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Scientific rationale

The French and German Molecular Spectroscopy community is well recognized internationally
for its expertise in both theoretical and experimental research, and benefits from extensive
connections and international collaborations. This has favored interactions between individual
groups using cutting-edge and specific high-resolution techniques. Resources and related expertise
have been shared to tackle and solve complex problems in fundamental molecular physics and its
applications in astrophysics, the environmental and life sciences, and even more in industry.

This workshop will share this wealth of experience with graduate students on a larger scale. We
consider particularly important the establishment of new career opportunities for the numerous
PhD students and postdocs working in the discipline. These students are mainly (but not only)
working in fundamental research. New connections between fundamental and applied research are
therefore of high interest for the young researchers as well as for the whole spectroscopy
community. We will therefore unite experts at the forefront of our discipline to present their latest
developments with those from the various applications fields of molecular spectroscopy. The latter
will communicate on the specific needs and interests of theirs fields.

For example, in astrophysics, modern telescopes using highly advanced spectrometers are being built
constantly, with ever-increasing performances. They are aiming to study the physical chemistry of
astrophysical objects. This evolution is driven by the enthusiasm of the society to explore the Universe
more and more deeply. In order to fully exploit the enormous quantities of available data and to
interpret the astrophysical observations in depth, molecular spectroscopy has to be developed in
parallel since the precision requirements on spectral data (frequency and intensity) are extremely
challenging. This has led to the establishment of the flourishing field of “Laboratory Astrophysics”.
Yet, it is our opinion that connections between spectroscopists and astronomers have to be improved
continuously taking into account the most recent technological progress.

These developments are mirrored in the studies of Earth's atmosphere where ambitious space missions
are undertaken to measure atmospheric mixing ratios of greenhouse gases and air pollutants such as
ozone, NOy and volatile organic compounds (VOCSs), by means of remote sensing. In this context we
mention the OCO-2 (orbiting carbon observatory), MERLIN (Methane Remote Sensing Lidar) and the
IASI-NG (Infrared Atmospheric Sounding Interferometer-next generation) missions. Spectroscopic in-
situ measurements are aiming to understand the influence of free radicals and very low-concentration
VOCs on air quality and, in the long term, on climate change. There is always demand for precise
spectroscopic parameters beyond the limit of current knowledge.

The development of high-sensitivity, target-specific and rapid spectroscopic techniques adapted to
trace gas detection is leading to multiple applications in life sciences, and is implemented in real-time
surveillance of environments ranging from clean rooms to petrochemical industry installations or
incineration plants. The molecular spectroscopy community is also clearly linked to progress in
photonics, and the development of new laser sources.

The main goal of this workshop is to create long-lasting bridges between our future PhD degree
holders in bio- chemical- geo- physics and the socio-economic world, so that they can navigate
efficiently towards their post-university environment, and nurture a positive perception of
fundamental science there. Another important objective is to enhance academia's awareness of specific
problems and demands from the various application fields, and to allow industry to appreciate the
specific strengths of the academic scientific community. New links forged between industry and
Science will therefore be of strong mutual benefit.
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List of Speakers and lecture titles, by discipline

Spectroscopy and photonics:

Prof. Jérome FAIST, Quantum Optoelectronics group, ETH Zirich: Progress in the development of
QCL sources.

Dr. Bernd FISCHER, Head of Division IV "Protection Technologies, Security, Situational
Awareness”, Institut Franco-Allemand des recherches de Saint Louis: Use of THz radiation for
strategic issues (explosives, pharmaceuticals, drugs and counterfeiting).

Dr. Rysvan MALECK, Société OQO: Pursuing a career in the photonics industry: experience
sharing.

Spectroscopy and Astrophysics:

Prof. Svetlana BERDYUGINA, Director Kiepenheuer Institut fur Sonnenphysik (KIS), Chair for
Astrophysics, Universitat Freiburg: Current advances in stellar physics, astrobiology and
exoplanetary science.

