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Xlll Workshop on Applications of Scanning Probe Microscopy — STM/AFM 2025

Zakopane, 26 - 30 November 2025

We have a great pleasure to invite you to the XIII Workshop on Applications of
Scanning Probe Microscopy — STM/AFM 2025 which will be held in Zakopane from
Wednesday, November 26 to Sunday, November 30, 2025, at the HYRNY Hotel
(https://hyrny.pl). The Workshop is organized by the Centre for Nanometer-scale Science
and Advanced Materials, NANOSAM, of the Faculty of Physics, Astronomy, and Applied
Computer Sciences, Jagiellonian University in Krakow, Poland.

The main goal of the Workshop series is to gather scientists who are or who would like
to be involved in surface science research using Scanning Probe Microscopy (SPM). These
SPM methods include Scanning Tunneling Microscopy (STM), Atomic Force Microscopy
(AFM), and other related techniques operating in ultra-high vacuum environment and
liquid/gas atmospheres. We wish the Workshop to be an interdisciplinary meeting for
participants representing different theoretical and experimental disciplines of scientific
research.

More information can be found at https://nanosam.pl/stmafm2025/

With kind regards,

Franciszek Krok
Bartosz Such

Chairmen of the STM/AFM 2025 Workshop
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XIIT Workshop on Applications of Scanning Probe Microscopy will be held
at the Conference and Recreation Center "HYRNY"
in Zakopane, Poland, 20 Pilsudski Street

Location of Zakopane and the conference venue:

o Orlich'GRiazd L
NS, : vl
| Glnglce Katowice e - <
9 . © _ 87
Ruda Slaska
i Tychy © __£% 2 &
Ry%"'kz . N Krakéw B Ea0 N
£ Oswiecim e Tarnow. = 1
i ‘ Wieliczka o 2
- 7 . oBrzesko
oJastrzebie-Zdroj- Bochnia
1 Bielskg-Biéla 3 Myslenice 5
Z i \ g
, % A A :
Cieszyn. ® ZeC o LM Gorlice ©
oWista Nowy Sacz £

|
3 ; Nowy Tar
‘Chranena )é 9
krajinnaloblast:
Horna'Orava

Krynica-Zdroj
o

' HYRNYMU‘sczyna Bardéejc)\
- 25 <

A~

Zylina
(e}

éska p ! PN 3
tioyca Uiptowskifful §1, Wysokie Tatry

Disambarl Mikutasz 4




9th School of the Scanning Probe Microscopy and Spectroscopy

Following the example of previous years, the seminar is accompanied by the 9th School
of SPM, which will take place on Wednesday, November 26, in the afternoon. This edition of
the school aims to familiarize participants with advanced SPM techniques. Lectures (except
for the second one) will be delivered in polish. Lecturers at the SPM School in Zakopane 2025
and their scope are listed below.

Program (Wednesday, 26™ of November):

15.00 — 15.45:
dr hab. Kamil Awsiuk, prof. UJ, Uniwersytet Jagiellonski
»AFM-SNOM-RAMAN: potaczenie roznych technik by zdoby¢ wiecej informacji”

15.55 - 16.40:
Dr Markus Kratzer, Montanuniversitaet Leoben
,Piezoresponse force microscopy - principle of operation and applications” (English)

16.40 — 17.05:
coffee break

17.05 - 17.50:
prof. dr hab. Robert Szoszkiewicz, Uniwersytet Warszawski
,Mikroskopia AFM w modzie przewodnictwa: ostatnie postepy i rozdzielczo$¢”

18.00 — 18.45:
dr hab Joanna Zemta, Instytut Fizyki Jadrowej PAN

»Zastosowania mikroskopii sit atomowych do biofizykochemicznej charakterystyki
probek biologicznych”



Local information

Conference site

Conference and Recreation Center “Hyrny”,
Jozefa Pitsudskiego 20, 34-500 Zakopane

Conference and Recreation Center "Hyrny" is located on Pilsudskiego Street (running
from Krupowki to ski jumping hill "Wielka Krokiew"). From the hotel windows there is a
magnificent view of the Tatra Mountains and the surrounding area. There will be
accommodation available in single and double rooms. The rooms are with bathrooms and
toilets, equipped with satellite TV, telephones, internet, some of them are with balconies. There
is a dining room, a cafe, a swimming pool, a conference room for 280 people, air-conditioned,
equipped with state-of-the-art equipment, and four rooms each for about 30 people. There is
also a Wellness Center.

Transportation

Conference will start at dinner on November 26 (Wednesday) at 7 p.m. and end on
November 30 (Sunday) with breakfast at 9 a.m. Transportation for the participants of the
Workshop by bus from Cracow to Zakopane will be provided by the organizers.

Departure of the bus to Zakopane is scheduled for Wednesday, November 26, at approximately
16:00 from the building of the Institute of Physics, 11 Lojasiewicza Street. The bus will not go
to the train/bus station. On the way back from Zakopane (Sunday, November 30, departure
about 9:00 a.m.), the bus will go to the main railway station (Krakow Gtowny) and then
continue to the Institute on Lojasiewicza Street.

In Krakow, to get from the train/bus station to the Institute of Physics, take tram line
52 (every 5 minutes) from the stop Teatr Stowackiego (former name of the stop: Main Railway
Station) in the direction of Czerwone Maki. Get off at the Norymberska stop. Travel time is
about 25 minutes. From the tram stop to the Institute building is approximately 350 meters.
The price of a regular tram ticket is PLN 6 (60-minute ticket) per person.

The timetable is available at https://mpk.krakow.pl/en/timetables



Excursions

During the scientific conference, participants will have the opportunity to take part in
hiking tours with experienced mountain guides through the picturesque Tatra Mountains,
departing from Zakopane. The tour route depends on the weather conditions in the mountains
and will be adjusted accordingly to ensure a safe and unforgettable adventure.

Participants are reminded that the weather may be challenging, so we recommend
wearing appropriate footwear, a warm jacket, gloves, and a hat. Crampons are welcome.




Invited speakers

Pawel Dabrowski (University of Lodz)

Tuning Electronic Properties in Graphene-Based van der Waals Heterostructures

Ruben Perez (Universidad Autonoma de Madrid)

Unraveling the potential of Atomic Force Microscopy with DF T-based simulations and
Deep Learning

Piotr Pi¢ta (Institute of Physical Chemistry Polish Academy of Sciences)

Imaging of biomolecules in model cell membranes supported on atomically flat surfaces

Alessandro Podesta (University of Milan)

Magnetic actuation of ferritin-functionalized micro-cantilevers

Andrzej Sierakowski (Institute of Microelectronics and Photonics, Lukasiewicz
Research Network)

New probes and calibration structures for scanning probe microscopy

Agnieszka Stepniak-Dybala (Maria Curie-Sklodowska University)
Probing Two-Dimensional Materials at the Atomic Scale: STM/STS Studies

Michat Szocinski (Gdansk University of Technology)

AFM-based approach in corrosion-related investigations

Marek Weiss (Poznan University of Technology)
Dry Nanoscale Friction: Effects of Velocity, Load, and Temperature

Roland Wiesendanger (University of Hamburg)

Nanostructures proximity-coupled to superconductors: A playground for quantum
science and technology

Dominik Wrana (Jagiellonian University)

Ferroelectric Oxide Perovskites: Bulk, Surface, and Catalytic Properties

Rafal Zuzak (University of California, Berkeley)

Tunable Molecular Kagome Lattice
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Conference program

THURSDAY FRIDAY SATURDAY
(FOR
9:00 - 9:10 WELCOME SATURDAY
ONLY)
09:10 - 09:40 | WIESENDANGER PEREZ 09:00 - 09:30
09:40-10.00 | JALOCHOWSKI KISIEL 09:30 - 09:50
10.00-10:20 | GODLEWSKI SAGWAL 9:50 - 10:10
10:20-10:40 | SZLACHETKO KOVALCHUK | 10:10- 10:30
10.40 - 11.00 BETTAC E PRZYBYSZ 10.30 - 10.50
11:00-11:35 | COFFEE BREAK % COFFEE BREAK | 10:50 - 11:20
11:35 - 12:05 PODESTA g SIERAKOWSKI | 11:20-11:50
12:05-12:25 | SZOSZKIEWICZ v SZOCINSKI 11:50 - 12:20
12:25 - 12:45 URBANSKA OKOCZUK 12:20 - 12:40
12:45 - 13:05 ;“:I:f\r:fz'él_ KOPCZYNSKI | 12:40 - 13:00
13:05 - 13:25 JORGE MAJCHER-FITAS | 13.00 - 13.20
13:30 - 14:30 LUNCH LUNCH LUNCH 13:30 - 14:30
15:00 - 15:30 WEISS WRANA ZUZAK
15:30 - 15:50 GNECCO KRATZER CYGANIK
15:50- 16:10 | SZCZEFANOWICZ |  CALDENTEY AWSIUK
16:10-16:30 | MAIJCHRZYCKI | WOJCIECHOWSKI CHUDZIK
16:30- 16:50 | KOCZANOWSKI KOROLKOV WALCZAK
16:50-17:20 | COFFEE BREAK | COFFEE BREAK | COFFEE BREAK
17:20-17:50 | STEPNIAK-DYBALA| DABROWSKI PIETA
17:50 - 18:10 MLYNCZAK PRZYCHODNIA | ZAPOTOCZNY
18:10 - 18:30 REDDIG KALUZIAK CHATTERJEE
18:30-18:50 | PAWEOWSKI MACYK BORAH
18.50 - 19.10 KWIECIEN NADOLSKA CZAJA
19:30 - 20:30 DINNER DINNER
CONFERENCE
20:30 - 21:30 | POSTERS (ODD) | POSTERS (EVEN) DINNER
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Wednesday 26.11.2025

approx. 16:00

BUS DEPARTURE FROM KRAKOW

19:00 - DINNER AT THE CONFERENCE SITE
Thursday 27.11.2025
9:00-9:10 OPENING CEREMONY
. . Nanostructures Proximity-Coupled to Superconductors: .
09:10 - 09:40 A Playground for Quantum Science and Technology ACIELERLT L L
Electronic Structure of Single Pb Atoms . .
09:40 - 10.00 on Triangularly Distributed Au Trimers MR AT B TR
10.00 - 10:20 On-Surface Synthesis with Hydrogen Atoms Szymon Godlewski
10:20 - 10:40 X-ray microscopy opportunities with synchrotron radiation Jakub Szlachetko
at SOLARIS
10.40 - 11.00 New dry-cooled Low Temperature UHV STM for T<5K Andreas Bettac, Nanoscore
and with unsurpassed temperature stability
11:00 - 11:35 COFFEE BREAK
11:35-12:05 | Magnetic actuation of ferritin-functionalized micro-cantilevers Alessandro Podesta
Viscoelasticity of a single poly-protein probed step-by-step
12:05 - 12:25 | during its mechanical unfolding and refolding under the force- Robert Szoszkiewicz
clamp
12:25 - 12:45 Tlme-depend‘ent structural transitions in tau K18 Marta Urbariska
probed by tip-enhanced Raman spectroscopy
12:45- 13:05 FPR2 agonists change the blor.nech:f\mcal properties Justyna $miafek-Bartyzel
only of LPS-treated microglial cells
An introduction to the newest Park Systems' atomic force
. . . . Elena Arbelo Jorge,
13:05-13:25 microscopy solutions. Empowering innovation across .
o Technolutions
nanotechnology applications.
13:30-14:30 LUNCH
15:00 - 15:30 Dry Nanoscale Friction: Effects of Velocity, Load, Marek Weiss
and Temperature
15:30 - 15:50 Unveiling tactility mechanisms Enrico Gnecco
through colloidal probe microscopy
15:50 - 16:10 Trlb‘ologlc':z?l mech'amsms in systems of graphene/SiC(0001) Bartosz Szczefanowicz
against silicon oxide and amorphous carbon counterfaces
16:10- 16:30 | Load- and Rate-Dependent Adhesion of AFM Tip on Thin Films tukasz Majchrzycki

12




Avalanche Dynamics in Stick-Slip Cutting

16:30 - 16:50 SR i e Pawet Koczanowski
16:50-17:20 COFFEE BREAK
Probing Two-Dimensional Materials at the Atomic Scale: . .
17:20- 17:50 STM/STS Studies Agnieszka Stepniak-Dybala
. . From Surface Alloying to Stanene-like Phases: .
17:50 - 18:10 2D Sn on Pt(111) Ewa Mtynczak
Radiation Resilience of Graphene Based Heterostructures — . . .
18:10 - 18:30 Insights from Multimodal Structure Characterization AL I
18:30 - 18:50 Quantlfcatlve N.ano.scale Plezogle'ctrlc' Response Jan Pawltowski
in an Epitaxial Boron Nitride Film
18.50 - 19.10 Comparative analysis of grogp v bqu‘T'MDs surface stability A [
under ambient conditions
19:30 - 20:30 DINNER
20:30 - 21:30 POSTER SESSION (ODD NUMBERS)
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Nanostructures Proximity-Coupled to Superconductors:

A Playground for Quantum Science and Technology

Roland Wiesendanger

Dept. of Physics, University of Hamburg, Jungiusstr. 11, 20355 Hamburg, Germany

* Corresponding author: wiesendanger@physnet.uni-hamburg.de

Hybrid systems consisting of superconductors as macroscopic quantum materials and
nanostructures exhibiting localized quantum states have recently attracted increasing interest and
excitement, particularly in view of engineering novel types of quantum states as well as their controlled
manipulation. In this talk, we will focus on three recent examples which involve STM-based single-
atom manipulation on superconducting substrates in order to fabricate quantum hybrid systems, to
demonstrate coherent quantum state projections, and to realize robust Majorana states in bottom-up
constructed spin chains on a superconducting Rashba alloy.

In a first set of experiments, we demonstrate proximity-induced superconductivity induced into
discrete quantum levels of bottom-up fabricated nano-scale quantum corrals [1]. We also demonstrate
experimentally the existence of in-gap bound states which — in contrast to Yu-Shiba-Rusinov (YSR)
states — are not caused by the presence of spins interacting with the superconductor, but involve spin-
degenerate quantum levels, as theoretically predicted more than 50 years ago by Machida and Shibata
[2].

In a second experiment, we have placed a single spin in the interior of various types of quantum
corrals of different shape proximity-coupled to a superconducting substrate [3]. Based on this platform,
we could demonstrate the coherent projection of YSR quantum states using the eigenmodes of the
quantum corrals, thereby offering a controlled non-local method for the detection of spin-related
quantum states.

Finally, we studied Majorana quasiparticles [4] in well-defined spin-chains constructed atom-by-atom
on artificially designed heterostructures involving Rashba alloy films with large spin-orbit coupling and
proximity-induced superconductivity from a niobium substrate [5]. Despite considerable nano-scale
disorder present in these heterostructures, we show both experimentally and theoretically that the
Majorana states are robust against such potential disorder. This seems to be a characteristic property of
spin chain — superconductor hybrids which appear less sensitive to disorder compared to the
semiconducting nanowire platform [6,7].

[1] L. Schneider et al., Nature 621, 60 (2023).

[2] K. Machida and F. Shibata, Prog. Theor. Phys. 47, 1817 (1972).

[3] K. Ton That et al., Nature Physics (accepted), arXiv:2410.16054 (2024).
[4] S. Rachel and R. Wiesendanger, Phys. Rep. 1099, 1 (2025).

[5] H. Jang et al., arXiv:2506.17414 (2025).

[6] S. Ahn et al., Phys. Rev. Mater. S, 124602 (2021).
[7]1 B.D. Woods et al., Phys. Rev. Appl. 16, 054053 (2021).
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Electronic Structure of Single Pb Atoms on Triangularly

Distributed Au Trimers

Mieczyslaw Jalochowski*, Mariusz Krawiec

Institute of Physics, Maria Curie-Sktodowska University, Lublin, Poland
* Corresponding author: mieczyslaw.jalochowski@mail.umcs.pl

The electronic structure of single Pb atoms bonded to Au trimers forming the Si(111)-(6x6)Au
substrate is investigated using scanning tunneling microscopy and spectroscopy (STM and STS), and
density functional theory (DFT) calculations. At surface coverages well below one monoatomic layer,
Pb atoms adsorb in only two distinctive topographic forms. At positive sample bias, they appear as
triangular and round species. The STM data show that the atoms with triple symmetry are located at the
centers of triangles formed by the Au trimers, whereas the "round" Pb atoms are positioned slightly off-
center. A comparison of the calculated local density of states and the simulated STM topographic
images with experimental data allows us to determine the role of the Pb atomic structure in the bonding
formation between Pb and Au atoms. We believe that such investigations are crucial for applications in
electronics, nanotechnology, and catalysis, where the interaction of noble elements with other deposits

is of primary importance.

Figure 1. STM topographic image (8 nm x 6 nm) of Pb atoms deposited at room temperature on
Si(111)-(6x6)Au. The broken lines define the (6x6) unit cells. The image was acquired at liquid
nitrogen temperature with a current of /=100 pA and a voltage of U=1.2 V.

This work was supported by the National Science Centre, Poland,
under Grant No. 2022/45/B/ST3/01123.
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On-Surface Synthesis with Hydrogen Atoms

Rafal Zuzak', Pawel Dabczynski!, Jests Castro-Esteban?, José Ignacio Martinez?,
Mads Engelund*, Dolores Pérez?, Diego Pefia%, Szymon Godlewski*

! Department of Physics of Nanostructures and Nanotechnology, Jagiellonian University,
Lojasiewicza 11, 30-348 Krakéw, Poland
2 Universidade de Santiago de Compostela, 15782, Santiago de Compostela, Spain
3 Instituto de Ciencia de Materiales de Madrid, Consejo Superior de Investigaciones
Cientificas (ICMM-CSIC), 28049, Madrid, Spain
* Espeem S.A.R.L. (espeem.com), L-4206, Esch-sur-Alzette, Luxembourg

* Corresponding author: szymon.godlewski@uj.edu.pl

In recent years the on-surface manipulation and chemical reactions created a playground for
atomically precise synthesis and development of new atomic and molecular nanostructures. However,
the abilities to produce desired systems are limited, among others, by relying on the catalytic role of the
substrate in initiating selected reactions. Therefore striving for the generation of desired systems forces
the search of new reaction pathways and catalytic transformations.

In this talk I will demonstrate our approach based on the application of hydrogen atoms in the on-
surface experiments [1-3]. The potential of atomic hydrogen will be highlighted e.g. by the ability of
the reaction byproducts removal, the organometallic phases quenching or heteroatomic substitution.
Subsequently the focus will be shifted toward non-metallic substrates.

While the surface assisted synthesis approach has proven its effectiveness in the precise formation of
new organic compounds on metallic surfaces one of the most challenging limitations arises from the
deep dependence on the catalytic activity of the substrate. This makes the direct transfer to the
technologically desired non-metallic surfaces extremely challenging. In this talk I will present our

pathway to circumvent the need to exploit the catalytic role of metallic substrates [4].

[1] Rafal Zuzak, Pedro Brandimarte, Piotr Olszowski, Irena Izydorczyk, Marios Markoulides, Bartosz
Such, Marek Kolmer, Marek Szymonski, Aran Garcia-Lekue, Daniel Sanchez-Portal, André Gourdon,
Szymon Godlewski, J. Phys. Chem. Lett., 2020, 11, 10290

[2] Rafal Zuzak, Andrej Jancatik, Andre Gourdon, Marek Szymonski, Szymon Godlewski, ACS Nano,
2020, 14, 13316

[3] Rafal Zuzak, Jesus Castro-Esteban, Mads Engelund, Dolores Pérez, Diego Pefia, Szymon
Godlewski, ACS Nano, 2023, 17, 2580

[4] Rafal Zuzak, Pawel Dabczynski, Jesis Castro-Esteban, José Ignacio Martinez, Mads Engelund,
Dolores Pérez, Diego Pefia & Szymon Godlewski, Nat. Commun., 2025, 16, 691
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X-ray microscopy opportunities with synchrotron radiation

at SOLARIS

Jakub Szalchetko' on behalf of SOLARIS Team
'SOLARIS National Synchrotron Radiation Centre, Jagiellonian University, Krakow, Poland

* Corresponding author: jakub.szlachetko@uj.edu.pl

The SOLARIS synchrotron in Krakow is a third-generation synchrotron radiation source based
on newest technological developments in accelerators and operating in the medium electron energy
range. SOLARIS is continuously expanding its activities, constantly developing experimental
beamlines and complementary synchrotron infrastructure such as cryo-electron microscopes. Research
opportunities offered by SOLARIS, the only synchrotron in Central-Eastern Europe, allow for
conducting unique scientific projects in fundamental research and applied sciences. In the presentation,
we will present the SOLARIS synchrotron project and available infrastructure, provide practical
information on access to the infrastructure, and show examples of the research with focus on nano- and

micro X-ray spectroscopic applications.

SOLARIS Cryo-EM FACILITY

KRIOS GLACIOS

..................

PR S Skt

............

%

____________________

{  XRD&XAS

S s i

\

He LIQUIFIER E i NEW USER LABORATORY

Figure 1. View on the accelerators of synchrotron SOLARIS and its beamlines research infrastructure.
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New dry-cooled Low Temperature UHV STM for T<SK

and with unsurpassed temperature stability

Andreas Bettac', Yutaka Miyatake?, Toshiaki Suzuki?

!'nanoscore tech GmbH, Zum Greifenstein 5, 65594 Runkel, Germany

2 UNISOKU Co., Ltd., 2-4-3 Kasugano Hirakata, OSAKA 573-0131, Japan

Nanoscore is the exclusive distributor of Unisoku instruments in Europe. In this contribution
we will introduce the company nanoscore and focus on latest achievements in development of Unisoku

Low Temperature STMs for UHV applications.

In particular, we will discuss design aspects and latest results of the new Unisoku closed cycle STM,
the USM1800. The USM1800 achieves a specified sample temperature of T<5K, which is unique for
dry-cooled SPMs. The integrated pulse tube refrigerator allows for fast & easy cool down, continuous

operation without caring for liquid Helium logistics and associated costs.

Fig: SPM results obtained with the USM1800. left: STM on Au(111) at a sample temperature of
T=3.6K; right: QPlus-nc-AFM measurement with atomic resolution on single crystal NaCl(001)

The advanced concept of vibration isolation and the automated gas handling system ensures a
beginners prove easy handling, provides unique temperature stability, ultimate STM & AFM
resolution, high resolution spectroscopy, and optical access. The instrument is available with
the conventional and well proven Unisoku SPM head with bayonet type sample holders and
lenses for TERS experiments, or alternatively, with an STM head for flag style sample plates
for best compatibility with 3rd party instruments.
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Magnetic actuation of ferritin-functionalized micro-cantilevers

Chiara Lunardi'?, Anna Moroni’, Alessandro Podesta""

! Department of Physics “Aldo Pontremoli”, University of Milan, Milan, Italy.
2Eindhoven University of Technology, Eindhoven, The Netherlands.
3 Department of Biosciences, University of Milan, Milan, Italy.

Ferritins are naturally occurring superparamagnetic nanoparticles [1]. It has been proposed that
ferritins can be exploited to control cell activity by attaching ferritins to the ion channel proteins and
then pulling the ferritins or heating them with a magnetic field [2]. The feasibility of this approach is
still debated, still being unclear whether the excitation mechanism is mechanical or thermal in nature
[2,3], and whether and how the very weak generated force can accomplish the task of opening (or

closing) the channel [2].

