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Molecules in the interstellar medium

• Radioastronomy observed many molecules in the "space"

• Several molecules (and some ion) are detected
http://www.astrochymist.org/

• Observed : Diatomic (43); Triatomic (43); Four atoms (27); Five
atoms (23); Six atoms (17); Seven atoms (11); Eight atoms (11);
Nine atoms (11); Ten or more atoms (17)
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Molecules in the interstellar medium

• Molecules with peptide bond (–NHCO–) were observed in giant
molecular clouds (Orion-KL, Sgr B2) and over dozen of molecular
clouds in our Galaxy

• These molecules can be potential precursor for the formation of
biological molecules (prebiotic chemistry):
Formamide (1971): HCONH2
Acetamide (2006): NH2COCH3
Urea (2014): NH2CONH2 (precursor of cytosine and uracile)

O

NH2H

O

NH2H3C

O

NH2H2N

• Extraterrestrial origin of life ...
• A long trip starts with one step (Lao Tzu)
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Molecules in the interstellar medium

The question is: how are they formed ?

Problem: they are cold (internally) so activation energy barriers are
difficult to be passed
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Molecules in the interstellar medium

Where the "energy" can come from?
1 Radicalic reactions have (often) small or no energy barriers

2 The surface can act as a catalyzer
3 Electromagnetic radiation can trigger reactivity (often in the UV-Vis

range)
4 Ion-molecule collisions:

(a) ion-dipole interaction lows the energy barriers;
(b) the ions can have some translational energy and they can be
accelerated by the presence of a magnetic field
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Ion–molecule reactions
Bimolecular collisions in space

• Association process is not favored in the gas phase
A+ + B → (A-B)+ + hν
the radiative decay should be faster than the unimolecular
fragmentation of (A-B)+ forming back reactants.

• Reactive scattering
A+ + B → C+ + D

• Ion-molecule reactions can be studied via theoretical chemistry tools.
Explicit collisions: ensemble of physically based trajectories without
any pre-imposed reaction.

HΨ = EΨ (1)
F = ma (2)

• Experiments: mass spectrometry as a chemical reactor (e.g. Bohme)
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Formamide in the ISM

Rubin, et al. 1971, ApJ, 169, L39
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FORMATION OF PEPTIDE BONDS IN SPACE: A COMPREHENSIVE STUDY
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ABSTRACT

Extensive observations of acetamide (CH3CONH2) and formamide (NH2CHO) have been conducted toward Sgr
B2(N) at 1, 2, and 3 mm using the Submillimeter Telescope (SMT) and the 12 m antenna of the Arizona Radio
Observatory. Over the frequency range 65–280 GHz, 132 transitions of acetamide have been observed as individual,
distinguishable features, although in some cases they are partially blended. The unblended transitions in acetamide
indicate VLSR = 63.2 ± 2.8 km s−1 and ∆V1/2 = 12.5 ± 2.9 km s−1, line parameters that are very similar to that
of formamide (NH2CHO) and other organic species in Sgr B2(N). For formamide, 79 individual transitions were
identified over the same frequency region. Rotational diagram analyses indicate the presence of two components
for both species in Sgr B2(N). For acetamide, the colder component (Eu < 40 K) exhibits a rotational temperature
of Trot = 17 ± 4 K and a column density of Ntot = 5.2 ± 3.5 × 1013 cm−2; the higher energy component has Trot =
171 ± 4 K and Ntot = 6.4 ± 4.7 × 1014 cm−2. In the case of formamide, Trot = 26 ± 4 K and Ntot = 1.6 ± 0.7 ×
1014 cm−2 for the colder component with Trot = 134 ± 17 K and Ntot = 4.0 ± 1.2 × 1014 cm−2 for the warmer
region. The fractional abundances of acetamide are f (H2) = 1.7 × 10−11 and 2.1 × 10−10 for the cold and warm
components, and in formamide, f (H2) = 5.3 × 10−11 and 1.3 × 10−10. The similarity between the abundances
and distributions of CH3CONH2 and NH2CHO suggests a synthetic connection. The abundance of acetamide,
moreover, is only a factor of three lower than that of formaldehyde, and very similar to acetaldehyde and ketene.
CH3CONH2 is therefore one of the most abundant complex organic species in Sgr B2(N), and could be a possible
source of larger peptide molecules, as opposed to amino acids.

