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Background	
  

•  MSci	
  degree	
  in	
  chemistry	
  and	
  molecular	
  physics	
  from	
  the	
  
University	
  of	
  NoMngham	
  (2001-­‐2005)	
  

•  PhD	
  in	
  laboratory	
  surface	
  astrochemistry	
  from	
  Heriot-­‐
WaU	
  University,	
  UK	
  (2005-­‐2009)	
  
– “Laboratory	
  invesYgaYons	
  of	
  the	
  thermal	
  and	
  non-­‐thermal	
  
processing	
  of	
  condensed	
  aromaYc	
  hydrocarbons	
  in	
  the	
  
interstellar	
  medium”	
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• Thermal	
  desorp-on	
  of	
  benzene	
  from	
  model	
  
silicate	
  grain	
  and	
  water	
  ice	
  surfaces.	
  	
  

• UV	
  Photon	
  and	
  low	
  energy	
  electron	
  induced	
  
desorp-on	
  of	
  benzene.	
  



Project	
  Background	
  

•  H2	
  is	
  the	
  most	
  abundant	
  molecule	
  in	
  the	
  ISM	
  

– H2	
  formaYon	
  under	
  interstellar	
  condiYons	
  sYll	
  not	
  
fully	
  understood	
  

•  PAHs	
  account	
  for	
  significant	
  amount	
  of	
  
interstellar	
  carbon	
  
– Some	
  evidence	
  that	
  PAHs	
  may	
  play	
  a	
  key	
  role	
  in	
  H2	
  
formaYon	
  in	
  some	
  regions	
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This	
  project	
  aims	
  to	
  inves-gate	
  the	
  poten-al	
  
role	
  played	
  by	
  PAH	
  molecules	
  in	
  the	
  surface	
  

mediated	
  forma-on	
  of	
  key	
  interstellar	
  species,	
  
in	
  par-cular	
  H2.	
  	
  



Research	
  ObjecYves	
  

•  InteracYon	
  of	
  PAH	
  molecules	
  with	
  carbonaceous	
  interstellar	
  
grains.	
  

•  FormaYon	
  of	
  superhydrogenated	
  PAHs	
  (HPAHs)	
  through	
  H	
  
atom	
  irradiaYon.	
  

•  Role	
  played	
  by	
  HPAHs	
  in	
  interstellar	
  H2	
  formaYon	
  through	
  
abstracYon	
  reacYons.	
  

•  Impact	
  of	
  hydrogenaYon	
  on	
  the	
  electronic	
  spectra	
  of	
  PAH.	
  
•  InteracYon	
  of	
  HPAHs	
  with	
  ultraviolet	
  photons	
  as	
  a	
  possible	
  

mechanism	
  for	
  H2	
  ejecYon.	
  
•  XUV	
  induced	
  physical	
  and	
  chemical	
  processes	
  in	
  PAH	
  

containing	
  low	
  temperature.	
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Research	
  Achievements	
  

•  Thermal	
  desorpYon	
  of	
  coronene	
  
from	
  HOPG	
  

–  Complicated	
  desorpYon	
  behaviour	
  

•  FormaYon	
  of	
  HPAHs	
  
–  Exposure	
  of	
  coronene	
  to	
  D	
  atoms	
  

–  FormaYon	
  of	
  highly	
  superhydrogenated	
  
coronene	
  

–  Evidence	
  for	
  abstracYon	
  leading	
  to	
  HD	
  
(D2)	
  formaYon	
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  J.	
  Thrower	
  et	
  al.,	
  2011,	
  EAS	
  PublicaYons	
  Series,	
  46,	
  453.	
  	
  
V.	
  Menella	
  et	
  al.,	
  submiUed. 

	
   
Experiments	
  have	
  revealed	
  the	
  forma-on	
  of	
  
highly	
  superhydrogenated	
  PAH	
  molecules	
  and	
  
provided	
  evidence	
  for	
  a	
  cataly-c	
  role	
  in	
  H2	
  

forma-on.	
  



Training	
  ObjecYves	
  &	
  Achievements	
  

•  Knowledge	
  of	
  UHV	
  and	
  applicaYon	
  to	
  
surface	
  astrochemistry	
  

•  Training	
  in	
  scanning	
  tunneling	
  
microscopy	
  

•  Research	
  secondment	
  to	
  Leiden	
  
Observatory	
  

–  OpYcal	
  spectroscopy	
  of	
  fullerenes	
  in	
  water	
  ice	
  
matrix	
  

–  Future	
  collaboraYve	
  work	
  involving	
  benzene	
  
discussed	
  

•  External	
  collaboraYve	
  work	
  

•  ScienYfic	
  conferences	
  and	
  network	
  
acYviYes	
  

•  OrganisaYon	
  of	
  last	
  	
  years	
  YAM	
  at	
  UCL	
  

•  Professional	
  development	
  

•  PresentaYon	
  skills	
  –	
  training	
  and	
  
experience	
  

–  Conference	
  talks,	
  posters,	
  publicaYons	
  

•  Supervision	
  of	
  students	
  (PhD,	
  masters,	
  
bachelor)	
  

•  Public	
  outreach	
  
–  Training	
  
–  Edinburgh	
  internaYonal	
  science	
  fesYval	
  “Stars	
  R	
  

Us”.	
  

