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Opening Presentation 

Infrared nanoimaging and nanospectroscopy - emerging tools for 
physical and (bio)chemical nanoanalytics 

Rainer Hillenbrand 
CIC nanoGUNE BRTA, San Sebastian, Spain 
Contact Email: r.hillenbrand@nanogune.eu 

With the development of scattering-type scanning near-field optical microscopy (s-SNOM) [1] and 
nanoscale Fourier transform infrared spectroscopy (nano-FTIR) [2], the analytical power IR and THz 
radiation has been brought to the nanometer scale. It opens a new era in modern nanoanalytics, including 
the chemical identification of organic and inorganic materials [2], protein secondary structure mapping [3], 
free-carrier profiling in semiconductors [4], or mapping of plasmon polaritons in 2D materials such as 
graphene [5,6], all with a spatial resolution of about 10 - 20 nm. 

 s-SNOM and nano-FTIR are based on elastic light scattering at an atomic force microscope tip, employing 
either monochromatic laser illumination or broadband illumination from a glow bar, a supercontinuum 
laser [2] or a synchrotron [7]. Acting as an optical antenna, the tip converts the illuminating field into a 
strongly concentrated near field at the very tip apex (nanofocus), which provides a means for local 
excitation of molecule vibrations, plasmons or phonons in the sample surface. Recording of the tip-
scattered field as a function of sample position (employing monochromatic illumination) yield nanoscale-
resolved IR and THz images, while Fourier-transform spectroscopy of the tip-scattered field (employing 
broadband illumination) allows for nanoscale IR point spectroscopy [2] and IR hyperspectral nanoimaging 
[8]. 

In this talk I will introduce the microscopy basics and discuss recent applications in molecular vibrational 
spectroscopy and nanophotonics.  

References: 
1. F. Keilmann and R. Hillenbrand, Phil. Trans. R. Soc. Lond. A 362, 787 (2004) 
2. F. Huth, et al., Nano Lett. 12, 3973 (2012) 
3. I. Amenabar, et al., Nat. Commun. 4:2890 (2013) 
4. A. Huber, et al., Nano Lett. 8, 3766 (2008) 
5. J. Chen, et al, Nature 487, 77 (2012) 
6. Z. Fei et al, Nature 487, 82 (2012) 
7. H.A. Bechtel et al., PNAS 20, 7191 (2014) 
8. I. Amenabar, et al., Nat. Commun. 8, 14402 (2017) 

 
 
 



 

 
6 

 

Wednesday | May 18, 2022 

Session 1: Synchrotron and Ultrafast Spectroscopy 

Synchrotron infrared nanospectroscopy at Sirius: current developments 
and perspectives 

Raul Freitas 
Brazilian Synchrotron Light Laboratory (LNLS), Brazilian Center for Research in Energy and Materials (CNPEM), 

13083-970 Campinas, Sao Paulo, Brazil.  
Contact Email: raul.freitas@lnls.br 

Synchrotron IR nanospectroscopy is now an established modality for the study materials. Its broadband IR 
coverage has enabled many progresses in multiple disciplines such as bio-medicine, novel quantum 
materials, energy materials and fundamentals of nano-optics. Moreover, all developments are reached in 
synergy with the demands from a variety of communities, as synchrotron labs are open-user facilities by 
standard. In this talk, I will present the latest advances in the Sirius accelerator operation and installation 
of new beamlines, in special the new IR beamline named IMBUIA. Finally, this presentation will bring an 
update on the perspectives of the IMBUIA beamline regarding a more comprehensive service to the 
community in order to make this rather sophisticated techniques more democratic. 

Imaging of Ferro- and Antiferromagnetic Domains using s-SNOM 

B. Kästner1*, A. Hoehl1, and J. Wunderlich2 
1 Physikalisch-Technische Bundesanstalt, Braunschweig and Berlin, Germany 

2 Universität Regensburg, Regensburg, Germany 
*Contact Email: bernd.kaestner@ptb.de 

Thermoelectric near-field microscopy uses an on-chip thermoelectric detection method for infrared (IR) 
excitations avoiding sophisticated detection schemes, otherwise needed to extract minute optomechanical 
interactions or tiny amounts of scattered light. This approach was used previously for IR nano-imaging of 
grain boundaries in various materials owing to the nanoscale variation of the Seebeck-coefficient. In this 
work, we make use of magneto-caloritronic effects leading to thermoelectric signals that allow imaging 
magnetic domains or domain boundaries. Such measurements allow non-invasive imaging of ferro- and 
antiferromagnetic nanostructures [1,2] as it does not rely on the magnetic dipole interaction, as in 
conventional high-resolution scanning magnetic force microscopy where the sample magnetization can be 
affected by the stray-field of the scanning magnetic tip. In addition, it represents an approach towards 
thermal and electric field nanometrology [1]. Illustrative examples will be presented. 

[1] E. Pfitzner, X. Hu, H. W. Schumacher, A. Hoehl, D. Venkateshvaran, M. Cubukcu, J.-W. Liao, S. Auffret, J. Heberle, J. 
Wunderlich, and B. Kaestner, "Near-field magneto-caloritronic nanoscopy on ferromagnetic nanostructures," AIP Adv. 
8 (2018).  
[2] T. Janda, et al., Magneto-Seebeck microscopy of domain switching in collinear antiferromagnet CuMnAs. Phys. 
Rev. Mater. 4, 94413 (2020). 

mailto:raul.freitas@lnls.br
mailto:bernd.kaestner@ptb.de
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Probing frequency-dependent anisotropical responses with far-infrared 
synchrotron infrared nanospectroscopy 

Hans A. Bechtel* and Stephanie Gilbert Corder 

Lawrence Berkeley National Laboratory 

*Contact Email: habechtel@lbl.gov 

Synchrotron infrared nanospectroscopy (SINS) combines the broad bandwidth and brightness of 
synchrotron infrared radiation with scanning near-field optical microscopy (s-SNOM) to enable vibrational 
spectroscopy spanning the entire mid-infrared region with < 20 nm spatial resolution. By using a fast, 
sensitive custom-modified detector, we have extended the wavelength range into the far-infrared, 
enabling direct probing of elementary excitations of functional materials, including optical phonon and 
surface phonon waves in oxides and ultrathin van der Waals materials, skeletal and conformation vibrations 
in molecular systems, and the plasmonic response of graphene.  Here, we highlight the capabilities of the 
Advanced Light Source (ALS) infrared beamlines by investigating the propagation of anisotropic hyperbolic 
phonon polaritons within crystalline microstructures and by measuring the in-plane phonon responses of 
anisotropic crystalline materials with an antenna-assisted geometry. 

Ultrafast nano-imaging resolving structure, coupling, and dynamics of 
matter on its natural length and time scales 

Markus Raschke 

University of Colorado Boulder 
Contact Email: markus.raschke@colorado.edu 

In this talk, I will discuss our recent progress in the area of nanoscale light manipulation and imaing using 
strongly coupled light-matter oscillations in van der Waals materials and engineered materials made of 
these constituents. I discuss the opportunities to control and tailor photons at the nanoscale as they 
interact with phonon resonances in the mid-infrared range or exciton resonances in the visible. During the 
talk, I will discuss the unusual phenomena supported by these structures, and their opportunities for nano-
imaging and information transport. 

mailto:habechtel@lbl.gov
mailto:markus.raschke@colorado.edu
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Ultrabroadband SNOM in High Magnetic Field up to 7 T,  
Enhanced by Machine Learning 

Mengkun Liu 
Stony Brook University, USA 

Contact Email: mengkun.liu@stonybrook.edu 

We report case studies of near-field photocurrent and near-field nano-imaging of graphene in 7 T magnetic 

field using a home-built cryoSNOM. I will discuss how we envision this new development can benefit from 

a broadband light source at far-IR and THz frequency ranges. I will also discuss the recent developments in 

machine learning and how we can use it to enhance our ability of data acquisition and processing. We 

believe these new developments set the stage for quantitative understanding of magnetic field dependent 

low energy excitations in complex quantum materials at the nanoscale. 

The new InfraRed nanospectroscopy endstation for photothermal and 
scattering modes at Diamond Light Source  

Gianfelice Cinque1,2*, Mark Frogley1, Ioannis Lekkas1, Andrew Marshall1, Kieran Fowell1,  
Paul Roberts1, and Edmund Warrick1 

1 Diamond Light Source, Harwell Science Campus, Chilton-Didcot OX11 0DE, UK 
2 University of Oxford, Department of Engineering Sciences, Oxford OX1 3PJ -UK 

*Contact Email: gianfelice.cinque@diamond.ac.uk 

Diamond Light Source is the UK’s synchrotron radiation (SR) facility to generates brilliant lightbeams from 
infrared (IR) to X-rays. The Multimode IR Imaging and Microspectroscopy (MIRIAM) Beamline B22 operates 
at Diamond since more than 10 years for advanced research in the IR and TeraHertz (THz) spectrum. With 
a broad and international user community, B22 is state-of-the-art synchrotron facility for Fourier Transform 
IR (FTIR) microscopy and imaging, including IR nanospectroscopy. In 2018 MIRIAM pioneered Synchrotron-
based Atomic Force Microscopy by IR (AFM IR), furtherly exploited by external users/collaborators both in 
the study of physical and life sciences. Last year B22 was upgraded with a brand-new nanoIR system, that 
expands the experimental capability of FTIR nanospectroscopy beyond AFM IR by adding the tapping mode 
and enhancing both spatial resolution and surface sensitivity via scattering-Scanning Near-field Optical 
Microscopy (s-SNOM).  

The user-friendly nanoIR endstation is coupled to Diamond IR source for broadband IR nanospectroscopy 
– to be expanded onto the THz range - as well as integrated with an ultrafast in vacuum chopper for SR light 
modulation in photothermal mode. The design and installation of the novel set up with the preliminary 

mailto:mengkun.liu@stonybrook.edu
mailto:gianfelice.cinque@diamond.ac.uk
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experimental results are shown to highlight the progress in commissioning of this new endstation at the 
MIRIAM beamline B22 of Diamond. 

 
Fig. 1: Engineering view of the downstream endstation with nanoIR  

at MIRIAM beamline B22 of Diamond Light Source 

Acknowledgements A special thanks to Felix Blanck and Adrian Cernescu of Neaspec/Attocube, plus 
Steven Daniels, Lee Davidson, and Eugene Williams at Diamond - Soft Condensed Matter group. 

Ultrafast non-invasive polarization nanoscopy of interlayer transport in 
2D heterostructures 

Markus A. Huber 
Department of Physics and Regensburg Center for Ultrafast Nanoscopy (RUN),  

University of Regensburg, Regensburg, Germany 
Contact Email: markus.huber@physik.uni-regensburg.de 

Tunneling is one of the most direct results of quantum mechanics, and a hallmark for the formation of 
interlayer excitons in van der Waals heterostructures. Here, we introduce a new non-invasive terahertz 
nanoscopy technique to trace ultrafast charge dynamics in both conducting and non-conducting materials. 
We demonstrate < 50 nm spatial and sub-cycle temporal resolution and probe the interlayer tunneling 
across an atomically sharp WSe2/WS2 interface. Pronounced variations of the formation and annihilation 
of both optically bright and dark excited states emerge as a direct result of nanoscale strain and changes in 
atomic registry. Our approach expands the capabilities of lightwave-driven scanning tunneling microscopy, 
revealing how ultrafast tunneling shapes functionalities in a wide range of condensed matter systems. 

 

mailto:markus.huber@physik.uni-regensburg.de
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Nanoscopy of Decay, Impermanence, Crunch and Ultimate Death of 
Quantum Materials  

Yohannes Abate 
Department of Physics and Astronomy, University of Georgia, Athens, GA 30602, United States 

Contact Email: yohannes.abate@uga.edu 

Interactions at the nanometer length scale in hard and soft condensed matter give rise to intriguing phases 
in correlated electron materials, lead to the design of exotic metamaterials, and offer enormous 
opportunities for the development of novel optoelectronic devices. I will give examples of high-resolution 
probing of nanoscale physical phenomena and interactions in quantum materials specifically correlated 
oxides and van der Waals (vdW) crystals. Interaction of vdW crystals with oxygen and water in ambient 
environment lead to enhanced chemical reactivity of their extraordinarily high surface areas. Using 
correlative imaging and spectroscopy approach based on neaSCOPE platform I will present recent results 
that reveal exotic interface effects and oxidized species during photodegradation of 2D in-plane MoS2–WS2 
heterostructures with nanoscale alloyed interfaces and thin flakes of allotropes of phosphorus (black and 
violet phosphorus). I will also briefly introduce a hybrid 2D/3D vdW crystals-oxide heterostructure platform 
that enable active real-time nanoscale modulation of nano-photonic phenomena. Experimental work is 
supported by a simulational methodology we developed to calculate the nanoscale modulation of the 
dielectric response of materials using a combination of Langevin dynamics and Metropolis Monte Carlo 
methods. 
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In-situ Kelvin-Probe Force Microscopy 4 s-SNOM –  
just fancy or really needed? 

Lukas M. Eng 1,2*, Susanne C. Kehr 1, Tobias Nörenberg 1,2, Jonathan Döring 1,  
Lukas Wehmeier 1, Denny Lang 3, J. Michael Klopf 4, Stephan Winnerl 3, and Manfred Helm 3 

1 Institute of Applied Physics, Technische Universität Dresden, 01062 Dresden, Germany  
2 ct.qmat, Dresden-Würzburg Cluster of Excellence-EXC 2147, TU Dresden, 01062 Dresden, Germany 

3 Institute of Ion Beam Physics and Materials Research, HZDR, 01328 Dresden, Germany 
4 Institute of Radiation Physics, Helmholtz-Zentrum Dresden-Rossendorf, 01328 Dresden, Germany 

* Contact Email lukas.eng@tu-dresden.de 

The reliable probing of nanoscale optical properties by scattering-type near-field optical microscopy (s-
SNOM) is often obscured by a manifold of local artefacts, with local electronic potential variations playing 
the major role into that game. As a consequence, the tip-sample interaction unavoidably is affected by a 
multitude of different force interactions that then need to be disentangled one by one. The local-scale 
‘optical’ signal in s-SNOM hence may always be erroneous or even totally wrong, leading to 
overinterpretation of the recorded optical near-field data and deducing wrong consequences.  

In this contribution, we illustrate how to compensate for such electrostatic artefacts in-situ, by elegantly 
combining s-SNOM with the capabilities of Kelvin-Probe Force Microscopy (KPFM) operated in frequency-
modulation (FM) mode [1]. Not only are we then be able to monitor nearly electronic-artefact-free near-
field signals at any of the different higher harmonics demodulated in s-SNOM, but furthermore, also to 
gather quantitative local information on the sample surface electrostatic conditions quasi for free [2,3]. We 
will introduce into this technical merger [2] by demonstrating its necessity with a manifold of different s-
SNOM examples, i.e. s-SNOM data recorded on bare metals (Au), semiconducting (Si) and dielectric (SiO2) 
samples, on different ferroelectric surfaces [2,3,4] and multiferroics [5] both at ambient and liquid-helium 
temperatures [4], but equally when investigating phase-change materials [6]. Notably, we show both 
resonant and non-resonant optical sample excitations in these experiments, hence demonstrating the great 
benefits of our s-SNOM/KPFM combinations at FELBE and TELBE when performing investigations over the 
broad wavelength range from VIS down to < 1 THz [7].  

References: 
[1] U. Zerweck et al., Phys. Rev. B 71, 125424 (2005);  
[2] T. Nörenberg et al., APL Photon. 6, 036102 (2021);  
[3] J. Döring et al., Nanoscale 10, 18074 (2018);  
[4] L. Wehmeier et al., Phys. Rev. B 100, 035444 (2019);  
[5] D. Lang et al., Rev. Sci. Instrum. 89, 033702 (2018);  
[6] J. Barnett et al, Nano Lett. 21, 9012 (2021);  
[7] S.C. Kehr et al., Synch. Rad. News 30, 31 (2017);  
 

mailto:lukas.eng@tu-dresden.de
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Combining scanning probe and optical spectroscopy  
to identify viral particles 

Volker Deckert 
Friedrich-Schiller University Jena, Inst. Physical Chemistry and Abbe Center of Photonics, Jena 

Leibniz Institut of Photonic Technology, Jena, Germany 
 Contact Email: volker.deckert@uni-jena.de 

While identifying sub-diffraction sized pathogens using antibody labelling is very successful, particularly in 
the beginning of an infectious outbreak specific antibodies are not available. This also applies to PCR based 
methods where the respective counter strands need to be available. Consequently in an early stage of a 
disease a label-free assessment of the pathogens is desirable. As standard (far-field) spectroscopic 
approaches are in general not sensitive enough, we propose a combined scanning probe and TERS 
approach to utilize the different strength of the respective methods to investigate the potential pathogens. 

For this purpose we demonstrate that for inactivated SARS-CoV-2 already a preselection based on 
topography matches virus location via RNA staining or antibody labelling quite well. Other AFM modes like 
force-distance experiments were also applied to narrow down the potential candidates via elasticity and 
adhesion without extending the time for diagnosis too much. Subsequent TERS experiments on those pre-
selected single particles then show that a further distinction based on vibrational spectroscopy is feasible 
and allows essentially a fully label-free approach towards the detection of sub-diffraction limit sized 
pathogens. 

High-fidelity nano-FTIR spectroscopy by on-pixel normalization  
of signal harmonics 

Lars Mester*1,2, Alexander A. Govyadinov2 and Rainer Hillenbrand3,4 
1 CIC nanoGUNE BRTA, 20018 Donostia-San Sebastian, Spain 

2 attocube systems AG, Eglfinger Weg 2, 85540, Munich-Haar, Germany 
3 CIC nanoGUNE BRTA and Department of Electricity and Electronics, EHU/UPV, 20018 Donostia-San Sebastian, Spain 

4 IKERBASQUE, Basque Foundation for Science, 48011 Bilbao, Spain 
* Contact Email: Lars.Mester@attocube.com 

Scattering-type scanning near-field optical microscopy (s-SNOM) and Fourier transform infrared 
nanospectroscopy (nano-FTIR) are emerging tools for physical and chemical nanocharacterization of 
organic and inorganic composite materials. Being based on (i) diffraction-limited illumination of a scanning 
probe tip for nanofocusing of light and (ii) recording of the tip-scattered radiation, the efficient suppression 
of background scattering has been critical for their success. Here we show that indirect tip illumination via 
far-field reflection and scattering at the sample can produce s-SNOM and nano-FTIR signals of materials 
that are not present at the tip position – despite full background suppression. Although these artefacts 

mailto:volker.deckert@uni-jena.de
mailto:Lars.Mester@attocube.com
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occur primarily on or near large sample structures, their understanding and recognition are of utmost 
importance to ensure correct interpretation of images and spectra. Detailed experimental and theoretical 
results show how such artefacts can be identified and eliminated by a simple signal normalization step, 
thus critically strengthening the analytical capabilities of s-SNOM and nano-FTIR. 

