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Program

Schedule Monday 7 March Schedule Tuesday 8 March
9:00-9:15 Documentation and Opening Session 4
remarks Chair: M.A. Satorre
Session 1 9:00-9:45 P4: G. Mufoz Caro CAB-CSIC:
Chair: V.J. Herrero Properties of interstellar ice
analogs: composition, structure,
and photon-induced desorption
9:15-10:00 P1: N. Watanabe ILTS Overview | 9:50-10:10 06: R. Escribano IEM: Modelling
of our works focusing on CO/H20 ice mixtures
tunneling reactions,
H-diffusion, and H2 spin
conversion, etc.
10:10-10:30 | O1:l. Tanarroetal. IEM: 10:15-10:35 | O7: M.L. Senent et al IEM:
Infrared spectroscopy of Weakly intramolecular
carbonaceous interstellar dust interaction effects on the
analogues deposited by PECVD: structure and low temperature
effects of processing by high spectra of ethylene glycol, an
energy electrons astrophysical species
10:35-11:00 | Coffee break 10:35-11:00 | Coffee break
Session 2 Session 5
Chair: A. Kouchi Chair: I. Tanarro
11:00-11:45 | P2:). Cernicharo ICMM-CSIC: 11:00-11:45 | P3:Y.Kimura ILTS : Nucleation
Nanocosmos experiment to understand
formation of cosmic dust
11:55-12:15 | 02:T.Hama ILTS : Tunneling H 11:55-12:15 | O8: B. Maté et al. IEM: Stability
addition to benzene and its of glycine to energetic
control via surface structure processing under astrophysical
conditions investigated via
infrared spectroscopy
12:20-12:40 | 03: M.A. Satorre et al. UPV : 12:20-12:40 | 09:Y.O0ba ILTS: Formation of
Experimental studies of density chiral glycine by surface
and refractive index for reactions of normal glycine with
astrophysical ices deuterium atoms at 10 K
13:00-14:30 | Lunch 13:00-14:30 | Lunch
Session 3 Session 6
Chair: Y. Kimura Chair: G. Mufioz Caro
14:30-15:15 | P3:V.). Herrero |IEM Laboratory | 14:30-15:15 | P6: A. Kouchietal. ILTS:
astrophysics at IEM: overview of Development of an UHV
recent results transmission electron
microscope for in-situ
observation of ice
15:25-15:45 | O4: H. Hidaka ILTS: 15:25-15:45 010: J.L. Doménech IEM :
Observation of amorphous solid Infrared spectroscopy of
water by non-contact atomic protonated ions
force microscopy
15:50-16:10 | O5: V. Timon IEM : Theoretical | 15:50-16:10 011: G. Molpeceres IEM

calculations on HACs

Methane/Ethane binary
mixtures under astrophysical




conditions
16:15-16:45 | Coffee break 16:15-16:45 | Coffee break
16:45 Visit to IEM laboratories 16:45 Closing remarks: N. Watanabe
19:00 Optional: dinner in downtown 19:00
Madrid




Abstracts

P1: Naoki Watanabe
Institute of Low Temperature Science, Hokkaido lénsity, Sapporo 060-0819, Japan

Overview of ILTSworks focusing on tunneling reactions, H-diffusion, and H, spin
conversion, etc.

O1: Isabel Tanarro, Miguel Jiménez-Redondo, Gerimdipeceres, Belén Maté, Victor
J. Herrero

Instituto de Estructura de la Materia (IEM-CSIC)adifid, Spain

Infrared spectroscopy of carbonaceous interstellar dust analogues deposited by
PECVD: effects of processing by high energy electrons

Carbonaceous compounds are found in very divetsenasnical media. A significant
amount is found in small dust grains, which showarabteristic IR absorption bands
revealing the presence of aliphatic, aromatic dafinic functional groups. Among the
various materials investigated as possible caraktisese bands, hydrogenated
amorphous carbon has led to the best agreementheitbbservations. Carbonaceous
grains are processed by UV radiation and collisieitls high energy particles in their
passage from asymptotic giant branch stars to fdanaebulae and to the diffuse
interstellar medium. The mechanisms of their préiduacand evolution in astronomical
media are presently a subject of intensive invatig. In this work we present a study
of the stability of carbonaceous dust analoguesgead in He+CH4 RF discharges. To
simulate the processing of dust in the interst@tarironments, the samples have been
subjected to electron bombardment. IR spectrosopsmployed to monitor the
changes in the structure and composition of thiearaceous films.