•  WriYng	
  research	
  proposals	
  
–  Training	
  
–  Beam	
  Yme	
  proposal	
  involvement	
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Project Overview 

 What is the project about? 
 

       

        Interstellar Medium 
 

• It is the region situated between stars within our 
        galaxy containing mixture of dust and grain. 
 
• It is the reservoir of resources that forms stars. 
 
 

    Polycyclic aromatic hydrocarbons (PAHs)  
         

• PAHs  accounts for 20 % of the galactic carbon.  
 

• They are likely to exist in the presence of water 
       ice  either as part of the carbonaceous component 
       of dust  grain itself or as a component of icy mantles. 
 
• UV irradiation of water ice containing PAHs may play  
        an important role in the formation of complex organic  
        species such as alcohols, Quinone and ethers. 
 



  Model System 

 

•  Water (H2O)n clusters 

•  Isolated PAHs 

•  Benzene-Water Clusters 

 

 

 

 

Project Overview 



 Computational implications 
 
 

• To extract both Ground and Excited  states properties of complex  
systems. 
 

• The excited states of the complex systems are difficult to treat 
computationally. 
 

• High level computational methods will be employed. 
 

  

Project Overview 

 

• Density Functional Theory (DFT) methods inclusive of  

     long range corrected functionals.  

 

• Time-Dependent Density Functional Theory (TDDFT) 

 

• Complete Active Space Self-Consistent field  (CASSCF) Method 

 

• Hybrid Quantum mechanics/ Molecular Mechanics (QM/MM) 
 



Present Work: 
                                Initial Model 
             
                             Benzene-water(H2O)6  cluster 
 
                            Cage                                   Prism 
 

 
 
 
 
 
 
 
 
                                     MP2/ aug-ccpvDZ optimized geometries 
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UV Spectra Results from TD-DFT 



CONCLUSIONS 

• Several Conformations possible (conformation 
affects UV spectra). 
 

• The peak intensities in Wn clusters are  low as 
compare to Bz-Wn clusters. 
 

• Benzene enhances the excitations in Bz-Wn 
clusters. 

 
 
 



Future Work 

 
• Spectoscopy and Photochemistry of Larger Bz-Wn clusters/ 

Isolated PAHs/ Extended Systems. 
 

• MD simulation for sampling multiple conformations. 
 

•  Hybrid QM/MM methods for reactive photochemistry. 
 
•  Calibrating problem with different computational methods 
     (complex systems to model: non-covalent ineteractions,     
      diffuse states, charge-transfer etc.) 

 
• Analysis of results and comparison with experiments and 

observations. 
 



    

     

       LASSIE Training & Conferences attended: 
  

     Astro-Chemistry summer school in Leiden, Netherlands,2011 
 

• Time and Project Management Training 
 

• Presentation Skills Training 
 

• Outreach events 
 
 

     ALMA Astrochemistry in Bologna, Italy, 2011. 
 

•  Research Proposal writing 
 
      AstroSurf Conference , Edinburgh, 2011 
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HYDROGEN FORMATION IN THE 

INTERSTELLAR MEDIUM

I. Oueslati1, B. Kerkeni1, L. Tchang-Brillet2, and A. 
Spielfiedel2
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Introduction
 In the interstellar medium, 

dust grain has a major role in 
molecule formation [1].

 Olivine grains, whose 
compostions range from 
forsterite (Mg

2
SiO

4
) to fayalite 

(Fe
2
SiO

4
) [2].

 Investigate the H
2
 formation 

on this surface.
[1] Goumans T.P.M. et al., 2009, Mon. Not. R. Astron. Soc, 393, 1403.
[2] Braithwaite J.S. et al., 2002, J. Phys. Chem, 116(6), 2628.
[3] Goumans T.P.M., et al., 2009, Phys Chem Chem Phys, 11, 5431.Figure 2. Forsterite (010) surface       

                         Mg
2
SiO

4
 [3]

Figure 1. Dust grain



  

QM/MM calculations of the H
2
 formation 

in the ISM
 Determination of the rovibrational excitation of H

2
 

formed on these surfaces at the low temperatures of 
the ISM.

 Project steps 
 Characterize the most stable surface for this models.
 Identify the physisorption and chemisorption sites.
 Reproduce Energy diagram for the olivine surface [1,4].
 Activation and desorption energies of H atoms and 

potentiel energy surface (PES) will be investigated 
computationally.

[1] Goumans T.P.M. et al., 2009, Phys Chem Chem Phys, 11, 5431.
[4] Kerkeni B., and Goumans T.P.M., 2011, in preparation



  

Dynamics of H
2
 (and other molecules) 

formation

 Quantum dynamics techniques [6] will be used 
to extract  :

 Desorption probabilities of small molecules formation on 
silicate grains.