Applying dielectric disorder to image interlayer excitons in van der 
Waals heterostructures 

Patryk Kusch*1, Oisín Garrity1, Alvaro Rodriguez2, Niclas S. Mueller1, Otakar Frank2 
 1Freie Universität, Fachbereich Physik, Berlin, Germany 

2 J Heyrovský Institute of Physical Chemistry, Academy of Sciences of the Czech Republic, Czechia 
*Contact Email: patryk.kusch@fu-berlin.de 

The optoelectronic properties of nanoscale systems such as carbon nanotubes (CNTs), graphene 
nanoribbons and transition metal dichalcogenides (TMDCs) are determined by their dielectric function. This 
complex, frequency dependent function is affected by excitonic resonances, charge transfer effects, 
doping, sample stress and strain, and surface roughness. Knowledge of the dielectric function grants access 
to a material’s transmissive and absorptive characteristics. Here we use the dual scanning near field optical 
microscope (dual s-SNOM) for imaging local dielectric variations and extracting dielectric function values 
using a mathematical inversion method. To demonstrate this capability, we nano-imaged a sample 
consisting of monolayer tungsten disulphide (WS2) placed on a gold (Au) substrate with the aim to identify 
local variations in the optical properties of the sample. We find that the intrinsic disorder such as surface 
roughness, boundaries, and charge transfer influence the dielectric function and can lead to strong near 
field contrast changes in the s-SNOM images of the WS2. We correlate the s-SNOM measurements with 
spatially resolved PL spectroscopy and KPFM measurements, where we observe areas of strongly quenched 
PL and lower surface potential. This indicates that the strong variations of the dielectric function in 
monolayer WS2 are mainly due to charge transfer effects. Placing a second layer of MoS2 on top of WS2 
allow to fabricate a van der Waals heterostructures that my exhibit interlayer excitons. Typically interlayer 
excitons are randomly distributed over the heterostructure and identifying where they are located remains 
challenging and time consuming. Here we show that interlayer excitons lead to a local variation of the 
dielectric function that we image by the dual s-SNOM. We record near-field images of various 
heterostructures, identify areas where interlayer excitons appear and correlate it with PL and tip-enhanced 
PL spectroscopy. 
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Coupled molecular emitters in superstructures interact with plasmonic 
nanoparticles 

D. Beitner1,2,3*, I. Carmeli1,4, Z. Zalevsky4
, S. Richter,1,2 and H. Suchowski2,3 

D. Beitner and I. Carmeli contributed equally to this work 
1Department of Materials Science and Engineering Faculty of Engineering Tel Aviv University Ramat Aviv, 

Tel Aviv 69998, Israel 
2 University Centre for Nanoscience and Nanotechnology Tel Aviv University Ramat Aviv, Israel 

3 School of Physics and Astronomy, Faculty of Exact Sciences, Tel Aviv University, Israel 
4 Faculty of Engineering and Institute for Nanotechnology, Bar Ilan University, Ramat Gan, Israel 

*Contact Email: Beitner@mail.tau.ac.il 

We study J-aggregate nanorods of porphyrin molecules embedded in plasmonic Au nanoparticles arrays 
using hyperspectral measurements. Measurements of J-aggregate nanorods that cross onto a plasmonic 
array exhibit a shift in their absorption peak, and display weak coupling properties only for the embedded 
part. Furthermore, we observe a significant thickness-dependent redshift in the plasmonic resonance for 
the J-aggregate clusters. Such redshift is also dependent on the ratio of J aggregate in the plasmonic dipole 
interaction area, reaching values of up to 120 meV for ~40% coverage. In addition, for large clusters of J 
aggregates, the plasmonic spectrum shows coupling behavior between the systems accompanied by a small 
Rabi splitting. Our findings are validated by a quasi-static model based on the change in the dielectric 
environment around the embedded nanoparticles. Using the model, we correlate the fraction of 
embedding J-aggregates in the plasmonic interaction area with the change in the plasmonic resonance 
peak. These results offer insight into coupled nature of embedding molecular emitters in superstructures 
that interact with plasmonic nanoparticles and can lead to new types of sensitive optical detectors based 
on these interactions.   

- J-aggregate coupled with plasmonic nanoparticle arrays  
- Hyperspectral microscopy for spatial/spectral measurements 
- Algorithm-based spectral sorting  
- A localized large spectral redshift of plasmonic resonance  
- Analytical modeling of plasmonic spectrum 
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Correlation of CAFM and nearfield signals enabling advanced electronic 
materials study 

Noam Veber1,2*, Rotem Strassberg1, Yehonadav Bekenstein1,2 
1 Department of Materials Science and Engineering, Technion – Israel Institute of Technology, Haifa, Israel. 
2 The Solid-state institute, Technion – Israel Institute of Technology, 3200003 Haifa, Israel. 

*Contact Email: vebernoam@campus.technion.ac.il 

SNOM uses metallic coated tips to acquire subwavelength information on complex samples. Conductive 
AFM techniques have been a standard feature of AFM toolbox enabling measurements with picoampere 
current sensitivity. We now demonstrate the correlation of both of these features in a new CAFM Neaspec 
module. The presented technique in which topographic, SNOM, and Current maps are correlated, brings to 
light the underlying properties of the inspected sample. We demonstrate a sample of Pt nanoparticles 
embedded in a thin silica matrix. Using this configuration, we are able to determine the cases in which a Pt 
nanoparticle serves as a tunneling junction or not. We can also resolve fault cases in which pinholes in the 
silica give out a false signal and determine the quality of the isolating oxide, useful for device 
characterization.   

Furthermore, by working in this double tunneling junction structure we show that the neaspec setup is 
stable and sensitive enough for the detection of single-electron tunneling events. We show that such 
capabilities that are standard for tunneling microscopes can now be correlated with optical spectroscopy 
and supply valuable information on the electronic properties of complex samples.   
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Challenges and Advances in THz Scattering SNOM 

Aleksandar D. Rakić *, Xiao Guo, Karl Bertling, Bogdan C. Donose 
School of Information Technology and Electrical Engineering,  
The University of Queensland, Brisbane, QLD 4072, Australia 

* Contact Email: a.rakic@uq.edu.au 

Various elementary excitations and low-energy modes of materials reside in the terahertz (THz) part of the 
electromagnetic spectrum (0.1-10 THz) and occur over a range of spatial dimensions and timescales. The 
diffraction limit fundamentally restricts the spatial resolution of THz interrogation to around the half of the 
THz stimulus wavelength.  To address this challenge, scanning near-field optical microscopy (SNOM), 
notably scattering-type SNOM (s-SNOM), combined with THz sources, has been fuelling the interest across 
a broad range of scientific disciplines.  

In this talk, we first discuss the fundamental challenges encountered while using THz s-SNOM. In particular, 
we address the problems stemming from the unknown geometry and limited reproducibility of the THz 
probes, their rapid change during the measurement process, and the difficulties in solving these issues 
using the conventional methods.   

We present a case for a probe-agnostic method independent on the geometry and characteristics of the 
tip, which allows direct extraction of complex permittivity of the material under test.  We then proceed to 
illustrate the usefulness of this approach on a number of exemplars including inorganic semiconductors 
and dielectrics, contemporary devices, and biological structures.   
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Imaging terahertz modes using scattering SNOM 

Jean-François Lampin1*, Cristiane Nascimento Santos1, Théo Hannotte1, Louis Thomas1, Sophie 
Eliet1, Romain Peretti1, Benjamin Walter2, Fuanki Bavedila2, Marc Faucher1,2 

1 Institute of Electronics, Microelectronics and Nanotechnology (IEMN), UMR CNRS 8520, University of Lille, 
Villeneuve d’Ascq, France 

2 Vmicro SAS, Villeneuve d’Ascq, France 
*Contact Email: jean-francois.lampin@univ-lille.fr 

We investigated the near-field distribution associated to the photonic mode of terahertz photonic 
components by scattering scanning near-field optical microscopy. Probing individual THz components 
concentrating electric field is important for high sensitivity chemical and biochemical sensing and 
fundamental light-matter interactions studies at nanoscale. The Neaspec microscope implemented at IEMN 
uses a THz molecular laser pumped by a CO2 laser as an optical source. The collected radiation is detected 
thanks to an InSb hot electron bolometer (HEB) cooled at 4 K. The probe is an Lprobe from Vimcro made 
up of a cantilever whose new technology makes it possible to have a very long metallized silicon tip (70 
µm). It is then possible to reach the order of magnitude of the THz wavelengths, while maintaining the 
mechanical resonance frequency around 220 kHz and to operate in tapping mode. Various images of 
graphene structures, modes of split ring resonators and logarithmic antennas will be shown at the 
workshop. 
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Recent development on detectorless near field nanoscopy  
at THz frequencies 

Miriam Serena Vitiello 
NEST, CNR - Istituto Nanoscienze and Scuola Normale Superiore, Piazza San Silvestro 12, 56127, Pisa, Italy 

Contact Email: miriam.vitiello@sns.it 
 

Near-field microscopy discloses a peculiar potential to explore novel quantum state of matter at the 
nanoscale, providing an intriguing playground to investigate, locally, carrier dynamics or propagation of 
photoexcited modes as plasmons, phonons, plasmon-polaritons or phonon-polaritons. In this talk I’ll review 
our recent achievements in the field of detectorless THz near field nanoscopy at multiple THz frequencies 
and in different hyperspectral configurations. 

We exploit a combination of hyperspectral time domain spectroscopy nano-imaging and detectorless 
scattering near-field optical microscopy, at multiple terahertz frequencies, to explore the rich physics of 
layered topological insulators. By mapping the near-field scattering signal from a set of thin flakes of Bi2Se3 

and Bi2Te2.2Se0.8 of various thicknesses, we shed light on the nature of the collective modes dominating their 
optical response in the 2-3 THz range. We capture snapshots of the activation of transverse and longitudinal 
optical phonons and reveal the propagation of sub-diffractional hyperbolic phonon-polariton modes 
influenced by the Dirac plasmons arising from the topological surface states and of bulk plasmons, 
prospecting new research directions in plasmonics, tailored nanophotonics, spintronics and quantum 
technologies. 

We finally demonstrate a self-mixing intermode-beatnote spectroscopy system, based on a THz frequency 
comb in a quantum cascade laser, in which light is back-scattered from the tip of a scanning nearfield 
optical-microscope (s-SNOM) and the intra-cavity reinjection monitored. This enables us to exploit the 
sensitivity of FC phase-coherence to optical feedback and, for the first time, manipulate the amplitude, 
linewidth and frequency of the intermode THz FC beatnote using the feedback itself. Stable phase-locked 
regimes are achieved and used to construct a FC based hyper-spectral, THz s-SNOM nanoscope. This 
nanoscope provides 160 nm spatial resolution, coherent detection of multiple phase-locked modes, and 
mapping of the THz optical response of nanoscale materials up to 3.5 THz, with noise-equivalent-power ~ 

400pW/√Hz. 
 
References 
1. E.A.A. Pogna et al. Mapping propagation of collective modes in Bi2Se3 and Bi2Te2. 2Se0. 8 topological insulators by 
near-field terahertz nanoscopy, Nature Communications, 12, 1 (2021) 
2. V. Pistore, E.A.A. Pogna et al. Self-induced phase locking of terahertz frequency combs in a phasesensitive 
hyperspectral near-field nanoscope, under review (2022) 
3. E.A.A. Pogna et al. Terahertz near-field nanoscopy based on detectorless laser feedback interferometry under 
different feedback regimes, APL Photonics 6 (6), 061302 (2021). 
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Terahertz scanning tunneling microscopy and spectroscopy on the 
atomic scale 

T. L. Cocker 
Michigan State University, East Lansing, United States 

Contact Email: cockerty@msu.edu 

 
Lightwave-driven scanning tunneling microscopy achieves exquisite spatio-temporal resolution through 
coherent control of tunnel currents with the oscillating field of a single-cycle light pulse. It was first 
demonstrated at terahertz frequencies [1], which are particularly well suited to such strong-field control 
[2,3]. Terahertz scanning tunneling microscopy (THz-STM) has subsequently been used to resolve the 
picosecond motion of single molecules [4] and extreme tunnel currents through single silicon atoms [5], 
among other exciting recent results [3]. Thanks to its combination of ultrafast temporal resolution with 
atomic spatial resolution, THz-STM promises further breakthroughs, especially as a tool for exploring new 
materials. Yet, its unique view also necessitates a deep understanding of how THz-STM measurements 
relate to the underlying physics of the system, as it may not be visible to any other experimental technique. 
Here, we establish an experimental [6] and theoretical [7] framework for atomically resolved terahertz 
scanning tunneling spectroscopy, which we believe will be a key modality for future studies of complex 
dynamics. We further highlight the connection between THz-STM and scattering-type scanning near-field 
optical microscopy at THz frequencies and preview how they may work in concert to provide a fuller picture 
of ultrafast nanoscale dynamics in the future.  
 
References:  
[1] T. L. Cocker, V. Jelic, M. Gupta, S. J. Molesky, J. A. J. Burgess, G. De Los Reyes, L. V. Titova, Y. Y. Tsui, M. R. Freeman 
and F. A. Hegmann, Nature Photonics 7, 620 (2013).  
[2] J. Lloyd-Hughes et al. J. Phys.: Condens. Matter 33, 353001 (2021).  
[3] T. L. Cocker, V. Jelic, R. Hillenbrand and F. A. Hegmann, Nature Photonics 15, 558 (2021).  
[4] T. L. Cocker, D. Peller, P. Yu, J. Repp and R. Huber, Nature 539, 263 (2016).  
[5] V. Jelic, K. Iwaszczuk, P. H. Nguyen, C. Rathje, G. J. Hornig, H. M. Sharum, J. R. Hoffman, M. R. Freeman and F. A. 
Hegmann, Nature Physics 13, 591 (2017).  
[6] S. E. Ammerman, V. Jelic, Y. Wei, V. N. Breslin, M. Hassan, N. Everett, S. Lee, Q. Sun, C. Pignedoli, P. Ruffieux, R. 
Fasel and T. L. Cocker, In press.  
[7] S. E. Ammerman, Y. Wei, N. Everett, V. Jelic and T. L. Cocker, Submitted.  
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Band-bending in single-crystalline GaAs nanobars observed by THz 
SNOM and far-field THz spectroscopy 

Hynek Němec 
Institute of Physics of the Czech Academy of Sciences, Czech Republic 

Contact Email: nemec@fzu.cz 

Time-resolved THz SNOM and far-field THz spectroscopy are combined to investigate electron motion in 
arrays of ultimate-quality single-crystalline GaAs nanobars prepared via electron-beam lithography in a 
molecular-beam-epitaxy-grown GaAs layer. A detailed analysis is performed in terms of quantum 
mechanical calculations of the mobility of carriers and in terms of effective medium approximation 
reflecting the inhomogeneous nature of the nanostructure. The investigations reveal a band bending close 
to the nanobar surfaces: an enhanced electron confinement is observed in the far-field measurements, and 
a rapid depletion of electrons close to the nanobar top surface is evidenced by the dynamics after 
photoexcitation measured using the THz SNOM. Terahertz spectroscopy thus proves to be an important 
tool for the investigation of the role of nanostructure surfaces. 

Terahertz nanoscopy of thin film metals 

Henrik B. Lassen1, Jonas D. Buron2, Roy Kelner1, Peter F. Nielsen2,  
Edmund J. R. Kelleher1, Peter U. Jepsen1* 

1 DTU Fotonik, Technical University of Denmark, Ørsteds Plads 343, DK-2800 Kgs. Lyngby, Denmark 
2CAPRES – a KLA company, Diplomvej 373B, DK-2800 Kgs. Lyngby, Denmark 

*Contact Email: puje@dtu.dk  

Terahertz time-domain spectroscopy (THz-TDS) is a powerful technique which can extract the optical and 
electrical properties of materials. The spatial resolution of this technique is, however, limited to a few 
hundred microns. This is due to the long wavelength of the THz radiation. Scattering-type scanning near-
field optical microscopy (s-SNOM) is a microscopy technique where light is scattered off a sharp oscillating 
tip onto a sample. The spatial resolution is limited only by the apex radius of the tip, thus combining THz-
TDS with s-SNOM allows for the extraction of material properties at the nanoscale. 

Here, we apply THz-SNOM to study thin films of platinum (Pt) on high resistivity silicon substrates with no 
adhesive layer. Micro four-point probe (M4PP) has been performed on the same samples and will be used 
as a standard for the conductivity of the Pt thin films. The Pt thin films vary in thickness from 3 nm to 15 
nm. As shown in Fig. 1(g), the M4PP analysis show a clear conductivity dependence on the thickness of the 
thin film layer. 
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Applying the current theory from literature [1-3] suggest no apparent contrast between the thin films of 
varying thickness, since the near-field quasistatic reflection coefficient is virtually unity. This is caused by 
the high in-plane momentum of the s-SNOM system, which is in the order of 105 cm-1.  

Fig. 1 shows, however, that we measure a significant decrease in the scattered signal when lowering the 
thickness of the thin film. The scattered signal is related to the conductivity of the material. Therefore, this 
suggests that it is indeed possible to use this technique to do nanoscopic characterization of the 
conductivity. The theoretical background will be discussed in the presentation. 
 
 

 
Fig.1 (a)-(b) AFM map of 3 nm and 15 nm Pt respectively; (c)-(d) corresponding 3rd order THz scattered signal; (e)-(f) 
line scan performed by M4PP and THz-SNOM respectively; (g) trend comparison between M4PP and THz-SNOM of 
different Pt thin film thicknesses. 

 
References: 
[1] A. Cvitkovic, N. Ocelic, R. Hillenbrand, Opt. Express, 15, 8550 (2007) 
[2] T. Zhan et al., J. Phys.: Condens. Matter, 25, 215301 (2013) 
[3] K. G. Wirth et al., ACS Photonics, 8, 418 (2021) 
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Nano-aquarium - a new s-SNOM platform to observe 
live biological cells in action 
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Fakultät für Physik & Center for NanoScience (CeNS), Ludwig-Maximilians-Universität, Königinstr. 10, 80539 

München, Germany 
*Contact Email: info@lasnix.com 

 

s-SNOM is applied to biological cells living inside a "nano-aquarium", adhering to its 10-nm thin SiN window. 
Nano-FTIR spectra taken from outside identify water, protein and lipid at 150-nm resolution, while 
topographymaps the cell's adhesion footprint. Our leak-tight, robust and affordable setup enables nano-
chemical analysis ofany liquid-based, dynamical process. 
 