Dr. José CERNICHARO, Director Molecular astrophysics group, Instituto de Ciencia de Materiales de
Madrid - ICMM — CSIC: Exploration of objects of the interstellar medium: molecules, spectroscopy
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Dr. Isabelle KLEINER, Laboratoire Interuniversitaire des Systémes Atmosphérique (UMR 7583
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Dr. Michael REY, Groupe de Spectrométrie Moléculaire et Atmosphérique (UMR CNRS 7331),
Université de Reims Champagne Ardenne: Theroretical methods for describing highly excited
rovibrational states and applications to planetary atmospheres.

Spectroscopy and Atmospheric Science:

Prof. Ulrich PLATT, Institut fiir Umweltphysik, Universitit Heidelberg: Current questions in
atmospheric chemistry and their relation to air pollution and climate.

Prof. Patrick RAIROUX, Institut Lumiére Matiére (UMR CNRS 5306), Université de Lyon: Overview
and challenges in current LIDAR missions (space born and from ground).

Dr. Ann Carine VANDAELE, Head of Planetary Aeronomy Division, Royal Belgian Institute for
Space Aeronomy (BIRA-IASB): Overview and challenges in current solar system exploration
missions includung Earth.

Dr. Samir KASSI, Laboratoire Interdisciplinaire de Physique (UMR CNRS 5588), Université
Grenoble Alpes: Current developments and applications of high finesse optical cavities.

Prof. Weidong CHEN, Laboratoire de Physico-chimie de I’ Atmosphére (LPCA), Université du
Littoral Cote d’Opale: Developments of photonic instrumentation for applied spectroscopy, optical
sensing and metrology of atmospheric species.

Dr. Pierre ASSELIN, Laboratoire Molécules, et Nanoobjets : Réactivité, Interactions & Spectroscopie
(MONARIS UMR CNRS 8233), Sorbonne Université: Infrared spectroscopy of jet-cooled molecules
using QCL sources and atmospheric applications.

Jean DECKER, Laboratoire de Physico-chimie de 1’ Atmosphére (LPCA), Université du Littoral Cote
d’Opale: THz spectroscopy of pollutant emissions in a waste recovery center.

Spectroscopy and Life Science:

Dr. Isabelle COMPAGNON, Institut Lumiéere Matiére (UMR CNRS 5306), Université de Lyon:
Platform IRoGlyph: deciphering molecular structure and carbohydrate sequence.
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Prof. Kevin PAGEL, Institute of Chemistry and Biochemistry, Freie Universitat Berlin: lon Mobility-
Mass Spectrometry and Spectroscopy of Biomolecules.

Dr. Iréne VENTRILLARD, Laboratoire Interdisciplinaire de Physique (UMR CNRS 5588), Université
Grnoble Alpes: Real-time laser spectroscopy of exhaled air and its use in medical applications.

Baptiste MOGE, Institut Lumiére Matiere (UMR CNRS 5306), Université de Lyon: IRMPD
spectroscopy in analytical chemistry.

Spectroscopy @ Dynamics

Dr. Pierre Caracabal, Institut des Sciences Moléculaires (ISMO), Université Paris-Saclay. Dr Carcabal
will present the GdR EMIE (Edifices moléculaires isolés et Environnés)
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Rovibrational spectroscopy of jet-cooled molecules using Fourier Transform
and QCL methods: applications in atmospheric science and astrophysics
Pierre Asselin, Sorbonne Université, MONARIS UMR 8233 CNRS, Paris, France

Infrared spectroscopy is a standard method largely used in chemistry to identify
chemical substances from the identification of functional group or characteristic molecular
vibrations. In the field of molecular spectroscopy, high resolution Fourier Transform Infrared
(FTIR) spectrometers coupled to long path absorption gas cells at room temperature has
proven to resolve in some cases the rovibrational spectrum of small polyatomic molecules
but this approach reaches its limits in the case of larger molecular systems having low lying
vibrational levels and/or small rotational constants. To overcome these limitations, the
supersonic jet technique turns out the diluted matter environment suitable for gas phase
high resolution infrared spectroscopy.

During this talk, | will enlarge two experimental set-ups combining supersonic jets
and high resolution infrared spectroscopy implemented at the AILES beamline of the SOLEIL
synchrotron (Jet-AILES) and at MONARIS laboratory (SPIRALES).