We here provide direct evidence that superparamagnetic ferritins can be used to magnetically
actuate nano and micro-scale objects. To this purpose, we exploited the very high force sensitivity of
the optical beam deflection apparatus of an atomic force microscope, equipped with a ferritin-
functionalized micro-cantilever. We measured the force generated by the proteins in an external low-
frequency magnetic field and estimated the force applied by a single ferritin particle, which turned out
to be in good agreement with the theoretical value [3]. Besides representing a direct validation of the
theoretical predictions, our results demonstrate the potential of ferritins to apply a direct mechanical
force to nanoscale complexes like membrane channels in mammalian cells, following a magnetogenetic
approach. Being the measured force per particle several orders of magnitude smaller than the one
predicted for opening or closing a membrane channel [4], we discuss possible workarounds to the purely

mechanistic magnetic gating of membrane channels.

[1] K.H. Ebrahimi et al., Chem. Rev., 115, 295-326, 2015, doi: 10.1021/cr5004908.
[2] M. Meister, Elife 5, 2016, doi: 10.7554/eLife.17210.

[3] M. Barbic, Elife 8, 2019, doi: 10.7554/eLife.45807.

[4] Howard J. et al., Neuron 1, 189, 1988. doi: 10.1016/0896-6273(88)90139-0
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Viscoelasticity of a Single Poly-Protein Probed Step-by-Step
During Its Mechanical Unfolding and Refolding
Under the Force-Clamp Conditions

Robert Szoszkiewicz""

! Faculty of Chemistry, Biological and Chemical Research Centre
University of Warsaw, ul. Zwirki Wigury 101, Warsaw, Poland

* Corresponding author: rszoszkiewicz@chem.uw.edu.pl

One of still outstanding issues in protein folding is to be able to directly observe structural changes
occurring along the folding pathway. Herein, we report on changes of the viscoelastic properties for a
single protein molecule measured along its mechanically-induced unfolding and refolding trajectories
[1]. We use a model system, the [27 poly-protein, and investigate its conformational changes via force-
clamp AFM (FC-AFM) spectroscopy. Typically only protein's length and force have been measured
using this approach. By applying Euler—Bernoulli model of the AFM cantilever with properly accounted
hydrodynamic damping we show how to access — from the same measurements — related changes of
two additional observables such as molecular stiffness and molecular friction coefficient. Our results
are compared to recent analytical models and experimental results. These findings are expected to lead
to proper identification of the intermediate folding states from the knowledge of their mechanical

properties.

Acknowledgments: The work was supported by the NCN, Poland, with a grant number
2018/30/M/ST4/00005 and by the UW Statuary Funds from the IDUB programme. The author thanks
a former group of Prof. J. Fernandez for a gift of a pQE30-I127 gene and Dr Nicoletta Ploscariu for

experimental help.
[1] R. Szoszkiewicz, Viscoelasticity of a single poly-protein probed step by-step during its mechanical

unfolding and refolding under the force-clamp conditions, RSC Advances, 15,2717-2726 (2025). Open
access. https://doi.org/10.1039/d4ra08047¢.
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Time-Dependent Structural Transitions In Tau K18

Probed By Tip-Enhanced Raman Spectroscopy

Marta Urbanska'?, Michal Czaja'?, Katarzyna Skirlinska-Nosek'?, Ewelina Lipiec',
Kamila Sofinska'

"'M. Smoluchowski Institute of Physics, Jagiellonian University, ul. Lojasiewicza 11, Krakow, Poland
2 Jagiellonian University, Doctoral School of Exact and Natural Sciences, Krakow, Poland
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Alzheimer’s disease (AD) is the most common type of dementia that leads to irreversible
changes in the histology of a brain and alteration of behavior [1]. Both the pathophysiological
mechanisms driving the illness and also an effective therapeutic approach remain elusive. For now, it
is well-established that during the progression of AD, pathological aggregation of amyloid  peptide
and tau protein is observed. The investigation of the process of amyloid-like aggregation is particularly
challenging, due to the size and high heterogeneity of emerging aggregates. Thus, methods providing
high spatial resolution and chemical information are required.

In this research, we studied abnormal time-dependent aggregation of tau K18 protein. On the one
hand, tau K18 fragment has crucial physiological functions, but from the other hand it forms the core
of tau aggregates. To monitor changes in the tau K18 process of aggregation at the single aggregate
level, we applied tip-enhanced Raman spectroscopy (TERS) which combines spatial resolution of
atomic force microscopy (AFM) and chemical sensitivity of Raman spectroscopy [2]. Assessment of
TER single spectra followed by principal component analysis (PCA) enabled observation of distinct
spectral features characteristic for early and late stage of aggregation. Furthermore, PCA of TER
spectra acquired from full-length tau and tau K18 at the beginning of aggregation indicated significant
differences in their secondary structure. Additionally, AFM enabled monitoring the morphology of tau
K18 aggregates at different stages of aggregation, while infrared spectroscopy gave an insight into
changes in secondary structure in bulk samples. Finally, TER hyperspectral mapping allowed direct
visualization of structural rearrangements resulted from fibril maturation.

Acknowledgments: This research was supported by National Science Centre, Poland, under the
SONATA 17 project [Reg. No. UMO-2021/43/D/ST4/02655].

[1] GBD 2019 Dementia Forecasting Collaborators. “Estimation of the global prevalence of dementia
in 2019 and forecasted prevalence in 2050: an analysis for the Global Burden of Disease Study 2019.”
The Lancet. Public health vol. 7,2 (2022):

[2] Sofinska, K., Seweryn, S., Skirlinska-Nosek, K., Barbasz, J., & Lipiec, E. (2024). Tip-enhanced
Raman spectroscopy reveals the structural rearrangements of tau protein aggregates at the growth phase.

Nanoscale, 16(10), 5294-5301.
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Alzheimer's disease (AD) is characterized by chronic inflammation and the accumulation of beta-
amyloid (AP) plaques in the brain. A special role of microglial cells and the formyl peptide receptor 2
(FPR2) pathway has been seen in the development of AD. Microglial cells, the resident macrophages
of the central nervous system, are believed to play a significant role due to their dual effects, both
neurotoxic and neuroprotective. At the same time, FPR2 mediates the neuroinflammatory response to
AP peptides while also serving as a receptor for the neuroprotective ligands.

In the experiments, primary microglial cells were isolated from 1- or 2-day-old wild-type mice
(WT) and from 1- or 2-day-old the knock-in model of late-onset Alzheimer's disease (APPNLF/NLE)
mice. Isolated cells were cultured in the presence or absence of bacterial endotoxin (lipopolysaccharide,
LPS) and with or without pre-stimulation with FPR2 agonists (IG4 and MDS5). Atomic force
spectroscopy working in force spectroscopy mode and the Hertz-Sneddon model were used to
determine the mechanical properties of cells.

Differences in the stiffness of microglia isolated from different mouse models (APPNFNLF v WT) were
observed. Cells isolated from APPN'FALF mice were stiffer than cells from WT mice. LPS treatment of
cells increased microglia stiffness regardless of the mouse model. None of the used FPR2 agonists
affected the biomechanical properties of the tested cells under basal conditions. However, the effect of
FPR2 agonists in inflammatory conditions was different; the MDS5 agonist reduced the action of LPS
in cells isolated from APPNLFNLE

of LPS only in microglia from APPN-F/NLE,

as well as from WT mice, whereas the IG4 agonist reduced the effect

To summarize, the biomechanical properties of microglia depend on the mouse model from which
the cells were isolated (APPNPNLF yvs WT mice) and on the presence of proinflammatory compounds
such as LPS. Moreover, the effect of the FPR2 agonist on cell stiffness was observed only in

inflammatory conditions and was connected with the chemical structure of this agonist.

Acknowledgments: This study was financed by the National Science Centre (Poland),

project no. UMO-2021/43/B/NZ4/01133 (NCN, OPUS). Tasks 1-3.
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An introduction to the newest Park Systems'
atomic force microscopy solutions

Empowering innovation across nanotechnology applications

'Dr. Elena Arbelo Jorge,
Park Systems Europe GmbH, SchildkroetstraBe 15, 68199 Mannheim, Germany

Atomic Force Microscopy (AFM) is a versatile, high-resolution tool for characterising
advanced nanomaterials. It offers powerful capabilities that extend far beyond topographical
imaging. Its strength lies in its ability to perform correlative measurements of multiple physical
properties, such as electrical conductivity, surface potential, nanomechanical stiffness and local
chemical composition, all at the nanoscale.

In this presentation, we introduce the latest FX series of atomic force microscopes, which boast
a high level of built-in automation features that set them apart from other research-grade atomic
force microscopes on the market. Automation reduces the need for manual handling of the
equipment, thereby facilitating its use. It also dramatically reduces set-up time and eliminates
user error and equipment breakage.

This series is the easiest, most versatile and cutting-edge platform for investigating a range of
nanometre-scale features, such as 2D materials, low-dimensional optoelectronics,
biopolymers, biomaterials, nanoparticles and nanofabricated devices. Additionally, we will
present examples of some of our most advanced modes, such as electrical and electrochemistry
modes, and correlated AFM with IR spectroscopy.

In this talk, we present how Park Systems' AFMs are an indispensable, multifunctional
platform for comprehensive nanoscale characterisation across disciplines.
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Studying the fundamental mechanisms of dry friction at the nanoscale, especially between different
classes of materials, allows us to better understand the negative effects associated with motion that
dissipates kinetic energy at larger scales. At the same time, this approach enables us to understand how
to prevent the effects of wear.

Atomic force microscope (AFM) operated in the lateral force and force spectroscopy modes, have
become the most versatile tool in the study of friction and adhesion at various scales, especially at the
nanoscale. It enables to probe dry kinetic friction for wide range of nanocontacts in a function of many
variables, e.g.: sliding velocity, normal load, temperature, and more.

Such measurements of friction as a function of sliding velocity and normal load consistently lead to
the identification of main dry friction mechanisms which govern the total energy dispersion in the
system, particularly adhesive friction and stick-slip [1, 2]. Adhesive friction is dominant at near zero
loads, almost regardless of the velocity, which usually results in relatively low friction with weak
dependence on velocity. In contrast, stick-slip is highly dependent on load and velocity, making relative
motion less energy efficient. An equally interesting way to study dry friction is a controlled change in
temperature of a nanocontact. This process, understood as adding energy from outside the system,
affects the resultant friction force.

Accurate calibration of the normal and lateral bending of the AFM cantilever allows the quantitative
analysis of the mentioned friction mechanisms using the models of thermally activated escape from the
potential well, namely Prandtl-Tomlinson and Dudko-Hummer-Szabo. A useful general tool,
supporting the experiment, is also nonequilibrium molecular dynamics simulations.

This work was supported by the National Science Centre in Poland under Project No.

2020/37/B/ST8/02023.

[1] Weiss, M., Majchrzycki, L., Borkowska, E., Cichomski, M., Ptak, A. (2021),
Tribology International, 162, 107133.

[2] Weiss, M., Majchrzycki, L., Skonieczny, R., Florjan, D., Ptak, A. (2025),
Tribology International, 201, 110203.
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Of the five human senses, touch is the least understood from a physical point of view. One reason
for this is the complex intertwining of different properties (friction, adhesion, roughness, visco-
elasticity and plasticity, and more) that characterize sliding contacts. Equally important, although less
discussed in the literature, is the almost unavoidable occurrence of abrasive wear. In this context,
colloidal probe microscopy (CPM) allows us to extract quantitative information on the correlation
between these features on microscale model systems. Here we present a series of CPM-based
experiments on (a) soft PMMA microspheres rubbed on metallic and polymeric microripples [1,2] and
nanorough DLC films [3], and (b) rigid microspheres sliding on tilted metallic nanorod arrays [4], which
were finally coated with a graphene skin [5]. Each combination has unique characteristics, which have
been partly interpreted using established mechanical models (including Persson’s contact theory). The
variety of information gathered in this way could be scaled up and prove valuable not only for
correlating the friction force perceived by human fingers with the morphology and mechanical

properties of a solid surface, but also for the development of artificial tactile sensors.

[1] E. Cihan, J. Heier, K. Lubig, S. Grif, F. A. Miiller, E. Gnecco, ACS Appl. Mater. Interfaces, 2023,
15, 14970.

[2] E. Cihan, H. Khaksar, K. Lubig, S. Graf, F. A. Miiller, E. Gnecco, Phys. Rev. E, 2025, 111, 035405.
[3] H. Khaksar, H. Zhairabany, C. Ma, L. Marcinauskas, E. Gnecco, Trib. Lett., 2025, 73, 93.

[4] D. Datta, E. Gnecco, N. N. Gosvami, J. P. Singh, ACS Appl. Mater. Interfaces, 2024, 16, 14970.
[5] D. Datta, E. Gnecco, J. P. Singh, N. N. Gosvami, in review
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Graphene is an excellent lubricant on micro- and nanoscale due to its weak normal-to-plane
interactions. Friction Force Microscopy (FFM) demonstrated ultralow friction for graphene on many
different substrates. However, the studies with silicon tip revealed that the friction force for epitaxial
graphene on SiC(0001) increases dramatically above a normal load threshold due to a pressure-induced
temporal and local orbital rehybridization from sp? to sp* and a corresponding change of interlayer van

der Waals interaction into metastable covalent bonds [1]. Similar findings were reported for diamond

tip [2].

In this study, we compare the results of friction force measurements and atomistic simulations based
on self-consistent charge density functional tight-binding (DFTB) for systems of graphene/SiC(0001)
vs silicon oxide and amorphous carbon interfaces in ultrahigh vacuum as function of normal load and
sliding rate. An excellent agreement of the load-dependence between experiment and simulation reveals

friction mechanisms involving pressure-induced intermittent bonds.

[1] B. Szczefanowicz, et al., Physical Review Research, 2023, 5(1):L012049
[2] M. Zarshenas, et al., Adv. Mater. Interfaces, 2025, e00511
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The tribological behavior of surfaces plays a vital role due to the high costs associated with surface
wear. Consequently, considerable research is devoted to minimizing friction, adhesion forces, and the
resulting material degradation. This is particularly important in nano- and micromechanical systems,
where the use of liquid lubricants is restricted, and alternative approaches such as thin-film coatings are
highly desirable [1].

In this study, we investigate how the applied load and the loading rate affect the adhesion force
between an atomic force microscopy tip and thin-film coatings including silanes, thiols, and single-
layer graphene oxide flakes [2]. Since adhesion is known to strongly influence friction at the nanoscale,
controlling adhesive interactions is essential for reducing wear in nanocoatings. The experimental
results were analyzed using theoretical thermal activation models, namely the Bell-Evans and Dudko-
Hummer-Szabo frameworks, and parameters such as the dissociation rate constant, the distance

between the bound and transition states, and the activation free energy, were determined.

This work was supported by the National Science Centre in Poland under Project No.

2020/37/B/ST8/02023.

[1] Weiss, M., Majchrzycki, L., Borkowska, E., Cichomski, M., Ptak, A. (2021),
Tribology International, 162, 107133.

[2] Weiss, M., Majchrzycki, L., Skonieczny, R., Florjan, D., Ptak, A. (2025),
Tribology International, 201, 110203.
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We have investigated nanoscale wear on multilayered MoS2, the flagship transition metal
dichalcogenide, by elastically driving sharp diamond tips under normal loads sufficient to induce in-
plane fracture. The accompanying friction and the resulting wear structures were first characterized by
atomic force microscopy (AFM), revealing a stick-slip regime that drives progressive exfoliation of
MoS2 chips. At high normal forces, the slip phase displays hallmark signatures of avalanche dynamics,
observed for the first time at the nanoscale, evidenced by a Generalized Extreme Value distribution of
friction force drops. The AFM characterization is corroborated by molecular dynamics simulations,
which reproduce experimental trends and uncover atomistic details of the wear process, including local
amorphization, layer curving, and the involvement of distinct dissipative channels. Notably, it appears
that only one fifth of the energy inputted into the system is used to damage the MoS2 surface
irreversibly. These results offer new insight into the physical mechanisms governing friction and wear
in layered solids and provide a framework for precision cutting and nanomachining in van der Waals

materials, relevant to next-generation devices at sub-micrometer scales.

stick-W

Avalanche dynamics

MoS

Exfoliation of chips
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Two-dimensional (2D) materials continue to attract great attention due to their unique
structural, electronic, and chemical properties, which make them promising candidates for future
nanoelectronic and spintronic applications. Scanning tunneling microscopy (STM) and spectroscopy
(STS) provide powerful tools to probe such systems at the atomic scale, offering direct insight into their
morphology, local electronic structure, and interaction with the substrate.

In this contribution, I will discuss selected examples of 2D materials beyond graphene, focusing
primarily on silicene [1,2] and antimonene [3]. Emphasis will be placed on how STM/STS studies
reveal the structural arrangements, stability, and electronic signatures of these material. Particular
attention will be given to the role of the supporting substrate in stabilizing these layers, altering their
symmetry.

These results illustrate both the challenges and opportunities in exploring emerging 2D systems
and highlight the potential directions for their future development.

This work was financially supported by the National Science Centre, Poland under projects
2020/37/B/ST5/03540 and 2022/45/B/ST5/01018.

[1] A. Stgpniak-Dybala, P. Dyniec, M. Kopciuszynski, R. Zdyb, M. Jatochowski, M. Krawiec,
Advanced Functional Materials, 2019, 29, 1906053.

[2] A. Stepniak-Dybala, M. Krawiec, Journal of Physical Chemistry C, 2019, 123, 17019

[3] A. Stepniak-Dybala, T. Jaroch, M. Krawiec, P. Dr6zdz, M. Gotgbiowski, R. Zdyb, Nano Letters,
2023, 23, 9894
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Stannum (Sn) is a remarkable metal characterized by a low melting point and high surface
diffusion. Its low-temperature allotrope, a-Sn, is one of the few known elemental topological
insulators [1]. The two-dimensional (2D) Sn analogue of graphene, stanene, has been
theoretically predicted and experimentally recognized as a 2D topological insulator [2].
Successful molecular beam epitaxy (MBE) growth of stanene has been reported on several
substrates, including Cu(111) [2], Bi2Tes [3], and Au(111) [4]. Separately, ultrathin Sn films
deposited on Pt(111) have been studied in the context of catalysis, where Sn forms a 2D surface
alloy at elevated temperatures, leading to enhanced thermal stability and catalytic activity
relative to clean Pt(111) [5].

In this contribution, we will present the results of combined scanning tunneling microscopy
(STM) and low energy electron microscopy (LEEM) study of 2D surface structures formed by
room-temperature MBE deposition of Sn on Pt(111). Using LEEM, we followed the growth
dynamics in real time. For a Sn coverage of approximately 0.3 monolayers (ML), we observed
the formation of a V3 x V3 R30° superstructure. This phase was further analyzed and compared
with the 2D surface alloy of the same periodicity obtained after annealing. The details of the
surface alloy formation have been uncovered using STM. Distinctive features in LEEM I(V)
curves enabled us to clearly differentiate between the Sn phase of Sn atoms adsorbed on
Pt(111) and incorporated into the surface Pt(111) layer. The experimental LEEM I(V) data
were interpreted with the help of ab initio 1(V) simulations that include the unoccupied
electronic structure. In addition, we have also observed both with STM and with LEEM,
coverage-dependent formation of stanene-like flakes—tens of nanometers in size—organized
in V7 x N7 and V21 x 21 superstructures.

This research was funded by National Science Centre, Poland (NCN), grant number
2022/46/E/ST3/00184.

[1] A. Barfuss et al. Phys. Rev. Lett. 111, 2013, 157205

[2]J. Deng et al. Nat. Mat. 17, 2018, 1081

[3] F. Zhu et al. Nat. Mat. 14, 2015, 1020

[4] M. Maniraj et al. Comm. Phys. 2, 2019, 12

[5] R. Burch and L.C. Garla J. Catal. 71, 1981, 360, H. J. Wallander et al. J. Phys. Chem. C 126,
2002, 6258
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Enhancing the durability of magnetic field diagnostic electronics under fast-neutron irradiation
requires materials capable of withstanding extreme defect formation. Dimensionality reduction offers
a potential route, as two-dimensional systems inherently limit the development of collision cascades
responsible for radiation damage in bulk materials. Graphene, with its two-dimensional nature and low
neutron-collision cross section, embodies this concept. Yet, when integrated into a heterostructure, can
it maintain its intrinsic radiation resilience [1]?

We explore the neutron radiation tolerance of an a-Al.Os/graphene/H-intercalated SiC(0001)
heterostructure [2, 3], combining reduced dimensionality with a conventional substrate platform. Using
high-resolution transmission electron microscopy, Raman spectroscopy, electrical characterization and
other techniques, we assess the material’s structural and functional stability under fast-neutron fluences
up to 2x10'® n em™2. Our findings show, the graphene layers exhibit negligible structural damage in
comparison to bulk elements [4].

Showing that graphene retains its structural integrity and electronic performance even under extreme
neutron exposure, we suggest a viable route toward radiation-resilient sensor technologies. Such
resilience is particularly crucial for future fusion energy systems, where long-term, reliable magnetic

diagnostics will be key to successful reactor operation.

[1] M. Szary et al., J. Phys.: Condens. Matter, 2025, 37 321501.
[2] T. Ciuk et al., Carbon Trends, 2023, 13 100303.

[3] T. Ciuk et al., Carbon, 2018, 139 776.

[4] S. El-Ahmar et al., Appl. Surf. Sci., 2025, 685 161953.

Acknowledgments: The authors would like to thank the Ministry of Science and Higher Education
(Poland) for support under the project no. 0512/SBAD/2520. The work was supported by the
'PhDBoost’ Program for doctoral students of the Doctoral School of Poznan University of Technology
(in 2024) from the University’s subsidy financed from the funds of Ministry of Science and Higher

Education.
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Layered boron nitride (BN) is a key dielectric among two-dimensional (2D) materials, valued for its
excellent insulating properties, chemical stability, and high thermal conductivity [1,2]. While the most
common hexagonal polytype (hBN) is centrosymmetric, alternative stacking sequences such as
rhombohedral (rBN) lack inversion symmetry [3,4]. This structural distinction enables rBN to exhibit
functionalities - including second-harmonic generation and piezoelectricity - that are absent in hBN
[3.4].

This work presents a nanoscale investigation of an epitaxial BN film grown by metal-organic vapor
phase epitaxy (MOVPE) on a sapphire substrate [5]. The sample contains distinct rhombohedral (rBN)
domains embedded within a hexagonal (hBN) matrix. Using piezoresponse force microscopy (PFM),
we quantitatively characterized these domains [6,7]. To achieve a comprehensive analysis, we
employed a suite of advanced PFM techniques. Vertical PFM was employed to map the piezoelectric
contrast
and quantify response amplitudes, while combined vertical-lateral measurements resolved the relative
orientation of individual domains. Local piezoelectric hysteresis loops evidenced a field-dependent
electromechanical response of the domains, consistent with their piezoelectric nature.

These complementary measurements were integrated within a multidimensional acquisition
framework, enabling direct correlation between local piezoelectric responses and the underlying
material structure.

