
 

  





 

FOREWORD 

We are glad to announce and host the 10th edition of International Workshop on Infrared 

Microscopy and Spectroscopy with Accelerator Based Sources – WIRMS 2019. 

Promoted by the Brazilian Synchrotron Light Laboratory (LNLS/CNPEM), the WIRMS 2019 

will be held in Brazil from the 23rd to 27th of September 2019. During the first day schedule 

– 23rd of September – it is included a visit tour to Sirius, the brand new brazilian synchrotron 

light source. The workshop will highlight the latest advances in infrared spectroscopy and 

imaging inside synchrotron and free electron laser facilities. 

The event will gather around 100 participants including infrared spectroscopy experts in 

several modalities such as ultra-resolved chemical imaging, vibrational analysis at extreme 

environments, THz spectroscopy, new infrared sources and detectors, time-resolved 

chemical analysis, infrared spectral-tomography among others. 

In an overwhelming environment that mixes tropical rainforest, rocks and beautiful beaches, 

we expect WIRMS 2019 to be a great occasion for connecting ideas and for discussing future 

perspectives of the community in the context of new light sources, including the arrival of 

4th generation storage rings. 

We look forward to welcoming you to Brazil in September! 

Local Organizing Committee 
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ACCELERATOR BASED INFRARED SOURCES  

AND DETECTOR SATURATION 

Y. Ikemoto1*, H. Zen2 

1Japan Synchrotron Radiation Institute (JASRI), SPring-8, 679-5198, Hyogo, Japan;  
2Kyoto University, Institute of Advanced Energy, 611-0011, Kyoto, Japan. 

*ikemoto@spring8.or.jp 

In order to perform various investigations by infrared synchrotron radiation, infrared detectors are 
important as well as source characteristics. In the next generation low emittance synchrotron plans, it 
is hard to expect that the infrared light becomes stronger than the current status. Therefore, detector 
systems become more important. In this study, characteristics of detector saturation are investigated 
by infrared synchrotron radiation (IR-SR) at infrared beamline BL43IR in SPring-8 and infrared free 
electron laser (IR-FEL) at KU-FEL in Kyoto University. HgCdTe (MCT) detector is an infrared 
semiconductor detector, which is most frequently used for mid-infrared spectroscopy measurements. 
A high sensitivity and a high response speed are the prominent features of MCT detector. However, 
the linearity is not good and the saturation causes serious problems to infrared spectra. The electron 
energy and the storage ring current of SPring-8 are 8 GeV and 100 mA, respectively. The Photon flux 
of the infrared light at SPring-8 is not higher than that at the other facilities. The problem of detector 
saturation, however, is serious. A photoconductive MCT detector mounted on BRUKER 
HYPERION2000 was used to evaluate the saturation. SPring-8 has eight types of bunch modes. The 
time structures are different in each bunch mode. We find that the detector saturation causes a 
decrease of the signal intensity and a deterioration of the signal-to-noise ratio, and degree of the 
saturation depends on the bunch mode. In order to exclude the time structure parameters and 
investigate the saturation effect in detail, we used IR-FEL. The macro pulse time width is about 2 
microseconds at KU-FEL, that is similar to 
the train part duration time of IR-SR at 
SPring-8. Fig. 1 shows output voltage of 
photoconductive MCT detectors. The IR-FEL 
beam was split into two and they were 
injected into two detectors, MCT-1 and MCT-
2. The intensity of the light into MCT-2 was 
enough low not to saturate. The intensity of 
the light into MCT-1 was increased from (a) 
to (c). The curve (a) shows a linear 
dependence, which means the detector is 
not saturated. The curve (b) has a flat part at 
the high voltage region, which is a typical 
saturation behavior. The injected intensity of 
the curve (c) is the highest among three, but 
the output voltage is found to be suppressed 
than that of (b). At the deep saturation 
condition, care must be taken in the analysis 
of the signal intensity. In order to reveal the 
mechanism of the saturation, we also 
observed response curves at various 
injection intensities and pre-amp gains using 
photoconductive and photovoltaic MCT 
detectors. Based on the results, appropriate 

use of MCT detector will be discussed. 

Keywords: infrared synchrotron radiation, infrared free electron laser, HgCdTe detector, 

saturation 

  

 

Fig. 1 Output voltage of MCT detector at various intensities 

of the light. 
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INFRARED SYNCHROTRON RADIATION WITH 2020 VISION 

G.L. Carr 

National Synchrotron Light Source II, Brookhaven Nat'l Laboratory, Upton, NY 11973 USA  
carr@bnl.gov 

This presentation will survey our current understanding of infrared synchrotron radiation sources 
and beamline designs, using the 1st infrared beamline at NSLS-II as an example. Aspects of 
source dimension, waveguide cutoff effects and motivation for the overall optical design will be 
discussed, along with performance results (including coherent emission during normal 
accelerator operations at 400 mA). While infrared spectromicroscopy remains the dominant 
measurement method, other techniques continue to develop and evolve, placing additional 
demands on the source as well as detectors. A particular example is near-field infrared 
nanospectroscopy for spanning the far-infrared spectral region where a ~1 MHz response 
bandwidth is needed to match harmonics of the AFM oscillation frequency. The potential for fast 
bolometers with custom long-pass filters will be described.  

Acknowledgements:  

This work supported by the U.S. Dep’t, of Energy through contracts DE-SC0012704 at NSLS-II. 

Keywords: IR sources, detectors, facility developments 
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MATERIAL SCIENCE USING THz-FEL 

A. Irizawa1*, S. Suga1, T. Nagashima2, A. Higashiya2, M. Hashida3,  
S. Sakabe3, T. Kawasaki4, K. Tsukiyama4 

1The Institute of Scientific and Industrial Research, Osaka University, 8-1 Mihogaoka, Ibaraki, Osaka 567-
0047, Japan; 2Setsunan University, 17-8 Ikedanaka-machi, Neyagawa, Osaka 572-8508, Japan; 3Graduate 

School of Science, Kyoto University, Kyoto, 6110011 Japan; 4IR Free Electron Laser Research Center, 

Tokyo University of Science, 2641 Yamazaki, Noda, Chiba 278-8510, Japan. 
*irizawa@sanken.osaka-u.ac.jp 

The free electron laser in the terahertz region (THz-FEL) at the Institute of Scientific and 
Industrial Research (ISIR) in Osaka University is based on the stimulated radiation from 
compressed high-energy electron pulses. The natures of FEL are, short pulse, high intensity, 
variable wavelength, monochromatic, polarization, and coherency in time and space. THz 
and/or FIR is the electromagnetic wave locating on the boundary between radio waves and 
photons. It behaves as a high-frequency oscillating electric field and also as low-energy photons 
against for the electrons in materials. Thus, the THz-FEL can be used not only as a brilliant 
probe light source for spectroscopy but also as a pump light source that enables novel 
excitations in materials. Recently, nonlinear interactions between semiconductors and the 
intense THz wave from FEL (frequency: 2.5-7.5 THz, electric field: >3 MV/cm) have been 
investigated [1]. Under irradiation of focused THz-FEL, a periodic structure so called LIPSS was 
observed on the surface of semiconductor Si as an irreversible phenomenon. The periodicity of 
LIPSS by THz-FEL is ~1/25 of the wavelength, which is small enough to exceed the diffraction 
limit. A scaling law was found between the LIPSS periodicity and the pulse number, which also 
might be seen in case of LIPSSs with other materials, by other wavelengths (e.g. NIR). These 
results possibly be understood in a framework of self-organized criticality phenomena shown in 
nonequilibrium open system [2]. As another irradiation experiments, we will touch in the talk 
about a remarkable performance in processing of biomolecular aggregate structure. 

References: 

[1] A. Irizawa, S. Suga, T. Nagashima, A. Higashiya, M. Hashida, and S. Sakabe, Appl. Phys. Lett. 111, 
251602 (2017). 
[2] N. Gregoire and I. Prigogine, Self-Organization in Nonequilibrium Systems (Wiley, New York, 1977), Vol. 
191977. 
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discussions. Prof. A. Maecelli, Prof. S. Lupi, and Prof. S. Dabagov have encouraged us through the 
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Keywords: FEL, THz, FIR, nonlinear  
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MID-IR GENERATION BASED ON DIFFERENCE FREQUENCY 

GENERATION (DFG) AND FEMTOSECOND FIBER LASER SYSTEMS 

Carsten Cleff*, Peter Adel, Marc Fischer, and Ronald Holzwarth 

Menlo Systems GmbH, Am Klopferspitz 19a, D-52152 Martiensried, Germany 
*c.cleff@menlosystems.com 

Difference frequency generation-based laser systems provide great flexibility for applications in 
infrared microscopy and spectroscopy. In contrast to light generation in an active laser medium, the 
DFG process is not limited to specific wavelength ranges [1, 2]. Thus, DFG systems can provide 
access to a large spectral domain starting in the near infrared and extending to THz radiation. 
Furthermore, DFG systems can operate at low repetition rates of a few kHz as well as at high repetition 
rates of several hundreds of MHz, or even GHz. Depending on the pump laser system and nonlinear 
crystals used, DFG systems can provide output power levels of hundreds of mW and narrow spectral 
bandwidths of a few wavenumbers as well as a large spectral bandwidth of hundreds of wavenumbers 
[1, 2]. Additionally, the DFG process inherently generates carrier envelope offset frequency free 
radiation (fceo=0) providing easy access to vibrational spectroscopy with extremely high precision. 
Here, we present multiple system designs for DFG-based offset-free MID-IR laser systems in the 
3 - 15 µm range. Our system designs utilize two-color femtosecond fiber laser systems based on 
Menlo Systems’ highly reliable and low noise figure 9TM laser technology. Starting with either an Yb-
based or Er-based fiber laser system, we use frequency shifting in nonlinear fibers to generate a 
second wavelength output between 1 µm and 2.2 µm, which is overlapped with the fundamental 
wavelength for DFG generation in different nonlinear crystals. Menlo Systems’ DFG system designs 
can cover various repetition rates, output power levels, and spectral bandwidths for MID-IR radiation 
(see Figure 1). We demonstrate MID-IR generation between 3 µm and 15 µm with output power levels 
of up to 200 mW and spectral bandwidths between 40 cm-1 and 400 cm-1 with repetition rates between 
100 MHz and 250 MHz. The presented DFG systems are versatile tools for infrared microscopy and 
spectroscopy. Furthermore, Menlo Systems’ offset-free DFG systems allow to increase precision and 
simplify detection without requiring an FTIR spectrometer when used in a dual-comb configuration [3]. 

  

Figure 1: Wavelength range, output power levels, and spectral bandwidths covered by Menlo Systems’ DFG 

sources.  

References:  

[1] G. Sobon et al., Opt. Letters 42(9), 1748-1751 (2017). 
[2] C. Gaida et al., Light: Science & Applications 7(94), 1-8 (2018). 
[3] F. Keilmann, C. Gohle, and R. Holzwarth, Opt. Letters 29(13), 1542-1544 (2004) 

Keywords: difference-frequency-generation, laser, fiber-laser, ultra-short pulses 
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PROGRESS OF MID AND FAR IR BEAMLINES  

AT CANADIAN LIGHT SOURCE 

Tim May*, S. Rosendahl, B. Billinghurst 

Canadian Light Source, University of Saskatchewan, 44 Innovation Blvd., Saskatoon, Canada. 
*tim.may@lightsource.ca 

Since the 2017 WIRMS at Diamond, the CLS Infrared beamlines have been progressing despite all 
odds. The year 2018 saw operations cut in half when the ring shut down due to electron gun problems, 
and most of the first half of 2019 for extended maintenance. Despite this, several improvements 
occurred. Notable for the Mid IR were installation of a dedicated horizontal ATR microscope interface 
on the beamline along with an improved PID control on the Active Optics chicane, and enclosure of 
the Mid IR hutch. A new Agilent spectrometer and Cary 620 microscope with FPA and a new IRSweep 
QCL IR spectrometer were installed offline. The Far IR most notably hired a new Associate Scientist 
with a high-pressure science background. The Diamond Anvil Cell microscope had objective/viewing 
and sample stages motorized and a gas pressure filling station purchased to expand condensed phase 
work. We installed a new QMC detector and cryostat with closed-cycle helium cooler to good effect. 
This provides a TES Bolometer for 5-600 cm-1 and a Ge:Cu for 300-1300 cm-1 ranges. A new layout 
of the Mid IR optics is developing with optics for the Far IR started. This will employ the minimum 
divergence optics for wide aperture ports of T. Moreno’s design [1,2]. These will apply to both the 
current and a new ring. An emerging vision of a next-generation ring has motivated work on possible 
methods for extracting IR from a new ring. A concept is being explored we call “Gentle Bends”. It 
utilizes a long-radius bending chicane in a straight section of the ring. It can provide a long wavelength 
source but is complex with multiple edge sources overlapping and extracting the light from the small 
ring chamber. Many different ring and port parameters need to be determined to see which approach 
works best for either optics upgrades on the current ring or a future low-emittance lattice ala NSLSII, 
Soleil, Sirius etc. The Canadian IR Community interest in the new ring has to guide these new 
developments. 