To illustrate the performances and the complementarities between both jet-cooled
devices, three examples of atmospheric studies involving sulphur dimethyl, methoxyphenols
and a furan compound, the furfural molecule will be presented and last, the long story of a
PAH model molecule, the naphthalene investigated with Jet-AILES then SPIRALES over ten
last years.



The GdR EMIE - Isolated and Surrounded Molecular buildings

1
Pierre Carcabal

1.Institut des Sciences Moléculaires d’Orsay, CNRS, Université Paris Saclay, Orsay, France.
* pierre.carcabal@universite-paris-saclay.fr

Abstract

The mission of the « Isolated and interacting molecular assemblies » research network (EMIE) is to
bring together the French community of physicists and chemists working on molecular systems, and
covering a wide range of size and complexity. The objects under scrutiny are either isolated in the gas
phase or surrounded by a controlled environment. Building upon fundamental aspects of experimental
and theoretical molecular physics, our community is naturally inclined to benefit from interactions
with other disciplines (chemistry, biology) and to extend its fields of applications to other scientific
domains with timely societal impacts (biology, atmosphere).

Two transverse axes

. Experimental methods and instrumentation
. Theoretical approaches

Four Interdisciplinary themes

. Atmospheric and Universe sciences
. Excited states and energy
. Biomolecules

. Environment effects.



THz spectroscopy of
pollutant emissions in a waste recovery
center

Jean Decker', Frank Hindle', Eric Fertein’, Nicolas Houzel!, Patrick Augustinl, Marc
- .. 1 . . . SR . e .
Fourmentin’, Yamina Allouche® Fabrice Cazier?, Frédéric Desmedt®, Marion Phl|lpp0l’l4, Julien
Dumont® and Arnaud Cuisset®

! Laboratoire de Physico-Chimie de I’Atmosphére, Université du Littoral Céte d’Opale, Dunkerque, France
2 Centre Commun de Mesures, Université du Littoral Céte d’Opale, Dunkerque, France

8 Biogie, Groupe Paprec, Pole de Valorisation des Déchets, Dunkerque, France

* Direction Déchets, Communauté Urbaine de Dunkerque, Dunkerque, France

Abstract

Dunkirk waste recovery center continuously treats all the household waste of the urban
community by transforming it into electrical and thermal energy through incineration. These
activities are carried out with a control of the environmental impact (ISO 14001 certification),
based on the continuous improvement of detection techniques. The TeraWaste project
explores the potential of high-resolution TeraHertz spectroscopy for the monitoring of
gaseous emissions, by developing an in-situ diagnostic unit. The selectivity as well as the
ability to detect in scattering media of THz radiation make it an alternative of choice to
current solutions [1- 4]. A new sub-millimetre source, acquired for this project and allowing
the detection of trace gases, has been characterised. The prototype of the in-situ spectrometer
was developed and the detection limits of the regulated compounds were determined.
Measurements on real process and emission gases were performed and compared to standard
analytical chemistry methods. Using pre-concentration [5], a multi-species time-resolved
mapping and quantification, extended to all polar compounds absorbing sub-millimeter waves
of the pole's gaseous emissions, will allow the operator to better meet current standards and
future normative evolutions. Finally, by correlating environmental measurements in the
emission plume with LIDAR measurements, the impact of atmospheric emissions can be
directly assessed.

Acknowledgments We thanks all its sponsors for their support.
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Theroretical methods to interpret laboratory surveys in the microwave and
(sub)-millimeter spectral region for molecules of interstellar interest

. 1
Isabelle Kleiner

1.Laboratoire Interuniversitaire des Systémes atmosphériques (LISA), CNRS UMR 7583/IPSL,Université Paris Cité et
Université Paris Est Créteil, 61 av. Général de Gaulle, 94010 Créteil, France
* isabelle.kleiner@lisa.ipsl.fr

Abstract

Recently, more than 200 molecules have been detected in the interstellar medium (ISM), a third of them
are complex organic molecules (COMs).