The findings establish that epitaxial BN films can serve as a platform for creating spatially controlled
piezoelectric domains. PFM, particularly when enhanced with multidimensional analysis, proves
to be a powerful tool for their nanoscale characterization [6,7]. These structures position boron nitride
as an active component for applications in low-dimensional sensors, nonlinear photonics, and active

layers within van der Waals heterostructures [8].

[1] P.M. Ajayan, et al. Advanced Materials, 2021, 33,2101589

[2] J.K. Kim, et al. Advanced Materials, 2023, 35, 2204161

[3] R. Cunha, et al. Journal of Physics: Condensed Matter, 2020, 32, 19LTO01
[4] J. Iwanski, et al. npj 2D Materials and Applications, 2024, 8, 72

[5] K. Ludwiczak, et al. ACS Applied Materials & Interfaces, 2021, 13, 47904
[6] X. Bai, et al. Nature, 2024, 629, 74

[7] B.J. Rodriguez, et al. Journal of Crystal Growth, 2002, 246, 252

[8] C. Maestre, et al. 2D Materials, 2022, 9, 035008
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Group IV Transition Metal Dichalcogenides (TMDs) possess attractive electronic properties, such
as a tunable band gap in the 1-2 eV range and predicted charge carrier mobilities in the thousands of
cm?-V~'-s71 [1]. Unlike most TMDs, they are not chemically inert under ambient conditions. Oxidation
can alter their surface properties and morphology, making it essential to study the changes as they
impact technological processing of group IV TMDs and their performance in electronic devices.

In our earlier work, we demonstrated that HfSe, undergoes rapid oxidation, resulting in Se-rich blister
formation, oxygen diffusion into the bulk of the crystal, and HfO, growth on the surface [2]. In this
study, we extend our investigation to HfS; and ZrS,, comparing the impact of ambient air exposure on
their surfaces with that observed for HfSe,. Scanning electron microscopy (SEM) reveals
morphological differences: while HfSe, shows bright blister-like features, sulfides develop areas with
different charge carrier concentration that gradually rise in number with increasing exposure time to
ambient air. Raman spectroscopy (RS) indicates that the vibrational modes of HfS; and ZrS; remain
mostly unaffected, suggesting higher chemical stability compared to HfSe,, whose RS modes change
drastically as the surface oxidation progresses. Complementary X-ray photoemission spectroscopy
(XPS) data describes the influence of the ambient air exposure on the investigated materials’ surface
chemical composition.

These results provide a comprehensive picture of the morphological and chemical differences in group
IV TMD oxidation, highlighting the role of chemical composition in determining their surface stability,

which affects their integration potential with silicon-based electronics.
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Ferroelectric Oxide Perovskites: Bulk, Surface,

and Catalytic Properties

Dominik Wrana'*?*

"'M. Smoluchowski Institute of Physics, Jagiellonian University, ul. Lojasiewicza 11, Krakow, Poland
2 Department of Surface and Plasma Science, Charles University, Prague, Czechia

* Corresponding author: dominik.wrana@uj.edu.pl

Ferroelectric polarization in bulk crystals is a well-established phenomenon; however, its
manifestation at the surface remains less understood. Electric fields generated by ionic displacements
are strongly influenced by surface reconstruction, atomic buckling, and electronic state shifts. To
harness the spontaneous polarization of ferroelectrics for applications in photocatalysis, pyrocatalysis,
and piezocatalysis, it is essential to develop a comprehensive model that accurately describes surface
ferroelectric behavior.

In this work, we investigate one of the most important classes of stable catalytic materials -
ABO:s oxide perovskites - known for their record-high efficiencies in water splitting . Specifically, we
studied single crystals of ferroelectric BaTiO3(001), LiNbO3(001), and KNbO3(001), as well as the
quantum paraelectric KTaOs3(001) . Polarization optical microscopy and scanning electron microscopy
(SEM) were used to visualize the spatial distribution of 90° ferroelectric domains, while low-energy
electron microscopy (LEEM) enabled observation of their evolution across the phase diagram. Domain
structure and orientation were further analyzed using piezoresponse force microscopy (PFM), revealing
correlations between surface polarization and reactivity. Local conductive atomic force microscopy
(LC-AFM) provided insight into the formation and evolution of conductive domain walls under applied
bias. Moreover, qPlus noncontact atomic force microscopy (nc-AFM) resolved the atomic-scale (1x1)
surface reconstruction and demonstrated nanoscale, reversible ferroelectric polarization in response to
varying tip—sample bias voltages. The presentation will conclude with photocurrent measurements

illustrating the catalytic potential of oxide perovskites for light-driven reactions.

This research was supported by the Polish National Science Centre, project SONATA
2022/47/D/ST5/02439 and the Czech Science Foundation, project GACR EXPRO 20-21727X.

[1] Wang, Wei, et al. Angewandte Chemie International Edition 59.1 (2020): 136-152.
[2] Liu, Cijie, et al. ACS catalysis 14.19 (2024): 14974-15013.
[3] Setvin, Martin, et al. Science 359.6375 (2018): 572-575.
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Ferroelectricity in Zr/Nb substituted BaTiOs-relaxors
probed by Piezoresponse Force Microscopy

Philipp Fahler-Muenzer'?, Markus Kratzer!, Christian Maier**, Klaus Reichmann?, Marco
Deluca’, and Christian Teichert!

!Chair of Physics - Department Physics, Mechanics and Electrical Engineering, Technical University
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* Corresponding author: markus.kratzer@unileoben.ac.at

Relaxor ferroelectrics are found in applications like energy storage systems and high-performance
actuators and transducers. Established Pb-based relaxor ferroelectric systems often contain lead, which
is environmentally harmful. Therefore, lead free relaxors are highly desired. Among the most promising
materials is substituted barium titanate (BaTiOs3). The investigated perovskite systems in this study are
B-site-substituted polycrystalline BaTiOs samples, where Zr or Nb is partially replacing the central Ti
ion in the perovskite lattice. Local information on the ferroelectric domain structure is still lacking,
despite the fact that these materials have been adequately described macroscopically using a variety of
techniques. In this work, we use piezoresponse force microscopy to investigate the domain structure
and local switchability at different temperatures and compositions. The findings show that temporal
stabilization of domains with limited volume is still possible, even long-range ferroelectric order is
effectively inhibited with increasing substitution. This suggests the existence of highly unstable polar

nanoregions.
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Atomic Structure and Ferroelectric Behaviour of BaTiO3(001)

Characterized with Nc-AFM

Lloren¢ Albons Caldentey!”, Dominik Wrana'?, Aji Alexander!, Igor Sokolovic®, Sreehari
Sreekumar’', Martin Setvin'

! Mathematics and Physics Faculty, Charles University, Pracgu, Czeck republic
2M. Smoluchowski Institute of Physics, Jagiellonian University, Krakow, Poland

3 Technical University of Vienna, Vienna, Austria

* Corresponding author: llorensalbonscaldentey@gmail.com

Ferroelectric polarization can be used to reversibly modify the surface structure and electronic
properties of ferroelectric catalysts and enhance their efficiency and selectivity [1]. However, the lack
of understanding on the effects that ferroelectricity has at the atomic scale and how to control them is a
major roadblock towards the improvement of such catalysts [2].

BaTiO; is not only a model system for investigating fundamental properties and phenomena that
manifest at the surface of ferroelectric materials, but also a promising material for prospective use as a
ferroelectric catalyst.

In this work we demonstrate that one can prepare a pristine BaTiO3(001) surface by cleaving single
crystals in UHV and characterize it with atomic resolution using the qPlus nc-AFM/STM. We show
that the surface can be BaO or TiO; terminated, both presenting charged intrinsic defects that interact
differently with adsorbed molecules. Moreover, by cleaving crystals with strong preferential
polarization, we prove that the ferroelectric structure of the bulk crystal plays a dominant role in
determining the structure and properties of the cleaved surfaces. We discuss atomic-scale details of

ferroelectric polarization induced by the tip's electric field and demonstrate its reversibility.

Figure 1: Constant frequency AFM image of the BaTiOs two terminated surface (left) and constant height AFM

image of the surface’s atomic structure (right).

[1] L. Ju, X. Tan, X. Mao, et al. Nat Commun 12, 5128 (2021).
[2] T. Lok Wan, L. Ge, Y. Pan, et al. Nanoscale 15 (2021).
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Oxidation Resilience of Planar Silicene

Pawel Wojciechowski'*, Mariusz Golebiowski'!, Marek Kopciuszynski',

Ryszard Zdyb', Mariusz Krawiec!

!Institute of Physics, Maria Curie-Sklodowska University, ul. Idziego Radziszewskiego 10, Lublin

* Corresponding author: pawel.wojciechowski@mail.umcs.pl

Silicene, a two-dimensional silicon allotrope with a honeycomb lattice stands as a interesting
material thanks to its compatibility with established Si-based technologies [1]. It shares several
properties of graphene, such as unique band structure and high carrier mobility. Among the differences
two are most significant: structural, as the most stable silicene form low-buckled form instead of planar;
and general stability, as silicene has not been synthesized in freestanding form as of today.

Among the properties of silicene one of the most intriguing is the ease of funtionalization, as there
are numerous pathways to tune the silicene’s properties [2]. Unfortunately, there is still long way
towards application of silicene in real devices, as it shares critical flaw with other materials: fragility to
ambient conditions [3].

Here we have investigated how planar silicene [4] interacts with molecular oxygen through angle-
resolved photoemission spectroscopy (ARPES) and low-energy electron microscopy (LEEM).
Interestingly the heterostructure exhibits extraordinary resilience towards oxidation, as even doses
exceeding 1000 L were insufficient to destroy silicene nor create additional compounds [5].
Additionally, the resilience against ambient conditions is tested, together with possible explanation.

)\,‘}-‘."’/_‘ o

\ :
w -1.0 )
-1.2
s P

-02 -01 0.0
ko (1/A)

-02 -01 0.0 ;. 0.2
ks (1/A)

We acknowledge financial support from the National Science Centre of Poland through the OPUS
project no. 2022/45/B/ST5/01018

[1] L. Tao et al., Nature Nano. 10 (2015), 227

[2] M. Krawiec, J. Phys.: Condens. Matter 30 (2018), 233003

[3] D. Solonenko et al., Phys. Status Solidi B 256 (2019), 1800432
[4] A. Stgpniak-Dybala et al., Adv. Funct. Mater. 29 (2019), 1906053
[5] M. Gotegbiowski et al., Appl. Surf. Sci. (2025), under review
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Redefining the ultra-high resolution in soft matter

Is there a limit for an ambient AFM?

Vladimir Korolkov

Oxford Instruments GmbH, Borsigstrale 15a, 65205 Wiesbaden, Germany

Real-space imaging of the intricate details of exquisite molecular architecture is pivotal in most areas
of soft mater research. This ranges from molecular packing in supramolecular systems on atomically
flat surfaces to a single polyaminoacid chain resolution in peptides. Typically, such resolution is
believed to be only possible under UHV conditions either with Scanning Tunneling Microscopy or
Non-contact atomic force microscopy with tuning-fork. Yet acquisition of such ultra-high resolution
data on conventional atomic force microscopes (AFM) is problematic due to perceived limitations in
ambient AFM.

In this work, however, we will show that such ultra-high resolution can be routinely achieved in the
ambient conditions through combining both the ultra-low noise floor and versatility of excitation
options on Cypher family AFMs with the low-amplitude (< 1 nm) excitation of higher eigenmodes of
a cantilever. The use of higher eigenmodes imaging (HEMI) provides a routine approach to achieving
molecular, and in some instances submolecular resolution, on a wide range of soft matter samples.
Submolecular or ultra-high resolutions imaging in the ambient paves the way for unambiguous
chemical identification of molecular species. Thus, enabling a new exciting area of molecular analytics.

We will present a few case studies where higher eigenmode imaging has been successfully applied
to understand molecular ordering in self-assembled molecular layers, supramolecular networks, real-
world polymers and polyaminocid chains in silk protein in the ambient.

This approach, unlike others, does not require any special cantilevers or custom modified AFM
components. When combined with a new Quadrature Phase Differential Interferometry (QPDI) detector
on Cypher family AFMs, it provides a precise tool to quantify molecular motion and nanomechanical

properties.
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Tuning Electronic Properties in Graphene-Based
van der Waals Heterostructures
Pawel Dabrowskil", Iaroslav Lutsyk', Przemystaw Przybysz', Wojciech Rys!, Maciej Rogala’,

Michal Piskorski', Pawel Krukowski!, Karol Szalowski!, Maxime. Le Ster!, Witold Kozlowski',
Pawel J. Kowalczyk!
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* Corresponding author: pawel.dabrowski@uni.lodz.pl

Two-dimensional (2D) materials continue to attract intense interest due to their unique properties,
often distinct from those of their bulk counterparts. Beyond individual layers, hybrid systems assembled
through van der Waals (vdW) interactions present new opportunities to tailor and control electronic
behavior at the interfaces. These vdW heterostructures enable tunability that goes beyond the intrinsic
characteristics of their constituent materials.

In this work, we investigate how graphene can be used to protect and tune the electronic properties of
large-scale heterostructures formed with surface-sensitive materials, including charge density wave
(CDW) systems (TaS:) and topological insulators (Bi2Ses). We focus on the role of interlayer
interactions in modulating the electronic structure, with particular emphasis on how graphene
influences charge transfer and coupling effects at the interface. Experimental studies are complemented
by first-principles density functional theory (DFT) calculations, providing a detailed perspective on the
underlying interfacial physics. In addition, machine learning techniques are applied to analyze
experimental datasets, enabling accurate identification of charge transfer mechanisms and systematic
trends in the evolution of electronic properties. This work was financially supported by the National

Science Centre, Poland under project 2018/30/E/ST5/00667.
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Figure 2. Experimental results for the van der Waals heterostructure graphene/Bi.Ses: (a) Low-Energy
Electron Diffraction (LEED), (b) Scanning Tunneling Microscopy (STM) and (¢) Angle-Resolved
Photoemission Spectroscopy (ARPES).
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STM/STS studies of single-atom Fe inclusions in MBE-grown
monolayer MoS2/Gr/Ir(111)

Marta Przychodnia'>*, Alina Drechsler!, Maciej Bazarnik', Anika Schlenhoff!
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Transition metal dichalcogenides (TMDs) have drawn significant attention due to their scalability
and the thickness-dependence of their electronic density of states (DOS) [1-2]. Moreover,
dimensionally confined TMDs, mainly 2D monolayers (MLs), are highly sensitive to structural defects,
such as vacancies, interstitial and substituent atoms. Even in very low-density regimes, these impurities
significantly affect various properties by introducing stress and/or modifying the DOS [3-5].
Consequently, there are ongoing efforts to engineer defects in TMDs to tune their electronic, magnetic,
optical, and catalytic properties. While most of the current research focuses on naturally occurring
defects in chemical vapor deposited TMDs, to improve control over defect engineering, we focus on
intentional single-atom inclusions in TMDs grown by molecular beam epitaxy (MBE).

In this presentation, | summarize our scanning tunneling microscopy (STM) and spectroscopy (STS)
studies of Fe inclusions in ML MoS; on Gr/Ir(111), which we realize by co-evaporating Fe during MoS»
MBE growth. We identify the Fe inclusions upon comparison with naturally occurring defects found
on the undoped MoS; grown previously in the same UHV chamber. STS experiments reveal the
presence of in-gap states arising from the incorporation of Fe atoms, whose spatial distributions are
imaged by means of bias-dependent differential conductance mapping. Furthermore, resonant tunneling
spectroscopy shows that the image potential states (IPS) are modified by the Fe inclusions, influencing

the IPS’ energetic positions due to a variation in the local work function.
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[1] Schuler, B. et al., ACS Nano 13, 10520-10534 (2019).

[2] Li, Y. et al., Physical Review B — Condensed Matter and Materials Physics 90, 1-6 (2014).
[3] Li, G. et al., Journal of the American Chemical Society 138, 16632—16638 (2016).
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Surface Characterization of Thin-Layer Materials for Potential
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Two-dimensional (2D) materials and thin semiconductor films exhibit unique properties that
make them attractive for applications in electronics, sensing, and information security [1,2].

Here, we investigate selected layered systems to explore their potential for physical unclonable
functions (PUFs), focusing on characteristic nanoscale features revealed by Raman spectroscopy,
AFM, and SEM.

Continuous PtSe: films covered with gold nanoparticles were studied using surface-enhanced
Raman spectroscopy (SERS), revealing enhanced vibrational signatures [3,4]. Additionally, AFM
measurements confirmed low roughness at the nanoscale morphology. Exfoliated ZrS, flakes were
analyzed by conventional Raman spectroscopy and AFM techniques, highlighting thickness variations
and different degrees of surface oxidation properties that appear highly specific to the sample [5,6].
Finally, chemically modified InSb layers examined with AFM and SEM showed surface roughness
variations and etching-induced morphological changes.

These results demonstrate that intrinsic disorder, film morphology, and surface modifications can
generate unique and irreproducible features. The combined use of SERS, Raman spectroscopy, AFM,
and SEM provides a comprehensive framework for evaluating the suitability of thin-layer materials as
candidates for secure PUF schemes [1,2].

Acknowledgements:
The authors acknowledge the financial support of Ministry of Science and Higher Education under
project no. 0512/SBAD/6220 and project no. 0512/SBAD/2520.

[1] Sun, N., Chen, Z., Wang, Y. et al., Nat Commun, 2023, 14, 2185.
[2] Kim, N., Jeon, S.-B., Jang, B.C, Nanomaterials, 2023, 13, 675.

[3] O'Brien, M., McEvoy, N., Motta, C. et al., 2D Materials, 2016, 3, 2.
[4] Wang, P., Zhang, D. et al., Chemical Physics Letters, 2013, 556,
[5] Mafias-Valero, S., Garcia-Lopez, V. et al., Appl. Sci. 2016, 6, 264
[6] Alsulami, A., Alharbi, M. et al., Small, 2023, 19, 11
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Ferroelectric Nanodomains on Thermally Reduced
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Lithium niobate (LiNbOs3) is a widely studied ferroelectric material known for its great properties
[1]. Recently, increasing attention has been given to the design of reversible ferroelectric domains and
the control of conductive domain walls, which offer possibilities for applications in photonics and
electronics [2]. In this study, we demonstrate the (0001) surface structure evolution upon annealing and
the formation of ferroelectric nanodomains in thermally reduced LiNbO3 single crystals.

Z-cut LiNbO; crystals were annealed in ultra-high vacuum (UHV) under extremely low oxygen
partial pressures at temperatures ranging from 800°C to 1200°C, reaching near the Curie temperature.
During annealing, the crystal surface undergoes a series of reconstructions, transitioning from a
(V3x3)R30° pattern to a (V3x6)R30° and reverting back to a (V3xV3)R30°, as revealed by LEED.
Changes in the surface chemical composition accompanying these reconstructions are confirmed with
AES and XPS measurements, indicating oxygen depletion and possible lithium effusion. Morphological
studies using SEM, STM, and AFM show the emergence of nanoscale surface features, including
conductive nanowires that appear on the surface of the most reduced crystals, similar to TiO nanowires
emerging at the SrTiO3(001) surface [3].

Finally, ferroelectric nanodomains (10 nm to 500 nm) are induced on the surface while scanning
with biased AFM tip and probed with AFM and PFM. Nanodomains exhibit metallic conductivity along
their domain walls which expand with continued scanning under applied bias. The kinetics of the

domain formation is compared for different levels of LiNbO3 reduction.

This research was funded by the National Science Centre, Sonata 18 grant no. 2022/47/D/ST5/02439
and by ,,Research support module” as part of the ,,Excellence Initiative — Research University” program

at the Jagiellonian University in Krakow.
[1] C. Wang, et al. Nature 2018, 562.7725, 101-104

[2] J. Jiang, et al. Nature materials, 2018, 17(1), 49-56.
[3] D. Wrana, et al. Applied Surface Science, 2018, 432, 46-52.
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From Monolayer to Few Layers: Resistive Switching in 2D MoOs
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Two-dimensional transition metal oxides represent a promising class of materials for emerging
memory technologies and neuromorphic computing, with resistive switching (RS) being the
fundamental mechanism enabling device operation. Among them, molybdenum trioxide (MoOs) is of
particular interest due to its layered structure and variable oxidation states. Although macroscopic RS
has been widely investigated in metal—insulator—metal structures, systematic studies at the nanoscale
remain limited.

In this work, we address the RS behavior in ultrathin MoOs, spanning from monolayer (=0.7 nm) to
several layers, using atomic force microscopy (AFM) techniques. Crystalline MoOs films were
fabricated by thermal evaporation under ultra-high vacuum conditions on highly oriented pyrolytic
graphite. Conductive AFM mapping and local current—voltage measurements reveal pronounced
differences between the initial monolayer and subsequent layers. The first layer exhibits partial
nonstoichiometry, confirmed by X-ray photoelectron spectroscopy through the presence of ~5% Mo**,
whereas thicker layers are more stoichiometric. Bipolar resistive switching is observed across all
thickness regimes, with SET is occurring under negative bias and RESET under positive bias.

These findings highlight the transition from monolayer to few-layer MoOs as one of the parameters

governing RS mechanisms, providing valuable information on 2D oxide-based memory.
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Unraveling the potential of Atomic Force Microscopy with
DFT-based simulations and Deep Learning

Rubén Pérez"*”

! Department of Theoretical Condensed Matter Physics & 2 Condensed Matter Physics Center
(IFIMAC), Universidad Auténoma de Madrid, E-28049 Madrid, Spain

* Corresponding author: ruben.perez@uam.es

Atomic Force Microscopy (AFM) operated in the frequency modulation (FM) mode with metal
tips functionalized with a CO molecule at the apex (HR-AFM) revealed the internal structure of
adsorbed organic molecules with unprecedented resolution, resolving intermolecular features and
determining bond orders [1]. DFT-based AFM simulation methods [2,3] applied to the interpretation of
the contrast observed with HR-AFM in porphycenes [4] and on self-assembled molecular layers driven
by either halogen [5] or hydrogen bonds [6], show clear connections between fundamental chemical
properties of the molecules and key features imprinted in AFM images. Here, we show how Deep
Learning (DL) models [7] —trained with QUAM-AFM, [8] a very large data set of theoretically
simulated HR-AFM images—, can achieve a complete identification (structure and chemical
composition) of an arbitrarily complex molecule from a stack of HR-AFM images taken at different
heights. Multimodal recurrent networks (M-RNNs) [9], that combine convolutional neural networks
(CNNs) for image analysis and recurrent NN (RNNs) for natural language processing can determine
the chemical groups and their connection within the molecule to predict the [IUPAC name from HR-
AFM images (see Figure) with an accuracy better than the best language translation models. Some of
the limitations of M-RNNs can be overcome using Conditional Generative Adversarial Networks
(CGANSs) [10] or exploiting other molecular as the molecular fingerprints [11] This approach has the
potential to become the next breakthrough in molecular identification [12], overcoming the limitations
of traditional methods.

Structure 222‘9A z:3.1A _ﬁzigijA_ z=3.5 A z=3.7 A

B - v

Pred: 5,7-dichloro-3-[(2,5-dimethoxyphenyl)methylidenehydrazinylidene]-1H-indol-2-one

Figure 1. Molecular identification with a Multimodal recurrent network (M-RNN) that predicts the
IUPAC name of the molecule form a stack of 10 constant-height HF-AFM images [9].