 

Figure 1: Concept of new “front end” for the Mid IR beam port. Four added mirrors shape the beam after M1 
for minimum divergence. Beam is constrained to go through existing tunnel in shield wall. 

References: 

[1] T. Moreno, J. Synchrotron Radiation 22, 1163 (2015). 
[2] T. Moreno, J. Synchrotron Radiation 24, 386 (2017). 
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SRIR UNLIMITED 

Ferenc Borondics 

SOLEIL Synchrotron, BP48, L'Orme des Merisiers, 91192 Gif sur Yvette Cedex, France. 
ferenc.borondics@synchrotrons-soleil.fr 

Infrared spectromicroscopy has been a well-established technique for many decades and still, 
it doesn’t fail to bring new surprises. The variety of techniques, accessing information both 
above and beyond the diffraction limit is ever-growing and combined with new generation 
accelerator sources it offers the possibility of the highest quality data. In this talk, I will cover 
recent development at the SMIS beamline of the SOLEIL synchrotron focusing on new 
developments, new challenges, and future plans. 
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TERAHERTZ COHERENT SYNCHROTRON RADIATION: RECENT 

RESULTS ON HIGH REPETITION-RATE MEASUREMENTS AND 
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Coherent synchrotron radiation (CSR) occurs when small structures are formed inside an 
electron bunch, as the result of either the so-called microbunching instability, or short bunch 
operation. CSR is known as an intense source of terahertz radiation, with an interesting potential 
in user applications. However, specificities of the sources still required dedicated work in order 
to understand and master the dynamics of the emission. Here we present recent results 
obtained at SOLEIL, on ultrafast measurements, modeling [1] and control. In particular, we will 
show how new techniques (time-stretch) potentially allow time-domain spectroscopy to be 
performed in single-shot at high (multi-MHz) repetition rates. We will also show how feedback 
strategies inspired from chaos control enables to suppress the so-called microbunching 
instability, thus opening the way to stable CSR sources in a broad range of operation modes.  
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THE TERAFERMI BEAMLINE AS A POWERFUL TOOL FOR 

NONLINEAR STUDIES ON DIRAC MATERIALS  
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TeraFERMI is the THz beamline of the FERMI Free Electron Laser. The beamline is based on 
a Coherent Transition Radiation source providing intense and broadband THz pulses in the 
MV/cm range. These fields are used to achieve THz control of matter and to push materials well 
into their nonlinear regime. A class of materials particularly studied at TeraFERMI is that of 
topological insulators. Thanks to their Dirac massless carriers, topological insulators show 
nonlinear THz behavior, similarly to the case of graphene. I will discuss in this presentation our 
most recent results on the THz control of plasmons in the Bi2Se3 topological insulator, and more 
in general, on the study of quantum materials with THz synchrotron sources. 
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AMPLITUDE TUNING AND PROPAGATION MODULATION OF 

HYPERBOLIC PLASMON PHONON POLARITONS IN GRAPHENE-HBN 
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Subwavelength polaritons are an important topic in Nanophotonics of van der Waals materials. 
Here we present a study of the hybrid hyperbolic plasmon-phonon polaritons (HP3) in the 
graphene-hexagonal Boron Nitride (G-hBN) heterostructure using synchrotron infrared 
nanospectroscopy (SINS). By electric gating and by engineered micro-structured metasurfaces 
(air-Au patterned substrate), we establish control of the amplitude of HP3 modes. It is shown 
that the amplitude depends on the interaction between mid-infrared plasmons of graphene and 
Au with discrete hyperbolic phonon-polaritons (HPhP) of the hBN. Such effect is described by a 
Fano model (eq. 1). Regulation of polaritonic flow is demonstrated in the vicinity of air-Au in-
plane heterointerface. In this region, there is an abrupt discontinuity of the dielectric permittivity, 
i.e. transition from air to Au, leading to momenta mismatch of polaritons. Hence, in-plane 
polaritonic waves travelling from air to Au present a higher reflection coefficient that waves 
propagating in the opposite directions (Au to air). The asymmetry in reflection/transmission 
features unprecedented HP3 anisotropic regulation of the flow of polariton waves [1]. The impact 
of our findings will be relevant for designing novel nanophotonic devices using polaritons as 
information carriers. 
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Molecular orientation in polymeric and composite materials can play a significant role in overall 
mechanical performance and chemical properties. Infrared absorption by specific functional groups 
occurs preferentially when the electric vector of the probing beam is aligned with the dipole oscillation 
corresponding to the absorbing frequency and can therefore be used to gain information on the 
molecular orientation of selected molecules. The team at the Tokyo Institute of Technology has 

developed a method whereby the dipole orientation angle ( ) for each pixel of a hyper-spectral image 

can be determined from Eq. 1, where 𝐴1,2,3,4
 are absorbances at the four polarisation azimuths 

separated by /4 [1]. The dipole orientation angle and strength are then plotted as “vectors” over each 
pixel within the spectral map, enabling the visualisation of molecular orientation. We have applied this 
method in the analysis of molecular re-orientation in silk fibres [2] and in the study of the effects of 
additives to poly-lactic acid (PLA) composite materials. Figure 1 shows an example of the orientation 
vector map of spherulites formed in a PLA solvent cast film, showing the absorption strength (colour) 
and dipole orientation (vector line) for the C=O absorption at 1759 cm-1. More recently, the method 
has also been applied to reveal molecular orientation inside the micro-domains of the paracetamol 
form II, which has a better water solubility and compressibility compared to the commercially used 
forms I [3], and to analyse polymeric patterns using focal plane array IR detectors [4]. 

 

Figure 1: (A) Polarised light image and (B) the correponding polarisation vector map of PLA spherulites, 
showing direction and strength of dipole orientation for each pixel of the absorbance map.  
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Measuring the transport kinetics of small molecules across membranes in living cells is 
important for both biology and medicine, for evaluating pharmacokinetics or for optimizing 
intracellular drug delivery. Many methods (fluorescent labeling and radiolabeling) and models 
(cellular, vesicular or artificial lipid bilayers) have been developed. Single cell methods give 
information not attainable with population wide studies. We evaluated the use of rhenium-tris-
carbonyl (Re(CO)3) infrared active probes that show absorption in the IR transparent windows 
of the cells coupled with synchrotron IR microspectroscopy in a microfluidic device. In the past 
few years, we have developed these probes to perform static evaluations of the accumulation 
and distribution of several biomolecules (lipids, peptides, polysaccharides) in various cells and 
tissues by synchrotron IR microspectroscopy at the single cell level and at subcellular resolution. 
Monitoring the kinetic of the cellular uptake in living cells is even more challenging, since water 
necessary for live cell measurements absorbs strongly infrared radiations. Considerations of 
detection threshold, measurement speed, and signal to noise ratio can also be limiting factors. 
We showed that using an in-house microfluidic device compatible with synchrotron infrared 
microspectroscopy, it was possible to monitor the uptake of 2 medium-chain alkanes (C8H17 and 
C12H25) tagged with Re(CO)3 in single, fully-hydrated, living MDA-MB231 cells over the course 
of several hours. High cell survival rates were observed with a live/dead fluorescent test. Strong 
variations in the penetration kinetics were observed between individual cells. The Re(CO)3 
tagged molecules were detected at milli-absorbance unit and shown to enter the cell on the hour 
time scale. The kinetic data were fitted to Hill and Fick diffusion models and were best fitted by 
the Hill model suggesting that active transport could be the primary cell penetration mechanism.  
The use of synchrotron radiation source allowed for relatively fast measurements at subcellular 
resolution and high signal to noise ratio. However, only one single cell could be measured for 
each run resulting in limited statistical significance. FPA imaging could potentially be used to 
measure statistically relevant numbers of cells while still providing single cell resolution. FPA 
detectors being inherently slower than conventional MCT detectors would be of limited use for 
fast kinetics. Coupling of a synchrotron radiation source and a FPA detector could allow 
measuring fast kinetics over a large number of cells simultaneously.  
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REAL-TIME SYNCHROTRON-BASED FTIR SPECTROMICROSCOPY OF 
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Electrotaxis is an important cellular function for translocation during many cellular and 
developmental processes, such as wound healing, tumor cell metastasis, or tissue 
development. Current imaging approaches of studying signal transduction during electrotaxis 
often requires fluorescent tags. Here we present an experimental platform combining 
synchrotron infrared spectromicroscopy and a novel microfluidic electrotaxis chamber to allow 
label-free infrared spectroscopy study of live-cell electrotaxis in well-defined direct-current 
electric fields (dcEFs). We demonstrated that this novel approach enables us to measure the 
evolution of multiple molecular signaling events at sub-cellular resolutions, simultaneously, in 
live human corneal epithelial cells during their early response to dcEFs. Spatio-temporarily 
resolved spectra revealed both gradations of asymmetric patterns of protein phosphorylation 
and lipid-phase modification with an EF-guided directional preference, providing new insights 
into multi-molecular coordination during cellular signal transduction. We anticipate this powerful 
multiplex and label-free method will provide new opportunities and perspectives in 
understanding complex biological processes. 
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SESAME is the only synchrotron light facility in the Middle East. It aims at promoting advanced 
research capabilities and technology within its Members, and considered as the region’s bridge 
to peace and mutual understanding. Current Members are Cyprus, Egypt, Iran, Israel, Jordan, 
Pakistan, Palestine and Turkey. Whereas, Brazil, Canada, China, the European Union, France, 
Germany, Greece, Italy, Japan, Kuwait, Portugal, the Russian Federation, Spain, Sweden, 
Switzerland, the United Kingdom and the United States are the Observers. SESAME came into 
operation by the year 2016 with its first operational beamline (XAFS/XRF) hosting users in 2017. 
In the context of beamlines selection of the potential end stations at SESAME, infrared 
microspectroscopy was identified as one of the most demanded techniques as shown by various 
scientific communities. It is the first new designed beamline at SESAME realized in collaboration 
with the French Synchrotron, SOLEIL. The IR beamline came into operation late 2018. As the 
WIRMS workshop is considered one of the most important meetings concerning the IR 
spectroscopy and imaging in synchrotron radiation facilities, it will be an excellent opportunity to 
present the current status and progress of the SESAME IR beamline in such a relevant meeting 
with many experts in the field. Some examples of SESAME Users’ first experiments together 
with the future opportunities will be presented. 
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SISSI (Synchrotron Infrared Source for Spectroscopy and Imaging) is the Infrared spectroscopy 
and microscopy beamline at Elettra, open to users since 2006 and jointly managed by Elettra 
(SISSI-Chemical and Life Sciences branch, SISSI-Bio) and IOM-CNR (SISSSI-Material 
Science, SISSI-Mat). During the years of operation, the beamline had host users covering a 
large variety of scientific fields, including surface and material science, cellular biology, and 
cultural heritage, among the others.  

At SISSI-Bio, the user community requests become more and more challenging in recent years, 
and they drove beamline changes in both instrumentation and sampling approaches. In 2018, 
a new optical coupling at low-vacuum for the two branches has been implemented at SISSI, that 
will allow the simultaneous operation of the two branches and at the same time cleared an IRSR 
port for a new end- station. In January 2019, an IR s-SNOM from NeaSpec GmbH has been 
installed, and it is now operational with broadband DFG laser, while the coupling with IRSR is 
planned for the end on 2019. The beamline upgrade will be presented, along with selected 
examples highlighting the potentiality of multiscale FTIR analysis, from macro to nanoscale, in 
the fields of biology and cultural heritage.  