The key point for the detection of new molecular species in space is the precise knowledge of the
rotational spectra for a number of complex molecules, which can be gained by laboratory spectroscopy
assisted by appropriate theoretical models. One of the most efficient strategy is to combine experimental
microwave, millimeter and sub-millimeter-wave spectroscopy, followed by analysis of these spectra
using appropriate effective quantum mechanical Hamiltonians, sometimes coupled with theoretical
studies using also ab initio calculations. In the microwave spectral range through the THz, all the data
is accessible to the astronomy community thanks to the well-known spectroscopic databases (JPL [1],
CDMS [2], SPATALOG [3], the Lovas NIST databasis [4], the Toyama databasis [5] etc). Databases
are built up from intensive spectroscopic studies both experimental and theoretical.

The present class is focused on the theoretical methods used to analyze the laboratory spectra in the
microwave and (sub) millimeter-wave spectral range [6-7]. After a short introduction, | will give the
basics of rotational spectroscopy, and the strategy used in the laboratory analysis with certain specific
Hamiltonian codes which can model quadrupole effects or large amplitude motions and I will finish with
a few examples of spectra for interstellar internal rotor molecules.

Acknowledgments This work was supported by the Programme National “Physique et Chimie du
Milieu Interstellaire” (PCMI ) of CNRS/INSU with INC/INP co-funded by CEA and CNES
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IRMPD spectroscopy in action at the industrial interface

Baptiste MOGE", Oznur YENI', Alicia INFANTINO" & Isabelle COMPAGNON™*
1.Institut Lumiére Matiére. Université Lyon 1/CNRS Villeurbanne. France

Abstract

E. Coli infection is a major challenge in animal breeding because it is responsible for a high post weaning
mortality rate, with disastrous impact for animal well-being, human safety, as well as economically and
environmentally ®. In this public/private cooperation, our industrial partner Elicityl performed the
synthesis of a glycoconjugate that prevent infection, without the use of antibiotics, thus avoiding
antibioresistance. This synthetic compound and its potential impurities and co-products must be fully
characterized before it is authorized to be placed on the market. Impurities are expected to be
oligosaccharidic compounds. Oligosaccharides respond to vital functions in living organisms. Despite
their great importance, structural characterization of oligosaccharides remains not perfect with current
analytical methods (MS or NMR) due to their structural complexity and dynamic range in samples. This
lack of knowledge constitutes a bottleneck for a better knowledge of the nature and function of such
species. The structural characterization of the glycoconjugate is no less challenging, but will not be
presented here for confidentiality reasons.

Gas phase InfraRed spectroscopy has emerged from the Physical Chemistry community has a game-
changing tool for Analytical Chemistry. This interest is the case, particularly concerning isomeric
compounds such as carbohydrates. We propose an innovative method to study the impurities (unknown
oligosaccharides) generated by the glycoconjugate synthesis. InfraRed MultiPhoton Dissociation
spectroscopy (IRMPD), as Cryogenic IR spectroscopy and Messenger Tagging IR spectroscopy is one
of the three gas phase IR spectroscopies, they all have proved their usefulness concerning carbohydrate
structural characterization?.

In this context, my goal as a PhD student is to characterize the glycoconjugate and its impurities and co-
products. IRMPD spectroscopy will be used to decipher intrinsic the complexity of oligosaccharides
(regiochemistry, stereochemistry of the glycosidic bonds, nature of the monosaccharides...). Effort are
being made to automate and facilitate data acquisition, data process and data interpretation. Therefore,
IRMPD spectroscopy can be widespread in analytical laboratories of industrial companies. Identification
of unknown oligosaccharides by the mean of a homemade database and the newest developments of the
method will be discussed.

IRMPD Spectra of m/z = 384
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Fig. 1: Fragmentation spectra of two protonated Lewis species that are not significantly different, generated fragments are the same (left
panels) They results from cleavage of glyosidic bond. and IRMPD spectra of fragment at m/z = 384 allowing unambiguously distinction
between these two species (right panels).
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Theoretical methods for describing highly excited rovibrational states and applications to
planetary atmospheres

Michaél Rey

GSMA, UMR CNRS, Université de Reims Champagne-Ardenne, Reims, France
(michael.rey@univ-reims.fr)