[1] L. Gross, et al., Science 325, 1110 (2009); Angew. Chem.Int. Ed. 57, 3888 (2018)
[2] M. Ellner, et al., ACS Nano 13, 786-795 (2019).

[3] E. Ventura-Macias, et al., App. Surf. Sci. 634, 157558 (2023).

[4] T. K. Shimizu, et al., J. Phys. Chem. C 124, 26759 (2020)

[5] J. Tschakert, et al., Nat. Commun. 11, 5630 (2020)

[6] P. Zahl, et al. Nanoscale 13, 18473 (2021)

[7] J. Carracedo-Cosme, et al., Nanomaterials 11, 1658 (2021)

[8] J. Carracedo-Cosme, et al., J. Chem. Inf. Model. 62, 1214 (2022)

[9] J. Carracedo-Cosme, et al., ACS Appl. Mater. Interfaces 15, 22692 (2023)

[10] J. Carracedo-Cosme and R. Perez, npj Comp. Mater. 10, 19 (2024)

[11] M. Gonzalez-Lastre, et al., J. Cheminformatics 16, 130 (2024)

[12] Patents PCT/ES2023/070275 and 070276 (extensions 2025 to EU, USA, Japan, China and India)
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Mechanical detection of sub-band mobilities
of two-dimensional electron gas on reduced

SrTiO3(001) surface

Akash Gupta!, Marcin Kisiel'", Remy Pawlak', Ernst Meyer+

"'University of Basel, Physics Institute, Klingelberstasse 82, 4056- Basel, Switzerland

* Corresponding author: marcin kisiel@unibas.ch

The two-dimensional electron gas (2DEG) in reduced strontium titanate (STO) offers a versatile
platform for oxide electronics, yet its dissipation mechanisms when charge fluctuations are triggered
by external fields remain poorly understood. Here, we employ low-temperature atomic force
microscopy combined with scanning tunnelling spectroscopy to probe the force and dissipation
responses of a mechanical oscillator interacting with the STO 2DEG. Tunneling measurements of
oxygen-vacancy states confirm the 2DEG formation, while dissipation spectroscopy reveals bias-
dependent peaks linked to local electrostatic gating and charge redistribution within the 2DEG
subbands. These features are quantitatively explained by variations in quantum capacitance as carrier
density is tuned by electric fields. Under magnetic fields, dissipation peaks obey the standard Kohler’s
rule, allowing extraction of carrier mobilities in each subband. Our results establish a non-invasive
AFM-based methodology for quantifying energy losses in quantum oxides, providing new insights into

charge dynamics relevant for spintronic applications [1,2].

[1] Miiller, K. A. & Burkard, H. SrTiO3 : An intrinsic quantum paraelectric below 4 K. Phys. Rev. B
19 (7), 3593-3602 (1979).

[2] Santander-Syro, A. F. et al. Two-dimensional electron gas with universal subbands at the surface of

SrTiO3. Nature 469 (7329), 189-193 (2011).

80



Notes:

Saturday, 29th of November

81



Nanocavity-Enhanced Stark Tuning of Exciton Modes

in Mixed-Charge Molecular Aggregates

Amandeep Sagwal'? , Rodrigo Cezar de Campos Ferreira'?, Jifi Dolezal®,
and Martin Svec'?

!Institute of Physics, Czech Academy of Sciences, Czech Republic
2 Faculty of Mathematics and Physics, Charles University; Ke Karlovu 3, CZ12116 Praha2, Czech
Republic
3 Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences, Czech Republic

The active control of excitonic states in molecular aggregates using local electric fields is a
pivotal challenge for advancing nanoscale optoelectronics and quantum device engineering. This
experimental study examines the influence of the electric field and molecular charge on the delocalized
excitonic states of precise chromophore nanostructures. Utilizing the strong optical enhancement of a
scanning tunneling microscope (STM) nanocavity and its sensitivity to dark excitonic states, we
perform tip-enhanced photoluminescence (TEPL) spectroscopy to resolve the radiative fingerprints of
individual perylenetetracarboxylic dianhydride (PTCDA) highly-symmetric planar assemblies. In the
spectral region of the anionic emission, we observe line splitting due to interexciton coupling and
emergence of multiple modes. By varying the electric field applied across the tip-sample junction, we
induce and measure Stark shifts of these emerging states and discover significant sharpening of the dark
mode emission. Simple coupled dimers of anions exhibit a uniform linear Stark response; on the other
hand in aggregates composed of both anionic and neutrally charged molecules we consistently observe
anomalous shifts and crossovers between individual modes. We attribute the divergent Stark shifts to
the electrostatic inhomogeneity and emission line sharpening to internal energy conversions. Our
experimental findings demonstrate that molecular charge state and arrangement can provide a powerful

means of control over excitonic circuits.
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Imaging the Transition from Diffusive to Landauer Resistivity
Dipoles

Serhii Kovalchuk'2, David Kimpfer" 4, Jonathan K. Hofmann®* 4, Timofey Balashov® 3,
Vasily Cherepanov!, Bert Voigtlinder 4, Ireneusz MorawskiZ, F. Stefan Tautz"**
and Felix Liipke" ®

Peter Griinberg Institut (PGI-3), Forschungszentrum Jiilich, 52425 Jiilich, Germany
Institute of Experimental Physics, University of Wroctaw, pl. M. Borna 9, 50-204, Wroctaw, Poland
3Jiilich Aachen Research Alliance (JARA), Fundamental of Future Information Technology,
52425 Jiilich, Germany
“Lehrstuhl fiir Experimentalphysik IV A, RWTH Aachen University, Otto-Blumenthal-StraB3e,
52074 Aachen, Germany
SLehrstuhl fiir Experimentalphysik II A, RWTH Aachen University, Otto-Blumenthal-StraB3e,
52074 Aachen, Germany
SI1. Physikalisches Institut, Universitit zu Koln, Ziilpicher StraBe 77, 50937 K6ln, Germany

* Corresponding author: serhii.kovalchuk@uwr.edu.pl

A point-like defect in a uniform current-carrying conductor induces a dipolar-shaped local
disturbance in the electrochemical potential. When the carriers mean free path is smaller than the defect
size, the dipole arises from diffusive scattering of charge carriers in the vicinity of the defect. In contrast,
when the mean free path exceeds the defect dimensions, the scattering becomes ballistic, and the
resulting dipole is referred to as a residual resistivity dipole (RRD). As formulated by Rolf
Landauer [1], the RRD is independent of the defect size, thereby setting a fundamental limit on the
conductivity of materials containing such defects.

In this work, we investigate resistivity dipoles around nanoscale holes in two-dimensional Bi
films grown on Si(111). Using scanning tunneling potentiometry with a multi-tip scanning tunneling
microscope to map the potential landscape, we observe a transition from linear to constant scaling of
the dipole strength with decreasing hole size, indicating the transition from diffusive to Landauer-type

dipoles.

[1] R. Landauer, /IBM J. Res. Dev., 1957, 1, 223.
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Persistent spin texture in graphene/WTe: heterostructures:

insights from first-principles calculations

Przemyslaw Przybysz!>", Karma Tenzin?, Berkay Kilic?, Pawel Dabrowski', Pawel Krukowski',
Maciej Rogalal, Iaroslav Lutsyk', Michal Piskorski', Rafal Dunal', Aleksandra Nadolska!,
Wojciech Rys', Klaudia Toczek', Witold Kozlowski', Jagoda Slawinska?, Pawel J. Kowalczyk'

! Department of Solid State Physics, Faculty of Physics and Applied Informatics, University of Lodz,
Pomorska 149/153, 90-236 L.6dz, Poland
2 Zernike Institute for Advanced Materials, University of Groningen, Nijenborgh 3, 9747 AG
Groningen, The Netherlands

* Corresponding author: przemyslaw.przybysz@edu.uni.lodz.pl

Crystal symmetries in solids give rise to spin-momentum locking, which defines how the orientation
of an electron’s spin depends on its momentum. This relation, known as spin texture, plays a central
role in charge-to-spin conversion and spin relaxation. Materials with strong spin—orbit coupling and
broken inversion symmetry can host persistent spin textures (PSTs)—unidirectional spin configurations
in momentum space that enable efficient charge-to-spin conversion and extended spin lifetimes. A
prominent example is monolayer WTe,, whose symmetry enforces a canted PST supporting the

quantum spin Hall effect.

Using first-principles calculations, we investigate how these properties are modified when WTe; is
interfaced with graphene. Our results show that the PST is preserved by local symmetries, while the
system develops extended electron and hole pockets, resulting in semimetallic behavior. Although the
band gap closes and the quantum spin Hall phase disappears, spin Hall effects remain robust. The
persistence of the PST suggests the possibility of long-range spin transport even without topological
edge states. In addition, the graphene layer acts as an oxidation barrier, preserving the intrinsic

properties of WTe, and underscoring the potential of this heterostructure for spintronic applications.

This work was financially supported by the National Science Centre, Poland under projects
2018/30/E/ST5/00667 and 2018/31/B/ST3/02450. The calculations were carried out on the Dutch
national e-infrastructure with the support of SURF Cooperative (EINF-8924) and on the Habrok high-

performance computing cluster of the University of Groningen.
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New probes and calibration structures

for scanning probe microscopy

Andrzej Sierakowski'", Bartosz Pruchnik?, Pawel Janus!, Magdalena Kucharska!, Piotr
Prokaryn', Krzysztof Domanski', Krzysztof Skrzypiec®’, Weronika Sofinska-Chmiel’, Dariusz
Czulek?, Teodor Gotszalk®

Tnstitute of Microelectronics and Photonics, Lukasiewicz Research Network, al. Lotnikow 32/46,
Warszawa, Poland
2 Wroclaw University of Science and Technology, ul. Janiszewskiego 11/17, Wroctaw, Poland

3 Analytical Laboratory, Institute of Chemical Sciences, Faculty of Chemistry, Maria Curie-
Sklodowska University, 3 M. Curie-Sktodowskiej Square, 20-031 Lublin, Poland
4 Central Office of Measures, ul. Elektoralna 2, 00-139 Warszawa, Poland

* Corresponding author: andrzej.sierakowski@imif.lukasiewicz.gov.pl

Advanced silicon micromachining capabilities, available at tukasiewicz — IMiF, enable the
complete MEMS/NEMS development workflow — from design and fabrication to thorough
characterization of the resulting structures. The available processes support the production of probes
made from various materials, including silicon, dielectric materials, and hybrid composite 'sandwich'
structures. Moreover, the probes can be equipped with integrated systems for actuation and deflection
detection, significantly enhancing their functionality.

In parallel with the development of cantilevers, various types of calibration structures have also been
designed, fabricated, and demonstrated. In addition to periodic standards with precisely defined
geometries used for scanner calibration and tip shape and condition evaluation, height reference
structures, thermal analysis samples [1], and virtual standards for nanoscale displacement

measurements have also been developed.

Figure 3. Structures fabricated in IMiF; a) sandwich type cantilever, b) microbridge actuated by
Lorentz force

[1] Active calibration reference of minimized height for characterization of scanning thermal
microscopy systems. P. Janus, D. Szmigiel, A. Sierakowski, M. Rudek, T. Gotszalk, Ultramicroscopy,
2021, https://doi.org/10.1016/j.ultramic.2020.113188
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AFM-based approach in corrosion-related investigations

Michal Szocinskil*
! Department of Corrosion and Electrochemistry, Faculty of Chemistry, Gdansk University of
Technology, 11/12 G. Narutowicza Str., 80-233 Gdansk, Poland

* Corresponding author: michal.szocinski@pg.edu.pl

Electrochemical impedance spectroscopy (EIS) is a recognized and widely applied technique used
for the investigation and characterization of corroding systems and anticorrosion protection measures
for many decades [1]. Apart from a number of benefits, such as non-destructive character, sensitivity
to resistive-capacitive changes of the system under investigation, or the possibility of field
measurements, in its classical approach, EIS also possesses some drawbacks, including the averaging
character of measurements, typically about the investigated area of cm? order. However, there are
certain cases when the information about local behaviour is of interest, for example, in the electronic
industry for evaluation of conformal coatings condition on printed boards or when identification of the
degradation onset site is crucial. These tasks call for a measurement technique that provides insight into
local electrical properties, thus overcoming the averaging shortage of the classical EIS.

To solve this problem, an approach based on the atomic force microscopy (AFM) technique
operating in a contact mode is proposed. That methodology had been applied by Shao et al. to
investigate polycrystalline ZnO [2], but it had not been implemented in the field of corrosion and
organic coatings. Either a dc bias voltage or ac voltage perturbation signal is applied between the
conductive AFM probe and the metallic substrate covered with the organic coating under investigation.
In this way, not only topographical images but also local electrical characteristics are acquired. The
latter includes local dc maps, local impedance maps of the investigated area, and/or local impedance
spectra collected at the region of interest. This approach has been successfully applied as a

complementary technique with respect to the classical electrochemical impedance spectroscopy.

[1] F. Mansfeld, J. App!l. Electrochem., 1995, 25, 187.
[2] R. Shao, S. V. Kalinin, D. A. Bonnell, Appl. Phys. Lett., 2003, 82, 1869.
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Au-Ni alloy preparation by the dewetting of thin films

Piotr Okoczuk"*, Marcin Lapinski!, Wojciech Sadowski!, Barbara KoS$cielska'

!Institute of Nanotechnology and Materials Engineering, Gdansk University of Technology,
Narutowicza 11/12, 80-233 Gdansk, Poland

* Corresponding author: piotr.okoczuk@pg.edu.pl

The preparation of alloys is necessary to obtain the desired properties of metals, demonstrating that
even small additions of a second metal can drastically alter the properties of the resulting alloy.
However, a major group of metals exhibits a miscibility gap, which prevents alloy formation and results
in the segregation of two or more phases with distinct compositions. Great examples of immiscible
metals are Ag-Pt, Au-Ni, and Ag-Ni. Nevertheless, our latest studies show that in the case of Ag-Pt
sputtered on Si or glass substrate, the dewetting process of films with nanometer-thickness can lead to
alloy formation even for metals that are immiscible at the macroscopic scale, opening a new pathway
to materials of superior properties.

The dewetting process of thin metallic films of single metals sputtered on Si or glass substrates is a
well-studied phenomenon, particularly in the cases of Au, Ag, and Pt, for which thin films tend to show
the island formation [1-3]. However, in the case of Ni, strong diffusion of Ni into the substrate can
occur due to the multiple compounds that can be formed between Ni and Si, which alters the mechanism
of island creation [4].

In this work, a structural investigation of the dewetting mechanisms of Au-Ni thin metallic bilayers
on the glass substrate prepared by DC magnetron sputtering will be presented. This alloy was chosen
because of the well-known dewetting mechanism of Au and the promising catalytic properties of Au-
Ni nanoparticles. This work aims to induce the breaking of the Ni layer through the dewetting process
of the Au prime coating on the glass substrate, due to the significant difference in the melting
temperatures of Au and Ni. This action is designed to enhance the diffusion forces and promote the
mixing of Au and Ni. The Au layer was observed to diffuse to the surface, resulting in the creation of

homogenous islands with a high concentration of Ni.

[1] M. Lapinski, P. Drozdz, M. Gotgbiowski, et. al., ,,Thermal instability of gold thin films”, Coatings,
2023, 13, 1306.

[2] S. Strobel, C. Kirkendall, J.B. Chang, et. al. “Sub-10 nm structures on silicon by thermal dewetting
of platinum.”, Nanotechnology, 2010, 21(50), 505301

[3] R. Koziot, M. Lapinski, P. Syty, et. al., “Evolution of Ag nanostructures created from thin films:
UV-vis absorption and its theoretical predictions.”, Beilstein Journal of Nanotechnology, 2020, 11,
494-507

[4] A. M. Thron, P. Greene, K. Liu, et. al, “Structural changes during the reaction of Ni thin films with
silicon substrates”, Acta Materialia, (2012), 60, 2668-2678
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AFM-Based Multiprobe Nanorobotic Platforms

with Active Piezoresistive Cantilevers

Wiadyslaw Kopczynski'*, Aleksander Pytelewski?, Teodor Gotszalk'

! Department of Nanometrology, Wroclaw University of Science and Technology
ul.Janiszewskiego 11/17, Wroctaw, Poland
2SSN SPENT , Wroclaw University of Science and Technology
ul.Janiszewskiego 11/17, Wroctaw, Poland

* Corresponding author: wladyslaw.kopczynski@pwr.edu.pl

Combining correlated near-field interaction microscopy with nanorobotic technologies opens
possibilities for metrology, advanced micro- and nanomanipulation, and structure modification. Active
piezoresistive cantilevers enable highly sensitive and precise nanoscale manipulation, allowing
controlled interaction with individual nanostructures and fine modification of surfaces. With the use of
dedicated probe systems, it is possible to characterize the thermal, mechanical, and electrical properties
of objects — from nanoelectronic elements to biological structures.

The presentation will cover two multiprobe nanorobotic platform designs developed at our laboratory
— first integrated with an optical microscope®, and the other with a scanning electron microscope
(SEM)*. Both platforms employ active piezoresistive cantilevers (APCs) as effectors working with a
custom-built AFM system, as well as modified open-source nanopositioning modules based on
piezoelectric friction-inertia actuators (PFIA). The developed platforms support quantitative
measurements, precise micro- and nanoscale manipulation, flexible design and versatile experimental
configurations, extending the capabilities of conventional AFM systems for advanced nanoscale

characterization, nanomanipulation and nanofabrication.

3 The work was supported by the project Minigrants for doctoral student of the Wroclaw University of

Science and Technology

4 Project financed from the state budget, allocated by the Minister of Science and Higher Education

under the Programme "Student science clubs create innovations”

Studenckie Kota
Naukowe Tworzg

Innowacje
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Selective adsorption of CoBr: to poly(4-vinylpyridine) domains

in polystyrene to obtain functional magnetic domains

J. Chudzik,"? P. Dabczynski?, J. Rysz 2, N. Vinogradov?, C. Eads®, M. Janik?, K. Wolski*
and A. M. Majcher-Fitas >*

"Doctoral School of Exact and Natural Sciences, Jagiellonian University,
Lojasiewicza 11, 30-348 Krakow, Poland
2Faculty of Physics, Astronomy and Applied Computer Science, Jagiellonian University,
Lojasiewicza 11, 30-348 Krakow, Poland; anna.majcher@u;j.edu.pl.
SMAX IV Laboratory, 22594, Lund, Sweden
“Faculty of Chemistry, Jagiellonian University, Gronostajowa 2, 30-387 Krakow, Poland

* Corresponding author: anna.majcher@uj.edu.pl

P4VP with polystyrene (PS) of varying chain lengths, mixed in a common solution in various mass
ratios were spun-cast onto silica substrates, self-organizing into phase-separated films with domains in
sizes depending on the mass ratio. These films were then immersed in a solution of CoBr» in a solvent
orthogonal for both polymers, forming CoBr-P4VP complexes.!'?! Films were characterized by
Atomic Force Microscopy and Secondary Ion Mass Spectroscopy depth profiling, confirming selective
adsorption to P4VP domain surfaces. For smaller structures, AFM-IR technique was used to investigate
chemical composition of the films. Selective adsorption of CoBr, was confirmed to P4VP domain

surfaces only.

AFM SIMS M P4VP (C,HN") m PS (C,H,) B CoBr, (Co”

cm-
(P4VP-CoBr2)

Figure 4. Example images of P4VP-PS films topography, both unmodified and modified with CoBr,
SIMS imaging and AFM-IR results.

[1] A. Majcher et. al., Chem. Sci., 2018, [2] J. Chudzik et. al., J. Mater. Chem. C, 2024
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Tunable molecular Kagome lattice

Rafal Zuzak"
! Department of Physics, University of California, Berkeley, 366 Physics North MC 7300, CA,
94720-7300 US

* Corresponding author: rafal.zuzak@berkeley.edu

The Kagome lattice, first proposed in 1951 [1] as a novel star-to-triangle transformation, derives its
name from traditional Japanese basket-weaving patterns that visually resemble its geometric structure.
This lattice exhibits a rich electronic band structure characterized by Dirac points, van Hove
singularities, and flat bands - features of particular interest for exploring phenomena such as
superconductivity, strongly correlated states, or quantum magnetism [2,3]. To induce and investigate
these exotic states, it is essential to realize Kagome lattices on tunable two-dimensional (2D) devices
that are compatible with scanning probe microscopy (SPM).

Recently, we introduced a novel approach by which molecular Kagome systems can be realized on
non-metallic, van der Waals substrates [4]. In my talk, I will present this new method and show how,
by utilizing on-surface synthesis techniques, we can precisely control the band structure of these
molecular networks. Furthermore, the direct growth on 2D materials opens new pathways for
integrating molecular Kagome lattices with 2D field-effect transistor (FET) architectures, enabling the
engineering of exotic quantum states. The compatibility of these devices with SPM allows for atomic-

scale investigation of their fundamental physical properties.

Figure 5. SPM image of 2D Metal-organic Framework (MOF) with Kagome structure on non-metallic

substrate.

[1] L. Sy6zi, Prog. Theor. Phys. 6, 306 (1951)

[2] H. Li et al, Nature 597, 650-654 (2021)

[3] S. Tang et al., Nature Physics 13, 683—687 (2017)
[4] R. Zuzak, Z. Wang et al., submitted
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Ultra-Dense, Highly Ordered and Thermally Stable Anthracene
Monolayers on Ag(111) — the Impact of the Anchoring Group

Monika Kruk,' Daria Cegietka,' Mateusz Wrébel, ! Michael Zharnikov,? and Piotr Cyganik'”
!Institute of Physics, Jagiellonian University, ul. Lojasiewicza 11, Krakow, Poland
2 Angewandte Physikalische Chemie, Universitit Heidelberg, Im Neuenheimer Feld 253,
Heidelberg, Germany

* Corresponding author: piotr.cygnik@uj.edu.pl

Aromatic self-assembled monolayers (SAMs) are commonly used to tune the properties of
metal electrodes in organic electronics, with their structural quality and thermal stability being
of key importance. As demonstrated before for the gold electrodes, the use of anthracenethiol
[1] or -selenol [2] SAMs provides template layer which can be used for the growth of organic
semiconductors such as pentacene. Here, we show that the use of silver instead of gold and
carboxylate instead of thiol/selenol allows to fabricate highly ordered anthracene monolayers
with unprecedently high packing density (an area per molecule of ~0.226 nm?), which even
exceeds that of anthracene single crystal in the (001) plane (an area per molecule of ~0.256
nm?) and, for the first time, provides 2D structure commensurate with the pentacene single
crystal.[3] Moreover, we show that these modifications lead to a radical improvement in the
thermal stability (by ~100K) of anthracene-based SAMs. Consequently, the obtained results
open up the possibility of using carboxylate-anchored anthracene monolayers on silver as a
molecular template for facilitating the growth of high-quality anthracene and pentacene films

for organic electronics.

[1] D. Kéfer, G. Witte, P. Cyganik, A. Terfort, C. A. Woll, J. Am. Chem. Soc. 2006, 128, 1723.
[2] A. Bashir, D. Kifer, J. Muller, C. A. Woll, A. Terfort, G. Witte Ang. Chem. Int. Ed. 2008,
47, 5250.