For what it concerns sampling methodologies, it will be presented the latest results obtained in 
the optimization of a new type of liquid cells, suitable for both ambient-pressure and in-vacuum 
measurements of biological specimens, made by confining in a controlled way ultrathin water 
layers by few-layers graphene [1]. And furthermore, after that, the implementation of a tomo-IR 
setup and suitable algorithms for the analysis of totally natural tannin rigid foams, viable 
alternative to petrol- derived thermo-insulating materials [2], will be introduced. 
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HIGH-RESOLUTION CHEMICAL MAPPING OF SINGLE CELLS 

Jitraporn (Pimm) Vongsvivut1*, D. Pérez-Guaita2, B. R. Wood2, P. Heraud2, K. 
Khambatta3, D. Hartnell3, M. J. Hackett3, M. J. Tobin1 

1Infrared Microspectroscopy (IRM) Beamline, Australian Synchrotron, 800 Blackburn Road, Clayton, Victoria 
3168, Australia; 2Centre for Biospectroscopy, Monash University, Clayton, Victoria 3168, Australia; 3Curtin 
Institute for Functional Molecules and Interfaces, School of Molecular and Life Sciences, Curtin University, 

GPO Box U1987, Perth, Western Australia 6845, Australia. 
*jitrapov@ansto.gov.au 

Attenuated total reflection Fourier transform infrared (ATR-FTIR) spectroscopy has been used widely 
for probing the molecular properties of materials. Coupling a synchrotron infrared (IR) beam to an ATR 
element using a high numerical aperture (NA) microscope objective enhances the spatial resolution, 
relative to transmission or transflectance microspectroscopy, by a factor proportional to the refractive 
index (n) of the ATR element. This work presents the development of the synchrotron macro ATR-
FTIR microspectroscopy at Australian Synchrotron Infrared Microspectroscopy (IRM) Beamline, and 
demonstrates that high quality FTIR chemical maps of single cells and tissues can be achieved at an 
enhanced spatial resolution [1]. The so-called “hybrid” macro ATR-FTIR device was developed by 
modifying the cantilever arm of a standard Bruker macro ATR-FTIR unit to accept germanium (Ge) 
ATR elements with different facet sizes (i.e. 1 mm, 250 µm and 100 µm in diameter) suitable for 
different types of sample surfaces (Figure 1). We demonstrated the capability of the technique for 
high-resolution single cell analysis of malaria-infected red blood cells, individual neurons in a brain 
tissue and cellular structures of a Eucalyptus leaf. The ability to measure a range of samples from soft 
membranes to hard cell wall structures demonstrates the potential of the technique for high-resolution 
chemical mapping across a broad range of applications in biology, medicine, environmental science 
and more.  
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Infrared (IR) Imaging can be used for fast, accurate and non-destructive pathology recognition 
of biopsies when supported by machine learning algorithms. Transflection mode of 
measurements is the most probable one to be translated into the clinic due to economic reasons 
of large-scale imaging with expensive transmissive substrates (CaF2, BaF2). A typical procedure 
after collection of a biopsy from the patient is embedding the sample within paraffin wax. This 
has an impact on sample optical properties on one hand minimizes scattering, but on the other 
increases interference (so called Electric Field Standing Wave effect) and distorting spectra, by 
creating a flat, thin film. Moreover, interference has been shown to be more prominent in a 
coherent IR source, such as Quantum Cascade Laser (QCL) [2] and is expected to be also high 
using a synchrotron source. The question, whether lower scattering but higher interference in a 
paraffin-embedded sample will provide better spectral quality over dewaxed sample, with higher 
scattering and lower interference, remains open. In this work we will investigate this aspect by 
evaluating classification performance of a Random Forest classification of two tissue types 
(pancreas, esophagus) measured in transmission/transflection, FT-IR vs two QCL microscopes 
and with and without paraffin.  
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Near-field scanning optical microscopy circumvents the diffraction limit known from classical optics and provides diffraction 
unlimited spatial resolution. Among those techniques infrared (IR) scattering-type scanning near-field optical microscopy (s-
SNOM) has become a powerful imaging and spectroscopy tool. Ultra-broadband synchrotron radiation from the Metrology Light 
Source (MLS) provides IR-radiation suited for performing nano-FTIR spectroscopy [1]. However, for many applications nano-
imaging of soft matter or quantum materials requires hyperspectral imaging, resulting in a large number of spectral data sets 
and therefore long acquisition time. Here we will present results from applying novel computational imaging methods to the s-
SNOM for enhanced spatio-spectral imaging speed.  

(1) In the application of compressed sensing (CS), this provides improvement in the spatio-spectral acquisition time by reducing 
the number of sampling points to 1/9th [2]. Fig. 1(a) and (b) show the principle of CS: The measured interferogram (a) and its 
Fourier transform (b) are shown in blue. CS is demonstrated by randomly selecting a much reduced number of points of the 
interferometer positions. CS is able to reconstruct from this limited set of measurements the complete interferogram (red curve). 
The saved measurement time may be used to increase the integration time for each of the measurements, thereby increasing 
the signal-to-noise ratio. 

(2) For light sources with intermediate 
bandwidth an approach involving shifting 
the spectroscopic carrier frequency into 
the rotating frame also reduces the 
number of data points required [3]. This 
approach complements CS s-SNOM, yet 
is fully deterministic and still Nyquist 
limited and particularly advantageous for 
limited bandwidth and broad vibrational 
resonances as typically encountered in 
biological systems. We show the result 
of this novel approach in Fig. 1(c) and (d) 
where, by transforming into the rotating 
frame of the carrier frequency in 
combination with utilizing prior 
knowledge of the vibrational resonances 
to be probed, IR excitation spectrum, 
and other general sample 
characteristics, we are able to accelerate 
IR s-SNOM data collection by more than 
10-fold for each spatial and spectral 
dimension. We apply this to chemical 
nano-imaging of protein sheets which 
reveals multi-scale spatial 
heterogeneities in the prismatic region in 
oyster shells. Rotating frame s-SNOM 
(rot-s-SNOM) is particularly powerful for 
chemical nano-imaging of systems with 
broad resonances (~50 cm-1) as is 
common in biological materials.  
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Figure 1: (a) Interferogram of measured (red), randomly sampled (black dots) 
and CS reconstructed (blue) data, in (b) the corresponding spectra. (c) 
Conventional (red) interferogram with Laser envelope (black) and sub-
sampled (blue) data points for use in rotating frame. (d) Spectral response of 
rotated data for conventional (red) and subsampled (blue) case. 
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I will discuss recent work from the Liu group to elucidate the nature of electronic phase 
transitions in strongly correlated and heavy fermion systems VO2, Ca2RuO4, and Sm1-xYxS [1-
3]. These studies rely on a combination of nano-FTIR and s-SNOM imaging to acquire the 
knowledge necessary to both answer open questions in long-studied materials and to explore 
potential device applications. In VO2/TiO2 (110)R thin films, substrate patterning causes the local 
strain environment and intrinsic phase separation lengths compete, enabling selective control 
of the anisotropy, metallic phase fraction, and transition temperature without sacrificing VO2 film 
quality [1]. This understanding of the VO2/TiO2 interface could pave the way for improved opto-
electronic devices. In marked contrast to the filamentary metallization typical of oxides, the 
Ca2RuO4 phase boundary exhibits spontaneous orientation-dependent metal-insulator 
microstripes when the transition is electrically induced [2]. The comparably low currents required 
to electrically switch Ca2RuO4 make this an appealing material for energy-efficient devices. In 
Sm1-xYxS single crystals, manipulation of the nanoscale strain environment and phase diagram 
allows independent control of two plasmonic resonances (visible and IR) in a particular sample; 
enabling creation of a novel dual-band metamaterial [3]. I will relate the critical importance of 
nano-FTIR and s-SNOM imaging for understanding electronic phase separation, and also 
discuss the benefits of a multimodal approach to materials characterization. 
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The development of near-field infrared techniques has enabled infrared analysis to surpass the 
diffraction-limit and probe chemical and physical heterogeneities at the nanoscale. In one such 
technique, called infrared scanning near-field optical microscopy (IR s-SNOM), IR light is 
focused onto and scattered by an atomic force microscope (AFM) tip, and detected 
interferometrically in the far-field with an IR detector. When combined with the broad bandwidth, 
spatial coherence, and high brightness of synchrotron infrared radiation, IR s-SNOM enables 
vibrational spectroscopy spanning the infrared region with a wavelength-independent spatial 
resolution equivalent to the tip-apex radius, which is typically less than 25 nm. The Advanced 
Light Source (ALS) at Lawrence Berkeley National Laboratory operates two of these 
synchrotron infrared nanospectroscopy (SINS) instruments that are available for general users 
to address fundamental questions that can only be answered with a chemically selective 
nanoscopic probe. In this talk, I will describe the technical aspects of the SINS technique and 
highlight representative examples of the rapidly growing range of applications in physics, 
chemistry, biology, materials science, geology, and atmospheric and space sciences. While 
most of the applications to date have been measured under ambient conditions in the mid-IR, 
many in situ / in operando measurements require additional environmental control (i.e. variable 
cryogenic temperatures, gas/vacuum, liquids) and/or increased spectral range in the far- and 
near- IR that push the current boundaries of our instruments and technique. I will describe efforts 
at the ALS to address some of these challenges and offer perspectives for the future of SINS.  
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In the family of functional oxide materials one interesting system is the interface between SrTiO3 
and LaAlO3 (LAO/STO), which are large-bandgap insulators in their bulk state: combining the 
two insulating materials gives rise to a confined and highly conductive two-dimensional electron 
gas (2DEG) close to the interface [1], if the number of LAO unit cells is larger than three. This 
2DEG exhibits remarkable properties such as superconductivity and gate tunability, and 
displays the possibility for future transistor applications. However, its investigation was thus far 
limited to non-local methods, that average over larger areas. 

Here, scanning near-field optical microscopy (SNOM) in a nano-FTIR setup is used in 
conjunction with synchrotron radiation to obtain nanoscale IR spectra of LAO/STO interfaces in 
the range of their near-field phonon resonances, as the local electronic properties of complex 
oxides can be quantified by exploiting plasmon-phonon coupling [2]. 

Interestingly, both LAO and STO exhibit near-field phonon resonances in the spectral region of 
interest, leading to a non-trivial scattering spectrum that strongly depends on the number of LAO 
unit cells deposited on top. Additionally, growth strain and confinement effects of these ultra-
thin films need to be taken into account, as their dielectric function deviates significantly from 
the bulk case [3]. 

The SNOM spectral response of different samples was predicted by using a combination of the 
transfer matrix method and the finite dipole model [4] and systematically compared to 
synchrotron nano-FTIR measurements. As a result, local electronic properties of the interfacial 
2DEG could be extracted quantitatively, enabling the possibility of its nanoscale lateral mapping 
in the future. 

References: 

[1] A. Ohtomo et al., Nature 427, 423 (2004). 
[2] M. Lewin et al., Adv. Funct. Mater. 28, 1802834 (2018). 
[3] K. L. Kostov et al., Phys. Rev. B 94, 075438 (2016). 
[4] B. Hauer et al., Optics Express 20, 13173 (2012). 

Keywords: two-dimensional electron gas, LAO/STO, nano-FTIR, ultrathin-layer phonons 

 

  



 
Nanoscale resolved synchrotron IR analysis 

  

IR AND THz NEAR-FIELD NANO-IMAGING AND  

NANO-SPECTROSCOPY OF CORRELATED ELECTRON MATERIALS 

Mengkun Liu 

Stony Brook University, Stony Brook, NY, USA. 
mengkun.liu@stonybrook.edu 

Over the past decade, optical near-field techniques, especially the scattering-type scanning 
near-field optical microscope (s-SNOM), have undergone tremendous development. This is 
partly due to the ever-increasing demand for the exploration of the nano-world and partly due to 
the many technical advances in laser and scanning probe technologies. I will use this 
opportunity to report the recent advances in the IR and THz near-field microscopy and 
spectroscopy technology and discuss their applications in complex correlated electron 
materials. I will also report on how to extract complex dielectric constants from near-field 
experiments and discuss the future development of s-SNOM including the cryogenic capabilities 
and its coupling to ultrafast pump-probe spectroscopy. These new developments set the stage 
for future spectroscopic investigations to access the fundamental properties of complex 
materials at the nanoscale. 
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 IR NEAR-FIELD NANOSCOPY AND NANOSPECTROSCOPY 
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Scattering-type scanning near-field optical microscopy (s-SNOM) and nanoscale Fourier 

transform infrared spectroscopy (nano-FTIR) open a new era in modern nanoanalytics, 

including the chemical identification of organic and inorganic materials, protein secondary 

structure mapping, free-carrier profiling in semiconductors, or mapping of plasmon polaritons in 

2D materials such as graphene, 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 or a synchrotron. 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 and IR hyperspectral nanoimaging. In this talk, recent 

developments, trends and applications in materials sciences and nanophotonics will be 

discussed.  
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Scattering-type scanning near-field optical microscopy (s-SNOM) has become a key technology 
to study the chemical composition of organic materials at the nanoscale. This AFM-based 
technology exploits the strong confinement of light at the end of a sharp, metallic AFM tip to 
generate a nanoscale optical hotspot at the sample surface. Importantly, the amplitude and 
phase of the light within the optical hotspot correlates with the absorption and reflectivity 
properties of the sample directly below the tip.  