 
Fig. 1. Sketch (a) and results (b,c) of in-vivo imaging a lung cancer cell of type A549, prepared by simply drop-casting 
a liquid culture onto the 10-nm thin SiN membrane where cells adhere. The infrared backscattering image (b) maps 
the cell's morphology in <150-nm detail, whereas the simultaneous AFM probing (c) clearly exhibits a correlated 
mechanical phase contrast image, interpreted as the cell's adhesion footprint. The setup allows following the cell's 
growth dynamics uninterrupted over days. 
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Isotope-edition of nanoscale infrared images distinguishes chemically 
similar molecules - benefits for Alzheimer's disease research 

Andreas Barth 

Department of Biochemistry and Biophysics, Stockholm University, Sweden 

Svante Arrhenius väg 16C, 10691 Stockholm, Sweden 

Contact Email: mailto:barth@dbb.su.se 

Interactions between molecules are fundamental in biology. They occur also between amyloidogenic 

polypeptides that are associated with different amyloid diseases, which makes it important to study their 

interactions. However, addressing such research questions with imaging techniques is hindered by the 

problem to distinguish different polypeptides without adding artificial probes for detection. To circumvent 

this problem, we have used 13C-labeling to distinguish peptides in nanoscale images of their infrared 

absorption, even when they have similar secondary structure. This is possible because 13C-labeling shifts 

the amide I absorption of the protein backbone down by ~40 cm−1. We studied different aggregation states 

of the amyloid-β peptide (Aβ), suspected to be one of the causes of Alzheimer's disease, and its interaction 

with an inhibitory cell-penetrating peptide (NCAM1-PrP) by scattering-type scanning near field microscopy 

(s-SNOM). Labeled and unlabled peptides could be discriminated by comparing images of the optical phase 

taken at wavenumbers characteristic for either the labeled or the unlabeled peptide. NCAM1-PrP seems to 

be able to dissolve existing Aβ fibrils because they are not detected after mixing. 

Multimodal scattering near-field optical microscopy revealing plant cell 
walls physical and chemical properties 

A. Charrier1, A. Normand1,2, A. Passian3, P. Schaefer4, A. L. Lereu2* 
1 Aix Marseille Univ, CNRS, CINaM, Marseille, France 

2 Aix Marseille Univ, CNRS, Centrale Marseille, Institut Fresnel, Marseille, France 
3 Oak Ridge National Laboratory, Oak Ridge, TN, USA 
4 Neaspec – attocube systems AG, Munich, Germany 

*Contact Email: aude.lereu@fresnel.fr 
 

As a sustainable resource, wood is becoming a material of choice not only for the construction, paper and 
biofuel markets, but also for the development of intelligent building components, or for the engineering of 
new plant-based materials. This biomaterial is very attractive for its mechanical, chemical, thermal and 
optical properties. However, a major concern in the wood industry is to manage the biodegradability, 
instability and profitability of this biomaterial by developing chemical and/or physical treatments. These 
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treatments induce local changes in the chemical composition of plant cell walls (PCW), thus affecting their 
physical and morphological properties. 

We will present the chemical, optical and mechanical mapping obtained using near-field optical microscopy 
technique coupled with infrared spectroscopy. We will then investigate a delignification process and more 
specifically evidence the lignin recalcitrance. We also evaluated in situ, for the first time, the local optical 
properties of the PCW associated with its local chemical and structural variability. This was previously 
unmeasurable with conventional optical techniques. 

The high precision control of mechanical and optical properties in wood production remains a major 
concern towards a more efficient and reasoned use of these biomaterials which have not finished meeting 
our needs. In this framework, we will thus show that near-field optical microscopy technique can uniquely 
facilitate the understanding of wood morphogenesis at the cell walls scale. For example, it can provide 
essential information for controlled wood engineering towards the development of biodegradable high-
tech components. 
 
References 
A. Charrier, A. Normand, A. Passian, P. Schaefer and A. L. Lereu, “In-situ plant material hyperspectral imaging: 
determination of chemistry and optical properties using multimodal scattering nearfield optical microscopy”, Comm. 
Mat., 2, 59 (2021) 

Infrared Spectroscopy of Phospholipid Bilayers: from Extended Samples 
to Nanoscale Structures  

Luca Quaroni 
Department of Physical Chemistry and Electrochemistry, Faculty of Chemistry,  

Jagiellonian University, 30-387, Cracow, Poland 
Contact E-mail: luca.quaroni@uj.edu.pl 

Phospholipid bilayers are a subject of investigation because of their fundamental properties, their 
technological applications, and  their use as models for biological membranes. Infrared (IR) spectroscopy 
has been used for decades as a non-destructive technique to investigate extended samples of phospholipid 
monolayers and bilayers with far-field optics. The development of near-field IR spectroscopic techniques 
has extended these studies to the measurement of in-plane structure and phase separation with 
nanometric spatial resolution. In this context, we have used an s-SNOM (scattering-mode Near-field Optical 
Microscopy) configuration to perform near-field IR spectroscopy and imaging of supported phospholipid 
bilayers. I discuss differences and similarities between the spectroscopic properties obtained from s-SNOM 
measurements with those resulting from macroscopic IR measurements of phospholipids and highlight the 
advantage of nanoscale resolution in the characterization of these samples.   
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Structural transitions underpins the evolution of protein nanofibrils 
mechanics 

Ulyana Shimanovich 
Weizmann Institute of Science, Israel 

Contact Email: ulyana.shimanovich@weizmann.ac.il 

 
Natural proteins display critical structural and bioactive properties that have evolved in nature for millions 
of years. However, depending on the specific protein, there may be useful functions, such as mechanical 
toughness, while other critical features may be more limiting, such as cell compatibility or a broader range 
of mechanical properties. We aim to achieve deep understanding of distinctive properties of fiber-forming 
protein constructs from atomic to macromolecular levels and molecular pathways from pathological 
entities to diverse functions to enable expand the concept from soluble proteins to insoluble amyloids, 
from inhibition to functionalization, and from drugs to new materials. 

The influence of cell wall composition on mechanics of natural poplar 
variants at nanoscale 

Rastislav Lagaňa1*, Jaroslav Ďurkovič2, Samarthya Bhagia3, Adrian Cernescu4 
1 Department of Wood Science, Technical University in Zvolen, Zvolen, Slovakia 

2 Department of Phytology, Technical University in Zvolen, Zvolen, Slovakia 
3 Biosciences Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, USA  

4 neaspec-attocube systems AG, Haar-Munich, Germany 
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In this study, near-field technology associated with the atomic force microscopy (s-SNOM) was applied in 
the determination of the chemical and mechanical relationship of cell wall constituents in poplar wood. 
Three poplar variants, characterized by different chemical compositions, were scanned across fiber cell 
walls using the neaSNOM instrument (Neaspec, Haar, Germany). AFM mechanical phase and amplitude 
were compared to the peak height of functional groups that are associated with the major cell wall 
biopolymers of the wood. Localization and relative quantification of major cell wall components (cellulose, 
lignin) revealed heterogenous patterns in their distributions across a cell wall. The results showed a 
significant correlation of the AFM mechanical phase to the cellulose nano-FTIR peak height. 
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VIS-IR nanospectroscopy of novel organic solar cell materials 

Harishankar Balakrishnan, Rachid Houssaini, Achim Hartschuh*  
Department of Chemistry and CeNS, LMU Munich, Munich, Germany 

*Contact Email: achim.hartschuh@lmu.de 

Bulk hetero-junction organic solar cells based on non-fullerene acceptors (NFA) reach power conversion 
efficiencies above 16% today. Their photovoltaic performance critically depends on several factors 
including the absorption profiles and energy level alignment of the incorporated materials as well as on 
their molecular stacking, phase separation and the resulting film morphology. We report on our 
investigations of different polymer/NFA blends using nanoFTIR spectroscopy in combination with s-SNOM 
imaging. While nanoFTIR spectra of the studied films feature the characteristic IR absorption bands of both 
polymer donor and non-fullerene acceptor pointing at rather uniform spatial compositions, we observe 
distinct spectral variations indicative of locally varying molecular stacking. To gain further insight into the 
spatial distribution of the components we recorded s-SNOM images at different laser energies matching 
the optical absorption profiles of either donor or acceptor in the visible. 

Infrared nanoscopy and nano-tomography of bioactive polymer brushes 

Iryna Romanenko, Adrian Cernescu, Radoslava Sivkova, Johanka Taborska, Jan Svoboda, 
Andres de los Santos, Vladimir Proks, Ognen Pop-Georgievski* 

Institute of Macromolecular Chemistry, Czech Academy of Sciences, Prague, Czech Republic 
*Contact Email: georgievski@imc.cas.cz 

Bioactive polymer brushes, dense layers of surface immobilized polymer chains baring peptide moieties, 
have been frequently utilized to gaining control of interactions between artificial surfaces and living matter 
in various areas such as tissue engineering and biomedicine. In this communication we employ scattering-
type scanning near-field optical microscopy (sSNOM) and Fourier transform infrared nanospectroscopy 
(nano-FTIR) to investigate topological and covalent uniformity, and the conformational state of various 
bioactive polymer brushes. We have mapped the spatial distribution of TYRAY bioactive peptides on top of 
the polymer brushes with a 20 nm lateral resolution and related it to the biological response of living cells. 
Furthermore, we utilized nanoFTIR methods to perform nano-tomography of the bioactive polymer brush.  

This work was supported by Czech Science Foundation (GACR) (Contract No. 20-07313S). 
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Cross-sectional chemical nanoimaging of composite polymer 
nanoparticles by infrared nanospectroscopy 
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Multicomponent waterborne polymer nanoparticles are key ingredients in many technological and 
industrial products, such as in coatings, adhesives and cosmetics. The final performance properties of the 
composite particles depend on their morphology and chemical composition, which in turn are the result of 
complex kinetic and thermodynamic processes that occur during the polymerization. For that reason, 
chemical and structural characterization of the final polymer nanoparticles is critically important to 
understand the polymerization and to improve the synthesis. 
 
However, despite of all efforts devoted to the development of characterization techniques, the precise 
determination of the morphology and particularly of the local chemical composition of the waterborne 
composite polymer particles has remained elusive so far, especially when dealing with complex 
morphologies. The current challenges and limitations may be overcome by exploiting the high chemical 
sensitivity together with resolution of emerging infrared nanospectroscopy techniques. 
 
Here we introduce Infrared scattering-type scanning near-field optical microscopy (IR s-SNOM) and 
nanoscale Fourier transform infrared (nano-FTIR) spectroscopy to study multicomponent nanostructured 
polymer particles and demonstrate its excellent sensitivity to local chemical composition via hyperspectral 
infrared nanoimaging and subsequent chemometric analysis. To that end, we developed a method for 
preparing thin particle slices without any embedding material, thus avoiding chemical contamination. In 
particular, we studied particles composed by acrylic and fluoroacrylate monomers, finding an unexpected 
composition for each of the phases that form the complex core-shell-shell morphology, which provides 
unprecedented chemical insights beyond conventional electron microscopy analysis of the same particles. 
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Nanostructure and Surface Dynamics of Binary Mixed Polymer Brushes 
as Revealed by Advanced Scanning Probe Microscopies  

Karol Wolski1, Anna Grobelny,1 Joanna Smenda,1 Adrian Cernescu2, Szczepan Zapotoczny1* 

1 Jagiellonian University, Faculty of Chemistry, Gronostajowa 2, 30-387 Krakow, Poland  
2 attocube systems AG, Haar-Munich, Germany  

*Contact Email: zapotocz@chemia.uj.edu.pl 

Thin polymer films made of conjugated polymers and especially their blends with polyelectrolytes are very 
important systems for fabrication of e.g. photovoltaic, thermoelectric or sensing devices. A proper ordering 

and mixing of the chains should influence the performance of such systems, which may take advantages of 
anisotropy offered by the stretched polymer chains in surface-grafted polymer brushes. 

Novel binary mixed polymer brushes composed of hydrophobic precursor of conjugated macromolecules 
and polyelectrolyte chains were synthesized and studied. Microphase separation, ordering of the chains in 
response to solvents/vacuum treatments in such thin coatings (tens of nanometers) were followed using 
atomic force microscopy, nano-IR imaging and nano-FTIR spectroscopy. Such high resolution imaging with 
valuable chemical information enabled not only identification of various phases on the surface but also 
brought in depth information on the out-of-plain position of the macromolecular components of the 
brushes changing their conformations at various environments. 

Nanoimaging of Orientational Defects in Semiconducting Organic Films 

Nada Mrkyvkova1*, Adrian Cernescu2, Zdenek Futera3, Michaela Sojkova4, Peter Siffalovic1, 
Frank Schreiber5 

1 Institute of Physics and Center for Advanced Materials Application, Slovak Academy of Sciences, Bratislava 845 
11, Slovakia; 

2Neaspec, attocube systems AG, Haar 85540, Germany; 
3Faculty of Science, University of South Bohemia, České Budejovice 370 05, Czech Republic; 

4Institute of Electrical Engineering, Slovak Academy of Sciences, Bratislava 845 11, Slovakia; 
5Institute of Applied Physics, University of Tübingen, Tübingen 72076, Germany 

*Contact Email: nada.mrkyvkova@savba.sk 

The development of defect analysis for inorganic semiconductors in the past century paved the way for the 
success story of today’s electronics. By analogy, defect analysis plays a critical role in developing and 
improving devices based on organic molecular semiconductors. However, because of weak molecular 
interactions, absent in inorganic semiconductors, device-relevant thin organic films are susceptible to the 
formation of defects in the molecular orientation, which in turn have a profound impact on the 
performance in the optoelectronic applications. To address this problem, we broaden the applicability of 
scattering-type scanning near-field optical microscopy (s-SNOM) and utilize the light-induced anisotropic 
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response of vibrational modes to reveal the defects in molecular orientation. We show that in the case of 
molecular islands with steep crystal facets only the scattered s-SNOM optical amplitude can be exploited 
to describe the molecular arrangement reliably, while the phase-based analysis leads to artifacts. The 
presented s-SNOM analysis of molecular defects can be universally applied to diverse topographies, even 
at the nanoscale. 

Key words: Molecular orientation, defect analysis, small organic semiconductors.   

Detailed investigation of nanocellulosic materials with neaSNOM 
instrument 

Nikolay Kotov1, Marie Švecová1, Karishma Jain2, Per Larsson2, Lars Wågberg2, Tiffany Abitbol3, 
C. Magnus Johnson1 

1 Department of Chemistry, Division of Surface and Corrosion Science, KTH Royal Institute of Technology, 
Stockholm, Sweden  

2 Department of Fibre and Polymer Technology, KTH Royal Institute of Technology, Stockholm, Sweden 
3 RISE Research Institutes of Sweden, Stockholm, Sweden 

*Contact Email: nkotov@kth.se 

Cellulose is a naturally produced polysaccharide which has gained a continuous attention of polymer 
scientists for many centuries due to its abundance, biocompatibility, and good sustainability profile. A 
crystalline packing of cellulose chains in fibrils, fibril aggregates and fibers ensures the necessary structural 
rigidity of plants, which inspired the use of extracted nanocellulosic materials like nanocellulose crystals 
(CNCs) and nanocellulose fibrils (CNFs). These are light-weight, strong, chiral, and biocompatible materials 
with numerous potential applications ranging from packaging and thermal insulation materials to 
biomedical scaffolds and even photonic films. Our neaSNOM setup combines AFM and FTIR to allow 
thorough physicochemical characterization of samples with a spatial resolution of ≤20 nm, which was 
utilized to investigate several nanocellulosic (CNCs, CNFs) and wood-based materials providing a unique 
opportunity to obtain an insight about them at nanoscale. 

- Investigation of nanocellulose crystals (CNCs) and fibrils (CNFs) 
- Comparison of the nano-FTIR spectra of nanocelluloses with reference bulk material in the 

fingerprint and high-wavenumber region 
- Demonstration of nano-FTIR spectra of various morphological features of CNFs ad CNCs: 

kinks, twists, straight segments, end points 
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Nanoscopic study of biomimetic polydopamine anchored layers  

Marcela Dendisova1*, Martin Kral1, Pavel Matejka1, Marie Svecova2, C. Magnus Johnson2, Ognen P. 
Georgievski3, Jan Svoboda3 

1 Department of Physical Chemistry, University of Chemistry and Technology Prague, Czech Republic 
2 Division of Surface and Corrosion Science, Department of Chemistry, KTH Royal Institute of Technology, 

Stockholm, Sweden 
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Dopamine is a synthetic melanin, which tends to polymerize and form „smart“ chains on virtually any 
surface; it may be used to modify solid substrates to anchor other compounds 1. The mechanism of the 
polymerization is definitely not simple, and to this day, it still has not been fully clarified 2. In this study, 
the dopamine molecules were polymerized on the Si/SiOx, N-TiO2, and Au surfaces with various 
polymerization time intervals. The topographies of the layers were obtained by atomic force microscopy 
in the tapping mode. The products and/or intermediates of the polymerization were characterized using 
scanning near-field infrared microscopy (SNIM) and nanoscopic Fourier transform infrared spectroscopy 
(nano-FTIR).  

Utilizing these techniques, it was found out that dopamine forms small islands, which grow with 
increasing time of polymerization. The grazing angle attenuated total reflection Fourier-transform 
infrared spectroscopic  analysis revealed changes in catechol and quinone band intensities in the spectra 
of polydopamine layer on all substrates.. Using nanoscopic techniques SNIM and nano-FTIR the products 
and intermediates of polydopamine layers formation were observed on all substrates at the nanoscale 
level. The main differences were detected between polydopamine layers formed on the gold surface 
and surfaces terminated with oxides/reactive hydroxides like Si/SiOx or N-TiO2. The spectra showed 
that dopamine first adsorbs on these surfaces via carbonyl groups and then starts to form longer 
polymer chains. The results were supported and clarified by multivariate statistical methods based on 
Principal Component Analysis. 
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Visualization of anomalous reflection and refraction of polaritons  
at the Nanoscale 

Pablo Alonso-González1,2 
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Highly anisotropic crystals have recently attracted considerable attention due to their ability to support 
polaritons with a variety of unique properties, such as hyperbolic dispersion, negative phase velocity, or 
extreme confinement. In particular, the biaxial van der Waals semiconductor α-phase molybdenum trioxide 
(α-MoO3) has received much attention [1] due to its ability to support in-plane hyperbolic phonon 
polaritons (PhPs) —infrared (IR) light coupled to lattice vibrations in polar materials— with ultra-low losses, 
offering an unprecedented platform for controlling the flow of energy at the nanoscale.  

In this talk, I will show experimental demonstrations of the unique behaviour of hyperbolic PhPs in these 
crystals, including the visualization of anomalous cases of the fundamental optical phenomena of refraction 
[2] and reflection [3], and the exotic phenomenon of canalization, in which PhPs propagate along a single 
direction with ultralow losses [4].  
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High quality factor nano-resonators in van der Waals materials 
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Graphene and hexagonal boron nitride have already catalyzed many near-field investigations due to their 
plasmonic and phononic (respectively) response in the mid-IR. We showed the realization of nano-
resonators with high-quality factor in different 2D materials, in their polaritonic bands [1]. 