[3] M. Kruk, D. Cegietka, M. Wrébel, M. Zharnikov, P. Cyganik, J. Phys. Chem. C. 2025, 129,
4272.
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Effect of poly(methyl methacrylate) stereoregularity

on protein adsorption and polymer phase separation

Natalia Janiszewska'?, Joanna Raczkowska!, Katarzyna Gajos!, Kamil Awsiuk'
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* Corresponding author: kamil.awsiuk@uj.edu.pl

Stereochemistry can significantly influence the physicochemical and biological properties of
polymer films, which is crucial for their applications, including their use as substrates for protein
microarray fabrication. In this study, we examined how the tacticity of poly(methyl methacrylate)
(PMMA) affects protein interactions with polymer thin films as well as the phase separation behavior

in blends with poly(tert-butyl methacrylate) (PtBMA). [1]

Thin films of isotactic (iso-), atactic (at-), and syndiotactic (syn-) PMMA were analyzed with respect
to surface chemistry, topography, and protein adsorption. Secondary ion mass spectrometry and contact
angle measurements revealed that iso-PMMA exhibits reduced surface exposure of polar ester groups,
which in turn resulted in lower adsorption of albumin and fibrinogen. Furthermore, we demonstrated
that modifications in surface chemistry alter the orientation of proteins adsorbed on iso-PMMA through

hydrophobic and electrostatic interactions, as compared to molecules adsorbed to syn- and at-PMMA.

PMMA/PtBMA blends of different tacticities were investigated using AFM and Raman microscopy
to evaluate their potential for protein microarray development. In at-PtBMA blends deposited on amino-
silane-modified silicon substrates, phase separation produced a two-dimensional domain structure. In
the case of isotactic PMMA/atactic PPBMA blends, an isotropic and highly ordered polymer pattern
was obtained. This pattern facilitated the fabrication of protein microarrays, showing selective protein

adsorption on PtBMA domains and precise replication of the polymer pattern.

[1] Janiszewska, N., Raczkowska, J., Gajos, K., Awsiuk, K., Langmuir, 2025, 41 (5), pp. 3549 — 3560
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Magnetic domains in thin films and particles derived

from block copolymers functionalized with cobalt salt
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*MAX IV Laboratory, 22594, Lund, Sweden
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The P4VP—CoBr; material exhibits single ion magnets (SIM) properties, which offers potential
applications in high-density data storage. Thanks to the polymeric component of this material block
copolymers can be used to enforce microphase separation in thin films and self-assemble in solution.
P4VP-b-PS block copolymers of varying blocks lengths were spun-cast in thin layer and Infrared
Nanospectroscopy (AFM IR) was used to investigate the influence of submersion in solvent alone
or in CoBr; solution on microphase separation. The obtained structures varied depending on the solvent
used and the relative block lengths of the polymers. Among them, round domains of 30 nm were
observed after selective modification of P4VP block with CoBr».

Monodispersed magnetic particles were obtained using self-organized precipitation method.
PS-b-P4VP particles were crosslinked with CoBr». Crosslinking of the particles have a positive
impact on the stability of the structures.

Furthermore, the infrared measurement techniques implemented at the CIRI beamline of the
SOLARIS National Synchrotron Radiation Centre facility will be discussed.

1636 cm'
(P4VP-CoBr,)

Figure 6. Example images of PAVP-b-P4VP AFM IR images of block copolymer domains (right) and SEM image
of the particles (left) along with schematic representation of preparation methods.

This research was funded by the Research Support Module under the program Excellence Initiative — Research University at the
Jagiellonian University in Krakéw, Poland (grant number RSM/5/CJ)

We acknowledge the support from the Polish Ministry of Science and Higher Education project “Support for research and development
with the use of research infrastructure of the National Synchrotron Radiation Centre SOLARIS” under contract no. 1/SOL/2021/2.
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Development of Integrated UHV Systems for In-Situ Surface

Preparation and Characterization

Lukasz Walczak"
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The development of new materials and nanostructures increasingly requires precise control of
surface preparation, thin-film growth, and in-situ characterization under ultra-high vacuum (UHV)
conditions. PREVAC sp. z 0.0. designs and manufactures modular research systems that integrate
deposition, surface analysis, and spectroscopy within a single platform.

Recent advances in the company’s technology include flexible UHV cluster configurations
enabling the combination of techniques such as molecular beam epitaxy (MBE), pulsed laser deposition
(PLD), and various surface analysis methods (e.g., XPS, AES, UPS, LEED). The integration of
advanced manipulators and automation software allows for precise sample transfer and fully
reproducible experimental conditions.

PREVAC’s approach focuses on supporting researchers in materials science, solid-state
physics, and nanotechnology through the development of customizable and reliable instrumentation.
The ongoing R&D work aims to improve experimental efficiency, reduce contamination risks, and

expand the capabilities of in-situ surface characterization.
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Activity study of biomolecules in model cell membranes

supported on atomically flat surfaces

Piotr Pieta

Institute of Physical Chemistry, Polish Academy of Sciences,
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* Corresponding author: ppieta@ichf.edu.pl

High-resolution visualization of biological objects is extremely valuable, as it allows direct
observation of phenomena occurring on their surface. Atomic force microscopy (AFM) and scanning
tunneling microscopy (STM) make it possible to explain the modes of action of many membrane-active
molecules. However, the main drawback of these measurement methods is the lack of information about
the interactions/phenomena occurring inside the materials under study. Therefore, combining high-
resolution imaging techniques with FTIR spectroscopy and electrochemical measurements allows us to
obtain a complete picture of the phenomena related to the interaction of membrane-active molecules
with model cell membranes.

Here, the combined usage of AFM, polarization modulation infrared reflection absorption
spectroscopy (PM IRRAS), and electrochemical impedance spectroscopy (EIS) will be presented as a
powerful tool to understand membranolytic activity of biologically important molecules, like

antimicrobial peptides, amyloid 3, and atmospheric toxins.
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High-resolution correlative study of endothelial fenestrations
dynamics using AFM and super-resolution optical microscopy

Annika Kiel!, Marcin Luty?, Dibakar Borah?, Malgorzata Lekka%, Thomas Huser?,
Jan Schulte am Esch!, Wolfgang Hiibner?, Karolina Szafranska**, Bartlomiej Zapotoczny>*

"Medical Faculty OWL, Bielefeld University, Bielefeld, Germany;
2 Institute of Nuclear Physics Polish Academy of Sciences, Krakow, Poland
3 Faculty of Physics, Bielefeld University, Bielefeld, Germany;
*Vascular Biology Research Group, UiT The Arctic University of Norway, Tromse, Norway.

* Corresponding author: karolina.szafranska@uit.no, bartlomiej.zapotoczny@ifj.edu.pl

Advances in cell biology create the demand for developing methods capable of resolving the
structure and dynamics of subcellular organelles in living cells, which are beyond the reach of classical
microscopy. Live-cell super-resolution fluorescence imaging provides this capability; however, in
practice, its application is limited by phototoxicity, which perturbs cellular features and interferes with
natural mechanisms of biological processes, providing a biased interpretation [1]. Liver Sinusoidal
Endothelial Cells (LSECs), with their nanoscale fenestrations that are physiologically critical and
highly dynamic structures in the native state, represent a particularly demanding system for
fluorescence-based microscopy [2].

Here, we implemented atomic force microscopy (AFM) to validate the combination of light and dye
exposure on the impairment of fenestration dynamics. Through comparative super resolution structured
illumination microscopy (SR-SIM) we identified reactive oxygen species (ROS) as the main factor of
observed changes. The fenestration dynamics arrest could be mitigated by using antioxidant
supplementation. Additionally, AFM provided insights into the cells nanomechanical changes upon
fluorophore activation. By implementing SR-SIM, we systematically evaluated a range of fluorophores
and ROS scavengers to optimize imaging conditions. We concluded that by combining BioTracker
staining, carbon dioxide independent medium supplemented with N-acetylcysteine (NAC), we
preserved fenestration dynamics for 60 minutes . Our findings confirm the mechanism underlying
imaging-induced artefacts in LSECs observed in the literature [4,5] and provide a broadly applicable
framework for extending live-cell super-resolution microscopy of living cells in general.

Moreover, we recently established a prototype of a single unit AFM/SR-SIM microscope at [F] PAN
in Krakow. In comparison with our previous work performed in different instruments, labs, cities and
countries, the newly developed setup enables robust simultaneous correlative imaging, providing new
opportunities for structural, functional, and mechanical studies in living cells (Figure 1). The status of

widefield

_.‘,T ,1‘ - i- :". . 25 um y
Figure 7. AFM and SR-SIM microscopes coupled in a single platform.

Financial support: EU’s European Innovation Council (EIC) PATHFINDER Open Programme,
project DeLIVERYy, grant agreement No. 101046928 with the Hop-On Facility HORIZON-WIDERA
program.

[1] M. A. Reiche, et al., Journal of Cell Science, 2022, 135, 6, jcs259656;
[2] K. Szafranska, et al., Nanophotonics, 2022, 11, 10, 2253-2270;

[3] L. Kruse, et al., Hepatology Communications, 2025, 9, 2, ¢0617,

[4] J. Di Martino, et al., Biology of the Cell, 2018, 10, 7, 159-168.
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A universal comparator of cellular microscopy imaging

combining atomic force microscopy with fluorescence microscopy

Manisha Chatterjee *, Pieter De Beule !

' INL-International Iberian Nanotechnology Laboratory, Avenida Mestre José Veiga s/n, Braga,
Portugal 4715-330
2 Biomolecular Photonics Research Group, Faculty of Physics, Bielefeld University, Bielefeld,

Germany

Biological specimens can be explored using various microscopy techniques, each with unique
advantages in resolution and specificity, as such super resolution fluorescence microscopy enables
visualization of molecular structures beyond the diffraction limit, while atomic force microscopy
(AFM) provides nanoscale topographical and mechanical information. However not any single method
can capture the full complexity of biological system. Correlative microscopy addresses this limitation
by integrating multiple imaging modalities. AFM has been combining successfully with various optical
microscopy techniques. Integration includes pairing AFM with confocal laser scanning microscopy
(CLSM), Total internal reflection fluorescence microscopy (TIRFM) Fluorescence lifetime imaging
(FILM), and far field super resolution methods like STED, PALM and STROM. Achieving true
simultaneous imaging has been hindered by technical challenges as such cantilever heating from high-
powered light sources in STED microscopy and buffer incompatibilities in strong imaging. These issues
often addressed sequential data accusation, limiting, temporal resolution and spatial correlation. While
combination of AFM with super resolution structured illumination microscopy (SR-SIM) works well

for live cell imaging, as SR-SIM uses patterned excitation light that minimizes cantilever disruption.

All scientific advances in instrumentation surrounding integration of AFM with fluorescence have been
captured in many scientific manuscripts that typically project the most favourable aspects of the
imaging technique, making it difficult for the untrained technical eye to spot limitations. This makes it
very hard for biologists to pick the most suited combined imaging instrument to address their imaging
needs. In this work, we present a universal comparator that allows quick identification of all reported
combined imaging approaches. We then apply this comparator for the identification and study of

fenestrations in Liver Sinusoidal Endothelial Cells (LSECs).
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Evaluation of Fenofibrate effects on Liver Sinusoidal Endothelial
Cell Structure and Function by using Atomic Force Microscopy
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Liver sinusoidal endothelial cells (LSECs) line the hepatic sinusoids and form a physical barrier
between the blood and the liver parenchyma [1]. LSECs are a specialized type of endothelial cell with
aunique feature: they are perforated with hundreds of sub-micrometre-sized (50 — 350 nm) transcellular
pores called fenestrations. These fenestrations facilitate passive, size-limited transport of
macromolecules and solutes between the blood and hepatocytes.

Atomic Force Microscopy (AFM) has been instrumental in revealing the fine topographical details
of LSEC fenestrations, while also enabling high-resolution characterization of the nanomechanical
properties of cells with high resolution under near-physiological conditions [2].

Liver dysfunction, including aging, non-alcoholic fatty liver disease, inflammation, and cirrhosis, is
often associated with reduced LSEC porosity and altered endothelial function. Moreover, the drug-
induced liver damage (DILI) can contribute to the liver pathology. LSEC fenestrations are often
attributed to be a canary in a coal mine, and testing LSEC porosity is of increased interest to scientists
working on DILI [3].

In this study, we evaluate the effect of fenofibrate (FF) and its active metabolite, fenofibric acid
(FFA), on LSEC fenestrations. Fibrates, in parallel to statins, are commonly used drugs in the treatment
of hypercholesterolemia, mixed dyslipidemia, and severe hypertriglyceridemia [4,5]. FF is a fibrate that
activates peroxisome proliferator-activated receptor alpha (PPAR«) to alter lipid metabolism. One of
the side effects of FF is liver injury. The effect of FF on LSECs has not been reported so far, which
prompted us to investigate its impact on LSECs and their fenestrations.

We aimed to investigate the direct effects of FF and its metabolite FFA on the structural,
functional and biomechanical properties of LSECs. LSEC fenestration number, biomechanical
characteristics of cells, cytoskeletal profile, and the impact of FF on gene expression will be presented.
We conclude that despite the positive effect of fenofibrate on lipid metabolism, the drug is not without
effect on the liver barrier, explaining the clinically observed side effects.

Financial support: This study was supported by European Union’s Horizon research and innovation
programme under the Marie Sklodowska-Curie project InAgE-D, grant agreement No 101119613 and
EU’s European Innovation Council (EIC) PATHFINDER Open Programme, project DeLIVERYy, grant
agreement No. 101046928 with the Hop-On Facility HORIZON-WIDERA program.

[1] F. Braet and E. Wisse, Comp. Hepatol., 2002, 1, 1-17,;

[2]B. Zapotoczny et al., Sci. Rep., 2017, 30,7, 1-8

[3]K. Szafranska ef al., Front. Phys., 2021, 12.

[4]E. Moutzouri et al., Vasc. Health Risk Manag., 2010, 6, 1, 525-539
[5] Peter Alagona Jr, Vasc. Health Risk Manag., 2010, 6, 1, 351-362.
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Labsoft AFM Solutions —
Advancing in the Frontiers of Knowledge

Michal Czaja'", Jakub Banaszek!
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* Corresponding author: michal.czaja@labsoft.pl

Starting in 1981 with the invention by Gerd Binnig and Heinrich Rohrer, scanning probe microscopy
(SPM) emerged as a powerful and versatile tool for materials research across multiple disciplines,
including surface science, nanomaterials, biomaterials, and biomedical research. [1] Today, atomic
force microscopy (AFM) is used not only as a high-resolution imaging technique but also as a
comprehensive platform for nanoscale characterization of a wide range of sample properties.
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Figure 8. Bruker state-of-the-art scanning probe microscopy system. (a) Dimension XR microscope
equipped with an Icon scanner head (90x90x12 um?). (b) Nanoelectrical characterization of BiFeOs via
hyperspectral imaging using DataCube-PFM, scan size: 1x1 pm?, bias voltage range: -6 to 0 V.

(c) Quantitative mechanical characterization of single cells using PeakForce-QNM; height,

deformation, modulus, and adhesion channels are presented..

The Bruker Dimension XR series represents a state-of-the-art research platform for investigating
materials and gaining a deeper understanding of the physical phenomena that occur at the nanoscale.
Available in three predefined configurations designed to meet even the most demanding research
requirements, Bruker systems employ a selection of imaging modes chosen from over 50 available SPM
techniques [2]. The configurations include: Dimension XR Nanomechanical, optimized for
quantitative analysis of mechanical and viscoelastic properties across an exceptionally wide range of
sample stiffness; Dimension XR Nanoelectrical, enabling gentle imaging with electrical property
feedback and hyperspectral characterization of complex samples; and Dimension XR
Nanoelectrochemical, offering sub-100 nm resolution for the detailed characterization of redox surface

properties in liquid environments.

[1] K. Bian, C. Gerber, et al. Nat. Rev. Methods Primers 2021, 1, 36
[2] E. Erickson & P. De Wolf, The Definitive AFM Modes Handbook - A Comprehensive Guide to
Expanding Your Materials Research Capabilities. Bruker, Santa Barbara, CA, U
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Determining Mean Free Path and Fermi Wave Vector from
the Diffusive—Ballistic Transition in Thin Bi Films
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" Corresponding author: serhii.kovalchuk@uwr.edu.pl

When an electric current flows through a uniform conductor, local defects act as scatterers and
induce dipoles in the electrochemical potential. The type of scattering — diffusive or ballistic —
depends on the relationship between the defect size and the mean free path of the charge carriers.
Diffusive scattering occurs when the mean free path is shorter than the defect size and is described by
the classical Drude model. When the mean free path exceeds the defect size, the regime is ballistic. The
latter, described by Rolf Landauer, gives rise to residual resistivity dipoles that impose fundamental
limits on electrical conduction [1].

We investigate the transition between diffusive and ballistic transport in two-dimensional Bi films
on Si(111) by mapping the local potential landscape using scanning tunneling potentiometry with a
multi-tip scanning tunneling microscope. This technique enables direct visualization of electrochemical
potential patterns around nanoscale defects. By observing how the dipole intensity varies with defect
size, we identify the characteristic scatterer size at which the transport regime changes, allowing us to

estimate the mean free path and extract the Fermi wave vector.

[1] R. Landauer, /BM J. Res. Dev., 1957, 1, 223.
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xRHEED: A versatile Python toolkit for RHEED image analysis
demonstrated on epitaxial planar silicene heterostructure

Marek Kopciuszynski”
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* Corresponding author: m.kopciuszynski@umcs.pl

Reflection High-Energy Electron Diffraction (RHEED) is an experimental technique widely used in
surface science and thin-film growth. In RHEED, a high-energy electron beam (typically around
20 keV) strikes the sample surface at a grazing incidence angle (< 5°), making it highly surface-
sensitive. The resulting diffraction patterns provide real-time feedback on crystal structure, surface
quality, and thin-film growth dynamics. Nonetheless, compared to similar techniques, such as Low-
Energy Electron Diffraction (LEED), interpreting RHEED patterns can be challenging, particularly
when the sample is not oriented along a symmetric crystallographic direction or when surface
reconstructions are rotated relative to the substrate.

To address these challenges, we present xRHEED [1], a modular, open-source Python toolkit for
RHEED image analysis. The software provides structured data handling, automated diffraction profile
extraction, kinematic simulations including Ewald sphere construction, and a brute-force algorithm to
estimate lattice constants and reconstruction rotation angles.

We demonstrate the capabilities of XRHEED by applying it to complex RHEED patterns obtained
from epitaxial planar silicene heterostructure formed on Au/Si(111) substrate [2]. This example
illustrates how the toolkit can effectively resolve surface reconstructions and extract quantitative
information from challenging diffraction patterns, highlighting its potential as a widely adopted tool

within the surface science community.

[1] M. Kopciuszynski, xRHEED: An xarray-based toolkit for RHEED image analysis.
https://doi.org/10.5281/zenodo.17099751

[2] M. Kopciuszynski, A. Stgpniak-Dybala, R. Zdyb, M. Krawiec, Emergent Dirac Fermions in
Epitaxial Planar Silicene Heterostructure. Nano Lett. 2024, 24, 2175.

The work has been supported by the National Science Centre (Poland) under Grant 2022/45/B/ST5/01018
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Correlations between surface morphology, local thermal
and electrical properties of metal oxide thin films
studied by scanning probe microscopies
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In this work a group of scanning microscopy methods was used to investigate correlation between
the surface morphology, local thermal and electrical properties of metal oxide thin films. The ZnO
samples were fabricated by ALD technique on Si substrates and the ZnMgO layers were grown by
means of MBE on Al>Oj3 and Si substrates. The thickness of ZnO thin films was in range (15-110) nm
and 400 nm for ZnMgO layers. Polycrystalline structure was confirmed by the means XRD
measurements. The AFM imaging showed different topographies and surface morphology parameters
of ZnO and ZnMgO layers depending on thickness and type of substrate.

Thermal properties of thin films were studied via SThM applying resistive thermal probes. The
thermal conductivity was correlated with the thickness of layers and surface morphology of ZnO and
ZnMgO thin films. It decreased with thickness from 2.08 W/mK to 0.3 W/mK while reducing thickness
from 100 nm to 15 nm. The SKPM imaging provided quantitative, surface distribution of the contact
potential difference (CPD) between the probe and the investigated surface. CPD distribution was
analyzed within grains and structures present on the surface of the investigated materials. The s-SNOM
investigations revealed significant contrast in the optical phase images suggesting that highly doped
nanoparticles on the layer surface depend on the free carriers concentration and illumination wavelength.
Scanning probe microscopy techniques are very useful for investigation of thin films and nanostructures
applied in advanced electronics devices. They allow for characterization of local thermal and electrical
properties at a sub-micron level.

Acknowledgements: This work was supported by the Silesian University of Technology, Gliwice, Poland through
a pro-quality grant, project no. 14/030/SDU/10-04-01. The s-SNOM investigations were supported under the
Polish Ministry of Science and Higher Education project: “Support for research and development with the use of
research infrastructure of the National Synchrotron Radiation Centre SOLARIS” under contract nr 1/SOL/2021/2.
The conference fee is covered by EU funds FSD - 10.25 Development of higher education focused on the needs
of the green economy European Funds for Silesia 2021-2027: The modern methods of the monitoring of the level
and isotopic composition of atmospheric CO2 (project no.FESL.10.25-1Z.01-06C9/23-00).
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The increasing demand for high-resolution surface characterization has led to the rapid development
and widespread adoption of advanced microscopic techniques, particularly Atomic Force Microscopy
(AFM) and Scanning Tunneling Microscopy (STM). Despite their extensive use across various
industrial fields, the lack of standardized and precise calibration procedures remains a major challenge,
as only a limited number of laboratories possess appropriate reference standards.

The main objective of this study was to develop, fabricate, and thoroughly characterize a dedicated
calibration standard suitable for AFM and STM techniques. To achieve this goal, a silicon
micromachining process was employed to produce calibration structures with periodically repeating
patterns over a large surface area (3 mm % 3 mm, Figure 1). The fabricated silicon island structures
exhibit controlled geometry and uniform surface properties. These structures were characterized using
AFM and Scanning Electron Microscopy (SEM) to evaluate their dimensional accuracy and surface
uniformity.

Figure 9. Mapping of the sample surface microstructure using Atomic Force Microscopy (AFM).
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The obtained results demonstrate that the proposed silicon-based structures are well-suited for use as
reliable and precise calibration standards for AFM and STM microscopes, offering a potential pathway
toward improved measurement traceability and consistency in nanoscale imaging.

This research was carried out as part of the project “Fabrication and characterization of nanostructures
for the calibration of scanning probe microscopes”, contract number PM-1I/SP/0044/2024/02 (Polish
Metrology II Programme), funded by the Ministry of Science and Higher Education (Poland).
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The rapid growth of nanotechnology has heightened the need for high-resolution imaging, requiring
precise calibration of Scanning Probe Microscopes (SPMs), such as Atomic Force Microscopy (AFM)
and Scanning Tunneling Microscopy (STM). Despite advances in nanofabrication, there is a shortage
of reliable calibration standards with well-defined topographical features, critical for measurement
repeatability and accuracy across diverse materials, including soft or biological samples.