Key words: astrobiology – astrochemistry – ISM: molecules – line: identification – methods: laboratory –
molecular data

1. INTRODUCTION

Proteins are an essential component of all living systems.
These compounds form the majority of the structural compo-
nents of living cells, and regulate most of the chemical processes
(Morrison & Boyd 1992). Proteins are polymers of amino acids
(NH2CH(R)COOH, R = H, CH3, etc.) joined together by the
peptide bond, –NHCO–. Thus far, amino acids have not been
conclusively identified in the interstellar medium (ISM; e.g.,
Snyder et al. 2005). However, a few species with the peptide
moiety have been detected. One is HNCO itself, which has
been found in many regions in our Galaxy (e.g., Bisschop et al.
2007), as well as external galaxies (e.g., Martı́n et al. 2009).
The second molecule, perhaps more important for proteins, is
formamide, NH2CHO, which has previously been found in two
giant molecular clouds, Orion-KL and Sgr B2 (e.g., Turner 1989;
Nummelin et al. 1998). Recently, this molecule has been shown
to be present in over a dozen molecular clouds throughout our
Galaxy (G. Adande et al. 2011, in preparation). Hence, species
with peptide bonds exist throughout the ISM.

Another simple species with a peptide bond is acetamide,
CH3CONH2. In 2006, Hollis et al. reported the identification
of this molecule toward Sgr B2(N). These authors searched for
eight transitions of this species using the NRAO 100 m GBT
in the range 9–47 GHz. They detected weak absorption lines
at most of the frequencies, with the lowest energy features ob-
served in emission. Hollis et al. (2006) suggested that acetamide
existed at three LSR velocities of 64, 73, and 82 km s−1, respec-
tively. They also concluded that this species was only found in

the cold (∼8 K) halo gas surrounding the Sgr B2(N) hot core,
while formamide, a related species, was present in both core
and halo regions.

Because of the importance of acetamide and formamide
in prebiotic chemistry, we have conducted a comprehensive
observational study of these species toward Sgr B2(N) at 1,
2, and 3 mm. Several hundred favorable transitions of both
molecules occur in the frequency range observed, and we
have analyzed the complete data set. Here we present our
observations, analysis of the spectra, and discuss implications
for interstellar chemistry.

2. SPECTROSCOPY OF ACETAMIDE AND FORMAMIDE

Acetamide (CH3CONH2) is an asymmetric top species,
containing a methyl group (CH3) internal rotor with a low
(∼25 cm−1 or ∼36 K) three-fold barrier, i.e., a potential energy
surface with three minima and maxima. As a consequence,
the spectrum of this molecule is quite complicated. Multiple
laboratory studies of acetamide have been conducted in the past,
in part to unravel its complex torsion–rotation spectrum caused
by the methyl rotor. Kojima et al. (1987), for example, used Stark
modulation techniques to measure the rotational transitions of
acetamide from 12 to 40 GHz, and to determine dipole moments
of the molecule, found to be µa = 1.79 D and µb = 3.22 D.
More recently, the Fourier transform microwave spectrum of
this species was measured in the range 8–26 GHz by Suenram
et al. (2001), who also recorded the millimeter spectrum from
82 to 118 GHz, with transitions as high as J = 9 and Ka = 6.
Yamaguchi et al. (2002) extended these measurements up to