Precise knowledge of high-energy molecular states and absorption spectra is of primary importance be-
cause it gives access to the determination of the physical properties of various planetary object and clearly demon -
strates the necessity of having consistent line-byline molecular databases (e.g. like HITRAN or GEISA for the
modelling of the Earth's atmosphere). The interpretation of strong spectral features requires the use of sophisticated
and robust theoretical models (i) for an accurate quantum-mechanical description of highly excited molecular states
and (ii) for the prediction of line intensities for reliable opacity calculations. Although empirical effective Hamilto-
nians have greatly contributed to the "golden age" of the high-resolution molecular spectroscopy, extensive first-
principles quantum mechanical calculations are generally preferred for planetary and astrophysical applications be-
cause of their completeness.

The first necessary ingredient in variational calculations is the construction of accurate intra-molecular po-
tential energy and dipole moment surfaces in a large range of nuclear displacements. The second one lies in the de-
velopment of efficient computational methods using adapted coordinates to solve the Schrodinger equation for me-
dium-sized molecules. We will see in a pedagogical way how to reduce “dimensionality” of a problem using relev-
ant symmetry-adapted reduction-contraction methods and how to choose appropriate eigensolvers for computing
high energy eigenstates involved in hot spectra calculations.

In a second part, a novel methodology will be presented for the construction of “global” ab initio effective
rotation-vibration spectroscopic models. The current researches in the study of various planetary atmospheres re-
quire knowledge of increasingly complex molecular systems over wide wavenumber and temperature ranges. Un-
fortunately, the empirical models are beginning to reach their limits for studying molecules with complex rovibra-
tional energy-level structures and for which the successive polyads contain many vibrational bands and numerous
degeneracies and quasi-degeneracies. Modelling of the « dark states » which are not directly observable is one of
the major obstacles in the empirical effective approach. The model we propose turns out to be a clear alternative to
the rather involved Van Vleck perturbation method. We will see how to transform first-principles calculations into a
set of spectroscopic parameters to be further refined on experiment. It will be demonstrated that crucial information
is provided within a very short time compared to more traditional spectroscopic models (few hours, days or weeks
against few months, years or decades). Undoubtedly, this approach brings a new insight into high-resolution spec-
tra analysis and will be of great help, not only in current or future infrared spectra analyses of polyatomic mo -
lecules but also in the modelling of hot atmospheres for which completeness is crucial.



Real-time laser spectroscopy of exhaled air and its use in medical applications
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Abstract

The sense of smell is one of the oldest diagnostic tools in the practice of medicine. In the last
decades, exhaled air analysis for non-invasive medical diagnosis has seen a growing interest.
There are a thousand species present at very low concentrations in exhaled air, of which around
thirty have been identified as markers of physiological processes and of various pathologies [1].
Among the different analysis methods, tunable diode laser spectroscopy appears to be very
attractive. It allows very low detection limits together with good selectivity, in real time.
Numerous laboratory demonstrations have been carried out with different techniques based on
absorption spectroscopy in multi-pass cells or with resonant cavities [2,3]. Today, we are at a
turning point where some state-of-the-art analyzers developed in the laboratory are finding
well-identified medical applications, thanks to close collaborations between physicists and
doctors engaged in clinical studies.

After a general presentation, we will illustrate the potential benefits of real-time laser analysis
by focusing on a technique developed in our group: Optical Feedback Cavity-Enhanced
Absorption Spectroscopy (OF-CEAS [4]). Firstly, we will present clinical studies which fall
within the context of lung transplantation. The final objective is to propose new markers to
assess the quality of lung grafts in order to increase the number of grafts available [4,6]. Real-
time measurements of the production of CO, NO and CO> by an ex-vivo lung graft are carried
out by OF-CEAS (figure 1). Secondly, this lecture will end with short presentations given by
workshop participants who will be asked to perform breath analysis measurements during the
week, using an OF-CEAS analyzer studied during one of the practical sessions.
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Fig. 1: Continuous measurements of nitric oxide (a), carbon monoxide (b) and carbon dioxide (c) concentrations obtained in real time by
OFCEAS. Regular respiratory cycles of 6 s duration are imposed by a ventilator with an inspiration (1) to expiration (E) ratio: I/E = 1/2 [5].
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COMPREHENSIVE ROTATIONAL SPECTROSCOPY OF METHYL CYANOACETATE FOR
ASTRONOMICAL SEARCHES