This study aimed to fabricate silicon-based line-type nanostructures for SPM calibration using
electron beam lithography (EBL) and projection photolithography.

Structures produced by projection photolithography have a number of advantages - the speed of their
production and high repeatability of defined patterns in comparison with other techniques.

These nanostructures were characterized using AFM and Scanning Electron Microscopy (SEM). The
tests carried out have shown that the obtained linear structures are characterized by high repeatability of
elements, stability over time and are free from surface defects.

Figure 1. Topography and cross-section of the obtained linear structure using AFM.

Acknowledgements: Supported by the project “Fabrication and characterization of nanostructures for
the calibration of scanning probe microscopes” contract number PM-1I/SP/0044/2024/02, funded by the
Ministry of Science and Higher Education (Poland) under the Polish Metrology Programme.
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This study presents a comprehensive molecular dynamics (MD) simulation investigation into the
nanoscale friction of a silicon oxide (SiO») tip sliding on a graphene oxide (GO) substrate. Our work
addresses the limitations of Atomic Force Microscopy (AFM) by leveraging the high-velocity
capabilities of MD simulations to probe the kinetic adhesive friction regime, which is often inaccessible
to experimental measurements.

We observe a characteristic stick-slip motion across wide range of investigated loads and velocities,
which gradually transforms into smooth motion. By analyzing the friction force as a function of the
velocity-to-load parameter, we extend the interpretative framework proposed by Weiss et al. to a
different class of material, providing molecular-level insights into the mechanisms governing high-
velocity adhesive friction [1, 2]. The results from this research contribute to the fundamental
understanding of nanoscale friction and offer valuable insights for the design of advanced micro- and

nanomechanical systems.

Figure 10. Side view of the computational model used in the MD simulations.
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Single-electron charging has been keenly observed with the Atomic Force Microscope, wherein the
oscillating tip is capacitively coupled to quantum dot-like nanostructures. This facilitates the gating of
a single charge onto these nanostructures from a conducting back electrode reservoir [1,2]. This
phenomenon can be observed as a huge increase of the cantilever energy dissipation. We studied Au
nano-clusters grown onto Cu(100) surface, separated by thin layers of NaCl. Measurements are
conducted at low temperatures (77K/5K) and ultra high vacuum, using a pendulum Atomic Force
Microscope (pAFM) [3]. The pAFM uses an extremely soft cantilever with a high-quality factor,
enabling it to be highly sensitive to dissipation signal. We imaged nanostructures with the Kelvin Probe
Force Microscope (KPFM). The single electron charging of Au clusters was spatially resolved as
Coulomb blockade rings through constant-height dissipation maps. Furthermore, an external radio
frequency field of few GHz has been used in order to modify the charge state of the quantum dot-like
nanostructures. The application of RF field introduces a novel element to our experimental approach,

offering a nuanced control mechanism over the charge dynamics within the nanostructure systems.

References:

[1] Stomp, Romain, et al. "Detection of single-electron charging in an individual InAs quantum dot by
noncontact atomic-force microscopy." Physical Review Letters 94.5, 056802 (2005).

[2] Tekiel, Antoni, et al. "Room-temperature single-electron charging detected by electrostatic force
microscopy."” ACS Nano, 7.5, 4683 (2013).

[3] Gysin, U., et al. "Low temperature ultrahigh vacuum noncontact atomic force microscope in the

pendulum geometry." Review of Scientific Instruments, 82.2 (2011).
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We present details of the application of SPM, coupled with infrared spectroscopy, for the mechanical
and chemical characterization of complex biological nanostructures used in drug delivery systems. The
drug delivery system consists of "HSPC"/"CHOL" liposomes, both empty and coated with varying
concentrations of chitosan (0.1% - 0.7%). Chitosan is a positively charged, biocompatible polymer that
enhances liposome stability and controls drug release. The primary aim of our investigation was to
precisely determine the effect of chitosan concentration on the degree of liposome coating. Therefore,
first, a typical AFM investigation was performed, accompanied by mechanical measurements on the
nanoscale. The results showed that the liposomes were 105 — 160 nm in diameter with a Young modulus
ranging from 3-6MPa, and the adhesion force (to the gold-covered tip) was changing from low 5-10nN
for chitosan-covered liposomes, to 35nN for a reference sample. Nevertheless, using only the
mechanical properties, we were not able to determine how much chitosan coating was actually present
on the chitosan. Thus, the nano-IR technique was used, and the typical result is presented in Figure 11.
The AFM-IR investigation of a single HSPC"/"CHOL Figure 11, which allowed us to determine the

chitosan coating ratio for different samples.
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Figure 11. The AFM-IR investigation of a single HSPC"/"CHOL liposome coated with chitosan. The

topography, as well as the AFM-IR signal coming from lipids, chitosan, and cholesterol IR vibrations,

is shown.
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Two-dimensional (2D) semiconductor materials have attracted considerable interest as
promising channel materials due to their high mobility and the ability to tune gates at the atomic layer
thickness level. However, the development of 2D electronics has been hampered by the difficulty of
creating high-quality dielectrics with a clean and non-destructive interface [1].

Recently, antimony(I1I) oxide (Sb20Os) has emerged as a promising dielectric for 2D electronics.
Sb,O; crystallizes as a molecular crystal composed of SbsOs cages held together by van der Waals
interactions, which enables its integration with layered materials without forming chemically disruptive
interfaces. Its wide band gap and high dielectric constant, combined with the possibility of low-
temperature growth, make it attractive for applications in 2D devices. Recent studies demonstrated the
epitaxial growth of ultrathin Sb2Os films on layered substrates, highlighting its potential as a platform

for stable dielectric layers and heterostructures. However, the intrinsic electronic and structural
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properties of Sb20s at the ultrathin limit, as well as its interfacial behavior with 2D semiconductors,
remain insufficiently understood [1-3].

In this work, we present the properties of Sb.O3 grown epitaxially on mica. Epitaxial growth of
Sb,0s occurred via two pathways. The first is growth under atmospheric conditions as evaporation from
a hot plate. The second is growth under ultrahigh vacuum conditions. XPS, AFM and Raman

spectroscopy are used as a primary characterization tools.

This work is supported by the National Science Centre, Poland, under the Grant NCN
2024/55/B/ST11/01717.

[1] H. Ryu, H. Kim, J. H. Jeong et al. ACS Nano 2024, 18, 20.
[2] L. Liu, P. Gong, K. Liu, B et al. National Science Review, 2024, 11, 11.
[3]J. Yu, W. Han, R. J. Ong et al. Appl. Phys. Rev., 2024, 11.
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Gold nanoparticles (AuNPs) stabilized with polyamidoamine (PAMAM) dendrimers show
significant promise in medical applications, particularly for cancer imaging and theranostics, where the
same platform is used for both therapy and diagnostics. This dual functionality allows for real-time
monitoring of treatment efficacy and disease progression. These complexes have proven effective as
contrast agents in computed tomography (CT) imaging, surpassing the radiation absorption capabilities
of traditional iodine-based agents. AuNPs are excellent contrast agents due to their high atomic number,
which enhances image contrast. This work demonstrates a rapid, two-step synthesis of such complexes,
which are size-stable for up to 18 months. The first step of the synthesis involves a short sonication of
gold (IIT) chloride hydrate with PAMAM dendrimers of 4™ generation, while the second step uses
microwaves to reduce gold (III) chloride hydrate with sodium citrate. The developed synthesis method
enables rapid production of spherical and monodisperse gold nanoparticles stabilized with PAMAM
dendrimers. Physicochemical characterization of the gold nanoparticle-PAMAM dendrimers
complexes was performed using ultraviolet-visible spectroscopy, dynamic light scattering technique,
infrared spectroscopy, atomic force microscopy and transmission electron microscopy. The toxicity of
synthesized complexes on breast cancer MCF-7 cell line has been studied using tetrazolium salt
reduction test. The produced gold nanoparticles revealed lower toxicity levels on MCF-7 cell line after
18 months from synthesis compared with newly synthesized colloids. Synthesized gold nanoparticles
stabilized with dendrimers and commercially available gold nanoparticles stabilized with sodium citrate
show similar toxicity levels on breast cancer cells.

In the future, the developed rapid synthesis may play a crucial role in medical and pharmaceutical
sciences. Particularly, this research could pave the way for advancements in nanomedicine, leading to
new diagnostic tools, imaging techniques, and targeted drug delivery systems that could significantly
improve patient outcomes.

[1] Kolodziejezyk et al. Molecules 2025, 30, https://doi.org/10.3390/molecules30092024
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This study presents an innovative application of galvanic isolation in an active piezoresistive
cantilever, enabling the measurement of the mechanical properties of the Argenco 50 gold alloy in an
: w artificial saliva environment. The proposed method allows

Transformers

experiments to be performed under conditions closely
resembling those in the human oral cavity. This previously
unreported approach constitutes a novel contribution to
tribological investigations of biomaterials. The combination
of atomic force microscopy (AFM) with dental prosthetics
opens new perspectives for analyzing biomaterial wear
processes under near-physiological conditions. Figure shows
a photograph and description of the constructed module for
s the near-field interaction microscope. The separation of the
power supply circuit of the piezoresistive cantilever proved

J resistant to local short circuits on the primary side, caused by

Active
piezoresistive
cantilever

the interaction of artificial saliva with the cantilever. This
made it possible to image structures fully immersed in
artificial saliva, as well as to conduct friction and wear experiments. These studies accurately reproduce
the conditions prevailing in the human oral cavity, providing an important extension of previous
experiments and highlighting the potential impact of saliva on the wear processes of prosthetic
materials. The presented research demonstrated the effectiveness of the developed galvanic isolation
system for the active piezoresistive cantilever, enabling measurements in an artificial saliva
environment. This solution allowed imaging of structures fully immersed in a liquid medium and the
performance of friction and wear experiments, representing a significant extension of the methods used
to date. The obtained results confirm that the proposed method provides a reliable reproduction of the
conditions prevailing in the human oral cavity. The application of an active piezoresistive cantilever
with galvanic isolation opens new perspectives for tribological studies of prosthetic materials, allowing
for a more realistic assessment of their durability and wear resistance.

[1] T. Gotszalk, R. Linnemann, I. Rangelow, P. Grabiec, P. Dumania, International Journal of
Electronics, 1996, 81, 473.

[2] T. Gotszalk, R. Linnemann, I. W. Rangelow, “Application of piezoresistive Wheatstone bridge
cantilever in advanced atomic force microscopy techniques,” Int. J. Electronics, 81 (4), 473-483.

[3] D. Badura, B. Pruchnik, P. Smagowski, etc. A low-noise measurement system for scanning thermal
microscopy resistive nanoprobes based on a transformer ratio-arm bridge, Measurement Science &
Technology, 2018, 29, 045901.
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The study presents the results of tribological investigations of selected biomaterial pairings
conducted at the nanometer scale. The main objective was to introduce an innovative method enabling
the characterization of wear phenomena using a dedicated measurement system based on an active
piezoresistive cantilever with a modified probing tip. For the experiments, a fragment of human tooth
enamel was mounted onto the cantilever by means of a nanomanipulator, while the Argenco 50 gold
alloy was chosen as the counterface material. The samples were prepared according to procedures used
in clinical prosthetic restorations. Prior to and after the tribological tests, the specimens were analyzed
using scanning electron microscopy (SEM), which enabled detailed visualization of both the alloy
surface and the enamel fragment integrated with the cantilever. Laser ablation was applied to mark
reference points on the alloy surface, allowing repeatable measurements in the same scanning area of
20 pm x 20 pm. During testing, the normal force generated by the piezoresistive cantilever
corresponded to values naturally occurring in dentition during mastication. After completion of the
experiments, the wear of both the prosthetic alloy and the enamel fragment was evaluated.

The results showed that the enamel fragment was successfully mounted on the cantilever and
demonstrated higher hardness compared to the Argenco 50 alloy. A distinct wear track was observed
on the gold alloy surface as a result of friction, whereas the enamel fragment exhibited no significant
structural or surface changes. These findings confirm the applicability of the developed methodology
for nanoscale characterization of wear processes in biomaterials. The use of an active piezoresistive
cantilever with an integrated enamel fragment offers an effective tool for simulating tribological
conditions of the human oral cavity, enabling differentiation of materials in terms of their wear
resistance and providing valuable input for prosthetic treatment planning. The preliminary results
further suggest a correlation between the wear of natural teeth and prosthetic materials under functional
conditions. Such investigations should be complemented with high-resolution imaging techniques,
including SEM, focused ion beam (FIB), and AFM-based nanomanipulation, to assess not only the
topography of the samples but also the wear mechanisms. The research will be continued.

[1] T. Dabrowa, D. Badura, B. Pruchnik, E. Gacka, W. Kopczynski, M. Mikulewicz, T. Gotszalk, E.
Kijak, Correlation between Friction and Wear in Cylindrical Anchorages Simulated with Wear
Machine and Analyzed with Scanning Probe and Electron Microscope, Materials, 2023.

[2] T. Hu, Q. Zeng, Friction and Wear in Nanoscratching of Single Crystals: Effect of Adhesion and
Plasticity, Nanomaterials, 2022
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Organic radicals based on the benzo[e][1,2,4]triazinyl scaffold have emerged as a key class of
materials in molecular spintronics and quantum research. Blatter-type radicals exhibit exceptional
stability, well-defined electronic structures, and outstanding synthetic versatility. Their rigid, planar z-
system stabilizes the unpaired electron through extensive delocalization, leading to persistent
paramagnetism and remarkable resistance to oxidative degradation. These radicals display reversible
redox transitions between neutral, cationic, and anionic states, enabling precise modulation of electronic
and magnetic properties. Owing to this redox flexibility and spin coherence, benzo[e][1,2,4]triazinyl
radicals are promising candidates for organic batteries, spintronic architectures, and chiral quantum
materials. In this work, we report a Scanning Tunneling Microscopy (STM) investigation of Blatter
radicals deposited on Au(111) and Ag(111) substrates, revealing the local formation of ordered self-
assembled layers. STM enables direct visualization of individual molecules and their arrangement on
metallic surfaces with molecular resolution. These studies provide insight into adsorption geometry,
intermolecular interactions, and surface-induced electronic effects that govern the stability and

organization of Blatter radicals.
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Figure 12. STM images of different self-assembled structures of Blatter radical on Au(111) substrate.
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We present a comprehensive long-term investigation of the aging mechanisms and oxidation
dynamics of 1T-TaS, flakes with thicknesses ranging from monolayers (1L) to bulk, deposited on
graphene/SiC substrates. By combining AFM/KPFM, synchrotron-based XPS/STXM, and STM with
DFT calculations, we uncover a strong thickness dependence of the oxidation pathway. Multilayer
flakes degrade through the gradual formation of amorphous Ta»Os islands, whereas monolayers exhibit
fundamentally different behavior: topographic stability, non-monotonic evolution of surface potential,
and a non-invasive interaction with the graphene substrate.

We further demonstrate that STM scanning can locally remove surface oxides, enabling an STM-
based nanolithography approach for controlled thinning and nanoscale patterning of 1T-TaS, flakes.
This method also facilitates the fabrication of 1L 1T-TaS,/graphene/SiC heterostructures, allowing
direct investigation of van der Waals interactions with the substrate.

Based on experimental observations and DFT modeling, we propose a unified thickness-dependent
oxidation model for 1T-TaS: that highlights the critical role of substrate interactions. These findings
close important gaps in the understanding of CDW-bearing TMDC stability and oxidation, offering
new pathways for controlled surface engineering and the integration of TaS,-based heterostructures into

robust, high-performance nanoelectronic and quantum devices.

Figure 13. (a-c) AFM and (d-f) KPFM measurements of 1T-TaS, flakes with different thickness on the

graphene/SiC substrate recorded at RT after different exposure in the air. Scale bars - 2 um.

The presented research was financed by the National Science Centre as part of the following projects: 2024/55/B/ST11/01717
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Atomic Force Microscopy (AFM) allows nanoscale imaging of biological surfaces in
conditions close to their native environment [1]. In this work, we present a method for AFM
measurements of biological samples under near-natural conditions. A portable AFM system, developed
in our laboratory, was transported to a university facility located in the vicinity of agricultural fields.
The measurements were carried out on freshly collected maize leaves immediately after harvest to
minimize dehydration and structural changes.

The leaf samples were prepared using a microtome. The uppermost surface layer was removed
to expose a clean and flat region suitable for scanning. AFM measurements were performed in contact
mode using a piezoresistive cantilever. This configuration allowed stable topography imaging of soft
biological material.

The obtained images reveal features of the maize leaf surface that are typically lost during
standard laboratory sample preparation. In future studies, a comparison between healthy, diseased, and

water-stressed maize leaves is planned to determine whether physiological stress induces measurable

differences in surface morphology.
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Figure 14. AFM image of maize leaves sample.
[1] L. Tetard, A. Passian, R. Farahi, B. Davison, S. Jung, A. Ragauskas, A. Lereu, T. Thundat,
Nanotechnology, 2011, 22, 465702.
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Positioning systems must respect geometry-defined limits; exceeding them risks immediate failure
or cumulative wear. In laboratory Raman spectrometers, sample translation stages driven by
piezoelectric Picomotors are especially vulnerable: stick—slip actuation on precision screws can degrade
the clamping jaws under improper control.

We present a protective and corrective control layer for a Newport 8081 stage actuated by five
Picomotor linear drives. The system integrates eddy-current sensors that track the distance to each screw
head. Using off-the-shelf inductance-to-digital converters (LDCs), distance readings are streamed to a
microcontroller (MCU), which enforces travel limits and can halt motion to prevent damage. The same
signals feed a closed-loop correction that compensates thermal drift and variations in step-to-
displacement gain: when the Picomotors warm up, displacement per software step deviates from the
cooled state; our feedback restores repeatability.

We validate the approach in an argon glovebox during Raman mapping of molybdenum and rhenium
oxides. The system (i) prevents over-travel and hardware wear, and (ii) improves positioning accuracy
and measurement repeatability without modifying the spectrometer’s optical path. The design is

compact, inexpensive, and readily retrofittable to existing stages.

This work was supported by the National Science Centre, Poland, under the Grant NCN
2024/55/B/ST11/01717
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Two-dimensional van der Waals materials exhibiting piezoelectricity and ferroelectricity have
attracted considerable scientific interest, as they may play a key role in the future development of
nanoelectronics and spintronics [1]. One such material is layered boron nitride (BN), characterized by
a wide bandgap of around 6 eV, which makes it highly attractive for applications in electronics,
optoelectronics and van der Waals heterostructures

The physical properties of layered materials are strongly influenced by the stacking sequences of their
atomic layers, known as polytypes. The most common polytypes of BN are hexagonal (hBN),
rhombohedral (rBN), and Bernal (bBN), which can be experimentally distinguished [2]. The occurrence
of the piezoelectric effect requires the presence of non-centrosymmetric polytypes, namely rBN and
bBN. The proportion of specific polytypes can be tailored during the growth process, enabling control
over the piezoelectric response.
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Figure 15. : Contact mode PFM results of the BN film: (a) topography, (b) vertical PFM amplitude,
and (c) vertical PFM phase. In (c), the numbers classify the domains into two groups.

In this study, we examine thin films of crystalline BN grown on a sapphire substrate using metal-organic
vapor phase epitaxy (MOVPE). Measurements on various samples were performed using piezoresponse
force microscopy (PFM), calibrated with periodically poled lithium niobate (PPLN). A comparison of
Figs. 1a and 1b illustrates that epitaxially grown BN structures are directly correlated with the
piezoelectric response.

A piezoelectric domain is a region exhibiting a PFM amplitude higher than the background (green area
in Fig. 1b) and a uniform PFM phase. As indicated in Fig. lc, two distinct types of domains can be
identified based on the PFM phase. Both types of domains are antiparallel to each other (Fig. 1c) and
exhibit comparable amplitudes of the piezoelectric response (Fig. 1b). Numerical tools, such as 2D
histograms and distributions, are employed to enable quantitative analysis of the piezoelectric effect.
This approach allows for detailed characterization of the domains and provides deeper insight into the
mechanisms underlying domain formation. We will compare the samples by determining the magnitude
of the piezoelectric effect and discuss the correlation between the piezoelectric response and domain
characteristics, including their height, size, and topographical features.

[1] C. Wang, L. You, D. Cobden & J. Wang, Nature Materials, 2023 22, 542-552.

[2]J. Iwanski et al., npj 2D Mater Appl, 2024, 8, 72.
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Open-shell organic molecules are emerging as key structural elements in the design of advanced
functional materials for organic electronics and spintronics. Among them, the exceptionally stable
1,4-dihydrobenzo[e][ 1,2,4]triazin-4-yl (Blatter radical) and its derivatives have attracted significant
attention due to their high spin delocalization, narrow electrochemical window, and low excitation
energies. The development of efficient synthetic routes to this class of radicals is therefore of great

importance for expanding their functional diversity and applicability.
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Figure 16. Blatter radical and Plannar Blater radicals.

In recent years, our group has developed four synthetic methods providing access to a wide
family of planar Blatter radicals.[ 1-4] These advances have enabled the synthesis of several dozen new
derivatives, opening the way for the systematic exploration of functionalized benzo[e][1,2,4]triazin-4-
yl systems, particularly regarding their magnetic and electronic properties relevant to information
storage and processing. In this work, we report the design and synthesis of new planar Blatter
derivatives (Fig. 1) tailored for surface studies. Synthetic modifications include m-extension and
heteroatom substitution, aimed at enhancing planarity, conjugation, and stability against redox or
thermal degradation. These planar, conjugated radicals also provide promising molecular precursors for
surface studies by STM and SERS, offering new opportunities for understanding spin—surface

interactions in organic radical monolayers.
This research was funded by the University of Lodz in the framework of IDUB grants 2/IGB/2022.

[1] P. Kaszynski et al. Angew. Chem. Int. Ed. 128 (2016) 11315.
[2] P. Bartos et al., Org. Lett. 22 (2020) 180.

[3] P. Bartos et al., Org. Lett. 22 (2020) 3835.

[4] P. Bartos et al., Org. Chem. Front. 9 (2022) 929.
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The technical solutions developed in order to provide the approach towards correlational microscopy
experiments more effective and reliable require both: theoretical and experimental analysis. While the
special sample holders should provide submicron positioning accuracy and repeatability, one should be
aware of specific design and utilization procedures that can have major impact on the outcome of the
practical use of such equipment. While it can have a significant impact on the final result of the
experimental work, the numerical analysis was performed. The simulations provided an insight into the
correlation between the fundamental accuracy of the positioning system, the design of the holder itself

and, way it can be used and the sample’s positioning accuracy.
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Figure 17. The view of the positioning marks of the FIB-fabricated marks (left hand side), and the

example of the numerical simulation outcome (right hand side).

[1] Gaoliang Dai, Xiukun Hu, Correction of Interferometric High-Order Nonlinearity Error in
Metrological Atomic Force Microscopy, Nanomanufacturing and Metrology (2022) 5:412-422

[2] Paul Ceria, Sebastien Ducourticux, Younes Boukellal, Alexandre Allard, Nicolas Fischer, Nicolas
Feltin, Modelling of the X,Y,Z positioning errors and uncertainty evaluation for the LNE’s mAFM
using the Monte Carlo method, Measurement Science and Technology, (2017) 28 034007
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Silicene, a two-dimensional allotrope of silicon with a graphene-like honeycomb arrangement, has
emerged as a material of strong interest due to its anticipated compatibility with the current silicon-
based technology [1]. Numerous substrates enabling silicene growth have been reported, and the choice
of support is known to significantly affect its structural and electronic properties [2,3].