In this talk, I will also add to our recently reported experiments by showing the possibility to spin-to-orbital 
angular momentum coupling into such family of resonators. 
[1] Tamagnone et al., Science Advances 4:eaat7189 (2018); arxiv:1905.02177 (2019). 
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Infrared nano-imaging of configured phonon polaritons 

Siyuan Dai 
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Contact Email: sdai@auburn.edu 

 
The manipulation of light at small scales is one of the ultimate goals for nanophotonics. For this purpose, 
polaritons – hybrid light-matter waves that propagate in a confined length scale – are typically involved. 
Recent results of polaritons in van der Waals materials reveal a series of advances, including atomic scale 
localization, dynamic tunability, relative low-loss and topologically protected states. These advances are 
attributed to the unique physical properties in reduced dimensions and the configurability through van der 
Waals structuring and stacking. In this talk, I will show new merits of phonon polaritons that can be 
obtained through van der Waals configuration. I will talk about the tunability implemented into phonon 
polaritons by van der Waals heterostructuring by incorporating graphene, phase change materials and 
sample suspension, where the polaritons can be tuned dynamically and reversibly via electrostatic gating 
and temperature control. I will also talk about the geometry and topology configuration of phonon 
polariton wavefront by twisting stacked van der Waals slabs. 

Novel quantum phases in few-layer graphene without Moiré 

Thomas R. Weitz 
University of Göttingen, Germany 

Contact Email: thomas.weitz@uni-goettingen.de 

 
The bandstructure of few-layer graphene permits strong electron-electron interactions. Resulting 
cooperative effects that been predicted include exotic novel phases including the appearance of a quantum 
Hall effect even without the requirement of an external magnetic field. I will discuss our recent charge 
transport experiments on Bernal stacked bilayer and ABC stacked trilayer graphene that show to host such 
exchange-driven physics. Key to access such fragile phases is careful sample preparation, that in part relies 
on near-field imaging.  
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Exploring Nanoscale Imaging of Polariton Dynamics in 2D Materials 

William L. Wilson 
Center for Nanoscale Systems, Harvard University, United States 

Contact Email: wwilson@cns.fas.harvard.edu 

The development of observation tools and control strategies for manipulating light at the nanoscale is an 
important area of photonics research. Mapping Polaritonic states in 2D Van der Waals materials via Scan 
Probe Optical spectroscopy has shown the ability to be an excellent vehicle for exploring quasi-particle 
dynamics, and can also serve as a subwavelength probe of the materials underlying topology. In this talk 
we explore the power of near-field polariton mapping in both homo and heterogeneous 2D Vdw polariton 
systems, we measure their dispersive propagation, and show how launched quasi-particles h-BN can enable 
Moiré imaging in buried 2D structures.      

THz photocurrent nanoscopy 

Eva A. A. Pogna1,2*, Leonardo Viti2, Valentino Pistore2, Miriam S. Vitiello2 
1 Istituto di Fotonica e Nanotecnologie, Consiglio Nazionale delle Ricerche, Milano, Italy  

2 Istituto di Nanoscienze, Consiglio Nazionale delle Ricerche, Pisa, Italy 
*Contact Email: evaariannaaurelia.pogna@cnr.it 

Near-field microscopy based on terahertz quantum cascade lasers is applied to map terahertz photocurrent 
distribution with tens of nanometers spatial resolution in 1D and 2D materials: 

-tracking the interplay of photodetection mechanisms in InAs nanowires field effect transistors acting as 
nanoscale room-temperature terahertz detectors; 

- near-field terahertz photocurrents in layered 2D materials; 
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Rolled-up 2D for strong light-matter interaction: nanotube polaritonics 
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Rolling up graphene sheets results in nanoscale cylinders with peculiar optical, electrical and mechanical 
properties, called carbon nanotubes. The role of reduced dimensionality shows up as unique Luttinger-
liquid plasmon polaritons in the infrared response on carbon nanotubes. s-SNOM is a powerful technique 
that can be used to examine the plasmons at the single nanotube level. Using near-field scanning polariton 
interferometry we observed the hybridization between propagating nanotube plasmons and surface 
phonon polaritons of silica and hexagonal boron nitride. The normalized coupling strength of the hybrid 
plasmon-phonon states reaches even the ultrastrong coupling regime which is challenging to achieve at 
mid-IR frequencies. Future applications like nanoscale plasmonic circuitry or ultrasensitive molecular 
sensing can harness the extraordinary properties of carbon nanotubes. [1] 
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Infrared nanoscopy at cryogenic temperatures 

Dmitri N. Basov 
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Our group at Columbia has developed there different cryogenic SNOMs enabling a broad range of nano-
optical experiments in THz, infrared and near-infrared/visible ranges. All these instruments share a number 
of common optical and scanning probe solutions but differ in many important details. The first cryo-SNOM 
was devised and built by Alex McLeod. The follow-up instrument: our THz SNOM was built by Ted Stinson, 
Ran Jing and Rocco Vitalone. The latest apparatus has been recently commissioned by Shuai Zhang. I will 
highlight recent results.  

Cryogenic photocurrent nanoscopy of twisted graphene 

Frank Koppens 
ICFO, Barcelona, Spain 

Contact Email: frank.koppens@icfo.eu 

Twisted two-dimensional materials are formed by stacking two layers with a small twist angle. This causes 
an interference pattern in the atomic lattice called a moiré pattern, which affects the electronic and optical 
properties dramatically. The first studies on twisted graphene near the “magic angle” of 1.1° revealed 
strongly correlating states and topological features, making it a host of tunable exotic phases that may shed 
light on the origins of unconventional superconductivity.  
 
These phenomena motivate us to study the optical properties of twisted materials on the nanoscale. To 
this end, we use cryogenic (10 K) near-field optical microscopy and near-field photocurrent mapping. This 
technique allows for 20-nm resolution spatial mapping of the local optical properties, collective excitations 
and Seebeck coefficient. Our observations allow us to relate the spatial variations of correlated electronic 
states to spatial variations of the twist angle. Moreover, we observe spatial anisotropies, which shed light 
on the microscopic mechanisms of symmetry breaking.  
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Cryo-SNOM nano-FTIR spectroscopy of phonon-polaritons in oxides 

Alexey B. Kuzmenko 
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Surface phonon polaritons (SPhPs), the modes involving coupled electromagnetic field and lattice 
vibrations, have drawn much attention due to their capability of confining electromagnetic energy at the 
subwavelength scales and long propagation lengths. While the SPhPs are widely present in crystalline polar 
materials, they are not as easily tunable as plasmon polaritons and are usually observed in a rather narrow 
spectral range for a specific compound. It was suggested [1] that strontium titanate SrTiO3 (STO) and related 
perovskite materials are particularly promising for infrared nanophotonics as they feature multiple and 
broad Reststrahlen bands, where SPhPs can be excited. Moreover, at the surface of STO an electrostatically 
tunable two-dimensional electron gas (2DEG) can be formed if a layer of LaAlO3 (LAO) of thicker than 3-4 
unit cells is deposited [2,3]. It was found that the presence of the 2DEG has a strong effect on the s-SNOM 
signal above [4,5] and inside [6] the Reststrahlen band. I will present our recent cryo-SNOM nano-FTIR 
spectroscopy measurements of SPhPs at LAO/STO interfaces and compare them with the results in pristine 
STO. We demonstrate a certain tunability of the SPhP properties by a variation of temperature and the gate 
voltage. Our results show that materials forming the basis of oxide electronics can be also interesting for 
nanophotonics. 
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Hidden in plan sight: Nano-imaging of plasmonic signatures  
in metallic oxides 

Alexander McLeod 
University of Minnesota, Twin Cities, USA 
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Infrared nano-imaging from ambient to cryogenic temperatures provides unparalleled access to visualize 
propagation and scattering of polaritons in the highly confined near-field regime.  Plasmon polaritons in 
graphene heterostructures, exciton polaritons in 2D semiconductors, and phonon polaritons in polar 
crystals have all emerged as rich targets for study by near-field imaging and spectroscopy, supplying insights 
to their host media and unlocking new photonic functionality.  Polaritons in these recently well-studied 
systems demonstrate that near-field probes resolve not only the local polarizability of materials under 
study, but also participate in their nonlocal optical response.  Wherever it arises, such nonlocal response is 
strongly sculpted by the system geometry, which tailors the shape of induced light fields.  These facts are 
well appreciated for “traditional” polaritonic media and harnessed in the form of near-field cavities and 
resonators.  Nevertheless, evidence for “nonlocal optics” in the context of damped systems like 
unconventional metals and correlated oxides has remained overlooked and under-acknowledged.  Here I 
will showcase observable signatures of damped plasmon polaritons in metallic oxides ranging from quasi-
2D MoO2 to phase-change correlated materials like VO2 and NdNiO3. Whether by design or serendipity, 
system geometry observably molds the plasmonic response in all these cases, producing startling real-
space resonances.  I will present a unified theoretical framework that serves to recognize and rationalize 
plasmonic features recorded in near-field imaging studies, and I will demonstrate how these “smoking gun” 
plasmonic signatures serve to reveal the dynamics of electrons in unconventional metals.  These findings 
serve to remind that polaritons frequently hide in plain sight, and that their recognition awards insight. 
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Fingerprint of Faraday effect in Raman spectra of MoS2 
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We perform Raman microscopy of a MoS2 flake at 2K and in varying magnetic field (B), and for both parallel 
(VV) and perpendicular (VH) polarization configuration of polarizer and analyzer. We observe suppression 
of the 𝐴1

′  Raman signal of MoS2 in B=9T in the VH configuration. Raman maps were recorded in different B 
for both VV and VH configurations, and the intensity ratio of Raman signals 𝐴1

′  and 𝐸′ was inferred from 
them. The observed changes in suppression of 𝐴1

′  are in good agreement with [1]. However, in [2] this 
change could only be detected at significantly higher B. Beside the influence of B on the oscillation modes 
of a crystal, one must also consider the impact of the Faraday effect. For this purpose, we recorded in 
addition a series of Raman spectra of the Si substrate as the function of B and polarization. The MoS2 and 
Si peak ratios show approximately the same dependence on B, which indicates the dominant cause for the 
changes in the detected Raman signals being the Faraday effect. As the Faraday rotation angle is linear with 
B, it is straightforward to compensate it, which can even be automated in the cryogenic Raman microscope 
that we developed. 
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Probing Hyperbolic Phonon Polaritons in vdW Materials with Cryogenic 
s-SNOM 

Debo Hu, Qing Dai* 
National Center for Nanoscience and Technology, Beijing, China 
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Hyperbolic polaritons is a specific type of electromagnetic modes propagating in extremely anisotropic 
materials of which the principal dielectric constants are of different signs[1]. The dielectric properties of 
polar vdW crystals like h‐BN and MoO3 in the mid‐infrared frequency range are dominant by highly 
direction‐dependent phonon polarization, and thus fulfill the prerequisite for the existence of hyperbolic 
phonon polaritons (HPhPs)[2, 3]. HPhPs in vdW materials are usually of large wavevectors and long 
lifetimes—two attractive features in the nanophotonic applications[4, 5]. However, since HPhPs essentially 
originate from lattice vibrations, their direct and active control is challenging. Previously reported dynamic 
tuning of HPhPs are all realized indirectly by using a few of phase change materials (PCMs) such as Ge3Sb2Te6 
and VO2 as substrate or superstrate to modify the dielectric environment of vdW materials under ambient 
conditions[6-9]. Considering the lattice dynamics of crystals is governed by temperature[10], regulating the 
temperature of vdW materials is potentially a direct and effective means for the active control of HPhPs[11]. 
To observe the temperature dependence of HPhPs experimentally, the most frequently used nanoimaging 
technique at present—scattering‐type scanning near‐field optical microscopy (s‐SNOM)—need to be 
modified to accommodate various temperature conditions, especially the low‐temperature and high 
vacuum condition[12]. In this work, we are going to report our recent efforts and achievements in the 
developing of a home‐built cryogenic s‐SNOM (cryo‐SNOM) and its applications in the characterization of 
HPhPs in vdW materials. What’s more, the extended operating temperature range of cryo‐SNOM enables 
many other PCMs to be used in the indirect tuning of HPhPs, we will present relative results also. 
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Nanoscale studies of atmospheric corrosion 
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Department of Chemistry, KTH Royal Institute of Technology, Stockholm, Sweden 

*Contact Email: mailto:magnusj@kth.se 

An atmospheric corrosion process often occurs heterogeneously over a surface, and hence it is of 
importance to study the corrosion locally. In this study several analytical techniques have been used to 
examine the atmospheric corrosion of copper exposed to a model indoor environment consisting of humid 
air and formic acid, as well as how the copper surface can be protected by ultrathin organic films. The 
studies have been performed from the macroscale, through the microscale, and to the nanoscale. With 
nano FTIR spectroscopy and nanoscale imaging it was possible to locally identify the different corrosion 
products and determine their distribution, and further how efficient different types of organic coatings were 
to protect the copper.  

Probing Metal-Organic Frameworks via Infrared Nanospectroscopy and 
Tip-Force Microscopy 

Jin-Chong Tan1*and Annika F. Möslein1 
1Department of Engineering Science, University of Oxford, Parks Road, Oxford OX1 3PJ, United Kingdom 

*Contact Email: jin-chong.tan@eng.ox.ac.uk 

Metal-organic frameworks (MOFs) are nanoporous crystalline solids renowned for their rich chemical 
structures and vast physical properties.1 MOF compounds and MOF-based composites are attractive in light 
of the numerous potential technological applications, encompassing luminescence and sensing, low-k 
dielectrics, drug delivery, gas storage and energy conversion. In this talk, the characterization of the fine-
scale structure and performance of MOFs at the local scale using multimodal techniques will be presented 
by way of two case studies. 

First, we demonstrate the feasibility of s-SNOM and nanoFTIR spectroscopy, in combination with density 
functional theory (DFT) calculations to unravel the vibrational characteristics of guest-encapsulated MOF 
systems.2 It remains very challenging to unambiguously pinpoint whether the guest molecules are truly 
encapsulated in the MOF pore, or confined only on the crystal surface. Establishing a precise knowledge of 
this is crucial for the engineering of designer “Guest@MOF” composites. Probing individual MOF 
nanocrystals (ZIF-8 and UiO-66) that confine luminogens (fluorescein and rhodamine B) within the porous 
host, we determine the local molecular vibrations and shed new light on the host-guest interactions at the 
nanoscale. We confirmed the efficacy of nanoFTIR on MOF materials: the local spectra obtained from near-
field measurements are in agreement with (conventional) far-field FTIR and with DFT predictions.  

Second, we study the evolution of structural defects in a prototypical MOF (ZIF-8) at different stages of 
crystallization using nanoFTIR, and subsequently characterize their impact on mechanical properties using 
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tip-force microscopy (TFM).3 We discovered that defects such as zinc vacancies gradually disappearing with 
the ripening of the crystals, while missing linker defect persists. This is an unexpected result in the domain 
of zeolitic MOF materials, subsequently motivating us to study how it affects the crystal functions. TFM 
enables quantitative characterization of local nanomechanical behavior, revealing anisotropy in the 
Young’s moduli of individual crystals. Combined with DFT calculations, we elucidate the origin of 
mechanical anisotropy dictated by the structural defects generated by the crystallization process. 
 
References 
(1)  Furukawa, H.; Cordova, K. E.; O'Keeffe, M.; Yaghi, O. M. The chemistry and applications of metal-organic 
frameworks. Science 2013, 341, 1230444. 
(2)  Möslein, A. F.; Gutiérrez, M.; Cohen, B.; Tan, J. C. Near-field infrared nanospectroscopy reveals guest confinement 
in metal-organic framework single crystals. Nano Lett. 2020, 20, 7446−7454. 
(3)  Moslein, A. F.; Dona, L.; Civalleri, B.; Tan, J. C. Defects in ZIF-8 crystallization and their impact on mechanical 
properties. https://arxiv.org/abs/2109.05557 2021, Under review. 

Far-Infrared Near-Field Optical Imaging and Kelvin Probe Force 
Microscopy of Laser-Crystallized and -Amorphized Phase Change 

Material Ge3Sb2Te6 

Julian Barnett1*, Lukas Wehmeier2, Andreas Heßler1, Martin Lewin1, Julian Pries1, Matthias 
Wuttig1, J. Michael Klopf3, Susanne C. Kehr2, Lukas M. Eng2, and Thomas Taubner1 

1 Institute of Physics (IA), RWTH Aachen University, Aachen, Germany 
2 Institute of Applied Physics, TU Dresden, Dresden, Germany 

3 Institute of Radiation Physics, Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany 
*Contact Email: barnett@physik.rwth-aachen.de 

Chalcogenide phase change materials, such as Ge3Sb2Te6 (GST326), reversibly switch between non-volatile 
amorphous and crystalline states with a strong contrast in optical properties. Inducing the switching 
process with a focused laser enables novel active nanophotonic devices via local change of the dielectric 
function, e.g. for re-programmable metasurfaces. Nanoscale characterization of the resulting local optical 
properties is essential to ensure reliability of laser-switched devices, where a fundamental understanding 
is missing. Here, we show that combining mid- and far-infrared (THz) scanning near field optical microscopy 
(SNOM) and Kelvin probe force microscopy (KPFM) allows us to clearly distinguish four different states (as-
deposited amorphous, crystallized, reamorphized, and recrystallized) of laser-switched GST326. 
Additionally, we use the higher sensitivity to free charge carriers of far-infrared compared to mid-infrared 
SNOM and find evidence that the local conductivity of crystalline states depends on the switching process 

and history. This implies that further studies are necessary to enable reliable, reversible switching between 
well-defined states over many cycles and shows that the combination of SNOM and KPFM is well-suited for 
in-depth investigations. 

https://arxiv.org/abs/2109.05557
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Nano-FTIR of buried electrochemical energy storage interfaces and 
interphases 

Jonathan M. Larson*1, Hans A. Bechtel2, and Robert Kostecki1 
1Energy Storage & Distributed Resources Division & 

2Advanced Light Source Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA 
*Contact Email: jmlarson@lbl.gov 

 

Paving new pathways for in situ and/or operando characterizations of buried and intact electrochemical 
interfaces is critically important for, in the least, (i) advancing basic energy storage science and for (ii) 
optimizing the efficacy of engineered interfaces/interphases in batteries.  Toward these ends, we discuss a 
recently developed technique which can be utilized to study graphene/liquid-electrolyte interfaces with 
near-field infrared nanospectroscopy (nano-FTIR), with sensitivity to even species within the electric double 
layer.1  Then, and primarily, we discuss our most recent work2 in which we extend such near-field methods 
to characterize buried and intact electrode/electrolyte interface evolution in solid-state polymer battery 
(SPB) devices, in situ.  The SPB devices are capped with graphene, which functions as both infrared 
transparent window and current collector for Li plating and stripping (similar in function to anode-less 
batteries).  In situ infrared imaging and nano-FTIR measurements are performed at pristine, heated, plated, 
and stripped interfaces, where we find that the interfacial solid-state polymer-electrolyte (SPE) intrinsically 
possesses nanoscale heterogeneities that contribute to plating inhomogeneities on a similar length scale. 
Additionally, we find that a mosaic-like solid-electrolyte interphase forms at the Li/SPE interface consisting 
of decomposition products amongst SPE.  Our approach paves a way for SPB optimization (or other 
chemistries), by providing unprecedented nanoscale measurements of crystallinity, structure, conductivity, 
and chemistry of intact and buried electrochemical interfaces in their native environments. 
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2. He, X., Larson, J. M., Bechtel, H. A. & Kostecki, R. In situ infrared nanospectroscopy of the local processes at the 
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mailto:jmlarson@lbl.gov


 

 
43 
    

Friday | May 20, 2022 

Session 8: Inorganic Materials Applications 

Observation and manipulation of antiferromagnetic distributions in 
magneto-electric multiferroics 

Jean-Yves Chauleau1*, Vincent Garcia2, Stéphane Fusil2, Michel Viret1 
1SPEC, CEA, CNRS, Université Paris-Saclay, Gif-sur-Yvette, France. 

