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High harmonic generation (HHG)-based light sources have had a major impact in photo-
science as they combine the possibility to deliver high energy photons (VUV-XU V-soft X-
ray), usually accessible at large scale facilities, with short pulse duration that allows to
perform experiments with high time resolution (from picosecond to attosecond). In the past
years, we have developed experiments where HHG sources allowed us to study the first
instants following the excitation of molecules by XUV radiations. In PAHs and diamontoid
molecules [1], [2] we observed how the deposited energy is spread in electronic [3] and
vibrational degrees of freedom [4]. Recently, we have shown that these time-resolved
technics can be adapted to study molecular ions, as large as a protein, by combining ESI-
MS-HHG technologies [5, 6, 7]. These experiments can reach the attosecond regime where
the photoionized electron that scatters on the molecular potential is observed and provides
direct information on the spatial charge distribution with Angstrom precision.
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Figure 1: Relaxation time of excited carbon-based molecular structures following an interaction with
XUV photons (from ref 1) .
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COMPRESSION OF NEUTRAL PARTICLES BY AN OPTICAL LENS IN THE
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Optical trapping is a noncontact and noninvasive technique that enables the manipulation
of microparticles by a focused laser beam. This technique became a powerful tool for
manipulating micrometer-sized objects and is used in a wide range of applications in
physics, biology, chemistry, material and colloidal science, and microfluidic environments.
With the rapid development and increased use of pulsed mode lasers, numerous novel
phenomena have been observed. The ultra-short optical pulses can be used for the
confinement of neutral particles by an additional optical longitudinal force, connected with
the Poynting vector and the influence of the magnetic field on their polarizability. The
Pointing vector is related to the intensity of the laser pulse and on other hand, the intensity
of the laser pulse can be manipulated by an optical lens. Consequently, the optical force
could be increased or decreased, or the direction of the force can be changed, indirectly.
This in turn enables a new and unique possibility for the compression of neutral atoms,
molecules, and particles into the focus of the lens.

Here, is reported on an experimental study of neutral particle confinement in the focus of
femtosecond laser pulses and further confirmed by a theoretical investigation. It is found
that the longitudinal polarization force admits potential character and is closely related and
connected to the time derivative of Poynting’s vector. The findings demonstrate a novel

Figure 1: The dependence of the direction of the particles' movement with the laser beam propagation and
focus is shown. The white and blue arrows indicate the direction of the particles’ and laser’s propagation,
respectively.

approach to the compression and confinement of neutral particles within the focal plane of
a lens and further particle manipulation. The novel approach can enable new strategies for
particle manipulation and contributes to the development of modern and advanced
applications. Possible applications are foreseen in the field of nuclear fusion and cooling of
light-neutral atoms and molecules, with high environmental, societal, and economic
1mpacts.
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Ion-molecule reactions (IMR) inside mass spectrometers have been used in a variety of
settings in recent years to probe ion reactivity, structure, and much more. By mass selecting
ions before reacting them allows for an increased level of specificity. These reactions have
wide-ranging applications from organic chemistry, organometallic catalysis, biomolecule
identification, to interstellar chemistry. The pristine environment of the vacuum inside a
mass spectrometer allows for highly specified bimolecular reactions to occur.

My talk will concentrate on results obtained with the CERISES [1] instrument which
consists of a tandem mass spectrometer, of the type Q-O-Q, with the specificity of its source,
based on single photon photoionization by synchrotron radiation. The CERISES set-up is
associated to the DESIRS beam line of the SOLEIL Synchrotron source, and allow for
studies of ion molecule reactivity, with specific ability of ion internal energy or collision
energy description. Through photoionization and coincidence methods, state specific
reactivity can be evaluated (down to 30meV), and through well-defined acceleration in the
reaction cell, collision energy can be varied as well (down to 150 meV in the lab). Absolute
reaction cross sections are derived through absolute measurements of the neutral reactant in
the cell and calibration.

