
 
 

 

 

14:00  Welcome & Introduction  

Emmanuel Paris, Boume Boudjelida, Klaus Pross 

14:15    High resolution Peak Force images of extended supramolecular networks on HOPG 

Prof Frank Palmino, University of Franche-Comté, France   

14:30       In-situ identification of electrocatalytically active sites using Electrochemical Scanning 

Tunneling Microscopy  

   Richard Haidt, Technical University Munich, Germany 

14:45  Latest Bruker product developments 

   Dr Andrea Slade, Bruker  

15:00   Reverse tip sample scanning as a paradigm shift for SPM measurements  

   Dr Thomas Hantschel, IMEC, Belgium 

15:15      Coffee Break  

15:20       Beating the limitations of surface-bound SPM to explore nanoscale 3D physical properties 

of advanced materials and devices 

   Prof Oleg Kolosov, Lancaster University, UK 

15:35  Photothermal AFM-IR Spectroscopy and Imaging: When AFM meets Infrared  

   Prof Alex Dazzi, University Paris-Saclay, France 

16:05  Live Bruker demonstration 

   Dr Mickael Febvre, Application Manager, Bruker 

16:20      Towards the quantitative mapping of the mechanical properties of materials using

 unsupervised data clustering methods  

    Prof Philippe Leclère, University of Mons, Belgium 

16:35       Small-scale effects in battery materials studied by in-situ Atomic Force Microscopy 

Dr Florian Hausen, Forschungszentrum Jülich, Germany 

16:50  Closing 

Emmanuel Paris, Boume Boudjelida, Klaus Pross 

17:00   End 

  



 
 

 

Abstracts and Speakers 

High resolution Peak Force images of extended supramolecular networks on HOPG  

Prof Frank Palmino, FEMTO-ST Institute, University of Franche-Comté, France   

The formation of functional networks on surfaces is one of the main challenges in the field of 

nanotechnologies. We propose a very simple process which can be used to achieve the formation of 

extended supramolecular monolayer by deposition of molecules by a simple spin-coating process on a 

highly oriented pyrolytic graphite (HOPG). These networks were characterized by atomic force 

microscopy experiments (Peak Force Mode) under ambient conditions (in air at room temperature) 

with submolecular resolution thus providing the adsorption model of these molecules on an HOPG 

surface. 

  

 

Prof Frank Palmino is Head of the Nanosciences Group at the FEMTO-

ST Institute, University of Franche-Comté, France.  A key area of group’s 

research is the study of organic/inorganic interfaces observed by near 

field microscopies (AFM/STM) in ultra-high vacuum and atmospheric 

pressure. Their work focuses on the study of isolated molecules, 

molecular growth and on-surfaces chemistry. Their knowledge of 

molecule/molecule and molecule/surface interactions, especially on 

semi-conducting and metallic surfaces, provides the opportunity to 

study self-assemblies, molecular motion or isolated molecules in a large 

temperature range of between 100K and 400 K. 

 

In-situ Identification of electrocatalytically active sites using Electrochemical Scanning Tunneling 

Microscopy  

Richard Haidt, STM, Technical University Munich, Germany 

In order to improve the efficiency of electrocatalysts, it is essential to determine which of their surface 

sites are actively participating in the reaction. Using Electrochemical Scanning Tunneling Microscopy, 

we developed a technique that allows us to scan the surface of the catalyst and at the same time 

identify the active sites. The method is based on an increased, locally confined noise at active sites, 

which is superimposed on the structure of the sample surface. Due to the high resolution that can be 

achieved with the STM, the active sites can be determined with down to atomic resolution. 

 



 
 

 

 

My name is Richard Haid and I’m a local of Munich. I have been studying 
physics at the Technical University of Munich since 2013. I received my 
bachelor’s degree in the field of Astrophysics in 2016. During my 
Masters degree, I shifted my focus towards Electrochemistry and 
graduated in 2019 at the chair of Energy Conversion and Storage lead 
by Prof. Bandarenka. Currently, I am a PhD student, continuing the 
research of my master thesis.    

 

Reverse tip sample scanning as a paradigm shift for SPM measurements 

Dr Thomas Hantschel, Materials and Components Analysis Department, IMEC, Belgium 

The conventional cantilever-tip configuration has driven all SPM innovations to date, but it also 

represents a major hurdle for novel SPM applications in areas such as nanoelectronics device 

characterization where GPa tip pressures are often required (e.g. in scanning spreading resistance 

microscopy – SSRM) to establish a reliable tip-sample contact. As a result, tips wear out rapidly and 

frequent probe exchanges are required which are time consuming, costly and can impact the 

measurement result. Furthermore, slice-and-view based SPM tomography relies on the same tip for 

slicing and measuring, which hinders the routine use of this innovative approach. Therefore, we have 

developed the so-called reverse tip sample (RTS) SPM configuration, whereby the location of tip and 

sample is switched – the sample is fixed to the cantilever beam and the tip is placed onto a tip chip 

containing many (hundreds to thousands of) sharp tips. In this way, the single tip SPM limitation is 

overcome and the SPM user is basically equipped with an unlimited number of measurement tips for 

the experiment which can be seamlessly exchanged or alternatively switched within seconds. In this 

short presentation, we explain the basic RTS SPM concept, highlight further advantages of this 

measurement approach and show first RTS SPM measurement results.  