With the development of Fourier transform infrared spectroscopy on the nanoscale (nano-FTIR) 
and hyperspectral nano-spectroscopy, we have successfully extended s-SNOM towards a 
complete spectroscopic analysis tool that is capable of analyzing complex polymer 
nanostructures with <10 nanometer precision. With tremendous nanoscale sensitivity, the nano-
FTIR spectroscopy enables not only nano-chemical identification and to explore local 
distribution of polymer blends but it also offers information about local orientation of polymer 
chains in crystalline organic semiconductors and in polymer monolayers. Various examples of 
s-SNOM measurements on different polymer and biomaterial samples will be presented.  

 

Figure 1: Imaging of a 10 nm thin PEO monolayer at 1123 cm-1 (asy. C-O-C stretching) shows self-assembled 
nanostructures and areas of different material thickness. High contrast absorption images allow to clearly 
distinguish between mono- and bilayer film areas. 
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We advertise scattering-type scanning near-field infrared nanoscopy (s-SNIM) in the spectral range of 
75 to 1.3 THz [1], using the narrow-band free-electron laser FELBE at the Helmholtz-Zentrum 
Dresden-Rossendorf (HZDR), Germany [2], for illumination (see Fig. 1). When combining s-SNIM with 

FELBE, we demonstrate the -independent optical resolution of a few 10 nm only, by exploring 
structured Au samples [1], meta-materials [3,4], nanowires [5], minerals [6] and ferroic phase-
transitions [7,8] down to LHe temperatures [7-9]. Notably, the intense radiation pulses from FELBE 
enable investigations of non-linear effects and optically excited samples on the nanometer scale [5]. 
Moreover, HZDR recently extended the wavelength range down to 100 GHz radiation employing the 
novel super-radiant TELBE light source [10,11]. We are adapting our s-SNIM to this TELBE photon 
source as well, aiming for equally high spatial resolution as with FELBE. The unique combination of 
infrared-to-THz spectroscopy and microscopy with a resolution of a few 10 nm enables near-field 
probing of polaritons based on plasmons, phonons, cooper pairs, and magnons, which dominate the 
materials’ optical response in this frequency regime and with that enable the fundamental 
characterization of light-matter interaction down to nanometer and molecular length scales.  

 

Figure 1: Near-field microscopy and spectroscopy utilizing the infrared-to-THz free-electron laser FELBE. 
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Plasmonics as a separate branch of nanophotonics has recently attracted intensive attention 
driven by both emerging applications with strong interaction between light and free electrons. 
Plasmonics also allow breaking the diffraction limit to confine light into subwavelength volumes 
with high field enhancements. In general, the investigation of these effects requires the use of 
scattering-scanning near field optical microscopy (s-SNOM), since its probe bridges the 
momentum mismatch between free-space excitation and high-momenta polaritons. For 
instance, s-SNOM can be used to launch and map the interference fringes of propagative 
surface plasmon polaritons (SPPs) in graphene. In this context, with the rise of graphene, new 
scientific and technological opportunities are appearing for optoelectronics and photonics 
applications, i.e. highly doped graphene is a promising plasmonic material to operate in the mid-
infrared and terahertz (THz) spectral window. Here, we describe and present propagating 
graphene plasmons atop of atomically flat Talc substrates in the real space using synchrotron 
infrared nano-spectroscopy (SINS)1. Our observation demonstrates remarkably strong light 
confinement, in situ gate tunability and relatively low intrinsic losses. All these phenomena are 
directly attributed to its two-dimensionality and its unique band structure. Moreover, we show 
that the graphene dispersion relation is indeed modified due to substrate phonons polaritons, 
with extra modes appearing caused by the strong coupling between Graphene-plasmons and 
Talc-phonons2 (plasmon-phonon coupling). Our comparison between the model and the 
experimental data shows clear evidence of splitting of the plasmon dispersion due to the 
hybridization of the graphene-plasmon mode with Talc-phonons polaritons. Therefore, we 
demonstrate a new 2D platform for studies of plasmonics phenomena. 
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Since the first demonstration of broadband resonance-enhanced AFM-IR with Synchrotron 
Radiation at the MIRIAM beamline of Diamond in 2016 [1], the nanospectroscopy system has 
undergone significant technical developments and has been available to users in 
commissioning mode since January 2018. Continuous FTIR spectra are achieved with useful 
signal-to-noise in the 4000 – 800 wavenumber region at around 0.5 micron spatial resolution, 
limited by thermal diffusion and the modulation frequency of the SR beam, for soft materials like 
single biological cells and polymers [2]. A summary of recent results will be presented. Obtaining 
good quality data at rates required for IR nanoimaging, or for thin samples below a few hundred 
nm remains challenging in the current, normal incidence/bottom illumination geometry (shown 
in the figure) and investigations into the signal and noise performances will be discussed in 
comparison with theoretical expectations. Finally, planned future development of the instrument 
will be outlined. Optics adaptations will push towards theoretical performances and allow routine 
top or bottom illumination. A novel fast optical chopper, planned for implementation in autumn 
2019, will allow access to higher cantilever resonances up to 200 kHz for higher spatial 
resolution, reduced thermal noise and greater spectral bandwidth below 500 wavenumbers.  
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Lead-based organic-inorganic hybrid perovskites (OIHP) materials have dramatically changed 
the photovoltaic scenario with power conversion efficiencies (PCE) over 20% [1] in only six 
years. Despite this rapid development, stability issues related to ion mobility and/or organic 
depletion, structural changes and segregation under operating and illumination conditions still 
hinder their real-world scale application. At room temperature, the presence of moisture (> 50% 
RH) leads to an irreversible degradation of the perovskite, where the main product is lead iodide 
(and lead bromide in mixed halide perovskites) [2]. Degradation has direct impact on the power 
conversion efficiency of OIHP solar cells. Despite degradation mechanisms being normally 
expressed as a bulk property, they are more likely to take place in the scale of single grains and 
between their boundaries. The recent advances in efficiency attained by compositional 
engineering have enabled devices to operate with improved stability [3]. However, the question 
on how the different structural phases are distributed in the structure, influencing the structural-
optical properties and device’s performance is still open. Hence, the development of analytical 
tools for accessing the grain-to-grain OIHP chemistry is of great relevance. Here, we employed 
synchrotron infrared nanospectroscopy (nano-FTIR) to map individual nanograins in OIHP films. 
Our results reveal a spatial heterogeneity of the vibrational activity associated to the nanoscale 
chemical diversity of isolated grains. For the first time, it was possible to map the chemistry of 
individual grains in CsFAMA (Cs0.05FA0.79MA0.16Pb(I0.83Br0.17)3) and FAMA 
(FA0.83MA0.17Pb(I0.83Br0.17)3) films, providing information on their local composition. In association 
with synchrotron x-ray diffraction investigations of fresh and degraded samples, the nanograins 
with stronger nano-FTIR activity in CsFAMA and FAMA films could be assigned to PbI2 and 
hexagonal polytypes phases, respectively. We observe that despite the narrow morphological 
dispersion of the grained film, specific grains feature such stronger vibrational activity, 
associated to degraded grains, in clear contrast to the homogeneous overall response of the 
cubic black phase perovskite. The analysis herein can be extended to any OIHP films where 
organic cation depletion/accumulation can be used as a chemical label to study composition. 
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Nanocomposites formed by metal-organic frameworks (MOFs) embedded into biocompatible polymer 
matrices are an emergent new class of pharmaceutically suitable carriers for sustained drug release. 
Chemical transformations of MOFs during the release of the desired entrapped guest molecules are 
central to better understand ways of triggering and controlling the progressive release of these 
therapeutic agents. The microscopic understanding of the release of guest molecules from host 
frameworks is, generally, carried out using in vitro techniques (e.g. sample and separate, 
continuous flow, dialysis membranes)[1] that are primarily interested in fashioning the drug 
release kinetics. However, gaining deep comprehension of the drug release process requires 
observing and monitoring both chemical and physical changes in the drug-loaded samples. Even 
though the conventionally applied stepwise approaches allow understanding the drug release 
kinetics, it overlooks the ongoing transformation of the MOF chemical structure during the guest 
release process. These changes represent the key in correlating the guest-host interactions 
underpinning different triggered release strategies. To circumvent these limitations, herein we 
have applied an in situ strategy for the real time studying of the release of anti-cancer drug 5-FU 
from HKUST-1/PU membrane composites via Fourier transform infrared microspectroscopy 
(microFTIR) in Beamline B22 at the Diamond Light Source, (United Kingdom) [2,3]. Synchrotron 
irradiation allows in situ broadband measurements to be conducted in a less-than-a-minute 
timescale (per FTIR spectrum), and with a high signal-to-noise ratio, ideal for tracking the 
transformations of host framework through the evolution of vibrational bands. We performed 
microFTIR spectroscopy experiments in different fluid-cells (i.e. static and flow Harrick liquid cells) to 
examine the composites behavior to the molecular structure changes of the host-guest assembly 
during the dynamic release of the guest molecules. The study uniquely reveals that HKUST-1 creates 
hydrophilic “channels” within the polyurethane (PU) membrane allowing the slow release of the drug 
molecules. We found that the 5-FU molecules, encapsulated into HKUST-1 pores, covalently 
coordinated to the unsaturated copper site simultaneously interact with the carboxylate groups present 
in the organic linker. We have unraveled that the combination of the porous framework with the 
polymeric matrix is a promising strategy to overcome the “burst effect” [4] (fast release of the guest in 
large quantities within the first minutes), an outstanding limitation to the practical use of many porous 
host structures as drug delivery systems. 

References: 

[1] S. D’Souza, A Review of In Vitro Drug Release Test Methods for Nano-Sized Dosage Forms. Opt Express, 
2014. 22(24): p. 29304-13. 
[2] J. Doherty, et al., Live single cell analysis using synchrotron FTIR microspectroscopy: development of a 
simple dynamic flow system for prolonged sample viability. Analyst, 2019. 144(3): p. 997-1007. 
[3] H. M. Elsheikha, et al., Label-free characterization of biochemical changes within human cells under 
parasite attack using synchrotron based micro-FTIR. Analytical Methods, 2019. 
[4] X. Huang and C.S. Brazel, On the importance and mechanisms of burst release in matrix-controlled drug 
delivery systems. Journal of Controlled Release, 2001. 73(2-3): p. 121-36. 

Acknowledgements:  

The authors would like to FAPEMIG for a PhD scholarship award 

Keywords: microspectroscopy, metal-organic frameworks, nanocomposites.  



 
Nanoscale resolved synchrotron IR analysis 

  

RECENT INNOVATIONS IN NANOSCALE IR SPECTROSCOPY:  

A TUNABLE BROADBAND IR LASER SOURCE FOR  

NEAR-FIELD IMAGING AND SPECTROSCOPY 

Miriam Unger1*, Qichi Hu2, Honghua Yang2 

1Bruker Nano Surfaces Division, 76186 Karlsruhe, Germany; 2Bruker Nano Surfaces Division, Santa 
Barbara, CA 93117, USA. 

*miriam.unger@bruker.com 

The properties of chemically or structurally heterogeneous materials are often determined by 
intermolecular interactions over nanometer length scales. Measurement tools that can access 
these length scales with chemical specificity are thus highly desirable in understanding and 
engineering many advanced materials.  

Broadband infrared scattering scanning near-field optical microscopy (IR s-SNOM) is one of 
such technique that can perform chemical imaging and nanoFTIR spectroscopy with the desired 
spatial resolution and chemical specificity. Based on the scattering response of a sample 
coupled in the near-field to the plasmonic enhancement of a metalized scanning probe tip, IR s-
SNOM is broadly compatible with a variety of laser sources (like QCLs, broadband lasers etc.) 
and detection modalities.  