 The internal energy distributions.
 Formation rates.

[6] Kerkeni B., and Clary D.C., 2007,  Chem. Phys. 338, 1.
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Guillem Aumatell Gómez 

Universität Münster/ Universität Duisburg-
Essen 



Who am I? 
• Born in Spain, near Barcelona. 

 
• Studied Physics in Universtitat Autònoma de Barcelona. 

 
• Specialized in Astrophysics in Universidad de La Laguna (Tenerife, Spain) and 

Universität Jena (Germany). 
 

• Master in Astrophysics, Particle Physics and Cosmology in Universitat de 
Barcelona. 
 

• I worked 4 years in Cosmocaixa, the new Science Museum in Barcelona. 
 

• Actually doing my PhD on Planetary Formation in Universität Duisburg 
Essen, subsidized by Universität Münster under LASSIE project. 



What have I done thanks to LASSIE? 

• We do experiments in order to know how planets form and 
concretely I have spezialized in water ice collisions. 
 

• We have been the first group to observe (sub-)mm ice 
aggregates collisions thanks to a process called „Knudsen 
effect“. 
 

• We published a paper in MNRAS (Monthly Notices of the 
Royal Astronomy Society).  
– „Breaking the Ice: Planetesimal at the Snowline“, Aumatell & Wurm 2011 

 

• I have had the opportunity to learn much about topics 
related with interstellar ices (very important for my work). 



• We stablished scientific collaboration with other „planetarists“ on 
Japan. 

• I assisted to the following conferences and trainings: 
• LASSIE & Astrophysical Chemistry Group: Young Researchers Meeting, October 

2010, UCL London (England). 
• 7th Planet Formation Workshop, February 2011, Göttingen (Germany). 
• Astrochemistry lectures, Time Management and Outreach techniques, May 

2011, Leiden (Netherlands). 
• International Summer School: Astrochemistry with ALMA, June 2011, Bologna 

(Italy). 
• AstroSurf meeting, September 2011, Edinburgh (Scotland). 
• EPSC-DPS Joint Meeting on Planet Formation, October 2011, Nantes (France). 
• The Chemical Cosmos: Annual Conference, October 2011, Valletta (Malta). 
• I am here!! 

• I am assisting to astrophysics courses at the university. 
• I am studying german level C1 and practicing it everyday. 

 

What have I done thanks to LASSIE? 



What do I still expect from LASSIE? 

• Test new techniques to achieve higher velocity collisions. 
 

• Work at lower temperatures to avoid ice sublimation if necessary. 
 

• Test collisions with different types of ices. 
 

• Do experiments on parabollic flights. 
 

• Acquire good communication and investigation skills in order to 
work, communicate and share knowledge with other colleagues. 
 

• Outreach and science education. 







































Isotopic Studies of  the Interstellar 
Medium and Solar Nebula 

T. Albertsson, D. A. Semenov & Th. Henning 
MPI Astronomy, Heidelberg 



The road so far 
PhD study, Sep 2010, Heidelberg, Germany 

�  Advanced IDL skills 
�  Application of  chemo-dynamical models 
�  Teaching: Statistical methods 
�  Courses Heidelberg University: 
�  Theoretical astrophysics 

� Observational astronomy 

�  Scientific writing 
�  Summer school – Astrochemistry, Leiden 
�  Summer school – Astrochemistry with ALMA, 
Bologna 



Astrochemistry – Isotopic Studies 
�  Astrochemistry - interdisciplinary study: from atoms to 

molecules, and to life 

�  Molecules are tracers of physics & chemistry 

�  Isotopologues provide unique constrains on environment 

�  New observational facilities: ALMA & JWST 

(Left) Observational facilities JWST Herschel, Spitzer, ALMA. Image credit NASA.                    
(Right) Molecules in the evolution of  the intestellar medium 



Deuterium Chemistry in the ISM 

�  Albertsson, Semenov & Henning (2011), ApJ, submitted 

�  Atomic & Molecular initial chemistry 

�  Density, temperature range 

�  Good agreement with observations and previous models 

�  Next step: Origin of water in Solar system 

Dark cloud and various protostellar environments. Images credit: NASA 



siyifeng 
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B. Zhang 2007  



FERMI 

Former projects 
(2008-2011) 



Projects ahead 
(Sep. 2011-) 

High-mass star formation                       Interferometry 

Astrochemistry 

H. Beuther 2009a 

Henrik. Beuther 



Projects ahead 
(Sep. 2011-) 

IRAM :interferome
try summer school 
in fall 2012 
@Grenoble 
 
IMPRS yearly 
summer school &  
Soft skill courses 
 
Courses  
@ U Heidelberg 
 
EPoS 2012:The 
Early Phase of Star 
Formation  
@Kreuth, Germany 
 
 
 
LASSIE network 
 
 

To be continued… 
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