1

Observed in giant molecular clouds (Orion-KL, Sgr(B2)) but also in dozen
of molecular clouds through space
The high abundances of acetamide and formamide in Sgr B2(N)
additionally suggest that there might be other plausible synthetic routes to
simple peptide polymers that do not involve amino acids.
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Formamide in the ISM

• Ion-molecule reaction with the smallest barrier (0.12 eV) is:
NH2OH+

2 + H2CO → NH2CHOH+ + H2O

• The other reaction has a high barrier (1.2 eV) :
NH3OH+ + H2CO → NH2CHOH+ + H2O

• Chemical dynamics: investigate this hypothesis as a function of
collision energy (in the 0.04 to 4.3 eV range) and test also other
possible reactions
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Formamide synthesis
Cross section

NH2OH+
2 + H2CO → NH2OCH+

2 + H2O (∆E = -0.9 eV)
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Formamide synthesis
Mechanism

NH2OH+
2 + H2CO → NH2OCH+

2 + H2O

t = 0 t = 30 fs t = 84 fs t = 100 fs t = 120 fs

Riccardo Spezia Ion-molecule reaction dynamics 29/09/2017 10 / 22



Formamide synthesis
Energetics

NH2OH+
2 + H2CO → NH2OCH+

2 + H2O
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Formamide synthesis
Isomerization vs dissociative recombination (MP2/CCSD(T))

Isomerization and fragmentation
For Eint ≥ 1.85 eV

Dissociative recombination
For Eint ≥ 0.9 eV

CCSD(T)/ aug-cc-pVQZ//MP2/ aug-cc-pVTZ calculations
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Other products
NH3 + H2COH+

NH3 + H2COH+ → NH2CH+
2 + H2O : ∆E = -1.6 eV

NH2CH+
2 has not yet been observed in the ISM.

But it can further react :
1 Dissociative recombination NH2CH+

2 + e− → NH2CH + H
NH2CH was observed in 1973

2 Radiative association NH2CH+
2 + CN− → NH2CH2CN + hν :

∆E = -7.2 eV
NH2CH2CN was observed in 2008. The radiative association can go
through vibrational relaxation (kr = 29 s−1) but also through excited
states (S1 is at about 6 eV).
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Formamide synthesis
Summary of reaction mechanisms

NH2CHO: observed in 1971 ; NH2CO+: observed in 2013;

Spezia et al. Astrophy. J. 826, 107 (2016)
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Glycine synthesis
Detection in comet and Bohme experiments

SPACE SC I ENCES 2016 © The Authors, some rights reserved;
exclusive licensee American Association for
the Advancement of Science. Distributed
under a Creative Commons Attribution
NonCommercial License 4.0 (CC BY-NC).
10.1126/sciadv.1600285

Prebiotic chemicals—amino acid and phosphorus—
in the coma of comet 67P/Churyumov-Gerasimenko
Kathrin Altwegg,1,2* Hans Balsiger,1 Akiva Bar-Nun,3 Jean-Jacques Berthelier,4 Andre Bieler,1,5 Peter Bochsler,1

Christelle Briois,6 Ursina Calmonte,1 Michael R. Combi,5 Hervé Cottin,7 Johan De Keyser,8 Frederik Dhooghe,8

Bjorn Fiethe,9 Stephen A. Fuselier,10 Sébastien Gasc,1 Tamas I. Gombosi,5 Kenneth C. Hansen,5 Myrtha Haessig,1,10

Annette Jäckel,1 Ernest Kopp,1 Axel Korth,11 Lena Le Roy,2 Urs Mall,11 Bernard Marty,12 Olivier Mousis,13

Tobias Owen,14 Henri Rème,15,16 Martin Rubin,1 Thierry Sémon,1 Chia-Yu Tzou,1 James Hunter Waite,10 Peter Wurz1