2Unité Mixte de Physique, CNRS, Thales, Université Paris-Saclay, Palaiseau, France 
*Contact Email: jean-yves.chauleau@cea.fr 

Antiferromagnets (AF) are currently in the limelight thanks to recent breakthroughs demonstrating the 
efficient effect of spin currents in interacting with the AF order parameter. So far, due to the lack of net 
magnetization, controlling AF distributions has been rather challenging. Current-induced AF control also 
opens new perspectives in Terahertz magnetization dynamics. On the materials side, antiferromagnets 
represent most magnetic materials and some of them show several simultaneous coupled ordered phases. 
They are commonly called ‘multiferroics’. As a result, when the AF order is coupled to a net polarization, it 
may be controlled by applying a voltage. Multiferroic materials [1] are the focus of an intense research 
effort due to the significant technological interest of multifunctional materials as well as the rich 
fundamental physics lying in the coupling of various order parameters. Among all multiferroics, BiFeO3 
(BFO) is a material of choice because its two ordering temperatures (ferroelectric FE and AF) are well above 
room temperature, in addition of showing one of the largest magnetoelectric coupling. One difficulty in 
handling multiferroics lies in the challenging assessment of their coupled FE/AF textures, with characteristic 
sizes often in the hundreds of nanometers range. Optical second harmonic generation (SHG) has proven to 
be a powerful and elegant way to image complex multiferroic textures and to disentangle the different 
contributions at play and in particular to image the silent AF order [2]. In this presentation, after discussing 
the SHG imaging of AF domains distributions in BFO epitaxial thin films and their quasi-static actuation via 
different types of stimuli [3], we will address their ultrafast dynamics by assessing the time evolution of 
these multiferroic texture when subjected to intense femtosecond light pulses. Their efficient manipulation 
by the internally optically rectified sub-picosecond electric fields will be discussed, paving the way to an all-
optical terahertz control of the AF order, independently of the electric polarization, but still using the 
magnetoelectric effect. We now aim at tackling these issues at typical scales below 100 nm in order to fully 
grasp their intrinsic mechanisms. In this goal, we will present our latest advances in near-field SHG imaging 
using the neaSNOM. 

References 
[3] N. Spalding and M. Fiebig, Science, 309, 391 (2005)   
[4] M. Fiebig & al., Nature, 419, 818 (2002) 
[5] J.-Y. Chauleau & al., Nature Materials, 16, 803 (2017) 
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Programmable nanophotonics materials  

Thomas Taubner 
Institute of Physics (IA), RWTH Aachen University, 52074 Aachen, Germany  

Contact Email: taubner@physik.rwth-aachen.de 

Metasurfaces (MS) comprising resonant metallic or dielectric nanostructures offer comprehensive control 
over light fields and allow for the creation, detection and transformation of light. We employ Phase-Change 
Materials (PCMs) for local addressing of individual meta-atoms in both metallic [1] and low-loss dielectric 
[2] MSs. PCMs provide a switchable dielectric environment for resonant nanostructures, altering their 
resonance frequencies in a non-volatile, reversible way. While PCMs usually exhibit a high optical contrast 
between their amorphous and crystalline phases [3], the non-volatile PCM In3SbTe2 (IST) has optical 
properties which change from dielectric to metallic upon crystallization in the whole infrared spectral range 
[4]. The direct optical writing of nanostructures in an IST thin film enables the creation of freely 
programmable MSs, with the added possibility to even reconfigure complex antenna shapes. 

Besides showcasing the power of PCMs for programmable nanophotonics, I will also explain the role of s-
SNOM for characterization of the material properties of PCMs and the optical response of the resulting 
resonant nanostructures. Special emphasis will be on following topics: 

- How to characterize PCMs with s-SNOM? (dielectric contrast vs. free carriers)  
- Why (subsurface) probing through encapsulation layers is beneficial for endurance analysis 
- Mapping of field distributions of antennas and polaritonic resonators [5] 
- Application of s-SNOM for topological photonics [6]. 

 

References: 
[1] A.-K. U. Michel, A. Heßler, et al. “Advanced optical programming of individual meta-atoms beyond the effective 

medium approach”, Adv. Mat. Vol. 31, 1901033, 2019. 
[2] A. Leitis, A. Heßler, et al. “All-dielectric programmable Huygens’ metasurfaces”, Adv. Func. Mat., Vol. 30, 1910259 

2020. 
[3] M. Wuttig et al., “Phase Change Materials for Photonic Applications”, Nat. Photon. Vol 11, 465-476, 2017.      
[4] A. Heßler et al. „In3Sb1Te2 as Programmable Nanophotonics Platform for the Infrared“, Nat. Commun., Vol. 12, 

924, 2021. 
[5] P. Li et al.,“Reversible optical switching of highly confined phonon polaritons with an ultra-thin phase change 

material”,  Nature Materials, 15, 870-875 (2016).  

[6] J. Lu, et al. „Observing 0D subwavelength-localized modes at ~100 THz protected by weak topology“, Science 
Advances 7, eabl3903, 2021.  
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Advanced NeaSpec user: tips and tricks 

Vladimir A. Zenin 
Center for Nano Optics, University of Southern Denmark, Denmark 

Contact Email: zenin@mci.sdu.dk 

In this talk I will share all tips and tricks I have learned and applied to our NeaSNOM: balanced detection, 
detector selection in general (active area, AC-coupled, gain vs. bandwidth), noise cancellation, fiber vs. free-
space laser, optic-AFM coupling, advanced alignment of AFM tip, sample de-charging, importance of 
plasma cleaning, data processing, etc. If the time be left, I will shortly mention our recent SNOM-related 
projects, where some of the above tricks were ‘must have’ to produce quantitative measurable data (and 
not just an image with few fringes ;). As a bait, I place an image below from one of these projects, showing 
as-recorded near-field map of strongly confined GSP modes (interfering with gold-air SPP), followed by 
Fourier analysis [1]. Note that GSP fringes are still visible at 6 µm from the excitation slit, that is, 6 
propagation lengths! (i.e., by propagating 6 µm their power reduces by e6 times). 
 

 
References: 
[1] S. Boroviks, Z.-H. Lin, V. A. Zenin, M. Ziegler, A. Dellith, P. A. D. Gonçalves, C. Wolff, S. I. Bozhevolnyi, J.-S. Huang, 
and N. A. Mortensen, “Extremely confined gap plasmon modes: when nonlocality matters,” (2021) 
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Tip Coupling and Array Effects of Gold Nanoantennas in Near-Field 
Microscopy 

R. Büchner, T. Weber, L. Kühner, S. A. Maier, and A. Tittl* 
Ludwig Maximilian University of Munich, Germany 

*Contact Email: andreas.tittl@physik.uni-muenchen.de 

The optical response of nanoantennas in s-SNOM is highly sensitive to their environment, including 
influences of the probing tip or neighboring resonators. Dielectric tips are commonly employed to minimize 
tip-related perturbations, although they provide a comparatively weak scattering signal. Here we show that 
when using metallic tips, it is possible to select between distinct weak and strong tip−antenna coupling 
regimes by careful tailoring of the illumination conditions and resonator orientation. This enables the use 
of highly scattering metallic instead of dielectric tips for mapping plasmonic modes with comparatively 
higher signal strengths. This is a particular advantage for the retrieval of near-field spectra, which 
simultaneously require high near-field signals and unperturbed field patterns. We leverage our approach 
to analyze the collective effects of nanoantenna arrays, phenomena that are well understood in the optical 
far-field but have not been extensively studied in the near-field. Probing the dependence of the optical 
response on the array field size, we identify three regimes: the single rod regime, the intermediate regime, 
and the array-like regime. We show that these array effects give rise to characteristic spectral features 
originating from a complex interplay of radiative coupling and plasmon hybridization. These results provide 
evidence that long-range interactions of antennas also influence the local optical response that is probed 
in s-SNOM and demonstrate how collective resonances emerge from single building blocks, providing 
guidelines for optimized array designs for near- and far-field applications. 

Exploring exciton polaritons in van der Waals semiconductors 

Zhe Fei 
Department of Physics and Astronomy, Iowa State University, United States 

Contact Email: zfei@iastate.edu 

 
Nano-optics is a frontier of research that studies light-matter interactions in the nanometer length scale. 
One of the core research topics in the field of nano-optics is about polaritons, which are quasiparticles 
generated due to the collective oscillations of photons and varieties of polarization charges in materials. 
These hybrid light-matter modes are closely related to the fundamental optical & electronic properties of 
materials and provide practical approaches toward nanoscale light trapping and manipulation. In recent 
years, varieties of polaritons were discovered in two-dimensional (2D) and van der Waals layered (vdW) 
materials. Due to the reduced dimensionality and exceptional sensitivity, this class of materials have shown 
many unique polaritonic properties and physics. In this talk, we present nano-optical studies of exciton 
polaritons (EPs) in vdW semiconductors using the scattering type scanning near-field optical microscopy (s-
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SNOM). These EPs are formed due to the collective oscillations between photons and excitons in 
semiconductors. With s-SNOM, we discovered many interesting real-space properties and characteristics 
of these EPs, which can be tailored by varying the exciton laser energy, polarization, and sample thickness. 
Novel physics and potential applications associated with these EPs will be discussed. 

Quantitative near-field characterization of surface plasmon 
polaritons on single-crystalline gold platelets 

Laura N. Casses∗ 1,2,3, Korbinian J. Kaltenecker1,2,4, Sanshui Xiao1,2,3, Martijn Wubs1,2,3, and 
Nicolas Stenger∗ 1,2,3 

1Department of Photonics Engineering, Technical University of Denmark, 2800 Kongens Lyngby, Denmark 
2Centre for Nanostructured Graphene, Technical University of Denmark, 2800 Kongens Lyngby, Denmark 

3Centre for Nanophotonics, Technical University of Denmark, 2800 Kongens Lyngby, Denmark 
4Current address: Attocube Systems AG, Eglfinger Weg 2, 85540 Haar, Germany 

Contact: lauraca@fotonik.dtu.dk, niste@fotonik.dtu.dk 

The subwavelength confinement of surface plasmon polaritons (SPPs) makes them useful for various 
applications such as nanoplasmonic circuits, light generation and sensing. Scattering-type scanning near-
field optical microscopes (s-SNOM) allow the direct measurement of the SPPs with high spatial resolution. 
However, in a reflection configuration, their full quantitative characterization is challenging because of 
complex wave patterns resulting from the interference between several excitation pathways. In a previous 
study, it has been shown that the wavelength of the SPPs launched by a s-SNOM tip (called tip-launched 
SPPs) could be retrieved by analyzing the s-SNOM signal far from the edges of the platelets [1]. Here, we 
present results from the interferometric near-field measurements of both the amplitude and phase of SPPs 
on large single-crystalline gold platelets in the visible spectral range [2]. We study systematically the 
influence of the angle of the incident light on the SPPs. We find that the signal of the tip-launched SPPs is 
best disentangled from other signals at grazing incident angle relative to the platelet’s edge. Moreover, we 
introduce a simple theoretical model to explain the π/2 phase shift observed between the SPP amplitude 
and phase profiles. Using this model, the wavelength Λtl and in particular the propagation length Lp

tl of the 
tip-launched SPPs are retrieved by isolating their signals far from the edges. Our experimental results are 
in excellent agreement with our model using gold refractive index values from the literature. The presented 
method to fully characterize the SPP complex wavevector could enable the quantitative analysis of 
polaritons occurring in different materials in the visible range. 
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Fig. 1: Experimental details and main result. (a) Simplified schematic of the s-SNOM measurement. 
The near-field amplitude from one of our measurements is shown on the gold surface. Λtl is the SPP 
wavelength and Lp

tl is the propagation length. (b) Fourier transform of the profile extracted from the 
near-field amplitude dispayed in (a). Ktl is the SPP wavevector. 
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Optical losses in gold investigated by quantitative near-field microscopy 

*Yonas Lebsir, Sergejs Boroviks, Martin Thomaschewski,  
Sergey I. Bozhevolnyi, and Vladimir Zenin 

*University of Kiel, Germany 
*Contact: lebsir@physik.uni-kiel.de 

Abstract: Measurements of the dielectric function of mono- and polycrystalline gold have been provided in 
several publications [1-7]. Yet, different samples were used in those works and the reported values vary. In 
this project, we employ the neaSNOM, set up in a transmission configuration, for visible range (532, 594, 
632.8, 729 and 800 nm) measurements of SPPs running along air-gold interfaces. We compare our 
amplitude- and phase-resolved measurements to analytical values calculated from the different dielectric 
function measurements reported in literature. By using atomically flat, chemically synthesized 
monocrystalline gold flakes, we eliminate the potential influence of surface roughness as well as possible 
effects of grain boundaries on the resulting SPP propagation. Such flakes are too small for the usual 
dielectric function measurements in a variable angle spectroscopic ellipsometer, and indeed, previous 
measurements of the dielectric function of gold make use of larger samples with a higher roughness, which 
might explain some discrepancies to our measurements. We focus the different laser beams at gold flake 
edges, using the bottom parabolic mirror of the neaSNOM. Additionally, we consider different cantilever-
flake orientations to take slight excitation laser misalignments and a variable exposure of the cantilever to 
laser light into account. Interestingly, we find best agreement to a dielectric function reported for properly 
fabricated polycrystalline gold, while other dielectric function measurements for monocrystalline gold yield 
~1.5 times higher losses than our measurements. Future objectives are to optimize the setup further, and 
to realize comprehensive dielectric function measurements at more wavelengths. 
 
References: 
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[4] Blanchard, N.P., Smith, C., Martin, D.S., Hayton, D.J., Jenkins, T.E. and Weightman, P. (2003), High-resolution 
measurements of the bulk dielectric constants of single crystal gold with application to reflection anisotropy 
spectroscopy. phys. stat. sol. (c), 0: 2931-2937.  
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dependent optical properties of gold thin films," Opt. Mater. Express 6, 2776-2802 (2016).  
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Multiscale Infrared Spectromicroscopy 
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Zoom is an essential feature of a microscope to help find the right measurement position. While 
heterogeneous samples benefit from zooming the most, it is also necessary to find the best, tiny, 
homogeneous piece of sample to measure. In a typical workflow, one would observe their specimen in the 
visible and then move on to the measurement with their method of choice, in our case infrared 
spectromicroscopy, to drill down into the details. High spatial resolution techniques can reveal 
unprecedented phenomena, albeit at the expense of losing the “big picture.” Multiscale zooming capability 
is only possible with the combination of multiple instruments. We use and provide our users and 
collaborators with a mix of microscopes at the SMIS beamline that allows infrared measurements from 
centimeters size to nanometers resolution. I will present some recent science from SMIS on various zoom 
levels, highlighting the recently commissioned sSNOM system. 

P3 

s-SNOM spectroscopy of the optical conductivity reveals the existence of 
ABCB stacked tetralayer graphene 

Konstantin G. Wirth 1, Thomas Taubner1 
1 1. Institute of Physics, RWTH Aachen University, 52074 Aachen, Germany  

*Contact Email: wirth@physik.rwth-aachen.de 

The stacking and rotation of individual graphene layers leads to changes in its band structure. This opens 
intriguing new physical properties, including e.g. topological protected states or unconventional 
superconductivity, with the latter being recently reported for rhombohedral stacked trilayer graphene. 
Local probing of their electronic properties at the nanoscale is usually done by scanning tunneling 
microscopy (STM), which requires electrical contact. Optical measurements such as infrared absorption [1] 
or Raman spectroscopy, work for non-contacted and encapsulated samples, but are limited in lateral 
resolution by diffraction to a few µm. Here we directly probe the electronic properties of bi- graphene (BLG) 
and tetralyer graphene (4LG) using s-SNOM measurements with a broadly tunable laser source over the 
energy range from 0.28 to 0.56 eV. We tune an OPO/OPA system around the interband transition of these 
structures and extract amplitude and phase of the scattered light [2]. This enables us to retrieve and 
reconstruct the complex optical conductivity resonance in BLG around 0.39 eV with nanoscale resolution.  
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Furthermore, we apply this technique to 4LG to distinguish between the different crystallographic 
stackings, which greatly influence the optical and electronic properties. In 4LG, three inequivalent stackings 
are thought to be meta-stable, yet only Rhombohedral (ABCA) and Bernal (ABAB) stacking have so far been 
observed. The three stacking sequences differ in their electronic structure, with the elusive third stacking 
(ABCB). Here, we use s-SNOM and confocal Raman microscopy to identify and characterize domains of 
ABCB stacked tetralayer graphene. We reveal their unique optical fingerprints by addressing the infrared 
conductivity using amplitude and phase-resolved near-field nano-spectroscopy. Comparison with 
simulations based on tight-binding calculations are in good quantitative agreement. 
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Instrumentation of high-speed atomic force microscopy combined to 
infrared scanning near-field optical microscopy  
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1015, Switzerland 
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Bottom illumination optical system is applied for liquid imaging of infrared scanning near-field optical 
microscopy (IR-SNOM) to avoid undesirable infrared absorption in aqueous solution. Yet, current liquid 
SNOM collide another difficulty for bio-application, considerably high sample disturbance from probe and 
slow scan rate. High-speed atomic force microscopy (HS-AFM) is the known technique to scan functioning 
protein, however standard HS-AFM is sample scan system, which is unable to couple to bottom illumination 
optics. Here, we designed Z axis tip scan and XY axis sample scan HS-AFM based system which have a hole 
to insert silicon prism for bottom illumination. The AFM head can scan by low force tapping. Scanners are 
designed to drive in a few kilo hertz in x axis and a hundred kilo hertz in z axis. For higher resolution of AFM 
topographical images, sharp carbon tip deposited on standard Platinum coated SNOM probe is examined. 
Some tentative images of actin filaments will be demonstrated at the poster session. 