Recent examples of results obtained with the instrument in the field of plasma physics,
astrochemistry, structural evaluation, and isomerization, will be discussed.
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We present a new attosecond science facility located at the University of Gothenburg. This facility
is equipped with cutting-edge femtosecond laser sources. The main source is an OPCPA-HE laser
developed by Light Conversion for ELI-ALPS in Szeged based on the concepts demonstrated in
Ref. [1]. It is capable of delivering CEP-stabilized sub-10 fs 50mJ pulses @100Hz.

This main high energy output feeds a beamline that has been built for the generation of attosecond
pulses. Utilizing a loose focusing configuration (f =10 m) [2], this beamline generates attosecond
pulses/pulse trains at high flux. A typical spectrum is presented in Figure 1. This new attosecond
light source will be used for ultrafast electron spectroscopy experiments on dilute targets such as
negative ions, i.e. atomic and molecular systems with excess electron(s). The detection of the
ejected electrons and ions will be performed using a further refined version of the world’s longest
(5.6 m) and most highly-resolving Magnetic Bottle Spectrometer [3]. The secondary output of the
laser @ 10kHz will be used for generating attosecond pulses using a tighter focusing geometry.

The output of the PHAROS oscillator can also be used in combination with a harmonics module to
perform pump-probe experiments with 2 mJ, 160 fs, 1030 nm @ 10kHz pulses and their 4% (257
nm) and 5" harmonics (206 nm). The first time-resolved multi-photon ionisation commissioning
experiment with the IR and UV was recently performed on Xenon (Figure 2), in collaboration with
T. Schlatholter’s group. The aim will be to perform such pump-probe experiments on negatively
charged DNA complexes.
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Figure 1 : High-order harmonics generated in Argon.  Figure 2 Multi-photon ionisation of Xenon by 160fs IR
and UV pulses
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The Multichannel Quantum Defect Theory (MQDT) has been employed in computing
cross sections and Maxwell rate coefficients for electron-driven reactions involving
molecular cations. These data are usefully in the modelling of the kinetics of various cold
ionized media of fundamental and applied interest. Rotational and vibrational transitions
(RVT) and dissociative recombination (DR) rate coefficients, an extension of our previous
studies [1-2] and outline several important features, like isotopic and resonant effects are
presented. The provided collisional data are usefully in the kinetics modeling in
astrochemistry - early Universe, interstellar molecular space and cold plasma physics.
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Studying the interaction between polycyclic aromatic hydrocarbon (PAH) molecules and VUV
photons is of high interest in astrophysics as it permits to better understand their physical and
chemical evolution in photodissociation regions (PDRs). In particular, this interaction induces the
well-known aromatic infrared bands (AIB) emission [1] but other mechanisms such as
fragmentation [2] or isomerization [3] can be involved.

In this context, laboratory astrophysics experiments are needed to study these photoinduced
mechanisms. PIRENEA and its 2nd generation (PIRENEA 2) are two setups based on a cryogenic
ion trap which are developed in Toulouse to specifically study such processes. These setups allow
us (i) to produce molecular species of interest in astrochemistry, (ii) to isolate and trap them for
minutes in a cold (< 30 K) and collisionless environment (< 107! mbar), (iii) to make them interact
with photons at different energies from IR to VUV and (iv) to follow and study the fragmentation
of the trapped species thanks to non-destructive very high-resolution FT mass spectrometry. Here,
we present recent results obtained with PIRENEA on the VUV photoprocessing of aliphatic PAH
derivatives [4] which explore their survivability in PDRs. Then we present a challenging project
which will exploit PIRENEA 2 and aim to investigate photon-gas-cluster interactions [5].

Statistical or direct

» fragmentation,
isomerization,
radiative cooling?

..

Figure 1: Scheme of principle of studies performed with PIRENEA or PIRENEA 2.
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PROBING NUCLEAR DYNAMICS VIA ELECTRON COLLISIONS IN GAS
AND LIQUID PHASES
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Low-energy electron molecule scattering often leads to the formation of anionic states via
resonant electron capture. The anionic states can have a mixed character combining bound states
with resonances or virtual states [1-2]. A resonant anionic state might eject the captured electron
leaving behind vibrationally excited parent molecule or might dissociate into anionic and neutral
fragments. It is possible to understand the effect of the mixed character of the parent anionic state
either by experimentally probing the ejected electrons or fragment anions.