The importance of comets for the origin of life on Earth has been advocated for many decades. Amino acids are
key ingredients in chemistry, leading to life as we know it. Many primitive meteorites contain amino acids, and it
is generally believed that these are formed by aqueous alterations. In the collector aerogel and foil samples of the
Stardust mission after the flyby at comet Wild 2, the simplest form of amino acids, glycine, has been found
together with precursor molecules methylamine and ethylamine. Because of contamination issues of the samples,
a cometary origin was deduced from the 13C isotopic signature. We report the presence of volatile glycine
accompanied by methylamine and ethylamine in the coma of 67P/Churyumov-Gerasimenko measured by
the ROSINA (Rosetta Orbiter Spectrometer for Ion and Neutral Analysis) mass spectrometer, confirming the
Stardust results. Together with the detection of phosphorus and a multitude of organic molecules, this result
demonstrates that comets could have played a crucial role in the emergence of life on Earth.

INTRODUCTION
The possibilities that organic molecules were brought to the early
Earth through impacts of small bodies and that these molecules
contributed to spark the emergence of life have been the subject of
significant debates (1). Many primitive meteorites contain amino acids
(2), and it is generally believed that these are formed by aqueous al-
terations either in the parent body or during the analytical process (3).
The organic inventory in comets is of particular interest because com-
ets represent a reservoir of primitive materials in the solar system. Co-
mets most likely consist of interstellar materials that have been
moderately to heavily processed in the protosolar nebulae (4). Al-
though more than 140 molecules have been detected in molecular
clouds and more than 25 parent molecules in cometary comae (5),

glycine is not among them. In contrast, methylamine has been ob-
served in the interstellar medium (ISM) (6). There was a rigorous at-
tempt to verify the presence of glycine in the ISM by Snyder et al. (7)
after a tentative detection by Kuan et al. (8). This attempt concluded
that the observed lines do not prove the existence of glycine in the
ISM. The sublimation temperature of glycine is below 150°C (9),
making it a very rare species in the gas phase and therefore hard to
detect. Glycine has been searched for without success in the comae of
comets Hale-Bopp and Hyakutake, with calculated upper limits of
[glycine]/[H2O] of 0.15 (10). In dust samples from comet Wild 2
brought back by the Stardust mission (11), the simplest amino acid,
glycine, has been found together with precursor molecules methyl-
amine and ethylamine. However, the detection is based on the isotopic
signature 13C, because there were problems associated with terrestrial
contamination. The same authors also found other amino acids that
they declared to be, most probably, a terrestrial contaminant, with the
exception of b-alanine above background levels, suggesting a possible
cometary source. There was not enough material to make carbon iso-
tope measurements, but the authors do note that b-alanine could be
cometary. The b-alanine/glycine ratio on the Stardust foils ranged
from 0.05 to 0.5 (11). The authors claim that even for glycine, only
approximately 40% is in free form, with the remaining 60% produced
during the hydrolysis extraction from the foil from acid labile precur-
sors (for example, HCN).

Here, we report the presence of volatile glycine accompanied
by methylamine and ethylamine in the coma of 67P/Churyumov-
Gerasimenko measured by the ROSINA (Rosetta Orbiter Spectrome-
ter for Ion and Neutral Analysis) mass spectrometer (12) on numerous
occasions while the comet was approaching perihelion (for details on
the data sample, see Materials and Methods). ROSINA’s double
focusing mass spectrometer (DFMS) ionizes the incoming volatiles
by electron impact ionization and detects the corresponding posi-
tively charged fragments. Unlike for meteorites or Stardust grains,