P2: José Cernicharo
Instituto de Ciencias de Materiales, CSIC, Mad&gain

Nanocosmos



0O2: Tetsuya Hama
Institute of Low Temperature Science, Hokkaido énsity, Sapporo 060-0819, Japan

Tunneling H addition to benzene and its control via surface structure

This talk shows that the amorphous or crystallingcsure of a solid benzene surface
controls its chemical reactivity toward hydrogamsltu infrared reflection-absorption
spectroscopy revealed that H atoms can add to anpliwus benzene surface to form
cyclohexane by quantum tunneling. However, hydragien is greatly reduced on
crystalline benzene. We suggest that the origith@high selectivity of this reaction is
the large difference in intermolecular steric hantre between the amorphous and the
crystalline surfaces.

03: Manuel Domingo; Ramoén Luna; Carlos Millan; CaranSantonja and Miguel
Angel Satorre

Escuela Politécnica Superior de Alcoy, UPV, 0380itakte, Spain
Experimental studies of density and refractive index for astrophysical ices

The talk will describe how density and refractiadex are determined, in our
laboratory, by means of double laser interferomatrg quartz crystal microbalance
(QCMB) techniques.

Some results will be shown to relate these parasatigh values used in astrophysics
or spectroscopy (i.e. band strength, optical cartstatc.) and to show the relationship
of them with the structure of ices (i.e. crystahamorphous structure, porosity, etc.).

P3: Victor José Herrero
Instituto de Estructura de la Materia (IEM-CSIC)adifid, Spain
Laboratory astrophysics at IEM: overview of recent results

The activity of the Laboratory Astrophysics groupeeM will be illustrated with
representative examples from its main research.lifle results reviewed will deal
with molecules (C@ CH,) and ions (NH', HCOO ) in ice, as well as with ion-
molecule chemistry leading tosH N.H", NH;" and ArH in hydrogen-rich cold



plasmas. Both experimental measurements and tiwdrealculations will be
presented.

O4: Hiroshi Hidakd Yoshiaki Sugimot§ Syunichi Nakatsubip Naoki Watanabe
Akira Koucht*

YInstitute of Low Temperature Science, Hokkaido énsity, Sapporo, 060-0819, Japan.

’Department of Advanced Materials Science, GradBat®ol of Frontier Sciences, The
University of Tokyo, Kashiwa, 277-8561, Japan.

Observation of amorphous solid water by non-contact atomic force microscopy

Amorphous solid water (ASW) is abundant materiahtdrstellar ice and is mainly
present so as to cover the interstellar dust graimsh are mineral particles with sub-
micron size. Morphology of ASW is known to affebetphysical and chemical
phenomena occurring on ASW. However, the morphotdfggSW in nano-scale range
depending on the growth conditions is still unknowecently, we performed the real-
space observations of surface structure of ASW éarivy the oblique and the
background vapor deposition method by using atdarze microscopy at several
temperatures. In our presentation, the temperatnlehe deposition method
dependence of surface morphology of ASW will bespreeed.

O5: Vicente Timon
Instituto de Estructura de la Materia (IEM-CSIC)adifid, Spain
Theoretical calculations on HACs

Cosmic carbonaceous nanoparticles present in ttesiallar medium are a very
important component of interstellar dust as hydrdoga polymers. In fact a large
amount of interstellar carbon is locked into polglay aromatic hydrocarbons and
carbonaceous dust grains. The composition of tgeses is believed to be similar to
that of hydrogenated amorphous carbon (HAC), wiscl complex disordered form of
carbon consisting of diamond-like *>spnd graphite-like Spbonded carbon that can
exhibit diverse properties depending on its fororatconditions. A usual way of
preparing HAC films in our laboratory is throughagpina enhanced chemical vapor
deposition (PECVD) of suitable gas precursors. Srhgtrocarbons (Cl CGHy)
reproduce reasonable well the main absorption bahiiterstellar carbonaceous dust.