In the first part of my talk, I will describe our gas-phase experiments. The mixing of different
symmetries of transient anion states is demonstrated e.g., in the 2D electron energy loss spectra of
COz [2]. The high-resolution experiment revels a counterintuitive fine structure at the energy losses
where CO> states form a vibrational pseudocontinum. To understand
the effect of coupling between different states in the dissociative
electron attachment, we have studied the formation of CI™ anions with
four different unsaturated chlorohydrocarbons using a velocity map
imaging spectrometer [3]. For all the four chlorohydrocarbons the
dissociation process is mediated via formation of the lowest shape
resonance. In the planar compounds, vinyl chloride and
chlorobenzere, due to symmetry constraint the anions (7 * resonances)
cannot dissociate without a geometry distortion [4]. Whereas for the  Figl: Picture of the liquid micro-
non-planar molecules, allyl chloride and benzyl chloride, the shape S Showing a microjet of the

i X X ] ] soh.ltinon .of laser dye, DCM,
resonance has a mixed m" — 0" character [4] and can dissociate  emitting light due to a blue LED.

without any geometric distortion.

In the second part of my talk, I will describe our recent development of an experimental setup to
study electron beam induced reactions with molecules in the liquid phase. One of the motivations
for this work is to understand the radiation induced damage to living cells and biologically
important molecules in their natural environment — i.e. in aqueous solvated form. The experimental
results will also enable us to understand the effect of liquid environment in the event of electron
beam induced reactions. I will briefly discuss about the experimental setup, some ongoing
measurements, and future plans.
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ACTION SPECTROSCOPY, FRAGMENTATION, CATALYTIC REACTIONS
AND RADIATION OF CLUSTERS: THE FREE CLUSTER SETUP
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Clusters are systems composed of finite number of atoms and in which the electron energy
discretization is dependent of the atom number. This makes their optical, magnetic,
chemical and radiation properties highly size-dependent. To investigate absorption spectra
of clusters, cluster fragmentation upon radiative excitation and heterogeneous catalytic
reactions on clusters, the Free Cluster Setup (FCS) has been developed at KU Leuven.

In that setup, clusters are generated by a Smalley-type laser ablation source, modified to
allow the use of two independent target materials, and analyzed by a reflectron time-of-
flight mass spectrometer. A reaction cell localized before the extraction zone allows the
investigation of gas phase chemical reactions on clusters, such as the hydrogenation kinetics
on metallofullerenes for hydrogen storage purposes [1]. A new OPO/OPA laser will allow
us to study vibrational spectra and low-lying electronic states between 1 and 16 um via
action spectroscopy, such as IR (multi-)photon desorption of Ar-tagged cationic clusters.
By this way, low-lying states of cationic metallofullerenes can be studied in the
astrochemical context and compared to Diffuse Interstellar Bands in the near-IR.

To perform radiative cooling experiments [2], the FCS is currently under development for
including an ion storage ring stage. We are now optimizing the steps preceding the ion
storage ring which combines a bender, a quadrupole mass filter and an ion trap to create ion
bunches for injection in the storage ring. This extension should allow investigations on
radiative de-excitation processes from a few microseconds to several seconds.

In this talk, I will present the current capabilities of the FCS for several research questions
and present the latest instrumental developments.
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In their natural environment, for example in our bodies, proteins are usually folded, which is
what gives them their biological function. Non-covalent interactions within the protein are
important for their folded geometry. Sulfur containing functional groups are capable to build
specific non-covalent interactions with nearby polar functional groups. Morgan et al. evidenced
in the late 1970s a strong interaction between sulfur and aromatic groups of amino-acid
sidechains Y. Based on recent protein database analyses, methionine (Met) is preferentially
found near aromatic amino-acids, especially tyrosine (Tyr) and tryptophan (Trp) [!. The studied
proteins have been shown to stabilize their structure by S..x interactions. A good approach for
a detailed experimental characterization of this non-covalent interaction is to perform
experiments, in a well-defined and isolated state, in the gas phase. By using an electrospray
ionization (ESI) source, biomolecules such as proteins or peptides are converted from a non-
volatile solution to an isolated charged molecule in the gas phase. In combination with advanced
light sources such as synchrotron light and free-electron lasers, insights into the electronic and
structural properties of these biomolecules can be obtained by performing mass spectrometry
based-action spectroscopy experiments.