Among various strategies for tailoring the behavior of silicene, chemical functionalization via
adsorption stands out, offering a vast range of potential derivatives. Thermal Desorption Spectroscopy
(TDS) provides a powerful means to probe adsorption processes, delivering not only desorption profiles
but also thermodynamic parameters of the interaction [4].

In this work, we report the development of a custom-built TDS setup integrated into an existing
ultra-high vacuum (UHV) system. The design allows for in-situ measurements, ensuring precise control
over experimental conditions. The new TDS cell will be applied to identify promising adsorbates for

silicene functionalization and to pave the way toward application-driven investigations.

Acknowledgments: This work has been supported by the National Science Centre, Poland, under Grant
No. 2022/45/B/ST5/01018
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Precise characterization of thermoelectric noise in active piezoresistive MEMS cantilevers is
essential for improving the sensitivity and performance of modern atomic force microscopy (AFM)
systems. Software-based spectral analysis on PCs is often limited by latency and data throughput at
high sampling rates. To address this, we developed a custom FPGA-based acquisition and processing
system implementing a Discrete Fourier Transform (DFT) core for real-time frequency-domain
analysis.

The platform uses an 18-bit ADC sampling at 1 MS/s and computes 256 frequency bins in hardware.
The design is easily scalable to 1000 bins. The processing pipeline was optimized for parallelism and
low latency, allowing full spectral computation within one second and enabling live monitoring of
thermoelectric noise.

A custom iCORDIC rotation unit was implemented to efficiently generate trigonometric coefficients,
reducing logic usage and improving speed compared to vendor IP. This optimization allowed up to 85
parallel processing units on an Artix-100T FPGA, significantly increasing throughput for real-time DFT
operations.

The developed acquisition system enables very fast spectral analysis of the measurement spectrum,
revealing the presence of various harmonics that enter the measurement chain and deteriorate
measurement resolution. Rapid determination of the resonance frequency and subsequent harmonics
allows for efficient characterization of the applied cantilever. Knowing the cantilever dimensions and
its resonance frequency makes it possible to determine its stiffness and quality factor, which directly
translates into its usability in high-speed atomic force microscopy (HS-AFM) architectures. The system
can also assess the cantilever tip after measurements, since even a slight change in cantilever mass
results in a measurable resonance shift. The developed acquisition platform, equipped with DFT-based
software, can thus be applied for fast cantilever analysis, precise gas and mass sensors, and, most
importantly, for evaluating the measurement bandwidth, the influence of 50 Hz noise, and the
identification of cantilever harmonics.

[1] Swiadkowski, Bartosz & Piasecki, Tomasz & Rudek, Maciej & Swiatkowski, Michat & Gajewski,
Krzysztof & Majstrzyk, Wojciech & Babij, Michat & Dzierka, Andrzej & Gotszalk, Teodor. (2020).
ARMScope — the versatile platform for scanning probe microscopy systems. Metrology and
Measurement Systems. 27. 119-130. 10.24425/mms.2020.131711.

[1] Swiadkowski, B., Piasecki, T., Rudek, M., Swiatkowski, M., Gajewski, K., Majstrzyk, W., Babij, M., Dzierka, A., Gotszalk, T.,
ARMScope — the versatile platform for scanning probe microscopy systems. Metrology and Measurement Systems, 2020, 27, 119-130
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In dye-sensitized solar cells, a mesoporous layer composed of titanium dioxide nanoparticles coated

with organic dye molecules serves as a photoactive coverage of an illuminated electrode [1,2]. The
excited dye molecules inject electrons into the conduction band of the semiconductor and electrons are
transported by diffusion to the external electric circuit. Photovoltaic performance of dye cell largely
depends on the dye used as the sensitizer, which extends the absorption to visible light.
In the presented study, the TiO, nanoparticles were deposited as a paste and sintered at a temperature
of 450°C to achieve the required electrical contact between them. The photoanodes used in the
investigations were modified by introducing various organic dyes as sensitizers. Dye molecules were
adsorbed onto the nanoparticles by immersing the mesoporous electrode in dye solution. Conditions
such as time of immersion of the electrode and concentration of the solution were determined to
optimize the amount of dye adsorbed. The sensitization was confirmed by UV-Vis spectroscopy, which
revealed an extension of the absorption spectrum as a result of dye deposition. The work involves
characterizing the morphology of the bare titanium dioxide layer and the layer after dye adsorption,
determining the HOMO and LUMO levels of the dyes, and the operating parameters of solar cells in
which these dyes were used. The tested dyes included alizarin, phenyl fluorone, pyrocatechol violet,
catechol and N719 ruthenium complex as a reference dye [3,4].

The results show that the TiO; layer has a porous structure confirmed by SEM and provides a large
active surface area, enabling effective dye adsorption, resulting in a significant broadening of the light
absorption range. The positions of FTIR peaks show spectral changes after adsorption of dyes. The
HOMO and LUMO levels of the tested dyes are suitable for applications in dye-sensitized solar cells.

However, the prepared cells require further work aimed at reducing their internal resistance.

[1] P.S. Saud et al., Optical Materials, 2024, 150, 115242.

[2] R.N. Iman et al., Inorganic Chemistry Communications, 2024, 165, 112488.

[3] A. Zdyb, E. Krawczak, Energies, 2021, 14(17), 5529.

[4] E. Krawczak et al., Materials Science and Engineering: B-Advanced Functional Solid-State
Materials, 2025, 320, 118390.
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We present an advanced correlative microscopy platform integrating atomic force microscopy (AFM)
with scanning electron microscopy (SEM) and focused ion beam (FIB) capabilities. The system
combines the six AFM and five SEM stage degrees of freedom, offering eleven independently

controllable axes for nanoscale imaging and manipulation.

The AFM employs piezoresistive, thermo-mechanical probes (nano analytik’s active probes), removing
the need for optical detection and enabling compact AFM-in-SEM (AFMinSEM) integration. The
module fits directly into the SEM chamber (50 mm working distance, ~120 mm lateral space), providing
100 nm positioning accuracy across a 25 mm x 25 mm x 15 mm volume. Interchangeable piezo

scanners offer ranges up to 50 pm x 50 um x 20 pm.

This configuration enables real-time, in situ characterisation and nanofabrication under vacuum,
avoiding contamination and alignment errors. It supports high-speed AFM imaging, hybrid SEM—-AFM
metrology, and tip-based nanofabrication, as well as multimodal analysis using EDS, C-AFM, KPFM,
electron beam-induced deposition, andrelated techniques [1-4]. A dedicated API allows remote control

and integration with AFM/SEM/FIB workflows.

[1] Angelov et al, Journal of Vacuum Science & Technology B 34, 06KBO01 (2016)
[2] Rangelow et al, Journal of Vacuum Science & Technology B 36, 06J102 (2018)
[3] Holz et al, Microscopy Today, Volume 27, Issue 6, (2019), p. 24-30

[4] Mahmoud Behzadirad ef al, Nano Letters 2021 21 (13), p. 5493-5499
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Fluidic Force Microscopy (FluidFM) represents an innovative extension of Atomic Force
Microscopy (AFM), merging nanomechanical precision with microfluidic functionality as a force-
sensitive nanopipette [1,2]. By integrating a hollow cantilever capable of exerting and sensing
piconewton forces while delivering or extracting femtoliter volumes, FluidFM opens new opportunities
for single-cell research. This technology enables controlled cell manipulation, targeted microinjection,
and real-time force spectroscopy — all within the same experimental setup. Combining the capabilities
of both techniques unlocks new opportunities for multiparametric investigation of biological systems
in real time, both in terms of mechanical properties and intracellular processes occurring within cells.

The use of FluidFM is a key component of the DeLIVERy project, which addresses the growing
challenge of polypharmacy — a condition highly prevalent among older adults and recognized as one
of the major healthcare issues of the 21st century. The parallel use of multiple drugs from different
pharmacological classes can significantly affect liver function and cellular homeostasis. To explore the
biophysical mechanisms underlying these phenomena, the project integrates FluidFM with AFM and
advanced optical imaging to enable simultaneous mechanical characterization and microfluidic
manipulation of single hepatic cells. The planned experiments aim to perform multiparametric
analysis of polypharmacy effects on: LSEC fenestration, cell mechanics, local cellular responses to
drug combinations, and nanosampling of cytosolic material for biochemical analysis (Figure 1).
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Figure 1. Schematic representation of the experimental procedure combining FluidFM and AFM.
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In this work, we present the new design of the Luxtorpeda AFM head with an optical beam deflection
(OBD) system. It is developed as part of the Drobnowidz SPM platform dedicated to correlative

picoscopy. Luxtorped will enable picometrology of charge transport phenomena.

In our previous designs a noise level of deflection of 60 pm was achieved. Since then, a series of
improvement was determined and introduced into a design. The optical path was improved using a
thermally stabilized current source driving a fiber-coupled laser diode for noise reduction and precise
beam collimation for improvement of SNR. An improved mechanical layout was prepared to ensure
reduced vibration susceptibility, including integrated translational stages, stabilized optical path and

increased mechanical cohesion.

A key novelty of the design is the thermal separation of the laser diode from the scanning
module, effectively minimizing thermally induced drifts that impede imaging resolution. The laser
radiation is delivered to the head via an optical fiber. Optical signal is processed on the way to filter out
undesired modes. It results in providing a more uniform and symmetric laser spot. Furthermore,
a temperature control system was implemented in the lased supply setup. It helps to maintain the
stability of laser emission (the wavelength and optical power), enhancing both short- and long-term

measurement stability.

Comprehensive noise characterization was performed, including sensitivity analysis, general
noise measurements of the head signal, which was then compared with total feedback-loop noise and
full electronic noise budgeting. The presented analysis establishes the Luxtorpeda SPM as a high-

stability platform suitable for advanced charge transport studies at the picometric scale.

Figure 1. Photography of Luxtorpeda AFM head with an optical beam deflection (OBD) system.
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Ferroelectric perovskite oxides are a vast group of materials with promising applications in
photocatalytic reactions, such as water splitting—a process of producing hydrogen and oxygen using
solar energy [1]. One of the most promising aspects of this class of materials is the presence of the
ferroelectric domains. These regions of uniform intrinsic polarization facilitate in charge carriers
separations and transport, which promises increased efficiency of photocatalytic processes and holds
great potential for vast applications in green technologies [2, 3].

In this study friction imprints of the potassium tantalate niobate (KTa;Nb,O3) ferroelectric domains
were observed. This perovskite crystal shows tetragonal, ferroelectric phase at room temperature and
has a remarkable Curie temperature of just 42° Celsius. Domain imaging on the cleaved surface of bulk
monocrystal was done with use of the lateral force microscopy (LFM). Difference in friction coefficients
between adjacent domains was identified. The behaviour of those imprints under the ferro-paraelectric
phase transition was investigated. No change in friction pattern was observed, despite of reorganization
of the underlying domain structure, as was shown by the piezoresponsive force microscopy. This
observation may aid in determining the origin of domain friction contrast. Since KTN shows also
piezoelectric properties, impact of application of external stress on the friction domain contrast was also
investigated.

Domain observation was subsequently verified with use of scanning electron microscopy (SEM)
and piezoresponsive force microscopy (PFM) — both a viable tools for domain imaging [4]. Through
analysis of the electron channelling patterns observed under SEM, it was possible to obtain information
about the domain polarization direction.

[1] J. P. Attfield, P. Lightfoot, and R. E. Morris, “Perovskites,” Dalton Transactions, vol. 44, no. 23, p.
10541-10542, 2015.

[2] T. Zhang, K. Zhao, J. Yu, J. Jin, Y. Qi, H. Li, X. Hou, and G. Liu, “Photocatalytic water splitting for
hydrogen generation on cubic, orthorhombic, and tetragonal knbo3 microcubes,” Nanoscale, vol. 5, no.
18, p. 8375, 2013.

[3] Y. Wu, X. Wang, G. Tian, L. Zheng, F. Liang, S. Zhang, H. Yu, and H. Zhang, “Inverse design of
ferroelectric-order in perovskite crystal for self-powered ultraviolet photodetection,” Advanced
Materials, vol. 34, Jan 2022.

[4] A. Reichmann, A. Zankel, H. Reingruber, P. Polt, and K. Reichmann, “Direct observation of”

ferroelectric domain formation by environmental scanning electron microscopy,” Journal of the
European Ceramic Society, vol. 31, no. 15, pp. 2939-2942, 2011.
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Neurodegenerative diseases, the most common of which are Alzheimer's and Parkinson's disease,
are characterized by the degeneration of nerve cells, leading to their loss of function and eventual death.
This neuronal degeneration results in many neuropsychiatric problems and permanent disability
in affected individuals. Currently, there are no effective treatments that can cure or slow the progression
of these diseases — existing therapies only alleviate associated symptoms.

Surface-Enhanced Raman Spectroscopy (SERS) is an analytical technique that provides structural
fingerprinting of low-concentration analytes. Due to its high chemical selectivity and sensitivity, SERS
is considered a highly effective method for detecting and analyzing biomolecules such as proteins and
peptides, and it is regarded as a promising tool for biomedical research. The enhancement of the Raman
signal in SERS occurs through the interaction of the analyte with metallic nanostructures, which leads
to the enhancement of the electric field via plasmon resonance or chemical mechanisms. To achieve
stable signal amplification and reproducible results, we propose an innovative application
of nanostructured plasmonic matrices. These substrates enable efficient electric field amplification with
the desired distribution and an open and easily accessible surface topography.

This interdisciplinary study aims to quantitatively determine both novel and established diagnostic
biomarkers (amyloid B and tau) and metalloproteinase 10, as well as to study their activity (secondary
structure) in cerebrospinal fluid and blood plasma using one of the most sensitive molecular
spectroscopy techniques — SERS (immune-SERS). Furthermore, we work on developing a highly
sensitive system for the simultaneous detection of multiple biomarkers to improve the detection

of Alzheimer's disease and other related neurodegenerative disorders.
[1] E. Lipiec, J. Kaderli, J. Kobierski, R. Riek, K. Skirlinska-Nosek, K. Sofinska, M. Szymonski,

R. Zenobi, Angewandte Chemie International Edition, 2021, 133, 4595-4600
[2] Barthélemy, N.R., Salvado, G., Schindler, S.E. et al., Nat Med, 2024, 30, 1085-1095
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Acute lymphocytic leukemia (ALL) was the first cancer in history to be treated with chemotherapy.
Despite the development of numerous effective therapeutic strategies, a definitive cure for leukemia
remains elusive. This challenge stems not only from the intrinsic malignancy of hematopoietic cells but
also from profound alterations in the bone marrow microenvironment. The bone marrow niche
undergoes significant remodeling under the influence of both leukemic progression and
chemotherapeutic agents. Among its key cellular components, mesenchymal stem cells (MSCs) and
endothelial cells (ECs) play a pivotal role in modulating these changes.

In this study, using advanced microscopic techniques, MSCs isolated from healthy donors and ALL
patients were characterized, with particular emphasis on their biomechanical properties and cytoskeletal
architecture. For comparative purposes, commercially available MSC lines were also analyzed.
Additionally, biomechanical assessments were performed in relation to the type of protein substrate
used for cell culture, allowing evaluation of the influence of extracellular matrix composition on cellular
behavior. Furthermore, MSCs were co-cultured with bone marrow—derived ECs to investigate their
biomechanical properties and to elucidate the nature of their interactions.

The results obtained represent a first step toward the development of a biomechanical framework for

bone marrow stromal cells, which may serve as a platform for testing chemotherapeutic agents.
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Despite several decades of research, the molecules of life—nucleic acids, proteins, and lipids—still
hide many secrets from us. Due to the limited sensitivity and spatial resolution of conventional
analytical techniques, the properties of these nanoscale-heterogeneous molecules remain not fully
explored.

Hence, to achieve significant progress in the characterization of the biomolecules, research on
processes occurring in plasmonic nano-gap junctions must be performed, providing solid information
on the generation of surface plasmons, near-field confinement of the generated electromagnetic field
by the nanojunction/cavity, as well as the field enhanced molecule vibronic excitations, Raman
scattering, and infrared transitions in the nano-gap junction. All those fundamental subjects are at the
base of modern molecular nanospectroscopies: Tip-Enhanced Raman Spectroscopy (TERS) and
InfraRed nano-spectroscopy. Our findings include nanospectroscopic investigations of the local
secondary structure of aggregating Alzheimer’s proteins and peptides [ 1,2], the molecular composition
of lipid monolayers revealing local phase separation [3], and the conformation of nucleic acids along

individual strands and chromosomes [4].
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The coherent superposition of atomic states in molecular systems can lead to the emergence of
so-called dark states, which are decoupled from the environment. This phenomenon was originally
discovered in quantum optics in experiments on the fluorescence of sodium atoms in the presence of an
electromagnetic field [1]. Later, the existence of dark states was theoretically predicted in quantum dot
systems coupled to electrodes, where the photon field is replaced by electrons [2]. More recently, dark
states have also been observed in real atomic systems using scanning tunneling microscopy (STM)

experiments on short silicon chains fabricated on a Si(553)-Au surface [3].

In this work, we analyze the formation of dark states in nonlinear atomic systems on a surface, with the
simplest representative being an atomic trimer arranged in a triangular geometry. This system is
particularly interesting due to the presence of degenerate states, in contrast to linear chain configurations
where such degeneracies do not occur. In this case, molecular states can be expressed as superpositions
of all atomic orbitals (with nonzero amplitudes) and in a non-unique way, which might suggest the
absence of dark states. We demonstrate the feasibility of probing molecular states, including dark states,

in such atomic systems using STM techniques.

This work was supported by the National Science Centre, Poland, under Grant No. 2022/45/B/ST3/01123.
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Cardiac fibroblasts (CFBs) play a crucial role in maintaining myocardial structural integrity
during heart development, homeostasis, and disease. They are the primary source of the cardiac
extracellular matrix (ECM), which supports the function of cardiomyocytes by harmonizing contractile
and shear stress. Cardiac fibroblasts act as active mechanosensors, converting mechanical stimuli within
the heart into intracellular signaling cascades that drive changes in gene expression and epigenetic
regulation [1]. To better understand the mechanisms of cardiomyopathies caused by genetic disorders
such as Marfan syndrome, in vitro models based on hiPSC-derived cardiomyocytes (iCMs) and cardiac
fibroblasts (iCFBs) are being developed. These cells retain the donor’s genetic background, providing
disease-relevant modeling. Marfan syndrome (MFS), caused by pathogenic variants in the fibrillin-1
(FBN1) gene, is primarily associated with aortic rupture, but cardiomyopathy has also been reported in
some patients [2, 3].

To investigate fibroblast dysfunction in Marfan patients, we developed research models comprising

five populations: (1) iCFBs differentiated from hiPSCs of Marfan patients (2) CRISPR/Cas9 mutation-
corrected iCFBs, (3) iCFBs derived from hiPSCs of a healthy skin fibroblast donor, (4)
immortalized primary cardiac fibroblasts, and (5) CRISPR/Cas9-edited primary cardiac fibroblasts with
FBNI1 knock-in variants.
The fibroblast populations had been comprehensively characterized at the molecular and phenotypic
levels prior to atomic force microscopy (AFM) analysis, including expression profiling of CFB- and
ECM-related genes, as well as immunofluorescent evaluation of cytoskeletal architecture and activation
markers. Based on this baseline characterization, AFM was employed as the principal analytical
approach to assess surface topography and quantify cell stiffness, enabling the evaluation of nanoscale
mechanical heterogeneity across fibroblast populations.

AFM measurements revealed distinct differences in biomechanical properties between primary and
iPSC derived cardiac fibroblasts, as well as between wild-type, Marfan-derived, and mutation-corrected
iCFBs. These findings were consistent with differences in gene expression and cytoskeletal
organization, highlighting the impact of FBN1 mutations on cellular mechanics. AFM-based force
spectroscopy enabled the calculation of Young’s modulus, revealing distinct stiffness profiles
associated with cellular origin and mutation status. Integrating AFM data with molecular and imaging
analyses provides a multidimensional characterization of disease-relevant fibroblast phenotypes.

[1] Litvitukova M, et al., Cells of the adult human heart. Nature. 2020, 588: 466-472.

[2] H. C. Dietz et al., Marfan syndrome caused by a recurrent de novo missense mutation in the fibrillin
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Atomic force microscopy (AFM) offers powerful tools for investigating the local electrical and
surface properties of two-dimensional materials. In this work, AFM-based methods were applied to
study ultrathin two-dimensional molybdenum trioxide (2D a-MoQs) films grown on highly oriented
pyrolytic graphite (HOPG). MoO:s is a promising transition metal oxide with potential applications in
resistive switching memory, hydrogen production, and catalysis, where nanoscale control of electronic
properties is essential.

Here, we present an investigation of MoOs epitaxially grown under ultra-high vacuum conditions.
We focus on nanoscale characterization performed using conductive AFM. The current maps reveal a
nonhomogeneous conductivity landscape within the monolayer. XPS results indicate that the grown
MoO:s is slightly non-stoichiometric, containing approximately 95% of the Mo®* component and 5% of
the Mo** component.

These observations demonstrate the capability of AFM techniques to resolve subtle variations in
electronic behavior at the nanoscale and provide valuable insights into the structure—property

relationships in two-dimensional materials.
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Today, the development of nanotechnology is very much based on combining inorganic

materials with organic materials. When creating nanometre-scale devices, the interface between these
materials is the main element of such an organic-inorganic hybrid system, which fundamentally
determines the operating conditions of the entire device. Self-Assembled Monolayers (SAMs)' are one
of the primary methods for creating and controlling the structure and properties of metal-organic
interface. These organic nanostructures in the form of highly ordered molecular monolayers are formed
on metals by spontaneous chemisorption during incubation in solution. Currently, intensive research
on optimising the structure and properties of SAM monolayers is stimulated by their applications in a
wide range from biotechnology to molecular electronics. The basic SAM system on which the vast
majority of solutions are based is alkanothiols on the gold surface, which bind to the metal surface via
a single sulphur atom.
In this work,? studies have been carried out for monolayers in which the bonding to the metal surface
is realised through two sulphur atoms within the xanthogenates. The formation and structural quality of
such SAMs were examined on Au(111) and Ag(111) substrates using infrared reflection—absorption
spectroscopy (IRRAS), X-ray photoelectron spectroscopy (XPS), and water contact-angle
measurements. The experiments focused on the influence of solvent type and incubation time on
monolayer quality. Ethanol, isopropanol, and dichloromethane were identified as optimal solvents,
delivering densely packed and well-ordered layers on both metals. On gold the formation process can
proceed efficiently even in water, providing high-quality monolayers under non-toxic and cost-effective
conditions. Despite these similarities, the bonding configuration is fundamentally different between
these two metals. On gold, xanthate molecules bind to the surface through both sulphur atoms, whereas
on silver they mostly form single bonds, leaving one sulphur atom exposed to oxidation. These results
show that the type of metal surface strongly affects the structure, bonding, and stability of xanthate
SAMs, which will be explored further with STM and AFM.