- Bottom illumination liquid SNOM 
- High-speed AFM, low tapping force AFM 
- Development of SNOM tip 
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Generalized Mie-scattering for describing scattering type scanning near-
field optical measurements 

Daniel Datz 
Wigner Research Centre for Physics, Budapest, Hungary, 

Contact Email: datzdaniel@gmail.com 

 
Theoretical methods for describing scattering type scanning near‐field optical experiments usually use 
electrostatic or quasi‐electrostatic approximations [1], which exclude retardation phenomena related 
effects. In case of antenna‐like resonances are excited, for example resonant polariton excitations, a more 
advanced description is needed. For satisfactory theoretical models of the recent detection of phonon‐
polariton amplified infrared scattering of fullerene in boron nitride nanotubes [2], or the direct detection 
of ultrastrong coupling of Luttinger‐liquid plasmons and phonon polaritons [3], the extension of Mie‐
scattering is needed. 

Generalized Mie‐scattering models provide sufficient description of the scattering and absorption 
properties of particles on complex surfaces [4], and thus are an interesting area for the theoretical modeling 
of SNOM measurements. 
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Investigation of wood cell walls at the nanoscopic level 

M. Švecová1 *, N. Kotov1, M. Chantreau2, H. Tuominen2, A. Gorzsás3, C. M. Johnson1 
1 Division of Surface and Corrosion Science, KTH Royal Institute of Technology, Stockholm, Sweden 

2 Umeå Plant Science Centre (UPSC), Umeå, Sweden 
3 Department of Chemistry, Umeå University, Umeå, Sweden 

* Contact e-mail: svecova@kth.se 

Wood is a fascinating natural material excelling in its unique properties (e.g., strength-to-weight ratio) and 
serves as a raw material in several industrial areas. Wood is a complex bio-composite built up of cells 
surrounded by their walls in which we can recognize several thin layers with varying content of cellulose 
fibrils embedded in a matrix of hemicellulose and lignin.1 To fully be able to utilize wood way and to 
understand its growth, behavior, and final properties a solid knowledge of the arrangement of the 
individual constituents within the cell wall is hence important.  

Commonly used techniques are vibrational microscopies allowing chemical mapping of a material;2, 3 
however, they cannot reach a spatial resolution on the nanoscopic level due to the diffraction limit and 
hence it is difficult to distinguish individual cell wall layers using them. Fortunately, nowadays, we can move 
on to the nanoscopic level thanks to the approaches of the near-field techniques coupling advantages of 
scanning probe and infrared microscopies into one.4, 5 To employ novel nanoscopic techniques for the 
investigation of cell walls is a crucial step for determining the cell wall structure, monitoring of the mutual 
interactions between biopolymers and their cross-linkage.  

In our study, we focused on the investigation of cell walls of natural and different types of genetically 
modified aspen from the point of view of distribution and abundance of their main constituents (cellulose, 
hemicellulose, and lignin). Reference spectra of pure constituents were recorded on the macroscopic and 
nanoscopic level in several spectral ranges and a good agreement was found. Comparing the obtained data 
set, the characteristic wavenumbers were selected for each biopolymer to distinguish them from each 
other. Based on this knowledge, we can highlight areas rich on specific constituents, e.g., utilizing an 
imaging mode collecting topographical and optical maps using the characteristic bands for cellulose, 
hemicellulose, and lignin. In addition, from the nanoscopic spectra thanks to the multivariate statistical 
evaluation we are able to point out similarities and differences between the studied samples. 
 
References: 
1. M. Gao, J. Li, Z. Bao, M. Hu, R. Nian, D. Feng, D. An, X. Li, M. Xian, H. Zhang, Nat. Comm., 10 (2019) 437. 
2. N. Gierlinger, Applied Spectroscopy Reviews 2018, 53 (7), 517-551. 
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Nanoscale investigations on the switching dynamics of PCM cells in 
photonic circuits for neuromorphic computing 

Daniel Wendland1*, Ivonne Bente1, Wolfram Pernice1 
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*Contact Email: daniel.wendland@uni-muenster.de 

The exponential increase of data availability and generation in the last decades has made it important to 
develop fast and efficient new ways to process this data. Due to their capability for wavelength division 
multiplexing, photonic integrated circuits are suitable candidates for surpassing electronic systems in highly 
parallelized computing. For this purpose, it was already shown that the integrate-and-fire functionality of 
neurons and the plastic weighting operation of synapses can be performed with optically switchable cells 
of chalcogenide phase change material in a photonic integrated circuit, as well as Matrix multiplication, 
which could accelerate for example image recognition tasks. While the computing makes use of the speed 
of light, the switching, to reconfigure the cells, is achieved via pulses in the ns regime. To achieve smaller 
switching times, it is necessary to learn more about the optical switching dynamics and design the memory 
cell accordingly. Here, first s-SNOM measurements of memory cells in several switching states will be 
presented. 

P8 

Nearfield photocurrent nanoscopy at biased graphene interface junction 

Francesca Falorsi* 1, Marco Dembecki2, R. Thomas Weitz1 
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A definite experimental proof of the charge carrier accumulation around a defect during electronic charge 
flow, predicted by Landauer in 1957, is still needed. It will allow gaining a more profound knowledge of the 
specific mechanisms governing electronic flow and resistivity at a nanoscopic level. This work aims to 
analyze the photoelectric response at single-bilayer graphene interfaces and AB/BA stacking domain walls 
in bilayer graphene while applying a bias in the system to provide evidence of the appearance of the 
Landauer resistivity dipoles (LRD). The local photoelectric response in the system is studied with near field 
scattering microscopy (s-SNOM) at room temperature. Given the thermoelectric origin of the photoelectric 
response of graphene, with this method, it is possible to image the charge density variation induced by the 
LRD. It is found that for values of the Fermi energies in proximity to the charge neutrality point, at low hole 
or electron doping, the photocurrent has the same polarity as the applied source-drain voltage.  
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Fabrication of rhombohedral multilayer graphene devices for 
magnetotransport measurements 

C. Eckel1*, R. T. Weitz1 
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Graphene as the most prominent example of a 2D-material exhibits quite different electronic band 
properties compared to its bulk counterpart. The electronic properties of monolayer, bi-layer or tri-layer 
have already been explored by multiple groups over the last years. However, studies on magnetoelectrical 
transport measurements of multilayer rhombohedral stacked graphene are a current research object. For 
this purpose, high quality dual-gated encapsulated graphene devices are necessary. For fabrication, Raman 
spectroscopy, scanning near-field microscopy (SNOM) and atomic force microscopy (AFM) are techniques 
to determine stacking order, layer number and surface flatness. As the rhombohedral stacking is meta 
stabile, nano lithography methods to pattern the flake together with encapsulation in hexagonal Boron 
Nitride (hBN) by stamping technique preserve the quality of the graphene flake. Goal of the project are 
measurements of rhombohedral 5-layer graphene in the milli Kelvin regime with applied magnetic and 
electric fields to search for fragile quantum phases. This work presents the outline of the upcoming research 
from the challenges of fabrication to the highly sensitive charge transport measurements.  

P10 

Gold Nanoparticles Synthesis in Chitosan Matrix and their Identification 
by Infrared Nanospectroscopy 
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3 neaspec - Attocube Systems AG, Haar-Munich, Germany 
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Gold nanoparticles (AuNPs) synthesis was achieved by reducing gold salt with chitosan, a polysaccharide, 
that plays a double role, being both a reducing and a stabilizing agent. The entire process was optimized 
under mild green synthesis conditions by applying an ultrasonic field to the precursor solutions. Chitosan 
was used as a template polymeric phase aiming at the formation of well-defined nanoparticles with a 
narrow size distribution. It is well known that in the biomineralization processes, polysaccharides can act 
as templates for structuring inorganic materials on the nanometer scale. But since most of the processing 
methods are difficult to control, finding the suited synthesis conditions and a clear identification of the 
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AuNPs is highly important. The samples were prepared as gold – chitosan nanocomposites membranes 
having different AuNPs concentrations. The obtained nanoparticles were characterized with infrared 
nanospectroscopy and atomic force microscopy (AFM), as part of a scattering scanning near-field optical 
microscope (s-SNOM). The AFM topography and near-field optical images of the membranes showed a 
good dispersion of AuNPs in the polymer matrix, their average height being of about 15 nm. From the 
optical images it was revealed that AuNPs present bright rings (20 - 40 nm), since the backscattered signal 
of the chitosan is enhanced in their close vicinity. The infrared nanospectroscopy demonstrated that the 
nanoparticles observed are indeed AuNPs, and not impurities, with a specific IR spectrum. Also, other 
methods of investigation were involved, such as UV−vis spectroscopy (showing a characteristic band for 
AuNPs around 540 nm) and zeta potential (indicating stability). The data obtained attest that the method 
used is effective in synthesizing AuNPs that are stable in solution and are well dispersed when casted as 
membranes for further applicative usage, such as materials for flexible electronics. 

P11 

Air-filtered pollution nanoparticles analyzed by nanospectroscopy and 
analytical microscopy 

Marius-Mihai Cazacu1*, Nicanor Cimpoeșu2, Adrian Cernescu3, Laura Mihailă1,  
Alin Iulian Roșu1, 4, and Adrian Timofte5 

1 Department of Physics, “Gheorghe Asachi” Technical University of Iaşi, Iaşi, Romania 
2 Department of Materials Science, "Gheorghe Asachi" Technical University of Iasi, Iasi, Romania 

3neaspec - Attocube Systems AG, Munich, Germany  
4 Faculty of Physics, “Alexandru Ioan Cuza” University of Iaşi, Iaşi, Romania 

5 National Meteorological Administration Regional Forecasting Center, Bacau, Romania 
*Contact Email: marius-mihai.cazacu@academic.tuiasi.ro 

Air pollution is among the greatest risk factors for human health, but also presents risks for food security, 
economy and the environment. For an analysis of the behaviour of atmospheric pollutants in certain 
meteorological conditions we must keep in mind pollution sources, environment properties and the 
influence of the perception location of atmospheric emission. The totality of physical phenomena that the 
pollutant suffers in its movement towards the receptor is influenced by certain factors, such as topography, 
air temperature, cloud coverage, atmospheric stability, windspeed and direction. To identify the proper 
spectroscopic domain regarding aerosol properties and to characterize them using the s-SNOM technique, 
which combines atomic force microscopy with optical imagistic and nanoscale spectroscopy (nano-FTIR) to 
better understand the fundament of certain physiochemical transformation of pollutants, IR absorption 
spectres were studied. With tremendous nanoscale sensitivity, the nano-FTIR spectroscopy enables us not 
only to explore local distribution but also the spectroscopic signatures or air pollutants. Various examples 
of s-SNOM measurements on different samples will be presented. In this work, the PTFE filters (air particle 
deposition by an impactor system) was used to retain micro and nano particles in the ambient air 
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originating from a residential area (burning of wood, coal, lignite, coke etc.). To analyse the main 
compounds from the PFTE filters a scanning electron microscopy and an energy-dispersive spectroscopy 
was used. Preliminary results show the presence of Al, K, Na, Fe, Ca (10 %), nitrogen oxides (~ 9 %), sulfur 
oxides (~ 24 %), NH4 + ammonium (~11 %), heavy metals (~6 %) and organic mass (~37 %) and other 
chemical elements such as Mg, Zn, Ti (negligible concentration). 

Acknowledgements 
This work was supported by a grant of the Romanian Ministry of Education and Research, CNCS - UEFISCDI, project 
number PN-III-P1-1.1-TE-2019-1921, within PNCDI III. 

P12 

Probing the Local Dielectric Function of WS2 on an Au Substrate by Near 
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The optoelectronic properties of nanoscale systems such as carbon nanotubes (CNTs), graphene 
nanoribbons and transition metal dichalcogenides (TMDCs) are determined by their dielectric function. This 
complex, frequency dependent function is affected by excitonic resonances, charge transfer effects, 
doping, sample stress and strain, and surface roughness. Knowledge of the dielectric function grants access 
to a material’s transmissive and absorptive characteristics. Here we use the dual scanning near field optical 
microscope (dual s-SNOM) for imaging local dielectric variations and extracting dielectric function values 
using a pre-established mathematical inversion method. To demonstrate our approach, we studied a 
monolayer of WS2 on bulk Au and identified two areas with differing levels of charge transfer. The 
experiments highlight a further advantage of the technique: the dielectric function of contaminated 
samples can be measured, as dirty areas can be easily identified and excluded for the calculation, being 
important especially for exfoliated 2D materials [1]. Our measurements are corroborated by atomic force 
microscopy (AFM), Kelvin force probe microscopy (KPFM), photoluminescence (PL) intensity mapping, and 
tip enhanced photoluminescence (TEPL). We extracted local dielectric variations from s-SNOM images and 
confirmed the reliability of the obtained values with spectroscopic imaging ellipsometry (SIE) 
measurements. 
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Biodegradable metallic materials for medical applications 
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Biodegradable metallic materials are the new class of medical materials design to perform a function only 
for a specific time in biological environments. Main systems materials are based on Mg, Zn and Fe alloys. 
One the principal characteristic of these alloys is their degradation rate. Corrosion of the materials occurs 
in contact with the electrolyte solution through ions exchange. The corrosion starts from atomic scale to 
generalized corrosion of the entire surface. We follow the degradation mechanisms of the materials from 
nano to micro areas in order to control the stable period of the materials and, also, the degradation time 
and type. For micro-scale investigations we use scanning electron microscopy (SEM) and dispersive energy 
spectroscopy (EDS) for structural and chemical composition characterization. A correct determination of 
the corrosion starting point will be extremely helpful for biodegradable element control and for this action 
investigations at nano-scale (structural and chemical composition) represent the milestone of 
biodegradable metallic materials application in real life.  

Keywords: biodegradable materials, SEM, EDS, pH variation  
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Infrared (IR) spectroscopy can be used to track and analyse complex biological processes such as neuronal 
differentiation, cancer development or the metabolic responses of organisms. However, until now it is 
limited to mainly dried samples and a diffraction limited resolution of some micrometres. Inspired by in-
situ electron microscopy with Si3N4 membranes we introduce a new s-SNOM method, which employs a 
commercial 10 nm thin Si3N4 membrane to seal of the liquid compartment with the living cells inside and 
to protect the delicate s-SNOM tip from water contamination. This method enables FTIR spectroscopy and 
IR-imaging with a sub-diffraction resolution on living bacterial and eukaryotic organisms in their native 
environment.  
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- S-SNOM with liquid samples  
- Investigating biological samples in their native environment  
- S-SNOM method for in-situ studies  
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Infrared nanospectroscopy of proteins 
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Proteins belong to the most important cell components. They are the essence of all living organisms. One 
of the most fundamental issue of the life science is to understand their structures together with their 
functions. Most interesting and important for infrared spectroscopy are the peptide bonds, the vibrations 
of which reflect the structure of the proteins.  

The main scope was to obtain spectra of single protein. Pyruvate kinase, an enzyme involved in the last 
step of glycolysis, was chosen as a model sample. An aqueous solution of pyruvate kinase was dried on 
silicon or gold-coated silicon wafers. Nano-FTIR spectra were recorded in the spectral region from ca. 700 
to 1800 cm-1 focusing on the region included amide I and II absorption bands. Different parts of the films 
brought various sizes (and shapes) of particles. Round particles with heights around 10 nm were preferred, 
because they could be single proteins. Spectra were collected at several parts of the dried film layers - 
inside the rim, in the rim and nearby to the outside of the rim under various settings (e.g. tapping 
amplitude, spectral resolution, integration time). A comparison and evaluation of the spectra acquired from 
the silicon and gold-coated silicon wafers under different conditions was performed as well as spectra 
obtained at different harmonics of the tip oscillation frequency. 
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Time-resolved nanospectroscopy on Si-doped GaAs-InGaAs  
core-shell nanowires 
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High-quality epitaxial nanowires (NWs) based on III–V semiconductors such as (In)GaAs offer the possibility 
to fabricate ultrafast optical devices due to their direct bandgap and the high electron mobility. Contactless 
investigation of the average charge carrier concentration and mobility in NWs is enabled by terahertz 
time-domain spectroscopy [1]. The determination of these properties locally on individual NWs can be 
carried out by scattering-type scanning near-field optical microscopy (s-SNOM), which provides spatial 
resolution far beyond the diffraction limit. In optical-pump THz-probe experiments the response of 
photoexcited carriers has been investigated with 10 nm and 10 fs spatial and temporal resolution [2].  

Time-resolved studies are still missing in both far-field and near-field spectroscopy for doped nanowires 
excited by THz radiation via intraband excitation. Here we report on THz-pump MIR-probe s-SNOM studies 
on highly-doped GaAs/InGaAs core-shell NWs utilizing intense narrowband THz radiation from the free-
electron laser (FEL) FELBE. 
The samples under study are Si-doped GaAs-InGaAs core-shell NWs grown by molecular beam epitaxy. They 
consist of a 25-nm-thick GaAs core and an 80-nm-thick In0.44Ga0.56As shell that is homogeneously doped 
with Si at a concentration of 9 × 1018 cm-3. For s-SNOM studies, these NWs are transferred to a (100) Si 
substrate and dispersed randomly over the substrate. 

The experiment was carried out with an s-SNOM setup from Neaspec GmbH equipped with a broadband 
difference-frequency generation (DFG) source (5 – 15 µm; 20 – 60 THz). For the pump-probe measurements 
the laser oscillator of the DFG source was synchronized to the FEL and the time delay between the pulses 
was varied by an optical delay line. A low-pass filter suppresses the scattered THz FEL radiation from the 
nano-FTIR unit (Fig 1a). 

In the unpumped case, a sharp plasma edge around 130 meV is observed. Upon intraband pumping with 
13THz FEL radiation (pulse duration 2 – 5 ps, average power 15 mW), the near-field response of the plasma 
resonance changes dramatically. The spectrally integrated pump-probe signal exhibits a small negative 
component followed by a stronger positive signal that decays with the time constant (1/e) of ≈ 7 ps 
(Fig. 1b, insert). The nano-FTIR studies reveal strong red shift (black curve) and then flattening (red curve) 
of the plasma resonance (Fig. 1b). We assign this effect to a substantial heating of the electrons in the 
conduction band and subsequent increase of the effective mass in the nonparabolic Γ-valley due to high 
peak electric field strengths up to several 10 kV cm−1 of pulsed FEL radiation [3]. Power-dependent 
nanoimaging pump-probe studies will be performed to conclude the nature of observed effects. In 
particular, the experiments should reveal if there is a contribution of carrier transfer to side valleys at high 
excitation fields. 
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Fig. 1. (a) Sketch of the THz-pump MIR-probe nanospectroscopy experiment; (b) Nano-FTIR spectra of the NW at 
different time delays positions. Insert plot shows spectrally integrated pump-probe signal with the corresponding 

delay positions.   
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Photonic memory and computing devices are an emerging technology to be used for machine learning and 
artificial intelligence applications. Chalcogenide phase-change materials have been used to implement 
memory functionality in electronic but also in integrated photonic circuits. In our research, light from a 
waveguide couples evanescently to a phase-change material patch which influences the transmission 
through the waveguide depending on its phase state. By decreasing the size of the phase-change material 
volume, the switching speed can be increased while the needed switching energy can be decreased. 
Additionally, we use plasmonic nanoantennas to localize the electric field and enhance the interaction with 
the phase-change material. We use s-SNOM at a typical telecommunication wavelength of 1550 nm to 
investigate the near field properties of the plasmonically-enhanced phase-change material cells.  