The aim of this work is to experimentally characterize the properties of the S..z interactions in
tailored-made peptides using action spectroscopy in the UV, vacuum ultraviolet (VUV) and
soft X-ray range to provide new insights into various aspects of the photodissociation of the
peptides. With that we are able to evaluate fragmentation channels as fingerprints of the S..x
interaction.
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RADIATIVE COOLING OF TETRACENE CATIONS CisHi2" STORED IN
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High Recurrent Fluorescence (RF) cooling rates have been measured for highly excited tetracene
cations CisHi2™, as functions of their storage times using two electrostatic storage rings (ESR)—
one in Mini-Ring, operated at room temperature located in Lyon and the other one in DESIREE
operated at cryogenic temperature located in Stockholm—, in order to explore an extended internal
energy range. The RF rates were measured to be as high as 200 to 1200 s for internal energies in
the 7 t0 9.2 eV energy range, where we probed the time evolution of the internal energy distribution
with nanosecond laser pulses with a 1 kHz repetition rate. The complementary features of the two
storage rings allow for RF rate measurements in a broader internal energy range than has been
possible before. The smaller sampling period of about 6 ms in Mini-Ring is ideal to study the
cooling dynamics of the hotter ions that decay fast, whereas DESIREE with a sampling period of
about 60 ms is better suited to study the colder ions that decay on longer timescales ranging up to
several hundred of milliseconds due to its cryogenic environment and extremely low background
gas pressure (~10* Hz molecules/cm?®). The excellent agreement between the two series of
measurements in the region where they overlap demonstrates the complementarity of the two
electrostatic ion-beam storage rings.
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Figure 1: Measured RF rates (red squares: DESIREE; blue diamonds: Mini-Ring). Theoretical RF (dashed line),
infrared emission cooling (dotted line), and dissociation (solid line) are displayed to highlight the relative importance
of these processes as a function of internal energy.
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Native mass spectrometry (MS) enables the ionization and transfer of structurally intact
non-covalent protein complexes into the gas-phase. As such, it is a perfect tool to study
proteins and their assembly intermediates in a mass and conformation specific manner.
However, structure follows function, and the structural information that can be gained with
techniques like top-down MS or ion mobility is limited. Accordingly, other experimental
approaches such as X-ray diffractive imaging are necessary to get a full understanding of
the proteins and their assemblies.

MS SPIDOC (Mass Spectrometry for Single-Particle Imaging of Dipole Oriented Protein
Complexes) is a Horizon 2020 funded research and innovation program aiming at the
combination of both experimental techniques. In particular, well established methods from
MS like m/z selection, ion trapping or ion mobility are adapted as part of the sample delivery
system for X-ray diffraction. In contrast to conventional diffractive imaging of crystallized
proteins, the proteins here are delivered as single particle without the need for
crystallization. This increases naturally the requirement to the X-ray source. Thus, single-
particle X-ray diffractive imaging (SPI) is only conducted at X-ray free electron lasers, the
worlds brightest X-ray sources in the world.

This presentation will highlight the ongoing efforts of the MS SPIDOC consortium to
develop this sample delivery system for the use at beamlines of the European XFEL and its
adaptation for gas phase SAXS. The current state of the instrument prototype and first
experimental tests will be presented.