 

 

Thomas Hantschel received his PhD from the KULeuven (Leuven, 
Belgium) in the area of scanning probe development for nanoscopic 
electrical measurements. He did his post-doctoral studies and research 
at PARC Xerox (Paolo Alto, California) in the domain of interconnects 
and MEMS. He currently leads the scanning probe microscopy group 
at IMEC (Leuven, Belgium,) focusing on the development of SPM 
characterization knowhow for nanoelectronics device structures.   

 

 

 

 



 
 

 

Beating limitations of surface-bound SPM to explore nanoscale 3D physical properties of advanced 

materials and devices  

Prof Oleg Kolosov, Lancaster University, UK 

While SPM enjoys great success in materials science due to the outstanding sensitivity to the local 

nanoscale physical properties of materials and devices, with lateral resolution down to atomic scale, 

these studies are inevitably limited to the immediate sample surface. This lecture presents the 

successes and challenges of several key approaches which allow SPM to explore the internal structure 

of the samples being studied, which range from semiconductors to biological materials. These include 

Ar-ion nano-cross-sectioning SPM (xSPM), real time SPM nanotomography and ultrasound based 

subsurface SPM imaging.  

  

 

Prof. Oleg Kolosov explores nanometre length and nanosecond time 

scale physical phenomena in materials and devices. He has published 

160 refereed papers, has been awarded 28 patents, co-written three 

book chapters and a monograph, and is a PI on EPSRC and EU grants. 

His inventions include Ultrasonic and Heterodyne Force Microscopies, 

Immersion Scanning Thermal Microscopy and nano‐manipulation of 

ferroelectric domains. He was a Fellow of Science and Technology 

Agency of Japan, Advanced EPSRC Fellow at Oxford University, UK, and 

a Director of Innovation at Symyx Technologies, USA. Oleg currently 

Chairs the AFM & Scanning Probe Microscopies Section of the Royal 

Microscopical Society, is a Director of Lancaster Materials Analysis that 

he founded in 2016 and served as an interim Director establishing 

Lancaster Materials Science Institute.  He is a recipient of Metrology for 

World Class Manufacturing, three Royal Society Paul Instrument Fund 

Awards and his students are among the top UK Physics students. 

 

Photothermal AFM-IR Spectroscopy and Imaging: When AFM meets Infrared  

Prof Alex Dazzi, Institut de Chimie Physique, Université Paris-Saclay, France 

The invention and development of the AFM-IR technique began because of a strong wish to go beyond 

resolution and push the limit of infrared microscopy in the Free Electron Laser Center at Orsay in 2004. 

The idea of AFM-IR is based on the coupling of a tunable infrared laser and an AFM (Atomic Force 

Microscope). The sample was irradiated with a pulsed nanosecond tunable laser in total reflection 

configuration to avoid tip illumination. If the IR laser is tuned to a wavenumber corresponding to 

sample absorption band, the absorbed light is directly transformed into heat. This fast heating results 

in a rapid thermal expansion, localized only in the absorption region. The thermal expansion is then 

detected by the AFM tip as a shock as the cantilever will oscillate on its own resonance modes. Because 

of the damping with the surface contact this oscillation will decrease in function of time (ring down). 



 
 

 

The 4-quadrants detector of the AFM records these oscillations. Thus, the detection scheme is 

analogous to photo-acoustic spectroscopy, except that the AFM tip and cantilever are used to detect 

and amplify the thermal expansion signal instead of a microphone in a gas cell. As oscillations 

amplitude detected by the AFM is rigorously proportional to the local absorption, recording for one tip 

position, the oscillations maximum as a function of laser wavenumber allows a local IR absorption 

spectra to be built up. This spectra correlates very well with conventional IR absorption spectra 

collected in FT-IR. In addition, mapping oscillations amplitude versus tip position for one specific 

wavenumber gives a spatially resolved map of IR absorption that can be used to localize specific 

chemical functions. After 14 years of development and improvement, the AFM-IR technique has now 

become a robust and efficient tool for infrared analysis at nanometer scale. The AFM-IR system works 

in contact or tapping mode with a sensitivity and resolution of around 5-10 nm and a spectra 

bandwidth of about 0.5 cm-1 (linked to the pulsed laser properties). The range of applications is huge 

covering diverse research areas like materials science, life science, and astrochemistry.  