In the presentation we demonstrate an ultra-broadband (6 octave) nano spectroscopy platform 
by combining a high-power mid-IR OPO/DFG laser source with an IR s-SNOM system. Due to 
the architecture of the broadband laser source, it allows the unique combination to perform 200 
cm-1 broadband emission over a wavenumber range from 4000-670 cm-1 and 20 cm-1 
narrowband operation over the 2000-670 cm-1 wavenumber range. Apart from the quasi-cw 
operation of the broadband IR source which is required for s-SNOM measurements, additionally 
a triggered pulsed mode is available for photothermal AFM-IR investigations. Therefore, in terms 
of flexibility and tuning range the OPO/DFG laser source sets a new standard for the 
complementary nanoscale IR techniques, especially IR s-SNOM spectroscopy (nano-FTIR) and 
imaging and photothermal AFM-IR.  

In this context, we will also highlight the laser performance and will demonstrate its use on 
several samples which will achieve promising new insights in the understanding of a multitude 
of different materials.  
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Bypassing the diffraction limit of conventional limit of light, near-field microscopy has emerged 

as an invaluable tool for nanometer-resolved optical investigations of inhomogeneous materials. 

Recent instrumental developments have brought this technique to cryogenic temperatures 

(down to T=20K), a regime where quantum phase transitions such as the insulator-to-metal 

transition (IMT) can emerge among so-called correlated electron materials. Using external 

stimuli including temperature, strain, and even light, here I explore universal phenomenologies 

and the opportunities for nano-scale control over the IMT among representative correlated 

electron materials. I first reveal how spatial morphologies of insulator and metal domains provide 

clues to short-ranged interactions between coupled order parameters in the rare-earth nickelate 

NdNiO3, selectively driving the IMT at nanometer scales [1]. On the other hand, I demonstrate 

how long-ranged interactions with strain produce nano-textured percolation and growth of 

striped insulator and metal domains in thin films of the “canonical Mott insulator” V2O3 [2]. By 

tuning the energetic landscape controlling the transition, I demonstrate active manipulation of 

these textures through nano-imaging of the IMT in layered ruthenate single-crystals under in 

situ application of uniaxial strain and electrical current. Lastly, nano-imaging of an epitaxial 

manganite reveals how a unique combination of coupled order parameters and strain 

susceptibility create conditions for a metastable IMT both “activated” through optical excitation 

and “deactivated” through locally applied pressure [3]. These examples highlight the singular 

capabilities of infrared nano-imaging deployed at cryogenic temperatures, promising expansive 

opportunities for the future investigation of quantum phase transitions in correlated electron 

materials. 
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The TELBE Terahertz (THz) facility at Helmholtz-Zentrum Dresden-Rossendorf (HZDR) offers 
narrowband high-field high-repetition rate THz radiation for driving low-energy excitations in 
matter in the spectral region between 0.1 THz and 1.5 THz [1]. In combination with our pulse-
resolved data acquisition and the numerous available probing techniques based on table-top 
laser systems, we can resolve THz-driven dynamics with few 10 fs time resolution and high 
dynamic range of up to 120 dB [2]. This makes TELBE a unique facility for exploring low-energy 
THz excitations offering (resonant) access to a multitude of fundamental modes, e.g., lattice 
vibrations, molecular rotations, spin precession and the motion of free electrons [3]. Recently, 
we demonstrated THz high harmonic generation (HHG) in the model 2D material graphene [4]. 
Here, the ultrafast collective thermal response of free background electrons near the Dirac point 
[5] enables very efficient generation of harmonics in the technologically relevant THz frequency 
range. We further show that the underlying principle of the collective response can be 
generalized to other 2D and 3D Dirac materials, such as CdAs. The crucial role of doping in 
graphene can be exploited by, e.g. electrochemical gating, which allows tuning of the HHG 
efficiency by almost two orders of magnitude. The corresponding setup for phase-resolved 
nonlinear THz spectroscopy further enables a novel technique: Higgs spectroscopy, which 
offers new ways for understanding unconventional superconductivity. Using this technique, we 
recently discovered a new collective mode distinct from the heavily damped Higgs mode in 
different families of cuprates [6]. Our results establish Higgs spectroscopy as a new approach 
to uncover interactions directly relevant to superconductivity.  

In this contribution, I will also discuss experiments on the selective THz control of magnetic 
properties in a number of different materials [7], which is enabled by probing techniques, such 
as Faraday Rotation or MOKE, using the NIR and UV output from our table-top sources.  
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Transition Metal Dichalcogenides (TMDs) are a well-known class of layered materials with 
stoichiometry MX2, where M is a transition metal atom and X is a chalcogen element [1]. Among 
TMDs, molybdenum-based compounds with a 2H hexagonal lattice and semiconducting nature 
with bandgaps in the infrared region are of particular interest for a wide range of electronic and 
optoelectronic applications [2,3]. This stimulated several investigations pointing out the strong 
dependence of the electronic structure on the number of layers and on their interaction, as 
witnessed by an indirect to direct bandgap transition when the crystal sample is reduced down 
to monolayer [4,5]. The application of pressure, which mainly acts on the inter-layer distance, 
thus represent a powerful and clean tool to tune and study the electronic properties of these 
systems. 

Here, we report the infrared spectroscopic study of the electronic properties of bulk 2H-MoTe2 
under pressure up to about 20 GPa. Infrared transmission measurements have been performed 
from the far to the near infrared range at the synchrotron SOLEIL on the SMIS and AILES 
beamlines. The pressure dependence of the bandgap and the pressure-induced increase of the 
spectral weight in the far infrared range indicate that a semiconductor to insulator transition 
takes place at 13±1 GPa. This result is in well agreement with theoretical predictions based on 
the density functional theory [6]. We also propose a simple method based on the Drude model, 
which in the metallic phase associates the integral of the far-infrared absorption to the free 
electron density. This allows us to provide a semi-quantitative description of the slow pressure-
induced increase of the electron density that characterizes the metallization process in bulk 2H-
MoTe2. 

Finally, this study shows the importance of performing broadband infrared spectroscopy at high 
pressure at synchrotron facilities. For this reason, an upgrade of the high-pressure optical setup 
available the SMIS beamline is currently under commissioning. The main features of this 
upgraded setup are also presented. 
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Spectroscopic probes are among the most important techniques for characterizing new physical 
states induced by changes of temperature and/or pressure. In link with its high brightness and 
wide spectral coverage, synchrotron infrared radiation is ideally suited for such studies. The 
AILES beamline on the SOLEIL Synchrotron Light Source is an integrated facility for 
infrared/THz spectroscopy allowing to measure transmission or reflectivity from ambient to 
multi-megabar pressures and sub-Kelvin temperatures [1]. Materials analyzed include both 
inorganic and organic systems, where pressure effects on vibrational, electronic and magnetic 
excitations have been investigated. These investigations complement x-ray studies, Raman and 
transport measurements carried out on the same materials. An overview of recent examples will 
be presented, including:  

i) Low temperature studies of ultrathin layers materials, with superconducting transitions at sub-
kelvin temperatures.  

ii) Pressure induced superconducting materials, for which the low-frequency dynamics of record 
high temperature H3S compounds reveals the mechanism responsible for the superconducting 
transition [2].  
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Proton exchange membrane fuel cell (PEMFC) is a promising technology for powering 
automobiles and small portable electronics. One major challenge is to improve the proton-
conducting polymers that constitute the heart of the fuel cell, the membrane-electrode assembly. 
Antagonist properties are desired: thermal and mechanical stability on the one side, excellent 
proton conductivity on the other side. The current technical standard of choice for these 
materials is the family of polymers known as perfluorosulfonic acid (PFSA) ionomers, among 
them the benchmark material, Nafion [1]. Recently new original aromatic multi-blocs copolymers 
functionalized with the same ionic function as the one in Nafion have been synthetized [2,3]. 
The combination of the AILES beamline and the home-made hydration cell allow to perform in 
situ hydration sequences (hydration/dehydration including drying) of mesoporous samples, with 
real-time acquisition of FIR and MIR spectra. It has allowed to i) elucidate the mechanism of 
sulfonic acid ionization and concomitant hydronium ion formation, ii) establish the state and 
properties of adsorbed water molecules, iii) probe the existence of hydration thresholds related 
to the solvation of SO3-/H3O+ species and formation of a multi-connected H-bond network and 
iv) to highlight the mechanism which govern the proton conductivity. 
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Long observed anomalies in the reststrahlen region of reflectivity spectra of cubic ionic crystals 
cause the failure of the harmonic scenario and find clear explications in the multi-phonon 
scattering processes [1,2]. Indeed, anharmonic effects are responsible for the finiteness of the 
phonon linewidths as well as the temperature and pressure dependence of the phonon 
frequencies. The need of an advanced description of the normal modes multiphonon 
interactions is not only of fundamental interest but also has an impact on many physical 
macroscopic properties such as electric, thermal conductivity and thermoelectricity [3,4]. For 
these reasons, in the last two decades, theoretical and numerical tools have been dramatically 
improved and now require a combined approach with the experimental side to accomplish an 
effective confirmation[5,6]. These macroscopic quantities under investigation depend on the 
entire phonon spectrum and are sensitive to the approximations used in the ab-initio simulations 
and to the quality of individual samples, jeopardizing the possibility to draw easy comparison. 
Combined experimental techniques are required to probe the entire phonon dispersion: Raman 
and infrared spectroscopy at zero wavevector and neutron or x-ray scattering at finite 
wavevector. Despite the simplicity of cubic ionic crystal systems, they will allow to frame the 
problem and present practical advantages from both the theoretical and experimental 
standpoints: they require modest computational efforts, they present enhanced anharmonic 
effects, they dispose phonons as unique heat carriers, they have direct interest for geological 
sciences and technological applications. To our best knowledge, most of the results of this 
research field are based on numerical studies, few on experiments and even fewer on the 
combination of the two approaches[7,8]. Here we present a comprehensive study of the optical 
phonon dispersion in the whole Brillouin zone of MgO single crystal as a function of temperature 
and pression, by combining ab-initio calculations, synchrotron based IR reflectivity and inelastic 
x-ray scattering experiments. For the first time, the outcomes of experiments and numerical 
results are systematically compared for the determination of the anharmonic contribution to the 
normal modes energy and lifetime.  
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Over the past decade a number of infrared scanning probe techniques have matured, and new 
ones emerged, that can extend the spatial resolution of infrared spectroscopy into the 
nanometer regime. They take advantage of different contrast mechanisms, through the optical 
or mechanical response of a scanning probe tip under infrared resonant interaction with the 
sample. Specifically, near-field enhanced light scattering based on a tip-sample coupled 
polarization makes infrared scattering scanning near-field optical microscopy (IR s-SNOM) an 
all optical technique, providing the full optical response function of a material, and widely applied 
for the study of vibrational, phonon, polariton, and other low-energy excitations in molecules, 
2D materials, and quantum materials. In addition, associated with the resonant absorption of 
the sample a thermal expansion, even as small as picometers, gives rise to an opto-mechanical 
force response of the scanning probe tip in photo-thermal induced resonance (PTIR) or AFM-
IR, providing a direct measure of the nanoscale spectral absorption. In addition, albeit 
controversial, an optical gradient force between the tip and the sample was proposed as the 
underlying contrast in a method termed photo-induced force microscopy (PiFM). However, as 
the number of demonstrations and applications grew, showing in part impressive contrast, 
spatial resolution, and sensitivity, a in part confusing picture emerged with regards to the 
respective contrast mechanisms, notably in tip-force detection in PiFM and PTIR. In this talk we 
will compare and quantify the responses from the different techniques, applied to different 
sample systems and materials excitations, and based on their multimodal implementation in a 
single instrument. We will discuss possible cross-talk and super-position of the different signal 
channels and their sensitive dependence on AFM operation. We will conclude with a perspective 
for the optimization of the different techniques for different applications, their fundamental limits, 
and a proposal for a more general approach to the exploration of infrared nano-spectroscopy 
based on optical, opto-thermal, and opto-mechanical principles for the study of molecular, 
quantum, and bio-systems. 
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Broadband spectroscopy is antithetical to microscopy. This concept, articulated in the diffraction 
limits of Abbe and Rayleigh, has traditionally stood as the fundamental limiting factor of the 
imaging disciplines. For spectroscopy, this implies that the spatial resolution of a hyperspectral 
image is limited by the longest wavelength of the spectrum. While broadband spectroscopy has 
established itself as perhaps the most useful technique for chemical identification and analysis, 
the superior resolution of optical microscopy has allowed it to persist as the canonical technique 
in Biology and an invaluable tool in Materials Science, despite most interesting chemical 
information lying in the longer wavelength – lower resolution – infrared region of the spectrum. 
Here we present a novel technique to break the correspondence between wavelength and 
spatial resolution. Optically Super-resolved InfraRed Imaging micro-Spectroscopy (OSIRIS) 
permits the collection of fully broadband hyperspectral images at the maximum optical spatial 
resolution. Modulated long wavelength light is directed onto the sample, while a short 
wavelength probe beam senses the resultant modulation in local temperature. A spectrum is 
collected by varying the wavelength of the modulated light. Thus, OSIRIS constitutes the full 
generalization of color vision to full spectral bandwidth with spatial resolutions up to the 
maximum achievable with super-resolution and coherent microscopy (λprobe/4NA ≥ 70 nm). The 
non-contact nature of OSIRIS permits deep tomography and real-time imaging via multiplexing 
of the probe beam, while preserving the versatility and ease of use of optical microscopy. The 
impact of a mature OSIRIS microscope combining the versatility, speed, and spatial resolution 
of optical microscopy with the analytical power and chemical specificity of infrared spectroscopy 
cannot be understated.  