1Physikalisches Institut, University of Bern, Sidlerstrasse 5, CH-3012 Bern, Switzerland.
2Center for Space and Habitability, University of Bern, Sidlerstrasse 5, CH-3012 Bern, Switz-
erland. 3Department of Geoscience, Tel Aviv University, Ramat Aviv 6997801, Tel Aviv, Israel.
4LATMOS/IPSL-CNRS-UPMC-UVSQ (Laboratoire Atmosphères, Milieux, Observations Spatiales/
Institut Pierre Simon Laplace–CNRS–Universite Pierre et Marie Curie–Universite de Versailles
Saint-Quentin-en-Yvelines), 4 Avenue de Neptune, F-94100 Saint-Maur, France. 5Department
of Climate and Space Sciences and Engineering, University of Michigan, 2455 Hayward,
Ann Arbor, MI 48109, USA. 6Laboratoire de Physique et Chimie de l’Environnement
et de l’Espace (LPC2E), UMR CNRS 7328–Université d’Orléans, 45100 Orléans, France.
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Abstract: Both theoretical and experimental studies are reported for the gas-phase reactions of protonated
hydroxylamine with acetic and propanoic acids which yield protonated glycine and alanine, GlyH+ and
AlaH+, respectively. The key step for these reactions is an insertion of the amino group into a C-H bond.
For the formation of AlaH+, the reaction barrier for insertion into a C!-H bond is ca. 5 kcal‚mol-1 lower
than that for the insertion into a CR-H bond; the product !-AlaH+ is ca. 6 kcal mol-1 lower in energy than
R-AlaH+. Thus, both kinetics and thermodynamics favor formation of the !-form. The energetic preference
for the !-form is due to more efficient hydrogen bonding between the amino group and the carbonyl oxygen
in the limiting transition structure and in the !-AlaH+ product. These theoretical results are in excellent
accord with selected ion flow tube measurements of the gas-phase synthesis which show striking specificity
for the !-isomer according to multi-collision-induced dissociation of the AlaH+ product ion. The results suggest
that Gly and !-Ala found in carbonaceous chondrite meteorites are products of interstellar chemistry.

Introduction

We have recently demonstrated, using both experiment and
theory,1,2 that the gas-phase hydrolysis of ionized ketene, H2Cd
CdO•+, yields acetic acid and that carboxylic acids could be
formed on icy surfaces in hot cores and interstellar clouds.
Carboxylic acids, in turn, are precursors for the formation of
amino acids: the gas-phase reactions between protonated
hydroxylamine and acetic or propanoic acid yield protonated
glycine or alanine, respectively.2 These amino acids are building
materials for more complex biomolecules.3 Several amino acids,
Gly, Ala, and γ-aminobutyric acid, have been found in carbon-
aceous chondrite meteorites (CMs).4 Some authors have sug-
gested that the organic compounds of CMs could be formed
abiotically in the interstellar media and might have been
delivered to the early Earth.5,6 The most abundant amino acid
found in CMs is !-alanine (40%), which exceeds the percentage
of the R-form by a factor of 9.4 Preliminary results of flow
reactor/tandem mass spectrometer experiments in the Bohme
group2 showed that, indeed, the gas-phase reaction between
propanoic acid and protonated hydroxylamine yields predomi-
nantly a !-form of protonated alanine. No R-form was detected.
The reaction mechanism and the reason for this striking
specificity for the !-form remained unclear.

Here we report the detailed theoretical and experimental
studies of reaction mechanisms for the formation of protonated
hydroxylamine, NH3OH+, by reaction 1 and protonated amino
acids GlyH+ by reaction 2, !-AlaH+ by reaction 3, and R-AlaH+

by reaction 4.

Methods
1. Computational Details. All theoretical predictions were made

with the GAUSSIAN03 package.7 Density functional theory was
employed to determine optimized geometries, energetics, and atomic
charges. The B3LYP functional with Becke’s three-parameter hybrid
exchange, B3,8 and the correlation functional of Lee, Yang, and Parr,
LYP,9 was used predominantly. Several other exchange-correlation
functionals were tested for the comparison: the meta-GGA functionals
VSXC10 (Voorhis and Scuseria’s τ-dependent gradient-corrected ex-
change-correlation functional) and HCTH/40711,12 (Handy’s exchange-

† St. Francis Xavier University.
‡ York University.