In the present work, we report through the usdebtetical quantum DFT methods and
IR spectroscopy the determination of the most st&tAC’s structures. Aromatic ring
structures that are extracted from hydrogenated mathylated polycyclic aromatic
hydrocarbons published in the literature are sthide solids. Their infrared spectra are
expected to be coincident with the experimentah datorded in the laboratory and
measured in the interstellar medium.

P4: Guillermo Mufoz Caro

Centro de Astrobiologia, INTA-CSIC, Carretera dalr, km 4, Torrejon de Ardoz,
28850 Madrid, Spain

Properties of interstellar ice analogs. composition, structure, and photon-induced
desorption

At the Center of Astrobiology (CAB) near Madrid,peximents are performed using the
ISAC set-up for the simulation of ice processe< e is monitored by transmittance-
FTIR and vacuum-UV spectroscopy, while the gas @lemanalyzed using a QMS. Our
main interest is the study of the ice propertiesnduUV-irradiation and/or controlled
warmup. Our group also collaborates on heavy i@h>anay irradiation of ice
experiments in large facilities.

Recent results on the photon-induced desorptionemch-up of molecular ices will be
presented.

In addition to chemical processes in the ice, #l$® important to study the ice structure.

06: Rafael Escribano
Instituto de Estructura de la Materia (IEM-CSIC)adifid, Spain
Modelling CO/H,O ice mixtures

With the purpose to simulate ice mixtures generatetle ILTS laboratories, a number
of models have been designed for amorphous @DHixtures of various proportions.
The method used involves several steps: firstystaltine CO ice is built; next, some
CO molecules are replaced by®molecules; then, the system is made amorphoals in
molecular dynamics run; finally, the amorphousdtite is optimized and the spectra
are predicted at the minimum of the potential epestgface. The static pressure inside



the sample cell is also monitored in the proceséculations are performed using
Materials Studio and Siesta packages.

O7: Maria Luisa Senent and Rahma Boussessi
Departamento de Quimica y Fisica Teoricas, IEM-CSirano 121, Madrid 28006

Weakly Intramolecular Interaction Effects on the Sructure and Low Temperature
Soectra of Ethylene Glycol, an Astrophysical Species.

Even as its most popular application is as antziee&thylen Glycol (EG) is a relevant
astrophysical species. It is rather abundant ve#ipect to other medium-sized organic
molecules in comets and meteorites where it isidensd the most frequent of the
sugar-related alcohols. Together with glycolaldehgdd ethanol, it represents a key
species to understand the composition of extradaral ices. EG was identified in the
Murchison and Murray meteorites and very recemlyges in the hot core of Orion. In
2002, the molecule was detected in emission towedjalactic center source
Sagittarius B2(N-LMH).

The successfully detection in gas phase have ntetaboratories studies of the
rotational spectra which interpretation is notigt&orward given the presence of
unexpected tunnelling effects. An elaborate vemmatl procedure of reduced
dimensionality based on explicitly correlated caaptlusters calculations (CCSD(T)-
F12) is applied to understand the far infrared spet

P3: Yuki Kimura
Institute of Low Temperature Science, Hokkaido énsity, Sapporo 060-0819, Japan
Nucleation experiment to under stand for mation of cosmic dust

Nucleation is an initial process to form a partigleself-assembly of matter from a
mother phase. In case of mineral formation in spaaeometer sized patrticles, called
dust, have been nucleated from a supersaturatext,wapich is ejected from evolved
stars, such as asymptotic giant branch star arefisoypa. However, details of the
formation processes of cosmic dust have not bedaratood. Here, | will show our
recent experimental studies to comprehend thelddttie mineral formation in space.