 

Figure 1: Study of olive oil droplets on a gold mirror, demonstrating how OSIRIS unifies microscopy and 
spectroscopy. 
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Both Infrared (IR) and Raman Spectroscopies are well established, relatively mature 
technologies and are typically present as separate stand-alone instruments in most laboratories, 
since each technique offers unique analytical capabilities with complimentary spectroscopic 
information. The recent advent of Optical Photothermal IR (O-PTIR), which has enabled for the 
first time, submicron infrared microscopy in reflection mode (far-field) providing “FTIR 
transmission-like” spectral quality, without the typical reflection spectral artefacts and distortions 
associated with traditional FTIR or other emerging QCL based IR microscopy systems. 

The fundamental basis for the technique, the “IR Photothermal Effect” is not new and has been 
exploited for decades with techniques such as PhotoAcoustic Spectroscopy (PAS) and more 
recently with AFM-IR (nano-IR). Where O-PTIR differs to these other Photothermal techniques 
is that it uses an optical (green laser) probe for detection, being analogous to the microphone 
in PAS and the AFM tip in AFM-IR. The use of this optical probe is the key enabling breakthrough 
in O-PTIR allowing for non-contact, far-field measurements, which provides for numerous 
benefits in instrument capabilities relative to traditional FTIR/QCL microscopy but also in 
instrument architecture, thus allowing, in a world first, a combined IR and Raman (IR+Raman) 
platform that provides for simultaneous IR and Raman spectral information at the same time, 
from the same spot with the same spatial resolution. 

Figure 1 demonstrates the well-known complementarity of the IR and Raman, where certain 
bands are active or strong with one technique and not in the other, thus a simultaneous 
collection provides for significantly more information and better sample characterisation and 
also opens up new data analysis strategies for these two correlative techniques. Polymeric 
examples as well as examples from life sciences, pharmaceutical and industrial failure analysis 
will be presented. 

Figure 1: Left, Instrument schematic design showing IR (red) and Probe (green) laser beam paths and 
detection. Right, Example simultaneous IR and Raman spectrum of PET. 

Keywords: O-PTIR, Infrared Microscopy, Raman, Submicron, Instrumentation 
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SYNCHROTRON-BASED SINGLE-SHOT  

INFRARED SPECTROSCOPY AT BESSY II  

Eglof Ritter1*, Ljiljana Puskar2, So Young Kim3, Jung Hee Park3, Klaus-Peter 
Hofmann4, Franz Bartl5, Peter Hegemann1, Ulrich Schade2 

1Humboldt-Universität zu Berlin, Institute of Biology, Experimental Biophysics, 10115 Berlin; 2Helmholtz-
Zentrum Berlin für Materialien und Energie GmbH, Department of Locally Sensitive and Time-Resolved 

Spectroscopy, 12489 Berlin, Germany; 3Chonbuk National University, Division of Biotechnology, Advanced 
Institute of Environment and Bioscience, 54596 Iksan, Republic of Korea; 4Charité-Universitätsmedizin 
Berlin, Institute for Medical Physics and Biophysics, 10117 Berlin, Germany; 5Humboldt-Universität zu 

Berlin, Institute of Biology, Biophysical Chemistry, 10115 Berlin, Germany 
*eglof.ritter@hu-berlin.de 

Proteins are among the key players in the cells of living organisms, and one of the most 
important techniques to study their structure and function is infrared (IR) spectroscopy. State-
of-the-art time- resolved IR spectroscopy methods employed to follow protein kinetics at a 
timescale of milliseconds and below are often limited to cyclic systems in which exactly the same 
reaction can be triggered in quick succession and multiple times, without any substrate loss [1]. 
However, the majority of systems in nature is either not cyclic or has a long cycling time, making 
time-resolved IR measurements either impossible or very demanding. For example, vertebrate 
rhodopsin, the protein that initiates vision in our eyes, undergoes an irreversible activation 
cascade after light absorption. Although this protein is in the focus of scientific interest in 
pharmacology and medicine because it constitutes the prototype of a huge family of protein 
receptors mediating basic functions of life such as vision, smell, taste and drug reception [2], no 
time-resolved IR spectra of its activation cascade have been published so far. We developed a 
mid-IR spectrometer with microsecond time resolution specifically tailored for such irreversible 
processes. It uses the brilliant synchrotron radiation source of BESSY II [3]

 

in combination with 
a fast linear detector array in a unique diffraction limited dispersive spectrometer concept [4].  

Here we present the first results using this novel spectrometer on several light-activated protein 
systems, amongst others, vertebrate rhodopsin.  

References: 
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spectroscopic techniques as applied to channelrhodopsin. Front. Mol Biosci. 2, 38 (2015).  
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LATTICE DYNAMICS OF HIGHLY POROUS MATERIALS 

Matthew Ryder 

Neutron Scattering Division, Neutron Sciences Directorate, Oak Ridge National Laboratory, USA 
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Highly porous materials such as metal-organic frameworks (MOFs), covalent organic 

frameworks (COFs), and hydrogen-bonded organic frameworks (HOFs) have recently been 

suggested to have promising electronic and dielectric properties.[1-3] However, high levels of 

porosity often couple with low structural and mechanical stability.[4, 5] Therefore, the low-

frequency lattice dynamics of porous framework materials can reveal a diversity of valuable 

information relating to the structural flexibility and stability and can explain the mechanistic 

origins of anomalous mechanical phenomena.[6-8] Spectroscopic techniques such as Raman 

and synchrotron infrared (IR) spectroscopy and inelastic neutron scattering (INS) in conjunction 

with density functional theory (DFT), can be used to study the terahertz (THz) vibrations of 

various porous framework materials. Intriguing structural motions and transitions are revealed, 

including gate opening and breathing dynamics,[6] ‘trampoline-like’ mechanisms and molecular 

rotors reminiscent of negative thermal expansion (NTE),[7, 8] and buckling of 2D layers.[9] The 

work has also recently advanced to investigate the effect of external stimuli (pressure and 

temperature) and has revealed the nature and underlying mechanisms behind stimuli-induced 

phase changes and amorphization.[9-11] 
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INFRARED SCIENCE AT FUTURE LIGHT SOURCES 

Michael Martin 
 

Advanced Light Source, Lawrence Berkeley National Laboratory, Advanced Light Source, USA 

mcmartin@lbl.gov 

In this talk, I will look at the overall directions of our accelerator-based infrared field, and how it 

will change as a new generation of multi-bend achromat synchrotrons and upgraded machines 

become world leading for x-ray science.  Nearly 25 years ago, Carr, Reffner and Williams 

demonstrated that a synchrotron beamline coupled with an IR microscope performs at the 

diffraction limit in much of the mid-IR [1]. High brightness at the diffraction-limit was a hallmark 

of synchrotron IR beamlines for the next decades.  Diffraction limited storage rings (DLSR) 

allows the emittance of the electron-beam to be comparable or smaller than the emittance of 

the x-ray photon beams produced, meaning the diffraction limit is moving well beyond the IR 

and into the soft- and hard-x-ray energy range.  A number of new and upgraded facilities are 

under construction or planned to take advantage of the significant increase in brightness 

(brilliance) which will allow new x-ray science and a greater use of coherence-based imaging 

and time-based spectroscopies [2]. 

The synchrotron infrared community also has greater perceived competition from single 

wavelength and broadband laser sources, and improved detectors allowing high quality spectra 

and images from conventional IR sources.  I will show typical characteristics of a DLSR for the 

infrared, look at how lasers have improved, and discuss both challenges and opportunities for 

the future of IR from synchrotron and FEL sources.  I will use the planned ALS Upgrade [3] to a 

DLSR as a detailed example but will also discuss other facilities. 
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The infrared (IR) beamline at the Brazilian Synchrotron Light Laboratory (LNLS) is particularly 
interesting for studying the interaction of low energy radiation with matter, such as in surface 
physics [1] and 2D materials [2]. Infrared beams are extracted from the core of bending magnets 
or at the entrance or exit (“edge sourced”) with the optics optimized to bypass shorter 
wavelengths, such as x-rays [3], and extract mid and far-infrared (terahertz) radiation. The 
present work describes the first characterization of terahertz radiation at the LNLS by using a 
bolometric camera, combined with terahertz bandpass filters [4]. We measured beam profiles 
and spectral response from both bending magnet and edge sources in the frequency range from 
10THz (30µm) to 400GHz (750µm). 
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The high brightness of infrared synchrotron radiation reaching into the far-infrared makes it a 
compelling source for broadband near-field nanospectroscopy to photon energies approaching 
10 meV, thus filling the spectral range for which laser-type sources are challenged. Spanning 
this spectral range covers the majority of phonons in solids as well as other low energy 
excitations of scientific and technical interest that stem from ordered behaviors. The already 
successful scattering type scanning nearfield optical microscopy (s-SNOM), combined with a 
fast Ge:Cu photoconductor, now allows for measurements down to 40 meV [1]. Though 
extending the spectral range to lower frequencies using other photoconductive materials (e.g. 
gallium doped germanium) is a plausible approach, the limited spectral range for such detectors 
is unattractive given the very broadband synchrotron source. Therefore, we are developing a 
custom bolometer system intended to span the spectral range from just below 100 cm-1 to over 
800 cm-1. A typical bolometer for the far-IR has a time constant on the order of 1 millisecond, 
which is inadequate for matching AFM tip modulation frequencies of 100 kHz and higher. Our 
basic approach is to reduce the system heat capacity by operating at a lower temperature and 
reducing the bolometer dimensions while increasing the thermal conductance. Background 
noise is reduced using a cold aperture at the Winston cone entrance. Other issues for achieving 
a fast response include the readout electronics, which can be a challenge due to the very high 
impedance of the detector element (~ 40 MOhm). This presentation will report our results to-
date using the 2.4 infrared beamline at the Advanced Light Source.  
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DEVELOPMENT OF VARIABLE POLARIZED COHERENT THz SOURCE 
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Terahertz (THz) radiation sources have attracted considerable interests recently, because of 
their potential applications in material science, medical imaging, high speed communications, 
etc. Vibrational circular dichroism (VCD) measurements in the THz region are extremely 
sensitive to conformational changes in proteins. In particular, a THz source capable of switching 
the left and right circularly polarization with high speed is very useful for biological analysis. One 
of the most efficient terahertz sources is the electron pulse of relativistic energy produced by an 
accelerator. A short electron pulse can produce coherent radiation at wavelength longer than 
electron pulse length with the intensity proportional to the square of the number of electrons 
contained in a pulse. Electron population in the pulse is typically the order of 107–1010 electrons, 
therefore high intense terahertz radiation can be produced form the short electron pulse. We 
have already succeeded in producing coherent undulator radiation employed the electron beam 
shorter than 100fs in a test-Accelerator as Coherent Terahertz Source (t-ACTS) at Tohoku 

University [1]. Variable polarized 
coherent THz source, which is realized 
by utilizing a coherence of the undulator 
radiation, is under development. The 
polarization state of the coherent 
undulator radiation is manipulated using 
Martin-Puplett interferometer as shown 
in Figure 1. The linearly polarized 
coherent undulator radiation is split into 
two perpendicular waves using a wire-
grid polarizer, and they are 
superimposed after adjusting their 
relative phase. The polarization control 
system is capable of generating 
arbitrary polarization states at high 
speed for each pulse. Demonstration of 
variable polarized THz source is 
conducted using a short undulator with 
7 periods at t-ACTS. The results of this 
experiment will be shown in this 
workshop.  
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Figure 1: Polarization control system employing a Martin-
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IMBUIA BEAMLINE: THE INFRARED STATION AT SIRIUS 
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Imbuia is the new infrared beamline planned for Sirius, the Brazilian 4th generation synchrotron 
source. The name is an acronym for Infrared Micro and nano-spectroscopy Beamline for Ultra-
resolved Imaging Applications. This beamline will provide experimental stations dedicated to 
multiscale opto-chemical analysis of organic and inorganic materials. 

