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Mid-Infrared Spectra

[1]

Emission features
3.3, 6.2, 7.7, 8.6,

11.2, 12.7 µm
↓

Vibrational modes of
PAHs

[1]A. G. G. M. Tielens, Annu. Rev. Astron. Astrophys. 46 (2008)
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Vacuum ultraviolet (VUV) photons
strongly affect PAHs

© ESA/Hubble
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Interaction of PAHs with VUV Photons

Absorption of VUV photons → Competing processes

Radiative cooling : Infrared fluorescence
Ionization A+ + hν → A++ + e−

Fragmentation AB+ + hν → A+ + B

My PhD project:

Processes as a function of energy and molecular properties

Photostability of PAHs in the ISM

: Ion trap experiments and mass spectrometry

: Combining experimental results with TD-DFT calculations
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PIRENEA Setup at IRAP

Piège à Ions pour la Recherche et l’Etude de Nouvelles
Espèces Astrochimiques
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Synchrotron SOLEIL – Beamline DESIRS

Tunable VUV synchrotron radiation at SOLEIL

[2]

[2]A. R. Milosavljević et al., J. Synchrotron Rad. 19 (2012)
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Mass Spectrometry – Ionization

374

187Ionization
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Mass Spectrometry – Fragmentation

374

- 2H

- H
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Competition of Processes

Benzobisanthene
m/z = 374

SOLEIL
campaign
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Computed Photoabsorption Cross Section σ

PIRENEA
setup

Collaborator:
G. Mulas, INAF

Real space, real time implementation of TD-DFT from the Octopus
code
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Innovative Training Network: EUROPAH

Marie Skłodowksa Curie Action
Horizon 2020 framework programme
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Planned Secondment with UCO at FELion
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Thank you for your attention!

Polycyclic aromatic hydrocarbons (PAHs) play an important role in the chemistry and physics of the interstellar medium

(ISM). In photodissociation regions (or photon-dominated regions, PDRs), the absorption of UV photons by PAH

molecules [1] can lead to ionization, fragmentation and/or radiative cooling, including infrared (IR) fluorescence which

results in the aromatic infrared bands (AIBs) observed in many astronomical objects [2, 3]. The competition between these

relaxation processes determines the photostability of PAHs in astronomical environments. In this PhD work, top-level

experimental techniques will be combined to get better insights into the contribution of the different relaxation channels as

a function of internal energy and molecular properties. My activity is part of EUROPAH, an Innovative Training Network

(ITN) and a Marie Skłodowska-Curie Action (MSCA) funded by the European Union (EU) under the Horizon 2020 framework

programme for research and innovation.

We acknowledge funding by the European Union (EU) under the Horizon 2020

framework for the Marie Skłodowska-Curie action EUROPAH, Grant Agreement no.

722346. We also acknowledge support from the European Research Council under

the European Union’s Seventh Framework Programme ERC-2013-SyG, Grant

Agreement no. 610256 NANOCOSMOS.
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Similar to [4], the ions are trapped in the LTQ linear ion trap of the DESIRS

beamline [5] at the synchrotron SOLEIL and energized by VUV photons in the

range of 9 - 20 eV. The photoproducts are mass-analyzed and recorded as a

function of photon energy. Collaborators: A. Giuliani and L. Nahon, SOLEIL.

PIRENEA SETUP AT IRAP

INTRODUCTION

AIBs : Emission features 

3.3, 6.2, 7.7, 8.6, 11.2, 12.7, 16.4 μm

↓

Vibrational modes of PAHs 

In order to investigate the properties of isolated PAHs on a long timescale we use ion trap experimental setups in which the

PAHs are ionized either by an atmospheric pressure ionization (APPI) source or by a laser desorption ionization scheme.

Once trapped, it is possible to isolate PAH ions of a certain desired mass per charge ratio (m/z). Now different light sources

can be utilized to irradiate the ions and to probe different absorption processes, such as single photon or multi-photon

absorption, as well as the different relaxation processes. Typical light sources which can be used to investigate the relaxation

channels of PAH cations (PAH+) are tunable OPO lasers (210 nm – 2 μm), xenon lamps (UV to visible light) or even

synchrotron radiation (VUV).

[3]

The ions are trapped in the ion cyclotron resonance cell (ICR) of the PIRENEA

setup available at IRAP and can be energized by single or multiple photon

absorption of photons in the energy range of 0.6 to 5.9 eV. All resulting

photoproducts are mass-analyzed and recorded.

PHOTOPRODUCT EVOLUTION TD-DFT CALCULATIONSPHOTOIONIZATION YIELD

Benzobisanthene

m/z = 374

Yield: YI = II / (II + IF)

IF : Intensity of fragments

II : Intensity of dications

Photoproduct intensities of the studied PAH cation

benzobisanthene, C30H14
+, after absorption of a single

VUV photon. We recorded the dications and the

fragments produced by the VUV irradiation.

Determining the photoionization yield, YI, with the

equation above shows that the photoionization

process, which happens on a fs timescale, strongly

dominates the competition.

The photoabsorption cross section, σ, computed by

TD-DFT from the OCTOPUS code [6], gives insights into

the contribution of radiative cooling when compared

to the SOLEIL measurements.

PLANNED EXPERIMENTS
With the PIRENEA (Piège à Ions pour la Recherche et l'Etude de Nouvelles Espèces
Astrochimiques) setup available at IRAP we are able to investigate the 5 to 10 eV

range by employing multi-photon absorption in one or two color experiments. By

tuning the laser power and the delay time between the two laser beams, we hope

to find the strong band positioned between 5 and 6 eV as depicted in the σ plot.

PIRENEA

setup

SOLEIL

campaign

PLANNED SECONDMENTS

Additional infrared multiple photon dissociation (IRMPD) experiments will be

performed in cooperation with the university of Cologne, Germany, at the FELion

ion trap setup available at the FELIX facility in Nijmegen, The Netherlands.

Collaborator:

G. Mulas, INAF

12:45h
meet at salle Lyot for

the lab visits
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List of Acronyms

AES Auger Electron Spectroscopy
AIB Aromatic Infrared Band
DIB Diffuse Interstellar Band
ESI ElectroSpray Ionization
FELIX Free Electron Laser for Infrared eXperiments
FTICR Fourier Transform Ion Cyclotron Resonance
ISM InterStellar Medium

KRIPES ~k-Resolved Inverse PhotoEmission Spectroscopy
LEED Low Energy Electron Diffraction
MS Mass Spectrometry
PAH Polycyclic Aromatic Hydrocarbon
PES PhotoElectron Spectroscopy
PDR PhotoDissociation Region or Photon-Dominated Region

PIRENEA Piège à Ions pour la Recherche et l’Étude de Nouvelles
Espèces Astrochimiques

SOLEIL Source Optimisée de Lumière d’Energie Intermédiaire
du LURE∗

TD-DFT Time-Dependent Density Functional Theory
VUV Vacuum UltraViolet

∗LURE Laboratoire d’Utilisation du Rayonnement Électromagnétique
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