08: Belén Maté, Victor J. Herrero, Isabel Tanand Rafael Escribano
Instituto de Estructura de la Materia (IEM-CSIC)adifid, Spain

Sability of glycine to energetic processing under astrophysical conditions investigated
via infrared spectroscopy

We have studied, via infrared spectroscopy, thecetif 2 keV electrons bombardment
on amorphous and crystalline glycine layers attemperatures to determine its
destruction cross section under astrophysical timmdi Moreover, we have probed the
shielding effect of water ice layers grown on téphe glycine samples at 90 K. These
experiments aim to mimic the conditions of the awarid in ice mantles on dust grains
in the interstellar medium or in some outer Solgst&m objects, with a water ice
surface crust. A residual material, product of gigadecomposition, was found at the
end of the processing. A tentative assignmente@frifrared spectra of the residue will
be discussed in the presentation.

09: Yasuhiro Oba, Naoki Watanabe, Akira Kouchi
Institute of Low Temperature Science, Hokkaido énsity, Sapporo 060-0819, Japan

Formation of chiral glycine by surface reactions of normal glycine with deuterium
atomsat 10K

Glycine (NHCH,COOH) is the simplest amino acid and does not laast@ral center
among 20 protenoic amino acids. However, if onthefcarbon-bound hydrogens is
replaced with its isotopic counterpart deuteriun), @ycine becomes chiral. We
experimentally demonstrated that chiral glycine SHDCOOH) is formed by surface
reactions of NHCH,COOH with D atoms at temperatures as low as 10¢hwis the
typical temperature of interstellar molecular clsudlthough no chiral molecules have
been observed in interstellar medium, chiral glgamay be one of the most primordial
chiral molecules in the Universe.

P6: Akira Kouchi, Naoki Watanabe, Hiroshi Hidak&tJuya Hama, Yuki Kimura,
Shunichi Nakatubo, Kazuyuki Fujita, Kunio Sinb@nd Masayuki Ikeda

Institute of Low Temperature Science, Hokkaido énsity, Sapporo 060-0819, Japan



Development of an UHV transmission electron microscope for in-situ observation of ice

An ultrahigh vacuum (UHV) transmission electron ragcope for in-situ observation

of ice has been developed. A column of the micrpsds evacuated by 5 ion pumps,
two Ti-sublimation pumps, and two turbomoleculamps. The pressure of the
specimen chamber is lower than 1x10-7 Pa. We ssagée tilt liquid He cooling

holder for specimen cooling to 4 K. Three portsdirected to the specimen surface for
in-situ studies: gas-inlet, UV irradiation, andwadrupole mass spectrometer. Results
of preliminary observation will be presented: fotioa of high-density amorphous ice
by matrix sublimation method and UV-induced forroatof ice XI.

010: José Luis Doménech
Instituto de Estructura de la Materia, IEM-CSICir8eo 123, 28006 Madrid, Spain
Infrared spectroscopy of protonated ions

Molecular ions are key elements in the chemistrheflISM. Even though their
concentration is much smaller than that of neuirafeolecular clouds, their high
reactivity makes them important intermediates aftirmation of more complex
molecules. Much of the information available foeit identification in the ISM comes
from rotational spectroscopy. Our recent worlhatlEM aims at producing vibration-
rotation spectroscopic data with high enough aaguta be able to predict or guide
searches for the rotational transitions of thess laoth in space and in the laboratory.

011: German MolpecerksMiguel Angel Satorre Juan Ortigos Carlos Millarf,
Rafael Escribarip and Belén Mafé

YInstituto de Estructura de la Materia, IEM-CSICiraeo 123, 28006 Madrid, Spain
’Escuela Politécnica Superior de Alcoy, UPV, 0380itahte, Spain
Methane/Ethane binary mixtures under astrophysical conditions

Spectroscopy of small hydrocarbons has taken reshettention due to the recent
missions surveying Pluto’s surface (New Horizonsthe 67P/Churyumov—
Gerasimenko comet (Rosetta). Laboratory data afsghée molecules present in these



environments is needed in order to unambiguousligaspectroscopic features
obtained by these missions.

In this work we present the results obtained inlaboratories for a series of binary
mixtures composed of methane and ethane, providfogmation about the
spectroscopic effects arising from the mixtureh&f tomponents and giving also
numbers for the optical constants of these magerfal atomistic interpretation of these
mixture effects will also be given using quanturercistry tools.