Gayatri Batral*, Pablo Pinachol, Amanda L. Steberl’z, Melanie Schnell*

1.Deutsches Elektronen-Synchrotron (DESY), Germany
2.Universidad de Valladolid, Spain
* gayatri.batra@desy.de

Abstract

Out of more than 200 individual molecular species already identified in the interstellar medium (ISM),
nearly 16% of the molecules contain a cyano functional group (CDMS)*. An interesting extension to
this is studying molecules that contain an additional functional group. We present a comprehensive study
on methyl cyanoacetate (MCA) whose condensed formula is NCCH,COOCHs. It is a molecule whose
both functional groups (cyano, -CN, and ester, -COO) have already been identified individually in
various molecules in the ISM, making it a promising candidate to be detected.

The rotational spectrum of MCA was obtained in the frequency range of 2-110 GHz using three chirped-
pulse Fourier transform microwave (CP-FTMW) spectrometers, namely the COMPACT (2-18 GHz)?,
the K- band (18-26 GHz)?, and the W-band (75-110 GHz)® spectrometer. Two low energy conformers,
MCA_1, and MCA 2 were assigned in the rotational spectra, with MCA_1* being the lowest energy
conformer. Both conformers of MCA show hyperfine splitting (HFS) due to *N nuclear quadrupole
coupling and internal rotational splitting in the rotational transitions. Each transition is first split into A
and E component due to the internal rotation of the methyl group, followed by HFS due to the interaction
of 1=1 spin of *N with the electric field gradient averaged over the molecular rotation. During the course
of analysis, it was observed that the transitions from the second conformer, MCA_2, are more intense
than the lowest energy conformer, MCA 1, owing to its high dipole moment. The calculated intensity
ratio based on the Gibbs energies and the dipole moment suggests that MCA_2 can be a better candidate
for astronomical searches in various regions of ISM.

Apart from the assignment of the parent species, singly-substituted **C and °N isotopologues for both
conformers of MCA were also assigned in natural abundance. In conclusion, the precise determination
of the rotational parameters presented in this study, can facilitate searches for both conformers of MCA
with the help of various radio observatories, for example, the Jansky Very Large Array (JVLA) and the
Radio Telescope Effelsberg.
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Figure 1: Rotational spectrum of MCA recorded with the K- band spectrometer in the 18-26 GHz region. The
upper black trace is the experimental spectrum, the lower colored traces are the simulated spectra based on the
fitted rotational constants at 3 K for both conformers of MCA. The zoom-in illustrates the assignment and the
intensity ratio of the two conformers. The rotational transition7o7 - 606, is marked with an asterisk to highlight for

the difference in the intensity for MCA_1 and MCA_2.
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Characterization of sec-Butoxytrimethylsilane by Chirped-Pulse
Fourier-Transform Microwave Spectroscopy
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Abstract

Silicon chemistry is an extensive research topic due to its importance for industry and technology, and
because of its natural abundance on earth. Silicon is a versatile element; its applications range from
pure silicon to compounds. To understand the physical and chemical properties of silicon-containing
molecules it is essential to characterize their gas-phase structures.

The rotational spectrum and structural analysis of sec-butoxytrimethylsilane (sBTMS) will be
presented. The spectrum of SBTMS has been recorded using the Hamburg COMPACT spectrometer,
which is a chirped-pulse Fourier transform microwave spectrometer, operated in the 2 — 8 GHz
frequency range. Quantum-chemical calculations have been carried out to study the conformational
flexibility of sSBTMS, and the measured rotational spectrum was examined for the lowest energy
conformers. The spectrum is complicated due to the fact that three of the five methyl groups in
sBTMS have a rotational barrier lower than 7 kJ/mol, leading to internal rotation splitting. Despite
this, the lowest energy conformer is prominent in the spectrum and has been successfully assigned. In
addition, weak signals of the conformers second and third lowest in energy are present. On this poster,
the conformational flexibility of sSBTMS will be presented as well as its internal motion analysed and
compared to previous work on silicon-containing molecules with three methyl groups, which in
contrast exhibit an overall C5, symmetry [1].
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MILLIMETER-WAVE SPECTROSCOPY OF METHYLFURAN ISOMERS: LOCAL vs
GLOBAL TREATMENT OF THE INTERNAL ROTATION
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Abstract