! Charlotte.uetrecht@cssb-hamburg.de



HIGH RESOLUTION VACUUM ULTRAVIOLET ABSORPTION
SPECTROSCOPY ON THE DESIRS BEAMLINE (@ SOLEIL
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DESIRS, featuring high flux, high resolution, spectral purity and variable polarization, is
equipped with several state-of-the-art instruments, including an i’PEPICO set-up and an ion
trap, for the study of VUV photon-induced processes on isolated gas phase samples, such as
cold molecules, radicals, (chiral) biomolecules, large ionic biopolymers, clusters and
nanoparticles [1]. In addition, the VUV-FTS (Vacuum UltraViolet — Fourier Transform
Spectrometry) experimental branch has been designed to provide both high spectral resolution
and broad band capability [2,3]. In operation since 2008, this permanent endstation has
permitted the study of small molecules, revisiting the spectroscopy of fundamental molecules
such as CO, N2, Oz, CO; or H2O. The determination of absolute photo-absorption cross-section
is also valuable in this spectral region where the investigations are sometimes sparse or even
absent. Besides, the high spectral resolution allows a precise linewidth measurement giving
access to excited-states lifetimes and the detection of local perturbation from interacting states.
Recently, various set-ups aiming at the production of transient species such as radicals have
been developed and led to an increased knowledge on key radical species such as OH, S, CH3
and SO, but also on atomic species.

An overview of the most significant achievements will be shown, with a highlight on reactive
species such as the OH radical[4], as well as a new development for time-resolved absorption
measurements with applications in the field of plasma physics.
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ATOMIC CLUSTER INVESTIGATIONS BY
MULTI-REFLECTION TIME-OF-FLIGHT MASS SPECTROMETRY

P. Fischer, L. Schweikhard?

Institut far Physik, Universitat Greifswald, D-17487 Greifswald, Germany.

Having already been appreciated in molecular physics as “electrostatic ion beam traps” [1],
multi-reflection time-of-flight mass spectrometers (MR-ToF MSs) are known since a
decade also in nuclear physics as powerful tools for precision mass measurements and high-
resolution isobar separation [2]. More recently, we have employed an MR-ToF MS for high-
resolution studies of atomic cluster production [3,4] and photodissociation [3,5,6].
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Figure 1: Experimental setup including a laser-ablation source and the MR-ToF mass spectrometer.

To this end, charged clusters produced by pulsed laser ablation are captured between two
opposing electrostatic ion mirrors (Fig. 1). While the clusters oscillate back and forth, in-
trap deflector electrodes are used to clean the precursor species of interest from
contaminants. Then, the clusters are excited by a laser pulse synchronized to their revolution
period. Dissociation leads to fragment ions. These are analyzed by either conventional ToF
MS [4] or with heightened resolution by use of post-excitation storage, as exemplified for
bismuth clusters doped with a lead atom [5]. In such cases of very similar atom masses,
high resolving powers are needed to reliably select precursor species and analyze products.

In addition, due to the periodic nature of the ions’ flight path, the MR-ToF MS can give
access to the dissociation rate as a function of delay time after the excitation [6] and thus to
the cluster ensemble’s temperature or the species’ dissociation energies.
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DIFFERENT APPROACHES TO INVESTIGATE THE INFLUENCE OF
MICROENVIRONMENT ON PHYSICAL AND CHEMICAL PROPERTIES.
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Stockett®
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Molecular studies of biomolecules in the gas phase do not always give a good representation
of the photo physics properties of these molecules surrounding by an environment. The
presence of a complex environment can favour the formation of certain isomers, activate charge
transfers, modify deactivation processes. The lack of data on isolated systems with a controlled
environment has led to the development of new experimental instruments. Several groups have
developed dual cryogenic ion storage system, with a first ion trap used to create solvated
species and a second ion trap to probe photo-physics properties. Those dual cooled ion traps
allow precise control on nature and quantity of the surrounding environment. This bottom-up
approach as the advantage to give straight comparison with the isolated system. A similar setup
has been installed at ISMO (Université Paris-Saclay); we have recently been able to show the
specific formation of a TrpH+-(H20); conformer where the water molecule blocks the proton
transfer from the amonium function to the indole ring responsible for the ultrafast relaxation
process [1]. At Stockholm University a complementary top-down track, new experimental
technique is developed to probe the photochemistry of biochromophores inside or near the
surface of charged microdroplets. This new device measures the fluorescence emission of
chromophore solvated in microdroplets produced in the electrospray plume. An objective is to
modulate fluorescence properties by controlling the production of the droplets which give
information on the electric field properties of the surrounding environment and bring more
insight in the understanding physicochemical properties at the liquid/gas interface.
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Dynamics of gas-phase deprotonated DNA studied by a two-color pump-

