metal interfaces, howeverSh#l tip can
modify the molecules. In STM images the CoPc moleculeragcdcontact
with metal substrate usually appears as a four-leaf fedthieecobalt atom is
visible as a bright center during filled state imaging [2].

We show the results of study on stability of CoPc moleccéesed by the
STM tip. Only molecules in the ordered domains and ieatlicontact with
the Ag(100) substrate have been investigated. During mezasats (STM
scanning) some molecular instability has been obsewhith concerns
mainly CoPc metallic core i.e. cobalt atom. It manifesesfieww ways. In the
slightest ones, planar and/or vertical shifts from its apgatgposition occur.
The most destructive effect is extraction of Co and dragigaway from not
only the molecule cavity but from the molecule itself. Tacually, changes
the molecule identity. The molecular cavity is then very lduidilled by
cobalt atom. The fourth type of observed instability is thi& sf Co atom
within particular molecule. In this case, the Co atom iseddrom the CoPc
center to the ligand.

[1] G. de la Torre et al., Chem. Commun. 2000 (2007) 2000-2015.
[2] ). M. Gottfried, Surf. Sci. Rep. 70 (2015) 259-379.
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STRUCTURE SENSITIVITY OF THE INITIAL OXIDATION OF
RHODIUM: XPSAND PEEM STUDIES

M. Trzcinskft, P. Winklef, C. Freytag A. Bukaluk, G. Rupprechtér
Y. Suchorsld

1 University of Science and Technology, Bydgoszcz, Poland
2 Vienna University of Technology, Vienna, Austria

New instability phenomena ingzxidation on Rh [1] have refocused the
attention to rhodium surface oxides. However, in the stoslies efforts are
traditionally concentrated on low-Miller-index Rh surfaces,ewelas the
highly stepped surfaces are much less studied. Partigulalanisotropy of
the initial oxidation of such surfaces is not adequately eegladespite the
evident importance of the issue: differently oriented facéta catalytic
particle may exhibit different chemical states during tlaetien.

A new surface structure library approach, based on local analysis of
individual um-sized domains of a polycrystalline foil, where each doriza
crystallographically characterized by EBSD [2], allows sacbess, e.g. by
spatially resolved XPS. Since all the domains belong to the sample, such
an approach provides identical conditions for each ofliffierently oriented
surface regions.

In the present contribution, anisotropy of the surface atidd of Rh is
studied in the 1®mbar pressure range and in the temperature rang8db5
773 K by spatially resolved XPS and by PEEM, usingihetics by imaging
approach [3] and a polycrystalline Rh foil asueface structure library.

[1] Y. Suchorski et al., Nature Comm. 9 (2018) 600.
[2] Y. Suchorski, G. Rupprechter, Cat. Lett. 148 (2018) 2947.
[3]1Y. Suchorski, G. Rupprechter, Surf. Sci. 643 (2016) 52.
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DETERMINING THE WORK FUNCTION OF ULTRATHIN
FeO(111) FILMSON Ag(111)

Y. Wang, V. Babai¢, M. Lewandowski
NanoBioMedical Centre, Adam Mickiewicz University in Poznarn, Poznarn, Poland

Noble metals and bulk iron oxides are well-known catalydtamany
industrially-relevant chemical reactions. Recently, much attemizsnbeen
paid to the studies of ultrathin iron oxide films growmrwmble metal single-
crystalline supports. It is well-established that such sysehibit properties
that differ from those of the corresponding bulk materEkperimental and
theoretical studies revealed that ultrathin FeO(111) films gromw Pt(111)
exhibit superior catalytic activity in the CO oxidation reattcmmpared to
clean Pt(111) [1,2]. This activity is related, among otlesmtdrs, to the
decrease of the work function of Pt(111) induced bytiesence of FeO(111
film.

We used scanning tunnelling microscopy (STM) operatingha dl/dz
spectroscopy mode to determine the work function of bitraFeO(111)
films grown on Ag(111) [3]. The results indicate that Hager increases the
work function of Ag(111), which may have strong implicatoan the
catalytic activity of this system.

[1] Y. Sun et al., J. Catal 266 (2009) 359.
[2] Y. Sun et al., Angew. Chem. Int. Ed. 49 (2010) 4418.
[3] M. Lewandowski et al., Nanomaterials 8 (2018) 828.

This work was financially supported by the Foundation for Polish Science (First
TEAM/2016-2/14 (POIR.04.04.00-00-28CE/16-00) project co-financed by the
European Union under the European Regional Development Fund).

68 ’ J J D D D L > ’




Nanostructured Surfaces IWSP-2019

« « ¢ (¢ Poster Presentation € ¢« «

THE GROWTH OF MANGANESE SULFIDE THIN FILM ON
Ru(0001)

J. Kotaczkiewicz, M. Wiejak, R. Szukiewicz, M. Kuchowicz
Institute of Experimental Physics, University of Wroctaw, Wroctaw, Poland

The investigations of growth of manganese sulphide ftin on the
Ru(0001) surface in ultra-high vacuum are reported.ldlWwesnergy electron
diffraction (LEED), Auger electron and X-ray photoelectspectroscopies
(AES and XPS) were used to characterise the atomic actdoslie structure
of the sulphide films. A few nanometer-thick films wemeepared by the
multiple cycles of deposition of several Mn layers and setial exposition
to S vapour. This procedure was based on the literattiaga’ the formation
of 3d transition metal oxides films in similar adsorption systeffhe
influence of the different exposition time of the Mn films t8uX, substrate
temperature during preparation and post annealing onilimistructure are
discussed. Furthermore, the problem of co-adsorptiooxgfien on the
structure of sulphide thin films is also addressed.
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