The Imbuia infrared beam will cover the range from THz to near-IR, which will enable studies in 
a variety of areas such as chemistry, physics, geology, paleontology, biology and many others. 
This broadband beam will be available simultaneously at two branches: The Imbuia-Micro, for 
infrared multispectral imaging limited by diffraction, and Imbuia-Nano for multispectral imaging 
with nanometric spatial resolution using s-SNOM (scattering Scanning Near field Optical 
Microscopy) technique. In this presentation, we present potential scientific goals for the 
beamline, main details for the optical layout and instrumentation applied to infrared radiation 
extraction. Beamline supporting labs, samples handling/fabrication and optics lab, will be 
covered as well as a key point for high level experiments and community service for this station. 
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National Synchrotron Radiation Laboratory (NSRL) owns the first dedicated synchrotron 
radiation facility in China, Hefei Light Source (HLS). The HLS was fully upgraded to HLS II in 
2016. Following the machine upgrade, the infrared beamline was reconstructed to improve its 
performance. The infrared radiation is extracted from a bending magnet (1 degree port) with an 
acceptance angle of 60(H) x 55(V) mrad2, which including edge radiation and constant field 
radiaton. Two end stations were constructed. One is for spectroscopy experiment covered from 
far to near infrared, the other one is for microspectroscopy and imaging experiment. In this 
poster, we introduce the performance of the beamline in detail, including optics, experimental 
techniques developed at two endstations.  
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ORANGE INTERFACE PLANS FOR THE SIRIUS IMBUIA BEAMLINE 

João Eduardo Levandoski1, 2 *, Raul Freitas1 

 
1Brazilian Synchrotron Light Laboratory (LNLS), Brazilian Center for Research in Energy and Materials 
(CNPEM), 13083-970 Campinas, Sao Paulo, Brazil; 2 Federal University of Technology at Parana State 

(UTFPR), 84016-210, Ponta Grossa, PR, Brazil 

*joao.levandoski@lnls.br 

The IMBUIA beamline is the new infrared station to be installed at the Sirius storage ring. This 

beamline will comprise 2 end stations to be dedicated to multiscale hyperspectral imaging. Since 

Brazilian Center for Research in Energy and Materials (CNPEM) is an “users open” research 

complex, researchers from various fields make use of the facilities, so a free and easy-to-use 

interface is of utmost importance for this beamline. Orange is a powerful interface for data 

analysis, with many developments' fronts, from image processing to text processing. Currently 

there is a specific front for spectroscopy, the objective of the work is to assist the synchrotron 

community in this development. The creation of new widgets aims to develop a complete and 

fast environment for viewing and post-processing data. In this presentation I will present the 

planned interface for the IMBUIA beamline and it will be a great opportunity to discuss with the 

WIRMS audience about the possibilities for inter-facilities developments. 
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TOWARDS SINGLE-SHOT TIME-DOMAIN SPECTROSCOPY AT  

HIGH REPETITION RATES USING PHOTONIC TIME-STRETCH  
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Recording terahertz spectra and electric fields is now possible in single-shot, at high repetition 
rates [1-3]. In this poster we focus on the so-called spectral encoding and photonic time-stretch 
methods which has been initially developed for accelerator physics purposes. In particular we 
detail the present the performances of those systems in terms of achievable repetition rates, 
sensitivity, resolution, as well as trade-offs. We particular we show that up hundred millions of 
spectra may be recorded single-shot in the Terahertz domain. This is expected to find 
applications in new fields where spectra of sources or samples would need to be recorded in 
single-shot and/or high repetition rates. This opens new spectroscopic possibilities which cannot 
be achieved using classical methods, as asynchronous optical sampling (ASOPS). 
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ELECTRON RADIATION DAMAGES TO PORTLANDITE AND BRUCITE 

STUDIED BY IR MICROSCOPY AND X-RAY DIFFRACTION 
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Portlandite Ca(OH)2 and brucite Mg(OH)2 are isomorphous layered hydroxide compounds. Brucite is 
known to be stable under pressure up to 78 GPa whereas portlandite exhibits a reversible pressure-
induced crystalline-amorphous transition at 12 GPa. But decomposition on heating of portlandite 
occurs at higher temperature than for brucite. Here we study their stability under irradiation by 
associating IR microscopy and X-ray diffraction. Commercial powders are electron-irradiated at 2.5 
MeV, room temperature and high dose rate (~108 Gy/h) using the accelerator NEC Pelletron of the 
SIRIUS platform (Ecole Polytechnique, Palaiseau) [1]. Both compounds are radiation resistant up to 
the highest dose (~15 GGy for brucite, ~8.5 GGy for portlandite). Only minor radiation effects are 
detected, essentially in brucite. Radiation damages in portlandite are found to be comparable to the 

ones observed by heating 
the powder, at least up to 
3.5 GGy for which an 
effective temperature of 
130°C is observed. This 
is definitely not the case 
in brucite for which the 
XRD study reveals i) a 
net dilatation along the c 
– axis but at the same 
time a contraction in the 
basal plane, ii) some 
diffuse scattering over a 
wide angular range 
compatible with some 
disorder in the H-
sublattice, a result 
confirmed by the IR study 
revealing also that the 
onset of dehydroxylation 
should be attained at 15 
GGy [2]. The results of 
the XRD and IR 
microscopy study are 
detailed. Hypotheses 
regarding the underlying 
damage mechanisms are 
formulated. 
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Figure: (top) Evolution of the 001 X-ray diffraction line of brucite with absorbed 
dose; (bottom) IR spectra of a non-irradiated and an electron irradiated brucite to 
a very high dose. Results show little chemical modifications of O-H bonding and 
preservation of the overall crystal structure. The modifications are confined to the 
H-sublattice.  
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EVIDENCE FOR MOLECULAR STRUCTURAL VARIATIONS IN THE 

CYTOARCHITECTURES OF A JURASSIC PLANT 
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In this study, we investigate the molecular structural characteristics of organic remains in various 
cellular organelles from a 180 Ma Jurassic royal fern belonging to the Osmundaceae family of ferns 
and compare their carbon isotopic compositions to a now-living species of royal fern (Osmunda 
regalis). We discovered molecular structural variations indicated by Raman and infrared spectral 
parameters obtained from various fossilized cellular organelles. The organic remains preserved in the 
chromosomes and cell nuclei show marked structural heterogeneities compared to the cell walls during 
different stages of the cell cycle. The fossil and extant fern have similar δ13C values obtained from 
bulk samples, supporting evolutionary stasis in this plant lineage and an unchanged metabolic 
pathway of carbon assimilation since the Jurassic. The organic remains in the cellular organelles of 
the fossil seem to be less heterogeneous than those in the extant fern, likely due to the preferential 
preservation of certain cellular compounds during fossilization. Taphonomic processes appear to have 
diminished the subcellular isotopic heterogeneities. Our research sheds light on the functioning of 
ancient plant cellular organelles during mitosis, provides insights to the taphonomic processes 
operating at molecular and isotopic levels, and shows the practicability of in situ techniques in studying 
the evolution and behaviors of ancient cells. 

 

Figure: Examples of micro Fourier-transform infrared spectroscopy spectra and maps obtained from a fossil fern. A: 
Spectrum obtained from location illustrated by arrow; enlarged parts are used to calculate branching index R3/2 
(intensity ratio of the 2955 cm-1 band versus 2925 cm-1 band) of carbon chains. as—asymmetric, s—symmetric. B: 
Maps of intensity of 2925 cm-1 (I-2925) and 2955 cm-1 bands (I-2955) and R3/2, indicating strength of asymmetric 
vibrations of CH2, CH3, and R3/2, respectively. 
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Batteries are the main technological barrier for the large-scale adoption of electric propulsion. 
In this scenario, the lithium-air battery system has potential to provide a capacity comparable 
with fossil fuels like gasoline. However, there is still no scientific consensus that allows the 
elaboration of a robust project for the system mainly due to the lack of detailed knowledge about 
the mechanisms involved in its operation1. The combination of electrochemical measurements 
with spectroscopy methods, in situ techniques and the integration of multiples characterizations 
(Raman, XPS, XRD, FTIR) is crucial towards a better understanding of these mechanisms2. In 
situ characterization methods are important tools in the process of explaining some scientific 
issues regarding Li-O2 technology and providing a direction to future prospective2. Through the 
data given by the operando nano-FTIR technique, we intended to understand the topographic 
modifications on the electrode surface while these species are being formed/decomposed, 
especially concerning electrolyte degradation. It can provide a deeper understanding regarding 
the electrochemical performance of the working cell and thus insights for material development 
in device design for the lithium-air technology. A cell was machined especially for the execution 
of the intended experiments as the cell could not be closed as in the conventional lithium-air 
systems. The electrode surface was polished until it reached a rugosity of <30 nm and the active 
carbon nanotubes ink deposited by the spin coating technique. A portable 
potentiostat/galvanostat (VersaStat 3) was connected to the cell for cycling current and potential 
control. One of the biggest challenges was to align the practical restrictions of the nano-FTIR 
technique with the demands of the lithium-air technology. The oxygen reduction reaction takes 
place in areas where three phases co-exist: solid carbon surface, for the electron transfer to 
happen; liquid, with the electrolyte that conduces lithium ions and the oxygen to react. Since it 
is exactly in these areas that the modifications occur, it is necessary that that the AFM tip access 
regions with certain porosity (electrode carbon matrix) and relative wettability (electrolyte). 
Despite these technical restrictions, we were able to study some regions. These regions were 
close to the electrode channels, where we could have a satisfactory amount of the liquid phase, 
with lithium ions, dissolved oxygen and carbon. Considering that we were working with an open 
system and aware of the presence of components that are contaminants to the Li-O2 cells, FTIR 
spectra show relevant evidence that the system can be studied by this technique, presenting 
peaks that are consistent with the byproducts expected. 
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Strong scattering effects affect the in infrared vibrational absorbance spectra of samples where 
the morphology is changing on a scale comparable to the incident radiation. They have been 
interpreted as Mie scattering [1] and are particularly strong when the shape of the sample is 
approximately spherical. Mie scattering introduces broad oscillatory structures in the baseline, 
as well as peak shifts due to dispersion in the refractive index of the sample. When these 
features are present in the absorbance spectra, the spectral analysis is severely hampered and 
it is therefore desirable to remove the Mie scattering signatures from the spectra.  

Since the EMSC-based Mie correction approach was introduced in 2008 [2], various methods 
have been proposed for removing Mie scattering from infrared absorbance spectra [3, 4]. We 
recently published an open source algorithm that introduced a stop criterion for the number of 
iterations in the iterative algorithm, and we demonstrated that the new algorithm converges fast 
[5]. The new algorithm proceeds until an error is minimized. The current state of the art Mie 
correction algorithm, the ME-EMSC code, has proven to successfully model and remove Mie 
scattering from infrared spectra of biological samples [5].  