 

 

Alexandre Dazzi is a tenured Professor of Physics at Université Paris-
Saclay and works at the Institut de Chimie Physique. His research 
focuses on the infrared and nanoscience domain. After inventing and 
developing the AFM-IR technique, he has worked on improving AFM-
IR instrumentation and focused on biological applications. He now has 
a user facility and collaborates with various groups in different 
domains like astrophysics, culture heritage, polymer science, and 
microbiology. He was the 2009 laureate for France's national 
instrumentation prize from the Societé Francaise Division de Chimie 
Physique and received the Ernst Abbe Award in 2014 from the New 
York Microscopical Society. 

 

 

Towards the quantitative mapping of the mechanical properties of materials using unsupervised 

data clustering methods  

Prof Philippe Leclère, FRS-FNRS Research Director, University of Mons, Belgium 

In materials science, mechanical property mapping at the local scale can provide critical insights into 

fundamental processes and macroscopic behaviour. The relatively recent development of dynamic 

mechanical scanning probe microscopies allows well-adapted, fast, and versatile methods for the 

mapping of these mechanical properties, generating a huge amount of data. In this context, Machine 

Learning (ML) has been perceived as a promising tool for the analysis of these data. 

In this talk, we will discuss computational methods and ML algorithms dealing with data clustering 

(such as K-Means or Automatic Gaussian Mixture Model) that can be used to detect the different 

domains and (inter)phases in materials (e.g. polymer blends, hydrogels, nanocomposites, block 

copolymers, …) by partitioning the recorded data (i.e. the observables) into clusters according to their 

similarities. In additional, based on the Tabor coefficient calculation, we will also propose some 



 
 

 

protocols that can be easily implemented to rapidly determine which mechanical model(s) can be 

applied to obtain the quantitative mapping of the mechanical properties for each local domain or 

phase.  

This algorithmically driven approach will enable the analysis of materials with more complex 

architectures and/or other properties (such as electrical ones), opening new avenues of research on 

advanced materials with specific functions. 

 

 

Philippe Leclère, Ph.D. is Research Director of the Belgian National Fund 
for Scientific Research (FRS – FNRS) and Associate Professor at the 
University of Mons (UMONS). His research interests include the 
characterization of the morphology, electrical and mechanical 
properties of polymeric systems such as blends, nanocomposites, block 
copolymers, hydrogels, liquid crystals, and supramolecular 
(nano)structures. These systems find applications in organic electronics 
and energy harvesting devices (field effect transistors, organic light 
emitting diodes, (hybrid) photovoltaic solar cells, batteries, 
nanodielectrics, nanogenerators and (bio)sensors), in smart coatings 
and biomimetic polymer-based materials. In addition, Philippe has been 
active in the development and validation of novel SPM techniques and 
Machine Learning methodologies to quantitatively determine 
mechanical, thermal, electrical and the “coupled” properties (such as 
piezoelectricity, flexoelectricity and thermoelectricity) of polymeric and 
hybrid materials at the nanoscale. He is author of about 200 papers (h-
index of 43) in the field and has given over 300 talks around the world. 
He is currently President of NanoWal (the Wallonia Network for 
Nanotechnologies) and President of the Royal Belgian Society for 
Microscopy.   

 

 

Small-scale effects in battery materials studied by in-situ atomic force microscopy 

Dr Florian Hausen, Institute of Energy and Climate Research, Forschungszentrum Jülich, Germany 

Batteries require a detailed knowledge of surface and interfacial reactions at a process relevant scale, 

i.e., nanometer and small micrometer range, key for developing materials with advanced functionality. 

Atomic Force Microscopy (AFM) is an ideal tool for such investigations because of its ability to work in 

numerous environments with high spatial resolution. 

The presentation will focus on the formation of the solid electrolyte interphase (SEI) and the lithiation 

of silicon as an anode material for Lithium ion batteries, in particular with regard to mechanical 

properties such as roughness and Young`s modulus, during in-situ electrochemical control. In addition, 

the relationship between the microstructure of a solid state electrolyte and the local Li-ion conductivity 

as investigated by electrochemical strain microscopy (ESM) will be presented.  



 
 

 

 

 

Florian Hausen is Junior Professor for “Applied Interface 
Electrochemistry” at the Institute of Energy and Climate Research, IEK-
9, at the Forschungszentrum Jülich and at RWTH Aachen University. The 
focus of interest of his research is on local reactions and transport 
phenomena in energy materials. Furthermore, he is committed to 
further developing Atomic Force Microscopy based techniques under 
electrochemical conditions. Florian Hausen studied Chemistry with a 
focus on Electrochemistry in Bonn, before moving to the INM – Leibniz 
Institute of New Materials in Saarbrücken where he worked on 
electrochemical control of friction. After a postdoc stay at the University 
of Oxford he took up his current position.   
 
 

                

 

Please do not hesitate to contact us at productinfo.emea@bruker.com if you have any questions. 
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