probe experiment
D. Cruz-Pérez® !, M. Goulart®, H. Coudert-Alteirac®, R. J. Squibb®®, J. C. Poully¥, R.
Feifel®, and T. Schlathdlter®®
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Deprotonated oligonucleotide sequences rich in guanine can be subject to non-canonical
base-pairing. This can for instance lead to the formation of G-quadruplex (G4) DNA as it is
found in the telomeres of the human genome but also in regular DNA. The folding of DNA
rich in guanine into G-quadruplexes is a multi-step process, occurring in solution on
timescales of thousands of seconds. Key steps are occurring on much shorter timescales,
though. Gas-phase pump-probe experiments of G4 unfolding are an excellent tool to
investigate molecular dynamics on the femtosecond timescale.

In our experiment, we plan to accumulate G4 anions in a radiofrequency ion trap. The ions
will then be exposed to a femtosecond UV pump pulse, triggering the unfolding process. A
femtosecond IR probe pulse will then be used to induce photofragmentation. The
photofragmentation products will eventually be analyzed by means of time-of-flight mass
spectrometry.

The influence of the pump-probe delay on the photofragmentation pattern will serve as a
measure for the unfolding dynamics. In previous experiments, we have already shown that
G4 anions containing 2 quartets could be melted by fs 800 nm laser pulses into monomers
such as TTGGTT [1].

This experiment is a joint initiative. We have interfaced a tandem mass spectrometer from
the Quantum Interactions and Structural Dynamics group of the University of Groningen
with the PHAROS laser system at the Attohallen Laboratory in Gothenburg. This
presentation aims to describe the current state of the experiment.
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Tandem mass spectrometer, Paultje.
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VELOCITY SLICE IMAGING: A TECHNIQUE TO PROBE THE MOLECULAR
DYNAMICS IN ELECTRON COLLISION WITH H,, D, & HD

Suvasis Swain®®!and Vaibhav S. Prabhudesai®
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® CIMAP, GANIL,Boulevard Henri Becquerel — BP5133 Caen Cedex 5 14070 France.

The invention of the momentum imaging technique has revolutionized the field of
molecular collisions and light-matter interaction. The adaptation of the Velocity Slice
Imaging (VSI) technique in low-energy electron collision experiments has brought forward
new facets of this process. In this technique, the central slice of the Newton sphere is only
detected following a field-free expansion of the ion cloud as it contains the full angular and
translational energy information [1]. The delayed extraction is helpful in isolating the
central slice, which is detected using the position-sensitive detector with a pulsed bias. Here
the detector remains active only during the arrival of the central slice [2].

Free electron-molecule interaction is one of the simplest ways of forming an anion in a
molecular system by either electron attachment or inelastic scattering. The former leads to
a molecular anion excited state (resonant in nature), which eventually dissociates to form
an anion. This process is known as dissociative electron attachment (DEA). Whereas, the
latter leads the target to a neutral excited state that fragment by charge asymmetric
distribution. This process is called dipolar dissociation (DD). With the development of
advanced experimental technique like VSI, it is now possible to investigate these processes,
which are not yet fully understood even for the simplest molecule such as Ho».

The VSI technique helps in the simultaneous detection of the multiple dissociation paths of
the same channel. Recently, we have obtained the momentum images of the negative ions
produced in the DD of molecular hydrogen and its isotopologues [3]. We have identified
the two DD channels arising from this system with distinct kinetic energy distributions. We
have used the VSI technique to obtain the absolute cross-section of each of these channels
using the relative flow technique. By comparing the absolute cross-sections of the
1sotopologues, we have established the isotope effect in the DD process.

Using the VSI technique, we have also obtained the momentum images of the H™ and D™
produced in the DEA to HD around 14 eV. At this energy, the DEA dynamics in H2 show
quantum coherence [4], and these measurements have unravelled the details of this process
for the mass asymmetric isotopologue of hydrogen.
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PHOTON EMISSION INDUCED BY ELECTRON IMPACT: REFERENCE
LABORATORY DATA FOR ASTRONOMY

J. Orszagh', B. Stachova, J. Blasko, S. Matejéik

Department of Experimental Physics, Faculty of Mathematics, Physics and Informatics, Comenius University in
Bratislava, Mlynskéa dolina F2, Bratislava, 84248, Slovakia