Methylfurans (MF) are methylated aromatic heterocyclic volatile organic compounds (VOCs) and
primary or secondary pollutants in the atmosphere due to their capability to form atmospheric particles
such as secondary organic aerosols (SOAs)!). MFs are produced by cracking biomass such as wood
combustion and the pyrolysis of biomass, lignin and cellulose?. Therefore there is a fundamental
interest to monitor these molecules in the gas phase. The high resolution spectroscopic studies of
methylated furan compounds, except 2- MFE!, are generally limited to pure rotational spectroscopy in
the ground state. This might be explained by the difficulties arisen from the internal rotation with a
medium barrier and the complexity of the vibrationally excited state rotational spectra. As Finneran et
al. for 2-MF, we faced the same difficulties for 3-MF to treat the first torsional state (v,= 1) using a
local approach (XIAM) and therefore the global treatment, including all torsional levels given by the
BELGI code!™, was used. This gave us access to the Vg term characterizing the anharmonicity of the
potential, together with some higher order perturbation and coupling terms. Carrying out a BELGI
global fit of v;= 0 and v;= 1 states using our new assignment for 3-MF and the assigned transitions of
Finneran et al. for 2-MF enabled us to compare the molecular parameters of these two isomers.

References

[1] X. Jiang, Atmos. Chem. Phys. 2019, 19, 13591-13609.;
[2] M. Perzon, Biomass and Bioenergy. 2010, 34,828-837.;
[3] I.A. Finneran, J. Mol. Spectrosc. 2012, 280, 27-33.;

[4] H. Hartwig and H. Dreizler, Z. Naturforsch., 199651a, 923;
[5]1. Kleiner, J. Mol. Spectrosc., 2010, 260(1), 1-18.



Spectroscopic study of intermolecular interactions between mannose and
receptor models
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Abstract

Sugars are one of the most important families of biomolecules. They act as mediators of molecular
recognition processes. Among the possible biomedical applications, one example is the addition of
mannosides to photosensitizers used in PhotoDynamic Therapy, targeting Mannose Receptor (MR)
proteins on pathogenic cells. A precise description of the structural basis of Mannose-MR local and
direct interplay, which can be provided by gas phase spectroscopy, critically lacks to design PSs with
improved selectivity.

In the gas phase, combining experimental mass resolved and conformer selective double
resonance vibrational spectroscopy and theoretical chemistry studies, [1] we have already been able to
observe several complexes between sugars and peptide models. [2,3] We can now also observe such
complexes with a controlled number of water molecules (Figure 1). Our most recent results on
complexes of mannose with various peptide models, either hydrated or not, allow resolving the nature
of the interactions between the molecules, for each donor and acceptor molecular group involved in
the non-covalent bonds governing the complexes. These results reveal the multiple interaction
preferences of sugar-peptide complexes. In particular, the study of the complexes formed with few
water molecules may highlight the role of water in molecular recognition processes in an
unprecedented manner.
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Fig. 1: Experimental (top) and computed (bottom) vibrational spectra of the Alanine-Mannose-water ternary complex.
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Development of gas-phase pulsed radical sources
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Abstract

More than 30% of molecules detected in space are free radicals or their ions?, and they are also important
intermediates in many chemical reactions. However, their study in the lab is a challenge due to their
high reactivity. In order to produce in situ free radicals molecules in an abundant and controlled way
and study their photoionization spectroscopy, several radical sources can be coupled to our VULCAIM
(VUv Laser for Considering Astrophysical and Isolated Molecules)? set-up: pyrolysis, electric discharge,
chemical reaction as well as photolysis. So far, we have carried out the coupling of VULCAIM with a
radical source by pyrolysis and by electric discharge. With pyrolysis, the methyl radical (CHs) was
generated using the precursor CH3sNO; and its photoelectron spectrum was recorded thanks to our
tunable VUV (Vacuum UltraViolet) laser. With the pulsed electric discharge source®, we have
successfully observed CHy (x=1-3) radicals and NHy (y=1,2) radicals signal using the precursors CHs
and NHjs respectively. In this poster, | will present several examples of radicals produced by different
radical sources and I will provide details on their internal energies.
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Fig. 1: PFI-ZEKE experimental (black) and simulated (red) spectra of the X * ?A; « X A, transition of CH; radical produced by pyrolysis.
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All fiber -coupled mini -multipass cell based dense spot pattern for ppb  -level
methane detection
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Abstract