(1) Orlova, G.; Blagojevic, V.; Bohme, D. K. J. Phys. Chem. A 2006, 110,
8266.
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(5) Engel, M. H.; Mascko, S. A. Nature 1997, 389, 265.
(6) Pizzarello, S. Acc. Chem. Res. 2006, 39, 231.
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Glycine synthesis
Bohme experiments

NH3OH+ + CH3COOH → NH3CH2COOH+ + H2O
Ion with m/z 76 was obtained in laboratory by ion-molecule reaction at
T = 300 K

5. Experimental Results. Ion-molecule reactions can be
especially effective in the synthesis of complex interstellar
molecules because the long-range electrostatic interaction
between the reactants ensures high reaction efficiency (as it is
often sufficient to overcome intrinsic activation energies), even
at interstellar temperatures (typically 10-100 K in molecular
environments). In the approach reported here, we have achieved
a synthesis of source ions for glycine through ion chemistry
using a flow reactor/tandem mass spectrometer instrument that
allows the measurement of individual chemical steps in reactions
of ions with molecules and concomitantly provides insight into
the molecular structure.
The reactions we have identified produce ionized and

protonated glycine and involve the reactions of acetic acid with
ionized and protonated hydroxylamine produced from hydroxy-
lamine by electron transfer to CO+ and proton transfer from
CH5+, respectively. Two major products were observed under
our experimental conditions:

The rate coefficients for these two reactions are estimated
to be >10-12 cm3 molecule-1 s-1. The quoted lower limit of
10-12 cm3 molecule-1 s-1 is derived from an estimate of
the amount of carboxylic acid added to the flow tube (precise
control of the amount of acid added was not possible because
the acid, due to its corrosive nature, interfered with our gas
handling and pressure control systems). Elimination of H2O
to form ionized or protonated glycine was observed in about
30% of the reactive collisions, with the remainder leading to
collision-stabilized solvation at the He buffer-gas pressure (0.35
Torr) of our experiments. Channel 5a will predominate under
interstellar conditions of much lower gas densities at which
collisional stabilization becomes negligible, unless radiative
association is competitive. The identities of the product
ions in channel 5a as ionized and protonated glycine were
established in multi-collision-induced dissociation (mCID)
experiments in which the observed dissociation of these ions
was compared with that observed with commercial glycine
ionized by electron transfer to CO+ or protonated by proton
transfer from CH5+. Figure 5 shows good agreement not only
between the nature of the CID fragment ions but, more
importantly, also between the collision energies at which they
arise.
The same chemical approach was successful for the synthesis

of alanine, using propanoic acid in place of acetic acid:

The rate coefficients of these two reactions also are estimated
to be >10-12 cm3 molecule-1 s-1. We have seen that reaction
6a produces ionized or protonated alanine in more than 40% of
the reactive collisions under our experimental conditions. Results
of mCID experiments show that the !-isomer is produced in
reaction 6a rather than the R-isomer. This is illustrated in Figure
6. For the ions derived from the vapors of purchased alanines,

the mCID pattern of !-alanine+, NH2CH2CH2COOH+, is
distinctly different from that of R-alanine+, CH3CH(NH2)-
COOH+, and is the one that matches the mCID pattern of the
ionized product ion in reaction 6a. Most of all, the absence of
CH3CHNH2+ in the CID profile in Figure 6 of the synthesized
!-alanine+ shows that R-alanine+ is not being formed.
Similarly, we have found a match between the mCID profiles

of the protonated product ion of reaction 6a and the mCID
profile of commercial !-alanine protonated with CH5+. Again,
the absence of CH3CHNH3+ in the CID profile of the
synthesized !-alanine-H+ shows that R-alanine-H+ is not being
formed.
Plausible interstellar pathways to the neutral amino acids

glycine and !-alanine from the ions produced in reactions 5a
and 6a involve dissociative recombination, e.g., reaction 7, and
electron transfer, e.g., reaction 8,