(a) (b) 
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Conventional three-dimentional (3D) Metal-Organic Frameworks (MOFs) show relatively low electrical 
conductivity caused by large separation of the metal centers by the organic ligands. Recent advantages in 
the synthesis of layered two-dimensional conjugated MOFs (2D c-MOFs) lead to a large improvement of 
the electronic properties, these materials allow a charge transfer along both interlayer (π-π-stacking) and 
intralayer (basal plane) directions [1]. In order to elucidate the underlying charge transport mechanisms in 
the 2D c-MOFs, we perform electronic characterizations of the films implemented in field-effect transistors 
under varying conditions. By small-resolution application techniques in the contacting, the local electronic 
properties of the 2D c-MOFs become detectable. Due to the possibility to tune the molecular stacking, 
directional measurements can be performed. In addition to the improved properties of the 2D c-MOFs 
themselves, they are also a promising candidate for the fabrication of van-der Waals heterostructures with 
other 2D materials like graphene, which could give access to a variety of interaction-driven effects.  
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Applications involving optical antennas often require knowledge of their near-field response. We 
investigate here the near-field spectral response of arrays of Silicon Carbide antennas supporting localized 
phonon polaritons in the mid-IR with scattering scanning near field microscopy and discuss the influence 
of the AFM tip on the experimental results. 
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Enhanced light-matter interaction in polar crystals attracts considerable attention since the latter support 
phonon polaritons (PPs) - hybrid electromagnetic modes involving atomic vibrations. PPs in the thin slab of 
van de Waals materials (vdW) demonstrate long lifetime and ultra-high field confinement [1] which can 
lead to intriguing vibrational strong coupling (VSC) phenomena and potential sensing applications [2]. 
Recently VSC between h-BN nano-resonators and molecular vibration has been demonstrated [3]. 
However, the basic interaction between molecular vibrations and propagating PPs in unstructured slabs of 
the vdW materials has not yet been studied. In this work [4], we use nanoimaging techniques to study the 
interaction between ultra-confined propagating PPs and molecular vibrations in sub-100 nm thick organic 
layers. Specifically, we performed near-field polariton interferometry of PPs in a thin continuous h-BN layer 
interacting with 4,4-Bis(N-carbazolyl)-1,1-biphenyl (CPB) molecules. In contrast to the typical far-field 
spectroscopy experiments, we monitor in the real space the effect of molecular absorption on PPs. Our 
results show that VSC leads to the formation of a hybrid mode with a pronounced anti-crossing region in 
its dispersion, in which propagation with negative group velocity is found. Moreover, numerical study 
predicts that PPs in few-layer h-BN films may reach strong coupling even in the case of atomically thin 
molecular layers, thus underlining the potential of PPs to become a platform for ultra-sensitive on-chip 
spectroscopy devices. 

Our work shows the fundamental study of the strong-coupling between molecular vibration and 
propagating PPs and demonstrates the feasibility of exploiting ultra-confined polaritons for mid-infrared 
waveguide sensing of molecular vibrations and strong-coupling experiments. 
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The local spectral analysis of nanostructures attracts tremendous attention because of the trend in size 
minimization of the active elements in modern electronics, chemistry, medicine, and biology. Among 
various analytical methods, nano-FTIR spectroscopy plays an important role for the non-destructive and 
highly sensitive analysis of material properties with nanometric spatial resolution.  
Here, we investigate AlN nanoclusters grown by molecular beam epitaxy in ultra-high vacuum on Si(111) 
substrates covered with an AlN layer. Figure 1a shows the AFM image of a single hexagonal AlN nanocluster 
with a characteristic height of 30 nm and an average lateral size of 220 nm. Nano-FTIR spectroscopy and 
hyperspectral imaging (Figure 1c) enable to visualize the spatial localization of surface optical (SO) modes 
originating from phonons of different symmetry from both the AlN layer and the nanocluster.  

For AlN nanoclusters, the nano-FTIR spectra (Figure 1b) reveal two intense modes with maxima at 768 and 
825 cm-1 assigned to the SO modes of E1 and A1 symmetry. Interestingly, a gradual change in the A1(SO) 
mode frequency from 768 to 725 cm-1 is observed while scanning from the center to the edge of the 
nanocluster. 

 
Figure 1. a) AFM image of a single hexagonal AlN nanocluster. b) three amplitude nano-FTIR spectra taken from outside 
of cluster, on top, and on the edge c) Hyperspectral amplitude map of the AlN nanocluster measured in the spectral 
range 650-750 cm-1 (corresponds to the changes of A1(SO) mode) with a mapping step size of 10 nm in the second 
demodulation mode. The chosen spectral range represents the most dramatic changes of A1(SO) mode. 

The observed peak shift represents the angular dispersion of the A1(SO) mode in the AlN structures. 
However, the peak position of E1(SO) mode is constant, independently of scanning area.  

In conclusion, we demonstrate the surface sensitivity of nano-FTIR spectroscopy for AlN clusters on an AlN 
layer, which makes it possible to investigate the anisotropy of phonon modes in AlN nanostructures. 
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Layered double hydroxides (LDH) are, due to their lamellar nano-sheet structure, known as materials 
suitable for carrying of certain active, functional molecules. In order to evaluate the dependence of the 
photocatalytic self-cleaning properties of layered double hydroxides (LDH) with intercalated active 
substances among their ultrathin nano-sheet layers on the synthesis parameters, particularly on the pH 
value, a series of ZnAl-LDH suspensions were synthesised using a modified low supersaturation co-
precipitation method at various pH values between 7 and 10. The optimal pH value was found to be 8. The 
molybdenum doped TiO2 nanocomposite LDH suspensions (Mo:TiO2–ZnAl-LDH) were synthesised at the 
optimised pH value. The Mo/Ti mass ratio was systematically varied.  

Detailed material characterisation study was performed employing various characterisation methods. The 
scanning electron microscopy (SEM) analysis showed that the powder of the unloaded ZnAl-LDH suspension 
synthesised at pH = 8.0 mainly had plate-like morphology characteristics (sand-rose formation) typical for 
LDHs. EDS area mapping showed fluctuations of the elemental content which corresponded to the sand-
rose morphology of the formed LDH crystals. The low magnification TEM image showed the characteristic 
aggregation of nanoparticles, while the HRTEM image revealed their round shaped habitus with diameters 
between 3 nm and 5 nm. Thermogravimetric (TG) and dynamic scanning calorimetry (DSC) measurements 
were performed for all synthesized samples. Detailed microstructure analysis by X-ray powder diffraction 
(XRD) was conducted before and after the thermal treatment. From XRD analysis, supported by measured 
Fourier-transform infrared spectroscopy (FTIR), the crystal phases in synthesized ZnAl-LDHs were identified 
and the results of samples microstructure were compared in order to define thermally induced zinc and 
aluminium crystal phase transition pathways in dependence of the reaction medium’s pH value. 

The photocatalytic self-cleaning properties of the optimally synthesised Mo:TiO2–ZnAl-LDH suspensions 
were characterised when applied on stone, brick and glass substrates and after having been illuminated 
only by using LED visible light. The best results were obtained when the newly developed suspension was 
applied on the stone substrate due to the combined influence of surface roughness, textural characteristics 
and pH value of the mineral substrate. 
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Multilayer graphene is a versatile platform to investigate quantum transport phenomena and 
many-body physics in two dimensions. Achieving the greatest device quality is key to observe a 
diversity of fascinating correlated broken-symmetry states [1-3]. We use s-SNOM imaging to 
locally identify the stacking order of multilayer graphene. Here, I will present our efforts to obtain 
and investigate few-layer rhombohedral graphene isolated from its environment, in a 
configuration where the graphene is freely suspended between a top and a bottom gate. 
Accordingly, I will show our results of low-temperature transport measurements, where we 
explore different phases of the system as a function of external electric and magnetic fields. 
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Flint is a siliceous sedimentary deep sea rock produced by marine bacteria activity under anoxic conditions. 
Bacteria are entombed inside a silica gel in the form of micrometer size micro-inclusions during the 
formation process. The anoxic conditions, absence of water and the rapid entombment allow the 
preservation of this organic material. Characterizing these organic micro-inclusions impacts on both 
geological and archeological studies: it is the key to understanding oil formation and maturation in shales 
as well as deducing hominin migration patterns. However, degradation and percolation occurring over 
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millions, or even billions of years greatly complicates attempts to glean information on the past biology and 
evolution of the organic content. 

The ability to correlate specific morphological structures with their physical properties at the nanoscale 
sheds light on this problem. Yet, the small size and thickness plus irregular morphology of the organic micro-
inclusions make them very difficult to analyze. Here, we describe results from two scanning probe-based 
techniques - contact resonance (CR) and nano-IR microscopies. The combination of chemical and 
mechanical analysis provided unique insights into these ancient structures. Results from both techniques 
are surprising, and indicate a mechanically robust species with modulus of about 15 GPa, and IR peaks in 
the amide region pointing to ancient proteinaceous origin.   

Despite the small and irregular size, and rough morphology of these inclusions, it was possible to isolate 
them from the inorganic surroundings and to measure their mechanical and chemical characteristics. The 
results will be presented in the context of a multi-technique nano- and micro-analysis which, assembled 
together, hint at the context of their origin. 
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Our research focuses on well-defined single crystal surfaces, interfaces and layered 2D materials and their 
heterostructures. We use a variety of synthesis and fabrication methods, and characterization tools to 
study their structure and electronic and optical properties, and to modify them through controlled physical 
or chemical engineering (e.g. by strain or designed molecular functionalization), e.g. Ref [1-4]. Since the 
structure of 2D materials has major influence on the electronic properties, we focus on the structural 
analysis. The interface structure is of utmost importance for substrate grown 2D-materials since the 
substrate induces structural constrains or charge transfer, which again lead to new electronic properties. 
In order to gain information on material properties we use different microscopy techniques to investigate 
the materials down to the atomic scale: scanning tunneling microscopy and spectroscopy (STM/STS), low 
energy electron microscopy (LEEM), atomic force microscopy (AFM), scanning electron microscopy (SEM), 
confocal laser microscopy for Raman and photoluminescence measurements and second harmonic 
generation (SHG) microscopy for structural investigation of layered materials. We also use electron 
spectroscopies: angle resolved and x-ray photoemission spectroscopy (ARPES and XPS) to directly visualize 
the electronic band structure. 

Within the scope of the Institute of Physics’ and Croatia’s strategic project in the field of research 
infrastructure, "Centre for Advanced Laser Techniques" (CALT), we extend our capabilities and the area of 
research by a Fourier transform infrared nanospectroscopy (nano-FTIR) based on a scattering-type scanning 
near-field optical microscope (s-SNOM) equipped with a coherent-continuum infrared light source 
spanning from 4500 nm to 15000 nm, which has been recently installed in our Lab. Chemical 
functionalization of 2D materials is a key step toward their versatile exploitation in the large scope of 
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applications. Nano-FTIR can straightforwardly determine the infrared absorption spectrum of various 
molecules with a nanometer-range spatial resolution providing the information on molecular vibrations 
even at small quantities and with ultrahigh spatial resolution. In addition, ultrafast pump-probe setup based 
on s-SNOM allows photoinduced dynamics investigation without sample size limitations on femtosecond 
time scales as well as complex field mapping of the sample. This will enable investigation of inter- and 
intraband relaxation processes in 2D materials, interlayer exciton dynamics in homo- and heterostructures, 
polaron dynamics, additional optical and structural investigation of defect-related states and their 
influence on the optical properties of synthesized 2D crystals. In this poster, we will present capabilities of 
our new nano-FTIR setup in Zagreb. 
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SISSI-Bio is the Chemical and Life Sciences branch of the infrared beamline SISSI (Synchrotron Infrared 
Source for Spectroscopy and Imaging) at Elettra-Sincrotrone, Trieste, Italy. The laboratory currently hosts 
three endstations, operational with both Infrared Synchrotron Radiation (IRSR) and conventional sources: 
one for spectroscopy, one for microscopy and one for spectral-imaging at the nanoscale, SISSI-Nano. The 
SISSI-Nano end station hosts an IR s-SNOM microscope, operational with both a DFG laser source (range 5-
15 microns) and with IRSR. Additionally, a nanoimaging module, relying on photothermal expansion and 
operational with a QCL laser source (range 4-12 microns) is under commissioning. The combination of the 
two modules allows covering research topics on a large variety of materials, from soft-biological matter to 
solid-state science. The present contribution focuses on selected user’s applications, mostly focusing on 
polymer characterization and cultural heritage analysis at the nanoscale, highlighting the advantages 
guaranteed by the synergism of micro-scale analysis and nano-analytical approach.  

To strengthen the integration of the present spectroscopy and microscopy programs with the nano-
opportunities offered by SISSI-Nano and by nano-resolved X-ray imaging approaches is the program that 
will be pursued for SISSI-Bio at Elettra 2.0, the brand-new storage ring with very low emittance namely the 
upgrade of Elettra synchrotron facility under-construction. 
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SNOM uses metallic coated tips to acquire subwavelength information on complex samples. Conductive 

AFM techniques have been a standard feature of AFM toolbox enabling measurements with picoampere 

current sensitivity. We now demonstrate the correlation of both of these features in a new CAFM Neaspec 

module. The presented technique in which topographic, SNOM, and Current maps are correlated, brings to 

light the underlying properties of the inspected sample. We demonstrate a sample of Pt nanoparticles 

embedded in a thin silica matrix. Using this configuration, we are able to determine the cases in which a Pt 

nanoparticle serves as a tunneling junction or not. We can also resolve fault cases in which pinholes in the 

silica give out a false signal and determine the quality of the isolating oxide, useful for device 

characterization.   

Furthermore, by working in this double tunneling junction structure we show that the neaspec setup is 

stable and sensitive enough for the detection of single-electron tunneling events. We show that such 

capabilities that are standard for tunneling microscopes can now be correlated with optical spectroscopy 

and supply valuable information on the electronic properties of complex samples.   
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All-dielectric nanophotonics is a rapidly developing field that employs high-index low-loss dielectric 
materials to boost light–matter interactions at the nanoscale. This is owing to their potential in achieving 
low-loss optical responses and the coexistence of strong enhancement of electric and magnetic fields, 
which are absent in their plasmonic counterparts. Transition-metal dichalcogenides (TMDCs) have been 
utilized for high-index dielectric Mie nanoresonators in the visible to near-infrared spectral range due to 
their high in-plane and out-of-plane optical anisotropy, excitonic effect, and high-index properties. 
However, high-index materials for mid-infrared (MIR) nanophotonics are still highly sought after. Here, it is 
shown that PtSe2, a group-10 TMDC, could support dielectric waveguide modes in MIR despite its 
semimetallic nature. It is revealed that PtSe2 optically acts as a dielectric material with a high refractive 
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index of ≈5 and a low extinction coefficient in the MIR region. The value is among the highest in the low-
loss TMDCs and mainstream dielectric materials. A comprehensive sample-edge-orientation dependent 
nanoimaging together with spectroscopic nanoimaging characterization of the PtSe2 allows the extraction 
of the dispersion relations of the modes, from which the velocity parameters could be determined. This 
work paves the way for high-performance MIR devices via high-index PtSe2-based nanostructures. 
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Dynamic changes in protein structure at single-molecule level can provide crucial information about its 
response to environment, mechanisms and possible malfunctions. Polarization-sensitive interferometric 
scattering microscopy (iSCAT) combined with home-built Raman spectrometer allows to probe molecular 
structure from diffraction limited spot. Raman spectra originating from single-molecule typically show high-
speed intensity fluctuations. Imaging and tracking of plasmonic nanoparticles as small as 2 nm or single 
unlabeled proteins can be achieved by iSCAT at a high temporal and spatial resolution. This technique 
allows to separate substrate and molecule contributions to Raman spectra. Additionally, precise spatial 
characterization of hotspot is required, which is done by atomic force microscopy. 

- Bio and Medical Applications  
- Plasmonic Applications 
- Emerging Applications 
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Infrared (IR) microscopy and spectroscopy, while being sensitive to the samples’ chemical composition, 

suffer from poor lateral resolution due to diffraction. Therefore, imaging of the cellular inner structure in 

the IR range of the electromagnetic spectrum proves to be challenging. An approach to overcome this 

limitation is by using scattering-type near-field optical microscopy (sSNOM) and nano-Fourier transform 

infrared (nanoFTIR) spectroscopy, achieved by combining the high spatial resolution of atomic force 

microscopy (AFM) and the chemical sensitivity of IR absorption. We were able to resolve the subcellular 

structure of C. reinhardtii and assign the IR absorption of various organelles to molecular vibrations with 

spatial resolution of 20 nm. For instance, this allowed to resolve the microtubular structure of the algal 

flagellum. The necessity and power of chemical imaging was demonstrated by scanning the nuclear area, 

where several nuclear bodies were distinguished in the sSNOM images while remaining hidden in the AFM 

topography. Finally, a stack of sSNOM images, obtained by sequential scanning of serial sections, was used 

to reconstruct a three-dimensional image. Thus, we demonstrate that sSNOM tomography allows 

visualizing three-dimensional intracellular structures at nanometer resolution where the contrast 

originates from molecular vibrations of chemical bonds. 
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Dielectric Loaded Surface Plasmon Polariton (DLSPP) waveguides are one of many ways to confine light to 
sub-wavelength volumes. In the past, these waveguide types have been shown to provide a toolkit for 
simulating condensed matter lattice systems. The coupled mode theory, describing the field evolution in a 
waveguide array, is mathematically equivalent to the tight binding model, describing the temporal 
evolution of electrons in a crystal lattice. Thus, it is possible to simulate the electron hopping in a one 
dimensional crystal lattice by a one dimensional waveguide array. With this in mind, many condensed 
matter phenomena described by theory can be probed and investigated more easily and efficiently 
compared to analogous condensed matter systems. For example the SSH model, Anderson localization and 
topologically protected edge states can be realized and studied with this method.   

Typically, in our group these investigations are performed with leakage radiation microscopy (LRM). 
However, LRM is a far-field imaging method, meaning that part of the information, e.g. the local phase, is 
lost along the way. A more sophisticated approach is the direct near-field investigation. This can be done 
with a near-field optical microscope, enabling higher precision imaging and full recovery of phase 
information. Nevertheless, this advantage comes at the cost of significantly longer measurement times 
compared to LRM. Hence, from a pragmatic point of view, it is best to combine both methods to yield 
reliable and rich results. 

We report on measurements of single and coupled DLSPP waveguides with our scanning near-field optical 
microscope (s-SNOM) and LRM. The measurements are performed on double purpose samples, which can 
be used both in the s-SNOM and LRM. We were able observe the periodic exchange of field between two 
coupled waveguides, and the effective mode index extracted from the phase information of the near-field 
measurements is in good agreement with theory. In fig. 1 an example measurement of two coupled DLSPP 
is shown. 