Tunable diode laser absorption spectroscopy (TDLAS) based onpasttcell (MPC) [#] is a
powerful analytical tool for field applications in air quality monitoring, industrial process control and
medical diagnosticd-lowever, the conventional MPC as a core component in TDLAS devices has a
large size, low utilization efficiency of the mirror surfaces and tight optical alignment tolerances [5].
Design of miniaturized longath MPC for the development of handheld portaiigh sensitivity
sensing devices is one of the mainstream trends nowadays.

In this work, we designed and fabricated a ANtRC with an effective optical absorption path length

of 4.2 m and dimensions of 4x4x6 trwhich to our best knowledge is the cumtremallest MPC in

terms of the same optical path length. The AMRIC generates a sevaonintersectingircle dense

spot pattern on two 25.4 mm spherical mirror surfaces providing a high fill factor of 2ascehown

in Fig.1 A fiber-coupled collimato and an InGaAs photodetector are integrated into the-MRC

via a highresolution 3Dprinted frame, hence removing the requirement of active optical alignment.
This setup as shown in Fig(&). Using a 1.65 um distributed-feedback laser, the performanakethis
mini-MPC for methane detection was evaluated in terms of linearity, flow response time, stability,
minimum detectable limit and measurement precisidwe developed miAMPC has a fill factor of 21

cm?, achieving a RNF of ~10 cnfeHz 2 A sideby-side comparison of RNFs for the miiPC

based CH sensor and those current statehe-art MPC based CHsensors. This mifMPC based

CH, sensor has the best RNF value due to the large value of the fill factor and the small value of the
NEA. Coninuous measurements of methane near a sewer and in the atmosphere were performed to
demonstrate the stability and robustness of the highly integrateeMRiGi based gas sensdrhe

results as shown in Fig. Zhis work paves the way towards a sensitivey-tmst, miniature trace gas
sensor inherently suitable for largeale deployment of distributed sensor networks and for handheld
mobile devices.

NV
Mass flow | ’—Q Vacuum
. meter pump

collimator

C#;_

DFB laser

Data acquisition

Data

Lock-in | #cquisition £ ™ control | p
X —_— ] 1\ —
amplifier e ~—
sync

Fig. 1: (a) Photograph of an open mini-MPC with a seven-nonintersecting circle spot pattern shown on the exit spherical mirror sur-face;
(b) Photograph of the ray trajectories between two spherical mirrors; (c) Photograph of a closed mini-MPC with a gas inlet and an outlet;
(d) Top view of the closed mini-MPC without the cap; (e) Schematic diagram of the developed CH4 sensor.




	FIRST PART.pdf (p.1-5)
	Schedule_SPECMO_HOUCHES_2022_update_24_MAY_2022.pdf (p.6)
	page de garde SPEAKER Abstracts.pdf (p.7)
	speaker abstracts ALL.pdf (p.8-16)
	ASSELIN Pierre_ speaker résumé.pdf (p.1)
	CARCABAL Pierre_ speaker résumé (GDR EMIE).pdf (p.2)
	DECKER Jean_ speaker résumé.pdf (p.3)
	KLEINER Isabelle_speaker résumé.pdf (p.4)
	MOGE Baptiste_speaker résumé.pdf (p.5-6)
	REY Michael_ speaker résumé.pdf (p.7)
	VENTRILLARD Irene _speaker résumé.pdf (p.8-9)

	List of all participants and abstract topics.pdf (p.17)
	page de garde PARTICIPANT Abstracts.pdf (p.18)