Most of the objects in space are too distant to study them in-situ. Therefore, the emission
spectroscopy is one of the main methods used. The generation of the excited species
responsible for this emission can be induced by radiation from the nearby star or collisions
with other particles. In our Solar system most of the objects such the planets and various
small bodies are irradiated are under the constant photon irradiation from the Sun. These
reactions produce a significant number of secondary electrons with relatively low energies
which induce further excitations, ionizations, and dissociations. Electron impact excitation
reactions can provide a remote diagnostic of neutral gases and the physical environment of
atmospheres around planets and small bodies in our solar system [1-2]. The emission spectra
are strongly dependent on collision energy and target molecule [3] and provide a distinct
spectral fingerprint in infrared, visible and UV part of the spectrum.

The significance of these collisions was proven by several publications in which they played
a crucial role leading to a discovery [4-6]. As it is shown in the Fig. 1. the information
encoded in the spectrum can include data on the properties of the environment.
Astronomical environments such as atmospheres or comas contain many different species
and many excitation-emission processes in them are active at once. Thus, the astronomical
spectra include valuable information on the studied environment, but at the same time they
are very complex. To extract these data the reliable database of reference emission spectra
and emission cross-sections must be available. The laboratory experiments aimed at
electron induced fluorescence [2], [7] can provide the necessary data, since they work in
controlled environment repeatably studying individual compounds.
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ELUCIDATING THE KINETICS AND PRODUCT STRUCTURES OF GAS
PHASE ION-MOLECULE REACTIONS

D. B. Rap?, J. G. M. Schrauwen, A. N. Marimuthu, B. Redlich and S. Briinken
FELIX Laboratory, Institute for Molecules and Materials, Radboud University, The Netherlands

Using a cryogenic ion trap apparatus[1] coupled to infrared free-electron lasers (FELs), we
developed a method to disentangle reaction pathways of large mass-selected molecular ions with
neutral molecules under controlled conditions. We can obtain accurate temperature-dependent rate
constants of individual reaction steps that depict the probability of the reaction. Moreover, by
applying an infrared action spectroscopic method using the FELs at the FELIX Laboratory we are
able to determine the structure of the reaction partners, intermediates, and products. Knowledge of
the reaction partners and the structure of the reaction products supplements and establishes
pathways proposed by quantum chemical calculations. We show the results of the reaction of the
aromatic pyridine cation (CsHsN™") with neutral acetylene (C2H?) and the structural identification
of the polycyclic product ion quinolizinium (CoHgN")[2]. These reactions may occur similarly in
various astronomical environments such as the interstellar medium and planetary atmospheres and
are therefore considered important for the formation of the omnipresent polycyclic aromatic
hydrocarbons (PAHs).
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Figure 1: Schematic overview of the observed pathways towards N-PAHs.
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A MULTISPECTROSCOPIC APPROACH TO UNDERLINE THE ROLE OF
POLYCYCLIC AROMATIC HYDROCARBONS IN THE INTERSTELLAR
MEDIUM
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Polycyclic aromatic hydrocarbons are a class of molecules whose presence in the interstellar
medium had been established via mid-IR infrared emission detected through several
interstellar objects, and recently confirmed by the recent astronomical detection of the PAHs
indene [1,2], cyanoindene [3], and the two isomers of cyanonaphthalene [4]. The ubiquitous
nature of PAHs suggests these molecules as major players in interstellar chemistry. Their
roles are thought to be quite diverse, from bridging the gap between gas and solid-state
phases of interstellar molecular matter, to forming the connection between small
hydrocarbons and large fullerenes, and contributing to the formation of complex organic
molecules, such as nitrogen containing molecules.

Because of the impact that these roles would have in the interstellar medium, we are using
cutting-edge spectroscopic techniques, such as chirped-pulse Fourier transform microwave
spectroscopy [5-7] and IR-UV ion dip spectroscopy to investigate the first interactions
between PAHs and astrochemical relevant molecules, such as water, as well as their
formation/ destruction mechanisms and reactivity with other astrochemical constituents
under the energetic conditions generated by an electrical discharge source.
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