[1] Self-Assembled Monolayers for Interfacial Engineering in Solution-Processed Thin-Film
Electronic Devices: Design, Fabrication, and Applications. M. Li, M. Liu, F. Qi, F. R. Lin, and A. K.-
Y. Jen Chemical Reviews, 2024, 124 (5), 2138-2204.

[2] Structure and stability of n-Alkyl Xanthic Acids Self-Assembled Monolayers on Au(111) and
Ag(111). M. Szatny, M. Lebica, M. Wrébel, D. M. Cegietka and P. Cyganik — in preparation.
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We review our past and ongoing work on controlled manipulation and scan-induced assembly of
gold nanoislands on mono-, bi- and multilayer (mineral) MoS, [1-3].
As revealed by STM and AFM the islands have a triangular shape perfectly matching the crystal
symmetry of the TMD surface.
In the case of the bilayer HAAD-STEM has allowed us to observe cross-sections of the complex contact
region, where MoS2 tries to reproduce the corrugation of the SiO, substrate and the bottom layers of
the crystalline Au islands present, as a consequence, considerable amounts of atomic vacancies.
In all cases, when Au islands are hit by the probing tip, they tend to follow well-defined directions that,
with the support of MD simulations, we identify with the zigzag alignments of the Mo and S atoms. As
a result, the islands assemble in a series of parallel stripes. Unfortunately, on the mono- and bi-layer
MoS; the compactness of the stripes is seriously hindered by the waviness of the underlying MoS,, but
this problem does not appear on the mineral MoS,, as proven by KPFM analysis conducted after
contacting the stripes to a gold electrode.
In this way, we aim to further develop this topic and develop reliable protocols for scanned-induced
assembly of metal nanowires for microengineering applications.
Working on MoS; substrates templated by ion beam sputtering may also provide an additional way of

tuning the manipulation process.

[1] E. Gnecco, A. Janas, B. R. Jany, A. George, A. Turchanin, G. Czempura, A. Kruk, M. Tripathi, F.
Leed, A. B. Dalton, F. Krok, Appl. Surf. Sci. 616 (2023) 156483

[2] F. Trillitzsch, R. Guerra, A. Janas, N. Manini, F. Krok, E. Gnecco, Phys. Rev. B 98 (2018) 165417
[3]F. Trillitzsch, A. Janas, A. Ozogul, C. Neumann, A. George, B. R. Jany, F. Krok, A. Turchanin, E.
Gnecco, MRS Advances 5 (2020) 2201
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Innovations in regenerative medicine increasingly rely on intelligent materials capable of finely
tuning cellular interactions without invasive procedures. Our research focuses on the design and
evaluation of multifunctional polymer brush coatings that respond to environmental stimuli, specifically
temperature and pH, to support cell sheet engineering. These engineered surfaces not only promote
healthy cell growth but also enable the gentle, enzyme-free release of intact cell layers.

We have developed thermoresponsive copolymer brushes, including poly(N-isopropylacrylamide-
co-2-hydroxyethyl methacrylate) [P(NIPAM-co-HEMA)] and poly(oligo(ethylene glycol)
methacrylate-co-HEMA) [P(OEGMA-co-HEMA)], which feature adjustable lower and upper critical
solution temperatures [1]. These properties allow for controlled cell adhesion and spontaneous
detachment, preserving both cell viability and extracellular matrix structure. Additionally, we
investigated pH-sensitive poly(methacrylic acid) (PMAA) brush coatings that exhibit temperature-
dependent wettability, effectively supporting fibroblast cultures and underscoring their potential in
tissue engineering [2].

Our latest advancement involves poly(4-vinylpyridine) (P4VP) brushes embedded with copper
nanoparticles, combining antibacterial activity with thermoresponsive behavior [3]. These coatings
have proven effective in harvesting retinal cell sheets while simultaneously offering antimicrobial
protection, suggesting promising applications in ocular regenerative therapies.

Collectively, these smart polymer brush systems represent a versatile and adaptive platform for next-
generation biointerfaces, designed to meet the evolving needs of safe, efficient, and intelligent cell sheet
technologies.

References:
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Thermochemical nanolithography (TCNL) is a technique based on atomic force microscopy (AFM)
which uses a resistively heated tip for patterning various surfaces by topological and/or chemical
surface modifications with a nanoscale spatial resolution [1]. In this presentation, we introduced the
applications of TCNL for modifications of 2D MoS; and CrSBr flakes. Scanning the TCNL tip over
the whole surface of such thin flakes reduced their measured thickness without any oxidation/etching,
confirmed by AFM measurements and Raman spectroscopy. Simultaneously, we developed a most
reliable calibration method to estimate the temperature above the tip and at the tip/flake interface by
Raman spectroscopy and analytic heat-flow models. We found out that any TCNL tip based on silicon
is unable to oxidize and etch the basal planes of MoS; and CrSBr. The observed thickness reduction
was only apparent and was due to visco-elastic and plastic deformations of underlying silicon and silica
substrates caused by both mechanical and thermal effects of TCNL [2].

However, TCNL was able to change the surfaces of MoS, and CrSBr flakes in three ways. (1) It
could reversely pattern the surface of CrSBr by deposition of an additional layer around the TCNL-
treated zone. This layer was attributed to edge-originated oxides based on results obtained from time-
of-flight secondary ion mass spectrometry (ToF-SIMS) on single CrSBr flakes and X-ray photoelectron
spectroscopy on bulk CrSBr samples. This reverse patterning was due the particular design of TCNL
tips and intrinsic thermal properties of 2D materials. The latter refers to a high in-plane thermal
conductivity, enhancing the oxidation of edges during localized TCNL heating. The former refers to a
short tip and temperature inversion, blocking the evaporation of produced oxides and resulting in their
surface diffusion/reabsorption. (2) TCNL was able to remove the tape layer remaining over the 2D
flakes after their mechanical exfoliation. (3) This method could also pattern the oxide layers over the
MoS; surfaces already produced by heating such flakes in a humid air [2].

Acknowledgements: The research has been partially supported by the National Science Center,
Poland, Opus grant no. 2017/27/B/ST4/00697 and by the IDUB grant no BOB-IDUB-622-81/2021
from the Excellence Initiative — Research University (2020-2026) funded by Ministry of Science and
Higher Education to the University of Warsaw (UW). We thank Dr Marcin Strawski from UW for ToF-
SIMS measurements.

[1] R. Szoszkiewicz, T. Okada, S. C. Jones, T. Li, W. P. King, S. R. Marder, E. Riedo, Nano Letters, 2007, 7,
1064—1069.
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Atomic force microscopy (AFM) indentation is a powerful technique for probing the mechanical
behavior of soft polymeric surfaces such as polydimethylsiloxane (PDMS). In displacement-controlled
indentation, unmodified PDMS surfaces often exhibit load—displacement discontinuities, attributed to
adhesive instabilities and viscoelastic relaxation. This study investigates the occurrence and suppression
of such discontinuities across six PDMS surface conditions: unmodified, oxygen plasma-treated (5 s
and 15s), plasma-treated with subsequent aminopropyltriethoxysilane (APTES) functionalization,
APTES-only modification, and polystyrene (PS) spin-coated films. AFM indentation was performed
on each sample using calibrated silicon tips, and force—displacement curves were analyzed to extract
initial contact force (Fo), energy dissipation (AE), discontinuity onset depth (Zo), and amplitude (Az).
Plasma treatment increased discontinuity frequency and amplitude, with longer exposure exacerbating
instabilities. APTES functionalization amplified adhesive effects when combined with plasma, while
direct APTES modification yielded stable indentation behavior. PS coatings effectively suppressed
discontinuities, producing smooth indentation curves dominated by the stiff overlayer. These findings
highlight the critical role of surface chemistry and morphology in AFM-based mechanical

characterization and provide guidance for selecting surface treatments that ensure indentation stability.
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Lithium metal batteries (LMBs) offer an exceptionally high specific capacity (=3,860 mAh/g),
making them promising candidates for next-generation energy storage technology [1]. However, a
significant challenge in LMBs is the growth of Li dendrites (needle-like structures) at Li anode during
plating and stripping. These dendrites penetrate the separator, which not only reduces the battery’s life
cycle, but also creates serious safety risks, limiting practical applications [2].

This study focuses on preventing the formation of lithium dendrites by using tetra-pyrrole
macrocycles (TPMs). These molecules are a class of organic compounds that include porphyrins and
their derivatives [3]. They can interact with lithium ions (Li*) and promote the formation of a more
stable interface [4]. While most studies focus on electrochemical performance, the surface chemistry
governing lithium dendrite growth remains poorly understood. The goal of the present work is to
develop an approach for a thin, uniform Li layer and prepare protocols for molecular self-assembly
and chemical reactions, to get detailed insights into the surface chemistry. The molecular system will
be developed by initially preparing a flat Li-containing thin film, followed by deposition of TPMs on
its surface and self-assembly in an ultra-high vacuum (UHV) environment. Preliminary scanning
tunneling microscopy (STM) results confirmed the successful deposition of well-prepared, flat Li layer
on an atomically clean Au(111) substrate. Ongoing work includes the deposition of TPMs on the Li
surface and detailed surface analysis of the molecular system. This research advances the understanding
of functionalized porphyrin and Li interaction at the atomic level. These findings highlight the potential
of TPM molecules to enhance LMB performance for advancing practical lithium metal battery
technology.

We acknowledge financial support from the National Science Center, Poland (2022/04/Y/ST5/00156).
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Helpi Optics Sp. z o.0. phone: +48 571 356 575
ul. Okulickiego SF e-mail: kontakt@helpi-optics.pl
05-500 Piaseczno, Polnd https://helpi-optics.pl/

Contact person(s): Marcin Lamczyk, Norbert Adamczyk
Helpi Optics to nowoczesna firma technologiczna taczaca tradycj¢ marki Olympus z
innowacjami dla medycyny, nauki i przemystu.

Dostarczamy zaawansowane rozwigzania — od urzadzen do preparatyki histopatologicznej,
przez biodrukarki 3D i systemy bioelektryczne, po mikroskopy cyfrowe i sit atomowych.

Nasza misjg jest wspieranie diagnostyki, badan 1 kontroli jakos$ci poprzez najlepsze technologie
1 profesjonalne wsparcie serwisowe.

Tworzymy przestrzen, gdzie technologia wspiera nauke, by osigga¢ wiecej.
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Labsoft Sp. z o.0. phone: +48 22 853 27 93
Putawska 469 e-mail: info@labsoft.pl
02-844 Warsaw https://labsoft.pl/
Poland

Contact persons: Jakub Banaszek, Wojciech Wrzosek, Michat Czaja

Complete solutions for nanotechnology in science and industry.

We are the exclusive distributor of leading manufacturers of laboratory tools for electron
microscopy and nanotechnology.

We advise and help configure proven solutions for research and quality control equipment.

We provide professional advice, training, professional service, implementation, and full after-
sales support.

Our mission is clear - to provide professional technical support, deliver state-of-the-art
technical solutions and high-quality equipment from market leaders, and be capable of
installing and supporting this technology for its lifetime.

The Labsoft company is a team of well-trained, motivated, and passionate professionals who
are always eager to help customers and improve their own skills. The team's main commitments
are to enhance customer experience, to
ensure trouble-free equipment operation,
and to provide excellent end-user support.

This year, we are pleased to present
Bruker’s latest atomic force microscope —
the Dimension Nexus.

We invite you to visit our exhibit and

explore the system.. %

Fig. 18 The newest Bruker AFM system
- Dimension Nexus.

160


mailto:info@labsoft.pl
https://labsoft.pl/

—_—

MeasLine sp. z 0.0. (Ltd.) M E AS L I N E

ADVANCED = SOLUTIONS

MeasLine sp. z 0.0. - oddz. Skawina (Ltd.) tel: +48 12 307 2980
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32-050, Skawina, Poland http://www.measline.com

Contact person: Janusz Budzioch or Pawel Budzioch

MEASLINE sp. z 0.0. is a company which offers cutting-edge measuring systems
designed to meet the highest standards of modern research.

Our mission is to empower scientists and engineers to turn their bold ideas into reality.
MEASLINE delivers custom-designed systems built to exact specifications, ensuring that
every component supports your unique research goals. We specialize in thin-film deposition
systems based on Physical Vapor Deposition (PVD) techniques—from compact tools for
thermal evaporation or magnetron sputtering to fully integrated, multi-chamber systems with
multiple sources.

A newest designed interesting solution is the mechanism developed together with
NanoAnalytik which allows the incorporation of an AFM into the SEM microscope, increasing
the imaging resolution to tenths of a nm or even better.

In addition, we create specialized systems for advanced applications, including:

e Plasma treatment instruments,

e Cryostats operating in the 4-500 K temperature range, compatible with external
instruments such as superconducting magnets, optical microscopes, and other research
tools,

o Reactors for infrared spectroscopic research,

e Laser ablation tools,

e Systems for studying high-temperature interactions of molten metals with refractory
materials,

e Atomic Layer Deposition systems,

o The Rotating probe holder is designed to place the sample inside a laboratory magnet.
The rotating arm of the manipulator is an element enabling the positioning of the sample
together with the microwave probe,

o Instruments for the study of defect chemistry of solid state,

e Instruments for the study of the electro-degradation or resistive switching phenomena,

o Investigation of desorption and effusion processes based on the measurement of the
partial pressure of desorbed gases.

To complement these systems, MEASLINE also provides precision instruments for AFM
applications, thin-layer thickness measurements and optical surface analysis.
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Company Name: NanoAndMore GmbH phone:  +49 (0)6441 8706272

Street Address:  Steinbuehlstr. 7 e-mail: info@nanoandmore.com

Post code, City: 35578, Wetzlar http:// www.nanoandmore.com

Country: Germany

Contact persons: Holger Heerlein, Peter Besmens

NanoAndMore GmbH was founded in 2002 with the objective to supply the SPM/AFM
community with a wide range of consumer goods ranging from SPM probes, calibration
standards, to substrates and more.

The products we offer are optimized for research, development, and process control
applications where visualization, modification, and measurement of nanometre-sized
surface structure is critical.

As an independent company our mission is to enable our customers to choose from a broad
variety of products, brands and manufacturers to find the right fit for their SPM
applications.

We have long term experience in this market, with a deep insight into in the world of SPM
probes and the needs of the users and we aim to cover all applications needs from budget
friendly products for teaching purposes to demanding imaging and measurement
applications for research.

In our webshop you will find the following companies and brands:

e NANOSENSORS e OLYMPUS*

e NanoWorld e OPUS

e nanotools e Team Nanotec
e BudgetSensors e sQUBE

e MikroMasch ¢ and more

We ship from Germany to Europe, Africa and the Middle East. North and South America,
Japan and South East Asia are supported by our NanoAndMore sister companies.

Visit our website to learn more about the availability of original

OLYMPUS* AFM probes and the huge variety of products
available from NanoAndMore GmbH.

www.nanoandmore.com/eu/

* OLYMPUS® is a trademark of Olympus Corporation
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nanoscore tech GmbH Phone: +49 (0) 152 2953 4657
Zum Greifenstein 5 E-mail: info@nanoscore.de
65594 Runkel http://www.nanoscore.de

Germany

Contact person: Andreas Bettac

» nanoscore is the exclusive European distributor for UNISOKU, the renowned Japanese
manufacturer of Low Temperature UHV SPM Systems.

The UNISOKU product offering comprises a variety of Low Temperature UHV-SPM systems.
Prominent examples are:

USM1300 *He cooled STM/QPlus-AFM allows for experiments in UHV and down to the
300mK range, combined with magnetic fields up to 15Tesla, or 3D vector fields. Multiple
sample contacts, RF connections up to the GHz range, as well as outstanding STM performance
make the USM 1300 the bench mark instrument.

USM1600, the 40mK dilution fridge cooled STM allows for experiments in UHV down to
temperatures of T< 40mK, combined with magnetic fields up to 15Tesla, or 3D vector fields
(e.g. 2T/2T/9T -X/Y/Z). Multiple sample contacts, QPlus-AFM measurement mode, RF
connections up to the GHz range, as well as unsurpassed STM performance make the
USM1600 the leading commercially available ultra-low temperature instrument in the market.

USM1800- Closed Cycle Low Temperature SPM

UNISOKU?’s first dry-cooled LT-SPM. It achieves a specified sample temperature of T<5K,
which is unique for dry-cooled SPMs. The pulse tube refrigerator (PTR) allows for fast & easy
cool down, continuous operation without caring for LHe logistics and associated costs. The
advanced concept of vibration isolation and the automated gas handling system ensures a
beginners prove easy handling, provides unique temperature stability, ultimate STM & AFM
resolution, high resolution spectroscopy, and optical access. The instrument is available with
the conventional Unisoku SPM head with bayonet type sample holders and lenses for TERS
experiments, or alternatively with an STM head for flag style sample plates.
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Oxford Instruments GmbH https://www.oxinst.com/
Borsigstrafie 15a

65205 Wiesbaden

Germany

Contact person: Viad Korolkov

Oxford Instruments is a leading provider of high-technology tools and systems for research
and industry, enabling the acceleration of breakthroughs that create a brighter future for our
world. With a global presence, we are committed to innovation and excellence, offering
cutting-edge solutions that permit researchers and industry professionals to achieve
innovations in their fields. Our AFMs offer exceptional precision and resolution, enabling
detailed imaging and analysis at the nanoscale. With advanced imaging modes and tip-sample
interaction capabilities, they allow for comprehensive surface characterization and material
property investigation. The user-friendly software simplifies data acquisition and analysis,
while the mechanical stability ensures reliable and reproducible results. Backed by extensive
expertise in nanotechnology, Oxford Instruments AFMs are designed to meet the diverse needs
of materials science research.
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PREVAC sp. z o.0. phone: 48 32 459 23 50
ul. Raciborska 61a e-mail: prevac@prevac.eu
44-362 Rogow, http://prevac.eu
Poland

Contact person(s): Kinga Misz

PREVAC sp. z o.0. is a European company specializing in the design and manufacture of
advanced scientific and research equipment for ultra-high vacuum (UHV), high vacuum (HV),
and plasma applications. Since its foundation in 1996, PREVAC has been providing
comprehensive solutions for materials research, surface science, and nanotechnology,
supporting both fundamental and applied research worldwide.

The company develops complete research systems and components used for the deposition and
analysis of thin films, surface and interface studies, spectroscopy, and microscopy. PREVAC’s
products include UHV-compatible manipulators, analysis and deposition chambers,
measurement modules, and fully automated control systems.

PREVAC cooperates closely with universities, research institutes, and industry partners,
providing tailor-made scientific instruments that integrate multiple experimental techniques
into one platform. The company also conducts its own R&D projects to create innovative
measurement and deposition technologies that enable exploration of materials at the atomic
and nanoscale.

PREVAC’s mission is to deliver reliable, precisely engineered systems that support scientists
and engineers in discovering and developing new materials and technologies.
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SPECS Surface Nano Analysis GmbH Tel: +49 (0)30 46 78 24-0
Voltastrasse 5 e-mail: sales@specs.com
13355 Berlin https://www.specs-group.com
Germany

Contact person: Dr. Liana Socaciu-Siebert

Berlin-based SPECS Surface Nano Analysis GmbH, founded 40 years ago, creates scientific
instruments that revolutionize surface analysis, materials science, and nanotechnology. The
team of engineers and scientists have introduced new techniques, components, and system
concepts continuously. The company now has over 200 employees and distribution channels
in over 16 countries.

SPECSGROUP is an umbrella hosting the product brands SPECS (Surface Nano Analysis),
Focus (Surface Science Components), Nanonis (Scanning Probe and Transport Measurement
Electronics) and Enviro (Automated Analysis Systems and Metrology Tools). .
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Schaefer Technologie GmbH phone: 0049-6103-300980
DE-63225 Langen/Hessen e-mail: info@schaefer-scientific.com
Germany http://schaefer-scientific.com

Contact person(s): Martin Schaefer

Schaefer Technologie GmbH is the sales and support partner of RHK Technology in Poland
and most of Europe since 1992.

RHK is an established producer of Scanning Probe Microscopy solutions, with more than 300
UHV SPM systems and more than 1500 SPM control packages installed.

Some of the most active products include:

PanScan Freedom closed cycle cooled cryogenic UHV STM/AFM PanScan Lumin package
with Parabolic mirror for Cathodeluminescence, tip-enhanced experiments, and more

Beetle cantilever-based AFM for friction, KPFM, and more Beetle STM for the solid-liquid
interface PanScan-kit with electronics and scan head for self-intergation into cryogenic
setups RHK R10 Advanced SPM control electronics and Software
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TECHNOLUTIONS http://technolutions.pl/
Wiejska 7
99-400 Lowicz

Skrotowe portfolio TECHNOLUTIONS:
https://drive.google.com/file/d/0B 1S9PXf6-swaElaVmJNalFhbUk/view

Nasz firmowy kanat w serwisie youtube:
https://www.youtube.com/channel/UC7fXjyLCkrSrE8T4Fx261hQ

Jak wida¢ ukierunkowali$my nasza dziatalno$¢ na powtoki; ich wytwarzanie, trawienie i
charakteryzacje.

W swojej ofercie posiadamy urzadzenia do wytwarzania powtok metodami:
- ALD (Atomic Layer Deposition)

- AEROSOL ( grawitacyjne opadanie rozpylonego preparatu)

- CVD i PECVD (Chemical Vapour Deposition — Plasma Enhanced)

- MAGNETRON SPUTTERING, ( rozpylanie madgnetronowe)

- IBD ( Ion Beam Deposition)

Jak réwniez przy wykorzystaniu “drobniejszej” aparatury:
- spin-coater

- dip-coater

- spray-coater

Do trawienia:

-RIE (Reactive Ion Etching- Inductively Coupled Plasma)
-IBE (Ion Beam Etching)

- ALE (NOWOSC — Atomic Layer Etching)

Jesli chodzi o charakteryzacje, tutaj oferujemy urzadzenia optyczne jak:
- Elipsometri¢ ( konwencjonalna 1 obrazujaca)

- Profilometria Optyczna

- Reflektometria

- Mikroskopia Kata Brewstera

Do charakteryzacji pod wzgledem mechanicznym zas:
- Twardosciomierze ( w skali nano- mikro- 1 makro)

- Tribometria

- Scratch-testery

Dodatkowo oczywiscie wyposazamy kompleksowo laboratoria w meble, szafy, gazy robocze
itp. oraz pomagamy przy projektowaniu i implementowaniu pomieszczen czystych typu clean-
room; roznych rodzajow 1 klas.

168



169



USM1200/JT/3T low He loss LT-SPM F UNISOKU

¥4f Group

USM1400 UHV LT-SPM & Optics

USM1500 2K & affordable magnets

USM1300 400mK high field magnets

USM1600 the milli Kelvin SPM

USM1800DryCool, < 4K achieved,

no LHe consumption, LT-SPM

Quick and Easy Cool Down with
automated gas handling

20 Unsurpassed
200 Tempcrature
= 50 stability OIS IS TE ST +10mK
x 3
~ 100 e
=
2 % 5.2K
0 3
0 10 20 30 40
Time [hour] -10mK

Time [h]

Proven STM performance at T=3.6K
STM: Au(111) @ 3.6
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