where M is a species of lower ionization energy (such as a metal
atom) than that of the amino acid itself (for example, IE(gly)
) 8.9 eV).28b Of these processes, the dissociative recombination
pathway (reaction 7) is expected to be of greater interstellar
significance than reaction 8, since the very high proton affinity
of glycine (PA ) 211.6 kcal mol-1) strongly suggests that no
major competing neutralization processes (such as proton
transfer to other interstellar molecules) exist for loss of
protonated glycine, while the metal atoms thought necessary
for reaction 8 are generally considered to be of very low

(31) Adams, N. G.; Herd, C. R.; Geoghegan, M.; Smith, D.; Canosa, A.; Gomet,
J. C.; Rowe, B. R.; Queffelec, J. L.; Morlais, M. J. Chem. Phys. 1992, 94,
4852.

NH2,3OH
+ + CH3COOHf NH2,3CH2COOH

+ + H2O (5a)

f NH2,3OH
+(CH3COOH) (5b)

NH2,3OH
+ +

CH3CH2COOHf NH2,3CH2CH2COOH
+ + H2O (6a)

f NH2,3OH
+(CH3CH2COOH) (6b)

Figure 5. Comparison of mCID profiles of ionized and protonated glycine
synthesized in the reactions of NH2,3OH+ with CH3COOH (top left and
right), with ionized and protonated glycine produced from pure glycine vapor
(bottom left and right, respectively). Glycine was ionized by electron transfer
to CO+ created in the EI ion source and protonated by proton transfer from
the CH5+ ion created in the EI ion source from methane. Some NH1,2CH2+
ions are present initially due to fragmentation of glycine either during
ionization and protonation or during vaporization.

NH3CH2COOH
+ + e-f NH2CH2COOH + H (7)

NH2CH2COOH
+ +Mf NH2CH2COOH +M+ (8)

Gas-Phase Ionic Syntheses of Amino Acids A R T I C L E S
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Glycine synthesis
Ion-molecule simulations at room temperature

Explicit collisions simulations form:
(1) NH3OH+ + CH3COOH → m/z 76 + H2O
(2) NH2OH+

2 + CH3COOH → m/z 76 + H2O

We obtained different isomers of GlyH+, the most abundant are:

H2N C

O

CH3HO

C

O

O

H3C

NH3

C

OH

H3C

O NH2

Jeanvoine et al. to be submitted
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Glycine synthesis
Ion-molecule simulations at room temperature

t"="0" t"="188"fs" t"="925"fs" t"="1081"fs" t"="1845"fs" t"="10"ps"
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Glycine synthesis
Ion-molecule simulations at low temperature

NH3OH+ + CH3COOH → GlyH+ isomers
Collisions with Ecoll = 0.2 eV and impact parameter equal to zero.
Comparing T = 300 K with T = 5 K.
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Internal temperature has no effect on product distribution. Gas phase
experiments done at room conditions can be a good model.
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Urea synthesis
Static calculations

By studying the potential energy surface of many ion-molecule,
neutral-neutral and neutral-radical reactions, we found one which has not
an activation energy (differently from previous ones):

NH2OH+
2 + HCONH2 → UreaH+ + H2O
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Conclusions and perspectives

• Give us insights not numbers (C.Coulson)
• Ion-molecule collisions can form interesting prebiotic molecules, given
that some translational energy is given. In this case also cold
molecules can react.

• Direct formation of N–CO bonds seems to be preferred than forming
directly amino-acids. They can then evolve to biological molecules.

• Ion-chemistry in space (ISM, but not only) can be a source of "fuel"
for life. First step of life can be extraterrestrial !

• Studying the formation of other molecules and coupling with other
activation modes (light, surface, etc . . . )

• Doing new experiments with better product characterization
(collaboration with D.Scuderi at CLIO, Orsay)
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