 

Fig. 1: Real-part of the z-component of the electric field measured by the s-SNOM and an AFM height profile showing 
the waveguide and grating coupler geometry. The waveguide is excited from below with a near-infrared laser (970nm) 
fixed on the grating coupler with horizontal polarization. The measurement shows the simultaneous excitation and 
propagation of SPPs and a waveguide mode in each waveguide. The field in and around the two waveguides shows an 
oscillatory behavior owing to a periodic exchange between the two. 
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In scattering-type scanning near-field optical microscopy (s-SNOM), the diffraction-limited 
background is filtered from the scattered optical signal by use of the high-order demodulation 
technique. In a pump-probe approach, pulsed laser sources enable time-resolved measurements with fs 
resolution. However, the use of a lock-in approach to demodulate the signal 
at harmonics of the AFM tapping frequency nΩ establishes a strict lower bound on the laser 
repetition rate. Here, we present quadrature-assisted discrete (quad) demodulation, circum- 
venting this constraint by measuring the optical signals as well as the modulation phases for 
individual pulses. This approach is fully compatible with established methods for background 
and noise suppression, e.g. pseudo-heterodyne (pshet) and balanced detection. 

A quad demodulation routine is outlined for self-homodyne (shd) and pshet detection. Measurements in 
these schemes are in agreement with results obtained by standard lock-in based 
methods. This is shown through a comparison of retraction curves and images on a SiO2/Si 
test grating. In addition to time resolution, kHz class laser sources introduce a broad experimental toolkit 
based on nonlinear optics such as optical parametric amplifiers (OPAs), sum 
frequency generation (SFG), and white light generation. This is illustrated by SNOM images 
of WS2 layers on a SiO2/Si substrate at different wavelengths, on and off resonance of the 
WS2 A-exciton. Establishing pshet SNOM at kHz repetition rates paves the way towards 
time-resolved SNOM and nano-spectroscopy. 

  

mailto:philipp.schwendke@hu-berlin.de


 

 
74 

 

P33 

Twist-tunable polaritonic nanoresonators 

O. G. Matveeva1†, A. I. F. Tresguerres-Mata2†*, R. V. Kirtaev1, K. V. Voronin1, J. Taboada-
Gutiérrez2,3, C. Lanza-García2, J. Duan2,3, J. Martín-Sánchez2,3, V. S. Volkov1,4, P. Alonso-

González2,3*, A. Y. Nikitin5,6* 

1 Center for Photonics and 2D Materials, Moscow Institute of Physics and Technology, Dolgoprudny 141700, Russia 
2 Department of Physics, University of Oviedo, Oviedo 33006, Spain 

3 Center of Research on Nanomaterials and Nanotechnology, CINN (CSIC-Universidad de Oviedo), El Entrego, Spain. 
4 GrapheneTek, Skolkovo Innovation Center, Moscow 143026, Russia. 

5 Donostia International Physics Center (DIPC), Donostia/San Sebastián 20018, Spain 
6 IKERBASQUE, Basque Foundation for Science, Bilbao 48013, Spain. 

*Contact Email: anaiftresguerresmata@uniovi.es, pabloalonso@uniovi.es, alexey@dipc.org 
† These authors contributed equally to this work. 

Optical nanoresonators are fundamental building blocks in a number of nanotechnology applications (e.g. 
in spectroscopy) due to their ability to efficiently confine light at the nanoscale. Recently, nanoresonators 
based on the excitation of phonon polaritons (PhPs) – light coupled to lattice vibrations– in polar crystals 
(e.g. SiC, or h-BN) have attracted much attention due to their strong field confinement, high-quality factors, 
and potential to enhance the photonic density of states at mid-infrared (IR) frequencies. Here, we go one 
step further by introducing PhPs nanoresonators that not only exhibit these extraordinary properties but 
also incorporate a new degree of freedom: twist tuning, i.e. the possibility to be spectrally controlled by a 
simple rotation. To that end, we both take advantage of the low-loss in-plane hyperbolic propagation of 

PhPs in the van der Waals crystal -MoO3, and realize a dielectric engineering of a pristine -MoO3 slab 
placed on top of metal ribbon grating, which preserves the high quality of the polaritonic resonances. By 

simply rotating the  -MoO3 slab in the plane (from 0 to 45°), we demonstrate by far- and near-field 
measurements that the narrow polaritonic resonances (with quality factors Q up to 200) can be tuned in a 
broad range (up to 32 cm-1, i.e up to ~ 6 times its full width at half maximum, FWHM ~ 5 cm-1). Our results 
open the door to the development of tunable low-loss nanotechnologies at IR frequencies with application 
in sensing, emission, or photodetection. 
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The recent discovery of phonon polaritons (PhPs) -hybrid light-matter excitations- in van der Waals 
crystals [1] with hyperbolic dispersion, such as h-BN [2], α-MoO3 [3], and α-V2O5 [4], have provided unique 
material platforms to study optical phenomena within strongly anisotropic natural media. Particularly, 
refraction between isotropic media is characterized by light bending towards the normal to the boundary 
when passing from a low- to a high-refractive-index medium. However, refraction is a much more exotic 
phenomenon in anisotropic media. The general case of refraction between two anisotropic (hyperbolic) 
media remains unexplored, particularly in natural media and at the nanoscale. 

Here we provide a theoretical understanding of the refraction phenomena in hyperbolic media supported 
by full-wave numerical simulations. In addition, we perform the first nanoscale visualization of anomalous 
refraction of in-plane hyperbolic phonon polaritons (HPhPs) by using a scattering-type SNOM Neaspec 
system, and develops the first refractive hyperlens for polaritons at the nanoscale. To do so, we use 
nanoscale-confined PhPs in a low-loss medium: the natural van der Waals α-MoO3 material [5-7]. 
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Polaritons -hybrid light-matter excitations- play a crucial role in fundamental and applied sciences, as they 
enable control of light on the nanoscale [1]. The recent emergence of low-loss van der Waals (vdW) 
materials opens the door to achieving anisotropic optical phenomena owing to their layered crystal 
structure, which leads to an intrinsic and strong out-of-plane (perpendicular to the layers) optical 
anisotropy. A prominent example is given by hyperbolic phonon polaritons (PhPs) -infrared light coupled 
to lattice vibrations in layered polar materials- in hexagonal boron nitride (h-BN) [2], which exhibit long 
lifetimes, ultra-slow propagation and hyper-lensing effects. Only recently, PhPs with in-plane hyperbolic 
dispersion, a key requirement for on-chip planar optical circuitry, have been demonstrated in natural slabs 
of α-phase molybdenum trioxide (α-MoO3) [3] and vanadium pentaoxide (α-V2O5) [4].  

In this work, we demonstrate focusing of infrared ray-like hyperbolic PhPs into deep subwavelength focal 
spots along the surface of α-MoO3 crystals by using metal antennas with an optimized design. Specifically, 
field confinement is achieved in focal spots with a size of λp/4.5=λ0/50 (λp is the polariton wavelength and 
λ0 is the photon wavelength in free space). Moreover, the achievable focal distance in in-plane hyperbolic 
α-MoO3 can be tuned to values well below the diffraction limit in in-plane isotropic materials, along with a 
better performance in terms of near field confinement and optical absorption. Our findings set the grounds 
for planar polaritonic technologies at the nanoscale [5].  
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Chemical degradation in ambient conditions is a drawback in materials research that can be overcome using 
gloveboxes filled with inert gases like N2 and/or Ar. Therefore, the inert atmosphere, which eliminates the 
presence of O2 and H2O, opens the possibility of studying air-sensitive materials in a unique way. 
In this work we describe the implementation of the neaspec scattering-type scanning near-field optical 
microscope inside a glovebox, located in the National Graphene Institute of the University of Manchester. 
The system is a powerful tool focused on the research of 2D materials and 2D chemistry in an inert 
environment. Air sensitive 2D materials for fundamental research include black phosphorus, perovskites, 
transition metal dichalcogenides and post-transition metal chalcogenides, all of them of great interest due 
to their unique electrical, optical, and chemical properties.  
The system comprises nano-FTIR spectroscopy from 5 to 15 µm and nano-Raman/PL with an excitation 
wavelength of 532 nm for nano-imaging and nano-spectroscopy with nanoscale resolution. Additional 
inputs in the glovebox will also allow to apply an electrical bias in the samples to perform electrical 
measurements and a microfluidic design to perform 2D chemistry experiments. 
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The local characterization of few-nanometer thin poly(ethylene oxide) (PEO) films and underlying 
polydopamine (PDA) anchoring layer using mid-infrared spectroscopic nanoscopy is reported. The local 
spectra of the regions in the PEO films could be fitted with the aid of theoretic modeling to assess the 
content of the present conformers and their orientation, which confirmed the spontaneous formation of a 
crystalline phase. While the formation of crystalline regions in PEO layers had been previously observed by 
AFM, until now it was not possible to assess the presence or absence of PEO chains in the valley regions, 
which are depleted from polymer due to rearrangement of the chains during crystallization. Using nano-
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FTIR spectroscopy, we have directly identified the presence of PEO in the valley region distinguishing from 
underlying PDA layer. 
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Metal–support interactions have been widely utilized for optimizing the catalytic reactivity of oxide-
supported Au nanoparticles. Optimized reactivity was mainly detected with small (1–5 nm) oxide-
supported Au nanoparticles and correlated to highly reactive sites at the oxide–metal interface. However, 
catalytically active sites are not necessarily restricted to the interface but reside as well on the Au surface. 
Uncovering the interconnection between reactive sites located at the interface and those situated at the 
metal surface is of crucial importance for understanding the reaction mechanism on Au nanoparticles. 
Herein, high-spatial-resolution IR nanospectroscopy measurements were conducted to map the localized 
reactivity in hydrogenation reactions on oxide-supported Au particles while using nitro-functionalized 
ligands as probes molecules. Comparative analysis of the reactivity pattern on single particles supported 
on various oxides revealed that oxide-dependent reactivity enhancement was not limited to the oxide–
metal interface but was detected throughout the Au particle, leading to site-independent reactivity. These 
results indicate that reactive Au sites on both the oxide–metal interface and metal surface can activate the 
nitro groups toward hydrogenation reactions. The observed influence of oxide support (TiO2 > SiO2 > Al2O3) 
on the overall reactivity pattern specified that hydrogen dissociation occurred at the oxide–metal interface, 
followed by highly efficient intraparticle hydrogen atom diffusion to the interior parts of the Au particle. In 
contrast to Au particles, the oxide–metal interface had only a minor impact on the reactivity of supported 
Pt particles in which hydrogen dissociation and nitro group reduction were effectively activated on Pt sites. 
Single-particle measurements provided insights into the relative reactivity pattern of oxide-supported Au 
particles, revealing that the less-reactive Au metal sites can activate hydrogenation reactions in the 
presence of hydrogen atoms that diffuse from the Au/oxide boundary. 
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We present the mid-infrared (MIR) optical spectroscopy, in both far and near-field of well-known 
topological insulators, Bismuth selenide (Bi2Se3) and Bismuth telluride (Bi2Te3). Far-field FTIR measurement 
along with a combination of Lorentz and Drude oscillator models, revealed that the materials were of high-
index in the MIR optical regime. Far-field single-particle spectroscopy of nanobeams (NBs) of Bi2Se3 showed 
that, the unpolarized extinction spectra is decomposed of distinct TE and TM polarized resonant response. 
Hyperspectral nano-FTIR near-field measurements enabled by an a-SNOM and a broadband IR laser source, 
provided both amplitude and phase information of z-polarized resonant modes. We experimentally 
demonstrate that these modes exhibit 2π phase shift across the resonance, for NBs placed on Au 
substrates. We also present near-field imaging and nanospectroscopy measurements of Bi2Te3 MIR 
resonators. 2D near-field imaging of the structures reveal the electric field distributions of the resonance 
modes. FDTD simulations further support our experimental results demonstrating a good match compared 
to predictions. 
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Monitoring of nanoparticles (NPs) in air and aquatic environments is an unmet challenge accentuated by 
the rising exposure to anthropogenic or engineered NPs. The inherent heterogeneity in size, shape, and the 
stabilizing shell of NPs makes their selective recognition a daunting task. Thus far, only a few technologies 
have shown promise in detecting NPs; however, they are cumbersome, costly, and insensitive to the NPs 
morphology or composition. Herein, we apply an approach termed nanoparticle-imprinted matrices 
(NAIM), which is based on creating voids in a thin layer by imprinting NPs followed by their removal. The 
NAIM was formed on an interdigitated electrode (IDE) and used for the size-selective detection of silica 
NPs. Three- and 5-fold increases in capacitance were observed for the reuptake of NPs with similar 
diameter, compared to smaller or larger NPs, in air and liquid phase, respectively. Characterization efforts 
of the imprinted cavities by AFM-IR were done to understand the influence of the NP-Matrix interaction on 
the cavity formation. En masse, the proposed approach lays the foundation for the emergence of field-
effective, inexpensive, real-life applicable sensors that will allow online monitoring of NPs in air and liquids 
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The Solaris Advanced InfraRed beamline (SOLAIR) is currently under construction. The large radiation 
extraction from a bending magnet will allow to collect a very wide wavelength range (0.4 - 500 µm), covering 
the near (NIR), mid (MIR) and the far (FIR) infrared spectral range. The extraction of infrared radiation from 
synchrotron radiation will be achieved using, a flat and slotted mirror (M1), which will be located inside the 
dipole chamber located at the bending magnet in storage ring. Figure 1 shows the distribution of infrared 
radiation intensity for two wavelengths: 10 μm (1000 cm-1) and 200 μm (50 cm-1) after M1.  
 

 
Figure 1. Diagram of the optical system of M1 to M6 mirrors (A) for the extraction of infrared radiation in the Solaris 
synchrotron with beam cross-sections behind the M1 (B) mirror and after the M6 mirror (C).  

 
The presentation will showcase the current status of the project along with the expected IR beam 
parameters. It will also highlight microscopic techniques (FT-IR, s-SNOM and PTIR) planned to be used at 
the beamline with potential applications. 
 
Keywords: IR imaging, synchrotron radiation, biomedical samples 
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Quantum dot molecules are considered potential building blocks for photonic computing devices and are 
currently being studied for use as sensors. Their tight spatial confinement paired with the ability to separate 
charges allows them to host long-lived stable excitonic states, which in turn exhibit high sensitivity to 
minute changes in the local crystal environment. Developing these structures into sensors for electric, 
magnetic and strain fields and forces requires precise control of energy states and detailed understanding 
of the mechanisms involved in decoherence and linewidth broadening. Topics include:  

• Controlling excitonic states in quantum dot molecules  
• Linewidth broadening mechanisms  
• Quantum-enhanced sensing  
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Presence of off-pathway nanostructurally formed fibrillar assemblies leads to appearance of several 
neurodegenerative diseases. In this context, several model peptides are employed to not only understand 
the fibrillogenic assembly, but also to engineer new nano biomaterials. GNNQQNY as a short fragment of 
yeast protein was used to evaluate deriving forces as consequences of preparation method and presence 
of two different surfaces (mica, silicon dioxide). Using atomic force microscopy (AFM), various species such 
as sheet-like, attached protofibrillar, protofilaments, and microcrystals were detected while incubating in 
bulk solution. Incubation of DMSO-dissolved peptide solution on mica decelerated fibrillization significantly 
compared to solution. In addition, deposition of water-dissolved peptide on mica showed formation of 
longer attached protofibrils along with few fibrils at longer incubation times. Silicon dioxide (SiO2) showed 
that fibrillization process was prolonged and also hindered upon changing the pH. Furthermore, growing 
curved tip of protofibrils may be regarded as following the crystalline structure of mica, which may be 
indicative of layer-by-layer assembly and overcoming the electrostatic interactions by hydrogen binding as 
a main driving force in self-assembly.   
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Neurodegenerative diseases with accompanying abnormal aggregation of proteins pose one of the most 
serious health and social problems in the world today. The major histopathological hallmark of 
neurodegeneration involved in Alzheimer’s disease is the presence extra-neuronal amyloid-β (Aβ) plaques 
in the neocortex. Despite a plethora of scientific efforts, Alzheimer’s disease and other neurodegenerative 
disorders remain incurable. A better understanding of abnormal protein aggregation and influence of drugs 
on the molecular structure of amyloids can determine strategies for the early treatment of diseases.  

Due to the high heterogeneity of the amyloid samples containing globular oligomers, immature protofibrils, 
mature fibrils, small aggregates such as dimers and tetramers, as well as non-aggregated peptides, until 
now it was not possible to determine the secondary structure of individual aggregates and therefore to 
follow single steps of the conformational transition upon amyloid aggregation. Another important aspect 
that was not revealed due to methodological limitations is an interaction between individual aggregates 
and anti-aggregation agents.   

We applied molecular nanospectroscopy in research on the influence of aggregation suppressors on the 
secondary structure of amyloid-β aggregates. In this case, nano-FTIR and sSNOM imaging enabled the 
qualitative detection of the effect of bexarotene on the structure of amyloid-β fibrils at the nanoscale. The 
nano-FTIR spectra were treated with multivariate data analysis algorithms, specifically HCA and PCA, in 
order to reveal spectral markers of drug-induced structural rearrangements. Such a multimodal approach 
enabled to follow the interaction between small molecule, bexarotene, and aggregating amyloid-β. 

These studies extend existing knowledge about the understanding the effects of extrinsic factors on the 
aggregation process at the molecular level. Such research is essential for future developing effective 
therapeutic strategies aimed at inhibiting self-assembly. 
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In the last two years the impact of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) made 
us realize that there is a need to understand the viruses and bacteria (pathogens) from a molecular level. 
Fourier transform infrared spectroscopy (FTIR) at the nanoscale has the potential to uncover the 
biochemical properties of viruses without labelling techniques by utilizing the vibrational signature. We 
highlight our first results where we could detect SARS-CoV-2 using IR- scattering-type scanning near-field 
optical microscope (s-SNOM) and atomic force microscopy (AFM). In addition to topographic information 
(from AFM), quantum cascade laser (QCL) illumination was used to perform the localization of protein 
bands (α-helix 1650 cm-1, β-sheet 1630 cm-1) which could be related to the bulk and membrane protein 
present in the virus. Furthermore, we also detect the presence of nucleic acid (1075 cm-1) and lipid (1710 
cm-1) distribution in the virus. Qualitatively the protein features were dominant, while lipids were sparsely 
distributed in the entire virus. Overall, our preliminary IR-s-SNOM gives an approximation of the proteins, 
nucleic acid, and lipid distributions in the single virus particles. Furthermore, nano-FTIR spectroscopy could 
be used to obtain the biochemical signature of the viral components. Altogether our first results show that 
nano level IR spectroscopy can be used to investigate the biochemical and structural properties of single 
SARS-CoV-2. In the next steps, we aim to create a multi-modal platform using nano-IR and tip-enhanced 
Raman spectroscopy, to study infectious disease models by spectroscopic means to provide a biochemically 
specific spectral diagnosis of viruses and bacteria.   
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