In this study, we apply the ME-EMSC code to infrared hyperspectral imaging data of non-
biological samples. We demonstrate that strong scatter distortions in wide-field hyperspectral 
images of silica beads embedded in a resin matrix can be corrected by the ME-EMSC algorithm. 
The infrared data were acquired with a multi-beam synchrotron source coupled with an IR 
microscope at the IRENI beamline. The ME-EMSC algorithm takes into account the full 
extinction efficiency, which is considerably more computationally expensive than the 
approximation applied in the Mie correction algorithm of Bassan et al. [3]. Although the 
implementation of the full extinction efficiency increased the model complexity, we were able to 
decrease the computation time by optimizing the algorithm. Further, we considered practical 
issues for the treatment of infrared images containing large amounts of spectra, such as filtering 
of input spectra for the ME-EMSC optimization and a quality test of output spectra. In the present 
study, we suggest strategies for automated quality control of input and output spectra for the 
ME-EMSC algorithm.  
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The Hefei light source (HLS) at National Synchrotron Radiation Laboratory (NSRL),China was 
fully upgraded to HLS II in 2016. Following the machine upgradtion, the infrared beamline was 
reconstructed to improve its performance. Experimental techniques like variable temperature 
reflection spectroscopy, in-situ infrared microspectroscopy and high-pressure infrared 
spectroscopy have been developed for user researches. Here, we summarize some current 
scientific research progresses at infrared beamline which covers materials science, physics, 
chemistry and geoscience. They include: (1). Quantum Control of Graphene Plasmon Excitation 
and Propagation[1]: Quantum mechanical effects of single particles can affect the collective 
plasmon behaviors substantially. By combining far infrared spectroscopy and near-field infrared 
microscopy, the quantum control of plasmon excitation and propagation in graphene is 
demonstrated by adopting the variable quantum transmission of carriers at Heaviside potential 
steps as a tuning knob. (2). Oxygen electrocatalysis[2]: High-efficiency and low-cost noble-
metal-free NiFe MOF-based bifunctional oxygen electrocatalysts were developed by a facile 
and controllable strategy based on photoinduced lattice strain. Synchrotron infrared operando 
microscpectroscopy technique was used to probe the catalytic mechanism. The result reveals 
the formation of a superoxide intermediate and the structural surface evolutions during oxygen 
reduction reaction (ORR) and oxygen evolution reaction (OER). (3). Hydrogen sites in olivine at 
high temperature and high pressure[3]: Fingerprinting hydrogen storage sites in olivine at high 
temperature and high pressure is fundamental to understand water distribution and its impact 
on the upper mantle. By in situ high-temperature and high-pressure infrared spectroscopic 
techniques, hydrogen storage sites in the natural olivine and synthetic Fe-free forsterite were 
investigated. We find that hydrogen does not transfer between storage sites with increasing 
temperature, but displays disordering at temperatures over 600°C. In contrast, pressure can 
induce re-configuration of hydrogen storage sites corresponding to the 3610 and 3579 cm–1 
bands. Hydrogen storage sites also exhibit disordering at high pressure. The disordering and 
re-configuration of hydrogen storage sites at high temperature and high pressure favor better 
understanding of the water effects on physical properties of olivine. 
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A project proposal for an upgrade of the microscopy station of the IRIS Beamline at Helmholtz-
Zentrum Berlin [1] has recently been approved by the German Federal Ministry of Education 
and Research (BMBF) funding. Here we present the new BMBF project entitled: Connecting 
Scales in Vibrational Imaging: Synchrotron Microscopy, which is a joint collaborative research 
effort between Humboldt-Universität-Berlin and HZB. 

The aim of this project is the construction of a new Synchrotron Microscopy Station for spatial-, 
and polarization-resolved infrared spectroscopy at the IRIS beamline of BESSY II with the 
additional capability to record Raman spectra from the same sample spot. The unique 
combination of methods will allow to acquire data across a broad range of lateral resolutions to 
account for broad sample heterogeneity. This is ensured by combining diffraction limited mid-IR 
microscopy and imaging (providing ~5-10 μm resolution) and near-field IR nanospectroscopy 
beyond the diffraction limit (10-20 nm resolution). Simultaneous Raman scattering, excited in 
the visible, and in parallel vibrational linear dichroism (VLD) imaging [2] will provide additional 
and complementary information on the samples. 

Thereby, the new station can connect different levels of understanding of a vast range of 
complex biological and artificial samples, for example of biomedical origin and new hybrid 
materials. The approach utilizes new concepts for more sensitive optical spectroscopy and 
nanoscopy, in particular plasmons and phonons of nanostructures, which will further enhance 
the performance and range of applications at the beamline. 
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The light-matter interaction in two-dimensional photonics crystals (2D-PC) occurs, primarily, via 
formation of polaritons, quasi-particules with subdiffractional wavelength originating of the 
coupling between photon and intrinsic vibrations of the materials, like phonons and plasmons. 
We use Synchrotron Infrared Nanospectroscopy (SINS) to study hyperbolic phonon polaritons 
(HP2) in 2D-PCs crystals of hexagonal boron nitride (h-BN) lying on metallic (Au and Ag), 
dielectric (SiO2) substrates and on SiO2/Au metasurfaces. The HP2 modes are interpreted as 
Hertzian dipole waves, which behave differently depending on the substrate type. On metal, the 
wavelength of in-plane polarized HP2s is shortened, whereas, for out-of-plane polarized ones, 
the wavelength is enlarged. On the dielectrics, the opposite is observed. We exploit this 
property, thus, in the metasurface by varying the thickness of the SiO2 layer to achieve 
wavelength tuning over more than 2 micrometers that is a record compared with tuning obtained 
with devices.  
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Optical antennas, which converts free propagating light into highly confined electromagnetic 
fields, have been applied to nonlinear optics [1], biochemical sensing [2,3], metamaterials [4], 
but quite seldom in polaritonics. For instance, nano-infrared-spectroscopy is often used to probe 
polaritons in 2D crystals, but it offers the difficulty of having multiple polaritonic sources, such 
as AFM metallic tip, devices metal contacts and the crystal edges. In this work, we propose a 
bow-tie slot antenna that efficiently launches phonon-polaritons in hexagonal-boron-nitride 
(hBN). Through finite-difference-time-domain (FDTD) simulations [5], we were able to calculate 
the antenna's response in the infrared region. The antenna’s geometry was improved by 
matching its resonance with hBN’s Restrahlen bands, where it exhibits phono-polaritons activity. 
Simulated polaritonic wavefronts showed circular-like propagation which indicates that 
polaritons are generated from a single point source. 
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Alzheimer’s disease (AD) is the most common age-related neurodegenerative proteinopathy. 

Due to lack of understanding of molecular mechanisms behind AD, we do not have effective 

treatments to cure or prevent this terminal disease. Protein aggregation and metal 

dyshomeostasis are tightly linked to AD pathology. However, pathological mechanisms have to 

bee lucidated. We hypothesize that metal dyshomeostasis may trigger aberrantage-related 

protein aggregation and therefore launch AD development. Our aim is to study accumulation of 

metal ions (Cu, Fe, and Zn) and Aβ aggregation in primary neurons of AD transgenic mouse 

models. 

Metal ions accumulations were studied by synchrotron-based X-ray fluorescence 

nanospectrocopy(SR-XRF), scanning of X-ray ptychography, and optical photothermal infrared 

(OPTIR) spectroscopy. Microspectroscopy was used to locate β-sheet structures directly 

inprimary neurons at subcellular level.  

For the first time, we imaged metal distribution and protein structure at sub-micron resolution in 

AD transgenic neurons. Our results show changes in metal ions distribution related to AD 

pathogenesis.However more experiments are required to understand how metal ions might be 

influenced by β-sheet structures or amyloid-β neurotoxicity.  
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Light emitting electrochemical cells (LEC) are luminescent devices similar to light emitting 
diodes (LED), however their principle of operation is completely different. In LECs, the active 
layer is composed by at least two different materials: a solid electrolyte and an emissive 
material. For polymeric LECs, usually the solid electrolyte is based on polyethylene oxide (PEO) 
and a lithium salt while the emissive material is a semiconducting polymer [1]. As polymers with 
dissimilar structures and because of the strong crystalline character of PEO, it is expected some 
phase separation. Due to fast drying imposed by the methods used for thin film production, this 
phase separation is at nanoscale. In this case, IR-SNOM is a technique that allows us to probe 
chemical information at this scale. The setup used was assembled at IR1 beamline at UVX 
LNLS. At first, we investigated only the PEO-Li salts mixture in order to assure if there was any 
phase separation between pure PEO and PEO-Li salt complex. We found no evidence of such 
phase separation but it is still an open subject because PEO-Li complex vibration modes are 
very weak and IR-SNOM signal at the time of the measurement does not had a sufficient 
noise/signal ratio for this evaluation. After, we analyzed thin films of PEO-Li salt with a 
polyfluorene derivative, i.e. the actual active layer in a LEC. Despite the complex morphology of 
such mixture it was possible to precisely correlate structures in the height and AFM phase 
images with the chemical composition gathered by IR-SNOM. It can be seen that PEO retains 
its typical fibrillar morphology while the polyfluorene derivative has a more globular one, 
suggesting that PEO is a continuous phase that limits polyfluorene domains. 
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The dynamics of atoms and molecules under time-dependent external fields have been studied 
extensively in recent decades, due to experimental advances in the production of intense 
femtosecond-scale laser pulses. Thus, with the proper knowledge of the modulation of these 
pulses, several intra and intermolecular processes, such as vibrational excitation, dissociation, 
and even chemical reactions, can be controlled. Among the many possible methods for 
optimizing the temporal evolution of the initial state density to a desired quantum state 
configuration, genetic algorithms are among those that most efficiently map the configuration 
space, looking for global maxima and minima.[1] The space to be mapped by the genetic 
algorithm consists of numerical solutions of the time-dependent Schrödinger equation due to 
the presence of an interaction field-dependent Hamiltonian.[2] In the present work, a temporal 
propagation algorithm was implemented to simulate the vibrational excitation of the OH bond of 
water through femtosecond laser pulses in the infrared. And a genetic algorithm for the 
optimization of these pulses was also studied. Measurement techniques used in FELs, such as 
pump-probe measurements, can benefit from similar algorithms.  
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Metal–Organic Frameworks (MOFs) form a versatile class of porous crystalline hybrid materials where 
metal ions or metallic clusters are connected by organic ligands. Due to the large variety of metals and 
organic linkers that can be used, MOFs have a large physical and chemical tunability. This allows the 
design of specific nanometer-scale framework geometries with desired pore structures. For these 
reasons, MOFs have represented so far the ideal materials for a large number of applications such as 
gas storage, gas/liquid separation, drug delivery, catalysis, etc [1]. Their tunable and porous nature 
makes these materials suitable for confining nanometric objects. The insertion of guest nanoparticles 
(NPs) within porous MOFs represents an effective way to stabilize them and fine-tune the functionality 
of the host [2]. The porous host can interact with the confined particles due to chemical bonding and 
steric effects. This interaction can be altered by an external pressure by tuning the balance between 
weak (i.e. Van der Waals) and strong (covalent) interactions and changing the overall surface-to-
volume ratio, thus modifying both the chemical reactivity and the mechanical properties [3]. Among all 
the MOFs, the mesoporous chromium (III) terephthalate MIL-101 has a rigid zeotype crystal structure 
with two types of quasi-spherical cages, with pore diameters close to 29 and 34 Å [4]. Recently, we 
have successfully embedded Pd NPs with an average diameter of 1 nm (around 30-40 atoms per 
cluster) into MIL-101, for the first time with high metal loadings, up to 20 wt% (i.e. the Pd to sample 
mass) [5]. Here, we investigate the effect of high pressure on empty MIL-101 and x-Pd@MIL-101with 
5 – 20 wt% by synchrotron-based infrared (IR) spectroscopy and x-ray diffraction (XRD) in the 0-10 
GPa pressure range. IR spectra were collected in a large energy range to obtain a complete picture 
of the vibrational dynamics of both the inorganic cluster and the organic linker. To the best of our 
knowledge, this is the first time the a mesouporous MOF such as MIL-101 is studied at high pressure. 
We found that, although the large pore diameter, empty MIL-101 shows a high structural stability under 
compression with the lack of amorphisation in the pressure range explored, although signs of disorder 
and strain are detected. IR measurements show that the vibrational modes of the organic linker are 
still present up to 10 GPa, thus confirming the endurance of the local molecular structure. No phase 
transitions were observed contrary to what reported for the microporous chromium 
benzenedicarboxylates MIL-53 which shows a phase with collapsed pores [6]. From a preliminary 
analysis, the presence of Pd nanoparticles inside the MOF pores results in a decreased lattice 
compressibility but does not alter the overall structural stability in the investigated pressure range. 
However, the pressure dependence of the Cr-O vibrational frequency is affected by the Pd NPs filling, 
indicating that local effects are present.  
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